4 TPAHC®OPMATOPbI TOKA U HAMNPAXEHWUA

4.1 TPAHC®OPMATOPbI TOKA

TpaHcdopmaTtopel Toka (TT) cnyxaT ong pasgeneHusa (M3onauumn) NepBUYHbBIX U BTOPUYHBIX Lienen,
a TaK Xe Ans npvBefeHns BeNMYUHbl TOKa K YPOBHIO YAOBHOMY AN n3mMepeHus (CTaHAapTHbIA HO-
MWHanbHbLIA TOK BTOpUYHOM obMoTkn 1 Aunn 5 A).

YCTpONCTBO U cxema BKNtodeHust TT nokasaHbl Ha puc. 4.1. TT cocTonT na ctanbHoro cepaeyHmka C
n OByx obMOTOK: NEPBUYHON (C YNCIIOM BUTKOB W;) U BTOPUYHON (C YNCITIOM BUTKOB W,). Yacto TT
N3roToBNAOTCA C ABYMS U Bonee cepaeyHukamn. B Takmx KOHCTPyKUUMAX nepBuYHas obmoTka aBns-
eTca obuien ana Bcex cepaeyvHukoB (puc. 4.1, 6). MNepBudHas obmoTKa, BbINOMHAEMasi TONCTbIM
NPOBOAOM, MMEET HECKOSIbKO BMTKOB WM BKMIOYAETCA MocrneaoBaTeNbHO B LEeNb TOrO 3fieMeHTa, B
KOTOPOM NPOWU3BOAMTCA M3MEpeHWe TOKa, UNM 3almuta KOToporo ocyuwectenaetcsa. K BTOpu4HOM
0bMOTKe, BbINOSTHAEMOM MPOBOLAOM MEHBLLUEN0 CEeYEHMA U MMetoLLen 6onbLIoe YMCO BUTKOB, NOA-
KMnoyalTCcsa nocrneaoBaTeNbHO COeAMHEHHbIE pene n Nnpubopsbl.
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Puc. 4.1 YcTpoicTBo 1 cxema Puc. 4.2 MapkupoBka (0603HaveHune)
BKITOYEHMSA TPaHCOPMAaTOPOB TOKA;  BbIBOAOB OOMOTOK TpaHcopMaTopoB
a — C 0QHUM cepaedHUKOM,; TOKa.

6 — c AByMSA cepAevHMKkamm

Tok, npoxoasawun no nepeuyHo obmotke TT, HasbiBaeTcs NepPBUYHLIM N 0603Ha4aeTca Iy, a TOK BO
BTOPUYHOM OOMOTKE Ha3blBAeTCSH BTOPUYHbIM U 0603Ha4vaeTtcs k. Tok I4 co3gaeT B cepaeydrnke TT
MarHUTHbIA NOTOK @4, KOTOPLIN, Nepecekasi BUTKN BTOPUYHON OOMOTKW, MHOYKTUPYET B HEN BTOPUY-
HbIR TOK b, Takke co3galoWwmn B cepaevyHNKE MarHUTHbIA NOTOK @5, HO HanpaBfEHHbIN NPOTUBOMNO-
NOXHO MarHUTHOMY NOTOKY @4. Pe3ynbTUPYHOLWLMA MarHUTHbIN NOTOK B CEpAEYHUKE paBeH Pa3HOCTU:
MarHUTHbIN NOTOK 3aBUCUT HE TOMbKO OT 3HAYEeHMHA CO3AalLLErO ero Toka, HO U OT KONUYecTBa BUT-
KOB OOMOTKM, MO KOTOPOW 3TOT TOK npoxoauT. [ponsBeaeHne Toka Ha vncno sButkoB F = Iw Hasbi-
BaeETCAMAarHMTOOABUXY LW EW CUITTON U Bblpaxaerca B amnepButkax (Aeeut.). MNosTtomy,
BblpaxeHue (4.1) MOXXHO 3aMEHUTb BblpaXXeHNEM:

Fy=F, - F, (4.2)
unm
Iywy =1,wy —1,w, (4.3)
roe:
I, — TOK HamarHuuvMBaHusi, SBNSIOLWMICA 4YacTbio MEPBUYHOrO ToKa, obecrneymsaeT pe-

3yNbTUPYHOLLUIA MarHUTHBIAN NOTOK B cepAaeyHuke (B ganbHenwem obo3HavaeTcs lyay);
Wy, W, — HUCIO BUTKOB NEPBUYHON N BTOPUYHON OBMOTOK.
PasgenuB Bce UreHbl BbIPaXKEHUA HA W3, NONYYNM:
Lo - (i fwy) = L (wy fwy )= 1, wnm 1 (wi fwy )= 1, + 1, (wy [ wy) (4.4)
lMocKonNbKy NpU 3Ha4YEeHUAX NEPBUYHOMO TOKa, BNU3KNX K HOMUHANbHOMY, TOK HaMarHM4MBaHUSA He
npeBbiwaeT 0,5—3% HOMMHAaNbBHOro ToKa, TO B 3TUX YCIOBUSIX MOXXHO C HEKOTOPbIM NPUGIMKEHNEM

cuutatb 1, = 0. Toraa n3 soipaxeHus (4.4) cnepyer:
I1/12=w2 /w1

OTHOLLEeHWe BUTKOB wl/wl =Ky Ha3sblBaeTcH koappuumneHTom TpaHcdopmauum TT.

Lok, (4.5)

CornacHo gencrteylowemy ctaH4apTy, OTHOWEHWE HOMMHAIbHOrO NEpPBUYHOINO TOKA K HOMMUHAIb-
HOMY BTOPUYHOMY TOKY Ha3blBaeTCsl HOMWHASIbHLIM KO3 PULMEHTOM TpaHcdopmauun. HoMmnHane-
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Hble KO3(MPUUMEHTbI TpaHCchopMaUumn ykasblBalOTCA Ha WuUTKkax TT, a Takke Ha cxemax B Buae
Opobu, B uMcnuTene KOTOpon — HOMUHAIbHbBIV MEPBUYHBIA TOK, @ B 3HAMeHaTene — HOMUHarsbHbIN
BTOPUYHbLIN TOK, Hanpumep: 600/5 A unu 1000/1 A. OnpefeneHne BTOPUYHOIO ToKa No U3BECTHOMY
nepBU4YHOMY W, HAOBOPOT, NPOU3BOAMTCA MO HOMMHAIbHLIM KO3 dULMEHTAM TpaHcopmauum B
COOTBETCTBUU C POPMYyaMu:

I,=1L1K,; I, =1,K, (4.6)
Ona npasunbHoro coeamHeHnss TT mexay cobon u NpaBUILHOMO MOAKMHOYEHUS K HAM pene Ha-
npaBfieHNs MOLLHOCTW, BaTTMETPOB M CHETUMKOB, BbIBOAbI 0OMOTOK TT 0603HavaTcs (MapKnpyoT-
Cs1) 3aBOAAMW-M3rOTOBUTENAMW crnegyrowmm obpa3oM: Hayano nepBuYHoOn obmMoTkn — JI; Havano
BTOPUYHOM OOMOTKM — Uy KOHEL, NepBMYHON O0OMOTKN — JI,, KOHEL, BTOPUYHOW OOMOTKM — u,. Mpun
MOHTaxe TT OHM 0ObIYHO pacnonaralTcs Tak, YToObl Havyana nepBuYHbIX 06moToK J1; Bbinn obpa-
LLleHbl B CTOPOHY LUMH, @ KOHUbI JT, — B CTOPOHY 3alwumiaeMoro obopynoBaHus.
Mpn mapkuposke obmoTok TT 3a Havano BTOpMYHON 0O6MOTKM H(u4) npMHMMaeTcsa TOT ee BbIBO4, M3
KOTOpPOro TOK BbIXOAUT, €CAN B 3TOT MOMEHT B NEPBUYHON 0OMOTKE TOK NpoXoauT oT Hadana H(JT,)
K KoHUy K( J1,), kak nokasaHo Ha puc. 4.2. [pu BknoyeHun pene KA no aToMmy npasuny, TOK B pere,
Kak nokasaHo Ha puc. 4.2, npu BKIOMEHMN ero vyepes TT coxpaHsieT To Xe HanpaBneHue, 4YTo 1 npu
BKITHOYEHMM HENOCPEACTBEHHO B MEPBUYHYIO Lienb.
B HopmanbHOM pexume TpaHcdopmaTopbl TOKa, BTOPUYHaAs 0OMOTKa KOTOPbIX 3aMKHyTa Ha manoe
COMPOTMBIIEHNE TOKOBLIX OGMOTOK NpnBopoB 1 pene, paboTaloT B pexume GriM3KOM K KOPOTKOMY
3aMblKaHUI0.
M3 ycnosui 6esonacHOCTM nepcoHana npu npoboe nsonauumn mexagy nepBuyHoOn U BTOPUYHOM 0O-
MOTKaMu, BTOPUYHbIE OOMOTKM TpaHCOPMATOPOB TOKa AOIMKHbI ObiTb 06si3aTENBHO 3a3eMIEHbI.
3asemMrneHne BTOPUYHbIX Lenen TpaHCopMaTopoB TOKa BLIMOMHAETCA B OQHOW TOYKe U, Kak npa-
BUITO, Ha GnvKanLwen K HAM Krnemmom cbopke.
MorpewHocTn TpaHcdopmaTopoB Toka. KoadppuuneHT TpaHchopmaumm TT Tak xe, kKak y TH, He
ABNSAETCS CTPOro NOCTOSIHHOW BENUYMHOWN M N3-3a NOrPELUHOCTEN MOXET OTNMYaTbCA OT HOMUHAIb-
Horo 3HauyeHwus. lMorpewHoctn TT 3aBUCAT rmaBHbIM 0BpPa3oM OT KPATHOCTM MEPBUYHOrO TOKa Mo
OTHOLUEHUIO K HOMUHANbHOMY TOKY NEPBUYHOM OOMOTKM U OT Harpysku, NOAKMIOYEHHON K BTOPUYHOM
obmoTke. NMpn yBenMyYeHnn cConpoTUBNEHNS HAarpy3kn Unm Toka Bbille onpeaeneHHbIX 3Ha4YeHUn no-
rpeLHoCcTb Bo3pactaeT n TT nepexoanT B APYron Krnacc TOYHOCTM.
[na nameputenbHbIX NPUBGOPOB MNOrPEeLLIHOCTL OTHOCUTCS K 30HE Harpy304HbIX TOKOB 0,2 — 1,2 Lop.
OTa NorpeLLHOCTb MMEHYETCS KIacCcoM TOYHOCTM U MOXeT 6bITb pasHa 0,2; 0,5; 1,0; 3,0 %.
TpeboBaHusa k pabdote TT, NMTaOWMX 3aWUTY, CYLLECTBEHHO OTNMYalOTCs OT TpeboBaHun k TT, nu-
Tawwmm nameputeneHble npubopkl. Ecnn TT, nutatowme nameputenbHble NPUOOpPLI, AOMKHbI pa-
6oTaTb TOYHO B NMpefenax CBOEero Knacca npu Tokax Harpysku, 61nM3kMx K MX HOMUHANbHOMY TOKY,
To TT, NuTaloWwmne penenHyr 3alWuTy, OOMMKHbI paboTaTtb C AOCTAaTOYHOW TOYHOCTBIO MPU MPOXOX-
aeHun TokoB K3, 3HaunTenbHO npeBbillaloWmnX HOMUHANbHbBIA ToK TT. [na uenen 3awwmTtbl BbinNyc-
KatoTca TpaHcdopmMaTtopel Toka knacca P vnn [ (ana  guddepeHumnanbHblX 3awmT) B KOTOPbIX He
HOPMUpPYETCS NOrPeLHOCTb MpU MarbiX (Harpy3oudHblX) TOkax. B HacToslee BpeMs BbiMycKaloTCs
TpaHcdopmaTopbl Toka knaccoB 10P 1 5P, norpelHoCcTb KOTOPbLIX HOPMUPYETCS BO BCEM Auanaso-
He TOKOB.
MpaBuna ycTponcTBa 3neKTpoyCTaHOBOK TpebytoT, uTobbl TT, NpeaHasHavyeHHble ANs NUTaHusa pe-
NENHON 3aluTbl, UMENWN MOrPELLHOCTb, Kak npaswuro, He 6onee 10%. bonblasa norpewHoCcTb O0-
nyckaeTcs B OTAENbHbIX CryyasXx, Koraa 370 He NpyMBOAUT K HernpaBuIibHbIM AENCTBUAM penevHoM
3aWwuThl. NorpelHoCT BO3HMKAOT BCNeACcTBUE TOro, YTO OEeMCTBUTENbHbLIN Npolecc TpaHchopma-
umMm B TT npomcxoguT € 3aTpaTol MOLLHOCTM, KOTOpasa pacxogyeTcs Ha co3faHue B cepaedHuke
MarHUTHOro MOTOKa, NepeMarHu4mMBaHne ctanu cepgevHuka (rmcrepesuc), notTepy oT BUXpPEBbIX TO-
KOB, HarpeB 0OMOTOK.

