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Power Supply System with Three-Phase
Transformers for HSR

(TeKCT cTartbu Ha aHrJl. 3. —

English text of the article — p. 57)

B ctaTtbe npegnoxxeHa npuHunnuanbHas
cxema TroBou nogCTaHynmu CUCTEMbI
aneKkTpocHabxeHuns 2x25 kB

¢ TpéxdpasHbimMu TpaHcHopmaTopamm
M BEeKTOPHOU anarpamMmmon
HanpsiXeHUn [J1s1 BbICOKOCKOPOCTHbIX
marucrtpanei. [lpoBegeHo cpaBHeHue
cUcTeM 3J1eKTPOCHabXXeHus

2x25 kB ¢ ogHOpa3HbIMN

Uy TPExgasHbIMU TpaHcHopmaTopamu,
peKkomMeHaoBaHa MOLLHOCTb
TPExga3Hbix TPaHCHOPMaTOPOB AN
BbICOKOCKOPOCTHbIX MarucTpasemn.

U BCE 31O C y4ETOM HOBbIX
crneumnasibHbIX TEXHUYECKUX YCJIOBUN,
KOTOpbie BbipaboTaHbl nog 3aga4yv
npPoOeKTUpPoBaHUsl, CTPOUTEJIbCTBA

un akcnnyatauuv poccurickux BCM.

KnioyeBbie crioBa: xene3Hasi 4opora,
BbICOKOCKOPOCTHasi MarucTpasib, TaroBasi
rnoAcTaHuUusl, cucTema 31eKTPOCHabXEeHM s
2x25 kB, TpéxgasHbivi TpaHcgHopmMaTop,
oAHOoGa3HbIVi TpaHcghopmMaTop,
crieymnasbHble TEXHUYECKUE YCII0BUSI.
|
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HAYKA N TEXHWKA

Cuctema aneKkrpocHadxeHus
Cc Tpexda3HbIMKU
TpaHcdopmaTtopamu gna BCM

Onecs KOKOPUHA
Olesya Yu. KOKORINA

Yepnoe FOpuii Anmono-
euy — JOKMop mexHu-
ueckux HayK, npogheccop
Mockosckoeo cocydap-
CMBEHHO020 YHUBEpCUme-
ma nymeii cooOujerus
(MHUHUT), Mocksa,
Poccus.

JImumpueea Hamaaosa
IOpveena — sedywuii
UHIICEHeP NPOeKMHO-U3bl-
CKAmenscKo20 UHCMuny-
ma «Moceunpompatc»,
Mockea, Poccus.
Koxopuna Oaecs FOpves-
Ha — UHIICeHep UHCIMUMY-
ma «Moceunpomparc»,
Mockea, Poccus.

BICOKOCKOPOCTHBIE MacCaXXUpCKue
MePeBO3KY MPUOBLUTLHBI U OKYITAIOT
ce0s1, IPUHOCS TOCYTapCTBY MPSIMYIO

9KOHOMUYECKYIO BBITOMY, a TAKXe Pa3BUTHE

PETHUOHOB, IO KOTOPHIM IPOXOIMT Tpacca

MarucTpaseii, u orpeneIéHHbIN CTaTyC B MU-

POBOM COOOIIIECTBE.

B Hameit ctpaHe 3amnynieHa U QYHKINO-
HUPYET MepBasi BBICOKOCKOPOCTHAS Maru-
crpaib (BCM) MockBa—Cankr-IletepOypr.
OHa a1eXTpuUIIUpPOBaHa Ha MMOCTOSIHHOM
ToKe HamnpsikeHueM 3 kB. K coxanenuro,
MpaKTUKa TTOKa3bIBACT, YTO BOZHUKAET MHO-
JKECTBO TIpO0OJIEM TIPU 3KCIUTyaTalluy 2JIeK-
TpUGUIIUPOBAHHON Ha MOCTOSHHOM TOKE
CKOPOCTHOI MarucTtpaiu. DTo, B MEPBYIO
o4Yepelib, CEPbE3HBIE «IIPOCATKI» HAIPSIKeE-
HUSI Ha TOKOIIPUEMHUKE 3JIEKTPOTIOIBUKHO-
ro coctaBa (DIIC) B cepeaune dumepHoit
30HBI U, KaK CJIEICTBUE, HEOOXONMMOCTD UC-
TOJIb30BAaHUSI TPOMO3IKHUX BOJIBTON00aBOY-
HBIX YCTPOMCTB Ha TSITOBBIX IMTOACTAHLIMSX, da
el1Ie ¥ BRIHYKIEHHOE OIrpaHNYeHUE CKOPOCTHU
Ha OmpeaceHHBIX yyacTKax. Ho mis atoit
MarucTpajyd He BEIOMpaIM PO TOKa, a JINIIhb
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Puc. 1. MpuHunnuanbHas cxema T9roBow noAacTaHumy ¢ ogHogasHbIMU TpaHchopmMaTopamu.

