8 3ALLUNTA TPAHCOPOPMATOPOB

8.1 OBLHWE CBEOEHUA

B npouecce skcnnyaTtaumm B 00MoTKax TpaHCopMaTopoB MOryT BO3HUKaTh K3 mexay dasamn,
3aMblKaHWe ogHOM UnKn AByx has Ha 3emrto, 3aMblkaHue Mexay BUTKamu ogHon doasbl U 3aMbl-
KaHusa mexay obMoTkamu pasHbiX HanpskeHun. Ha BBogax TpaHCoOpMaTopoB M aBTOTPAHC-
dopMaTopoB, OLLUMHOBKE 1 B kKabensix MOryT Takke Bo3HuKaTb K3 mexay daszamm n Ha 3emnto. B
aKcnnyataumMm MoryT NPOUCXOAUTb HapyLleHUs HOpMarbHbIX PEXMMOB paboTbl TpaHCcopmaTo-
POB, K KOTOPbIM OTHOCATCS: MPOXOXAEHME 4Yepe3 TpaHcopmaTop mnmu asToTpaHcdopmaTop
CBEPXTOKOB MpY NOBPEXAEHUM OPYINX CBA3AHHBIX C HAMUW SMeMEHTOB, neperpyska, BblaeneHue
13 Macna roprymx ra3oB, MOHWXKEHNE YPOBHA Macna, noBbIlEeHne ero Temneparypsbl. B 3aBucu-
MOCTW OT OMACHOCTU MOBPEXAEHUS AMS HapyLleHUs HOpPManbHOro pexuma TpaHcdopmartopa,
3awuTa, duKkeupyolas HapyLlleHue, OEACTBYET Ha CUrHarn, pasrpysky Ui OTKMAYeHue TpaHc-
dopmaTopa.

Mo konmyecTBy 0OGMOTOK TpaHCOpPMaTOpbl OENATCA Ha ABYX M TpexobmoTouHble. Becbma yvac-
TO MCMNONb3YyTCA TpaHcopMaTopbl C pacLlensieHHON BTOPUYHOM OBMOTKON — NSl YMEHbLUEHMNS
TokoB K3, BMecto ogHOM BTOPUYHOM OBMOTKM Ha MOJIHYK MOLLHOCTb, HamaTbIBAOTCA 2, UMK
paxxe 3 oomoTkn HH meHbLuen MoLHOCTW.

O6moTKM TpexdasHbix TpaHcopMaTOpPOB COEANHSATCHA B cxemy 3Be3abl (Y) nnu TpeyrosbHuka
(A). B cxeme 3Be3abl KpoMe hasHbIX BbIBOAOB 0ObIMHO BbIBOAMTCA HenTpanb. BeiBog HenTpanm
nnbo 3asemnseTcs Harnyxo, NnMbo 3aseMnsaeTcs Yepes paspsagHvK Unu gyroracslmnin peaktop B
CeTsaX C KOMMEHCUPOBAHHOM HENTPanbH. MIHOrga BbIBOA HENTPaANu OCTaeTCs HE3a3eMINEHHbIM.

Kaxxgaa napa obmoTtok TpaHccdopmaTtopa obpasyeT rpynny COeAMHEHUS!, OCHOBHbIE U3 HUX:
Y/Y-12, Y/A-11. Kpome cxeMbl coeanHEeHUs, B Ha3BaHWUM rpynnbl yKkasblBaeTCs YMCIO, NOKa3bl-
BaloLlee COABUM HanpsbkeHUst (nu Toka) no ase mMexay BTOPUYHOM M NEPBUYHON OBMOTKaMu.
Yucno, nokasbiBatowee casur no dpase BTOPUYHON OOMOTKM COOTBETCTBYET MOSIOXEHMNIO Yaco-
BOW CTPENKW (HU3Lee HanpsKeHne) OTHOCUTENbHO MUHYTHOW (BbICLUEE HanpshKeHue) yCTaHo-
BMBLUENCS B nonoxeHun 12 vacoB. Hambonee yacto mcnonb3yetcsa rpynna Y/Y-12, B aTon
rpynne BTOPUMYHOE HanpsbkeHue coBrnagaeT no dase C NepBUMYHbIM — YacoBasi MU MUHYTHad
cTpenku Ha 12 yacos, unn Y/A—11 — yacoBas ctpenka Haxoamtcsi B nonoxeHun 11 yacoe, a Mu-
HYTHas — Ha 12 . BTOpUYHOE HanpsxeHue onepexaeT nepeuyHoe Ha yron 30°.

TpaHcdopmaTopbl MOTYT NPUCOEAMHATLCSA K CETU C MOMOLLBHO:
e BblKNtoYaTenewu;
e MNaBKMX NpPeaoXpaHUTENEn UNn OTKPbITbIX NMaBKUX BCTABOK;

e aBTOMATMYECKUX OTAENUTENein Unu BbikNoYaTenen Harpysku, NnpeaHasHauYeHHbIX Ans OTKo-
yeHUs TpaHcdopMaTopa B GeCTOKOBYIO nayay.

MpucoeamHeHne TpaHCHOPMATOPOB K CETU Yepes NraBkMe NpeaoxpaHuTenu UCNonb3yeTcsa B CXe-
Max ynpoLLeHHbIX NoACTaHUMIK 6-35 KB npu OTCyTCTBUM annapaTypbl HA CTOPOHE BbICOKOro Hanps-
XXeHus TpaHcdopmaTopa.

Umetotcs npegoxpanutenu MK-10, MKT-10, MKNA-10, NMCH-10., NMCH-35. Tok nnaBkon BCTaBKK 3a-
BUCUT OT MOLLHOCTK TpaHcopmaTopa, Hanpumep: cMm. Tabnuuy 8.1.

MpepoxpaHutenu MNCH-35 npumeHsitloTca onsg TpaHcdopmMaTopoB HanpsbkeHuem 35 kB manon
MoLHocTh (o 1 MBA), 0bObluHO Ha nepeaBMXHbIX NoAacTaHuusAX. C NOMOLLBIO TakMX NpegoxpaHnTe-
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Nnen NpakTU4eCcKn HEBO3MOXHO 0BecneunTb CEeNeKTUBHOCTbL 3aluuTbl TpaHcdopMaTopa C 3alluTomn
BBOAA, NO3TOMY OHM COrfacoBbIBAOTCA HEMNOCPELACTBEHHO C 3aLLMTON OTXOAALMX OT LWNH IMHUIA 6-
10 kB. Bbinu Takke paspaboTaHbl, HO HE HaWM NPUMEHEHUs, CTpPensLlme npeaoxpaHnTenu
110 kB t1na NMC-110Y1.

lMnaBkme NpegoxpaHuTenn paccymnTaHbl Ha OTKMYeHUe Toka K3 B TpaHcopmaTope, MO3TOMY OHM
NPOBEpPSOTCA MO HOMUHaNbHOMY OTKNoYaemoMy Toky K3. HOMWHanbHbIM TOK OTKMAOYEHUS Ons
npegoxpaxHutenen 6-10kB moxeT ObITb B npegenax 2,5+40 kKA. Kpome Toro, tpebyetcs BblbpaTb
HOMWHarnbHOe HanpsbkeHne npegoxpanutens. OanMHaKkoBO HeAOMyCTUMO YCTaHaBNMBaTb Npeaoxpa-
HUTenNb HanpskeHnem 6 KB Ha TpaHchopmaTtop 10 kB, n npegoxpanHutens 10 kB Ha TpaHchopma-
TOp HanpshkeHnem 6 kB. B nepBoM criyqyae MOXET NpOU30NTU NepekpbiTUe NpeaoxpaHuTens no no-
BEPXHOCTU, @ BO BTOPOM MOXET He MOoracHyTb Ayra BHYTPU NpeaoxpaHuTens.

PekomeHayeMble 3Ha4eHUSA HOMUHaNbHbIX TOKOB NNaBKUX BCTaBOK 1,,,,.s. Npe-
poxpaHuTenen ana TpexdasHbiX cMnoBbIX TpaHccgopmaTopos 6/0,4 n 10/0,4 kB

Tabnuua 8.1
MoLlHoCTb HomuHanbHbIV TOK, A
TpaHcdop-
maropa, TpaHcdopmaTopa Ha CTOPOHe | NNaBKOW BCTaBKM HA CTOPOHE
oA 0,4 kB 6 kB 10 kB 0,4 kB 6 kB 10 kB
25 36 2,40 1,44 40 8 5
40 58 3,83 2,30 60 10 8
63 91 6,05 3,64 100 16 10
100 145 9,60 5,80 150 20 16
160 231 15,40 9,25 250 32 20
250 360 24,00 14,40 400 50 40
400 580 38,30 23,10 600 80 50
630 910 60,50 36,40 1000 160 80

Kpome paccMOTpeHHbIX Bbille npegoxpaHuTenen, KoTopble obecneymBaloT OTKIHOYEHNE KOPOTKOro
3aMblkaHUS, paHee NMPUMEHANNCL OTKPbITbIE MNSlaBKMe BCTaBKW AM1s TpaHC(OPMaTOPOB HanpsKeHU-
em 110 kB. TpaHchopmaTop nogknyancs K IMHUKM Yepes TOHKME antoMUHMUEBBLIE NpoBoAa, Npu ne-
peropaHun KOTopbIX BO3HMKanNa anektpuyeckasa gyra. OTKpbITble NnaBkue BCTaBKM HE MO OTKIO-
unTb ToK K3, nocrne mx neperopaHus BO3HMKANO KOPOTKOE 3amblkaHue Ha cTopoHe BH, kotopoe
JOIMKHO ObINO OTKMOYAaTbCSA 3aLlMTON NUTaloLLLEen NMUHUN.

Mpn BbicemM HanpshkeHun 35 kKB 1 bonee, Hanbonee pacnpoCTpaHEHHbIM Anst TPaHCOPMAaTOPOB MOLL-
HocTblo 6onee 1,0 MBA cnocobom noaknoyeHnst TpaHcopmaTtopa oTrnaeyHon 1 TYNUKOBOW NOACTaHLMN
K NIHUM ABNSIETCS NOAKNoYeHe Yepes aBTomatndeckmin otgenutens (Of) ¢ ycTaHOBKOM KOPOTKO3a-
MblknTens (K3) (puc. 8.1 6, 8). KopoTko3amblkaTenb yCTaHaBnNuBaeTcs B 2-x dasax npu Hanpshke-
Hun 35 kB, n B ogHon hase npu HanpsxeHun 110 kB v Beiwe. B aTom cniyyae npu nospexaeHun B
TpaHcopMaTope ero penenHas 3awmta gaet KomaHay Ha BkntoveHne K3, nocne vero cpabatbiBaeT
penerHasl 3almra nNuTalroLlen NUHUK, N OTKoYaeTcs Bblknoyartens (B) aTto nuhmni. Hactynaet
6ecmokosasi rnay3a, BO BpeMS KOTOPOW aBToMaTvka JaeT koMaHA4y Ha oTkmodeHne O/, a nnHmA BKNo-
YyaeTcs cHoBa OT ycTpoiicTtsa AlB.



Havnbonee npeanodTUTEnbHBIM SBMSIETCA NpUCOEOMHEHWE TpaHcdopmaTtopa 4Yepes BbiKMoYaTenb
(pnc.8.1, a). Ha pucyHke nokasaH BbIKMOYaTENb CO BCTPOEHHBbIMM B HEro TpaHcdopmaTtopamm Toka (TB).
Mpn HannumK y 3awmaemMoro TpaHcdopmMaTopa BCTPOEHHbIX TpaHcdopmatopos Toka (TBT) TpebyeTcs
ycTaHOBUTb Gonee felleBbin BblkntodaTenb 6€3 BCTPOEHHbIX TT, CTOMMOCTb YCTaHOBKM KOTOPOrO
MOXeT OKa3aTbCA COM3MEPUMON C YCTaHOBKOW KOPOTKO3aMblkaTens v otaenutens. bonblMHCTBO
CTPOSLLMXCA B HACTosLLEEe BpeMS MOACTAHLUMIA KOMMNNEKTYHTCS UMEHHO BbIKIOYaTENSIMU Ha CTOPO-
He BH.

85 84,
1 x8

o4

HH (8 unu 10 x8) HH

Puc. 8.1 Cxembl NpucoeanHeHnsa NnoHmxKarLwero TpaHcopmaTopa K NnuTatoLLLen CeTu:
C MOMOLLIbIO BbIKNtoYaTend (a) n otaenurtens ¢ KopoTkosaMblkaTternem (6 v g)

Mpn nogknoyeHun TpaHcdopMaTopa no cxemam puc. 8.1, MOXHO MOSHOCTbIO peanun3oBaTth Tpebo-
BaHUSA K 3awmTam TpaHcdopmaTopa, ykasaHHbIM B . 8.2.

8.2 TPEBOBAHUA K BbINOJIHEHUIO 3ALLNTbI TPAHC®OPMATOPOB

CornacHo MNY3, gnsa TpaHchopmaTopa TpebytoTcs cnegyowme 3alnThbl:

— 3awmTa OT BHYTPEHHMX NOBpexaeHnn ona TpaHcgopmaTtopoB MeHee 4 MBA — makcnmarnbHas
3almTa 1 TOKoBas oTceuka, Ans TpaHcdopmaTopoB Gornbluer MowHOCTM —anddepeHumansHas
3awmra.

— 3awwmTa oT noBpexgeHus BHyTpu Gaka TpaHcdopmaTopa mnm PIH — rasoBas 3awmrta TpaHc-
dopmaTtopa n yctporctsa PINH ¢ genctenem Ha curHan n oTKnoYeHme.

— 3awuTta OT BHELUHNX KOPOTKMUX 3aMbIKaHUI — MakcMMarbHas 3awmuta ¢ GrIOKMPOBKOW MO Hanpsi-
XeHuto unm 6e3 Hee. OHa e UCNonb3yeTcs Kak pe3epBHasi 3awmTa TpaHcOpMaToOpPOB OT BHYT-
PEHHMX NOBPEXAEHUA.

— 3awmTta oT ogHodasHbIX KOPOTKUX 3aMblKaHWA Ha CTOPOHaxX TpaHcopmaTopa C rnyxo3asem-
NEHHOW HeNTparnblo.

— 3awmTa oT neperpyskn ¢ oeNcTBMEM Ha curHan. B psge cny4daes, Ha [1C 6e3 obcnyxuearoLero
nepcoHana, 3alimTta oT neperpysku BbINOMHAETCS C AEACTBUEM Ha pas3rpy3Ky WM Ha OTKIoYe-
Hue.

Kpome HenocpenCcTBEHHO 3aluT, TPeOylTCa AOMOMHUTENbHLIE TOKOBbIE OpraHbl, Hanpumep AOnis
aBTOMaTUKK oxnaxaeHus, 6nokmposku PITH.



8.3 OUOOEPEHUMANBHAA 3ALLUTA

O6nacmb npuMeHeHus u npuHyun delicmeust

OunddepeHumnanbHasa 3awWwuTa, BbINONTHEHHASA HA NPUHLMNE CPaBHEHNSA TOKOB Ha BXOAE W BbIXOAaXx,
NPUMEHSIETCS B KayeCTBe OCHOBHOW ObICTpPOAENCTBYHOLWEN 3aliMTbl TpaHCOpmMaTopoB U aBTO-
TpaHcdopmaTopoB. 3awwmTa abCcontoTHO CEeNEKTUBHA, pearupyeT Ha NoBpexaeHus B 0O6MOTKax, Ha
BbIBOAAX U B COEAMHEHUSIX C BLIKIHOYATENSAMM, U AENCTBYET Ha OTKIMOYEHME TpaHcdopmaTopa co
BCEX CTOPOH 6e3 BblgepXkM BpemeHn. 3oHa gencreus anddepeHumanbHom 3awmuTbl TpaHchopma-
Topa (O43T) orpaHnynBaeTcs MECTOM YCTaHOBKMN TpaHCOpPMaToOpoOB TOKa, U BKMOYaET B cebsa owwm-
HoBky CH, HH n npucoeguHeHne TCH, BkMOYEHHOro Ha WWHHbBIA MocT HH. BBuay ee cpaBHu-
TENbHOM CNOXHOCTU, AnddepeHumnanbHas 3awmuTa ycTaHaBnNmMBaeTcs B crieayowmnx cnyyasax (J11):

— Ha 0guHO4YHO paboTarwmx TpaHcdopmaTopax (aBToTpaHcdopmaTopax) MowHocTbio 6300 KBA
W BbILLE;

— Ha napannenbHo paboTawux TpaHcgopmaTopax (aBToTpaHcopMaTopax) MOLHOCTbIO
4000 kBA v BblLLE;

— Ha TpaHcdopmaTopax mowHocTbio 1000 KBA 1 Bhiwe, ecnn TokoBasi oTcedka He obecneynBaeT
Heobxoanmown YyBcTBUTENBHOCTM Npu K3 Ha BbiBOAax Bbiclwero HanpsbkeHus (k, <2), a makcu-
MarnbHas TOKOBas 3aliuTa UMeeT BblaepXKy BpemeHu 6onee 0,5 cek.

Mpn napannensHon paboTe TpaHcdhopmMaTopoB (aBTOTpaHchOpMaTopoB) AnddepeHunanbHasa 3a-
wmta obecneymBaeT He TONMbKO ObICTPOE, HO U CENEKTUBHOE OTKIIOYEHUE MOBPEXAEHHOTO TpaHC-
dopmaTtopa (aBToTpaHcopmaTopa), UTo nosicHseTcst Ha puc. 8.2. Ecnu napannensHo paboTato-
wue TpaHcgopmaTopbl T71 n T2 ocHaweHbl TONbKO MakCUMarnbHbIMU TOKOBbLIMW 3alLnTaMn, TO Npu
NnoBpeXOeHUN Ha BBOAAX HUBLLEro HanpskeHus TpaHcdopmaTtopa, Hanpumep B Touke K, nogencr-
BYIOT MaKCUMarnbHble TOKOBble 3awmnTbl 060MX TpaHCOPMaTOPOB, a Tak Kak UX BblOEPXKKN BpEMEHU
OAVHAaKoBbI, OTKMNtovaTca oba TpaHchopmaTtopa. AuddepeHunansHasa 3awmra, gencreytowas 6es
BblAEPXKN BPEMEHU, 0BecneynBaeT B paCCMOTPEHHOM Crnyyae OTKHYEHNE TONBKO NOBPEXAEHHOIO
TpaHcopmaTopa. [nga BeinonHeHUs anddepeHumansHoOn 3awwmnTsl TpaHcdopMaTopa (aBToTpaHc-
dopmaTtopa) ycTaHaenuearoTcst TT CO CTOPOHbI BCEX €ro 0OMOTOK, Kak NnokasaHo Ha puc. 8.2 ansa
OBYXOOMOTOYHOro TpaHcgopmaTopa. BTtopuyHble obmoTkn TT coeamHsoTca B andpdepeHumans-
HYIO CXeMy WM napannenbHO K HAM NOoAKIoYaeTcs TOKOBOe perie. AHanorM4yHo BbINOMHSETCS aud-
depeHumnanbHas 3awmta aBToTpaHchopmartopa. Npu paccMoTpeHun npuHumMna gencreuna amdpde-
peHumanbHOM 3awWunThbl YCIIOBHO NPUHMMAaETCH, YTO 3aliuaemblin TpaHcdopmaTtop nmeeT koaddu-
LUMEHT TpaHcdopMaunn, paBHbIN eguMHuLEe, OAMHAKOBOe coeanHeHne 0OMOTOK 1 ognHakoBble TT C
00eunx CTOPOH.

Mpn npoxoxaeHumn Yyepes TpaHcopMaTop CKBO3HOMO ToKa Harpysku nnmn K3 Tok B pene paBeH:

Mpy NPUHATBLIX BbILLE YCINOBUSIX U NpeHebperas TOKOM HamarHW4MBaHUS TpaHcdopMaTopa, KOTOpbI B HOp-
MaribHOM peXxuMe MMEET Marioe 3HayeHue, MOXHO CYUTaTb, YTO NEepPBUYHbIE TOKU paBHbl (IT = Iyy) u,
crneposatenbHo, BTOpuYHble Tokn I = 1.

C yyeTom aToro:

1,=1,-1,=0
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Puc. 8.3 MpuHunn gencteuna andggepeHumans-
HOW 3aLLMTbl TpaHcopmaTopa:
a — ToKopacnpeeneHue npu ckBo3HoMm K3;
6 — 710 e npu K3 B TpaHcdopmaTope (B 30HE
nencrteunga auddepeHumansHon
3aLluThl).

Puc. 8.2 TlMpoxoxgeHne Toka K3 u pencreue
MaKCMManbHOM TOKOBOW 3alluTbl NpU MOBPEX-
OEHMM OOHOro M3 napannenbHo paboTaroLmx
TpaHctOopPMaTopOB.

Taknm obpasoM, ecnu cxema anddepeHUmnanbHON 3almThl BbIMOSTHEHA NpaBunbHO U TT MMeroT
TOYHO COBMajaroLLmne XapakTepucTukn, To Npu NPOXoXAeHUn Yepes TpaHcopmMaTop Toka Harpysku
unu BHewHero K3 Tok B pene oTcyTcTBYET, N AuddepeHumanbHaa 3aluTa Ha Takue pexnMmbl He
pearmpyer.

MNpakTuyeckn BCneacTBME HecoBMnadeHUa XapakTepuctuk TT BTOpUYHbIe TOKU He paBHbl Iy =1, v
MoSTOMy B penie NpoxoauT Tok HebanaHca, T.e. I, =1, -1, =1, ,;

Ana Toro 4tobbl AnddepeHumnanbHasa 3awwmTa He nogencTeoBana ot Toka HebanaHca, ee Tok cpa-
OaTbiBaHMA AOMKEH ObITb OonblUe 3TOro ToKa, T. €.

IC3 = kHIp.H6

(8.1)

Mpn K3 B TpaHcdopmaTtope, unm nodom gpyrom mecte mexay TT, HanpaeneHue TokoB Iy n I ns-
MEHUTCHA Ha NPOTMBOMOSOXHOE, Kak Noka3aHo Ha puc. 8.3, 6. MNMpu 3TOM TOK B pene cTaHeT paBHbIM

I,=0L+L,wvwmlI,=1/k+1,/k =1,/k;.

Taknm obpasom, npn K3 B 30He andpdepeHunanbHOM 3alinTbl B perie nNpoxoauT NOMHbIA ToK K3,
AeneHHbIn Ha KoadhdumUMeHT TpaHcdopmaumm TpaHcdopmaTopoB Toka. 1o BNUSAHMEM 3TOro Toka
3awmTa cpabartbiBaeT U NPOU3BOANT OTKINIOYEHME NOBPEXAEHHOIO TpaHchopmaTopa.

OcobeHHOCMuU, enusilowjue Ha eblnosiHeHuUe dughghepeHyuanbHOU 3aWumasl
mpaHcghopmamopoa:

— Hanu4ue HamazHUYUBalrOWE20 MOKa, I'IpOXO@FILL(eZO MOJIbKO CO CMOPOHbI UCMOYHUKa numaHus

Jaxe B TOM cnyvae, korga TpaHcgopMaTop nmeeT KoadduLMeHT TpaHcopmaummn, paBHbIn egu-
HULe, N OAMHaKoBOE CoeanHeHne OBMOTOK, TOK CO CTOPOHbI UCTOYHMKA NUTaHUsA Gonblue ToKa co
CTOPOHbI Harpy3kM Ha 3Ha4YeHMe HamarHuyYMBaloLero Toka. HamarHmumsalowmnin Tok B HOpManbHOM
pexvnme coctasnseT npumepHo 1+5% HOMMHaNBHOrO ToKa TpaHcdopmaTopa M NO3TOMY Bbi3blBAET
NUWb HEKOTOopoe yBenunyeHne Toka HebanaHca. VIHble SBNeHns NpOUCXOAAT NpU BKITHOYEHUN XOMOo-
CTOro TpaHcdopmMaTopa nopf HanpskeHue, Unn Npu BOCCTAHOBEHUU HAMPSKEHUs Nnocre OTKMNYe-
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Hus K3. B atux cnyyasx B 06MoTke TpaHcopmMaTopa CO CTOPOHbI MCTOYHMKA MUTaHUSA BO3HUKaET
OpPOCOK HaMarHM4MBaloLLLEro Toka, KOTOPbIA B NEPBbIN MOMEHT BpeMEHN B 5+8 pa3 npesbllaeT Ho-
MUWHanbHbIN TOK TpaHcdopMaTopa, HO BLICTPO, B TeYEHNE BPEMEHU MeHee 1 cek, 3aTyxaeT 4O 3Ha-
yeHuna nopsgka 5-10% HomuHanbHOro Toka. [na npefoTBpalleHust NTIOXHOro cpabaTbiBaHus aud-
depeHumanbHOM 3almTbl OT Opocka HaMarHM4MBatoLLEro Toka Tok cpabaTbiBaHNS 3alMTbl LOMKEH
ObITb GOMnbLUEe MakCUMarnbHOro 3Ha4YeHUsA HaMmarHM4MBaloLLLEero Toka, T. e.

I =k, 1 (8.2)

n " nammax
Tok Imwmax 3aBUCUT OT KOHCTPYKLUN TpchcbopmaTopa, MOMEHTAa ero BKIMI4YeHNA noa HanpaxXeHne

W paga gpyrmx ycriosuim, TpygHo noggarowmxcsa ydeTty. Noatomy npu pacyvetax auddepeHumnans-
HOW 3alWnTbl TOK cpabaTtbiBaHUA onpegenseTcs no opmyne:

Ie;=k, -1, (8.3)
roe
I,,, — HOMUHambHbIA TOK OBMOTKN, UMeoLLEeNn HanborbLLY MOLLHOCTb;
k, — KO3(PDULMEHT HAOEXKHOCTU OTCTPOVKW, NPUHUMAEMbIN paBHbIM 1+4 B 3aBUCMMOCTU OT

TNa pene, ncnosb3yemMblx B cxeMe anddepeHumanbHOn 3amThbl.

