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3acaykeHnpi1 AeAteas Hayku B Texuukn PCOCP, naypear
Jeunuckol n TocynaperenHoft mpemufi Anexcefi Muxaimo-
sug Qepocees — BHHeHIMH COBETCKH yueHHE B 061acTH pe-
gelinofl 3aUIHTH H ABTOMATH3ALHH SHEPTOCHCTEM, AOKTOP TEX-
HHYECKHX HayK, Ipodeccop.

B 19929 r. nocae oxkoHyanna MBTY A. M. ®emocees GbLI
HanpaslleH B IPOEKTHHIN oT/Aeq JHeprocTposd. 31echb OH CO374aa
KOANEKTHE BHCOKOKBAJHQUIHPOBAHHWX CHOENHATHCTOB JUIA
NpOeKTHPOBaHHA H Pas3paCOTKH peJeitHOH 3alUHTH H aBTOMa-
THKH JIEKTPHYECKHX craHupi, NOICTAHIMIE H ceTell BEICOKOrO
nHanpsixkeua (CP3u¥Y), paboroit KOTOpPOro PYKOBOAHJ Bonee
35 ser B TemI05IeKTPOTIPOCKTE, 4 3aTeM B JHEPTOCETBIPOCK-
te. Tam GHLIH 3aJI0KeHH OCHOBHL TEODHH DEJeHHOR 3auHTH H
CHCTeMHOH ABTOMATHKYM, 4 BIOCIEACTBHH — YCTOHYHBOCTH K
mopeanposanns. Iloa pyxosoacteom A. M. ®enoceesa CP3uy
TOII BcKoOpe. cTAad ONHHAM M3 OCHOBHBIX Hay4HO-HCCJAENO0Ba-
TenbckuX UeHTpoB Colosa B oBNacTH TeXHHKH peseifHOH 3a-
mutH. B CP3RrY paspaBarblBajKCh H DEHIANHCH TEOpETHIE-
CKHe H MpAaKTHyeCKHe 5aJa%W NO CO3NAHKI HOBHIX YCTPOHCTB
pelNefigoil 3almHTLL, METOAOB HX pacueTa, GBI pa3paborast KOM-
MAEKC YCTPOHCTB peneRHoH 3alHTHL H ABTOMATHKM JJd mep-

pofi B Colose 3eKTponepefadR CBEPXBHCOKOrO HanpsMeHHH.
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Boabuiod nuunbH BKAaJ BHec Anekceli MuxaiinioBHu B paspa-
60TKy BOIPOCOB HaJeXKHOCTH peJIeHHOH 3alHUTH], a TAKKE B CO-
3nande 3amur JISI1 cBepXBHICOKOrO M yAbTPaBHICOKOrO Ha-
NpsKeHH# Ha HHTerpadbHbIX MHKpocxeMax. Oxojio 60 aer
Beq A. M. QefloceeB INenarorHyeckylo M HayuHylo pabory B
M3MWY, rae B 1942 r. npu ero HemoCpeACTBEHHOM Y4aCTHH Gblia
co3faHa Kadelpa pesednoi 3alllHThl 1 aBTOMaTH3allHH SHepro-
cucrem. C 1961 nmo 1973 r. on @bl AeKaHOM 3JIEKTPOHEpPreTH-
4eCcKoro pakyJbrera.

"~ A. M. QeioceeB — aBTOp MHOIOYHCJIEHHBIX CTaTel, MOHO-
rpadui, yaeGHHKOB, NOCBAIIEHHBIX TEODHH H IpaKTHKe peJieii-
HOH 3alluThl, 3HauyuTeTbHAsl YacTb ero TPYAOB NepeBeleHa U
u3fana 3a pyOexoM. LleHHBIM BKJaJOM B 3/€KTPOTEXHHYEC-
Kylo JuTeparypy sBuiack KHura A. M. ®enoceeBa «Oc-
HOBBl peseliHofi 3amurbl». B 1976 r. um O6pl1 u3znan
yueOHHK a5 By30B «PesefiHass 3auura 3JeKTPHYECKHX
CHCTEM>.

Tpymamu A. M. ®enoceeBa cosgana oTeuecTBEHHAs IIKOJa
CHeNHaNUCTOB 10 peJieHHoH 3amute, Ero nesTesbHOCTh B Kaue-
CTBe IpeiceaTenss COBETCKOrO HAalHOHAJIbHOIO TEXHHYECKOro
KoMHTeTa 1o pedefinoi 3amure MOK u CUT'P3 crniocobeTBoBa-
’1a NOATBEPKAeHHIO BHICOKOIO HAYYHOI'O YPOBHS OTEUEeCTBEHHOM
TEXHHKH peJiefiHOH 3alMTH B 5THX MEXAYHapoOAHEIX OpraHH3a-
uusx. A. M. ®enocees Bear 60JblIyI0 OOLIECTBEHHYIO paboTy:
BO3raiaB/isa HayuHo-TeXHHUeCKYI0 KOMHCCHIO IO peiefHOH 3a-
mure B TKHT CCCP, 6511 npexncenareneM MoCKOBCKOro Npas-
Jaenuss BHTOS, unenom Bceecorwsnoro CoBera HTO, muoro ser
Obl1 4JleHOM DEIKOJIIETHH XYypHana «DNeKTPHIECTBO>.

Anexcelt MuxaiiloBHY — BCECTOPOHHe OJaPEHHBIA UYENOBEK,
HMEBLIHA OTDOMHEIH aBTOPHTET y CIEeLHANHCTOB-peeHIHKOB
H MHOTHX 3HEPTeTHKOB, OH Obl1 HCKJIOYUHTENbHO CKPOMHBIM,
HEU3MEHHO J00poXenaTesbHEIM H OT3BIBUMBBLIM. JJIsi MHOTHX
CBOHX YYEHHKOB H KOJJer OH GblJ IPHMEPOM MYADPOCTH, He-
O0BualHOA NpefaHHOCTH JAI0GHMOMY Jeny, OrPOMHOH paGoTo-
CNOCOGHOCTH, HACTOHYHBOCTH B JOCTHXKEHHH LEJH.

Hacroamuii yue6HHK 060611aeT MHOTOMETHH ONBIT TaAaHT-
JIMBOTO HHXKEHePa, Y4eHOro M Ilelarora H HeCOMHEHHO Oyjer
CI0cOGCTBOBATh (POPMHPOBAHHIO BHICOKOKBAJIHMDHIHPOBAHHEIX
CIleLlHaJHuCTOB.

3as. xagedpoil pereinoi 3auuTel U QABTOMATUKU
anepzocucrem MIH, Odoxrop rtexn. nayx, npog.
B.II. MOPO3KHH

Crapuwud nayun. cotpydnux unctutyra Ixepezo-
ceTonpoexT, aaypear Jlenunckoid npemuu, xand. Tex.
nayx B. M. EPMOJIEHKO

NPEAMCNOBUE KO BTOPOMY U3 AAHUIO

Hsnoxenue oCHOB Kypca B cxkaToM o6beMe yueGHHKA CTa-
HOBHTCsl BCe OOJiee TPYIHBIM BCJEACTBHe YCJIOXKHEHHS pellae-
MBIX DeJIeHHOR 3aIUUTOH 3a]a4, 00yC/NOBJEHHBIX BHEIpPEHHEM
BCe GoJiee BBICOKHX HaNpsKEHHH sJdeKTpolepefad, yBeAHdeH -
eM MOLIHOCTH MallHMH Co Bce 6ojiee HHTEHCHBHBIM HCIOJb30Ba-
HHEM B HHX aKTHBHBIX MarepuajoB, C BHeJApeHHeM GoJee
NPOTPECCHBHBIX 3/JIeMeHTHBbIX 6a3 (HalpuMep, MHKDOIPOLECCOp-
HOH) LJIst OCYLLECTBJICHHS 3aIIHUT, YCAOKHSIOWHX, ONHAKO, U3Y-
ueHHe NOCaenHuX. B pesysbraTe NosiBHJACS Psij KHHT, MOHOIpa-
¢uii 1axke 10 OTJEAbHBIM 3alIHTaM, KOTODHX B KypCe, OXBaThl-
BamlLleM BCe pasjenbl 3TOH 06/1aCTH TEXHHKH, OUeHb MHOTO.

Texunka pesefiHOH 3alINTH OPOPMUIACH B CAMOCTOATENb-
HOe Hay4HOe HaNpaBJ/IeHHe CO CBOHMH HayYHbBIMH OCHOBAaMH,
MaJjo H3MEHSIOUIMMHCS NpPH Nepexoie OT OAHOH 3JeMEHTHOH
6asbl K Apyroil, cO CBOHMH NPHHUMIIAMHU, 3aKAa]HBaeMbIMH B
BBINOJIHEHHE 3alIHT.

ITosTtomy B naHHoM ydyeGHHKe, YUHTHIBAasi YyCTaHOBJEHHBIH
AJs1 Hero o6beM, KpaTKo pacCMaTpPHBAIOTCH TOJBKO NPHHIHNBL
BBINOJIHEHHS 3AIIHT H HX CBOHCTBa Ha 6ase COOTHOLIEHHH 3J/1eK-
TPUYECKAX BENHYHH IIPH NOBPEXKACHHSX H HEHOPMaJbHBIX pe-
XKuMax paloTel, AJs pPearHpoBaHHSA HA KOTODHIE 3TH 3aIIHTHI
npeAyCcMaTpHBaOTCA.

ABTOpEI 10/1araioT, YTO 3HauyeHHe AaHHOTO B KHHreé OCHOB-
HOro MaTtepHania 006s13aTelbHO JJ51 BCEX CTYNEHTOB, PEIIHBIIUX
MOCBATHTh B AajibHedIeM ce6s1 paboTe B TPyAHOH, HO HHTEpeC-
HOH 00s1aCTH TeXHHKH — peJielHo# 3auute. Bosee mogpobHoe
H3yuyeH’e 3aIIHT AOJKHO OCYLIECTBJATLCS B CYET YaCOB J0-
MONIHUTENbHBIX KypcoB. MaTepnan B KHHTe H3J0XKeEH Tak, YTO-
OBl CTYNEHTH H3y4a/H B NePBYIO o4epeinb NPHHUUIL 3alHT, a
He BBINIOJIHEHHe OTAE/IbHHX YCTPOHCTB, KOTOPHE MOTYT JAOBOJb-
HO YacTO MOJIeDHH3HDOBATbLCA UJH BOOOIE 3aMEHSTbCS HOBHI-
MH, 1 Ha 6ase HCTODHYECKOTO Pa3BHTHS TeXHHKH YMeJad KPUTH-
4eCKH OLEHHBATh €¢ CYLIeCTBYIOIIHe (GOpPMBI H IO BO3MOXKHOCTH
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TOTOBHTbCST K pabore [0 Ja/jbHeHIIEMY COBepLIEHCTBOBA-
HMIO 3aUIUT. B yueOHHKe NPUBOASITCA KpaTKHe AaHHEIE 0 BKJa-
A€ OTAeNbHHX (IPeHMYIIeCTBEHHO OTEYeCTBEHHLIX) CrelHasIu-
CTOB B Pa3BHTHE TEXHHKH 3aLIHTH, IPHYEM OTMEYaioTCsi B OC-
HOBHOM T€, KTO BHEC BKJIaJ B Pa3BHTHE COGCTBEHHO IPHHIUIIOB
BBIIIOJIHEHHST 3alUUT. I/ COKpaleHHs  CIHCKa  JiiTepary-
pbl B HEro BKJIIOYEHB! TOJNBKO KHHTH H MOHOrpaduu, xapakre-
pHu3yiolllHe 3Tanbl PasBHTHS TEXHHKH 3aIHTH HJIH HEOGXOAH-
Mble ast 6oJiee TiyGokoro u3ydenust Bompoca. CcCbuikd Ha
CTaThbd JaHpl B HCK/IIOYHTENbHBIX CJIYYasiX, eC/1H COOTBETCTBY-
Iolllero MaTtepHaJna HeT B KHHUTax.

Hacrosiliee, BTopoe, H3nanue yueGHHKA, B 3HAUHTETbHOM
Mepe nepepaboTaHHOE N0 CPaBHEHHIO C NEPBHIM, COCTABJIEHO B
COOTBETCTBHH C YTOYHEHHOH IIporpaMMoil Kypca aJsi CIelH-
anpHOCTH 21.04.

Tsxenaa Gonessp u cmepTh oGopBann pabory A, M. De-
noceeBa Hajx yuyeGHuKoM. 'y6okast mpu3HATEJIbHOCTb BhIpa-
KaeTrcs 3aB. kadeapoii «PeneliHol 3amHUTH 0 aBTOMAaTH3ANHH
sHeprocuctrem» MIOM nokropy texH. Hayk, npod. B. I1. Mopos-
KHHY H BCeMYy KOJJIeKTHBY Ka(eAph 3a IPYNKECKYIO MOMOIIb,
OKa3aHHyl0 B Ipoluecce paboThl HaJ KHHMIOH, a TaKXe peleH-
3eHTaM 3aB. Kadenpoii «ABTOMAaTH3HPOBAHHbIE 3/JEKTPHUECKHE
cucrembl» PITM A. C. Cayxaracy, npod. JI. B. ITanepuo, xo-
nenty JI. A. OpexoBy u ocoGeHHO 3aB. Kadenpoi «DaexTpuue-
ckde crariuu» HITH pokropy Texu. Hayk, npod. B. B. Ilna-
TOHOBY H KOJIJIEKTHBY KaelIphl 3a LieHHbBle 3aMeYaHHs M I0-
JIe3Hble IIPeAJIOKEHHSs], HCIIOAb30BaHHE KOTOPHIX IMOMOTJIO YJyu-
IIHTb Y4eOHHK.

Bce moxenanus 1o yayyieHHIo yue6HHKa pocb6a HaNpaB-
JATh B afpec usgatenncra: 113114, Mocksa, M-114, lll1i030-
Bas Hab6., 10, dueproaromuszar.

Asropot

OCHOBHbIE MPHUHATLIE COKPALLEHMS

BITH — BenopycckHii NOJHTeXHHUECKHH HUCTHTYT
B3IIH — BcecoosHhlit 330unHfl nosuTexHHYeckHi aucTutyT oM. C. Opa-
JKOHHKH/3e
BHUHP — Bcecolosnnifi HayuHO-HCCAefOBAaTEAbCKHA HHCTHTYT pele-
CTpPOEHHSA
BHHHND — Bcecolosnnili HayyHO-HCCAEL0BATeABCKHA HHCTHTYT 31€KTPO-
IHepTeTHKH
EpIIM — EpeBaHcKuif NOJIHTEXHHYECKHI HHCTHTYT
N3H — lpanoBckuit sHeprerHueckufi HHCTHTYT HM. B. U. Jlennna
W3 AH YCCP — Hucruryt snextpopunamukn Axajemnn Hayk YCCP
JlaGopatopus uM. A. A. CMypoBa — n1aGopaTOPHs BHICOKHX Hanpske-
unt  npn  JI3TH — JIeHnHrpagckoM — 31eKTPOTEXHHUECKOM  HHCTHTYTe
uM. B. H. Vabanosa (Jlennna)
JITTK — Jlennnrpafckuii nojuTexHHYeckuii HHctuTyr aM. M. U. Kanu-
HHHa
JIpB.ITH — JIpBoBcKHit nONHTEXHHUECKHI HHCTHTYT
MBTY — MocKoBcKoe BhIcllee TeXHHUeckoe yunanme uM. H. 3. Bay-
MaHa (HbiHe I'TY — locylapcTBeHHBIH TeXHHYECKHH YHHBEPCHTET)
M3H — MockoBckHI 5HepreTHuecKn#l HHCTHTYT; Kadeapa P3uA MIU —
ero kadeapa pesefiHOi 3aIIMTH H aBTOMAaTH3alHH JHEPrOCHCTEM
M3K — MexyHapoHas 3JMeKTPOTeXHUYECKas KOMHCCHS
HUHIIT — Hayyno-HccnenoBaTelbeKuit HHCTHTYT MOCTOSHHOTO TOKa
HITH — HoBouepraccku#l mosuTexHHueckH# HHcTHTyT MM. C. Ophxo-
HHKHJ3e
H3TH — HoBocHGHpPCKHi 3MeKTPOTEXHHUECKHH HHCTHTYT
PITH — PuXckuit nonnTexsuueckuii uHCcTHTYT M. B. U. Jlenuna u ero
npo6aeMHas n1a6opaTopHs

CHUI'P3 — Mexaynapoanas KoHbepeHUHS 10 GOMBIIHM 37K TPHYECKHM
CHCTEMaM

Cowatexsnepro — IponssoacTBenHoe 06beMHEHHE 1O Hajlajxe, copep-
WIEHCTBOBAHHIO TEXHOJOTMH H 3IKCIIYaTalUHH 3eKTPOCTaHUHA H ceTeil (pa-
Hee OPTP3C)



CP3uy T3II — Cexrop ﬂeneﬁﬂoif’x 3alUTH U YCTOMYHBOCTH € €ro Ja-
6opatopusamu uncTHTyTa «Temnosaektponpoekts (mo3punee ICII)

TITU — Tomckuit noautexHuueckuii uucruryt um. C. M. Kuposa

YTIU — Ypaabckuit ‘nonurexuugeckuii uHcTuTyT HM. C. M. Kuposa

X39M3 — XapbKoBCKHH dJeKTpOMeXaHHIEeCKHA 3aBOJ

YT'y — Uysalilckuil ToCyLapCTBEHHH A YHHBEPCHTET

YITH — YennOuHcKui moMHTeXHHYCCKHH HHCTHTYT

YIA3 — Yeboxcapckuil saeKTpOanmapaTHHi 3aBoj

3HHUH — duepretnueckuit uncrutyT uM. I'. M. Kpxkuxauosckoro

3CIT — BcecolosHBlit  TOCyLapCTBEHHHIH NTPOEKTHO-H3BICKaTeJbCKHA B
HayYHO-HCC/E10BATENbCKUH HHCTHTYT «DHEProceThbIpOeKT»

BBEAEHME

B.1. HASHAYEHUE PENIEAHOMA 3ALLMTDI

IIpu npoekTHpoBaHUK K 3KCIyaTanuH n06oH 9J1eKTPOIHEp-
reTHYECKOH CHCTEMbl NPHXOLHTCSA CUHTATHCA C BO3MOXMHOCTHIO
BO3HHKHOBEHHS] B HeHl NOBpeXIEHHA M HEHODMAJbHHIX DPEXH-
MoB paGorhl. HHXe paccMaTpuBaloTCs 3JIEKTPHUYECKHE - Tpex-
(asuble CHCTEMB! nepeMeHHOro toka ¢ Uxon>>1 kB. Han6osee
pacnpocTpaHeHHEIMH H B TO XKe BpeMs HauGojiee ONACHHIMH
BHAaMH NOBPEXJEHHH B HHX SIBJSIOTCS KODOTKHE 3aMHIKaHHS
(K3). OxgnuM H3 OCHOBHHIX BHIOB HEHODMAJbHHIX DEXHMOB
paboTH SBJAAIOTCA Heperpy3kH. B meperpyxennom siemeHre
BO3HHKAIOT TOKH, NPEBOCXOJSALINE AJHTENbHO AOMYCTHMHE AJis
Hero sHaueHusi. Temmeparypa TOKOBeAYIUMX M XDYrHX uacrel
MOXeT IIPH 5TOM HEIOMyCTHMO NOBHIIATLCA, CAMH OHH Jedop-
MHDPOBATbCsI, @ HX H30JI1Hs YCKOPEHHO H3HALIMBATBLCS WM J1a-
e pa3pyliaThes,

[loBpexaenust 1 HeHOpMasbHbIe PEXHUMBl DPaGoOTH MOTYT
NPHBOAHTb K BO3HHKHOBEHHIO B CHCTeMe aéapuii, moJ KOTOphI-
MH OGBIYHO NOHHMAIOTCSl BHIHYXKJEHHHIE HADYIUEHUS] HOpMaJlh-
HOH paboTbl BCeHl CHCTEMBI WJIH ee YaCTH, CONPOBOXKMAOIIHeCs
OnpeXeNleHHHM HeJOOTIYCKOM 3HEPTHH MOTPEeGHTENSIM, HeLOIly-
CTHUMBIM yXYAIICHHEM ee KauyeCTBa MJH pa3pyLIeHHEM OCHOBHO-
ro o6opynoBaHHus,

IlepBonpuuynHE BOSHHKHOBEHHS' aBapuii GHLIBAIOT BechMa
pasHoo6pasHBIMH, HO B GOJIBIIMHCTBE CBOEM SBJSIOTCS pesy.b-
TaTOM CBOEBPEMEHHO He OGHADYXKEHHBIX H He YCTPAaHEHHKIX je-
bekToB 060pYIOBaHHS, HEyHOBJETBOPHTENbHIX OpPOEKTHPOBa-
HHf, MOHTaXa H sKcnayatauuu. [lnanoBoe xo03sficTBo Hamied
CTPaHbl, B KOTOPOM OTPOMHOe 3HAueHHe HMeeT 3SHepreTHKa,
TpeGyer GecrepeGOHHOTO 3MEKTPOCHAGKEHHS norpeburenes.
ITostomy crenyer crpemutbest pa6oratsh Gesapapuiino. IIpenor-
BpallleHHe BOSHMKHOBEHHsI aBapHil WJIH HX Da3BHTHS NIPH MO-
BpeX/eHHAX B 3/1EKTPHYECKOH HYaCTH 9SHEProCHCTEMBI 4acTo
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Moxer ObTh ofecrneyeHO nyTeM OBICTPOrO OTKJ/IOYEHHS IMO-
BpEeXJEHHOI'O 3JIEMEHTA.

ITo ycnosusm obecneuenusi GecnepefoiiHol paBoTH Hemo-
BpEeK/EHHOH YaCTH CHCTEMBbl H YMEHbIIEHHS Pa3MepoB NMOBPEK-
JeHus 06opynoBaHHs BpeMsl OTKJIOUeHHs1 K3 10JKHO OHTb
HO BO3MOXKHOCTH MaJfblM, 9acTo 3TO AECATHIE, & HHOTAA H CO-
THIe 10J11 ceKyHasl. Heo6xoaumMo Takxe HMeTb B BHAY, uTo K3
B JI060OM MeCTe CHCTEMBI BBHIY B3aHMOCBSI32aHHOCTH BCEX ee
3JIEMEHTOB B TOH HJIH HHOH Mepe HEMEIJEHHO OTpaKaIoTCs Ha
pabore 3HauutenpHoH ee yactd. CoBepIIEHHO OYEBHAHO, YTO
JeXKYPHBIH MepCoHas He B COCTOSHHH B TpebyeMoe MaJjoe Bpe-
MS OTMETHTb BO3HHKHOBeHHe K3, BBISIBHTP NOBpEXKAEHHBIH
3JeMEHT ¥ JaTh CUTHAJM Ha OTKJIOYEHHe ero BHKJIuaTenetl.
[TosToMy sJeKTpHYECKHE YCTAHOBKH CHa(3KalOTCs aBTOMATHYeE-
CKH JEeHCTBYIOIUMH YCTPOHCTBAMH — PeJIeHHOH 32muUTOH HIH
npefroXpaHuTeNsiMu (MOCeJHHe MPEUMYLIECTBEHHO B CHCTEMAX
¢ Uwon<<1 kB), ocyltecTBAAOLIHME 3aLIHTY OT NMOBPEXAEHHH
H HEKOTOPBIX HEHOPMAJBHBIX PEeKHMOB PabOTHL.

OCHOBHOIM HA3HAUEHUEeM DEeAEliHOll 3QUiUTbL SIBASIETCS aB-
TOMATHYECKOE OTKJIOYEHHEe MOBPEXK/ICHHOrO 3JeMeHTa (Kak
npaBuso, npd K3) or ocranpHO#, HEMOBpEeXKAEHHOH 4YacCTH CH-
cTeMbl NMPH MOMOLIH BbiKJIIovYarencil. Takam o6pasoM, oHa siB-
JeTcs OJHHM H3 BHIOB NPOTHBOABADHHHOH aBTOMATHKH CH-
cTeM. BaxHOCTh 2TOr0 BHAA ABTOMATHKH ONpEEJsIETCH TeM,
uro Ge3 Hee BoOOlle HeBO3MOXKHaA GecnepeboiiHas pabora 3JekK-
TPO3HEpPreTHYeCKHX ycraHoBokK. CJeayer OTMETHTb, YTO HEKO-
TOpBlE BHAB TMOBPEXJEHHH, Hanpu@Mmep oJHodasHee 3a-
MBIKAQHHS Ha 3eMJII0 B CeTAX ¢ H30JHPOBAaHHOH HEHTpaJbIo,
HEeNoCPe/ACTBEHHO He Hapymawor pabory cuHcTeMH. B Ta-
KHX CJAyY4asiX 4YacTo JOMYCKAaKT JeHCTBHE 3allHTH TOJBKO
Ha CHrHaJs.

Honoanurervroim HA3HAeHUEM peAeliHOt 3QUUTbL BT~
¢l HeoOXOAHMOCTh €€ PearHpoBaHHs Ha OmacHbie HeHOpPMaJib-
Hble peXHMbl paGoThl 3J€EMEHTOB CHCTEMH. B 3aBHCHMOCTH OT
HX BHJA H YCJOBHH SKCHJyaTallHd YCTAHOBKH (HampuMep, Ha-
JHYHS HJAH OTCYTCTBHSI MOCTOSTHHOTO [€XKYPHOro TepcoHasna)
3aU(UTa JEHCTBYET Ha CHIHAJN HJIH OTKJIIOUEHHE BHIKJ/IOUaTeNnel
TeX 3JeMEHTOB, OCTABJATL KOTOpble Ha HEKOTOPOE BpEMs B pa-
foTé HexeJsaTeNbHO HJH jJaxe HeAONYCTHMO, TaK KaK 3TO MO-
KeT NPHBECTH K BO3HHKHOBEHHIO NMOBPEXJICHHSI HJIH aBapHH.
Peneifinyo 3alHTy, KOTOpas [OJXKHA pearupoBaTh Ha HEHOP-
MaJjbHBle PEXHMBI PaBGOTHl, YAcCTO 1ejecooOpa3HO BHINOJHSATD
He GBIcTpoaeficTBylollell, kak 3amuty ot K3, a ¢ ompenenen-
HOH BBIAEPIKKOH BpeMeHH.
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Hasanne «penefinas salupra» NOABMIOCH B pSijie CTPaH B CBSH ¢
TeM, YTO pacCMaTpPUBaeMHH BHI HPOTHBOABAPHAHON ABTOMATHKH Hagal
OCYIIeCTBJATECS € HCHOJIb30BAHHEM 3/eKTPOMeXaHHUeCKHX annapaToB, Ha-
3BAHHHX pete. B panbuefimieM 3TOT TepMuH nonyunsa BceoGlliee MpH3HAHHe
M Obu1 y3akoHeH B MeX1yHapoIHOM 3JEKTPOTEXHHUECKOM CJIOBape, CH-
rpaBllieM GOJbLYI0 PONb B CTaHOBIEHHH OTEUECTBEHHOH TePMHHOJIOTHH.

BriepBete peste 6bino paspaoTamo H NOCTPOEHO DYCCKHM YdeHHIM
[1. JI. Mummanrom B 1830—1832 rr. OHO COCTABAAJO CYILIECTBEHHYIO
9acTh BBI3HIBHOTO NpHGopa B H306percHHOM uM Tejerpade. Pene Guiao
ckoHCTpPyHpoBano B 1835 r. ¢usukoM Tespu. Annapar mosyann npuMene-
uHe B TelerpadHy, B CBA3H C YeM, NO-BHAMMOMY, H NONY4HJ HAHMEHOBaHHE

q

?)

Puc. B.1. Jleficteue (a), pestefinasi xapakTepuctuka (6) u GYHKIUHOHANBLHHE
4acTH peae (8)

«peste» ((DpaHuyscKoe CJ0BO relais B MepPBOHAYANBHOM CMEICJE COOTBETCT-
BOBaJIO PYCCKHM BHIPAXKEHHSM <«IiepeKJajHbe JOIIAAH», <«OYTOBAH CTaH-
1LHs], FIie CTOSVIH CMeHHble JIoINaan»).

B TexnuKke peseiHON 3aMTH NOA TEPMHHOM peae B coomercmna c
TOCT 06bYHO NOHMMAIOT aBTOMATHYECKH IeAcTBYIOIMA annapat, npel-
HasHauYeHHHIA NPH 3aJAHHOM 3HAYeHMH BO31eHCTBYIOLled BeJHUHHB], Xa-
PaKTepu3yIOlleR oONpeAe/eHHble BHEUIHHE SIBJEHHS, NPOH3BOLHTH CKauKo-
06pasHoe H3MeHeHHE B JEKTPHUECKHX UENAX YNPABJCHHS HIH CHIHAMH3A-
uun. Pese, npHMensieMBle 15l OCYNIECTBJEHHS 3AalIHT, OGHYHO HMEIOT
SNEKTPHUECKHe BO3AeACTBYIOLIHE BEJIHYHHE H Ha3HBAIOTCS MK TPHIECKHMH.
Pucynxu B.l,a u 6 wamoctpupyior paGory 3/IEKTPHUECKOrO peJie: IpH on-
PeNeenHOM 3HAYeHHH BO3NEHCTBYIOWIEH BENHUHHB X=X p (Hanpnmep, TO-
ka I B 3amumaemoM 3J1ememe) o6ycioBnHBaiolleM cpafaThiBalHe pede,
CKAYKOM HM3MeHsIeT CBoe 3HaueHHe BHIXOJHOH CHIHan y; TNpH BO3BpaTe peie
(x=xp) cHrHal y NpHHEMaeT NMepBOHAYaJbHOE 3HAYEHHE,

B coorsercreun ¢ T'OCT aszekTpuueckue pesfie HMeIOT NATbH OCHOBHEIX
OyHrunonanbELX wacTelt (pHc. B.1,8): BocNpuHHMalomyo I, npeoGpasy-
lomyio 2, cpaBuuBaomylo 3, HCnOAHHTeNbHYIO 4 ¥ 3aMezisioulylo 5. B pe-
Jle, pearHpyiolHX Gosee 9eM Ha OJHY BeJHUHHY, MOMNET HMETBCS HECKOJDBKO
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ORHOTHNHBIX YacTeil. B mpeanosioxkeHHH, YTO Desie HCHOJB3YIOT HEMPEpHIB-
Hylo dopMy noayyaeMolt mHPOpMAmHMHM, B BOCHPHHHMAIOMIEH 4AaCTH Hempe-
PbiBHbIE BO3,1CHCTBYIOIIHE BeJHYMHB NPEBPAMAIOTCA B HEHPEPLIBHBIE Be-
JIHYHHE, yA0OHBe AN fajbHellIero HCMNOMb3OBAHHSA; B HpeoGpasyiomeil —
PON TOKAa, XapaKTep H3MEHEHHs BO BPeMEHH HJIH BHJ 3HEPTHH mpeobpasy-
ercs B yAoOHb AJS CpaBHEHHS; B CPaBHHBAKMmel NPOH3BOAUTCH CPABHE-
Hue mpeoOpa3oBaMHBEIX BEJAHYHH H obecmeyHBaeTcs MAHCKPeTHAs BeJIHYHHA
Ha BBIXOAE; B HCHOJHHTEJIbHOH YCHAHBAIOTCA JHCKPETHBIE CHTHAJH H OHA
(y 37eKTpOMEXaHHYECKHX peJe —.KOHTAKT) obecnieynBaeT CKaukooGpasHoe
H3MEHEHHEe COCTOAHHA YIpaBAseMBbIX 3JEKTPHUCCKHX HENell; B 3aMelJsio-
me#i obecnmeyuBaeTcs TpeGyeMast BblAepKKa BpeMenn. KpoMe mnepeuucien-
HBIX peJe MOTYT HMeTb H JONOJMHHTeJbHble (YHKIHOHA/JbHble HaCcTH, Ha-
npuMep 3ajamouue 6, B KOTOPbIX HPOH3BOAATCHA ONPEAEJCHHBIE HACTPOHKH,
Iepeuncaennbie (yHKIHOHANBHEIE YACTH HE BCErJA HMEIOT OTAeNbHOE KOH-
CTpyKTHBHOe odopMJyense. Hepepko HeckoapKo TaKHX yacrefl OpraHuueckH
COYETalOTCA H BXORSAT B pejie B HEABHOM BHJAe (HAmpHMEp, V 3JEKTpOMe-
XaHugecknx pese). HeoGxop#MoO Takxke OTMETHTb, UTO B HOCJEAHHE TOABI
HNOHBHJHCH pejie, HCHOIB3YIOHIHEe NHCKPETHYIO BXOJHYIO HHGOpMaumHIo, mpe-
oGpasyloline HENPepHIBUYID HHDOPMAUHIO B QHCKPETHYIO H T. A. JaA Takux
peJie NpuBEREHHBIE ONPEfeICHHsT HYXKAIOTCA B YTOYHEHHH.

CymectByer MHOTo crnoco6oB knaccubuxauuu pene. OHH And 3JeKTpo-
ycrtanoBok ¢ Uyow>1 KB Moryr ObiTh, nanpuMep, kJaaccHGUUHAPOBaMH KaK:
JNeKTpoMexanuteckie — ¢ HOABHIKHBIMH 3JIEMEHTaMH H cTaruyeckue — 6e3
MOJABHKHBIX 3JIEMEHTOB; MAKCUMAAbHbIE M MUHUMAAbHbIE — cPabaTHIBAIONIHE
NpH YBeJHYCHHH WJHM COOTBETCTBEHHO YMEHBIICHHH BoO3jeHcTByIOUIel Be-
JHUHH; TOKA, HANPAKCEHUS, HANPABACHUS MOWHOCTY, U3IMepUTesbHbie H
AozutecKue u T. . (nsMépuTeanue—no pony BeJHUYMHBI, BHI3BIBAIOWEH
cpaGaTeiBauue).

Tlepponazasnbho pesie’ BLINOJHAJHCH 3JEKTPOMEXaHHUeCKHMH. B panb-
HefilleM Bce OoJbllee MPHMEHEHHE [OJYYAIOT CTATHYECKHE peJie (mpeHMy-
INECTBEHHO TOJAYNPOBOZHUKOBHE), B HacTosimee BpeMs peefiHasi 3amura
HAauHHAET BHIMOJHATBLCS C HCHONL3OBAHHEM MHKDONPOLECCOPHOR TEXHHKH;
IpH 9TOM OCHOBHBIMH 3JIEMEHTAMH 3aIMHTH ABAAIOTCA yXKe HE pellie, a MHK-
PONpPONECCOpH — YHpABAAEMble HHTErpajbHble MHKPOCXEMB C HpOrpaMma-
MM, 3aKjafbiBaeMBIMH B' HX 3aTOMHHAONIEe YCTPOHCTBO. 3aIMHUTHI ¢ MHKpO-
nponeccopHol 3neMenTHoll Gazolt Moryr GHITh Ha3BaHBI MHKPOMPONECCOP-
HHIMH Bt mporpaMMubiMu. OfHako Npu M1060f a/eMenTHOR 6ase HAYYHBIE
OCHOBH paccMaTpHBaeMoit 0GACTH TEXHHKH OCTAKTCH HEH3MEHHHIMH, CO-
XPAMSIOTCH H MHOTHE OCHOBHBIC NPHMUMIb BHIIOJNHEHHS 3amuT. [losTomy
32 AauuOR 06JacTbl0 TEXHHKH Hejecoof6pasHo COXPAaHHTL Ha3BauHue TeX-
Hura penednoll 3auuTsL.

B T1a6n. B.1 npuBemesnl npuMeps! 0G03HAUEHHH pesie M HX uyacTed.

Croco6n BHIMOJHEHHS 3alHT BecbMa pasHooGpasunl. Onuako Bce
OHH OOBIIHO CTPOATCH HA 3JIEKTPHUECKHX NPHHIMNAX, BHINOJIHSAIOTCS B
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Tabnuua B.1

AN peJie H BCTIOMOraTeJibHEIX
B SNEMEHTOB B HX KOZXOBHE Ba/jisl KOHTAKTOB peJie, HX OGMOTOK H HEKOTODHX

obosHaveHHSA 3JIEMEHTOB

Buza | Kon Bua KomTaxra I Q6o3nauen ue

Pene K | 3ampikatomui

—— ———
Pene Toka KA | 3ampikalomu#i ¢ 3a-
MeJJieHHeM OpH cpaba-

Pene Toxa ¢ BoinepX- | KAT | rymanan ﬂ\’___

KOH BpEMeHH

PeJsie uanpsxeHHs KV | 3ampikatowuii ¢ aamen-
JIeHHEeM NpPH BO3BpaTe
PeJie nanpaBieHHs KW
MOIIHOCTH
Pesle cOMPOTUBICHHS KZ | Pasunixaomuf ——\r—

Pene npomexxytounoe | KL | Paampikaromu#i ¢ 3a-
MeZ/leHMeM mnpH cpaba-
Pene yxasaTenbHoe KH | 1iipanun

Pesie BpeMeHH KT | Pasmpikaiomui ¢ 3a-
MenJeHHeM [OpH BoO3-
Pene nosoxenns «ot-| KQT | gpare

KAYECHO» " '[

Pesie nonoxXeHHs KQC | C nepexiouenneM
«BRJIOIEHOY ~
Pene Toka ¢ TopMoxe- | KAW | 3ambikaromuiics  kpat-
HHeM KOBPeMEHHO —_—
duneTp VA
z Pasmukaromufi ¢ gyro-
DuaLTp TOKA A rAleREEeM —_— fb—-
JbLTP HaNpsXeHHs YA
PuavTp p O6motka  0ZHOOOMO- . I I
YactoTasilt GUALTP ZF | TOTHOTO pene
O6MoTKM  ABYX0O6MO-
DnekTpoMaruaT o1-| YAT | 10unoro pene
KJIIOYeHHs
Tnaekuk npemoxpank-|{ F | OUCKTPOMArsuT  or-
KIIOYEHHS
Telb T
Kuonka ynparnenus SB

MpuMmeuwannsa: 1, CTaTuueckHe pese OCYIUECTBASIOT YOpAaBJEHHAE He KOHTAK-
TaMH, a 3JICKTPHUYECKHMH CHIHAaJaaMu,

2, KonrarTbl pese H306paxaioTcs JAJAA «0GECTOYEHHOTO» COCTOAHHS OGMOTOK
TOC/EAHHX, MOKAa3LIBATH KOHTAKTH miocse cpaGaTeiBanus pese F'OCT He npeAycMar-
pHBaeTcs,

3. Koxbl, mpuHSATHIE RAAA peJe, HAXKe (HampHMep, B IJ, 2) HCHNOJbL3YOTCA TaKKe
AAS OpraHOB SalXHTHI,
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GOJBUIMHCTBE ClyyaeB ABTOHOMHLIMH YCTPOHCTBAMH H HMEIOT B oGuleM
cayyae ABe raaBHble gacTH (puc. B.2) — HaMepHTespHylo H JIOTHYECKYIO.

VismepuTespiast 4acTh, BKJIOYAlOWAs H3MepHTeJIbHHE OpraHel, Henpe-
PHIBHO KOHTPOJHDYET COCTOSIHHE 3allUHINaeMOro ofbekTa H  onpejeser
yca0BHS cpaGaTHBaHAA B COOTBETCTBHH CO 3HAYeHHAMH BXOLHBIX BO3Hel-
CTBYIOWHX BeNWYKH. JIOrHueCKas 4acTh, BKJIOYAIOLIAs JOTHYECKHE OpraHbi,
(hOpMHpYeT YIpaBAsiollHe BO3LEHCTBHA B 3aBHCHMOCTH OT KOMGHHAIHH It
TNOCAE/0BATENHOCTH IIOCTYIVIEHHST HA Hee CHTHAJIOB OT H3MEPHTeABHOMH
gacTH. OObYHO Joruyeckas 4acTb 7EHCTBYET Ha BLIKJAIOYATENH He Hemo-

Aamepumens| | lozuvecrka s = Ucnonnumens-
wag yacms [ vacms b | Hotd opean
R
7A E I —_}
[
Pl Hemoyruk CuzHansHoid
—~ numanu s apzaw
Cuznans! ¢ dpy-
20U CMOPOHb! 30~ L l

wuaemoea 3nemeHma

Puc. B.2. CrpykTypHas cxeMa aBTOHOMHO# 3aliuTH

CPEACTBEHHO, 2 uepes HCNOMHHTeNbHbE opraH. MaMepuTenbHasi uacTh, Kak
NIPaBHIIO, MOMYY2eT HHPOPMALMIO O TOKAX H HATPAKEHHAX B MECTe BKIIO-
UCHHA  32lIMTEl  depes . NePBHYHEIE H3MepHTeJIbHElE NPeoGpa3oBaTeNy —
TPauchopMaTOPHl TOKA H HATIPSAKEHHS (TAuTv).

M MpOXONBHBIX 3AIMT MX HIMEDHTENbHblE HJH JIOTHYeCKHE 4acTH
noNydaioT HHPOPMANHIO TakKe ¢ APYrofl CTOPOHH 3ALIMIIAEMOr0 S/eMeH-
T4, C APYrofi 51EKTPOYCTAHOBKH 1O BCIIOMOTATEJBHEIM NPOBOAAM WIH Clie-
UBAJbHBIM KaHaJaM cBssu. JIJIs MOMepeuHbX 3alIHT OCHOBHbE HACTH 3a-
WHTEL HOMYYAIOT HHQOPMALHIO OT APYTHX 5/EMEHTOB, NPHCOELHHEHHHX K
O6WHMM IUHHAM, N0 BCIOMOTaTeNbHHIM NPOBOAAM B npefenax obmes pas
HHX 3JIEKTPOYCTRHOBKH.

HononunTensho B 3amHTe NPENYCMATPHBAIOTCS CHLHAJIBHHIE oprausl,
Aaiollue CHTHANE 0 CPabaTHIBAMHH yCTPONCTBa 3alIHTHL B LEJOM, a B psie
Clyuaes M OTHENBHEIX ero gacrelf, a TakxKe HHOTA H CLENHAJNbHble VCT-
POHCTBA AMIsl MX NPOBEPKH. YYHTHIBAS H3JOKEHHOE, B 3alHTY B GoJee
IIHPOKOM CMBICNE BKJIOWAIOT Takike BropHuneie menn TA u TV, xanano
CBA3H, a TaKKe lEMH ONEPATHBHOTO ToKa (NHTAHHS M OTKNIOUeHHs) W
ApyrHe BCIIOMOraTesbHHeE YCTPOHCTBA.
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Becnepefofinass pabora 3eKTPOSHEPreTHYECKHX CHCTeM ofecnednBaer-
csi NpHMEHEHHEM Kak peJelHOH 3aluThl, TakK H psja ADPYrHX YCTPOHACTB
npoTHBOABapuiiHOR aBTOMaTHKH. PafoTa MHOrHX H3 3THX YCTPOHCTB CBS-
3ana ¢ paboTofi pesnefiHOH 3allUTH; BCe OHH BXOAAT B KHOEDHETHUECKYIO
CHCTEMY YNpaBJEHHS 3JIEKTPO3HEpreTHUeCKOH CHCTEMOH NPH HapylleHHAX
€e HOPMAaJIbHHIX PeXHMOB paGoThl.

8.2. PA3BUTUE TEXHUKH PENEWHOW 3ALLIUTHI

Kak wmssectHo, B 1888 r. Boiawuiicd pPYCCKHA 3JEKTPOTEXHHK
M. O. Moanso-I0o6poBOJLCKHE, KOTOPOMY NpPHHaAJeXHT MHOro pafoT M
#300peTeHHil B pa3HbIX 06JacTaX 3/1eKTPOTeXHHKH, H300pes CHCTeMy Tpex-
¢azHoro Toka. Bckope moj ero pyKoBOACTBOM BliepBhle B MHpe GHIa
ocylllecTBJeHa rnepefaya 3J]eKTPHYECKOH 3HEPrHH TOKAMH JOCTaTOYHO BHI-
cokoro HanpsixeHHs (8,5 kB) Ha Goublnoe paccrosHHe, 3T0 GBUIO BaXKHBIM
cofBITHEM B HCTODHH 3JEKTPOSHEPreTHKH, H CHCTEMBl TpexX(asHOro ToKa
BCKOpE IIOJYYHJH INHpoyafilllee npuMeHeHHe, Ix skcmnyartaunsi, Kak u
JAPYTHX 3JeKTPHUeCKHX CHCTeM, Oblia HeBO3MOXHa Ge3 3aIUHT OT 3JeKTPH-
YeCKHX MOBpexXJeHHH, HamGojee pacnpoCTpaHeHHEIMH H OIACHEIMH H3 KO-
TOpHIX, KAK YKa3bIBaJOCh Bhile, sBasitoTess K3.

B anexrtpuyeckoit cucreMe K3 B GOJBIIHHCTBe clydaeB CONPOBOXAA-
10TCSl BO3pacTaHHeM ToKa. [103TOMy nepBbIMH NOSIBHAHCH TOKOBBIE 3allH-
THl, JeHCTBYIOLlHE B CJayyae, KOria TOK B 3allHLIaeMOM 3JeMeHTe IpeBhl-
WaeT 3apaHee YCTAHOBJeHHOe 3HayeHHe. TOKOBHe 3aIUHTHI MOTYT BHIIIOJ-
HSTbCS IVIAaBKHMH NpefoXpaHuTeNsiMH uuu pese, [l1aBkHe mpemoxpaHHTeNH
HCIIOJb30BAUCh A1 3alHTH MEPBHIX 3JEKTPO3HEepPreTHYeCKHX YCTaHOBOK
ellle B KOHUe IpONLIOro Beka. B CKOpOM BpeMeHH OHH B psfAle Cayyaes
TepecTann YAOBJETBOPSTH CBOEMY Ha3HAyeHHIO H CTaJH 3aMeHAThCA YCT-
POHCTBAMH, OCHOBHBIMH 3JIeMeHTaMH KOTOPBIX OBIM 3J€KTPOMarHHTHbHIE
pene toka. OfaHaKO KOHCTPYKUHH IIaBKHX IpelOoXpaHHTeselfl COBepIUEHCT-
BYIOTCSI, H OHH NPOAOJIKAIOT C YCNEeXOM HCIOJb30BaThCS HE TOJBKO B CH-
cTeMax HampskeHHeM HHXe | kB, Ho Takxke H B pacnpeielHTeJbHHX Ce-
TAX OoJsee BBHICOKHX HanpsiKeHHi.

Hiupokoe npuMeHeHWe AJs1 3alUHTH pesie IoJyuyaloT B Havaae XX cro-
Jerua. B 1900 r. mosBasioTcss HHAYKUHOHHBIE peJse, NOCTPoeHHHle Ha ase
HHAYKUHOHHBIX H3MEpHTEJBHBIX MeXaHH3MOB, MpeJIOXEeHHBIX H paspabo-
raHHeIX Takxke M. O. Ioamuso-Io6posoabckum, B 1905—1908 rr. paspaba-
TeIBaloTcsl auddepeHunansisie Tokopee samutel. C 1910 r, naynnalor
NPUMEHSITECA TOKOBBle HalpapJjeHHBle 3allUThl; K 3TOMY XK€ BpPEMeHH OT-
HOCATCS NONBITKH BHINOJHEHHS JHCTAHUHOHHLIX peje (pesne CONPOTHBIe- -
HHs), 3aBepIUHBINHECS BBHIMYCKOM B Hauage 20-Xx rojoB AHCTaHIHOHHBIX
3QIIHT.

K 20-M rozaM OTHOCHTCS TaKxke BBINYCK nMepBbIX ofoOwlalompx Iy6-
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JHKAlHA 70 penefiHofi 3alllHTe, BHINOJHAEMOH HA 3JEKTPOMeXaHHUeCKON
3neMeHTHOH Oase. K HHM, B uacTHOCTH, OTHOCHTCA KHHTa IOX penakuueit
HEMEnxoro anekrporexnhka P, PioxenGepra, nepeBos KOTOPOR Ha pycckHi
A3BK OnA Bhnymen B 1930 r. B 30-x romax 6waa omy6nEKoBaHa Ha Ty
Xe TeMy Goaee ray0oKas nmo COMePKaHHIO KBHIa NOA pexanzei M. Ilnef-
Xepa, HanHcaHHaf ¢ ydactHeM HeifireGayepa.

B 1923—1928 rr. nosBasOTCA nNepBHe NONMHTKH MO HCNOAb30OBAHHIO
AnA 3aWATH INEKTPOHHKH, B YaCTHOCTH TOKOB BHICOKOH 4aCToThl, nepeja-
BaeMHIX N0 NpOBOAAM 3alUMINaeMHX JHHMA. B 1932 r. nosBHaach pabora
H3BECTHOTO (PPaHIY3CKOTO 37MeKTpoTexHHKa Pasmo mo pacmpocTpareHuio
BBICOKOYAaCTOTHON JHEPTHH N0 JIHHHAM 3/1eKTpONePejauH H ONHCAMHE 3a-
LWHTH C HaJOXEHHLIMH Ha JIHHHIO TOKaMH BBICOKON uyacToTh., B 1934 r,
OLAH OMyGAHKOBaHbl Pe3yabTathl pPa3pabOTOK HA 3SNEKTPORHHX JaMnax
Pene pasnnuHoro HasHadenHa (R. Widerol). B ata xe roam B CoBerckoMm
Coloze Gnia paspafoTaHa Ha SMeKTPOHHWIX JaMnax AMCTaHUHOHMAH 3a-
wmera. OfHAKO HA NpaKTHKE OHH PACTIPOCTPaMEHHA He NONYYHJH, eJMHCT-
BeHHLIM, BEPOATHO, HCKJMOUeHHEM OBLIO MHOTOJIeTHEe MCHOAb30BaHHE JaM-
NOBHX NpHEMONepefaTYHKOB B KaHajaX [/ Nepefaud BHICOKOYaCTOTHRIX
CHrHaNOB 110 NPOBOAAM 3aINHIAEMBIX JHHHHA AN OCYMIECTBIEHHS GHICTPO-
JIeACTBYIOIIHX 3aLUHT.

Bonee nepcmeKTHBHHIM OKasanoch HPHMEHEMHE TNOJYIPOBOLHHKOB
(MenHO3aKHCHBIX H CeNeHOBHIX BHIIPsIMHTeJel), HauaToe Takke eme B 30-e
TOAB! AJ15l BHINOJHEHHA pese, PaGOTalOIHBX Ha BHIPAMJEHHHX ToKax. [lanb-
Hefillee PasBHTHE 3TO HalpaBJeHBe NOJYYHAO B Koule 40-X rogoB, KOrAa
CTajl0 BO3MOJHHIM NpHMeHeHHe T€PMAHHEBHX M KDPEMHHMEBHX JHOLOB M
TpaH3ucTOpoB. B mocnenymomse romel B Coberckom Colose u 3a pyGexoM
pa3pafarnHiBanHCch H BHIONHAJHCH C MCIOJB30BAHMEM MONYNPOBOAHHKOB
KaK oTjelbHHe GeCKOHTaKTHHE pelie H YCTPOMCTBA, TaK H 3alHTH B le-
7oM, OnMT BHINOJHEHHA H SKCINYATaUHH TaKHX 3alIMT HeCMOTPA Ha psA
BO3HHKaIOWKX TPyAHOCTeH oKasajcAd Ge3ycs0BHO NOJOXKHTeapHHM. Oxuako
HajeX K, BO3/araBIIHECH HA NOJYNPOBOAHHKOBHE 3allUTH 1O NOTPebase-
MBIM MOIIHOCTAM H CBfA3aHHWM C HHMH YYBCTBHTEeJbHOCTSIM, ONpPAaBAaJHCh
HE NOJHOCTBIO. BHABHJAAch TaKKe HMX OTHOCHTENbHO HEBBHICOKAS HAIEK-
HOCTb, 00YC/I0BNCHHAas HEJOCTaTOYHOH CTaGMABLHOCTBIO HapaMeTpoB M Ha-
JHYHEM BecbMa GONBLIIOTO KONMYeCcTBA BHEUIHHX COeAHMHEHHH MeXAy OT-
JAeNbHEIMH (QYHKIHOHAJBHEIMH 3JIEMEHTaMH 3aIUHTH,

[Tonoxenne ¢ npuMeHenHeM JAAA 3aLUHTH IOJYNPOBOAHHKOBON ale-
MEHTHO! 6aspl CYIIECTBEHHO H3MeHHJNoch B 60-e roan mocne pa3pabOTKH W
HauaBIUErocsi BHEApeHHs B pasHble 06/MacTH HHTerPaibHOR MHKPO3JNEKTpO-
HHKH €O BCE BO3paCraioulell cTenmeHbI0 HHTeIPalHH, KOFAa B OZHOM KpPH-
CTaljle yAa€TCH <«yNaKOBHBaTby Od4eHb Goablioe YHCJIO MHKPO3JEMEHTOB
(pesncTopoB, KOHZeucaTopoB, TPHOAOB H T.4.). [TostoMy B HacTosmee
BpeMsa KakK y Hac, TaK M 3a pyOekoM pa3paloTaHbl M HAuYMHAOT MIH-
POKO BHEAPATbCH SAILUMTE], HCMOJBb3YIOLIHE MHKPOSJAEKTPOHHYIO 3/eMeHT-
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Hyio Gasy. Takue 3amuTH ¢ npHMeHeHHeM CpeNCTB NHATHOCTHKM 06-
JafaloT BHCOKOH HAJEXKHOCTBIO M NOTPeGAAIOT HeGOMbIIHE MOILHOCTH OT
TpaHCOPMATOPOB TOKa H HanpsaxeHHA. [IpaKTHYeCKH 5TH MOLIHOCTH ompe-
HeAAOTCS TOJNBKO NMOTEPSMH B COeAHHHTEAbHHX NMPOBOXAX MEXAY H3MepH-
TeJbHHIMH TIPe0GpasoBaTeNlAMH H YCTPOHCTBAMH 3alUHTH H B yCTpoiicTBax
COMPSKEHHS MEXAY HUMH. B CBH3H ¢ 5THM aKTyanpHHMH fABASIOTCA BONpO-
CBl HCNONL3OBaMHA HOBHIX, GOsiee O6JIeMreHHHX HCHOJMHEHHH H3MEPHTENbHHIX
npeoGpasoBaTeneli ¢ mepefauell MHGOPMaUHH OT HHX K ycTpolficTBaM 3a-
UIHTH 1O KaHalaM ¢ MaJILIMH HOTEPSAMH MOLIHOCTH, 00JajalolHM Xopoiueit
110MEX03aL HIILEHHOCTHIO.

IIpumeHsieMble B HacToAlllee BpeMsi yCTPOHCTBA 3allATH Ha MHKPO-
37IEKTPOHHOH 3JIeMEHTHOH Ga3ze OGHYHO OCYIUECTBAAIOTCA C HCMOMb30OBaHHEM
NONYNPOBOLHHKOBRIX 2HAJNOTOBRIX ONEPalMOMHHIX yCHAMTENeH H JOTHYECKHX
3JeMeHTOB, BO3MOXKHH TaKXe BHIOJIHEHHS 3alUMT Ha LHUPPOBOA MHKpO-
3JeKTPOHHON Gase.

OtzenbHo clieflyeT OCTAHOBHTBCH Ha BO3MOXKHOCTAX HCTOJb30BRHHSA
ANs OCYILECTBJICHHS pelle H 3alUHT B LeJoM HeJHHEHHHIX cBOHCTB (eppo-
MarHHTHHIX CepAeYHHKOB,

B Hawe# crpane Bo BHHHD (M. H. Ionos) u3a pyGemom 6uu1 pas-
paboran psif ycTpoficTB pedefiMoii 3alUMTHl HA Gase MACHHTHBIX YCHIHTeIel.
Onunako pasBuTHE NONYNPOBOXHHKOBOH TeXHHKH CIEJ1alo HX B o6lleM cayuae
HEKOHKYPEHTOCHOCOOHHIMH M3-3a GOJIbIUOY HHEPHHOHHOCTH H CYLIECTBEHHO
XYAIHEX MaccoraGapUTHEIX napaMeTpoB, Heo6xogHMO, OZH2KO, OTMETHTb,
uto B CoBeTckom Cowse B 50-e rogs 3 HITU (A. I. Hposnos & ap.) Ha
Gase TeopuH ueneil ¢ (eppOMATHHTHHIMH CepAeTHHKAMH GhIM pa3paboTaHs!
AOCTaTOYHO MNPOCTHe Peie ¢ MOAMArHHYHBAHHEM TNEPEMEHHHIM TOKOM MpO-
MBIIIEHHOR 4YacToThl. TakHe pesie MONyYMAM pea/lH3allHI0 B OCHOBHOM AJIS
ocymlecTBleHHst fH(depeHIMaNbHBIX TOKOBBIX 34ULHT 3JEKTPHUECKHX MalIHH
(TpascdopMaTopoB, reHepaToOpoB) M B Pa3AHUNHIX MOJHPHKAUHAX HCIOMb-
3YIOTCH Ha MPAaKTHKE JO CHX mop.

B nacTosiuee BpeMs B pa3umx 06nacTAX HauMHaeT NMONYYaTh WIMPOKOE
npHMeHeHMe MMKPONPOUECCOPHAs TeXHHKa, B OCHOBe KOTOPOH Haxogarcs
MHKDONPOLECCOPH. IDT0 nepeneKTHBHOE HalpaBleHHE HAaUMHAET NPHMeHSAThb-
€A H N8 OCYUIECTBJIECHHs peJleiHOH 3alUHTH, KOTOpas peajH3yeTcd, Kak
YKasHBanoch Bhlllle, yxKe He C NOMOUIbIO pelle, 2 B BHIe IPorpaMM, 3aknia-
AbIBaeMBIX B NaMsATb MHKPODBM MM MHKPONpPOUECCOPHBIX CHCTEM.

[lpuHnunHaABbHO HpeAcTaBAsNOCH OB BecbMa neslecoobpa3ubIM TakKoe
BHINOJIHEHHe 3alMT OT HOBPEXJeHMH, NIPH KOTOPOM OHM MOTJAH OH He TOJb-
KO (HKCHPOBATh MpPOMCWlediee MOBpEXIEHHE, HO W BLIABAATH HAMEUAMLle-
ecs. Ilpaktudeckn B GoublMHCTBE C/lyuaeB BHINOMHATH TaKMe 3AIIHTH 3a-
TPYRHHTEJBHO HIU [aike HEBOSMOXKHO (HanphMep, salluTy ot K3, HpOHC-
epuero BeaeACTBHe rposoBoro paspsiga). K stomy, omnako, meoBxomumo
CTPeMHTLCA.

O6rnuno ANt qeHCTBHH 3alllHT HCNOJAB3YIOT TOKH H HalpAXKeHus 0po-
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MHIIJIEHHO! YacTOTH 3amuilaeMblx 3JjeMeHToB. MHOrAa, 0JHAaKo, OKa3ul-
BaeTcsl [elecoobpasHHM NPHMEHATh 3JeKTpHdeCKHe BEJHYMHBL BOJHOBHIX
NpOLeccoB, TapMOHHUECKHe, KosebaTeJbHble (sHakomepeMeHHbE) U anepuo-
JHYeCKHe COCTaBJAIIHe NEPeXOAHOr0 PeXUMa, a Takke HANOKEHHBIE TOKH
MOBLILIEHHOM, MOHHXKEHHOH YaCTOTH H HAJOXKEHHbIH noctosHHbd TOK. Tak,
HaIpHMep, AJs OCYLIECTBJCHHS SallMTH JIHHHE CBEPXBHICOKHX HanpsKeHHit
or K3 B paspab6orkax DHHH wucnosnb3yorcss S/IeKTPHYECKHE BEJTHUHHEL
TpH  BOJHOBHIX  IpoUeccaX, BO3HHKAIOUHX B MOMERT HOAABJEHHA
nospexaenss [59].

OreuecTBeHHAs TeXHHKa peJseffHON 3amHTH NMPAKTHYSCKH Hadasa pas-
BHBAThCs TOJMbKO moclte OKTAGPHCKOH pPeBOJIIOLHM TNPH TPETBOPEHHH B
xu3Hp muaga FODJIPO. .

OCHOBHHMH HaydHO-HCC/IE10BaTeNbCKHMH IeHTpaMu B 30-e rogsl Gulim
snaBopaTopus BHCOKHX HampsikeHH# mM. A. A. Cmyposa, CP3uyY T2II,
X3M3, OPTP3C u kpynmHeiiime 3HepreTHueckme cHcTeMbl — Mocauepro,
Jlensuepro, Ypaissepro u Ap- Hauanu akTHBHO BKJIIOYaThCH B paboty H Ka-
teaps BTysos — TIIH, HITH, JISTH, JITIU, MOHU & xp.

Jla6opatopreit um. A. A, CmypoBa mog pykosoactom B. M. HsanoBa
u [1. 1. PrkoBa NpOBOAHJIKCE PA3HOCTOPOHHHe HCCJE0BAHHA H paapabort-
xu. Ocobo cilrefyeT OTMETHTH PaGOTH MO MepeXOAHHM NpoueccaM B Henfax
3AIKT, [0 3aULATaM reHepPaTOPOB ¥ BBHICOKOYACTOTHHIM 3alUTaM JHHHE BH-
coxoro panpsxenus (E. A, Kapmosuu u 1p.).

Boabmas pafora Mo CO3MAHHIO CXeM 3aIIHT H pa3paGoTKe MeTO10B
pacueTa HX HapaMeTpPoB, a Takke N0 HX THIH3AUHH NPOBOLHMTCH CP3ny
TOI1, nauaBwiEM ¢ Hadasa 30-X rogoB CHCTeMAaTHUECKYi0 paspaloTky, a ¢
1932 r. — H BHIIYCK OTAeJbHHMH pasfenamu «PykopopsliHx ykasaruit mo
peseiinoit samuTe» (PY) nox pykosoactsom JI. E. CosoBbeBa, oGecrnedynB-
1iero ux BBICOKOE HAyUHOE KAauecTBo M aBTOPHTET. HeoOX0QHMO OTMETHTS,
uTO yXKe TepBule pasfens PY paBanu oJjee KOHKPeTHble YKa3aHHs NO Bbi-
60py ¥ TNPOEKTHPOBAHHIO DpesefiHON SalIUTH, YeM 3apylexHble paboOTHi
amasorngsoro tuna, Ilocne JI. E. CosnoBneBa 3Ta paboTa B TeyeHHe MHOTHX
neT posraasastace A. B. Uepruunim. Heo6xoaBMo oTMertuts, yto A. B. Hep-
HMHBIM WJH TOJ €ro PYKOBOACTBOM OB BLINOJIHEH TaKkKe Psj HCCIeL0Ba-
HHil MO pacueTaM 3JeKTPOMATHHTHBIX MEPeXOHbIX TPOLECCOB M OBUIM co-
CTaBJeHbl 7Ba pa3fela PyKOBOASIIHX YKA3aHUH MO HHM.

daextponexom OPTPIC, cosgannnM B 1933 r., paspabaTbiBajiuch Me-
TOAE HCTUHTAHHA peje W 3allHT, NPOBOXHJIHCH HCC/AeAOBAHHS MAaUIHHHOrO
000py/A0BaHHS NPH HEHOPMAJBHBIX PEXHMaX PaloThl, OCYLIECTBJISJIHCh Ha-
JajKa W BKJIOueHHe B paGoTy peslefHBIX 3allHT HA HOBHIX 3JEKTPOCTAHUH-
ax. Bonbmoe 3nadenHe umesH npu 3ToM HauaTele 8 CP3uY TIII pabotst
HU. A. CHpOMATHUKOBA, BIOCNEACTBHH KpyIHeHHIero 3JEKTPOIHEPreTHKa,
no pexumam paloTbl aBHraTelell H HX 3allHTe, AaBUIHE BO3MOXKHOCTb KO-
peHHHM 06pasoM MOBBICHTh HAAEXKHOCTb PAbOThl COOCTBEHHBIX HYXKA DJEKT-
poctaHuuit ¥ norpe6uTesed.
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Ha X9M3 xonnekTHBOM IoA pykoBoactsoM @. A. Cryneas ocyinect-
BASJIOCE KOHCTPYHPOBaHHe H HPOH3BOACTBO MHOTOUHCHAEGHHHX HOBHX THIOB
pefie H 3aLLHT.

Ilepconanom ciayX6 pesleiHoii 3allHTH! 3JEKTPOIHEPreTHIECKHX CHCTEM
npoBofuiach Goabuas paGoTa 16 BHEADPEHHIO HOBHIX 3aUIHT, PeKOHCTPYK-
LHH CYUIECTBYIOIIMX, MOBHIIEHHIO YPOBHs HX IKCIVIYaTauHH H CO3JaHHUIO
HOBHIX YCTPOHCTB,

K paccMaTpuBaeMOMY NepPHOAY OTHOCHTCSl TaKKe IOSBJEHHE MHOIHX
OpHUrHHANbHHX 00061 a0muX TPYAOB COBETCKHX aBTOPOB IO BONpOCaM 3a-
IIHTH, NEPBHM H3 KOTOPHX sBasercs Kuura B. M. Heanora (1932 r.).
IlepBas cmenHanbHas KHHra o pese 3aluTH OHJIa BHOylleHa B 1941 r.
®. A. CryneneM. BaXnuMu An8 Teopuu penefiHON 3alUUTH SBHIUCH TPYABI
H. H. leapusa u H. &, Mapronuna no ucCIef0BaHHIO NEPEXOAHHX 37EKT-
POMArHMTHEIX NIPOLECCOB B 3JEKTPHUECKHX CHCTEMaX.

B roam Beankoi OreuecTBeHHOH BOHHBI COBETCKHe peJellMKH B
HCKJIOUUTEJIBHO TSKeNHX YC/AOBHAX HEYCTaHHO PaboTalu HO COBEPIEHCTBO-
BaHHIO 3allMTH M NOBHIIIEHUIO YPOBHS ee SKCIUIyaTanHu. BoJblIoe 3Haye-
HHe B 9THX HanpaBjeHHsax uMeau paboret M. M. CosnoBpeBa M Bo3ri1aBasiB-
uIerocsi BM KoJUIeKTdBa pelfleiiiiukoB Mocanepro. M. Y. Conosees, miogo-
TBOpHO paloras u Jajee B O6MACTH DeslefiHOf 3aUTH, CHIpa; TaKike
GOJIBIIYI0 POJb B pa3paboTKe BOMPOCOB aBTOMATH3AUWH CHCTEM W B BOC-
MHTaHHH KaJAPOB MOJIOAHX CHELHAJHCTOB.

IlocneBoerHbie TOALI XapPaKTEPH3YIOTCA AaibHeHMHEM OHCTPHM pasBu-
THEM TEXHHKH pPesIefiHOH 3amuTH, CTaBUIHM BO3MOXKHHIM Ojarofaps fes-
TeJIbHOCTH OPraHH3anHit Kak BHOBL cosfaHuux (YDA3, BHUHUD, BHUHP),
TaKk ¥ palOTaBUIEX B PacCMATPHBAEMOM Hanpasieruu panee (Texympasie-
Hue Munsnepro, CP3u¥y T3II, U911 AH YCCP, SHUH, OPT'PAC, 3Hepre-
THIECKHe cHcTeMst — Mocauepro, Jlensuepro, Yeas6anepro, nenposuepro
H 1P, ¥ BbicHiHe y4yeOHBIE 3aBefeHHs — ]
T sy y nenus — HITH, M3U, PIIYU, YIIH, ‘JIl'II/I,

CepbesHHIM HCNIBITAHHEM ISl COBETCKHX pelleliiMKOB SIBHJIOCH B 3TOT
TepHOA COSAaHHe HOBHIX OPHMHHA/BHHIX BAI(HT AJS COOPYXABHIMXCS 3JIEKT-
ponepenau 400—500 kB. C 310fi cioxuoi 3aauell oHE yCHelHO chnpaBy-
aHce. Oco6o B pemtesHd 3Tofl mPoGAeMH CiefyeT OTMETHTDH pois CP3uy
TSI (B. M. Epmonenxo, C. §I. Herpos u &p.), BHHHU3 (M. U. Lla-
pes, E. JI. Canup ® ap), UDA3 (A. B. Byhnos, A. M. Bpecyep,
I. @, Dgenpwreiin u 1p.) u cayx6 skcnnyarauus (H. B. YeproSposos
H Ap.).

K asToMy nepmoay oTHocuTCs Takke ony6auKoBauue psfa 0606man-
wux T1pynos I. M. Arabekora, B. JI. ®abpuxanra, A. B. Uepuuna,
A. II. Oposgosa, U. M. Cuporsl u ap. [1—8]. T'. . Arabexon 6ua ofHHM
H3 NepBHX, KTO A06HBanCs GuicTpeiilllero BHEADEHHA NONYNDOBOAHUKOB B
OTEYECTBEHHYI0 TeXHHKY pesiefiHONH 3al(HTH,

B wacTynusmwi nepmox smauuTessHO Bospocaa mo CPaBHEHHIO ¢ Jo-
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BOEHHLIM YPOBHEM POJb KOJIEKTHBOB BHICIIMX YUeGHLIX 3aBefieHHE B paa-
paBoTke HOBLIX BONPOCOB TeXHHKH peefHOM 3aLIHTHL

Tak, nanpumep, 8 HIIH non pykosoacrsom A. [I. MIposnosa obpaso-
Bancs cHibHLIE KoanekTHB (B. B. Ilnatonos, A. C. 3acunkun, 3. B. Iog-
TOPHHIA M Ap.), paspabaThiBaBUIMH BOIPOCH CO3XAHHS YCTDOMHCTB Ha base
TEOPHH LeNedl ¢ (ePPOMATHATHLIMH CepAeTHHKAMH H HCCJIEAOBABLIHA Dalo-
Ty 3JIEKTDOMAaTHHTHLIX TPAHC(OPMATOPOB TOKA H HANPAKEHHA B Nepexoj-
HLIX peXHMaxX, NOBeleHHe 3amIHT NPH 6pockax TOKA HAMATHHUHBAHHS CH-
JIOBLIX TpaHcdopmaTopos, 3allHT, TOCHEAHHX H HeKoTOphe apyrde. B PITH
Ousia cospaHa npoGleMHas J1a6oparopHs N0 HCHONb3OBAHHIO MONyIPOBOJL -
HHKOB B TeXHHKe peJeHHOfi 3alIHThl, KOTOpas [0J PYKOBOACTBOM
B. JI. ®abpukanra, panee paboraswero B CP3uY TAII, sumoausna pan
TOJIe3HbIX HCCNEeNOBaHHA U PaspabOTOK COBMECTHO € Kageapoil aBTOMATH-
SHPOBAHHBIX S/IEKTPHUECKHX CHCTeM TOro xe Hucturyra (A, C. Cayxarac,
JI. A, Opexos, JI. B. Manepuo u zp.). Heobxoxumo oTMerurs 6oabiiof
Bkaax B. JI. ®abpukanta B CO3RaHHe KAk 3aKOHIEHHONH TEeOPHH NOCTPOEHHS
H3MEpHTEJbHBIX OPraHOB peslefHOH 3aIMHTH NPHMEHHTENbHO K BLITOJHEHHIO
OPTaHoB Ha 3JIEKTPOMEXaHHIeCKOH sjemenTHoll Gase {3], Tak u Teopum,
OXBaTHBAIOWeH DAL BaXHLIX BONPOCOB OCYMIECTBJEHHS OPFraHOB Ha MOMY-
NpoBOAHHKOBOH Gasze [4]. B. JI. ®abpurantoM co3gaua takxe o6llas Teo-
PRA NOCTPOEHHs NACCHBHLIX (HILTPOB CHMMETDHYHWX COCTaBASIOMHAX [5].
B YIIM nox pykosoacrsom B. E. [ToaskoBa mpOBOAHIHCE MoMesHbie HCCJe-
AOBaHHS H Pa3pabOTKH MO NPHMEHEHHIO ANNAPATa MaTeMaTHUECKOR JIOTHKH
B TexHHKe pejefinoff samuri. Ha Kadeape P3uA MDY paspabatmpamucs
BOMPOCLI 3aIMHTH JIMMHH 3JeKTPONepenaud MOCTOSHHOIO TOKa BLICOKOTO H
CBEPXBLICOKOTO HanpsXeHHi mox pykoBogcTBoM B. M. Mapauuaka
(B. H. Hosenna u xp.), SamuTul JHHHA NepeMeHHOTO TOKa BLICOKOTO H
CcBepXBhICOKOre Hanpsxenuit (B. I'. Joporynues u np.), npHuuunn HOCTpO-
enHs 3awut ¢ TA u TV na undposoii 6aze (B. E. Kasanckni, 5. JI. Apuu-
wesckuit). B JIIU nox pyxosogctBom I'. M, INapsosa (B. K. Bauuu u gp.)
HaYaJH Pa3BepTHIBATLCA PAGOTH 10 HCNOJL30BAHHIO IS 3ALIHTH SJEMeH-
TOB AHAJIOTOBOH BHIUHCAHTENbHOR Texuuku. B MDJI AH Vkpaunn (M. M. Cu-
pora, B. C. Croruufi) mposomsarcs paspaborku ODHTHHAJNBHHX 3aLIHT OT
3aMLIKaHHH Ha 3eMJII0 B TeHePATOPAX H CeTAX, HOBHIX THMOp TA ¢ paspes-
HLIMH CepJeTHHKaMH,

B noclleanne rogu HayIHO-HCCNeX0BATENbCKAS NEATENBHOCTD B OGAACTH
pelleiiHOf SaUIMTHl y HAC COCPEJOTOUEHA B OCHOBHOM BO BHHKD, BHUHP,
SCH, HITH, M3H, PITY, U3]1 AH YCCP, YIIH, JITIYK, BIIH, 3HUWH,
Komu ¢ummana AH P®, HITH, H3H, TIIY, UDA3, psage apyrax Bysos
4 opranusanufi (HanpuMep, B TsKIpPOM3/EKTPONpPOEKTE, ColosTexsnepro) u
B HEKOTODLIX SHEpreTHIecKHX cHcTeMax. IIpH sToM ciesyer ocobo mopuepk-
HYTb BLICOKYIO KBaJlH(HKAUMIO H TBOPUECKYID HHHUHATHBY DaGOTHHKOB SKC-
ITyaTauHH, KoTophle nmog pykosoactsom LIY ESC CCCP u rnapHoro Ha-
YIHO-TeXHHTIeCKOTO ynpaB/leHHs MuHsHepro MHOTO CHE/AaNH JAS NOBHILIE-
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HHSl YDOBHY TeXHHKH peJlefiHofd 3amuTil. B cBASH ¢ 3THM cienyer orMe-
TuTh OOJBWIYIO TBODPUECKYI0 paboTy KOJIEKTHBa JaGopaTtopHH pedefiHolt
samutel BHYHD, uBasiomefics rosoBHOH HaydHOfi opraHHsallHefl TJaBHO-
ro HayYHO-TeXHHYecKOTo ynpasjeHHs MHH3Hepro.

3apepwialoTcsl HCCAENOBaHHS H pa3pabOTKH 3alIHT HA HHTEIPaib-
HOH MHKDPO3JIEKTPOHHO! a/eMeHTHOH 6ase W npomulunlenHocTsio (UIA3)
HayaT CepuHHLIi BBIMYCK 3THX 3all¥T B IWIHPOKOA HOMeHKJIatype. Passep-
HyTHI HauaTble MHOTO paHblle MepcrneKTHBHLIE pabOTLI IO CO3JZaHHIO H BBe-
JIEHHIO B ONLITHYIO 3KCIJIyaTallHIO NPOrpaMMHBIX 3aIIHT C HCIOJb30OBaHHEM
MHKponponeccopHoir texuuku B MOUW, BHUMD, Komu dunuane AH PO,
U3 AH Vkpauusl (coorBeTcTBeHHO moj pykosoactsoM B. IT. Moposkuna,
§l. C. Tenntanga, H. A. Manosa, B. C. Croraus), BIIN (B. H. Hosam) u
JAPYTHX OpPraHH3aLHAX.

Bonbuise H ciaoxHbIe 3agadd nepej pefefi(HKaMH OblJH TOCTaBJEHL!
NpH NPOEKTHPOBAHHH, COOPYXEHHH H BBEJEHHH B 3IKCINIyaTalHIO JHHHA
3JeKTPONePESaYH CBEPXBLICOKOTO H YJBLTPABLICOKOTO HANpSKeHHH. ITH
3ajgaun npH ompegensiomeM yuactun OCII, BHHMHP, BHUHMD »n LAY
ESC 6o yenewo pewtensl. IIpu sToM clleiyer oco6o OTMETHTH 06-
pasoBaHHe 3a nocnegHde gecatullerus Bo BHHIHP BeceMa cuibhoro koJ-
asektusa penefimukos (I0. H. Anumos, . C. HyzeasMan, 3. M. Hlueepcon
H Ap.) H crnocobuocts BHHMP coBmectso ¢ UDA3 pelate BecbMa clOXK-
Hble BONPOCH pejlecTpoeHHA. DLIT Taxxke omyO6aHKOBaH pAx 0600IIAIOMIHX
paGor [8, 17, 44, 48, 5] H HeKoTophie ApyrHe] COBEICKHX aBTODOB.

HeobxopnMo OTMeTHTH, 4TO TeXHHKA peJleHOH 3aIIHTL 3a IMOCJeLHHE
JleCATHIETHS HHTEHCHBHO DasBHBajach H 3a pybexoM, ocobeHHo B CIIA,
SAnouun, ®panuun, Aurany u OPT, npauem BHmyckaeMas B 3THX CTpaHax
amnmaparypa OOHLIYHO OTJHYAeTCsl BLICOKHMH TEXHOJOTHUECKOA oTpaboTKof
4 HajexHocTsio, OnyOJHKOBaHO GOJBbIIOE THCJAO HAayYHO-TEXHHYECKHX TPY-
0B, NPEHMYUIECTBEHHO B NEPHOZHUECKHX H3JZAHHAX, B UaCTHOCTH (DHpMeH-
#ux. Mz 0600malomux TPyAOB NPOWJBIX JET B IEPBYI0 OYepelb LOJKHBI
OHThL Ha3BaHL KHHTH Bappuurrona (BesukoGpuranus) u HefireGayepa
(Fepmanus) {18, 19}, a takxke UupawoBuua ([loapwa) [50], Kaemenua
u Pore (6. [IP) [35].

Bonpochl pjasa caMonposepkH

1. Kro n306pes cucteMy TpextasHoro Toka?

2. Chopmynupyfite Ha3HaueHHe peslefHOM 3AUIHTHL

3. Kakde ocHOBHLIe 3/eMeHTHHe $a3bl HCIOIB3YIOTCS B TeXHHKe peleil-
HoH 3amHTLI?

4. O6DACHHTE TEPMHH «peje».



TnaBanepBas ’
OBLUUE BOMPOCHI PEJIEMHOWM 3ALLMTLI

1.1. ®YHKUMM PENEAHOM 3ALLMTBI OT KOPOTKMX 3AMbBIKAHMM
M OCHOBHbLIE TPEBOBAHMUSA, MPEABABNAEMBIE K EE CBOMCTBAM

Penefinaa samuta or K3 0651YHO BHINOMHSETCS B BHje aB-
TOHOMHEIX YCTPOHCTB, BKJIIOYAa€MblX HA 3JeMEHTax 3JeKTpHYeC-
KOH CHCTeMH, pearupymoli4x Ha K3 B 3afaHHBIX 30HAaX H Ael-
CTBYIOLIMX Ha BBIKJIIOUATENH 3THX ajeMeHTOB (puc. 1.1).

Puc. 1.1. ABTOHOMHBle OCHOBHBIE 3AlHTH 3JEMEHTOB CHCTEMBI:

1, 2, 3, 4 — ueneit aunuu AB; 5 — nunun BB w wuu B; 6 — aunuu BI'; 7 — rpaucdop-
martopa b5; 8, 9 — 6aokoB A; 10, Il — cexnuit mun A; 12, /13 — cekuuit wuH B

CoOBORYNHOCTb YKa3aHHBIX 30H JOJI)KHA OXBaThiBaTh BCIO
3alHIIaeMyl0 CHCTEMY, ¢ TeéM uTOOGbl HH OJZHA ee TOYKA He OKa-
3plBajlach He3alHINeHHOH (HampuMep, COefHHEHHS MeXLYy
TpanchopMaTopaMH TOKa H BHIKJIOUATENAMH, BTYJAKH NOCJeN-
HHX H T.7.). BkiaoueHHslll B pabory (o6bluHO o6CHyXKHBaIO-
LIHM NMepCOHAJOM) KOMIUJIEKT peJefHOH 3alIMTH HauyHHaeT
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¢yHKUHOHHPOBATb. Ero ¢yuxyuu saxaswouarorca xax 8 cpaba-
THIBAHUL NPU BHYTPEHHUX NOBPENcOeHUnX, TaK U 8 Hecpabarol-
BAHUL 8 CAYHAAX 8HewHUX nospescdenul, a Taxice 8 Hecpada-
THIBAHUL 8 HOPMAAbHOIX U HEHOPMAAbHOIX pexcumax paboTol
9AEKTPULECKOL CUCTembl NPU OTCYTCTEUL 8 Hell nospexcdenul.
BuyTpeHHHM OObIYHO siBAseTcs K3 B 3amuigaeMoM 3;eMeHTe
CHCTeMbl — Y4acCTKe JIHHHH CeTH, TpaHChopMaTope, reHeparope
i T. 1. B HEKOTODHIX, OIHAKO, CIy4asgx K BHYTPEHHHM MOXKer
OTHOCHThCS 60jee IHPOKHH Kpyr K3, oxBaTHBAIOIHKIT NOBPeXK-
JleHHS ¥ Ha CMeXKHBIX C 3aIiHInaeMbIM 3JeMeHTaX; Tak, HallpH-
Mep, K 3aluTe MoXeT ObITh NpelbsaBJieHo TpeGoBaHHe cpaba-
teBaTh NpH K3 Ha cMeXHOM 3JeMeHTe B clyvyae OTKasa
3allHThl HJAH BHKJAOYaTeas mnociaegdero. [lo BolmonHse-
MbIM GYHKIHSAM 3alIHTLl JeJSATCS Ha OCHOBHbIE U pe-
3epBHHIE.

OcHosHOll Ha3bIBaeTCsl 3alHTa, NpeiHa3HaueHHas JJs pa-
60oTH NpH BCeX HJH vyacTH BHZOB K3 (HanmpuMep, TONIbKO MpH
MHorodasueix K3) B npenenax Bcero 3alluinaeMoro sJ1eMeHTa
(nanpumep, 100 % JJHHBL JIHHHH) CO BpeMeHeM, MeHbIUHM,
YyeM y JIPYTHX YCTAHOBJEHHBLIX 3alLHT.

Peaepsrori Ha3plBaeTcsl 3alKTa, OperycMaTpHBaemas AJs
paboTel BMeCTO OCHOBHON JaHHOTO 3JeMeHTa B CJy4asAx ee OT-
Ka3a WJx BeiBola H3 paboTel (Oaudscuee pesepsuposarue), a
TaKXke BMECTO 3aIMHT CMeXXHBIX 3JEeMEHTOB NMpPH HX OTKa3e HJH
B CJAydasix OTKa30B BHIKJIIOUaTeNel CMeXHBIX 3leMeHTOB (Jab-
Hee pesepsuposanue).

Heo6xonuMo TakxKe OTMETHTb, UTO BhIllle 6BIJIO MpUBENEHO
TOJIKO pa3jeneHHe ¢yHKUHHA Ha TpH poxa. [lepeueHn XKe KOH-
KpeTHBIX ()YHKLUHH paccMaTpHBAeTCs NpPH BHITOJHEHHH OTJeNb-
HBIX YCTPOHCTB 3alMHTH, NpHUYeM AJS HAeaJbHOH 3aLHTHL OH
oxBaTeiBaeT Bce K3 u Bce pexumsnl 6e3 K3, siBassace npenens-
HBIM, a JJI5 peajibHEIX 3aIHHT YacTo GblBaeT H MeHblIe Ipeje/b-
Horo, [Ipn aToM HMelTCS NMOBpEeKIEHHS H PeXHMBI, He OXBa-
ThiBaeMble 33JaHHLIM llepeuyHeM (YHKUHH, KOTOpble MOTVT
obycnoBiuBaTh donyujernbie cpabarsisanus u Hecpabareisa-
HUs, OTHOCHMBle K JOMYILIEHHHIM 3ajaHHeM (Hampumep, cpaba-
ThIBaHHl NpPH KayaHUAX BBHAY OTCYTCTBHSL CllelHaAbHOH
OJIOKHPOBKH, He TNpPeIyCMOTPEHHON [Jsi YOPOILEeHHs 3a-
LHTH) .

BrinosiHeHHe 3anaHHBIX QYHKUHI B Ipolecce 3KCNJyaTalHu
3alIATBEl MOXKET HHOTJa CPhIBAThCs, HapHMep, BCJeACTBHe MO-
TpelnrHocTel OPraHoB 3alHHTH], BHIX0JA H3 CTPOSA €e 3JIeMEeHTOB,
T. e. HMeIOT MeCTO 0TKa3sl (hyHKyuonuposanus 3aujure.. OTKa-
3Bl JeNfITCA Ha oTKasel cpabaTeisanus npu tpebyemMom cpaba-
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THIBAHNH, U3AUWKUE cpabaTbi8anus NIPH TIOBPEXAEHUSX C Tpe-
6oBanHeM HecpaGaTHBaHHS U L0XHble CPAGATOLEAHLS IpH OT-
CYTCTBHH NOBpEXJEHHS B CHCTEMeE,

HocraTouno mnosHOLEHHOE GYHKIHOHHPOBAHNHE 3allHTH
obecleuHBaeTCsl TeM, 4TO el NpHAAITCA ONpenesieHHble CBOIi-
¢tBa. /10 mocsieHero BpeMeHH LIHpPOKOe pacnpocTpaHeHHe HMe-
JOT NIOHATHS, XapaKTePH3YIOLHEe CBOHCTBA, ONpefessieMHe Cle-
AYIOIHMH YETHDPbMs TpeOOBAHHSMH, NpEAbABJISIEMHMH K pe-
JefiHo# 3amute ot K3 [1]: ceaexTusnocrero, 6oicTpodelicrau-
€M, 4YBCTBUTEALHOCTbI0 U HadexHocToi0. Bee st TpeGoBannus
JITIOC y4eT 3KOHOMHYECKHX ()aKTOPOB IPH NPABHJBLHOM HX IIO-
HHMAaHHH ABAAKTCA 06G0CHOBaHHBIMH, QJHAKO, KaK NMOKAa3HBa-
€T paccMorpenne [20, 21], oHH He 0XBaTHBAIOT BCex He0OX0IH-
MBIX CBOHCTB, HAXOAATCS HAa Pa3HHX YPOBHAX AKTHBHOCTH H 110~
3TOMY OBIJIH YTOYHEHHI.

CBOMiCTBA 3aLHTH HAXOAATCH B CJIOKHOH 3aBHCHMOCTH Apyr
ot apyra. IlosTomy nosesso kiaaccHdbuuupoBath X ¢ pasHelx
nosuunit. Ilpu stom uenecoo6pasuo uenoabsosanHe BBE/ICHHO-
ro M. A, YurakoBuM nonstas sgpexrusnocru pYnKyuoruposa-
HUA, TIOJ KOTOPOH MOKHO NOHHMATh CBOHCTBO BHIIOJHSTH npe-
A€JbHOE YHCJIO (QYHKUHH KaXKAYIO ¢ NpeaesbHBIM apderrom.
O npenenpHoM wucie dbyHKUMit FOBODHJIOCH BHIIE. ddexT
BHIOJIHEHHS! QYHKUHH TPHMEHHTEJbHO K pejefiHON 3amuTe
CHUKAETCH, HANlpUMep, H3-3a KOHEYHOTO BPEMEHH ee CpabaThi-
BaHus. OYeBHIHO, YTO TOJBKO H€aJH3HPOBAHHOM 3aIHTE MOX-
#0 npunucath 100 % -1y 3¢pdexTHBHOCTD GYHKUHOHHPOBaHHS.
Orkass B OYHKUHOHMPOBAHHH H JonylleHHHe cpabaTHBaHHA
4 HecpabaTHBAHHA NPHBOAAT K TOMY, 4TO peasbHHi BHXOJHON
5(QeKT HHXKe NpeAebHOTO, CBOHCTBEHHOrO HAeaNTH3HPOBAHHOK
3allHTe.

Oanum u3 cnoco6oB KIacCHOHKALMH MOXKeT CIYXKHTb pas-
AeJieHHe CBOJCTB B COOTBETCTBHH € 3()(EKTHBHOCTBIO: cpaba-
TBIBAHHA TIpH BHYTpeHHHX K3; HecpaGarnBaHHs mpH BHEIHHX
K3; HecpaGartnBanus B pexumax Ge3 K3. HpyruM noaxozom
K KJaCCH(PHKALHH CBOHCTB 3alHTH, COYETAIOIHMCS C IIEPBHM,
MOXET CJIYXHTb BH/E/EHHe TpeX CJAeAyIoWHX OGUIHX NpHYHH
CHHIKEHHS BHXOAHOrO 3(p¢heKTa 3auHTH:

OTPAHHYEHHOCTH YHC/a 3alaHHBIX QYHKUHA (BHpaxaercs
3 JONYWIEHHBIX CpabaTbiBaHHAX H HecpabaTblBaHHAX) H 3a-
LaHHoro sdderra cpabaThIBaHHA;

NOrpeirHocTe# (YHKUHOHHPOBAHHA, IOHUMaeMHX 6oJee
ITHPOKO, Y€M TOJIbKO MOrPELIHOCTH OTAENbHBIX NapaMeTpoB 3a-
IHTBL (IOrPEINHOCTH (YHKUHOHHPOBAHHS, HanpHMep, H3-3a
6OJILILIOrO NEPEeXOAHOr0 COMPOTHBJICHHS B MeCTe NOBpeXAeHHS,
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He6JaronpUsTHOIO COCTaBd BXOJAHBIX BO3A€HCTBYIOILHX BesH-
yHH B I€PEXOJHOM Ipouecce H T.11.);

0TKa30B, BHXOJO0B H3 CTPOfl 9/IEMEHTOB 3aLHTH (nmposiBaisi-
joTCsl B OTKa3aX (QYHKUHOHHPOBAHHS H3-33 NONHOH HJIH YaCTHY-
HO# yTpaThl 3a/laHHBIX CBOHCTB).

Kaxkpasi H3 Tpex IepeyHCJEeHHBIX oOLHX NpHYHH SBJIACTCS
NposiBJIEHHeM HeNOJHOTH COOTBETCTBYIOUIErO CBOHCTBA. Ilep-
BOe, BHCIlee N0 AKTHBHOCTH (BHICIUHA ypOBeHb) H3 STHX
CBOICTB IIPeJACTaBJASET COO0H CEAeKTUBHOCTY :a’atqurbt, BTOpOE,
Cpe/HEero ypOoBHs, MOXeT OHTb Ha3BAHO YCTOUUUBOCTOIO (hYHK-
LUOKUPOBAKUA U, HAKOHEN, TPETbe, HU3IUIEr0 yDOBHHA, Npel-
craBasier coboit nHadewcnocTs QyHKkyuonuposanus. CaoicrBa
BLICHIETO H CpeJHEero ypoBHell 06pa3ylOT TE€XHHYECKOe COBep-
UIEHCTBO 3aLUHTHL.

CoueraHue NepBOro H BTOPOrO IOAXOJOB K KJacCH(HKa-
MK, HCIOJB30BaHHOE IIPH cocTaBaeHHH Taba. 1.1 [20'2113 aaer
JOCTAaTOYHO IIOJIHO€ IpeicTaBieHHe 00 OCHOBHBIX CBOMCTBAX
3aIMHATHL

AddekTHBHOCTL (HYHKUHNOHHPOBAaHHA obGecneynBaeTcs: BCe-
MU YKa3aHHBIMH B TaOJiHUEe CBOHCTBAMH COBMECTHO, IIpHUEM
ONpenesHTh CBOHCTBO JaHHOIrO YPOBHS NpPHHUHIIHAJIBHO MOXKHO
TOJIbKO, 3Hasl MOJIHOTY CBOHCTB G6oJieeé BBICOKOTO YPOBHS, B
TIPEeANONOXKEHHH HIE€aJbHOCTH CBOHCTB 60Jiee HH3KOTO YDOBHS.
Tak, TeXxHHYeCKOe COBepLIEHCTBO ONpenessieTcs NpH HAeaJb-
HoH HagexHOCTH. C Apyrofi CTOpOHBI, HaJeXHOCTh OLEHHBAET-
ti He IIDH HJAeajbHOM, a IIPH 3aAaHHOM TEXHHYECKOM COBep-
IleHCTBE (IO AAHHOMY HHIKE ee OIpeleseHHIO). 5

I's1aBHBIMH 0COGEHHOCTSIMH paccMaTpHBaeMOll CHCTeMaTH-
3aUHH OCHOBHHIX CBOHCTB peJIEHHOH 3alIHTH SABJAIOTCA pas-
rpaHHYeHHe INOHATHH TEXHHYECKOrO COBeplleHCTBA H HaJeX-
HOCTH M pasjeJieHHe TEXHHYECKOTO COBEpINEHCTBA B CBOIO OYe-
penab Ha ABa YPOBHA CBOHCTB — CeJIEKTHBHOCTL H YCTOHYHBOCTh
(OYHKUHOHHPOBaHHUS.

Onpenenenuss CBOHCTB JaHH JJs 3alIHT oT K3 Ha oqHOM
sneMeHTe. [IpuMeHHTENbHO K peJieAHOMH 3allHTe CHCTEMB 3TOT
BOIIPOC YCJIOXKHsAETCS, B 0cOGEHHOCTH KOraa HanboJee TAXKeNble
aBapHH, CBsi3aHHBIE C OTKA30M (GYHKUHOHHPOBAHHA 3allHTH,
HOCAT [22] «uenoveyHHH XapaKTep» H HCXOJ aBapHH 3aBHCHT
OT COBepLIEHCTBA MHOTMX annapaToB H ApPyrHX (akTopos, a
He TOJIbKO 3aIUUT NOBPEeXAEHHOrO 3JeMEHTA.

Cunenyer ormerutsh, uro B tabu. 1.1 mpuseleHbl He Bce, a
TOJIbKO OCHOBHbI€ CBOHCTBA 3alllMTHI, KOTOPHeE B CBOIO o4epeab
obecneunBalotTcsl psiaoM Apyrux cBoficts. Tak, HalnpHmep, B ycC-
TOHYMBOCTb (PYHKLUHOHHPOBAHHS BXOAAT TOYHOCTH PabOTHI amn-
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SPdeKTHEHOCTL

O6w; ne nasrsuns cBONCTB
CpabaTriBaHHe NPH BHYTPemnux K3

Ta6auual.l

(hyHRIHOHHPORAHAS

HecpaGathiBagne npu sHewHHXx K3 HecpaGarhpanue Ge 3 K3

CeneKTHBHOCTb -  HecpaGathisanus | CeJeKTHBHOCTL HecpaGaTbiBanusl
npu BHemHHx K3 6e3 K3

Ce/leXTHBHOCTb cpaGaTHBaHHA [pH |
BHyTpeHHHX K3
CeNleKTHBHOCTb
3amurocnoco6- |BricTpora cpabathi-
HOCTb BaHHsA
Texunueckoe co-
BEPIUEHCTBO .
p YcrofiunBocTh cpabaThpanns
YcroiuHBOCTD ]
PYRKUHOHHPOBA- | Uypcrputenp-  |YerofiumBocTs  Ghbi-
HHA HocTe K K3 cTpoTsl cpaGarhiBa-
HHA

HanexHocTh ¢yHKUHOHHPOBAHHS Hapexunocts  cpaGaTeiBaHMA  @pH

BHyTpeHHHX K3

naparypsl, NOMeXOCTOHKOCTb, B HaZeXKHOCTb — Ge30TKa3HOCTb,
I0JITOBEYHOCTb, PEMOHTONPHIOAHOCTL, B CBA3H ¢ 3THM, a TaK-
XKe M ¢ ApYrdMHd NPHYMHAMH lesecoobpas3Ho AasbHelllee yTOY-
HeHHe HEKOTOPHIX BOIPOCOB,

CenekTuBHOCTD. CeJIeKTHBHOCTDIO HA3HBAETCS BHICLIEE CBOi-
CTBO 3aumuThl, oGecneuuBaiomee 3(PPeKTHBHOe OTKIIOUEHHE
TOJIbKO MOBPE€XJEHHOTO 3JleMeHTa cucteMbl npd K3 ero Bh-
kmovareniMid. OHo AaeT BO3MOXKHOCTb IIPH HaJIHYHH pe3epBH-
pOBaHHS NMHUTAHHUA NOTpeOHUTeNeH HCKII0YaTh NepephBhHl B HX
slekTpocHabxkendu. Tak, Hampumep, B cayuae K3 Ha oxHoil
u3 nflqpamenbnblx Jueui (puc. 1.1), cBA3HIBAOWHKX TNOACTAH-
win A u b (touka K;), ceNeKTHBHO [efiCTBylOLIas 3allUTa
VUaCTKOB JHHHH OTKJIOUaeT KOMIUIeKTaMH I U 2 TOJBKO BHI-
Ktoyaresd I U 2 NOBpeXAeHHOH LEeNH M NHTaHHe TOACTAHUHH
b coxpansiercss no BTOpOHi HemoBpexXAeHHOH ienu. CBOHCTBO
CeJIEKTHBHOCTH He HCKJI0YaeT BO3MOKHOCTH cpaGaThiBAHHA 3a-
IIHT KaK pe3epBHLIX B C/IyYasiX OTKA3a 3ALIMT HJH BHKJII0YA-
TeJled CMeXHBIX 3JeMenToB. Tak, Hanpumep, npu K3 na yuacr-
ke BI' (touka K;) ¥ oTKase ero 3amuThl WJIH BHKJIOUYATENS 6
00BIYHO KaK pe3epBHasi cpaGaThiBaeT 3amuTa yuactka BB, or-
KJioyast Boikjawouarenb 5. [Ipu atoMm XoTd ¥ oTkal0uaercs Hemo-
BpeXJeHHLIH yyacToK 5B, HO uuCI0 MOACTAHUHH, OCTABIIUXCA
6e3 MUTaHUs, OTPAHHYHBAETCS TOJBKO ABymst (B u T).
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YcrofiynBocTh HecpaGaTHiBaHHA npH | YcToHuHBOCTH — HecpabaTblBaHHA
suemnnx K3 (orcrpoenmocrs npu| Ges K3 (orcrpoenHocTs Ges K3)
pHemnHX K3)

HapexuocTs HecpabatbiBanns npH| HapeXHoers — HecpaGaTHBaHHA

sHemHHX K3 Ges K3

Ce/leKTHBHOCTb cpabaTbiBaHHS YCTPOHCTBA 3AIIHTH IPH
BHyTpeHHHX K3 xapakrepuayercs ero 3amlHTOCHOCOGHOCTBIO H
OLICTpOTOH cpabaThiBaHHS,

Jamurocnoco6HOCT b — CBOHCTBO 3amumars (Ge3
yuera pe3epBHOro NeHCTBHSI) BeChb 3J€MEHT IPH BCEX YUHTHI-
BaeMbiX BHjJax Mmerajjnueckux K3. IIJs1 JTUHHH, KaK TIPABUJIO,
Tpebyercsd 3amuuiaTth BCIO AJHHY yyacTtka. [jst MalldH H am-
napaTroB HHOTJA BBIHYXIEHHO OTCTYymaloT oT 3Toro tpeboBa-
Husl, J0TyCKas, HalpHMep, HaJHuHe HEKOTOPOH [0/ He3allH-
UIeHHBIX BUTKOB 0OMOTOK. .

bricTtpora cpaGaTnBaHHSA sBJsSETCs BecbMa BaXK-
HBIM CBOWCTBOM 3aUIATH NPH ee cpabaTbiBaHHH B Clyuasx
BHyTpeHHuX K3. 310 ompexpensiercs teM, 4T0 YCKOPEHHe OT-
kaouenus K3:

HOBLIIAET YCTOHYHBOCTh NapaJjlenbHoH paGoTbl MAIUHH B
CHCTEME H JaeT BO3MOKHOCTb YBEJHUHBATH NPOIYCKHYIO CIO-
COGHOCTD 3JIEKTpOlepenay;

yMeHbIIAeT BJIHMSIHHE MOHHMKEHHS HaNpsAXKeHHsa Ha paboty
norpebureneit;

yMeHbIIaeT pa3Mephl pa3pyLleHHs] NOBPeXIECHHOTO 3JeMEH-
Ta, 4T0 0COOEHHO CYLIECTBEHHO AJSI MOILHBIX, JOPOTOCTOSILIHX
TeHepaTopoB H TpaHcHOPMATOPOB;

CHHKaeT BepOsTHOCTb mepexofa K 6ojee TAXKENOMY BHAY
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A

K3, conposoxaaemoMy yBeanuenneM Toka K3 H yMeHbllleHHEM
HanpsXKeHUs B CeTH;

noBHIaeT 3¢p(QEeKTUBHOCTE aBTOMATHUECKOIO IOBTOPHOTO
BKJIIOUEHH S

MOXer TpeloTBpalaTh BO3HHKHOBEeHHE HEJONMYCTHMEIX
BHYTPEHHUX TepeHanpsKeHHHA Ha 5JeKTpolepeladyax CBEPXBHI-
COKHX HalpsXKeHnH.

[TpuBeneHHHEe coOGpaxceHUs NOKa3HBAIOT, HACKOJIbKO BaXK-
HO GbICTpOE OTKJI0YeHue K3 B cucreme.

BpeMsi OTKJIOUeHHs! NOBPeXJeHUs ¢ CKJAajbiBaeTcs H3 Bpe-
MeHH cpabGaThiBaHHs 3aLIUTH {3 B BHKJIOYATENs fp:

t=t, -+t (L.1)

B cucremMax CBepXBHICOKHX HaNpsixKeHHH nHorza tpebyer-
ca uMetb 1<0,06--0,08 c. Ilpu, Hanpumep, tz=~0,05 ¢ Ha go-
J10 pesdefHOH 3allWTHl B ITHX cjaydasdx ocraercs f;=0,02+
0,04 ¢; moryr OHTb Lieeco06pasHbl H MeHblIHE fs, 4TO NPH
COBpeMeHHOH TeXHHKe JNOCTHXKHMO. B ApYrux, MeHee TANKeNbIX

-CNy4asiX N0 TeXHUKO-3KOHOMHHYECKHM COOépﬁ)KEHHﬂM JOIyCTH-

MO HCIIOJIb30BAThL 3alIUTHl ¢ GOJbLINMH BpeMeHaMu fs. Boib-
illoe 3HayeHHe HMeeT TakxKe ObICTPHIH BO3BPAT 3aLIUT JHUHHH,
HeoOXOAuME# JAaA obecliedeHHsl HX IOTOBHOCTH K cpabaThiBa-
HHIO B CJiyyae BHOBb BOHHKLIETO NOBPEIKAEHHS,

B cooTBeTcTBMM C yKasaHHBIM BHime H taba. 1.1 paccmar-
PHBAIOTCH TaKXKe CeJeKTHBHOCTH HeCpabaTLIBaHMs IIPH BHEIU-
Hux K3 u B pexumax 6es K3.

3auuTel, KOTOpHE N0 NPHHLUHIY AeHCTBHA MOryT CpabaThl-
BaTb B KaueCTBe pe3epBHBIX NpH K3 Ha CMEKHEHIX 3JeMeHTaXx C
Yy4eTOM CeJIeKTHBHOCTH TOJBKO NpH BHewIHHX K3, HaswiBalotca
OTHOCUTeAbHO ceaekTUBHOIMU. C abcoAtOTHON CeaeKTUBHOCTbIO
NpH Tako#l KJacCHPHUKALHH OKa3blBAIOTCH 3ALIUTHI, KOTOpLIE
NPUHUHKNIHAABHO MOTYT cpabaTeiBaTh TOJbKO B Ciayuasx K3 Ha
3aMUIIAEMOM 3JeMeHTe. 3alluThl C OTHOCHTEJbLHOH CeJNeKTHB-
HOCTbIO B OOGIIeM CJyuae JOJKHBl BHIIOJIHATHCA C BHLEDIKKA-
MH BpeMeHH, 3amuThl ¢ abCOJIOTHOH CEJEKTHBHOCThIO BHIIOJI-
HA10TCA 6e3 BHAEPIKEK BpeMeHH,

Heo6x01MM0 OTMETHTb, 4TO Ha NMPAaKTHKE CeJeKTHBHOCTb
yacTo MoHWMaJjach B Gojiee yY3KOM CMBICJe — TOJBKO Kak ce-
JEKTHBHOCTb HecpabaThiBaHHUsi NPH BHeMHAX K3.

OranyuTeNbHOH uyepTOH CBOHCTBA CEJIEKTHBHOCTH N0 CpaB-
HEHHIO C yCTOHYHBOCTBIO (YHKUHOHHPOBAHUS H HANEKHOCTHIO
sIBAfeTCA BO3MOXKHOCTh ero 100 %-Hoit TNOJHOTH y peasibHBIX
YCTpPOHCTB,

YcroitunBoctb pyHkuHonnpoBanus. I1pu preurnux K3 u pe-
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xumax 6es K3 ona onpelelnserca yCTOAUHBOCTBIO HecpabaThi-
BaHHs, KOTOpas MOXKET TaKie PACCMATPHBATLCA KAK COOTBET-
cTBylOlas OTCTPOEHHOCTb OT BO3JEHCTBYIOILMX HA 3a[IHTY Be-
JIHUHH, o .
YyBCcTBHTEAbHOCTH XapaKrepuayer — yCTOHYHBOCTH
cpaGaTbiBaHHs TIPH K3 B samumaeMoil 3oHe. ¥ JOBJleTBOpeHHE
TpeGOBaHHi TyBCTBUTEJLHOCTH B COBPEMEHHBIX JEKTPHIECKHX
cHCTeMax 4acTo BCTpeuaer Psifl Cepbe3HBIX 3aTpyAHEHHH. ’_IaK,
panpuMep, TPH Nepelaue MO NHHUAM 60ABIIAX MOIIHOCTEH HA
3HAaUHTENbHEE PacCTOsHHsA TOKH K3 B salllure npH yuere Bos-
MOMHBIX MHHHMAJbHBHIX PeXHMOB PaGOThl CTAHIMH H MOBPEXK-
JeHHil uepe3 3HaunTe bHble NepeX0Hble CONPOTHBJICHHS MOTYT
6bITh COH3MEPHMbl ¢ MAKCHMaJbHHIMH PaGOYHMH TOKaMH HJ/H
jaxe MeHblle HX. DTO IPHBOLHT K HEBO3MOXKHOCTH IPHMEHEHH
B TAaKHX cly4asX HauboJee NPOCTHIX 3ALIHT, pearHpyIoOlHX Ha
TOK B MeCTe BKJIOUEHHs 3aLIHTH, H 3aCTaBJSET JIEPEXOAUTb HA
3HaguTebHO 60Jlee CJIOXKHBIE H JOPOTHe THNH 3aHIHTHBIX YCT-
pofictB. C ydyeroM ONBITA SKCIUIYaTalHH W YPOBHS TEXHHKH K
3amUTaM NPENbABJAIOTCS ONpejeseHHble MHHAMAaJbHO Heol-
XOJHMEle TPeGOBaHHsS! B OTHOLUEHHH YYBCTBUTEIbHOCTH.
UyBCTBHTE/BHOCTb 3aLIHT OCBIYHO OLEHHBAETCA HX K03h-
puyuenTom 4Yy8CcTUTEAbHOCTU Ks. s MakcuManbHBEIX 3aLHUT,
pearupyiolluX Ha BeJWUHHH, BO3DacTaiollde B YCJIOBHAX MO-
Bpexjenns (HampuMep, Ha Tok), K. onpeneJsiercs OTHOLIEHH-
€M MHHHMaJbHOrO 3HaueHHs BXOAHOH BO3JeHCTBYIOLIEH BeJHYH-
HH (ToKa) Tmpu MeraanudeckoM K3 B samuilaeMoit 30He K yc-
TAHOBJICHHOMY Ha 3alluTe NapaMerpy cpabGaTbiBaHHs (COOT-
BETCTBEHHO TOKY cpabaThiBaHus). ad MHUHHMAaJNbHBIX 3aLIMT,
pearupyiolluX Ha BeJIHYHHBI, YMeHbIIAOUIHecst B YCJIOBHAX 10~
BpeX/eHus (Hampumep, Ha NOJHOe Hanpsxenue), K. ompene-
Js1eTCsl, Ha0GOpOT, OTHOLIEHHEM YCTAHOBJIEHHOrO Ha 3aimute
napamerpa cpaGaTbiBaHdsl (COOTBETCTBEHHO HanpsiXeHHs Cpa-
GaThlBaHHs) K MaKCHMaJbHOMY 3HaYeHHIO BXOJQHOH BO3xeHcT-
BYIOllle#i BeIHUnHEl (0CTaTOUHOrO Hanpsikenus). Heobxopumble
MHHUMaJIbHble Ry min [JI8 DA3JHYHBIX 3AUAT u 32aMHINAEMBX
3JIeMeHTOB persaMeHTupoBansl [1Y3, BenmyckaBmuMucs Mus-
sHepro CCCP u spasiomuMucsa 06a3aTeJbHBIMH [ IIpUMe-
uHenus. Vx aHauenus, Hanpumep, AJd MaKCHMaJlbHHIX TOKO-
BHX 3aMUT JUHHH uacTo onpenensiorcs HeoGXOAMMOCTBIO
y4eTa nepexoAHHX CONPOTHBJEHHH B MeCTe NMOBpEKAEHHA.
YcroliuuBocTh O6HCTPOTH cpabaThHBaHHA
XapakrepH3yercsi CTaGH/IbHOCTBIO CpabaTbiBaHUA 3allUTHl 110
BpeMeHH npu BHyrpeHHuXx K3. D10 noHsTHE OTHOCHTCA B OC-
HOBHOM K 3alHTaM, paborawoium 6e3 BEIEPXKKYA BpeMeHH (3a-
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muTaM ¢ abCoMOTHOI cesleKTHBHOCTBIO). IIpn BHyTpenunx K3
TaKde 3alUThl MOTYT paboTaTb C 3aMelJIeHHeM, HalpHMep 3a
CUeT HepexoHBIX NMPOLECCOB,

HapexHoctb., B coorBercTBuH ¢ TepMuHosorued [23] ua-
JE€XKHOCTb ONpeAesasaeTcs KaK CBOHCTBO OObeKTa BHIMOJHATH
3ajanHble QYHKUMH B 3aJaHHOM oObeMe NpH ONpeJe/eHHbIX
yCJI0BUAX 3KCIIyaTauuy. [1oa o6beKToM MpHMEHHTEIbHO K pe-
JeHHOH 3allUTe MOXHO HOHHMATb KaK CHCTEMY B3aHMOJAEHCT-
BYIOLWIMX YCTPOHCTB pesNeHOA 3allUTHl, TAK H OTJEJbHBIE yC-
TPOHCTBA W HX (yHKUHOHAJbHHIE 3seMeHTH. Huxke GyayTt pac-
CMaTpUBATbCSl BONPOCH HAAEXKHOCTH OTAEJbHBIX YCTPOHCTB
3allUTHl H CHCTeM 3aIiuTH. [lo 0BIIMM BOmpOCaM HagexHOCTH
onyOJMKOBAH psj OCHOBOMOJArAKMIHX TPYAOB, B TOM YHC/e
oreuecTBeHHbIX [24 n Ap.]. Teopus HalZeXXHOCTH omupaeTcs Ha
TaKy1o QyHIaMEHTAJbHYIO JUCUHIIHHY, KAK TEOPUs BEPOSATHO-
creit. BennuMHBL, ¢ KOTODHIMH NpPHXOAHTCS HMETh AEJO IpH
paccMOTpEHHH BONMPOCOB HAJEXKHOCTH pesieHHOH 3alIMTEHI, yac-
To fiBAfAI0TCA chayuaiineiMU. [log coayuafiHO# mOHHMaeTCsl BEJH-
YHMHAa, KOTOpAasd B pe3yJabTaTe OMNHTa» MOMXKeT NMPHHUMATh OAHO
H3 CBOUX BO3MOXKHBIX 3HaueHUH, 3apaHee HeudBectHoe. Chyuai-
HO¥ BEJIMUHHOH, HalpuMep, SBJSETCS pacCMaTpHBaeMoe HHXKe
BpeMms HapabOTKH 3alUTH 10 0TKa3a. [IpuMeHeHHe TeOpHH Ha-
I€XKHOCTH B pa3JHYHBIX 00JacTAX TeXHUKH TpebyeT yuera psi-
Ja uX oco0eHHOCTeH, B YaCTHOCTH B TeXHHKe pejleHHO# 3alliu-
Thi; IPY 3TOM M0 BO3MOXKHOCTH HCNOJIB3YIOTCSI TEPMHHBI H OI-
penesenus [23].

HagexHocTb siBJsieTCS KOMIJIEKCHBIM CBOHCTBOM 0O'BEKTA.
EQuHHUHBIME OCHOBHEIMH ero CBOHCTBAMHU SBJAIOTCH: 6€30TKA3-
HOCTb — HeNpepLIBHOE coxpaHeHHe pabotocmocobHOCTH, 00420-
BE4HOCTb, PEMORTONPUZOOKOCTL H HEKOTOpHIE APYTHE,

CaeayeT HMeTh B BHAY, YTO OTKa3Hl cpabaTHIBaHHsA, H3JHUIHHe cpaba-
ThIBAHHA H JOXHBe cPalaTHIBAHAS BO3MOXHH He TOJIbKO H3-33a HemoJHOTHI
HajeXXHOCTH, HO TaKXKe H3-32 TeXHHYeckoro HecoBepuleHcTBa, (Hanpumep,
OTKa3 cpabaTHIBaHHs H3-32 HeAOCTATOYHOH WyBCTBHTEJBHOCTH BCIeJCTBHE
60JIbIIOTO NepeXoaHOro CONpOTHBIeHHs B MecTe K3.)

B ofuem ciydae BO3MOXKHO BHIJEJEHHE 3/IeMEHTOB, 0GBEKTOB H CHCTEM,
Pa3THYAOWHXCA MOKa3aTeNAMH H MeTOAAMH OIeHKH HX HajgeXHOCTH: He-
BOCCTaHaB/AHBaeMble, IPHMeHseMble 10 NePBOr0 OTKa3a, H BOCCTaHaBJHBae-
Mble B npolecce NpPHMEHEHHA, AJS KOTOPHX HeIONYCTHMBI HJIH KPaTKOBpe-
MEHHO JONYCTHMHI MepephiBel B pabore. CHCTeMul yCTPOHCTB pesefiHoli 3a-
WIHTEl  KaKOro-iH60 paGoTaloliero 3JeMEeHTAa JJeKTPHUeCKOR CHCTEMB,
HanpuMep JHMHHH, OTHOCATCA Ko BTopofi rpynne. OfHako H oTHeNbHBlE YCT-
poiicTBa 3amIHTLl OBLIYHO OTHOCAT TakXKe K 3TOH rpynne,
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OaHako Hanpumep, IpH HCNBHITAHHAX Ha HajeXHOCTb C LeJ1bl0 KOHTPO-

xagecTBA M3AEJHA B 3aBOACKHX YCIOBHAX OTKa3aslike IK3EMILIAPH MO-
ad
ryT He BOCCTAHABJHBATHLCA.

lna OLeHKH HaLeXHOCTH HEeBOCCTaHaBJIHBAeMbIX 00BEKTOB HCNOJb3YIOT

epOATHOCTHBIE XAPaKTEPHCTHKH CyyafiHON BeJHUHHEI T — cpepnero Bpe-
B
enu HapabOTKH [0 OTKa3a (MaTeMaTHUECKOTO OXHIAHHs HapaGoTKH 00b-
M
a0 nepsoro orTkasa). Oua Moxer 6biThb ONHCAHA C IOMOMIBID LUHPOKO:

Ta
o eBOCCTAHaBJHBaeMblx 006b-

u3BeCTHBIX yeThipex nokasateJefi HaAeXHOCTH H
extoB [Hanpumep, 24]: BepoaTHocTH Ge30TKasHOR paGoTH Ha onpejeleH-
oM HHTEpBAZe BPEMeHH, BePOATHOCTH OTKa3a Ha 9TOM XKe MHTepBaJe Bpe-
MeHH, MIOTHOCTH DAacnpeieneHHs BePOATHOCTH BPEMEHH 10 OTKA3a H HH-
TeHCHBHOCTH OTKas3a.

3nagnTe/bHO G0Jee SMOMKHON fABAseTCH OUEHKAa HajAeXHOCTH BOCCTA-
HaBAnBaeMblX 00DBEKTOB, B TOM HHCJE penefiHOA 3aHTHL.

TIpHMEHHTENbHO K OTAEMbHBIM YCTPOACTBAM 3AUIMTEL MEPBBIMH, ydHTHI-
BAOWUMH cNeNH@HKY HX OYHKUHOHHPOBAHHA, CJElyeT CYHTaTh paboTH,.
sonoqenntie J. II. CMupHoBmM [25, 26]. B HHX, B 4aCTHOCTH, y:n'ena
KpOMe PACCMOTDEHHEIX BBllile Clielyiollas 0co6eHHoCTb paGoTH YCTPOACTBA.
PasaHualoTcs OTKA3bL padorocnocobHOCTU M (YHKLUOHUPOBAHUSL — OTKA3,
faXe NOAHHE, PAaGOTOCIOCOGHOCTH YCTPORCTBAa MOXET He NPHBOAMTD K He-
MEAJEHHOMY OTKa3y ero (QYHKUHOHHPOBAHHA, TAK KaK MOXKeT NPOABAATHCA
TOABKO TPH Bo3HuKHOBeHHH K3 B 3aliuiaeMofl 30He HJIH BHE ee; NpH 3TOM
BpeMs MeX]y OTKasoM paboTocnocoGHOCTH H NOABJIEHHEM Tpe6OBaHHA K
BHINOJHEHHIO COOTBETCTBYIOLIEH (YHKUHH MOXeT ObITh OOJBLIHM, H MOAB-
AfeTc BO3MOMKHOCTH BOCCTaHOBJeHHs ero paborocnoco6uocTH. CraexyeT
NOAYEPKUYTh, YTO TPpeGOBaHHs cpabaThiBaHHA 3alUTHL NPU K3 B 3amumae-
MOfl 30He M HecpabaTniBaHHs npH K3 BHe ee MOXHO TakXe paccMaTpPHBATb
KaK CBOEro poja NPOBEPKH.

KoadihuumueHTH HEroTOBHOCTH. 32 OCHOBHHlE [10Ka3aTesdH HAEeXHOCTH
OjHoOTO yCTpOﬁCTBa 3alliHTH B HacToOsdlllee BpeMs NPHHHEMAIOTCA OTAeJbLHbIE
KO3(puyuenTo. He20TOBHOCTY CcPABATOHIBAKUA (. U HECPabATLIBARUA Quc, A.
TAKKE NAPAMETp NOTOKA AONCHbLX CpabaTsléaHUd Wgc. Tlon kospduuneH-
TOM §c NOKHMAeTcs BepOSTHOCTh OTKA3a cpaGaTHBAaHHA NPH OAHOM TpeGo-
BAHUH cpabaThiBaHHsA, a NOA KO3(DQPHIHEHTOM §gc— BEPOATHOCTb cpabaThi-
BAHHA NDH 0ZHOM TPe6OBaHHM HecpaOaTHIBaHUS.

Ilpu onmpenenenns x03¢hdHUHEHTOB HErOTOBHOCTH H APYTHX nokasate-
7efl pesiefiHOf 3aIMTH HCNOJB3YIOTCH NOTOKH OJHOPOJHBIX COGHITHA, mpea-
CTaBAsmollHe CAYYafHEIA npouecc, 06Pa3oBaHHHI COBOKYNHOCTLIO Caydali-
HBIX MOMEHTOB BpeMeHH BO3HHKHOBeHHs 3THX cobbitmit. K HuM, HampuMep,
OTHOCATCA NOTOKH TpeGOBaHHil cpaGaTHBayHA, MOMEHTOB OTKa3oB paforo-
COCOGHOCTH M PYHKUHOHHDOBAHHA, JOXKHHX cpaGathBanHi H T. 1. ITapa-
METPaMH NOTOKOB fABAAIOTCA HX 3HAaUeHHA 33 AOCTATOYHO MAJyI0 eIHHHLY
Bpemens, [IpakTHueckH O6BIYHO HCIOJb3yeTCsA HX CpefHee 3HaueHHe 3&
OAHH rop.
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Hapsfy ¢ TaKEMH [OTOKaMH NPHXOAHTCA YYHTHBATH HaJHYHe NOTO-
KOB coObITHfi, HMEIOUHX AeTepDMHHHPOBaHHHe (HeT/ydafiHBe) MOMEHTH Bpe-
McHH nosBJjeHHs coObiTHii. K HAM OTHOCATCA, HampHMep, peryJspHbe Npo-
BePKH YCTPOHCTB 3aUiUTH, OCYUleCTBAAeMble NEPCOHAJOM HJM ClelHaJbHbI-
MH YCTPOHACTBAMH. -

TIp# HanMYHH CTATHCTHYECKHX NaHHHBX OOBIYHO HCIOJB3YIOTCA CJAeAy-
oWHe BHpaXeHAs AR KO3QQHIHEHTOB e H Guc:

G¢= Wo c/Opc= ©o,¢/(00q,¢ -+ Wo,¢) ¥ Ng,c/Np,c=

= fio,c /(Nm,e + Mo,c)s (1.2)

Tue = mu,c/‘”'r,ﬂc = nﬂ,C/nT,HC' (1.3)

rae ®o,e, Wrc, Waec H Ouc — MapaMeTPel NOTOKOB OTKa30B CpabaTbiBaHHS,

TpeGoBanuil cpabaTHBaHHA, NPABHJABHBIX H H3JHIUIHHX CPabaTHIBaHHE COOT-

BETCTBEHHO; Mo, Mrc, Mme H Myc — COOTBETCTBYIOIIHe HM 9HCJIa OTKAa30B

cpabaTbiBanHsA, TpeGoBaHHH cpabaThblBaHHA, NPaBHJbHBEIX H H3JHUIHAX Cpa-
6aThIBaHHI.

Jlpyro# BuA mOAyYaloT KOIQOHUHEHTH ¢c H Juc IPH NPHMEHEHHH MaTe-
MaTHYeCKOT'O anmapaTa MapKOBCKHX cJysafiHBIX NPOuECCOB, XapaKTepHsye-
MBIX cHCTeMOH ypaBaenHii Koamoroposa (uHampumep, [16, 25]).

BBeas pomyuieHHe o TOM, 9TO IOTOK PeryJAPHHIX NPOBEPOK ABJIAETCH
cayyafiHeM (nepBoe COGHITHe NOTOKA He (HKCHPOBAHHO), H HCIOJNBL3Ys yKa-
3aWHBEIH anmapaT, MOXKHO NOJYYHTb CJeAyloulee BHIpaXKeHHe AJf (c:

gc = ©pu/(®p u + Opnp -+ Or,c), (1.4)

ri€ s, ®pp H ®r,c — NAapaMeTPHl NIOTOKOB BO3HHKHOBEHHS COCTOSIHHA He-
paGorocnocoBHOCTH, NPOBEPOK H TpeGoBaHHA cpalaThBaHHA. AHAJOTHIHBIM
06pasoM, KaK H B NEpBOM CJyuae, MOJNYYAETCHA ue. JL1S OUESHKH HAZEXKHOCTH
yeTPOACTBA 3AWMTH NOJYYeHHBie KO3Q(QHuUHEHTH ¢ H TapaMeTp MNOTOKA
JOXHBIX cpalaThiBaHH} CJefoBa0 OH CPaBHHBATb C HX HOPMHDOBAHHBIMH
sHaueHuAMH. [Ipeanoxenns no 3ToMy Bonpocy paspaborannm ICIT [84].

HpencraBaser Takke uutepec mpeptoxenunfi f, C. Tennbanzom me-
TOA SKBHBaJIeHTHHIX NoBpexfeHuil [9], mosBonmomui GopMyJIHpoBaTh AJAS
HEKOTOPHIX 3JEMEHTOB 3VIEKTPHUECKHX CHCTeM TpeGoBaHHA K HaJeXHOCTH
HX 3aHTH H OUCHHBAIOWHA B3aHMOCBA3L MEXAY HX HaJIeXHOCTIMH.

Heo6x0a¥MO OTMETHTb, 9TO IpH CPaBHeHHH BapDHAaHTOB BBINOJHEHHA
OAHOTO YCTPOHCTBa MeXAy coboli 3HaHHe 3HAUeHHA HOPMHDOBAHHHIX BeJH-
YHH MOXET OKa3blBaThCA H He 06S3aTeJNbHBIM.

B [26] npennokeHO HCI0/Mb30BATh KOMILIEKCHHIH IOKasaTeab HeHAaReXK-
HOCTH AJS OJHOTO YCTPOHCTBA, OXBATHBAIOWHA OJHOBPeMEHHO KO3(hGHuH-
eHTH c, Guc H TMapaMeTp Wac. 3a HEro IPHHHMAETCS OTHOLIEHHe B3ATHIX
B cpendeM notepr A®, Buxoanoro sddexra ycTpocTBa H3-3a ero OTK230B
GYHKUHOHUPOBAHHA M TPefeJbHOro HAeaJH3HPOBAHHOTO BHIXOAHOTO 3ddek-
Ta ®; Toro xe ycrpoficta:

g = ADy /Dy. (1.5)
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s (1.5) MOXKHO NOJYTHTH cJelyollee OKOHYATeNbHOe BhpaXeHHe 113 KOM-
[/IeKCHOTO K03 pHLHEHTA HETOTOBHOCTH!

q=g¢+ 0quc -+ PO (1.6)

rae o H f} — HEKOTOpHE BECOBHE Ko3b (UL HeHTHL.

PaccMOTPEHHHIA MeTox NOAXOAa K ONpeAe]eHHio ¢ Hapily ¢ TaKHM
JOCTOHHCTBOM, KaK KOMILIEKCHOCTE, HMEET H pAL CYUIeCTBEHHBIX orpamme:
qufi. Hanbojee BaKHBIM H3 HHX ABIACTCH 3aTPyAHHTENbHOCTL Onpeaee
qus NpABHJbHBIX 3HA4eHHH O H p. TlosToMy Ha IpaKTHKe YACTO OTPaHHiH-
BAIOTCH PACYETOM e, Juc H Oyc.

VkasaHuble NOKa3aTelH pa3paboTaHBl AJs OUCHKH HALCKHOCTH TOJIBKO
OJHOT'O OTAE/BHOrO yCTPOHCTBA 3AULHTHL. .

[l XapaKTepHCTHKH HaeKHOCTH CHCTEM 3alllMT, 2 Kak qaCTHBIA CJaIy-
yafi B OTAEJbHHX YCTPOHCTB, BO3MOXKHO HCXOLHTb H3 yCIOBHA, yTO Kak
HX HAAEXKHOCTb, TAK H 3D(EKTHBHOCTb (QYHKUHOHHPOBAHHA B ueaoM Xa-
PAKTepH3yeTCs MOTEePSMH BHXOAHOrO adexra 3amHUIacMOf CHCTEMDL Hec-
[10Nib30BAHHE TAKOTO NOAXOAa BIEpBEe, NO-BEAHMOMY, HETKO chopmyaunpo-
pano H. B. Basuanm [16, 27]. Heroropuie coobpaxKeHHs MO 3TOMY MeTOAY
xaHu B I, 15, .

Brije pacCMaTPHBANHCL CBOACTBA 3aULHT OT K3. Paa 3THX CBOMHCTB
OTHOCHTCS H K 3aIIMTaM OT HEHOpMAJbHBIX PEXKHMOB paGOTH H HEKOTOPHIX
BHAOB IOBPEXAEHHH, AONYCKAIOWHX MPONOMKEHHE paboTe B TeyeHHe oOI-
pefleniennoro BpemerH, [IpH aTOM, OAHAKO, CIEAYeT YYHTHIBATh CIeUHpHYe-
CKHe YCAOBHA (QYHKUHOHHDOBAHHS 2THX SaUIHT. Tak, HanpHMep, 3alHTH OT
[Teperpy30K 3/eMeHTOB CHCTEMbl Lesec006pasHo BHIOMHATH C BHEPKKAMH
ppemenH, 3allTEL OT OAHO(A3HEIX 3aMBIKaHHA Ha 3eMJlI0 B CHCTeMax ¢
H3OAMPOBAHHO HEATpaJtblo, paboTaloWHe HA CHTHAT, JIOyCKAeTCs BbINOJ-
HATb TaK, 9TOOH OHH ONPENE/SIH TOJNBKO HEMOYKY 3JEMEHTOB CHCTEMH, Ha
KOTOPHLX NPOH3OLIIO TIOEpeX peHHe, H T. 1.

OueHka TeXHH4ECKOro COBEpIUIeHCTB3, HAJICKHOCTH H sieKTUBHOCTH
dynkunonupopauust samut. Kak BEAHO M3 NpHBEASHHOTO BHIUIE paccMoT-
peHHs XapaKTeDHCTHK TEXHHYECKOro COBepIIEHCTBA M HALCKHOCTH, METOAH
HX OEHOK, a TaKKe, OUEBHAHO, H CPEACTBA IO obeCmeyenHio Heo6X0AHMOr O
HX ypoBHH pasiHiHu. Heo6XoAumoO TakXe MMETh B BHAY CJI0XHOCTb B3aH-
MOOTHOMICHHH MeXAy 3THMH ABYMs CBOACTBAMH — NOBHIIeHHe YpOBHA
OfHOMO H3 HHX MOXET NPHBOJHTB K MOHHXKEHHIO YPOBHA ApYroro: HampH-
Mep NOBHIleHHe YYBCTBHTEJBHOCTH 3AUWMTH MOKET NMPHBECTH K TAKOMY ee
YCJOKHEHHIO, IPH KOTOpDOM HaAeXKHOCTh CHHSHTCH. OnHako ee BHXOJAHOH
Texuuuecknt s(pdext, kak H 3beKTHEHOCTs (YHKIHOHHPOBAHHE, 6yner
oNnpefesnThCS. B NEPBOM NPHOJIHKEHHM HHCIOM NPABHALHHX, H3MHITHHX H
noxubix cpabarwipanmit. [Ipn 3TOM HHOrAa TPYyAHO RaXke HETKO KJaacCHpH-
LHPOBATh, KaKoe H3 CBOHCTB NPHBOAHT K H3JHIIHHM HiH JOKHHM cpaba-
ThiBaHuaM. [109TOMYy Ha NPAKTHKE HHOTAA HCIOJB3YIOTCA 06061eHHBle CTa-
THCTHUeCKHe [TOKA3aTeqH TOMBKO 3(QGeKTHBHOCTH (QyHKIHOHHPOBaHHA.
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Onenxa npasuabHpix AeficTBufl. Jas oueHkH (YHKUHOHHPOBAHASA pe-
JefiHofl 3alMTH KaK B 3apyGexHoM, TaK H B OTEYeCTBEHHOH NpPaKTHKe HC-
nonb3yeTcss OGOGIIEHHEI yCpeAHeHHE CTaTHCTHYECKHA TNOKasaTelb 1) ee
pa6oTH, HA3LIBACMBIT NPOUEHTOM NpasuAbhsix dedcreéwd. On npepcTaBiser
BLpaXKeHHOe B NPOLEHTAX OTHOUIEHHE WUHCJIA NPaBHJIbHBIX CPabaThlBAHMii
OTAGABHLIX YCTPOHCTB 3ALIATH flne (COCTOSBIIMXCA TpeGosaBIUHXcA cpaba-
THBaHHIT) K CyMMe flgc H HENPaBHJIbHLIX CpaGaTBIBAHHE iy, (cymma yHcen
OTKA30B flo,c, H3THIIHAX fla,c H JOXKHBIX fa,c CPaGaTHBAHHIL):

M= ng,¢100/(nn c+ ny, ¢) = ‘hn,c' 100/(ng,c -+ Mo ,c + fa, ot A, (1.7)

DTOT NoKa3aTelb B KaKOH-TO Mepe oTpaxaeT 3¢deKTHBHOCTh HyHKUHO-
HHpPOBAHHS 3ALIHTH, HMeeT B OTEYECTBEHHBIX 3JHEPTOCHCTEMAX 3HAYeHHS
MHOTO Jy4IlHe, YeM B pfge 3apyGeXHBIX CHCTEM, HO 1O PSAy TPHUHH B
HEOCTATOYHO{ Mepe NPABHJLHO ee OleHHBaeT. Tak, HampHMep, cymMa
Nuc+tnac crouT B 3uamenarene (1.7), xoTs 3TH cpaGaThiBaHHs HAHOCAT IO-
TepH, KOTOpHE AJs HOJYYeHHst BHIXORHOro addexra 3allluTei ClenyeT BH-
4HTaTh U3 3dderra or TpebyeMblx cpabaTHBaHHT.

[To npeanoMenHo, crenaHHoMy eimle B Koume 60-x romos [21, 25],
paccMaTpuBaeMBIH [10Ka3aTeJp MOXKeT HMeTb CJeAYIIIylo yayylleHHyio
CTPYKTYDY:

Nsg = [na,c— (Mu,c + 1n,c)]- 100/ (g ¢ -+ fo c)- (1.8)
IIpuBesentbie BHpPaXeHUs AN 1) H Tjsp 3aNHCAHB NPH MpeHEGpeX eHHH

KONYIICHHHIMH Cpa6aTHIBAHHAMH H HecPaGaTLIBAHHAMHA, YHCJIA KOTOPHIX C€O-
OTBETCTBEHHO My c H Mg,

ConepXallagCs B TpPHBEHEHHBIX BLIPAXKEHHSX YCJIOBHOCTb — HeyyeT.

pa3nEuHs NOTePh NpH DPa3HBIX BHAAX (YHKIHOHADOBAHHS — NO-BHAHMOMY,
Hen36exkHa ApH (OPMHPOBAHHH NPOCTOrO YKPYMHEHHOro NOKa3aTels, IpeA-
Ha3HAyeHHOTO0 KOUTPOJTAPOBATh yPOBeHb 3 deKTHBHOCTA (PYHKIHOHHPOBAHHUS
Go/bIIMX KOJHYECTB yCTPOACTB 3AILHTHI.

TIpuMeHAOTC TaKXKe NOKa3aTedH 3(deKTHBHOCTH (YHKUHOHAPOBAHHS
OXHOTO YCTPOACTBA, HA3bBaeMhle NEPHOZHYHOCTHIO TEX HJH HHHIX ero Aei-
creufi. Oun npepcTaBAsiOT cOGOA CpefHHe BpeMeHa MeXJy COOTBETCTBYIHO-
IHMH NOBTOPHLIMH REeHCTBHAMH, IPHXOAANHMHCS Ha ORHO ycTpoficTBo, Onu
MOTYT ONpenessTbcsi TaKXKe KOJNHUECTBOM YCTPOACTB, RENeHHHIM Ha HHCIO
HX COOTBETCTBYIOIIHX fefCTBHH B roj.

O6mas seKTHBHOCTL H KauecTBo peJeiiHofl 3amHTe. B Hacrosmiee
BpeMs BCe BO3PacTaeT nOTPeGHOCTH B MeTOAaX SKOHOMHUYECKHX 060CHOBa-
Hull pelleHHii HO penedHol 3allHTe.

Hcnonb3oBaHRe, KaK HHOTAA NPEAJATalNoch, AJs OLEeHKR olwed 3¢-
$eXTHBHOCTH 34llHTH paCuieTHHX 3aTpaT Ha OCYLIeCTBJeHHe H OKCHIyara-
LHIO TOJBKO CaMOM 3alllHTH, BKJIOYAIOIMHX TaKXe NMOTEDH H3-3a ee OTKa30B
(YHKIAOHHPOBARHS, CYHTAETCH B HACTOsllee BpeMs HenpaBoMepybiM. B atelt
CBH3H ClleayeT OTMETHTh paboThi, BHNOJAHseMbe B nociexHee BpeMs B ICIT
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4§ faioliHe BO3MOXHOCTDH GoJlee NpaBHJbHO HOAOHTH K pell€HHIO BOIPOCOB
oleHKH OO6LIeH 5(heKTABHOCTH peseiinol 3amuTh [84].

Kak H3BeCTHO, KpoMe 3((eKTHBHOCTH BaxKHOe 3HaeHHe HMEeT Kaue-
¢TBO TNPORYKUMH, BBIMYCKAeMOi NPOMBILIEHHOCTBIO, B TOM YHCJE, OUEBHA-
HO, H YCTPOHCTB peneiinoit samuTsl. Kauecrso sasercs 0606malomum cBOM -
cTBOM, XaPAKTepPH3YIOUIHM COBEPILeHCTBO yCTPOHCTB peseliHOH  3aIIMTH.
CyilecTBEHHBIMH COCTABJIAOUHMH  3TOTO CBOHCTBA MABJAITCH TeXHHYECKOE
COBEPIIEHCTBO H HAAGKHOCTH.

1.2. MPUHUMMBI BLINONHEHWSA PENEMHON 3ALUMTEI M HEKOTOPBIE
OBWME NONIOXKEHNA U COOTHOLLEHHKS,
UCNOJIb3YEMBIE MPU EE OCYLLECTBJIIEHMH

O6uHe Bonpochl BbinosgHeHust 3amuthl o1 K3. Croco6st BbI-
noaHenns sawutl or K3 BecbMa pasHooGpasnbl. OaHako Bce
3aILATHl BHINOJHSIOTCA 06BIYHO aBTOHOMHBEIMH YCTPOHCTBAMHM C
KCNIOJb30BaHHEM, KaK NPaBUJIO, TOKOB W HANPAXKEeHUH MpoMbILI-
JICHHO¥ 4acCTOTH 3aIlAIaeMbIX 3JeMeHTOB CeTH.

ITo cmoco6am obecriedyeHUs] CeJeKTHBHOCTH IIPH BHEUIHHX
K3 oHM MOTYT 6HITh OTHECEHH K JBYM OCHOBHBEIM rpymnnam (CM.
§ 1.1). B oaHy U3 HHX BXOZAST 3aIMHTHL, 06Jafal0Ilie OTHOCH-
TeJbHOH CEeJIeKTHBHOCTbIO, B APYTYI0 — a6CONIOTHOH CesleKTHB-
HOCTbIO, 3amuTel ¢ aGCONIOTHOH CeJeKTHBHOCTBIO paboTant
toabKO nmpu K3 Ha 3amuiiaeMoM y4acTKe H IIO3TOMY OOLIYHO
BBHINONHAIOTCSA Ge3 BbiepkKKH BpeMeHH. DTo ABJAeTcA HX 60Jb-
IIHM AOCTOHHCTBOM. 3alIHThHl ¢ OTHOCHTEJbHOH CeJIeKTHBHOCTBIO
Moryr paborarb npu K3 Kak Ha 3amumaemMoM ydacTke, Tak,
B KauyeCTBe pe3epBHBIX, H Ha cMexHHIX. i obecrneyeHuss HX
cesleKTHBHOCTH Tpu K3 BHe 3aliulaeMoro y4acTka OHH J0JXK-
Hbl B TaKHX caydafx paboratb ¢ BpeMeHeM, GOJbIIAM BpeMeH
cpabaTbiBaHHA 3aIHT CMeXHHX 3JeMeHTOB.

B HeKOTOpHIX ciayuafx anasd obecredeHns Gojee ObICTPOTO
oTkaloueHuss K3 okasbpiBaeTcd Le/secOOGpasHbIM CHHXKATb Tpe-
60oBaHHs K CEJEKTHBHOCTH 3all{UT C OTHOCHTEJIbHOI CeJIeKTHB-
HOCTbIO, JomycKasi ux cpabarbiBanue npu K3 Ha 4acTu CMex-
HHIX YYACTKOB Aaxe TPH HCIPAaBHOCTH 3ALIHT H BbIK/IIOYaTeeH
nocaeannx. Takue 3aluThH HA3HIBAKOTCS HeceaeKTusHbimu. OHH
npuMeHsOTes o0LYHO B COYETAHHH C YCTPOHCTBAMH aBTOMATH-
4ecKOro MOBTOPHOTro Bkilouenus (AIIB), ucnpaBasiomuMn ux
HEJOCTAaTOYHO CcoBeplleHHyI0 paGory. Tak, HanpuMep, Hece-
JIEKTHBHble 3aIUTHl HHOTAA HCIOJB3YIOTCS Ha PAAHAJbHHIX
JUHUAX B paclpeXesiuTe/bHBIX CeTAX C OZHOCTOPDOHHUM THTA-
HHeM, 4acTo HMelInux GoJbIIoe YHCAO TOCIeA0BaTe]bHO pac-
TIOJIOKEHHBIX YYaCTKOB, 3amuThi ¢ alCOJNIOTHOH CejleKTHBHO-
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CTbIO He MOTYT ObiTh HECEJEKTHBHHMH. Ilo BHIOJHSIeMbiy
GYHKUHAM  3alIMTH  [eJATCS Ha OCHOBHHle H pe3epBHEe
(§ 1.1). Hannume B cetH pesepBHBIX 3alHT CYHTAeTCs 063a.
TeJbHBIM. J1/1 BHINOJIHEHHsT GYHKUHI DajbHero pe3epBHpPOBa-
HHS 3aIIHTH AOJXKHH 06J1aflaTh OTHOCHTEJbHOH CeNeKTHBHO-
CTbIO.

B HeKoTophIX ciyuasx HCIO/IBb3YIOTCS TaKKe GONOAHUTEND-
Hole 3QUUTbl, BBHINOJIHAIOLIHE HEKOTOPHE BCIOMOraTeNbHbI
(YHKLHH, HaNnpHMep yCKOPeHHe OTKJI0ueHHs K3 Ha wacts
yuacTka, 3alIHTY «MePTBHX 30H», ONpejesieMbiX HalpaBJeH-
HBIMH 3/IeMEeHTaMH OCHOBHBIX H Pe3epBHHIX 3alliUT, H T. 1.

I Uk Zx

X

K

3 I 3 i
c) l &) l g) l

Puc, 1.2. 3asucumocru AJEKTPHUECKHX BeJHYHH OT MECTa MeTaJJaH4eCKOro

K3 (rouka K)

3

His1 noBHIIeHHs 3 ¢eKTHBHOCTH PEe3epPBHPOBAHHS B CETSIX

BBICOKHX, CBEDXBLICOKHX H Y/IbTPABHICOKHX HANpPSIKEHHH npeay-

CMaTpHBAIOTCA CIELHalbHBle YCTPOHCTBA pe3ePBHPOBAHHS IPH
OTKa3e BhiKJloyareneli — YPOB (cM. ra. 15).

3aWHTHI C OTHOCHTENbHOMN CeNeKTHBHOCTBIO. K 3T0fi rpymme
OTHOCATCS pacCMAaTpPHBAEMbE HHXKE TOKOBHIE, TOKOBbIE HAIPaB-
JleHHble U JHCTAHUHOHHBlE 3awuTH. MX cenekTHBHOCTL npH
BHellHHX K3 oGecneunBaercss BHIGOPOM BbiiepXKeK BpeMeHH
3alUMTHl H MapPaMeTPoB CPabaThHiBAHHA H3MEPHTEJbHEIX Opra-
HOB H KOHTpOJieM (eC/H OKa3biBaeTcst HeOGXOMHMBIM) Hanpas-
Jiennst MomiHocTH K3. HHke BO3MOXHOCTL TaKOro Bhifopa om-
penessieTcs Ha NMpHMepe 3AIUHUTH JHHHH 3aKOHAMH H3MeHEHHH
TOKOB, HalPsSIXKEHHH H 3HAKOB MOLIHOCTEH, XapakTepH3YIOUlH-
M K3 B pasnuuHbIX TOYKax 3alluinaemofl cetn (puc. 1.2).

Tox K3 /«, npoxoasuiuii yepe3 ycTpoHCTBA 3auHTH, BKJIO-
YeHHBbIE 10 KOHLaM 3allHIIAeMBIX YUACTKOB, T€M MEHbIle, yeM
GoJsplue ynajeHo mecto noBpexiaeHHsi (Touka K) or Mecra
BKJIOUEHHS 3aIiuTel (Toyka 3) (pHc. 1.2,a), Tak Kak ero
3HAYEeHHe yMEHbIldeTcsl C YBeJHYEHHEM CONDOTHBJIEHHS IeT-
a1 K3. 3To H naer BO3MOXKHOCTb CO314aBaTh TOKOBble 3aIL{HThI
C BBIAEPXKKaMH BpeMeHH TeM OOJBIIHMH, yeM MeHbllle 3Haue-
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Uem GoJsiee pesko CHHKaeTcs [x BIOJb 3alUHILAEMOro
rem Gosee 3QdeKTHBHHIM OKa3blBaercs ocy-
KkuX 3awAdT. JJaUHA 3alliHiaeMoi 30HB TOKO-
o 3Tl 3ABHCHT OT DEXHMA DABOTHI CETH. OcraTouHoe
g awenne nerin K3 B MecTe BKJIIOUEHHS 3allUTH Uy, Ha-
Hgnpm rem Goablie, ueM OoJsiee yaajeHa 3Ta TOUYKa (pHc.
020%) 'TosToMy paccMarpuBaeMble HHXKe JHCTaHIHOHHbIE
;Au’mTiﬂ, () yHKIHOHHDOBAaHHe KOTODHIX OOLIMHO ONpEeAe/IseTcs
conpoTHBIEHHEM NETJIH K3 Zx, TPONOPIHOHANBHEIM  OTHOMIe-
uuto Ux/lx, OYAYT UMETh TEM 6oubline Zyx, ueM GoJiee yﬂia_lne—
pa Touka K3 oT MecTa BKJIOYEHHS 3aUlHTHL (puc. 1.2,8). 5)}1
5TOM OKAa3BBAETCSl HECYILeCTBEHHOH KPYTH3HA CHHXeHHA [x.
Jro onpelensieT, B YACTHOCTH, BO3MOKHOCTD GoJiee JerKOTO
pHfopa MapaMeTpoB TaKHX 3alHT H yCTOMYHBOCTb IVIHHBL 3a-
WHII2EMBX 30H HE3ABHCHMO OT pexHMa pafoThi CeTH.

HHE 11(-
HanpﬁBJIEHH’L

mecTBIeHHe Ta

t ¢ ¢

Puc. 1.3. Buap xapaKTePHCTHK BBIIEPKeK BpeMeHH f=f(!) sawur c oTHO-
CHTeNbHOM CeaeKTHBHOCTHIO -

[lonunasi MowHocTh K3 Bcerma HampasJieHa K MeCTy IO-
BpeXXIEHHs, [0ITOMY €e 3HaK JaeT BO3MOXHOCTb BEIABJIATL
Mecto K3 1o OTHOIIEHHIO K MECTY BKJIIOUEHHS 3AIUTHI.

Buigep:KKH BpeMeHH DPaCCMaTpHBaeMbIX 3aLUHT B G yHKIHH
PACCTOSIHUSL OT MECTA HX BKJIOUEHHS JO TOUKH K3 moryr
HMeTb CTynmeHuarsiii (puc. 1.3,a@), MIaBHLIH WIH 3aBHCHMbIH
(puc. 1.3,6) n cTyNneHYaTO-IVIaBHBIH HJIH KOMOGHHHDPOBAHHHBIH
(puc. 1.3,8) Bua. Iloa BoaepXKKOH BpeMeHH Ha IPAaKTHKE
06BIYHO MOHHMAeTcsl He ycTaBKa Ha opraHe BHIAEDKKH BpeMeE-
HH, a MoJiHOE BpeMsi cpabaThiBaHUs 3aUlHTHI 10 MOMEHTa IO-
1aUK oTKJIOualoulero CHFHAla Ha BbikouarTenb. B Halueh
cTpaHe AJs cetell HanpskenueM 35 kB H BHlle OOBLIYHO HC-
NOJL3YIOTCA 3ALUHTHl CO CTYNEHUATHIMU XAPAKTEPUCTUKAML C
YHCJIOM CTyNeHe#d TpH, HHOTa HerThpe. B pacnpeneauTeJbHBIX
cersix GoJsiee HH3KHX HallpsiKeHHH NPHMEHSIOTCS H ApYrHe HC-
NoJHEHHs, HANpHMep MPH HeoOXOAUMOCTY CoYeTaTb HX C 33-
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ILHTaMH, BHNONHACMBIMH MIABKHMH NPENOXDAHHTENAMH, HMe-
JOUHMMH T/TaBHbIE XAaPAKTEPHCTHKH BBIAEPKEK BpPEMeHH, IIpen-
MYILECTBOM 3aLUHT CO CTYNEHYATHIMH XapaKTepPHCTHKAMH o
CPaBHCHHIO C ADYrHMH sBJseTCS Gojiee MPOCTOE BHIIOJIHEHHE
HSMEPHTEJbHBIX opraHoB. [103TOMy HHKe OCHOBHOE BHHMAHHe
YAJAETCH HMEHHO TAKHM 3alLHTAaM.

Ha puc. 1.4 mpusenens rpexcrynenuarsie XapaKTepHCTHKH
BEILEPKEK BPEMEHH 3aIIHT, BK/IOUCHHbIX HA pagHasibHbie JIH-
HHH CETH C OLHOCTOPOHHAM mHuTaHHeM. KaXinlli KOMIJIEKT 3a-
wuthl (I, 2, 3) umeer Tpu crymeHm, XapakTepH3yeMbie BH-
Aepkkamu BpeMenu {1, /' g /"1 ¥ zamuaeMBIMH 30HAMU I,
[''u I"™, onpejlesleHHBIMH TIPH MeTaJaHIeCK HX K3.

‘ l
z - t o
¢ T
-*:J-I g Ml H—’— tf tIT x|
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3 K J 11 t[ %] - [
1
13 Z}%-Zi " I x

Puc. 1.4. Cryneuuatbie xapaktepu- Puc. 1.5, Xapaxrepucruka f=f(l)
CTHKH BLIAGPMKeK BPEMEHH 3aUIMT C  TPEXCTYNEHYaTOH 3autMTH, BKJIO-
OTHOCHTEJIBHOH  CENEKTHBHOCTBIO B  ueHHON Ha yuacTke AB

CeTH C OAHOCTOPOHHHM NHTAaHHEM

Ilepebie ctymenn (I) o6bluHo paboraior 6e3 cremHAaIbHO
ycTanaBJIHBaeMOH BbIIePXKKH Bpemenn (fI omnpegessieTcsi Ko-
HEYHBIM COGCTBEHHBIM BpeMeHeM CpabaTbIBaHHS 3JEMEHTOB
3allHTH). 3aluHilaeMble HMH INepBble 30HB ! OXBATBHIBAIOT
TOJIbKO 4aCTb MHHBL yuacTKa, OJHKaNLIYI0 K MeCTy BKJIOUe-
HHUs 3amutbl. OXBAaT BCEro yyacTKa, Kak NMPaBHJO, HeEleleco-
06paseH, TaK KaK IIPH 3TOM 3aIUHTAa TAaHHOTO YY4acTKa MOTJa
6Bl n3nuHe cpabarsiBath npu K3 B Hauase CMEXKHBIX S/1eMeH-
TOB.

Bropsi ctynenn (I1) paGoraior ¢ BbgepxKod Bpemenw f11,
OGBIYHO ONMHAKOBOH AJi BCEX 3ALUUT JHHHH CETH. DTo BpeMs,
cocrasasiomee B cpeideM okono 0,5 ¢, mpexoTBpamaer Bo3-
MOXHOCTb cpabatniBanus II crynenu 3amurs npu K3 B Haua-
Jle CMEeXHBIX 3/1eMeHToB. 3amnuumaemas I1 crtynenbio 3oma ['I
AO/KHE € 3aMacoM OXBATHIBATH KOHEU y4acTKa (3a MepBoil

38

30HOM) H UIHHBI NMOACTAHLHH TMPOTHBONOJIOKHOH CTOPOHHL. Ko-
gell 'l orpaHHYHBAETCSl HAYAJ0M BTOPOH 30HBl 33ILHTH CMEX-
HOTO YYaCTKa, 4TO NPeJOTBPaliaeT BO3MOKHOCTD OAHOBpEMEH-
goro CpalbaTbiBaHHs CMEXKHBIX 3aLEHT (noc.neaylomeuun npe-
apiaymed) c oaumHakoBeiM ' mpu K3 Bo BTOpO# Ix30He
npeAblAyled samuTsl (Hanpumep, sauuTtel 3 npu K3 B /3! sa-
MHTH 2).

Tperbu crynenn (I11) nMeior HauGoabluKe BHAEPXKKH Bpe-
meHHu {I'l, Bpi6upaeMbie 110 CTYIIEHYATOMYy NPHHUHNY TeM GOJb-
WHMH, YeM GJHKe BKJIOUEHA 3alIHTa K HCTIOSHHK%IHHHTaHHﬂ.
[IpH 3TOM BBIAEPKKa BpeMeHH n-i samuthl t, ={;! |\, +
+At, rie At —crTynedb BbIAEpPKKH BpeMEHH, NPHHHMaeMas B
cpeaHeM okoao 0,5 ¢ (cm. § 1.8). OcuoBHoe HasHaueHue III
cTylleHell — BbINOJHeHHe QyHKUHH pesepBupoBanus npH K3 Ha
npelblAyIieM yuacTKe H OTKAa3e ero 3alHThl HJH BBIKJIIOYaTe-
as1. Konen 30H geficteust (M 111 cTyneHe#t yacto He (PUKCHPY-
ercs. OueHb YaCTO 3ALULHTH BHIIOJHAKTCS TAaKHM 06pasoM, 4To
nmocJeAyiolHe CTYNeHH KaxKAOTrc YCTpoHCTBAa MOTYT cpa6arthl-
BaTh NpH HecpabGarhHIBAHHUM MO HEKOTOPHIM NMpHYHHAM (HAampH-
Mep, BCJeACTBHe HeJLOCTATOYHOH YYBCTBHTEJIBHOCTH) Hpelblay-
ux crynenedl. B takux cuayuasx Il crymenn, sBasioumHecs
Han6oJsiee UYYBCTBHTE/JIbHBIMH, PE3ePBHPYIOT TakxkKe paboty I u
I crynmeHeit cBoero KoMnJaekra 3amurel, a 11 crynmens — pabo-
Ty 1 ctynenu. Takas BO3MOKHOCTB IOKa3aHa Ha puc. 1.5 mpu-
MeHHTEeJIbHO K OJHOH 3alliiTe, BKJAIOYEHHOH Ha JHHHIO CO CTO-
POHBI 5JTEKTPOYCTAHOBKH A.

Hcnoab3ysi paccMOTpeHHbIE HH2KE€ COOTHOLIGHHS aJre6pnl
JIOTHKH, NPHHUHN paboThl 3aLHT, HAalpHMEpP TOKOBHIX, MOKHO
npeacTaBuTh 06e3 MpUMeHEHHS KaKHX-1H60 CXeM CJaelyIOIHM
CTPYKTYPHBIM BbIpaxKeHHEM:

y = I{D}' + Iy DIt -+ LT DI, (1.9)

Tle y— CHTHAJ Ha BBIXOJAe 3allMTH; / — CHTHAJBl OT H3MeEpH-
TeJbHBIX OPraHoOB TOKa cTymneHed s3amut; D — onepartopsl 3a-
LEepPKKH 110 BpeMeHH cTyneHeld damur; uaaexcs 1, I1 u I11 cBep-
XYy YKa3blBaloT HOMep CTyNeHH; HHAeKCH 1, 2, 3 cHH3y — €OOT-
BETCTBYIOLIHE HM apaMerphl cpabaThiBaHHs.

B orAesbHBIX CJaydasx YHCJAO CTYNMEHEH 3allHTHI MOXKET
ObiTh Kak MeHblle, TaK H GoJblle Tpex. Hanpumep, mesecoob-
Pa3HOCTL BLINOJHEHHS 3aLHTHI C YeTHIPbMS CTYNEHSIMH MOXET
BO3HHKHYTb NMPH HEAOCTATOYHOH yyBCTBHTeNbHOCTH 1l cTyneunu
n-it 3amuThl (puc. 1.4 1 1.6) xk K3 B kKoHue 3auumaemoro sJe-
Menrta. Toraa musi npefoTBpamleHHsi BO3MOXKHBIX OTKJIOUEHHI

39



Takux K3 wacto ¢ Goapwoit Bhizepxkoi Bpemenu t1 mpy
TPeXCTYNeHYaTOM BHUIOJIHEHHH 3alluThl Mexay II u nocienneg

CTYNIeHSAMH BKJIOYAlOT AONOJHHTENbHYI0 C BpeMeHeM #II »

>t1L,, a lIl crynens mpespamaior B IV ¢ Bbiep&Koil Bpeume.
uu {1V (puc. 1.6,a). Ta xe 3agaga mMoxerT OHTHL pellleHa y

Ges yBeJqMYeHMS 4MCJIa CTYNEHeH; /Il 3TOro YBeJHUHBAIOT 30.

Hy gedictBust Il crynenn n-it samutel u BeIGHparoT t11 >t

(puc. 1.6,6). Onnako mpu stom K3 B KoHue yuacTka 6ymyr
JMUKBUAHPOBATBCS MeHee 3((PeKTHBHO — ¢ GoJiblllell  BBIAEp k-
KO BpeMeHH.

t A 5 8
y 2 ¢
0Ty | Ly [tX @,i_é D+|£‘_. D+®
Vo=t [N B
* Foooo el ipEs
£ — by f\y 1heF N
t,, =t,,_1+At tﬂ T 1
ty | 4 ;
o |
5) L |

Puc. 1.6. Bapuautsl xapakTepuctuk Puc. 1.7, CryneHuaTteie xapaxtepu-

BBJEPKEK . BPEMEHH CTyNeHYaTHX  CTHKH BbiepKeK BPeMEHH 3allHT C

3alUT OTHOCHTE/ILHON  CeJIeKTHBHOCTHIO B
CeTH C JBYCTODOHHHM NHTAHHEM

Cokpalllenyie uHc/a cTymeHell 3alIUTH JHHUE HHOrAA ocy-
IIECTB/SCTCA NyTeM HCK/IIOYEHHSI OJNHOH M3 HHX WJIH COBOKYII-
Hoctd ABYX. Ilpu 31OM A1 OCHOBHBIX 3aIUT OAHOBpeMeHHOE
uckawdenne II u Il crynenefi HegomyctuMo, Tak xak ocras-
JATb 3aIUTY TOJBKO ¢ | CTymeHblo Heqb3s — OHa He 3alluia-
€T KOHLAa y4acTka. Takasi sauiura HHOrza NPUMEHSIETCS TOMbKO
KaK NOHOoJHUTe/bHASA, obeclleunBanollas GHCTPOE OTKJIOUEHHE
K3 B Hauane yyacTka, uMerILero APYryl OCHOBHYIO 3alIUTY.

Ha puc. 1.7 npupenens cTyneHuathie XapakTepHCTHKH BbI-
AepXKEK BPeMeHH 3alUTHl /sl YYaCTKOB JHHHH CeTH C ABY-
CTOPOHHHM nHUTaHueM. B 3TOM ciywae KOMmJIeKTH 3alluThl
BKJIIOYAIOTCS ¢ 06eHX CTOPOH KaXKIOro yyacTka M AJas obecie-
YeHHs TOJIHO¥ CeJeKTHMBHOCTH NpH BHelWHUX K3 gomosHsorcs
OpraHaMH HalpPaB/IeHHS MOLIHOCTH, Pa3pellaloUIHMKH UM Cpa-
GaTbiBaTh TOJBKO NPH HaNpaBjieHWd MomHocTH K3 oT wHH B
CTOPOHY 3aMHIIAeMOr0 y4acTKa. XapakTepUCTHKH 3amuT I u
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{icTBYIOLUHX TPH HANpapleHuH MOWHOCTH K3 cieBa Ha-
3 ﬂeo ga puc. 1.7 MOKa3aHHl CBEPXyY, a 3aLHUT 2 u 4, neicTBy-
“‘iﬁ'ﬁx’ cOOTBETCTBEHHO NpPH HANpaBJeHHH MOILHOCTH K3 cupa-

lo B
pa HaJeBo, — CHH3Y. e
JlmarpaMMBl Ha pHC. 1.4 u 1.7 moaTBepKAAIOT BO3MOXKHOCT
aBHJIBHOH JIHKBHAAIMH K3 samuraMy ¢ OTHOCHTEJNbBHOH ce-

n
KTHBHOCTHIO. ]
e Jl;isi HAmpaBJIeHHBIX 3alUHT, HANDHMED TOKOBBIX HAMpaB
eHHBIX, KAK H DACCMOTPEHHbIX Bbillle HeHANpaBJEHHBIX, TPHH-
b

ﬂp]n paboTbl MOXKHO NPEICTABUTH CJICAYIOLUM CTPYKTYyPHHM

BHipak eHHeM:
y= S(I{Dlﬂ - 11 DY 4 [ DI, (1.10)

rae S — CHTHAJ OT OpraHa HanpasJ/leHHs MOILHOCTH. )

Ecan paccMaTpuBaeMasi 3alllUTa SIBJISETCS JHCTaHUHOHHOH,
ee H3MEepHTENbHBE OPraHBl CONPOTHBJEHHS 4acTo caMu o6Ja-
7al0T HalpaBJeHHOCTbIO fedcTBHS. B aTOM cillydae OTAe/bHbBIE
opraHsl HamnpaBJleHHss MOWHOCTH OTCYTCTBYIOT H CTPYKTypHOE
BHIpaXKeHHe 3aLUHTHl MOXKET HMEeTb BUA

y= Z{Dlﬂ + Zu Dyt Z;“ng, (1.11)

rae Z — CHUTHaJIBl OT HampaBJIEHHBIX OPraHOB CONpPOTHBJICHHS.

Hnst nocnemnux (II1) crynedefi HampaBjeHHBIX 3aIIUT MO-
xeT OHTb NpUMEHeH H NPHHUMIHAJLHO APYrod cnoco6 BHGO-
pa mapaMerpoB [18]. Ilpu 3ToM cnoco6e mnocieaHue. peseps-
Hele cTynenn (Hampumep, III) BuimosHsoTcss paGoTalomUMU B
o6GpaTHOM HanpaBJ/ieHHH — OT JIHHHH B CTOPOHY IUHMH, K KOTO-
pHiM oHa npucoeguHeHa. Ilosyyaroniecs Npy 3TOM XapakTepH-
CTHKH BHIJEpXKeK BpeMeHH, HanpuMep y 3amut 2 u 3, mpuBe-
neHnel Ha puc, 1.8, Takoe BHINO/IHEHHE HCKJIOYaeT OTK/IQUEHHE
3JIeMEHTOB, NPHCOEIMHEHHBIX K OTBETBJEHHAM Ha HENOBpeX-
nenHoit auHuu AB, npu auksugauuu K3 Ha qunuu BB 3amu-
Tamu Jaueuu AB (3amura 2?) kak pesepBHbBIMH. OnHako Ha-
NpaBJieHHble 3alUTH MOryT uMeThb 1l cTynmend HegocTaTouHO
yyBCTBUTE/bHEIMH; Torga K3 B KOHIe yyactka JIMKBHIHDYeT-

S A, 253,(4;3‘
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10mBem8aenusn|

Puc, 18. Cneunanbhoe Bbi-

noJseHue XapaKTepHCTHK tZ ¢t

TPETBUX  CTyNeHef  3allHT, : ;
HCKJHOYalolliee OTKJOUCHHE izﬂT'-I t; t3| My
OTBeTBJeHHfI MpH JpeHcTBHH 7

3aILMTH KaK pe3epBHOM




cs we ux II, a III cryneitsio. Tak, Hanpumep, K3 y wun B Ha
yuacTKe BB npH yKasaHHBIX XapaKTePUCTHKAX 3AIUUT MOXKET
oTKJI04athea 1 crynennio samute 4 ¥ Il cTynenpio 3allHTH
2. B Takux cjayyasx NpH paccMaTpHBaeMoM cliocofe H3JHIIHe
MOXeT OTKJIuaThes noacrtauuus 5. Kpome Toro, mpu pac-
cmaTpHBaeMoM BhinojiHenuu III cTymenH He MOryT IOJHOLEH-
HO pe3epBHPOBATHL 3alUTy CMEXKHOrO Y4YacTKa NpH MHUTAHHH
3aU[UT OT 06lero HCTOYHHKA OMNEepPaTHBHOIO TOKA NOACTAHILUY,
Ha KOTOpO# OHM YCTaHOBJIEHH! (NIPH HEHCIIPABHOCTH YKa3aHHO-
ro HCTOYHUKA 3amHTH He paboraior). C yueToM HU3JOXKEHHOTO
paccmMaTpuBaeMblii coco6 He Bceraa sQQpexTHBeH H HCNOMb3Y-
eTcsl pelKo.

3amuthl ¢ a6COMOTHOM ceNeKTHBHOCTLIO. K 3T0i rpynne oT-
HOCSITCS 3aIUThI, OCHOBAHHbie Ha HeNOCPEACTBEHHOM HJIH KOC-
BEHHOM CpaBHEHHH 3/JeKTPHYECKHX BEJIMYHH MO KOHIAM 3allH-
I[aeMOil JHHHH HJH HA JBYX HJH HECKOJbKHX NPHCOEIHHEHHBIX
K OGIMM LIHHAM JHHHAX 3J1eKTPOyCTaHOBKU. B nmepBoM Ciyuae
3allMTH HA3ZHBAIOTCS NPOCOAbHBIMI, BO BTOPOM — NONEpetHbl-
mu, TIpH HenoCpeiCTBEHHOM CPABHEHHH 3JEKTPHYECKUX BEJIH-
YHH Mo CBA3YIOLIHM 3BeHbAM MepelJaloTCH KOHTPOJHPYeMBble
3JeKTPUYECKHe BETHYHHBI, & NMPH KOCBEHHOM ~— CHTHAJIbI 6.510-
KHPOBKH HJIM paspeliieHHs cpabaThiBaHH OT CpaboraBLIMX
3JeMeHTOB 3aUIMTH U 3aLUHT B HEJOM.

JLJst npOoJOJbHBIX 3aLIMT B KaueCTBe CBA3YIOIIHX 3BEHbEB,
Mo KOTOphIM Nepenaerca HH(opMmauus o6 3/J1eKTPUYECKHX Be-
JMYHHAX C OJHOTO KOHLA y4YacTKa Ha ApYrof, HUCHOJb3YIOTCH
BCIOMOTaTeJ bHble 1POBOJA, NPOKJ/ajabBaeMble 0OBIUHO B 3€M-
Je, IpOBOAA CaMoOiH 3aIHIIaeMOH JIHHHH, IO KOTOPHIM Nepeaa-
IOTCSI CHrHaJB TOKAMH BLICOKOH YaCTOTHl, WJIH pejKo — CIie-
H{aJbHbie pajHOKaHaJb.

B KauecTBe CBA3YIOUIUX 3BeHLEB AJIf NMOINEPEUYHLIX 3aLIHT
enecoo6pasHo, 0YeBHAHO, NPUMEHSATH BCNOMOraTe/bHbie Mpo-
Boja, NpOKJAaibiBaeMble B NpeAeax [AAHHOH 3JeKTpOyCTa-
HOBKH.

B 3amuTax ¢ abCoJIOTHOH CeJIeKTHBHOCTHIO MOTYT CPaBHH-
BaThCS MPHOBeHHble TOKH WJH TOJABKO ()assl TOKOB, a TaKkKe
3HAKH MOILIHOCTEH MJM WHOrAAa HanpaBJieHHS MTHOBEHHBIX TO-
KOB.

3amuTH, HENOCPEeACTBEHHO CpaBHHMBAIOIIME MrHOBEHHBIE
TOKH, Ha3bIBalOTCA Oupeperyuarbroimy TOKOBbLMU; UX pas3-
HOBHIHOCTHIO SBJAIOTCA Ouppdepenyuarsno-pasnsie ToKoBbLE,
B KOTODPHIX CPaBHHBAIOTCA (as3hl TOKOB, 3alUUTHI, CPABHHBAIO-
l[He 3HAKU MOIIHOCTEH, HA3HIBAIOTCS HANpPAgAeHHbimu. B He-
KOTODHIX CJydasix, HampuMmep AJS NapaijelbHbix Lemedl JH-
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uHii, IPHMEHSIOTCS H NOnepeyrbie TOKOGble HANPABAeHHble 3a-
uTbl, B 4ACTHOCTH AMbdeperntanbybe.

Ha puc. 1.9,a nmokasaHa JHHMS C ABYCTOPOHHHM MHTaHH-
eM, 060pY0OBaHHAs 3ALIMTOH € aGCOMIOTHOH CEJIeKTHBHOCTHIO.
Ycsi0BHBIE NIOJIOKUTENbHEIE HallpaBJaennsa tokoB Iy H I;; ¢ aByx
ee CTOPOH, IIOKa3aHHble HA CXeMe CTPeJKaMH, MPHHATH OT
wmna A u b B cropony suuuu. [Ipn K3 Ha 3amumaeModi Juuuu
(rouka Ki) toxu K3 I;'m I;; caBunytH mo ¢ase Ha oTHOCH-

TeJibHO HeBoJgbmio yron 6 (puc. 1.9. 6), onpenenaseMuiil yriom

Al Ir & Ir
Ky & fn
K
a) d)

Puc. 1.9. IlpuHuun pe#cTBHA NPOXOJbHEIX 3aWHT ¢ AGCOJIOTHOH CEJEeKTHB-
HOCTbHIO

Iy 6

capura JC E, n £, ¥ HeOAUHAKOBLIMH YrJaMH CONPOTHB-
aeuuit arctg (Xa/Ra) n arctg (Xs/Rs)  ABYX uacreit cHcre-
MBI 10 OTHOLUEHUIO K Touke K. B cayuasx Brewsux K3 aror
yroa AJA y4aCTKOB He OuYeHb 0OJIbLION AJMUHB, €CJH HpeHe-
6peub HX eMKOCTHOH NpoBOAUMOCTBIO, paBen 180° (pnuc. 1.9, 8).
Momsocty K3 npu noBpex-
ReHHH Ha JUHHH H TeX XKe yc-
JOBHBIX HANPABJEHHSAX, YTO 3 2 8
H TOKH, MMEIOT OJIMHAKOBbIE @'}-C!'—*lﬂ——
?(‘*Sax_ﬂypzsﬁ;eﬂyqaﬂx BHEUIHHX “‘ Sona donywennsix

. Hecenexmubeix

C yueToM yKa3aHHOrO pas- cpabameiBarui
JAuuns B pa3HBIX COOTHOHIE- sauume 3| g
HHAX TOKOB WJIH 3HAKax MOIL- , 'Zl ; ”j
Hocth K3 npepacTaBasercs | +X
BO3MOXKHEIM obecneunBaTh 7 1.0 =
CEJIeKTUBHOCTb TNPH BHEHIHUX 15 s F

K3 paccmarpusaemoit rpyn-
nel 3amut 6e3 HCMOAb30BA-
HHS BHIIEPKEK BpeMeHH.
HecenekTHBHble 3aULUTHI.
PaccmatpuBaeMble  3amuThl
ABJAIOTCS  Pa3HOBHHOCTBIO

3|

Puc, 1.10. XapakrepuCTHKH BHAEp-
XeK BpeMeHH [pPH  HEMOJHOCTHIO
CeJIeKTHBHOA mepBOH CTymeHH 3a-
muTe 3
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3al0UT ¢ OTHOCHTENBHOH CEJEeKTHBHOCTHIO H YaCTO OTJIHYAIOT.
Csl OT NOCJIeHHX TOJILKO BHIGOPOM mapaMeTpoB cpabaThiBaHuy
OTHAE/bHBIX CTyNEeHeH. :

Ha puc. 1.10 B Buje npuMepa npHBeeHa TpexcTyneHYaTag
XapaxTepHCTHKA 3aliuThl 3 yyacrka AB JIHHHH C OAHOCTOPOH-
HUM nuTaHHeM. OHa OT/IHYAETCS OT XapaKTEpHCTHK 3allHT pHc,
1.4 tem, uto ee mepsas 3oma [! oxsareiBaer Bech yuactox AB

H WHHB nojctaHuuy 6. Ilpu Takom BeINOAHeHHH 3amuTn K3
B JI060H TOYKe 3alIMIIaeMOro YyuyacTKa OYAYT OTKJIIOYaThes
Ge3 BoAepxKKH Bpemenu. 1lpu K3 B nawasne yyacrka 5B ox-
HOBPEMEHHO € NepBO# CTYNeHbI 3awuTH 2 Gyaer cpabarthi-
BaTh mepBas CTyneHb 3auiuThl 3. Ee HexenatenbHOe, HO HaMe-
peHHO jpomyuieHHoe cpabarbiBaHue Gyner HcnpaBastees ABIT.
B oTeuecTBeHHO! MpaKTHKE HAXOAAT IMPHMEHEHHE HECeJEKTHB-
Hbl€ TOKOBblE 3aUHTHl NPEHMYLIECTBEHHO B paclpeieNHTeb-
HbiX cetTsix ¢ Unon<35 kB. Onu BHINoMHAIOTCH, HanpuMep, Tak,
4roOHl Ge3 BBIIEPKKA BpeMeHH OTKJAW4aldHch Bce K3, ofy-
CJOBJHBAIOUIHE HA IUHHAX TOJOBHHIX HOACTAHIOUH OCTATOYHbIE
HanpsiKeHus, MmeHplIHe npuMepHo 0,6 Uyoy.

1.3. BUAbl KAHANOB CBA3M

Casi3p B mpeneniax s/eKTPOYCTAHOBOK (HAIpHMep, COeH-
Henus mexay TA u TV u yerpolicTBaMH 3alIHTH) OGBIYHO Bbi-
UONHACTCA MO JKHJIAM KOHTPOJbHBIX KalGeded. Jlis mpojuosib-
HBIX 3aUIHT KakK C KOCBEHHBIM, TaK H C HENOCPEeACTBEHHBIM
CpaBHEHHEM 3JEKTPHYECKHX BEJHYHH B KayecTBe CBS3YIOLIHX
3BeHbEB — KAHAJOB CBSI3H AJisl mepeiayd HHQOpMalUuH — npu-
MeHAIOTCH NPOBOJiHbIe (BCIOMOraTe/IbHbBlE NPOBO/A, BHINOJHEH-
Hble B BHJe KOHTpPOJbHBIX KaGesei), BHICOKOYACTOTHbIe H pa-
AHOKaHaubl. B nocilefiHHe ToAR B CBS3H ¢ HayaBUIHMCS
HCIIO/Ib30BAHHEM JIHCKpPETHOH mepenaur uHGopmauun or TA u
TV x ycrpoficTBam 3aiHThl, BHeAPEHUEM MHKPOTIPOLECCOPHOIL
TEXHHKH (IPOTPaMMHBIX 3alLIHT) HavaJoCh NPHUMeHeHHe B mpe-
JieJ1ax 3JEeKTPOYCTAHOBOK CHeUHAJbHBIX OITHKO-BOJOKOHHBIX
KabeJef, XOpOIIO H3BECTHBIX B TEXHHKe CBA3H (CM., HalpHMep,
[53]). Takue kaGenu c ycmexoM MOTYT NPHMEHATHCA B BH/E
KaHaJOB CBSI3H M A1 NPOJAOJBHBIX 3aLIUT JHHHH OrpaHuueH-
HOH IJIHNHMI, - :

Kahanu C BCNIOMOrarteJibHBIMH IIPOBORAMM. B kauyecTBe Becmomorarelib-
HHX ODOBOAOB AJsA NPOJAOJAbHBIX 3aUIHT NUHHR OBBIUHO HCNOAB3YIOTCA KHJbI
6ponnpoBanKoro xaeas HAH MHOTOMHABHOIO.CMenHanbioro xabens {cay-
4}Kau1ero O/THOBDEMEHHO AJAfA CHCTEeMHOH TeJeMeXaHHKH H CBﬂSH), NpOKJaabi-
Baemoro B semie. [IpHMeHeHHe NpoBOAOB, NOABEUIEHHHX Ha omopax BJI
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cpaa HAM JaXe Ha OTACIBHBIX ONOPAax, AAf OCHOBHbIX 3ALUMT CUHTAETCH
geieieco0BpA3HbIM, TAK KAaK STH NPOBOA HMEIOT HANEKHOCTL BO MHOrO
23 MeHBLIYIO, UeM y 3aillullaeMux nuHH{L. IJO TeM e npuuuHaMm OBHuHO
He TpPHMEHTIOT MHJbL Kabeaell oOuIeH CBA3H, CBﬂaub B IIpeaesax MNOACTaH-
(ifi BHUTOJIHAETCA N0 KHAAM KOHTDOAbHLIX Kalemei. Tlo BcroMoraTeAbHBIM
npoBoAaM nepenata HHGODMAIHH NPOH3BOJHTCS HA NepeMeHHOM TOKe npo-
MBbILIJIEHHOR UYaCTOTHI (60 T'm), nmocTositHHOM TOKe HAH, DeAKO, TOKax To-
gaNbHEIX 9acTOT.

B 430MHPOBAHHBIX OT 3€MJH XHJaaxX Kabejaed ApOAOABHHIX 3aIUHT MO-
ryT BOSHHKATh NePeHalpPSKeHHs. DTH nepeHanpsiKeHHs] ONpeesioTcs ABY-
M5 OCHOBHHIMH (PaKTODaMHu:

3JIC pausHuA, HaBeJeHHBIMH B kHaax xaleisa 3a CUET B3aMMOHHAYK-
LHH MEXay 3THM KaOeseM, NDOJNIOXEHHbIM B 3emJe BAOIb TPACCH 3ALIHILA-
emofi auuHH, 4 camol jurueli. dth DI C, obycaOBNEHHble TOKAMH HYJ/EBOH
NocnenO0BaTeNbHOCTH, BO3HUKa0T npH K3 Ha 3emmo;

HanpsKeHHeM Ha 3a3eMAMIONIEM KOHTYype 3JIEKTPOYyCTaHOBOK, N0 KOTO-
poMy TpH Yxa3aHHBIX K3 NpOXOAAT TOKH HyJleBo#f NOCAEAOBATEJbHOCTH; 3TO
HanupsKeHHe NepenaeTcsi NpoBoAfANlel o0onouxe Kabens (CBHHIOBOH, 6po-
HHPOBaHHOMN), HeMOCPEACTBEHHO COeJHHEHHON ¢ YKa3aHHBIM KOHTYpOM. 3a
cYeT eMKOCTHOH CBSI3H MeXJy ODOJOUKON M XKHAAMH H APYTHX (haxTopoB
BO3HHKAeT HAMNpsIKeHHe H Ha XHJaaX. DTO sIBACHHMEe NDHHATO HA3bIBATH «Bbl-
HOCOM IIOTEHIHAJIA 333eMJ/ICHHS 3JeKTPOYCTAHOBKHY.

PesyabTupyloiiee 3HaYeHHe BO3MOMKHOIO IeDeHANpSKEHHs Ompeesi-
€TCs1 reOMeTDHYECKOH CYMMOil paccMOTDeHHBIX caaramomMx, C 3THMH .Tepe-
HanpsUKeHHsAMH [OPHXOAHMTCA CYMTATLCA TaKMKe B yCTPOHCTBAX Nepejayd OT-
KMOYAIOIKHX CHIHaA0B. Hcnonb3oBaHue paspsAfHHKOB AJs 3alIHT OT ITHX
fepeHanpsixeHuft HeueaecooOpa3Ho, Tax Kak HapyIlago Obl KaHald CBs3H
8 MOMeHT Bo3KRHXHoBeHHs K3 B 3amumaemoit cucteme. IlosToMy npuHHMAa-
0OTCs CnelHaJbHbIe MeDbl /sl CHHXKEHHs1 NepeHanpsuKkeHHN. [as cHuxeHds,
HanpHMmep, nepeHanpskeduf, obycaosiennsix DJC Bausnusa, kabeap yaa-
JIAKT HZ AOCTAaTOYHOE pacCTosiHue OoT Tpacchi sammuaeMoﬁ JHHHH. 3Hauu-
TeNBHO C/0XKHee APeAOTBpAILAeTcH BJHSHHE, ONpelesieMoe BbIHOCOM NOTEH-
uuana, PexoMeHpalluH 1[0 3TOMY BONPOCY MOXHO DaccMaTpPHBATh Kax
HaxoisilHecsl B CTa/JiHH paspaboTox, PaccMOTpeHHble NEpeHANpPSIMEHHS cle-
JAyeT TaxkKe YYHTHIBATb NPH BbIGODe H3OAsNMH annaparypsl H BHIIOJAHEHH:
YCTPOHCTB, KOHTPOARPYIOIHX HCIPABHOCTb KHJ Kabenell.

OnTHKO-BOIOKOHHbIE KaHaabl. OCHOBHOM vacTbi0 ITHX KaHAJOB ABASA-
€TCA-ONTHYeCKHH CBETOBOJ, TMPEACTABAAIONIHA cOO0H BOAOKHO H3 KBapUEBOTO
CTeKJa ¢ fepeMeHHBIM [0Ka3aTeseM npeaomaends. OnTHyeckufi ayu pac-
NDOCTPAHACTCS MO CTEKAOBOJNOKHY, MHOTOKDAaTHO OTPaMasch OT BHYTDEH-
Helt rpaHH cTekoa. CTeKAOBOJAOKHO MOMHO YKJAAfblBaTb DSAOM B JKT'YTH,
TaK, KaK lepexo/Hble 3aTyXaHHs MeXJAy HHMH OdeHb BeaHk#. Takum o6pa-
30M, cofpaHHble B KryT CBETOBOAB N€PEfA0T JyYd HE3aBHCHMO JPYyr OT
apyra. CHapyXH pacmojaraeTCs 3alllHTHas nJaacTMaccoBasi 000A0YKa 4,
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B cllyyae HeoGXORHMOCTH, GpOHeBOR MOKPOB. Tako#l cBeTOBOA (ONTHKO-BOJO~
KOHHBIH KabeJb) MOXKHO, KaK H OOBYHHH Kabenb, npokKNajbBaTbh B 3eMJe
HJI4 NojBellHBaTh (Hanpumep, aisi coepHuenHss TA Ha AoTeHuHase NPOBO-
A BLICOKOIO HANPSIKEHHs ¢ YyCTPOHCTBOM Ha MNOTeHUHAJse 3EMJH).

CTpyKTypHas CXeMa ONTHKO-BOJIOKOHHOTO KaHaja B 1le]loM ApHBeaeHa
Ha puc. 1.11. Ona BrJOYaeT KpoMe onTuueckoro cserosoga OCB siektpo-
onTHyecKuii nepepatusik IO ¥ ONTHKO-3MeKTpHUecKHft mpHemuuk O3I1.
OcuoBubiM a1eMenToM JOIT sBjisieTcsi CBeTOAHOA HJAH [OMYNPOBOLHUKOBHI
aazep. Hacto npeanounraerca nocjaeannft. O¥ ynpaBisieTCs 3JEKTPHUECKHMH
CHTHANaMi H CO37aeT COOTBETCTBYIOLIHE WM CBeTOBble CHTHaJ. OCHOBHEIM
anementoM O3] sBasercsi 06bYHO GOTOAHOA, KOTOPHIE CO3AaeT S/EKTpU-
YeckHe CHrHasbl, nopobuble nepeganuolM OCB CBeTOBBIM, T.€. BOCCTAHAB-
JIHBaer curHagel, nocrynatomte na J0I1.

nepeé’adaenbl& fipuruMaemsiu
snexmpuveckud ace FneKmpuyecKud
cuznan

uzran

sar AVAVAVAV A 2

Puc. 1.11. OnTHKO-BOJOKOHHBIHA KaHad

OnTHKO-BOJOKOHHble KaHAa/Mbl HMEIOT PAX NPeHMYyLIECTB [0 CPaBUEHHIO
¢ JADYTHMH MpOBOAHBIMH KasalaMH: BHICOKYI0 TNIOMeXOyCTOHWHBOCTH OT
BHEIIHHX H BHYTPeHHHX HCTOYHHKOB, MaJNyl0 MaTepHaJO0eMKOCTh H GoabIlyio
3JACTHYHOCTh, BO3MOXKHOCTb Nepepayn Ooasmoro ofbeMa HHpopMauHu, B
HHX He BO3HHKaeT npoljeM BHHOCA NOTEHUHANA. .

BbicoKOYacTOTHble KaHajbl, Kak NpaBHNO, OHH BHINOJHAIOTCA C HE-
NOJb30BAHHEM TPOBOAOB 3alUHIAaeMbIX JHUHA. JInA BHMNOJMEeHHs nepexaus
N0 KaHaJly NIPOH3BOAMTCsi BhICoKowacToTHas (BY) obpabGorka mnposoaos
¢as, 3aknouaomaics B YCTAHOBKe 10 KOMUAM 3allMIIAEMOro ydacTKa 3a-
tpaguTeNefl H KOHAEHCATOPOB cBa3H. HauMeHsllee KONHUeCTBO annapaTyphi
Tpebyerca ans o6paboTku no cxeMe dasa — 3eMad, KoTOpas B Halledt cTpa-
¥e Bcerna NpuMenfletcsi Anf peJefinoit samutet [28]. Ilpusumnmanenas
cxema BY rauana no cxeMe ¢asa — 3emas npuBeseHa sia pHc. 1.12. Kanaa
COCTOHT H3 CJAEAYIOUIMX 3JeMEHTOB: NPOBOAOB (a3 NHMHM, 3arpajHTeneil 3’
u 37, Kounencaropos cessu 4’ u 47, saWlHTHLIX ycTpofcts & B §7, dunwr-
poB mpucoeannenns 6’ u 67, BU xabered 7’ m 77, npremonepeaaTYHKOB
8" ué8". .

B nepepaue BU curuanoB yuacTByioT Bce TpH (asbl JHHHH, Raxe eCJaH
06paBoTaHHOil sABAsSETCH TOMLKO OfHAa H3 HHX. 3arpagHTeNH NPendTcTBYIOT
pacnpocTpanensto sHeprun BY curnanos 3a npefessbl 3alHINaeMOro ydacT-
ka. B xrauectBe KOHaeHcaTopoB cBs3H NpH Uwowz=2500 KB Hcmons3yorcs

46

eMKOCTHbIE JEJHTEJH panpAxeHHs TpaHcpopMaTOpOB HanpaXeHHs écm.
ra: 3). @uabTp ApHCOe HHEHH A comxecruo ¢ KOHJEHCAaTOpOM CBSIsl;I obpa-
3yeT 10710C0BOi (DHALTP, MPONYCKAIONHH TONBLKO TOKH HeoOXOAHMOH 10JO-
¢y HACTOT. BHICOKOYACTOTHBIE KabeJd COenUHAIOT unpueMonepenaanx c
GuABTPOM npHCOEAMHEHHS. Ouu npeacTaBisior coboil ORHONKH/bHEIE Kg;
LleHTpHIECKHE SKPAHHPOBAHHDIE kabend € MadblM 3aTyxaHHeM s
cHrHanoB ([pHMEHSIOTCH KOpReJbHble HaId panuoxaﬁenﬂn). TIpuemonepenat-
quKH TeHepupyioT U IPHHHMAKOT CUTHAJD TOKOB BBICOKOH 4YaCTOTHL. l:Iepeaar-
gukH AycxapTcs B pabory H OCTAHABJHBAIOTCS CHTHAJdaMy pelefiHof ya-
cru samuT. CHruajbl, noayiaemble #a BbIXOAE NpUEMHHKOB, BBOAATCA B
peaeiiHple 1acTH 3alUT AJS HX TPaBUJIBHOrO ¢ yHKIHOHHPOBAHHS.

" 14
a1’ Ta2' TA2" Q1

o0 Tt

5’ gl gl 5"
6/ 6//
= 8/ 8” =

Puc. 1.12. Mpunnunnansaas cxema BY xanana no cxeme daza—3aemnd

TpeGoBauus, NpepbsBiseMble K BY xanaiy yc/i0BHAMH paboTs mpo-
JONbHBIX 3ALIAT, MPHHIMAHANBHO MOryT ObiTb yAOBJETBOPEHB NPH pabote
NepeaTUHKOB OOEHX CTOPOH JHHWH Ha OAHOH 4acTOTE. OpHaKo B HEKOTO-
PhiX CayYasix NpH 5TOM BO3HHKAIOT 3aTPYAHEHHT [28]. ITosToMy B oTeyect-
BemHOji NpaKTHKe HCNOAB3yeTcs HebOabllOe pasHeceHHe qacTor (no 1,5
k) — Tak Ha3blBaeMble COMHKeHHble HACTOTHl B NpeaeIax obwed IjOﬂOCbI
NpONyCcKAHHA, NIPeANOKEHHOe B CBOE BPEMS OTEHECTBEHHLIMH H KHTAHCKHMA
crnequanncramy. Jag BU kananos penefinoil 3alluThl B ofuiem caydyae MO-
TYT WCMO/B30BATHCS YACTOTH! B fpepesax 40—500 xT'm,

Ons nonyueHHAss Heo6XORWMOro CHrHaJja BO BCEX pabounx pexuMax
BY KaHana nepefaTUHKH JOIKHBI ofecrneunBaTh HeoOXOAHMMBIH 3afac 1o
nepexpuBaeMoMy 3aTyxauwio. (Ocobesno cunbHble 3aTyXaHHs BO3HHKAIOT
NpH OCAaXAEHHH HA NPOBOAAX JHHHA TrOJ0JeAd, H3MOPO3H HIH  MOKPOro
CHera BCNEACTBHE AH3JEKTPHYECKHX [OTEPL B CJ0O€ MOKPHITHA. IlpH cHJIBbABIX
TOJONERAX 3T 3aTyXAHHS MOTYT (B DPEeRKHX cayyasix) RaxXe npesocxonmob
ZOMyCTHMbIE 3HAUEHHS!, H JII HEKOTOPHIX THIOB 3AUIAT (cesieKTHBHOCTE JAefi-
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CTBHA KOTOpbiXx mpH BHemHHXx K3 obecmeynBaercsi BY curHanamu) BCcTaer
BOMPOC O BbIBEJEHHH HX TIPH 3ToM H3 pafoThl. OUeHb BaXHBIM HBJAETCH
yueT pasHoro poja nomex. Ilpu ux orcyrersun BY npuemuuk wMor 6
HMETb MOYTH HEOrPAaHHYEHHO BHICOKYIO WYBCTBHTEJbHOCTb H CHIHAJLI MOTJH
6bt mepejaBaThCA Ha BecbMa GoJiblIHe PacCTOSiHHA. 3HauHTeJbHBIE yDOBeHL
noMex B BU xamanax ompepensercs riaBHbIM 0Gpa3oM BLICOKHM HampsXe-
HHeM TPOBOAOB 3allHiIaeMblX JHHHH ceTH. OHo 0GyC/IOBJHBaeT MOMEXH OT
KODOHHPOBAHHs TPOBOAOB, oT Ayr nmpH K3, npH omepamusx ¢ BHKJAIOYaTe-
J5IMH, pasbeJHHHTeNAMH H Ap. KpoMe TOro, HMeWOTCs NOMEXH OT COCemHHX
BY xananos, paguocTanmui, atMocdepHelx paspaaos. Orcrpoiika oT momex
CO CTOPOHbHI 3auiHliaeMOH CeTH OCyuiecTB/sercss BHIGOPOM NOpOra UyBCTBH-
TeabHocTH BY npueMHHka H olecneuendeM MHHHMaJbHO JONYCTHMOTLO
YPOBHA NpPHHHMaeMblX MM CHrHanoB. OTCTpoO#iKa OT NOMexX €O CTOPOHHI CO-
ceninx BY kanasoB u pagHocTaHUH OGecreyHBaeTCs COOTBETCTBYIOLIHM
BEIGopOM pafoueil MOJOCH 4acTOT, B KOTOPOH MOMEXH OT KaHalOB C APYIH-
MH yacToTaMu Gblad G 10CTaTOuHO MaJdbl. B coBpeMeHHOHW anmapaType
TeXHHKH CBsA3H Bcerfga HCIOJb3yeTCst KBapleBas CTAGHAM3AalHA CHTHAJOB
NepeaaTYHKOB, 4TO ofecneuHBaeT BLICOKYIO CTaGHABHOCTL 4aCTOTH KaHaJoB.

Opuum u3 Henocratkos BU kanasa siBasieTcs ero HapylleHHe HA yqact-
ke ¢ K3. OcoGeHHO HeHajeXHO, ¢ O4YeHb GOJbIIHM 3aTyXaHHEM MPOXOIHT
CUTHAJ Yepe3 MeCTO TpexhasHoro K3 Ha 3emii0; OH CyLuecTBEHHO 3aTyXaeT
H npu ofnopasHoM K3 Ha obpaGoraHHoii ¢ase BO6AM3H KOHLa JHHHI, DTo
NPHXOAHTCA YYHTHBATb IPH BHIIOJHeHHH 3au(HT ¢ BY xananamu.

Ilepsnie BY npueMonepepaTuuku Ias 3awuTH B CoBerckoM Corose
Gbiu paspaGoTaunl H Beimymlens B 30-x rogax naopatopuedt um. A. A. Cmy-
posa. [locaenyionne, Gonee cosepilleHHBle OTeueCTBEHHBe TpHEMOTEpejaT-
YHKH paspabatnBanuch Bo BHHU3 (T. B. Muxyuxum),

Papuoxanans!. Ilpocrefimuii pajuokaHal, NpHMeusieMblfi AJs JHHHRA
HeGonbIloA AMHHBL, cocToHT (pHc. 1.13) u3 mpueMomepeparuuko 3° u 37,
nunnf 47 u 47, nanpaBaeHHHX aHTeHH 5' M 5” M NPOCTPAaHCTBAa MeXAy MO-
clepnumH. PaauvoKananm GOJBbHION MPOTAMEHHOCTH BHINOJMHSIOTCA PajHO-
pesieHHHIMH JIHHHSIMH; MOCJEAHHe HHKAKHX pellefiHBIX CBOACTB He HMEIOT H
OTJIHYAIOTCA OT KAHAJNOB MaJjiofi MPOTAXKEHHOCTH HaJHYHEM NPOMEXYTOUHHX
npHeMONlepeAIOIINX PANHOCTAHUHA, KOTOpble YCHJHBAIOT paf{HOCHTHAJHL.

Panuokanamu paGoraior Ha yabTpaxopoTkHx BosHax (YKB). Ipea-
TOYTeHHE OTHAeTCA JeUHMETPOBHM ¥ CaHTHMETPOBHIM BojiHaM. OuM, Kak

Q1" a2’ 742" Q1"
W o o N P’
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Puc. 1.13. Ipunnunuansias cxema npocrefinero pajHoKanana
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cTpaHAIOTCA B HelmocPeACTBeHHOH OAH30CTH OT TOBEPXHO-
paCHPOqTE pe oruGaloT BHIIYKJOCTed ee NOBEPXHOCTH. TTostomy
AuHa TpOCTEHLIMX PAAHOKAHANOB (puc. 1.13) orpaHuuH-
aMH OPAMON BHAHMOCTH MeXJy aHTeHHaMH
croioxenns 40-—60 kM.

npaﬂﬂﬂo»
crn seman H O

pHAA A
MaxcHMal
paercst, rpyfo rosopd, npeaed " pa
a p q’Ho ye TIpEBOCXOAHT AaXE IpH HX BHICOKOM P . vk 40
HO Hﬁo.nbﬂmx paccTOAHHAX NepeXOAAT HAa pajHOpeleHHble .
ITpn

0612CTH NPHMEHEHHS PA3JIHIHBIX KaHanoB cBA3H. [l CBH:
ee1ax 3JEKTPHUECKHX YCTAaHOBOK (craHuMi, MOA
B KO HMCIOJb3YITCSI BCIOMOTATe/JbHbE TNPOBOAA,
e B BHje KOHTpoOJbHBIX KaGesell. Ouu B CJy-
c0GXONNMOCTH TPHMEHSIOTCA  TaKKe AJs NPOLOJBLHBIX
o WuHil BHICOKOTO HAnpsiKeHHs AJHHOH 0 HECKOJbKHX
sa ? oB. OCHOBHBIMH ‘HEJOCTaTKaMH NPOBOJHOTO KaHa/ja
Klmox)icg' Goupllle 3aTpaThl Ha NPOBOAA W HX NPOKJIANKY,
ﬁggﬁopunéﬂanbﬂme AJIHHe KaHajia; BO3MOKHOCTD Hapymeugz
B CcBsi3M C NIPOKJAAIKOM N0 HEOXPAHAEMOH TeppPHTODHH, Korglp e
MoryT MPHBOJHMTH K NPOJOIIKHTENbHOMY BBIXOLY 3aLIUT s
pabOTH H OTKa3aM B QYHKUMOHWPOBAHHH (npu HeCOBepmemcle
Be YCTPOHCTB KOHTPOJS), H PAA APYTHX, NepeynCIIeHHbIX Bb6 :
3HaunTeJbHBIMH NpEHMyllecTBaMH B psle caydyaeB o0.Ja
Q0T ONTHKO-BOJIOKOHHLIE KaHAJbI, BRIMOIHIEMbIE 06GbIYHO B BH-
ne kabeJeil, TOITOMY OHH HAYWHAIOT NOJyyaTh LIHPOKOE HpH-
MeHeHHe B TeXHHKe pejlefiHOH 3aILUTHl KaK 3/1eKTPOyCTAHOBOK,
TaK ¥ JHHUH OTHOCHTENbHO HeGOJ/LIION NPOTSXKEeHHOCTH.

Ilast JuHHA JJMHOH, NPEBOCXOJslle HeCKOAbKO KHIOMET-
pOB, 110 T€XHHKO-9KOHOMHYECKHM HOKA3aTelsIM GoJiee Leneco-
oGpasno npumenenue BU Kamanos. Papnoxanassl, 0cofeHHO
pajHope/eliHble JHHHH, B KaueCcTBe OCHOBHHIX KaHAJOB CBA3H
3alUT NOKA B OTeyeCTBEHHOH INpaKTHKe MOYTH He HAXOMAT
[IpPHMEHEHWs!, XOTsi H HMelOT Pl NpeHMyllecTB (CM. [10]).

3ed )
craHuuit) WHPO
ocyLLeCTBJISIEMEl

1.4. METOABI ¥ NOAXOAb, MPUMEHSEMBIE K AHATIU3Y,
CMHTE3Y 3ALUMT M BbIBOPY MX NAPAMETPOB
CPABATHIBAHUS

B Texnuke pesefinofl 3alUMTH, BeCbMa MHOTOrpanHol 1o
CBOeMy CoAep)KaHHIO, HO CHOPMHPOBABIUEHCS BO BIOJiE ON-
pelefleHHYI0 Hay4HO-TEXHHYECKYI0 06J1acTb 3HAHKH, HCTOJbB3Y-
eTCsl PNl M3BECTHBIX METOJOB H MaTeMaTHyeCKHX IpHEMOB.
Heobxoanmo NoJAYepKHYTh, 4TO 3alayd BBINOJHEHHS 3aUIHTHI
N0 CymecTBy o6bluHO MHOTOKpHTepHAJbHBL, TaK Kak MpH BHI-
6OPe HauJyyUIHX BapHAHTOB NPHXOAMTCS YUYHTHIBATD Pa3JIHY-
Hble npelbsBiasemMble K Helt TpeboBanus, cpeld KOTOPBIX 4ac-
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TO HMEIOTCS H NMPOTHBOpeyarine Apyr apyry. OaHako Ha npak-
THKe 06BIY4HO CBOAST pelleHHe 3ajad K OAHOKPHUTEPHAbHHIM.
Be/NH4HHBI, C KOTOPBIMH ONEPHPYIOT B 3alllHTe, SABJAKTCA,
KaK NpaBHJO, CIy4adHHIMH (TOKaMH HAarpyskH B pabouHx H
NepexoAHbIX peXHMaX, TOKaMH K3, morpeulHOCTSIMH OpraHoB
3aUIMTHl H T.4.), [103TOMYy NPHHUMOHAALHO MOrJM OB AOCTa-
TOYHO [IHPOKO HCIOJIb30BATHCA MOJIOKEHHS TEODHH BEPOSITHO-
ctu. Takoil moaxon 6v1 BuepBhie npeanoxed K. I0. Méare-
pom (TannHHHCKHI NOJHTEXHHYECKHH HHCTHTYT) eille B 60-e
rogsl. B pajbHefiieM OH OB HECKOJABKO pa3BHT B paborax
psZa APYrHX OTeyecTBeHHBIX opraHu3auui. OgHaxo OH NOKa
UIHPOKOTO PAacnpoCTPaHeHHS Ha NPaKTHKe HEe NOJYYHJIL

Huxe, Kak npasuso, 6yger HCNOMb30BAThCsA GoJiee MPOCTOH
JJISl PAcueTOB AETEPMHHHCTHYECKHH MOAXOJ, B KOTOPOM BBHI-
60p mapaMeTpoB OCYIIECTBJSAIOT, HCXOAS H3 CAyyaes, CYMTAIO-
HNIMXCH «HAHXYALHMH», ¢ Y4YeTOM 35JieMeHTOB BepOSTHOCTHOH
oueHkH. [locienHee ocyuiecTsasercs BBedeHHeM HOpMHpye-
MBIX KO3(@HUHEHTOB OTCTPOHAKH, YyBCTBHTEILHOCTH, COIJIAco-
BaHHs, BbIGHpaeMbIX Ha OCHOBAHHH MHOTOJIETHHX CTATHCTHYEC-
KHX AaHHBIX, McKk/loyeHHe MOKa COCTABMASIOT, HalpHMep, Teo-
pHs HAZEXHOCTH 3allHT H NOAXOA K BBHIGOPY BhlAEpKEK
BpEMEeHH 3aLIUT C OTHOCHTeJbHOH CeJIeKTHBHOCTBIO, PACCMOT-
PeHHBIH HHXKe. '

[Ipu cTyneHYaTBIX XapaKTePHCTHKaX ITHX BblAepXkeK Bpe-
MeHH, HanpuMep, 11] cTyneHb n-3allHTHl HMe€eT BBIJEPXKKY Bpe-
Menu 111 >¢11  Bri6upaemas pasocts 111 —¢[I1, =At,, kax
yKa3blBaJoch Bbllle, HA3LIBAGTCS CTYNEHbIO 8bI0EPIHKU 8peMe-
Hu. Tlpn BeGope Af yuHTHIBAIOTCA Clejyiomiue Tpe6OBaHHA:
OHa A0JXKHa ObITh MHHUMAJBHO JONYCTHMOH AJISl yMeHbIUIEHHSA
YpPOBHSI BbiaepXeK BPEeMEHH 3allHT B CHCTeMe M ObIThb TaKoil,
yToGBl MOBpeXAeHHe Ha mpeibiaymeM, (n—I1)-M yuyacTke ofT-
KJI04aloch panblie, 4yeM cpaboTaeT 3amura IOC/edyOLIEro,
7-r0 yyacTKa. YUHUThIBas 3TO, CTyNeHb Af IPH AeTePMHHHCTH-
geckoM noaxoge Gbino nmpeasnoxeHo B 30-x rogax [1] Bui6H-
paTth IO BHIpAXKEHHIO

Atn = ts(n——l) _I“ Z(n (n—1) + tnn + tHn + Zlsam' (112)

B 370 BolpaxeHHe BXOAAT: BpeMs ACHCTBHS fp(n—1) BHIKJIIO-
yaTtesns npeAmjgywero, (n—1)-ro ysactka (BpeMmsi OT mojauu
CHrHasma Ha OTKA4YeHHe B0 paspniBa Toka K3); cymma abco-
JIOTHHIX 3HAYE€HHH MaKCHMaJbHOH MOJIOXKUTENbHOH MOrperlHo-
CTH In(n—1) MpeAbiAyllell 3anMTH, KOTOpasl 3aTArHBaeT OTKJK-
YyeHHe, i MaKCHMaAbHON OTPHUATENBbHONH NOrPEIIHOCTH fnn AAH-
HOff n-3alIHTHI, KOTOPas MOXKeT NPHBECTH K NpeXJeBPeMeHHO-
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My H3JHIIHEMY ee cpabaTbiBaHUIO; BpeMsl HHEPLHOHHOH 01110116’-
i fnn AQHHON 3AIHTH, YYHTHBAKOUlee BOSMOMHOCTL ACHCT-
gus OpraHoB 3TOH 3aUIMTHL yKe Nocje OTKIIOYeHHH BHeLIHero
K3, 1 HeKOTOpbIH 3anac 3an. .

Bpemsi NEHCTBHA BHIKJIiouaTeneh KoJMe6ercss B IIHPOKHX
npefetax: NPHMEPHO 0,04—0,3 c. MakcHMaJjibHblEe NOrpeliHo-
cTH BTOPHUHBIX 3alMT C HE3aBHCHMBLIMH XapaKTEpHCTHKAMH
o6biuHo He mpeBoexoaaT == (0,05—0,1) ¢, cocrasasis nOJOBH-
Hy rapaHTHPYEMOrO 3aBOAAMH BDEMEAL pasbpoca tpass. Uuep-
J[HOHHBIE OIIHOKH 1JIsl 3THX 3alHT GJH3KH K HYJIO. Tlosromy
Af anisl yKa3aHHBIX 3alUMT He JOJIKHA NpeBHLIaTh 0,2—0,6 ¢
TIpu HCIOJIb3OBAHHH MeHee TOUHBIX 3AULHT, & TaKXKe 3allUT C
3aBHCHMBIMH XapakTepHCTHKaMH Af HHOrAa NOCTHTaer 0,8—1c.

B Boipaxenud (1.12) sipko nposBasieTCs AeTEPMHHHCTHUEC-
Kufi MOAXOA K OMNpejeseHUIo — IPHHHMaeTcss MaJloBeposiTHOE
«HAHXyAlIee» COYeTaHHe TNOTPEIHOCTeH CMeXHBIX 3allHT, B
0cOGCHHOCTH KOTAa CYHTAETCs, 4TO OHH ONPEREJAITCA TOJBKO
pasGpocoM (OT YCTAHOBJEHHOro BpeMeHH cpabGarTbBaHHfA),
NpeNCTAB/ISIOWHM CO60H THIHYHYIO BEPOSTHOCTHYIO BEIHUHHY.

B ofuieM cayuae MOTPEUIHOCTH ONpeaensioTCs TaKxXe pa-
60TOl 32T B PasHBIX TeMNEPATypHHIX YCJOBHSAX H T.I. YuH-
THBAS BJHSIHHE 3THX CJAraioUlHX [OTPEUHOCTeH H fun B faan,
NPHHHMAsi HOpMaJbHbIH 3aKOH pacmpe/ieleHHs! 11f fx OT pas-
6poca H MCIONb3ysl MPABHJIO TPeX CHIM (CM., HalpHMED, [16}),
MOXKHO HONYUYHTH A5 Af crefyiollee BblpaKeHHe:

Atn = ta(n——-l) + Vtgt(n—l) + t?m + taan' (113)

Tpu BHGOpe Af, Takum cnocoGom obecnednBaercs pabora
3aIHUT C OYeHb GOJBUION BepPOATHOCTBIO P €€ OTCTPOCHHOCTH
or BHewlgHx K3 (p=~0,999) u nmeercsi BO3MOXKHOCTb CHHXKE-
Hus Af, HanpuMep NpH  fu(n—1)=fun==0,5¢pa3c NpHMEPHO HA
O,Btpasﬁ.

IlanbHeliilee NMOBHIIEHHe TOYHOCTH MO BPeMEHH paboOTH
OpraHOB, yMeHblIeHHe BPEMEHH OTKJIOUeHHA BHKJIOYaTeneH,
a TaKXe pacCMOTpEHHHIH NMPOrpecCHBHEIN BEPOSTHOCTHBIH NOA-
XOH K omnpejeseHHio Af MOryT CyleCTBEHHO BJMSITbL Ha CHHXKe-
HHe ypOBHS BhIAepPXEK BPEMEHH 3aLIMT C OTHOCHTENbHOH Ce-
JIEKTHBHOCTBIO B CHCTEME,

1.5. HEKOTOPBIE OBLUME COOTHOLLUEHMA SNEKTPUUECKUX
BEJIMUMH, UCTIONLIYEMBIE B 3ALLIMTE -

Moaoxkurenbhbie HanpasjeHHs. [IpH HamHCAHHH COOTHO-
LIeHHH MeXJy CHHYCOHAA/JbHBIMH 3JEeKTPHYECKHMH BeJTHYHHA-
MH KaK JJ5l MCHOBEHHBIX, TaK H JJIS aMIVIHTYAHBIX HX 3Hade-
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HHl CJleflyeT 3a/1aBaTthCs MOJOXKHTEJIbHBIMH HanpaBJeHHAMH
BeJIHYHH. DTO BAXKHOE IOJIOXKEHHE NOAYEPKHBANOCh B TEXHHKe
peJlefiHof 3alluTLl, HauyuHaa eme ¢ Hayaaa 30-x romos [4].
[MonoxurenpHble HaNpaBJIeHHs: MOXKHO, BOOGIIe IoOBOpsi, BHOH-
patb npousBoabHo. OfHAKO B 3/eKTPOTEXHHKe JAJA MHOTHX
C/lyyaes peKOMeHIYIOTCA onpejesieHHble I0J0XKHTe/NbHEE HA-
npasJieHnst, GOJIBIIHHCTBO KOTOPHIX IIHPOKO HCMOJb3YETCsA H B
TeXHHKe pe/iellHOH 3aLUTHI:

Huxe paccmarpHBaloTCst HEKOTOpPbIE CJAYYaH MPHHUMAaeMBbIX
YCJIOBHEIX TOJIOKUTENbHBIX HAllpaBJIeHH I,

Ha puc. 1.14, a noxasan naeanbubiii ucrounuk dJC, cuny-
CONA/JbHOTO TepeMeHHOTo TOKa, KOTOphlH H3o6paxaercs
KPyXKKOM co crpeakoli BHyTpu. K ero 3axumam I u 2 npuco-

Puc. 1.14. DilexTpudecKas uellb ¢ HAeasbHHM HcTousukoM DJC u sexTop-
Has JHarpaMma 3JeKTPHYeCKHX BEJHYHH

e/lHeHa HAarpyska, XapakrepuayeMas HUHAYKTHBHOCTBIO L H
axkTuBHBIM conmpotuBieHneM R. Crpeaka E BHYTpH KpyXKKa HC-
roynuka I C e(f) yxasniBaeT ee MOJIOXKHTENbHOe HampasJe-
Hue. Qna toka i(t), I u Hanpskenus u(t), U na 3axumax Hc-

TOYHHKA, PABHOTO MAajeHHI0 HANDSXKEHHS B HATPy3Ke, NPHHS-
Thl OGBIYHO HCHOJNb3yeMble MOJOXKHTENbHbIE HANpaBJeHHUs.
Torga u(f)=e(t) u na BekropHOil quarpamMme (puc. 1.14,6)
Bektop U cosnazaer no ¢ase ¢ 3JIC E. INonoxurensHoe Ha-
upaBJieHHe HNajeHus Hanpsxeuus AU B Harpyske mpHHATO
coBnazaloWMM ¢ HanpasJ/eHueM Toka i(f), I. Ono (AU) pas-

#Ho U, coBnagaer ¢ HHM Mo a3e H omepexaer Tok [ Ha yron
g=arctg (owL/R).

Ha BexkTopHbIX AHarpaMMax yriabl MeXAy HaNpsiKeHHSMH
H COOTBETCTBYIOLIHMH MM TOKAMH B 3JEKTPHUYECKOH HenH 06blu-
HO OTCUHTLIBAIOTCA OT TOKA K HANpsKeHHIO B HANpaBJIeHUH
NPOTHB ABHXKEHHs YaCOBOH CTPE/KH; MPH 3TOM OHH CUHTAIOTCH
NOJIOXKUTEAbHBIMH. OfHAKO 3TH yIibl MOTYT OTCUUTHIBATLCSH H
B HANPAaBJIEHHH [BHXXEHHS 4acoBOK cTpedkH. B stom cayuae
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ol LOJIKHBI NPHHHEMATbCHA OTPHIATENLHBIMH. Takum O?paSOM,
yrol @ MeXJy ORHHMH H TEMH XKe BEKTOPAMH HANpPSKEHUS H
TOKa MOKeT HMeTb Ba 3HaueHHs (pHC. o1.15), cyMMa abcoJiioT-
HbIX 3HAUEHHIl KOTOpBIX cocraBasier 360°.

0
uy 2

() ety
pes ol

Puc. 1.16. HaeanbHblii HCTOYHHK
HanpsAKeHus

Puc. 1.15. dasnbie cOOTHOWEHHR
mexay Un 1

CJleflyeT OTMETHTb, YTO HHOTAA HCMO/bL3YETCH NOHATHE He
uerounuka JC, a uaea bHOro HCTOYHHKA HamNpAKeHHA u(t),
U (puc. 1.16). IIpn 370M BCe CKa3aHHOE BLIIIE OTHOCHTEJBHO

3IC e(t), E nolHOCTbIO OTHOCHTCA H K MOCHENHEMY.

Ha puc. 1.17, @ nokazana HHIAYKTHBHOCTb L, no XOTOpOK
npoxogut TOK i(f), I, HanpuMep, oT HACAJbHOr0 HCTOWHHKA

ToKa (M300paxaercst KPYKKOM C ABOHHON CTpesKOH, (PHKCH-

i(t);l-
i
! Iy ¥=ve Y
. u, (Y, ]
l.‘(t)):z: leL(t):EL I, 90° £ U 80
g o) g Y

Puc. 1.17. Henp ¢ npeanpHblM HCTOYHHKOM TOKa W BEKTOPHBIE JHarpaMmbl

pylomeil noJIoXKHuTeIbHOE Hanpas/aeHue toka). [Ipunateie no-
JNOoXHTebHble HampasieHus toka i(f), 1 najeHus Hampsxe-
HBUS B HHAYKTHBHOCTH 4r(f), QL u sBosnukawwmei 3C camo-
HHayKuHu er (), liL HanmpaBJeHbl OT 3aXKHMa 1 HCTOU‘«IHHKa K
3axuMy 2. Ha oCHOBaHWH 3aKOHA 3JE€KTPOMarHHTHOH HHAYK-
uuu ®apanes — Makcseiia C e =—d¥/dt. Ecau_moro-
Kocuensienne W nuHefiHO 3aBHCHT OT TOKa (¥=Li), 10 eL=
=—Ldifdt. C yyerom npasusa JleHia, BHpaxaioulero npuu-
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LHI SNEKTPOMATHHTHOH MHEPUHH, B BHIpaXKeHHU A e, CTOHT
SHaK MHHYC, IIOCKOJIbKY ee MOJIOXKHTeNbHOe HANpaBJeHHe OpH-
HSATO COBNAAalOMIHM C TOKOM I,

Ha BexropHo#i amarpamme (puc. 1.17,6) E. orcraer mo

dase or I na 90°% motoxocuemngenue W =wd (@ — uncsao Bur-
KOB MHAYKTHBHOCTH, ® — NOTOK), eC/H i H D CBA3AHL] npaBu-
JOM NPaBOro BHHTa, COBNAA4eT 1O hase ¢ Toxom /. Hanpsixe-
HHE U;==-—e€;, TaK KaK OHO [OJIKHO ypaBHOBEIIHBATEH er, no-
9TOMY Ha BEKTODHO# anarpamme U, CABHHYTO no OTHOIGHMIo
K E; Ha yron 180°. Heo6x0auM0 oTMerHTh, uro HHOrJZa (Ha-

TIPHMED, IPH MOCTPOCHHH BeKTODPHOH AHATpaMMbi mis TpaHc-
(popmatopoB TOKa, Kak 6bLI0 npeanokeHo B [4]) GuiBaer
YROGHO misi £ MPHUHSATH YCJIOBHOE MOJOMHTeAbHO® HalpasJe-

HHEe NpOTHBOMOJIOXHEM TOKY /. Toraa e.=-+ Ldi/dt n BexTop
E; nonxen 6nith H306paxeH Onepexalomum BekTopH [ u W
Ha 90° (puc. 1.17,8). Ecrecrsenno, npasuso Jlenua IIPH 3TOM
He Hapyuiaercs.

[puHunnuaneuo HHIYKTHBHOCTL L BHe 3aBHCHMOCTH oT
PHRMMACMEIX YCOBHBIX MOJIOXKHTEbHBIX HANpPABJICHH BCer-
Ad OCTARTCS BEJIHYHHON MOJIOXKHTENBHON; 3TO OTHOCHTCS Tak-
e H K NOHATHAM eMKocTH C U CONpOTHBJIeHHS R.

B ssuektporexuuxe, B ToM uHCie B TeXHHKe peJsleliHOH 3a-
LUHTDI, HCNOJIB3YIOTCS PAa3HOTO POAA CXeMBl 3aMelleHus.. Dty
CXEMLI PEACTABISAIOT TOJIBKO MaTeMATHIECKHE MOEIIH, OHCH-
Balolline onpelesielnble 3/1eKTPUYECKUe BJIHSIHHSA. B 3THX cxe-
MaxX HHOT1a NMOABJAIOTCS, HANMPHMeEp, <«OTPHLATEJbHbES HH-
AYKTHBHOCTH paccesnnsi. Mx caenyer, kxak u apyrue siemen-
TBl CXEMEI, OU@HHBATh TOJILKO KaK pacdeTHbie B€JIMYHHHI, He
Hapyluaromne NpUBENEHHHIX BhIIle NOJ0XKEHHIL,

Pasnbie H Mexayasnbie Hanpsikenus. [lasee pacemarpu-
BAalOTCA TpexdasHHe 3JeKTpHYeCKHe cuCTeMb. Ha puc. 1.18,a
YCJIOBHO noXas3aH Tpex(asHbIli WAEANbHHI HCTOYHHK E,, Es,

Ec, pa6orawomuii na Tpex¢asHylo Harpysky, COeIMHEeHHYI0 B

8BE€3ny, C CONpOTHB/ICHUAMHU a3 Za, Zz. Zo. Dasw usobpa- .

HEHHOH CHCTeMH CBSI3aHH BCEraa ¢ 3eMuef Yyepes mpakrtHyec-
KH OLHHAKOBbIe, XOTs, MOXeT GbiTb, H BECHMa Majible eMKOCTH
Co. ToatoMy meitTpanbhas touka COeIMHEHHHX B 3Be€31y HC-
TOYHHKOB dasubix DJIC okasniBaercs Kax 6pl <IPHBSA3aHHOH>
K 3eMsie 1 MMeeT NMOTeHuMasn NMpH npeHeGpexeHHH BHAHHeM
TapMOHHK, KDaTHHX TPeM, TOT K€, YTO H MOTeHHHAaJl 3eMJIH,
NpHHUMAaeMbIH PaBHBLIM HYJIIO.
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3pBaloT
TOUKE 4

Ha
meTpHY
cucTeMbl paccMaTpHBaeM

xenueM Upn B 37eKTPOTEXHHKE OU6I>I‘-[HO Ha-
¢ a3y N0 OTHOLIEHHIO K Hempamé}:lcl)wyz
wrasMs Had Harpysku. Ecau Harpyska Sunt-
CTOquig =Zc), TO B NPUHATOM pexuMe pabor
G aromac bx’e HalpsiKeHHs ONHHAKOBBL. Tlpu He-
ee HeliTpasibRas TO4YKa MoJjydaer mo

¢asupiM HAMps
panpsiKenHe

pHuHOfi HArpyske

o : cMellleHHe.
CHMMET JTDaZbHON TOYKe HCTOYHHKA
0 K HEeUTp
OTHOmeHH .
Zy U
Up=Us  |las Yn 28 v e Urg
Up=Up |Usc Zg U Up
B b
) 9

Puc. 1.18. HanpsxeHnusd B TpextasHoil cucTeMe

efiHOf 3aIUUTH NMOJA (ha3SHBHIMH HaNpsiKEeHHs-

B TexHHKe peJ eHHIO K 3eMJIe,

1

mi U MoHUMAlOT Hampsixenus $as mo OTHO IO S

a He K HeiiTpaipHuiM Toukam. Hanpsxenne Ue pBogmﬁmé-

0JbKO TIPH MOJIHOH CHMMETDHU CHCTEMBL. B myq?);ﬂocpasnoro

;ennsx noBpexfenuii Gas Ha 3eMiio (Hanpugzv;i;}){,oﬁ e

eMe C H30JUPO

HUSI Ha 3eMJIIO B CHCT firpadtsio

131?;;? 1.18, @) nampsxkenne Up MONRT Pe3KO OTIHY

aloTCs Ha-
Us . Huxe nox ¢GasHblMH HanpsiKeHHsMH [OHHM noren ne
F:;’:;(enm Us a3 mo OTHOLICHHIO K 3eMJE, o6o3nau

144 Uc.
orsercTBeHHO Ua, ys U e
[Tox Mexm_yq)asnmmn MOHUMAIOTCS pagnocmucoogxse HpZ{-
o — Ua—Us.
ouux (pasHbX HaNpsiKeHHH, HaNpUMEp ?[;:Blm; Han_pﬂmennﬁ
< Hele HanpabJeH :
eMple [IOJIOXKHTENb ARy
Z]:lr:x na puc. 1.18,a, cooTBercTBylOILAs UM :sKTIOIPS 6
rpaMMa AJs CHMMeTPHUYHOrO pexuMa — Ha pan.aH.HH,M _—
Onpenenesne JNEKTPHICCKHX BEJH'UHH n% 3 B ToR0
€ HCNOJb30BAHUEM MPHHUHNA HaJIO}KeHHﬂ.C e;% R s
% eHUusiX B CHCT
JKeHHUH NpH TIOBPEeN er pons.
1; Hfigffg IByMS cpnocoﬁaMH — HeﬂOCpeﬂCTBeHngg’Cr)Horﬁ o
BC,)IiLC reHepaTopoB HJH C HCIIOJIb30BaHUeM H3

{eHHS.
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TlpuHUHN HaNOXKeHHS NpPHMEHHM s JUHeHHHX uenel u
OOBIUHO peasH3yeTcs NMyTeM HAJNOXKEHHS Ha 3a/laHHEH DPEeKUM
paboTh CHCTEMBL NMOCNEAYIOLIET0 @8apULiH020 peKHMa.

TakuM 06pa3om, KOMIJIEKCHAsA 3JeKTpHUeCKas BeJHYHHA
NpH NMOBpeXAEHHH Fy siBasieTcss CymMo#t paboueli Fya.s ¥ aBa-

puitHoii Fap BeJMUHH, OTKy 2
F =F —F _. (1.14)

aB - K _ pa6

- I

B TexnHuke pesiefiHOH 3alLUTH HCHOJb3YIOTCA 06a paccMoT-
peHHHX NpHHUHNa. IIpHHUMI HaJOXKeHHs - 0Ka3hiBaeTCs 0CO-
6eHHO 3 eKTHBHBIM, Koria Tpebyercs onpejaeleHHe TOJLKO
QBapulinblx €AQ2QrOU{ULX TOKOB H HampsiKeHHII oGpaTHO# H Hy-
JIEBOH MOCJeA0BATENbHOCTEH, OGEIYHO NPAKTHYECKH OTCYTCTBY-
ouux B paloudx peXHMax, a HHOrZa M aBapHHHHEIX cJjaraio-
WHX NpsIMOA  TOCTen0BATENbHOCTH MJH TOJHBIX aBapHHHBIX®
CIaraouyuy, TaKKe OTCYTCTBYIOUUX B pabouHx pexuMax.
Ilpu mpocThiX BHAax TOBpEXKJAEHHH OHM HENOCPEACTBEHHO ON-
pelensioTcst o U3BeCTHOMY paboueMy HanpsKenuio (npu K3)

U paboueMy TOKy (IpH pa3phiBe (a3bl) B MeCTe IOCHEAYIO-

Liero NOBpEKIACHUA.

HeOGXOIlHMO OTMETHUTh, YTO TOKH B MeCTe OTBETBJEHHA K
tTouke K3 (He B BeTBAX CXEMBI) ONpeeJSIOTCA TOJBKO aBa-
PHHHBIMH CJaraloumuMH,

Oco0eHHOCTH HCNONBb3OBAHUS NPUHUHNA HanoxeHHUs. [IpuMenHTeNBHO
K onpepeneHHro TOkoB H HanpsxkeHH# npu K3 B oaHoit Touke K (puc
1.19,a) npuuuun 6asupyercs Ha JONYCTHMOCTH BKJIOYeHHS B MecTe K3
ABYX WAEANBHBIX (C BHYTPEHHHM COIPOTHBJIEHHEM, DABHHM HYJIO) HCTOY-
ko BJIC (B AHTepaType YacTo HeyfauHo — JABYX Hanpaxednsn) U’ n

&

Puc. 1.19. HcnoAp3oBaufe npuHuKNa
HanoXeHHs paA cayuas K3 B opmo-
dasHoit cxeMe cHCTeMBl
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U7, paBHBIX IO 3HAYEHHIO H IPOTHBONOMOMHO HANPABNEHHbIX. 3HaueHHS
U’ u U” npuuumaiotcs paBHbiMa HanpsmeHHIO Uxpas B Touke K go Ha-
CTyIIeHHA TOBpeXAeHHs. Peryaupymomee HeHCTBHE BYX STHX HCTOUHHKOB
OTCYTCTBYeT (HX BEeKTOpbl COBNAfaloT 10 thase, H HX PA3HOCTh PABHA Hy-
0 — puc. 1.19,6). '
DxsuBanentuole 3 C EA u EB B coueTaHuH ¢ HcrounHkoMm IIAC U’

xapakTepH3ywT pabouuii peme HMeBIIHACH 10 BoaHuKHOBenHs K3 (pﬂc
1.19, 8). Bropo#i neroaunk DIAC U” cospaeT ycoBHA COGCTBEHHO aBapHIi-

noro pexuMa (puc. 1.19,2), a MOAYYalONHECs B HeM TOKH H HATPSKEHHA
OpUHATO HA3WBaTh aBapHAHBIMH ciaraouuMH. [IpuBeneHHOe paccMOTpeHHe
[IOJTHOCTBIO XapaKTepH3yeT NPHHUHI HAJOXKEHHA TOMBKO M Clydas Me-
Taannyeckoro K3 B opuodasnoit cucteme uam Tpexdasunoro K3 B Tpexdas-
Ho#i. ITosnoe apapufiHoe Hampsikenne B Touke K3 Ug,as NpH NPHHATHH ANS

Hero MOJIOKHTENBHOTO HANpaBieHHs OT Toukw K3 (mampumep dasnoro Ha-
IpsAXKeHHs 1O OTHOWIEHHIO K 3emae) OyfeT Toraa paBHO —Uxpas (pHC.
1.19,2).

IpeoGpasoBanne rtpextasubix uemed B oAHOa3Hbie. PaccMmarpuBae-
Mble HHXe Tpex(asHble 3/eKTPHYECKHE CHCTEMbl SBJAIOTCA B NEPBOM IPH-
6nMKeHHH CHMMETDHUHHIMH u JHHefHbIMH, Mix ananus paboThl Npu HecHM-
METPHUHBIX NOBpeXKJEHHSAX BO MHOTHX CJAy4YaAX 3HAYATENbHO YIpOMlaeTCs
TpH Npeobpa3oBaHHH Ga3HHIX BeJHYHH (HaNpAKeHHH, TOKOB, CONpPOTHBJe-
HHil), obecleyHBAIOLIEM INPEACTaBJEHHe DacyeTHOH Tpex(a3HoH CcXeMbl B
BHAe ONHOM HJH HECKOJbKHX OAHO(a3ublx cxeM. [In1g storo MoXer OHITH
HCNIOJb30BAHA CHCTEMAa CHMMETPHUHBIX COCTaBJASIOMIHX NpAMOH, obpaTHo#
H HYJEBOM INOCIefOBaTeNBHOCTH, KOTOpHie B Caydae HeOOXOKHMOCTH 006b-
eHHAIOTCA B KOMIJIEKCHYIO DACUETHYIO CXEMY.

Merton CHMMETDHUYHBIX COCTAB/SIOUIHX, H3BECTHbII B TexHHKe ¢ 1912r.,
B 34KOHUEHHOM BHAe H3J0XeH B 1918 r. DoprTecKbio H HCIOMBL3OBaH fafee
OBarcoM u Barwepom (CIIA) pas pacweroB K3. OH npHMeHHM Kak npu
onpefefAeHHH CHMMETDHUHBIX COCTaBAsIOWHX 1o 3agaHHbiM IDJC wucTouHH-
KOB I[THTAHHA, TaK H NPH HCIOJb30BAaHHH NPAHIHNA HAJOXKEHHA.

Hexoropbic 0cO0EHHOCTH TpPHMEHEHHS CHMMETDHYHBIX COCTABASIOMIMX.
O6mue BOMPOCH HX NpUMEHeHHS NOAPOGHO pacCMOfpeHbl B yueGHoil sute-
parype [29]. 3nech Xe HEOGXORHMO TOJBKO IOAYEPKHYTb, YTG OHH HCIIOJb-
3YIOTCA KaK AJs MUHOBEHHBIX 3HAUEHHH BeJHYHH, TAK H JJIA HX aMIVIHTYA-
HHIX 3HayeHHH, HX aBapHIHHIX CJlaraloOLHX NPH NONEpPeuHbIX HECHMMETPHSIX
(K3 B opnofi TOuKe) M NpPH TPOAOABHHIX HECHMMETPHAX (pasphIBHI q)as)(
a TakXe NpH CJIOXHBIX BHIAX NoBpexieHHit, HanpHmep oOpeiBax ¢as, co-
nposoxaawiuuxca K3 B cucreme. [Ipu HCnOMB30BaHHH MeTOxa AJR pacue-
Ta NEepPEeXOJHBIX TPOIECCOB CONPOTHBJEHHS BLIPAXKAlOTCA B ONEPaTOPHOM
$opme, a TOKH NOAYYAlOTCS B BHAE HX H306paKeHHH; 110 HUM 1OJyYalOTCs
HX OpHTHHAJbI, BbIpaKalollMe BeJHUHHH B (QYHKUHH BpeMeHH. B 3axsoue-
HHe clefyeT OTMETHTb, YTO JAJs1 HEKOTOPHIX CJIOKHHBIX, CREUHANbHbIX CJayda-
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€B HCTOJbL3YIOTCS He CHMMeTDHUHble, a ApyrHe cocrasasiomue [31], a Tag.
e HHOTAA DellieHHe CHCTeM aare6paudeckux, AHQQepeHUHANbHBIX, OlNeps.
TOPHHX ypaBHEHHH M crenHalbHble KOMIJIEKCHble pacdeTHHlE CXeMB
npoMexXyTouHHMH TpaHchopmaTopamu (H. M. CokonoB u ap.).

Ilepuonyueckne, rapMoHHuecKHe, anepHOfHUeCKHe M 3aTyXalollHe xo.
JeGarenbuble 3HaKomepeMeHHble ¢yHKUMH. IlepHoauueckoll, KaK H3pecr.
HO, Ha3uBaeTcs GyHKUHs f(f), eciH oHA onpejejeHa Ha Beell AEHCTBHTe.
HOlf OCH H AAs Hee BhinoiHAercs paBeHcTBo [(f)=f({+T), B KOTOpOM ne.
puox T Beipamaercs uepes qactory f no dopmyne T=1/f, rae T usmeps.
eTcst B CEKYHJaX, a 4acToTa f — B mepHOJax B CeKYHAY.

TFapMonnueckas (TpHroHoMeTpHYeckas) GYHKuus (TOKA, HAUPSKeHus
HT. M) vacto npeicraBisercs B BHAe A = Amsin(wi-¢) win A = A, x
Xcos{w!+y), rae An — ee aMIAATYAa; P — HavanbHasx Gas3a; @ — yI1oBag
(kpyroBas) yactroTa, paBHas 2nf H HaMepseMast B pajHaHax B CEKyHAy.

TFapMonnyeckyio hyHKiHIO HHoraa Tpebyercs NPeaCTaBHTb B BHAE Cyw-
Mbl CHHYCOHAB H KOCHHYCOHABI, KaXfas H3 KOTODBIX WMEET HYJeBYID Ha-
yanbuyio (asy. YuurTeBas, uto sin(@f-4p)=cos P sin wi+sin P cos w?, no-
ayuaeM A=Ap sin(@f+P) =An, sin 0f+Apmp cos of, rae Ami=AmcosP u
Amo=An sin§, npuaem A2, =A%, + A2, .

IIps cnoXeHHH rapMOHHYECKHX KoJeBaHHii OxHHAKOBOH JacToTH (me-
pHOA4) MOJy4aloTCs TApMOHHYECKHe KodeGawHs Tofi Xe gacrtorsl. Ecau ua-
CTOTHl TAPMOHHK He DaBHb, HO COH3MEDHMbI, T.€. OTHOCATCA KaK UEesbe
YHCA4, TPH HX CJOMKEHHH Tojydaercs nepuofmieckas GyHKnMs ¢ HOBHM
neproaoM. IeficTBuTensho, ecaH, nanpumep, 71=1/30 ¢, a T,=1/20 c, 10
TPH NEpPHOJAA TepPBOIO CAAaraeMoro COCTaBASIOT ABa NEPHOJa BTOPOrO H de-
pes 1/10 ¢ 6yayT noBTOPSTECs 3HaYeHHA OGOHMX, 2 3HAYHT, H 3HAUYeHHe HX
CYMMBI; TepHOA CyMMapHO (YHKUHWH COCTaBHT, TakuM obpasoM, 1/10 c.

Kpatuble 4acToThl SIBJASIOTCS YACTHHIM CAYy4aeM COH3MEDHMEX HacToT.
Ecmi wacToTh HecOH3MEPHMBI, TO CYMMa WX HE 6yjeT ABAATLCH NEPHOMLU-
4ecKOfl yHKuHeH.

3aTyxaolliHe Koje6aHHsS NPeACTAaBJAAITCS BLIpaXeHueM BHaa A e~ %%
Xsin{@f+4P). Hyan aroii pyHkuun (xpwsas a Ha puc. 1.20) noBTOpsIOTCH

Yepe3 paBHble NPOMEXYTKH BpeMe-
f(f) HH T, TNPOMEXYTKH BPEMEHH MeX1Y
NOC/AeI0BATEJIBHHMH  MaKCHMyMaMH
TaKXe NOCTOSHHb M paBub., OpHa-
KO 3TH MAaKCHMYMBI He HaXoAATcH
t nocepeliHe MEXAY HYJIsIMH, a CABH-
HyTsl Baepo. [loatoMy paceMarpé-
BaeMasi GYHKUHA He sIBJAsSETcH 0e-
PHOAHYECKOR, TaK KaK AJs Hee He
CYIIECTBYET TAKOrO T, A/ KOTOPOro
npr  mo60oM BpeMenu ! Oblio OH
CRPaBelJHBO Bhipaxenue f(f+1)=

T
a
N
I‘——L——ﬁ
)
Puc. 1.20. Koaebareabhas (3HaKo-
fepeMeHHas) saTyxawulas (KpHBas
a) W anepHopHueckas (Kpusas 6)
byuruna Bpemens
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=f(t). BeanuuAy 1 YacTO HA3LIBAIOT IEPHOAOM (NMOCKOJAbKY AJS 3aAaHHON
§ @ T TOCTOSHHO), 2 GYHKUMIO f(¢) — rapmonHnyeckoif, XoTs 3TO
npHHIBIHATBHO neBepHo. DoJdee npaBHALHO ee MOXHO Obiio Gbl HasHBaThb
gonebaTenbHof (snaxonepeMenHofl) 3artyxawoilefi ¢yuxnueli. PaccMatpu-
paeMble BBIPAKEHHA IS f(¢) cnpaBegnusel B mpu ®=0, Koraza oHa mpe-
ppallaeTCs B aNePHOAHIECKYIO (xpuBas 6 Ha puc. 1.20).

KpHuBO

1.6. BUAb! NOBPEXAEHWA U TPEBOBAHUA, NMPEADABIIAEMbIE
K PESEAHOM 3ALLMTE OT STUX NOBPEXXAEHUA

O6wmue panHble. [ToBpe:xfeHHs] B 3JEKTPHUCCKHX CHCTeMax
yale BO3HHKAIOT Ha JuHHAX cerelt. [ToBpexenns B oGMOTKax
5NEKTPHYECKHX MallMH, W OCOOEHHO TAaKHX aNlapaToB, Kak
tpaHchopMaTOphl K aBTOTPaHCHOPMATOPH, OHIBAIOT pexe,
AHOrIA HUMeIoT cneuupuyecKui xapakrtep, o0yCIOB/IEHHBIH HX
BHINOJHeHHeM (Hampumep, BUTKOBble K3), U MOryT CONpOBOX-
AaThCS TSXKEJIBIMH 1Jsi HHX mocjeacTBusiMi. OCHOBHLIE BHABI
noBpeXaeHui nmpuBeneHsl B Taba. 1.2, BosmoxHE W Gosee
C/I0XHHIE BHAB NOBpeXIEHHH, NpeIcTaBJasoOLlle CcoyeTaHye
HEKOTOPHIX H3 MNepeyucaeHHHX. Tak, Hanpumep, npu paspbiBe
MpOBOAA JIHHHH Y HM30JATOPA yNaBWIMH Ha 3eMJI0 KOHEW BhI-
swBaeT mosisjeHne onHodasnoro K3 — KM unu onnodasHoro

sampikanusi — K§”  (Hanpumep, B CeTH C H30JHPOBAHHEIMH
HefiTpaasiMu) ¢ paspbBoM ¢as3el. CoorHolleHHs, NOAOGHBIE
pa3pbiBy, BO3HHKAIOT TaKXe NpH 0TKa3ax B pabore yactu ¢as
4BTOMATHYECKHX BBIKJIOUaTeIeH (XapaKTEpPHB A/ BO3AYLI-
HBIX BhIKJIIOYaTesei ¢ nodasHelM NpHBOAOM). B mpouecce pas-
BUTHS TIOBpEXKJEHHI BO3MOXHHL TaKxke Iepexofbl OJHOTO BH-

Ja NOBpeXJEHHH B ADYroH, ualle ¢ oxBaToM GOJBHIETQ YHC/14

as. Tak, nanpumep, K"} unorna nepexonsar B apoinse K3 Ha

3eMJI0 K;‘;lg’l), 4YTo MOXKET OLITh Ha JHHHUSIX UM OpH KS) B
00MOTKe MalmMHBl HJK annapata ¥ BOSHAKHOBEHHH K%Y sa
Cuer mnpobos Ha 3eMJII0 HA JHUHHHU TOrO K€ HampsKeHHs.
C npyroit croponsl, BHyTpH oaHO(A3HBIX ANNapaToB MHOTO-
basunie K3 (6e3 3eMan) NpakTHYECKH BOOOILe HEBO3MOXKHBL.

Huxe B nannoit riase paccmMaTpuBaloTCs NOBPEXIEHHS HA
JuHuAX cereil. OCOGEHHOCTH NMOBpeXAeHUHl B MalIHHaxX H am-
lapatax KpaTko XapaKTepH3ylOTCS B COOTBETCTBYIOLIMX TJia-
BaX 06 ux samurax. Heo6xoauMo0, OIHAKO, OTMETHTH, YTO PAL
COOTHOUIEHHH, XapaKTePHBIX s JHHUH, OTHOCATCS H K MallIH-
Hawm, u kK anmaparam (Hanpumep, npu BHeurHux K3, paspeiBax
daz y 1. a.).

Nepexonubie conporusienus B mecte nospexaenns. [lepe-
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Ta6auna l.2
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B ey 1

Srrm—

xoAHbIE CONPOTHBJIEHHS R. B oflieM cjyuyae ONpelensioTCs
COMpOTHBJIEHHAMH 3JIEKTPHUECKHX AT, HOCTOPOHHHX TpeaMe-
708 B MeCTe MOBPeXIeHHs, ONOp M MX 3a3eMJEHHH, 2 TaKke
CONPOTHBJIEHHAMH MEXIy NpPOBOAAMH ¢das u 3emJelt (Hampu-
wep, IpH NaJleHHH POBOJIOB Ha 3eMJII0).

[Ipu 3aMbIKaHHAX menOy paszamu TMepPexojHble CONPOTHB-
1eHHs1 YACTO ONpENeJIsIoTCs CONPOTHB/ICHHAMH LYT. BoJbT-aM-
nepHasl XapaKTEPHCTHKA LyrH pe3Ko HeJuHefiHas. B reyeHue
KaKJOTO TOJYNepHOia CONPOTHBJICHHE IYTH 3HAUMTENbHO H3-
vensiercsl; IpH aToM Qopma TOKa B Hell O0OBIYHO oOCTaercs
61M3KOH K CHHYCOHNAJBHOH, TaK KaK TOK B OCHOBHOM ollpele-
J51eTCsl CONPOTHBJICHHAMH 3JIEMeHTOB CHCTEMBL. Hanpsixkenne
Ha qyre B OTJIHYHe OT TOKa CHJIPHO HCKaXKaercs (puc. 1.21,a).

Ry,0m /
;2 7\ 7
u /5 // .
T/
10 / -+
[
a) 0 8 16 24 32 )
flepuodsl, ¢

Puc. 121, KopoTkHe 3aMBIKAHHsS Yepes OTKDHITHIE 3JEKTPHUECKHE AyTrd

Tlpu paccmoTpenun paGoTH 3alUMT OOBIUHO HCHOJB3YeTCH
npencrasJjeHde 00 3KBHBAJEHTHOM COIDOTHBJEHHH NYrH; NpH
5TOM HYXXHO HMeTb B BH[Y, YTO Ayra sBJIAETCS HCTOYHMKOM
BHICIIHX rapMOHHK.

KcnepuMeHTa bHble HCCJE/IOBAHHS OTKPHITHIX AYT, MPOBO-
AMBIIHeCs BO MHOTHX CTpPaHax, NMoKasaJM, 4TOo IpH TOKaX I
B nyre B coTHU ammep u OoJjiee CONpPOTHBJIEHHE AYTH (sxBHUBa-
NeHTHOe 3HaueHHe), sBJsIOlleecss MPAKTHUECKH aKTHBHBIM,
MOXer B oblieM CJjyYae ONpENe/sThCS MO BHPAXKEHHI0 Rp=
=Upl,/I¥, B xoTOpoM Um — rpafiveHT HANpPsKeHHT Ha 1y-
re, B/m; [ — ee nsMHa, M.

B oTeuecTBEeHHON NpaKTHKe Ha OCHOBAHHH HCCJENOBaHHH
B. B. Byprcmopda rpaianeHT HanmpsiKeHHs Ha Jyre Kak Majlo
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3aBHCALIAA OT TOKA NpH GOJBLINX €ro 3HAa4YeHHSIX NPHHHMaer-
cs1 mocTosiHHBIM H paBHeIM 1400—1500 B/M, a mokasatenb Cre-
nesn k=1, Torga Ry, OM, pacCuHTaHHOe IO AaAMIJIHTYAHBM
3HaueHHaM, Oyuer

Ry = U byl = Uy L1410 2 10500/1,,  (1.15)

rae I — neHcTByIOILHH TOK, A.

HanpsizkeHne Ha Ayreé B TeueHHe NMOJYNepHOAA 4acTo HMe-
€T MJIOCKYI0 $hopMy ¢ KO3(DPHIHEHTOM aMIJIHTY A oKoJo 1,1—
1,2. Tloatomy conporHBierHe Ry 6blJI0 OB GOBIIHM NPH ONpe-
JeJsleHHH Mo AefcTByIolleMy 3HaueHHIo HanpsxeHud. Ilpu He-
GoJMBLIMX TOKaX NOBpexjaeHHS KoabhHuHeHT B Popmyae (1.15)
yBeIHYHBaeTCH.