Puc.4.3 Cxema 3amelleHuss TpaHc- Pwuc. 4.4 YnpowieHHas BEKTOpHas
dopmaTopa Toka. Avarpamma TpaHcgopmaTopa Toka.
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Mpouecc TpaHcdopmaumm ToKa XOPOLLO WASIOCTPUpYeTCca CXemon 3amelleHust TT, npuBegeHHOM
Ha puc. 4.3. Ha atoin cxeme Z; n Z, — CONpPOTMBIIEHUS NEPBUYHON U BTOPUYHON OOMOTOK, a Zyay —
COMPOTMBIIEHME BETBU HaMarHM4MBaHUS, KOTOPOE XapaKTepusyeT yKasaHHble Bbille NoTepU MOLL-
HOCTMW.

M3 cxembl 3amMeLleHnst BUOHO, YTO MEPBUYHbBIA TOK /1 BXOOALWMA B HA4ano nepBuyYHON obmoTku H,
NpoOXo4MuT MO ee CONMpPOTUBIIEHUIO Z1 N B TOUKE @ pa3BeTBNAeTCsA Mo ABYM napansienbHbiM BETBSM.
OcHoBHasi YacTb TOKa, ABMAIOLWAACA BTOPUYHBIM TOKOM [, 3aMbIKaeTcqa Yyepes ConpoTUBIIEHME BTO-
pU4HOM 0O6MOTKMN Z; N CONPOTUBIIEHME HArpy3kn Zy, COCTOsILEE U3 CONPOTUBMNEHUI perne, Npnbopos
N coeauHUTEnNbHbIX NpoBoAoB. [lpyras 4YacTb MEepBUYHOrO ToKa l,ay 3aMblkaeTca 4yepes Cconpo-
TMBMEHME BETBM HAMarHM4MBaHus U, CrieaoBaTenbHO, B perne, NogkniyYeHHoe K BTOPUYHON 0B6MOT-
ke TT, He nonagaeT. MNockonbKy N3 BCex 3aTpaT MOLWHOCTN HanbornblLlas YacTb NPUXOAUTCS Ha CO3-
AaHne MarHMTHOro NOTOKa B CEpAEYHMKE, TO BETBb Mexay Toukamu a u 6 cxeMbl 3amelleHmsa TT
Ha3blBaeTCs BETBbIO HAMAarHMYnMBaHUSA N BECb TOK lyay, MPOXOOSALNA NO 3TON BETBU, — TOKOM Hamar-
HUYMBAHMS.

Taknm 00pa3oM, cxema 3aMeLleHusi MoKa3bIBaeT, YTO BO BTOPUYHYO 0OMOTKY TT nocTynaeTt He

BECb TPaHCHOPMUPOBAHHbLIN NEPBUYHBIN TOK, paBHbIA 1 /K, , @ €ro yacTb, 1 4YTO, CrieqoBaTerbHO,

npouecc TpaHchopmMauumn NPoOMCXoanT C NOrpeLlHOCTSAMM.
Mpun pasmbikaHuM Lenu BTOpUYHON 0OMOTKM TT, OH NpeBpaLlaeTcsi B NOBbILAKLWNIA TpaHchopma-
TOp, Pe3ko BO3pacTaeT TOK HamMarHuumBaHus: I1 = Inam (puc 4.3) 1, Npu 4OCTAaTOYHOM YPOBHE TOKa,
WMHAOYKUMS B cepaeyvHuke JOoCTuraeT HacblweHus. Bcneacteme HacbiweHns cepageyvHuka TT, npu cu-
HyconganbHOM MEepPBMYHOM TOKE, MarHUTHbIA NOTOK B cepaevHuke OyaeT nmeTb He CUHycomaasb-
Hyl0, a TpaneuuouganbHyto dopmy. Moatomy, 3OC BO BTOPU4HOM OOMOTKE, NpoMnOpLMOHanbHas
CKOPOCTWN U3MEHEHMS MarHMTHOrO NOTOKa, B MOMEHTbI Mepexofa ero yepes Hynesble 3HayeHus By-
AeT oyeHb Benuka, n moxeT npesbiwaTe 1000 B, 4To onacHO He TONbKO ANs o6cnyXMBaroLwero
nepcoHarna, Ho N ANg MeXBUTKOBOW U30NAUUN TpaHCHOpMaTOpPOB TOKa (BO3MOXHO MEXBUTKOBOE
3amMblkaHue). Kpome nosiBNeHWs ONacHOro HanpsKeHWst Ha Pa3oMKHYTOW BTOPUYHOM OBMOTKE, MO-
XeT MMETb MEeCTO MOBbILLEHHbI HarpeB CTanbHOrO CepAeyHMKa n3-3a 6onbLUMX NOTEPb B CTanu (Tak
Ha3bIBaeMbI «NoXap cTanm»). ATO HE TOMbKO MOXET MPUBECTU K NOBPEXOEHUIO U30NALUKN, HO U K
yBENMYEHMIO MOrpeLHoCcTen TpaHCHOPMaTOpPOB TOKa BCMEACTBME OCTAaTOYMHOrO HaMarHu4MBaHWUS
cepaevHuka. Npy MEXBUTKOBOM 3aMblkaHUN BTOPMUYHOM 0OMOTKM TT pesko Bo3pacTaeT TOK Hamar-
HUYMBAHUS, @ TOK Ha €ro BbIXo4e Pe3Ko yYMeHbLlaeTcs (MM NoNHOCTb OTCyTCTBYET). [narHocTu-
poBaTb BUTKOBOE 3aMblkaHMe TT MOXHO CpaBHUB €ro XapakTepucTUKy HamarHudmBaHus (3aBucK-
MOCTb HanpsXeHusi Ha BTOPUYHOW OOMOTKE OT MPOXOASALLEro No Her TOoKa) C XapaKTepPUCTUKOW MC-
npasHoro TT (xapakTepucTmka 3Ha4YNTENBHO MNOHMXaeTCH).
Ha puc. 4.4 npuBefeHa ynpolleHHas BekTopHada Auarpamma TT M3 KOTOPOW BWOHO, YTO BEKTOP
BTOPUYHOro Toka I, MeHbLle 3Ha4YeHUs NEPBUYHOIO TOKa, AENMEHHOro Ha KO3UUNEHT TpaHcdop-
maumn K; Ha BenuuuHy Al v cOBUHYT OTHOCUTENbHO HEro Ha yron 6. Takum obpasom, CooTHoLLe-
HWe 3Ha4YeHUN NepBUYHOIO N BTOPUYHOIO TOKOB B AENCTBUTENBHOCTU UMeeT BUA:
M (4.7)

K,
PaanuyaloT cnegyowime Buabl norpewiHocten TT. TokoBas norpeLHoCcTb, UM NOrpeLlHoCcTb B KO-
adhdpuumMeHTe TpaHcdopMauuun, onpegensaeTcs Kak apudmeTndeckas pa3HOCTb NEPBUYHOIO TOKa,

NnogeneHHoro Ha HoOMMHarnbHbIN KO3ULMEHT TpaHchopMaLumm II/KI , U N3MEepPEHHOro (oencTem-

I'2=

TENbHOro) BTOPMYHOIO ToKa 12 (oTpesok Al Ha gnarpamme puc. 4.4):

ar=1r_p, (4.8)
1
TokoBasi NOrpeLLHocTb, %,
£=-2L 100 (4.9)
1217

YrnoBas norpeLHoCcTb onpeaenseTcs Kak yron 6 casura Bektopa BTOPUYHOro Toka I, 0OTHOCUTENbHO
BEKTOpa NepBuYHOro Toka Iy (cMm. puc. 4.4) n cumTaeTcst NONOXUTENBHOW, koraa I, onepexaer .
MonHasa norpelwHoCTb (&) onpeaensieTcs Kak BblpaXXeHHOe B NPOLEHTax OTHOLWEHWE OeNCTBYOLLe-
ro 3HayYeHnsa pPasHOCTU MFHOBEHHbIX 3HAYEHUA NEePBUYHOINO MU BTOPUYHOIO TOKOB K AENCTBYOLLEMY
3HaYeHUI0 NePBUYHOIO TOKA.