— HepaseHcmeo emopuYHbIX MOKO8 U pa3HOMuUnHoCcms mpaHcghopmMamopos moka

lMockonbKy y TpaHCHOPMATOPOB TOKM CO CTOPOHbI OOMOTOK BbICLLErO, CPEeOHEro U HU3LLEro Hanps-
)XEHWI He paBHbl, TpaHCHOPMaTOpbl TOKA, BbibUpaemble N0 HOMUHANbHLIM TOKaM 0OMOTOK, UMEKT
pasHble KoahdpnumeHTbl TpaHchopMaumm U pasfnnMyHoe KOHCTPYKTMBHOE BbiNosriHeHWe. Benencrene
3TOr0 OHN UMEIDT PasfMYHble XapaKTEPUCTUKN U MOTPELLHOCTH.

HomuHanbHble TOKM OBMOTOK TpaHCHOPMATOpPOB, Kak MpaBumo, He COBMadaltT CO LUKANOW HOMU-
HanbHbIX TokoB TT. [NoaTomy npu Beibope TT npuHumaeTcss TpaHcOpMaToOp TOKa, HOMUHANbHbIN
TOK KOTOpOro sBnserca 6nuwxkanwum 60MblWMM MO OTHOWEHWUKO HOMUHANbHOMY TOKY OOBMOTKM
TpaHcopmaTopa. NHorga n aToro caenath He yaaeTes, Tak Kak Ha BblOop TpaHCopmMaTopoB Toka
BNUSOT N apyrne coobpaxeHusa. Takum obpas3om, BCneacTBMe HepaBeHCTBA BTOPUYHbIX TOKOB B
nrneyax andepeHumanbHon 3awmnTel B AnddepeHunansHOM pene npu HOMUHAaNbHOW Harpyske
TpaHcopmaTopa NPOXOAUT TOK HebGanaHca, paBHbIN:

rI,; =IBH/KIIBH _IHH/KIIHH (8.4)

Mpwn ckBo3HOM K3 aTOT TOK BO3pacTaeT nponopLmoHanebHo Toky K3, a Takke yBenuumBaeTcs BCrea-
CTBME BO3pacTaHusa norpewHocten TT, nMerwmnx HEOANHAKOBbIE XapaKTEPUCTUKN, YTO MOXET Bbl-
3BaTb NIOXXHOEe Aencteme guddepeHumansHOn 3aLmThbl.

lMoaToMy ONs CHMXeHUs Toka HebanaHca, BbI3BaHHOIO HEPaABEHCTBOM BTOPWYHBLIX TOKOB TT and-
depeHumanbHON 3alnThbl, NPOM3BOOUTCS BblpaBHMBAHUE 3TUX TOKOB NMyTEM BKIKOYEHUd cneuunarb-
HbIX MPOMEXYTOYHbIX aBTOTPaHCOPMATOPOB TOKa, UMM NyTEM MCMOSb30BaHUSA BblpaBHUBAOLLNX
obmoToK andpdpepeHumanbHbix pene. B undpoBbix pene Takoe BblpaBHMBaAHWE NPOM3BOAUTCS Ma-
TeMaTU4eCKUM NyTeMm.



— HeoduHakoeblie cxeMbl coedUHeHUs1 06MOMOK mpaHCHOopPMamopoe

Mpn HeoaMHaKoOBbLIX CxeMax coeAMHeHNs oBMOTOK, HanpuMep 3Be34a-TPeYyronbHUK, TOKM CO CTOPO-
Hbl OOMOTKM, COeAMHEHHON B 3BE34Yy, W TOKM CO CTOPOHbI OOMOTKMN, COEOUHEHHON B TPEYrONbHUK,
0Kas3blBalOTCA CABUHYTbIMW OTHOCUTENbHO APYr Apyra Ha HEKOTOPbIA Yror, KOTOpbiA 3aBUCUT OT
cxembl coeguHeHusi obmMoTok. Kak yxe roeopurnocb B pasgene 8.1, onst obGblMHO NpUMEHSIEMOW
rpynnbl Y/A =11 BTOPUYHbIA TOK onepexaeT nepsuuHblin Ha yron 30°. YrnoBoii casur TokoB co3aaeT
HebanaHc B pene guddepeHunanbHON 3aLmnTbl, KOTOPbIA HENb3A KOMMNEHCMpPOBaTb NO4OOPOM BUT-
koB. KomneHcauusa yrnoBoro casura NnponsBoamnTCsa NyTeM cneunanbHOro coeguHeHneM BTOPUYHbIX
0o6MOTOK TpaHcopMaTopoB Toka. [Inst 3TOro Ha CTOpoHe 3Be3Abl TpaHCOpPMaTOpbl TOKa COeaUHS-
I0TCH B TPEYrofibHUK, @ Ha CTOPOHE TpeyrorbHuKa — B 3Be34y (CM. puc. 8.4).

Mpn Takom coeguHeHun BTOpUYHBIX 0O6MOTOK TT, kak nokasaHo Ha puc. 8.4, B TpaHcopmaTopax
Toka TA1, BTOpU4Hble OOMOTKM KOTOPbIX COEAMHEHbI B TPEYrONbHUK, CO34aeTca CABUI TOKOB Ha Ta-
KOW >Xe Yros, Kak U B COeAMHEHHOW B TpeyronbHUK oomoTke HH TpaHcdopmaTopa, 4To 1 obecneun-
BaeT coBnageHne a3 BTOPUYHbIX TOKOB.

CoBpemeHHble undposble 3awmnTbl (bupm ABB, SIEMENS, ALSTOM, GE) nonyyatoT pasHOCTb
¢rasHbIX TOKOB MaTemMaTU4eCKUM NyTem. Y Takux 3awmT TpaHcdopMaTopbl TOKa CO BCEX CTOPOH CO-
eNHAITCA B 3Be3ay, a rpynna coeguMHeHnn TpaHcgopmaTopa 1 nonsipHoCcTb TT BBOAUTCS B pernie B
Buae yctaekn. CoegmHeHne B 3Be3fy BbIrogHEE B YacTU BEMNUYMHBLI Harpy3kn Ha TpaHcdopMaTopbl
TOKa (KaK ykasblBanochb B M. 4, Npy coeguMHeHUM TpaHCOPMaToOpOB TOKa B TPEYrofibHUK Harpyska
Ha TpaHcdopMaTopbl ToKa BbipacTaeT B 3 pasa).
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Puc. 8.4 lNMpoxoxaeHne TOKOB W BEKTOPHbIE AnarpaMmbl TOKOB B cxeme auddepen-
unanbHOW 3awwmTbl TpaHcdopmaTopa C coegMHeHnemM OBbMOTOK MO cxeme
3Be30a-TpeyroribHUK, NOSICHAOLLME NMPUHLMM KOMMEeHcaUun yrinoBoro casura

CoeavHeHne TpaHcopMaToOpOB TOKA B TPEYrofibHMK Ha CTOpOHE TpaHcdopmaTtopa, rae nepBuYHble
0OMOTKM coeguHeHbl B 3Be3fy, UMEET U npenmyLLecTBo. Ecnv HenTpanb TpaHcdopmMaTtopa 3a3eM-
neHa, TO NpY 3aMblKaHUX Ha 3eMIT0 NPOTEKAET TOK OT 3a3eMreHHon HenTpanu kK mecTy K3. Mpu yc-
TaHOBKe TpaHCOpPMaTOPOB TOKA TOMbKO Ha BbIBOAAX U CXeMe CoeanHeHMs TpaHCcopMaTopoB TO-
Ka - 3Be3ga npoTekaeT HecbanaHCMPOBAaHHbLIA TOK HyreBOW MOCNefoBaTerlbHOCTU, KOTOPbIA npu
cxeme coeavHeHust TT — TpeyronbHUK 3aMblkaeTcs BHYTPU TpeyronbHuKa U B perne He nonagaert.
Takum o6pasom, COCTOSAHNE HEWTPanM COeaUHEHHON B 3Be3ay 0OMOTKM TpaHcopmaTopa He BNUS-
eT Ha paboty gudsawmtel. LindpoBbie 3awmnTbl NCKNOYAOT BNUSHME TOKa HyNEeBOW MocregoBa-
TENbHOCTM MaTeMaTUYECKUM NMyTEM, NO3TOMY, TpaHCHOPMaTOpPbl TOKa MOXHO COEOUHUTL B 3BE3ay.



Bbi6op ycmaeok dughghepeHyuanbHOU 3auyumali

Bbibop yctaBok anddepeHumanbHOM 3awmnTbl NPOM3BOAUTCS NO 2 YCMOBUSIM: OTCTpOMKa OT ToKa
HamarHmuYmBaHus 1 Toka HebGanaHca.

Tok HamarHMuuBaHus TpaHcdopmaTopa AocTuraeT 5-6 BenUYMHbl HOMUWHAIbLHOIO TOKa TpaHC-
dopmaTopa. B cxeme andgepeHumnansHOM 3awmTbl OH HE KOMMNEHCUpYETCA, U and3almra OrmKHa
OTCTpamBaTbCsa OT HEro Ans UCKNIYEHNs NOXHOM paboTbl Npu BkAoYeHun TpaHcdopmatopa. OT-
CTpOWKa Npon3BoauTCs No paHee npuseneHHon dopmyne (8.3):

I =k,1

KoadpcpuumeHT HapexxHocTu k, onpepensieTcs B OCHOBHOM TUMNOM NPUMEHEHHOTO pere 1 Hanuynem
B HEM cneumarnbHbIX Mep OTCTPOWKM OT Gpocka Toka HamarHUYnBaHUsS.

HOM

Tok HebGanaHca B cxeme audpdepeHuManbHOM 3aWwmTbl. Tokn HebGanaHca B cxeme guddepeHum-
anbHOM 3aWnTbl TpaHcOpPMaToOpPOB N aBTOTpPaHCOPMaTOPOB MMEKT MECTO M3-3a MOrpeLLUHoCTEN
TT, n3-3a nameHeHus koaddurumeHTa TpaHchopmaumn 3awuLaemoro TpaHcdgopmartopa (npu pery-
NMPOBaHUU HaMpPsKEHUs), N3-3a HETOYHOIO BblpaBHUBaHWS BTOPUYHBLIX TOKOB.

[ns otcTponkn anddepeHumanbHOM 3almnThl OT Toka HebanaHca npu ckBo3HoM K3, ee Tok cpaba-
TbIBaHWA JOIMKEH YAOBNETBOPATh YCMNOBUIO:

Ic3 = kH 'I (8.5)

HO.pac.
roe
k, — KO3(hUUMEHT HAAEXKHOCTM OTCTPOWKM, NPUHMMAEMbIN paBHbIM 1,3.

PacueTHbIn Tok HebanaHca, onpeaensieMbii norpeLuHOCTAMN T T, BeIMUCIIAETCS N0 hopMyre:
Iluﬁ.pac. = ka ‘ kodu : f * II(3max (86)
roe

k, —  KO3OMLIMEHT, y4MTbIBAIOLLMIA BIIMSIHWE Ha ObICTPOAENCTBYOLLME 3aLUNTLI NEPEXOAHBIX
npoueccoB npu K3, koTopble CONPOBOXAAKTCA MPOXOXAEHMEM anepuoanNyeckmx co-
crtaBnsowmx B Toke K3; npuHumaetcsa k, =1 ana pene, nmewowmx BHT ¢ kopoTko-
3aMKHYTbIMW OOMOTKamMu UIn Opyrux cpenctB OTCTPOMKU OT NEPEXOAHbIX MPOLIECCOB
npu K3, n k, = 2 anga pene 6e3 Takux cpeacTs; [ MUKPONPOLECCOPHbIX 3aLUUT Tak-
Xe MOXHO npuHaTb k, = 1.

koo — KO3(PPUUMEHT OQHOTUNHOCTU ycnoBui paboTel TT, NpMHUMaeMsbin pasHbiM 0,5 B Tex
cnyyasx, korga TT ob6TekatoTcs 6M3KUMKN NO BEMNUYNHE 3HAYEHU TOKAMU, U PaBHbIM
1 B ocTanbHbIX Criy4asx, ans TpaHcopMaTopoB Ky, NPUHMMAaETCH paBHbIM 1 ;

f=0,1 — norpewHocTb TT, yaosnetsopsowmnx 10 %-Hom kpaTHOCTK (CM. n. 4);

I i3max — HanbonbLUMiA TOK Npy ckBO3HOM KS3.



BTopasi coctaBnsiowas Toka HebanaHca onpegensieTcsl M3MeHeHMeM KoaddpmumneHTa TpaHcdop-
Mauun 3alimaemMoro TpaHcopmMaTtopa npu perynnpoBaHn HanpsKeHus, BbluMcnseTcs no gop-
Mynam:

— NPV PErynMpoBaHun Ha oaHoN CTOpoHe TpaHcdopMaTopa

12n6.pac. =AN - IK3max (87)

— NPV PerynMpoBaHun ¢ ABYX CTOPOH TpaHcdopMaTopa

] = A]\]BH 'IKSmax + A]VHH 'IKB’max (88)

2u6.pac.
roe

AN — nonoBuWHa peryrvpoBOYHOrO AManasoHa, AN KOTOPOro Npou3BOAUTCS BblpaBHUBaHWE
BTOPUYHbLIX TOKOB (Hanpumep, npu NonoBUHE perynupoBoyHoro auanasoHa N = +10%,
AN =0,1).

TpeTbFI COoCTaBnAoLLaA pacHeTHOro Toka HeGanaHca onpegenaeTca HETOYHOCTbIO BblpaBHMBAHNA BTOPUY-
HbIX TOKOB BbI4UCIIAETCA MO cbopMyne:

w - w w -w
_ "I pac. 1 II pac. 17
Lo poe. = Iiggmax + ———— L 1 k3max (8.9)
Wi pac. Wi pac.
roe
W, pac. W pac. — pacyeTHble 4ucina BUTKOB BblpaBHMBAKOLLNX obmMoTOoK TpaHCCbOpMaTOpOB
pene ona HeOCHOBHbLIX CTOPOH (CTOpOH C MeHbLUUM BTOPUYHbLIM TOKOM);
Wi, Wir — MNpPUHATbIE YNCI1a BUTKOB O6MOTOK;

I p3max s Lirkcamax — Havnbonbiuve Toknm K3 coOTBETCTBYHIOLLINX CTOPOH.
Ana aByxobmMoTo4HOro TpaHcgopmaTopa hopmMyna ynpoLwaeTcs:

_ WirI pac. Wi

I3H6.pac. - ) IIIK'3max (810)

Wir pac.

ON1A CTOPOHbI TpchcbopmaTopa I'IpVIHFITOVI 3a OCHOBHYIO.
CymmaprM paCHeTHbIVI TOK HebGanaHca COCTOUT U3 3TUX TpeX CoCTaBIiAOLWLNX

I =1 +1 +1 (8.11)

Ho.pac. 1ué6. pac. 2n6.pac. 3ué.pac.

O6blvHO npu pac4deTe guddepeHUManbHON 3aWmMThl TpaHcopmMaTopoB BHa4yane onpegensieTcs
TOK HebanaHca Kak cymMmma nepBbIX ABYX COCTaBNSIOLLMNX:
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I =1 +1 (8.12)

HO.pac. 1ué6. pac. 2u6.pac.

3artem nocrne Bbibopa Toka cpabaTbiBaHUA M ONpeaeneHns pacyeTHbIX Y1Cen BUTKOB onpegensieT-
€Sl JONOJSTHUTENBbHO CyMMapHbI Tok HebanaHca no dopmyne (8.10) 1 npoM3BoaUTCA YTOYHEHNE pa-
Hee BblOpaHHOro Toka cpabatbiBaHua no coopmyne 8.10.

Tok Cpa6aTbIBaHI/IFI 3alnThbl NO yCrioBUKO OTCTpOVIKM OT TOoKa HebanaHca:

IC3=kH.I (8-13)

HO.pac.
roe

k, — Ko3DMMLMEHT HAAEXKHOCTUN, KOTOPbIN MOXHO NPUHATL paBHbIM 1.3.

Hekomopbie cxembl dughzawumsi

AdubpepeHyuanbHas omcedka. B cxeme gudoTceyYknm OTCYTCTBYIOT Kakme nmnbo cneumasnbHble
cpeacTBa Anst OTCTPOMKM OT Opocka Toka HamMarHM4MBaHUs U BblpaBHUBAHUS BTOPUYHBLIX TOKOB
(cm. puc. 8.4).

Tok cpabaTbiBaHMa audbdepeHumnansHOM OTCEYKM ONpPeaenstoT YCroBMEM OTCTPOMKM OT Opocka
HamarHuuYmBatoLero Toka cornacHo cdopmyne (8.3), npunumasn k, = 3 + 4 ana anekTpoMexaHude-
Ckux pene. bpockn HamarHMumMBatoLero Toka B NepBbii MOMEHT BKIOYEHUST TpaHcopmaTtopa Mo-
ryT npesbllwaTtb TOK cpabatbiBaHna guddepeHumnanbHOMn OTCEYKN, BblOpaHHbIM C YKa3aHHbIM KO-
ahpUUMEHTOM HageXHOCTM OTCTponkn. OOHAKO 3TM TOKM OYeHb ObICTPO 3aTyxatoT, YTO AaeT BO3-
MOXHOCTb OTCTPOUTBLCS OT HUX 3a CYET COBCTBEHHOro BpEMEHM AENCTBUSA pene auddepeHumnans-
HoM oTceykn. [Ina aToro B cxeme gndpdrepeHunansHON OTCEYKN MPUMEHSIOT BbIXOAHOE MPOMEXy-
TOYHoe pene (pene KL Ha puc. 8.5) koTopoe umeet Bpems cpabatbiBaHusa 0,07-0,08 c. [ina name-
peHns Toka mcnonb3dyeTca obblyHOe TokoBoe pene. Mpu npasBunbHOM nogbope TpaHcdopmarTopa
TOKa M Takow ycTaBKe yaaeTcsl OTCTPOUTLCA U OT Toka HebanaHca 6e3 BbipaBHMBaHUA TOKOB Niiey —
BTOpOE ycnosue Bbibopa ycTaBoK, YTO M JaeT BO3MOXHOCTb MCNOMb30BaTh ANA AMGOTCEYKN Npo-

CTO€E TOKOBOE pere.
i ;Qf
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Puc. 8.5 TlMpuHumMnuanbHas cxema audpdpepeHumanbHOM OTCEYKM OBYXOOMOTOY-
HOro TpaHcdopmaTopa

a — CXema TOKOBbIX Lienem;

6 — cxema Leneii onepaTMBHOIO TOKa
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B cnoxHbix yctponctBax andsawmtel, Hanpumep O3T-21, R3IPT, MiCOM P630 n gpyrmx mMukpo-
NPOLECCOPHbIX 3aluTax, MMeeTcs AOMNONHUTENbHbLIA 3MEMEHT, UMEHYEMbIA OTCEYKOW. DTOT ane-
MEHT He MMEeEeT AOMNONMHUTENbHOW 3aAepXKKM U crneumarnbHbiX CPeACTB OTCTPOMKM OT Bpocka Toka
HamarHmumBaHua. NoaToMy OH AOMKEH OTCTpamBaTbCA OT OPOCKOB TOKA HamMarHMyYMBaHusA ¢ 60nb-
WwnMm KodddpuumeHToM paBHbiM 6-8 I,,,. 3aTO Takasd oTcedka, HE MMEKLAs HUKAKNX 3afepXeK no
CPaBHEHMIO C OCHOBHOW, Bonee 4yBCTBMTENBHOM AMd3almTon, obecneynBaeT oveHb ObiCTpoe OT-
KntoveHne 60nbLLIOro Toka KOPOTKOro 3aMblKaHUs!.

Jlo2zu4eckas dughghepeHyuanbHasa 3auuma mpaHcghopmamopa

MopobHo ToMy, Kak BbINONHANACH Nnornyeckas 3awmTa WuH (CM. M. 6), MOXXHO BbINOMHUTL U flornye-
CKyl0 Amdp3alymTy TpaHcdopmartopa. [ns aTtoro Heob6xoauMo yCTaHOBUTL 2 3almTbl: Ha BBoae BH u
HH un cBs3aTb nx cxemon BNOKMPOBKM TakMM 00pa3oMm, YTOObl MIHOBEHHLIN TOKOBbLIN OpraH Ha BBO-
Ae HH 6nokvpoBan TokoByto oTceuky Ha Beoge BH (puc.8.5).

TokoBbIi opraH 3awmTbl (TO), ycTaHoBNEHHbIN Ha cTopoHe HH (P32), 6nokupyet otceuky (O) Ha
ctopoHe BH (P31). MNMpwn BHewHem K3 oTceuka brnokmpyetcs n He paboTtaeT. Npu K3 B 30He 6noku-
poBKa Ha BXO[ OTCeYKM Ha cTopoHe BH He nocTynaet, u oHa oTKfoyaeT TpaHcdopMmaTop ¢ Bpeme-

HEeM OTCEYKMU.
i ;Qr
TO

g I
i ' brnoxupoBka

AYE P32 MT3 OTCEYKH
& TO

e I,

Puc.8.6 BbinonHeHue norndeckon And3awmThbl
¢ ucnonb3osaHuem TO BBOAOB.

P31 MT3

S

B kayecTBe Takux 3awUT MOXHO MpumeHnTb 3awmty PC81 unu Y3A-AT. 3Tu ycTponcTBa umetot
MrHOBEHHbIA TOKOBbLIN OpraH 1 2 CTyneHu 3alluThbl: TOKOBYIO oTceyky u MT3. TokoBas oTceuyka 3a-
wntbl ctopoHbl HH (P32) ncnonbayetcs B nornyeckon 3awmte wnH HH, MT3 ctoporbl HH Bbinon-
HAET (PYHKUMN MaKCMManbHOW 3alUnThbl, @ TOKOBbIA 3NeMEeHT BGrokupyeT oTceuky CTopoHbl BH, 06-
pasyst normdeckyto andsawmty. Otceuka cTtopoHbl BH gomkHa GbITe cornacoBaHa no TOKY C TOKO-
BbIM OpPraHoM 3alumTbl CTOpoHbl HH. [na nonyyeHust oaMHaKkoBbIX TOKOB B ¢hasax 3awutbl P31 u
P32 npu gByxdasHom K3, sawmta P31 gomkHa BknoyaTbcd Ha TpaHcdopmaTopbl Toka BH, Bknto-
YEeHHbIEe MO CXeMe TPEYrofibHUKA.

CornacosaHue nponseogutcs no dpopmyne:
Ics gy =k Ics un (8.14)
roe

k, — KO3(hMLMEHT HageXHOCTN, NPMHUMaEeTCa paBHbIM 1,3 Ansa yyeTa perynmpoBaHusi Koad-
duumeHTa TpaHchopmauuu.
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Btopoe ycrnosue Bbibopa oTCTponka OT Bpocka ToKa HamarHMYMBaHUS, NPWU BbINOSTHEHUM OTCEYKU
yKasaHHbIX YCTPOWCTB C Bblaepxkon BpemeHn 0,15 cek. Tok cpabaTbiBaHMs MOXET ObITb NPUHAT
paBHbIM:

Iespn =(2+2,5)1,,,, . tes gy = 0,15 cex

HOM

r. Xypasckuin B./N. (XMenbHULKOBN3HEPro) npeanoXun Ucnonb3oBaTb B Ka4eCcTBE TaKOM 3aluThbl
TokoBble perne PT-40 npoussoactea YOAS. [Ina oTCTporkn OT Opocka ToKa HamarHM4MBaHus, Kak
nokasanu ucnblTaHUA Ha psge TpaHCOPMaTopoB, MOXHO Takke BbINOMHUTL YCTaBKy, PaBHYHO
2,51,5,., HE BbINOMHASA AOMONHUTENBHOW 3a4ePXKKM 3alLMTbl, KOOME MCNOMNb30BaHNS OObIYHOrO Bbl-
xofHoro pene. oka HeT AOCTaTOYHOro OMnbiTa NPUMEHEHUSA NOrMYyecknx AudsalmTt TpaHcdhopma-
Topa. [loaTomy, uenecoobpasHO NpPu BLINOMHEHMN TaKoW 3alLMTbl MPOU3BOAMUTL OMbITHYKO MPOBEPKY
OTCTPOMKM 3aLmnTbl OT BpOCcKa TOKa HAMarHNYMBaHMS.

HAugppepeHyuanbHass 3awjuma ¢ 6GbicmpoHacblwWaroWUMUcCs
mpaHcghopmamopamu (BHT) (pene PHT-562, 565)

CxeMa 3aluTbl NokasaHa Ha puc. 8.7.

TENT-562 |

PHT-562

3) 6)
Puc. 8.7 Cxema 3awuTtbl Ha pene PHT- 562(565)

a) ana AByxobMOTOYHOro TpaHcdopmaTopa; 6) Ana TpPexobMOTOYHOrO.