Iyra uMeer HaHMeHbllIee CONPOTHBJIEHHE B NEPBHE NEPHO-
bl BpeMeHH BO3HHKAWOLIero NOBpPeXJeHHs, KoI'aa TOK [; HMe-
eT MaKCHMalbHOe 3HauyeHHe, a ee AJMHHA [; — MHHHMAaJbHOe,
Hanee noj BAHSIHHEM BeTpa, KOHBEKUHH BO3AYXa H 3JEKTPOMH-
HAMHYECKHX YCHJHHA JAyra yAJHHSeTCsd H ee CONPOTHBJIEHHE C
HEKOTOPHIMH «IIPOBaJIaMH», BBI3BIBAEMBIMH JONOJHHUTEIbHBIMH
nepekpHITHIMH, HauyHHaeT OwICTpO Bo3pacrarb (pHc. 1.21,6).
Ilpn nepeBsHHBIX onopax B chaydae K3 Ha semusio uepes HHX
JAyra HHOT/la MOXeT IIOTacHYTh jaxKe 6e3 OTKJIOYeHHs MOBpex-
JEHHOTO 3JIeMeHTa; OJHaKO, KaK NpaBHJIO, Ayra JHKBHAHPYET-
€Sl TOJIBKO NoCHe oTKMoueHHss K3 peseiiHo# 3aluTOR.

B ornnune or K3 mexny pasamu npu K3 wa semaro onpe-
JIeAI0IMHMH OOGBIYHO fIBJISIOTCSl APYTHe Cjaramoliie Hepexoi-
HBIX compotuBJeHu{l. Tak, HanpuMmep, NpH NepeKpPLITHH (ashl
JIMHHH Ha omopy Ry MOXeT B OCHOBHOM 00yC/IOBJIMBAThCA CO-
npoTtHBJaeHHeM 3a3eMseHHs onophl. CornacHo ITYD atH conpo-
THBJIEHHS] NIPH TOKAX NPOMBILIIIEHHONH YacTOTHI H OTCOEJHHEH-
HBIX MOJIHHE3AIHTHHX TPOCaX B JIeTHee BpeMs [pH MeTaJlIH-
YeCKHX H JKesle306eTOHHBIX ONOpax He AOJKHBI NpeBHINATh
5—20 OM B 3aBHCHMOCTH OT yA€JbHBIX CONDPOTHBJIEHHH 3eMJIH.

Ilpu rayxom 3a3eMJIEHHH TPOCOB Ha KaxAOH olope pesyiib-
THpYIOUlee CONpPOTHBJEHHE 3a3eMJIeHHS ONOD YMeHbIIaeTCs.
OpHako B nocaeadue roiasl Ha JHHAAX 220 KB M BB Kpen-
JieHHe TPOCOB Ha OMNOpax BBINOJHSETCS H3OJATOpaMH C IyH-
THDPYIOLIHMH HCKDOBBIMH NMPOMeXKYTKaMH (IJsl CHHXXEHHs IO-
Teph HEPrHH OT TOKOB, HABOZHMBIX B TPOCAX, & HHOIAA H AJA
HCHOJB30BaHHS TPOCOB B JAPYLHX IesdX) C 3a3eMJeHHeM Ha
aHKeDHOM y4acTKe Bcero B ojHoM mecte. IIpH 3TOM APHXOAHT-
€5l CYUHTATHCH CO 3HAUHTENTBHBIMH CONpDOTHBJIEHHSIMH 3a3eMiie-
HHS OTAEJbHBIX OHOp.

He6onpmne conpoTuBJeHHs R, XapakTepHBl TOJBKO AJA
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K3 Ha 3eMJIO Ha 3JeKTPOyCTAHOBKaX (coraacto ITY3 compo-
rHBJEHHE HX 3a3eMIIAIOWAX YCTPOHCTB B CHCTEMAX C IJyx03a-
eMJIEHHBIMH HeHTDANsIMH He IOJKHO TpeBocxoauTsb 0,5 OMm).
HanuuHe NepexOJHBIX CONPOTHBJAEHHH Ry, 0COOeHHO MNpH
K3 Ha 3eMJI0 Ha JIHHHSX, MOXKET CyIleCTBEHHO OTpaxarbes
ga paboTe 3aUHT H TOJKHO YIHTHIBATECS NDH HX BEIIOJIHEHHH.
B 4aCTHOCTH, 3TO OCYLIECTBJISieTCs NPH YCTAHOBJEHHH LIS 32~
MT MHHHM@JBHO AONMYCTHMHIX K03((QHUHEHTOB UyBCTBHTEJb-
HOCTH.
KopoTkHe 3aMblKaHHsi B OXHOH TOUKE. B o6uem cayuae K3
g oaHoii Touke K TpexdasHoil cHCTeMBl uepe3 NepeXOAHble CO-
npoTHBJIEHHS Ry HEOAHHAKOBHIX 3HAYCHHH MO)KeTuﬁblTb npen-
craBjieHo cxeMmofi Ha puc. 1.22. 3xeck U B fajbHEHIeM 38 yC~

3

Puc. 1.22. O6muii cayuaii K3 B ofnoil TOYKe depes mepexofHbe COMPOTUB-
JERHA

JOBHHE NOJIOXKHTe/IbHble Hanpasienusi TokoB K3 npuHAMawT-
sl HAanpaBJieHHs TOKOB B (has3ax JHMHHH K MECTy NOBDEXAEHHS,.
B orBetBieHHH K3 — or a3 K 3eMJie, a GasHbIX Hampske-
Hift — Takxke oT (a3 K seMJe.

Bosunkiee K3 xapakrepHsyeTcsd ypaBHeHHSIMH

QKA = Ry, {x,q -+ 3Rn,3 {xo;
l_j_KB = R,y {KB + 3Rn,a {xo;
yxc = RnC _{KC + 3Rn,s _I_KO'

Dasune nanpsamenus Ux B Touke K3 u ToKH Iy, IpOXOAsHiye
yepes Ry, MOryr GHTb BHpaXXeHH Yepes CHMMETPHYHHE CO-
CTaBasIoLIHe,

Ha npaxruke 06HUHO JOBOJBLCTBYIOTCS 3HAUHTEJIbHO Gosiee
YUpPOUIEHHBIMH BHpPaMkeHHSIMH, B KOTODHIX B 3aBHCHMOCTH OT
BHIa NOBpeXXAEHHs OTHeNbHble Ry NPHHHMAKOTCS PaBHHIMH HY-
110, 6eCKOHEYHOCTH MJIH PaBHBIMH MexXay coGoi. IIpuMeps! TH-
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MHYHBIX YNpPOUIEHHBX NpeACTaBJeHHH NOBPeXICHHI dYepe3 Ry
npusejensl Ha puc. 1.23. [Ipy 3TOM nosiBasieTCS BO3MOKHOCTD
YUHTHIBATh Pasusie Ry KaK CHMMETPHYHLIE 3/1eMeHThl CHCTEMHI.

IMpu Maabix WIH paBHHX Hyawo Ry K3 HasbBaroTcs MeTal-
JIHUeCKHMH.

A A A A
B - B B B
¢ —e c ¢
Rn Rn ’?n Rﬂ Rﬂ Rﬂ Rﬂ Rn Rn :
oy, -, 0
a) 3) = 8) 2)
= RI'I,S

— -
=

Puc. 1.23. Tlpumeps ympolleHHOro yueTa fepexofHHX CONpPOTHBAEHHA B
mecre K3 :

Pacuernbie ycaosus. PaGota 3amHTHHX ycTpoficts npu K3
B GOJILIIMHCTBE CJAydYaeB onpejensieTcd NMepHOJHYECKHMH cha-
FalOIHMH TPOMBIIJIEHHON YaCTOTH TOKOB [p H HanpsixKeHH#
U,, noABOAHMBEIX K pesie, a TaKXe CABUFaMH No (ase g, Mex-
Ay nuMH. Huke B Heasix ynpollleHHs] paCCMaTpHBAIOTCS Xapak-
TepHU3YIOHHE HX COOTHOLIEHHS
é,A__, 1Sl HeHarpyxXeHHOH JHHHH C
rg— g O HOCTOPOHHHM IIHTaHHEM
&ré—= ) (puc. 1.24) B HayaabHH{A MO-
° .3 — MEHT MOBpeXjeHHs. Yuer
JABYCTOPOHHEro NHTaHHS, Ha-

Xr Xpak Ras X T
< PY30K H JPYyrHX [AOMNOJHH-
TeAbHHX (aKTOpPOB IPOBO-
JHTCA TOJbKO AJIS1 HEKOTOPHX
XapakTepHeXx caydaes. J[as
BhISIBJIEHHS NPaBHJbHLIX (a3-
HbIX COOTHOIUEHH# YYUTHIBA-
IOTCA KAaK aKTHBHBE cJaramliHe CONPOTHBJCHHHA 3JeMeHTOB
CHCTEMBI, TAK H NepexoJHble CONPOTHBJEHHA Ry ¢ OrpaHHYeHH-

fIMH, pacCMOTpPeHHBIMH BHILIE.

3aluilaemas JHHHS, Ha KOTOPOH paccMarpHBalTCd  MO-
BpeX/eHHs, CUiTaeTcs HMeWlllel TOJbKO HHAYKTHBHOE H aK-
THBHOe CONMpPOTHBJEHHS B Pa3HLIX MoC/]eIOBaTesbHOCTAX (He
YVYHTHIBAIOTCH eMKOCTHBIE NPOBOAHMOCTH, XapakTepHee JJs
JHHHA CBEPXBBICOKHX H yJbTPAaBLICOKHX HaNpsKeHHA 3HauH-
TeNbHON NpOTAXKEHHOCTH). MICTOUHHK NMHTaHHA yCJOBHO Mpea-

Puc. 1.24. lloBpexpaeHne Ha HeHa-
TPYXMEHHOH JHHHA C OQHOCTOPOHHHM
NHTaHHEM
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crapasercs B BHjie G6JoKa reHepatop — TpaHcopmarTop; 1mo-
cieauuil HMEeT COeHHeHHe o6MoTok Y/ H BO3MOXKHOCTb rJy-
XOTO 3a3eMJICHHs HEeHTpasH. ODJIEKTPOABHXYMHE CHIH tbas
renepatopa Era, Evp # Erc CUHTAIOTCHA NPHBEACHHBIMH K CTOPO-
e BHICIIErO HampsixeHHs TpaHcpopmaTopa € MOMOWIBIO €ro
koMILUIeKcHOTo K03 duuHeHTa TpaHchopMalnH, NpelsoKeHHO-
ro B 40-e roasl H. A. MeJbHHKOBHIM, H 0003HAYaIOTCA COOTBET-
ctpeto Ea, Es u Ec. Kommiekcuuiit koadduunent Tpascpop-
Mallid NPHMEHHTEJIbHO K MPSMOH NOCJeJ0BaTeNbHOCTH ==
—ne ™Y y k o6paTHOil NOCNEI0BATEIbHOCTH ny=ne ~¥,
rae N — HOMeD rpynnbl coeiHHeHHH 06MOTOK TpaHC(HOPMATO-
pa; HalpHMep AJst OGLIYHO HCI0Jib3yeMoll ofHHHAALATOH rpyn-
mu Y/O-11 N=11.

B yka3aHHBIX BbIpaxeHHAX YYHTHBAeTCsl NEePexoj CO CTo-
ponsl ¥ Ha cropouy [I. B paccmaTtphBaeMOM Ciydae MNepexof
ocyuiecTBAsIeTCs co cTopoHn [l Ha CTOPOHY Y MpH 3TOM 1=
=ne PN g ny=ne BN CymmapHoe CONPOTHBJEHHE HCTOY-
HHKa NHTaHHS OPHHHMAeTCs PEaKTHBHHIM C PaBHBIMH COIIPO-
THBJICHHSAMH NIPSAMOH M 06paTHO# mocJejoBaTtenbHoctedl. [last
TpaHchopMaTopa peakTHBHOE CONPOTHBJEHHe HYJIEBOH mocJe-
J0BaTeJLHOCTH YYHTHIBAETCH PABHHIM €FO COIPOTHBJICHHIO Mpsi-
MOl MOCNEAOBATENBHOCTH, YTO TOYHO TOJLKO JJisl TPYIIH H3
oaHO®a3HHIX TPaHchOpPMATOPOB.

TpexdasHbie KOPOTKHE 3aMbIKaHUA B OAHOI Touke. BekTop-
HBle fHarpaMMHB HaIIpsiKEHHH U TOKOB (pa3 IpH MeTajiuye-
ckoMm K3 mexay Tpemst ¢pasamu K©® B touke K qHHHH (Ha pac-
CTOSHHH, XxapaKTepudyeMoMm Zy;==R;+jX;) npuseseHbl Ha pHC.
1.25. - '

Toku I« npH NPHHATHIX YCJIOBHBIX NOJOXHTEILHLIX HANpaB-

Jenuax orcrawot ot coorsercteyomux 3JC E (puc. 1.25,6)
Ha yroa @ & =arctg (Xr-+X:-+Xx)/Ra. Ocratounble dasubie u
MexydasHble HANPsIKeHHS BO3PACTAOT [0 Mepe yAaJeHHs OT
mecta K3, rae U® =0. Hanpumep, na mmnax Il UP, =2, X
XI® = (Ra+jXa) [P, Pasnre HanpsKeHs Uﬁ[ onepexa-
0T cootBercTBYWOUHe UM Toku /(¥ Ha yroa @a=arctgXx/R..
Paccvarpusaemas guarpamma xapakrtepusyeT H TpexdasHble

3 Ha 3emJ10, BO3HHKAIOUHE, HANpHMEpP, NPH OMHG0YHOM

BKJIIOYeHHH MO/ HANpsIKEHHe 3aKOPOUEHHOH JIHHHH, HAXOJMB-
lieficss B peMonTe.

Ilpu K3 uepes cummerpuunse R; ¢ =arctg(X.+X.+
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+Xn)/(RatRa); U, = (RatRatiXn)I®; UG =
=arctgXa/(Ra+Rn). -

dasHEe COOTHOLIEHHS MeXAY 3JeKTPHUECKHMH BeJM4YHHa-
MH.B PacCMaTPHBAEMHIX cayuasx cuMmerphunoro K3 ocraior-
csl TeMH e H CO CTODOHH I'€HepPaTOPHOrO HANpsiKeHHs, TIie
neficteytor peanbunie DJC Er, Tak Kak BCs gHarpamMma nopo-
pauMBaeTcsi Ha YroJ, olpejesisieMBIl rpynmod coejHHeHHs
V/I tpancdopmaropa, xo coBmagenus E mo ¢ase ¢ Er (ua

j30°N). -

Puc. 1.25. CooTHollenusi 3JeKTPHYECKHX BeJHYHH IPH MeTajsndec-
koM K

o 3
ABapuiiHble caararpolide 1®,, B paccmaTpuBaeMoM cayuae

. 3
K3 Ha HeHarpyxeHHOH JHHHH PaBHAKOTCA 1Y, Uune cootHo-
IIeHHs TOJY4aloTcs AJs aBapHAHHIX HanpsaxeHud. Jlas mecra
nospexaerns K UG =U®—E (puc. 1.25,6). Ilpu MeTanau-

yeckoM K3, xorza U‘(f) =0, U;((3,)=;B="‘E'
ABapuiinbe HanpsiKeHHs B OTJIHUHE OT OCTATOYHHIX Ha-

. 773
HpsKeHHH U yMEHBLIAIOTCSA 110 Mepe YAaJeHUs OT MecCTa Mo~
Bpexenns. OHH HMeEIT HaHGoJbllee 3HaUeHHe B Touke K H
paBHH HyJIO B HefiTpanasix reHepartopos. IlosToMy HX npolie
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Bcero ONpene/iATh KaK NajeHHe HaNpsAXKeHHS OT HeHTpasiH Jo
rouky Il — wuH nopcrannud. IIpu NPHHATHX YCAOBHBEX TOJO-
KHTEbHBIX ‘HanpasieHusax U, . =—j(X;+X:)I®. Tlepe-
XOJHble CONMPOTHBJEHHS Ry, KaK BHJAHO H3 BbipaKeHHH - 1Js
U, > Ha 3HaueHHe yraa mexay /@), n US) . e Bausior.
310, 0YEBHAHO, OyaeT CIpaBeNJHBO H AJis APYrHX aBapHHHBIX
coCTaBASIOWAX (06paTHOH, Hyseso#). [TosTomy yroa @'Y Bee-
rpa 6ausok K (—90°) mam 270° (pme. 1.25,2), paxe Koraa
MECTO BKJ/IIOYEHHS 3alllUThl yAaJieHO OT reHepaTOPOB H YUHTH-
BalOTCsl aKTHBHHE CONPOTUBJEHHA JHHUE H Ry.

Crenenp omacHocTH Toro Wiu apyroro Buga K3 Ha anHusX
XapaKTepH3yeTCsi Mpexae BCero BJIHAHHEM Ha YCTOHUHBOCTH
CHCTEMbI H HeNOCpeACTBeHHO Ha paboTty ee motpebureneii. Ilo-
sromy K®), xapakTrepHsyeMbie HaHG0JbIIHM BO3MOMKHBIM CHH-
HEHHEM HaNpAXeHHs NPSAMOH NocCJefoBaTeNbHOCTH (y MecCTa
K3 1o Hyas), aBasiorca HauGonee TsxeanMH. OpHaKo, yuH-
TBIBasg MAaJyK BepOSITHOCTb 3TOro BHAa K3 B ceTsX BHICOKOrO
H 0COGEHHO CBePXBHICOKOTO HAMpSIXKEHHs, HMEIOWHX OGHUHO
IyX03a3eMJIeHHble HeATpaJsiy, 3a pacueTHb#l (NpH ompepede-
HHH YyCTOHYHBOCTH) NPHHHMAIOT cjeAyromuii 3a K@ no Taxe-
cru BUA K3 — KD (cm., HanpumMep, [30]).

IByxdasnbie KOPOTKHe 3aMBIKaHHA B OfHOI Touke. Pac-
CMaTpPHBAIOTCA CJEAyIOLlHe DPasHOBHAHOCTH AByXdasHex K3
(cM. Taba. 1.2): K@), K1 B cucTeMe ¢ H30JHPOBAHHHIMH Hefi-
TpanAMH u KM B cHcTeMe ¢ IilyX03aseMJIEHHHIMH HeHTpajs-
MH. IToBpexxaenne KD p pasHmx Toukax (Kg;’l)) KaK CJIOXK-
Helif BHA, K3 paccMaTpuBaercs OTAeNbHO.

KopoTkoe sambikanue mexpy nByms ¢asamu. BexrtopHas
AHarpaMMa MNOJHbIX HalpsXeHHH H TOKOB (a3 NpH MeTaJJH-

ueckom K5 B Touke K nuuum pHc. 1.24 npuBeneHa Ha pHc.
1.26,a. Cpannunsnie yeaosusa gas K@; I{) s HelOBPeX/IeHHOH
base A oreyremayer, () = — I8, UG =U QUM =0. To-
xu onpepensiorca JC Esc=Ep—Ec, peficteyiomet B konType
HX NHPKyJsinuu. IIpn npHHATOM paBeHCTBE CONPOTHBJEHHH
npsiMoji 1 o6paTHOH MoCJef0BaTeJbHOCTEH TOK 11‘33) OTCTaeT OT

Esc na yron @ =¢®. dasnoe nanpsxenne U@ =E,, das-
Hule nanpsxenusn U@, =U@=—05E,, mnockoibky cyMMa
ve +U® +U®. Bo Becex TOuKaX CHCTEMH, B TOM 4HCJe H B
Touke K, ocTaercsi paBHOH HY.JIIO.

Hanpsxenns B Hefitpansax reHeparopa u TpaHchopMaTopa
(ecn 6b naxe HefiTpans mociefHero Ghlia He 3a3eMJieHa),
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KaK ¥ IIpY HOpMaJibHOH paGote, paBHH HyJo. [lo Mepe yrane-
HHs OT Mecta noBpexaenus UQ) ocraercs HeMsMeHHHIM, Ha-

NpsiXKeHHs NOBpeXAeHHBIXx (az namensiorcs. Hampumep, Ha
wunax I

Uy =U8 + (R, + 1X,) 1%
Uhe =U@ + (R, + X,) 12,

I(z)

Prc. 1.26. COOTHOLIEHHAS 3/EKTPHYECKHX BeJHYHH npH K(*)

Hanpsaxenne U@ .. =2(Ra+jXx)I{}}. OHo omepexaer TOK

1) 'na yront @a, onpenensieMelii, kak u npu K.

"~ CrefyeT OTMETHTb, 4TO dbasnbie wampsixenns U@, u
U@ . ¢ yderoM Toro, 4T0 ga7=¢ ¥, OKA3LIBAIOTCHA HEPaBHEI-
MH, IpHYEM HaMpsKeHHe onepexalwomel gassl B Gosblle, 4eM
orcralomel ¢asn C.

Eme Gosblive MCKaXKeHHS BEKTOPHBIX AHarpaMM Halps-
JKCHHH BO3HHKAIOT MpH NMOBPEXKAEHHAX uepe3d Ry IIpH 3tomM,
Kak 6blJO MoKa3aHo ewe B Hauajge 30-x ronos, yuer Ry 0pH
noBpexaeHHsAXx 06Yyc/NOBJIMBaeT M3MeHeHHst HanpsikeHHH ¢as
o Ayram OKpy:KHOcTe#l. YueT paBHbix Ry B ¢asax B u C ocy-
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IeCTBJ/IAETCA BKJIOUEHHeM B MecTe NOBpeXAeHHS CONpoTHBJe-
#us 2R,

HauGosee npocTole BeKTOpHBIE AMarpaMMBl HanpsKeHHH
HoJy4aloTcs NpH PaBHBIX YIVIaX CONPOTUBJAEHHH OTAeJbHBIX
3JIEMEHTOB CHCTeMH 10 TOuKH K, Korza cpn=cp§2). B stom cay-
yae (puc. 1.26,6) KoHLB BEKTOpOB HampsikeHH# pasz B u C mo
Mepe YAaJeHHS OT MecTa INOBPEXIEHHS CKOJB3AT IO MPIMOH,
coeHHAIOIWEeH KOHIB! BeKTOpOB £ u E¢, a HanpsKeHHe Ufﬁc
cosnajaer no dase ¢ Exc.

Hcnons3oBaHre MeTONOB CHMMETPHUHBIX COCTABJIAIOLIMX
JaeT IpOCTYI0 BO3MOXKHOCTbL 60jiee ray6OKOro paccMOTpeHust
cooTHOLIeHui npu K,

Hanpsixkenue npsimoit nocnenobarensHoctd U umeer Ha-
HMeHblIee 3HAaYeHHe B MeCTe NOBPEXKAEHHS M BO3pacTaeT Mo
HalpaBJIeHHIO K HCTOYHHKY nutauus (puc. 1.26,8). Hanpsxe-
HHe 00paTHO# MOCJen0BaTeNbHOCTH Ulg), Hao6opoT, MakcH-
MaJIbHO B TOYKe NOBpEXKJEHHS H CHHXKAETCs B TOM JKe Halpas-
Jennn. Yron casura @ ="Uxslx, npun K®,xak u npu Apyrux
BH1aX HeCUMMETpHUHbIX K3, He 3aBHCHT OT Ry, MOCKOJIBKY OII-
penensieTcss TOJNbKO CONPOTHBJIEHHAMH 3JIEMEHTOB CHCTeMEl, H
6au30K K 270° (nam —90°) (puc. 1.26,2).

Ilonusle aBapuiiHble csaraiomue $as 0 HX OTAeJNbHEE NO-
CJIE/lOBATEIbHOCTH ONpPERJSAIOTCS ¢ yUeToM co06pakeHHi, npu-
BEJCHHBIX Bbillle. B 4acTHOCTH, HEOGXOAHMO OTMETHTb, 4TO
aBapHiHas cJaralomasi HalpsiKeHHs NpAMOM NocJenoBaTel b-
HOCTH B oTyiHYme or U®), gak u npu K®, umeer HanGosbilee

3Hauenye B Mecte K3 u o6pasyer ¢ /(3 yrou, He 3aBucsmuil
oT Ry. Tlonuble aBapuiinbe caaraiomye B HelnoBpeX IeHHOMH
(ocoGot) ase orcyrerBylor, Hampumep U®) = U —

—Uxa pasc=0. B noBpexxieHHEIX $ha3ax OHH eCTb.

Hcnonbsopanue CHMMETPHUHBIX COCTABJAIOWAX AAET, B Ya-
CTHOCTH, NPOCTYI0 BO3MOXKHOCTb IIPOC/IENTh, KAK MOTYT H3Me-
HATBCA 3JIeKTPHYECKHE BeJHYHHBI NpH HMelomeMcs OGBIYHO
HEPaBeHCTBe CONPOTHBJIEHHH NpAMOA H o6paTHOi mocsenoBa-
TeJILHOCTEH reHepatopoB cHCTeMbl. ToMbKO mpH Xz = Xgos,
Kak 370 MPHHHMAJIOCh Bhille, HAMNpSXKEHHE HENMOBPeKACHHON
basa U , =E,. 910 cKa3HBaeTcs M HA HANDAKEHHSX NO-

Bpexnennbix das; wanpumep, aas Toukn Il UP) = = va =
=—05U2 ., a e —0,5E,. N
Ilpu Hecnmmerpuunbix K3, k koTopeiM  oTHOcHTCst u K@,

» CootHowlenus mexay E, U® u I®) Ha cTopoHe renepatopHoro
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HaNPsKeHUsT, rae geficTByoT £, 0Ka3bIBAIOTCH BecbMa OTJIHY-

HBIMH OT PAcCMOTpPEHHBIX /ISl CTOPOHBI ¢ NpuBeaeHHBMH DJIC
E. ®opmanbHo 310 MoxeT ObITh OOBACHEHO TEM, HYTO KOMII-
~JlekcHBle KO3 @uuHeHTH TPpaHCHOPMAUMH 1/ NPAMOH H 06-
PaTHO# nOcseJoBaTeNbHOCTER Pa3JIUYHH. .

HByxca3noe KOPOTKOE 3aMbIKAHHE HA 3eMJI0 B CETH ¢ H30-
JUPOBAHHBIMH HelTpansimMu. JIByxdasuue K3 na zemaro K(WD
B CETSX C H30JHPOBAHHBIMH HEHTPaJsAMH HJIM 3a3€MJEHHBIMHU
yepe3 ayroracsiide peakTopnl (B Halllefl cTpaHe 3TO ceTH
€ Unon<<35 kB) oranuatorest ot K B OCHOBHOM TOJIBKO TeM,

-9TO NOBpeKJeHHBe (asul, HanpuMep B u C, B MecTe MeTaJJH-
yeckoro K3 npuHyXIeHHO NPHOGPETAOT NOTEHIHAJ] 3€MJIH;
NOsABJIsAETCA HANpsiKeHHe HYJIeBOH IOC/Ie]0BaTeJbHOCTH, NpPaK-
THYECKH OAUHAKOBOE BO Bcedl ceTd. Helirpass cucremnl (Tpanc-
¢dopmaropa) mosydaer Mo OTHOWIEHHIO K 3eMJe cMelieHHe
Us=0,5E4, a mranpsxenue HemoBpexjeHHoH (asbl A BoO3pa-
craer 10 1,5F,. 3HaueHUst TOKOB NMOBPEeX/IEHHBIX (a3, MexK1y-
(a3HbIX HAaNpsXKeHHH U UX (asHbIE COOTHOLIEHHS OCTAOTCH

TakuMH Xke, Kak npu K®. 3a TpanchopMaTopoM, B cHCTeMe
TeHepaTOPHOro HAIpsiXKeHHsl CMelleHHs HeATpasid reHepaTopa
He NPOUCXOIHUT, TAK KaK TPAHCHOPMUPYIOTCH TOJNBKO COCTABJISA-
I0Illne NpsAMOR H 06paTHOH Nocsen0BaTebHOCTEH.

M Byx(asHoe KOPOTKOe 3aMEIKaHHe Ha 3EMJII0 B CETH C Iy-
X03a3eMJeHHbIMH HelTpansamu. JIByx¢asunie K3 Ha 3emuio
K. B ceraX ¢ r1yxo3aseMJyeHHBIMH HEATpansAMH (CM. pHC.
1.24) MOryT CONpOBOXIAaTbCS CUJIBHBIM CHHXEHHEM KAaK MeX-
AyhasHoro, TaK ¥ (hasHHIX HANpSKEHH MOBPeXNEHHBIX (a3
(8 mecre K3 po nyast npu Ry=0 u R,3;=0) u nossiexnem
COCTaBJIAIOLINX HYJeBOH IIOCJeA0BATENbHOCTH He TOJBKO B
(asHbiX HanpsxeHusix (KaK B CETSX C H30JUPOBAHHBIMH He-
TPaIsAMU), HO U B ToKaX. COOTHOLIEHHS] 3eKTPUIECKUX BeJH-
YHH NPH 3TOM BHUJe MOBPeXJeHUH HanbGoJee NPOCTO BHIABJA-
IOTCSl MIPH HCNOJIb30BAHHH METONa CHMMETPHUHBIX COCTABJISAIO-
IIUX.

[IpuMepHBIfl BHIX BEeKTOPHOH AMarpaMMbl MOJHBIX TOKOB U

HanpsKeHHi AaH Ha puc. 1.27. Yroa & mexnay tokamu I(3" u
1) noBpexennbix (a3 B 06IIEM Ciyuae U3MEHseTCA B IIHPO-
KuX npeflenax: 60°<C8<<180°, npuyem BepxHHII Npejes OTHO-
CHUTCSl K caydYaio o6uuHOro K@, korpa Zyny ==o00, a HHKHUH
(nepeanbublil) coorBerctBYeT Zyox —0. Tok, npoxomsmuit
-depe3 Ry B semuo, 31 = LD 4 [0, :

Coornomenue Mexay UL u I{:), nosBasomumucs npu
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Puc. 1.27. CooTHolleHHs
MEKTPHIECKHX  BEJHUYHH
npu K -

K®Y ¢ yyeTom TOro, 4TO B IN1yX0323eMJICHHOH HeATpaJd TpaHc-
¢dopmaropa Uy==0, onpenessiercss AJs WHH NOACTAHUNH Plll\;I)ec-
1a noBpexaenus Bepaxenuamuy ULl =—iX[¢D 1 UG =
=—[Roa+j (X:+Xoa) U Y, rae Xoa u Ros— peakruBHOe H
AKTHBHOE CONPOTHBJIERHS HYJNEBOH MOCAeJOBATENbHOCTH JHHHH
10 MecTa noBpexjaenus K. .
Kak u Aas ApYruax COCTaBJAIOIIHX, NepeXoJHOe CONPOTHB-
nenue Rns Ha 3eMJi0 B NpHBeJeHHble BHpamenua gisa USHD

He BXOLHT # yroax @ {1 =U DI ~270°.

CrellyeT Takie OTMETHTB, 4TO CYLIeCTBYeT ONpeAesieHHoe
cootHourenue Mexay {0 u I{) (npu oxnodasnom K3), pac-
CMOTpPEHHOe HHXKe U OGJeryaillee NPOBeJCHHE PacyeToB 3a-
LHT, UCHOJB3YIOIUX COCTaBJSONINE HYJIEBOH MocJel0BaTeb-

HOCTH.
Coornowenust mexay U{D u I{Donpegensiorcs nogo6uo

' COOTHOLIEHUAM MJISl (_J_(()I'” u [{Y ¢ Toit pasHuiel, YTo oTCYeT

Beflercs OT HeHTpasu reHeparopa, HMeOlled MOTeHUHaJ, paB-
Heiii  umysao. [TlosroMy, Hampumep, A/ LIMH NOACTaHIMH

UL = —i (Xe+Xo) 15 u yron @) = UERIGH ~ 210"

U3 Bcex BUIOB HecHMMeTpHYHBIX AByx(asueix K3 paccmar-
pPHBaeMble XapaKTepH3YIOTCA HAHMEHBIIUMH 3HAYEHHSIMH Ha-
NIpsAXKEeHUH NpAMOH NOCJAef0BATENbHOCTH H NMOITOMY SBJISAIOTCH
Haubosiee TsXKeJbIMH (pacyeTHHIMH) MO YCJIOBHSM COXPaHEHHA
yeTofiuuBoil paboOTHl CHCTEMBI.

OpHoda3Hble KOPOTKHe 3aMblKaHUs B CETH C riyxo3asem-
JieHHbIMH HefiTpansamu. Opnodasuse K3 KU gpnsiorcs Hau-
Gosiee yacThIM BHAOM NOBpPeXKAEHHUN B CETAX IVyX03a3eMJEHHbI-
Mu HefirpaasiMu, C TaKuM pexXuMOM 3a3eMJieHHA HeHTpaJeld B
Hame#l crpane paboramor ceru 110 kB u Beime. B cerax
330 kB u Bhllle 0GBIYHO 323eMJSIOTCA BCe Hefitpaau. B cerax
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¢ IJyXo3a3eMJEHHHMH HEATpaJsMH OTHOlleHHe Pe3yJbTHpYIo-
mux conportupiaenuit Xoz/Xiz <<3+4. 370 oTHOWIEHHE BOJIU3H
IUMH CTAHUMH M NOACTAHUMHA, Ha KOTOPHIX MOTYT YCTaHaBJIH-
BaTbCH MOLIHHE aBTOTPaHC(OPMATOpPH, BCerfa uMelollue IJy-
X03a3eMJleHHEle HeHTpaiu, OHBAeT 3HAUKTEABHO MEHbIIHM,
HHorna npu npoekTHpoBaHUU BO3HHKAIOT faXKe CJAydyau, Korja
Xoz< X1y u TOK oaHodaszHoro K3 mnpeBocxomut TOk Tpexdas-
Horo K3, 4To MoxeT 0Ka3aThCsi HENPHEMJIEMBM IO YCJAOBHAM
BHOOpa KOMMYTallHOHHOj annapatypsl. JIis yMeHblueHus To-
koB K3 Ha 3eMJllo, a HHOra TakKxe Jf yAYYlIeHHsS YCIOBHH

£q

1)

Zir g FRa

wB
a) 3) '
Puc. 1.28. Coornomenns anekTpHyeckux Beauunn npu KO uepes Ry

paGoThl penedHON 3amuTH ceTell (NpHMepHOH cTaGHAH3ALUH
YPOBHs [o IpH PAa3HOM YHC/e BKJIOYEHHBIX TPAaHC(HOPMATOPOB)
yacTh He#TpaJed TpaHCHOPMATOPOB MOKET Pa33EMJATLCH, €C-
/M HX BHINOJIHEHHE 3TO Jonyckaer (Hampumep, npu Ugow=
=110 kB). :

Jla51 BHISIBJEHHS COOTHOIIEHHI 5/JEKTPHUECKHX BEJHUHH MpH
K® nenecoo6pasno HCHoJb30BAHHE METOAA CHMMETPHUHBIX
cocraBaslomuX. KoMniaekcHas cxema mnocjejgoBaTeqabHOCTel,
COOTBETCTBYomIas pHC. 1.24, npu yuere, uTo oco6ofi ABASETCH
¢asa A, umeomas B touke K nepexopHoe cOnpoTHBJEHHe R
Ha 3eMJll0, NpHBeieHa Ha puc. 1.28,a. I'panuuHble ycioBHA Xa-
paxrepusylorcs coorHowenuamu /() ==0; [ =0; Ul =
==Rul{}). B cooTBeTcTBHH C KOMIJIeKCHOR cxeMoli /() = J() =
== ll(é)) = E/{ 2Rln+R0n+3Rn+][2 (Xr+XT+X1JI)+XT+XOJl] }
n L) =319 .

CooTHOWIEHHS Mex1y HANpPsKEHUSIMH H TOKAMH HYJIeBOH i
00paTHOH NOC/IeA0BATENbHOCTEH ONpeAeasoTes], Kak aas KD,
Hanpumep, UD), =—jX.I{); Ha yroa mexnay U@, wl@)
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Rq HE BJIMAET, ¥ OH npuMepHO paBeH 270°. Heo6xoauMo ToabKO
OTMETHTb, YTO NPSIMO U3 KOMILJIEKCHOH CXeMbl 3aMelleHHs Ha
puc. 1.28,a He Buano, rae notesuuann UMD u U uMelor ny-
neBHe 3HaueHHs VM cooTBeTCTBYIOT, HCX0As M3 Apyrux (du-
3HYeCKHX) ApeACTaBJeHHH, Hauaja cxeM HyJ/eBOA u o6paTHOMH
HOCJeAOBaTedbHOCTEH, T.e. HefiTpalb 3a3eMJEHHOr0 TpaHc-
dopmartopa (mas Uo). n Hefitpann reneparopa (ans U.). Ha
BEeKTOpHOH Amarpamme (puc. 1.28,6) I{) orcraer or E4 Ha
yroJi (])((:1)= arctg[2 (Xr + X+ Xln) + Xr + XO.’!]/(2R1.‘1+R0J‘[+
+3Rn).

dasnoe HampsiKeHHe Uy npu npubJuXKeHHH K HCTOYHHKY
NHTaHHSl Bo3pacraer, H B Mecte I[IJ yCTaHOBKH 3allUThl

N
Uy = U 2 (RuartXua) +RoaXosll . Yron TR
BMecTe K3 Ko'=0,aymunn ¢{)) =arctg (2X1x+ Xoa)/(2R12+
+Rox+3Rn).

Heckoabko 6osiee c0:xKHO ONpelAessIOTCH HaNpsKeHHs He-
AoBpexaeHHbX a3 B u C. ToJabKO B 4aCTHOM, IPAKTHYECKH Ma-
JopeaJibHOM cJydYae DaBeHCTBA CONPOTHBJIEHHH BO BCeX Tpex
NOCJIeI0BATEILHOCTSIX OHH OCTalTCs paBHBIMH Eg H Ec ¢ yraoM
casHra 120°. TIpakTHueCKH Ke OHH CHJILHO MCKAXKalOTCH H MO-
ryT ObTb KaK MeHblle, TaK H GoJbllie HaOpsA:KeHHH NpPH HOp-
MaJibHOH paGorte. [IpuMepHLIi BHA 3THX HanpsxKeHHH NOKa3aH
Ha BeKTOpPHOH auarpamme Ha puc. 1.28,6 B HpeaHO/OKEHHH,
UTO pe3yJ/IbTHPYIOllee CONPOTHBAEHHE HYJEBOH HOC/AEe0BATEb-
HocTH GoJibille, YeM NPAMOM NOCJEAOBATENLHOCTH, NPH 3ITOM
Hanpsixenus |UQ | u |U{ | coorercrBenno Goabme 3JC
|Es| u |Ec|. Ipu K3 na wunax I/ peyasTupyiollee conpo-
THBJICHHE HYJIEBOJ MOCJeJ0BaTelbHOCTH X, OyaerT MeHblne,
ueM npsaMOH mnociaenoBaTeabHOCTH Xr+ Xy, H HanpsaXeHHs

1)) — 1 D] — 1 )

US| =] Ul 1 100 =|U ;| cooteercrsenno  Gynyr
Menpue DJIC |Ez| u |Ec|.

I1pu onpenesennn TokoB K3 yacto yYHTHIBAIOTCH TOJIBKO
PeakTHBHBle CONPOTHBJIEHHS 3JIEMEHTOB CHCTEMHl, a R, NpHHH-
MaloTcsi paBHEIMH Hya10. B atom cayuae toxu /) u 1D B mec-

Te K3

I3 =13 = IG =Elj(2X 15+ Xyoz)-

OTHoLleHHE TOKOB HYJEBOH IOCJAELOBATEJNbHOCTH B MECTe
nospex aeHus npu KO u KO (B cayuae Xz = Xon)[ 8/ 10 =
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Ktz +2Xros )/ (2X w12 + Xuwoz) = (1 + 2X 05/ Xias)/ (2+
+ Xwox/X«i1x) .- .

Mpu X o >X s I8 >IGY u, naobopor, npu X 5 <.
<X, 51 1y >1(” Kaxk 6bl10 oTMeueno entle B 30-e roabl B
CPSHY TSH O M. BoratelpeBrIM, 3TH cooTHOwWweHHs aasg K3
HA OJHMHOUYHBIX JHHHfX CIPaBEJJIHBbl H [Jif BCeX BETBEH CXeM
HYJIeBOH IOC/IEN0BATE/IbHOCTH, MOCKOJbKY KO3((HIHEHTH TO-
Kopachnpe/leJieHHS B CXeMe HYJeBOH IOCAeJ0BaTeJbHOCTH He
3aBHCAT OT BHJA NoBpexjaeHus. [lonobGHble COOTHOIIEHHS MO-
ryT ObITb MOJIyYeHBI H JJIS OTHOILEHHS TOKOB 0GpaTHOMH Mocie-
JpoBatenbHocTH B MecTe K3 1 B oTaenbHEix BeTBsix [16].

IlpuBe/icHHBle BHIpaXKEHHA MAIOT BO3MOXKHOCTb OLEHHBAThb
pacueTHble YCJOBHSA AJis BbIGOpa NapaMeTpOB H ONpeAeJeHHUA
YYBCTBHTEJIbHOCTH 3alIHT, peaTHpYIOIHX HAa COCTaBJSIOUHe

1 __(1) 1, 1,
Iva=Ilig= I,fg—-I,f)-—;-Im

-—‘> l( - ———

—— / —— [\
=72—= [
)/ N

Puc. 1.29. IpenenbHeiit ciyyah pacnpeneneHHs Tokos mpu K1

TOKOB HyJIeBOH HJH 0OpaTHOH NOCJAEL0BATEJIbHOCTH, NMPOH3BO-
Jsl pacuer ToJbKO optoro Buaa K3 — KU uaun K4V, HeoGxo-
JHMBble YTOUHEHHs 3HaueHHH TOKOB [o AJa cayuaeB K3 Ha an-
HHfX C B3AHMOHHAYKIUHe# npuBeneHs B [29].

B o6uiem cayuae nmpu K1) mo HemoBpemxaeHHbBIM ¢a3am, Aa-
e IPH OTCYTCTBHH TOKOB Harpy3kd, mnpoxoaaT Toku K3.
B mpenesie oHu AOCTHraloT 3HaueHHs ToKa K3 B moBpexjeH-
HO# ¢aze. B s3ToM caydae TOK I8 =314, NIPOXOASILIUY uYepe3
3a3eMJIeHHYI0 HeHTpaJ/b NOHHXKalollero tpauncdopmaropa T2
(puc. 1.29), npuHyxKaeHHO (IOCKOJBKY TOKH B e€ro o6MOTKaXx,
COelHHEHHHIX B TPeyroJibHHK, AOJKHEI OBITh paBHBL) pacrpeje-
JsieTcsl MexAy TpeMs (a3aMH JIHHHH Ha TPH paBHBE COCTaB-

JSAIOU He 1,((5), ABJSAIOLIHECH NOJHBIMH TOKaMu a3 ¢ 3Toff ee
cTOpOHBL. 3a MecTOM NOBpexaeHuss K, B CTOpOHYy MOBHILA0-
mlero TpaHcopmaropa T/ ¢ H30JHPOBaHHOH HEHTPAJbIO, TOKH
B HEMOBPEKJEHHHX (pasax OCTalTcs TaKHMH XKe, KaK H CO CTO-
poHbl 72. OnHako OHH yXe He SBJSIOTCS TOKaMH HYJIeBOH Io-
CJIelOBATEJbHOCTH, @ COAEPKAT COCTABJAIOUIHE TOJLKO MPIMOH
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obpatHOli MocaefoOBaTebHOCTEH,
1(1) +1Q +1P =0.

OnHodasuele K3 l'IpelICTaBJIﬂIOT coOo#l TSKeJbIH BHA IO-

BPEXKJIEHHS, XOTS H MeHee ONAcCHBIi [/ CHCTEMBI, YeM MHOro-

asable K3. TTostomy K noJi2KHBI OTKJIOUATbCS TakKXke [0
BO3MOXHOCTH GBICTPO. 3alllHTa MOXKeT JeHCTBOBATb Ha OTKJIO-
yeHue BCexX Tpex (a3 JHHHH WJH TOJbKO OfHOH MNOBPEXAEHHOH
¢ TOCJICJYIOIHM ee aBTOMATHUECKUM MOBTOPHHM BKJ/IOUEHHEM.
[Tocneasuii croco6 okasbiBaercs lejecooO6pasHbiM aJif Maru-
CTpaJbHBIX JHHHH (IpPEHMYINECTBEHHO OJHOLENHBIX) NpH Ha-
JHMUHH Y BBIKJIOYaTesell noda3sHoro NpHBOAA H B HEKOTOPHIX
JApyrHx cayuasx. IIpu aTOM, KaK MOKa3hbiBaeT OMBIT SKCHJyaTa-
1HH, TIOBPEXKJEHHS B 6OJ1bUIHHCTBe cJy4aeB CaMOJHKBHIHDY-
joresl. B cersix ¢ Unon==300+500 kKB 0H npuMeHsieTcs MPaKTH-
yeCKH Bceria, B cersix 110—220 kB — pexe.

Hasa samut ot K yacTo HCNOAb3YIOTCH COCTaBJSIONIHE HY-
JIeBOH TIOCJIE10BATEJbHOCTH, TaK KaK IIpH 3TOM 00eCleyHBarT-
€51 HE3ABHCHMOCThL 0T pabOyHX TOKOB H HaNpsXKeHHH H HEKOTO-
pule ApYyTHe NpeHMyLIecTBa.

YeThIpeXpoBoAHbE paclpenenurebuble cetd 380 B rak-
Ke 06buUHO paboTalOT C IVIyX03a3e€MJIEHHBIMH HeHTpaJsIMH.
Cooruowenusa TokoB K3 B muralomux HX TpaHchopmaropax
npu KO pa 3emJi10 uju ueTBepTHl (HyJeBOH) NMPOBOA MAaHHI
HHXKe.

JlBoiinbie KOPOTKHE 3aMbikaHua Ha 3emaio. soitmpie K3 Ha semimo
KLV yunTeiBalotcs ToAbKO B ceTAX ¢ HEHTPANAMH, H30MHPOBAHHEIMHU HIH
3a3eMJIeHHBIMH Yepe3 Jyroracsiie peakTopnl. Kak yxke oTMeyajoch paHee,
¢ TAKHM DeXHUMOM 3a3eMJIeHHsS HelTpasjed B Hamed cTpaHe OObLIUHO pa-
GoraoT cetd ¢ Uwonw<<35 kB. Conporusnenus eMkocTefi a3 mo OTHOLICHHIO
X 3eMJie H Ayroracsinugx peaxTopoB OTHOCHTENIBHO BE€JHKH H IIPH ONpejeJe-

TaK Kak co cTopoHul T/

HHH TOKOB Ig;‘) He yYHTHIBAIOTCH.

Bozuukaior Kg;l) o6biuHO B MecTax ¢ ocjabJenHofi Haoaamued. Ilo
Mepe MOBHIUEHH KayecTBAa OGOPYZOBAHHMS H YCJOBH{ 3KCNJyaTalHu OTHO-

CHTeJIbHOE YHCJO Klfé'l) CHHKaeTCs, H B HacTosiLiee BPeMs OHH ABJSIOTCS
J0CTAaTOYHO pejKHM BHAOM noBpexgeHHs. OjpHako NPH BLINOJHEHHH peJei-
HOH 3au(HTHl ceTefl HX yuer cuHMraercs HeobxoamMbiM. B cersix ¢ riayxoaa-
3emaeHHbiMi HefiTpansiMi (Uwow=>110 kB) uX npakTHyeckn He ObiBaer, Tak
Kax opuodazHple K3 CONpPOBOXKIAIOTCH CYIIECTBEHHO MEHBIIHMH NepeHa-
NPSKEeHUsAIMH Ha HeNOBpeXjeHHBX (a3ax.

B cayuae Kg;l) HA JIUHHAX, OTXOAAIHX oT obwHx wuH (puc. 1.30,a),
TPpH OTCYTCTBMH B3aHMOHMHIYKLHH MeXQy HHMH OIpe/elleHHe TOKOB H Ha-
NpsixKeHNH MOMXKET OCYIIeCTBAATHCA NpocTefuuM 06PasoM C ydeTOM TOTO,
9TO TOKH, KaKk 3T0 mnoguepkHBatock eume P. Piogen6eprom B 20-e rojgw,
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NPOXOAAT TOR nposonahm noBpex nenHbix anHuit. Ilpocto onpenensiore
COOTHOWEHHS HA MepeAaie C ABYCTOPOHHHM IHTAHHEM, CONPOTHBJEHHe o
TOPOH BEJHKO 1O CPaBHEHHIO C CONPOTHBIEHHAMH CHCTeM Zox, IIpHHHMaeMy;.
MH paBHBIMH HyJo (puc. 1.30,6). Toraa ats tpex KouTypos NPOXOXKAeHysy
Tokos  mmeem Ep—Ec=2;,140 42, . (104 180); g
—Ec=Z,18 4 2, (1 ”+1“ D) o Ep—E,=7,, 18 4
+ Z, w,,(l‘1 - —}—1(1 ”), OTKyza 1“ D= l‘1 D~ Ic=(Eg ——EC)/( L

+22z, n) = ( ‘—Ec)/zom e an H Z, ,~ COOTBETCTBEHHO CONPOTHBIIe.
HHS TIPOBOR — 3€MJIsi H CONPOTHBJIEHHE Bsaumommyxuuu MeXAy NpPoBoAamy,
asc 1L 0L 1) (1)
. a A ~lg ==l
£ G £_ W u T
— & i'!/fsi —_—— A’a /([ —
~o -y -
= = —~(~
} Z,=0
— " eﬂ 1) iH (1) %w=7
fd K B - —x ¢ :
(1) L
L7 _Vc )

Prec. 1.30. N Boiiible 3aMBIKaHHA Ha 3eMJI0 Kz(lla’l)

Takum o6pasoM, B paccMaTpHBaEMOM NpefedbHOM cjaydyae TOKH BO
BeceX Tpex ()asax paBHBI, T.e. HMEIOT TOJBKO COCTABJSOMIHE HYJEBOH 110-
CAeNlOBATEJILHOCTH. B pealbubix Cllyyasix HeOGXOAHMO CUHTATLCS C HauH-
9HEM TOKAa B HenoBpeXIeHHOH (ase, 32 HCK/HOYeHHEM CJY4aeB, NOAOGHBIX
Aaunomy Ha puc. 1.30, rae o paseu nymo. JBoitnoe K3 Ha 3eM/O OTHO-
CAT K CJAOXHBIM, TaK KaK OHO XapaKTepU3yeTcss BOSHHKHOBEHHEM HECHM-
METDHH (NOTIePeyHOi) B ABYX MeCTax 3jeKTpHuecKoil cetH. Heo6xonumo
OTMETHTb, 4TO 60/bWOH BKJIAL B 2HAJIH3 CJOXKHHIX TOBPEXACHHH DasHOTO

BHAa (B TOM YHCJE K K(1 D ) 6bin BHecen B Hauane 30-x rogos H. H. Ilex-
puHbiM, . M, Mapxoauqu, a B pajiedeiimeM A. B. Yepuunum, C. B. Jlo-
CEBbIM H JPYTHMHK COBETCKHMH CHeHHaJHCTaMH. COOTHOLUEHHS BHISBJISIIHCh
IPH 3TOM € MCNOJB3OBAHHEM METOAA CHMMETDPHUHBIX COCTABJSIOMUX, a B
AajeHefinieM H APYrHX cocraBasiowux [31].

ITpu Kl(li;l) HanpsiKeHHsi MeXAY NOBpeXKACHHHMH (ha3saMH B OTJHYHE
OT (pa3HBIX BO BCeX TOYKAX CETH, B TOM UHCAE H B MECTax NIOBpeX ACHHS,
HMEIOT KOHEUHbE 3HAYEHHS, yMEHbLAIOTCH NPH COMMKEHHH ITHX MeCT HMpH

HX COBNIaJleHHH DaBHH Hymio, a noBpexaenne K ' npespamaercs
p y P &8 pesp
K.V B onnoit Touke. Casrr mo ase q)&.;)=u(1 1)1(1 1) HMeeT CHIBHO
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A3MEHAIOIIKECS 3HAYEHHS, OTJIHYAIOUIHECT OT (p q)(1 D~ —90° B cas3u
¢ BJAHAHHEM IEPEXOAHBIX COMPOTHBJeHHH R, Ha 3eMu0.

B cayuae K,(é’l) Ha pasHbiX yYaCTKax ceTH OOBIYHO NpeiCTaBJSeTCs
yenecO00pasHbiM aBTOMaTHYECKH OTKMOYaTb TONBKO OJHO MECTO NpoGos.
fIpu 3TOM TIpeANOJaraercs, uto npoboii BO BTOPOM MECTe MOXKeT CaMOJHK-

pUAHPOBATbCST (HAMPHMEP, B BOSAYIUHBIX CeTHX) HAM GyAeT ycTpaHeH o6-
cMyKHBAIOWKM TlepcoHatoM (ecas ocraercs ycrofiunoe K ?)). O6ecneye-
yue OTKJHOUEHHsS MO BOSMOXHOCTH OJHOTO MecTa mpo6ost (mpHMepHO B 2/3
cnyyaeB) OCYIIECTBJSIETCS BKJIOUEHHEM 3amHTHl HAa TPaHcOPMATOPHl ToKa
TobKO ABYX has. HagexuocTs snexTpocHaGmeHust moTpebuTeneil npH Ta-
KOM CAOCO0€ JIHKBHIAIHH TOBPEIKAEHUST MOMKeT MOBBLILIATHCS.

Npononenas wecummerpus. I[lponosbHas HecHMMeTpHs Haubojee Ap-
KO NPOSIBJSETCH NPH KPAaTKOBPEMEHHOM HJH [JIHTENbHOM DaspbiBe OAHOIl
utk AByX ¢as. KpaTkompemeHnHble paspeiBH ofHOH (ha3b BOSHHKAIOT 06bIU-
HO TIPH OTKJIOYEHHH B caydae KM romko noBpexJeHHoOl a3kl H ee as-
TOMaTHYECKOM NOBTOpHOM BKJoueHKH (OAIIB).

Jlaurenpibie pexkHMH C paGOTOl aAByms $asaMH, a HHOTAA M OLHO
}ha3oi, BOSHHKAIOT, HANPHMEP, NIPK NO(A3HOM PeMOHTE JIHHHE B CETH C IiIy-
X0323¢MJICHHBIMH HeHTpaNAMH, NPH OTKase OTAEAbHHX (a3 BHKJIIOYATENS,
a TaKXe B HEKOTOPHX APYTHX CaAyYasix.

Huxe paccmaTpuBaeTcsl JIHHHs, CBA3HLIBAIONM(AS ABe CHCTEMBI, HMEIOLIHE
TpaneOpMaToOPsl C TJyX03a3eMJEHHHIMH HeiTpaiamu (puc. 1.31). Dksn-
BajieHTHHe JIIC renepaTopoB Erm H Ecx clcrem M u N, npusegeHHbie K
CTOPOHAM C HanpsKeHHeM péccman—ueaemoﬁ JIHHHH, paBHul Ea u Ey.

Paspuism pacemarpuBaotcs Ha dase A uiu Ha dasax B u C co CTOPOHH
M nnnuu. B o6oux cayuanx oco6ofl seagercs thasa A.

-Erm wMNw

e:e‘ ]

\¥¢Lﬂb

Pxuc. 1.31. Pa3spuB oauoft dasu

Cxema c paspeiBaMH NIPHBOSHTCS K cXeMe 0e3 paspLIBOB TyTeM BBe-
leHHs B pasopBaHHHe (ha3bl HCTOUHHKOB npogosasHbix IIAC Up, subupae-

MHIX Tak, 4TOOLl TOKK B 3THX (a3ax OCTAaBaJHCh PaBHBHIMH HYJIO.

Crepyer uMeTb B BHAY, YTO NPH TPOAOJBHOLN HECHMMETPHUH B OTJIHYHC
OT nonepeunctt kak DI C, TaK K CONPOTHBJEHHS, OTHECEHHbie K TOYKE He-
CHMMeTpHK, CK/IaABIBAIOTCST COOTBETCTBEHHO MOC/AELOBATENbHO, a He Mapaf-
AeNbHo,
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ITpn onpeneseHHH TOKOB H HanpsKeHHH B caydae paspbiBoB $a3 Bos.
MOXHO, KaK H NpH nonepednoii HecHMMeTpun (K3 B ofHON TOYKe), HCHOAL.
30BaHHe KOMIIIEKCHHIX CXeM nocjefoBaTesibHocTell (mnsg ocoboit dasm) ¢
3alaHHBIMH 3KBHBaJeHTHHIMH DJIC reHepaTopoB HJIH NPHMeHeHHe MPHHLHM,
HaJIOXKeHHS HAa Harpy3OuHBLIH PeKHM, NPeAuleCTBOBABUIHA Pa3pHBYy, MOCJe-
Aylolero asapuilHoro. B 3THX cxemax nopo0HO cXeMaMm IpH HONEpedHLix
HeCHMMeTpHusX nponajakoT uctounuxkn SAC Ut.

Tlpn npakTHUecKMX pacueTax HCIOJb3yeTcs TOT CNocod, KOTOPHIt fg-
asercs Gonee ynoOHBIM anas paccMaTpHBaeMoil 3ajaud. Hanpuwmep, npu
HEOOXONUMOCTH BbISABJEHHS 3aBHCHMOCTH TOKOB OT yIJa pacXoxaexus daz
OIC mByX 4acTeii CHCTEMbl C Pa3pHIBOM OAHOIl HJH ABYX $a3 CBA3HBai0.
med HX JIMHHM TNPHMEHAIOT NepBblE CNOcol; eC/AH H3BeCTEH TOK Harpysku
JHHHH Tiepe] Pa3phIBOM HJAH HMeeTCS HeCKONbKO TI'eHePHPYIOUIHX HCTOUYHH-
KOB, 4acTO Jy4lie HCNOJb30BaTh BTOPOH CMoCOG. )

Paspuis ool ¢asul. PaspuB ofnofl ¢ras A xapaktepHayercst cie-
AYIOUWHMH TpauudHbIMH yedoBHAMH: Jra=Ip Flpe4-T09=0 u Urg=Urc=
=0. 3Tn ycaOBHS aHAJOTHUHE COOTHOWEHHSM mpH K3 KD, CuMMeTpHs-

HBI€ COCTaBAAOUIHe NPOAOJNBHOIO ULA NoAYy4alTCs paBHBIMH ULI =

=Up=Upy=Ur4/3, mpHaeM npu Zpz= Zras =21z Upg=
=Ey . C yuerom masowenwnoro nomyuaem [, = (Ey— U )/2,,5 =
2 ! 2T YL1)/%
=19 —Up/Z11y, Is=—Up/Zs5, Iro=—"Up/Z;py ¥ Ranee J, =
=0=Es/Z113~Un/Z115—Ups/Z155—UrolZ1p5,  oTxyaa Ups=

=8V = (3E3/Zp5)/(VZ 115+ V254 1/Z5).-

3
YuuTtHBag, uTo Ez/ng:!g) » noayvaem U, .,

. 23
PE3 TOK Harpysku: U, , =3 J§ )/(1/_21_12 + 17255 + l/gLoz)'
Tlonyuennsie BhpaMeHHs NAlOT BO3MOMHOCTH ONpELEJNEHHS COCTAB/S-
IOIHX TOKa B PexuMe paspusa: ;= !g") — {f{B)/(l + 2015/ 210542115/

[Zyos)s  Tpo=—Upy/Zss = — 1 [ (2105 [ 25+ 142 [ Z145);

Iro=—Upo/Z1p5=— {f”/’(éwz/fuz +Z1on/ 2105+ 1).

B Buipamenuu pas I, BTOpOH dien ompepeniset apapHAnyl0 cjaaraw-
L1yI0 TOKA MPSIMOi IOCAEA0BATENbHOCTH.

Peneiinag sautura wacto BHINOJMsETCS pearHpylomedl Ha CHMMeTpHUHbIE
COCTaBAAIONWIMe OGPAaTHOH M HYJEBOH NOCAENOBATENLHOCTEH TOKOB H Hamnps-
xeunit. [losToMy BaKHO 3HATh, Kak oHa GyaeT neficTBOBaThH IpH paspHiBa¥x,
KoTophie, kak U K3 Ha 3eMi0, CONPOBOXKAAIOTCA NOSBACHHEM COCTABAMIO-
LIHX YKA3aHHHIX NMOCJAE[0BaTebHOCTEH.

Cocrapasomue /14 BROAL JHHHH 0IpH HeyueTe ee IONEPEUHHIX EMKO-

Bhipa’KeHHOe ye-

CTeli eCTECTBEHHO OCTAIOTCH HeM3MeHHWMH. IIpHMepHble M3MeHeHHs cocTas-
ASIOIHX HANpAXKeHUss Ura BROAL SJEeMEHTOB CHCTEMBI B f1pe/IlOOMEHHH
paBeHCTBa yIriOB MX CONPOTHB/EHHMI nokKasaHwW Ha puc. 1.32. Pasnocts Ha-
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npsKeHHA ¢ ABYX CTOPOH OT MecTa pasphiBa A BCEX NoC/Ie0BATeAbHO-
creit pasia Upa/3, x0T caMH HanpsXeHHs 10CAel0BaTENbHOCTER HMEIOT

paSHbIe 3Ha‘lgﬂﬂﬂ. HaanX{EHHH B paBHONIOTEHLHAJNbHHIX TOUKAX CXeM 3a-
MmelleHHs OTAEeNAbHBEIX focheA0BAaTENAbHOCTEH 3a CONPOTHBJACHHEM CHCTEMD!

paBHH HYJIO.

Mecmo

_paapeiba Uy 1 ) Up N2
1 U
Zm1 EUL A Zuz §2A
: Z
Z Nz
M ULN__L 7)

. UL M1 a)

Ui vo
Ly
Iyl |3LA
' Zno
Uy mo )

Puc. 1.32. MaMeneHHe COCTABASIOMHX TNPOAOABHEX HaNPHKeHHA Mo 3Je-
MeHTaM CHCTEMH

Ha puc. 1.33,a mpexcrasien 4acTHHA ciyaafi paspupa tasw A Ha
BLIKJIOYATesle JHHHH, NHTaloliel HArpysKy.

u Jua=0 Hazpyske
MoN sl
{ \
= =G D=0
' Lg I 4
e
a
Urwh : Una=lhuwa
Una
(3) =
120 L0
Yue Yus Une AT L/z.~t=_ULwc2')_ULNB=_Uz.w3

3) 8)

Puc. 1.33. COOTHOWEHHA 3/IeKTPHIECKHX BeJH4HH NPH pa3phiBé OLHOH ¢pa-
3b Ha JHHHH, HTawUledl Harpysky
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Ha puc. 1.33,6—e nokasaupl BO3MOMKHble BEKTODHbE AHATDAMMbI Ha-
NpsiKEHHH, XapaKkTepH3YWLiHe paccMaTpHBaeMHE paspeis. Hanpsxenue
Urwa dass A Ha IWHHAX HCTOUMHKA HHTAHHA COXPAHAET SHAUCHHE, GaM3-

?oe K paboueMy HanpsiKeHHiO Uwapas HPEIIIECTBYIOMEr0 PasphBY PeH-
a (puc. 1.33,6). Hanpsxenne Tofi xe tdasst A 3a paspeBoM ULNA (puc.
1.33,8) Gyaer oramuatbes o ULmA Ha BEJHYHHY ULA, nponopuuouanbnylo

TOKY Harpy3KkH 1(3’ B pa6oqe1vr pexHume (ULNA ULuxA_ULA) H HMeThb

KOHEUHOe 3HaueHHe, ITo oIpejessieTCsi HaBeLeHHeM B thase “A 3JIC, coot-
BETCTBYIOIEH HANPSKEHHIO B OOMOTKE HH3LIEr0 HANPAKEHHS MOHHKAIOIe-
ro tpaHcopMarTopa, coelHHeHHOR B TpeyroabHuk IIpn xomocTokt paoTe
AuHHd ([e=0)Ura=0 u Urva=Uwapss (puc. 1.33,2). Takum o6pasom,
nanpsikennss ¢ass A ¢ obenx cTopo paspeiBa OKa3HBAlOTCS OfHHAKOBHI-
MH. Hanpsixenuss ¢as B v C ¢ 006eHX CTOPOH MeCTa pa3sphiBa, H3MEHAACH
no cpaBuenuio ¢ Upas B 3aBHCHMOCTH OT 3HaueHHs Iy, BO BCeX pemHMax
OJAHHAKOBHI; ULmB=ULNB H Ume=ULNc (pHC 1.33,6—3).

[lps npHHATOM NOJNOKHTENbHOM HANpABJIEHHH TOKa B 3emiae [s, coBia-
JameM ¢ HalpaBJEHHSIMH TOKOB IB ulc,la——(la+lc) Cymma | IA+IB+

+lc_lB+lc—3lo (Tox IA 0, om-xaxo HMeeT COCTaBJfOILME, B TOM qucae
-
Io, He paBHble HyJ0). Haauune 10#—0 onpeaeNseT yroJ IBIc, menbHInk 120°,

CaeAyeT OTMETHTb, YTO B DacCMaTPHBAEMOM Cliydae pasphiBa OXHOM
(a3l Ha JHHHH C OJHOCTOPOHHHM IHTAHHEM K NOTPeGHTENSM NOZBOAATCH
TPH MeXAy}asHBIX HanpsKeHHs, o6pPasylOLIUX TPEYroJbHHK ¢ KOHEUHOR
WIOINAAbI0, H HArpy3kKa, KaK THOA OCBETHTEJAbHON, TaK M THIa ABHCATENb-
Hoil, OyAeT mpopoAxaTh paBoTaTh NPH YCJOBHHM, YTO COCTABJASIOMHE 06pat-
HO/l MOC/E/OBATE/PHOCTH HMEOT AJS NOCHEAHHX NOMyCTHMEE NPEZeH.

Yriopse COOTHOWICHHMS MeXIy COCTABJAMWAMH HANpAMKeHHH H TO-
KOB NpH HemOMHO(Aa3sHHX pexuMax. [IuTanwe H3MEDHTEJLHHIX OpraHOB
VCTPOACTB peJeHHOH SalHTH OCYIECTBASECTCH OT NEPBHUHBIX H3MEDHTENb-
HBIX npeoBpasosarenelt Toka (TpaHcopmaropoB Toka TA u HanpsxeHus
TV). Mecro Bkmouenust TA co CTOPOMB IIMH HJIHM HOCJAe BHKIOYATEAR B
CTOPOHY JIHHHH HA YIJIOBHIE COOTHOLICHHS MeXAYy COCTABJSIOIHMH TOXOB
H HanpsXeHHH OpH paspbiBe 3HAYEHHS HE HMeET, NOCKONbKY COCTABJSIOLIHE
TOKOB O HHAKOBH C 00eHX CTOPOH pa3phiBa.

Mecro Brmovenus T'V —wua wmnnax (pue. 1.34,a) mwin 3a BHKIOYaTe-
JeM Ha JHHHH (pHc. 1.34,06) — MokKeT CYlECTBEHHO BJHATH Ha YKA43aHHHe
Bhillle YIJIOBble COOTHOLIEHHS. YIJIOBHIE COOTHOIIEHHS NDPH HCHOJb30BAaHHH
LJISL 3aLEMTHL COCTABJSIOWMX HYJEBOH HIHM O6GPAaTHOH NOCJeH0BATENBHOCTH
H nuTanun ee oT TV co CTOpoHH WIHH B cilyyae paspHBa B HANpaBJEHHH
OT WIHH B JIHHHIO (Pa3pbiB Ha caMofl JIHHHH WAM Ha (asax BHKMOYATENs
IPH €ro HellOBKJIOYEHHH HJH HE0O0TKJIOueHHH, pHC. 1.34, 8) nauGosee npo-
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CTO ONPEAC/IIOTCS HCXOAS H3 PABEHCTBA HYJIO COCTABMAIOLIHX HANpPAKEHHS
Hy7€BO/ TOCJTEAOBATEJBHOCTH B 3a3eMJEHHOH HeRTpaln Tpancdopmatopa
MOACTAHIHH H COCTABNAIOMWHMX 06paTHOR MOC]ELOBATENLHOCTH B HeATpa-
aaX reHepaTopoB. COOTBETCTBYIOIHE HANpPSAXKEHHS HA IMHHAX OKA3HBAIOT-
ca paBHuIMH Urmo=—2Z10fy # Upyo=—Zcolrs, rae Z+o — COTMPOTHBIIE-
une HyZEBOR NociesoBaTeNbHOCTH TpaHcopMaTopa, a"Zcy — conpoTHs.e-
aue OOPAaTHOM 1OCJEZOBATENbHOCTH GJ0Ka reHepaTop—Tp—anc@opmaTop; yr-
Jpl STHX CONPOTHBIEHHH, Kak 3TO yike NPHHHMANOCH NPH pPacCMOTPEHHH
necHMMeTpHUHEIX K3, menbime win paBun 90°. [Tostomy, nmpumaMas 3a Hc-
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Puc. 1.34. Coornomenns Toxos HanpsiKeHHH NPH paspeiBe (asbl AHHHH
B ofHOM MecTe

XORHYIO COCTABJAAIIYI0 TOK HYJeBOH HJH 06paTHOM IOC/EeA0BATEAbHOCTH
KoMmniekca ToKa ILA, nojyuyaeM BEKTOpHLIE JZHArPAMMEI, H300paeHHbie

N
Ha pHe. 1.34,2. Vram {molm H U,_mlm 6nmuskn k —90°. DTH yram He
S3BHCAT OT NPHHATHX YCJAOBHBIX HATpABJEHHE TOKOB IL(, H IL;,, TaK Kak
C H3MeHeHHEM 3HAKA TOKOB OJHO3HAYHO H3MCHRIOTCA H 3HAKH uanpmxenun
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Upimo ¥ Urme. Ha yrioBne COOTHOWICHHS He BJHSET TaKKe HANpaBJCHHE
nepenaBaeMoll N0 JIHHHH MOLIHOCTH.

[Ipu 5TOM cjepyeT HMeTb B BHAY, ITO PacroJioeHHEe BEKTOPOB TOKOB
ILO H 1L2 ¥ cooreTcTBylownx UM Hanpsxenufi Uiy B Uz N0 OTHOILIEHHIO

K BEKTOPaM MOJHHX PAGOTHX HANpAKeHHHA Unax ¥ Uyan va WHHAX NOA-

cTaHUHH GyjpeT 3aBHCETb OT HaNpaBJ/IeHHA “pabodeit MOWHOCTH, mepenaBae-
MOH 1O JIHHHH.

V3 H3/10:KeHHOro CcJeiyeT, UTO B paccMaTPHBAeMOM Ciaydae yCTAHOBKH
TV ma WHHAX TPH pasphiBe B JIOGOM MeCTe 3ai[HIIAEMOH JIHHHH YIJOBble
COOTHOILUEHHS MEXLy COCTABJSIOUIHMH TOKOB H HANpPsIKEHHI HYyJeBOH 1
ofpaTHoO#l [OC/IeI0BATEBHOCTEH MOJYYaloTCs TAKHMH XKe, Kak H TNpH K3
Ha 3amMllaeMOfi JHHHH B NoJHO(a3HOM pexume. IT03TOMY H3MEPHTEJbHBIC
OpraHbl 3alllAT JMHHH, BHIOJHEHHblE PearupylOUHMH Ha YIJIOBEE COOTHO-
WeHHS COCTABASIOLIMX Hy/TeBOH M o06paTHOH NoCAeA0BATE]bHOCTEH, mpH
paspbiBax Ha JHHHH GyAyT (GYHKUMOHHPOBATh TaK Xe, Kak H NpH K3 na
Heli. DU3MUECKH{] CMBICJ 3aKJIOYAETCA B TOM, UTO B OOOHX C/IydafiX HCTOY-
HHK HeCHMMETDHH (TONEPeuHOd HJIH MPOLO/bHOH) HAXOZHTCA B 30HE nefi-
CTBHS H3MEDHTEJAbUBIX OPTaHOB 3alMTH. YKa3aHHOe MOXKeT NMPHBOAHTE, 6e3
NPHHATHA HEOGXOAMMBIX Mep, K HELONYCTHMOMY OTKJIOWMCHHIO JIHHHH, HA-
npuMep, GHcTpoAeficTBYIONeH Sal[HTOH MPH KPaTKOBPEMEHHHIX HECHMMET-
pHAX, BO3HHKAIOIIAX BCJIEACTBHE PA3HOBPEMEHHOCTH ACHCTBHs (a3 BHIKJIIO-
qaTesis,

IMpu nuramux samut ot I'V, BKJOYEHHHIX HA JIMHHH, H DPaspbiBe HEmO-
CPeACTBEHHO Ha MOCIeAHefi (HE Ha ee BHIKJIOYATee) H3MEDHTEbHHE Opra-
HH 3alHT GyayT BecTH celsl TakHM XKe o6pa3oM, Kak H B PacCMOTPEHHOM
BhIlle cyydae BrawoueHds TV Ha WIMHH,

Jpyr#e COOTHOWUIGHHS B ciyuae Briouesus I'V na JHHHA NOJydAIOTCH
npu paspuBax (as Ha BHKMIOUaTede. B jaHHOM Clydae Hanpsxenid
Urpa ¥ Urzs (puc. 1.34,0) o0xa3siBaloTcs OTJHUHEIMH COOTBETCTBEHHO OT
Utmo 4 Urme. OHH pa3HATCS OT MOCAEIHHX Ha 3HadeHHe COCTABJAILLUX

;anp;m{e_ﬁm UL B MecTe pasphlBa, HO MOTYT ONPEAENSTECS H KaK NMajeuHs
HANPSAXKEHHI OT COOTBETCTBYIOUIHX HeATpajed c IPOTHBOINOJIOKHOH CTOPO-
Hpl JIHHHH C paspbiBoM. CuHTas B NepBOM NPHOIHMEeHHH BCe CONPOTHBIEHHS
peakTUBHHIMH, MOJIydaeM, KaK 3TO HIVIOCTPHPYIOT AHATPaMMbl HanpaXenui
na puc. 1.34,9, uro ULno H UL,lg no dase ormuanrcd OT Urmo Y ULm?
Ha 180° kax H Hanpmxe}mﬂ Ha UIHHAX IPOTHBONOJIOKHOK noacTanuuH. Ta-
KuM 06pa3oM, NpH HCMONb30BaHHH Upno H UL;;Q H3MEpHTeJbHEE OpraHhl
CO CTOPOHB! AaHHOH NMOACTaHIHH Q)chnpyxo'r paapusm Ha BHIKJIIOUaTeJe Kax
pHemnue K3, T. €. Ha WIHHAX NOACTAHUHH.

Beiwe npu BrmoueHud TV ua JMHMM DacCMaTPHBAJICA PaspuiB Ha BBl

KJI04aTele TOJLKO OZHOM cropoubl juuuu. IIpu gByX paspeiBax, pacroJo-
eHHBIX 110 PasHble cropousl oT TV (Hanpumep, B LHKJE no¢a3Horo ATIB),
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[VIOBHIE COOTHOLICHHA MOJy9aloTcst APYrHMH. Kak nokasain Hcc/efoBaHHA
s CP3nY T3II (A. b. UepHud u Ap.), npPHMEHHTENBHO K OPraHaM, peart-
PYOLLHM HA YIVIOBHE COOTHOLUEHHS COCTABJAMIOIHX HYJEBOH HIH 0GPaTHOR
[OCJIE0BAaTeILHOCTH, HX (YHKIHOHHPOBaHHe OKa3HBaeTCs 3aBHCALIHM OT
HanpaBJeHMs MOIIHOCTH Harpy3KH nofo6HO paboTe moj BO3ACHCTBHEM MOLL-
HOCTH HarpyskH npH BHewHHX K3 — opraHm cpa6aTHIBAalOT TOJBKO ¢ OAHOM
cTOPOHHI JIHHHH [16].

C yd4eTOM H3JIOKEHHOr0 MOXKHO CJe/aTh HEKOTOphle OOIIHe BHIBOJH! IO
pexuMaM ¢ paspuBoM (asn: 1) pasphB das3nl JUHHH B oTauuue 0T K3 He-
[HOCPEICTBEHHOH ONAaCHOCTH [JIfi CHCTEMH MOXeT He IPexCTaBJATh H He
Tpe6oBaTh HEeMEIJICHHOH JHKBHLAUMH, OJHAKO INOABJSIIIHECS INPH HEM
COCTaBJIAKILNE TOKOB H HanpsKeHHH o6paTHOA H HYJEBOH NoOC/en0BaTeNhb-
HocTefl MOryT oO6ycCJIOBJAHBaTb PAj HeXesaTeJbHHX mnocjeactsufi. Tak, Ha-
NpHMEp, COCTABJAIOIIHE OO6PaTHOH MNOC/IeAOBaTE/IbHOCTH, NPOXOAs 1O 06-
MOTKaM CTaTOPOB reHePaTOPOB, MOIyT HEZONMYCTHMO NeperpeBaTbh HX DOTO-
pBl, HECHMMeTPHA HaNpsKEHHA Ha 3aXKHMaX acHHXPOHHHIX JBHrarese
MOXeT OHITb AJI HHX AJHTEJIbHO HEAONYCTHMOH, TOKH HYJEBOH IOC/IeN0Ba-
TEJbHOCTH OKa3HIBAIOT BJHfAHHE Ha JHHHH CBASH H T.1. IloaToMy pa3puiBH
¢dasel B page ciaydaeB ObI0 Obl JKeJaTeJNbHO aBTOMATHUECKH CEJIEKTHBHO
JIMKBHAHPOBATh; TaK UacTO H yaeTcs ACJaTh, eCJAH Pa3pHB couetaercs ¢ K3
Ha TOM e yuacTke; 2) HEKOTOpPble THNp 3alUHT O6paTHOH H HyJEBOH IO-
C/lefloBaTebHOCTER (HanpHMep, HampaBJIEHHBIE) BOCIPHHHMAIOT MOSBJIEHHE
HECHMMETDHH OT pa3priBa nojo6HO K3 Ha ToM 2Ke yuaCTKe HJIH BHE €ro.
Ecin ux cpaGaThiBaHHe B TAaKOM peXHMe HeJONYCTHMO, HANpHMEp OPH BO3-
HHUKHOBEHHH KDATKOBDeMEHHOro paspuiBa (ha3nl BHIKJIOUATeJeM B IHKJE ero
ABTOMAaTHUeCKOr0 OTKJIOUeHHS H MOBTODHOrO BKJIIOUEHHS, AOJKHBI TPHHH-
MaTbCA COOTBETCTBYIOLLHE MEpHI.

HeHOJIHO(l?aaﬂbIe pexuMH (nepepaua 3Hepruu no Aeym (asaM ¢ BO3-
BPaToM TOKa 9Uepe3 3eMJII0) MOIYT CO34aBaThCA HCKYCCTBEHHO (HampuMep,
0pu npoBejeHHH Noda3HOro PeMOHTa JHHHMH) JAJSl COXpaHeHHs CHCTEMHBIX
cBA3efi H paboTH morpebuTesefl, UMEIOLHX ONHOCTODOHHEe muTaHHe. Boa-
HHKAlol[He NPH 3TOM cheuHgHYecKHe COOTHOLIEHHS 3JIeKTPHUECKHX BeJH-
YMH [OJIKHBl YUHTHIBAThCHA INPH BHINOJHEHHH DeJIeHHOH 3allHTHL.

Paspuis aByx (as. Ilpu paspuse Asyx ¢as B u C (puc. 1.35) nura-
HHe noTpe6uTesedl ocCymlecTBJAACTCA 1Mo ojHOH dase JHHHH H 3eMie; NpH
H30JIHPOBaHHON HeATPaJdH C OLHOH H3 CTOPOH JIMHHH Nepefada MOLIHOCTH,
OYeBUIHO, HEBO3MOKHA.

Tox ILa mpoxoautr TonbkO NnO hade A, BO3BpAllafACh Hepe3 3EMIIO.
Cymma ILA+ILB+ILC 310 (monnele Toku B ¢azax B u C OTCyTCTBYIOT,
HO coCTaBJsilOIIHe, B TOM UHCIE H Io, HMeorcs). IlpuMepHEIi BHA Bek-

TOPHBIX AMAarpaMM HampsKeHufi npu paaprBe 1Byx a3z B u C Ha juHuHA ¢
ONMOCTOPOHHHM NHTAHHEM npuBeieH Ha puc, 1.35,6. Hanpsxenus das
Lm CO CTOPOHH IIMH NHTAIOI(eHi CTOPOHH COXPAHAIT GOJblIHe 3HAaYeHHS.
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Henocpeacrsento 3a MecTOM pas3pbiBa Urya, €CTECTBEHHO, COXPaHAET 1o
ke 3Hayenwe. OJHAKO HaIpPSXKEHHS Urvs u Uinc, Kax u ULBC, CHJIbHQ
CHHXAIOTCS H IVIOMAJb TPEYTOAbHHKA MexAyDasHHX HANpPsKEHHH, TOLBO-
JIUMHX K NOTpeGuTe/M0, OKa3biBAeTCS 3HAUMTENBHO MeHbLIeH, ueM NpH pas-
pbiBe ofHo# (a3el. IIpH CONPOTHBJCHHSAX HATPysKH, OJMHAKOBHX B NPSIMOf
u ofpaTHOl NOCTe10BaTeNbHOCTAX, ST IJIONIafb CHH3HTCS RO HYJS.
PexuMbl ¢ OTKJIOUEHHEM ABYX (a3 peaaHayioTces kpaiue penko. C 9Th-
MH DEXHMaMH KaK KDAaTKOBPeMeHHHIMH B TeXHHKe peJefiHOW 3allHTH MNpH-
XOMHTCS CYHTATLCS B OCHOBHOM INPH HEOJHOBPEMEHHOM OTKIIOUEHHH H/H
BKJIOUEHHH (a3 JHHHA B Clydyae, HanpHMep, YCTAaHOBKH Ha HHX UyBCTBH.
TeJbHBIX GHICTPOJEACTBYIOUIHX 3alHT HYJeBoi NOC/Aef0BATEIbHOCTH.

Erpm w Erw
7
O=AN= A=~
i M N . -y
= a) =Y A% 4 pos
Yiwe Drws
Uiwa =Uwa
&)
Puc. 1.35. CooTHOLIEHHS TOKOB H
HanpspKeHHH NIpH paspeiBe ABYX (ha3
Yine Yine

CroMHOMECHMMETPHIHBIE PEXHMBl NPEACTaBAAIOT cOGOH COBOKYHHOCTb
HECKOJIbKHX HecHMMeTpuuHbix K3, HJIM HapyIUeHH{i MpOJOJBHOH CHMMeTpul,
HJH HX DasHHX coderaHHH. TakHe peXXHMB! BO3HHKAIOT, HAapHMep, NPH: OT-
Kase oJuOH HJHM ABYX (a3 BbKMIOYaTEJIH npH oTkaloueHHH UM K3; K3 B
CeTH, OJHa M3 JHHHA KOTOPOH HAaXOJHJach B HeNoJHOo(pa3HoM pexuMe; K3
H KackagHoM (mociiefoBare]bHOM BO BDEMeHH) OTKJIOUEHHH NOBpexpeH-
HOll (hasnl BHIKIIOUATE/NSMH € JBYX KOHIOB JHHHH; olpbise mpoBofa # K3
Ha 3eMJI0 OJHOTO H3 ero oOOPBAHHLIX KOHIOB H T.A. OmHH H3 CJOXKHHIX
BHJI0B K3 ~— nBOfiHHe 3aMbIKa®HS Ha 3eMa0 K SB'I) Ha pasHBIX yyacTKaX
CeTH C H30JHPOBAHHKIMH HeHTpaJsMH — yXKe pacCMaTpHBAJICS BHIILe.

s HekoTOpHX Cly4aeB, KOTAa Ol#a H Ta Xe (asa sBJIHeTcs oco6oll
A 060MX MeCT HEeCHMMEeTpPHH, pacieT MOXKET CYHIECTBEHHO YIPOLIaThCH
Tak, npu oxnopasnoM K3 wa oxnoli us ¢as (uampumep, A) H paspbise
ABYX Apyrux ¢as (coorsercrsenno B u C) dasa ¢ K usasercs oco6oil
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Toansie TokH K3 co cToporb 06enx cHcTem 1(1) H 15\}31, HanpasJIeHHbIe

K MECTY noBpexjieHHsi K, npH OTCyTCTBHH nepexo,rmoro CONPOTHBJIEHHS B
MeCTe NOBPEXJeHHS 3aMbIKAIOTCH 110 HE3aBHCHMHLIM KoHTypaMm (puc. 1.36).
[TosTOMy OHH PACCYHTHIBAIOTCS KaK TOKH oiHodasnoro K3 Ha aHuuM ¢ of-

HOCTODOHHHM NHTaHHEM 110 BLIPAXKEHHIO 1“’ 3E.4/(Zl+Zz+Zo) rae
Ea n compoThBieHHs Z ONpelesiOTCS LAHHBIMH COOTBETCTBEHHO CHCTeM

M 1 N ¥ CONPOTHBIEHHSMH NOBDEXICHHON JHHHU 10 06e CTOPOHB! OT TOY-
ki K3. Tok B mMecte K3 pasen ux cymme.

I I
Erm HMA k! N £

/ X
- o g T L

Puc. 1.36. KopoTkoe 3aMblKaHHe Ha OfHOH (asze H paspulB ABYX APYTHX

IMogo6noe e nonoxenHe Bo3HHKaeT (pHc. 1.37) npH MeTaauuecKoM

2 .
nsyxdasnom K3 (mampumep, Kgé) H paspeiBe TpeTbell ¢asn (cooTBeT-
crsenHo A). Tokn ¢as B u C, HanpaBASIOI(HECS K MECTy NOBPEXJeHHST,
IPOXOAST 1O HE3aBHCHMBIM NYTAM H ONpelle/sioTcs, Kak NPH ABYX(pasHoM
sambikanuu (K®), K(-1)) pa n#HHH ¢ OJHOCTODOHHHM nHTaHueM. Cayuait

3 3
=M moN K =
.
O=CD: Z Orjay )
L 7 k=0 L

Suc 1.37. KopoTkoe 3aMbiKaHHe MeXJAy ABYMsS (a3aMH H PaspbiB TpeTbei
a3u

PaspbiBa opHOH MJIH ABYX (a3 H tpexdasHoro K3 ¢ Ry=0 (puc. 1.38) mo-
¥KeT paccMaTpHBAThCsA Kak HenoJHodasHud pexum c¢ yuetom KG) B Buue
CHMMeTpDHYHOH HAarpyskH, onpejensieMofi CONPOTHBJEHHEM Y4YacTKa JHHHH
OT Mecta paspuiBa (ToukH N) 1o Toukn K.

CoorHolieHHA 9/EKTPHYECKHX BEJHYHH B JIHHHAX C B3aUMHOH HHAYK-
Wnedt. Ilpn anamuse paGoTbl H pacueTax peseliHON 3aLIMTH 3JEKTPHYECKHX
CeTeli B psife caydaeB (IpH BO3HHKHOBeHHH B cerax K uan KM u mo-
SIBJICHHH cJaralomux lo) OKas3biBaeTcss HeOGXOJAHMEIM YUHTHIBATh B3aHMHYIO .
HHIYKHHIO JEKTPHUYECKHX llenell: BJAHSIHHE OLHOA UENH JHHHH 3JeKTpole-
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pejayd Ha JPYryio NPH HX DPACHONONeHHH Ha obuleli onmope HIM HA OJHU3KO
pacroJIOMKEHHBIX OTAEMBHEIX ONOpaxX, BJHSHHe HAa HHAYKTHBHOCTh JIHHHA HX
MOJHHE3aIHTHEIX TPOcOB U T.N. IIpH 9TOM B OCHOBY KJIaAyTCsd H3BECTHBIe
COOTHOIIEHHS H CXeMBl 3aMelleHusi AJIs HMHAYKTHBHO CBA3aHHEIX uenel, s
YAaCTHOCTH JABYXOOMOTOYHHIX TpaHCcHOPMaATOPOB, NOCKOJEKY MOCIENHHe
HpeAcTaBAAOT coGofl ONHH U3 BapHAHTOB LelNefi CO B3aUMHON HHIYKIHef

Ewm - woN k@ Lrv
\_{ N\ 127
O=AD: % ICD=O

<+ 4 <4
PHe. 1.38. Cayyaf paspeiBa oauofi dhase u K3

{puc. 1.39,au6). Ha puc. 1.39,6 42 nokasaHH ABe HApAJJIENbHHE LEMH,
HMeloUHe OOLUIYI0 TOYKY ¢ OAHOTO KOHIA, H HX CXeMa 3aMelleHHs, COCTaB-
JleHHasi Ha ocHosanu® puc. 1.39,a u 6. Ilpu Haumyun obmux Toyek ¢ obenx
CTOPOH MOAOGHBIE CXeMBl «CIIApHUBAIOTCH».

. Mo I z
L1, <=2 o1
1o 03
Li1,Ry Lzz, Rz Zox Zuo

20— o4 1) 8)

217 Zm  Zzz72m Zor-Zmo

Z
Usy e
Zom=Zmo

20 4 oy &) 2)

Puc. 1.39. McxoHbe cxeMbl 3aMellleHHs I/ ABYX Henell JHHHH CO B3auM-
HOMl HHAYKIUeH

IlonyTHO CllefyeT OTMETHTL, 4TO HA OJHHOYHOH JIHHHH TaKke HMeeTes
B3aHMOHHAYKIHA Mexay ee dasamu. CONPOTHBJIEHHS onunounoit BJI 6e3
TPOCOB B NPEANOJONKEHHH OCYULeCTBJIEHHS IOJNHOTO LHKAA TPAHCHO3HLHH
nposogos ee ¢as Zy=Zy=Zr—ZIn H Zy=21+2Zy =21+ 32,
rie Zz — CONPOTHBJICHHE TeTaH TpOBOX — 3eMaA, & Za — conpoTHBIEHHE
B3AUMOMHAVKIKH MeXAy npoBosamu ¢as. Obudso HCTIOMB3YIOTCH CJAERYIO-
LlHe CpEeRHMe COOTHOmIeHHs Mexxy Xo H X [32]: ans onnomenHod JuHHI
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gea TpOCcoB Xo/X1=3,5; Aas AByXuenHoH NuHUK Ge3 TPOCOB Ha obuied omo-
e Xo/X1=5,5. Jlis JHHHH C TPOCAMH C Y4eTOM TOrO, YTO NOC/JEeAHHE BBl
TOMHSIOTCS CTAMbHLIME (C GOJbLUIMM YAEJLHEIM COTPOTHBJIGHUEM), A TaKKe
4aCTO PAa3pesaloTcs Ha YacTH ¢ 3aseMJeHHeM KaX/o0# 4acTH TOJMBKO B OA-
yoii TOUKE, B I[ePBOM NpPHOTHMEHHH MOXKHO HCNOJIB30BATH YHCAEHHEIE CO-
orHOWIeHHs Xo/X;, TpHBefeHHble BHIUe H /18 JUHHE Ge3 TPocos.

OanogasHble 3amblkaHus Ha 3emal0. OnHOpa3HLIE 3aMbl-

xanus Ha semio K siBasioress xapakTepubiM, HanGoMee gac-
THIM BHAOM TMOBpEXJEHHH B ceTX, paboTaioUIUX C H30JHPO-
BAHHBIMH HJIM 323€MJIEHHBIMH yepe3 [Ayroracsiine peaxkTopHl
wefirpansiMu. B CCCP K HUM B OCHOBHOM OTHOCATCA BO3AyLI-
Hble U Kab6eabHble ceTd 6—35 kB 1 uHoraa cetH 6oJiee BHICOKO-
ro HanpsixeHus (B ceBepHBIX pafionax). Pabora ¢ usonnposas-
HOH HeHATpasbio CYMTAeTCd AONYCTHMOH NPH €MKOCTHHIX 1,
we npesocxoasiiux 30, 20 u 10 A ¢ Unou COOTBETCTBEHHO 6, 10
u 35 xB. [Ipu 66abIINX TOKAX PEKOMEHAYeTcs NPHUMEHATh AY-
roracsiiyve PEeakTOphl C aBTOMATHYECKOH NMPHMEPHO pe30HaHC-
HOl HacTpoiiko#. Ilonyckaercss ux pa6ora ¢ HeOGOJBIIOH Iepe-
KOMIIEHCAlHeH A/ NpPeJOTBpPALleHHs] DPE3OHAHCHHIX THepeHa-
npstKeHui.

CoOoTHOLIEHHS DJEKTPHYECKUX BEJHYHH INPH K" u pasubix
peXHMax 3asemJjieHHs Hefirpajiell HMEIOT HEKOTOpHe oOliHe
CBOHCTBA, pacCMaTpUBaeMble HHXKe HA IpUMepe CETH C H30JH-
poBanuoil Hefitpasnbio (puc. 1.40,a). ®asb ceTy HMEIOT MeX-
Ly co0ofl ¥ 3eMJjefi paBHOMEDPHO pacupefie/ieHHBE €eMKOCTH,
KOTOpHIE MOTFYT GHITh 3aMeHeHH cocpenoToueHHHMH Cup H Co,
TaK KakK NajJeHusi HANPSKEHHs BAOJb NPOBOAOCB (a3 Ipu Ma-
JHX eMKOCTHBIX TOKaxX 6Ju3kd x HyJaio. IIpn mopMa.abHo# pa-

fmp E4 .
_...| k
£ e I
. HiH o« L8
= 1% N
_Lk"[ L ] _”h 0 £ £
—_(7:= o T :_]'_‘fl_‘_—u 10 -8
(N
g 1, &4 1)
3B ‘3L gzﬁ{ £,

Puc, 1.40. Meramuueckoe oiHoasnoe 3aMbIKaHHE Ha 3eMJIO B CETH C H30-
JIHDOBaHHON HEHTPAJBIO
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6ote 511 ToKH, onpeneisembie DIC Eg # eMKOCTAMH Cug 1 Co,
cummerpuuHn ¥ onepexaior DHAC na 90°. Hanpsxenus Ugp=
=F . HanpsixeHne HefiTpanu NHTAOWEH CHCTEMBI Upy=Ugp—

= 1 Zn=x
—E4=0. Ilpx MeTaiuyecKOM K" B touke K manpsukeHne
USY =0 kak B mecte npo6osi, TaK u B Ji060# JIPYrofi TOuKe
cetu. Helitpanb cetd NOJydaeT Mo OTHOLICHHIO K 3eMje CMe-
wenue (puc. 1.40,6) U, =—E , HanpsiKenus HeloBpeKAeH-
HbIX (a3 OKa3BIBAIOTCS TeNepb PABHBIMH: Usp=Eps+U{) =
=Ep—Es, Usc=Ec+U{)=Ec—E, u Bozpacraior 8Y/3 pas.
[losiBAsieTcs HanpsiKeHWe  HYJEBOH  NOC/IeA0BATEJbHOCTH
U =13 (UR +Uast-Usc) =—Es=Ug}

Tok B MecTe MOBPeXAEHUs ONpe/e/sieTCsi eMKOCTHBIMH TO-
kKamu (a3 B u C, o0yCJOBIEHHBIMH TOJbKO €MKOCTAMH Co:

I =319 =—(L;+1,c) = i30C, E, (1.16)

(yunTHBasi yKasaHHble TOJIOXKHTE/bHble HanpaBJeHnus, a TaK-
e TO, 4T0 ligfg =0, g33+g30=_3£/‘ u Toku ¢as B u C one-
pexaloT CBOH (asHble HanpsuKenus na 90°, puc. 1.40,6). Tox
1) omepexaer £, na 90°. BaxHO OTMETHTb, UTO B HauaJe pac-
CMATpHBAEMOfi JIHHHH HeCMOTpsi Ha Hasinune [{) CyMMa TOKOB
tpex ¢as [{) +{33+{3c=0, 1.¢e. 3/p=0 (cupaBefJHBO TOJbKO
npu ycnoBun Cosz=0 BHeIIHeH 0 OTHOLIEHHIO K PacCMaTpH-
BaeMOifi JIHHHH CETH).

Bplite paccMaTpHBanuch MeTasjanueckue Ki'. TIpaxruue-
CKH e OHH NPOHCXORAT Yepe3 NepexojHble AKTHBHBIE CONMPO-
tuBJeHUA Rq. Ilpu Hannuuu Ry HanpsKeHHs Usy =U§1j,), HMeE-
JOT MeHbIIHe 3Ha4YeHHsi. DTO yYMEHbIIeHHEe MOXKHO XapaKTepH-
30BaTh K0d(ppuyuenrom NOAHOTbL BAMUIKAHUA HA 3EMAKO fl]

b=UDIUD  =UDI o< 1. (1.17)

30max

3uauetne KoadduunenTa b= UY  obycnoBauBaercsi He
TOJbKO Ry, HO TaKXKe CONPOTHBJCHHSAMH CHCTEMBl MO OTHOLIE-
HHIO K 3eMJe, KOTopele onpejeJsiiores eMkoctamu Co ¥ HH-
AYKTHBHOCTBIO L pyroracsiiero peakropa (npH ero HaJUYHH) .
B pesysibTate OMH H TOT Xe KOS(QQUIHEHT b(US))), HalpH-
Mep, B CeTH C MeHbIIMMH 3HaueHHsMH Co XapaKTepusyer 3a-
MbIKaHHs yepes GOsbliue Ry C Apyroi CTOPOHbI, NpH H3MEHE-
HHu conportuBaetHil Co B C/yuae 3aMBIKAHHA ¢ NAHHBIM R, u3-
MeHfIeTCst U KO3 HIHEHT b(U).

IIpu paccmarpuBaeMbix KV uckaxaiorcs Toabko (pasubie

(1)
3
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panpsaKeHusd. TpeyroJbHHK MeXAY(asHBIX HanpsXeHu# oc-
raeTcsi HeusmeHHbiM: [ToaToMy K (pasam Harpysku NpOAOJIKa-
0T TNOABOAHTbCA HOpMaJ/ibHble HaNpsiKeHHs H paboTa TOTpe-
Guresieil He HapymaeTcsi. TOk# B MecTe npo6Osi Majbl H GBICT-

NPOU3BECTH 3HAYUTe/NbHbIC PA3pyLIeHHA He MOTYT.

YuuTHIBas 5TH OGCTOATENHCTBA, BO3MOXKHOE OTCYTCTBHE ¥
noTpebHTeseli NOCTOAHHOrO HJH OBICTPO BKAOYAEMOro pe-
3epBa, a TaKxe lleecoo6pasHOCTy yMeHbIIeHUsi YHC/Ia KOMI-
JeKTOB 3aIUUT B CETH, 3allHTy OT K 06puHO BHIIOHSAIOT pa-
goratoleil TonbKO Ha curuaj. Haubosee npocTo oHa BHITOJ-
HSIETCSI ¢ THOMOILbIO YCTPOKCTB KOHTPOJSI H30JSIHH, KOTAa HO-
BpeXJeHHBI YUaCTOK BBHIABJSETCS TOJMBKO NOOYEPEAHBIM OT-
KJIIOUEHHEM 3JeMeHTOB ceTH. llocseaHee HeymOOHO, B CBA3H
¢ YeM YacTO 3allKTa BHIOJHSeTCs C IMOMOWBIO CnelHaJbHBEIX
yCTPOHCTB.

CenexkTuBHasa samura (ycTaHaBjWBalollas HalpaBsJeHHe, B
KOTOPOM MPOU3OLLIO MOBpEXJEHHE) YacCTo OCYyILeCTB/feTCA €
AOMOLIBIO CMelHaJbHHX BBHICOKOYYBCTBHTEJbHBIX YCTPOHACTB
HyJeBO# NOCJAeA0BATENbHOCTH. B ceTsiX, 3a3eMJIeHHBIX dYepes
Ayroracsilide PeakTophl, MOAYJ/b K (pasa OCHOBHOH IapMOHHKH
TOKa 3aMBIKaHHS Ha 3eMJII0 MOTYT OHTh OJIU3KHMHU Kak Ha Mo-
BPeX/IeHHOM, TaK W Ha HemoBpexjeHHo# Juunu. ITosToMy B
Hactosiiiee BpeMmsi GoJblIOe PAacHpOCTpaHEeHHe MOJYUYHIU Cce-
JeKTHBHBle YCTPOMETBA CHIHAJIU3ALHK 3AMBIKAHHS Ha 3eMJIO,
pearnpyiollye Ha BBHICIIHe TAPMOHUKH YCTAHOBHBIUIHXCS TOKOB
3aMBIKAHHUS, NOCKOJBKY AJS BBICUINX TaPDMOHHK NPaKTHYECKH
OTCYTCTBYeT KOMIleHCAuHsi eMKOCTHOPO TOKa TOKOM AYroracs-
wero peaktopa. Mcmosmb3ylTcs TakiKe yCTpOHCTBA, pearupy-
OllHe Ha cjaralliie NepexOoZHOTO Npoliecca 3aMBIKAHHS Ha
seMJio (cM. TJ1. 9).

B cersix, pa6oTa0lIKX B yC/IOBHAX MOBHILIEHHOH ONacHOC-
TH st 06C/TyXXHBaJOIlero mepcoHana (Hampumep, ceTH 6—
10 kB, nuraolise TOpQaHbE NPeANPHATHA), SaLLHTA OT K"
BHIOJHAET TakKXKe (QYHKIHY 3aIUHTHOTO OTKJIOUEHHS H 1O yC-
JOBHAM 6e30MacHOCTH ROJXKHa paboTaTh Oe3 BHIAEDKKU Bpe-
MeHy Ha OTKJII0YeHHe,

CoOTHOILIEHHA TOKOB M HanpsXeHWHt npu TpaHcdopmarop-
HBIX ¥ aBTOTPaHCHOPMATOPHBIX cBa3AX. IIpu paccMOTpeHHU
byHKIMOHHPOBAHHS 3aLIUT, B YACTHOCTH 3ALUHT JHHHHA, KOTAa
OHH poJxHBI paboTaTh Kak pesepBuble npu K3 3a tpatcdop-
MaTopaMu HJH aBTOTPAHCPOPMATOpaMH, HEOOXOAMMO 3HATH
COOTHOIIEHHSI TOKOB ¥ HANPSXKEeHHH C ABYX CTOPOH CHJIOBHIX
TpanchopMaTOPOB H aBTOTPAHC(HOPMATOPOB B CJIyuae BO3HHK-
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HOBEHHsI TOBPEXK/EeHHS Ha ONHOH W3 HHUX. Ha apyro# cropote
(tle Her TIOBDEXAEHHSI) MOTYT H3MEHsTbCH Kak (hasHble COOT-
HOLIeHHs, XapaKTepHble JJs1 Mecra MOBpeXAeHHd, TAK H 3Ha-
YeHHS] TOKOB W HaNpSKeHHH.

Hau6oabluil uHTepeC NpeAcTaBJjser IPH 3TOM YacCTo BCTpe-
yalomeecs coennnenne o6Morox no cxeme ¥Y/II-11. Ha puc. 1.41
JAHO BHIMOJIHEHHE TAKOro COeMHEHHsi ¢ yKasaHWeM Hawaul (A,
B,C,a,b,c) u xonuos (X,Y,Z x,y,2) nepBuuHOA ¥ BTOPHYHOII
06MOTOK, a TaKXe BBIGDAHHBIX YCJOBHBIX MMOJOXKHTEJbHBIX Ha-
npassenuii TokoB. Kosaddunuent rpanchopmanuy, paBHBIA OT-
HOIMIEHUIO HANMpSKEHH{ XOJOCTOro XO0Aa, NMPUHAT PABHBEIM I,

>

YWY
vy
YUYW
50AAA

Puc. 1.41. Tparchopmartop co cxeMoit coepuuenus oGmorox ¥/MI-11

4TO COOTBETCTBYeT HPHBEJEHHIO HANDPSXKEHHA H TOKOB K OLHOH
cropone. IIpu aTOM YHCIO BHTKOB O6MOTOK, CO@JHHEHHBIX B

TpPeyroJbHHK, B 13 pa3 Goublile uHc/ia BHTKOB 0GMOTOK, CO-

e/ HHEeHHbIX B 3Be3/Y (w;ﬂfﬁwy).
Toku B HMOIBOASIIHX NPOBOJAX CO CTOPOHB TPEYrOJIbHHKA
{Aﬂ, {Bn " _{cn JJiSl pacCMaTPHBAEMOro CJyyasl CBA3aHBl C

TOKaMu cO CTOpOHB 3Besfbi / 4y, [y M [y crepylomumH co-
OTHOIIEHUSAMH: Ly = (!AY__ {BV)/V& Ton = Iy —Iy)/
/V3; ICD. = ({Cv - _I_Ay)/V3‘

Taxk, nanpumep, B cayyae K co cropossl 3Besjbl mpH
19 =0 u, cneposaresto, I =— IPnonysaen (puc. 1.42,a)
2 J@ . 2) 2 . ) —_ ]2 9
19 =—IR/V3, IG=2IQV3 IG=—IR/V3.
Takum o6pa3oM, ToK B ofHo#l H3 (a3 (B) B NoABOAALIHK
NpoBOJax Ha CTOPOHe TpeyroJNbHHKAa OKa3bipaercss B 2 pasa
GoJblile TOKOB ABYX Apyrux ¢as u B 2/ 1/ 3 pa3 Goabue TOKa
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2
K31 {;,;’/, cosmajasi ¢ nocaequuM no ase. Anajoruunbe co-
oTHolleHHus moJyuaiorces H npH K() co cTOpOHH TpeyroJbHHKa
(puc. 1.42,6).
(1) J) 7)) —
[Tpu K™ co ctoponHl 3Be3nnl Ha ¢ase A n mpu I P=10)=0

1) — J() . 1) — O —
nonysaem (pue. 1.43) I} 1R/)V'3; 19 =0 1) =
= —{Q{,/_VS, T.€. TOKH B HOJBOASIHX NPOBOJAX CO CTOPO-

HBl TPEeyroJbHUKa MPOXOAAT B ABYX (as3ax U B 1/V "3 Menblue
toka K3 74}.

Qazubie HaNpsIXKEHUS CO CTODOHH 3Be3AH AJS1 HAeaJsbHOro
tpacdopmartopa ¢ Z,=0 CBs3aHH C HAUPSIKEHUSMH CO CTO-

(2)_

Iiy=0 (2) (2)
— Igy Igg
@
Isy
B ,_m
W (2) @' '.(2)
Aoy I I
~— 12 ica 244
- — _LI(Z) =Yy
Wealy: @
p — Isg ;@ @
11'(2) LAY E8Y
L3R4
R___I'YY\—q
__Z_If)
.. L V384 102 142
—_— ELY Loy

Puc. 1.42. Pacnpenenenne noiubix TokoB npu K(?) sa Tpanchopmatopom
¢ coepuHenueM obmortox ¥V /I-11

(1)
*A Y n
I 1,
i s
(1)
L'c,q

Puc. 1.43. Pacnpenenenne noinsx Toxos npu K¢ 3a tpaucpopmaropom c
coeaunennem o6morox ¥/A-11
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POHBI  TpeyroJbHBKa cooTHoweHUAMH Uy =Uycn / V' 3.

Usy = Upan/ V'3 u Ucy = Ucpy / V3. Takum obpasom.
(asublM HANpPSKEHHAM CO CTOPOHBI 3BE3/bI COOTBETCTBYIO1
Mex/ydasHble CO CTOPOHB TPEYroJbHHKA.

C npyroit cTOpOHEI, (pa3Hble HATPSKEHHS MO OTHOUICHHIO K
HEATPANbHOH TOUKe CHCTEMBI MeXAy(asHbIX HanpsxeHu# co
CTOPOHHI TPEYTONbHAKA HIH'OTHOCHTENbHO HEHTPA TAKECTH Tpe-
YroJbHHKA MeX1y(a3HbIX HANPSAKEHHH CBA3AHB C HATIPAXKEHH-

SIMH CO CTOPOHbI 3B€3/1bl COOTHOINEHHIMH Uy = Uapy / V' 3;

Uspn = Uscy 1 V' 3; Ucpa = Ucay | V'3.

~ Ecau B cHCTEMe €O CTOPOHDI TPEYroJibHHKA HET Hamnpsixe-
HHS HyNeBO# mocaenoBare bHOCTH Uppy, (pasHble HAIpsiKeHHs!
IO OTHOUIEHHIO K HeiTpanu Upny ABIAIOTCS U HANpPSKEHHAMYU
da3 Uga 1o oTHOIIEHHIO K 3eMJle. Ilpu nanuuun Upg nanpsxe-
st U gy ONPeSe ISoTest 10 COOTHOMIEHHIO Usn ;I_Jm., +Uon.

IIpu nepexone uepes TpaHcdopMarop ¢ coegHHEHHEM 0GMO-
T0K Y/J1 B cayuae cuMMeTpHuHBIX K® (hasHble COOTHONICHHS
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Puc. 1.44. Pacnpenenerne nosusix Tokos npu KU sa TpanchopmaTopoM ¢
coefuHeHHeM 0OGMOTOK Y /Y ¢ HeHATpaJbHHIM MPOBOAOM

MEX]y TOKAMH H HANPSAKEHHIMH HA KaXKJOHK H3 CTOPOH oCTa-
I0TCs OLHHAKOBBIMH, TaK KaK TOKH H HalpsSKeHHs TpeTeple-
BAIOT O/IHHAKOBBI{ 0 3HAUECHHIO H HANPABJICHHIO CIBHI 1O (ha-
3e. MHble COOTHOLIEHHS TIONyUaIoTCS NIPH HeCHMMeTpHuHbx K3
(cm., Hanpumep [16]).

Ha npakruke gocratoyHo mupoxoe pacrnpocTpaHeHHe HMe-
I0T TaKXKe NOHHXKAIoWHe TpaHcdopmartopu  3,15—10,5/0,4—
0,23 kB ¢ ueTHpexmpoBOXHON CHCTeMOH € r/yxXO3a3eMJieH-
HOH HefiTpasbio co cropons 0,4—0,23 kB. Ha puc. 1.44 mamno
BHINOJIHEHHE TAKOTO COEAHHEHHSI B NPEATONOXKEHHH, UTO K03(-
¢unueHT TpaHcopManHH paBen 1, yuemy COOTBETCTBYeT pa-
BeHCTBO BHTKOB 00eHX 06MOTOK. B cayuae K (na semaio unu
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4eTBEpThifi NIPOBOJ) TOK Ha NMOBPeXAEHHOH CTOPOHE MPOXOAHT
no dase A (npu HeyueTe HArpys3kH) H HMeeT 3HAUEHHe IP=
==la1+1a3+1a0 ¢ PABHBIMH COCTABJSIOIIHMH BCEX INOC/EA0BA-
reabHocTedt. C muratomes CTOPOHH coCTaBJAAKLIIHe [o IpoXOo-
autb He Moryr. OHH CO3KaIOT NOTOKH HYJEBOH NMOC/eA0BaTEe]b-
HOCTH, 3aMBIKalouecst yepes 6aK TpaHcgopMaropa. Ha koMu-
NIEKCHOH CXeMe 3aMelleHHS 3TO COOTBEeTCTBYET IpOXOKIEeHHIO
TOKOB /o uepe3 CONPOTHBJAEHHe BETBH HaMAarHHYHBAHHA TPaHC-
¢opmaTopa, YTO CcyilecTBeHHo orpaHuuuBaer Tok K3 KO na

A AB 8 C ¢
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Puc. 1.45. AsToTpancdopmarop

CTOpOHe HH3Ilero Hampsxkenus. Ha ctopoHe Bhicuiero Hamps-
XKeHHsl B TIOBPEXEHHOH (ase MPoXoaHT TOK, paBHmiii 2/()/3, a
B ABYX Apyrux ¢asax — tok [ /3. Takum o6pasom, mosyuaio-
lieecss TOKopacnpeje/eHHe KaueCTBEHHO NOXOXe Ha pacupeje-

Jenve TokoB IpH K® pns tpanchopMaTOpoB ¢ CoefHHeHHEM
o6moTok Y/

Ha puc. 1.45, a nokasana cxema coeJHHeHHS [/ aBTOTPaHC-
$opmaTopa, HMEIOLIEro OTAENbHYI0 O6MOTKY HH3IIEro Hamps-
XeHHd, H Ha puc. 1.45,6 gaHo cxeMaTHuecKoe Hsoépameﬂnue
OCHOBHOj OOMOTKH ¢ yKa3aHHeM HauaJ H KOHIIOB ee uacTeH,
HMeoLUIHX BBIBOABI CO CTOPOHBLI BhICLlero HampsikeHus (A, B,
C), cpennero nanpsxenus (X, a; Y, b; Z, ¢) u K HefiTpanu
(x,y,2), a Takxe BHGpaHHBIE YCIOBHBIE NOJNOKHTEJbHbE Ha-
lpaBnenuss TokoB. IIpyu yuere ToNBKO aBTOTpaHCHOpMATOPHOH
CBfI3H TOKH H HallpsiXKeHHSI Ha BHIXOJ1aX OCHOBHOH OGMOTKH CO-
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OTBETCTBEHHO COBNafaloT o ¢pase. CooTHOLIEHHe HX 3HAYEHHI}
onpejensercs K0adQHUHEHTOM TpaHChOPMaLUH aBTOTpaHCHOD-
MaTopa, paBHHIM OTHOIIEHHIO MOJHOrO YHCJA BHTKOB OCHOBHOR
O6MOTKH (Hampumep, MeXJy 3axuMaMu A # X) K uHCIY BHT-
KOB ee o0Iiedl yacTH (COOTBETCTBEHHO MeXAy 3axuMaMu X, a
" x).

Ilpu yuere o6MOTKH HH3MLIEr0 HanpsXKeHus COOTBETCTBYIO-
lilne BeJHYHHH MOJYYalOTCs H3 TPEXJyueBOH CXeMHl 3aMelle-
HHA aBTOTpaHchopmaropa (pHc. 1.45,8). Tok B obmed wacTu
OGMOTKH /oow HEMOCPEACTBEHHO B paccCMaTpHBAeMOl Cxeme

3ameluleHnsa orcyrcTsyer. OH onpeneJisercs B KaXaoi Gase Kak
Pa3HOCTb JeiCTBHTE/bHHIX (HENDHBEAEHHHX) TOKOB CTOPOH
BBICLIETO U CPEJIHEro HANpPsAKeHUH: Josm=1Is—I. (puc. 1.45,6).

Hefitpanu aBToTpanchopmaTopoB riayxo 3aseMusioTes mis
NPEJOTBPAlUECHHSA NOABJEHUS B CHCTEME CPEJHEero HalpsKeHHs
MOBHILIEHHBIX HEJONMYCTUMHX HampskeHuit npu K3 Ha 3emunio
B CHCTEMe BRICLIEro HampskeHHs, a TaKXe BCJEICTBHE HEBhHI-
COKOro ypoBHs1l H30JIAIIHK HeATpaJsell caMux aBToTpaHchopmaTo-
pos.

Ins BumosiHeHus 3amuT ot K3 Ha semuo yacro HCIOJIB3Y-
IOTCA TOKH H HalpsixkeHHs HYJeBOH IocjeaoBaTeabHoct. s
JIYULIEro BBIIOJHEHHUs 3THX 3alUUT ORLJIO OHl XKeJaTeJbHO ceTH
CMEXHBIX HANpsXeHHd C [VIyXUM 3a3eMJIeHHEM HeHTpaJei
HMETb KaK Obl «pa3fiesleHHBIMH® 10 HyJ1eBOH IOC/AEeI0BATENb-
HOCTH, :

IlosiBneHne COCTaBASIOMMX HYJEBOH MOC/IEA0BATENLHOCTH
B CeTH OHOTO HanpsxeHus npu K3 Ha semuio B cetu apyroro
06LIYHO HMEEeT MECTO IIPH CBSi-
31 MEXJIY 5THMH CETAIMH IO-
CPEACTBOM  TPEeXOOMOTOUHEIX
TpaHcopMaTopoB ¢ coefuHe-
HHeM 00MOTOK ¥o/Yo/H, ume-
IoIux [J1yX03a3eMJICHHbIE
ueiTpanu (puc. 1.46,a), uan
aBTOoTpaHchopMaTopoB (pHC.
1.46, 6). IIpu BHIMOJHEHHH 3a-
IWHTH B O6llEM cjyyae npu-
XOJHUTCS YYHTHIBATH CBfI3b II0
HYJIeBOHl TOCJIe0BaTeJbHOCTH
MeX/JY CeTSIMH CMEXHHIX Ha-
npsixkeHu#. Bosee moapoGHO
3TOT  BOIPOC  PacCMOTpEH
B [16].

Puc. 146, Csasp cucreM aByx ma-
npsKenni

94

BiuAHHEe HArpy30K Ha COOTHOLUICHHE 3JEKTPHYECKHX BEeJHYHH NMpPH NoO-
gpexaennnx. Harpysku cHcTeMBl OKashBaj0T BJHSHHE HAa COOTHOLIEHHE
9MeKTPHUECKHX BEJHYHH TPH JIOOBX BHAAX MNOBpexjeHHii B cersx. Ilpu
pacueTax JJs 3alllATH MOBPeXJeHWH B CETAX BBICOKOTO HANpPSAXeHHS Ha-
FPY3KH YYHTHBAIOTCH NPHO/HIKEHHO, rJIaBHHM 00pasoM p/s HeCHMMeTpHY-
HBIX PEKHMOB. Y4eT HArpy30K THIA OCBETHTEJIbHBIX, HMEIOIIHX OJHHAKOBHE
CONPOTHBJIEHHST BO BCeX INOCAEAOBaTeNbHOCTHX H He rexepupyiomux 3JC,
npoct. IIpoMbiliyienHass Harpyska B 3HAUHTENbHOH Mepe ONpeJeJserTcs JBH-
raTeJsiMH, TNPEeHMyLIECTBEHHO acHHXPOHHBIMH, B Hagampnnii Moment K3
OHH MOIYT TEPeXOAMTb K3 [ABHraTe/JbHOrO peXHMa B TeHepaTOPHBIH, eCJH
B3IOC E, nBHrareseii okaxercsi GoJblie OCTATOYHOTO HAMNpPSKEHHS HA HX

saxuMax. ToK OT jJBHraTesei 6HICTPO, 332 BpeMs, He NPEBOCXOAsLIee He-
CKOJIbKHX NepHOJOB, 3aTyxaeT, OJHAaKO Ha (YHKIHOHHpOBaHHe OHCTpojefl-
CTBYIOIHX 3alUUT MOXKeT BIHATL, [asee aBHratenn paboraloT Kakx HOTpe-
OHTEJH C CONpPOTHBJEHHEM NPAMOH NOCAEZOBATENbHOCTH Xi;, YMeHbIIao-
WHMCA N0 Mepe CHHXKeHHd 4acToThl BpallleHHs. HpH HECHMMETPHYHBIX K3
HeoO6XOAHMO Y4YHTHIBAaTh, YTO DEaKTHBHOE CONPOTHBJEHHe OOpaTHOH mocJe-
JIOBAT€JIbHOCTH AaCHHXPOMHBIX ABHrateseft Xo; SHAauHTeNbHO MeHbIlle, YeM
NpsMofl, H TaK:XKe 3aBHCHT OT JacTOTH BpaILIeHHs. IIpH OCTaHOBKe aBHra-
TeJs X11=X2;l.

CHHXpOHHBle JBHraTejH [PH CHABHOM CHHIKEHHH HANpPSKEHHS BERYT
ce6sa nopo6HO reHepaTopaM, H npu OOJIBIIOR MOIMHOCTH HX CJAeAyeT BH-
JendaTb M3 06o0IieHHo#t Harpyskd, Heo6xoauMo uMeTh B BHAY, 4TO IIPH
HEJOCTAaTOYHO OHICTPOM OTKJIOUCHMH BHellHero K3 CHHXpoHHble ABHrare-
JH MOTyT BHINajaTh H3 CHHXPOHH3MAa M NPH 3TOM HX NPHXOAHTCH OTKJIO-
4aTe.

B coorBetcTBuE ¢ paspaboTkamu H npepioxenusmu C. A. Yibauoa
{29] (upm orcyrerBum mopnutku Mecra K3 or marpysku) puas oGoGuienHoi
Harpy3kH, B KOTOPYIO BXOASIT HENOCPEACTBEHHO NHTAIOLIHEe ee JHHHH H 10-
HUXAOmHKe TpaHchOpMaTopsl, NPHHEMAT X1x~1,2 H Xpn=0,35.

* *
PaccMoTpenne COOTHOLIEHHR 3JeKTPHYECKHX BEJHYHH NIPH HAJHYHH Ha-
TpysKH B ciydae K(2) paeT BO3MOXKHOCTb CHeJaTb Psj BBIBOAOB, NPHHHMA-
€MEIX BO BHHMaHHe NpHU BBHINOJHeHHH peJeHOH 3allMTH ceTef.

1. B Henospexpennoit dase A pesyabTHpy©OmHi Tok [an=Ijxt+Iom

HMeeT KOHeYHOe 3HaueHHe B OTJIHYHe OT PaccMOTPeHHOro paHee cjydas
K B cxeMe 0e3 HarpyskH, KOTAa COCTaBJIsIOIMe, BHYHTASCh, ONpeiessin

TOK Ifg) =0. Teomerpuueckas cyMMa TOKOB Tpex (a3 Harpyskd pasHa

Hymo (lp OTCYTCTByeT BHe 3aBHCHMOCTH OT peXKHMa 3a3eMJIEHHS HefiTpanei
TpaHchOpMaTOPoOB), H 10 NOBpexaeHHHM (aszaM B u C TakXe nPOXopar
TOKH HarpyskH.

2. Tlpu Xvyg=ZXxosy TOKM [ay=Ia; ®u TOKH Harpys3ku Ipy=Ics=

=-—0,5/44. B ofweM cayuae TOKH HAarpysKH MOBpeXIeHHHX (a3 pa:;.rmq-
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Hbi, IDH 5TOM MOIKeT faxe H3MEHHTHCH NOPAAOK YePefOBAHHA MX a3 (cm,,
nanpamep, [1]).

3. Co CTOPOHH HCTOUHHKA NHTAHHS B MOBPeXIEHHHX (asax Harpyaou.
Hble CJaralollHe HCKAXaloT (0 CPaBHEHHIO CO CJyYaeM HeydeTa Harpysok)
BEKTOPHYIO NHarPaMmy TOKOB, YBEJHUHBAsi MOJHBIA TOK ORHORX ¢asH u
yMeHblIas Apyrofi.

4. IiByx¢asusie K3 Ha semmo K1) B ceTH ¢ H30/HPOBAHHHIMHE HeHT-
palfiMB HHKAKOrO AOMOJHHTENLHOTO BJHSHHA Ha paGoTy norpeburesedl o
CPaBHEHHIO ¢ paccMoTpeHHbiM K(2) He OKasniBaloT.

5. Hexoropne ofine coo6paxKeHHs 0 BJAHSAHHH HarpysoK, TIpHBeAEHHEIe
B HavaJle, OTHOCATCH H K APYTHM BHaaM K3.

Yuer nomepednoli MPOBOZHMOCTH JHHHA B YCTAHOBHBIIMXCS DeXHMAX.
PaccmoTpennbie Bhillle COOTHONIGHHS AJS YCTAHOBHBIIMXCS TOKOB H HANMps-
MeHuA (HX JeHCTBYWIIHE H AMIVIHTYAHblE 3HAYEHHA) He YYHTHBAAH IO-
nepevHoil IPOBOAHMOCTH JHHHA. JTO OGHYHO AOMYCTHMO TOABKO NpK pac-
4eTax TOKOB H HanpsKeHHH B ciaydasx K3 Ha BO3LyWHBIX JHMHHAX B CeTSiX

e
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Puc. 1.47. EMKOCTH JIHHHH C COCPeOTOYEHHBIMH NTapaMeTpPaMH

ko 110—220 xB, nroraa 330 xB. OnHako H B TaKHX CeTSiX /S HEKOTOPHX
PexHMOB PaGOTHl TyBCTBHTEAbHOH DesleftHON 3alIHTHI, HaDHMEP NPH BKJIO-
YeHHH 3allMLlaeMO} JHHHH T0jA HaNpsiKeHHe, OKashIBAETCS HeOOGXOZMMBIM
yuer nonepeyHo#t (emxoctao#t) nposoammoctH. Ilpn pamme BJI po 150—
250 XM STOT yYer MOXHO OCYUIECTBJISiTh, PaCCMATPUBAA NAPAMETPH JHHHN
R, L u C cocpenoToueHHuiMH (M., Hanpumep, [32]), mo msmectnrM T- min
[l-o6pasubim cxemam 3amewenHs. Tpexdasuas AHHHS XapaKTepHayeTcs
TpeMs MeXAy(PasHeMH eMKOCTAMH Cue H TPEMS EMKOCTAME ¢az Cp no
OTHOWIEHHIO K 3eMJe (puc. 1.47,a). Tpeyrosbhuk, 06pasoBasHbf Cug, Tpe-
00pasyercs B SKBHBAJIEHTHYIO 3Be3ly ¢ eMmKocTsiMH C=3Cyp (puc. 1.47,6).
B cummerpuunom (paGouem) pexmme comoKynHocTs C H Cp o6pasyeT pa-
Gouyto emkocTb Cpas=C+4Co=3C.p+Co (pHc. 1.47, 6).

Ias auunit 3pauntensHoR iHun 330 kB ¥ BHUle yenTHBaThL nonepey-
Hble NPOBOAMMOCTH DAaCCMOTPEHHBIM YIPOLIEHHBIM CITOCOGoM He/b3si. B arom
ciydae CBs3b MeX/y HanpsXKeHHAMH H TOKaMH B Hadaje y9acTka ARJHHOH
I (puc. 1.48) U1, I 1 B xonue yuactka Uri, Ii1, xax uaBectHo, onpenpenn-
€TCS yDABHEHHSMH, COLCPKaLIHMH rHIepGoAHTecKHe GYHKIHHE OT KOMIJIEKC-
HOTO aprymeHnTa yl:
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Uy=Uy Ch?l'i'gclns*lwi} (118

Iy = Uy shyl/Z + Iy chyl,

rae  Ze=7 2ly= (r+joLys) (g+joCys — 604H080¢  (XapaxrepucTHIe-
CKOE) CONpOTHBJEHHE, ONMPENENSEMOe YAENbHbIM MPOAOJBLHEIM CONPOTHBJE-
HHEM 2 H nomnepevHoH OPOBOJHMOCTBIO Y; Y sz a-+jp — xoadduna-

eHtT pacnpoc'rpaﬂeam, onpeneiseMbiit xoatptpnuneﬂ-rou 3aTyXaHHd o H KO-
stbduurenToM cnerra ¢as B —yrioM casura a3 MeXAy BEKTOPaMH Ha-
npsiKEHHA HJH TOKOB HAa €QMHHOY JJIHHBl JIHHHH. Hanpsixenne B TOK B
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Puc. 1.48. VYuacTok JHHEH C Puc. 1.49. UeTHpexnoJIOCHHK,

3aMeHSIOWHA JHHHIO C pacnpe-
JleJIeHHBIMH NapaMeTpPaMy

pacnpee/ieHHBIMH NnapaMeTpaMH

Kaxa0f TOUKe JHHHH, B TOM YHCJe B €e Hayaje H KOHLE, B paccMaTpHBae-
MOM YCTAHOBHBIIEMCA PexuMe CHHycoupanbud, kax u JJC nuraloweh
CHCTEMH, ¢ yraoBofi uacroroi @=2nf IlosToMy Ans HanpsikeHW# H To-
KOB MOTYT GLITb NOCTPOEHH BeKTOPHbE AHATPaMMEL

¥pabHenHs (1.18) npencrammor coGofi ypaBHeHHS NACCHBHOrO 4YeTH-
pexnoiocEHKa {pHc. 1.49): AU11+BIn H II—CU11+DIm .
A, B, C B D — KomIIeKcHble KOHCTaHTH, ynosnersopmoume “yenonsu
A=D u AD—BC=1. B paccmaTpHBacMoM cayiae A=D=chyl, B=
“=2Zshyl u C=shyl/Z.. Tlonn3ysch 9TUMH BHpAXeHHSMH, JHHHIO C pacmpe-
LENeHHLIMH TIOCTOSHHLIMH 3aMeHsnT sKkeHBaneHTHoR T- mam Tl-oGpasuof
CXeMO# ¢ cOCPEAOTOUEHHBIMH NOCTOSIHHBIMH,

Kosth¢uuseHT casHra P, NpelCTaBJAUIMA HEKOTOPylo YacTb nepHona
nepeMeHHOr0 TOKAa, MOXeT GHTh BHIPaXeH TaKxke NPOMEeXYTKOM BDEMEHH
!, HeoGXONMMHM AAf npoGera Boumoit 1 xM auHEH, c/kM: i=B/0=0/2af.
Otciofa cefyeT, 9TO CKOPOCTb PacIPOCTPaHEHHS BOJH, KM/C, v=1/t=0w0/f.
KosdpdnunenT § faeT TaKke BO3MOXKHOCTb ONpPEJEAEHHS JJIHHH BOJMHH A,
npejcTaBaslOUlell PACCTOAHHE MeXAY IABYMS TOUKaMH JHHHH, B KOTOPBIX
B JaHKHA MOMEHT BpeMeHH (ashl HaNpsXKEeHHA HJH TOKOB CABHHYTH Ha
yroa 360° PA=2360° orkyna A=360°/p, xmM. Ias BJI ckopocts v npHO/H-
KaeTcsi K ckopocTH csera (300 Thic. xm/c), f~006 rpan/km;, npr sToM
XxauEa BoaHn 6000 kM. Kak 6yner nmokasaHo HHXKE, yXe NpH AJHHAX JH-
HHH, GJH3KHX K 9eTBEPTH BOJIHH, BXOJHbie CONPOTHBJIEHHS Zuxx npu K3 B
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KoHlle yJacTKa OJHM3KH K HYJIO H, HanpuMep, ofH4HBe AHCTAHHHOHHBE 33.
UIMTH, PearupyiouiHe Ha OTHOIIeHHe UI/II, Oyayr BecTu cels Tak, Kak npy
NOBpeXX/eHHH B Hadalle y9acTKa JHHHH C COCPeLOTOYEHHHIMH napaMerpamu,
T.e. HenpaBuabHO. Ha npakThKe AJMHH OTAEJBHBIX YYacTKOB 3JEKTPOIEpe-
Jlad CBEPXBHICOKHX M YJAbTPABHICOKHX HaNpSKeHHH COCTaBASIOT COTHH KH-
JoMmerpoB (<<1000 kM) u MOAOGHHX 3aTpPyAHEHHH He BO3HHKAeT.
CyimecTBeHHEe yNPOIEHH] pacyeTHEe BHPaXEHHS MOJIYYalOT mpi

npeHeOpexeHHH norepsmn (x=0). B stom caysae y=jf=jo J L Lyn€yn,
p=o VLYJI Cyn» Ze= 1/[,},11/037JI =Z, (npesncraBasieT aKTHBHOe COINpo-
THBJIEHHE) —-I/VLYJI/CYJI , @ HanpsiKeHWe W TOK ONPeneJsiioTcs He TH-
nepﬁonﬂqecxnmn GYHKUMAMH OT KOMILJIEKCHOrO apryMeHTa, a TPHIOHOMET-
PHYECKHMH OT jeHCTBHTEJBHOro aprymeHnrta. CyHmIeCTBYIOT M ADYTHe CHOCOGH
yOpOLIeHHs, HalpuMep IyTeM 3aMeHH runepfosHYecKHX QYHKuUil NepBHMu
cJaraeMBIMH H3 Pa3joXeHHs B cTeneHHofi psax [32].

BaXXHHM, B 9aCTHOCTH AJs NEPEXOLHOrO IpOLecca, SBJAETCS BXORHOe
CONPOTHBJIEHHEe JHHHHM C DaBHOMEPHO paclipeje/eHHHMH NapaMeTpaMH, oOr-
penensieMoe otHomenueM Ur/I1. Tlpn wmerannmgeckom K3 Ha xKomue
(Uu'—O) anx-—thh'yl - -

B caydae, ecom KOHen JIMHHH HAarpy:eH COCPEIOTOUEHHBHIM COTPOTHB-
JNeHHeM, Zpy= Zc(ZH-}-thhvl)/(Zchyl—}-Zc)

YueT nepexonHbix NpOUECCOB HA JHHHAX C COCPEAOTOUEHHBIMH Mapa-
merpamu R B L moapolHO paccMaTpHBaercs B COOTBETCTBYIONIMX Kypcax
{29]. ITonmgepkuBaeTcst NOsIBJEHHE B NePeXOAHBIX TOKaX allepPHOHYECKUX
CJIaralouifX, KOTophle HeoGXOAHMO YYHTHBATH H IIPH BHINOJHEHHH 3aHIHTH.
3peck paccMaTPHBAIOTCA TOJBKO aNePHOJHYECKHe CJaraioiiie B OCTATOYHHIX
sHanpsixeHusix. Hanpumep npum rtpexdasnom K3 B cern (puc. 1.50), ecun

e w0 Puc. 1.50. CxeMa ans onpejene-
| — K HUSl COOTHOUIEHHI MIHOBEHHHX
— I ) TOKOB M Hampsixenuft npu K®)
(g Mot é HA JUHHH C COCpEJlOTOYeHHBIMH
R be y3)
erle uf; napamMeTpamu

CUHTATH CONPOTUBJEHHS JHHHE COCPeIOTOUEHHHIMH, MTHOBEHHOe 3HAYeHHE
HanpsKeHHs B MeCTe BKIIOYEHHS 3amute (wuHu /) ompegensercs U3
JIBYX ypaBHeHHH: ulf) =Rai®+L,di® /dt u IAC e=(Rc+Ra)i®+(Lc+
. 3~ .

+La)dit®)/dt u pasio u$>"=(RaLc—RcL,)i®/(Lo4Ly)+Lnef(Let-Ly).

Takum ofpasoM, Hannune B u{u3 anepHoAHYECKOR cJaaraioulefi npu me-
puoauueckoit JC e cucreMn ompexensiercs KodbduuHenToM (RxLc—
—RcLa)/(Le—L;). TIpn ONHOPOAHEX CONPOTHBAERHS Z 57eMEHTOB CHCTEMB
(Lc/Re=La/R;) 310T X03bHIHEHT DaBeH HyJio H AaKe NPH HANHIHH B

(3)

ToKe ((®) anepmopMiecKoit cnaraiomiell HaNpsKeHHs 4 ee He HMeeT. Ane-
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pHOAHIECKAS CJlaralollast MOABAAETCH NPH L.R.54L,R, mnm ApPYreEX BHAAX
K3. OzHako B HanpsiXKeHHSX MEXAY IOBPeXAeHHHMH tdasamu npu ne-
GoMBIION HEOLHOPOLHOCTH 5JeMEeHTOB CHCTEMH, 9TO 9aCTO MOKHO NPHHSATh
gna K3, yhajenHsix oT MCTOUHMKOB IMTAHMS, allepPHOJHYECKHE ClaraiouiHe
MOTYT OHTb HeOOJBIIHMH.

YdeT cocpelOTOYeHHHX NONePeUHHX MPOBOAHMOCTEH IDH ONPEAe/eHHH
nepeXoJHE X 3HaYeHHHA TOKOB H HanpsiKeHud TakKke He BCTPedaeT OCOGHIX
3aTpyAHeHHUH.

OnpesesieHHe TOKOB H HaNpsiKEHHH NpPH NepexoaHbix MNpPoUeccax Ha
JAHHHAX C pacnpejefieHHLIMH NOCTOAHHBIMH. IIpu paccMOTpeHHHM HHNOJHE-
HHS 3aIUT AJS JOCTATOYHO AJHHHHX JUHHA CBeDXBHICOKHX H YJBTPABLICO-
KHX HalpsiKeHuil, paforalomux ¢ BpeMeHaMu cpabartuBanus 0,01—0,02c,
Heo6x04uMo cunTaThcsl ¢ HaauuueM npH K3 B MIHOBeHHEIX 3HAYeHHAX TO-
KOB H OCTATOYHHIX HANpsKeHHH KpoMe aNePHOJAHYECKHX CJAraloiiHX elie
CBOGOAHHX Koje6aTelbHHX (3HAKOIePEMeHHBIX) 3aTyXalOWHX CcJaraloHiux;
IPH ITOM YYHTHBAETCS, YTO MePeXOjHEle NPOHeCCH 3aTyXaloT OTHOCHTEJb-
HO MeJJIeHHO B CBSI3H C MAJILIMH B HHX IOTEPSIMH.

CyliecTByIOT 1Ba crocoGa DacdeToB NepPexOiHBIX NMPOUECCOB HA JIHHHUSAX
Gonplo¥ NpoTsiKeHHOCTH. IlepBHifi OCHOBaH Ha PacCMOTPeHHH pacmpocTpa-
nstomuxcs (GerymiHx) NPy HapYLIEHHH pelXKHMa BOJH, BTOPO# — BOJIH, COOT-
BETCTBYIOHIHX COOCTBEHHBIM KosleGaHHSM B CHCTEME.

Croco6 pacnpoCTPaHSIOMHXCS BOJIH B COBPEMEHHOM €ro BHAe, SIBJSIO-
leMcs pasBHTHeM cnocoGa DepiKepoHa, NpHrofeH B coveTanH ¢ IBM nas
cxeM JIIOGOH CHOXKHOCTH, Ha HeOTPaHHYEHHOM HHTeDBajle BPeMeHH, KaK IpH
JHHelHHX, Tak H HeJauHeAHHX 31eMenTax. OcCHOBHOH HexocTaTrok cmocofa
NPHMEHUTENbHO K YCJIOBHSIM 3aHIUTE 3aKJI09aeTcst B IOJYYeHHH De3yJbTH-
PYIOHIHX BeJHIHH Ge3 Bhije/leHHs CBOOOAHHX KoseOaTeNbHEX H alepHOAH-
9eCKHX 3aTyXalOHiHX CJaralouiux.

Bropoit cnoco6 B BapuanTe, pa3pa6oTaHHOM AJsl NPAaKTHYECKOTO HCIOJb-
soeanust C. B. JloceBuM u A. B. Uepuunnm [33], ocHoBaH Ha H3BeCTHOIX
¢dopmysie pasJioKeHHS ONEepPanHOHHOrO HCYHC/IEHHS, B IePBOHAYaJpHOM BH-
Le mnpeasoxenHofi B 20-x rogax XesHcafigom (BenukoSpuranus). C ee mo-
MOHIbI0 3JIEKTPHUECKHe BEJHYMHH (TOKH, HanpsKeHHs) ONpelensioTCs
B BHAe CYMMB! NpHHYX/eHHOfi (OCHOBHOM) cjaraiomefi NPOMHILIEHHOR
4aCTOTH, aNePHOAMYECKHX H CBOGOAHHX KoJefaTeJbHEIX CJaralmux. 710
JJis NMoJaBJsOmiero GOJbIIMHCTBA 3aMMT SIBJASETCS ONpeAeNAOUHM MpeH-
MyutectBoM crnocoba, OH He NpHrojeH AJsf TaK Ha3HBAaeMHX BOJHOBHX
3AMHT M PAaCCMOTPEHHS SHBJIEHHH, NPOHCXOASIIMX B NepBHe MIHOBEHHS BO3-
HHKHOBeHHst HapyllenHi pexuMa. Hekoropee HejocraTku cnocofa ycrtpa-
HSIOTCSl [IPH MCHOJb30BaHHH AJs pacueToB Ha DBM mporpamm, paspadoran-
HHX B 2CII

Hcnonb3oBanue GopMyanl pasaoxeHus. [IpH NpHIOKeHHH X cXeMe
HCTOUHHKA CHHyCOHZaJbHoro Hamnpsikenust u(f) = Umsin(osf4+9) B npu
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HYJeBHIX HAYANbHHX YCJAOBHAX BO3HHKAET TOK,
TOpOro

MIrHOBeHHOe 3HaYeHHE KO-

+§: Un ¢® ¢! } (1.19)
dand (p,—j0)Z5(p)

Ecnn Tok i(f) BHpamen B KOMIJEKcHOM ¢dopme I(¢), aHak Im, ykasu-
BaKOWIHH, YTO GepeTcss MHHMAs YacTh BHpaKeHHs (1.19), otnagaer, Orgess-
Hbie cjaraouue supaxenns (1.19) npexcrasasior: Ume/(9stt®)  _ ya.
TIpAXKEHHE HCTOIHHKA B KOMIVIEKCHOH ¢opMe paBHO Um[cos(wuf-+@) -+
+isin(ou+9)]; Z 5 (jon) — KOMIIEKCHOR CONPOTHBJIEHHE CXEMbl; P, —
KODHH xapaKTepncFmec'Koro ypasHenus Zg(p)=0, rge Zs (p) — onepa-

Un ol ogte)
g z (] wn)

i(t)=Im[

TOPHOE CONpPOTHBJECHHE CXEMH; Z'E(ps) — NpOH3BOAHYI Z(p) npu p=ps.

MuuMas wacts mepsoro uaema dopmynnt (1.19) xaEaKTepﬂsyeT npH-
HYXKICHHYI0 CJArallyio ToxKa inp(f)=Un sit(0ut+9—0) /Z5 (jou), e
6 —yron Zy (jou). Munmas wacrs BTOpOro wiexa (1.19) praKTepﬂsyeT

CyMMy anepHOAHYECKHX [a(f) H KOMeGATENBHHX lioq(f) 3aTyXaoUAX Cla-
raomux. Takum oGpasom,

m oo
ity =inp () + 2 fa (t) +2 ixon (£).
s=1 s=1

IlpuBesennble BEIpaKeHHs HeMOCDPELCTBEHHO NPHMEHHMH [/l MeTaJj-
augecxoro Tpexdasuoro K3. B stom caywae arkTHBHBME CONPOTHBJEHHSIMH
7acTo MOXHO npexeGpeus. [Ipu stoM onpegenenns amiaTyn H tdas moryr
OMTb CYIECTBEHHO YIpOuleHb, AKTHBHbe CONMPOTHBJEHHS HEOOXOLHMO TpH
STOM y4HTHBATb TOABKO A/ ONPEJE/CHHs CBOGOLHHX COCTABJAIONLHX. Mpu
MOBPEX IeHHAX HA 3EMJII0 3TO HELONYCTHMO.

Hpu pacuerax wecuvmerpuunmx K3 o6bruno HCIIOJIb3YETCS METOJ, CHM-
METpHUHBIX cocTaBisomnX. [IpH 5TOM Hanpsxenus, TOKH H CONpOTHBJIe-
HHA 3/IEMEHTOB NIPH HYJIEBHX HAYa/bHEIX yCNOBHAX BHPAXKATCA B onepa-
TopHO# ¢opme. [To naiigensbiM npu pacyere H300paXKeHHAM 3/IeKTPHIECKHX
BEJIHIHH HAXONATCA MX OPHIHHAJEL, T.e. BeJHYHHH, BHpPaXKeHHHE B ¢byHK-
LIHH BpeMeHH.

[TpoBepennnie HcenepoBasna [33] H mpaxTHueckme pacyeTH naJH BO3-
MOKHOCTb C/e/1aTh PAAJ BHBOJOB, FNIABHEIE H3 KOTOPHX CBONSTCSH K caenylo-
memy: 1) cBoGoaHble KoJeGaTejbHble ¢jaraiiiHe HMEKT, KaK [PaBHJO
4aCToTy ©s>>@u, XOTS NEPBAsi H3 HHX MOXKET OWTh H 6/H3Ka Wx (Koneﬁa-,
HHuS C wi<w" BOSHHKXAIOT TOJILKO Ha 5/1eKTPONEPe/iauax ¢ 0UeHb PeiKo npH-
MEHAEMOU MPOAOJILHON €MKOCTHOH KoMmencanmeit). HeoGxoxamo nouepK-
HYTb, 4TO HCHOAb30BaHHE JJIsi KOJeGaTe bHIX 3aTYXAIOMMX CJAraloilHx
Ha3BaHHA «CBOOOIHHE FAPMOHHKH» He OUeHb YAAYHO, TAK KaK OHH He AB-
AAI0TCA MEPHOAHYCCKHMH (YHKIUHMAMH; 2) HauaibHHe 3HAYCHHS Koneba-

(1.20)
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reJIbHBIX CIAraloliHX 3aBHCAT He TOJMBKO OT Yrda (¢, HO H OT HX YaCTOTH
®s. B CBS3H C 3THM HX Haya/JbHBe 3HAUEHHs MAaKCHMaJbHH IIPH [POXOK-
peut# #(f) B moment K3 depes mMaKcHMYyM, a He 4epe3 HyJb, Kak GupaeT
paisl OCHOBHOH cuiararomieit ¢ pabogefi gacrotolf @s (Mo 3T0fi XKe npHImHe
cAaralliEe ¢ 9acTOTOH s COMepXKaT maxe npH cumMerpHiHom K3 cocras-
agoiHe o6paTHOM MOCAeNOBATENILHOCTH); 3) € YUeTOM TOrO, 9TO TeOpeTH-
yeCKH UHCI0 cBOGOAHBIX KOJMebaTeNbHHX CAaralllHX paBHO oo, NPHXOXHTCS
npHHUMATh MePhl K CHHXXEHHIO HX 9HCJA A0 JOIYCTHMOrO 3HAYeHHs IPH
cOXpaHEHHH IIDHEMJEMOH TOUHOCTH pacyera; NpH 3TOM HeOGXOXHMO HMeTb
B BHAY, UTO, KaK mokasand Hccaenosauus B. I'. Tlaornukosa m A, B. Yep-
suna B ICII, mia auuuf, BXOASIIHX B CeTh, B OTIHYHE OT OJHHOYHOR JH-
HHH HEKOTOpHle MOC/efylOiHe FapMOHHKH MOTYT HMEThb aAMIHTYAH GOAb-
mHe, 4eM npeAabayliHe; 4) OOBIYHO MOMKHO YYHTBIBATH TOJLKO OJHY pe-
3yABTHPYIOILYIO aMePHOAHUECKYIO CJAraioulylo ¢ Kosg¢HIHeHTOM 3aTyXaHHusl,
paBHbM Ry/Ly, rae Ry=Zy (0) onpegensercs npa jo=0.

BaHsiHMe nepexoiHBIX mnpOHEccOB Ha 3alUTy JHHHA C pacnpejeneH-
HbIMH NOCTOAHHBIMH. HMamepHTenbnne opranm 3amurn JHHHA oT K3, kak
YKa3HBaJOCh BLIIe, CTPOATCSl NPEHMYIIECTBEHHO C HCMOJbL30OBAHHEM 3JIEKT-
PHYECKHX BEJHUWH MPOMHULIEHHOR 9acTOTH. MX OTCTPOHKY OT cBOGOMHHIX
3aTYXAIOLIHX CJAraloilix [HTAIOTCH OCYLIeCTBAATh PA3/jHUHO B 3aBHCHMO-
CTH OT HCIONb3yeMoH sjgeMmeHTHOH Gasm, Tak, HanpHMep, NPH HHAYKIHOH-
HHX CHCTEeMaX, YUHTHIBas HX eCTeCTBeHHHe CBOHCTBa, OrPaHHYHBAIOTCS
co3aHHeM B CHCTeMax OGMOTOK CIeiHAalNbHBIX KOHTYPOB, B MHKDO3JeKT-
POHHHIX YCTPOHCTBAaX INPHMEHSIOT aHAJOroBble (GHIBTPH, B NPOrPaMMHBIX
samuTax (Ha MHKPONpOIeCCOPHOH (ase) HCMOABIYIOT UHGPOBYIO (UILTPA-
uulo. Paspemrenne 3Toro BOmpoca OKasasloch, OfHAKO, BecbMa CIOXKHHM, H
€ro NMOKa Heab3s CUHTATh OKOHYATENHO peIUeHHBIM (cM., Hampumep, [16,
34]). .

1.7. BUAbl HEHOPMANbHbIX PEXXMMOB PAEOTHI
Y TPEBOBAHUSA K 3ALLIUTE, HA HUX PEAMUPYIOLLIEM

OCHOBHBIMH BHJIaMH HEHOPMAaJbHEIX pPEXHMOB pPaGoTH
3JeKTPHYECKHX CeTeH, YUHTHIBAEMBIMH IPH BBIIOJHEHHH HX
PejieiHON 3aLIUTHI, SABJASIOTCA: CBEPXTOKH, 0GYCJAOBJIEHHKE Iie-
perpyskamu uiaH K3, BOSHHKAIOIHMH BHe 3aLHIaeMOro yua-
CTKa ceTH; KaYaHHs H HapYlUeHHs] CHHXPOHH3Ma MexXIy napaJ-
JAeJbHO PabOTAIUMH B CHCTEME MallHMHAMH; GPOCKH TOKa Ha-
MarHpuuBaHHs TpaHC(HOPMATOPOB H aBTOTPaHC(hOpPMAaTOpOB;
TOKH camosanycka. OcOGeHHOCTH HEHOPMAaJbHEIX pPeXKHMOB
PaboTH MalUMH W aNIapaTtoB PaccMaTPHBAIOTCA HHXKe NpHMe-
HUTEJIHO K HX 3alHTaM.

CpepxTokn. CBepPXTOKH OKa3biBalOT Ha JHHHH TEPMHUYECKOe
BO3/1eiCTBHE, UTO MOXKET IPHBECTH K YCKOPEHHOMY H3HOCY
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NPOBOAOB, 0CO6EHHO B M@CTaxX YCTAHOBKH COeIHHHTENbHBIX 3a-
JKHMOB, WJIH JlaXKe K NOBpeXAEHUAM 3THX JIHHHE.

Ot cBepXTOKOB, BEI3BaHHBIX BHelIHHMH K3, 06BIYHO HCIIOMB-
3yeTcsl 3allMTa yyacTka oT K3, meficTBylomas kak pe3epBHas
B CJyYasx OTKa3a 3aUlHT WIH BBIKAOUaTesell HOBpeXAeHHOro
cMexkHoro sjeMenta. Ciejgyer uMeTb B BHAY, YTO B IPABHJIb-
HO CNIPOEKTHPOBAHHON H SKCIUIyaTHPYeMOH paclpele/uTeNb-
HOH CeTH HeJIONMyCTHMble NMepPerpy3Kd MaJjiOBepOSITHB H CIelH-
aJbHas 3amiuTa OT HHUX OGLIYHO He YcTaHaBJHBaeTcs. Ecuan
HEJONYyCTHMBIE NIePerpyskH BeposiTHEl, TO MOMKeT BCTaTb BO-
npoc 06 ycTaHOBKe 3allluThl, paboTaloillefi Ha CHTHAJ H pas-
TPY3KY.

KoseGannsas HanpsKeHHil W TOKOB NPH KAaYaHHSIX M Hapy-
HEeHUAX CHHXpoHH3Ma. YacTo MHTeHCHBHBIE KauaHusl CHHXPOH-
HBIX MallHH BO3HHKA4IOT BCJIeJCTBHEe HeJOCTATOYHO OHICTPOro
otkaioyenust K3 B cucreMe. B HauGoJsiee TAXKENBIX VCJIOBHSX
BO3MOXXHO BO3HHKHOBeHHe KPATKOBpEMeHHOTO HJIH 3aTAXKHOIO
HapyleHHst HX CHHXPOHHOH pa6oTHl, YTO, OJHAKO, AJs COBpe-
MEHHbIX MOIIHBIX MallXH OOBIYHO He HOMyCKaercsl. DTHMH pe-
JKHMaMH CONpPOBOXKAIOTCA TaKXKe HCIOJb3yeMble HHOTAA B 9K-
CIulyaTali aBTOMaTHYECKHe HeCHHXPOHHEIE BKIIOUEHHS,

CooTHOLIEHHUS 3IeKTPHYECKHUX BeJHYHH NPH KayaHHsIX, BOSHH-
KaloWHX, HallpUMep, NIoce OTKAIYeHus1 BHelHero K3, nawortcs
HM3Ke 111 OAHHOYHOH JIMHHH C ABYCTOPDOHHHM NHTaHHeM (pHC.
1.51,a). B arom cayuae mpoliecci BO BCex Tpex (hasax mpo-
TEKaloT OAHHAKOBO H X MOXKHO pacCMaTpUBaTh A/ OAHOH (a-
3bl. Ecain pacxoxnenue yrios Ea n Ep 1Byx uactefi cHCTeMB
IPOMCXOJAHT OTHOCHTEJNbHO MeJIJIeHHO, TO MOXHO ¢ HeGoabuIon
NOTPEMIHOCTBIO CYHTATD, UTO 4ACTOTA KamJA0H M3 HHX OCTaeTCH
HeH3MeHHOH, a CJef0BaTe/IbHO, U CONPOTHUBJIEHHS 3JEeMEHTOB
cucteMbl onuHakoBHl st ob6eux 3 C. Toraa ypaBHUTEJ bHBIH

TOK B nuHHH ADB npu yrie pacxoxaenust § mexny Ea u Ep
(puc. 1.51,6) Iyp=(Ex—Egs)/(Zs+Zx+Z5) orcraer or Ex—
—Egna yron gc=arctg (Xa+Xat+Xp)/ (Ra+Ra+Rp).

Hanpstxkenus no xonuaM Jaubuu Us=Es—Iy,Zs n Up =
=_E‘B+_1ypgs. MunumanpHoe HanpsaxeHue Uy B cUCTEME npu
JIAHHOM yTJie ofpejiensercs B H306paxKeHHOM CJyydae JJHHOM
NepneHAHKYsIpa, OMyIeHHOr0 H3 HeHTpPa AHarpaMMbl HAa BeK-
Top U ap NajeHHsi HanpsikeHus B JuHuH. Touka B cHcTeMe,
uMewlas NpH AaHHOM § MUHHMAJbHOe HanpsKeHue, HasbBa-
eTCst 3AeKTpULecKum yenTpon. B o6leM ciyyae sjieKTpHYecKHI
LeHTpP MOXKeT 3aHHMAaTb pasJiHYHble MOJIOXKeHHs, MepeMellasiCh
¢ H3MeHeHHeM yrJa 6.
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B 1940—1941 rr. 8 MOH (H. A. Mopaaes) OGbl1 npejJoxeH cBoeob-
pasHblil METOA pPaccMOTPeHH: COOTHOIIeHHS 3JEKTPHYECKHX BeJHYHH HpPH
xauannax. OH KPATKO CBOAMTCA K TOMYy, 4TO BCe HANpsKEHHA H 3AC
aA@arpaMMbl Ha pHc. 1.51,6 genarca na Tox Iyp. B aToM caydae mpHMEHH-
TeJbHO K HCTIOJB3OBAHHIO KOMIVIEKCHOR IUIOCKOCTH CONpOTHBJCHHA Bce 3Je-
MEHTHI CHCTEMH H306pa)KaloTcst Ha 5TOH NJIOCKOCTH (puc. 1.52). B npenro-

U Ea

Eq ,i 1 5 s q
2= /5
XnyRa /‘
XA )RA (1) Xg,Rs \-55 ‘
.IypZE |

Puc. 1.51. KagaHus B CHcTeMe C ABYMsl HCTOYHHKAMH NHTAHHS

JOXKEHHH paBeHcTBa a0COMOTHBIX snayennsi DJIC Es u Ep TPOBOAHTCA
apaMasl, NepleHAHKyASpHAd CYMMapHOWY conpoTHBNEHHI0 Zy CHCTEMH
MOKET pacCMaTPHBATLCA

B ero cepepune. [lojyuaromascs JHHHA 0’0"
— KaK H3MeHsAIOulHe-

KaK JUHHS HYJeBbIX MOTEHIHAJOB, 4 3JC Es u Ep
cst (c usmenenneM 8) DACCTOAHHA OT ee TOYCK 10 koHnoB Zy (uefiTpaneh

cicrem A u B). Tlpn paseHcTBe aGcOMOTHBIX suaueHHd Ean u Ag JHHHA

0O’ 0” 3ameHsieTcs AyraMH okpyxHocrefl, Takoit noaxox oka3acs —y,7106}{bIM
[JIsl AaHA/MH3A [OBEJEHHs NPH Kavanudx, B 0cOGEHHOCTH TAKHX 3allHT, Kak
AMCTAHIHOHHEE, B najbHefillleM NOSBHIUCH 3apybexHBie H OTEYeCTBCHHBIE
pa6oThi, pa3BHBAIOUIHE Takof XKe
MeTon.

[Tpn KauaHmsix yroa O ompene-
NsieTcd  3MEKTPOMEXaHAYECKHMH me-
PEXOJHBIMH NpOUECCAMH B TeHepa-
TOpax CHCTEMBI, MPHYEM €ro HaMe-
Henns Bo BDEMeHH HMeOT Koaeba- 0!

JX

TeNbHH XapaKTep. AMIUIHTYAB Ko- d
JNe6anps yraa O mpH KauaHHAX 3a-
TYXaloT, H HACTyNaeT YCTAHOBHB-
wpics  mocjieaBapHAHBIR  PEXHM. A
TIpu |8|>>180° prariBaHHe B CHH- £

Ea \iZ4

Puc. 1.52. HcnoapsoBanue KoMo-
REeKCHOH MJIOCKOCTH CONPOTHBJIEHHH
oAs aHanusa paboTwel  3allHT OPH
KauaHUAX
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XPOHH3M OKa3bIBAaeTCs 3aTPY/HHTEJbHHIM H BOSHHKAET ACHHXPOHHEIN PeXuM,
Korza 4actoTel Ex H EB HeOJHHAKOBH. HHXe NPHBOAHTCH YHPOINEHHH}

AHANH3 PeXHMa Kauapuil npM OHCTPOM H3MeHeHuw yraa 6=0(f) u acun-
XPOHHOTO peXHMa, ecH HCHOJB30BATh MeTOJl HanoxeHus. HauBosee ua-
TVISIAHO 3aKOHOMEDHOCTH H3MEHEHHS YPaBUHTENbHOTO TOKa MOMKHO TOKa-
3aTb, €C/H NPHHATD, YTO AMIUIMTYAH TOKa I or kaxpoit us DJC opuua-

koBb. Torna npu KavaWusX ypaBHUTENbHHE TOK iyp 6yAeT paBeH
top=Ipsino gt — 1 sinfo, t—8()]=
=21 cos[w,  —&(¢)/2]sin[6 (¢)/2], (1.21)

a4 NP aCHEXPOHHOM peXHMe C YIJIoBbIMH uyactoraMH Ea u Eg, paBHHMu
COOTBETCTBEHHO ©a H W, T

Wy — O
fsin A B y.

. . . m m
lyp=I,sineyt—1 sineogt=2]I cos A_; 5

(1.22)

B o6onx cayuasx ypaBHHTEJbHBEIl TOK HMEET BHJ KOCHHYCOHAH C aM-
noTyAol, saBucamedt or yraa 8(f) npr kauanuax H yraa (0 —og)t npu
ACHHXDOHHOM peXHME. JTH TOKH JOCTHTAOT aMIHTYyAR 2/, npH 3Haue-
HHAIX 3THX yraoB, paBHuX 180° H Moryr 6uiTe Goablile TokoB K3 Ha 3a-
DIHIIAeMbIX JIHHHSIX. -

Hanpsixents Ha JHHHAX B PacCMaTPHUBAEMBIX PeKHMAX TaKKe NYJb-
cHpyloT. HanGonee cHbHbIE HX KOJeGAHHA OPOMCXOAAT B TOUKAX CHCTEMH,
pacnosoKeHHbIXx BOMM3H 3/1eKTPHUECKOTo HeHTpa. Paj samut ot K3 Mmoxer
pearHpoBaTh Ha KaYaHHAd M ACHHXDOHHHIA DPeXHM, NOCKOALKY NOC/HefHHe
CONPOBOXAAIOTCA NOBHILEHHEM TOKOB H NMOHHXKeHUEM HANDSKeHHH, Kak n
npH K3, a snekTpHueckHil LeHTp ABAsieTCS KaK OB MECTOM MX BO3HHKHOBe-
HHs. JIN MHOTHX 3alllAT JAOMYCTHMO yRpOINEHHOE NpeACTABJEHHEe mpouecca,
Koraa cuntaercs, yto Ea u Ey HMEIOT HeH3MeHHYIO 4YacToTy, Ho yrosa O
MeXNy HHMH PaBHOMEDHO H3MeHseTCs Bo BpeMeHH, IIpH aCHHXPOHHOM pe-
XKHMe 3TOT (PHKTHBHHI Yron 6=(u)A_.(05 )¢, 2 32aBHCHMOCTH OT HEro
T0Ka Iyp u panpaxennt Uy, Ug u Uy noxasansl na pue. 1.53. Ecau usme-
pHTeAbHble OPraHbl 3aIHTHl HMEIOT HaCTOTHO-3aBHCHMblE I€NH, T.€. HHTE-
rpaTopel HAH AHdepeHnHaTOPH, TO TakOe YRPOIUEHHOE NpeACTaBJeHHE
npouecca MOXKET NPUBECTH K Cephe3HHIM OMMOKaM NpH aranause. Hanpumep,

Us
V7 ANY|
v ' Pue. 1.63. HameHenus npu acun-
&
)

i Untsly

" =,  XPOHHOM peXHMe TOKa H Hanps-
¢ 360 720°8 0 180 3506540 720 XKeHHS B  Da3AHYHHX TOUKAX
s) CHCTEMH
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qyBCTBHTENbHbe (HILTPOBHE OPTaHbl o6paTHO/ NOCAENOBaTENbHOCTH, Ha-
cTpOEHHHE Ha 4YacToTy @, , OyAyT pearnposaTb Ha HeGanancH, BO3HHEAIO-
gHe OT CJATAIONUIHX, H3MEHIOWHXCS NPONOPLAOHANBHO Sin [0i—6()} fem.
(1.21)) nan sinowgt fem. (1.22)], npuuem He6anancel GynyT Tem Goublle,
wem MeHblle NepHOj KayawHi [Gonbluas yacToTa KoneGauuit yraa 8(H ]
WiH deM Gosbllie pasHHIA MeXAy ®, H Op. Dosee rnyGoOKHE H NOAHLIA
anaau3 3Toro sonpoca nan 3. M. Illneepconom [15].

Boablike ypaBHHTeNbHHE TOKH, BO3HHKAIOIIHE NPH KAYaHUAX H aCHH-
XPOHHOM peXHMe, MOFYT TakXe BH3BATh yBRJIHUEHHbIE NOTPELIHOCTH H3Me-
puteapieix TA, 9T0 HeOOXOJAHMO YYHTHBATb [PH BHITOJIHEHHH nuddepen-
fHARBHBIX H QUIBTPOBBIX 3aIHT.

CuCTeMbl JONKHBl SKCIIYATHPOBATLCS TaK, YTOOHI BHIXOADI
A3 CHHXPOHM3MA OHJIH MO BO3MOXKHOCTH HCKJIOYEHBHI. 370, B
4aCTHOCTH, JOCTHTAeTCsl NpHMeHeHHeM ObICTPOAEHCTBYIONIHX
3aLlUT, HCNOJb30BAHHEM KOMIJIEKCOB YCTPOHCTB NPOTHBOABA-
puiiHoil aBToMaTukH. Ecau, 0fHaKo, CHHXDOHH3M OKa3hBaeTCs
BCe Ke HAPYILIEHHBIM, CHCTEMY IIPHXOJLUTCA aBTOMATHYECKH Je-
JHTb B OllpejeJieHHBX, 3apaHee YCTAHOBJIEHHBHIX MeCTax Ha
HECHHXPOHHO paboTalouiHe YacCTH, TaK YToObl B NIOCAeAHHX Obi-
Ji 1o BO3MOXHocTH c6anaHCUpPOBAHH TeHepupyiolulHe MOII-
HOCTH H MOLLHOCTH, notpeb/sieMble B Harpyskax.

CpabarbiBanye 3alllHT B PACCMaTpPHBAEMBIX pexXuMax sBAs-
eTcsl HeJONYCTHMEIM, TaK KaK MOXeT NPHBOJHTD K HapylICHHAM
pa6oTHl CHCTEMBI, pa3/leJeHHIO ee Ha YacTH B HELONyCTHMEIX Me-
cTax, oTKJIoueHnsIM norpebuteneit. [Ipegorspamenue paboTsl
33T, NOJABEPKeHHKX BO3NeHCTBHIO KauyaHHH, JOCTHTaeTCsd
COOTBETCTBYIOUIMM BHGOPOM HX NapaMeTpoB CpaGaTbIBAHHS
WM IpUMeHeHHeM CIIeHAaJbHHX yCTPOHCTB.

BpockH HaMarHHYHBamILEro TOKa TpaHc(hopmMaTOpoB H aB-
ToTpaHcdopmaropos. HamMarHHunBarouMn TOK Inaw Tpancoop-
MaTOpOB H aBTOTPAaHCHOPMATOPOB, He MPEBOCXOASMMA TPH
HOpMaJIbHOH PaboTe HECKOJbKHX NMPOUEHTOB WX HOMHHAJbHOIO
TOKa Jgow, MOXKET IIPH BOCCTAHOBJICHHH HANPsIKEeHHsI 1oCne OT-
Kmouednsl BHemHuX K3, # 0co6eHHO NP BKJKUYEHHH NOA Ha-
npsi’KeHHe, B HeCKOJBHKO pa3 NpeBHINATh [uow. TIpH 3TOM  fran
AJisi aBTOTPaHCHOPMATOPOB ONpPeAeIAeTCs HX THIOBOH MOLIHO-
CTbIO, & AJS1 MHOTOOGMOTOUYHBIX TPAHCHOPMATOPOB — MOIUIHO-
CTbI0 HauboJsiee MOUIHOH OOMOTKH.

B0O3MOKHOCTH NOSIBJEHHs1 GOJbIIAX 3HaueHH# OGPOCKOB Ha-
MaTHHYHBAICIIEI0 TOKA Jxam, 6p ONpelesIIOTCS TEM, 4YTO HpH
BK/IOYeHHH TIOJ HanpsKeHue B HeGJArONPHATHHII MOMEHT
BpeMeHH N0 HaNpsXKEHWIO H NPH HAJHYHH OCTATOYHOTO NOTOKA
B MArgMTOMPOBOJE, COBIARAIOUIEr0 IO 3HAKY C NepeXOAHBIM
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MOTOKOM, CTED:KHH MArHHTOIPOBOJA IMOJHOCTbIO B TeYeHHe
nepsoro mnepuofa (0,02 ¢) HaCHILAOTCA U CONMPOTHBJEHHe
TpancopmaTopa (374eCh H HUXKe HMEIOTCd B BHAY H aBTO-
TpanchopMaTopbl) KpaTKOBPEMEHHO OKasblBaeTcs BecbMa He-
GoJbuiuM. THUMHYHBIE KPHBbie OPOCKOB [jaw,cp AJS TpEX a3
npuserenbl Ha puc. 1.54. OHH XapaKTepH3YIOTCA CJEAYIOIIHM:
MaKCHMaJbHOe 3HAUeHHe OpOCKOB jgocTHraeT 6—8-KpaTHbIX

\

Puc. 1.54. TlpnMepHeie KpHBEIE MTHO-
BeHHHX 3HadeHuit 6POCKOB HaMarHH4H-
BAIOIAX TOKOB B Tpex ¢asax Tpexdas-
HOTO TpaHchopMaTOpa

i

3HaueHHH aMIUTYA [now; OPOCKH OTPAHMYHBAIOTCA CONPOTHUB-
JACHUSIMM MUTAIOUIeH CHCTEMBl H TpaHcdopmaropa ¢ HaChIIEH-
HBEIM MAarHUTONPOBOJOM, HO OCTalOTCs MeHBbUIMMH MakCHMaJb-
HBIX TePEXOIHBIX TOKOB BHemHHX (CKBO3Hbix) K3; Gpocok Mo-
KeT cofepkaTh GOJNbUIIYIO aNepHOLUYECKYIO cJaramuyio, a
TAKKe 3HAUMTENbHBIH NPOIEHT BHICWIHX TapMOHHK (Npexuie
Beero BTOpOft), B pe3yabTaTe 4ero KPHBasl inaw, 6p 9aCTO OKa-
3HBAETCS NOJHOCTBIO CMelleHHOH OTHOCHTEJbHO OCH BPEMEHH;
3aTyxaHue GpOCKa MPOHCXOMHT MejlJicHHee, ueM TOKOB K3 B cu-
creme; s TpexthasHBIX TpaHCHOPMATOPOB (aBTOTpaHCPopMa-
TOpoB) GPOCKH B OHOH n3 (a3, 1ocTHrask 3HaYeHHHA 1—2-gpart-
HBIX aMIUIATYA Juow, MOTYT HE COAEpXKATb AaMepHOIMYECKOH
caaraiomell; ecan Helitpanb TpaHcdopmaropa ¢ NHTaoUled
croponsl 3asemaeHa (ceTb ¢ Uwow>110 kB), T0 ¢ yuerom He-
OJlHOBPEMEHHOCTH 3aMbIKaHUA (pa3 BKJAIOYAIOMIEro BbIKJIIOUA-
Telsl B LeNH 3a3eMJeHust HeHTpaJH TpaHcpopmaropa KpaTkKo-
BpeMeHHO TOSIBJSIETCS TOK, 3aMbIKAIOLuica yepes 3asemJIeH-
Hble HeHTpaJu MUTAIOLleH CHCTEMBI H NPAKTHIECKH Hcye3arouHi
ocJsie 3aBeplieHHsl BKJIIOUEHHS BCeX Tpex ¢as.

HccnenosaHns 6POCKOB MPOBOJHJIHCE KaK 3a pybexoM, TaK
n, ocobenno mupoko # rayboko, B HIMHW (A. II. po3noBbiM
n ero yuenukamu A. C. 3acsinkuunM, I'. B. Bepaossim, B. A. bo-
pHCOBHIM 1 1p.). Baaronaps aBroputery A. J. lposnosa HITH
cosmecTHO ¢ FOxubiv otaenennem SCIT (I'. B. Bepaos u ap.)
Ha 6ase TeOPETHYECKHX H SKCNEPHMEHTAJbHBIX Hecaenosanuit
yIaJoCh cO3[aTh MeToAbl pacyera GPOCKOB, MO0 TOYHOCTH MpH-
eMJleMble /5 TeXHHKH peslefHO# 3allUTHL.

JIns1 3aUIHT CeTeii 0COGEHHO BaKHBl PACUETH TOKOB B HeH-
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rpann TpanchopmMaTopoB, TaK Kak OHH B BHJE COCTABJAIONIMX
HYJIEBOl NOC/Ie/IOBATEILHOCTH IPOXOMAT MO 3ALIHIMAEMbIM JIH-
auam cetd. llupoko wHcnoabayembie B ceTaX ¢ Unowz=110 xB
TOKOBbie 3alUTH H TOKOBble HallpaBJeHHbE 3aLIUTHl HYTEBOH
[10CJI€lOBATENbHOCTH, €CJIH OHH HE HMEIOT BbIIEpXKEeK BPeMeHH,
OT 3THX ODOCKOB TOKa JOJIKHbl OTCTPaHBATbCH, 0COGEHHO Ha
JIMHMAX C OTBETBJICHHAMH.

B ykasanHbix Bbiuie paboTax MNPHBOLHTCA CJeayioulee
OKOHUYATEJbHOE BEIpaXKeHHe /sl 6POCKa TOKa B HEHTpad BKJIO-
yaeMoro TpaHcdopmaropa:

( -

]l(igl)w,ﬁp = UHOM Cﬁg)/V&Xpacm (1 23)
rre Usow — HOMHHAJBHOE HanpsikenHe ceTH; Xpacr=Xic+
4+ XX (k) — HHAEKC, 0603Hayalollui BUJ BKJIOUEHHS;

Cg;) — ko3 dunHeHT 6pocKa, VUHTBHIBAIOIIH 3aBUCHMOCTb JieH-
CTBYIOILEro 3HayeHHs TOKA (/mam, op) OT XapakTepa 3aTyXaHH:
6poCKa, MOCJe/0BaTeIbHOCTH BKJIOUEHHS (a3 H COpTa CTaJIH
MarHuTonposojia. B [36] naiTcs KOHKpeTHble IPEJOKEHUs 110
onpeneseHHI0 OTJAeJbHBIX ClaraeMblX BbIpaXeHHs (1.23). Tlo-
Je3Hbl TaKkKe yKasanus B pabore [81].

Toku camo3anycka. TokH camo3anycka BO3HHKAIOT, HANpPH-
Mep, 1I0CJIe YCHeUHOro OTKJAIOUEHH s OBPEXKIEHHOTO 3JeMeHTa
€ro 3aIMTaMH, YCIEUIHOr0 aBTOMATHYECKOrO MIOBTOPHOIO BKJIIO-
YeHHs 2J€MEHTa, HAa KOTopoM Oblio K3, mpH aBTOMATHYECKOM
BKJIIOUeHHH pesepBa H T. . Toku camosamycka NIpH Harpyske
C ACHHXDOHHBIMH JBHIaTEeJNSMH, PE3KO CHHXKAIOUWMMH CBOE CO-
NPOTHBJIGHHE [PH yMeHbUIEHMM YacCTOTHl BpAIeHHS, MOryT
6HTb B HECKOJBKO pa3 GOJbIIMMHE MaKCHMAaNbHBIX pabodnx To-
KOB sauHiaemoro ydactka (ri.14). Ouu cyuiecTByIOT Kpat-

'KOBDEMEHHO, OJZHAKO JOJKHBE YUHTHIBATHCS MPH BhiGOpe ma-

paMeTpoB cpabaThiBaHUs 3ALIMT AaXKe C BbIACPKKOHK BpeMeHH.

1.8. ONMUCAHUE N USOBEPAKEHUE CXEM 3ALLMT

Onucande ¥ u3o0paxenye CXxeM 3alIUT Npexiae BCero omnpe-
AessieTcsl ANeMeHTHOH 6a30f, HCIOAb3yeMOH [Jsi MX OCyllecT-
BaeHus. TIporpaMMHble 3alllMThl, peajn3yeMble Ha MHKDONpO-
HeccopHOl sJeMeHTHOH 0ase, XxapaKTepH3yIOTCs a/rOPHTMaMH
HX GYHKUHOHHPOBAHHS H BBINOJHEHHOH MJIS HUX fiporpaMmoii.
3aimuThl Ha 3NEKTPOMEeXaHuYeCcKoil H MOJYNPOBOAHHKOBOM 3Jie-
MeHTHHIX 6a3ax MOTYT TaKXKe XapakTepH30BaTbCA a/JropHTMa-
MH HX QYHKUHOHHDOBAHHUS ¥, ONMCHIBAEMBIMH COOTBETCTBYIOLILH-
MH aHaJuTHUECKHMH Bhipaxenusmu. OjJHakKo uacto GoJee
V106HO HCMOMb30BaTh cxembl aTux sauur. Cormacko [OCT
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ITH CXeMBI NOJAPA3AEINAIOTCA HA CJeAYIOLlHe OCHOBHblE THIH:
CTPYKTYPHbLE, PYHKYUOHANbHDIE, NPURYUNUALbHble (IIOJNHHe)
H MOHTQICHbLE.

CTpykTypHas cXeMa BKJIOYaeT TOJbKO OCHOBHHE (YHKIU-
OHaJIbHbIE YACTH 3aIUUTHl H OCHOBHbIE B3AHMOCBA3H MEXKAY Hy-
mH. Ha ¢ynkunonanbHO# cXxeMe H300paKaloTcs OTAeJbHhle
3JIeMEHTHl YCTPOHCTBA H CBA3H MEXJAY HHMH; 3Ta CXeMa He fa-
eT, ORHAKO, NPEeACTABJIEHHs, 0 BHAAX DeJeHHOH alnaparyph,
B YaCTHOCTH O TOM, KaKue OpraHbl (peJsie) HCIOMb3YIOTCH —
3JIEKTPOMEXaHHYeCKHe ¢ KOHTAKTaAMH HJH CTaTHYECKHE GeCKoH-
TakTHule. [IpuHnunBanbHan cxeMa onpejenser NOJHBIA COCTAB
9JIEMEHTOB H CBS3¢H MEXAY HHMH H JaeT, B 4aCTHOCTH, YKasa-
HHE 0 BUJe IpUMeHseMbX opraHoB (pese). Ha monTaxHO# cxe-
M€ KpOMe H3JIOKEHHOTO yKa3hlBaloTcA NpoBoAa, KabesH, KOTo-
PHIMH BHINOJIHSIOTCA BCe COeNHHEHHs, a TaKXKe MecTa UX IpH-
CoeJMHEHHsl H BBOJAA (3a>KHMBI, pasbeMu H T.11.). Heo6xonumo
OTMETHTb, YTO B Psfie c/ly4yaeB He I0JyZaeTcss YETKOTO pasrpa-
HHYEHHA MeX1y CTPYKTYPHOH H (pYHKUMOHAJIbHOH, a TaKxe
(OYHKUHMOHAJBHOH ¥ NPUHUHUIHAJILHOR CXeMaMHU.

[Tpunnunuanbhele cxeMbl OGHYHO H306paXkarTCA B OAHO-
JHHEHHOM (0AHOGa3HOM) HJH B TPexJaHHeHHOM (TpexdasHom)
BHJI€e, B COBMEUIEHHOM HJIH Da3HECeHHOM (pasBepHYTOM) BHJE
(TOCT 3710 gomyckaer u AN QYHKIHOHAIbHHIX cXeM). B Ha-
crosiliee BpeMs, Kak NPaBHJIO, HCIOJb3YIOTCA TOJILKO Pa3HeCEH-
Hele cxeMbl. Ha pasHeceHHbIx cXeMax Oprannl (peJie) B 11e/10M
He nokasuBalorcs. CocTaBAAIOTCA OTAe/NbHBIE CXeMHB AJs Le-
nel, HemocpeacTBeHHo nuraeMeix or TA, TV u or HcrounH-
KOB OIlePAaTHBHOTO TOKa (HampuMep, akKKyMyJsTODHBIX Garta-
peit). [Ipu sTOoM wactH ogHOro H TOTO XKe oprana (pese) uiH
APYroro amnapara OKasbBaloTcA H300Da’KeHHBIMH Ha PasHBIX
CXeMax HJIH B PasHbIX 9acTAX OAHOH CXEMBI.

Bonpocel nas camonposepku

1. KakoBbl OYHKUHMH KOMIUIEKTa peJeHHOH 3amuTH?

2. Kakasa 3alluTa HaswlBaercss OCHOBHOH M Kakas peseps-

HOH?
3. Ha kaxue rpynnsl noapasaessorca oTKassl (OYHKIHOHH-

POBaHHUS 3allUTHI?

4. O6DbacHHTE NOHATHE 3D PEKTHBHOCTH $YHKUHOHHPOB aHUA
3aMIMTHI,

5. Kakue CYWIECTBYIOT NOAXOAH KJacCHPHKANHUH CBOHCTB
3allHTHI?

6. Ha kakue OCHOBHble Ipynnb AeNATCA 3aIlUTH 1O CHO-
co6aM obecrieueHHs CeJEKTHBHOCTH NPH BHeWHHx K3?
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7. Kakue OCHOBHble BHJAbl KaHAJOB CBA3H MOTYT IpHMe-
HATbCA AJiA BHIIOJHeHHs peslefiHOf 3alllHTH 5J1eMEHTOB 5HEpro-
CHCTEMBI?

8. Ha kakue ocHOBHBHle THIB NOAPAa3AENAIOTCS CNOCOOH
H300paXKeHHd CXeM 3alluTh?

nasaBTopas
OPIrAHbI 3ALLINTHI M UX DNTIEMEHTHBIE BA3bI

2.1. OPTAHb! 3ALLUMTH U MX CBOHCTBA

YcrpofictBa 3alUTH, Kak YKa3wBa/loch Buile (CM. pHC.
B.2), copepxar fiBe I'NlaBHble YaCTH — H3MEDHTEJNbHYIO H JIO-
ruveckyro. Kaxkaaa U3 Hux B o6LieM cJydae COCTOHT H3 He-
CKOJIbKHX OpPraHOB. YKa3aHHBIe YacCTH H HX OpTaHBl HE BCerAa
HMEIOT OTZeJbHOe KOHCTPYKTHBHOe BhiNo/aHeHHe. Hepenko, Ha-
NpHMep, NPH 3JEKTPOMeXaHHUecKofl H 0co6eHHO MHKpOIpolec-
COPHOH 3JIeMEeHTHHIX 6a3ax HeKOTOphle HMJIH Jaxe OOJIbIIHHCT-
BO HX OPraHHYeCKH COYETAalOTCH H BXOAAT B YCTPOHCTBO 3alllH-
TH B HesiBHOM Bujae. OHAKo BHe 3aBHCHMOCTH OT HCIHOJb3Ye-
eMoll 3JeMeHTHOH 6asbl OpraHml 3amurhl 006JaJaloT pPAACM
O6GIIUX HJH JOCTATOYHO GJIM3KHX HNPHHIHIHAJIbHBIX CBOHCTB.

Hsmepurenpneim opranoM (HMO) szamursl Moxer GbiTh Ha-
3BaHa COBOKYNHOCTb B3aHMOAEHCTBYIOIHX (QYHKIHOHAJbHBIX
3J1eMeHTOB, TepepabaTHBAIOUHX BO3AEHCTBYIOIIHE BEJHYHHDI
Ha BXOJe B CHTHAJ Ha BHIXOZe C AHCKPETHOH BeJHUHHOH, HMe-
Ioulefl ofHO H3 ABYX BO3MOXKHBIX 3HaUeHHH, COOTBETCTBYIOIIUX
ycaosusaM — cpaboral opraH unau He cpaboran. Msmepuredan-
Hble OpraHnl BHIIOJHAIOTCA 0 BO3MOXKHOCTH OBICTpOAeHCTBY-
lomuME. K HHM OTHOCATCA, B YaCTHOCTH, 3JeKTPHUECKHEe peJe
B caydyae BHIIOJHeHHS HX 6e3 BHAeDKKH BpeMeHH. Ilostomy
pan tepMuHOB cymectByiomero OCT Ha pese Moryr OnlTb
HCIOJ1b30BaHHl, B JOMOJHEHHEe K npuBeieHHBM B § B.l, n mas
Apyrux pasHoBuaHocTell MIO. B cooTBeTCcTBHH € YKa3aHHBIM
MOXKHO CcKasarh, uto K MO B o6iem cayyae nogBoasarca 803-
OeiicTeyroujue BeJHYHHE, NogaBaeMble oT nepBuudnx TA u TV
H NpeAcTaBJsIIOlHe TOKH M HaNpAXeHUHA, HeoOXOAMMBeE gJis
JNOCTHXKEHHS! B 3aAaHHHX YCJOBHAX (PYHKIHOHHPOBAHHA Opra-
Ha, H 8CNOMO2ATEeAbHbIE 8030eliCTaY0OU Ue BeuuuHbl (TIOABOAHU-
Mble, HaNpHMep, OT HCTOUHHKA ONepaTHBHOTO TOKA) AJISl BHINOJ-
Henud Tex xe QyHKuufi.

Xapakrepucruueckol HashBaercs BeJuUYMHA, ABJAOIasCS
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¢QyHKuuen IiO3ll€ﬁCTByIOI.U.HX BEJIHYHH H onpefensiomas Gpynk-
LUHOHaNbHbIA NPH3HAK OpraHa, HallpuMep TOK — MJIsi OpraHa
TOKa, yroJl MexJly BEKTOPaMH HaNpsiKeHUs U TOKAa — JJIs Op-
raHa HalpaBJeHHS MOLLHOCTH.

M3 Bospeiicteyomux Beawunn F(U, I), cooTBeTcTBYIOIHY
06pa3oM npeo6pPas3oBaHHHX, OCYILECTBAsieTCS (GOPMHPOBaHHMe
HOBOH BeJMUMHB H Jisl cpaBHeHus ¢ 3afaHHOl Hyap MaH JBYX
H (H:, H;) mexnay co6oit. IlepsHii Bapuant XapakTepeH MJs
OpraHOB C OJHHM HE3aBUCHMBIM BEKTOPOM — OJHOH CPaBHHBa-
eMoif BeJIMYMHON: TOKOM (OpraH TOKa), HalpsiKeHHeM (Opran
HaNpsKEHHUs); K HUM CJeAyeT TakxkKe OTHECTH TaKue O60Jee
CJIOKHble OPTaHbl, KaK, HalpUMep, pearupyollHe Ha CHMMer-
puUHBIE COCTaBJSAIOIIHE TOKOB WJM Hanps:KeHuil, Bropoli Ba-
PHaHT XapaKTepuU3yeT OpPraHnl C ABYMSA He3aBHCHMBIMH BEKTO-
paMu — JBYMsi CpaBHHBaeMBIMHM BeJHUMHAMHU: OGBIUHO TOKOM
H HanpsxeHueM (OrpaHbl HalpaB/eHUsi MOLWUHOCTH, OPFaHHl co-
NpOTHBJeEHHS M PAA APyrux). CyllecTBYIOT TaKXKe OpraHbl
TpeMs u 6ojiee CPaBHMBAaeMbIMH BeJMUMHAMU H, B KOTOPHIX He-
NOJIb3yeTCs COOTBETCTBYIOIlee HM YHCJO He3aBHCHMEIX BEKTO-
poB. B Takux opranax NPOH3BOAUTCS INpeABapHTeJ]bHOE, Ha-
IpuMep NoNapHoe, CpaBHEHMe BeJHUYMH H M TOJNBKO mocde 5TO-
r0 OCYLIECTBJIACTCS OKOHYATEJbHOE pellleHHe O Pe3yJbTaTax
ux QyHKUHOHMpOBanuA. K mociefHuM opramaM CpaBHEHHS OT-
HOCATCHA, HAIPHMEP, HHOTrAA HCHOJb3yeMble Ha NMPaKTHKe MHO-
rogasHble OpPraHbl CONPOTHBJEHHS.

B TexHHYecKOl JuTEpaType YacTO COBOKYNHOCTH BOCHPHHH-
Maromledl u npeobpasymwolueit yacreit O umenyor cxemod gop-
muposanus (CP), a cpaBHUBAOILYIO M HHOTAA ee COBMECTHO
C MCNOJIHHTeNbHOR — cxemodl cpasnenun (CC).

HaMepurenbHBIl OpPran ¢ oJHOH CPaBHHBAEMOH BeJHYHHON
H cpabarriBaer, eclli ee 3HaUeHHe CTAHOBHTCHA DABHBIM 3aJaH-
HOi KOHEUHOH BenuuHHe MHuan. CyllecTBYIOT maxcumaivrele H
nurumaronvie UO. MakcuMalbHHIMH Ha3bIBalOT OPTaHH, cpa-
GarviBaomue npu H=>Ha.;. VM cooTBercTByer 3HauenHe xa-
DaKTEpHCTHUECKOH BeJMUHMHBI, Ha3HBaeMoe NAPAMETpoM Cpa-
GaTbiBaHusl, HapUMep TOK cpabarsiBanus Ic o (Icp).

HMamepurespHbifi opran ¢ AByMs M 6oJee CpaBHHBaeMHIMHU
BEJIHUHHAMH OGLIYHO HMeeT OUeHb Majble 3HaueHHsi Ha,n, B
NpenesbHOM cilyuae paBHble HyMO. C yueroM 3TOrO MOXKHO
N0JI0KUTD, UTO TaKHe OPraHH, HampuMep c aByms H, cpaba-
THBalOT, ecau H;z=H; unu coorBerctsenno H,<CH;. Ux cpaba-
THIBaHHE OGBIYHO X2PaKTepH3YIOT COOTBETCTBYIOLIMM 3HaueHH-
€M XapaKTePHCTHUECKOH BENMUMHB, HalpPHMeD NJsi OpraHa Co-
NPOTHBJICHUS — CONPOTHBJICHUEM cpabaThiBaHui Zco(Ze,p)-
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OHM TakKXe MOTYT O6HITH MAaKCHMaJbHBIMH H MHHHMaJbHHIMH;
opraHbl CONPOTHUBJIEHHUSH, KaK NPABUJIO, BBIIOJHAIOTCA MHHH-
mMaJbHBIMH. Buj npeo6pasoBanus BXOAHBIX BeJHuuH F B H on-
elelisfieTcs HCIoJab3yeMoi aeMenTHol 6as3ol. Tak, Hanpumep,
y 3JeKTpoMexaHHUeCKHX opraHos (pene) F mpeo6pasyercs
o6BIYHO B MOMEHT IIPYXKHHH, y HOJYIPOBOAHHUKOBHIX — B Ha-
npsXKeHHe HJIH  JUIMTeJbHOCTb HMMIIYJIbCOB; COOTBETCTBEHHO
Hgzan IpeACTaB/sAET TOTAA 3aAaHHBIH MOMEHT IIPYKHHH, cTabH-
JAH3HPOBAHHOe HaNpsXeHHe WM 3aJlaHHBH HHTEPBaJ BPEeMeHH.

HamepuTenbHble OpraHbl UMelOT 004acT6 CpabATHIBAHUA.
JIns opraHa ¢ ofAHOH cpaBHHBaeMoH BeauunHo# H ob6aactb
cpabaThBaHUsl pacloJaraeTcst Ha 4HCJI0BO# ocH (puc. 2.1,a),

Yuecrobas

0 och O0dnacms

Hecpada mei~
Banus

Qoracme | Odnacme

wecpada~| cpada—

motBanus | meibanus @ \ 5)
) : >

¥

Puc. 2.1. O6nactu cpabaThiBaHHS H3MEPHTEJbHLIX OPTaHOB

IJisl opraHa c ABYMsS CPaBHHBaeMBIMH HE3aBUCHMBIMH BEJIMUH-
HaMu — Ha IjockoctH (pHc. 2.1,6), AJs oprasa c Tpemsi #
6oJiee HE3aBHCHUMBIMH BEJHUHHAMH — B POCTPAHCTBE COOTBET-
CTBEHHO C TpeMs H 6osee kKoopAaunaraMu. Ilas opraHoB ¢ ABY-
Ms BeJIHUHHAMH 00J1acTb cpabaTblBaHHs OTPaHHUUUBAETCH TakK
Ha3blBaeMO# XapaxKTepucTuxod, NpeACTaBJAAOLIEH JTHHHIO, OT-
Aeasiionlyio o6jacth cpabaThiBaHusA oT 06aacTH HecpaGaThBa-
Hua (HanpuMmep, puc. 2.1,6). Haeanvnas (unu NPoCTo Xapak-
TePUCTHKA) XapaKTepH3yeTcsi ciydaeM, Koraa Hiy.;=0. Pe-
ajbHasg XapaKTepHCTHKA YUHTHIBaeT HaJHuue He PaBHOH HYJIO
Haen W PR NpHYHH, ONpeJeNsieMBIX THIOM H CBOHCTBAMH HC-
HoJb3yeMOH 3jieMeHTHOH Ga3sel, norpewHoctsiMu TA u TV,
0CO6eHHO IIPH NepeXOJHBIX Npoleccax, H T. A.

Heo6x0auMo OTMeTHTB, UTO KaK B 3apy0exHOll, TaK U B
OTe4ecTBEHHOH JIMTEpPAType YaCTO TOBOPHTCA O XapaKTepHCTH-
Kax cpabarbiBaHus 6e3 NOJUEepKHBaHHUA TOTO, 4YTO OHH NpH
H>2 ycnoBHH, OTHOCSITCA K YACTHHIM YCJIOBHUSM H CIpaBeJIH-
BH ToJbKO Npu [H==2. Cneayer o6paTuth BHUMaHHEe H Ha TO,
UTO paccMOTpPeHHHle ONMCaHHA ycaoBuii cpabartnBanus HO,
HasblBaeMble OOBIUHO aeopurmamy Ux cpabaThHIBaHHs, MOTYT
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HMMeTb BeCbMa PAa3JIHUHHIH BHI (Hampumep, 3aBHCSILHI OT 3Je-
MEHTHOH 6ashl) H NO3TOMY He MOLYT OZHO3HAUHO Xapakrepy-
30BaTh IPHHIHI paboTH opraua.

2.2. METOAbl ONMUCAHUS U AHANU3A PABOTHI MO

Cymectsyer psix MeTOLOB ONHCAHHS U AHANH3A PabOTH
HO c uncnom cpaBHHBaembix Beqnunn H>>2. K HUM OTHOCST-
€l CJielyIOLlHe: aHaJHTHYECKHH; C HCIIOJIb30BAaHHEM KOMILIEKe-
HBIX IJIOCKOCTEH (OOBLIYHO CONPOTHBJEHHH), 3JEMEHTOB Bek-
TOPHOH H OysieBo# (soruku) ajre6p, CTaTHCTHYECKHX HCIHITA-
HHH — MofesnpoBanus (Metox Moure-Kapsio); ¢ Henosb3oBa-
HHEM IIJIOCKOCTH BOJIBT-aMIEPHBIX XxapakrepucTHk (BAX). Ilo
40-x ron0B OGBIYHO MPHMEHSIIHCh AHAJHTHUECKHE METOIH B
9JICMEHTAPHOM, HECHCTEeMAaTH3HPOBAHHOM BHae. B 40-e u 1o-
CJeNyIollHe FOlbl B OTEYECTBEHHOH NPAKTHKe H 3a Py6exoM
WIHPOKOe PACHPOCTPAHEHHE MOJYYHJ METOL C HCHOJIb30BaHHeM
KOMIIJIEKCHO# IIJIOCKOCTH, B TOM 4HCJe H B y4eGHBIX MOCOGHsIX
IO 5JE€MEHTaM aBTOMATHYECKHX YCTPOHCTB 3JEKTPOIHEepreTH-
KH [37, 38]. B nocseanue roas, B 0cOGEHHOCTH B CBS3H C HaMe-
YaeMbIM INHPOKHM BHEJDEHHeM MHKPOIPOLECCOPHOH TEeXHHKH,
BHOBb 00JIbllioe BHHMAHHe HAYHHAIOT YUEJSATh AHAJHTHUECKO-
My METOLYy B COBPEMEHHOH ero HHTepmnperamuu [9, 16].

AHaJUTHUECKMA METOZ HENOCPeACTBEHHO GasHpYeTcss HA HM3JOIKEHHBIX
Boime cpofictBax HMO. AsropurM (GOpMHpOBaHHS KaMIOH CDaBHHBAEMO} B
HeM BeJHuHHM H B 0fmweM ciyuae 3amHchlBaeTcsi B BHIe (YHKIMH, HHXe
HasbiBaeMoit W-dyukuues:

H=Y(F, F,,..., Fp), (2.1)
rie Fy, F, .., Fu, kax YKa3BBaJIOCDh, ~— BO3AEACTBYIOIHe BEJHUHHH (Ha-
npumep, U, I), coorBercrByomuM 06pasom npeo6paszopanHsie. B obuem
Ciaydae H3MEDHTEJNbHAH 4UaCTh ONMCHBAETCH CHCTEMOR BHIpaXKeHMR BHAaA
(2.1); B 9acTHOM, HO BechMa paCIpPOCTpPaHeHHOM cllydae H3MEpHTENbHYIO
9acTh yAAETCH OMHCATh efUHCTBeHHOA W-dynkuuef.

CpapHuBAIOINAA 94CTh TPOM3BOLMT CpABHEHHE 3HAUEHHEA, copmupo-
BaHHBIX B (GOPMHDYIOIIeHl 4acTH BeJMUMH, C 3aIaHHHMH SHAYCHUIMH Haax
HJH Mexay coGoft H B o6weM ciyude ONMHCHBAETCH CHCTeMOR, cocrosmiel
U3 n QyHKUHA BHAa

! npu H; > Hy;
‘D(Hi,Hj)={ L d (2.2
0 npu H; < Hj
# OJHOH pe3yJbTHpyIOIWeH JoTHdecKok GyHKuuel Buaa
L
./I((DI,(Dz,...,tD,,):{O @.3)

Ecnu cpaBHeHHe NPOM3BORHTCA ¢ 3a1AHHMIM SHAUCHHEM Hjan, T0 Hiz2
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FHsan — yca10BHe CpabaThBaHUs IJisi MakCHMaJbHOrO HUO u H:<Hgsan —
aAs% MHHHManbHoro. AprymeHTH fH ¢yHxuud @ mnpHHajgjexar MHOXKeCTBY
jefACTBHTENbHEX qucenN. O6aacth sHauenui QyHkuHH @ JHCKpeTHA H BKJIO-
gaeT Bcero fBa 3HaueHHs — | uam 0, oTpaxXalMWHX DE3yabTaTnl CpaBHe-
yAst — cOOTBeTCTBeHHO cpaborat MO nam Her.

IIpu o6wem uncie cHOopMHPOBAHHBIX H 3aJaHHBIX HEH3MEHHHIMH CPaB-
#HBAaEMBIX BEJHUHH G6OJblIE ABYX CPaBHHBAaeMasi 4acTh ONHCHIBAaeTCH CH-
cremoft dynkuuft 4 Bupa (2.1): C yueToM pe3yJbTaTOB MONapHOTO CpaBHE-
yHs TPHHHMAETCsi OKOHYATeJbHOE pellleHHe O cpabaThbiBAHMH HJIH Hecpaba-
tupaHuE MO B coorBercTBHE ¢ BhipaxeHHeM (2.3). ®ynkuns JI Brmouaer
cTaHRAPTHBIE JOTHUECKHE ONEpPAIHH, AONOJHEHHbie APH HEOOXOXHMOCTH OIe-
pALHAMH 3afiepXKeK 10 BpemeHH. JIpH ofmem 4HC/Ie CPaBHHBAEMBIX BeJH-
quH He GoOJiee ABYX JIOTHUeCKast 4acTb JI OMHCHIBAeTCs €AHHCTBEHHOH (yHK-
ugeit @ Buaa (2.2) u (2.3} orcyrcrByer. Cocrosnne MO B stom ciayuae
COOTBETCTBYeT 3HaueHHIO QyHKuHH @,

Cucrema ¢ynkunii (2.1), (2.2) v (2.3) naer, Takum 06pa3oM, THOJHOe
aHAJIHTHUECKOe OMHCaHHe ajaropurMa ¢yHkunonuposanHs HO npu ycioau
pAacKpHTHA BXOAAWMX B Hee (YHKUMA M cocTaBa aprymeHroB. Hexkotopnle
coo6paxeHHs 10 THM BompocaM RaHbl HEXe. McnoabsoBanHe paccMoTpes:-
Horo Meroza ocobo Heo6xonHMo H 3ddekTHBHO HNPH MHKPONPOLECCOPHOH
sJeMeHTHOH basze.

Meron Moxer OHTB pacnpocTpaHeH H Ha OMHCaHHe COBOKYIHOTO el-
ctBus HeckoabkHx MO, a ¢ yueToM JorHdecko# YacTH —H Ha YyCTPOACTBO
3aIHTH B HEJOM.

Hcnosb3oBaHHE KOMILIEKCHOM NJIOCKOCTH. DTOT MeTOf sABJAAETCH paa-
pabotaHHBIM HauGosiee TOJAHO. BrepBee ero, nO-BHAUMOMY, HCHOJIb30BAJ
B xoHUe 30-x ronoB Bappuurron. B CCCP 6ounlnyio paGoty mo ero pas-
BuTHIO BhinoJHHAH B. JI. dabpukaHr, a TakxKe ApyrHe pabotHHKH M3U m
PITH [37, 38]. Mocaenuss no BpeMenw pabora npuHagtexutr . M. Illue-
epcony [15]. 3mech e TONBKO KPaTKO HM3JOXKEH NPHHIMN H 1aHa OueHKa
MeTOZa C yueTOM TOrO, YTO €ro 3JEeMeHTH MCNOJb3YIOTCH H NPH aHAJMTH-
JecKkoM moxxoxe. B mepBylo ouepenb paccMaTpUBAaeTCs CXeMa CpaBHEHHS
HO ¢ nByms Bxomubimu cumycounassuumu (Fy B F2) u nsyms chpopmupo-
BaHHuMHU (Hy B Hj) BesHuunamu.

Kak 6bu0 mokaszano eme B KoHne 40-x — Hagade 50-x romos, cpaBue-
HHe BeqUYHH H MOXeT OCYIIeCTBAATbCHA MO aGCOMIOTHOMY SHAUCHHIO HJH
no ¢ase ¢ momyueHHeM OZMHAKOBHX XapaKTePUCTHK cpaarbiBamus, Beun-
TuHsl H; n Hy OpMHDYIOTCH MO BHIPAXKEHUAM

Hy=kFi+kFy n Hy=kF +k F, 2.4
B WO samur uacto B kauectBe Hy U Hp HCMOJNBE3YIOTCA COOTBETCTBEH-
HO nogo6panusie U u I; npH stoM
Hiy=kU+tkl s Hy=kU+&1, (2.9
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Pasauunbie xapaKTepHCTHKH cpabaTbiBaHHA MOXHO MOJNYHaTh, BHOHDay
COOTBETCTBYIOLIHe Rj—Fk4. DTO BakKHO, B YAaCTHOCTH, C TOYKH 3DEHHS py;.
TO/IHEHHsT Ha OJHOM H TOH XK€ CxeMe CpaBHEHHsl Pa3JHYHHIX OPraHOB.

BosmoxHO HenmocpeACTBeHHOe cpaBHeHue H; M Hy; B KOMIIeKchoj
naockoctd (--j, -+), KoTopylo npunsato o6osHauath W. Ilpn cpaBHeHHH pg
a6COMOTHOMY 3HAYCHHI0 MAEaNbHOJ XapaKTePHCTHKE BHE 3aBHCHMOCTH of

-~

yrna W=HH,=arg(H/H;) coorBercTByeT
c=|gi/1__]2’|c=l' (2.6)

Ona npejcraBsser co60fi OKPYXHOCTb ¢ HEHTPOM B HawalJle KOOPAHHar
H paguycoM We=1 (puc. 2.2,a). O6aactn cpaGaTHBaHHS 3aIUTPHXOBAHM,

A
AB<180°
+j r
Puc. 2.2, XapakTepHCTHKH cxem

CPaBHEeHHs B KOMIJIEKCHOH NJOC-
Koctu W=A/B

3)

Ilpu cpaBHenuu no (ase NpH 3agaHHBIX yraAax @ H Qg eil COOTBETCTBYIOT
(puc. 2.2, 6) ycaoBus
Pey = 218 (_I!I/Hé)c H Qoq = arg (_@;/L{;)c 2.7

IIpu 06BIYHO NPHEHMAEMOM Qez—@Pci=1I0 XapaKTepHCTHKA, H306paxa-
ercss B oflleM cayyae JBYMs JyyaMH, BHIXOASAUIHMH M3 Hayal KOOpAHHAT
NOJ YIAaMH Qc; H Qcp, NPEACTABJIseT OAHY npsMylo. O6nacTb cpabarbisa-
HHA 3alUTpHXOBaHa. Heo6X0MHMO OTMeTHTb, UTO OJHH H Te XKe XapaKTepH-
CTHKH cpaGaTHIBAHHS NOJNYYAIOTCsl PH

, " " , " "

Hy=0,5(H +H) u Hy= 0.5 H;—H,

HJH @8
” . , " , .
Hy=H +H, » Hy=H —Hy.

370 ewe pa3 NOJUEPKHBAET BO3MOMKHOCTb MOJYYEHHS OJHHAKOBOCTH
pe3ynbTaTOB cpaBHEHHs 1o aGCcoNMIOTHOMY 3HaueHHIO H (a3e npu cooTBET-
cTBylouieM BblGope (opMHpyeMbix BenuuHH. [IpakTHUeCKH OKasbiBaercs We-
JAecoobpasHbiM HCNOJb30BaTh KOMILJIEKCHYIO NJOCKOCTb He AJs CpaBHeHHA
Hy u H; a pns cpaBHeHHs: BXOAHHIX BenqHuHH F; u F,. IlpumenutejbHO K

KOMIJIEKCHOH TJI0CKOCTH COHpOTHBJIeHHﬁ Z MOXHO TOBOpHTL O KOMIIJIEKC”

1
H

1

yes

goix BemHuuHax Z=U/I. CymecTBylOT MaTeMaTHUecKHe NpHEMB Nepexoaa
0T HCNOJIb30BaHHUs naockocTH W K MaocKocTH Z.
Has cpaBHeHHs B KOMIJEKCHON IJIOCKOCTH Z aGCOMIOTHHIX 3HAYeHHI

’ ’
HicaNbHas XapaKTepHCTHKa cpabaTwuiBanus, ecau mnodarate H,=2H,, onu-
cHBaeTCs BBIPAXKEHHEM

Igc_é\/lgc—‘f‘zk’ (2.9)

e b_—k«_,/kl, a—-—k4/k3—oc06h1e TOYKH B INVIOCKOCTH Z Kosdunuesr

k= ks/kx
XapakTepuctuka npeacraBaser co6oil (puc. 2.3,a) reoMeTpHuecKoe Me-
¢T0 TOYEK (KOHUOB KOMIJIEKCOB Zc), OTHOIIEHHE PacCTOSIHHS KOTOPHX A0

ABYX 3aJlaHHBIX OCOOHIX TOYeK @ M b nocrosnHo M paBHo k. IlokaswBaercs,

N z-b s Y Z,~¢
3
7 5
a =t -=p
"z~ 2 NS
Zc-a
0 z
a
a) +R ‘y) +R

Puc. 23. O6muit cnyuaft onpemeneHus napaMeTpoB pede CONPOTHBJCHHS,

CPaBHHBAIOIUX
@ — a6CcOJIOTHBIEe 3HAYSHHSt BeJaHuynd A U B, 6 — ux dasw

YT0 npH k7=1 xapakTepHCTHKAa HpPeACTaBJsel OKPYKHOCTb, a npH k=1 —
npamyto. [Ipu cpaBHeHHH (a3, yuuTHIBAs, 4TO arg(H;/H;)=arg(Zc—b)/
/k( —a) H argk(Zc—a)—argk—{—arg(Zb—a) u 06o3Hauas arg k=P, Las
CAy9asn Qeg—Qc; =70 NONYYAEM BHpAKEHHS ANA HACANbHOR XapaKTePUCTHKH
tpaGaTbIBaHHUA
| 1B =ag (2 — )2 —a);
1B +a=arg(Z, —b)/(Z,—a).

Aprymenr (Zc—b)/(Zc—a) NpPeACTaBsieT yrod, Ha KOTOPBIH KOMIJIeKC
(Zc—a) OTCTAeT OT KOMMJeKca (Zc—b) (puc. 2.3,6). Coorsomenus (2.10)

Ynonnemopmorcn ecqM XapaKTepHCTHKa cpabaTHBaHHs NPeJCTaBASAET OK-
Pyxnocts. B wactHOM caydae npu @c—f=0 xapakrepucTHKa OKasmBaercs
IpsaMoit JIHHHEH.

(2.10)
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U3 H310XKEHHOrO CJAEAyeT, YTO OCHOBHHIM JJ/1s OINMCAHHA XapaKTepy.
CTHK B IMIOCKOCTH JBYX He3aBHCHMbIX CPAaBHHBAeMHIX BeqHdHH M B H, ap.
aseTes HenecooOpasHbli BHGOD I0JOKEHHA ToueK a H b H Ko3ddHuHeHTOR

ki—ky. Tlpu 3ToM HeoGXOLHMO YYHTHIBaTh, 9TO IPH CpaBHeHHH abcoiior-
HEIX 3HAuEHHR OJHA H3 TOUeK a, b moMkHa pacnosaraTbess B 0671acTH cpa.

6aTeBaHMs, a Apyras — BHe ce. _T{pﬂ cpaBHeHHH Mo ¢ase obe yKasaHHue
TOYKH PAClONaraloTcsd Ha XapakTepHCTHKe cpabaTbiBaHHA.

Ha npakTHKe KaXAas H3 YKa3aHHEIX XapakTePHCTHK YacTO ONHCHIBa-
eTCs YDABHEHHSIMH, HMEIOWHMH pasHylo dopmy. HHxe IpHBEeREHB TDH H3
BO3MOXKHEX (opM. YpaBHeHHe B KOMILIeKCHOH ¢dopMe aGCOJIOTHBIX 3Havue-
uuit: |Z—0,5(Z'+2")|—0,5]Z’'—Z"| =0. YpaBHenHe ¢ pasnoXKeHHeM gc
Ha cnaraowie Re B Xe: (Rc_—_R;52+(Xc—X0)2'—R2=0, rae R— pazuyc
OKPYXHOCTH; Ry B Xo — KOOPAHHATH €e IIeHTpa.

YpaBHeHHe B TPHrOHOMETpHIECKOH (opMe NPH DACCTOAHHH €€ LEHTpa
OT Hadala KOOPAHHAT P, yrie Pp MeXAy Zc H Re H yrie Qp=Qpmaxs CO-
OTBETCTBYIOUIEM MAKCHMAaJbHOMYy  BO3MOXHOMY  Zc ! Zo=2pZc cos(@p—
—@pmaxs) +p2—R?=0.

BceMH [pUBEACHHEIMH BHIPaXKEHHSIMH MOXHO BOCHOJB30BATHCA AJS Tie-
pexona K ypaBHEHHSM, CBA3HBAIOLHM BO3JeACTBYIOIIHe BeMHIHHH F (Ha-
NpsXEHHs H TOKH) B YC/IOBHAX cpaGaThiBaHHA. JNeMEHTH MOryT OblTh, Kak
yKa3HBaJA0Ch BHlllle, NOJNE3HEl H NPH AHAJNHTHIECKOM METOAe AJs (GopMHpoO-
BaHHA BeauuHd H. Ero OCHOBHBHIM HEJOCTATKOM SIBJsfeTC MaJjas IPHrol-
HOCTb [PH MHKDPOTPOLECCOPHOf 6a3e H IPH YHC/Ie He3aBHCHMBIX CPaBHHBA-
eMux BeaHuHs GoJee nByx. Heo6xonuMo, 0fHaKo, OTMETHTb, 9TO NIPH pAfe
ROMymeHHH MeTOX KOMINVIEKCHBIX IJIOCKOCTelf YCIHEIIHO HCIIO/Mb30BaICH H
nas nocaepero cayuas B paforax C. §1. Ilerposa, E. A, ApxxauumxoBsa,
B. A, llla6anosa, 3. M. Ulueepcona,

MeToa ¢ uCNONb30BaHMEM BekTOpHOH ajreGpn. [IpuMeHHTENBHO K
CpaBHEHHIO He3aBHCHMBIX BedwuuH i, m Hy mo ¢ase npu yclaoBHH Qop—
—@c1=71, ecJH BXOJHble BeJHUHHH F HEMOCPENCTBEHHO NPHUMEHMIOTCA A4
CpaBHeHHs, cpafaThBaHHe OpraHa oOIpeje/seTcs C HCNONb3OBaHHEM BEKTO-

POB BhIpaxeHHeM
sign (1_”‘1 X 1_“2) > 0, @.11

rae sign — GyHKNHA «3HAK», a 3HAK X O3HayaeT BEKTOPHOe NMPOH3BelEHHE,
' COOTBETCTBYIOIlee MaTeMATHYECKHM NOHATHAM BEKTOPHOR afreGpH, OTAHI-
HBIM OT NPHHATOrO B 3JICKTPOTCXHHKE NMPOH3BEACHHA ABYX BEJHYHH.

Ecnn Heo6xoanmo, uwTo6H cpabaThiBaHHE NPOHCXOAHAO NPH yrie MeX-
By Fi v F; B pHanasoue, OTJIHYHOM OT €CTECTBEHHOT'O, OfHH H3 BEKTOPOB

clefyeT NMOBepHYTh Ha TpelyeMufi yroa vy, HanpHmep NpHHHMas _1-11=_1_"1,
Hy=Fpel: i

sign (H, X Hy) = sign (F; X F, %) > 0. (2.12)
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ITpaBomepHOCTh HCMOMB3OBANKA BEKTOPHOM aqre6pul onpeneaseTcsa Tem,
49T0 B SJEKTPHIECKHX LENAX BEKTOPH, H306pacalolllHe KOMIVIEKCH, MOryT
pacCMaTpHBATLCA KAK HACTOALIHE KOMIIAHADHBIE BEKTOPH — JeEXKAUHe B
opHOM IJIOCKOCTH K OTHECEHHHIE K OAHOMY OblieMy Hagany.

Kak mn3BectHo, pasnmuaroT BekTopHOE (paceMoTpeHHOe) H CKaaspHoe
NPOH3BEEHHA ABYX BEKTOpOB. IlociexHee TaKke MOXKeT OBITh HCIOJB3O-
BaHO AJA paccMaTpHBaeMublx uesefi. IIpH 3ToM Heo6XOgHMO OTJAHMYATB TQO-
HATHA [POCTOrO anreGpaHIecKoro MEPEMHONKEHHs CKANAPOB, HANPHMEP aM-
WIMTYA, ReACTBYIOWHX 3HadeHHH (Hanpumep, FiFp=UI) or CKaJsIPHOTO
NpOH3BENCHHST BEKTOPOB Fy Fy=FimFom cos @, rae Fi,n H Fom — Mopyau
BEKTOPOB; TOUKA (-) — 3HAK HX NPOH3BEACHHS, & ( — YIOJ MEXLY HHMH.
CransipHOe NPOH3BEACHHE B 3aBHCHMOCTH OT ) MOMET GbITh KaK MOJOMKH-
TeJdbHEIM, TaK H OTPHIaTEJqbHBIM.

B PIIU (B. J1. ®a6pukant) [11] Guan npeanoxens obuide KpPHTEPHH

cpaGatsiBanns MO ¢ 4HCIOM He3aBHCHMBIX CPABHHBAGMBIX Beanuny H>>2.
3TH KDHTeDHH C HCNO/IL30OBAHHEM, HANPHMEP, BEKTOPHHX NDO3BCAGHHI Be-
amaun My, H, .., Hy u anre6pul JOrHKH HMelOT $OpMy HEDABEHCTB H YETKO
ompeseasiioT 06nacTh cpalaThBaHHA., ODTH KPHTEPHH JRalee YTOYHANHCH
dap-Xagunu (Eruner) Ha xadenpe P3uA 3 MOU u Bnocaexcrsuu LDYTH-
MH aBTopaMH. PaccmoTpennnli meron 0co6eHHO 3¢hdeKTHBeH npa H>2.
On TaKxe MOMET HCNOIBSOBATLCA H IPH CPABHEHHH AByx H, a Taxxe B
AHAMHTHIECKOM MeToJe NPH (POPMHPOBAHHH CPABHHBAEMBIX BEJIHUHH,
" MeTon CTaTHCTHYECKHX HCTbITAHMH (MomenupoRanus), HHOTAA HA3H-
Baemuli MeTonom Monte-Kapao, npHMeHHTENBHO K Bompocam peneiiHoN 3a-
wutsl paspaboran B PIIM (A. C. Cayxarac u ap.). On gaer ofwmii moa-
X0Z K DEIICHHIO DasHBIX BONPOCOB, B TOM HHC/IE H K AHAJH3Y I[OBeLEHHS
pasnoro poxa MO. Onuako meTon o6aagaeT H HEKOTOPBIMH HEXOCTATKAMH.
K HEM MOXHO OTHeCTH OTCYTCTBHe rHOKOCTH, HArISALHOCTH. 3anaua pema-
€TCA BCH LENHKOM, NO3TOMY 3aTPYRHEHE! ONEHKA BJHSAHHSA OTHEABLHBIX (ak-
TOpoB, & C/ef0BaTeNbHO, H ONpelelcHHe neaecoo6pasHoCTH Mep no obecie-
dennio Gonee s¢pdexTnsHOrO BhmOAnHenHs WO, ynymess MeponpuaTHS,
Golee 7erko BBISABJSeMble NPH HENOCPEACTBEHHOM ¢opmupoBann MO us
T0aaBaeMEX Ha HEro BO3JNEHCTBYIOIIMX BeJHIHH. MeETONOM VCIeIHO NoJb-
3ytotcst B PIIM H HeKOTOPHX APYrHX OpraHH3amHSIX C [PHBACICHHEM AJS
pacyeros IBM. IlInpoKoro pacnpoCTpaHEHHS METOA HE MOJYHH.

Meron ¢ ncnonbsosannem naockoctu U, | (BAX). Merton paspa6o-
Tan Bo BHUMD fl. C. Teanpanaom [9]. Ou npeiycMarpHBaeT Haobpaxe-
W4 B NPAMOYrONBHOJ CHCTEME KOODAHHAT 3aBHCHMOCTefl Unp=f(Inp),
Me Unp — HanpsikeHHe HAa MIHHAX 3amHIIAEMOro NPHCOeHHEHHS (JIHHHH)
OT mpoxonAllero mo HeMy TOKa, HampHmep Toka K3 B pasumx pexHEMax
Paborh, B Tom ukcae mpu K3 uepes nepexopbie COnpOTHBJEHHN Ry, ¥ xa-
PakTepHCTHK cpaGaTHIBaHHA NPOCTHX SAMIHT, HANpPHMEp TOKOBBIX, MOJHOrO
conporusnenns ¢ Zco=const. X coBMecTHO® paccMOTpenHe RaeT BOIMOXK-
HOCTL oNpenesieHns sallHIAaeMEIX 30H, YZOOHOrO COrMAacOBAHHS YyBCTBH-
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TENBHOCTEH yKa3aHHBIX 3aHT MexJy co60H M pelleHuss HEKOTOPHIX APYTHx
sanau. He sBisisich yHHBepCaJbHHIM, METOJ 3ac/iyXuBaeT GoJsee WIHPOKOro
IIpUMeHEeHHS, YeM TOT, KOTODHIH NMOKa HMeeTcs, HanpUMep AJS COMJIAacoBa-
HHS NapaMeTPOB 3AlHT CMEXHBIX 3/eMEHTOB € OTHOCHTENBLHOH CE/IeKTHB-
MOCTBIO, HMEIOLIUX Pa3JHYHble NPUHLHUNB BHIOAHEHus [9].

2.3. CBOMCTBA JIOTUHECKUX OPraHoOB8

Jloruueckumu opranamu (J10), Kak U H3MepHTE/bLHBIMH,
MOTYT GBHITH peJie, HO3TOMY JJsA HHX HCIOJb3YIOTCA HEeKOTOphie
tepmuHbl 0 onpefeseruss [OCT wHa pede.

dynxkuuonupoBanue JIO onpenesasiercs BosledcTBYIOLIel
BeJHYHHOH, IpefcTaBisAwllell 0ObIYHO HaNpsAKeHHe HCTOYHHKA
ONMepaTHBHOTO TOKAa, KOTOpOe HOPMHpYeTCs 10 AONYyCTHMBIM
npejpesaM OTKJIOHEHHH OT HEKOTOpOTo (HampHMep, HOMHHAaJb-
HOTr0) 3HaueHHs.

JlornueckHe opraHnl npeo6pasyloT AHCKPETHYK BXOJIHYIO
HHGOPMANHIO, IPEACTABASEMYI0 COUeTaHHeM BXOJHBIX CHIHa-
JaoB or MO, B 1HCKpeTHY10 XKe BHX0AHYI0. I1o xapakrepy dyHK-
LHHOHHPOBAHHS BO BPeMeHH paccMaTpHBaeMble OpPTaHB, Ha3bi-
BaeMble B HEKOTOPHIX CAYYafAX TakKe aBTOMAaTaMH, AEJATCA Ha
KOMOHHALHOHHbIE — OJHOTaKTHHE 6e3 NaMsATH H TOcJ/el0Ba-
TeJIbHBle — MHOTOTAKTHBIE ¢ NaMsATbIO (KOHEYHble aBTOMAaTH-
YeCKHE BBHIKJIIOUATENH).

QD yHKIHOHHPOBAHHE OXHOTAKTHHIX OPraHOB IIOJHOCTHIO OI-
pelessercs CoYeTaHHEM BXOAHHIX CHTHAJIOB B JaHHBIH MOMEHT
BpeMeHH, 2 MHOTOTAKTHHX — JONOJHHTEIbHO HX BHYTDEHHHM
COCTOSIHHEM B MOMEHT BpeMeHH, NpeNIeCTBYIOUHH AaHHOMY,
T.e. CHTHAJaMH, IOCTYNHBIIHMH Ha BXOJ paHblle; 3TO JOCTH-
raercsd OGBIYHO ¢ HOMOUIbIO NPOMEXYTOUHEIX 3J€MEeHTOB, pea-
JIH3HPYIOLHX Pa3JHUHble BpeMeHHbIe OllepaltH.

JlorHueckne opraHsl HHOrja Hcnogabsylorca aasa MO weno-
CpeJCTBeHHO, HanpHMep JI OCYUIeCTBJEHHS OPraHoB, Ipei-
noxeHHux B UOU (O. B. Jle6eneB) u B MOU (B. B. ByakuHn).
Takne MO Moryr OuTe HasBaHwl soeuveckumu. Ylpocroie JIO
MOTYT Takxke fABAATbCA vJjemedtaMu MO, nanpumep B MO ¢
YHCJIOM HE3aBHCHMBIX CPaBHHBAaeMbIX BEJHYMH GoJblie ABYX.

AnropHT™M GYHKIHOHHPOBaHHSI coBoKymHocth JIO, o6pa3sy-
IOLKX JIOTHYECKYI0 9acTh YCTPOHCTBA 3aLIHTHI, aHAJHTHUECKH
ONHCHIBAETCA CHCTEMOH JorHyeckdx GyHKUHH, 0O CTpYKrype
agagoruudbx (2.3). IIpu 3ToM apryMeHTaMmu fIBASIOTCA nepe-
MeHHule, oTpaxaruiie cocrosane MO u, B obuiem cayuae, co-
CTOSIHHe KOMMYTALHOHHOH anmmapartypsl (Hampumep, BHIKJIO-
yareJeit).
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Onpejensiomee 3HaueHHe NIl aHAIH3A H CHHTe3a PabOTHI
J1O H Jioruueckoli YaCTH 3alIMTHl B LEJOM HMEET anmapar aj-
reGpbl JIOTHKH. Are6pa JIOTHKH SIBJSIETCS HCTODHUECKH Iep-
BHM HaNpaBJICHHEM MATeMaTHUECKOH JOrHkH. Ee ocHOBHI 6uliH
pa3paloTansl B cepeJHHE NPOLITOTO BeKa AHTMHACKHM YYeHbIM
[. Bynem, orciona nasBanne — Gynesa anre6pa. B sToii asre6-
pe BCE€ HE3aBMCHMbIE NIEPEMEHHbIE H QYHKIHH MOTYT NPHHHMATb
TOJbKO B2 3HAYEHHS: HCTHHHO HJIH JIOXKHO, eCTb HJH HeT. [las
00061IEHHOTO ONTHCAHHA 3TH 3HAYEHHA NPUHHMAIOTCS COOTBET-
CTBEHHO DaBHHIMH | u 0. Bosbiine paGoThl MO HCIOJIbL3OBAHHIO
anfeégbl JIOTHKH H ee JaJbheHIIHX PpasHOBHAHOCTEH AJs pe-
JIEHHOH 3alHTH B TOCJEAHHe AECATHJETHS ObIJIH NPOBeJeHbl B
YIIHN (B. E. IToasxkos u ap.) [13].

OCHOBHEIMH 3JIeMEHTAaDHBIMH  JIOTHYECKHMH ONepaLHsiMH
ABAsioTCA ausblovKuus (MJIM), konbiowkuus (M) u unBep-
cusi (HE). Onepauust UJIM npexcraBasieT JorHueckoe caoxe-
HHe! yY=x;+X3+..+Xn 3HAK CHOXKEeHHS O003HAYAIT uepes
«+>» WIH «\/». 3aBHCHMAas nepeMeHHas y NPHHHMaeT 3Haue-
HHe 1, Korja 1 paBHa OJHa H3 He3aBHCHMBIX NEepPeMEHHBIX,
WM 4aCTh HX, HJH BCe OHM. OmepauHs COOTBETCTByeT NapaJ-
JieJIbHOR paboTe 3seMeHTOB cxeMbl. Onepauus U npexgcrapaser
JIOTHYECKOe YMHOXKEHHEe Y==X{-Xp-...-X,. 3HAaK yMHOXeHH:
00603HaYaI0T uepes «-» WM «/\». IlepeMennas y npuHHMaeT
3HayeHue 1, koraa xi, X, u 1. 4. paBuul 1. Onepanus cooTBeTCT-
BYer nocsegoBaTe/bHO} paboTe 3/eMeHTOB cxeMbl. Onepanus
HE npencrasasier soruueckoe orpruanne: y==x. IlepemenHas
Y mpuHHMaer 3HaueHue 1, xoraa x=0 H, Hao6opoT, y=0 npu
x=1. Taxum 006pa3om, onepaius OCyUIeCTBJAET MHBEPCHIO X.

Tpu paccmorpenHsie sseMenTapuble omepanyH AalOT BO3-
MOXKHOCTb peasiH3auuH Ji000i# GoJjee caoXHOH (yHKuuH. OHH
CBA3AHB MeXAy co60ji 3aKOHAMH HHBEPCHH, N0 KOTOPHIM X
FXo=x1Xy U X Xy=x,-x,. 3aKOHH HHBEPCHH TO3BOJAIOT, B
HaCTHOCTH, MPOKH3BOAHTL 3aMEHY OJHOHM JIOTHYECKOH onepanuy,
Hampumep M, cxemoii, copepxamei saementst HE u WUJIH,
H T. 10,

Henocpencrennoe HcnosbsoBanme A1 MHOTOTAKTHHIX JO-
THYECKHX OpraHoB OyJeBOii aire6pel HeBO3MOXHO. [loTpeGo-
BaJjlock pacuinpeHHe OCHOB 370 anre6pul. OQHa U3 NepBLIX pa-
Got B ar01 06s1acTH ony6.1ukoBaHa B 1953 r. B CIUA 3. Bepk-
JH. B uacTHoctH, UM Gbl1 BBeseH olepatop D BpeMeHHOH
3aiepKKH. HacTo HCNO/Ib3YeMbIM SBASETCH IJEMEHT, OCYILECTB-
TAOUKH 331epXKKY NOsIBACHHs curHana |, — CUrHax nosiBs-
€TCsA cnycTsl BpeMs fy NocJle NoJdauy# BXOZHOrO CHrHana. Ome-
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parop D moxer ObITb, HallpHMep, peaju30BaH B BHIAE 3JeMeq-
Ta MJIH OPraHa BHACPXKKH BpeMeHH. Mcrnosib3ys ero coBMecTHg
¢ snementamu MJIM, N u HE, MoxkHO co3naBath M JApyrue
BpeMeHHbIe 3JIEMEeHTHI.

OcHoBHble 3aKOHBI GyJeBOfi a/ire6pbl OCTAIOTCS  CIpPaBej-
JIUBHIMH M JAJ1s1 MHOrOTaKTHBIX opranoB. Mwmeercs, okasbiBaer-
Csl, BO3BMOXHOCTb BbIPaXK€HHsI KaXKAO0ro BPeMeHHOro orneparo-
pa uepes Jio6oft apyroii (He ToJBKO D)) ¢ MCmONb30BaHUey
agorugeckux ¢yukuui MJIM, Y u HE. Passurue matemaTuue-
CKOH JIOTHKH TPHBEJO K CO3LaHHIO PSAA BHICHIHX JOTHYECKUX
GYHKIUHA, TAKHX KaK MOPOroBble, CHMMETPHUHbIE, KOMOHHHPO-
BaHHBIe M Ap. (cM., Hanpumep, [13]). HcmoapsoBaHue 9Tux
¢yHKuMHA, BO3MOKHO, 0GECIIeU T Jyulliee OCYIIEeCTBJACHHE JIOTH-
YECKHMX uacTedl pesiedHOH 3amuThl. [Ipakruyeckas peannsanus
PaccMOTPEHHBIX OCHOBHBIX JIOTHYECKHX OIlepanHi OCYIeCTBIIs-
€TCsl B 3aBHCHMOCTH OT HCMOJIb3YeMOH 3JeMEHTHOH 6asbl: npu
3/IEKTPOMEX aHHYECKOHl — Ha KOHTaKTax peJie, IPH IOJAYIMpo-
BOAHHKOBOW — CNEHHAJbHBIMH 3JeMEHTaMH, I[PH MHKpPOIpO-
IIECCOPHOH — CaMHMH MHKDOIIPOLECCOPaMH.

2.4. OCOBEHHOCTU UCMONb30OBAHUSA SNEKTPOMEX AHMYECKOM
DJIEMEHTHOW BA3bl

OG6wme csoficTsa. DieKTPOMeXaHHYECKas 3JeMeHTHAS 6a3a HCIIOMNB3Y-
€T B KauecTBe OpraHoB pelle ¢ KoHTakraMH, Hx pa6ora ocHoBaHa Ha oT-
HOCHTENIbHOM IepeMellleHHH MEeXaHHYeCKHX 3JIEMEHTOB MO BO3AeHCTBHEM
TOKA, NPOXOAAILETO 10 06MOTKaM pele.

B pene 3JeKTPOMATHHTHAS SHEPTHA I0AS Ipeolpasyercs B MeXaHHYec-
KYIO 3HEpTHIO MepeMellleHHs TOABHXKHOM wactH. YacTo uemouabsyercs yrio-
BOe IlepeMelleHHe o; IPH 3TOM pacCMaTPHBAETCH BPAUIAIOIIHE MOMEHT
(a ne cuna) M.w: (MIHOBEFHOE 3HAYEHHe), BBIpaXKeHHe A KOTOPOTO BH-
TeKaeT H3 ypasHenufi Jlarpauxka, ABJAAOUIHXCH YPABHEHHAMH HHHAMHKH
CHCTEME

M3M¢ = dWaMl /dOC, (2 13)
rae W:.m ¢ — JIEKTPOMATHHTHAS 3HEPrHA MOJASA 1] MOMEHTAa BpEMEHH £,

[IpaKTHYECKH HCIOMb3yeTCs TOMBKO H3MeHEHHe MATHHTHOH cOCTAaBASIO-
mefi sHeprHH, OHa Moxker OHITh NpeACTaBleHa B CJEYIOIIEM BHAE:

n n—1 n
= 2 i i 2.14
Wamt—o’sz Lp ip+2 Z Mph ‘p‘hv ( )
p=1 p=1 k=p+1
TRe ir, ip— TOKH B KOHTYpax % H p ycrpoiictBa; Ly u Mpx — Koathruzer-
TH CAMOMHAYKUHH H B3aHMOHHAYKUHH KOHTYPOB 3THX TOKOB.
DNleKTpOMEXaHHUECKHE CHCTEMBl MOFYT HCIONb30BATbCA IS CO3JAHHS

120

penie € ONHOM, ABYMA H HECKONBKHMH BO3IeHCTBYIOLIHMH 3MEKTPHIECKHMH
peIMIHHAMH.

B pene ¢ onHoli BosneficTByOWEl BeAHIHHON (H3MepHTeNbHOE HJH J10-
FHYECKOE DeJie) OCYLLeCTBASETCHA CPaBHeHHE BPAIIAIOWIEro MoMenta Msy ¢
33aHHEIM NIPOTHBOREACTBYIOLUHM MOMeHTOM Mup, XaK IpaBHIO, cospabae-
wbM npyxunofl. Ilpuxoantcs Takxe yunthBaTh MOMeHT My, onpenense-
MBI TpEHHEM, KOTODHH, Kak H Mup, NpenATCTBYeT cpabaTHBaNHIO pene, Ho
B OTJIHYHE OT NOCAENHErO MPENATCTBYET H BO3BPATY.

B pene ¢ asyvs u Gonee BO3eACTBYIOIIHMH BeJHIHHAMA NPHMEHH-
TEJBHO K H3MEPHTEJBHBIM Pele OCYLIeCTBAAETCA cpaBHeHHe cdOpMHpOBaH-
HHX H3 HHX BENHYHH MexXJ1y coGofl. Ilpunnumuansio nns Takux pene Mgy
BPENeH, TaK KaK TpefyeT nas cpabaTHBanHA GOJBLUIHX 3HAYEHWH BXOZHBIX
sequunH. OnHako npakTHieckn Mp, HHOTIE co3faercs (6eamomenTHOM
NPYXHHOA) AJs o6ecredeHHs YETKOTO NMOJOMEHHS MOABHIKHON uACTH peJe
B BaYajqbHOM COCTOAHHH (IPH OTCYTCTBHH BO3JEHCTBYIOWLel BEHUHHEI).

Hnst cpaGarbiBanns u BO3BpaTa 3JEKTPOMEXaHHUECKOTO peJe Ha BCeM
NyTH MEPEMEILEeHHS MOABHAKHON YacTH JOJXKHbI BHIIOJHATECH COOTBETCT-
BetBO yenoBHA Mow,e2Mup+Mep U Mo, <SMpp—M.p. Bosmosxnubie pH pa-
Gore peste COOTHOLIEHHS MOMEHTOB B (GyHKIHH yria MOBOPOTA ¢ ITOKA3aHbl
Ha puc. 2.4, 0. MoMeHT M., IPHHAT He 3aBHCAUIHM OT yraa @ Mpp=Mnp 4-
+k(a—a.), a Maye — HapacTaomum ¢ YBENHUEHHEM @ H HMEIOLIHM IIpH
@=a, H36bTOUHOE 3HauenHe My HA; cymMoi Mup+-M;p. Hpuuarsii xa-
pakTep H3MeHeHHA My, OGECIEUHBAET <«OMPOKHABIBAHHE» MONBHMKHON qa-
CTH (HaYaB JIBHXeHHe, OHA He 3a/lePKHBAETCH B IIPOMEXYTOYHOM COCTOA-
HHH) H HeoGXONMMOE HaXaTHe B KOHTAKTe pese. Ilpu stoM rosoputcs o
HanHIHE MONOXHTENbHON 00paTHOM CBASH — Msue BO3pacTaer mpwu npHTA-
THBAHHH fIKOPA, a4 CaMm PeXHM HasHBaercs peaefinniM. Takoe Xe ueaeco-
00pasHoe ONPOKHIBIBAHHe OGecneyupaeTcs H IIpH BO3BpaTe,

Baxnuim  koaddunuentom, X4paKTEPH3YIOIHM PAaCCMATPHBAEMYIO pa-
Gory pene xak MO, siznsercs ero Kkoappuyuent sosspara ks, onpepense-
MBIl OTHOLIEHHEM 3HAYeHHS BEJHUHHH BO3BPATd K SHAYCHHIO BEJHUHHBI
¢pabaTrBanus. JINA MaKCHMAaJbHBIX peae (oprawos) ks, onpepenseMulll pad
TOYKH O, KaK COOTBETCTBYIOWlER 3aBeplIeHHOMY cpaGaThlBaHHIO, 6yner
XapaKTePH30BaThCA OTHOIIEHHEM

MsM,B,K/MaM,c K= an,}{ + M’I‘p + (Mllp,}{ _ MTp)/MMSG' (2~ 15)

Koapguuuenr k, nas MO, kax OyAeT BHAHO M3 fa/bHeHIIEro, B reafAx [o-
BLINEHHS] YyBCTBHTENLHOCTH 3aUIHT JKEAAaTeABHO HMETh [0 BO3MOXHOCTH
Gamskum k enunuue. Ero oTkioHeHHe oT eIHHUIB ofpenensiercss Mu.e u
MTp.

Hnst wacto menosbayeMmbIXx Ha MpakTHKe 3JIEKTPOMATHHTHBIX pesle TOoKa
Tina PT-40 cooTBeTCTByIOLIUE 3aBHCHMOCTH 1aHH Ha puc. 2.4,6.

Hnst nornueckux pene suauenue k, ABAsieTcHd He CTOMS CYLIECTBEHHEIM,
KaK aas maMepHTedBHHIX. DT onpemensercs TEM, YTO MPH BO3BpATe JIOTH-
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Puc. 2.4. 3aBHCHMOCTH MOMEHTOB OT yrJa NMOBOPOTA MOABHXHOIO 3/EMEHTA
pene

YeCKHX peJle, KOTOPHI OOGHIYHO NMPOHCXOAHT IOCJTe BO3BPATa H3MepHTeNbHHX
peJe, MaM,B=0.

Heo6xoniM0 OTMETHTb, YTO HMEETCH PSJ Pa3HOBHAHOCTeH H3MepHTeJb:
HBIX peJe, Y KOTOPHX 3aTPY/JAHHTeJbHO 00ecneyHTb «ONMpPOKHABIBAIOLIHI» Xa-
pakrep saBHCHMOCTH Maw=f(®) (pHc. 2.4,8). Dro spasercs, Kak caenyeT
H3 H3JO0XEHHOro, HX HejocTaTKoM. IIpakTHueckH 3TO GLIBAIOT HHYKILHOH-
Hhle peJe ¢ UHJIHHADHYECKHM POTOpOM C ABYMs H 60Jee BO3jeHCTBYIOIUHMH
BeJHUHHAMH, KOTOpbie NPHHIHIHAJLHO He HYXKJaloTcs B MPOTHBOAeHCTBYIO-
el TpyxKHHE. YroJ NOBOpOTa Cx—O&yx BbIOHpaeTCs NPH 3ITOM BecbMa He-
GoabulEM, Bce 3To onpepenseT y TakHX pede npHemiemble ycaosus pabo-
TH H ks.

3HaueHHs BpalalOLIHX 3JIEKTPOMArHHTHHIX MOMEHTOB ONpeaelsoTed
BHIOJIHEHHEM MarHHTHON chcteMul H MJIC F=I,w o6MoToK; mojx o6MOTKOA
TpH 3TOM NOHHMAETCs COBOKYIHOCTb BHTKOB ®@ C OAHHM H TeM JKe TOKOM.

ITpoMHULIEHHOCT CTPEMHTCS HCIIONL30BATh OAHH H Te JKe MAarHHTHHE
CHCTeMBl JJISl OCYLIECTBJEHHS H3MEDHTEJNbHBIX pesle ¢ Da3HbIMH XapaKTepH:
ctukaMu, [1osToMy 60.bIIOe BHHMaHHe O6paliaeTcs Ha MPHHIHNB pasMelle:
HHA OOGMOTOK Ha 3aJlaHHBIX MarHMTHbIX cHcTemax. Hayunoe paccmorpeHHE
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BHINOJIHEHHS PA3JHYHBIX H3MEDHTeJbHLIX peJe Ha OAHOH H TOHA XXe MarHHT-
Ho#l CHCTeMe, YTO OBLIO BaXKHO AJI OPraHH3alliH HX NPOH3BOACTBA, ObLIO
teopeTHyecks nokasano A. JI. Jposgosuim B 1937 r. HcuepnnipalomHte He-
cJefoBaHus GbliH phinoJduedsl B 40—50-e¢ roaw B. JI. ®abpuxkanrom [3}.
J8 OCYLIECTBJAEHHS 3JeKTPOMEeXaHHYeCKHX peJle NPEHMYLIeCTBeHHO HCHOJb-
3yIOTCA 3JeKTPOMATHHTHbIE H HHAYKIHOHHbie CHCTEMBL

Hcnonb3oBaHHe 3JEKTPOMATHHTHBIX CHCTEM. IJIEKTPOMArHHTHHIMH Ha-
3bBAlOTCA peJse, paboTa KOTODHX OCHOBAaHAa Ha BO3AEHCTBHH MAarHHTHbLIX
noJefl HEMOABHXKHHX OOMOTOK Ha MOABHXKHHIA (epPOMArHHTHBIA 3JEeMEHT
(skopb). Bpamartournit moMeHT Msy: onpesefseTcss nepRHIM YJAEHOM BHI-
paxenna (2.14), Tak Kak ero BTOpOil u/leH B JaHHOM CJyyae paBeH HYJO,

DHeprHs MAarHHTHOTO NOJIS, HANpHMep, H3MEDHTEJLHOrO pejle TOKa C

0AHOH OGMOTKOH H TOKOM B Hell ip B cooTBeTCTBHH € (2.14) Wy t=0,5igL.
Tok ip Kak moctynawouyil or TA, sBJASIOLWErocsl HCTOYHHKOM TOKa, He 3a-
BHCHT OT NapaMerpoB 3JeKTPOMATHHTA H IIOJIOXKEHHsI SIKOpS, XapaKTepH3ye-
MOTO yIJOM er0 nosopora ¢. ITo3TomMy IpH NOBOPOTe SIKOPs H3MEHSeTcs
ToMbKO Ko3dunHenT camoHnayKuuH L, H ¢ yuetom {2.13)

M Wy /90 = 0,585 dL/dot. (2.16)

amt = Wony

Mz (2.16) caepyer, uro nanpasieune M:y: He 3aBHCHT OT 3HaKa TOKa
ip. [To3TOMY 3JeKTpOMardHTHHE CHCTEMBI MOTYT HCMOJL30BaThes AJsl pabo-
TH KaK Ha MNePeMeHHOM, TaK H Ha IOCTOSHHOM TOKe C OJHOH BO3AeHCTBYIO-
el BeJHYHHOM.

3Hauenne M,y ¢ B TpeATNOJOXKEHHH, YTO TOK ip CHHYCOHAaJeH, PaBHO
M = 0,51,2,2p sin® of dL /do, = k&, 1]2J dL/de— &, 1]2J cos 2wt dL/da. (2.17)

9

Hepssbiit uien (2.17) He 3aBHCHT OT BpEMeHH M JAaeT CpejHee 3a HepH-
0 3naueHde M.y, BTOpOfi ulleH npexcTaBisieT co60f rapMOHHYECKYIO CO-
CTaBJAIOULYI0 YABOEHHOH yacToThl. B pesysibnTaTe Ha sKopbh pede mepemeH-
Horo ToKa peficTByer Msw:, H3MeHsowHics Bo BpeMmeHH (pHc. 2.5) oT my-
A€BOro 10 MaKCHMAJBHOTO 3HAYEHHA C yABOEHHOH dwactoToll. C yueToM
HHEPUHOHHOCTH CHCTeMBl NPHOJHKEHHO CYHTACTCS BO3MOXKHHBIM HCHOJB3O-

2
BaHHe AJg aHaJH3a CPeJHETO MOMEHTa M3M=k11de/da, onpeesaeMoro

Puc. 2.5. 3aBHCHMOCTL MTHO-
BeHHbIX 3HAueHHH BpaILAOLIEro
MOMeHTa H ero CcJaraipuHx oT
BpeMeHH IS 3JEKTPOMAaTHHT-
HOTO peJie TOKa

r _wr\J aL
T =£& 2 <
w LY IPCDSZwt Joc
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peficTBylouiuM 3HaueHueM Toka [Ip. CpenHee 3HaucHHe 3/1eKTPOMArHHTHorq
MoMeHTa TponopuHosansio kBagpaty MIC o6moTkH.

B peje Ha 3/1eKTPOMArHMTHHIX CHCTeMax OOBIYHO OCYUIECTBJfeTcy
CpaBHeHHE OJHOH 3JIeKTPHUECKOH BEJHUMHH C 3aJaBHOM (MOMEHTOM NpPOTH-
BOjefiCTBYIOIeH MPYXKHHBL).

B moment BpeMenH, Korga Moy ¢ <<Myex, KOPb HMeeT TEHJEHIHIO OT.
XOJHTb OT TOJIOCOB H CHOBA BO3BPAlllaTbC B MOMEHTH, COOTBETCTBYIOM[He
May 1> Myex. C siKOpeM CBf3aH MOZBHXKHBIH 3/7eMeHT KOHTAaKTa, BosMox-
Has BHODAlMs SAKOPS MOXKET [0ITOMY NPHBOJAHTb K HeJONyCTHMO¥ BHOpa-
MM KOHTAKTa.

Tpancdopmarophl ToKa TOKOBHX 3amiuT NpH K3 B 3amuiaeMex 30Hax,
HanpuMep B HauaJje JHHHH, 32 cdeT GoJbINMX KpaTHocTeff TokoB K3 Moryr
rAy6oko HaceaThes. IIpu sToM BTopuuHbfl Tok TA cuibHO HCKaXaeTcs
no GopMe H COLEPXKHT KPOME OCHOBHOH BHICIIHE rapMOHHKH. 3a CYeT Io-
c/eHHX TEepeMeHHas cocTaBaslomiass Msy ¢+ MOXET CYIECTBEHHO BO3PACTaTh,
ycuiuBasg BUGDALHMIO KOHTAakTOB. [las ycrpanendsa BHODAUMM KOHTAKTOB
3JeKTPOMArHHTHHX pelle TpejycMaTpHBaeTcd paAx  Meporpuathil. Bpewms
cpaaTeiBaHUs 3JEKTPOMATHHTHHX peJe OLIBAeT HEBENHKO H OObMIHO He
npesuimaer 0,01—0,02 c.