Mpu crHycomaanbHbIX NEPBUYHOM U BTOPUYHOM Tokax: & = I,,,, . 13 paccMoTpeHHoro cneayer, 4to

NPUYMHON BO3HMKHOBEHUS MOrPELLHOCTEN Yy TpaHCOpMaToOpOB TOKa SABMSIETCHA MPOXOXAEHME TOKa
HamarHM4YMBaHus, T. €. TOr0 CaMOro Toka, KOTOpbIN co3faeT B cepaeyvHuke TT pabounii MarHUTHbIN
noTok, obecneyvmBaroLLmi TpaHCHOPMaLMIO NEPBUYHOIO TOKa BO BTOPUYHYKO OOMOTKY. Yem MeHbLue
TOK HaMarHM4nBaHWs, TeEM MeHbLLe rnorpewHocTn TT.
Kak BMOHO 13 cxeMbl 3amelleHns (puc. 4.3), Tok HamarHudmsanus 3asucut ot 34C E; n conpoTus-
NeHnsa BETBU HaMarHMInBaHua Z,,,,.
OnekTpoaswxyLlas cuna E; moxeT 6biTb onpeadeneHa Kak nageHve HanpsXeHus ot Toka kL, B co-
NPOTUBNEHNN BTOPUYHON OOMOTKM Z, N CONPOTUBNEHUN HArpy3kn Z, T. e.:

E,=1,(Z,+2,) (4.10)
ConpoTuBrieHne BeTBM HaMarHU4MBaHus Z,,, 3aBUCUT OT KOHCTPYKUMM TpaHCHOPMaTOpOB ToKa U
KayecTBa cTanu, U3 KOTOPOWN BbIMNOMHEH CEPAEYHUK. DTO CONPOTUBIIEHUE HE ABNSETCA NOCTOSHHBIM,
a 3aBUCMUT OT XapaKTEepPUCTUKN HamarHuumMeBaHus ctanu. Npu HacblweHun ctanu cepgedduka TT,
Z,av PE3KO YMEHbLUAETCH, YTO NPUBOAMUT K BO3pPACTaHMIO Ikam U KaK CriecTBue 3Toro K BO3pacTaHuio
norpeLuHocten TT.
Takum obpasom, ycrnoBusiMn, onpeaensaiowmMMmn norpeLlHoCcT! TpaHcopMaToOpOB TOKa, SIBNSIOTCS:
OTHOLLEHWe, T. €. KpaTHOCTb, MEPBUYHOIO TOKa, Npoxoasawero yepes TT, K er0 HOMUHANbHOMY TOKY
N Harpyska, NOAKIYEeHHas K ero BTOPMYHOM 06MOTKe.
[na yBenuyeHus 4OMNYCTUMOW BTOPUYHOM Harpyskv MPUMEHSAT TpaHcdopMaTopbl TOKA C HOMU-
HaInbHbIM TOKOM BTOpPMYHOM 0OMOTKM 1 A, BMecTo 5 A. OgHoamnepHble TpaHcopMaTopbl TOKa MO-
ryT HECTW Harpysky B 25 pa3 6onblue, YeM nATUaMMepHble, UMEoLNE Takne Xe KOHCTPYKTUBHbIE
napameTpbl U TOT e HOMUHasbHbIA TOK NepBUYHON O0OMOTKW. KOHeYHo, noTpebnsemass MOLLHOCTb
annapaTtypbl NpU 3TOM OCTaeTCs MpexHen, N ee CONpPOTUBIEHME Takke yBenuvyusaeTcsa B 25 pas,
OHaKO MorlyyaeTcs CyLeCTBEHHbIN BbIUIPbIL 33 CHET BO3MOXXHOCTU NPUMEHATb ANIMHHbIE kKabenu ¢
Xrnamy HebornbLIOoro cevyeHusd. o aTon npuumHe, TpaHcopMaTopbl TOKa CO BTOPUYHBIMU TOKaMu
1 A Hawnu NpUMeHeHne, B OCHOBHOM, Ha MOLUHbIX NOACTaHUMSX CBEPXBbICOKOrO HanpshKeHus, rae
TpebyeTcsa npoknaabiBaTb ANMHHBbIE Kabenn. B ceTsx HanpsikeHnem 6-35 kB, kak npaBunio, npume-
HAKTCA 5-TM aMnepHble TpaHCOpPMaTOopPbl TOKa, KOTOpblE YNPOLLAT KOHCTPYKLMIO 3a CHET TOro YTO
TpebyeTca HamaTbiBaTb B 5 pa3 MeHbLlee KONM4ecTBo BUTKOB. OgHoamnepHble TpaHcdopmMaTopbl
TOKa HalmM NpUMEHeHne Takke B A4yenkax pmpmbl «TaBpuga — SnekTpuk), rae nepexoq Ha BTO-
pUYHbIA TOK 1 A B cOYEeTaHUKM C ManbiM NOTPEONEHNEM COBPEMEHHbIX PENIENHbIX 3aLUNT MO3BOSUIT
BbIMNOMHUTL ManorabapuTHbele TpaHCOPMaTOPbl TOKA, KOTOPbLIE TOMBKO U MOXHO PasMeCTUTb B Bbl-
nyckaemblX et0 ManorabapuTHbIX SYenkax.
CxeMbI coeOuHeHUs1 mpaHcghopMamopo8 moka
[nsa noaknoyeHns pene n nameputenbHbiX NpbopoB BTOpMYHbIE 0OMOTKM TT coeauHsaoTCA B pas-
NnYHble cxembl. Hanbonee pacnpocTpaHeHHble CXeMbl NPUBEAEHbI Ha puc. 4.5.
Ha puc. 4.5, a gaHa ocHOBHas cxema coeuHeHus B 3Be3ay, KOTopasi MPUMEHSAETCS AN BKIIOYEHUS
3aWmTbl OT BCEX BMOOB 0gHOMa3HbIX U MexaydasHbix K3; Ha puc. 4.5, 6 — cxema coeanHeHns B
HEeMnosHyo 3Be34y, Ucnornb3yemas rfaBHbIM 00pa3oM AMs BKNHOYEHNUS 3almThl OT MexaydasHbix K3
B CETAX C U30NMPOBaHHLIMU HYNEBbIMU TOYKaMu; Ha puc. 4.5, B — cxeMa coeMHEeHUs1 B Tpeyrosib-
HWK, cnonb3yemasi Ans nofy4yeHns pasHocTu pasHbIX TOKOB (Hanpumep, Ansa BknoveHna amdde-
peHumnanbHORN 3awmThbl TpaHcopmaTopoB); Ha puc. 4.5, 2 — cxema coeguHEeHUs Ha pasHOCTb TOKOB
OByx ha3. OTa cxema UCnorb3yeTcsd AN BKAYEHUs 3alimTbl OT MexaydasHbix K3, Tak xe kak
cxema Ha puc. 4.5, 6 Ha puc. 4.5, 0 — cxema coegMHEHMS HA CyMMy TOKOB Bcex Tpex a3 (punbTtp
TOKOB HYNeBOW NocrneaoBaTenbHOCTU), UCNONb3yeMas ANs BKYEHUS 3awnTbl OT ogHodasHbIx K3
N 3aMbIKaHW Ha 3eMH0.
Ha puc. 4.5, e paHa cxema nocnegoBaTesfibHOro coegmMHeHnsa AByX TpaHcdOopmMaTopoB TOKa, yCTa-
HOBIEHHbIX Ha ogHoW ase. [1pn TakoM coeauHeHUM Harpy3ka, MOAKIIYEHHas K HUM, pacnpeaens-
€TCS NOPOBHY, T. €. Ha KaXOO0M M3 HUX yMeHbllaeTcs B 2 pasa. [poncxoant aTo NoTomMy, Y4To TOK B

y 1 y

Lenu, paBHbIN 12 =K—1, OCTaeTCA HEUn3IMEeHHbIM, a HanpaxeHune, npunxoadweecsa Ha KaXXabln TT,
1

COCTaBIideT NnoJfioBUHYy 06u_|,ero.
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Puc. 4.5 Cxembl coeanHEHMSI BTOPUYHBLIX 0OMOTOK TpaHCOpMaTOpPOB ToKa

PaccmoTpeHHasi cxema npyMeHsieTcs Npy UCMOSb30BaHUN ManoMoLUHbIX TT (Hanpumep, BCTPOEH-

HbIX BO BBOAbI BblKMtovaTenem n TpaHcopmaTopos).

Ha puc. 4.5, x paHa cxema napannenbHoro coegmMHeHns asyx TT, yCTaHOBNEHHbIX HA O4HOM hase.

KoadhbumumeHT TpaHcopmauum aTton cxembl B 2 pa3a MeHblle KoadpduumneHta TpaHchopmaumm

ogHoro TT.

Cxema napannenbHOro coeaMHeHnst UCNoMb3yeTcs AMs NOMyYeHns HecTaHAapTHbIX KO3aduuneH-

TOB TpaHcdopmauun. Hanpumep, onsa nonyveHus koadpduumeHta TtpaHcgopmaumm 37,5/5 A co-

€OVHSAIOT NapannenbHo ABa cTaH4apTHbIX TT ¢ koadhduuneHToM TpaHchopmauum 75/5 A.

Bbi60p mpaHcghopmamopoe moka

UcxopHble aaHHbIe. Bce TpaHcdopmaTopbl Toka BbIGMpaloTCs, Kak U apyrne annapatbl, N0 HOMU-
HarnbHOMY TOKY WM HanpsKeHU0 YCTAHOBKW U NPOBEPSAIOTCH Ha TEPMUYECKYIO U dNeKTpoauHamuye-
CKyto cTomkocTb npu K3. Kpome Toro, TT, ncnonb3yemblie B LENsX penenHon 3awnTbl, NpoBEPSIOTCS
Ha 3HadeHue NorpeLLHOCTU, KOTopas, KakK yKasblBarnoch Bhille, He AormkHa npesblwaTts 10% no Toky
n 7° no yrny. [Ina npoBepk/ No 3TOMY YCIOBUIO B MHAPOPMALMOHHBLIX MaTtepuanax 3aBogoB — Mo-
ctaBwukoB TT 1 B Apyron cnpaBovHON nNuTepaType AalTCa XapakTepucTukn n napameTpsl TT:
1)kpusbie 3agucumocmu 10 %-HoOU KpamHOCMU m om CONpoOMuUEeHUs Hazpy3ku Zg, noOKIHOYeH-
Hol kK emopuyHol obmomke TT. [lecaTunpoLeHTHON KPaTHOCTLIO M Ha3blBAeTCSA OTHOLLUEHNE, T. €.
KpaTHOCTb, MEePBUYHOIO TOKa, Npoxoasiiero yepe3 TT, K ero HOMUHANLEHOMY TOKY, NPU KOTOPOW TO-
koBas norpewHocte TT coctasnset 10% npu 3agaHHON Harpyske Zy. YrnoBasi NOrpeLHocTb npu
aTom gocturaet 7° (puc. 4.4).

Taknm 00pa3om, 3HaA KpaTHOCTb MEPBUYHOrO TOKAa, npoxogsduiero yeped TT, MOXHO NO KPUBbLIM
10%-HoWn KpaTHOCTM NS gaHHoro Tuna TT onpegenuTb AONYCTUMYIO Harpy3Ky Zygon, NPY KOTOPOWN
norpewHoctb TT He 6ygeT npesbiwate 10%. WU, HaobopoT, 3Hass 4eNCTBUTENbHOE 3HAYeHUe Ha-
rpy3ku, Kotopas nogknioveHa (Mnm gormkHa 6bITb NOAKMYEHA) K BTOPUYHON 06MoTke TT Zy, MOXHO
no kpmBbIM 10%-HON KpaTHOCTW onpeaennTb AOMYCTUMYHO KPaTHOCTb MEPBUYHOIO TOKA Mgon, MPU
KOTOpOW ToKoBas norpewHoctb TT Takke He byaeT npesbiwaTb 10%.

2) Kpusbie 3asucumocmu ripedernibHou kpamHocmu Ky om conpomueneHusi Hagpy3ku Zy, nNoOKIo-
4yeHHolU K emopuyHol obmomke (ana TpaHcOopMaTopoB TOKA, BbIMyLEHHbIX B COOTBETCTBUM C
FOCT 7746-78 *E). CornacHo ykaszaHHomy [OCT npegenbHon kpaTHOCTblO Kio HasbiBaeTcs Hau-
Gonbluee OTHOLWEHME, T. €. Hambonbluas KpaTHOCTb, MEPBUYHOIO TOKa, npoxogsuwiero yepes TT, K
€ro HOMMHaNbHOMY TOKY, MPW KOTOPOMW MomnHasi norpewHocTb TT (€) npy 3agaHHOW BTOPUYHOWM Ha-
rpyske He npesblwaeT 10%. Mpn aTOM rapaHTMpyemas npegenbHas KpaTHOCTb NpY HOMUHAMBbHON
BTOPUYHOWN Harpyske Zy ,onm Ha3blBAaE€TCH HOMUHANBLHOW NpeaenbHOM KpaTHOCTLIO.