Pene cepun PHT-565 npegHasHayveHbl ans anddepeHunansHon 3alnTbl 0O4HON dhasbl CUIOBOro
TpaHcdopmaTopa unu WuH. beicTpoHackiwatowmncss TpaHcgopmatop perne PHT-565 asnsaetcs
OAHOBPEMEHHO U MPOMEXYTOYHbIM TPaHCHOPMATOPOM 4151 KOMMNEHCaLMM HepaBEHCTBA BTOPUYHbBIX
TOKOB B nnedvax agnddpepeHumnanbHOM 3awuTbl, U UIMeEET ANnd 3Ton uenun paboyyto 1 ase cneuumanb-
Hble ypaBHUTENbHbIE 0OMOTKN. TOK BO BTOpMYHON 06moTKe BHT, K KOTOpOW NOAKMNIOYEHO perne, on-
penensieTca CyMmMapHbiM MarHUTHbBIM NOTOKOM B CEpAEYHUKE, KOTOpbIM Co3aaeTcs kak paboden, Tak
N ypaBHUTENbHbIMK 0OMOTKamun. [Ina Toro 4To6bl NPy NPOXOXAEHUN Yepe3 TpaHcopMaTop CKBO3-
HOro Toka Harpy3ku nnmn K3 Tok Bo BTOpMYHON 06MOTKe Oblfl paBeH HyIo, He06XoAMMO NpaBUMNbHO
BKMIOUNTb paboyyo U ypaBHUTENbHble 0OMOTKM B AndbdepeHumanbHylo cxemy 1 Tak nogobpaTb
yucna BUTKOB OOMOTOK, YTOObI KOMMEHCMPOBATbL HEPABEHCTBO BTOPUYHbBIX TOKOB TT M yCTaHOBUTb
HeobxoanmbIn TOK cpabaTbiBaHus. [pu 6pocke Toka HamarHnymeanus BHT HachklilwaeTcs NocTosiH-
HOM COCTaBnAKLWEN TOKAa HaMarHM4MBaHWA W yxyawaeT TpaHcopmauuilo nepeMeHHoOW cocTaB-
nawowen B pene. 3a cyet npumeHeHnss BHT, MOXHO BbINOMHUTL YCTaBKy MO YCNOBUIO OTCTPOMKK OT
Opocka Toka HamarHMunBaHus, pasHom 1+1,3 HOMMHaNBHOro Toka TpaHcdopmaTtopa. Tok cpabaTbl-
BaHMA pere pacCYMTbIBAKOTCA MO YUCNY BUTKOB, OOTEKaeMbIX TOKOM, MCXO4A M3 TOro, Y4To M.A.C.
cpabatbiBaHus perne paBHa 100A/BUTKOB.

Pene ons dughghepeHyuanbHou 3awyumesi muna PCT-15 (H9A3)
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OnddepeHumanbHble perne Toka cepun PCT-15 (gnsa ceten 50 L) NnpMMEHSAIOTCS B KadecTBe
n3MepuTenbHbIX OpraHoB AudodepeHunarnibHON 3awmTbl NOHWXKAKLWKMX TpaHCHOopMaTopoB U
MOLLHbIX ABuratenen. Pene BbINOMHEHbI HA MHTErpasnbHbIX MUKPOCXEMAX M MUTAOTCS OT MOCTO-
SAHHOrO onepaTUBHOIO Toka. B coctas pene BxogaT (puc. 8.8):

— JaTyuK ToKa — TpaHcpeakTop TAV, cogepxalimin Tpy nepBUYHbLIX OOMOTKN: OCHOBHYHO (OAud-
depeHumnanesHyto), umetowyto 30 BuTkoB ¢ oTBogamu ot 12, 16, 20, 25-ro BUTKOB 1 OBe
JononHuTenbHble (YypaBHUTESNbHLIE) MO TPU BUTKA B KaX4ow ¢ oTBogamMu oT 1-ro BUTKa;

— y3en dopMmnpoBaHUs pere, COCToALWLNM N3 HarpysodyHoro mocta (VD1, VD2, R2, R1); penu-
Tena R3, R4 v akTuBHOro ounbTpa HMWKHMX YacTtoT (PHY) A7,

— y3en CpaBHEHWS], COCTOALMI U3 KoMNapaTopa A2 1 anemeHTa BblaepXkn BpemeHn A3 ¢ ycTa-
HOBJIEHHbIM Ha HEM BpeMeHeM 22 MC;

— ysen BbiIxoaa YB;

— y3en nutanus YI1.
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Puc. 8.8 ®yHkumoHanbHasi cxema auddpepeHumansHoro perne tuna PCT-15

Mepekntovatenb K no3eBondeT UCKNIOYUTL pe3nctop R5 n3 cxembl genutend. MNpu aToM 3Ha4YeHne
BbIXOAHOrO CUrHana, nogaesaemMoro Ha A1, nameHsaeTcs B oTHowweHun 1:2. MNepeknovatens K cny-
XWUT ANs CTyneH4YaToro UsMeHeHns yCTaBKM perie no TOoKy cpabaTbiBaHus B 2 pasa.

dopmbl cMrHanoB, o0pasyLKNXCsa Ha BbixoAe y3na hopMnpoBaHUA NPpY NOSIBIIEHUN MNOBbLILLEHHOIO
AnddepeHUnansHOro Toka, pesko pasnuyarTcs B 3aBUCUMOCTU OT TOro, sABngeTcs oH TokoMm K3
NI TOKOM BKITHOMEHMSI. OTO MO3BOMNSET NONny4yaTtb YNpaBnsioWNA CUrHanm Ha BbIXOAE CPaBHEHUS
Tonbko npu K3 B 30He 3awuTbl. [Ins obecneyeHus penenHoro adpdekta BbIXO4 3NIEMEHTA Bpe-
MeHu A3 coenHEH NONOXUTENbHOW 0OpaTHOM CBA3LIO C BXOAOM KoMmnapaTtopa A2. Pene PCT-15
XapaKkTepU3yeTCH BbICOKOW CTEMNEHbIO OTCTPONKN OT NEPEXOAHbIX TOKOB HebanaHca, BO3HMKaKLWLMX
npwn BKITKOYEHMN TpaHCHOPMaTOPOB U ABUraTenen nog HanpsXKeHue, 3a CYET TOro, YTO NOCTOSIH-
Has cocTaBnfawLllas TOka HaMarHM4MBaHUs He TpaHCOPMUPYETCS TpaHCPeakTopoM, a U3 nepe-
MEHHOW cocTaBnsowen oTunbTPOBbLIBAETCA TONbKO 1 rapmMoHuka. Bernieacteme aToro, Tok cpa-
OartbiBaHMs guddepeHumnanbHON 3awuTbl Npu ncnonb3oBaHun pene PCT-15 MoXHO ycTaHaBnu-
BaTb nopsgka 0,5-1,,,,. Tok cpabaTtbiBaHusi pene MoxeT 6biTb ycTaHoBneH B npegenax (0,4+1,2)-1,,,,,

npn K =1 wn (0,8+2,4)-1,,,,, npn K =2. BeicTaBneHne ycTaBKk/ OCYLLECTBIAETCA YCTAHOBKOWN LUTEKEPA
B COOTBETCTBYHOLLEE THE3AO0 HA NULEBON Nnarte perne.

Ucnonb3o0eaHue mopmMoXXeHUs

Ycnosue OTCTPOMKM OT TOKa HaMarHU4YMBaHUS He SIBNAETCA onpeaensolmm ycnosmem Bbibopa yc-
TaBoK Andp3awntel. OObIYHO TakMM YCNOBMEM $BMSIETCA OTCTPOMKa OT Toka HebanaHca. Ons
TpaHcdopmaTopoB ¢ PIMNH 1 MHOroobMoTo4YHbIX TpaHcopmMaTopoB TOKM HebanaHca B yCTaHOBMB-
wemcsa pexunme K3 MMelT 3HauuTenbHy0 BenuyuHy. [encTBMTenbHO, ecrniv npeanosnioXutb no-
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rpewHocTb TT paBHon 10%, a AManasoH perynupoBaHus HanpsikeHns 16% u kpaTHOCTb Toka K3 3a
TpaHchopmaTopom pasHon 10 1, TO ycTaBka 3awmTbl MO YCNOBUIO OTCTPONKM OT HebanaHca co-
cTtaBuT no copmynam (8.12), (8.13):

I =1,3(0,1+0,16)-101,,, =3,41,,,

Y4yeT TOKOB HebanaHca sBnsieTca onpegensiowmm ns Bblbopa ycTtaBok Aud3awmtbl. 3awuTa
TpaHcdopmaTopa Ha pene ¢ BHT ctaHoBuTCA oveHb rpybon 1 Ans MHOMMX PEXMMOB HEQOCTATOYHO
YYBCTBUTESIbHOW. 3HAYNTENBHO YNydlaeT YyBCTBUTENbHOCTb MPUMEHEHNE MPOLIEHTHOrO TOPMOXe-
HUS.

Mpn NpUMeHeHUM Takoro TOPMOXEHUSA TOK cpabaTbiBaHuA Aud3alnTbl yBENNYMBAETCS C POCTOM
CKBO3HOMO TOKa KOPOTKOrO 3aMblKaHMWsl, YTO NO3BONSAET NMOHU3UTbL YCTaBKY MO TOKY cpabaTbiBaHus, U
3aluTa BO BCEX peXMMax ocTaeTcd YyBcTBUTENbHOW K K3. YcTaBka 3almtbl ANg AaHHOMO pexuMma
onpegensieTca no dopmyne:

Ie;=1,;,+k,1, (8.15)
roe
k, — KO3(PPMUMEHT TOPMOXKEHNSA NPUHUMAETCS PaBHbIM:
km = ku ;:6.pac. = ku( l'uﬁ.pac. + Iéné.pac. + Ignﬁ.pac.) (816)
roe
k, — npuHumaetcs pasHbim 1,3.

I w6pacys I'1 we.pacys I 2n6.pacys I'3 u6.pacy — NOMHBIA TOK HEGANaHca n ero coctasnsLLne B OTHOCK-
TenbHbIX eANHULIAX

[ns BblenpmBeaeHHOro cnyvas Ko3MULNEHT TOPMOXEHUSI MOXHO MPUHSATL PaBHbLIM
k, =13-0,26=0,34.

. Cnepyet yunTbiBaTh, YTO TOPMO3Has 0OMOTKa BKMNOYaeTca He Ha AnddepeHumanbHbIN TOK, a Ha
TOK cTopoH HH n CH . Ecnu BkntounTb ee Ha ctopoHy HH npu nutaHum co ctopoHsl BH, To npu ko-
POTKOM 3aMblkaHuM B TpaHcdopmMaTope, TOPMO3HOM TOK B Aud3alumMTe OTCYTCTBYET W 3alimTa He
3arpybnsietcs. MNpu ckBosHom K3 Ha cTtopoHe HH (CH), andsawmTta aBToMatnyeckn 3arpybnsietca
C POCTOM TOPMO3HOrO TOKa, U yCTaBka OTCTaeTcs OTCTPOEHHOW OT HebanaHca npu nobom Toke Ko-
POTKOrO 3aMblKaHUs

HAugpeperyuanbHoe pene c mopmoxeHuem muna [3T-11 (H3A3)

Pene tuna [O3T-11 npegHasHadeHbl ons auvddepeHumanbHON 3allunTbl OAHOW (hasbl CUNOBLIX
TpaHcOpMaToOpPOB, M MOMYYUNIN LUMPOKOE pacrnocTpaHeHue B ceTsax. Ha 6ase pene O3T-11 Bbinon-
HeHa guddepeHumanbHas 3awuTa 6onbwmnHeTBa TpaHcdopmatopoB 110kB v Beiwe. Y pene Tuna
[3T-11 Ha BHT kpome pabouein 1 OByX YpaBHUTESbHbIX OOMOTOK, aHaNOrMYHbIX TEM, YTO UMETCSA
y pene Tuna PHT, BbinonHeHa oaHa fononHutenbHaa TopMo3Haa obMoTka, obecneunBatowlas no-
nyyYeHne TOPMO3HbIX XapakKTEPUCTMK OT oAHOW rpynnbl TT. Topmo3Hasas o6MOTka 0ObIMHO BKIIOYAET-
csa Ha TT crtopoHbl HH (unn HH+CH). PacyeTHble yCcTaBkn Ha perne BbiCTaBnsloTCA BbIGOPOM Konu-
yecTBa BMTKOB OOMOTOK B KaXaoM 13 nned andsawmtel. Tok cpabaTbiBaHMA ANS Kaxgon oOMoTKu

pene ]c‘p‘ paccynTbiBaE€TCA NO YNCINY BUTKOB @ obTekaeMbIX TOKOM, UCXOAst U3 TOrO, YTO MarHUTo-
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ABVXyLLasa cuna cpabaTbiBHUS pene Fc_p_, NPV UCKINKYEHNN TOPMO3HON 0O6MOTKK, cocTaensieT 100

A e BUTKOB.

Mpumep cxembl BbINONHEHNA anddrepeHunanbHON 3awmnTbl AByXOOMOTOUHOrO TpaHcdopmaTopa Ha
pene tuna [13T-11 nokasaH Ha puc. 8.9 a).
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Puc. 8.9 T[MpuHuunuanbHasa cxema TOKOBbIX Lienen anddepeHUnansHON 3aluThbl
AByxobmoTo4yHoro TpaHccopmaTopa 110/10kB Ha pene O3T-11:
a) — cxema BKIoYveHus pene;  6) — TopMO3Hasi XapakTepUCTMKa (3aBUCUMOCTb M.4.C.
cpabatbiBaHuA F¢, OT M.A.C. TOPMO3HON 0OMOTKM Fpyy

)-

Mo Topmo3HOM 0B6MOTKE @,, BKIIOYEHHON B Neyo cTopoHbl HH anddpepeHumansHom 3awuTbl, npo-

X0AuT TOK ckBo3HOro K3 n nogmarHuymeaeT cepaeyvHuk BHT, 4To npMBoauT K yXyALUEHWUO TpaHCc-
dopmaumu, a 3HauYUT K yBENMYEHUo Toka cpabaTtbiBaHUs pene. 3aBUCUMOCTb MarHUTOABWUXKYLLEN

cunel (F, ) cpabatbiBaHus pene [3T-11 oT m.A.c. TOpMO3HOW OOGMOTKM, NokasaHa Ha puc. 8.9, 6.

OTa 3aBMCMMOCTb, HasblBaemasi TOPMO3HOW XapaKTEePUCTUKON, NOKa3biBAET, YTO MPU yBENUYEHUU
Toka ckBO3HOro K3, Tok cpabaTbiBaHMSA pene Takke Bo3pacTaeT, YTo obecrneymBaeT OTCTPOMKY OT
yBenu4ymBarLLlerocss Toka HebanaHca. KpuBas 1 cooTBETCTBYEeT MaKCUManbHOMY TOPMOXEHWUIO, a
KpuBasi 2 — MuHMManbHomy. O6nacTb, PacnosfioXXeHHas HWXe XapaKTepucTukn 2 sBnsetca obna-
CTbIO HageXHoro HecpabaTbiBaHus, a 06nacTb, pacnosioXXeHHas Bbille XapakTepuctukn 1 — obna-
CTbl0 HaZleXXHOro cpabaTbiBaHUS.

OuddepeHumnaneHas 3awmuTa TpaHcdopmaTopa, Kak npaBurio, JOMMKHA BbINOMHATLCA B Tpexdas-
HOM TpexpernenHoM UcnonHeHuu. [na AByXoBMOTOYHbLIX TpaHCOpPMaToOpoOB AOMNYyCKaeTCs BbIMNOM-
HeHne audp3alunTbl B ABYXpenenHomM ucnonHeHun. Mpumep nogkntoveHus pene A3T-11 anga tpex-
obmoTo4HOro TpaHcopmaTtopa nokasaH Ha puc.8.10, a). BropmyHble 06MOTKM BCcex TpaHcdopma-
TOpPOB TOKa AudpdepeHumanbHon 3awmTel TpaHcdopmaTopa obbeanHeHbl B 0OLYO CXeMy U 3a-
3eMIeHbl B O4HOM TOYKE — HYNEBON TO4ke 3Be3abl TpaHcdopmaTopoB Toka cTopoHbl HH. MNMossne-
HWe BTOPOro 3asemrieHus B cxeme avddepeHumanbHon 3awnThbl (Mpy NOBpeXaeHUn n3onauum To-
KOBbIX Lienen), n oTTeKaHue 4acTu TOKa MO «3emnie», Kak n obpbiB TOKOBbIX Lieneun, NpuBoauT K Ha-
pyLleHunto 6GanaHca TOKOB U K JIOXXHOW paboTe 3auThl.

MpaBunbHOCTL COOPKN cxeMbl anddepeHumanbHON 3alunTbl TpaHcdopmaTopa oLeHMBaeTCs Mo
BEKTOPHOW AnarpamMe TOKOB, U MO Tokam (HanpshkeHusam) HebGanaHca, U3MepPeHHbIM Ha WUCMOSHU-
TENbHOM OpraHe Kaxgoro m3 anddepeHumanbHbIX pene npu nNpPoBepKe 3aluMTbl MOA4 Harpy3KOW.
Mpy oTCyTCTBUM Harpysku, 4OCTaTOMHON ANna npoBepkn andsawwmTtel (He meHee 20% OT HOMUHanb-
HOro TOKa Harpysku), M NpU Hanuyuu Ha NOACTaHLUMW ABYX CUMOBbLIX TPAHCHOPMaTOPOB, NX MOXHO
Harpy3uTb Npu napannensHon paboTe Ha obLMe WKHBLI U paccornacoBaHnm nonoxernun PHIT.
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MpoBepuTb NpaBunbHOCTL cOopkn uenen O3T Oo BKIOYEHMS TpaHcopMaTopa NoA Harpy3Ky MOX-
HO KOCBEHHbIM MeTogoMm (puc. 8.10, 6) ): Npn onNbiTe KOPOTKOro 3aMblkaHUS U NOAa4vYe MNOHMXKEHHOIO
HanpshkKeHNs OT MOCTOPOHHEro UcTtodHunka (Hanpumep, ~3x380B ot TCH). [Onsa AByxoOmMoOTOYHOro
TpaHcdopmaTopa 3akopadvsaeTcsa cTopoHa BH, a ucneitatensHoe HanpspkeHne nogaeTcs co CTo-
poHbl 06MoTkM HH. [nsa TpexobmoTouHOro TpaHcdopmMaTtopa UcnbiTaTenbHOE HanpshkeHue nogaet-
cs Ha obmoTky CH, Tak, 4tobbl o6Tekanuchk TpaHcdopmMaTopbl Toka CTOpoHbl CH, a obmoTkn HH n
BH no ouyepeanm 3akopayuBatoTcsl BHe 30HbI AencTBua Aud3awuTbl.(Todkn K3 1 mn K3 2 Ha
puc.8.10, 6) ). MNMony4aemble Npy 3TOM TOKU MO3BOMSIOT CHATb BEKTOPHbIE AMarpaMmbl TOKOBbIX Lie-
new, U3MepuUTb TOKM (HanpsbkeHus) HebanaHca pene aud3awuTbl, 1 OOHO3HAYHO OLEHUTb Mnpa-
BUNBbHOCTb COOPKN CXEMbI 3aLLUThI.
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Puc. 8.10 Oudsawmtel TpaHcdopmatopa Ha pene Tuna OA3T-11:
a) npumep NOAKMYEHNs perne Ans TpexobMOTOYHOro TpaHcopmaTopa;
©) cxema npoBepkn and3aLLmTbl KOCBEHHBIM METOA0M.

AugppepeHyuanbHas 3awuma ¢ mopmoxxkeHuem PC83-AT
YcTponcTBo Obino npeacrtaeneHo B rmase 3. OuddepeHumanbHas 3awmra MMeeT NMOCTOSIHHbIN
KoahpnumeHT TopMoxKeHust paBHbIn 0.5, KOTOPbLIA HAOEeXHO NepekpbiBaeT BCe BO3MOXHbIE MorpeLwu-
HOCTM nNpu BHewwHUX K3, a oT nepexogHbIX PeXXMMOB OHa OTCTpamBaeTCH MO BPEMEHN.
Oudsalmta He oTCTpanBaeTCcs No BENMYUHE TOKa OT BpPOCKa TOKa HamarHu4YMBaHus (MMeeT crneum-
anbHbIN BCTPOEHHbIN PUNLTP BTOPOW FAPMOHUKK), U OOMKHA UMETb 3aOepXKy MO BPEMeHW AN
obecneyeHns JONOSTHUTENBHON OTCTPONKN OT NepexodHbiX npoLeccoB. TOK N 3agepXkka no Bpeme-
HW onpedenslTca napameTpamu nUTarowen cetn n TpaHcdopmartopa, U noabuparTcs OnbITHLIM
nytem, Npy nogaye HanpskeHns Ha TpaHcopmMaTop OT CETU.
B nepBoM npubnmkeHUn MOXHO cuMTaTh, YTO Npu TOoKe cpabaTbiBaHus paBHOM 0.5 HOMUHaMNbBHOro
TOKa TpaHcdopmaTopa, 3a4epKky No BpemMeHn Heobxoaumo yctaHosuTb nopsaka 0.05 c.
OudbdepeHunansHasa oTceyka He nmeeT bunbTpa 2 rapMOHMKU U OOMKHA OblTb OTCTpoeHa oT 6po-
CKka TOKa HamarHmymBaHusa TpaHcdopmaTopa no TOKy. MOXHO NMpuHATL yCTaBKy MO TOKY paBHOWM
5 | vom. 1-pa. NPY HaNpspkeHUn 35 kKB unn - 6 | you. 1-pa - Npn HanpspxkeHun 110 kB. LienecoobpasHo BbI-
NONHUTL 3agepXKy no BpemeHun nopsagka 0.05 c. Kak n B cnyvae gud3sawunTsl, yctaBka AngoTceykm
JormkHa ObITb NpoBepeHa npu nogade HanpskeHWs Ha HeEHarpy>KeHHbIN TpaHcdopmaTop.
BblpaBHMBaHWE TOKOB MPOM3BOAUTCSA NOAOOPOM KOIhMULNEHTOB BbipaBHUBAHUSA C 0BENX CTOPOH.
Hanbonee ynobHo koadhuuneHTbl BbipaBHUBaHMUS MOXHO Nogobpath no hopmynam:

k1= I1|-|1'/|1'r1',k2= IZHTI I21'1'

B aTux BbipaxeHusx:
K1(2) - KOO (PULIMEHT BbipaBHMBaHWNA COOTBETCTBYIOLLIEN CTOPOHbI,
l1(2)ur - TOK B pene npu HOMUHaNbLHOM TOKE Harpy3ku Ha COOTBETCTBYIOLLIEN CTOPOHEe TpaHcdopMaTo-
pa,
I 1(2)rr - HOMMHaAMbHbIA TOK COOTBETCTBYIOLLEro TpaHcopmMaTopa Toka.
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Mpun Takom BbIGOpE YCTaBOK, HOMUHArbHbIE BTOPUYHbIE TOKM TpaHcdopmaTopa NPUBOASTCS K HO-
MUHaNbLHOMY BTOPUYHOMY TOKY TpaHcdopmaTopa Toka. [oaTomy yctaBka 5 A gudsalumTsl Npu ns-
TMaMnepHbIX TpaHCcopMaTopax TOKa paBHa Mo BennyMHe HOMMHaNbLHOMY TOKY TpaHcdopmaTopa.

MNpwu pacyete li2)r HEOBXOAMMO YUUTBIBATL KOIPMDULMEHT CXEMbI, YMHOXWB TOKU CO CTOPOHbI, KO-

Topasi cobpaHa B TpeyrosibHuK, Ha V3.
Pene 3T-21 (Y3A3)

[nsa 3awuTbl TpaHcOpMaToOpoB 1 aBTOTpaHcopMaTopoB ©onbLon MowHocTn YOAS BbinyckaeT
pene anddepeHumansHom 3awmThl ¢ TopmoxeHmem Tunos O3T-21 n [3T-23, B KOTOpPbIX NPUMEHEH
HOBbI NPUHLMN OTCTPOWNKM OT BPOCKOB TOKa HamarHM4YMBaHUA U TOKOB HebanaHca. 3alumTa BbInosn-
HeHa Ha MUKPOUHTErpasnibHOM NpuHUMnNe.

Ha guddepeHumnanbHbix 3awuTax ¢ pene O03T-21 n A3T-23 mMoxeT ObiTb BbIMNOIHEHA MUHMMATIb-
Hasi ycTtaBka no Toky cpabartbiBanusa 0,3-1,,, TpaHchopmaTopa. [na oTCTporkn oT 6GpockoB Hamar-
HUYMBAIOLLErO TOKA CUIOBbLIX TpaHCcopmMaTopoB M MepexodHbiX TOKOB HebanaHca mMcnonb3yeTcs
BPEMSA-MMMYIbCHBIN NPUHUUN BNOKMPOBaHUS 3aliUTbl B COMETAHUM C TOPMOXEHMEM OT COCTaB-
NAKLWMX BTOPON rapMOHNYECKOM TOKa, COAEPKALLMXCS, KaK NokasblBaeT aHanuM3, B TOKax HaMarHu-
YyMBaHUS.

Bpema-uMnynbCHbIA NPUHUMM OCHOBLIBAETCA Ha aHanu3e ONUTENbHOCTM nay3, MNOSBASOWUXCH B
KpmBon andpdepeHumnansHoro Toka (puc. 8.11). MNpn anepunognyeckom Gpocke Toka HamarHMyuBa-
HWUS1 Nays3bl ¢, MeXay MOMEHTaMu, KOrga MrHOBEHHbIE 3HAYEHUS TOKa HaMarHMYMBaHUSA NPEBbILLAT
TOK cpabaTtbiBaHMA pearvpytowero opraHa 3awmtsl (PO), Benuku (puc 8.11, a n 6).
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Puc. 8.11 BpemeHHble anarpaMmbl, NOSICHANOWME NpuMHUMN gencTBua guddepeHumansHom
3awmTbl ¢ pene Tuna A3T-21:

™1

a)— BbINPAMIEHHbIN paboymnii TOK B pene npu 6pocke Toka HaMarHMYnMBaHus;
6)— TO e Nnpu CUMMETPUYHOM Toke K3;

8)— MMMynbChl M Nay3bl Ha BbIXOAEe opraHa, (hopMUPYOLLErO UMMYMbChI NPU Bpocke Toka
HaMarHM4nMBaHus;

2)— TO Xe Npu cUuMMeTpU4HOM Toke K3.