Hcnosb3oBaHHe HHAYKIHOHABIX CHCTeM. HMHAyKUHOHHRIMH Ha3HBAKOTCA
peJie, paGoTa KOTOPHIX OCHOBAHA HA B3aHMOZCHCTBHM NePeMEHHBIX MArHHT-
HEIX TNOJeH HeNOABHXHHX OGMOTOK C TOKaMH, HHAYKTHPOBAHHBIMH STHMH
NOJSIMH B TOABHXHOM HedeppOMarHuTHOM 3JjeMenTe (Gapabane WaH AHC-
ke). Bpamaionuit MoMeHT My ¢ ompejesiserca BTOPHIM UY/ICHOM BHIpaxe-
uus ((2.14), Tak Kak HHAYKTHBHOCTb L [pH TNepeMeIleHHH M[0BHKHOTO
3JIeMeHTa He u3MeHsieTcs. TOKH, HHAYKTHPOBAaHHHHIE B NMOJBHXKHOM 3JIEMEH-
Te OZHHM M3 TOTOKOB, Msy: He co3naioT. ITosToMy mas cospanust Mo
HHAYKIHOHHAS CHCTEMa HMeeT He MeHee JABYX MAarHMTHBIX NOTOKOB, C/BH-
HYTHIX TPOCTPAHCTBEHHO; OHH JOJUKHBI GHITb CABHHYTH H mo ¢ase. Cucre-
Ma NPUTOLHA TOJBKO JJfl pesie MepeMeHHOro TOKa.

DHepruas MArHATHOTO MOJIsI ¥ BPAallaOUIHE MOMEHT, HampHMep, pese €
JABYXNOTOUHOR UYETHIPEXTOJIOCHOR CHCTeMOH C TOKaMH i M iy B ABYX of-
MOTKax C y4Y€TOM TOro, 4To MoBopoT G6apalaHa Ha TOKH i H iy He BJHAET,
u BepaxeHulr (2.13) u (2.14) pasut Wiy o =Mpi\dia/dt+Malodi /dt #
Moy =1y (diy/dt) (AM y/da) +iy(diy/dE) (AMyy/da). TloaToMy

Moyt = ¥ (ig diy Jdt — iy diy/dE). (2.18

Eciu MarHATHas CHCTeMa peJie He HAchilleHa (ee MarHHTHble NOTOKH
®; NpONOPUHOHAILHE TOKAM) H TOKH /i H iz MPEICTABJAIOT COBOH CHRYCO:
MTa/bHBe BEJIMUMHBI OJHOA 4acTOTHl ¢ (a3HBIM YrJIoM y MeXjay HHMH, TO
noayuaeM diy/dt =d®:/dt=Im cos 0t u dis/dt=d®y [dt=1Iom cos(wf—y)-
C yueroM 3TOro

Moyt = kly Igm siny. (2.19)
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Bupaxkenns (2.18) u (2.19) pai0T BO3MOXKHOCTH CleaTh ClENyIOLIHE
BbIBOJIHL.

1. B cuMMeTpHUHOH HHAYKLUHOHHOH CHCTeMe B OTJHYHE OT 3JIEKTPO-
MArHUTHOH MOMeHT Mows [P CHHYCOHJAJBHRIX TOKAX OAHOK UACTOTH He-
y3MeHeH BO BPEMEHH M DaBeH CPeJHeMy MOMEHTY 3a HEpHOJ.

9. Ec/im TOKM i H iz UMeIOT HEOQHHAKOBBe YaCTOTH f{ U [y, TO MOMEHT
Msu: B cooTBercTBuH c (2.18) comepxutr HuskouacToTHyio (fi—fz) # BH-
cokouacrotuyo (fi4fz) caaratompue. ITocTosiHHasA Clarawllas MOMEHTa OT-
cyTeTByer. Hajmuue mepemenHoji ciaraioliedl MOMeHTa MOXET NPHBECTH K
BHOpALHH KOHTAKTOB peJie.

3. MuayKuuosHas CHCTeMa 10 NPHHUMIY AeHCTBHA ofecneyHBaeT B
pacCMaTpPHBAEMOM BHINOJIHEHHM CPABHEHHE MO ¢dase aByx copMHPOBAHHHIX
penuuii H; u Hg, xapaKrepu3yeMHX ToKaMH i H i (moTokamu @y u @y).
B HueaibHOM Clyuae cHCTeMa cpafaThiBaer, ecanm 0°<Cy<C180°.

4. TlocTosIHHBIE COCTABJAIOLINE TOKOB f; M fz MOTYT OKa3hiBaTh caaboe
BAHSHHE HA HHAYKIHOHHYIO CHCTEMY, a BEICIIHe FapPMOHHKH B ofuieM cay-
gae — NOBHILIEHHOE.

5. Hcriodp30oBaHHe MHOTONOTOYHHIX UETHPEXNMOJMIOCHHX H  OCOGEHHO
BOCHMHIO/IOCHBIX HHAYKIIMOHHBIX CHCTEM JaeT BO3MOXKHOCTb CO3[laHHS pe-
Je ¢ uHcAoM Moy ;, GOMBIIMM JBYX, U TakuM 06pasoM paclIHpsieT BO3MOXK-
HOCTH CO3JAHHS H3MEpHTEJbHHIX peJie, YA0BJeTBOPSIONIHX CaMBIM pasJui-
HBIM TPeGOBAHHAM.

6. OGecnieunBass Manbii yroJ nosopoTa GapabaHa npH cpaGaTbiBaHuY,
yAaaeTcs CO3jaBaTh Pelie ¢ BPeMeHAMH cpafaThIBaHHS, NPHMEPHO DABHEIMH
ofHOMY NEpHOAY.

YV HHAYKIHOHHBIX CHCTeM C MOJBHXXHbIM JIEMEHTOM B BHIE JHCKa 1Ba
MATHHTHEIX TOTOKA, CABHHYTHIX NPOCTPAHCTBEHHO M BO BpeMeHH, dacro 00-
pasyloTcs myTeM pacIiCIVICHHS MOJIOCOB OLHOrO 3JIeKTPOMAarHHTa Ha JBe
93aCTH, HA OJHY M3 KOTODbIX HACaXKHBAIOTCH KOPOTKO3AMKHyThble BHTKH B
BHjJe MeAHHX Kojel, CHCTEMb C AHCKOM OGBIMHO HCIOMB3YIOTCH LIS Gojiee
NPOCTHIX peie ¢ OAHO#H Bo3jefcTBylOmeH BEIMIHHOR, KOTOpHIE paboraior
€ BHIIEPIKKOH BPEMEHH.

MouHocTH, mnOTpebaseMble 9JEKTPOMEXaHHYECKUMM pele, OTHOCAT K
HOMHHAJIBHBIM YCJOBHAM HJIH yCIoBHAM cpaGaToiBamis. s JoTHYecKHX
peste ycJjoBHs cpaGaTHBaHHA OOWYHO COOTBETCTBYIOT MDHMEDHO HOMHHAJb-
HbiM, [103TOMY 1JIs HHX MOLIHOCTH NOTpeGMeHHsA NAOTCA JJIA HOMHHAJbHBIX
yeaopuit. JAs8 H3MEPHTEIbHBIX Dejle XapakTeDHOl ABJIACTCA MOIUHOCTD, IO-
TpeGasieMast B yCJOBHAX cpafaThiBamus, KoTopas OOBYHO OTIHYAeTCs OT
HOMHMHaJbHOM.

Hunst pesie ¢ oamoft o6MoTKON (HampHMep, H3MEDHTEJNbHOTO peJie TOKa,
nHTaeMoro TokoM opHoro TA) MOmHOCT, B yCJOBHAX cpaGaThiBamHA Scp
Onpefe/isieTcs 3HAUCHHEM 3JeKTDOMArHHTHOTO MOMEHTa Masy,c; TocaeaHH#
AJif 3IeKTPOMATHHTHHX M HHAYKUHMOHHBIX CHCTEM NponopnHoHajeH KBajpa-

Ty MIIC FE:wzlzp. [Tostomy Scp=kzFZ.
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Hasa pene ¢ aByMa 06MOTKaMH ¢ pasHuhMH ToKaMH /; u [y (un,.
OHHAsl CHCTeMa) YCJOBHe cPabaTHIBAaHUA ONpeAe/seTcH NPOH3BENEHH
Kos 1) u Ip, cosparoumux nponopuroHansusie uM MIC Fy u F, Mo
norpe6JsieMble 0GMOTKaMH B ycJa0BHAX cpaGarwiBanuf, S;u S, npom-
HaJbHbl KBajapartam cooTBercTByomHXx MJIC. Tlostomy cpaGaThBani

CMAaTPHBAaEMOTO Dejle XapaKTepH3yeTCs COOTHOLIeHHEM Sc15¢2=kFg1
=~ const.

B COOTBETCTBHH C 3THM MOXKHO nepepacnpenesiiTb MOWIHOCTY:
Tpe6ifeMble HENSIMH ABYX 06MoToK, Hamenss ux MJIC.

OcyulecTpieHre JOrHYeCKOH 4acTH 3alIHT, JOFHYECKHX pe-
Jie, HCTIOJHHTEJNbHBIX H CHIHAJbHBIX OPraHOB Ha 3JeKTPpoMeXa-
HHYeckoil 6a3e. [l BHIMOJIHEHHS JIOTHYECKOH YacTH 3allMT, a
Takxe QYHKLUHA HCIIONHUTEJBHOTO OpraHa MOIyT HCHIOJb30-
BaTbCs KOHTAKTH H3MepHTeNbHHX pene. MHorna, B ocoGeHHo-
CTH 1Ji51 NOCJeJHHX UeseHd, NIPUMEHSIOTCS ClelHaNbHble JIOTH-
yecKHe peJsie Ha OoJsiee s 3TOTO NOAXOASILIEM 3JEKTPOMATHHT-
HOM NIpHHLHIE.

CreunanbHble JOTHYECKHe peJie, 0OBIYHO HasblBaeMble Mpo-
MeXKYTOUYHBIMH, OHIBAIOT HEOOXOXMMHBl /5 Pa3MHOXKEHHS] KOH-
TaKTOB H3MEDHTEJbHEIX pejie (mocJhaesHHe OOYHO BLIIOJHSIOTCS
C OZHHM, MaKCHMYM C JBYMsl KOHTAaKTaMH), YCHJIEHHS MOLl-
HOCTH HepellaBaeMBIX CHTHAJIOB H3MeDHUTEJbHEIX pene  {oco-
6eHHO HeOOXOAHUMO AJISl AeHCTBHS Ha 3JEKTPOMATHHTH OTKJIO-
YeHHUsl BHIKJIOYaTeJed 3allHL{aeMOro 3jeMeHTa, norpebienne
KOTODBIX MOXKET JAOCTUTHYTb HECKOJNLKHX KHJIOBATT), TraJbBa-
HHYECKOH Da3BA3KH Uellell JIOTHYECKOH UYacTH U lenell OTKJIO-
YeHHA H T. [.

Ins co3panusi 3agepxex (ecau OoHM TPeGyIOTCS B JIOTHUE-
CKHMX pesie) NPHMEHSIOTCS JONOJHUTENbHbe KOHTYpHl RC K 06-
MOTKaM HJIH JONOJIHUTEJbHBIE KOPOTKO3aMKHYTHE OOMOTKH,
HajJleBaeMble HA MAaTHHTONPOBOX pese (4Yactro ¢ sIKOPEM B BHIE
KJIanaHa).

K cneunasbHBIM JIOTHYECKHM peJjie OTHOCATCA TakkKe yKa-
3aTeJIbHHIE peJie, IpefHa3HayeHHBle AJ1s yKa3aHus cpabaThiBa-
HHS 3aL0HTHl HJIH ee OTAeNbHHX YacTell H OpraHoB.

Hasi co3naHus pejle BpeMEHH HCIOJB3YIOTCS 3JIeKTpoMar-
HHUTHHH IIyCKOBOH MEXaHHU3M C 3aMeAJISIIOIIHM MasiTHHKOBBIM
YCTPOHCTBOM HJIH CHeUHaJbHble MHKDOABHIATeJH NepeMeHHOrO
ToKa. KOHTaKT pesie 06LIYHO COCTOUT U3 HENOJLBHKHOTO H HOJ-
BHXKHOTO 3JIeMeHTOB. TpelyloTcsi MHOTHE PAa3HOBHIHOCTH KOH-
TaKTOB: 3aMBIKaIOl{He, PasMblKaomde 1 Ap. [IpuHsiTHe yC/a0B-
HBle H300paXkeHHsI PA3HBIX THHOB KOHTAaKTOB [IPHBEJEHH B
taba. B. 1. Cornacuo T'OCT Ha KOHTaKTH 3aKpeIJieHO OTHece-
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HHe BUIOB KOHTAKTOB K YCJOBHSIM Iepexoja peJie H3 Haya/bHO-
r0 COCTOSIHHSI B KOHEYHOe; 3TO OTBeYaeT paclnpOCTPAHEHHOMY
Ha NpPaKTHKe MOHATHIO HAYaJIbHOTO HAXOXIeHHs pese B obec-
TOYeHHOM cocTosiHHK. Heo6x0auMO NOAYepKHYTb, YTO Ha CXe-
Max YKa3BIBaeTCsl TOJBKO BHJ KOHTAKTa; €ro BO3MOXHEe IO-
JOXKEHHS] B yCJOBHAX pabOTH 3aLIHTH H300pakeHH OBITh He
MOTYT.

Tpu xnaccuueckue Jjornyeckue onepaunds UJIH (y=x+
+x24%3), U (y=x1-%2-x3) ¥ HE (y=x) c¢ nobaBreHueM
3aJiepXKeK M JIeMEHTOB BHIIEDKKH BpeMEHH (pejle BpeMeHH)
Jal0T BO3MOXHOCTb BBIIOJIHEHHS JIOTHYECKOH yacTH Jw060# 3a-
[HHTHL.

B i

. Y=xp Xy Xs
Xz:

=, —l}g} —[F—D—z,

y=xX;+x, +x3 —X1'xz

Pyuc. 2.6. Peanusauns JorHiecKMX onepauufi Ha KOHTAKTaX 3JeKTPOMEeXaHH-
YecKuXx pene

Ha puc. 2.6,a — e npuBeneno BHIOJHEHHe YKa3aHHBIX JIO-
FHYeCKHX Ollepalliii, a TaKxke 4acTo BCTPevaroueiics onepaunu
3AITPET (y=x:-x;) Ha KoHTaKtax pene. Jas onepanuit UJIHU
¥ M ncnosb3oBaHB 3aMBIKAIOLIME KOHTAKTH, AJs Olepaluu
HE — pasmukawouuit, gas onepauun 3AITPET — 3a-
MBIKAIOWIHA U pasMHEKaIOmui.

Hekoropele ajeKTpOMarHuTHBle pesie  HCHOJB3YIOTCS IpPH
OCYILeCTB/IEHHH 3alHT H Ha APYTHX 3JeMeHTHBIX 6asax. Tak,
HampHMep, 3alUTH Ha [OJYNPOBOXHHKOBOH 3JeMeHTHOH 6ase
Y4CTO HMEIOT BHIXOAHBIE OpPraHbl B BHAE IIPOMEXYTOUHBIX
3JIeKTPOMArHUTHHX peJjle ¢ KOHTaKTaMH, CMOCOOHBIMH KOMMY-
THPOBATb OOJIbLIKE MOLIHOCTH Ueled OTKJIOYEHHS; A/ rab-
BAHMYECKOH pa3BA3KH B JIOTHYECKOH 4acTH 3THX 3alIHT IIpH-
MEHSIOT 2epKOHOBble peae — CHeLHaJbHY pa3HOBHAHOCTH
S/IEKTPOMArHHTHHX peJie ¢ MarHUTOYNpaBJIsSieMBIM KOHTaKTOM.
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O6umasa oueHKa MCHOJBL30BAHMA 3JECKTPOMEXAHMYECKOH 6a.
3bi JJiA ocyllecTsJeHns peaeinoit samurel. Ha paccMmotpernog
3/71eKTPOMEXaHHYECKOfi 3/7eMeHTHOH 6ase, peasH3yeMoll B Buje
9JIEKTPOMEXAHHYECKHX peJie, MOI'yT OBITb OCYLIECTBJIEHBl Bee
(PyHKLHOHAJbHBle Y4aCTH, OpPraHB H 3JEeMEHTHl 3allHTH. Peje
Ha sTol 6ase NoKa LIHPOKO HCIOJb3yeTCs Ha NPaKTHKE H, oye-
BHIHO, OyJeT ellle IPHMEHATLCA H Jajee AJS OCYIIECTBJEHHS
NPOCTEHAIINX 3aIUUT B CHCTEMAax 3JEKTPOCHAaGkKeHHS NOTpPelH-
TeJleH, KOrAa HeT HeoOXOIMMOCTH B NpDHMEHEHHH 3alIHT Ha Mo-
JYNIPOBOJHHKOBOH H MHKpoNpolleccopHoii 6a3zax.

HegnocraTkaMHu sneKTpoMexaHHUYECKHX peJie SIBJAAITCS:

00bIuHO 6OJblliHe MOLIHOCTH, NOTpe6JisieMble OT NEPBHYHEIX
u3MepHTebHBIX npeobpasoBateneii (TA u TV), uro o6ycios-
JHBaeT Kak 0oJbliiHe rabapuThl caMHX 3J€KTPOMEXaHHUYECKHX
pene, Tak H Heob6xoaumocts .npuMeHeHHs TA u TV Goabinej
MOLLHOCTH;

HaJIH4YHe NOABHIKHLIX 3JE€MEHTOB B MAarHHTHBIX CHCTEMAax H
KOHTAKTOB, 00YCJ/IOBJHBAIOIIHX COOTBETCTBYIOIIHE TpeGOBaHHs
K 9KCIJIyaTal kM, OTPAHHYHBAIOLIHX CPOKH paboTH peje Ges
IPOBEJEHHSI BOCCTAHOBHTENbHHX PabOT H BJAHAKIIHX Ha Ha-
JeXKHOCTb (DYHKUHOHHDPOBAHHS 3aIIHT;

OTHOCHTEJIbHO HH3Kasi BHOPOCTOHKOCTb H3MEPHTEJBHBIX H
HEKOTODBIX JIOTHYECKHX OPTaHOB, HalpHMEP BHIAEPXKKH Bpe-
MEHH,

2.5. OCOBEHHOCTH UCMOJIb3OBAHMA MOJNYMPOBOAHHUKOBOWM
(MUKPOIJIEKTPOHHOW) SNIEMEHTHOM BA3b!

O6mue csofictBa. ITomynpoBosHHKOBasi ajeMeHTHas1 06asa
MOXKeT HCHOJb30BATbCA JAJAA OCYILECTBJIEHHS BCeX (PYHKLHO-
HaJbHBIX Yacrell H opraHoB 3ailuThl. Ee BHeHIHel OTIHYHTeJb-
HOll 0COOEHHOCTDBIO fIBJAETCA OTCYTCTBHE NOABHXKHHIX 3JeMeH-
TOB H KOHTaKTOB.

INonynpoBoaHHKOBAs TEXHOJOTHSl B NOCJAEAHHE JAECATHJE-
THA GHICTPO Pa3BHBAETCs, H J/IS1 BHIIOJHEHHS KaK H3MEpUTE/b:
HOH, TaK M JIOTHYEeCKOH YacTH 3aLlUThl MOSBJIAIOTCA BCe HOBBHIE
BO3MOXKHOCTH. DHila TaKXKe paccMoTpeHa BO3MOXHOCTb OCY-
HIECTBJEHHS H3MEDUTEJbHHX OPraHOB C HCIOJb30BaHHEM CIIe-
IH(HYECKOrO ABJEHHA, OTKphlTOoro B 1979 r. M nmosyuuBIIErO
nasBanus  <«>pdekr Xoana». PaspaGoransne B CCCP
(B. K. CHpPOTKO) Ha ero oCHOBE OpraHbl 0 CBOMM MpPHHIHIH-
aJbHBIM CBOHCTBAM AHAJOTHYHBI HHAYKIHOHHHIM cHcTeMaM C
LUHJIHHJPHYeCKHM poropoM. OJHaKo HECMOTPS HA HEKOTODHE
JOCTOHHCTBA B pEeHHOH 3alllHTe OHH He NOJIYYHJIH NpHMEHE"
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HHA, Dosbllice 3HaueHHe NPU IPHMEHEHHH NOJYIPOBOAHHKOBHIX
cxeM IIpHIaeTcsl peajH3allHd JOTHYEeCKOH 4acTH, TaK KakK H3Me-
pHTe/bHble OPraHbl B COBPeMEHHHIX HCIOJHEHHAX HE HMeIOT
KOHTAKTOB, KOTOpBle MOIVIH Obl OCYILEeCTBJISATh JIOTHYECKHE olie-
paudH. IlepBEIMH Hauaa H HCNOJb30BATbHCA LJIS 3aLIUT AHOJAHLIE
cXeMbl CpaBHeHHA. 3a HHMH NOSIBHJIHCh [HOAHO-TPaH3H-
CTODHBIE€ H TPAH3HCTODHLIE 3aIHHTHI, HO OHH He MOJHOCTBIO Ol
paBjaJu Bo3jaraBlilHecsl Ha HHX HaJeXIhl B uYacTH norpe6.s-
eMblX MOIIHOCTeH CT NePBHYHBIX H3MEpHTEeJbHBIX Ipeobpaso-
BaTesell H HajnexHocTH. [losoXKeHHe CYLIeCTBEHHO H3MEHHI0Ch
Ipu BHEJPEHHH B PeJIeCTPOSHHH HHTErpajibHOH MHKPO3JIEKTPO-
HHKH, COBEPLIEHCTBOBAHHE KOTOPOH OTHOCHTCS K 60-M rojam.

Huterpanpunie Mukpocxembl (MMC) npeacrasisiior co6oi
MHKDPO3JIeKTPOHHBIe H3[EJHf, BBHIIOJHSAIOIIHE OIpeeeHHbe
(YHKLUHH Npeo6pa3oBaHHsl H 06pabOTKH CHTHAJIOB H HMeEIOIIHe
BBICOKYI0 IIJIOTHOCTb <«YIAKOBKH» 3JEKTPHUECKH COEJHHEHHBIX
3J€MEHTOB B KPHCTaJJe.

B 3aBHCHMOCTH OT (YHKLHOHAJbHOTO Ha3HAUEHHS HHTEr-
paJbHble CXeMHBl AENATCA Ha JBEe OCHOBHble KaTeropHH — aHa-
JIOTOBBIE H IH(POBHIE.

Ananocosbie muxpocxeme: npefHasHaueHbl A5 npeoGpaso-
BaHHsl H 00paGOTKH HelpepHIBHHIX CHTHaJoOB. IIpumepom aHa-
JIOTOBOH CXeMBl fIBJISIIOTCA ONEPAYUOHHbIE YCUAUTEAL, B HACTO-
fillee BpeMsA LIHPOKO HCIO/Jb3yeMhie B H3MEPHTEJbHLIX Opra-
Hax pejeliHofi 3amuTH. L{upposgsie mukpocxemol IpeHa3HAYEHE
s npeobpasoBanusi H 06pabOTKH CHTHAJIOB, BBIPAXKEHHBIX
B JBOHYHOM HJH ApPyroM unHdpoBoM Kogme. Onepanuu ¢ ZBOHY-
HBIM KOAOM ONHCHIBAIOTCA PaCCMOTPEHHBIMH BEHILIE COOTHOUIE- -
HHAMH aJjre6pul JorukH. ITosromy HHOrna nHpoBhle MHKpO-
CXeMBl /Il BHIIOJIHEHHS NPOCTEHALIHX JIOTHYECKHX omepanui
HMEHYIOTCS JIOTHYeCKHMH MHKpocxemaMH. LludpoBrie cxeMmHb
HCIIOJIb3YIOTCH, B YaCTHOCTH, AJS OCYIUECTBJIEHHSl JIOTHYECKOH
4aCTH COBPeMEHHbIX yCTPOHCTB pesedHOH 3aIMHThI, BHIIOJIHEH-
Hhix Ha 6a3e HHTETPAJbHOH MHKPO3JEKTPOHHKH. [IpHHATHE YyC-
JIOBHHle H300paXKeHHs Pa3jIHUHBIX THIOB JIOTHYECKHX 3JEMEH-
TOB NpHBEJEeHH B Taba. 2.1,

HUcnoab3oBaHue onepauHoHHBX ycHAHTedel, AHaJorosbe
MHKDOCXeMBl, KaK [PaBHJO, B HHTErpaJbHOM HCIOJHEHHH,
npejiHa3HaueHol Anag 00paGOTKH HempepbiBHBIX CHIHAJOB, H3-
MeHAUIHXCA BO BPeMEHH NO pasJuuHbM 3akowaM. M3 atoro
knacca MMC gan6osiee BaXKHEIMH SIBJASIOTCS ONEpallMOHHBIE
YCHJIUTEH, NPENOCTABJAIIHEe IHPOKHE BO3MOXHOCTH HX HC-
N0/ib30BAHHSA B YCTPOHCTBAX peJiefiHON 3aIHThI.

Onepauuonnsii  ycuanrear (O¥Y) mnpeacraeaser coboii
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Tabauma 2]
DYHKIUHH HEeKOTODHX JIOTHUECKHX SJEMEHTOB I'padudeckue uso6paxe us 3JeMeHTO,
DX
— &
H . * — ¥
Xy =
v
Xg—— 1
HE Xy —] 4
ow
X, — 1
585051 , 1 — ¥
X, —
owu
WJTH — HE 2
Xz —
X
x, — &
3AIIPET , 1 y
p Jap—
2
T
—
3ajepxKa Ha cpabaTbiBaHHe X — — ¢
s
—
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TPaH3HCTOPHBIH ycHIUTeNb ¢ GonblinM (k=104=-10°) ko3¢-
QHUHEHTOM  YCHJICHHS, GOJBbLIEM  BXOJHBIM (Rex=10%=
10° OM) u MansiM BHXOAHBIM (Rpux = 10+ 102 OwMm) compo-
THBJEHUAMH, MatbiMu (107°—10-7 A) BxoaHbIMu TOKaMH, C
JacTOTHbIM aranasonoM or 0 xo 105—10° I'y, MansiMu mwyma-
MH H Apeidom.

OnepanuoHHbIA YCHIHTEN, CONCPKUT HECKOTBKO JIeCSITKOB
TPaH3HCTOPOB, NHONOB, PE3HCTOPOB H KOHAEHCATOPOB, IPH MO-
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MOIIH 0CO0OH TEXHOJNOTHH OTAEJeHHBIX APYI OT Apyra H30Js-
IUOHHBIMH CJIOSIMH H COEJIMHEHHBIX 1O 33aJaHHOH CXeMe Ha
OJHOH TOJYNPOBOJHUKOBOH IJacTHHe IoWlanelo ot 1 1o
10 Mm%, OH nuTaetcs OT JBYX HCTOYHHKOB muTanus En (puc.
2.7) nmporHBONONOXKHOH moaspHOocTH (06bIYHO =15 B) ¢ 06-
el Hysesoi wHHKOH (0), OT KOTOPOH OTCUMTHIBAIOTCSI BXOJ-
Hble H BHIXOJHBbie HanpsikeHHs, OH HMeeT ABa BX0/Ja H OObIU-
HO OJHH BBHIXOJ U IPOU3BOJUT YCHJIEHHE HATIPSXKECHHS Upx, TIPH-
JIOXKEHHOTO MEeXIY BXOLAMH YCHJHTeNs, a e€CcJH OJHH H3 HHX
NOAKJIOYeH K o6liell LIHHKE, TO YCHJICHHE HATPSXKEHHS 110 OT-
HOIIGHHIO K o6llell LINHKe (naJjee 6e3 clelHaJbHHIX OTOBOPOK
IpPOCTO HAIPSAKEHHE).
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Puc. 2.7. Yciosuoe H3o0pa- Puc. 2.8, lnarpamma paGotrst
JKEHHEe  ONEPAIHOHHOTO YCH- HO co cpasuennem ¢as Ha spe-
JIATENS MAHMOYJBCHOH cXeMme

;

Omun us BxogoB OV sBasercs HHBEPTHPYIOIUHM, H NpH
Nofaye Ha HETo MOJOXKHTEJNbHOTO HaNpsKEHHs] (APYrod BXOJ
NOAK/IOYEH K 06lle# LIMHKe) BLIXOJHOE HaNpsiKeHHe OTpHIA-
TeJbHO W Haobopor (uacro M-Bxon, o603HauaeTcss Ha cxeme
3HaKOM «—>»). Bropoii Bxox OY sBJsIeTCS HEHHBEPTHPYOUIHM
(MHBepTHPYIOIHA BXOA B 3TOM cjlydae MOAKIIOYCH K OOLLe
WIHHKe), MOCKOJIbKY JJsl HEr0 3HAK BXOAHOTO H BLIXOAHOTO Ha-
npsikeHHd oxuHakoB (yacto H-Bxoa, o603Hauaercs Ha cxeme
3HaKOM «+3).

O6biyno cob6erBenHo OY norpebJsier OT HCTOYHHKOB MHTA-
Husi He 6osee 0,2 BT u He Gojlee MOJOBHHBL 3TOH MOIIHOCTH
MOXeT ObITb OTAaHO B Harpys3Ky.

Camo noHsTHE «ONepallHOHHBIA YCHIHTENb» CBSI3AHO C Mep-
BOHAYaJbHBIM €r0 NPUMEHCHHEM B aHAJIOTOBHIX BHYHCJAHTE/b-
HBIX MallHHAX AJs pelleHHs ONepaToOpHBIX ypaBuenui. [1pu co-
OTBETCTBYIOLLEH OTpHNaTeabHOH 06paTHO# cBsisn OY MoXKeT BHI-
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DOJHATL OfNepanuu anarebpanyeckoro CyMMHDPOBaHMsA, AHGD.
PEeHIMPOBAHHS, HHTErPUPOBAHUA U T. I.

B nacrosiiiiee BpeMs BoHIIycKaercsi 6oJiplIoe  KOJHUec
OV pasavyHBHIX THIOB, KOTOpbIE Morytr paboraTs B AHamnas:
Temmepatyp —60°+-125°C u HMeOT BHICOKYIO TOUHC
B rtexuuke penefiHofi 3aHIMTH OOBIYHO NPHMEHAIOTCA Min
JgeBule craipapTHele OY ¢ KOMIJIEKCOM XOPOLIMX mapas
1 MHHUMaJIbHOH Ce6eCTOMMOCTBIO B TIPOU3BOJCTBE.

Kak u Jo6o#l TpaHsHCTOpHEIR ycuautesb, OF Mo
[I0/Ib30BAThCH B JHHEHAHOM peXHMe, KOrja BBIXOJHOE b
HOEe HaNpsAXEeHHUS CBS3aHbl ONpeleleHHOH HempepblBHOH
CHMOCTBIO, H B KJIIOUEBOM pe€XHMe, KOTjJa NMPH 33aHaHHOM
YeHUH BXOJHOTO HANPSIKEHHS BHIXOJHOE CKAUYKOOGpPa3HO
HACTCA OT MAaKCHMaJbHOTO JOJOXKHTENAbHOTO A0 MAKCHM:
ro OTPULATEJBHOrO HAH HaobopoT,

Has peanusauuu 3tHx pexkumos O¥ wucnoabayercs i
Max C HENAMU OTPHIATEAbHON HAM MMOJOXKHTENbHOH 06p.
CBSI3H, @ B HEKOTOPHIX cayuasx — 6es3 stux uenedt, Ilox i
o6paTHON CBSA3H HMOHHMAaercs ABYXNMOJIOCHHK HJH YETHIL
JIIOCHHUK, MPeUMYINecTBeHHO M3 NTACCHBHEIX 3JAEMEHTOB, KOt
mepejaer 4acTb BHIXOAHOrO Hanpsixkenus (toka) OV
BXOaHble LenH. [1oa orpuuarebHoil 06paTHOH CBsI3bIO (¢
MOHHMaercsl TaKasl CBfI3b, KOTOPAasi CTPEMHTCST yMeH:
BXOJIHOe HaNpsi’KeHUe, Bbi3BaBllee YBEJHUYEHHE BBIXOAHOT
npsaxenus. [TonoxurenpHas obparHas cBasy ([10C) uai
JieHa Ha yBeJUYeHHEe BXOLHOTO HAMPSKEHHs, BRI3BABIIET.)
JHYEHHe BHIXOAHOTO HanpsaxeHus, OOpaTHasi CBsA3b TEM ¢
e, yeM 60JibIIAS YACTh BHIXOAHOTO HANPSKEHUA (TOK::
Jaercsl BO BXOAHBIE LEMH. '

Cxemu ¢ OOC 06uYHO MPEANOAATAIOT UCHOJAB3OBAHE:

B JHHeHHOM pekHMe, cxeMsl ¢ [IOC uau 6es obpatHol
ucnonabayior OY 160 B K/IOYEBOM pexuMe, Jubo B pe:
reHepaTopa MepHoJHYecKux KoJjeGanuil.

IToMuMo BxoJHBIX nened W uemedt 06paTHOH CBS3H !
psile ciayuaeB JAONOJHAETCA KOppeKTHpyloumuMu RC-ue:
BKJAUEHHEIMH MEXKAY NPEAYCMOTPEHHBIMH A/ 3TOCO BRI
mMu cxeMbel O¥, KOTOpBle MPEAYNPERAAIOT €ro CaMoBO36Yxns. o
HHe (reHepauuio), T. e. CAMONpPOH3BOJIbHOe (BHe 3aBHCHMOCT}
OT BXOJHBIX CHCHAJIOB) TeHeDHPOBAHUE IMEePHOAMUECKOrO BH-
XOJHOTO HampsKeHHS.

Haa 60oJbIIMHCTBA CXeM, A€ HCIOAL3YIOTCS COBpeMeHHHE
OV, ux BXonHBIe TOKH MOTYT CUMTATHCH MpeHEGpeKuMO Ma-
JIBIMH, BXOJHOE CONPOTHBJIEHUe — GeCKOHeYHO GoJbILKM, a Bhl-
XONHOe — OGeCKOHeUHO MaJjbM M0 CPABHEHHIO C CONPOTHUBJE-
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HHeM BHELIHHX pE3HCTOPOB; KOI(Q(UIUHMEHT YCHJCHHA TaKXKe
MOMKET CUHTAThCs 6ECKOHeyHO GOJDbLINM.

Sto Hm03BOJAET NPH aHaju3e cXeM C IPHMEHEeHHeM OY uc-
meib30BaTh ToHsTHe HaeasdsHoro OY, uMeoLIero k=00,
Rox=00 H Runx=0. Ecau nneanbuslif OY pabGoTtaer B JHHEH-
HOM pEXHME, TO B CXeMeé aBTOMATHYECKH M TPaKTHUECKH Ge-
3bIHEPLHOHHO YCTAHAB/IHBACTCH PEXKHUM C TAKUM COOTHOLICHHEM
TOKOB yepes BXOAHBIE 3JI€MEHTHl M IJTEMEHTHI 00C, uro Ha-
npsixenne Mexay BxogaMu O¥ paBHO HyJO. Ecau OV pabo-
TaeT B KJAIOUEBOM peXHMe, TO CUMTAeTCs, UTO AJs ero mnepe-
KJAIOUEHUSA NOCTATOYHO OECKOHEUHO MaJoro HampAKeHHd COOT-
percTylollero suaka. Jlas ympomenus OY morasaw bes 1e-
nell KOppeKUUH H 06paTHOM CBSA3H.

Ucnonb30BaHHE JOTHUYECKHX HHTErpajbHbIX MHKPOCXEM.
Jlornueckne UMC paGotaiotT HpH ABYX AUCKDETHBIX 3HAYCHH-
X BXOJHBIX M BHIXOJHBIX CHIHAJIOB, OTCYHTBIBAEMBIX OT OOLIel
(oTpullaTesbHON) UIHHKH NMUTAHHS, — HH3KOrO YpOBHS, CO-
CTABJSIONIEro MaJyio A0/ HanpsikeHns muranua MIMC u Ha-
3LIBAEMOTO YCJIOBHO HYJIEBLIM CHTHAJOM (yPOBHEM), H BHICO-
KOTO YpOBHs, GJH3KOTO K HampsDKEHHIO NMHTAHHS M HasbBae-
MOTO YCJIOBHO €IHHHYHEIM CHTHAJIOM.

[TpOMBILIJIEHHOCTBIO BBITYCKAKOTCS DA3JIHYHBIE THIB JIOTH-
yeckux MMC, kaxjpas #3 KOTOPHIX HMeeT MPEHMYIIeCTBEHHYIO
o0JacTbh NPUMEHEeHHS.

Ha gaorugeckux MMC BuiOJAHAIOTCS KakK BCE BHIBI JIOTH-
yecKHX ONepalHil, TAK M Pa3JuUHble 3JIEMEeHTHl 3aJI€PKKH NPH
JICHCTBUM MJAM OTNYCKAHHH (Ha eJHHHUBl H ACCATKH MHJJIHUCE-
KVHA), OT KOTOPBIX HEe TpebyeTcs BHICOKOH TOUHOCTH.

B coueraHuu ¢ oMepalHOHHBIMH ycHauTensMu Ha MMC BH-
[OJHAITCS TaKXKe OpraHnl BHIAEDXKKH BPEeMEHH C HOpPMHUpYe-
MBIM BpEMeHeM, HallpuMep C MOCTOBO# CXeMO#, HMelOlleil Bpe-
MA3aA2I0UYI0 AKTHBHO-eMKOCTHYIO Liellb, B MepBOHAYAJbHOM
Buje Takol opran 6m paspaboran B CP3uy TII1 (0. A. Ia-
€BEeHKO).

O6uas oUeHKAa YCTPOHCTB peJieiiHOl 3aWHTH, BHINOJAHEH-
nbix Ha UMC. HcnmoanzoBaine O¥ H JIOTHUECKHX 3JeMEHTOB
Ha MMC mo3BoJisieT cO31aBaTh BCe COBPeMeHHHIe yCTPOHCTBA
peeitroit 3amuTel. [locsenHue MO CPABHEHHIO C YCTPOHCTBAMH
3AIUTH Ha 3JEKTPOMeXaHHYeCKHX pesie 6ojiee TEXHHUECKH CO-
BepLIEHHBI, HMEIOT MeHblllHe ra6apuTsl.

HMnrerpasnbHasi MHKPOIJEKTDOHHKA NMPeJOCTABASAET, B HacT-
HOCTH, NOIOJHHTeNbHEE BO3MOXHOCTH [Jifi CO3JaHHs Das3HO-
o6pasurix cxem cpapienus (CC). OnaHa u3 NMepBBIX TOMBITOK
CHoTeMATH3allMH TAKHX cXeM Obiia npeanphusta O. B, Jlebe-
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neBuiv (MOHW) npn aByX BO3AeHCTBYIOUIMX BeJIHYHHAX [

CC 1no ¢ase ¢ WHPOKO HCMOJNb3YEMBIMH Tellepb KOCBeHHbIM;I
IIPH3HAKAMH OTHOCHTEJBHOTO pacxoxaeHust ¢pa3. O6bYHO npu
MEHSIETCS TIPH STOM BPEMAUMNYALCHOBLE cTIOCO0 SHKJUO‘{apIo-
maiica B caeayiomem (puc, 2.8). Curnasa na BI;IXOlle yCTpOﬁ-
CTBA IIPH €T0 CpagaTbIBaHHH nofABJsieTcs: IPH yIvie COBNajeHn :
@c=al. o6nactell Pui=tu H Quo=wluz, GOJbLIEM :<xaulamﬂorH
yriaa Qrp=0okyp (¢c=2@wp), T. €. fc>tp. °

Takum o6pasom, AJia cpaBHeHHs1 TpeGyercsi HEKOTOpOe
OOBIYHO BecbMa HebOoJbIOe BpeMms frp, COCTABJSAIONIEE 104 :
nepuonaa. YCTpoHCTBa, BHISIBJSIOU[HE MOMEHT CpaéaTblBaHH;O
HasbiBalOTCA AYAb-Opeanamu. Oun BhMoaHAOTCH Ha OY Ges
o6paTHOH CBf3H, IlepekJIoYyasich OT BeChbMa MaJoro MTHOBEH-
HOTO 3HayeHHs1 BXOAHOTO HanpsKeHHs, NPHYEM COOTBETCTBYIO
ﬁlero 3Haka (o0ecnmeyuBaeTcs HanpaBJeHHOCTb Il,e]‘/’lCTBI{H)-

€00XOIHMO OTMETHTb, YTO BPEMSIUMIYJAbCHBIH CNOCO6 MOJ .
yus1 pacnpocrpanenne U aasa CC ¢ oxno#t H, cpaBHHBaeMOﬁyc
3an.

CouyeraHneM KOHCTPYKTHBHBIX MEpPONPHATHH M METOA0B
KOHTPOJIbHBIX HCNBITAHUH, NPHHATBIX B MEXAYHAPOAHON Npak-
THKe, YAaeTcs 06ecneuuBaTh YCTOHYHBOCTD 3aILHTHI K HMIYJIbC-
HHIM HepeHanpsKenussM u nomexam. HcmonbsoBanue ycuin-
TeJbHBIX cBoficTB OY NO3BOJSET CYL[eCTBEHHO CHHU3HTL TMO-
Tpebnense ot nepsuuHblx TA u TV. Oanako npu 3ToM uMeloT-
CSl OTpaHHYeHHs, 0OyC/IOB/IEHHBIE TeM, YTO B BOCHPHHIMAIO-
mwe# yactn MO nHeo6xoauMo npUMeHeHHe M30JHPYIOLHX H CO-
raacylouinx TA u TV, HX MoOUIHOCTH HaMarHH4HBaHHS GhLiBa-
10T Ha 2—3 NOpsAKa Bblllle MOIIHOCTH, HEOOGXOAUMOH AIS YII-
paBJieHHst cXeMaMH (POPMHPOBAHHUS U CPABHEHHUS.

B ycrpoficrBax, BeinosHenuslx Ha UMC, 6ogee npocto, yeM
B 3/EKTPOMeXaHHYeCKHX YCTPOHCTBAX, OCYLIECTBJATH Hénpe-
PHBHBIH, TECTOBLI HJIH JHATHOCTHYECKHH KOHTpPOJb, 3TO B ps-
faeu;nmyqaes MO3BOJIACT YNPOCTHTH OOCHyKHBaHHE " IKCMIya-
rauiio YCTPOHCTB pesiefHO# 3alIMThl, MTOBBICHTH, HX HajeX-

(?/ICHOBHbIMH HeJOCTATKAMH YCTPOHCTB peJjefHOH 3aliHTHI
Ha MUMC sapasiorcss noka n0cTaToyHo G6GOJbLIOE KOJHYECTBO
Pa3HOTHNHBIX Y3J0B W 6J0KOB, HeOGXOAHMBIX A/1f BBINOJIHE-
HHS Pa3yHYHBIX (GYHKUHUHA 3auIMTHl, H 3HAUHTEJbHOE KOJHYeCT-
BO 2JIEMEHTOB CXeM H3-3a CPaBHHTEJIbHO He6OJbLUON cTeneHH
unrerpanuu B OY u sorudeckux UMC,

2.6. OCOBEHHOCTH UCNIOMNb30OBAHUA MUWKPOMPOLEECCOPHOM
SJIEMEHTHOW BA3bI

O6umue Bonpoct. P YHKUHOHMPOBAHUEC W3MEpHTELHOH ® JIOrHIECKOl
yacTefl 3amuTel, KaK GOBUI0 MOKa33HO BLILE, MaTeMaTHIeCKu MoXKeT OuTb
‘gPENCTaB/eHO CHCTEMON AHATUTHICCKHX COOTHOLIEHHH — UX AJrOPUTMAaMH.
1o NO3BOJSET PACCMATPHBATH OPTaHbl SALIMTH Kak CHCTEMY apudMETHKO-
JOTHUECKOTo TpeobpasoBaus HHGOPMAUHH, cofepKalieiicss B BO3AEHCTBY-
JOUHX ¥ BCIOMOTaTelbHHX BelHYHHAX, KOTOPAs MONET 6LITL lIPeACTaBJIeH2
p uupoBOM. Buie. B paccvaTpHBaeMoM ciydae BLITIOJIHEHHE OPraHoB
3alU(MTH B 1EJIOM OCYL{eCTBJACTCA LEQPOBOH BEYHCIHTENLHOH MalluHO#
(3BM) u ajnropurMsl uX $YHKLHOHHDPOBAHUS 3aAAOTCH nporpaMMaMH, Xpa-
HHMBIMH B 3aMOMEHAIOLIEM YCTPOHCTBE 3BM. Ilporpamma onpedessieT ode-
PeLHOCTb H BHJ BHIIOJHSEMEIX B COOTBETCTBHE C AJTGPHTMOM OMEpalHii.
Jlns W3MeHEHHs aJrOPUTMA JOCTATOYHO 3AMEHHTH NporpaMMy, COXpaHss
np 5ToM Bee saeMenTsl IBM u CBA3H MERLY HEMH. DTO ABJsSETCS CyHIeCT-
BEHHBIM TIPEHMYIIECTBOM MHKPOIPOLECCOPHOR 3JIEMEHTHO Ga3nl. Boinoanse-
Mble TakuM 06pa3oM 3aUMTH MPERJIONKeHO HA3BBaTh npoEpaAMMHOLML,

[lepBrle BapHAHTB TPOrPaMMHEIX 3alIUT 6ol BHITIOJHEHB! B KOHIE
60-x rogos. B CCCP paspaBoTKH mporpaMMHbIX 3allHT 6blM HAYaTH BO
BHUUA (5. C. Teasdansa, JI. C. 3ucman), 8 MOU (B. . [LoporyHues,
B. B. Ba6uikun), Kovu dunnaie AH CCCP (H. A. Mauos, M. U. Yenen-
ckuii) u B OCIL

[Tpu 3TOM HEOGXONHMO OTMETHTb, YTO B M3U ¢ camoro Havana Gulio
pelero Ga3upoBaTbCsl HA BbIAEJEHUM H3 BO3eHCTBYIOLMX BeJHYHH Mepe-
xoxubiX mpouecco npi K3 Ha AMHWAX CHBraioliix TPOMBIILVIEHHOR YacTo-
TH, YTO B fAajbHeHileM CTaj0 LIMPOKO ucnoanaonatses, Temeps B MM
pabGoTEl BHIMOJHAOTCS TOA PYKOBOACTBOM B. I1. Moposkuna (B. H. Hosen-
nofi, 10. A. BapaGaHoBbiM H Xp.). B nacTosiee BpeMs paboThl B pacCMart-
pHBaEMbIX HAMpaBJENHAX Pa3BUBATCA W B PAAE Apyrux opramusauuii (Ha-
npumep, nox pykosoactsom B. C. Croruua B U3J1 AH YCCP).

Huxke OCHOBHOE BHHMAHHE YAE/IEHO OCOOEHHOCTSIM BHITONHEHUA npo-
rpPaMMHBIX 3AIIMT, PeaJH3yEMBIX HA 3BM creuuapHoro Buja — MukpodBM
WM MHOTONPOIECCOPHBIX CHCTEMaX, OCHOBHBM 37EMEHTOM KOTOpHIX SBJIs-
ercs Murponpoueccop. [Top mocsienrHuM O6bYHO MTOHAMAIOT YHHBEPCAJIbHYIO
UM(pPOBYI0 HHTErpajbHyi0 MHKpOCXeMY GoabIIOH CTeMeHW HHTErpaumd
nporpaMMupyeMoil JIOTHKOH uiH dyukued.

VnpolueHHas CTPYKTYpHas Cxeva NpOrpaMMHOf( 3aI(HTHL TpPHBEJeHa
na puc. 2.9,a. Bes obpaGorka HeQOpPMANHY [0 2NTOPUTMAM 3AUMTH OCY-
lecTBAseTcs MHKPOOIBM, KOTOpas BHIMOJHAET ONCPALRY HaX BEJHIHHAMH,
3HaYeHHS KOTOPBIX NpeACTaBJEHH B UHPPOBOM BHAC. ITosTomy HeOOXOLHMH
COOTBETCTBYIOLIHE  YCTPOHCTBA: anajoro-uudpoBsie ¥ uudpoaHanorosbe
npeoGpa3oBaTen, OCYUIECTBISIOLIHE COriacoBaHe $OpMBl TpeACTaBIEHUS
curHajiop B MEKpODBM H BO BHELIHHX N0 OTHOLICHHIO K He#l yCTPOHCTBAX:
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H3MepUTENbHBIX Npeobpasopatefsix (MII) Toxa W HanpAMeHHs H W
TeJAbHBIX OpraHax 3allHTH. B COOTBETCTBHM C CYINECTBYIOUIHME onf
HHSIMH aHaAoro-UUQpOBHe HpPeoOPasoBaTeNd CJAEAYyeT OTHECTH K
pyioleli YaCTH H3MEpHTEJBHBLIX opranos. B pesyabTate BHIC

aNTOPHTMOB pesiefiHOfl 3aIIMTH BepabaTHBAaeTCs NPH3HAK O ee Cpat

HHH WJIH HecpaGaThlBaHWH, KOTOPHHR yepes LH(POAHANOroBbe mpe:
BaTeJH nocrynaerT H3 MHKpoOBM B Bije ynpaB/TOIIHX CHTHANOB

NONHHTE/bHBeE opranbi 3amUTe. CyIIeCTBEHHHIM $B/AeTCA TO, HTO &.1.
MBl BHOOJHSIOTCS B peajbHOM MaciliTale BpeMEHH.

H3mepu~ AHQ #1020~
mensisie - caeB;é)cdHfgleu o |sl uuppoBere Muxpo-~
npeodpazo- youit npeoBpaso- agm
Bamenu yempoucméa Bamenu
Yugppo~ BuixoBueie Henonnu~
%%ﬂo%;oaﬁ;ée L_) cozracyouue ==  mensrsie
- ; 0peaHsl
amenu yempoucmba i a)
BHew Hue Yempoidcméa Mukpo- 3%’135?"[1—
empodcméa 880da /BeiBoda npoyeccop yempodcms™
T
VoL 4
L T T T e

Puc. 29. CrpykrypHas CcxeMa nporpaMMHofi salldTs (@) H ynpoll
CTpYKTYpHas cxeMa MHKPOIBM (6)

TipeacTapienne nHdopMaunr B MHKPOIBM. B muxpodBM uupopma-
HHA © 3HAYEeHHSX oOpabaTbiBAeMBIX AAHHHIX H KOMa@HAAX nporpaMM nper-
cTaBjeHa B [ABOHUHBIX Kojax. B IBOHYHON CHCTeMe CUHC/AEHHST BO3MOXI:
toabko e mHppuo — 0 u 1. Ilpn 3anucu nporpaMM H ZAHHBIX OCYT'"
AsieTcsi TIepeBOX YHCeN, ofblYHO NPEACTABACHHHX B TPAXUUHOHHOA X'

HOfi CHCTeMe CUMCHeHHsi, B NBOHUHY®0 H ofpaTtHo. YiobHo mas me
HCNONb30oBaHHe TaOJMIE BeCOB, KOTOpasi AJs KBOMYHOH CHCTEMBI CHM:
HMeeT BHR. 2423222120 2-12-22-32-4 . 3HAauMMOCTb KAXKMAOH TO3HHE:

uro TO Xe CaMoe, paspAga B WHCAe onpemenseTcs ero BecoM. Harm
REeCATHYHOMY YuCTy 25 B ABOHUHOH CHCTEME COOTBETCTBYeT 9HCIO i
o6paTHo — aBoMyHOMY uHcay 11001 cooreTcTByer necsiTHUHOE yHCaAL
13X 244 1X2340X224-0 X 211X 20=25.

B BHUHCIHTENbHON TEXHHKe HCNOJB3YIOT MOHATHA OHT, Gafit, MaBlHH®
Hoe ca0BO (HHXe HPocTO coBo), MaccHB. [Tog GHTOM NOHHMAIOT ABOHT-
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ubift paspsa. B npusesennom npHmepe wucsio 11001 cogepxur 5 6ur. Bo-
ceMb JBOHYHHIX Pa3psaaoB o6pasyloT Gaifit. YkasaHHas Buille HHGOpMAaNHs
XDaHATCH B uUMeWINHXCs B MHKPoIBM peructpax u suefixax. Uucno pas-
pPANOB B HHX (mJHHA pa3pAXHON CEeTKH) KDPATHO BOCHMH, T.e. HMeeT no-
6aiitHyo cTpyKkTypy. ITonHoe yucio pa3psfoB B paspsgHofl ceTke oOpasyer
¢10Bo. MacCHB — 3TO HECKOJIBKO CJIOB.

B MmukpoIBM BHINOMHMIOTCA oOnepauud Hax UHGPOBLIMH JaHHBIMH,
[Ipe/CTABNCHHLIME YHCAAMH ¢ (HKCHPOBaHHOfl HJH ¢ T/aBalollefl 3ansAToH.
Ilpn npexpcrasieHHH uuceJ ¢ (HKCHPOBAHHOR 3anarofl o6bluHO CTapiHui
(kpafiHuft cneBa) pasfel cJa0Ba OTBOAMTCA AJA 3ANHCH 3HAKA YHCJA,
OCTa/ibHble — AN 3alHCH CaMoOro 4Hcia. MHOXecTBO 49HCen OrpPaHHYEHO
AaHHOK paspamHodt cerku, Hanpumep, npH 8-pa3psigHofi cerke MOMHO
npencTaBuTh uyucaa or —27=--128 go +27—1=-127 (HONOKHTENBHEIX
quceJ Ha ONHO MeHble C yYyeToM 3anucH Hyas). BcleacTBHe 3TOrG BO3-
MOXHB GOJIbIIHE [OTPEIHOCTH B MHpeICTaBJeHHH YHCeJ, 3HAYHTEJbHO OT-
JAHYAIONIHXCA OT HEKOTOPOro cpefHero ypoBHs. Hanpumep, uwHcao, 3anu-
caHHOe B JBOHYHOM Koie kak 1100000011, uTo COOTBETCTBYET HECATHUHOMY
yucay 1539, npu pasmemienuu B 8-pas3psimHof CeTKe MJaALIHX Pa3pAjfOB 3a
cYeT NoTepH ABYX CTAapIUMX paspsafoB GyaeT mpeicrasaeno kak 00000011,
Y70 COOTBETCTBYET RECATHYHOMY HHCIY 3.

Uncsia ¢ maaBalolileff 3ansTON COCTOAT M3 MAHTHCCH (YHC/IOBas 4acCTb)
W TMOpsAKa YHCIA, OTNPEAENSIOUIEr0 Bec Da3psanoB MaHTHccH. [lopsigok on-
penelseTcs TaK, 4To nepBas uudpa B MaHTHCce 3Havawmlaa. Haupumep, B
HKecSITMYHON CHCTeMe CuuciaeHHs uucao 0,00273 Gyper npeicTaBieHO Kak
0,273-10-2, a uucao 175 —xak 0,175-10%. OnHa uacTb c/10Ba OTBOAHTCH
JJis 3aHCH MAaHTHCCHI, APYras — /s 3aMHCH NOPALKA, MPH 3TOM MO Of-
Homy (o6HYHO cTapwieMy) paspsiiy B OOEHX 4aCTSX OTBOAMTCA AJS 3anNHCH
3HAKA MAHTHCCH W nopsanka. IlpexcraBiaexue yHces C flIaBalollelf 3anaTOR
NO3BOMISIET 3HAYMTEJNBHO PACIIHPUTH MONYCTHMbIH QHANa30H HX H3MeHEeHHs.
Ciegyer, oQHaKO, OTMETHTb, YTo MHKpoOBM opuenTHpoBama ofHYHO Ha
BLIIOIHEHHe apHGMeTHYECKHX onepauufi Haj 4YHCIAMH C (HUKCHPOBAHHOH
sansarofl. IIpu sToM onepaiuu Haj YHCAAMH C RJABAIOLIEH 3aNATOH BHIOA-
HRIOTC N0 CHelHaAbHBIM NOANPOrPaMMaM, BKIIOYAIOUIHM psAa RONONHH-
TeAbHHIX NpeoB6pasoBaHHil, UTO YBeJAHYHBAET BPEMS HX BHINOJHEHH.

Crpykrypa MHKpOIBM. Pasinunble MoxudHkauun MHKpoOBM Moryt
HMeTb 3HAYHTENbHble Pa3JHYHA B KOHCTPDYKTHBHOM HCNOJHEHHH, 4To ofyc-
70BJIeHO HX (YHKIHOHaJbHHIM Ha3HAaUeHHeM, BO3MOXHOCTSMH, TEXHOJOrHefl
H3rOTOBJIEHHS H JPYTHMH DPHYHHaMH. BMecTe ¢ TeM MOXHO BBHIAEJUTH He-
KoTepble obwive (yHKIHH, BHNOJHsAeMble BCeMH MHKpOOBM mesaBHcHMO OT
HX WMCMOJIHEHHs, a TaKke COOTBETCTBYIOIIYI0 HM CTDYKTYDHYIO CXeMy (pHC.
29,6). CrpenkaMu Ha pHC. 2.9 yKasaHo HanpaBlieHHe Nepefaud HHGBOD-
MaLUH MeXAY JeMeHTaMH MUKpODBM.

Muxponpoyeccop (MII) npeauasHaued AAS BHINOJHEHHst apHpMeTHUeC-
KHX H JIOTHYECKHX oNepall¥fi HaJ NOCTYHAIOIIHMH Ha €ro BXOX HaHHLIMH
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B COOTBeTCTBHH ¢ 3ajl@aHHOH NpOrpaMmol BBHIYHC/IEHHH, XpPaHUMOH B 3amo.
MHHAIOLleM ycTpolicTBe. MHKpONpPOLECCOp MONKeT BHIOJAHATH apHMeTHye.
CKHe OMepalHH THOZ CJOXeHHS, BHIUHTAHHS, YMHOMKEHHS, JEJNEHHS; Jory.
yecKHe ONEpALHH THNA KOHDIOHKIHH, AH3LIOHKIUH, MHBEPCHH H T. 1. Pea.
JIM3aLAS TOH HJIM HHOM ONepalHH OCYLIeCTBJAETCS MyTEM NOCJAEROBATENbHOr
BBHINOJHEHHS] pAJa JdeMeHTapHbX komaHi. OHH obecneuuBaiOT NMOCTyNJIeHue
B MI1 paHHBIX, Haj KOTOPHIMH AOJIKHA BHINOJHSATHCS Onepauns, co6cTBen-
HO HcnoJHende Tpebyemoit onepalilHH H Bhady MOJYYEHHOrO pesyJibTaTa Bo
pHellHHe 1o oTHoumennio x MII ycrpoiictBa (ycTpoiicTBa BBOAA/BbIBOAa,
sanoMuHalonlue yctpoiictea). HaGop BoinonnsieMbix MIT xomana B pasauy-
HBIX MOAHGHKAIUAX MHKPODBM sapaercs npu xoHcTpyHpoBanuu OBM,
OcnosubiME 3ementaMu MIT gpasioTcs apuMeTHKO-JOTHYECKOE yCT-
POHCTBO, B KOTOPOM COGCTBEHHO M BBHINOJHAIOTCS ONEPAUHH Haj AAaHHBIMH,
a Takie PasHOTO POAa PerHCTDH, HCNOJAb3yeMble AJs XpaHeHHS HH(POpMa-
LHH O 3HAYEHHAX BeJHYHH, HAJ KOTOPHIMH HE06XOAHMO BLIMOJHEHHE Tex
WJAH MHBIX ofepauuit (XOMaHAZ) B AaHHBIA MOMEHT, O BHJe OYECPEJAHOH Bbl-
NOJHACMON ONepalluk, a TaKXKe HEKOTOpas BCNOMOrarepHas HHdOpManus.
Muxponponeccop COLEPXKHT B KadecTBe COCTABHBIX 3J1EMEHTOB [OCTa-
TOYHO NPOCTHIE THNOBblE 3JEMEHTH OIPaHHYEHHOH HOMEHKJATYpPH, NpeiHa-
3HaveHHHe A5 OOpabOTKH CHIHAJOB, NPHHHMAIOHIMX BCEro B3 BO3MOX-
HbiX 3HaueHHs — 0 uuM 1: pasHOro poja TPHITEPHI, JOIHYECKHE 3J1eMEHTH
U, WUJIH, uuBepTopsl H T. A. (B HEKOTOPHIX CIENHAJBHBIX CJAy4asX HCIOJb-
3VIOT JIOFHYECKHE 2JEMEHTH C TPEMS COCTOSHHSIMH). BO3MOXKHOCTb Taxoro
nl)choeHuﬂ MII o6ycaosiera TeM, 4To HHbOpMANHA, TOCTYNAKOUAs B HETo
AN XpaHeHHs M OOpaGOTKH, NpejcTapjeHa ABOHYHBIMH KOJaMH, B KOTO-
pHX KaxjaoMmy Guty cooterctsyer curnan O maum 1. Ilpu nomomu KOMOH-
HalMi THNOBBLIX 3JEMEHTOB BoMoHsloTcs Bce yanst MII. Hanmpumep, pe-
I'HCTP AJdS XPaHEHHsS CJ0BAa JJHHON n GUT BbNOJNHAETCS Ha n TpHITEpPax.
®yukuuonnposanne MII, opranusanus ero Bsaumonencmnf ¢ JpyrH-
MH 4acTSMH MHKpODBM ocyulecTBiseTcs CNENHAABLHEIM YCTpOHCTBOM YI-
paBjieHusi. B GOJbIIMHCTBE cJlydaeB YCTPOHCTBO YNPaBJIECHMA KOHCTPYKTHB-
HO BXOZuT B cocras MII, uHoraa oHO 0OQOPMJEHO B BHAE CaMOCTOATENb
Horo Gaoka. B ycTpoficTBO ympaBieHHs BBeJeH TEHepaTop TaKTOBBX
MMIYJIbcOB BBICOKOM YACTOTHI, [0 CHIHaJXy KOTOPOTO Daspellialorcs HaMe
HEHHS COCTOSHHS JIOOBIX JOTHueckHX sjaeMeHToB MII, uem AOCTHI‘aueTCﬂ
CHHXPOHH3anHs] paGoThl BCEX €ro 2/JeMEHTOB, & TaKiKe BHEIIHHX yc'rpoucTB:
Sanomunarouue ycrpoicrea (3Y) npepHasHaueHn AJ8 XpaHEHHA ZPZ-
rpaMM pacueToB IO AJrODHTMAaM 3ALEHTH, & TaKkKe HTOTOBBIX H HEO >(<)B
IHMHIX B NpOLEcce BHYHC/ICHHS NPOMEKYTOYHBIX pe3yJbTaToB pac‘leTw{v
3anoMHHaIOnINe YCTPOHCTBA COCTOAT H3 fueeX, B KaX/1ylo H3 KOTOP *
MOXKeT OHTh 3anHcaHo oaHo c¢iopo. Uncno sueex (o6bem 3Y) uHoraa .U.:)
CTHF€T NeCATKOB M COTeH Thicau, Kamkpas suefixa (uHoraa HX rpuyﬂﬂ
HMeeT cBOil ajpec, MO KOTOpoMy oOecneunpaercs oOpalleHHe K HEH o
AJA 3amucH HJIH CYMTHBaHHA HHpopMmamuu. OjHa MHXKPOOBM MOXKET
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JepXKaTh HECKOJbKO He3aBHCHMBIX 3Y pasjiHyHOTO HCHOJHEHHS M Ha3Ha-
yeHns. Jlonyckaercs HapanlBaHue B HEXOTOPHIX npegeaax 3V go HYXHOTO
B KaXJIOM KOHKDETHOM cJ/yyae o0beMa NMyTeM MOAKJIOUEHHS JOMOJHHTENb-
ubix 6i0xos 3Y. TIpu 3afaHHBIX aJrOPHTMAx peasu3yeMblX 3al[UT HETPY-
HO NOACYHTATh HEOOXOAHMBI 06bem 3V,

Ilo HasHauenmi0 pa3/MYAIOT ONEPATHBHBIE 3ANOMHHAIONIHE ycTpoficTaa
{O3Y) u Brewnue 3Y. OnepatnBubie 3Y ABAFIOTCS OCHOBHBIM BHJOM Rna-
MATH W [pHMEHAIOTCH BO BceX THNax MHKPoIBM. Oun uMeior Henocpen-
cTBeHHYI0 cBA3b ¢ MII, uto ofecneunBaer BBICOKYIO CKOpOCTb 3a0HCH H
CIMTEIBAHNS uudopMauuu npu obpautennn MIT x O3Y. Kak npasnao, O3Y
HMEIOT HeGo/iblioH o6beM. Buewnne 3Y npeanassauens aas XpaHeHHs
GonbluX MaccHBoB HH(OpMauuH, He pasMectuBuwnxca B O3Y: 6ubanorex
NpOTrpaMM, MacCHBOB A2HHBIX M T.J. BHewnuwe 3Y BHINOMHSIOTCH Ha Mar-
HUTHBIX JIEHTAX, AMCKaX, GapabaHax. 3amuch M CYHTbIBaHHEe MH(DOPMALHH
OCyWIecTBJSETCA 4epes cleuHabHble HHTepdelicHbe YCTPOHCTBa MaccHBa-
MH, COMepKaHIMMH cOTHH csioB. OfpaliieHHe K BHEWHHM 3Y 3aHHMaeT MHO-
ro Gosiblie BpeMenH, yeM obpawenne x O3Y, HO OHH SHAYHTENbHO AelIEBJE
W umeor Gosburuii o6beM. B mukpodBM, ocymecTRAsOmEX GYHKUHA pe-
AeHHOM 33aLIUTH, HCNONB3OBAHHe BHEWHUX 3Y B CHAY HX HHEPIHOHHOCTH
H HeGOJIBIIOrO 06bemMa NPOrpaMM 3allHTH OrpaHHYEHO.

ITo Buinosmenuio O3Y genstea ma 3aNOMHHAIOIIHE YCTPOMHCTBA ¢ mpo-
H3BOJIBHOH BriGopkofi (3VIIB), noctosiuHbe 3aNOMHHAIOLINE YCTPOHCTBa
(TI3Y) n nepenporpaMMupyembie sanoMuHaomue ycrpofictsa (IT13Y).
Muxpocxembl 3YTIB  BHIOOAHAIOTCH 0GBIYHO NOJIyNIPOBOAHHKOBBLIMH.  JLax
XpaHCHHS KaKJOTO Oura uHOPMauuu Hcmonbayercs TPUITEPHBIN  3Je-
MeHT (GHTIOJIAPHAS JOTHKZ) JHGO MeTaslOOKHCHDI Tpausucrop (MOIl-
7oruka). Hekotopute pasmosuanoctn 3YIIB HCTIONb3YIOT KOHJEHCATOPHbiE
siueilKd, MHGOPMAuHA B KOTOPhle 3amHCHBaeTCs NYTEM 3apsifla KOHAeHca-
TOpOB. 3aNOMHHAIOULHE YCTpOHCTBA ¢ IPOH3BOJNBLHONH BHEOPKOH mOMycKaloT
B NpPOM3BOJLHHIA MOMEHT BPeMEHH Kax 3alHch, TAK H CYHTHIBAHUE nHdop-
Mapu. MHpopmauns xpanures B Takom 3Y g0 Tex nop, MOKa OHO Moj-
KTIOYCHO K MCTOYHHMKY MHTAHHSA, OTKJIOUEHHE KOTOPOTO MPHBOMHT K norepe
conepxumoro sueex. B TI3Y u I3V Bosmoxuo B npouecce cyetTa TOJBKO
CuuTbIBAHME WH(popManuu. 3amuch B II3Y ponyckaercs TosibKO OJHOKpaT-
Has M BHINOJHAETCS OCHYHO B Npouecce H3rOTOBACHHS, HAaNpHMep nyTem
NIepexHranns COOTBETCTBYIOUIHX cBA3eH B AHOMHON Marpuye. B oranume
or TI3¥ nepenporpammupyemuie 3¥Y AONYCKAIOT HECKOJIbKO LHKJOB Mepe-
3anHcH HHQOPMALMH ¢ HCIOMb3OBAHHEM CHEHHAIBHONO o6opyaoBanus, Ha-
lpuamep obpaGorkoi IMTI3Y 3a1exTpoMarHuTHBIM H3JIyYEHHEM AJIs1 HHIKeKIHH
S4pANOB B OKHCHYIO JIOBYIIKY Haj BXOJHOH O6JMacThiO MOII-Tpansucropos,
O6pasyionux Matpuuy. Ilo cpasuenmio ¢ 3YIIB MOCTOSIHHBIC H Mepenpo-
TpaMmHpyemble 3Y HMEIOT TO NPEHMyWIECTBO, YTO SAMHCAHHAS B HHX HH-
bopmanns He Tepsercs npu norepe nuTaHHs. KpoMe Toro, oHH aeluesJe
H uMei0T GoabwHil o6bem B opuoil MHKDOCXE€Me HHTErpajbHOrO BHIMOJHE-
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nus. Mx HcnonbsoBaHHe 11en1ecO00PasHO A XpaHeHHs HeH3MeHHOH udop.
MankH, Takoft Kak mporpammbl penefinofi samutH. Ilpu 3TOM H3MeHsOImIMe-
cA AauHble: NPOMEXYTOUHble H HTOrOBbIE De3yJbTaThl PacueToB, HCXOAHHe
AaHHHe AJs pacueToB (TeKyllHe 3HAUEHHS TOKOB, HANPSXKEHHA) — XPaHgT-
ca B 3YIIB. Takas opraHusanpua NaMATH JAHHBIX H HPOrpPaMM MNO3BOiser
nocjle BOCCTAHOBJEHHsS NpepBaHHOrO nHTaHHs MHKpoOBM apTomaTHuwecky
BO30GHOBHTbL CuUeT IO NporpaMMam peJefiHofi 3allHTH, HAaYHHASA C HEKOTO-
poro HauyaJbHOro Ilara, 3aKJIOYaiolllerocs, HampHMep, B cOope HCXOIHHIX
JIaHHBIX /15 pacyeTa.

Yerpoicrsa 8800a/861800a cayXKaT AJAA OpPraHH3ayHH obmeHa HHQOp-
manueit mexay MIT u pHemwHHMH ycTpofictBaMH. B HeKoTOpHX MoaH}HKa-
nuax MUkpoIBM BoamOXeH HemocpeJCTBeHHbIH OOGMEH 4Yepe3d yCTPOHCTBa
BBOJa/BHIBOLA MEXIY 3aNOMHHAIOWIHMH H BHEIIHHMH YCTPOHCTBAMH —
npamMoft OCTYN K namsath (u3o6paxeHo Ha pHc. 29,6 nyHrrupom). Co-
CTaB BHELIHHX YCTPOHCTB XOCTATOYHO pasHoobpased. Ilpu peasusaunun 3a-
wHTH 3To npexpae Beero WIT Toka H HanpsKeHHs 3allHLIAeMblX 3J€MeHTOB
¢ aHajoro-nH¢ppoBbiMH npeobpasopaTendMH, HCIOJHHTeJbHEle OPraHnol sa-
WHUTH ¢ 1M POaHANOTOBHIME INIPe0GpasoBaTeNfiMH, a TaKxe as¢aBUTHO-
1HGpoBHe TeyaTaiolmHe ycTpoficTBA H SKPaHHBIE NyJAbTH (AHCIVIEH), CJIy-
JXainde /st OTOGPaXKeHHs HHGOPMaIHH H PerHCTPanHH (yHKIHOHHPOBAHUSA
3ALIHUT.

lporpaMMHpPOBaHHE M OTJAfKa NPOrpaMM. AJNTOPHTMH, BHIOJHAEMHe
MHKpoDBM, 3anmuchBaloTca B BUAe nporpamM. JIHA HX 3amHCH HCNOMB3Y-
j0TCA A3LIKH NporpaMMupoBaHHs, SIsHKu BK/IouaoT HaGop cHMBoJOB (aJ-
¢asuT) H npaBuna o6pa3OBaHHA H3 HHX TexX HJIH HHBIX KOHCTPYKIHHA
(pa3), yxa3upaioWHX, KakHe ONEPAlHH H HaJ KaKHMH JaHHBHIMH HeoGXxo-
EHMO BHIONHSATD,

CyulecTByeT, KaK H3BeCTHO, 3HAUHTelbHOE YHCIO SA3HIKOB IIpOrpaMMH-
POBaHHA, ODHEHTHPOBAHHBIX HA pasHble 06JacTH Hcnoabsosanua. Oco6o
clefyeT OCTAHOBHTbCA Ha MAIIHHHO-ODHEHTHDOBAHHMHIX f3bIKAX, YWHTHIBA-
JOIIAX CTPYKTYPY BHIUHCAHTENBHON MALIHHE, YTO MO03BOJseT HMeTb GoJjee
ONTHMAaJbHble NporpaMmbl, THIHUHbLIM NpEACTaBHTeNeM 3ITOH IPYMIH sABIA-
erca assik ACCEMBJIEP. IlporpaMMHpoBaHHe Ha TaKHX SISHIKaX spJsev-
ca GoJee CHOKHEIM H TPYAOEMKHM HpomeccoM, TpefyeT OT MporpaMmHCYa
Gonee BHCOKOR Kpaiudukauud, OxHako paspaboTKy NMporpamm penefiHof
3alIUTH [€1eco06Pa3HO BCe Ke NPOBOAHTH Ha MalIHHHO-ODHEHTHPOBaHHHX
A3bKaX. 3T0 onpejenserca:

OTHOCHTeNbHOH NPOCTOTOR H MaJjitiM OGBEMOM INIPOrpaMM, peajdHsyio-
HIMX OT/eJIbHEIE OPraHbl 3alIUTH, B CBASH C 4eM CJIOXKHOCTh IPOrpaMMHpO-
B&HAs TPOSBJAETCS B MeHblIEH CTENEHH;

€Ta6GHABHOCTLIO IPOrPaMM, KOTODHe pa3pabaThiBaloTcs OJHaXAH TPH
peaiA3anUu OPraHOB 3AUIHTH M NPAKTHYECKH HE MEHAIOTCA Ha 3HAUHTEAD
HHX NEPHOLAax ee 3KCIIyaTanuH;

BO3MOMKHOCTBIO PaspaGOTKH NpOrpamm, GJUSKHX K ONTHMAaJbHBIM RO
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BPEMEHH BLINOJHEHHA H 00beMy, YTO BaXKHO JAJd peefiHOR 3alUTH, 0CO-
GeHHO JJs aNropPHTMOB H3MeDHTENbHEX OpPraHos GHCTPOAEHACTBYIOMEX
3allHT.

[Iporpamma, samucaHHas Ha A3blKe NPOrpaMMHPOBAHHA, NePeBOJHTCH
{TpaHcnupyercs) Ha MAIUHHHBIA A3bIK, HENOCPEJCTBEHHO BOCHPHHHMAEMBIH
MHKpOIBM,

OcoGeHHOCTH BBINIOAHEHHS NPOrPAMMHBX 3allHT. IIpH BHINONHEHHH
NPOrpaMMHBIX 32IIHT H3-32 CHENH(HYHOCTH 3JeMEHTHOH 6asn NPHUXOAHTCA
MHOTHE BOUDOCH peaJIH3allHH DellaThb HHade, ueM NPH 3JEKTpOMeXaHHTe-
CKOM H TNOAYNPOBOJHHKOBOH 6a3ax. BosuHKaer H PN JONOJHHTEJNbHBIX 3a-
Aau [16]. B wacTHoCTH, HeoGxomHMO o6paluaTh BHHMAaHHe Ha clejyiomlee:
1) Tpebyercs Gonee geTkoe H HCuepmHIBAIOLLEe OMHCAHHe AJTOPHTMOB (yHK-
LHOHHDOBaHHsA, TaK Kax OHH ABJAIOTCA eJHHCTBEHHHIM IyTeM yuera pe-
aJbHbIX u3MTecKHX mnponeccos, npoHcxozsmux B HO; 2) W-pyuknum,
XapakTepHayiomHe ¢(OPMHPOBaHHe BeJHYHH, 3aMHCHIBAIOTCA JJIS RUCKpeT-
HHX MOMEHTOB BPEMEHH H JOJXHBH COflepXaTbh TOJbKO apH(MeTHIecKHe
onepanuu; 3) pomkHO ofpallaThcs BHHMaHHEe HA CHHXKEHHe TOTpeLIHOCTef,
00yC/OBNCHHBIX NOTPEMHOCTAMH KBAHTOBAHHA 3HAYEHHH BXOJHBIX BEJHUHH,
a TaKXe OKpyrJeHHeM De3y/JbTaTOB pacyeTa, BCIEJCTBHe OrPaHHUEHHOMH
JJIHHBL DaspAnHOH CeTKH, HCloJbayeMoH A/1a 3andcH uucena; 4) aas HO,
pearHpyloilHX Ha OCHOBHYIO CJaraioilyio INPOMLIINIEHHOA YacTOTH, MJs
GHICTPOIEHCTBYIOMHX 3alMHT OGBIMHO HeO6XOAUMA YacTOTHAf (PHJIbTPAIHS
H T. [, UpEeJCTaBAAIONIAs 32]ady, NOKA HONHOCTBIO He DeIICHHYIO.

Muoronponeccopubie sHuHCAHTeMbHble chcTeMn (BC). Muoronponec-
copaas BC B oranude or MHKPoOIBM BKIIOYaeT HECKOJNBKO BHIYHCIHTENb-
HBIX 3JIeMEHTOB, B YHCJe KOTOPHX MoryT 6nTh MI] ¢ Heo6XOXHMHIMH f0-
TIONHUTENLHEIME  yCTpOHCTRAMH, HJH MHKPOODBM, o6beiHHEHHBIX BHYTPH-
CHCTEeMHLIMH KaHajgaMH cBA3H. KaHajanl mnpejHasHaueds! pia o6MeHa
HHpopmanuell Mexay siaementamu BC. B cucreme Moryr o6begunatbes fe-
CATKH BBHIYHCAHTENbHHX 3JeMeHTOB. HHorja ykasanHas MHOrONPOLECCOpHast
CHCTeMa ObiBA€T KOHCTPYKTHBHO odOpM/IeHa B OJHOM Koplyce H 0e3 He-
O0XOHMHEIX OrOBOPOK TaKXKe HasbiBaeTca MHKpodBM.

OrzenbHble BHUHCAHTENBHEIE 3]E€MEHTHl CHCTEMH CMNOCOGHH NPOBOAHTH
napanjenbHyio, OJHOBPEMEHHYI0O 06paGoTKy HHGODMAalHH KaK Mo He3a-
BHCHMBIM NIPOrpaMMaM, TaK H IO HE3aBHCHMBIM Ha OTAEABHLHIX YYacTKax
nporpaMMel BerBaM. IlonyuaeMble pesysbTaThl, HeoGXOAHMEE NS AaJjbHed-
Wero MNpoBEJEHHA DacyeroB, MEPeJaloTCd B COOTBETCTBYIOINHe BLIUHCIIH-
TeJbHHIE 3JIeMEeHTH N0 KaHalaM CBA3M,

O6benuueRMe  BLIUMCIHTENLHHIX SIEMEHTOB B CHCTEMY npecnenyer
OGBITHO JBE HEJNH:

HOBbILleHHE SKBMBAJEHTHOR NPOH3BOAHTENBHOCTH 33 CUET OAHOBPEMEH-
HOro BHITOJHEHHS NapajJelbHbX BeTBell NPOTPaMMH PAAOM BHIYHC/IHTENb-
HBIX 3/IeMEHTOB;

NoBHIleHHe HAJEXKHOCTH, KOTOpasa HOCTHraercss BBefeHHeM B BC pe-
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3epBHBIX SJEMEHTOB, & TaKXKe nepepacnpeaeneHHeM (QyHKUHH OTKasasierg
37eMEeHTa MeX/]y OCTaBLIHMHCS PaboTOCIOCOGHBIMH,

Ha BO3MOXHOCTL H 1€Jecoo6pasHocTh mapannenbHofl o6paGoTKH uy.
(GOpMAanHHK A/ MOBHINEHHS NPOH3BOAHTENLHOCTH OLIIO YKA3aHO elle B Ha-
yase 50-x rogos C. A. JleGeneBniM. B naapHefilieM HCCJEN0BAHUS IO CO3-
aaumo BC 6euiM passuTe B paBorax copeTckHX ydensix 3. B. EmpenHosa
u B. B. Ilpanrumsuau. Taxue BC nosyunin pacmpocTpaHeHHe H 3a pyGe-
oM. B Hacrosilee BpeMs H3BeCTHO 0OO0JbLIOE UHCJIO MHOI'OMPONECCOPHBIX
BC, npennasHadeHHBIX AJIS1 PAa3JHYHBIX NPHUMEHEHHH H OTJIHYAIOWHXCSH 9fe-
MEHTHHIM COCTABOM, CTPYKTYDOH CBfi3ell MEXAy 3JEeMEHTAMH, OpraHH3aiuefr
BLIYHCJIMTEJIBHOrO NPOLECca H T. A,

Pa6orel B 06JacTH HCIIOJb30BaHHA MHoronpoueccopuelx BC nmas pe-
JefiHof 3amWuTH ObITH HAauaThl B cepeahse 70-xromos 3 M3OU (IO. A. Ba-
paGanos u 1p.) [16, 39]. Ouu ocoOeHHO BaKHbI AJIsl HOBBILICHHS HaNeXK-
HOCTH MHKPOTPOLECCOPHOH TeXHHKH MaccoBOrO (a He CMEIUAaJbHOTO) u3-
TOTOBJIEHHS ¢ YUeTOM TOrO, 9TO HafeXHOCTb 5TOl TEXHHKH KpoMe OGuux
NpHYHH OMpenessieTcsl elile H TAKHM CrenHGHYECKHM BHAOM HapyIIeHHH,
KaK c6OH.

Hekotophle 06uiHe BONPOCH MO HCMOML3OBAHHIO MHKPONPOLECCOPHOH
ajeMenTHOH Ga3bl, Pa3paboTKa NpPOrpaMMHBIX 3amlUT, peasHyeMBIX Ha
6a3e MHKPOMPOMECCOPHOfl BLIYHC/IHTENbHON TEXHHKH, SBJSETCS B HACTOd-
lllec BpeMs TepCHeKTHBHHIM HampapjeHHeM B 06GJacTH pesefiHOH 3ailUTH.
IpeamyilecTBa, OMXKHjAAeMbie OT HCMOJL3OBAHUS MPOrPAMMHBIX 3AUIHT, 1O
CPABHEHHIO ¢ ee AHAJIOrOBLIMH PeasH3alKAMH 3aKJIOYalOTCS B BO3MOXKHOM
TIOBBIIIEHHH TEXHHYECKOI'O COBEPUIEHCTBA 3AIIHT 34 CcYeT NMPHMEHeHHs TPy.A-
HO peajsH3yeMBIX B aHAJOrOBOM BapHaHTe aJrOPHTMOB, YNpOUleHHS MOAEp-
HH34aIHH H 3aMEHB! aJrOPHTMOB 3aUIHTHl, YTO COKPAlaeT CPOKH BHEAPEHHA
HOBBIX pelleHHH, B NMEPCNEeKTHBE — B BO3MOMKHOCTH IOBBIIICHHS HajJeXHOI0
GYHKIMOHHPOBAHHS 3ALIHTHL

BMecTe ¢ tem paGOThl 1O BHIIOJHEHHIO NPOTPAMMHEIX 3alUT He BH-
HJH elle M3 CTAagHH OTAEJbHBIX Pa3paboTOK H OMBITHOH 3KcmJiyaTaiHi, a
BHITOIHAEMBlE 3AIIUTHl OKAa He HMEIOT LIHPOKOI'o NDHMEHEHHs Ha Ipak-
THKe, D10 OOYCJOBJIEHO, C OJAHON CTOPOHHI, OTHOCHTEJbHO HEOOJLLIHM II€-
pHoaOM NpOBeldeHHs paGor B paccMaTpuBaeMoll 0o06JacTH H OTCyTCTBHEM
Ha HAayaJIbHOM 3Tane NpPUeMJeMBIX AJs peseHHOH 3allUThl THIOB BHIYHC/IH-
TeJbHEX MAallHH, ¢ APYrod — CJOXKHOCTHIO BO3HHKAIOWIHX BOMPOCOB, HaXo-
AALIHXCA HA CTHKE pasiH4YHBIX ofsacTeli TeXHHKH. B dacTHOCTH, OTCyTCT-
BYIOT MOKa J0CTaTOYHO OGOCHOBAHHBIE MaTeMaTHYeCcKHe METOAbI MOCTPOE:
nug nporpamMubix MO 3amur, TeopHs Bb6Opa  ONTHMAJbHBIX  AJ%
peasH3anMH aJaropuTMoB 3amwHT cTpykTyp BC, a Takxe apyrde BoOmpoCH,
TpebylollHe CBOEro paspeleHHs (HanmpHMep, OTCTPOHKH OT pasHoro poid
nomex).
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Bonpochl /il CaMONPOBEPKH

1. HasoBHTe OCHOBHHE (YHKIHOHAJbHBE YacTH 3aUIHTHL

2. O6bsicHHTE MOHATHE XapaKTEPHCTHYECKOH BeJHUHHBI, 0o06jacTH cpa-
6aTeBaHus U xapakrepucrHky HO.

3. Kakue cymiecTByIOT 5JeMEHTApHBIE JOrHYECKHe ONEpalHH, YTO OHH
co6oit mpecTaBAsIOT?

4. Uro HaswBaeTcs Ko3pouuueHrom Bosppata MO H KakK OH MoOXeT
BJHSATH Ha YYBCTBHTEJNBHOCTDH 3AUIHTHI?

5. Kakde mnpeHMyllecTBA MPHHOCAT HHTEIDAJbHBlE MHKDOCXEMBl AJif
BHIOJHEHHS YCTPORCTB peJiefHON 3allMThl MO CPABHEHHIO C 3JeKTpoMmexa-
HHUYECKHMH peJie?

Fnasa TperTbs

MEPBUYHBLIE M3MEPUTEJIbHLIE NMPEOBPA3OBATEJIA
U MX CXEMbl COEAMHEHMMA C HATPY3KOM

3.1. HASHAYEHME U OBLUME NPHUHLMMBI PABOTbI

Hasnauenune, HauGosee pacnpocTpaHeHHBIMH H3MepHTEJb-
HeiMu npeoGpasoBareasmu (MII) apasiorcs s/1eKTpOMarHUTHBIE
tpancpopmartopsl Toka (TA) u manpsxenus (TV). Hwmerorcs
u apyrue ux ucnoaneuts. Ilo cBoemy HasHauenuio TA pasgens-
JOTCS Ha NpeJHa3HAUeHHHIe /15 yCTPOHCTB H3MEPEHHH U /15 pe-
JeHHO# 3allUTH, NMOCKOJBKY K TOYHOCTH HX paboThl NIPH pas-
JHYHBIX KPATHOCTSX NMEPBHYHOTO TOKA HPEAbABJAIOTCH pasHbie
TpebOBAHHS.

OcHoBHbIM pexxumom TA 17151 H3MepeHHH ABJIeTCA HOpMaJb-
HBlfi pabounii; B Ipejesax H3MeHeHHs paGoyux TOKOB JOJXKHA
ofecrieunBaThCsl HeoOXoAHMAas TOYHOCTb TpaHC(HOPMAlHH, Xa-
pakTepusyemasi KjaaccoMm touHoctH. Pabora ke TA B cxeMmax
MHOTHX THIIOB peJefiHOH 3alIHTH NPOHCXOJHT B aBapHAHBIX pe-
KHMax, Korja Tokd K3 Moryr sHauHTeNbHO IPEBOCXOLHTH HOP-
MansHele pabGoure. MlHorza, npH COOTBETCTBYIOIEM BHIIIOJHE-
HHH, BTOpHYHble 00MOTKH TA MOTyT ‘OZHOBpEMEHHO HCIOJb30-
BaThCH A O0OHX CJydaeB NpHMEHEHHs.

PaccmorpenHoro paspenenus aia 'V HeT, H OHH MOTYT OA-
HOBPEMEHHO NPHMEHATHCH AJA Pas3JHUHBIX BHIOB BTOPHYHOH
HarpyskH.

O6ue NMPUHIMNBI, NTOJOKEHHbIe B oCHOBY pabotnl HMII 3a-
wHT. daekrpomaruuthsie TA u TV sBasA0TCS PasHOBHAHOCTA-
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MH OGBIYHBIX TPaHCHOPMATOPOB — UHAYKTHBHHIX 1peoGpasp.
BaTeled, C MOMOIIBIO KOTODHIX MEPEMEHHbIl TOK HJIH Hamps.
Kenne npeobpasyercss COOTBETCTBEHHO B TOK (C HOMHHAJAbHEY
3nagendeM 5, mHorna 1 A) wau B HanpsikeHde (c HOMHHajp.
Hpim sHayenuem 100 B). Tlostomy xors pexumbl paborn T4
u TV Becbma pas/HUHBI, OHH XapaKTEPU3YIOTCH HEKOTOPHIMy
o6umuMH cBOHCTBAMH TPaHCHOPMATOPOB.

Ha puc. 3.1 npuseaena IPHHUHIHAJbHAS CXEMa BBIMOJHe-
HHs1 ABYX0OMOTOUHOro TtpaHchopmaropa. Ero nepsuunas o6.
MOTKAa C TOKOM /i H YHC/IOM BHTKOB W; BKJIOYAETCA Ha MEPBHY-
Hoe Hanpsikende (TV) wau 1ok (TA). Bropuunas o6morka
C TOKOM {3 U YHCIOM BHTKOB W, BKJIOUAETCS HA HAarpYsKy.
Bropuunbix o6MoTok ¥y TV Moxer O6bTb HECKONbKO, ¥ TA—
TOJbKO OJIHA, TaK KaK MepPBHIH ABJH-
eTCcs NMPAaKTHYECKH HAEAaNbHBIM HCTOU-
HHKOM HalpsXeHus!, a BTOPOH — ToKa,

[as  cosepImeHHOro TpaHcopMa-
‘Topa (3aMblKaHHE MArHUTHHIX [OTO-
KoB, onpeaeaseMuix MIC {jw, u 7
H De3yJbTHPYIOIEr0 MarHUTHO!
T0Ka @ TOJNBKO MO CEepAEYHHKY
CTOSIHHOJ MarHATHOH NpPOHHLAEM(

() MOTOKOCHUEMIeHHe KaXAOH ¥
MOTOK MpeAcTaBasier GQYHKUUIO
TOKOB i; H i22 W1=L11i1+M12i2 H W2=L22i2+Mg1l'1, Tae
Ly; — cobGerBeHHbIe UHAYKTHBHOCTH 06MOTOK [ W 2, omj
JsieMbie  BbipaxkeHuamMu Ly=[W/i]i,—0 u Lyp=[¥y/i
a Mi; u My — X B3aHMHBEE WHAYKTHBHOCTH, MpHuem '
=[¥1/i2]i=0 n Mor=[¥s/i1] ,—0. D51 paccmatpupaemorc
Yasi OHH ONHHAKOBH M paBHH V LyLy. WHAykTHBHOCT
BCETAa MOJIOXKHUTENAbHH. B3aHMOHHAYKTHBHOCTH B 3aBHCHM
OT B3aHMHOTO HaNpaBJEHHS HaMOTKH o06Motok I H 2 M
HMeTb pasHee 3HakH. [Ipn HanpaBjeHHH HAMOTKH MO pHC
1 HanpaBJIeHHH MTHOBEHHHIX TOKOB {1 H l», KOTAa OHH OI]
JAAI0T (N0 NPaBHJY «INTOMOPAa») BHUYHTAIOMHECS NOTOKH.
OTPHLATENbHE. 3aXKHMB OGMOTOK, COOTBETCTBYIOLIHE YK&
HBIM YCJIOBHSIM, Ha3HBAalOTCA OMHOHMEHHLIMH H OTMEYeH:.
puc. 3.1 toukamu. [lanee oHH 0603HAYAIOTCA COOTBETCTB"
Huuk, k.

YcnoBroe n3o6paxeHHe paccMaTpHBaeMoro tpaHcdo
TOpa npuBeneHo Ha puc. 3.2, a. Ilpu npunsitHx nosoxu:
HHX Hanpas/IeHHSAX BEJIHYHH CBS3b MEXKAY HHMH ONpeae)
¢ Bupaxennsamu w=d¥/dt=Lydi/dt—Mdi/dt u 1
=dWy/dt=Lq,di>/dt—Mdi;/dt. Im coorserctByer ymo6
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Puc. 3.1. Cosepumennnit
Tpanchopmarop

A5l DAaCCMOTPEHHs 3JIeKTPUUECKash CXeMa 3aMelleHHs TpaHc-
¢opmaropa Ha puc. 3.2, 6.

Henocpenctsentoe ucnoabsosauue cxem: IJIs1 onpeieieHHs
COOTHOLIEHHH TOKOB H HaNpsKEHUH HeyAoGHo, TI03TOMY BCE Be-
JUYHHLL B He{ MPHBOMSTCA K OZHOH CTOPOHE (B TEXHHKe pe-
JICHHOH 3ALUHTH — OOBIYHO BTODHYHOH) € NOMOIIBIO KO3(H-
uneHra npusenerus k: Uy =Uk, I =Ii/b, M'=kEM u Ly =
=k?Ly1. Kospduuuenr %, BooGmie rOBODsl, MOXET OHTb .II0-
GbIM, 4TO He NOMYEPKHBAETCA OOHLIUHO B 3NEKTPOTEXHUYECKHX
Kypcax. Kak npasusio, ero npunumaior PaBHHIM OTHOINEHHIO
THCEJT BUTKOB OGMOTOK @:/wy MAH Wa/w; — npH [PHBEIEHHH KO

i’.» ,y\ ,*"—L—z 1 L11"M Lzz“M 2
—_— - .
U1l Ly Q¢ Lizz luz Uy L1 v luz
a) ) B 3)

Puc. 3.2. ¥YcnoBHoe uzobpaxenue (a) u cxema samemenus (6) coBepuien-
HOTO TpaHcopMartopa :

BropHuHOil cropoHe. Hast TA npuuuMaoT k=w,/w,, u oH npej-
craBasger koapduunent tpauchopmauun TA. Paccmartpusas
CXeMy 3aMeIIeHHs TPaHC(HOPMATOPa KaK PE3YJabTAT HCIOJb-
30BaHMs OOLIeH TEOPHH MaCCHBHOIO YETHIPEXNOIOCHHKA, NOJY-
yaeM (cm., HampuMmep, [16]) te xe pesymbratel. Takum o6pa-
30M, peasibHHA TPaHc(HOPMATOpP BHE 3aBHCHMOCTH OT peasibHO-
ro pacripesesieHHst B HEM NOTOKOB C YYETOM TOrO, YTO OHH 110
IyTH OT OAHOH OOGMOTKH K APYrOH MOTYT PACCeHBATbCS, MOXKET
OBITb, He Kacasch KOHKDETHOTO €ro BHIMOJHEHHs, NPeACTaBJCH
PacCMOTPEHHOH CXeMO# NP BHECEHHH B Hee CJAaraloliuX, YuH-
THIBAIOIHX aKTHBHOE CONMpOTHBJEHHE 06MOTOK (Ri, R») M mo-
Tepu B cTanH MarHuronposoga (Ro). B peaysabrate pacuernas
SJIEKTPHUCCKAsl cXeMa TpaHC(POpMAaTOpa IMpU NPHBEAEHHH KO
BTOPUUHON CTOPOHe npuobperaer BHI, AaHHBH Ha pHC. 3.3,
Heo6xoxuMo ormerutsb, 4To wacto npu paceMoTpenuu pa-
60TE TPAHCHOPMATOPOB HCXOAAT HE W3 COOTHONICHHH UYeThi-
DEXIO/MI0CHHKA, a2 W3 TeOpHH, pa3paboTaHHOH elle B HayaJe
20-x romos Porosckum (I'epmanus). Cornacro 31of TEOPHH
MarHuTHOE MmoJje TpaHcHOPMATOPa COCTOHT U3 TPEX HE3ABHUCH-
MBIX IDYT OT APYra NOTOKOB — OCHOBHOIO, ONPELENsIeMOro CO-
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poxkynsuM AefictueM MJIC i1w; ¥ {,@s ¥ CUEIVIEHHOTO

HBIM YHCJOM BHTKOB @i H W3, H ABYX NOTOKOB pAcCesHu:

XOAAUIUX MO BO3AYyXY H CUENJIeHHHX COOTBETCTBEHH

H @y, DTUM YCJOBHAM COOTBETCTByeT Takxke T-06pasH:

Ma 3aMeHleHHs, TOJbKO BHEIHE CX0XKasd C pacCMOTPEHH

me, B BerBsix 3To#i T-06pa3sHoll cXeMBl (UIYPHDYIOT 1:

3piBaeMble CONpPOTHBJIEHHS pacGesHHs, KOTOpHe B HeKoiu,

KOHCTPYKIIHSIX OKAa3bIBAIOTCS OTPHIATE/IbHBIMH. 910 CBY

TeALCTBYET O TOM, YTO OHH IHpPEeJCTABJAIOT He (U3HYECKHE
TOJBKO pacyeTHbe BEJHYH -

CepbesHble abort

2 z_ _ P p bl

RikZ Luk—Mk Ry Lz~ Mk paBHJAbHOMY YUeTy 3JIeK1
MarHHTHOTO paccr

(3. A. MeepoBH4 H 11D.)
ony6JHKOBaHHl ellie B!
30-x rozos. CoBpemeH!
cle0BaHHs AAHBI B D:
B3U (JI1. B. Jlefitec)
BHUM3 (M. X. 3uxe;

Puc. 3.3. CxeMa 3aMellleHHst TpaHC-
tdopmaTopa

3.2. U3MEPUTENbHBIE MPEOBPA3OBATEJIM TOKA U UX PABOTA
B YCTAHOBMBLLUUXCS PEXXMMAX

O6uwue ycaosus. [To npuHuuny npeopasosanus Toxa UII
JeIATCS Ha SJeKTPOMACHHTHBE, ONTHKO-3IEKTPOHHbIE (CM., Ha-
npumep, [41]) u Hekotopnie apyrue. K mocseinum OTHOCATCA
TaK HasbBaeMble MAarHHTHBE H AMCKpETHHE, OObIUHO Ha Oase
MarsHTHEX (pa3pabaThiBaiHCh NMOJ PYKOBOACTBOM B. E. Ka-
sanckoro [17]). Huxe paccMaTpuBaioTCss B OCHOBHOM 3JIEKTPO-
MAarHHTHHE IPeoGpasoBaTe/H, Ha3blBaeMble IPOCTO TPaHCHOp-
MaToOpaMH TOKa.

PacueTHoe conpoTHB/JeHHE B BeTBH T-06pa3HOil cXeMbl 3a-
MeHIeHHs C IepBHUYHOH CTODOHBI IPAKTHYECKH He BJHUAET HA
TOKM B cxeMe 3aMmemenusi (pHc. 3.3). Ilostomy ono u3 pac-
CMOTPEHHS HCKJIIOuaeTcst ¥ cxeMa saMemlenus T4 ¢ HarpysKof,
npHBefleHHass KO BTOPHUHOH 0OMOTKe, NpHOGperaer [-o6pas-
He BHA (puc. 3.4, a). BemnunHa Los=Lyy—Muws/w; ¢ pas-
MepHOCTbIO MHAYKTHBHOCTH, He HMewmasl B o0LieM cayuae sB-
HOTO (PU3HUECKOTO CMBIC/IA, MOXKET HMeTb B HEKOTOPHIX KOHCT-
PYKLHSX OTPHILATEJbHOE 3HAYCHHE, HO B JIHTEPATYype 4acTo Ha-
3LIBAETCS HHAYKTHBHOCTBIO pacCesiHHss BTODHYHOH OOMOTKH.
Tpanchopmatophl Toka paGOTalOT B PeXHMaX, GIHIKHX K K
Ha BTOPHYHHX 3amuMax. I109TOMy HHAYKTHBHOCTb Harpy3kH
L. MoxeT GHTb COH3MepUMa ¢ pacueTHOH Lgs M NpaBHJBHOE
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onpejie/ieHHe Noc/aelHed MOXKeT OBITb CYLIECTBEHHO A/ OLEH-
ki paborsl TA. dror pexkum TA onpefenser Takxke HeHan006-
HOCTb B 3alllHTE ero BTOPHYHBIX lienel ot K3 B Hux.

YciaoBHBIE MOJOXKHTENbHbBIE HAaNPaBJAEHHs TOKOB. B TexHH-
Ke 3aIlUTHl B OTJHYHE OT HEKOTOPHX APYrux objacred noJo-
JKHTe/IbHbIe HanpaBJjeHus TokoB B HIT o6vuHO mpuHHMaloTCs
NPOTHBONOJOXHBIMH  (puc. 3.4,6): B omHoit — or H k K,
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Puc. 3.4. Pacuernan cxeMa saMmewenua TA (a), IPHHATHE YCIOBHHE [OJO-
JKUTeNpHblE HAmpaBJeHHAS TOKOB (8) M HX YNpPOLLEHHAst BeKTOPHAs AHAr-
pamMa (6), moanast BekTOpHas nuarpamMa TA (2); ma puc. M/'=Mk

B pyroii — ot X K H. Ilpu 3ToM, npeneGperas HaMarHHYHBalO-
Wwum TOKoM, uMeeM [1w—/w, =0 u Iy=(wi/wy) [y=11, re

11 — 310 1), npUBeCHHBI K YHCIY BHTKOB @2, COOTBETCTBYIO-
mas yupolleHHast AMarpaMMa TOKOB AaHa Ha pHc. 3.4, 8. Yroa

-~

— Q — ’ () ()
1:11=0°% |I;| =111, u Takoii ynpomeHHO# 1UArPaMMO} MOX-
HO moJb30BaTbecsl KakK aasa I, Tak u pasa Iy, 410 6osee KOM-
NaKTHO, YAOGHO.

BekropHas pmarpaMmma TA. BekTOpHBE AHArpaMMEI CTPO-
ATCA ISl CHHYCOMAAMbHBIX S/MEKTPHYECKUX BEMYHMH U TH JIH-
HEHHOCTH BCeX conpoTuB/enuii. OAHAKO JaxKe IPH CHHYCOH-
NanbHOCTH [; BTOpHYHblE BEJHYHMHHE 34 CYeT HeJHHeHHOCTH
XapaKTePUCTHK HaMarHH4YMBaHUS MarHATONPOBoAOB TA OKa3sbl-

10%
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BaloTcs HecuHycouaaspHbIMHU. IlosTOMy Hcmosmpsyercs
3KBUBAJIGHTHBIX CHHYCOHJ, COTJIAaCHO KOTOPOMY JAE€HCTBI!
Hble BeJMUUHB 3aMeHAIOTCS SKBHBAJIEHTHBHIMH HM [0 jefi
0IleMy 3HAYeHHIo, cuHyconjaJpHbMH. HeoGxoxuMmo, on
OTMETHTb, UTO MPH CHJbHBEIX HACBHILEHHAX MAarHUTOINP(
3TOT MpHeM OKa3EBaeTcsi HeOMYCTHMO HeTOUHHM U Bo B
(4. C. Tenndann) [9] npeasnoxensl Apyrie pelleHHs BON
IuarpamMa Ha puc. 3.4, 2 MOXKeT CTPOUTHCs MO pacu.
cxeMe 3amelnehus Ha puc. 3.4, a (mpeanosoxeno, yto L
JoxuTeapHa). Ilose3Hsl Takxke HEKOTOpBE COOTHOMIEH!!
puc. 3.4,6 B wactu DIC, naBoxuMuix B o6motkax [1]. 3
XOJHBI NPUHAT BEKTOP TOKa /2. OTAe/bHHE BEJTHYHHBI |
yator caenyromee: U= (Ru+joLs)/> — nanpsxenue v
KHEMaxX MK BTOPUYHOH OOMOTKH; E2=y2+(R2+ij2
DJ1C, unaykTapyeMasi BO BTODHUHOH O0OMOTKe H paBHasi
’Ke BEKTODY HaNpsiKeHHs Ha BETBH CXeMbI ¢ CONPOTHUBJIL
joMw,/w, (mna 3JC npusraro y1106}'{0e MOJIOKHTEJbH:
npasJieHde, NPOTHBONOJOXHOE /1); Jo — TOK, NpOXOX:
B cXeMe uepes lapaJJjes]bHO coeJnHeHHBIE CONPOTHB.:
Ro(ws2/w)? n joMuws/wy; on otctaer ot E» Ha yrod, Hec:
ko Menbinmit 90°, u onpeneisiercs BoipaxenneM /o=17/1w,
—1I9; TOK IénpmmTo Ha3LBATb HAMASHULUBAIOU{UM, & BETI-
KOTOPOH OH NMPOXOJHUT, — BETBbIO HaMarHHuuBaHus, Taku:
pasoM, npu OGbIYHO AKTHBHO-HHIYKTHBHOH Harpyske BT
HbI TOK HEMHOrO MeHblle /1 M omepexaer ero Ha yroa

PaKTepU3YIOIHH YIJI0BYIO NOT PEUIHOCTD TA.

Morpemnoctn pa6orst TA. B coorserctauu ¢ TOCT p.
Yal0T TOKOBYIO, MOJIHYIO H YIVIOBYIO MO PEITHOCTH TA. 21
I'PENIHOCTH MPHHATO OLEHHBATh JJS OJHHOYHO paboTar
TA, uto ajsA 3alMTHI, BKJIOUAeMOfi Ha TOKH JIBYX HJIH
$a3 0JHOrO HJH JaXKe HEeCKOJbKHX 3JIeMEHTOB 3JIEKTPC:
HOBKH, B OOILEM cJayuae sBJIseTcsl HETOUHBIM IO psfy Hpi

[Ipu coenunenunu TA B rpynmbl cuutaercs obsizarten
ONpe/essiTh Harpy3KH Ha HHX C YYETOM 3THX COCNHHEeHH:

Tox08as no2peuinHoCTs [; omnpeienserca apupMerHuv
pasHOCTBIO /2 1 NPHBEJEHHOTO Yepe3 HOMHHAJbHHIH KOY
muent tpanchopManun TA Kiwow=Tlinou/I2non TOKa Iy
3amuThl 06BIUHO Kinow=W2/w), TaK KaK CHeNHaJbHbIX KO|
LM, BHIOJNHSEMBIX DY HATDY3KE B BHIE H3MEPHTE/bHBIM
60poB, 31eCh HE OCYLIECTBJsAETCs. YUHThIBasi 3TO, HMeeN

f,= (I,— T;) 100/1; = (I, w,fw, — I,) 100/1,.

148

Ilpu axkTuBHO-MHAYKTHBHOM Harpyske, KaK yKa3mlBajoch,
s MeHblie 1. TlosToMy moOrpemHocT, OKashBaeTca OTpHLA-
TebHOM. [T01HAA NO2pewHoCTs € ONpefensieTcs reoMeTpHuec-
KOH PA3HOCTBIO TeX K€ TOKOB:

o= |L— 5110015 = |5 00] 5 (32)

Ilosinas morpemocts €, Takum 06pasoM, Goasie fi. [ias
OTpene/ieHns & IpHMeHsieTcss U GoJiee o6lee BhIpaxKeHue (cM.,
Hanpumep, [16]).

3 BEKTODHOH JHarpaMMbl Ha pHuc. 3.4, 2 HATJMAAHO BUIHO
TaK¥Ke, 4TO B TE€UeHHe MaJ/OH N0oJHM NepHojia TOK i AeHCTByeT
Ha MarHdTOHPOBOJ B TOM Ke HaNpaBJeHHH, UTO U TOK i;.

Honycrumbie 3HaueHns ¢, [;. B HacTosuee BpeMs 1715 OneH-
Ku TOUHOCTH paboTel TA B cXeMax pe/efHOM 3amUTH MpeHMy-
HIECTBEHHO HCHOJIb3YeTCcsl MOJHAs HOTPELIHOCTh €, XOTS  JJIS
psila 3amuT (MaKCHMAaJbHBIX TOKOBHIX, N1HCTAHUHOHHBIX M He-
KOTOPBIX JAPYIHX) BaXKHa NOrPelIHOCTDh [ ITO ompexeasiocs
pAZOM TNPHYHH, OJHOH H3 KOTOpBIX SBHJIOCH CTpeMJEeHHe K
yHubHKALUN 3a7aBaeMbiXx XapakTephcTHk 11a TA ¢ yuerom
TOTO, UTO & OGLIYHO HECKOJIbKO GoJibllie ; 1 ee NpUMeHeHHe 1a-
€T HeKOTOPHIH 3amac B pacyerax, HaNpUMep, JOMYCTHMbIX AJ5
TA uarpysox.

",H.Hﬂ MHOT'HX THIOB 3aLIUTHl (HaNpHMep, CTYNEHYATOH TOKO-
BOH) oOmpejejeHHAsh TOYHOCTh paboTH Heo6XOxuMa B nepBylo
ouepenb npu Tokax K3, paBHbix napamerpaM Hx cpaGaThiBaHus,
Jast apyrux samur (nHanpuMep, 1ndepeHIHANbHBIX TOKOBBHIX )
3TO MOLYT ObITh MAKCHMaJIbHble 3HAUEHHSI CBEPXTOKOB (K3
Kayanuii). Cumraercss JAOCTaTOUHHIM HMeTh B 3THX pe}KuMa;E
e<C10 %. ot HeKOTOPHIX 3aI(HT HMeeT 3HaYeHHe I yII0Bas
norpewHocTy 8; yroa 6 npu =10 % okassiBaercs He mpesoc-
XOAAIHM HECKOJNbKHX IDalyCOB, UTO SBJISIETCS MpPHEMJIEMBIM.

Pacemotpennnt nogxon OonpenesieHHI0 TpeGoBaHUH K 710-
CTaTouHO TOuHOH pabore TA He HCKAOYaeT BO3IMOMKHOCTH UX
PaboThl CO 3HAUHTENHHO GOJBIINMH MOTPEIHOCTAMH, TaK, Ha-
npumep, npu 6au3kux K3 co 3HAYMTENLHBIMH KpaTHOC’;‘ﬂMI/I
TOKA MAarHuTONpoBOA TA samuThl MOXKET HACHIIATHCS U & Npe-
Beiate 10 %. Takne peKHMBI HOJKHBI VUHTHIBATHCS, ¢ TeM
YTOGL MOBBIUEHHbIE MOLPELUIHOCTH He NPUBOLHIH K (;TxasaM
MSMEPHTE/bHBIX OPraHOB 3ALUHTHI, JJIs KOTOPHIX yCTAHABJAUBA-
10TCS1 OGBIYHO 3KCIEPUMEHTANBHO, MAKCHM aJIbHO JONYCTHMBIE
e uan f; (cM., Hanpumep, [42]).

KparHocts nepBuuHoro Toka. Pasiuuyaior npedessHyto Ho-
Munarvryto kpatroctd  Kionow== [I1max/lnom|e=10%; . rapantu-
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pyeMylo MNOCTaBLIHKOM, NPH KOTOPOH & ngm HOMHHATbH
Harpyske c cos @2=0,8 ne npesocxoxur 10 %, u mpocto nt
Benvnyro Kparnocts K, OTIHYAIONYIOCs OT HOMHHAJIbH
TeM, YTO OHa COOTBeTCTBYeT JiIo6oi narpyske, [locaennss 1.
POKO HCMOJb3yeTCs Ha NMPAKTHKE AN OMpEleleHHs Makc
MaJbHBIX JOMYyCTHMBIX HAarpysok na TA. COOTBeTCTByron{
pacueTsl MPOH3BOASATCS MO KPHBHM, 1aBAeMbIM, HalpHMED, &
BOLaMH-TIOCTABIIHKAMH NpH c0S 2 ==0,8. [IpuMepHBI BHA ¢
HOH H3 TAKHX KPHBLIX, KOTOpHIE CTPOATCS (HAaYHHAA C Ko, 1,
KOTOpBIX €lllé He HACTYNH/Ia TOYKa Neperunda KpHBOH Bum pacs
=f(H) npu maawx H [16]) B JlorapmbMUqucxonf macurraf;
npuBejed Ha puc. 3.5. Ogna U3 Toyex 3TOH KPHBOH NPHHIHIIL

I\IK *Q\*
Y om, A

Lo AR

-
h U Ipmax

Kmnou : i

Ll
Zywom 2 K K1

Puc. 3.5. Kpupas xpatmocteit Puc. 3.6. 3asucumocts fy=f(K\)
Kiw=f(Zs) B JorapudmuyeckoM
Macuita6e

a/JbHO JOJZHA Gbla OBl COOTBeTCTBOBATH Kionom, OJHAK
cTaBIIMKH OOBIUHO AalT Kiomow CO 3HAYHTENBHHIM  3all
Heo6x0uM0 TaKxkKe OTMETHTb, YTO MOrPEIIHOCTH & IpH
= Iigon OKA3bIBAIOTCS, KAK NPABHJIO, MEHBIIMMH, YeM Mpi
JebHBIX KPATHOCTSX, YTO ISl HEKOTOPBIX 3aLUAT AaeT BO
HOCTb BHIOOpA MEHbUIMX 3HaYeHHH MapaMeTPOB cpalaTwiy

3aBHCHMOCTH BTOPHUHOTO TOKA [, OT KPATHOCTH nepey
K;=I1i/liwow. IlpuMepusblii BHA TakOH 3aBHCHMOCTH 11;:’
puc. 3.6. [Tpu neGosbuinx kpaTHOCTAX [2 MPHMEPHO mpor:
onanen 1. Ilpu nekoropoM 3nauenun Ki /> okasbiBaercs
mum [{ Ha fi=10Y%. Nanee ckopocTb HapactaHHA [y BC,“
BHE HACHILEHHs] MAarHHTONPOBO/JA HAYHHAET Pe3KO yMeHb!
csl ¥ TOK [, KaKk roBopsT, AocTHraeT 3HayeHHs lomax. CO',
CTBYIOLLAs €My HHAYKUHsS HACHILIEHHS YCJOBHO ng)nm;dwj'
AJIS 5JEKTPOTEXHAYECKHX cTagell MpHUMepHO 2 TJI; opMi:
Bo#i I, npu 3TOM 0Ka3blBaeTCsl CHIbHO HCKaXKEeHHOH.

i
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Pa6ora TA npu rayGokux HacbimeHnsx MArHHTONPOBOAA.
Kak yxe oTMeua1och Bhillle, HCIO/Ib30BAHHE METOLA 3KBHBA-
JCHTHLIX CHHYCOHI AJst aHanusa paborel TA npu  rayGokux
HachllleHHAX Hes(dektusro. Mcnoabsyrores ApYyrHe MOAXO-
aul. B CCCP pa6orw nposoxuauce 8 HITHW, 31 AH YCCP,
M3H, 3CI (A. 11. Nposgos, U. M. Cupora, B. E. Kasauckuii
U HX YueHHKH, J. M. JluGepson u ap.). OcHOBHHe paspaboTku
OB CBsI3aHBl ¢ TPHMEHEHHEeM PasHBIX ammpoKCHMaHHu# KpH-
BOH HAMarHHYHBaHUS Bmax==f(H). HauboJee IPOCTHIM H Yac-
TO MPHEMJIEMEIM ABJACTCS METOJ, HCNO/Ib3YIOLIHE IPSIMOYTOMb-
!IBI€ XaPAKTEPHCTHKH HaMarHuuusanusi, — merox II1XH, nox-
poGHo mpopaGoranumiii B [17, 42]. )

L‘f)f’?;
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Puc. 3.7. Ocnunnorpamymn  Tokon
TA npu ero riy6okowm HaCbILIEHAH
H aKTUBHOH Harpyske

Puc. 3.8. Pacuetnple 3amucumo-
CTH 3JIeKTPHYECKHX BEJHYHH IIpH
ray6okoM HachileHun TA

OcHOBO# A/t paccMaTpHBaeMoro MeToia sBJseTCs cBOe-
00pasHblfi XapaKTep WSMEHEHHsS MIHOBeHHBIX 3HAYCHHI BTO-
PHYHOrO TOKa {; BO BpeMeHH (HalpHMep, IO puc. 3.7). B kax-
Abl TIONIYMEPHOA mpoumece TpanchOPMALHH MOKET GbiTh
Pa3GHT Ha yyacTKH BPeMEHH C JOCTATOYHO TOUHOfH Tpaucdop-
MalHeHd TOKa H Y4acTKH, Koraa tpancdopmanus TIPaKTHYECKH
OTCYTCTBYET W TOK i» GJH30K K Hym0. B nepsoM ciyuae un-
AYKTHBHOCTb B BeTBH CXeMbl 3aMeLIeHHS BeJIHKa, BO BTOPOM
Maja. 3THM YCJAOBHAM H  COOTBETCTBYer HPAMOYTO/IbHAS
ANNPOKCHMALHS KPHBOH maMarnuunsanuss. IIpuMep cooTser-
CTBYIOLIUX eH pacyeTHHX 3aBHCHMOCTeil JICKTPHYECKUX Be-
TIMHA 1aH Ha puc. 3.8. OGpamaer Ha cebs BHHMaHHe, YTO
HHAYKUHSI B B MarsHHTONPOBOAe IOCTHraer HHAYKLIHH Hachl-
UICHHS HE HEMeNJICHHO NpPH TOSBJIEHHH TOKA ij, a 4epes Heko-
TOpoe Bpems, MOCKOJbKY, KaK H3BECTHO, e MIHOBEHHOEe 3Ha-.

;ICHHE  TIPOMOPIHOHAJIBHO TJAOLIANH, OTPaHHYEHHO KPHBOM
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24C th(egtzjez(t)dt). Kak 6bL10 mokaszaHO pa3pabo1

v ~
kamu meroxa IIXH, Becp npouecc BO BpeMeHH NpH ray6
HaCHILEHHH MOXKHO JJis1 paHHOro TA onucarb npH 3an:
Harpyske W KPaTHOCTH NEPBHYHOrO TOKa Ki, ompeaesns
sTor0 oTHoweHHe Buac/Bmpacy, THe Buac — HNpHHATOE 1!
HOe 3HAaueHHe HHIAYKIHH HacbIUIEHHH, 8 Bmpacs — pacuc
MaKCHMaJ/IbHOE 3HAaYCHHEe HHAYKLUHH B NMPEAIOJIOKEHHH ©
CTBHS HachileHHs. ITOT KO3(Q¢HUIHEHT OOBIYHO HMER!
0606wennoim napamerpom TA u B Jureparype o?Qsﬂaq;
uepes C nan A, OH nMeer 3HayeHHs, MeHbUIHe 1; npuc
Mble pesyabratel agas TA c MarHHTONPOBOLAMH H3 XOJ:
KaTaHOH cTaJH nosydalorcs npu A.<0,9--0,95.

[Ipn mpaKTHYECKHX pacyeTax BaXKHO ONpeNeJsarb Aol
MOe 1J/i JaHHBIX H3MEPHTEJNbHBIX OPraHOB HCCKAMKEHHE i
ray6okux Hacbiexusx. OHO OGBIYHO XapaKrepusyercs
CHMAJIbHO JONYCTHMOH NOTPEIIHOCTBIO fizon O AEHCTBY:
My 3nauenuio lo. B [42] npepsoxkeHo onpexesarsb f; npu
GOKHX HACHINIEHHAX, HCNOAb3ysi OOLIYHO M3BECTHBHIE K
npenenbHoil  KpatHOCTH  Kio=|limax/Iinom|e=10% -
5TOM Kjo KOPPEKTHPYIOT NOBBIILAXLIHM KOS(b(pHuHeHTO_If
= |limaxmac|/|Iimax|. B pesyabraTe mnosyuawot ngx—,
Ha puc. 3.9 npuBeseHa MoJyyamasicsa ¢ yueTom pabor
AH YCCP yuuBepcaabHast 3aBucHMocThb [(A) or fz,m; §
Has AJs pacueToB, HO Tpebylolas KONOJHHTEIbHON
BEDKH. |

[lpakTHYeCKH NOYTH BCe BHIIyCKaeMble B HaCTOsIle«

O
Ms NPOMBIUIJIEHHOCTBIO 3JIEKTPOMEXaHHYECKHe H IOJyNpOu

A
8

i /
2 /4/

H
B I,%? ilzl

0 20 40 60 F;,%

Puc. 39. 3asucumocts ko3dpdu- Puc. 3.10. [Ipucoesunenne uaip, - -

uuenra A or f; KO BTOpHUHOH o6MoTKe TA
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HHKOBblE M3MEDHTE/IbHble OPraHbl JONYCKAIT B NONOJHHTEN b-
HbIX DACUETHBIX DpeXHMaX pabory ¢ fizon<<50 %. B cayuae,
€CJIH NPH H3BECTHOM fizon Kmar/A OKa3biBaercs Gosbiie Kjq,
3@ pacueTHylo KpaTHOCTb, HANPHMEDP NPH ONpPEAENEHHH AONy-
CTHMOH Harpysku Ha TA, npegnaraercs NDHHUMATbL He mpe-
ACJIbHYI0 KPaTHOCTD Ko, @ Kmax/A.

Ilpn paccMorpenun BausHust Haceimenus TA na pabory
MO samute  yuyuteiBaercs, yto KpHBBIe i3, KaK M [y, B pac-
CMA4TPHBAGMOM yCTAHOBHBLIEMCS PEKHMeE SIBJISIOTCA NEpHOLH-
YECKHMH  QYHKLUHAMH, CHMMETPHYHBIMH OTHOCHTEJNbHO OCH
BpeMenH f. [TosToMy OHM, pas/ioxKeHHEIe B pax ®dypre, conep-
Aar HeueTHble rapMOHHUKH (1, 3, 5u 1. 1.).

®yukunonnposanue TA B pasubix ycaoBusx paboTbl - ux
BTODHUHOM uenH. dasa 3alHLIAEMOTO 5/€MeHTa, B KOTOpYIO
TIOC/Ie0BATE/NbHO BKJIIOYACTC NepBHYHas o6MoTka TA, sp-
JMETCS 751 NMOCJIEAHEro, KaK yiKe OTMEeYaJoch, HAeaJbHbIM
HCTOUHHKOM TOKa. Harpyska TA, xapakrepusyemas Ry n Ly,
HMEET BecbMa MaJjioe 3HaYeHHe N0 CPABHEHHIO ¢ HHIYKTHBHO-
CThI0 Mw,/w; BETBM HaMAarHHYHBAHHS (puc. 3.4). B srux yc-
A0BHAX TA paGoTaer oGBIYHO B pexkHME, GJIH3KOM K pexumy
K3 Ha ero BTOpHUHBIX 3aKHMax, H caM MOKer pacemarpu-
BAaTLCAl KaK HCTOYHHMK TOKa, MHTAIOUIHA CBOK Harpysky. Ilo-
5TOMY HAarpyskH, OOBIYHO oOmpejessieMble CONPOTHBJICHHIMH
HO, nomxubl BrIOUATHCS (B OT/IMUHE OT HArpy30K Ha cHJIO-
BbIe TpaHC(HOPMaTOpsl ¥ nepBHuHbe WI1 HaNpSIKEHHs) mocye-

- BoBaTenbHO (puc. 3.10). Ilpu pasMmbiKanuu BTOPHYHON O6MOT-

KH BECb TOK [; OKa3blBaeTCs HaMarHHUMBAWINHM. B pesyib-
TaTeé MAarHHTONPOBOA TA MOXeT CHJBHO meperpeBaTbes, a
MTHOBEHHbIE 3HAUEHHs HANPSKEHHS Ha BTOPHUHBLIX 3aXKHMax,

NpHMEpHO nponopunoHasbHble V Imi, MOTYyT ObITb HejOmy-
CTHMO GOJIbIIMMH TNpEXAe BCero o YCJOBHAM  H30MSIIHU
BropuunblX nened. C yueTrom H3JI0KEHHOrO pexXuMbl paboTH
TA ¢ pasoMKHyTOH BTOPHYHOM OBMOTKOI ABJISIIOTCS, KaK npa-
BHJIO, HELOMYCTHUMBIMH yike MPH J1=1li4oy, a pabora ¢ 3aKo-
POueHHOH OOMOTKOH MoKer PaCCMaTpPHBATBLCH KaK YaCTHBI
Clydai HOPMaJbHOH paGoTHL, Henonycrumo Bricokne U, mo-
TYT NOSABJATLCS MHOTAA TaKkKe NPH GOJMbLIMX 3HAYEHHSX
TokoB K3 u Harpysok Z,. dto YUHTHIBAETCS! NIDH ONpeeseHHU
AONYCTHMBIX 3HAYEHHII HATPY3OK.

[lo npasunam snexrpobezonacuocty BTOpHuUHas nenb TA
AOJKHA 333eMJIATLCS y BOSMOXKHOTO MecTa mnpobos, T. e.
y Mecra ycranoBkH TA (puc. 3.10). Oxgnako unorna JONyCKa-
ercs Kak 0oJjiee palHOHAJILHOE 3a3eMJIeHHe BTOPHYHOH Ienu
Y Mecra yCTaHOBKH ycTpodcTBa 3awuThl. Heo6XomHMo Tak-
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e OTMETHTb, YTO paccMaTpHBaeMoe 3a3eMJ/eHHe HHKaK
OTBETCTBEHHO HE BJIHSIET HA MOSBJIEHHE HEJAONYCTHMBIX I
NpsKeHU# HA BTOPHYHBIX 3aXKHMaX, a CaMO MOXKET Haj
11aTbCsi B CHCTEMAax ¢ [JIyX03a3eMJECHHBIMH HEHTPassiMd -
NPOXOX/AeHHH IO HEMY MepBHYHBIX TOKOB K3.

B HexoTOpHIX ciyyasX, HafpuMep IPH ONEPATHBH(
peMeHHOM TOKe (CM. II. 4), BO3HHKaeT HeOGXOAMMOCTh
yeHdst oT TA MaKCHMaJbHOH MOILIHOCTH BHE 3aBHCHMO.
BO3HHKAIOIIEl NPH 3TOM OOJbLIOH MOrPentHOCTH TQpau
mauud fi.. MowmuocTb, otnaBaeMas TA, Sy=U,l,=1I3 Z
JHHEHHOH cXeMe 3amemeHuss TA ¢ Harpyskoi Zs Makcl
Hasi OTAaBaeMas
HOCTB JOCTHTaeTCs, ki
BecTHO, 0pH TNPHMC
paBeHCTBE CONPOTHE.
BeTBH HaMarHHYHBE!
BTOPHUYHOH BeTBH |
HoBHOM Zy). Ilpu
ecJi YIJibl CONPOTHE.
oxnuakossl, [i~ 50 %
Puc. 3.11. 3aBucuMOCTb MONLIHOCTH S»,  HeJuHEeHHOH cXeMe
oraaBaemoit TA mpu 3agansom [; or monyuaercs HOPH i
Uz (@) n Zu (9) COOTHOILIGHHSIX  COIIi

jgenuii. Bo3MoxHble
cumocTd Se ot Zy uau U npH 3a1aHHOM HEH3MEHHOM 1.
npuBenensl Ha puc. 3.11. ¥YKe npu 11 =110 MOLIHOCTb Sy .:
MHOrux ucnosHeHu#i TA MOXer JOCTHIaTh COTEH BOJBT-aMIl
TIp¥ HOMHHAJBHBIX MOIIHOCTAX TA B 1eCSTKH BOJIBT-aMHep.

5 I;=const

-3.3, PAEOTA WM TOKA B MEPEXOAHBIX PEXXMMAX

YerpolictBa OCHOBHOH pesiefiHO# 3amuThl oT K3 wac:
6oraloT Ge3 BbaepxkKu BpeMeHH. CoGcTBeHHbIE BpeMeH
6aTHIBAaHHS TAaKHX 3alluT AJAsi  ObICTPOAEHCTBYIOUIHX
HeHHli, TpUMeHsieMbIX B CHCTEMaX CBEPXBBICOKHX H Y
BBICOKHX Hampsixenui, o6byHO He mpesnimaior 0,02 ¢
NepXKU BpeMeHH BTOPBIX CTyNeHe#d 3amHUT ¢ OTHOCHT:
CeJIEKTHBHOCTBIO TaKxke OBIBAlOT BeChMa HeOOJIbIII
06bIYHO He NPEBHIIAIOT HECKOJbKHX AECHATBIX JAOJEH Cen
‘TlosToMy IpH BBINOJIHEHHH 3alIMT H HOHTAIOUIHX HX TO
nend TA yacTo OKazbiBaeTcs HEOOXOMHMBIM Y4YHTHIBATI
HHKawolue npi K3, a HHOrAa H IPH Da3HOro poaa nej
yeHHsX He yCHeBillHe 3aTYXHYTb 3JEKTPOMarHHTHBIE IIe;
Hble mpouecce. Kak 6bl1o paccMorpero B . 1, OHH
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TEPU3YIOTCA HaJHYHeM B 3JIeKTPHYECKHX BENIHYHHAX (TOKaXx)
KpOMe OCHOBHBHIX TapMoOHHK ¢ yacroTod 50 ' anepuoamyec-
KHX M 3aTyXalIIMX 3HAKONEpEeMEeHHHIX c/aralomux (He rap-
MOHHK), XapaKTepH3yeMbIX YCJIOBHO 4aCTOTaMH, GOJbIIHMH
OCHOBHOH, HO 4acTO HMEIOIIHX cJjarawinue, OJH3KHe K TI0-
caennei. [Tpuxoaurea TakxKe CYHTATBCS C MNEPEXOAHBIMH IpO-
LeccaMHd, BO3HHKAIOLIMMH B CaMHX yCTPOHCTBAxX 3allHUTHI.
[TpumenutespHo k paGore TA ocHOBHOe BHHMaHHe OLLIO,
CCTECTBEHHO, YAeJEHO BJHUSHHIO HA 3Ty paboTy amepHOpHye-
CKHX cjarawomux. [lepBble cyuiecCTBeHHBlE HCCJEN0BAHHA B
9TOM HalpaBJeHHH OLIIH NPOBeleHH B KOHIe 20-X rogos s
TA ¢ nuHefHBIMM XapaKTeDHCTHKAMH. B pajbHelileM OHU
YTOYHSINCH, B TOM UHCJe H OTEYEeCTBEHHBIMH CHellMaJHCTa-
MHU. B messix ynmpomenusi yuuThHBaJgach TOJBKO OCHOBHAS rap-
MOHHKAa TOKa H COOTBETCTBYIOIas eH amepHojHyecKas cJia-
raiomasi. B stux ycnosuax mpu BosHMKHOBenun K3 aBapuii-
Hasi caaramomasi  Toka  i1=1/; €08 (0f—8)—Im;cos Sexp
(—t/T1) unu iy={linep—ifa, LA€ 8 — yroJ, XxapaKTepH3YIOLWHH
¢asy [; B MoMenT =0, [,,;c08 § — Haya/pHOe 3HAUYEHHE alle-
PHOAHUECKOH ciarawoumeh i1a, Iy — ee NOCTOSIHHAs BpeMeHH,
ompejessieMas OoTHouwleHHeM L/R Iend, B KOTOPYH BKJIOYEH
TA. Ilpu §=90° i1, BooGwme ne Bosuukaer u TA paboraer B
paHee paccMaTpHUBABIIMXCA yCTaHOBHBIUHXCS pexuMax. [Ipu
§==0° i;» uMeeT MaKCcUMaJjbHBle 3HayeHus. [Ipomecc ero us-
MEHEHHs BO BPEMeHH TOoKasaH Ha puc. 3.12, a. Ha puc. 3.12,6
NpHBEJEeH BO3MOXKHBIH DEXHUM TPaHCHOPMALUHU [ H f1a AJIA
3TOr0  Cjiayuas, MOJIyYeHHBIH pellleHHeM COOTBETCTBYIOUIMX
AndhepeHunasbHbX HIH ONePaTOpPHHX ypasuenuid. Ero pac-
CMOTPEHHe [1aeT BO3MOMKHOCTb CAENaTh CJeAyIOlllHe BHIBOLBI:

]. TpanchopMHPYIOTCSH KaK  iinep, TAK H i1z, TOCKONBKY
BTOPOHl TaKXe H3MEHSIeTCs BO BPEMEHH, OJHaKO XapaKrep
3TOH TpaHCHOPMALMHU AJs i1a COBCEM APYTOf, 4eM IS linep.
Tox iinep pacnpenensiercs B cxeMe 3amemeHHuss TA, Kak usBe-
CTHO, OGpPaTHO NPONOPIUHOHAJBHO CONPOTHBJIEHHAM Z=R-
+joL, a ToK ijs — 06paTHO mponopuuoHasbHo R—L/T;. Uem
6osnbiie T;, TeM GOJBHUIEM OKa3bIBaercs ipa. B peayJbTare
HaMarHUYUBAIOIHE TOKH [y MOTYT BO MHOI'O PA3 IPEBOCXO-
JUTb  HX 3HAUeHMA B yCTaHoBUBWIEMCS pexuMe, OcobeHHO
IJIOXO f1a TPaHC(OpMHPYeTCs mpu MHOrodpasHbx K3 BOaU3M
IIHH MOWIHHX CTaHOHH, Korga Ty GBIBAIOT MaKCHMAJbHBI, 10-
CTUr'asi HECKOJIBKHX IeCATHX A0Jieli CeKYyH bl

2. B KoHType CXeMbl 3aMeLIeHHs B LENH C TOKOM i IOSIBJIS-
€TCsi JIOTNIOJIHUTEABHO CBOOOJAHAS amepHoAHYecKast Cjaraoinas
focs,a, TIOCKOJIBKY B HENH C HHAYKTHBHOCTSMH TOK MTCHOBEHHO
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nosiBuThca He Moxer, OHa 3aTyXaeT ¢ NOCTOSIHHOH BpeMeHu
T, TOrO KOHTypa H MOXKCT HMETh 3HaueHHs Kak Goubline T,
TaK U COM3MEPHMEIE C HHM. JTO ONpeIeNsieT XapaKTep H3Me-
HeHHsi BO BpPEMeHH pe3yJAbTHPYIOIEro ToKa f[o. PHCyHOK
3.12,6 cootserctyer cayuato T.>T; (T;=0,05 c, To=1 C),,'
Yem 6oapie T; u Ty, TeM MeaJeHHee 3aTyxaeT IePEeXOAHLIN
npoiecc. B HEKOTOpBIE MOMEHT BpeMeHHU io NPHOOpeTaeT Mak-
CHMaJbHOE 3HAUeHHE.
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Puc. 3.12. VaMeHeHHe BO BpeMeHH MrHOBEHHbIX 3HaueHHA Tokos B TA:

a — nepBHYHOro TOK4; 6 — HaMarHH4YMBAIOULEro TOKa

‘3HauHTebHO 60Jee CIOXKHBIMH SABJSIOTCA INEpPEeXOAHBIE
npoueccel B TA €O CTalbHBIMH MarHHTONPOBOJAMH, KOrAa
nocaennue npu K3 naxe npH OTHOCHTENbHO HeGOJBIIMX
KpaTHOCTSX TOKa, COAEPIKAUIEro ija, MOryT Tay6OKO HAChl-
maTecs. [lepBbie cepbe3Hble HCCIENOBaHHA B 3TOH 00/acTH
B CCCP 6nliu mpoBeaeHsl B Hauane 30-x rogos B jaboparo-
pun um. A. A. Cmyposa (H. H. INorames u np.). B uactuo-
cTH, Oblia NMOKasaHa BEPOATHOCTb CYLIECTBEHHOIO BJHSHHA
Ha HayaJbHble 3HAUEHHA {» M (o OCTATOYHOrO HaMarHHYuBa-
HuS MaTHHTONpPOBOIOB. B nanbHefiliem 3TH paboTel NpOBOAH-
auc, Bo BHHUMD, U3 AH YCCP u apyrux opraHd3anHsx.
JIlns pacueToB NPHMEHSIOTCS Pas3Hble crnocoObl — amIpOKCH-
MalUHH KPHBBIX HaMarHHYHBaHHA (KaK H LIS pacueroB ycra-
HOBHBILMXCS pPEKHMOB C [JYGOKHM HacHII[eHHEM), MeTOAR!
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(H3HYECKOrO M MaTeMaTHYeCKOro MOJAEeNHPOBAHHS, B PeKo-
mengauusax M3K no pacueram nepexolHbix mpoueccos B TA
HCIOJB30BAJCS METOL HAKJIOHHBIX XapaKTepHCTHK HaMarHH-
yuBauus (cM., Hanpumep, [42]). Merox ¢usuueckoro Moje-
JHPOBAaHHSA NOJyYMJ pasBuTHe B paborax M3 AH VCCP
(b. C. Croruuft u ap.). MeTros MaTeMaTHYECKOTO MOJENHPO-
BaHHA, Haubosee yHHBepCaJbHBIH, HCIOJAB30BAJICS HA aHAJO-
rosbix wmawmuHax Bo BHUHMD (. C. T'enndann), B HIIU
(3. B. Ilogropumit, C. JI. XnebuuxkoB u ap.) u B BIIU
(B. K. HoBaw u 1p.), na uudpoBelx Mamunax —B MIU
(K. C. JIMUTpHEB U Op.) H APYyTHX OPraHU3aLHUSAX.

B ofmem ciayuyae Adsi MEpPeXOAHBIX pPEXHMOB MOTYT HC-
N0Jb30BATbCHA NPHMEPHO Te K€ BHABI NOTpeliHocTedl & H [,
uto ¥ aas TA, paGoTaiomHx B YCTAHOBHBLIMXCS pEeXHMaX.
ITpu sTOM YyuHTHIBaeTcs, 4TO GOJBLUIHHCTBO THIOB peseHHO¥
3alIMTHl NPEeAHA3HAUAeTCH IJS pPeardpOBaHHS HA NepHogHYe-
CKHe CJaraloliHe INEepBHYHOTO TOKa H YTO 3TH MOTPEINHOCTH
OyAyT pa3IHYHBIMH B pa3Hble IEPHOJbI NEPEXOLHOTO MPOIEC-
ca. YrJoBele MOTrpeUIHOCTH & MOTYT ONpPERENATbCS IPH 3TOM
10 OCHOBHHIM FapPMOHHKaM TOKa.

Bosmoxuble mytH yayuuwienus pa6otel TA B mepexomHbx
pexumax. [las yayuuienus pa6otel TA B mepexoHbIX pexiu-
Max, yTo 0COGeHHO Ba)KHO Aasi obecrneyeHHst 3()(EKTHBHOI
paGoThl GBICTPOAEACTBYIOMIMX 3aIHT, NpeiJarajics psm pe-
weHui. OCHOBHBIM H3 HHX, OTHOCSIIMMCH K co6cTBeHHO TA,
ABJIS€TCH HCMNOJNb30BaHHE B HX MAarHHTONPOBOAAX HEeMAarHHUT-
HBIX 3230pOB ¢ pa3MepaMH, AOCTAaTOUHBIMH IS obecreyeHHs
XapaKTepHCTHKH, JHHEHHOH B IpelesaX BO3MOXKHBIX 3Haye-
HUA TOKOB K3 ¢ yueTOM HX amepuOAMUYECKHX CJaralolxx.
llpumenenne TakuX 3a30poB NPAKTHUECKH YCTPaHseT H 3Ha-
YHTeJIbHBIE OCTAaTOUHBle HHAYKUHH. HcnonssoBauue TA ¢ ne-
MariuTHeim 3a3opoM B CCCP 6bli0 mpeisioxeno elle B Ha-
yane 50-x romoB B TIIM (M. JI. Kyrasun). B nanbHeiimem
bosbluoit Bknag B paspabGotky Takux TA Bumec MBI AH
YCCP (HU. M. Cupora, B. C. Croruuit), KoTopslii 10Bes 3TH
paspaboTku 10 NPaKTHYECKOH peasiM3alMH B CHCTEMax Ha-
npsxenneM  Bolile 500 xB. HcnoassoBaune TA ¢ 3aszopom
NPUBOJAHUT NPY 32[aHHOH BTOPHUHOH HArpPy3Ke K YBeJHUEHHIO
CeueHHs MarHuTonpoBofoB. [TosTomy ux npuMeneHue Gosee
3p(EKTHBHO TPH OTHOCHTENBHO HEOOMBIUMX HArpy3Kax; Ta-
KHe Harpy3KH MOTyT O0eCIeuHBATbCS MPH HCHOJb30OBAHHH 3a-
UIMT, TIOCTPOEGHHBIX HA MHKPO3/JIEKTPOHHOH MJIH MHKPONpO-
Leccoproit aneMenTHON Gasze. Ilpu ouenke obsacrell mpuMe-
HeHuss TA c HeMarHUTHBIM 3a30DOM OCHOBHBHIM OCTaercs
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BONPOC O BEPOSITHOCTH NOSIBJACHUS 3HAYUTENbHHIX amnepr

YeCKHX CJaralolipX, KOTOPble MOTyT BO3HHKATb B HEHAX ¢

obaanamwlineii HHAYKTHBHOCTBIO TOJAbKO B MOoMeHTH K3 ¢

JBIME 3HAYE€HHSIME MTHOBEHHBIX HaNpPAKeHHH, YTO B CHCT:
CBEPXBLICOKHX HampfiKeHHH MaJgoBepositHo. Caenyer 7.
OTMETHTb BBHISSBHBLIHECS 3aTpyAHEHHS HCMOJb30BaHH:
C HEMarHHTHHLIM 3a30pPOM AJS1 3alIHT C HECKOJBKHMH Ip)

mu TA pasHoro THnma (c 3asopoM H Ge3s 3azopa). [Toas
paccMaTpuBaeMblil Bompac Tpebyer AaabHeHLIero yTO4Ht
BoamoxubuM nyTeM yayuimenus paborsl TA B mepexo,:
pexuMax fABJSETCH HCNOJb30BaHHe OLICTPOACHCTBYIOIIHX
wuT, paboraromux B caMOM Hayajde BO3HHKHOBeHHA K
J0JIM YeTBePTH NepHOAa APOMBIUIJIEHHOM 4aCTOTH], KOrAa 5.
TpomarsuTHbie TA paboraior B JHHeHHOM peXHMe (HACL:
HHe He Hadaaoch). Cnocob 6B npepsioXKeH 3a pyGexoM :
MEHHTEJbHO K 3allHTaM Ha MHKpPO3JEKTPOHHOH 3JeMeH
6a3e. ¥ Hac noka He peaJsH30BaH.

Hpyrue cnocobul OTCTPORKH OT HebJaronpHsTHOrO B
HHSl anepHOAMYECKHX CJaralouux (HCHoJAb3oBaHHe pas
poja GHABTPALMH H T. N.), NIPHMeHsieMble Ha NPAKTHKE, O
cATCs yKe He K BeinasHenuto TA, a k MO sawurhL.

3.4. OCOBEHHOCTM BbINONHEHUA UM TOKA

Kak yxe ykaswBajoch BbIlIe, HAa TPAKTHKEe, KaK NpaBH-
Jo, NOKa WHPOKO NPHMEHSAITCS 3JeKTpomarduTune MIT —
TA. Oun BBHINOJHAOTCA HA BCe HOMHHAJbHEE HANpPSKEHHS,
BHAAIOT HHPOpMAlHIO O NMEPBHYHOM TOKe B aHAJOroBoit dop-
M€, HMEIOT OfHy NepBHYHYI0 M OAHY, ABe HJAu GoJiee BTOpHY-
HHX OOMOTOK, KaxK/Jas H3 KOTOPBIX AOJ:KHA PacloJaraTbCs
Ha OTAEJbHOM MarHHTONDPOBO/JE, XOTS HOMHHAJBHHEA Ko3(du-
uHeHT TpaHcGopMauMH y Bcex y HHX oAMHakoB. Homuuanb-
Hble BTOPHYHBIE TOKH—5 wam 1 A (mociegnuit — oOnI4HO
NpH CBEPXBBHICOKHX HANPSXKEHHAX, KOTJa HMeIoTcss 6ojblide
PACCTOSIHHSL MEXAy MeCTOM YCTAHOBKH yCTPONCTB 3aUIMTH H
HI1 1 HeoOX0AMMO CHHXKEHHE MOTE€Pb MOUIHOCTH B COeJHHH-
TeJbHBIX IPOBOAAX, NPOHOPUHOHAMBHEIX I%). C roft xe, B 4a-
CTHOCTH, UEJbI0 B 3apy0beXHo¥ npakTHKE HCHOJbL3YIOTCH
IIyHTH-PE3HCTOPH], BKAIOYaeMble Ha 3aXKHMBl BTOPHYHBIX 00-
Motok T'A, c KoTopuiX GepeTcsi 4acTh HANPSKEHHS, NPONOPLHO-
HanbHas Iy, AJs nepefaun HHGOPMAUMH MO COEAHHHTENbHBIM
nposoiaam. HMcnoabsylores rak:xke TA, BeTpoeHHble BO BTYJAKH
CO CTOPOHBI BBICIErO HANpsi:KeHHs TpaHcpopmaropoB (aBTO-
TpaHchOpMaToOpOB) H BO BTYJKH Mac/asSHbIX BHIK/JIHOUATE/ICH
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Ha BhICOKHe HanpsikeHus. CToHMoCTb, rabapuTH, MaTepHaJo-
€MKOCTh OTJeJbHO ycTaHaBjuBaembix TA pesKo Bo3pacraior
C yBeJIMYeHHEM HOMHHAJBHBIX HanpsKeHHH. Bosumkalor Tak-
XKe W TeXHHYeCKHe 3aTPYAHEHHS C HX HCHOJIb30BaHHeM (Ha-
npumep, B CCCP Ha cRepXBHICOKHE HANDPSKEHHS OHH BbIMOJ-
asorcsl kackaiuunMu). TlostoMy B mocsneBoeHHBIE rojbl 6bL10
obpameHo BHUMaHHe Ha Apyrue ucmoadenus MIT ¢ ayumwrumu
TE€XHHKO-DKOHOMHYECKHMH mNoKa3areasMd. K HHUM oTHocsTcs
ontHKo-snektpouHble TA (O3TA), TpaHcpeaKTOphl, MarHur-
Hble 30HABl, JHCKpeTHHE TA.

Ontuko-anexrponnsie TA. Bapmanr takoro TA ¢ ucnodsb-
30BaHHeM MarHuTo-onTHueckoro s¢exra Papanes [41] 6wt
npefsoxed B BOUM (I'. B. I'onononnsckuii) enie B Hayaje
60-x romoB. Ero ocrHoBy npexncrasaser (puc. 3.13,a) npeob-
pasoBaHHe CBETOBOIO CHIHAJa MOHOXPOMATHYECKOrO HCTOY-
Huka cera MC, Haxojsmerocs Ha NOTeHHHA/e 3eMJH, B HO-
BLIH CBETOBOH CHCHAJ C NOMOLLbBI MAarHHTOONTHYECKOTO MO-
ayaaropa ®apages MOM. Tlocaeanuii ycraHoBieH Ha
BHICOKOM MOTEHUHase JIpoBoJa C TOKOM H HAXOAHTCS TNOJI
Bo3lefcTBHEM MArHHTHOrO mnoJas nocuaefdero. Curnaa or MC
nepezaercs Ha MOM 1no onTHKO-BOJIOKOHHOMY (M3 CTekJo-
BoJIokHA) KaHany OKI u Bo3Bpamaercs o0paTHO HA mOTeH-
1HaJ 3eMJn K ONTHKO-3JeKTPOHHOMY npeobpasoBarenio 0317
II0 BTOPOMY TakoMy e KaHaany OK2. Ha Buxoge 0311
<dopMupyeTcst 3JEKTPHUYECKHH CHTHAJ, Hecyniui nudopmanuio
O NepBHYHOM TOKe, KOTOpas MOMKET HCTOJb30BAThCS H MM
H3MEPHTEJABHON yacTH 3auwMTH, Ha 6ase paspaborox JITIH,
HHWHIIT, saBoga «3daekrpoannapats (r. Jlenuurpan) Ouinm
B CBO€ BpeMms BhNyuleHbl npoOHble obpasun TA Ha paccmar-
pHBaeMOM INpHHLHOE, KOTOpPHle  AOMXKHB  ObiIH  OBITH
KOHKYPEHTOCNOCO6HL ¢ IPOMO3JKHM, MATEePHAJIOEMKHM 3JeK-
TpoMarautHbM TA. Oguako ux BecbMa OTpaHHYEHHBIE MOII-
HOCTH, CJ0XHOCTb BBHINOJHEHHS, HENoATrOTOBJEHHOCTL 3J1e-
MeHTHO!H 6a3bl 3alHTHl He JAJH BO3MOXHOCTH BHEAPEHHS HX
B 3KCIJlyaTanHio. B Hacrosimee BpeMs, NpH LIHPOKOM mpHMe-
HEHHH MHKDPO3JEKTPOHHKH, BONpPOC O Iejecoo6pasHOCTH AMS

CBepXBLICOKHX Hanps:KeHH#i HcnoibizoBanus O3ITA BHOBL Mo-

JKeT 0Kas3aTbCs akTyaJbHHIM. Ilpum sToM BHHMaHHe paspabor-
YHUKOB NpHBJIeKaeT APYTrOH BapHaHT BHINOJHeHHA Takux TA,
B KOTODOM HCTOYHHK NHTAHHS TakKkKe HAXOAHTCS Ha TNOTEH-
unajne npososa. CTpykTypHas cxeMa Takoro TA npusemeHa
Ha puc. 3.13,6. B cocras TA Bxomsar HII toka HIIT na oc-
HOBe, Hanpumep, obbviaHoro TA, 3/7eKTpoONTHYeCKHH npeol-
pasosartesns JOII, ontuueckuin kanaa cssisu OK M ONTHKO-
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sJeKTpuuecKuit npeobpasosarenr O3I1. Baok ¢ HIT u 3011
HaXxoAATCA Ha NOTeHmMaJie npoBoxa. AHaJoTOBHE CHTHAJb
or HMIIT nocrynator B 30I1 n npeolpasyloTcs B ONTHUECKHe
curnansl, o6eruHo AHcKpernsie. ITo OK 3T CHTHA’ZB 0OCTY-
naior B O3]1, ycTaHOB/NEHHH Ha NOTeHUMajse 3€MJH, H Tpe-
o6pasyloTca B 3JeKTPHU€CKHE CHTHAJBl, HanpHMep KHCKper-
upe. Tounocts TA 1m0 BTOPOMY BapHaHTy OrpaHHUHBaeTCs

MOM aK2

ain

| oK1
uc

aK

urr s HANHosn [
i Tiq 5)

Puc. 3.14. IlprHnun aeACTBRA Mar-

13. B HTE CTPVKTVDHBEIX
Puc. 3.13 ApHAHTH CTPYKTYD uutHoro TA

¢cXeM BHINMOJHEHHS ONTHKO-3JEKTDOH-
Heix TA

tounoctslo paborsl MIIT u nosromy nuxe. Ero HeJloCTaTKOM
siBJSIeTCS TaKxkKe HeOOXOAMMOCTh HMETh CNelHaIbHAH 6210k
nuraHus (Ha cXeMe He TNOKAa3aH), pacnojaraeMhid OKoJO
J0I1. OpHaKko KOHCTPYKTHBHOE BhINoJHeHHe Takoro TA B Le-
JIOM, TO-BHAHMOMY, CleAyeT cuHTath 0oJiee NEPCNEKTHBHHM.

Tpancpeakropst (TAV). Oum npeacrasisioT HHGPOPMA-
IHI0 O NEPBHYHOM TOKE ij B BHAE BTOPHYHOIO HAMNpAKEHHA
U, a He TOK iz, Kak y TA. Hanpsikenne uy=dis/dt. Kospdun-
uuent tpancdopMautu Kiunom=I1noum/Ugnon. Conpomsneﬂmi,
narpysku TAV BhiGupaercst HacTOJNbKO 60JBLIHM, YTO OH pa
Goraer B pexume, OaH3KOM K xojdocromy xony. IToatomy
K1 usow B 3HauUHTeJpHO Gousplieil Mepe, yem y TA, 3aBHCHT ZT
CONpOTHBJIEHUs] MarHHTONpoBoAa. [/ nolyuyeHHs HeobXx0xL j
MOH TOUHOCTH TpaHchopMauuu Marhuronposos TAV BHMON
HseTcs ¢ OGOJBIIHM HEMAarHHTHBIM 3a30pOM, 3HAyeHHE KOTO-
pOro JoJKHO GHITh TOUHO OTPEryJHPOBAHO H HeH3MEHHO.
Hcnoanb3oBanne TAV HeoJHOKpAaTHO TNpeaJjarajoch Ajasa 3a-
IMT Ha MHKpO3JeKTPOHHOH Gase, HMeEWIHX GobliHe BXOL
Hble CONPOTHBJIEHHS, C YUe€TOM TOrQ, YTO HCNOJb30BAHHE
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obecrnieuHBaeT eCTECTBEHHYIO OTCTPOHKY OT alepHONHUECKHX
ClaralOluX B TOKE I; M CHATHE 3aTPYAHEHHI ¢ BHGOpOM ce-
UEHHH COENMHHTeNbHBIX TNpPOBOAOB. OQHAKO A/1S BHICOKHX H
CBEPXBRICOKHX Hamnpsikenu#i TAV pacnpocrpaHeHns He moay-
YHJIH H3-38 HX I'DOMO3/JKOCTH, BO3MOXKHBIX TEXHOJOTHUYECKHX
3aTPyAHEHHA B H3TOTOBJEHHH H NPHCOCNHHEHHH HECKOJBKHX
Harpysok. [as ycraHoBok Hanpsukenwem 10 6—10 xB [43]
Hamnu npumeHenne TAV c Henonb3oBaHHeM  (heppHTOBBIX
MarHutonposoRoB. Tpancpopmarops ToKa, paboramouiue B
pexkume TAV, npuMeHsloTcs A5 BHNOJHEHMS NPOCTHIX H
AemeBblXx MarHutHbix HII, aBasiomuxcs pasHOBHIHOCTHIO
MarHATHHIX 30HI0B.

Marnurnbie 30ua61 ¥ uX pasnoswaHocTH. OHH yCTaHAaBJIH-
BalOTCA B MArHuTHOM TOJIe H3MeDPSeMOro TOKA {; Ha BO3MOMK-
HO MaloOM BO3RYINHOM pPacCTOSHHH OT NMPOBOAA C TOKOM ij,
LeJMKOM pacnojarascb Ha noTeHnxanse 3emad. Mx nepsas
NpejJIoKeHHaa pa3HOBHAHOCTb, Ha3BaHHA# MarHuTHeiM MIT
TOKa, IIpencraBaser colofi 30HA MHAYKUHOHHOro THua. Ero
OCHOBHBIM 3JIEMEHTOM fiBJsercsi oOMOTKAa, ycTaHaBIHBaeMas
TaKHM 00pa3oM, uToGH ee KOI(Q(GHUUEHT B3aHMOMHAYKIUH
¢ NPOBOAOM (a3bl, O KOTOPOMY NPOXOAHUT f;, GBI MOCTOSH-
HBIM H NO BO3MOXKHOCTH GOJIBIIKM, 2 B3aHMOHHAYKIHSA C ABY-
Msi 1pyrumu ¢asamu tpexdasHofi cHcTeMbl, 06yCaaBAHBAIO-
LIHMH NOoMexu, Oblla MHHUMAJbHOH. Y IauHHH BapuaHr, Ha-
3BaHHHHA nu(hepenunanbHM MarHuTHEM TA, uMelowuM
Pa30OMKHYTYI0 ~ MAarHHTHyX CHCTeMy, paspaborTaHHHi B
OPTP3C nox pykosoxcrsom B. E. Kasauckoro [17], npwume-
Aen Ha puc.3.14. Kak BHAHO U3 PHCYHKAa, MarHUTHBIA MOTOK,
onpene/seMblil H3MEPAEMbIM TOKOM OJAHOH (a3, HABOLHT B
ABYX KaTyuwlKaX MarHuTONpoBOAa cKJaaauBawomuecs SJC,
a MOTOK OT TOKa JApyro# (pasu — BuunTaomuecs INC; ckia-
AbiBawomuecs 3C xXapaKTepu3yloT H3MepAeMBIfl TOK, a BHI-
UHTalomHuecs — nomexu. Marnutnbie TA Hawaw npuMeHeHHe
Ha moacranuuax 110 kB ¢ ynpowmennriMn cxemamu snekrpu-
YeCKHX coexuHeHHH (HanpuMep, Ges BhIKJIOHaTesell €O CTO-
POHH BHICIErO0 HamMpSXKEHHs) AJS MHTAHUS DPas3HOro poja
TOKOBBIX 3aIUUT, & TaKXkKe B psijie ApYrux cayyaeB [44]. 3a-
IHTYy TIPH 3TOM cJeAyeT YCTaHABJHBATb HENOCPEACTBEHHO
oxosno HIl, yuurnBag ero MaJiylo MOIUHOCTL H HeoOXOaH-
MOCTb YMEHbLIEHHSS HaBONOK B COGIMHHTENBHEIX NpPOBOAax.

MaruuTHbe 30HAB C HCNONBL3OBAaHMEM AaTUMKOB XoJsa
Obiie paspaborann B DHUH mox pykosoactsom 3. A. Me-
eposuua. Ha npaktuke oHM B HacTosiliee BpeMsi NpHMeHSIOT-
Csl OHeHb PENKO.

11—855 161



Huckperuble TA. MHbopmanyus 0 NepBHYHBIX TOKax Iic-

penaerca ot MII, kaxk npasBuio, B aHajgorosoi dopme. B cBo:
BpeMsa B. E. Kasaucku#i Bhickasan yBeautenbHble coobpaxe
HHS O Lenecoo6pasHOCTH B psje CJAyd4aeB HCHOJIb30BaHH:
IHUCKpeTHHX (opM mepenaud 3Tolt HHpopMaluH. LUCKDETHE:
CHI'Ha/Jbl MeHee YyBCTBHTE/NbHBI K IOMEXaM, OCOOEHHO Iip.
MBILIITEHHO 4YacTOThl, He MPeABABJAIOT, KaK aHaJOroBblv
JKeCTKHX TPeGOBAHHUA K CONPOTHBJICHUAM  COeAHHHTEJbHBI
IIPOBOJAOB. ¥ Aa4YHBLIM OKa3aJoCh CO3JaHHe AUCKpeTHBIX TA w,
6a3e MarHuTHBIX TA, B KOTODHIX B KauecTBe BHIXOAHBIX map:i
MeTPOB HCMOJb3YIOTCA HHTerpaspHble (He MIHOBEHHBIE) 3H.:
YeHHA 3/1eKTPHYECKHX BOJIHYHMH, HX CDelHHEe 3HauyeHHs 3a I
puona. Ilpu stoM aHasoro-uudpoBble mpeo6pasoBaTesy v
3bIBAIOTCSL  AOCTATOYHO  NPOCTBIMH MO  HCHOJb3OB::
ycTaHaB/lAHBaloTcsd Y MecTa pacnogoxenusa MIT u pator
MOKHOCTb 3HaYHTe/qbHO Oo0Jjlee INHPOKO NPHMEHSITL Mai
fple TA ¥ BBINOJNHATh Ha HX 0ase 3aIMUTHl PA3HOrO MPHUH:
nedcTBHsA [44]. MMeloTcsi CBeeHHS! O BBINOJHEHHH 3apy
HbIMH GupMaMu auckpeTHBIXx TA, y KOTOPBIX COGCTBEHHO
0J10K ONnepaTHBHOrO NHTAHHS H aHAJOTO-LUPOBOH .Mpe:
30BaTe/]b HAXONATCH Ha IOTeHIHale IePBHYHOTO TOKa.
{opMallHsl 0 MTHOBCHHBIX 3HAUEHHSX iy ¢ GOJBIIOH yac)
JHCKDETH3aUHH B HHUX IlepeaaeTcs MOCJAeJOBaTENbHBIM i
HbIM KOJAOM IIO ONTHKO-BOJOKOHHOMY KaHaJ/ly HeIoCPejc!
HO K MHKDOIIPOLIECCOPHBIM YCTPOHCTBaM 3amUTH. JIHCKpe
¢opMa nepeaaud HHPOPMAIHH MOXKET, KOHEUHO, OKa3blBa
BecbMa MOJE3HOH H 1J1f ONTHKO-3JeKTPOHHHX TA, a mpu
HHaAbHO H AJ51 00buHBIX TA.

3.5. USMEPUTEJIbHBIE MPEOBPA3OBATESIM HANPSMEHUA
U NX PABOTA B YCTAHOBMBLLIMXCS PEXMMAX

OcHoBnl BbinosHenust. OcHoBHBIMU Bugamu HIT mamp
HHsl ABJAAIOTCS 3JekTpoMaruutHele UIT (puc. 3.15,4q), b
BaeMmble 4aCTO MPOCTO TPaHCHOPMATOPAMH HATPSAKEHHS
u emkocTHble TV (puc. 3.15,6). ¥YmpollleHHOH pa3HOBI
CThIO NOCJAeJHHX HBJAITCH YCTPoHcTBa oT6Opa Hamp’
uuss — TTHMH (npuemocoGuieHusi il u3MepeHHsi Hamp:
HHS1), H3BeCTHBIe ellle ¢ Hayana 30-x rogoB., OHu B Hac
mee BpemA o00pasyloTcss KOHAGHCATOPHLIMH OOKJIaAk
BTYJIOK BBIK/IIOYaTesNeH HJIH BBOJAOB BBICHIErO Hampsik:
TpaHcdopmMaTopoB H aBToTpaHchopmartopos (110—500
Bce onn 06biuHO parot HHGOpPMALHMIO O MEPBHYHBIX U B
JIOTOBOH ¢hopMe. B HEKOTOpBIX CAy4asX HCIOJIb3YIOTCA
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IHaJbHble pasHoBUAHOCTH MIT Hampsikenuss (ONTHKO-3JeKT-
POHHbIE, aHTEHHble H ApP.) C COOTBETCTBYIOIIUMH (OPMaMH
NpeACTaBJeHUs HHGOPMAUHUU. IDJeKTpPOMarHuTHoie TV ajs
OYeHb BBICOKHX HAMNpSIAKEHHI MOJY4aioTCsl TIPOMO3AKHMH H
noporumu. OcoGble TPYAHOCTH BO3HHKAIOT NPH BHINOJIHEHHH
HX BHYTpeHHe# usousinuH. [TostoMy yxe npu Uon=>110 kB
OHH' OCYIIECTBJSIOTCS CTYNEHYATHIMH (C HHAYKHHOHHBIMH Ae-
autensiMmi). Tlpu Uson==500 KB  siextpomarautusie TV He
HCIIONB3YIOTCSA. BMeCcTO HHX NDUMEHsIOTCA eMKocTHbie TV.
OHu umeror (puc. 3.15, 6) eMKOCTHBlE AeJUTENH HanpsKeHus,
coueTaeMble ¢ 3/1€KTPOMAarHHTHHIMH TpaHchopmartopamu T.
EMKocTHble ae/HTeNH OAHOBPEMEHHO HCIOJB3YIOTCS KAK KOH-
AEHCATOPBl CBA3H BBICOKOYACTOTHHIX KaHaJOB MO NMPOBOAaM
JTHHUA ceTedl (cM. ra. 1).

f1po6od gpass
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Puc. 3.15. Ycnosune H306paenus 34€KTPOMarHHTHOTO (@) u eMKOCTHOrO
6) TV

IIpy nmoMolu eMKOCTHOrO AeiuTelsi H3MepsieMOe Hampsi-
KenHe nounxaercsi B (Ci--C2)/Cy pas (o6bluHo a0 12 xB)
H muTaer tpaHcdopmatop T, K BTOPHUHBIM 3a:KHMAM KOTO-
poro npucoeAHHslOTCA Harpysku. Peaktop LR ¢ MHAyKTHB-
HOCTbI0 L KOMNEHCHDYeT BMeCTe ¢ WHIYKTHBHOCTBIO Paccesi-
Hust T najeHusi HANPSKEHHS B JeJNUTENE OT TOKOB HArPy3KH.

Pacuernyio cxemy samemenuss TV npunumawnr T-o6pas-
HO# (puc. 3.16, @) mono6HO H3oGpaxkenHoii Ha pHc. 3.3, ¢ Ko-
3¢ duuHeHTOM NpHBeleHHA kR=w,/w;. O6BYHO W >W, U co-
npoTuBjienne TV, OTHeCeHHOe K YHCJIY BHTKOB W; NePBHYHOH
OOMOTKH, BeCbMa BEJHUKO MO CPABHEHHIO ¢ SKBHBAJECHTHDBIM
CONPOTHBJIEHHEM  3JIEKTPHYECKOH CHCTEMHl, B KOTOPYIO OH
BK/IoYeH. [lostoMy wanpsixenne U, B JIOBHX pexHMax pa-
GoTbl TV He 3aBHCHUT OT CONPOTHBJIEHHS MOCJAENHETO H MOMKeT
paccMarpuBaTeC  KAK HACANbHBIH HCTOYHHK HANpSAKEHHs
(c BHYTpeHHHM G6€CKOHEYHO MaJIbIM conporuBaeHHem). [Ipu
H3MEHEHHH HArpysKH BTODHYHOe Hanpsxkende U, ocraercs
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TIPaKTHYECKH HEeH3MeHHBIM. M3MeHsIoTCS TOJBKO MNOrpellHo-
CTH M3MepeHHs [y, §, KOTOphle ROJKHBI HaXOAHTHCS B JONY-
ctuMbx npefienax. Ilo nanoxeunnsim coobpaxenusm TV B or-
JuyHe or TA MoXKeT HMeThb HECKOJNBKO BTOpHUHBIX OGMOTOK
(o6BiyHO ABe), pacHO/IOXKEHHBIX Ha OOIIeM MariHHTONPOBOje,
M HyXJaeTcs B 3allMTe BTOPHYHHIX uened or K3 B HHX, ocCy-
IIeCTBASeMOH INpeJOXpaHHUTeNSIMH HJIH  aBTOMATHUECKHMH
BBIK/JIOYATENSAIMH. [IpH NPHHATHIX YCJAOBHBIX [OJ0KHTENBHEIX
Hanpasaenuax U, u U,, npenebperasi notepsiMu HampsIKeHHs

B BETBSX NEPBHYHOH M BTOPHYHOH OOMOTOK, HUMeeM _U; =U,
(puc. 3.16,6). Harpysku (MO, u3Mmepurenbuble mnpHGOpH)

Hazpysxu

8)

Puc. 3.16. Pacuernass cxema 3ameilledns TV (a), ympolleHnas BekTOpHAs
JAHarpaMma HanmpsKeHHH (6) H mpHcoelMHEHHe HArpyskd (8)

BKMoyaTces Ha TV, Kak U Ha CHJIOBBIe TpaHCHOPMATODPH
(puc. 3.16, 8). COOTHOLIEHHS BEJIHYHH BHYTPH €MKOCTHBIX TV
€CTeCTBEHHO OTJHYAlOTCS OT TAKOBBIX JJIs1 3JEKTPOMarHHT-
ubix TV. OgHako psig oOLIMX NMOJNOKEHHH OTHOCHTCS H K HHM.

Tounocts paGorblt HIT Hanpsikenuss W oTAaBaeMble HMH
momHocTH, OJHHM H3 OCHOBHBIX mnapamerpoB TV sBasiercs
€ro HOMHMHAJbHBIA Kosddunuent Ttpanchopmauun Kyuow=
=Uiuon/Usnon. OH He B TOUHOCTH paBeH, HaNpUMep 1.5 3JeK-
TpomarnutHoro TV, oTHoweHuwo w;/ws (kak y TA), Tak Kak
0o0OBYHO TpeAyCcMaTpHBAeTCsl KOPPEKUHs BHTKOB @i(wi >Ws:)
s obecnedeHHss HeoOXOAMMOro KJacca TOYHOCTH. [lorpem-
HOCTb 11O HAMPSKEHUIO

fU = (U2 - UI/KUHOM)/(UI'/KUHOM) (33)

onpesenserca aasi TV nanuuneM NOTepb HANPSIKEHHS B BET-
BSIX NEPBHYHOH M BTOPHYHOH OOMOTOK M 3HAyeHHWEM BHTKOBOH
KOpPEeKHHH. YrJoBas MNOrPeurHOCT, O OmnpexessieTcss CABUIOM
no ¢ase mexay Us; u Uy Oas emkoctubix TV morpemnHocTH
onpejensorcsa 66JbliuM yuncaoM ¢akropos. Has [THUH, BH-
NOJIHSEMBIX B HACTOAIIEE BpeMs TOJIbKO CHJIaMH 3HeprocH-
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CTeM, TMOTPEINHOCTH BOOGIle He HOPMHPYIOTCS, H OHH HCHOJb-
3YIOTCA Ha NpPAaKTHKe NPEHMYIIECTBEHHO [JS TaKHX LeJe,
KaK, HanpuMmep, GUKCauHs HaJHYAS HANPSKEHHS NPH aBTO-
MaTHYeCKOM NOBTOpHOM BKJAwuenun (AIIB) u t. m.

[Ipn yBenunuenun HarpyskH (yMeHBUIEHHH ee COIPOTHB-
JIeHHS]) CBePX HOMHHAJ/bHOH NMOTPelHOCTH fy OGHUHO yBeJH-
yuBawtrcA. IloatoMy oaun u TOT Xe TV MoxKer oTaaBath
G6abLIHe MOIIHOCTH, paboTasi B 6ojiee HH3KOM KJAacce TOYHO-
cTH. MakcuManbHas MOIIHOCTb, KOTOPYIO OHH MOTYT OTJAa-
BaTh JJIHTENBHO, paboTas BHE KJacCa TOYHOCTH, ONpeiessier-
CA yCJIOBHAMH HarpeBa. Hanps:keuus, mnoasoaumeie Kk MO
3aILHTHl, OKA3BIBAIOTCS MEHBIIHMH HAa 3HAYEHHS MOTEeph B coe-
JAHHHTEJNbHBIX npoBojaax. [lostomy JonyctuMble 3HayeHus
YKa3aHHBIX IOTEPb HOPMHPYIOTCS.

TunnuueiMu ana MIT HanpsikeHus, HCNIONb3yeMbIX A5 3a-
IHTHI, ABJAIOTCS ycaoBus paborel npn K3, korjpa nampsxe-
nus U; y mecra Br/aoueHust TV MoryT 6HIThb MHOTO MeHblle
Uinow. ORuHako morpemnoctn B THX pexxumax T'OCT ne HOp-
Mupyorca. IIpakTuyecku CYHTAOT, 4TO fy NPH MOHHKEHHBIX
HanpsiKeHHsx OOBIYHO He NPEBOCXOAHT 3HAYeHHH NPH HOMH-
Ha/bHBIX HaNpSXKeHUsX.

3.6. PABOTA UN HANPSHEHAUS B NEPEXOAHbIX PEHMMAX

Ananusy paborsl HUI1 nanpsaxenns s NepEeXOAHbIX PEXHU-
Max B orauyue oT TA OOBIUHO yaensieTcs MeHbIIee BHHMaA-
Hue. 3TO ONpese/ifeTcss B OCHOBHOM CJAEAYIOLIAMH MPpHYHHA-
MH: 1) 3HayuTeNbHble aNepHOAUYECKHe CJATAIONIHE B i npu
K3 nosB/asi0TCS 3HAUHTENBHO pexe, YeM B i (B cucremax c
cocpepotouenHsIMH R u L, Kak Gbl10  paccMorpeno B ri. 1,
npu L/R.~L,/R, ux Boobme noyTtu HeT); 2) eMKOCTHBIMH
TV ouu mpaktuueckn He TpaHcQOPMHPYIOTCS, NPH 3JEKTPO-
MariutHbx TV, Kak mnokasaam wuccaenosamus HIIU
(3. B. Toaropusiit u 1p.), HX BAHSHHe Ha TpancHOpMaIHio
OCHOBHOH TapMOHHMKH HEBEJHKO; 3) 3HaKOMEepeMeHHble KoJe-
GaTesbHBEIE Cjaramuide (ecad OHH 3HAYHTEJIbHBI) TpaHchop-
mupyworest TV, xak u TA, xopowo, o Gopsba ¢ ux OTpHIA-
TeJbHBIM BJHAHHEM ocyLiecTBJsieTcs yxe B MO 3auiuts.

Heob6xopumo ormeruts, uto npu 6imskux K3, koraa oc-
Tarounoe U, B mpejese MOXKeT CHHKATbCA 1O HyJs, BTOPHY-
HOe HanpsxeHHe Ha eMKOCTHOM TV CHHKaeTcsl 3aMefJIeHHO,
TaK Kak TpeGyercs BpeMs jJIs DAacCEHBAHHS IHEPTHH, 3ama-
CeHHOH MPH HOPMaJbHOR paboTe BO BCex ero pPEeaKTHBHBIX
siaementax. Hekotopuie MO Moryr npu srom byHKIHOHUDO-
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BaTp HenpaBHiabHO. [lostoMy k eMmkoctHBIM TV npembsbig-
IoTest cnenuguueckie tpeGoBanus. Tak, coryacHo Tpe6oBa-
Husim MOK U, ocratounoe nocine cumxenns U, 1o Hynd ye-
pes 0,02 ¢ He gomxHO n1peBocX0AuTh 0,1 Ulnoy.

BosnuknoBenne ¢eppopesonancubix kose6anuii U Gopb6a
C HHMH. BO3MOXHOCTL BO3HHKHOBEHHS YCTOHYHMBBHIX dbeppope-
30HAHCHBIX KOJeOaHHUA NPHXOIUTCH YYMTHBATL NPH HCIOMb-
30BAHMH KAK €MKOCTHBIX, TaK .H 3JIeKTpOMAarHutHeix TV.
Y emxoctubix TV Takne pPeXXHMbl MOryT BO3HHKAThb, Hanpu-
Mep, npu ortkialoueHHH K3 BO BTODHYHOH HEHATPYKeHHOH
U a Lend, KOrja B eMKOCTSIX H HHAyK-
THBHOCTsX 3alacaercs HauGoJbllas
3Heprus. Jsisa nojaBjeHHs TAKHX
(beppope3oHaHCHBIX KoJieGaHUil KO
BTODHYHBLIM 3aXkKHMaM TpaHchop-
MAaTopa XKECTKO MOAKJIIUAIT Pe3H-
CTOP H pEe3KO CHHXKAWT pabouymo
HHAYKUHI0O B TtpaHcopmarope T
fx%(;a 3é;7éTeMS}):<B§Bane;THaﬂ (cM. puc. 3.15,6). Tlo paspabor-
exXHMe,
KOTla BO3MOXKHEH (beE?POpeso- ﬁag,[p )B?ﬂHﬂszcc(é\g&, X. Suxepwan
HaHCHHE IepeHanpsKeHHs al : PHBAEMBIX Iie-
JeH NpeasoXeHO HCNOJNb30BAaTh
OHCTPOHACHIIAIOUIMACA  peaxTop
LR (cm. puc. 3.15,6), akTHBHOE CONPOTHBJEHHE KOTODPOrO
BEINOJIHAET POJIb Pe3HcTOpa. ¥ anekTpomarsHutHuix TV deppo-
pe3oHaHCHbIe ycTOH4YHBLIE KOJeOaHus, KaK I0Ka3aJH OMNBIT
SKCIIyaTallH M HCCAeNOBaHHs (cM., HampuMep, [48]), moryr
BO3HHKATh KakK B ceTAX ¢ Unon=6-10 kB, Tak u B cersx
110—220 kB. B mepBom ciyuae OHH O6YCIOBAEGHH BO3HHK-
HOBEeHHeM (eppope3oHaHca MeXAy HHAYKTHBHOCTBIO CHJOBBIX
TPaHCHOPMATOPOB H €MKOCTHIO NMHTAIOLIEH CETH NPH pasphiBax
B Hell (as. [loa Bo3aeficTBHEM BO3HHKAIHX NepeHalpsiKe-
HHH nepBuyHast o6Motka TV mpu rayxom 3aseMJeHHH ee Heli-
Tpaad (B OCHOBHOM IJsl NOJyYEHHS] BTOPHYHOTO HaIpsiKe-
HHUs HYJeBOH  NOC/JeJ0BATEIbHOCTH, HeOOXOAHMOro JJf
CHrHa/nu3aluM BO3HHKHOBeHHst K ) Moxer HezomycTHMO
neperpeBaTbCsi  NOBHIHIEHHHIMH  HAMATHHYMBAIOIIHMH  TO-
kamu. IlostoMy B skcniyarauuu HAYT fgaxke Ha passeM-
JleHHe ykasaHHOH Hefitpanad. Bo Brtopom cuayuae ¢eppope-
30HaHCHBIE KOJIeOaHHS MOTYT BO3HHKATb MO TOH XKe NpUUHHE,
4TO H B NEPBOM cJyuae, HJH, UTO MOXKeT ObT, MHOrZa GoJjee
BEPOATHBIM, BCJAEACTBHE (eppope3oHaHCa MeXAy HHAyKTHB-
HOcThio TV M eMKOCTAMH KOHAEHCATODPOB, IIYHTHDYIOUHX
Pa3spHBH KOHT2KTOB BO3AyIIHBHIX BHIKJIOYaTeseidl NpPH OTKJ/IIO-
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qenun wWHH ¢ TV Becemu BHIKIAOuatensamu (puc. 3.17). Has
UCKJIIOUEHHS] 5TOr0 B 3KCIJyaTAalWH NPHHHMAIOT MepHl,
ApeloTBpallaloliie  BO3MOMKHOCTb  IOSIBJCHHSA M0J00HBIX
ONAaCHBIX PEKHMOB.

3.7. CXEMbl COEAMHEHMA UM U LIEMEM YCTPOMCTB 3ALLIUTGI

VYerpoiictBa 3aullMTel OOBIYHO BBHIUIOJHAKT BTOPHYHBLIMH —
noayuawoT Bxoansle [, u Up o1 BropuuHeix o6mMotok TA u TV.
[TonHaa xapakTePHUCTHKA 3/CKTPHUYCCKHX BEJIHUHH 3allHLiae-
MOTO 3JeMeHTa 4acTO (HanpuMep, IJs 3allUTH JHHHII) ompe-
peasieTcss TpeMsi (Pa3HBIMH TOKaMH H TpeMs (DasHbIMH Hanps-
xenuamu. ITosromy, ecnn Bce OHH HJH HX CHMMETDHUHBIE CO-
crapasgounpe TtpebyioTes AA QYHKUHOHHPOBAHHS  3allHTHI,
#eo6xoaumo Bkatodenue TA u TV Bo Bce TpH daswl; IpH 3TOM
TA BoimosHsitorcss ofgHodasubiMu, a TV Ha Ukow<<35 kB ua-
10 6BBalT TpexdasHbIMH. B HEKOTOpPLIX caydasx Aas Jed-
CTBHSA 3alurbl TpebyloTcsl MOJHHE TOKH TOJBKO JByX (a3
(nanpumep, ajs TOKOBbIX 3amuT npH Unow<{35 xB), Toraa
TA vycrauaBnuBaloTCs B ABYX ¢asax. Huorma Ttpebyorcs
TOILKO MexXAy(hasHble HANpPsXKEHHs, TOTAA 1Ba OAHO(PA3HBIX
TV BkOYal0TCH HA Mex/Ay(asHble HANPAXKCHHSA.

[Tpu MukpomnpoueccopHoil 3aeMenTHOH Ga3e Bce HEOOXONH-
Mble cjarapllHe (HampuMep, NOJHBIe aBapHiHBE) H CHMMeET-
pHYHBIE COCTaBJIAIIHE BCeX MNOCIEA0BATENbHOCTEH MOTYT
N0J1y4aThbCsl PACUCTHBIM MyTeM MPH H3BECTHBIX NMOJHBIX TOKAaX
u Hanpsikenusx ¢as. IIpn snekTpoMeXaHHUYECKOH M MOJYNPO-
BOJHHKOBOH (MHTErpaJbHOH MHKPOJNEKTPOHHKE)  3JIeMeHT-
Heix 6a3zax CHMMeTpHYHBbIe COCTABJSIOLIMe HYJIeBOH Nocaeno-
BaTeJNbHOCTH OOBIYHO TOJyYalOTCs HENOCPEACTBEHHO MyTeM
COOTBETCTBYIOILETO COEJHHEHHS] BTOPHUHBIX 06MOTOK TA u
TV, a cuMMeTpHYHBlEe COCTaB/AAKLIHE NpsMoli, o6paTHO# no-
cJIe0BaTeIbHOCTEH M TOJIHBIE aBapHiiHble cJ/ararouue — B
crnelyaJbHbiX BTOPHUHBIX yCTPOHCTBAX.

Cospementble MO, BbINOJIHEHHBIE ¢ HCIOJNb30BaHHEM HHTE-
rpajibHOYl MHKPO3JEKTPOHHOH 6a3bl, NPeABSABAAT K BXOA-
HeiM  BestmuuHam Up u [, ocobule TpeGOBaHHUS — HX HeEJb3d
NPHCOELHHATb, KAK 3JEKTPOMEXaHHUECKHe OpraHbl, Hemocpel-
CTBEHHO K BTOPHYHHIM 0OOMOTKAaM 3/I€KTPOMArHHTHHIX TA H
TV, ¥MeIIHX HOMHHAJbHbBE BTODHYHBIE BEJHUHHBl — TOKH D
uan 1 A u nanpsixkenus 100 B. Oco6ble TpyIHOCTH BO3HHKAKOT
JJIs1 uened TOKa, B KOTOPBIX HOPMaJbHBIH pexHM paboThi
6an30k K K3 Bropuunbix 06Morok TA, B TO BpeMs KaK BXOJ-
HO€ CONpPOTHBJIEHHE MHKDPO3JeKTPOHHOH CXeMbl BecbMa BeJH-
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Ko. TloaToMy BO3HHKaeT Bonpoc corsacoBaHus Hened HO
¢ BropuunbiMi nensimi TA u TV. CorsacoBanHe oCyIleCTBJs-
eTcsd, HaIpHMep NMpPH aHaJoroBoii ¢opMe nepesaud HHbopMa-
MK, NpuMeneHHeM npoMexyrounnx T'A u TV, rpancpeakro-
pOB, Pe3HCTHBHbIX Jenurenelf u 1. A. [Ipu 3ToM yuuThIBaercs,
yTO NpHMEHEHHE NPOMEeXKYTOUHBIX TPaHCc(HOpMaToOpoB H TPaHc-
peaxkTopoB OCyLIleCcTBJASET I0Jie3HOe rajibBaHHYEeCKOe pasje-
Jene BrOpHuHBLIX Uened MII H MHKpPO3JIeKTPOHHOH CXE€MBI.
B pesysnbraTe OCYINECTBJSieMOro COIVIACOBAHHS Harpyska
nepBuunbX TA HaxoauTcs B AONMyCTHMBIX npepenax. Huxe
nojaraercs, 4To 3TH BCIOMOrarejibHhE YCTPONCTBA BXOAST B
H3MEepHTeJSbHYIO YaCTh 3aLHTH.

3.8. CXEMbl COEAMHERUA TA U LIENEM TOKA U3MEPUTENbHBIX
OPIrAHOB, BKJIOYAEMBbBIX HA MOJIHbIE TOKK ®A3

B cerax ¢ Unons<35 KB, B KOoTOpHIX He GbiBaerT ofHOdas-
HbIx K3, 3ailluThl JHHHH Leneco06pa3HO BHINOHATL C ABYMS
TA (nByx¢asuble cxeMbl), OGLIYHO BKJIOUAEMBIMH BO BCeil
cerd B ogHouMeHHBIe $a3bl (A u C). B cerax ¢ Uyon=110kB,
KoTopple paboTalor ¢ rayxosaszeM/JeHHBIMH HeHATpangMu
TpaHcpopMaTopoB (aBroTpanchoOpMaTopoB), AJA 3alIHT He-
ob6xonumo uMmerb I'A Bo Bcex Tpex (dasax (Tpexdasubie cxe-
MBbI) npexxkae Bcero aJs obecneuenus ux pabGorn mpu K.
Takum oOpasoM, noayuamoTcs C/lIeAyIOUHe CXeMbl CoefHHEeHHH

spe3na (pHc. 3.18,6), Hemo/HBI TpeyroJbHHK (pHc. 3.18,8)
# nosHbH TpeyronpHHK (puc. 3.18,2). OGparnuit npoBoa B
CcXeMe HENOJHOH 3Be3lbl HEOOXOAHMM /sl CO3JaHHA NMyTH BTO-
puuHOMy ToKy [1+Ic5=0 B paGounx pexumax, npu K&, K$
u K52, IpH HEeKOTOpBIX caydasx KSs" ; o6parhbiii npoBOX B
cxeMe MOJHOH 3Be3abl HEOOXOAHM [/ CO3JaHHA NyTH BTO-
puusomy ToKy Ia-Ip4Ic5=0 npu K n KD, a rakxe ans
MONYYEHHs] COCTABJAIOLIMX HYJeBOH  IOCJ/ie0BaTelbHOCTH
3lo=Iar+Ipt+Ic.

TunuuebiMu cXeMaMmu coennHenu#t TA u neneit toka MO
3amuT ABASAIOTCA caeywoliHe (pHe. 3.19):
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Pre. 3.18. Cxemn coeaunennii TA
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Puc. 3.19. Cxemp coenunenuft TA u nenefi Toka nodasusix HO sautnr

1) npu  mnozocucTemuolx  3aujurax (C HECKOJIbKHMH
HO) — npyxdasnas cxema c¢ asyms MO (puc. 3.19,a) uau
tpemss MO (puc. 3.19, 6), B KOTOPO#H TPETHii OPraH BKJIIOUEH
HAa CYMMy TOKOB ABYX (a3; Tpex(asHble CXeMBI C TpeMs Ho
(puc. 3.19,6 u 2) uau uerhippms MO (puc. 3.19,0) c BKuio-
uenneM uerseproro MO Ha cymMy ToKOB Tpex das (31o).
BoaMoxHo Takxe BKJiouenHe MO ua 3y mo cxeme Ha pHC.
3.19, e;
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2) npu oduocucremnox 3aumurax (c opuum HO) — aByx-
dasnas cxema c KecTKuM BKiiouenuem MO Ha pasBoCTb To-
kKoB AByX (a3 (puc. 3.19,) nam aBTOMAaTHYECKHM BK/IIOUe-
nuem MO, HanpuMep C NOMOLIBIO MaKcHce/leKTopa (HJIH MO-
AOOHBIX 3TOMY CX€M C ONepallHOHHbIMH yCHIHMTENsIMH, CM., Ha-
npumep, [57]) na GonbiMii W3 NOABOAMMBIX TOKOB (pHc.
3.19, 3); TpexdasHasi cxeMa C aBTOMaTHYECKIM BK/IOYeHHeM
MO na GoapllMii M3 NOABOAHMBIX TOKOB (pHc. 3.19, u).

B nactosuee Bpemss UIA3 mo paspaborke BHUUP nas
cxem no puc. 3.19, 3, u Boimyckaer MO (pesie) Toka ¢ HCHOJb-
30BaHHEM OMEepPAalHOHHBIX ycHauTeldeli (cM., Hampumep, [45]).
CxeMHl C TaKMMH OpraHaMy SBJSIOTCS IIPOTPECCHBHBIMH H
JIOJIKHBI NTOJYUYHTh TPHMEHEHHE,

Bo3MOXHOEe TexHHueCKoe MPEUMYIecTBO ABYX(a3HbIX
cxeM B cersix ¢ Uyons<356 kB wmanrocTpupyer cayuait (puc.
3.20), korxa npu nospexaedusx basz B u C (uwmu B u A) na
pasHBIX JHHHAX, OTXOASIHX OT IUHH NHTAIOILEd MOACTAHLMH,
6ydeT OTKJAIOUATbCS TOJABKO ORHA H3 NBYX NOBPEXIEHHBIX
JANHHAl — ¢ moBpexaeHHo# ¢aszoit C (Mau cooTBeTcTBEHHO A),
B KoTopyio BkJWueH TA samurel; K3 npu 3ToM npekpauaer-

csi u ocraercst toabko KU Ha apyrodi JHHUM, KOTODOE MOMKET
na)ke caMOJHKBHAHpOBarbesd. Takas sukBupauus K3 Oyner,
OMEBHAHO, BO3MOXKHA, ecTH TA Ha JMHHSX yCTaHOBJEHH B
OJHOHMEHHBIX (a3ax.

JocToHMHCTBO ABYX(pa3HOH CXeMbl C HCIOJb30BAHHEM B
MO toxkoB aByX $hasz H TOKa B 06PaTHOM MPOBOJAE HJIIOCTPH-
pyer cayvait K® 3a tpanchopmaTopom ¢ coennHenueMm o6-
motok Y/II (wau 1/Y), korza B TA nurawoumel JHHHH MOTYT
OKa3aTbCsl TOKM /(¥ B 2 pasa MeHbIUHe, ueMm B TpeTbell (ase
(ra1. 1). o o6paTHoMy nposoay u B MO B Hem B 3TOM ciyuae
6yner MOPOXOAHTb cyMMa TokoB ¢a3 ¢ TA, paBHas TOKy B
TpeTbell (paze, TeM CAMBIM HOBBICHTCS YYBCTBHUTEIbHOCTH 3a-
WHTH JHHHH, NOHTaloledl Tpanchpopmartop. Heobxoaumo

OTMETHTb, YTO PACCMOTPeHHbIH
c/lyuait ToKopacipenejexuss 0y-

ABc W ZIeT TakKke BOSHHKATb NPH K&
5K B yeTelpexmpoBogHoit cetu 380/
- 220 B tpauncdopmaropa c¢ co-
:L:ir eJHHeHHeM o6MoToK Y/Y c 3a-

@Fq ay £ 3eMJeHHEM erc HeHTpaJH C nH-

TaeMo# cTOpOHBI (CM. II. 1).
ék" Puc. 3.20. JpofiHsie 3aMplKaHHs Ha
= 3€MJIX0 Ha pasHbiX JIHHHAX

{
K obuwemy
nompedumenio
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Cxema no puc. 3.19, oc Ans HeHCTBHSA NPH PacCMOTPEHHBIX
cayuaax K3 3a rpanchopmaTtopaMM He NPHTOAHA, TaK Kax
10k B ee MO [o=1Iya—Isc MOXeT ObTb paBeH Hyaio. Kpome
TOrO, CXeMa MMeeT CHJIbHO TIOHHXKEHHYIO UyBCTBHTEJbHOCTD
npu HekoTopnix BuAax K Ha 3alMmaeMoli JHHHH (CM.
ri1. 4). IlosToMy B CBfI3M ¢ NOSBJCHHEM YKa3aHHBIX BhIlIe
OpPraHoB ee npHMeHEHHe B jaJbHefilleM OKaxeTcs OrpaHH-
YEeHHBIM.

Heo6X0aHMO OTMeTHTh, WYTO NPHMEHHTENbHO K 3alUTaM
JHHHH cXeMa NOJHOrO TPeyroJbHHKA, o0ecleynBamIlas noJy-
yeHHe pasHocTedl TOKOB (ba3, 0GLIYHO OCyLIecTB/seTCs He HA
camux TA, a B uenax HO.

3.9. CXEMbl COEAUHEHUM TA U LIETIEW TOKA U3MEPUTESIbHbIX
OPrAHOB A1 BKNMOYEHUS HA COCTABNSAIOWIUE TOKOB
HYNEBOW MOCENOBATEIbLHOCTHU

Cxema BHIIIOJHsIeTesi ¢ BKaoveHHeM MO Ha ¢uabTp TOKOB
HYJIeBOH I10CTe10BaTeNbHOCTH. HacTo, Kak yKa3nBajloCb BHI-
e, (GHJILTP OCYLIECTBJsIeTCs HemocpeacTBeHHO Ha TA Tpex
¢ a3, BTOpHUHble OOMOTKH KOTODHIX COEAMHANTCH Ha CyMMY
BTOPHUHBIX TOKOB (pHc. 3.21). B mensix 3KOHOMHH cepAedHH-
koB TA cxema o6GBYHO OOBeJUHHSETCS CO CXeMaMH 3allHT OT
mHorodasusix K3, BkiaouaeMbBlX Ha MOJHBHE TOKH (pas, Ha-
npuMep co cxeMmoit Ha puc. 3.19, 0 Han e.

MrHoBeHHOe 3HaueHHe TOKa B OpraHe HyJeBOH mocxaeio-
BaTe/bHOCTH [p==iga-ti2p+isc. Bropuuneli TOK TA iH=
={1—io == (ii—io) wi/w,. Huxe uugexc 0 A1 HaMaruu4u-
BAIOLIEr0 TOKA B LeJAsSX OTIMYHS €ro OT TOKa HyJieBoi mocie-
J0BATEIbHOCTH 3aMeHsieTcsl Ha «HaM». [IpHHuUMas w,/fw, Aas
Bcex TA (a3 B TOUHOCTH OJHMHAKOBHIMH, NOJyUaeM

il/lo =(i1A +ilB+ ilC)wl/w2_ (iAHaM + iBHaM -+ iCHaM) wl/w2' (34)

B obumeM cayuae ija-diiztiic=3io; TOKH fyaw IPH 3TOM
COoNepKaT COCTaBJSIIOIIHE BCeX TPeX NOCIenoBaTelbHOCTER.
CocraBasiioline fonay HYJEBOH NOCAEAOBATEIbHOCTH B iyay NA-

dyo=Iza+Is8+1z;
Ay By ¢ B

Puc. 321. Cxema ¢unabTpa TOKOB a

Hno

HyJIEBOI‘;I nocaenoBaTeJbHOCTH
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10T B CyMMe NPHUMEPHO 3 ionan®@i/W2, a CyMMa COCTEBJSIOMUX
inam TIpAMON M OOpaTHOH nocselOBaTeNbHOCTEH C y4erom
BO3MOXHO HEOJHHAKOBLIX NOJHLIX & M YIVIOBEIX § NOrpeiHo-
crefl Tpex TA o6pasyer gTopuunbiti Tok Hebaaanca ¢urer-
pa inss. B pesyabrare [10]

iHO ~ 3 (I:O - iCHaM)/]SIHOM - inG,B(i..:#O) ) (35)

Heo6xoauMo OTMeTHTB, YTO HHOrjAa OIHOOUYHO HA3BIBAIOT
BTOPHUHBIM TOKOM HeGasaHca BTOPOW 4/eH BhHpaxkeHus (3.5).
Jro cnopaBefsiuBO TOJBKO AJS caydasi, Koria B NmepBHUHHIX
TOKax (pas HeT cOCTaBAAIOUIHX io. [ToHATHE 06 inc,s NPH io=
=0 nosayuu/ao HIMPOKOe NpPHMeHeHHe, 3HaueHHe iycn 3aBH-
CHUT OT Harpysku ¢uabrpa. [TosToMy Hcnosb3oBaHue 3TOH Be-
JIHYHHBl MPH pacyeTax yacro HeyAo6Ho. B 40-e rogm UIA3
(A. M. Bpecnep) O6buIO mpelJOoKeHO BBECTH NOHSATHE O Jefi-
CTBYIOIIEM nepsu4nom Toke Hebaiauca lusn, NPEACTABJISIO-
ueM coboit TOK 3 /o, MOMHOCTBIO KOMIeHCHPYIOWHA Juss 1

M03TOMY noJaydawluuficss He 3aBHCSIIHUM OT HArPy3KH (HJBT-
pa. B nacrosiliee BpeMsi BeJIHUHHOH [us,n OOBIYHO MOJB3YIOTCS

B pacuerax. B srom cayuae Tok B 3amure /s~3 Io—/Iusn. [Ipn

J0cTaTOYHO TOuHOH paGore TA uHOrjza B OPHEHTHPOBOUHEHIX
pacuerax Ajisi YCTAHOBUBIUHXCS DEXKHUMOB NPUHUMANT [3=~
=3 10.

Ilpu HOMHHaJBHBIX NepBHUYHBIX TOKaX TA TOKH [us HeBe-
JHKH H OOBIYHO He npeBocxodT 2—3 Y [uowm. Ilpu Bo3pacta-
HHUH NePBHYHLIX TOKOB BO3pacTalOT [uyay U COOTBETCTBEHHO [y6.
OcoGerno Gosblline [uys MOSBASIOTCS TNPH IEPEXOAHLIX NPO-
neccax B TA, Koraa [ya» MOryT npuo6peraTh BecbmMa 6oJbllne
3Hauenus. [TMKoBble 3HAUYeHHS MOTYT AOCTHraTh B TaKHX CJaY-
YyasgX MHOIHX JeCATKOB NPOLEHTOB NePBHUHBIX TOKOB. OJHAKO
CTONb GOJbUIHE ing CYHIECTBYIOT KPATKOBDEMEHHO H NO3TOMY
JOJKHHL YUHTBIBATHCA JJIsl 3alUHUT HJH CTyNeHeH 3alluT, pa-
6oTalomux G6e3 BHIIEPKKH BpEMEHH HJM C HeGOJBLION BbI-
nepxkoii BpeMenH. Tok He6asnaHca 3jekrpoMarHuTHhix TA B
YCTQHOBHBIIEMC CHMMETPHYHOM peXXHMe, Kak 310 OBLIO TO-
KasaHo, Hampumep, B paGorax A. A. Bockpecenckoro (I'op-
3Hepro) KoHua 40-X TOMOB, COCTOHT H3 NePBOH H BHICIIHX
FapMOHHK, NPH HEOONBIIUX MEPBHYHBIX TOKAaX — B OCHOBHOM
M3 NepBO¥ rapMOHHKH H NIDH 3HAYHTEJbHBIX TOKax (Hachille-
HHH MarHUTHOH CHCTeMbl) — B OCHOBHOM H3 TpeTbell rapMo-

HHKH. B ofmem cayuae [is= 1/13161 + 2, , rhe Iys1 — mep-
Basgi rapMoHHKa HeGajaHca, paBHasi TeOMeTPHUYECKOH cCyMMe
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NepBHX T'apMOHHK HaMarHHYHBAaWUIHX TOKOB TA rtpex ¢as;
I463 — TpeTbsi rapMOHMKa TOKa HebasaHca, paBHasi apH(pMe-
THYECKOH CyMMe TPeTbHX IapMOHHK TeX XKe TOKOB (fBJAITCS
COCTaBJSIOIUMH HY/1€BOK NOCAE€J0BATEIbHOCTH).

BoJsiee nonnas xaprtuHa H3MeHeHHH TOKOB HeGasnaHca Obl-
Ja JaHa B nocnelyouux pa6orax (cM., HanpuMmep, [17]).

PaccMoTpenHas cxeMa HCHOJB3yeTCs /sl BHINOJHEHHsS 3a-
WHT, AeicTByomux npu KO, KD g KLY,

B kaGenbHBIX ceTsix GHJABTPEH TOKOB HYJE€BOH NOCJELOBa-:
TeJIbHOCTH OGBIYHO OCYIIECTBJSIOTCH He ¢ NOoMoIublo Tpex TA,
a OAHOTPaHCc(HOPMATOPHBLIMH, MaTCHHTONPOBOA KOTOPHIX OXBa-
ThIBaeT Bce TPH (asbl nepBHUHON Lenu. Ero npeuMyniecrsamu
ABJSIOTCS NPOCTOTA BLINOJHEHHS W OTCYTCTBHE cJarawonieil
B TOKe HefajaHca, oOnpeleasieMOd CyMMOR TOKOB HaMa-
ruyyuBanust TA tpex ¢das. Buinonnenne rakux TA paccmar--
puBaercs B ra. 9. OHH NPHMEHSIIOTCS TaKkKe JJs ClenHasb-
HeX  3amur or K reHeparopoB, paboralllux Ha cOOpHLIe:
IIHHBI, KOrJa OXBaTbIBAIOT CBOHM MAaTHHTONPOBOAOM TaKiKe:
OTPE3KH LIHH, COeJAHHAIOUHX TeHepPaToOPhl CO COOPHBLIMH UIH-
HaMH.

Hasi sTOr0 ykasamHble OTDE3KH JOJKHbB HMeThb NO(as-
HYI0 H30/ISiIHI0, NOAOOHYI0 H304fLUH (a3 CTATOPHOH 0OMOT-
ku (cM. ra. 12).

3.10. ONPEAENEHUE AOMYCTUMBIX HATPY3OK HA MM TOKA

Hans oaunouno paGorawomero TA Harpyska onpegessercs
MOJHLIM CONPOTHBJIEHHEM Z, €r0 BTOPHYHOH LeENH, COCTOS-
IIHM H3 NOCJeR0BaTeNbHO BKJIIOYEHHBIX CONDOTHBJIEHHH Ienu
HO, conporussennit npsamMoro u o6paTHOrO cOeRMHHTENbHBIX
NpOBOAOB Ryp M NMepeXOJHBLIX AKTUBHBIX CONPOTHBJEHHH B
Mecrax coefiuHeHHii. OHa BHIpaxaercsg B OMaxX HJH BOJLT--
amMnepax, OTHECEHHHX K [y==[syom C YKa3aHHEM COS Q.

Hans TA, pa6oraiwoliero B cxeMe 3allUThl TpeXa3HOH Iie-
nu, Z, B o0uieM cjyuyae 3aBHCHT OT CXeMHl coepnHendil TA u
HO, Buna K3 u coueranns nospexaeHHHIX tas. IIpunuunn-
aJbHO OHO MOXKeT OHITh ONpeNeNeHO KaK pacueTHas BeJHUH-
Ha gH=_Ug/_12. 3aecy U; u I> — HanpsixkeHHe Ha 3a)HMax
BTOpHYHOH oOMOTKM TA u ToK B Hefl. Tak, Hanpumep, npu
BK/IOYeHHH OpraHa Ha pasHocTb TokoB ¢as A u C u K52
Zupacs=Zulyolls=2 Zy, tak xak Ino=21,. Wcnonwaya Ta-
KOH NOJAXOJ K ONpejie/leHHI0 HArpy3KH, MOXKHO BHIPa3HTh ee
uepe3 CONMPOTHBJIEHHS BCeX 3/JeMEeHTOB, NHTAEMBLIX uepe3 JaH-
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#bli TA. COOTBeTCTBYIOLIHE BLIPAKEHHSA MIA Zypace NPHBO-
AATCS B CHPaBOYHOM JHMTepaType (cM., HampuMep, [42]). Pac-
YeTHHIM fBJAsETCS HauboJee Taxenbld ans pabornl TA cay-
yaf.

I yMeHblIeHHS HArPy3KH Zupacs MHOTA NPHMEHSETCH
IOCJIeI0BATENbHOE  COEAHHEHHE JBYX BTOPMYHBIX OOMOTOK
oauoro u Toro xe TA (HanpuMep, HeGOJBLIOH MOIIHOCTH,
BCTPOEHHBIX BO BTYJKH MAaC/AAHbIX BHKJIOUAaTeJied) ¢ OgHHA-
KOBBIM Kimow. Koappunuent Kiuom CXeMBI OCTAeTCs IPH 3TOM
npexunuM. ConpoTHB/EHHE HATPY3KH, NPHUXOAAIEHCS Ha KaxK-
AY10 BTOpHUHYI0 OOMOTKY (oaun cepieunuk) TA,

U, = 0,5 (Zyo + 2R, ) /T, = 05 (Z,0 + 2R, ).

Takum o6pa3oM, Harpy3ka Ha KaxAyl0 OGMOTKY CHHXKaeTcs
IpHMepHO BABOE.

Conporusieruss MO MOTyT cHJIBHO 3aBHCETH OT KPaTHO-
CTH TOKa M Apyrux ¢akropos. B atux cayyasix Morau 6wl
"OmpefeNATbCsl MX 3HAYEHHMA AJA PaAcCUETHHIX pexumosB. Oxna-
KO, KaK 3T0 OBblIO NMOKa3aHo, HanpuMep, B [42], npu HCHoJb-
30BaHHM [/ ONpeJeJIeHHS HATPpy30K KPHUBBIX IIPENeJbHBIX
KpPaTHOCTeH, NMOCTPOEHHBIX AJS JHHEHHBIX Harpy3ok, Iojyya-
€TCs TOJMBKO HEKOTOPHIfA 3amnac.

Pacuernl mo ompeneseHHi0 AOMYyCTHMBIX HATPY30K BeAyT-
Cfl C HCIIOJb30BAHHEM TOJbKO NEPHOAHUECKHX YCTAHOBUBIIUX-
cq cnaraiomux TokoB K3. BBejenue K pacuerHbIM KpaTHO-
<TaM TOKOB K3 mnoBbimamwmux Ko3QQHUHEHTOB 15 yuera
BJIMSIHHA NEPEeXOAHbIX 3HAYEHHH TOKOB SBJSIETCH HENEIeco00-
‘PA3HLIM H Ha NPAKTHKE He NPUMEHSETCH.

Homyctumoit  sBasieTcs HArpy3ka Zupacs, HPH KOTOPOIl
npexje Bcero norpemHocTH TA He npeBHINIAIOT NpeleabHO
JonycTUMBIX 3nauerdfi (06bl4HO £6=10 % B pacuyeTHBIX TOY-
Kax no BH6opy napamerpoB cpabaThiBaHHs H f; cocTaBise’
HECKOJIBKO JEeCATKOB NMpOUEeHTOB npH 6Guuskux K3, Korga Tpe-
Oyetcs ToabKo obecnedenue yeTkodl pabore MO). Honoann-
TeJbHBIM YCJIOBHEM $fIBJSETCS OTPAHHYEHHE HANPSKEHUH BO
BTOpHYHLIX Henfix T'A npu makcumaabHbix Tokax K3 B 3a-
HHTE.

ITo okoHuaresbHO yCTAaHOBJIEHHOH MaKCHMAaJbHOH AomyC-
TUMOH Zypacy IPH H3BeCTHBIX conpoTusieHusx MO u ux coe-
JIMHEHHH, a TaKxe JJHMHE BCIOMOraTeJbHBIX HPOBOAOB OMpe-
JefsieTcss MHHUMAJbHO HeOOXOIHMMOe ceyeHHe KHJ IOCHAen-
HHX.
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3.11. CXEMbl COEQAUHEHUA UM HANPSXEHMSA U LIEMNEM
HAMPSXXEHUA U3MEPUTENBHBIX OPIFAHOB

OcHoBHO#, yHuBepcaJbHOH cxeMmofi coenuuenuii WII ma-
npsaxenus ¥ MO spjsgerca cxeMa coepdHEHMH NEPBHYHBIX
OOMOTOK B 3B€3/ly C 3a3€MJICHHOf HEATPAJBIO H ABYX BTOpHY-
HBIX OOMOTOK COOTBETCTBEHHO B 3Be3ly M B DPa3OMKHYTHI Tpe-
yroabuuK (puc. 3.22). B nociemnem ciydae nomo6ho ToMmy,
4TO paccMarpuBajock A TA, ReoOOXOAHMO CHMTATHCS C Ha-
JHYHeM Hanpsaxedui Hebananca Uys, nme npeBocxoasuiux He-
CKOIbKHX NponenToB Unow. Bropuunbie o6morku TV (kak u
TA) sasemsioTcs (3alMTHOE 3a3eMjenue). PaccMaTpuBae-

,AI|5r [@@@@@ ua no

A
8
c
L o) 5) g "
3 l'/o
e)

Puc. 3.22. Cxema coenunenusi o6MoTok oamodasubix TV B 3BE3]y C BKJIO-
YEHHEM HATPY3K# K B Da3OMKHYTHIE TPeYrONbHHK

Mas cxXemMa jgaeT BO3MOXKHOCTb moikawouyatb MO wma Bropuu-
Hble Hanpsxenus U,, NponopuMona/bHbEe HEPBHUHBIM MEX-
AypasubiM Hanpsxenuam (puc. 3.22,a), dasubiM manpxe-
HuAM  (puc. 3.22,6), HanpsKeHHAM (a3 nO OTHOLIEHHIO K
HeATpanbHOH Touke cucTeMbl (puc. 3.22,8), a TakxKe Hanps-
KeHHAM HYJIeBOH mociefoBaTenbHOCTH (puc. 3.22,2). Ilpu
Unonz=35 kB HII 06bIYHO BBIMOJNHSAIOTCA OAHO(A3HBIMH, NpH
Unow==6--10 KB ni1s Tako#i cxembl — TpexdasHBIMH ISTH-
crepxHeBbiMH. Ecaiu ne TpeGyercs usmepsrs, (asubie Hanps-
XKeHHs. U HaNpsXKeHHs HYJEBOH NOCIeIOBAaTEeJbHOCTH, BO3-
MOXHO INPHMEHEHHE CX€Mbl COeJHMHEHHH mNepBUYHHEIX H BTO-
puYHBIX OGMOTOK [ABYX OAHO(A3HHIX TpanchOpMaTopoB B
HEMOJIHbIE TPEYTroNbHUKH (pHc. 3.23),

BropuuHoe HOMHHasibHOe Hanpsxedune TV o6wuno 100 B.

IIpu atom ¢asHoe manpsixenue pasro 100/ V3 B. Koaddu-
175



uueHT TpancpopMmauuu Kywonw RIS OOMOTOK, COEIHHEHHHIX |
PAa3OMKHYTHI TPeyro/ibHHK, BHIGHpaercssi TakKHM oO6pasom
4T066 3 Uomax/Kunow==100 B. B 3TOoM ciayuae mJs cere
¢ _ rayxo3aseMyeHHHMH  He#TpanaMun  Ku wow= (Usnommq
YV 3)/100, a ans cereii ¢ Uxow<<35 kB (nanpumep, c H30JH-
POBAHHBIMH  HeHTPAIAMH)  Kynow= (Unomms!/ ¥V 3)/(100/3
(yuntbiBaercsas nosuiwienne Uiy 10 V 3 Uppas n C10KeHHe b
Pa3OMKHYTOM TpeyroJbHHKe TpPeX BTOPHUHHIX HAIDSIKEHHI).

B HEKOTODHIX YaCTHBIX C/yyYasfx HaNpsIKEeHHe HYJEBOH mHo-
C/e0BATeAbHOCTH INOJYYalOT 3a3eMJeHHeM HeHTDaJjH CHCTe-

w0l [wo) (o) T
L se [Frl@ o] [0 [no

= A

Puc. 3.23. Cxema coefHHeHHS 06-
MOTOK onHodasusix TV B HemoJHI

5: i B TpeyronnHHK

a) 5)

o

MBl (HampuMep, HeHTPalH reHeparopa) uepe3 OXHO(A3HbIA
TV (puc. 3.24). Ilpn 3aMBIKaHHH HA 3eMJIIO HEHTpaJb MOJY-
yaer cmeutenne, paBHoe Uy, Cnoco6 HHOTaa MCIOMB3YeTCs B
cuctemax ¢ Unon<20 xB.

luranne uenelt HanpsKeHHs npH orcyTcTBHH TV B 3allH-
maeMoi cerd. Bsamen Hanps:KeHHsT HyJIeBOH NOC/eNOBATeNb-

3auumei

Puc. 3.25. Iluranue uenej nHanps-
xkeuss MO samutm or TA B yenH
3aseMJiedHsi HeHTpanW  CHJIOBOrO
TpaHchopmaTopa

Puc. 324. Cxema aja monyde-
HUA HampsKeHHS  HyJIeBOH 10-
«JIe/10BATeJIbHOCTH

176

HOCTH MOXKHO HCHOJb30BaThb TOK HYJNEBOH NOC/Ied0BaTe]bHO-
CTH, NMPOXOASIUMA uepe3 IJyX03a3eMJeHHYI0 HeHTpasb AByX-
06MOTOYHOrO TpaHchOpMaTopa MOACTAHUHMHM (HampuMep, NpH
Unow=110 kB), yuutnmBas, uto Up=—IoZs: (puc. 3.25).
IIpu aBroTpanchopmaropax u Tpexo6MOTOUHHIX TpaHCPOpMa-
TOpax ¢ rpynnoHd coeiMHeHHH ¥o/¥o/Il-12-11, cBa3bIBAIOIHX
CeTH C riyxo3aseMJIeHHBMH HeHTDaJSAMH, WCIOOJb3OBaHHe TO-
Ka [y o cxeme, aHaJOrH4HOH cxeme Ha puc. 3.25, HeJOHyCTH-
Mo [16]. Tlocnennee 6bl10 oT™meueHo B 50-e roanl B TIII
(B. W. PosenGeprom). ITonneie Hanmpsixenus $has MOryT mo-
JaBaTbCs CO CTODOHBI HM3IIEro HampsiKeHUs aBTOTpaHcdop-
MaToOpoB M TPaHC()OPMATOPOB HE TOJIBKO HPH OTCYTCTBHH IV
Ha JPYrHX CTOPOHAX, HO HHOTZAa B peJsx ofecHeueHust Ha-
AEXKHOrO NUTAHHA H IO HEKOTODPHIM APYrUM NPHYHHAM.

3.12. OCYIUECTBJIEHHME dUNBTPOB HANPSXKEHUA
1 TOKA PA3HbBIX MOCJIEAOBATE/IBHOCTEHA

Cnennasnpime GHUJIBTPH TOKA M HAaNpsKEeHHs HyJeBOH
NOC/JAeI0BaTe/NIbHOCTH HAa NMPAaKTHKe HCIOJb3YIOTCH peako. Las
nonyuennst Iy u Up, Kak GHJO pPaccCMOTPEHO BHIE, OGHYHO
NPUMEHSAIOTCS CllellHa/IbHHe cOeJHHEeHHS BTOPHYHHX OGMOTOK
TA u TV. s nonyyeHHsl Ke COCTABJASIOMIMX oOpaTHOH H
NpSMOH  TIOCJAefOBATEIbHOCTE, KaK NPAaBHJO, NPHMEHSIOTCS
CHEHHAJIbHHE YCTPOHCTBA — (DUJBTPHI.

B Coserckom Colose npakTHuYeckast HalOGHOCTb B (HJIBT-
pax oOpaTHOH TIOC/AeNOBaTeNbHOCTH BHBHJACL B Hauaje
30-x ronoB u 6HJsa HauaTa B naboparopuu uM. A. A. Cmypo-
Ba. B manbeefimieM sTa pa6ora GHJ/a pa3BepHYTa M B APYrHX
opraunsanuax. OHa 3aBepluHJach CO3JaHMEM HAayYHBIX OCHOB
A7 HX NOCTPOeHHsl M pacyera [5], a Takxe menecoo6pasHBIX
¢OpM HMX BHIOJHEHHS Ha 3JeKTPOMEXaHHYECKOH 3JeMEeHTHOH
6asze. B nocaenuue rogb B CBfI3W C HCIOJb3OBAHHEM HHTe-
TPajbHOM MHKDO3Z/JEKTPOHHKH, ONEePalHOHHHX yCHJAHTEJeH
HEKOTOpHe O0LHe MONOXKEHHSI H (POPMBI BHIIONHEHHS (HJIBT-
pOB mpeTepHeBaloT CyllecTBeHHEle H3MeHenusa. B sTtoM Ha-
NpaBJeHHH AOJNKHH ObITh OTMeueHHl paborsl JIIIU (B. K. Ba-
uud, I. M. Tlasnos [14]), MBU (P. B. Temkuna [46]),
BHUHP (JI1. A. Hagens u Ap.) W ApPyruX OpraHu3amdi.

3amaua mocTpoeHHs, xanpumep, QuUALTPOB O6paTHOH mO-
CJIeIOBATEJNBHOCTH CBOAUTCA K NOJNYYEHHI0 HAa MX BTODHUYHBIX
3a)XKHMaxX BeJHYHUHH, NPONOPUHOHAJBHOH cocTaBJasioumei o6-
patHO# mocaenoBaTenbHOCTH Us uau Is, He 3aBHCHIEH OT
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cocrasasomux U, I, Uy, lo, coaepx)auiuxcsi B NEPBHYHBIX
3J1E€KTPHUECKHUX BeJTHUHHAX.

Bo3MoKHble NyTH BBINOJHEHHS (DUJIBTPOB BHITEKAWT U3
pacCMOTPeHHs, HalpUMep, COOTHOIIEHHS Uas=(Ua+a*Us+
+aUc)/3. TlpeobpasoBanue 3toro Bhipakeuus aaer Usp=
= (Uap+Upce—%°) /3 nnm, ecin yMHOKMTb €ro Ha ei*, B
6onee obmeM Buae Uizel®= (Uype/®+Upce™ 10=*/3 u ana-
JOrMYHO 175 ToKa [asei® = (Iapei®~+Ipce16°=) /3. Heobxo-
JHMO OTMETHTb, UTO I/si (PHUABTPAINHMH MOTYT ObiTp HCNOJB3O-
BaHB He TOJbKO AaMIINTYAHble, HO H MTHOBEHHble 3HAYEHH:
TOKOB H HanpsiKEHWH, 1JIS KOTOPBIX Takxe CYLWECTBYIOT IO-
HSTHS CHMMETPHUHbX cocraasiomux, Takum oGpa3oM, Als
NOJyYeHHs (QUIBTPA MOXKHO HCHOJNb30BaTh ABe MexAydas-
Hble BeJHYHHB, NOBOPaYMBas MX Ha ONpeJe/CHHBble YIVbl H
reoOMeTpHUEeCKH CKJAajblBasi; NPH 3TOM yros B3aHMHOro das-
HOTO MX CMeLleHHsl JoJKeH cocTaBiaTh 60°. PasHble cABUTH
MOI'YT NPOH3BOAWTbCS 110100POM 3/1€MEHTOB (HIBTPA; CYyM-
MHpOBaHWEe BeJHUHH HHOLAA 3aMeHfiercs CyMMHPOBaHHEM
COOTBETCTBYIOIMX MATHHTHBIX MOTOKOB. MHorne QUaAbTPH
BHITNIOIHSIIOTCS TaK, UTO 3/JeKTPHYeCKHe BEIHYHHBI B Ka’KIOM
U3 nJed npu pasoMKHYTHX (buabrper U;) n 3aKopoueHHBIX
(I,) BTOPUUHEIX 3a)HMax ONpPENeJSIOTCS TOJbKO OIHOH H3
JBYX BennunH, AHagus paboTsi TakHX (UIBTPOB yao6HO npo-
BONMTH, WCIOJB3Yys BekTOpHble auarpammbl [5]. HHoraa
yAoOGHBIM [Js aHa/lH3a U NOCTPOEHHA (HILTPOB [5] sBaser-
cs MeTOA AyajbHBIX npeoGpa3oBaHuH, NO3BOJISIOIHHA, B 4a-
CTHOCTH, MOJYYaTh CXeMBl, HanpuMep, ¢uabTpoB [, no napa-
MerpaM cxem ¢GHIbTpoB U,. Bo3MOXHO mnoOJyyeHHe NpPOH3-
BOJIBHO GO/BINOro uuciaa THIoB ¢uasTpoB. Huxe B Buje npH-
Mepa pPacCMaTPHBAETCsi NMOJIYUHBIIMH pacnpocTpaHeHHe B yCT-
pOHCTBAaX Ha 3JEeKTPOMeXaHHYeCKod s/ieMeHTHOH Gase maccHB-
HEIH ABYNJIeUHii aKTHBHO-eMKOCTHEI unbrp Us.

is oleHKH mOJA00OHBIX (UIBTPOB o0paTHOM nocjaexoBa-
TeJIbHOCTH OBIM Ipeloxensl  [5]  mokasareau: o=
=S2max/snm‘p, B=S2max/Pn0'rp (MOUIHOCTH Snm‘p H an‘p 01-
Hocsitea ¥ nanpsixenuw Uy=U; u toky Ii=1I,, nas Kote
ONpejensieTCss MaKCUMa/bHast MOLHOCTL Somax, BBLAGISC
Ha BTOPHYHBIX 3a)KUMaX (QU/IbTPa) M y — noKasarelb, O
JensIOUHH NorpellHOCTs (PUJABTPa NPHU OTKJIOHEHHH dacH
OT HOMMHAaJbHOH. [IpH MPOUUX PaBHBIX YCIOBASAX (QHIBTP
ayyule, uem fodablie o H B H Menblie y. las coBpeMel
UCTIOJIHEHNH Ha ONepalHOHHBIX YCHJIHTENSAX Be/JIHYHHH
ABJISIOTCA COBEPIIEHHO HeNOKa3aTelbHbIMH,
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AKTHBHO-eMKOCTHBIH (UABTP HampsXKeHHus oOpPaTHOH mo-
caepoarenbHoctw [z, B oreuecTBeHHO! NMpaKTHKe OH CTal
npuMersatbes ¢ 40-x rogoB. Ha pue. 3.26 npuseieHH cxema
¢uabrpa (puc. 3.26,a) u ero noTeHUHaJbHBlE AHATPaMMBI
npH NOJABEJeHHH K (QHIBTPY COOTBETCTBEHHO CHCTEMB! Hallps-
xenuft npamoii Uy (puc. 3.26,6) u obpatHoft U, (pwuc.
3.26, 8) nocaenoBarenpHoctell. IloreHnnajbHble TPEYroOJbHH-
ku ABm u BCn, xax onpenenseMble R u X=1/oC, spasiorcs
NPAMOYTONbHBIMA NpH BepiuHax m u n. Ilpu noasexenun Uy
TOYKH M M A COBNAajaloT W OJHO3HAUHO pAacnojaralTcs KO-

€1
Rc 6) Cg 8) Az

Puc. 3.26. AKTHBHO-eMKOCTHBIE (PUILTP HaANpsKeHHs obpaTHOl mocjefoBa-
TeNBHOCTH

cpenune npsimoit A,C, (puc.3.26,6); Toraa Xa/R4=0,5/05V 3
u Xc¢/Rc=0,5 173/0,5. Tlpu noasemenun U, m pa-
30MKHYTHIX 3aKMMax mn (xoJoctoff XoX) juarpaMMa npuo6-
peraeT BuA, noxkasaHHbI Ha puc. 3.26, 8. OHa noayuaercs H3
JMarpaMMbl, TnpuBeJeHHOH Ha puc. 3.26,6, npu nepeMene
mecramu HanpsukeHnH Uais m Usc, BMecTe ¢ KOTOPHIMH nepe-
MelLanTes u TpeyronbHAkH ABm n BCn. Hanpsixkenue Upn=
=m,Us, TAe My, €CH OTHECTH U, k¥ Uag, pasen 1,5 /. Pac-
CMOTPeHHBIH (QUIBTP MPOCT B BHINOJHEHHH, HMeeT HeboJblline
rabapuThl H YIOBJIETBODUTEbHHE TI0KA3ATEH.

Ias ¢uaptpa I Moraa Ob ObIThb HCNOJNbB30BaHA aHANOIHY-
Hasg cXeMa, noJydaeMas AyaabHpIM npeoOpa3oBanHeM (QHUJILT-
pa HanpsiKeHUs [0 cXeMe, NpuBeJeHHON Ha puc. 3.26. Oana-
KO, €CJId NpPHCOeAMHsSeMasi Harpy3ka HMEEeT MaJjoe CONpPOTHB-
JeHHe, oOKasbiBaercs OoJsiee HelecooOpa3HEIM NpUMeHeHHe
TpaHChopMaTopHbIX QuabTpoB [ (cM., HampuMmep, [16]).

PaccMotpennas cxema ¢uabTpa obpaTHOli mocJjefoBa-
TEeJBHOCTH MOKeT OBHTb Takke [PAMeHeHa AJS CO3LaHHUs
GuabTpa npsiMoil nocaeA0BaTEIbHOCTH U KOMOWHHPOBAHHOIO
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¢uabTpa ApAMOH H oépanzoﬁ nocneAOBaTe.anocreuc. aﬁlm
pojiyyeHHs (QHUIbTPa NPSMOH nocJaeAoBaTe bHOCTH AOCTATOY-
HO H3MEHHTh TMOPSAOK MOJBeJCHHA BeJHYHH K nepr;éaqﬂgm
saxuMaM (uabTpa o6paTHOH HOCJIG}IOB?TQJII:HOCTH. oM lev:
HHPOBAHHBIH GHALTP TPeAcTaBAeT coéou” coorseTCTiyggmrlfo-
06pa3oM paccTPOeHHbl (GHALTP o6parHoi HIH NPAMOU
cenoBaTebHOCTH. .

3.13. NPUHLMUMN BbIAENEHNAA ABAPUMHbIX CRATAIOLLIMX

Apapuiinple cJararoiie 3JeKTPHUCCKHX BeJHUHH Ompeje-
JIAIOTC Kak PasHOCTb HX 3HAauUeHHH HPH K3 us npenmecn}a(}cf:
poliem emy paboyeM pexHMe. [TpHMeHHTeJNbHO K KOMHJI:H!O
HbIM HX HPELCTABJICHHAM OHH OMNpeledlorcs T Bblpa}:{Kee o
(1.14): Fag=Fx—Fpas. AapuiiHple caaraollue, Tak
4 IOJHble BeJHYHHbI, PA31aralTcs Ha CHMMETPHUHBIE COCTAB-
aswourre (em. pi. 1). Tlomyuenne STHX CHMMeTPHYHBIX coc;?}?(-)
agpolpux (ecaH OHH TpeGyioTcs) MPHHUMIHAIBHO MO KO
OCyILlecTB/IATh ABYMSA cnoco6aMu: cHauajla BHAENATD nogras-
apapHilHble c/larapolline H Mo HHM HX CHMMETpPHYHHE CO a5
JFIONMe HIH CHAya/na onpenesaTh CHMMETPHYHbIE COCT?BIJ}} 11
mue B BeaHuuHaX Fx u Fpas W janee 1O BEIPAXEHHIO (1.14) -
apapHiiHble  cjaraiomie OTAEJbHbIX HOCJIEJIOBaTeJIbHOCT;::
[IpeanouTeHHe OTAACTCSH cnoco6yu foJsee JErKoMy nJf pue::me_
3alMH W 33aBHCHT B 3HAUHMTEJbHOH Mepe OT NPHMEHAEMOMU )
menTHOil 6a3pl. I[Ipu 3TOM ClleflyeT yUHThIBATD, 4YTO HPH MHII()
POTPOLIECCOPHOM  3/1@MEHTHOH 6ase (mporpaMMuble 3au£m;e
BecbMa MPOCTO BBIEJAIOTCS MOJHblE aBapuHHbIC cnara Igm
OTZeJbHBX (a3, TaK KaK HCNOJb3YHT MIHOBEHHLIE 9:Haqe3
BeJIHUMH B MOCJeJHHHA TepHoid, NpealrecTBOBABIIAN K3, u
B MepBbIl MEPHOA MOC/E ero BOSHHKHOBEHHS IO ne%rlsoxz:aq;gz:
HOMY TpeaJOXKeHHIO BHUUD (4. C. Teapdann u J1. L.
M), JIHYHH
PaccMaTpuBas CHMMETPHYHBIE COCTaBJAIOLIHE BE )
Heo6X01HMO OTMETHTb, UTO NPH OTCYTCTBHH B paboueM pe)Kn_
Me HecHMMeTPHH Fpaszas=Fpac0as=0 H Fyas=Fx (Hanpn_
Mep, Ux2as="U; B TIOHMMaHHH, DPacCMOTPEHHOM B npenbulg
mem naparpade). IlosToMy paccMOTpeHHBIH B HEM ¢huIBTP
U, (cM. puc. 3.26) ABUTCA H QHJILTPOM Uszas. -

[lo-gpyromMy OGCTOHT [eJ0 CO CararlluMH Fian B pacl’l
CMAaTPHBAEMOM CHMMETPHYHOM pexuMe, TaK KaK namie] np
K® Fi,s uMeIOT KOHeYHHe 3HaueHHs, HaHOOJblIHe ANd Uise B
mecte K3 (cm. ra. 1). TlostoMy ofHOro ¢HIBTPA Uy (cM.
§ 3.12) oxasbiBaeTCs yiKe HeJ0CTaTOUHO.
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Ha npaxThke NpHXONHTCS YYHTHIBATHL HECHMMETPHIO B pa-
Oounx pexHMax, OmpelesnseMyl0 HelNoJHO(DA3HHMH DexuMa-
MH (cM. M. 1), 3/IeKTPHUECKOH TArOH, 3JIeKTPOTePMHYECKHMH
nmeyaMu H T. A. B 3aTUx cayuadx ans nojayyenus aBapHHHBIX
CHMMETPHUHKIX COCTABJAIOMIAX JIOOHX NOCJAeN0BaTeJbHOCTEH
oaHoro ¢unwvTpa (Hanpumep, Usa,; no puc. 3.26) okasbiBaer-
cA yXXe HeJ0CTaTOYHO.

Heo6xopuMo TakKe moauepkHyThb, 4To TOT XKe Usan ABJISA-
eTCs reOMeTPHYeCKOfl Pa3HOCTbIO BeJH4MH B pexumax K3 u
HarpysoyHbIX, KoTopaf O6oJbllle pa3sHOCTH HX alCOJMIOTHHIX
3HauYeHHHA. DTO HCHNOMb3YeTCH /IS peaNH3alMH YyBCTBHTE/b-
HBIX HYCKOBBIX OPraHOB B YCTPOHCTBaX, Hampumep, OJOKHPOB-
KM AHCTaHUHOHHBIX 3allHT NPH KauyaHusax (cM. ra. 6).

3.14. MECTA BHKJTIOYEHMA UM TOKA U HAMPAKEHUA
HA DNEKTPOYCTAHOBKAX

B obmem caydae MecTa BkAOueHHs TA, HCIOAb3yeMBIX
AJ151 3alUTHI, ONPEeNsIOTCs ¢ YUeTOM OTHOCHTeNbHON BepodT-
HOCTH NepeKphITHH BTY/I0K TA H OTHOCALIMXCS K HHM BHIKJIIO-
yatesel, HeoOXOQHMOCTbIO oGecleueHus JHKBHAauuu K3 B
1000H TouKe 3JIeKTPOYCTAaHOBKH, UesecoobpasHbiM BHIIOJHE-
HHeM ee KOHCTPYKUHH H yI106CTBaMH 3KCIIYaTalUuH.

[Ipocro peuwraercss sonpoc npu TA, BCTPOGHHBIX BO BTYJAKH
BHKJ0OUareaell. OCHOBHYIO 3aIMTy TIPHCOEAMHEHHS IeJeco-
obpa3no BKJAMOYaThL Ha TA BTyJOK, oOpauleHHHIX B CTOPOHY
cOOpPHBIX LIMH HJ¥ OWHHOBOK (puc. 3.27,a), TA BTYJOK ApY-
rofl CTOPOHBI MOTYT HCHOJIb30BaTbCH, HANPHMEp, A APYLHX
34MIUT JaHHOI'O NPHCOEeHHEHHS.

Brinocasie TA HanGosee yacTo BKJNOYANOTCA 33 BHKJKO-
yaTessiMH B CTOPOHY 3alllMIlaeMOro 3jeMeHta (puc. 3.27,6).
Jia HexI0YeHHA He3alHIIEHHBIX TOUeK AH(depeHIHalbHble
3alUTH CeKUHH IIMH Hanpsi:keHueM 6—10 kB ncrnoassyior
TA, BKNOYaeMble Ha CTOPOHE BHe 3aIMLIAeMOfi CeKIHH (DPHC.
3.27,8). na sanemenros Hampsixenuem 110—220 xB u oco-
6eHHO Npu cBepXBbICOKHX Hampskenusax TA ¢ gByx cropon
BbIK/I0OYaTeJei B Ue/siX 3KOHOMHH He YCTaHABJAMBAIOTCS.
Toraa nossasorcs Mecra, npu K3 B KOTOpHIX 3aumMTH AaH-
HOU 3JIeKTPOYCTAHOBKH He MOTYT HX JHKBHAHpPOBATh (CM., Ha-
npumep, puc. 3.27,2). JlukBupauus takux K3 ocymecrsas-
ercA ycTpoiicTBaMy, paboTalouMH NPH OTKA3aX BHIKJIOYa-
teseft (YPOB, cM. rat. 15) u BHIOIHAWIHMMH JONOJHHTEILHO
H pacCMarpHBaeMylo 3afauy.

TpanccoopMaropsl HampsikeHHs HanGoJiee YacTO BKJIIOUA-
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0TCs Ha cOOPHBIE MIHHBI HJAH OLIHHOBKH, COSIHHAIOLIHE MEX-
Ay co0OH HECKOJIbKO 3JIeMEeHTOB, H NPHMEHSIOTCA OLHOBPEMEH-
HO A/ 3allUT BCeX HX npucoenuHeHuil. Mckiaouennem fBjs-
eTCsl, HanmpuMep, NHTaHHe Lenell HAaNpSXKEHHS 3aUHT JHHHH
CBEPXBBICOKHX HanpsixkeHuil. OHO OCYIIECTBAAETCA OT E€MKO-
ctHeIX TV, A/ KOTODPBHIX HCHOJB3YIOTCS KOHAEHCATOPH CBA3H
BBICOKOYACTOTHBIX KaHaJOB CBf3H no npobogam JHHHI. Oue-
BHAHO, AJd 3alUUTHl HeOOXOAHMO HMETb 3TH €MKOCTHhie TV
Ha Bcex Tpex (dasax.

K ocnob -
Hou :ma/a»E > X
me 4 awuman
£—>
N 7. u oz K )/
j’_ K3a - «—IK3a- /(sa—y - /r/za—

K gpyaum wume wume wume wume
Jawumam ceryu I cexyuu Il snemenma I Inemenmalf
) ) 8) 2)

Puc. 3.27. Bapuaute Mect BriIodeHust TA

Bonpocsl AJi caMonpoBepKH

1. Kakue cyiectByloT ocHoBHBle BuAbl HMII TOKa H nanpa-

JKEHHS?

2. TlpuBenute cxemy 3ameuieHus TA ¢ Harpy3koil H Bek-
TOPHYIO JHarpaMMy.

3. Kakue pasauyalor norpeuHocts TA?

4. B ueM orsuuHe npenesbHOH HOMHHAJIbHOH KPAaTHOCTH

TA ot npeaenbHoit kpatHocTd Kio? _
5. Kakde npuMeHsIOTCS OCHOBHBlE cxeMbl coeaunenuit MII

TOKa M HanpsixkeHus u ueneit MO samutor?

Fnaea uetBepTasn
HUCTOYHUKU OMEPATHUBHOTO TOKA

4.1. OCHOBHbIE ONPEAENEHMUSA

OnepaTHBHBIM Ha3HBaeTCs TOK, NPH MOMOUIH KOTOPOTO
NPOU3BOAUTCA yNpaBJeHHe NePBHYHON KOMMyTAaUHOHHON anna-
paTypoil (BHIKJIIOUATeNSMH, OTAETUTEIAMH H T. A.), a Takxke
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NHTaHHE Lened peJeHHOH 3allUTHI, ABTOMATHKH, pasHHX BH-
/OB ynpaB/eHUA M CHTHajH3aUMH, MCcTounHUkH OnepaTHBHOrO
TOKa NOJ/IKHBI GBITh TOTOBBI K JAEHCTBHIO BO BceXx HeoOxonHu-
MBIX cayuasx, B ToM uucae npu K3 Ha saemenrtax 3angnae-
MOH yCTAaHOBKH (KOTJa HampfixKeHHEe HA Hefi MOXKeT CHHIKAaThb-

¢ 1o HyJIHu). Hcnonesyiorcs aBa Buaa ONepaTHBHOTO TOKa —
NOCTOAHHBIH H HepeMeHHHI.

4.2. ONEPATHUBHbIA NOCTOAHHbLIW TOK

HcTounnKkaMu MOCTOSAHHOMO ToKa sBsioTCSH aKKyMYJISTOp-
Hple Gatapen (puc. 4.1), HCHTPATH30BAHHO NHUTAOLIHE Ofie-
PATHBHLIE W 1pyrHe UenH (HalmpHUMep, B 3aLIUTE — AKTHBHBIE
SJIEMEHTHl ee OPraHoB, aBapUiiHOE OCBElleHHE H T. 1.). Pa6o-
Uee HanpfikeHdne aKKyMYJATODHON Garapen 220—110 B.
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Puc. 4.1, Cxema ceru onepatuBmoro nocrosiHaoro Toka (YKH — ycrpoiier-
BO KOHTPOJIA H30JALUH)
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Patee npuMeHABIIHECS HANPKCHUSA 24—48 B B Hacrofllee
BpeMa He pekomenaylorcsi. [las NOBBIUEHHS HaJAEKHOCTH
CeTh ONMEpaTHBHOTO TOKA CEKUMOHHPYeTCs Ha PSA yuacTKOB,
HMEIONIHX CAMOCTOATE/IbHOS MHTaHKe OT COOPHbIX WnH bara-
peu. Haubosee OTBeTCTBeHHbHIMH ABJIAIOTCS WHHKH yHpasie-
HYfl, K KOTOPHIM MOAKJII0YAI0TCs YCTPOHCTBA 3aLIHTHI, aBTOMA-
THKH, ynpaBieHus. Bce ykasaHHble MIHHKH (pyBEKUHOHAABHOTO
Ha3HAUEHHMN TakKKe CEeKLHOHHUPYIOTCS C BO3MOMNHOCTBIO HX
obbeaunenus pybunpuukamMu. Or K3 nemu samumarores as-
TOMATHUECKHMMH BHIKJKOYATEISIMH WM [PCLOXPAHUTCAAMH,
npuueM Ha KamAbH BHKOYATelb NHTAHHE NMOAACTCA UEPES
OTHe/bHBle ABTOMATHUECKHe BLIKJIIOUATENH WK NpeaoXpanu-
Tenu (Ha puc. 4.1 He MOKasaWbl): WX HCNPABHOCTH KOHTPOJIH-
pyercsl B cXeMe YNpaBJieHHs BBIKJIOUATeNd. B cBf3® C 3THM
N0 KaTylIKe OTKJIOUEHHSI BK/IIOUEHHOTO BBIK/IIOUATENS UHMPKY-
Aupyer HeOOJBbIIOH TOK, HeJOCTATOUHBII AIsl ero cpabarnina-
uusi (cM., manpumep, [47]). Has obecneueHHs JOJTOBEYHOCTH
Garapen HonKeH coGIIOAATbCA HEOOXOAMMBIH DEXHM ee 3a-
psina, mogsapsiia u paspsna. Ilasl 3TOTO HCNOAL3YIOTCH ABTO-
MATHUECKH peryJupyeMble HCTOYHHKM — JBHraTe/b-reHeparo-
pH WK B NOC/AENHEe BPEMS BHINPAMHTE/NbHDIE yCTAHOBKH.

Haubosiee 4acThIM BHAOM MNOBpEXK/JEHHH B ceTsx olnepa-
THBHOTO MOCTOSIHHOTO TOKa SIBJSIOTCH 3aMbIKAHHSl Ha 3€MJIO
B oaHOH Touke. OHO ONACHO TeM, YTO NPH €T0 IHTEJbHOM
CYIMECTBOBAHHH BO3MOXKHO 3aMBIKaHHe Ha 3€MJIO BO BTOpO#
TOuKe MPOBOJAA TOrO Ke IOJI0ca, KOTOPOe B ciydae IyHTHPO-
BaHus, HalpuMep, KOHTAKTa B LEMH ynpapJeHHs OTKJIIOUCHH-
eM BBHIKJIOUATeNfl MPHBENeT K ero JOXHOMY OTKJ/IOUEHHIO.
[Tostomy cuuraercss o0s3zarenbHON YCTAHOBKA Ha IIHHAX ba-
Tapex YCTPOHCTBA KOHTPOJIA  H3OJALMH, paboTaloliero Ha
curHaj., B cBAA3H ¢ yyeTOM cOOOpa)KeHHH, NpHUBEACHHBIX B HE-
menkoii aureparype 30-x rogos, B CCCP npuHATO Helocpel-
CTBEHHO TOABOAMTb K I/JEMEHTaM CXeM yrnpaBjeHHa (HalpH-
Mep, 3JIeKTPOMATHHTYy OTKJIOUCHHSA BHIKJIIOUATE/SI) HaNpsKe-
HHE OT IIMHKH <MHHYC».

AKKyMyJIsTOpHble Garapen ABJSIOTCS HaJEXHBIMH HCTOU-
HMKaMH THTaHufA, paboTa KOTOPHIX He 3aBHCHT OT COCTOSIHHS
ocuoBHON cHereMbl. OfHAKO OHH JAOPOKE APYTHX HCTOUHHKO'
nuranus, TpebyiOT CNeUHaJbHOrO0 MOMEUICHHS H KBaAHGDHIH
poBaHHOrO 00cayuBaHHsl. Kpome TOro, B CBA3H C LEHTpa/H
sanueli muTapus HeoOXxoAMMa C/I0OXKHAs NOPOrocrosiwias cer
HOCTOSIHHOro TOKa, caMa Tpelbyromas psga samut. [TosToM,
omepaTHBHbI NOCTOSHHBIH TOK B NEPBYIO OUY€PeIb MCHOJbL3Y:
eTCs Ha 3JeKTPOyCTaHOBKax, rae Oarapew Tpebyiorcss Mls
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BKJIIOUEHHSI MOHIHBIX BBHIKJIOUaTeNel ¢ 3JEKTPOMATHHTHBIMI
NpHBOJAMH, & TakKXe H AJs pAla APYTHX HYXKJI (Hanpumep,
H2 TEIVIOBHIX CTAHUHKAX, MOUIHBIX TH/APO3AEKTPOCTAHIUAX H
HOACTaHUHUAX).

Ha puc. 4.2 B BHZe mnpHMepa npHBeieHa OAHOJHHeHHAS
COBMCLIEHHAS CXeMa TOKOBOH 3allHTH, OCYLIeCTBJAEHHAfl pe-
ae toka KAT ¢ Bblaep:KKOil BPeMeHH H yyHTHIBalOlasi IpHBe-
JeHHble coo0paxKeHHs.
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Pre. 4.2. Opnosnneiin
. 4.2, as cxemMa MaKCHMaJbHOH TOK
THBHOM NOCTOSHHOM TOKe OBOR sauursi Ha onepa-

4.3. ONEPATHMBHbIM NEPEMEHHbIM TOK

B nannoM cayuae sHeprus OTGHpaeTcs OT 3/1EMEHTOB
3JICKTPOYCTAHOBKH. IIpu 3TOM yC/IOBHO TOBOPAT, YTO HCTOY-
HHKaMH [IePEMEHHOTO TOKa Moryr 6uire TA, TV ;4 TpaHchpop-
Maropsl COOCTBEHHHIX HYXK[, BK/IIOUaeMHeE COOTBETCTBEHHO Ha
TOKH M HANPAKEHHS IJEMEHTOB 3alfHINAEMOH YCTAHOBKH

TpaHCHOPMATOPE! TOKA MOTYT SIBAATBCA HAZEIKHBLIMH HC-
TOUHMKAMHM NUTAHHA 3aWHT TOMLKO OT NOBPEKIEHHH, COMpO-
BOXKJAIOMWHUXCA 3HAYUTENBEBIMH TOKaMH, Korga TA B COCTOR-
HAM OTAaBaTh MOLIHOCTb, JOCTAaTOYHYIO Mpexae BCEro AJs
paboTel npusoxa BHKJAK4YaTens, Mcmoabsosanue TA okasbi-

Ba:rcsz HEBOSMOMKHBIM, Hanpumep, npu Ki°, XapaKTepH3yio-
IIHXCA BeCbMa MaJIbIMM TOKAMHM 3aMBIKAHHA Ha 3eMJIO, a
y
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TAKXKE AN ONEepPaTHBHOrO ylpapjenHss B pabouHx pexHMax.
TpanchopmaTopht coGcTBeHHbX Hyxa U TV B obllem ciyuae,
HA060POT, HENpHrOAHBl AJs nuranus samur oT K3, conpo-
BOXKIAIOUIHXCA CHHXKEHHEM HAanpsXKeHHs 4O HYJAd, H MOTYT
NpPUMEHAThCA A5 YIPaBJeHUsl B PEXKHUMAX, XaPaAKTEPH3yeMbIX

Uue, 61H3KHMH K pabounM (HanpuMep, K", paboune pexu-
Mbl). Bce paccmarpHBaeMbie TPaHC(HOPMATOPHI MOIYT TaKwKe
HCIOJB30BATHCA HE HENOCPeJCTBEHHO, a A NpelBapHTe/bHO-
ro 3apffa CheLHalbHHX KOHIEHCaTopoB. DHeprus, sanacae-
Mas B 3THX KOHJAeHCATopax, HCAoJAb3yeTcs Kak A/ JAeHCTBHA
3amuT 0pH JAIOGBIX BHAAX TMOBPEXIEHH|, Tak M /s paboTHI
IpH HCYE3HOBEHHH HANPAXKEHHA Ha yCTaHOBKe.