AHanorM4yHo paccMOTPEHHOMY Bbille, MOXHO, MOMb3YACb KPUBLIMU NPeaenbHON KpaTHOCTH, onpe-
Aenntb Nnbo AoNyCTUMYIO Harpy3ky Mo M3BECTHOW KPaTHOCTU NepBUYHOro Toka, NMMbo JonyCTUMYIO



KpaTHOCTb NMEPBUYHOIO TOKa MO M3BECTHOW Harpyske, Npu KOTOPbIX MOfHas norpewwHoctb TT He Oy-
aet npesbiwaTb 10%.
3) murnosebie Kpueble HamMazHU4YUBaHUs, NpPeAcTaBnsAlolWmMe cobOM 3aBUCMMOCTb MaKCUMManbHbIX
3HaYeHUn HOyKUMn (B) B cepaeydHnke OT OEUCTBYIOLLMX 3HAYEHUN HanNPsXKeHHOCTU MarHUTHOro no-
na H npu cpegHen gnvHe MarHUTHOrO MyTW; ONpeserieHHOM cedeHnn cepaedHuka; (HOMMHaNbHOM
3Ha4YeHUN marHuToaBmxyLLen cunol (A).
E
By =—2— (411)
4,44 fw, S

HanpskeHHoCTb MarHuTHOro nons (A/cm) BbipaxaeTtcst OpMyrion:

H = Iua.sz

; (4.12)

roe: I - HaMarHM4YMBaLLIMM TOK, A;

Ham
| - cpegHAs AnvHa MarHUTHOrO MyTU, CM.

Takum o6pa3om, 3Ta XxapaKTepuUcTUKa sIBNSeTCA XapakTepucTUKOM xenesa, U3 kotoporo caenaH TT,

a ONs KOHKPETHOro TpaHcdopmaTopa TOKa OHa NepecyMTbIBAaeTCA B BOMbT-aMMEepHyo C y4eToM

yucna BUTKOB M reOMeTpUYeCcKnX pa3amepoB cepaeyHuKa.

Onpegenue B no ykasaHHOW ¢hopMyrne, Mo KPUBOW HamarHU4MBaHus onpenenstoT H, TOK HamarHu-

YnBaHus Iy, @ 3aTEM BTOPUYHLIA TOK TT:

I,=—-1,,, (4.13)
K,
CnepyeT umetb B Buay, 4to NOCTom gonyckaetca 20% OTKNOHEHME XapakTepUCTUK OT TUMOBOM.
[Mo3TOMy paccynTaHHY0 XapakTepuUCTUKY HYXXHO NMOHU3UTL MO HanpsbkeHuto Ha 20%.
HelicmeumernbHbie Xxapakmepucmuku HamazsHu4ueaHusi (Ha3blBalOTCA HWKE BOMbT-aMnepHbIMM),
npegcraensilowme cobor 3aBMCUMOCTb HaMpsPKEHMST Ha 3akumax BTopuyHou obmoTtkm TT U, ot

npoxoasLlero no aTol obMoTke Toka HamarHuumsaHua, T.e. U, = f(I,mM)_ MNonbaysacb gencreu-

TeINbHbIMU XapakTepUCtukamMmm HamMmarHn4mBaHumA, MOXHO TaKXKe onpeaenntb IHaM n kb n oueHnTb

AOMYCTUMOCTb NOSTYYEHHOM MOrPeLUHOCTU. OTa XapakTepucTuka CHUMaeTCs HenocpeacTBEHHO Ha
ncnonb3yemom TpaHcopmaTope ToKa.
Harpyska BTOprYHOM 0OMOTKM TpaHcopMaTopoB Toka. Harpyska BTopuyHon obmoTkm TT cknagbi-
BaeTCs U3 nocnefoBaTeribHO BKIOYEHHbIX COMPOTUMBIEHWI: pene, NpubopoB, UM KOHTPOSIbHOIro
kabens, nepexogHoro CoNpoTMBAEHUS] B MECTE KOHTaKTHbIX COEANHEHNN:
Zy=Zy+Z,,+Zys+2Z,, (4.14)
roe
Z,,Z,,,
BETCTBEHHO.
[nsa ynpolieHna pacyeToB NpoM3BoaMTCH apudMeTMYeckoe a He reoMeTpuyeckoe CrioXeHue non-
HbIX N aKTUBHbIX COMPOTMBREHMIA. Harpyska BTOpudHOM 0OMOTKM TT 3aBMCUT TaKkKe OT CXeMbl UX
coeaunHeHna n Buaga K3. MNMoaTomy Harpyska gosmkHa onpenenstbcs ang Hanbonee sarpyxeHHoro TT
C Y4ETOM CXeMbl coeanHeHna u gnga Takoro Buaa K3, npy KOTOpOM nony4varoTcd Hauxyaluve pe-
3ynbTaTthl.
PacuyeTHble dopmynbl Ansg Hanbonee pacnpoCTPaHEHHbIX CXEM COEAMHEHUSI BTOPUYHBbIX OBOMOTOK
TT v npu pasnnyHbix Bugax K3 npueegeHsl B Tabn. 4.1.

Zmﬁ,Z,,ep — CONpoTUBIEHNA perne, npnbopos, Kabens nepexodHbIX KOHTaKTOB COOT-

OnpedeneHue donycmumMoll Ha2py3Ku Ha mpaHcghopmMamophbi MokKa

Honyctnmas Harpyska Ha TT onpegensercsi, UCXOAs M3 criegylowmx TpeboBaHuin: obecneyeHus
TOYHOCTM U3MEPUTENBHBIX OPraHoOB penenHon 3awmnTbl Npu K3 B pacyeTHbIX TOUKaxX 3MeKTpUYecKon
ceTun (nonHasa norpewHocTb TT & He gormkHa npeBbiwaTte 10 %) Ana TOKOBbIX 3aWUT NpU TOKe yC-
TaBkW, ANA Oud3awunTel — B KOHLUE 30Hbl AEeNCTBUS; AN NpedoTBpaLlleHns oTkasa cpabaTbiBaHUS
3aWnTbl NpU HanbonbLUMX 3HaYeHnsax Toka K3 — HopMmupyeTcs Onst 9NeKTPOMEXaHUYECKUX 3alumT
npu K3 B 30He YyCTaHOBKM 3aLUUThI.



PacyeT Harpysku B 3aBUCMMOCTU OT CXeMbl coegnHeHus TT Tabnuua 4.1.

dopmynbl 4Ns onpeaeneHnst Ha-

Cxema coenHEHUs TpaHC- Bua kopoTKoro 3amblka-
rPy3Kn Ha 3aKumMax BTOPUYHbIX
dopmaTopoB TOKa U pene. HKUSA
obmMoTOK

A r”P 1 ZP-Qb

| S|
B [— A TpexdasHoe 1 AByx- — s
r 1 |Z cba3Hoe zH-pacq —rnp zp rnep
C P = “p.¢
r.—Z

1 0 P —— =p.0

| S|
MonHas 3Be3na OgnHodbasHoe Zyy.pacy =2l np+Zp +2Zp o +riep
A P — ZP-Qb _‘/
B F — TpexdasHoe Zy.pacy =\ 3Mmp+Zp 6 +2Zp.06p Fnep

C P ——"p.¢

—
2 L Zpo6 NByxdasHoe AB unn BC Zypaca =2Fnp+Zp 6+ 2Zp.06p FFnep
| N
HenonHasi 3ee3na [ByxdasHoe 3a TpaHc-

Z,. =3rnptzZp.etz +r
cdopmaTopom Y/A-11 Hepacy —2Tnp T <p.gp T Ep.obp T Tnep

r, Z
'; e TpexdasHoe Z,,.pace =V3(2rnp+Zp) #roep
C i
3 [ByxdasHoe AC Z.pacy =4rnpt22, +rnep

PasHocTb TokoB has A-C
OeyxdasHoe AB nnn BC Zy.pacy =2InptZp, +rnep

TpexdasHoe nnu gByx-

dasHoe, TpexdasHoe 3a _
zH-pacH _3rnp+3zp. +rnep

TpaHcdhopmMaTopoMm
4 Y/A-11
OpHodasHoe Zy-pacy =2Inpt22p, +rnep
Z,H-pacq =0.5 zH-pacq
F'ne z,.pacy =2rnp+2Zp. +rnep
5 MocnepoBaTtensHoOe coeanHeHne
BTOPUYHbIX 0BGMOTOK TpaHcdop- [pu 0AMHAKOBbIX XapakTepucTUkax
MaTopoOB TOKa TpaHcdopmaTopos Toka 11 2

m '% £I_I Z,H-pacq =2 Zy-pacu

Fae z..pacy =2rnp+Zp, +rnep

6 | NapannenbHoe coeguHeHne BTO-
PWYHBIX 0BMOTOK TpaHcdopmaTo- Mpu ognHaKoBbIX XapakTepucTnkax
poB TOKa TpaHccopmaTtopoB Toka 1 m 2

[MpumedaHus: 1. B ¢gpbopmyrnibl no nn. 1—4 domkHO nodcmaensamscs Haubornbwee 3HavyeHue (0ns
Haubornee 3azpyxeHHol ¢hasbl).

2. BenuyuHa rqep 80 8ceX criy4asix npuHumaemcs pasHa 0.10m.

lMpoBepka TpaHchoOpMaTOPOB TOKa MO AENCTBUTENbHBIM XapaKTepucTukam HaMarHu4vMBaHus npo-
N3BOANTCA B CrieayroLlemM nopsgke:

1) OnpepnensieTcs hakTuyeckasa Harpyska Z,, NogkioYeHHasa K BTOPUYHOM 0OMOTKe € y4eToM chopmyn,
NnpvBEAEHHbIX B Tabnumue 4.1;




2) onpenensieTca pacyeTHbI MEPBUYHBIA U BTOPUYHBIA TOKK K3 KOTOpble paBHbI MakcumarnbHOMY
Toky K3 B KOHLIE 3alumLLI@aeMON 30HbI (AN TOKOBbIX OTCeYek TOK K3 paBeH ycTaBke OTCEYKN);

3) OnpepnenseTcs pacyeTHbI TOK HAMarHUIUBaHus, pasHbli £y, .. =01 yk; .