Mpu cuHycomaanbHOM Toke (pexum K3 B 3awuiiaemMon 30He): naysbl Mexay MrHOBEHHbIMW 3HaYe-
HUAMU BbiNpAMieHHoro Toka K3, npesbiwatowmmm Tok cpabateiBaHnsa PO, manel (puc. 8.11, 6 u 2).
Takum obpasom, oLeHnBas ¢ NOMOLLbIO CreLmanbHON CXeMbl (CM. HUXKE) NPOSOIMKUTENBHOCTL naya3,
3awmTa MOXeT OTNIMUYNTb pexnm Opocka Toka HamarHu4mBaHus (GrIOKMPOBKa 3alUMThl) OT pexuma
K3 B 30He (cpabaTtbiBaHWe 3aLUnThI).

Covetanve B [3T-21 (O3T-23) ABYX yka3aHHbIX cnocoboB no3BonsieT obecnevnTb OTCTPOWKY 3a-
LWMTbI OT BPOCKOB TOKa HaMarHu4MBaHusi Npu Heob6xoaMMoM BbICTPOAENCTBUN N YYBCTBUTENBHOCTH.
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B 3awute npegyCcmMoTpeHO Takke TOPMOXEHME OT (hasHbIX TOKOB B ABYX Nfievax 3aluTbl, yryud-
LwakoLiee OTCTPOMKY OT YCTAHOBUBLLUXCS M NepexofHbIX TOKOB HebanaHca. Xapakrtepuctuka cpaba-
TbiBaHWA pene B 3aBUCUMOCTM OT TOPMO3HOIO TOKa npmeegeHa Ha Puc.8.12, 6).

Mpn BonbLUMX KPATHOCTSX TOKa B 3alLMLLIAEMON 30HE, OCOBEHHO MpPY HaNU4YMM anepnoandecKkon co-
CTaBNSAOLLEN, MOXET HaCTynUTb HacblweHne TT 3awuTbl. INpn 3TOM BO BTOPUYHLIX TOKax TT nosaB-
ngaTCa Naysbl, KOTOPblIe MOryT Bbi3BaTb 3amefrieHne unum oTkas 3awmTtbl. Ana obecnedeHns Ha-
OEXHOCTU 1 BbICTPOAENCTBUSA 3aLLUTbLI B 3TUX peXMMax B CXeMe NpeaycMoTpeHa AOoMofHUTENbHas
oTceuka.

OfHonuHenHasa CTPYKTypHas cxema 3almThbl NpyBeaeHa Ha puc. 8.12,a), oHa COOoEPXMUT: NPOMEXY-
TOYHble aBTOTpaHcopmaTopbl TL1 1 TL2 ons BblpaBHMBAHUSA BTOPUYHBIX TOKOB.

MpomexxyTouHble TpaHcdopmaTtopbl TL3, TL4 v Beinpamutenn VS1, VS2, yepes koTopble dopMu-
pyeTcsa TOPMO3HOW TOK Mne4ven 3awmThbl, NogaBaeMbli K pearmpytowlemy opraHy PO, cTabunuTpoH
VD, BKNOYEHHbIV NOCNeAoBaTENbHO B TOPMO3HYIO Lienb U obecneymBalowmnin npu HebonbLINX TOKaxX
paboty 3awmTbl 6€3 TopMoxkeHus (puc, 8.12); TpaHcpeakTop, TAV, K BTOPUYHBbIM OBMOTKaM KOTOPO-
ro noakritoyeHo vepes BoinpamuTens VS3 pene anddepeHumansHo otcedkn K A n uenb TOpMo-
XEHUs1 OT TOKa BTOPOM rapMOHWKK; (pUnbTp TOKa BTOPOW rapMoHukn ZF n Beinpamutens VS4, yepes
KoTopble nogaetcsd K PO TOPMO3HOW TOK BTOPOW rapMOHMWKW; YCTpOMCTBa POPMUPOBaHMUSA, Noa-
rotaBnuearoLme TOKM CMeLLeHns, nogasaemole B PO, NponopunoHanbHble TOPMO3HbIM TOKaM.
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Puc. 8.12 OudpdepeHumansHoe pene O3T-21:
a) OAHONMMHEeNHas CTPYKTYypHasa cxema 3almTbl TpaHcdopmaTtopa;
©) xapakTepuctmka cpabaTbiBaHUs 3alimnTbl B 3aBUCMMOCTU OT TOPMO3HOIO TOKa.

Augpzawyuma yecmpoiicme R3IPT u MX3DPT3A ¢pupmbi ALSTOM

Pene nmeloT TOPMO3HYIO XapakTepuUCTMKy MponopLmMoHanbHOro Tuna (NpoLeHTHOE TOPMOXEHME) —
TOK cpabaTbiBaHNS 3alLMTbl YBENMYMBAETCA NPOMOPLNOHANBHO YBEMMYEHMIO TOKA KOPOTKOrO 3aMbl-
KaHnsl. TOPMO3HbIM TOKOM SIBNSAETCS caMbli 6ONbLUOM TOK cpean nogBoavMbIX K pene, no Kaxaom
dase otaenoHo. [ud3awmTa ncnonb3yeT 3 unu 2 KoMnmekTa TpaHcopmaTopoB ToKa, pacnono-
YKEHHbIX C TPEX CTOPOH TpaHcdopmaTopa. BeipaBHMBaHWE BTOPUYHLIX TOKOB MO BENMYMHE U MO (ha-
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3e MPOoM3BOANTCA 3aLUMTON aBTOMATUYECKM pPacyeTHbIM NyTeM, ANA Yero npu 3agaHum obwmx xa-
paKTepUCTUK 3a4atoTcs napamMeTpbl TpaHcdopMaTopa 1 TpaHcopMaTopoB Toka. [pu 3TOM BO3HU-
KaeT BO3MOXHOCTb cobpaTb TpaHCOPMaTopbl TOKa CO BCEX CTOPOH B «3BE3[dy» YTO CHWXAaeT Ha-
rpy3Ky BTOPWUYHbIX Lienei. TOK HyneBow nocrieqoBaTenbHOCTH, Mpy 3TOM, yCTpaHsieTcss nporpamMm-
HO, YTO AenaeT XxapakTepUCTUKN HE3aBUCUMbIMU OT PeXxnma HernTpanu TpaHcdopmartopa.

Yyactok AB — HavarnbHbIN, HA 3TOM y4acTKe TOK cpabaTbiBaHWUsSl HE 3aBUCUT OT TOPMOXEHMS. B Tou-
ke B xapakTtepucTuka HayanbHOro yvyactka nepecekaeTcsi ¢ nepBorM TOPMO3HOW XapaKTEPUCTUKOMN.
OHa umeeT HaknoH P1 u HauMHaeTcsl OT Hayana KoopAauHaTt. OTa XapaKTepucTuka paboTaeT npu
MarnbIX TOKaxX KOPOTKOrO 3aMblkaHUsl, kOrga MOrpeLlHoCcTb TpaHcopmaTopoB Toka Hesenuka. [MNpu
Tokax, 6onbwnx 2,51, HaunMHaeTcs BTOpasi TOPMO3HAs XapaKTepucTuka, KoTopasi nepecekaeTcs ¢
nepson B Touke C 1 nmeeT Gonee KpyTon HakoH — P2 yunTbiBasi 60NnbLUY0 NOrPEeLIHOCTb TpaHC-
dopmaTtopoB Toka npu Gonbwmnx TK3. U nocnegHui yyactok — DE, rae Tok cpabaTbiBaHWs ONSATb He
3aBMCUT OT TOPMO3HOro Toka. JlomaHaa nuHus ABCDE npepgctaBnsiet oOuyto xapakTepucTuky
AnddepeHUnanbHom 3alnTbl.

[nga obecneyeHnsa oTCTPOMKM And3amnTbl OT Bpocka ToOKa HamMmarHMYMBaHUA NPU nogadve Hanpske-
HUSA NpUMeEHSAEeTCa BGNOKMPOBKa BTOPOM rapMoOHMKon Toka K3. BriokmpoBKa Mo TOKY NSATON rapMOHUKM,
npeaHasHavyeHa Ang npeaoTBpaLLeHns NOXXHON paboTbl Aud3amnTbl OT NOBLILLEHHOMO TOKa Hamar-
HUYMBaAHMA MNpU NepeBo3byxaeHMn (Nodaun HanpskeHuss Ha oBbMOTKY TpaHcdopmaTopa 3Hauu-
TenbHO Bbile HOMWUHanbHoro). OHa paboTaeT COBMECTHO C npeablayLlien, U HOpMasibHO AOSMKHbI
ObITb BBeAEHbLI 06€ ONOKNPOBKU.

ID D E

30Ha cpabaTbiBaHus

30oHa TopMOXKeHUs

2,51, L

Puc.8.13 Xapaktepuctuka guddepeHumnansHon sawmtel R3IPT.

ID — andppepeHunanbHbIN TOK;
1,, — TOPMO3HOW TOK paBeH HanbonbLUEMY N3 TPeX BTOPUYHbBIX TOKOB.

5naro,u,ap9| Hann4yunko 6J'IOKVIpOBOK, TOK Cpa6aTbIBaHVIF| ,EI,I/IC*)3aI.IJ,VITbI MOXET ObITb BbLINOMHEH 3HAYK-
TE€NbHO MEHbLUIMM HOMWHalIIbHOIo TOKa TpchcbopmaTopa.

Mpu BbIGOpE yCTaBOK CneayeT UCXOaUTb U3 TaKUX COOBPaKeHWA:
e YcTaBku andpene Boibnpatotcsa 6e3 pacyeTa.

e Pene rpagynpoBaHo B OTHOCUTENbHbIX eaunHuuax K 6a3I/ICHOMy TOKY (HOMI/IHaJ'IbHOMy TOKY
TpchcbopmaTopa). BTOpI/ILIHbIe TOKU MepecHNTbIBAOTCA aBTOMaATU4YE€CKN NCXoaAa U3 BBEOEHHbLIX
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paHee KoahdpnumeHToB TpaHcdopmaLlmm TpaHCOopMaToOpPOB TOKa U NapaMeTpoB TpaHcdopma-
TOpa.

e Tok cpabatbiBaHuda 1 ydyacTtka xapakrepuctukm (AB) npuHumaeTtcsa paBHbiM 0,4 HOMWHANBHOIO
ToKa TpaHcdopmartopa.

o KoadhdpuumeHT TopMmoxeHna P1 nepBoro yyactka TOPMO3HOW XapakKTEPUCTUKM B 30HE MarbIX
TokoB K3, npMHmMmaeTcs paBHbiMm 0,4.

o KoadbduumeHT TopMoXeHna P2 BTOpOro yvyactka TOPMO3HOW XapaKTEPUCTUKN B 30HE OOMbLINX
TokoB K3 npuvHumaeTcs paBHbIiM 1.

e [1ns OTCTPOMKM OT OpOCKa TOKa HaMarHM4MBaHWs TOK cpabaTbiBaHMA OTCEYKM OOSMKEH ObITh pa-
BEH 6.

e ToK 6GrOKMPOBKM MO 2 rapMoHKKe npuHMMaeTcs paBHbiM — 10%.

e Tok 6rokMpoBKM MO 5 rapmMoHuke npmuHumaeTcs pasHbiM — 10%.

e [pynna coeguHeHun TpaHcdopmMaTopa, BblpaBHMBAHUE BTOPUYHBIX TOKOB MO BennyuHe U hase
yynTbiBaeTCsa NporpaMmMHbIM nyTeM. MOXHO y4ecTb NPOrpamMMHO M MOSIIPHOCTb TpaHcdopmaTo-
poB TOKa.

Yctponcrteo and3awmtbl Ha pene MiCOM P632-633 gpupmbr ALSTOM

Pene nmeeTr HeMHOro otnuyarowimecs xapakrepuctuku (cm. puc. 8.14). Pene MiCOM P632-633
nMeeT TOPMOXEHNE apnPMeTMYECKON NONYCYyMMOM TOKOB.

YyacTtok |l| — HavanbHbIN. Ha 3TOM y4yacTke Tok cpabaTbiBaHUS HE 3aBUCUT OT TOPMOXKEHUS. Xapak-
TEpPUCTUKA HayanbHOro yvyactka nepecekaeTcsi C NnepBon TOPMO3HOW XapakTePUCTUKON B TOYKe, rae
CXOOMTCS JIMHMS TOPMO3HOW XapakKTEPUCTUKM NpU OQHOCTOPOHHEM nnuTaHum K3. OHa numeeT HakmnoH
P1 (yuyacTtok [ll]). OTa xapaktepuctuka pabotaeT npyu ManbiXx TOKax KOPOTKOrO 3amblKaHus, Koraa
NOrpeLLUHOCTb TpaHcopmMaToOpoB TOKa HeBenuka. TOK Hadana BTOpPOro yyactka Topmoxenus |l
3agjaeTcd yctaBkon. MimeeTcs elle 2 yctaBku: npu Toke |d>> npekpaliaeTtcsa gencTBme GroKMpoBKu
no 2 rapMoHuKe, 1 Npu Toke |d>>> npekpallaeTca JeNcTBMe TOPMO3HOW XapaKTEePUCTUKN.

[nsa obecnevyeHns OTCTPONKM And3awmnTbl OT Bpocka ToOKa HaMarHUYMBaHUA NpU Nofgade Hanpsike-
HUSA NpUMeHsieTcs BOKMPOBKA BTOPOW rapMoHKMKon Toka K3. BrnokmMpoBKa no TOKY MSATOM rapMOHWUKMK,
npeaHasHavyeHa aAng npeaoTBpaLLeHns NoXHoON paboTbl AMd3almTbl OT NOBLILLEHHOMO TOKa Hamar-
HUYMBaHMA NpU NepeBo3byXaeHun (Nogayn HanpsbkeHuss Ha oBMOTKy TpaHcdopmaTopa 3Hauu-
TenbHO Bble HoMuHanbHOro). OHa paboTaeT COBMECTHO C npeablaylwend U HOpManbHO OOSDKHbI
ObITb BBeAEeHbI 06e BNOKMPOBKMN.

Bnarogapsi Hanuuuio GrOKMPOBOK, TOK cpabaTbiBaHWUA AUd3aLUMTbl MOXET ObiTb BbINOMHEH 3HAYM-
TeNbHO MEHbLUMM HOMUHArIBHOIO TOoka TpaHcgopmaTopa.
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Puc.8.14 Xapakrepuctukm cpabatbiBaHmsa anddepeHumansHoro opraHa.

Mpw BbIGOPE YCTaBOK CrieQyeT UCXOANUTb U3 TaKMX COOBpaXkeHu:

YcTaBku BbINonHsaTCcA 6e3 pacyeTos.

Pene rpagynpoBaHO B OTHOCUTEMbHbLIX eAuHuMuax K 6asnMcHOMy TOKY (HOMWMHambHOMY TOKY
TpaHcdopmaTtopa). BTopuyHble TOKM nepecynTbiBalOTCA aBTOMAaTUYECKN UCXOAS U3 BBEOEHHbIX
paHee Koa(hPUUMeHTOB TpaHcdopmaumm TpaHcopMaToOpPOB TOKa U napaMeTpoB TpaHchopma-
Topa.

Tok cpabaTbiBaHus 1 yvacTka xapaktepuctuku |l| npuHumaeTtca pasHbiM 0,35 HOMUHAMLHOMO
TOKa TpaHcdopmaTopa.

KoadhdmumeHT TopmoxkeHss m1 nepBoro yvyactka TOPMO3HON xapakTtepucTukm |[ll| B 30He manbix
TokoB K3, npnHumaeTtcs pasHbim 0,4.

Tok Havana BTOPOro y4yacTtka TOPpMOXXeHUA paBeH 1,5 HOMUHanNbLHOro TOKa.

KoahumumeHT TOpMOXXEHMA M2 BTOPOro y4acTka TOpMO3HOW xapaktepuctukm |lll] B 3oHe 6onb-
wmnx TokoB K3 npuHumaeTca paBHbIM 1.

YcTtaBku 1d>> 1 |[d>>> npuHMMaloTCa O4MHAKOBbIMU MU paBHbIMU 6.

Tok 6110KMPOBKM MO 2 rapMoHKKe NpuHUMaeTcs paBHbiM — 10%.

Tok 6rnoknpoBKN NO 5 rapmMoHnke NpuHUMaeTcst paBHbiM — 15%.

pynna coegmnHeHun TpaHcdopmaTopa, BblpaBHMBaAHME BTOPUYHbLIX TOKOB MO BeNYMHE N (hase

yuYnTbIBaeTCH NPorpaMMHbIM nyTeM. MOXHO y4ecTb NPOrpaMMHO U NOMSIPHOCTb TpaHcdopMaTo-
POB TOKa.

AduphepeHuyuanbHass 3auyuma om 3aMblKaHUll Ha 3eMJ1I0

Bxoaut B coctaB 3awutbl MiCOM P632, P633, paboTaeT Ha dunbTpax Toka HyfieBoOW nocrnegosa-
TENbHOCTM K 3awmaeT o6MOTKy TpaHcdopMaTopa C 3a3eMNeHHON HerTpanbto. BkniovaeTtca Ha
TpaHcdopMaTopbl TOKa CO CTOPOHbI BBOAOB 3aluuiaeMor 06MOTKM 1 Ha TpaHcdopMaTop Toka yc-
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TaHOBSEHHbIA CO CTOPOHbI 3a3eMIIEHHON HenTpanu. [ud3awmra Takke MMeeT NpPoLEeHTHOE TOPMO-
XeHne. XapakTepucTuky cMm. Hmwke puc 8.15. 3awmrta bonee YyBCTBUTENbLHAA, YeM OCHOBHasi ond-
3alWuTa, KoTopas He pearnpyeT Ha TOK HyneBow nocriegoBatenbHocTn. OHa 4OCTAaTOYHO YETKO pea-
rmpyeT Ha BUTKOBbIE 3aMblkaHNsA 06MOTKM TpaHcopmaTopa.

HavanbHasa Touka xapaktepuctukun Id> perynupyetca B npegenax 0,1+1,0-7,,,,,.
KoadbdmumeHT TopmoxeHus He perynupyetcs n paseH m=1,005.

Tok npekpaleHus oencTema TopMmoxennsa Id>>> perynunpyetcs B npegenax 5+10-1,,,,,.
PekomeHayemble ycTaBKu:

Id >= 0,21,

Id >>>=5.1,,,,.

m=1,005.
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Puc. 8.15 Xapaktepuctuka cpabatbiBaHmsa guddepeHLmanbHoOro opraHa oT 3aMblKaHUn Ha 3eMITHO.
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HAugeperyuanbHbie 3auwyumsl mpaHcghopmamopoe opyaux ¢hupm

OHuM nmetoT NogobHbIE XapakTePUCTUKM:

Operatng Charactenste (Id va. )

B T T moK cp A8 pu T T T T
Iy T 1
1 5 + + 1 1 i 1 . - -
BREAK 2 (HEOBPANUN SHHBH! M}r-—)
N A loperate ! bt SR RS ERR RS-
g i epaduenms= * 100 % | |
Albias

LB Transtion Region

N gpadu 1 .2
{oubie spline) awan N epoduenm T apad.

SLOPE 2

Id {ir) Region
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49% 49%
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0000007

Puc. 8.16. TopmosHast xapakTepucTika Puc. 8.17. Habop TOPMO3HbIX XapaKTepuctuk gud-

andsawmTel t35 n t60 dompmbl GE. sawmtbl RET 521 dompmbl ABB.
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-
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IRestraint

Puc. 8.19. TopmoaHas xapakTepucTuka

Puc. 8.18. Topmo3sHass xapaktepuctuka aundasa- andpsanTsl SEL 387 cpupmbl SEL.,

wutbl 7UT513 n 7UT612 doupmbl SIEMENS.

M3 npuBeaeHHbIX Ha pucyHkax 8.16 — 8.19, TOpMO3HbLIX XapakTepucTuk auddepeHumnanbHbIX pene
pasnMyHbIX MHOMPM BUOHO, YTO OHM MOXOXM OPYr Ha Apyra, U NPUHUUMbBI HA KOTOPbIX OHU BbIMNOM-
HAOTCS OAMHaKoBbl. MIMeeTcs HayanbHbIN TOK cpabaTbiBaHMSA 3HAYUTENBHO MEHbLUWUIA HOMUHAIbHO-
ro Toka TpaHcdopMaTopa, y4acToK ¢ MarnbiM TOPMOXEHUEM LM Manon BENNYMHbI TOKa, Y4acToK C
GonbwnM TOpMOXEHNEM ANA 60NbLUMX TOKOB, MPU KOTOPbIX MNOrPeLHOCTb TpaHCopMaTOpOB TOKa
CyLleCTBEHHO Bo3pacTaeT. Kak npaBuno, B cCOCTaB AM3awuTbl BXOAUT AUOTCeYka, KoTopas
obecneumBaeT GbicTpoe oTkNoYeHne K3 npu Gonblimx TOKax, Koraa TOPMOXEHUe MOXeT 3amef-
nnTb cpabaTbiBaHue 3awntbl. OTCTpoMKa OT Bpocka HamarHMYMBaKLLErO TOKa TpaHcdopmaTopa
NPOM3BOANTCA 3@ CHET TOPMOXEHUSA BTOPON rAPMOHMKOWN TOKa HaMarHM4YnBaHuS.

8.4 T'A30BAfA 3ALLUTA

MasoBas sawwmTa ('3) — 370 3aWMTa OT BHYTPEHHNX MOBPEXAEHUI TpaHcdopMaTopa, CONpPoOBOX-
JalolWmnxcs BbldeneHnem rasa, noHWXKeHMeM YpPOBHS Macna B ra3oBOM pene, MM UHTEHCUBHbLIM
ABWXEHNEM NoToka Macna ns 6aka TpaHcgopmartopa B paclumputens. [Ana npasunbHon pabotel '3
kopnyc TpaHcdopMaTopa ycTaHaBnuBaeTcs ¢ HaknoHoM 1,5-2% B cTOpoHy pacwupuTens. [[a3oBoe
pene ycTaHaBnMBaeTCs B pacceydky TpybonpoBoaa OT Kopryca TpaHcdopmaTopa K paclumpuTento.
a3oBas 3awmuTa abCconoTHO cernekTBHa U He pearnpyeT Ha nospexaeHns BHe Bbaka TpaHcdopma-
Topa.l[a3oBas 3awmTa TpaHcdopmMaTopa BbIMNOHAETCA ABYXCTYNEeHYaToMN:
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MNepBas ctyneHb '3 cpabaTtbiBaeT Npu He 3HAYUTENBHOM BblAENEHWUM rasa, UM MOHUXKEHUU YpoB-
Hsi Macna B ra3oBOM pere, U C BbiAEPXKKOW BpeMeHW AeACTBYET Ha curHan.

BTopas ctyneHb '3 cpabaTtbiBaeT Npu 3HaYUTENBHOM BblAENEHUM rasa, NOHWKEHUN YPOBHS Macna
B ra30BOM pene, Unu Npu MHTEHCUBHOM ABWXEHMM NOToKa macna u3 6aka TpaHcdopmaTopa B pac-
LUMpUTENb, N OEUCTBYET Ha OTKIIOYEHME TpaHcopmaTopa CO BCEX CTOPOH 6e3 BblaepXKkM Bpeme-
HW.