TakuM 06pa3om, NepedyucieHHble HCTOYHMKHM IHUTAHHA He
ABJIAIOTCS YHHBEPCATLHBIMH, Kak akKyMmyasropHas Gataped,
4 UMEIOT CBOM OrpaHHueHHble 06/acTH npuMmeHenns. [lostomy
Ha MPaKTHKe YaCTO HCNOJIb3yercss HECKOJbKO pa3jesbHbIX
HCTOYHHKOB ONEPATHBHOTO MEPeMEHHOrO TOKA HJH KOMOHHH-
poOBaHHbIe yCTPOHCTBA.

Huxke KOPOTKO paccMaTpHBAKOTCA C/eAyloIlHe CXeMbl HC-
[10/1b30BAHHS ONEPaTHBHOTO NePeMEHHOro TOKa; C AeHIyHTH-
pOBaHHEM KaTyIIKH OTKJAIoueHMst [PHBOAA BBIK/IIOUATEN;
¢ 6JIOKAMH THTAHMS BBHUIDSIMJCHHLIM TOKOM, HallpslKeHHeM,
¢ TpeaBapHTeJbHO 3apsKaeMbIMH KOHJEHCATOpaMu; C peje
npAMOro AeHCTBHUA.

Cxema ¢ JeUIyHTHPOBAHMEM KaTywikM OTkmiouenus. Ha
puc. 4.3 npuBejieHa B OAHOJHHEHHOM BHJe COBMeLIEHHAA CXe-
Ma TOKOBOj 3amuTH ¢ penae Ttoxa KAT c BhAEpKKO#H BpeMe-
.HH, HMCIOU{HM ClEIMa/bHbil MepexMouaomHuii KoHTakT 6e3
paspuiBa uenH. B paGounx pexxumax H npouecce cpa6aTbIBa;
Hust KAT pasmbikaiollefi 4acThi0 CBOEr0 KOHTAKTa, HMEIOIIEH

g

4 Puc. 4.3. OpHoauHeliHas cxeMma
TN MAKCHMaJ/IbHOH TOKOBOH 3alllHTHl HA
OmepaTHBHOM  NEDEMEHHOM TOKe ¢
JEIIYHTHPOBAHHEM KATYIIKH 3JEKT-
HAT POMArHHTa MPHBOXA BHIK/IIOUATENS

TA

=
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60/1pIWYI0 OTKJANOUANIYI0 CNOCO6HOCTH (€ AyroracsiliyM ycT-
pPOHCTBOM), IUYHTHPYET leny KaTyuwlku oTkAoueHHss YAT Bhl-
KJalouaTensa (HOpMaJbHO pasopBaHa 3aMBIKaloUleH YacThlo
kKoHTakra). Harpyska TA onpenensiercd npH 3TOM OTHOCH-
TeNbHO HebOoABUIOH MOIHOCThIO Lenn obmorkn KAT, u TA
paGoraer ¢ HeoOXOAMMOfi TOUHOCTHIO (B pPACUETHOM pexRHUME
e<10 %). 3ampikalomas 4YacTh KOHTAKTa peje TOBbIIdeT
HaJeXHOCTh IIYHTHDPOBAHHA (HanpuMmep, [OpPH CJIYYaHHBIX
KPaTKOBDEMEHHBIX €r0 HapylleHHsX, Goaplunx tokax). [locae
cpabaruiBanus 3amutel YAT BrJ/IOYaercs nocaef0BaTeNbHO
c 06MOTKO{f pesie, U yepe3 Hee NPOXOJUT IOJHBIA BTOPHUHBI
tok TA, onpegensiomuifi OTK/IOYeHHE BhIKAOuaTens. [lpu
stoM TA MOXKeT CHJIBHO NeperpyxaTbesi, paGoTas B pexume,
6JIM3KOM K OTJZaye MaKCHMaJbHOH MOLIHOCTH, ¢ MOrpeIHo-
crsimu, MHOro Goapwumyu 10 %. Oxnako nns cpabGaThiBaHus
3aUHTH 3TO Y:Ke HeCyHeCTBEHHO; HeOOXOAHMO TOJbKO, YTO-
6u1 I, Gbl1 He MeHblle TOKAa cpabareiBaHus YAT u He crad
MeHblle TOKa BO3BpaTa pene tToka KAT. B pganHOH cxeme,
KaK H B JDYyTHX ¢ ollepaTHBHBIM TokOM 0T TA samumaemoro
3/1eMeHTa, He TpebyeTcs 3aBOJAHThL OTK/IIOYAIOUIYIO llellh dyepel
KOHTAKT [DHBOAA BLIKAIOuaTe]s (HEOGXOAMMYIO B CXeMe Hd
puc. 4.2), Tak KakK ¢ OTK/JIIOUEHHEM [OCJAEZHEr0 HcuezaeT #
OTK/IIOYAIOMIHA TOK, KOTOPhIfi MoOr OBl yTAXKedATb BO3BPAT
KOHTAKTa peJe B HCXOJAHOEe moJoxKeHue. [IpH  OTCYTCTBHH
y HCHOO/b3YeMbIX OCHOBHBIX OPTaHOB 3alllMThl CIELHAJbLHHX
TePEeKJI0YAIONIHX KOHTAKTOB Ha BBIXOJle CXEM MOTYT YCTAHAB:
JIHBATbCA CllelHaJbHbIe [IPOMEXYTOYHBIE pesie, BHINOJHAEMble
C TAKHM KOHT3KTOM.

JlOoCTOHHCTBOM pPacCMOTPEHHOH CXeMbl ¢ JelIyHTHPOBAHH-
eM sBJAsieTcs ee OTHOCHTeNbHAsA [pocToTa. BHnyckaemble
MPOMBILIIEHHOCTBIO CHEeNHa/NbHEe pesie TOKAa H IPOMENKYTOU-
Hble pejle UMET KOHTAKT, CNOCOOHBI MepexkJH0YaTL TOK M0
150 A npu yc/lOBHH, YTO CONPOTHBIEHHE YIPaBIAeMOH LelH
He npesnimaer 4,5 Oma npu toxe 3,5 A. C yuetoM MomHOC-
TeH, KOTOphie MOryT oTAaBaTh TA, H NpHBeJCHHLIX BHIIE JaH-
HBIX CXeMBbl MOI'YT NpHMeHATbCs B ceTAx ¢ Usow 10 35 KB npu
IPYXKUHHLIX [PHBOJAX Yy BHIKJIIOUATENEH, a TakXe Ha. [OJ-
crannuax 110—220 kB ¢ KOpoTKO3aMBIKATeNSIMH U OTAEJUTe-
aaMu.  OpHako co  Bce 6oJee WIHPOKHM BHeJpeHHeM
HHTErpasbHOH MHKDPO3JIEKTPOHHKH, B TOM YHCJE U Ha 3JEKTpo-
ycraHoBkax ¢ Unon<<35 KB, npumeneHue paccMoTpeHHOl cxe-
MBI COKpaniaercs.

Cxembl ¢ 6J0KaMH NHTaHHUs BHUIPAMAEHHBLIM ToKoM. [lox
HUMH [OHHMAlOTCA ycTpoHcTBa, nuraemble ot TA, TV uau
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TpaHchOpMaTopoB cOOGCTBEHHBIX HYIKJH, BHIIPAMJSIOLIHE TOK,
HanpsokeHHe W obecneuHBalollye HanpskeHHe, HCHOJIb3yeMoe
JUIs OHTaHHs ONEpPATHBHHIX lened, DJoOKH nge/aTcs HA TOKO-
pule (BIIT), nanpsikedus (BITH) u komOuHHpOBaHHBIE, CO-
crosmde M3 BIIT u BITH, pa6orawomux napasjenbHO HA CTO-
poHe BHIMPSIMJEHHOrO HANpPsiXKeHHA. DJAOKH MHTAHHS JOJIKHBL
BBIOJIHATbCS TaK, YTOOH HANpsilKeHHe HA MX BHIXOJE MOAJEp-
JKHBAJOCh BO BCEX PACUETHHIX PeXHMaxX JOCTATOUHO CTaGH/Ib-
HeM. TlogBogumele k 6/710KaM NHTAHMS TOKH H HANpsKeHHS
moryT npu K3, Kak H3BecTHO, H3MeHATLCSA B LIHPOKHX Npeje-
nax. IlosToMy msisi BHIIOJHEHHS yKa3aHHOro TtpeGoBaHus
JOJ¥HA OCYILIECTBAATbCH crabuniusaudsi Hanpsokenusd. OnHa
MOKeT BBHIIOJHATLCS MO-pasHomy. HccienosaHdst ¥ paspa-
60TKM, MNpPOBOAHBILIHeCS B TeuendHe psga ser Bo BHHUHMI
(1. C. Teantanx u gp.) mo npoGjeMe CO3AAHHSA ONTHMAJIb-
HBIX YCTPOMCTB HMTAHHA 3alIHT M[EPEMEHHBIM OIepaTHBHHIM
ToxoM [48, 49], ycraHoBHIH Lefecoob6pasHble CXeMbl BBIIOJ-
HeHust crabunusanuu. Has BIIT pekomenayercs HCnoJjb3oBa-
HHe  [apaJ/iieqbHOro (eppope3oHaHCHOro KOHTypa, s
BITH — yacro apocceneit Hacuenus. OQHaKo NMPH OCyllecCT-
BJICHHH . 34IIUT C HCNOJb30BAHHEM 3J€MEHTOB HHTErpaJ/bHOMN
MUKDPO3JEKTPOHHKH HEOOXOAMMO ellle JOMOJHHTE/bHOE cria-
JKHBaHHe BBIIPsSIMJEHHOrO Hanpsikenusi. BosMoxHas pmocra-
TOYHO VHHBepcaJbHas M SKOHOMHUHAS CTPYKTypHas cxema
KoMOHHUpOBAHHOrO OJIOKa NHTAHHA NpHBeAena Ha puc, 4.4.
B ueit BDIIT Bkilodaercs Ha pa3HOCTb TOKOB JABYx ¢as H
BITH — Ha nanps:keHue mexnay >TuMHu ¢azamu. B aToi cxe-
me BITH oGecneunBaer, B UaCTHOCTH, HeOOXOAUMOE BHIIPAM-
JIEHHOe HanpsiKeHHe DU 3aMBIKAHHAX MexAy AByMs (asaMu
3a CHJIOBHM TPaHc(HOPMATOPOM ¢ cOoeaHHeHHeM 06MOTOK ¥/
unu /Y, a rakxke npu ognodasnom K3 3a TpaHchopmaropa-
MH C coepHHeHHeM O0OGMOTOK Y/Y ¢ HyJeBBIM OPOBOJOM
(Ky==380/220), xorza (cM. ra. 1) pasHOCTb TOKOB C MHTAl0-
el CTOPOHHI MOKeT OHThL paBHa HyJ/I0, HO MexaydasHoe
HanpsikeHue, HM COOTBeTCTByMOInee, O/aH3K0 K paboueMmy.
Huoraa cxema pnonosusiercss BropeiM BIIT B Tperbeit dase.

TIpHHUHOHAALHBIMH NPEHMYIIECTBAMHE paccMaTpHBAEMBIX
GJIOKOB MHTAHHA fBJSIOTCH BO3MOXKHOCTb OCYIUECTBJCHHS HH-
JAMBHAyaJbHOI'O NMHTAHHS ONEPATHBHBIM TOKOM OJIHOTO 3alLlH-
[aeMOT0 NpPHCOeTHHEHHS H OTCYTCTBHE IIHPOKO pa3BeTBJIEH-
Ho (kak npu oOmell akkKyMyasTopHoii Oartapee) ceTH
onepaTuBHoro Toxa. OgHAKO INPH 3HAUHTENIbHOM YHC/IE NPH-
coeaMHEeHHH 5SKOHOMHYEeCKH Ieaecoo0pasHbIM OKasblBaercd
rpynnoBoe OHTaHHe (HANPHMep, 3J€MEHTOB CEKLHH WIHH).
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B sToM ciyuae OmepaTHBHbE LEMH 3allHT 3JEeMEHTOB 3allH-
maloTcsa OTAEAbHBIMM ABTOMATHYECKHMH  BHIK/JIIOUATENAMH
UM IPEAOXPaHUTENAMH.

CyurecTBeHHBM JAOCTOMHCTBOM paccMaTPHBAeMOro CIIOCO-
6a NMUTAHHA ABJASETCH TaKXKe BO3MOXHOCTL NMPHMeHeHHS 3a-
UIMTHOM aNOapaTyphl, H3rOTOBJAEMOH AJsi YCTAHOBOK C aKKy-
MyJIATOPHEIMH GaTapesMH.
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Puc. 45. [lpuununuaibHas cxeMma
HCTOYHHKA ONEPaTHBHOrO NepeMeH-

Puc. 44. CTpykTypHas cxeMa KOM- HOFO TOKa C HCIO/Ib30BaHHEM TNpen-
OUMHpOBAHHOrO GJIOKa MHTAHHA OoNe- BAapHTEILHO 3apsKEHHBIX KOHAEHCA-
PaTHBHBIM BHIPSAMJIEHHBIM TOKOM TOpOB

HMeroTcs, OAHAKO, H OrpaHHYeHHs MO ero HCIOJb30BaHHUIO.
K HuM ciiefyeT OTHECTH CJACAYIOLIHE:

1} HegocTaTOUHAS MOILIHOCTL AJISl MMHTAHHS KaTylleK BKIIO-
YeHHs 3/71eKTPOMATHHTHHIX MPHBOAOB (OOBIUHO OCYLIECTBJISET-
csl OT BHIIPAMHTENbHBIX GJOKOB, NMHTaeMBIX OT TpaHcdopMa-
TOpOB COOGCTBEHHBIX HYXJ NMOACTAHIMH);

2) HEeBO3MOXKHOCTb HCNO/Ib30BaHHS AJS MHHHMAJ/bHBIX 3a-
{IMT HanpsiXKEHHsl, a TaKXe NPH OTKAIUEHHH MOACTAaHUHH
€ yIpOILNEHHOH cXeMOH COeIMHEHHH CO CTOPOHBI BEHICIIEro Ha-
IpSKEHHsl /s YOPaBJAeHHS OTJelHTeNsiMH B GecTOKOBYIO
naysy; '

3) HeoOXOAHMOCTbL OTHelNbHBIX cepleuHukoB TA, koraa
TpebyeTcs GoJblinas OTAaBaeMasi HMH MOIIHOCTb;

4) HeoO6XOAHMOCTL TIATEJNBLHOIO aHajlH3a ycaoBHHA pabo-
TH CeTH, TMHTAKIEH MOACTAHIHUIO, H ee CXeMBbl SJEKTPHUECKHX
coellMHeHHH, ¢ TeM YTOGH NPHHATH MEPH K HCK/IOUEHHIO CaIy-
uaeB, NpPH KOTOPHIX OGyAeT HapylllaTbCsi HOpMajbHOE NHTaHHE
onepaTHBHLIM TOKOM [49]. _

CxeMmbl ¢ 6JI0OKaMH MHTAHHSA BBINPSMJIEHHBIM TOKOM ILIHPO-
KO HNPHMEHSIIOTCS Ha MOHMXKAWOMHUX MOACTAHHHAX € UnonwsS
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<35 kB, a rakxke Ha noacraHuusXx ¢ Ugow=110-220 kB
C YNOPOLICHHBIMH CXeMaMH 9JIeKTPHUECKHX COeIHHEeHHH co
CTOPOHE! BBICIIETO HaNpsxkeHHs (He HMEIONHX BHIKJIIOYaTe-
JeH Ha 9TOM HampsiKeHHH). HekoTophle H3 NepeuHc/eHHbIX
HEIOCTATKOB MOTYT ObITh YCTPaHEHbl NPH OZHOBPEMEHHOM HC-
MO/NIb30BAHHH 3SHEPTHH TNPEABAPHTEJBHO 3apsXkKaeMBIX KOH-
JeHCaTOpPOB. N ‘

CrelyeT OTMETHTb, 4TO NPHHUHIBL, 3ajo0xeHHble B BIIT,
NPHMEHSIOTCS TaKXKe ISl JIOTHIECKHX pesie (BPEMEHH, Mpo-
MEeXYTOUHbIX), pabOTaIOMHX Ha ONePAaTHBHOM TOKe, MOJIydae-
MoM or TA (Hanmpumep, /st CXeM C HeMyHTHDOBAHHEM).

CxeMBl ¢ npenBapHTENbHO 3apsKEHHBIMH KOHIEHCATOpa-
MH. Bo3sMOxHast cTPyKTypHasi cxeMa HCTOYHHKA NHTAHHS OT
NpEeABAPHTENLHO 3apsiKEHHBIX KOHIEHCATOPOB NpHBEAEHA Ha
pHc. 4.5. OHa cocToHT H3 3apsiaHoOro ycrpoiicrsa (¥3), yCJIOB-
HO NIOKa3aHHOTO Ha CXeMe NPOMEXYTOUHHM TpaHcdopmaro-
pom TL, n Gioka KoHaeHCaTopoB C, 3apsaiKaeMoro yepes
BbinpsmMurens VD. Jlns npexorTspalneHds paspsiia KOHpeHCa-
T0poB C uepe3 oOpaTHOe CONPOTHBJEHHe BoIIpsiMHTENst VD
0JI0K KOHIEHCATOPOB aBTOMATHYECKH OTCOENHHSETCS OT 3a-
PALHOTO YCTPOHCTBA 3aMbIKAIOMHMM KOHTAKTOM MUHHM aJbHO-
ro pesie HanpsikeHHs KV Npu 3HAYHTENLHOM NOHHUMKEHHH Bbi-
XOJMHOr0 HampsikeHHst ¥3. 3anacaeMass B KOHJZeHCaTOpax
suepruss W=0,5 CUZ?, rne U — BHnpsiMeHHOE HampsiKeHHe
(o6b1yHo 380—400 B). OCHOBHBIM AOCTOHHCTBOM paccMaTpH-
BAEMOTO HCTOYHHKa NHTAHHS SBJASETCS BO3MOXKHOCTh OTKJIIO-
HEHHS BBIK/IIOYaTeleH ¢ JIOOBMH TSKeJIbIMH IPHBOLAMH,
a TaKXKe BO3MOXKHOCTb IPOBEIEHHs| ONEPATHBHHIX ONepalHi
Ha NOACTAHUHH, NOTepABUIEH NMHTaHHe (HampHMep, OTKJIIOUe-
HHE oTaenurened B GeCTOKOBYI0 mnaysy). [IpHHUHIHANBHBI
HEJOCTATOK ~— HMIYJbCHOCTh ACHCTBHS — ONpPEReIsieTCs Gbi-
CTPHIM Pa3psiloM 6J10Ka KOHJEHCATOPOB Ha BKJIIOYAEMYIO Ha-
rpy3ky. C yuyeTOM 5TOro KaXKAblii 3JEMEHT, norpebasou it
SHEPTHIO, MpH o0lieM 3apsnHOM YCTPOHCTBE AOJMKEH IpHcoe-
AHHATLCS K OTAG/NbHOMY GJIOKY KOHIEHCAaTOPOB, KOTODEIE pas-
AENSI0TCA AHOAAMH HJH KOHTAKTHBIMH ycTpoficTBaMu. Q6 biy-
HO NpeaNoYTeHHe OTAAETCS NePBOMY Crocoly.

HauGonee mpocteiM  3apsimHbiM YCTPOHCTBOM  BJSIOTCS
TV Hnu tpaHchOpPMAaTop COBCTBEHHBIX HYXJ YyCTaHOBKH, IIO-
AalomHe NMHTAHHE HA 3apsii uepe3 NpoMexyrtouHsie TL. Ouu
[I03BOJIAIOT OCYLUECTBJIATHL 3Pl B HOPMasbHOM paGoueM pe-
xKHMe. OZlHaKO TaKOH CNoco6 3apsifa MOMKeT He 00eCHeYHBATh
AeHcTBHA 3aIUHTH npH K3 Ha yCTaHOBKe, OBIBHICH 40 3TOroO
nosHocThio ob6ecrouennofi. [Tostomy B cBoe BpeMs I'opsunepro
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(A. A. BockpeceHcKHH) O6bl10 NPEJIOKEHO 3apsKaTh KOH-
JeHcatopel H ot TA, yepes KOTOpHE B yKasaHHOM ciyuae
noJkeH npoxoidth Tok K3. C yuetoM 3sroro B Hacrosiiee
BpeMsi B KaueCTBe 3aPSAHBIX YCTPOHCTB YacTO HCIOJb3YIOTCS
KOMOMHHDOBaHHbBIE OJIOKH NHTaHHs, BkJloyaomue BIIT u
BITH. 9tu xoMGHHHpOBaHHBE GJOKH HHOTAA HCNOJb3YIOTCS
KaK JUIsl MHTaHHS YCTPOHCTB 3aIUHUTH, TaK U AJs 3apsiia KOH-
JencaTtopHHex 6aTtapetf.

Kak yxaspiBaloch Bbllli€, KOHIEHCATOPHbIE OJOKH NHTa-
HHsl HENPDHTOAHHl HJIH MaJjO NPHTOAHBI IJIsi OPTaHOB 3alIHTHI,
paboTaloOlIHX €O 3HAYHTEJNbHBIM 3aMelJeHHEM. [TosTomy oc-
HOBHOH 00/1aCThI0 HX NPHMEHEHHs SBJSETCS NHTaHHe Lenei
OTKJIIOUEeHHs] BHKJIIOYaTeNed U OoTne/nHTeed.

Cxembi ¢ pesie NPAMOro AeHCTBHA. 3alUTH C pelle npsiMO-
ro HeHCTBHSI TaKXe MOTYT ObITh YCJIOBHO OTHeCeHH K pabo-
TalOIUM Ha OMepaTHBHOM IlepeMeHHOM Toke. [Ipoctora u aB-
TOHOMHOCTb 3aUIHT ¢ peJie NPSAMOro neHcTBHs 00YC/OBJIHBA-
10T TpojoJ/Kalolleecsi HX HCIOJb30BaHHE MJsi OCylUecTBJe-
HHUSl, HapDUMep, TOKOBHIX 3alllHT, €CJAH HX IapaMeTphl H IO-
TPEHIHOCTH SABJSIOTCS NPHEMJEMBIMH.

4.4. ICTOYHHKM OMEPATMBHOIO TOKA 3ALLMT, MCMONb3YIOLLMX
10NYNPOBOAHMKOBYIO (MHTEFPAJIBHOM MUKPODINEKTPOHUKH)
SNEMEHTHYIO BA3Y

Yerpo#icTBa  pesieHiHON  3aIUHTH, HCNOJL3YIOLIHE HHTE-
TpanpHyI0 MHKpo3ieKkTponuky (MM3), tpebyior ucrounukon
IHTaHHS C IOCTOSIHHBIM HalpsiK€HHEM HeCKOJbKHX ypOBHefl
H BBICOKOH CTENEHLIO ero CTaOHIH3a[UH, 0COBEHHO /51 H3Me-
pHTeJbHBIX OpraHoB. Tak, nanpumep, Jsi MIHPOKO NMpPHMEHse-
MBIX B Hacrosiliee BpeMsi ONEPAUHOHHBIX ycHauTesned (OY)
Tpebyercsi HanpsukeHne =+ 15 B, jlorueckde HHTerpaJbHble
mukpocxembl (MMC) BhIIycKaloTCs Ha HanpsKeHHe NUTAHHS
+5, +9, +15B.

B KauectBe HCTOUHHKOB IIHTAHHA ¢ TAKHMH HalpsiKeHH-
MH HaHOGOJ/blllee PaclpocTpaHeHHe NOJNYYHIH NOJYNpPOBOLHH-
KOBble npeoOpasoBaTenu NOCTOSHHOTO HanpsiKeHHs 110—
220 B B nocTosiHHble HANpSKEHHS HEOGXOAHMBIX ypOBHEL.
Bxoanoe nanpsixenue 110—220 B ¢ nomomuipio TPaH3HCTOP-
HBIX HHBEPTOPOB npeobpasyercs B NMepeMeHHOe HaMpsKeHHE;
nocyeHee o6paTHO npeoBpasyercs B NOCTOSIHHbLIE HampsuKe-
HHsl, KOTOpble CIVIaXKHBAIOTC CTabuIH3aTOpaMH Hampsixe-
HHs. PaccMoTpeHHBle npeoGpasoBaTend 4acto 0GecHeYHBAIOT
MHTaHHe 3alUHThl HJIH KOMILIEKTa 3aLIHT NPHCOeNHHEHHS.
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Ha szaexrpoycranoBkax ¢ 1eHTpPaJin30BaHHBIM HCTOUHH-
KOM ONEepaTHBHOTO TOKa — AaKKyMyJATOpHOH GaTapeeH—pac-
cMaTpHuBaeMble TONYNPOBOAHHKOBHE HpeoGpasoBaresiy, 00bIY-
HO S#BJASIOLIHECS YACTbIO KOMIJIEKTHOH 3alIMTH, MHMTAIOTCH OT
ceTH mocrosiHHoro toka 110—220 B. HeoGxoxzumo noayepk-
HYTb, YTO B OTJHYHE OT 3JEeKTPOMEXaHHUECKHX 3alIHT Noay-
NPOBOJHHMKOBHE SIBAAIOTCA TOCTOSHHBIME (B TOM 4HC/IE H
B HOpMAJIbHHIX pexuMax paboThl) NOTpeOuTe/siMH SHEprHH,
B 1LeJIOM Ha MOIIHBIX 3JieKTPOYCTAHOBKAX 3HAUHTEJNbHOH.
B CBfI3H C 3THM pacCMaTPHBAJCH M BapHAHT NHUTAaHHS OTAe/Nb-
HEIX KOMIJIEKTOB NOJYIPOBOAHHKOBHIX 3alIMT HE MO CeTH IOo-
crosntoro toka 110—220 B, a no ceru nepemMeHHOro TOKa
380 B c coorBercTByiOLHMMHU Npeobpa3oBaTesisiMH MO KOHLAM
AJS yMeHblIeHust mortepp B ceTH. OfHAKO OH NpHMeHEHHH He
MOy YHJI.

[IpeoGpazoBaTesin Ha yCTaHOBKaX C NMEPEMEHHBHIM Omepa-
THBHBIM TOKOM MOTYT MOJy4aTh MHHTaHHe H OT KOMOHHHPO-
BaHHKX 6j0KOB mutanus (coueranust BIIT u BITH). Buinpsm-
JieHHOe HampsiKeHHe 3THX O6JIOKOB MOXET HCMOJb30BaThCA B
COOTBETCTBHHM C DaCCMOTpeHHBIMH Bbie ycjoBuaMu. Ilpu
5ToM ocofoe BHEMalHe yAensieTcs CraKHBaHHIO BBIIPAM.ICH-
HOTO HaNpsXKeHHus.

4.5, YNPABJIEHUE NMPUBOAAMMU OTKIIHOUEHUA
BbIKJIFOYATENEA

CywiecTByeT, KaK H3BECTHO, 60JblIOe YHCIO pasHBIX NpH-
BOZOB BhiKouyatenefi (cM., HampuMep, [47]). Bce onn ume-
0T, OJHAKO, 3JIEKTPOMAaTHUTHl OTK/ioueHHsa. Bpems orkiioue-
nus K3 ckaaabiBaerca M3 BpeMeH cpabaThiBaHHA 3allUTH U
BHKJIOUaTesiell. B mocjegHee CylIeCTBEHHON YacTblO BXOLHUT
BpeMs paboTel 3JeKTpoMaruura oOTKawuenns. [fostomy aas
GLICTPOAEHACTBYIOIWNX 3AIHKT JKHHHA CBEPXBHICOKHX H yJbTpa-
BRICOKMX HaNpfKEHHA KpOMe CHI'HAJIOB, MOAABAEMHX BBIXOZ-
HEIMHM OpTaHAMH 3aUIUTHI HENOCPEACTBEHHO Ha 3/IEKTPOMATrHH-
TH OTKJIOUEHHMs, Hauaju NpeAyCMaTpHBaTb yNpaBjieHHE HMH
C OMOLIbIO THPHCTOPOB, Ha KOTOpHE NMOJLAIOTCH CHIHAJBI Cpa-
GoraBlllefi 3alIMTH. JTO JaeT BO3MOXKHOCTb YMEHBUIHTHL Bpe-
Msa oTKaoueHns K3 Ha HECKONbKO AECATKOB MHJHCEKYH], YTO
MOxeT OHTb NAOCTAaTOYHO CylleCTBeHHO. BO3MOXHBIE BapHaHT
TaxKoro ympabJjenusi, pazpaboranunii 8 DCIT (E. B. JIbicen-
K0), paccmotpex B [48].
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Bonpocs 418 caMonpoBepKU

1. KakHe HMCTOUHMKH ONEPATHBHOIO TOKA INPHMEHSIOTCS
IJist pesiefHON 3alMThl, HX 0c00eHHOCTH?

2. Ha kaxux 3/IeKTPOYCTaHOBKaX TNPEHMYLIECTBEHHO HC-
10Jib3yeTCsl ONePATHBHBIA NOCTOAHHBIH TOK?

nasansgaTas
TOKOBbBIE U TOKOBbBIE HAMPABJIEHHBLIE 3ALLINTDI

5.1. OBLLUE COOBPAXKEHMA MO TOKOBLIM U TOKOBBIM
HAFMPABJIEHHBIM 3ALLUUTAM

ToKo8biMU HA3LIBAIOTCA 3alUTH C OTHOCHTE/IbHOH CeJiek-
THBHOCTBIO, pearupylouiie Ha TOK, TPOXOAALINH O 3aliuiLae-
MOMy 3JieMeHTY. TOKOBbiMU HANPABAEHHbIMI HA3BIBAKOTCA
3aL0UTH TaKXe C OTHOCHTEJNbHOH CeJIeKTHBHOCTBIO, pearupyio-
I[He HA TOK H HampaBjieHne (3Hak) Momuoctd K3 B mecre mx
Bkaovenns. TakuM o6pa3oM, BTOpasi 3aujHTa OTJHYaercs OT
nepBOil HajH4YHeM JAomojHHTeabHOro MO, HaszplBaeMOro opra-
HoM uanpaBsenus moumHocts (OHM). Toxoswe 3aiurs MO-
TYT HCIOJIb30BATbCsi Ha JIOOHIX 3J1eMeHTaX 3JIeKTPOIHEpreTH-
YeCKHX cucTeM (JIMHHfX, ABHTaTe/six, TpaHchopmaropax H
T. A.), TOKOBHIE HalpaBJieHHbie — Ha JIMHHAX, TpaHCcHoOpMaTo-
pax H B APyruxX ciyuasx. B HekoTopmix cayyasx, Hampumep
Ha JipHHEAX, 06e PA3HOBHAHOCTH 3allUT INPHMEHSIOTCA OAHO-
BpeMeHHO, HO Ha pasHBIX CTOPOHAX 3aLIMILAEMOrO 3JeMeHTa.
B panHo#i riaBe paccmaTtpuBaercss HX paboTa IpHMeEHHTeJb-
HO K 3alllUTaM JHHH.

3amursl MOryT cpabaThiBaTb [pH NPEBHIIEHHH TOKOM B
MecTe HX BKJIOUEHHs 3apaHe€ YCTAHOBJEHHOTO 3HAYCHHSA
(MaxkcuMasibible 3amiKHTH). B 06mem ciyyae OHH BHINOJHAIOT-
C CO CTYNeHYaTHIMH, NJIaBHHIMH (32aBHCHMBIMH) HJAH KOMOH-
HHPOBAHHEIMH XapaKTePHCTHKAMH BHIIepXKKH BpPEeMeHH (=
=f(1), rne ! — paccrostine OT MeCTa BK/AIOYEHHH 3aUIUTH A0
roukn BoasuukHosenusa K3, Ias cereft ¢ Unow=30-110 kB
3allUTHl OOHUYHO HMEIOT CTYNeHYaThie XapAKTepHCTHKH ==
=f(1), nas cerefi 6ojee HHU3KHX HANPANXKEHHH 4acCTO HMCHOJb-
3yIOTCst Apyrue XapaKTepHCTHKH, CO3JaBaeMHe CIeLHaibHbIM
BHnoaHenueM oprata toka. IIpu Usow<<35 kB pasi HO Toka
HCIOOJB3YIOTCS TNMOJHBE TOKH B ABYX ¢azax (ans obecnedyeHds

1,1
OTKJIIOYEHHA TNPH K;‘;B) M0 BO3MOXHOCTH TOJbKO OJAHOIO Me-
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cra nospexieHus). B cerax ¢ Unow=>110 kB samurnr mpe-
HMYUIECTBEHHO MpEAHA3HAYalOTCA A/ JHKBHAALHH TOJbLKO
K3 na semmo (KO u K(D) u BBHINOJHSIOTCH KaK 3aLIATH HYy-
JIeBOH MOC/IeN0BaTeNbHOCTH; N HHUX Tpebyroress TA B Tpex
(azax, KOTopble BKJIIOYAIOTCA TaK, YTOOB HMeTb TOK B MO
Iy=31,. Vcno/b3yI0TCsl HHOTAA CXeMBbI ¢ BKJOuenneM MO Ha
ApyTHe CHMMETDHUYHBIE COCTaBJISIOUIHE, a TAKXKe ¢ JONOJHHU-
TeJbHbIMH MO Hanpsxkenns.

TumuunblMU ABJSIOTCA 3alMTH CO CTYNEHYaTHIMH Xapak-
Tepuctukamu t==f(1). Tokom cpabarseiganus 3aujurs. unu ee
OTHENBHBIX cTyneHeH /cs OOHYHO Ha3biBaeTCss MHHHMaAJbHbIH
TOK B (asax JIHHHH, NIPH KOTOPOM 3alIHTa (ee CTYHeHb) MO-
Ker cpabaTbiBaTh. YTOYHEHHE 3TOr0  ONpPeAeJeHHs NAHO B
§ 5.2. Jloruyeckoe ypaBHeHHe, XapaKTepH3YioLlee paboty
TPEXCTYNEHYATHIX TOKOBHIX HeHalPaBJEHHBIX 3auluT (CM.
™. 1), UMeeT Buj y=1£,3D}I—f—l£,IsDtm—!— IDM nna toko-1
BbIX HalpaBJeHHHx samut y=SIt,Di! -SI'LpI" L g/ ppit
HJM 1pH obuemM OHM y———S(I(I;,stl—f—li,I3 ,,T”+I§I,§ i ). Heii-
CTBHE TOKOBOI 3alllUTHl PACCMATPHBAETCS B NMEPBYIO OUepelb Ha
NpHMepe ee MPHUMEHeHHs JJif pajHabHON CEeTH C ONHOCTOPOH-
HHM nutanuem (puc. 5.1, a). YcrpolicTBa 3amuThl BKJIIOYAIOT-
Csl TOJIKO CO CTODOHBI [HTAHHS BCEX 3JIEMEHTOB M MOTYT
AeHCTBOBATh HA OTKJIOYEHHE CBOHX BBIKJIOUATENEH. [Tpumep-
Hble XapaKTePUCTHKH BbliepikeK BpeMenH samut I/, 2 u &

Puc. 5.1. PasMenlenne TOKOBHIX 3allliT CO CTYNEHUYATHIMH BBIAEDKKAMHU Bpe-
MEHH B PajlHa/JbHOH CETH C OJHOCTOPOHHHM IIHTaHHeM (@) H NpHMepHbI
BHOOD HX XapaKTePHCTHK BbijepXKek BpemeHH (6)
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AaHbl Ha puc. 5.1, 6. JleficTBHe TOKOBOW HampaBJIeHHOH 3alllU-
TH B NepPBYI0 O4Yepelb PacCMaTPHBAETCHA HA NPHMepe ee NpH-
MEHEHHS A1 UEeNOYKH ONHHOYHBIX .HHHH C 1BYCTOPOHHHM
nuraudeM (pHc. 5.2). 3amurel /—6, KaK H BHIKJIOYATEJH,
JOJIXKHBl BKJIKYAaThcsl ¢ 00EHX CTOPOH y4YacTKOB, CBSI3LIBAIO-
uux noAcranuun A u I', uMelom#e HCTOUHHKH nuTaHus. [lep-
Bble 1Be CTyNeHH HeoOXOAHMBI N/l 3allUThl Bcell JJIHHH
y4acTKa, TpPeTbs — NJs Pe3epBUpOBaHHA OTKMoYeHHs K3 Ha
CMEeXHBIX yYacTKax H B 30HaX AefCTBHS NepBbIX IBYX CTyIle-

A b g r

Prc. 5.2. Henouka auHHi ¢ IBYCTOPOHHHM NHTaHHEM

Heit. leficrue 11 u 111 cTymeneli 3amThl KaK pesepBHHIX IS5
CBOEro yuacrka oTMedeHo Ha puc. 5.1, 6 nyukrupoMm. Oprannl
HanpaBJ/leHHsT MOLIHOCTH MOTYT TpefoBaThcsl, Kak Gyner pac-
CMOTPEHO HHIKE, TOJIbKO y 4YacTd crynedeill. OCHOBHBIMH napa-
MeTpaM¥ 3alHT, TpeOyrLHMH OTIpeeNeHHs, SBJSIOTCH TOKH
cpabatbiBanusi /c; M BBIIEPKKH BPEMEHH OTIeNbHbIX CTYyIe-
Hedl. HuKe OHHM ONpPee/IsiOTCS /IS TOKOBBIX 3alllMT H YTOUHS-
IOTCA I HanpasJeHHHX. OnpenensroTes TakikKe 3allHiiae-
Mble 30HBI H KO3((HIHEHTH YYBCTBHUTEJBHOCTH OTJeJbHBIX
crynenedl. PaccMorpenne-okasbiBaercst lieiecoo6pasHbiM Ha-
UYHHAThL C NOCJIeAHHX (TPEeTbHX) CTyNeHed, B YACTHOCTH INOTO-
MY, UTO OHH YacTO HCMOJNb3YIOTCS OTJEJbHO — B KayecTBe ca-
MOCTOATENbHBIX 3aulUT. [IpH BKIKOYEHHH Ha NOJIHBE TOKH (a3
OHH Ha3HIBAIOTCS  MAKCUMALbHOLMI TOKOBLIMU 3AULUTAMU, a
OpH JNOMOJHEHHH HMX OpraHaMd HanpaB/JeHHd MOIIHOCTH —
MAKCUMAAOHOIMY TOKOBbIMI HANPABAEHHBIMI 3AMHTAMHE.

5.2. MAKCMMAJIbHbIE TOKOBbIE 3ALLIMTbI

Jloruueckoe ypaBHeHHe, XapaKTepH3yollee pa6ory 3aumu-
THI, y=1c,3D;T. Tokom cpabarbiBaHHst 3amHTH /., OGHYHO Ha-
3bIBAETCSI MHHHMAJIbHBIA TOK B (pa3ax JIMHHHH, NPH KOTOPOM
3aimura Moxer cpabarbiBarb. Tokom cpabareisanus HO To-
ka Icp Ha3bIBaeTCI MHHHMAaJbHHI TOK B WO, npH KOTOPOM OH
cpa6arbiBaer. Ilpu 06HIYHO MPHUMEHSIEMBIX OpraHax TOKa, IH-
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TaeMbIX OT BTOPHYHBIX OOMOTOK TA ¢ KO3(puuueHTOM TpaHc-
%opmamm Kinow, 5TH TOKH Da3JiMYHBI BCAEICTBHe TOTO, YTO

mou 7= |, H BC/IefCTBHe BO3SMOXKHOLO HepaBeHcTBa [, U TOKa
I» B TA. Taxk, nanpuMep, NpH BKJIIOYEHHH HA PA3HOCTb TOKOB

5 7(3
ABYX (a3 B CHMMETPHYHOM peRHMe 1{,3’=V31§ ) (eMm. ra. 3).
B obutem cayuae oTimume I ot I; xapakrepusyercs KO3(ru-

yuentom cxembl B m-m pexumé kS =I{/I{ . C yuetom cka-

3aHHOTO 187 = Kruonl &3 /5%, Tlostomy ecan I ne sasucnt
OT BHJA NOBPEXKICHHA (HapuMep, OPraH ¢ OJHOH BO3ZeHCT-
BYIOLIEH BeJUYHMHOH [p), TO 1éf';’ MOXKET OT BHAA MOBpEXACHHS
3aBHCETH.

Toxom sosspara 3aujurer Is; Ha3BIBAETCS MAKCHMAJdbHBIH
TOK B (pasax JHHMH, IDH KOTODOM 3alHTA BO3BPALIAETCS B
HCXOLHOe COCTOsIHHe, a Toxom so3dspara HO rtoxa I, — Mak-
cumasbHBlA TOK B MO, npu KOTOPOM OH BO3BpamaeTcs B Hc-
XOZHOE COCTOSIHHE.

Kosppunuenr Bosspara HO Toka ky=lsp/lcp=1ss/lc.
OpraHel TOKa MakCUMaJ/bHbE, H LU HHX k<< 1.

B Hactosmiee BpeMst OpraHb TOKAa HHOTZA BBIIOMHSIOTCS
OJHOCHCTEMHBIMH C MePeKJIOYeHHEM NOABOAHMEIX BO3IeHCT-
BYIOIHX BEJIHYHH TOKOB ()as C MOMOIIbI0 MaKCHCEJNEeKTOpOB,
OTEPalHOHHBIX YCHJAUTeNel U T. A. (cM. rvI. 3), obecneunBaio-
UIHX pearHpOBaHME eNMHCTBEHHOTO OpPraHa TOKa Ha OOJbLIHf
H3 TOKOB, MOABOJAHMBIX K HeMy oT TA. Jlas storo cayyas mon
Ic;s MOJIXKeH NOHUMATBCSl He MHHHMAJIbHBIN, a2 MAKCHMAaJbHBIH
H3 TOKOB (a3, HCNO/Mb3yeMbIX AJsl 3AIUMTHI, HO B PekKUME, CO-
OTBETCTBYIOIIEM MHHHMMAaJbHOMY YDOBHIO TOKOB B 3amHIlae-
MOIl JIMHUH, TIPH KOTOPOM 3amuTa cpabaTeiBaer. Tok Iep Ta-
KOro opraHa 6yAeT ONpenesarscs 5THM Ic; C yYeTOM TOrO, YTO
kex=1. COOTBETCTBEHHO YTOUHSETCS H ONpPefe]eHHe /s Isz.

Buinepxku Bpemenu 3amut. OHH BHIGHPAIOTCS 110 CTyIeH-
1aTOMy NPHHIHNY, COMJIACHO KOTOPOMY MOJIKHB OHITH 60JIb-
lle MaKCHMaJbHOH BbIAEP:KKH BPeMEHH NPeAbIAYIIHX 3alluT
Ha cTyneHb Af (cM. ri. 1) mpu orcyrerBun YPOB (ycrpoiict-
Ba pe3epBHPOBAHMS NPH OTKa3e BBHIKJAIOYATENS NPeABAYIIErO
SJIeMeHTa, IJ. 15) Hian Ha Af--fypos IpH HAJHYHHU TOCJEeLHEero.
HeoGxoaumo oTMeTuTb, ut0 YPOB B pacnpeneinTeqbHbix
CeTAX C MaKCHMaJ/IbHOH TOKOBOH 3alHTOH OGLIYHO He NMpPHMe-
HSIETCS.

BpiGop BHITEpKEK BpeMEHH BCerfa [0JKEH HAYHHATHCS
C 3aIIUT 3/IEMEHTOB CeTH, HaubGoJiee yaa/JeHHbIX OT HCTOYHHKA
NuTanusd, T. e. ¢ samur I’ u I’ wa noacranunn B (puc. 5.3).
B obmem ciyuae 3TH 3amMTH yKe UMEIOT BHIIEPKKH BpeMe-
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un fy t'{, . obecrneyuBalolIHe HX CeJeKTHBHOCTHL HecpabaThl-
BaHHs npH K3 B muTaeMblX OT NMOACTAHUHHM B noTpeGuresx.
Bhigep:kka BpeMeHH fp MOC/IeAyIOLleil 3allHTHI (na noacraH-
unn b) BbiGupaercst Goiblile MaKCHMAJIbHOH BBIIEPKKH Bpe-
MEeHHM 3aIIHT NOACTaHIHH B."Ec.rm, Hanpumep, (1>, TO fh >
>t1. AHaIOTHUHO, eCJIH t§>f”2, TO BbIAEPIKKa BPeMeHH 3allHu-
Tel 3 Ha noacraHuuu A f3>t;. B obuem cayuae aast n-# 3a-
IIUTH COOTBETCTBEHHO IIPH OTCYTCTBHHM HJH Haauunu ¥YPOB
Ha npelbIAyllel NOACTAHIHH

tn = t(n—l)max + At wm tn = t(n—-—l)max + At + t(n—])ypoa ' (5 l)

Tok cpadatbiBanus. OH Bcerga A0JXKeH ObITh O00JblE MaK-
cHManbpHoro pabodero TokKa B 3amumiaemod JuHHH. OnHAKO,
KaK npasuJo, I onpenensiercs Gojiee TSAKeJbIMH YCJIOBHSIMH.
Hx moxer O6blTh HecKoabKO. s onpeneneHusi Ics, Hampu-

Puc. 5.3. CorsacoBanue He3aBHCHMBIX XapaKTepHCTHK BBHIIEDIKEK BPeMeHH
110C/IeJHHX CTYNeHeH TOKOBLIX 3alIHT

Mmep, samuTu 3 (puc. 5.3) paccMaTpuBaercs ee NOBedeHHE
B JIBYX, 4aCTO OCHOBHHIX caydasx [10]: npu K3 Ha omHOM u3
5JIeMeHTOB, NHTaeMblXx OT moacranuumu b, u mpu K3 Ha nan-
HoM yuactke AB, ero orkmoueHnu ¥ nocaenywomem AIIB.

B nepsoM cayuae cBoOel 3aIIHTOH OTKJ/IOUAETCS TOBpeX-
JleHHDBIH 3/1eMeHT MOACTaHIHH b. 3amura 3, Haxoasmascs o4
Bo3xelicTBHeM TokKa Ix (puc. 5.4,a) W umeomas BBHAEPKKY
BpeMeHU [3>>1p, cpabaThiBaTh He yCleBaeT H AOJIXKHA BO3BDa-
THTBCSI B HCXOJHOE COCTOsIHHe. ITO, 0JHAKO, NPOH30HJET, TOJb-
KO eCJld ee TOK BO3Bparta /ss B pacCMaTPHBAEMOM YXKe CHM-
MeTPHYHOM peuMe Oyner 60Jblle PacyeTHOTO TOKa 3alycKa
I3, npoxoasinero no yuactky AB K ocTaBuuMcs B pabote sie-
MenTam noicraHuun 5 (cm. puc. 5.3). IlpuHumas ¢ 3amacoMm
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’ ’

Ispaci=lamax  (cM. pHc. 5.4,a), moayuaeM ycioBHe BO3Bpara:
IB,a>Ismax- ’

Ipu ONpeNeseHHH lsmgx OOLIYHO TMpEANIONAraercsi, 4to or-
K/IJOUEeHHBIH 371€MEHT MOACTAHIHH 5 MOr mepenaBaTh OTHOCH-
TCJBHO Manylo MOLUHOCTb, a 3JIEKTPOJBHTATENH IPYTHX ee
SJICMEHTOB B De3y/bTaTe CHHXKEHHS HanpsukeHdua npu K3
CHJILHO 3aTOPMO3HJIUCh H TOK B HHMX NIPH BOCCTAHOBJICHHU Ha-
OpAXKeHHA (TOCJe OTKJIOUEHHS K3) Bpemenno yBeanumics

(npounecc camosamycka). I103TOMY Jamgr 4AaCTO OKA3BIBACTCS
3HAYHTEJILHO GONIBUINM lpas max B JIHHHH AB. Beoda kosgpgu-

yuent sanycka ks >1, yunTHBAOIIHE KAK TOKH 3amycka, Tak
W OTKIIOYEHHE HATPY3KH MOBPEXKACHHOTO 3JMEMEHTA MOJCTAH-

unn b, monyuaeMm [smgr=Fs Ips6maxr. HeTouHoCTb pacuera
M JpyrHe (HaKTOPH yUHTHIBAIOTCA KOIppuyuentom oT-

CTPOLKU kore™>1. C yueToM wu3NOKeHHOTO nonyuyaem /Ig,=
=korcRalpas max. OTHOWEHUE I3 3/ c s paBHO ks. ITosTOMY

I,>k K. k. (5.2)

otc '3 * pab max

Bo BTOpOM’CJIy'!ae [IOCJIE€ OTKJIIOYECHHUS TOBPEXKAEHHOI'0 yua-

.crka AB 1ok Iy B 3amuTe 3 Heuesaer (puc. 5.4,6) u oHa BO3-
Bpallaercsl B HcXOo#HOe cocrosinue. [Jocne yememnoro AITB

yuactka A5 B 3ailuTe 3 mosBJASETCH TOK sanycka fs, onpepe-

J55€MBIH OCTABIHMMHCSA BKJIIOUEHHBIM U 3JIEMCHTAMH TOJACTAaH- -

wnn b. Boipamas Is yepes Ipas max anuug AB u KO3} GHILH-
CHT 3amycka ks, NOJyYaeM BHIPaKeHHE AJ5 OTCTPORKH OT

HEro:
"
z , I i I,
R
i
I I i . I3
Ic,s IJ,J Ial m—ﬁ: 3 a3 I max/
A V| Tpas i Lpas
Pazmex  Bpema npo- f pasmax Bpems npo Nbecmoxofan
a)  xowfenus I ) xowdewugly —naysa npu

Al

Puc. 5.4. Toxu B 3auuTe:
a — npu BuewneM K3; 6 — npu BHyTpenneM K3 u AIIB
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(5.3

TperbuM yCJOBHEM sIBJSETCA COrJIACOBAHHE MO YyBCTBH-
teapbHocTH (IO ToKaM cpaareiBanuf). Ilo HeMy Kaxjas 1O-
craegyolias 3alluTa J0NXKHa HMeTb Ic,; GOMbLIAI, yeM y mpe-
abiayiux. C yueToM 31oro

Ic,s > ko-rc ks Ipa6max’

Ic,sn > kO'rc Ic,a(n—l)max‘ (54)

Koadduunenr oTcTpoifikn Kkore™1 H0JKeH, B YaCTHOCTH,
VUHTBIBATh, UTO MOJHBI TOK [xn B n-it 3amure Oyaer Gosblue
ToKa Ixpn—1y B (n—1)-# 3amuTe 3a cueT OTBETBJECHHS €ro ya-
CTH B HENOBPEXJEHHbIE 3JIEMEHTH NPOMEXKYTOUHOH NOJCTAH-
iuu, [Ipn Heco6J/I0EHHH TAKOrO COTJIACOBAHHA H, HalpPHMED,
K3 na (n—2)-m ajeMeHTe ¢ OTKAa30M €ro BHIKJIIOUATENSd MO-
JKeT u3JHline cpabaTwbiBaTh 3amuTa A-ro, a He (n—1)-ro ale-
MeHra [10].

Tok cpabaThiBaHHs 3aIHTH BbIOHpaeTcsa GOJBLUIAM U3 TPeX
TpUBeIeHHHX BHpaxeHuil. IIpn 31OM yuHTHIBaETCS psig c006-
paxceHuii: 1) AJs MepPBHIX 3alUMT B cHCTEME (3aLLMT Hemocpen-
CTBEHHO TOKOIPHEMHHKOB) NOJHO YUYHTBIBATbCS TOJBKO BTO-
poe ycnoBHe (5.3), OTHOCHMOE H K CJy4alO BKJIUYEHHS TOKO-
npueMHEKa B paory; 2) K03pUIHEHTH ks H Ra MOTYT GbITh
MHoro Gosblmie | (mpumepHo mo 2—D5), mnpuuem Rs>> ks
3) tperbe ycaoBue (5.4) mas 3alUMT PagHAJNbHBIX CETEH C OJ-
HOCTOPOHHHM NHTaHHeM (pHc. 5.3) uyacTo He fABJAETCS pacyer-
HBIM TA4K KAaK YUYaCTKH CeTH [0 Mepe NPHOJHKEHHS K HCTOU-
HHKy [HMTaHHs HMeloT Bce O00apwine Jpagmax (B ' JAPYTHX
cJyuasx, pPAacCMOTPEHHBIX HHIKe, OHO, OAHAKO, MOXKeT OHTb
ONpeJeNsIIAM); PACCMOTPEHHBIE YCAOBHS MOIYT GHITH Gosee
TAXKeJBIMH, €CJIH Ha JIHHHAX, KaK Yacto GbIBaer B paclopenenu-
TeJBHBIX CeTAX, HMEIOTCS OTBETBJIECHHA C HATPYy3KaMH, a Takxe
ec/ii YUHTHIBATh GPOCKH TOKOB HaMAarHWUMBAaHHS IOHHXKAIO-
wHXx TpaHcpopMaropoB. Moryr ObITh H HEKOTOpBIE Apyrue
pacueTHble DEXHMBI, HalpPHMED AaBTOMAaTHUECKOE MOAKJIIOUE-
HHe K muHaM B (puc.b5.3) apyrux mnorpebutesiel, JHILNBIUAX-

”

cst nuranus. [103ToMy KO3((GHUHEHTHI OTCTPOHKH Kore, Korc

o

4 Rorc BHIOHPAIOTCA C YUETOM KOHKPETHBIX HMEIOLIHXCSA YC-

JIOBHH.
YyscTeuTenbHOCTE, OHAa XxapakTepH3yerca Ko3h(HIUHEHTOM

YYBCTBHTENBHOCTH kg, ompejenseMbiM (cM. ra1. 1) npu mepe-
XOJHOM CONDOTHBJEHHH B MecTe moBpexaeHHs Rn=0 no Bl
paxeHUAM kq:ll{m‘fl(Rn=0)/1<‘:’,? HJIH kq:lpmin (RII:O)/[C’p' ,U,JIH
UCTIOJHEHHH, pH KOTOPHX R{™ =1, 06a BBIpaKeHUs ONHHA-
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KOBO YAOGHHI ecH kix =1, mpelnouTeHHe OTAAETCS BTOPO-
MY BHIp@XKEHHIO C YYETOM TOrO, 4TO B 3TOM cJyuae 17 sapu-
CHT OT KOHKPETHOTO 3HaUeHHs kix ¢

Has cpapHuTenbHOH OLEHKH YYBCTBUTENBHOCTH JMaHHOH
CXeMBl BKJIOUEHHSI OPraHOB TOKa NpH pasjuuHeix BHAax K3
HHOTla HCIOJIb3YETCst OTHOCUTEAbHbIL KOIPPUUUEHT uYy8CTEU-
reavnocry [10]. On onpenensiercss npd UCKYCCTBEHHOM Ipex-
[0J02K€HHH PaBEHCTBA NEPBUYHBIX TOKOB IIPH BCeX YUHTHIBae-
Mux Buaax K3. Ilpu m-M ux BHae oH onpeiensieTcss HO BhHI-
paXeHHIo kq,ow=kf,’"’/k§3)=1§,'">/1,§3’= SRS, rae If)’")
H 1,‘,3) — TOKH B OpraHe TOKa COOTBETCTBEHHO NPH [aHHOM BH-
ae K3 u npu K® B npeanosioxkeHHn OJZHHAKOBBIX 3HAUEHMH
nepeuunbx Iy, a ki u kéi’———coomemmyromne BM Ko3pdu-
lneHTH cxeMb. Korma &5 =k, Ru,orn=1. Cunraercs He-
O0OXOHMBIM HMEeThb Rumin X2 NpH NOBPEXKAEHHH B KOHIE 3a-
I aEMOT0 Y4acTKa H Ry min 1,25 npH NOBpeX/ieHHn B KOH-
lie CMEXHOTO 3JIeMeHTa.

OcoGeHHOCTH BbLINOJHEHAS 3alKUTHI C 3aBUCHMBIMA Xapak-
TEPUCTHKAMH BbIJIEPKKHA BpeMeHH. [IpUMEHHTENHHO K MJIaBHO-
3aBHCHMBIM Xapakrepuctukam t=f(l) n-9 3alldrta ydyacTka
AB (pHc. 5.5) nonxkHa HMeTb BHIAEPXKKY BPEMEHH I, IO BbI-

Puc. 5.5. CorsacoBanse niaB-
HO-3aBHCHMBIX XapPaKTEPHCTHK
BEIAEPIKEK BpEMeHH TOKOBHX
3al(HT

b e-tmax

paxennio (5.1), Hanpumep, Ha crymeHs Af GoJsbille BpeMeHH
Yn—1ymax TpeasAyumiesi (n—1)-# sawurel npu K3 B pacuerHoit
TOuKe — B Hauale clelyiomero sjeMenta 3a TA ero sauutH
NpH MAaKCHMAJbHO BO3MOXKHOM TOKe [xmi. Ilo naitnmennomy
pacy, coorBercTBYIOMEMY [p=~Kcxlxpu/Kinon, 0LHO3HAUHO MmO
O0BIYHO MMeKlleMycst ceMeficTBY XxapakTepHCTHK f={(Ip) wuc-
NoJb3yeMoro OpraHa TOKa BbIGHDAlOT XapAKTEPHUCTHKY A-H
3alIHTHl U MOJYYAlOT BBUIEPXKKH BPEMEHH JJS JDPYTHX MecT
1200
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u 3nauenuil TokoB K3. ITo mepe npubamxenns mecta K3
K HCTOYHHKY HMTaHHa [x YBeJHUHBAIOTCH, a BpeMsi cpabarthi-
BaHHs 3alIUTH cHHXKaercA. IIpu GOJBIIHX KPATHOCTAX TOKOB
sHentanx K3 moayuenne HeobxomuMoro Af MoxKeT 0Ka3aThCi
3aTPYAHUTEJIbHBIM. DTO HCKJIOYaeTcs NMpPH HCIOJNb30BaHHH Op-
TaHOB C OTpaHHUEHHO-3aBHCHMHIMH XapakTepHuctuxkamu. OnHa-
KO NPH 3TOM HAayHHaeT TEePATHCH yKa3aHHOE BHIUIE MpeHMyIle-
CTBO — CHHXKeHHe BpeMeHH oTKmioueHus K3, O6.mskux x Mecry
BKJIIOYEHHSI 3aUIHTHL

Onenka ¥ 06JacTH nNpuMeHeHHa 3amuTbl. OCHOBHEIM Hpi:-
AMYIIECTBOM 3alllHTHl #BJSETCA ee NPOCTOTa, OCOGEHHO NpH
HCNOJIb30BAaHUH peJie TOKa C OrpaHHYEHHO-3aBUCHMBIMH Xapak-
TePHCTHKAMH, paboTalOIIHMK¥ Ha OflepaTHBHOM HePEeMEHHOM
Toke, OHa IIHPOKO NMPUMEHNETCS B pacHpeeNHTENbHBIX CeTsX
¢ Uwon<<10 kB u 151 3amuTel TOKONpueMHMKOB (Hampumep,
nsurareneit). Jlns nocaesnnx oHa BHNOAHsETCS 0e3 BhIIepH-
KU BpeMeHHu. B cersx oHa [JONOJHsIeTCH TOKOBOU OTCe4KOL
(cM. § 5.5), yacTto BCTpauBaeMoOH B peJie TOKa ¢ BBIAEPKKOM
BPEMEHH [JIS YCKODeHHS OTKJAMYeHHS HauboJjee TAXKeNbIX AJS!
cucreMu K3, BosHukalomux BOaM3yd MecTa BKJOYEHHS 3alliy-
TH. MaxkcHMasbHble TOKOBBle 3alUTHI ABJSIOTCH TaKxkKe, Kax
yKashiBasnochk Bhillle, nocaegauMu (III) crymedsiMmu samur co
CTyNeHYaTHIMH XapaKTePHCTHKAMH BBIZEPXKKH BpeMeHH. C Ta-
KHM Ha3HaueHHeM OHH HHOTJa HCIOJb3VIOTCS COBMECTHO C TO-
KOBBIMU HaNpaBJIGHHBIMH 3all{HTaMH ¥ B ceTsx 6oJee CJA0KHOMH
KOH(DUrypalluy, HHOTAa JaxKe C HECKOJbKHMH HCTOYHHKAMI
narahus. OfHAKO YacTO MOJHOH CEJEKTHBHOCTH NPH BHEMIHHX
K3 onm ofGecneunBath yKe He MOTYT.

5.3. MAKCUMATDbHbBIE TOKOBbBIE HAMPABNEHHbLIE 3ALLMTHI

JlorHueckoe ypaBsHeHHe, XapakTepuaylollee paboTy 3allu-
THI, y=SIc,3DtT.

Boigepxkku BpeMeHd. OHH BBHIOHPAKOTCS COMVIACHO 8CTpPed-
HO-CTYNeHuaToOMy APUHYUAY, IO KOTOPOMY BCE 3all{MTHl 1eroY-
Ku JuHni (puc. 5.6, a) pasaensioTcs MO HanpaBJeHHOCTH JAef-
CTBHS Ha jBe rpynnsl (zawntH 2, 4, 6 u 5, 3, 1), B KaxX10H H3
KOTOPBIX BBIJEPXKKH BPEMEHH YCTaHaBJHBAIOTCA yXKe, Kak
y HeHamnpasJ/eHHbIX 3alIHT, 10 CTYNEeHYaTOMy NPHHIUNY NO Bhl-
paxenusm (5.1). Ha puc. 5.6,6 npuseneHsl BHIEPXKKH Bpe-
MenH, BeiGpaHible O paccMaTpuBaeMoMy npuuuuny. Kak Bua-
Ho, K3 B n11060M MecTe IPaBUJBLHO JIUKBUAUPYETCS 3aLIHTAMH
JABYX CTOPOH TOJBKO NMOBPEXACHHOrO y4acTKa; Tak, Halpumep,
upu K3 na yuactke 5B cpabaTsiBaloT TOJBKO 3aliuThl 3 # 4.
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Heo6Xx0auMOCT, B OpraHax HanpasJeHusi Momnoctu. [Ipu
BEIOpaHHBIX YKa3aHHbIM C€NMOCOOOM BhIAEPKKAX BpEMEHH He
Bee 3aIUMTH ceTH Aouaxubnl uMers OHM. PaccMmoTrpenne moka-
3LIBAET, YTO JJ5 NMPHBEJEHHOrO Ha PHC. 5.6 KOHKPETHOrO ¢Jy-
yas samurta 6 Moxer He uMerb OHM, rak xax ee fs GoJblie
BpeMed cpabaTbiBaHHsl APYTHX 3allMT MPUCOCAHHEHHH NOJI-
crauuuu 1. Tlo Tofi xe npuunHe moryT He umers OHM samu-
ta I (1;>1ta, t;>1), a TakKe Jawutel 3 U 4 (f3=14). Takum
o6pasoM, Ha Kax/JI0M Y4acTKe ceTH 00si3aTesbHO AoMKHA
umers OHM Toabko ofHa 3alllUTa — C MeHblleH BLIAEPKKOH
Bpemetn. [Ipy o1MHaKOBEIX BpeMeHax 06e 3aUIATHI MOTYT ObITh
HeHanpapJeHHBIMH. OITO NOJOXKeHHe (HOPMYJHpYeTCsl W TakK:

Puc. 5.6, 3amumaemas cets (a) H
XapaKTePHCTHKH BbIZepKEK BpeMe-
HH TOKOBBIX HAanpaBJIeHHBIX 3all{T

(6)

OHM MoKeT He HMETb 7-s1 3allluTa NOACTAHUHH ¢ [n>1 BCEX
ApYrHxX 3alluT moxcraHuud. C ydeToM STOTO HHOTAA HCIOJb-
3yeTcsi BOSMOKHOCTh 34 CUET IOBBIIIEHHs fn HMeTb GoJbllee
YHCJO 3aU(AT HeHampaBjeHHBIMH. JIoTHYecKoe ypaBHeHHe, Xa-
pakTepH3ylolllee ux pabory, y=1c,3D;. Cunenyer, onHako, OT-
MeTHTh, YTO YacTO B TAKHX 3allhTax [peiycMaTpUBaercs
OHM, ¢ TeM uTto6Bl NpU H3MEHEHHH YCTABOK 3aIIHT HMeThb
BO3MOXKHOCTh CIeJaTh HX B cidyyae HeoOXOQHMMOCTU Hamnpas-

JIEHHBIMH.
Tok cpa6atniBanusa. Tox cpaGartniBanus [.; BuIGHpaercs

BHe 3aBUCHUMOCTH OT HAaIpaBJeHHsI HPOXOXKIEHHS 4Hepe3 Hee.

(OT IWHH MM K LIHHAM) MOLIHOCTH HarpyskH Sk Hocnemmﬂv,
Kak 4 MomHocTb K3, 06LIYHO HMeeT aKTHBHO-HHIYKTHBHHI
xapakTep. [103TOMY NIPHHUHANHAIBHO MOXKHO ObLIO Obl uHOr1a
He YUYHTHIBATh TOKH [pas, ONpefeisieMble Sy, HaIlpaBJeHHOH
K wHxgaMm, [IpunuMaercss, oQHaKo, BO BHHMAaHHE BO3MOXKHOCTb
Hapyluenuii Lenedi HampsikeHuss or TV, Hanpumep meperopa-
HHe 4YacTH Ipeaoxpaudresefl B Hux, Korma OHM Moxer He-
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TIpaBHJBHO cpaboraTh NpH Hanpassedud Sy x wuHam. Korga

3TO YyCJIOBHE SIBJISIETCSI PACUETHBIM, [Jsl MOBBIICHHS YYBCTBH-
TeJbHOCTH 3alllMTHl HHOrAA [JONycKaeTcsi YUYHTHIBaTp He
Ipas max, @ Ipacmopw, NMPHHEMAsT BO BHHMaHHe MaJ/yl0 BepOST-
HOCTp HapyUICHHUS IeNeH HANpPsiKeHHs NPH HAJHUHM [pas max.
Bosee TsaxKennMH 0OBIYHO SIBJASIIOTCS YCJOBHS, MOA0GHEE pac-
CMOTDEHHBIM BhIlIe AJsI HEHanpaBJeHHBIX 3aUIHT: 1) oTcTpoil-
Ka OT NepeXOJAHBIX TOKOB IIOCJe OTKJIOYeHHs BHellHHx K3 mo
(5.2), rae Ipas max — MaKcuManbHblii paboudii TOK B 3alluTe,
onpejeqasieMblt 1pA Haauunn OHM MomHocTsio Sk max, KOTO-
past Moxer ObIThb HanpaBjeHa oT WHH. B otsMume oT paceMor-
PEHHOro BbILIE MDY STOM He YYHTBIBAETCsI, KAK MaJio BEPOSITHOE
coGbiTHe, HaJOXKeHHe HAa DACCMATPUBACMbBIH PeXHM Hapylle-
Hus lenedt Hanpsikeddss OHM; 2) orcTpoiika ot nepexomssix
TOKOB mocJe yeneudoro AITB nospeausiueiics auuun no (5.3)
‘C Y4eToM co06paKeHUH, NPHBEIEHHBIX [Js Ipeldbl1yIIero cJy-
yasi; 3) cornacoBaHue ¢, cMeXHBIX yuacTKoB, OHO HOJKHO
MPOBOAHUTBCS 1JIsl 3AIIMT, HMEIOIIHX BO3MOXKHOCTb cpabaThi-
BaTh IIPH OANHAKOBOM HAaMpaBJ/eHHH Sg.

JLoTMONHUTEILHBIM YCIOBHEM SIBJSIETCS OTCTPORKA OT TOKOB
Henoppex iennsix ¢as. IIpu nekoropsix Buaax K3, manpumep
KO, KO Toku HenoBpexIeHHbIX $has, ckaaanBalOUIUECs U3
Tpas M TOKOB NOBPEXKIEHHS B 3THX (Dasax, GbIBAIOT GOTBIIMMHE
(em. r1. 1), Opranpl HanpaBJeHHsi MOLIHOCTH, BK/IOYEHHbIE HA
3TH TOKH, MOTYT HENPaBUJbHO (PHKCHPOBATb 3HAK MOIIHOCTH
K3 [1], mostromy 6b110 6561 HeOGX0AUMO HMeTh Ie,;s> Ienosp max;
5TO MOXKeT CHJBHO 3arpybJsiTh 3alluTy. B ¢Bs3H ¢ H3J0XKeH-
HBIM B CETSX C T/AyX03a3eMJeHHBIMH HeftpansaMu (Unow=>
=110 kB) rakas samura yacro aBTOMATHUYECKH, HPH TOSBJIe-
HHH cOCTaBJAIOMHUX [o B TOKax (a3, BHIBOAMTCS M3 paGoTh.
3amura or K g KOV ocymecTsisieTcs Toria cnelnnaibHol
TOKOBOH HANpaBJeHHOH 3allHTOH HY/EBOH MOC/eL0BATENbHO-
ctn (eMm. §5.9).

Tok /Ics BoiGupaeTca Mo TOMY U3 ycJOBHH, NMepeduHCaeHHBIX
BBILIE, KOTOPOE onpenesier GoJbiliee ero 3HaueHue.

HyscTBHTENbHOCTD, UYyBCTBHTEILHOCTL TOCTEAHHX CTYHe-
He#l 3awur onpenensiercs ux IO — Toka u nanpasJeHHs Moll-
HOCTH, UYyBCTBHTE/IbHOCTb IO TOKY BBIUHCJASIETCS, KaK H A5
HeHanpaBJeHHbX 3amuT. Heo0x0auMOCT, NPOBEPKH UyBCTBH-
TeabHocTH 1o OHM BosHHKaeT npu GJIH3KHX MeTaJJTHYECKHX
K®, korza U;‘f) B Mpejelie OKa3bBAlOTCS pPaBHBIMH HYJIO.
B atux ycaosuax OHM Moryrt orkasmBaTh B cpabaTbiBaHuUH,
0o0ycJ0BAMBast M OTKA3 3aIUTE. ™

Heuyscrsurenpocts, obycnopaednyio OHM, xapaxrepusy-
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10T MepTeoil 30HOW — oMl AJUHBI 3alHHIAEMOr0 YYAacTKa,
B npejesax KOTOpo# mnpH meraanudeckom K@) npoucxonut
OTKa3 3alllHThl H3-3a HEJOCTATOYHOI'O OCTATOYHOTO HampsKe-
HHs, noasogumoro kK OHM, MeprBrie 30HB B BO3AYLIHBIX Ce-
TAX MaJjoBepOsTHH; 0oJiee BEPOSITHBL OHH B KaOeJbHBIX CeTsX
IpH 3HAYNTEIbHBIX BBIAEDIKKAX BpPeMeHH cpabaThbiBaHHs 3a-
LIHTH BCJEACTBHE BO3MOXHOrG mepexoga K g KD g KO,
YcTpaHeHHe MePTBHIX 30H BO3MOXKHO NPHMEHEHHEM HEHalpas-
JIEHHHX TOKOBHIX oTceyek. BoJiee cnoxHble pelieHHs BOIpoca,
HCNOJIb3YeMHEe B JHCTAHLUHOHHEIX 3amiuTax (cM. ra. 6), aas
paccMaTpHBaeMblx 3aulHT OOBIYHO He IPHMEHSIOTCS.

IIpumep npHMeHeHHS MaKCHMaJdbHBIX TOKOBBIX HallpaBJjeH-
HBIX 3alIHT B COUETAHHH ¢ HeHANPABACHHBIMH IJA KOJbLEBOH
CeTH C OJIHOCTOPOHHHM NHTaHHEM (pHC. 5.7). Brimepxkku Bpe-
MeHH BHOHpaloTcs OOBYHBIM o6pa3oM. Orinune HMeercs
TOJILKO AJ 3aHT 2 H 5 NPHEMHEIX CTOPOH TOJIOBHHX y4acT-
koB Ab n AB. Ilpu K3 Bue Koabua, nanpumep B Touke K, pa-
AHaJbHOH JHHHH, OTXOAsMefl oT WHH A ¢ HCTOYHMKOM IIHTa-
HHS, TOK NOBPexJAeHHs (ecaH npeHeOpeub OPOCKAMH TOKOB,
ONpe/le/iIeMBIX 3JIEKTPOABHTATESIMH HATPY30K HOACTAHUHH
5 n B) mo xoably He NPOXOAMT H 3aATH 2 H 5 Ha paccmat-
puBaemnle K3 ne pearupytor. Ilpu Buewnnx K3 B mpenesnax
KO/Iblla (Hanpumep, Ha WHHax b H B), KaK U B pabouux pe-
JKHMax, MOIIHOCcT, K3 wampassena k wuHam 5 u B w OHM
samut 2 B & He cpaGarnBaioT. TakHM 06pa3oM, paccMaTpH-
BaeMble 3alHTH NPH Bcex BHellHHX K3 He paboraioT H B cB-
3H C 3THM BCer/la BHIIOJHAIOTCS 6e3 BHIIEPKKH BPEMeHH H He
pononHsoTea I u Il crynensamu. B naHHOH ceTH oueHb ueTko
IpOsBJIsIeTCS HEOOXOAMMOCTh COTJIaCOBAHHs 3alllHT [0 4YBCT-
BHTEJbHOCTH (TOKOM cpabaThiBaHus) NpH KACKAOHOM HX Heli-
crBud. [log kackagHbiM moHumaercs cpabaThiBaHHe 3allHT
ABYX CTOPOH y4YacTKa, KOrjJa OJHa H3 HHX HayHHaeT paboTaThb
TOJIBKO_TIOCJ/Ie OTKJIOYEHHs! APYrofl 3allMTOH CBOEro BHIKJAIOUYA-
reas. Ilpn nospexnennn, Hanpumep, B Hauajge yuactka AB
y wun A (touxa K;) npakruuecku Bech Tox K3 Hanpasasercs
K Touke K, uepes samury /. B peayabrare 3amura 2 B Ha-
yanbupli nepuos K3 B meficreue He npuxonut. Ilepsoit cpa-
6oraer samura I, XOTSl OHAa H HMeeT OJHY H3 HaHGOJBUIHX B
CeTH BblAepKeK BpeMeHH. 3aumHta 2 cpaboraer KaAcKadwo
TOJIbKO TIOCJIe OTKJIOueHHs! BuiKMouarenas I. Ilpw K3 B 30He
€ro KaCKaJHOTO OTKJIOYEHHs MOXKeT H3JullHe cpaboTaTh 3a-
wWHTa 4, ecau ee lcs4<lcsy. Ilockoabky coraacoBanue cBo-

AHTCA K BBIOODPY Ic,3 4==kore Ic,3 9, TRe Kore > 1 yunrhiBaer B nep-
BYIO oOuepelb BJHMAHHE Ha TOKH B (pas3axX, OCOGEHHO npH
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HechMMerpuunbix K3 (mampumep, K®), Toka Harpyskm mpo-
MeXYTOUHOH MoACTaHLuH 5.

I m'h I
N_/
"/ N/
t
p
/<—)M ‘Id,p 'IC,P
t
Prc. 5.7. 3amura KoJbBLEBOH ce- Puc. 58, Imarpamma, xapakrtepu-
TH C OZHOCTOPOHHHM NHTAHHEM syiomasi paGoTy opraHa ToKa NpH

KauanrHuax

Yuer ToKoB KauanHii. [amenenue NefCTBYIOLEro 3HAYEHHS

__ 1)

TOKa Ip=/kex Iyp/K; B Oprade Toka BO BpeMeHH IPH KayaHHAX
B COOTBETCTBHH C JaHHBIMH I'J. | mpuBejgeHo Ha pHC. 5.8. Op-
rai cpabarbiBaeT NPH BO3pacTaHWH ToKa A0 lp =I.p, H BO3-
Bpaulaercs B HCXOJHOE COCTOSIHME TOJLKO NPH MOCJAelylieM
€ro CHHXeHHH 10 lp =Isp. Takum 06pasoM, opran (Ipu mpe-
HeGpeKeHHH ero MaJbIMH COOCTBEHHLIMH BPeMeHAMH cpabatsi-
BAHHs H BO3BPaTa) HAaXOJHTCS NPH KAYaHHAX B cpabOTaBleM
COCTOAAHHH B TeuyeHue BpeMeHu fp. Opran HampaBieHHs Moul-
HOCTH ¢ YYeTOM BO3MOKHBIX GOJbUIHX H3MEHeHuH yria @p npH
KayaHusaxX Moxer cpabarbiBath. Otcrpoiika or [, BHGOpOM co-
OTBETCTBYIOIEro /c; HeMmpHeMJieMa, TaK KaK ee OpPraH TOKa
nosyuuncs 6bl HepomycTumo rpy6uiM. [Tostomy aast oTerpoi-
KH yYHTBIBAETCS TOJBKO PACCMOTpEHHOEe CBOHCTBO OpraHa TOKa
HaXOAHTbCS B CPalOTaBIIEM COCTOSIHHH B TeUeHHE KaxKJOro
neprHoja KadyaHHH JIHIIb OTHOCHTEJLHO HeGOJIbIIOe BpeMsa fp
H TO, YTO BpeMsl cpalaThiBaHKs 3alIHT BO MHOTHX DEXHMAx
KavyaHHi fc > 1.

Ilpn kayaHHSX BO3MOXKHEI He TOJNBKO JIOXKHBIE cpabarsniBa-
HHA 3alllHT, HO ¥ HX OTKashl npH K3 B 3amumaeMoil 3ome.
Tak, HanpuMep, IpH BOSHHKHOBEHHH Ha .TYIHKOBOH JIHHHH, OT-
XOLsmed OT WHH moAcranumn 5 (touka K Ha puc. 5.9), mo-
BpexXJeHHsl, 00YCJ0BHBLIET0 KAyaHHS HCTOYHHKOB NHTaHHs A
u b5, Tok B mecre K3 6yner NyJbCHPOBATb C YaCTOTOH MepHO-

205



da kauamuid. Ilpu 3HauuTenbHOH BbIAEPHKKE BpPEMEHH te,s TO-
KOBOfi 3alUThl TYNHKOBOH JIHHHH, COH3MEepHMON C NEepPHOLOM
KauaHuil Wiy 6oablueii ero, u NpH Ik min<<lss OHa HE CMOXKET
cpaboraTb. /s mpeRoTBpalleHusl NOZ06HBIX OTKa30B H BOOG-
Hic BO3HUKHOBEHHS 3HAUMTEJbHbIX KauaHUi HeoOX0AHMO NpH-
MeHeHHe 3allHT ¢ BOSMOXHO MaJ/bIMH BpeMeHaMH cpabarbiBa-
HHAL

OueHka M 061aCTh NpUMedeHHs 3awluThl. MakcHMa/bHbIE
TOKOBBIE HallpaBJeHHBIE 3alHTH OOBIYHO B COYETAHHH C HeHa-
npaBJieHHbIME 06eclneurBaloT CeJNeKTHBHOCTb HecpaGarbiBaHHS
B PAacCMOTPEHHOH ceTH, cOCTOALIEH M3 HENOYKH OJHHOUHBLIX JH-
HHH ¢ IBYCTOPOHHHM IHTa-
HHEM, H B NpOCTO# KOJblle-
BOf CeTH ¢ OJHOCTOPOHHHM
nuranueM. Herpyaso no-
KasaTb, YTO 3Td CEJCKTHB-
HOCTb MOXeT OBbITh TakKxke
\ [\] : obecrneueHa B ceTAX B BHIeE

HenoueK OJMHOYHBIX JHUHHA
¢ JIOObIM YUCJOM HCTOUYHH-
ts<te, KoB muranus (puc. 5.10,a
| Lo min H 6) u B KOJbUEBOH CETH ¢
fas IHAaTOHAJbHBIMK JHHUIMH,
Momenm [ COCJIHHAMIHAMHE HCTOYHHK
BoanurnnoBerus K3 . MUTaHAA ¢ APYTHMH TOA-

crannuaMu (puc. 5.10,8).
B ity JepoTepIae B Koblonulx ootk o wie
HHSI 3aIMUTHI TIPH KaYaHHSX padatHna 'H(,)M HCTOUHHMKOB IHTAHHA,

GOabluEM  OmHOrO  (pHC.

5.11,a), umewoHIHX [IHa-
rOHaJbHble JHHHM, He [POXOAfLIHC 4Yepe3s  HCTOYHHK
nutakus (puc. 5.11,60), a TakxkKe BO MHOTHX APYLHX caydasx
CeJIeKTHBHOCTb HecpabaThiBaHUS He ofecrmeuynBaeTrcs, TakK Kak
OTCYTCTBYIOT YCJOBHS 1/ BHIOOpa BLIACDIKEK BpPEMEHH MO
BCTPEUHO-CTYHEHYATOMY NPHHIHIY.

UyBCTBHTEABHOCTD 3AMIAT A JUHUA ¢ ABYCTOPDOHHHM IH-
TaHHEM MpPH ydyeTe BO3MOXKHBIX aBapHHUHBIX Meperpysox (Ha-
IpuMep, NPH OTKIOUCHHH FeHEPHDPYIOUlell MOLIHOCTH B OJHOH
U3 CHCTEM, CBA3aHHBIX 3allHIaeMbIMH JUHHAME) MOXeT OBbITb
coBeplieHHO HegocrarouHoH. [Ipuxoaurcs rakxke HMeTp B BH-
Iy BO3MOXKHOCTb H3JHIIHUX cpabaTblBaHuH NpH KadyaHHSAX.
Jlyume neno o6CTOUT B ceTAX ¢ OAHUM HCTOYHHKOM MHUTaHHS,
B KOTOPBIX HeNpeAyCMOTpPEHHblEe aBAPUHHBIE TIEPErPY3KH MOTYT

y
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Pue. 5.10, IlpuMepn cxem ceTedl, B KOTOPHX MaKCHMAaJbHAasi TOKOBAS Ha-
TpaBJeHHAs 3aIUHTa OCecneuHBaeT CeJeKTHBHOe OTKMioueHHe K3

Y

Pruc. 5.11. Tlpumepw cxem ceTelf, B KOTOPHIX MaKCHMANbHAst TOKOBas HalpaB-
JIeHHas 3aluTa He 06ecneunBaeT CeJeKTHBHOTO OTK/IOueHHs K3

Y He MOABJATHCA; B HUX TAKXKE He BO3HHKAET BONPOCA OTCTPOii-
KH OT KauyaHui.

3HauUTeNTbHO JIyYlIMe MOKA3aTe:n HMEIOT TOKOBbIE Hamnpas-
JICHHBIE 3alMTDl HYJIEBOM M0CNEN0BATENbHOCTH, PACCMATPHBAE-
Mble HHXKe. [laHHBIe e 3allHTbl HAXOAAT NpPHMEHeHHe npe-
UMYHIECTBEHHO B KOJbUEBBIX CEeTAX ¢ OAHOH TOYKOH MHTAHHS
HanpsixkenneMm 10 35 kB B cayuae, ecnu ux BHIEpKKH BpeMe-
HY OKa3bIBAIOTCA J0MYyCTHMBIMH.
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5.4. TEPBBIE M BTOPbIE CTYNEHW TOKOBbLIX U TOKOBbIX
HAMPABJIEHHBIX 3ALLMT, BKIIFOYAEMBIX HA NOJIHBIE TOKH
U HANPSKEHUA A3

IlepBuie ¥ BTOpHIE CTYNEHH TOKOBBIX H TOKOBHIX HalpaBJieH-
HHX 3allHT B oOlleM cjayuae, Kak I10J4eDKHUBAJIOCh Bbillle, HE
HCIOJDB3YIOTCH OTAeabHO, Ge3 TpeTbell CTyNeHH, HeoOxoAMMOH
ans obecneyeHHsT pPe3epBHPOBAHUSA [1eHCTBHS 3aIUUT CMEXHBIX
3JleMeHTOB ¥ TIPH OTKa3aX BHIKJIoYaTeJed NOCcJeJHHX, a Tak-
e pesepBUpoBanus paboTH NEpBBIX H BTOPHIX cTyneHel. Oun-
HAKO OHH ABJAIOTCS BechbMa 3(P(eKTHBHOH YacThlO CTyleHYa-
THIX 3aluT, obeclieunBas Gosee GuicTpoe oTkmodeHne K3 Ha
3aMIHIIAEMOM YYacTKe H J0CTaTOYHO BHICOKYIO CEJNEKTHBHOCTb
(npu BHemuux K3) B cersix moGoi xoHUrypalLuH ¢ JIOOEM
YHCJAOM HCTOYHHKOB nuTanug. Takue MX cBOiicTBa onpenes-
10TCA CBOEOOPA3HBIM BEHIGOPOM TOKOB cpabaTHIBAHHS CTYNeHeH;
OHH, €C/IH PacyeTHBIM He sBJsiercd ciaydalfi oTcTpoHku oT lyp
fIpU KaYyaHHUsaX, OTCTPAUBAIOTCst OT MaKCHMaJIbHEIX TOKOB BHeIII-
Hux K3 (mns I crynenn — K3 B Hauajse cMeXHBIX 3JieMeHTOB,
s 11 crynenn — K3 B pacueTHO# TOUKE 3THX CMEXKHBIX 3Jie-
MeHTOB). B cBsisu ¢ 3TuM B nHxeHepHo# npakrtuke I u II cty-
fIeHH Ha3bIBAIOTCH TOKO8biMU OTCeuxamu. HanpasieHHBIMH TO-
KOBBIC OTCeUYKH, KakK OyIeT [OKa3aHO HMIKe, BHIIOJHSIOTCS
TOJIBKO [/ TOBHIIEHHA YYBCTBUTENbHOCTH. Jloruueckoe ypas-
HeHHe, XapakTepuayollee HX paboTy, B 00lleM cilydyae HMeeT
Bup y=SI¢:D}' +Sie.Df", . npuuem xak y I, tax u II c1y-
NeHH curian S Moxer orcyTerBoBats (Her OHM), D}! onpe-
IeNgeT He BBIJEDPXKKY BpeMeHH f¢; B OOBIYHOM [IOHHMAHMH,
a yacTo TOJbKO cOOcTBeHHOe BpeMs cpaGatwiBanus I cryneny,

11
D} xapaxrepusyer BhaepkKy BpeMeHu !, 06buHO OnHHA-
KoByto aas Il cTyneHel Bcex sanuT ceTy.

5.5. BIEOP MAPAMETPOB NEPBOM CTYTMEHM 3ALLMTDI,
EE 3ALLMTOCNIOCOBHOCTb K HYBCTBUTEJIBHOCTD

Bribop Its 32BHCHT OT TOTO, MOKET JH TO 3aIIHIIaeMOMY
yyacTKy ceTH npu BHelHHX (ckBO3HbIX) K3 mnpoxomnTs TOK
NOBPEXACHHA TOJHKO B OJXHOM HaNpDaBJE€HHH iU B 06OHX Ha-
NpaBJicHHAX, a2 B MOCJAENHEM cjyyae JOMOJHHTENBHO — OT TO-
ro, ABJASETCH CTYINEeHb HAMpaBJieHHOH HJAM HeT. Huke ydHTH-
BAlOTCA BCe 3TH BapHaHTH. BpeMs cpabarniBanug f', Kak yka-
3BIBAJIOCh  BHIIE, SBJAsETCS HeOOJBIINM  3aMe/JieHHEM B
cpaGaThIBAHHH 3aHIATH, KOTOPOe MOXKET NMOHaJ00UTbCS TOJb-
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KO AJisi OTCTPOHKH 3alUTHl OT HCKYCCTBEHHEIX KpaTKOBpeMed-
ueix K3, cospaBaeMbix TpyGuaThiMH paspsAHHKAMH, yCTaHAaB-
JIHBAE€MBIMH Ha BO3AYWIHBIX JAHHHAX ¢ Unon<<35-~110 kB 6e3
MOJIHHE3aIHTHEIX TPOCOB OT aTMOC(EpHBIX NepeHanpsaKeHHH.
C yuerom sroro £'<C0,1 ¢ u Moxer cuuxartses o 0,01—0,02c.

TokoBas 3amura (0TCEYKa) AUHHMH, MO KOTOPOI NpPH BHEII-
Hux K3 Tok nospexpeHus MoXKeT MPOXOAUTL B OJHOM Hanpas-
JeHHH. DTO 3aIMTa JHMHHH C OJHOCTODOHHHM NHTaHHeM. Pa-
6oTa ee paccMaTpHBaeTCs Ha NPHMEPE TOKOBOH 3aIIHTH yua-
crka AB (pue. 5.12), ycranaBnueaeMoli TOMBKO €O CTOPOHE!
nurauus A. Tox ee cpaGarbiBatns Jes mN8 O6ecleueHHs ce-
JIEKTHBHOCTH HecpabarbiBaHug npH BHemHHX K3 Ha saeMeH-
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Puc, 5.12. Buifop Toxka cpabaTbiBaHHsl U ONpeje/eHHe 3aulUmIaeMoH 30HbI |
CTyneHH (OTCEYKH) TOKOBOH 3aHIMTH JHHHH C OJHOCTOPOHHHM THTaHHEM

Tax, NPUCOeNHHEeHHHX K UIMHAM NMpHeMHO# nojcrannuu 5, BH-
Gupaercss GOMBIIEM MaKCHMAJbHOIO TOK4, NPOXOASILETO IO
yuactky AB npu stux K3. Pacuernas rtouka K ¢usuyecknu
‘pacnojioxxeHa y muH 5 3a 3amuraMu npucoeiuHeHui. Eif co-
OTBETCTBYET [x,mn max, HMEIOUIUA B GOJNBIIMHCTBE CAyYaeB Me-
CTO MpH MeTa/indeckoM (Rx=0)K®,
Toxk
IrI:,s = ktln'c [x, BEMAX’ (55)
Tok Ixsnmax OGHIYHO COOTBETCTBYET HeHCTBYIOLIEMY 3Ha-
YEHHIO €ro NepHoAHYecKOH caaramoomieil mas BpeMenu (==0.
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o 1
Koadpuiuuert OTCTPOAKH Kore>>1 BHIOHpAETCS BO3MOXKHO

MEHBIIHM C YUETOM TOTO, UTO ¢ yBeJHUCHHEM Ies MOXKeT pesko
COKpamarbesl 3amuiaemas 3oua I (puc. 5.12). Ilpu onpene-
JeHUH kore VUUTHIBAIOTCSI BO3MOXKHOE BJMSIHHE arlepHOJHYe-
CKOfl cjaramilell B ix, HETOUHOCTb pacuera [, MOrpeLIHOCTH
TA u oprana toka. Yacto npHHHMaeTcst koe ~1,2+1,3. 3a-
IUIIaeMasi 30HAa B peXHUMe C lxnu max [V onlpegensiercs abe-
unccoil TOUKM mepeceuenust kpupoit I Ix==[(l) c¢ npsamoit 2,
COOTBETCTBYIOLIEH TOKY Its He saBHcsimemy or mecra K3.
3ona /'), xapakrepusyolias 3amHUTOCNOCOGHOCTb, COCTABJSA-
€T TOJbKO yacTb AJHHLI JuauH AL. Tlostomy samura (oTceu-
Ka) B ofmieM ciayuae He MOXKeT OBITb OCHOBHOH 3aIIHTOH JIH-
uuu. Kpusasi 8 Ix=[(l) B pexumax, OTIHUHEIX OT PacCMOT-
PEHHOro, MOXKeT pacloJaratbesl 3HAUHTEbHO HHXKe KPHBOH [
(zpyro#t Bux K3 u 1.1.). CooTBercTBy0OIAs €lf 3amAILaeMast
30Ha 1< J'D; B HEKOTOPHIX CJlydasix OHa MOXKeT GHITh CHH-
}Kartbes A0 Hyas., JLAs cOKpalieHHs uMc/a cayuaeB paGoTH
3aLUTH ¢ YKOPOueHHbIMH /! opraHbl TOKa BKloualorest Ha TA
Tak, UTo0Bl Rex=1. DdderTHBHOCTL cpabaTHIBAHHS PaccMaT-
puBaeMoii OTceuykd HHOrAa (KOTJla OHA BBIIOJHSIET TOJBKO
(YHKUMH BCIIOMOTaTeJbHON 3allUTH) OlEHHBAeTCsl TAKXKe KO-
3(QPHUIHEHTOM UYBCTBUTEJIBHOCTH Ry NPH MOBPEXK/EHHUAX B Ha-
YaJjie 3aIIHIIA€MOr0 yuacTKa.

B vacrHpIX cayuasx paccMmarpuBaemasi orceuka 0e3 BbI-
JIePXKKH BPEMEHH MOXKeT SIBASThCSI H OCHOBHOH 3allUTOH JH-
HHUH, HallpuMep IpH paboTe mocaefHedt B 6JOKe ¢ MOHHKAIO-
IIHM TpaHcHOpPMATOPOM, He HMEIOIHM BHIKJIOUATE/sl CO CTO-
pPOHBl BhICHIEr0o HampsikeHust (puc. 5.13). B 3rom cayuae
3amuTe JIMHHH JONycTHMO paboTath NPH HOBPEXKACHHAX

B TpaHchopMaTope; MOITOMY ee Iis otcTpauBaercsi ot K3 3a
TpaHcdopmartopoM, B pesyabraTte o6biuHo /! oxBaThiBaer BCIO
IJHHY JUHHH U o0ecleudBaeTcs mpueMaeMblil ky OpH MOBpex-
JeHusix Ha ee KoHue. Ilas pesepBupoBanusi BHewnux K3 3a-
HIUTa B 1eJOM AO0JXKHA uMeTh 111 cTymeHs.

Tokopas 3amwuTa (0TCEYKA) JHHHH, MO KOTOPOH NPH BHEW-
Hux K3 Tok noppeXjeHHsl MOXKeT NPOXOAHTb B 060MX Hanpas-
AeHusx. D70, HAPUMep, 3AMUTH LENOUKH JHHUH C JByMs HJIH
HeCKOJbKHMH HCTOUHHKAMH MHTAHUS HJH KOJbIEBOH CETH C 0J-
HMM HCTOUHHKOM nuTanusi, PaGora 3allUTHl paccMaTPHBAETCs
Ha mpuMmepe ee HCHOJb30OBAHUSL A/l JHUHHH C ABYMsI HCTOYHH-
KaMH NHTaHus 0o ee Konmam (puc. 5.14). Orceukn BkJI0OUYa-
10TcA ¢ ABYX cTopoH. YIXx onuHakoBble TOKH cpabaTHBaHusI
(I sa=1Ic,s5) JOJKHBI BHIGHpaTbhesl ¢ yuyeToM HeOo6XOJHMO-
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Puc. 5.13. Pa6ora I cry-

neHH (OTCEYKH) TOKOBOM A [;l &
3allUTHl HAa JHHEH, pabo- @.}_D_Lw
Tawoue#l B 6/10Ke ¢ TpaHc- I } «
(opmaTopom ' |
|
A }
‘ l
|
| {
[
\ {
\\; I[
1y~
Icl,‘.? Ix,ﬂ»« max
l

CTH OTCTPOHKH OT TOKOB K3 /x5 1pH MOBpeXAEeHHH B TOuKe
Ka 'y mun A, I x npu nospexnenun B touke Ks v mun b
H OT YPaBHUTEIBHOIO TOKa lyp B JuHHH AB, 06ycJ0BIeHHOTO
KauaHUsMH TreHepaTopoB cucteMbl A n 5 mexay co6ofi uau
Aaxe HX BBIXOAOM M3 CHHXpOHH3MA (cM. rai. 1). Tlpu srtom
yJuTBIBaercsi, ut0 10K lyp =~ |Ea—Es|/Z5, tne Zs — CcyM-
MapHOe SKBHBAJEHTHOE CONPOTUBJEHHE CHCTEMBI B IEJOM, MO-
KeT ObiTh Goablle /xpn max, 2 cpabaTHBaHHe 3aL(HT no;{ ero
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Puc. 5.1:1, BriGop TOKoB cpabaTelBaHusl H onpefiesieHHe 3auiMiaeMblX 30H |
CTyneneft (OTCeYeK) TOKOBBIX 3AlIHT JHHHH ¢ JBYCTOPOHHHM NHTaHHEM
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BO3JelicTBHEM He Jonyckaercsi TakuM 00pasoM, AOJKHBE

GHITb BBIIOJHEHH YCAOBUS [oo>>Ixa maxs fon>Ib mar; Tos >
>Iyp max pacy, MAKCHMAJIbHOE 3HAUEHHe KOTOPOTO JOCTHIAETCs
npu yrae mexay dJC A u B npumepro 180% 1ok Ios BHOH-
paercsi IO YCJAOBHIO, JalolieMy GoJiblllee ero 3HaueHWe. 3a-
mumaeMsie 30Hs [a # g ogpenessIOTCs Tak XKe (puc. 5.14),
KakK J1JIs1 PACCMOTPEHHOTO BHIIIE CJAyYasi 3alllUTH JHHHH C OHO-
CTOPOHHHM nNHTaHueM. HaJsuune muTaHusi ¢ ABYX CTOPOH MO-
KeT YXyIilaTh 3allUTOCHOCOGHOCTh OJHOH H3 3alllHT, TOKH [k
CO CTOPOHBI KOTOPOH MeHbllle [Ha puc. 5.14 —3amurn b, Tak
Kak ee TOK l¢sB INPHXOJUTCS OTCTPAUBAaTb He OT [x,sx max By
a OT Ix,pu maxa, KOTOPHI GoJbllle (€CJH pacYeTHOH He SBJSeT-
€5 OTCTPOHKA OT lyppacy)].

ToxoBasi HampaBJleHHas 3amMTa (OTCEYKa) JHHHH, MO KO-
Topoii Npu BHemHHX K3 TOK MoBpEXIeHHS MOXKET NPOXOAATH
B o6oux HanpaBjenusx. Pa6ora samursl paccMaTpHBaeTcs
IJist TOR XKe cxeMHl ceTd (puc. 5.14), uTo W RS HeHampaBJeH-
HOH oTceukd. Kak 6GHIJIO yCTaHOBJIEHO, 3aIllUHTa €O CTOPOHH
¢ MeHbIMMH [« (/x5 ) MOXET OKa3HBATHCSA HMEIOIEH MEHbIIVIO
3amuuiaeMyio 3ony (/s </a). IlocnenHsisi, ec/iu He NPUXOAHUT-
¢sl YUHTBIBaTh 60JsblKe [yp, MOXKET GHITb YBEJAHUEHA BHIIOIHE-
HHEM 3aIUTHl ¢ MEHbIUUM [x sx HANPABJIEHHOH, TAK KaK B 3TOM

I
ciydae ee I JOMKEH OTCTPAHBATBCS TOJBKO OT [isx max CO
cropounl cBoedt I1C (Ha puc. 5.14 Iy, sumarB).

5.6. BbIBOP MAPAMETPOB BTOPOWM CTYMEHM 3ALLIMTSI,
EE 3AILUTOCNOCOBHOCTb U YYBCTBUTENBHOCTD

OcHoBHBIM HasHadenueM Il cTyneHu (OTCEUKH C BBLAEPKKOH
BpeMEeHH) sIBJsETCs 3allliTa 30HH ['!, B KOTOPYIO BXOASAT KO-
Hel, 3amuliaeMoro Yyuactka (puc. 5.1,6) Ab n wWHHH MOA-
craHnvu b. Jlomoanurenbno oHa pesepsupyer I crynenn. Jlas
npej0oTBpalleHusl cpaGaThiBAHHA B 30HAX, 3allMIaeMBIX Ipe-
JABIAYIHMH 3aliuTaMH, I cTyleHH BBIIOJHAKTCS ¢ BBIEPXK-
kamu BpeMeHH {1, JliA coKpallleHns BpeMehH JHKBHAanuu K3
c t" mpexblayuiMe 3alllUTHl JOJXKHBI BHIIOJHATbCS paboTalo-
UIMMH B HayaJje CMeXHBIX 3/71eMeHTOB 6e3 BHAePKH BPEeMeHH
(I crynenu samut JauHHE, OBICTPOACHCTBYIONIHE 3aIMTH Ha
TpaHchopMaTopax mojcraHuuu 5), a ! crpeMsrcs BHIOGHpATh
OMHAKOBBHIMH /IS 3al(MT BceX JMHHA M paBHbMH [M={]l =
=t1(n_1)max—|—At. Crynenb A! NpUHLHMNOHATBHO HMeer Ajs (!
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HECKOJ/IbKO MeHbIllee 3HayeHue, yeM mis IIl crynmenet, Tak kak
NPAKTHYECKH OTCYTCTBYET MOrPEUIHOCTh B BBIAEDIKKE BPeMEHH
npelbAYIeH 3AIUTH, He HMeIOIleH BbIEPXKKH BpeMeEHH.
C npyroii cTopoHH, anas cetell ¢ Unon=>110 kB wacro HIpPHXO-
JUTCS YUHTBIBATD fypos, Ha KOTOPHe (YPOB) nelictByioT mpe-
ApiAymue samuThl. [Tostomy #' wacto cocraBaser mpuMepHo
0,5 ¢ (B ceTsix CBEPXBLICOKMX HAMNpPSIKEHHH MeHbIlIE),

IIpr paccmotrpennom cmocobe Bb6Opa BHAEpIKEK BpeMeHH

(=1}l =const) Tok cpaGarbiBanus I, samuTH JuHHM

C OJHOCTOPOHHHM NHTaHHEM A/ NIPeJOTBpPALLEHUS ee cpaba-
THIBAHHS BO BTOPHIX 30HAX MPeJBIAYIIHX AHAJOTHUHBIX 3aLIUT
u npu K3 sa TpaHchopMmaTopaMH npueMHOH MOACTAHLMM
(npexnonaraercs, yto K3 3a TpaHC(pOPMaTOpaMHu JTHKBHIUPY-
KI)TCH c tT>l‘,£I) ROMKEH BBIGMPATBCS 10 ABYM YCJIOBHSIM:
Icfan>kc1r{‘c1£,3(n~—l)max H 1£13n> éic xTmax (663 yueTra TOKa Ha-
rpysku). ToK cpaGaTHBaHHS npuHHMaeTcs GOJbIIHM U3
NOMyYeHHbIX 3HaueHHi. [auna I onpenensieTcd, Kak H A5
II cTynenH, abeuuccoll TOukH nepeceuenns lx=[(l) c npsiMofi
Iiyn. Nas 11 CTYNIeHH WIHPOKO HCMOJb3yercs ku onpesesse-
MbIH o K3 wa WuHax npueMuOH mogctauum. Ero JOMyCcKaeT-
€ HMEThL  OTHOCHTeNbHO HeGoablium (npumepuo 1,25), mo-
cKoJbKy II cTynens pesepeupyercs Gosee uyyscTBUTE bHOH 11.

o LI
Ecan He ofecneunsaercs TpeGyeMblil ks, 3alHTH BHIMOJHS-
I0TCA YETHIPEXCTYNEHYATEIMH HJH C JAPYTHM CcHoco6OM BHIGO-
pa ux napaMeTpoB (cM. ra. 1).

B cersax Gosee clOXKHOH KOHOHUTYPAUHH HJAH HMEIOIIHX He-
CKOJIbKO HCTOYHHKOB IIMTAHHs, DAaCCMOTPEHHBIX BHIIE JJIsi
I crynenu, I ctymenn o6blYHO BHINOJIHSIOTCS HANPABJIEHHBHIMH
¢ 006eHx CTOPOH Y4YaCTKOB; 3TO jesaercsl A5 0GJerdeHHs BbI-
Gopa uX mapaMeTpoOB, a NP OTCYTCTBHH GOJBIIHX [yp — H A5
BO3MOXHOIO NOBBILIEHHsT YYBCTBHTENbHOCTH. ITosTOMYy BEIGOD
MX MapaMeTPOB H OLEHKAa YyBCTBHTEJNbHOCTH MPOBOASATCH, KAK
U A THHHHA ¢ OAHOCTOPOHHHUM muTanueM. OCHOBHOH OcoGeH-
HOCTbIO MOXKET SBJISATbCA HeJecoob0pasHOCTh yyeTra TAK Ha3bl-
BaeMBbIX MOANHUTOK, ONpeAe/]sseMbX K03pguyueHTom Toxkopac-
npedenenus krox, NOA KOTOPHIM HHXKe NMOHHMAETCS OTHOLICHHE
TOKa B 3alllUTe K TOKY B CMeXHOM C 3alHLIAEMBIM yYacTKOM
sneMenTe. PaccMarpuBaloTes aBa clyyas: mepBbifi (puc.
5.15,a) — K3 3a monmxaromum TpaHc(hOpMaTOpPOM IMOACTAH-
wan b B Touke K. Ilpu stoMm jaas samursl A Epoxr =
=Ixallr <1; BTOpO# (puc. 5.15,6) — K3 Ha cMemHOM yua-
cTke 5B NPy HAJIHYHH Ha IPOMEIKYTOUHON NOACTAHUHU B Tak-
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Puc. 5.15. BuiGop tokoB cpabarbiBaHust I cryneHefi TOKOBBIX HampasaeH-
HBIX 3aLIHT

JKe HCTouHHka nuTanug. [lpu sToM mist To#l Xe 3amutel A
krowp=Ixa/Ixs Takxe MeHblie 1, eciH He YYHTHBAaTL BO3-
MOXKHOCTH OTKJoueHHst ucTouHuka 5. C yueToMm H3/10XKeHHO-

ro ToK cpabaTbiBanus n-ii 3amutel (A) IOJMKeH YROBJIETBO-
I Gl I JI
PATb ABYM YCJIOBHAM: 1c,3n//korc(k'r0KT KT) max WU 1c¢an= re X

X (kroxslestnty) max. TIptt krox<<l TOK Its: MOMeT, TAKHM 06-
pa30M, yMeHbIIaThes, a ki yBeJHUHBATBCH TO CPaBHEHHIO CO
cJydyaeM OTCYTCTBHs moanutkd., Heo6xoauMo oOTMeTHTb, UTO
B ceTsiXx ApYro#l KoHdHrypailHu, HalpHMep IpH HAJHYHH HA
CMeXKHOM yuacTKe JBYX NapaJjjeJbHuX Leneidl, krxs  Oyzer
6osbie 1, esa 6yneT yBeJHUHBATBCH, & 3R YMeHbIIAThC.
BnepBeie B mpakThke Bhibopa mapamerpoB Il crymeHelt Rrox
6bl1 BBeflen CP3uY TIIl B nauase 30-x rogos (A. B. Bap-
3aM) TpPHMEHHTEJBHO K AHUCTAHIHOHHBIM 3alHTaM.

5.7. BBEAEHHME B TOKOBbLIE M TOKOBbIE HAMPABJIEHHbIE
SAWMTLH 40NOJIHUTENbHLIX OPFTAHOB HAMPAXEHUA

KomOuHHpoBaHHBIE OTCEUKH 1O TOKY H HANpSIXKEHHIO
(c MHHHMaJbHBIMH peJle HanpsokeHHs) OblIM pa3paboTaHbl
CP3u¥ T3II (A. I'. Tesopkos u ap. [1]) B nauase 30-x ronos.
Onu o6biuHo npeacrapsior 11, a unorpa u | crymenu sawmur or
MHorogasipix K3, celeKTHBHOCTh KOTOPHIX NPH MOBPEXKACHH-
SIX BHE 3alipIaeMOf 30HBH JOCTHraeTcss KOMOWHHPOBaHHOM
OTCTPOHKOH 1O TOKY H Hampsikeruto (aast Il ctynenu u no Bpe-
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MeHH cpabaTbiBanHs). OHH yCHellHO IpHMeHsIHCh, HallpuMep,
aast 6osee 3pdexTuBHON orcTpoiikn ot K3 3a tpanchopmaro-
paMu. g obecneuenns: celeKTHBHOCTH npH BHellHHX K3 U s
u lcs TpebywoT ocoboro Mexay coboil corgacoBaHHs. CxeMEl
¢ paccMaTpHBAeMBIMH OpraHaMH OTHOCHTeJbHO cJaoxHH. [lo-
3TOMY B HacTodliee BpeMsi NPH HeoOXOAHMOCTH 0OBLIUHO OT/A-
ercs mpeinouTeHHe Gosee 3GdeKTHBHBIM OpraHaM cONPOTHB-
JeHust (cM. rJI. 6), BHIMONHSEMBIM, HAIIDHMED, Ha MHKPO3JeEK-
TPOHHOH 3JleMeHTHOH 6a3e,

[TpuMeHeHHe NOTMOJHHTENbHBIX OPraHOB HANpPSIKeHHs AJs
NOC/IeAHHX CTYNMeHel (MakCHUMaJbHBIX TOKOBBIX 3aIUHT) BIiep-
Bble OBLJIO peasjH30BaHO 1o npepdoxeHuio CP3uy TOI1

A I>I ad max

P
Puc. 5.16. TIpuMep sawur cetn qms
KOTOPBIX ~ HelleJecooGpaseH KoMGH- ) Hazpyska
HUPOBAHHBIH Tyck 10 Iy u Uy K (eZ,~035Z,

52

ocT

(J/1. E. ConoBbeB) B cepeaune 30-x rogos ajsi 3alMHTHl reHe-
patopos ot BHellHHX K3. Tam ux npuMmeHenue (TakxkKe H is
3alUUTH MOBBIMAIOMHX TpaHCHOPMATOPOB), KaK Ha HOCJTes-
HHX 3/leMeHTaX CHCTEeMBI, 0Ka3aJoCh ONPABAAHHHIM H ofeclle-
YHJIO0 BO3MOXKHOCTb BbI6OpA /c,s MO YCJOBHIO OTCTPOHKH TOJb-
KO OT [uow (Hampumep, oT Juow,r reHepaTOPOB, MAKCUMANbHEIL
paounil TOK KOTOPEIX KPATKOBPEMEHHO MOXKET NOCTHMATb 3Ha-
uenuii 1,5—2 HOMHHAJIBHOTO TOKa [how:). B nocJeyiolne
roael pesefiutkaMu MocsHepro yKasaHHblii Opran HauaJ ocy-
IeCTBAATbCS Gosiee 3¢ PeKTHBHO ¢ TpUMeHeHHeM IBYX peJe
HaNpsKeHUs1: OJIHOTO — MHHUMAJILHOTO (BMeCTO Tpex), Apyro-
PO — MakcHMaJ/ibHOTO 00paTHOH nocgenoBatebHOCTH. Ha
JMHAAX, HAaNpUMep B paclpefesuTe/bHOH ceTu (puc. 5.16),
Tagas OTCTPOHKA OT /pas MOMKET OKA3bIBATHCS 3ATPYAHHTENb-
HOH, Tak Kak npu K3 Ha onHoM u3 mpucoennHenwuii Hampsike-
HHe OyneT OZMHAKOBO M3MEHSITbCS Ha BCex NpHCOETHHEHHUSIX,
a TOK B HeNOBPeKIEHHHIX NpPHCOEAHHEHHAX, HATNpPHMEp NpH
K® Moxker 6BITh 3aMeTHO GOJbIIHM naxe ux Ipas max B CBSI-
3H C TeM, YTO CONPOTHBJ/IEHHe OOPATHOH MOC/ELOBATENbHOCTH
ABHrATeJeH HATPY3KH MeHblle X CONPOTHBJEHHS HPSIMOH Mo-
Clle[1oBaTeJIbHOCTH (CM. 1. ).
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5.8. ObLLLAS OLIEHKA TOKOBbIX U TOKOBbIX HAMPABNEHHbIX
3ALUMT, BKNHOYAEMbBIX HA MOJIHbIE TOKHU M HAMPAKEHUA DA3

CoyeranHe pacCMOTPEHHBIX CTYHNEHUYATHIX TOKOBBIX H TOKO-
BEIX HANPaBJIEHHBIX 3aLUHT IIPHHUHIHAJLHO J14€T BOSMOXKHOCTH
3aluilaTh 0T MHorodasunix K3 cerb J1060H KOHQUrypaluHH
¢ JIOOHIM YHCJAOM HCTOUHHKOB: IuTanusa. OaHaKo NpaKTHYECKH
OHH C yueTOoM OOIIHX MpelbABJseMbX K 3allUTaM Tpeﬁogaﬂmf
{cM. ra. 1) yacro HMEIOT pHAJA CYUECTBEHHBIX HEJ0CTATKOB:
1) samurocmoco6roCTH ¥ KO3(GdUIHEHTH YYBCTBHTEABHOCTH UI
1 Il crynmened cylecTBEHHO 3aBHCAT OT PEXKHMOB paboThl ceTel
H HEKOTOPHIX APYrHX (AKTOPOB ¥ MOITOMY B psje cJayuiaes
OKa3bBAIOTCS HEY/I0BJETBOpHTeNbHBIMHU, 2) nocaegnue (I1II)
CTYyIleHH AJII MHOTHX BHJOB ceTell He MOryT ofeclieuHBaTh He-
00XONMMOH YYBCTBHTENBHOCTH H CEJEKTHBHOCTH HecpabaThi-
BalHs; HeOOX0AHUMO, OHAKO, OTMETHTh, YTO CEJNEKTHBHOCTb He-
cpaaTbiBaHHs NMOCJAELHHX CTYIEHEeH MPHHIHIHAMBHO IpHCYLIa
H APYTHMM BHJaM 3alIHT C OTHOCHTEJbHOH CeJeKTHBHOCTBIO, Na-
J)Ke JTHCTaHUHOHHBIM (cM. . 6).

C yueToM 3TOr0 TOKOBBHE H TOKOBBIE HAIpaBJEHHBIE 3allly-
THl KaK 3alluTel oT MHorodasunix K3 mpeuMyliecTBeHHO He-
MOJIb3YIOTCSA B paclipele/uTebHbIX CeTAX ¢ OAHHM HCTOUYHHKOM
muraida npH Unow<(35 kB, uuorga npu 110 kB, manpumep
C NMPUEMHBIX CTOPOH T'OJIOBHHIX YYaCTKOB KOJBIEBOH CETH, KOr-
Aa 3alUUTHl MOTYT OBITh BHIIOJHEHB! (€3 BHIAEPKKH BPEMEHH.
3HauuTeIbHO JYYILHE NOKA3ATeNH HMEIOT TOKOBHIE H TOKOBHIE
HalpaBJieHHble 3allUTH HYJEeBOH MOcJeJ0BaTeNbHOCTH, pac-
CMaTpHBaeMble HHXKE. ‘

5.9. TOKOBBIE U TOKOBLIE HAMPABAEHHBIE 3ALLMTSI
HYNEBOM MOCHEAOBATENbHOCTU CETEM C FNYXO3A3EMNEHHbIMM
HEUTPANSMMU

TOKOBBIMH M TOKOBHIMH HalpaBJeHHBIMH HYJeBOH IOcCJe-
AOBATENbHOCTH HASBIBAIOTCA 3AUIMTHI, LelH TOKAa OpraioB KO-
TOPHIX BKJIOUAIOTCSI HA COCTaBJAKIIHE HYJEBOH IocJe10Ba-
renbnocTH lo (00biuno 3lo), a uemH HampsKeHHs (mnst
OHM) —ia cocTabJisilolIHe Uy (3Uy) coorsercrpento (pas-

HbIX TOKOB M HalpsXKeHHH, BKJOueHHe 3allUT Ha COCTaBJSIO-
IIHe HYJeBOH MocJel0BaTe/bHOCTH ofeclieuuBaer psj Ipe-
HMYLIECTB [0 CPABHEHHIO C PACCMOTPEHHBIMH Bblme1 Bapﬂé(iIHI;
TaMH 3alIUT, HCIOJNb3YIOAMH Aisi AedictBusi npu KO u K

MOJIHBle TOKH M HampsKendsi ¢pas. OCHOBHBIMH H3 HHX SBJSA-
I0TCS: HE3aBUCHMOCTh paboTel OT palounx TOKOB, B KOTOPHX
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cocrasiisiloliHe /o OTCYTCTBYIOT, YTO Aae€T BO3MOMKHOCTH Bbi-
NOJIHATE MOCJEIHHE CTYNIEHH 3alilT BeCbMa YYBCTBHTENbHBIMU;
Gosiee pe3kHil cmaj TOKOB [y BIOJb 3allMINaeMofi JHHHH 1pH
K® u KW, rak Kak ypesbHbe Zp; 60Jblle 21, YTO yJayUlIaeT
samuTocnoco6nocts I u Il cryneHeit samur; ymenbluenne ypOB-
HA BHIACPXKEK BPEMEHH IOCJCAHHX CTyNeHeH 3alluT, 0COGeH-
HO HpH DAa3leJeHHH CeTed CMeXHBIX HaIpSIKEHHH B CHCTeMe
(nampumep, 110 u 35 xB) TpaHc(hopMaToOpaMHu; OTCyTCTBHE
MeptBhiX 30H y OHM, nockosbky mpn 6auskux K3, koria
[IOJTHBIE HAMNPAXKEHHS MOTYT OnThb MagabiMH, U, HMeOT Hau-
60JIbllIMe 3HaYeHHSI. )

K venocraTkaMm samur, BRKIIOYEHHBIX Ha Iy u Uy, 1o cpabue-

HHIO C DacCMOTPEHHBIMH BhIllle KpOMe OYEBHIHOIO OCHOBHO-
PO~ MPHTOIHOCTH N/A jelCTBHA TOMbKO mpH KM y KU1 (npy
K® u K® rakue samursl ne paboTalor) oTHOCATCH MaJas
MPUCNIOCOGIEHHOCT A5 caydasi paGoTHl JHHHE B JJHUTEJbHBIX
HEMONTHOMA3HEIX PeKHMaX, XapaKTePHbIX HAJHYHEM COCTABJIS-
omux fo u Uy, BO3MOKHOCTD CHABHOTO BIAHSIHHS Ha HHX B3aH-

MOHMHAYKUHH (cM. TV, 1), B ocobennocru MeXAy mnapadjedp-
HEIMH, GJIM3KO DPACIONIOXKEeHHBHIMH LelsMu JIHHHH, YXYAllaio-
Iued MapamMerpbl 3allUT M YCAOKHAIOMEH Hx BHOOD, H
HeOOXOJAHMMOCTb YUHTHIBATH BCE 3a3eMJEHHbIE HeATpaJu aBTo-
TpaHchOpMaToOpoOB (TpanchopMaTOpOB) Kak HCTOUHHKH cO-
CTaBJAOUIHX HyJeBHX MOC/e0BaTelbHOCTel (B 6OJblUell Me-
P€, UeM 1Ji4 3alllUT, HCIOJIb3YIOUHX MOJHLE TOKH H Hampsixe-
HHs has).

B psage sonmpocos pacuer samur HYJIEBOH TOCJIEf0BATENb-
HOCTH, B ocobennoctd aas I u II CTyI€HeH, BO MHOTOM MOJO-

OeH pacyerTy 3allHT, BKAIOUYEHHBIX Ha MOJIHbIE TOKM H HAIps-
XKenus ¢as.

B Coserckom Coiose merogam pacuera TOKOBBIX HalpaB-
JICHHEIX 3aLHT HYJEBOH MOC/EL0BaTebHOCTH, YUHTHIBAIOIHM
BCE NEPEYHCICHHBIE HX OCOGEHHOCTH, GBLIO yAeaeHo ocobedHo
60/IbII0e BHUMAaHHe, HAUHHAS npumepuo ¢ 1940 r., koraga 6eiio
NIPHHATO pelleHHe OPHEHTHPOBATBLCS HA WX NPUMEHEHHe B ce-
19X ¢ Unow=110 kB aas neficTsus npu K3 Ha seMmJaio BMecTo
AHCTAHIUOHHBIX 32LIUT, KOTOPHE B T€ rOAL He HMEJH YAauHBX
HCIOIHeHHA /s paboThl NpH 3ToM Buge K3. Paccmarpupae-
MBI 32IIUTH, KaK yXKe OTMeYaJ/loch, 4 B HACTOsllee BpeMs LIH-
POKO  TNPHUMEHSIOTCH B YKa3aHHBIX CeTAX Kak pesepsHble,
a HHOT/@ H KaK OCHOBHBI€ CO CTYNEHYATHIMH XapaKTepHCTHKa-
MU BBIACDIKKH BpPEeMeHH.

Heranbuast, ¢ rogaMu yrounsemas u yrayGasiemas paspa-
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60TKa MeTo0B pacdera 3aliuT BhNOJHsAJace B CP3uY TOIl
(reniepp DCIT) HeckOJBKHMH NMOKOJ/IEHHSAMHU Pe/IeHILHKOB, B NO-
c/efHHe TOAbl — C CYLIeCTBEHHBIM HCNOJb30BaHHeM paboT

HIIM (A. J. Hposmos, A. C. 3acwinkud u ap.) u HOxHoro .

ornenenns DCI1 (I. B. Bepaos u ap.) no yyery GpPOCKOB TO-
KOB HaMarHu4uMBaHus TpaHc(opMaTopoB (aBTOTpaHcPopMa-
TopoB) (cM. ra. 1). Io HuM Bhmywenb ABa usaanus PY, no-
ciaenHee — [36]. TlosToMy HHKe TOJBKO KPAaTKO OTMeEUaroTCd
HeKOTOpble MPHHLUNBl 3THX PAacyeToB, B MEPBYIO ouepelp A/
OJIHHOUHBIX JHHHH, KOrja OTCYTCTBYeT 3)({EeKT B3aUMOHHIYK-
ITHH.

OcoGeHHocTH BbhIOOpa mMapaMerpoB cpaGartbiBands [ cry-
neHedi, [1pu BHIGOpe 1L, [OTOJHHTEJBHO K YCIOBHIO OTCTPOMKH
OT pacyeTHOro [xsu max HYJAEBOH MOC/]e10BaTeAbHOCTH TipH K
win KO- B 3aBHCHMOCTH OT TOrO, KOraa oH GoJpiue (cM. ri. 1),
B 0o0lLieM cjydae paccMaTpPHBAeTCsl TaKxke OTCTPOHKA OT He-
nosaHogassoro pexuma ¢ 3ox,p, NOABJSIOIErOCs BeCbMa Kpat-
KOBPEMEHHO 3a cdYeT HeOJHOBPEMEHHOCTH BKJ/IOUeHHs (a3 BHI-
kiaoyateJss npu AIIB junnu u 60aee JJHTEJNBHO B IHKJE
OAIIB. Orctpoiika lcs 1O TepBOMY JOMOJNHHTEABHOMY YCJIO-
BHIO MOxeT He TpeGoBaThCsi, ecAH NpHaaTh HebGoJbiloe 3a-
MeJaJeHHe BBIXOAHBIM opraHaM 3aliuTh. B 3TOM ciydae He-
06X0IUMO YYHTHIBATH BTOpOE JAONOJHHTE/IBHOE YCJOBHE,
ecan B nukge OAIIB cTylmeHb aBTOMAaTHYECKH He BBIBOAUTCSA
13 pabotel. OtcTpofika li,s OT TOKOB KauaHHH He Tpebyertcs,
Tak Kak OHH cocTaBJsiiominx [o He uMetor. Kauanus, Kotophe
MOTYT HMeTb MecTO Ipu BHewHux K3 Ha 3emJio, Takxke Ipej-
CTaBJSIOT He pacyeTHHIH cjy4all, Tak Kak TOKH /¢ GHIBAIOT TeM
Menbile, yeM OGoJblie yroa & Mexay Bektopamu IJIC (aBa-
puitHoe HampsikeHne Uiz H ero cocTaB/siiolliHe B MecTe INO-
BPEXK/JEHHST CHHMKAIOTCS ).

Oco0enHocTn BbIGOpa napamerpoB cpabGaroiBanus Il cty-
nedei. J{ONOJHHUTEABHEIM yCJOBHEM SIBJsIETCH HEOOGXOAUMOCTH
COTVIACOBAHHS C 3all(HTAMH HYJieBOH MOCJENOBATENBHOCTH aB-
ToTpaHchopMaTOPOB B CJAyuae YCTAHOBKH NOCJeAHHX Ha MOA-
cranuusx. Heobxoauma rtakke NMpoBepKa HejeHCTBHs CTYNEHH
o] BJHSIHHEM TOKOB He6aJsiaHca.

OcobenHocTy BmOoOpa napameTrpos cpaGaThiBaHMA NOCJEN-

#ux (I11) crynenedi. [/1s1 mOc/ieAHHX CTyleHell, KaK H [/ 3a-

IIUT, BKJAIOYaeMBIX Ha MOJiHble HampsiKeHUsa U TOKH ¢as, BH-
JlepKKH BPeMeHH BBIGHPAIOTCS MO CTYNCHYATOMY HJIH BCTPEUHO-
cTyneHuatomy npuHuuny. Huxe (puc. 5.17) paccMaTpuBaior-
Cfl ABA CJYy4Yds NpUMEHeHHs IMepBoro npuHuuna. Ha puc.5.17,4
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NoKAa3aHa Teno4yka OJHHOUHBIX JHHHE C OLHHM HCTOYHHKOM
NHTaHHs B BHAe 6/10Ka reHepaTtop — TpaHcdoOpMaTop ¢ 3azeM-
JIEHHOH HEHTDPAJIBIO H TPaHCPOPMATOpAMH C H30JHPOBAHHBIMU
HEUTpAJIAMH Ha MOHHXAIOWHX NOACTAHIUAX (Caydall, BO3MOXK-
HbI 171 ceTH 110 kB, nouuxarwmiue TpaHC(i)OpMaT(’)pr KOTO-
poH MOIyT IO YCJOBHSIM H30JsUuH paGoTaTh Ge3 3a3eMJieHH
HeHTpasei). 3amnTta /|, BK/IAOYeHHAs Ha GJoKe JUHHS —
TPaHCPOPMATOP, BBHIIONHACTCS 63 BbAEpIKKHU BpeMeHn (f;<<
<0,1 ¢), rak kak npu K3 3a nouuxarmomum TpaHchopmato-

KA.

I, -
|
}

5)

5 .
Puc. 5.12. Tokopas cTyneHuaras sallHTa HyJeBOH MOCJE[0BATENbHOCTH pa-
JHaNbLHOH CeTH

pom Toku [y B Hel He mosBasitorcs. C ydeToM mocsenHero npu
orcytetBUH YPOB fo=1+At~ At. Tloayuatomuiics IIpH 3TOM
BBIHIPBILL BO BpeMeHax cpaGaThiBAHUS MO CPABHEHHIO C 3alU-
TaMH, BKJIOUEHHBIMH Ha NOJIHBle TOKH (a3, HIJICTPHpPYeT
Anarpamma, IpHBeJEHHAS HAa ITOM Ke PHCYHKe.

Ha puc. 5.17,6 uso6paxena takas xe memouxa AHHHE HO
Ha TNOHMKAIOIHX MNOACTAHLUHSAX yCTAHOBJEHBI aBTOTpaHC(i)Op-
MaTopbl (4acTelil ciaydaii) uau TpaHc(OpMAaTOPH ¢ 3a3eMJeH-
HBIMH HeHTpanaMu (06bIUHO 1M Upon==220 kB). 3tu asro-
TpancdopMaTopsl (TpaHCcPOPMATOpH) SIBAAIOTCH KAK Gbl He-
TOYHHKaMH TOKOB HYJ/IeBOH IOC/IeL0BaTeNbHOCTH (cM. ra. 1).
Kasanocy 68, nostomy s saumter cetu cleayeT HPUMEHHTh
BCTPEYHO-CTYNeHYATHIH NMPHHIHI BHIGOPA BHAEpIKEK BpeMeHH.
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QOnHako Tak IOCTYIaTh HeT HeOOXOAHMOCTH, MOCKOJIbKY TaKHe
HCTOYHHKH NHTaHuA (QYHKUHOHHPYIOT TOJIBKO [0 MOMeEHTa OT-
KJIOUEHHS NHTAIOUHX HX JUHHA. Jlis mpefoTBpalieHHs XKe
H3JHLIHero AeHcrBua samut I u 2 mpu K3 Ha 3eMJio B MHTa-
Iollell ceTH OCyllecTBJ/sercss HX OTCTPOMKa BHIOOPOM COOTBeET-
CTBYIOIMX TOKOB cpabaThiBaHus fc,s1 H [c,s2-

OcHoBHas 0cOGeHHOCTh B BbiGOpe [c,s 3aK/I0YALTCS B BO3-
MOXKHOCTH OTCTpamBath lcs TOCJHEAHHX CTyNeHed, paboraio-
KX C BBIAEPKKOH BpeMeHH, TOJIbKO OT pacyeTHhIX HepBHYHBIX
TOKOB He6GasaHca [usmpace (CM. TJI. 3), KOTOpbie ObIBAIOT 3HA-
yyuTeJbHO MeHblIe [pas maxr. 14K, HaOpHMep, AJs CeTH Ha DHC.
5.17,a Ica1 u Icsz OTCTpanBaoTea TOabKO OT [us mpn K©®) sa
TpaHcdopMaTopaMH MOJCTAHUHH HPOTHBOMOJIOXKHBIX KOHIOB
y4aCcTKOB, OTKJIOYaeMblX C BblAepXKKaMH BpeMeHH, PaBHbIMH
BbiJep:KKe BPeMEHH paccMaTpuBaeMOM 3alIUThl HJH GOJIbILIH-
MH Hee, W cOrJacyloTcsi MexAay cOoGoi II0 YYBCTBHUTENBHOCTH!
Ies>Tusnpaca U Ics2>1cs1. B psifle ciydaeB HmpPUXOAMTCS, Of-
HAKO, YUHTHIBaTh [JONOJHHTEJbHbIE, Gojlee TsKelble yC/IOBHH,
HeKOTOphle U3 KOTOPHIX YKa3aHbl HHXKeE.

Jlasi samur cetd mo puc. 5.17,6 mnpu TtpaHcpopmaropax
¢ 3a3eMJIeHHBIMH HeHRTpaJ/isiMH Ha HNOHHXKAIOIMHKX HOJACTaHUHAX
Jes AOJPKHBI OTCTPAHBATbCA KaK OT [u6,npace pH K(* 32 TpaHe-
(opMaTOpaMu NOACTAaHUHA, Tak H OT TOKOB 3o, TeHepupye-
MBIX YKa3aHHBIMH 3a3eMJIeHHBIMH TpaHcpOpMaTOpaMH HpH K3
Ha 3eMJi0 B muraiomefl cerH. JlJs OTCTPOHKH OT NMOCJ/EAHHX
YacTO NPHXOAHTCH 3arpybJsiTh 3alIUTHl HJH BBIIOJNHATH HX
HanpaBJdeHHHIMH. ECIH CTPeMsTCs BHIIOJHUTH 3alluTy [ MO
BO3MOXKHOCTH OBLICTPOAEHCTBYIOIeH, yUHTHIBaeTcs Takxke yc-
JI0BHe OTCTPOHKH ee [cs OT COCTaBJsIOUHX HyJeBO# MOC/eNo-
BaTeJbHOCTH OpOCKOB TOKa HaMarHWUMBaHHS, KPaTKOBpeMeH-
HO TOSIBJSIOIHXCS NPH HEOJAHOBPEMEHHOM BKJIOYEHHH (a3
BHIKJOUaTedeM (B IpeAblAylIeM c/ydae HX He MOIJIO ObITb,
TaK KaK HeHTpaJH MOHHKAIOUIHX TPaHCHOPMATOPOB OBLIH H30-
aupoBaHbl). Kak ye ykasblBaJOCh, METOJBI pacyera 3THX
6pockoB OBIM  feTalbHO pa3paboTaHbl MOJ PYKOBOACTBOM
A. 1. Oposmosa (HIIHM). Yayuimienne oTCTPOHKH OT HHX TakK-
xe paspabarwsisasock 8 HITH (A. . Hposnos, B. B. Ilaaro-
HOB u ap.). Hdus cereit 110—330 kB orcrpoiika 06HYHO OCy-
fecTBJAseTCs He 1m0 [c3, 8 N0 BPeMeHH cO34aHHs HebOJbLIOro
3aMejsieHusi 3amuthl. g samut cerd mo puc. 5.17,6 mpu
aBTOTpaHchOpMaropax Ha MOJACTAHUHAX B 00LeM cJjyyae MpH-
XOJMTCA YUHTHBATb ellle C/eAylollee ycjaoBHe. ABTOTpaHcpOp-
MaTophl CO CTOPOHBI CPe/iHero HampsiKeHHs paboTaloT Ha CeTb,
OKa3elBalOIIYIOcs Beerga paboraiomell ¢ 3a3eMJeHHOH HeHT-
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paabio (aBToTpaHcpopmaropa). Ilpu K u K4 B 310H cern
MOSBJSAIOTCSA TOKH [o B 3alllHIaeMOJi IleloYKe JIHHHA BBICLIErO
HalpsXKeHUsl, NMOITOMY ee 3allluThl IO TOKaM cpabarhBaHud
U BBHIAEPXKKAM BPEMEHH HOJKHBI OBITH COIVIACOBAHH C 3allH-
TaMH HyJ/eBoH mocJejoBateabHoctH 0T K3 Ha 3eMso B ceTH
cpejiHero HalpsKeHHus.

B o6umeM cayuae OpH Ha/JHYMH B 3alHINAEMON CeTH He-
CKOJIbKHX HCTOYHHKOB NHUTaHHS (CTAHIMH) AJa8 [OCJAeTHHUX
(a MHOI'Ia M BTOPBIX) cTymeHel 3amlUT ¢ HeGOJAbIHHMH Bhi-
AepXXKaMH BDEeMeHH BO3HHKAeT HeOOGXOAHMOCTb OTCTPOHKH OT
TOKOB HebGajlaHca NPH KadaHusX. Heo6X0AHMO Taxk:Ke CuU-
TaThCsl C BO3MOXKHOCTHIO PabOTHl B CETH HEKOTOPHIX, OGBLIYHO
TYNHKOBBIX YYacTKOB B JUIHTE/bHOM HeNOJHO(DA3HOM perKHMe
(HampuMep, NPH TPOBe/leHHH NMO(A3HOrO PeMOHTA MOJ HAMpS-
xKeHueM). B 9ToM cayuae ux samura noMKHA oTcTpamBaThes
OT 3TOr0 pexxuMa (ecjiH He BHIBOAMTCH H3 paboTH), a 3a-
IUTHl  IDYTHX yYacTKOB CJelyeT INpPOBepsTh MO YCJIOBHIO
]c,a>korc (]HG,n,paC‘{ -+ 3]0H,p) /kn, rae ]H6,n,pacq COOTBETCTBYET
lpa6 max HemOBpeXKJeHHOrO y4actka, a Jowp— TOK Ip Ha Hero-
BpEXKAEHHOM yuacCTKe, ompeje/sieMblli HeCHMMeTpHeH, BO3HH-
Kaiolled 13-3a paboTHl APYroro yyacTka B HelOJHO(pa3HOM pe-
xuMe. C pyrodt CTOPOHBI, MOTYT HHOIZA BO3HHKATH /S Ha-
IpaBJ/EeHHBIX 3alIHT OfJlerdyalomue yC/lOBHs, ONpejenseMble
KOHEeuHOM uyBCTBHTespHOCTRIO OHM no Hampsienmio cpaba-
THIBAHHS. B HeKOTOPHIX ciyuasx, HampuMep HpH KauaHHSX,
Uo orcyrerByer u mostoMy naxe 60bline Iws, BO3MOXHO, He
cMoryT oGyc/oBuTh cpaGatniBannio OHM, a CJIeIIOBaTe.III’)HO
H 3aI0ITH B L[eJIOM. ’

HyscTBHTEIBHOCTL MOCJAEAHHX, KaK u Il crymeneit samwur,
Xapakrepusyercss ux Ry, omlpenenasieMsiM TokoMm 3/p B pacuer-
HpIX Toykax npu K u KV (Bropo#t ciyuait MeHee HHTepeceH
anst 11 erynenu, ecaim mpu MHorodasupx K3 paGoraer Gosee
COBepllleHHAsl JAUWCTaHUMOHHas 3amura). HeobxomuMo orMe-
THTh, 4TO YYBCTBHTE/JBHOCTb (B MepBYI0 odYepeAb NOCAeLHeN
CTYNEHH) MOXKEeT OrPaHHYHBAThCS KOHEUHOH YYBCTBHTEJNbHO-
cthio mo HampsxkeHuro OHM. C yuerom stroro OHM unoraa
BKJII0YAIOTCSl TAKUM 06pasoM, 4To mpH cpabaThiBaHHH GJIOKH-
PYIOT 3alluTy HOPH HanpasJjeHnu MolHOCcTH K3 K muHaM (cxe-
Ma ¢ Gaokupylomum OHM) H coOTBeTCTBEHHO paspewiaioT ee
cpaGarbiBande npu K3 B salylaeMoM HamlpaBJ/ieHHH BHe 3a-
BucuMoctd oT 3HadeHuHd Up um [p. O6niunas cxema ¢ OHM
cpabaThiBalOUM [pH HalpaB/JeHHH MomHoctH K3 ot mm;
B JIMHHIO, Ha3blBaeTcs cxeMoil ¢ paspemaipomum OHM. Cxema
¢ Gaokupywomum OHM past yeTpanenHss MepTBHIX 30H pac-
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CMOTPEHHBIX BhIllle 3alIHT, BKJAIOUEHHBIX Ha NOJNHBIE TOKH H Ha-
NpsizKeHHs (a3, CUUTaeTCs] HepallHOHANbHOH.

IIpu ucnoabsoBaHun cxeMmul ¢ O6aokupylomnM OHM Tok
cpabarbiBaHHSI COOTBETCTBYIOLLEH CTYNEHH 3allUThH HEOOXOaH-
MO COTJ1acOBHIBAThH 1O uysBcTBHTENARHOCTH ¢ OHM nnst mpepot-
BpallleHHs] HENPAaBHJbHOrO AEHCTBHS 3allHTH NpH HalpasJe-
Hun MomHocTH K3 k wnHaM B cayuae otkasa OHM n3-3a ue-
JIOCTATOYHOH UYBCTBHTENbHOCTH.

Oco6ennoctu BbiGopa TOKOB cpabaTbiBaHMA 3aWIMT mapad-
Jeqabubix nenei. Ilpu BniGope TokoB cpabarbiBanust 1 u 11
CTYNIEHEH 3aIUTH NapaJJieJIbHBIX lieNeld, HMEWIIHX MeX1Y COo-
0off 3HAUHTEJNBHYIO B3aHMOHHAYKIHIO (HaNpHMep, MOABEIIEH-

A I,:IJ b A4 I b
p '-D—K——EH
r‘.II.‘f _5 a) 1 .Z 8)
17 T 1 DI‘J'I’ D_JB
H
K K _
== I_— I_— - 3) = }‘ZL)'I 2)

Puc. 5.18. PacueTHble ycjioBus Aast BHGOpa TOKOB cpaGaThiBaHHS 3allHT
HYJIeBO# TOC/AE0BATeNbHOCTH 1apa/uleJbHBIX Henel

HBIX Ha OGMIHX ONMOpax), BO3HHUKAIOT JOTOJHHTENbHHE YCJO-
BHusi, OHH CBOJSITCS B OCHOBHOM K cJeiyionleMy. Tox Iis or-
crpauBaeTcs oT TOKa npH BHewnux KO KD p pexumax
(puc. 5.18): npu pabore OAHOH LieNH M 3a3eMJEHHH BTOPOH
(orkaoueHno#) ¢ o6enx cropoH H K3 na 3emmio B Hauaje
cMexkHoro yuyacrka (puc. 5.18,a); npH kackKagHOM OTKJIOUe-
HUH BTOPOH lend, uMetomelt K3 Ha koHue, 6uxaileM K Me-
CTy BRJIOUEHHSI paccMaTpHBaeMol 3auutel (puc. 5.18,6). 3a
CUeT B3aHMOHHJYKIMH TOK B 3aUIHTe B HEKOTOPBIX CJAydasix
OKAa3HBAETCs NIPH 3TOM ja)e 6OJbLIHM, YeM B IEPBOM clyuae.

Tok It oTcTpauBaercst oT TOKa npH BHewHux KO, KOD:

I o
B KOHIe 30HBI [B, 3aluuaeMol | cTyneHblO 3amuTHl NpPEAB-
NYMIEro y4acTKa, KOrja Ha [JaHHOM BKJKOYeHa OJHA Iellb,
a BTOpast OTKJKUeHa H 3azeMJeHa ¢ 0OeHX CTOPOH (pHC.
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5.18,8); B KOHUe 30HEL, 3amHMmIaeMOH | CrymeHblo 3allHTHI,
BKJIIOUEHHOH Ha IIPOTHBONOJOXHOM KOHIE BTODOH Lend (pHC.
5.18,2), npu K3 Ha nocneiHefl ¥ KacKajHOM ee OTKJIOUEHHH.

YkazaHHBIe YCJOBHS SIBASIIOTCS OOBIYHO BE€CbMa THXKEJBLIMH,
H HX yder yxyawWaer 3amury. Mas o6JerueHust pacueTHHIX
yCIOBHA BO3MOKHB, HalpHMED NPH CO3JaHHH PEXHMOB IIO
puc. 5.18,a U 6, N3MeHEHHs MapaMeTpOB 3alHT HJH JaXKe Ca-
Mux cxeM 3amur. OHAKO B paccMaTpPHBaeMHIX 3aLHTAX B OT-
JHYHEe OT AHCTAHIHOHHBIX (CM. rJl. 6) OHH MOJIHOLEHHOrO pe-
IIeHUST He JAIOT H He HCNOJb3YIOTCS.

5.10. OPTAHbI HARNPABJIEHHMA MOLLHOCTM M CXEMbl UX BKJIKOYEHUA
HA HANPSKEHUA 1 TOKU

Boinoanenne OHM o¢yukuuit  ¢ukcanum HanpapIeHHS
momuoctd K3. Xapakrepuctuueckofi Benuunnoii OHM sBas-
ercst yroa capura ¢as Mexjy NoABOAHMBIMU K HeMy Up u Ip.
Hanpasaenne momuoctu K3 takxke xapakrepusyercs yraaMu
Mexay TokaMu K3 u cooTBercTBYIOMEMHU
HalpPSXKEHUSIMH, Y CJIOBHbIE IOJIOKHUTEb-
Hble HalpaBJeHHsT TOKOB MJst KaxKaof
3amuTH (CM. pHC. 5.6) TPHHATH OLHO-
3HaYHbBIMH (BHe 3aBHCHMOCTH OT MeCTa
K3) B cTopoHy 3ammumaemMoll JHHHH.
IIpn wmerannuyeckom K3, Hampumep,
y WHH noactadiuHy b B Toukax K’ uau
K” ocraTouHoe HampsiKeHHe HA IIHHAX L &”
b mo ¢ase ocraercs NpakTHUECKH HEH3-

MeHHBIM, TaK Kak olpejpensiercsd 3agan- Puc. 5.19. [eficTre
ot DJC (manpumep, £4) 3a Boiuerom OHM B cern ¢ asy-
NajeHHs] HaPSKEHHs 10 MecTa MOBpex- PCHHMM [HTAaHHEM
Henus y wuH 5. Paza xe Toka B 3amu-

Te & OyleT MO OTHOIIEHHIO K 3TOMY HANpPSKEHHIO H3MEHSTh-
s mpuMepro Ha 180° (puc. 5.19). ITostomy ee OHM, BrimON-
HEHHBI pPearupylOWMM Ha CcABUT (as MeXAy INOJBOLH-
MbiMi K HeMY Us u [, IpH IPaBHJBHOM HX COUETAHHH peart-
pyer u Ha Hanpasiedns moutnoctu K3 uepes samury 3, koro-
peie npu nospexpenusx B K" u K” 6yayT npoTHBONONOKHBIMH.

B o6wewm cnyuae mommocte K3, nanpasnennas yepe3 Me-

A A A AA

cro BKMIOYeHHs1 3awuthl, Sx=U,l,4-Uplpd-Uclc, tae 14, Is
A - = - - A

H [c — conpsizkeHHEle KOMIIEKCH TOKOB. Boipaxas U u I ye-
A

pe€3 CHMMETpHUHbIE COCTaBJsiOMmHUe, nonyuaeM Sx=3(Uals+
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A A
+Us2laz-+Uasolao). Takum o6pasoM, Sk ompejensiercss cym-

A
Mol npousbefennii U u I TOAbKO ONHOHMEHHEIX MOCJej0Ba-

teJabHOCTeH. MOXKHO TakXKe TOBOPHTb O (HKTHBHOH MOILHOCTH,
onpejensieMoll aBapUAHBIMU CJAralOIIHMH HANPSIXKEHUH H TO-
koB. Ilo aHanoruu ee MOXKHO NPEACTaBHTb Kak Skas=

A A . A
=3 (_UAlaB]Alas+liAZas]AZaB‘{"'gAOas[AOas). OCHOBHOG €e OTJH-
uHe ot Sk omnpejensercs nepsuM uieHoM ¢ Uaias, KOTOpOE
KOpeHHBIM o6pasoM oranuaerca ot Ui (em. rai. 1), umes Hau-
GoJbluee 3HaueHne B Mecrte nospexaenus (U Haumenbliee).

OcranbHble Y/IeHB MOTYT OTJHYATBbCS TOJNBKO B CJAyYasX, KOT-
Ja B pexuMax, NpejllecTBYIOIHX paccMaTpHBaeMOMYy, YiKe
HMesnach CymecTBeHHas HecuMMerpusi (mampumep, K3 Ha au-
HHH, OKazaBllefics B HENONHO(DA3HOM peKUMe).

Bunoansarecss OHM Moryr pearupyiomuMH Ha HampasJe-

HHSI MOILHOCTEH TOJBbKO OJHOH NOCHeI0BATENbHOCTH WJH, IpY-.

A
THMH cJIOBaMH, Ha casur ¢as Mexay U u I oTaenbHBIX mocie-
JOBaTeJbHOCTEH.

Has paceMorpennnx samur OHM Bkawuannch Ha NoJiHbIE
TOKM H HampsKeHHss a3 HJAH HX COCTABJAIIIHNE HYJeBOH MO-
caefoBateqbHOCTH. HuxXe OyleT TakXe paccMaTpHUBATLCA HX
BKJIOUE€HHe Ha COCTABJSIONHe 06paTHOH NOCAELOBATENbLHOCTH.
MoiHocTH 9THX HOCJef0BaTeNbHOCTEH, Kak MOKa3HBaer pac-
CMOTpeHHe NPHBEAEHHBX AJsT HHX BHIDaXKeHHH H JHarpaMM Ha
puc. 5.20 [1, 16], nanpasnenn ne kK mecty K3 (kak moJHble
U NpsSMOH NOCJeJ0BATeNbHOCTH), a HaobopoT, or Mecra K3
K IIHHAM MOJACTAHUUHA H janee K 3a3eMJEHHHM HeATpaJasam
tpaHchopMaTopoB H aBroTpaHchopMaTopoB (AJs  HYJAEBOH
HOC/NE0BATENbHOCTH) H HeATpassiM Kak TeHepaTOpOB, TaK H
HArpysox J6oro Bujaa (Aas o6paTHOH HOCJAEA0BATEILHOCTH).
Cpabarnisanine OHM B aByX HOCJEAHHX CAYYasAx AOJXKHO HO-
3TOMY IPOHCXOJHTbL HpH HampasJaeHHH momuocth K3 cootser-
CTBYIOLLeH NOCJ€J0BAaTENbHOCTH He OT IIHH B JIMHHIO, 4 OT JH-
HHH K. IIHHAaM., 1o 06CTOSATENbLCTBO YUUTHIBAaETCs MpH BHOOpE
tuna OHM u ero cxemn Brouenns Ha Up u Ip. Ha npunnune
e JeHACTBHS HaNpaBJeHHHIX 3alLUT 3TO HE OTpaxKaercd, HO-
CKOJIbKY HpH Nepexofe U3 3alulaeMOl 30HBE B He3allullae-

-~

myio yroa Uplp mo-npexHeMy uaMeHsieTcst npuMepro Ha 180°
[Tosromy TaM, rae 370 He uCKaxkaeT OOMIMX NPHHIUIOB, OGHY-
HO TOBOPHTCS O BO3MOXKHOCTH J€HCTBHS HaNpaBJeHHBIX 3aLHT
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Puec. 5.20. [InarpamMa H3MeHeHHs MOWIHOCTEHl MOCJEL0BATENbHOCTER BAOJIb
JHHHH H IPYTHX 9JIEMEHTOB CHCTeM NPH pasjHYHHX BHpax K3

IpH HanpaBJeHud MomHocty K3 or WnH B 3alyumaeMyio Ju-
HHUIO BHE 3aBHCHMOCTH OT cxeMm BKJIouenHss OHM wna Up u I,.
Bxaiouenne Ha cocrasasiomue NPSAMOf  TOCAEHOBATENBbHOCTH
OCYMIECTBJATL HelienecOOGPasHO, TaK KAK [PH HECHMMeTPHY-
HeiX K3 MomHocTs npsiMoi NOCNe0BATENbHOCTH, ONpefeJsie-
Mas K3, MoxeT okasbBaTbes HANpaBieHHON IPOTHBONOJOKHO
MOLU.HOCTI/I“IIPHMOI:'I [I0C/1eJ0BATEJNBHOCTH, HepejaBaeMol 1o 3a-
WHILaeMOl JHHHH K HATPy3KaM.

U,[[pyraﬂ OUeHKa N0/XKHA OBITh AaHA COCTABJAIOLICH nps-
MOH TIOC/1€10BATENbHOCTH MOLIHOCTH Sk ap;. OHa H3MeHSieTCs
KaK M TMOJHAS Sx,as, BJAOL CHCTEMH! NOKOGHO MOIIHOCTSM OG-
PATHOH 1 HyJeBOH NOC/IeA0BATeNbHOCTEH (pHC. 5.21) u npak-
THIECKH He 3aBHCHT OT HAaIpy3KH.

@

i Pu_c. 5.21. NuarpaMa uamenenus aBapHii-
J HOM MOUIHOCTH NpSMOH NOCJEI0BATENbHO-

sn,aﬂ 1 Sw,0b 1
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[pensoxenne 06 HCHOIBL30BAHHH YIJIOBBIX COOTHOIUIEHHH
npu Sk,as Boepsbie 6ni0 cAenano B CCCP Ha kadenpe P3A
MBU (IO. A. Bapa6GaHoBEM).

Xapakrepuctuku OHM. Pa6ora 00BYHO HCHOJNb3YyEMBIX
OHM np# HysneBOM NMopore 4yBCTBHTENHHOCTH BHE 3aBHCHMO-
CTH OT MX BHINOJIHEHHS XapaKTepH3YeTcs [HamnasoHOM BO3-

-~

MOXKHBIX yrios cpabarmBanus @p=Uplp,=180° u onpeness-
eTcsl BEIpaskeHHeM
—(90° + &) <L @y, < (90° — o), (5.6)

rjie o.=const — HEKOTOPBIH YroJ, CHelHaJbHO CO34aBaeMEIll
nasa obecnedenuss yerkoi paborst OHM anis npHHATOR cXeMBl
ero BrJawoueHusi, Oprad He MoxKeT cpa6aTbiBaTh NPH HoABeje-
Hux Kk Hemy tosapko Up(lp,=0) uau Ip(Up=0), Tak kak He
6yaer ycJOBHs aJst cpaBHeHHst $a3 aAByX BesuuuH. Ilostomy
OHM wmoryr cpabaTeBaTh TOJBKO NPH KOHEUHBIX 3HAYEHHSX
U, u [p TeM MeHbIIHX, 4eM MeHbIIe HX MOPOr UYBCTBHTEJBHO-
CTH, HampuUMep NPOTHBOAEHCTBYIOIHA MeXaHHYeCKHH MOMEHT
y 3JeKTpoMeXxaHHuyecKHx opraHoB. C yueToM 3TOro BBEACHO
noHsitie 006 yrie MakCHMaJbHOH YYBCTBHTEJBHOCTH (p=
=@p max«, Npu KotopoM OHM paboraer npu MHUHHMAJbHBIX
3HAYEHHUSIX MOJABEACHHBIX BeJIHYHH. Yros o BBIGHPAIOT TAK,
4yToOBl OH GBI PABEH —@p max «. 1OTAA YCJAOBHE cpabaTbiBaHHsA
(5.6) npuoGperaer BuJ

- (900 - (Ppmaxq) < Py ‘<(900 + (Ppm.ax'l)' (57)

OcnoBubiMu xapaktepuctukaMu OHM  saBasiores:  yrio-
Basi — 3aBucuMoctb Ucp=[(@p) mpu Icp==const u BoJbT-aM-
nepHasi — 3aBucuMoctb Ucp=f(lcp) HUpH @p=const, n1aBaemas
OOBIYHO AJIS yIJa MAaKCHUMAaJbHOH 4YYBCTBHTE/JIBHOCTH, T.e€.
Pp.c=@p max«. YTJOBAsS H BOJbT-aMOEpPHAss XapaKTEPHCTHKH
B NPAMOYroJbHOl cHereme koopaunar mias OHM, mpuGamxa-
IOIHXCA K HAEAbHRIM (C NOPOrOM YYBCTBHTEJNBHOCTH, OJIH3-
KHM K HYJI0), T[peJACTaBJeHbl COOTBETCTBEHHO Ha  pHC.
522,au6.

Bua peasnbHBIX XapaKTePHCTHK OTJIHYAETCS OT H/€ajbHEIX
H B 3HAUUTEeJLHOH Mepe ompenensiercsi djaeMeHTHOH 6a3ofi, Ha
Kotopo#i Beimosinen OHM. Tax, wampumep, OHM, ocyuiects-
JieHHBle HA HHTErpajbHoli MHUKpO3dJeKTpoHHOH 6ase ¢ omepa-
LHHMOHHBIMY YCHJAHTESMH (CcM. I'J1. 2), uMeIOT paccMaTpuBaeMule
XapaKTepUCTHKH, OJH3KHe K HAeasbHBIM, YacTo HCHoJb30BaB-
mwHecs: paHee HHAYKUHoHHBle OHM, xapakrepusyemele B ycJjo-
BHAX cpaGaTrIBanHs Msu=RkUc pl. pcOS (Qc,p—@p max «) =
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=Mpuex,c, HMEIOT XapaKTeDHCTHKH, MNpHBEJIEHHHIE Ha DHC.
5.23,a u 6. 3a cueT HACHIEHHs MArHHTHOH CHCTEMBHl MpH
Goablinx Ip HX BOJBT-aMIEDPHBIE XaPAKTEPHCTHKH (pHC.

5.23,6) uMel0T MHHUMaJbHOe KOHeuHoe Ucpmin. 3a cueT Ko-
HEYHOT0 MAaKCHMaJbHOTO Ucpmax=Unow HX YIJIOBHE Xapak-

e F Ue,p
90°“§0p max 4 Ic,sz
90°+(pp max ¥~
[jclp m£n=0 Uc’sz
a) 8)
©p Iep

Puc. 5.22. XapakTepHCTHKH HIeaJbHOTO OpPraHa HalpaBJdeHHs MOILHOCTH B
NpSAMOYTOJIbHOM CHCTeMe KOOpAHHAT:

a — yrjosas, 6 — BoJbT-aMnOepHas

Uc,p Uc,p min Uc,p min
<180° |
] (pp=¢p maxy— %
Up,HOM 2
Z
J ” 1
UCIP min - ¢P b—) IC:P 3) Icip
v Pp maxe=—"%*

Puc. 5.23. XapakTepHCTHKH

peanpHoro OHM B npsMOYroJbHOH cHCTeMe
KOOp/HHAT: .

a — yraoBasa; 6 -— BoJbT-aMIlepHass AJas HHAYKIHoHHoro OHM; 8 — BosbT-aMIepHas

Aas noaynposogaukosoro OHM

TEPUCTHKH HMEIOT COKpaineHuoifi (mo cpasHennio co 180°)
JuanasoH yrioB @p.. Pabora nmoaymposoaHukoBeix OHM, BH-
IOJHEHHBIX HA ¢XeMax cpaBHeHHs aBCOJIIOTHBIX 3HAYEHHH Be-
JHYHH, TAKMKE OHPeNesieTCs] XapaKTePUCTHKAMY, 3aBHCALIUMH
ot KoHKpeTHbiXx 3Hauenui Up u Ip. MIx BosibT-aMnepHast xapak-
TepHcTHKA NpH Gosblunx /p U Mannix Up onpenensiercst Bripa-
xenueM Upcos(@p — @pmax«), @ upn Manasx Ip u GosblIHX
Up — coorBerctBeHHO [p €OS(Qp — @p max«); Opu Up kI, Kak
6510 ormeuero IO, I'. Hasaposmm (BHUWUMW), ouna onpenens-
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ercsi  BhipaxenneM  Up[|cos(@p — @pmaxa)/2| — |sin(qp —
— @pmax«)/2|] B OKasHBaeTcs coCTOAIIEH H3 TPEX YYacTKOB
(puc. 5.23,8).

ITpu HCIO/IB30BAHHH COBPEMEHHON MHKDO3JIEKTPOHHOH 3J€-
MenTHOH 6asel mpeamourenne otgaercs OHM co cxemoit
CpaBHEHHs 110 YIJy. .

INonspuocts o6Morox OHM. Kouusl (3axuMmbl) uemeit
OHM, noayuaromux nutande or TA u TV, o6biuno MapKupy-
I0TCSI; OHH TOJIYYAIOT YCJOBHO OTMEUYEHHYIO INOJSipHOCTH, T. €.
YCJIOBHble HauaJja H KOHHBL. 3a Hauya/Jo BTOPOH lemH (HAIpH-
Mep, /p) PH TPOH3BOJIBHO NPHHATOH MapKHPOBKe MepBoil (cO-
orBercTBeHHO Up) 0aHO3HAUHO NPHHUMAaeTcs TOT ee KOHeI,
IpH KOTOPDOM OOCCNEYHBAETCH O =—@p mary, YKA3AHHBIH
B macmopre oprana. OZHOMONSPHBIMK HA3BIBAIOTCS KOHIIBL,
IpOMapKUPOBaHHbie YKa3aHHBIM 00paszoM; OoHH 0603HAYAIOT-
csl, HaIpuUMep, 3Be3J0YKOH.

Ipunuunet Bkmoyennss OHM na U, u I,. B uacrosmiee
BpeMsi OOBIUHO NMPHMEHsIOTCs Mo asuble opraubl ¢ oguuM Up
H 0aHHM [p, BK/IIOUaeMble HA NOJIHBE HANPSKEHHst H TOKH (a3
HJIH HX COCTaBJsIONHe HYJEeBOH HJIH oOpaTHOH IOCJTen0Ba-
TeJIbHOCTH. B oTeuecTBenHOfl TexHHKe NMOJyuHIH pacmpocTpa-
HEHHe JJIsi HEKOTOPHIX CIleNHaJbHBIX 3allHT OPTAHBl ¢ OLHHM
Up v onnum [Ip, Ho BrIOuaeMble Ha TpexasHble (bUABTPHI
CUMMETPHUHBIX COCTABJSIONIHX.

OG6bIYHO NPH BKJIIOUEHHH HA TOJHLIE HANPSKEHHS H TOKH
(a3 He MPHMEHSIOTCsI CXeMbl ¢ HCIOJb30BAHHEM O HOMMEHHBIX
l_]p H ]p.

OnHH H3 OCHOBHBIX HEIOCTATKOB TAKHX CXeM — HAJHUHe
MEPTBBIX 30H IPH BCeX BHAAX yuHThiBaeMblx K3. I[IpuMenenus
OnH He moayuunn. OcCHOBHOH pekoMeHAyeMoOH siBAsleTcsl Tak
Ha3biBaeMass 90°-Hasi cxemMa BKJIOUeHHs. B 9TOH cxeMe coue-
TawTcA TOKH ¢as (puc. 5.24,a), uanpumep, [p=1I4 u Mexay-
¢asHble HaMPSXKEHHS ABYX APYTHX (as, COOTBETCTBEHHO Up=
=Usc. as ouenkH paGoTsl CXeMBl H BHOODPA Ppmaxy 0KA3A-
JIOCh 11e7ecO06PasHbIM  BOCHOJb30BATHCS  HENOCPEACTBEHHBIM
BbifBJIeHHeM (asHblx cooTHoweHud Mexnay Up u I, mpu pas-
Heix Bugax K3 [1].

IIpu K® pekropHas guarpaMma TOKa _1,(43) U OCTaTOYHOIO
HaMpsKeHHs Use npuBeleHa Ha puc. 5.24,6. VYrox q11§3)=
N
=Ug’élf)=270°+cp§3), rae qsf”——yro.n MeX 1y UP w1,
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70T yroa ¢ yueTtoM Ry MOXKeT H3MEHSATbCS B npejenax 0—90°.
TlosTOoMy chpaBeituBo cooTHomenHe 270°<qy)<C360° wiu
3
—90°<py<<0. Yron @pmaxs ¢ yuetoM Ttoro, uto —90°<
< (@2 — p max <) <90°,  noMKen YAOBJETBOPSITH  YCJIOBHIO
0<—@p max «+<90°. TIpH @p max«=0 (a@=0) cxema Mmorna Obl
OTKa3blBaTh B JAEACTBHH IIPH NOBpeXAEHHH uepe3 Ry B Hauale
aunud. Ilpu npyrux Bugax K3 ponycruMble mpefienbl H3MeHe-
HHSl Qpmaxu BBIABJIAIOTCS aHAJOrHuHbiM 06pasoM. Ilposenmen-
HOe paccMoTpeHHe paboThl CXeMbl IPH Pas3HbIX BUAAX H MecTax

ey o
~A (3)_ .3
1p7=1,"

(3)
2

{3 3)
Y )=£/§c

3,
& o
Puc. 5.24. 90°-Has cxeMa BKJIOYEHHs OpraHa HalpaBJeHHA MOLIHOCTH

K3 nano BO3MOXKHOCTb cAenaTh MO HeH CJACAYIONIHe BHIBOJBI:
OHM ponxen Bu6Gupathes ¢ yraoM 30°<@p max «+<<60°% cxema
npuroana kKak Aas tpexdasubix (¢ Tpemss OHM), rtak u ans
asyxcasneix (¢ aByms OHM) samur, tax kak npu K uerko
paboraloT opraHbl, BKJIOUEHHBlE HA TOK 1060 H3 ABYX IO-
BpeXKAeHHbIX (pa3; MepTBas 30HA BO3MOXKHA TOJBKO MpH OJIH3-
Kux Meraanundeckux K®; mpu K® wan KO opraumbl, KO-
YeHHBIE HA2 TOKH HeNOBpeXAeHHBX (a3, Moryr paborath He-
IPaBUJIbHO H cXeMa NO3TOMY JI0JIKHA CTPOHTbCS TAK, YTOGH 3TO
He MPUBOAMJIO NMpH BHeIIHHX K3 K H3IHIIHEMY cpabaThiBaHHIO
3alHTH B UenoM; npu HecuMMerpuunbix K3 [K®] sa tpanc-
¢dopmatopaMu (aBroTpaHchopMaTopaMH) ¢ coegHHEHHEM 06-
Motok ¥Y/I unm JI/Y 3a cuer HeOmMHAKOBOTO cABHra TpH
TpaHchOopMaluH TOKOB H HANPsiKeHHH, HMEIOIHX pasuble das-
Hble COOTHOWIEHHS (CM. I'VI. 1), TeoperHueCKH BO3MOXKHO He-
npasuabHoe cpabarteianne OHM, otapenenderx ot mecra K3
YKasaHHbBIMH TpaHcopMaTopaMH; MpakTHUYECKH IMOCJIefHHE
JefcTBHUSA MaJio BEPOSITHHL

Bosmoxubl u apyrue cxemol Bkaouends OHM na mosHbie
HampsKeHus H TokH ¢as (Hampumep, 30°Has). OxHako B oTe-
UeCTBEHHOH MpaKTHKe A/ TOKOBBIX HalpaBJeHHBIX 3allHT,
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BKJIIOUaeMblX Ha MOJHble HANPSKeHHs H TOKH (as, Bcerna mpu-
MeHsercs 90°-Has cxeMa BKJIOUEHHS, TAK KAaK APYTHE CXEMbl
IpEHMYLIECTBA Nepel Hel He HMEIOT.

Opransl HanpaBacHus MomHocTH npu 90°-HOH cxeMe BKJIO-
YCHHs] HMEIOT MepTBble 30HH. Ha Hx rpaHHue, uanpumep aas
snekTpomexanuuecknx OHM u OHM, BHIOJHEHHBIX O cxeMe
CpaBHEHHs1 a6COMIOTHBIX 3HAYeHHH, IpH GOJIBIIMX TOKAX B pese
UPCOS((PP_‘(PPmax‘{)=Uc,pmin, rme Uc,p min JaHO MHpH yrJje
MAKCHMAJMbHOH YYBCTBHTEJIbHOCTH @p maxw. C YUETOM TOTO, 4TO
MepTBas 30Ha NpH npHMeHseMo# 90°-HOH cxeMe BKJIOUCHHS
OHM wmoxer 6mTh TOABKO TpH MeramanueckoM K®), U =
=132, LIP/Ky, OTKyla AJHHA MEPTBOH  30HH Ly=

=KuUcp minflV 32151 ¥ cOs (9p — @p max 4)].

Zro gwo

gy
—_—

Zrodp

L/wa

Prc. 5.25. Bkaouenne OHM Ha cocrasasomue HyJeBOH MOC/Ie0BaTeNb-
HOCTH

Jns 3amwiHT Hy/NeBOH TNOC/]E10BATENBHOCTH HCHOJAb3YETCs
CXeMa BKJIIOUEHHS HAQ HaNpsIKEHHS H TOKH HYJIEBOH MOCJIELO0-
BaTeJabHOCTH (pHC. 5.25,a). B 310H cxeme coueraiores Up=
=3£0 u /p=23/. BekropHas nuarpamma /o 0 Up npu Ho;pem-
gennd KO uan KD na 3eMaio uepes Ry mpHBeleHa Ha pHC.
5.25, 6. Hanpsaxenne Umo Ha WIHHAX MOACTAHIMH MPOILE BCErO
onpesielsieTcss Kak MafieHHe HANpSKEeHHs B COMNPOTHBJIEHHH
Zxo TpaHchopMaTopa 3TOH NMOACTAHIHH, HMEIOLIETO IJyX03a-
3eMJIeHHyI0 HelTpab: Umo=—Zro/o; npH 3T0M 180° < @po<< 270°.
ITepexonHoe compotuBieHde R, Ha 3HaueHHe @po HE BJAHSAET
(cM. ra. 1), AgruBHas ciaraiomas Zmo Mana. [105TOMy @po
6ausok kK 270° (—90°), wu HauBHrOAHElllee 3HAYCHHE
Qp max v=—Qpo ~ 90°. B 001ieM cayuae TOK 1o B MecTe BKJIO-

YEeHHs 3aIIHTBI 3aMBIKAETCs HEe TOJbKO uepe3 HeHTpaJdH TpaHc-
popMaTopoB NaHHOH MOACTAHHHH, HO W uepe3 HEATpadH ApY-
rix TpaHCchOpPMATOPOB CHCTEMBI, OT/AEJEHHBIX Zo JIHHHH, HMe-
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olHx OOMBlIYIO aKTHBHYIO cJaraiomtyio, ueM Z. [lpu sTOM
@p0<270° u OHM nenecoo6pasno HMeTb € yI/0M, HECKOJIbKO
meHbmiHM  270°  (MenpliuM  —90°), HanpHMep C Qp max « =
~ —115° B cayuae yananeHHsx K3 Ha 3em.10, HAlIpHMep KOT-
na samura paboraer kak pesepsuas npu KO u KU, Up u Iy,
B OCOOEHHOCTH _I_Jp, mMoryT 6nTb BecbMa MaJabl. I[lostomy H B

nauHofi cxeme BaxKHO HMetb OHM BBICOKOH 4YyBCTBHTEJNbBHO-
cTH. MHOr[2 HCmOAB3YIOTCS clenHa/bHble MEDONPHATHS s
yayulIleHHss ero paGoThl (HampuMep, MpHMEHEHHE YKa3aHHOH
Bhillle cxeMbl ¢ 6J0okupyiomum OHM).

Bonpocsl AJ1s1 CaMONPOBEPKH

1. Kakue 3allHTH Ha3bIBAIOTCS TOKOBBIMH H TOKOBBIMH Ha-
NpaBJeHHBIMH?

2. O6bscuure HasHauende I, I1 u III cryneneéi TOKOBOH
3aULHTHI,

3. B uem 3ak/iouaioTcs CTYHNEHYaTblH H BCTPEUHO-CTYTEH-
YaThlli NPHHOMIBI BHI6Opa BbIIEpPIKEK BPEMEHH?

4. Kak onpegessiercsi OTHOCHTE/bHBIH KO3()(OHIHEHT 4YB-
CTBHTEJbHOCTH MAaKCHMAaJbHOH TOKOBOH 3aLIHTHI?

5. Kak onpeseasiercs 3amuniaeMasl 30Ha TOKOBOH OTCEYKH
6e3 Bhigep:KkH BpeMeHH (I cTynmenb) JIMHHH ¢ OZHOCTOPOHHHM
MHTAHHEM?

6. Kak MoeT NOBJAHATb Ha 3aliurocnocobHocts I cryme-
HH OJHOH H3 CTOPOH JIHHHH C JIBYCTOPOHHHM MHT&HHEM BhiNOJ-
HEeHHe 3aL[HThl HaNpaBJeHHOH?

7. Onpeneante 06/1aCTH NPHMEHEHHS TOKOBHIX H TOKOBBHIX
HalpaBJ/ieHHbIX 3aLLHT.

8. Kakas cxema BrJiouenus OHM Ha nosnHbie HanpaXeHHs
H TOKH (a3 HMeeT IPEeHMYyLIeCTBEHHOE PACHpOCTpaHeHHe H IpH
kakux K3 3TOT opran MoxeT HMeTb MepTBYIO 30HY?

9. Kakhe mpeuMyliecTBa M HENOCTATKH HMEIOT TOKOBBIC
H HanpabJeHHblE 3aMIMTH, BKJIIOUaEeMble Ha COCTaBJsiOLIHE
HYJI€BOH TMOCJAEe[0BATENbHOCTH, MO CPAaBHEHHIO C 3aLIHTaMH,
BKJIIOUaeMbIMH Ha NOJHBIE TOKH H HanpsikeHus ¢pas mpu KO
H K(l,l)?



Fnasa wecrtas
ANCTAHUMOHHDIE 3ALLIATDI

6.1. OBLLIME BOMPOCHI NO AUCTAHLMOHHBIM 3ALLIMTAM

JIHCTAHUHOHHBIMH HA3BIBAIOTCA 3ALIHUTEL C OTHOCHTEJbHOI]
CeJIEKTHBHOCTBIO, BBHIOJIHSEMEIE C HCIOJb30BAHHEM H3MEpH-
TeNbHbIX OP2AHOB CORPOTUBAEHUA — OPTAHOB, XAPAKTEPHUCTH-
Yecko# BeJHUHHOH mist Kotopeix mo I'OCT sBasercs 3anas-
Hast (YHKUHs BbIPAXKEHHBIX B KOMILIEKCHOH (opMe OTHOLIe-
HUA BO3JEHCTBYIOMHX HANpsiKEeHHH K  BO3AEHCTBYIOLLHM
TOKaM. JTO OTHOUIeHHe AJs yAOGCTBA AHAJH3a M PACUeTOB
saiuTel eue B 20-e rogsl GblJIO NPHHATO HA3BIBATH CONPOTUS-
AeHuem Ha 3ascumax 3amuthl. Heo6XxonuMo OTMETHTb, 4TO
NpHBEIEHHOe MOXKeT NPHHHMAThCA TOJBKO ¢ HEKOTOPLIMH OTO-
BOpPKaMH. YKa3aHHOe OTHOUIEHHE IS MHOTHX OPTaHOB COINpPO-
THBJICHHs [IPH HEyueTe MONEpPeYyHOH NMPOBOAHUMOCTH JHHHA H
merajinyeckux K3 (Rn=0) npomopuHoHaJbHO pPacCTOSHHIO
OT MeCTa BKJIOYEHHs 3allHTHl 1O MecTa MOBPeXAEHHST (cM.
ra. 1) — ZMCTaHUMH, YTO H ONpelde]HIO Ha3BaHHe 3alllUTHL.
OpraHbl CONPOTHBJEHHST MOTYT GHITH BHIMOJHEHB KaK OMMET-
pbl, H3MEPAIOIIHe 3HAUYEHHS XapPaKTEPHCTHYECKOH BeJMYMHLL,
HJIH KaK TOJIbKO cpabaThBalollie B KOHTPOJTHPYEMOH HMH 30-
He H He cpabarmBawuue npu K3 Bue ee. IMocaennue Gosee
NPOCTH N0 BHIIOJHEHHIO H MOJYYHJH NPEeHMYIIeCTBEHHOE TpH-
meHeHHe. OMMeTpHl NpHUMEHSIUCh elle ¢ KoHOa 20-Xx T0IoB
ILJIST MOJAYYeHHS 3alIMT C [J1ABHO 3aBHCHMBIMH XapaKTepHCTH-
KaMH BHIJePXKKH BpeMeHH f=[([/), a Takke Kak rpyGble yka-
3aTesM paccToAHHA no Mecta K3. 3alluThl ¢ 3aBHCHMBIMH Xa-
pPaKTepHCTHKAMH HHOTJA HCIOJb3YIOTCA H B Hacroslliee Bpe-
MA B ceTaX ¢ Unon<35 KB, Korza tpebyercs corsacobanue ux
XapaKTepHCTHK ¢ 3alluTaMu noTpebuTenell, BbIMOJHEHHBIX
MJIaBKHMH [pefoXpaHuTeaaMu (cM., Hanpumep, [48, 15]).
XapakTepuUCcTHUECKHE BeJHYHHB OpPraHOB  CONPOTHBJEHHS
NpH BO3HHKHOBEHHH NOBpeXjeHHs cHHxkaworcsa. C  yderom
3TOTO, KaK [PaBHJO, HCHOJAB3YIOTCS MHUHHMAJbHBIE OpPraHhl,
paborawoliue 6e3 BblIepxkKH BpeMeHHd. [locaenune, npu HeoO-
XOJHMOCTH, CO3RAIOTC OTAEJbHBIMH OpPraHaMH BbIJEPKKH
BpeMEHH, ONpPeAeJAIINHMH CTYIEHUATYI) XapaKTepPHCTHUKY
t=f(l). O6buHO oHa uMeer TpH ctynenu (puc. 6.1). Jloruyec-
KOe ypaBHEHHE, XapaKTepH3yloliee paGoTy 3alllUTH OpH NpH-
HATEIX YCIOBHAX, ecyH nprHATE MO conpoTHB/IeHHs HalpaB-

I iy 11 pyAt
NewHuiMH, uMeer Bua {cM. ra. 1) y=ZL.DI'+ZIDM 4
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1II I —
+ZMID/L B HeM Zc, — MakcHMasbHble 3HAYEHHS CONPOTHB-

JeHHs1 Z;, TIPH KOTOPBIX 3alluTa ellle cpabaTeiBaer. Huxe
paccMaTpHBAeTCs HMEHHO TaKoe BBIIOJIHEHHe 3AaIUTHI.

Jlnst opraHa CONPOTHBJEHHSA, KaK H IJs OpraHa ToKa, Cy-
IIeCTBYIOT MOHATHS O Zpz; — MHHHMAJbHOM Z,; TPH KOTOPOM
OH BO3BpAalllaeTcss B HCXOLHOE COCTOAHHE, 0 Zcp H Zyp (IIO-
CKOJIbKY OpraHel BKJouaiorcsa uepes TA u TV) u o Kosdpou-
nHeHTe Bo3BpaTa ks CBSA3b MeXIY NepBHUHLIMH Z, H BTOPHY-
HBIMH Zp 4acTo onpenensiercs COOTHOWeHHeM Zp= (K uou/
[Kunow) Zs. Koaddpuuuent sosBpara ky = Zup/Zep = ZoalZen>
>1, NOCKOJABKY OpraH MHHH-
MajbHBHA. B neaax ynpomenus @t

3ankced B JaJbHeHIIEeM NpHHH-  [————————

Maercd  Kmow/Kuwow =1, T.e.

Zy=1Z2s  ____ tI
[pakruueckn paGora nuc- L L

TAaHIHOHHBIX 3amuT npu K3 .

olpele/sieTCcsI He TOJBKO pac- LIaoya T3ona | Maona 1

crosiHHeM [ 10 Mecta moBpexk- y
JeHHdA, HO H PANOM APYTHX HC-
Kaxawmux (akropoB — mepe- Puc. 6.1. Crynensatas xapakre-
XOAHBIMH CONpDOTHBJIEHUSIMH  PHCTHKA  BLIACPXKKH  BpeMEHH
Rn, HaJlHUHEeM Me}Kﬂy MecTaMu JHUCTAHIIHOHHOH 3allHTHI

ux BKJOYeHH W K3 uHcrounm-

KOB NHTaHHS H HAarpysok, ciBHraMu mno c¢ase mexay 3JC
HCTOUYHHKOB NHTAaHHS, HeONTUMAJbHHM coYe€TaHHEM BO3Jeil-
CTBYIOIIHX BeJHYHH OpPraHOB COMPOTHBJEHHS H T. . Yuer
3THX (AKTOPOB NMPOH3BOAHTCS HHXKe, MpHYEM OH BO MHOTOM
oberyaercss Giarofapsi NPOBELeHHOMY B T, 5 NMoApoGHOMY
PaccMOTpeHHI0 NOBeAEHHS] TOKOBBIX HAaMpaBJeHHBIX 3alllHT,
TaK¥e BBINOJHAEMBIX €O CTYNeHYaTHIMH XapaKTePHCTHKAMH
BBIIEPKKH BpPEMEHH,

PaGora samut paccmarpuBaercs Ha IpuMepe HX HpHMe-
HEHHST B CeTH C NBYCTODOHHHM NHTaHHeM (puc. 6.2,a). 3a-
WHTBl [—6 BKJIOYAIOTCS ¢ O6€MX CTOPOH KaXKIOro yuacrka
H ABIAIOTCS HallpaBdeHHBIMH. HanpasieHHoCTh neHCTBHS MoO-
XKeT He MOTPe6OBAThCS TONBKO B HEKOTOPHIX YACTHHIX CJIyua-
AX, HallpUMep AJis 3alIHT YYacTKOB C ONHOCTOPOHHHM IHTa-
HHeM. XapaKTepHCTHKH BHILEDXKEK BpPEeMEHH 3allUT NaHbl Ha
puc. 6.2,6. OHu MOKOGHBE XapaKTepHCTHKAM, paccMOTpeHHBIM
B INIl. § L5 TOKOBBIX HalPAaBJeHHHX 3aIUT, H 00eCleUHBaloT
OTKJII0OYEeHHE TOJBKO OLHOTO [OBPEXIAEHHOTO y4acTKa HJH
WHH noacraHuuy. CyllecTBEeHHBIMH NPEUMYIECTBAMH AHCTAH-
UHOHHBIX 3aLIHT MO0 CPABHEHHIO C TOKOBHIMH HATPaBJEeHHBIMHU
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Puc. 6.2. JeficTBHe AHCTAHLHMOHHOH 3aMTLl B CETH ¢ JBYCTODOHHHM MH-
TaHHEM

(cM. ra1. 5) mpu BHeIIHEM CXOACTBE HX XaPaKTePUCTHK ¢=
=f(l) sABxsifoTCSl 3HAYHTEJbHO OOJiee YETKO (PUKCHUPOBAHHAsI
AJIMHA NEepBOi 3aILMIAeMOH 30HMI, COCTABJALLAs NDH R,=
=0 ['~0,85+0,9 anuubl yyacrka, Gojee coBepHIEHHBIH oXBar
BTOpOH 30HO# [!! KOHHA yyacTKa M LIHH NPOTHBONOJIOXKHOH
noacranuuu  (6oJblLHi kYY), Génbmas uysctBuTedbHOCTL 111
crymeHd ¢ coortBerctBylomell et M (ecin TOKOBbE Halpas-
JIEHHBle 3alHTHl BKJIOYeHH Ha NOJIHble TOKH H HalpsiKeHHsl
(a3, a He Ha COCTaBJSIIOLIHE HYJEBOH MOCJELOBATENbHOCTH

aJst neficteus npu K1),
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6.2. BbIbOP MAPAMETPOB 3ALLMTEI

IlpuHuunel BHIGOpA MapaMeTpoB 3allHT CO CTYNEHYATHIMH

XapaKkTepHcTHKaMH [=f(l) GblIH yXe DaccMOTpEHH B Ii. 5.
IIpuMeHHTEJIbHO K TPeXCTYNEHYATHIM AHCTAHLHOHHBIM 3aIlH-
TaM BHOOPY moasiexar Bpemera f!, /I Il y conpoTHBJEHHS
Z§,3,Z£f3 H Zéle,l Bpemena ycrauasiuBaloTCsi MOJHOCTBIO TaK
Xe, KaK JJid TOKOBHIX HANPaBJISHHBIX 3aLlHT: Yy NepBOl CTy-
neHnn —t1 (Ges BbIAEDIKKH BpeMeHH), y Bropoli — I, st
BTODHIX CTYNeHeH BCeX 3aIHT OHH OJWHAKOBBI H 4aCTO paB-
et ~0,5 ¢, y Tperbedl crymenu — I, ouu BhIOUpaOTCS 11O
BCTPEUHO CTyNeHYaTOMy npuHuuny. BriGop Z., umeer Heko-
TOpbie OCOGEHHOCTH, paccMaTpUBaeMble HHXKE Ha npumepe
3amuTel I cetn Ha puc. 6.2, 6, npeaHasHaYeHHOH AJs AeiCT-
BHsl npu MHOTOQasubix K3, ¢ Bkawouyennem MO comporusie-
HHSl Ha MeXJy(asHble HAampsKeHHs H PasHOCTH (Bas3HBIX TO-
KOB.
Bui6op Z:,. PaGouue PeXHUMBI Jaxe ¢ MHHHMAJIbHEIM
pabouum conporusrenuem Zpzomin=Upasmin/[pasmax M pexu-
MBI CaMO3allyCKa DPaCUeTHHIMH He fIBJISIIOTCS; HEKOTODHE HC-
NIOJIHeHHsl 3alUIUT Ha HHX BOOGule He pearupyior. [lisa nmpenot-
BPALLEHHs JIOXKHOTO cpaGaTbiBaHHs NPH KAYaHHAX NPHMEHs-
I0TCA  CcHelHa/bHble YCTPOHCTBA  (CM. HUXKE), TaK KakK Z,
MOJKET CHMXKATbCfl B Ipelese A0 HYJsl, €C/IH 3JEKTPHYeCKHH
LeHTp cHCTeMBbl (CM. Tii. 1) oKaxercs pacHOJIOKEHHBIM B CH-
creMe Y wHH A H oTcTpOiiKa Mo Z, siBasieTcst B 06meM cay-
4ae HeBO3MOKHOMH. C yYeTOM H3/0KeHHOTO Ze, olnpeeJisiercst
H3 yciioBHSL OTCTPOkKK oT K3 B Hauaje NpeablAyIIHX 3J€MeH-
TOB (anHn#H, TpaHchopmaTopos moacranuui b — touku K, u
K:) no Bepaxenuo

Z£,3 = k(I)Tc 2 ln’ (61)
rie In — puHHa samuumaemoro yuacrka (AB); z, — ero yAeIH-
HOe compoTHBJIEHHE TNPSIMOH HOCJEROBATEAbHOCTH; Al < 1
(opran MuHHMaJbHHI). OGBIYHO NPHHUMAIOT Ay A 0,85
0,9. IlepBrie cTymeHH samur B paccMatpHBaeMoH CeTH HoJI-
KHBl ObITb 0653aTe/IbHO HANPABJEHHBIMH sl npepoTBpa-
WEHHA HENPABHJIBHOTO cpabaTbiBaHMsl, HaNpuMep 3amuThl [
npu K3 B cucreme A. Bosmoxubie MEepTBbI€ 30HBI YaCTO HCK-
JI0YAIOTCS  BCIOMOTaTe/bHLIMH TOKOBBIMH OTCEYKAMH  HJIH
CIIeLIHAJIbHBIMH MEPOIPHSATHIMH.

11 28 :
BuiGop Z.,. Conpotusaenne Zts or Zpasmin 1 CAMO3aMycC-
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KOB 0OBLIUHO OTCTPOEHO. Ono onpeneqasaerca no TeM XKe ycjo-

BHAM, U4TO H los TOKOBBIX HalpaBJEHHbIX 3alllUT: OTCTpPOHKa
0T Haua/Ja BTODOH 30HB (KOHIA HepBOH) NpeabiAyllell gmc-
TaHIHOHHOH 3alluTH 3, oTcTpoiika oT K3 3a Tpancdopmaro-
paMH NOJACTAHUHU B KOHLE JHHHH (Touke Ks), IPH KOTOPHIX
TpancdopMaTopel MOTYT oTKaouaThess ¢ (> Ilpu pacuerax
0oOBIYHO mpeHebperanT pasHHlell YIJIOB CONPOTHBJAEHHEH CMeX-
HBIX 3JeMenToB. Torpa ¢ yuetoM KoadduunenTa pacrnpepelne-
HUs TOKOB (CM. L. 5) Rrox TO IIEPBOMY H BTOPOMY YCJOBHSIM
M0Jy4YaI0TCo HEepPABEHCTBa Zi,lsl<ké£c [21lap+ Eore (Zé,as/
/krox B)min] H Z<I:,131 \<k<§£c (zllAB +ko1'c Z-rmin/k-rox Tmax)- 311er
kroxs H Rroxr YUHTHIBAIOT HEPaBEHCTBA TOKOB B 3amiuTe I u
COOTBETCTBEHHO B JIMHHAX H TpaHchOpMaTopax MNOACTAHIHU
5 npu K3 B pacueTHbIX Toukax (B Kouue Zees H Ks); 5TH
K03 duiuenTsl, Hapymas ILIaBHYI0 3aBHCHMOCTb Zz=[(l),
MoryT ObiThb Goabwie 1, o6seruass coryiacoBaHpe, TOBBINAS
ki, WaIH HHOTAZ MeHblie I, saTtpyausAs ero. [locaeanee Mmo-
XKeT OblTb, HANpHMep, NPH HAJMYHH Ha yuyacTke BB 1ByX
napaaienabubix uenei. [Ipn onpeneneHun Zrmin CI€AYET YUHTHI-
BaTb BO3MOKHOCTb CYIECTBEHHOIO CHHXKeHHsI Zr TpaHchopma-
TOPOB IIPH DPEryJupPOBAHHH HX KO3(Q(HUHEeHTOB TpaHchopMma-
LU MOJ HATPY3KOH; Aere Rires koe <1 YUHTBIBAET BO3MOK-
HOCTb OTPHIATE/LHOH NOTrPEUIHOCTH OpraHa CONPOTHBJEHHS
3alluThl b; kore B oOllieM c/Iyuae yYUTHIBAST HCKaxKeHHe 3a-
Mepa npu K® 3a TpancdopMaTtopoM ¢ coeauHeHHEM 06MOTOK
Y/O [1], vo uacto mpuHHMaercs NMPHUMEpPHO pPaBHHIM 1.

[lpu namnuuu III ctynmeuu, pesepsupymolleii aeiicteue 11,
CUMTAETCS BO3MOXKHBIM HMeTh Ao~ 1,25. HanpasJsenHocTb geii-
ctBHsl 1] cTymenelt mpexje BCero OmpeAessieTcsi YCJAOBHAMH
NOBBIIEHUSI HX UYBCTBHTENBbHOCTH. JLJIi HCKJ/IOYEHHS MepTBHIX
30H XapaKTepPUCTHKY Zé,lp=f(q>p) BHIOHDPAIOT TaK, 4TOOH OHAa
3aXOAHJIa B 30HH JIEACTBHA 3aLIHT NOCJEAYIOUIHX 3JEMEHTOB.

BoiGop Zi‘; . ConpoTuBienus 7 B ornume ot Zgs PIZé,Ia
OOGBIYHO BHIOHPAIOTCA MO YCJIOBHIO OTCTPOHKH OT MHHHMAaJbHO-

I
ro pa6oyero CONPOTHBAEHHS Zpasmin: Z ¢ pact<Zpaomin TIPH
@p=Ppas. OIHaKO GoJjiee TAKEJNBIM ABJAETCA YCIOBHE BO3BpA-
Ta OpraHa B HCXOJHO€ COCTOSHHEe NOCJe OTKJIUEHHS BHeHIHe-
ro K3 (puc. 6.3). IlTo stoMy ycnoBui0 HeoOX0JHMO HMeTb CO-
NPOTHBJIEHHE BO3BparTa ZB,3,pacq<Znepmin HJIH ZB,a,pac'-x<Zpa6min/
lRorcRsz, THE Rore>1, a ky;>1 yuuThiBaeT NOHHXEHHOE mepe-
X0HOe Zp=Zuepmin MO CPABHEHHIO Zpasmin 38 CUET caMO3amyc-
Ka jaBurarened norpeburtenel, o6yca0BAHBAIONLETO IOBHILIE-
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HHE TOKa B 3allHllaeMOfi JHHHH H NOHHKEHHE HAINpSKEHHS.
ConpoTuBienne Zspspacs BbIpaxaercss uepes Zcspacs. YUHTHI-
Basi 5TH COOTHOIIEHHUS, MOJyYaeM

<Z

¢,3,pacd

bk k (6.2)

pabmin’ “otc "B “a2*
Konen BekT0pa Zcapac: (IPH yIie @pas) ONpefensieT Ha

KOMIJIEKCHOH MJIOCKOCTH Z PacueTHYI0 TOUKY XapPaKTePHCTHKH

cpabatbBannsa 111 cTynenn Zes= (pp). dra xapakTepucTHKA

JoJizkHa obecrneudBatb HeOOXOAHMYI0O UYBCTBHTEJNbHOCTb 3a-
wuTe (Re>1,5 nmpu Merastuueckom K3 B KoHIle 3alllulllaeMo-
ro ydactka). IIpy K3 B KOHIEe CMeXHBIX 5/71€MEHTOB, KOIAa
3allliTa MoxKeT paboTaThb Kak pe3epBHasi (najibHee pesepBH-
pOBaHHE), CUHTAETCS JKEJAATebHbIM HMETb £y>>1,25.

Z
I
Puc. 63. Juarpamma, xapakTepu- T
sylomlas MoBefeHHe opraHda colpo- Zgp Z 0 min Zpas
THBJIEHHSI TOCJAEAHeR CTYNeHH 3aliu- A P Znep min |
TH npH Baelmnux K3 A Y ¥
t
Bpema
npoxoxgenus
moxa K3

a5 oGecneuenuss 5THX, B 06IleM cayuae BechbMa TixKe-
JbiX, Tpebosanuii aas II1 crymeneit uacro mcmosbsyotes op-
TaHbl C XapaKTePHCTHKaMH CpabaTHBaHuA Zili =[(qp), HMe-
IOUIHMH B NJOCKOCTH g BHJ, OTIHYHHH OT NPHHHMAEMHX JJs

I u 11 crynenel, — nanpumep B BHAe TPEYTOJbHHKA Ha pHuc.
6.6, 4. Panee yacTo moBbilleHHe UYBCTBHTENBHOCTH JOCTHTa-
JI0Cb 32 CYeT CBOMCTB HANPAaBJEHHOrO OPraHa CONMpPOTHUBJEHHS
C XapakTepHCTHKaMu no puc. 6.6,6 u 6. Jlna nepsoro Bapu-
anra (puc. 6.6,6) dopmyna (6.2) moaywaer ciaexyoLUuil
VTOUHEHHEI  BHA: Z¢3,pacu <Zpaomin/ kor ckukazc0S (Qpas—aa) .
Tak Kak @Qpas OGBIUHO 3HAUHTEJbHO MEHbIIe @1, TOJyUYaercs
BRIHTPHIII B YYBCTBHTEJNbHOCTH B 1/COS(@pas—@i) pas. [Has
YCTpaHeHHst MePTBOH 30HBI MCIOJB3YIOTCS Te e MEpOIpHS-
THsl, 4t0 B aas II crymenn. Heo6xomuMo oTMeTHTD, 4TO B He-
KoTopHx HchosHenusx samur MO 11l crymesefi BhmosHsiOT
Takke (QYHKIHH MyCKOBHX OPraHoB 3alllUTH. B cersix ¢
Usow<35 KB OHH 6LIB2IOT fake TOKOBHIMH. K MX BKJIOUEHHIO
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U napaMeTpaM NpH BHIOJHEHHH (YHKUHH NYCKOBHX Opranop
MOTYT NpPeAbsABJAATbCS AOMOJHHUTE/bHbiE TPeOOBAHHUA.

Oco6ennocTu Bbifopa napaMerpoB cpabarbiBaHHA 3alguy
or KO, TIpyHUMIHANBLHO AJs OAHHOUHBIX YYaCTKOB JIMHH
NOAXOA K BBIGOPY Zc; CTyNeHEHl 3aLUUTBl OCTAETCA TAKHM XKe,
KaK H PAcCMOTPEHHBIH AJd 3alUT, PabOTalOLUX NPH MHOTrQ.
¢asupix K3 ¥ ucnoab3ywuux MexkAygasHble HANPSKEHHS Ky
pasHoct (asHpix TOKOB. OT/HYHA ONPele/sAloTCAd B OCHOB-
HOM TeM, uto Ads gauHbix MO ncmosb3ylorcs (asHble Hampg.
KeHHs U (a3Hble TOKH H HX COCTaBJ/AlOLlHE HYJEBOH mocie-
poBateabHocTd. [103TOMY B KauecTBe HCTOYHHKOB IHTaHHgm
cJelyeT YUUTHIBATH He TOJBKO CHHXDOHHble MAIIHHBl, HO
TpaHchopMaTopsl (aBTOTPaHCHOPMATOPH), HMEIOLLHE 3a3eM-
JeHuble Hehtpaau. Ha pabory paccMaTtpHBaeMblX OpraHog
MOXKeT TaKXKe OKa3blBaTh BJMAHHE B3aHMOHHAYKUHA MeXay
JHHHAMH, OCOOEHHO NpH MapaJJenbHbX nendax. HMcmoawnszoma.
HHEe CHOCOGOB OTCTPOHKH, NPHMEHSeMbIX AJs TOKOBBIX Ha-
IpaBJeHHbIX 3alIHT HYJeBOH MOC/AeNOBATENbHOCTH (CM.TJ. 5),
yacTo cuuTaeTcs HenesecooO6pasHeiM. CreunnasibHbie Mepy
JUIS. OTCTPOHKH, YCJHOXKHAIOUIHE, OAHAKO, BHINOJHEHHE 3aluu-
THI, paccMaTpuBaloTcs HUXKe. M3j0XKeHHOe SIBHJIOCH OQHOH u3
OpPHYKH, 0GYCJ0BAMBAIONIMX KPHTHYECKOE OTHOLICHHE OTeqYeCT-
BEHHBIX CHELHAJJHCTOB K IPUMEHEHHIO AMCTAHUHOHHBIX 3aluuT
cTaphbiX HCOOJNHeHu# aaa paborsl npu K.

Hekoropble ocoGeHHocTH BbiOOpa napamerpos cpabarbipa-
HHSI 3alMT JMHHHA, 0Jisi KOTOPbIX YYHMTBIBAETCA MNOMNEPeuHagq
eMKOCTHasi mpoBoAHMOCTb. Bblmie paccmarpuBafcs BHGOP ma-
paMmerpoB cpabareiBanusg MO 3amuT JHHHH OTHOCHTENBHO He-
6OJ/IbINOH AJHHBI, KOTAa BO3MOXKHO NpeHeOpeub UX DPABHOMep-
HO pacnpeje/eHHOH OPOBOAHUMOCTBIO. [/ JIMHHH 3HaUYHTe b:
HOM anudn  HanopsxkeHus 330 KB u  BmHIlE 3TOT  yyer
Heo6xoxuM (cM. ra. 1). BxonHoe compoTuB/eHHe yyacTKa Jiu-
unu npu K3 Ha ee koulle ¢ Ry=0 Zoxx=Zthyl. Ilpu npenes-
peKeHHH MOTEePSIMH B JHHHH (B BHIPAXKeHHH AJIA KO3QPHIu-
eHTa pacnpocTpaHeHus y=o+jp npuHumaerca a=0) abco-
mothoe  3HadeHue |Zoxx|=Zsxx=ZctgBl, rile P=w/v=
=0,06 rpaa/kM. Takum 06pasoM, Zsxx PacTeT B paccMartpu-
BaeMOM cJyuae ' He NPONOPUHOHANBHO IJHHe [, a OblcTpee.
Mpu [=1500 kM (ueTBepTb AJHHB BOJHHE A=360°/p=
=6000 kM) Zoxx=0c0. TaKoe ke CONPOTHBJEHHE UMEETCS MpH
X0JI0CTOM XoAe nWHuH. [103TOMYy NpHMeHeHHe BBINOJHEHHOH
oOblYHBIM 06pa3oM AHCTAHUUOHHOH 3aIHUTHl B 3ITOM CJyyae
HeBO3MOXKHO, Jl/uHH [ y4acTKOB OGBIUHO 3HAYUTEIbHO MeHb-
me 1000 kM, ¥ TOorga sallluTa MOXKET OBITh HCNOJB30BAHA.
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[JepBHYHOE CONDOTHBJEHHE cpabatbiBanuss [ crynexu 3a-
JLLHTHL Zi,a——-k(’nclctgﬁl. IlpuBesentble cooO6GpaXKeHHs MOIYT

11
GpiTb HCTIOB30BAHLL U 171 onpenenenns Z {1, [11].

63 XAPAKTEPMCTMKM OPFAHOB COMPOTHBJIEHUS

Tpe6oBaHus K (OPMaM XapaKTepucTHK Zcp=](¢p) opra-
jioB COMPOTHBJCHHS C NBYMSl BXONHLIMH BeAHIHHAMH. Has
opraHos ¢ onuuM Up n opnum [, paccmorpenue Bompoca yao6-
4o TPOBOAHTE B KOMIJIEKCHOH MJOCKOCTH CONPOTHBJEHHUH,
B 57Ol MJIOCKOCTH MOTYT 6bpITh H300paKeHbH KaK CONPOTHBJIE-
yus SJ€MEHTOB CETH (cM. puc. 6.2), Tak U XapaKTepUCTHKH
Zep=1(p) OPraHoB. B nauane

xoopauHatT (puc. 6.4)  ueeco- i .
ofpa3Ho _ PacrnoJarath KOHell JX
yuacTKa BB, co ctopon 5 Ko- G ar

Toporo BKJIOUAETCA  paccMart-
puBaeMOe YCTPOHCTBO  3aUIHTHL.

Jlns BBIMOJHEHHA oOpraHa
conpoTHBJIEHHUS,  Hanpumep I
CTyNeHH, XapaKTepH3yeMmoro
Zi,g ~0,85Z, gg » TPH OTCYT-
ctBuK (PAKTOPOB, KOTODhIE MOr-
JAH 6bl CYIIeCTBEHHO HCKaXKaTb
ero pa6oTy, AOCTATOYHO OBLIO A
6o  UMeTb  XdPaKTepHCTHUKY

3 +R

Zep=[(@p), mnpoxoasuyio uye- Punc. 6.4, Henoassosanue xomn-
pe3 Hauado KOODIMHAT, uro JISKCHOR m106cxocm COnpoTHBIE-
HHH 1as BHIGOpa XapaKTepHcTH-
Hamn
o6ecmeunBaer PABICHHOCTD gy 7. —f(ep)

AedctBus (0OXBaT 4acTH TpeTbe-
ro KeajgpaHTa HEIONyCTHM IO
yeaoButo  OTCTPOHKH oT K3 na yuacrke AB), n koHel KoM-
ninekca 0,85Z, pp M OXBaTHIBAOLLYI0 MOCJAEIHHH ¢ HeGOb-
WHM 3anacoM B NEePNeHAUKYJNAPHOM Hampasienuu. Jlas op-
ranos Il u IIl crynexeii oxsat HeGoJblIOH wacTu yyactka AB
AonyctuM, TaK KaK OHH paboTaloT ¢ BHAEPKKAMH BpPEMEeHH.
PHXoauTCs, OIHAKO, CYHTATLCA C HEKOTOPBIMH (PakTOpam,
B H3BeCTHOH Mepe MOTYUIHMH NIPOTHBOPEUYHBO BJHSTH HA Bhi-
Op XapakTepHCTHKH Zcp= [(gp). K uncay stux ¢akropos
OTHOCsiITCA HeOOXOAUMOCTb YueTa NEePEeXOAHBIX CONpPOTHBJEHHI
n B Mecre MOBPEKJCHHS, NPH HAJMYHH KOTOPHIX S3allUTa
AO0IKHA npaBHIbHO (YHKHMOHHPOBATH, H OTCTPOfKA OT Ha-
TPYS04HBIX peKHMOB H PEeKHMOB KauaHHH, npu KOTOPHIX 33-
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1iHTa He J0JXKHa cpabarbiBaTh. BaKHHIMH B 5TOM Hampas-
JIEHHH CJefyeT cuutaTth paboTh 3apybexHelx (Bappunrros,
bparten) u coserckux (B. JI. ®a6pukanr, I. M. Arabekos,
3. M. IllneepcoH u aAp.) aBTOPOB.

YueT nepexoiHbIX CONMpOTHBJEHHA Ry B MecTe moBpexje-
HHA. DKBHBAJICHTHAS CXeMa [Js cjydas NMOBPeKIeHHS uepes
Rq B Touke K yuactka 5B cetd vo puc. 6.2 mpHBedeHa Ha
puc. 6.5, a. Ilpn mexnaypasuom K3, Hampumep TpexdasHoM
cummerpuanom K®, nanpsaxenne Up=2ildp+Ruly u Zp=
=Up/lp=21lx~+ (In/lp) Re. W3 mocnennero BHIPaKEHHS CJAedy-
eT, uTo JomnosHATesibHBR uneH AZ= (Iu/[p)Ry o6pasyer c
ocblo +R yron a=arg (Iu/lp). Tok Iy B Ry MOxer mo dase

5 - 8
Ip P Indp @ +/X 8
L AZ

Ra llff 24

ey 2 .38

Puc. 6.5. Bausimne Ry Ha 3aMepsemoe CONPOTHBJIeHHe Zp NPH JIBYCTOPOH-
HeM NHTaHHH

orcraBaTh OT TOKa [, man omepexatb ero. CoOTBETCTBEHHO
MHEMas gacTb AZ 6y/ieT OTPHUATENbHON HIH MOJONKHTENbHOH;
ecnu, Hampumep, Iy orctaer ot Ip, TO OH OyAeT omepexarb
10K In—Ip, moaxoasmuit K MECTY NOBPEXJeHHSI CO CTOPOHBI
noacranuuu B. IlosroMy eciu Aja 3auiuThl, BKJIOUEHHOH CO
croponbl 5, AZ umeer OTpHUATEJNbHYIO MHHMYIO CJaraiouyio,
TO AJs1 3allUTH, BKJIOYEHHOH cO CTOPOHH B, sTa caararomas
noJoxutenbna. Takum 06pasoM, AZ MOXKeT HMeTb B HJIOCKOC-
TH Z HAaKJIOH @ BBEPX HJIH BHHU3 O OTHOIIEHHIO K OCH -+R
-~
(puc. 6.5,6). B uacrHoM cayuae np# Inlp=0 yron a=0un AZ
HampasieHo mapasienbHo ocH --R. Heyuer Bosmoxubix AZ
npu BHGOpe GOPMBI XapaKTepUCTHKH Zcp=[(pp) MOXKeT npn_-
BOJAWTb K M3JIHIIHHM cpaGaThbiBAaHHAM 3alIUThl OPH BHEINHHX
MOBPEXKAEHHAX H COKDAUIEHHIO 3allHllaeMol 30HHB (ompeje-
asieMoft aast cayuas merasnnnueckoro K3). Heo6xomumo ort-
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METHTb, 4TO HpH MexaydasHbix K3 Rp 0OHUYHO ompenesercs
CONPOTHBJIGHHEM NYyTH, KoTopoe (cM. rii. 1) o6paTHO NMpOMOp-
IHOHAJbHO TOKY Iy B HeM. IloaToMy B cOBpeMeHHHEIX CHCTEMax
¢ GOJIbIIHMH 3HAYEeHHSMH [x M 3ALIHTAMH C MaJbIMH I3 (Ayra
He yCIeBaeT pasAyTbesl) BiMsiHHe AZ Gbiaer He oueHb GOJb-
wuM. JIpyroe mosioxkeHrHe BosHuKaer mpu KO, xoraa Ru B oc-
HOBHOM OIpe/eJ/isieTcsl 3HAYHTEbHbBIMH CONPOTHBJIEHHAMH 3a-
3eMJIeHHS] ONOP HJIH ADYTHMH BO3MOXHBIMH NEPEeXOAHBIMH CO-
TpOTHBJEHHAMH. B aTHX caydasx Ry Moryr BecbMa
CYILLECTBEHHO BJIHATb Ha PaGoTy 3aLUHT.

Yuer Harpy3ouHblx pexuMoB. Harpysounblil pexHM, Kak
yKe OTMeuasoch BbIllle, MOXKET XapaKTephH30BaTbCS Zpas=

— Upas/Ipas. TIpn BeiGope dopmbl xapakTephcTHK ZiL =F(¢p)
clelyeT YU4HTBIBATb KaK Mepefayy OOJbIIHX aKTHBHBHIX Moul-
HOCTell OT IIHH B CTOPOHY 3amuuiaeMoli JHHHH (HeGOJblIHe
@pa6, OTHOCHTEJBHO Majiblie Zpas), TaK M Neperady He60J1b-
IIHX, B OCHOBHOM PeaKTHBHBIX MoUIHOCTell (6oJblive Qpas).
Ilpu BBIOOpE XapakKTepHCTHK Z[ & H zi, Inmll CTymeHeH,
HMEIOIIHX KecTKO OrpaHHuYeHHBle 3HaYeHHs N0 YCJAOBHAM cCe-
JIEKTHBHOI pabOTBHl 3aUIMT, Harpy3ouHble PeXHMBHI, B ocobeH-
HOCTH AJis 1 CTymeHH, He fABJASAIOTCS ONpeJesAIOulHMH.

Heo6X0AHMO OTMETHTb, YTO HPOBEJEHHOE BHIIIE PAacCMOT-
peHHe OTHOCHJIOCh K XapaKTEPHCTHKaM OpraHoB, HpejHas3Ha-
YeHHBIX [JIsl pearHposanus Ha sajanuble nerin K3. Moryr
6bTh CJyuaH, KOTAA 3TH OpraHbl, NpaBWibHO paoras mpH
srux K3, 6yAyT HanuiHe cpabarteisaTh npH BreuHux K3, 06-
pasylollkX ApYyrHe HeTJH B TpeX(as3HOH CeTH, 4TO HeAOomyCTH-
MO. B TakHX CJAYy4Yasx K 3allWTe NPUXOAHTCS A0GaBJATH cCIle-
uuasbHble H3GHpaTe/bHble OPTraHbl MOBPeXAEHHHX (a3, B Cxe-
Me 3allUTHl TMpeAycMaTpHBaTh CHellHa/bHble MEpONpHATHA,
HCKJ/IIOUAIOLIHe TaKHe H3JIHIIHHe cpabaThiBaHHA, MU Js Op-
raHos, pearnpyiomux Ha KO, HcnoibsoBaTh H3GHpaTelH,
COCTABJIIIOLIAE OCHOBHYIO UacTh YCTPORCTB OAHO(pasHOro OT-
kaouenus H (OAIIB).

Yuer kauaumil. [Ipn kauaHusx KoMmiekc Z, MOXeT OKa-
3HIBATHCS B Mpefenax 00JacTH, ONpelesisieMOl XapaKTepHCTH-
Kol Zcp={(pp), IOITOMY yKa3aHHas 006/iacTb B HalpaBJ/ieHHH,
IpHMepHO MepHeHAHKYJISAPHOM Z;, JOJIKHA MO BO3MOXKHOCTH
cykatbesi. OLHAKO 3TO CYXKeHHe NPOTHBOPEUHT HeoGXOAHMOC-
T4 yuera Rpn CieiyeT Takke OTMETHTDb, 4TO B C/ydae Homa-
NAHHS 3JeKTPHUECKOrO LEHTPa CHCTeMBl (cM. M. 1) Ha samu-
LlaeMylo JIHHHIO OKa)KeTcsi HeH30eXHBIM cpaGaTbiBaHHE €€
3alUTH], BOCIPHHHMAIOLIEH 3TOT PEXHM Kak K3 B zamuma-
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eMoli 30He, uTo HemomycTHMo. [losToMy yuer KayaHud mpH
BuGoOpe Zcp=[(pp) HE OCYLIECTBJAACTCS, & 3ALIMTHL cHabxa-
J0TCS CHeLMaJbHBIMH GIOKUPOBKAMHU OT KauaHHIl.

Yuer nomepeunbix mposoaumoctei. IlonepeuHas mpoBoAu-
MOCTb BJIHSIET HA YroJ ¢ TeM OoJblue, 4eM ANHHEEE JHUHUS.
Yroa ¢n npu TOM yMeHbINAETCs W IpU AJUHE JHHHH I, 6aus-
Koli K uerBepTd BOJHb (1500 kM), ee BXOAHOE CONPOTHBJIE-
HHe CTaHOBHTCA udcTo akTuBHHM. OpHako mpu /<1000 kM
usMmenenneM @u=f (/) o6bIUHO MOXKHO mpeHeOperath. Bausune
paccMaTpuBaeMoro ¢akropa Ha BBIGOP Zep=](pp) OoJee mox-
po6Ho paccmotpeHo B [11].

XapaKkTepUCTHKH OPraHoB CONPOTHBJEHHSI C 4MC/IOM BO3-
AeHCTBYIOIMX BeaHuHn Goabuie ABYX. OpraHbl C YHCJIOM BO3-
AeHCTBYIOIMX BeJHuMH Goablle ABYX OJHO3HAYHBIX XapaKre-
pucTuK Zcp=[(pp) B MIOCKOCTH Z WIH Kakoi-nmu6o Jpyro

HJIOCKOCTH He HMeloT. DT0, OAHAKO, He 03HAuaeT, 4To OTCYT-
CTBYIOT BO3MOXKHOCTH aHaJu3a IOBeJEHUs TAKHX OPraHoB [OA
BoajelicTBMEeM PACCMOTPEHHBIX Bhllie (PaKTOPOB. Kak OHJI0
OSICHEHO B TVI. 2, HPH HAJHYHH aJroputMa (yHKUMOHHPOBA-
HHUs OPraHOB, HCNOJNb3YIOLIErO MOJOXKEHHE BEKTOpHOH u OyJe-
Bofi aJre6p, BO3MOXKHO BCECTOPOHHee PaccMOTpeHHe paboThl
OpragoB C YHCJIOM BO3JAEHACTBYIOIMX BEJHYHH Goaplue ZBYX.
ILnsi 9TOrO, OAHAKO, HEOOXOAMMO MPOBECTH PAA  HOC/IeN0oBa-
TeJbHBIX pacueroB Ha JBM, mar 3a marom npubInKanch,
HanpuMep, K TpeAeNbHOMY 3HAYCHHIO Ry, mpu KOTOpOM Oprau
npH [OBpPeX/JEHHH B 3alllMllaeMOH 30HE ewe cpabaTbiBaeT.

6.4. XAPAKTEPUCTUKM Zo,p=f(pp) OPFTAHOB COMPOTUBJIEHMS
C JBYMS BO3JEMCTBYIOLLIMMU BETMUMHAMM

CymecTByeT 60/bIIOE UHCIO PASHOBHAHOCTEH XapaKTepHc-
THK KaK OPraHOB OTAEJNbHBIX CTyNEHeH 3aUIMTH, TaK U UX CO-
yeranuil 15 Beex (0GbIuHO Tpex) crymeHefl samuTel. OcobeH-
HO MHOTO YTOUHEHHBIX [JIsi OCTHIKEHHS PA3HBIX LeJeH Xapak-
TEPUCTMK MOSBJAETCH B MOC/AejHee BpeMs B CBA3H ¢
BO3MOJKHOCTSIMH, OTKPHIBLIHMHCS MPH HMCHOJb30BAHHHM HMHTEr-
paJbHONl MHKDO3/JEKTPOHHOH H MUKDPONPOLECCOPHOH TEXHHKH.
BuiGop uenecooGpasHbix XapaKTEPHCTHK ONpene/sercs IMpH
3TOM He TOJbKO coobpaxenusmu § 6.3, HO HHOrZA U PsAOM
npakTaueckux coobpaxenuit. Huxe (puc. 6.6) paccmarpusa-
JOTCSL HEKOTOpbl€ THIHYHBIE HWJIH HCHOJb3yeMble Ha MpaKTHKe
XapaKTepUCTHKH Zcp=f(gp) ANA OLHOI CTYNEHH B IJIOCKOC-
™ Z; obaacty cpabaTbiBaHHsi OPraHOB 3aUITPUXOBAHEL
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Prc. 6.6. Bunbl XapakTepHCTHK OpPraHOB COIPOTHBJEHHS

Kpyropas XxapakTepHCTHKAa ¢ LEHTPOM B Hadaje KOOPAH-
Hat (puc. 6.6,a). ComportupieHue Z., OpraHoB c TaKoH Xxa-
PAKTEPHCTHKON He 3aBHCHT OT @p. [103TOMY OHM Ha3HIBANTCA
OpraHaMH MoJIHOTO compoTtuBienus. [IpuMeHnsiloTca B 3amuTax
cete#t ¢ Uwon<35 kB ¢ OTHeNbHHIMM OpraHaMy HampaBJIeHHs
MOLIHOCTH, OCKOJbKY (Kak Oblio mokasano CP3uy TIII eume
B 30-x ronax) HampaBbJeHHbIE peJle CONPOTUBJEHHS MaJjo MpH-
TOAHBEl AJIsl MPaBHJBHOTO felictsus samur npu KLV,

Kpyrosass xapakTepHCTHKa, MNpPOXOAsiias 4Yepe3 Hayajo
KOOPAMHAT, C LEHTPOM, 0OGbLIYHO pacmoJiaraeMbiM Ha INpPsIMOI,
Xapakrepu3ylomed sauMumenHbiii ysacrok (puc. 6.6,6). Co-
npotusjiedne Zcp 3aBHCHT OT @p, NipHUEM HAHOOIBUIYIO YYBCT-
BHTEJNbHOCTh (Zc,pmax) OPraH HMEET NPH Qpmaxi=@aarctgXs/
/R;. Opranbl ¢ Tako#l XapaKTepHCTHKOH He OXBATLIBAIOT MOB-
PeKIeHHs Ha CMeXKHBIX 3JeMeHTax CeTH, pacnosararouiuxcs
B TpeTbeM KBazapaHTe. [03TOMY OHH HA3LIBAIOTCS HalpaBJ/eH-
HBIMH OpraHaMH COMpOTHBJEHHsS. B obueM ciayyae BO3MOXKHO
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PACIOJIOKHTL JHAMETP OKPYXHOCTH IOA yIVIOM Pp<@a ANA
NOBBIIEHUs YyBCTBHTENBHOCTH K Rn. Peasbnas xapakrephc-
THKA He NPOXOAMT yepe3 Haua/lo KOOpAHHAT (puc. 6.6, 8, OK-
pyxHOCTb 1), TaK KaK OpraH HMeeT KOHCIHYIO YyBCTBUTE/b-
HocTb. [109TOMY B Hadajie 3alMLIaeMOro y4acTka MHoABJACTCH
MepTBas 3oHa, npu K3 B KOTOpO# OpraH MOxeT OTKasbl-
BaTh B cpabaTbiBaHuH. IIpH HCIONB3OBAHHHA OpraHa Ajd CTY-
MeHell ¢ BBIAEPIKKOH BpeMeHH MEpTBYIO 30HY MOXKHO HCKIIO-
YHTh, HECKOJIBKO CMelas XapaKTepHCTHKY B TpeTHH KBaJpaHT
(puc. 6.6,6, OKpYXHOCTb 2). It MCKJIOYEHHs MepTBOH 30-
Hbl y | CTymeHH M APYTHX HpH OTCYTCTBHH y HHX CMeLleHHs
XapaKTePHCTHK HCNOJIBb3YIOTCA CHEelHalbHble MEpEl (KOHTYpH
«maMsiTH», 3anoMuHawouiue Up, nMeBileecss A0 MOMEHTa K3,
[OANHTKA HAMps)KeHHEM HeMOBPEeXAEHHDIX (a3 npH HECHM-
merpuunbix K3 u ap.).

XapakTepucTHKa B BHIE APAMOii, napanneibHOi OCH +R
(puc. 6.6,2). Ona oTceKkaer Ha OCH +j orpesok X.p=const.
OpraH ¢ Tako# XapaKTepHCTHKOH HasbiBaeTCs OpPraHoM peak-
THBHOTO CONpPOTHBJEHHA. IlepBOHaYa/ibHO TPEANOJAraoch,
4TO HCIOJb30BAHHE TAKHX XaPAKTEPHCTHK OYyAeT HCKIOUaTh
BpeHOE BJHsAHHe HA paboTy 3aLLHTH Ry dro, ojHAKo, clpa-
BELHBO TOJBKO TpH HCIOJb3OBaHHH 3ALUMTH LJif JIHHHUH B
ceTH ¢ OJHOCTOPOHHMM IHTaHHeM. lIpu HaJqHuHH JABYCTOPOH-
Hero nMHTaHHs (OT Pa3HBIX HCTOUHHKOB) MeECTa MOBPEXIEHUA
yepes Ry 3a cueT pacxoxjaeHud IO dase TokoB [p H In (B Ry)
piusnne Rn MoxxeT GHTb BecbMa BPEAHBIM. PacemaTpusae-
Mble OpTaHBl He MOryT paforaTbh CaMOCTOATE/bHO, 6e3 crnelH-
aJbHbIX IYCKOBBIX OPraHOB, TaK Kak HX He yAaercs OTCTpAaH-
BaTb OT HArpysodHHX pexuMoB. IlosTomy B HAcTOALIEE Bpe-
Ml OpTaHEl PEaKTHBHOrO CONPOTHBJECHUA B 06bIYHOM HCIIOJ-
HeHHH HE HPHMEHSIOTCA.

OBajbHbie XaPAKTEPHCTHKH, NPOXOasilMe Hepes Hadalo
KoOpAMHAT K obecneuuBalomue MaKCHMalbHYIO YyBCTBUTEJb-
HOCTb MPH Qpmaxv=qa (puc. 6.6,0). Takme noAoGHBIE HM
XapaKTEPHCTHKU HCNOJb30BANHCE /% I1I crymeHe#t 3alHT
KaK obecreunBalollie JyUllylo OTCTPOHKY OT paGo4ux pexH-
MOB H GOJbUIYI0 YyBCTBHTEJbHOCTb, UeM ¥ HanpaBJeHHbIX
OpraHoB CONpPOTHBJEHHS (puc. 6.6,6). Iia HCKIIOUCHHA
MepTBHIX 30H W MOBHIUEHWS UYBCTBHTEJLHOCTH K Rn npume-
HSIOTCS Te YK€ MepONpHsTHA, YTO M B BapHaHTe pHUC. 6.6, 6.
B uHacrosiliee BpeMsi OHH MCNOJIB3YIOTCH PEIKO.

YerbipexyroJbHas XapaKTepHCTHKA (puc. 6.6,¢). Ee Bepx-
Hsisi CTOPOHA HaIpaBiseTcd NMOL He6oMbIHM YIJIOM K OcH +R
¥ nosToMy 6/H3Ka K XapakTepHCTHKe oprana pEaKTHBHOTO
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c(;rTxpoKT(;«:ﬂeHm (puc. 6.6,2). OHa goMKHA YeTKO (hHuKCcHpO-
BATh KOHILbI 3allliaeMbiX 30H I u II crynenedt u 6biTh oTCTpO
ggngxogzngiiomm}mx (B OCHOBHOM) He6OAbIIHX Harpysgx
o y g LIHX 3H?_‘I{I’ITeJIbeIe peaKTHBHbIe cnara}onwé
pa crynened. IIpasas 6oko
) Basl CTOpOHA 06e
eT OTCTPOHKY OT pabouux pex SsoHo-
KHMOB, a TaKxe 10 BO3
MOXKHO-
g;xgﬂmsgmanpyﬂ HEXOCTATKH XapakKTepHCTHKH OpraHa pezi-
e OOﬁKé)OHpOTHBJIeHHH.O JleBass GokoBasi CTOpOHa mOMOraer
Bngqumor MOUIHOCTEH HATPY3OK, NepelaBaeMbiX K MeCTy
R qesgégmm. Huxusa cropona ans oprama I CTYIEHH
HauaJo KOOPAHHAT H
1 HMeeT HaKJOH K OCH
:—H;I‘QX, sgeecsniglfsa}%}iunn €ro pabory npu GJH3KHX HOBpexge-
X | gmu n; y I n 11T crynenei ona moxer 6utb cmeme-
pexyroﬁbeII:: };IZZJ?:;ZT IJIs yCTPAHEHHS MEPTBHIX 30H. UeTH-
PUCTHKH uac :
P Tromee xapak TO Hcmosbsylores jas Il u
Hekoropnie cme
LHHaJIbHBIE  (OopMbl  Xa
PAKTePHCTHK,
g;l’arI:IHQHHH 4yBCTBHTEABHOCTH II crynenei 3§mm Mé'\rﬂif
IOmﬂxggnf))n133013aHbl XapaKTEPHCTHKH B BHIE ABYX nepeceK};
Opr}KHOCTI;py}KHOCTeH (upnc. 6.6, 0¢) uau B BHAE, HanpuMep
OKpYIKIIOCTH, CMCINEHHOH B NEPBOM KBAAPaHTe B HanpaBﬂe-,
c.nyqaemnéggiMHX y4acTkoB juHuil (puc. 6.6,3). B nepsom
Crynae meof Oﬂ;jBMcOTBn?rzpamaTb BHHMaHHe Ha ofecneueHune
JIBHOCTH B MeCT
A0 s ax  conpsken
}Ker;y};{:soecgﬁex?;;oljao BTOIpOM YUUTHIBATh, uTO III crynegb CMP(I)H
arbp I, a BoamorxkHO -
X pamnbo , , 0 vactp Il crynenu
THKH, TIPHMEHEHHbIE © i .
TEYECTBEHH
ern > o mpompiuI-
MH"(I;CTIL;S ugsﬂo HOII;MX HCMIOJIHEHUH JUCTAHLMOHHOM gamnﬂl
— KB ot mHorodasupx K3
ot . B HOBHIX OT -
SJIeE’II‘J;)XOH;I?HlHTaX’ BBIMOJIHEHHBIX Ha HHTErpasbHOM MeI/Iqu;g
€ C HCIOJb30BaHHe ;
e M ONEPAauHOHHBIX yCHJAHUTeJel]
I[)aK]r,eélliICﬁmIKczyne}m NPHMEHEeH OpraH COHpOTHBJIyeHI/IH c J;(ZIT
P oaep euon, UMEIOWen (popMy, G6IH3KYI0 K OKPYKHOCTH
COCTaBJ]eI}I{laH depes  Hauajdo KOOpAMHAT (pHC. 6.6, u) Ona
orpeapneHa H3 TpeX JAYr, ONHUPAIOUIUXCSH COOTBETCTBEHHO.HA
o » O0pasoBaHHbBIe OCOGLIMH TOUKaMu Z;, Zo-u Zs. Takoe
nosiHe apaGorki.
ooz H}énib:;;(e}{y;}iepm%a}m 4BTOPHl paspaboTkH, obecre-
C OOBIUHOI OK
apole PYXKHOCTBIO COKpauie
%pMSszclpzﬁaTHBaHm OpraHa H YMeEHbIIeHHe ncxga;l(le:;;
P anepﬂxrepncmxn OpH HaJHYMH B NOABOAMMEIX BeJH-
s )gaggg;{eegxnx H KO/IebaTeJNbHbIX 3aTYX4lOWHX cia
. HCTHKa cpab ]
N pabarwiBanus Il cryn
, K) HMeer UETHIPEXYToJIbHYI0 (GOPMY ¢ Be Yt Py
PWHHaMu Z,, Z,,

Za uZz
< 44, OXBATLIBAIOHIYIO HAUAJ0 KOOPAHHAT.. [Ipeaycmorpe-
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HB JB€ CTYNEHH DEryJHPOBAHHA HAaKJOHA MPaBOH CTOPOHBIL:
b/a=—0,6 u b/a=0,3; BTOpOi BapHAHT IOKa3aH NMyHKTHPOM.
Xapakrepuctuka cpaGarteiBanusa III ctynenu (puc. 6.6, 2)
uMeeT GOpMy TPeyroJbHHKA c BepuIMHaMu Zi, Z: u Z3 (no-
caefHAsf — B HayaJje KOOpAMHAT), uro obecneynBaer Heobxo-
JHMYI0 OTCTPOHKY OT HArpy30UYHbIX DEXHMOB NpH cobJaioae-
HHHM HeIJIoXO# uyBcTBHTeNbHOCTH, IIpeaycMoTpeHnl aBe CTy-
TNeHH peryJMpOBaHHsl HaKJOHa NMpaBoi CTOPOHHL [l Hckilo-
yenusi MeptBoit 30HH y I u IIl cTyneHe# mpeaycmarpuBaercs
obuui 60K «maMsaTHy», GOpMUPYIOIIME HanpsXKeHHe, BBOAH-
Moe B CDaBHHBaeMyl0 BEJHUHHY, COOTBETCTBYIOLLYIO TOUKE Zj.

Yucao chopMHPOBAHHBIX BeJHUHH H ajst co3paHHs Xa-
PAKTEPHCTHK C JABYMs Bo3jelcTBylomumMu Beauuunamu U, M
Ip. Yneno chopmupoBansbix u3 oanoro Up u opuoro [p Benu-
uus H (CM. . 2) NSt HEKOTOPBIX XapaKTePHCTHK Zcp=
=f(q>_p), NpHBEJECHHBIX Ha pHC. 6.6, MoxeT OBITh U GoJiblle
aByx. Tak, HanpuMep, HJfl CO3LaHHA UYETHIPEXyroJbHOH Xa-
PAKTEPHCTHKH HCIOJB3YIOTCA ueThipe BeaHUMHBl Hi = kyilpX
X(Z—a), Hy=kulp(Z—D), _1"_13=’3_H3!p(£—€) H H4=’fﬁ41p><
X (Z—d) C OZHHAKOBHIMH apryMeHTaMu A/ KO3(h(hHIHEeHTOB
k. TTo5ToMy B3aiMHble (pa3Hble COOTHOLIEHHS mexay H coor-
BETCTBYIOT (a3HEIM COOTHOMIEHHAM MeXAy Z—a, Z—b, Z—c¢
U Z—d. OcoGble TOYKH @, b, ¢ ¥ d onpeesAlOT BEPUIHHE 4e-
THPEXyroJbHuKa. [IpH HaXOMXKACHHH KOHIA Zp BHYTDH YeThi-

pexXyronbHHKa, T. €. B 3alllHLlaeMOit 30He, yroJ MeX1y Kpa#-
HEMM KoMIuiekcamu H>180° a npu K3 BHe samumaemoi 30-
HBl — MeHbine 180°. PaccMOTpeHHHIH NPUHOUN BlepBhIE Ony-
G6aukoBaH B 1963 r. Kuarypa Kontu (flnonus). lanee oH
6bl1 paseur A. B. BuranoBeiM (BoJrapus) H HCHONb30BaH
apyrumu aBropamu [10, 15].

CoueTaHHe XapaKTepHUCTHK OpPraHOB BCeX CTyNeHeil 3amu-
Thl. Kak cjeayeT M3 H3J0XKEHHOTO, XapaKTePUCTHKH Zcp=
==f(pp) AJA Pa3HHIX CTyNeHell 3aLIUTH C y4eTOM PA3HHIX Tpe-
GoBaHu{l, NpeAbABAAEMEX K HX (OpMe, H HEKOTOPHIX JADYTHX
coobpaxeHuit MoryT OwITh H OLIBAIOT Pa3JHUHBIMH. JOnmosiHu-
TenbHOEe TpeGoBaHHe K HX COUETAHHIO 3aKJIYAeTCs B IENeco-
06pa3HocTH pe3epBHPOBaHHA 06jacTH cpabaThIBaHHA KaiK-
Ho¥ nocjenyloued crynenbio npeabiayueii, a 111 crynennsio —
JaXKe NepBbIX JABYX. B CyllecTBYIOIIMX HCNOJHEHHSX 3aIIUT
Ha 3JeKTpoMeXaHHUeCKo# 3JeMeHTHOR Gase aasa I u Il crynme-
Hefl 4acTo HCNOJb30BaJjicsl OOLIUH OpPraH CONPOTHBJEHHUS, KO-
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topblit B ciiyyae HecpaGarbiBaus | cTymeHn aBTOMaTHYecKH,
panpuMep cpaGoraBuium oprasom III cTynenu, nepeksiouascs
Ha XapaKTePHCTHKy (Toro ke Buma) II cTymenu nocpeactBom
ymeHblIeHHA HanpsKenust Up. B HacTosmee BpeMst npH MHK-
pO3JEKTPOHHOH 3JIeMeHTHOH Gase oco6oil HagoGHOCTH B 3KO-
oM MO, nocruraemoif 3a cuer ycsioxHeHHS cxeMbl, 06bY-
HO HE BO3HHKAET M C YYEeTOM H3JIOKEHHOrO BHIIe TaKoe BBI-
MoJHEHHE NIepecTaii MPUMEHATh.

Heo6X0lHMO OTMETHTB, YTO B HEKOTOPHIX CAydasX Xapak-
TEPUCTHKH OPTaHOB AAKlOTCA He B KOMIIEKCHOH MJOCKOCTH Z,

a B IockocTH LR (puc. 6.6, ) MM B IJIOCKOCTH TIPOBOLHMO-
creit [18].

6.5. BO3/AEMCTBYIOLLME HATIPSIKEHUS U TOKM
M3MEPHTENbHbLIX OPFAHOB COINPOTUBIEHMUS -

OpraHbl AOJKHEL 4eTKO yCTaHaB/JHBAaTh 30HY, B KOTODOH
NPOU3OIJIO MOBPEX/EHHE NMPH JIOOLIX pexRkuMax paboThl CH-
creMbl. [Tostomy BaxkHBIM TpeGoBaHHeM, nNpeXbSBIAEMBIM
K HUM, SBJSCTCA HC3aBHCHMOCTb (yHKUHOHHPOBAHHA OT ab-
COJIIOTHBIX 3HAYEHHH BO3ACHCTBYIOLUMX HANPSKEHHH H TOKOB.
[l peasibHBIX OPTaHOB, HMEIONMX KOHEYHOe 3HAYEHHE MOpO-
ra 4yBCTBHTEJbHOCTH, BeCbMa CYIECTBEHHO COXPaHEHHe 3TO-
ro TpeGOBaHHA NPH BO3MOXKHO MasbiX 3HaueHHaAx Up u Ip.
Hnst obecneueHuss He3aBHCHMOCTH  (QYHKIHOHHPOBAHHS OT
snavenuii Up u Iy tpeGyercss onpeieseHHBIH HX BHOOD H
COYeTaHue; NpPH 3TOM HEOGXOAHMMO HMeTb B BHAY, 4TO Tpex(as-
Has CHCTeMa XapaKTepU3yeTcs TpeMsl (HasHBIMH HanpsKeHHS-
MH u ToKaMH. VM COOTBETCTBYIOT Mexay(asHbe Hampsike-
HHAs, PA3HOCTH (a3HBIX TOKOB M CHMMETPHUHEIE COCTaBJISIO-
wue. OueBHAHO, U4TO AN OGecnmevyeHHs NPaBHIBHOH pabOTH
noasneix OpraHoB, pearupyomux za K3 B onpeaeneHHOH
neryie, HeoOXOAUMO HCIOJ/B30BAThL NOJHBIE TOKH B 3TOH MeTJe
U coueraTh HX C COOTBETCTBYIOIUMMH MM OCTATOUHLIMH Hamps-
XeHHsIMH. B cBfI3H C 3TUM OKasmBaeTcsi HEOGXOAHMBIM HMeTb
Pasnbie coueranus Up u Iy nns mMuorodasunx K3 B onHoit

quxe 1 oaHo¢asHbx K3. BaxHo TakXKe HMeTb OfHHAKOBHIE
4p=Up/l, npu Bcex pacuerHnx Bumax K3 B npepesax Kax-

AOH U3 yKa3aHHBEIX ABYX Tpynn nodassuix opranoB. Oco6o pe-
Waercs sompoc BhiGopa Up u Ip nns peficTBHS 3alMTH NpH

(1,1
KLY Huxe npejnoJiaraercs, 4to 3alluTa BKJAIOYeHA Ha JIH-
HUH ¢ 1BYCTOPOHHHUM mnHTaHHeM. Merta/tnueckoe K3 Bo3Hu-

247



Kaer Ha paccTosiHHH [ OT WIHH MOACTAaHUMM (CM., HampHMep,

pHc. 6.2).
Coueranue Up u [, npu MHOrodasuuix K3. Hauayummm

ABJSIETCS. COYETAHHE OJHOMMEHHHIX MeXAY(hasHBIX HampsKe-
HHH ¥ pasHocTedl GasHbX TOKOB. IIOCKOJBKY ROJMHBI YHHTEI-
BaTbca Tpu BuAa K, mcnmosbsyiotess TpH NOQasHBIX OpraHa
co caeaytowamu codetanusmu Up 1 Ip:

opean | — Up=Uns, Ty=1a— Ip=Iss;

opean 2 — Up="Usc, Iy=1Izc;

opean 3—_Up=_Uc4,__1p:_1cA. CompoTuB/leHHe Ha 3aXH-
Max, wanpumep, oprana 2 Zpo=Usc/Isc.

Ipu K® 6ynyrt, oueBuaHo, paboTaTh OXMHAKOBO BCE TPH

oprasa u Z§,3>=V3 !(3)211/1/3 [®=zl. Tlpu K® opran 2

npaBuibHo cpaGathiBaer npu K, Tax kak oxaswiBaercs
BrMoueHHBM Ha Up u Ip metan K3: Zg%c = 2[/®2,][2](?) =
=le.

B MmexzaydasHbx HaNpsIKeHHSAX # B pasHocTAX ¢asubix
tokoB npu KD cocrasasiioutne o orcyrerByioT. IlosTomy mist
Toro ke opraia 2 mpu KV UG =[IQD—I0D |zl u
Zimt=2l.

Taxkum o6pazoM, paccMaTpHBaeMOe BKJIOYeHHE, IMperso-
KeHHOe emle B 20-e roah, oGecleyuBaer, KaK 10 U Tpebyercs,
oJHHAKOBHE Zp TpH BceX BHAAX MHOrogasHex K3 B oxHOB
TouKe ¢ Rp=0 x5 opraHa, BKJIIOUeHHOTO Ha BeJHUHHBI IETJH
K3. HBa apyrux oprana pa6GoTalorT IpH 3TOM HeYETKO.

Coveranne Uy, H [, npu opnodasnnix K3. Buibop nHauayu-

wero codetanus Up u Iy nmpu K nmepsonauanbno (B KoHue
20-x romoB) BecTpeTHa 3aTpynHeHHe, HanpsiKeHHeM H TOKOM
netnu K3 B panHuoM ciayuae SIBASIOTCS COOTBETCTBYIOINLHE Udg”
1 1 —
n IV, nanpumep UYP n I§). Hanpaxenne U =UD
1 1 1 1
2L 0+UY +2U U +all) . Cysna U +UQ
+ U paBna mymo, kak npexacrasiasiomast U B mecre Me-
Tannudeckoro K3. Has nuunit 21=2,. C yuetom 3TOrO, Ipe-
o6pasys Beipaxenne ans UY) noGaBnennem k HeMy dsena
(2ilo — 21llo) =0, monyuaem UP =2[I{P+ (20— 21)]o[21]
H ngl) =211+ (2 —gl){lo/[g). TaxuMm oGpasom, pabora oprana
C PacCMAaTPHBAEMBIM  BKJIOUEHHEM 3aBHCHT OT OTHOIIEHHS
I/, kotopoe B obuiem ciydae MOXeT KoNeGaTbest B WIMPO-
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«ux npefenax (cM. ri. 1), H3MEHSACH OT 1/3 npu omHOCTO-
oyieM MHTaHHW JIHHUA O 1, KOrxa salluta OKasbiBaeTcs
a60TAIOLIER CO CTODPOHBI TpancpopMaropa (aBToTpanctop-
vaTopa) C 3a3eMJEHHOH HEHTpalbi0 NpH OTCYTCTBHH E€HEpH-
pYIOILUX MOIIHOCTEH CO CTOPOHB APYrHuX ero o6morok. HMckio-
yenne Bausnua lo/ly ma Z{ Gbinlo BrepBhie NpeLNONKEHO,
[10-BHANMOMY, HE3aBHCHMO B 1930—1931 rr. 8 CIIA u Ppan-
yun. CYILHOCTb TPEJIOXKEHHs! HENOCPEACTBEHHO BHTEKAeT H3
pacCMOTpeHH;{ q&l)=_?ll({¢+lgé))’ rue {3:(%0—?_1)/§1. Ecau
s kauectse [p npuHsTH He g, a [p+kly, To Z{ =UM/(To+
+k[0)=gll OKasblBaeTcsl He 3aBHCAWUM npH Rn=0 pas op-
rana meriH K3 Kak oT OTHOLIERHs _10/[_&}), TaK M OT BCEX APY-

[HX 9/JE€KTPHYECKHX BEJHuYHH B cucteMe. JlBa Apyrux opraHa,
praoueHHbiX He Ha neran K3, paGoraior Heuerko. JlomosHu-
TeJpHO BBOAMMBII TOK Ry HaswlBaercs TOKOM KOMNEHCayuL,
a ko3POHIHEHT R — KospuyuenTom Komnexcayuu, TPHUHH-
MaeMbIM OGBYHO XeHCTBHTEIbHBIM YHCJIOM.

PaccmaTpuBaeMoOe BkJIOueHHe ofecleuuBaeT Takxke He00-
xoaumble 3Hauenust Zp (Takue xe, kak npu K() B ciydae
metaminueckux K&V nna 060X opranoB, BKJIIOUEHHHX HA ABE
oGpasyiouHecs Detaun K3, tak kKak Aas HHX gg'” HMEIOT Te
e 3Hayenus, yro npu KU, Temepb yiKe TOJBKO OIHH, TPeTHH
opran paGoTaer HeueTKO. Bkiiouenne Oyger obecneuuBaThb
npaBuabHYIO paboty oprano npu K®, korpa /o=0.

HenecooOpasubie coueranus U, u [, npu Bcex Buaax K3
B OBHOH TOuke. PaccMOTpeHHBle BhIlIe JBa COYeTAHHS OXBa-
TRIBAIOT Bee BUAB K3 B oxHO# Touke. Jlas Bcex MHOroda3nnx
K3 npu 3T0M mpeimoYnTadT MCHOJB30BATH IEPBYIO CXEMY,
BKJIIOYaeMyi0 Ha MexaybdasHble BeJuuuub. Ee Mm0J0XKHTEIb-
HbIM CBOACTBOM fIBJIAIETCS MCKJIOUCHHE BJMSHHS B3aHMOHHIYK-
UHH  mexay uensiMp Jubui, a npu KO — uckaiouenude
(B IPOTHBOMOJIOKHOCTL BTOPOH CXeMe) BpPEIHONO BJHSHHS
OcHOBHOH caaralomeit Ry Ha 3emai0 (Rn: B ra. 1), He BXOAd-
ltell B Mexaydasusie netau K3.

Heo6xoxumbie nast npaBuabHOl pa6oTnl 3amutel Zp 0Gec-
IeYHUBAIOT TOJILKO OpraHkl, BK/MouaeMbie Ha Up u [, nerean K3.
Hpyrue opranbl Moryt pa6oraTth HeUeTKO, HMes Zp, O0Jbllne
U1H Menbuine HeoGxoauMbix. IlpeyBeauuennnie Z, (4t0 uyacto
UMEeeT MecTO B CBfI3H C HCIOJb30BAHHEM MJS HHX GOJBLIHX
Halpsokeduil HemoBpeXKAeHHbIX (as) He omacuu. IlpeymeHs-
Weunpe Z, MOryT NMPUBOAHTH K H3NHIIHHM cpaGaTbiBaHHSIM
Samur npu snemsnx K3. Tostomy B ofmeM ciyyae neoGxo-
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AHMO COBMECTHOe paccMOTpeHHe paboThl Bcex Tpex ModasHbix
OpraHoB. "

Cnoco6bi  paccMotpennss pa6oThl mod)a3HbiX opraHos,
BKJIIOYEHHBIX He Ha nerao K3. B obmem cayyae npu K3 Ha
3aLIHIaeMOM yYacTKe, HCIOJb3Yys MeTOJ HaJOXEeHHsl Harpy-
304HOro pexuma ¢ (asHbiMH Upas 1 Ipas Ha aBapHAHBIH pe-
%um K3 u npunumas 3a ocobyio pasy A, HMeeM clenyolline
COOTHOWEHHs:: At TOKOB [a=1apas+T1an~+T2an+ Loan; 5=
=02_IA pa6+az_11aa+a!2aa+{033; _1C=a_1A pa6 +agiaa + 021_235‘ =+
+_IOaB; IJI41 HaHpH}KEHHI':I gAzyA pag — (_Zlcllaa+§2c1_2a5+
+Z_0c1_oaa); y3=a2UA paé_(a2Z_1c{133+aZ_20£233+§001_OaB); (_Jc=
ZaQApaG—(a_ZicliaB'f‘azggclgag‘{‘_zocl_oaa)-

B sTux seipaxennsx Zic, Zsc # Zoc — 5KBHBaJEHTHBIE CO-
NPOTHBJIEHHs MHTAKIEH CHCTEMBI CO CTOPOHBl MeCTa BKJIOYe-
HHS 3aIHTHL. YKa3aHHble COOTHOUICHHS ABJAIOTCS HCXOIHBIMH
AJsl_IBYX OCHOBHBIX cnOocoGOB paccMOTpEHHs BOmpoca.

o nepBomy croco6y Bce COOTHOLIEHHSI paccMaTpHBAIOTCS
B KOMIIJIEKCHOH MJIOCKOCTH g ocHOBHOH metau K3, gas nefict-
BHsl NPH NOBPEXIEHHX B KOTOPOH mpeiHas3HaueH ORHH H3
TpeX opraxos, Hanpumep opran I pis meriu K3 Mexny da-
3amu A u B B 3amumaemoli 3oHe. B 3TOH miockocTH oprax
HMeeT OJHO3HAYHYI0 XapaKTepHCTHKY Zcpi=/[(¢p), He 3aBu-
CSILIYI0O OT NMapaMeTpoB CHCTEMbl; OHa OmpexesieT paboTy op-
raHa g MOXeT MCHOJb30BATbCH [Jisl aHaJH3a ero IOBeXeHHS.
B wacTHOCTH, OHa MOXeT CJAYMKHTL AJs1 BHISICHEHHS TOBeLeHHS
HaHHOro opraHa / Npu MOBpeXAeHHsX B APYTHX 06pa3yIOUIUX-
cs1 nerissx — BC n CA. Hcnoassys npusenennsle BhHIle COOT-
Houlenusi, onpenessitoT anas BHewHHX K3 Zpy=Usp/l 5, ecan
KoHen Zp; momajaer B 06jactb cpabaTHBaHUs XapaKTepHCTH-
KH Zc,p1, TO OpraH / cpaGaThiBaeT HeNpaBHIAbHO.