4) Ctpoutcsa Hanbornee HU3Kasi XxapakTepucTuka HamarHudimsaHus nposepsiemblx TT U, = f(IHaM)

M NO 39TON XapakTePUCTUKE U MOMYyYEHHOMY Bbllle TOKY HaMarHu4mMBaHus onpegenseTcs CoOOTBETCT-
BylOLLEeE eMy 3HavyeHue HanpsbkeHus Us;
5) OnpepenseTcs JONyCcTMMOE COMPOTMBIIEHME HArpy3Kku, Npyv KOTOPOM norpewHocTe TT He bOyaeT
npesbiwaTb 10 % no 3HayeHuto 1 7° no yrny, no opmyne.
U2 - IZpacZI
Zy, oon =09l (4.15)
7 L2 pac
[na Toro 4ytobbl NorpelwHocTb TpaHchopmaTopa Toka He npeBbiwana gonyctumblx 10%, paccuum-
TaHHas B N. 1) Harpy3ka Ha ero BTOPMYHY0O OOMOTKY HE OO0JPKHA NpPeBbIWaTh 3Ha4YeHna ZH onpeae-
NeHHoro B . 5).
Mpumep: Myctb Tpebyetca onpegenutb norpewHoctn TT Tuna TMd-1 3, 200/5 npu oanHaKOBOM
Harpyske Ha ero BTopu4yHble 06MoTkM Zy = 1 OM. ConpoTnBneHne BTOpUYHbIA 06MOTOK Z, = 0,3 Om
ans obmotkm knacca 1 u Z,=0,4 Om ana obmoTkm knacca 3. PacuyeTHbli NEPBUYHBLIA TOK
lpac = 2000 A.

U,, B ]
oA 2

60 /

50 )
40
30 /
[V
20 /
10
0 1 2 3 46 Iy, A
Puc. 4.6 Xapaktepuctmka HamarHmumeaHmna TpaHcdopmatopa Toka Tuna Trd-1/3,200/5 A:
1 — cepaeyHuk Knacca 1;
2 — cepaeYHuK knacca 3.

:
1
,:/
1
T
1
I

1. OnpegenseTcsa pacyeTHbI BTOPUYHBINA TOK:
I 2
IZPac =2 _ —000 =50 A
K, 200/5
2. CTpoATCcAa XxapakTepucTukM HamarHnymBaHms obonx cepagevHmkoB TT (puc. 4.6).
3. Onpeaenstotca OC BTOPMYHBIX 0OMOTOK Mo hopMyIne
E2=Izpac(Zz +Zy) (4.16)

[nsa cepoeyHuka knacca 1 — E; =50 (0,3 + 1) = 65 B.

[nsa cepoeynuka knacca 3 — E; =50 (0,4 + 1) =70 B.

4. MpuHumasga E; = U, NOCKONbKY 3HAYEHUS X OTNINYAKOTCA HE3HAUYUTENBHO, MO XapaKTepucTu-
Kam HaMarHuy4nmBaHus, NnpMBeaeHHbIM Ha puc. 4.6, onpeaensoT TOK HaMarHMYnBaHus.

[lna cepaedHuka knacca 1 TOK HamMarHM4MBaHus Npu HanpskeHun 65 B coctaenseT lay = 1,1 A. Ta-
Knm ob6pasom, BO BTOpUYHOM 06mMoTKe ByaeTt npoxoauTb He 50, a 50 — 1,1 = 48,9 A.

1 norpewHocTb TT cocTaBuT: f= %JOO =2,2%.

PacueTtHaa 3[0C cepaeyHuka knacca 3 coctaBnget 70 B. OgHako M3 xapakTepuUCTUKU HaMmarHu4um-
BaHWUs1 3TOTO CEpPAEYHMKa BUOHO, YTO HauYMHas C TOoKka HaMarHW4MBaHWs, PaBHOrO NpUMepHOo 5,5 A,
NPOMCXOANT €ro HacblWeHne, BCNeACTBME YEero HanpsbkeHne Ha BTOPMYHOM OOMOTKE OCTaeTcsl He-
N3MEHHBbIM M paBHbIM NpuMepHO 51 B. Mo3aTomy BTOpPUYHBIN TOK OyaeT paBHbIM:

2= 5—1 = 36,5 A,
0,4+1
npu 3TOM NOrpeLllHOCTb cepaeyHuKa Knacca 3 cocTaBuT:
50-36,5
=100 = 27 %.
50



PacnpedenerHue mokoe npu deyxghaszHom K3 3a mpaHcghopmamopom co cxemoli Y/A

Ocob6bimM criydaem No xapakTtepy TokopacnpegeneHus asndatca ayxdasHele K3 3a TpaHcdopma-
Topamu ¢ coegmHeHnem obmoTtok Y/A unn AlY.

TokopacnpepeneHme Ha cTopoHe 3Be3Abl TpaHcdopmaTopa ¢ coeguHeHnem obmoTtok Y/A
(puc. 4.7, a) npu K3 Ha cTopoHe TpeyronbHuKa. [1ns NpocToTbl NPUHMMAETCH, Y4TO k03dhPMUMEHT
TpaHcopmauumn TpaHcopmaTopa kr = 1. MNpn 3TOM OTHOLIEHME NUHENHBIX TOKOB 0BMOTOK C CO-
eanHeHvem Y/A pasHoO 1, a TokoB B ¢hasax

Iy /I, =wy /wy =3 (4.17)

a) AA=11; N=1; Wa=V3 W,
1,=0

6) A/A=T1 Ng=1; Wo=V3 W,
Ig=2l,

Puc. 4.7 TokopacnpegeneHne n BEKTOPHbIE guarpaMmMbl TOKOB MNpu AByXdasHbIX
K3 3a TpaHcdopmaTopamm ¢ coeanHeHmem obmoTtok: a — YIA; 6 — AlY
Mpn geyxdasHom K3 Ha CTOpoHe TpeyronbHuKa, Hanpumep mexay dasamu b u ¢ (puc. 4.7, a), ToK
B HenoBpexaeHHon dase I, = 0, a Toku B NoOBpeXaeHHbIX dhaszax b n ¢ paBHbl TOKy K3, T. e.
I.=-1,=1; (4.18)
Kak BugHo u3 puc. 4.7, a, B TpeyronbHuke Tok I, Oenutca Ha ABe 4acTu: o[Ha 3amblkaeTcsi no o6-

MOTKe dasbl ¢ 1 gpyras — no nocnegoBaTernibHO BKNIOYEHHbIM 0O0MOTKkam a3 b 1 a. lNockonbKy co-
NPOTUBIIEHWE BTOPOIi Lenu B 2 pasa GonbLue, YeM nepsoi, Tok B 06MoTke dasbl ¢ paseH 2/31, , a

B obmoTkax au b —1/3 1.

Tokn Ha cTopoHe 3Be3abl COOTBETCTBYKOT TOKaM B OOMOTKax OAHOMMEHHbIX a3 TpeyrosnibHUKa u
NpeBbILAIT UX C yyeToM (4.18) B V3 pas:

1,=1,3=1,-/3/3=1,/3 (4.19)
1,=1,3=1/3 (4.20)
I.=1,\3=1,-2/\3 (4.21)

Mpun K3 mexay cdaszamu ab 1 ca kapTvHa pacnpeneneHnsa TokoB OyaeT aHanornyHon. Takum obpa-
30M, nNpu aByxdasHom K3 Ha cTopoHe TpeyronbHUKa TpaHcdopmatopa, TOKM Ha CTOPOHe 3Be3abl
nosiIBNAOTCA BO BCex Tpex asax. B aByx dhasax oHM paBHbl U O4MHAKOBO HanpaereHbl. B TpeTben
ra3e TOK MPOTUBOMOSIOXKEH NEPBLIM ABYM M paBeH MX CymMme, T.e. B 2 pa3a Oonblue Kaxagoro us
HUX.

TokopacnpegerneHne Ha CTOpPOHe TpeyronbHuka npu asyxdasHom K3 3a TpaHccopma-
TOpoM c coeanHeHnem obmoTtok A/Y (puc. 4.7, 6).

PacnpeneneHne n cooTHOLWEHNE TOKOB Ha CTOPOHE TpeyrofibHMKa MnoflydyaeTcsd aHanormyHo
npegblayLiemMy criydato Ha CTOpoHe 3Be3fbl. AHanu3 ycrnosun paboTbl MakCMMaribHbIX TOKO-
BbIXx P3 (MT3), nogkntodeHHbIX K TT, coeguHEHHbIM MO pasHbiM cxemaMm, npun K3 3a TpaHc-
dopmaTopom Y/A (unun A/Y) nokasblBaeT:

1) B cxeme nonHom 3Be3gbl (puc. 3.19, ©6) B ogHOM dha3e cCxeMbl NOSABASETCS TOK

(2/\/3)-(1,‘ /KI) a B OBYX ApYyrux (l/ﬁ)-(lk /KI), CyMMa TOKOB B HYNeBOM MpoBOAe paBHa Hy-
nmo. Pene |, Il, lll genctBytoT, HO ABa M3 HUX UMEIKOT B 2 pasa MEHbLUY YYBCTBUTENbHOCTb, YEM
Tpetbe (rae K, - KoapuumeHT TpaHcopmaumm TT);

9



2) B cXxeme HENoMnHoW 3Be34bl TOK NpoxXoauT no obemm daszam n obpaTHOMy npoBoay, B Mo-
cregHeM OH paBeH reoMeTpUYecKor CyMMe TOKOB yKa3aHHbIX a3, unm Toky dasbl, OTCYTCT-
BYIOLLEN B CXEMeE.

Ecnu TT okaxyTca Ha ¢dpaszax ¢ MEeHbLUMMU NEPBUYHBIMU TOKaAMMU: (1/\/5) (Ik /K,), TO B TAKOM Chny-

Yyae YyBCTBMTENbHOCTbL 3alUMThl ByaeT B 2 pasa xyxe, YeM B CXeMe NosiHoM 3Be3abl. [nga ycTpaHe-
HWs1 9TOro HegocTaTka crnegyeT UCMNonb3oBaTb pene B 06paTHOM MpoBode, rae NpoxXoauT cymma
TOkOB (pas, paBHasi Toky K3 B TpeTbel dase:

I, 21,

Iy
I = =+ =
Y3k, 3K, 3k,

3) B cxeme C BKMOYEHMEM OOHOrO perie Ha pasHOCTb TOKOB ABYX (ha3 TOK B penie B crnyyae, noka-
3aHHOM Ha puc. 4.7, a, 6, bygeT OoTCyTCTBOBATb;

4) B cxeme coeguHeHus1 Tpex TpaHcOopMaToOpOB TOKa B TPEYrosfibHUK U Tpex pene B 3Be3ny (Ha
PUCYHKE He MOKa3aHOo), BOCCTaHaBNMBAaETCA pacnpegenieHme TokoB — B 2 ¢aszax BC n CA Teuet
TOK I a B TpeTbeM pene TOK OTCYTCTBYET.

(4.22)

4.2 TPAHC®OPMATOPbI HANPAXEHUA

Kak 1 TpaHcchopmaTtopbl TOKa, TpaHcopMaTopbl HaNpsKeHWUst BbINOMHAKT ABE YHKUMU: cryxaT
ONA pasgenexHnst (M30naunn) NepBUYHBLIX Y BTOPUYHBIX LIEMENn, a Tak Xe, Ans NpuBeaeHns Bennym-
Hbl HanpPsXXeHusl K YPOBHIO yAOBGHOMY AN uaMmepeHus (CTaH4apTHOE HOMMUHAanNbHOE HanpshXeHue
BTOpU4HOM obmoTku: 100/57 B). TH paboTatoT B pexnme 61M3KOM K XONOCTOMY Xoay.
TpaHcdopmaTtop HanpsxkeHua (TH) no npuHUmMny AenNcTBUA U KOHCTPYKTUBHOMY BbIMOMHEHWIO aHa-
nornyeH cunosomy TpaHcopmaTtopy. Kak nokasaHo Ha puc. 4.8, TpaHcdopmaTop HanpskeHna TV
COCTOUT M3 cTanbHOro cepgedvHuka (marHutonposoga) C, coGpaHHOro n3 TOHKMX MAACTUH TpaHC-
dopmaTopHON cTanu, n AByX 0OMOTOK — NEPBUYHON N BTOPUYHOW, N30NMPOBAHHbIX APYr OT Apyra v
OT cepaeyHuKka.