O6pasytowmecs npy MECTHOM Neperpese Unmn nNpu AyroBom 3amMmblkaHum BHYTpu 6aka TpaHcdopma-
TOpa rasbl BbiTankmBalT Macno 13 TpybonpoBoga v ra3oBoro pene, a 3ateMm npopbiBaloTCA B pac-
LWwMpuTenb, 3anofnHAs no nytu rasosoe pene. Npu He3HaunMTenbHOM BblAENEeHWW rasa, OH 4vepes
TpyOy 3anonHAeT BEPXHIOK YacTb ra3oBOro pene, a U3NuLIEeK NPoxXoauT B paclumputens. Takum o6-
pa3oMm, B ra30BOM pere ckannmBaeTcs ras, KOTopbl MOXHO BbINyCTUTb Yepes KpaH, unn HabpaTtb B
creunanbHy0 eMKOCTb U HanpaBuTb Ha aHanu3. BHyTpu obbema, rae ckannueaeTcs ras, HaxoauTcs
nonnaBoOK, KOTOPbLIA NPY NOSIBIIEHNN ra3a OnyckaeTCsa U 3aMblKaeT KOHTaKTbl, AEACTBYIOLLME HA CUr-
Han (curHanbHbIN 3aneMeHT rasoBoro pene). [Npu cpabaTtbiBaHUM curHanusaumm, Heobxoaumo oT-
KnounTb TpaHcdopmaTop, B3sATb Npobbl rasa; coctaB rasa, 3ateM aHanuaupyetcs. [Ansa otbopa
NpoObl ra3a pene ocHalleHo crneuunanbHbiM KpaHoOM, a Anst Habn4eHUsa 3a KONMYeCcTBOM rasa nme-
eTcsa cneumanbHOe OKHO € aeneHuamu. NMpoctenwmm cnocobom aHanusa ABnsieTcs NpoBepka rasa
Ha roptovecTb 1 LBeT. [optoune rasbl 06pasyoTcs B Macne nog AeNCTBUEM INIEKTPUYECKON OYyrv U
CBUOETENLCTBYIOT O ee NosiBNeHun BHyTpn 6aka TpaHcdopmaTtopa. OkpalimsaHue rasa nponcxoauT
npv ropeHnn TBepaon n3onsaumm BHyTpWU TpaHcdopmaTopa. XMMUYECKUin aHann3 gaet bonee Tou-
Hble CBeJeHWs1 O xapakTepe nospexaeHus. Cnegyet MMeTb B BMAY, YTO B ra3oBOM perie MOXeT
oKasaTbCA M BO34yX, KOTOPbIM OblN pacTBOPEH B Macre W Hadvan BblAensaTbCs nocfe ero Harpesa.
MHcTpykunsaiMmn 3anpeltaetca oToop rasa Ha TpaHcdopmaTope, HaxOAasLWweMcs Nog HanpsbkeHNeM,
n3 coobpaxeHuin 6e30NacHOCTU — He3HauUTenbHOe BHavane noBpexaeHue MOXeT nepepacTu B
GonbLioe noBpexaeHne € pa3pbiBOM Gaka M nNoXxapom, BCReACTBME 4ero nocTtpagaeT nepcoHarn,
oTOupatowmi npoby rasa. Bropon anemeHT (MOMMnaBoK) ra3oBOro perie pacnosioxXeH BHYTpWU pene
NpsiMO Ha NyTW MOTOKa mMacna u3 TpyObl B paclumputenb, OH MOXET ONyCTUTbCA NoA AaBreHuem
Macna npu ero Bbibpoce nnu npu 3anofHeHnn perne rasom. [ns yeTkon paboTbl Npu BeIGpoce Mmac-
na B COBPEMEHHbIX perne NonnaBoK AOMNOMHUTENbHO COeQUHAETCS CO crneLmarnbHOW 3aCNOHKON (CM.
puc. 8.20.).

Puc. 8.20. Ma3oBoe pene tnna BF-80.
1 — BepxHWI (CUrHanbHbIN) NONNABOK;
2 — 3aCnoHKa;
3 — HWKHUI NONNaBoK;

CTpéerika — HanpaslneHune CTpyn Mmacra u rasa.

CBepxy Ha Kopnyce perne HaxogaTcst KpaH anst otéopa npo6 rasa u Bbinycka Bo3agyxa, U nofd 3a-
LWMTHBIM KOSNA4ykoMm, - KHorka onpoboBaHNSA UCNPaBHOCTU ra3oBOro pene. HaxaTtue KHOMKN Ha 2
XoA4a Bbi3blBaeT cpabaTbiBaHWE CUrHanbHOroO KOHTakTa pene. HaxaTtue kHonku onpoboBaHua Ao
yrnopa BbI3blBaeT cpabaTbiBaHWe OTKIOYAOLWEro KOHTaKTa ra3oBoro perne. Bosspart pene npowuc-
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XOOWT aBTOMaTU4YEeCKM nocrne ocBOGOXOEHMM KHOMKM ornpoboBaHus. KHomky onpoboBaHus 3
yAo6HO ncnonb3oBaTh Npy onpoboBaHnn paboTbl KOPOTKO3aMbIKaTENS U OTAENMUTENS.

Bbibpoc macna vnu BbigeneHue cpasy 6onblioro obbema rasa NponCXoanT Npu cepbe3HOM nospe-
XOeHun BHYTpu Baka, nodTomy, BTopas cTyneHb '3 AencTByeT Ha OTKNoYeHne 6e3 BbiaepXKKM Bpe-
MeHu. OTKNYaLwWmn aneMeHT cpabaTtbiBaeT Takke MNpu OTCYTCTBUMM Macra B ra3oBOM perne.
O6bI4HO 3TO NPOUCXOANUT MpK Teun u3 Baka, koraa mMacro LEefnMKoM Yo U3 paclumpuTtens 1 raso-
BOro pene. Ho cyuwiecTtsyeT n gpyras BO3MOXHOCTb: MeXAy rasoBbiM perie U pacumputenemMm mme-
€TCA KpaH, NepeKpbiBaOLWUIA BbIXO4, Macna U3 paclumpuTens.

Ecnn aTOT KpaH OCTaBUTb B 3aKPbITOM COCTOSIHUM, TO MPWU MOHWXEHWUM TemnepaTypbl Macna B
TpaHcdopmaTope ypoBeHb ero NOHU3UTCS M Macno ynaet u3 rasoBoro pene. TpaHcdopmartop oT-
kntounTcs. NoaTomy onepaTuBHLIN NepcoHan 06a3aH NPOBEPUTb MONOXEHUE KpaHa nepen BKIoYe-
HWeM TpaHcgopmaTtopa.

HoBbi Tpchd)opmaTop OOJMKeH BKn4aTbCA C BBEAEHHbIM Ha OTKIOYEHUE CUrHanbHbIM MonjaB-
KOM rasoBoK 3aLluThl, KOTOprI7I MOXET Cpa6OTaTb M Npn Ha4vnHarwwemcd nospexgeHnmn Tpchcbop-
MaTopa, A0 KOPOTKOro 3amMbikaHNA B HEM.

Mpw BKNOYEHUM HOBOTO TpaHcopMaTopa No Mepe ero Harpeea NpPouUCXoauT BbiAeneHve Bo3ayxa,
pacTBopeHHoro B macrnie. OH 3anonHsaeT rasoBoe perne u ero HeobtxoanMo BpeMsi OT BPEMEHU Bbl-
nyckaTb. BblBOOUTb OeNCTBME OTKIHOYAKOLLEro dreMeHTa Ha OTKIMYEeHUe A0 NpeKpalleHus Bbiae-
neHust Bosayxa He paspeluaetcs. CTpyViHbIA 3NIEMEHT ra3oBoOW 3alUTbl MMEET ycTaBky cpabaTbiBa-
HMS1 N0 CKOPOCTU Macna (anamMeTp OTBEPCTUS B 3aCrIOHKeE).

BenuunHa ycTaBku onpegensieTcs no 3aBOACKOW MHCTPYKLMU U MOXET KOPPEKTUPOBAaTLCA B 3aBU-
CUMOCTM OT COCTOSIHMS! TpaHcdopmaTopa. [lerno B ToM, YTo 6pocoK Macna npoucxoauT He TOSbKO
NPV NOBPEXAEHUN BHYTPU TpaHcdopmaTopa, HO U NPY BHELLHUX KOPOTKUX 3aMbIKaHUSX.

Mpn K3 aMHammnyeckMm BO3OENCTBMEM TOKa OOMOTKM TpaHcdopMatopa CKUMAaKTCA M NochbiiatoT
TOMYKOM Macrio B pacwmputenb. CxaTuio NpenaTcTBYHOT KMMHbS KOTOPbIE packpennsioT 0OMOTKY.
OpaHako co BpeMEHEM KIMHbSA YCbIXaloT U AedhopMUPYIOTCS, a BUTKM OOMOTKM MOfyYaloT BO3MOX-
HOCTb HEKOTOPOro nepemMelleHust. [Npn aTom BPOCOK Macra CTaHOBUTCS CUINbHEE N CKOPOCTb MOTOKAa
Macna yeenuumBaeTcd. B kakom To cteneHu cpabaTbiBaHUs ra3oBOM 3alUTbl MOXHO nsbexaTb ny-
TeM 3arpybrneHns ycTaBkM NO CKOPOCTM Macra, ecnu cpabaTtbiBaHne ra3oBor 3aluTbl NMPOUCXOANT
npu Tonyke macna. Ho nydiwe BbINOMAHUTb KanuTanbHbIN PEMOHT TpaHcopmaTopa C yKpenneHnem
0BMOTOK.

ra3oeas 3awjuma nepeknrovyamernsi PI1H

asoBas 3awuTa PMNH TpaHcdopmaTopa BhINOSIHEHA HA CTPYWHOM pene W OeWCTBYET Ha OTKIo-
YyeHue TpaHcdopmaTopa NpU UHTEHCMBHOM ABMXEHUWU NoTOka Macna u3 6aka PINMH B cTtopoHy pac-
LWMpUTEn.

KoHTakTtopbl nepekntoyatens PIMNH HaxogaTtca B oTaeneHHom oOT 6aka TpaHcdopmaTopa OTCEKe.
lMockonbKy Npy NepekntovYeHnn KOHTaKTOpOB Ayra roput B Macrie, To Macrno NoCTeneHHO pasnara-
€TCA C BblOENEHMEM rasa 1 OpYrnx KOMMOHEHTOB. OTO Macro He CMELLUMBAETCs C OCTallbHbIM Mac-
nom B 6ake n He yxyawaeT ero kadectBo. bak PIH Tak ke coeamHsieTca ¢ paclumputenem (oT-
AenbHbIA OTCEK) N B coeauHUTENbHOM Tpybe ycTaHaBNMBaeTCs cneuunanbHoe pene, Hanpumep, Tu-
na URF-25. OT0 pene HasbiBaeTca CTPyMHbIM M paboTaeT Tonbko npu Bbibpoce macna. Pene He
MMEET KpaHa Ans cnycka Bo3ayxa (HopManbHO B CMOTPOBOM OKOLLKE MOXET BbITb BO3OyX), U UMeeT
TOMNBbKO OOWH OTKMOYAOLWLMI 3NeMEHT — 3acrioHka BMEeCTO nonnaeka. a3, Belgensatowmincs npu ne-
PEKIMOYEHNN KOHTaAKTOPOB, CBOOOAHO BbIXOAWT B paclUMpUTENb U HE Bbi3biBaeT cpabaTtbiBaHMA pe-
ne. CpabaTbiBaHne pere Bbi3biBaeT BbIOPOC Macna, NpoMcXoasLuin nNpy NepekpbiTUn BHYTPU OTCe-
ka PIH. MNpu cpabaTtbiBaHum cTpynHoro pene PIH B ero cMOTPOBOM OKOLLKE MOSIBASAETCS KPaCHbIN
curHanbHbIn pnaxok. MNMocne cpabatbiBaHNSA CTPyNHOE pene ocTaeTcsl B cpaboTaHHOM NOSNOXEHUU
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N OOMMKHO BO3BpaLLaTbCsl B UICXOOHOE MOMOXEHME HaXaTueM KHOMKK Ha pene. Pene cHabxeHo Tak-
e KHOMKoM onpoboBaHusl, HaXXaB Ha KOTOPYK MOXHO OTKNIOUNTL TpaHcdopMaTtop. Y CTPYMHbIX pe-
e HeMeLKOro NpomM3BOACTBa Ha Kopryce MMeeTcsl BCero ogHa KHOrMKa MpoOBEpKM MCMPaBHOCTU U
Bo3BpaTta pene. Haxatne ee Ha %2 xoga Bbi3biBaeT cpabaTbiBaHWe perne, a Haxatve OO0 ynopa -
Bo3BpaTt. KHonka onpo6oBaHWs UCMPaBHOCTU perie MOXeT UCMNOoNb3oBaTbCA ANs onpoboBaHMs OT-
JenuTenst n KopoTkosaMmblkaTens, 1 6binu cnyyau, korga nocne onpoboBaHUsA, pene ocTasnsanu B
cpaboTaHHOM COCTOSIHUM W, NMPW BKIKOYEHMU TpaHcdopmaTopa, OH cpasy e oTkntoyanca. CTpyn-
Hoe pene PIMH moxeT Tak e cpaboTtaTtb npu gonueke macna B 6ak PINH cHuay. MNoatomy, npu BBO-
ae TpaHcdopmaTtopa B paboTy, He06XoauMO NpoBepuTb He cpaboTaHHOE MOMOXEHWe CTPYMHOro
pene PMNH no oTcyTCTBUIO KpacHOro ¢pnakka B CMOTPOBOM OKOLLKE pere.

lNpumeyaHue.

1. Ecmb ewe 00UH anieMeHm Ha mpaHcghopMamope, MOJIOKEHUE KOMOPO20 HYXXHO Mposepumsb
reped eknrodeHUeM: omceyHol knanaH. OH cmoum Ha MOWHbIX mpaHcghopmamopax u rnpu e2o
cpabambligaHuu nepekpbieaemcsi 8bIx00 Macrna u3 pacwupumerns 8 mpaHcgopmamop. Ha 3a-
Kpblmue Omce4yHo20 KramnaHa oOelicmeyem 3awuma Om 6HYMPEHHUX oepexoeHuli mpaHc-
opmamopa. E2o makxe Hy>HO 83gecmu rnieped eKrtoYeHUEM, uHadye 6ydem HapyuleHa C853b
mex0y mpaHcghopMamopoM U pacwupumernemM, u ernocrnedcmeuu, Moxem rnpousolimu foXHas
paboma 2a3080l 3auwumel.

2. Ha mpyb6oniposodax pacwupumerisi mpaHcgopmamopa UMemcs KpaHbl, ro3eorisruwue nepe-
Jlusame Mmacria u3 obrema pacwupumerisi mpaHcgopmamopa 8 omcek pacwupumens PrIH.
Heobxodumo cnedumes 3a mem, 4mobbl Yepe3 HUX Macsio ¢ caxel u3 omceka PlH Hukoza0a He
ronaro 8 pacwupumesib mpaHcghopmMmamopa.

8.5 3ALUUTA OT CBEPXTOKOB IlNMPU BHELWHNX K3
(MAKCUMATJIbHAA TOKOBASA 3ALLIUTA)

MakcumanbHaga TokoBada 3awuta (MT3) aBnseTca pe3epBHON 3alMTON TpaHcopmaTtopa, u cny-
XUT AN OTKNIOYEHUsa TpaHcopmaTopa Npu ero NoBpeXaeHUM U OTka3e OCHOBHbIX 3aLUU1T, a Tak e
npy K3 Ha cOOPHbIX LUMHAaX MU Ha OTXOAALMX OT HUX NpUCoeanHeHnsaX, ecnu P3 unu BeiknoyaTte-
nn 3TUX aNemMeHToB oTkasanu B paboTte. Mo ycnosusm cenektueHoct MT3 gormkHa MMeTb Bbl-
OEPXKKY BPEMEHU U, cnefoBaTenbHO, HEe MOXeT OblTb GbicTpogencTsytowen. o aTon NpuynHe B
KayecTBe OCHOBHOM P3 oT noBpexaeHun B TpaHcopmMaTopax OHa MCMNONb3yeTcs NULb Ha Marlo-
MOLLHbIX TpaHcdopMaTopax.

3awjuma 0eyxo6MOMOYHLIX MOHUXaroWuXx mpaHcghopmamopos.

Cxema MT3 TpaHcdopmaTopa ¢ OOHOCTOPOHHUM MUTaHMEM NpuBedeHa Ha puc. 8.21. YTobbl
BKITIOMUTL B 30HY AENCTBUS 3alumThl caMm TpaHcdopmaTop, P3 ycTaHaBnmBaeTcs CO CTOPOHbI UC-
TOYHMKA NUTaHUA N OOSKHA OEeNCTBOBATb Ha OTKIOYeHue BbikntovaTena Q7. TokoBble pene
MTS3 Bkrovatotes Ha TT, ycTaHOBreHHbIe Yy Bbikrtoyatensa Q2

Ha puc. 8.21, a npuBegeHa cxema P3 TpaHcdopmaTtopa, BhINOMIHEHHASA C ABYMSA TOKOBbIMU pere
KA1 n KA2, kotopble, cpaboTaB, C BblAEPXKKON BPpEMEHN OOHOBPEMEHHO OAENCTBYIOT Ha OTKIHO-
yeHue BblkntoyaTenen Q71 n Q2. MNpu aTom B criydae BHelHUX K3 Ha cTopoHe HU3LLEero Hanpsike-
Hua (HH) TpaHcdopmaTtopa oTknodeHne Bbikntovatena Q2 pesepBupyeT OeNCTBUE BblKIovaTe-
na Q1. Yacto P3 BbINOMHAKT C ABYMSA BblAEpKKaMU BPEMEHU; C NEPBOW #; HA OTKIIOYEHME
BbikItovaTenst Q7 co ctopoHbl HH, a co BTOpon t, =t + At Ha oTknodeHne Q2 co CTopoHbI BH.
TT, ycTaHoBNEHbI y Bbikntovatensa Q2.
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LELd

6)

Puc. 8.21 MakcumanbHasa TokoBasa 3awmrta ABYXOOMOTOYHOMO
MOHWXatoLLEero TpaHcgopmaTtopa:

a — CXeMa TOKOBbIX Lienemn 6 — cxema TOKOBbIX Lienen
ctpema TT casyma TT

B cny4dae HeoTkntoveHHoro BHewHero K3 Ha ctopoHe HH MT3 ¢ BblaepKKOW BpeMEHU ¢, OT-
KMoYnT BblikNtovaTens Q7, TpaHcopmMaTop Npy 9TOM OCTaHeTCA Mo, HanpsPKeHMeM Co CTOpO-
Hbl BH. B crniyyae e noBpexgeHusa B TpaHcopmaTope U OTKase ero OCHOBHbIX ObICTPOOENCT-
BytoLmx P3, MT3 ¢ Bblaepkkon BpeMeHM OTKIOYMUT BbikItovaTens Q2.

TokoBble pernie KAT n KA2 B cxeme MT3 TtpaHcdopmartopoe ¢ BH 110-220 kB nogknto4veHsl K TT,
COeNHEHHbIM B TpeyronbHuK (puc. 8.17, a). Takoe BbINonHeHWe TOKOBbLIX Lenen MT3 npegoTepa-
LaeT BO3MOXHOEe HecernekTuaHoe ee gencrtaune npu K3 Ha 3emnio: B cetn 110-220 kB (B cny-
Yae, korga HemTpanb TpaHcdopmaTopa 3asemrieHa). 3almTa MOXeT OelCTBOBaTb Npu BCeX
Buaax mexaydasHoix K3 Ha ctopoHax kak BH, Tak u HH TpaHcdopmaTopa co cxemon coegmHe-
Hust obmoTok Y/A. MNpun 3ToM, ogHako no cpaBHeHUto ¢ MT3, cogepxallen Tpyu TOKOBLIX pene, noa-
KMOYeHHbIX K TT, COeANHEHHBIM B NOJSHYO 3BE34Y, MMEET MECTO CHUXEeHUE YyBCTBUTENBHOCTU Ha
15% npwu gByxdasHom K3 Ha ctopoHe HH 6-10 kB. MNpn gByxdasHom K3 3a TpaHcdopmaTopom co
cxemon Y/A Tokm B dpasax Ha ctopoHe BH paBHbI IO, 1P 1 om. n. 4. Takvie xe Tok1 OyayT B
pene. Ecnn TpaHcdopmaTtopbl Toka Ha cTopoHe BH cobpaTb B TpeyronbHuK, TO TOK B pene paBeH no
BeNnuumMHe Toky aByxdasHoro K3 n cootHoLLeHne mexay Humm 6yaet paeHo 1/ 0,876.

[ns TpaHchopmaTopoB co cxemon coegmHeHna oomMoTok Y/'Y mnnu A/A 1 He CBA3AHHbIX C CETbIO
C 3a3eMrieHHon HenTpanbio, MT3 BhinonHsaeTca AByMa TokoBbiMU pene KA1 u KA2, TT npu aTtom
COeaMHSATCSA B HEMOIHYH 3Be3ay (cMm. puc. 8.21, 6). NogobHas cxema MT3 MOXET NPUMEHATLCS U
Ha TpaHcopmaTopax Co cXxemon coegmHeHns oomoTok Y/A. MNpu 3ToM NS NOBbILLEHUS YyBCTBU-
TenbHocTn MT3 Kk gByxdasHbim K3 3a TpaHCchOopMaToOpoM C TakOW CXEMOW COeAUHEHUS, ycTaHaB-
nuBaeTcs AONOMNHUTENbHOE perne B o6paTHOM npoBoAe ToKoBbiX Lenen KA3 (mokaszaHo NyHKTMPOM
Ha puc. 8.21, 6). AHanornyHasi cxema NpUMeHsIeTCsl U Ha TpaHcgopMaTopax Co CXeMOW coeauHe-
HMS OBMOTOK TpeyrorbHUK-3Be34a C 3a3eMSIEHHOW HYNeBOW TOYKOM (0BbIMHO nUTalOWMX ceTb
0,4 kB).

[ns BbINONHEHUS 3alWnTbl C 2 TOKOBbIMW OpraHamu, MOXHO MPUMEHWUTb KOMMIEKTHOE YCTPOWCTBO
Y3A-10 nin Y3A-AT-T. Ecnun TpebyeTcs ncnonb3oBaHne TPeEX M3MEpPUTESIbHBLIX OPraHoB, TO MOXHO
ucnonb3oBatb pene Y3A-10A.2-3.

Bbi6op ycmaesok MT3

Tok cpabaTbiBaHnst MT3 onpegenseTcs u3 ycrioBusi BO3BpaTa TOKOBbIX pene npu MakcMmarnbHOm
Harpyske.
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roe

IC3 = kH : kc.3. : Ipuii.max /ke (81 7)

KoathpnumeHT HagexHoCcTn — 1,2 AN MUKPOMPOLLECCOPHbIX 3awmT u 1,3—ana Y3A-
AT n PC80Mx;

KOS(*)C*)VILI,I/IGHT camMmosanycka, MOXHO MNPUHATb pPaBHbIM 2,5 ans ropoackmnx ceten

obLLero HasHa4YeHusa 1 2 Ans cenbCKuX ceTen.

[NpumeyaHue. YkasaHHbIU KOaghuyueHm Hesnb3s npumMeHsimb 0551 mpaHcgopma-
mopa, numarujeco cocpedomoyeHHY 08uzamernbHy Hazpy3ky. [nd makoz2o
mpaHcghopmamopa HeobxoOumo cmaHdapmHbIMU Memodamu onpedenums obwul

fyckogol mok u nodcmaeums e cpopmysty e3ameH k.., I .5 max;
MakcuMmarnbHbI pabounii Tok TpaHcdopMaTopa;

KoadhduumeHT Bo3BpaTa 3awmThl: oH coctaBndet 0,85 ana yctponctea Y3A-AT un

0,95 gna PC83. [Ina MMKpONpoLEeCCOPHbIX 3alunT 3apybexHbiXx dupM OH paBHSET-
ca 0,95.

1

11 1t 4 ly
-
T T
Bain i o1 sty
[ 427 TR LN
Ie I,

7, Vs amane 7
SRR N

Puc. 8.22 Tpu oTkntodeHuun TpaHcdopmaTtopa T2 n BknoyveHun ot ABP
CEKLUMOHHOrO BbIKNtoYaTensa BO3HMKaEeT neperpyska
TpaHcgopmaTtopa T1.

MakcumarnbHbIN TOK Harpy3ku ¢ y4eToM camo3sanycka, oT KOToporo Heobxoaumo otctpoutb MTS3,
06bI4HO onpeaenseTcs U3 pacCMOTPEHUS TpeX BUOOB HapyLUEeHWs: OTKMoYeHe napannensHo pa-
foTatowero TpaHcdopmMaTopa, BkioveHne TpaHcdopmatopa oT AlNB Ha HEOTKIHOUYEHHYIO Harpyaky,
aBTOMaTMyecKoe NOAKIYeHne Harpysku npu genctsum ABP B cnyyae McYe3HOBEHUSA Hanpsixe-
HUA Ha cocegHen cekumn (puc. 8.22). B aByx nepsbix cnyyasix I, onpepensietca no (8.17). B
TpeTbeM cny4vae I.; onpeaenseTcs no BbIPaKEHWIO:

roe

1

I pa6.max ’

Ic.3. = ku : (IIpaﬁ.max + kc.3. : IIIpuii.max )/ke (818)

1 MaKkCuMarbHbl€ 3Ha4YEeHNA TOKOB Harpy3kn cekuun: I - ot KOTOpOI;I npu nen-

II pa6.max ~—
cteum ABP nopaetca HanpskeHue n Il - Ha KOTOpy nNogaeTcsa Hanps-
XeHue.

28



KoadhdmumeHT vyBcTBMTENBHOCTM NpK K3 B KOHUE 3aluuLLIaeMOro y4acTtka onpegensietcst no gop-
myne:

ku = Ikmin/lc.x. (819)
rge

MUHUManbHOE 3HadYeHue Toka npu K3 Ha ctopoHe HH TpaHcdopmaTopa; Bug K3 on-
penensieTca B COOTBETCTBUM C Tabn. 8.2.

kmin

3HaveHne K, 0omkHO ObiTb He meHee 1,5 npu BbinonHeHUM MT3 dyHKLMIA OCHOBHOM 3aLUMThI LLKH
1 He MeHee 1,2 Npu BbINONHEHUU YHKUNIA pe3epBupoBaHus. Ecnu yysctBuTensHocTb MT3 okasbl-
BaeTCA HeydoBNeTBOPUTENLHOW, TO MPUMEHSAIOTCA Apyrve, 6onee 4yesctButenoHble P3: O3, MT3
HMwn Orl.