ITo BrOpOMY cnocoly ans ompeneeHHst paGoOTh, Hampu-
mep, Toro xe oprana I nmpu K3 B apyrux nerasx (BC, CA)
NepeHOCAT €ro XapaKTepPHCTHKY cpabaTHBAaHHA C IIOMOLIbLI
Ipo6GHO-THHEHHBIX NpeobGpa3oBaHHil B MJOCKOCTH g COOTBET-
CTBYIOUIHE 3THM mNeTasaM. IIpu sToM B cayyae monapaHuss KOH-
0B BeKTOpa Zpy uau Zps npu K3 B nerssix BC uan CA B 06-
JacTb, OXBATLIBAEMYIO  COOTBETCTBYIOUIeHd INepeHeceHHOR
XapakTepHCTHKOH oprana [, ycraHaBJaHBaeTCsi (aKT Hempa-
BHJILHOTO cpaGaThiBaHHs MOCAeLHero.

MoxHo paccyxnatb W mo-apyromy. Ilpu nepenecenun xa-
PaKTepHCTHK cpabaTbiBaHHsA opraHos 2 W 8 B miIOcKocTh Z
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pic b 2un

oprana I TPEICTABJAETCH BOSMOMKHLIM  OUEHHBATH pa6oty
acex TpeX ODraHOB IpH NoBpexieHHsx B nerie K3 opraxa 1.

Ha nmpakTHKe YacTo IOJb3YIOTCS NepBBIM CHOCOGOM, OTBe-
YAIOIWHM JeACTBATEJIbHOMY (YHKUHOHHDPOBAHHIO ODPTaHOB.

Hcnoab30BaHHe KOMIEHCHPOBaHHbLIX Hanpspkenuit. Ilon
KOMNEHCUPOBAHHbIMU  HANPANCEHUAMY, HCTOJIb3YEMbIMH IS
paboTh HO npu K3, 06b4HO MOHUMAIOTCS Pa3HOCTH OCTATOY-
npix HanpskeHuH metyn K3 u mpoHaBeneHHss Toka KoMIeHca-
nud Ha compotusienne Zy ycrasku HO. Ilpu stom yunTbiBa-
ercs, uTo B caydae K3 wa rpaHuue samumaeMofi 30Hb U Rn=
=() OCTaToMHOE HANpsSKEHHE DaBHO MajleHEI0 HaNpsKeHHs
g Zy. Jlia opranos, ucro bsylomux ¢ashbie seanunus, Uy, =
= Up—Zy(lp + ko) = (2il—Zy) (Ip + klo) u pns opraHos
¢ mexaydasHeiMH Bedmunnamy Upy =Uwo — Zylwo=(2:] —
— Zy) e

"BBoast MOHATHE KOMIIEHCHPOBAHHOTO Z_ u mens Bce uJeHb
cooTBeTcTBeHHO Ha [g+kly uan Iup, moONydaeMm AJs OpraHOB
¢ paccmorpenHbiMu couetanusiMi Up u Ip oblilee BbipaxeHne
(npunnMas 1A 21 M Zy ONMHAaKOBBle yrabl) Z ==z\l—Zy.
Mpu K3 B 3amumaemoii soue 21/<Zy n opran cpabaThiBaer,
npu K3 BHe 3amulaemoil 30Hbl 2;/>Zy n opran He cpabarThl-
BaeT. MOXHO TakiKe [aBaTb OMEHKY MO BBIpaXKeHHIO (CM.
ra. 1) y=sign(z;l—Zy). Ecin y<O0, oprau cpabarbisaer,
ecan y>0, opran He cpabatriBaer. Mcnosb3oBaHne KOMIIEHCH-
DOBAHHBIX HANpsXKeHHH B SBHOM HJH CKDBITOM BHIe MpHCYIIe
COJIbIIMHCTBY NPHMEHsSIeMbIX B HacToOsilee BpeMsi Kak modas-
HBIX, TaK U MHOTO(a3HbIX OPTaHOB.

Coueranne U, u [, 0Js OPraHoB C YHCJIOM BO3AEHCTBYIO-
IHX BEJAHYHH n>2. DTO MOryT OBITh KaK CNENHaJbHbie BHIIOJ-
HeHns no¢asHbix opraHos (nanpumep, Up=U, n Upn=
=Usc— Zylpc u 1. 1.), TaK u Tpexcasubie opransl. OCHOBHOI
HHTepec MPEeACTaBJASIOT TpeXdas3Hble OpraHk, KOTOpBE MOTYT
0GbeN AT, (YHKIHH HECKOJbKHX MO(asHLIX OPraHOB M Hc-
Ko4ath HeOOXOAMMOCTb NPHMEHEHHs Mep N0 MpeaoTBpalie-
HHI0 BO3MOKHBIX H3JHWHHX cpafarTbiBaHuil mocjenHux. Kom-
NeHCHpOBaHHble HANpPSKEHHs, HAlpUMep, MOTYT COUYeTAThCs
C BEJHYHHOH, NPONOPUHOHAIBHON TOKY [p (cM. HHXKe).

OcoGennoctn Boi6opa U, u I, pas paGorsl nodasHeix op-
Favos mpu K(;V. TloBpexneHus K;}B"), KaK yKa3blBajoch

B M. 1, mpaKTHYeCKH HMEIOT MeCTO, H TO PeNKO, TOJBKO B ce-
TAX C H30JMpPOBAHHBIMH HJIH 3a3€MJIEHHBIMH 4Yepes Jyro-
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racsiiHe peakKTOPBbl HEHTpaJfAMH, B KOTODHIX JAHCTAHIHOH-
Hble saluTH ot K{ He Tpebyiotca. TlostoMy Hcmoab3oBaHue
To1bKO A1 KV oTenbHBIX OpraHoB Hemesnecoo6pasHo H He
npaktikyercst. das pa6orel npu KV 06biuHO mpaMensiores
3aMUTH oT MHOrogasHuix K3 B oiHO# TouKe; 415 BO3MOKHO-
CTH OTKJIOYEHHSI TOJbKO OZHOTO MecTa MOBPEXAEHHS OHH Bbl-
noandtorest AByx¢asubiMi, (¢ TA B dasax A u C). Pacemor-
peHue, npoBejlenHoe B IJ1. 1, MOKa3bIBaeT, UTO Ha YyYacTKax ¢
[o=0 ans opraHos mesnecoo6pasHo UcHONB30BATE Uwg, a mpu

fy50 neob6xonumo npumensats Us. g aBTOMaTHYUECKOro me-
pexknwouenns ¢ Uwp na Uy npumensercs oprad Toka, BKJIO-
yaembld Ha [p==3 Io; yuuThiBas AByX(dasHoe BHIIOJHEHHE 3a-

WATH, X Mpd MHOrodasunx K3 npuxoaurtcs ocymecTBaATb
aBToMaTtHdyeckoe Tepeknioyenne MO na neobxogumble nertsiu
K3 (cm., nanpumep, [10]).

Yuer B3aMMOMHAYKUMH Npu BhIGOPEe NapaMeTPOB AMUCTAH-
UHOHHBIX 3aWHT. B3auMOHHAYKUHS MeXAy NensIMH JHHAH,
Opexkje BCEro MapaJjiiesNibHbIX, OJH3KO PacHOJOKEHHBIX Ha
- BCEM MPOTAKEHHH, MOXKET CYULeCTBEHHO BJHATL HA PaboTy HX
samur (eM. ri1. 1), Jlis TOKOBBIX HANpaB/ieHHBIX 3alUHT Hy-
J1eBOii TI0C/1EN0BATeNbHOCTH (CM. IJ. B) OTCTpofiKa OT B3aHMO-
HHAYKOHH NMPOM3BOJHTCA UX 3arpybjeHHeM MO TOKaMm cpaba-
TeiBans. [Tpu sToM samuimaeMeie 30851 1 K03 buiHeHTH 4yB-
CTBHTEJIBHOCTH MOTYT CHJIBHO yMenbliaThefl. Takoe pellieHHe
BOMPOCA AJIA NUCTAHIMOHHBIX 3aLIMT CYHTAETCA HEMpHeMJe-
MbIM. OcTpofiKa 0T BAHAHHS TOKOB 1o, MOABJAIOMHXCA TPH
srewnux KO u KO B 3aseMaennofi ¢ ABYX CTOpoH s pe-
MoHTa Iemy (cMm. puc. 5.18,a), Morsna 6 IPOM3BOAUTLCS KOp-
PEKTHPOBKO# TOKa [o B cHOPMHPOBAHHBIX BENMYHHAX OPraHOB

conporusicHus. Jlns KOppeKTHPOBKH paGoThi 3alUMTH B pac-
CMaTpHBAEMOM HaHGOJIee TSKeJNOM CJyuae, COMpPOBOXKAAI0-
meMcsi yMeHbiienHeM Zp, — Ha BpeMsl PeMOHTA IeNH —B 3a-
IHTY MOXKeT MONABaThCs Yepes aomoanutenbunit TA, Bkio-
YaeMHId B Lellb ee 3a3eMJIeHHS, COCTABIAIOILA A I, Takoro 3Ha-
deuuq, Kortopoe obGecneunBaer Zp=Zi;  (OpemsioxeHue
K. A. Bpunkuca, Oy Cesepo-3anaja), uin MoXeT HpoHs-
BO/IMTLCSl H3MEHEHHe ee YCTABKI C HCMOJb30BAHHEM HOXKA 3a-
SEMJAIOINEro pasbeAMHHTeNs (npennoxenue B. A, Py6unuu-
ka, 9CII). ’

Bosmoxubl ¥ mpeysesnuuennbie 3aMepsl, HanpuMep npu pa-
bore nByx uene#t u K3 na wunax. B 3apybexnoi NpaKTHKe
C Y4ETOM 3TOr0 peXuMa Ipeasarajach KOMIEHCAIHS B 3allld-
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re OAHOH LEH TOKOM Io BTopo#i nenu. Kak Obl10 10Ka3aHo
cTBeHHbIX paborax (cM., mampuMmep, [1]), Takas KOM-

cauus B pifle CIyuaes MOXKeT OOYyCJOBJIHBATH HEMpPABHIb-
ne cpaGaTHiBaHHA 3alUMT M B OTEUECTBEHHOH NPAKTHKe He
HHemeHHeTCH. [Tpu 3TOM Y4YHTBIBaeTCsA, 4TO B CJayyae paléon)l
EB;{X uemneil 10CTaTouHO GHcrpoe oTkaodenne K n KD mo-
eT 0O0ecleunBaTbcs MOMEPeyHOH HampaBJeHHOH 33UATOH
(cM. I 7).

B oflueM cJaydae fIpeJCTaBiseTcs HeXeJaTeJbHbIM néxm
Ha COKpallleHHe YCTABKH Zy OpraHos 3aiuthl I CTyn}:.Hn bi-
Gop 1e1ecoo0pastHoro Kos(QuuuenTa KOMICHCANHH £ HYXK]a-
erca B yrouenun. OKoHUaTeNbHble peKOMeHpauud GYAYT, Be-
pOSITHO, TPUHATBL [PH BHEJDEHHH HOBBIX OTEUECTBEHHBIX IH-
cTanIMoHHbIX 3amuT ot KM B skensyaTanuio.

B oTeye

6.6. MPMHLMIMb! BblhOJ’IHEHMSI OPTAHOB COIMPOTHUBINEHHSA

Jns ocyllecTBAEHHS MO zamur ot mHOrogasusix K3 B ox-
HOB TOUKe NpHeMJeMbie CBOHCTBA HMeEIOT MO¢asHble OpraH,
BKJIIOUAeMble HA MexnybasHble HanmpsKeHusd W pasHocTd $as-
upix TOKOB. Jaisi sammt ot oxnodasnbix K3 an)asHbIe opra-
HH C TOKOBO{l KOMIeHcaudeHd B OTedecTBEHHOH NPAaKTHKE He
IPHMEHSAIOTCS, TaK KaK MX paboTa MOXKeT CHJIbHO 3aBACETH OT
R. B MecTe MOBpe¥XaeHHs, 0OCOGEHHO TPy yyeTe cABHra ¢as me-
tounugros DI C, Toko mnarpysku. Ilo3TOMy HHXKe OCHOBHOE
BHHMAaHHe yjelsieTcsl NPHHUHIAM paboThi OPraHoB 3aLUT OT
K® ¢ ynyymieHHBIME CBOHCTBAMH M PaCCMaTpPHBAIOTCA TOJIbIéO
HEKOTOpble BOMPOCH MO OpraHaMm 3amuT ot MHorodasneix K3.

Muorogasupie opraubl, NpeaxHasHauenspie aas paborbl nNpu
Bcex K. B nocaejsHue jeCATHJAeTHA NOABUJIMCH pasHble pas-
paboTKA 1O BhIMOJHeHHI0 opranos ot K¢, 06jafalomiux nyu-
UIHMH CBOJICTBAMH, YeM paHee HCIOJAb30BABIIKECS OpraHbl
¢ TOKoBO#l KoMileHcamue#. Huxe paccmorpeHo asa uXx HCHOJ-
HEHHs,

Opran, B 0CHOBY paGoTHl KOTOPOrO NOJOXKEHO YCHOBHE OJ-
HOBPEMEHHOTO KOHTPOJISI TpeX KOMIIEHCHPOBAHHHX (asHbIX
Hanpsxenudl u ToKa fo, paspaGorad (paHIY3CKHMH crenna-
aactamu (M. Cyiiap u ap.). Kommencuposannbie U, pasHbl
Uy = (2d—Zy) (stklo), Uy = (2i—Zy) (sHklo) n Up =
= (21l — Zy) (Ic-+*kly), rne |— paccrosinue A0 MecTa MeTal-
Mageckoro K3. Oprau cpabaTHIBaeT, ec/H Bce YeThipe yKasaH-
Hble BeJHYHHBl PaclloiaraloTcst B OJHOM MOJYNIOCKOCTH (pHc.

7), YTO COOTBETCTBYeT HAJMUMIO Y HHX OJHHAKOBOH MOJSAD-
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HOCTH XOTs Obl KPATKOBPEMEHHO — B TEUEHHE OJIHOrO IoJy-
nepuofa. B cuMBosiax asire6phl JIOTHKH ycJjoBHe cpabaTthiBa-
HHS OpraHa MOIKHO C yY€TOM 3TOTO 3allHCaTh B BHJe BBIXOI-
HOTO CHTHana y=u Uy Uy (—io)4u, ~ug -y (—ip). Io-
CKOJIBKY CHTHAJ § MOXKET IOSIB/ISTHCH KPATKOBPEMEHHO, Ha Bbl-
X0Je CXEeMHl CPaBHEHHs [HO/IKeH OBIThb IPelYCMOTPEH pedri-
PYIOIHA 3/1eMeHT B BHJe pacliupuTens uMnyabcos. Kak mHo-
ropasHbli, opraH He UMEeT OJHO3HAYHOH X&PAKTEPHCTHKH
B II0CcKocTH Z.

180°
Pruc. 6.7. C.uyqa'ﬁ, KOrAa KOMIEHCHDOBaHHBIE

nanpsukennst Uy H Tox o HMeOT B TeueHde

, [OIyNepHOAZ KPATKOBDEMEHHO ONHHAKOBHIe
Ug  IOMAPHOCTH

!
Y4

Uccnepopanus, nposenennsie 8 SCII (B. A. Py6ununkom,
C. d. Tlerposuim u ap.), 8 MOH (E. A. ApxXaHHHKOBHIM) H Ha
kapeape P3A MDHU (dab-Xaaunu, Eruner), nokassBalor, 4To
Ha paGoTy paccMaTpUBAaeMOr0 OPraHa CYyUIeCTBEHHO BJHAET
yron pacxoxpaeHus ¢as DJC reHepatopos, UTO MOXKET IpU-
BOANTh K M3JHUIHHM cpaGatbiBaHusM ero. IlostoMy opran
NPHTOJEH B OCHOBHOM JJisi JIHHHH Daclpefe/qUTe/]bHBX ceTed
110—220 xB. B 31HX yCc/a0BHsIX OH OKashiBaercs 00JafaomuM
JYYLIIMH CBOHCTBAMH, 4eM TPH NOGa3sHHX opraHa ¢ TOKOBOH
koMnencauueli (Up=Us) n lp=(lp+klo). I1a cTpyKTypHas
cxeMa SBJSETCS 3HAUUTEJNbHO 6oJjiee CJO0XKHOH, YeM CTPYKTYD-
Has cxeMa, olpejessieMasi NPUBEJEHHBIM BHIIE JIOTHUECKHM
ypaBHEHHEM.

OpraH, B 0cHOBY pabGOTH KOTOPOrO IOJIOXKEHO yC/I0BHE OT-
CTABAHHSA BEKTOPOB TPeX KOMIEHCHPOBaHHBIX (PAa3HHX Hamps-
KeHHl 0T BeKTopa ToKa lo Ha yroa menbure 180°, mpennoxen
B UDU (E. A. ApXaHHHKOBHIM). DTOT OpPraH MO CBOMM CBOH-
cTBaM GJIM30K K PACCMOTPEHHOMY BHIILIE, XOTS H HMEET COBCEM
Apyroil aaroputM cpabatbiBaHus. MMeloTcs M HekoTOpHle MO-
audUKaUMH OpraHa, NpeiJOXKeHHHE TeM XKe aBTOPOM.

IMogasnbie opranbl, TpegHa3HaueHHble AJas padoTe npu
K3 na semmro. Hixke paccMaTpHBalOTCs Da3HOBHIHOCTH MO-
(a3HblX OpraHoB, KOTOPHE IPHHUHIHAJBHO He MOABEPKEHB
B/IMSIHHIO pacxoXaeHus (a3 reHepatTopos.

Opran, B OCHOBY KOTOPOTO IOJIOXKEHO YCJOBHE CPaBHEHHS
KOMIIEHCHPOBAHHOr0 ()a3HOTO HANpPSKEHHS Qd, = Up—2ZyX
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X(l‘b‘l'k.l") ¢ nanennem Hanpsukenus Zy(lg-+klo) B MOMEHT
sexona fo uepes Hynb, paspaGoTaH (paHIy3CKUMH CIELHA-
JHCTaMH (M. Cyitap u np.). Ero pa6ora Ipu BK/IOUEHHH Ha
neriio K3 1O MX JaHHHIM HE 3aBUCHT OT Ry npu coBnageHuu
nmo ¢ase TOKOB I, B 3amute u Ry Tlpu HecoBmajaeHHH
ax 10 (ase TaKas 3aBHCHMOCTb NOSBISETCH. Henonpsys
npeAJIoKeHHE SCII no koppekTupoBKe paboThl OpPraHos, AeH-
crayomux npn K1) Ha yroa p=arg(lo/Iz), 3TOT HENOCTATOK
opraHa MOXHO CyIIECTBEHHO OTPaHHUHTb. Opras ¢ yyeToM yKa-
3aHHOH KOPDEKTHPOBKH 3ac/yKHBaeT BHHMaHH#A, TaK KakK €ro
pafoTa He 3aBHCHT OT C/BHra ¢as DC resepatopa 4 OH HO-
3TOMY MOXKeET O6bLITL HCIOJIB30BaH Ha 0OoJiee HNJHUHHBIX JHHHAX
¢ ABYCTODOHHHMM NUTAHHEM.

OpraH ¢ TOKOBOH KOMMeHcauued, pa6oTa KOTOpOTo 4BToO-
MATHUECKH KOPPEKTHDPYeTCs TaK, 4T0 Zp=Xil He3aBHCHMO OT
yraos pacxoxaenus pas IJC, paspaboran B UM (E. A. Ap-
wanHnkoBuM). Da3Hoe HaNpsIKEHHE B MeCTe BKJ/IOYCHHS Op-
rana npa K3 Ha semyio yepes Rn IIpH ABYCTOPOHHEM IHTAHHH
Up=21l(Ip++klo) +3Rulon u B CXeMe ¢ TOKOBOH KOMIEHCALH-
‘efi 175 Oprama, BKJIOUeHHoro Ha mermio K3, Zy=Us/(Ip+
+klo) =211+3Rulon/ (Io+klo) =21l+AZ. Bekrop AZ (puc.
6.8), nckaxaiowuit Zp, o6pasyer ¢ ocbio +R yroJ, omnpejesse-
Matit arg Loo/ (Lg-+-klo) =a — B, rae a=arg Io/ (Io-+4lo) u p=

fiepexo

=arg lo/lon. =~ PeakruBHas  cjarammas 21l xl=[X, —
A I3 B
+HiX 5 l l
YN Zas—, 2,
Az o(..ﬁ
z b
Zp
\
1) \ 3
Pu Zep —V/LL
A 3 ' T
+R 90°  180° 90° |8

Puc. 6.8. [marpamma, HAMOCTPH- Puc. 69. [Harpamma, XapakTepH-
PyIolliasi COOTHOLIEHHs 3JIEKTpHYEC-  3ylolias NOBejeHHe OpraHa IIOJHO-
Kux Besquyun B MO rO COMPOTHBJIEHHA NPH KayaHHAX
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— Ry tg(a — B)Itg @a/ltg @atg(a — B)]. ¥Yrom o B Kaxabii
MOMEHT LOJIKeH PAacCYHTHIBATBLCS B MecTe BKJIIOUEHHS 3alHTHI
no uspecTHuM lo # lp-+-klo. Tounas ¢ukcauus yria § nesos-

MOKHA, TaK KaK OH 3aBHCHT OT TOKAa !On B MeCTe NOBPEKACHHAA

(or mapaMeTpoB HyJeBOH NOCJA€L0BATENbHOCTH CHCTEMH ¢ IIPO-
THBONOJIOXKHOH cTOpoHbl 3auiuitaeMoro yuacrtka). Opanako
npubauKeHnHoe uesecooGpasHoe 3HadeHue yraa B Moxer ObiTh
3agado. Pacuer yraa o yfioOHO NpOH3BOAUTh, HAalpHUMep, NPH
MHKDOIIPOlIeCCOPHOH 3JIeMeHTHOH 6ase.

Takum myreM moJyuaercs opras ¢ xapaKTepUCTHKOH, 6/H3-
KOl K Oprasy peakTHBHOTO CONPOTHBJEHHS, HO He IOJBepKeH-
Ho#t Bausuu0 pacxoxiaeuus ¢pas DI C reneparopos. Hurepec-
HO OTMETHTh, YTO paccMaTpHBaeMbil opraH Mo CBoeMY NPHH-
uuny aefictsust (He aJropUTMy), Kak nokasano B [b1], monoGen
paccMOTpPeHHOMY Bhille Noda3HoMy opraHy, paspaboTaHHOMY
bpaHUY3CKUMH CIlelHaNHCTaMHU.

Takum o6pa3oM, OCHOBHBIM IPeHMYLIECTBOM pPAaCCMOTpeH-
HbIX MOQAasHuiXx opraHoB ans 3amurhl o1 K gBisercs uesa-
BHCHMOCTb HX PaGoTH oT pacxoxienns ¢as3 DC u kak caen-
CTBHE — BO3MOKHOCTL NIPHMEHEHHSI He TOJBbKO B paclpejenu-
TeJbHBIX ceTsix 110—220 xB, Ho ¥ Ha JHHHSIX 3HAUHTEJNbHOH
NpOTsxeHHocTH Gojlee BHICOKMX HanpsukKeHuil. Brinonunenune
opraHa mo BTOPOMY BapHAHTY Uesecoo6pa3HO HA MHUKpPONPO-
eccopHOH aJjieMeHTHO# 6ase. [Ias o60HX BapHAHTOB 00s3a-
TeJbHO NPHMeHeHHe OTAENbHBIX OPTaHOB HANPaBJEHHS MOI-
HOCTH u u3bupareseft noppexaeHnoll $asnl, Tak KaK OpraHml,
BKJIIOUeHHbIe He Ha mernmio K3, Moryr pa6oTarth HempaBHJAbLHO.
Opranbl noaBep:KeHbl BJAHSHHIO KauaHui. Bce 370 Heckoabko
YCJIOXKHSIET HX BBLINOJIHEHHE.

MHorodasHbie opraHpl, npejHa3HaYeHHbIe 1A paboThl npH
mHuorodasubix K3. IlepBrifi MHorodasunlii oprau conporusne-
Hus 6bL1 npenioxen B 1944 r. na UDA3 (A. M. Bpecnepom),
a BcKOpe He3aBucuMO — B BeaunkoGputanuu BappHHrTOHOM.
Pese U3AS3 sunonusijoch HAa HHAYKIHOHHOH cHCTEME IO cXe-
Me cpaBHeHHS (a3 ABYX KOMIIEHCHPOBAHHBIX MeXAydasHbiX
Haﬂpﬂ}KeHHﬁ C M3M = —k; l UAB—Zy[AB' . |UCB"‘ZyICBl sin P.
Hanpsxeuns Uas, Ucp u 1oku lap u Ics noanoctbio xapakre-
PH3YIOT Bee Mex Ay dasusle BeMHuuHbl (B ToM uncae Uca u fca),

a TakXKe COOTBETCTBYIOIIHE HM COCTaBJSIONIHe NpsAMOA H o6-
paTHoO#i nocJenoBaTeJbHOCTeHd, KOTOPhle MOTYT GLITh BHIpaXKe-
HEI Yyepe3 HuX. [IpH 3TOM TOT Ke MO MPHHUHUNY feHCTBHS Oprax
xapakrepusyeress [1] Moy = ko (Us—2Zy12) 2 — (U—2Zy11)?].
Ilocnennee BhIpakeHHe HaTJASAHO I[OKasbBaer, 4to paGora
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accMATPHBAEMOTO OpraHa He 3aBHCHT OT TOTO, MEXKY KaKH-

mi (asaMu HPOH3OILIO K®, Omno e nokasmiBaer, 4y1o NpH
K(® § KauaHHsX Oprai He paGoraer, Tak Kak Msu oTpuuare-
jed. PaccMorpenne paGoTE Oprana Inokasaio (cn}., Hamnpu-
mep, [52]), uro oh obranaer HanpaBJIeHH‘O‘CTbIO JeHCTBHS, HO
HesPEKTHBHO  PYHKUHOHHDYET MpH K@) y ocoGeHHO NpH
K, a Takke MOXeT OLITb OYeHb YYBCTBHTEJEH K NOrpellHo-
cram uamepHTenbHEX TV. Takum 06pasoM, opran B paccMoT-
pEHHOM HCIONHEHHH HMEeT CYLUeCTBEHHHIe orpaHH4YeHHss 1o
yucly OXBATHIBAEMBIX BHIOB MHOrO(asHbIX K3 u nekorophe
ApyrHe HENOCTaTKH. B uacrosillee BPeMs NMEPELNIH HA HHTE-
rpaAbHyio MHKPOJIEKTPOHHYIO 6a3y, OOJEruuBIIYI0 KOHCTPYK-
TMBHOE BHIMOJIHeHHe opraHoB. [fosToMy opradsl oT Muﬂoro@as-
upix K3 paccMOTpPeHHOro H yJayulleHHbiX HCIOJHEHHH, COKpa-
masmine GOMbIIOE YHC/IO CJOXKHBIX OpraHoB B 3awlure, B
yacToslllee BpeMs KOHKYpHpPOBaTh C 10¢a3HbMH OpTaHaMu Ha
HOBO# 2J7eMeHTHOH 6a3ze He MOTYT.

MruorodasHbie ¥ nogasHbie opraHbl, NOCTPOCHHbIE HA HC-
M0JAb30BAHUH TOJbLKO aBAPUHHBIX CJHAraloUIMX HaNpsKeHHH
# ToKoB. [To1 aBapHHHBIMHA CIAralomHMy, KaK yKasano B ra. 1,
MOHHMAIOTCH BeJMUYHHBI, NpelcTaBJaAKINHe BEKTOPHYIO pas-
HOCTh BeJHUHH HOcJe BO3HHKHOBEHHS NOBPEXAEHHR H B [0-
aBapuiinoM pexuMe: Fas==Fx— Fpss. B ra1. 1 pacemarpuBa-
JIMCh TIOJTHBIe aBapHfiHble carammue ¢as # X cocTaBJjgioulne
npsiMoit, o6paTHOH H HYJeBOH nocaenosaredbHocreli. Ha ka-
denpe P3A M3OU 8 1977 r. (0. A. Bapa6anoBniM) Gulin mpea-
JoxKeHH M pa3paGoTaHbl M3MepHTeJbHBlE OpPranbl HampasJe-
HHSL MOIIHOCTH (CM. IJI. 5) H CONPOTHBJEHHS AJS AHCTAHLHOH-
HOH  3alUTHl, HCIOJB3YIOIIHe Kak IOJHbHE aBapuiHbe
craraomde (18 nodasHbX OPraHoB), TaK M HX COCTABJAAN-
Wye, HampuMep o6GpATHON MOCTEIOBATEIbHOCTH (AN MHOTO-
dasubix opranos). [loaxke mono6HOe Xe MpejloxkenHe GblIO
nesaBucumo uagoxeno M. Cyftapom (@panuns). XapakrepH-
cTHueckas BenuunHa st 9Tux HcnoaHenHl Zp=Uas/las TO
MOCTPOEHUIO COOTBETCTBYET OpraHy CONPOTHBJEHHS, OAHAKO,
KaK foKashlBaeT anaaus, OHW paGoraloT mnoAOGHO OpraHam
HampaBjeHHsi MOMIHOCTH. [103TOMYy a/isi cO3faHus opranos I
v Il crynene#t 3amuThl, HMEOMWHX GHKCHPOBAHHEIE COIMPOTHB-
JleHHsi cpa6GarbiBanys, HEOOGXOAHMO NPHMEHATh ONpelesieHHbIe
Meponpustusi. Oprasbl CONPOTHBJIEHHS, BHIOJNHEHHbIE NOJ-
HOCTbIO Ha aBapHHHLIX CJAaralIliiX, Ha NPAKTHKE HE NMPUMeHS-
JIACh, B YACTHOCTH C YYeTOM HEKOTOPHIX TPYAHOCTeH, BO3HUKA-
IOIUX [pH OCYHIECTBJEHHH TOYHOH (HKCAUMH KOHLA 3allH-
laeMbIX 30H.
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ABapuiiubie cjarammHe LIHPOKO HCHOAB3YIOTCS HJsl OCY-
LIECTBJICHHS B HHCTAHIMOHHBIX 3alIHUTAX CNEeHHaNbHBIX NYCKO-
BBIX OPraHOB GJIOKHPOBOK OT KayaHHH.

OnHocuctemubie (MHoroasHsie) opraHbl. OZHOCHCTEMHBI-
MH, KaK GblJIO OmpejieleHO B I'NM1. O A/s TOKOBHIX 34HIHT, IPH-
HSTO HasblBaThb cxeMbl BKaAtouenust a HUI1 (TA, TV), umelo-
IHe OJHH H3MepHTeJbHBIH oOprad, AeHCTBYIOIIHH IpH Beex
pacuetHbix Bujgax K3. IIpyMeHHTelBHO K NHCTAHLHOHHEIM 3a-
IIHTaM Taxo#l OpraH OT/JHYAeTCS OT pPAacCMOTPEeHHBEIX BHIlle
MHOTO(a3HBIX OPraHOB TEM, UTO K HEMY B 3aBHCHMOCTH OT BH-
Jla TOBPEeXAEHHS ¢ NOMOIIBI0 CHEelHaNbHEX TYCKOBHIX OPraHOR
noaBoastes HeoGxomumuie Up u fp, COOTBETCTBYIONIHE METASIM
K3. TlostoMy onnocHcTeMHBIE OpraHbl HeleaecooOpasHo Ha-
3plBaTb MHOTO(asHbBIMH (KaK 3TO HHOTHA NpPaKTHKYeTcs).

IMpocTefitinMu NYCKOBHIMH OpTaHAMH SIBJASIOTCS MAaKCH-
ManbHble pefle TOKa, ycraHaBaupaiomue Bux K3, Taxue opra-
HH HayaJaH NPUMEHAThCH B OTeyecTBeHHOH mpaxkrtuke B 1931 r.
npH Unow<<35 kB. Otu opraubl, 0co6eHHO AAfA 3aIIHT ceTeil
¢ Uwon>35 kB, BcKOpe mepecranu yiOBneTBOPATL CBOEMY Ha-
3HayeHH0. MHOTO BHHUMAHHUS YaeJAsJ0Ch BONPOcaM paspaboTKu
OJHOCHCTEMHBIX 3alHT C NYCKOBBIMH OpraHaM# CONPOTHBIle-
uus [2}. OgHako Ha 31eKTPOMexaHMUeCKOH 3/1eMeHTHOH Gase
paccMaTpHBaeMble OpraHbl OKa3aJdHCh HeNepCHEKTHBRHLIMH,
B YaCTHOCTH H3-3a HEOGXOAHMOCTH OCYIHIECTBASThL HepeKJiye-
HHS B TOKOBBIX LeMNsX, IO KOTOPBIM HPOXOAAT Go/blliHe TOKH
K3. Jlyyure pesyabratel OblAH AOCTHTHYTH B IloJblie
10. Bpy6unieBckuM, MHOTO CAENABIIHM [JS BHELPEHHS MOJY-
NIPOBOAHHKOBOH TEXHHMKH, B YACTHOCTH NMPHMEHHBINHM AJS pe-
HWICHH PACCMATPHBAeMOro BONPOCAa MaKcH- (AAA TOKOB) H
MUHH- (AJ151 HanpsixeHul) cenexToph. B pajbHeiiuiem B cBA3H
¢ BHeIpEHHEM HHTErpajbHOH MHKDPOI/JEKTPOHHOH 3J€MEHTHOH
6aspl BONpOC COKpalleHHs YHCAA H3MEPUTEJbHBIX OPraHOB B
cXeMax AHCTAHUHOHHBIX 3aLIUT MOTEPSIN CBOIO OCTPOTy. B Ha-
CTOfIllee BPEMsi B CBA3H C HAaYaBLIMMCS NpPUMEHEHHEM MHKpO-
IpPOLECCOPHOH 3/1eMeHTHOH 6a3hl (IIPOrPAMMHBIX 3aIIHT) BCTAJ
Bomnpoc 06 YUOPOUIEHHH TPOrpaMM, o cBoeoOpasHoli, Kak GH
OIHOCHCTEMHOH, HX peaiu3allyy.

6.7. MEPOMPUATUA MO YCTPARERMUKO MEPTBbLIX 30H
Y OPrTAHOB COlNPOTHUBIEHMSA

B paccMoTpeHHHIX HampaBleHHBIX 3alluTax (CM. . 5),
BKIIOYEHHBIX HA IOJIHBIe HaNpsiAKeHHA W TOKH a3, oprausl
HanpaBaenuss MowHocTH npH 90°-HOfi cXeMe HMeIOT MepTBHE
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30HBl TOJbKO IPH METajIH4eCKHX K®, xorpa Bce Hanpsixke-
4Hs MOTYT OBITb GIH3KH K HYJIO. HanpasneHHbe OPraHbl CO-
[pOTHBJICHHUS [ cTymend 3alIMTH NPH TeX Ke YCJIOBHAX TakK-
e MMeoT MepTBbie 30Hb. OJHAKO HEKOTOpHE HCIONHEHHA
HAOpaBACHHBIX OPraHOB CONPOTHB/ICHHS MOTYT HMETbH MEpT-
abIe 30HB M IpH HecuMMeTpuuHbXx K3, Hanpumep npH HCHOb-
30BaHHH OJHOrO yp H OJIHOTO _Ip, cooTBeTcTByOULHX nmeTje K3.

Jlast yCTPAHEHHS MEPTBHIX 30H MOXET GhiTh HCHO/B30BAH DAL
MepOonpHATHH (4aCTHYHO YKAa3aHHBIX BHIIe) — oXBar 00Ja-
cThI0 CpaGaTHIRAHHS 30HEL OKOJIO MECTa BKJIIOYEHHS 3alHTH
(st 11w 111 cryneHefl), NOANMTKA OT HANPSKEHHH HeNo-
BpeXAEHHHIX (a3 (npH HeCHMMETPHUHBIX K3) [52], npume-
yeHue HeHalpaBJEHHBIX TOKOBHIX OTceyeK. MHOTHe H3BeCTHBHIE
pA3HOBHIHOCTH MHOTO(@3HBIX OPraHOB CONPOTHBIEHHS, Hpell-
HA3HAUEHHBIX And paboTbl npu HecumMerpuunbix K3, mepT-
BHX 30H BOOOLIe He HMeEIOT. YcTpaHenHe MepTBHX 30H I cTy-
neredi mpu K OGBIYHO OCYHIECTBJISIETCS CHELHAIbHBIMH YCT-
poficTBAMH NaMATH B COYETAHHH C TOKOBBIMH OTCEYKAMH.
M3BecTHO HecKOJAbKO cnoco60B BBINOJNHEHHSI 3THX YCTPOHCTB.
IlBa Jyulide U3 HHX paccMorpedn Hmxe. [TepBHIi npenoxeH
8 HIM JI. U. I'yrenmaxepom u A. JI. JIpO3AOBHM H He3aBH-
cuMo — B Benuko6puranuud BappHHITOHOM; BTOPOH, GoJee
npexnoututensubii — B TIIK P. A. BainuwrefivoM H
A. 1. [TymxoBEIM. ‘

OcymecrBneHye nepBoro cnoco6a CBsi3aHO € BHINONHEHH-
em oprana compoTtuBnedus. OJHAKO BHE 3aBUCHMOCTH OT BH-
Xa mocjefnero B ycTpoifictBe uMeercsi Koutyp RLC, X KOTO-
pOMy HpH HOpMaabHOH paGore moiBoantcs Hampsuxenue Unx,
onpegensemoe Upas. KOHTYD HacTpauBaercsl Ha PE30HAHC NPH
paGoueit wacrore (50 I'). DTOoMy yaAOBAeTBOPSIET YC/IOBHE
o =2nf ~ 314 V' 1/LC—(R/2 L)% Tlpu K3 Usx cuuxaercs
B Opejese JO HyJsl, B KOHType BO3HHKaeT KoJebaTe/bHbll
paspax (R<2 V L/C) ¢ uacToTofl ¢; npoxoiamiu IPH 3TOM
O KOHTYpY 3aTyXalOWHH K0JIeGaTenbHBIH TOK = inay Sifl(0f-+
+¢)e~tT | umetomuit wacrory mpeaurecToBasmero pabouero
pexuMma o, ucnoabsdyercs s paborel oprana. Ilocrosunas
Bpemenu 3aTyxaHusi Toka T'==2 L/R nonxua OHTb AJs 3TOTO
aocrarounofi. OZHAKO B 3allUTe MOXKeT 0Kas3aTbCsA HeOGXOnH-
MbIM OTHOCHTENBHO ANHTENbHOE npebbiBaHde OPraHa B KOHeY-
HOM coCTOfiHMH, KOraa tpefyemoe TpyAHO cosaaTh. Kpome
TOrO, NPH 3HAUMTENBHBIX [, KaK yKas3plBaeTcs B JHTeparype,
BO3MOKHO HeNpaBHAbHOe (GYHKLIHOHMPOBAHHME HEKOTOPHX Op-
FTaHOB #3-3a M3MEeHEHHSI AeHCTBUTEJNbHOH YaCTOTH HO CpaBHe-
HHIO ¢ 3a1aHHOH .
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IIpu BTOpOM cmoco6e HCNOJB3yeTCsl LOMOJNHHTEIbHOE MHTa-
HHe NaMiATH TOKOM C YacCTOTOH MPOXOASIIEro 4epe3 OpraH To-
Ka [Ip. Jaa ycTpaHeHHs HEJOCTaTKOB IEPBOTO  yCTPOHCTBa
HCHOJB3YeTCS TOJNBKO HayadbHas (pasa 3aTyxalolero TOKa.
B aanpHefilueM HanpsKeHHe MAMSITH H3MEHSIETCS ¢ YacTOTOH
Toka K3 u ycTpoiicTBO mosyyaer sHepruio OT Lenei TOKa op-
raia. B pesynbrare HanpsxKeHHe NaMSITH MOXKHO CYHTAThb
BooOule HesaTyxalolHM. Bo3MOXeH Tak:ke MOAXBAT KPaTKoO-
BPEMEHHOIO ReHCTBHS KOHTYpPa IaMsTH, HampHMep CTYIeHs-
MH 33UIMT, HMEIIHMH XapakKTepHCTHKY Zcp={(gp), cMelleH-
HYI0 B TpETHHA KBaAPAHT IJIOCKOCTH Z.

Ilpu muxpompoueccopHo#t as/jeMeHTHOH 6Gase ycTpaHeHue
MEpTBBEIX 30H pellaercss, KaK U APyrHe BOIPOCHI, IPOTPaMMHO.

6.8. NOBEAEHME ANCTAHUMOHHbBIX 3ALLMT MPU KAYHAHUAX
N ACUHXPOHHBIX PEXXMMAX PABOTBI

Ananus noBefeHHS] TOKOBBIX HAaNPaBJEHHBIX 3aUIHT B pac-
CMaTPUBAEMBIX peXHUMax IpuBeldeH B . 5. Pabora aucran-
[HOHHBIX 3alHT NpEXKJAe BCEro 3aBHCHT OT IOBeJIEHHS Opra-
HOB CONPOTHBJIEHHS M YacTO ONpeAesseTcsi CONPOTHBJIEHHEM
Ha HX 3axuMmax Zp==Up/l,. Hannuue npu KayaHHsX 3aBHCH-

moctelt Uy u I, oT yryia 8 MexAy BeKTOpaMH 3KBUBAJEHTHBIX

3HC renepaTopoB (cM. ra1. 1) gaer BO3ZMOXKHOCTH ONpejese-
Husg Z,=f(8), a 3aBuCHMOCTb §=={(?) MO3BOJSET NOCTPOHTH
1 Zy=(1).

IIpumepuble 3aBucUMOCTH Zp==f(8) A pa3JUUYHHIX TO-
4eK ceTH npuBeldeHel Ha puc. 6.9. Ilpu 6, 6auskux x 180°
Y 3JIEKTPHUYECKOTO LEHTPa cHCTeMHl I] Z,, KakK u HanpsKeHHe
U,, okasniBaercst pasHHM HyJd10. C ynajeHHeM paccMaTpHBae-
MOH TOYKH JIMHHH OT 3JIEKTPHYECKOro LeHTpa (KOTOpBIH cam,
HanpuMep IpH HEOAHODOAHBIX CONPOTHBJEHHUSX 3JeMEHTOB
CHCTEMBEI, IIpH H3MeHEeHHH § mepemeraercs BAOJb JHHHH HJHU
MOXKeT OKa3blBaThCsl BHYTPH 3KBHBAJEHTHBIX uacTell cucTem)
npesies1 CHUXKEHHs 1Js Hee Z, yMeHbllaercsl (Kpuswle Zp AJS
Touek A, b u B). Opran comporuBieHus cpabarbiBaeT npH
Zp<Zcyp Jlna opraHa MNOJHOrO CONPOTHBJEHHS Zcp HE 3aBH-
CHT OT (p, @ CJIE/IOBATEJNBHO, H OT 0 H H300paKaercad NPSIMOH,
napaJjieibHod ocu 6. [IpHHHUMas ajs 3allHT moAcTaHuui A,
b w B Z.,, 01HHaKOBEIMH, MOXHO C/le/1aTh BHIBOJ, YTO IIPH Ka-
YaHHAX cpabaTbiBaer TOJNBKO Opran comporusieHus 5. C yse-
JIHYEHHEM Z.,p U yMEHbLUEHHeM BpeMeH cpabarbiBauus CTyIle-
HeH 3alUHT BO3SMOXKHOCTBb JIOXKHBIX A€HCTBHI 3alllUT BO3pacTa-
er. Ilocaeaune, IIl crynenn 3amur o6byHO uMeloT fII>
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923 ¢, U HX JIOXKHbBle ICHCTBHUS IIPH KaYaHUAX MajOBEpPOAT-
sp. HeoO0XOMHMO, OIHAKO, OTMETHTH BO3MOXKHYIO 3HAYHTE/b-
qylo TPOMO/KHTEIBHOCTH IEPBBIX TNEPHOAOB KauyaHHH w
[TOC/IEXHHX MPH BTATHBAHWH B CHHXDOHH3M, IIPH KOTODBIX MO-
ryT OHTH JIOKHEIE CpuaﬁaTbIBaHHH u I crynenef. Haqéoﬂee
pePOSITHO JIOXKHOE JefcTBHE MpH KayaHHsX I crynene#i, Kax
umetomux 11<0,1 ¢. Onnaxo u Il crymeHn, dwacTo umelomiue
f1i~0,5 ¢, TakxKe MOTYT cpabaTHBATh JIOXKHO.

BoJ/iee CJAOXKHBIMH SIBJASIOTCS COOTHOIUEHHS NpH HajJd0xKe-
qun xauaHuil Ha K3. AHanu3 nokaselBaer, YTO U B 3THX ycCJO-
BHSAX TaKXKe BO3MOXHEI M3JHIIHHE AeHCTBHS 3all[MT U HX OT-
kaspl. I103TOMYy Ha NpakTHKe AUCTAHIIHOHHBIE 3allUTH CeTel
¢ HEeCKOJbKHMH HCTOUHMKAMH IHTaHUS OOBIYHO cHabrKaloTcs
cMEUHAJbHBIMH  YCTPOHCTBAMH, HMEIOIIHMH  HasHaueHHe
MpefOTBPAIATL HX JIOXKHBIE H H3JHIUHHE cpabaTbiBaHHS NpH

‘KauaHUAX M ACHHXPOHHBIX PEKMMaX M Ha3hBaeMbIMH OJOKH-

pOBKaMH IIPH KayaHHSX.

OanuMH H3 TIIepBHX paboT, NOCBSIEHHEIX PacCMOTPEHHIO
MOBeJEHUS 3aIlUT [PH KaYaHHUSAX, SBHJIHCH HCCAeAOBaHHUS,
nposeJeHHle B Hayage 30-x rogoB  sabopaTopHeit
um. A. A. Cmyposa (P. C. 3ypa6os u ap.). B mocieayioimne
rofbl paspaboTka MEPONPHUSATHH MO yAydlieHHI0 paboTHl 3a-
IUT NPH KauaHusax nposoguiack B CoserckoM Coiosze aHepro-
cuctemamu, CP3uy T3I1, BHHUUD u BHUUDP.

6.9. ICNOJNIb3OBAHUE KOMITJIIEKCHOWM MJSIOCKOCTHU ANSA AHAJIM3A
MOBEAEHUA OPFAHOB COMPOTMBIEHUA MPU KAYAHUAX

HarnagnelM 0 yA06HBIM A/l aHa/AH3a MOBEAEHHS OPraHOB
COTNPOTHBJIEHHSI C OJHOMMEHHBIMH OfHHM Up u oaHuM [p mpu
KayaHHusX SIBJSETCA HUCIOJbh30BAHHE KOMILIEKCHOH IIJIOCKOCTH,
B KOTOPOH MOTYT OBITh CONOCTABJEHB XapaKTePUCTHKH L. p=
=f(¢p) c CONPOTHBIEHHSAMH Ha HX 32:KHMaX B PacCMaTpH-
BaeMBIX pexXuMax. HekoTopble NMOJOXMEHHS 3TOTO MeTOAa Obl-
/M nmpeanoxkens B 1940—1941 rr. 8 MOU H. A. Mopasesnm
(em. ra1. 1). B manbHefinem MOSBHIKCH pabOTH, CofepIKallne
€ro BCECTOPOHHIOI pa3paboTKy. DKBHUBATEHTHAS cXeMa CeTH
MpusefeHa Ha puc. 6.10, a. 3amura BKalouena na aunun AB
Co croponbl moacranuun A. ConporuBnenue Zp=Up/l,=

=Usllyp=(Ea—Za Iyp)[Iyp = (Eallyp) — Za; Tok Iyp=
= |Ea—Es5 )/Zz=(Ex (1—Epe ™ [E5))/Zs (Epnpunuma-
€Tcst orcratomeii or £a Ha yros §). YunthiBag 3TH cOOTHOIUe-
Hus, nonyvaem Zy=[Zz [(1—Ep e~ |Ep)]—LZa.
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Hnsi paga npHONHIKEHHHIX pPacueTOB MOXKHO II0JIarath
Ex=Es. B stoM cayuae BHpaxeHHe s Zp 3HAYHTENBHO

ynpowmaercs (cM., Hanpumep, [2]) u mproGperaer BHE Zp=
=0,5Z3—0,5jZ 3 ctg §/2—Zs. Tlocnennee BHpaXeHHe SBAS-
eTcsi  ypaBHEHHEM OKDPYKHOCTH Zp={(§) (puc. 6.10,6) ¢
LEHTPOM, PACIONOKEHHBIM Ha MPSAMOI, COBIA1aM0MIell ¢ KOMII-
nekcom Zx; npu Ea <Ep 310T HEHTpP pacnosnaraetcsi B TpPeTh-
eM KBajpaHTe H npu Eax>Es— B nepBoM. OHo npeicraBiaser
coboii ypaBHenHe NpAMOH KaK YaCTHBEIH CAydYai OKpyKHOCTH

-
g
N|s
g Uy
)
or
Ot

£a
>
Za

Puc. 6.10. Hcnosnb3oBaiHe KOMIJIEKCHOH IVIOCKOCTH AJIA aHAMH3a paGoTh
Oprana CONPOTHBJ/IEHHS NPH KaYaHUAX

C pajHycoM, paBHbIM GeCKOHEUYHOCTH. ITa npsgMasi MpOBOLHUT-
Cfl MePNeHAHKYJISPHO NPAMOH KOMIIeKca Zs B €ro cepejiuHe.

IMocTpoenne KOMIAEKCHOH AHATpaMMbl, HeOOXOAHMOH AMs
ananu3a paborhl 3aUUTH NMPH KayaHHSX, NPOU3BOJMTCS, Ha-
npuMep aas cayuasi Ea=FEs, B ciaefyouiell NOCAen0BaTeNb-
HoctH (pHc. 6.10, 6): 3a Hayano KOOPAHHAT NPHHHMAETCH Me-
CTO BKJIOYeHHS 3amuTh (Touka A Ha puc. 6.10, a); crpoutes
JioMaHas JIMHHA cyMMapHoOro comnporuBjenus Zsz . [lpu sTom

CONPOTHBJ/ICHHS PAaCCMaTPHBAaeMON JHHHH Z; U CJeAyIOUWHX 3a
Helt 3meMeHTOB Z 5 pacloJaraiores B IepBOM KBajipaHTe, a
OCTa/LHON YACTH CHCTEMbl Zp— B TPETheM; NPOBOJHTCS NpPS-
Mas 0’0’ reoMeTpHuYECKOro MecTa KOHIOB KOMILIEKCOB Zp
IPH Ka4aHHAX M[epPIEeHAHKYJSPHO CEepeilHHe NpAMOi _Z_;

CTPOHTCH XapaKTEDPHCTHKAa cpabaThIBaHHS DACCMaTpPHBAEMOIO
oprana (ma puc. 6.11 B Bule mpuMepa JaHH XapaKTEPHCTH-
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puc. 6.11.  Ilmarpamma, xapakrepusy- .
o1las TOBEJEHHE OPraHa CONpPOTHBIE- +)
HHs1 TIpH KaYaHHAX Z

(ad

KH, HCXOJISl H3 YCTABOK, COOTBET- oy 7
CTBYIOILMX OJHOH H TOH XKe 3a- & 3
muiaeMoil  3oHe: [ —opran
[NOJHOITO CONDOTHBJCHUSA; 2 —
HanpaBJEHHBIH OPraH CONpPOTHUB- , AN
jJeHHs; 3 — opraH pPeakTHBHOIo ;
CONPOTHBJEHHS); OIpENeNsOTCS £4\ Z, o
TOYKH TI€PECeYeHHs] XapaKTepH- i
cTUK peie ¢ JuHHeH O’0”. Itu
TOYKH OIpPEle/SIOT Hpee/bHble 1
yran § casura ¢as IC, vauu-

Hasi C KOTOPHIX OpPraHk cpabars-

BalT, TaK Kak JuHus 0’0" Mmo-

JKET PAacCMaTpHBATbCA KaK JHHHH HYJEBHIX IOTEHLHAJNOB, a
DJIC — xaK pacCTOSHHS OT €€ TOueK Jo KOHHoB Zy . Tak, Ha-
IPUMED, OPraHbl IOJHOIO COMDOTHBJIEHHS! CpaGaTHBAIT NpH
yraax 6, HaxoAAIHUXCH B npefenax § —§”.

M3 aumarpaMMBl cjlelyer, UTO M3 pacCMaTPUBAEMHX Opra-
HOB Haubo/ee TMOJABEPKEH B/AWSAHHIO KauaHnuii (paboraer B
60/bIIOM JHana3oHe yrioB §) Opran PEaKTHBHOTO COMPOTHB-
JEHHsl ¥ HauMeHEe — HalpaBJeHHBIH OpraH CONPOTUBJICHHUA.
O60611as 370 MONOKENHE, MOXKHO CKa3aTh, YTO HoaBEepKEeH-
HOCTh B/IMSIHHIO Ka4aHH{ BO3pacTaer ¢ yBEJHUYCHHEM B KOMII-
JIEKCHOH TJIOCKOCTH ofsacTH cpabaTHIBaHHS peje B Hampab-
JIEHHH JIHHHH HYJEBBIX IOTEHIHAJIOB,

6.10. NMPUHLMITE! BbINONHEHUS YCTPOMCTB, NMPEAOTBPALLAFOLLIMX
JOMHBIE U UBNULLHUE CPABATBHIBAHMSA 3ALUMT MPU KAUYAHUAX

K ycrpoiictBam npeabaBasiorcs TpeGoBaHHS INpeXOTBpa-
WeHus: cpaGaThIBAHHS 3aLIHT IIPH KauaHHUSX, HE CONMPOBOXKAA-
romuxes K3, u npu srewnux K3, compopoxjaammuxcs kaua-
HHSIMH; TipH BO3HMKHOBeHHH K3 Ha 3amuumiaeMoM ydyacTke B
npollecce KayaHHi, a TaKXe NIPU OTCYTCTBHH KayaHHUH ycTpPoOH-
CTBO HE JI0JIKHO IPENSTCTBOBAThH cpabaTHBAHUIO 3AIUTHL

B 30-x ronax 6BlJI0 NPEeANOXKEHO MHOTO NMPHHUHIOB H CXEM
st paccMatpuBaeMblx  ycrpolicrs. OJgHako MHOrHE H3 HHX
'H3-32 CJAOXKHOCTH TPeOOBAHHE OKa3ajuCh HEAOCTATOYHO 3d-
GbexTuBHBHIMH. JlyymiHe M3 CXeM, MOJYYHBLUIHX LIHPOKOE
HCIIO/Nb30BAHHE HA MPAKTHKE, SIBASIOTCS pPE3yNbTAaTOM YyCIEeul-
HOH paboTH OTEUECTBEHHBIX PeeHIHKOB.
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[IpumensieMuie B HacToslllee BpeMs YCTPOHCTBa
6HThL pa3jieseHbl HA JBe OCHOBHBIE IPYIIEL

BBITOJIHSIONINE NYCK 3aIMThl Ha BpeMsl, JOCTATOUHOE A
cpaGaTeiBanus ee crymeneil npu K3 B saimmmaemoli 30He,
B CAy4Yae TIOSBJEHHA B CHCTeMe XOTs Obl KPaTKOBPEMEHHO
aBapuHHBIX cJaraloliux (HaAmpuMmep, COCTaBAALIHNX o06pat-
HOH MOC/eX0BATEThHOCTH)

HCHOJb3YIOLLIHe Da3jHuHe CKOpOCTeH H3MEHEHHS HeHCTBY-
IOUMX 3HAYeHHH 3MeKTPHUYECKUX BEIHYHH (TOKOB, HaIpsse-
nufl) npu K3 n kavanusx.’

Ycrporictea nepsoii rpymnsl (cM. § 6.11), BHINOJHAeMBIE
B COOTBETCTBHH C TpelIoxKenueM, JaHHbmM B 1938 r. 8 CP3uy
T3II (A. b. bapsamom), B CoBeTckoM Col03e TOJNYUHJIH IIH-
pokoe npuMedenue. boblias 3acayra B Aese 3KCIIyaTauHOH-
HOH TPOBEDPKH 3TOr0 APHHUHMIIA NPHHAMNJIEKHT ¥YpajsHEepro.

Yerpo#ictBa Bropoil rpynnbl (cM. § 6.12) o6nlurO BHINOJ-
HSIOTCSL 10 NMPHHHHMIY, BIepBble TNpeAloXKeHHOMY B 1934 T
Honsnepro (O. I1. CycyioBEIM), ¢ IByMS NYCKOBEIMH OpraHa-
MH Pa3HOH YyBCTBUTEJbHOCTH. BO3MOXKHB M MOAMbHKAUUK
5TOrO TMPHHIUNA, HATIPUMEP C OXHHM OPraHOM C JABYyMS BHXO-
AaMH, AalOUIUMH OJHOBPEMEHHO JBe CABHHYTHIE XapaKTepHC-
THKH-Zc,pzf(CPp)-

HccraenoBanus u onulT 3KcHJyaTauuu ycTpoHCTB HepBO#
rpynnet 8 CCCP  BHisiBH/IM omlpeaeneHHBle HX AOCTOHHCTBA,
XOTS B psijlle APYT'HX CTPAH OHM HE MOJYUHJIM pacmnpocTpaue-
uus. B 3apy6exHOil NpakTHKe IIMPOKOe NPpHUMEHEHHe NOTYYH-
JIY CXeMEl BTOPOH TPYIIIHL.

MOTYT

6.11. YCTPOHUCTBA, BKNKOUAIOLLUME 3ALLMUTY MNPU MOABIEHKUMK
ABAPUMHbLIX CITATAFOWMX HA BPEMS, OOCTATOYHOE 41 EE
CPABATbLIBAHKSA

YcTpoiicTBa JIaHHOH rpynnsl yAOBJAETBOPSIOT OCHOBHBIM
tTpeboBanusam (cm. § 6.10) 3a cuer caeayiomux ocobeHHnoCTEM
BhIMoNHeHus. [IperoTBpallesne J0XHOIO cpabaTbiBanus 3a-
wHT npu Kadanuax 6es K3 wiau nocse orkaovyenus K3 obec-
NeY¥BaeTCsA NYCKOM 3allUTH TOJBKO IPH XOTd OBl KpaTKOBpe-
MEHHOM IOsIBJIeHHH aBapHHHHIX cjaraiouaX. [Iperorspaie-
HHe HX uaauiigero cpabarmBanus npu Brewuux K3, compo-
BOX/JAIOUIHXCST PAa3BUBAIOIIMMHCA KaYaHMSAMH, JIOCTHTAETCA
BLIBOJOM CTyNeHeH 3aIMUTH H3 NEHCTBHA Yepe3 MHUHUMaJbHOE
BpeMs, JOCTATOYHOe I uX cpabGaTHBaHufA, C YYETOM TOTO,
4TO B Hayasne mpouecca K3 yribl pacXoxaeHusi BeKTOpOB
IAC renepaTopoB HEBEJNMKH H BO3PaCTAOT NOCTENEHHO; TPH
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groM TIOKa CTYMEHDb 3alUTHl (neppasi, uacto BTOpas) BBele-
pa B JeHCTBHE, pacxoxledue das O/C ne ycmesaeT AOCTHI-
qyTh omacHubx 3Havennil. Jlus mocseiHHX CTyneHed sallUTEH,
{IMCIOLIAX 3HAUHTENbHbIC BBIIEPKKH BDEMEHH, 3TO yCTPOHCT-
go MeHee 3 (eKTHBHO. )

3amuTa, BhiBeAeHHash u3 JAeHCTBHSA paccMaTpHBaeMBIM
cTpOHCTBOM, HampuMep TpH BHEUIHEM K3, nmocne auKkBHAA-
uny storo K3 J0/5KHA 10 BO3MOXKHOCTH 6nlcTpo 6HITH BHOBB
roToBa K CpabaThiBasHIO; 3TO HEOOXoAMMO Ansi obecrmeyesius
ec ACHCTBHS B clyuae BO3HMKHOBeHHMs HOBoro K3, Ho yxe ua
samumaeMoii aunuu. PaspaboraHHble CXeMBl B JIOTHY€CKOH
yacTH OTJHMYAIOTCS CIOcO60M MX BO3BPaTa B HUCXOJHOE MOJO-
xenHe (cM., Hanpumep, [10]).

TlepBas paspaGoransas B CP3uY TIII (A. B. bapsamon)
cxeMa OfecleusBaeT FOTOBHOCTb K NMOBTOPHOMY jelicTBuio Ge3
saMeJIeHHsl 1ocae JHKBHIAuMu OpHuMH AeirctBusd. OxHakKo
OHa MOXET JAaBaTh 3alllMTe BO3MOMXKHOCTb W3JMIIHe cpabaThi-
path npu HeycnelrHoM AefictBun AIIB Ha cMeXHBIX yYacTkax
cern (KOTAa MOBTOPHOE BKJIOYeHHe MPOMCXOIHT Ha HeyCcTpa-
HeHHOe IIOBpeXJeHHe) M YyCIeBHIEM K 3TOMy MOMEHTY BO3-
HUKHyTb onacHOM pacxoxnienuu das DJIC renepaTopos. IIpu-
MepH 3TOMy IpHBeleHbl, HanpuMep, B paborax B. A. Cemeno-
Ba (LY CCCP). ITostoMy B HacTosilllee BpeMst TPH3HAH
Gostee uenecoobpa3HbIM BapHAHT Cxembl, pa3paboTanHo#d B
toM xe CP3uy TAII I'. U. ArabekoBum u 9. M. Cmopoaus-
ckMM. B 3TOfi cXeme TOTOBHOCTL K IIOBTODHOMY JEHCTBHIO 3a-
UIMTHI IPOMCXOAMT depe3 BpeMs, Gosibliiee MaKCHMaJIbHBIX
BHIEPXKeK BpeMeHH 3amuT cetd (¢ yuerom nRefictsusi AIIB).
9T0 MepompuATHe YCTpPaHACT HENOCTATOK MEpPBOH CXeMBl, HO
MOXeT CyIleCTBeHHO 3ajepikaTb cpalbaTbiBaHHE 3AIUHUTH NIPH
noBroproM K3 yske na 3alllMllaeMOM y4acTKe. DTOT HejocTa-
TOK CYHTaeTCcs JONYCTHMBIM, €CJH JHHHS HMeeT OCHOBHYIO
GrIcTpoaeficTByOILYI0 3alIUTy, He Tpebyoulyio GJOKHPOBOK
OT Kayanuit. Tak yacTo H BHOONHAIOTCH OMOKHPOBKH AHCTaH-
UHOHHKX 3aIHT ceTH ¢ Unon=220 kB. B HOBHIX nHCTaHIHOH-
HHIX 3amurax, paspaboranunix BHUWP nna cerelt BhicOKHX
M CBepXBLICOKMX Hampsixkenuii [15], paccMoTpeHHblll HeaoCTa-
TOK BTOPOrO BapHanTa YacTHYHO yCTPaHAETCS JNOIOJIHUTE/b-
HBIM, Gosiee IpyOLIM IyCKOBHIM OPraHOM aBapHiiHBIX cJlaraio-
KX, orcrpoennsiM orT BHewlnux K3. On paspaboraH u BBe-
Aed B npakruky BHUHP [15].

Henocratkom paccmaTpuBaeMblX BapHaHTOB cxeMbl 6.i0-
KHDOBOK Takyke CUMTAJCS I€PBOHAYANbHO HMEBIIMHACH IYCK
o cocrapasiomum I, B Uz, oTcrpauBaeMuil or Heb6anaHCcoB
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(QHABTPOB H OT COCTABJAAIOUMX OGPATHONH MOCJ/eA0BATEbHO-
CTH, ONpEeNe/AeMbIX HaJHYIHeM B CEeTH HeCHMMETPHYHOH Ha-
IPy3KH (HampHMep, TAroBOH Ha NepeMeHHOM TOKe); 3TO 3a-
rpy6asier nyck. Kpome toro, I> u U, npu K3 B koHne 3amu-
IIaeMOH 30HBI MOTYT ObiThb Madabl, a npu K3 Bosuukaiomas
HECHMMETPHA MOXKeT ObITb OYeHb KPAaTKOBDPEMEHHO}, MHOTLa
(IPaKTHYECKH OYeHb PEAKO) MO CYLIECTBY OTCYTCTBYIOIIEH.
B Hacrosumee BpeMms IYTEM HCIOJNb30BaHHA He [y, U,, a ux
aBapHHUHBIX CJaralolux ¢ go6aBJjeHHeM IyCKa 1o aBapHHHOM
claramuel mpAMoH  1MocJeA0BaTelbHOCTH HJIH IpHUMEHeHHUs
NOJMHbIX aBapHHHBIX C/1aralolUiMX PaccMaTpPHBaeMblil HejpoCTa-
TOK IIPH HCIOJIb3OBAHHH HOBBIX 3JIEMEHTHBIX 6a3 sgBJsercs
ycrpaneHHbIM. Tlosatomy B HO-
BOM HCIIOJIHEHHH jaHHasA 6J0-
KHPOBKa sBJiAeTcd HauJyy-
Uiedl H3 CYINECTBYIOUIMX H HC-
M0/Ib3YeTCA B HOBHIX OTeyecT-
BEHHBIX 3alHTaX.

Beinonnenne GiokHpoBKM.
BoasmoxHas CTPYKTypHas
cxeMa OJOKHDOBKHM paHa Ha
puc. 6.12. OHa uMeer maJoe
YHCJIO  OPraHOB — IyCKOBOH
110, BeIiepKKY BpeMeHH GJI0-
KHPOBKH B, BbliepXKH Bpe-
MeHH 1e6JOKHPOBKH B2 H He-
KOTOpble 3JIEMEHTapHble JO-

: rudeckne  opraum  HJHI,
HJIH2, HI, H2, HEl u HE2; OAHAKO HX B3aUMOjeiiCTBUE
OpHrHHaJbHO. Huxke cHrHasnbl Ha Beixoze 06o3Hauensr: J10 —
x, Bl —x,, B2—xy, H/ITH2 — x5 u OJIOKHPOBKH B [EJOM —
y. Ilpu stom pabora cxeMH B CHMBOIAX a/reOpel JIOTHKA (CM.
ra. 1) npencraBasiercss B Bume (cM., Hanmpumep, [11]) y=
= (X+Y) X1 U Xg=X+ Y+ Xy X3,

o BK/IIOYEHHA YCTPOHCTBA B LEAOM B paboTy Bce cHra-
JIBL OTCYTCTBYIOT, ¥ =0 H OmepaTHBHLIH TOK HA LEMb OTKJII0Ye-
HHSl 3alMTOH BBIK/IIOYaTens He noxaercs. HopmaibHbiil pe-
xKuM: x=0, x+y=0, x;=0 u onmepaTuBHbIE TOK Ha Ty XKe
Lenb TakXKe He mojaercs. Kayauwus, KOTOpHIM He mpefiuect-
BoBasio mosiBaenue Ha [IO aBapuiiHHIX ciaralomux: onepa-
THBHBIA TOK HE NOJAeTCd, KaK U NMPH HOPMAJbHO paborte.
KopoTtkoe 3ambikanue B ceTu: mosiBJAIOTCH aBapHiiHbIe cJa-
rajpoute, cpabateiBaer 710, x1=1, x3=1, y=1 (paspemaer-
Cl NeHCTBHE 3alIWTHI), myckalorcs oprawsl Bl u B2 yepes
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Puc. 6.12. CrpykrypHas cxema
GJIOKHPOBKH TpPH KadaHHAX ¢
BO3BPATOM uepe3 3a]aHHOe Bpe-
M5

ppeMs fox, IOCTATOUHOE 1/ cpabatbiBanus, Hanpumep, I ery-
neHH 3alluThl, fefictByer B, noasaserca x;=1, Ho x;=0 u

=0 (omepaTHBHBIH TOK C 3alllMThl CHHMaeTcs), OJHAKO CHI-
gasn Xs coxpamsiercs jaxe npu K@), rak xax Obiio xs=1 ,
cJIelOBATeJbHO, X3X3==1; 3alllHTa ocTaeTcs BbIBeﬂeHHOﬁ6H3
JeHCTBHSA, TaK Kak x1=1 4 y=0; uepe3 BpeMs Iresn cpaba-
thiBaeT oprad B2 u x;=1; oprausl BpeMeHd BI u B2 Bo3Bpa-
maloTcsd B HavajbHoe cocTosiHHe (X;==0, x;==0) u Bcs cxema
GIOKHPOBKH IPHXOAHUT B HCXOJHOE COCTOSIHHE.

Jlas OblcTpoil 1e6JOKHPOBKH 3aIMUTHL NMPH MNOBTOPHBIX K3
k cxeme, mo npeasoxendio BHHHMP [15], no6asasiorea Goqaee
rpyObie I1O (Ha cxeme HE MOKa3aHBL).

OcymecTBlIeHHe NYCKOBBIX OPraHoB OJOKHPOBKH NpPH Ka-
yauuax. [lepBoHAua/bHO HCNOJB30BABLUHECS INYCKOBBIE Opra-
pu ([10), BkJw0YaeMble Ha [, HaH Us, HMEIH OTMeYeHHbIE
BhILIe HeAoCTaTKH. Deliu u3BecTHb paspaboranHble B CP3nY
TAII (I0. A. TaeBenko) [52] npuHHHIHAJIBLHO 6onuee coBep-
UleHHble OpraHbl, BKJOYaeMble HA NOJHbE aBapHHHble clla-
raiomye (asHbiX BeJHYHH (TPEXCHCTEMHHBIH OpraH). Olmaxg
HX KOHCTPYKTHBHOE BLINIOJIHEHHE Ha 3JEKTPOMeXaHHYeCKOH
3JleMeHTHOH 0ase Owlio ciaoxHo. B 60-e rogsl BO BHI/II/I?
(A. P1. JleBuyumeM) O6bl1 paspaboran IO, HCIOJNB3YIOLHH
aBapHAHYI0 CJaralollyi0 HampsAKeHHA HJH TOKa TOJbKO 00-
paTHOH MoC/Jen0BaTelbHOCTH. (OZHOCHCTeMHH opraH), O
OKa3aJjICsl NMPOCTHM H MoJyuHs npuMeHenue [48]. B mocnen-
Hee BpeMs AJs HOBBIX NHCTAHLHOHHBIX 3alIHT, KaK yKa3hiBa-
Jock Bhiie, BHHHWP (3. M. lllneepcoH u np.) B cOapyKecTBe
C APYrMMH OpTaHH3aUHMSIMH [J51 TOJHOTO HCKJ/IOYeHHA BO3-
MOXHOCTH OTKAa30B 3alLIUTHI MPH CHMMeTpHYHBIX K3 pelne-
HO noGapiaste K IIO wuwacTh, pearupylollylo Ha aBapHHHYIO
CJ1aralomylo npsMoii nocjenoBarebrocTd [15].

Jlasi obecneyenus mycka 3allUThl NIpH OBICTPOM IOBTOD-
HomM K3 (B 3amumaemoll 30He), Korjga 3alllHTa eline 3a6J/0KH-
poBaHa, poGaBasiorca GoJiee rpy6Gble OPraHbl TeX XK€ HCIOJN-
HeHuil. JTO He BBI3HBAeT OCOCLIX 3aTPyNHEHHH NPH MHKDO-
3JeKTPOHHOH 3sjeMeHTHOH 6ase. IlpH MuKponpoumeccopHOH
djleMeHTHON Gase mpocrto ocyuectBiasiores # 10 Ha moJHbIX
aBapuiiHbIX cJjaraloll¥X, BlepBble peanusoBannble BHWMHI
(5. C. Tenbtbang u JI. C. 3ucman).



6.12. YCTPOMCTBA, OTHNIMOYAIOLUMUE IALLIUTY NPU KAYAHUAX,
C OABYMA MO PA3HOM YYBCTBUTEJIBHOCTH

PaGora ycTpodCTB OCHOBaHa, KaK yKa3blBajgocb, Ha paa-
HOM XApaKTepe H3MeHeHHS BO BpPeMEHH 3/IeKTPHYECKHX Besu-
yne npu K3 u kauanusx. B nepeom ciyuae, HanpHMep,
AefiCTBYIOlIHe 3HAYEHHS, TOKOB, CONPOTHBJICHHA H3MEHAIOTCH
CKaykoo6pa3Ho, NPaKTHUECKH NIOUTH MTHOBEHHO OT palouux
aHaueHHi no 3nauenust nupu K3 (puc. 6.13, a), BO BTOpoM —
nnaBuo (puc. 6.13,6). IlosToMy, Hcnoab3ys, HanpHMep, ABa
oprala CONPOTHBJEHHS Pa3HOH YyBCTBUTeNbHOCTH, npH K3
NOJy4aloT NPakKTHUECKH OJHOBpeMenHoe uX cpabaThBaHHe,
a NpH KavyaHHAX cHauyana cpaBaTbiBaeT 0oJiee YYBCTBHTE/b-
HBIH Opras ¢ Zcp,1, OTCTPOCHHHH OT Zpaomin B PAOOUHX PEKH-
Max, H TOJbKO 4epe3 HeloJblioe BpeMmsd — Oojee rpyGhIi
¢ Zepe<<Z.py (opranbl MutuMasabHble). Ilocieanee obcres-
TeJIbCTBO M HCNOJB3YETCS AJist GJOKHPOBAHHS 3alHUTHL.

Tloayuaromuecst COOTHOLICHHS NPH KaYaHHSX /s OPraHoB
c opuum Up u opHuM-[p 4acto GbiBaer yJa00HO paccMOTpPeThb
B KOMIUIEKCHOH NJIOCKOCTH coONpoTHBJAeHHH (puc. 6.13,8).
Hanpumep, npH HCNOJB30BAHHH IJs1 3aWIMTH  yuactka ABS
CeTH HampaBJ/eHHBX OpraHos conporusjenus ! u 2 ans [l u

IT cryneneit CcOOTBeTCTBeHHO ¢ Z  ; H Z_ ,, NPH KauaHUAX

(B mpeanosoxKeHHH paBeHCTBa albcoioTHbix 3uauenudl D/AC)
nojyyaeM cJeAylomee: B MOMEHT, Koraa yroa Mexay DJC
oKa3biBaeTcss OoJblle HJAM paBeH O;, cpaGaThiBaer oprau [;
yros 8 NpoioJKaeT yBeAMUYHMBATLCSA M TOUKA HYJEeBOrO NOTEH-
Iuana cKoab3uT no npamod 0’0’ nepnenauxyasipuoil Zy

zpad ZpaJ ! \ /

¥ i i Fent Ze,p1

t
2) *Mome/-/m
Beanurnoberus X3

t

fh’avaﬂc, 3)
Kavanuu

Puc. 6.13. uarpamma, nosicusio-
mas paboTy OJOKHpOBOK TpH Ka-
YaHHMAX C ABYMs OpTaHaMH pasHol
qyBCTBHTE.IbHOCTH
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cHCTEMB B €10 cepeiune. Hepes nekoropoe BpeMs, onpenesse-
yoe CKojlbxenueM, yron Mexay SJC craHOBATCA paBHHIM §
u cpalarbiBaer oprad 2. Hajuune KOHEUHOro BpEMEHH nepe-
yvelieHusi TOUKH HYJeBOTO MOTeHlHasa OoT MecTa ¢ & 10 Me-
cra ¢ 87 MOXKeT HCIOnb30BaTbest Al GJIOKHPOBAHHSA 3ALLHTHL.

OCHOBHBIM HEJOCTATKOM paccMaTpHBaeMBIX YCTPOHCTB
gpJsieTcsl HEeBBINOJHeHHe CBoeH (QYHKUHMH NPH Kauanugx, pas-
aHBAIOIIMXCS B TpolLecce HeAOCTaTOYHO GHICTPO OTKIIOUAE-
mpix Biemnnx K3. IlosroMy np# npakTHYECKOM ocyllecTBie-
quu OJOKHPOBKH €€ NPHINIOCH Obl JONOJHATL yCTPOUCTBAMH,
noAOGHBIME paccMoTpeHHoMy Bhime (cm. § 6.11). C yuerom
H3MOXKeHHHX TpeOoBanHi K OJMOKHPOBKAM, CyLleCTBYIOIIHM B
oTeuecTBEHHON TexXHHKe, a TaKXKe XOPOUIHX NOKasaTeled co-
BPEMEHHBIX YCTPOHCTB NEPBOM IPYINIbl JaHHOE BLINOJNHEHHE B
HacTOSILee BpeMs PacnpoCTpaHeHus He HMeer.

6.13. MYCKOBbIE OPTAHbl AUCTAHLIMOHHbLIX 3ALLUT

B oGmeM cayyae TyCKOBHe OPraHbl MOTYT BHINOIHATL PAL
(yHKIMi: N0AaBAaTh HA AUCTaHUHOHHble opradsl Up M Ip, co-
OTBETCTBYIOIIHE COUETAHHIO NOBpekAeHHBIX (as (nanpumep,
NPH OJHOCHCTEMHOM BBINOJHEHHH 3alIUT), 0O6ECHeyHBATDL Cpa-
G6aThiBaHHEe Ha OTKJIUEHHe TOJbKO OpraHa CONpPOTHB/EHHA,
NIPABHJ/IbHO YCTAHABJMBAIOIEr0 MECTO BO3HHKLIETO K?, obec-
TeuuBaTb HAyamo paloTHl YacTH MHKDPOIPOUECCOPHOU CHCTe-
MH, ycTanasiauBapolleii mecto K3, ¥ nekoropble ApyrHe.

[Mpocresimnumu [10, nanpumep ONHOCHCTEMHBIX 3AIMUT A
cerell ¢ Unon<<35 kB, aBasitoTCcst opranbl Toka. OnH BHINOAHSA-
or takxke ¢yakumu 111 cTynerei samur (npu neobxopumoc-
TH B CoYeTaHWH COPraHaMy HanpaBJeHHs MOLHOCTH). MHoraa
dyukuua T[1O BHnoaHswT opranbl conporTusienus IIT cry-
neHel samuThl. B pane ciyuaes I1O okasblBaoTCs HeHYKIHb-
MH i cpaGaTHBaHHe 3AILHT pa3pellaeTcs ycTpoHcTBaMH 6.10-
KHPOBKH NPH KauaHHsX; B HeKoTopHx ciydasx [10 nocnennux
MOTYT BBINOJIHSTD H OTJe/bHble QYHKIHH 3alHUT.

OcHoBuo#t 1 HanboJlee CJIOXKHOH M3 NepeuHCJIeHHBIX 3aAaY
OpPranos siBAsiercst Bbijesnenne (ecan Tpebyercs) H3MepHTENb-
HOTO oprana, NpaBHJAbHO (YHKCHPYIOETO0 MeCTO BO3HHKILNErO
K3. B oreuecrBenHOl npakTHKe GQYHKUHH BHAENEHHs MO-
Bpexxmennofi a3y Bemoausiorcs yerpoficreom OAIIB npu
HCIIOJIL3OBAHHH Ha JHHHSX OLHO(A3HOTO OTKJIOueHHs. Hirs
JHHHE C ABYCTODOHHHM INHTaHHeM MPHMEHSIOTCA H3OHparesnH
NOBpexknennoll ¢pa3sl B BHAe OPTaHOB CONPOTHBJ/EHHS, paspa-
GoTamnple no mepBoHauadbHOMy npeidoxennmio BHHHNI
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(IT. K. ®eiict), uau GuAbTPOBHE H3GHpATeNbHBIE OPraHh,
paspa6artmBasmuecs B CP3uy TII1 u SCII 1o npeaioxeHs-
aM B. M. Epmonenko n apyrux u B PITH (B. JI. ®abpukanr),
34ech OHH He paccMaTPUBalOTCS.

6.14. MPEAOTBPALLEHME AOMHOrO AEMCTBUA 3ALLIUT MPU
HAPYLUEHUAX UX UEMEA HAMPSKEHUA

[pu paccMOTPEHHH BJIHAHHSA HapyIIEHWH NHTAHHSA Uened
HanpsiKeHHs Ha paboTy AMCTAHHMOHHBIX 3alIMT Da3/IHYaIoT
JIBa BOSMOXHBIX C/Iy4asi HX BHINOJIHEHHS:

samutel ¢ [10 Toka, uMelOWHMH Ics>Ipasmax (COTH ¢
Ugow<<35 kB), wau ycTpoHcTBaMH, pa3spellaiollMMH HM pa-
60TaTh TOJLKO IPH HAJUYUH TOKOB OODAaTHOH HJH HYJIEBOI
noc/e0BaTeNnbHOCTH (HANpHMep, YCTPOHCTBAMH, NPENOTBpa-
IAIOIUMH HelpaBH/bHEe cpabaTblBaHUsi INPH KauaHHSAX,
C IyCKOM OT aBapHHHBIX C/1aralolIHX TOKa);

samuTe ¢ 10 conporusienuss (0ObIYHO
>110 xB).

B nepBoM ciayyae, Kak H IPH TOKOBBIX HANPaBJEeHHHIX 3a-
mHuTax (cM. r1. 5), AOCTAaTOYHO HMETh TOJBKO CHFHAIH3alHI0
0 HapyweHusix. Bo BTopoM caydae ¢ yueTom TOro, YTo Opra-
Hbl CONPOTHBACHHT HMEIOT [cpmin<lIpasmax H HEKOTODHIE HX
HcrosHeHHs Moryt paGorate npu Up=0, TpebyeTcsi GuicTpoe
aBTOMaTHUecKoe BhIBEJeHHEe 3allUTH H3 paGorhl. DBuicTpora
3TOrO BHIBENEHHS AOMKHA ObITh TaKoH, uTobnl 1 cTymeHb, nef-
cTByIOLIAs 6€3 BHIAEPIKKH BPeMeHH, HE ycnena cpaGoraTe Ha
OTKJIIOUEHHE BBIKJIIOUATEN 1.

Hawnnyumee mo npuaouny paborbl  ycrpokicrBa (6J0KH-
DOBKH) A/l aBTOMATHYECKOTO BHIBEAEHHMs 3aulMT ObliH mpe-
noxenn I'pysanepro (T. I'. Kocransiw u I'. E. Typxus) B 40-e
FOAH MPHUMeHHTENbHO K TV, HMEIIUM JBe BTOPHYHbIE O00-
motku. IIpakrudeckn y TV 35 kB H BHille OHH BCeria MMeIOT-
cst (OfiHA COeNHMHsIETCS B 3Be3lly, BTOPas — B PA3OMKHYTHI
TPeyroNbHUK s nosdyueHuss Hanpsikenus 3 Uo). lefcTaue
YCTPOHCTB OCHOBAHO Ha CPABHEHHH HANpsiKEeHHHA ABYX BTO-
PHYHBEIX 0OMOTOK.

Ha puc. 6.14 npuBexeHa cxeMa TaKoro yCTPOHCTBA, pas-
pa6orannast TOI1 (B. H. Basun). Ha puc. 6.14,a npuseset
npuMep cxeMnl Bkaiouernst TV, wa pHc. 6.14, 6 — coorsercr-
Bylomasi 3TOfi cXeMe JHarpaMma HampsiKeHHH, Ha pHC.
6.14, 8 — cxeMa ycTpoiicTBAa H €ro BKJIOYeHHe H Ha pHC
6.14, 2 — BEKTOpHAsi AHArpaMMa TOKOB, NMOscHAOmAs pabory
ycTpoiicTsa.

cetd ¢ Ugon=
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UeThPeXOOMOTOUHHH  NIPOMEXYTOUHBIA  TpaHcdopmaTop
TL uMeeT ABe TepPBHUHHE OGMOTKH H OJHY KOMIEHCAUHOH-
jyio, MOLKMIOUAEMbIe K IeNsM HampsKeHHs TV uepes noba-
pouHble PE3HCTOPHL Ko BropuuHoii 06MoTKe TpaHchopMaropa
7L uepe3 BHIPAMHTENb VS IPHCOENHHEH DearHPyOUIHH 3je-
went KV.

ConporuBieHne pesucropa Ra AOMWKHO OGHITH  MeHbile
(uan Goablle) ONHHAKOBHIX CONMPOTHUBIEHHE DPe3HCTOPOB Rp,

ABCNHUK
CBA I A
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N
¢ B
= H K
5 ¥

1R}

Puc. 6.14. YerpolicTBo aast NPeROTBpallleHHs JIOKHBIX cpabaThlBanuii 3a-
WHT IpH HapyIIeHHSAX LeneH HalpsKeHHs

Rc. Mostomy npu cuMMerpuu Hanpsukennfi Us, Us, Uc 1oku
B 3THX CONPOTHBJEHHAX He OJAMHAKOBH, UTO H IIOKA3aHO Ha
BeKTopHOfi aMarpamme Ha puc. 6.14,2, cOOTBeTCTBYIOIEH
yeaosuro Ra<Rp=Rc. Tlpn Ra>Rp==Rc Tok Iy, DaBHHI
reoMeTpryeckoll cyMMme TOKOB la, Ip, Ic, nMen G IIPOTHBOMO-
JOXHOe HanpaBJ/ieHHe.

B ycnoBusix HopMasbHOro pexuMa paGoOTH IPH HcIpaB-
HBIX BTOpHuHHIX uensx TV coBmanaiompMe no ¢ase, HO BeTpeu-
HO HampaB/eHHBle B NEPBHUHHIX oOMoTKax TpaHcdopMaropa
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TL roxku [y (HasBaH ycioBHO) H [an CO31AIOT B CepAeYHHKe
TL B3aumHo ypasHoBewuBaiomuecs MJC. Beaencrsue 3to-
ro OTCYTCTBYIOT MAarHHTHBIH NOTOK B cepieunnke TL # TOK B
KV. CosnaBaembie ToKamu Iy u 4, MJIC Gylyr Ttakxe

ypaBHOBEIUHBAThCS NPH JIOOBIX HapyUIEHHSX CHMMETDHH Ha-
NPSKEHHH CO CTOPOHBI [epPBHYHBIX OGMOTOK TpaHcdopMaropa
HanpszeHHs, He CBA3aHHBIX C MNOABJCHHEM HAaNPSXKEHHA Hy-
JIeBO#i 0CJe0BATEIbHOCTH.

IMpu nosiBjeHHH HanpsiXKeHHS HYJEBOH IOCJEAOBATENBHO-
CTH Ha CTOpOHe Bbicuiero HampsukeHus TV (uanpumep, npu
K®) papuosecue MJIC B cepreunuke Tpancdopmartopa TL
gapymaercs. Ero BoccraHoBieHne obecrneyHBaercs ¢ Io-
MOIIbIO KOMIleHCAlMOHHOH 0o6MOTKH TpaHcdopmaropa TL,
BK/IiOYaeMoii B uenp 3 Uy uepes 106aBouHHI pesuctop R2.

Ipu o6pbiBe O0aHOH HJH ABYX (a3 B LeNH HanpsKeHHs
3AIIMTHl NOSBJSETCH HaNpsXKeHHe HYJCBOH II0C/AEA0BATE/bHO-
CTH H H3MEHSIOTCA 3HAyeHHe M (asa TOKa B 0OMOTKe TpaHc-
opmaropa TL, BKIOUeHHOH B HyJeBoii mpoBolX. Beaencreue
sTOoro Hapymaercs paBHoBeche MJIC u B cepleyHHKEe TpaHC-
¢popMaropa TL mosBasieTcssi MarHUTHBIH NOTOK. JTO NIPHUBOJLHT
K cpabathBaHHi0O KV, KOTOpDHHA BHBOAHT H3 AEHCTBHS 3allH-
Ty H [aeT CHTHAJ O HEHCNIPABHOCTH leNeld Hanps:KeHHS.

[IpH OTKAIOUEHWH aBTOMAaTHYeCKOro BhKIiouarens 1V
HIM TIpH 06pBIBe «HyJSi» CHHMAercsi NHTaHHe ¢ o6MoTkH TL,
BKJIOYeHHOH B HyJaeBo#l nposod. [lpu stom Gnaropaps Hanau-
YMIO IHTAHHs Ha NepBHYHO# 06MOTKe Tpaunchpopmaropa TL,
NOAKMIOUeHHOH Yepes pesucTop RI K AonosHHTeNbHOH 06MOT-
Ke TpaHchopmaTopa ¢ass A, TakxKe Hapyllaercs paBHOBecHe
MIC u cpabarsBaer KV. YerpoiictBo Ges 3ameinenus pa6o-
TaeT IpH Bcex BHAax K3 B Lensx Hanps:KeHHs, 38 HCKJiOYe-
uieM K3 Ha ¢asax BC. B nociaenHem ciayyae OHO IOAEHCT-
Byer nocjie cpabaThiBaHHst aBTOMAaTHYECKOTO BHIKJIIOYATeNd
TV. Baarogaps HaJHYHIO KOMIEHCHpYyiolleli 0GMOTKH B LeNH
3 Ue (BriioueHa uepe3 R2) 3T0 ycTPOHCTBO MOXKET IpHMe-
HATHCSA B CeTHIX KakK ¢ IJyX03a3eMJIeHHOH, TaK H C H30JHPO-
BaHHOH HEATpaJbIO.

B nociesHux HCHOONHEHHAX OTe4eCTBeHHBIX JHCTaHIIHOH-
HBIX 3aUIHT CcXeMa paccMOTPeHHO! OMOKHPOBKH IperepmeJia
HeKOTOpHle HaMeneHHs [15].
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6.15. OBLLIASL OLIEHKA W OBJTACTH NPAUMEHEHNA
AMCTAHU.HOHHbIX 3AWLMT

JlucTaHUHOHHBIE 3aLIMTHI B HX COBDPEMEHHOM HCHOJHEHHH
qB/IsiOTCA HaHGoJlee TeXHHYECKH COBEPIUEHHBIM, HO H HauGo-
gee CJAOKHBIM BHAOM 3alHT C OTHOCHTEJNbHOH CeJeKTHBHO-
crbio. MIX CYLIECTBEHHBIMH INPEHMYyUIECTBAMH [0 CpaBHEHHIO
¢ TOKOBBHIMH HaNnpaBI€HHHMH 3aUIHTAMH SBJISIOTCA 3HA4H-
reJbHo Oosiee YeTKO (HKCHPOBAHHAd 30Ha, 3allHulaeMas
[ cTymeHblo, Jyullas 3amra KOHIa yuacTka II crymenbio,
a npu MHoropasHbix K3 — sHauuTenbHO O6Jbluast 4yBCTBH-
resbHOCTL mocaexneil (II1) crynmeHu, Hcnoab3yeMOH B OCHOB-
HoM AJS dajbHero pe3epeHpoBaHHA. [IpHHUMIHANbHBI HENO-
cratok 11l crymeHeft 3amuth (KaK H TOKOBHIX HalpasJieH-
HHX) —HemoJHas CeJeKTHBHOCTb NIPH BHeMHux K3——vacTuuHo
MHOTJA  YMEeHblilaeTcs COKpallleHHeMm 3alllMIIaeMbiXx  30H,
BHOOPOM Y4YACTKa, OTKJIIOYAEMOro HepBHM H IpeBpauamole-
ro KOHQHrypanHtio CeTH B BHA, AAIOUIHH BO3MOXKHOCTb OCTaJb-
ueivm 11l crynmensam samur paborarth, cenekTHBHO. C yueroM
CKa3aHHOTO JAWCTAHIIHOHHBle 3ALIHTH IUMHPOKO INIPHMEHSIOTCS
Kak ocHOBHbE (0pH Unow<110+220kB) unu pesepsuuie (npH
Unonu==220--330 kB) samurel or muorotdasnux K3. B mo-
cleqHee BpeMsi B OTEYECTBEHHOH NpPaKThKe paccMaTpHBaeTcs
BoTnpoc 06 HX HCHOb30BaHHH ¢ HOBbIMM MO conpoTHBIEHHS
u aaq auxspganad K. B 3apy6exHoii npakTHKe 3TO Ocyuie-
cTBASI0ch Beerfa. HeoOXoAHMO TaKxe OTMeTHTh, YTO HOBLIE
BO3MOMKHOCTH AJs OCYNIECTBJEHHS JOCTAaTOYHO npocTtoii (6es
Goabuero uucaa MO) 3amuTHl MOXKET NPEAOCTABUTH HCIOJb-
30BaHHe MHKpompoleccoproii TexHHKH (2BM) c ee mpo-
rpaMMHOl peasiusanueii yerpoficrsa. IlpuMeHente 3alHUT Kak
OCHOBHBIX 0T MHorodasHeix K3 0O6BUYHO cuHTaeTcs BO3MOXK-
HBIM, KOrja AONYyCTHMO OTKJaioyeHHe K3 ¢ 0AHOH H3 CTOPOH
c Boinepxkko#i Bpemenu ' II crymenn corsacHo ynpouieHHO-
MY KpHTEDHIO COXPaHEHHs ycTOHUHBOCTH. Takoe OTK/IOUEHHe
IONYyCTHMO, eCJH B peXHME KackaJHoro orkjiwoueHus K B

Hauaje Bropo#i 3o U ~0,85 VlelAs I8220,6 Upas (puc.
6.15).

YckopeHne AeHCTBHS IHCTAHLHOHHBIX 3aUIHT NOBPEXJEH-
HOro yyacTka B CeTSIX CBEepPXBBICOKHX HaNpPsKEHHH NOCTHra-
ercsi no6aBieHHeM K HMM OTKJIOYAIOMEro WJH paspemalole-
ro yerpoiictBa, nepeaaioulero curHaiei no BY kananam (cm.
T 1). [lpumeHeHHe QHCTAHUMOHHBIX 3aUIMT ¢ yAJHHeHHOH [I,
llepekprBaolesi BCio AJHHY y49acTkKa (AONyIIEHHOH Hecesex-
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THBHOCTBIO), B OTEYECTBEHHOH NPAKTHKE OGBIYHO He IpHMe.
HSIeTCHl. i

B Hacrosimee BpeMsi OTEUECTBEHHOH NPOMBILLIEHHOCTbIo
OCYLIECTBJISAETCS] CEPHAHBIA BBHITYCK KOMMJIEKTHHIX AHCTAHIU-
OHHBIX 3aIIHMT Pa3HBIX MOAH(GHKauMii oT MHOrodasHux K3 Ha
BC€ KJacchl HanpskeHu# Bbime 110 kB, na wunterpasbuoi

Puc. 6.15. Pacuernoe ycnioBue aas
NPOBEPKA  OCTATOYHLIX HANpPSKEHHI
npu K3 B cetn

Uocr (ﬂ_@,&gZﬂAB

MHKDO3JICKTDOHHKE, C WHPOKHM HCIIOJIb30BAHHEM OIepalHOH-
HEIX ycunutesedt [15]. Yacro B KOMIIEKTE BXOAST H TOKOBHIe
HAaNpaB/ICHHbE 3AIIHTH HYJNEBOH IOCHEHOBATENLHOCTH IS
Aeiictsus npu KO, Bo BceM 3ToM 6osibiias 3ac/ayra Kojjlek-
THBoB BHUHP u U2A3.

Bonpocu past camonposepku

1. Kakue 3amure HasbBaoTCS JAHCTAHIHOHHBIMH?

2. Kakue npuHugans HCIIOIB3YIOTCS AJISi BBINOJHEHHs peie
CONPOTHBJICHHUS AUCTAHUMOHHBIX 3aIUT?

3. Kakue wuckaxamomue (akKTOpH BAHSIOT HA pabory au-
CTAHLUHOHHBIX 3amuT npu K3?

4. Kak Bausier yuer xauaumfi u NEePexXoIHbIX CONPOTHBIIE-
HHH B MecTe K3 Ha BbIOOD BHIA XapaKTepPHCTHK cpabaThBa-
HUS peJie CONPOTHUBJICHUS?

5. TlpuBennTe HEKOTOPHIE OCHOBHDBIE BUJIBI XaPAaKTEPHCTHK
cpabaTbiBAHHS pesie CONPOTHBAECHHS. HasopuTe obsactu mux
HCIOJIb30BaHM,

6. KaKue CyIeCTBYIOT NPHHUHMNM BHIONHEHHs yCTpOHCTB,
NPENOTBP AIMAKINHUX JIOKHEE W H3JHUTHHE cpabarbiBauus 3a-
HIMTH IPH KaYaHHAX P

{nasaceAbMmas

TOKOBbBIE U HAMPABJIEHHbBIE 3ALLUTEI C KOCBEHHbBIM
CPABHEHUEM SNEKTPUYECKUX BEJIMUMH

7.1. CMIOCOBbI BBINOJIHEHUS 3ALLMT

TokosbIMU U HANPABACHHLIMU  3AUUTAMU € KOCBEHHbIM
CpasHeruem IAeKTPUYeCKuy BEAUYUX HA3BIBAIOTCS 3alIUTHI
¢ a0COJIIOTHOH CEJNEKTHBHOCTBIO (CM, IJi. 1), OCHOBaHHHIE Ha
cpaBHEHHH 3JIEKTPHYECKHX BEJHYHH IO KOHLAM 3allHIIaeMOH
JUHHM HJIH Ha JHHUAX, NPHCOEAHHEHHHIX K OOIHM IIHHAM,
IOCPEACTBOM IlepeJaBaeMblX N0 KaHajaM CBSI3H CHTHAJOB OT
cpabaThBAIOIAX H3MEPHTENbHEIX OPraHOB.

3aluTH C KOCBEHHBIM CDaBHeHHeM B Haub6oJiee NPOCTOM
caydae BBIMOJHSIOTCS KAK TOKOBHE; B HHX CPAaBHHBAIOTCS TO-
Ki TI0 CHTHAJAM MAKCHMAJbHBIX OPTaHOB TOKA, BKJIIOYAaeMBIX
¢ NHTAWIHMX CTOPDOH 3allHINAEMBIX Y4YaCcTKOB. 3HAYHTEJNLHO
gallle 3TH 3alIUThl BLINOJHSIOTCS HANPABJICHHBIMH, B HHX
cpaBHHBalOTCs 3Haku Momuocteff K3 mo curuamam, nosnyuae-
MEIM OT OPTaHOB HATIPABJEHHS MOIHOCTH.

3alUTEl HeasTcs Ha npodoabHble, CPABHHUBAIOIIHE BEJIH-
YMHBl TI0 KOHLAM 3allHLIaeMOr0 y4yacTKa, H nonepeunsvle,
CPABHHBAIOIYe BEJHYHUHBI HA PA3HHIX 3JeMeHTaX OAHOH 3JeK-
TPOYCTAHOBKH.

PaccmaTtpuBaeMble 3alquTH Kak o6Jajfaminye abCcoJioT-
HOIl CEJIEKTHBHOCTBIO BHINOJHAKTCS 6€3 BHAEDPXKKH BpPEMEHH,
YeM BBIFOJHO OTJIMYAlOTCS OT TOKOBBIX, TOKOBHIX HAaIpaBJeH-
HBIX M JUCTAHIHUOHHBIX 3alHT ¢ OTHOCHUTEJIBLHOH CeJeKTHBHO-
cTbio (cM. roi. 5 u 6). C apyro#i CTOpOHBI, paccMaTpHBaeMBIe
3AIUHUTHL HE HCIOJAb3YIOTCSI KaK €IWHCTBEHHbBIE Ha 3JEMEHTE,
TaK KaK He MOryT paborath B KauecTBe pesepBHBIX npu K3
HA CMEXKHBIX 3JIEMEHTaX H NO3TOMY COYETAITCH C 3AIHTAMH,
061afal0mUMH OTHOCHTEJIbHON CEeJeKTHBHOCTBIO, Heob6xonume
OTMETHTb, YTO B 3alIMTaX € KOCBEHHBIM CDABHEHHEM BEJIH-
YHH HCNOJIB3YIOTCS T€ K€ THNBl OPTaHOB TOKA M HANDABJEHHSA
MOIHOCTH, YTO M B ONHCAHHBIX paHee 3aMMTaX ¢ OTHOCHTEJb-
HOIl CeJeKTHBHOCTBIO. I103TOMY HHOTZA 5TH 3JEMEHTH npH-
HHMAlOTCS AJIST 3aI0HT OOIIUMH.

7.2. TOKOBbIE MPO/AOJIbHBIE 3ALLMTB] C BJIOKUPOBKOU

[Ipunuun neficTBust 3aluTHl ¥ BHIGOD e mapaMeTpoB pac-
CMaTpPUBAKOTCS NPUMEHHTENbHO K IEnoYKe OAMHOUHBIX JIMHHH
C oanocroponnuM nuranuem (puc. 7.1). C nuTaOMmMUX CTOPOH
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JHHUE BKJKYAKTCA MAaKCHMaJbHbe Opranbl Toxka. Ha mepBom
3jeMeHTe (TOKONDHEMHHKE) OHH 06pa3yloT MaKCHMAaJbHYIO
TOKOBYK) 3alIUTy 0e3 BBIAEpKKH BpeMeHH. JlJas Toro 4tobm
M Jpyrde 3aIIHUTH TaKkKe MOIJH paboTaTh 6€3 BHIIEPKKH Bpe-
MEeHH, KaxJad Nocjelyiolilass M3 HHUX BBUIOJHAETCH TaK, 4TOQ
MOXKeT CpabarbiBaTh TOJIBKO NDH OTCYTCTBHH OJOKHPYIOILEro
CHTHaJa OT NpelAblAylIed 3alUThl, T. €. OHAa OKa3bIBaeTCs CBA-
3aHHOH ¢ nocjenHed soruueckoil onepauueit FAIIPET y=
=x;-Xo (cM. 1. 1). Toku cpaGaThiBaHUs 3aUIHT, UMEIOLIUX
OJIOKHPOBKY (€C/H He NPeiyCMaTpPHBAeTCH HX JONOJHHUTEb-
HOe JeHCTBHe KaK pe3epBHHIX), MOI'YT BHOHpaAThes 60abIIHMH

K nazpysxe
e b Lo pal—
IEEA [aanpET !
ar 08 ar 08 or

Puc. 7.1. TIpuHpune paboThl TOKOBOf NPOAOJBLHOM 3alUHTH ¢ GJOKHPOBKOH

TOJIBKO MAaKCHMaJbHBIX pafOUHX TOKOB 3allHL[aeMBbIX yuacT-
KOB 6e3 yyeTa 3anycka notpebutesneil (IOCKONbKY B PeXHMAaX
3alycKa 3alIHTHl OyAyT 3a0JOKHPOBAHM) H JOJIKHBE COrlaco-
BBIBATBCSL MO YYBCTBHTENBHOCTH: [can>lc s(n—tymax. A5 0Bec-
neueHuss OJOKHPOBKH MOCJEAYIOUIHE 3aLIUTHl HMEKT HebOoJb-
mioe 3aMenneHude. PaccmarpuBaemass 3aliuTa CeTH B Upejl-
CTaBJEHHOM BHJe He MOXeT paloTaTh KakK pesepBHas npu K3
Ha npejbiaylneM yuactke. JIJs1 BBIMOJHEHHSI 3THX HeOGXO/H-
MBIX (PYHKUHH OJOKMpyeMmble 3aUIHThl JONOJNHSTCA OpraHaMHu
BbLIEDXKKH BpeMeHH, paborarmomiuMy B 00xon cxeme 3AIIPET.
BoiaepkKu BpeMeHH 3THX OPTaHOB BHIGHPAIOTCH MO CTyMeHYa-
ToMy npHHUHIY. TokM cpabaTblBaHHA NPH 3TOM JOJIKHHBI BbI-
6upaTbcsl TaK XK€, KaK JJIS MAaKCHMAJbHBIX TOKOBBLIX 3alHT
(eM. ra. B).

PaccmatpuBaemaa 3amura Gmia paspaborana B Coser-
ckom Coiose eunle B Hauajde 30-x roJl0OB NPUMEHHTENbLHO K 3a-
1mUTe IMHH TOJACTAHUHUH, HO PacIpOCTpaHeHHS He MOJYYHJIA B
CBSI3H C HEKOTOPOH CJOXKHOCTHIO Joruueckoit yactu. OueHuBa-
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JHCH €e CBOHCTBA H JJSl NOHHXKAIOUIAX TPAHC(HOPMATOPOB.
Ouna npuBejiena Taxkxke B pabore 30-x rogos H. Heiire6ayepa
(Tepmanua). IlpumeHerne 3aiuTh, BEPOAATHO, MOXKeT HMeThb
CMBICT AT 3/IEMEHTOB, HaXOASAWUXCA B NpeienaX OHON yc-
TaHOBKH (HANpPHMEp, 3alHTHI OJHHOUHBIX CHCTEM IIKH), Koraa
obs3aTesnbHa ObICTPOTA OTKMIOueHHs1 K3,

7.3. MPUHLMNGIL BEINOAHEHUS HAMPABJEHHbIX
NPOAONbHbLIX 3ALLMT

3auHThl IO NPHHUKUTY AEHCTBHA MOTYT IPUMEHSATHCH B Ce-
TAX NI060A  KOHQHUIYpauuu ¢ m06biM  uHCIOM HCTOUYHHKOB
nutanus. Ux pabora paccmaTpuBaercs Ha npuMepe CeTH Ha
puc. 7.2. ITONyKOMIJIEKTBl 3aIUTH, BKIIOUAIOMIHe OpraHsl Ha-
NpaBJeHHsT MOUIHOCTH (B obuleym cJaydyae OBYCTOPOHHEro hefi-
CTBHA), YCTAHABJHBAIOTCS ¢ O6eHX .CTOPOH KaXIOr0 yyacTKa.
3amuTa cpabaTHBAET, €CAH MOJHBlE MOIHOCTH K3 Ha o6oux
KOHUAX y4acTKa HANpaBJeHbl OT UIHH B JIHHHIO (A5 MOLIHO-
CTeH Hy/eBOH H oOpaTHON mocsaenoBaTenbHOCTEH — OT JUHHH
K WHHAM, CM. M. 5), 9TO XapaKTEPHO TOJbKO s NOBpex-

= = —=
0 2,8 60,8 O

Pue. 7.2. Cets ¢ ABYCTODOHHHM IHTaWHEM, 3allHHlaeMas HanpaBJeHHBIMU
NpOAOABHBIMHU 338l HTaMHu

ACHHOrO yuacTka. Ha HeNMOBPeXKAEHHBIX yYacTKax CeTH MOMi-
Hocty K3 ¢ onHOH cTOPOHH 0673aTeNbHO HamnpasJieHbl K Y-
HaM H HX 3alIHTH He CPabaThIBAOT, XOTH C APYroil CTOPOHBI
MomtocTH Hanpasaens or WHH. Takoe nefCTBHE 3amAT 06ec-
lI€unBaeTcs 3a CuUeT HAMHUHA JIOTHUECKOH CBH3H MeX1y HX
TMONYKOMIJIEKTAMH, OCYHIECTBJSAEMON MO KAHAJNAM CBSI3H.

B saBucumoctu or XapakTepa HCNOJIb30BaHHA KaHAaJ0B
SUTH  pa3fejAlOTCA HA JBe IPYNOB: paspelaOmHUMHu
SI;(I;HaJIaMH (PC), koraa npuxoAsWuii ¢ NPOTHBONOMONKHORN

POHBI CHTHAJ pa3peiaeT OTKJIUEHHe, H GJOKHDPYIOLIHMHU
E?S;lggaMH-(BC), KOrjia DPHXOAAIUHE ¢ NPOTHBONOJOKHOMN
1o be CHTHAJ, Hao0OPOT, NMPensTCTBYeT OTKJIIOUEHHIO. Ilpn

MEeTCs1 B BHAY, UTO CHIHAJM MOXeT IIOfaBaThCd KaK HO-
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AB/JIE€HHEM B KaHa/Jeé HOPMAaJbHO OTCYTCTBYIOIler0 B HEM TO-
ka (HO), tak H HOpMa/sbHO NPHUCYTCTBYIOLIHM B HEM TOKOM
(HIT). B pesynbraTe cpaBHHBAIOTCSL YEThHIDE OCHOBHLIX BHAA
curnanos B kanajge: PC ¢ HO uau HIT u BC ¢ HO uau HIT.

IlepBbie o6o6malomue padoTsl 1m0 cnocobam HCIOJAb30Ba-
HHs KaHauaoB 6bin ony6unkoBanbl B 30-x rogax H. Hedire6aye-
pom (I'epmanns) u H. T. Ko6akosoii.

ITpoBenennnlit (cM., HanpuMmep, [1]) aHaau3 npUHUHMNOR
BBINOJIHEHHS 3AIUHT C Pa3HbIMH KaHaJlaMH CBS3H aj BO3MOX-
HOCTb CH€/aTh CJAefyIOUlHe BEIBOAKL.

1. Jas samur ¢ BY kananamu uesnecoo6pa3HO NmpHMeHe-
HHEe OJIOKHDYIOUIMX CHTHAJOB, NepefaBaeMblX IO HENOBPEK-
JeHHbIM yyacTkaMm (CM. puc. 7.2) M NpefoOTBpAIlaIOIIHX Cpa-
OaThLiBaHHe NMOJYKOMINIEKTOB 3alHThl, 4e€pe3 KOTOpLE MO
HocThb K3 HampaBieHa or wuH B JuHui0. Ha noepemxaennowm
y4yacTke, rie KaHana MoxeT OnlThb HapyweH, BC He Tpebyercs
. DTO HCK/II0YaeT OTKa3hbl 3aLIUT MOBPEXKAEHHOIO Y4acTKa, ecr
BY curnasn He nmpoxoaut yepes mecto K3 (uro 6biao 6wl npr
PC). Cxemnl mesnecoo6pasHo CTPOHUTb ¢ HOPMAJbHO OTCYTCT-
BYIWIIHM TOKOM B KaHaJje, uTo ofecneunBaer paboTy Kak npe
OMHOCTOPOHHEM, TaK H IPH JBYCTOPOHHEM INHTAaHHH.

2. Tlpn npuMeHeHHWM NPOBOJAHLIX H PaJHOKAHAJOB MOTY1
OLITh MCNOJNB30BAHEl KaK OJIOKHpYIOIIMe, TaK H pa3peliatoline
OTKJ/I0UeHHs cHrHaabl. Iloc/enHue MHOIZA HCIOJNBL3YIOTCS Kak
JIOTIOJIHATEJIbHBE K JHCTAHUHOHHBIM 3aIHTAM H TOKOBHIM Ha-
NpaBJeHHLIM 3allHTaM HYJEeBOH NOCJEJOBATENbHOCTH B CETS:
CBEPXBBICOKHX Hampskenuit (cm. ra. 10).

7.4. HATTPABJIEHHBIE 3ALLIUTEI C BY BNIOKMPOBKOH

Hanpasaennoimu saujuramu ¢ BY 610Kkuposkoli HasbBa-
I0TCSI 3al0UTHl C KOCBEHHLIM CPaBHEHHEM HaIpaBJeHHH MOLL-
HOCTH II0 KOHIIAM 3aLIHIaeMOro yuyacTkKa, HchoJbayiolune BU
KaHaJpl, MO KOTOpHIM IpH BHemwHux K3 nepenainoTcs 6JIOKH:
pyloliue CcurHaJdn, ofeCneynBaloIiyve B 3THX DeXHMax HX
HecpabarniBanue. [Ipununnuansio BC MoxHO Oblio OB He-
H0/b30BAaTh JAJS NpPeJOTBPAIleHHs CpabaThiBaHHS 3alIHTH H
npuH HOpMaJubHOH pabore ceru. Takue pelleHHS, OLHAKO, He
HNPHMEHSIIOTCS ¢ YYeTOM BePOSITHOCTH KPaTKOBpPEMEHHHX (34
CUeT NOMeX) HapyLIeHHI KaHaJja, MPH KOTOPHIX 3allHTa MO-
raa Onl 10XKHO cpabaTniBath. Jlasfl OTCTPOHKH OT paGouux pe-
JKHMOB HCNOJIbL3YIOTCS OTAEJNbLHLIE NYCKOBLle OpraHnl. B Heko-
TOPHIX YACTHHIX cayyasx (YHKUHH INycKa BO3JaraloT Ha
opransl HanpaBJeHHs MOLIHOCTH (Korja Noc/JefAHHEe He MOTYT
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cpabaThiBaTh B PaGOYHX DEXHMAX, HALPUMEP IPH BKJIOUE-
HHH Ha COCTaBJfAWOIIHe 06paTHOM moc/enoBaTenbHocTH). Cxe-
Mbl 3aUIMTBl NPHHATO CTPOMThL C HOPMAJIBHO OTCYTCTBYIOUIHM
1uKOM B KaHaJe. [lepBbie naHHbIe O paccMaTpuBaeMbIX 3alH-
raXx NOsABUIMCL B 20-e roanl. B koune 20-x u mauvase 30-x ro-
§OB OBUI CO31aH Dsi CXeM TaKHX 3awuT. Bosmbumas 3acayra
B AeJle Pa3spabOTKH M BHEADPEHHS B SKCIVIyaTalUHIO HAaNpaBieH-
HBX 3alMT ¢ BY GsoxknpoBko#t npunagnexur na6oparopun
umM. A. A. CmypoBa, pa6oTHHKH KOTOpOii B KOHme 30-X M Ha-
yasne 40-x romoB paspaboTanaM, H3TOTOBHJAH H YCTAaHOBHJH B
sneprocucremax Coserckoro Cowo3a 3HAaYHTENbLHOE UHCJIO
KOMIUIEKTOB 5TOH 3aIIHTHI.

Yuer psina akropos (caoxusle [10 npu ux BKJIOUEHUH
Ha MOJIHble HAaNpSXKEeHHS M TOKH (a3, BOZMOXKHOCTL JOMXKHOIO
AeACTBHSA NMpH KayaHuax samut ¢ OHM, BKaoYeHHBIMH HA MOJI-
Hbe HalPAXKEHUS H TOKH, U T. /l.) NPHBOJHUT K 3HAUHTEJLHOMY
YCJIOXKHEHHIO pesiefiHoll gacTH. C yueroM 3Toro o6CTOATEe IbCT-
Ba Pamnmo (PpaHuua) B Havage 30-x roxos Guia paspabo-
TaHa BecbMa INpOCTasti MO BHINOJHEHHIO peEJeHHOH YacTH
samuTa OOpATHOU TNOCJAENOBATENLHOCTH OT BCeX HECHM-
MerTpuuHbX K3. TIpoCTbIMM fB/ISIOTCA W 3alMTH HYJeBOM
nociaenosareqbHocTn oT K3 Ha semuo. Bo3aMOXHO Takxe
BHNOJIHEHHe 3ammThl ¢ OHM, BK/IIOYeHHHIMH Ha IIOJIHHE
aBapHAHBIE CJIaralollHe MM HX CHMMETDHYHEIE COCTAB-
JSIOIHE,

B Coserckom Comwose no npeasoxenuwo: I'. Y. AraGekosa
u fI. M. Cmopoaunckoro (1946 r.) 8 CP3uy T3II (B.JI. ®a6-
PHKaHT M 1p.) OLLIM CO3AaHbI (QUILTPOBLIC 3aLIMTHI C AHCTAH-
UHOHHBIM NyCKOM NepenaTynkoB. HekoTopoe Bpems Takue 3a-
IUATHL BRIMYCKAJIHCh NMPOMBIUIIEHHOCTBIO; B HACTOALIEE BpeMs
OHH He mpuMeHsOTCA. Temu ke aBTOpaMu NPUMEPHO B TO Xe
BpeMms1 Oblia npemioxeHa (GUJILTPOBAsA 3allUTA ¢ MTHOBEHHOM
buKkcauueii 3HaKa MOLIHOCTH. ITepsuie paboru B 3TOH 06.Ja-
CrH, mposoausiuHecs B CP3uy TIII, BHIABUJIH BO3MOKHOCTL
KPATKOBpPEMEHHBIX M3JMUIHHX CcpaGaTHBaHUE  (QUALTPOBHIX
OPTaHOB HANpPaB/IEHHs MOUIHOCTH, OGYC/IOBJEHHBIX Iepexoj-
HEIMH npoueccaMu, YTO 3aTPYAHSIO HX MNOJHOLEHHOE BLINOJ-
Henue. Tlocsefyomue wHccae10Banna W PaspabOTKH, mpoBe-
Acndple B0 BHHMD (A. H. Jleeuyw, $. C. Teandang,
E. I Canup u np.), nokasaan Bo3MOKHOCTb co3fanust OHM,
IPaBUAbLHO (UKCHPYIOUINX 3HAK MOIIHOCTH ob6patHOil mnocJe-
AOBaTeIbHOCTH B HAayadbLHHH MOMEHT K3, u gocrarouno noa-
HOLeHHOH (ukcamun (¢ HCNONb30BaHHEM opraHa CONpPOTHBJIE-
Hus) K. Takoe BHIMONHEHHE NDOJOMLHBIX SAIIMT JIMHH
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HAaXOAHT B OTEUECTBEHHOH NpPAaKTHKe OmpejeseHHble o6jacTy
IpHMEHEHH].

HssecTnn aBa cnoco6a mycka NepeiaTiHKOB PACCMATPH-
BA€MBIX 3AILHT:

IDH BO3HHKHOBeHHH K3, pacmnosoeHHHIX B JIOOHX Mec-
Tax CEeTH, ~— OT OBICTPOJCHCTBYIOIHX HeHanpasienubix 10,
ITepenarunkn satem ocranasauBatorcsi OHM npn mospexie-
HHH B 3aIIHIAEMOH 30He;

TOJIKO NPH HANPABJEHHH MoIHOCTH K3 OT JHHHH K K-
HaM.

[IpenmymecTBo mepBoro cmnocoba 3ak/aII04aercss B YBeJH-
UeHHH HAJeXKHOCTH HecpabaThiBaHHA npH BHemnHx K3 3a
cuer Opictpofi mochliky BC. Cepbe3sHbIM HeJOCTATKOM SIBJIS-
Jlacb BO3MOXHOCTb OTKA3a 3aILHTH, ecau npu K3 Ha samu-
IaeMOi JIHHHH HA OJHOM H3 ee KOHILOB HMEIOTCS yCJIOBHS 1JIsi
cpabarbiBanuss [0, a ypoBeHb BO3AEHCTBYIOIHX BEJIHYHH
OHM mepocratoueH ajist €ro HajaexHoro cpabarbiBaHHS. D10
XapakTepHO, HANPHUMEp, AJS ABYX- HJIM MHOTOKOHLEBBIX JiH-
HHH NDH OTCYTCTBHH HCTOYHMKA MOIHOCTH HA OJHOM H3 ee
konuos. BHHUHS paspaboranbl mMeponpusiTHs, ycTpaHSIONIHe
3TOT HEJOCTATOK.

Bropoit cnoco6 o6ecneunBaer yBesMUeHHEe HaAeKHOCTH
cpabarbiBanus, Tak Kak npH K3 Ha saluuIaeMoii JHHHH TyCK
He npou3BoauTcA. OnHAKO HEOGXOAHMO BBOLHTbL AOMOJHHU-
TEJIbHYIO 33/€PKKY JJA COMJIACOBAHHS .10 BPEMEHH GJIOKHPY-
IoEX B oTkapuanmux OHM 1o koHmaM JHHEH.

7.5. MIPUHUMNLI JEACTBUA CXEM HAMPABNEHHbIX SALMT
C BY BJIOKUPOBKOMH

Kak ykaseiBanoch Bbllle, B OTEYECTBEHHOH paKTHKe npu-
MensaloTcs 3amuTel ¢ MO, BkaOYaembIMH Ha cocraBJsouie
obpaTHoH, HHOrIa HYJICBOH, TOC/A€J0BATENBHOCTH. B 3TOM
c/1yyae NPHHUMNIEL JCHCTBHS CXEM 3AIIHT PA3IHYAIOTCH B IEP-
BYyIO odepeinb cnocobamu nycka BY mepenaTuHkoB H HCIOJD-
oBanus ornenbubix I10. Huxe paccmarpuatorcs crpykryp-
HbIE CXEMBI 3aIIHT: C MyCKOM OT HeHampaBaeHubix [10, ¢ ny-
CKOM, KOHTpoJHpyeMmbiM OHM,
oTaeabubix [10.

Cxema ¢ nyckom ot nenanpasaennsix MO (puc. 7.3). ITyck
OCYIIECTBIACTCA ISt KaXJOTO H3 NOJMYKOMIUICKTOB JByM#
OpraHaMH (HanpHMep, OPraHaMH ToKa 06PaTHOH HocleoBa-
TeabHocTH) [101 u [102. Oun umenT pasuyio YYBCTBHTEJIb-
HOCTb. DoJsiee uyBCTBHTE/IBHBIE (IIPH NYCKe OT TOKA — C MEHb-
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H ¢ nyckoM or OHM 6e3s

wami lep) 101 cayxar roavko aast nycka BU nepenaryu-
koB, remepupylomux BY 6aokupytomue curuann. Bosee rpy-
6ue 102 mpenHasHAYAIOTCH A OTKJIIOUEHHS BHIKJIIOYaTeJaeH
JIMHHH 4Y€pe3 BHXOAHO# opran BO, npu cpabareiBanun OHM,
yepe3 Joruieckue snemeursl 3AIIPET, ucnosbsyeMble s
GJOKHDOBAHHA 3ALIHTH nPH BHewHux K3. dnement 3A/IPET

(y=x1+%2) MaeT CHrHAJ NPH NOJYYEHHH cHrHANa ¥; ot J102
yepe3 OHM TOJBKO CBOEro MOJYKOMIJIEKTA. [Ipn HaaHunH
cHI'HaJa, NoJay4aeMoro 4epes BY npueMHHK ¢ mpoTHBONOMOXK-
HOH CTOPOHBI JIHHHH (X2) HIH ¢ 06enx cropoH, BO e cpaba-
tuBaeT. [l obecneuenns HeneficTBHS mepeaaTyHKOB npu K3
Ha 32LHUIAEMOM y4acTKe HCIOJb3yeTCs JIOTHYECKHH 3Jle-
ment HE.

Ha omeunroyerue &

3ANPET

Monyyaemsid

cueran

Nepedabaemsi

cuznan
repedamuur 2

Puc. 7.3. CxeMa ¢ mycKOM OT HeHanpapJeHHLIX MYCKOBEIX OPraHOB

HcnonHenne 3amursl ofecneunBaer ee NpaBHIbHOE (PyHK-
UHOHHpOBaHHe KAK NPH JBYCTODOHHEM, TAK H NPH OJHOCTO-
POHHeM NHTaHHH MeECTa NOBPEXACHHS, €CJAH HEBO3MOMKHBL
cryyan, koraa I1O cpabareiBaer, a OHM — wer, nanpumep
H3-3a HH3KOrO ypOBHS HanpsiKeHHsa Ha Bxoge OHM.

Pa6ora samute He Hckaxkaerca npe HapymeHHd BU cpsi-
3H Ha 3aIIHIIAEMOM YYacTKe B cAydae ero mOBpexX/JeHHs, TaK
KaK npasunbHOe (hyHKUHOHHPDOBAHHE KaHAJa, KAK y¥Ke yKa-
8hIBasock, TpeGyercs TOMbKO npH BHewmux K3. B mocaennux
Clydasx, conmpoBOXKjAaeMmblXx HapylleHHeM KaHaja, 3allHTa
MOxer cpaGorare u3/uiuHe. [IpakTHYeCcKast BEPOSATHOCTb 3TOTO
C ydetom Ha/HYHA KOHTPOJSI KaHasa mMana. B npakTHke 3Kc-
Ilyatanun, ogHaKo, HMEIH MECTO cJydydH yBejgHYEeHHs 3aTy-
Xanus B BU kaHalle CBepPX PAacueTHOro, HAaNpPHMep BCJEACT-
BHe ouenp CHJIBHBEIX roJsiosenos. s mpeaoTBpalleHHsT BO3-
MOXHOCTH H3JHIIHEr0 CpabaThIBAHMA 34U[HTA TPH 3TOM
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HOJIXKHA BBIBOAMTBCS M3 PA0OTHl yCTPOHCTBOM ABTOMATHYEC-
Koro KoHTpossa BU kanana.

BosaeiicTByomue Beu4YMHL npu BHellHHX K3 Moryr okxa-
3biBaThed OMM3KMMH K mapameTpam cpabatuBanus I10. Ilpu
3TOM 3a CHET HEOJHHAKOBLHIX IOTPELIHOCTEH H3MepHTEeNbHBIX
npeo6pasoBateneit ¥ ycraBok ITO 1BYX NOJMYKOMIJICKTOB 3a-
IIMTH M HEKOTOPHIX APYLHX (akTopoB Moxer cpaborarh I10
TOJBKO C OJAHOH CTOPOHBI 3AIUIAeMOH JHHUH, TJ€ MOILHOCTHL
K3 nanpasaena oT wuH B auHuio (cM. puc. 7.2). B atom cuy-
yae BC 6yaerT orcyTcTBOBaTh M 3alIMTA MOXKET HBJHLIHE OT-
KAIOUdTh, JuHMIO. [Ipu Hanuuun aByx [10 pasuo#t uyscTBH-
TeJIbHOCTH Gojiee rpy6miii /102, neficTBYIOUIMH Ha OTKJIOYe-
HHME, B paccMaTpHBaeMOM cJyuae He JoJiKeH cpabaThiBaThb,
YTO HCKJIOUMT H3JIMIIHEEe ACHCTBHe 3alHUTHI AaXe IPH OTCYT-
creud BC. Heo6xonuMo OTMETHTb, UTO B CXE€MaXx € JHCTaH-
LIHOHHLIM NYCKOM NEPEIaTUYHKOB yABOEHHE NMyCKOBBIX OPraHOB
He Tpebyerca. IlapameTpel cpabarbiBauusi GoJjiee UyBCTBH-
TeJbHbIX OPraHOB, BKJIOYAaE€MBIX HA COCTABJSAIOUIME HYJEBOH
wiu o6paTHOH INoC/AeL0BaTEJIbHOCTH, OTCTPAHMBAIOTCH OT pac-
deTHbIX HebGanaHcoB. Toxu HebasaHca B mensx ToKa Bo3pac-
TalOT NPH BO3PDACTAHHH TOKOB (a3 (Hampumep, NPH BHEIIHHX
K® u xauanusax). Orcrpofixa ot uux /101 Moxer pesxo 3a-
rpyOuTh samury. C HanpskeHussMu HebGajiaHca 3TOro OGBIYHO
He npoucxoautT. [TosToMy okasmiBaercs enecoobpasHbiM, Ha-
npuMep B 3aliuTax HyJeBo#l mocienoBarenpHocTd [10], mas
nyCKa HCNoNb3oBaTh KoMOunupoBanuble [IO ¢ coueranuem
opranos nHanpsxkenuss (OH) u toka {OT), nmeficrayoimux no
cxeme H.

Ananoruynasi cxema, HO C HECKOJbKO APYToH lle/blo, Gblia
npennoxena BHUHWMP uw BHUHWD ans nanpasienHofi 3amiu-
Tol ¢ BY Gnokuposko#t nunui 110—333 kB. Bonbr-aMnepnbie
XapakTepUCTHKH OoJiee YYBCTBHTENBHOIO INYCKOBOI'O Oprama
1101 w OHM, cpabarnBaiouero npu K3 Ha 3amuinaeMoi Ju-
HMM H Tpexpamaioliero nyck BU curnana, u Gosee rpyGoro
nyckosoro oprana [102 mnoxasaHn Ha puc. 7.4. [Ipu 3TOM
CTPYKTypa CXeMHl Ha puC. 7.3 H3MeHACTCs TaKuM o0pasom,
4To6bl A/ npekpaiienus nycka BU curnana or OHM ue tpe-
6oBanock cpabateiBanue /7102. Ilyck BY curunana or 101 —
HeHaNpaBJeHHBH, OAHAKO TOK M HanpsiKeHHe, Tpebyemble
419 Nycka, 3aBenoMo OoJbllle, ueM Heobxoaumo ajsi cpaba-
toiBanuss OHAM. TlosToMy npu HCOPaBHOH 3aLlHTE HEBO3MO-
KeH cnyuafl, koraa npu K3 Ha samuumaeMoil nuHuu He Gymer
octaHoBieH Onokupynomuit BYU curman. Takas cxema nycka
¢ noMouipio /101 u OHM B Gosblieft cTenenu coueraer AOCTO-
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MHCTBA HEHANDABJIEHHOrO H HaNpPaBJEHHOrO NYCKOB GJIOKHpY-
outero BY curnana. OTkioueHHe NOBPeXAEHHOH JHMHHH OCY-
IeCTBJIACTCS NPH OTCYTCTBHH Gnokupywouero BU curmana u
cpabarbiBanus rpyGoro oprana /102, Tak:ke BBIIOJHEHHOIO
¢ nomoinbio O u OT, neiicTBylomux no cxeMe M.

Cxema c nyckom, Kontpoaupyemnivm OHM (puc. 7.5).
B cxeMme ucnoabsyiorcs OHM aBycToponHero fgeficTBHA HJIH
aBa OHM, cpabarhiBaiomue npu pa3HbiX HaNpaBJeHHSX MOII-
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Puc. 7.5. Cxema ¢ mycKoM, KOHT-

Puc. 7.4. Boabr-amnepHbie xa-
ponupyembim OHM

paxrepactiki OHM u IIO Toxa
H HanpsxKeHHs1 oGpaTHO mocae-
IOBATEJNBHOCTH, COELHHEHHHX [0
cxeme U

Hoctu K3. Ilpu Hanpasnenuu Momnocty K3 or muu B 3aiuu-
uwaemyio jgunuio OHM pefictByer depes Gosiee rpy6uit 1102
Ha OTKJIOueHHe 4yepe3 Joruuyeckuit saement 3AIIPET, a npu
HanpaBJleHHH MOIIHOCTH K3 K muHam — uepes Bropoit GoJee
uyBcTBuTeNbHBA [IO] na nyck BY nepenatuuka. ®ynkiuo-
HupoBanue snementa 3AIIPET, yasoeune IO u ux coueTa-
HHe MMeIOT TaKoe XKe Ha3Hau€HHe, KaK M B NPeNbAylLIel CXe-
Me (cM. puc. 7.3).

Cxema c nyckom, ocymecrBiasiembim camum OHM (puc.
7.6). dTa cxeMa COOTBETCTBYET MepBOHAYANbHO NPEAJIOKEH-
Hoit @annio. CoBMelenne (QYHKUHME NYCKa M YCTAHOBJEHHS
Hanpasnenus MomHocTH K3 ans OHM npusnunuanbho pomy-
CTHMO, TaK KaK B HOPMaJbHBIX pabouHX pexuMax CocTaBJs-
Iomux o6paTHOK M HyJeBOH NOCHELOBATEbHOCTeH NpaKTHUe-
CKM NOYTH HET U OTCTPOMKY HeOOXOAMMO OCYILECTBJATL B
OCHOBHOM TOJIbKO OT He0ajlaHCOB B LENsIX HANPSKEHHs H TO-
Ka. OGecneuenne e Da3HO# UYYBCTBHTENBHOCTH IpH Nycke
BY nepenartunka u pabore Ha OTKnioueHHe MOMKET IIPOH3BO-
AHTHCA COOTBETCTBYOIIMM BhimonnenneM OHM. UYerkoft pa-
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Gore cxembl NPH BHEWIHMX HecuMMeTpuuyHblx K3 crnocoGersy-
eT Takxke To 00CTOATeNBCTBO, YTO MOUIHOCTB O6paTHOH My
HYJIeBOH INoc/ieJoBaTeNbHOCTH (KakK # Hanpsixenus Us wuay
Uog) ymeubmiaetrcs npu yapaseHun or mecra K3. Cxema wua
puc. 7.6 Gonee >3dpdexTUBHA NMPH HCHOJIb3OBAHHH 3JIEKTPOMeXa-
Huyecknx OHM ¢ pasuofi MowHocTbio cpabarbiBanus. Ecan
npumensitorcst OHM Ha MHUKPO3JEKTPOHHOH 3JeMEHTHOH Oa-
3¢, TO HeOGXOAUMO, YTOOH BOJILT-aMIEPHBlE XapaKTepHCTHKI
OHM, nacficTBylomux Ha NycK M Ha OTKJAKYeHHe, GHUIM pac-
MOJIOXKEHbl COOTBETCTBEHHO KAaK BOJbT-aMIIEpHBE XapaKTe-
pucruku [101 u 102 ua puc. 7 4.

Ha omxmoyenue @

B0
Ue,p ) Uep
JANPET .
Monysaemsit OHM OHM or
cuzHan -
lipuemnux

OHM i -

Mepedabaemsiii
cuznan
ohm Mepedamyux 0

ot
a) \Ic,p ") I P

Puc. 7.6. Cxema ¢ nyckom, ocy- Puc. 7.7. BouabT-amnepHble xapak-

wecrpasieMbiM camum OHM tepuctikd  OHM ¢ kommencanmeit
HanpsKeHHs (@) B JONOJNHHTEJb-
HbIM OpraHoM Toka (6)

Heaocratkom ¢uAbLTPOBBEIX HANpaBAEHHBIX 3alIHT, B TOM
yucne ¢ BY Gnokuposkoit, siBasiercd, Kak OBJIO MOKa3aHO B
IJ. 5, TPYAHOCTb obecnedyeHHsl UyBCTBHTENBHOCTH MO Hampsi-
KEHHIO NpH ylasteHHBX K3, ecin Mand CONPOTHBJIEHHE MHUTA-
roimelt cucreMbsl {6osplilasi MOUIHOCTL cHcremut). [Jis MOBH-
weHnuss 4yscTBUTeabHOCTH OHM no HanpsokeHHo NpHMEHS-
I0TCS1 B OCHOBHOM ABa cnocoba:

1) #cnosb3oBanne KOMOHHHPOBAHHOIO HaNpsXKEHHUs], HallpH-
mep Us—Zy [y (npennoxenue CP3u¥y T3, B. M. EpmoJien-
ko u C. §I. TlerpoB), uto obecneynBaeT NojyyeHHe BOJBT-aAM-
nepHol xapakrepuctuku OHM, nokaszawno#t Ha puc. 7.7,¢;

2) ucnosb3oBanue Aonoduurensvuoro OT [, uau Iy (mpen-
aoxenne BHUHD, 4. C. Tenbdaun), ycraBka KOTOporo BH-
Oupaercs TakuUM o0pasoM, utoOn npH BHewWHUX K3 meficr-
BHe 3allUThl HajAexkHo Oiokuposaiock OHM oamnoro u3 kos-
noB jguHue (npu K3 3a ynaneHHLIM KOHIIOM JHHHH — Tepeaa-
yeit BC). Pesynbrupyromas BoJbT-aMIepHasi XxapaKTepUCTHKA
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OHM u OT noxasaua Ha puc. 7.7, 6. Heeaeposanus BHUHD
nokasajH, YTo Ha JJIMHHBIX JHHHAX 110—220 xB Bapuant
¢ JONOJIHUTENIbHBIM Dejie TOKa MOXKEeT OKasaThes Oosiee mpej-
[OUTHTEJBHBIM.

OGecnevenne pabotel cxem s3amut npu K@, dror sonpoc
BO3HHMKAET NIPH HCIIOJB3OBAHHH CXeM C BKJIOYeHHEeM Ha CO-
craB/diollne o6paTHol Noc/ae10BaTesbHOCTH, KOTAa CTPeMsT-
csl MMETb OJHOCHCTEMHYIO CXeMy 3allUThl, Pearupywllyio Ha
pce BuABl K3, B ToM uncae u wa K®. Ilpu s1OM yuyuTHBaeT-
csl, 4TO NMpaKTHYeCKH NouTH Bcskoe K(®) xapaxrtepHsyercss xo-
Tss OBl KPAaTKOBPEMEHHOH HeCUMMeTpHeH, JOCTaTOYHOH Aad
cpabarnBanuss OHM. [lanee sto cpaGarbiBanue (HKCHpyeT-
ci MUHUMAJbHbLIM OPTaHOM COTIPOTHBJIEHMs, BKJIOYaeMbIM Ha
Uup ¥ fup. C 3TOH TOuKH 3peHusi Gosiee NpeANOYTHTENHHOM

ABaAsack Obl NOKa He NMpPHMeHsieMash cXeMa C BKJIOYeHHeM
OHM ma noJjnsle aBapHiHbe cjaraioluive. Bo3aMOKHO TakKxke
HCIIOJIb30BaHHe OTAEJbHOIO KOMIUIEKTa OpranoB or K3,

OnHUM H3 OCHOBHBIX HENOCTATKOB DaCCMOTPEHHHIX Ha-
NPABJIEHHBIX 3aUIMT fABJISIETCH WX HEOPHUCNOCOOJAEHHOCTh 175
3aIMTHl JIHHMHM B HENOJNHO(MA3HOM pexuMe, BO3HHKAIOILEM,
Hanpumep, B rukae OATIB.

O6nacTb MpUMeHeHNs HanpapieHHbIX 3amuT ¢ BY 6aoku-
poskoil. B Coserckom Coiwse Bo BHHH3 (E. I. Canup u
Ap.) Obliu paspaboTaHH BecbMa COBeplleHHble BapHaHTHI
A pepeHnrasbHo-PpasHbiX NPOJOIbHHX TOKOBHX 3alllHT JIH-
Hul (cM. 1. 8), Ha 6a3e KOTOPHIX NPOMMBILIJIEHHOCTBIO BHIYC-
Kajucp samuTsl ¢ ofmum nassanueM 3. B cpasu c yxa-
3aHHBIM UG depeHIHaNbHO-(Pa3Hble 3alUUTHL B OTEYeCTREH-
HOil MpaKTHKe MOCJeAHHX AecATHIeTHH (B OTIHuHMe OT 3apy-
OexHOM) NONYYWIH OUEHb UIMPOKOe NPHMEHEHHe, BHITECHHB
HanpaBJeHHBIE 3alUTHL,

Oxnako HampaB/eHHble 3aULMTHI MO CPAaBHEHHIO ¢ Audbe-
PEHIHANbHO- a3HHIMK HMEIOT HEeKOTOphle MNPHHUUNHAJbHbIE
NpeHMyliecTBa: 3HAYMTENBHO Jy4lle MPHCIOCOBJEHB A5 pa-
60THl Ha JIMHHAX C OTBETBJEHHAMH (cM. 1. 9), MoryT GHTh
BhHIMIOJIHEHB HECKOJILKO 60Jee 6b1CTp01Le1?ICTBonuLHMM, B HHX
IPeNbABASAIOTCA MeHblIHe TpeGoBanus Xk BU kanaay (cM. Iu.
1). TlostoMy B HacTostee Bpems npuHATO pelleHHe O BHIMY-
CKe B nasbHedllieM NPOMBIUIIEHHOCTHIO TOJBLKO HalpaBieH-
HBIX 3amuT Ha HHTErPasNbHON MUKPO3JIEKTPOHHOM 6a3e—OCHOB-
HOW nyist yeTpoiicrBa saututsl. s o6ecnedeHns: NOJTHONEHHON
SAIMTHL  JMHUH CBEPXBHICOKHX U YJAbTPABLICOKHX Hampi-
Xennit B nukie OATIB (Taxkue nMMHHH, Kak npapujo, cHabxa-
0Test yerpoticrsamu onHodasnoro ATIB) BHUMD paspabora-
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Hbl BapHaHTHl HAaNpaBJeHHLIX 3alllHT, KOTODhHe B PaccMaTpH-
BaeMOM pexXHMe NepeBOAsATCA B AH(depeHuuanbHo-GasHble;
nocaegHHe (cM. ra1. 8) GYHKUHOHHPYIOT MPH 5TOM JOCTATOM-
HO NMPaBHJIBHO.

7.6. COYETAHME ANCTAHUMOHHDBIX 3ALLMT
C HATPABJIEHHBIMK MPOAQJIBHBIMK

JucTaHnMoHHaA 3almHTa OTKIYaeT K3 6e3 BolaepX Ky
BpeMeHH ¢ 00eHX CTOPOH TOJbKO mnpHMepHO Ha 70 Y AJaHHH
yuactka (puc. 7.8). Ha ocraapneix 30 Y ATHHBL K3 otkaioua-
10TCsA 6e3 BBIAEPKKH BPeMeHH TOJBKO C OJHOH cTopoHH. IIpo-
NOJIbHble HaNpaBJeHHble 3aLIHTHl He HMeEIT BHIIEPXKKH Bpe-
MeHH, HO He MOI'yT KaK pe3epBHbie OTKJI0YaTh K3 Ha cmex-

j
f i‘AI 'th- tf
= 1
fgl Z ,
Z |
0151 471 10151
» 1

Puc. 7.8. Buurpoiur Bo BpeMeHH
oTkmouennss K3 npH couerannm
JAHMCTAHIIHOHHOH 3alUUTH M Ha-
npasjentoit ¢ BY 6aoxupoBkoit

Puc. 7.9. BapuaHT XapakTepHCTHKH
Zep=f(Pp) Tpex cTymeHelt aHCTaH-
uxoHHO# 3amutht A ¢ BU Gaoxu-
POBKOI

HBIX 3/7eMenTax. Ofe 3alUHTH SBJAAKTCS HaNpPaBJeHHBIMH H
MOTYT HMETb HeKOTophle o0uiHe opraubl. IlosTomy uMerorcs
HCIIOJIHEHHS, OPraHHYecKH coyeTaloOlHe 3TH JBe 3allHTHl i
obecrneunBaloiie oTKIueHHe K3 Ha samumiaemom yuacrke
Ge3 BEIEPKKH BpeMeHH. CyllecTBYIOT BaDHAHTH TAaKHX cOue-
TaHHH. )

1. Ilyck mepenatunka npu BHemHHXx K3 oT «BbiBEpHyTOi»
TpeTbeli CTyNeHH ¢ HampaBJeHHbIMH peJieé COMPOTHBJeHHS,
HMEWIIHMH XapaKTePHCTHKY, CIABHHYTYIO HA 3alllHUIaeMyl0
JHHHIO /I HCK/II0YeHHA MepTBOH 30HH (pHc. 7.9). Ilpu sto¥
III cTynenp AHCTaHLHOHHOH 3aLIHTHl AeHCTBYeT B CTOPOHY,
npoTHBono/moXHyw I u Il cTymensM, 4YTO HMeeT HEKOTOpLI
HefocTaTkH (cMm. ra. 1). Cnoco6 ne mOJYyYHI pacmpocTpaHe:
HHS B OTE€UeCTBEHHOH NMpaKTHKE.
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2. Hcnonb3oBaHue AJIS1 HANPABJEHHONH 3allHTH He GJIOKH-
pyIOLIHX, @ paspemalouux curHajgoB. HM3BecTHBIM HegocTaT-
koM npu BU kaHane sBasteTcs BO3MOMKHOCTH CHJIBHOIO 3arty-
xanusd BU curiana mpu mpoxoxnenun uepes mecto K3 Ha
samuuaeMoii munuu. Takod BapuanT npuMensiercs ans pe-
3¢pBHBIX JHCTAaHUHOHHBIX 3aIIHT (IPH HAJHYHH OCHOBHBIX
HanpaB/JeHHBIX 3amuT ¢ BU 640KkHpOBKO#) JHHHE CBepXBbI-
COKHX HanpsiKeHHH.

OCHOBHEIM [IPEHMYIIECTBOM pAaccMaTPHBAEMHX KOMOHHH-
pOBAHHBIX BBIIOJHEHHH 0 CPABHEHHIO ¢ BAPHAHTOM YCTAHOB-
KH ABYX HE3aBHCHMbIX 3alHT — NHCTAHLHOHHOH H NPOLOMb-
HOH HaNpPaBJIEHHOH — ABJIAETCH yMeHbUIEHHe YHCAA CJOMKHBIX
opraHoB. MHorna Takoe ofbeanHenHe MOXKeT OBITb TAaKIKe
NONe3HO JUIA 3alUHTHl JIHHHA C OTBETBJEHHAMH (CM. HANDH-
mep, [63]). OnHako paccMaTpuBaemoe 0ObeIHHECHHE HMeeT
H HEJOCTATKH. HEHCNPABHOCTH B LeNsIX OJHOH H3 34LIMT MO-
IyT NPHUBOLHTH K HAPYUIEHHIO PaGOTh 00eHX 3aLLUT; NPH pe-
BH3MH W/IH HEHCNPABHOCTH B LENAX OXHOH H3 34LIHT MOXKET
noTpeGOBAThCS BBIBOA H3 paboTHl 06eHX 3alIUT; 9yBCTBUTE/b-
HOCTb 3alIHTHI KaK HanpasJjennofi ¢ BU Giokuposkoii Moxer
OLITh MeHblile, Y€M OT/eJbHOR HamnpasJeHHOiI.

C y4eToMm H3/0KeHHOTO Ha NPAKTHKE 06be HHEHHbe 3alHu-
TEL HHOr/la MPUMEHSIOT IJIsi MeHee OTBETCTBEHHBIX ceTell, rie,
OlHaKo, Heo6XoauMo oTkawuenne K3 B m00bIX MecTax yua-
CTKOB 0e3 BbIAEPXKKH BpeMeHH. ITO 00belHHeHHEe OTHOCHTCS
TOJbKO K AHCTAHUOHOHHBIM 3al[HTaM OT MHorodasueix K3.
Hanpapnennsie BU samursi or K3 Ha semuio BLIIOJTHATCA
lIPH STOM OTAENbHHIMH KOMIJIEKTaMH HyJeBOH WMH 0GpaTHOM
ffocneroartenbhocTd ¢ BU  6J0KHPOBKOH M MOryT oObemu-
HATHCA € TOKOBBIMH HanpaBJeHHBIMH 3allHTaMU HYJeBO#
TI0CJI€10BATENbHOCTH €O CTYNEHUATHIMH  XapaKTePHCTHKAMH
BbiIepXKeK BpeMeHH (CM. NI 5).

7.7. BBINMOJIHEHWUE HOBOWM HAMPABNIEHHOWM 3ALLMTH! C BY
BJIOKUPOBKOWM, BLINMYCKAEMOM MPOMBILLNEHHOCTBIO

Ha octose paspadorox BHUM u BHUUP CO31aHHl na-
HeJaH HanpasjenHOH 3amuTh ¢ BU 6s0kupoBKO@t Ana BJI na-
psixennem 110—330 kB [54].

Hns pa6orsl npu HeCHMMeTPHYHBIX K3 Hcnoabsyrores MO
00paTHoli mocJe10BaTeNbHOCTH, BBIMOJIHEHHEBIE ¢ MOMOILBIO
OT, OH u OHM. Tlyck 6aokupyiomero BY curnana u OHM,
ACHCTBYIOIEr0 B CTOPOHY OTKAIOUeHHS, ocyiecraasgercs 6o-
Jlee  gyBcTBHTeNBHBIMH OT u OH, peficTByIOIUMH N0 cxeme
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H, a ero ocranoBka — OHM, npuuem BOJIbT-aMNepHbIE Xa-
PAaKTEPUCTHKH OPTaHOB aHAJOTHUHBI NMOKa3aHHBIM Ha pHC. 7.4
nast I[101 n OHM, uro ofecneyuBaeTr coueTaHHe NOCTOHHCTB
HanpapJEeHHOrO H HEHANPaBJEHHOrO NyCKOB. [leHcTBHe 3alu-
Tl Ha OTKJ/IOYeHHe ocyluecTB/asiercss 6osmee rpy6uiMu OT i
OH, npeficreyromumu no cxeMe M ¢ OHM. ta cxema 5KBHBa-
JdentHa OHM c BoJabr-amnepHoii xapakrepucrukoii 17102 Ha
puc. 7.4. Jlna NOBHIIEHHS YYBCTBHTEJbHOCTH 3al[HTH 10 Ha-
NPS?KEHUI0 NMPENyCMOTPeH AonoaHHTe bHHH OT, cpabaTniBa-
HHE KOTOPOro NmpH OTCYTCcTBHH Ojokupywoomero BU curuanga
NPHBOIMT K JNEHCTBHIO 3AIMHTH HA OTK/JAIOUCHHE He3aBHCHMO
OT 3HAUEHHs HaNpsokeHHsT oOpaTHO# NOCJE0BATENbHOCTH
(puc. 7.7, 6).

Has paborsl npu Tpexgasunx K3 HCIONB3YIOTCS ABa Opra-
Ha conporuBienuss (OC), XapaKTepHCTHKH KOTOPHIX aHAJOTHY-
HH XapaKTepHUCTHKaM Zé,lp H ng,, NOKAa3aHHBHIM Ha puc. 7.9,
HO SBJAIOTCA HE KPYrOBHIMH, a 3JUIMOTHYECKHMH, 4To o6ec-
NeUHBAET JYYIIYI0 OTCTPOAKY OT HarpyskH. OTKIOUAIOLH
OC siBnsiercst HanpaB/eHHBIM, OXBATHBAET ¢ 3aIMacOM BCIO 34-
INHINAEMYIO JIMHHIO H HMEEeT naMmaATtbh AJst Paborthl mpu 6iu3-
kux tpexdasunx K3. Baoxumpylomuii OC umeer xapakre-
PHCTHKY, OXBAaTBHIBAIOLIYIO HAuaJsoJHHHH, 49TOOH HaleXHBI
nyck Gaokupywoomero BU currana oGecneumBaJics npH 6Jiu3-
KHX K3 Ha cMexuoit nuuun. Orkmouaromuii OC BBOgHTCS B
neHcTBHe GJIOKHPOBKOH npu Kauanusix, [10 koropoi pearupy-
€T Ha [, ¥ NPOM3BOAHYI0 H3MeHEeHHS (AasHOTO TOKa (cMm.
ra.6). 3amura mMoxer paborath Kak ¢ BU npHeMonepeaaTuH-
koM BC, rak u ¢ BY npuemonepenarunkom, nepeiapuuM B
OIHOH 10OJIOCE YAaCTOT KaK GIOKHPYIOLIHE, TaK H OTKJI0UAIOMHe
BY curnagasl.

7.B. NMPUHUMUMN PABOTbI HANPABJIEHHbIX MOTMEPEYHbIX SALNT

Hanpasaennoimu nonepeunsimu MOTyT OBITh HA3BAHBI 34-
IUTB ¢ abCOMOTHOH  CeNIeKTHBHOCTBIO, CPaBHHBawIlHe Ha-
npas/enne mownocrn K3 B npucoennsenusx (anuusx) gan-
HOH moacTaHuHH. [TOBpEXIEHHBIH 3/1eMEHT BHISIBISETCS TeM,
UT0 3HAaK MomHOCTH K3 Ha HeM OT/IMYaercss OT 3HAKOB MOIL-
HOCTH JIPYTHX INIDHCOeJHHEHHH: Ha NOBPEXKJAECHHOM SJEMEHTE
MomHocte K3 nampaB/ieHa Ot WHH B JIHHHIO, 4 Ha JAPYruX—K
TEM e IIHHAaM. AHaJH3 [OKasblBaeT, YTO TAKOH NPHHIIUI
NIpUTONEH He BO BCex c/aydasx. Bosmoxnas obaacts ero mpii-
MEHEHHS OrpDaHMYHBAETCSl B OCHOBHOM 3alHTOH JIHHHH, CBS-
SHBAKOIlEH  HENOCPEJCTBEHHO JBa  HCTOYHHKA  IHTAHUA
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(puc. 7.10,a), npu HaaHYuK J106LIX OGXOAHBIX cBsizeil Ge3 Ao-
fOMHHTENbHHX HCTOUHHKOB NHTAHHS, a TaKKe ABYX HJH He-
CKOJBKHX TapaJjjlenbHblX wueneit (puc. 7.10,6 u 8). 3aummura
pnepBbie Oblia Bhimonnena B Coserckom Corose B Konue 20-x
rogoB mias cern 110 kB, amasorumuynodi npuBeaeHHOH Ha
puc.7.10,a. B CP3uy T3II (B. M. Epmosnenko) 6o npeajo-

o af®
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Puc. 7.10. TIpuMepr! cxeM ceTell, B KOTOPHIX BO3MOXHO HCNOJb30BaHHE Ha-
npaBAeHHBIX TONEPEUYHBIX 3alHT

KEHO HCIOJAb30BaThL TAKOH Ke NMPHHIHN AJs 3aLHTH HYJIeBOH
NOCJIeJOBATEJbHOCTH NapaJ/ienbHblx ueneit., OH mMoJy4YHs LIH-
poxoe npumenenne. Hmuxe paccMarpuBaiorcsi ero ocobeHHO-
CTH IIPHMEHHTEJLHO K TAKOMY BHIIOJHEHHUIO.

7.9. HAMPABJIEHHAA NOMNEPEYHAA 3ALIUTA HYJ'IEBOIZV
NOCNEAOBATEJIbHOCTU ABYX MAPAJINEJIbHbIX LLEEMEA

Npunuun peictBus. CTPyKTypHaAs cxeMa 3aIHTH JABYX
napaanejpHelXx ueneil suuuu (pHc. 7.11,a) npuBeldeHa Ha
puc. 7.11, 6. Ilpennonaraercs mpHCOeZHHEHHe 3aIUTHEL K BHI-
HOcHBIM TA M HCIOJb30BaHHe OPraHOB HampaBJeHHs MOLLIHO-
cth OHM pBycropoHuero fefictBusi. OHH  BKJIIOUAIOTCH Ha
3Uy n 31, Tak, urobnl 3amHTa JelicTBoBaJa Ha OTK/lioueHHe
NOBpexXJeHHOH nemy NPH HanpaBJjeHHH MOIIHOCTH K% B Hell
OT WIMH B JIHHHIO, €CJH IPH 5TOM Ha NapajJenbHOH ILenH
MOmHOCTs HANpaBJeHa OT JHHHH K IIHHAM. OrkJ/aouanomui
curnan npoxoxHut uepes OHM u OT cBoelf menH, oprau
OHM u pene moJoxeHHus «BKaoueno» KQC Bukmouatens Q
napannespHoll uenH. 3aiMTH ABYX CTOPOH MapaJiieNbHEIX Le-
Ieft Moryr cpaGaThiBaTh TOJAbKO KAcKajgHO, T. €. IIOCH€ OTKJI-
UCHHs1 BHIK/IIOYATENS OXHOH H3 HHX. DTO ONpeleNsieTcs TeM,
4TO MO HemoBpeXJeHHOH HenH MolHocTh K3 TOJBKO ¢ OfHOH
CTOpOHH HampaB/JeHa K LIHHaM (C APYrod IIPH 3TOM — OT
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wuH). ITpu K3 B menu I BGAW3M MecTa YCTAHOBKH 3allluTy
Ki OHM’" uenu Il naer paspewaiomiuii CHrHaja 3alluTe Io-
Bpexaennolt nenu I, cpabarmBaior ee OHM’, OT’ u uepe;
pene nosoxenuss KQC” orxaiouaercss Q. Tlocae sToro wua-
npassenue Momuoctn K3 B HemoBpemaenno#t memnu II Mens.
ercst Ha oOpaTHoe U cpabaTbBaeT 3alilUTa APYLOH CTOPOHY
Jaunuu. KonTponp nmenu ork/aioueHust kontakroM KQC” mpe.
JOTBpallaeT BO3MOXKHOCTL HENPABUILHOTO OTKJIOUEHHS He-
nospexjennoil nenu I npu K3 K; mexny Q7 u TA” npu or-
- / /
o 24
& 1 Ky

TV Ha omx/léolwenue
1
"GD" ) a Om KQe
Q” 74 ‘ﬁ/L i 7 Ha omxagyenue
Kz I oT # Q!
a)
a‘) 0 H Mll

Pue. 7.11. CtpyKrypHas cxeMa HanpaB/eHHOH MOMePeYHOH 3aULUTHL AJf
OfHOH CTOPOHBI ABYX NapaJJie bHHIX Lened

kaouedHom Q. Takofi KOHTpOJbL uenu He TpeGyercss IpH
BKJIIOUEHHH 3amuTel Ha TA, BCTPOEHHBIE B BHICOKOBOJILTHbIE
BBOJABl BBIK/IIOUatedell (HanmpuMep, MAacCJsiHBIX MHOr006beM-
HBIX).

Ilpu BrHemnux K3 n BriawueHunix o6eux mensix o6a OHM
JeACTBYIOT B ONHY CTOPOHY H 3amiuTa cpaboraTh He MOXKET.
DTUM NOATBepKIaeTcsi ee abCOJIOTHASH CEJEKTHBHOCTb K BO3-
MOKHOCTb BHINIOJIHeHHs 0e3 BulAep:KKH BpeMenu. [Ipu pabore
OJHOH IeNU 3allluTa Takxke He paboTaer, Tak Kak He geHCT-
Byer OHM orkmouenso#i penu. Ilpu oanocroponneM mnura-
HHH 3allHTa MOXKeT OBTh HCIOIb30BaHA TOJMBLKO C TNPHEMHOI
CTOPOHHL.

BuiGop nmapaMerpoB M mpoBepKa UyBCTBHTENbHOCTH. TOKH
cpabarnBanugd JIO BoiOHpaoOTCsi ¢ yueroM COOOpaxkeHHH,
NPUBEACHHBIX /I NPOJAOJbHLIX HanpaBJeHHBIX 3amiuT (CM.
§7.5).

IlpH OuLEHKe UYBCTBUTEJIbHOCTH 3aIIMTH  YYHTBHIBaercs
(paspabotku T. H. HopoanoBoit u B. A. Py6unuuka, SCII)
Ha/JHYMe Ha 3aMIMINaeMbIX y4YacTKax Iepefaud TOYKH K

pacu
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uc. 7.12,a), npu K3 B xoTOpO# TOK B HeNOBPEXK1eHHOH 1e-
oM H MmolHocTh. K3 0xasbBaioTcsi paBHLIMH Hymoé Ilpu no-
ppexK/eHHH B sTofi TOUKe 3AIMTH CTOPOH He CPabaTHIBAIT,
caK Kak He cpaGaTHBaloOT OHM nenoBpesIeHHOl LENH, T. &
3al(WTA XapaKTePH3yeTCsi HalWuieM MepTBOH 3OHEL. Ilpu He-
GonbiioM orxoge ot K., B HEMOBPEXJACHHOM LeNH HOABJIS-
joTCsi TOK # MOUIHOCTb K3 M 3allUTH KackalHo cpabaTbBaloT.
Jlasi obecreyeHHs HEOGXOAUMON  UyBCTBATEJBHOCTH 3aLIHTH
10 TOKy TIPH TOBPeXJeHHsX BOIH3H K pea AOIKEH obecne-
quBaTbCst ka=>1,5--2 (yuer K3 uepes Ry). Mecronosoxenue
! ONpe/ieNIsieTCsi U3 CXeMH 3aMELIEHHS 3allMulaeMoH Ce-

actd
Tﬁ (puc. 7.12,6) ¢ yuerom TOTO, UTO B STOM pEeXHMe OCTaTou-
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Puc. 7.12. Onpeje/ienne MECTONONOMEHHS TOUKH Kpgeqs TPH K3 B KoTOpoO#t
Hanpas/eHHbE [OTepedHble 3aUIHTH He PaGoTaioT

HEe HaNpsiXKeHus Ha WHHAaX A 1 b OXMHAKOBBHL. Torna n?ny-
’ ~
uaeM paccrosinne xo K, -, Hampumep, OT IIHH Al,=~
~ ] A — npuBe/JeHHBIE K [IIHHAM
~Zplyg/(Z o +Z ), TRe ZA u Zy—TpHBEL e
A u B skBuBaJieHTHHe conpoTusienus cucreM A u b. Hyser-
BHTEJIbHOCTL NPOBEPSIETCS TakKxkKe NPH INOBPEXKIEHHH B TOUKE
Kiaen COOTBETCTBYyIOIIEl KOHIy yYacTKa NPH OTKJ/IIOUCHHH
32IIUTOH €ro NPOTHUBOIOJOXKHOA CTOPOHH (kacKajHo). Ham;l-
4He MepTBOW 30HH y K., MPaKTHIECKH HCKIIOUACTCH JEH-

CTBHEM Ha O/JHOH M3 CTOPOH APYrOH yCTQHOBJIGHHOH 3aLIMTH,
NocJie KOTOPOro cpabaThiBaeT ¥ paccMarpuBaeMasi.

O6nacrs npuMeHeHHs, JLOCTOMHCTBAMM 3aLIMTH SBJIAIOTCH
OTHOCHMTeNLHO OblcTpast aukBuZauusi K3 ¢ BpeMeHeMm f=~
~2(t,+1¢s) 4 BecbMa MaJjasg BEpPOSTHOCTb OTK/IIOUEHHS obenx
meneii npu K3 ma ojnolt uenu ¢ o6pHBOM (asbl HWIH NIPOCTO
npu o6pniBe GasH B OTJIHUME OT OTKJIOUEHHS B yKa3aHHBIX
Clyuasix oGeux menefl IPH MCIONbL30BAHHH TONEPEMHBIX AHO-
(bepennuanbHHIX TOKOBBIX HalPaBJeHHHX 3aUUT (CM. DI 8).
Henocratku: mpUrOAHOCTL TOJNBKO AJISL HEKOTOPHIX CXeMm Ce-
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TeH (mpex/ie BCero mapaJJesnbHBIX Liened) H HEBO3MOMKHOCT
[IpHMEHEHHs1 B KaueCTBe €MHCTBEHHOH, TaK Kak OHa He pabo.
TaeT NPH OTK/IOYeHHH OJHOH M3 uened, npu K3 Ha muHax y
He MOXKET De3epBHUPOBATh OTKJIIOYeHHe K3 Ha CMeXHBIX 3Je.
MEeHTaX.

3amura UIHPOKO NMPHMEHSETCS B OTEUECTBEHHOH NpPaKTHKe
B BHJAe 3allUTHI HYJeBOH mocJegoBaTeabHOCTH ot KU g KUy
napaJJjenbHbix uene#t MHHHHA ¢ Upon==110 KB B cersx, umero-
IMX 3a3eMJ/eHHble HeHTpaJH TPaHCHOpPMAaTOPOB (aBTOTpaHC-
bopmartopor), ¢ ucnosbzosanueM OT u OHM TOKOBHX Ha-
NpaBJeHHBIX 3AaIIHT CO CTYNeHYaTHIMH XapaKTepPHCTHKaMy
BBHIIEPXKKH BpeMeHH (cM. ra. 5). [Ipu Hanuuuu 3aseMJaenus
TOJBKO C OJHOH CTOPOHBI JHHHH 3alHTAa MOXKeT HCIOJb30-
BaTbCA JIHIB C NPOTHBONOJOXKHOH CTOPOHBI JIHHHH, NPHMBI-
KalomuxX K TpaHChopmMaTopaM ¢ H30JHPOBAaHHBIMH HeHTpasis-
Mu. IIpuMeHeHHe paccMaTpHBaeMOH 3alIMTH 06J1eryaeT TakxKe
corjacoBaHHe Il cTynmene#i TOKOBBHIX M TOKOBBHIX Hampas-
JIEHHBIX 3aIIHT Hy/eBOH TNOC/IEA0BATENbHOCTH (CM., HalpH-
Mmep, [36]).

Bonpocel aas camonposepku

1. Kakne 3amMTBl HA3BBAlOTCS TOKOBBIMH H HANpaBJjeH-
HbIMH C KOCBEHHBIM CPaBHeHHeM 3/IeKTPHYECKHX BEJIHYHH?

2. Kakue 3/1eKTpHYECKHe BENHYHHB MOTYT CPaBHHBATbLCS
B 3alIHTaX IO CHrHA/JaM C MUTAIOMHX CTOPOH 3alIHIAaeMbIX
Y4aCTKOB H KaKHe HMEIT INpPeHMYIIecTBeHHOoe HCIOJb30RA-
Hue?

3. Moryr ju paccmMaTpuBaeMble 3alIHTBl HCHOJAb30BATHCS
KaK €JHHCTBEHHBIE Ha 3JieMeHTe?

4. Kakxe OCHOBHble BH/BI CHIHAJIOB B KaHaJje MOTYT CpaB-
HUBaTbcs B 3amuTe? OObscHHTE uX ocobeHHOCTH. Kakwue
NPHHUHOB BBIIOJHEHHS 3alIHT € PasHBIMH KaHaJaMH CBS3H
uesecoobpasHbl 15 HCMOAb30BAHUS?

5. Kakue cymecrByloT cnoco6n mycka mepeiaTuHKOB Ha-
npapjeHHbIX 3amuT ¢ BY Guokuposko#? Ux pocTounersa #
HeAOCTAaTKHU NIPH HCNOJb30BaHHH OT1eabHEX [10.

6. HasoBure mpeuMymecTBa HCNOJNbL30OBAHHUS COYETAHHS
AMCTAHUMOHHBIX 3alUT C pPacCMaTPHBAeMBIMH HampasJeHHH-
MH [POJO/LHBIMH.

7. Kakue 3alUThl HA3BIBAIOTCA HANpPaBJeHHBIMHU nomnepeuy-
HbiMU? TTosicHuTe HX 06/1aCTH MPUMeHEeHHs.
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rnasaBocCbmasn
U PEPEHLMAJIBHBIE TOKOBBIE

¥ TOKOBBIE HAMPABJIEHHBIE 3ALLMTHI

g.1. CMOCOBbI BLIMOHEHMS 3ALUMT

JlupeperyuarohoLmy TOKOBbLMU 1L TOKOSbLMU HANpaBAEH-
ublMl HA3BIBAIOTCS 3al(HTHL ¢ aGCOJIIOTHOH CeIeKTHBHOCTBIO,
HemocpeACTBEHHO (cMm. ra. 1) cpaBHHBaAWOILHe 3JEKTPHUECKHE
BeJUUHHBl B 33JaHHBIX MECTAaX 3allHIIAeMBIX 3/E€MeHTOB, Ha-
npuMep TNO KOHLAM JIHHHH (upnc. 8.1,a), — npoaosibHble 3a-
pATH HJIH B 3JEeMeHTaX OJAHOH 9/1eKTPOYCTaHOBKH, HalmpHMep
B nmapasjesbHblx lensx Jauuuu (puc. 8.1,6 u ), — nonepey-

I N

Lr¥| Loy

Iyl Lnd| Ly

Tk

) 5 Oy

Sawuwaemsru
7€ MEHIT?

Puc. 8.1. Ilpumepnl cxem cetell, B
KOTOPHX  MOIYT  HCHOJb30BaTheA
adpdepennnaabHble TOKOBble W TO-
KOBble HalpaBJeHHble 3alluThl

Puc. 8.2. DjaeMent, 3allHIaeMbli
AuppepeHnHaIbHOR  TOKOBOH 3aillH- I
To#

HBle 3alUTH. 3allHTa MOxkKeT OBITh TakXke HCNOJb30BaHA AJs
TpaHcOpMaTOpOB, CTATOPHBIX OGMOTOK reHepatopos, c6op-
HbIX UIHH 3JIEKTPOYCTAHOBKH U T. A. B 00luieM c/ydae mpHHLHI
AefictBus  Aud(pepeHLHaJIbHON TOKOBOH (HeHanpapJeHHOH)
3amuTel 6a3HpyeTcs Ha TOM, YTO FeoMeTpHYecKass cymMMma TO-
KOB CO Bcex CTOPOH 3alIHIIAeMOro 3JeMeHTa (NpeAnoJaraer-
CA, 4TO OHH YCJIOBHO HampaBJieHbl BHnYpr 3JieMeHTa) NpPH OT-

cyrcreuu K3 p meM pasHa Hymo —  In==0, a npu Ha/JIAYHH
n=1 B
n

K3 oma pasma toxy B Mecre nospexpenus — 3 lxn=Ix
n=1

(puc, 8.2).
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3amumaeMyio 30Hy OrpaHuYHBAOT yeTaHOBKOH TA co Beey
CTOPOH 3JIEMEHTAa; H3MepHTe/bHHH OPraH TOKa BKJIOYAIOT Hy
reoMeTpHUYecKylo cyMMy BTOpHYHHIX TOKOB TA. Ilpeamosaray
TA uneanbno TouHBIME (OJIHAs TOrpelHOcTh £=0), ¢ oxy.
HAKOBHIMH KO3(¢uuuentamu tpaHcdopMmaunuu K;, nosygaey
TOK B OpPraHe TOKa HPH OTCYTCTBHH NOBDEXIEHHSA B 3allHllae.
Moii 30He Ip==0, a npu K3 I,=I«/K;. 310 obecneuur cpaba.
THIBAHUE 3ALLHUTHI,

B peasbhbX yc/I0BHSAX HEOGXOAMMO CUMTATHCS C MOTPel.
HoctaMH TA, pjs TpanchopMaTopOB M aBTOTPaHCGODPMATO.
POB—C Ha/M4YHeM y HHX HAMarHHYUBAIOUIMX TOKOB, BOCHDH-
HHMaeMblX 3aIMTOH KaK NOBpEX/AeHue B 3alMILaeMOH 30,
H C PSIAOM APYTHX (AKTOPOB, YUHTHIBAEMBIX HHIKE.

Bce paccmarpuBaemble BuAbl AH(depeHNHANbHBIX 3allHT
KaK obsajamoliue a6CONIOTHON CEJEeKTHBHOCTBIO BHINOJHSIOTCS
Ge3 BEIIEDXKKH BPEMEHH M MCIHOJB3YIOTCS B COYETAHHH ¢ JpY-
TUMH, HalpUMep PE3ePBHBIMH 3allUTAMHU C OTHOCHTEJBLHOH ce.
JICKTHBHOCTBIO.

B npononbubix prddepeHna bEbIX TOKOBEIX 3aUIHTAX MO-
TYT CPAaBHHBAThCS MIHOBEHHBIE 3HAYeHHS TOKOB, OJHOBpEMEH-
HO MOAYJH 1 (hasbl TOKOB HJIM TOJIBKO uX (Dasbl; cpaBHeHHe
TOJIbKO MOAyJelt (aGCOMIOTHBIX 3HAueHHIH) TOKOB HE MOXKel
BBIIBUTL MOBPEXAEHHHH 3/eMeHT. B mnomepeynnix samiurax
B o0leM c/yyae MOTYT CDABHHBATBCSl MI'HOBEHHHE 3HaueHUS
TOKOB, HX (a3l HJIM MOAYJ/IH, a TaK¥XKe HANpPaBJeHHs MOILLHO-
crefit K3. B mocsiennee BpeMsi cXeMbl cO cpaBHeHHEM MOAyJIel,
KaK MPaBHJO, He NpHUMeHAIOTCA. A NpPONOIBHHIX 3amUT
OOBIYHO NPUMeHAIOTCst MpoBofHse u BY kanann (cM. ri1. 1)
NI ToNePeYHBIX — [HPOBOAHELE.

1

[Mpunuun neiictBusi puGepeHUaTbHBX TOKOBHIX Hampas-

JICHHBIX 34UIHT paccMaTpHBaeTcsl B KOHIle raaBul oco6o. Huxe
B NIepBYIO ouepenb Oosiee moApo6GHO paccMarpuBarmTcs AHO-
(epenlinanbuble TOKOBbE 3alMTH HA NPUMepe HX MPHMEHeHHUS
KaK MPOAOJbHBIX /s 3alHTH JHHUH,

8.2. MPMHUMN AEUCTBMUS MPOAONLHON AUDDEPEHUMANBHOM
TOKOBOH 3ALLUTLI C MPOBOAHLIM KAHAJIOM

IMpunnun peficTBus 3allWTHL PacCMATPHBAETCS HpHMEHH-
TeJbHO K ee BHINOJIHEHHIO C MPOBOAHKM KaHajoM (BCIOMOTa
TeJbHBIMH NPOBOAAMH) /I 3JeMeHTa HeGOJIbLION MpOTIKeH
noctu (puc. 8.3). Ha konumax 3awmuuiaeMoro sjeMeHTa ycTa
nasnuBaorcsi TA ¢ omunakosuiM K;. Mx sropuunbie oGmotk!
Ha OJNHOMMEHHHIX (pa3ax COeQHHSIIOTCS NMPOBOAAMH H NOLKJIN-
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rcst K OOMOTKE M3MEPHTEJBHOT0 OpraHa TOKa OT rax, uto-
ua 4 Hewnnx K3 TOK B oprahe OTCYyTCTBOBAJ, & WpH K3
ou! I:II:;),ou.aeMoﬁ 30He OmpeAeJIsiiics TOKOM B MecTe MOBpexXje-
Bo® Bo3MOXKHBE B4 COeIMHEeHHs, YAOBJETBOPAIILAE STHM
Hg;éaHﬂM, HOCsILLMe HA3BaHHUA CXeM C quprcy/zuI{)nyowumu T}(Z;
camu U YPOBHOBEULEHHbIMU HANDPANCEHUAMU. a TNpaKTH
ofBIUHO  HMCIOJBb3YeTCs  Kak
yMeloIiMi  HEKOTOpHe  mpe-
yMyllecTBa  paccMarpuBae-

Mblil HHXKE NEepPBbIH BapHaHT.

B HeM BTOpHYHBlEe OGMOTKH o
TA (ecnu CYUHTATh, KaK BCET-

ja, Y4TO OJHOHMEHHBIE KOHLEI
nepBUYHOH M BTOPHYHOH 06-
MOTOK PACHOJIOKEHHl C OJHOH
CTOPOHKI) COENHHSIOTCS MEXK-
ny co6o# TpH MOMOLLH BCHO- Y (i
MoraTeJbHBX NPOBOLOB KOH- E £
namy, 00panleHHBIMH BHYTPb a2
3alHUIaeMOH 30HBI, OrpaHH-

yennosi TA, M Hapyxy, na-
paJsiesibHO MM (K depeHy- ~ ¢!
aJbHO) BKJHOYaeTcs 00MOTKa
OT.

Tox B OT ¢ y4eTOM YCJIOB-
HBIX NOJOXXHTEJbHBIX HANpaB-
JeHH# TOKOB, YKasaHHBIX Ha
puc. 8.3 crpenkaMH (BHYTPb
samuumaemolt 301H), fp=/a1+Io11.

Tox [, paBeH reoMeTpHyecKol cyMMe TOKOB, HOIXO0ASHIHX

k OT or TA. Tlpu nopmaibHo#l pafore, Ka4aHUAX H BHEIIHHX
K3 (rouka K’) nepsuunble TOKH [ii u Iin, ecnn npene6peyb
nonepeuHO#l MPOBOAHMOCTBIO 3AIIHIIAEMOro 3J€MEHTa, paBHE
¥ caBuHyTH 10 (ase Ha 180°. TlosToMy mpu TOUHOH Tpchq;IOp-
Maluny BTOPUUHbIE TOKH CBA32HBI cooTHOmenHeM [or=—/2,
TOK [,==0 Kak oOIlpenesieMbii neficTBUTEJIbHOH pPa3HOCTbIO
TokoB, ¥ OT He cpabaThiBaer, XOTs MO BCIOMOraTelbHLIM MpO-
BOZAM W LupKYJAHPYIOT TOKH. C ydeToM H3JIOKEHHOro 3alluTa
HasbiBaeTcs Ouppeperyuanbrodl, a ee cxeMa — CXeMOH C {up-
Kyaupyrouyumu ToKamu. B Hell MOrYT CpaBHUBATbCsS MIHOBCH-
Hbie y§ KOMIlJIEKCHBIe 3HaUeHus TOKOB. o
Npu K3 B 3amuumaemofi 3oue (TOUKa K"y toxu Iy v T
B oflleM cyyae HEOJHHAKOBH M B CYMMe DABHH TOKY B MeCTE
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I Qi | [or

-
©

Puc. 8.3. Ognoaunefinas cxema npo-
noxpHOil  puddepeHuaTbHOl TOKO-
BOH 3aLLUTH



K3: Iv=In+1in. Tok Iy=Iy/K; Ecau Iy>I.,, OT cpabatu-
BaeT M yepe3 BHXOAHOH opran OB mopaer cuTHANB HA OTKJMO-
UeHHe BbIKJOYaTenell ¢ ob6eHx CTOPOH 3jeMenrta. Ilpu onHo-
CTOPOHHeM MNHTaHHH, Hanpumep /[1r==0, cymectsyer 10K /o,
MoXHO NPHOGIHKEHHO NPUHATH, YTO OH IOJHOCTBIO 3aMBIKA-
ercs yepes OT, He OTBETBJAAACH BO BTOPHUHYIO o6MoTKy TA
¢ [in=0, rak KaK ee cONPOTHBJEHHE, ONpPEeNIEMOE B OCHOB-
HOM COTIPOTHBJICHHEM BeTBH HAMAaTHHYHBAHUA (NEPBHYHYIO 06-
MOTKy 3toro TA crneayer cuuraThb Kak OB Pa3sOMKHYTOM),
06bl4HO Goublile compoTuBienHst o6MoTkn OT. Tlostomy pa
= I, u 3amuTta B cayyae Ip>>Icp Takxke cpabathisaer. B 06-

Ll/] w1
— ['J or
r
I
:Tzl HL’E o7 _Ii
ugyw wz
—IHIT ;[ET — in

e 2

Puc. 8.4. [lupdepennualbible TOKOBHE 3aUUTH Npu uncie rpynn TA Godb-
e ABYX

weM caydae yueno rpynn TA, o6pasyolux 3aUiuTy, MOXKeT
GbITh GoJbllle ABYX, HallpHMep NPH 3alUUTe JHHHH, MPHCOENH-
HeMOW K WIHHAM ¢ omHoH (puc. 8.4,a) uau ¢ o6eHx cropoH
Yepe3 ABAa BHIKJAOYATENS, HJAH IIPH 3alIHTe MHOrOKOHLERBOI
JIUHHM, NMPHCOENHHSEMOH K TpeM cHCTeMaM ILHH (pHc. 8.4,6).
Coenunsis TA u OT B COOTBETCTBHH C MOJIOXKEHHAMH, H3JIO-
XKEHHBIMH Bbllle, H NPHHHMAas, B YaCTHOCTH, YCJOBHBIE MOJO-
HHUTeNbHbIE HANPABJICHHS BCeX MEPBHYHHIX TOKOB (/1, iy, _Im}
BHYTPb 3aullHUlaeMOll 30HB, UMeeM [pH BHemHHX K3 Ji-+
+1u+Im=0, I+l +1an=0, I,=0, n 3amura #He cpaGa-
thiBaer. I[lpy K3 B samuiaemofi 3ome, onpexgensieMol Tpems
rpymnamud TA, I1+In+Iin=1I B Mecre moBpexienus. Ecau

e g
10K lp=Iy/K;>1.p, 3amiura cpabaTHBaeT W OTKJIIOUAET BHI-
K104 aTeJH, ‘
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83. TOK HEBAJIAHCA, TOK CPABATLIBAHUA U YYBCTBUTENBHOCTbL
npo,ﬂOﬂbHOH 3ALLUTLI C NMPOBOAHLIM KAHATOM

Toxu HebagaHca, [Ipy paccMOTPEeHHH MPHHIIHIA AeHCTBHS
3allMTH [0 pHC. 8.3 mpeanojaranoch, 4To IpH oTcyTecTBHH K3
p samuumaemoil some /p=0. B jeficTBUTENBHBIX YCJAOBHSX
qok [2=1{—1j, rae [; — npuBeleHHbIl HaMarHHYMBAIOULIHHA

1ok (cM. IV 3), mpHYeM Jdaxe NPH B TOYHOCTH OJHHAKOBHIX

Ki TA u nostomy pasenctBe [, Toku [; u Iy mpaKTHYECKH

pcerda HEOAHHAKOBH. B CBSI3H ¢ 5THM B pPaccMaTPHUBAEMOM
pexHMe B OT nosiBasieTcst TOK, Ha3LHIBaeMBIH TOKOM HE6AAGHCA

(BTOPUUHBIM)
1H6:ZQI+!2H:—({(’)I+_{(I)II)' (8.1)
Has puc. 8.4 _]"6=_I_2‘+1_211+1_2‘11=“(£(;1 +1 o+ om)-

HauGonee npocro AefcTBYIOULHE, CpEIHHe H MTHOBEHHbIE 3HA-
yeHHs] TOKa HebasaHca OMpejeNsllOTCsl AJst cIyuas, KOria co-

!
Iir z Ior 2 Zopr _J2m , Zsn oy
H=—> 2L gESs npl TPL =% 4 -
0 -
Waly (~Rypr) | (Ropn) (Rop Lozn Mz 25
, (RezLozr=My ‘@) i o Lzen My :
4 war AR 1 g wer LIV Igg
”l Zyy (~My Wir o Zog(~My War .
g o . & A

Puc. 8.5. CxeMa 3aMell[eHHA 3alIUTH MO pHC. 8.3

nporusnenue nend OT MaJo M0 CPABHEHHIO C COMPOTHBJEHHSI-
MH Zy, «IJeY» 3aUHThl — BCIOMOTATeNbHLIX [POBOJIOB OT
BTOpHuHEX 3axHMOB TA mo OT. B sTOM cayyae, eciu CYMTATh
conporusiende OT paBHEM HyJIo, Kaxabii TA pabGoraer He-
3aBHCHMO M [J5 OlpejesieHHs HaMarHHYHBAIOUIHX TOKOB MO-
TYT OBITL HCIOJb30OBAHBI COOTHOLIEHHS,,  PAacCMOTPEHHBIE
B 3.

CooTHOLleHHST 3HAYHTENbHO YCJOKHSIOTCS NPH yuyere CO-
nporusnenus: OT. IlepBbie paGoThl B 3TOM HalNpaBJeHHH GHIIM
MpoBesennl aGopartopueit uM. A, A, Cmyposa u CP3uy T3II

H. @ Mapronun) B nauane 30-x ronos. PakToph, ompene-
As10mHe 6 B yCTAHOBHBLIEMCS CHHYCOHaJIbHOM DEXHMe IJs
CXeMbl Ha puc. 8.3, BHIABJSINCHL U3 PACCMOTPEHUsT €e CXeMbl
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3aMmellenuss (puc. 8.5) B NpeNNOJONKEHHH, YTO BCE IJEMEHTH
HMEIOT JHHelHble XapakTepHCTHKH. CocraBass ajs 3TOH cxe.
Mbl YpaBHEHHS TOKOB HJsi Y3JOBBIX TOYEK M YPABHEHHS Iaje.
HHH HanpspKeHHs As ciydast oTcyTcTBHst K3 B 3amumaemoj
sotie (I =—1,) u oosnavas Zg—~Z{y=AZi % (Zu+t
+Zupt) — (Zen+Znpu) =Zi — Zu=ALZ, ¢ yueroM psaga ympo.
L{eHHA MoJyyaeM cjaelyiolllee BBIpaXK€HHE IJis YCTAHOBHBILe.
rocs  Toka HeGanamca: Ine® (AZ(Z, —AZZ )\ IZ +
+2§OI_ZO,T).

PaccMoTpenne cooTHOLIeHHH, MOMyYaloOUUXCs B CXeMe, da-
€T BO3MOXKHOCTb CAeJaTh CIeAYIOUIHEe BHBOIKL:

TOK [ns yMeHbIIaeTCs ¢ yBEJHYECHHEM CONPOTHUBJECHHS IH(-
epentnanbroit memu Zo,r. HeoGxopumo, oaHaxo, OTMeTHTs,
YTO NPH 3TOM OYAET COOTBETCTBEHHO YMEHBLIIAThCS H TOK I,
npu BuytpenneM K3. ITostomy ngas paccMarpuBaeMoro uact-
HOrO CJyyast — JUHEHHBIX UeNefl H yCTAHOBHBIUENOCS DEXH-
Ma — Takoe yBennuenue Zo,r 3 deKkra He gaer, OJHAKO ¢ Yue-
TOM NIepEeXOJHBIX PEeXHMOB H Hachilllenus: TA yBeauuenue Zo,,
KaK oTMedasocb JaGoparopueit uM. A. A. Cmyposa, Moxker
OLITH 1eeco06pasHbIM;

Ha TOK [ns OKa3LIBAlOT BJIHsiHHE COBMecTHas pabora A
H COOTHOIUEHHE CONPOTHBJEHHHA IIJled H BeTBeH HaMarHHuHBa-
HHSA, TaK Kak NajieHHe HanpskeHHs Ha o6motke OT AU,=
=ZoIns onpeneasercs oboumu TA; IIpH 3TOM C YY4eTOM 3Ha-
Ka AU, Menee momuniit TA (umeromnii MeHbiee Zo) pasrpy-
XKaercd, a 6ojee MOWMHHH Harpyxaercs. BriGupas compo-
THBJACHHE IUIeY TaK, uto6bl AZjZi — AZZ[ =0, TeopeTudeckH
noayyaem lys=0;

AJISL CHHXKEHHS [no 11€71€C000pasHO YMEHbINAThL HATPY3Ky —
CONpOTHBJIEHHE NPOBOAA Njieua Znp MeHee MolHoro TA (ume-
jomero Menblllee Zo). Ilpu oamnakoseix TA medecooGpasHo
HMETb PABHBLIMH H CONPOTHBJEHHUS IJey;

TOK [ BO3PACTAET C yBEJHUEHHEM NEPBHYHOTO TOKA BHEL-
nero K3 I1.

Hast onpenenennst Toka HeGananca B IepPexOaHOM pexknme
BHelHero K3 Moryr G6uTh cocTasJedbt COOTBETCTRYIOIILIIE
Auddepennnanbubie ypasHenus. OQHAKO OHU HenocpeacTBed-
HO HE MOTYT GBITb HCHOJb30BAHB, TAK KaK HHAYKTHBHOCTI
BeTBell HaMaruuuuBanusi TA HeJHHeHHM, IOCAEIHHe HACHIIIA-
0Tcsd, NpHYeM B OOIleM Clyuae HEOAHMHAKOBO H HEOAHOBpE-
MEHHO; NpH 3TOM B Hada/JbHble MoMeHTH K3 ckasbBaercs
Hanuyne y TA BO3MOXKHO HEONHHAKOBBHIX OCTATOYHBIX HHIYK-
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upfi ¥ T A [Tostomy AeﬁCTBHTeJI/beIe COOTHOILIEHUSA OKAa3hl-
paloTCsl BECbMa CJIOXKHBIMH. .

[TepBbie cepbesHble HCCIEA0BAaHUA B 3TOH 06JMaCTH, KaK yxkKe
ka3blBaJOCh, OBIIH OCylleCTBJAeHk B Hayaje 30-X roJoB B Ja-
GopaTOPHH HMEHH A. A. Cmyposa (M. II. IloraienbiM).
B 40-e roanl oun npopoiuancs so BHUHD (T. H. AT&ﬁEKOu-
gum u Ap. [12]) u nanee 8 U3 AH YCCP (M. M. Cupotoi
(69], B. C. CroruueM u Ap.).uOcoﬁeHHo riayGokHie H noJie3xble
ucce10BaHHs ¢ pa3paboTKOA KOHKPETHBIX peKOMeHJalui o
oTcTpOHKe 3alUTH OT NEePEeXOAHBbIX iss NpoBOoAMaHch B HIIM
nox pykosoacteoM A. JI. Jposmosa . B. Ilosrophbim,
B. B. [Naaronosrmm, C. JI. KyxkexosbiM, C. JI. X/1e6HHKOBBIM,
B. B. MuxaiinoBbiM u jap. Josxkubl OGHThL Takke OTMeYeHH
nonesnble Hccaegosanus B BIIM (B. U. Hosawm u ap.),
g HOTHU (JI. B. baruuckuM M [1p.) U HEKOTOphle JAPYyTHE.
PaccMaTpHBaeMbiM BOIIPOCOM 3aHHMAJHCh H P 3apyGexHBIX
CIICLHANHCTOB H QHPM.

CJI0KHOCTH MOJYyYaIOIHXCSA COOTHOIIEHHH s peasibHbIX
TA, Ha mpakKTHKe He NOAGHPAaeMbIX B CNElHaJbHbIe KOMIIJIEKTHI
(a0 B OblieM caydae ocoboro s¢dexra MOXKeT H He JaBath)
H HacHIAWUIUXCs B MepeXOJHBIX PeXHMaX, ofpele/uJad le-
J1ecO06Pa3HOCTL IPUMEHEHH JJ5 aHaJMH3a aHaJOTOBBIX H K-
POBHIX BHIYHCJHTEJbHBIX MallHH, [I/si npakTHYecKOH OIEHKH
HCNOJIb30BAJNCh TaKXKe MHOTFOYHCJAEHHLIE OINBITHBIE JaHHBIE.

IIpopeennble HCCIENOBAHUS 0 ONPENENEHHI0 epeXOMHBIX
{6 JaMM DAL LEHHBIX JONOJHHTENbHBIX COOGDa’KeHHH, KOTO-
pHE yYUTHIBAIOTCS NPH BLIIOJHEHHH AH(QpEepeHIHalbHbHX TO-
KOBHIX 3aIUUT: TOK inms NEPEXOTHOTO DeXHMa MOXKeT Cojlep-
XaTb 3HAYHTEJbHbE allepPHOJHUECKHEe CJaramolide U BO MHOIQ
Pas NpeBOCXOAUTH CBOM YCTAHOBUBILIUECS 3HAYEHHSA, OOBIUHO He
npepbimtaomne 10 % wHoMunaassoro toka TA (puc. 8.6,a);

D\
A A

a) )

Pue. 86, OcuunnorpaMMel MepexoAHbiX TokoB HeGanmanca B MO nuddepen-
UMa/ibHEIX TOKOBBIX 3aILHT
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IPH 5TOM ins MOXET HMeTh MaKCcHMaJbHOe 3HayeHHe He B Ha-
yajbHHE MOMeHTH BO3HHKHOBeHHsi K3, a HeckoJbKO mo3xke;
BO3MOKHO BO3HMKHOBEHHE IEPeXOAHOTr0 Ins B TpexdasHuix
cXeMax  3alUT, HMEIOLIero 3HAKOMEPeMeHHBIH  Xapakrep
(puc. 8.6, 6), orMeuenuniit (oauuM u3 nepBuix) A. M. Pakosu-
yeM; BpeMsl CyLIeCTBOBAHHS GOJbIIHX NEPEXOMAHBIX iys HE Ipe-
BOCXOJHT JOJeli CeKYHABl; AJST CHHIKCHUA (4o NMOJE3HO BKJIOUe-
HHE B AHQQepeHnHabHYIO LeNb nociejosareabio ¢ OT poba-
BOYHOTO (OGHYHO AKTHBHOIO) CONPOTHBJEHHS; 3HAUHTENbHOR
BJMAHHe Ha NPONECcC OKA3HBAIOT NOCTOSIHHBE BpeMeHu Ty u Ty
COOTBETCTBEHHO MePBHUYHON IenH A0 ToukH BHeliHero K3 u BTO-
puyHO# uemu samurel. Cienyer, 0AHAKO, YYHTHIBATh, KaK 3TO
Ve OTMeYaJochk B I, 3, YyTo [Js NOSIBACHHS B TOKax lo, Om-
peaeasiioluX ins, OOJBIIMX aNepHOAHYECKHX CJAraiolluxX Mo-
BpeXJeHHE JOJKHO BO3HHKATh B MOMEHTH, KOIZa MTHOBEH-
HEE 3HAaYeHUs HaNpsKeHuil B CHCTEMe MaJbl; OQHAKO Mepe-
KpbITHS 0GoJlee BepOATHH MNpu X, npnbauzxkawomuxces K Un,
[losToMy Npu BepOSTHOCTHOM NOAXOJ€e HOSIBJAEHHE ins C 06OJb-
UIMMH anepHOAHYECKHMH CJAaralomdMU MeHee BepOSTHO, yeM
C MaJjbiMu,

Kak u ans T1OKOB HebanaHca B ¢uibTpax (cM. na. 3),
B AH(PepeHnHaNbHEX 3aLIUTAX YacTO HCIOAb3YyeTcs NOHSTHE
0 NepBHYHOM TOKe HebasaHca, HMelOLleM, B OOIEM, TOT XKe
CMBICJ, YTO U B PUABTPAX.

Tok cpaGarmBanua samur. [Insa ofecneuenuss Hecpabarhi-
BAHHSi 3aILLHUTHI, BHIIOJHEHHOH MO paccMarpHBacMoOd >3JeMeH-
tapHoii cxeme (cM. puc., 8.3), npu BHellHHX K3 ¥ KayaHusx,
KOTAa YpaBHHTEeJNbHbIE TOKH MOIYT ObITh JRaxe OoJbile

K.BH max,

[c,s >/ By (82)

orc ~ H6maxpacu®

Heo6x011MO OTMETUTb, 4TO TOKH Igs NPH KayaHUsX C yye-
TOM OTCYTCTBHS B HHX GOJBIIHX alepHOAUYECKHX Cjiaraloliux
OKa3hIBAIOTCS MeHbUIHUMH, YeM Npu BHeliHuX K3. Oxnako mpu-
XOMHTCS CYHTATBCA €O cayyasiMu Hagoxenusi K3 na xauanus,
KOrjla COOTHOLIeHHS MOryT GBITh ApyruMH. B mnpomecce 3skc-
miyatalud 3alIUThl NPHXOAUTCA, B OCHOBHOM B ciaydae MHpo-
KJaJKH BCIOMOTaTeJbHBIX NPOBOAOB BHe IpeJesoB JaHHOM
YCTAaHOBKH, CYHTAThCA ¢ BO3MOXKHOCTBIO HX NMOBpexaeHus. IIpn
K3 Mexjy XuaaMd BCIOMOraTeJbHHX NPOBOJOB Lefb TOKA
OT wyHTHpYyeTCS MECTOM INOBDEXJAEHHA H 3aIMHTA MOXKET O7T-
kasaTtb Hpu K3 B 3awmumaemoil 3oue, [lpu paspeiBe 3THX NpoO-
BojoB I, oxHoro us TA npoiner yepes OT u B cayuae [cp<
<Ipas 3aILUTA JOXKHO OTKJIOYHT HENOBpEeXKAeHHHIH 3JeMeHT.
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[To5TOMY TPH NPOKJajiKe BCIOMOraTebHLX NPOBOJOB BHE
eppPHTOPHH YCTAHOBKH OCYLUECTBJSIOT aBTOMAaTHYECKHH KOH-
rpoib HX HCIPaBHOCTH. ITpu stoM mpu paborte ycrpoiicTa
KOHTPOJIA TOJMBKO Ha CHCHAM JIOMOJHHTENBHO K (8.2) BHOH-
atoT lc,a>Ipas. IlpocTefillias cxeMa KOHTPOJsSL OCyIIeCTBJSIET-
¢ BKJIOUEHHEM JOTIOJHHTENBHOTO OpraHa Toka Ha 1ok 3lo
1u(depenInanbHoi LeNH NOCIe0BaTeNbHO ¢ OCHOBHEIMH Op-
raHaMH, YEeTKO Pearupymollero TOJbKO Ha HEeCHMMETDPHYHBIE
a3pblBH Heleid HHPKYJSLHH. Heo6Xx0gHMO OTMETUTD, 4TO Ta-
xofi OpraH Moxer OBITb HCHOJIb30BaH W /IJis JPYrHX Lejed —
pearupOBaHUst Ha NOBPEXKJEHHs, CBA3AHHbIE C 3aMbIKaHHeM Ha
(1,1)

semaio (Hanpumep, K, KD, Kzs'').

Koadduinedr uyBCTBHTeAbHOCTH. Kosd@HuHeHT 4yBCTBH-
reapHOCTH (cM. ta. 1) Ry = I min/lcs PacueTHBIM 06BIUHO $iB-
AsieTcsi cAyuyal OJHOCTOpOHHero nuraHus Mecra K3, korza
I« min OTPEJENsieTCs TOKOM, NpPOXOJSLIMM dYepe3 ONHY TpyIn-
ny TA.

8.4. CMOCOBb! MOBLILLEHUA HYYBCTBUTESILHOCTHU U OTCTPOEHHOCTH
nPOAOSIBHON 3ALLINTEI C MPOBOAHLIM KAHASTIOM

B 60JblIHHCTBE CJAYYaeB UYBCTBHUTENbHOCTb 3AILHTHI, BhI-
NONHEHHON MO 3JjeMeHTapHo# cxeMe (cm. puc, 8.3), okasniBa-
ercss HeJAOCTAaTOYHOH, a TPYAHOCTb NMPABHJABHOIO Onpele’eHHs
Iu6 max pace MOMKET YXYJHIIATh OTCTPOEHHOCTDb 3aIIUTHl OT BHELI-
Hux K3. CymecrByer 6oJblloe yHcao cnoco60B NOBHLIeHHA
YYBCTBHTENBHOCTH H OTCTPOEHHOCTH 3aLUTHL.

3amensieHne AeHCTBHS 3aUWMTHl HA BpeMs CYLIeCTBOBAHHUS
Ooapminx nepexoiHblX ims. [IpH 3TOM CHUXKaeTcs OCHOBHOE Ka-
YeCTBO 3amUTH — GEICTpoTa cpabarwiBanus, [losToMy cnocob
He PEKOMEHYeTCS.

Bxalouenue mocaepoBaresbHo ¢ uenbio Toka OT poGasou-
Horo comporuBieHusl. DTOT cHocob mpejiarajcs, a HHOTLA
H ucnoan3oBadcs B OTeYecTBeHHHIX pa3paboTkax (OOBIYHO B
Kayectse jomosHHTeabHOro MeponpHstus). [Ipu Gosbinnx
SHayeHusix 106aBOYHBIX COHPOTHBJECHHH JJsi 3aLUIHTHL OT Iepe-
Hanpsixkenuit mpu BHyTpeHHHX K3 Bcraer Bompoc o Heo6XonH-
Moctu myntuposanusi OT cnenuaZbHBIMH ycTpoficTBaMu (Ha-
praMep, HeMUHEHHBIME PE3HCTOPAMH).

Ucnoabzosanne oprana nanpsxenauss (OH) c Goabmum
BHyipenuum conportuBienueM sMecro OT. Croco6 HaxoauT
IDiMeHeHue B psAfe 3apyGexHBIX HcHONHeHU# 3amuT. OcHOB-
Had ero upes 3aka04aeTca B TOM, YTO NPH HACHILEHHH OTHOTO
W3 TA npoucxopur wynruposanne OH conpoTusienneM mie-
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ga auddepeHUHaNbHOR CXeMbl ¢ MasgM CONPOTHBJIEHHEM Ha-
MaripynBanus HacwimenHoro TA. B mpenenbHOM clyyae moJ-
goro Hachimennsi TA nanpsixkenue Ha OH paBHO majaeHHIO Ha-
TpsAXKeHHs] Ha CONPOTHBJIEHHH IlJleya CXeMBI OT INPOXOXKICHHs
ToKa HeHachillenHoro TA. DToT cayyal sBJseTCS PACYETHBIM
aas BoiGopa ycraBok OH. Ilpu HCIONB30BaHHM CXEMBI 06s-
3aTeJIbHO OTpaHMYeHHe NMepeHanpsiXKeHHH ¢ MOMOILbIO, HAaNpH-
Mep, HeJIMHEeHHBIX Pe3HCTUPOB.

Hcnonb3oBaHue cpaBHenus (a3 Tokos njed. Heoxuuaxo-
poe Hacbiuenne TA npu puewnnx K3 He Moxer 06yc/OBHTH
H3MeHeHHe YrJja MeXjay KOMIJIEKCAaMH BTOPHYHBIX TOKOB €O
snavennii 180° no 3HayeHMH, XxapakrepHbx Al K3 B 3amu-
miaemoii 30He. IlosToMy MOXKeT OBITH HOJydeHa YAOBJIETBOPU-
TesbHas OTcTpoiika oT BHewHnx K3. Bo3MoxHBI pas/inyHbie
cxeMbl peasnsauuu cnoco6a. OH Halles IHHPOKOE MPHMEHEHle
AJS1 OCYlIeCTBJeHHs JU(GdepeHunanbio-$hasHbXx NPOJAOJbHBIX
-TokOBbIX 3amuT ¢ BU 6aokuposkoit (cM. § 8.7) u nasa mud-
depeHnMaJbLHBIX NMPOJAOJBHEIX TOKOBBIX 3allUT CO BCIIOMOra-
TeJbHHMH HpoBoaaMu (cM. § 8.5).

Hcnosb3oBanue anepHOAMHECKHX CJAraloilux B TOKE ixs
AJS OTCTPOMKHM 3aIMUT OT NEepexoJHBIX TOKOB HebanaHca.
Crnoco6 obecneunBaeT sarpy0J/eHne 3alllAT HpH BHelWHux K3
aBymsa nyTamu: Bkimouennem OT yepes mpomexyTouHble Ha-
coimatomuecss TA (TALT) unu BbijeNeHHeM amlepHOAHYECKOH
cnaralomell © HCHOJb30BAHHEM €€ JJIf TOPMOXKEHHs CIeLH-
anbHOoro au¢p¢epenuuansaoro OT, 4To MO3BOJIAET aBTOMATH-
YecKn 3arpy6aarth samuty npH BHemmux K3, yBemuunpas ee
I.. (paspaGartmmanca B CP3uy TII1 T. T. I'pexom u
B. JI. ®a6puxantom). BoaMOXKHO TakXke 3arpybseHne 3alliH-
Tl mpu BHemHHX K3 BceMH COCTABJSAMHUMHE ins, KpOMe Iep-
BOH rapMOHHUKH.

B oTeuecTBeHHOH HpakTHKe AJIA AH(depeHHHaNbHBIX TO-
KOBBIX 3alUT MAIIHH, ANNapaToB M IIHMH, BBIIOJHAEMBIX i1a
5J1€KTPOMeXaHHUeCKoil 3JeMeHTHO! 0ase, HIMPOKOe IHpHMeEHe-
HHe NOJYYHJ NepBbIil BapuaHT cnocoba. B stom Gonpuwias 3a-
cayra koJutektusa HITH (A. O. Oposnpos, B. B. IlnaTtoroB
¥ 7p.), AaBLIEro He TOJMbKO IIyOOKHH aHANH3 HoJTydalomunxcs
coOTHOIIeHHH, HO U paspaGoTaBiiero psii 3QGHEeKTHBHBIX KOH-
CTPYKTHBHBIX pellleHHHl M peKOMeHAauui 1o BEIGODY mapamer-
pOB 3AIUUT, BBHIIOJHSEMBIX C HCIOJb30BaHHEM 3TOTO croco6a
[56]. Ero cymHocTs KpaTKo (Gosee NMOJHO CM. TJL. 12) cBo-
JuTCA K caedyomemy. Ilpn BHemnnx K3 anepuoamueckad
caaramomas iws 0O6YCIOBAMBACT HaCHIleHHE MarHUTONpPOBO/A
TALT, peskoe yMeHbllleHHe CONPOTHBJIEHHS er0 BETBH Hamar
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AMUABAHHS B CXeMe 3aMelleHHs. B aTHX ycioBHAX 3HAUHTENDb-
4asi 4acTb INEPHOAMYECKOH cJarawmollefl W 3HAKONEpEeMeHHBIX
caaralolliX 3aMbIKaeTcsl yepe3 yKa3aHHYI0 BETBb HAMarHHYH-
sanusi 1 He monajnaer B OT. D10 u ompenenser aBTOMaTHye-
cKO€ garpyﬁneﬂne 3allMTHl HAa BpeMs HPOXOXKJAEHHUS HEpexof-
ypX ins. 1Ipn 3TOM Ic; MoOXKeT BHIGHpaTbCSs MEHBIINM, YeM
B cxeme 6e3 T{lLT. ITpu K3 B 3ammumaemoii sone T0K B Aud-
(hepeHLHATbHOH LENH KPAaTKOBPEMEHHO TaKkKe MOXKET COAep-
Katb ANEPHOJIMYECKYI0 cJaramlnylo, Hachmawomyio TALT.
OnHakKo OHa OBICTPO 3aTyXaeT, H HOJydYalouieecs 3aMefJIeHHe
ACACTBHS 3AIIUTH OGLIYHO He HPEBOCXOJAHT HECKOJbKHX fie-
CcATKOB MUJLIMCeKYHA. HenocratkoMm cmocoba siBasiercsi oTCyT-
cTBHe 3arpyOJieHHs 3aIUMTHI IPH NEPHOJAHYECKOM ins H MaJioe
sarpy0OneHue INpu HeGOJIbIIMX CMEIEeHHAX s OTHOCHTEJbHO
OCH BPEMEHH C COXpaHeHHeM IN0JyBOJH o0paTHOro 3Haka. s
32lUTHl JIMHUH, TJle allepPHOANYEcKHe cJaralouye NPy BHEUIHHX
(ckBOo3HBIX) K3 OmlcTpo 3aTyxamr, cnoco6 mpuMeHsiercs
peaKo.

B sakmioyenue HeOOXOAMMO OTMETHTb, 4TO NEepPBOHAYANb- -
Ho, B 30-e rojul, MepBBIl BapHaHT crmocofa GBI MpeasoXKeH
B ['epMaHnM TOJBKO AJISi OTCTPOMKM 3aIHT OT OPOCKOB TOKOB
HaMarHu4yuBaHus TpancpopMaTopoB. OJHAKO, OTYACTH B CBS-
34 ¢ HeyjpayHo BuIOpanHbIMH nmapaMerpaMmu TALT, onm mmpo-
KOTO HpHMEHEeHHS He HOJay4yHsI, D¢P(heKTHBHOCTL €ro HCHOJb-
30BaHMsl AJIsl THX lesed npu 6ojiee NPaBHUJIbHO BHIOpPAHHBIX
napamerpax TALT 6wna mnokasana B 40-e rogbl ONBITHBIMH
uccnenopanuamu BHHUHMD (M. Y. lLapes). HcnoabsoBanue
IepBOro BapuaHTta cnocofa AJa OTCTPOHKH OT Ixs, COAEp!Ka-
IIpX aNepHOAMYECKYIO CJAralollylo, BiepBhie Gbij0 NpeasoxKe-
H0 B 40-e roant 8 TIIM (M. JI. Kyrsasuu). Bosee moapoGHo
paccmoTpenne paborsl TALT pano B ra1. 12.

CMoJb30BaHUE JJIA CPABHEHHS TOKOB MEPBHLIX HoJel Mmo-
Aynepuosa npoMblJIeHHOH yacToThl. B 3710 Bpema TA ewe He
¥CHeBaIOT HayaTp HaCBINATbCSA, pabOTAIOT € IHHEHHBIMH XapaK-
CPUCTHKaMH, M IIO5TOMY NpH HpaBHJLHOM BBINOJHEHHH CXe-
MH MOXHO OXHJATb NOSIBJEHUS HE3HAYHTENbHBIX ins. BHINOJ-
HCHHe 3aIUT C YYeTOM YKa3aHHOrO (akropa ObLIO NpemJo-
:Z?EET 33 pybexom (cMm. ra. 3) paas 6bICTpO”Ilei;ICTBYIOHJ.HX
ol CYUIECTBJISIEMBIX Ha MHKPOSJEKTPOHHOH 3JeMeHTHOH

Mpumenenne cnenmatpubix OT ¢ TOpMoxenueM. OpraHamu’
TOKa ¢ TopMoOXKeHHeM NPHUMEHHTENbHO K AH(QepeHIHaNbHBIM
SamMuTaM Ha3BIBAIOTCS TAKHE, TOK CPAGATHIBAHHMS KOTOPHX BO3- .
Pacraer ¢ ysennyeHHeM TOKa B IJieyax 3alIUTH 3a CYET TOP-
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MOXKeHHs, c03/1aBaeMoro sTuMH TokaMu. OcHOBB Teopuu pabo.
T AupdepeHINaNbHEIX TOKOBHIX 3alUHMT IIPHMEHHTEJbHQ
K 3JeKTPOMeXaHHYeCKHM peJie TOKA C TOPMOXKEHHEeM BIIeDBHe
6wy paspaboraust HIIM (A, . Jdpospos) B 30-e roam.
B paabuefiiieM tam ke 6blAH pa3paboTaHbl 34LUMTH C Mar.
HHUTHBIM TOpMoskeHueM. B 3apy06eXHOH IpaKTHKE TAKXe Hc-
I01b30BaJI0Ch MAaTHHTHOEe TOpMoxKeHHe. OOLIHe TNPHHIHUIY
TOPMOXeHUs 0asUpyloTes HA CASAYIOWUX PAaCCyXKIEHHSX.
Tox wueGanauca [ns BO3pAacTaeT ¢ YBeJHYEHHEM TOKa CKBO3-
soro K3 uau Toxka kauauu. [TosaroMy nesecoobpasHo AJas OT-
CTPOMKH OT HEro HMeTh IIPU 3TOM aBTOMATHYEEKOE VBEJHUEHHe
u ToKa cpabarnBanus lcp OT, ogHako takoe, utobn npu K3
Ha 3allHIIaeMOM 3JeMeHTe, KOrJa Takxke Mox aeHcrBueM Iy
BO3MOXHO YyBeJauuenue [cp, YYBCTBHTENLHOCTb 3aUIUTH Ohlaa
60s1blUEH, YeM NPU BHIMOJHEHHH ee 6€3 TOPMOKEHHst. ITO OKa-
3LIBA€TCS BBHINOJHUMBIM NPH MPaBUJIbHO BHIOpPAaHHBIX 3HAUEHHH
TOPMOXKEHHsI U cxeMe ero peaausauud. OcyluecTBieHue Top-
MOXKEHUS BO3MOMKHO IDHU HCHOJNb30BAHHHU J1I000H 3JeMeHTHON
6asml.

Huxe paccmarpuBaercss cxema (puc. 8.7,a), B KoTOpoh
JJ1S1 OCYILECTBJEHUS TOPMOMKEHHS UCIOJb3YeTcs TOK [211 TOJb-
Ko onHoro ee Il nuneua. [Ipennonarass JuHednyo 3aBHCHMOCTh
TOPMOKEHHST OT TOKA TOPMOKEHHS [ropw=1211, Hoayuaem OT,
XapaKTePHCTHKA KOTODOTO OIpelessieTcss BBIpaKeHHEM

]C,P = ]c.pmln + kTOpM ]-pr ’ (8.3)

rae lcp min — MUHEMAJABHBIH TOK cpabartwiBanus OT, coortBer
CTBYIOIIMH OTCYTCTBHIO [ropy (HAmpuMep, MpH BHyTpeHHeM K3
C OJHOCTOPOHHHM IIHTaHHEM CO CTOPOHBI | maeua), BeOHpae-
Mbifi Tak, 4ToOBl 3alura Gblla ¢ 3alacoM OTCTpPOoeHa OT Ims
B pafoyuxX pexkuMax 3allHI[aeMOfl JHHHH, a Bropw — KO3 DH-
HHEHT TOPMOKEHHS, KOTOPBIH NPH BO3MOKHOCTH IMHTAHHUS TO.1b:
Ko co cropousl Il mieua (OTKyaa ocYIIeCTBJSIETCS TOPMOKe:
HHe) HOJKeH OHITb MeHbllle €JMHHUB. 3aBucuMOcTb (8.3)
npeacraBaser B cucreMe KoopauHaT (Icp, [ropm) MPSMYH0
(puc. 8.7, 6), oTceKaloLLYI0 HA OCH [c,p OTPE30K I ¢ p min; €€ HAKIOR
K OcH [ropw ompenensiercss Bropy=tga. [Ipu HenuHeliHOH 32-
BHCHMOCTH TOPMOKeHHS OT [ropw (HampHMep, MPH MArHHTHOM
TOPMOsKeHHH) TNpUMepHBI BHA 3aBHCHMOCTEH [cp=f(Iropn)
fan Ha puc. 8.7,8 (Hanauuue ceMelCcTBa 3aBUCHMOCTeH OMNpe
JIeISIeTCs XAPaKTEePHBIMH JIJ5 9TOTO MCIOJHeHHs pasbpocamh)-
[IpuMeHeHUe 3aIMUT C TOPMOKEHHEM, KaK YKA3HBaJ0OCh BLIIIE
HLOJKHO ofGeceuynuBaTh HX OOJbILIYIO YYBCTBHTENBHOCTH. IT0
WJIIIOCTPHPYETCS COOTHOLIEHHSMH, NpUBEIeHHBIMH Ha pHC. 8.8
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Ha KOTOpOM IlpelléTaBJIeHbI 3aBHCHMOCTH (B IIEPBHYHLIX

BedHuHHAX) [c,s— 6€3 TOPMOXKeHHA H [c,s—C TOpMOXKeHHeM
B (OYHKUHH ToKa [xsx BHemiHero K3. IIpH Ik snmax 3TH TOKH
cpabaThiBaHHS [OJXKHB HMeTb oOllee 3HauyeHHe, paBHOe
Rorelns max paca. TIpH MeHBIIHX Jropw, cOOTBeTCTBYBOWHX K3
B 3allHulaeMoii 30He, [¢,s OCTaeTcs HeH3MEHHBIM, a [c,s CHA-
Kaercs.

Ilpu -onpemenenun KoaddunHeHTa YYBCTBHTENIBHOCTH &y
3alLHTH ¢ TOPMOXKEHHEM, XapPaKTEPH3YIOLIEro ee CNOCOGHOCThL
cpabaTeiBaTb IHpH CHHXKeHHH Toka K3 (manmpuMmep, 3a cuer
Ru), cnenyer yuHTHIBaTh, YTO OGHIYHO AJIsT JHHHH ¢ yMeHblile-
HueM [x yMenbmaiorcess Ies H fropw. 1103TOMY oRpefienienne ky
KaK OTHOLIEHHS MHHHMAaJbHOIO TOKAa NpH MeTaJiHyeckoM K3
Ix min K Ics (NDHHSITOE 1JIST TOKOBHIX 3aLIHT) SBJSETCS He-
onpasjanubiM. HcnoabsyloTcs apyrHe cnocoGul (CM., HampH-
Mep, [10]).

B nacrosuiee BpeMs HHoraa (A/1s TpaHcOpPMAaTOpPOB OYEHDL
YaCTO) IPH BHIIOJHEHHH 3allHT HA COBPEMEHHOH 3JeMeHTHOMH
6a3e XapaKTePHCTHKH cpabaTbiBaHHUs TaKOBHL, YTO IPH TOKax
Itopu<Ipas TOpPMOXKeHHE OTCYTCTBYET, a NPH Iropm>Ipas HX
HaKJOH Xapakrepusyercs O0JbIIHM yrioM o (pHc. 8.7,2). 310
oGecneynBaeT NpH HeGoablIHX ToKaX K3 NOBHILIEHHE YyBCT-
BHTEJNBHOCTH 3aUUTH Ry=Ix paca/lc,p min, TA€ Ixpacu COOTBET-
CTBYeT MHHHMAaJbHOMY TOKYy MeTasaHdyeckoro K3 B 30He
samuTel (Touka K Ha puc. 8.7,2), Icp min ONpenensiercs nepece-
yenuem npsMoii OK (ymenbilenne Ix 3a cueT Ry) ¢ TOpMO3-
HO# XapaKTepHCTHKOMH, B YaCTHOCTH Ha y4YacTKe, NapaJiieJbHOM
OCH Iropw (TOuKa K cooTBeTCTBYET [x,pacy NpH Ry=0).

U3 paccMoTpeHHs TakKxkKe CIAEIYET, YTO Rropm AJIST NpHBE-
JNeHHol cxeMbl IPDH HaJHYMH HHTaHHg MecTra CKBo3Horo K3 co
CTOPOHBI BKJ/IOYEHHS TOPMOXKeHHS HOJKeH ObTb MeHble I.
Ilpu kropw==1 3amura Gymer oTKasuBaTh B paboTe B cayuae
NOBPEXK/AeHHS Ha 3alHLUIaEMOM 3JIeMEHTE.

. Opranbl ToKa ¢ TopMoXKeHueM IJs AuddepeHIHadbHbX 38-
LIHT BHE 3aBHCHMOCTH OT 3JeMeHTHO!H 6a3nl MOryT HMeTh pas-
Hble BapHaHTHl HCHMOJHeHHs. Tak, HanpHMep, BO3MOXKHO OCY-
LIeCTBJAEHHE HE3aBHCHMOIO TOPMOXKEHHS OT TOKOB He OJMHOIO,
a 000HX nJed, CO3MaHHEe CUMMETPUYHLLX CXeM TOPMOXKEHHS,
IPH KOTOPHIX TOPMOXKEHHS OT TOKOB ey NpH BHyTpeHHHX K3
JAeHCTBYIOT B pa3Hble CTOPOHHI, NOBLIIIAS YYBCTBHTEJNBHOCTD
3alllHTHl, H T. 1. (CM., HanpuMep, [10]).

Oco60 BHIMOJIHAETCS H MardHHTHoe TopMoxenHe. OHO ocy-
I[eCTBJASETCS AOMNOJHHTEJIbHBIM HOAMAarHHYHBaHHEM IIpoMe-
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JKYTOUHOTO TPeXcTepxKHeBoro Hacwimatouierocs TALT tokaMu
naed, HanpaMep Mieva II (puc. 8.9). Tako#t TALT no puc. 8.9
aMeeT TPH OOMOTKH: pabouyio MepBHUHYIO C YHCJIOM BHTKOB
Wipas, DPACIHOJIOKEHHYIO HAa CpellHeM CTepXKHe; pabouyio BTO-
pHYHYIO C UHCJIOM BHTKOB Ha KaX/JOM KpalHeM CTepxKHe
W2pac, NMUTAIOLLYIO OOLIYHBIA MaKcHMaJbHHE opran Toka OT,
§ TOPDMO3HYIO C UHCJIOM BHTKOB Wropw Ha KaX/JAOM KpaliHeM
cTepXKHe; IIPH 3TOM pe3yJbTHpYIOllee YHC/JIO BHTKOB NOCJE/-
Heil, MPHBELEHHOE K CPEHEMY CTEPIKHIO, OKa3hBaeTCsl PaBHHIM
Wropw (0€3 yNBOEHHd, eCJH YUHTHIBATH pas3BeTBJIEHHe NOTOKA
cpennero crepxHusa). PaGoyas o6MoTka (mepBHuHast) BKJIO-
yaeTcst Ha [pas==1Ia1/211, TOPMO3HAS, KAK OTMEYEHO BHIILE, —
Ha Iropw=1Io11.

B obueM ciyyae 06MOTKH MOI'YT pasMelllaThCsi Ha CTEPXK-
HAX PasiHYHBIM 06pa30M NpH 0053aTeJbHOM BHIIOJHEHHH CJIe-
JYOILHX YCMOBHH: TOpMO3Hasl CHCTeMa He JOJXKHA CO3/1aBaTh
toka B OT, a moj Bo3jedicTBHEM TOKa IJleua HOJKHA TOJABKO
HaCHIIATb MarHUTONPOBO/ M 3a CYET 3TON0 YXyAIIaTh MarHHT-
HYIO CBSI3b MEXJy IepBHYHOH M BTOPHYHOH OOMOTKaMu paGo-
Yed CHCTEMBI; TOK B OOMOTKE Wipas Ipas=Iloi-+Io;1 mHOMKEH
C031aBaThb B CEKUUAX Wsrpas CKIaabBawouiuecs IC.

C BospacranueM [ropw yBeJHUHBAETCS HACHILIEHHE Kpaii-
HuX crepkHedl TALT, Ipas TpancQopMHpPYeTCS B Wzpas XyiKe
H NO3TOMY B YCJIOBHAX cpabaThIBaHUA BTOPHYHBIH [cs5==Ipas
yBesHunuBaercd, Xord lep OT ocraercs HeH3MeHHBIM.

[Tpomexyrounsie TALT BHIGHpalOTCs CO 3HAUYHTENbHBIMH
HHEAYKUHAMH NpH cpabGatmBaHuu. IlpH BHemnnx K3 u najau-
YMH B Ipas=1Iuc alepHOAHYECKOH CJaraiolieli OHH ray6oKoO
HacHILAIOTCS H IJIOXO TPAaHCHOPMHPYIOT B Wipas HE TOJBKO
anepHoAHYeCKyIo CJaraiulylo, Ho H Becb Iys. [losToMy pac-
cmatpuBaeMble TALT MoOryT oAHOBpPeMeHHO HCHOJb30BATHCS
KdK 111 OCYLIECTBJIEHHS MardHHTHOTO TOPMOMKEHHS, TaK H AJs
OTCTPOKH OT Ius, COAepXKAIUHX aNepHOIHYECKHE CJaaraiollHe.

STOM 3aK/IIOYaeTCss NPEeHMYIIeCTBO MarHUTHOTO TOPMOXKe-
HHA 10 CPaBHEHHIO C OGHLIYHBIM.

Topmoxenne B HacTosillee BpeMs IIHPOKO TNPHMEHSETCS
Py BHInONHEHHH AHOdepeHIHaIbHEIX TOKOBBIX 3aIHT. OIHHM
H3 ero HeAOCTAaTKOB B OOBIYHOM HCHOJHEHHH SBJSETCS HEBO3-
MOXHOCTb OTCTPOMKH OT GOJIBIUHX HEepeXOAHBIX 3HAYeHHH [xs
B CBfI3H C HEBO3MOXKHOCTbIO HMeTb G60JblIHE Kropw. B 3THX
Clyyas;x NPHMEHHTEJbHO K 3allHTAM JHHHA TaKoe TOPMOMKe-
HHe coyeraercsi, HanpuMep, cO CpaBHEHHEM He MTIHOBEHHbBIX
SHauenuil TOKOB, a HX (as3.
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CymiecTBoBa/ M NpPERJNOKEHHS O BHINOJHEHUH OPraHoB To-
Ka C TODMOXKEHHEM, KOoTopble npu BHyTpeHHeM K3 TopMoxke.
HHsl HE UMEIOT H N03TOMY KaK GyATO MOTYT HMeTh OueHb 6O0Jk-
mue Topmoxenust npd sHemrnux K3. OnHako, Kak mokasasny
HceaenoBaHus (cM., Hanpumep, [10]), 5To He Tak W NPHHIHUIIK-
aJbHO OHM BBIHTPHIUIA B YYBCTBHTEJBHOCTH HE 1alOT.

Heo6xoauM0 OTMETHTD,YTO MPUHLHN TOPMOKEHHUS, NEPBO-
HayaJbHO HCHNOJb3OBABIIHHACSA TOJBKO B AH(PepeHIHaNbHAIX
3aliTax, B HOCJEAHHE TOJbl MOJYyYHJ NPUMEHEHHE H B APYTHX
obaacrsax. Tak, HanpuMep, ¢ ero NOMOLIBIO NOBHIUIAIOT YYBCT-
surenbHocTh 1O Toka 06paTHOf MOCIefOBATENLHOCTH B 6J0-
KHDOBKaxX NpH KayaHHAX, aBTOMAaTHUYECKH 3arpybiasis HX mpu
TOKaxX KadyaHHH, o6YCJIOBJHBAIOUIHX MOBBILIEHHBIE TOKH Heba-
Janca B QuIbTpax TOKa, 3arpybJsiioT MO TOKY B TeX ke pe-
JKHUMax OopraHbl HallpaBJeHHsi MOILHOCTH o6paTHOH nmocaenaoBa-
TEJBHOCTH MPOAOJbHBIX HAaNpaBJEHHBIX 3alHUT JHHHH W T.1IL

8.5, BbIMNONHEHUE NPOAOIbHLIX AU®HEPEHLNATIBHBIX TOKOBbIX
3ALMT C NPOBOJHBIM KAHATIOM

CxeMBl ¢ HPKYJHPYIOIHMH TOKAMH B PACCMOTPEHHOM BHI-
{Ie HCMOJHEHHH MOTYT NPHMEHSAThCS TOJAbKO AJIS JIHHHH MaJoH
Eaunpt, npu TA ¢ Imow=5 A He mpeBOCXOlsAIleH HECKOJbKO
coTed MeTpos (Hampumep, JUHHA COOCTBEHHBIX HYXKJ CTaH-
nuu). IIpu 66abHIMX ANHHAX M OGECNeYCHHH AONYCTHMOH Ha-
rpysku Ha TA, onpegensieMoil CONPOTHBJIEHHEM [JIed, CedeHHe
BCHOMOTaTeAbHBEIX POBONOB OKa3blBaeTcs HERONMYCTHMO 6OJIb-
uruM. BosHHKalOT Takke 3aTpyAHeHHs ¢ BHI6OpoOM Mecra
skitoyenust OT, geficTBHeM HX Ha BBIKJAIOYaTeJH, ¢ obecnede-
HHEM YYBCTBHTEJbHOCTH, HaJEXHOCTH KaHaJ0B CBSI3HM M AP.
B CCCP, kak u 3a py6exom, 6bIH pa3paboTaHbl 3auIHTHI,
B KOTOPBIX NPHMEHSIOTCSI MEPONPHATHA IO NPeOJOJCHHIO 9THX
3atpyaHennii. Huxe B KauecTBe NpuMepa pacCMaTpHBaeTCH
BHIMOJIHEHHE 3alllWThl, YaCTO HCNOJb3yeMOe Ha npakTtuke. He-
06X0AUMO NDH 3TOM OTMETHTb, YTO 3TO BBHIOJHEHHE, Kak
H JpyrHe cyllecTByloilue, 0b6aanaetT HEKOTOPBIMH HEJ0CTaTKa-
Mu. B cBA3H ¢ 3TUM OTeuecTBEHHBIMU opraHn3auusmu — PITU
(/1. A. Opexos u ap.). UT'Y (B. A. Bopucos u ap.), CII —
BeyTcst paGoTHl MO CO37aHHi0 Gosiee COBEPLISHHBIX BBINOJHE-
HUH paccMaTpPHBAaeMbIX 3aIlIHT.

IIpuHIMNLI BLIMOJHEHUs CYIECTBYIOWEH 3AMMUTLI C IAEKT-
pomexanuueckum pese (puc. 8.10). Ilns cokpamieHuss yucaa
JKuJ BCHOMoraTedbHBIX MpoBonoB (40 ABYX), obecnedenus
Gombiuell YYBCTBHTEIBHOCTH NpH HecuMMeTpHuHHX K3, ympo-
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[eHHsi 3ALIUTH B LeJOM OHa BbimoaHseTcs (puc. 8.10,a) on-
HOCHCTEMHOH, BKJIIOUaeMOli uepes KOMOHHHDPOBaHHEE GUABTPH
roka ZA” u ZA”. Jlyammumu  cunraores duabtpbl [--El;
B CBSI3H ¢ MM GepeHnHaJbHbLIM BBIIOJTHEHHEM 3allUThl 5TH
$HIbTPE HE MMEIOT HeJOCTATKOB, Ae/alolluX MX Majao HpH-
rofAHBIMH JJIs TOKOBBIX 3aiiuT. Koatpdunuent £ He Moxer,
0YEBHIHO, Bb;z?npaTbCﬂ paBHBIM €AHHHIE, TAaK KaK B cJayuae,
nanpumep, Ksc B 3amuinaemoll 30He H B MapKHpOBKe (HJIb-
rpa Ha (asy A Kak 0co6yi0 TOK Ha €ro BLIXOJE paBHsJCH GH
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:’auc. 8.10. CTPyKTypHaH cXeMa NpOAOIbHOH AH(depeHIHAIbHON TOKOBOI
WHTEL THHKE (@) M YNDOUIEHHAS CXeMa KOHTPOASA HCIPABHOCTH BCIOMO-
TaTeJIbHLIX MPOBOAOB (6)

HYmO ([14 — f24). Kosddunuent £ BriGupaercs Takum obpa-
30M, yroObl NMpH HecuMMerpuuHbix K3 B samuiaemoll 3somue
cobionasocs cootHouenne kl;>1;. Tlpu stoM o6ecneunsaer-
sl npeoGJanaloniee 3HaueHHe TOKOB [p, KOTOpHe BCErja HMe-
0T npuMepHo OAMHaKOBHIe ¢ O06EHX CTOPOH yuacTka (hassl.
Kospduuuent £ xenareanio BBHIOHPATDH NOCTATOYHO GOJBIIHM
(kak npasuo, oJIoKuTeNbHBIM). OfHAKO ero MakCHMaJjbHOe
SHayeHue OrpaHHYMBACTCH NPEKJE BCETO 3HAYHTENLHBIMH IO-
TpemwHocTsiMu GHABLTPOB NpH BGOJBIIHX TOKAX 1,(3), 06ycaoBau-
Balomumu  nosiBiieHHe HENONYCTHMBIX TOKOB HeGaJaHca.
npaxmqecxn MJI IPHMEHSIEMBIX KOHCTPYKUHH (QHABTPOB 3Ha-
ienne k orpanmumpaior 8—10. B ceTdX ¢ H30MHpOBAHHOH
HeliTpasnpio (Uwon<(35 kB), umeromux AByX(asHoe HuCMoJIHe-
HHe samur, GuabTpw 1esneco06pasto BKIOYATH MO IIpesoxKe-
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uuio H. U. Osuapenxo (M3U) na tokn asyx das (4 u C)
H TOK B 06paTHOM IpoBOJeE,

HpenycmarpuBaiores asa auddepeHnHaNbHbIX pesle TOKa
¢ Topmoxkenuem KAW’ u KAW” (paboune o6MOTKM KOTOPBIX
BKJIIOYAIOTCA NapaJl/elbHO APYT APYTY) — MO OLHOMY Ha KaXK-
Ro#t moxcraunuu. Yepes BHXOAHBIE NPOMENKYTOUHBIE pene OHH
AeACTBYIOT Ha OTKJIOUEHHE COOTBETCTBEHHO BHIKJIOUATE el Q’
u Q”.

Has ymeHbenusi narpysku Ha TA H BOSMOXHOCTH BHLGO-
pa BCIOMOTraTe/NbHBIX MPOBOJOB MAJOr0 CEYeHHS! TOKH, HUPKY-
JUpPYIOIHE MO TOCJELHUM, CHHXKAIOTCS NPOMEKYTOUHBIMHU
TAL: npu cHuXKeHHH TOKOB B n pas Harpyska OT BCIOMOra-
TEJbHBIX NPOBOJIOB yMeHbllaeTcs B n? pas. B samure sty
(QYHKIHIO BHIOMHSIOT u3oaupyomue TAL' u TAL”, a rakxe
AononuurensHo TALT' u TALT”. Heo6xomuMmo, OIHAKO, OT-
METHTDb, 4TO yKasaHHas TpaHC(opMaNus BO CTONBKO XKe pas
YBEJMUHBACT NpPHBEJEHHYIO €MKOCTb MEXIYy MKHJI4aMH, KOTO-
past, WyHTHPYsI paGoune OOMOTKH peJsie, MOXKET Hebaronpu-
ATHO CKa3bIBAThECSI Ha paboTe 3alHTHL.

Hpomexyrounsie tpanchopmaropss TALT BeimoHsoTes
HACHIAIOMKMHCA. DTO He TOJbKO 06ecHeuuBaeT aafbHellllee
CHHXKeHue Harpysku Ha TA, HO npu ray6OKOM HACHIEHHH
TALT upempamaer 3al[HTY B CPABHHUBAIOIIYIO He MTHOBEHHBIE
TOKH, a ux (assl. .

B kauecTse BcnoMOraTeqbHHIX NMPOBOLOB 0BBIYHO npuMe-
HSIOTCS KUJIBl GPOHHPOBAHHOTO KaGeslsi, HHOTAA KOD/eNbHOTO
Kabessi, HCIOJb3YEMOTO OJHOBPEMEHHO AJIs APYTHX CHCTEM-
HBIX HyXJA. Kabelu BO MHOTMX cayuasx NpOKIAABIBAIOT-
Cd BROMb Tpacchl JMuHUK. I[Tostromy npu K3 Ha semawno B
CEeTH BO BCIOMOraTeJbHBIX mpoBogax Hasogsatcsd DJC Baus-
Husl  Eop = ksoMIl, rne ky<1 — kosdduunent, YUHTHIBAIO-
WHxid  sKpaHupyoulee aeficTBHe 060J0YKH Kabens; oM —
YAETbHOE CONPOTHBJICHHE B3AMMOMHAYKIUH MEXAY Kabelem
u nuuuedl; [ — pnuHa yyacrka c6amxkenusi; =31, — pamsio-
LIHE TOK.

OJIeKTPOABURKYIIHEe cHIBl Eax B 060X NpOBOJAX NpUMEp-
HO paBHBI, TOKOB B 3alluTe He 00YCJIOBJIHBAIOT H MOTYT GbiTh
ONMACHBI TOMBKO AJsi OGC/]YXKHBAIOWIEr0 MEPCOHANA, 4 TAKKE
M H30MALMH KaGeliss W 3awMTHOM ammapatypwl. Ilostomy
TAL ucmoJbsyioTes ¥ AJIS raibBaHHYECKOrO pasneneHus Ie-
neit 1O u BenmomoratesibHEIX IPOBOLOB. Heo6xoaumo, oxnako,
OTMETHTb, YTO 3aMblKaHHE BCIOMOTaTeJIbHOTO MPOBOJA - HA
SEMJII0 MOXKET NPHBOJUTD K H3JHIIHEMY cpabaTHIBAHUIO 3alH-
THl [1]. B cBssu ¢ H3M0KeHHBIM 3acyKHBaeT BHHMAaHHUS NpH-
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MeHeHHe ONTHKO-BOJIOKOHHBIX Kabesell (cM. ru. 1), uMeromux
XOpOLIYIO MOMeX03allHIeHHOCTb.

IToBpex/ieHHe BCIOMOTraTeNbHBIX NMPOBOJOB MOXKET IPHBO-
AUTb K OTKa3aM MJH H3JMHIIHHM cpabaThiBAHHAM 3amIUTHL. I10-
5TOMY OHa CHaGXKaeTcsl CHeNHaNbHBIM KOHTPOJEM HCIPaBHO-
CTH BCIIOMOraTeJIbHBIX TPOBOLOB. K yerpoiictey Koutpoas,
ABTOMATHYECKH BHIBOASILIEMY 3alUUTy Ge3 BbIAEPKKH BpeMe-
HH, TPEADBSBJIAIOTCS OYEHb XKeCTKHe TPeGOBaHUA MO OHICTPO-
nefictBuio. Ilpu paGore ycTpoficTBa Ha curHan NpHXOAHTCS
BRIOHPATh [c,s>[pas, uTO 3arpybuaser samuty. Yerpoicrsa
KOHTPOJISI 4Yallle BCero BHIMOJHSIOTCA MO CXEMAaM, HCIIOJb-
3yIOLIHM HAJOXEHHe NOCTOSHHOrO TOKAa OT MOCTOPOHHEro
MCTOUHHKA TOKA. Brepsrlie oy 6bliu mpeanoxkeHsl Ha XOM3
H. A. Kpasuossim B 30-e ronn. B panbuefimiem 6L paspabo-
Tad psAj ux Mojudukanui B CP3uy TIII u Mocsnepro. Cro-
co0 OCHOBBIBAeTCA Ha TOM, UTO HAKJAAbIBAEMBIH MOCTOSHHBIH
TOK He MOXeT OOyCJ/IOBUTh cpabaThiBaHME 3aIUMTH, paboTaro-
el Ha mepeMeHHOM TOKe.

Ha puc. 8.10,6 mpusenena ympoueHHas cxema yerpofict-
Ba KOHTPoJsiA. Cxema BBHINOJIHEHA C HHUPKYJIALHEH MOCTOSHHOIO
TOKa MO BCIOMOTraTE/bHBIM NIPOBOJAM IIPH HX HCIPABHOM CO-
CTOAHHH. BTopHuHble 06MOTKYH T'AL BHINOMHAIOTCS B BHAE ABYX
CeKLUH, COEJHHEHHBIX. DA3/ICNHTENBHBIM KOHAeHCATOpOM C’
(C”), mpexcraBisiiomuM co60l GECKOHEUHO GOJbIIOE Compo-
TUBJIEHHE JUIsi TMOCTOSIHHOTO H MaJoe AJIsl MePeMeHHOr0 TOKA.
K saxumam koHpencaropa C NMpPUCOEIHHSETCS HCTOYHUK BbI-
NpPSAMJEHHOTO TOKA, MOJYYAIOUIMH MUTAHKHE OT H3MEPUTEJbHOrO
TV. MunuManbHEe GHCTPOAEHCTBYIOUHe peJie TOKa KOHTpPOJSI
KA’ n KA” BgaouanoTcs mocie0BaTeJbHO B IeNb LUPKYJIsi-
MM TOKA COOTBETCTBEHHO CO CTOPOHBI HCTOYHMKA NHUTAHHS H
NPHEMHOH CTOPOHbI. 3aMBIKAIOLIHE KOHTAKTHI 3THX peJse KOHT-
PONUPYIOT LeNH BHIXOHBIX PeJie 3aLUTHL,

IIpu o6prise BemOMOraTenbHHX MPOBOZOB pelie KOHTPOJ

A cpabaThiBalOT, BEIBOIST 3aIIUTYy U3 paboOThl H HAeHCTBYIOT
Ha curuadg,

Ilpy saMbBIKaHUM MeX1y BCIOMOTATENbHBIME IIPOBOJIAMHU
CpabaTblBaeT TOMNBKO peJie KOHTPOJS C IPHEMHOH CTOPOHBI
KA”. lns npepoTBpalieHHs BbiBeleHHS 3aLIHTEL H3 pabGoThI
npr K3 Ha samuimaemoll JHHHH, KOTAA HAampsiKeHHe MHTAHWS
YCTpOHCTBA KOHTPOJISI MOXKET CHHKATBCS 40 HYJIS, MPELycMaT-
PuBaercs mounmHTKa B Teuenue 1—3 ¢ pese KA or koHmeHca-
Topa C.

YCTPOACTBO KOHTPOJS JOJIKHO npu ol6priBax BCIOMOra-
TEIbHBIX NPOBOOB cpabaTtbiBaTh OhicTpee 3awMTB. ITOMY

311




TNPeNnATCTBYIOT NepeXOJHHe Ipolecchl B LenH KOHTPOJdA, On-
pellefiseMble eMKOCTAMH KOHjaeHcatopoB. Ilo3ToMy peanbHas
cXeMa BHIMOJIHEHHS YCTPOHCTBA C yYeTOM OTCTpPOHKH OT HHX
OKa3bIBAeTCS 3HAuYMTeJabHO GoJsiee caoxHof. OnHako W NpH
3TOM 3alllUTa ¢ KOHTpOJeM, NeHCTBYIOLIUM Ha BbiBeleHHe ee
3 paboThl, OKaabiBaeTcss He OueHb OHCTPOAeHCTBYIOMIEH.

Jono/mHuTeNIbHO B YCTPOHCTBe KOHTPOJA IpelyCMaTpUBa-
0TCA NPUCHOCOGJIeHHs I/ MepHOAHYECKHX H3MepeHHH compo-
THBJIGHUA H30JALUH BCHOMOraTeNbHHX MPOBOJOB OTHOCHTE/b-
HO 3eMJH M TOKa KOHTDOJS, a TaKXKe 3a3eMJAOLINIA Jpoccesb,
OrpaHHYMBAIOILUH HalpsiXKeHHe Ha BCHOMOTAaTeNbHBIX IPOBO-
Jax OTHOCHTEeJbHO 3eMJH IpPH NOsIBJeHHH OOJbIIHX IICTEH-
LuaJOB Ha 3a3eMJSIOLIEM KOHTYpe 3JeKTPOYCTAHOBKH,

H3noxkeHHble MPUHIHNB  OCYULECTBJEHHS NPOJLOJbLHOH
I depeHIIHANBHON 3aUIHTH U KOHTPOJS HCIPABHOCTH BCIIO-
MOraTeNbHEIX NMPOBOJMOB NPHUHATH B BBIIYCKaeMOH NPOMBIMI-
JNeHHOCTBIO 3amuTe tuna JA3J1.

B cxemax ¢ AByMs KOMILJIEKTaMH peJie BO3HUKAIOT YCJO-
BUs1 AJis1 MOSIBJIeHHS AOMOJHHUTENbHOH chaarawmeft Iqus., 06-
VCJAOBJIEHHON  CONPOTHBJEHHEM COERIUHUTENbHBIX I1POBOJOB
Zup; B Npenene NpH Zuyp—>00 Iusg=1Ipas. [IpakTHdecku mpu
HeOOJbIIOH AJIMHE JIHHUH, IPUHATHH Mep K YMEHbIIEHHIO MpH-
BelleHHOro CONPOTUBNEHHA Zyp Iuys; HEBeNMHKH H OGBIYHO CHO-
coObi OTCTPORKH OT Jus MOCTATOUHLI M JUIA PACCMATPHBAEMOTO
aBienus. Jlnsg AuHUE OTHOCHTENbHO GOMBIIOH R/IMHBI BJAHSHHE
napaMeTpoB COeIHHHTEJNbHBEIX IPOBOAOB PACCMATPUBANOCh 3a
py6exom (IamunbroroM) u B CoserckoMm Coloze (B. JI. ®a6-
pukautom, JI. A, Opexosbim u 9. C. Fenbdanmom).

OcHoBHBle OTpPHIATEeJbHBle MOKA3aTeNH pPaccMOTpeHHOM
CXeMBl, KaK ¥ Jpyrux el HoJOGHBIX, ONpeaensioTcs BCIOMOra-
TeJbHBIMH TNpoBojaMu (cM. IV 1): HapylleHHe HX HCIPABHO-
CTH, YTO He HCKJIOYEHO, MOXKeT IpPHUBOJHTbL K MJIHTENbHOMY
BBIXOAY 3alIUTHI K3 PalOTHl H OTKa3aM (QYHKIHOHHPOBAHHSA
(npu HecoBepIIEHCTBEe YCTPOHCTBA KOHTPOJS); CTOUMOCTEH OCY-
IleCTBJIEHHST 3allHTH, B OCHOBHOM OINpelelisieMas 3aTpaTaMu
Ha IpoBOJAa W HUX NPOKAAAKY, pacTeT NPHMepHO MNPONOPUHO-
HaJLHO JUIHHE yyacTKa H MOXeT 6bITh GosblIoil; GHCTpoxef-
CTBHE 3aLIUTH MPU HCIOJAb3YEMBIX cocobax KOHTPOJSI HCHPaB-
HOCTH TIPOBOJAOB fIBJASIETCS CHJAbHO orpannueHHBiM, HeobGxonu-
MO TaKxXe OTMETHTh 3aTPYRHHTEJbHOCTh NPUMEHEHHS CYLIeCT-
BYIOIUX CXeM 3aHIHTH JJIsT MHOTOKOHIIEBBIX JTHHHH (HampuMep,
JUHUE ¢ OTBETBJACHHAMH) .

C y4eToM 'H3/I0XKeHHOro 06/1aCTH NpUMeHeHUs 3alIMTHI, B
0co6GeHHOCTH NPH CYLIECTBYIOHMIMX YCTapeBIInX crnocobax ee
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BEIIOJNHEHHS, ABAAIOTCS BechMa orpannyeHnbiMu. Ee HHOrRa
NpPUMEHSIOT AJs JUHUA JJHHOA 10 HeCKOJbKHX KHJIOMeTpPOB
MpH Helenecoo6PasHOCTH HJH HEBO3MOXKHOCTH HCIOJb30BAHUS
Apyrux, 6osee 3pdeKTHBHBIX 3aLLHT.

8.6. MPOAOABHLIE AUDDEPEHUMALHBIE TOKOBBIE 3ALLIUTLI
C 84 KAHAJIAMU U PAOUOKAHATIAMH

B o6iieM cayyae pJs 3aULHT, B KOTOPHIX HMH(pOpMalH
0 cpaBHHBaeMbIX TOKAaX JBYX CTOpPOH yuacTka Nepejaercs MO
BY uau papuokanany (cM. rJ, 1), MOXKHO, KaK U AJil HanpaB-
JIeHHBIX 3amuT, (CM. TV 7) paccMaTpuBaTh HCHOJb30BAHHE
6nokupyomux curianos (BC) wu paspemamouiux cHraanos
(PC), BbImonHsieMBIX HOpMaJbHO mpucyrctsylomumu (HIT)
# HopMauabio otcyrcrsylouamu (HO) tokamu B kanane. On-
Hako aJs AM¢PepeHIHaNbHBX TOKOBHX 3alUT B OTJHYHE OT
HalpaBJieHHBIX KOJIHUECTBO BO3MOXHBIX BAPHAHTOB 3HAUHTENb-
HO BO3pacTaer 3a CYeT HeOOXOAWMOCTH MAHHNYJAUUH (YOpPaB-
JgeHuss) BY u papnocursanaMu ToKamu NpOMBIIJIEHHOH dYac-
TOTH, 3 TaKKe BO3MOXKHOCTH IIPOH3BOAUTH 3TH MAHUIYJASIHE
B OJHH U TOT e WJH PasHble NOJYNepHOAB YKA3aHHBIX TOKOB.
Bumonnenunste 8 PIIH pa6orel [Ranpmep, I'3-fo-Lisyn (KHP]
HaMedaJu HauboJiee Ienecoobpasuble I NPHMEHeHHH Baphu-
aHTHl, MpHYeM OHH OKasajuch pasHeMH npu BY u paanoxa-
HaJjax.