MepBuyHaa obmoTka wy umerowas 60onbLIoe YNCIIO BUTKOB (HECKOMBbKO ThIiCAY) TOHKOMO MpoOBOAa,
BKMOYaEeTCH HENOCPEeACTBEHHO B CETb BbLICOKOIO HarpshKeHUs, a K BTOPUYHOM OOMOTKE W, MMEto-
el MeHbLlee KONMMYeCTBO BUTKOB (HECKOMBbKO COTEH), NOAKIOYATCA napannensHo pene n nsme-
putenbHble Npmbopsbl. Mo BO3OeNCTBMEM HAMPSPKEHUSA CETU NO NepBUYHON OBMOTKE NPOXOAUT TOK,
co3JalolLnin B CepaeYHUKE NepeMEHHbIN MarHUTHbIN NOTOK @, KOTOPLIN, Nepecekas BUTKA BTOPUY-
HOW 0B6MOTKM, nHayktupyeT B Her JOC E, koTopas npy pa3oMKHYTON BTOPUYHOW OOMOTKE (XOro-
cton xon TH) paBHa HanpsikeHuto Ha ee 3axnmax Uay.

HanpsikeHne Uax BO CTOMBbKO pa3 MeHblle NepBUYHOro HanpsbkeHus Ui, BO CKOMbKO pas 4vncro
BUTKOB BTOPUYHON OOMOTKN W, MEHbLLE YMCra BUTKOB NEPBUYHON OOMOTKM wy.

U w
—1 " (4.23)
Uy, w,
OTHOLLIEHNE YnCEen BUTKOB OOMOTOK HasbIBaeTCs koadhdmLmeHTOM TpaHcdopmaLumm 1 obo3Ha4aeTcs
BBens Takoe 0603HaYeHue, MOXHO HanmncaThb:
U
—L -k, (4.25)
U2x

Ecnu ko BTopuyHo o6moTke TH noakntoydeHa Harpyska B Buae pere v npubopo., TO HamnpshkeHne Ha ee
3axumax U, 6yoet meHblue JOC Ha BenuuMHy NageHUs HanpsikeHUst B COMPOTUMBIIEHUN BTOPUYHOWN
o6moTkn. OgHaKo NOCKONbKY 3TO NafeHne HanpsikeHUst HEBEMMKO, OHO HE YYUTLIBAeTCs U nepecyeT
NEePBUYHOrO HaMPSKeHUs1 Ha BTOPUYHOE NPOM3BOAMTCS Mo hopMynam:

U =U,K,; (4.26)
U, = ﬂ. (4.27)
Ky
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Puc.4.8. YcTtpoicteo u cxema Puc.4.9. Mapkuposka (0603Ha4eHme)

BKITIOYEHUS1 TpaHcdopMaTopa BbIBOAOB 0OMOTOK TpaHcdopmaTopa
HanpsHKeHNs HanpsKeHns
[ns npaBMNbHOro CoeauHeHnsa mexay cobom BTOPUYHbIX 00MOTOK TH 1 NpaBuibHOro NOLKMYEHUA
K HUM perne HanpaBneHUs MOLHOCTW, BaTTMETPOB U CHETUYMKOB 3aBO/bI-M3roTOBUTENU 0603HaYatoT
(MapKunpyroT) BbIBOAHBLIE 3aXXMMbl 0OMOTOK onpeaernieHHbIM 06pa3oM: Ha4ano NepBUYHON OOMOTKM —
A, koHeL, — X; Hayano OCHOBHOW BTOPUYHOM OOMOTKM — &, KOHEL, — X; Ha4ano AOMOSIHNTENBHOW BTO-
PUYHO OOMOTKN — @s, KOHEL, — Xp.

Il [
= |

a b oa
Puc. 4.10. Cxembl coeamHeHUst 0OMOTOK ogHOda3HbIX TpaHCOPMAaTOPOB HAMNPSXKEHNSA C OQHOM
BTOPUYHOM OOMOTKOM

Ha puc. 4.10 n 4.11 npuBeaeHbl OCHOBHbIE CXEMbl COeAMHEHNS 0OMOTOK oaHOda3HbIX TH.
Ha puc. 4.10, a gaHa cxema BKroyeHus ogHoro TH Ha mexaydasHoe HanpskeHue. JTa cxema
npuMeHsieTcs, Korga ans 3awmTtbl UM U3MepeHui 4OCTaTOMHO O4HOro MexaydasHoro Hanpsxe-
HUS.
Ha puc. 4.10, 6 npuBegeHa cxema coeiHeHUs ABYX TH B OTKPLITLIN TPEYroNbHUK, UM B HEMOSHYIO
3Be3qy. ATa cxema, Nony4vMBLIAs LUMPOKOE pacnpocTpaHeHue, NPUMEHSETCS, Korga Ans 3awuThl
UM U3MEPEHUI HY>KHO UMETb [Ba UIu Tpy MexaydasHbIX HanpskeHus!.
Ha puc. 4.10, e npuBegeHa cxema coegmHeHusa Tpex TH B 3Be3gy. 3Ta cxema Takke nonyyuna m-
POKOE pacnpoCTpaHeHUEe U MPUMEHSIETCA, Koraa Ansi 3alWuTbl UM U3MEPEHNN HYXXHbI (Da3Hble Ha-
NpsKeHNs1, Nnn e dasHble N MexagydasHble HanpskeHUs O4HOBPEMEHHO.
Ha puc. 4.10, 2 npuBeaeHa cxema coeauHeHnsa Tpex TH TpeyronbHUK — 3Be3ga. OT1a cxema obecne-
YMBaET NOBLILIEHHOE HanpsikeHne Ha BTOPUYHOM CTOPOHE, paBHoe ~ 173 B. Takasa cxema, B 4acT-
HOCTU, UCMONb3YyeTCA ANS MUTaHUS 3MEKTPOMAarHUTHBLIX KOPPEKTOPOB HaMNpPsXXeHUs YCTPONCTB aBToO-
MaTMYeCcKoro perynmpoBaHus Bo3byxaeHns reHepaTopos.

B
A? At A

Puc. 4.11. Cxema coeanHeHUss 0OMOTOK
TpaHcopmaTopa HanpsKeHust ¢ ABYMSA
BTOPUYHbLIMM OOMOTKaMM
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Ha puc. 4.11 npefgcrasneHa cxema CoefuHEHUs TpaHC(OpPMaToOpOB HanpsKeHUd, UMeIoLnX ABe
BTOpUYHbIE OOMOTKMN. [lepBUYHLIE N BTOPUYHBIE OCHOBHbLIE OOMOTKM COEOUHEHbI B 3BE3Ay, T.e. TaK
e Kak B pacCMOTPEHHON Bblwe cxeme Ha puc. 4.10, 8. [lononHuTenbHblE BTOPUYHbIE OOMOTKM CO-
e[VHEeHbl B CXeMy Pa3OMKHYTOro TpeyrofibHuKa (Ha cymMmy basHblx HanpshkeHun). Takoe coeguHe-
HUe NPUMEHSIETCS ANS NONYYEHUS HanpPsKeHUs HyneBoW NocrneaoBaTenbHOCTU, HEOOX0AMMOro s
BKIMIOYEHUS pene HanpsKeHus 1 pene HanpasneHus MOLLHOCTY 3aluTbl OoT ogHodasHbix K3 B ceTu
C 3a3eMJIeHHbIMU HYMEeBbIMU TOYKaMK TpaHCOPMATOPOB, U AN CUrHanM3aumMm npu ogHodasHbIX
3aMblKaHMSAX Ha 3eMSi0 B CETU C U30NIMPOBAHHBLIMWU HYNEBbIMWU TOYKaMun TpaHcdopmaTopos. Kak ns-
BECTHO, CyMMa Tpex dhasHbIX HaNpshKeHUN B HOPManbHOM pexnme, a Takke npu AByx-TpexdasHbliX
K3 paBHa Hynto. [M0aTOMy, B yKa3aHHbIX YCIOBUSIX HanpsbkeHne mexay Todkamm O0—O, Ha pwc.
4.11 paBHO HyIO (NPaKTUYECKM MEXAY STUMM TOYKamMu nmeeTcs Hebornblioe HanpsikeHue: 0,5-2 B,
KOTOpO€e HasblBaeTcsa HanpshkeHnem Hebanadca). [Npu ogHodasHoM K3 B ceTu ¢ 3a3eMnieHHbIMU
HyneBbIMU ToYKamMu TpaHcgopmaTopos (ceTn 110 kB 1 Bbiwe) hasHoe HanpsikeHne NoBpeXaeHHOM
asbl CTAHOBUTCA paBHbIM HYIO, @ reomeTpuyeckasi cymma gasHbiX HaNPSKEHWA OBYX HEMOBPEX-
OEHHbIX a3 oKkasblBaeTCs paBHOW hasHOMY HaMpPsSKEHMIO.

B ceTu ¢ M30MMpOBaHHbLIMUK HyMeBbIMU TOUKaMu TpaHcdopmMaTopoB (ceTn 35 KB u Hke) npu ogHo-
dasHbIX 3aMblKaHMAX Ha 3EeMII0 HANPSXXeHMs HENOBPEXAEHHbIX (0a3 OTHOCUTENbHO 3EeMSIM CTaHO-
BATCS paBHbIMU MexXAy(da3HOMY HanpsiKEHUIo, a UX reoMeTpuyeckas Cymma OKasbliBaeTCs paBHOW
YTPOEHHOMY hasHOMYy HanpsbkeHuto. [na Toro 4Tobbl B NnocrnegHeM criydae HanpsbkeHue Ha pene
He NPeBOCX0AM0 HOMUHanNbHOro 3HayveHus, pasHoro 100 B, y TH, npegHasHa4eHHbIX Ons1 CeTen,
paboTalWwmnx C U30NMPOBAHHBLIMW HYMEBbIMX TOYKaMU TpaHCOPMaToOpPOB, BTOPUYHbIE LOMOMHU-
TernbHble 0OMOTKW, CoefMHAeMble B CXEMY Pa30OMKHYTOrO TPEYrofibHWKa, UMEKT YBENUYEHHbIE B
3 pasa koadhdununeHT TpaHcdopmaumn, Hanpmumep 6000/100/3 B.