Boioepxka BpeMeHU BbiIbnpaeTcsa 13 yCnoBuin CENEKTUBHOCTU Ha CTYMNEHb Bbille HanbornbLlen
BblAEPXKN BPEMEHU £, P3 npucoegmMHeHnn, nuTaloLmMxcs oT TpaHcdopMmaTopa:

t,=t,+At (8.20)

Bbigepxka BpemeHn MT3 ¢ orpaHMYEHHO 3aBMCMMOW XapakTepUCTUKOW BblOMpaeTcs M3 yCroBus
(8.20) B npegnonoxeHuun, YTo TOK B pernie paseH Toky K3, npoxoaswemy yepes TpaHcdopmaTop B
cny4dae noppexaeHus B Havane J13l, nutaemon TpaHcdopmaTopom. 3alnTy C OrpaHUYeHHO 3aBu-
CMMOW XapaKTepUCTUKOMN cnenyeT NPUMEHSTb B TEX Cry4vasx, Korga nocpeacTBOM ee yaaeTcs YCKo-
pUTb OTKITHOYEHUE NOBPEXOEHUSA B TpaHchopMaTope MM Ha LUKHAX.

Tabnuua 8.2
Cxema coeanHeHus Bug K3 ona pacdyeta
0BMOTOK TpaHC- TT, kK kOTOpbLIM NogkrtodeHa MT3 | YyBCTBUTENbHOCTU
cdopmaTopa
Y/A TPEYronbHuK [ByxdaszHoe
Y'Y HenonHasa 3Bes3na To xe
A/A To xe To e
Y/A HenonHasa 3Be3na ¢ gononHuTtens- | TpexdasHoe
HbIM perne B 0bpaTHOM nNpoBoe
Y/A lNonHag 3Be3na TpexdasHoe

MakcumanbHass mokoeasi 3awjuma c IMYCKOM 10 Harips>XeHUro
B pAaae crniydaeBs He yaaeTcCsA BbINOJNTHUTb AOCTAaTO4YHO YyBCTBUTENIbHYHO 3alUNTY TOJIbKO MO TOKY,

0CcoBEeHHO Ha MoACTaHUMAX, NUTaKWMX OBUraTenbHY0 Harpysky. [ns nosbilleHUs 4yBCTBU-
TEeNbHOCTU MOXXHO NPUMEHUTb 3aLUTy C GNOKMPOBKOW MO HaNPS>KEHUIO.

MepBKYHBbIN TOK cpabaTtbiBaHna MT3 C nyckom Mo HanpsbkeHuo onpefensieTcs no ycroBuko OT-
CTPOMKN OT HOMUHanNbHOro Toka I 4, TPaHcdhopMaTopa:

I =k0mc .Iuom/ka (821)

C.3.

YcraBka cpabaTtbiBaHMs pere MMHUMArbHOMO HanpsXeHnsa BbiOMpaeTcs Mcxods U3 crieayroLwmx yc-
JIoBUN:
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— BO3Bpara nocne oTko4YeHnsa BHelHero K3

Uy SUpin [ Kok iy (8.22)

omc

— OTCTPOMKM OT OCTATOYHOrO HarnpsiXeHus camo3anycka nocne gencreus AlB unu ABP

Ucp < Uc.3./k0mckU (823)
roe

U,in — MexaydasHoe HanpsbkeHune B mecTe yctaHoBkun MT3 B ycrnoBusix camosanycka nocne
OTKNtoYeHUs1 BHelHero K3, MoXeT 6bITb NPUHATO paBHbIM (0,9+ 0,85)UH0M ;

U., — wMexpaydasHoe HanpshkeHne B MecTe yctaHoBkm MT3 B ycrnoBusix camosarnycka rnocre
aencteua AMNB unu ABP 3aTOpMOXEHHbIX anekTpoasuratenen, MoxeT ObiTb NPUHATO
pasHbim 0,7U,,,,,;

k,,, — KO3(PMULNEHT OTCTPOWKU, paBHbIN 1,2;

k, — ko03thdumumeHT Bo3BpaTa, paeHbii 1,1 ansa pene Y3A-AH n PC82.

HyecmeumesibHoCcmb O TOKOBOrO perne onpefensietcsa no BolpaxeHuto (8.18); ons pene mMuHu-
ManbHOro HanpsXeHus no gopmyrne

k,=U,,k,/US) (8.24)

max

U(3) —  nepBWYHOE 3HaveHue MexaydasHoro HanpskeHus B Mecte yctaHosku MT3 npu me-

TannuyeckoM TpexdasHom K3 mexay daszamm B pacyeTHOM Touke B pexume, oby-
CNoBMMBalLLEM MakCMManbHOE 3Ha4YeHne 3TOr0 HanpsXXeHus.

B cootBeTcTBUM € YD, ans pene Toka U HanpsbkeHns Heobxogumo obecneunTb criegyrolmne Ko-
appuumneHTbl YyBCcTBUTENBHOCTU: 1,5 — NpU BbINONHEHUU MT3 yHKUUN ocHoBHOM P3 wuH; 1,2 —
npw BeiNonHeHU MT3 yHKUMIA pe3epBUpOBaHMSI.

[na BbINONHEHWA 3alWnTbl BYXOOMOTOYHOrO TpaHcdopmMaTopa BMOMHE JOCTAaTOYHO YCTAaHOBKWM Ha
00eunx CTOpOHaxX ABYXANIEMEHTHOM TOKOBOW 3aluThl. [1pn 3TOM Ans 3awmThl TpaHcgopmaTopa co
cxemon coeamHeHus Y/A, pene Ha ctopoHe BH gormkHbl ObITh BKMOYEHbI HA Tpu TT cobpaHHbie no
cxeme TpeyrosibHuka. [nst Takon 3awuTbl MOXHO NpuMmeHnTb pene Y3A-AT nnn PC81,PC83-A2. OT-
ceyka cTopoHbl HH ncnonb3yeTtcs B kadecTBe NOrm4yeckon 3awuTbl WKH (cM. N. 6). MakcumanbHas
3aluTa UCnonb3yeTcs B KadecTBe MakCMManbHOW 3allnTbl BBOAA, @ AOMNOMNHUTENBHbIN TOKOBbLIA Op-
raH GrokupyeT formyeckyto audsawmTty TpaHcdopmaTopa ctopoHbl BH. Ha ctopoHe BH makcu-
MarbHas 3almTa BbIMOMHSET CBOU (PYHKUMN, a TOKOBasi OTCeYKa — JIOrMYECKYo Andd3alumTy TpaHc-
dopmaTopa.

PaccmaHoeka 3aujum Ha mpexo6MomoYHbIX mpaHcgopmamopax

Ha gByxo6mMOTOuYHbIX TpaHcopmaTopax ¢ pacwiensnieHHbiMm obmoTkamm HH (06bidiHO 6-10 kB)
no ycrnosuto cenektnsHoctn (Npu K3 Ha wuHax nnu BJT HH) B uenun kaxxgon obmoTkK, nutatoLemn
COOTBETCTBYIOLLYIO CEKLMIO LLWH, Heobxoaumo yctaHasnueatbe MT3 (puc. 8.23) ¢ AByMS TOKOBbIMU
pene, NoaKtoYeHHbIMU K TT, coeanHEHHBLIM MO CXEME HEMOSTHOM 3Be3/bl.
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3awuTbl cTopoHbl HH, pacnonoxeHHble B Wkadax KPY Buikntovatenen BBogoe 6-10 kB, ¢ nepeon
BblOEPXKKON BpeMeHM OENCTBYIOT Ha OTKMOYeHMe cBouX Bbikntovatenen (Q7 n Q2), a co BTopon
(Ha cTyneHb cenekTMBHOCTU BorbLUen) — Ha oTKNtoYeHWe Bbikntodatens BH (03).

Puc. 8.23 PasmelleHne MakcumanbHbiXx Puc. 8.24  PasmelleHne MakcumarbHbIX TOKO-

TokoBbIX 3awmT (KA) Ha cTopo- Bbix 3awmT (KA) Ha ctopoHax BH u
Hax BH n HH gByxobmoTto4yHoro HH TpexobMOTOYHBLIX MOHVKAOLLMX
MOHMKAaKOLEro TpaHcdopmaTo- TpaHcOopMaTopoB C OAHOCTOPOHHUM
pa C paclienneHHbIMn o0bMOoT- NUTaHNEM.

KamMu.

MT3 Ha ctopoHe BH genictByeT Ha BbIxogHble NMpoMexyTodHble penie P3 TpaHcdopmaTopa ¢
BbIAEPXKKON BPpEMEHU, paBHOW BTOPOMN Bblaepxke BpemMeHn MT3 oTBeTBrieHuin kK cekumam | (1)
wwuH 6-10 kB. Takum obpasom, MT3 ctopoHbl BH ocyuiecTensieT pesepBupoBaHne OCHOBHbLIX P3
TpaHcdopmatopa n MT3 ctopoHbl HH.

MpenoycmaTtpuBaeTca aBTomaTuyeckoe yckopeHme MT3, yCTaHOBNEHHbIX Ha OTBETBIEHUSX K LUU-
Ham HH, npu BknioYeHnn cooTBETCTBYOLErO BhikNntovatens 6-10 kB, 6narogaps yemy yckopsieTcs
€ro OTKNIoYEHME B Criyyae nogadn HanpsikeHust Ha NOBPEeXAEHHbIE WKWHbI. YCKOPEHNE BbINOSTHAET-
cs ¢ Bolaepxkon Bpemenun 0,3-0,5 cek ons oTCTponkM oT Gpocka MycKOBOro Toka.

3awumTa TPEeXobMOTOUHBIX NOHWXKAKLWMX TpaHcopMmaTopoB Npu BHewWwHuX K3 pomkHa obecneyn-
BaTb CENEKTUBHOE OTKMIOYEHME TONbKO TOW 0OMOTKM TpaHcdopmMaTtopa, KoTopasi HEMOCPeaCTBEH-
HO NMUTaeT MEeCTO noBpexaeHus. Tak, Hanpumep, npu K3 Ha wuHax /ll (puc. 8.24) pomkeH OTKMIo-
yaTbcA BblkntoyaTens Q3, 06moTkM TpaHcopmaTopa / u Il AonXHbI OcTaTbCAa B paboTe.

Ha TpexobMoTOuYHbIX TpaHcdhopmaTopax ¢ OQHOCTOPOHHUM NUTAHWEM (Hanpumep, OT LWKUH /) Ha 06-
moTkax Il v Ill yctaHaBnmBaTca camoctositenbHble komnnektbl MT3 (KA2 n KA3 Ha puc. 8.20),
AenCcTBylOLME Ha COOTBETCTBYIOLUME BbiknovaTtenn. Ha obmoTtke /, nutatowen TpaHcdopmaTop,
ycTaHaBnuBaeTca Tpetuin komnnekt MT3 KA1, npegHasHa4yeHHbIM ANs OTKNHYeHUs TpaHcdopma-
Topa npu K3 B Hem 1 pesepeupoBanus MT3 u BbikntoyaTenen oomoTok // v Ill. Beioepxka BpeMeHM
t, BblbupaeTcs 6onblue # 1 t3. TokoBble P3 Ha ctopoHax HH n CH BbINONHANOTCS B ABYXpENEenHOM
NcnosiHeHNN K nogkntodarTesa K TT, coeguHEHHbIM NO CXeMe HenosiHoW 3Be3dbl. [Ans yBenuyeHnsa
3awmwaemon 3oHbl KA2 nutaetcs oT TT, BCTPOEHHbIX BO BTYNkn ndonstopos CH (35 kB) TpaHc-
dopmaTopa.

[nsa BbINONHEHMS 3alnTbl Ha TpaHcopMmaTope ¢ paclensieHHoNn 0OMOTKOM CTOpoHbl HH BnonHe
A0CTaTOYHO YCTaHOBKM Ha cTopoHe BH u obenx ctopoHax HH gByxaneMeHTHOM TOKOBOW 3alLUMThI.
Mpwn atom, ons 3awmThbl TpaHcdopmaTopa co cxeMon coegmHenus Y/A, pene Ha ctopoHe BH gork-
Hbl ObITb BKMOYEHbI Ha Tpu TT cobpaHHble MO cxeme TpeyronbHuka. [Ona Takow 3amTbl MOXHO
npumenntb pene Y3A-AT mnn Y3A-10. Otceuka ctopoH HH mncnonb3yetcs B kKayecTBe NOrMYECKON
3aWmThl WKWH (cM. n. 6). MakcumanbHasa 3almTa UCnonb3yeTcs B Ka4yecTBe MakCUMarbHOW 3awwuTbl
BBOAA, @ AOMOMHUTENBHbIA TOKOBLIN OpraH 06enx KOMMNEKTOB BrOKMPYET formyeckyto andsamuTy
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TpaHcgopmaTopa ctopoHbl BH. Ha ctopoHe BH makcumanbHas 3awimta BbINOSHAET CBOM PYHKUMN,
a ToKoBasi oTceyka — flormyeckyro andsawmnTy TpaHcgopmaTopa.

[Ona TpexobmMoTo4HOro TpaHcdopmaTtopa co CTOpoHbl BH Heobxoammo npumeHnTb TpexdiasHyro
3alUMTY, BKIIOYEHHYIO Ha TpaHcdopMaTopbl Toka cobpaHHble B 3Be3ay unun TpeyronibHUK. OB6bIYHO
npeanoyvTuTenbHa cxema 3Be3dbl, Tak Kak 3Ta cxema bonee 4dyscTBuTenbHa K K3 Ha ctopoHe HH
TpaHccopmaTopa cobpaHHON NO cxeme TpeyrofibHMKa, OObIYHO ConpoTUBMEHNE TpaHcdopmaTopa B
ctopoHy HH 6onbLue, yem Ha ctopoHy CH u Tokm K3 Ha ctopoHe HH meHbLwie. Ha ctopoHe HH n CH
[OCTaTOYHO OBYX3NeMeHTHoM 3awuTel. Ha ctopoHe BH uenecoobpasHo yctaHoButh 3awuTy P3T, a
Tarke PC83-A2 a Ha ctopoHax HH 1 CH MOXHO npyMeHuTb BbileynoMsaHyThle 3awmnTbl Y3A-AT nnn
PC81. cnonb3oBaHne 3alumT Takoe e, Kak 1 ans TpaHcdopmaTopa ¢ pacluenneHHOn 0OMOTKOMN.
BrnonHe o4eBMOHO, YTO NPU NPUMEHEHMM 3aWwMT dupMbl Areva, 3awuTbl cepun MiCOM P121-124
MOXHO MPUMEHUTb Ha BCEX Tpex CTOpoHax TpaHcdopmartopa. OcTaBlimecs B 3TUX YCTPOMCTBaX
CTYMNEHM 3aLlUMThbl MOXHO UCNONb30BaTh A5 CUrHanu3auun neperpysku, 6noknposku PIH, nycka aB-
TOMaTUKM oxnaxaeHus. Ecnn TpebyeTca GnokupoBka NO HanpPsXXeHUo, TO Heo6XoaMMO UCNONb30-
BaTb ycTponcTeo Y3A-AH, koTopoe 3aogHo OyaeT BbInonHATb pyHkumo 3MH B cxeme ABP. AHano-
rMYHbIM 0Bpa3oM MOryT ObITb NPUMEHEHbI YCTPOMCTBA U BCEX APYTNX NPOU3BOAMUTENEN.

8.6 TOKOBASA OTCEYKA

TokoBas oTceyka - npocTas ObicTpoaencTByowas P3 oT noBpexaeHun B TpaHcdopmaTtope. 3oHa
OENCTBUSI OTCEYKN OrpaHMyeHa, oHa He OENCTBYET Mpu BUTKOBbIX 3aMblKaHUSAX U 3aMblKaHUSIX Ha
3emMInto B 06MOTKe, paboTatolen Ha ceTb C MarnbiM TOKOM 3aMbikaHus Ha 3emnto. OTceudka ycTa-
HaBNMBaETCs C NUTaloLLEN CTOPOHbLI TpaHcopMaTopa M BbiNonHseTcs 6e3 BbiAep)KKM BPEMEHN.

Ha TpaHcdopmaTopax B ceTU € rnyxo3aseMreHHON HenTpanblo OTCeYka ycTaHaBnmBaeTcs B Tpex
dasax, a B CETU C U3ONTMPOBAHHOW HENTpPanbio Ha ABYX. TOK cpabaTbiBaHMsi OTCEYKN OTCTpanBaeT-
Csl OT MakcMManbHoOro Toka K3 npu nospexaeHumn 3a TpaHcopmaTopomMm.

I =k, 1 (8.25)

omc " Kmax
roe

k,,..=1,25+1,5 — (nocnegHee ansa pene tuna PT-90 n PT-80). Kpome Toro, TokoBas otceuka

AOMMKHa OTCTpamBaTbCsa OT Opocka HamMmarHM4MBaroLLEero Toka OAHaKko ycTaBka
BblOpaHHas no NepBoOMYy YCrOBUIO, Kak NpaBuno, bonbLue.

B 30HYy gencTBmst OTCEYKM BXOAST OLUMHOBKA, BbIBOALI M YacTb OOMOTKM TpaHcopmaTopa Co CTO-
poHbl nuTaHusa. OTceuka, sBnsawowanca P3 oT BHYTPEHHUX MNOBPEXOEHMIW, OOIMKHA OTKMYaTb
TpaHcdOopmMaToOp CO BCEX CTOPOH, MMEIOLLMX UCTOYHUKN NUTaHNA. [JOCTOMHCTBOM OTCEYKM SABMAIOTCS
ee npocTtoTa u beicTpogencTemne. OTcedka B coyetaHmm ¢ MT3 u razoeon 3awmton obecnednBaeT
XOPOLUYO 3aLlmMTy Ans TpaHcopMaTopoB Manon MoLHocTHU. Takum obpasom, TpaHchopmaTop Ha-
npsbkeHnem 35 kKB 1 MOLWHOCTBIO A0 4 MBT BMOMHE MOXHO 3alMTUTbL OAHUM YCTPOMUCTBOM Y3A-AT,
Y3A-10 ycTaHOBMB ero Ha ctopoHe BH TpaHcdopmaTtopa 1 BKIOYMB Ha TpaHcdopmaTopbl TOKa,
COENHEHHbIE B TPEYrOSbHUK.

8.7 3ALUUTA OT NEPEIrPY3KH

TpaHcdhopMaTopbl A0OMNYCKaT NEPErpy3Ky B TEYEHNE 3HAYUTENBHOIO BpeMeHu. [oaTtomy npu Hanu-
4yMKM onepaTMBHOIO NepcoHana 3awmTa oT neperpysku TpaHcgopmaTtopa AecTByeT Ha curHan. Mpu
€ro OTCYTCTBMU Ha 0BbEKTE, KOHTPOSb 3a Meperpyskoi TpaHcgopmaTopa MOXET OCYLLECTBNSATHCA
CpPeAcTBaMM TenemMexaHuku. 3awmta OT neperpy3km Ha obbektax 6e3 MOCTOSIHHOTO [OEeXYPHOro
nepcoHana MoXeT AelUCTBOBaTb Ha pasrpy3ky UNuM oTKMoYeHue (Mpu HEBO3MOXHOCTU NUKBUAALUN
neperpysku Apyrummn cpeactsamu). 3awmta oT neperpysku cornacHo Y3 yctaHaBnvBaeTcsi Ha
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TpaHcopmaTopax MowHocTbio 0,4 MBT n Gonee. 3awmta oT neperpysky npyM CUMMETPUYHON Ha-
rpy3ke MOXEeT OCYLLeCTBNATbCA pefe, yCTaHOBMEHHbIM B OAHON hase.

[ns obecneyeHns 3almMTbl OT Neperpysku Bcex o6MOTOK TpaHcopmaTopa crieayeT pyKoBOACTBO-
BaTbCA TaKUM pasMeLLEHNEM YCTPOMCTB CUrHanM3auum neperpysku.

— Ha aByxobmMoTO4YHLIX TpaHchopmaTopax — C OQHON 00O CTOPOHBI.
— Ha TpexobmMoTouHbIX TpaHcdopMaTopax ¢ 06MoTKamMu OAMHAKOBOW MOLLLHOCTU — CO CTOPOHbI
nutaHns (obbiyHo BH). Ha TpaHcdopmaTopax ¢ BO3MOXHbLIM MUTAHMEM C 2 CTOPOH — CO
BCEX TPEX CTOPOH.
— Ha tpaHcdopmaTopax, MMetoLmnx 06MOTKM pas3HOM MOLLIHOCTU, CO BCEX TPEX CTOPOH.
Takum obpasom, Ansa Toro, 4ToObl OXBaTUTL BCE BO3MOXHbIE PEXMMbl U MapaMeTpbl TpaHchopma-

TOpa, LenecoobpasHO YCTaHOBUTb CUrHanNM3aumilo Neperpyskn Ha BCEX TpexX CTOpOHax Tpexobmo-
TOYHOro TpaHccopmartopa.

Tok cpabaTtbiBaHMs 3alMTbl OT NeEperpy3kn ¢ AEWCTBMEM Ha CUrHan onpegensieTcs no YCroBuio
BO3BpaTa 3alUuThbl MPU HOMUHANBLHOM TOKE Harpysku TpaHcgopmaTtopa.

Ic.3.n = kﬂnl(_‘ : IHﬂ.M /k(;

roe
k,,. — KO3MDULMEHT OTCTPONKN, NPUHMMaEeTca pasHbIM 1,05;
1,,, — HOMUHanbHbLIA TOK CTOPOHbI TpaHcopmaTtopa, rae ycraHoBneHa 3alurta, ¢ y4eToM
perynnupoBaHnsa Ha OaHHOW CTOPOHe, NPWHMMAETCs paBHbIM HOMWHANbHOMY TOKY OT-
BETBMIEHNS C HAUBONbLUUM TOKOM;
k, — KoahpmumeHT BO3BpaTa yCTponCcTBa.

Ona pene Y3A-AT umelollero nameputesnbHbli OpraH neperpysku B ogHon dase, KoadduuneHT
BO3BpaTta npuHumaeTtca paeHbiM 0,85, ANs MMKPOMPOLECCOPHbIX 3alUUT MOXET ObiTb NPUHAT paBs-
Hbim 0,95.

Bpemsi cpabatbiBaHUst 3aUThl OT Neperpyskun, Bo U3bexaHne NOXHbIX CUrHanoB, OOIMKHO MpeBbI-
WwaTb Bpemsi paboTbl 3alUMTbl U BOCCTAHOBIIEHUS HOPMAnbHOIO pexuma OelcTBUeM aBTOMaTUKM
CHWKEHMS1 MYCKOBOIo TOKa Harpysku o HoMuHanbHoro. O6LenpuHsaTas B psige SHepronpeanpusiTui
BblAepxkka BpeMeHu: 9 cek. OHa ycTaHaBnMBaeTCs OOMHAKOBOW Ha BCEX YCTPOMCTBAxX CUrHanuaa-
LMK, HEe NMEeKLLUX creLnanbHbiX TPeGoBaHWIN K BbiAEPXKKE BPEMEHN.

B cocTaB cneuvannsnMpoBaHHbIX YCTPOWCTB 3alUTbl TPAaHCOPMATOpPOB, a TakkKe BBOAOB BXOAAT
3aLMTbl OT Neperpysku, MMeILLME TEMNOBYIO XapakTepUCTUKY, BKITHOYAIOLLYIO NOCTOSIHHbIE BPEMEHU
HarpeBa U OxnaxaeHus TpaHcdopmaTopa. Takum o6pa3oM, MOXHO BbIMOMHUTL 3alUTY OT nepe-
rPy3KM, YYUTbIBAIOLLYIO NpeaBapuUTenbHbIA HarpeB TpaHcdopmaTtopa M MakCUManbHO MCMONb3yto-
LLIY}O €ero neperpy3oyHyt CnocobHOCTb.

dopmyna, no KOTOPON NPOU3BOAUTCS pacdeT neperpysku, Ans pene pasHoro Tuna otnuyaeTcs. Ans
yctponctea R3IPT cdumpmbl ALSTOM 3awmrta OT neperpys3km paccunmTbiBaeTcd, UCXOAs M3 Hau-

GonbLuero 3HayeHns hasHOro Toka cpeam TPex U3MepPEHHbIX BENNYUH: [ = max(]A,IB,IC).
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3alumTa oT neperpyskm xapakTepusyeTcsl KpOMe KOHCTaHTbl HarpeBa T, Takke (paBHOW el No 3Ha-
YEHWI0) KOHCTAHTOM oxnaxkaeHust T2.

,D.el‘;ICTByPOU.LMe XapaKkTepucTunk 3alTbl OT Neperpy3kmn onpenendarnTcAa no d)opmyne:

(1/1p)

t=Tx60x]
S Og(1/11;)2—(1)T/DTn)

roe

T — YCTaHOBIieHHas Ans perie TepPMOKOHCTaHTa Harpeea, BblpaXeHHas B MUHYTaXx;

Ib — GasncHbIN TOK perne, onpeaeneHHbli Kak CUMMETPUYHBIN U cbanaHcnpoBaHHbIN dhas-
HbI TOK B YCTOMYMBOM COCTOSIHUW, MPUHUMAETCS PaBHbIM HOMWUHANbHOMY;

DT — Harpes TpaHcdopmaTopa B NpeawencTByoWEM pexume, NpuHMMaem = 1;

DTn — Harpes npv onuMTeNbHO AOMYCTUMbIA TOKE HArpy3ku; MOXHO NPUHATL 1.1 HOMUHaNbHO-
ro;

log — pecATMYHbIN norapudgm.

3awmTa oT neperpyskn xapakrepusyeTca AByMS CTyneHsamu neperpyskn DT> v DT>>, ykasbiBae-
MbIMU B % OT HOMWHanbHoro DTn.

MepBas ctyneHb DT> gomkHa ObiTb UCNONb30BaHa A8 CUrHANM3auun Uy Ana pasrpysku, BTopas
ctyneHb DT>> genctByeT Ha OTKIHOYEHME BbIKIOYaTeNs.