[Toka mHpoOKoe MpHMeHeHHE MMEIOT TOJABKO 3amutel ¢ BY
Kanasnamu. Jaa HHX, KaK ¥ [/ HANPaBJEHHLIX 34llUT, HeJe-
coobpasuo ucnogasdoBanne BC ¢ HO tokamu BU. Takoe BHI-
nojiHenue He TpebyeT mepeAauyd CHCHAJOB 4Yepe3 MECTO NO-
BpeXAeHHA Ha 3alllUllaeMOM ydYacTKe; OHH HCIOJb3YITCSH
TOMBKO HA HENOBPEeXHeHHHX ydYacTKax AJjs OJOKHPOBAHUS
JeHCTBHSA 3AUIUT NOCAEJHHX.

BoaMoxHO cpaBHeHHe MOAYyJell u ¢pas WaAH TONBKO (Pas To-
koB., OGBIUHO NpHMeHsieTcs NOcjeHee Kak ympoluaouiee BY
yacTh 3amuthl (Tpebyercsi onuH, 4 He JBa CHrHana) H obecne-
yyBalIee OTCTPOHKY OT NEPEeXOLHHX PeKMMOB BHewIHHX K3,
korna TA moryT pa6otaTb ¢ 6OJBUINMH TOKOBBLIMH NOTpeLIHO-
CTIMH. 3auMThl BLINOJAHAITCH OJHOCHCTEMHBIMH, OCYIIECTB-
JSIOIEMH CPaBHEHHE TOKOB, INOJYYyaeMBIX uepe3 KOMOUHHDO-
BaHHBle QUAbTPH, 06bluKO /1+RI3, a He modasHoe cpapHeHHe

TOKOB; 3TO HE TOJbKO yHpollaer 3allUTy M KaHat, HO u ofe-
crnieurpaer ee GOJBUIYIO YYBCTBHTENBHOCTb K HECHMMETPHUYHBIM

K3.
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Heo6xoanMo, oZHakKo, OTMeTHTb, UTO H cpaBHeHHe $a3 To- .

k0B /1+kIy uMeeT HeKOTOpBIe HEJOCTATKH:

3auiuTa MOXKET OTKasaTh B HeHCTBHH Ha JHMHUH ¢ GOJBIIOH
Harpysko# npu o6peBe asbl ¢ 0AHOCTOPOHHHM K3 Ha zemJio
[2] (c aT0# TOUKM 3peHHs GBIJIO Gbl MPEANIOYTHTEAbHEH CPABHH-
BaTb He (hasel, a MoAyad H ¢asbl TOKOB), KaK NOLUYEePKHBA-
Joch, Hanpumep, Xo-Hsa-Jin (KHP);

BO3MOXKHEL 3Ha4YHTesbHble (DAa30Bble IMOTPEeUIHOCTH (GUABT-
pOB IpH GOJBILNX R, KOTOpble HHOT/A XOTeJOCh Obl IPHHAMATh
17151 oGecnieueHus kig>>1.

3amute Jo/KHE uMeTh 110, oTcTpanBaeMble OT TOKOB pa-
060ounX peXXHMOB JHHHH, KaK H HampapJeHHas sauura ¢ BU
OJI0KHPOBKOH, HCNOJb3YIOUAsl (ha3Hble BeJHYHHBI (CM. ra. 7).

IlepBrie paHHble O A depeHINANbHBIX TOKOBBIX 3allHTaXx
¢ BY 6GaokupoBkoit otaocsitesi k koHNy 20-x romos. OpgHaxo
TOJIbKO B KOHHe 40-x — Havajge 50-x ronos GHJH OpoBejeHH
ycnemssle pagotst B0 BHHUHMD u LIJI9M Mocsuepro mo co-
3fanuio OoJiee cOBEpILIEHHBIX BapHaHTOB 3TOH samuTH, B pe-
syabrate BHHUHD (E. 1. Canup u ap.) Oblia cosgaHa oTede-
cTBeHHas OQupeperyuarbHo-asnas 3auiurTa, 3HAYHTENbHO
Jaydiias, 4eM 3apy0eKHble.

Heo6xoauMo, ojHako, OTMETHTb, KaK 3T0 06OCHOBHBAJIOCh
B I'Ml. 7, 4TO B HOcCJenHee BpeMsl BHOBb CTaJIH OTAaBaTh Ipei-
[IOYTEHHE NPONOCJbHBEIM HANpPABJEHHBIM 3allHTaM, KOCBEHHO
CPaBHHMBAIOUINM 3JeKTPHUECKHE BEJHYHHbl IO KOHIAM 3allld-
maeMoro ydacrka. [losTomy HuXKe KpPaTKO paccMaTpHBAIOTCS
TOJIbKO HEKOTOpble ocoGeHHOCTH Au((depeHnHaNbHO-(DA3HBIX
TOKOBbIX 3amuT ¢ BY 6a0KupoBKO#.

8.7. AUDDEPEHLIMANBHO-®A3HAS TOKOBAS 3ALLIMTA C BY
BJIOKUPOBKOWM, PASPABOTAHHAS BHUMD

MMpuuuun peifictBus 4 Bbimosanenue. OreueCTBeHHOH Mpo-
MEILIJIeHHOCTbI0 BHITIYCKAJHCh HECKOJIbKO BapHaHTOB paccMar-
pHBaeMOH 3alIUTHI, NpeAHA3HAYeHHOH A paboThl B ceTAX OT
110 no 500 kB BkaouunteabHo. IIpunuuns paGoTel 3THX Ba-
pPHAHTOB 3alIHTH oxMHaKOBH. Huxe paccmarpuBaercsi paGota
3aUIUTH Ha npHMepe 0oJiee NMPOCTOTO BHINOJHEHUS ee AJs ce-
et 110—220 kB, CrpykrypHass cxema 3auluThi, NpHHSITAS
B Mertojguyeckux paborax MIHM (3. M. Bace, H. M. Ouapesn-
Ko), naHa Ha puc. 8.11. MaMepuresbnasi 4acTh cxeMbl BKJIO-
yaer 11O, opraH ynpapJieHUs NepefaTYHKOM M OpTaH cpaBHe-
HHs1 a3 Tokos [,+k[; mo KoHmam 3amunuiaeMoll aunun BB
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(puc. 8.12), 13 KOTOPBIX NPHHATH YCJIOBHbBIE MOJOXKHTENbHEE
HanpasJleHHsl BHYTPb 3aUlHIaeMOH 30HBL.

Kak ¥ B npojosbHBIX HalpaBJeHHBIX 3auiuTax (cM, ra. 7),
6oJiee UYBCTBHTENbHBE 3JeMeHTH ocHOoBHBIX 10 nyckalor BY
npueMollepeaTUHKH, KOTOpble IOCBIAIOT Y NpuHHMalor BY
CHrHAJIB, MeHee UYBCTBHTE/bHblE NOATOTABAHBAIOT lellH OT-
kaouennsa. s obGecneueHust HajexHOro GlOKHpOBaHHS 3a-
HuTE NpH BHewHeM K3 mepexaTuwku myckawTces fo Hauaja
cpaBHeHHs (a3, a OCTaHABJHBAIOTCS ¢ HEKOTOPOH 3ajepiKKOi
nocjie OTK/IOUYeHus nospexaenus. [Ipu atom npeaycmarpupa-

- ﬂdﬂymeub/i
NlepedaBaemsiu l Ha amxniovenue cuzHan
2
(uehan ﬂep?iz‘z]mvuk <——|7?0_| flpuemuur
- !

I,* k1,

L gpeak _T Opean cpab-
MOaHUNY — E;He HeHUR a3

nayud

L»Fif] [unu-we| | unuz nez }—
7 A
— 7,
1% [22]
L . | u1
7 L

Puc. 8.11. Ctpykrypuas cxema anddepenunansuo-¢pasuoit BU samurn TH«
na J®3

ercsl HeMe/JleHHAs OCTAaHOBKa IllepefaTUHKa NPH BHYTpeHHeM
K3 # oTkAI0UeHHH BLIKJIOYATENS] CHAUAJa TOJbLKO C ONHOH H3
CTOPOH JIMHMH (AJi NIPeROTBpalleHHsl OGJOKHpOBAHHS MOJY-
KOMIIJIEKTa 3alIUTH NPOTHBOIOJOXKHON CTOPOHBI JIHHHH Ha He-
KOTOpOe BpeMsl, olpeae/sieMoe YKa3aHHBIM 3aMejJleHHeM oCTa-
HOBKH MepelaTYHKOB). JTO MepONpHsTHE COKpalaeT BpeMs
AukBUzanud K3 npu KackamHoMm AeHCTBMH 3aUIHTHL. YKasaH-
Hble OllepalMH OCYUIEeCTBJASIOTCA JIOTHUECKOH YACTbIO 3alIUTH.

C nomoumpbio opraHa ynpaBJeHHsi epefaTuHKOM (opraHa
MaHHIysHK), obecneynBalomero paGoTy nepeaaTynka B Te-
YeHHE KaXJAOTO IMO0J0XKHTEJIbHOTO MOJNYNepHOoAa NpPOMbIIIJIeH-
HOH 4YaCTOTHl, NPOHM3BOAHTCA Nepelaua (Gasbl MaHHNYAUDPYIO-
tmero toka /1+kI2 co CTOPOHB faHHOTO mOAYKOMIZeKTa. [1pu-
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Tox wa Bsixade
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Puc. 8.12. Teficrsre 3amursl no puc. 8.11 npu saemnux K3 u K3 B sam-
maemoll 30He

eMHHKHM npuHAMaior BY curHalel Kak CBOEro NepelaTuyHKa,
Tak H APYroff CTOPOHBI M BBINOJHEHBl TaK, UTO BHIAAIOT TOKH
B OpraHbl cpaBHeHHsl (a3 TOJNbKO NPH OTCYTCTBHH NMpHHHMAae-
Mbix curtajos. Manunyaupyoute TOkH cha3HpOBaHBI TAKUM
06pa3oM, uTO NepelaTydky npu Brewnnx K3 paboraior B pas-
Hble IOJYTNEepPHOAB, CO3LaBasi B COBOKYNHOCTH B NpHeMHHKaXx
HenpepoiBHple BU curuansl u TeM cambpiM ofecneunBas Hecpa-
fareiBanue 3auuTsl. [1pn BHyTpenHnx K3 mpunuMaeMbie Tpu-
emunkamu BU cHraoaspl UMEOT CKBAaXKHOCTH, 32 CUET KOTOPBIX
obecneunBaercsd cpafaThBanHe 3alHTH. Tak OCyNIEeCTBJsETCS
cpaBHenue a3 TokoB /-l mo KoHI|AM JIHHHUH. o

Pa6ora 3aliuTH], BHIMOJMHEHHOH YKa3aHHBIM 00pas3oM, HI-
JIOCTPHPYETC OGHUHO NPHBOAHMBIMH YCJIOBHHIMH JHarpaMma-
MH, JaHHBIMH Ha puc. 8.12,a-— e gnd BHeMHEro ¥ BHYTPEHHe-
ro K3 co capurom (a3 cpaBHHBaeMbIx TOKoB Ha 180° B nepsoM
cjiydae M IPH OTCYTCTBHH TAKOBOTO BO BTOPOM.
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[IpakTHYeCKH TOKH ABYX CTODOH JIMHHM TIPH BHYTPEHHEM
K3 uyacto CABHHYTH HA 3HAUATENbHBIA yroJ, ompejensieMblit
casurom ¢as DI C uacteli cHcTeMbl, HeOAHHAKOBBIMH YIJaMH
CONpPOTHBJICHHA 3THX YaCTeH, MOrPeLIHOCTAMH TA n Kom6uHu-
pOBAHHBEIX (QHJBLTPOB, CO3MAIOUIMX TOK, IPONOPLHOHANBHBIN
[,+kly, a Tagxe cBoficTBaMu uibTpoB. IloaToMy XKematesb-
HO yBeJHYEHHEe yriia MeXAy STHMH TOKaMH, IPH KOTOPOM 3a-
muTa Moraa G6ul cpabatbiBaTh. Ero mpejpenbHoe 3HaueHue, OX-
HAKO, OFPAaHMYHBAETCS YC/AOBHAMH NPEAOTBPAIleHHs] H3JHIL-
HHX cpaGaThiBaHWil 3alHTH 3a cYeT PA3HHIB B YIVIOBBIX
norpellnocTsx Tex xe TA, GHIBTPOB, KOHEUHOH CKOPOCTH pac-
IpOCTPAHEHHsT 31eKTPOMATHHTHBIX BOJH (CM. IV 1) u caBura
(a3 NepBHYHBIX TOKOB, ONpeleNsieMOro €MKOCTHOH IpOBOJH-
MOCThIO 3aIIUIAEMOro ydacTka. 3oHa OJNOKMPOBAHHS 3AIUTH
o6Buno cocTaBasier 40—50°, u, ciienoBaTeNbHO, AOMYCTHMBINA
caur mo Qase cpaBHMBaeMbix TOKOB [i-+kI; mpn BHYTpEHHHX
K3 wmenbme 140—130° uro o6niuno npHemiaemo. Ilpu oxmo-
cropounem nutaunu Mecta K3, koraa I1O ¢ npuemHoit cropo-
HH He cpafaTwiBalor, BC Her W 3amura MoxeT cpabaTbiBaTh.
OnHako npu oOwiuHo wucmonbdyeMmblx 110 mocaeanne HHOTAA
MOryT CpaGOTATh C NPUEMHON CTODOHH, HanpuMep OT GPOCKOB
TOKa jABHrareJe#l morpebutenelt, OT ToKa HeCHMMETDHH, H 3a-
IyCTHTb CBO¥ NEpejaTUHK, KOTOPHIN OyAeT NOCHIJIATH CIJIOLI-
npe BC. Jlnsi npejpoTBpamenns 3aTsrupanus orkiaouenus K3
B TAKAX CJydYasiX IPUXOAUTCS MPUHUMATh CHEHHAJbHbIE MEPHL.

Hekortopble 0COGEHHOCTH BbIMOJHEHHs! MYCKOBbIX OPraHoB.
3aliuTa BIIOJHSAETC AAs AefcTBHs npH Beex Bagax K3 B ce-
TSX ¢ TJyX03a3eMJ/EHHBIMH HeATpaJsiMH, B TOM YHCJIe H OpH
K®_ Onpuaxo ochoBHble I1O 3amIMTH BKIIOYAIOTCA Ha COCTaB-
JSIOLiKe TOKOB 0GPATHOI MOC/e0BaTEIbHOCTH [ MK CYMMY
a6comorubix 3uauenuit |[z|4-k"|lo|. A noBuLIeHAS HX HYyB-

CTBHTEJBHOCTH HHOTAA HCHOJB3YIOTCH TaK¥Ke KOMIEeHCHPOBAH-
Hple HaNpspKeHHs oOpaTHOR NOC/Ne/0BaTebHOCTH; TOrAa opra-
b BKaowatorest Ha |Us — Zoxlo|-+R|1o|, Tae Zax— compo-
THBJEHHE KOMIIEHCALMH, COOTBETCTBYIOLLEE YACTH 3AMUILAEMOT0
yyacrka. deficteue npu K® oGecneunpaeTcs 3a cuer XOTs Obl
KPAaTKOBPEMEHHO NOsIBJsIOIeNCss B HAUaJbHbI MOMEHT HEeCHM-
METDHH; IPH 3TOM KPATKOBpEMEHHOe cpalaThiBaHHe yKasaH-
HBIX opraHoB ¢uxcupyercss mpu K® pononuureavamm [10
CONMpPOTHBJIEHHs, BK/IOUAEMEIM, KaK 3TO NPHHATO B JUCTAHIH-
onnbix 3amutax, Ha Uwe # coorBercTByoOmee eMy Ivp. B 3a-

HiUTe INpelycMaTpHBAIOTCH TaKxKe JONMOJHHUTE/bHEIE opratsl
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OT, BKaOuaeMbie Ha (asHhle TOKH [p, OTCTpaMBaeMBle OT
IpaO max JHHHH.

Bonee uysctBurenpuniit OT oGecneunsaer nyck BY mepe-
JAaTyHKa H IO03TOMY INO3BOJsET 0GJerydTh BHIIOJHEHHe (DHJb-
TpoB I3 I1O, nmockoabky He TpeGyeTca orpaHuYenHe uX Heba-
JaHCOB NpH BHemwHnx K3) u KayaHMsIX ¢ TOKAMH, IpeBBIILA-
WHMH lpa6 max. Dosee rpyGeri OT mnossoasier o6ecnednth
cpaGatbiBanne samuTh npu K Ges mpeiBapHTeNbHON HecHM-
MeTpHH, Koraa ¢uaerposbiit [10 Moxer oTkasarTs.

Jlornueckas wyactb. OcoOeHHOCTH JOTHYECKOH 4acTH 3alllH-
THl ONPEAENSIOTCH PACCMOTPEHHBIMH NMPHHUUNAMH ee NeHCTBUSA
H BhinoJHeHHsA. OHa OCYUIeCTBJSET JOTHYECKHE OIepanHH
WJIHU, WU, UJIK —HE, BPEMS, TIAMSTD (cM. puc. 8.11).
Ilyck nepenatunka u MOATOTOBKa nemned oTkawueHus or I10
IPOHCXOAMT uepe3 Joruyeckne siaemedtsl HJIHI! n HJH?2,
Iochinka nepegatunkoM BY uMny/1ecOB uMeeT MecTo MpH Ha-
Judnn curdana ot I1O u Hanps:KeHHsA OT OPraHOB MAaHHIYJs-
LIHH 4Yepe3 JOrHuYeCcKHH 3jeMeHT M, KOTODHIl BHIIOJHEH B c06-
CTBEHHO nepenartynke. Ilepesatynk go/KeH 3amyckatbes Aa-
JKe IPH KPaTKOBPeMeHHOM cpabaThiBaHHH OCHOBHHEIX I10; 3to
obecrnieunBaeTcsl 3JEMEHTOM BpeMeHHOH mamaTh /11, OcraHoB-
Ka nepelaTyvKa ¢ HEKOTOpPOH 3ajepKKOil ocyIecTBAsSeTCH 36~
MEHTOM BpeMeHH B, 3amyckaeMbIM YYBCTBHTEJbHBIMH 3Je-
mentaMu /10 I, u Iy npH HX BO3BpaTe, T.€. Yepe3 3JEMEHT
HJIH — HE. Pa6ora 3aluTH Ha OTKJIIOYeHHE MPOHCXOLHT npu
cpabatbiBaHuH Gosee rpy6mix saeMentoB I1O u mosiBaeHHH
CUr'HaJla Ha BBIXOJe opraHa cpaBHeHHs (a3, yTo obecreynBa-
ercst snementom H2. IlonroroBka uemnefl OTK/IOYEHHS yKasaH-
HeiMu 110 ocymectBasieTcs ¢ NOMOLIBIO JOTHYECKOrO 3JeMeHTa
HJIH2; npn 3TOM NOArOTOBKA STHX Iemefl oT opraHa compo-
THBJICHHA BO3MOXHAa IIPH XOTHA OBl KpaTKOBpEMEHHOM cpaba-
THIBaHHH GoJiee YYBCTBHTEJNBHOrO 3J1e€MEHTa OCHOBHOro 110 I,
yepes 3jeMeHT BpeMeHHoH maMsatu [12, uto ofecneunBaeTcs
sniementom H1. Tlamarp I12 cHHMaeTcs 3J€MEHTOM BpeMeHH
B2, myckaeMBIM OpraHoM CONpPOTHBJIEHHSL.

Yuer nonepeuHoH €MKOCTHOI MPOBOXMMOCTH 3aIHIaeMOH
auuuH. ITpu pacemorpennu nuddepeHnHaIbHEIX TOKOBHX 3a-
IAT Bbllle TPEANOJaraJjoch, YT0 OT BJAHSHHS NMONEPEYHOH eM-
KOCTHOH NPOBOAMMOCTH 3alHTa MOXKET OTCTPAHBATBHCH COOT-
BETCTBYIOIHM BBIGOpDOM ee NMapameTpoB cpabartuiBamus. On-
HaKO s JJIHHHBIX JIHHHH CBePX- H YJbTPaBLICOKOTO
HanpsKeHHsl, HMEWI[HX 3HAYHTeNbHble €MKOCTHBIE IPOBOIH-
MOCTH, TAKO€ DEIIeHHEe BOMpOca, KaK NMOKAa3alH HCCASAOBAHHS
SCIT (B. M. Epmoaerko, C. §I. Ilerpos) un BHUU (E. JI. Ca-
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nAp), OKasbIBAETCs HeNpHeMJaeMbIM. EMKOCTHEIE MPOBOAHMO-
CTH OOYCJIOBJIMBAIOT €MKOCTHBIE CJAaramllfe TOKOB, HAJHYHE
KOTOPBIX NPHBOAHT K HEPABEHCTBY TOKOB B IOJYKOMILIEKTaX
3aLUAT B cayyasx BHeWwHux K3 u pabounx pexxumos. dto Hepa-
BEHCTBO MOXKET JaxKe ONPEAJATh HANpaBJeHHE TOKOB C ABYX
CTOPOH BHYTPb HEMOBPEXKACHHOH JIHHHH, KaK IIDH BHYTPeHHEM
K3 (B ciyuae moBpexjeHHs] Ha OQHOH M3 mapaJlielbHBIX Iie-
ned WIH Ha 00XOAHOH cBsA3H). B pesyabrate npu sHemnnx K3
BO3HHKAaeT BO3MOXKHOCTb H3JHUIHETO cpabGaTBIBAHHA 3alHTHl
[pH BHINIOTHEHHH €€ ¢ TpebyeMoll 4yBCTBHTEIbHOCTBIO,

Hns obGecnieyeHus NPAaBHIbHOIO AeHCTBHS 3allUTHl TPH
BHeWIHHX K3 npHMeHseTcs HCKYCCTBEHHOE BHIDABHHBAHHE BTO-
PHYHHIX CPABHHBAEMBIX TOKOB B NOJYKOMILIEKTAX 3alHTh KOM-
neHcanHe#l €MKOCTHOTO TOKA. YCJIOBHe BHIpABHHBAHHS TOKOB
samuceBaercs B Buie [i+Iix=1Iu-+Iux, rae lix u Ix — xom-
IJIEKCHl TOKOB KOMIIEHCAllHH COOTBETCTBEHHO Ha CTOPOHAX ¢
TokaMu I1 u Iu, onpeaenseMbiMu I1+kl,. YunteBas, uto Aas
YEThIPEXNOMOCHHKA, KOTOPBIM MOXKeT ObiThb 3aMEHEeHa 3alllH-
maeMas JIHHHA, _[_/[=AU1[—|—§[[I H [1=_CU11—|—P[11; éD—
—B(C=1, nonyuaeMm cleyoLyl CBA3b MeXKAY TOKAMH KOM-
nencanin: Jix — Inx= (1—D) U;/B—(A—1) Un1/B. Tpusenes-
HOE COOTHOIUEHHE MOXKET HMeTb MHOXKECTBO peaJH3amuil.
KonkperHele pelleHHs NPHHAMAKTCH ¢ YYeTOM CJOKHOCTH
BBIIOJIHEHHA H TOrO, YTO KOMIIGHCAIHs MOXET CHHXKAaTb pe-
8YJBTHDYIOLIYI0 UYBCTBHTEJNbHOCTL 3alUMTH. Tak, Hampumep,
NpOCTOe pellleHHe NOJNy4aercs NPH MNHTAaHHH KOMIEHCHDPYIOUIHX
YCTPOHCTB TOAIbKO OT TV B MeCTe BKIIOUEHHS MOJYKOMIIEKTOB
3amuThl. B 3TOM cayuae TOKH KOMNeHcalHH ONpene/IsIOTCs BEL-
paxenuamu [ix= (1—D)U/B n I1x= (A—1)Un/B. Oxnako
TaKOoe BLINOJHEHHE KOMIEHCALHH MOXeT ObiThb He JYYLIHM
C TOYKH 3DeHHS YYBCTBHUTENbHOCTH 3aLIHTHL.

O6was oueHka 3amuthl. Kak ykaseiBajock Bhile, paspa-
Gorauneie B Coerckom Cowose (BHHUUD) aud depennuanbro-
({asHble 3aIIHTHl Pa3HBIX HCHOJHEHHH ¢ OGIHM HA3BAHHEM
H®3 sapekomennoBann cebst ¢ xopoieii cToponsl. Hx Heno-
CTaTKaMH I10 CPaBHEHMIO ¢ HANpaBJeHHHIMH 3alumtamu ¢ BU
6/10KMpOBKO# ABJIAITCS HECKOJbKO MeHbllee GHCTPOLEeHCTBHE
(ompeiessieMoe TeM, 4TO B MOMEHT Hayaja cpaBHeHHs (as npu
BHyTpeHHem K3 BY ummyJbchl ¢ ABYX CTOPOH MOTYT OKasbl-
BaTbCsi BPEMEHHO GJOKHPYIOLIHMH 3alKTy), Gojee BLICOKHE
Tpe6oBanus Kk BU kaHaly, MeHpIUAs NpHCIOCOBIEHHOCTD IS
3alUHTHl JUHHH, HMEWIIHX OTBeTBJeHHA. Heobxoxumo Takke
OTMETHTb, YTO NPH NPOHCXOAALIEM Iepexoie Ha HOBYIO 3Je-
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MeHTHYI0 6a3y (HHTErpa/jbHyI0 MHKDPO3JEKTPOHHKY) HOTpe6o-
Bajach Obl cylllecTBeHHas mepepaGoTka 3amuTH. [lostomy
ObIIO NPHHATO pellieHHe HePedTH Ha HCHOJIb30BAHHE HaNpaB-
JeHHbIX 3amHT. OJHAKO OHH He NPUCNOCOGJIEeHH [J15l 3alUThI
Jauauf B uukiae OAIIB. B c¢Bfisu ¢ 3THM B HanpaBJleHHBIX 3a-
IMUTAX AJS1 OTBETCTBEHHLIX JIHHHH CBEPXBBICOKMX HANPAMXKEHHH
npefycMaTpHBaeTcsd HX nepeBof B AH(MdepeHUHa bHO-asHbIe

Ha BpeMs# 3TOro uukJa [65]. '

8.8. MPUMEHEHME NOTMEPEYHBIX UM GEPEHLMANBHBIX
TOKOBbIX U TOKOBbIX HAMPABNEHHbBIX 3ALLMT

Ilonepeunsie Ouppepenyuarvrole 3auuTsl TPUMEHSIOTCS
AJIsl mapajlilelbHbIX Lenied ¢ ONHHAKOBBIMH HJIH HE OYeHb pes-
KO pasyiHYalolMMHCA napaMeTpaMH, NPHCOEAMHSEMBIX K IIH-
HaM uepe3 OTJe/bHbIe MJHM HHOTAa OO6lMe BBHIK/IOYATENH (CM.
puc. 8.1,6 u 8). Hx Bhno/IHeHHe OCHOBBIBAaeTCS Ha TOM, UTO
TOKH B 11apaJljieJIbHHX HensxX NPH HOpMaJbHOH pa6GoTe 1 BHell-
HHX K3 6biBalOT ONHHAKOBBLIMH HJIM He CHJbHO Pa3/IHYaIOIH-
MHcs, a npu BO3HUKHOBeHHH K3 Ha onHOH M3 uLenefl cTAHOBAT-
csl HeOJMHAKOBbIMH. [I/151 ueneli ¢ OT/eJIbHBIMH BHIKJIKOYATEA-
MH MOTYT IpUMEHSATbCA 3aIHTHL, CpaBHHUBAWOUIHe a6COIOTHBIE
3HaYeHUS TOKOB llenlell (O6QAGHCHbIE 3AUiUTbL) UJH TOKH U Ha-
npaBJleHHsl MOIHOCTeH B LendXx. BanaHcHble 3amutn npuron-
Hbl J/151 YCTAHOBKH TOJIBKO C NMHTAIOUHX CTOPOH H B OTEYecT-
BEHHOH NPAaKTHKe HCNOJb3YIoTCA pelko. [IpuMeHeHHe HaXOZAT
nonepeunsie Ouggeperyuarvhole TOKOBblE HANPABAEHHbIE 3a-
U{uTst, KOTOPHIE paccMaTPUBAIOTCS HHXKE.

B.9. NONEPEYHBIE AUMMEPEHLMATIBHBIE TOKOBbIE
HAMNPABJEHHbIE 3ALLUTEI

[IpuHUHN pefcTBHA W BbINOJHeHHe. 3amuTa HCIOJIb3yeTCA
And ABYX napaJuieslbHLIX uUeneH, NMPHCOeAMHACMEIX K IMHHAM
uepes OTAesbHble BhiKAOYaTenn. [1pu nospexienun Ha omHOH
M3 Lenefl 3alluTa AO/KHA OTKJAKOYATb TOJNBKO €e, OCTABJSSA
B paboTe BTOPYIO Lenb. DTO JOCTHraeTcs BKJAKYEHHEM KOMI-
JIEKTOB 3alIUTHI HA 06eHX CTOPOHAX Uenell H HCHOOJb30BAHHEM
B HUX AByX OHM mniu 0nHOrO AByCTOpOHHEro JeHCTBUA, BKJIIO-
JaeMblX Ha Da3HOCTb KOMIJIEKCOB TOKOB ULemedl I u Il u Ha-
upsixkKeHHe Ha WuHax (puc. 8.13,a). Bekrop HanpsaxeHus Ha
IIMHAX HE 3aBUCHT OT TOI'0, Ha KaKOH menu npoucxoxur K3; pas-
HOCTb e TOKOB Lerel OyJer OnepexaTb BEKTOP HaNpAKEHHS
HJIH OTCTaBaTb OT HErd B 3aBHCHMOCTH OT TOTO, Ha KaKoOH Ile-
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nu BosHukaer K3. Ilostomy OHM, BritoueHHHe Tak, uTOGH
cpabaThiBaTh, KaK M Yy TOKOBHIX HaNpaBJEHHHX 3allHT, OpH
HanpasJeHHH MOIHOcTH K3 B JaHHOH wenu OT IIMH B JHHHIO,
6yayT BHIOMPATb NMOBPEXAEHHYIO Lenb H OGeCHeuHBaTh ee OT-
KJIIOYeHHE.

YupolenHas CTpyKTypHas cXeMa 3alMTEl NpHBeJeHa Ha
puc. 8.13,6. 3amura TpebGyer HCHOMb30BAHHA OTAeNbHHIX 110
ans obecreyeHHsl MpexAe BCErO OTCTPOHKH €e OT TOKOB Heba-
aaHca fne nuddepenupanbHo BraoyenHpix TA HPH BHEUIHHX
K3, koraa uyscrButenbnnle OHM Moryr cpa6atsiBath 10X
BO3/IEHCTBHEM OCTATOYHBIX HANPSKEHHH U [us, HMEIOUIHX MpO-
H3BOJIbHYIO (a3y. JlonosnHTe bHBIM Ha3HaveHueM 110 MOXKet
ABHTbCA HEOGXOAHMOCTb  NpeJOTBPALCHHS  HENpaBHABHOTO
cpaGaTbIBAHHSA 3aLHTH NPH OTKJAIOYEHHH B paGouux pexkuMax
BLIK/IOUATeJIs OHOH H3 ueneil ¢ MPOTHBONOJOXKHOH CTOPOHbI
JIHHHH,

[IpenycmatpuBaercs BhiBefleHHe 3aIUTH H3 AefiCTBUS npu
OTKJIIOYEHHH BBIKJIOYaTels JMIOG0H M3 3aHIIaeMblX JHHMH,
OCYUIECTBJIsIeMOe Pa3pHIBOM Lenyd ONepaTHBHOrO TOKA KOHTAK-
TOM €ro peje MoJIOXKeHHs «BkAOyeHO» KQC (manmpumep, mo
BapuaHty, ykasanHoMmy Ha puc. 8.13,6). YkasaHuoe tpe6yer-

0mKQC2
1 Qz Ha omxnwoverue
4 TV Q7
7TA TA
Ha omxarvevwue
Qz

K sawume | a) Om KQC1 )

Puc. 813, CrpykTypHas cxeMa nonepeunofl aud¢epenuuanbHoit ToKoBoO#
HanpaBJeHHOH 3alHTHl napaJJejbHbIX Henef

cA 10 ABYM NpHuHHaM. Bo-mepBrlX, 3allUTHI CTOPOHBI MOLYT
paborate KackKajHO HpPH paciojoxeHud Mecta K3 61uxke K Of1-
HOH M3 CTOPOH JHHHMH, TaK KaK B 3TOM cjaydae HeoOGxomumas
a4 cpabareiBanusa [1O pasHOCTb TOKOB Lenell BHavaje MOKeT
ObITH TOJIBKO C ONHOH cTOpOHH, Ilocsie OTKJKOUYEHHA OHOTO
BBIKJ/II0UATeJNs] NMOBPEXAEHHOH LelNH TOK W MOIHOCTL K3 B Hell
OKa3bBAlOTCA paBHBIMH Hyawlo. I103TOMY TOT 3Xe KOMIJEKT
3aUIUTHl IEPEOPUEHTHPYETCA HA OTKJIOUEHHE HeNOBpPeXAeHHOM
uend. OYeBHAHO, YTO B 3TOM CJyuae ONEPATHUBHHIH TOK C yKa-
3aHHOTO KOMIJIEKTa AOJI)KEeH CHHMATbCS aBTOMaTHYecKH. Bo-
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BTOPHIX, IIOCJIe OTKJ/IUEHHS OLHOH U3 leleld ¢ 0aHOH UM o6e-
HX CTOpPOH 3allluTa MoXeT cpabaTHBATH H3JHILIHE NpH BHEI-
Hux K3. Cienyer oTMeTuTb, YTO B MOCJELHEM caydae omepa-
THBHBIH TOK CO CTOPOHH, rae o0Ga BHIKJIIOUATENS OCTAITCH
BKJIOYEHHBIMH, JOJXKEH CHHMMAarthbCsd, HalpHMep OT DYKH Ha-
KJaaKaMH.

OcoGennoctu Boinoanenus: [O. B npocredimem cayyae (Ha-
npuMep, IJIs 3alUT JHHHE HanpsxkeHueM Unow<(35 xB) [10
BBINOJIHAIOTCST TOKOBbLIMH. TOK cpaGaTeiBaHHA 3al0HTH BHIOH-
paercss B 3TOM cJjyvyae o JABYM ycaosusm: 1) kak W s
BeAKOH g depeHUHanbHOH — TOKOBOH — 3amuTH, [cs=
=korclus max pacy; 2) KOMIIEKT 34l(HTH [JAHHOTO KOHLA He
JoJKeH cpabaTeiBaTh NIPH OTKJIOYCHHH OJHOH H3 Lenef ¢ ApY-
roro KOHIla, TaK KakK MOUIHOCTh Ha JLAHHOM KOHI(€ MOXKET OhiTh
HanpaBJ/IeHa OT IIHH B JIHHHIO, MO3TOMY [cs=2Rorclpas max/Ks.
Tok Ics BHGHUpaeTcs no GoJbIIEMY M3 MOJYYEHHBIX 3HAYeHHH
C YYETOM TOTO, YTO 46 max pacu MOXKeET OBITb GoJblue, 4eM B
NPOJOJIbHBIX 3aLIHTaX, 332 CYET HEPABEHCTBA CONPOTHBJEHHI
napaJuiesibHbIX Lenel.

Bunosnrenne ITO samur cereft ¢ Uwow==110 kB, paGoraio-
WHX ¢ rJIyX03a3eMJIEHHBIMH HeHTpaJssiMH, OOBIUHO OCYINECTB-
Jercs mo-ApyroMy. YuuTeiBaercs, 4TO lc; JOJIKEH B 3TOM
cjlyyae OTCTPAMBATBhCS [JONOJHHTEJNbHO OT TOKOB HENOBpEXK-
Aennplx (a3 npu KO u K&V xotopete MOriiH 6l NPHBOAHTHL
K HENpaBHJIbHOMY cpabaThIBAHHIO 3AUIMTHl B peXXHMe KacKdj-
HOTO OTKJIIOUEHHS moBpexaeHus [1]. Dta orcTpofika Moxer npu-
BONUTP K €€ HejomyctHMoMy 3arpy0O.aenuto. ITostomy pac-
CMaTpUBaeMble 3aUIMTH, KAK H TOKOBble HaNpaBJeHHbIE (CM,
ra. 5), BKJIOYeHHble HA [OJHble TOKH (a3, mpu KO y KD
ABTOMATHYECKH BHIBOAATCA U3 AeHcTBHA. s pabornl ke He-
NOJIb3YeTCs CNEeIHAJbHBIA KOMIJIEKT HYJIEBOH NOCJAeAOBATENb-
HOCTH. B 1essix moBbIlIeHHsT YYBCTBUTEIbHOCTH MOCJELHErO 110
toKy B CP3uy TIIl T. B. CMHpHOBO# 6bIO NPEANOKEHO
OCYILECTBJISTh KOMOGHHMDOBAHHBIH NYCK OT pPAa3HOCTH TOKOB
3lo u nanpsixenus 3U, (KoTopoe He HOSABJSETCS NPH MEKAY-
dasupix K3) mo cxeme M, nedcrsylomeil na samper paGorsl
MexAy(}asHoro KoMmilekra. [lisi MOBHILUEHHS 4yBCTBHTEJBHO-
CTH TIOCJEHEr0 BBOAMTCA JONOJHHUTENBHBI NYCK OT OpPraHOB
Hanpsokenust (OH), sxmouaemsix ¢ OT no cxeme H; npu stom
TOK cpabateiBanust OT He noJKeH OTCTpauBatbes OT Ipas max,
TaK KakK IIPH OJHOCTOPOHHEM OTKJo4enuH uenu OH me cpaba-
THIBAET.

ITposepka uyBcTBHTEAbHOCTH, UyBCTBHTENBHOCTL 3AINHTHE
OLEHHBAETCS] KO(p(UIHEHTAMH UyBCTBHTEJBHOCTH IIyCKOBOT'O
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opraHa, 30HOH KaCKaJHOrO JefCTBHs H MepTBO#l 30HO:# OHM
MeXAy(Pa3HOro KOMIIeKTa. KoapdHuHeHTH 4yBCTBHTENbHOCTH
ky ONMpENeNAIOTCA M ABYX DEXKHMOB: NPH BKJ/IOUEHHHIX Bhi-
KJMOYaTesax ¢ 06eHX CTOPOH Lenell H B peXKHMe KACKAaLHOIO
OTKJIIOYEHHS], KOTAd BHIK/IIOYATe/b ¢ IPOTHBONONOKHON CTOPO-
HBl MOBPEXKACHHOH LleNH yxke OTK/II0YeH. B nepsom ciyuae no-
CTAaTOYHO O0eCNedHTh HEOOXOLHUMBIH kg npu K3 B touke Kp,q,
rie 4YBCTBHTE/IbHOCTH 3aLIUT OGEHX CTOPOH JIMHMH OAHHAKO-
bl (npeasnoxeno s SCIT T, H. Mopoanosoii u 3. IT. Cvupho-
BeiM). Ilpu sToM yuurhiBaercs, uto npu K3 B npyrux Mecrax
Herned YyBCTBHTRIbHOCTb OLHOH H3 3aIIUT OyZeT yBe/MYHBATH-
csi. Herpynno nokasaTh, 4t0 nosioxeHue TOUKHM Kpu, xapak-
TEpH3yeMOe DacCTOAHHEM Ipy OT WIMH, HAaMpUMep, NOACTAHIHH
b (puc. 8.14,a), onpenensiercss kak [lpus =[lc2a/ (lcsn +
+ IC,SB )]l.

B uacthoM, HO pacnpocrpanensom cilyyae, KOrJa TOKH
cpabaThiBaHUA 3AWUHT paBHbl ([es g = lesp), lpu =05, T e.
Ky« nexuT nocpeause uemnu.

Kos¢pduunenr uyserBuTeIbHOCTH B TOUKe Ko paBen k=
= lunllcsa = I 35/l 55. CunTaetcs neo6xoLHMEIM HMeTb k| > 2.
Bo BTOpoM cayuae k. ompenensiercs npu K3 Ha IIPOTHBOIIO-
JIOXXHOM KOHIE LeNH C OTKJIIOYEHHEM Y 3TOrO MecTa ee Bhi-
KJII0YATeNs.

3oHa KacKaHOro HeficTBHS OnpenessieTcs H3 TeX e Co-

A Ir Im )
= T /(p,&' -
. FOPT— ——Fr1H 1,
_JAl/ L36 ——
o : o
Lo
z = o)
l

A ; I 5
Iy 2 . 7 {1 s
> K ZK,AA :
— —— Y

Puc. 8.14. Onpegenenne UYBCTBHTENLHOCTH {@) M 30HL KacKagHOTO AeficT-
BHg (6) 3amuTH no puc. 8.13
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OTHOLIEHHH ¢ 3aMeHOH Iy« Ha lex (puc. 14,6) u, nampumep,
Aist 3aliutel A paBHa lx,aa = Ic,sa/lx; B mepsoM npHGIHKe-
HUHM TOK [« onpenessiercst npu K3 y mun 5. Auajsoruuno Mo-
XKeT ObITh BBHIYHCJCHA 30HA [x,45. B LeJOM KACKAAHO JHKBH-
aupytorest K3 na mimbe lon=Ixxa+ leas. Ecau Lozl 1o
B CpelHell YacTu JMHMM NosiBJsieTcst 30oHa, npu K3 B KoTOpO#
HH OJHA M3 3alIUT He cpabarbiBaeT. Hasuuue ee HemomycT-
MO; 1103TOMY Heo6x0auMo HMeThb Iy z<<I[. C yyeToM BO3MOKHO-
ro Ry yacro cuurawor HEOOXOAUMBIM HMeTh lx,z<0,5/. Heo6xo-
AMMO OTMETHTb, 4TO NpH Ru=>2 ycioBHe Ik, 1<0,5/ npakTHYecKH
BCerja BHIIOJNHSETCS.

MeprBas 3soua ompegeasiercs OHM IpH BKJIIOYEHHH €ro
Ha moJiHble HampsixkeHHs H TokH (as. Ilpu 90°-Hol cxeme
BKJIIOUCHHS] OHAa MOXeT O6HTb ToJbKO IpH K (cm. ra. 5).

Bo3MoxHble cayyan HenpaBuabHOro cpaGaThHBAHHS 3amIH-
T, Bbld BEISABJICHB 1Ba BO3MOXHBIX CAyYas HEMpaBHJBHBIX
cpaGaTeiBanuii samuTel. IIpn o6GpbiBe ¢ oaHOocTOpoHHHM K3
Ha semsio Ha Uenu | (puc. 8.15,a) samura, BKJIOYeHHAs Ha
NoJiHble TOKH M HanpsikeHHs (as, H3JHlIHe cpabaThiBaeT, OT-
Kaovas HenoBpexiaenuyw uenb II, Tak kak Mommuocts K3
HalpaBJieHa B HeH OT WIHH, a B MOBPEXJAEHHON LellH TOK paBeH
Hymo. Jlist samuTh, BKIIOYaEMOi HAa COCTaBJSIONIHE HYJNeBOM
IOC/1e10BaTe/IbHOCTH, COOTHOIIEHHST HOJYYaloTes GoJsiee CI0XK-
HBIMH, HO MOTYT IIPHBOJHTD K T€M XKe IOC/JeACTBHAM. A, M. Pa-
koBuueM, B. A. Angpeesim u B. M. EpMosieHKo BHOCH/HC
NpeNJIOKEHHS N0 YCTPAHEHHIO 3TOr0 OpraHHYeCKOTo HELOCTaT-
ka. Tak, nanpumep, A, M. Pakosuu npexaaras (DHKCHPOBAThb
npaBHibHOe cpabarteiBanne OHM B Momenr o6peBa, 10 BO3-
HukHOBeHHs K3; dukcauus ocymecrsasiercs OT ¢ 10CTaTOYHO
ManeiM lcp, BKJIIOYaeMBIM Ha Tok 3/, AudbepeHIHanbHOM
ueny; NpH o6peiBe opraH cpaGaThBaeT MO BO3AeHCTBHEM IIO-
SABJSIOLICHCS HYJIEBOf MoC/e/10BaTeAbHOCTH B TOKe, IIpH mo-
cirenywmeM oaHocroponHeM K3 samurta BHe 3aBHCHMOCTH OT
aeiicreust OHM ortkiouaer  Tosibko [OBpEX/JEHHYIO lielb.
Hpennoxennsie cnoco6sl Mmupokoro pacmpocrpaHeHnus He Io-
JYUHJH B CBS3H C TMOBBIIEHHEM KayecTBa MOHTAXa H SKCILIY-
aTal|M JIMHUH, a TakkKe HCIOJb30BAHHEM 3aIUHT TOJBKO S
MeHee OTBETCTBEHHHX JHHUE.

B cersix ¢ nanpsxennem Upow<<35 kB Hempasu.ibhoe cpa-
GaThIBaHHE 3aINUTHE, KaK OblJIO [0KasaHo B 30-e r'OJbl
CP3uY TIIT (cM., nanpumep, [1]), Moxer npousoiitu IpH He-
Koropeix BuAax k{ 'V (puc. 8.15,6). Ecau omuo u3 mect mo-

Bpex/eHHs pacnosoxeno Ha (pase ¢ TA (nanpumep, A) B 30-
He KaCKaJHOTO AEHCTBHS 3aLUHUTHI, a JAPYroe — COOTBETCTBEHHO
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ua ¢ase C JIMHHH, OTXOAAUleH OT IIHH NOJCTaHLKH, TO CHa-
yana OTKJIOUHTCS BBEIK/IIOYaTesb NOBPEXIEHHOH Mapallielb-
HO# lellH;, JaJiee 3aiHTa HENpaBHJIBHO OTK/AIYHT BHIKJKOYA-
TeJb HENOBPEX/EHHOH LeNH, tak kak cpaboraior OT u OHM
dassl C.

O6was oueHka 3amuThl. C yyeToM mepeuHC/eHHBIX Hejo-
craTKOB 3aUIUTBl H IIOABJIEHHS MONEPEYHBIX HalpaBJeHHbIX
3alllUT C KOCBEHHHIM CpaBHEHHeM BeJHYHH (CM.TJI.7), BKJIO-
yaeMbix Ha cocraBisouie Uy u Iy u npakTHYecKH He HMelo-
X HENPaBHJIBHBIX CPabaThBaHHH NpPH OGPHBAX C OLHOCTO-
ponum K3 Ha semuso, paccmarpuBaemas saumiurta ¢ rogaMu
¥MeeT BCe MeHblllee IPHMEHEHHe H HCIONb3YeTCS B OCHOBHOM
TOJIBKO B MEHee OTBETCTBEHHBIX ceTsX ¢ Unon<<35 kB.

ABC Jf”)/( ABC
Ly,

:LH“ i

—_ch(w
Puc. 8.15. Cayuau HENpaBHAbHOIO AeficTBUs 3aluTHl Mo puc. 8.13

8.10. OBWAS OLIEHKA MCMOJNb3OBAHUA BUDDEPEHLMAIBHbBIX
SALUMT ANS NTMHUA

M3 usnoxeHHoro cieayer, yro AubGepeHuHaNbHBIA TPHH-
L0 IpHMEHHTENBHO K 3alllUTe JHHHH TMOCTENeHHO HAXOLHT H,
BeposATHO, 6yleT HaXOLMTh Bce MeHBIIYIO 00JacTh HCIOJB3O-
BaHHS.

ITOT NPHHUHN lieseco06Pa3HO NPHMEHSITH B OCHOBHOM IS
samuT oT K3 reHepaTopoB, TpancopmaropoB (aBToTpaHc-
¢popMaTtopoB), UWIMH CTAaHUHH W mOACTAHUMH, KPYIHBIX ABHTa-
TesieHl, THe Npyrue HM3BECTHHE NPHHIHKNL BBHIIOJHEHHS 3alHT
KOHKYpHPOBAaTb C HUM B PAAE cyyaeB He MOTYT.

Bonpocel ajs caMmonpoBepKH

1. Kakue samuTH HasbiBaworcs AH(dEepeHUHATbHEMH TO-
KOBBIMH H TOKOBBIMH HampaBjenubiMu? [lpuBeqnTe NpUMepH
BHINIOJIHEHHS 3alHTH OTACJBHBIX 3JeMeHTOB.

325



2, Kakne 3JeKTpHuYeCKHe BEJHUYHHHL MOTYT CPaBHHBATbCs
B APOAOJbHHIX AH(depeHIHANbHBIX TOKOBLHIX 3alUHTaX H Ka-
KHe B [IONepeyHBIX?

3. KakoBrl NpHYHHB BO3HHKHOBEHHS TOKA HebajaHca B Npo-
JOoJbHOH jpHdGdepeHIHAJIBHONR 3allHTe ¢ NPOBOAHBIMH KaHa-
JaMHu?

4. KakHe NpHUMEHSIOTCA cNOCO6H NOBLILIEHHS] YYBCTBHTEb-
HOCTH H OTCTPOEHHOCTH IPOAOJBLHOH 3aMIHTHI ¢ NPOBOAHBIMH
KaHaJaaMHu?

5. B uem cymHocTh cnocob6a 3arpy6JeHHst 3aIUMTH TpH
sreiinnx K3, ocHoBanHoro Ha skjaoyeHnn OT uepe3 mpome-
JKYTOUHBle HacHuammHuecss tpancdopmatopsl Toka (TALT)?

6. O0GbscHHTE CYIHOCTb CIOcO0a MATHHTHOI'O TOPMOKEHHs
B OT.

7. O6bsacHHuTe crnocol BHIIOJHEHHS YCTPOHCTBA KOHTpPOJS
HCNPABHOCTH BCIOMOTATEJbHHIX NPOBOAOB MNpPOAOJBHHIX IHD-
(hepeHIHaNbHBIX TOKOBBIX 34LIHT C NPOBOAHLIMH KAHAJaMH.,

8. IlosicuuTe npHHUMN xeficTBUa gH(depeHIIHANBHO-Da3HOH
TOKOBOH 3amuTH ¢ BU 6710k pOBKOA.

9. KakuMm npuOIH3HTeJBHO MNpHHUMAETCs JAONYCTHMBIH
CHBHT 1O (ase cpaBHHBaeMHIX TOKOB (Hampumep, /i+klp) npu
BHyTpeHHHX K3 M xakhe (¢akTOpH BJHAIOT Ha 3HAUeHHe yraa
6soxkuposku JO3?

10. O6BsicHHTe NPHHLHN BHINOJNHEHHs] NONEPeUHBIX AHbbe-
pPEHLHAJbHEIX TOKOBEIX H TOKOBBIX HANpAaBJIEHHBIX 3aHIHT.

FmasapeesTtas

SALLUMTA JIMHUA OT OAHOMA3HbIX
3AMbIKAHWA HA 3EMIJIIO

9.1, TPEBOBAHHMA K 3ALLUMUTE

PaccMoTpeHHe COOTHOIIEHHH 3JIEKTPHUYECKHX BEJHUHH IIpH

o (cM. § 1.6) mokassiBaeT, 4TO 3TOT BHA HOBDPEXKAEHHH B

oraunude or K3 xapaxrepusyercst cJeLylOIHMH OCOOEHHOCTS-
MH: TPEYTroJbHHK MeXAy(pasHBIX HalpsiKeHHH ocTaetcs HeHs-
MeHHBIM H H03TOMY pabora morpebureseil HenmocpeacTBeHHO He
Hapyliaetcs; TOKH, NPOXOAsiilie yepe3 MecTo npobos Ha 3eM-
JIIO, TIPH MPAaBUJIbHOM BHIOJHEHHH pexHMa 3a3eMJleHHs Hel-
TpaJjell He npesocxoasit 20—30 A, a ajs ceTell ¢ NOBHILIEHHHI-
MH TpeGoBaHUSIMH K OesomacHocTH oOcay:xKHBaHHs —5 A; Ha
HeloBpeXJeHHbiX (a3ax Jaxe B YCTAHOBHBLUEMcS peXkKHMe
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HanpAXKeHHs MOTYT MOBHILIATBCA B V'3 pas, a B nepexOAHBIX
penMax, HalpuMep IpH NepeMexaloulencs Iyre, OKa3hiBa-
joTCsi ellle GOJIBIIMMH, UTO MOXKeT IPHBOJAHTL K BOSHHKHOBEHHIO

.1
TAKEJJBIX Kﬂ; ); BO3MOKHEL KPATKOBpeMeHHbIe, CAMOYCTpaHsi-

o

omuecs K. 3amuta MoXer BHIIOJHATBCS CeJIEKTHBHOM {TO-

N (1]
KoBas SHUIHTZI) HJIH HeceJeKTHBHOH (MaKCHMaJIbHaﬂ 3anuTa
HanpsAXeHHs HyJIeBOﬁ HOCJIelIOBaTeJIbHOCTH).

C yueToM H3JI0MKeHHOro (OpMHpYIOTCS TpeGOBaHHA K TO-
KOBLIM 34IHTAM JIMHHHA, pearupyloiHM Ha pacCMaTpHBAeMbIH
crelHUeCKHH BHA NoBpexienuit: 1) B GoAbLIMHCTBE Cayda-
eB JONYCKAeTCs jedcTBHe 3aLIMTH HA CHTHAJ; 3TO OfJjeriaer
¥ YIpOLL4eT ee OCyllecTBJeHHe, a4 TaKXKe HaeT BO3MOMKKHOCTD
B mpejesax pa3pellleHHOro BpeMeHH (Mo 2 4) OCYIIECTBHTH
6oJlee MOJIHOE BHISIBJIeHHE IIOBPEXKAEHHOro 3JeMeHTa, NepeBoj]
norpeGuTea (€cJH 3TO BO3MOXKHO) Ha APYrOH HCTOYHHK MHTA-
HHSI M, HAKOHell, OTKJIOUHTb MOBPEXAEHHBIH 3JeMeHT; 2) 3a-
MHTA [OJKHA AefCTBOBATL Ha OTKJIOUeHHe Oe3 BBIAEPXKKH
BpeMeHH B CJyYasX, KOTAa 3To HeoOGXOAHMO IO TPeGOBaHHAM
TeXHUKH Oe30MacHOCTH, HAIpHMep Ha JHHHAX, HHTAKOHAX TOP-
dopaspaboTky, mnepelBHXHble CTPOHTeJbHBIE MEXaHH3MBb
H JpyrHe aHaJOTHYHble YCTAHOBKH; IIPH 3TOM COKpallaercs
BEPOSTHOCTH Iepexola K B K&, CONPOBOXK AAKOLIEeCs
GonpiinMH TokaMd K3, HanpsKeHHs MM NPHKOCHOBEHHS H Iia-
FOBHIMH HaNpPAXKEHHSMH, MOIYIHMH OblTh NDHYHHOHN HecyacT-
HBIX c/JydaeB; 3) 3alllUThl [OJKHBI yIOBJETBOPATH TpeboBa-

HUAM CeJIeKTHBHOCTH IpH Biewnnx K ; IpH 3TOM Ce/leKTHS-
HOCTb B cJyuae AeHCTBHA Ha CHCHAJ NOHHMAETCsl B CMBHICJe
BBIIBJIEHHs 110 cpaGOTaBIUAM 3alIHTAM YYacTKa HJH XOTHA OBl
HampaBJenHs (HanpuMep, Ha LeNOYKe YYacTKOB), B Npejeaax
KOTOpOro MpPOH30IIIO0 K"; 4) B measix ympolieHHs AOMyCKa-
eTcs He yCTAHABJIHBATH 34IIATY HA 3JeMeHTaX, yAaJeHHBX OT
HCTOUHHKOB MHUTAHHS, 4 TAKKE B CJydasXx, KOrla BOSHHKHOBE-

e K MaJI0BePOSITHO HJIM BBINOJIHEHHE 3aUIHTHI 3aTPYAHH-
TeJIbHO (HampuMep, Ha BO3AVIUHBIX JHHHAX); D) 3amura H0J-
XKHa pearHpoBaTh TaKxKe Ha K yepes HepeMexauyrcs
AYTY H KPATKOBpPeMeHHBle, CAMOJIHKBHIHpYIOLIHecs K", ecan
BO3MOXKHO H Leseco00pa3HO BHIABJEHHe HX MeCT BO3HHKHOBeE-
HHsI; 6) KeJareJbHO HMETh HENpPepBIBHOCTb JEHCTBHS 34lLHT,
BO3BpAllleHHBIX EePCOHAJOM B HCXO/JHOE MOJIOKeHHe, JJs BO3-

o (1)
MOXXHOCTH NpOBEPKH YCTOHUHBOI'O Kz’ Ha manHOM HamnpanJie-
HHH, HanpuMep IMnocJje OTKJ/IOUYeHHs I[epcoHaJJoM OIOHOI'O H3
3JIEMEHTOB C IIpeAnoJaraeMbiM IIOBpeXJeHHEM.
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Y10B/IETBOPHTH OLHOBPEMEHHO OJLHHM YCTPOHCTBOM Bce Me-
peuHcieHHBle TpeGoBaHHst GuiBaeT TpyAHo. IToaToMy Ha mpak-
THKE HHOTJa MNDHMEHSIOT YCTpOHCTBa, YAOBJIETBOPSIOIIHE HM
He B MOJIHOA Mepe, HJIH HCHOJb3YIOT COBOKYMHOCTb YCTDOHCTB,

9.2. SNIEKTPUHECKME BENMYMHBI, MCMOJIb3YEMBIE
ANA AEACTBUA 3ALLMTEI ’

Toxkn HyJdeBoil mnocjenoBaTeNbHOCTH MPOMBILLIEHHOH Yac-
TOThl. BO3MOXKHOCTE HCNOJIB30BAHUS STHX TOKOB OMpEAe/seTCs
TEM, YTO OHH B CHMMETDHUHOH cucTeMe OTCYTCTBYIOT B paGo-
YHX PeXKHMax H MOSIBJSIOTCS TOJBKO MPH BO3SHHKHOBEHHH IO-
BpexeHud Qa3 Ha semuwo. [Tostomy He Tpebyercs Hemocpex-
CTBeHHast oTcTpofika ot [pas. PaccMmorpeHHe pacnpeneneHus
toxkos mpu Ki’ Moxer NPOU3BOAHTECA MO 3azaHHeM IIC
HCTOYHMKOB nHutaHus (cM. § 1.6) uaH meronoM HaJOKeHHS
_C HCMOJIb30BaHHEM COCTABASIOIIHX HYJEBOH HOCJEN0BATe/bHO-
€TH4 aBapuiHoro pexuMa (cM. ra. 1),

Ilepspii cnoco6 HJIIOCTPHPYETCS s pajAHadbHOH CeTH
C OAHOCTOPOHHHM NHTaHHeM (puc. 9.1), 3aumra mpexamoJara-
€TCsl BKJIOYEHHOH ¢ mHuralolie#i cropoHn yuactka AbL. ®asm
MOCJIEITHEr0 HMEIOT 0 OTHOLIEHHIO K 3eMJie eMKocTH Con. Bes
ocrajibHasi CeTb INpeJCTaBJeHa 9KBUBAJNCHTHOH JiHHMe#1i AB
c eMKOCTb}O ¢as no ornowenuo x 3emie Coz. Mpu Meranau-
ueckom K&’ B Touke K, Ha dbase A nunuu AL (puc. 9.1,a)
uepes MecTo NoBpexjenHs Oynaer mpoxoiHuts (cM. § 1.6) Tok
I =3w(Cox+Coz)Uyp, ompenensieMbiii eMKOCTAMH HeIo-
BpexaeHHbX ¢a3 B u C Bcell cern (eMKOCTH MOBpeXAeHHOMH
¢a3H B co3naHHM 3TOrO TOKA HE yuacTBYIOT, TaK KaK OHH 3a-
H.IyHTPIpOBaHbI B MecTe NMOBpexkjeHHs, HampsiKeHHe Uga=0),
Tok 144 BO3BpalllaeTcsl B CeTb yepe3 yKa3aHHEIE eMKocTH (I10-
Ka3aHO NMYHKTHPOM). B nauvase moBpekaeHHOro yuacTKa reo-
MeTpHuecKass cyMMa TOKOB TpeX (a3 OmpelessieTcst TOJbKO
eMkocTsiMu Cox HEMOBPEXAEHHBIX YYACTKOB CETH, TaK Kak
TakKast Xe cyMMa, onpepneasieMas Cog, paBHa yawo (§ 1.6).
B pesysbraTe TOK B Hauaje yuactka 3/% —3(0002[/4,, Ha
3TOT TOK Oyaer pearnpoBarth 3awura, [lpu K Bue 3allH-
laeMoit 30Hbl B Touke Kp (pHe. 9.1,6) uepes Hauaso 3aiuiu-
LuaeMoro yuacrka Ab ¢ yueroM Tex ke co0GpaKeHH TPOXOLUT
Tox 315h =3wCoalUyp, or KOTOpOro 3amHTa MO YCJAOBHIO ce-
JIEKTPIBHOCTPI JOJTKHA OTCTPAHBATLCS. B navasbHBle MOMeEHTH
sueminx K Bosnuxaer Mepexo/HbIH 3aTyXaloWUil pexuM,
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Puc. 9.1, Pacnpenenenne TOKOB npH Kgl) u 3aganibx JC

B KOTOpOM jeHcTBYIOILHE 3HaueHHs 6POCKOB 34 o MOTYT B He-
CKOJIbKO pas MpPeBOCXOJMTb HX YCTAHOBUBILHECS 3HAYEHH:
3I%h. OrcTpoiika 0T HHX BO3MOXHa, HaIpHMep, BHIOJHEHH-
€M 3aIUUTH ¢ BEAEDKKOH BpeMeHH.

IIpuMeHenHe Merola HaJOXKeHHS ¢ HCMOJb30BaHHEM aBa-
PHAHEIX COCTABJSIOLINX HYJIEBOH MOCJAEL0BATENbHOCTH AJIs TeX
}Ke ycJOBH# paGoTH cery WJMOcTpUpyeres puc, 9.2; 30C Hc-
TOWHMKa MHTAaHHs HCKIlouaeTcs. B MecTe BosHHKHoBenns K§°
BKJIOYaercsi MCTOUHHK Hanpsixkenus ¢ DJC, paBHo#l mo 3Ha-
YeHHIO HAaNpsKeHHI0O HYJeBOH MOCJIeLOBaTEeNbHOCTH, KOTOpOe
NpH MeTaJl/IHYeCKOM NOBPeXKAEHHHU PaBHO CMellleHHIO HeHrpa-
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an cucremsr UQ =U® =—Ep (cm. § 1.6). B measx coxpa-

HEeHH$ST 17§ TOCJEJHEer0 yCJIOBHOTO MOJOXKHUTEJIbHOIO Halpas-
feHns no puc. 1.40 (or Mecra MOBpeXAEHHA UJIH HefiTpasu cH-
cTeMBbl K 3eMJe) HOBbifi HCTOYHHK HAIpsKeHUs NpHHHMAETCS
VCJIOBHO J€HCTBYIOIUHM OT 3€MJH K TOUKE K mnoBpexaeHus.
Pacnpesenenne ToKOB HyJ€BO#H NOC/I€10BaTEIbHOCTH NoKa3aHo

‘MyHKTHPOM Ha puc. 9.2. Pesynb-

TaThl [OJydaeM Te Ke, 4TO H

oy K1 <« 5 npH TmepBoM crmocobe, HO Gozee
al:i=: . L} npocro u Harasaso. Hampumep,
'.ﬁp@ M””:_E s yuera Rn B Mmecre mpobos
T — L1 A IOCTATOYHO B CXeMe 3aMelle-
L_—__1 g HHsL MO pHC. 9.2 BKJIOUHTb €ro
i T % NIO0CJEN0BATENbHO C HCTOYHHKOM
o Cox :'[_'_T HanpsAXKeHHus. Hanpaxeuus
A : = Udy u Uy  usmensarcs npH
o L___ 4 5 5TOM N[O 3HAUYeHHIO (yMeHblUaT-
i - _L4 cq) u ¢ase, ogHaKo pacnpene-
L JfieHre TOKOB [o OCTaHeTCs Mpex-

L K, j HHM.
U 8 5) YyBCTBHTEAbHOCTb  TOKOBBIX
{—_64, Cos ==} 3alIMT, peardpylomIMX Ha ycTa-
i Lm = nopuBiuMecs /{1 , oueHuBaercs
[ Lo A ky=3wCyy Ug/lc,s naH uHOTAA

—_d

K03(Q(HUIHEeHTOM IIOJHOTHI 3aMBI-
Kauus Ha semaio b (cM. § 1.6),
Puc. 9.2. Pacnpesenenne Toxos NPH KOTOPOM 3amHTa MOXKET
npr K{ ¢ ucnomssosanuem me-  CpabaTHBATh. PaccMoTpeHHbIe
BHIIIE YCJIOBHS ee JeHCTBHsS NpH
BHyTpeHHux H BHemnx K{

NOKa3hiBaloT, YTO B HENOCTATOY-
HO pa3BETBJAEHHON CEeTH JOCTHYL HEOGXONHMON YyBCTBHTEJNBHO-
CTH GHIBaeT 3aTpyJHHTENbHO HJIH Jlaxe HEBO3MOXHO NpH Ha-
JMUNH BCero JABYX JIHHHE C OJMHAKOBBIMH NapameTrpaMi
(Cox=Cos ), TokH 3/; B HauaJe yuacTKOB NpH BHYTPEHHHX H
pHewrHnx K1) oOKasbiBalOTCs OJHHAKOBEIMH. Haa uckiawpoye-

HHUS 3TOTO Hej0CTATKA 3allUThl BLINOJHSAIOTCA HANpaBJ/CHHBI-
mu. Jna yayduienus paboThl 3aLUUTH HHOrAa CO31AI0TCA JO-
AOJHHTEJIbHble AKTHBHBIE CJaralolie B TOKax MOBPEXAEHHBIX
YU4aCTKOB € IIOMOIIBIO 3a3€MJIEHHA HedTpaju CHCTEMH 4Yepes
PE3HCTOPHl C BOJBIINM CONPOTHBJIEHHEM Rs. Hx BausgHHe Ha
yJaygiiende paGoTbl 3aLIMTHl JIETKO BHIABUTH BKJIOUEHHEM B
cxeme 3aMeuieHua Ha puc. 9.2 IONOJHHTENbHO! BETBH C CONPO-
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TOA4 HAJOXKEHHA

rusaenneM 3R:; (koadduumedt 3 yuuThiBaer, uto eMkocTd C
JaHbl AJsl ONHOK (asel, a He AJs TpeX, a R; sfBJsercs OOIHM
a5t Tpex ¢as). DTo MepONpHATHE OKa3blBAeTcs MOJe3HHIM H
)18 CHHIKEHHA NepeHalpsKeHHH npu K&, kak sr0 6bUIO OT-
megeHo eme B KoHlle 20-x ropoB IlerepceHom (I'epmanus) —
ABTOPOM Ayroracaimux peaktopoB. Ocob6eHHO 0HO 3¢ (eKTHBHO,
[0 JHTEPATYPHBIM JAHHBIM, IPH aKTHBHOM TOKe, 6JH3KOM K eM-
gocTHOMYy. JlJIf co3nanus akTHBHOM ciaraooulell ToOKa B Hagaje
30-x rogos CP3uy TOII mpennarajoch HCNOJb30BATL TPaHC-
(opMaTophl MaJjlOf MOIIHOCTH ¢ 3aKOpauyHBAHHEM HX BTOpHY-
Hex obMmorok. Ilo panmnim K31 AH YCCP, sakopaunBag
BTOpHUHYIO 06MOTKY TV, coenlHeHHYI0 B pa3OMKHYTBIH Tpe-
YrOJbHHK (CM. I'1. 4), MOXKHO [0JIy4aTh aKTHBHBIE CJaraiollde

’i‘gKaB3aMbIKaHP]ﬂ Ha 3eMJ10 10 2 A B cerax 6 kB u 3A B ceTax
kB.

Kak H3BECTHO M Kak yKe yKasblBajoch Bblllie, LIHPOKOE
NpUMeHeHHe B paccMaTpHBaeMbix ceTax (cHauasna B [epma-
HHH, 2 B NOCJIeAylomeM — B psijle APYTHX CTPaH) B OTeye-
CTBEHHOH NPAaKTHKe, 0COGEHHO B IMOCJAEBOEHHBIE TOJH, MOJYYH-
Ju ayroracsilive peakTophl (Kartymku [lerepcena). HMcmosb-
3YIOT MOHATHE O DE30OHAHCHO 3a3eMJICHHBIX HeHTpansx CeTeH,
MIOCKOJIBKY DEaKTODPHl JOJXHE HMETb PE30HAHCHYIO HacTPOM-
1%'), I/IC}({I})’CCTBQHHO co3naBasi 100aBOYHBIE HHAYKTHBHHIH TOK
Isf ~I¢. B nocieanye rofs CHeUMHAJHCTAMH CTABUTCH BO-
NPOC O CHHKEHHH 3HAYEHHH eMKOCTHEIX TOKOB /o8 IIpUMEpPHO
1o 5 A mporus ynomuuaBmuxcs Bbime 10—30 A, HauuHas
€ KOTOpHIX 6bl0 Obl 1e/1ecO06pa3HO OCYIECTBAATL KOMIIEH-
caunio. Peakrop BKaOuaeTcs B uenb 3aseMieHHs HeHTpagH
cucreMsl (puc, 9.3).

[Moayuaiomeecs pacnpeneneHse Tokop /o NpH HCNOAb3OBa-
HHH MeTOJa HaJOXKeHHs NpuBeleHo Ha pHc, 9.3. MHaykTus-
HOCTb peaKTOpa MpHHSTa yTPOeHHOMH, paBHo#l 3Lp, Tak Xe, Kak
W Bble 1 cOnpoTusieHus 3Rs. Ilpu TouHO pesoHaHcHOH
HaCTpofiKe [I/(3mLp)l=m(Con+Coz )] B Hauase noBpexpeH-
HOrO  yyacTka 1, =3Uq[l/(30Lp) — wCoz]; Tak Kak
1/(3wlp) >wCoz, TOK I$3x  oxasbiBaercs HHAYKTHBHBIM, OT-
craiomum ot Ug na 90°. Ilo HemoBpeKaeHHOHN Ke Jmmm,npo-
XOZUT eMKOCTHHIA TOK 3/(%, onpenensemulfi Co ee AByx (as
:Ilaxommp},xm N0/ HanpsKeHHeM, HO HANPAaBJIEHHBIH K LIHHAM
O:T(?;olxiuaego?'nempoymaHosxn U [O3TOMY TakKe OTCTAaIOIHH

B pe3y/jbTaTe U TOKOBblE, 4 HanpasJieHHble 3aI[HTHI Hy#Ae-
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BOH MOCJeAOBATENbHOCTH, pPearupylolllie Ha cJaralomue npo-
MBHIIIJIEHHOH YacTOTH ®, AJS CeTed ¢ Pe30HaHCHO 3a3eMJieH-
HOH HeHTpaJblo OKa3nBaloTcs HeaddekTHBHBIMH. Bruin Hall-
HeHH H OCYIUEeCTBJeHHl ApyrHe NMyTH pelleHHs BONpOCca 3allH-
ot K, paccMaTpHBaeMble HHIKE.

TOKH €CTeCTBEHHbIX BBICHIMX TFapPMOHHK YCTAHOBHBIIErocs
pexuma. B ¢aszax ceTH NMpakKTHUECKH BCerla HMeEIOTCsl cjlara-
I0IIME BHICIIHX FapMOHHK, 00yCJIOBJIEHHHE HAJHUHEM HaMarHu-
YHBAIOIIHX TOKOB BCEX CHJIOBHIX TpPaHCPOpPMATODOB CETH, He-
JHHEHHBIX HATPY30K B BHJE€ TEYHBIX, TATOBHIX M JAPYTHX
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Puc. 9.3. Pacnpenenenue Tokos npu K;l) B KOMIIEHCHPOBAHHO CeTH

nofo6Hbx HM HoTpebutenefi. IIpH BO3HUKHOBEHHH K pac-
npejeneHHe TOKOB 3THX TapPMOHHK B CETH OKa3HBaeTcs NpH-
MEDHO TaKHM XKe, KaK eMKOCTHHX TOKOB 3aMHKaHHS Ha 3eM-
Jo 1o puc. 9.1; npu 3TOM yUHTHIBaeTcs, uTO HaJH4YHe Ayrora-
CALIMX PeaKTOPOB, HACTPOEHHEIX HA OCHOBHYIO TapMOHHKY, Ha
3T0 TOKOpaclpejesieHHe OKA3blBaeT He OueHb CyILecTBeHHOe
BJHSHHE H HM 4acTO MOXKHO nmpeHeGpeub (cM., HanpuMep, [48]).

McnonbsoBaHne €CTeCTBEHHHIX BHICLIHX TapMOHHK YCTaHO-
BHBILEroCcsl pexXuMa BIepBhle AJS LeJedl pedefHOf 3amUTH
npenioxeno u npopa6orano BHHUHMD (B. M. Kuckauu u 1p.)
eille B HauaJge 60-x rogos. B mocaenywomue ronn paspaboTKu
B 3TOM HallpaBJIeHHH Pa3BHBAJHCh, H B HACTOAIIEE BDeMS CY-
IIeCTBYyeT MHOTO BapHaHTOB HX peannsaunu [48, 57 u ap.].
Bblﬂ.eJIﬂ}OTCﬂ OHH AByMH cnocob0aMH: HCHOJb30BaHHEM TOKOB
Iypr WM TyTeM CpaBHEHMS HX 3HaYeHHH B IOBpeXJeHHOH
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¥ HENMOBPEXJEHHOH ¢asax; OBLIO YCTaHOBJIEHO (BHHUUD,
B. M. Kuckauu), 4T0 paccMaTpHBaeMHe TOKH B NOBDEX/eH-
Hoif (pase MHOTO GOJbllle TOKOB B HENOBPEXAECHHHX (a3ax.
CB0e0oGpasHO BTOPOH BapHaHT peasiu3yeTcs B HOBHX 3alHTAX
or Ki? B cTatopuix 06MOTKax reHepatopoB (cM. ril. 12).
B kabeJbHbIX CeTAX OOBIYHO HCIOJB3YeTCs NepBblii BapHAHT.
Ou mpHroled AJ1s ceTell ¢ H30JHPOBAHHOH HEHTPaJblo, HO OCO-
6e§Ho 3¢ dekTHBEH MJS ceTeHl ¢ PE30HAHCHO 3a3eMJEHHOIN
HeHTpaJblo.

Toxu NepeXo;HBIX TNpoueccoB. PaccMaTpuBaoTCs TOKH,
BO3HHKAIOIKE B NMepBble MOMEHTEH! IOC/E BOSHHKHOBeHus K (!
B CeTH C AYTOTACAILHM PeaKkTopoM. [Tepexonuuit npouecc npu
nosiBJieHHn Ks ' HMeeT JBe OCHOBHbBle CTaAMH (cM., HampuMep,
[58]), nmokasanubie Ha puc. 9.4,a (pacmpejeneHHBe eMKOCTH
YCJIOBHO LaHBEI cocpenoToyeHHbiMH). Ilepeasi cragus xapak-
TEPH3YeTCsl TMOSABJNEHHEM DPaspAAHBIX BOJH, DACMPOCTPAHSIO-
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Puc. 94, Pacnpesienenne nepexogHbIX TOKOB 3aMHKaHHS Ha seMao (a) H
AMArpaMMa HX H3MeHEHHH BO BpeMeHu (6)
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muxcs B ceTH B 06e cTopoHsl oT Mecra npobos. Onu ompene-
JAAIOTCS B OCHOBHOM MTHOBEHHBIM 3HAYEHHEM Hampsxe-
HUSI CETH # U BOJIHOBBIM COIDOTHBJICHHEM 2Zs : ic pasp=U[Zs.
MaxkcuMasibHble 3HAUEHHS icpasp NOABJSIOTCS IpH HaNpsxe-
HUSX, 6JIH3KHX K aMIIHTYAHBIM (pHc. 9.4, 6), IOCKOJBKY OHH OII-
penensioresi B ocHopHom emkocTAMH Cor u Coz (puc. 9.4, 4)
(mepexomublii TOK [ AYTOracsmero peakropa HapacTaer
OTHOCHTEJHHO MEJJICHHO, HMEeT MeHbIIHe 3HayeHHs H €ero
MOXHO He VUHTHBAaTh). TOKH icpasp HMEIOT BBICOKHE «4aCTOTHI»
(IOCTHral0T MHOTHX KMJIOTepl), IPOXOASIT, MHHYSl HCTOYHHKH
NHTaHHS, U OBICTpo 3aTyxalT. PaspuTHe NEPeXOJHOro mpo-
iecca, ero BTOpas cTajus, XapaKTepH3yeTCsl AONOJHUTE/IbHBIM
3apsAJOM eMKOCTeil HeloBPeXIeHHBIX (a3 uepe3s 0OMOTKH He-
TOUHHKA NHTaHUA. Bosinbl 3apsima uUMelOT 0ojiee HH3KHE «Ua-
CTOTHI» (HAUHHAs ¢ HECKOJBKHX COTEH repil) M 3aTyxaloT Men-
‘netHee. B touke K§1)_ icpasp H icsap CKIAABIBAIOTCS. Brepsrie
pe3yJbTaThl HCCJI€0BAHHS BONPOCOB HCIOJIb30BAHUS NMEPEXOA-
HBIX €MKOCTHEIX TOKOB JAJIfl 3aLHT OT K" 6o ony6JiHKOBa-
el Hefire6ayepom (epmanust) B cepeaune 30-x TOHOB.
B CCCP B03MOXHOCTH NPHMEHEHHs AJA PA3HBIX 3alIUT Ie-
PEXOIHBIX TOKOB Hauajii HCCJenoBathest B ocHoBHoM B OHMH
Bo BTOpOii mosopuue 40-x rogos (M. H. ITonouiM u ap.). Pe-
syaprathl pa6or DHUH o6o6uwens B [69]. B mocaenywouine
roflll B 3TH pa3pab0TKH BKJIIOUHIHCHL U APYTHE OpraHH3alHH:
HIU (0. B. Jle6enes, B. A. Ulyun), BHUHND (B. M. Kucka-
un) u Ap. Hccesieiopanns MOKAa3bIBaJH, UTO JIYYlIHE pe3yJbTa-
TH B 00meM cjayyae [OJIyYalOTcsl IPH HCIOJNb30BAHHH KauecT-
BEHHHIX MPH3HAKOB Ipoilecca (HAanpHMEp, HANpaBJeHHs pac-
IpPOCTPAHEHHs BOJH), & He KOJHUECTBEHHHIX (aMIUIMTYA
TOKOB). B cBfI3H ¢ 3THM 3alHTH YacTO BHIOJHAKTCH pearH-
PYIOUIHMH Ha 3HAK MTHOBEHHOH MOIUIHOCTH; IIPH 3TOM IIpea-
IOUYTEeHHE NPHHUHIHAJBHO OTHAercs HCIOJb30BAHHIO paspsl-
HOJ BOJIHBI, XOTS NPAKTHUECKH 3TO TPYAHO ocyuiecTBHMo. He-
IJIOXHE Pe3YJbTATH IOJYYEHH [IPM OTHOCHTEJbHOM CPaBHEHHH
aMILIMTYZ TOKOB mpucoenunenuit (paborst HM3HM) ¢ yuerom
TOTrO, 4TO aGCcOJOTHHIM HX YpOBEHL MOXeT Kosaebarhes B UIHPO-
KHX Ipejesiax B 3aBHCHMOCTH, HallpHMEp, OT MecTa 3aMblKa-
HHS.

HanoxenHbie Toku, as AeficTBHA 3aiHT OT K" B cersix
06HYHO [PEeANOYHTAIOT HCIOJb30BAHHE HAJIOXKEHHOTO MEepeMeH-
HOTO TOKa C YacroTaMH, OTJIHYHBIMH 0T pabouell. Tak, HanpH-
Mep, paspaborkn VD] AH YCCP (M. M. Cupora u ap.) Ga-
supyoTes Ha Toke 100 T'u. B nppyrofi paspa6orke (A. B. I'pu-
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ropbes, MarsuTOropCKHi  MHAYCTPHANbHBIH  HHCTHTYT)
npeAJaraioch NPHMEHATL TOK YaCcTOTOH B HECKOJIBKO COTEH
repll, BBOLHMBIH B CeTb Uepes usmeputeabHni T'V Ha nuraio-
med noacraiuuy, Ilpenes moBbIIEHHsT YacTOTH oNpeleJsercs
yBeanHBalomeﬁcn NpH 3TOM J0Jiell HaJIOXKEeHHOro TOoKa, Ipo-
(1 1
XOMASIIEro MpH Ka? yepes Rn MHMO MecTa K u samurs
yepes €MKOCTb HENOBPEXKAEHHOH YacTH CeTH. IIpumMenenne
1 o
HaJIOJKEHHLIX TOKOB JJis 3alHT OT K& junnit Ha IIpaKTHKE
pacrnpocTpaHeHHs He NOJYYHIO.
HanpsmeHusd HyJaeBoll mociaepoBateabHocTH. OHH B yCTa-
(1 .
HOBHBIIEMCH peXHMe NpH K NpaKTHUeCKH OAMHAKOBH BO
Beefl CETH JABHOTO HAnpsXKeHHs, TaK Kak NajeHHs Hanpsxe-
HUSI OT TOKOB [ B CONPOTHUBJIEHUNAX Zo JHHHE HUUTOKHO Masbl

_no CPABHEHHIO ¢ NaleHHSIMH HaHpﬂ}KeHHﬁ B €MKOCTHBIX COIIPO-

THBJAEHHAX (a3 cern Ha 3emJo. IlosToMy mcnosb3oBaHHE U§
/Sl BHISIBJICHHS YUACTKA MUK Hampasjienus ¢ Ki HeBO3MOX-
HO, ¥ Ha HX TNOSBJEHHH CTPOSATCH TOJBKO YCTPOHCTBA KOHTPO-
Jisi M30JISIUHH, YCTaHABJHBaeMble HA IIHHAX [OACTAHIHH.

9.3. ®MIIbTPbI TOKOB MU HATPSXEHUA HY IEBOH
NOCHAEAOBATENIBHOCTHU

duabTphl TOKOB. B 1. 4 paccMaTpuBauch TpexXTpaHchop-
MaTopHbie (UIBTPH H YKaspBajoch Ha HajlHude H OJHO-
TpaHchOpPMAaTOPHEIX GHALTPOB. [nsa 3aumikT OT K® Tam, rie
3TO BO3MOXHO, NPHMEHSIOTCS OJHOTpaHc(hOpMaTopHble (HUIb-
tput TA mynesoit mocienosaresphoctu (TA ®eppantn) kak
Gosiee mpocThle, HMEIOUIHe MaJjibie TOKH HebasaHca H obecle-
ypsaomiue GoJgee sppeKTHBHOE BHAEJeHHe OOLIYHO BecbMa

HeGoMbWHX TOKOB /5 13 GOJBIIAX NEPBHUHBIX TOKOB as.
OnxorpancdopmaTtopHsie GHJIBTPH B CETAX YCTAHABJHBAIOT-
csl Ha KaGeJibHbIX JHHHSAX HJIM BO3AYIIHBIX JHHHAX ¢ Kabesb-
HBIMH BBIBOJaMH. THIHUHOe BHINOJHeHHe Kabesbhoro TA Hy-

JIeBOH MOC/ef0BATE/IBHOCTH NpHBeAeHo Ha puc. 9.5, Ilpu K&
TOKH NOBPEeXAEHHS MOI'yT BO3BpallaTthCcs B CeTh Kak uepes
3eMJII0, TAK ¥ N0 NpoBoasiuiell o6osiouke U Gpone Kabenehr. Ias
IpeRoTBpauleHHsT BOSMOXHOCTH cpabaThIBaHHS MOJ BO3JEHCT-
BHEM 3THX TOKOB 3alllUT HENOBPEXACHHHX JHHHH H [OHHXKe-
HHA YYBCTBHTEJIbHOCTH 3aUlHT NOBPEXAEHHBIX Kabesu Ha yua-
crke of TA [0 «BODPOHOK® H <«BODOHKH» H30JHPYIOTCH OT
3eMJIH, a 3auIATHOE 3a3eMJIEHHE NOCJEeIHHX BHIIOJIHAETCH IIpO-
BOJOM, [pONYIeHHHIM Yepe3 OTBepcTHE Marumuronposoaa 1A
B HanpapJsieHun KabeJsin. IIpn 3TOM TOKH B 3a3eMJigiomeM Ipo-
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Puc. 9.5. KaGenbnsit TpaHcdopMaTop
TOKa HyJEBOA NOC/IeN0BATENbHOCTH ¢
NPHCOEIUHEHHHIM K HEMY OPraHOM TOKa

BoJe H o6oJsiouke ¢ GpoHeil pap-
HBl ¥ HalpaBJeHH B pasHble CTO-
POHBI, TO3TOMY NOTOK B CTaJb-
HOM ceplledHHKe OHH He CO3za-
10T

KavectBo cxem ¢uiapTp-To-
KOBHIX H3MEDHTEJbHBIX OpPraHoB
= IpexJe BCero XapaKrepH3yercs

#n3onupobaro no HX NepBHYHBIM TOKOM cpabaThi-
g,’:’fﬂkgﬂwgk BaHHA l¢s, T.€. MHMHHMAJBHHEM

P kacers TOKOM 3/p, HEOGXOZHUMBIM JJis

ux cpabarnBanusi. TpyaHOCTb

MOJIydeHHSI 9aCTO He0GXOMHMBIX

Mauabix [cs onpenensercsi MaJoli  MOLIHOCTBIO, OT/IaBa-
eMOi STHMH (QUJIbTPAMH, KaK HMEIOUHMH IepBHUHYID 0OMOT-
Ky B BHJE KyCKOB (a3 kabens (oaHoBHTKOBHe TA) c mpoxo-
AAMHUMH Mo HUM HeGoJbwiuMu 3/, (pabora TA B HauaJbHOH
9aCTH KPHBOH Bmar=[(H) 3a cuer Maasix MJIC, npomopuHo-
HaJbHHX 3/q®); KauecTBO HX CHHIKAETCH NOTIOJHHTENbHO npH
PasbeMHHX MarHHTONPOBOJAX, HCNOJb3YeMHIX B CIydasx yc-
TaHOBKH TA Ha CMOHTHPOBaHHOH ycranoBke. JJIa yiyyuieHHs
paGorel cxeM ¢uabtp — MO npumenaorcs MO ¢ Maabimu
MOIIHOCTAMH, NOTpeb/seMbIMH NpH cpaGaThiBaHHH. B HacTos-
lxee BpeMs 3TO JIErKO JocTHraercs B cxeMax ¢ MO, BoimosiHeH-
HBIMH Ha HHTErpajibHOH MHKDPO3JIEKTPOHHOH Gase. MaJble TOXH
He6asaHca OGYC/OBJEHH OTCYTCTBHEM OCHOBHOH cJaraiomiefl
Ine — HaMarnuuuBaomux TokoB TA B TpexTpaHcdopmaTop-
Helx Quabrpax. HeobxoxuMo oTMerHTh, uTO OZHOTpaHc(opMa-
TOPHBIA (QHJIBTD HE/Mb3S MONYIHTH NMyTeM HABMBKH BTOPHYHON
06MOTKH Ha Kabesb. [Js noyueHns GHABTPOB 63 cTAIbHOTO
CepAeYHHKA, HACAXXHBAaeMOro Ha xabesb, MOryT GbIThb HCIOJb-
S30BaHH CNenHaJbHBIe QUIbTPBI, paspaGorannbie O3AIT Moc-
snepro (0. M. Cunaes) n noxasanubie na puc. 9.6 (cMm., Ha-
npuMep, [10]). Onn Moryr oTAaBaTh ellle MeHbIIHe MONIHOCTH.

TpexrpanchopmaTopuble GHABTPH HHOrZAA HCIOJIb3YIOTCS
AJIA 3aIUHT, peardpylolmHX Ha HayaJbHBle 3HAYEHHS Mepexoj-
HBEIX EMKOCTHBIX TOKOB, HAMHOTO NpEBHILIAIOIIHX HX YCTaHO-
BHBIUHECS 3HAYeHHs (MPHMEPHO NPONOPHHOHAJNBHbBIE YAaCTOTAM

HX cocraBasiomux). Ha npakruke B paclpeneJuTeJbHbBIX BO3-

AYUIHBIX CETAX YacTo NIpUMEHAIOTCA BecbMa IIpOCTbie Tpex-
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Puc. 9.6. Tpancdopmatop Toka HyJIeBOfl NOCAELOBATENLHOCTH B BHiE MHO-
rOBHTKOBOfl CIHpaJIH:
1 — HeMarHHTHHIfi CcepNeYHHK; 2 — O6MOTKa; 3 — SaXXHMB! BTODHUYBOH OGMOTKM

TpaHchoOpMaTOpHHE (HJBTPH C HCHOJBL30BAHHEM MAaCHHTHBIX
30HAOB — MarHHTHHX TA, paspaborannnx B. E. Kasaunckum
u 1p. [44]. OHu HMeIOT, 04HAKO, BeCbMa MaJyl0 OTAAaBaeMyKO
MOIIHOCTh (CM. IVI. 4).

®uabTpel HanpsukeHnid. B kauectBe QHIABTPOB HamMpsKEeHHA
HyJIeBOH TI0C/JeXOBaTENbHOCTH uYacTo mpuMeHsorca TV (cM.
ra. 4). OnHago oHH, B o1snuHe oT TA, cnocoGHH Ge3 cymiect- .
BEHHBIX HCKaXKeHHH TpaHc(hODMHPOBATHL COCTABJSIOLIHe Iiepe-
XOZHOrO IIpollecca ¢ YacTOTAMH TOJBKO A0 HECKOJNBKHX KHJO-
repu. Ilpu G6/bUIHX wacTOTAX HAYHHAIOT CKAa3bIBATHCS MeXK-
BHTKOBBIE €MKOCTH MNepBHUHHX oOMortok TV, mnpuxoaurcs
TaKXe YUHTHIBATh BO3HHKAIOLIHE B HHX MEPeXOJHHIe TPOLECcCH.
HoatoMy nnisi HanpaBJeHHHX 3aUIHT, HCHOJB3YIOLIHX HAYAJb-
HBIC 3HAYEHHs TePeXOLHBIX TOKOB, BONPOC O BTOPHUYHEIX HATIPS-
XKeHuax tpebyer ocoGoro paccMorpeHHs. s yHUpPOLIEHHBIX
3alllUT ¢ MATHUTHHIMH 30HAAaMH HHOTJA HaNpsDKeHHs 6Gepyrcd,
HanpHuMep, ¢ aHTeHH.

MHorue Bonpochl BHIOJHeHHS H paGOTH QHILTPOB HYJe-
B?g()] NOC/Iel0BATENbHOCTH TOKA H HaNpPSXKeHHA 00600LIeHH
B
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9.4, MCMONb3YEMBIE MPUHLUMIbI BbIMONHEHMA 3ALLMT OT KM

TokoBbie 3aIUTH HYJeBOl MOC/JAEA0BATENbHOCTH, pearupy-
j0UHe Ha mepBble TapMOHUKH TOKA 1Y uwam cymmy Bcex rap-
MOHHK, CTPYKTypHast cXeMa MPOCTeHIIero BEINOIHEHHS 3aIHThL
¢ kabeapubiv TA HyJeBo#i MOCAEJOBAaTENbHOCTH NPHUBEACHA Ha
puc. 9.7,a. Ilpennonaraerca neiictie ee Ha curHad. Tok [es
JOJIKEeH OTCTPAHBaTbCsl OT €MKOCTHOIO TOKA 31§ npy BHeLI-
HHX 3aMBIKAHHSX, CyMMupYouerocs ¢ Ine,n QUIBTPA, KOTOPBIH

Ha cuznan Ha cuzian Ha cuznarn
D - KA 7 KA v KA
(. )
L s (-
/ = AF = 4 =
ﬁ a) 3) f 19

Puc. 9.7. CTpYKTypHbIE COBMELIEHHbIE CXEMBbI TOKOBOMl 3aLIUTH ¢ KabeJsbHb-
Mu TA HyJeBOH NOCAEA0BATENBHOCTH

npu kKaGe/pHOM BBHIIOJHEHHH IOC/JEAHEro BecbMa Mall IIpn
1 o
BHYTpEHHEM K tok B 3amuTe AN CETH C H30JHPOBAHHOM
. (1
HefATpasbio ONpelesercss TOKOM 3/6ds Beex JLPYrux IMpHCO-
enyuHeHuil. 3allMTa MOXKeT HCI0Jb30BATHCA TONLKO B PA3BETB-
JIeHHOH pagHaabHoil ceTH, Korga Cozmin >Con BAHHOTO IIPHCO-
e/MHEHHs; OHA MOXKeT HeueTKo paboTaTh Ipu NepeMeKarolux-
¢ 3aMBIKAHUSX, He KOHTDOJIHpYeT CaMOJIMKBHAHPYIOUIKXCA
noBpexX/eHui, HEIPUroaHa /s cerefl ¢ JAyroracAlliuMH peak-
topamu. C yuerom H3J0XKEeHHOro 00./1aCTH ee IPUMEHEHHS B Ha-
crosillee BpeMs BecbMa orpanuyenl. ITpu ee npUMEHEHHH He-
1,
00X0JAHMMO YUYHUTBHIBATh, YTO IIPH Kw" B dbuabTpe BO3ZMOXKHO

1,1
NpoXxoxK/AeHHe GOJbLIOro TOKA 314", mpu KOTOPOM COBpEMEH-
#pie MO moryT GHTh MOBPEXKAEHBI; AJA HX 3aLIUTH HCIONb3Y-

1oTcA 06GBIYHO Pa3PAAHHKH Ha BXOJIE.
IIpu ocyulecTBAeHHH 3aMIHTH KaOelbHOH JUHUH, HMEIOMeH,

HanpuMep, ABa KaGes, BTOpHYHble OOMOTKH TA uyneBoi#i mocie-
JOBATENbHOCTH MOLYT COeAMHATbes NapaJuenbHo (puc.9.7,6)
uin nocaenosareapho (puc. 9.7,68). CoobpaxeHHd MmO CpaB-
HUTeJbHON OlEHKe STHX cxeM JjaHbl B paGore CP3my TIII

[10].
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ITpoMblILIEHHOCTBIO 10 paspaborkam BHIHND cepuiino
BHUTYCKAIOTCH YCOBEPIIEHCTBOBAHHbE BAPHAHTBl PaCCMOTPEH-
HOH 3aIUHTHl Ha MHKDO3JIEKTPOHHOH 3JeMeHTHO# Gase [48].

Hanpas/enHble 3aMHTHl HYJEeBOH MOC/AEN0BATENbHOCTH,
npeAHa3sHaYeHHBle N/ pearupoBaHHs HA OCHOBHBIC FAPMOHHKH
TOKOB M Hanpsikenui, CTPyKTypHas cxema IpocTeHInero BH-
MONHeHHs! 3AIUUTEl IPUMEHHTEJIBHO K YCJIOBHAM, OTOBOPEHHBIM
5T TOKOBOH 32}3114%1 no puc. 9.7, npuBenera Ha puc. 9.8. Ha-
npsaxenne 3U¢’ K H3MepUTeJbHOMY OpraHy NOJBOZMUTCS OT
BropudyHoii 0OMoTKH TV, coenuHeHHOH B DPAa3OMKHYTHI Tpe-
yroabHEK; TV Bkaouen Ha cGopusle wuHb. OTcTpoiika oT TO-
Ka 3loc,n obecreuuBaercsi HANMPABJAECHHOCTBIO NEHCTBHS 3alllH-
T, Jasg oTcTpofiku or Bo3jeHcrBYOmHuX Ha MO Ius u Uns
¢uaptpoB MO fonken HMETb peryJHpyeMyl 4yBCTBHTE/b-
HOCTb, TaK KaK OT/Ie/IbHBIX OPIaHOB TOKa B 3amuTe HeT. C yye-
TOM 3TOTO NPUMEHAIOTCA He OPraHbl HAINPABJEHHS MOIIHOCTH
KaKk B 3amurax ot K3, a opeanst mouwmocru. B Hacrosuueé
BPEMs IPOMBILIICHHOCTbIO N0 padpabotkam BHHUMI na muk-
PO3JIEKTPOHHO! 3jeMeHTHOH 0ase BBINYCKaeTcs YJIyYIUEHHBIR
BapHaHT 3amuTH. Jasg monoOHBIX Ke 3alUT, HCIOJb30BAB-
wuxca B 30—40-e rogsl Ha reHepatopax, B JleHnsnepro
(I TI. BunorpamoseiM) u CP3uY T3II 6bua mpeasoxena
H peaju30BaHa cxeMa ¢ KOCBEHHOH KoMIleHcauuel Toka Ius
OCYIHECTBJAAEMOH ¢ IIOMOLIBIO [AOIOJHHTENBHOrO TOpM03HOI‘(;
TOKa, mojaBaeMoro B TokoBHe Henu MO or TV uyaeso#t mo-
cieposarenbrocty [1]. PaccMaTpuBaiics Takxke Bompoc H 0
KOMIIeHCAIIMH coGCTBe(gbex €MKOCTHBIX TOKOB JIJIl TOKOBBIX 34-
;L:)H’ll‘jérll)pn gﬁxgsgxné(cj]e (}:IencnonbsoaaﬂneM TOKa, C03/1aBaeMo-
oSl Hee mpeasoxkeHue ObJIO OIEHEHO KaK

oeBpeMeHHOe. CXeMa MPAKTHYECKH HENPHIOAHA /s ceTel
ﬁnﬁyggl;iiggxﬂn;n peakropamu. HcnoabsoBanne nmpu ux Hauu-
Bl X AaKTHBHBIX CJaraloiHx TOKOB Hea(dekTuBHO.
ﬂeHnnT?{zlyixlTeI?a?&ehflg 3eanmra HCIIOJ/Ib3YETCAd HHOrA NPH 3a3€M-
¢ pome empadtn aET;BES?HCTop GOJIBIIOr0 CONPOTHBJEHHS
pabpatoreay HOT AL ycé)lg?.xmaﬂoro THIIa (HanmpuMep, mo
c.ueT:KOBHe ¥ TOKOBble HaNpaBJeHHble 3aUMTHl HYJAEBOH mno-

AOBATENBHOCTH, PEArHPYIOLIHE HA COCTABJSAIOLHE Mepexoi-
HOTro Jponecca, BO3HHKAIOUIME B HAYadbHBIH MOMEHT Kd.
F;ggg:;:a:: STOTO BHA4, KAK YKAa3HIBAJIOCH BHILIE, MOTYT pea-
S e a;osﬂax MTHOBEHHOH MOIIHOCTH, CPAaBHHBATh 3HAKH
cop rorsoR BcKea H HAaNpAXeHHs!, AMIIHTY/bl NIEPBEIX HMIYJb-

X OTXOJAIIHX HPHCOEHHEHHUSAX.
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B uacrosillee BpeMs [Jd BO3AYMIHBIX CETEH HampsXeHHeM
920—35 kB nPOMBILIJEHHOCTbIO BHIyCKaeTcss NO paspaboTke
SHUWH wuMmnyabcHas nanpasJiennas 3amurta, Ee peficrBue oc-
HOBAHO Ha KOHTDOJe HAyajbHOro 3HaKa MOLIHOCTH HYJIEBOH
nocaenopaTenbiocTH. OHa BKJKOYaercs Ha TpexTpaHcdopma-
TOPHBIE (HABTD TOKOB U Ha HANpAXKEHHE HyJeBO# moc/aenoBa-
TEJALHOCTH 4epe3 (PHAbTPH, HOAABAAIOIIHE OCHOBHEIE rapMOHH-
Ki. 3aupira MoxerT pa6oTaTh Kak 63 BbIePXKKH BPEMEHH, TaK

M C BHIAEDXKKOH BpeMeHH, HanmpuMep Ha curHaji. B ombTHO#
’ SKCIJIYaTAUHH HAaXOMMTCH TakK-

xe samumra DHHH, paspa6o-
TaHHAad AJd JHHHA CBEpXBHICO-
kux Hanpsxenu#. Ee orTanun-
TeJbHOH O0COGEHHOCTbIO  ABJA-
T I eTcsi yCTPOHCTBO, TMpelHasHa-
yeHHOE JJisi OTCTPOHKH OT BO3-
A% NeficTBHA BOJH, BO3HHKAIWOIHX
npu paspsige Mosuuu. Heo6xo-
_L AHMO OTMETHTb, YTO B NOCJEA-
= uue rogsl MU (B. A, llyunbiM
¥ Jp.) AJsl HampaBJAeHHBIX 3a-
IKT, PeardpyoIlUX Ha Nepexon-
HBle HpPOLECCH, OLLIO Mpenioxe-
HO HCIOJIb30BATh He Hampsixe-
HHe Uy B NMEPEXOLHOM IIpolecce,
a IPOM3BOAHYIO OT 3TOro Hamps-
wenns duy/dt. [IpoBefeHHEI aBTOPAMH aHaJIH3 yKa3LIBACT HA
5((EKTHBHOCTD MPENONKEHHS [JIs1 OCYIIeCTBICHH HaIpaB-
JCHHBIX 3aIIHT PACCMAaTpPHBAEMOro BHAA.
YerpoiicTBa, cpaBHHBalOmue aMIJIHTYbI TOKOB, BHIIIOJHS-
JOTCS KAK IeHTPAJH30BAHHBE 110 pa3paboTKaM 12U (O. B. Jle-
Genes u B. A, Hlyun) 1 yacTHYHO BHUHI pns ocyliecTBIEHHA

¢ HefictBHeM Ha curHa. ITpOMBIIJIEHHOCTHIO
pa3paboTke

Ha cuzwan

Puc. 9.8. CrpykrypHas coBme-
HIeHHAs CXeMa 3aliHThl MOIIHO-
CTH HyJIeBOH 1moc/Ie/10BaTe1bHOCTH

(1)
samut or Ka
CcepHiiHO BHITYCKA€TCs BADHAHT TAKOH 3aIHTH MO

BHHUP [48].
Heo6X01HMO [MOIUYEPKHYTh, YTO PACCMOTPEHHbe MpPHHIHIIE

BHIIOJHEHHS 3aLIHT, Pearupyolux Ha HayaJbHbE CAaralolne
nepexofHLIX MpoleccoB, UKCHPYIOT Kak KpaTKOBpEMeHHbIe
CaMOMHKBHIHPYIOIlHECs, TAK M JAyroBble MepeMexalollHecs
3aMBIKAHHS, a TaKXe YCTOHYHBHIE K" . TlosroMy npHHUMIH-
a71LHO OHH sIBJASIOTCH OoJee YHHBepcaJbHbIMH, 4YeM [Apyrue
denonHenus. Vx HedocTAaTKH — MaJiasi YyBCTBHTEJNBHOCTL NDH
MOCTeHeHHOM CHHIKEHHH H30JIsIHH, KOTAa npo6oit MoXeT OHITb
[pH MAJbIX Uk.
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TokoBbl€ 3aIHUTEI, pearHpyiomue HA YCTAHOBUBIIHECS 3HA-
yeHHs1 BbICHIMX TrapmoHHK. [lo paspa6otkam BHUUD
(B. M. Kudckauu Ap.) npOMBIINIEHHOCTHIO BHIIYCKAETCS WJIH
FOTOBHTCS K BBIIYCKY 3HAUHTENBHOE YHCJO HCHONHEHHH TAKHX
3allHT, HONYYHBIIAX INHPOKOe NpHMeHeHUe [48]. B Hacrosmee
BpeMs OHH CTPOSITCS HA COBPEMEHHOl Muxpoanémpouﬂoﬁ 3ne
MeHTHOH 6ase u npefHAa3HaYeHH! AJA BKJIOYeHHs Ha TA u JIe:
BOH MOC/ef0BaTenbHOCTH. B [48] orMeuaercs pan Meponyym-
THH, HAaNPDABJEHHBIX H4 MNOBHILUEHHE TEXHHYECKOTO COBE III.)IeH-
CTBA B PA3HBIX BAPHAHTAX TaKMX 3alluT. K HuM, B qacnl:x)ocm
OTHOCATCH CJeAYIoIHe: GUAbTpaLus BOSﬂeﬁCTB’yIOHlPIX BeJIH-
YHH C LeJbI0 OTCTPOHKH OT claralmux pabouyell yacToTh MO-
;};Illl)xgga:;gnargﬁnpmmo BJIHATH HA 3 (PeKTHBHOCTD (byHK’ILPIO:

; ecneuenve paGoTH NpPH NepeMeXaloIUXCcs
3aMBIKAHHAX; NMOANHTKA Leledl TOKa oT YCTPOii
PYIOIIEro ¢ 3aIacOM MIHOBEHHOe 3Ha'J€(B)HHZ TTopKoaHgTalﬁﬁuT;)g;gﬁ)—
NPUCOENHHEHHS  COIMIACHO BHpAKEHUIO i(()lc),,=300,,du /dt u
;{((:)iapneuﬂcnpylomero 6POCOK €MKOCTHOrO TOKa HpHCOSﬂI/I}?eHHSI;
oficTBa and ;
Jerpone. ﬂpyﬁuelsammu ot Gonbiux TokoB I« mpu K u He-

Yerpoficrea HanGostee 3QQEKTHBHH B KabedbHbIX CeTsX
gefg;ocri%s(l)ljlx:M;B PEAKTOPAMHU, HO MOTYT HCIOJb3OBATHCA U B
comax ¢ Hao. POBaHHBIMU He#ATpaasamu. OHYU BBIIOMHSIOTCS KAK
i 1 léy bHBIMH [/Is1 KaXJ0T0 NPUCOGAUHEHHs (c u3Mepe-
o H%Mip(é(}){ﬁ?;}mro SHAYEeHHS), TaK H UEHTPAJH30BAHHBLIMH
o awepen ocomocmenbﬂoro 3HaueHus). Kaxpuit BapuaHTt
aeeT CBOM 1131T TOMHCTBA W HepocTaTKH. CyIecTBEHHHIM 10-
SrOAHCTBOM qogoro BapHAHTa ABJAETCS BO3MOMKHOCTH IOMY-
Ko aoomee H}; achmeanon 3amuTh. HekotopriM megocrar-
o (buxcamfu Keme 3AIIUT SBJAAETCA HENPHCHOCOBIEHHOCTD

e PATKOBDEMEHHBIX CaMOYCTPAHSIOUIMXCS IO-
e Takas tpebyercs).
pom .ggag:u::lgﬁemﬁ BAapHAHT BLINOJHEHHS 3alUTH, B KOTO-
Henoapemneﬂﬂo“mﬁ 3HAUCHHS TADMOHHMK B NOBPEXJEHHOH H
nenopheHLe A dasax u KOTOPHIH He Tpebyer buabTPOB HY-
Gorax BHUHS Grma nowassta a0y b poilc, 8 pa-
o 03MOKHasA 3¢ GheKTHBHOCTD
Bb{l;k(l)ﬁﬂsamm [57, 48]. B nacrosmee Bpems paccMaTpuBaeMoe
o €HHE HaYalo0 NMOKa MOJyyaTh NPAKTHYECKYIO DeasH3a-
CTaIO IIpEUMYIIeCTBEHHO IIPH OCYIIECTBAEHHH 3amuT or K.
TOPHBEIX OOMOTOK I'eHepaTopoB (CM. Il 12).
no}}gﬁmaﬂ oueHka 3amut aunnii or K. Kak CINeAYyeT U3 H3-
HHOrO, pa3HOCTOPORHHKE paGOTh, MPOBOASIUECT B CTDPAHE
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[0 HCCJAENOBAHHIO H OCYLIECTBJEHHIO 3alHT OT K{, naior
OCHOBaHME 0JaraTh, YTO TAKHe 3alIHTHl MOTYT GHITH OCyIue-
CTBJIEHB NpH JIOOBX PEXXHMax 3a3eMJIeHHs HeHTpasei ceTeil.
OnHako XapakTep 3a3eMJEHHs MOXeT CYIIECTBEHHO CKa3bl-
BaThbCA Ha npHHUMaeMmbix pelleHHsx. ITosToMy Haspes sompoc
0 KPHTHYECKOl OlleHKe CYileCTBYIOIHX DeXXKHMOB 3a3eMJeHHd,
KOTOpHe Tpe6GyloT YTOUHEHHs C yueTOM 3apyObexHOro n ote-

YeCTBEHHOTQ OHBITA.

Bomnpocsl g1J9 caMOIpOBEPKH

1
1. Tlosichiure ocoGeHHOCTH Y mo cpaBHeHnIo ¢ K3
u chopmyanpyiite Tpe6OBaHUS K 3allHMTaM JHHHH, pearupyio-

IUM Ha 3TOT BHJ IIOBPEXKAEHUS.
2. Kakue 3JIEKTPRUYECKHE BEJHYUHBI UCHNOJB3YIOTCA AJIS1 BhI-

1
nosuenus 3amuts ot K&?
1
3. TloueMy aa# BbimoaHeHHs 3amuth o7 Ki npenmymect-
BEHHO HCIOJIb3YIOTCSl OAHOTPAHCHOPMATOPHBIE YHUIBTPH TOKA
HyJIEBOH MOCJIe10BATENbHOCTH, & HE TPEeXTpaHcdopMaTopHbie?
4. KagHe IpHHUHIB BBITOJNHeHHs 3amMT JuHui oT K{V

HCIOJIb3YIOTCA B OTEUeCTBEHHOH HpaKTUKe?

Fnasa pgecsaTas .
BbIBOP MPHUHLIUIMTIOB 3ALLUMT JMHKUA

10.1. OBLLIME BOMPOCHI BLIMOJIHEHMA 3ALLMT

[lpu BLIOJIHEHHH 32IUT JHHUE PA3HHIX HOMHUHAJBHEIX HA-
npsaXeHuil yuHThBaeTcs Psf TpeGoBaHHA H coobpaxenui,
a TakXe paspeliaeTcss MHOTO HayYHO-TEXHHYECKHX M MPaKTH-
yeckux Bompocos. OcyllecTBleHHe 32LMUT B OTEYECTBEHHBIX
ycaoBusAX obserdaercss psioM OGCTOATENbCTSB. D10, BO-IlEp-
BpiX, nagauune I1YD, B KOTOPHIX IpuBejeHsl Kak obuine Tpe-
GoBaHusl, TAK H JOCTATOYHO KOHKDETHBHIe YKa3aHHA MO ocylue-
CTBJIEHMI0 3amiuT JuHuil 1o 500 kB BraouuTeIbHO. BO-BTOpLIX,
BHITyCKaJHCh PY 1O 32UIHTaM PasHBIX HCHOJHEHHH, PAL pas-
JeJIOB KOTOPBIX He yCTapes H COJAePXUT KOHKpeTHble YKa3aHus
mo BHIGOPY IapaMeTpoB H OUEHKe YYBCTBHTEJBHOCTH 3aLUHT.
MHor¥e BONIpOCH H3JOXKEHHl B IPEIBLAYIIUX VIaBaxX, a TaKxe
B psifie KHHT, B KOTOPHX faHo Gosee riyGokoe paccMorpenne
KaK OTAeJbHBIX 3alUT, TaK B uX Kommekcos. HeoGxoxnmo,
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HakoHel, OTMETHTb, YTO OTeYeCTBEHHAs! NPOMBILIICHHOCTE Bbi-
nycKaeT YCTPOHCTBA, € HCHOJIb3OBAHHEM KOTODHIX MpeACTAaB-
JeTCsl BOSMOXKHBIM OCYNIECTBJATD 3aLUIUTH JIOGBIX 5J1eMeHTOR
3JeKTPHYECKHX CHCTEM Ha BCe HANPAXKEHHS. [ostomy umxe
KOPOTKO DACCMOTPEHBI JIKIIb HEKOTOPBle 0GmiHe BOIIPOCHI,

10.2, SALLIMTBI IMHKUKHA 6—10 B

Mo nunnam 6—10 kB Moxker ocymecrsaarbcs nurtanue ro-
POACKHX, MPOMBIUJIEHHBX H CEJIbCKOXO3AHCTBEHHBIX HOTPeGH-
tejeli. OHE 6GuIBalOT KabesbHble (MpenMylleCTBEHHO B HpO-
MbILJIEHHBIX H TOPOJCKHX CeTAX) H BO3AyLIHEE (IpeHMylie-
CTBEHHO B CeJbCKOXO3SICTBEHHBIX CETAX) H 06pasyior ceru
pasJHYHOH KOHQHIYpauuu, NOHHMKAIOUHe TPAHCHOPMATOPEL
KOTODHIX YaCTO HMEIT He(oJbLIYI MOLIHOCTh H 3allHILAIOTCH
ot K3 mpefoxpanutensiMu. B HOPMAJbHBIX peRHMAX JHHUH
06bi4HO paboTaloT Kak paiMasibHble ¢ OJXHOCTODOHHUM MUTA-
HHEM; MOSTOMY AJas samutel o1 K3, kak mpasuso, okasmiBa-
€1cs 10CTaTOUHOH TOKOBas peseiinas samura (cM. r1. 5). das
obecnievenns Gecriepe6ofHOr0 MHTAHHS norpeburenefi mpeny-
cMatpuaercs psn Meponpuatuél. K Hum B nepsyio ouepens
OTHOCATCS CJICAYIONIKE: OCYIeCTBJEHKE De3epBHOr0 IHTAHHA
HO ADYrOoH JIMHRM, HUTAEMOH OT TOH Xe NOACTAHIHUH HJH Apy-
FOTO CHHXPOHHO paGoTaloIIero HCTOYHHKA, ¢ moMollplo ABP
UK CIENHaNbHOTO CEeTeBOTO Pe3ePBUPOBAHHSA, YACTO MHCIOJb-
3YEMOTO B CYUIECTBYIOILHX CEJIbCKOXO3SIHCTBEHHBIX COTSX: npu-
Menenne AIIB noBpexpgesnoft uHum, KOTOpOe SQJQJGK’TI/IBHO
B BOBAYIIHBIX CeTAX M Mano3(h(eKTHBHO B KaGeJbHBIX: Bbi-
TOJHEHUHE 3AIIHT ¢ BO3MOIKHO MaJBbIMH BpeMeHaMH CpaéaTbI-
BAHUA uyn Ge3 BHIAEDIKKU BPEMEHH, IIOC/IEIHEe CUHTACTCH 065~
gagganuM H2 HepeaKTHBHPOBAHHBIX JIHHUSAX NpH U£3c§<0,5+
X,pOH;;Io;XHa ;?Iéax NOACTAHUHY TIPH MHTAHHH N0 JIRHUSIM CHH-
wbo I TeJeH H JDYruX mnorpeGutenedf, He Aomyc-
KaeTIél;xﬂgagﬂmxu B JHKBHAauuH K3; B cBA3M ¢ 3TEM jmomyc-
cAnp Rﬁlgxmsﬂaﬂ paboTa 3alNHTH JIMHHM B COYETAHHH
il HCIPAB/AAIOMAMY 110 BO3MOXHOCTH JAONMYLIEH-

% cpabaThBAHKS.
KOTOP&;HJIP;%PJIT;;(HZ621:;I;eg:§onbsyemﬂ eIHHCTBEHHAA 3aM1MTa,
B e L JATb M lajibHee pe3epBHPOBaHHe.
MATGH T, LI, anpuMep Ha OTBETCTBEHHBIX JHHHAX
oMo lmtb,(bep eHy ) ATPHBAIOTCHA B KAYeCTBe OCHOBHBIX IPO-
orna e PEHUHAJILHBIE TOKOBbIE 3aUMTHI (CM. T 8).

KOBBI@ 3alIMTH YCTAHABJIHBAIOTCA B KaUecTpe peseps-
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Hpix. HOrla IpHMEHAIOTCS TOKOBble 3allHTHI ¢ OJOKHPOBKOH
110 BCIIOMOTATENbHBIM NpoBOAaM (. 7).

Cern 6—10 kB uMeror HeHTpaau H30JHPOBAHHBIE HJIH 3a-
seMJEHHBIE dYepes Ayroracsiniue peakTopnl. [1osToMy sawiuTh
ot K3 j0/KHBI YYHTHBATL TOABKO MHOrodasHble MoBpexje-
HHg — K® K@) KD g K,(I'B'”. 3amHuTH OT K& JeACTBYIOT,
Kax NpaBH/O, HA CHrHAJ;.a Ha OTKJIYeHHe — TOJBKO KOrjaa
9T0 Heo6XOAMMO TNpeXJIe BCEro MO YCJIOBHAM TEXHHKH Oe3-
onacHoctH (cM. ri. 9). 3amurs or K3 Bunosdsaorcs ABYX-
$a3HeIME (Ui OTKJIOUEHHS NPH K5 10 BOSMOKHOCTH 01HO-
ro Mecra MOBpEXAeHHs), NPH peJie KOCBEHHOro IeHCTBHA —
4acTO ONHOCHCTEMHBIMH (C OJHHM H3MEPHTE/BHEIM OpPraHOM).
Henecoo6pa3Ho (B rOpOJACKHX, CEJbCKOXO3AHCTBEHHBIX CETAX)
HCIOJAb30BAHHE 3AIUT C peJie NPpSAMOro IefCTBHS MJIM Ha Olle-
PATHBHOM NepeMeHHOM TOKe (cM. ri. 4). OmnepatuBumifi no-
CTOSIHHBIT TOK NpHMeHseTCsi Ha O0OBbEKTaxX, MMEIOIIUX aKKyMy-
JAATOpHHE 6aTaped, ycraHOBJEHHble JJs ADYIHX LeJei.

Hacro npuMeHsIOTCA pese TOKAa ¢ KOMOHHMpPOBaHHOR Xxa-
pakrepucTHKON {=f(lx) — NpH 3HAUHTEJBHHIX [y BHJIEDPKKH
BpeMeHH Her (OTceuka), IpH Maubix [x XapakTepHCTHKA Orpa-
HUYEHHO 3aBHCHMAsA WM 6JH3Kas K Hel 3aBHCHMas, obJjerda-
loljasi COrjacoBaHHe ¢ XapaKTeDHCTHKAMH TPeIOXpaHuTesel
3alliuT TpaHchopmMaTopoB moTpebuTeNeil.

KouxperHble ykazanus no BuGOpY mapaMeTpoB 3alllUT, cO-
riacoBaiue MX XapaKTEPHCTHK JJISI paclpeleHTeNbHbx ceTeil
nansl B [61].

10.3. 3ALLMTBE JIMHKUA 20 u 35 B

Ceru 20 u 35 xB paboralor ¢ TeMH XK€ DEXHMaMH 323€M-
JeHus Heftpadneit, aro u cetu 6—10 kB. [TosroMy 3amuTH JH-
it 20 u 35 xB goskHB! pearupoBare Ha aHaJOrHYHBIE BH/BI

NOBpeXJIeHHH, 3alluTsl OT K" pabotator ua cursan. 3amu-
Tol 07 K3 BRIMOAHAIOTCS ABYX(pasHBIMH.

Jas OAMHOYHBIX JHHHA ¢ OJHOCTODOHHHM THTAaHHEM cCTpe-
MATCA NPUMeHATh, 6ojiee NMPOCTHle TOKOBHE CTYNEHYaThle 3a-
murel, Jlomyckaerca npH HAJHYHU Y JHHUH HECKOJBKUX NO-
C/IeIOBATEJAbHBIX YYACTKOB 1Jis1 oOecnedeHHs GBICTPOTo OTKJIO-
YEHHs] THAMKEJLIX MOBpeXAeHHH ( & <0,6Unom Ha wHHAX
MHTAOMKX TOJCTAHIHHA) BHINOJHATbL NEepBbie CTYNEHH 3aLIUT
HECEJIEKTHBHBIMH, HCNPAaBJAs HX H3JHIIHHe cpabaThiBaHUA
ycrpoiicrBamu noouepenasoro AIIB (cm., Hampumep, [1, 48]).

Cern 20 u 35 kB uacro uMeloT KOJbLEBYIO KOHDHUTYpALHIO,
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napajieJblEle 1ENH, B HHX BO3MOXKHO HaJHUHE ABYX HCTOY-
HHKOB MHTAHHA. B Takux cersix mpuMeneHHwe TOJBKO TOKOBhIX
CTYMEHYAThIX HANDaB/CHHBIX 3ALIHT YaCTO HEBO3MOXKHO HJH
nespPekTuBHO. B 5THX cayuasx HCMO/b3YIOTCH JTHCTAHIIUOH-
Hple, OGBIYHO OJHOCHCTEMHBIE, 3amuTe ¢ MO noagoro conpo-
TuBNeHus. 19 ONHHOUHHIX wnemei HCIIOJIb3YIOTCA €MHHCTBEH-
Hble SALUITE, OCYINECTBIAIOLIHE H Ja/bHEe Pe3epBHPOBaHHE.
J1onOJIHUTEILHO Ha Mapan/epHbIX Lensx npefycMaTpuBaoTcs
nonepeyHbie IHGbGbepeHHaIbHbBIE TOKOBBIE HalpaB/ieHHBIE 3a-
murhl. [Tpy Hanpasienssx samuray AOMNOJNHHUTEbHO YCTAaHaB-
JHBAIOTCA TOKOBbIC HEHAMPAB/IEHHBIE OTCEUKH OT MHOTO(Aa3HEIX
K3. Muorpa aas mepseix ABYX CTYNEHed BMECTO OpraHOB co-
NPOTHBJECHHS] NPUMEHSIOTCS KOMGHHHDOBAHHBIE OTCEUKH IO
;gxe(h};e?”g:;{p%};e:}ilo (cm. ra1. 5). Opsnaro npu COBPEMEHHBIX
X Tax
e  Dasax T O€ pelleHHe HPeACTABJSAETCS HEA0CTA-

10.4. 3ALLUMTA SIMHUHA 110—220 kB

Cern, kak npasu/o, paborawoT ¢ rJyXo3a3eMJeHHBHMH Hell-
TpasiaMu. [To3TOMY 3aliuThl BHINOAHAIOTCS Kak 0T MHorodas-

HBIX (32 HCKIIOUEHHeM K;ﬁls’”), Tak W oroaHodasunx K3.
Ceru uacro uMeloT C10KHYIO KOH(DUIYpaUHIO, HECKOJbKO HC-
TOYNUKOB nuTaHuA. [lostoMy nis samuth or MHOro¢dasusx
K3 (Brawouas K1) yacro NpUMEHSIOTCs  NHCTAHIHOHHEE
CTYNEHUATHE 3ALIHTHI C PA3HLIMH XAPAKTEPHCTHKAMH Zy=
é:(})’((pp) (em. ra. 6) OpraHoB CONPOTHBJIEHHS, CHabKaeMble
JTOKHPOBKAMH OT KaYaHWMH W Hapyuedud BTODHYHBIX Iemnel
TV. Or K B CCCP 06buno OPUMEHAITCH He AHCTAHIHOHHBIE
SAUHTH, a TOKOBblE MHOTOCTYNeHuaThie HANpaB/eHHBlE 3amIH~
THI ?{yﬂeé;ou oc/Ie10BaTeNLHOCTH (M. a1, 5).
€0 1
MBX 1 601ice BaiCoR MATpAK R way L PACCHATDABaC-
JAAETCA coueTaHHe HaJbHer 611 S el
B O H OJHXKHErO pesepBHPOBAaHHS.
P CT;)}elSepBHpOBaHHe CBOMHUTCS K TOMY, UTO Ha KakaOH
poi MZ : 4BJIMBACTCS [BA KOMIVIEKTA 3ALLHTH, IPHYEM BTO-
P TopKo(;CManHBaeM”OI‘O BBITOJIHEHUA 3allUT (QHCTAHIHON-
Vinomerok0 bIX HYJICBOH NOCAELOBATENBHOCTH) MOXKET HMETH
e Hagbmonﬂeuﬂe TEX e 3AIMHT — C MEHBIUHM YHC/IOM
HCHOJIbSy,ETCﬂ peHMep6 C nepBou u Bropo#. Ha mpaktuke yacro
petinan) oI Bme 0JI€€ NPOCTOE OCYWIECTBJEHHE paccMOr-
LA KOMgHe!e{;l)‘ HDOBAHUS (c1:4., Hanpumep, [70]). Enuncreen-
Koy » BRIIOUAIOMHAHE NHCTAHUHOHNYIO 3aIUUTY H ToO-
allpaBJICHHYIO 3alHTY HY/ieBOf NOCJIe[0BATENLHOCTH,
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pasjessieTcs o LeNsiM BO3ACHCTBYIOUIHX BEJHUYHH H MO LEnsiM
OlIePATHBHOTO TOKA Ha JBe uacTH. B omHy M3 HHX BXOAAT I
u Il crymenn aucraHuuMoHHO# u IV cTymeHs TOKOBOH Halpas-
JIeHHO} 34IIMT, 4 BO BTOPYIO — coorBeTcTBeHHO III crymeun
Adcranuuonnoii u I, IT u IIl crymeHu TOKOBO# HalpaB/JCHHOM
3amnT. Bo Bcex cayuasix 3aech H jAaJjee AONOJHHTENBHO ycTa-
HaBJHBAIOTCS TOKOBBIE HEHANpaBJeHHBE OTCEYKH OT MHOrogas-
geix K3. Ha mogcradumusx cered, ocofeHHO ¢ BO3AYIIHBIMH
HIH Mag000beMHBIMH MAacCJ/siHBIMU BBIKJIOYATENIAMH, HE HMe-
IOUHMH BCTPOCHHBIX BO BTyaku T'A, mpenycmaTpupatorcs
YPOB (cM. ra. 15).

B mocaeanue rogbl BHISABHJIACH TCHACHLUHS K NPHMEHEHHIO
H 15 JukBHpauuu K gHCTaHUHOHHBIX 3aIUHT, KaK NPAaKTH-
KyeTcsa 3a pyGexoM. Dta TeHAeHuHsi 00yc/IOBJIeHa MOABJICHH-
eM 6oJee ylauHblX HCIIOJIHEHHH OpraHoB CONPOTHBJEHHS, IIpEN-
Ha3HauyeHHBIX AJAA yKasaumHbix uesaed (cM. ra. 6). Iloka Ha
HpaKTHKE TakKHe HCIOJHEeHHs He HCIO0Jb3YHTCH.

B cayuasix, Korja 1o yc/JI0BHSIM o6GecledcHHs YCTOHUHBOCTH
CHCTEMBl M OTBETCTBECHHBIX NMOTpebuTeseii Tpedyercs AeHCTBHE
3aUIMTH Ha Bcel AJMHE 3alHUIaeMOro ydyactka 0e3 BHAepX-
KH BpeMeHH {Ha IMMHAX CTAHHHH H Y3JOBHIX IOACTAHUHH

ue 0,6 +0,7U.on], BO3MOXKHBI ABa pellleHHs BONpoOca: Jo-
IOJIHEHHE CTYNeHYaThlx 3alunT ycrpoiictBaMH BY 6i0xkupoBKu
HJIH Oepejadyd OTKAKOYAIOUIMX CHrHAJOB W HCHOJb30BaHHE B
KauecTBe OCHOBHOH OTAeAbHOH IIPOAOJLHON 3aliUThi ¢ abco-
JIOTHOM CceJleKTUBHOCThIO. [lpenmodyreHne otnaercs BTOPOMY
BapHaHTy, 06ecleYHBaloUIeMy HE3aBUCHMOCTh B IKCILTyaTallHH
H GoJsee coBeplueHHOe OJIHXKHee pe3epBHpoBanne. B Hacros-
iee BpeMs B KaueCTBe OCHOBHBIX NMPHMEHSIOTCS HaNpaBJeHHble
samUTH ¢ BY 610KkHpoBKO#H (cM. 1. 7) BMecTo paHee HCIOJb-
3oBaBUIMXcs aHbdepeHuuannruo-dasunx samur ¢ BY 6ioku-
poBKo#t (cM. ri1. 8). IlpononbHbie fuddeperHiiHanbible 3aUIATH
CO BCIMIOMOTaTeJbHBIMH IPOBOJAMH HCIOJB3YIOTCA peaKO, Ha
O4eHb KOPOTKHX y4YacTKax.

Ilpy HaJMYHKM HA JHMHHH NapajeNbHBIX Leneld HOIoJHH-
TeJIbHO YCTaHaBJHMBAIOTCA IONEPEUHbie HANlpaBJEHHBIE 3AlIHTHI
C KOCBEHHBIM CpDaBHEHHEM 3HAKOB MOILLHOCTH (cM. ra. 7). Beer-
Ja B Ka4ecTBe JOMOJHHTENbHBIX IPelycMATPHBAIOTCS TOKOBBIE
HeHalipaBJ/ieHHble OTCEUKH.

Ha TynuKOBBIX JIMHMSX [IHOAA yAaeTcs HCHOJAb30BaTh U 60-
Jlee MPOCThI€ TOKOBHIE CTYNEHUYATHIE 3AUIHTHI.
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10.5. SALLIMTA NIMHMA CBEPXBLICOKUX HAMPSHEHWUA

CHCTEMBI CBEPXBBICOKHX HaNpsiKeHHH, KakK M Npu Usow=
=110+220 kB, pa6otalor ¢ rayxozaseMicHHbLIMH Helrpasns-
mH. [T03TOMY MX 3aIMTHl A0/KHBE PA6OTATh NIPH AHAJIOTHTHBIX
pugax K3 # uMerb cXOXHe O NPHHUMNAM HeHCTBHS BHIIOJ-
nennsi. OnHako Tpe6GoBaHMs, NpeabABASieMble K BHIIONHEHHIO
3QIHT, ABJIAIOTCH 3HAYATENBHO GOJIee XKECTKUMH H HMEIOT He-
KOTOpble CHeUH(PHUECKHE OCOGEHHOCTH, KOPOTKO OTMEUeHHble
HHXKE.

CucTeMbl ¢ paccMaTpHBaeMbIMH JHHHSMH PaGoTaloT 06hY-
HO ¢ MaJbiMK 3amnacaMi nmo ycrofuyusocrd. ITostoMy B kaue-
CTBe OCHOBHBIX Ha JIHHHsX Bcerja HpejpycMaTPHBAlOTCs HaH-
Gonee GBICTPOACHCTBYIOMME TIPOJOJBHBE 3AlMTH — Halpas-
qentsle ¢ BY 610kupoBkoit (cM. ra. 6), co6erBennoe BpeMs
cpabaTHiBalMsi KOTOPHIX He mpeBocxogut 0,02 ¢. K Pe3epBHHIM
3allATaM CO CTYNEHYATBIMH XapaKTeDHCTHKAMH BBIACPKKH
BPEMEHH, 00ecneYHBaomuM GIHKHee U 1aNbHee Pe3epBHPOBa-
HHe, TaK¥XKe NpelbsBJsiercs tpeboBaHHe OTKAIOUeHHs K3 na
3alMIlaeMOM ydacTke 0e3 BhIAePKKH BpeMeHH. J[las storo
OHH CHAG0XKaITCA YCTPOHCTBAMH, OCYLIECTBJISIONIHMH nepena-
1y OTK/IHualIuX u paspewatoiwux BY curunanos. Boabuue pa-
OOTHl 110 CO3AAHHIO CHCTEM TeJCOTKJIOUCHHS GBLIH IIpOBeIeHBI
B0 BHHUHD (B. C. CkuranbueBsiM u ap.). Oupy HpHBEJIH K BHI-
MyCKY NPOMBILLICHHOCTBIO alllapaTyphl TEJCOTKAOUCHHS BHA-
yane tina BUTO, a B nanbueitniem — 6ostee COBEpIIeHHbIX CH-
creM (AHKA — ABIIA), ucnonsayembix Ha npakruke. Ha ju-
HHSX CBEPXBBICOKHX HANPSKEHMH BCeria IpeaycMaTpHBAIOTCS
yerpoiictea OAIIB, oGecneunsaiomue mpu KO oTkaouenne
Ha ydacTke TONIBKO OAHOH NOBPEXICHHOH (a3bl, ee aBTOMa-
THIECKOC MIOBTOPHOE BKJIOYEHHE H OTKJIIOYEHHe BCex Tpex das
pu Heycmemwsoct mocaensero. ITostomy K 3awmrte JuHmi
Ipenbapasercss TpeboBanne obecneueHns JeHcTBHs B cayvae
BosnnkuoBenuss K3 B uuksie OAIIB na ocrasmuxes s paborte
éIByx (baaax; CywecrByiolde HanpapieHHbie samursl ¢ BY
r;o;;)npglaxon /151 3TOM Le/TH OKA3BIBAIOTCS HENPHTOAHBIMH (CM.

- OHAYHTEJbHO GoJlee YeTKO PYHKUHOHHPYET IPOOIbHAs
AHpdepenunanbho-pasnas samura ¢ BY 610KUPOBKOH (cM.
I 8). [Moatomy mpenyematpusaercs B wnkae OATIR BpeMeH-
HBIM NepeBos HANPABJCHHON 3allHUTH B yipoueHuyo nudde-
PCHIHANIbHO-(PA3HYI0 ¢ HOCTOSHHOM UHPKYAsiiHed OGJIOKUPYIO-
Iero curnasna. das tex xke uesefi HCIo/b3YI0TCA H H36Hpa-
TenbHble oprakbl yerpoiicts OATIB.

Ipu K3 u pasnoro popa IIepeKJIIOUeHUSAX B paccMaTpHBae-
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MEIX JIMHHSIX BO3HHMKAIOT HHTEHCHBHHE NEPEXOAHble 3JEKTPO-
MarHuTHbIE MPOIECCH], COMPOBOXKAAIOILNECs] HE TOJALKO alepHo-
IMYECKUMH CJaraiouluMH, Ho U CBOGOIHBEIMH 3HAKONEpEeMeHHE -
MH 3aTyXalOmMMM CJaralolUM{ ¢ YacToTaMH, OOJbLIMMH
OCHOBHOH, HO HHOrJa M A0CTaTOYHO OJH3KMMH K Hefl. 32 Bpe-
Msi AeficTBUst GEICTPOAefiCTBYIOUIHX 3alHT BCe YKA3aHHHIE cJla-
ramliyde He YCMEBAIT JOCTATOYHO CHJBHO 3aTYXHYTb M MOTYT
BHI3BATh M3JHUIIHHe cpabaToiBanusi npH BHewHux K3 nam 3a-
meldeHue npu BHyrpeHHux K3. Ilpennaranuch pasnbie Mepo-
NPUSTHS JJIsI YCTPAHEHHs YKA3aHHBIX HeOJaronpHsATHHX BJHSA-
uufi. B Hacrositee Bpemsi HauGoJiee HenecooGpasHEIM cuuTa-
eTcsi NpuMeHeHue (UALTpAUMHU BO3JAEHCTBYIOIIHX HA H3MepH-
TeJbHYI0 4acTh 3alIMTH BeJuunH. YacTo AJast oCylIecTBJEHHS
3TOrO HUCNOJb3YI0Tesl npeobpasoBanust Pypbe A 3aAaHHOrO
BpeMeHH (o6biuHO oauH mepuox— 0,02 ¢) B BuAe TeKyLIHX
cnekTpoB (cM. ra. 1). Onnako, Kak nmokasaHo B [34] oHm, Kak
u npeoGpasoBanuss KanmaHa, B psie ciyyaes He Moryt obe-
CneuuTL He0O6X0AUMOH MOMHOTH (uabTpanku. llpuHunnuansHo
fonee moJIHOE pelLIeHHe AAIT METOIBl, NPHUMEHSIOLIHe TpHH-
LHOBE MOJIYYEHUS] HAUMEHBUIIMX KBaJpPaTHUHBIX MOrpellHOCTER
[35]). OnHako B ofuieM ciaydyae OHH PeaJU3YIOTCs AOCTATOUHO
CJIOKHO,

IMpuxonurcst TakkKe yYHTHIBATE €MKOCTHYIO MPOBOJZHMOCTb
JUHHHA, HaJH4YHe KOTODOH MOXKET NPHUBECTH K HEMNpPaABUJIBHOMY
(PYHKUHOHHDPOBAHUIO 3alluT. /s HCK/IIOUEHHs1 3TOTO, HAIDH-
Mep AJ51 HeKOTOPHX HPOAOJABHBIX 3aLHT, NPUMEHSIOT HCKYCCT-
BEHHOE BLIDABHUBAHHE TOKOB B KOMILJIEKTAX I1POTHBONOJOXKHEIX
CTOPOH C NOMOHbI0O KOMIEHCAIlMH E€MKOCTHOIO TOKAa y4yacTKa.
STa KOMNEHCAIHsI MOXKET BBIIOJHATHCSA ¢ NPUOJHKEHHBIM yde-
TOM IepexOJHHX 3JeKTPOMArHUTHEIX npoleccos. OGumue yc-
JIOBHSI BHIIOJIHEHUS 3ALUMT JHHHH CBEPXBBHICOKUX M YJBLTPABHI-
COKHX HanpsiKeHH# paccmorpend B pabore B. M. Epmouetnxo,
B. 1. Kosnosa u B. H. Kpacesoii [62], rae npusefensl Takke
MaTepHaJbl APYTHX aBTOPOB IO KOHKPETHHIM 3aLIUTaM.

10.6. UCMONb3OBAHUE TENEOTKIOYEHMHA

B TexHuKe pesefiHOH 3alIUTHL NOJ TEJEOTKIIOYEeHHUEM O6hIY-
HO NOHMMAaeTcsl OTKJIOUEHHe BHIKJIOUYATeNefl Ha OJHOM KOHIe
y4acTKa, KOTOpOE OCYIIeCTBJAsSeTcsl NpH NOJYYEHHH OTKJI0Ya-
IOLlero cHrHaja or cpaboraBliledl 3amUTH HA JPYTOM ero KOH-
e WM APYrHX KOHIAX (HanmpuMep, Ha JIHHHH ¢ OTBETBJEHHS-
Mmu). OTkJaO4aollHe CUTHAMB MOTYT MepelaaBaThesi MO Mpo-
BoAHbM, BY u pamuokananam (cM. ra. 1) u mpoOu3BOAHTDH
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KOHTPOJHPYEMBIE HJIH HEKOHTPOJIHpPYeMbie OTKmoueHusi. Ilep-
pHi€ OTJHYAIOTCS OT BTOPHIX TeM, 4TO TpebyeMoe oTKJIOYeHHe
NIPOHCXOAUT TOJbKO NPH CPaGaTHIBaHHH HA 3JIEKTPOYCTAHOB-
ke, PUHHMAIOWEA CHrHAM Kakoro-aubo oprana, QuKcupyo-
mero BO3HHKHOBEHHe B 3aUIMIAEMOH CHCTEMe MNOBpeXyeHHsI.
OO6bLIYHO, €CJIH 3TO BO3MOKHO, HCHOJB3VIOTCS CXeMbl ¢ KOH-
TPOTUPYEMBIM OTKJIIOYEHHEM Kak O0ecneyHBalompe JyyIlyiO
OTCTPOEHHOCTh OT PA3HOTO POAA MOMEX.

Bosbline paloTH MO CO3LAHHIO CHCTEM TeJeOTKIIOUeHHS
OnlaH, KAK YKa3aHo BHIUe, NpoBeleds o BHUUD,

HUcnosb3oBanne OTKJAIOYAIOUWMX CHFHANOB JJs1 3allUT JH-
nuil. HuXe OHO paccMaTpuBaercsi MPHMEHHTENBHO K Hanpas-
JIGHHBIM 33HIHTAaM CO CTYNEHYATHIMH XapPaKTEPHCTHKAMH BhI-
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Puc. 10.1. HcnonpsoBanne 0TKMOYAIOMIHX CHIHANIOB!

@ — HEKOHTPOJHMPYEMBIX; 6 — KOHTPOJHPYEMBIX

ACPKKH BpeMeHH, HanpuMep IHCTAHUHOHHBIM (puc. 10.1).
Hepsas crynens samurs gannoro korua A samummaemoro yya-
CTKa NpH cpabaThiBaHHH JeHCTBYeT Ha OTKJHOUEHHe CBOEro
BBIK/I0UaTeNsl U MOCHIJIaeT CHCHAJ HAa OTKJIYeHHe BHIKJIIOUYA-
Tells apyroro koHua yuactka 5. [Ipu HeKOHTpOsHpPyeMOM cHr-
HaJjle mocjeAHHll HENOCPEACTBEHHO HCHOJb3YeTCsi AJS OTKJIO-
dennst (puc. 10.1,a); B cayuae KOHTDOJHPYEMOrO cHrHajia
OTK/IOYeHHe MPOHU3BOAHTCS TOJbKO MNpH cpabaThBAHHM, Ha-
lpuMep, H3MEpUTEJBHOrO OpraHa TPETbed CTYNEeHH 3aLIuTH
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croporn 5 (puc. 10.1,6), HMeiollero 30Hy nefictBus, 604b-
LIy JJHHB ydactka. Takoe BHIIOJHEHHe 3AIUTH XapaKTepH-
3yercsi CIeAyIOIHMH 0COGEHHOCTSMH:

eciH Ieppbie cTyneHH sawut A W 5 mepekpHBaoT Apyr
Jpyra H B CyMMe C 3allacOM OXBaTHBAIOT [JIHHY yuacTka Ab
(uro Bcerga uMmeer MecTo IPH JHCTAHIHOHHBIX 3allATax), TO
NOBpeXAeHHs B JIOGOH ero ToOYKe MOIyT OTKJ/I4ATbCH 6e3 BHI-
JEepPXKH BPEMEHH; |

He o6eclleyHBaeTCsl OTK/IOUEHHe MOBpex/aeHus 6e3 BulepK-
KH BPeMeHH, BO3HHKIIEro BHe 30HBI | CTYNeNH JaHHOH 3allMTH
(sampuMep, A), ec/H 3allATa APYTOH# CTOPOHEI b ue cpabarb-
BaeT (HampuMmep, IIPH OJHOCTODOHHEM MHTAHHH, BKJIOYEHHH
JIMHHH TI0J| HAIpsiXKeHHe).

Jlns AMHHE CBePXBHICOKHX HAMNpAXEHHH HCIOJb30BaHHE
JJIsl 3aIIHT OTKJIOYAIOIHX CHTHANOB PaccMOTpeHo Bhille. Ta-
Koe pelleHHe MOXKeT OKa3arThCs LeJIeco06pPasHEIM | AJIst JIHHHK
¢ OTBeTBJEHHSIMM B pachpejeinTenbHbix cersix 110—220 kB.

10.7. OCOBEHHOCTM 3ALLAT JIMHUA C OTBETBJIEHMAMU

OGmue AanHpie. [Joa NHHHAMH C OTBETBJCHHSAMH 06BIYHO
[OHUMAIOTCs] TAaKHe, K KOTOPHIM IPOH3BOJHTCS NPHCOEAHHEHHE
3JeMedTOB (KaK INPaBHJIO, NMOHHXKAOIMHX TpancopmMaTOpOB)
6e3 ycTaHOBKH Ha 06pa3yOlIHXCs TaKHM o0pa3oM yacTax JH-
HUH JIOTOJHATENbHEIX BhKIouaresned. Ilnpokoe npHMeHeHHe
JHHHH ¢ OTBETBJIEHHSMH IIOJYYHJH B paclpefesiHTeJbHBX Ce-
19X 6—10 KB ¢ mpHcoejHHEHHeM K HHM TpaHC(hOpMarTopoB
MaJlofi MOINHOCTH uepe3 HxX 3alluTHele MpeloXpaHHTe]IH.
B sroM cllyyae peJieliHas 3alliHTa JHHHH, €C/IH OHA OricTpO-
meiicTBylomas, npu K3 B TpaHcpopMaTope MOXKET cpabaTh-
BaTh eile /0 MeperopaHHs NpeloxpaHuTenel Tpanchopmaropa.
Ho mojaua HaIpsiXeHHst HAa OTKJIOUHBLIYIOCH JHHHIO (ycrpoit-
crBamu AIIB, ABP) Moxer GbITh H YCIEUIHOM, ec/1H IIPeoxpa-
HUTEJH YCIEBAIOT NMeperopeTh.

JIMHHM ¢ OTBeTBJEHHSMH BCTPedyaloTcsi TakxkKe IPH OCylue-
CTBJIEHHH YIPOLIEHHBIX TOACTAHUHMA Ha HaNpsXKeHHs 110—
220 xB, Korja NOHHXKAIOWHe TpaHcHOpMAaTOphbl MPHCOEAHHA-
joTcsl K JIMHHH ¢ TOMOIIbI0 OTAenuTesell H cHabxarorcs KO-
poTKO3aMbIKaTesiMd  (OAHH IO CXeMe (pasa — 3eMJ1s),
OCYILUEeCTBJSIOIWNME HCKYCCTBEHHO® K®  (puc. 10.2,a) mnpH
cpaGaTbiBaHHM 3allHT OT BHYTPEHHHX HOBPeXKJEeHHH TpaHc-
dopmaropa. Ha sro K gonxHa pearupopatp 3allHTa JHHHH.
B 6ectokoByl0 Iay3y OTAEJHTE/]b QTKJIIOUAET TpaHchopMarop,
a guHus c momomblo AITB Bkalouaercst o6partHo B pabory.
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Huske KOPOTKO PacCMaTPHBAIOTCS 3AlHTH JIHHHH, MHTAIOLIHX
ynpoleHHbe TOACTaHUHKK 110—220 kB Ha DpHCOeHHEHHSX.
[Ipu 9TOM YYHTHIBaeTCs HeOOX0JHMOCTh OTKJIOYeHHSI TOTpe-
GuTeneil MOJCTAHIHN (HanpuMep, KpyIHBIX JBHratejel), KOTO-
pbie MOTJH 6Bl, IBJSISICH KPATKOBPEMEHHO HCTOYHHKOM MHTa-
nusi, IPENsITCTBOBATD ycnelnoMy neiicrauio ATIB.
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Puc. 10.2. PacnpeneseHue TOKOB M mollHocTeli K3 Ha JHHHH C OTBETBJIE-
HHEeM

3alUTBi ¢ OTHOCHTENbHOH CEJeKTHBHOCTBIO (IHCTAHIHOH-
Hhle # ToKOBhle). Ilpu BbHIGOpe mapaMeTpoB cpabaTHBaHHs
CTymeHeil 3al(UT B o6lieM cJayiae MPHXOJHTCH YYHTHIBATH JO-
NONHUTEJbHBIE YCJIOBHS,, KOTOpEe MOTyT 3arpy6JsiTh 3allHTY
(YMeHbIIaT, 3allAIaeMble 30HHI), — OTCTPOKKY I, IT crymeHe#t
or K3 3a tpaHcdopmatopaMH (aBToTpaHcpopmaropamu) OT-
BeTBJEHHH, OTCTPOHKY OT OPOCKOB HaMarHWiHMBaIOIHX TOKOB
tpachopmartopos mocaefnux. IloanuTka co CTOPOHH OTBETB-
JeHHH TakKe MOXET YMEHblIaTh 3alHilaeMble 30HBL

TpeTbu (pe3epBHBIE) CTYNEHH 3allUT B HEKOTOPHIX CAy4asix
esieco06pasHo BBITIOJNHATh AEHCTBYIOIHME IPH HaNpaBJeHHH
MountHoctH K3 He oT WIMH B YY4acTOK ¢ OTBETBJEHHSIMH, a Ha-
060pOT — OT MocJIefHero K UIMHAM, YTO MOXeT HHOraa obecre-
YHBATh COXpaHeHHe B paboTe OTBETBJEHHH.

3amuTol ¢ aGCONOTHOM CeNeKTHBHOCTbIO. MMelomue HaH-
Goibinee pacmpocTpaHeHHe NPOAOJbHBEE (TOKOBBE HH(bde-
peHunanbHO-(pa3Hbe M HampaBJjeHHble) samutel ¢ BY 6a0Ku-
POBKOfi Ha JIMHHSIX C OTBETBJIEHHSIMH NPHHUHUNHAJBHO MOLYT
BHIIOJHSATbCY B JBYX BapHaHTax: ABYMsl KOMIJIEKTaMH, BKJIO-
YAaeMBIMH TOJbBKO HA OCHOBHHIX MOJCTAHIHSX, HJIH KOMILIEKTa-
MH, BKJIOYaeMBbIMH KaK Ha OCHOBHBIX NOJACTAHUHAX, TAaK H Ha
OTBeTBJeHHsX. [IpH 5TOM MNOc/jefHHe HA IOACTAHUHSAX OTBETB-
JleHHsi Ge3 TeHepHPYIOIIHX HCTOYHHKOB HCIOJb3YIOTCS TOJBKO
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KaK GJIOKHPYIOIHe KOMIIJIEKThl 3alllUT MATAIMHUX CTOPOH (Opn
BHemlHux K3 Ha nopcranuusx orseTBjenH#t). B mepsowm, mpo-
croM BoimoaHennn I1O 3amur, KOHTPOJAHpYIOIHE LENH OT-
KJIIOYeHHs, JOJKHB JOMOJHHTEJNbHO orcTpauBarbea or K3 3a
tpaHchopmaropaMui OTBeTBJEHHH H oT OPOCKOB MX HaMarHu-
YHBAOMIHX TOKOB, YTO MOXET HeJONyCTHMO 3arpybJsiTh 3ailu-
ty. IIpu BTOpOM BHIONTHEHHH TaKOH OTCTPOHKH He Tpebyercs,
OJHaKO MOTryT BO3HHKAaThp AONOJHHTEJIbHbIE 3ATPyAHEHHS, KO-
POTKO paccMaTpHBaeMble HHXKe NPHMEHHTENBHO K OTAEJIbHEIM
3aluTam.

Ilpn ucnonb3oBanun IHpdepeHuHaNbHO-QA3HBIX TOKOBBIX
samuT ¢ BY 6aoxkupoBko#i B cayuae BHeliHero K3, Hanmpumep
B TouKe K 3a TpaHcopMaTopom OTBETBJIeHHs B ¢ reHepupy-
oMM HeTOuHHKOM (puc. 10.2,a), HanboablH# TOK NPOXOIHT
uepes KomIsekT B. Ecau npu 3TOM ero TOKOBHIH NYCKOBO# Op-
raH 1ens oTkaoueHHs cpabarwiBaer, a IO gByx Apyrux xom-
JeKToB Ha nojcranuusx A um 5 He cpabaTHBawT, 3amHTa
B HegoM OyleT BOCHpHHMMAaTh BHellHee K3 Kak BHyTpeHHee
H HENpPaBHJIBbHO OTKJ/IOYUHT BBIKJIOUATENb CTOPOHHI HH3HIETO
HanpsikenHs B. Ilas HcK/IOYeHHs H3JHLIHET0 cpabaTrblBaHHs
3aimuTh Tpebyercs MONOJHHTENbHBLIH pasHOC TOKOB cpabaThl-
Banua I1O, paspemaiomux OTKIIOYEeHHe H MYCKAWOWHX Mepe-
datuuky. IlpesenpHbIM pacueTHnIM Oyer, OYeBHIHO, caydai,
KOrJa TOKH IBYX JPYrHX CTOPOH PaBHH MexXnay cobod H co-
cTaBJaAl0T noaoBuHy Toka K3 B orBetBieHuH B; mpu atom He-
06X0JlUMO JOINOJIHHTEIbHOE 3arpybJeHHe 3aillHTHl B 2 pasa.
ITpn HaJanuun ABYX OTBETBJEHHH ¢ MHTaHHEM MOXeT HOTpebo-
BaThcs emle Gosbliee 3arpy6/eHue.

Ilpn HaaHuHH OAHOTO OTBETBJIEHHS MOXKHO H3bexXarp 3a-
rpy6ieHus 3amuThl, npuMensas aaa Hee IO me toxa, a Kom-
IeHCHPOBAHHOTO HalpsixKeHHs1 00paTHOH NOC/EeN0BATENbHOCTH
U,=U; — Zly, tne Uy u I; — BanpsuKeHHe M TOK B MecTe
BKJ/IIOYEHHS KOMIUIEKTa 3aillHTHl, a Zx — CONPOTHBJEHHE KOM-
MeHcalUuH. DTH CONPOTUBJEHHS AJs TPEX KOMIUIEKTOB 3allHTH
noabupalorcsi TakuM 06pasoM, YTOOGH nHpH JIO0BIX BHEIIHHX
K3 U,, noxsopumsie K I10, GBlIH ONHHAKOBHIMH M. paBHBLIMH
U, B Touke orBetBJenHsi (Zx B KaXKIOM KOMILJIEKTe IpHHHMA-
eTcsi PABHBIM CONpPOTHBJICHHIO JIHHHH MEXAY MECTOM €ro ycra-
HOBKH M TOYKOH OTBeTBJeHHsS). Heob6xomumo, onHako, oTMme-
THTb, 9TO IIDH HaJHYHH HECKOJIbKHX OTBETBJIEHHH ¢ HHTaHHEM
He MpeJCTaBJsieTcs BO3MOXHBIM HOJABOJAHTHL OXHHakophe U,
npu mo6nx BHewHHX K3 # Tpebyercs NOMOJHMTEIbHOE 3a-
rpy6aenne I10, neficTBYIOMHUX HA OTKIIOUYEHHE.
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Bo3HHKAIOT H HEKOTOPhIE Apyrue BOIIPOCHI anonﬂeﬂuzgagj
cManuBaeMOﬁ 3aIHTHl JHHUA C OTBETBJEHHAMH (CM., Hanp
Mepﬁ“ﬁ’ SSEI)O'JIIJSOBaHHH HalpaBJ/eHHHX 3alHT C BY 640ku-
p caydae premnux K3 (rouka K na puc. 10.2,a) rak-

cpabarhiBaTh (32 cuer GOJbIIEro TOKa) TOJMLKO I10
e MOXKET € 6 HUA 3a-
4Tl €O cTOpOHH B. OjHaKo H3/IHIIHEro cpadaThBa
o B He npoOH30HIET, TaK KaK MOLLOCTb K3 nanpabJexa
mﬂgﬂu OHM, paspelalomuil OTKJIIOYEHHE, HE cpabatsiBaer.
ﬁeosxoanmo, 0/lHaKO, OTMETHTb, UTO AJIs JHHHH C OTBETBJE-
HHsMH, HMEIOIIUMH IHTaHHe, NPH HAJIHUHH 06xoHOH cas;gg
(puc. 10.2, 6) 3amuTa MOXKET OTKa3hBaTb B pabote, eCIH
BO3HHKHET, HAlPHMEp, B TOUKE K, Y OZHOTO H3 KOHIOB Jmmgu
b, Koraa HampaBleHHs MOLLHOCTEH COOTBETCTBYIOT KakK OBt
c1yya K3 Bie 3alHiaeMOro yuacrka. B stom cJayuae pac-
cMaTpuBaeMas 3alllHTa MOXer cpaborars TOJbKO Hocae OT-
KJIOUEHHsi BHIKJIIOUaTeNsi y4acrka, uénumaumeuro K MecTy IO-
ppexleHHs, HalUpHMep pEe3epBHOH 3aIMHTOM  CO CTOPOHH
nofcTanipH 5. DTOT HENOCTATOK MpHCYWL H auddepenynab-
HO-(ha3HBLIM TOKOBHIM 3aIUTAM. :

B ofmeM cJaydae HampaBjeHHbHE 32IIHTH OKa3bIBAOTCHA
Jydllie MPHCHOCOG/IeHHEIMH JJisi PabOTH Ha JHHHAX C OTBETB-
nenuamu. s 6HcTPOM JHKBHAAUHH IOBPeXAEHHH, KOT A2 3TH
3aiyTH, KaK H JuboepernnanpHo-hasHple, MOTYT OTKA3bIBATD
BeJlefcTBHe 3HAKOB MOHIHOCTH, COOTBETCTBYIOMIHX BHEIIHHM
K3, nenecooGpas3Ho jobapJeHHe yCTpOHCTB NMepeAadH OTKJIO-
YAIOUHX CHTHAJOB. .

BbICOKOUACTOTHBIH KaHajJ HanpaBJeHHOH 3allHTH MOXeT
HCnoab3oBaThesi, Kak mpeanoxeno so BHUUI (5. C. Iean-
danmom, JI. C. 3ucmanom u B. C. CkuTambueBsIM), H N5
nepefayyd OTK/IOYAIOUHX CATHAJIOB.

BrinyckaeMasi B HACTOsilee BPEMsi HOBasi HalpaBJ/i€HHAs
3amuta ¢ BU 610kHpoBKOH (CM. IVI. 7) HMeeT LOMOJHHTe/bHbIE
opranb, ofecreunBaiolliie ee y/OBIETBOPHTEJNbHYIO paboTy
NpH YCTAaHOBKE Ha JINHHH C OTBETBJIEHHSAMH.

JlucTaHuMOHHbIE 3aUMTHI, JONOJHEHHbIE OJOKHPYIOIHMH H
OTK/IIOYAOUWMMH CHTHAJaMH, B caydasx, Korja CYHraercs 10O-
NMYCTHMBIM He HMeTb Ha JHHHSAX OTAEJbHBIX OCHOBHBIX H pé-
3epBHBIX 3alUT (HampHMep, B pachnpele/HTeJbHHX CeTAX
110 xB), takue cxembl moryt oGecneunBarb Gosiee IpoCToe pe-
WIeHHe BOMpOCa BLINOJHEHHS 3alIHT JIHHHH C OTBETBJEHHSAMH,
OCYILECTB/IAIOMMX OTK/IIOUeHHe MOBPEXIEHHHX yYacTKoB Gez
BHIEDKKH BpEMEHH,

OBKO#l B
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Bonpochi /15 CaMONPOBEPKH

1. Kakde BHAB 3alllHT NPEHMYUIECTBEHHO HCHONb3YIOTCS
B cersix 6—10 xB?

2. ToueMy u B Kakux chiydasx Ha juHHAX 6—10 kB gacro
HCMONb3yeTcs eHHCTBeHHas 3auuTa ot K3?

3. Kakue Buipl 3allHT HCHOJAB3yIOTCS B cersix 20—35 xB?

4. Touemy 3amutn o K3 B cersix 6—35 kB puimosinsitores
IByx(¢a3HBEIMH?

5. Kakue Buabl 3alluT NpuMensiores B cersix 110—220 xB?

6. ITouemy B cersix 110—220 xB uacto ucmosb3ylOTCs MH-
CTaHIHOHHbIE 3a1IUTH?

7. Kakue 3amuthl NpeMMyINEeCTBEHHO HCIOJB3YIOTCA B ce-
tax 110—220 kB or KM?

8. Kak 06buHO OCYIIECTBJISIETCS pe3epBHPOBAaHHE B CETAX
110 xB u Boime?

9, Kakue 3amuTsl Bcerja MpeAyCMaTPHBAIOTCA HA JIMHHUSAX
CBePXBLICOKHX HANpsKeHHH B KayecTBe OCHOBHBIX?

10. Kakoe Ttpe6oBanHe KO BpeMeHH cpalaTHBaHHS 4acTo
NpelbaBAseTCs K PEe3epPBHBIM 3allUTaM JHHHE CBEPXBBICOKHX
HaNpsKeHHH?

11. Kakue chenuaJjbHble pelieHUs NpHHHMAaloTcs IJis OT-
kaouenusg K3 Ha ocraBmuxcs AByx ¢dasax B mukje OAIIB?

12. KakoBn! 0CO6EHHOCTH BLINOJHEHHS 3alUT JUHHHA ¢ OT-
BETBJEHUSIMHU? -

FnaBa oguWMHHapguyaTasd
3ALLNTA LLUUH CTAHUMM U NOACTAHUMA

11.1. BUAbI NOBPEXAEHUA U TPEBOBAHUA K 3ALLIUTE

Buasl MOBpeXAEHHH Ha INMHAX 3JEKTPOYCTAHOBOK OMNpe-
NeJISI0TCS HAMPSKEHHeM ceTH, B KOTOPYIO OHHM BXOAAT. B ceTsx
¢ Uuwon==110 xB, uMeomux riyxo3aseMaeHHble HeATpaJsy, yau-
THIBalOTCS Bee BHAb MHorodasHbix K3 B oanoit Touke u KO,
B ceTsx ¢ Unon<<35 kB, uMemollux HeATpaJH, H30JHPOBAHHBIE
UM 3a3eMJieHHble depe3 gyroracsiime ?eaKTOpr,—Bce BHJBI
MHOrogasueix K3, B TOM uHCIe H K", CnenpanbHbix 3ammuT
or K B cersix ¢ Unows<C35 xB He nmpeaycMatpuBaercs, Orpa-
HUYMBAIOTCS CHTHaJU3allHed OT yCTpOHCTB KOHTPOJIS H30JSALMH

o 1
W 3allUT NPHCOENWHEHHBIX JHHHH OT KV, BeposiTHOCTH MTO-
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Bpexmenuﬁ Ha IIHHAX OTHOCHTeNabHO HeBeauka. OHAko HeNLO-
cTaTOUHO COBEpIIEHHAs HX JUKBHAALHSA MOXKeT 00yCJIOB/IHBATD
rsKesbie OCHEACTBHS laXKe /Ul CHCTEMbL B nesaoM. [Tostomy
cquTaeTcsl 003aTE/BHEIM TaKOe BBINOJHEHHE 3AIIUT B cHeTe-
Me, KOTOpOoe o6ecnednBao 6bt b dexTuBHYIO JHKBHAanH0 K3

Ha WHHaX.

11.2. CNOCOEhI OCYLUECTBJIEHUA U BUAbI 3ALLUT

3amura WHH 01 K3 MOXKeT ocymecTB/IsAThCA ABYMdA CNOCO-
GaMH: 3allHTAMH C OTHOCHTEJIbHOM CeJIeKTHBHOCTBIO NPHCOEH-
HeHHBLIX K HUM JIHHHH H JIDyTHX 3JIeMEHTOB, fBJISIOUIHXCS re-
HepHDYIOLIHMH HCTOUHHKAMH WJIM CBASAHHBIX ¢ HUMH, HJIH Crie-
LHAJbHEIMH 3allHTaMH. 3AIHTaMH 3JIeMEHTOB OrpAHHINBAKTCA
B cayuasx, KOra HMH obecrmednBaercs Heo6xoauMasa cellek-
tuBHOCTL NMpH BHeIHHX K3 H BbiepKH BPeMEHH He XyIILHE,
yeM MpH OTKJIOUEHHH MOBpEXIEHHH Ha 3allUIlaeMblXx HMH
snemenrax. Hanpumep (puc. 11.1,a) mpruMeHeHHe CNEIHAJb-
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Puc. 11.1, Cnyuau, Koraa 3alliHTa INMH OCYILECTBJISETCSA 3alMTAMH MpHCOE-
AHMHEHHBIX K HHM 3JIeMEHTOB

HOM 3amuThl SBHJOCHL OB HEeOOOCHOBAHHBIM Jisl LIMH MOHH-
KAIOWHX MOACTAHLHH B CETH, JIHHHH KOTODOH HMEIOT 3aIHHTHI
C OTHOCHTeJNbHOH CeJeKTHBHOCTHIO (AHCTAHIHOHHBIE, TOKOBHIE
M TOKOBHle HampaBJeHHblEe) ¥ HOpMaJbHO paboTaloT MpUCOeNH-
HeHHBIMH K ofHo#i (o6melt) chcreMe muH., Takoe Xke moJsoxe-
HHe HMeeTcs NpH NMTAHHM B HOPMAaJbHOM peXHMe MOACTAHIUH
no ofHo# auuum (puc. 11.1,6).

CrenvaJibHple 3aliUTHl IUMH OPUMEHSAIOTCS, HANpUMep, NpH
BHIIOJIHGHAH OCHOBHBIX 3alllUT BCeX MPHCOEIMHEHHBIX JHHHH
ObicTpogeficrByomuME (¢ aGCOMIOTHON CeNeKTHBHOCTBIO) M0
YCIOBHIO cOXpaHEHHs YCTOHYUBOH PabOTHl CHCTEMBI, B ciayda-
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X OAHOBPeMeHHOH paboTHl 3J7eMEHTOB C OJHUM BHIKJIIOYaTe-
JieM Ha NpHCOeJIHHEHHEe Ha ABYX CHCTEMax IUHH ¢ HOpPMAaJbHO
BKJIOYEHHHM IIHHOCOeIMHHUTEJIbHBIM BHIKJIOUYareseM (pHc,
11.2,a u 6) uau npu BKJIIOYEHHH 3JEMEHTOB Yepe3 IBa BH-
KJ0qaresas Mo mosyTopHo# cxeme (puc. 11.2,8) u efi nono6-
HBIX C paccMarpHBaeMOH TOUKH 3perus. Takas 3aliHTa MOXeT
HHOTa NoTpe6oBaTbes U JIs IUHH MOACTAHIHH, COeIHHEHHBIX
JUHHEH C OTBETBJCHHSMH, 15 obecneuenusi Gosee HalekKHOro
nutanua norpeburtenei nocaennux (puc. 11.2,¢e).

K cneunajpHOi 3aliure WHH MOTYT MPEXbABIATHCST H HO-
AoJIHHTEIbHBle TpeGOBaHHs, HANpUMep Ha MOILHBIX 3/IeKTPO-

ctaHuuax (cm. ra. 12).
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Puc. 11.2. Cnyuan, xorga Tpefyerca ocymIeCTBJeHHe CHELHAJBHON 3AMIHATH
ILIHH
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B kauecTBe CNELHANbHBIX 3alUT WKH HauGoJee 4acTo NMpHU-
MeHSIIOTCS PASHOBHAHOCTH NH(hepeHIHaNbHEIX TOKOBBIX 3ALLHT
cM. 1. 8) Kak Mmorymue obecneyHTh GHICTPOE H NpPAaBHJIbHOE
orkmodeHne K3 MpH pasiuuHBIX cXeMaX 3JEKTPHYECKHX CO-
enunerufl, IIpH 5TOM YUHTBIBaeTCss HaNMYMe Ha BCeX MPHCOELH-
HEHHSIX 3alIHUT C OTHOCHTENbHOH CeJEKTHBHOCTBIO, KOTOpHIE
6ynyT paboTath Kak pesepBHble mpn K3 na mmuax. Hcnoss-
3yloTCSl TaKXKe TOKOBble, TOKOBble HampaBJeHHHE (cM. i 5),
B TOM UHC/I€ C KOCBEHHBIM CPABHEHHEM 3JEKTPHYECKHX BeJH-
yuH (CM. T 7), ¥ HHOTJa YNpOLIEHHHE JHCTAHIMOHHBIE 3a-
uuThl (M. 1. 6).

11.3. TOKOBbIE 3ALLIATHI

BO3MOXKHO [B& Da3JMYHEIX BBIIOJHEHHS TAKHX 3aI[HT:
B BH/E TOKOBEIX (B OOLUEM cliy9ae O CTYyNEHYAaTHIMH XapaK-
TEPUCTHKAMH BBIJIEPXKKH BPEMEHH), DacCMOTpPEHHBIX B I, b,
HJIH B BHJE TOKOBHIX ¢ GJIOKHDOBKOH, paGoTawomux 6e3 BH-
JepKKH BpeMeHH (cM. 11, 7).

IlepBoe BHINO/IHEHHE paccMaTPHBAETCA Ha MpHMEpE 3ALIH- .
Thl CEKUHOHHPOBAHHHIX IIHH HH3IIEro HAaMpsKeHHs MOACTAaH-
uun mo puc. 11.3. Ilpennosaraercs, uto oTxomsiumide oT LIHH
HEPeaKTHPOBAHHbIE JIHHHH C OXHOCTOPOHHHM IHTaHHEM HMe-

¢ Mumanue

K Maxkcuma nonod
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mpaﬂc¢7ﬂpﬂamﬂpa
K sawume
AuHUU
Ha omunw -
denue Q1

”}

Pre. 11.3. CoBMemmeHnast CTPyKTypHas CXeMa TOKOBOG CTyNeHyaToH saliH-
Tl Ha CeKUHOHHOM BHIKIIOUaTENE
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1
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10T gByxcrynendarsie (¢ I u III cTymensiMu) TOKOBble 3aLULUTHL
Ilasi 3alUTH CeKUMi HCIOJb3YIOTCS TOKOBAas ABYXCTyNeHuaTas
samura (crynmenu 11 u I11), Braouaemas sa TA ceKUHOHHOTO
BHIKJKOUATENS, H MaKCHMAJbHble TOKOBBIE 3alUTHI MOHHXKAIO-
wux rtpanchopmaropoB (cM. rai. 13). Bullepkka BpeMenu
{1 = ¢l 4-At (npunumas | 3amUT JHHAHA NPHONHIATENDHO PaB-
Hok ¢ nnddepenunanbHOR 3alHTH TpaHcHOpMaToOpos, pado-
ralomefl 6e3 BHEPXKKH BpeMeHH). BrinepKa BpeMeny {541 =

M . +Af BBIEPXKKa BpEMEHH 3aIHTH rTpaHcdopMaropa or
prewnux K3 fr=t1'}At, Toku cpabarwiBanus I u III cry-

fTumarowa ”

cmopoHa ( '3ANPE T)

(vnu)

KA
T

Puc. 11.4, BuictpoaeficTByollas TOKOBAS 3aLIKWTA CeKUHMH HIHH

neHell 3aImyUT WIHH BRIGHPAIOTCA B COOTBETCTBHH C YCJIOBHAMH,
pAacCMOTPeHHBMH B TN 5. UyBCTBHTEJNBHOCTb 3AIIMTH IPOBE-
psiercst no K3 Ha 3aliuimaeMOl CeKLHH IIHH H KaK pesepBHOH
npu K3 B kOHIle 31eMEeHTOB, THTAEMbIX OT LIHH.

Tlpu onHOCTYNMEHYaTOH 3alllHTe JHHHH 3allUTa LIHH TaKKe
npeBpalllaeTcst B OAHOCTYNIEHYATYIO H MOXeT BOOGIIE He ycra-
HABJIHBATDHCS, eCJH BHIIOJHATH 3allHTY OT BHelmnux K3 rpaHc-
¢GopMaTOpOB C ABYMS BH/JEepPKKaMH BpeMeHH, C MEeHbUIeH U3
KOTOPHIX GYHeT OTKJIOYaTbCs CEKIHOHHBIA BHIKJOUATENb. Oun-
HaKoO Takas saliuta of6Jjajgaer MeHblleH YyBCTBHTEJbHOCTDHIO,
TaK KaK OTCTPauBaercs OT CyMMapHOro paGouero TOKa norpe-
GuTeneit NOACTAHLMH, a He OAHOH CEKIHH.

PaccMoTpenHOe BHINOJHEHHE 3AIMTH HCHOJb3yercd A
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samuth WHHE 6—10 KB, pasfe/eHHBHX Ha IBe CEKUHH, eCJH
o/TydalOlIuecs BpeMeHa JMKBH/ALHU K3 cuuraorcs zomy-
CTHMBIMA.

Bropoe BLINOJHEHHE paccMaTpHBaercs, AJis NPOCTOTHL, Ha
npuMepe 3AULHTHE CeKIHH UIHH ¢ OJIHOCTOPOHHHM NHTAHHEM I1O-
TpebuTee (puc. 11.4). ToxoBas 3aliuTa BKJWOYEHA HA MO-
wpkatomeM TpaHcdopmarope. Ilpn BHewHHX (MO OTHOIIEHHIO
x wunaM) K3 Ha npHcoelHHeHHsiX oHa moJyyaer GJIOKHDYIO-
mue curaiasl (no cxeme SAITPET) or u3aMepUTeNbHHEIX Opra-
HoB TOKa (ZeHcTBYWOWKX 6e3 BLIAEPXKKH BPEMeHH) 3aIUT NH-
taembix npucoennHenufl. I1oaToMy 3amuTa IIHH NpH BHEUIHHX
K3 ue cpabartbiBaer, a NipH BHYTPEHHHUX JeliCTByeT mpaxkTHue-
ckH 6e3 BBIAEPXKKH BpeMeHH, 3amura Gbijia paspaboraHa eme
p nauase 30-x rogos CP3uY T3II, Ho pacnpoctpaHeHHs He
noJsyuusa. B mocjennue rofibl Ha Hee cHOBa OGpATHJIH BHHMA-
HHe YAaCTHYHO B CBSAI3H C THAXKEJIBIMH NOCAEACTBHSIMH NPH NO-
BpeX/EeHHAX B KOMIJIEKTHBIX pacnpefesHTeNbHHX YCTpOHCT-
pax 6—10 kB.

11.4. HANPABJIEHHbIE 3ALLMATDI

IeiicteHe s3amuThi (cM., Hanpumep, [1]) ocHOBHIBaercs Ha
KOCBEHHOM CpaBHEHMM (cM. Iy, 7) HanpasJeHHH (3HAKOB)
MOILHOCTH Ha 3JleMeHTaxX, NPUCOeNHHEHHBIX K 3allUlaeMbiM
wudaM. B cayuae K3 Ha wmuHax momuoctn K3  (uMeworcs
B BHAY NOJIHBIE MOIIHOCTH) HampaBJeHbl BHYTPb 3allHIiaeMoH
30HHI, 410 obecnmeuHBaeT 3allUTe BO3MOXKHOCTL AeHCTBOBATL HA
otknouenne, Ilpn sHemnux K3 MOIHOCTL B NMOBpEXKAECHHOM
3JIeMeHTe HallpaBJieHa OT IIHH M JNeHACTBHe 3alUHTHl GJOKHPY-
ercs. Ha gerkocts paGorel samuts npu HecuMmeTpHuHbIX K3
H NOBpeXaeHHAX yepe3 Ry MOryT BJMATbD MOIMHOCTH HATPY30K
NO3TOMY B ofileM ciaydae Tpe6yercs OTCTPONKA OT HHX A3Me-
puTeNbHOR wacTu 3amurthl. IIpoite o6cToMT Z€/10 NPH HCMOJb-
30BAHMM Hanpap/ieHHii (3HAKOB) AaBapHHBIX CJATAONHX
MomHocre#t (HyseBofl, 06paTHOH, MOJNHOM), TaK KaK OHH BCer-
lé:ﬂ};anﬁaaneﬂm ot Mecta K3 Kk HefiTpajsim 3/ieMeHTOB M1060r0
o %Ka TAKHE 3aIUUTH Ha NMpaKTHKE PACOPOCTpaHEHHs He
o, O3MOXKHO, K HX PAacCMOTPEHHIO BO3BPAaTATCH IpPH HC-

aHHH HOBOH MHKPONPOLECCOPHOH 3jeMeHTHO!l G6ashl.



11.5. BUCTAHLIMOHHBIE 3ALLIMUTHI

Mpunnunel BHNOJMHEHHs 3alUTH OBIM  paspaboTann
CP3nY T3II [1] npuMeHHTENbHO K IIMHAM FeHEPaTOPHOTO Ha-
NpSXKEHHS CTAHLHH, CEKIHHU H JIHHHH (C OJHOCTOPOHHHM IHTa-
HHEM) KOTOpoO# peakrupoBaHm (puc. 11.5). 3amura B nepsom
BapuaHTe BBINOJHAETCH HEHanpaBJeHHOH ¢ oxuo#d II cty-
nenslo. Ee KoMNyieXTH "BK/IIOYAIOTCA Ha BCEX 3JleMEHTaX, CBfl-
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Puc. 11.5. Iincranuuonnas salluta CeKUHi LIMH TeHePaTOPHOTO HampsKe-
HHSA

SBIBAIOLIMX 3aLIUIIAEMYIO CEKIHIO C APYTHMH YacTAMH cHCTe-
Mbl, HMCIOIIMMH HCTOYHHKH IHTaHHsi (HanpHMep, Ha TpaHc-
tdopmaTope, cexnHoHHOM peakrtope). Ha reseparope cekuuu
crnenyanbHas IMCTAHLHOHHAsS 3allUTA HE NpeLycMaTpUBaeTcs,
€C/IM CYMTAeTCs JONMYCTHMBIM HCNOJb30BaTh AJSI pacCcCMaTpH-
BaeMO¥ LeJH ero sauluty oT BHemHux K3 (cM.ra. 12). 3amura
Ha CEKIIHOHHOM BBIKJIIOUATEJE NpeAHa3HauaeTcs AAs AeHCTBHSA
Ha O00eHX CMeXHblx CEKIHSX, MO3TOMY OHAa MMeeT IBa KOMII-
J€KTa OPraHOB CONPOTHBJEHHS, BKIIOYAeMbIX Ha o0LLyio rpyn-
ny TA u nuraembix ot TV cMexHBIX cekuuii.

Bripep:kka Bpemenu e npejoTepailaer cpabaTHBaHHE
samuthl npu K3 B cratopHoii 06MOTKE reHepaTopa M cO CTO-
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OHEI TEHEPATOPHOTO HANPSKEHUst TPAHCHOPMATOPOB CEKUHUH,
umelollHx 1uddepeHIHaNbHble TOKOBbIE 3alluTEl. CONpoTHBIIE-
ype cpabaThIBaHHS OTCTPAaMBAeTCs OT MHHHMAJbHOTO CONpO-
cupaenusi Zs min Ha 3axumax npd K3 sa cocpenotouenuniMu

-
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Puc. 11.6. Cosmemennas cTpykTypHas cxeMa AHCTAHUHOHHOH SalHThl WIKH

¢ BK/OUeHHeM oOpraHa COMPOTHBJEGHHS HAa CYMMy TOKOB MHTAIOLIHX 3Jie-
MEHTOB

-+
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CONPOTHBJIEHHSIMH peakTopoB H TpaHcdopmaTopos. s noBbl-
IIEHAs] YyBCTBHTEJLHOCTH, COKpAIleHHS ammapaTtypbl, BHIIOJ-
HENHs Ges BLIAEPXKKH BPEMEHH 3allUTy (BTOPOH BapHAHT) Ile-
71€c006pa3Ho BK/IOYATb Ha CYMMYy TOKOB NHTAIOIIHX 3JIEMEH-
TOB (puc. 11.6); uyBCTBUTEJbHOCTL €€ NpPH 3TOM MOBHIIAETCA
3a cuer uckJsouedds orctpoiiku o1 K3 3a tpaHcdopMaTopaMu
H CeKIIHOHHBIM PEakTOPOM, HMEIOIHUMH CONPOTHBJEHHE, MEHb-
Ilee conporussieHHs: peakTOpOB NHTaeMBIx JHHHI. B Hacros-
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Iee BpeMs 3alHTA MCTIOJAb3YETCH PELKO, TaK KaK e¢ 3aMeHH-
Ja AN pacCMOTpEHHOH CXeMbl TaK HasnBaeMas Henoawas
Ougppepenyuarsnasn tokosasn saujura (cM. § 11.9).

11.6. OBLME BONPOCH! OCYLUECTBIEHUA AUDDEPEHUMANBHBIX
TOKOBbLIX 3ALLIUT

[TprHUNT BHTIOMHEHUS 3aWMT paccMoTpeH B ra. 8. [Tpume-
HHTEJbHO K 3aHldTe IIHH NPHXOAHTCA YUMTHIBATL PAJ O0COGEH-
HOCTEH, NepeuncaeHHBIX HHXKeE,

BosmoxHbpl GosbliiHe KPATHOCTH TOKOB BHellHuX K3, He
OrpaHHYMBaeMble, KaK 4acTO B 3aIIHTaX JHHHH, CONPOTHBJE-
HHeM noc/eaH#x. COOTHOIIGHHS MPH 3TOM HHOTAA MOJNYYaroTCs
TaKHMH, 4TO TPYAHO obecneuuts ansa TA, uMeoumux ceppeu-
HUKH Ge3 3a30pOB, MOJIHBE NorpewmHocTy e==0,1 naxe B ycra-
HOBHBIIXXCA pexuMax. Ilpn 3TOM BO3HMKaIOT GOJblIHE TOKH
HeGanaHca [us, OT KOTOpBHIX Heo6xoauMa orcrpoiika. C mpy-
rofi CTOPOHBI, HaNpuMep NpH MOBTOPHOM BKJIOUEHHH TOBpEK-
ACHHHX 1wHH yctpoHctBoM AIIB onHoro M3 mpucoepiHeHui,
ToKd K3, Ha KoTopble 3amIMTa NOJKHA PEarHpOBATh, MOTYT
ObiTh HeBesdkH. Heo6X0AHMO yYHTHIBATb, OCOBEHHO MPH GOJIb-
IIOM 4YHCJe NpUCOeNHHEeHHH, HapymleHus uenedd TA, BO3MOXK-
HOCTb NEPEKJIOUEeHHs 3JIEMEHTOB Da3beJHHHTENAIMH Ha pas-
HbI€ CHCTeMBI IHH H T. 1. [Ipn BhiNONHEHHH cXeM 3amHTHI TIpo-
BORATCA MepOonpusATHs, olecneyHBaioulue MOJyueHHe yIOBJe-
TBODHTEJILHOH 3alIMTHl C y4eTOM IIpHBEAECHHBIX 3aTpyAHEHHH.

[IpuBUANIHATBHO BOSMOXHBI [IBa OCHOBHBIX BbINOJHEHHS
3alUT — ¢ HEMOCPEeACTBEHHBIM CPaBHEHHEM TOKOB HJH TOJbKO
Hx ¢a3. Pasp BropuuHbIXx TokoB TA mpH BHewnux K3 wacro
HCKAXKAIOTCS OTHOCHTENIbHO MEHbIe, YeM HX aMIJIHTYAH. [1o
3TOH NPAYHHE NMPEANOUYTEHHe MOIIO OBl OTXAaBAaThCs CXEMaM CO
cpaBHeHHeM (as. OnHAKO IPH TOM, KaK yKe OTMeuaJoch IS
HanpapJeHHbX 3amuT (cM. § 11.4), npuxoguTes yuuThBaTbH
BJHAHHE TOKOB HArpy3KH NPHCOENHHEHHH, KOTOpBle MOTYT HC-
KaxaTb (asuble cooTHouleHHs. C y4eTOM 3TOro BapHaHTH 3a-
WHT €O CpaBHeHHeM (Pa3 B OTeYeCTBEHHOH NpPaKTHKe IIHPOKOTO
PAacIpOCTpaHeHHA He NOJYUHJIH U HHXKEe He paccMaTpHBAIOTCA.
HocTaTouHo BcecTopoHHee paccMOTpeHHe pa3HBIX BapHaHTOB
CXeM H pacCueT HX MapaMeTPoOB NMpPHBEAEHH B [64].

HeficTByiomee 3HaueHHe TOKa HebGanaHca B H3MepUTENbHOM
OpTaHe 3aulUTHl NIPH NPHUHATHIX YCJAOBHBIX MOJOKHTEIbHBIX Ha-
npaBJieHdax (cM. ri1. 8) W opHHakoBHIX K, TpaHc(hOpMaTOPOB

TOKa TA !;16 = ({}’{aml + !x;aMQ +"'+{r;aun) = Z !x;amn ‘ AHa-
n=l1

362

ﬂomqﬂoe BbhIpAXKE€HHE MOXKET OBITh 3anucaHo H AJd MIHOBEH-
HBIX sgaueHHH TOkoB. Ilonaras B mepBOM npHONHMKEHHH, YTO

OCHOBHAS cnararomaﬂulaﬁ onpeneasiercs Iy TA, uepes KOTO-

pifi IPOXOAMT TOJIHBIA TOK [xzu BHewHero K3, noayuaem s
[epBHUHOTO TOKa HeGajiaHca BHIpaMeHHe [us A RanepRoauelx s,
rae kanep>>1 YUMTHIBAaET BO3pacTaHHe MOTPELIHOCTH B Mepe-
XONHOM DPex<HMe, Koxa<{l — OLHOTHIHOCTDH TA u ycaosuft ux
pa6oTel (B LAHHOM ciydae NPHHHMAeTCs PaBHBIM 1). C yue-
ToM TOro, uto Iws BO3pacTaer ¢ yBeJduueHHeM [xzn, AJSA OT-
CTPOHKH OT HEro LelsecoofpasHo HCIOJIb30BATH MPHHIHI TOP-
moxeHHs oT TOkoB B ¢azax TA. C npyroll cTOpoHBI, MOTYT
6uITh O0OJbIlIHE TEePexOHble ixs 4a)Ke NPH OTHOCHTENBHO He-
60IbIIHX KPATHOCTAX [xpn (BHIIE YUUTHIBAJCH Ranep), OT KO-
TOPBIX XOPOILYIO OTCTPOHKY AaeT, HalpHMep, IPHMEeHeHHe IPo-
MexyTouHbIX Hacblmawmuxcs TA — TALT. CoueraHue 060HX
cnocoBoB OTCTpOHKH OBLIO BO3MOMXKHO IpH HCIOJb30BAHHH peJie
¢ MarHHUTHBIM TOpMoxXeHHeM, paspabGoranHoro B HIIH, B no-
cienHeM Obliu Takxe npensnoxensl TALT ycunenHoro meHcr-
pus [56], a 3ateM emie 6oJsiee COBepIIEHHbIE HX HCIOJHEHHS
(cum., nanpuMep, [48]). Bee nepeuncienHbie pesie BHIIOJHSIOT-
Cs Ha 3JIeKTPOMeXaHHYeCKOH 3JeMeHTHOH 6ase, H B HacTOsHlee
BpeMs o0cyxAaeTcsl BOIIPOC O BO3MOXKHOCTH CHAITHS HX C IIPO-
usBoactBa. [losToMy HHxke paccMarpuBaioTcsa 6ojee cOBpe-
MEHHbIE BBIIOJHEHHS OTCTPOHKH OT TOKOB HeGaJsaHca. Pemenne
Bompoca o0Jsieryaercst TeM, 4TO AJIs 3alIHT WIHH TOKH cpabaThi-
BaHHuA l.s NPHHATO BHIGHPATh GONBLWIHMH Ipas max OTIHENbHBIX
npucoegnHenut, 4To6bl HMeThp BO3MOXKHOCTh OCYHIECTBJATD
KOHTPOJIb HCIIPaBHOCTH BCIOMGTaTeJIbHEIX NPOBOLOB, cOeqHH -
omux TA ¢ yerpofcTBOM 3alIMTH, U aBTOMATHUECKH BHIBOAHTD
€e H3 paboThl IPH BO3HUKAIOUIHX HAPYIIeHHAX.

KA |KAI

a) 5)

Pue. 11.7. Coepunenne BTOPUYHBIX OGMOTOK TpaHCOPMATOPOB TOKA AH-
bepenuuanbuol TOKOBOH 3alLHTI HIHH:

@ — Ha pesnefinom WHTe; 6 — B pacHpefeJHTENLHOM YCTpoficTBe
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Coepunurenpbunie mposofa oraetbHbix TA  coemuusioTey
MeX 1y co60H y usMepuTenpHOro oprana (puc. 11.7,a) unn ug
c6opke B pacmpejesHTebHOM yeTpoictse (puc, 11.7,6). Ipe.
HMYIIECTBOM BTOPOro cnocoba SIBJSETCS 3KCHOMHS B KOHT.
poJIbHOM KaleJle, OHAKO ero NPHMEHeHHEe OKa3hiBaeTCsl HEBO3.
MOXHBIM, HAaNpHMeD, AJS 3alllUT C TOPMOXKEHHEM, KOTAa K H3.
MEDHTE/IbHOMY OpraHy JOJKHB NOABOAHTBCH TOKH  (has
NpHCOeJHHEHHH. '

IIpu ucnonnzosanun TA ¢ pasnumunbiMu K; uacTo Heno.
CPEACTBEHHO y MOCJE[HMX YCTaHABJIHBAIOTCH MPOMEXYTOUHbIe
TA ¢ Kmp>1, BoIpaBHUBAIOMIUE pe3yJbTHDPYIOUIHE 3HAUCHUS
K03 HUIHEHTOB TpaHcHOPMAUHH M ORHOBDEMEHHO CHHIKAI-
IHe BTOPHYHBIE TOKH, YTO AT BO3MOXKHOCTb NPHMEHEHHs
IpPOBOJOB MEHBINEr0 CeYeHHS.

Huxxe paccMaTpuBalOTCS NPHHIMNE BBHIIOJNHEHHS HEKOTO-
PHIX 3aL1HT.

11.7. 3ALLIUTA OAUHOYHOM CUCTEMbI LLUMH C TOPMOMEHUEM HA
BBIMPAMIIEHHBIX TOKAX

Bo3MOXKHBI pasHBIe CXeMbl BHINIOJIHEHUS TAKHX 3aLIHT (cM.,
Hanpumep, [64]). Huxe B nepByio ouepeib MPHBOXHMTCH Ba-
PHAHT, paCCMaTPHBAGMBIH B OTEUECTBEHHOH JHTEpaType H LiH-
POKO npHMeHsfeMBli 3a py6GexoM. B HeM ocymecrsasercs
cpaBHenHe aud¢epenuuanbHoro TOKa |[;|, ompegeasemoro
BHODSMIIEHHO! cyMMO# TOKOB [[a1+fan+...4I2.|, ¢ TOpMO3-
HHM TOKOM |[ropu[, ONpene/nifieMbIM CyMMO# BHIPSIMJIEHHBIX
3HaueH!# Tex ke TOKOB [[or|+ |fan| +...+|[2n|. Ykasauuoe
CPaBHEHHE INPOH3BOAMTCA B PEarHpyIOLUIEM HanpaBJeHHOM
Oprame, BKJII0OYa€MOM Ha pPasHOCTb pabouyeli H TOPMO3HOMH Be-
auudn (puc. 11.8). B rakoii cxeme npu Brewnux K3, cuuras
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Puc. 11.8. Bunonnende auddepenuHambiofl TOKOBOH 3alMTH IDHH C TOp-
MOXEHREM Ha BHINPAMJICHHBIX TOKax
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70KH, OAXOAAUIHE K UIMHAM M OTXOAfIIHE OT HUX, COBMAAal0-
pumu 1o dase, TOK I:=0 npu TouHOH TpaHCchOpPMAaUUH H.IU
J,==Ixs TPH HAJIHUHH TOKOB HaMaruuuusanus TA; B cayuae
K3 na wuHax [s~[y B Touke K3 u 3aluTa 6yner cpabaThl-
paTh, €CTH TOK [ropw MEHDIllE YKA3aHHOH BHIIE CYMMHI.

YpaBHeHHE cpabarblBaHHS CXEMBl IO 3TOMY BAapHaHTY
uMeeT BHA I{Al"“‘kropmll_wopml>£c,3min HJIH I_I_2I+Igu+---
__.+12n|—-kropm ( |!21[ + | Lon| +...+ II_ZnI ) >1comin, ThE Rropu<
<1. B ofuieM ciayyae ycjoBHe cpaGaThiBaHHUs 3alUUTH MNpH-
usro (cM. T, 8) XapaKrepu3oBaTb  BblpaxkeHueM [¢;=
=1l amin-+Rropulropu. TIDUMEHHTEIBHO K 3amuTe WHH [camin
onmpeae/saeTcs YCJIOBHEM OTCTPOHKH OT Ipagmaxr 371€MEHTa, MO-
gpasiiolerocs B pabouell Ienu 3alHTH TPH pas3phiBe IIenH
propHuHO# 06MOTKH TA 3Toro anemenra. 1u3 9TOM cJaydyae TOp-
MO3HOH TOK OyJAeT ONpelessaTbhCAd CyMMOH TOKOB BCeX NpPH-
cOeNMHEHH, 3a HCK/IIOYEHHEM YKA3aHHOIO Jpasmar OMHOIO
NpUCOeIHHEHHA, H 1c,amin+kTopM (1 znarp—lﬂarpmax) =km.c1pa6max-
Ilns BuewHero K3 3a pacuerHnlft cayuail nms Be6opa TOpMO-
JKEHHS1 MOXKHO TIpHHATb peXHM, KOrjga CyMMapHbIH TOK
I¢,sumax TPOXOJHT IO OJHOMY 3JE€MEHTY, CYMMHDYSCbh H3 TO-
KOB BceX IPYTHX 3jeMeHTOB. Torja cyMmapHoe TOpMOKeHHe
6yneT onpelesisATbCS NPHUMEPHO YABOEHHHIM [y zumax, 4 C yue-
TOM [OTPEIIHOCTH B TOKe f; (KoTopasg MoXeT OHTb MHOT0
Goabute 0,1) TA ¢ TOKOM Iy pumax— BelpamenueM (2—f;) X
X]x,aﬂmax-

YpaBHenue s TOPMO3HOH XapaKTepHCTHKH OyAeT IpH
3TOM HMeTb BHJ

Ic,amln + kTOpM (2 -

CoBMecTHBIH yueT ABYX NpHUBENEHHBIX OTHOIIEHHH (C 3a-
nacoM) B nepBom NpHO/IHIKEHHH JaeT BO3MOXKHOCTb OKOHYa-
TeJBHOIO oOlipeje/eHHd UYJeHOB BHIpaxKeHHsl AJs Toka [cg:
Ic,smin=korc1pa6max 144 kropm=k0'rc8/(2—fi) .

Paspa6GoTka oTeuecTBeHHOH 3allMTH M METOJOB BHIGOpa
€e napaMerpoB ¢ yyeTroMm ChOpPMYyJHPOBAaHHHX Bhille OCOGEH-
HocTe#l pas wuH Geia  ocymectsiena OP3AVM  3CII
(T. T. Tpek u C. 5. TletpoB). B obuiem ciiydae yc/ioBHE cpa-
baThiBanns 9TOH CXeMBHI { x| —kzopw (| Ivopu | — [ x| ) > Icamin.
Taxnm 06pa3oM, 3TOT BapHAHT OTJIHYALTCS OT PaCCMOTPEHHOrO
Bhiille Tem, 4TO B HEM TODMOXKEHHE omnpejensercss Kak pas-
HOCTL panee ucnonib3oBaHHBIX |[lropu| M |[x|. IIpu 3TOM HO-
BO€ 3HayeHHe Rropw OGHIYHO BEIGMpAETCs HECKOJbKO GOJbIIHM,

TIHYHTENbHOH OCOGEHHOCTBIO BapuaHTa sBJseTcs O6JH3Koe
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K HyJio TopMoxenHe npu BHyTpenHux K3. OaHako pesyJibru-
pywowuii s¢p¢dekT cxeMbl, KaK H NOAOGHBIX eH cXeM Ha HHJIYK-
IIHOHHBIX CHCTeMax, Kak GBLIO mokasaHo B paGorax OP3AYM
TII1 (cm., nanpuMep, [10]) oxasmBaercss TeM ke, YTO H JJig
IepBOTO BADHAHTA 3aUUTHL

Heo6xoauMo oTMeTHTb, 4TO MaKCHMAaJpHBle [ONYCTHMble
3HaueHHsl Rropu (B PACCMOTPEHHOM ero MOHMMAHHM) IO yCJo-
BHSIM UYBCTBHMTEJBHOCTH 3aIIUTH Bceraa Menslle 1. /s He-
KOTOPBIX CX€M 3JEKTPHYECKUX COeJHHEHHH 3HaYeHHS Rropy
MOTYT OTPaHHYHUBATHCS ¥ TOKAMH HarPy3KH, CO3JaollHMK
3HAUUTE/IbHBIE TOPMO3HBIE TOKH. Takue cayuau Hambojiee Be-
POATHBI, KOT/A 3am{MTa 3aluuiaer ABOHHYIO CHCTeMYy LIHH,
Torpa npu K3 Ha onpobyemo#i wiu BrawuaeMoit AIIB cucre-
Me 1IHH Upu GoJbiiod Harpyske Apyroi paborarwluell cHcTe-
MBl uad npu K3 Ha oJHOf H3 cucTeM ILHH, paboTaoMmHUX ¢ OT-
KJIOUEHHBIM LIHHOCOEIHHUTEJNbHBIM BBHIK/JIOUATejeM, HO CBS-
3aHHHX Yepe3 CHCTeMY, Eropw BHIGHpatoT Menbiue 0,35 [10].
Hdas obwero moOBBHIIEHHS YYBCTBHTEILHOCTH B PacCMOTPEH-
HOM cJyyae BKJ/IOUEHHS CHCTEMBI LIMH BO3MOXKHO IpeaycMar-
pPHBAThb BPEMEHHOE ABTOMATHYECKOE CHHIKEHHE Rropw.

UyBCTBHTENBHOCTL 3aLIHTHl ONPEJEJSeTCH B COOTBETCTBHH
¢ ycjoBuAMHE TJ. 8, ¢ TeM YTOYHEHHeM, UTO PacueT MOXKHO
OPOBOJAHUTL Ge3 yuera Ry, Koropsle npu K3 Ha muHax oGHYHO
MaJibl.

PaccMOTpeHHBIH B 3auiyuTe NPHHIHI TOPMOXKEHHS He Haet
HeocPeACTBEHHOH OTCTPOHKH OT HEePeXOJHBIX CJjaralouiyx
ins. [lo3TOMYy A/i1 yMEHblLIEHHS BJMAHHA Ha paGoTy H3MepH-
TEJBbHOTO OPTaHa yKA3aHHBIX CJAralOuIHX B CXeMe IpeaycMar-
puBapTCA ynpouieHHble ¢uabTpH. Bo3MoxkHo Takxke npeny-
CMaTPHBATh JOIOJHUTENbHbIE 3/JAEMEHTH, HCKIUaUIHe TOpP-
MOJKeHHe TpH HeGOJIBIIHX TOPMO3HBIX TOKax (Hanpumep, B
' npefenax Ipas 31€MEHTOB — I1. 8).

3amura no paspaborke OP3AYM TIII npowna giaurens:
HYIO TOJOXKHTEJbHYIO 9KCIIyaTallHOHHYIO NPOBEPKY U HCHOJb-
ayercsl 0pu Uuonz=110 KB Ans pasHbix riaBHBIX CXeM 3JIEKT-
DHUECKHX COEIHHEHHH 3JIEKTPOYCTAHOBOK, eciu Gojee mpo-
CTHIe 3aUIMTHI, HANPHMEDP C NPOMEXYTOYHHIMH HACHILIAIOUIH-
muca TA (TALT), ne oGecneunBaroT HeoGXOJMMOH YyBCTBH-
TeJbHOCTH. [IPHHIMOBI 3AIIHTH MOTYT OBITh TaKXKe C yCIeXoM
HCIOOJAB30BAHE! A5 OCYL1eCTBJEHHS CHCIHAJbHBIX 3amHT OUIH-
HOBOK 6/I0KOB TreHepaTop—rtpaHchopmarop (cMm. ra. 13) H
B ApYTHX aHaJOTHYHBIX C/Iy4asx.

TIpuMep CTPYKTYpHOH CXeMH 3alUHTH 1/l OAHHOYHOH CH-
creMsl IipH npuBegeH Ha puc. 11.9. ¥YcrpoiictBo KOHTPOJS
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ycnpaBHOCTH BCTOMOTATeIBHEIX npoBOAOB YK peficTByer Ha
curHaJd H aBTOMATHUECKH BEIBOJHT 3aIUHTy H3 PabOTH ¢ BHI-
JepKKOf BPEMEHH, Gosblieft MAaKCHMaJbHBIX BHIIEPKEK Bpe-
MeHH 3aUIHT 3JEeMEHTOB (na1g mpelOTBPALIEHHS H3JIMIIHHUX
cpabaTHBaHUHA DK K3 B cucreme). YcTpoficTBO HMeeT camo-
ylepaHHe, CHHMaeMoe BDYYHYIO. YCTpoicTBO KOHTPOJST B
suge MO Toka (pene KA ma cxeme Ha puc. 11.9) wmoxer
BKJIIOUATbCA B HYyJeBOH NpoBoj AubdepeHUHANbHOR 3auHTH
uin B TPH (asel AupdepennnancHod Lenu (BO3MOXKHO Hc-
nonn3oBanue tpexdasnoro MO) ans oxsara ciayuaes oaHO-
spemeHHoro Hapyuenus uened TA scex ¢as. Ero tok cpaGa-

Ha Ha omxnwa—
cuehan  uesue 8182,83
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Pre. 11.9. TIpumep cOBMEINEHHOR CTPYKTYDPHOH CXeMBl SalLHTH MO puc. 11.8

THIBAHUS OTCTPAHBAETCH TONBKO OT [ns paGouMx pexkKHMOB.
Hocnenogareﬂbﬂo C HHM BKJ/IIOYaeTcss HOPMAaJbHO 3allyHTH-
PoBanHbli MHAnHamnepMerp mA, OuepaTHBHBHIH TOK K 3aliH-
TC NOABOAMTCSA Yepe3 OTJAeNbHbEC NPeJOXPAHHTeNH (aBTOMATH-
UCCKHe BHIKIIOYATENH) OT IIHHOK yhpapieHus. OTKI0OUa0-
UIHe CHrHa/ibl Ha BBIK/IIOYATENH NMOAAIOTCS OTAENbHO OT Hemed
YIPaBJECHUA HOCJETHHX. :
3alutHoe 3a3eMycHHE BTOPHUHEX uemel TA OCYIIEeCT-
BJseTca He y Kamofl rpynnsl TA afeMeHTa, a B ogHON 06miel
TOYKe y MeCTa YCTAHOBKH yCTPOHCTBA 3awW(HTH (A5 HCKJIIO-
deHUA nosenenHs B AudDEPEHIHANBHBIX LENsX TOKOB HABO-
A0k M T, 1),
o Buune pacemorpen onum H3 Haubosee paboTocnOCOGHEIX
PHanTOB puddepeHnHasbHON 3aWHTH WHH. BO3MOXKHBI H
ﬁpzlp‘ll;l{e ee ucrnonHenns. B CBASH C 9STHM NPHMEHHTEJILHO
o PO3JEKTPOHHOMN 3JIEMEHTOH 6ase, naiowel BO3MOKHOCTH
YlecTBleHus BecbMa GHICTPOREHCTBYIOWMX YCTPOHCTB, 3a-
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CJyXHMBaeT BHHMaHHS BAPHAHT C HCMOJIb30BAHHEM MIHOBEH-
HHIX 3HAUeHHH TOKOB (CM. . §), KOTOpble B MepBHE MHJLIH-
cekynan Tpanchopmupyiores TA co CTaJbHBIMH CepleyHHKa-
MH AOCTaTOUHO TOYHO, €CAH JaxKe B CeHyIOULHE JOJH NEepBo-
ro NMepHOJa OHM HAYHHAIOT HACHILATbCS, HAPYUIAs TOYHOETh
TpancopMaLHH H Pe3KO YBeJHUHBAs IOTPEIHOCTH B TOKe fi.

[IpHHIMIHANBHO B STOM cJyuae MOryT GBITh HCHNOJB30Ba-
Hbl NpHBejAEHHble BHIIG COOTHOLIEHHS, B KOTODHIX 3HaUeHHs
BHNPSMJIEHHBIX TOKOB |/| 3aMeHSIIOTCSI HX MTHOBEHHBIMH 3Ha-
yenussMu |i|. MMeloTcs Takke paspabotke HOTH (JI. B. Ba-
FHHCKHE), NpeAyCMaTpHBAIOIHE TOPMOXeHHe NpH HeGOuIb:
WIHX KPaTHOCTSIX TOKOB BHewHHX K3 U mepexoi Ha CpaBHe-
HHe (a3 npu GONbLUIHX.

11.8. OCOBEHHOCTH BLIMONHEHUS ANP®EPEHLIMANBHON
TOKOBOM 3ALLUMTEI LUMH, PABOTAIOLIUX C ®PUKCUPOBAHHBIM
[NPUCOEQUHEHUEM DNEMEHTOB C OZHUM BbIKJIIOYATEJIEM

PaccMoTpenHas Bhille 3allHTa NPHrOAHA AJIst OXHHOYHOR
CHCTeMBl IIHH HJH APYTHX CHCTeM WIHH, B KOTOPHIX MOTYyT
OBITL BHIAEJEHH CEKLHH, K KOTOPBIM 3JIEMEHTH NpHCOEAHHs-
10TCS OJHO3HAYHO uepe3 BHIKJIOYATENH C OTHOCALIKMHCA
K Hum TA.

K cepeaune 30-Xx roAoB BCTas BOIPOC O MOBHIUIEHHH Ha-
HENKHOCTH paGoTH 3/1eKTPoycTaHoBOK ¢ Unow>110 kB. Onu
OOBIUHO MMeJiH ABe CHCTEMH IIHH C OAHHMM BHIK/JIOUaTesNeM Ha
NpHCOeHHEHHE H UIHHOCOGAHHHTEJbHBIM  BHKIIOUATENEM,
npHYeM TOJBKO OJHA CHCTEMa HCIOJb30Ba/aCh JJis HOPMallb-
HOft paboThl npucoennHeHHsi. [lJisl MOBLIUIEHHS HAJEKHOCTH
6BLIO TIpefJioKeHo paboTaTh HA JABYX CHCTEMax ¢ COOTBETCT-
BYIOLIHM pacIpe/iefleHHeM 31eMEHTOB Mexay HuMHu. K peseii-
HOH 3alllHTe NpeXbsB/isnoch TpeboBanue npu K3 Ha WHHAX
OTKJIOYATb TONLKO OAHy TNOBPEKICHHYIO CHCTEMY. JTOMY
Tpe6oBaHHIO He YAOBJIETBOpsieT oObluHasi AH(epeHnHAIbHAS
tokoBasi samura. B CP3uy TIII (II. M. YCTHHOBHIM H
JI. E. ConoBbeBuM) u Mocsnepro (M. M. ConosbeBhiM) Obi
paspa6oTaH psijfl CHeUHaNbHbIX BbIOJNHEHUH AH(pdepennuand-
HHIX 33aLIHT AJS 9TOTO caydyasi. Bblio MpH3HAHO HEOOXOAHMBIM
IS CO3AaHHs MpHEMJIEMOH 3allHTHl MNpefyCcMaTpHBaTb 3a-
KpemyieHHe ((HKCHDOBAHHE) 3JIEMEHTOB 3a CHCTEMaMH IIHH.
Db beKTHBHOCTL TaKOH pabOTH 3HAYHTE/IbHO MOBHICHIACH MPH
NoCJeAyIOIEM LIHPOKOM HCHOJIb3OBaHHH OGXORHOH CHCTEMH
IIHH, TaK KaK [pH 3TOM OTNana HeoOXOAUMOCTb NMpPH PeBH3UH
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Bb,m;oqareﬂeﬁ NEePEBOJHTL BCe 3JEMEHTH Ha OJHY CHCTEMY
R, [IpH 3aKPeIUICHHH 3/J1eMEHTOB 3a CHCTEMaMH WIHH B
cp3uY TAIl u OCII yaanoch co3zaTh yCTPOHCTBA 3alUTH,
goJyuHBIIHE IIHPOKOE PacnpoCTPaHEHHE HA NPaKTHKe, KOTO-
pie HMEIOT, OJIHAKO, CJIeAYIIIHH HeJOCTAaTOK: NPH Hapyile-
npA Qukcanud H K3 Ha oaHO# M3 cHCTEM WIHH MOTYT OTKJIIO-
gaTbcs 00e.

Jnsi NpeloTBpALeHHsT 3TOr0 HeOOXOAHMO IMPOUSBOAHTH
flepeKIIOUEHHS] B UENAX MNepeMEeHHOTO H OMNepaTHBHOrO TOKa
5J1€MEHTa ¢ HapymeHHOH QHKcanue.

HIuae npy (HKCHPOBAHHOM NpPHCOSAHHEHHH 3/1eMEHTOB
uMeloT OO0 AHGbdEepenIHaNbHyI0 3alIHTY, OXBaTHBAILYIO
ofe CHCTEMHl IIHH H He PasjHyYalollylo, Ha KaKOH H3 HHX MpO-
H30LLJIO MOBpEXJeHHe, H H3OHPATEJNbHYI0O HacCTh, BHIABJIAIO-
1IyIO MOBPEXAEHHYIO CHCTEMY WIHH. JTa YacTh MOXKET OCylie-
CTBJISITBCA  [10-Pa3HOMY. B BHNOJIHEHHH, NpPEAJIOXKEHHOM B
30-e roas (IT. M. YcruHOBHM), OHa COJepKHT elie ABe pud-
(epeHnHaibHble TOKOBHlE 3ALHTH, OXBATHBAIOLIHE OTHEIbHO
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Kaxkayto u3 cucreM wHH, B 60-e roawm T. T. I'pekom 1y
C. §I. ITerpoBuM 6w paspaboTal BapHaHT 3alIHTH, B KOTO-
pPOM crnelHaJbHBEIA H30HpaTelbHHI OpraH NPOH3BOAHT CpaB-
HeHue a6CcOMOTHBIX 3HaueHHH nuddepeHNHANTbHHX TOKOB, OT-
HOCSIIUMXCS K COOTBETCTBYIOHM cHcTemMaM LuimH. HJa Hemo-
BpeXK/JIEHHOH CHCTeMbl IUHH cPaBHHBAaeMHH TOK OJH30K K HY-
JIIO, JJI1S1 MOBPEXAEHHOH — K TOKY B MeCTe NOBPEXKICHHA.
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Puc. 11.11. CoBmemiennas cTpyKrypHas cxema auddepeHuuaabhol ToKOBOH
3aWMTH ABOHHOH cHcTeMmbl WHH ¢ ofHuM MO H crnenuatbHLiM usbuparesen
MOBPEXKAEHHON CHCTEMBI HIHH

HugdepennnanbHo BKIIOUEHHHE H3MEPHTEJIbHble OpraHbl
3alIMT BHINONHAITCS mno-pasHoMy. lllmpoko npuMeHsHCh
OpraHbl TOKa C HAacHILAIOUHMHCSH NpoMexyTouHniMu TA, ne-
TaJbHo paspaboranHbie B HIIM (cm. ra. 8) mas orerpoiiku
OT OIHOMNOJISIPHHIX NepeXONHBIX TOKOB HeGanaHnca. Hx npume-
HEeHHIO cnocoOCTBOBAIO H TO 0GCTOATENBCTBO, 4TO [c3 OOBLIYHO
BhIOHpaercst OGOJABIINAM  Jpasmaxr UNPHCOENHHEHHH pJs mpe-
IOTBpallleHHsI JIOXKHBIX cpabaThiBaHHE npH oOpHBax BO
BTOpHUHHIX nensix TA. Bo BTopoM BapuaHTe 3aILHTH OTCTPOIi-
Ka OT TOKOB HefalaHCa OCYIHIeCTBJseTcs] KOMOHHHPOBAHHBEIM
IPHMEHEHHEM TODMOXKEHHSI OT apHGMETHUECKOH CYMMB TO-
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gOB BCeX NPHCOeIHHEHHH H YacTOTHHIX GH/IbTPOB (cM. §11.7).

CTPYKTypHbIE CXeMBl 3aIUHT NO ABYM PAacCMOTPEHHLIM Ba-
paHTaM OpHBENEHH COOTBeTCTBeHHO Ha puc. 11.10 u 11.11,
a nojpoOHOE ONHCAHHE HX NPHHIHIHAMBHBIX CXEM — HaMpPH-

Mep B [10].
11.9. HEMNOJHBIE ANUDMEPEHLIMANBHBIE 3ALLMTHI

CtpemyieHHE YNPOCTHTh BHINOJHEHHe NHGGepeHHalbHbIX
TOKOBBIX 34aINHUT NPHBeNaO k co3panuio B 30-e rogs B CP3uY
TOII nenoansvix Oudgepenyuarvroly 3aujur. OHA O6GHUYHO WO
CYLIECTBY TMPEACTABJAIOT TOKOBHE CTyNEHYATHIE 3ALIUTH, BKJIO-
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PH;:. 11.12. CoBmeluennas cTpyKTypHas cxeMa HENOJHO auddepennrans-
HOH TOKOBOM 3aIMTH CeKLHI MIHU TeHePATOPHOrO HAIpSUKEHHs

Ja€Mble Ha CyMMY TOKOB NHTAIOI[HX 3JI€MEHTOB, CrpykrypHas
cXeMma nByxcrymenuarofi (¢ I u III crynensamu) samursl OpH-
MEHHTENLHO K CEKIHOHHPOBAHHHIM LIMHAM reHepaToOpHOro
HanpsoKeHus cTaHWHMW, NMHTAIONMM peaKTHPOBAHHbE JIHHWH,
UpuBenena ma puc. 11.12. HsmepuresbHble Opramb TOKa
BRIIOYeHE Ha cyMMy TokoB TA mHTAIONIHX 5/1eMEHTOB (reHe-
Patopa, TpaHchOpMaTopa CBSI3H C CHCTEMOH, CEKLHOHHOTO
Peakropa) u nomonmuTesBHO TpaHcpopMaTopa cOGCTBEHHHIX
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HYK/, €C/lM BBIKJIOUATe/b NOCJAefHEro, Kak oObuHO ObiBaerT,
paccuntan Ha ortxawouenns K3 Ha ero BryJikax. Tpaucoopma-
TOP TOKa UIMHOCO@JAHHHTENbHOTO BBIKJAOYATEN BK/IOYaETCH
B CXEMY 3alIMTHl, TOIbKO KOTJa uepe3 3TOT BBIKJIOYATe]b IH-
TAlTCs JIMHHH, BblJe/JeHHbIe HA Pe3ePBHYIO CHCTEMY LIHH.

Ilepsas crynenp (oTceuka Ge3 BbIAEPIKKHM BpeMeHH) siB.1sl-
ercst ocHoBHOi. Ee Tok cpaGatbiBaiHs BrGupaercs Oo.blue
MaKCHMaJbHOTO TOKa B samure yipy K3 3a peaKTopaMmu .IH-
uufl, ue oxsaveHubIMH TA 3auwHTH: Ié,3=kmc1x,“max, rie
korc>1 JOJXKeH YUHTHIBATh HaJHYHe TOKA HArpy3kH, MpojoJ-
’Kalolero NPOXOAUTh [0 HeMOBPEXAEHHBIM PeaKTHPOBAaHHBLIM
JMHHUSIM 32 CUET OCTaTOYHOTO HATpSizKeHHs Ha ceKuuH. Tperbs
CTyNeHp NpPEeACTaBJsSeT PE3ePBHYI0 MaKCHMAaJbHYIO TOKOBYIO
zamury. Ilpu BbiGope ee TOKa cpabaThiBaHHS B O0uieMm CJIy-
yae JOJKeH yuHThiBaThesi cayuyad K3 nHa cMexHOW Ccekun
WIKH, KOTJa ee 3aTOpPMOxKeHHas Harpyska ¢ nomouwsto ABP
y norpeburesiel YaCTHYHO HJIH INIOJHOCTHIO [OACOEIHHSIETCS
K HenoBpexjaeHHo# cekuud. C yueTom 3TOro B NpeanoJoxe-
Huy, uto MO TOoKa B jeficTBHe He NMPHXOJHUIH, Iéfi}kmcx
X (ko Ipasnopu+ R, Ipasnon), TAE k) H k. —Ko3pHIHEHTB 3a-
nycka (cM. ria. 5). MiHoraa npuBe/ienHoe BbipaxKeHHe OKasblBa-
eTcsi pacuerHHM. [lpyrue ycsaosus s sbibopa /I pacemor-
perbl B I 5. Bbigepxxa Bpemenu cCryneHH HHM'==iynax+AL.
OjAHMM H3 CYHIECTBEHHBIX HENOCTATKOB 3alUHThl MOXeET AB-
JSITbCSl HeNOCTATOYHAsi UyBCTBUTENBHOCTh IepBOH, OCHOBHOMH
ee CcTyneHH. DTOT HeJOCTAaTOK CHHXKAeTCs NIPH 3aMeHe B weit
oprana Toka Ha KOMOWHHDOBAHHYIO OTCEUKY [0 TOKy H Ha-
npsixkenuo (CM. IV 5) MM Ha HeHaNpaBJeHHBIH Oprag mo.-
Horo conporusienus (cM. § 11.5). OGecrmeuenne 10CTaTOUHOM
yyscrurespRoctH 111 pesepsroit crymenu mpu K3 sa peak-
TOpaMu JIMHHH siB/sieTcs TpyaHo# sapaueil. IIpu mcnosnsye-
MOM Ha TPAKTHKE MPHCOEIHHEHHHM JHMHHUA Yepe3 TPyNnoBbe
peaKTopsl (NmpHcoeauHsieMble X luMHam 6e3 BBIKAlOYaTesei)
I1I crymeub nomxHa Gblia GHl SABJIATBCS M OCHOBHOH 3alIHTOH
Ha yYacTKe 3a DEAKTOPOM A0 MeCTa, Ije HauuHalor paborarsb
sautsl Jgunui. Jdag takux cxem TIIT npeaycmarpuBaer 10-
NOJHHTENbHBE MAKCHMaJbHble TOKOBble 3amuTH, TA Koto-
pHIX BKJIOYAIOTCSl MEXAY WHHAMM H PeaKkTopoM; 3TH 3alHTHI
00blYHO uepe3 OOWHMHA AJS HMX OpraH BbUIEPKKH BpEeMeHH
AefiICTBYIOT HA OTKJIIOUEHHe TeX XKe 3/1EeMEHTOB, YTO H OCHOB-
Has 3alIUTa LIHH.
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Bonpoch AJg CaMONPOBEPKH

1. Kakue cyllecTBYHOT [Ba OCHOBHBIX cnoco0a 3alllUThl
wud or K3 ¥ B KakuX cJayyasix MNPHMEHSeTCsl KaxAbl H3
HHX?

2. Kaxkie BHAB CHeLHaNbHBIX 3alIMT Haubojee YacTo Hc-
NOJAb3YIOTCS AJS 3ALUHUTH IWHH?

3. Kakue ocoBeHHOCTH yca0oBHH paboThl HYKHO yYHTHI-
BaTh INIPH OCYWIECTBJEHHH JHbdePeHIHaNbHbIX TOKOBBIX 3a-
LIHT LIHHP

4. Kakie TPHUHIMOb! BHINOJHEHHsT AuddepeHHANbENX 3a-
IIHT WIHH MCTOJAb3YIOTCS B OTEUECTBEHHOH NpaKTHKe?

l'naBa gBeHapuaras
3ALLIMTA CUHXPOHHbIX FTEHEPATOPOB

12.1. OBLUME NOJIOKEHUA

CHHXpOHHbIC TeHepaTopbl MOryr paboTaTbh HENOCpPeACTBEH-
HO Ha IUMHBl TeHepaTOpHOro Hanpsixkeuus (puc. 12.1,a), B
Onokax ¢ Tpancdopmaropamu, B O0Kax ¢ TpaHchopmaropa-
MH H C OTBeTBJEHHAMH, NHTAIOUUMHU NOTpebHTE el Ha reHe-
paTopHOM HAMNPsSIKEHHH, HAlpPUMep, MECTHYIO HArpysky (pHc.
12.1,6, 6), U 110 HEKOTOPLIM APYIHM IJIaBHLIM CXeMaM 3JeKT-
puueckux coeauneHuil cranuuii. Bo Bcex aTHX cayuasx mpu
Usowr>1 KB cucTeMa reHepaTOpHOTO HanpsiKeHHS B oTede-
CTBEHHOH NpPakKTHKC paboTaeT ¢ HeATpaNsIMH H301HPOBAHHHI-
MH uan (peiKo) 3a3eM/IEHHBIMH Yepe3 AYFOracsiuil peakTtop.

2) 3) 4
Puc. 12.1. Bapuantsl cxeM BKJIOUEHHS T€HEPATOPOB B CHCTEMY
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[TosToMy TpH BBINOJHEHHH 3aLIUThI, KAK NPABH/IO, COGNHHsE-
MBIX B 3Be€31y OOMOTOK CTATODOB TeHepaTopOB YYHTHIBAIOTCS
Bce BuAb MHOrodasubix K3 u oxHOdasHble 3aMbIKaAHHA. ITo-
cJelHHe IS TeHepatopoB B OTJIHYHE OT JIMHHH BO3MOMHH
aByx Bupos: K{VHa semuio (Ha 3aseMJEHHBIH KOPIyC CTaTo:
pa) u K{’— BurkoBoe — K3 mexxay BHTKaMH OxHO# dasn
(cM. Ta6u1. 1.1). Heo6x0onuMo yuHTHIBATB, YTO BO3HHKHOBEeHHE
BCeX MEepeylCTeHHbIX MOBPEXAeHHH BO3MOXKHO B JIOOBIX vac-
TaX O6GMOTOK, @ TaKiKe YTO OLMH BHJ NOBPEXKIAEHUS MOXKET
nepexofHTh B APYyroH, Gosee CJIOXKHBH, HalpHMep cOoueTaHHe
K(al) ¢ Kl(al)'

OnacHOCTb /LISt TeHepaTOPOB ONpejedsercs mpexie BCero
JyTOR B MecTe moBpexaeHus. [lyra Ha KOpIyC CTaTtopa BBISBI-
BAeT OI/aB/J1eHHE AKTHBHOH CTA/IH MOC/JeJHEro, 4T0 MOKET
noBjeub 3a cO6OH eepbeaHbli pPeMOHT, 00yCJOBJIEHHBIH HEO0O-
XOJUMOCTBbIO MepeGOpKH HOPMAJbHO H30JHPOBAHHBIX JAPYT OT
Jpyra JHCTOB CTaJH. BO3MOXKHO TaKikKe CH/IbHOE BBHIrOpaHHE
H30JISIIHH POBO/LOB 0OMOTOK B CAMHX NMPOBOJOB.

3amplkatie Ha 3eMJI0 B OJHOM MecTe OOMOTKH BO30YXK-
geHHs (Ha 3a3eMJeHHHI BaJl pOTOpa reHeparopa) Hemocpen-
cTBeHHOH omacHoctn He mpeacrasiasier. OgHaKO BO3HHKHOBeE-
Hue mpo6ost BO BTOPOM MecCTe (OJHOBpeMeHHOEe BO3HHKHOBE-
HHe NpoBOeB B ABYX MecTax OOLIYHO HE YUHTHIBAETCS) MOMKeT
NPHBOAHTb K TSXKEJNBIM MOCAeACTBHsM. HeobGxomum Takxe
yuer BO3MOXKHBIX MOBPEXJEHHH B yCTPOHCTBAX, MHTAMOHX
06MOTKY BO36YKIAECHHS.

HecBoespemennoe OTK/0YeHHe MOBPEXICHHOro reHepa-
TOpa MOXKET TaK:Ke HapyWHTh paboTy OCTa/bHOH 4YacTH 3/€K-
TPUYECKOH CHCTEME.

3amuTh, pearupymouiie Ha Te NOBPeXKJeHHsi B IeHepaTo-
pe, KOTOpHE NPENCTaBJAT HENOCPEACTBEHHYIO ONACHOCTH
LISl TeHepaTopa M CHCTEMBl B LeJOM, JOJKHB JeHCTBOBATH
Ge3 BHIAEPIKKH BpeMeHH Ha OTK/KYeHHe BHKJIOYaTe/]eH rexe-
paTopa, ramieHne ero MarHMTHOTO I0Js, OCTAHOBKY TYpOHHH,
a Ha THAPOCTAHIUHMAX — TAKXKe Ha TylleHHe moxkapa. [aue-
HHe TOJs JO/KHO OCYLICTBJASATBHCH MO BO3MOMKHOCTH GHCTDPO
U MOJHO, TAK KaK UM OlpejensieTcs IpeKpal(eHie NpoxXoxie-
HUS TOKOB IOBPEX IeHHUS.

OCHOBHBLIMH HEHOPMAJIbHBIMH pexKHMaMH paboTsl renepa-
TOPOB ABJSIOTCS CBEPXTOKH BHellHHX K3 u meperpysok, mote-
psa Bo36y:leHHss (KOTODYIO MOXHO pacCMarpuBaTh H KakK Ha-
pyllleHHe B cHcTeMe BO30yXKIeHHH) H HELOMyCTHMble MOBbI-
UIeHHs HanpsiKeHHus.
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Oco6eHHO ONMACHBIMH SBJSIOTCH HeCHMMeTPHYHBIE CBepX-
TOKH. 3amuTel o1 BHelHUX K3, cBoeBpemenHo He JHUKBHAHPO-
BaHHBIX 3aIMUTAMH MOBPEXAEHHBIX 3/JE€MEHTOB, NEHCTBYIOT Ha
OTKJIIOUEeHHEe BHIKJIOYATe/efl reHeparopa M TallleHHe Mardur-
HOrO 10JIsl; mocJenHee MpPeAOTBpPAIAeT HeIOMyCTHMOE MOBHI-
luenie HaNpsKeHHs Ha OTKJYaeMoMm reHeparope. [lpu Bos-
HUKHOBEHHH CHMMETDHUYHOH HJIH HECHMMETDPHYHOH meperpys-
KH Ha reHepaTopax ¢ KOCBEHHBIM OXJaXJIeHHEeM 0O6MOTOK
BalIUTEl NEHCTBYIOT HA CHTHAJ, a Ha reHepaTopax ¢ Helo-
CPENCTBEHHBIM OXJaXKAeHHeM o00MOTOK H THApOreHepaTtopax
aBTOMATH3HPOBAHHBIX  THAPOCTAHLUHH — JOMNOJHHTEJBbHO HA
OTK/IOYeHHEe, eCJH HeNONMyCTHMYI [eperpysky He yjaaercs
CBOEBpeMeHHO ycTpaHutb. Hemonycrumble ajst reHepatopos
HECHMMETpHYHblE CBEPXTOKH MOTYT TakKXKe BO3HHKATb IpHU
HENOOTK/IKOUEHHH HJH HeLOBKJIOUEHHH (ha3 BHIKJIOYATEIAMU
(Hanmpumep, BHIK/IIOUATE/ISMH BBHICLIEro HANpAKeHHs 6.10KOB).

[Torepst Bo3OyXaeHUS onpejesisieTcs HAPYUIEHHAMH B CH-
creMme Bo3OyxkaeHus. ['eHepaTop B aTOM ciyuyae mepexoauT B
ACHHXPOHHBII perKHM PaboTbl CO CKOIbIKEHHEM, HOCTHTAIOU[HM
HECKOJIbKHX MpPOLEHTOB pabouell yactorel. [eHepaTop MoOKeT
NpOJ0JIKATh BBIAABATH AKTHBHYIO MOIIHOCTB, MOJydYas BO3-
OyxKneHHe 3a CYer PeakKTHBHOH MOWIHOCTH uM3 cucTeMBl. OnHa-
KO TAKOH ACHHXDOHHHIH DEXHM Jaxke cO CHHXKEHHOH Harpys-
KOl [JIMTENbHO HeJONMYyCTHM, TaK KAaK BBI3LIBAET IleperpeBbl
B YacTHX reHeparopa, a MHOraa M 6ojee TsixkeJble HOCJAEICT-
BHsA. [103TOMy Ha COBpeMEHHEIX MOIIHBIX F'eHepaTopax mpeiy-
CMaTpHBAIOTCS 3AIHTHi, Pearupylollue Ha HOTEPI0 BO3OYKae-
HHS U NPH HEOOXOAMMOCTH OTKJIOYAIOIHe IeHepaTop.

BosmozxeH u apyroii aCHHXPOHHBIH pexHM paBOTH TeHe-
paropa c ucupaBHO$l cucteMol Bo3OyxkjeHus. OH BO3HHKaeT
IpH BBIXOAE reHepaTopa WM TPYNN reHepaTropoB H3 CHHXPO-
HH3MAa 1O OTHOMIEHHIO K OCTAJbHOH YacTH CcHcTeMBL. Taxkoi
pexXHM 4acTO Ha3bIBAIOT ACHHXPOHHBIM XoxoM. OH Hemomyc-
THM KaK JUIg TeHepaTopoB, Tak H NJS CHCTeMBl B IEJOM,
OG6BIYHO CUHTAETCS, YTO ACHHXPOHHBIH XOX JOJIMKEH JIMKBUIH-
POBATbCst He 3AUUTAMH 3JIEMEHTOB, a CIENHAILHHIMH YCTPOH-
CTBAMH HPOTHBOABAPHAHOH ABTOMATHKH cHcteMH. [locaencr-
BHS ACHHXPOHHOrO Xojia I/ TeHepaTopa MOryT OHTb OUEHb
TaxeBIMH. Tak, Hampumep, GbUIM C/1y4yad BO3HHKHOBEHHS Y
COBpEMEHHBIX MOIIHBIX MAIIMH TPH DPE30HAHCHBIX SIBJEHHSX
KpYTSILIHX MOMEHTOB Ha BaJy, 3HAUHTENbHO NPEBBLILIAINIHX
MOMEHTH NpH TpexdasHbix K3 Ha Hx 3axuMax, 4to TPHBO-
AHJIO K paspywleHusm Mauwud, ITostomy ycrpofictBa mpoTHBO-
aBapHAHOH aBTOMATHKH 4acTO BHIOJIHAIOTCH AeHCTBYIOMIHMMH
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He 1ocjie MpoBOPOTa POTOPOB reHepaTopoB Ha 360° (oTHOCH-
TEJILHO CHCTEMB), & NpPH PACXOXKIEHHH BEKTODOB HAIpsiiKe-
HUIl MO KOHLAM JMHHE 3/eKTpolepesaud HA ONpele/eHHHIl
yroi. B nocneiHne roabl MallMHOCTDOHTENH BBIABHTAJNH Tpe-
GoBaHHe OrpaHMUMBATL AJs HEKOTOPBIX THIIOB MOIIHBIX Ma-
IIHH YTOJI OTKJ/IIOUEHHsI OCH POTOpPa € yCTAHOBKOH AJS 3TOTO
HHIMBHAYAJbHBIX yCTPOHCTB HA reHepatopax. Ilpu sroM Bo3-
HHKA€T BONPOC COTVIACOBAHMA MX NEHCTBHS C YCTPOHCTBAMH
NpoTHBOABapHiiHOH aBroMaTuku. TakuM o6pasoMm, Bompoc o
cnocobax NpenoTBpAalleHHs U JUKBHJAUUH ACHHXPOHHOTO XO-
/la TeHepaTopoB HAXOAMTCA ellle B CTALUM YTOUHEHHSI.

IIpy BBINOJIHEHMH 3ALIHT T'eHEPATOPOB YUMTHIBAIOTCS TaK-
¥Ke HeAOomyCTHMble IMeperpyskd mHeneH poTopa M NOBLILIEHUA
HaNpsKeHUS.

Ha runporenepatopax smaunTe/bHble NOBGLINeHHs HAmpsi-
HEHHsT MOTYT BO3HHKATb, HampuMmep, npu c6pocax Harpysku
BC/IECTBHE OTHOCHTENBHO MEJJEHHOTO NeHCTBUSI HX peryJs-
TOPOB CKOPOCTH H HHEPLUHOHHOCTH HANpaBJ/sIOLLEro anmnapara
TypOHH.

Ha typ6o- u ruaporeneparopax npeaycMmarpuBaercs qyB-
CTBUTE/IbHAS 3AIIHMTA OT NOBHIIIEHHS HANPSIKEHHS B pPeKHMe
XoJocToro xoaa. Ona aBTOMAaTHUECKH BBLIBOLAHTCSI H3 PaGOTHI
NpH HAAMYUM TOKa B (hasax cratopa.

B HacTosilee BpeMsi WHPOKO HCHONB3YIOTCS MALIHHEL ¢ He-
NIOCPE/ICTBEHHBIM OXJaXKAeHHEM NPOBOIHHKOB OOGMOTOK BOJO-
ponoM u BONOH. ODKOHOMHYECKH OHH BecbMa 3((EKTHBHbI.
OnHako ponyckaemble B HHX NOBHIIEHHBE IJIOTHOCTH TOKOB
B NPOBOJXHHKAX OOMOTOK H yBeJMYeHHEIE pacueTHble HHAYKLHH
B CTajii MAarHUTHBIX CHCTEM IMPENbABJIAIOT MOBLILIEHHbE Tpe-
6OBaHHS K 3aLIMTAM, YCAOKHSAOT HX BHIOJHEHHE.

Heo6x0n1uMO TakKiKe OTMETHTb, UTO HOCTATOYHO CJOKHBIE
TCXHOJIOTHYECKHE 3aIUTHl arperatoB (HHXKe He paccMaTpH-
Baemble) TpebylOT MHOTAA HCIIO/Nb3OBAHMS JATYHKOB, BKJIO-
uaembix Ha MIT toka u manps:xenus reseparopos. C apyrofi
CTOPOHBL, 3TH 3AIIHTHl MOTYT, KAK H APYTHE 3AIIATH I'eHeparTo-
POB, IeHCTBOBATL Ha OTKJ/IOUEHHE BbIK/IOUaTeNdell, raiieHne
noas (cM., HanpuMep, [65, 66]).

12.2. OCHOBHbIE BUAbI MOBPEXAEHUM M HEHOPMAJIbHbBIX
PEXXMMOB PABOTbI TEHEPATOPOB M TPEBOBAHMUS K 3ALLMTAM

Miuorogasunie K3. Onpenesnenne TokoB B 06MOTKax cTa-
TOpoB npu BHeWHHX K3, B TOM uMc/le u Ha BHBOjAaxX, KOraa
OTHOCHTE/IbHO® YHC/IO 3AMKHYBIUMXCH BHTKOB Gmaxr==1, mpo-
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U3BOJUTCA H3BECTHBHIMH crmoco6amu (cMm., Hampumep, [29]).
3nayuTenpHo Goslee CNOXKHBIM SBJsieTCSt ONpefelieHHe TOKOB
npu K3 BHYTpu 31X 06MOTOK (cM., Hanpumep, [67]). ITo-
3TOMY HHXKe Jaercd TOJbKO OpHEHTHPOBOUHAS KayecTBeHHAN
OLEHKA NOJYYaIOUIMXCS COOTHOINEHHE AJjs HauboJee MPOCTO-
ro cayuas — K® p nByxmontocHoM TypGorenepatope (uucio
o6oporoB n=3000 1/c), OTCOeNMHEHHOM OT CHCTEMbl (pHC.
12.2,a). Mecto noBpexpeHHst XapakTepusyercss J0jed o
3aMKHYBHINXCSl BUTKOB, OTCUMTHIBAEMBIX OT HeHTpaJu 06MOT-

(1)
Tk

.
R”: a
o ;
Ry £ O
I
(3) o
K< a) —aJ«l‘“’ 5)

Puc. 12.2. Cummerpnunoe 3aMblkalue MEXKAY TPeMs (asaMi OGMOTKH CTd-
TOpa:
@ —cXxeMa HOBPeKAeHHOH OGMOTKH H 3aBHCHMoCTh DJC or RoaH a 3aMKHYBLIHXCA

BHTKOB; 6 — 3aBHCHMOCTb TOKa K3 or JAOJH O 32MKHYBHIHXCS BHTKOB ABYXHOMIOCHO~
TO reHepartopa

Ny
Ak

ku. Ilepuoguueckast caaramumas Toka {§3=§¢a/(1€"+§“ )»
rae EmzocEq), Ry — nepexonHoe compoTuBiieHue B MecTe
nospexaens, Zo =Ro+jXa, Ru=aR, X; MOKHO npHGIHKeH-
HO CUMTATh s paccMarpuBaeMoro cjyuas nponopLUHOHANb-

oM a?. Toraa /§) =aEo/V (RiFaR) 24+ a’x2. 3aBUCHMO-
cri I o1 @ 1ast Re=0 u R,5~0 npusejens na puc. 12.2, 6.
Onu  cnpaBeJIUBLI, OYEBHAHO, 1O min, COOTBETCTBYIOILETO
OAHOMY BHUTKY. PaccMoTpeHue 3THX 3aBHCHMOCTell H HEKOTO-
pele Jpyrue jaHHble, HX NOATBEPIKAAIOIIHE, NAOT BO3MONK-
HOCTb CleJ1aTh cjleyiolulde BuBoAL: TOK K3 nmpu R,=0 Boa-
pacraer ¢ yMeHbIIEHHEM o, OCKOJbKY PEaKTHBHOE CONpPOTHUB-
JIEHHe yMeHbllaercst 6ulcTpee, yeM DJC; MUHHMAaJAbHBI TOK
cooTBeTcTBYeT =1 u pasen nasa {=0 E4/X; npn nospex-
AeHHsX yYepe3 Ry TOK NpH HeBOJBIIHX ¢ MOXKET CHHIKATHCS
J0 MAJbiX 3HAYeHUH.

B ciyuasx apyrux Buzos MHoroasueix K3 saBucuMmoctu
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Ixe OT 00 KAYECTBEHHO OCTAIOTCH TAKHMHU Ke, Kak i1 119 K&
(cM., Hanpumep,:[68]). [Ipu sToM pas KD cnenyer yuurs-
BaThb BO3MOXKHOCTh MaJbX [xe Haxe npu R,=0 3a cuet jo-
0aBOYHBIX CONPOTHBJAEHHH B metie K3, Hanpumep, peakTopos
Ha JIMHHSIX TeHepaTopHOro Hanpsokenus. Hus MHoromosioc-
HBIX MallMH (HampHMep, THAPOreHepPaTOPOB) 3aBHCHMOCTD
Iio =[(a) sABAserca 3HAuMTeNBbHO GOJee CJOHHOM, npuYeM
no jaHubiM Jabopatopun uMenun A. A. CMypoBa H gafibHel-
wuM Gonee ray6oxkum paGotam TOKH [y MOTYT GHTbH 3HAUH-
TeAbHO MEHBIIHMH, YeM AJist ABYXNOJIOCHHIX MallHH.

C yyeToM BO3MOXKHBIX TSIKENBIX NOCJEACTBHH BHYTPeHHHX
MHOrO(asHHX K3 cunrtaercss Heo6X0AHMHIM BHIIOJHSATH 3a-
UIHTY OT HHX GbICTpoAeHcTBYIOIell, pearipyomel Ha NOBPex-
JeHHe B JI000M MecTe 06MOTKH.

ButkoBbie K3. Oum ans reHepatopoB ¢ OBMOTKOH, He
HMelome# napajsespHbx BeTBel (pue. 12.3, a), xapakrepn-

A B r A ‘B C A B C

l\.Ag

&2

IQI

2) 5) )| 4

Puc. 12.3. BuTkoBHe 3aMbiKaHHsA B OGMOTKe cTatopa

3yI0TCSt N0JIell & 3aMKHYBIIHXCSl BHTKOB; ¥ T€HEpaTtopoB ¢ 00-
MOTKaMH, HMEIOIIMMH IapaJjJie/bHble BeTBH (puc. 12.3,6),
BOSMOXKHBEl TaKXe 3aMBIKAHHUST MeXJy BHTKAMH 3THX BeT-
Befl. Jas ButkoBoro K3 mno puc. 12.3,a Jerko paccuurh-
Baercst CAy4Yal ¢ &max=1. EMy coorBercTByer oamodasHoe
K3 ¢ nepnopuuecxoii ciaraomed toxa /(N =3 Es/(X, +Xo+
+Xo). ConporuBnenne HyneBoil moc/eoBaTe sHOCTH Xo AJIs
TeHepaTopoB B OTJIHYHe OT JHMHHA 3HAUHTENBHO MeHbllle X, =
=X, u nosToMy TOK BUTKOBOoro K3 npn a=1 3HauuTe]pHO
Gonpie /(3 . YauTHBast 310, MOKHO ToJaraTh, YTO TOKH BHT-

KOBBIX NOBpeXAeHUH 15 0OMOTKH no puc. 12.3, a aByxnoJoc-
HBIX TypGorenepaTtopoB npu a<l, Kak u npH MexaydasHHX
K3, Moryr 6miThb BecbMa GOJIBIIUMH, TPeGYIOMHAMH GHCTPOH
JHKBHJAUUE moBpexaenus. C Apyroil CTOpoHH, Jjis cjyuas
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no puc. 12.3,6 npu o;~ay 3TH TOKH MOryT OHTbH BecbMa Ma-
AbIMH. JIJs MHOTONOJIOCHBIX MAIIHH CJellyeT yYHTHIBaTh CO-
o6paxkeHHsi, pacCMOTPeHHBIe Bbllle Ajast Mexaydasueix K3.

C yueroM Bcero H3JIOXKeHHOro, OHJIO OBl KeJnaTeabHOo
HMeTb OT BHTKOBHIX K3 OBICTPOJEACTBYIOLIYIO 3alIUTy, pea-
THPYIOI(YIO MO BO3MOMKHOCTH Ha BCe PAa3HOBHIHOCTH 3THX
noBpexaenuii. Co3jaHne TaKoH yHHBepca/JbHOH 3alllUTH OKa-
3ajJoch 3aTpyaHuTeNpHBIM. [loatomy
CNelHaJbHBE 3aIATH OOBIYHO ycTa-
HaBJHBAIOTCS TOJNbKO Ha reHepaTopax, o H"
HMEeIOILHX BhIBeIeHHEIE apaJlje/bHble o |
BeTBH OOMOTOK, KOrjJla yjAaercss BBHI- OFJ‘__h'
HOJIHHTB IOCTATOYHO NpHEMJeMble YCT- I

A 8 <
‘E s
poficTBa, 0COGEHHO NpPH COeAHHEHHH J ._£“__||.

Cor

BeTBell OOMOTOK B JBe 3Be3Jbl C CO-
e/lHHeHHeM HX HeHTpaJseill MeXAy CO-
6ot (puc. 12.3,8). Ilpu orcyrcrBUU p
crenuaJbHOH 3aIUTH PacCYUTHIBAIOT

1 o —_—
Ha jeficTBHe NMPH BHTKOBHIX K3 3amut L (7)
ot K, nNocKOJbKY NpaKTHYECKH BHT- 300

KOBHE IMOBpeXJEHHS TOYTH BCerxa
HAUHHAIOTCS HJH  CONMpoBOXKpaloTcs DS 124, Omnodastoe

K® y 3aMBIKaHHE Ha 3eMJII0 J0-
P YUTBIBast 3TO, XKeJaTeJbHO ..  gurkos dass 06-

uMerb sauuThl oT K{!, oxBareBalo- MOTKH cTaTopa

mue Bce 1009% BHTKOB 0OMOTOK H
JIefCTBYIOLIHE IO BO3MOMKHOCTH 6e3 BHIEPXKKH BPeMEHH.
OpHodasuble 3amblkaHMs Ha 3eMJaw0. Kak yKaselBaJjoch
BBIllle, HeATpaJu B CHCTeMe reHepaTODHOrO HampsiKeHHsa Gbi-
BalOT H30JHPOBAHHBIMH HJIH 3a3eMJEHHBIMH 4Yepes Ayroracs-
uue peakTophl. Ilpu ompenenenuu saBucumoctn [{D ot monn
3aMKHYBIIHXCS BHTKOB ¢, OTCYHTBIBAEMHIX OT HeNTpaju reHe-
paropa (puc. 12.4), npeHeOperalor BceMH CONPOTHBJCHHSIMH,
38 HCKJ/IOUEHHeM eMKOCTHBIX CONPOTHBJeHHH (a3 Ha 3eMJio
BCeHl CHCTeMB reHepaTOPHOTrO HaNpsikeHHs (BKJAKYasi eMKO-
cte (a3 OOMOTKH reHepaTopa), HHAYKTHBHBIX COIPOTHBJEHHH
AYroracsiliiX peakTOPOB H IePeXoJHBIX CONPOTHBAeHHH Rp.
Ha pnc. 12.4 emkoctd Co moka3aHB COCPENOTOYEHHBIMH Ha
3a)KUMaX reHepaTopa, CHCTeMa npefnoJaraetca paforaro-
mefl ¢ H30JHPOBaHHON HelTpa/blo. JlJg onpeneneHus ycTaHo-
BHBIETOCS TOKa OCHOBHOH rapmonuku [{) nenecoo6pasHo
HCIIONb30BaTh MeToA HajoxeHnus (cM. ra. 1 u 9). Tox I{),
NpeACTaBJAAIOMHUE YTPOEHHYIO aBapHEHYI CJaraiolyio Toka
HYJeBOH NoCJef0BaTeNbHOCTH, OyleT ONperedsThCsl Hanps-
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skenHeM B mecte npobos Ug=aLy, paBHBIM aBaAPHAHOMY Ha-
NpSKEHUI0 HyJeBoH mnocaefoBatenbHocTH. Ero  3HaueHmc
10 =30E/|Zos+Ru|, wan mpu Ra=0 I{) =3aEe/ (1/0Cor) =
=3awCorEy. Takum o6pasom, /{) B oTinude OT TOKOB NpH

MexayhasHelx H BHTKOBEIX K3 npsamo nponopuHHOHAJEH YHC-
Ay BuTKoB. Ilpn sambikannn y Hefitpasn /) =0. Henocpen-
CTBEHHYIO ONAcHOCTbL mpexactasasior K{U,mpn KOTOpHX B Me-
CTe MOBPEKACHHS MOALEPIKHBAETCH Ayra, Om/aB/adlomas daK-
THBHYIO CTa/lb CTarTopa. BO3MOKHOCTb BO3HHKHOBEHHS IYTH
OHO BpeMsi KOCBEHHO OLEHWBA/JacCh MHHHMAaJbHbIM Halpsxe-
auem alUg, cnocoGHEIM ee TNOAAEPIKIBaTh. Tako# noaxon
uMeJ pfjA HeJOCTATKOB, H B Hauaje 50-X rofoB B OTEUeCTBEH-
HOl MPAaKTHKE CTAJH OLEHHBATH ONACHOCTb TOBPEXAEHHA He-
nocpescrsenno Tokom B mecre K{V. 3a omacHbli, TpebyouLni
ABTOMATHUECKOH JHKBHAALHH, 6bul npunar Tok [{V=5A. Hpu
stom ¢ yaeTom padot gabopatopun umenn A. A, Cmyposa
JONYCKaJl0Ch [GHCTBHE 3aLIHT HA OTKIIOUEHHE C BbIAEPMHKOH
BpeMeHH, a NPH TOKAX, MeHbIIHX 5 A — TO/IbKO Ha CHIHAJL.