HanpsxeHne Hyneson nocnegoBaTenNbHOCTM MOXET ObiTb Takke MofyYeHo OT cneumarnbHbiX 06Mo-
TOK TpexdasHbix TH. B KOHCTpyKUUKM, NokasaHHOW Ha puc. 4.12, cneumanbHble 0OMOTKM pacnosio-
XKEHbl Ha KpanHUX CTEPXKHAX NATUCTEPXKHEBOrO CepAeYHMKa U coefMHeHbl Mexay cobor nocnepno-
BaTenbHO. B HopManbHOM pexume, a Takke nNpu OBYX- U Tpex dasHbix K3, korga cymma dasHbix
HaMNpsPKeHW paBHa HYIMO, MarHUTHBIA MOTOK B KPaWHUX CTEPXHAX OTCYTCTBYET, U NO3TOMY Hanps-
XeHUn Ha cneumanbHbix 0OmoTkax HeT. [pu ogHodasHbix K3 nnmn 3amblikaHUAX Ha 3eMil cymma
dasHbIX HaNpPsKeHU He paBHa Hyrto. NMo3ToMy MarHUTHBLIA NOTOK 3aMbIKaeTCs Mo KpauHUM CTepX-
HAM W MHAOYKTUPYET HanpsbkeHue Ha cneumanbHblx obMoTkax. B apyron KOHCTPYKUUKM, NOKa3aHHOM
Ha puc. 4.13, UMeTCa OONOSIHUTENbHbIE BTOPUYHbIE OOMOTKM, PacronoXXeHHble Ha OCHOBHbIX
CTEPXKHSAX U COeANHEHHbIE B CXEMY Pa30MKHYTOro TpeyronbHUKa.

A

A
B B
C C
=m0 — o
= 8 B g 8 5
3 'r 4 — D b 'r D — b
W= =3 v S\E\ 8
I ) g I g
S £ B S 8 B
P o o P o o o © © o 0 0
o, a b b N 0, o, a b b N O,

Puc. 4.12 Cxema coeanHeHun ob6bmoTok Tpex- Puc.4.13 Cxema coeguHeHUn OOMOTOK Tpex-
dasHoro TpaHcdopmartopa HanpskeHuss ¢ Oo- (pasHoro nATUCTEPXXHEBOro TpaHcdopmaTopa
MOSNTHUTENbHON OOMOTKOW, pPAaCMOSIOXKEHHOW Ha HamnpsbkeHUst C  OOMOSHUTENIbHOM OOMOTKOW,
KpamHNX CTEPXKHSAX. pacrnonoXeHHOW Ha OCHOBHbIX CTEPXHSIX.
Mpun BKNOYEHUN NEPBUYHBIX 0OMOTOK TH Ha hasHble HaNPsPKEHNA OHW COeAMHATCA B 3BE3AY, HY-
neeasi Touka KOTOpou ob6A3aTenbHO coefuHAEeTCs C 3eMnen (3aseMnsieTcs), Kak MnokasaHo Ha
puc. 4.10,8;, 4.11 — 4.13. 3azemneHne NepBMYHbIX 0OMOTOK HEOBXO0AMMO AnsA Toro, YtoObl Npu oa-
HodhasHbIX K3 nnn samblikaHUAX Ha 3eMM0 B CETU, rae ycTtaHosneH TH, pene n npnubopkl, BKIHOYEH-
Hble Ha ero BTOPUYHYO OOMOTKY, NPaBUITbHO M3MEPSNN HanpsbkeHne a3 OTHOCUMTENBbHO 3eMIu,
BTopuyHble obmMoTkn TH nognexat ob6si3aTeNlbHOMY 3a3€MJIEHNI0 HE3ABUCMMO OT CXEMbI UX COeaun-
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HEeHUN. DTO 3a3eMsIEHNE SIBMSIETCS 3alUTHbIM, obecrneunBarolLMm 6e3onacHOCTb nepcoHana npu
nonagaHnn BbICOKOrO HamnpsbkeHMst BO BTOpUYHble uUenu. O6blMHO 3a3eMisieTcsd HyrneBasi Touvka
3Be3abl (puc. 4.10, 8 1 2) nnn ogmnH 13 asHbIX NPOBOLOB — Kak Npasuno, dasbl «B» — anga ynobcer-
Ba NPOBEPKU NMPaBUITbHOCTU BKIHOYEHNSA anekTpocyeTynkos (puc. 4.10,a u 6, 4.11). B npoBogax, co-
€OVHSOLWMX TOYKY 3a3emrieHnss ¢ obmoTtkamm TH, He JOMmKHO BbITb KOMMYTALMWOHHbBIX U 3aLLUUTHBIX
annapatoB (pybunbHWKOB) nepekroyaTenen, aBToMmaTUYECcKNX BbIKMoYaTenemn, npegoxpaHutenen
nT. Aa.). CeyeHne 3a3emnsaioLLero NpoBoAa AOMKHO ObITb HE MeHee 4 MM? (no megm).
Hwxe npuBeneHbl NPUHUMNMANBHBLIE CXEMbI BKITKOYEHUS LIENen HanpsbkeHusl K TpaHcopmaTopam
HanpsbkeHna Tuna 3x3HOJ — 6(10) n HAMUT - 6(10) — 2. [Ansa 3awmTtbl TpaHCdOpPMaTOpOB Hanps-
XeHna co CTopoHbl BH 0ObLIMHO MCMONb3YIOTCS BbICOKOBOMbTHbLIE MpedoXpaHuTenu.(Hanpuvep,
MKT-10, MNKT-35). Ons 3awuTbl BTOPUYHBIX 0OMOTOK TpaHCOpMaTOPOB HaMNPSHKEHUST OT Neperpy3ok
n K3 npnmeHsitoTcs aBTomMaTUYECKNE BbIKITlOHaTENM € OTCeYKOn 3,51
B cxemax ykasaHbl Mepbl, KOTOpble NpeanpuHUMalOTCs AN 3aWuTbl CETU OT CamMOMNpPOn3BOSIbHOIO
CMeLLeHns HenTpanu npu cdeppopesoHaHce TpaHcdopMaTopa HanpsbkeHust. Peppope3oHaHC BO3-
HMKaeT B CIyvyae, Korga eMKOCTb, Kakol nunbo ¢asbl B CETU KOMMNEHCUPYETCS WMHOYKTUBHOCTbLIO
TpaHcdopmaTopa HanpsKeHUs, B 3TON doa3e HanpsbkeHne MeHSIeT 3HaK U HanpsbkeHne HenTpanu
npnobpetaet BenuunHy 3Uy. Takoe aBrneHne MoXeT NPoM3oNTH NpU Manon eMKoCcTU ceTu — nogade
HanpsPKeHWs1 Ha XOSMOCTbI€ LWMHbI, UKW B Cry4vae, ecnv oblias AnvHa MOAKMIOYEHHbIX kabenen
MeHbLUE 3 KM, a BO3AYLWHbIX FIMHWUIA MeHbLUe 60 KM.
Peauctopbl R1-R8 200 Owm, 75 BT, BKntoYaeMble Ha pa3oMKHYThIN TPEYrofbHUK, NpedHasHa4vyeHbl
Anst 3alnTbl OT CaMOMNpPOM3BOSbHbLIX CMELLEHNN HenTpann npu deppope3oHaHce TH. B cetn, roe
Takasi onacHOCTbL OTCYTCTBYET, PE3UCTOPLI YCTaHaBNMBaTL He TpebyeTca.
[ns 3awunTbl 0T heppope3oHaHCHbBIX NepeHanpsKeHun B cxemax ¢ TpaHcopmatopamm HTMU unu
3x3HOIJ1 npumeHsieTca BKOYEHME pe3ncTopoB obwwnm conpotmaneHnem 25 Om Ha obmoTky 3U,.
OpHako BKMOYEHME TaKOM Harpysku NpUBOAUT K neperpyske AononHuTensHon oémotkn TH npu 3a-
MbIKQHUSIX Ha 3eMIII0, U TAKOW PEXMM MOXKET CYLLECTBOBaATb OrpaHNYeHHOe Bpems: 40 8 yacoB Ans
HTMWN-10.
Puc. 4.14. Cxema BKNOYEHNS

10«8 oaHodasHbIX TpaHcopMaTopoB
HanpshkeHns Tuna
3x3HON-6(10)

lNpumeyvaHue.

1. Heobxodumocmb ycmaHoeKuU
pesucmopos R1-R8 e uensx TH
muna 3X3HOI/I-10 ons 3awumasi
om repeHarnpsiKeHuUs1 rnpu camo-
MPOU380sIbHbIX CMEUWEHUSIX
Helmparsnu ymo4Hsemcs rnpu
aKcriyamauuu.

Z O W>»T

1
1

X

D DR7DR6 R5 R4 R3 R2 R1

TpaHcdopmaTopbl HanpsbkeHus Tuna HAMW-10, 6narogaps aHTMpPEe30oHaHCHLIM CBOWCTBaM, OOy-
CNOBMEHHbIM OCOBEHHOCTLIO KOHCTPYKLMN, MMET MOoBbIWEHHY (No cpaBHeHuto ¢ HTMW-10) Ha-
AEXHOCTb N YCTONYMBOCTb K NEpPEMEXatownMcst 4yroBbiIM 3aMblkaHUsiM Ha 3emnto. [ns obecneve-
HWUSi CBOEWN YCTOMYMBOCTU OHU He TPebyloT NpUMEHEeHUs Kaknx-nmbo OONONHUTENbHbIX MepP CO CTO-
pOHblI NOTpebutens, a BknodeHne pesuctopoB 25 Om Ha obmoTtky 33U, 3anpelieHo 3aBOL4OM-
N3roToBUTENEM.

HegasHo OAO 3K «XMenbHUUKOGN3HEepro» HayaT BbIMYCK MPUHLMNMANBHO HOBbLIX, HE MMERLLNX
aHanoroB Ha YKpauvHe u 3a rpaHuuen, TpexdasHblx TpaHcopmaTopoB HanpsbkeHns HTM(i), npea-
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Ha3Ha4YeHHbIX AN UCMNoNb30BaHUsA B ceTn 6-35kB ¢ nsonupoBaHHom HelTpanbto (Ha cmeHy HTMW,
3HOM, HAMW). B tpaHchopmaTope HTM(i) 0GMOTKM COeOUHEHDBI MO CXEME «OTKPbITbIN TPeyronb-
HWUK/ TpeyronbHuk» (A / p C pe3ancTuBHbIM hopMmmnpoBaTenem asHbiX HaNPsHXKeHU ceTn), Yem YCT-
paHsaeTCcs OCHOBHasi NpuynHa nospexaeHuii TH npu nobbix BUuaax 3ambikaHuii Ha 3eMnio. [Ansa KoH-
Tponsa usonaumm cetm B HTM(i) ncnonb3oBaH 6nok ¢ TpexdasHbiM Pe3UCTUBHLIM AenuTenem,
BKIMOYEHHLIM Mexay dasamn cetu n 3emnen. HTM(i) obecneuymBaloT NoBbILEHNE OOCTOBEPHOCTM
yyeTa 3feKTPO3IHEPIrMN Kak B HOPMaribHOM pexuMme, Tak U Npu AnuTenbHbIX 0gHOMa3sHbIX 3aMblka-
HUAX Ha 3eMnto. KOHTpornb 3amMblKaHWSA Ha 3eMSTH0 UMEET YyBCTBUTENBHOCTb Ha ypoBHE 10% oT Udg.
AO «Camapckuin TpaHcopmaTop» paspaboTaH cneumanbHbIil aHTUPE30OHAHCHbIN TpaHcdopMaTop
HAMWUT-6(10)-2. B atom TpaHcdopmaTope Ha oOLEeM MarHMTONPOBOAE HaMOTaHbl AOMOSHUTENb-
Hble nepBUYHasi U BTOpMYHaa 0OMOTKM HyneBow nocnegosatensHocTn (THI). MNMepBuyHas o6moTka
BKIOYaeTcs mexay Hentpanbio TH 1 3emnen. BropuyHaa gononHutenoHas o6MoTKa BbIBOAMTCA
oTaenbHo. Npn 3aMbikaHy BbIBOAOB BTOPUYHOW OOMNOMHUTENBbHOW OBMOTKM, nepBuyHas pabotaet
B KOPOTKO3aMKHYTOM pexume, U He BrvseT Ha npouecchl B ceTu. Cxema aHTUPE30HaHCHOrO BKIIO-
YyeHnda TpaHcdopmaTopa HanpsxkeHna HAMUT — 6(10) —2 npencraesneHa Ha puc.4.15.