Cb6poc ctyneHen DT> v DT>> npoucxoauT Npu CHWXKEHUMM HarpeBa TpaHcdopmartopa, OAHaKo
MO>XHO MFHOBEHHO COPOCUTL 3aLUMUTYy OT Neperpysku, UCrnonb3yd, NpegHasHayYeHHbIN ANs 3TOW Lenu,
OUCKPEeTHbIN BXxoA. Takum obpasom, TpaHchopmaTop MOXET NpoAo/KaTb paboTy B OMNACHOM pPeXu-
Me, UNN NpU OTCYTCTBUUN BIIOKMPYIOLLLErO CUrHana, OTKI4YaTbCsa OT 3aLUUThI.

Takas 3awmta He TpebyeTcs Hopmamu MY, oAHAKO MOXET WCMONb30BaTbCs B 0COOLIX Criyyasx u
[eNcTBoBaTh Ha pa3rpy3ky TpaHcdopmaTopa UM ero OTKIYeHue.

8.8 CNEUUANBHAA TOKOBASA 3ALLUUTA HYJIEBOW NOCNEAOBATEIbHOCTU
OT OAHO®PAS3HbIX K3 HA CTOPOHE HH (0,4 KB)

CneunansHaga TokoBas 3allMTa HyneBown nocrneaoBaTensHOCTN OT ogHodasHbix K3 Ha 3emnto ycTa-
HaBNMBaeTCcsa Ha TpaHcdopmaTopax ¢ coeanHeHnem obmoTkm HH B 3Be3gy C 3a3emrnieHHOW Hen-
Tpanbt. IameputenbHbIM OpraHoM 3almThl SBMSIETCA OQHO MakcumarnbHoe pene Toka Ty, BKMto-
YEeHHOe Yepes3 TpaHcopmaTop TOKa B 3a3€MIIEHHYK HenTpanb. B HopmanbHOM pexnme paboTbl
TpaHcdopmaTopa C CUMMETPUYHOW Harpy3kom B 3a3eMSTIEHHON HEeNTpanun NpoOXOAUT TOSbKO TOK He-
©anaHca, MeHbLUM, YeM paboune Tokm B pasax. OT 3TOro Toka paccmaTpuBaemas 3awmra OormKHa
ObITb HagexHo oTcTpoeHa. Mpn K3 Ha 3emnio Ha wnHax unu B cetn HH 4yepes 3azemneHHyo Hen-
Tpasnb NPOXOAUT TOK ogHodasHoro K3 (IK(I) = 31,), Bbi3bIBaOLWMI cpabaTbiBaHNe 3TON 3awwmnThl. 1o
CPaBHEHMIO C MaKCUManbHOM TOKOBOW 3alLUMTON 3Ta 3aluuTa Bcerga MMetoT 6onee BbICOKYH YyBCT-
BUTENBLHOCTb K ogHOoda3HbIM K3, NOCKoNbKY NX HE HY>XHO OTCTpanBaTb OT CBEPXTOKOB MpU camMo3a-
nyckax u neperpyakax, KOTopble ABASOTCH CUMMETPUYHBIMU PEXUMaMN 1 HE COMPOBOXOAKTCS Mo-
SIBIIEHMEM TOKOB OOpPAaTHON U HYNEBOW NocneaoBaTesibHOCTEN.
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CneumanbHas 3awmta HyneBon nocrefoBaTenbHOCTN yCTaHaBnNMBaeTcs B cooTBeTcTBum € YD B
Tex cryyasx, Korga MakcumarbHasi TOKoBas 3aluTa Ha CTopoHe BH HeJoCTaTOYHO YyBCTBUTENbHA
K oaHodbasHbIM K3 Ha 3emnto 3a TpaHchopmaTopoM. [pakTuyeckn aTo MMeeT MeCcTo Ha TpaHcdop-
MaTopax co cxemMomn coeguHeHnst ooMoTok Y/ Yy, ¥ KOTOPbIX I M<< IK(3). Ha TtpaHcdopmaTtopax co
cxemon coeamHeHust o6MmoTok Al Yy, O4ns KOTOpPbIX IK(I) =I,<(3) MakcumManbHas TokoBasl 3aljmTa Ha
cTopoHe BH, kak npaBuno, nmeeT AOCTaTOYHYIO YYBCTBUTENBHOCTb K oaHOda3HbIM K3 Ha BbiBOgax
HH. OgHako n Ha aTnx TpaHcdopmMaTopax LenecoobpasHo yCcTaHaBNMBaTh CneumanbHyl0 TOKOBYIO
3alMTy HYNeBOKW MOCNeAoBaTENbHOCTU B Ka4YeCTBE pe3epBHOM ANd  MakCUMaribHOW TOKOBOW 3a-
LWMTbI TpaHcopMaTopa (6nkHee pe3epBUPOBaHUNE), U 3aLLMTHbIX annapaToB anemeHToB cetn HH
(nanbHee pesepBupoBaHue). Takoe pelleHne NpPUMeHseTcsl, Hanpumep, TennoaneKkTponpoeKkTom
Ans TpaHcgopmMaTopoB cobcTBeHHbIX Hyxa 6/0,4 kB. MNpu npumeHeHumn pene Y3A-AT nnn Y3A-10
AN 3TOWN LUenn MOXHO UCnonb3oBaTb CBOGOAHLIN aneMeHT 31, KOTOPbIN MOXHO NOAKIIOYUTL K HEN-
Tpanu 0,4 kB TpaHccopmaTtopa. Ecnm aToT anemMeHT 3aHAT AN 3awmThl OT 3aMblkaHUA Ha 3eMI0
cTopoHbl BH TpaHchopmaTopa, MOXHO NpUMeHUTb Ansa aton uenu yctponctso PC-40M, cogepxa-
LLlee TOKOBOE perie U 3fIEMEHT BbIAEPXKKM BPEMEHMU.

Pacuet yctaBok cocTouT 13 Bbibopa Toka cpabaTbiBaHus 3awuthbl I.;, Toka cpabaTbiBaHus pene I,
N BpeMeHU cpabaTbiBaHWS 3aLUNTI Z,; .

Tok cpabaTbiBaHUs 3aLMTbI BbIGMPAETCs Mo CrieayoLwmm ycroBusiM, obecneymBatoLLmm:

— HecpabaTbiBaHMe (OTCTPOMKY) OT TOKOB, KOTOPbIE MOMYT MPOXOAUTb MO 3a3EMIIEHHON HEW-
Tpanu obmoTkn HH TpaHcdhopmaTopa Npu HECUMMETPUN Harpy3kn B HOpMarbHOM pPeXUMe;

— cornacoesaHue no TOKy U No BpeMeHu C 3almtTamMmm anemMeHToB, OTXoadALmnx ot C60pKI/I HH;

— HeobxoauMmble 3Ha4YeHMs KoaduuMeHTa YyBCTBUTENbHOCTM Npu ogHodaszHoM K3 B ocHOB-
HOW 30He aencTeus (Ha cbopke HH) n B 30He pesepBupoBaHus (Ha anemeHTax cet HH npwu
OTKa3e nx cCoO6CTBEHHOW 3aLuThl).

MakcrmanbHO JONYCTUMBbIN B HOPMaribHOM peXnMe TOK B 3a3eMeHHON HenTpanu oomoTkn HH gns
TpaHcdopmaTopos Y/Yq paseH 0,25 1. mp., ANA TpaHcopmatopoB Al Yo— 0,75 1,op. mp. ANs 06eC-
neyeHunst HecpabaTtblBaHMA 3aUTbl NPY NOSIBNIEHUN TaKMX TOKOB B HEWTpanu, TOK cpabaTtbiBaHMA
A0ImKeH ObITb NpuMepHo B 1,5—2 pasa BhliLe.

Ic.3. = 1’5 ) 3101)0n

CornacoBaHune paccmaTpvBaeMon 3allMTbl TpaHCcopMaTopa C 3alimMTaMu SNeMEHTOB, OTXOASALWMNX
oT cbopkn Ha ctopoHe HH, no MNY3 He cumTaeTcsa obsi3aTtenbHbIM, OTO OOBbACHAETCA TEM, YTO Bbl-
NONHEeHWe YCrioBUS COrnacoBaHnA € 3alUUTHBIMU XapakTepucTukaMmy aBTOMaToB U nNpefoxpaHuTe-
nen OTHOCUTENBHO MOLLHbIX anemeHToB 0,4 kKB npmBoanT k 3arpybneHnto 3awmThbl TpaHcdopMaTo-
pa. OgHako OTCYTCTBME COrfacoBaHMs MO YYBCTBUTENMbHOCTW MeXQy nocrneayowen 3awimTon
TpaHcopmaTopa v npeablayLnumMm 3almuTaMmm OTXOOAWNX SNeMEeHTOB AOCTAaTOYHO YacTo BbI3blBa-
€T HecerneKkTMBHOE OTKIMYEHME NUTaloLero TpaHcdopmaTopa npu Takmx K3, korga sawmra npegbl-
AyLllero arneMeHTa okasblBaeTCsq HeJOCTaTOYHO YyBCTBMTENbHOW. Haunyywme ycnosus ang corna-
COBaHusA obecneymBaloTCa B TEX CriyyasiX, Korga Ha OTHOCUMTENbHO MOLHbIX anemeHTax 0,4 kB yc-
TaHaBNMBaeTCA AONOMHUTENbHAA TOKOBasA 3allMTa HyneBOW nocnenoBaTenbHOCTU 6e3 BbloepKKu
BpeMeHKn, OeNCTByolWas Ha OTKMYeHne aBToMaTta. Takasd 3awuTa npegycMaTpuBaeTcs, Hanpu-
mMep, TennoanektponpoektoM Ans anektpoasuratenen 0,4 KB HaunMHas C MOLLHOCTU NPUMEPHO
100 kBT. lNMpun Toke cpabaTtbiBaHMs, BbIGpAaHHOM TOMBKO NO MEpPBOMY YCIOBWIO, paccMaTtpuBaemasi
3awuTa Bcerga MMeeT AOCTaTOYHbIN KO3(MUUMEHT UYyBCTBUTENBHOCTU Mpu ogHodasHbix K3 Ha
cbopke HH un, kak npaBuno, B 30He pe3epBMPOBaHUS, €Crnn, pasymeeTcs, nepBuYHas cxema ceTu
HH cosgaHa ¢ yyeTom TpeboBaHWii AanbHEro pe3epBMpOBaHMS.

Bpemsi cpabaTbiBaHMsA 3aluTbl HyneBowW nocrnegoBatenbHOCcTU oT K3 Ha 3emnio BbiGMpaeTcs no
BO3MOXXHOCTN MUHMManbHbIM. Ecnn Ha anemeHTax cetn 0,4 kKB nmeertca gononHuTenbHasa 3awurta
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HyneBov nocnenoBaTenbHOCTU 6e3 BblAEPXKKU BPEMEHN TO 3aLUUTbI HYFIEBOW NOCNeAoBaTENbHOCTU
Ha BBogax 0,4 kB TpaHcdopmaTopa moryT umetsb fcz = 0,4 cek, a B HEMTpanu — Ha CTyNeHb cenek-
TUBHOCTHU Bbllwe, T. ¢. 0,8 c.

8.9 PE3EPBUPOBAHUE 3ALLUNTbI TPAHCPOPMATOPA

MpakTuka akcnnyaTauuun 3awmt TpaHcdopMaTopa nokasbiBaeT, UTO 3TU 3alnThl MPU TenepeLuHem
MX NOCTPOEHUM MOryT OTKa3aTb HE3aBMCMMO OT TOrO, BbIMOSIHEHA NN 3TU 3aLUUTbl HA NMOCTOSTHHOM
UnnM nepemeHHoOM onepaTMBHOM Toke. MoxeT ObiTb NOTEPSAH UCTOYHUK ONEepaTMBHOrO TOKa - ecrniv
3TO akKymynatopHasa 6atapesi, TO OHa €QUHCTBEHHasd, a 3aWuTbl Ha NEePeMEeHHOM TOKe CXoaaTcs
Ha OAMH KOMMMEKT CONMEHONO0B OTKIIOYEHUSA, 1 3TU Lenn Takke MoryT nospeautbcs. MoxeTt oTka-
3aTb BbIKMNOYaTENb UNN KOPOTKO3aMblkaTenb. Kak npaBuno, 3awunTbl MUTaOLWMX JIMHUA HE pe3epBu-
PYIOT KOPOTKMX 3aMblKaHWA 3a TpaHCopmMaTopoM, U noBpexaeHue Ha wuHax HH oTknouuTes
TONbKO NOCIe TOro, Kak KOPOTKOE 3aMblkaHMe nepengeT Ha cTopoHy BH nocne noepexaeHus nu-
Talwmx TpaHcopMaTopoB. XOTHA Takue criydyam U He CrMLIKOM YacTble, OAHaKO TSHKeCTb nocnen-
CTBMIM 3acCTaBnseT penenwmnkoB pasnuyHbIX NPeanpuaTUn UckaTb cnocobbl BbINOSIHEHUS aBTOHOM-
HOW 3alLUMTbl, HE 3aBUCHLLE OT COCTOSIHUS OnepToKa M annapaTtoB Ha noacTaHumu. OOHO U3 Takux
ycTponcts, P3T, BbinyckaeTtcs ompmon «Cuctemol P3A» 1 yxxe Halno NpMMeEHeHne Ha psae aHep-
reTu4ecknx npeanpuaTuin.

PabGoTa ycTpoiicTBa OCHOBaHa Ha psae coobpaxkeHWi, Nony4YmMBLUMX NOATBEPXKOAEHME NPU IKChya-
Taumn.

—  WcTo4yHMKOM onepaTUBHOIO TOka MOXET OblTb TONMbKO TpaHCcOpMaToOp TOKa, MO BO3MOXHO-
CTU He MEILWNIA ANUHHBIX Lenen, KOTopble MOryT ObiTb MOBPEXAEHbI ANEKTPUYECKON OYron.
[lna 3TOro ycTpoWCTBO OOMKHO pacnonaraTbecsl BONM3N TpaHcgopmaTopa U CBSA3bIBATLCS C
TpaHcopMaTopoOM TOKa U OTKMOYAEMbIM annapaTtom KOPOTKUMU kabensmu.

—  YCTpOWMCTBO AO/MKHO AENCTBOBATb Ha OTAESbHbIN ANEKTPOMAarHUT OTKIKYEHUS U Ha Opyroun
KOMMYTaUWOHHbIN annapat. B kadectBe ero npu cxeme KOpOTKO3aMblkaTenb—OoTAenuTenb
B3AT oTaenuTtenb. besycnoBHo, oTaennTenb, Npu ero OTKMOYEHUM No4 TOKOM KOPOTKOro 3a-
MbIKaHNA, OyaeT NoBpeXaeH BO3HUKAOLEN OYrOW, HO 3aTO €ro OTKMNOYEHME BbI30BET KOPOT-
Koe 3aMblkaHue Ha cTopoHe BH, koTopoe no4vyBCTBYeT 3aliMTa OTKNiovaroLlen AMHumM n oT-
kntounT K3. MNMpakTuka nokasana, 4YTo BO3HMKAOLIME MPU 3TOM MNOBPEXAEHUSI TAKOBbI, YTO
OTAENUTENDb MOXET OblTb OTPEMOHTUPOBAH.

— 3avacTtyto, annapart, He OTKMHYMBLLMICS NpY NEPBON Nofave HanpPsPKEHUS Ha ero coneHous
OTKIMIOYEHUS, MOXKET OTKIMHOYUTLCS NPY NOBTOPHON UMW Aaxe TPeTbeln nogade HanpshHxkeHus
Ha Hero.

YunTbiBas Bce 3Tn coobpaxeHusi, n paspabotaHa koHCTpyKuna pene P3T.

— YCTpOWMCTBO BbLIMNOSIHEHO ANA HAPYXXHOW YCTAaHOBKM M pacnofnaraetcs HenocpeAcTBEHHO Ha
OPY.

— P3T noakntoyaeTcs K TpaHcopMaTopy ToKa, KOPOTKO3aMbIKaTento U OTAENUTENO KOPOTKU-
MK Kabenamu.

—  WctouHmkom onepaTtmeHoro Toka P3T saBndetca sHeprysi KOHAEHcaTopa, 3apshKaroLerocs
OT TOKa 3alimuwaemoro npucoeauHexus. NoTtpebneHve Toka ANs 3apsga KOHOEHCATOpPOB
HEBENMKO, N 3TU TpaHCOPMaTOPbl TOKa MOXHO OQHOBPEMEHHO UCNONb30BaTb ANS NUTAHUSA
APYrMx 3almnT, XOTa ANS HAOeXHOCTWU fyylle MCMNoMb30BaTb OTAENbHbIA KOMMMEKT TpaHCc-
dopmaTopoB TOKa.

- P3T noo4vyepenHo ,El,el7ICTByeT Ha BKJ1HIOYEHWME KOPOTKO3aMbIKaTENA U OTKINKOYEeHUE oTaennte-
n4a.
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— [ns oTKNoYeHUs BbIKMOYaTeNs C CONeHOUAHbIM MPUBOAOM, MMELLIEro OAuH coneHoua oT-
KMoYeHus UMeeTcs AnoaHasi pasBsidka, no3sonsoulas noaknounte P3T coBmecTHO ¢ apy-
rMMMu 3aLlmMTaMmn Ha OOUH corneHona OTKIMIOYEHUS.

— Ecnu B pesynbTaTe nepBoro cpabartbiBaHUs annapaTt He OTKMKYUTCS, TO Nocne NOBTOPHOro
3apsiga KoHAeHcaTopa YCTPOWCTBO ONsTb MOAENCTBYET, U Tak ByaeT npodormkatbCst 4O Tex
nop, noka He ncye3HeT Tok K3 1 3awmTa He BepHeTCs.

— P3T pns pesepBupoBaHus 0Tkasa BbIKMOYATENS, NpU 2 BbIKMYATENAX HA NINHUSX, NUTato-
LUMX CEKLMIO, MOXET AEWCTBOBATL HA 3TW 2 BbIKNOYaTens, pe3epBupysi, Takum o6pasom, oT-
ka3 BblkntovaTens Ha TpaHcdopmaTope. MiMetoTcss BapyaHTbl ANs EWCTBUS HA TPU BbIKIHO-
YyaTens.

—  WM3meHeHUWe ycTaBoOK YCTPOWCTBA, yYMTbIBAs €€ HapyXXHYI0 YCTaHOBKY, NPOM3BOAUTCS He ne-
PEKINOYEHNEM MEepPeMblYeK, a Nankon; Npu 3aBOAKOM NOCTaBKe BCe NEpeMblYku 3anasiHbl U
BbINOSIHEHME HY)XHOW YCTaBKM B NEPBbI pa3 NPOU3BOAMTCS BbIKyCbIBAHMEM NEPEMbIYEK.

Bbi6op ycmaeok ycmpolicmea

Tok cpabaTtbiBaHust P3T cornacoBbiBaeTcsl ¢ TOKOM cpabaTbiBaHUA MakCMMaribHOW 3aluTbl TPaHC-
dopmaTopa.

IcpP3T = 1’1 ) IcpMT3

lMpoBepka AOCTAaTOMHOCTM TOKa ANs 3apsiaa KOHOAEHCAaTOPOB He MPOU3BOAMUTCS, Tak Kak ero xsaTaet
npv nobon ycraske no Toky P3T.

Bblaepxka BpeMeHU Ha BKMOYEHWE KOPOTKO3aMblkaTens, NpUHMMaeTcs Ha cTyneHb 6onbwen MT3
ctopoHbl BH, ans yyeta BoamoxHon norpetuHoct P3T.

toppst =tpmrs + AL

rae Ar=0,.5 cek — CTyneHb CENeKTUBHOCTM.

Bbloepxka BpeMeEHN Ha OTKINIOYEHNE OTAENUTENS BblOUpaeTcst Takum obpasom, YToObl obecneuntb
OTKIMIOYEHNE NUTAKLWLEN NMHUK, ecnn cpaboTaeT ee 3awmTa, A0 OTKIOYEHMS NOA4 TOKOM oTaenuTe-
ns.

1 ycnoBMme: OOMMKHbI YCMNEeTb BKIMIOUYUTBCHA KOpPOTKO3aMblKaTenb AeNcTBMeM LwwiTaTtHon MT3 TpaHc-
dopmaTopa 1 OTKMIYMTLCH NUTaoLWasa NMHUA JeNCTBUEM ee 3aluTbl 4O TOro, Kak OTKMYNTCH OT-
aenurens.

tcpP3T = tcpMT3 + t8KJlK3 + tcpP3 + At

roe
ton k3 — BpEeMs BKITHOYEHMSI KOPOTKO3aMblKaTensi MOXHO NPUHATL paBHbIM 0.3 cek;
t.pp3 — Bpemsi cpabaTbiBaHWsA 3alUMTbl NUTAOLWEN NMHUKN, YYBCTBYIOLLEN TOK BKIHOYEHUS
KOpOTKO3aMblKaTens;
At =0,5cekx - Bpewms 3anaca.
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2 ycnoBue: Ecnv KopoTko3aMbikaTenb He BKMOYUIICS, TO BTOpasi CTyneHb AOIMKHA nepexaaTb pa-
00Ty Hambonee 4YyBCTBMTENbHON 3alUMTbI NUTAKOLWEN NMHUKN, 4TOObI 06ecneunTb OTKIOYEHME MK-
TawLen NMMHUM OO OTKITIYEeHUSa oTAenuTens.

tcpP3T = tcp uyeP3 + At

roe

t yCTaBKa 3allUTbl nuTaroLWen NMHUN HanbonbLUen Bblﬂ,ep)KKOVI BpPEMEHMU;

cp uyeP3
At =0,5cek — Bpewms 3anaca.

BbibupaeTcs ycTtaBka no BpemeHu 6onbLieit BeNNYMHLI.

[lnsa cxembl nogcTaHuuM € NOAKoYeHMEM TpaHcdopMaTopa vYepes 1 BblknovaTeib—oTnarka — 3a-
wuta P3T gencreyeT Ha OTKMOYEHME TOrO Xe BbIKMYATENS YTO M OCHOBHAasl 3almTa TpaHcdop-
maropa:

tcpP3T = tcpMT3 + At

[lna cxembl noagcTaHUMK € NoaknovYeHnemM TpaHcdopmartopa vepes 2 BblKfloyaTensa — cxema Moc-
TMka — 3awmta P3T genctByeT Ha OTKMOYEHME 3TUX 2 BbIKMOYATENEN, KaK M OCHOBHas 3alumTta
TpaHcdopmaTopa ¢ AOMNOSTHUTENBHON BbIAEPKKON BPEMEHN.

[lnsa cxembl nogcTaHUUKM C NOAKNIOYEHMEM TpaHcdopMaTopa K CeKLUMM C 2-MS NMUTaLWMMN FIMHUAMN
C BblknovaTenamu, 3awmta P3T gencTByeT Ha OTKIIOMEHME 3TUX 2 BbIKNOYATenen, gaxe ecnu
TpaHcopmaTop uMeeT COBCTBEHHbIN BhIKNHOYATENb.

8.10. MPUMEPbI PACCTAHOBKU 3ALLUAT HA TPAHC®OPMATOPAX

8.10.1. TpaHccpopmaTtop 6-10/0.4 kB ¢ BbiknoyaTenem Ha ctopoHe BH

Takune TpaHcopmaTopbl UCNONBL3YIOTCA AN NMUTAHUA COBCTBEHHbLIX HYXA MOACTaHUMKW, Ans nog-
KntodeHnst B HenTpanb BH gyroracswux katywek unm pesunctopoB. Heobxogmumble ona TpaHcdop-
Martopa 3awmTbl [Ons:

— TpaHcdopmaTopbl Toka cobMpaloTca B HENOSTHYO 3BE3A4y.

— TokoBasi oTceuyka 6e3 BblaepKku BpeMeHu, oTcTpanBaeTcs no Toky ot K3 Ha ctopoHe HH.

— MakcumansHas 3awumTa, cornacoBaHHas ¢ 3awmTon Ha asTomaTax 0,4 kKB. Bug xapakrepuctuku
M3 (3aBucnmasn unu HesaBucuMas) onpeaensieTcs, No ygobCTBY CornacoBaHus C aBTOMaToM
HH.

—  YuutbiBas, 4YTO TOK ogHoasHoro K3 3a TpaHcdopmaTopom ¢ rpynnon coeguHeHun Y/Yo npu-
MepHO B 3 pa3a MeHblle TpexdasHoro, LenecoobpasHo Ans 3awmThl TpaHcopmaTopa BhINosi-
HUTb OOMOMHUTENbHYIO 3alWUTy OT 3aMblKaHMI Ha 3eMro Ha ctopoHe HH, ncnonb3oBas Mmeto-
LLNNCA B JONOMHUTENBHbIN BXoA, 310, NOAKMOUYMB €ro K TpaHCopMaTopy Toka YCTaHOBNEHHOMY
B HenTpanu 0.4kB. MasoBas 3awuTa, Npu ee Hanuyuu, SOMKHA NOAKNKYaTbCa K YCTPOUCTBY
3aWMThl Yepe3 ANCKPETHBIA BXO4 UNn Hanpsmyo. Ecnu TpaHcdopmaTop nmeet cxemy A/Yo, To
TOkM ofHodpasHoro K3 OyayT npumepHo paBHbl TpexdhasHomy, 3aTo npu AsyxdasHom K3,
BCNeacTBUM TOro, YTO 3alyMTa yCTaHOBMEHa B 2 hasax, BO3MOXHO, 4TO B 00e ¢hasbl nonager
TOSbKO NONoBUHA Toka K3, NoaToMy TOK pacdeTHbI ToK K3 Hy>XHO yMeHbLMTb B 2 pasa. Ecnium
YyBCTBMTENbHOCTM 3alUMTbl B 3TOM cinydae ByaeT HegoCTaToO4HO, criefyeT BKAYUTb OOMNOMHU-
TenbHO B obpaTtHbI npoBog, pene PC-40M1, ¢ yctaBkamu Temu xe, 4yto n MT3. MNoaknoyeHne
aononHuTensHoro Bxoga no 31y, n B aToM criyyae uenecoobpasHo, Tak Kak NoBbilIaeT YyBCTBU-
TEeNbHOCTb 3awWnTbl Npy ogHodasHbIx K3.
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6-10 kB

Y3A

N
—

0,4 xB

— Pwuc. 8.25 PaccraHoBka 3awuTbl Ha TpaHcdopmaTope 6-10/0.4 kB.