[Tpu TakoM nojxoje AOMyCKa/0CL HMETb 3aIIHTH, aedct-
BYIOIME H4 OTK/IOUEHHe, He OXBATHIBAIOLIHE BCe 100 % Burt-
KOB 0OMOTKH. 3aIlHTHl reHepaTopoB, paboTalolHX Hemocpex-
CTBEHHO Ha IIHHB, NPH MOJHOH KOMHOEHCAUHH €MKOCTHHIX TO-
KOB MOIJH OBl cpa6aTmiBate TolbKO npi K{V ¢ HapyueHHOH
KOMIeHcanue#, koraa tok /¢! gocruran 5A u bo.gee.

B nociegune roinl PACCMOTPEHHBIA NOJXOX K TpeGOBaHM-
M 110 BeinoJHeHHo 3aimuTsl oT K{, ocobenno a1a MOIHBIX
FeHepaTopoB ¢ HEHOCPEICTBEHHBIM OXJaK/JeHHeM I[POBOAHH-
KOB 06MOTOK CT4TOpAa, NOABEPTCs CYILECTBEHHLIM yTOUHEHHSM.
Ato onpegensiercs psaom obcrosaTenbers. HenmocpexcTseHHO
OMAacCHBIMH  JJIsi COBpEMEHHBIX MOIIHBIX TE€HCPAaTOpPOB, HANPH-
Mep RO [aHHBIM YeXOCJOBAUKHX CHEUHAaJHCTOB, MOTYT ObITh
tokH [{, cyulecTBeRHO McHpline 5A. B skcmilyaTauHn oTMe-
yanuch caydau npoboeB BGAH3W  HelTpajdedr  0OGMOTOK,
oBycJoB/IeHHbIE, HANPUMeP, MOCTENeHHbIM CHHXKEHHeM H30J1-
UHH 06MOTOK NPH HX BHYTpEHHEM OXJAXKAEHHH BOJOH, a Tak-
e MCXAHHYeCKHMH npuunHami, CBOCBPCMEeHHO HE BHISIBJIEH-
able K{)MoryT mepexoinTs B oueHb onacHbie BHTKOBbe K3

naxe KV, 3amura ot K{D , oxBaTpiBaiomas Bcio 06MOTKY H

JeHCTBYIOINAs Ha OTKJIOueHue, MOXKeT (KaK yKashlBa/ocCh BbI-
e) 3auUlHIIATH [CHEPATOp H OT BHTKOBHIX K3, eciu OHH Co-
NPOBOXKIAIOTCS 3aAMBIKAHUAMH HA 3eMJIO.
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[Tostomy B HacTosiliee BpeMsl CUHTaeTCsi HEOOXOAUMBIM
Ha reHepaTopaX, paborawiux B 6J0Kax ¢ TpaHchopmartopa-
MH (aBrorpaHcdopmatopaMu), uMers 3awuty oT K{V, oxsa-
thiBawoilyto Bce 100 % BHTKOB OOMOTKH, MOCKOJIbKY HMEIOTCS
1J8 3T0To HeoO6XOoAMMHE ycrpoiicTsa. Jlas reHepatopoB, pa-
GOTAIOMKHX Ha LIHHB, TAe ocymecTsiende Takux 100 % -Huix
3aIUT 6oJiee 3aTPyAHHTENbHO, NONYCKAIOT NpHMEHEHHe Ba-
PHAHTOB C «MEPTBHIMH» 30HAMH y HEHTpaJeH.

HecummerpuuHble cBepXTOKM. HuiKe noa HeCHMMeETPHUHBI-
MH CBEPXTOKaMH OyIyT MOHHMAaTbCsi TOKH B 0OMOTKAX CTaToO-
pa, XapakKTepH3yloIlHecs HaJH4YHeM B HHX COCTABJSIOLIMX
o6paTHOH MOC/e10BaTENbHOCTH, 3HAYEHHS] KOTOPBIX NpeBbIlIa-
0T JAJHTeNbHO JO0NYCTHMbIe 1JIsl reHepatopoB. CocTaBJsiiolmue
[; co3Mal0T MarHHTHOe ToJe, Bpallalomeecsi OTHOCHTENbHO
poTOpa C YABOEHHOH UdCcTOTOH H HHAYKTHpYIOLLEe B HEM TOKH
JBOITHOM 9acTOThl. DTH TOKHW CO3A4IOT ONACHHE MECTHHE Ha-
TPEBBl B KOHTAKTHBIX IEPEX0Jax TOPLEBOH 30HBI 60YKH POTOpA.
3HaunTeJbHbe [o BHI3BIBAIOT TaKKe, HAOPHMEpP Yy HEKOTO-
PHX THIOB THAPOTEHEPATOPOB, CHIbHYIO MeXaHHYECKYI BHO-
palHio arperaroB. J103TOMy IJHTeNbHO IOMYCTHMOH CHHTA-
ercsi pabora ¢ TokOM [o, HE MPEBOCXOASIUHM NPHMEPHO
720 % Juomr (B 3aBHCHMOCTH OT THNA reHepaTopa). B Teue-
HHe OrpaHHYEHHOro BpeMeHH Mo YCJAOBHIO JONYCTHMOTO Harpe-
Ba uyacTell poTOpa MOTYT AONYCKATbCS 3HAUHTEJIBHO O0.b-
wue [s.

3aBHCHMOCTL  JONYCTHMOH  JINTEIBHOCTH (B CEKyHAAaX)
HaJiHuHs cocTaBJsiolnell oO6paTHOH MOC/AeN0BaTeNbHOCTH TOKa
B 0OMOTKEe CTATOpa reHepaTopa NPHHATO XapaKTepPH30BaThb
ypaBHeHHeM ajHabaTHUeCKOro nponecca

brow = AIIZ, (12.1)

THae [ — oTHOCHTeNbHOE 3HAUeHHe 3KBHBAJEHTHOTO CpejiHe-
*

KBAaJPATHIHOTO TOKa 0OpPAaTHOH NOCJAEN0BaTEeJAbHOCTH B AOJAX
luow,r, ONpeEJEIsieMOe 110 BHPAaKEHHIO

/ { toon
\ 20 d

I, =—— |
. Thom v {pon %

A — moctosiHHAf JUIss AaHHOro THAA TeHeparopa BeJHYHHA,
3HAUeHHe KOTOPOH YHC/EHHO PaBHO AOMYCTHMOH AJNHTENBHO-
cTH PaboTH reHepaTopa B CeKyHAaxX NpH Toke [o=[xour, T. €.
12=].

*
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3HaueHHs1 BeTHUHHB A H3MepsIOTCS B JOBOJBHO UIHPOKHX
npenenax: aas typboreneparopoB — npuMepHo o1 30 c
(c xocBeHHBIM oOXJaxjaeHueM) 10 6 ¢ (c HeMOCPEJACTBEHHBIM
oxJaxjeHueM O0GMOTOK CTaTopa W POTOPa H MOIIHOCTBIO 6o-
jgee 800 MBT); ans ruaporeHepaTopoB C KOCBEHHBIM OXJjax-
nennemM A=240 ¢ u ¢ nenocpeAcTBeHHEM — 20 ¢. BosmoxKHHI
nOJX04 K yTouHeHHI0 A nau B [65].

JlelicTBUTE/bHEE YCJOBHS HarpeBa 4acTed poTopa TOKa-
MH [, OKa3HBalOTCA 3HAYHTEJNBHO GoJiee CJIOKHBHIMH. [IpH He-
Gompmux [, mpolecc oKasbBaeTcss HeajuabaTHuecKHM H Jef-
CTBUTE/IbHBIE fron MOTYT OBITL H GoOJiblle; HaoOOPOT, NPH 3HA-
YHTEJIbHBIX [p BO3MOXKHB MeCTHhle 6oJ/iee OnacHble meperpesbl
[76]. Tem He meHee BmIpaxKeHHe (12.1) mosyumsic mupokoe
nprMeHeHHe pH BEIOope mapameTpoB cpabaTbiBaHHSA H OLEH-
Ke 3alluT, JeHCTBYWINHX Kaxk NPH BO3HHKHOBEHHH CBepPXTO-
KOB TMeperpy3k#d TOKaMi [y, BEI3BAHHBIMH Pa3HBIMH NpHYHHA-
MH (paspmbiBe (a3 B CHCTEME, HEAOOTKJ/IOUEHHS H HeJOBKJIO-
yenuss $has BuKJAWUaTeJefl B T. N.), TaK W NPH CBEPXTOKaX
BHEIIHHX HeCHMMeTpuuHHX K3.

OT BHEMIHHX, B TOM 4Hc/ie 0co60 TAXKENBIX HeCHMMETpPHY-
Heix K3, He OTK/IUEHHHX 3aMIMTAaMH CMeKHBIX NOBpeXIeH-
HBIX 3JIEMEHTOB BCJIEJCTBHE OTKAa3a HX 3alUT WJIH BHKJIOUA-
TeJiefl, Ha TeHepaToOpax YCTaHABAHBAIOTCA CHeHHaJbHble
3AIHTH C OTHOCHTENBHOH CeJeKTHBHOCTBIO, NOCKOJbKY OCHOB-
HBle 3alUTH reHepaTopoB oT BHyTpeHHHX K3 BHIOMHAKTCS
¢ abconoTHOH cesekTHBHOCTBIO. [l obecrneueHuss OoJiblied
YYBCTBHTEJBHOCTH K HecuMMeTpHuHBM K3 oHH OGBIYHO HMe-
I0T OTHle/ibHble YaCTH (CTYNEHH) B BHJIE TOKOBBIX 3aIHUT C He-
3aBHCHMOll XapakTepuctukoit f=f(/,), BK/JIIOUaeMBX Ha CO-
cTaBjsiomue [p, NpUUeM YHCIO CTyneHell ObIBaeT passiHYHBIM.

IIpu BBIMOJHEHHH TAKHUX 3aLIAT YyYHTBHIBaeTcs C/elyloliee:

1) XejatenpHo o6ecmeuuTh AeHCTBHE 3aIIHTBI Ha OTKJIO-
yeHHe BO BCEM JHaNa30He BO3MOXKHBIX 3HAUeHHH OMACHHX TO-
KoB of6paTHo#i nociaenoBateibHocTH. Jlonyckaercs JedACTBHe
Ha curHa/j IpH MaJblXx 3HaueHHsx [y, KOTJa B COOTBETCTBHH
¢ (12.1) fzon OKa3bIBaeTCsl NOCTATOYHBLIM (HECKOJBKO MHHYT)
V1Sl IPHHATHSA Mep JeXypPHBIM MNEPCOHaJOM IO JHKBHIALHH
HEeCUMMETPHUHOTO PEXHMa;

2) momyckaercs He COIJIZCOBBHIBATH MO YYBCTBHTE@IBHOCTH
YyacTH 3alIHTHI, AeHcrBylomue npu Hebospmux [ (00ycnos-
JIEHHBIX, HaNPHUMep, HEHOPMaJbHBIMH pPeXHMaMH), C 3alluTa-
MH CMEeXKHBIX 3/JI€MEHTOB;

3) BpeMs cpabateiBaHus fc.=[([3) cryneHuaTo# 3allUTH

*

J10J12KHO GBITh MEHbINe fhon, ONpeaensemoro (12.1);
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4) TPYZHOCTH COIJIAaCOBaHHSl MO BPeMeHH MHJIH YyBCTBH-
TeJbHOCTH CTyNeHeHl 3allUThHl, JeHCTBYIOUIHX NPU 3HAUUTEJb-
HBIX TOKaX, ¢ Pe3ePBHHIMH 3aIIHTAMH CMEXKHBIX 3/JeMeHTOB.

Ha GsouHBIX reHepaTopax IpHMEHseTCS 3alluTa, HMelo-
uiasl opraH ¢ HHTerpajibHO-3aBUCHMOII XapaxTepHCTHKOH, Co-
orBercTBylollefi Bepaxenuto (12.1). B satom cayuae Gosee
IOJTHO HCMOJIb3YeTCsl Teperpy3ouHas CnocoOHOCTh TeHepaTOpoB
B HECHMMETPHUYHBIX pexHMax. HacTu 3alluThl C HE3aBHCHMOH
(cryneHuaTo#f) M 3aBHCHMOi{l XapakTepHCTHKaMH JeflCTBYIOT,
KakK mpaBHJIO, Ha OTK/IOUEHHE U rameHue noJs.

CumMMmeTpuuHble CBEPXTOKH. [loJ CHMMETPHUHBIMH CBepX-
TOKAMH TMOHHMAMOTCAd TOKH, MpEBHINAKIIHE HOMHHAJbHHE
3HAYEHUS TOKOB I'eHEpParopoB, paboTaloux B CHMMETPHYHOM
pexumMe. Ong onpenessitorcss BHemHuMHE K # neperpyskamu.
VX onmacHocTh AJISi TeHEPATOPOB B OTJIHYHE OT HECHMMETpHY-
HBIX CBEPXTOKOB ONpejensieTcss mpeijie BCcero BO3MOXKHOCTBIO
HEeJOMYCTHMBIX NMeperpeBoB H30JALHH OOMOTOK CTaTOpPa U PO-
TOopa, KOTOPBle MOTYT IPHBOJHTHL HE TOJBKO K HpeXKIeBpeMeH-
HOMY H3HOCY H30JISIIHH, HO B K ee Pa3pylIeHHIO, BO3HHKHOBE-
Huio K3 wiu saMbikauuii Ha 3emiito, KO y jiuHefHBIX BBIBO-
JI0OB MAallHH ONpeJe/soT TaKke GOJbINHE 3J1eKTPOMAarHHTHBIE
MOMEHTH Ha BaJjly TeHepaTopoB, BO3MOXKHOCTb KOTODHIX XOTS
H YYHTBIBAE€TCH MPH BHIIOJHEHHH MaLIHH, HO HHOIa NpHBO-
IUT Y HEKOTOPBIX THIIOB MOLIHEIX MaIIHH K TSKEJBIM Mocael-
CTBHSIM.

Juas aukBuaannn BHemHHX K, He OTKJIOYEHHBIX APYTH-
MH 3alHTaM{ CHCTEMBI, NPELYCMAaTPHBAIOTCS TOKOBHIE 3allH-
TH C JONOJIHHTEJbHBIM OPraHOM Hanps:xKeHus (cMm. IV, 5),
HMEIOIIHM HEe3aBHCHMYIO XapaKTEePHCTHKY BBHIIEPXKKH BpeMe-
HH, WIH JAHCTAHIHOHHEE 3alUTHl B YNPOILIEHHOM HCNOJHEHHH,

CHMMerpHuHBle NMeEPEerpyskKH BO3HHKAWOT, HaNpUMep, NpPH
OTKJ/IIOUeHHH HCTOYHHKOB IHTaHHSA, (OPCHPOBKe BO36yxXje-
HHA NPH NOHMKEHHH HANPsXKEHHs H T. n. MakKcHMaJbHad me-
perpyska akTHBHOI MOIIHOCTBIO OTpaHHYHUBAETCS MOUIHOCTBIO,
KOTOpYI0 MOTYT pasBHBaTh NEPBHUHBIE [BHIATeNH, H YacTo
s TypOoreHepatopoB ObiBaeT BecbMa HeGouabuioii. Ilepe-
IPy3Ka PeakTHBHOHA MOIIHOCTBIO, ompeflesisfieMasl MOTOJ/ICUHBIM
BO30yKI€HHEM TeHepaTopa M HampsiKeHHeM Ha LIMHAX, TIPH
¢hopcupoBKe BO36YKIEHHSI MOXKeT OHITh 3HauHTeNbHOMH. [Tepe-
TPYSKH NOJIHOH MOLIHOCTBIO MOCTHT2IOT 10 TOKY cTaTopa
22,5 Inom,r. . COOTBETCTBEHHO MeperpyxKawTtcsi W 0OMOTKH
BO30YXK/EHHS, XOTSl OJHO3HAYHOH 3aBHCHMOCTH 3/leCh HeT.
[leperpysounsle cnocoGHOCTH XapaKTepPHIYIOTCS 3aBHCHMO-
CTAMH fzon==f(k), Tlle B — KpaTHOCTH TOKa cTaTopa HJH poO-
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Topa. OHM AaloTcs 3aBOJAMH — IOCTABIIHKAMH T'€HepaTopOB.
Hnaa cratopa OGBMHO HCNOMb3yeTCss TOKOBAst 3alHTA B OJ-
HO# (ase, OTCTPOEHHASA OT [uom,r H AEHCTBYIOUIAS] HA CHTHAJ.
s potopa, TOK B 06MOTKe KOTOPOTO UacTO SIBJSETCS OIpe-
AGJSIOUHM [ONYCTHMYIO TIeperpy3Ky TreHepaTopa B LeJOM,
NpUMEHSIOT  CcllenHanbHylo, 6osee cjoxHylo 3auury. OHa
BBHITIOJIHAETCS pearupylouel Ha NOBBILIEHHEe HanpsikKeHus (Ha
obMoTKe BO3OY:KACHHs) HaH AJst Gojiee MOINHBLIX MallMH —
Ha TOK potopa [por. B mocseaneM ciyuae NpHHUMAIOT fyon==
=A/(£pOT—B)2, rae A — NOCTOsIHHAsL, XapaKTepH3yIOmas

BBINOJTHEHHE MallldH [MMeeT Apyro# cmulca, yeM A B BHIpae-
Huu (12.1)], a B — xospduunenr, onpexensomuii  Gopmy
NeperpysoyHOil XapaKTepHCTHKH. 3aIUHTH AEHCTBYIOT ¢ MEHb-
e BHIAEPIKKOH BPeMeHH Ha pa3Bo3byiKaeHHe, ¢ HECKOJbKO
Oonblielt — Ha raimieHde TMOJs M OTKJIoueHHe. Heo6xoxumo
OTMETHTb, YTO y COBPEMEHHBIX pEryJaToOpoB BO36yKIEHHS
TeHepaTopOB NMPEAYCMATPHBAIOTCA YCTPOHCTBA, OrpaHHUHBa-
I0lHe (GOPCHPOBKY BO30y:KAEHHS,, KOTOpPhle TakKUM 006pa3oM
KOCBEHHO BBINOJIHAIOT 34ILHTY FeHEPATOPOB OT GOJbBLIHX CHM-
MeTpHUYHBIX Neperpysox.

12.3. TUNbl NPUMEHSAEMBIX 3ALLIMT

Ot BHyTpeHHHX MHOrodasubix K3 MIHPOKO HCNOJB3YIOTCS
NpojioabHble Au(pdepeHunanbible TOKOBbie 3alHTH. J1Jd re-
HepaTopoB OYE€Hb MAa/OH MOMIHOCTH [ONyCKaeTcsi B3aMeH
Au(depeHHalbHEIX TPHMEHEHHe MAaKCHMAJbHBIX  TOKOBBIX
3amuT 6e3 BLIAEPKKH BPEMEHH, BKJIOUaeMBIX CO CTODOHHI
BBIKJIOUATEIst (IPH HAJHYHH B CHCTEME APYTHX HCTOUHHKOB
MUTAHHA); AN 3aUIATH OT BHeltHHX K3 B mocsiennem cayuae
AOJKHa TIpeAyCMaTpuBathesl BTOpas 3allHTa C BBLAEPIKKON
BpeMeHH. s sauiutsl or BUTKOBHX K3, ecsu 310 BO3MOKHO,
NpelycMaTpHBAIOTC  OAHOCHCTEMHBIE QU depeHnuanbHble
TOKOBBle 3aIIUTHl, 3aMHUTE OT K (! BBINOJHAIOTCA PAa3JHUHO —
B 3aBHCHAMOCTH OT CXeMBl BKJIOUCHMSI FeHeparopa B CHCTEMY.
3aluThl reHepaTopoB, paboTAIOWMX Ha IUHHB, 10 TOCJeAHe-
r0 BPEMEHH BBINOJHSINCL PEaTHPYIOUIMMH Ha YCTaHOBHBLIHE-
Cl TOKH HYJEBOH INOCAENOBATEJBbHOCTH ¢ HCIOJb30BaHHEM
cnenadbHbX TA HyJeBoi TociaefoBaTeNbHOCTH. B HacTos-
lulee BpeMsl NepexoAAT Ha APyroe HcrnoJHeHHne — 6es TA
HyJeBO# TOC/IeA0BATeNbHOCTH U DEarHpoBaHHEeM HA BHICIIHE
TapMOHHKH, COAep:KaBillecst B TOKax (a3. Baounkie remepa-
TOPbl CHaGKalTCs 3allUTaMH HATPSUKEHUs HyJeBOH NOCIen0-
BaTeNbHOCTH OCHOBHOH YAaCTOTHI B COYETAHHHM ¢ 3alUTAMH
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HaNpsKeHHUsl, PearupylolHMH Ha TPETbH FapMOHHKH HYJIEBOH
NOcJIeA0BATeNbHOCTH, COACpIKAIlHeCss B (ha3HBIX HATIPSKEHHAX
reHepatopoB. Bropas 3ammuTa B coueTaHHu ¢ NepBoi obecrme-
unBaer 100 %-HEI OXBaT BUTKOB CcTATOPHOH OGMOTKH. 3auiu-
TBl OoT BHellHUX K3 ¥ Neperpysok BHINOJHSIOTCS TOKOBBIMH,
UMeIOU[HMH BecbMa pa3Hble BBIMOJHEHHs,, HJH AHCTAHIH-
oHHBIMH. Crenuduueckoe HUCIOJHEeHHe MMEIOT 3alllUThl OT MOo-
BpexXJeHHU# B UeNAX BO36YKACHUS.

12.4. NPOAONbHLIE AUDPDEPEHLUMANBHBIE TOKOBBIE 3ALLMThI

BoinosHenne. CoBMellleHHHEE CTPYKTYpHBIE Tpex(asHble
CXeMBl 3alluThl B 0000lIEHHOM BHJAE NPEACTABJEHH Ha pHC.
12.5. Ha puc. 12.5,a nan Bapuant ¢ ucnoabszoBanueM B MO
TOPMOKEHHS OT TOKOB mJed, Ha pHc. 12.5,6 — npu BKAIOUe-
Huu MO TosbKo Ha TOKH B auddepeHnuanbuoi uend. B zamu-
I[aeMyl0 30HYy AJs TeHepaTopoB, palboTaloUHX, HaTpHMEp,
Ha IIMHB reHepaTOpHOro HanpsixkeHus (puc. 12.5), Bkaoua-
1oTcsl OOBIYHO U TOKOTIPOBOJBI, COEAHHSIIOUIHE €r0 C BBLIKJIOUA-
TesteM; TA samuTsl coenHsIOTCS MeXAY cobofi y mecra ycra-
HoBKM MO. 3aseMyeHHe BTODHUHBIX LeNeHd AJs1 YMEHbIUEHHS
pasHoro poza nmoMex ocyuiecTBasercs B ogHOH Touke —y HO.
3amurel o6bIYHO BHIOJHSIOTCA TpexdasuuiMu (¢ TA B Tpex
¢asax), ¢ Tem uTo6n obecneuntb ux cpabarbiBaHHe H.IpH
K(,D, xoraa oaHo u3 Mect Mpo6osi HAXOAHTCS BHE 3allHIae-
MO# 30HB. IDTHM oOecneuuBaercst GLICTPOe OTKJIOUEHHE IIO-
BPeXJEeHHOro reHepatopa npu Jw00biXx MHorogasuelx K3.
JByx(dasHoe BHINOJHeHHE RONYCKAeTCs AJsi T€HepaTOpOB He-
GomblIo# MouiHOCTH, ecau HX 3awuTthl ot K{V nMeror 6HCT-
pojefcTBYIOMYIO NPHCTABKY, pearupytomylo Ha KV (cm., Ha-
npumep, § 12.12).

B Hacrosiliee BpeMsi B MHPOBOil U OTEYeCTBEHHOH NpaKTH-
Ke CUHTaercsl 1eJecoo6pasHbBIM HMETh BBICOKYIO UYBCTBHTENDb-
HOCTb CXEeMBl 3alIHTHL. IJTO MOKerT OBIThb JOCTUrHYTO, HANpH-
Mep, BunoJgHenneM MO ¢ TopMoxeHuem OT TOKOB Ijed (pHC.
12.5, @) u cneunasbHO# OTCTPOHKOH OT NMEPEXOAHBIX 3aTyXalo-
mMX 3HaueHHH TOKoB HeOaJsaHca. [lo mocienHero BpeMeHH B
Coserckom Colosze A TAaKOTO BAPHAHTA HCIOJb30BaJIHCh
3JeKTPOMEXAHHUECKHE pejle ¢ MACHUTHHM  TOPMOMKEGHUEM,
paspaboranneie B HIIM (cM. ra. 8). B npomuiuneHHOM Hc-
TNOJHEHHH OHH HMeIOT TepPBHUHBIH TOK cpabarniBanus 0,1
0,2 Iwom,r 1 HeoOxoauMble Ko3(pdHIHEHTE TopMmoxkenus [69];
NPH 2TOM HE YYHTBIBaeTcsi BO3MOXKHOETH JOxKHOro cpaba-
THIBAHHS 3alUTH IPH paspblBe Ileled BCIOMOTaTeTbHBIX

25—855 385



IIPOBOJOB, KOTOPHIH B npelesax 34aHHA CTAHLHH BeCbMa MaJo-
BeposiTeH. Llens 06GMOTKM TOPMOMKEHHS 11€M1ecO06pa3HO BKJIIO-
4aTh Ha TA cO CTOPOHBI JIMHEHHBIX BHIBOLOB TeHEpaTopa AJs
HCK/TIOYEHHS! TOPMOXKEHUsI NMpH BHyTpeHHHX K3 B cayuae or-
CYTCTBHUA NOAIUTKH CO CTOPOHEI CHCTEMBI.

Bo Bropom ucmomnenun (puc. 12.5,6) B muddepennnaln-
HYIO Lenb BKJIOUAETCSl pesie, MMeOllee IPOMEXYTOuHbH Ha-
CHIINAOWINHCH TPaHCHOPMATOP TOKA VCHJEHHOTO JAeHCTBHs
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Puc. 12.5. BapuanTtel COBMEUIGHHbIX TPexdasHBIX CXeM IPOIOILHBIX LHD-
(hepeHUAMbHBIX TOKOBBIX 3al[UT

(rakxe paspaborannoe HITH, cm. ra. 8), nHorza mocienona-

TeJbHO C PE3HCTOPOM R, HMEIOLUIMM OTHOCHTENbHO HeGOJblioe
conporupaende (5—10 Owm). Ilpensnoxenre 06 HCNOJMBL30BA-
HUY TAKOTO COMPOTHBJEHHS, CHETAHHOE B CBOe BpeMs J1a6o-
patopueit uM. A. A. CmypoBa, ofecneunBaeT BbipaBHHBaHHE
pacueTHBIX Harpy3ok TA cxemsl (pasrpyxaer MeHee MOLLHBIH
TA u porpyxaer 60/iee MOIIHEIH) U CIOCOGCTBYET HEKOTODOH
(He oueHb s3ddexTUBHON) OTCTPOMKE OT MEPEXOHHHIX iys. Oc-
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HOBHasl OTCTPOHKa OT NOC/JeJHHX BO3Jaraercss Ha NpPHMeEHeH-
nuiit B cxeme MO ¢ TALT [69].

Ycaosus pabothl TALT sBasdioTcs BecbMa  CJAOKHBIMHU.
Harssansle COOTHOLIEHHS! MOJAYYAIOTCst IPH rpadHiIeckoM pac-
CMOTpPEHHH SIBJEHHII C HCNOJb30BAHHEM IETJH THCTepe3rca
cepreunnka TALT u n3MeHeHUsi MTHOBEHHBEIX TOKOB BO BpeMe-
uu. PaccmatpuBatoTcst ABa caydas: K3 B saumumaeModl 30He
¢ TOKOM B Au(d(epeHUHAIbHON LenH [x, pPaBHBIM TOKy cpaba-
THIBaHHs 3alluTH (puc. 12.5,8); BHemHee K3 (puc. 12.5,2).

B mnepBom ciayuae mocje 3aTyXaHHs alepUOAMYECKOH cia-
raouiell TOK ix OKas3hblBaeTCst MOYTH He cMelleHHBIM. Marsur-
Has MHAYKLHS KoJjeGuerTcst B ILIMPOKHX HIpefenax — OT Be
10 — B.. Tlpennonaras, uro opran KA pearupyer Ha cpelHee
snauenne DJC B TALT, monyuaeM, uro ero pabora onpene-
JsieTcst  yKasaHHbiMH uameHenusmu B (91C e=dB/di), a
Ecpenn=4 B.; TALT pa6oTaer B 3THX YCJOBHAX, KakK 00bl4-
uelii TA, mocelias B pese TOK icp. IIpu TOKax [x>Ics 3alli-
Ta yeTKO paboTaer, Tak KakK H3MeHeHHe MHAYKLWHMH 3a NMEepHOX
oxkasmBaercs ewe GoapmuM. [loayualomeecss 3aMe/sieHHE
nefcTBHs 3alLMTHL 3a cueT HAJHYWs B HadaJje Ipouecca arme-
pHOAHMYeCKOH cJaramollell B ix U BHI3BAHHOIO €i0 KpaTKOBpe-
menuoro naceenus TALT o6eruno 30—40 Mmc.

Bo BTOpOM cJyuae NpH MOJHOCTbIO CMEeLIEHHOM TOKe [xs
H HachllleHuH cepleunuka TALT MHAYKUHMS H3MEHSETCS TOJb-
KO B Y3KHX Ipenetax — OT +Byac 10 B, B yacTHOCTH 10 OCTa-
TOYHOH HHAYKUHH Bocr, €c/H MIHOBeHHbIe 3HAYEHHS ims CHH-
xatorcst 10 Hyqas. Tak, HampuMep, IpH KoJeCaHHsAX HHAYKIUH
oT + B, 10 -+ Bocr OHa 3a IepHOJ TOJbKO JBaxKAbl H3MeHs-
eTcst Ha Buac—Boer H, ClefoBaTeqbHO, onpenetser DI C, mpo-
nopuHOHaIbHYI0 2(Buac—Bocr). st obecneueHHst NpaBUIb-
HOTO (DYHKUHOHHDOBAHHS 3alUUTHL TNpPH paccMaTpHBaeMbIX
pemwnnx K3 Heob6xomumo umeth B>0,5(Buac—Bocr).

Crenyer, OJHAKO, YYHTHIBaTh, YTO B HaYaJbHBI MOMEHT
BHemHux K3 B pese MoXer KpPaTKOBPeMEHHO BO3HHKaTb
GosbInoi GpOCOK TOKA, O6YCJIOBJIEHHBIH OCTATOYHON HHAYKIH-
eit B cepaeunnke TALT (ecnn amepuojuvyeckas cJaraimoulas
ins BLI3BIBAET MOTOK, IO 3HAKY NMPOTHBONOJOKHBIA Bocr). On-
HAKO OH CYIIeCcTBYeT KPAaTKOBDEMEHHO (mpuMepHo He GoJee
0,02 ¢) u mosToMy He OTpaxkaeTcs Ha paGoTe GOJIBINHHCTBA
samuT. [IpH HaJMYHH OTPUNATEeJbHOH OCTATOYHOH HHAYKIHH
3a NepBHIl IepHOj ORHOMOMAPHOrO TOKAa Ecpenn=Bocr+
+ Byac+ (Buac—Bocr) =2Bgac. CoiefloBatesbHo, [Ist  Ipeny-
npexX/JeHHs HelpaBHILHBIX cpabaThiBaHMH 0c060 OBICTpOAEH-
CTBYIOUIHX peje Heo6xoauMo BuiGupaTh Bc>0,5 Byac.
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Jlnsa obGecnedyenns Hacwiunenus TALT noa BospeficTBHEM
NepeXoaHoro igs NpH BHelwHAX K3 mHAyKuHIO IpH cpabaThl-
BaHuH B nemecoo6pasHo BHOGHpATb [J0CTATOYHO GOJbBIIOI,
6/1H3KOll K Hayasy HachlileHHsl. BmecTe ¢ TeM A/ HagexHOH
paGoTel peJie NIpH BHyTpeHHHX K3 Heo6X0auMO HMeThb 3amac
O TOKY B ero o6MoTke npH I«>/.5 IlostoMy oOBIYHO cuHTa-
eTcs, 4To oTHolienue B./Bu.. noaxHo o6ecneunBaThb Ipmax/
lep~ 14

Hcnoavszosanue TALT ycuieHHOro aeicTBHsA. 3amuTta c Ha-
CHIAIOUIUMHCS TpaHcpopMaTOpaMH TOKa 3arpy6uasercs mpu
BHewHHX K3 TeM MeHblle, 4yeM CHMMeTpuUYHee KPHBAS iue OT-
HOCHTEJIbHO OCH BPEMeHH; MO3TOMY 3arpylJseHue NpH Hepe-
XOJHBIX fpe HHOrJA IMOJydYaeTcsi HEAOCTATOUHHIM. Jlas yBeJH-
YeHHS 3Toro 3arpybJeHHs ObliH mHpepsoxkeHs B HITH
(A. J1. 1po3oBbIM) H HCHOJb3YIOTCS HACHIUQAIOUWUCCA TPAHC-
popmaropsl ToKa ycuarewnHoeo Oeiicrsus. IlpuHuunHAJIbHAS
CXeMa HX BLINOJHEHHs ¢ NMpPHCOeJHHEHHEeM peJie TOKAa [oKasa-
Ha Ha puc. 12.5,0. Hacnmarowmuiics tpaHcdopMatop Toka
HMEeT TPeXCTepKHeBoH MarHuTompoBoji. Ha cpeaneMm crepix-
He pacmoJjioXeHa HepBHYHAsT 0OMOTKA C YHCJIOM BHTKOB Wpas,
BKJI0YaeMasi B AHQdepeHuHaAbHYIO nenb, BTopuynas o6MOT-
Ka C YHCJIOM BHTKOB W, MHTAlOIAA Dese, HAXOAUTCA Ha Opa-
BOM cTepikHe. JomosHHTeNbHAss KOPOTKO3aMKHyTas OOMOTKa,
HCIIOIb3yeMas AJA YJAY4IIeHHOH OTCTPOHKH OT NepeXOmHbIX
{ns, COCTOMT M3 J[BYX KAaTylIeK, HAXOAINUXCS HA CpelHeM H
JIGBOM CTePXKHAX W COeJUHEHHBIX Mexay cobofl Tak, 4TOGH
Hanpapirenus notokoB @ »u @y, B NPABOM CTep:kKHE COB-
najgaJm. “

IIpu K3 B 3amumiaeMoll soHe mepuojuyeckas ciaaramwonias
ToKa [, B 06MOTKE Wp,s TPaHCHOPMHDPYETCT B BUTKH @, H
3aMbIKaeTcsl uepes BUTKH @, . MOXHO CUMTATh, YTO aN€PHOAH-

yeckas cjarampomas He tpaHcopmupyercsa. IloTok B npaBoM

cepaedyHHKe MPUOAH3HTEJbHO ONpeAessieTcsl TOKOM H BHTKaMHM

wK', TakK Kak MoTokH @ - u (pras HanpasJeHsl BcrpeyHo. Ilo-
Wy

3TOMY BJHSIHHE amepHoAHYecKol ciaraioomell /. Ha UyBCTBH-

TEJTbHOCTb pesie CYLIECTBEHHO CHHIKEHO H MOXKEeT HPOSIBHTLCA
B HEKOTOPOM 3aMelJieHHH cpabaTbiBaHHA, 00ycJOBJEHHOM Ha-
CHIIIEHHeM CcepJeuHHKa 3Tofl caaraomedt /, .

Ilpu Hemnux K3 TOK B 06MOTKE Wpas Mad Mo CPaBHEHHIO
C MepBLIM cJay4aeM, amepHOAHYECKAs CJAraKowas ins NPaKTH-
4eCKH He TpanchopMupyercss B o6MOTKY @, H TONBKO YXYi-

IaeT 3a c4YeT HaChIEeHHS MAarHuTonposojaa TpaHC(t)OpMaL[I/I}O
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p Hee H BTOPHYHYIO OOMOTKY Ws NEPHOIHYECKOH caaraomled
ins. TakuM 06pasoM, CHJbHO ocaabasercssi TpaHcopMauns
qacTH MepHOAHYECKOl caaraioiel ims, npertepneBapnies ABOH-
HYI0 TpaHchOpMAIHIO.

BuiGop [cz OGBIYHO NMPOH3BOASAT C YYETOM CJIEYIOLIero.
TpaHcdopMaTOphl TOKA HMEIOT OAHHAKOBEIE (oTpHUATENBHEIE)
MOTPEUIHOCTH B TOKE &, XapaKTepH3ylollue HX TOKH HaMarHu-
yupaunsi. [103ToMy OTHOCHTE/bHAs MOrpellHOCTh B TpaHcdop-
mauuu ABYX TA oxHol ¢asbl 3allHTH, COOTBETCTBYIOWLAs Teo-
MCTPHYECKOH CyMMe HaMarHH4HBAaIOIUIHX TOKOB (NPaKTHYECKH
apH@MeTHYeCKOH pasHOCTH), AOJKHA ObITh MeHblIe MOrpeml-
woctu oanoro TA. DTo CHUMKEHHE XapakKTepHU3YeTCs KO3P-
uyuentom O0OHOTUNHOCTU koxn<<l (OOBIYHO komn = 0,5+1),
VUHTHIBAIOMAM OAHOTHIMHOCTh TA, yc/lOBHS HX HAarpyskd o
paboTHl.

Kos¢dHuneHToM amnepHoAHYHOCTH Ramep>>1 (32 cuer HC-
noJsb3opanusi TALT 3sHayuTeJhbHO MEHbIIHM, Ye€M B CXeMmax
6es TALT) yuuteiBaeTcs NepexoJHBIH DEXUM ellle He OTKJIO-
yenporo pHeirnero K3. C yueroM 3THX coo0paxKeHHH MOJY-
yaeMm 1c,3=ko'rclﬂémaxpacq,n=kOTckanepkonHSIBHmaxpacq. Hpﬂo 9TOM
B 3HAUYEHHH Rorc CJEAYET YUHTHIBATH, UTO OIpENEJeHHbIH HpH-
BeJCHHBIM BHIDAXKeHHEM MEpPBHYHBIA TOK HeGamaHca HeCKOJb-
KO MeHbIlle AEHCTBHTEJIbHOFO, KAK H B CXeMax HYyJeBOM MO-
caegopateapHocTH (cM. . 3). ToK [snmax pacy OUpeRRIALTCA
OOJBIIHM H3 JBYX TOKOB — Iésj)mmax HJIH yDaBHUTENbHBIM
TOKOM Iypmax NPH CHJBHBIX KauaHHAX, KOriaa [lypmax MOXKeT

6biTh Gospme /&) (em. T 1),

[To ToKy I.5 onpeaeisiercss TOK cpabaThlBaHUS yCTPOHCTBA
TALT pene: Icpe=1Ic3/K; Heo6xomHMO OTMeTHTb, YTO BBEJe-
HHE KO3 PHUHEHTOB Rosn U B OCOOGHHOCTH Ranep TOJBKO MOJ-
yepkHBaeT HeoOXOAHMOCTb ydeTa CJIOXHBIX saBaeHHil. [Tosro-
My 4acTo peKOMeHAyeMble JJf HHX OAHO3HAYHBIE 3HAYCHHS
CBHIETEJbCTBYIOT 00 OTCYTCTBHH HEOOXOAHMBIX YTOYHEHHBIX
HDAHHBIX.

Tok Icss peryiupyercs H3MeHeHHEM 4YHcJaa BHUTKOB Iep-
puuHoll o6morku TALT. Vcmosp3oBaHHe AJist peryaHpOBaHHs
Jess COGCTBEHHO peJie HEJIOMYCTHMO, TAK KaK OHO NPHBOIHJIO
6l K H3MeHEeHHI0 HHAYKuHUH cpabaTelBaHHA TALT, kotopasd
JOJIZKHA OCTABATHCS HeH3MEHHOH. _

KosdhuuneHT YyBCTBHTENLHOCTH OIpEeAEeseTcs OTHOMIe-
HHeM [ min B 3amuulaeMol 30He K Icy.

HHoraa npuMeHsieTCs elie AOMOJHHTENbHBIH Rypom, ONpE-
HeJsieMBEIH OTHOUIEHHEM [pmin NPH Ixmin K Icp. o Hero c
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yu4eToM c000paxKeHuH, H3/J0XKEeHHBIX NpPU BHIGOpPE HHAYKUHL
B, monyuaiorcs 3nauenus, He npeBocxoasue 1,4.

HocrouHcTBaMu cnoco6a SIBASIIOTC NMPOCTOTA MCIOJHEHHS
M yJOBJIETBOPHTENbHAsE AJs1 Psiaa CAyd4aeB OTCTPOHKA OT Tie-
PEXOJHBIX ins, CABHHYTHIX MO OAHY CTOPOHY OcH BpeMenu. Erc
HeJlOCTATKH: OTCYTCTBHe 3arpyGJeHHs! 3alUMTH HPH HePHOIH-
YeCKHX ixs M MaJsoe 3arpyC/ieHHe npu HeGOJDbUIHX CMelleHHsX
v C COXpaHeHHeM IIOJYBOJIH 00PATHOTO 3HaKa; HEKOTOpOe 3a-
Memjenne cpabaThlBaHus, onpegesseMoe HATHUMEM B TOKE
BHyTpeHHero K3 anepuoanueckoit caaraiomies.

B paccmaTtpuBaeMoll cxeme HoJydYaiomidecst TOKM cpaba-

ThIBAHUS paBHH HpUMepHO 0,5+
Iﬁ) 0,6 luom,r, 4TO He OTBeuyaer COBpe-
' MeHHbIM TpeboBaHusaM. Ilostomy
saliMTa JOIycKaeTcsi K IpHMeHe-
HHI0O Ha reHepaTopax HebOJbIIONH
MOIIHOCTH C KOCBEHHBIM OXJaXKje-
HHeM NPOBOJHHKOB 0OMOTOK.

B cBsI3H ¢ nepex0J0M NPOMBIIIl-
JeHHOCTH Ha 6oJiee COBPeMeHHBIE
3JIeMeHTHole Gasbpl B  Hacrosiliee
BpeMsl pacCMaTpPHBAIOTCS Apyrae
OYTH OCYHIECTBJEHHUS YHUUIIHPO-
BAHHLIX YYBCTBUTEJbHBIX auDe-
3 ‘r3 peHLHaJbHLIX 3alIUT: HCHOJb30Ba-

HHe 3alllUT C TOPMOXKEHHeM Ha Bhi-
E:CCT-]) 13%;[0%;%?061;(&?;2: npsAMJeHHBIX TOKAX HO cXeMaw, fo-
pe}m"aﬂbgoﬁ TOKOBOﬁﬂsamﬂ_ LOOGHBIM paccMOTpPeHHOH B rj. 11,
TH CXeMBI CO CPpaBHEHHEM MIHOBEHHBIX
3HAUYeHHH TOKOB B NepBHeE JOJH MO-
Jaynepuosia, Koraa TA elle He HAUHMHAKOT HACHIATHCH, H T. A.
3ac1y:KHBalOT BHUMaHHS CXeMBI C OYeHb GOJLIIHMH CONPOTHB-
JeHHsIMM B AHG¢epennManbHofl menu (eMm. ra. 8), KOTOpble
HalJIH MIHPOKOE NPHMeHEHHe B 3apyGexkHOH IpaKTHKE.
3amurocnocoGHOCTh NPH MHoroasHeix K3 u o6mas onel-
Ka. 3amuTOoCHOCOGHOCTL AJIsi MALIMH OlLEHHBaeTcs AOJel 0X-
BaYyeHHLIX BHTKOB IPH Ry=0 (cMm. rv. 1). [sas srtoro Ha
puc. 12.6 c ucnosb3oBaHHeM COOTHOLleHHH puc. 12.2, 6 noct-
pPO€HBl 3aBHCHMOCTH TOKOB B 3amuTe [xq HPH BHYTPEHHHX
muoroasunx K3 (kpuBas I ana Ro=0 u kpusas 2 pas
Ry+0) omuHOYHO pafoTamllero ABYXHOJIOCHOrO TypOoreHe-
paropa ¥ TOKOB cpabartblBaHMs 3alIHT COOTBETCTBEHHO C TOP-
MoxeHueM (npsamas 3) no puc. 12.5,a u 6e3 TOPMOKEHHS
(npsimasi 4) mo puc. 12.5,6 or 40AH 3aMKHYBIIMXCS BHTKOB
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o. 3amura ¢ TOpMOXeHHeM paboraer ¢ [¢smin, TAK KaK TOP-
MO3Has cucreMa unHutaerca ot TA JuHe#HBIX BHIBOJOB TIeHe-
paTtopa, uepe3 KOTophle [« He NPoXoauT. [/ 06enx pasHOBHA-
HOCTell 3allHTHl [xq MPH JIOGBIX @ 3HAYHTENbHO Gosbile fcs.
TaxuM o6pasoM, AJs paccMaTpHBaeMbIX reHepaTopos obecre-
uynsaerca 100 Y%-Hasg 3amHUTOCHOCOOHOCTh. JIJ1S1 MHOrONOJIOC-
HbIX MallMH COOTHOIIEHHSI, KaK YKa3blBaJochb BhiINE, IOJyda-
1oTcsi 6oJiee CAOKHBIMH, [xoq MOUYT OBITh 3HAUMTEIBHO MeHb-
wumy. OfHAKO MOXKHO IOJaraTh, YTO BO Bcex cayuasx Gyaer
o6ecneunBaTtocs 100 % -nast samurocnocoGHoctb. Ilpn Rn70
TEOPETHUECKH BO3MOXKHO Ha/JIMYHe MEpTBOH 30HB, ONHAKO
NpaKkTHYECKH OHA BecbMa MasoBeposTHA. [/l OLEHKH 3alllH-
Thl HeOOXOAHMO YUHTHIBATb, YTO IO NPHHUHIY AEHCTBHs OHA
He pearupyer Ha K{!, rak Kak IpH HMX TOKH B Havaje H
KOHIle Kaxkaoil ¢(asbl, H3MEHssiICb MO 3HAYEHHIO, OCTAKTCSA
oaunakoBuiMu. Ilpu K{!) sammTa He cpaGaThiBaeT, TaK Kak
IpH NPHHATOM peXHMe 3a3eMJyeHus Helirpaneit Toxu [{) co-
BepHIeHHO [JIs1 3TOr0 HeJocTaTouHbl. TakuM 06pasoM, s3alluTa
pearnpyer TOJbKO Ha BHyTpeHHHe MHorodasusie K3. B ore-
yeCcTBeHHOH NMPAKTHKE OHA DEKOMEHAyeTcsl AJisi BCceX reHepa-
TOpoB MomHOCTbI0 Gosee I MBT. OT Apyrux BHAOB NOBpPEXK-
JeHHH H HeHOPMAaJbHHIX PeXXHMOB JOJIXKHBl YCTAHABJIHBATHCSA
OTJEe/IbHbEIE 3AUIUTHL.

12.5. CMOCOBb! BLIMOJHEHUA 3ALLMTE OT BUTKOBBIX K3

CymecTByeT HECKOJbKO CNOCOGOB BBINOTHEHHS 3aLIMTHI.
Tak, HanpuMep, B HeMelKoil mpakTHKe ¢ 30-X rof0B NpHMEHS-
Jlach 3allMTa cO CHEelHAJbHBIM JpocceseM, BKJKYaeMBIM Ha

/

3)

Puc. 12.7. BapuanTs 3auuTH OT BHTKOBLIX 3aMBIKaHHii o0MOTKH CTaTOpa
6e3 mapasieJbHHX BeTBEH ¢ HCHOJAb30BAHHEM TpexdasHoro npoccens
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3aXHMBbl CTATOPHOH o6MOTKH (puc. 12.7). MckyccrBenHas ny-
JeBas TOUKa, Co3jaBaemasi ADOCCeJeM, COCAHHSIeTCH ¢ HelT-
panbio reneparopa. MsmepurenbHblli opraH pearupyer Ha
TOK, OTPEeJe/NsieMEIH PA3HOCTbIO MOTEHLHANOB B YKA3aHHbIX
TOYKaxX (puc. 12.7,a), wiu COOTBETCTBYWWIHI €MY TOK BO
BTOpUUHOH 0GMOTKe Apocceas (puc. 12.7,6); aas orcrpoiiki
OT TapMOHUK HYJIEBOH MNOC/eIOBATENbHOCTH, KPATHHIX TpeM,
OH BKJ/IIOYAeTCs yepes COOTBeT¢TBYIOWMA ¢uabTp. [Ipu Hop-
MaJbHOH paboTe HanpsiKeHHsT Ha HelTpasu reHeparopa H Hc-
KYCCTBEHHO CO3JaHHOH -HyJNeBoH#
Ha Boixodnoe npOMEN Y — TOUKE paBHBI MEXAy Ccobofi u
mavuae pene NOTEHIIHAJNY 3eMJH U 3alHTa He
MoxeT cpabaTteiBaTh. B cayuae
K paBHoBecne Hapymaercs u
3aumiura cpabaTeBaer.

B 30-e rogsr naGopatopueli
uM. A. A, Cmyposa 6blia npex-
JIOKEHA HanpaBJeHHAas 3aluTa
o6paTHoll ToCJeR0BATeNBHOCTH,
HO xoropo#i Bkmouaiorcs ua
cocraBasomue I, u Us; Ha Bri-
BOAax cTaTopHO# oGMOTKH. Ilpu
3TOM HCHO/Ib3yeTcst TOT (hakr,
Puc. 128 TpexchcremHas no- 'YTO 3HAK MOI[HOCTH obparHo#
I;gﬁg‘;giﬂaam]ﬁgd)d?epemﬂaﬂbﬂaH NOC/IeN0BATeILHOCTH 3aBHCHT OT

TOTO, I'Jie BO3HUK/1A HECHMMETDHS
—B reueparope (mpu K)
Wi B CeTH (HanpHMep, npu HecHMMeTprayHoM K3).

Ykasanneie samurshl B Coserckom Coiose NpHMEeHeHus He
MOJYUHJIH B CBASH C HANHYHEM Y HHX MEPTBbIX 30H, HEKOTO-
PBIX LpYTHX HENOCTATKOB, a TaKiKe B CBS3H C TEM, YTO MOLL-
HbI€ MAIIHHBI HAYaJH BHIMYCKATb ¢ OGMOTKAMH, WMeIO[HMH
fapa//e/bHEe BETBH, AAIOUIHE BO3MOMKHOCTb YCTAHOBKH HA
HHX TIONepeuHbX AH(depeHunanbHbX TOKOBHX 3amut. Heo6-
XOLNMO, OJHAKO, OTMETHTDb, YTO B MOC/EJHHE TOAB 1O HOBBIM
paspaGorkam JITIM Gwlin BEMOMHEHH o6pasiusl HampabJeH-
HOH 3alUTEl 06paTHON MOC/AEAOBATENbHOCTH, BKJIIOUCHHLIE i
9KCIIyaTalyio.

Ionepeunass nupdepenunanpuas 3auiiTa MepBOHAYAJBLHO
BBIMO/IHATACh TpeXxcHcreMuofi (puc. 12.8). Bo BTOpo# moioBi-
He 30-x rogo B TAII (A. A. QuIBIITHHCKEM) GBI Npexo-
KEH e¢ OXHOCHCTeMHbIH, Goslee 3()(heKTUBHHIH BapHaHT, GBICT-
PO moayunBmuii obilee npusHaHue. On GoJlee nojapo6Ho pac-
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cmartpuBaercs B § 12.6. Ero mnpoTOTHIOM MOXKHO 6chTaT!:

BHTKOBYIO 3aILHTY anl%eHHblx)reHepaTopOB co cBoeoBpasHoii
; i Ungstrem BelHsi) .

Typgppl)}éixljlarago% TaI((}Ke HCHOJIb30BaHHe A/ 3aliuTH OT K

nepeMeHHHX TOKOB, HaBOAHMHX B 06MOTKe BO30CYKAEHHA, C

yaCTOTAMH, XapaKTepPHBIMH JJIsi 3TOrO BHAA TOBpeXAEHHA.

OnHAKO, KAK BHISICHWJIOCH, MOJYydaBlIHecs cXembl ObLIH Hepa-

6OTOCTIOCOOHH!.

12.6. OAHOCUCTEMHAS TMOMEPEYHAS AUDMDEPEHUMANBHAS
TOKOBAS 3ALLUTA

Buimoanenue. CoBMelleHHAasi CTPYKTypHas cXeMa 3aLIMThl
npeacrasieHa Ha puc. 12.9. MamepurenbHblii opran Toka q/el-
pe3 QuILTDP TOKA OCHOBHOH YaCTOTBl NPHCOERHHSETCS K TA,
BK/IIOYEHHOMY B LI€llb MeXJ1y HedTpaasMu, 06pa3oBaHHBIMH CO-
eIHHEHHEM B JBE 3BE€3Jbl OT/E/bHO B3ATHIX MapaJie/bHbIX BET-
Beit CTaTOPHOH OGMOTKH. PUJIBTP HCHOJIb3YeTCS AT OTCTPOH-
KH 3allUTHl OT BBICHIHX TapMOHHK HYJ€BOH NOCJEN0BaTe]bHO-
cTH, KpaTHbix TpeM. OHH ONpeeNsoTCs HeCHHYCOHLalbHOCTRIO
HHAYKIHH B BO3AYIIHOM 3a30pe MallHHBL. Tperbu rapMOHHKH
B AJIC KpaTKoBpeMeHHO NOAB/IAITCA TAKXKe MPH BHEIIHHX He-

K npadonsnau
Sup sauume K Boixodna-
tM"/ pene
KH
QG
N ] —(
7A é KA
1 1 l __l
TA E_— ZF

;__d

Puc. 129, OauocHcTeMHas nonepeunas AnuddepeHlnaibHas TOKOBas 3aUiuTa
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cumMmerpuunbix K3, manpumep K®), n ofycaoBauBaimores co-
CTaBJSAIOUIMMH TOKOB o6paTHOil mocjenoBareasbHocTd. OnHako
OHH He HMEIOT COCTABJISIOLIUX HYJEBOH TOC/AeN0BATENLHOCTH H
H03TOMY Ha paccMaTpUBAEMYyI0 3aUlUTY BJHSIHHUS He OKa3H-
BAIOT.

PaGora cxembl u ee oueHka. PaGora cxeMbl NpH pasHBIX
Buiax K{! moscHsercs NPoxoXKJeHHeM TOKOB MOBPeXeHHs Ha
puc. 12.10. [Ipu saMBIKaHHH MeXJly BUTKaMH O/IHOIl BETBH (pHC.
12.10, @) uepes 3amuTy HPOXOAUT TOK I11 HE3AKOPOUEHHOIT yac-
TH (pasu. C yMeHblIeHHEM 10JIM 3aMKHYBIIMXCS BHTKOB @ BET-
BH TOK [11 TAKXe yMeHbIIAeTCs; MOITOMY 3alllHTd HMeeT MepI-

r
{1
X
I T
I ¢ u
1
e i
550 571 5 Ay % Tna =0 g Lyg A
a) é) 8) 2)

Puc. 12.10. Hefictere monepeuHofi AuddepeHUHANbHOH TOKOBOH 3alHTH
NpH Pa3JH4HBIX BHAAX BHTKOBHX (@ H 6) K mexaydasaux (s, &) K3

BYI0 30Hy. [Ipu 3aMBIKaHHH MeX1y BeTBAMU OnHOH (a3sl (pHC.
12.10,6) uepes zamuty npoxoaut 1ok Iz=I; cO CTOPOHH Heii-
TPaJu B HOBPe}KJleHHOﬁ (hase. B cayuyae npoGoeB, paBHOOTCTO-
AKX OT HEHTpAIH (Qe=0l4) U MO3TOMY HMEIOIUHMX OJHHAKO-
Bble NMOTEHUHANb], TOK [;==0 u 3amura He paGoTaer, HMeeT
MepPTBYIO 30HY; OJHAKO NIPH MaJbIX &t U o4 YKe HeGoJpllasd HX
pasHuia MoxKeT O0YCJIOBHThL 3HAYHTEJLHEE /5.

Kaxr mokashBaloT COOTHOWIEHHs, NDPHBENEHHBle HA DHC.
12.10,8 u e, samura pearupyer Takke Ha MexaydasHee K3,
HO, KaK u npu K , iMeeT MepTBHE 30HHL '

IIpu HopmanbHO#l pabore M BHewHHXx K3 B MO samurh
kak u B MO apyrux puddepenuransabix TOKOBLIX 3alluT, npoj
XOJHUT TOJILKO TOK [ns. ONHAKO B ee OJHOCHCTEMHOM HCIIOJIHE-
HHH OH OINPeJeJNseTCs B OCHOBHOM TapMOHHKaMH HYJIEBOH
MOC/Ie[0BaTENbHOCTH, KOTOPHIE YaCTHYHO, 38 CUET HECOBEPLICH-
ctBa puabtpa, npoxoaar B MO. Tok Ics=Fkorelus max n. AHATH-
THYECKOe, XOTa Obl MPHUO/H3HTEJNbHOE, OfpeeNeHHe TOKA Iy

394

noka oTcyTcTByer. FI3BeCTHO, 4TO OH BO3DPACTaeT C yBeNUEHHEM
Ipa6,r. ONHAKO €0 3aBHCHMOCTb OT [y, oy H3yYeHA HELOCTA-
touro. ITo ONBITHHIM JAHHHIM AJs TypOoreHepatopos NPHHH-
maior Ics~0,2+0,3/nom,r. 1 ruppoOrenepaTopoB MOTYT Tpe-
GoBartbes 6ObIHE I3 B ¢cBA3H ¢ 9THM cieayer 00paTHTh BHH-
MaHHe Ha TO, YTO AJs MOBBIIEHHA YYBCTBHTE/JIbHOCTH 3aILHTHI
He MPHMEHSIIOTCS T€ HJH JPYTHe BHAB TOPMOXEHHs HpH BHE-
Hux K3.

CxeMa IIHPOKO HCIOJb3yeTcs B KauecTBe OCHOBHOM 3alllu-
e oT K{” u pesepBHOil 0T MHOrO()a3HBIX K3.

12.7. 3ALUMUTbI OT OAHOMA3HbIX 3AMBIKAHUA HA 3EMJIFO

3amursl or K{) BHIOJHAIOTCA [O-DaSHOMY A/ reHepa-

TOpOB, paboTaolux B 6J0Ke C TpaHchopmMaropaMu (aBToO-
tpanchopmaropamu) (puc. 12.1,0), H A TeHepaTOpoB, pa-
6OTAIOLIHX HENOCPeACTBEHHO Ha COOpPHEle WIHHEL (PHC. 12.1,a)
Ul B BJ0KaxX, HO CBA3AHHBIX C MOTPEOHTENSIMH Ha TeHepaTop-
gom Hanpsukemun (puc. 12.1,8). Sammrs ot KV G/iouHbIX
reHepaTOpPOB MOXKHO OCYLIeCTBJATH GoJsiee MPOCTBIMA H TEXHH-
YeCcKH COBEPIUEHHBIMH. DTO ONpeAe/Isercs TeM, UTO IeHepaTopHl
6J0KOB raJibBAHHYECKH OTIEJNEHBl OT OCTaJbHOH CHCTEMBI
TpaHchOpPMATOPHBIMH CBA3AMHU. [103TOMY BO3MOXKHO HCIO/IB3O-
BaTh /15 OCYLIECTBJIEHHS CENeKTHBHOH (NPH BHELIHHX MOBpPEX-
JEHHsX) 3alllUTHl, HAPHMEp, HANpsIKeHHs HYJEBOH moc/eno-
BaTeJAbHOCTH HJH HaJ0KeHHble TOKH ¢ 6oJlee NPOCTOi peasinsa-
1uen.

3HauuTENbHO 60J1ee CJI0XKHO OCYILEeCTBAATE 3aIUTBI reHepa-
TOPOB, CBSI3aHHBIX C OCTa/IbHOM CHCTEMOI Ha PeHepaTOPHOM Ha-
npsixennd, sl geficTBHA 3aIMTHL B 3TOM CJlydae HEJb3d HC-
noapzoBaTh Hampsixkenus Uo, Bo3HHKAIOWIHE IIPH K, rax
KaK OHHM HMeloT NMPAKTHYECKU OAHHAKOBEHE 3HAUYEHHs B JI0GOI
TOUKe CHCTEMBl T'eHEepaTopHOro Hampsxenus. [loaromy uacro
NPHXOAHTCA OPHEHTHPOBATLCH HA BecbMa HeGosbliHe TOKH o,
NoABJAIOLMecss HAa BEBOAAX MOBpeXaeHHoro reHepatopa. [is
OCYLIECTBJEHHs TAaKHX 3aIUT NPUMEHSIOTCA MHOTHE U3 MPHH-
LHIOB, PAacCMOTPEHHHIXK B I'M. 10 MpUMEHHTE/IBHO K 3alluTam
JuHul B ceTax ¢ Uwon<<35 KB. OaHaKko BHINOJHEHHE 3aI0UT Ha
STHX NPUHIMIAX JJIs TeHePaTOpPOB OKashiBaeTcs 3ajauedl 3Ha-
YHTEJbHO GoJiee CJIOXKHOH B CBA3H € Te€M, YTO TeHepaTropH
O06HYHO HMEIOT G0JIbIIHE MOILHOCTI H COEAHHSIIOTCS ¢ BHIKJIO-
yaTeseM IyuKaMH Kabeseii WK yalie UIHHONPOBONAMH (TPYA-
HOCTH B OCYIIECTBJIEHHH MOJHOLEHHBIX (HIBTPOB TOKA HYJIEBOI
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I0C/JIeJ0BATENbHOCTH), @ TaKKe ¢ T€M, UTO K 3allHTaM Ipelb-
SIBAAIOTCA 6GoJiee BHICOKHe TpeDoBaHHs (HampuMep, OXBaT Mo
BosMoxxHOCTH 100 % BHTKOB cTatopHOl 06MOTKH).

Penefimukamu Coserckoro Colo3a Ha Bcex 3Tanax pasBH-
THSl Y HAC TeXHHKH 3alUHUTH yAeJd0ch GOMblioe BHHMaHHe 3a-
mHTaM ot K{ reHepaTopos, n GbIH AOCTHTHYTH BredartJs-
jomue pesyqabrarthl. IlepsuiM, eme B 1929 r., 6bl10 onyGanko-
BaHo kpHTHUeckoe uccaenoBanne A.B.Uepuuna, nokasasiuero
HECOBEePIIEHCTBO 3aIIHUTH, NOCTaBASABLIEHCH OJHOH H3 H3BecT-
HBEX eBponeHcKHux GupM. lanee NOABHIKCH MOJE3Hble HCCJN0-
Baunsd H. ®. Maproimaa u H. WM. Iludepcona, paboru
CP3uy TIII u paga apyrux opranusauuii. Oco6o caeipyer or-
MeTHThL paboThl nocieBoeHHbX Jet U AH YCCP (M. M. Cu-
pota), co3faBLIEro TOKOBYIO 3aIMTY MOIIHKIX T€HepaTOPOB, pa-
Goraloulux Ha LIHHB, ¢ HcHoab3oBaHueM TA HyJeBOj MocCJe-
AOBATeNbHOCTH C NoAMarHHuuBaHueMm, u paGotst BHHHD
(B. M. Kuckaun) no ocymlecTBJA€HHIO 3alIAT 6JOYHBIX FeHepa-
TopoB co 100 % -HbIM OXBAaTOM BHTKOB OOGMOTKH 0e3 CO3aHHs
HCKYCCTBEHHOTO CMELICHHs HanpsXKeHUs HeATpadaH, KakK 3TO
OCYHIEeCTBJANOCh OJHOH M3 eBpONeHCKHX (upM. 3acayKiupBaer
TaKXKe BHHMaHHA HoBast pazpa6orka BHUM? (roro ke asro-
pa) mo co3faHHIO 3alHTH TeHEPaTOPOB, CBA3AHHBIX C CHCTe-
MO Ha TeHepaTOPHOM HAaNpSKEHHH, OCHOBAHHOH He Ha HC-
NOJIb30BAHHH TOKOB HyJIEBOH NOCJIEJOBATEJbHOCTH, a Ha CPaB-
HEHHH TapMOHHK YCTAHOBHBILETOCS pPEXHMa B MOBPEKACHHOH
H HenoBpexX1eHHOH (azaX mawHuwl [57]. EcTs ocHOBaHHs 10-
JaraTh, 4T0 OHA CMOJKET IOJHOLLEHHO 3aMeHHTb YKa3aHHYIO
BHle 3amuty M1 AH YCCP.

Ilns reHepaTopoB, paGoTaloOKX Ha LIHHB, IPHHIHIHAILHO
MOXeT TaKXKe NPHMEHsATbC HaNpamJeHHas 3alluTa HYJIeBOH
IOCJIeJ0BATENLHOCTH, pearHpyionas Ha NepexojiHble cJaaraw-
HlHe BBHICUIMX TaPMOHHK, CYLIECTBYIOIHX B HaYajJhHble MOMEH-
TH 1po6oeB Ha 3eMmaio (cM. ra1. 10). BumepBnle Takas 3amiura
Oblna ocymiecTBleHa 1o paspaGoTke Kadeaps P3uA M3U
(B.M. MapanuakoM u Ap.) B Hauaze 50-X TOf0B 1151 ABYX THA-
poredepaTopoB, pafoTaOIWHX Napaiae]bHO Ha TeHEePaTOPHOM
HanpsuKeHHH Ha OOWHA NOBHIIAKIOIWHKA TpaHchopMmartop (115
AeHACTBHS 3aIHTHI OBl NOCTATOUEH €MKOCTHHIH TOK HENoBpeiK-
AEHHOTO TeHepaTopa). TakHe Ke [0 NPHHUMNY 3aLIHTH GHLIH
JeranpHo paspaboranet B OHHMH (M. H. IlonoBuiM u ap.)
[59] u Hcmoab3yloTcsi Ha NPAKTHKE Ha THAPOTeHEPAaTopax.
[IpencraBasercs, uro HoBas sammra BHUUD [57] moxer
0Ka3aTbCsi NMPHTOJHON NMpaKTHUYECKH AAST JIOGLIX CXeM BKJIO-
YeHHsl TeHepaTOpPOB.
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3amuTH ¢ HAJOXKEHHBIM TOKOM MOTYT OCYULECTBJATLCA C
HCIIOJMB30BaHHEM AJd 9TOTO KaK IOCTOSHHOTO, TaK H IepeMeH-
HOTO TOKa HeNnpOMBILIeHHOH YacTOTH. TakHe 3allUTH paspa-
6atbieanuch B Coserckom Cotose B TITH, UDJL AH YCCP u B
HEKOTOPHIX HeProCHCTEMaXx, a TaKXKe 3a pyGexoMm (cM., HanlpH-
Mep, [10, 65]) m Hcrmoab3yloTCH HHOTJA Ha NMpakTHKe (HampH-
mep, B KemeposaHepro). OHu MOTYT npHMeHSTbCA TaKXKe Kak
TeXHOJIOTHUECKHE yCTPOHCTBA KOHTPOJIS H30JISLHH CTAaTOPHBIX
o6moTok. OJHAKO Kak 3aL(HTH OT Hpo60eB H3O0JSLUHH OHY LIH-

POKOTO pacnpocTpaHeHHs He TOJTYYHIIH.

12.8. MAKCMMATIbHAS 3ALLMTA HANPSHEHWSA HYNEBOW
NOCNENOBATESIbHOCTHY MPOMBILLNEHHOW YACTOTbI

Buinonnenne. CoBMellleHHasi CTPYKTypHas cXeMa 3ailHThl
or K{) npuBesiena Ha puc. 12.11. OHa BHIMOJIHAETCH C HCIOJb-
soBanueM MO nanpskeHHs, BKIOUEHHOTO Ha HallpsiKeHHe Hy-
JeBoil mocsenoBaTeNbHOCTH, PHABTPOM HanpsikeHHs ABJSIOTCA
onnodasubli TV, depes KOTOPHIf 3a3eMIsieTcs HEHTpadb o6MoOT-
ki (puc. 12.11, @), naH coeJHHEHHbIE B PAa30OMKHYTHIH TPEYrob-
HHK OOMOTKH, HalnphMep, HsTHCTep:KHeBoro TV, BKIIOUEHHOTO
Ha BBIBOAM TeHepartopa (pHc. 12.11,6). Jlad nepHoaHueCcKOro
KOHTPOJst HanpsKeHHss Ha IO ¥ OpHeHTHPOBOYHOTO OmpejeJe-
HHS Mecta BosHukiiero K(" npHMeHseTcs YyBCTBHTEJbHBIH
BOJIbTMETp, BKJAIOUaeMHIll IepcoHaoM KHonkofi. lasi oTcTpoH-
KU OT BO3jefiCTBHs BHICIIHX [apPMOHHK HYJIEBOfi IOC/HEN0BATENb-
HOCTH HeOGX01HMO HMeTb (uabTp pabouell uactoTnl. Ilo mpuH-
Iy geHCTBHS 3allUTa He HyXKJaeTcs B BBIAEDAKKE BPEMEHH,
ecH HajJIexaIHuM o6pazoM orcTpoeHa or BosaedictBus  Uor,
nosiBasiouerocs npu KO, K& uau K B ceT BhClLIero Ha-
NpsKEHHs 3a CYeT HANHUHS €MKOCTHOH cBA3H Cr.mo MeXIY
o6MOTKaMH TpaHcdopMaTopa HJIH aBroTpaHcdopmartopa (pHc.
12.11, 8).

PaGoTa cxeMbl H ee ouneHka. 3HaueHue HanpsikeHusi Uor
onpenensiercss H3 cxeMbl 3amelllenus (puc. 12.11,¢), ecau npe-
He6peub aKTHBHOH NPOBOJHMOCTbIO Ha 3emmio TV, U0r=kp>§
X Cr, woUos/ (Crpot-Cor), The Ugs — HampsiKeHHe HyJeBOH
NOCJ€10BATeNbHOCTH CO CTOPOHBI BHICLIErO HANPSIXKEHHUS IPH
NOBpeKIeHHH HA 3eMJIO C €ro CTOPOHH; kp<Kl — Koadhduin-
eHT, yunThiBalownii pacnpeneiedne Uos B1OMb OOMOTKH BHIC-
mero Hanpsikenusi; Cor — €MKOCTb (ha3bl CHCTeMbl T€HEpPaTop-
HOTO HanpsiXeHHsi (B OCHOBHOM OGMOTKH reHepaTOpa) mo OT-
HoweHHio K 3emae. O6buHO Cr, 110 Cor H Uor He TPEBOCXOAHT
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Puc. 12.11. 3amura HanpsaxkeHHs HyJeBofl MOC/IeJ0BAaTeJbHOCTH OOMOTKH
cTaTopa TeHepaTtopa:

a — nNpHcoeAuHseTcss K OmHodasHOMY TpaHcHOPMATOPYy HaNpsIKEHHsA; O — IpHCOeNH-
HsieTcsi K TpaHCHOPMaTOpy HAampssKeHHs, YCTaHOBJEHHOMY Ha BHIBOAAX MAIUHHBE 8 —
cxeMa 3aMeueHus OJoka B 0AHOGA3HOM H306palKeHuH; & — CXeMa 3aMELeHHS HyJe-
BOH IIOCAEHOBATENbHOCTH; & — pacOpefiesieHHE HANPAMNKEHHA HYJNEBOH NOCIeJ0BaTeNb-
HOCTH BAOJNb OGMOTKM CTaTOpa reHepaTOpa HpH 3aMblKaHHH Ha 3e€MJI0 3a TpanchOp-
MaTopoMm

HECKOJIbKHX NPOLEHTOB (pasHoro pabGodero Hanpsixenus, Ha-
npsixeHue cpabarbiBanus cxemMbl Guaptp — MO ana BHmoda-
HeHHsl 3aIUTH 6€3 BHAEPXKKH BPEMEHH JO/KHO GHTbH OTCTpPO-
€HO OT COBOKYNHOro Bo3jeHcrBusi Hanpsekenuss Uqe ¥ ROTH
FapMOHMK HYJIEBOH IOC/EA0BATENbHOCTH (B OCHOBHOM TpETb-
eff), HEMOMHOCTbIO NOJAABJEHHBIX CHENHAJbHBIM (QUIBTPOM:

Uep=kore }/ U2+ (kyUg)% rne koxc>1 yuutbiBaer BpejiHbie

nepexojHble MPOUECCH, BOSHUKAIOMHE NpPH MNOSABACHHH BHELI-
HHX NOBpeXJeHuf Ha 3eMmo, a Koadduuuent kp<l. Ilpu KY

HanpsikeHHe, NoABojHMOe K cxeme ¢uabTp — MO, U =
=akFEy. ITostomy npu noBpexjeHuH BOJM3M HEATPANH reHe-
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patopa sammra He CpaGaTHIBaeT, HMEET MEPTBYIO 30HY, ee
3aIHTOCNOCOGHOCTD (1—a,) <<100'% BHTKOB, riie 0ty — NOJS
He3aIIUIIEHHbIX BUTKOB. Yacto o~ 15 %. [as ysenuuenus
3alHTOCNIOCOGHOCTH, YMEHDbIIEHHUS! Oy, 8 TAKXKE YJIY4IIeHHs
OTCTPOWKH OT BHELUHHMX MOBPeXAEHHH Ha 3eMJII0 BO3MOXKHHEI /1Ba
cnoco6a. Ilo nepBoMy K3 HHX, BO3MOXKHOMY AJsi CHCTEM BbIC-
IIEero HaNpsAMXEHHst C MMYX03a3eMJ/JIECHHbBIMH HEHTPAaNsMH, 3aIH-
Ta BBHIMNOJHACTCS C BBIIePKKOHA BpeMeHH, 6oJbIIed MaKCHMaJb-
HBIX BpeMeH usukBHaauup K3 KM uy K41 B stux cucremax.
Torga Uor B Bepaxenuu aas Ue, He yuHThBaercsa. Crnoco6 B
HacTosillee BPeMs, KaK IPaBUJIO0, He HCNO/Ib3YeTCs, TAK KaK pes-
KO CHHXKAeT 5Q(EKTHBHOCTb 3aNHTH NPH BosHHKHOBeHHH K () ,
coueraromerocs ¢ K{ . Ilo BTopoMy cnocoby 3ammura mupu
ykadanueix K u K4 apromariyeckn BBIBOAHTCS H3 AeficT-
BHS JonoqHuTeabHHM MO, BKouaeMbIM Ha Tok [«o, moayuae-
Mblit yepe3 TA B uenu 3azemsieHus HefiTpasu TpaHchopMaropa,
WK Ha HampsxeHune U, Ha 3aXuMax reHeparopa; mocJeiHuil
BapHaHT XyXe, TaK KaK MOXeT HApYNIUTb JeHCTBHE 3aMIHTHI
npu K, coveraomemes ¢ K . C ygerom uanoxensoro,
IpUMEHeHHst 060UX YKAa3aHHHIX CIOCO60OB CaefyeT H36eraro.
910 TeMm Gonee nenecoo6pasHo, ECJAH reHEPaTOp HMEET eme
Bropyio sammury ot K{) , npexnassauennyio s nefictBus npH
TOBPEXKJAEHHAX ¥ HEHTpaH,

3amura npocra no BenosnHenno. OHA yCTaHABAKMBAeTCS Ha
BCeX reHeparopax, paboramomux B 610kax. [Iist MOMHBIX reHe-
PartopoB, 0COGEHHO C HEMOCPEJCTBEHHHM OXJAaXAEHHEM Ipo-
BOJAHHKOB OGMOTOK, /151 noaydenus 100 % -Hoi 3ammTocnoco6-
HOCTH €e COYeTalOT C JOMOJHHUTENBHBIMH 3aIIHTAMH, OGHIUHO
HCNOJIb3YIOIMMH BEICIIHE MAPMOHHKH HYJIEBOH MOCJEN0BATENb-
HOCTH.

12.9. BALUMTLI OT K", OCHOBAHHbIE HA CPABHEHMM FAPMOHMK
HYJIEBOM MOCNEAOBATENILHOCTH, OMPELENSEMBIX
HECUHYCOMAANLHOCTBIO 3AC FEHEPATOPOB

Hcnonp3osanue rapmonnk, 00yCOBIEHHBIX HECHHYCOH-
AaapHocThio I C. Kak yxe ykasbiBaaoch BLIllle, MarHUTHAs
HHAYKUHES B BOSAYIIHOM 3a30pe GHIBAa€T HE BNOJHE CHHYCOH-
AanbHa. COOTBETCTBEHHO HECHHYCOMAAbHL U OJIC reneparo-
POB. B HuX comepxarcst rapMOHHKH TPOHHOH YacToThl, Mpej-
CTaBIAIONMKE COCTABNSIONIAE HYJEBOH MOCAEN0BATENbHOCTH, OT
BO3NI€HCTBHS KOTOPHIX, HANPUMeEP, OXHOCHCTEMHEE nonepeyybe
AHbdepeHnHanbHEE  3aMHTH, pearupyiomme Ha K (cm.
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§ 12.6), unu 3alLlMTH MAaKCHMAJbHOTO HaNpsiXKeHHs HYJeBOH
nocienosarenbrocty ot K{V (cm. § 12.8) nomxHsl orcTpau-
BaThCH.

Ha BO3MOXKHOCTb HCIONbL30BAHHS YKa3aHHBIX FAPMOHUK AJIS
oCylllecTBIEHUsA cleluaibHbX 3awut or KV Bnepsblie B CBOE
Bpemsi ykasas HeiireGayep, He npejnaras BHIIOJIHEHUS 3aLIHT.

Bo3MOXHOCTH Hclonb3oBaHHs Ugs. Takue BO3MOXHOCTH
BBEISIBJSIIOTCS, €CJH YUYMTHIBATh PaBHOMEpHOE pachpejesieHue
emkoctell Cor a3 oOMOTKM MO OTHOWIEHHMIO K 3eMJie H NPUHATD
3MC Tperbell rapMOHHKH HapacTalOUed MpONOPLHOKANBHO

vﬁmpa#:«pap—
*Mamopy
[7’5”[‘1" " Upsg=05E03 | Yo1e=t03
————

Uyzp

% .

EEST UD?H 03

—

Helimpuns ” 'lll Uy G5 €,
eum, 03

Puc. 12.12. Pacuetnas cxema (@) H COOTHOIUEHHS] TPETHHX T'apMOHHK Ha-
npsUKeHRH HYJAEBOi NOC/AeKOBaTe/IBHOCTH (6 H 8)

yHCaY BUTKOB 06MOTKH. [Ipeanosiaras B nepBoM npuGJIHKeHHH,
YTO MPOBOAMMOCTH MO OTHOLIEHHIO K 3eMJie ONpelessloTCs
TOBKO eMKOCTsiIMH (a3 o6MOTKH (B OCHOBHOM He YYHTHIBAIOT-
csl npoBOAMMOCTH Ha 3eMmJio TV), monydaem pacueTHyI cxeMmy
3aMellleHusi, NpUBefieHHYI0 Ha puc. 12.12,a. M3 nee cienyer,
4TO npu HOpMaibHOH pabote Eo; ompelesnsieT HanpsKeHHs HA
HefiTpaan renepatopa Unss u Ha BHBOAax renepatopa Uss,
paBHHe no aGcouoTHomy 3HaueHuio 0,5Eq M NPOTUBOMOJOK-
HBle 1o 3HaKy (puc. 12.12,6). Ilpu BosHukHoBernn K{V B Heii-

tpand Upsn =0, a Ugss Bospacraer Ao Eo3 (puc. 12.12,8).
B o6meM ciayyae OpH yyere Bcex IPOBOAMMOCTEH cieiyer ro-
BOPUTH JHIIb 06 uameneHuu Ugz O CPABHEHHIO C €r0 3HAYEHH-
eM IpH OTCYTCTBMM 3aMbIKaHusl y HefiTpasu. HenocpeacTBeHHO
HCTIO/Ib30BATh YKAa3aHHOE M3MEHEHMe /IS IMOCTPOEHHS 3alHUTHI
3aTPYAHATE/IbHO IJ1aBHEIM 00pa3oM B CBA3H C TE€M, YTO OHO MO-
XKeT CylIeCTBEHHO H3MEHATbCS B 3aBHCHMOCTH OT 3HaYeHHH Ha-
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rapMoHHKH Ha 1V, ycTaHOBJeHHHE

rpy3KH reHepartopa u ee cos ¢. Mimerorca paspaboTki, npeojo-
aepamomye 370 3arpynHenue. Tax, Hanpumep (JI. ITasmannm,
Beurpus), TIpeAaaranoch OCyILIeCTBJIATh 3alUTHl, OCHOBaHHHE
na cpaBHeHMH Uosw u Uos s, IPu 3TOM Karpysku Ha paboty cxe-
Mbl HE BJAHSIOT. 3alIUTH, Hcnoab3ywouiue Ups, HMEIOT MepTBhHE
30HBL. DTO ClAeAyeT M3 paccMoTpeHus puc. 12.12,6: B cpeinelt
yactd 06MoTKH Ugs MOKeT ObITh 6AH3KO K HYJI0 M NPH BO3HHK-
HoBeHuHu 3jech K nanpsxenus Uopw n Ugs OcTaloTcst He-
uameHHbiMH. TlosToMy paccMarpuBaeMble 3aluThl B KauecTBe
enuHctBenHbix or K{" wucnosnp3oBatbest He MoryT. Mx HasHa-
yeHueM sBAsieTcsi oObluno Aeficteue npu KV , pacnonoxen-
HBIX Yy HEATpa/Iu renepatopa B 30H€, rie MaKCUMaJIbHble 3alU-
TH HanpAxXeHus (cM. § 12.8), pearupymwouine Ha 0CHOBHYIO rap-
MOHHKY Ujg, HMEIOT MeDPTBHE 30HH.

OddexTUBHBIA BapHAHT 3aLIMTH, UcrOb3yomui Ups, GbLI
npenjoxed Bo BHHUH3 (B. M. Kuckauu).

12.10. 3ALMTA OT K BNOYHBIX TEHEPATOPOB, MCMOMb3YIOLLIAS

HECUHYCOUAANIBHOCTb 34C FEHEPATOPOB U BbIMOJIHEHHAS 11O
PA3PABOTKE BHMUD

Boimoanenne. CoBMellleRHast CTPYKTYpHAs CXeMa 3alIUTH
npusejeHa Ha puc. 12.13. 3amura pearupyer Ha OTHOUIEHHe
Rropm| Ussu|/(kpas| Ussu+Ussn|). Hampsukenue Ha mefirpanu
NpeacTaBJAseT TOPMO3HYI0 BejuuuHy, a cymma Upsu+ Upss —
pabouyto. Pearupyromuit ©O HanpaBieHHOrO AeHACTBHS BKIIO-
Haercst 4eped QHABTPBI TpeTbell

B HeHTpaJ/Ju U Ha BBHIBOJAX TeHepa-
Topa. Kosgpohuuuentsl TpaHchop-
manuu TV BuOupaTcs Tak, 4To-
Obl HMeTb OJAMHAKOBHIE BTOPHUYHHIE
HalpsKeHUs] NIpH PaBHEIX NEPBHY-
HHX (Kyw=Kys/3). Ilpu nopmasn-
Hoit pabore Upgu+Upss =0 (pHc.
12.12,6), kropmUosa>0 u 3amura
He cpabarbiBaer. KospouuueHts
Rropw U Epas BHOMpaoTCH OOBIUHO
TakK, 4ToOH 3alHTa IOJHOHEHHO
paboTasa Npu NOBpeXAeHHH B ya- bac. 1213, Cosmemennas
CTH OOMOTKH CO CTOPOHH HeHTpa- CprKIKPHaH Soewe s
. or K,' renepatopa 6Jso0ka
JIH, B MepPTBOH 30He MAKCHMAJbHOH no paspaGorke BHUUD
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3aLIMTHl HANPsIKEHHS HYJeBOH IMOC/IeJ0BATENbHOCTH H o6s3a-
TeJLHO coueTasach ¢ mociennefi. Boibop ee mapaMeTpoB pac-
cMoTpeH, Hanpumep, B [65].

12.11. CNOCOB BbINONHEHUA 3ALUMT OT K(! FEHEPATOPOB,
PABOTAIOLLIMX HA LLUMHbI ,

Hcnonpsosanue aas  saputsl or K nanpsxennit Uo
(xax pna GMOYHBEIX reHepaToOpoB), KaK OTMeYajoch Bhillle, HE-
BO3MOXKHO, TAK KaK OHO OJHHAKOBO BO BCEH CHCTeMe reHepa-
TOpHOTO Hanpsikenus. [TosTomMy a0 MOCHEJHEro BpEeMEHH 1/
NeHCTBAS 3AIUTH HCIOJb30BAJHCh TOKH HYJEBOH MOC/EN10Ba-
renpocTH. Mmesunecs B 30-e roabl GUALTPEl TOKOB /o MOIJIH
BBHIaBAaTb HEOGOJIbIINE MOLIHOCTH, a 3JIEKTPOMeXaHHuecKHe
pesie TOKa TPeGOBAJIH AJI4 CBOEro CpaGaTHBAHHS OTHOCHTE/b-
HO GoJblIHX MOILHOCTEH. B CBA3H, B OCHOBHOM, C 3TUM AJS 3a-
LWHT HCHOJb30BAJHCH PeJie MOIIHOCTH, KOTOphle MO LEMH TOKa
AMeJH ToTpe6JeHHe 3HAYHTENbHO MeHpliee, YeM peJjie TOKa
(MoOImHOCTD 4715 X cpabaThBaHHS M0Jy3anach 1 OT TV); npuH-
IHIHAJLHO, OJHAKO, 06ECHeuHTh MOBHILIEHHS YYBCTBHTE/NbHO-
CTH peJsie MOMHOCTH He MoryH. OHH MOrJiH OG/IErYHTb TOJBKO
OTCTPOHKY 3aIIHMT OT COOCTBEHHBIX €MKOCTHHIX TOKOB Cor TIpH
BHelrHuX K{V.

B 50-e rogbl MOSBUJIHCL pa3paboTKy yayUIEHHBIX BHITOMHE-
HH|i GuILTPOB [o, MO3MKe — pelle TOKA Ha HOBBIX 3JEMEHTHBHIX
6a3ax ¢ HHYTOXKHBIMH TOTpebJaeHnsMH MOIIHOCTH IO LensM
Toka [, ¥ B 3aliMTax HayaJiu MPHMEHATb TOJNbKO OpPraHhbl TOKa.
Jlyuluii BADHAHT TAaKHX 3aIUHT, KaK YKa3HIBAJOCh BHILE, Gbl
paspa6oran 31 AH YCCP (M. M. Cuporoii). ‘

12.12. TOKOBAS 3ALUMTA C TA HYNEBOW NOCNEAOBATENLHOCTH,
UMEIOLUAM NOAMATHUYHUBAHUE

Boimoanenne, CoBMelienHast CTPYKTypHasi cxeMma 3allHTH
npuBefeHa ua puc. 12.14. B cBoeit ocHoBe oHa nono6Ha TOKOBOH
3alllHTe HYJEBOH MOCJEAOBATEIbHOCTH JHHUI (cm. ra. 10) w
cocrour M3 TA HYJeBOji MOCHEAOBATEJNbHOCTH, yCTaHaBJHUBaAE-
eMOro y BHIBOJOB reHeparopa, H M3MepHTenbHoro pene KAIL
JIOTO/HATENbHEIMH 2JIEMEHTAMH SBJAIOTCA: JOTHUECKOe (TPo-
MexyToutoe) pese KL2 ¢ pa3MbIKAlOIIHM KOHTaKTOM, KOHT-
POJIHPYIOIIHM Lienb OTKJIKUeHus, pene Bpemenn K73 u pene
toka KA4 — KA6, ycnoBHO MPeACTaBJASIONHE H3MEPHTENbHbIE
pese TOKa 3awuTH oT BHemHHXx K3. Briepikka BpeMeHH, CO-
snaBaemas KT3, nputnunuaabHo He tpebyeTcss W npejHasHa-
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yeHa TOJBKO AJ1% Jyylledl OTCTPOHKH 3AILHTEl OT NEPEXOAHBIX
TOKOB 3ior MIPH BHelIHUX ToBpexaeunsx. Pene KA4 — KA6 co-
gmecro ¢ KL2 oCyliecTBASIIOT aBTOMAaTHYECKOE BhIBEJEHHE
samurTH M3 pa6orsl npu BHewHux K3 (npejisioxkeHo COBMECTHO
CP3uy T3II u Mocsnepro — B. C. KalitaneBnM), KOTophle
MOTYT CONPOBOK/JATbCSt 3HAUMTENbHBIMH TOKaMHM HebajaHca
Ius TA. HonoauurenbHoe GoJiee rpy6oe pese toka KA7 (mo
npeanoxenuio Mpkyrcksnepro — b. A. Xomyrosa) ucroJb3y-
eTcsl AJs 3aIIMTHI HYJE€BOH IOCJIEN0BATENbHOCTH 6€3 BBHIAEPK-
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Puc. 12.14. CoBMelleHHas cXeMa TOKOBOH 3amIUTH OOMOTKH €TaTopa reHe-
partopa c TA HyJeBoil NOCAEN0BATENLHOCTH ¢ TOAMAarHHIHBaHHEM

kn Bpemenn npu K" c onnum wmecTom mpobost B 06MOTKe

craropa. OHO Aaer MpPUHLIMIMAJMLHYIO BO3MOXKHOCTL ABYX(a3s-
HOTO BBIIOJHEHHS NMPOAOJBHOH audQepeHnHaIbHOR TOKOBOH
samurel (cM. § 12.4). JonosnnurenpHag sropuyHas oOMOTKa
TA ocymecrBasier mogMarnpyuBalive Marsuromnpoeoia T[4,
yayyuiaioniee €ro napamerpsl  (yBeJHYMBAeT CONPOTHBJEHUE
BETBH HaMarHu4YuBaHus, a CJEJ0BATE]IbHO, H BO3MOKHOCTh TO-
BHILIEHHS OTJaBaeMOH MOLIHOCTH, a TaKkKe yMeHbHIaeT [yg).

OcoGeHHocTH BhinonHenua TA. OpuruHaJjpHble B yZauHble
TA nynesoit nocaegosarenpiocts (puc. 12.15) cosnans 8 U3]]
AH YCCP B 50-e rogbt (cm., Hanpumep, [60]) asas caysaes co-
€lMHEeHNUs reHeparopa C BHKJIouarejeM MydKOM TpexdasHbIX
Kabeneil uan ToKompoBogamu (WHHHBIHA THI). OHU OTJIHYAIOT-
C cJaelYIOMUM: Ha/JHYHMeM TOJMAarHHYHBAaHHS MACHHTONPOBO-
Za TIOCTOPOHHHMM TepeMEeHHLIM TOKOM, paHee IPHMEHSBIIHMCS
IJ151 TOBHILIEHUS TOUHOCTH TA, nuTalouix H3MepHTebHbIE TIPH-
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60opu (cM., HanpuMmep, [41]), a A9 3aIUTH — NPEAJOKEHHBIM
CP3uY T3II B 30-e roxbl NPHMEHHTENBHO TOJNBKO K TPEXTpPAHC-
¢opmaTopHEIM QHABTPaM [o; BTOPHYHOH OGMOTKOH, pasjesieH-
HO! Ha CEKLHH, COCPEJOTOYEHHBIE B ONpPEAeJeHHbIX ONTHMAaJb-
HBIX MeCTax MarHUTONPOBOJA, COCTOSIIIEr0 U3 JABYX HIMXTOBAH-
HHX C€pPJeYHHKOB IPAMOYroJbHOH GopMbl. BTopHuHHE 06MOT-
KH CepAEYHHKOB, 06pasyoliiie 06lyl0 BTOPHUYHYIO OGMOTKY,
COGIMHSIOTCST IOCJIEO0BATENBHO COTJIACHO. DTO CBOLHTCH K
BO3MOXKHOCTH BHINOJIHEHHst (Hampumep, ajst WuHHBX TA) 06-

Tpexgasnsie kabenu wﬁ”"-’
A8 C coeduneHu A —
! E = ey | L__— f_— u%
ke OO0, ] [0
= we| W A
U 5 B<L ' E
P i <

K pene
a) : 3) 8, )

Puc. 12.15. Tpaucpopmarop TOKa HyJeBOH NOCJAEJOBATEJIbHOCTH C NOAMAr-
HHYHBaHHEM:
a -- NPHHHHNHAJIbHAsE CXe€éMa BbLINOJHEHHS; 6 — KaGeabHbIA THI; 8 — IOHHHBIK TUI

meil o6MOTKH 1JA 06OUX CcepAeuyHUKOB. Pasjienenne marauro-
NpoBOJA HAa JABa cepJeuyHHKa OIpejesisieTcds YCJOBHAMH INOX-
MarHuyuBaHus. Ilocie/Hee - BBIIOJHSAETCS C HCNOJIb30BAHHEM
OTJe/JbHBIX KaTylleK Ha KaXJOM CepAeYHHKE, COeIHHAEMBIX
nocsnenosarenbHo — Berpeyro. [lpu stom DA C or nogmarsu-
YHBaHUS BO BTOPHYHOH O6MOTKE OKa3HBAalOTCs HAaNlpaBJAeHHBIMH
BCTPEYHO M INPUHIUIMANBHO IOJHOCTBIO KOMIIEHCHPYIOTCH.
IlpakTHyecKH e NPUXOJUTCS YUUTHIBATh B [ns CJIAraloULylo
I46,n0nm, OIpenENAeMy0 HEHAEHTHYHOCTBIO cepleunnkoB. Ofec-
neveHue MOJIMAarHMuMBaHus npu BHyTpeHHHx KV, korpa Up
4 Uy MOTYT CHJIBHO CHHXKATBCSi, JOCTUraeTcs HCIOJIb30BaHUEM
onuoro u3 Uwg, KOTOpHE OCTAIOTCS NPH 3TOM HEH3MEHHBIMH.

Hns nonyuenust HauGosbliero 3p¢deKra OT NojAMarHuyuBa-
HHS Heo6XOJMM NPaBMJbHBHIH BHOOP cO3LaBaeMoOli HM HHAYK-
uuu B cepaeuHukax. Ha puc. 12.16, a npusejeHa sKBUBaJEHT-
Hasg cxeMa 3aMmelleHuss TA c mpucoefiuHeHHOH Harpy3koH Zu.
D¢ dekTHBHOe 3HAYEHHE COIPOTHBJIEHHS BETBH HaMarHuuuBa-
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HuA Zuaw,s¢ ONpPEJeNsieTcss N0 KpusoH B, = f(,.,,) (pac.
12.16, 6) . YuntniBas, 4t0 Eg= By, noayuaem Zuan0~kBp/l, =
=ktga, Tl o yroJ HakKJIOHA NPsMOH, coeluHAWOLEH HAUamO
KOOPAHHAT C TOYKOH Ha KPUBOH, uMerollell opauHaty B... [pu
OTCYTCTBUH TOJAMarHuyuBanus u Manwlx [ =3/{) TA pabo-

Taer ¢ HeGosbuME By, uMeer HeGoablne Z,,, . H MOXeT

oT1aBaTh HeGoublKe MomHOCTH. [loAMarHuuMBanye mepeMeH-
HBIM TOKOM JlaeT BO3MOXKHOCTb NPHU TOM Xe /; uMeTh GoJbliee

YA H, C/JI€NOBATENIBHO, HOJYy4YaTh OOJBIIYIO MOIIHOCTD.

HaM, 3d
Pemnmy C HauboJabIIUM ZHaM,SdJ COOTBETCTBYET yroJq Qonr, OHO-

peneJisieMBI KacaTeJabHOH K KpuBo# B,. HeoGxozumo oTMme-
THTb, 4TO (KT OT NOAMArHUYHBAHHA 3aBHCHT OT YIJa CABH-
ra @ mMexny TokaMmu noamaruuunsanus u 3/¢}). IlpuBenenubie
CoO0paKeHHst OTHOCWIHCH K clydalo, korga 0 = 90° (270°).
AHanu3 TmoKaseBaer (cM., Hanpumep, [1]), uto mpu 0=0°
(180°) compoTHBJeHHe BeTBH HAMAarHHUMBAHUS OCTAETCS pas-

HEIM Z, oo max  TOJIBKO IIDH & ==0lonr. [IPH &> ttonr OHO pe3-

KO yMEHbIIaeTCs, a NPH & < Qonr CHAYAJa BO3PACTAET, @ HOTOM
TaK¥kKe De3KO yMeHbllaeTcst (nojgo6HO AuddepeHnuasbHOll
MarHuTHO} NPOHHHAEMOCTH). YUHTHIBAs U3J0XKEHHOE, MOAMAr-
HHYMBAHHE BBIOHPAIOT TaK, YTOOBI B pacy OBLTA HECKOJBKO
MeHblIeH, YeM ONpejeaseMast YIIOM onr. 11pH 3JeKTpOMexa-
HHYECKHX peJie JJist MOJYyUYEeHHst BO3MOXKHO GOJIbIIEH MOLIHOCTH
CO31aBaJH DEXHM ee MAKCHMaJbHO[ OTHAud, COOTBETCTBYIO-
WHH Zy® Zuay, ¢, XOT IPH 9TOM NOrPELIHOCTH f; B TOKe JO-
cruraau npumepHo 50 %. Ilpu Mu-
KPO3JEKTPOHHOH 3JeMEHTHOH 6a-
3e, KOrja Zs MaJbl, 5TOT PEXUM He ILT_,. - Y
Tpe6yercs. '

BriGop napamerpoB 3amurH M Zy s
ee oueHka. [lepBuunniil Tok cpa6a-
THBAHUs 3alHTH [.; ompelemsieT- " © X
¢l HeCcKOJbKMMH ycaoBusimu. Omn %)
JoakeH OHTb corsacHo obmuM  Bn
Tpe6OBAHUAM MeHblIe HJH DaBeH
5 A, HO He MeHbllle MHHHMAaJbHOTO

o‘vnm
B,
Puc. 12.16. Cxema samemenus (a) n rpa- " x
doananuruyeckoe onpenenieHde  Zuaw,se 1! r!
(6) TpaHcgopmaTopa Toka  HyJeBOf mo- kel 5) HaM

CJe10BATe IbBHOCTH



nepsuYHOro TokKa 3/{), obecnevynsaioliero cpabaTpiBaHHe pe-

ne KAl Cnenyer Taxke yuHTHIBATD HeoGXOAUMOCTh BO3BpA-
1a KAl B HayanbHOe NMOJOKEHHE MOCTE OTK/IOYEHHs! BHEUIHe-
o MOBPeXK JEHHSI.

PacueTupiM, HanGosee TsKeABIM /s MOCAEAHEr0 YCJIOBHS
SIBJISIETCS, KaK MOKasan anajus [1], suemnee K(, nanpumep
K{ (puc. 12.17,a), na Ko%opoe HakJaJblBaeTcsi BHELIHee

K® mexpy apyrumu ¢asamu (cootsercTBenHo B u C), oTKIIO-
4aeMoe C BHIAEPKKOH BpeMeHH Goabluell, yem y KT3. I1pu atom
HEOOX0AUMO HUMeTb 532 Eorc (3kneplor+1us, paca, n), TAe o —
YCTaHOBHBINHHACSH TOK, ONpefensieMblfi eMKOCTBIO Cor; kuep>
>1 — K03hQHIHEHT, YUHTHBAIOWHUI ero nepexogHoe 3Hauye-
HHE; [u6, pacy, n — TOK HeGanaHca (uIbTPa 3/o, ONpeaeseMblii
HECHMMETPHYHBIM DacnoJokeHHeM (a3 MepBUUYHOH OOGMOTKH
OTHOCHTEJIPHO BTOPHYHOH, HEHJAEHTHYHOCTbIO cepaedyHukoB TA
H Apyrumu (paktopaMu. IIpH BHIIOJNHEHHH 3alIHTH C GJIOKH-
poBko#l (KL2) Iuspacy,n ONpPEAe/IseTCSI TOKOM cpaGaThiBaHHs
KA4 — KA6, paBubim npumepto 1,41uomr. TOK Ius, paca, 1 MO-
KeT uMeTh Mobyio ¢asy. llpuaumas Hauxyaillee ero Hanpas-
JIGHHE H BBOAS ky==Iy 4/l 5, MONyUaeM A/si pacCMAaTPHBAEMOTO
yCJa0BUA 10,3>k0‘rc/k5 (3knep[0r+[}16, pacHd, n) .

B nmpoBesenHoM paccMOTpeHHH He YUHTHBAIAach OTCTPOHKA
3ALUUTEL  OT MEPEeXOAHBIX 3HaueHuH 3iopr mpyu BHewHux K(
Ecnu 3To ycioBHe okaercss pacyeTHBIM, 4TO MOXKET GHITb, Ha-
puMep, [IPH MOILIHBIX redepaTtopax ¢ GospuriMu Cor, TO 4aCTO
OCYLUECTBJIACTCA CHeLHabHAasl OTCTPOHKA OT HHX. DJeMeHTap-
HOe ee BhINOJIHEHHE, H3BeCTHOe ¢ 30-X rojioB, HPHMEHUTEJbHO
K paccMaTpHBaeMoi 3aluTe GBIIO peaH30BaHO MO MpeJoxKe-
HH10 KuessHepro. OHa oCYLIECTBISETCS MyTeM IHTAHHS AOMOJ-
HHUTEJIbHO# BTOPHYHON 06MOTKH, HMeloweiics Ha TA, yepes KoH-
Aercatop C OT HaNpsSIKEHHS] HyJEBOH IOC/IE{OBATE]bHOCTH
(puc. 12.17,2). MaruuToaBHKyllas CHJA OT 3TOH OGMOTKH
BBIOHPACTC PaBHOH W npoTHBOMOIONKHOH MJIC nepBuuHOM
o6moTkH T'A ¢ TokoM 3/or npu BHemsnx KD,

Crenyer OTMETHTB, YTO PACCMOTPEHHBIH CHOCO6 KOMIIEHCA-
UHH 3/or OKa3HIBACTCs HELOCTATOYHO 3P(PEKTHBHHIM MpH JJH-
TeJbHEIX (MPEBHILAIOWHX BBAEPKKY BPEMEHH, CO3/aBaeMylo
KT3) Buemnux mepemexatowmuxcs Ayrossix K. Ilpescras-

Js1eTCA, YTo HanGoJiee NPABUJIBHBIM GBIJIO 6B CO3TaHHE KOMIEH-
CHPYIOLIETO TOKa, ONpeje/sieMoro npoussogHoi dull) /df, mo-
CKOJIBKY 6pOCKH ToKa IpH BHewHeM K{ i) =3Codul) /dt;
TaKOH CNOCO6 MPHMEHEH B HEKOTOPHIX TOKOBBIX 3aLIHTAX Hy.Je-
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BOll MocJejoBaTesbHocTH, paspabGoranneix BHMHD  (cMm. ra.
10). ,
3amurocnocobHoCTh 3aLIMTHL OLUECHHBAeTCH JoJiedl  3allH-
IeHHbIX BUTKOB 1—aiy, Tl Gy — J0J151 BUTKOB, OTCUMTBIBAEMBIX
oTHeiTpanu (puc. 12.17,6), B npeaenax KOTOpod 3allura He
cpa6GaTblBaer, a YyBCTBHTENbHOCTb OUEHHBACTCH MAHUMAJIbHBIM
tokom npu K{), nocrarounsim ans ee cpabareBannd. Eciu
upunste /) u 3l mpomopuuOHA/ILHBIMY Q, I46,pas, HATIPAB-
JEHHBIM B CTOPOHY, o6pathyio /() T0 ¢ yuerom toro, 4to de-
pes TA mpoxoaut Tok I{)—3I, ~  (mocnexuuii, Kak nonuep-
KMBaJsoch B rJ. 1 u 10, ToKa B 3alLUTe He CO34A€T), NIPH CL=0ly
nonyuaeMm Ilcs=ox (I —3lor)—Ius, pas, OTKYRA 0= ({c3+
+-Ius, pas) /(1) —3lor). I'paduueckoe ompenesenne o, NpHBe-
neHo Ha puc. 12.17, 8.

[IpuBenenuble COOTHOMEHHA TOKA3biBAKOT, YTO 3allluTa BCe-
rapa umeer He 100 % -Hylo 3amHTOCIOCOGHOCTb, MEPTBAs 30HA
oy MOXKET B IpejieJie OXBaThiBaTh faxe BCIO 06MOTKy. [lepBnuu-
HBIf TOK cpabarbiBanusi KA7 (cM. puc. 12.14), ncnoabsyeMblii
ANA pedictsua 3awutsl npr KV, BoiGupaercs ¢ yueTOM peKxo-
MeHgauuii paspa6otunkos npumepso 100—150 A, Bbiaepxkka
speMenn KT3 — npumepso 1—2 c.

KpoMe yKa3aHHOro OCHOBHOrO NpPHHIHMIHAJBHOTO HEJOCTAT-
Ka (Hanpyue MepTBOH 30HBI), OCOOCHHO CYLIECTBEHHOro
MOIHBIX TeHEepaTOPOB, 3aIUUTA HMEeT ¥ PAX APYTHX — HaJH-
ype BbIICPKKH BpPEMEHH, HEBO3MOXHOCTb OCYLIECTBJIEHH
CIJIOMIHBIX LIMHOTPOBOJOB H T. M. [To3TOMY B HacTosAllee BpeMs
Heo6xonuMble A/ Hee TA HyseBOH NOCJAEROBATENLHOCTH NPO-
MBIIIJIEHHOCTb GoJjiee He M3TOTOBJISIET M OCTPO BCTaJ BONpOC O
cozpanum HoBo# 3aumute or K{VJ. Hanboxee nHTepecHEIM ee
BapHaHTOM sIBJsIETCsl BHOBb paspaborannas samuta BHUND,
OCHOBaHHAs HA CPABHEHHH TOKOB HENPOMBIIINIEHHOH YaCTOTHI B

¢dazax reneparopa.

12.13. 3ALUMTA OT K;l) , UCMONb3YIOLLAA COOTHOLUEHUE TOKOB
HEOCHOBHbIX YACTOT B ®MA3AX TEHEPATOPA

. IpuHumunel, nonoxeHHble B OCHOBY ocyuiecTB/ehus. Heko-
TOpHE COO0OpaKeHHsl MO OCYUIECTBJICHHIO 3allATH KpaTKo H3-
noxennl B 1. 10 no 3amuram ot K snunnii. OHa ocyluecTs-
JsieTcsl pearupyioliel He Ha TOKH 3/o B MecTe BKJIOUeHHs, a
Ha COOTHOLIEHHs 3HAUYEHHE C/IAralollMX BHICUIAX YACTOT B TPeX
(azax samulIaeMbix IEMEHTOB H IO3TOMY He Tpe6yeT HCHOJIb-

.
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soBanusl QuabTPOB 3/o. 3amura JUHEHA pearupyeT Ha yCTaHO-
BUBLIKECS 3HAYEHHS] BHICIIAX FaPMOHHK M BBINOJHSETCS 0GHIY-
HO pafoTalollell TONbKO Ha CHFHAJ C BHIIEDXKKOH BpeMeHH.
[IprMEHHTENIbHO K 3aIUTE reHepaTopa ee LEJeCO06pa3HO BhI-
TNOJIHUTE PAGOTAIONIEH HA OTKJIOYeHHe Ge3 BELIEPKKH BPeMeHH.
[TosToMYy NPHUXOJAUTCH YYHTLIBATbL NEPEXOAHble 3HAYEHHS 3THUX
rapMoHHK. Kpome TOro, npu BLINOMHEHHH 3alunThbl 6€3 Bhigep-
JKKH BPEMCHH IIPEACTABHJIOCH BO3MOMXHBLIM HCHOJb30BaTh TaK-
}Ke Cclaralolllie NepeXOAHOro Ipolecca, KPaTKOBPEMEHHO MHO-
spasiomuecst mpu K¢ (em. ra. 10) Bo BTOpoii ero uacrw,
KOTOpasi XapaKTePHU3YeTCs AONOJIHHTENbHBIM 3apsAiOM eMKOC-
TeH HEMOBPEXJAEHHBIX (a3 chcTeMbl H 0GYC/AOBJAMBAET MpO-
XOXKJICHHC TOKOB Yepe3 oOMOTKM HCTOYHHKOB NHUTAHHUS — re-
HepaTopoB, pacnpenesssch No Gasam Tak Ke, KAK TOKH BbiC-
wAx yactot [57].

C yuetom nocsessero apropoM paspaborku B. M. Kuckauu
H IIPEJUIOKEHO CYHTATDL 3aILHUTYy pearupylomesl Ha COOTHOUIEHHE
TOKOB HEOCHOBHBIX YaCTOT, BKJAIOYas B HAX H BTOPYIO YKa3aH-
HyI0 ciarawomy. OnpejiesleHre SABJsSETCA, KOHEYHO, HEIOCTA-
TOUHO TOYHBIM, TaK KaK B NEPEXOJHOM IpolLecce CYLIEeCTBYIOT
yXe He TapDMOHHKH, a 3HAaKONePeMeHHLIe 3aTyXalollHe cJara-
fomue (cM. ra. 1).

Hcnonbsoanue paccMarpupaeMoro mpHHLHANG NpHMeHH-
TEJIbHO- K 3aIUTAM TeHEePaTOPOB SIBJSETCS 3HAUHTEJbHO GoJee
50 QeKTHBHEIM, YeM AJS 3alIUTHl JHHAN, TAK KAK npeacTaBJisi-
€TCsl BO3MOXKHEIM CPAaBHMBATh He (a3HEIe TOKM, @ PA3HOCTH TO-
KOB B Ha4daJ/ie W KOHIe Kax1o# daswl. Ilpn atom yenosuio cpa-
6aTblBaHHS NPHHUANHAJLHO OJHO3HaUHO COOTBETCTBYET NpEBhHI-
{IeHxe OJHOTO ypOBHA TOKOB (B MOBpeXAeHHON ¢asze) Haj
ABYMA JPYTAMU HX YPOBHSIMH (B HeNoBpeXneHHHX (asax), B
TOM uuC/e H NpH nepeMellenuu Toukn K{) BHYTpH o6moT-
Ki craropa. Mcrnonbzopanne KauecTBEHHOro (a He KOJIHYECT-
BEHHOr0) CPaBHEHHs BEJHUHH, He3aBHCHMOCTb OT TOKOB Ha-
Tpysku B (hasax (3a HCKJIIOUEHHMEM BJIHSIHHS TOKOB HeGaJiaHca
tus B MHQPePEHUHANDHBIX LENsAX) MOTYT ONpele/sTh Xopoliue
TOKasareqn 3alATH, BLIIOJHEHHON [O PACCMATPHBAEMOMY
IpHYHIUITY.

CooTHomeH s cDaBHUBAEMbIX TOKOB HEOCHOBHDIX 4acToT,
KaueCTBeHHO MJIIOCTPHPYIONINE pacCMaTPHBAeMBIH NPHHLAT
381UATH, puBe/ieHbl Ha puc. 12.18,a (BuyTpennee K{) ) u puc.
12.18,6 (Buemnee K{"), npn ycnosun, ecnu npene6peun s
NPOCTOTH eMKOCTbIO a3 06MOTOK Cor # cunTath, uto JJC re-
HepaTopos cuHycomaasbHbl (He HMEIOT -CJIAraloKX TPOiHOMH
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AJIA 3alHTH 10 pHe. 12,19

yactorbl). IIpu orcyrerBun K{" 1 HopMasbHOj pabote B HIe-
aJbHOM CJlyuae pasHOCTb TOKOB, Hpoxoasimas yepes MO kax-
qofi haswl 3allUTH, paBHA HYJA10. IIpakTHyeckH oHAa mpeacTaB-
asiet Ius. OgHaKo 3TH [y cOmEpIKAT BecbMa MaJible Clarawiue
HeoCHOBHOH uactorel. Ilopor cpabathbiBaHHSl 3aIIUThI BHIGHpA-
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ercsl TaK, YTOGHl Gblia ofecriedyeHa OTCTPOHKA OT 3THX cJjara-
JOULHX MPH MaKCHMAJIbHbIX TOKax Harpy3ku. ITpu KD BGausu
BBIBOJAA OJHOH (Ga3bl O6GMOTKH BIOJb JBYX HeNOBpeX/JeHHHX
¢ a3 MPOXOAAT TOKH HEOCHOBHOH 4acTOTHI, ONpeje/seMble €M-
KOCTAMH HENOBPEXKIEHHEIX (a3 CeTH, H HX Pa3HOCTb, 06YCJIOB-
suparomas Tok B MO, pasra nymo. Toku HenmoBpexgeHHBIX
¢as, CKAAABIBAACh y HEHTPAJH reHepaTopa, NPOXOAAT MO TO-
Bpex/IeHHOH ¢dase K Mecty K¢ ). Co cTOpoHB CGOPHBIX WIHH K
mecty K{! Moxer B 06lieM ciyyae NPOXOLMTb OCTAJbHAS
YacTb TOKa B MeCTe MOBpeXAeHHS. B 3TuX ycJOBHAX TOKH He-
OCHOBHBIX 4aCTOT, Ipoxoasiue dyepes MO, o6pasyrorcs caara-
IOUIUMH C OGeHX CTOPOH M TIPONOPLUOHANBLHE TOKY B MecTe
BHyTpeHHero K{) . 3amura, cpaBHuBaomas Pa3HOCTH TOKOB
B Tpex (asax, cpabareiBaer. Ipu KD BHyTpH 06MOTKH TOKH
B MO yMenb1aloTCst, 0MHAKO HX COOTHOIIEHHe B tasax okasw-
BaeTcA NOCTATOYHBEIM IJI OXBaTa 3alUTOH Goablledl 4acTH o6-
MOTKH. '

Boinoanenune. CTpyKTypHasi cXeMa 3amIuTHI npuBefeHa Ha
puc. 12.19. Onucanne BHIONHEHHS AAHO B COOTBETCTBHH CO
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PHc 12.19. CrpykTypuas cxema samurs reHepaTtopa or K;_(‘l), pearupyio-
€N Ha HEOCHOBHBIE YaCTOTH (BHHHD)

Cratbedl aBTOpa-paspaGorunka [57] u ap. [luraromme 3aluTy
TPaHCpeaKTOphl / BKJIOYAIOTCS B yiKe HMelLlHecs anpdepen-
UHanbHbBle LeNH DPOROJLHOH nuddepeHuUHaNbHOA TOKOBOH 3a-
WWHTEL reHepatopa. OHHM BEINOJHAIT pax (QyHKUHI: npeobpa-
SYIoT nu¢pdepeHunasbHble TOKH B HalpsiKeHUs, IPONOPILHO-
HanbHble HX NPOU3BOJAHBIM, yBeJHUHBAS TeM CAMBIM 3HAYCHUS
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cjaraloliiX BBICIIHX YacTOT H 1I0/aBJsis alepHOojHYecKHe cJaa-
raiolliHe; rabBaHHYECKH OTHE/SAIOT LeNH 3allUThl OT Henel
TA; noBHIIAIOT ee NOMEXOyCTOHYHBOCTh, PHABTPE 2 BBICUIHX
YaCTOT MO/aBJ/SIOT OCHOBHBIE cJ/araiolide HanpsxKeHHi. Die-
MEHTHl 3 npejHa3HauyeHHl JJs aBTOMAaTHYECKOr0o H3MeHeHHS
3HAYEHHS [10/laBaeMoro Ha HUX CHTHaJa B COOTBETCTBHH C Tpe-
6yeMol 4yBCTBHTEJBHOCTBIO '3aLIUTHI (3alllUTa WMeer ‘aBTOMa-
THYECKYIO PeryJHpPOBKY UyBCTBHTEJBHOCTH B Ipoliecce BO3HHK-
mrero K{" ). OHH mnepeMHOXKalOT nepeMeHHble HAampsiKEeHHs

BXO/JHBIX CHTHAJIOB H NOCTOSIHHOE HaNpsiKeHue yIpasJeHHs
Uynp, MOJ@BAaEMOe ¢ BHIXOJla HHTerparopa G6soka /2. Hanps-
JKeHHe Uynp HApAacTaeT C NepeMeHHOH CKOPOCTbIO ¢ MOMeEHTa
cpa6GarniBaHHs OYCKOBOTO OpraHa 7 HaNnpsKeHHS HYJeBOH Io-
CJ1e/l0BATEJbHOCTH H ONpeJeJsieTCss HHTerpaJoM N0 BpeMeHH
pasHocrell HanpsKeHWd — 3aJaHHOTO 3TaJIOHHOTO W MAaKCH-
MaJbHOrO M3 TPex BHIXOJAHBIX HanpsxKeHUi OJOKOB 4, BBIIE/S-
emoro cejsexropom II. TakuMm ob6pa3om obecrneduBaercs yxa-
3aHHas Bolllle aBTOMAaTHYECKAas PeryjJHpOBKa YyBCTBHTE/bHO-
cre 3amutel. lIpw sroM BHXOJAHBIE HampsikeHus O6J0KOB 4
HaxoJATCH Ha 3aj7aHHOM YDOBHe B IIMPOKOM JAHana3oHe BXOX-
HEIX TOKOB 3allHTHl, IOBTOPAs C HeOOXOAHMOH TOYHOCTBIO CO-
OTHOIIEHUS] 5THX TOKOB. JTHM onpejeJsercd yerkas pabota
3alllUTH KaK B UIHPOKOM JHana3oHe eMKOCTejl Ha 3eMJII0 CHC-
TEeMBEl PEeHepaTOPHOIO HaNpsi’KeHHs (Uepe3 KOTODHE 3aMEBIKa-
IOTCSl BCe HCOJb3yeMble TOKH HeOCHOBHOH 4acToThl), TaK H IPU
JI060M BHjJe 3aMBIKaHHA Ha 3eMJI0 (MeraJJHYecKoM, depes
Ry, npu nmepeMexxalollieMcsi 3aMbIKaHUU U T.1.). Bjok 5 npex-
Ha3HayeH JJIs1 oNpejleJieHHs! COOTHOLIEHUH THX HaNpPSXKeHud H
BbIa4yd NOJydYeHHOH HH(QOpPMAaUMH HA JOTHYECKHH pearupyio-
wui opra 6. IlocaenHuii onpejensier, COOTBETCTBYIOT JH CO-
OTHOUIEHHS CpaBHUBaeMBIX TOKOB NOBDEeXJIEHHIO B 3alliHlliae-
MOfi 30He, orpaHuHueHHON TA guddepeHuEalbHON 3alLUTHL Te-
Heparopa, H/H BHe ee, B 3aBHCHMOCTH OT 4ero Bbljaer HJH He
BHIiaeT curHas Ha cpabaThiBaHHe BBIXOAHOTo oprana 10 npu
YCJIOBHH OTCYTCTBHS 3anpera or 6/0Ka 7. [locaenuuit HopMadb-
HO GJoKupyer cpabaTbiBaHHe opraHa 6. OJZHOBDEMEHHo NOC/e
cpabareiBanus 6/10Ka 7 670K 9 dopmHpyer HojaBaeMBH Ha
6/10k 8 curHaJ AJs 3anycka NOocCJ/e/HHM aBTOMaTHYECKOH pery-
JHPOBKH YyBCTBHTeJabHOCTH (6J0K I2) Ha 3ajaHHOe BpeMs.
Ecnu B TeuenHe 3TOro BpeMeHH HE NPOMCXORHT cpabaTHBaHHSA
oprana I0, ycTpofictBo nepeBoJHTCH B HCXOAHOe IO YYBCTBH-
TEIBHOCTH «TpyboOe» COCTOSHUE; eCJH B yKa3aHHOM HHTepBaJe
BpeMeHu oprad J0 cpaGaTteiBaeT, TO YyBCTBHTENBHOCTb YCT-
poiicTBa OCTaercs Ha JOCTHTHYTOM YpDOBHe. l?o3BpaT 3alUTHI
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[IpOHCXO/HT NPH BO3BpaTe OpraHa 7 HJIH HCUE3HOBEHHH CpPaB-
HuBaeMBIX TOKOB. KpoMe Toro, onucanHoe jeiictBue 6/10KOB 8
4 9 [03BOJSRT NPaKTHYeCKH HCK/IIOYHTb BO3MOXKHOCTb Hempa-
BHJBbHBIX cpafaTbiBaHMH 3alllUThl B YCJAOBHAX JAJHUTEJIBHOIO
K{V, T.e. Koria opra 7 HaxoldTcs B cpaboraBllieM COCTOS-

HHH.
B to xe Bpems npu mepexose sHemsero K{V B K{(:1) co
pTOpOIl TOUKOl npoGos B remepartope rpyGas aus ycaosuit K{
3alllHTa OKA3bIBAETCs UYBCTBHTEJbHOH K K}‘l};” H jeHcrByer
Ha OTKJIOYeHHe. B cxeme 3aIHTH HMelOTCA Takxke 6JOK Npo-
BepKH I3, 6/10K cHrHanu3auuu /4, 6/10K DHTAHHA U PAJL JONOJ-
HHTEAbHBIX NIpHCIOCOOJeHHH, Ha CXeMe He [OKa3aHHBIX.

B pesy.abTare, KaK clelyeT H3 PacCMOTDEHHS CXeMBbl, 3a-
IHTa OKAa3biBaeTcsl JOCTaTOYHO CJOXKHOH, ee BHINOJHEHHE Ha
9/IeKTPOMeXaHHYeCKOH 3JeMeHTHOfi 6ase NpaKTHYECKH HeBO3-
MoxHO. OfHaKo, 6yay4H BBINOJHEHHOH Ha COBPeMeHHOH MHK-
pPO3JeKTPOHHOU 6ase, oHAa OKa3bIBAETCH JOCTATOYHO KOMNAKT-
HOH H BIOJIHe NPHEMJIEMOH AJIS 3KCIJayaTalluH.

Ouenka u o6aacts npumenends, [lo nanHeiM paspaGoruu-
Ka JJs yAOBJETBOPUTEJBHOH PaGOTH 3alldTH JOCTATOYHO Ha-
MarHd4MBaloLLero TOKa OJHOTO NOBBLIIAOLIEro TpaHchopMaro-
pa, Ha KOoTOPHH reHeparop paGoraer. Teoperuuecku npefeib-
HBHIM, HaHboJsee TsXKeJblM cJdydyaeM paborhl ABJaseTcs c/ayda,
OpH KOTOPOM BHEWIHHX NpHcoejHHeHH#l Her H Toku K{ Mo-

TYT 3aMbIKaTbCs TOJBKO uepes coOCTBeHHBHle eMKocTd (as re-
neparopa Cor. C yueToM 3TOro ycraBKH 3allHTH BHGPaHH Tak,
YTO OHAa MOXKeT cpabaThHBaTh NIPH ABYX DaBHBIX CHTHajaX, He
npesbiapomux 0,75 Goabliuero Tperbero CHrHaJja IOBpeXaeH-
HOl a3k, ¢ KospduuneHToM yyscTBHTeabHOCTH 1,3 npn KM
Ha BuiBopax. ITosToMy B paccmarpuBaeMom pexume (npakTH-
YeCKH 9TO TeHEpPaTop C OTKJIOUeHHBIM BBIKJKYATE/ eM) MOXKET
ObITb HCNO/MBL30BAHA MaKCHMAaJ/bHAs 3allHTa HaNpsKeHHs Hy-
JICBOH mocJie10BaTebHOCTH, [IoMOUb MOTYT TaKKe TOKH TperTb-
el TaDMOHHKH, OnpejessieMble HecHHycoujaabHocTeio IJIC.

Takum o6pasoM, nosyuaercs 3alura ¢ a6CONIOTHON Ce/IeK-
THBHOCTBIO, He TPeOyIoliasi BEAEPKKH BPeMeHH H OXBaThIBAIO-
HWlasgt B OCHOBHHIX peXHMAax 3HAYHTENbHYIO 4acTb 0GMOTKH CTa-
Topa. IlpomHILIEHHOCTBIO BHINOJIHEHA ee ONbITHAs NaPTHS.
Uenecoo6pasno mposejieHHe BCECTOPOHHHX HCTILITAHHI 3aIHTH
B 3HeprocucreMax, B 4aCTHOCTH IPOBEpKa AOCTATOYHOH sddek-
THBHOCTH NMPHHATOH GJIOKHDOBKH 3aILUTHI NIPH BCeX BHAAX BHe-
lWwanx K3, ocyuiectBaseMofi opranoM 7, pearupyiouum Ha U,
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(nanpsaxenue cpabareBaHus 0,1Unon) M OrpaHHYHBAIOLULHM
JOJII0 3alIMIIEHHBIX BHTKOB (3allHTa WMeeT MEepTBYI0 30HY Y
HeHTpaJu reHepatopa).

12.14, 3ALWUNTLI OT MOBPEXXAEHHMHA B UEMAX BO3BYHOEHUSA

YuHTBIBAIOTCA 3aMBIKaHHA Ha 3eMJII0 (BaJ poTOpa) B OAHOH
TOYKe M BO BTOPOH TOuKe OOMOTKH BO3GYXKJAEHHs, NOBpeXjae-
HHSl B CHCTEME THPHCTOPHOTO BO30YXKAEHUS,

B npakTuke skcmiyaranii MalldH HeGOJABLUIOH MOIIHOCTH
CTAPHIX KOHCTPYKIHH cNeNHaNbHBIX 3alIUT OT 3AMbIKAHHI B 0/1-
HO# TOYKe BOOOIIe He NpeaycMaTpuBasoch. s npoBepKu H3o-
Js1HM 0ObIYHO HCTOJb30BAJICs HM3BECTHHI METOo/ C PYYHBIM TO-
OouYepeHHM MOAKJIOUeHHEM NOJI0COB 0OMOTKH POTOpA K KOPIY-
Cy yepe3 BOJbLTMETp HJH JADPYrodl HHAUKATOP HANpsKeHH.
B nasnbHelilieM Haua M NPUMEHATH 3aHIHTH C BKiaouenuem MO
MeX /1y OJHHM M3 NOJIOCOB OOMOTKH W 3eMJiell Yepes BCHOMOra-
TEJbHBIH HCTOYHWK HH3KOro HaNpSMKEHHA NMOCTOSHHOrO HJIY lie-
pemenHoro toka. [lpeanourenne oraaBajgoch cxemaM, paGora-
IOIIHMM Ha NMepeMeHHOM TOKe, C OT/AeJeHHEM HX [lened oT cucre-
Mbl BO30yxKaeHHs uepes KoHAeHcarop (puc. 12.20). [Ipunnunu-
aJIbHbIM HEXOCTATKOM 3TUX CXeM ABJAETCS OrpaHHYeHHe HX
YYBCTBUTEJIbHOCTH €MKOCTBIO Ileneil BO36yXKJAeHHS HO OTHOLUIE-
HHIO K 3e€MJI€, KOTOpas JJIsi COBPeMEHHBIX MOLIHBIX MAalllHH MO-
KeT Aocturath 2 MK® u faxe Gosee. [lostoMy KesartejbHO
NpHMEHeHHe HaJO0XKEeHHOro TOKa NO BO3MOXHOCTH HH3KOH Ya-
cToThl. OfHAKO B OOMOTKAaX BO30GYXKIEHHS MOTYT WOSBJAATHCS
HanpsXkeHus HU3KHX 4acToT, Hanpumep HpU pabore peryJs-
TOPOB BO30OYXKACHHS CHJIBHOTO AeHCTBUA. DTO, B YaCTHOCTH, OT-
pPaHHYKHBAET BHIGOP HH3KOH 4YacTOTH AJS HAJOXKEHHOIO TOKA H
00yCcJ0BIHBAET HEOGXOAUMOCTL CYMTATHCH ¢ eMKOCTHOH NPOBO-
JUMOCTBIO Heneld Bo30YyKAeHH.

3aluTEl OT PaccMaTPUBAEMOrO NOBPEXKAEHHs BHINOJHAIOT-
€ B HacTosilee BpeMs NEeHCTBYIOUIMMH Ha OTKJ/IIOUEHHE Npex-
Jie BCero Ha CHApPOTeHeparTopax, TaK Kak 0T BO3MOKHOTO TaKe-
JIOr0 NOBPEX/eHHS, BO3HHKAIOUIET0 NPH 3aMBIKAHMM HA 3€M-
JII0 1 BO BTODOil TOuKe, N1I0Ka JIOCTATOYHO COBEPIIEHHBIX 3aLLHT
Her. Ha typ6orenepatopax oHa 4acto paGoraer TOJbKO Ha
curHas (Ha OTKJIIOYeHHe — NpH GecIeTOYHOH cHCTeMe BO36YXK-
Jdenusi). OT MOBpeXAEHHH B CHCTEMAxX ¢ THPUCTOPHBIM CaMO-
BO30yK/leHHEM YCTaHABJIWBAKOTCS MAKCHMaJbHble TOKOBblE 3a-
IIATH B (pasax NHTAIOMIEr0 MX CHJIOBOrO TpaHchopMaTopa,
2KECTKO BKJI04ae€MOro Ha BEHIBOAAX I'eHepaTopa.
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Puc. 12.20. [IpyHnHEn BBIOJHEHHs 3allMTHl OT 3aMBIKaHHA Ha 3€MJI0 B OA-
HOfi TOWKe leNMH BO30yMKIeHHs, BHITYCKaeMOH MPOMBIINIEHHOCTHIO (a), u
CTPYKTypHas cXema 3auiuTsi BHUH3—B3IIH (6)

BbinodHeHHe 3aIMT OT 3aMbiKaHMii B ofHOi Touke. [Ipo-
MBILIIJICHHOCTHIO BBITYCKAETCH 3allUTa, B OCHOBY KOTOPOH HO-
J0KeHa CTPYKTypHas cxema no puc. 12.20,a. OHa paspabora-
Ha mo npeptoxenuio A. JI. Tpun6nara uw npepycMarTpuBaet
HcnoJb3opanue B Kayectse MO opraHa akTWBHOH MOLIHOCTH
(nepBOHAUAJBLHO) HJIH OpraHa aKTHBHOIQ CONPOTHBJICHUA (mos-
JKe), pearupyollero Ha akTHBHY O 4acTb TOKA, NPONOPLHOHA/b-
HOT'O U€pEeXOIHOMY CONPOTHBJIEHHIO B MECTe MOBPEXK/IEHHUA. Has
YMeHbUIEHHS! BJAHSHHS €MKOCTH PasAeuTEe]bHOrO KOHAEHCATO-
pa Ha paGoOTy cXeMBl OH BKJIOYaeTcsi NMOC/AeNOBATENIBHO € APOC-
ceqeM, 06pa3ysl pe30HAHCHBIA KOHTYp Ha NPHHATOH HacTore
25 ', (cm., nanpumep, [10]). K negocrarky cxeMpl CIeAyeT OT-
HECTH HHU3KYI0 YYBCTBHTEJbHOCTb, YMEHbUIAIOUIYIOCH C YBEJH-
YenyeM eMKOCTH HenH BO30YX/AeHHusd.

YuuTHIBasi 5T0, pasHble OPraHU3allMH NPONONKAIH PaGOTH
N0 cosaaHuio Gojee coBeplieHHbXx ycrpoiicrs. Tak, Hanpumep,
Bo BHMMA (I0. I'. Hasapos, M. A. ®ejocees u ap.) Gblia
paspaGoraHa 3amura (HCCAeAOBaHHS OBIIM  TPOLOJIKEHH
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M. A. ®egoceeBniM B B3IIH), ocHoBanHaa Ha HaJOXEHHH Ha
uens BO3OYXKJAEHHs! NePeMeHHOT0 HaNpsKeHHs OT MOCTOPOHHe-
IO HCTOYHHKA, OCYIIECTBIEHHH KOMIICHCALUY eMKOCTH H CONpO-
THBJIEHHS] H30JSUHH Lend BO3OYXKAEHHS H HCNOJAR30BAHHH MO-
CTOBOH cxeMbl usmepenus (puc. 12.20,6). Kak nokasanu uccie-
JOBaHus, LeJecooOpa3subifi AHANA30H YACTOTH HAJOXKEHHOTO
HanpsxkeHuss Aas typboreneparopoB 12—18 I'm [82]. Oxuum
IJIeYOM MOCTOBO¥ cXeMHl fiBJjsAercsd o6MOTKa Bo36yxueHus OB
H HHAYKTHBHO-€MKOCTHBIH (DHJIBTD mpHCOeJHHEHHS I, [PYTUM —
Takoll Xe QUAbTD I, 6JIOK KOMIEHCAIUU eMKOCTH 2 U COIpO-
THBJICHUS! M30JALMH 3 IenH BO3OYXKIAEHHSA, ABa JpPyTHX IJje-
4a — OJHHaKOBhle pe3HCTOPH 4. B 0JHy M3 AnaroHajefl BKJIIO-
4yaeTCsl HCTOUHHK HaJIOXKCHHOro HalpsXKeHHA J, B APYrylo —
H3MepuTeasHHEH 6,10k 6. IIpyn BO3HUKHOBEHHH HAPYIUEHHS H30-
JALHA MOCT OKaswmiBaercs pasbagnaucupoBanubiM u MO cpaba-
ThiBaeT. IlpefycMOTpeHa BO3MOXKHOCTh aBTOMATHUYECKOLO H3-
MeHCHHS €MKOCTH KOMIIeHCAIHH NpH NepPeBOje MallHHE, Ha-
npuMep, Ha pe3ePBHYI0 CHCTeMy BO3GYKIeHHS, a TaKxe
BO3MOXKHOCTb 3aMepPa CONPOTHBJICHHS M30JSIUU LelH BO36YK-
Jenud. Vcnpitanns moxasasd, 4TO BJIMSIHHE DEANbHO BO3MOXK-
HOTO B 3KCIIyaTallid M3MeHeHHS eMKOCTH LEIH BO36YXKIeHHS
Ha M3MeHeHHe YCTaBKH 3alllUThl HecylleCcTBeHHO. UyBCTBHTER-
HOCTb YCTPOHCTBA, HMEIOLEro ABe CTYNleHH, 3HAYHTEJhHO Bhl-
e PacCMOTPEHHOrO paHee.

Ha 6a3e srofi paGorst BHUUWP cosgaka samura aas npo-
MBIILJIEHHOT'O OCBOEHHS,

B JIIIM (B. K. Bauur u gp.) pa3paboTaHo ycTpOHCTBO CO
CBO€OOPa3HBIM HaJIOXKeHHEM Ha OOMOTKY BO3OYXAeHus mepe-
MEHHOTO HalpsXKeHHS C NPAMOYroabHO# (POPMOH HMIYJbCOB.
JLOCTOHHCTBOM CXeMH sIBJASE€TCS HE3aBHCHMOCTh OT €MKOCTH
Ieny Ha semJio [57].

Bo BHHH>® (C. A. EpfokumoB) npefmoxen cnocob [57],
B KOTOPOM HCIIOJIb3yeTcsl HaslOXeHHe Ha 3aliHilaeMylo Lelb
NEePHOAHYECKH BO3DaCTaiouiero mo KakoMy-JHO60 3aKOHY Ha-
npsxKeHHss HU3KOH uacToThl. Ha pabory 3amuTel Takxke He
BJIHSIET €EMKOCTh LeNH BO3OYXK/ACHUS.

3amuta oT 3aMblKaHUii BO BTOPOi TOUKe 0GMOTKH BO36YXK-
Aenns. 3amura Guia pa3paGoraHa H HCCAeNOBaHa elile B 30-e
rogbl. OHa BBINOJIHSETCS B BHAE KOMILIEKTa, B KOTOPHH BXO-
HAAT JenuTe]b Hanpsikenus (NOTEHIHOMETP), OPral TOKa,
OJHH H3 KOHIIOB OOMOTKH KOTODOIO CO€AHHEH C JABHXKOM IO-
TEHILHOMETPE, H HEKOTOphie djeMeHTH (pHC. 12.21,a). Ilpen-
YyCMaTDPHBAETCS OfIMH KOMILJIEKT, OGIHui /151 BCeX WJIM TPYIIH
reHepaTopoB ctaHuuH. OH BPYUHYIO NPHCOEJMHSIETCS K reHe-
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. Pac. 12.21. 3amuTa oT 3aMBiKaHMA Ha 3e¢MJIO BO BTOPOA TOUKE liend BO3-

OyxeHus:
a -- BPUENHER paGoThl; 6 — CXeMa BHINOJHEHHS

patopy, B ueny BO3OYyXKAEHHS KOTOPOIO BOSHHKJIO 3aMbiKaHHe
Ha 3eMJI0 B OAHOH Touke (Hanpumep, K; a puc. 12.21,4a), ec-
JH NOBPeXJeHHbH IeHepaToOp OCTaBJSAETCS HAa HEKOTOpOe Bpe-
MA B pabore. IToreHuoMerp BK/II0YaeTcs napaJieabHo 06MOT-
Ke BO30YyxKJeHHdA, a BTOpo#i Komel ob6morkH MO coepunsercs
yepe3 Hak/JaAKy (He NOKa3aHa) H CMelHalbHYIO IIETKY C 3a-
3eMJieHHBIM BaJoM poropa. Ilpu stoM mogyuwaercs cxema de-
THIpEXIJIeYeBOr0 MocTa, o6pasyemoro uactaMu R, u R 06-

MOTKH BO36yxaenust (10 touku Ki) ¥ R’ u R” noreHuuomerpa
(no mBuxka), ¢ IO B ero guaronanau. IIpH ycTaHoBKe IBHXKK2,
KOHTPOJIHPYEMOH BOJBTMETPOM, B IOJI0KeHHe paBHOBECHs
Mocra R, R”"=R R’ u nocrosuumfi Tok B MO pasen uy.io.
[Tocse 3Toro 3aiura BBOAUTCA B paGoTy YKa3aHHOH Bhlllle Ha-
Kjaankoi. Heo6xo1HMOCTh HeNOCPenCTBEHHOTO COEJHHEHHS 3a-
LWIMTH C BaJOM, a He ¢ 3a3eMJSIOUIM KOHTYPOM CTaHIHH TIpe-
OTBpamaer UUPKYAAnHIO yepe3 MO mapas3uTHHIX TOKOB, HaJH-
uge Kotophix Opio B 30-e roxnl  BHsBIeHO B Mocsnepro
(TI. T. Tpyaunckum). [Tpyn BO3HHKHOBEHHH BTOPOIO 3aMBIKAHHS

27—855 417



(8 Touke K3>) uactb OGMOTKH BO36YKIeHHS 3aKOpauuBaeTcs,
paBHOBecHe MOCTa HapylaeTcst M 3allHTa cpaGaTbiBAeT, ec/H
ip>ic,p.

3a cuer HepaBHOMEPHOCTH BO3AYLIHOTO 3a30pa B MALIHHe
MarHHTHBIH HOTOK, C KOTOPHIM CHENJISIIOTCS YacTH O6MOTKH BO3-
OyxJeHHsl, pasaeneHHble TOYKol Kj, mysbcupyer. Ilpu stoM
depe3s O MoxeT MpOXOAHTh HepeMeHHBL TOK. st HpejoT-
BpalleHHs n0xkHoro cpabarnBanus MO mox Bo3neficTBuEM 5TO-
FO TOKAa NPHHUMAETCS DS Mep: IOCJe0BaTeJbHO C ero 06-
MOTKOH BKJIIOYaeTCst APOCCeab, a HapaselbHo — KOHAEHCa-
10p (pHuc. 12.21,6). IlpenycmatpuBalorcst u IPyTHe MepOIpH-
ATHST 1/ TOBHIWEHHS! 9G(GEKTUBHOCTH JAeHCTBHS yCTPOHCTBA.
Tak, nanpumep, 3amura cuabxaetcst HeGOJbIION BH 1€ pXKKOil
BpEMEHH 1/ NMPEAOTBPAlleHUs] CaydaHHBIX cpabaThbiBaHME.

3amura o6/nagaer psajgoOM HeLOCTATKOB: HMeeT MEPTBYIO 30-
Hy, crpemsinyiocst K 100 % BHTKOB 06MOTKH BO30yKIeHHus, ec-
au K; pacmonoxeHo y moaoca M JBHXOK paclioJaraercs
BOJIM3H HEro; ee HEBO3MOMKHO HCIONb30BATh NPH MalIHHHOM
BO30YXKJeHHH, TaK KaK OPH BO3HHKHOBeHHH K| B HenH BO30YyXK-
AeHHs1 BO3OYXHTENsl OHA MOrjia Gbl JIOXKHO cpaGaTHBaTh HpH
H3MeHEHHH CONPOTHBJIEHHS! DETyJHPOBOYHOIO peocTaTa; ee
TPyAHO (HAOpUMep, HAa THAPOreHEPaTOpPax) OTCTPOMTH OT Iie-
pemenHnoro toka B uenu MO. Jlyumux uenosuenusi wer. ITosto-
My 3allluTa HCNOJIb3YETCsl TONbBKO Ha HEKOTOPHIX THIIAX reHe-
paTopoB, KOTOpBIe OCTABJASAIOTCS HA HEKOTOPoe BpeMsi B paGore
¢ HaMM4YHeM 3aMBbIKaHMs B ONHOH TOYKe Lielu BO3GyKAeHHUS,

12.15. TOKOBbIE 3ALLUTLI OT HECUMMETPUYHBIX CBEPXTOKOB

CrpykrypHas coBMeleHHAs cXeMa KOMILJIEKCHOH 3allMThl
AJIsl T€HEPATOPOB C HENOCPEACTBEHHBIM OXJaXKAEHHeM Hpo-
BOJHHKOB 0OMOTOK NpuBeneHa Ha puc. 12.22. Kak 6b1i0 060c-
HOBAHO BbIlIE, BO3AEHCTBYIOILHMY BeNIHUHHAMH JJs1 Hee HOJK-
Hbl fBJATBCST TOKM OGpaTHOH mnociefoBatebHocTH [p. QM
NONy4aloTest OT GHJIbTPa TOKOB /5, BKIOYaeMoro Ha TA, yera-
Hap/nBaeMble Ha BBRIBOJAX (a3 cTatopHoil 0OOMOTKH K HeHTpa-
JiH. 310 06ecrmeyHBaeT WCHO/b30BAHHE 3ALLHTHL /IS pesepBHU-
POBaHus 3alHT OT BHyTpeHHHX K3 B reneparope.

[lepsuiif opran Toka KAI, mpeicraBisiownii. Kak 6o |
CTyNIeHb 3ALUMTHI, NIpeJHA3HAYeH AJS AefCTBHS HA CHrHAJ NpH
11e60/1bIHX [, COOTBETCTBYIOLIHX NJHTEJbHBIM 'I,, cocraBas-
0WHuM 1puMepHO 0,07/som,r 40151 CTApHX HCHONHEHHH Typ6ore-
HepaTopoB u 0,08 aJist HOBBIX, a /IS THAPOTEHEPATOPOB B 3aBHU-
CHMOCTH OT HX MowHOCTH — 0,1; 0,15 win 0,2/uom . Buigepxk-
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ka BpeMeHH BhIOHpaeTcss GOJblIEH MaKCHMAJbHBIX BhIJEPKEK
ppeMerH 3aulUT ot K3 B cucreme. IlepBuuHEii TOK cpaGaThl-
BaHHsi OPTaHa J0JKeH OTCTPAHBATLCA OT COBOKYNHOTO BO3eH-
ctBHA [no M > B MAKCHMaJIbHBIX PaGoYHX PeXHMAxX ¢ y4eToM
cBoero Rs. TOK [, B yKa3aHHHIX peXHMax OGBLIUHO GJH30K K
HyJlIO, O3TOMY IEPBHYHBIH ToK cpabatniBanust I ctynenu [,
NPHHHMAETCS COOTBETCTBYIOLIUM JUIMTEIbHO AOMYCTHMOMY [o.
Bropoil opran toka KAZ2 npennasuaven pjs 3anycka 11 CTY-
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Puc. 12.22. Cosmemennas CTPYKTypHas CxeMa 3allUTH TeHepaTtopa oT
CBEPXTOKOB 06paTHON moc/ef0BaTe bHOCTH

NleHd 3amurh, paboTalomel ¢ 3aBHCHMOMN XapaKTepHUCTHKOMH
BBIICpxKKY BpeMeHu t!'=f(/;), oTcTpauBaemoii no BpeMenu or
: ;

UePperpy3oyHod XapaKTEPHCTHKH 110 TOKy Is, ollpefeaseMol
(12.1). Takum o6pasom, M=korA/I2, Tae kore<<]1. IlepBuy-

HBI TOK cpaGaThiBaHust KA2 Il BhiGupaercs HeckoJibKO
Gonbiunm 1, . Tpetbs CTyHeHb 3alMMTH OCYmIECTBASETCS op-

FdHom Toka KA3 u opraHom BEIepKKHu Bpemenu K73. Ee oc-
HOBHBIM HasHaYeHHEM SABJSCTCS pearHpoBaHWe HA BHEIUHHE
Hecummerpuynble K3, He OTK/I0YEHHBle 3aIUTaMH ApeaBIay-
IIMX MOBpeXJEHHBIX 3JEeMEeHTOB (HanmpuMep, NOBBIIAOMIAX
TpancpopmMaTopos, MuHuH U T.11.). BriGop Toka cpabarnBaHus

C YY€TOM BCeX YCJOBHH sABJASIeTCS AOCTATOUHO CJOMKHBIM
(em., Hanmpumep, [10]). Tlpu BHGope yuurhiBaeTcs Heo0Xoau-
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MOCTb COIVIACOBAHHS NG YYBCTBMTEJABHOCTH C 3aliHTaMH Ipe-
ABIAYILHX 3JEMEHTOB, HHOrJla Peardpyiollux Ha ApyrHe BO3-
JefCTBYOLLHEe BEJIHYHHbBI; YACTHUHO II03TOMY Ha MNOBBIIIAKOMIHX
TpaHc(hopMaTopax TaKxKe IPelyCMAaTpHBAIOTCS TOKOBHIE 3a-
WHTH 06paTHOI NocjenoBaTeqbHOCTH, noaobHsle 11T crynern
3amuTH resepartopa (cM. ri. 13). C yyeToM MHOTHX pacueTos,
nposefennbix B CP3uY TII1 u B sKCIIyaTaudy, npeacTaBis-
ercsi OGHIUHO BO3MOXKHBIM 0e3 clelHaJbHBIX PacyeTOB IPHHH-
mats 1111>0,5-+0,6/uomr Boinepxra spemenn 111 crynens,
ocyllecTB/IAeMas OpraHoM BbaepxkkH Bpemenn KT3, BHOHpA-
eTCH 1O W3BECTHOMY CTYNeHYaToMy NpHHHMOY (cM. rL 5).
Yacro y 3TOTO OpraHa HMEITCA JB€ BHIIEPKKH BPEMEHH.
C nepBoii 3amHra feHcTBYeT HA OTKJIOUEHHE, HANpHMED, CeK-
HHOHHBIX BBIKJIOYaTesell [IHH, cO BTOPOH, Ha cTyneub Af 60Jb-
wefl, — Ha OTKJKOueHHe reHeparopa. Hacro pjs GJOYHBIX re-
HepaTopoB B 3alUUTy BXOAHMT elle oina, IV crymess, npeasa-
3HaueHHas B KauecTBe Pe3epBHON pearHpoBaTh HAa ocobo omac-
uste K2 B craTtopHoii o6MoTke reseparopa. [lapamerp cpaba-
THBaHHA ee oprana toka KA4 BnibHpaercs Tak, qTo6Bl  3TA
cTyneHb pabotana ¢ KO3()(GHIHEHTOM YyBCTBHT@JIbHOCTH ky=
~1,2 npu K® na BbiBogax resepatopa. Ee nepBHUHHIH TOK
cpaGaTHBAHHA BHIYHCASAETCA 110 BBIPAXKEHHIO IV =1,X
* *

X Tyomelka, Ta€ To2 1/(X -+ Xo). BEiaepXKKa BpeMeHH MNPHHH-
*
Maercd Ha CTyleHb GoJibllieH BblAepKeK BpeMEHH felcTpOAEH-

crByromux 3awur or K3 kak camoro reseparopa, Tak H IH-

TaeMHX HM 3JEMEeHTOB, T.e. npumepto 0,3—0,4 c.

B cayyasnx, KOTfa COrJacOBaHHE N0 BPEMEHH HJH UYBCTBH-
teapsocTd 111 1 IV crynene#t ¢ pe3epBHBIMH 3alIUTAMH CMEX-
HBIX 3J€MEHTOB, OCOGEHHO MOUIHBIX 6JOUHBIX CTAHUHH, 3aTPYA-
HHTEJbHO, BO3MOXKHO NPHMEHEHHE CNelHaJbHbIX peuIeHnH, Ha-
NpHMep YCTAHOBKA JONOJHHTENbHBIX OBICTPOAEHCTBYIOMHX
pe3epBHHIX 3alUT HA IIMHAX H OTXOAANIHX OT HHX CMEXHBIX
IpHCOeHHEHHSX.

Oprassl Toka 1l cTyneHs ¢ 3aBHCHMOH XapakKTepHCTHKOM
BHIEPXKKH BpeMenu paspaGareiBanuch kak B Coserckom Co-
103¢, Tak # 3a pybexoM. Haunyuiine X BapHauThl ObLIH Bbl-
nostensl Bo BHUHMD (M. A. ®enoceeB u ap.) ¢ HCNoJb30Ba-
HHEM [OJYIPOBOAHHUKOB H MArHHTHHIX 3JIEMEHTOB C HPAMO-
YroJIbHOf XapaKTepHCTHKoW HaMarnuuuBanus [84] n so BHUHP
(/1. A. Hagenb # 1p.) — Ha NOJyNpoBoAHHKax. B mocienneM
BapuaHTe Ha OCHOBe cnoco6a MOJydYeHHs 3aBHCHMOCTH (12.1),
paspaGorantoro BHHUH3 {76}, BMecTO $YyHKIUHOHAIBHBIX TIpE-
oGpasoBareselt ¥ HHTErPaToOpPOB HMITYJbCOB, BBHINOJHEHHBIX HA
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epDOMATHHTHBIX 3JEMeHTaX, NPHMEHEHbH eMKOCTHEHIE. Ilo-
cnensis paspaGoTKa GbliA NMOJOKEHA B OCHOBY 3QlHTH, BH-
nyckaBLIeiicss TPOMBIIIIEHHOCTBIO. [Ipu BHIONIHEHHH OpraHa
npHGAHIKEHHO YUHTHBAJIOCH, 4TO CBEPXTOKH MOTYT NOSIBJAATLCA
npy He YCTEBLUeM ellie J0CTAaTOYHO OCTHITH poTOpe MAIIHHbI
oT NpEIbLAYLIEro HECHMMETPHUHOTO PeXHMa; N0 HEKOTOPHIM
JaHHBIM (cM., Hampumep, [65]) BpeMs NOJIHOrG OXJaXKACHHA
moxer pocrurats 200 c. IIpepxycMorpeno neficTBue opraHa c
3aBHCHMOIl XapaKTepHCTHKOH HA OTKJIOUEHHe € JBYMs BBIAED-
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Puc. 12.23. PesyabTHpyiollasi BPeMA-TOKOBad XapaKTepHCTHKA 3aMUTH OT
CBEPXTOKOB O6paTHOﬁ nocJae10BaTEJNbHOCTH

®kaMy Bpemenu (xak y III crynenu). B Hacroamee BpeMs s
samutel BHUHP uenoabayercs HOBas 3J€MEHTHAA MHKPO-
3JieKTpoHHasA 6asa.

B pesy/ibrare paccMOTPeHHBIH KOMILIEKT 3alUMTHl iMeet
Pe3yAbTHPYIOLIYI0 BPeMsA-TOKOBYIO XaPAKTEPHCTHKY, HoKasad-
Hy1o Ha puc. 12.23. IIpn mosyyeHnH cHrHaJO0B 0 cpaGaThlBAHHH
TObKO | CTynmeHu oGCay:KUBAIOLMil NMepconan OGbYHO HMEeT
JOCTATOYHOE BpeMs AJs Pasrpy3KH HJH B KpaiiHeM cjaydae
OTK.JIIOYeHHd MaullgHbl, Tak, HalnpudMep, [Aaxe IpH A=6 =u
123 =0,1/powy NOJYYaeM BpEMsi 1Js NPOBEJeHHs oNepalui
tk.4/{§=6/(0,1)2=600 ¢ (10 muu)., PaccMoTpenHoe BHINOJ-

HelHde 3alHTH OKAa3blBAETCA JOCTATOYHO CJOXKHBIM. HOSTOMy
421
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Ha NpaKTHKE 115 TeHeparopoB CpejHeill MOIIHOCTH TpHMEHA-
JIMCb MHOTrOCTyNeHdaThle TOKOBble 3allMTH ¢ TOKaMH cpaba-
THIBAHHA M BBblAEPXKKAMH BPeMEHHU CTyleHel, 3aMeHSIOUHX 34-
BHCHMYIO XapaKTepPHCTUKY, BolOUpaeMEIMU Tak, UTOOH Ha Aw06oM
ydYacTKe IOJydaloUlMecss BHIAEPXKKH BPEMEHH He NPEeBOCXOAH-
JY AONYCTHMble 3HAuyeHHd, T.e. CTyneHUaTas XapaKTepPHCTHKA
BIMCHIBaNach B PaccMOTPEHHYHO BHIIe 3aBHCHMYIO XapakTe-
PHCTHKY BLIJepKKH BpeMeHH. BuiGop napamerpoB cpabathiBa-
HHs 1/ BapHaHTa 3alluThl f1aH B [63].

Bousee npocroil BapuaHT cTyneHYaTol 3alMThl, 44CTO NPH-
MeHsieMbH /i reHepaTopoB ¢ KOCBEHHBIM OXJIamAeHHEM,
OCylIecTBJSIETCS ¢ UCNOoJdb30BaHHeM 1 crymedu, paboraoue
Ha curnars c BhepKKOH Bpemenn, H Il cTymeHu ¢ Bnlaepk-
KOH BpeMEHH, NpelHa3HayeHHOH AJ JIMKBHAAUWH BHEIIHHX
Hecummerpuunbix K3. Ecau npunsrsl I =0,5/uom, r, TO TO-
JyyaeM BpeMs mocsae cpabatbiBaHusi | CTYneHH, KOTOpoe
MOXKHO HCHOJb3OBATh JJS1 Pas3rpy3KH MaIlUHHI, HATPHMeED B
ciysae A =30 u I = 0,07/uomr t =30/ (0,5)2—1{ = 120—

I
tc,a'

12.16. 3ALLUUTBI OT CUMMETPHUYHBIX CBEPXTOKOB

JAst 3a1MTH OT CUMMETPHUYHBIX Teperpy3oK CTaTOpHOH
06MOTKY TeHepaTopoB OrpaHHYUBalOTCH OFAHO(A3HOH TOKOBOH
3amuTodi, feficrByromeli Ha curHasd. Ee mepBuuHHE TOK cpa-
GaTelBaHUs ONpELENsieTcsl N0 BbipakeHHIO J¢c 3= Rorclwom /ks. Co-
BpEeMEHHBIE TOKOBLIE pejie MOTYT BHIIOJHATLCH C O4YeHb BHICO-
KUM Rs=0,99. B srom cayuae yapaercst HMeTb ¢z = [uom,c. BbI-
Jep¥Ka BpeMeHH, Tak K€ KaK H y CHTHaJbHOTO OPraHa 3allHT
o6paTHOl MoC/Ae0BaTENbHOCTH, NpUHHMaeTcst OoJiblled Mak-
CHMAJbHHIX BHJepxeK BpeMenu samur or K3 B cucreme.

3amursl or BHewlHMX K®) BHINONHAIOTCA OLHO(A3HBIMU
TOKOBBIMH C JIONOJHHTENbHBIM HYCKOM OT MHHHMAaJbHOIO Op-
rasa HanpsiKeHHs, BKIouaeMoro uepe3 TV Ha ofHO M3 Mexk-
nydasHblX HamPspKEHUl CO CTOPOHBI BLIBOJOB TeHepaTopa
(puc. 12.24). Hanuuue opraHa HampsKeHHA JdeT BO3MOX-
HOCTb OTCTpauBarth OpraH TOKAa TOJABKO OT [nowr, @ HE OT
Ipa6max, KOTOPHE KPaTKOBPEMEHHO MOTYT [AOCTHraTh 2-+
2,5/4om,r; MPH OTCYTCTBHH .OPraHa HaNPSKEHHA 3allura moJy-
yajnac, 66 HempHeMJeMo MaJo uyscrBurenbHoll. Tok cpaba-
THBAHUSA 3aMHTH [c3=Rorcluomr/ks. Hanpsixxenue cpabaruiba-
Hust U, BuGUpaercs ¢ yueToM JABYX YCJAOBHH:

1) o6ecneyennsi Bo3BpaTa HOCJHe OTK/IOUEHHS BHEUIHEro
K3, korna meo6xogumo umeTb Usa<Upasmin/ (Rorcksksv), Ta€
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u ksy OOJibllle €QHHHLBI, TPHYEM ksy yUATBIBAET MOHH-

koTC’ k“ - )
a cyer caMosanycka ABUrate/]eH norpe

seHue HaNpsKeHus 3
ouTes;

9) OTCTPOHKHM OT NOHHXKEHHS HaNpsKeHus, HaOpuMep OpH
norepe BO3OYxeHus. Bropoe ycioBue sBJIACTCI pacueTHBIM
a5t TypOOreHeparopos, KOTOpble NmpH MHOTEpe BOSéyXiHe}éﬂ.ﬂ
MOTYT OBICTPO  He OTK/IIOUaTbCA. ITpu stoM Ucs =00+
0,6 Usom,r. i}

Jinst GJIOUKBIX TeHepaTopos, a B 3apy0OexHON npaxmxe(g
A5 reHepaTopos, paGoTaloMX Ha MIHHbL, OT BHEMIHHX K

a
/7 4PHUPL v Ha
oM OIMANOHOHUE

Y tr

|
e CAED || pa |G

H] .
’ [0 S M

Puc. 12.25. CoMelleHHaA cCXeMa 3a-
LWHTHL ¢ OpPraHoM COMPOTHBACHHA OT
CHMMeTPHUHbIX cBEpXTOKOB K3

I

Puc. 12.24. CopMmelleHHast CXe-
Ma TOKOBOfl 3alUTH C MHHUMAJb-
HBIM TYCKOM HampsiKeHHs OT
CHMMeTpHUHHIX cBepxTOKOB K3

HCNOJb3yeTCs ORHOCTYNeH aTast AMCTaHLHOHHAA 3aLIATA, BKJIO-
yaeMas Ha PA3HOCTb TOKOB ABYX (a3 cO CTOPOHBI BLIBOLOB K
HEHTpaJH M COOTBETCTBYIOIEE HM Mexay(a3Hoe HalpsKeHue
na pmiBoaax (puc.12.25). CospemenHas >JeMEHTHAsA 6aza ja-
eT BO3MOMKHOCTb BBHIIOJHATL TAKYIO 3alLHUTY A0CTaTOYHO KOM-
HaKTHOH, a N0 UyBCTBUTEJbHOCTH Jyyllied, yeM paccMOTpeHHas
BHIIE TOKOBAS 3alllUTa C AONOJHHTEJbHBIM HYCKOM IO Hampi-
JKeHuo. XapaKTepUCTHKH cpabaThiBaHHs BLIGupaloTCs ¢ yue-
TOM Tex ke cooGpakeHuH, YTO H XapaKTepHUCTHKH MOCICAHUX
(I11) crynmeHeit AMCTaHUHMOHHBIX 3AMHT (cm. . 6). B yacrHO-

CTH, conpoTHBieHUe cpafaThiBaHHA 3ALUHTH C pene,HMe}%muM
AKEHHIO Zc 3=

KPYroByl0 XapaKTepHCTHKY, OIpeAeIACTCs HO BB ,

! [65 u 66]). 3a-

= Zu[ korcks cOS (Qpmax—n) ] (cM., HAIpHMED,
LT, KaK H PACCMOTPEHHas Bhillle TOKOBAs, 4aCTO BLIIOJH-

€TCs ¢ ABYMS BBHAEPKKAMH BpEeMEHH nof006HO 3aluTaM OT He-
CHMMeTPHUHBIX cBepPXTOKOB. [l/Ist Hee He Tpebyercs GJIOKHPOB-
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Ka oT Kauanuil. IlpeqoTBpaliiense J0XKHBX cpabaThiBaHHHA 1py
HapylleHHH llenel HalPSXKeHUA OCYIIeCTB/seTcH IO YIpPOLIeH-
HOH cXeMe -— 3aBefleHHeM lelld ONEepaTHBHOI'O TOKa uepe3
BCAOMOT'aTeJTbHEle KOHTAaKThl aBTOMATHUECKHX BHIKJIOYaTeJdel
samumaomux TV or K3.

>

12.17. 3ALUMTBI OT MEPErPY30OK, OCYLLECTBNSEMBIE B LEMH
BO3BYHAEHUA

Ha typGorenepaTopax ¢ HENOCPEACTBEHHBIM OXJIAXKACHH-
eM IPOBOAHHKOB 0OMOTOK H MOIIHBIX THAPOTreHepaTopax ycra-
HaBJIHBAIOTCSl IOCTATOYHO COBepLIEHHHE 3aLIHTHI OT Ieperpy-

30K, pearupymouiHe Ha TOK B OOMOTKe Bo30yxaeHus. OHnu -

HMEKT Oopras, AeHCTBYIOIIUH Ha CHTHAJ ¢ BBIAEPXKKOH BpeMe-

HH IIPH MaJiblX Ileperpy3xax, H HeCKo/ibKo Oosee rpyObiit myc-

KOBOH opraH, NpejHasHaYeHHBIH JJs 3allyCKa OpraHa ¢ 3aBH-

CHMO# XapaKTepHCTUKOH BBIAEP:KKH BpeMEHH, oIpejnessieMOi

cooTHOIeHHEeM { =FkorcA/[R(Ipor—B) "], The Rorc<1. B pesyip-
*

TaTe TO NPHHUMOY AeHCTBHA NoJyuyaeTcs 3aliuTa, nopobHas
paccMOTpeHHOH Bhllle 3aliliTe OT cBepxTokoB [;. OHa paspa-
6orana BHUUP (JI. A. Hapesem u zap.). YcraBka CHrHaJb-
Horo opraHa cootBercTByeT 1,05 /pornom, @ OpraHa, 3amyckato-
11ero OpraH ¢ 3aBHCHMOH XapaKTepPHCTHKOH, — IPHOJU3HTENDb-
HO 1,1/por,uom. TOK OOMOTKH BO36YIKAEHUS NORAETCH B 3alHTY
OT JaT4yHKa, B KauecTBe KOTOPOTO IPH THPHCTODHOM M BHICO-
KOYaCTOTHOM BO30YXKIeHHH HCHOJb3yeTcs TpaHchopMarop
IOCTOSIHHOTO TOKa, a IpH OeclleTOYHOM BO30YXKAEHHH — HH-
NYKIHOHHOE YCTPOHCTBO, NpeAcTaBsomee «0eqndblo KIeTKy»,
OXBAThIBAIOILYIO BajJ POTOpPA, BHYTPH KOTOPOr'O NPOXOAAT HpO-
BOXa OT B030yauTens K 0oOMOTKe poTopa. B 3aliute InpeAy-
cCMaTpHBaeTCcsl TaKxe ydeT BO3HHKHOBeHHS Ileperpy3kH HpH
He YcCleBliieM OCTHITh poTope. 3alliiTa LOCTATOYHO CJIOXKHA.
ITosToMy Ha npakTHKe [Jjif MeHee MOLIHBEIX Typ6o- H THMApO-
reHepaTopoOB IpHMeHsieTcsl YNpolueHHas 3awura. Ona BH-
NOAHSIETCS NpPH NoMolly oprana Hanpsixkenus KV, Bkito-
YaeMoro napaJiedbHo 0OMOTKe poropa, BO3JeHCTBylOLlas Be-
JHUHHA KOTOPOTO nPOMNOPLUHOHANBHA [por. OOBIUHO NpHHHMA-
0T Ucsx 1,5lpormonRpor, ThE Rpor — CONPOTHB/IEHHE O0OGMOT-
KH pOTOpa B TrOpsAYeM COCTOAHHH NpH MaKCHMaJbHO
IAHUTENbHO AONyCTHMOE TeMmnepatype. C yueToM TOro, 4TO
npH  GopcHpoBKe BO30YXKAEHHS [pormaxr MOMKET [JOCTHTaTh

Ipor,uow U UTO BpeMsi cpaGaThiBaHUA 3aWHTHl He AOJIKHO
NPEBOCXOANTL fpon, HOJMYUAlOTCS BpeMeHa cpalaThHiBaHHA 3a-
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[HTE TPHMEPHO 20—30 c¢. O6e 3alIHTH ¢ MeHBbUIUM BpeMe-
peM AeHCTBYIOT Ha pasBosOyxaeHHe, ¢ GObIIHM — HA OTKJIK-

yeHHe.

12.18. 3ALLIMTA OT NOTEPH BO3BYHOEHUA

Hccaenopans, nposefieHHble B COMW0O3TEX3HEPro H Ha
snekTpoguHamuueckoii Momenn BHHHD (A. T. Ieiixman,
3. J1. bponmwreiin, 10. SI. Tpasuna u np.), B CubHpckoM HUU
sHepreTHKH (B. 3. Tamm, B. ®. Touniues), B Komu duiuaie
AH CCCP (B. A. Toay6orko), B JIIIK (I. M. ITaBnos,
B. K. Bauun H ap.) 4 psife APYyTHX OpraHH3aUui, JaI0T OCHO-
paHHe NOJaraTh, YTO OAHHM H3 Haun0ojiee NpHEMJIEMBIX CIO-
coG0B AAS BHIIBAEHUST IOTepH BO3OYXKIEHHs SIBJSETCS HC-
[0Jb30BAHHE MHHUMaJ/bHEIX OPTaHOB COIPOTHBJIEHHS (CM.
ra. 6). Tenepartop, moTepsBuInil BO30yxieHue, NIpeiCTaBs-
eT KaK Obl HHAYKTHBHOCTb, 3aBHCSILLYIO OT CKOJIbXKEHHSI pOTO-
pa §; Tnoc/iefHee MOXET H3MEHsTbCS B Npefienax HECKOJIbKHX
npoLeHTOB pafodeil uacToThl, HO BCeria Menbme 10 %, mpu
KOTOpbIX cpaaThiBaeT aBTOMAT G€30IACHOCTH TYPOHHBL I[To
naHHbM  Co3Tex3Hepro H 3apyOexKHBIM HMCTOYHHKAM  HJifl
TypGOTeHepaToOPOB NpPH peaibHBIX CKOJbXKEHHAX H aKTHBHOH
HArpy3ke COIpPOTHBJIEHHE Ha BBIBOJaX FeHepaTOpPOB pacnona-
raeTcsl B PagJiMMHBIX TOUKaX AYrH OKPYMKHOCTH, OIHpalOlIeH-
csi Ha TOUKH X4 M X; H Pacno/iOXeHHOH B 4eTBePTOM KBaJpaH-
Te KOMILJIEKCHO! IIJIOCKOCTH cONpoTHBJeHHH (puc. 12.26). lpu
HOpMaJibHOH pafoTe reHeparopa ¢ aKTHBHO-HHAYKTHBHOA Ha-
rpysko#t n BHemuux K3 compoTuBieHHe Ha BHBOAAX reHepa-
TOpa OGHIYHO pacrosiaraercsl B N€PBOM KBaJipaHTe TOH XKe
miaockocTH. Takum oOpasoM, paccMaTpHBaeMbHl NIPHHUHI MO-
®eT 6a3HpOBaThCsl HA pasiuuuu obJacrefl pacnonokeHHs Zs
Ha 3a)KHMax TeHepaTopa IPH HOPMaJsbHOH paboTe M BHEIIHHX
K3 u B cayuae norepn Bo306yxaenus. [Ipn mnpakTHYecKOH
peajM3anmMy TaKOTO NpHHUHIIA BO3HUKaeT, OAHAKO, pAA 3a-
TpyaHeHHi. K HUM B NepBYIO ouepeslb OTHOCATCA CleAylOLHE.
3aura or noTepH BO3OYXKIeHHA He AOIKHA, KaK yXKe OTMe-
Yanochb Bhie, cpafdaThiBaTh IPH IVIYOOKHX KayaHHAX H acHH-
XDOHHOM XOJle, KOTla KOHLB BEeKTOPOB Zs, KaK 3T0 NOAPOGHO
paccMarpuBasioch B IV, 6, CKOJb3s 110 NpPSAMOR (KPHBOH) JH-
HUH HyJeBHIX NOTEHIHMaJOB, MOTYT IoNajaTb B 00JacTe cpa-
GaThiBanusl 3aIIUTH, OTPAaHHYEHHYIO XapaKTePHCTHKOH opra-
Ha COnpoTHBJIEHHA.

Heo6xonumo yuuThlBaTh, YTO COBPEMEHHBIE CHCTeMBl BO3-
OyxpeHHst MOTYyT XapaKTepH30BaThbCs BecbMa Da3HBHIMH Hapy-
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IUeHHSIMH B paGoTe, OApee/AIIUME BO3HHKHOBEHHE NOTEpU
B03GyxaeHHus. TIpn 3TOM KOHUBI Z; MOTYT CYIIECTBEHHO OT-
KJAOHATLCH OT 3HAUECHHH, ONpeledsfieMbIX TOUKAMH KDHBOH Ha
puc. 12.26, nonanas paxe B TPETHA KBaAPaHT KOMIJIEKCHOH
MJI0CKOCTH conpoTuBaenyil, Hannuke oTknonenuit Z, obyc/os-
JHBaeTCS Takxe /s cJyuaeB MHOTONO/IOCHBIX ‘MaUlH HEOAH-
HAKOBOCTBIO HX YACTOTHBIX XapPaKTEPUCTHK IO NPOAOJbHOI

+j.x

IN
x

+R

Z, (rnpu nomepe
B&gsgyxﬁe;mﬂ )

BOIMOKHAA MpAMAA
Hynebozo nomenyu=
ana

Puc. 12.26. ConpoTnsienns, usmepsemsle 3amurofl npn sopMasnbioit pabore
reHepaTopa, BHeWHHX K3, norepe Bo30yxkJeHHS H acHHXPOHHOM XoAc

1 nomepeuHod ocAM. B HekoTOpHIX cilydasix ciaeldyeT TaKxke
YUUTHBATh, YTO Zs; 10 nAaHHHM CoOI03TeX3Hepro MoXKeT CHHU-
KaTbes 10 0,5 X,

Bce 3T0 NPHBOAHT K yCJOXKHEHHIO BbI6Opa HeoOXOMMMBIX
napamerpoB 3alllUThl, Tem 6oJiee 4TO OTJE/bHBIE H3 TMPHBEACH-
HEX (aKTOPOB MPEIbABAAIT K HEH NPOTHBONOJOXKHBIE Tpe-
6oBanusi. Tak, HanmpuMep, AJs Jydlled OTCTPOHKH OT aCHH-
XPOHHOTO XOja, KaK JaBHO OBLIO H3BeCTHO, IenecoolpasHo
cyxaTth 06/1aCTh, OXBATHIBAEMYI0 XaPaKTEPHCTHKOH, U BHINOJ-
HATh 3alUTy ¢ BBIAEPKKOH BpeMeHH, KOTOpas NpH paccmar-
pHBaeMOM INOBpeXAEHHH CYHTAeTCs JAONYyCTHMOH. B Tex xe
IeJsiX OCYULeCTBJASNOCh CMeEIlleHHe XapaKTeDPHCTHK B TpeTHH
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«panpanT. C Jpyrofl cTOPOHEI, A/ 0XBATA BCEX BO3MOMHBIX
7, mph IoTepe BO3BYXKIeHWs o1y 06jacTb Clelyer paciui-

aTh, CMellleHHe B TPeTHH KBaJpaHT COKpaulaTth 10 3Haue-
i, Menblinx 0,5 X}, a BELIepKKY BPeMeHH 3allUThl MO BO3-
MOMKHOCTH yMeHbiath. Ha puc. 12.26 npuBeleHBl mpUMEDHBIE
BO3MOXKHbBIE XapaKTePHCTHKH Zca = [(gp): cooTBeTCTBYIOLLAA
HaTIPaBJEHHOMY pejle CONPOTHBJ/ICHHS (1) u yayumennas (2).
B Ury (2. M. lllueepcoHoM) cleaHO NMPeAIOKEHHE O BKIIO-
yennnt Ha Bhixoje MO compoTHB/IEHHS MapajjesbHO Oprany

Ha omunwqerue
Puc. 12.27. Bapnaur cxe-

Mbi 3aUIHTLL  OT TOTepH Y "
B036VA 1eHHs!,  HCTIO/b3Y-
WM Opray  CONpPOTHB- Eh
neHust ¢ BbIAEPHKKOI Bpe- ﬁ J
MeHH H y
d YempodemBo co
/] 1 CYemyLUnRaM
umnynscol

BBLIEDIKKH BPeMEHH ClEnHaJbHOTO CUETUHKA, KOTOPBIH pert-
ctpupyer (puc. 12.27) moBropsiomHecs BXOXKAeHHs Z; B 06-
nacTp cpabaThlBaHHUs, OTIHYAIOUHECS OT TAKHX Ke BXOMAe-
HHi TIpH ACHHXPOHHOM Xojle MeHbLiMMH BpemeHamu [83]. He-
06X0IUMO, OJHAKO, HMeTh B BHAY, YTO NMEPHOJN ACHHXPOHHOTO
xoaa (mpoBopor Ha 360°) MoxKer COCTaBJATh BCEro OKOJO
0,1c u nostoMy 1edecoo6pa3HOCTh pacCMaTpHBaEeMOTO Mepo-
npHsTHA TpeOyeT yTOYHEHHS.

12.49. CMOCOBbI IALLEHUS MAHUTHOrO NONA TEHEPATOPOB

B npeasiaymux naparpadax AaHHOI IViaBbl HEONHOKDPATHO
YNOMHHAJ0Ch O JEeHCTBHH 3aUIUT, TMpexae BCEro pearupyro-
ILMX HAa BHyTpeHHHe TOBPEXJEHHUs, HA TallleHHe NoJi. HHo-
raa Anf KpaTKOCTH IpH SACHOCTH CHTYauHMH FOBOPHJIOCH IPO-
CTO 0 AefiCTBMM TAaKHX 3allHT Ha OTKIloueHHe. B 3aBHCHMOCTH
OT HCHOJb3yeMOli CHCTeMbl BO3OYKAeHHsI 3TO TalleHHe ocCy-
WecTBaseTcs pasiuunblvy oOpasom. Tak, HamphMep, ralleHHe
nosist TypGoreHepaTopoB IPH 3JMEKTPOMAUIHHHOM HJH BBICOKO-
YaCcTOTHOM BO36y:KAeHHH NPOH3BOASAT C MOMOULLIO aBTOMATOB
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ramenus mnouas (ALII), npu THpHCTOPHOM BO36YXKIEHHH —
IepE€BOIOM THPHCTOPOB B HHBEPTOPHBIA pexuM, npu Geclie-
TOYHOM BO30YXKAEHHH — MEePeBOJOM B HHBEDPTODHHI pexunm
THPHCTOPOB B UenH BO3OyxAeHHsT Bo36yautend. THn cHCTeMb
BO30YXK/I€HHA OKAa3blBaeT TaKXKe NPAMOe HJH KOCBEHHOe Bili-
fIHHE Ha BBINOJHEHHE 3aLMUT TreHepaTopoB. IIpu THPHCTOPHOIK
cucreMe ¢ caMoBO30yXJIeHHEM NDPU OTCYTCTBHH CHElHAaAbHbIX
IOCTEI0BATENbHBIX  TpPeX(asHBIX TPaHCHOPMATOPOB, BKIIO-
4aeMbIX B (hasbl CO CTOPOHBI BBHIBOJOB K HeHTpaJiH reseparo-
pa, tpefyercsi npuUHATHE Mep K OGecledeHHIo PaGOTH 3alLHT
¢ Bblaep:kkaMu Bpemenu npu K3 Ha BeBojax renepatopa

HIH faxe 32 MOBBLILAIONHEM TpaHchopMaTopoM 6/I0Ka, KOTIa .

IHTaHHe 1ened Bo3OyXKJAeHHs Hapymaerca. Pasinume mo-
BpEeXK/JeHHH B Da3HBIX CHCTEMax BO3OYXKIEHHS BJAHSET TaKiKe
Ha 006/1aCTH pacnosioxeHns Z, NpH NOTepsx B030yX 1 eHHs
(cm. § 12.18).

12.20. OCOBEHHOCTU 3ALLMUTHI CUHXPOHHbLIX KOMMEHCATOPOB

3amyura CHHXPOHHBIX KOMIIHCATOPOB OT BHYTPEHHHX MO-
BpeX/eHHA BHINOJNHACTCA TaK e, KAK U TeHepPaTOPOB COOT-
BETCTBYIOINMX MOMIHOCTeH. 3alhTa OT HEHOPMAJBHBIX DeXH-
MOB HMeeT psj OTIHYHA. OHH B OCHOBHOM CBOAATCA K CJAENLy-
IomeMy: o6GbIYHO He MPelyCMaTPHBAETCA 3aI[HTA OT BHEMIHHX
K3, samura or neperpysku paboraer Ha cHrHasg H pasrpys-
Ky, IpelyCMaTpPHBAeTCsi MHHUMaJ/ibHAs 3allHTad HaNpsKeHHs,
paboraomas npH IJIHTEJbHOM HCUE3HOBEHHH HANDSKEHHsSI H
npejHa3HayeHHas, IMiaBHHIM 00pasoM, AJs NycKa He HOAro-
TOBJIEHHOTO K 3TOMy KOMIIEHCaTopa. YKa3aHHbIA Myck ocyime-
CTBIAETCA 1A MOUIHBIX KOMNEHCAaTOPOB 4Yepe3 peakrop,
KOTOPHIl noc/je Pa3BOPOTA ILIYHTHPYETCS  BHIKAIOYATE/NEM.
B nociennne rofpl Aas mycka M TOPMOXKEHHS TaKHX KOMIEH-
CaTOPOB HCHOJIB3YIOTCS MOLIHbIE NPE06PasoBaTe/qbHble THDPH-
CTOpHBle yCTaHOBKH. IIpu 3TOM 3amutaM npuxopurcs pabo-
TaTb B YCJOBHAX WIMPOKOrO JHAaNa3oHa 4acCTOT, HA KOTOPHIE
OHH OGBIYHO HE PaCCUHTHIBAIOTCA. Bonpocsl BHONHEHHS H mO-
Be/leHHs 3dIUHT B pacCMaTPHBAEMBIX YCJOBHAX HCCJ/AEL0BA-
quce B HITH, Gelia npoBenena coBmectsas paGora BHUUD
(1. C. Teapdann) u Tmaponpoexra (I. P. Hocosa), Hemo-
CPEACTBEHHO OTHOCAINASCH K 3alHTaM TeHEPaTOPOR-IBHTaTe-
Jiell THAPOAKKYMyJIHPYIOIHX 3/eKTpocTanuui [57].
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Bonpochl AJS1 CAMONpOBEPKH

1. Or XaKuX BHAOB NOBPEX/JEHHI W HEHOPMAJIbHEIX PEeXH-
MoB palboThl IpelycMaTPHBAIOTCS 3AILUTHI COBPEMEHHBIX CHH-
XPOHHBIX TE€HEDATOPOB C HENOCPENCTBEHHbIM OXJIAXKIeHHeM
npOBOJHHKOB 0OGMOTOK?

2. O6BbAcCHUTE BJAHsHHE MarguTHOro TopMoxeHus 8 MO Ha
yyBCTBHTEJIBHOCTh NPOJOJBHOH AH(depeHnHaNbHOR TOKOBOH
3alHTH TeHeparopa.

3. O0bsAcHUTE Ha3HauYeHHe KOPOTKO3aMKHYTOH 0OGMOTKH
TALT nuddepernuaibHONR 3aI0HTHL

4. Kakue npHHUHNDI BhINOJHEHHs 3amurs or KD B o6MoT-
Ke cTaTopa HCNOJNb3YIOTCSl B OTEYECTBEHHOH HpaKTHKe IJis Te-
HepaTopoB, paboTalollNX HEeMOCPeACTBEHHO Ha COOpKe MIHHH,
u M)A reHepaTopoB, paboralomux B 6jioKe ¢ Tpanchopmartopa-
mu (aBToTpancopmaropamu)?

5, Kakne pesepBHHe 3aIIUTH NpelyCMaTpHBAIOTCA AJis Te-
HepaTopoB? .

6. O6bscHuTe cHOCOGH BBHINOJHEHHS 3aIUTH OT 3aMHKa-
HHSl Ha 3eMJII0 B OJHOH TOUKe Lenu BO36GYKICHHS.

7. O0DbACHHTE NPEHMYUIECTBA HCNOJAb30OBAHHS 3aIHTH OT
HECHMMETPHUYHBIX CBEPXTOKOB, pearupylomeii Ha TokH oGpat-
HOH MOCJIe/IOBATENbHOCTH; LeJeco00pa3HOCTh NPHMeHEHHs Op-
raHa ¢ HHTerpasiibHO-3aBHCHMOH XapaKTepHCTHKOH MJis TI'eHe-
paTopoB ¢ HENOCPEACTBEHHBIM OXJaxJAeHHeM oOGMOTOK.

8. [TosicHHTe HA3HayeHHe 3AIIMTHL OT NOTEPH Bo3GYXIeHHs
U cnocob ee BHIIOJHEHHS.

9. Kakumu npeumMymectBamu o6najgaeT AHCTaHUHOHHHIH
IPHHUUN BBHINOJHEHHUS 3alUTHl F€HEPATOPOB OT BHEHIHHX CHM-
MeTpuyHbX K3 1o cpaBHeHHIO C TOKOBHIM?

10. Cdopmupyiite 0coOGEHHOCTH BHIIONHEHHS 3allAT CHH-
XPOHHBIX KOMIIEHCATOPOB,.

TmasaTtpuHamuaTtas
3ALLUMTA TPAHCDHOPMATOPOB,
ABTOTPAHC®OPMATOPOB U BJIOKOB

13.1. OBLUME NOJSIOKEHUS

TloBpexxneHnns, BOSHHKAIOUWHe B 30HAX, 3alHIaeMHX 3a-
linramu tpancpopmaropos (aBroTpanchopMaTOPOB),— BHYT-
Pennne noBpexaeHHs — MOXHO pas3JeJHTb HAa JAB€ TPYINNbL:
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npoucxoasiine B O6akax H BHe O6aka B COeIMHeHHsx
MeXAy BBIKJIIOYATeNAIMH H 0aKaMH, BKJI0Yasl BHEIIHIOK 4acTy
BTYJIOK TpaHcdopMaTopos (aBToTpancdopmaTopos). OcHog-
HBIMH BHAaMH BHYTPHOAKOBLIX MOBPEXJEHHH SIBASIOTCA MHO-
ropasnbie K3 (ans Tpex¢asHblx ammapartoB), OXHOMA3Hbe
3aMblKaHHs, KOTOpble menstcs Ha BHUTKOBble K3 — KV, oxmo-
¢asnpie K3 — KU B 0GMOTKax, OTHOCAIMXCS K CHCTeMay
¢ rayxosasemsieHHbIMH HefiTpansMi (Uwow>110 ¥B), u KO
B OOMOTKaX, OTHOCSIIHXCS K CHCTEMAaM C H30JHPOBAHHBIMH HIH
3a3eMJIEHHBIMH uYepe3 Ayroracsillieé peakKTopsl HefATpansmuy,
H «TI0Kap» CTaJH CepAeYHHKa, BHI3LIBAEMbIH BHXPEBLIMH TOKa-
MH NpH HapyUIeHHH M30JALHMH MEXAYy NIaCTHHAMH CepHAedHH-
xa. IloBpexaenns K{» MoryT GbiTh TakKe CBA3aHBI ¢ MPO6Os-
MU Ha 3eM/IO BO BHeIUHedl ceTn, Korxa sosHukaioT K(.». Bue

Gaka MOTYT HMeTb MECTO Bce NepeyHc/IeHHble Bbille MHOroghas-
usle K3, oanodasnbe KO w K{U u paccmarpuBaeMble HHKe
creuHdHYECcKHe MOBPeXACHHS BTYJOK CO CTOPOHBI CBEPXBBICO-
KMX HaIllpsizKeHHH.

OCHOBHBLIMH HEHOPMAJIbHBIMH DEXHMaMH paGoThl SIBJAAIOT-
cs BHewHHe K3, neperpyskH, HeAONMYCTHMbIE MOHHKEHHS YPOB-
Hs Mac/a B 0Gake U HeJONYCTHMbie MOBBILEHHS HAMpPSIKEHHS
B HEKOTOPHIX peXMMax IPH He3a3eMJeHHHX HeHTpaisix 06Mo-
TOK, BXOJASAIUHMX B CHCTEMY B LEJOM ¢ TJIyX03a3eMJIeHHBIMH
HefirpanaMu (Moxer 6bITb NMPH Unow = 110+220 kB). Ilepe-
FPY3KH, KaK CHMMETpDHUYHble, TaK H HECHMMETPHUHbe, BOCIPH-
HUMaloTcss  TpaHcopMaTopamyu  (aBToTpaHcdhoOpMaTopamH)
Gonee yerko, yeM renepatopaMu. C y4yeToM 3TOTO 3aIUUTH IpH
neperpyskax MoryTr oObl4HO AeHcTBOBaTb Ha CHI'HaJ, a Ha He-
06¢cyKUBaeMbIX NMOACTAHIMAX — HA Pa3TPY3Ky H TOJbKO MOC-
Jle Hea(pDeKTHBHOCTH pasrpysku — Ha oTKJoueHHe. [Ipu apy-
THX HEHODMAaJbHBEIX PeXXMMaxX B 3aBUCHMOCTH OT HX XapakTe-
Pa M TINPOYHX YCJOBHH 3amuThl palboTaloT Ha CHTHaJ,
pasrpysky, orkawouenune. Ilpn Bo3HHKHOBeHHu HamnboJee omac-
HbIX NOBpeXAeHHH (MHorodasHeiXx, OAHOQA3HBIX H BHTKOBHIX

}
: a) Puc. 13.1. Cornacosanne BHepXeK
f l'trxtj‘; ‘ BpeMeHH 3allHT TpaHchopmarTopos ¢
i]L' | | 3aMMTAMH JHHHHA, HMEIOIHX CTyNeHdYa-
'”T{ 7 e A Thle XapakTEePHCTHKH  BEIAEPIKeK Bpe-
f/, 7 MEeHH:
— ;. 3)

a ~— CXeMBl CeTH; 6 — XapPaKTeDHCTHKH 3ailHT

K3) 3aLlHTHl JIOJKHEI Ge3 BbILEPIKKH BpeMeHH JdeficTBOBATH
4a OTK/IIOYEHHE BBIKIIOUATEeH. Hanuune 3aMenjileHHs He
T0/bKO YXYALIAeT 3alUHTY TpaHcdopMaropa (aBTOTpaHC(i)Op:
waTopa), Bbi3biBas GOIblMe ero paspylleHts, HO TaKxe Ziob
el HapyuaTh GecriepeGoiinyi0 paboTy CHCTEMBL H yXyMllaT
XapAKTEPHCTHKH 3aUMT ¢ OTHOCHTEIBHOH ceﬂeKTHBHoclT:;)xf)
ﬂpuMbIKaxomeﬁ cetn. Ilocnennee ujoctpupyercs puc. [o.l,
ya KOTOPOM H300paeHsl CTymeHdaras xapamepncﬁmxa BHI-
lepKKH BPEMEHH f; 3allMTBL JHHHH U BDPEMs cpa an;mam;g
samuthi fr o7 K3 TpancdopmaTopa. Bpems Il cTymenu £
JOTKHO GBITh GoJblile fr. Crnennanpisle samuTsl o K B ne-
A5IX YOPOLIEHHs, KaK yKe YKa3blBaJoch BhILIE, 06GBIYHO He Yce-

TAHABJHBAIOTCA.

13.2. BHYTPEHHUE K3 M TPEBOBAHKA K SALLMTAM

Pacyers ToKoB K3 mpu MOBpeXAEHHSIX Ha BbIBOAAX MPO-

W3BONATCS. H3BECTHBIMH crmocoGaMu (CM., Hampumep, [29]).
Pacnpefiesiende NPH TOM TOKOB B OOMOTKaxX pacCMOTPEHO B
r1. 1. 3naunTeabHo GoJsiee CJAOXKHBIM sBJisieTCs ONMpEAeIeHHE
TOKOB NIPH MOBPEXJeHHH BHYyTPH 06MOTOK. Hinxe npuBOAHTCA
TOMBKO Tpy6o MNpHO.IMKEHHOe KauecTBeHHOe pacCMOTpeHHE
sToro Bompoca. PaGoThl, BHIIOJHEHHBIE B IOCA€AHHE TOAbl B
HIIM (A. C. 3acBIIKHHBIM), AIOT MOJHOE KOJMYECTBEHHOE
J KAayecTBEHHOe PACCMOTPEHHE MOJYYaKOumHXCsl COOTHOMEHHH
71].
[ %’Ipn H3BECTHOM TOKe [xq B MecTe MOBPeKAEHUsa H JoJe
3aMKHYBLIMXCS BHTKOB (= We/@ TOKH [¢ B (a3ax cO CTOPOHI
MHTaHHS TPUOJIUIKEHHO ONpENeNsIOTCs B TNPEANONOXKEHHH pa-
BercTsa Hyaio cymmbl MJIC ob6Motok. Tak, Hampumep, Ipu
MemxaydasHom K3 Bo BTOpPHUHOH OOMOTKe U COGJ.IPIHeHH.H 06-
Motok Y/Y (puc. 13.2,a) @l =Wy, OTKyA2 Ix==alwx; TpU
ButkoBoM K3 BO BTOpHYHOH OOMOTKE MDPH COCAMHEHHU oy
(puc. 13.2,6) @wnlx=walya, OTKYAR I«=olyo [@n, nau, npH-
nuMas fe=1 1. e. Wa= V 3wy , Ix=alxo/ V" 3; Npu BUTKOBOM
K3 B nepsuynoit 06MOTKE, COeJUHEHHOH B TPEYroJbHHK (pHC.
132, 8), (@wg—wo)Ix=we (Ixa —Ix), OTKYAA Iy=0alx«.

TaknuM 06pa3oM, [Jjisi PACCMOTDPEHHBIX CJy4acB K3 BHyTpH
06MoTOK [« =Fkalx,, rie k— K03(QHIHEHT, ONpeAeIACMbIH BH-
nom nospexxaenus. [ToaydeHHoe BbipaxeHHe MOKA3BIBALT, HTO
Npu MaJioif Jole 3aMKHYBIUMXCSi BHTKOB, Jaxe NpH 3HAUU-
TeabHbix Iy, TOKH Iy B $a3ax co CTOPOH MHTAHUS MOTYT GHITH
3HaYHTeJbHO MEHbIIMMH TOKOB K3 npu moBpekAeHHAX Ha BhH-
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Puc. 132. Pacnpejenenue TOKOB B NepBHUHOH M BTOpUYHOH oOMOTKax
TPaHchOPMATOPOB C OAHOCTOPOHHEM MHTaHHEM NpH BHyTpenHux K3
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BOJAX H AAaKe MEHBIIMMHU HOMHHAJbHHIX TOKOB TpaHcdopMa-
topoB. [lostomy K sawmuraM or BHyTpeHHHX K3 npeabsBas-
. eTcsl TpebGoBaHHe He TOJNbKO OBICTPOTH cpabaTbiBaHHS, HO H
BHICOKOH UYBCTBHUTEJNBHOCTH. Tak, Ha ocHoBaHHH [71] OmiBa-
eT HeoOXonumMo UMeTb /e g min 0,1 Taou.

13.3. HEHOPMANbHBIE PEXXMMbl PABOTbI U TPEBOBAHUA K 3ALLIMTE

Meperpysku. Pasnnyalor meperpyskH, ompejiensieMble rpa-
(UKOM HarpyskH, U aBapHiiHbIe, BhI3BaHHHE, HaNpuUMep, BHe-
3alHbIM OTKJIIOYEHHeM IapaJe/lbHO paboTaBliero TpaHchop-
MaTopa. BoO Bcex 3THX cayyasix meperpysxa HONycTHMa B Te-
YyeHHe HEKOTOPOTO BpeMeHH. Tak, HalmpHMep, KaK H3BECTHO,
IONYCKAIOTCSl aBapUiiHble IePerpy3kH, He OTpaHHYHBAeMble
Ko3(b(HUHEeHTOM 3anoJHeHUsT NpejuiecTsyouero rpaduka, cie-
ayomux sHayeHuit: 30 % —B Teuenue 3 u, 60 Y% — 45 MuH,
100 % — 10 mun. i tpexo6MOTOYHBIX TpaHCcHOpMaTopoB
IeperpyskH ONpelensioTCsi HOMHHAJAbHBIMH MOILHOCTSMH 006-
MOTOK. [lns moBmIIAOLIEro aBTOTPaHchopMaTopa He MOMKeT
6e3 neperpysku o6mefi 4acTu o6MOTKH {pacCUHTAaHHOH Ha TH-
IOBYIO MOIIHOCTb, MEHBIIYIO NPOXOAHOH, HO KOTOPOH paccyu-
THIBAE€TCS1 OCTAJbHAsi YaCcTb OOMOTKH BBHICIIEr0 HAampsiKeHHsd)
HepefaBaTbCs MOIHOCTb CO CTOPOHHI BBICINErO HANDAXKEHHS

Ha CTOPOHY CpelHero, ecJqu Ha IOCHeAHIoI IMepefaeTcsa Co-

CTOPOHBl HH3IIEro HanpsiKeHHs TUNOBas MOWHOCTb. [lostromy
B 06lIeM c/yyae YYHTHIBAETCH BO3MOXKHOCTb NEperpysox 06-
MOTKH BbICILIEr0 HAMpsiKeHHs, ee oOmefi yacTh ¥ 0OMOTKH HU3-
Iero HanmpsKeHHS.
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[Ip# HEBO3MOXKHOCTH DACCMOTPEHHOTO H MOMOOHHIX eMy
o)KHMOB, HANPHMEp Ha MOHMXKAKOUeM aBTOTPaHcpopMarope

¢ OAHOCTODOHHHM MHTaHHUeM, 00lias 4acTb OOMOTKH Ieperpy-
aThCsl HE MOXKeT,

OaHO(}a3Hbie TOKOBBiE 3aLIMThI (ydyeT MaJjiol BEPOATHOCTH
HeCHMMETPHYHBIX NIE€PErpysok) AeHCTBYIOT Ha CHTHAJ, a HHOT-
ja, KaK YKasblBaJoCh BBILUE, HAa Das3rpysky H mociaeayiollee
OTK/IIOHEHHE.

Buemnne K3. Ilpu Buemnux (ckBosunix) K3 ToKH B 00-
MOTKaX MOTYT HaMHOTO NpeBHILATh WX HOMHHAa/bHble 3Hade-
HHsl. MakKCHMaJbHBIE TOK MOXKET BO3HHKaTb IIPH IIHTAHHH
TpaHcopmaropa (aBroTpaHcdopMaTopa) OT CHCTEMB G0Jib-
110H MOILIHOCTH, COIPOTHBJIEHHEM KOTOpPOH MOXKHO npeHeOpeyb
Mo cpaBHeHHI0O C compoTuBieHneM Xy TpaHcdopmaTopa.
B srom caydae ycranopupmuiicss I3 - = Ivowr/Xx. Ilpu kon-
CTPYHPOBAHHH TPaHC()OPMATOPOB YYHTHIBAIOTCS JMHAMHYec-
KHe YCHJIHS OT TakUX TOKoB. [IpuHHMag 3T0 BO BHHMAaHHe,
BHemuHe K3 Moryr aas rakux TpaHcdopMaTopoB IpelCcTaBs-
JATh ONACHOCTb, INIaBHHIM 006pa3oM, 0 HX TEII0BOMY BO3AeH-
CTBHIO Ha OGMOTKH.

YcranaBauBaeMas 3aliuTa OT BHeIIHHX K3 nMeeT HasHa-
yeHHe: NeHCTBOBATH NPH AJHTEJTbHOM IIPOXOXKAEHHH TOKOB B
c/lyyae 0TKasa 3aLIHT HJM BBIKAOUaTedell CMEXHBIX 3JeMeH-
ToB, paboTath B KavecTBe OcHOBHOH npu K3 Ha minnax (mpu
OTCYTCTBHH CIelMaNbHOH 3al[UTH) HJIM B caMHMX TpaHcdop-
Maropax MaJioH MOLIHOCTH M pe3epBUPOBAaTb B HEKOTOPHIX
cllydasiX OCHOBHBIE 3aLIUTHI.

HenponyctuMble noumxedHs ypoBHs MacJja B Oake. Oxu
MOTYT BO3HMKATb, HAlpUMep, IPU CHIAbHHX NOHHKEHHAX TEM-
NepaTyphl, a Takxke OpH 06pasoBaHHH Teyd B Gake. 3alluTa
Io/XHa NeHCTBOBAThH HA CHTHAN HJIH OTKJAIOYEHHE B 3aBHCH-
MOCTH OT cTerneHH NOHHXKEHHs ypOBHA Macja ¢ y4eTOM BHIA
0GCayKMBaHHUS 3J€KTPOYCTAaHOBKH.

Heponyctamble moBuimieRus Hanpsikenns, Hefitpaau ag-
TOTpanctopMaTOpOB BCEerAa IYX0 3a3eMasorcd. D10  Ipe-
AOTBpaliaer HEAONYCTHMble HIOBBHIIIEHUS HANPSAKEHHA B CHC-
TeMe cpelHero Hanpskenus mnpd K3 Ha seMJsio B cHcTeMe
BRICLIET0 HANpPSIXKeHHS W3-32 TaJbBAHHYECKOH CBS3H THX CHC-
TeM aBToTpaHcopMatopoMm. TpaHchopMatoprl, npelHasHa-
YeHHble s pabOTHI B CeTAX C IJyx03a3eMJIeHHBIMH HeHTpa-
MU, 110 TEeXHHKO-3KOHOMHYECKHM Cc006paKeHHsM OOBIYHO
HMEIOT NoHM)KEeHHYI0 u3oJsuuio. OaHako B ceTiX HpeHMYlle-
CTBeHHOo HanpsxkeHHeM 110 kB ¢ rayxosaseMyeHHBIMH HefT-
Pansmu yacto HCHosb3yeTcs TaKoe YaCTHYHOE MX 3a3eMJeHHE,
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KOTOPOE AOMYCKAeT H30JSLHs TPaHCHOPMATOPOB Yy HelTpaiu,
paccuuraHHas Ha ypoBeHb 35 KB. ¥ Takux TpaHcdopMaropop
B CcJydae HX IHTAHHS CO CTOPOHBI APYrUX HANpPSKeHHi BO3-
MOXKHO BO3HMKHOBEHHE ONAacCHBIX INepeHampsukenufi. Tak, mpy
K® ya muHax cranuuu (puc. 13.3) u auksupaunun K3 samuy-
TaMH NPHCOEJUHEHHBIX K, HIM 3JIeMEHTOB HEPBEIMH MOTyT
OTK/IIOUHTbCA YaCTH CHCTEMBbl C 3a3e€MJIEHHBIMH HeHTpaJdsMy
H MOXKET OCTaTbCsl B paboTe OJIOK ¢ M30JHPOBAaHHOH HeHTpa-
JbI0. B 9TOM ciiyuae MOTYT BOSHHUKHYTb HEJONYCTHMbIE Nepe-
HanpsiKeHHs, OnpejeiseMble NepeMexaroliedcs AYrolt eMmKo-
crHoro toka. Ilostomy Heo6xoauMo mpeaycMaTpHBaTh yCTPOI-

()09

Puc. 13.3. BoaMoxHbIH clydall JHKBHAALHMHE MOBPEXACHHS B CeTH C yacTHY-
HO 3a3eMJICHHHIMH HeATpaJsAMH (3aYePHEHHbIMH [IOKA3aHbl BHIKJIOUATENH,
orxmoueHHble npu K3 Ha seMio B Touke K)

CTBa, MCKJIOYAIOHe BO3MOXKHOCTb NOSIBJIEHHA TAKHX pexH-
MOB HJH B KpaHHeM caydae obecleydBalOLiHe HX HeMeJJIeH-
HYIO JIUKBHJAIIHIO.

HeHopMmaJibHble peXHMB (IOBBHIIIEHHS HaIpSIXKEHHS) BO3-
HUKAIOT TaK¥Ke IIpH OJHOCTODOHHEM OTKJIOUEHHH JIHHHH C
60J1bLIOH €MKOCTHOH HPOBOAMMOCTBIO, HampuMep NpH Ugow>
>500 kB. OHH TakKxKe MOJIXKHH JHKBHAHPOBATBHCS COOTBETCT-
BYIOL{HMH YCTPOHCTBAMH 3alUTHl HJH NPOTHBOaBapHHHOH aB-
TOMAaTHKH.

13.4. OCHOBHBIE THlMbl MPUMEHAEMBIX 3ALLUT

3amura MOLIHEIX TpaHC(OpPMATOpPOB H aBTOTpaHchopMa-
TOpPOB 0T BHyTpeHHHX K3 ocyliecrBiasercs NPOAOJbHBIMH JU-
(dhepeHuUAJBHBIMY TOKOBHIMH, a OT NOBpeXAeHHH BHyTpH Oa-
Ka — TaKxKe M rasoBbIMH 3amutamu. [Ipeanarasmuecs, HanpH-
Mep lopbkoBckHM orheneHneM TOIl, cmeuuaJbHBE 3aLIHTH
oT BUTKOBHX K3, a TakXKe 3alluThl, pearHpyOliHe Ha MNOTO-
KU paccesinusi MarHaronposojoB (HIIH), mo pasHelM mnpuuH-
HaM paclIpOoCTpPaHeHHs He MOJYYHJIH.
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Tpanc$pOpMaTOpPEl HeGOJIbLION MOINHOCTH HHOTAA  3allli-
mialoTcsl GoJiee TMPOCTBIMH CTYNEHYATHIMH TOKOBBIMH 3alllUTa-
MH B COUETaHHH C ra3oBBIMH, a TPaHc)OPMATOPH MaJoi MOLI-
HOCTH—TOJIBPKO TOKOBBIMH 3amuTaMu. MHorga npumensiores
takKe (B OCHOBHOM B 3apyGe:KHOH NMpaKTHKe) TOKOBhle 3a-
[WUTH, BKJIOYaeMble B 3a3eMJISIOUIMH NPOBOJ KOXKYXa, AeficT-
pylollHe IPH MepeKPBTHH (a3 Ha HOCAeAHHH. 3allHUTB OT
pHellHHX K3 BBINOJNHSIOTCA TOKOBBIMH, TOKOBHIMH HANpaBJIeH-
HHIMH PaSHBIX HCIOJIHeHHI, B TOM 4YHCJe 0GpaTHON H HYJeBOl
[0C/I€/I0BaTRJIbHOCTEH, a HHOTAZ W JHUCTAHUHOHHEIMH OT MHO-
rogasHbix K3.

13.5. AUDDEPEHLIMAJIbHBIE TOKOBBIE 3ALLMTBI

O6umue Bompochl ocyiecTBaeHus. [lo OPHHUHNY AeHCTBUA
3auuTa noflobHa JHdepeHnHaIbHbIM 3alUHTAM APYrux sJje-
MEHTOB, HanpHMep reHepaTopoB. OJHAaKO ee OCylLlecTBJIeHHE
CBS32HO C LE@JBIM DSJIOM JONOJIHUTENbHBIX (DaKTOpOB, Tpely-
IOLIMX yYeTa.

3amura B OTIMYHE OT C/IydYas ee NpPHUMeHeHHs s reHe-
paTtopoB NPHHUMNHMAJIBHO MOXKET DearupoBaTb Ha BHTKOBhIe
K3 B ogHoli dase (K{), rak kaKk OHM XapaKTepH3yIOTCA He-

PaBEHCTBOM KOMILJIEKCOB TOKOB [x ¢ JABYX CTODOH OT MecTa
nospexAeHus. ONHAKO 3TH KOMILIEKCHl GHBAIOT OIHHAKOBO
HalpapJieHbl (MMEWT CABHT MO (hasde, PABHBL HYMO), H IO-
STOMY CYHTAJIOCh HeUeNecO06PasHBIM OCYINECTB/IATh UX CPaB-
HeHHe B cxeMme Mo ¢pase. Bo3MOXKHO BBHINONHATD 3alUTHI ca-
MOCTOATE/IbHO /1A Kam[0# U3 OOMOTOK HJIM MMeTb OJHY 3a-
IUHTY, OXBaTHIBAIOILYI0 BCe 06MOTKH. Ha mpakruke, Kak mpa-
BHIIO, NpUMEHSCTCS MOC/IENHHH BAPHAHT, TaK KaK HEKOTOpHIe
MCIIONIHEHHS MepBOro He 0OeCHeUHBAIOT PearHPOBaHHs 3alllH-
To Ha K{" u Tpebyior sHauutenbno Goapuiero wucna MO u
TA. C apyroit CTOPOHH, OfIHe 3amHuTH TPEOGYIOT OTCTPOHKH
OT 6POCKOB HAMATHHYHBAIOIIHX TOKOB, KOTOpDble BOCIPHHHUMa-
foTes My kak BHyTpeHHue K3. CymecTByer eluie psaa ocofe-
HOCTel, Tpe6yOIUX yUeTa:

CABHI IO (pase cpaBHHBaeMbIX TOKOB (has NMpPH OTCYTCT-
BHH nospexjeHus B saliumaeMol 3soHe, onpeneisieMblli Hc-
NO1b30BaHMeM rpynnm coepunenuii oGMOTOK, OTJIHYHEIX OT 0
Hli 12 (B oTeuecTBeHHONl MpaKTHKe OGBHIUHO NpPHMEHSETCS
OMMHHanuaTas rpymna, ofycaoBiuBapmas caBur B 30°);

HEPABEHCTBO B TOM e pexHMe TOKOB IlJIey, OMpeje-
TseMoe TA, ycTaHOBJNEHHEIMH CO CTOpPOH ¢ pasHBIMU Uyoy;
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Puc. 13.4. CoBMelleHHbIe CTPYKTypHBle CXeMbl AH((epeHLHaabHbIX 3alLHT
TpaHcthopMaTOpoB (a H 6) H BADHAHTHI CXeMbI (8 H 2)

u3) BO3MOXHOE HaJiMUHe DeryJHPOBaHHf Ay NOXL HArpys-
KOH.
Cxempl BbinonHeHHusa. OQ6uye 0coGEHHOCTH BHIOJHEHRsS 3a-
HIMT paccMaTpMBalOTCA Ha NMPHMepaX HX OCYILECTBJEHHS [J7
JBYXOOMOTOUHHIX TPaHC(HOPMATOPOB €O CXEMOH CcOeaHHEHHA
obmorok Y/[-11. Ha puc. 13.4,a npusesesa coBMmeleHHasn
CTPYKTYpHas cXeMa, Npeiliojaramoiiast UCIONb30BAHHE 3allli-
TH ¢ TOPMOXKeHHeM OT TOKOB Iley, HAa puc. 13.4,86 — cxema,
B KOTOPOH OTCTpoHKa OT MIOOBIX TOKOB HefGanaHca [us OCYy-

436

HlecTBASETCA TOJAbKO B AHQ@epeHUHaNbHOH lLieNH  3alUHTHL.
J[lns BHpAaBHHBAHUsI TOKOB fJjed [0 (pase BTOPHYHEIE OOMOT-
kd TA ¢ onHOH M3 CTOPOH (NPHHIHNHAJABHO Ge3pasJuuHO, C
KaKo#) COeAHHSIIOTCA B TPEYIOJbHHK, a ¢ APYroil — B 3Be3Ay.
[IpakTHYECKH B TpPeYroabHHK coeanusotes A co cTopoHb
3Be3AB! /Ui UCKJIOUEHHs HenpaBHJbLHEIX cpabaThiBaHuil 3alMH-
THl TPAHCGHOPMATOPA, HUMEIOUIEro 3a3eMJeHHe HeHTpasu, upu
puemtHux K3 Ha 3zemyno. Ilpn TakoM coeiHHEHHH OOMOTOK
TpaHchopmaTopa C ydeToM COOTHOWIEHHH ra. 1 nmeeM [ ap=
= (!Ay—{By)nT/V& Iy (!BY‘{CY)nT/V3 H lep=(ley—
-——[Ay)nr/]/-?).

DTH COOTHOIUIEIHS [OKA3LIBAIOT, YTO AOJKHO OCYILECTR-
nAThess  cpasHenue TokoB Jag ¢ lay, Iepc Iy v Icp c ley
CABHHYTHLIX B CHMMeTpHuHoM pexkuMme Ha yroa 30° Tlpu coot-
BeTCTBHM Fpynnm coefusenss TA Tpynme coeluHeHHH 0O6MO-
TOK 3allulllaeMoro TpaHcpopMaTopa TOKH B MJ€4aX 3AUIMTH
no ¢ase BhpasHuBawTcsd. LI MonMKaWMX TpaHcdopma-
TOPOB HeBOJBLION MOUIHOCTH MHOTAA, HANPHMEP MPH BTOPOM
BapHaHTe 3aulHThl (puc. 13.4, 6), HCHOJB3YIOT CXEMY C yMeHb-
wenHuM uucaom TA u HO — gsyms TA co cTOPOHBI HH3IIRTO
HalpSAKEHHsl, COeIHHeHHBIMM B HENOJNHYIO 3Be3Ay, H ABYMS
HO (puc.-13.4,2). Ilpn 3TOM HEpeKOMeHAyeMOH siBJsercs
cxema ¢ tpems HO u asymst TA, B KoTOpo#, Kak MOKa3ajH
ONBIT M uccnegosanus, 8 MO, HaxonsieMcs B YCJOBHAX, OT-
JHYHBIX OT ABYX APYFUX, MOTYT NPOXOAHTb MNOBHIIEHHBIE lus
[10, 48]. Tlpu coennHennn o6MOTOK TpaHchopmatopa V[V,
CBSI3BLIBAIOIErO YAaCTH CHCTEMH, Tae OoTcyTeTByloT KU, He-
IOAL3YIOTCS TakKxkKe ABYX¢a3Hble AByXpeJeHHbe CXeMbl 3a-
HIHTHL.

s uckao4eHUs HeoGXOAWMOCTH BHIPABHUBAHHA TOKOB
miey 1Mo (pase MoxeT OblTb NPHMeHeHa TAKXKe CXeMa, B KOTO-
poii TA co CTODOHLI TPeyroJbHHKA BKJIOUAIOTCSi He Ha €ro
BHIBOZAX, a Ha TOKH B obmorkax (puc. 13.4,8). Takasa cxema
B Hamieii cTpaue HCHONBL3YETCS AJS MOLHBIX OAHOGMA3HBIX aB-
ToTpancdopMaTopoB, HMeWHx BeTpoeHuste B 6aku TA. Tlpn
atom ne Tpebyercss coenuHsaTh TA B TPEeyroNbHUK CO CTOPOHHL
O6MOTKH, COe/ITHHEHHOH B 38e31y. [IpenMyniecTBOM CXeMbl ABJSI-
eTcd He3aBHCHMOCTb CPaBHHBAeMBIX TOKOB KaXfoH (asbl coO
CTOPOHBI 3BE3[BI OT TOKOB ABYX APYTHX (pas, 4TO HMeeT MecTo
npu coeauHendd TA B TPeYroabHMK H MOXeT yXYyAHarTh pa-
60Ty HekoTopHIX THMOB AH((epeHIHaNbHbIX 3aILHT.

Jlns BoIpaBHUBAHH$ abCOMIOTHHIX 3HAaueHHH TOKOB  ILTey
B HUX BKJOYAIOTCA apToTpaHchOpMaTOphl TOKA WJH HHOTAA
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ocyllecTB/asieTcsl BbhipapHuBanue B camux MO 3Hauyenuil pesu-
yuH (Hanpumep, MIC), nponopUHOHAJBHBIX 3THM TOKaM. 3a-
IyiaeMble TpaHcPopMaTopel OOBIYHO HMEIOT PeryJHpoBaHHe
n: (3a HckJO4YeHHeM OJIOYHBIX MOBBIIIAMIIIHX TPaHcdopmaro-
POB, B KOTODHIX pery/JHpPOBaHHe HAIpPAXKeHHS OCYIIeCTBJSETCS
Ha reHepatope). Ilpu pery/JiHpoBaHHH HA OTKJIIOYEHHOM TpaHC-
tdopmaTope 06BIYHO AUper<0,05 Usoy 1 MOXKET HE YUHTHIBATh-
csl, €CJiM, HampHMep, OAHOBPEMEHHO NepecTpauBaeTCs 3allHTa.
[Ipn BCcTpoeHHOM peryJHpPOBAaHHH MOX HATPY3KOH BO3MOXKHO
AUper<0,15+0,2 Uyoy H €ro HajWude, H3MEHAST COOTHOMICHHE
TOKOB ILeY, BJAHSET Ha BHIOOD CXEMHI.

Kaxpaa uz rpynn TA otpenpuo moasopurcs Kk MO. Hx
3a3eMJ/ieHHe OCYLIECTBJsIeTCs] B OQHOH TOUKe — y MecTa BKJIO-
yeHnsa MO. PasgensHoe 3azeMyieHde B JaHHOM cJydyae COBep-
IIEHHO HeJOMyCTHMO, TaK KakK HPHBOAHJO OB K 3aKOpauWBa-
HHIO BTOpHYHHIX 06MOTOK TA.

IlepBuuHble TOKM HeGamaHca. UajoxkeHHoe mnoKasbiBaer,

4yTo B AH(pdepenunasbHBX 3alluTax tpaHchopmaropos (aB-

TOTpaHC(OpMATOPOB) TOKH HebasaHca ompejnensioress GOJb-
UMM 4HCAOM (AKTOPOB, YeM B AHAJOTHYHBIX 3alUTaX TeHe-
paTopoB, H HMEIOT COOTBETCTBEHHO MOBHILIEHHBIE 3HAUYEHHS.
HJsi ynpolenus mpejanojaraeM, 4TO BCe cJarawiilie CKJajbl-
BAIOTCA apHpMeTHUECKH, HMeeM [us,n=1Iuce + In6 per+ [no,8up+
+ Iy6uam, Tae cocrapiasiolie Ilusn onpenensiorcs: Iuse =
= Ranepkoan€leamax — HorpemitoctaMd & TA ¢  uHaubGoabiuium
kogn=1 M MaKCHMaJIbHBIM BHENIHHM TOKOM lsmmax (CKBO3HO-
ro K3 unu kauauuit); lueper=AUper]nn mar—peryinpoBanneM
Nry 1u6,0p = Afsupl s max — HETOUHOCTBIO Afpwp TOKOB IJIeU HJH
BEJHUHH, HM IPONOPUHOHAJIBHBEIX; [usnaw — HANHUHEM HaMar-
HHUHBAIOLIEr0 TOKa y TpaHcopmatopa, BOCIPHHUMAEMOTO
3al(HTOH KaK TOK BHYTPEHHEro MOBpDeXjeHHs. B pesyianrare
In6,n= (RanepRonne + AUper + Afsrp) lom max+ Ivaw.  [lpuBeseHHOe
BbIpax<eHHe MONUEPKHBAET MOJe3HOCTb cXeMbl 10 pHuc. 13.4,a,
HMelolleli TOpMOXKeHHe, ONpeae/iieMOoe HaJH4YHeM IPH CKBO3-
HoM K3 rtoka Iropw, HpomopunoHanbHoro lem. C apyro#t cro-
POHH, KeJaTebHO, 4TOGH TOPMOXKEHHE OTCYTCTBOBAJO HJH
661510 MaJio npd BHyTpeHHux K3, ocofenno npu Kg”, Korga mo
MOBpEXAEHHOH (ha3e MOTYT NPOXOAUTh 3HAYHTEJbHHIE CKBO3-
Hble TOKH. '

Bpocku HaMarHHuHBamIIMX TOKOB. Ilps mopMmaJsbHOH pa-
60Te 3HAUEHHS HAMATHHUHBAIOUIHX TOKOB [nawm IPH COBpPEMEH-
HBIX MapkKaX TpaHcQOpMaTOpHOH cTanu OOLIYHO He IpeBoC-
xogAT 0,01+0,02 luoy, ¥ ¢ HUMH MOXKHO He cUHTaThcd. MCK-
JI0UeHHeM SIBJSIOTCS TOJIBKO PEXKHMBI C IOBBIIEHHBIMH TIPOTHB
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HOMHHA/JDHOTO HANpsKEeHHsIMH. B sToM ciyyae npu BhHI-
6ope MapaMeTpPOB UYyBCTBHTEJbHBIX 3alLHT NPHXOAHTCS HHOT-
Jla YUHTLIBATD 3HAUHTEJNbHO BO3pacTamwiiye [yay.

Tok Iyam MOKeT pesKo Bo3pacTaTh NpH BKJIOYEHHAX TpaHc-
popMaTOpoB (2BTOTpaHCHOPMATOPOB) MOA HANPSIKEHHE WK
nocsie OTKJIOUeHHs1 BHemHHX K3, compopoxkaaBmiuxcsi 3Hauu-
TEJbHBIM CHHXKEHHEM OCTATOYHBIX HampsxKeHHH. B Takux cay-
YasfX BO3HHKAIOT GPOCKH [naw.6p, KOTOPHIE MOTYT JOCTHTAThH
3HaUeHHH 68 luow,r. IIpu 3TOM cJjenyeT yuHTHIBATH, YTO AJS
aBTOTPaHCPOPMATOPOB MOA [waw NOHHMAETCS TOK, COOTBETCT-
BYIOLLLUH mnogoﬁ (a He OosblIell ee MPOXOAHOH) MOUIHOCTH,
onpeje/siloNied pasMepbl MArHATONPOBOLA.

PaccmotpuM (yc/i0BHO) BK/IKOYeHHe 07HO(A3HOrO TpaHc-
¢opmaropa mpu mepexoje MIHOBEHHOTO 3HAUEHHA HaNpsixke-
HUsl IIHTAHUA U 4Yepe3 HYyJb. [IpaKTHuecKH BKJIOUEHHE NpPOMC-
XomuT npu u7<0, H npouecc uMeer GoJee CIOKHBIA XapakTep.
[lockoabKy ycraHoBuBLIMHCS MOTOK (Mycr npoxoaua OBl mpu
3TOM uepe3 MaKcuMajbHoe 3HaueHHe D ycr, 8 PE3yAbTHDYIO-
i MOTOK Dpe; HE MOXKET H3MEHATHCA CKAUKOM, BO3HHKAET
cBo0oanas amepHoJHYeCKasl cjaarammiasi, MakCHMaJbHOe 3Ha-
yeHHe KOTOPOH Oy, anep=—Wp, yer; B pesysbTaTe 3TOro KpuBas
@pez=Dycr+ Dagep  0OKa3biBaeTCHA  CMelIEHHOH OTHOCHTENBHO
OCH BPeMeHH H ee MaKCHMaJbHas aMIUIMTYyAa JOCTHraeT 3Ha-
ueHHH, Onn3kuX K 2My, yer (puc. 13.5). Ecau ke yuecTh Bo3-
MOXKHO€ HaJ/IHUHe OCTATOYHOH MHAYKUHH ¢ HeGJaronpHsiTHbIM
3HAKOM, TO HOPH BKJIUEHHH BO3HHKAKIOT JOIOJHHTEIbHble 3a-
TyXalolte claramwiiue notokos u Mpe; Oyaer eme GoJblie.
IToToK Dpesmax MOXKET 3HAUMTENLHO MpeBHIIATb paGouuil, a
IOpH yYere TOro, YTO MACHHTONPOBOAK PAaCCUHTHIBAIOTCS AJ
paGoTel ¢ GOJbIIHMH HHAYKUMSIMH, OJM3KHMH K TNeperd6y
KDHBOH HAMAarHMUMBAaHHsi, MAarHHTONPOBOA HACHIIAETCS H
lnaw, BO3pDACTasi CHJbHEe MOTOKA, KPATKOBPEMEHHO [OCTHIAET

® [HHM’EP

wt : | ‘

Puc. 13.6. MlameHeHHE iyam,6p BO Bpe-
%Pimax MeHH AJA oaHodasHoro TpaHchop-
Maropa

Puc. 13.5. MlameHeHHe noToka NpH BKJIIOYEHHHU
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Puc. 13.7. Kpupast 0Gpocka iy 3a Puc, 13.8. VismeHenue iyam,6p BO BpE-
onuH nepHod (2m) Mend pJst  Tpexdasnoro Tparcdop-
MaTtopa

OueHb GOJIbIIHX 3HayeHH!, MPAKTHYECKH MNOJHOCTBIO CMelleH-
HBIX OTHOCHTeAbHO ocu opauHar (puc. 13.6). Onnako oHH
OGLIYHO OKA3bIBAIOTCS MEHbUIMMH MaKCHMAalbHBIX IEpPEXOAHbIX
Tok0B cKBO3HBIX K3. TOKH imam,cp BO BpeMeHH yOmIBAKOT, CHH-
XKasich 70 BecbMa MaJblX 3HAUeHHH B YCTAHOBHBIIEMCS peXH-
Me; OJHAKO CHHYKEHHE {yam,6p HPOXOAHT 3HAYUTEJbHO MeAJeH-
Hee, ueM cHmKeHHe Toka K3 ix, Tak KaK NOCTOSIHHbIC BpeMeHH
T=L/R nenyu ¢ iyay 0ObIYHO 3HAYUTEJBLHO GOMbLIE MOCTOSHHBIX
speMenH nenmu K3.

BuisiBAeHHe cAaramwiiix TOKA Iwaw,6p MOXKET OCYIIECTB-
JATbCS Pa3HbIMM MerTOZaMu. TPYAHOCTH TOYHHIX pacyeros
ONpefensioTCs TeM, UTO KPOMe allepHOAMYEcKOll ciaratollefi
B TOKAaX f{nam6p COAEPXKATCS 3HAKOIEpeMeHHBble 3aTyxarluiue
caaramouige, odelb YacTO HETOYHO HasbBaeMble FapMOHHKAMH.
TIpuMeHHTENBHO K TAKOMY CJAYYalo, KaK OTMedYasoch BBhILUE,
HenoCcpeACTBEHHO He BIIOJIHEe NPHIOAHBI MareMaTHYeCKHe Me-
TOAbl pasaoxenus B psia Pypbe, ucnojab3oBaHHe Npeobpaso-
Banusi Pypbe B BHAe Tekyllero cnekrpa (cm. ra. 1) u nopo6-
Hble MM NpHEMbl rapMoHHYecKoro anaamusa. Oanako Ais yn-
pOlLIeHHs TaKiMH NpHeMaMH yacTo moabsyiorcs. [Ipu TakoM
JONyLIeHNH, KaK NoKasaHo B [7], ananus ynoGHo NPOBOAHUTD,
3aMeHssl KPHBYIO HaMarHWYHWBaHHs CTaJd JIOMaHOH JIHHHeEH.
TOK iuay B OTHOCHTEJBHbIX eIHHHIAX OIpepesieTcs MO BhIPa-
KEHHAM iﬂaM,ep=0 BAH iwam6p=—C0S of—cos D/2, rae D — wu-

puHa uMIyJabca Toxka (puc. 13.7). Paccmorpenne 3THX Bbipa-
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JKEHMH M HX DpeicTaBjieHue Ha puc. 13.7 3a oauH INepHOA
2% JaeT BO3MOXKHOCTb CAeslaTb CJeAYIOlHe BHIBOJHL:

1) OZHONOJSPHBIA imamep B IpEJLEaX NEPUOLA HMeeT OJHH
MaKCHMYM, B TO BpeMs Kak onpeieisiiollee ero pabouee Ha-
ApsiKeHHe (a cJaefoBaTeNbHO, H TOK) — ABA MAKCHMYMa;

2) iHaM,ﬁpzo an 0\<(1)t\<(1)t1 n G)tzé(x)f<2ﬂ

*

Taxkum o6pasom, B npefenax KaxKiOro nepuoia B OTJHUHE
0T CHHYCOHJAAJbHBIX BEJHYHH CyLIeCTBYIOT OECTOKOBLIE Nay3H,
B Ipefesax KOTOPHIX luam,6p TEOPETHYECKH OTCYTCTBYeT. Pas-
JOXKEHHe KPHUBOH imam,6p IIOKA3BIBAET, YTO B HeH, KaK YKasbl-
BaJNOCh BhIle, NIOMHMO OCHOBHOH cnarawoillel cojepKaTcs
3HauMTeJbHas alleDHOAMYeCKasl CJAaraloouias 4 3HaKoNepeMeH-
Has cjarawoniasi gBofiHoft yacrorel (100 I't), B npepmenax pe-
anbHbIX ocHoBanuii D He obpamaiomasica B HyJb. Caaralo-
mue 6oJee BHICOKHX YacTOT HMEIOT 3HAYHTENbHO MEHLIIHE 3HA-
ueHHs uJH BooOlle OTCYTCTBYIOT. B0O3MOXKHOe COOTHOILLeHHE
BCEX cJaraliux npuBeaeHo B taba. 13.1 [72].

B ycranoBuBHIeMCsl peXHMe TOK [ns TakKe HeCHHYCOHAA-
JeH, HO fIBJSIETCs yXKe Nepuoauyeckol ¢yHruuef. Bxogamue
B HEro TapMOHHKH, KaK yKasblBaJaoch B I'l. 9 u 12, uxoraa Hc-
nosbL3YIOTCs B 3aumuTax ot KV,

Bonbiuine TeopeTHYecKHe ¥ IKCINEPUMEHTaNbHble PaboThl
10 ONpeaeseHHIO 3HayeHuil GpockoB ObIAH, KaK YKa3biBaJloCh
B ra. 1, mposenenst B HITM (A. JI. JlposaoBbIM U Ap.) H 3a
pybexoM. ITH paboThl Aand BO3SMOXKHOCTb NOAOHTH K aHaJH-
THYECKOMY OIpefesleHHI0O MAaKCHMAaJbHbIX 3HaueHHil OPOCKOB.
B obmeM Buie ux mnpeaJaraercss ompefeisTth (cM. ra. 1) no
BblpaXeHHio iHaM,Gp max=0é';) Upaé/[V3(Xc+ XT,H) ] , e Xc -
3KBHBAJIEHTHOE CONPOTHBJEHHME NHTAlOUlEH CHCTEMHl, a Xiu—
CONPOTHBJEHHE 3aliHIAEMOTO TpPaHCHOPMATOpa B YCJIOBHAX
HacoblllleHKst ero MarHHTONpoBoAd. 3HaueHHs Ko3(@uuueHTa
6pocka ¢ (¥ o6ocHoBanu B [36].

B rtpexcdasnbx TpaHchopMaTopax BHA IEPEXOIHBIX Insep
OKa3blBaeTCsl APYTMM H3-38 B3auMHoro BausHus ¢as. C uc-
NoJb30BanHeM oOllero mnoaxona Oblia BHIsABNEHA H3BECTHAs
H paHee BO3MOKHOCTE HOABJNeHHS B OAHOH U3 (a3 sHakone-
pPeMeHHOrO TOKa, a B ABYX APYI'HX — TOKOB ¢ anepHOAHYECKH-
My BCTpe4yHO HamnpasJieHHBIMH caarajomiuMu. [Ipu stom popma
ix6,6p 3aBHCHT OT [PYHNNbl cOeaWHeHHs OGMOTOK M  pasHo-
BPEMEHHOCTH BKJIOUeHUsi $as. 3HAKOoNepeMeHHbIH ins,op OBIBA-
€T MeHblle PACCMOTPEHHOI'O Bbllle, HO BCe Xe MOXKeT JOCTH-
rate 1+2 [yom,r, UMeeT 3HAKONEpPEMEHHYIO cJIAramoulylo ABOf-
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HOH 9acTOTH M HEKOTophie GecToKoBbie maysbl. llpHMepHBIH
BHJ ins,ep AJS 3TOrO Ciayyasi npuBefeH Ha puc.13.8 (cM., Ha-
npumep, [48]), a Takxke Oba AaH B ra. 1 (cm. puc. 1.54).

Ta6anuwa 13.1

OTHOLLEHAE aMIJTATY cocraangmumx
Cocraastiomype 6pocka Iy 6y K OCHOBHOH rapMomuke, %

OcHOBHAS TapMOHHKA lgg .
Anepnopuyeckas o8

Bropan rapmonnka 5.
Tperbn rapmMoHHKa 5,1
UerBepTas rapMOHHKA 1
IIaran rapMoHHKa 37
Iilectass rapMOHHKA 54
CesnbMan rapMoOHHKA ,

Hpumeqaﬂne. Ilog BRICHINMH TapMOHHKaMH 38JeCh CJeJlyeT NOHHMATh 3Ha-
KONlepeMeHHble 3aTyXawllde coCTaBJdolliie, HMeollHe MCCTOSHHBIE NEPHOABI  (CM,

ra. 1)

TIpHHUMABL OTCTPOHKM OT iys,6p 110CKONBKY 6pPOCKH BO3/ICH-
CTBYIOT Ha 3alUTy KaK TOKH BHyTpeHHHero K3, orcTpoilKy
OT HHX HauOoJee Leleco00PasHO BHIIONHATD, HCHOMb3YS He-
CHHYCOMAANBHBIA BHI KDHBOH igs6p, OTIMYHBIA OT BHAA KpH-
Boii Toka K3 ix. Ilpu sTtom, omHaKo, clelyeT Y4HTHBAaTbh, 4TO
KaK ims,6p, TAK M ix MOTYT COAEPXKATh aNlepHOJHYECKHe cJara-
omMe (3aTyxaloiife, oJHAaKO, NPH ix 3HAYHTeJbHO GHICTpee),
a Takxke TO, 4TO BTOPHYHBlE ix 34 cUeT TpaHCHpIpMalHH HX
TA npu 60JbUIMX KPATHOCTAX TOKOB K3 MOryT HMMeTbh, Kak H
in6.6p, OECTOKOBHIE Nay3nl (cM. . 3); Kpome TOro, NpH Ha-
CHIHIEHHH 3a CUYeT anepuognqecxczﬁ cnarawomefi Iy B HHX CO-
IepKaTcsl H cJjaramolime 11391“41{014 yacToThl. Bee sTo B psne
Cy4aeB YCNOKHSET OTCTPOHKY 3alHT OT ims,6p H OrPAHHMUH-
BaeT o6JacTH NpPHMEHEeHHs] OTAeJbHBIX BAPHAHTOB OTCTPOMKH.

3a nocaeanue necatuierds 3a pyGexom H B CCCP 6nino
paspa6orano MHoro crnoco6os orcrpofikH. Paspaborku 30-x,
nauvana 40-x rogos OulIH 0600HIeHH B L72]. Onu B OCHOBHOM
6asnpoBaiuch Ha 3JeKTPOMEXAaHHYECKOH sleMeHTHOH Gase.
Hcropuueckn nepsofi n B HACTOsllee BpeMs HENpHEMJEMOH
fnla OTCTpOMKA BHAEPIKKOA BpeMeHH, CO3[aBaeMol peje ¢
3aBHCHMBIMH HJIH HE3aBUCHMBIMH BBLIJEPXKKAMH BDEMEHH.
B nauase 30-x rogoB Bo PpaHnuy 6610 NPEAJOKEHO HCIONb-
30BaHue cJaramuux ABoiHOH yactoTel. OHH MOryT OHITH NpPH-
MeHeHB AJIs1 GJIOKHPOBAHHSI MJIM CO3AAHHSA CIeUHa bHOro 3a-
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rpy6iienns; B HacToslllee BPeMsl 3TOT CIOCOO UIHPOKO INpuMe-
Hi€TCA B 3apy0eXHOH NpaKTHKE Yacto B COYETAHHH o
AnQdepeHLHaIbHOR TOKOBOH OTCEUKO, pesepBupyioniel or-
kmoueHne K3 npu [, 06ycnoBIHBAOMMX HOSIBJICHHE 3HAYH-
TeJIbHBIX Claramollux ABOHHOA yacToTH. Bruio npeasoxeno
MHOro BAPHAHTOB GJIOKHPOBOK, HCIOJbB3YIOUIHX peje Hampsi-
#eHHsl. Bce OHH OKasannch Hes(peKTHBHLIMH, YACTHUHO H3-
3a HEYCTKOCTH PabOThl IIpH GPOCKax, BO3HMKAIOWMX NPH BOC-
CTAHOBJICHHH HANPSXKEHHs TOCAE OTKJIOUEHHS BHellHMX K3.
B konue 30-x rogos B Iepmannu 6uina NpeAoXeHa cxema
¢ BkmoyeHneM MO Toka depes Tak Ha3bBaeMbli OrIcTpoHa-
Chlmjaomuiicss npomexyrounnit TALT, mioxo TpaHcPOpMH-
PYIOLHA anepHOAHYECKYIO CJaraonLyio [ns,6p, OAHAKO H3-32
HEeylayHO BLIGHPABIUNXCS PaCYeTHHX MHAYKUMA TALT npH
cpaGaThIBAaHHM OHA OBHINA HELOCTATOYHO 3¢ PexTuBHa. B ote-
YeCTBEHHOH NPAKTHKE, KaK YKAa3HBAJOCh B IJl. 8 H 12, nanHas
CXCMa TOJIy4HJIa IIHPOKOE pacHpoCTpaHeHHe TaKxkKe AJs OT-
CTPOMKH OT NepeXOAHBIX 3HAYCHHH Jug npu ckBo3HHX K3 ¢
npuMenenneM B Hel TALT ycunennoro neiictBus. KocBeHHO
CBOMCTBA CXeMbl HCIONb3YIOTCA M B 3alHTAX ¢ MACHHTHBIM
TOPMOXKEHHEM.

Heo6xoaumo orMeTHTs, uTO N HEKOTOpEIe APYTrHe paccMmar-
PHBaeMBIE HHXKE CHOCOGH OTCTPOHKH OT imssp OGECHEUHBAIOT
B H3BECTHOH Mepe M OTCTPOHKY OT NMepPeXOAHHX ixg Ipy BHeLl-
HUX K3, 04HAaKO uacTo He oYeHb 9 (eKTHBHO H HELOCTATOYHO
060CHOBaHHO.

B Hauane 40-x rogos B Iepmanuu u Hlsefinapuu  Gulau
PaspaGoranbl mepBHle 3aHiHTHI, HCHOJB3YIOIHE TOT (aKT, 4To
MaKCHMyMBl TOKa IpH Gpockax BosHHKalOT 1 pas 3a nepuop,
a TOKa ix — 2 pasa, T. e. 6eCTOKOBLIE A3kl Ha onpeneseHHOM
YPOBHE M3MepeHHsl NpHM OpoCKax MOTYT GHITh 3HAYHTEIbHO
Gonbiue, uem npu K3. Peanusaumus storo NpeAsoXeHHsT Ha
3JCKTPOMEXaHHYECKOH 3JeMeHTHO 6ase Obljia He OYeHb 3¢p-
bekTHBHOR. Bynyud OpHrMHAILHO HCHONB3OBAHHBIM B CCCP
Ha HOBOH 3/eMEHTHOH 6ase, cIocO6 4aJ BO3MOMKHOCTb CO3-
AaThb OTCTPOMKY 3aWHTHl OT ius,6p, MOJYUHBIUVIO y Hac mMpo-
Koe npuMeneHHe (cM. §13.6). Buiau npemsoxenn M apyrue
CIocoGEl OTCTPOHKH, HANPHMeEp CPaBHEHHE 3HAYCHHN noJay-
BOJIN TOKOB NpPOTHBONOJIOXKHBEIX 3HAKOB. M3 npemnoxenni,
CACJaHHHX N NpopaGoTaHHBIX B MOCHEAYIONIHE TOAH Ha Gojiee -
[POTPECCHBHEIX ~ 3/€MEHTHBIX 6a3ax, c/lefyeT OTMeTHTb pas-
paborky Hayana 60-x romos Kadenpn P3uA MAOU (H. U. Os-
dapenko, M. X. Casex —Erunmer, X. JI. Hvutpues wu
B. T. IDoporyuues), npeasoxusiuei ODHIHHAJbHOE pelleHHe
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otctpoiiku [48]. OHa ocHoBaHa Ha BhIIpAMJEHHH AudeEpeH-
LHAJbHOIO TOKa W BBbIJEJEHHH H3 HEero MOCTOSIHHOM cJjaralo-
mefl B cjararomell NPoMBILIVIEHHOH 4acToTel. OKasaJnock, YTO
c/Jaraioliie NPOMBIIIVIEHHOH YacTOThl BhHIIpSIMJEHHOro audde-
peHlIHaJbHOr0 TOKa MOryT OBbITb HCIOJb30BaHB AJs OJOKH-
poBkH AH(¢epeHUHANbHON 3aUIMTHl OPH imsep. MccienoBanus
H paspabotku, nposejeHHble UIY (A. M. Jmurpesko), no-
Kas3aJgi, YyTo Ha 3TOM MpHUAIHUIE, HUCHOJb3yS BBIIPSIMJEHHYIO
[IpOH3BOJHYI0 AUd(epeHIHaJbHOrO TOKA, MOKeT OblTh cOo3jJa-
Ha Ha COBPeMEHHOH MHKDO3JEKTPOHHOH 6ase HHTepecHas
BpeMsI-UMIyJbCHAsl cXeMa OTHOCHTeJNbHO OBICTPOJAEHCTBYIO-
miell 3alUTH], MOJYYUBIIeH MPOMBILIIEHHYIO Peaju3alHio (cM.,
Hanpumep, [48]).

TopMoxKeHHe OT TOKOB IJed, cosfaBasi sarpybiaenue 3a-
LIUTHI, MOXKET TaKXe HECKOJbKO YJIydluaTb OTCTPOHKY OT e-
PEeXOJHBIX ims HPH CKBO3HBIX K3, HOCKOJMbKY HX 3HaueHMs BO3-
pacTaloT ¢ BO3pacTaHHeM CKBO3HbIX [k, a mocjefHHe ompeje-
As10T Lopw. Heo6xonuMo, OZHAKO, OTMETHTb, UTO JazKe Jy4-
e pa3paborku, obecrneuynBasl ONpelelieHHYI0 OTCTPOHKY OT
ins,6p U MEPEXOJHBIX TOKOB HeGaJjaHca, HE JaJH BO3MOXKHOCTH
B OTEYECTBEHHOH NpakTHKe noaydartb lcsmin TpaHcdopmaro-
poB Menbie npuMepHo 0,3+0,7/rom,r, B TO BpeMs Kak GblI0 Obi
J)KejaTeJbHO (HampuMep, AJs MOLIHBIX aBTOTpaHchopMarTo-
pos) umerb ux paBHeiMH 0,1+0,15 fuomr. Taxum o6pasomM,
OKa Hesb3si CYHTAThb NMpPoGJeMy CO3JAHHS BbICOKOYYBCTBH-
TeJbHBIX JU(¢epeHHaNbHbIX 3aMUT TpaHchopMaTopoB HOJI-
HOCTbIO paspelleHHoH. HckiioueHueM sBJAseTCs peasH30BaH-
Has TOJbKO AJS MOBHIIAIOIHX TpaHchopMmaropoB (HO He aB-
torpaHcpopMartopos) samura oT KV, paspaborannas HITH
(A. C. 3acHnKk¥H) K OCHOBaHHAs Ha CPaBHEHHH TOKOB B IlapaJ-
JIEJbHBIX BETBSIX OOMOTKH, CleUHaJbHO AJA 3TOrO HMEIOUIHX
oTjeJbHBIEe BBIBOABL [71].

Heo6xoaumo otmernts, uto 8 CCCP B koHue 30-x ronos
Oblyia MpeAJiOKeHa U AaJjee moayunia c 40-X rofioB 1m0 HHUIH-
aruse [J1aBHOrO TEXHHYECKOro ympaBiaeHHs  MuH3Hepro
(A, A. CplpOMSITHHKOB) IIHPOKOe HpHMeHeHHe rpy6as Aud-
sepesuuasbHasi sauiura 06es BHIAEPXKKH BpPeMEHH, OTCTpPOHKa
KOTOPO# OT Ius,6p U [uomax MpH CKBO3HHIX K3 ocymecrBisercs
TOMIKO N0 TOKY cpabaTbiBaHHA OOLIYHOrO oprana Toka. Ta-
Kasl 3al[UTa IO aHaJOTHH C TOKOBBLIMH OTCEYKAMH JIHHHH (CM.
TJ. 5) Obla HasBaHa OugpgepenyuarbHolL TOKO8 OTCE4KOU.
OHa ucrosap3oBasach Ha MOHHKAKIMKX TpaHcdopMaropax He-
6OJIbIION MOLIHOCTH, HE HMMEIOHIUX peryJHpOBaHHA Hampsixe-
HHUSl HOJ Harpyskod. B Hacrosllee BpeMsi ee JOBOJBHO YacTo
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npuMensiior 8 CCCP u sa py6exom kak BCHOMOIaTEJIbHYIO K
OCHOBHBIM YYBCTBHTE/bHBIM, HO 3HAYMTEJLHO GOJjiee CJIOKHBIM
AuddepeHuHaJbHBIM 3alUIUTAM, KOTOpBbI€ 110 HEKOTOPBIM OT-
MEACHHLIM BLILIE MPHIMHAM MOIYT OTKA3bIBATH IIPH BHYTDEH-
Hux K3, conpoBoxaaomuxcs 60/bmuMu KPaTHOCTAMH [y.