Mpun nosiBNneHnMn oeppopesoHaHca AONONHUTENbHAA BTOPUYHas o6MOoTKa JOSMKHaA ObiTb packopoye-
Ha, N ee MHOYKTUBHOCTb BbIBOAUT CeTb M3 COCTOSAHWUSA dheppopesoHaHca. Onepauns packopaynea-
HUA npou3BoauTCS NMOO C MOMOLBK KNo4da, nmMbo cheumanbHOM CXeMOWM aBTOMAaTUKW,

CM. puc. 4.16. Bpems paboTbl B TaKOM peXnme He OrpaHnyeHo.
6 kB

U

SF1
TVAL2 ABO1 ( XP2 AB0T _ .
/7719 K2-59 1 2
B601 s, XP2_ B6Of N
14 1
C601_\\ XP2_C601 L =
74 K2-60 3 || 4
N601 s\ XP2 N601 _ 2
7”7 g
20 K2-41 5 6
K2-21 K1-22 K1-23
Kg44 5A k2519  PKI53 P K253 QK113
3 K2-52 K1-54 K2-56 K2-57
NB00_\\ XP2 NB0O v
10 MEE
HAMWT-10-2
SF2
TVALS HB01  XP2 H601
716 K2-43 1 2 Ko.56
TVB1.3 S |
TVC1.3
AB45 EVA
B645 EVB
c645 EVC
N645 EVN
H645 T EVH

Puc. 4.15 Cxema BKktoveHMs TpexdasHOro aHTMPE30HAHCHOIo TpaHcdopmMaTopa HanpsHKeHUs!
HAMUT — 6(10) -2.
K gononHutenesHon odbmotke TH (3U0)

1y A - N 2y
Kvo LI
KVapr
L PackopaynBaHne BTOPUYHOM
06NAIOTKVI THIM N
Kc 4 KV KV~ KLTT] KL
A [ ]
KL_~ KL
~
L, B cxemy curHanusaumm.

Puc. 416 Cxema aBTOMaTM4eCKOro packopayunmBaHuUsl aHTMPE3OoHaHCHOW oOMoTkn TH

Tvna HAMUT -2
KVo — HJ1-6A; Ucp.=31-32B. KL — npomexyToyHoe pene Hanpumep PIr1-23 nnu PI1-25.
KV — HJ1-6A; Ucp. =135-140B. Kc — kHonka cbema curHana.
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B ceTsax, rae onacHocTb heppope3oHaHca OTCYTCTBYET, BTOPUYHASA aHTUpPe3oHaHCcHasi obmMoTka 3a-
kKopaumBaeTcs kntodom SA. K BoiBogam K2-61 n K2-64 moxeT GbiTb NOAKIOYEHA CXeMa aBTOMaTu-
YECKOro BKMOYEHUSI aHTMPE30HAHCHOW 0OMOTKM CM. puc. 4.16.

B kavectBe oboux pene (puc. 4.16, KVo n KV ) moxeT GbiTb MCMOMb30BAaHO OAHO YCTPOMCTBO
Y3A10.B2 ¢ yctaskamu 30 1 130 B Ha ee ABYyX CTyneHsXx.

B HopmanbHoOM pexume HanpskeHne 3U, otcyTcTByeT, koHTakTbl perne KVo n KVd pasoMKkHyThl,
BTOpU4Has (aHTudeppopesoHaHcHasa) oomoTka THIT 3akopodeHa koHTakTamu pene KL. MNpu nose-
neHun cdeppopesoHaHca cpabaTtbiBatoT o6a pene, KVo n KVd, npomexyTtouyHoe pene KL packopa-
ynmBaeT BTOpuUYHyt0 06moTky THIT. Cxema yaepxusaetcsa npu Hanndmm Hanpshkenunsa 3U, Ha gonon-
HUTeNbHOM obmMoTke TH u Bo3BpallaeTCa B UCXOOHOE MOMOXEHME MpPU OTCYTCTBMM HamnpsiKeHus
3U,. Cxema MOXeT ObITb BO3BpaLLEHA BPYYHYHO HaXXaTuem KHomku Kc, ecnin pexxnm deppope3oHaH-
ca OTCYTCTBYeET.

BbanaHcHas cxema Punbmpa 33U,

PunbTp HanpskeHna Hyneeown nocnegoBaTenbHOcTU (3Up) MoXeT ObiTb BbINOMHEH OBYMS CMOCO-
GamMin: No HaMpPsHKEHUIO - MPU HanM4mMn TpaHcopmaTopa HanpsXXeHnsa ¢ OTAeNbHOW 0OMOTKOM pa-
30MKHYTOrO TPEeYrosibHWKa, unu no cxeme unbTpa HanpsXXeHusi HyreBoW MnocrnenoBaTenbHOCTH,
BCTPOEHHOrO B pene, 1 npeaHasHayeHHoro Ans NOAKMYEeHUs K 3Be3e HanpsikKeHWn, Npu oTcyTCT-
BUM Takol OOMOTKM. Takass cxema WCMonb3yeTcs, Hanpumep, B ayenkax dupmbl «TaBpuaa-
anekTpuk». Cxema 6GanaHcHOro punbTpa nokasaHa Ha puc.4.17.

Tpu pesncTopa 0ANHAKOBOM BENUYMHBI NOAKNHOYAOTCA COOTBETCTBEHHO K (basam a, 8, ¢ Hanpsxe-
HUsi o6bmMoTkM TH coeanHeHHOW B 3Be3ay, KO BTOPbIM KOHLLAM Pe3nCcCTopoB, COEAUHEHHBIM BMECTE U
BbIBOAY HenTpanu TH nogknioyaeTcs pene HanpshkeHnda. Ha pene Bolgensietca HanpsbkeHune Uy.
[nsa curHanmsaumm 3amblKaHust Ha 3€MIK0 BbIMOMHSTCA YCTaBKu:

3U,(U,,, )=158; t,, = 5,4 cek

Cxema paboTaeT HenpaBuNbHO NpY NeperopaHun npegoxpaHuTenen Ha ctopoHe BH (unm HH, ec-
NN OHWU TaMm MMEITCS).
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Puc. 4.17 Cxema cpunbTpa HanpskeHUst HyNeBOW NocnegoBaTENTbHOCTU
lMoepewHocmu mpaHcghopmMamopoe HanpsiXeHus!
To4yHOCTb paboTbl TpaHChOPMaTOPOB HAMPSPKEHUS OLIEHMBAETCS MOrPeLUHOCTAMM:
1) NorpewHoCTb B HaNpskeHun (unu B KoadduumeHTe TpaHcdopmauun), Nnoa KOTOpor NOHMMAaeTCs
OTKINOHEHWEe AeNCTBUTESNBbHOIo KoadhduumeHTa TpaHcopmaumm OT HOMUHASBHOTO;
2) norpewHoCTb NO Yriy, nog KOTOPOW NMOHUMAETCs Yron CABUra BTOPUYHOIO HanpsbKeHUst OTHOCK-
TenbHO NEePBUYHOrO.
B 3aBucMMocCTM OT npefenbHO AonyCTUMbIX norpeluHocten, TH nogpasgensaioTca Ha Knaccbl TOY-
HocTK. OanH 1 ToT Xe TH B 3aBMCUMOCTW OT Harpysku, NOAKMIOYEHHOW K ero BTOPUYHON 0OMOTKeE,
MoXeT paboTaTb C pas3nMyHbiM KnaccoM TovHocTU. [MoaToMy, B kaTanorax u nacnoptax Ha TH yka-
3bIBAlOTCA ABa 3HAYEHMS MOLLHOCTW: HOMUHanNbHas MOLLHOCTb B BOMbT-amnepax, npu kotopon TH
MOXeT paboTaTb B rapaHTMPOBAHHOM Krlacce TOYHOCTMW, W npeferibHasl MOLWHOCTb, ¢ KoTopon TH
MOXeT paboTaTbk ¢ AONYCTMMbIM HarpeBoM obmoToK. MNMpeaenbHasa MowHoCTb TH B HeCcKonbko pas
npeBbiaeT HoMUHanbHyto. Tak, y TH tTvna HOM-6 ¢ koadduumeHTom TpaHcgopmaumm 6000/100
ansa knacca TodHoctTM 1% HoMMHanbHaa mMowHocTb coctaenseT 50 BA, a npegenbHaa — 300 BA.
Kpome paccMOTpEHHbIX Bbille OCHOBHbLIX MOrPELLUHOCTEN, BO3HMKAOWMNX Npu TpaHcdopMauumn nep-
BMYHOIO HaNpPsHKEHUS Ha BTOPUYHYHO CTOPOHY, Ha paboTy penenHon 3awmuTbl U TOYHOCTb N3MEPEHUN
BMUSIOT TaK )e AOMNOMHUTENbHbIE NOrPELUHOCTM OT NageHnsa HanpsxkeHus B kabensx ot TH go mec-
Ta YCTaAHOBKM NaHenen 3awuTbl unn namepeHun. MNMoatomy, cornacHo tpebosaHuam MYD, ceveHne
Xun kabenen OOMKHO BbIOMpaTbCa Tak, YTOObl NafeHne HaNpPsPKEHUS B YKa3aHHbIX LEensax He npe-
Bbllwano: 3 % — Ansa penenHon 3awuTbl; 2 % -ANa OUKCUPYOLNX n3meputenbHbix npnbopos; 1,5 %
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—OnNs WUTOBbLIX M3MepuTenbHbix npubopoe; 0,25-0,5 % — ansa cyeTtunkoB. CnegyeTt 3amMeTuTb, YTO
3a3eMJsieHHble ToYkM 06MOTOK TH, coeamMHeHHbIX B 3Be3QYy M PA30MKHYThLIN TPEYroSibHUK, LOSMKHbI
BbIBOOUTLCS PasHbIMU Xunamu. [loTepn HanpsbkeHust onpeaensioTcs No U3BECTHbIM COMPOTUBIE-
HUSIM XK KOHTPOSbHbIX Kabenen n 3Ha4eHNAM NPOXOASALLMX NO HAM TOKOB Harpys3ku:

AU = kIIIRl +k212R2 +...+anan (428)
roe
ky, ky, k, — koadbduLMeHTbl AN nepecyeTa PasHOro NageHns HanpshkeHUst Ha MexaydasHoe

(npw NMTaHWM Harpysku no Tpem dasam k = \/5 a npu NUTaHMK NO ABYM XWUMaM Harpysku, BKIO-
YeHHOW Ha MexaydasHoe HanpskeHune, k =2).
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