— YuuTblBagd, YTO 3alimMTa NUTAOLWNX NUHWUIA (TpaHCcopmMaTopoB), Kak NpaBuio, He pesepeupyeT
yKasaHHble TpaHcopmaTopbl, pekomeHayeTcs npumeHeHne YPOB, koTopoe AOMKHO OpraHm3o-
BblBaTbCSA Ha BHELLUHUX pene, N 4eNCTBOBaTb Ha OTKMOYEHWE NUTalLWero BBoga U CEKLUMOHHOMO
BbIKItovaTens.

— [ns curHanusaumm neperpysky LenecoobpasHo MCNonb3oBaTh 3alMTy OT neperpysku, MMmero-
LLYHOCSl B HEKOTOPbIX Moandmkaumsix yctponctea Y3A-AT.

8.10.2. 3awmTa TpaHchopmaTopa 35/6-10 kB MowHocTbI0 MeHee 6 300 KBA

3awmTta TpaHcdopmaTopa MOXeT ObiTb BbiNoNHEHa Ha 2 pene Y3A-AT unu PC81,PC83. Na3oBas
3almTa OenNcTByeT Ha OTKIOYEeHUEe HenocpencTBeHHo. TpaHcopmaTopbl Toka CTOpoHbl BH cob-
paHbl B TpeYronbHUK, Ha ctopoHe HH B HenomnHyto 3Be3ay.

YctpownictBo Y3A-AH, PC82, PC83-B2 mncnonbayetcs gnst cxembl ABP wuH 10 kB, n moxeT 6bITb
NCNonb30BaHO Ansi GIIOKMPOBKM MO HAMNPSPKEHUIO MaKCUMarbHbIX 3aLMUT TpaHcdopmaTopa.

ToKOBbIE OTCEYKM UCNOMNB3YHTCH B KayecTse fiormdeckux 3awmt (8sog HH — 3awumTa wwuH, Beog HH-
andsawmta TpaHcdopmaTopa). Vimerowmecss B cocTaBe YCTPOWCTB BXOAbl 3alUUTbl HYNeBOW Mo-
cnepoBaTeNnbHOCTU, BKOYEHbI B OOpaTHble NpOBOAA TOKOBLIX LIEMEN U UCMOMb3YHTCS B Ka4yecTBe
3aLMTbl OT NEpPErpy3kn n aBToMaTuKM OXNaxaeHus TpaHcgopmaTopa.
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Puc. 8.26. 3awmTa TpaHchopmaTtopa 35/6-10 kB mowHocTbio MeHee 6 300 kBA.

VEAAH

OO

8.10.3. IByXOOMOTOUHbIN NOHUXaKOLWUIN TpaHcopMaTop NOBbLILLEHHOW
MolHocTu (6onee 4 MBA)

[nsa TpaHccopmaTopoB HanpsikeHnem 35kB HaMmyn npegnaratoTcs NPocTble  peLleHus:

— [OmdsawumTa BbINOMHEHA HA NPOCTLIX anekTpomexaHndeckmnx pene PHT 565 ( 03T-11) npous-
Boactea UBASB. Ina pesepsHon 3awmtbl (MT3) ucnonbayetca pene Y3A — AT-T wnn PC83
nmeroLLiee Tpu CTyNeHU BbiAEPXKKM BPpEMEHN: NepBas CTyNeHb AeNCTBYeT Ha oTkntodeHne CB 6-
10kB, BTOpas oTtknoyaeT BBoA 6-10 kB, TpeTbs OTKMOYAET BbikMYaTenb (BKOYAET KOPOTKO-
3aMblkaTenb) Ha ctopoHe 35kB. CtopoHa 35kB ncnonb3yeTt gelyHTUpoBaHue, npegycMoTpeH-
Hoe B ycTponcTtee Y3A-AT-T, a ansawimta gencTByeT Ha AelyHTUpoBaHe Yepes ANCKPETHbIN
BXOZ TOro e pere cM. puc.8.27.

Ha pwuc. 8.28. nokasaHa 3awwmTa TpaHcopmaTopa, BbiNONHeEHHast Ha annapaTtype ALSTOM
(AREVA): pene MiCOM P124 Ha BBogax BH n P122 — Ha BBoge HH. [Qud3awmta BbINnonHeHa Ha
pene MiCOM P632 nnn MX3DPT3A. Na3oBasd 3alumta nogknioyaeTcs Ha ANCKPETHBIA BXO4 YCTPOn-
ctBa MiCOM P124. BzameH MiCOM P122 moryT 6biTb ncnonb3oBaHbl pene MiCOM P123 nnu pene
cepyn MODULEX3: MX3AMD30A, MX3AM30A. Ina eeoga BH Bo Bcex cny4vasix uenecoodbpasHo
npumeHuTb ycTporncteo MiCOM P124, nmetoliee aBTOHOMHOE NUTAHWE, HE3aBUCSLLEE OT Hann4ms
onepTtoka Ha lNC. JononHutenbHoble TOKOBbIE opraHbl, Bxoaswue B coctaB MiCOM P632 ncnonb-
3yloTca Ans AyoénmpoBaHusa pe3epBHbIX 3alMT, a CBOGOAHbIE TOKOBbIE OpraHbl — Ana G610KMPOBKM
PIH, curHanusauumn neperpysku, asToMaTUKU OXnaxgeHus n.T.4.

BsameH MiCOM P921 moxeT ObiTb ncnonb3osaHo MiCOM P922, npu 3ToM NosiBNSETCA BO3MOX-

HOCTb BbINONMHUTL GNOKMPOBKY MO HanpshkeHnto MT3 gononHuTensHo no U2. MoXHO ucnonb3oBaTtb
Tarke pene MX3VIR30A unm MX3VIC30A cooTBETCTBEHHO.
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i xkB

MLICOM F124

LLICORT P32

MICON P1232

&-10 xB

LLCON P122

LIICONT PR2L

350110 B

Puc. 8.27. NMoHmxatowmin AByxXOOMOTOYHbIN
TpaHchopmaTop € 3aKUTON Ha annapaTtype
dupmbl ALSTOM.

Puc. 8.28. MNoHwxatowmin AByXO0OMOTOYHbIN
TpaHcopmaTop C 3alMTON Ha annapartype
durpMbl «SHepromaLBuH» n Y3AS.

Pacnpegenenune dyHkuun cm. Tabn. 8.3.

Tabnuua 8.3.

MiCOM P124 BkniodeHa Ha
TpaHcdopmaTopbl TOKa  Bbl-
Kroyatena co CTOpoHbl BH.
TokoBble OpraHbl 3aluTbl HYy-
neesor  nocnegoBaTeribHOCTU
MOryT ObITb BKMOYEHbl Ha
dasHbii Tok TT M mMcnonb3o-
BaTbCH ANS Nycka oxnaxaeHus
n 6rnokupoeku PIMH.

lMepBas cTyneHb - TOkOBas OT-
ceyka, oTcTpoeHa ot K3 Ha cTo-
poHe HH.

BTtopasa cTyneHb — BbINOMHEHa
6e3 BblOgepXKn BpemMeHu u 6no-
KMpyeTCa YCTPOWCTBOM 3aLUUThI
CTOpPOHbI HH.

TpeTbsi cTyneHb — 06blYHAs Mak-
cvManbHas 3aluTa C BblAEpXKKOM
BPEMEHM.

Ay6nupytowas nornye-
ckas gudpsawmta  TpaHc-
dopmaTtopa. (cMm. npume-
YaHue 1).

AdybnupyeT BTOpyK CTy-
NeHb Ha crny4am oTKasa
uenen 6MOKUPOBKM 2 CTy-
neHun.

Ob6ecneunBaeT pesepBu-
poBaHMe 3alMT noAacTaH-
umm npum notepe Ha [C
MOCTOSIHHOIO OMepaTUBHO-
ro Toka.

lpumeyaHue 1. [Jns omcecmpoliku om 6pocka Inam, ycmaeka cmyrneHu ¢ fjoeudeckol 6510Kupos-
kol y pene MiCOM domxkHa cocmasumb He meHee 2IH, npu ee 8birnorHeHuUU 6e3 8bI0epKKU
spemeHu. [nsa pene cepuu MODULEX 3 npu ycmaeke nopsioka 2Inom HeobxoOumo egecmu 8bi-
OepxKy epemeHu ropsidka 0, 2cex.

MiCOM P632 (MX3DPT3A)
LenecoobpasHo BKIIOYUTL Ha
TpaHcopmaTopbl ToKa BCTPO-
€HHble Ha cTopoHe BH TpaHc-
dopmaTtopa u TT BbIkNtoYyaTe-
nga cTopoHsbl HH.

MpogonbHaa gudpsawmra TpaHc-
dopmaTopa NOBbLILLEHHON YyBCT-
BUTENbHOCTN.
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MiCOM P122 BknoveH
TpaHcdopmaTopbl  ToKa

KntoyaTtensa co ctopoHbl HH.

Ha
Bbl-

MepBas cTyneHb BbinonHeHa 6e3
BbIAEPXKKN BpPEMEHU U Gnokupy-
eTcs yCTpoMCTBaMM 3aluTbl OT-
xoaswmnx onaepos.

BTopas cTyneHb BbiNOMHSETCA C
BblAEPXKKOW BPEMEHU CENEKTUB-
Hon ¢ omaepamu.

TpeTbsa CTyneHb — 3awuTta oT ne-
perpysku TpaHccopmartopa .

Jlornyeckas
LLUMH.

andsawmra

Oybnupyet BTOpYylO CTY-
neHb Ha cnyyanm oTkasa
uenen GrOKMPOBKN.

MiCOM P921

(MX3VIR30A) BkntoveHa Ha TH

CTOPOHbI HH.

MoxeT ObITb Mcnonb3oBaHa AOns
GnoOKMPOBKM 3awmnT TpaHchopma-

TOpa Mo HaMNpsHKEHUHO.

Mpu ncnonb3oBaHMK annapaTypbl ApYrMX UPM MOXHO pekoMeHAoBaTb, Tabn. 8.4

Tabnuua 8.4
dupma 3awuTa Oudpsawmta un | 3awmta BBoga HH, po- | 3awmta duagepos
BBoga BH JOMOSIHUTENb- | NONHUTENbHbIE TOKOBbIE
Hble 3alUunThbl opraHbl, ABP, AlB

GE F650 T60 MIF, F650 MIF, F35*%, F650
ABB REF 543 RET 521 REF 543 REF 541
SIEMENS 7SJ511 7UT513 7SJ511 7SJ511

SEL SEL551 SEL387A SEL 351 SEL 551

lMpumeyaHue™: F35* -epynnosoe ycmpolcmeo 3awjumbl paccyumaHHoe Ha rooOKYeHue
0o 5 pudepos u 1 TH.

8.10.4. TpaHccopmaTop ¢ paciiensneHHon o6moTkon HH

Mpn wncnonb3oBaHuMM annapaTtypbl ALSTOM 3awuTa TpaHcdopmaTopa BbINOMNHAETCS Ha pene
MiCOM P124 Ha BBoge BH, P122 Ha BBogax HH1 n HH2. Qud3awmta BeinonHeHa Ha pene MiCOM
P632 nnn MX3DPT3A. NasoBas 3awmTta noaknoyaeTca Ha UCKPETHbIN BXOA NepBOro yCTpPoncTBa
MiCOM P122. Ncnonb3oBaHue yHKUnn cm. Tabnumuy 8.5.

BsameH MiCOM P122 moryT 6bITb Mcnonb3oBaHbl pene MiCOM P123 unu pene cepun MODULEXS3:
MX3AMD30A, MX3AM30A. [Insa eeoga BH Bo Bcex cnyyasx uenecoobpasHo NpUMEHUTL YCTPOMCT-
Bo MiCOM P124, nmetoiee aBTOHOMHOE NUTaHWE N He3aBUCSLLIEE OT Hann4na onepToka Ha [C.

BzameH MiCOM P921 moxeT ObiTb ncnonb3osaHo MiCOM P922, npu 3ToM NosIBNSETCA BO3MOX-
HOCTb BbINOMHUTL GIOKMPOBKY MO HanpshkeHnto MT3 gononHuTensHo no U2. MoXHO ucnonb3oBaTtb
Takke pene MX3VIR30A MX3VIC30A, cOOTBETCTBEHHO.
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220-110 kB

MiCOM

MiCOM
P122
6-10 kB
MiCOM
P921
| e
P121 MiCOM
P921

Puc. 8.29 PaccraHoBKa annapaTypbl Ha TpaHcopmaTope ¢ pacLiennieHHon obmoTtkon HH.

Tabnuua 8.5

MIiCOM P124 BknodeHa Ha
TpaHcopmaTopbl TOKa BbIKIHO-
yaTensa co cTopoHbl BH. Toko-
Bble OpraHbl 3aluTbl HyneBon
nocriegoBaTenbHOCTU MoryT
ObITb BKIHOYEHBI HA (PasHbIN TOK
TT n ucnonb3oBaTbCca Anga nyc-
Ka oxnaxaeHms n OnoKMpoBKU
PIH.

[MpumeyaHue 1.

lMepBas CTyneHb- TOKOBasA OTCeuka,
oTtcTpoeHa ot K3 Ha ctopoHe HH.

BTopas cTyneHb — BbinonHeHa 6e3
BblAEPXKKN BpeMeHN u BnokupyeTtcs
YCTPOWMCTBOM 3aLUnTbl CTOPOH HH1 1
HH2.

TpeTbst CTyneHb — obblYHaAs Makcu-
ManbHas 3awuta C  BblAEPXKOM
BPEMEHM .

Odybnupyowas  no-
rmyeckas gudsalum-
Ta TpaHcdopmaTopa
CM. npumeydaHue 1.

Lybnupyet BTOpYtO
CTynNeHb Ha crny4vamn
oTkasa uenen 0Ono-
KMPOBKM 2 CTYNEHM.

Ana omempodlku om 6pocka I nam. ycmaeka cmyneHu ¢ fioeudeckoll b6s10Kuposkol y perse
MiCOM OdomxHa cocmasume He meHee 2 In, rpu ee 8bINOSIHEHUU C 8bIOEPXKKOU 8peMeHU

0.1 cek. [nsa pene cepuu MODULEX 3 npu ycmaske nopsioka 2 Inom Heobxodumo esecmu
8bI0epXxKy epemeHu ropsidka 0,2cex.

43




MiCOM P632 (MX3DPT3A) ue-
necoobpasHo  BKMKYUTL  Ha
TpaHcopmaTopbl TOKa BCTPO-
€eHHble Ha cTopoHe BH TpaHc-
cdopmaTtopa M cymmy ToKoB TT
BblkrtoyaTenen ctopoHsl HH1 n
HH2.

MpogonbHaa gud3awmrta TpaHc-
¢dopmaTopa MNOBbILLEHHOW 4YyBCTBU-
TENbHOCTW.

MiCOM P122-1 n 2 BkntoyeHa
Ha TpaHcdopmaTopbl TOKa Bbl-
KnioyaTtenen Ha cropoHax HH1
n HH2.

MepBas cTyneHb BbinonHeHa 6e3
BbIOEPXKKN BpEMEHM M BnokmpyeTtcs
YCTPOWCTBaAMM 3aLUNTbl OTXOAALLMX
duaepos.

Btopass cTyneHb BbINOMHAETCA C
BblOEPXKKOW BPEMEHW, CENEKTUBHOM
¢ hnagepamum.

TpeTbs CTyneHb — 3awuTa oT nepe-
rpysku TpaHcdopmatopa.

Jlornyeckan pgudsa-
LUMTa LUWH.

Oybnupyet BTOpYHO
CTyNeHb Ha crnyyamn
oTKasa Luenen 0Ono-
KNPOBKM.

[JomkHa OblTb Bbl-
MOrHeHa OTAEerbHOMN
Ons Ka)aom obmoT-
ku HH.

MiCOM P9211m 2
(MX3VIR30A 1 u 2) Bkro4veHa
Ha TH cTtopoHbl HH.

MoxeT OblTb Wcronb3oBaHa Ans
GNOKMPOBKN 3aLIUT TpaHcdopmaTo-
pa Mno HanpsKeHUIO.

Mpn ncnonb3oBaHMK annapaTypbl APYTMX UPM MOXHO pekoMeHZoBaTb, Tabsn. 8.6

Tabnuua 8.6
dupma 3awmta BBO- | Andsawmta u | 3awmta BBogoB HH, | 3awwuTa duvoe-
na BH AOMOSMHUTENb- | AOMOSNTHUTENbHbIE TOKO- | POB
Hble 3aLUThI Bble opraHbl, ABP, AlB
GE F650 T60 F650 MIF, F35*, F650
ABB REF 543 RET 521 REF 543 REF 541
SIEMENS 7SJ511 7UT513 7SJ511 7SJ511
SEL SEL551 SEL387E SEL 351 SEL 551
PA Cwupuyc -¥YB Cupuyc T3 Cwupuyc 2B Cupuyc 2J1
lMpumeyaHue™: F35* -epynnoeoe ycmpolcmeo 3auwumbl pPaccyYumaHHoOe Ha [OOKIYeHUe

0o 5 gpudepos u 1 TH
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8.10.5. MNoHmxawLwWmnn TPexoObMOTOYHbIN TpaHcdopmaTop
110-220 kB

MiCOM
P124

MiCOM
P124
MiCOM
P122
MiCOM
Po21 MiCOM
6-10 kB MiCOM MiCOM P127

P121 P921

Puc. 8.24. PacctaHoBka annapaTypbl Ha TpeXobMOTO4YHOM TpaHcdopMaTope.

MpenycmaTtpuBaeTcs BO3MOXHOCTb pe3epBHOro nutaHmsa no ctopoHe CH. B atom pexume Hewn-
Tpanb TpaHcopmaTopa AoSMKHA ObITh 3a3emneHa. 3awuTbl TpaHcopmaTopa U OTXOAAWMX FINHUIA
BbIMOSTHEHLI LenMkoM Ha pene cepum MiCOM. Oud3awmrta BoinonHeHa Ha pene MiCOM P633. Ha
Beogax CH n HH yctaHosneHa 3awmta MiCOM P122, BH n CH — P124. NasoBagd 3awwuTa Noakmto-
YaeTca Ha guckpeTHbIn Bxopn yctponctea MiCOM P122 ctopoHbl BH v gomkHa genctBoBaTh Ha
MiCOM P124 ctopoHbl CH. [Ins BbINOMHEHMS 3alUMTLI OT 3aMblKaHUA Ha 3eMito cTopoHbl BH, B pe-
Xnume nutaHusa TpaHcdopmaTopa co cTopoHbl CH, ncnonbayetcs TpaHcopmaTop TOKa CO CTOPOHbI
HenTpanu TpaHcdopmaTopa, noaknoveHHbIn K yctponctey MiCOM P124 ctopoHbl BH. Wcnonbso-
BaHne yHKumMn cM. Tabnuuy 8.7. BzameH MiCOM P122 moryT ObiTb ncnons3oBaHbl pene MiCOM
P123. 3awuTa nuHum 35 kB, koTopas MOXET ObiTb NUTAKLWEN, BbINOSIHEHA HaMNpaBfiEHHOW C MOMO-
Wweto yctporctea MiCOM P127.

BsameH MiCOM P921 moxeT 6biTb ncnonb3osaHo MiCOM P922, npu 3ToM nosiBNAeTCS BO3MOX-
HOCTb BbINOSTHUTL GIIOKMPOBKY NO HanpshkeHnto MT3 gononHuTensHo no U2.
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Tabnwuua 8.7

MiCOM P124-1 Bkno4YeHo Ha
TpaHchopmaTopbl TOKa BbIKIO-
yaTensa co cTopoHbl BH. TokoBble
opraHbl 3awuTbl HyNneBon nocne-
A0BaTENbHOCTW BKMNIOYEHbI HA TOK
TT B HenTpanu.

MepBasi CTyneHb - TOKOBasi OTCEY-
Ka, oTcTpoeHa oT K3 Ha cTopoHe
HH.

BTopasi cTyneHb BbINOMIHEHA C Bbl-
nepxkon BpemeHn 0,2 ¢ n 6noku-
pyeTcsa yCTPOMCTBOM 3alluThbl CTO-
poH HH n CH.

TpeTbsi CTyNeHb Mcnonb3yeTcs Ans
nycka oxnaxaeHuss u GNOKMPOBKMU
PMH.

3awuTa oT neperpysku ¢ TensI0BON
XapaKTepuCTUKOM

Oybnupytowaa no-
rmyeckasi andsallu-
Ta TpaHcdopmaro-
pa CM. npuMmeva-
Hue 1.

[TpumeyaHue 1.

Lns omempolku om bpocka I nam. ycmaeka cmyrneHu ¢ rioeudeckol briokuposkol y pere
MiCOM domxHa cocmasumb He meHee 2 In, npu ee 8bINonHeHUU ¢ 8bIOEPXKKOU epeMeHU

0.1 cek.

MiCOM P124-2 u P122 Bkrntoye-
Hbl Ha TpaHcdopmaTopbl TOKa
Bblknto4aTenst co ctopoHel CH u
HH cooTtBeTcTBEHHO. TOKOBbLIE
opraHbl 3alnTbl HYNEBOW nocne-
[0oBaTenbHOCTU mMoryT  ObITb
BKMNIOYEHbI Ha (pasHbIn TOK TT, U
ncnonb3oBaTbCs OMs MNycka OX-
naxpeHusa n énokmposku PIMH.

MakcumanbHasga 3awmta wuH CH un
HH.

Ha BTOpon cTyneHu BbINOMHEHA
nornyeckas 3awmta wmH CH n HH,
koTopas OnokupyeTcs YCTPOMUCT-
BOM 3awuTbl puagepoB ctopoH CH
n HH.

Oybnupyrowasn ondpsawmta
TpaHcdopmaTopa BnokupyeTcs
yctponcteamn CH N BH.

Oybnupytowaa no-
rmyeckasl andsaiiu-
Ta TpaHcdopmaTo-
pa.

PesepBupyeT 3awu-
Tl [1C npu notepe
OonepaTuBHOIO TOKa
W NUTaHMM No CcTo-
poHe 35 kB.

MiCOM P633 uenecoobpasHo
BKNIOUYNTbL Ha TpaHcdopmaTopbl
TOKa BCTPOEHHblE Ha cTopoHe BH
TpaHccopmaTopa 1 OTAENBHO Ha
Tokn TT BbIKAOYaTENEN CTOPOHBI
CH wn HH. Komnnekt 3awmuTbl OT
3aMblKaHUIA Ha 3eMIIlo0 MOAKMHo-
YyaeTca K Tp-py Toka HenTpanu
110 kB.

MpogonbHaa AaudsawmnTa TpaHc-
dopmatopa MOBbLIWEHHOW YYyBCT-
BUTENbHOCTW. 3alUMThbl OT 3aMblKa-
HWS Ha 3eMI Ha cTopoHe BH.

Ha ctopoHax HH n CH BbinonHs-
lOTCA  AOMNOSNTHUTENbHbIE  MaKcu-
MarnbHbIe 3aWUThI.

3awmTa oT neperpysku.

MiCOM P921 1 n 2 BknNtoYeHO Ha
TH cTtopoHbl HH 1 CH.

MoxeT ObITb uchonb3oBaHa AN
OMNOKMPOBKN MaKCMMarnbHbIX 3alMT
TpaHcopmaTopa No HanpPsKEHUIO.
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Mpn ncnonb3oBaHuK annapaTypbl 4pYrMX PUPM MOXHO pekomeHgoBaTb, Tabn. 8.8

Tabnuuya 8.8
Av3aLmTa u 3awmTa BBogos HH,
3awmTa [JOmnOsHu- 3awuTa
dupma eona BH | Tenbhbie 3a- | BOMOMHNTENbHbIE TOKO- buaepos
A LTI Bble opraHbl, ABP, AlB Aep
GE F35 T60 F35, F60 MIF, F35*, F650
ABB REF 543 RET 521 REF 543 REF 541
SIEMENS 7SJ511 7UT513 7SJ511, 7SJ531 7SJ511, 7SJ531
SEL SEL551 SEL387E SEL551, SEL 351 SEL551,SEL 351
PA Cwupunyc YB Cupuyc T3 Cwupuyc 2B Cupuyc 2J1
lNpumeyaHue™: F35* -epynnosoe ycmpolcmeo 3awumbi paccyumaHHoe Ha odKIYeHue

0o 5 gpudepos u 1 TH.

YkasaHHOW annapaTypon He ucyepnbiBaeTCA BO3MOXHbIA MepeyeHb annapatypbl. HoMeHknaTtypa
d1pM NpOnN3BOANTENEN 3HAUUTENBHO LWKMpe. Mcxoas u3 KOHKPEeTHbIX TpeboBaHui K 3awmTe, aBTo-
MaTUKe U ynpaBfeHuio MOXHO nogobpaTb u Apyrylo annapaTypy, Yacto 6onee npocTyo u gelle-

BYIO.
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