BriGop nmapamerpos, ouenka u oGaactu NpUMeHeHHus, Bul-
60op mapamerpoB M CTPYKTYpHBIX cxeM (cm. puc. 13.4) ompe-
ACTACTCS NPUHUMNAMU, HPHHSITHIMH JJI OTCTPOHKH OT pacyer-
HbIX TOKOB HeGasanca. [asi AuddepeHLHaNbHBIX TOKOBbIX OT-
CeYeK C BBIPABHEHHBIMH (HO Oe3 aBTOTpaHc(opMaTopos)
CpABHUBACMLIMH TOKaMH ijied (cM. puc. 13.4,6) mpu gocra-
TOYHO HHEPUHMOHHBIX CTapbIX UCIOJHEHHsX 3JIeKTPOMeXaHHuec-
KHX peJie TOKa yAaBajocb noayuats le,=23,5-+4,5/0mr, a
Hioraa u menee. Jlasi HOBEIX ucnoHenuit MO toka ., L;I(;I‘YT
AOCTHTaTh 6+ 8/wom 7, YTO YKe MaJjio HpHEMJIeMO. Hpu’ HpHMe-
HEHHH OPraHOB TOKA C HachimamouuMucs TAL YCHJIEHHOTO
ACHCTBHS, UMCIOUIHMHU ypaBHUTeNbHBE OOMOTKH, OGeCHeYHBa-
folike mpn HOpMaabHOH pabotre Jar (Wypr+ Wpas) =Larr (Wypir -+
+Wpas), YAA€TCT HMETb HO CXeMe Ha puc. 134,6 lo.~ 1=
1,2/x0m,. [Nl 3alIMT ¢ MArHUTHEIM TOPMOKEHHEM (ﬁo cxe-
Me Ha puc. 13.4,a) Ilcamin~ 1,5 Inowr, 4TO nesaer 3aluTy
MaJjo npueMmJeMod. Mmesmoch, kak oTMeuasoch Bbllie npen-
aoxenne HIIM no noBblweHuio uyBcTBHTeNbHOCTH 5T0i 3a-
LLATBI, OJHAKO B CBfI3M C MEPEXOJOM HAa HOBYIO 3JIeMeHTHYIO
6a3y oHO NPOMBILIJIEHHOCTBIO He GBIJIO peasn30BaHO. ¥ HOBLIX
AU depeHIHaIbHBIX TOKOBBIX SalIUT C TOPMOXKEHHEM OT TO-
KoB mey (puc. 13.4, a), umeromux CNIELHANBHYIO OTCTPOHKY
OT Ing,6p ¥ TACTHYHO OT MePeXOAHbIX iys NPH BHeIUHUX K3 (cM
§ 13.6), Lo minx 0,3+ 0,7 Loy r. '

B nacrosimee Bpems nudoepennnambuble TOKOBHE 3anu-
TBI PASHEIX HCHOMHeHWH, HO 067A3aTebHO Ge3 BhIAEpIKEK Bpe-
MEHH, MPUMEHSIOTCS KaK OCHOBHbIE MPAKTHYECKH S BCEX
ABTOTPaHCHOPMATOPOB U TPaHC(HOPMATOPOB  MOLLHOCTHIO
Gosbie 4000 kB-A u gaxe Gosbme 1000 kB-A, ecau Toko-
BbI€ CTYIEHYATble 3aUIUTH He 06ecHeuyuBaIOT Ko3dpunuenra
UYBCTBHTEJbHOCTH ky>2 npu K3 Ha BbIBOAax HHU3IIEro Hamnps-
HEHUsT UM UMEIOT NPH 3TOM HempUeMJeMYIo BBIZIEPKKY Bpe-
MEHH.

Henocratounas  uyscTBHTeNBHOCTD nuddepennnanbHBIX
SaHUT OpH BHYTPeHHNX K3 ¢ MajipiM uHCIOM 3aMKHYBIIHXCS
BHTKOB JIONYCKAETCS C Y4eTOM HAJHUUs ras3oBBIX 3al[HT (cM.
§ 13.8), kotoprie 06buto JHKBHAMPYIOT TaKHe MOBPeXXJeHHS.



13.6. AUDDEPEHUMATIBHAA TOKOBAS 3ALLUTA C KOMIMNEKCHOM OT-
CTPOMKOM OT TOKOB HEBAJTAHCA

PaccmarpuBaercs: BHeJpeHHasi B cepHIHOe NPOH3BOACTBO H
3KCIUlyaTanuio cxema, paspaboranHas BHUHUP (A. M. Omur-
PHEHKO) NPHUMEHHTEJNbHO K 3alluTe MONIHBIX TPaHCc(HOpMaTo-
poB u aBToTpaHchopMaropoB. B ocHoBy ee OCYILeCTBJIeHHs
NOJIOXKEHBl PAacCMOTPEHHBIE Bbille NPHHUHIB OTCTPOHKH OT
OpOCKOB Ins,6p NMEPEXOAHBIX M YCTAHOBHUBIIHXCH TOKOB He6a“~
naHca npu ckeosubix K3. HMcmosnnsoanue Gojiee coBpeMeHHO
3/71eMeHTHOH 6a3bl AaJ/10 BO3MOMKHOCTb BHECTH B 3aUIMTY HEKO-
TOPble IPHHUHUIHAJILHO HOBHIE YJIYYLIEHHS.

3

Puc. 13.9. Tlaysw, nosyvamoinecss B BHIPAMAEHHHX imaw,60 (@) U TOKax B
nuddepennaipHofi nenu npu siuyTpennnx K3 (6)

OcHoBHble MONIOXKEHHA NO OCYUECTBAEHHIO. [as1 orcTpoii-
KH OT TOKOB He(6aJjlaHCa HCIO/Ib30BAHBl YETHIPE B NPUHUMIE
uaBecTHREIX (cM. § 13.5) cmocoba: ucmoNb30BaHHE NOJIOKEHHS
O TOM, 4TO NpPH 6POCKaX HAMarHMYHBAIOLIErO TOKA 3a MEPHOJ
HOSBJSIETCS] TOJIBKO OAHH MaKCHUMYM ins,6p, @ IpH K3 ux GnBaer
ABa, 4TO 00ycJOBJNHBAET pa3Hble G€CTOKOBEIE IAY3HI IPH ONpe-
NeTeHHOM KOHEYHOM 3HaueHHH TOKOB; HCHOJb30BAHHE HaAHYUS
B iu6,6p COCTABJISIONIEH ABOHHOH YaCTOTHI, KOTOpAsi OGBIYHO oT-
CyTCTByeT B mepBHYHBIX TOKax K3; orcTpoiika oT MIOGHX ius
BBIOOpOM /.5 (TOKOBas OTCeYKa) 'H, HAKOHEL, HpUMEHEHHE
TODMOXKEHHSI OT TOKOB IIeY, OCOOEHHO MOJI€3HOTO TIpH HaJH-
YHH BCTPOEHHOTO peryJHPOBAHHS #; IIOX HArpysKoH, HO paio-
IeT0 HEKOTOPHH MOJOXKMTeNbLHHIN 3h(@eKT U mpH OTCTPOHKE
OT NIEPeXOAHBIX iwe IpH CKBO3HHX K3. ILlenecoo6pasHocTsb
0epBOro cnocof6a OTCTPOHKH HJITIOCTPHPYIOT COOTHOLUEHHS,
npuBejeHHble Ha puc. 13.9,a u 6. IIpu 6pocke ius,6p MoJyYa-
I0TCSE Nay3Bl !1n 3HauuTenbHO O4Jibpllue, ueMm foy ODH BHYTpeH-
HUX BHINPpAMJEHHBHX Tokax K3 ik, ecau mpeanosoxKHuTh ix CH-
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HYCOHIA/IbHBIMU. B peficTBHTENbHOCTH 1P TpaHChOPMAaUHH
H HacbllleHHH TA TOKH inaws MOTYT HMETb B TEUeHHe nepHoza
HEKOTOpEIE He SBHO BBEIpAXKeHHbe NMayshl C HeGOJbIUMM 3aTy-
XaHHeM OTPHUATENbHBIX noayBosan (puc. 13.10,8). das yayu-
IeHUsi paGOTH CXeMbl B 3THX YCJIOBHSX (CO34aHHS HEOGXOIH-
MO#l GeCTOKOBOH Maysbl) B cXeMy BBeAeHO AH(B(hepeHIHpoBa-
HHe TOKa [, OCyHIeCTBJsieMOe TPAHCPEAKTOPOM, BKJIOYdeMBIM
B AHOdepeHuuanbHyo nenb. 10 AU(GepeHIHPOBAHHE MOKET
OBITh MOJIE3HO TaKKe A/l NOAYEPKHBAHHMS 3HAUeHHH COCTAB-
JISIOMHUX NBOHHOH 49acTOTHl {xs,5p, HCIONB3YEMBIX aJIsI BTOPOr0
cnocoba OTCTPOHKH OT iuscp, CO3AAIOMETO AOMOJIHHTEIBHOE
TopMoxeHne. Tpancpeaxkrop mioxo TpanchopMmupyer u are-
pUOLHYECKUe cJaaralonie TOKoB HeGanaHca. [Tostomy ero uc-
N0J/Ib30BaHHe NOJIE3HO TaK¥Ke AJsl OTCTPOHKH OT NMepPeXOMHBIX
{ns M JJIS. yMEHBIUEHHS BPeMeHH cpabaThblBaHUS 3alLHTHI apu
BHyTpeHHHX K3. Tpetnit cnoco6 orcTpoiikm — HCnOJB30Ba-
HHEe JIH}depeHnHaNbHOH TOKOBOH OTCEUYKH — obecleuuBaer
cpabarbiBaHMe 3alUTH NPU GOJBUIMX KPATHOCTSIX TOKOB i
BHyTpeHHHX K3, Korpa TopMoiKeHHe OT csaraiomiux ABOHHOM
YacTOTH MOIVIO Gbl HEONYCTHMO 3arpy6.asTh 3amuty. Topmo-
HKEHHE OT TOKOB IVIeY (4eTBepThifi crnocol) OCYIIeCTBISAETCS
CyMMO# BBINIPSIMJIEHHEIX TOKOB IJIed Yepe3 CHenHaJsbHbLH ¢pop-
MHpOBATE/b, CO3MAIOUINA TOK CMEIIeHHs], NPONOPIHOHA/BHBI
TOPMO3HOMY TOKY; NpH 3TOM AJs1 obecmeueHds paboThl 3a-
INHTHL Ge3 TOPMOXKEeHHST (C Icsmin) NPU HEGOJABIIHX TOKAX B
¢basax B cayvasx K{ mocnegosaTenbHo B TOPMO3HYIO IENb
BKJIIOYAeTCS CTAaOUTHTPOH.

HcnonbsoBanue coBpeMeHHO! 3jeMeHTHOH 6Gasnl MO3BOJIH-
/70 TaK}Ke NPUMEHHTh BPeMsi-HMIYJIbCHBIH CIIOCO6 CpaBHeHHS,
IIMPOKO HCIOJIb3yEMBIH B HacToslllee BpeMsi AJs1 BBHIIOJNHEHHUS
PasHBIX 3aLIUT, HO CO CBOEOGPA3HHIM CXEMHBIM pPelIeHHEeM.

BoimonHenue cxembl. Ynpomenuas CTPYKTYpHasi OAHOJIHU-
HeH{Hasl CXeMa 3aLIHTH, NOCTATOYHAS TOJBKO JJIsi BHISIBJCHHS
€€ OCHOBHBIX DaCCMOTPEHHBIX OCOGEHHOCTeH, mNpHBelJeHa Ha
puc. 13.10, a. Tam xe (puc. 13.10,6) nana pesyNbTHPYIONAS
XapaKTepuCTHKa 3awHThl [cs==1c,smintEropw(Iropw—1Iropm,uax).

O6mas ouenka samuThl. PaccMoTpeHHas cxema YUYUTHIBa-
€T MHOTHe ()aKTODHI, KOTOpPHle AOJKHBl 06eCleurBaTp ee -
texTuBHOe (yHKUHOHMpPoBaHHe. OnaHaxko OHa IOJNYYHJIacCh
AOCTAaTOYHO C/IOXKHOH M MMelomlell BCe Xe HEKOTOpHle Heslo-
CTATKH, K KOTODHIM MOXHO OTHECTH HO JaHHBIM OINBITA 3KC-
IyaTauuu: HHOLJAA HEROCTATOYHO NOMHOUEHHYIO OTCTPOHKY
OT [EePEeXOAHBIX ins NPH CKBO3HHX K3, o6ycnoBneHnyio Tew,
4TO OHa OCYHIECTBJsIETCS CHOCOGOM, MpeAHa3HAYEHHBIM B OC-
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Puc. 13.10. CoBMemensas CTPyKTypHas cxeMa AuddepeslnatbHoOl TOKOBOR
3aLIUTH C BPEeMA-HMNYJIbCHON OTCTPOHKOH OT NepexXoAHHX TOKOB HeDasjaH-
ca u TopMoxeHHeM (a), ee xapakrepuctuka J¢,p=f(lropu) (6) u KpHBas
6pOCKa (uam,z TPaHCHOPMHPOBAHHOTO TayGoKoHachleHHEIM TA (8)

HOBHOM /15 MpeloTBpall€Husi AEHCTBHA 3aluThl npu 6poc-
KaX Ius,6p; HECOTJIACOBAHHOCTb 11O YYBCTBHTEJNLHOCTH TOKOBOMH
OTCEYKH H, HaNpHuMep, yCTPOHCTBA, HCNOAb3YIOUIErO TOPMOXKe-
HHE OT cJaralliiX ABOUHOH YacCTOTH (Ke€1aTeNbHO ObLIO 6Bl
AMEeTL y OTCEYKH TOK cpabaThiBaHMsl, MeHLUIHHA NPHHATOIO B
samuTe). [1osTOMy Ha NpaKTHKe NOJy4YalOT pacCOpoCTPaHeHHe,
HanmpHMep [AJS MOHMXKAKIHX TPaHCHOpPMaTopoB cpejaHedt
MONIHOCTH, W 60Jiee NPOCTHE CXEMDLI, CpeAH KOTODPHX CJAeRYET
orMeTHTh paspaborannyw UIY (A. M. JIMHTpHEHKO) cXeMy
C TOPMOXKEHHEM OT COCTaB/SIOIINX NPOMDLIIIJIEHHOH HYacTOTH
— BHINPAMJIEHHOH MPON3BOAHOH 1ubdepeHIHANLHOTO TOKE (CM.
§ 13.5).

B uenoM cjenyeT KOHCTaTHPOBaTb, YTO CO3JaHHe IOJIHO-
1EeHHOH BEICOKOUYBCTBHTE/NbHON 3alUThl TpebyeT naJjbHeRuInx
HccjefloBaHufl 0 pa3paboTOK.

13.7. OCOBEHHOCTU AUDDEPEHLIMATIBHBLIX TOKOBbLIX 3ALUT
C YUCNOM TPYMN TA BONbLUE ABYX

Takue cayuau BO3HHKAIOT NPH OCYILECTBJIEHHH 3allHT aB-
ToTpaHcPopMaropoB, TpexOOMOTOUHHIX TpaHcPOpMaTOPOB,
a Takxke NPHCOECJHHEHHH HX CTOPOH K CHCTEME, HAaNpHMep de-
pes ABa BHKJKOUYaTeN,

CorjlacHo OOGHIAM yCJ0BHSAM BhionHeHHs AuddepeHun-
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ajbHbIX 3amut (cM. . 8) ee TA, orpaHnyHBaloniHe 3allH-
I}aeMYI0 30HY, LOJKHBl YCTaHaBJHBATbCS €O BCeX CTOPOH
COCJMHEHN} 3aIIHIIaeMOro 3JeMeHTa ¢ OCTalbHOH HacTbio
CHCTEMBI.

Coenuuenne Bcex TA 3amuTh MexAy co6oii 10MKHO obec-
NeYnBaTh OTCYTCTBHe TOKa B AH(QepeHiuaJbHOd LenH 3allH-
TH BO Bcex pexmuMax, ecau Her K3 B 3aumuuiaeMoil 3oHe.
Jlns 5TOr0 KpOMe pPacCMOTPEHHBIX BHLIle BBIPABHHBaHHI
CPAaBHHBAEMBHIX TOKOB Mjed mo (dase H aGCOMOTHOMY 3HAYe-
HHIO Bce pacyernl HeoOXOAMMO NPOH3BOJAHTb, HCXOASA M3 OA-
HOM H TO#l e MOIIHOCTH BHE 32BHCHMOCTH OT pe€ajibHBIX MOIL-
HocTel BerBel 3alllHIIaeMOro 3jJeMeHTa.

Tokn HeGanaHCa B paccMaTpHBaeMoOH 3aliHTe 4acTo 60Jb-
lile, yem U1 3aliAT TpaHcopMaToOpoB ¢ ABYMs rpynmamu TA.
3710 npexnae Bcero ompeiensercsd BO3MOXHBIMH TOBBIIEHHH-
MH KDaTHOCTIMH TOKOB CKBO3HHX K3 3a cuer mpOXoXKIeHH:
yepes TA, pacnonoxeHHbBle cO CTOPOHB BHemHero K3, cyMMHul
TOKOB JPYTHX CTOPOH (HampuMep, TpeXoGMOTOYHOrO TpaHC-
dopmaropa ¢ TpeMs BBIKJAIOUATE/ISMH) H OTCYTCTBHS OTpaHH-
YeHHS CJAaralolHX TOKOB PEaKTHBHOCTbIO 3alllHIlaeMoro 3Jje-
MEHTA TPH NPHCOEIHHEHHH K IIHHAM CO CTOPOHH TNHTAHHS
yepes HeCKOJbKO (HampuMep, ABa) BhIKJouaresed. Ilosromy
3alllAThi, KaK MPaBHJO, HMEIOT TOPMOXEHHEe OT TOKOB ILJIeY.°

7opMOIHA R
cucmema Padoyas
M I cucmema
g e ] =
]

T

Puc. 13.11. CoBMemmennas cTpyKTypHas cxema aaddepesunanbHoil TOKOBO#A
3aUIUTEl ¢ TOPMOXKEHHeM Ha BHTPAMJAEGHHBIX TOKaX € TpeMs TOPMO3HBIMH
CHCTeMaMH
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3HayHTe/bHOE yBeJlHUEHHE YHCJIa TOPMO3HBIX CHCTEM y 3JEK-
TPOMEXaHHUECKHX peJsie BH3bBaso TPyAHOCTH. [IpHHUMIHANL-
HO JIyYIliHe Pe3yJbpTarThl ObUTH NOJydYeHbl HPH HCIOJIb30BAHHH
MHOTOIOJIOCHBIX HHAYKUHOHHBIX cucteM [3]. Ilpaxruueckoe
npUMeHeHHe HMeJH H peJie ¢ MAaTHUTHBIM TOPMOXEHHEM C He-
CKOJIbKHMH TOPMO3HBIMH CHcTeMaMH 1o paspat6orke HIIH
(A. 1. dposnos u ap., cM., Hanpumep, [10]). [Tpoute u adpdek-
THBHEE BOIPOC peilaercss NPH HCNOJb30BAHHH TOPMOXKEHHS
OT BHINpSIMJIeHHBIX TOKOB miey (puc. 13.11). 310 TopMOKenHe
MOKeT NPOH3BOJHTLCS OT TOKA OJHOTO IJIeYa C [ pumax HIH OT
apH(MeTHYECKOH CyMMB BHIIPAMJEHHHIX TOKOB Iiied. Bropoi
BapHaHT CYUTAETCH NPeJNIOYTHTEJbHBIM. B HeM TOpMOXKeHHe
XapakTepH3yeTcss BbIpaeHHeM Rropmi|[xi| + Rropmir | [xir| + ...
---+k'ropmnl_1_xnl = kTopM,a{K,BHmax, rune kTop—M)g—SKZBuBG.;leHTﬂbld
koappuyuent topmoscenus (BBegen A. I'. T'eBopKoBhIM),
CP3uy T2I1). B uendax ynpoumeHHs YacTo NPHHHMAIOTCH
kropul = Eropmit==...=Rropun. JJI 3TOTO cayuas TnoJjyyaem
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Puc. 13.12. CoBMeliennas cTPyKTypHas cxeMma JRuddepeHnHansHOR TOKOBOH
3aIUBTH OUIHHOBKH
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kropu,s=2 Rsopw. BHOOD 0QHHAKOBBIX Riopy HMEET TOT HeAo-
CTaTOK, UTO MOXKeT 6e3 HaaobHOCTH 3arpylusTh 3alluTy MPH
HeKOTOPHIX BHYyTpeHHHX K3.

Ilas obnerueHHs OCYLLECTBJIEGHHS 3aUIHT TpaHchopmaro-
poB (aBTOTPaHC(HOPMATOPOB) C HECKONbKHMH BBIK/IIOUATE/S-
MH Ha OJHOM M3 BHICOKHX HATpSKCHHH OrpaHHYHBAIOT 3alllH-
maemMytoo uMH 30Hy TA, BCTPOCHHEIMH BO BTYJIKH tpaHchopma-
TOPOB CO CTOPOHBI YKa3aHHOTO HaNpPSIKEHHS. IIpu atoMm
BHeIUHSA 4acTh BTYJOK TpaHcdopmartopos (aBrorpaHcdopma-
TOPOB) BMeCTe C COEAHHEHUSAMH J0 TA BeKJIOYATEJEH 3allly-
mlaeTcs  OTAeabHOR Aud(bepeHnHaNbHOR TOKOBOH 3allHTOR
(puc. 13.12), Ha3blBaeMOH 3aUyUTOl OULUHOBKU. Ona ocyuse-
CTBJSETCS, KAK DACCMOTpPEHHBIE BHIUE 3aLUMThl WIHH (CM. VL.
11). Takoe BHIIONHeHHEe GBIBAET NOJNE3HBIM H NO APYrHM IIpH-
yyHaM, HanpuMep INPH OTCOEJHHEHHOM 4Yepe3 pasbelHHHTE/b
TpaHcopmarope (aBTOTpaHnchopMaTope) Ajsi NPOBEPKH, pe-
MOHTa JaeT BO3MOXKHOCTb COXpaHATb B pafore BCIO CXeMy
coeaunennii (OCTaBAATb BKJIOYEHHBIMH BCE BHIKJIIOUATEJH) .

13.8. TABOBAAR 3ALLMUTA

O0umue paHamie, baku TpaHchopMaToOpoB U aBTOTPAHC-
$OpMaTOpPOB  3aNOJHAIOTCH MAcJOM, KOTOpPOEe HCIOJIb3yETCH
KaK JJIS [edefl H30ASIHH, TaK M oxJyaxieHus. Bak cHabxka-
ercst pacuimpuTetem (puc. 13.13), Bosaymnbil 06beM B BEpX-
Heli uacTH KoToporo coobuiaercst ¢ armocdepodi. bak uacro
UMeeT Takke FepMeTHUecKH 3aKphiTylo MemOpaHoO#l BhIXJOM-
Hyio TpyGy, NPelOXpaHSIOMYIO €r0 OT MeXaHHYECKHX Jedop-
Mauuii npy B3pHBOOOPA3HBIX BEAGNEHHSIX rasa.

Kopnyc 2a308020 pese Bpe3aercs B MacjONPOBOJ MEXKAY
KpHIIKOH 6aka W paculMpHTENeM TaK, YTOObl HE NpensTcTBO-
BaTh UMPKYJIANMH Macia Mexay HMMH. ['a3080d HasbiBaeTcs
3a0lHTa, OCHOBAHHAS Ha HCHOJAb30BAHHH I'a30B, BOSHHKAIOWHX
B pe3yabTaTe pa3JoXKeHHs Macja W JAPYruX H30JHPYIOLMHX
MaTepHa/J0B MOJ 1efiCTBHEM 3JEKTDHUECKOH AYr#d H APYrHX
¢ akTopoB (HanpuMmep «loxkapa» CTajly MAarHUTONPOBOJA).
UnTeHcHBHOCTL Tra3000pa30BaHHd 3aBHCHT OT Xapakrepa H
pasmepoB nospex/enusi. I'as, o6pasylouiics NpH NOBPEXK-
JeHHSX, MOXKET HCIONb30BATbCA HyTeM YCTAHOBJEHHS 00b-
eMa ra3a HJH OLICTPOTH ero o0pa3oBaHHs, KOCBEHHO olipele-
JsieMOfl CKOPOCTbIO JBHXKeHHS Macia B TpyOOIpoBoje K pac-
wppuTento. O6bMHO npuMeHsOTes o6a crocoba. TIpu sauute
XKe TpaHcHOpMAToOpoB Majiod MOWIHOCTH HJH BCTPOEHHBIX
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YCTPOACTB peryJHpOBaHHA HaNpPsDKEHHs: NOX HArpy3Koll (pas-
MellapTca B 06ake B OTAE/IbHOM KOXyXe) NPHMEHSIOT pede,
pearupyiomee TOJbKO Ha OLICTPOe BhHLAE/NIEHHE rasa.

PeJie, ocymecTs/siomee rasoByo 3auluTy, GbIIO Mpeaso-
xeHo B KoHUe 20-x rogos B I'epmanun (Byxroabuem). C Tex
NOp OHO B 3apyGexxHOH nuTepaType OOLIYHO HA3BIBAETCA peJe
Byxroasia.

IIpoweccsl, npoxoaslune B MaclOHANOJHEHHOM Gake pabo-
Tawlero tpaxHcgopMaropa, Moryr OHTb JOCTATOUHO CJIOXK-

Puc, 13.13. YcranoBka rasoBoro pene Ha Tpancdopmarope (6ak TpaHchop-
MaTopa H TPyGa K MAcIOPACUIHDHTE/IO HMEIOT HeGOJbIIOH, NPHMEPHO 2 %.
HAKJ/IOH X TODH3OHTY):

I —ra3onoe pene; 2 — NOABOR OIIepaTHUBHOTIO TOKA

HHMH. Ha HEX BIMAIOT KaK BHemIHHe QakToph {BhemHue K3,
KOJIeOaHHS MOYBBI M T. A.), TAK H BHyTPEeHHHe (Hampumep, us-
MeHEeHHs peXHMOB pabOTHl CHCTeMBI OxJaXKAeHHs). Bonpocam
pa3paGoTKH KOHCTPYKLHH Ira30BHIX pesle, a TaKKe THAPOJHHA-
MHYECKHM MpoueccaM, BAHAIOIHEM Ha HX PaboTy, K COXKaJEHHIO,
y Hac He yneJssloch A0/UKHOTO BHUMaHHA. O606maomux pa-
00T N0 MepexoxHbBIM THAPOAHHAMHUECKHM IIPOLECcaM B TpaHe-
dopmaropax Takxke Majo. Cilefyer TOJAbKO OTMETHTH paboty
Kabelpbl «DIeKTpUUECKHe CeTH u cHcTeMbl» UIIU [73], B
KOTOpOHU, B YaCTHOCTH, CAe/laHa NOIBITKA CO31aTh JIEKTpHUe-
CKHE MOJEJIH, HMHTHDYIOUIHe TaKHe IepexoJHble MPOIECCH B
TpaHcpopmaropax u aBrotpaHcdopmaropax. Ilo YJyUIIeHH 0
NeHCTBHS 3alIMTH NOJC3Hble paboTH BHIOJHEHH B (COI03TeX-
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3HEPTO, a IO pa3palboTKe y/yulIeHHBIX KOHCTPYKUHA—peJIeii-
mukamu Yensnbsuepro (®. &. Hepioruubim, A. JI. Byunurko
H Ap.). B HacTosmee BpeMs B Halleil CTpaHe HIHPOKO NpHMe-
HAIOTCA Ta30Bble peJie, BhllycKaeMble B ['epMaHHH.

Boinoanenne m paGora. CymecTByiOUlMe KOHCTPYKIHH
HMEIOT ABa, MHOrAa TpHu oprada. OAHH pearupyer Ha Bhiae/isi-
omuics o6beM rasa, APyrue — Ha CKOPOCTb NPOXOXKIAEHHS
MacJa HJH CMeCH Macia W rasa H3 0aka B pacUIHPHTEb.
KOHCTPYKuHMH TpeX OCHOBHBIX HCIOJIHEHHH — CTapoi, paspa-
boranHolt B Ueaa69Hepro u oCBOeHHOH Ha 3aBoje, a TaKKe
nocraBJsieMoll M3 ['epMaHMH, NpeACTaBJeHbl COOTBETCTBEHHO
Ha puc. 13.14,a,6 u 6 (cM., Hanpumep, [66, 73]). Ux ocoben-
HOCTH paccMaTpHBAIOTCA HUKE.

Puc, 13.14. TIpHHUHNBE BHLIIOJHEHHS TA30BHIX pene (NOJIBHXKHBIE 3/E€MEHTHI
Ha puc. 13.14,6 u & naHBl B NpEANOJONKEHHH, UTO KOPIyC pefie 3alOdHeH
MacaoMm, kak Ha puc. 13.14, a):

I —vgamka !; 2 —vamxka 2; 3 — KOHTAKT 1; 4 — goHTaKT 2; § — JomacTs; 6 — cnHpanb
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Pearupyiomse opranbl ykpenJaeHbl Ha OCAX, BOKPYI KOTO-
PHIX MOTYT IIOBOpAuMBaTbCA; BEPXHHH Oprad npenHasHayeH
cpabateiBaTh NpH onpejeienHom oObeMe rasa, CKONMUBIIEro-
Csd B BepXHEH 4acTH KOopnyca, U ACHCTBYeT HA CUTHAJI, HHKHHUH
(nnu ABa CBSI3aHHBIX MeXKAY COOOH HUKHHX) — NpH 60.1LIIONH
CKOPOCTH JBH:KEHHS yepe3 Hero ¥ JeficTBYeT Ha OTKJ/IOYelHe.
OpI‘aqul BHIIOJIHEHB B BHMJe NOMIJIABKOB, HNPEACTaBASIOIHUX
cobofi noabie Merajjudeckie UMAMHADPH (puc. 13.14,a) uam
noJible MJIacTMaccoBble Mapuku (puc. 13.14, 8), a B KOHCTPYK-
uu4 no puc. 13.14, 6 — OoTKpLITHle CBepXy udallleykd. B aByx
MOCAEAHHX KOHCTPYKUHUAX JONONHHTENbHO K MOMJaBKaM ycTa-
HaBIMBAIOTCA JIONACTH-IIACTHHBI, pACHOJOXKCHHBIE TNONEpeK
JABHKEHHS MOTOKAa B MacjopacIlHpHTENb U obecneunBaiomime
3¢ bekTUBHOE A€HCTBHE 3aLUTHI NPH OHICTPOM ABHIKEHHHU IIO-
TOKa B PACUIUDPHUTENb.

Hnsa obneruenuss BEIXOjJa ra30B KPHIKa 0aka ¥ Mac/o-
NIPOBOA NOJIXKHB HMETh I10 HAMpaBJEHUIO K PACUIHPHTENIO He-
Gonbwoi nogveM (nmpuMepro 2 % ). Kourakts pene Bhino-
HS©OTCA no-pasHoMy. B koHcrpykuuu nmo puc. 13.14, @ oun
PacnojioKeHbl B repMeTH3HPOBaHHBIX TPYOKax M 3aMHBIKalOTCH
npyu cpabaTuiBaHUM PTYThbIO, nepeiuBaomefics B 3TUX Tpy6-
Kax. B koncTpykuuu no puc. 13.14, 6 MenHBle KOHTaKTHl pac-
[0JI0X€eHbl HeNnocpeJCTBEHHO B damleykax, T. e. paboTaior He-
NOCPE/ICTBEHHO B MacisfHOH cpexe. B KoOHCTpykuuu no puc.
13.14, 8 AN HUX NpHMEHEHbl TePKOHH (repMEeTH3HPOBaHHLIE
KOHTAKThl), KOTOph€ 3aMBIKalOTCS NMOA BO3JeHcTBHeM [ONs
NOCTOSIHHBIX MAarHHTOB, NepeMeliaeMblX NOIMIaBKaMu H 1OBO-
poTHO# maacTHHOH. BBIBOAB OT KOHTAaKTOB pacnojararorcs
00blYHO B KOPOOKe, PacloJiOKEeHHON Ha pesepByape peJe.

Ilpn HopmanbHO# paboTe pesepByap peJie 3anojHeH Mac-
JIOM, NOIJIaBKH, JIONACTU-NJAACTHHBl MOAHATEL U KOHTAKTHl pe-
Je pasoMkuyThl. IIpu cnabom rasoo6pasoBanuu, XapakTepH-
3YIOIlEM He3HauuTeNbHble NOBPeXKACHHA (HANpUMeD, «IoxKap»
CTanu), rasbl, NOAHUMASCh BBEpPX, CKAIIHBAIOTCA B BepxHell
4aCTd pe3epByapa, BHITECHsAs U3 Hero Macjao. BepxHuii oprau
HaYHHaeT ONYCKaTbCsl, H €0 KOHTAKT 3aMbIKaeT LeNb CHlHa-
ausanud. IIpu CuibHOM ra3oo0pa3oBaHUM, XapakTepHU3yOLleM
cepbesHble nospexnenus (Hanpumep, K(V), nox Bansuuem
GONbIIOrO KOJHYECTBA  BBILAE/SIONIUXCSH Ta30B Mac/Jo HHTEH-
CHBHO BBITECHAETCS B PaCIIHPHTENb H ONPOKHABIBAET CBOEH
CTpYyeH HHXHUH NOIJIABOK WJH JONACTU-IJNACTHHLI, KOHTAKT
KOTOpHIX 3aMblKaeT LeNb OTKAI04eHHsA. Bepxuuit nonjiaBok mMo-
JKeT NPH 3TOM cpabaTuiBaTh Ho3:xe. B cayuae cuibHOrO NMOHH-
JKeHHS yPOBHA Macja (HanpuMmep. Teub B KOXKyXe) pese cpa-
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GaTbBaeT, 3aMBlhas CHAua/la CHCHAJbHBIH, a 3aT€M M OTK.1O-
qaloIMH  KOHTakKT. K pejne  NpeAbABASIOTCA — XKECTKHE
TpebGoBaHHA B YaCTH BUGPOCTOAKOCTH, C T€M UTOOBI HCKJIO-
yaTh BO3MOYKHOCTb HX JIOKHBIX CpaOaTHIBaHU{ NPH Bubpanu-
X, BO3HHKAIOWMX MOJ BO3AEHCTBHEM 3JEKTPOAHHAMUUECKHX
yerauii npy BHemA#X K3, ko/e6aHusAX MOUBH 1 T. 1.

O6wan oleHKa H 001acTh MNPHMEHEHHs. 3amura A0 1O-
C/lelHET0 BPEMEHHU AB/ANaCh eMHCTBEHHOH, OCTPOEHHOH He
Ha 3JEKTPHUECKOM NPUHIUNE AeHCTBU. [TocTenleHHO KOHCT-
PYKUHH Ta30BbIX pelle COBEepIICHCTBOBANHCL H HPOLONKAIOT
coBepuleHCTBOBaThesA. [locnennue UXx Moaudukauuy (Hampu-
mep, o puc. 13.14,8) ABAATCA AOCTATOUHO NpHEeMIEMBIMH,
XOTs Bee elle He JHUIEHB HEKOTOpPbIX HejpocratkoB. Tak, Ha-
npuMep, OTMeyanach BO3MOXKHOCTb OTKa3oB B cpabaTuBaHUl
npH GHICTPOM YXOAe Macja W3 TpaschopMaropa, cHabXKeHHOro
yKa3aHHOH BBbIlle MJIEHOYHOH samuroii [73]. Hacts npakTH-
UecKdX HEJI0CTATKOB 3allUTHl OBlIa TakKe yCTpaHeHa mnpose-
nennoii CotwosrtexsHepro paboToOH, ycraHOBUBIIeH au(pdepeH-
MHpPOBaHHbil MOAXO0A K BBHIOODPY YCTABOK 3alUTHEL IO CKOPO-
CTH BHJKEHUS NOTOKA Macja B 3aBHCHMOCTH OT MOIIHOCTH
TpanchopMaToOpPOB H CHCTEMBI HX OXJaXKACHHA.

JIOCTOMHCTBAMHU Ta30BOfi 3allMThl ABIAIOTCA: BBICOKAA UyB-
CTBHTEJBHOCTb, NO3BOJAIONAs pearHpoBaTh NPAaKTHYECKH HA
Bce OMacHBlE MOBpEXkJEeHHs BHyTpu 0aka; BecbMa HeGoJbiIoe
JLUisT  He3JeKTPHUYECKOro MnpHHuUMNa BpeMsd cpabarbiBaHus
(0,1—0,15 ¢) nmpu GOnbLUIEX CKOPOCTAX NOTOKA Mac.ja. 3amu-
Ta UMeeT CJAeAYMIMe HeJOCTaTKU: 3HAauHTeNbHOE BpeMA Cpa-
GaTbiBaHHsS NTPH MeAJIEHHOM Ta3000pasoBaHuH, YTO HE IO3BO-
JisleT OTHECTH ee K OHCTPOJAEHCTBYIOLIHM; HE pearupyeT Ha
NOBpeKAEHUA, BO3ZHUKAIOI[He BHE faka, HO B 30HE MEXAy
TpaHcHOPMaTOPOM U BHIKJIIOUATENAMU (na BBOJHBIX BTYyJKaX,
COCNMHEHUAX C BBIKJIIOUATENAMH), [109TOMy OHa HE MOXKET
6LITh €MHHCTBEHHOH 3amMTOHl OT BHYTPEHHHUX HOBpeXKAeHUH;
[pH UCMOJb30BAHHH 3aIIUTHl B PafioHaX C CHIBHBIMH 3€MJe-
TpACEHUSMH, Ha YCTaHOBKaX, BO/MH3H KOTOPBEIX MPOM3BOLAT
B3pbIBHEe paGOTH, M T. Il MOTYT BO3HHKATh 3aTPyAHEHUA
¢ BBHIMOJIHEHHEM ee JeHCTBUS HA OTKJ/IOYeHHe; 3alluTy Bpe-
MEHHO MepeBOAAT AeHCTBHEM TOJbBKO Ha CHTHAJ IpH NOJHBKE
Macna, BKJAOUeHHH TpaHcopMaropa B pabory nocae pe-
MOHTA.

B macrosiiee BpeMs T'a30Bas 3aUIMTA HCHOAb3YeTCHA OU€Hb
urupoko. Ee npuMmeHeHne cunTaercs 006sA3aTeNbHBIM Ha BCeX
TpaHchopMaTopax (asToTpaHcopMaTOpPax) MOULHOCTBIO BbI-
ure 6300 KB-A, a Takxke MomHoctsio 1000—4000 kB-A, He

455



HMewux AudPepeHnualbHOR HIAH APYroll ObICTPOAEHCTBYIO-
e 3aIHTH; Ha BHYTPHLEXOBHIX TpaHCHOpPMATOpPax MOLLHO-
¢Tbi0 Bhille 630 KB-A He3aBHCHMO OT HaJHYHsl ApPYyTHX ObICT-
POAeHCTBYIONINX 3aUIHT.

13.9. TOKOBAS 3ALLMUTA HYNEBOW MOCNEAOBATENBHOCTU
C 3A3EMIAIOUNMM IPOBOAOM

Sawuroil ¢ 3a3emasouyum nposodom Ha3bIBaeTCs TOKO-
Bag 3alidTa HyJeBOH NOCACNOBAaTe/NbHOCTH, NpHCOeNHHACMAsA
k TA, BKIIOYaeMOMY B IleNb NPOBOAA, KOTOPHIA 3aseMJaser
MeTa/JIHUeCKHe KOHCTPYKIHH (6aku TpaHCHOPMATOPOB, aBTO-
TpPancopMaTOPOB, HEKOTOPHle BHAL KOMIJIEKTHBIX pachpele-
JUTEJNBHBIX yCTpolicTB H T. 1.). J/Af npaBHIbHOTO PYHKIHO-
HHPOBAHHA 3aIHTHl 3TH KOHCTPYKUHH He AOJIKHBI HMETh CBf-
3el ¢ 3eMJeH.

MpuHuun gefcTBUA W BhIMOJHeHHe. JleficTBHe 3aUIHTHI OC-
HOBHIBA€TCH Ha Da3/HYHH 3HAYeHHH TOKOB, NPOXOAALIHX NO
3a3eMJIA0IEMY TnpoBoAdy npH BrHeWHHX K3 H nepekpuTHAX
Ha MeTaJJIHYeCKyi0 KOHCTPYKLHIO (HanpuMmep, 6ak Tpancdop-
maropa). B mepBoM ciaydyae TOK MaJ, BO BTOPOM MOKeT OBHITh
JOCTaTOueH Js cpabarblBaHHA 3amuTH. as OTCTPOHKH OT
clyuafino NpOXOAAIHX TOKOB, HANPHMEpP NPH BO3HHKHOBEHHH
Ha KOHCTPYKIIHH HanpsKeHHs OT BCIOMOTaTe/bHBIX HCTOUHH-
KOB, NeUCTBHE 3aUIUTHl HHOU'JA MOMOJHHTENBHO KOHTPONHPY-
eTcs HanpsoKeHHeM HYyJeBOH MocjeldoBaTeNbHOCTH (CM., Ha-
npuMep, [72]).

Ha puc. 13.15, a npuBenena samura tpancdopmartopa, pa-
6OTaomero B CeTH C IMyXO3a3€MJEHHBIMH HefiTpa/fiMH.
TpanchopmaTop ycTaHOB/Men Ha MOHOJHTHOM Kenae3o6eroH-
HOM (yHJ1aMeHTe, MeTa/UIHIeCKHe YacTH KOTOPOr0 HE HMEIOT
CBsi3ed C 3a3eMJIAIONIHM  KOHTYPOM 3JIEKTPOYCTaHOBKH. ToK
cpabaTbiBAHHS 3aLUATH B COOTBETCTBHH ¢ paBoramu CP3uy
T3IT (I. T. I'pex u H. E. Pu6esib), B KOTOPHX y4uTHIBAETCS
npHMepHOe TOKOpacnpelgeJeHHe TNpH BHewHax KU x KO.D
(pHc. 13.15, 6), BbIOHpaeTcst mO BBIPaKEHHIO /¢33 Rorckormax X
X (Brox3lo)max, TAE Rrox — KO3(DPHIHEHT TOKOpacHpeneNeHHa
ansa 3l B Mecre K3, Rormaer — KO3 HIMEHT oTCOCa, YUHTBI-
BawowHA 9acTh TOKA (Krox3/o)max, OTBETBJSAOUIErOCH Ha (PYH-
JaMEHT H [aJjee NPOXOAAIIEro uepes 3a3eMJsIOLIHA NPOBOL
¢ TA samursl. ConpoTHB/EHH MOHOJHTHBIX (YHIaMEeHTOB
O 3KCIMEPHMEHTaNbHBIM NaHHBIM aBTOPOB OTHOCHTEIbHO Be-
JIMKH, H lormax HHOTJ@ He NpeBHIIAET THICAYHHBIX moneii. Yyn-
CTBHTEJIBHOCTL 3alIHTH ONPEJE/AETCS [0 BHIPANKEHHIO Ay~
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Puc. 13.15. TokoBas 3aumiura HyJieBOfl [10C/eJ0BaTeJbHOCTH C 3a3eMJA-
KM TTPOBOJAOM:

a — UpHHIOHOHAaAbHOE BHIMOJHEHHE H JefiCTBHe NPH MNOBPeXAEHUH TpaucpopmMaTopa.
6 — poBefenre npu K3 na semmio B murtamomedl ceTH

~ 3lymin/lc 3, TA€ 3lomin — TMOMHBEIE TOK B MECTE MOBPEXIEHHS.

OneHka H o6nacTh MpHMeHeHHd. 3alllWTa HMeEeT JOBOJLHO
HIHPOKOEe MpHMeHeHHe B pAje cTpaH. B orevecTBeHHOHR mpak-
THKe ee HayaJH IpHMeHsTh B 50-e roaH Ha NOACTAHUHAX C Y-
POIEHHBIMH CXeMaMH 3JeKTPHUYECKHX COENHHEHHI Ha BHICLICM
manpaxenuu 110—220 kB, Korga Ansa 3awuTH TpaHchopMa-
TOPOB HCHOJb30BalHch TA, BCTpOeHHBIE BO BTY/IKH TpaHCcdop-
MaTopoOB, H 3allHTa TpaHcHOPMATOPOB HE MOIJA pearHpo-
BATh Ha HAapy’KHBle MepeKpHTHA 3TUX BTynoK, OJHaKo LWIHPO-
KOe MHCIOJb30BaHHe IJ8 (YHIAMEHTOB cOOpHOro Xxeae3obe-
TOHA NOCTABHJO NOJ COMHEHHe 3(P(EeKTHBHOCTH 3aIHTHI.
B cBsi3H ¢ 3THM B HacToslllee BpeMd oHa B Haulell cTpaHe MpH-
MeHSIeTCsl PeJKO, B YACTHOCTH JiJIsi BHISIBJEHHS NOBpeXJAeHHOl
a3l TpexGakoOBBIX aBTOTPaHChopMaTopoB (rpaHcdopmaro-
poB) cTaHIHH ¢ 1ebl0 AeHCTBHA OCHOBHBIX 3al{HT Ha yCTPOH-
CTBO TIOXKAapOTYIIeHHS TOJbKO onHofi ¢assl (cM., Hampumep,

[65]).

13.10. KOMMNEKCHBIE 3ALLNTEI TPAHCDOPMATOPOB
HEBOJIbLLONA MOLLHOCTH

Ha nouuxawmomux tpanchopmaropax HeGOJbIIOH MOULHO-
CTH, He HMewlIHX AuPpdepeHIHa bHOA 3aIUUTH, YacTo HC-
NOAB3YIOTCH CXeMBl, CoUeTalolHe Ta30BYIO 3alHTYy ¢ TOKOBOH
3allUTOH, BK/IIOUaeMOH ¢ NHUTAIoMECHi CTOPOHBl H HMemeH IBe
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crynedd — I (TOKoBas orceuka 0e3 BBIAEPXKKH BpPeMeHH) H
IIT (makcumanbHas TOKOBas 3alllMTa); CTPYKTypHas cxema
TOKOBOH 3alluTH npuseleHa Ha puc. 13.16. Tox cpabatniBa-
uusa I crymenu orcrpausaercsa or K 3a tpaHcdopmaropom:
I} =kor?) .. Ee uyBCTBHTENBHOCTB R4 OmIpejensierTcs 1O
K3 na BBOgax TpaHchopmaropa ¢ NUTAKOLENd CTOPOHHE U OHI-
BaeT J0CTATOYHO GOJBIIOMH, .OHAKO COBEPUICHHO HENOCTATOou-
HOH 47351 oxBaTa Bcex BHyTpeHHHX K3 B 6ake. Tperbs crynenb
BHINIOJHSAETCS] C HE3aBHCHMOH MAH 3aBHCHMOI XapaKTepHCTH-

Ha omwrnove—

wue Q1,22

a1

a2

Puc. 13.16. CoBMellleHHast CTPYKTypHas CXeMa [BYXCTyTeHYaToH TOKOBOH
3alUTH TPaHCHOPMATOpa HEGOMBLIOH MOLIHOCTH

KO BBIAEpKKH BpeMeHH H MMeeT HasHaueHHe JONOJHSATDH
[ cTyneHb Npu BHYTPEHHHX IOBPEXJEHHAX (mpexje BCero
IeficTBoBaTh npu K3 Ha BTYJKax H COGAMHEHHAX A0 BHIKJIOYA-
TeJd CO CTOPOHBI HH3IIEr0 HanpsRKeHHsA), a TaKxKe ABJIATbCA
3amuToii or BHewnux K3, nanpumep Ha muHax (cm. ra. 11).
Tpebyembiit  aas III cryneHu kumin paBen 1,5—2. Ha rtpanc-
¢opmartopax coscem Majnoi momHoctd III crynmenbp npu ma-
JbX Bpemenax cpabateiBanus (<K0,5 ¢) Moxer gBJIATbCA BO-
oblie ero eAMHCTBEHHON 3aLIUTOH.

Hexoropble 3aTpyAHEeHHs BO3HHKAIOT NMPH OCYIIECTBJEHHH
TOKOBOH 3alIUTH NMOHHIKAIOUWIKX TPaHCHODPMATOPOB, HMEIOUIUX
coeiuHeHHe OOMOTOK ¥/Yo C UYeTHIpeXNPOBOJHOH CHCTeMOH
380—220 B, umerwomeit rayxoe saszeMaenne (puc. 13.17). Ilpu
K® na zemuro mam HeHTpanbHEI mposon BosHukaer tok [ (1),

paBHbifi | (N=3 Up/(Xir+X2:-+Xor), ecnu npeneGpeunb compo-
TUBJEHHEM NHUTAIONIEH CHCTEMBI.
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Puc. 13.17. CoBMemennas crpyktypuas
CXeMa KOMIUIEKCHOH 3allMTHl TpaHChopaa-
TOpa, paboraoumero Ha certs 380/220 B.

Conporusienne Xi,, 3agapae-
MO€ 3aBOJAMH-H3TOTOBMTEJISIMH I
00YCJOBJIEHHOE  CONPOTHBJIECHHEM
HaMarHMYHuBaHud TpaHchopMaTopa,

MHOro GoJsbmie Xijr=Xsr. Tak, Ha-
npuMep, MO JHTEPATYPHHIM AdH-
HbHIM TPH MOLIHOCTH TpaHcdopma-

topa 1000 kB:-A Xor=~9 X;.. Io-
sromy Toku /{!) ¢ murawomed cro-

poHbl GHIBAIOT HEGOJBIIUMH, HelO-
CTATOYHBIMH NS JIeHCTBUSA MaKcH-
MaJbHOH TOKOBOH 3aumuTh. [Ipu-
XOJHUTCS TakXke YYMTHBATb HX cBOeo6pasHOe pacnpejleneHHe
B (hasax, saTpylHAOIlee NPHMEHEHHEe HEKOTOPHIX ABYX(a3HBIX
cxeM (cM. ra. 1). B ¢Bsisu ¢ 3tum B nauaae 30-x rogos B TOII
(B. C. Ycnenckum) 6bia npesicxkKeHa AOMNCJHHTENbHAS] TO-
KOBas 3allHTa HYJeBOH NCCAeJOBATENBHOCTH, NUTAEMAaf OT
TA, BkmouaeMOro MexJ1y HedTpanbio Tpanchopmartopa H
TOYKOH rayxoro sasemienuss (puc. 13.17). Ee Tok cpabathi-
BAaHUS OTCTPAHBAETCH OT [AJHTENBHO JOMYCTHMOro pabouerc
TOKA B HeATPa/bHOM NPOBOJE, COCTABJAIONUIEr0 HECKOJIbKO Je-
CATKOB NPOUEHTOB [rnom, U COTJIACYETCA MO YYBCTBHTEILHOCTH
C MapaMeTpaMH 3allUT IUTAEMOH CeTH.
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13.11. 3ALLUTbI OT BHELIHMX K3

Hasnauenne u THOb 3amut. OCHOBHHIM Ha3HAYeHHeM 3a-
HIHT ABJAETCA OTKJAIOUeHHe pHewlHHX K3 B cayuasax orkasa
3aMIUT HJH BBIKJIOUATENeH CMEeXHBIX 3JeMeHTOB. OHY HCHOJb-
3YIOTCsl TAKXKe KaK OCHOBHHE NPH OTCYTCTBHH y IIHH, HA KO-
TOpble paboTaloT TpaHchopMaTope (ABTOTpaHCHOPMATOPHI),
ClelHaJ/IbHBIX 3alIMT WHH (cM. II. 11) u Kak pesepBHHE K Oc-
HOBHBIM 34aIIHTAM TPanchOpMaropoB OT BHyTpeHHHX K3,
C yueroM moc/efHero OHH TaM, e 3TO BO3MOXKHO, BKJIOYa-
IOTCS CO CTOPOHBI OCHOBHOIO MUTAHHA. 3alHTH YaCTO BHINOJ-
HSIOTCS TOKOBBIMM MO CXeMaM, YaCTHYHO PacCMOTPEHHBIM MpH-
MEHHTeJIbHO K 3allluTaM resepatopos (cMm. ri. 12), u B § 13.10
NPUMEHHTENIBHO K OCHOBHBIM 3alHTaM TOHHXAIOUUX TPaHC-
(popmaropos. OfHAKO NpH HAJHUHHM HCTOUHHKOB MUTAHUS 6O-
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Jee yeM ¢ OJIHOl CTODOHBl OHH BBIIOJHSIOTCA KaK TOKOBHE
HanmpaBieHHble. B mocneanee BpeMs Aja obecledeHHs Jydlle-
ro pe3epBHUPOBaHHSA, a Tak:Ke OOJeryeHHs COIVIAacOBAHHS IO
mapaMerpaM ¢ 3alllUTaMH CMEXHBIX 3JEeMEHTOB 3allUThl OT
BremHux MHorodasHbix K3 HMHOTZA BHNOJHSIOTCA AHCTaHIH-
oHHBIMH. Huxe paccMaTpHBAIOTC HEKOTODHE THNHYHBE CIY-
Yay OCyLleCTBJEHHS 3allluT.

MaxkcnMa/ibHble TOKOBBIE 3AIMTBl MOHHKAICILEro TPaHC-
topmaTopa C JABYMA BHIKJIOUATEJSIMH ¢ MHTaeMOH CTOPOHBI
(puc. 13.18). McnonbayoTcesi TPH KOMIJIEKTA 3aIUTHI, IpHUEM
KOMIJIEKT ¢ MHTaloniedi CTOPOHBI MMeeT BbIIEDXKKY BpeMeHH
Ha crynenp Af 667buiylo, yeM 3alIHThl IPHEMHBIX CTOPOH. JTO
IaeT BO3MOXKHOCTh COXPaHHTh MHTAHHE OJAHOH M3 CTOPOH IIpH
K3 ua apyroit, a Takxe ofecneuHBaer pe3epBHPOBAaHHE OC-
HOBHBIX 3amuT Tpanchopmaropa. Ilpu HezocTaTOUYHON UYBCT-
BHUTEABHOCTH 3alIMThl, HANpHUMep, NHTAIOLIEA CTOPOHBI, TOK
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Puc. 13.18. CoBMeunleHHasi CTPYKTypHasl cXeMa MaKCHMaJbHOH TOKOBOH 3a-
IMHUTH NOHMXAMOINEro JByX0GMOTOUHOrO TpaHchOpMaropa, HMEWLEro xsa
BBHIKJIIOUATEJS] ¢ NPHEMHOH CTOPOHbI
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cpaGaTbBaHUs KOTOPO#l JOJKEeH OTCTPAaHBATbCA OT CyMMapHO-
ro TOKa HArpy3oK o0eHx NPHUEMHHIX CTOPOH, HCIOJb3yeTCs
JONOJHUTEAbHBI MyCK MO HANPAXKEHHUIO, HCKJAIYAKIWIHA He-
06X0JHMOCT, OTCTPOHKH OT TOKOB camosamycka (cM. . 5).
HanpsikeHHe HJsl OpraHOB HanpsiKeHHa HeoO0XOAHMO NpH
3TOM MOABOAHTHL OT TV CTODOHBI HU3MIEro HANpSIKEHHS.
ToxoBble 3amHThl ABYXOOMOTOUHBIX MOBBLIMIAIOIIMX TPAHC-
dopmartopor (puc. 13.19). Hacro 310 TpaHChOPMATOpPHl KO-
cTaToyno GoJibHION MOIIHOCTH, pafoTaoliie cO CTOPOHH BHIC-
Iero HampsKEHHsl B CHCTeMe ¢ IJyXo3a3eMJeHHHIMH HeidTtpa-
asmu (Unow==110 kB). B paccmaTtpuBaeMoM ciaydae HCIOJb-
3yeTcsl KOMILUIEKC 3aiuT or BHemHHX K3. [IpuMeneHue anas
3allUTH OT MHOTO(A3HBEIX NMOBpPEXIEeHHH MakCHMaJbHOH TOKO-
BOIl 3allUTHl OKA3bIBAETCs HempHeMJeMbIM, TaK KaK ee TpH-
wJjaoch Gbl CHABHO 3arpy0afiTh, yUHTbIBasg BO3MOXKHOCTb aBa-
pufinbix neperpysox. KpoMe Toro, ona sarpyaHsana 6ul BbiGop
napaMerpoB mnociepnux (III) crymenmel TOKOBBIX 3allUT
o6paTHOll TocJaeoBaTEIbHOCTH TeHepaTopoB (cM. ra. 12), nu-
Tawlux TpaHchopMaTopoB. [103TOMy OT BHEHNIHHX HECHMMET-
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Puc. 13.19, CoBMemeHntas CTPYKTypHasi CXeMa 3allHTbl OT CBEPXTOKOB K3
MOBHILIAIONIEr0 TpaHchopMaTopa
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puyHLIX MexAydasHeX K3 0ObLYHO IPHMEHSIOT TOKOBYIO 3a-
ILUTY 0GpaTHOH Moc/e0BaTENbHOCTH C HE3aBHCHMOH Xapakre-
PHCTHKO# BHAepxkKKu BpeMenH. I1pu sToM aas samute or K&
npejycMaTpHBaeTcsi MaKCHMaJsbHas TOKOBAs 3auluTa B OHOH
¢ase C JONOJNHHTEJbHHM IIYyCKOM, OCYLUECTB/ISEMBIM OJHHM
MHHHMAJbHHM OpranoM Hamnpsukenus. IToaxoa x Bubopy ma-
paMeTpoB 3alHTH OOPaTHOH MOC/TEN0BATENLHOCTH TaKOH XKe,
Kak M AJd 3allUT renepatopoB. 3auuTa oT BHewHHX K3 na
semaro (KO, K1) ocyuiecTasercs TOKOBOH 3alllUTOH HYJe-
Bofi NocaenoBaTtesibHOCTH. Ee opran TOKa HoJjyuaeT NHTaHHe
or TA, 06bluHO BCTPaHBaeMOro B BLIBOJA HEHTpaJH Tpanchop-
maropa. Ilpu ero OrcyrcTBHUH YCTaHaBJHBAeTCs BHIHOCHOH
TA B Lenu sazeMJeHus HeHTpaaH. BriepKKH BpeMeHH 3allH-
TH HYJIEBOH II0C/Je/0BaTeJbHOCTH (OAHa HAH JBe — KOraa
nmepBasi HCIOJNb3YeTca AJs AeHCTBHS, HampuMep, Ha pasjefe-
HHe CeKUHH [IHH) BHOHpalTCs OOIbIIHMH MaKCHMaJbHbIX
BblAEP:KEK BpPEMEHH [OCJeLHHX CTylleHeli TOKOBHIX Hamnpas-
JEHHHX 3allHT HyJAesoH I[OCNeNO0BaTe/bHOCTH JHHHH C yue-
ToM BpemeHH paboret YPOB (cM. ra. 5, ra. 15), xotophie
O6LIYHO NPUMEHAIOTCS NMPH HaNpsKeHHaX, OOJAbLIHX HJIH Das-
Helx 110 kB, Tox cpabarnBaHHs cOrJacyercss mo 4yBCTBH-
TeJILHOCTH C YKa3aHHBIMH 3alINTaMH JHHHH H OOBIYHO COCT@B-
asiet npumepHo 75—150 A.

TokoBass manpasJjieHHas 32MMTa HYJEBOH MOC/EI0BATE/Ib-
HoCTH aBTOTpaHcgopmMaTOpoB ¢ MUTAHMEM CO CTOPOH BbicLie-
ro W cpepHero HampsikeHuin (puc. 13.20). Ilpu BHnoOnHeHHH
paccMaTpHBaeMbiX 3aUHT YUHTHIBAIOTCH CJAeAylolHe 00CTOS-
TeJbcTBA: aBTOTpaHc(HOPMaTOpH cBOeH OOMOTKOH 3ieKTpHue-
CKH CBfI3bIBAIOT CHCTEMBl BHICHIErO H CpeJHero HallpsKeHHH H
nostoMy 3amuTel 0T K 3THX CTOPOH, KaK H 3aIHTH OT MHO-

rodasueix K3, B3auMocBsizaHbl K s o0ecrneyeHHs CEJeKTHB-.

HOCTH IIPH BHEUIHHX TOBPEXKJEHHAX HYXKAAITCH B OpraHax
HanpaBJeHHs MOIIHOCTH; TOK B LENH 3a3eMJIeHHs HeHTpaJsH
asToTpaHcopMaTopa MO OTHOLIeHHIO K Hanpsxennwo U, mo-
sKeT MeHsATb CBOW (pasy- mpHMepHO Ha 180° B 3aBHCHMOCTH OT
COOTHOIIEHHS SKBHUBAJEHTHBIX CONMPOTHBJEHHH HYJEBOH mnocje-
'110BaTeJIbHOCTH CBA3aHHBIX cHCTeM (cM. rvi. 1) u mostomy AJst
3alUHT He HCNOJb3yeTcs; TOKH Iy CO CTOPOHH ¢ 3aMBIKAHHEM
Ha 3eMJII0 H ¢ JAPYrofl CTOPOHH MOTYT CHJIBHO PasHUTbcA 3a
CYeT OTBETBJEHHS TOKa B IJIyX03a3eMJEHHYI0O HeHTpasb;
B CBSI3H C 9THM JAJI51 ofeclledeHHs UyBCTBHTEJBHOCTH HA CTO-
pOHax BHICIIEr0 W CPeAHEero HalpAXKeHHH ycrTaHaBJIHBalOTCs
oTjeqabuble 3auHTH OoT BHemHux K3 Ha 3emato. [IpuBeneHublil
Ha puc. 13.20 BO3MOXKHBII BapHAHT 3alIHTH YYHTHIBaeT NpH-
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BEAEHHbIE coo6pa}KeH1m. VeraHaBJHBAIOTCs JBa KOMIJIEKTA

pene, pearnpyiomux na K© K% cOOTBETCTBEHHO B CETAX
BRICIIEr0 H cpeasero nampskeHuH. KOMIUIEKTE! BBINOJIHEHD
ABYXCTyIEHUaTbIMH — CO I1 u III cTymeHsiMH — H TPHCOENH-
Herbi K TA, BCTPOEHHHM BO BTYJKH aBTOTpancdopMaropa.

o

Bropule CTyIeHH — OTCEUKH C BLIACPKKOH speMenn. [lo-
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Puc. 13.20. CoBMeniensas CTPyKTypHas cxema TOKOBOI ﬂanpaaneﬂu%p[[me;ia\;
LMTE HYJeBOH MOCHeL0BATEIBHOCTH aBTOTpancdopMaTopa ¢ AByCTOP !
OUTAHUEM C HCMOJb30BAHHEM BCTPOCHHLIX TA

CKOMbKY uacTo HX {1 OJHHAKOBH, o6a KOMILJIeKTa II}pHHSITbI
nanpapienHpIMH. Heo0X01HMO OTMETHTD, yto ana I CTy'Hez;
pefi, HMeOIHUX pa3Hble Il gampaBJE€HHOCTb obs3aTesbH

roabko y 11l cryneHH, aMelou el MEHbLIYI0 BBIAEPHKKY BpeM:-
uu (cM. ri1. 5). OrceukH ofecmeynBaloT yMeHbllleHne BpEMCHH
OTKJIIOUEHHS TOBPEXeH ], HalpHMep B OLIHHOBKE Ha BTY.JI-
Kax apTOTpaHcdopMarTopa, a Takxe, IT0 HacTo BecbMa Cylile-
CTBEHHO, OO0€eCIeyHBaloT BO3MOKHOCTD Beifopa  MeHbILHX
ToKOB cpabarbiBanusi Il cryneHeH 3alllHT HyJIeBOH MOC.TIe10-
BATENLHOCTH JIHHH{, [OAXOASIIAX K NMOACTaHUHH C apyrofi
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(o OTHOILIEHHIO K MECTy BKJIOUEHHS OTCEUKH) CTOPOHHI MOBHI-
wennoro nanpsikenus. s suxksunanuun K3 Ha seMiio Mex-
ay TA u BHKI0OYATENSMH 3aUIUTH C JONOJHUTENLHOH BHI-
JepKKOH BpeMeHH OTKJIOYAaloT 3allHLlaeMBIl aBTOTPaHCHOP-
MaTOp coO Bcex cTOpoH. IIpn ycTaHOBKe Ha DUTAIOUIUX JMHHSX
yeTHIPEXCTYNeHyaThiX 3allUT HYJeBOH HOC/AeN0BaTeNbHOCTH
AHAJOTHYHBEeE 3alHTH ABTOTPAHCHOPMATOPOB BHINOJIHAIOTCA
TPEXCTYNeHUYaTHIMH. '
Heo6x04UMO OTMETHTb, YTO NPHMEPHO B TeX Xe Uesasx,
YTO M CTyleH4aTble TOKOBble 3aIUTH HYJeBOIl HOC/eloBa-
TeILHOCTH, HO NMPHUMEHHTENbHO K MexAydasnbm K3, Ha aBTO-
TpancopMaTopax NpeLycMaTpUBAIOTCS JAUCTaHUHOHHBIE 3a-
IIHTH. YCTAHABJAMBAIOTCS TAKXke TOKOBHE H TOKOBHE Hanpas-
JeHHble 3alUTH 06paTHON Nocle0BaTENbHOCTH. :

13,12, TOKOBBIE 3ALLUUTHI OT NEPETPY3O0OK

[Meperpysku OGBUHO OLIBAIOT ~CHUMMerpHuHbIMH. HecuM-
MeTpUYHBe Neperpysks TpaHcopMmartopsl (aBTOTpaHchopMa-
TOpH) BOCHPUHMMAIOT COBEpPLIEHHO MNO-APYrOMYy, 4UeM reHepa-
TOPHI, — OHH He OPENCTABJASIOT JJIsl HUX TaKofl ONAacCHOCTH.
[TosToMy 3aimHTHl OT Neperpy3ok BHINOJHSIOTCS OPraHOM TO-
Ka, BKJIOYaeMBIM HA TOK OJMHOH ¢a3bl, u paboTalwT OGHIUHO
Ha CUMrHa/j C BbiIepXKKOH BpeMeHH, Oosbllell MaKCHMaJjbHBIX
BefepxkeKk BpeMmeHdn 3amuT or K3. Ha TpexoGMOTOUHBIX
TpaHcdopMaTopax, UMEIOUUX Pa3Hble HOMHMHAJbHBIE MOLIHO-
cti OGMOTOK, JBYX- WJIHM TPEXCTOPOHHee NHTaHHe B 00meM
cjlyyae 3allUTHl BKJIOUAETCst CO BCeX Tpex cTopoH. Ha nonu-
HKAIOMUX aBTOTPAHCGHOPMATOPAX C NMHUTAHHEM TOJbLKO CO CTO-
POHB BHICIIErc HaOpsDKeHHs 3amHuTa JOoJXKHa YCTaHaBJH-
Batbess  (puc. 13.21, @) cO CTOPOHBLI HH3LIEr0 HaRpAXKeHHs,
06MOTKa KOTOPOH HMeeT BCerja MEHbIIYIO MOIHOCTD (He mpe-
Bocxoasamy 1—Usou,c/Unoms HPOXONHON MOULIHOCTH), H BBHIC-
Iero Hanpsi:keHHs. B Tex cayuasix, Korja BO3MOXKHA Ilepena-
Yya 3HEPrHH CO CTOPOHB CpeJHEero Ha CTOPOHHl BHICIIEro H
HHU3LIECro HanpsikeHH MM, HaoG0OpOT, Ha CTOPOHY CpedHero
HANPSKEHHST OJHOBPEMEHHO €O CTODOH BHICHIET0 H HH3LIEro
HATIPSXKEHHH, MOXKeT Neperpy:arbcsi o6las yacTb 0OMOTKH,
Jdaxce KOTAa TOKH C YKa3aHHBIX CTOPOH MeHblle HOMHHAJIb-
uoix. [losTomy, ecnu Takue pexkKUMbI BO3MOXKHEI, 3aHIMTa HOJ-
HA BKJAOUYAThCsl Takxke na obmylo uacTb OOGMOTKH (pHuC.
13.21, 6). Co cTOpOHHBI cpelHero HampsixKeHHs! 3aluTa He ycC-
TaHaBJUBAETCsl, TAK KaK TOK 3TOH CTOPOHBl He XapaKTepHuay-
€T NeperpysKy 00MOTOK.
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Puc. 13.21. CosMellledHEE CTPYKTYpHBIe CXeMbl TOKOBOH 3aUlHTHl OT Tepe-
TPY30K:

@ — asToTpancdopMaTop ¢ NHTAHHEM CO CTOPOHH!  BHICIIEr0 Hampsxenus; 6 — aBTG-
tpancdopMatop, paGoTalolHA B PEXHMax C NeperpyxaeMoli o6uieR HacTbio OOMOTKH
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13.13. PE3EPBHbIE 3ALLMUTEI TPAHC®OOPMATOPOB OT BHELWIHUX
3AMBIKAHUMA HA 3EMAIO B ABAPUMHOM PEXMME
C PA33EMJEHHOW HEUTPANBIO

3amura npexycMmarpuBaercs co cropods 110—220 xB
TpaHcHOpMATOPOB, KOTOPHE B NpOLECcCe IKCIIyaTaUHy MOTYT
paboraThb KakK C 3a3eMJEHHOH, TakKk H ¢ passemJ/eHHOH
HefiTpasplo. D10 MOXeT OHTh APH YACTHUHOM 3a3eMJEHHH
Hefitpalell B cHCTeMe C IJyX03a3eMJ/EHHHIMH HefTpalsiMu.
Hasnavennem salllMTH sIBJAAETCS ApPeNOTBpalleHHe BO3SMOX-
HOCTH PaBOTH TPaHCHOPMATOPa ¢ H3OJHMPOBAHHOH HEHTPAIBIO
¢ HEeOTKJIOMEHHHIM BHEIIHHM 3aMHBIKAHMEM Ha 3eMJI0, [o-
CKOJIbKY YPOBEHb H30/ALHH BHIIYCKAaEMBIX IPOMBIIIJIEHHOCTLIO
Tpancgopmaropos 110—220 kB ma sTor cnyualt OGBYHO He
paccunThiBaeTcs. TakKOH peXXHMM MOXKeT, HanpHMep, BO3HHK-
HyTh B cayuae K Ha mpHAX BHCIIEr0 HANPSXKEHHS CTAHUMH,
JMKBHAMPYEMOTO 3AIUUTAMH NPOTHBONOJIOKHLIX KOHIOB JIHHUK
u tpancdopmaropos crauun (puc. 13.3). [lpn Hamwumn cre-
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nuanbHoll (Aud@epeHunasbHOl) 3allUThi UIMH 3TOT PEXHM
MO KeT BO3HHKHYTb IIPH NMOBpEXJEHHAX Ha WIHHAX U OTKA3e X
3alMTHl MM HA JHHHHM B cJyyae OTKa3a ee 3allUThl WM BhI-
KJloyaTesas.

CyuecTByeT Psj BAPMAHTOB BLIIOMHEHHA TaKiX 3alluT,
paccMOTpeHHBIX B juteparype (cM., HallpAMEp, [10] u mp.).

13.14. OCOBEHHOCTH 3ALUMT NPU HATUHMHM YCTPOMCTB
A8 NPOAONBHOIO PErYJIMPOBAHUA HAMNPAXEHWA
noJj HATPY3KOW

IpogossHoe peryaupoBaHue HANpAEHHA NOL Harpy3ko#
TpaHchopPMATOPOB H aBTOTPAHCHOPMATOPOB MOJNYUHJIO BECH-

Ma WHpoKOe pacnpocTpaHeHne. Ero MPakTHYECKOE HCIIONb30-
BaHHE HECKOJBKO CAePXKHUBAETCH

cH —p— BH TOJBKO HeCOBEpUIEHCTBAMHU KOH-
= CTPYKTHBHOTO BBIIIOJIHEHHS . ¥ CT-
TAZ g ras poficTBa OBIBAIOT BCTPOEHHBIMA

B OCHOBHbLIe MacJoHaIloJIHEHHbIe

| Gaku TpaHcdopmaTopoB (aBTO-

- B4 TpaHcHOPMATOPOB) HJH B BHIE

—<:§ PO BBIHOCHHIX ANNapaToB M HMeEIOT
EED MHOTO DAa3HOBHJHOCTEH CBOEro
g‘_‘_é TA3 KOHCTPYKTHBHOTO  BBINOJIHEHHS.

A2 ) IIpu OOMIenpHHSATHIX HCIOIHeHI-

Ko E:_—g" =T X OTBETCTBEHHOH HX YacThiO
_l SBJSIIOTCS KOHTAKTOpDHBIE YCT-

poficTBa, IlepeK/IoYalolue 4HC-

. J0 BUTKOB OOMOTKH, HCIIOJIb3Yye-
TA% E_ MOH AJas HU3MeHeHHMS DPe3yJ/bTH-
pylollero Kosgp¢uuuenra TPaHc-
. (opManuu Tpanchopmaropa (ag-
Puc_ 1022 Nepolirse scbe  sorpancgopuaropa).
HHs KoHTakTopHBle  yCTPOHCTBA
AJS MOIIHBIX TpaHcopmMaropoB
(aBTOTpaHCHOPMATOPOB) co
BCTPOGHHBIM pery/JHpoBaHueM, HampuMep IO pHC. 13.22, xor-
Ja peryJupoBaHHe OCYLIECTBJASETCSH CO CTOPOHEl CPEAHEro Ha-
npsixeHHsi aBTOTpaHCQopmMaTOpa, paclnojararTcs BHyTpH Mac-
JOHAIOJIHEHHbIX OAKOB B OTAEJBbHBIX oTcekax (6aukax) c cob-
CTBEHHON 3aumHTOH, OCYNIECTBJsieMOH OJHOKOHTAKTHBIM TIaso-
BuM peae (cM. § 13.8) uau uHorga ero pasHOBHAHOCTBIO —
pede napienusi. B CP3uy TIIl ObuiM mpeisioxeHbl CIeElH-
aJibHBlE TOKOBBIE 3aILUTH, pearupylonipe Ha ToBpeXkJeHHs B
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peryaupyolledl 4acTH. TIpuxuunel ux paboThl OCHOBBIBAIOTCS
Ha TOM, 4TO TIPM BHYTPEHHHX 3aMBIKAHHAX B pery/upyoumei
yacTH, KOrMa BC/IeACTBHE HEJOCTATOUHOH HYYBCTBHTE/bHOCTH
MoryT He pafoTaThb obue Aucpdepenuranbuble TOKOBHE 3a-
mHTH, TOKH (a3 TpancdopmaTopa (aBToTpancdopmaTopa)
Gansku K pabouuM; IIPH CKBO3HbIX e K3, Koraa toxH Kax B
pery/iHpyeMblX BHTKax, TaK i B OCHOBHOM 3/leMeHTe Bospac-
Tal0T, AeHcTBHE CHeLHa/bHBIX 3amuT He Tpelyercsi. Ilepssril
BapHanT TakoH 3amuThl Obl1 npeasoxed ewe B 30-e roasl
(A. T. T'eBOpKOBBIM), [0 HeMy NpeAycMaTpPHUBAJOCh aBTOMa-
THUECKOe BhIBeJeHue TOKOBOH 3auutsl mpu BHemnux K3. Bo-
Jee COBepIIEHHBIH BapuaHT, NMPeAyCMaTPHUBAIIUUA TOKOBYIO
3alUTy ¢ TOpMOMKeHueM, Obl1 paspaboran B 50-e roas (A. H.
KoxnueiM). CrenuaJjbfible TOKOBBle 3aILUTHI, HCIOJB3YiOMIHE
3TH HJeH, HHOTrAA IPHMEHSAITCS B HACTOsillee BpeMs, HaNpH-
Mep AJIsi MOLUHBIX aBTOTpaHcopmatopos [76].

BuiHOCHBIE aNnapaThl AJd PeryJupoBaHus HanpsKeHUud
IPUMEHSIOTCS, HampuMep (B coyeTaHHM CO BCTPOEHHBIM pery-
JMPOBAHHEM CO CTOPOHB! CPeJHEro HanpsiKeHHs), co CTOPOHBI
HH3LIer0 HAaNpsiKeHHsi MOMHbIX aBroTpaHchopmaropoB. Onn
o6bluHO 000OpYAYyIOTCH OTAeJbHBIMH AH(GEepeHIHalbHbiMUA U
ra3oBeIMH 3allMTaMy, NpudeM AJs AU(@epeHUHa bHOR 3aLIU-
TH Hcnoabaylotess TA, BcTpoeHHble B 0ak 3aiMUIaeMoro as-
ToTpa"chopMmartopa.

13.15. OCOBEHHOCTH 3ALLUTLI TPAHCHOPMATOPOB
(ABTOTPAHC®OPMATOPOB) BE3 BbIKITIOYATENEN
CO CTOPOHb! BbICLLEFO HAMPAXKEHWA

Cxembl mpucoeiuHenu#i TpaHcopMaTOpoB (HHOTAA aBTO-
TPaHCHOPMATOPOB) K NHTAIOUIHM HX JHHUSM Oe3 BHIK/IlOuaTe-
Jlefl o CTOPOHBI BBICHIErO HANPSKEHUS] B HACTOsillee BpeMs:
OYeHp WMIMPOKO UCMOJB3YIOTCH Ha NOHUKAOMHUX NOACTAHIIHAX
B pacupefesuTesIbHBIX ceTsiXx Hanpsxenunem 35—220 kB.
TpaHncdopMaTopbl MOAKAIOYAIOTCH K JHUHUAM OOBIUHO uepes
orienurenu (rpexdasuble PazbeAUHUTENH C AHCTAHLHOHHBIM
yipaBJsieHdeM), KoTopble 00ecledyHBalOT BO3MOMKHOCTb HX OT-
KJIOUeHUsi B 6ECTOKOBYIO iay3y HocJie OTK/IIOYeHHsi MUTaloel
JMHUH, BBbI3BAHHOrO mMOBpexaeHueM TpaHcdopmaropa. O1-
KJIOueHHe JIMHUM MOXKeT IPH 3TOM ONpefetsThcsi PasHBIMU
ycaoBusmu (puc. 13.23): HemocpeACTBEHHBIM pearupoBaHHEM
ee 3amuT Ha K3, Bo3uukiide B TpaHchopmarope (pHuc.
13.23,a), a rTakke BO3JeficTBueM ero cpabGoTaBIIHX 3aLIUT
Ha KOPOTKO3aMblKaTeJib, CO34al0Uuil HCKyccTBeHHOe K3 y BBO-

30* 467



JIOB BHICILIETo HampsixkeHHs TpaHchopmartopa (puc. 13.23,6 1 8)
HJH Ha YCTPOHCTBO TEJEOTKJIIOUEHHS BHIKJIOUATe 1€l JIHHUH
(puc. 13.23, ¢). Hcnonb3oBaHye 3alIMTH JHHHH Kak OCHOBHOM
3allUTel  TpaHchOpMaToOpoB, KaK NpaBHI0, HesahbheKTHBHO
BCJEJCTBHE ee HeJI0CTaTOUHOR UyBCTBHTENBHOCTH K K3 BHY-
Tpu 6aka. IlostoMy Takoe pelieHHe JONycKaercs TONBKO /s
TpaHCHOPMATOPOB MaJsofi MOIIHOCTH, paboTamoLlHX B 6J0Kax

¢ JIHHHeH.

il

3awuma /]
T Jawuma T

a) 5}

Sauwuma T Jawuma T

3) 2)

Puc. 13.23. Ilpumepsl cxem coeavisennfi nmoacraunufi, paboramomux Ges Bhl-
KJIoYaTesell co CTOPOHB BEICUIErO HANMpSzKEHHs

T

BoJsee yHHUBepcalbHBIM SIBJIAETCSI MCNOJb30BaHHE YCT-
poiicrs TeseoTkaouenusd. Oco6eHHO 3(QpeKTHBHBIM OHO fABJA-
eTCs B TeX CJyuasix, Korja muTaiouue juuua uMeor BY xana-
Jbl CBA3H. 10 onpejesnsercs TeM, uto Osoxupyioune BUY
curHansl H BY curHanbl TesleOTKJIOUEHHS MOTYT NepelaBarhb-
ca (xak 6b10 oTMeueHo B TJ. 9) mo ogHoMy KaHaay. Ilpo-
BOJHBIE KaHaJbl JJ5 TEJEOTKJIIOUEHHS NPHMEHSIOTCS OOBIUHO
IJis VHPOIIEHHBIX NMOACTAHLIMEH, 6TH3KO PACHOJIOKEHHBIX K HC-
TOYHHKY NHTaHHS, MJ KOTOPOr0 HCKYCCTBEHHO CO3/aBaeMble
KopoTkosaMmblkatensaMd K3 1o TeM HJAM APYrHM HpHYHHAM
MOTYT NPEACTaBJATb ONAcHOCTb. [IpH 3TOM cjlelyeT Y4HThi-
BaTh, YTO JApYyrHe YZAaJieHHble KOHLBI JHHHH MOT'YT GHITh OT-
KJIIOUEeHBl TOJIBKO MOCJe BKJIOUEHHSI ¢ HEKOTODOH BHLAEPIKKOH
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BpeMeHH KOPOTKO3aMBIKaTeJs. DTa BBIAEPXKKA BPEMEHH ROJ-
sKHa 6bITh 6OJIbIIE CYMMB BpeMeEH nepejauH TeJecurdana H
OTKJIIOUEHHs TMOX €ro BO3LeHCTBHEM BHKJIOUaTesel.

DoJsiee MPOCTHIM, C YUETOM H3JIOKEHHOTO, SIBJsETCS BapH-
aut no puc. 13.23, 6, koropbii HauboJee 4YacTo W HpHMeHs-

ercsl.

KopoTko3aMbikateau ObiBaloT oAHOMasHBIMH (s  ce-
reit 110—220 kB ¢ rtyxosaseMJeHHBIMH HeATpaJisIMH) H ABYX-
win TpexdasHeIMH (114 cereli 35 KB). OnHAM H3 BaXKHBHIX
TpeGOBaHHHA, NPEAbABIAEMbIX K HHUM, sBJsercs OblcTpOTa
neiictBusg. OnHakKo OGOJIBIIHHCTBO CYLIECTBYIOUIHNX KOHCTPYK-
uui  HMeEeT BpeMd BKJOUeHHS, npocruraioulee 0,3=-0,5 c.
B 60JBUIHHCTBE CJIyYaeB HCHOJb3yeTCA COUeTaHHe KOPOTKO-
3aMBIKaTeNsl ¢ OTHenuTesneM B tpex ¢asax. Mmeercs mHoro
BapHAHTOB H JeTajell TakKuX COueTaHHH, PaCCMOTPEHHBIX B
[48, 66 u xp.].

OnHuM H3 BaXHBIX BONPOCOB, KOTOPBIH NPHXOLHTCH pe-
IaTh NPH BBINOJHEHHH CXEM C OTAENHTeNsIMH, siBjsercs obec-
neueHHe ero pa6GoTH TolbKo B GecrokoByio nmaysy AIIB nura-
romux guHul, CymlecTByIollne AJis 3TOTO CXeMbl MOXHO pas-
[IeJHTh Ha [Be OCHOBHBIC TPYNMNB: KOCBEHHO NpOBepsollHe
OTCYTCTBHE TOKa B (ha3ax OTHeaHTeJdsi N0 OTCYTCTBHIO TOKa B
[elH KOPOTKO3aMBIKaTe/ld H HEenoCpPeACTBEHHO KOHTPOJIHpYIO-
LiMe OTCYTCTBHE HamnpsikeHHSI ¥ TOKa B (a3ax OTIeJHTeNs.
Paspab6oranspe B DCII cxembt (cM., Hanpumep [10, 44])
npeaycMaTpPHBAIOT JBA MHHHMajibHBIX OpraHa HamnpsKeHHS,
BKJIIOUEHHBIX Ha MexnydasHble HanpsiKeHud, CheUHaAbHBI]
Tpex(asHblil BHICOKOUYBCTBHTEJBHBIN OpraH ToKa H OpraH To-
Ka B LleNH KOPOTKO3aMblKaTess, nelicTBylOlllHe COBMECTHO MO
cxeme M (puc. 13.24). Bgenenne opraHos HanpaXeHHs
npenoTBpallaeT Nojady KOMaHAH Ha OTKJIOUEHUEe OTHedHTe-
7 npu paGore Tra3oBOH 3allUTHl, KOTAAa TOKH HOBpeXAEHHS
MOTYT OBIThb BecbMa Masnbl. llenn OTKJIIOUeHHS OTZeJHTENS B
3THX CcXeMaX JONOJHHTEJBHO KOHTPOJHPYeTCs OPraHoM TOKa
B lleNd KOPOTKO3aMBIKaTe/f, BXOAAIIHM B YKa3aHHYIO BHIIE
Jiornueckyo nenouky M.

Hasa tpaucdhopmaTopoB HeGOJBIION MOUIHOCTH YacTO NPH-
MeHATCs 6oJlee MPOCTBIE CXeMBI TOJBKO C KOHTDOJEM OTCYT-
CTBHS TOKA B [I€IH KOPOTKO3aMBIKATES.

3auHTH TpPaHCHOPMATOPOB pacCMATPHBAEMBIX MOJACTaH-
ILHH OCYLIEeCTBJASIOTCS Ha OTepaTHBHOM [epeMEeHHOM TOKe
€ YUeTOM TOro, UTO B 6€CTOKOBHIE [ay3bl NMOACTAHIUS MOAHO-
CTbIO JIHIIAETCH HaMpsXKEHHs, U MO3TOMY B KOMIJIEKCE HCTOY-
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Puc. 13.24. BapHaHT COBMEILEHHOI CTPYKTYPHOH CXeMpl BKJ/IIOYEHHS OTHC-

JauTens

HHKOB NHTAHHS 1e1eco06Pa3H0 UMEeTb NpelBapHUTENbHO 3apsi-
}Kaemble 6aTapeH KOHAEHCATOPOB.

Ha BolcuieM HanpsixeHHH H30eraloT MPHMEHEHHS BBIHOC-
Hplx TA u TV u orpaHuuuBaroTcs ucmnosab3oBanuem I'A, BCTpo-
€HHBIX BO BTYJIKH BbICIIEr0 HANPSKEHUs 3aUHILAEMBIX TPaHC-
dopMaTopoB, a NPH HX OTCYTCTBHH HCHOJB3YIOT HaKJIAZHBIC
(Ha Brysnkn) TA MJAH MarjuTHbIe 30HABI — MaruuTHbie TA
(eMm. 1. 4).

13.16. AONONHNUTESIbHBIE YCTPOWUCTBA

Beiute 6blIH paccMOTPeHBl OCHOBHBIE H pe3epBHble 3alIHTHI
TpaHcpopMarTopos H aBToTpaHcopMmartopos. Ha HuX moryr
TaK¥kKe YCTaHABJIUBATHLCA HEKOTOPBIE JONOJHHTENbHbE YCTPOH-
CTBA H 3alIUTHI, KOPOTKO paccMaTpHUBaeMhuie HUKe.

Kontpoab uzonsuun BBOA0B ¢ Usnow>500 kB. Ycrpoiictso
KOHTpOJIA, KOpoTKO uMenyemoe KHB, pearupyer ma ocros-
HYI0 TdDMOHHKY €MKOCTHOTO TOKa HyJIeBOH TOCAef0BATEeNb-
HOCTH B llenH OOKJ4J0K TpeX BBOAOB C GYMaXKHO-MAacJsiHOH
usodsuHed. Ilpy uactnusom nmpo6oe H30JALHMH BBOAA HJIH
BO3DACTAHHH AKTHBHOTO TOKA YTEUKH B CBSI3H C Pa3BUTHEM
noepexjgeHunss Tok B uenn KHB ysesHunBaercss M BBISBIBaer
cpabarbiBanue ycrtpofictBa. Ero mpucoepnHeHne X H3MepH-
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v peiBofaM min BeiBoxam IIMH (cm. ra. 4) ocymtect-

TEJBbHBI y
sisercs (puc. 13.25) uepes corsacylomui TpaHchopmarop
C~OTBCTBJIeHHHMH B NEpPBHUHOI 0OMOTKE, Npe HA3HAUEHHLIMH

4715 BbIpaBHHBAHHA {WJIC, Cco3/aBaeMblX TOKAMH KaxKJaod H3
(a3 npH HOPMAJDLHOH pa6u0Te, H CHHKEHHS, TaKHM 00pasom,
roka ne6ajlaHca B YCTPOHCTBe A0 MHHHMAJbHOTO 3HAYEHHS.
IMoppexeHAs HM3OJSALHH BBOJAOB DA3BHBAIOTCH, KAK MpaBH-
10, OTHOCHTEIBHO MeIJICHHO. [TosTomy oOKasblBaercs Leseco-
ofpasHbIM HMETb B yCTpOHCTBe ABe CTyneHH: 6ojiee UyBCTBH-
TespHylo, paboTarulyio Ha CHIHAM, H 6onee rpybylo — Ha OT-
kifouenne TpaHcdopmaropa (aBrorpancopmaropa).

7 n

> <[IMHI P <mmH »eﬂﬂer@

voov
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K uzmepumenstsiv U
ACZUYECKUM OpeanaM

Puc, 13.25. [Tpuuuun pabots ycrpofictea KMB

flyck ycrpoitctBa mnoxaporymeHHa. Tpancdopmartopsl
(aBrorpaHcpopmaTopsl) MomHOocTbIo S>200 MB-A 1 mo6oil
MomHocTH HanpsixkeHHeM Uwow==500 KB ocnawarorcs ycTpoi-
CTBaM¥ NOXKAapoTyuleHHs. IIpH OTCYTCTBHH cliellHAJbHBIX A4T-
YHKOB, pearHpyIONINX HAa BO3HHKHOBEHHE 02Kapa, 3TH YCTPOH-
CTBa JOJ/KHBL 3aIyCKaTbes TOJbKO B cayuasix JAeficTBHA 3a-
IMT, pearHpyIoLIMX HA NOBpeXAeHHst TpaHcdopmartopa (as-
TotpaHcopmaropa). Ilpy 5ToM BO3HHKAeT pPsiJ BONPOCOB,
Tpebyoomux ydera. Ha ykaszasnble nOBperJ1€HHs PearHpylor
OCHOBHAs NpoAoOJAbHAas nuddepeHLHaNbHas TOKOBAs 3allHTa,
rasosas 3amutra W audQepeHUHAaNbHAS 3allldTa OIIMHOBKH
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(nocnepHsis AeHcTBYeT NPH NEPEKPBITHH HApYXkKHOH uacrtw
BTYJIOK, B KOTOpbie BCTpoeHHl ee TA M NOBpexaeHHs KOTOPHIX
Haubosiee UYacTO COINPOBOXK1AWOTCA INoxapoMm). Has mperot-
BpalleHHsi MyCKa aBTOMATHKHM II0KapoTyileHHs MpH pabore
3THX 3alHT, HMeIOWHX 6ojiee LIHPOKYI0 3auiHLIaeMYI0 30HY,
HX OTKJIOUAOLIHE CHI'HAaAbl HROTJAAa KOHTPOJHDPYIOTCH TOKOBOH
3aIUUTOA HyJEeBOH MOC1e10BATEJbHOCTH, BKJAIOYAaeMOH B 3a-
semasomuii nposoa 6aka (cMm. § 13.9), a npu paborte OCHOB-
HOH nupdepeHnHaNbHON 3aLUHTH — rasoBOH 3aIUTOH (M1
npejOTBpalleHisl NyCcKa NOXKAPOTYIUEHUs NPH MOBPEXAeHUAX
CO CTOPOHBI CO€JAHHEHU HU3IIEero HaNPsKeHUs).

MakcuMadbHble 3alUTHl HANMPSXKEHHsT HY/J1eBOH mocJaeno-
BareibHOCTH, Ha 1BYyXO6MOTOUHBIX MNOBHIUAIOIHX TPAHCHOP-
mMaTopax Kako#-1u60 3amHTH oT K{V co cTOpoHH HHu3IUIEro
HanpsiKeHdss He IIPeiycMaTpHBAeTCs, B UaCTHOCTH, MOTOMY,
YTO HCKJAIOUeH JJIMTeJbHBIl PeXHM HX X0J0CTOH paboTHI
¢ BKJIOYEHHEM CO CTODPOHB Bbicliero Hanpsbkenusd. OxHako
TakHe PEeXHMbl BO3MOXHBI Ha 6JIOKaX reHepaTtop — TPaHC-
¢bopMaTop NpH HAJHYHH Y TeHepatopa OTAeNbHOTO BHIK/IIOYA-
teas (cM. § 13.17) u na asroTpaHcdopmartopax. B Takux
clydasix TNpeayCMaTPHBAETC CHTHAJAU3alHs, QHKCHPYIOIast
COCTOSIHHE COejMHeHH[i Husliero HanpsikeHud. OHA BHIIOIHA-
etcst ¢ noMouipio MO HanpsizkeHHd, BK/AKOYaeMOTO Ha 3aXKHMbI
BTOPHYHBIX o6MOTOK TV, coefuHEHHBIX B Da3OMKHyTHIdl Tpe-
YrOJIbHHK, H AeHCTByIOLero Ha CHTHAJ C BBIAGPKKOH Bpe-
MeHH.

¥YcrpoiictBo KoHTpoas HemepeksatoueHus ¢as. B cucremax
¢ Unon=110 xB yacro npuMeHSIOTCA BHIKJIIOUATENH ¢ NOdas-
HBIMH NDHBOAAMHU. B 3ToM cjiyuae cuHTaercss HeoOXOAMMBIM
YVUHTHIBATH BO3MOXKHble HEJOBK/IIOYEHHS HAH  HENOOTKJIOUe-
HMs OTje/bHBIX (a3, 06yc/OBJAHBAIOIIHE HeMoJHO(Ma3HHe pe-
JKHMBI, ONAacHble TpexXae Bcero /s reseparopos. Jas ycko-
peHHsl JUKBHAAUMHM TaKHX DPEXKHUMOB OOBIUHO HCHOJIb3YETCst

+8 Ga 44 ‘1 -&
Qg 171?* .
§—"—] Puc. 13.26. YctpoficTBO, KOHTPOJHMpYIOLLee
Br | 8¢ HeOBK.IIOUCHHE WJH HeLOOTK/IIoUeHHe (a3
— BBIKJIOUATCIS  BHICOKOTO HANpPSUKEHHS ¢
KL KT - nobasHuM ynpaBJeHHeM, s TpaHcdop-

MaTopa ¢ 3azeMyaeHHOfl Hefirpaabio

4+, KA flt
KT KH
———D—’ Ha om-
KINgYeHUR
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UO toka, BKJIOUAEMBIH B HEHTPa/ib BHICUIETO HANPSKEHHs
TpancopMaTopa (aBroTpaHchopmaropa), HalpHMep 7o PHC.
13.19, noaaloulnil CHIHAJ HA KOHTYp, COCTOAIUA H3 Tpex 3a-
MBIKAIOWKX H TPEX PasMbKAIOIHX KOHTAKTOB BBIK/IIOYATEJNs,
BKJIIOUCHHBIX TI0 JIOTHUECKOH cxeMe (KOHKDerHasi peasJu3auus
KOTOpO# Ha KOHTAKTax IpHBeAeHa lia pHC. 13.26); u nefictsy-
JOLHIT HA HEIH YCKOpeHHs OTK/II0YeHHS .

13.17. OCOBEHHOCTY 3ALLIUT BJIOKOB FTEHEPATOP —
TPAHCHOPMATOP (ABTOTPAHCDPOPMATOP)

BJouHble cxeMbl OOBIUHO BBIIONHSIOTCH ¢ MOLUHBIMH IeHe-
paTopaMH H TpaHcpopmartopaMu (aBTOTpaHchOpMaTOpaMH).
Ha 6J0kax OpefycMaTpHBAlOTCA 3aLIUTHl OT TeX Ke BHJOB
[OBpeXKAEHHH H HEeHOpMAaJbHbIX DEXHMOB, UYTO M Ha reHeparo-
pax ¥ TpaHcdopmaTopax mpH HX pasieibHoi paborte. OnHa-
KO B CBfI3H C T€M, UTO TeHepaTOPhl U TPaHCGHOPMAaTOPHl 4acTo
o6pa3yorT eauHblfi pabouuii 37eMenT, HEKOTOPhe 3alUThl MO-
ryT ObITH MCIOJIB30BAHBI A5l O6/10Ka B 1EJ0M; HalpUMep BO3-
MOXHO NpHMeHeHHe OOIIHX 3alUHT OT CBEPXTOKOB, 3aLUHT OT
K{" B cucreme renepaTopHoro nanpsuxenus. C npyroii cropo-
HEI, MOT'YT Tpe6oBaTbCsl HEKOTOPHIE AONONHUTENbHbBIE 3aLHUTH,
YCJOXKHATBCH HENH OTKNIO9e sl

KorkpeTrHoe BbINOJIHEHHE 3alIUT B 3HAYHTEILHOH Mepe
onpene/sercsi cxeMaMu coeauHeru#t 6aokoB. Ha puec. 13.27
NPHBEAEHO HECKO/IbKO THIIMYHBIX CXeM TAaKHX COeAHHEHHH:
cxeMma Ha puc. 13.27, a xapaxrtepuna g1 'P3C (na Heli TpaHc-
dopmarop coOCTBEHHBIX HYXK[ NpHCOeLHHEH K 60Ky 6e3 BhI-
KJIouaTess); cxeMa Ha puc. 13.27,6 — nas A9C 4 MOWHBHIX

Ha codcmBewn ~
Hbie Hy»rz?b/

a) 5) 8) 2)

Puc. 13.27. BapuaHTh cXeM 3JeKTPHUECKHX COEAUHEHHI 6s10K0B reHepa-
TOp — Tpancopmartop (aBToTpanchopMatop)
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TILL (renepaTop HMeeT OTAEMbHBIl BBIKJIIOUATENb, PA3BHTHIE
COOCTBEHHBIC HYKAB HJH ApyrHe mnotpeburens noayualor
NHTAHHE Ha FeHepPaTOPHOM HalPSKEHHM); CXeMa Ha pHC.
13.27, 8 — ana T'PAC ¢ noBBHIIAIHM aBTOTPaHCHOPMATO-
poM (resepaTtop HMeeT OT/Je/]bHBIH BHIKJOuUATEIb, O06Ecneu-
BalOUIHA BO3MOXKHOCTL paboThl aBTOTpanHcdopmaropa mnpH
OTKJIOUEHHOM TeHepartope); cXema Ha puc. 13.27,2 — s
THAPOCTAHUHH (reHEpPaTopbl ¢ OTAEJNbHBIMH BHIKIOUATENSIMH
paGotalor Ha o6uiuil Tpancopmarop).

Has cxemnt na puc. 13.27, ¢ npuHHUUnHANBHO MOKHO Gbl-
Jo OB OCYLIeCTBHTb OOMYIO NPOAOJbLHYIO AHDepeHnuab-
Hyl0 3aluTy O6J10Ka B [EJOM, OXBaTblBAlOIIYIO [EeHepaTop H
ob6a tpanchopmaropa. OZHAKO HPAaKTHUCCKH OGBIUHO OCyle-
CTBJASIIOT Pa3fesbHble 3AUUTHL AJis BCeX TPEX 3JEMEeHTOB. ITO
2T BO3MO/KHOCTb HMETh 00Jiee YYBCTBHTEABHBIE 3alHThI
regepatopa H TpaHchopmaTtopa COOCTBCHHBIX HYXKA. 3allHura
nospiLIawiero tpauchopmaropa morga 66 He umerb T'A co
cTopoubl TpaHchopmaropa coOCTBEHHBIX Hy7KJ, MOCKOJBKY [y
NpH  TOBPEMIEHHAX CO CTOPOHBI €ro HH3LIEr0 HanpsKeHHs
meublire [ruon. OAHAKO, KaK IOKa3biBalOT DaCueThl, 3TO 3a-
rpy6JseT ee U MOITOMY OOBIYHO HE MPAKTHKYeTCs.

OcymecrsJ/ense 3amutel ot K" B craropHoii 06MOTKe re-
Hepartopa AJas CXeMBbl Ha DHC. 13.27,6 MoxeT BCTpeuaTh 3a-
TPYZHEHHS B CBA3H C BO3MOMKHBIMH MaJbIMH TOKaMH, MOAXO-
JAUHMYE K MecTy npo6ost U3 CHCTEMBI [eHepaTOpHOro Hanps-
KeHHda., OxHako 3aliHTa No nocJeiHuM paspaborkam BHUUWD
(cm. rai. 12) paspeliaer 3To 3aTpyaHeHHe.

Cxema na puc. 13.27, 8 Tpebyer ycTaHOBKH AOTOJHHTE/b-
HOH 3allUTH OT CBEPXTOKOB NPH paboTe asrorpaHchopmaro-
pa Ge3 reseparopa, B TOM YHCJE W Ha CTODOHY HH3LIEro Ha-
ApAXKEeHHS,

Iast cxeMbl Ha pHc. 13.27,2 BO3HWKaJaH 3aTPYAHEHUS [PH
ocymecTBieHun 3awHT or KV B cratopHbix 06MOTKax reHe-
paTopoB NO mpHuUMHE MaJ/blX TOKOB noBpexjaeHus. Ha mpak-
THKe JUISl TAKHX [eHepPaTopOB Halljla NPHMEHCHHC paspabo-
ranHas OHWH manpapienHasi 3auura HyJeBOH mnoc/enoBa-
TeJbHOCTH, PEArHpyloliasi HA HauyajdbHBle NePEeXOLHBIE TOKH
npoGosa (cm. ra. 10). Bo3moikHO TakiKe HCIOJIB30OBaHue ykKa-
3aHHOIl Bhie HOBOH 3awurel BHUMD. 3awury tpancpopma-
TOpa OT CBEPXTOKOB BHEIWHHX MHOrogasneix K3 B stofi cxe-
Me 1en1ecoo0pasHO  OCYIIECTBAATH OT COOTBETCTBYIOLIHX 3a-
LIHT T€HePaTOPOB, TaK KaK IPH HX YACTHYHOM BKJIIOUYCHHH
cofcTBeHHas 3allHTa TpaHcopMaropa MOXeT He ofi1anarthb
HeoOXOAHMOH UYBCTBHTENBHOCTHIO.
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B nmoc/eAHHe TOAB B 3apyGeKHONl NpaKTHKe OTMeYaauch
cayyad NOBPEXICHHH TparchopMaropos, paboTaiowux b
610Kax C reHepaTOPaMH, BCJEACTBHEe HEJONYCTHMOIO HOBBI-
lenps WHAYKUHH B MAarHHTHBIX CHCTeMaX. YKa3hBaeTcs, uTo
rakue sBNEHHS, MaJ/IOBePOSTHbIE APH NapaJjJesbHOl pabore
GaoKa C CUCTEMOH, HHOrJla BO3HHKAIOT NPH NyCKe H OCTaHOBE
60k0B, pabOTAIOINX NPH NOHUKEHHOH YacToTe, NPH Hexpo-
MycTHMO BBICOKOM BO30yxaenHH reneparopos. [Ipexsaralor-
¢s1 3alIMTBL  OT TakKuXx pexuMoB. OTeuecTBEeHHAas NpaKTHKA
noka He NOATBEPAHIA HEOOXOQHMOCTb YCTAHOBKH TaKHX 3a-
LIHT.

BosHuKaeT H PAA APYyrHX BOUPOCOB NMPH OCYWECTBJICHHH
3alMT 0J0KOB. MHorde M3 HuX paccMOTpeHbl B [65].

Bonpocsi 151 CaMonpoBepKH

1. Or Kakux BUAOB MOBPEeKAEHHH H HEHOPMAABHHX PEIKH-
MOB paGOTHl NPeayCMaTPHBAIOTCA * 3AWHTH  TPaHCHOPMATO-
poB?

2. Kakne pononnure/bHbe GakTopH HeoGXOAHMO YUHTbI-
BaTb NDH BBHIMOJIHEHHH AH(Q(ePeHHHATbHON 3alUTH TpaHc-
dopmMaTopoB NO cpaBHEHHIO ¢ aHAJOTHUHON 3AIIHTON resepa-
TOpPOB?

3. Kakue ciaraiomie ToKOB HefalaHca yYHTHIBAIOTCS npH
BHINOMHCHAN JHGQepeHnHanbHOl 3aIHTE TPAHCHOPMATOPOB
H KaKHMH (aKTopaMu OHH ONpeseaioTcs?

4. KakoBbel OCOGEHHOCTH H3MEHEHHsS BO BpeMeHH 6pocka
HAMarHHYHBAIOIIETO TOKA NPH BKJIIOUEHHH TpaHcdopmaropa
104 HanpAXeHHe H KaK OHH MOIYT HCIONb30BAThCH IJS OT-
crpoiiki MO nubdepennuanbuoif  3alipTh  oT TOKa HeGa-
JaHca?

5. TMoueMy oT BHeIUHMX HeCHMMeTPHUHbIX MeXAypasHbIx
K3 1Byxo6MoTouHbIX noBblatOIINX TpaHchopMaropos o6blu-
HO NPHMEHSIOT TOKOBYIO 3aIHTy oOGpaTHOH NocJenoBaTelb-
HOCTH?

6. Kak ocymecreasiercs saiunra or Bhemnux KW TpaHc-
hopmMaToOpoB ¢ NUTAHHEM CO CTOPOHB BHICIIEro H cpenHero
HaNp sk eHuit?

7. KakoBH OCOGEHHOCTH 3aIHTHI TpaHcopmMaTopos Ges
BBIKJI0UATe/ 1€ CO CTOPOHBI BHICIIETO HANpPSIKeHHS?

8. KakoBh OCHOBHEIE 0COGEHHOCTH 3alIUT GJIOKOB reHepa-
TOp — Tpanchopmarop?



fmasa yeTbipHapguaras
SALLUMUTA ACHUHXPOHHbLIX MU CUHXPOHHbBIX ABUMATENEN

14.1. OBLUME COOBPAMXEHMS O MOBBILLIEHMM IDDEKTUBHOCTHM
MPOTMBOABAPUNHOMA ABTOMATUKM MOTPEBMTENEN

B npoMHIINEHHOCTH, C@IbCKOM XO3sHCTBe, Ha TpPaHCMIOp-
T€ H B KOMMYHAa/JbHOM XO3SiHCTBe HCHOJb3VIOTCA PA3HOTO BH-
Ja 3JeKTPOABUTraTeJNH, BHIIPSMUTEJIbHbIE arperathl, 3JeKTPO-
IeyHd, pasHoro poja KOMMyHalbHble YCTAHOBKH H T. II., IIHTae-
MBle OT ceTeH 3JeKTPHUECKHX CHCTEM HJH OTAEJAbHBIX CTaH-
uufi. OcHOBHOH KaTeropueil mnotpeGurenell HampsAKeHHEM
6osnbile 1 kB gBasiorcs TpexdasHble ACHHXPOHHBIE H CHHX-
poHHBle gBHrarend. MX elHHHUHBle MOIIHOCTH BCE BpPeMSI BO3-
pacTaloT H B MOCIeAHHE TOALL B OTAQILHBIX CJIydasXx yxe
JOCTHTAIOT JeCATKOB MeraBaTT (/5 CHHXPOHHHIX JBHrare-
Jiefl). YUuTHBast HAnpaB/AeHHOCTb KHHTH, HHXKE PacCMaTpHBA-
I0TCA TONBKO OOUiHe 3aIIUTH JABHraresell o6LIeNPOMBILILJIEH-
HOTO Ha3HaueHHSI.

Jl1s mpaBUIBHOrO MOAXOAA K 3alliiTe ABHraTejefl He06Xo-
OUMO MPEACTaBIAThL HX pabOTy B YC/I0BHSX SKCIVIYATAHH H
YVYHTHIBATD NpeLbABASEeMblEe ClO TPeGOBaHHS, JTO, KAK B CBOE
BpEMSA BBHISIBHJIOCH, 0COOEHHO HeOOXOMHMO B CBSI3H C TEM, UTO
MaUIMHOCTPOUTEH He BCeraa B JOJKHOH M€pe OLEHHUBAJIH NPH
KOHCTPYHDOBAHHH BO3MOXKHbBIE B 3KCIIYaTAHHH pEXKHMBL.
ITepBhie BaxKHHE HCCI@LOBaHHS NO PEKHMaM paGOTH ABHra-
Tesed (CHauana ACHHXDOHHBIX, IIOTOM H CHHXPOHHBHIX) OBLIH
B 30-e roxwl Bhinonuensl M. A. CrpomsaTHHKOBHIM. HauGosee
CyLiecTBEHHBIE HX DPe3yJbTaThl B NOCAEAHHH pa3 Ony6aHKOBa-
HBl B [74]. OTH pa6OTH He TOJBKO JadH BO3MOXKHOCTL cop-
MyJdHDPOBATh HCKOTOPHEe TpeOOBaHHA K pejieHOH 3aujure, HO
H NOCJYXKH/IH OCHOBOH MJ pacUIHPEHHOr0 HCNMOJb30BAHHS c4-
MO3anyCKOB (B TOM YHCJe ACHHXDOHHBIX jBHraTeneil ¢ as-
HBHIM  DOTOPOM), OCYILECTBJIEHHS Da3palOTAHHBLIX aBTOPOM
NPHHUHIOB YaCTOTHOH pasrpy3ku (06uuHO Gosaee 3¢hheKTHB-
HOTO MCPONPHATHS, YeM Pasrpyska MO CHHKEHHIO HampskKe-
HHA), QOPCUPOBKH BO30YXKAEHHS CHHXDOHHBIX MAIIHH, BKJIO-
YeHHUS B ACHCTBHE PEry/IATOPOB HANPSKEHHS reHepaToOpoB 6e3
YCTPOHACTB MO OrpaHHYEHHIO TOKa BO3Oy:XKiAeHHS H T. 1. Bece
3TO cnOocoGCTBOBANO 3HAYHTEABHOMY NMOBBILIEHHI0 HALEXKHOCTH
H 3G eKTHBHOCTH PaBOTHl CHCTEM H HAYaji0 MPOSBJIATLCS yiKe
Bo BTOpO#i mosioBuHe 30-x romoB. OAHAKO yKasaHHBIe Mepo-
NPUATHA, OTHOCs{HeCs K NPOTHBOABAPDHHHOH aBTOMATHKE,
NpSMOrO OTHOIIEHHS K 3allliTe He HMEIOT H YNOMHHAKOTCS B
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¢BA3H € TeM, uto poas M. A. CrpoMATHHKOBA B Pa3BHTHH Ha-
ureff S9HEPTETHKH, B TOM YHCJe H B PacCMaTPHBAEMON 06.1acTH,
B JHTEpAType He NOJAYUHIa, K COXKAJEHHIO, JOMKHOTO OCBe-
wenust. P BaxubIX pPaboT no pexxumaMm paGOTH ABHTaTe-
sief, 1 OCOOEHHO CHHXDOHHBIX TEHEPATOPOB, GbUI BHIIOJHEH
o BHHHMD (JI. T. MaMHKOHSIHI H 1p.), a ABHraTenell TakKe
B HIIM  (C. JI. Kyxekos), IIO «Ypaasueprouepmer»
(M. . Cronapx), EIIM (T. T. THMOSIH) H CrelHa HCTAMH B
006/1aCTH 3/71€KTPOMAIIHHOCTP OCHUS.

14.2. BUAbl NOBPEXAEHUA U HEHOPMAJbHBIX PEXXUMOB
PABOTbl U TPEBOBAHMS, NPEABABNAEMBIE K 3ALLUMTE

MoBpexaenns. OCHOBHBIM YUHTHIBAEMBIM BHIOM IIOBPEXK-
AeHuil 1BUraTesnell 06BIYHO cuHTaloTCs MHOTO(asHHe K3 B 06-
MoTKe cTatopa. OHH MOTYT He TOMbKO BHI3BIBATH GOJbLIHE
PaspylleHus MalldH, HO H CONPOBOKATbCA MOHHKEHHEM Ha-
NpSXKEHHS B NHTAlOLIeH CeTH, HapyulalomeMm paGOTy MHOTHX
Apyrux morpeburesnedl. [lostomy samura 0T MHOrO(asHbIX
K3 B mBuraTensix m €ro coeIHHEHHSX C BHIKJIIOYATENleM BHI-
nonHsercs paborawoumesi 6e3 BHIEPKKH BpeMeHH. Paccmar-
puBaioress ABuratead ¢ Upow>>1 KB, paborawomue o06buno B
CeTSIX C HEeATPaJbio, H3OJUDOBAHHOH HJAY 3a3€MJEHHOM yepes
Ayroracsmue peakTopel (cM. ri. 10). ITostoMmy ciaenyrouum
BHIOM mnoBpexjenus sasiores K. CornacHo noka aeiicTy-
owHnM OBIIHM NpaBHAaM crelHalbHble 3amuTs oT K{ pexo-
MeHAyeTCH YCTaHABAMBAThL NPH CYMMapHOM €MKOCTHOM TOKe
nuTarouled cetd [c==5 A masa NBHTaTesell MOUIHOCTHIO 6Ojee
2000 kBt u npu [c>>10 A nas gBuraTeseil MeHpllell MOLIHO-
cti. Tako#l mOAXox B HacTosliee BpeMs NOABEpraercs cepb-
€3HOH KpHTHKE. JTO ompeleiaseTcss psaoM ¢GakTopoB. K HuM
Cleslyer OTHECTH C/eAyIOolHe:

H30/HH OOMOTOK CTaTOpa IO OTHOLICHHIO K 3eMJe (3a-
3EMJIEHHOMY KOpIHyCy) sBJseTcs OGBIYHO 6ojee caaboil, uem
Y APYTHX 3/I€MEHTOB CHCTEMHl TOTO XK€ HANDSKEHHS, a NpH-
YHH BO3SHHKHOBEHHSI ONAaCHHX BHYTDEHHHX [EPEHANpsKeHH
HHOTAa paxe OGoJsblie, TAK KaK CHCTEMb 4acTO paGoTaioT
€ H30/IHPOBAHHON HEATPaJIblO, B HHX BO3HHKAIOT KOMMYTAIH-
OHHbIE NePeHANDSKEHUS NPH OTKIIOUEHHSX CYUIeCTBYIOLLeil
annapaTypo#i OTHeJbHHIX NOTpeGHTedeH IO TEXHOJOTHUECKHM
ycaosusaM M T. I.; B pesyibrate K{)  gBasiorcs, Kak mokasaa
MHOTOJIETHHH ONBIT 3KCIVIyaTALHH, HaunbGoJee 4acTHIM BHAOM
NOBpeXXAeHHH 1BHTaTenell (cM., Hampumep, [75]);
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K{) 5 06MOTKax MamHH MOTYT OHTb OMACHBIMH H MpH
IM<5 A (cm. r1. 12) BCIeACTBHE MEJUVIEHHOTO paspylleHHs
H30JSLUMH ¥ BO3MOXHOTO [epexoja B ONMacHble BHTKOBHE,
aBoiubie u Apyrue K3.

[lostoMy B HacTosllee BpeMsi OOBIMHO CUHTAIOT, YTO Crie-
Madbible 3amuTH o K ZO/KHB yCTaHaBJIHBATbCA HA BCeX
npuratenax mnpu J{) . >5A, a npu BO3MOKHOCTH — H MpH

MeHBIIUX TOKax.

Heo6x0ZuMO OTMETHTb, YTO B OTAEJbHBIX clydasX HAYT
na Gofee pajHKajphble peureHds. Tak, yxe B TeueHHe MHO-
rux getr {(cM. ri1. 10) no ycnoBHAM TEXHHKH 6e30MacHOCTH HA
TOp(ONpeANpHATHAX, PYAHHKAX W B ADPYTUX NMOXOOHBIX OTpac-
JAX OCYUIeCTBJSIOTCS 3alIUTHl, KOTOphIe jpaxe Npu O4eHb

Manpx [ . po/kHbl 6e3 BbIAEDXKKH BPEMeHH OTKIIIOUaTh

[OBPEXKIeHHUs; AJsi 3TOTO CYHTAETCH LONYCTHMbIM CO3AABaTh
uckyccrBeniibie /¢ 3nauenneM 10 HECKOBKHX —aMmmep. B mo-
caeatne Tolbl B cucTeMax 6 KB coOCTBEHHBIX HYXKA aTOMHLIX
3JeKTPOCTAHLMI THNOBEIM peuieHueM (CM., HanpuMep, [471)
ABJIsleTCH CO3JaHHe HCKYCCTBEHHHIX aKTHBHBIX TOKOB B He-
CKOJBLKO JeCATKOB aMiep, Ajds TOrO UTOOBl 3alLUTHL OT K¢

GbLIM AOCTATOYHO YYBCTBHUTEJILHBIMH H OXBAaThiBaJH IO BO3-
MOJKHOCTH GoJiblllee YHCJIO BUTKOB CTaTOPDHOH OOMOTKH ABH-
rateseil (cumras OT ee BRIBOLOB K BHIKIIOUaTe 10). Jasa ocy-
ImecTBaeHHs 3amut Auratedelr or K{I mcmosbsyioTes Te Ke
NpHHIHAIE, 4T0 H Ajs auHAl 6—10 kB (cM. nuL 10), c TeM oT-
muuuem, uto npu K{L' ¢ pacnosoxennem OQHOTO MecTa mpo-
6os B apuratede Ha ase 6e3 TA 3allUTHl OT MHOroda3HbX
K3 no/KHB OTKJI0YaTh ABHraredb. JJsi mBuratejieil 60ib-
wofi MouHocTH 3amuTh ot K{V ocymecrsasiorcs, KaK H 414
renepatopos (cm. ri1. 12). BurkoBbie K3 uacto BOSHHKAIOT B
pesyJibTaTe CBOEBPEMEHHO He OTKJAIOYECHHBIX K{". Heobxoau-
MOCTb BHIOJTHEHHS CrheluaJbHBIX 3allUT OT 3TOrO BHAA NO-
BpeXIEeHHH, TAK € Kak H JUis TeHepaTOpoB, He HMEIOMHX
napasJeJbHBIX BeTBEH CTAaTOPHBIX OOMOTOK (C BBIBEICHHBIMH
HX KOHIIAMH), B AEHCTBYIOIHX NpPaBHJaX He 3a(HKCHPOBaHA.
B cBsi3M ¢ 3THM B OTeUeCTBEHHOI IPAKTHKe B OTJHYHE OT 3a-
pybexioii crennabible samursl o1 K{” 06b1HO He ycTaHAB-
nuBatores, Heo6xoauMocTh ee 6oJlee HNIMPOKOTO HCMIOJAB30BA-
uus B ofjacTsix, rie ABHraTenu paboraiorT B Gojlee TAKeNbIX
yc10Busix (Hanpumep, FOPHOPYAHOH NPOMBIILIJIEHHOCTH), 060-
crosbiBasachk B paborax I'. I. Tumosna (cum., nanpumep, [77]).

478

B nacTosiliee BpeMs TaKHe 3alUThl, HHOTAA BHIIOMHAWILHE
u GYHKIHH 3aLIHT OT HEJONYCTHMBIX HECHMMETPHUHBIX CBEPX-
TOKOB, HAUHHAIOT MOJy4aTh Gosee WIHPOKOe npumenenue. s
ux AeHCTBUS OOGBIYHO MCIOJL3YIOTCSA COCTABJAAOILHE 0OpaTHOM
OCJeN0BATEJIbHOCTH TOKOB ()a3 ABHraress. Y CHHXDOHHBIX
apurareneii, Kak H y reHepaToOpoB (cM. ra. 12), BO3MOKHH
3aMBIKaHHSI Ha 3€MJIO B OAHO{l H BTOPOM TOUKax LeNH BO3-
Oy HACHHS. O1 nepBOro BHAA NOBPEXKACHHHA 3aLMTH o6riuno
ye NpeAyCMaTpuBalOTCA, OT BTOPOLO HHOTAA HCHOJbL3YeTCs
cxema, paccMoTpenHas B Il 12, BropniM cnenupH4ecKUM BH-
JIOM TOBPeXJAeHH! CHHXPOHHbBIX ABUTaTe]ell ABJSCTCA NOTeps
B036YK/1eHHsi, BbI3BaHHAs# HapyUIEHHAMH CHCTEMBI BO30OyX-
nenuss. I[Ipu sToM JBHrarteJb OKaspiBaeTcs paboTaioliuM
B ACHHXDOHHOM DEXKHME CO CKOJbXKeHHeM. OJTOT DexHM,
KakK OTMeuajocb B TIJ. 12, He cJefyeT CMeIIHBaTb C acCHH-
XPOHHBIM XOJOM, BO3HHKAIOLIMM [IpH BbiNaJAeHHH JBHrare-
Jst ¢ HCIpaBHBIM BO3OyxJeHHeM u3 chuxponnsMa. [lpocreil-
[IUMH 3alllUTaMH OT MOTepH BO30yXKJAeHHA SBJSIOTCA YCT-
poiicTBa, HENOCPeACTBEHHO HJH KOCBEHHO pearupyiouye Ha
Hcde3sHoBeHHe TOKa BO30y:KAeHHs, HaNPHUMep OpPraH «HyJje-
BOrO» TOKa NpH 3JEKTPOMAUIHHHOM BO30yXKieHHH. 3auu-
Ta ¢ BHAePXKKOH BpeMenH, mpejoTBpamamulell ee cpaba-
THIBaHHe TPH NycKe, AeHcTByeT Ha oTKmodenue. s Moll-
HBIX JABHrarteJefi Hjiu TpH OeCUIeTOYHBIX cHCTeMaX BO3OyX-
JAEHHS TIPHMEHsIoTCsl GoJee CJOXKHBIe 3aliuThl, paspabor-
KH KOTOPbIX NoApo6Ho paccMoTpensl B [75], a Takxe
B [79].

B/iu3KO npHMBIKAIOIAMHE, ¢ TOUKH 3PeHHsA 3aUIMTH, K CJIy-
4al0 MoTepH BO3OYKACHHA fABJAAWTCA Pa3HOTO POJa PEXHME
CHHXPOHHBIX JBHraTesefi 6e3 BO30OyxieHHs, HanpuMep 3aTs-
HYBIIMeCs TMYCKH HeBO3OYKAeHHBIX MallHH u T.A. IIporekalo-
IHe B ABUraTelsX B TAKHX CJyd4asx NPOLeECCH ABASIOTCA TakK-
JKe BecbMa CNOXKHBIMH., OHH H COOTBETCTBYIOLIHE 3aIHTHl B M0-
clejiHHe TOAB JOCTATOYHO MOJIHO HccjefoBanbl B paborax
HIY (C. JI. KyxeKoB).

HeHopmaJibHble pexkuMbl paGoThl. OCHOBHEIM BHJAOM He-
HOpMaJIbHBIX PeXHMOB paboOThHl, YVUHTHBAEMHIX NDH BHIOJIHE-
HUH 3alIHTH KaK aCUHXPOHHBIX, TaK I CHHXDOHHBIX ABHUrare-
Jef, SBISAIOTCS CBEPXTOKH, 0O0ycJoB/IeHHBE NEPErPY3KOH
NPUBOJHMOIO B ABHXKEHHe MeXaHU3Ma, NMOHHKeHHeM HJIH Bpe-
MEHHHIM HCYe3HOBEHHEM HATNpsiKeHHs B NHTaIOIieH CeTH, pas-
pPHBOM ¢aspl B 370H ceTH H T. 0. [lepBHe (QyHAaMeHTa bHBlE
paGoThl mo pexxuMaMm paboTe ABHrarteslel, Kak Obuio yKasa-
Ho Bhiue, Bomosnensl M. A, CuipoMaTHakoBEIM. OHH, B Yacr-
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HOCTH, OBUIH NOJIOXEHBE! B CBOE BPeMs H B OCHOBY paspaboTKH
3aUIMTH OT CBEPXTOKOB.

IIpu paccMOTpennn MHOTHX M3 yKa3aHHHX BONDOCOB NPH-
XOAUTCA YYHTHIBATL BPEMSI Pas3sBoOpoTa ABHrateseidl (npH my-
CKe, BOCCTAaHOBJIEHHH HampsKeHus). ITpun 3ToM paccMmarpusa-
eTcsl AMHAMHYECKHH npolecc, XapaKTepusyeMbli oOmMuM Bbl-
paxenneM My=Mzp—Mp,. YBenHueHue vuucia 060POTOB
IPOHCXOAHT IO TeX MOp, NOKa NMHAMHYECKHH MOMeHT M, He
CTaHeT PaBHBIM Pa3HOCTH Bpamiawouero Myp, H npoTHBOIEHCT-
Bytomero Myp. JIlnHaMHuecKHH MOMEHT CBSI3aH C MOMEHTOM
uHepunu J BCEro arperata M YINIOBOM CKODOCTBIO BpallleHHs
o coorHoweHneM Mp=Jdw/dt. [IpuHUMas BO BHHMAaHHE, yTO
0=2nn/60, a n/fon=~n/Ncuux=1—S$, Tae S — CcKoOAbKeHHUE,
MOXHO ONPECAENHTb BPEeMs NycKa fn. DTH BPeMeHa HHOTIAA 10-
CTHI'AIOT NPH TSAXKENO HArpyXKeHHBIX JBHIATeNsX [AeCSTKOB
CeKYHJ H JOJIKHBl YYHTHIBATLCA KaK NPH ONpeleJeHHH HX Ha-
rpeBa, Tak U NpH BHOOPe napaMeTpOB 3aLIHT.

OnacHOCTb CBEPXTOKOB Onpefeasiercs TIMaBHHM 06pa3oM
HX TEIJIOBHIM HeHCTBHEM.

Ceepxtoku neperpy3ku. JlomycTHMble 3HAYEHHS CHMMeT-
PHYHBEIX CBEPXTOKOB B (YHKIHMH BpeMeHH HX NPOXOXIeHHs
ONpeAeNslOTCA Neperpy3ouHoll  XapaKTEePHCTHKOH JBUrATeJs.
Hacrto rpy6o npubamKeHHbE, HO NPAKTHYECKH NDHEMJCMble
pesysbTaTel mOJy4aloTcs  (cM., Hanpumep, [75, 78]), ecau
CYHTaTb, YTO BCe BBIAEJSEMOE TEIJIO HJAET Ha HAarpeBaHHe 06-
MOTKH craTopa (ainabaTHUecKH{l npouecc), M AONYCKAaTh
KPATKOBDEMEHHBI ee INeperpeB CBEPX MAKCHMAJbHOIO MJH-

TENbHO AONYCTHMOrO 3HaueHus. JlomycTHMOe BpeMs meperpys--

KH MOXET NDH 5TOM ONPeleJsATbC IO BHIPANKEHHIO fyon==
=T(a—RkL,)/(k>—kZ,), rie T — nocrosiiHasi BpeMeHH
HarpeBa ABHTraTeisl; £ ~—— KPATHOCTb CBEPXTOKA 110 OTHOLIEHHIO
K HOMHHAJbHOMY; a — KO3 HuHeHT, Gompni 1, xapakrepu-
3YIOLHA KPAaTKOBPEMEHHOE TpeBLILIEHHE TEMNepaTyphl, BbI-
OupaeMplil ¢ yueroM psiia (pakTOPOB H B CPeIHEM 4aCTO HMe-
ouHi sHauedne 1,3. Hanpumep, npu kuae=1 (aBuratenn ne-
Peil BOSHHKHOBEHHEM TEDErpysKH paboran ¢ TOKOM [gsuom)
nonyuaem fron=T (a—1)/(k*—1)==A(k*—1). B psagme cayua-
€B XapaKkTePHUCTHKY 3aHIHTHI kKeJaTeJbHO HMETb TaKoil, YTOGH
OHa AaBa/a BO3MOMKHOCTb HCMOJNb30BATH MEPErPY30UHYIO CIIO-
COGHOCTb ABHraTesst C yu4eTOM TEMNEPATyPH OXJaxAaloulel
Cpelbl H TOro, YTO OH He yCIeJ OCTbITb OT NpEeAIIeCTBYOmeH
KPaTKOBPEMEHHOH neperpysk.

“Hpn CHMMETPHYHBIX CBEPXTOKaX, BBI3BAHHLIX IN€PErpys-
KOH TNPHBOJAHMOIO B JBHXXEHHe MeXaHu3aMa (HanpuMep, Ha
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TEIVIOBBIX 3JIEKTPOCTAHUHSAX — MEJIbHHUB, IPOGHAKH H T. IL),
3aluTa MOXeT JACHCTBOBATb HA OTKJOYCHHE HJIH CHIHaA H
pasrpysky. 3alllHTy BHIOJHAIOT JefcTBylollefl Ha OTKAIOYe-
HHE B TeX CcJydyasix, KOorja meperpyska He Moxer ObTb ycTpa-
geHa 6e3 OCTAHOBKH MeXaHH3Ma, HJIH NIPH OTCYTCTBHH NOCTO-
SHHOrO o6c/ayxXuBawouero nepconana. Ilpn paGote salluTh

. Ha Pasrpy3Ky OHa HHOrAa BHIIOJHSAETcs Tak, YTO B ciyuae,

ecJIH neperpyska He Hcuessa, 3allluTa ¢ GOAbLIEH BHAEDIKKOH
BpeMeHH [elCTBYeT Ha OTKAueHHe. 3alllHTa OT IIeperpysok
BHINOJIHSIeTCST opraHaMmu pasiauuHoro tuna. HauGoxee npocto
0HA OCYUIECTBJISETCS OPraHOM TOKa C 3aBHCHMON HJH He3a-
BHCHMOIl XapakTEPHCTHKOH BHIIEPKKH BpPEMEHH, BKJIOUae-
MbiM Ha (asubplil TOK. Heckonbko Go/ee c/0XKHO 3aLlUTa Bbl-
HOJTHSIETCS] ¢ HCMOJb30BAHHEM 3JEKTPOTEIIOBLHIX pesie H TeM-
nepaTypHbHX opraHoB (cM., HampuMmep, [77]). Daexrporenso-
BbIMH Ha3BIBAlOTCA pese, pabora KOTODBHIX OCHOBaHA Ha HC-
II0JTb30BAHHH BBHLIEJIEHHOrO TeIJia NPH NPOXOXKACHHH 3JIEKT-
puuyeckoro Toka. B xadectBe pabouHX 3/EMEHTOB 3THX pelle
NPUMEHAOTC O0BYHO OHMeTaJnHuyeckHe MmiacTHHKH. K TeM-
nepaTypHblM OpraHaM OTHOCATCH, B YACTHOCTH, TNOJYNPOBOA-
HHKOBbBlE JATUHKH, NO3HCTOPH, BCTPaHBaeMbleé BHYTDb 3allH-
11aeMOT0 jBHraTessi, B Jgo0oBEe uacTii oOMOTKH cTaTopa.
B ofwmeM ciayuae paccmMaTpHBaeMble pesle H OPraHbl AO/IKHEL
Obl1M OBl syulile OCYLIECTBIATb 3alUUTy OT MEPErpysox, yeM
3JekTpHyeckHe opradbl. OAHAKO 3alHTH C 3JEKTPOTEINIOBHI-
MU pese g ABHrartesed HanpskenueMm Gosnbine 1 xB mepe-
CTa/JIH HCNONb30BATb B OTEYECTBEHHOH npakThKe eule ¢ 30-x
rof0B. DTO onpelessieTcs psioM CooOpaKeHnii: .

1) neficTBHTenbHAsi KPHBAas HarpeBa JBHTaTeJell MOXKET
3HAYHTEAbHO OTJIHYATHCS OT 3aKJajblBaeMOil B XapakTePHCTH-
Ky OMMeTa/l/IHYeCKOrO 3JeMeHTa BBHLY HEOAHODOAHOCTH Ha-
IpeBa OTAEAbHBIX YacTeil nBuraTess, 3aBHCHMOCTH ee OT KparT-
HOCTEH TOKa U T. 1.}

2) Ha HarpeB ABHrare/ sl MOXeT CHJIbHO BJHSTb TeMIepa-
Typa oxJaxjawolleii cpeibl, He COOTBETCTBYWOLIAS TeMIepa-
Type, B KOTOPO# paboTaloT 3aluHTHEE peJe; '

3) uMeIOTCSl TPYIHOCTH B CO3JaHHU MasoraGapHTHHIX peJe.

Jlyyuine pe3ysibTaThl JOMMKHBI NOJIy4aTbCsi HPH NpPHMEHE-
HUM TeMIepaTypHLIX JaTYHKOB ¢ mosucropamu. OnHako H
OPUMEHHTENbHO K HX HCIO/Jb30BAaHHIO BBHICKA3HIBAIOTCSA HEKO-
TOpHle XPHTHYECKHE 3aMeuaHHs, HanpHMep TO, YTO AAaT4HK,
pacnoyoxeHHbl Yy MOBEPXHOCTH H30JALUH BHICOKOBOJbLTHOTO
ABHrare/isl, MOXeT HeCBOEBpEeMeHHO pearupoBaTb Ha Neperpes
Menn oOMOTKH cratopa, TpebyioTcs npoBoxa .IJjs INepenaud
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CHTHAJI0B OT AaTuHKoB, HeoO6Xx0AMMO TakXkKe YYHTHIBATB, UTO

IIPOMBIILJIEHHOCTH, nepememuei’{ Ha UIHPOKOE€ HCIO/Jb30BaHHE"

MHTErpaJbHOll MHKPO3JEKTPOHHKH, Oosiee YA00HO cO31aBaTb
3aLUTHl OT HEepPerpy3ok ¢ NpHMEHeHHeM M0/JX0M0B, OCBOCHHBIX,
HanpHMep, AJs 3alHT OT Neperpy30k CHHXPOHHBIX reHeparo-
por (cM. ri1. 12). B pesynpraTe JaTUHKH C [O3HCTOPAaMH B
OTeueCTBEHHOH NpPAaKTHKe IIHDPOKOTO NpHMEHEeHHs He MOJy4H-
JH, XOTSl BHeApsieMble 3allHTBl HA MHKDO3/JEKTDOHHOH 3Je-
MeHTHO#l 6ase (cm., HanpuMmep, [75]) HecMOTpsi Ha C/IOXK-
HOCTEL BHIIONHEHHS TAK)Ke HMelOT Psiji HeOCTATKOB.

CBepXTOKM NPH MOHHKEHHAX H NMOCAEAYIOHHX BOCCTAHOB-
JeHHsIX HanpsKeHHus. PaccMoTpeHHe OKasbiBaercs Ie/ecoob-
pa3HBIM MPOH3BOAHTb Da3ieIbHO Jisi ACHHXDOHHBIX H CHH-
XPOHHBIX JBHraTeJel. '

VYeaosus paGoTsl aCHHXPOHHOTO JBHIATENs OlpelelsiorTes
XapaKTepHCTHKAMH Pa3BHBAEMOTO HM BpallaIOilero MOMeHTa
Mgy u nporuBojeficTByiollero MoMeHTa Mnp MexaHH3Ma
B (DYHKUHH CKOJbXKeHHs S poropa. MomeHT Msp B cUMMeTpHY-
HOM pexXMMe NpPONOPUHOHANEH KBaApary Hampsikenus. [lis
ABuratesedl ¢ (asHbIM POTOPOM A/aIQBp=MBp/MBp,mMz2K% b

X(S/SK+SK/S); rape KU=U/UHOM; szap max/MBp,Hom; S —
pacueTHoe  KPHUTHUECKOe  CKOJIbXKEHHE, COOTBETCTBYIOIee
Mgp max. ILna psurateneii ¢ KOpPOTKO3aMKHYTHIM POTOPOM IIPO-
CTBIX, JOCTATOYHO TOYHBIX 3aBHCHMOCTEl OT S HET H NOITOMY
HCHOJB3YIOTCS . Ipaduueckde cooTHOMWeHHs. IlpuBojaumbie
B JBMKeHHe MeXaHM3Mbl Pa3e/slioTCsl HA [Be OCHOBHbIe TPYII-
nbl: ¢ Mpp==const u ¢ Mpp, pe3Ko CHUKAWILUMCS IPU YBeJH-
UeHHH S CBepX KPHTHUECKOTO 3HAUYECHH .

Ha puc. 14.1,a npusesensl 3asucumoctd Msp=/(s) mnpH
pasubix Ky u Mpp=const. Kpusbie I u 2 Xapakrepusyior pa-
6oty ABHraTessl ¢ (pasHbiM POTOPOM COOTBETCTBEHHO MPH Uson
1 Uk min, IpH KOTOPOM Myp max=Mup I IBHTATENL ellle MOXET
octatbes B pabore ¢ s=sx. Hanpaxenune Ux min=Uson/V b
¥ npu b2 cocrasisier 0ko/10 0,7Uwon. Ecin mouHxKenHe Ha-
npsikeHnss 10 U<Ux min NpPOJEPXKUTCA B TeUeHHE BpEMeHH,
JA0CTATOYHOrO AJS [AOCTHMKEHHsl NPeAeJbHOro S==Snp, TO MpPH
nocsie1yIolleM BOCCTAHOBJEHHH Hampsikenns JAaxe 10 Unow
JBHTaTeNh He CMOXKeT Pa3BepHYTbCS H OCTAHOBHTLCH, TaK KakK
npu 31oM ero Map<Myp. Heo6XoauMO OTMETHTB, UTO NPH CHH-
Kenuax HanpsKeusa 10 U<Ux min B TeUEHHe HECKONbKHX Je-
CATHIX JoJefl CeKyHAB 3TOrO MpoH30fiTH He MoxeT. JlostoMy
NpH JMHKBHIAUMH, HanpuMep, BHellnux K3 ¢ BbiiepxKKaMHu Bpe-
MeHu npumepro 0,5 ¢ passopor Oyaer obecmeunBarbes. Jlas
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ABHratelsi ¢ KODOTKO3aMKHYTBHIM poTOpOoM (KpuBas 3) pas-
BOPOT OKa3biBaeTCs BO3MOXHBIM Bcerja 0OpH A0CTATOUHOM
3HAUEHHH BOCCTAHABJAHKBalollerocss Hanpsaxenusa. Ha puc.
14.1,6 upHBeldeHbl aHAJOrHYHble 3aBHCHMOCTH JJi NpHBOJAA
¢ BEHTH/IATODHOH XapaKTepHCTHKOR H aBurartes ¢ (dasHbiM
poropoM. OHM NOKa3BIBAIOT, YTO B AAHHOM €jyuae JBHraTeau

Puc. 14.1. 3aBuciHMOCTH OT CKOJbLXEHHA BpallalollHX MOMEHTOB aCHHXDOH-
HBIX ABHTaTeNell NpH PAa3HUHbIX 3HAUEHHAX HANpPAKEHHUS H npOTUBOAeHCT-
BYIOIIHX MOMEHTOB:

@ — NPH MOCTOSIHHOM NpPOTHBOAEHCTBYIOLLEM MOMEHTe; 6 — NPH NPOTHBOAEHCTBYIOLLEM
MOMEHTe BeHTHJATOPHOTO THNa; I, 2 — ABHTateJx ¢ (asHBIM poTOpOM; 3 — ABHIaTe-
JIH ¢ KOPOTKO3aMKHYTEIM DOTODOM

¢ Ga3HbBIM POTOPOM M BHIBEJEHHEIM NYCKOBBIM PE0OCTaTOM, Kak
H UMeIIll1e KOPOTKO3aMKHYTHIH pPOTOp, MOTYT Pa3BOpadyHBAaTH-
Csl HE3aBHCHMO OT BPEeMEeHH CHHIKEeHHs HANpPSKeHHA H 1ocjae-
JYIOILEro ero BOCCTAHOBJEHHS.

IMpu uecumMerpuunbix K3, kak nokasaju 3apyOexHbie H
OTeuecTBeHHBle PabOTHl, ABHTaTe 1 BelyT cebs NPHMEPHO TakK
Xe, Kak npu Meraanuueckux K®. 3ro onpeiensercsa teM, 4To
COCTaBJAIOIIHE 0OPATHOM MOCAEA0BATEABHOCTH B HANIPSAXKEHHAX
00ycn0BaHBa0T Map2, AelCTBYIOIHHE B CTOPOHY, IpPOTHBONO-
A0KHY10 Map, u pesyabTupyroliuii  Map,pes == Mapt — Map2
OKa3spiBaeTcsl HEGOJBLINM,
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HAMpSAKEHUA HAUHMHACTCA pa3BopoT-
B mpouecce camo3amnycka Imo o6MOT-
OKH caMo3alycKa, KOoTopbie B HE-
onuth HX lwom. OnHako 3TH TOKH

peJCTaBJIAIOT OMACHOCTb TOJIBKO B Tex cayuasx, Koria jABH-
ratejn He MOTYT Pa3BepHYTbCH. CBepXTOKH B JAPYCHx Clydasx
B [PaBHJIbHO CIPOEKTHPOBAHHOH U 3KCIIyaTHpyeMoll CeTH
CyLIECTBYIOT KPaTKOBPEMCHHO H o6buHo 00yCJA0BAUBAKOT A0~
mycTMMBlE KpaTKOBpEMEHHbIE neperpessl 0OMOTOK. Ho sHel-
peHus B NMPAKTHKY paGor U. A. CpipoMATHHKOBA AJ]4 JIBUTA-
Tejleli ¢ (pa3HBIM POTOPOM OmMacasuch TaKKe JAHHAMHUECKOTO
JeiicTBHA GPOCKOB NpH BHE3AMHOM BOCCTAHOBJEHHY HampsaKe-
HUA, KOTAA MYCKOBOH peocTar BhHBEICH, U I03TOMY TaKHe JBH-
raTeu TMPAaKTHYECKM HEMEL/IEHHO IpH CHJIBHBIX CHHXKEHHAX
HATIPSKCHHsA ABTOMATHUCCKH OTK/IOua/IH MHHAMAJIbHBEIMH 3a-
muramu nanpskenusa. Co propofi mosoBuHb 30-X rof0B Takas
NpaKTHKa U3 JKCITyaTalHH GBI1a HCKJIOUEHa, 4To Aajc BO3-
MOKHOCTh 3HAUMTEJbHO MOBBICHTbH HAJCKHOCTH MUTAHUA MHO-
rux notpeburenei. Tpyu npUHATHH TAKOrO pelICHUS YUUTHIBA-
JIOCh, 4TO NMPH BHEIIHHX K3 y BBIBOJOB JBMrateeil yepes HHX
MPOXOAAT GPOCKH TOKA, KOTOPHIX H366KaTh HEJb3s, HMEIOUIHE
IpHMEpPHO Te XKe 3HAUeHud, 4T0 H MyCKOBBIE TOKH JIBUIaTe/Ieu
[IpX BHIBEJEHHOM MYCKOBOM peocTare.

Heo6X04MMO, O4HAKO, OTMETHTh, 4TO CaMO3anycK, KaK npa-
BHJ0, siBAAETCA 0OJee TAKEJIHM DEXKUMOM, UeM HOPMaJbHbIH
MyCK OTHEIbHHIX JBHIATE/ICH. 1o ompeneserca MOHHXKCHHBIM
HanpsKeHueM B CETH, 06YCJIOB/ICHHLIM 0JHOBPEMEHHBIM pas-
BOPOTOM Psifa JBUraTescH, BHIBEJCHHLIMH IyCKOBBIMH COIPO-
THBICHHWAMH JABUraTesell ¢ (pasHbM POTOPOM, BOIMOKHEIM
(nampuMep, IPH aBTOMATHUYECKOM sKatouernu pesepsa — ABP)
yBeTMUEHHEM MyCKOBHIX TOKOB, CCJIHU co6ctsentpe DJC nBu-
ratesiell B MOMEHT BKJIIOUEHHs elle He YCIMEH 3aTYXHyTb H HX
(assl TAKOBH, 4TO ofulasg pesyJabTHPYIOIad DIC cucreMH
W IBUraTe]s OKasblpaercsl GoJblleH Uson. Y3J0XKeHHOE Ja€T
BO3MOKHOCTb cOPMYAHPOBATH OGUIMe TpeOoBaHUA K 3alIUTE
OT CBEPXTOKOB aCHHXDOHHBIX ABUraTesel, ABJIAOLIUXCS CJCI-
cTBHeM TMOHHMAKEHHS ¥ MOCAEAYIOEro BOCCTAHOBJICHHUS HAMp-
JKEHHS: 3aI[ATAa A0JKHA MPeJyCMaTPUBAThCs HA ABMraTE&lAX
¢ dasHBIM POTOpOM, paboTalUUX ¢ MEXaHHSMaMy, HMeIOIIH-
MH Mpp==const, a Takxe Ha ApYTHX ABUraTe/lix, UM IO LIHX
TSKEJbe VCIOBHA caMosamycka. Ee OCHOBHBIM HA3HAUEHHEM
qBSeTCS 3alIATA OOMOTOK OT Meperpesa CBEpXTOKaMH B CJY-
yasx, eca JBUTATeNb He Pa3BOpAUMBAETCA NMPH BOCCTAHOBIE-
HWH HANpSKEHUS WK MpOLecc passopora HENOMyCTHMO 3aTd-

[pu BOCCTAHOBJIEHHH
camo3alyckK nsuratenes.
KaMm jasurarteje#i mpoxoiaar T
CKOJBKO pas MOTYT IpeBOCX
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OTKTIONAT MEHGE OTBOTCTAGHNLE AbHTATeTE T OO

BU
((i)a»flo3aq’ycxa GoJee OTBeTCTBeHHbli. ﬁ;ﬁ”ﬁﬁﬁ;{ngfﬁgqiiﬂi
Saymﬁggnﬂléigi{c}g{zgﬁis;zo pnapclznlclix;mb TPYNNOBLlE MHHUMAJbHBIE

, H

pPerpysok paccMaTpHBATD TOﬂbKopf(ai{(blgegzlpLiib?:MHTH e
YcaoBus paGoThl CHHXPOHHBIX JABHraTeseil ﬁpyx MIOHH Ke-
HUSIX HANPSKEHHA OKa3hHBAKTCH APYTUMH, YeM 1/ aCHHXPOH-
fibIX. YCTAaHOBUBIUMHACS CHHXDOHHBIH PEXHM JIBHUTaTeJsl Xapak-
Tepusyercd NoTpebasieMoli UM AKTHBHOH MOILHOCTBIO [F’) =
=Ulcos g, DIC E4 3a CHHXPOHHBIM AKTUBHLIM COHpOTHBC.H—;
HHeM B NMPONOJbHOH ocu X¢ M momepeuHodl ocu X, u yriom
f{,gsura 2 Mex 1y E; n nanpsixennem Ha saxumax U. Mou-
) CTh e=Ey48in 8/Xa+U? (Xa — X4)sin 28/(2X4X,). C npy-
BOI;IO cTopossl, P OTpe/e/IAeTC CTATHYECKHM MPOTHBOJEHCT-
yiomum MoMeHTOM Myp. YcroiiuuBas pa6Gora HMeeT MecTo
B TOM cJydyae, KOrJa HAarpy3Ka MEXaHH3Ma MeHbIIEe MaKCU-
MaJIbHO BO3MOXKHOTO 3HaYeHHSA Pcmar. JlBUratesb paGoraer
B CHHXDOHHOM DeXHMe [0 TeX NOp, MOKa CHHXKeHHE IPOu3Be-
AeHus E4U xomnencupyercst Bospacranuem yraa 6. Ipu ganb-
HefilleM yMenbienun Eq U BO3HUKAIOT KAYAHHT H BO3MOXK
HOCTb BBIMAJCHHUA ABHraTes]s U3 CHUHXpoHH3Ma. Takum 06 a:
30M,  BbIlIajieHHe  JBUTaTe]s M3 CHHXPOHH3MA MOXF()eT
ggpeﬁemrbc;{ cHuxenneM U, ymeHblleHHEM TOKa BO3GyKie-
ogm HEJOMyCTUMBIM yBeJHYeHHeM Harpysku. C apyro#i cro-
g Ore,qeﬁgggggg?xa BO30YK/JEHUA, IUHPOKO HCIHONb3YeMas
b o ycroﬁqmaoéxd npgxmxe, CYIIECTBEHHO BJHSIET Ha MOBHILIeE-
npsKeHns onacni?e Ochiqu;{egag:;Ie ranci AoHLaTor

, 1
H3 CHHXPOHH3MA, 00BIUHO Bosrm}:(aror BB};)IIeI:;Jfﬁ?TeﬂIggr?em
’{imromreu ﬁem. ITpu stoM HauGoJlee TAXKeJBLIMH SABASIOTCH Kn&
eTé;; Hgi{or)o’ ;Iaﬁx BKaK npu HecuMMeTpH4YHEIX K3 Bceraa ocra-
ercs HeKo p 3PAILAIOIIHE MOMEHT, OolpejeAeMHH cocTas-
I IpAMOH MOC/Ie10BATENbHOCTH B HampsaxKeHHAX. Ilo-
BeJeHUE [BUraTeJel MpH BHEMIHUX K3 [0CTATOYHO CIAOIKHO
I paccMaTpPHBAETCH C IPUMEHEHHEM MeTOJ0B, HCIOJb3yeMbIX
ﬁgﬁb;):;:::mls JHHAMHYECKOH ycroduyuBocTH cuctem [30]. Ue-
; He 3THX METONOB AaeT BO3MOXKHOCTL ONpeAesHTh
:annycmMme BpeMeHa OTK/Iw0ueHHA K3, Kortopbie panu 6b
BBeL;Oe}gHOCTb COXPaHHTb JBHraTelu B YCTOWYHBOH paboTe.
HIfMaﬂb:OZﬂ;HoaI;a:msa;orc;{ BecbMa Maljeimi. [lpegenbuoe mu-
HHEe HampsXKeHHAl, NPH KOTOPOM JBHraTeJib

€lle 0CTaeTcs yCTOHYUBO a60Ta10’ )2t
NPHGJIMIKEHHO DPaBHBIM O,FEUHOM (un;ﬂM’K(g’p)Ifm%Mb?;geTmEE%M;i
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CHHXPOHM3Ma [BHraTes]b IPH BOCCTAHOBJEHHH HaNpSKeHHS
yacTo o6paTHO B CHHXPOHH3M He BTArHBaetcs. Ha asutenbHbl
ACHHXPOHHBIH X0 asuratenu He paccuntabl. [losromy Ha
HUX yCTaHaBJHMBaercs clelliaJjbHasi 3allHTa OT HECHHXPOHHOH
pa6Gorol. Ha meHee oTBeTCTBEHHBIX ABHraTe/siXx OHa AeHcTByeT
Ha OTKJIoueHHe. Ha OTBeTCTBEHHBIX ABHraTedsXx 3al[HTa MO-
JKeT JeHCTBOBAaTh HAa YCTPOHCTBO, PECHHXPOHH3aUMH (KOTOpOe
cHHMaeT Bo30yKAeHHe u o6paTHO e€ro mojaer IPH AOCTHIKE-
HHH HOJCHHXDOHHOH CKOpPOCTH), aBTOMATHYECKYIO pasrpy3ky
HWIH OTKJIOUeHHEe C IOCJAEAYIOIHM aBTOMAaTHUECKHM IHYCKOM.
Hcnmonb3yercss Ttakike MHHHMaJbHasi 3alllHTa HalpsKeHHS,
B OCHOBHOM s obecneuenus GecnepeGoiiHOH pabBoTH ycra-
HOBKH B IeJloM (HMeolleldl H acHHXPOHHbIE ABHIaTeJ]H) H AeH-
CTBHSL B caydae AJHTEJIbHOrO HCYE3HOBEHHs HarpsKeHus. 3a-
IUTYy B COUETAHMM ¢ OpPraHaMH HampaBJeHHd AKTHBHOH MOI-
HOCTH HCIIOJIB3YIOT TaKXKe MJIs OTAeJeHHs OT IIMH NHTamoie
noacraHnuu (cM. ri. 13). Hanpsixkenue cpabatbiBaHus aJjs Hee
xKesareJpHo HMeTb NpuMepHO 0,5Unow; BHAEPKKH BpeMeHH
BHIOUpAIOTCA ¢ y4eToM coobpazkeHull, JaHHBIX BHIUE [Js aHa-
JIOTHUHBIX 3alIUT ACHHXPOHHBIX ABUraTEJEH,

CeepXxTOKH npu paspbise ¢as3bl. B cayuae paspuiBa ¢assl
paboramlnil ABHraTeNlbh MOXKET MPOAOJXKATH BpPalllaTbCs, ec-
an -Mgp>Myp. Tlpu 3TOM 10 €ro 06MOTKaM MOTYT IIPOXOAHUTH
3HauuTeJbHbEE TOKH, B TOM 4HcJe 0cO60 ONACHHIE COCTABJIAI-
e o6patHOH nociejpoBartenbHOCTH, 1o JnTepaTypHHEM AaH-
HBIM (cM., Hanmpumep, [75]) HJuTENbHO AONYCTHMHIE TOK OG-
paTHO# TOC/JeAOBAaTEJbHOCTH HMeeT TOT K€ MNOpSJI0K 3Haue-
HHH, 4TO U AJ1s redepatopoB (mpumepto 10 0,1/xou). C pasphbi-
BOM (hasbl CUHTAIOTCS IPEHMYLIECTBEHHO B CETSX, 3alHIEHHbIX
or K3 niaBkumu npenoxpaHUTeNsIMH, yUMTHLIBAs BO3MOX-
HOCThL HapyIICHHs OZHOTO H3 HHX, H B CeTsiX, HaIpHUMep, rop-
HOH NPOMBIIICHHOCTH. B cramMoHapHBIX ceTAX ¢ peseHHOH
3aHUTOH 3TOT BHJ CBEPXTOKOB CUHMTAJCS MaJjoBeposaTtHoiM. Of-
HAaKO B IIOCJeIHHEe IOABl H B 3THX CeTSX HHOrJa NPHMEHSIOT
3allUTy OT pasphiBa (a3, coueras ee ¢ 3allHTAMH OT BUTKOBBIX
K3 B craropubix o6MoTkax. B Takux ciyuasix ee 4acto BBI-
HOJIHAIOT pearupyiouled Ha cOCTaBJASIOHIHE TOKOB OGpaTHOMH
nociaenopatesbHOCTH. IIpn 9TOM OKasniBaercss HEOGXOAMMOH ee
OTCTPOHKA IO BpeMeHH OT BHewHux K@, nampumep B mapag-
JeJIbHO paboTalUHX ABHTaTe X,

14.3. TUMbl 3ALWLMT ABUTATENEA

M3 npoBeneHHOro BhIILE pacCMOTPEHHS CJedyeT, YTO OCHOB-
HBIMH BHJAMH NOBPEKACHHI ABHraTesell sSBJASIOTCS, Kak U JJIs
APYTHX 3JIEMEHTOB 3JIEKTPOIHEPreTHYECKOH CHCTEMBl, pasHOro
poaa K3 u oxHodasHble 3aMbIKaHHs Ha 3¢MJIO, 4 OCHOBHBIMH
BHAAMH HEHOPMAaJbHHIX PEXKHMOB — CBEpPXTOKH. [lostomy aJs
3allUT JABUrartejed B OCHOBHOM HCIIOJb3YIOTCH H3BECTHHIE H3
NpeAblAYIINX IJaB TOKOBHE, AHQ(epeHIHanbHble TOKOBHE,
TOKOBBIE H HalpaBJ/eHHble 3alUHUTH HYJEBOH NOCJe 0BaTedbHO-
cru or K{V u nekoropeie apyrne. Oamnako ux BHIOJHEHHe

CBSI32HO C HEKOTOPBIMH CIeIH(pHIeCKHMH 0COBEHHOCTAMH, 06Y-
CJIOBJEHHLIMH YCTAHOBKOH Ha Aurartedasix. Mwmerorcs n Heko-
TOpPBIe 3aLHUTH, pa3paboraHHble CIenHaJbHO AJS ABHraTejed.
B Hacrosuee BpeMsi B OTeUeCTBEHHOH JHTepaType HOAPOGHO
paccMoTpedbl Kak O6lie BONPOCH BHIMOJHEHHS 3alUT ABHTA-
TeJiell, TAK 1 KOHKPETHBIE CXEMBI HX OCYUIECTBJEHHSI H CIOCO-
651 BeIGOpa mapaMerpoB. K takuM paGoraM B nepByio ouepeinb
neo6xoanmo otnecty [75, 77, 79] u Hekoropele Apyrhe. Bmecte
C TeM BOIPOCH KaK MAaJbHEHINEro COBEPIICHCTBOBAHHS, TAaK
¥ IPOMBIIIJIEHHOTO OCBOGHHSI 3ALHUT ABHraTedell HeJb3s CUM-
TaTh 3aBepIleHHbIMH. [lo3TOMy HHXKe paccMOTpeHBI TOJBKO
IpuMepbl BHIOJHEHH 3alIHT. HacTo OHM CTPOATCS ¢ HCIOJb-
30BaHHEM OIePATHBHOIC IIePEMEHHOTO TOKA.

14.4. NMPUMEPB! BbIMONHEHUSA 3ALLMT

MaxkcumanbHass TOKoBag 3aliHTa, BosMoxHasi COBMeIeH-
Hasi CTPYKTypHaAs cxeMa NpHBeAeHa Ha pHc. 14.2. 3aumura Bo-
moiHeHa JABYX()asHOH ABYXCHCTEMHOH — ¢ ABYMsl OpraHaMu
toka KA, paGoramouumu no cxeme MJIH Ha orTkiioueHHe Bbi-
KJ0uartess, a AJds CHHXPOHHBIX ABHraTteJell — M Ha rameHHe
noas. [ns obecneuenns: celleKTUBHOCTH 3allliTe KaK HanGoJee
YAaJICHHOH OT MCTOYHHKOB IIMTAHMSI BBIACPKKH BpPEMEHH He
Tpebyerca. IlosToMy oHa ass GoicTpeiimiero ork/awouenns K3
ocywmectnisercs 6es nee. IlepBuuHbifi TOK cpabaThBaHHs 3a-
IHTBL ¢ yYeTOM coobpaxennil ra. 5 Beibupaercss mo obuemy
BeIpakennio: 1) =Rorckslypmon. IIpH acMHXpOHHOM 1BHra-
Tene ks OGBHUHO PACCUHTHLIBAETCS B MPEANOJIONKEHHH BKJAMOUe-
HHS IBMratesst IOL HOMHHAJBHOE HANPSIKeHHE ¢ BHIBEICH-
HBIM IIyCKOBBIM peocTaToM (npu ¢asuom potope). Oterpoiika
ot Gpocka npn BHelHeM K3 06GLIYHO He ABJAETCS pacueTHHM
caydaeM. Ilonyuamomasics npruMepHast 3aBHCHMOCTb TOKOB B
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craTopHOil 0GMOTKe OT BpeMeHH NpHBEeHa Ha pHC. 14.3. Ko-
s¢puuuenT ks ompejessercs KpaTHOCTBIO CHMMETPHYHOH €O-
.CcTaBjfoUlell MYCKOBOTO TOKA B HadaJje OYycCkKd, naBaeMoil
32B0JIAMH-U3TOTOBHTEAAMH H B HECKOJbKO pas npeBocxoasiel
Lionow. JJISl CHHXDOHHBEIX JBHMraTejeil pacueTHbIM SBJAETCH,
Ha06OpOT, BHEIIHee Tpex(pasHoe K3. B sroM cayuae mod Rs
caelyer MOHHMATh KPaTHOCTD CHMMeTpPHUHOH caarampllei (s
t=0) ]éa) 10 OTHOLUEHHIO K I,ua,'HoM, paBHYIO *],U.B,HOM/X;. K03d)'

(HUHEHT OTCTPORKH Korc YUHTHIBAET Ha/MUHe alEPHONMICCKHX
cnarajoliMX B pacueTHHIX TOKAX, PeXMMBI ¢ HeyCHeBLIHMH 3a-
TyXHyTh cobcTBeHHBIMK DJIC acHHXpPOHHBIX JABuraTeseli U T.1.;

Ha amxnwyehue

a A _“‘
Jk: _

M tn t

Lnycx

m ~(#+47) inmax

thmax

Puc. 14.3. TlpuMepras 3aBHCHMOCTb
orubaiomleli MTHOBEHHbIX 3HAYeHHN
MyCKOBOTO TOKA OT BpeMeHH 14
acHHXPOHHOTO ABHTaTeNd

Puc. 14.2. CoswmelllenHas CTPYKTyp-
Hasg cxeMa MAaKCHMamlbHOifl TOKOBOI

3aIUThl ABUraTess

OH 3aBHCHT TaK¥ke OT THIIa IPHMEHsIEMBIX OpTaHoB TOKa H Onl-
BaeT paBHBIM NPHMEPHO 1,5—2,5. UyBCTBHTENBHOCTL 3AIMTHL
TNpHHSTO XapaKTepPH30BaTh ka min npn K3 Ha 3aKuMax ABHra-
Tens. JLONYyCTHMBIM CUHTAeTCA by min==2. HeobxonuMo OTMe-
THTb, 4TO OH HE XApaKTepH3yeT 3aLUTOCTIOCOGHOCTD, KOTOpas
onpenensieTcsi foJlelf 3aMKHYBLIMXCs BHUTKOB ctatopHoii 00-
MOTKH. Ona 06buHO GuiBaer Masoil. HeGosblioe ee MOBLILIE-
qHe MOMKEeT OHTbL AOCTHTHYTO TpH IpHMEHEHMH OpraHOB TOKA,
WMeIoLLHX OTCTPOHKY OT MepeXONHbX 3HAUeHHH TOKOB (c™., Ha-
npumep, [75]). B aToM cayuae Borc MOXKET HMETh 3HAYHTEJbHO
MeHblHe 3HAUeHHs, BTOPHIM CYUIECTBEHHBIM HELOCTATKOM
cXeMbl, OCYIIEeCTBJSIOWEN 3aUTy OT Mmuorodasusx K3, asas-
etes meneiicrsue mpu K" ¢ pacmosoxeiueM ORHOTO MecTa
npoGosi B (ase aBHraress 6es TA. Tlpu orcyTcTBUM Ha ABHIA-
rene samutel o1 KV ¢ TA wuynesolt mocsienoBaTebHoOCTH,

KOTOPHIi MOXKHO ObLIO Gbl HCTIONB30BATL IS COSAAHUA 3ali-
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ol o1 K{'V), nopexjuenne Gyaer JTMKBHAHPOBATHCS 3AL{HTON
ggTa}omero 3JeMenTa ¢ BblaepXKKoi Bpemenn. ITociennee npu-
H3JI;§){;FKIe{HI:OHOJIHHTeJIbHOMy paspyuleHuIo ABHraTeNs. YUHTHBAS
i 10€, a TaK:Ke MPOCTOTY ¥ HEeGOJIBIUYIO CTOMMOCTD, pac-
Tz«;;peﬂﬂyro 3aIHTY B OOIUEM c/yuae NpHMEHSIOT Ha NBHTa-
19X MowHOCTbIO P <3500+-5000 kBT1. Tlpenenst ykasau-
HOH MOLIHOCTH XKeJaTeNbHO HMeTb [0 BOSMO}KHOCT}}{, Me
HHMH. ' "
Huddeperunansnas Tokosas samura. BosMoKHble COBMe-
I1eHHblE CTPYKTYpHBIE CXEMBl 3alIHTHl NpHBEdeHbl HA DUC

&

Ha omrrroverie R Ha omnr nwovenus

] x4
[Faw] v = | R

Mp u—J ! D, —Hoo

a) 5)

Puc. 14.4. Co
- 144 BMEIIleHHEIE CTPYKTYPHEE CXeMbl i
aJbHOH TOKOBOR 3aUIUTH uBHI‘aTeJI}SIIL:) ' ApyxGaswol Aubpepenna-

@ — ¢ TOpMOXeHHeM; 6 — 6e3 TOPMOXeHHS

34.4,a i 6. OHH BHIIOJHeHb %}Byx@asﬂumn B NIpeANOJ0KEHHH
ITo omacHele s AHrateneil K Ges BRjepKkH Bpemetn
JHKBHIHPYIOTCA AONOJHHTEJbHEIMH OPraHAMH TOK4, HCHOJb-
syioumuMy TA HYyJeBOH mociIef0BaTeNbHOCTH samur or KV

KOTOpble, KaK TMPaBUI0, B PACCMATPHBAEMOM ciyyae nmelo;cn’
Kak u nas reseparopos (cM. rar. 12), cxeMa Ha puc. 14.4 a
lpeanoJaraer upMMeHeHHe OPraHOB TOKA, HMEIOIIHX TOPMOK

HHe OT TOKOB TlJIeY, a CXeMa Ha pPHC. 14.4’, 6—npnmeﬂegne oe:
TaHOB TOKA € NPOMEXKYTOUHBIMH HACHINaOWuMucs TALT ycg-
JEHHOTO JNEHCTBHA (TOJBKO IS OTCTPOHKH OT MepexOiHHX
ine). Jlo mocsenHero BpeMeHu A5 ABUraTenefl NOBOJbBHO IH-
POKO mpHMeHsAJach, KakK 6ojee mpocTas, cXeMa Ha puc. 14.4,6
Omnaro, KaK mokasa/inm OmBIT ee 3KcOJyaTanHu (cM " Rampu-
Mep, 166]) u uccaenoBauus [75], oma mus npaBnano;o d;)yﬁxz
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LLHOHHPOBAHHA OGBIUHO JOJIKHA HMETDb /c,s, 3HAUHTE/BLHO 606J1b-
wue Inspmon (10 2—3 Igsmom). DTO B OCHOBHOM OIpeJeJsETCA
KOHCTPYKTHBHBIM OCYIecTBiAeHHeM 3amute: TA co cTOpOHHI
BHIKJIOUATENs pacnoJaraioTcsad B KPY Tam ke, rie 0 KOMIJIEKT
peJie, IO3TOMY COTPOTHBJEHHE Maeda MPOBOJIOB 3ALLUTE C 3TOH
CTOPOHBI GJIM3KO K HYyJIO; CONpPOTHBJ/IEHHE MPOBOJOB MJjeda OT
TA, pacroJIOXKeHHBIX Y BBIBOJOB K HEATpald JBHraTes, Mo-
KeT 6bITh BO MHOro pas GOablruM. B pesynbTaTe HOABAACTCS
Gosblasi NepHOAHuUecKas cjaraoomas B Ixs, onpepesseMas
pasHulledl 3HaueHHH TOKOB HaMarHHYHBaHH:I TA, uro 06ycnos-
AuBaeT 6oJbiol ToK Ic,s mo cxeme Ha puc. 14.4,6. OtcTpau-
BaTh TOK lcs OT Igsuom, MOTYLIHX MOSIBJsITbCS B AH(dEpeHln-
aJpHOH Ilenu 3alHTH NPH 0OpbiBe BCHOMOTraTeJbHBIX MPOBO-
0B, OGBIYHO HET OCHOBaHHMH, KaK u s reHepaTopos. [lostoMy
npeanouTeHnHe JAOJKHO OTAaBaTbCs CX€M€ C TOPMOXKEHHEM
Ha puc. 14.4,a uau ApyruM cXemaM, oGecreudBaIONUIUM, Kak
" OHa, 10,3 <1xB,H(LM.

MUHMMaJibHble 3alHThl HAMpPSKEHHS JJsi ACHHXPOHHBIX
nBurateneii. Huxe paccMartpusamoTes (pHc. 14.5 u puc. 14.6)
JBa BapuaHTa cxeMbl, paspaboraniele TOIl NpuHMeHHTENbHO
K COGCTBEHHLIM HY:KJaM TEI/OBbLIX 3JeKTPHUECKHX CTaHIHH
u paboTaioline Ha ONEPATHBHOM TMOCTOSIHHOM TOKE C 3/EKTPO-
MeXaHHYeCKHMH pejie. B OCHOBHOM OHM OTJHYAIOTCsA ApYr OT
Apyra crnocoGoM NMpeaoTBpalleHus JOKHBIX cpabGarsiBaHHE NpH
Hapywenusx uerneii TV, nurtaomux opraHbl HalpsXKeHHs.
B cxeMe Ha puc. 14.5 A/ 3TOTO HCNOJbL3YIOTCA TPU MHHHMAb-
HBIX OpraHa Hanpsi2KeHHsl, BKJIIOUEHHBIX Ha TPH Pa3HBIX MexX-
Ay(}a3HbIX HANpsiKEHHS H HMEIONIMX MOCJEN0BATE/bHO COe/lH-
HeHHbie KOHTaKTH (cxema HM); B cxeMe ua puc. 14.6 pBa un3
MHHHAMAaJbHEX OPTaHOB HaNpsiKeHHs 3aMeHeHbl Ha MAKCHMaJb-
HBIH, HO BK/IOUEHHHLI depes (UIbTP Hampszenus oO6paTHOH
0CJ/Ie10BaTENLHOCTH.

CXeMbl HMeIOT cJeAYIOolHe 0COOEHHOCTH: SIBJSIIOTCSA Tpym-
noBeIMH AJsi cekuuii 6—10 kB 1 BHINOJHAIOT jB€ OCHOBHHE
(YHKIHH — OTKJIOUEHHE HEOTBETCTBEHHBIX JBHTaTeNed Aas
obJieruennss camoszanycka OoJjiee OTBETCTBEHHHIX, a Takxe
nBHraTesel, KoTopbie He MOTYT pa3BOpauHBaThCs MpH BoCCTa-
HOBJIEHHH HaNpsizKeHusl mocje ObICTPOH JHKBHAALHWH BHEUIHHX
K3, u OTKJIOYeHHEe OTBETCTBEHHBIX ABHTaTeJeH MpH JIHTEJb-
HOM HCUE3HOBEHHH HAMpsI?KeHHsl HJH eCc/H JBHTATENH C TskKe-
JBIME YCAOBHAMH CaMo3amycKa He CMOIVIH pasBepHyThes.
B COOTBETCTBHM C 3THM 3alUHThl UMEIOT aBe cTyneHu. [lepsas
BHIOJHsIETCS AJf cxeMbl Ha pHc. 14.5 yKasaHHBIMH Bbille
KVI— KV3 u opranom smjepxku BpeMedn KT6, a ua puc.
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Puc. 14.5. CoBMemennas CTPYKTYDHAasT cxeMa M

NpsAXKeHHs AJis ABHraTenelr 6—10 kB (Bapuant I)HHHMaHbHOﬁ e -

won K1y petsenm K4 Tpﬂ}KeHHH cpabaTuiBaHus opra-
crenonmromnayt KV2 ¢,s 2 0,7Unom, oprana obparHofi mo-
CTpopatedny Ues>Uus npu HOpPMaJsbHOH pabore
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¢,3 X 0,0Unon. OnepaTuBuuiii tox g 3aluTe NOJ-

OraTeJIbHBIE KOHTaKT ABTOMATHYECKOro

TeJNbHOH. :
C npn
PHMEHEHHEM CXeM Ha pHc. 14.5, 14.6 nin um no00HbBIX
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OCYLIECTBJSAETCS 3a1HTa ACUHXPOHHBIX lIBI/II‘aTeJIeﬁ OT CBEpPX-
TOKOB IIpH TIOHHXXEHHAX H nocJeayomHX BOCCTaHOBJCHHAX
HanpAXeHus. 3amura MoXeT UCIOJb30BaThCS TaKXKe, KakK OT-
MeuaJoch BHINE, B KadeCTBE BCIIOMOraTeJbHOH 1Jif CHHXDOH-

HBIX ABUrATeJEeH.

Ha omxnraverue Hao amknroverHue
weomBermcmbén - omBemcmBernsix
wbix BBuzamened dBuzameneu
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Puc. 14.6. CoBmemenHasi CTPYKTypDHas cxeMa MHHHMAa/bHOA 3aLUHTHL Ha:

npsKEHHS 105 ABHraresei 6—10 kB (Bapuant II)

TokoBble 3alUTHI OT CHMMETPHUHbIX neperpysok. lIpo-
cTefillie CXeMbl TOKOBBHIX 3alUUT AaHs Ha puc. 14.7 14.8.
OHnU OCYLIECTBJSIOTCS OAHODA3HBIMH € HCIIOJb30BAHHEM OLHO-
ro OopraHa TOKa ¢ OTPaHHYEHHO 3aBHCHMOH XapaKTepHUCTHKOM
BHIIEpXKKH BpeMeHH (pHuc. 14.7) WM H3MEpHTEJBbHOrO opraha
TOKa, paboTaollero Ha opraH BEICPIKKH BpEMEHH (puc. 14.8).
Tox cpaGaThBanusl 3allUTHl BHIGHpaeTCs ¢ y4eTOM HOMUHAJDL-
HOI'O TOKAa ABHTATEJs IO BHIPaxKeHHIO Ies=Fkorel xa,momlks. TIpH
BEIGOpe BHIIEPKEK BPEMEHH JOJKHBI YUHTHIBATBCH ABa yCJO-
BHsi: NIpeOTBpallueHHe cpaGarbiBaHHst IPH HOPMAJbHOM IIYCKE
HJIH caMO3alyCKe W HeIONyCTHMOCTb Neperpesa OGMOTOK BEI-
llle OIpejeJsieMOro TeNJIOBOH XapaKTepHCTHKOH [BHraTe/s.
QO6buHO 3TH TpeGoBaHHs OKA3HBANOTCA MEXIY coboii yBs3aH-
HLIMH, TaK KaK 3a BpeMs HOPMaJbHHIX MYCKOB H CaM03allyCKoB
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ABHTATe/H JOJIKHBI IleperpeBaTbcsi B AONYCTHMBHIX Ipejesax.
BpeMs nmycka U caMo3anycka HarpyKeHHBIX ABHTaTeJel 4acTo
AOCTHT2eT 10—15¢, a B HEKOTOpHIX CJyyasix H GOJbIIMX 3Ha-
yeHHH.

ITosToMy anst paccMaTpHBaeMoro cayuasi Tpe6GyrOTCsa MOIHU-
(GUKanHH OPraHOB TOKa, OTJHYHBIE OT NPHMEHSEMBIX AJS 3a-
IHTEl OT K3. OcHOBHBEIM HEJOCTaTKOM DacCMATPHBAEMBIX BHI-
HOJHEeHH|I TOKOBHEIX 3allUT IBJSETCS TO, UTO B CJayuYasix, KOrAa
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Pnc.ul4.7. CxeMa opnodasmoli rto- Puc. 14.8. Cxema onsodasuod To-

KOBOH 3allMTHl OT CHMMETDHYHHX KOBOH 3aIHTH OT CHMMETDHYHLIX

&igzerpx}f;; C OrpaHHYEHHO-3aBMCH- TEPErpys3oK ¢ He3aBHCHMOR Xxapak-
KTEPHCTHKOH  BHIIEPXKKH TePHCTHKOH BHepx

oo p p ZIEPXKKH BpeMeHH

310 TpebyeTcs IO YCJOBHSIM KPAaTKOBPEMEHHBIX TeXHOJOoruue-
CKHX Ieperpysok, HeBO3MOKHO IOJIHOE HCIOJb30BaHHE Nepe-
TPY30UHOH XapaKTePUCTHKH ABUraTess NMpH HeGOJMBIIHX CBEPX-
TOK4X BBHJY YacTO HENOCTaTOYHBHIX BpeMeH cpabaTbiBaHHsA
3aINUTH (C 3TOH TOYKH 3DEHHs Jydllle cxeMa Ha puc. 14.7).
HenocratkoM cxem siBisieTCs TaKKe HEBO3MOXHOCTL yuera
NpeABaPHTEbHON 3arpy3KH [BHraTess H TEMIEpATyphl OX-
Jaxpnawomed cpeabl. JOCTOHHCTBOM cXeM sABJsileTcsl HX IIpO-
crora. [losroMy oHUM mpoOAOMKAIOT ewle NOBOJBHO HIHPOKO HC-
MOJIb30BaThCA HAa MPaKTHKE.

BoJsiee coBepllleHHBIe, HO H 3HAYHTEJbHO 60Jee CJAOXKHBIE
CX€MBI TOKOBHIX 3aLIUT HAYATH BHIIYCKOM IPOMBIILIEHHOCTHIO
B KOMIUIEKTHBIX paclpefeNuTeJbHbX ycrpoictBax (KPY) 6—
10 kB. B uux saumura, nofo6HO 3allluTe poTOpa reHepaTopa or
neperpysok (cM. ri. 12), umeer myckoBo# oprad, ¢QyHKIHO-
HaJpHEI Npeo6pas3oBaTe/b MIHOBEHHOTO 3HAUEHHSI BXOIHOTO
HaNpsKeHHS ¢ KBaJApaTHUHOH XapaKTeDHCTHKOH, HHTErpaTop,
pearupymoILUii ¥ BHXOAHOH oprausl (cM., nanpumep, [75]). 3a-
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IHTa paccuHTaHa Ha paboTy IpH TeMIepaTypax OKpyXaiw-
mero Bo3ayxa ot —20 go +45°C. OnHaro H3MeHeHHe TeMIie-
paTyphl OKpy»Kalollleil ABAraTeJb Cpe/ibl 3alllHTa y4HTHIBATb HE
moxker. OHa HMeeT BBICOKHH ks TYCKOBOTO OpraHa H IO3TOMY
MoMKeT HauWHaTb paGOTy TpH TOKaX GoJee GJH3KHX K Lpuom,
yeM NpOCThie TOKOBHIE 3aILHTHI; HMEET Jy4lllHe XapaKTepUCTHKH
BBLACPIKKH BpeMeHH, COOTBETCTBYIOI[HE MHpPHHATOMY BHpaxKe-
HHIO [JA Ieperpy30uHOH XapAKTepHCTHKH ABHIATEJNd.
3alATH CHHXPOHHBIX JABHraTejed OT ACHHXPOHHOTO XOJa.
[Mpocreiilive 3alIHTH BHIIOJHAIOTCS C HCIHOJIb30BAHHEM TOKA
cratopa. IIOCKO/IBKY pexHM ABJIAETCH CHMMETDPHUHBIM, OHH
BKJIIOHAIOTCS Ha TOK ofHOH (a3el. [Ipu BHIAJEHHH OBUTATEJA
U3 CHHXDOHM3Ma uUepe3 H3MEepHTeJbHBIH OpraH TOKa IPOXOAHT
nyabcupyoiui Tox (puc. 14.9). Opran cpabaThHBaer B TOUKaxX

I Puc. 14.9. 3asucuMocTb MYJBCHPYIO-
3 ero TOKa B CHHXDOHHOM JBHrarese,
BHIMABIIEM H3 CHHXPOHH3MA

1’ u 1”, cOOTBETCTBYIOLIHX IepeceueHHI0 KPHBOH MyJAbCHPYIO-
wero Toka Ins ¢ IpsiMO# TOKa cpabaThiBaHHA Ic,s 3aLUTHL. O}{
HAYHHAeT BO3BPAIlaTbcs B HCXOAHOE COCTOAAHHE B TOUKAX 2,
" ompepessieMBIX TOKOM BO3BpaTta SallHTDHI Iss. Oasa cpaba-
THIBaHHS 3aIHTHl HeoGXoAHMO, 4TOGHl €ro BpeMs BO3BparTa ts
npesbILIANo Maysy f MexAy TOYKaMH 2w 1”7 unm cHrHan
o cpaforapliieM opraHe Obll paculMpeH 10 SHAUEHH: ">t
Ha BO3MOMKHOCTb IPHMeHEHHsl 3THX COOTHOIIEHHH AJIf BHIIOJ-
HeHHsl 3aLUUTHI CYLUEeCTBEHHOE BJIHSHHE OKa3BIBACT OK3 aBu-
rarenell, npuMepHo pasHoe 1/Xa. CHHXpDOHHBIE JBUraTeNH
¢ OK3>1 mo cpaBHeHHIO C ABHFATEJAMH C OK3 <1 umelor
IpH aCHHXPOHHOM XOfie GO/ibllHe 3HaUEHHA CKOJbXKEHHd, CO-
IpOBOXKAANTCS 3HAUHTENBHBIMH KoJeGanuAMu TOKa craTopa
4 maibMi P, DTo xaer BO3MOXHOCTb Oosee 3((EeKTHBHOIO
npUMeHeHHs 1J HHX TOKOBBIX 3alIHT. Ha puc. 14.10 u 14.11
npHBeJeHbl BO3MOXHBIE HX HCIOJHEHHA Ha peje oTeyecTBeH-
HOTO [IPOH3BOACTBA, pa3paboTaHHble H IKCIIEPHMEHTABHO HpO-
BepeHHHBe B 40-e roapl CP3uy T3II [1]. CxeMpl aaHbl B YIpPO-
IeHHOM CTPYKTypHOM BiJe. HekoTopble mpakTHUeCKHE yJyH-
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lueHust paboThl cXeMbl Ha pHc. 14.10 npusenens B [75]. B cxeme
Ha pHc. 14.10 uaMepuTesbHHIE OpraH Ttoxa pa60TaéT Ha OT-
KJIOUCHHE Yepe3 JOorHueckKHi opran KL, HMelomuii BHAepKK
BPEMeHH Ha BO3Bpat, u opraH speMend KT. Brinepxkxa Bpe)-,
Menn KT B paccMaTpuBaeMOH YNpOLUeHHOR cxeme BHOHUpaer-

om abmo -

ML Ha omwraw~

—ih

M

Puc. 14.10. ¥Ynpo
. 14.10. IeHHAs] CXeMa TOKOBOH 3alliiThl CH
HXPOH
OT aCHHXPOHHOro xozxa (Bapuasr [) PORHOTO Apmrateas

Ha omknir—
wenue

+_j;L
PHC.U14,11. YnpoieHHas cxema To- a
KOBOH 3all{HTEl CHHXDOHHOTG JBHId- KT
Te/ls OT ACHHXPOHHOTG X04a (BapH-
@

ant II)
csl GoJibiiedl BpeMeHH IyCKa H CaMo3amyCKa ABHTaTeJs (opu
IpHMEHEHHH COOTBETCTBYIOLIEH aBTOMAaTHKH). BpeMa BosBpaTa
opraa KL pomxHo Gbith GoJiblile ' (pHc. 14.9). B Menee co-
BEpILIEHHO} cXeMe Ha pHc. 14.11 npuMenen opran Toxa ¢ orpa-
HHYEHHO-3aBUCHMON XaPAKTEDHCTHKOH BBIAEPKKH BpeMeHH
B KOHCTPDYKTHBHOM HCIOJIHEHHH, 00€CleyHBaouleM ero HeBO3-
BpAT B HCXOJHOE COCTOsIHHE NIPH CHHKEHHSAX TOKA A0 3HAYEeHHH
Menbiinx lss (pHe. 14.9). K Z0CTOMHCTBAM cxeM OTHOCHTCS
HX TPOCTOTa M HHOTJa BOSMOXKHOCTL HCHOJNb30OBAHHSA ANS 3a-
IUTHL ABHraTes el OT neperpysok (puc. 14.11). K Hegocrarkam
OTHOCATCA 3HAYHTE/bHAs BHIEPKKA BPEMEHH (B OCHOBHOM
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Apu
MaJjasl 4yBCTBHTEJNBHOCTH
xeMpl Ha pHc. 14.11) u pH
(}1)‘7;?321. [MosToMy 3alIUTEl NPAKTHIECKH anMeHmogcsx ECC)HH-
KO ]S HeOTBETCTBEHHBIX JBHIaTesNeH H ;gm;g;iﬁi ’c.npyqaﬁx
BIX He HCIIoJb3yercs.
A acCMOTpEHHBE B
OJKHBIe 3alllHTHl, P

uMeHnsiforcs  GoJiee  ¢J c »
F7p5 79]. Heo6x04uMO, 0AHAKO, OTM@THTb, UTO nog;a;or?HgM);m_
Bep’caJIbeIX cXeM COBPEMEHHBIX 3alllHT, OCBOEH HIII)OBI:IMH
JIEHHOCTBIO, KOTOpble MOXHO Bbiio OBl NpH3HATH T s

floKa HeT.

Bonpocsl AJf CaMONPOBEPKH

. -
1. Ot KakHX BHAOB IOBPEXAEHHH H HeHOpMaJIbH:IXX g::;x
MOB pa6oThl MpeAyCMaTPUBAIOTCS  3aUMTHl  ACHHXD
i
HHXPOHHBIX JBHIaTeJeH: ]
u C2 Igax pasMMYalOTCs pacueTHbe YCJOBHS NMPH Bblgggg( Dﬁiﬁ-
CHMAJIbHOf TOKOBO 3alHThl ACHHXPOHHHX H CHHXPO

JeH? 5 _
FaT% IMosicHuTe Ha3HaYeHHe MHHMMAJbHOH 3allHTH HAIpsixe

% JOXK-
HH ACHHXPOHHBIX JABHIAaTeJeH. Kak npe;i{o;;plf;;:ﬁerﬂm
IpH HapylleH ; )
cpabaTbiBalHe 3alllUTH
HOe4 pKaK OCYILEeCTBJAIOTCS 3alIHTH cnﬂxpom{mx ABHraTesel

0T acHMHXPOHHOrO X0ja?

fnasanstTHapuyartas

CMNEUMAIIbHBIE BOI"IPOCI?I 3ALLUTHI
SJIEKTPUYECKUX CUCTEM

15.1. PE3EPBUPOBAHME

O6mue Bonpochl. Kak OB10 pACCMOTPEHO B m.ul, pingggsg
samura ot K3 H HeKOTOpHIX APYTHX ;OBpi}:ﬁeHch; éna{)'rbmaﬂmx
KLU
AHHH BHIIOJNHSET TPH (PYH
Ll e i HecpabarblBaHHS IIpH
1 3allMIaeMOH 30He, Hecp
TNpH NOBPeXK/CHHUSX B Garuinanis By
X M HecpabaThlBaHHA B P <
BHEIIHNX I[OBpPEXACHHS ) e o
% JHEeHHe KaXKAO#H M3 3T y
nospexgenuii. HeBbino e e
HMPOBaHHS, KOTODHIH
Jsercst 0TKa3oM GYHKIHO : oouten cry
b C OTKa3oM B paboroc .
yae He cJedyeT CMeIlHBAT ocoHocTH,
MpeacTaBAAOT COOT
Orkasy GYHKIHOHHPOBAHUSA A
auinHee cpabaThiBaHHe
oTKa3 cpabarblBaHHS, H3 2 e .
a6areiBanHe. OTKasnl ¢y
cpabaThiBaHHs) H JOXKHOE CP U
HIID/IpOBaHHH MOSIBJSIIOTCS B pesyJbTare HEMNOJHOTH CBOHCTB
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TEXHHYECKOrO COBEpPIICHCTBA H HAJEKHOCTH H B IeJIOM Xapak-
TePH3YIOT 30 (PEeKTHBHOCTD (QYHKUHOHHPOBAHUS 3alUHTH M B
SHAYHTEJbHOH Mepe ee kKauectBo. [Tox samurofi B UIHPOKOM
CMEIC/IE MOHMMAIOT NPH 3TOM He TOMBKO CAMO 3alHTHOE yer-
POHCTBO, HO TakXKe BTOPHYHHIE IeNyu H3MEPHTENbHBIX TpPaHC-
¢opmaropos Toka u HanpsAXeHHsl, B KOTOPHIX CO3LAI0TCH BO3-
AEHCTBYIOIHe Ha 3al[uTy BEJIHYHHBI, KAHAJB CBSI3H, LNy MH-
TaHHA W OTK/IIOYEHHS, ONepaTHBHO'O TOKAa X Apyrue
BCIOMOraresibHble YCTpOHCTBA. :

CymecTBeiHOe BiHsinMe Ha 3] (eKTHBHOE OTKJIIOUeHHe MO-
BPEXACHUI HMEIOT TaKXKe KOMMYTAalHOHHBIE anmaparsl —
IIpexae BCero BHIKJOYATENH, OTKIIOYAMILHe MOBpeXKAeHHB H
3JIEMEHT.

Has nosbienus 3¢ gexTHBROCTH paboTH 3amumaeMol

.3JICKTPHYECKOH CHCTeMBl crenyer pobHBaTbes H606XO,ZIHMOFO

KadecTBa samuiaeMoro o6opyaoBaHHS H COOpyXeHHH (JIH-
HU#, pacnpenycrpoiicts, KPY) ¢ y4eToM 3KOHOMHYeCKOH 3¢h-
($EKTHBHOCTH, a TaKKe BBICOKOrO YPOBHS 3KcItyatauuy, Bax-
HOe SHaYeHHe HMEIOT TaKXKe KayeCTBO 3AIIHTHON anmnaparypsl
H NIpaBHUIbHAS ee SKCIyarauus. B npegenax sagamubix ycao-
BHH NOBBILIEHHe 3(Q(eKTHBHOCTH (YHKUHOHHPOBAHHUS 3aIHTHI
AOCTHTAeTCA MyTeM HCHOJb3OBAHMSI PAsHOro poja pesepBHpoO-
BaHHdA, KOTOpOe TpeGyer, ONHAKO, BBEAeHHS B GOMbIIHHCTBE
clyqaeB H30bITOUHOCTH, OCHOBHOE BHHMAaHHe HpH 3TOM yiessi-
€TCs Pe3epBUPOBAHHIO (DYHKIHH cpabaTHBAHHS Kak 3alUTHI,
TaK ¥ BEIKJIOUaTeNel 1O TOM NPHYKHE, YTO UMEHHO OTKA3 p
cpaGaThIBaHHH 4acTO BJeueT 3a cOGOH GoJiee TsixKeJbE OCTe]-
CTBH{, YeM H3MHIIHHE M JIOXKHble CPabaThiBAHHS. Onuako ux
PELOTBPAlleHHIO HEOGXOAHMO YHeNATh AOJMKHOE BHHMaHHe.

B ra. 1 u nocneayomux pPaCcCMATPHUBANHCL JBA OCHOBHMIX
cnoco6a pesepBHPOBAHHS OTKIIOYEHHS NOBpeXAeHHOIo 3Jle-
MeHTa — fnanbHee u Ganxkuee. [lox Aasenum NOHHMaeTcsl Ta-
KO€ pesepBHpoBanHe, NPH KOTOPOM B ciy4ae OTKA3a cpaba-
THIBAHHST SAIHTHL HJH BHKJIOYATeNs! 3JeMeHTA MOBpeKAeHHe
JMKBHIHPYETCH 3AlIHTAMH 3JEMEHTOB, CMEXHBIX ¢ NoBpexK-
ACHHBIMH, AEHCTBYIOIHMH Ha OTKIIOYeHHe BRIK/TIOYaTesel 3Tux
37eMeHTOB. IIpn 5TOM 4acTo ykasauubie pesepBHpyOILHe 3a-
IIHTEl H BHIKJIIOYATENH pacIoNaraloTes Ha APYTHX  3JIeKTpO-
yeranoskax. OnHako MoA NOHSATHe fasbHero pesepBHpOBaHHS
TOMAafanT clay4yaH, KOTAa CMeXHBIE 3J1eMeHThHI pacnomoxensl
Ha TOH XKe 3JIEKTPOYCTaHOBKe, HallpHMep HeoTKIYeHHoe K3
Ha JIHHUH JIHKBHIMPYETCS Sal[HTAMH OT CBEDXTOKOB aBTO-
TPAaHCHOPMATOPOB TOf Ke MOACTAHIIKH, Hosromy aast Gonbies
YeTKOCTH Obliy BBeneHH [70] xBa TepMUHA: yOalenHoe u me-
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crnoe danvhee pedepsuposanue. OHE UMEIOT CBOW JAOCTOHMHCT-
Ba H HEeJOCTaTKH.

[Mop 6aucHum MOHAMACTCS TAKOH cnoco6 pe3epBHPOBAHHUA
OTKJIIOUEHHS TOBPEKIEHHOTO 3JeMEHTa, NPH KOTOPOM B C/ayHae
0TKa3a cpaGaTbiBaHHsi OJHOH 3aIMTHI MOBPEXEHHE JHKBHAH-
pyeTcsi APYrofi 3allMTOH TOrO Ke 3JEMEHTa. Hast 6aHKHETO0
pesepBHPOBAHHS TaKxkKe Npenaracrcs ucnoJabsoBaty [70] He-
CKOJIbKO YTOUYHSIOWMX BapUAHTOB HA3BaHHMs, OJAHAKO OHH Hme-
0T MeHblllee 3HaueHHe, yeM [JIs1 JaJjbHEro pe3epBHpOBAHHA,
K 3/lech He paccMaTpHBAIOTCS.

BaubiM OGCTOSTENLCTBOM NPH OCYIECTBJIEHHH GJIHKHETO
pe3epBHpPOBaHHsA ABJSETCS YUET OTKAa30B B cpabaThiBaHUH BbI-
KJIouaTesell, KOTOpble, K COXaJeHHUI0, SIBJIAI0TCA OTHOCHTEILHO
4acTHIM COGLITHeM IIPH JHKBHIAUHH NOBDEXIEHHH. ITosTomy
NpH OCYUIECTBJIEHKH ONHIKHErO DEe3epBHPOBAHHSA, B HepByIo
ouepens B cHcTeMax ¢ Unowz=110 KB, mpeLycMaTpHBalOTCS
crenuagbHble YCTPOLUCT8a Pe3epsuposans npu 0TKase bikAt0-
wareset; (YPOB), He0JHOKpAaTHO ymOMHHaBLIHECs B IJdBaX
0 3amkTax C OTHOCHTEJbHOH CEJEKTHBHOCTDBIO, MOCKOJDbKY HX
HaNHuHe BJHSIET Ha 3HAue€HHS BLIAEDXKEK BpEMeHH CTyleH4a-
THIX ¥ UM NOAO6GHBIX 3aUHT.

BuaukHee pe3epBHpOBaHHEe 3AILUT H YPOB o6pasywor cu-
cTemy GaulCHe20 pe3epsuposanus.

BaxHbiMH, HO CJAOXKHBIMH I paspelieHus sBJAANTCA
BONpPOCH OGecleueHHs HEOOXOIHMOM HAAEKHOCTH (YHKIHOHH-
poBauusi 3awuT. OCOObIE TPYAHOCTH BOSHHKAWT IpH OLIeHKE
HajeXHOCTH CHCTEM Ja/bHero pesepBHpOBaHMsi, KOTOpasd B Ha-
cTOsiIee BpeMsl MOKET pelliaTbCsl TOJIBKO NMPH CHCTEMHOM TOAL-
X0jle ¢ HCIOJb30BaHHeM, HATIPUMED, paspaboTaHHOTO H. B. Ba-
BHHLIM JIOTHKO-BEPOSITHOCTHOTO METOAd, YMOMSHYTOro B I I\

u noapo6HO pacemorpenHoro B [16]. OanaKo u OH jaer TOJBKO
BO3MOKHOCTb Pa3/eTbHOTO ONpejieeHus. Ko3h(HIHeHTOB He-
FOTOBHOCTH cpabaThiBaHHsi, HecpabaThiBaHHs H JIOXKHBEIX Cpa-
GarhiBanuii. JKeaaTenbHo GHII0 6l HMETh KOMIUIEKCHBI MOKa-
3aTes]p HEeHANEeXRHOCTH HJH COOTBETCTBEHHO HAaJ€XKHOCTH (cm.
rai. 1), OnHAaKO HCNOJb30BaHHe €ro, KaK H COBOKyNHOCTH OT-
JelbHbIX NOKa3aTeseH, HaTaIKHBAETCs HA 3aTPYAHEHHHA, CB-
3aHHBE CO CJIOXKHOCTbIO pelleHHS OOLIHX TEOPETHUECKHX 3IKO-
HoMHueckux npobaeM. ONHHM H3 BO3MOXHBIX BapdaHTOB NpH
TAaKOH CHTYallHu SIBJseTCS NPHHsATHE HEKOTOPHIX HOPMATHBHBIX
K03 GHUIAEHTOB, pa3palOTAHHBIX H TNPEJIOKEHHBIX ACII
(2. I1. CMupPHOB).

BoJsee mPOCTO MOrYT ObITH pelleHbl BOMPOCH OLEHKH Ha-
NexHOCTH NMpH OJHXHEM pe3epBUPOBAHHH C HCIO0/ib30BaHUEM
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c
CTj}gggg;i::gg:(}){ (AngaTﬁpHéJIos, cOGpaHHBEIX H 06paboTaHHBIX
. M. Cymuamosa ¥ zxp.) u noax
HeHHBIX B [70] gas oneHk ‘ - BapHarTon
H HaJeKHOCTH pa3HbIX
BLINOJIHEHHS OJIMKHEro pese Ahsomani
. pBupoBaHus, Ilpu ucnoan
3THX MaTepHaJoB Heo6xo . X HeKo.
HUMO, ORHAKO, YUHTHIBA
TOPYIO clienudpaxy csozmm.ylo’ , Orass, o,
, ¢t K caenywowemy, O
JUIIHHE X JIOXKHLlE cpab renntion Kan
aTbIBaHHS MOTYT Ompe
NOAYepKHUBaJIOCh B I, 1 oerLo. 1o H T
. 1, HE TONBKO HeHaneKHO
HHYeCKHM HecoBepll HCTICCRHE 1.
edctBoM. Mmerounecs cta
THCTHYECKHE Ma-
TepHaJdul 3TOro 06GCTOsATENb 0
CTBa OOBIYHO HE yy ;
3TOMY IOJyYalollHecs B AHHNe HoeHT A0
TaKHX CcaAydYasix AAHHB
YHCTO HaAeKHOCTHBIH ceeRe M
xapakrtep. B Te ke craTtu
TepHaJbl BXOAAT TakKiKe 1 sautin, on.
HeNpaBHJbHbIE NEHCTBH
peneJsigeMbie OHGKaM eCKIX OLeHoR
H nepcoHana. das npak
pe . PaKTHYeCKHX OLIEHOK
Haz:}}é{;zczf;reﬂbcma MOTYT OHITH U moJiesHbiMu. OnHako Teopus
doan I'Ioﬂar((fz\l:l; gan(gﬂMep, [24]) atu o6crosiTenibeTBA He yUH-
. e popMynamMu npu paccma
T€ CTATHCTHYECKHX Ma SOBATCS Oonto.
TEPHAJNOB CJEIYeT M0Jb3
TPHTEJBHO HJH, BO BCS T Horotonym
KOM cJlyyae, OroBapu
YCJIOBHOCTD MOJyYaeMb : et genaorcn
[X TAHHLIX, YTO He BCeT
HanbHee pe3epBupoBaHue Df etOe pase
. HanbHee yrasenHoe
pOBaHHe KaK eqHMHCTBeH B s
HOe IIHPOKO O
P DHMEHSIETCSI B Cers
C'I‘?’Ihf‘}il'\gdz kB, a Takxe noka B cersix 110—220 xB. Fro HeﬂOX
HYacTo SABJSIOTCA HexoCTaT : ]
OYHasi YYBCTBHT
a TAKXKeE TO, YTO MpPH He aeres pa.
M OOBLIYHO MOJIHO ,
 raixe 10, ) CTbIO Hapylllaercs pa-
TOB NOACTAHHUH, OKAa3biB o
, awllgxcss B 30H
BHUPOB aana,
er(? Oczz)}gg}{l.ﬂglcy;:%une PE3YJLTATH ¢ TOYKH 3peHHs y'Ka3§HHb§)X
HO0JyYaTCs NpH Mec
BRpoBaMA. oranan THOM faJibHEM pesep-
uMeer GosbluHe 06
Epponand obJnacty mpHMeHeHUs
HBIM HEIOCTATKOM 10 cpaB .
HEHHIO ¢ Te
o O PBBIM SIBJISIET-
o omkas gniizggi}?gu NIOTEpe NEHTPAJIH30BaHHOIO HCTOYHHKA
X Ielle# 7
e o i » KOTODLIK, KaK NpaBuJO, SIBJA-
. Banxuee pesepsupoBanme. OHo, Kak n
Bzgﬂ B cucreMax ¢ Uyonz==330 kB, onnako 3
aee Kgm())eﬂﬂﬂcnonbsyercsi Takxke B cetx 110 g oco6enno
o rfpu noilgpgs gro CYLIECTBEHHLIX HENOCTATKOB SIBJISIeTCS
0011lero HCTOYHMKA one
SToMy 1 10 nowros patuBHoro toka. I[lo-
ADYTHM HpHYBHAM 6.
pOBaHue, KakK NpPaBUJIQ  Corman oe:
coueraercest ¢ gaabHum. C
ona , i M. Corsacuo Teo-
gocm aisﬁﬂogzum IleesyJIanpy}oumn KO3 puuuedr HeHalle}{(()
T, BLINOJHSIOUKEX 06 .
n ) WHE QYHKUHA
Hgg:g;gg;o HE3ABHCHMOH DPaboTe, Jpes= (s, Og)gaxcil oémﬁgg
C 3aBHCHMble OTKa3el. B ofmem caysae ux yuet

paBus0, OpuMeHs-
a MoCJeHHE TOMxbl
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Kak oTMeuaeTcs B TeOpHH HajesKHOCTH, MOXKET OplTL AOCTa-
TOYHO CJI0MKeH. I pHMEHHTEIbHO K TeM CJIydasiM, KOTOPBIE npu-
XOLUTCS PaccMaTpUBaTh NpH GJHKHEM pesepBUPOBAHHH, MO-
npaBOYHBI KO3(QPHIHEHT, KaK nokasano B paborax ICIL
(H. B. Basun, 3. [1. CMHpPHOB), MOXeT JOCTHraTh IByX [27].
Toraa gpes=2q192. st Goee NOJIHOro pe3epBHpPOBaHHs OJHK-
Hee pe3epBHPOBaHHe B CETAX € Unon=110 kB npumeHsercs
cosmectHo ¢ YPOB, Uem Gonee coBeplieHHA CHCTEMA GAUK-
Hero pe3epBHPOBAHHs, TeM MeHee HYXHO yLaseHHOe AalbHee
peseppupoBaHHe. [IpH MPAKTHIECKOM OCyIIeCTBJEHHH CHCTEM
6auAKHero pesepBHpOBaHHs GoJbllioe BHHMAHHE yaenasercs
OBBILICHHIO HaLeXKHOCTH BTODHUHBIX LeNeH TA u TV, uenei
onepaTHBHOTO TOKa. Tak, HampuMep, Kax/ad {3 34L0UT IIPH-
coequusieTcss K OTAeJIbHOMY CepleYHHKY TA, B 3apy6exHo#t
NpAKTHKE HHOTJa MPHMEHAIT A HX nelicTBUS OT/AEJ/bHBIE
3JIeKTPOMaTHHTHl IPUBOAOB OTKJIIOUCHHSA poikJaiouareseil. Ote-
YecTBeHHAs TMPOMBIIJIEHHOCTD BLIKJIOUATeaell ¢ TaKHMH IIDH-
BOJAaMH He NOCTaBJISET.

15.2. YCTPOMCTBA PE3EPBUPOBAHMA MNPU OTKAS3E
BLIKJIIOUATESEA (YPOB)

Hasuauenne. YPOB npejHasHauaercs Ajs JHKBUIALHH
C HAMMEHbLIMMH TOTEPSMH MOBDEXJEHHH NpEHMYIISCTEEHHO
npr  Usnowz=110 kB, cONMpoBOXKAAIOIHAXCA OTKa30M BHIKJ/I0Ya-
tensi, 1 K3 B 30He MeXIy TA u BHKJOUaTeseM (eciH MpHMe-
usioress BeHocHble TA). Ilenecoo6pasHOCTb HCIO/NbSOBAHHS
YPOB no neppoil IpuuHHe ONpefe/Isaercs, Kak 0TMeda10ch BbI-
e, TeM, YTO BePOATHOCTb OTKa30B BHIKJIOUATeNEell B CeTAX
¢ Unow==110 KB 3HauHTeNbHO Bbillle, YeM BEPOATHOCTD 0TKa3a
cpabaTbiBaHU feficTByIOIeH Ha HEro 3allUThl (cM., HampH-
Mep, [70]). YPOB mnyckaercs B nefictBue npu cpabaTbBaHHK
3alMT TMOBPEXJAEHHOro 5/JeMeHTa H OCyLIECTBJAET OTKIIIOHE:
HHe BBIKJIOUATeJeH, CMeXHbIX ¢ OTKa3aBlIHM, C BbIJePKKOH
BpeMenH, Gosbllefl BpeMeHH OTK/IOUeHHs BpIK/IIouaTes. Ilpu
STOM HHOTJa TPHMeHsAeTCs OTK/IIOUeHHe He TOJbKO CMEXHOro
BHIKJIOYATENs, HO H BHIK/IIOUATE/s JHHHH JaHHOH 3JIEKTPOYC-
TaHOBKH ¢ APYTOil ee CTOPOHBI, C MOMOIIBIO, HANlPUMEP, CHIATHA
610KUPYIOIIEro CHrHAJIa 3aLIUTEl JHHHH,

Mpuunun peiicTBusi. IIpHHIMI neiicreuss YPOB Bnepsbie
6b1 mpeanoxes CP3uy TIII u kapeapoii P3uA MOH Bo
propoii mosopuHe 40-x TOXOB [1]. On paccMaTpHBaeTCsl HHXKE
Ha TpUMepe ero HCIOJb3OBAHHS HA SJEKTPOYCTAHOBKE co cxe-
MOH COeIHHEHHH B BH/E UeTHIPEXyroJbHHKA C BBIHOCHBIMH
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H
égﬂg. ég.l%A?am%‘Tj 9JIEMEHTOB, HanpuMmep Jauaud W1, Brio
nena Mo TAI u 2, _YCTaHOBJIEHHbIE y BHK/I0YaTe/el Q1
n Q2 K ocp Jb MX JEHCTBHS NPH cpabaThiBAHUM 3alIHTHl JH-
maw W1 c};ﬂleCTBJIHeTCﬂ opranamu toka KAI u KA2, sk
OTBETCTBEHHO BO BTO ’ )
HUHBlE 1 TA

b p Ienu 1 uTA
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, LIUX MOJIOMEHHE BHKJI0Ya

pere, { TeJd, HeJONYCTHM

K OHH He MOTYT (pUKCHPOBATb HeOTKJIlO,‘leHHbIey sauu?:

Toit W1 K3 Mexn
! y Q u BoiHocHBIME TA). IIpu K
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Puc. 15.1. Tpumep cxemm YPOB aas cxempl coe

YTOJIbHHKA € BBIHOCHHIMH TA AIHCHIIL B pie sereipex-

CTBEHHO JHedcTBYeT Ha OTKJOYeHue QF
cTeeRio i Q2 u pounoanu-
i —?;oggggre:c(:rTHo ¢ KAI u KA2 (Bkmouenn mo cxeM};I:/[
o= BbIKqu:TeHHo Ha oprauel BpeMenu K71 u KT2. Tipu
Saass, Dk O: el H cpabaTbiBaHHH cooTBercTBylomero KT
e Hano;xmoqeune BBHIKJIOUATe 5, OJHKHEr0 K OT-
hoa oy Ha g Me€p, B cjy4Yae OTKasa BHIKJAKYaTeds Q2
T o D geugeT]%;{QB HCXOJHOe noJsoxeune, a KA2 uer.
o pe NPOU3BOLUT JOTOJHHUTEIbHOE OT-
y'CTaHOBKa——J.II/IHPISPI) ny;bTaTe OTKJII0YaeTCsl He BCSl 3JEKTPO-
JoraNORKa ~ IMHHA u TpaHcpopmarop T2 ocramores B pa-
. 3ammay,uer JIHKuByHaHpOBaTbCﬂ K3 mexny Q2 u
01 ona, aunun W1 cpabaThiBaet, BHIKAOYATE M
AeHCcTBYIOT, HO TOKH K3 k Mecry TIOBPEXI€HHS TIPO-
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NOMKAIOT IPOXOJAUTh Yepe3 ocraBlivecs B paboTe 9521:[1;&{;(1%.
Tox Bo3BpaTa (a COOTBeTCTBEHHO H TOK cpa6aTbIBa§HM o
NpUHIUIHAJBHO J0JKeH BHIOGHpaThcs AOCTATOYHO Ma IM, TaK
KaK MocJe OTKJIOUeHHS KOHTPOJHPYEMOro BLIKJlOYaTe %onb-
B HeM mponajaaer. Boigepxkka Bpemenu KT Bb16npaeTocrﬂ Soms-
lle BpeMeHH AeHCTBHS Bmm?;{lmem Q ¢ yyeToMm Horp
HH Bo3BpaTta KA.

CTnlfeznlisggMixeMm BEPOB “0Ka3bIBAlOTCSl 3HAYUTEJbHO 00-
Jee CJHOXHBIMH, UeM CXeMa, NpHBeleHHas AJsd SpaCCMOszl—j]I/:f
ero npuHuuna AefictsHsa (cM., Hanpumep, [70]). yg)OOBHpr(?KJIIO-
eTcs cTpeMJeHHeM MOBBICUTh HafeXkKHOCTb CXeM 00, HeKino
YHTh HX BO3MOXKHbE JONKHBIC W H3JHIIHHE cpabaThis :
B TOM YHCJe H [0 NpHYHHE HENpaBHJbHBIX AeHCTBHH Iep
COHI?ai.pHMep, B CXeMax OCYyLIeCTBJSIOTCA aBTOMaTHQi(})II({)ig
IpOBEPKa HCIPABHOCTH BLIKJIIOUATEJSA IIyTEM %;)II)I%J'IBHI/ITeﬁOﬂHH_
JefCTBAST HA er0 OTKJIOUYeHHe ellle OT CaMoro , 10 -
TeJbHbII KOHTPOJb AcHCTBHS Ha OpraH BpEMeHH KOHTaK
JIOrHYeCKOTO DeJie HOJIOXKEeHHs BHIKJIOUYateledl H T.II. .

Boinoanenre cxeM M uMx oueHka. Ha mpakthke IOy KK
IpUMeHeHUe [Ba BapHaHTa IMOBBIIEHHS HaJAeXHOCTH cer»;lé
cXeMa C HCIOJIb30BAHHEM BCIOMOraTeNbHOr0 OpraHa — pe e
MOJIOKEHHsS] «BKJIOUEHO» BBIK/IIOYaTens (puc. 15.2) u CXeM:
C aBTOMATHYeCKOH NMPOBEPKOH HCNMPABHOCTH BHIKJIIOUATEJs ny:
TeM JeficTBUs Ha ero oTkJaoueHue (puc. 15.3). Ilo HepBOHO(;I(:}I-
Me (mpenjoxeHa B. M. EndumossiM, Mocanepro) npu ‘-
60UHOM 3aMBIKAHHH KOHTAKTa BBIXOJHOIO JIOrHYeCKOro Opr

Ha DmMﬁolll’Huf
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a4 11
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1 1 1
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Puc. 15.2. Tlpunnun pabotet YPOB ¢ HcnosibzoBaHHeM pelle MOJMOXKEHHS
«BKJTIOYEHO»
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Ha samutbl KL5 peficTByer soruveckuf opran KL8, no opran
Bpemenn YPOB K77, naxe ecau opran toka KAE HMeeT 3aMK-
HYTBIH KOHTAKT, MPU TOM He 3aIyCKAeTCsl, TAK KaK Da3Mbi-
KaIOWHA KOHTAKT Oprasa moJoMKeHHs KQCY srxmouaresns
TPH  BKJIIOYEHHOM TOJIOXKEHHH [MOCJedHero Pa3OMKHYT, MO-
CKOJILKY CHIHA/A Ha OTK/IOYEHHE BHIKIIOUATENS He Gbine. Bo
BTOPO# cXeMe (NpeajoxkeHa B. M. Epmonenko u B. H. Kpa-
cesoit, OP3AYM T3IT) NpH OHGOYHOM 3aMBIKAHHH KOHTAKTA
BBIXOJHOTO JIOTHYECKOI0 OpraHa 3aliHThi KL5, nyckawomwero
YPOB, neiictayer ero gormnueckui opran KL8, nopalowuii cur-
Han Ha OTKMOueHHe Q M myck oprana BpeMeHn K77 wyepes

Q; | r_,; _J A Ha omunrwoqenue

!
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Puc. 15.3. Mpusuun padorsr YPOB c aBTOMaTHUECKOH POBepKOi ucnpas-
HOCTH BBIKTIOUaTe/Isl HYTEM JeHCTBHS Ha €ro OTK/IOUEeHHe

KOHTAaKT opraHa toka KA6. [Tocse oTK/II04eHHS Q opran KT86,
KOHTDOJIMDYIOWHA HaJHuYUe TOKA B 3JIeMeHTe, pa3MbIKagd CBOH
KOHTaKT (ec.iM OH bl 3aMKHYT), paspoiBaetr uen» mycka
KT7. Takum o6pasom MpeJ0TBpaliaeTcs JIOXKHOE cpabaThiBa-
Hue ¥YPOB. Ogrmako eciu IpH 3TOM BHIKJIOUATE b, Q He OT-
KMIOYHTCA, MPOU3OHIeT N0KHOe cpabathiBanie YPOB co BCe-
MH BLITEKAIOWMMH U3 3TOrO MOCJHeACTBHSIMH, a IpH OTKJIOYe-
HHH BBIK/IOYATeNs] — [I0TePS 3JEMEHTA, eC/H OH Obli BKAKUYeH
depes OJHMH BBIK/II0YaTe b, DTOT HEAOCTATOK BTOPOH CXeMHl He
ABJISIETCS OUeHb CYIIECTBEHHBIM AJIsl CHOTeM CBEPXBBICOKHX Ha-
NpAKEHUH, AJs1 KOTOPHIX NMPHHATO BBHITOIHSATE HHIMBHIYAMb-
Hele YPOB ans xaxgoro BBIKJIOUaTeJs], a He LEHTPaJU30BAH-
Hple, HCHOMb3yeMble B CHCTeMax 60/ee HH3KHX HAIpSKEHUH.
BaxHoe 3Hauenne mmeor B cxemax OpraHbl TOKa, OmpeeJs-
IOMlKe B YHCJIe MPOYHX 32/1a4 TAKKE HANPABJIEHHOCTH ero aefi-
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CTBHs. BblIO/NIHeHHe HaJeXHbIX, YyBCTBHTE/bHLIX OPraHoOB TO-
Ka BCTPeTH/IO psif 3aTpyAHeHHA. B OCHOBY BBIIyCKaeMbiX
IPOMBIIIJIEHHOCTHIO OPraHoB TOKa Jersa paspaboTKa aCII
(E. B. Jlbicenko). Oun BBINycKawTCs Tpex(hasHbBIMH MJIS JIH-
HHH, He HMEIOIHX 0JAHO}A3HOTO OTKJIOUEHHS H MOCJICAYIOLIEro
aBToMaTnueckoro Bkaouenns aunun (OAIIB), niu onHodas-
HEIMH NIDH HAJHYHH TOC/JELHEro, KOrja 3alllHTbl JHHHUH JeHcT-
BYIOT Ha OTKJIOYeHHe uepes HsGHpartenpHele opranst OAIIB.
Hns Goabliell HaAEKHOCTH NPH CBEPXBHICOKHX HANpsXKEHHAX
UPUHATO NPHMEHATh yABOEHHOE UYHCJIO OPraHoB TOKA, AeHCT-
sylomux no cxeme M. B Coperckom Corose ocHOBHBIE pa3pa-
6orku no YPOB 6piin BbimOsHEHB OGOJbIIHM KOJIJICKTHBOM
paGotaukop CP3uy TAI u ICII. Ha sapyGexubix pabor
B 9TOM HaNpaBJEHHH CJe/yeT Ha3BaTh pab6oTel BappuHITOHA
(Benuko6puTtanus). B Hacrosiliee BpeMsl NPOMBILIIEHHOCTHIO
¢ yueToM NpHBENEHHBIX H psifa APYrHX coobpaxeHuit (cM., Ha-
npumep, [70]) BuimyckawTcs uHAMBHAyadbHbie YPOB ¢ me-
MOJIb30BaHHeM cxeMbl Ha pHc. 15.3 M IeHTpaJH30BaHHBIE IS
GoJiee HH3KHX HampsiKeHHH ¢ HCIOJb3OBAHHEM CXeMbl Ha

pHc. 15.2.

15.3. AYTOBLIE 3ALLMTHI B KPY

Jlyeo86iMyu HA3BIBAIOTCA 3ALUUTH, pearHpyloilue Ha NOBHI-
meHne napjeHHs B siueiike KPY, BbisBaHHOE ropeHHeM. AyTH,
WM H3MEHEeHHEM OCBElleHHOCTH f4efKH, YKa3aHHbIe sIBJIEHHS
BO3HHKAIOT NPH OTKa3e 3alIHTH HJH BHIK/IOYATeJs B cayyae
K3 Ha oTxoasmux Jaunusx 6 wau 10 kB, npHBOASIHKX K pac-
IPOCTPAHEHHIO NOBPEX/IEHHS Ha SYEHKY, a 3aTeM Ha IIHHEI
u cmexubie siueiky KPY, KoHTakTHl, ¢BA3aHHbIE ¢ HaTYHKAMH
JlaBJIeHHS], HJH KOHTAKTBI BBIXOJAHBIX OPTaHOB CBETOUYBCTBH-
TeJbHBIX YCTPOHCTB AAlOT CHTHAJ Ha OTK/OUEHHe BBOAA OT
NHTAIOero HeTouHHKA. [lJd npefoTBpalleHust JOXKHbIX cpaba-
THiBaHM NPH HEHCIPABHOCTH AATYHKOB BBOAUTCS GJIOKHPOBKA
no TOKy. 3allHTa Ha MOJACTAHUHSAX € YIPOIIEHHBIMH CXeMaMu
3JEKTPHUECKAX COCJHHEHHH MOXKeT BBINOJIHATHCA ABYXCTYNEH-
yatoii. C nepBOfl BBIAEPXKKOH BpeMEHH OTKJIOUaeTCd BBOJ, a €
GoJblilel, BTOPO# BK/IOYAETCH KOPOTKO3aMblKaTe/b €O CTOPO-
Hbl BBICIIEr0 Hampsxenus TpaHcpopmaropa [48]. IlpencraBis-
eTcst, uTo MOSIBJIEHHE PacCMaTPHBAEMOH 3aIHTHI ABJACTCH JO-
C¢TaTOYHO THIHUHOH HJJIOCTpaHHed paccMOTPEHHOro BhILIE NO-
JIOKEHHSI 0 TOM, 4TO Ha 3all{Ty HHOTJa BO3/1araiTcs 3afadiH,
KOTOpHie 6oJiee NMOJNHOLEHHO NOJKHBI ObliH Gbl pelaThes Ka-
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15.4. 3ALLUKTBI HA OBXOZAHBIX, LUMHOCOE
, AHMHUTESIbHBIX
M CEKLIMOHHbIX BLIKMFOMATENAX LUMH

Ha o6xogpubix, IIHHOCOGITHHHTRIBHBIX, a B psjle CcJyyaes
M Ha CCKUHOHHBIX BBIK/IOUATENAX UIHH CTAHLHH M MOACTAHIHH
YCTaHABJHBAIOTCA KOMIJIEKTH 3aluThl. Hasnauenue u Bpinoj-
HEHHME STHX 3AlIHT ONpPeJRASeTCs TeM, B Ielb KAKOTO W3 yKa-
SAHHBIX BBIK/IOUATeNeH OHHM BKJIOYEHB, H DYHKUHAMH, BbIIIOJ-
HACMBIMH BBIKJIOYATe/IEM B CXeMe COeHHEeHHE. ’

Ha o6xoxnom BbIK/II0UaTE/Ie, 3aMEHAIONIEM IPH Heo6 X0 -
MOCTH BBIK/IIOUATE/IH 3JIEMEHTOB, 06bIuHO npefycMaTpHUBaeTcs
KOMIIJIEKT 3alUHTEl, KOTOPAas MOXET 3aMEHHTb NPEkAE BCero
SalIHTY CO CTYyNeHYaTbIMH XapaKTEePHCTHKAMH NPHCOEHHEH-
HbIX K LIMHAM JIHHHH, TaK KaK 3aIHTa NOCAELHHX 0GBITHO Mpo-
BEpAETCA OJHOBPEMEHHO ¢ BbIKMIOuaTeneM. Ilpn Hanuunu pHa
JIHHHA OBICTPOAEHCTBYIOIIEH OCHOBHON 3alUATH (HanpuMe
HanpasJ/ienHo# ¢ BU-610xkHpoBKO#) ona Moxer nepexmoanbcgl’
ACHCTBHEM Ha OOGXOJHOH BBIK/IIOYATENb. ¥ OCHOBHBIX nudde-
PEHUHAJNbHBIX 3aIMHT MAUWH (HAPUMEp, 3aluT TpaHchopma-
TOpoB G6JIOKOB) npH ux pabore uepe3 06X0IHOH BBIK/JIIOUATED
COOTBETCTBYIOIlA CTOPOHA 3alUHTHI NepekJwyaercst Ha TA
Y OGXOAHOrO BBIKJIOUATENS W OOecleyHBaeres nojaya CHru
Jla Ha €ro OTKJIIOUeHHe. -

Ha wmnocoeaunuTenbupix BBIKJIIOYATRNAX NPH OTCYTCTBH
06XOJHOTO (CXeMa Ha BBICOKHX HalpsKeHHAX B HacyTo;{meg
BpeMA NIDHMEHSETCA DPEAKO) THI YCTAHABJIHBAGMBIX Ha HH
3aIIHT OGLIYHO BBIGHpaeTCs Tak XK€, KaK H Ha 06x0 .
KII04aTessx, I BB
- Ha cekunonnbix Bhikaouarensix NPH HAJHYHH CHeNHAJb-
H Xmsqilrjém UIHH, a TaKXe Ha UIHHOCOeHHHTE/bHbIX HOPMaJIb-
oy H;:gx;blﬁp;:é}émoqarenﬂx DA HAMH4YHH OOXOHHBIX 3a-

v OCHOBHOE€ Ha3HaueHHE: o6ecHeueHy
B 4BapHHHBIX CHTYalHsix GoJiee NOJHOLEHHOrO (HANpHM ;

v e
gg;([;eargﬂgoﬂ;ﬁ;n;p;g?;};?{?:)( yILaJIeHH)OI‘O Aanbﬂ(ero %ese;l))-,
ACJEHHS) 1UHH Ha YacTH K-

HOCOCIHHHTE/BHBIMH M CEKIHOHHBIMH BBIK/IIOUATE 4

STO NOCTHTAETCA COBMECTHO ¢ MECTHHIM JaJjibH W peaepmane.
BaHHEeM, HaNpUMEp 3aLIHTAMH OT BHELIHHX K3H:Ia pTeB:EBHpO-
c -
:arTJ(I).palé’ SB}ngéiH;@opmagopax, KOTOpbIe, Kak yxa:fx)bmai)ggb
ra rea o 18 CHbIICH BBIIEPXKKOH BpeMeHH AeHCTBYIOT
HbI€, IHHOCOE/HHHTE/IbHBIC BEIKAIOUATEH H TOMNE-
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KO ¢ GoJabluell BBIAEPKKOH BpeMeHH — Ha BBIKJIIOUYATENH 3allH-
aeMoro sJeMeHta. ITo MOJ0XKeHHe OTHOCHTCS H K 3alluTaM
JHHHH (TOKOBBIM HAIIPABJIEHHBIM HYJeBOH IOCJCA0BATENBHO-
CTH, AMCTAHILHOHHBIM), BEIUIOJIHSEMBIM C «BHIBEDHYTHIMH» IIO-
caegHuMu crynensiMy (cm. ra. 1). ITpu paccmarpuBaeMoM Ha-
3HAYCHHH 34IIHT Ha [IHHOCOENHHHUTENbHHX H CEKUHOHHBIX BHI-
KJIIOuaTeasix OHH BHIIOJIHAKTCA 10 BecbMa YIPOIIEeHHBIM
cxeMaM (cwm., Hanpumep, [70]): Heo6xoquMo OTMETHTD, YTO 1e€-
JIATEJNbHBIE 3aIUUTHl 44CTO MPHMEHSIOTCS H AJds APYTHX Hedei:
HallpHMep, ¢ HCMOJb30BAHHEM HeCeJeKTHBHBIX pe3epBHBIX CTY-
ImeHell 3aIHT ¢ OTHOCHTEJNBHOH CEJEKTHBHOCTBIO JIHHHH BHICO-
KOro HANpSIKEeHHsT — njisg  obecneuendss 0oJiee CEJEKTHBHOTO
HefCTBHS Pe3epBHBIX CTYIeHell ApyruX 3amur (cM. ri. 5, ri. 6),
a TaKXKe AJS JeJEHHs CeKLHH IUHH HHU3LIero HalpsiXkKeHHd Ha
NOACTAHUHUAX ¢ YIPOIIEHHBIMH CX€MaMH 3JCKTPHYECKHX COeH-

HeHu# [48] u T. A.

15.5. KOHTPOJIb PABOTOCIMNOCOEBHOCTH, PYHKLMOHAJILHOIO
COCTOAHMSA YCTPOHUCTB 3ALLMT U UX OBCITYKUBAHMUE

IToBrillleHHe TEXHHYECKOPO COBEPIIEHCTBA YCTPOHCTB 3allH-
THl B COOTBETCTBHH ¢ OOIIMMH YCJOBHSIMH Da3BHTHS TEXHHKH
BeZeT oOBIYHO K HX Bce 00JIbIUEMY YCJA0KHEHHIO H MOZKET NpH-
BOANTHL K CHHXKeHHIO HaiexHocTH, CjefyeT Takke yuHTHIBATb,
YTO B OTEUECTBEHHOH MpaKTHKEe H3/Jejis HHOLZa NOCTYNAloT K
HoTpeGUTeNI0 B COCTOSTHHH, He ROBEICHHOM /0 BO3MOXKHOCTH
HX GpicTporo, 6Ges TilaTeJbHEX NPOBEPOK H JOBOJOK BKJIOUEHHS
B paGory. YKasaHuble o6crosiTe/IbcTBa TpebyIOT GoJiee Halpsi-
KeHHoH paGoThl IKCIJYaTalHOHHOTO MepcoHasa U IepcoHana
MPOU3BOACTBEHHBIX 1a60PaTOPHH, MOCTOAHHOTO MOBBIIIEHHS HX
Hay4HO-TeXHHYECKOH H NMPOH3BOACTBEHHOH KBaJH(HKALHH.

Jlas mpoBepKH COCTOSTHHS 3alUHT BCerAa OCYILECTBJAIOTCA
Te HJH HMHBIE MEPONpPHATHS: pery/sipHH NpoUAaKTHYECKHH
KOHTpOJIb, PYYHBIE HJIH aBTOMAaTHYECKHEe TEeCTHPOBAHHA, a B
nocJaenHue rofsl — H GoJsee raybokoe (QyHKIHOHAJbHOe JHar-
Hoctuposanne, OcymecTBeHHe AHATHOCTHPOBAHHSI NpU IIO-
AIBJICHUH 3allHT Ha HOBBIX 3JeMeHTHplx 6asax (HampuMmep, Ha
MHTerpaJbHOH MHKpO3JEKTPOHHKe) ¢ MaJjoH morpediseMoi
MOIIIHOCThIO o6Jeruvaercs Mo CPaBHEHHIO ¢ NPHMEHsABUIMMUCS
3JIeKTPOMEXaHHUeCKUMH 3allHTaMH. i KOHTpOJs (yHKIIHO-
HHPOBAaHHA 3alMTHl OKA3HBAIOTCs TAKXKe MOJEe3HBIMH YCTPOh-
CTBA, perHCTpUpYIOIKe AeHicTBHE 3allUT H BBHIK/IOUATENEH; NIpH
3TOM cjelyeT yuuTHBaTh (cM. rat. 1), uro, Hanpumep, K3 rak-
JKe OCYLIECTBJAIOT CBOEOOPa3Hyl0 NpPOBEPKY (YHKIHOHHPOBA-
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Hus (cpabaTbiBaHHST H H3AMIIHEro cpaGateiBanus) samur. [lo-
BBIIICHHIO KAYeCTBA 3aUIMT HA HOBBIX 3/1eMeHTHLIX 6a3a).< 6y-
;Z]IYT TaKkKe cnoco6CTBOBAThL BHEApsieMble npOMbIm.neHHocuXo
ng;;;a}l{l\ggxgggerme CTCHIBI IJIsi TeXHOJOTHUECKOTO KOHTPOJIS
oy poaykuuu. Psix nmepeunciennpx MepOoIpHUsATHH

€H He TO/bKO 06ecleudTb NMOBHIIICHHe YPOBHS 3KCIaya-
Tallny 3allHT, HO H CO3/IaTh YCJAOBHSA AJS GoJice NPOAYKTHBHOT
paGoTHl YKCINYaTALHOHHOTO nepcouaJa. ' >

15.6. ABTOHOMHbIE M LIEHTPAJIM3OBAHHBIE SALLMATbI

Penefinas 3aliurTa sjeKTpuuecKHX cHcTeM oT K3 npunnu-
[IHaJbHO MOXKET BBINOJHATLCA ABTOHOMHBIMH H LEHTPAJIH30-
BaHHBIMH yCTpoHcTBaMH. ABTOHOMHbLE ycrpodicrea paboraior
Ha 6ase MHGOPMaIMM, TIOJYyaEeMOl OT JaHHOTO 3aIlHIIaeMoro
3JIEMEHTa CHCTEMEl, HAallPHMEP YuyacTKa JAHHHH. M AeHCTBYIOT
Ha ero BHIKJOYatenu. Llenrpasusosannsie ycr})oﬁcma pabo-
TaT Ha 6ase WHMOpPMALHKH, MOJdyuaeMoil OT psiia 3JeMeHTOB
o6beKTa (HampuMep, OXBATHIBAEMBIX FIaBHOH CXeMOH 3JeKT-
gnqeecxux COCAHHEHHH 3JIEKTPHYECKOH CTAHUMH HJM CeTbIo
BbILIiﬂJ:gII;/Ia)T,eJI?e;bmamT CHI'HAJIBI Ha& OTKJIOYEHHe HeoOXOIMMBIX
y Hmeeres psig Bapuantos Bumosnenus HEHTPANH30BaHHEBIX

LT, pa3pabaTbBAIONIHXCSA KAK 33 py6eKoM, Tak H oTeuecT
BCHHBIMH opraHusauusMi. Yuesao Takux Bapl/Ia,HTOB B nocnen:
Hee BpeMs BO3DPOCJO B CBSA3H C HAUABIIHMCS HCNIOJIb30BaHHeM
g:gmoc]}:mecmneﬂnﬁ SAUT MHKPOIPOUECCOPHOH 3JeMeHTHOM
SaHJ,H.TbI e;x;e;TapnopylznT/[;géBiisga[?:;;,ma(JIHCb HEHTPAMH30BaHHbIe

] M (371eMeH i
1\1\:{1::: 3(J;IeHKHT£14quKHx CTaHUHMH), OTHAeAbHEIX qgcigg ?ﬁ:gggg gz:-
HU ONHOrO H3 HANPSIKEHHH, 6J0KOB TreHepaTop —
TpaucopMaTOp u T.IL.), a TaKKe 3JeKT i com o
JIOM (C OXBATOM COBOKYIHOCTH BCeX ee SHIZEI;Iqee}S{(;)BH) CIE;IT;H BaTléia-
He CJEAyeT CMeIlHBATL IEHTPAJH30BAHHbIE 3amm.h1 ¢ KOMII-

JIEKTHBIMH 3allHTaMH, 06
430BaHHBIM
HOMHEIX 3aIlUT. ’ P H COBOKYNHOCTBIO aBTO-

HBIH -
T(x;u/:) eme B 30-e rONB IpHMEHHTeNbHG K 3aIlUTe LIHH, IIPH KO-
! gag{l Opranbl HaNpaBJEHHSA MOLIHOCTH (OHM) B’xo;mume
HTBl BCEX 3JIEMEHTOB, MpH ’
COeNHHEHHBIX K 1l
NOJIB3YIOTCS HE TOJBKO B 3a% ‘o n o
IIHTAX 3THX 3/1eMeHTOB
HO H -
L(I;HaTe wud. IIpu K3 na snemenrax HeHcTByOT OHM HX 3;1usliT
IIpHMEp, AHCTAHUHOHHBIX MJH TOKOBbIX HaMpaB/JeHHBIX 32
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LHUT HYJEeBOH MOCJAe]0BaTeNbHOCTH JIUHUI); cpabaThiBaTh NPH
3TOM MOTYT TOJIbKO T€ M3 HHX, B KOTOpHIX MolHocTs K3 B 377€-
MenTe HampaBJeHa oT uiuH. Ilpu K3 na mmunax OHM (mpu
BBHIIOJIHEHHH HX C JBYCTOPOHHMM JefCTBHEM) YKa3blBalOT Ha-
npasjenue mowHocTh K3 Kk muHam, ofecreuuBas HX OTKIIO-
yene. TaxkuM oO6pas3oM, (QuKcauus HamnpapjJeHHs (3HaKa)
MmomutHocTd K3 uau TOKOB (npH (UKcallMu MX MOJSIPHOCTH) Aa-
eT BO3MOXKHOCTb BHISIBHTb MECTO MOBPEXJEHHS — Ha 3JIeMeH-
Tax, CBfA3LIBAIOIMX LIMHH C CeTbIo, UJAH Ha nocaeanux. Ilpu
3TOM HeOOGXOJAMMO YUHTBIBATH, UTO IOJHAA MOLIHOCTL Ha yKa-
3aHHBIX 3JEeMEHTaX, He MMEIOLIHX TeHepHpPYIOUHX HCTOUHUKOB
C TIPOTHBOINOJIOKHONK CTOPOHH! (IHTAIOLHX Harpysky), npu K3
Ha IIHHAX OKa3biBAeTCS HANpaBJeHHOH OT UIMH, KaK IIpH BHeI!-
aux K3, mostomy Tpebyercst cooTBeTCTBYyIOLias OTCTpOHKa 3a-
LIHTH OT TakKux pexuMoB. IIpome oOGCTOUT Ae/0 Mpu UCHOJb-
sopanuy OHM, BK/IIOUeHHHIX Ha aBapHiiHble chaaralollue, Tak
KaK HX COCTaBJSIOUIME, HANpUMep, HyJeBOH Hau oOpaTHOH Io-
cJIe0BaTeIbHOCTH UMeEIOT MOIHOCTH, BCerja HalpaBJeHHbE OT
Mecta K3 cOOTBETCTBEHHO K 3a3eMJEHHBIM HEHTpaJsM CeTH
HJH HeHTpajisiM reHepaTOpOB W HAarpysok Jo6oro BHia.

[Tpu ocyllecTBJ€HUH LIEHTPAJH30BAHHON 3aLIMTHI CETH BO3-
HHKAIOT JODOJHHTENbHBIE TPYJAHOCTH, CBSI3aHHblE Npexje BCe-
ro ¢ HeoOGXOAUMOCTBIO HCII0JBb30BaHHSI KAHAJNOB CBA3H KaK s
nmepefayd CHIHAJOB K I[EHTPAJH30BAHHOH 3alluTe OT OTAe/]b-
HBIX 5/IeMeHTOB CeTH, TaK W [/ epeiayn OT Hee KOMaHJ Ha
OTKJIIOYeHHe MOBPeXIeHHEIX 3JeMeHTOB.

OrteuyecTBeHHble pa3pabOTKH LEHTPAIM30BAHHBIX 3aIUHT HA
cTaphlX 3/JeMEHTHBIX 6a3ax Hcc/aeloBaluch, B ocHOBHOM B ¥YIIN
(B. E. HoasxoBeiM u ap.). TpyaHOCTH 37eCh BO3HHKAJH IIPH
BLISIBJIEHHH MOBPEXKAEHHOTO 3/JEeMEHTa 3JeKTPOYCTAaHOBKH 0Oe3
NpHUMeHeHUsT aBTOHOMHBIX €ro 3amuT. B HacTosmee BpeMs
pa3paGoOTKH MPOBOAATCS B psijie OpraHu3aluil, raBHEIM 00pa-
30M Ha HOBOH MHKpOIpOLECCOpHOH 3JeMeHTHO# Oase.

3a pyOexoM 3HayuTeJabHble pabOTHI 110 BHIIOJHEHHIO L[EHT-
paJH30BaHHBIX 3alUUT ¢ Hcnoab3oBanuem IBM Oblin npose-
Jenbl B BenukoGpuTanu. :

B Hacrosulee BpeMsl B OT€UeCTBEHHO! NpaKTHKe, KaK Mpa-
BUJIO, IIpUMEHsIETCS CHCTeMa MOCTPOeHHs 3alUUThl 3JeKTpHye-
CKHX CHCTEM C HCIIOJb30BaHHEM aBTOHOMHBIX ycTpoiicTs. Llent-
pasu3oBaHHbLe CUCTEMBI [I0KA HALIJIK IpUMEHEeHHe TOJIBbKO B OT-
JeJbHHX cJayyasx. DoJee LIMpoKoe NpHMeHeHHE OHH MOTYT
NOJNYYUTL TIPH HCNOJNb30BAHHH MHKPOIPOLECCOPHOH 3/eMeHT-
Hofi 6a3bpl. PaGoThl B TOM HamnpaBJieHUH BEAYTCS B psie Op-

rasusanui.
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15.7. ABTOMATU3ALIMA BbIBQPA TMMAPAMETPOB 3ALUMT

Yxe B caMoM Hauame 30-x T0A0B cTaso OUEeBHJHBIM, YTO
lipoBejenue pacyeroB TokoB K3, Heo6XoauMbix ams BbI,60pa
lapaMeTpoB 3alUT H NPOBePKH HX YYBCTBHTENbHOCTH, aHAJH-
THYECKUM MNYyTeM, ¢ HCHOJb30BAHHEM IpOCTeHIINX pa’cquHbe
CpelcTB, TpefyeT HEHONMYCTHMO GOJbINHX 3aTpaT BpeMeHH, a
HHOTJA M IIPOCTO 3aTpyaHHTebHO. [TosTomy 8 BAU JI. A, To-
POACKHM OBIH pa3paboTaHbl M BHIIOJIHEHDI nepBhHe priBep-
Ca/IbHBIE pACYeTHble CTOJIbI NOCTOSIHHOTO TOKA, 3HAYHTEJbHO
YCKOpSsIBLIIHE NMPOH3BOACTBO paboT; HX OTIHYHTEbHOH 0COGeH-
HOCTBIO fBJIAJICS GLICTPBI HAGOp HEOGXOAHMOH CXeMbI CHCTe-
MBIl B MPEANON0KEHHH OJHOPOJHOCTH COMNPOTHBJIEHHH BCex ee
3JeMeHToB. Bekope B cucteMax (Hanpumep, MocsHepro no pas-
pabotke C. A. YabsHoBa) CTajM MHOSIBASTHCS VHAMBUAYaJIH-
SHPOBaHHLIE MO/IE/TH yXKe HAa NepeMEeHHOM TOKe, I1pe10CTaB.IsB-
HHe A5 SKCrulyaTaluun 6OMblTHe BO3MOXHOCTH. B HacTosmee
BPEMs TaKHe MOJE/H, 3HAUHTENbHO GOJsiee COBEpLICHHBIE, HC-
TIOIb3YIOLIHe IPEUMYIIECTBA COBPeMeHHOR MPIKpOS.HeKTpOH’PIKPI
YCHRLIHO SKCIYaTHPYIOTCS B HEKOTOPBIX 3apyGeKHbIX SHepI‘O-’
cucremax (nanpumep, CIIA u SInonun), Cutyauus pesko us-
MEHHJIACh B KOHIE 50-x — Hayase 60-X roxoB, Koraa cTaju J0-
CTYIHbL 751 WTHPOKOTO ucmosb3oBakusi ABM, Ouy okasajinchs
OCHOBHEIM CDEACTBOM /s pacyeToB TokoB K3 nyrem OpHEeHTH-
DOBAHHSI MpeXie BCEro Ha MOUIHBIE BLIYHCIUTENbHbE MallMHbI
(nepBble M3 KoTOpHIX paspaGoranst B Coserckom Colose
C. A, JleGenenniM) 6biH CO3MaHBI U BHEJpEHB B IKCIJyaTa-
LHIO MPOTPaMMBbl pacueToB TOKOB K3, yuHTEIBaom e 6ObIIHH-
CTBO (haKTOPOB, HeOBXOIUMBIX KaK NIpY IPOEKTUPOBAHHMH, TaK
H Tpu skcnayaTanuu. HauGosee mupokoe npumenenue I;OJIy-
9 DU STOM [POTpaMMbl, paspaGorannsie 8 U1 AH YCCP
(B. A. Kpnitossim u ap.) u Aneprocersbnpoexre (C. B. Jloce-
BbIM U JIp.), U MOAH(DHKAINY TOCTeNHHX B Bbmpxcnménbﬂom
uentpe Mocanepro. OHaKO HCNOB3OBAHUE 3THX nporpamm
B TIPOCTHX CNydasX BHI3HIBANO HEKOTOPHC 3aTpyiHenus. dTu
3aTpyAHeHus! OblIH 06yci0B/eHb NPHHSITHM TOAXO0A0OM K CO-
CTABJIEHHIO NMPOTPAMM, TI0 KOTOPOMY OT 061Iero pellleHusT moj:
XOAHJTH K 4ACTHBIM CydasiM. HoBbIM HampasnenmeM, Hagas.
KM noJ1yuath 3a pyGexom Bce Godblilee npusnanue ;;BnﬂeTc;I
CO3/1aHHe TaK HASBIBAEMBIX «OTKPBITBIX NPOTPAMM> (cM., Ha-
npuMep, [80]), npu KoTopeIX mosb30BATED MOXeT HaoﬁngT
OCYLLECTBJIATL HApalUBaHHE NPOrpaMM s Gosee CJI0KHBIX
ClyyaeB. DTO HanpaBJeHHe Tpe0yeT OLEHKH CHemuasucTon
Bonee cnoxunM okaszames BOIIPOC aBTOMAaTH3aIHH BuGopz{
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co6cTBeHHO mapameTpoB 3aumur. K ux Bnibopy uwacto mpogos-
KAIOT NOAXOIUTh, HCMOJAB3YS KaK HEePBBIH 3Tall aBTOMATH3ALNH
paccuuranHeie Ha DBM toku K3. Ilpu srom monHas aBTOMa-
TH3AlUsl PacueToB IJs 3amMuT ¢ abcONMOTHOH CEAEKTHBHOCTBIO
0oCOObIX 3aTPYAHEHUH He BHI3bIBAeT M HAayHHaeT UWIMPOKO BHE[-
patbest. s 3aiMT ¢ OTHOCHTENBHOH CEAEKTHBHOCTHIO BOIPOC
okaszajca 6ojee CJOXKHLIM M TIOKAa OKOHHATeJAbHO He pelleH-
HBIM, YTO ONpPENEJHJI0CH ABYMS TECHO CBA3aHHBIMH MEXKAY CO-
6ot 0BGCTOATENLCTBAMH: BO3MOXKHOH MHOIOBAaPHAHTHOCTBHIO
11e71eCO06PA3HBIX pelleHHH AJst CTYNeHel 3alHT ¢ BbiIepKKOi
speMenn (Il — IV crymeneii) u B cBA3u ¢ 3THM HeOGXOAUMO-
CTBIO HCHOJb30BAHHSA MOCJAENA0BATEILHOCTH PACUETOB ¢ NpHMe-
HeHHeM JHajora MaiuuHa — pacuetudk. IlojoxurennHee pe-
3yJbTATH MPU TAKOM noaxone AocTHrHyTs B Cubupckom orie-
aenun ICII (M. . Upnaxmanom u ap.). K coxaneHuio,
yueGHOI JUTEPATYPHl, CHCTEMATHYECKH H3Jaraiouel sce oTMe-
yeHHBIE BONpPOCHl (KaK pacueToB T0koB K3, Tak H coO6CTBEHHO
BEGOpa MapaMeTpoB 3aMIUT), NOKa HeT. MIMeoTces ToabKO OT-
JenbHhe BHYTPEHHMe W3JaHHA BY30B, Hampumep MU
(E. A. Apxaunuxos), MOU (xadenpa P3uA) u 1p., B KOTO-
PHIX OCBEIAIOTCS HEKOTOpble BONPOCH PAacyeTOB C IpPHMEHe-
HueM MaJjblx OBM.

3acayxkuBaer BHUMaHHA HcloJb30BaHHe AJsi Beibopa ma-
paMeTpoB 3aliHT WHPOKOe NPHMEeHeHHe NMepCOHANbHBIX KOMIib-
I0TEPOB. ‘

Bonpocyt AJs caMONPOBEPKH

1. Toscuute HasHauenHe YPOB.

2. Kakue [gBa BapuaHTa NOBHIIEHHS HaACKHOCTH CXEM
VYPOB noayusau npiMeHeHHe HA IPaKTHKE?

3. Kakue 3aumutsl HageiBaloTest AyropuiMu? Ompenenure ux
o6JacTh MPUMEHeHHS.

4, Kakue 3alluTH NpeIyCMaTPHBAIOTCA HA OOXOHBIX H UIH-
HOCOCJHHHTENbHBIX BHIKAIOUATE/AX, 4 TAKXKE CEKIHOHHBIX?

5. TlosicuuTe 3HayeHHe NPOPHIAKTHUECKOTO KOHTPOJIs, Te-
CTHPOBaHUA W (GYHKUHOHAJLHOIO JHATHOCTHPOBAHUA B TOBHI-
LIeHWH HAJEXKHOCTH 3aIUHUT.

6. Kakue 3allluThl HA3LIBAIOTCs LEeHTPaJnu3oBaHHEMH? Ka-
KOBa NMEpCHeKTHBA HX NPHMCHEHHS?
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3alUTHl OT NEPErpysoK, OCYUIeCTBJsEMLlE B nemu ‘503~
Gyx®aeHua L e
3amuta OT HOTepH BO36y)K}J£HHﬂ
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JeHHOH HeHTpalbio

OcoGenHOCTH 3auHT OpU HaMHaHH yCTpOHCTB 1111;1 npo-
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