MOJEPHU3UPOBAIN UMEIOIIHUECS TSATOBbBIC
MOACTAHIIH.

OIBIT 2J1eKTPUDUKAITIN BBICOKOCKOPOCT-
HBIX MarucTpajieil B AMoHuM mokasaj, 4To
IIPU MOIIHOCTH 3JIEKTPOIIOe3/1a MopsiaKa
16 M BT Hau6oJtee 1ejiecoo0pa3Ho UCITOIb30-
BaTb aBTOTpaHCHOPMATOPHYIO CUCTEMY DJIEK-
TPOCHAOXXEHUsI, TIOJYYMBIILYIO Y HAC Ha3BaHUE
cucTeMa TSATOBOTO 3JIEKTPOCHAOXKEHUS
2x25 kB (CTD 2x25 xB). Ecnu B Anonuu Ha
MEepBOIi CKOPOCTHOM Maructpanu Tokuo—
Ocaka npu cucteme 3JeKTpocHadkeHus 25 KB
pacCTOSTHUE MEXITY TSTOBBIMU ITOJACTAHIIUSIMU
obu10 Topsiaka 20 KM, TO TIpU MPOAOJKEHU N
3EKTPUMUKALIMA MaTUCTPaIU IO CUCTEME
2x25 kB 3T0 paccTrosiHue YyBEIUYUIOCH [0
50 km [1].

Ha naHHBIIT MOMEHT BeayTcsl paboOThI 110
npoektupoBaHnio BCM-2 MockBa—KazaHb—
ExatepuHOypr u cieaHo 000CHOBaHUE MH-
Bectuuuit 11 BCM-3 MockBa—Amiep. [1pu
OTCYTCTBUM B HayaJjie MPOEKTUPOBAHUS POC-
CUICKMX HOPMAaTUBHBIX JOKYMEHTOB, perjia-
MEHTHUPYIOIIMX TPEOOBAHUSI ITO CTPOUTEIHCT-
BY M 3KCIUIyaTalluM CIICLIMAIU3UPOBAHHBIX
JKEJIE3HOAOPOXKHBIX JIMHUI CO CKOPOCTHIO
IBUXEHMS MacCaXMPCKUX IMOE3IO0B 10
400 xm/4, o 3akazy OAO «CKOpOCTHBIC Ma-
ructpain» IlerepOyprcKuM rocynapcTBeH-
HBIM YHUBEPCHUTETOM ITYTeid COOOIIECHUS
(TIT'YTIC) ¥ psimom Ipyrux OpraHu3aiiii moj
pykoBoacTBoM mpodeccopa A. T. Bypkona
pa3zpaboTtaHbl «CrienMaJbHbIE TEXHUYECKUE
ycoBust «2Keie3HOIOPOXKHOE 3JIEKTPOCHA0-
KeHue yuactka MockBa—Kazanb—ExarepuH-
oypr. TexHuyeckue HOpMbI U TpeOOBAHUS
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K IIPOEKTUPOBAHUIO U CTPOUTEIILCTBY» (asiee
CTY). B CTY ykazaHo, 4To pu MPOEKTUPO-
BaHMU JOJDKHBI OBITh PACCMOTPEHBI BADUAHTHI
CXEM TSATOBBIX TIOACTAHIIMI C UCITOJIb30BaHM -
eM ogHo(a3HbIX, TPEXGa3HBIX CUTOBBIX
TpaHC(hOPMaTOPOB, TPAHC(HOPMATOPOB C CUM-
MeTpUpyoInuM 3¢ (HEKTOM, YCTPOMCTB ITOBbI-
LIEHMS KAYeCTBa DJIEKTPOIHEPIUM.

B o6ocHoBaHuu mHBectTuuuii BCM-2
MpeIaraeTcst IMOCTPOUTh CUCTEMY 2JIEKTPO-
CHAOXeHHUs M3 yJacTKa ITOCTOSTHHOTO TOKa
(MockBa-HornHck) u yyactka nepeMeHHOTO
Toka 2x25 kB (Horunck—Ka3zaHb), 4To peko-
meHaoBaHo CTY.

CTatbsl MOCBsIIEHAa BHIOOPY pallMOHATIb-
HOTO BapMaHTa CXeMbl TpaHC(HOPMaTOPOB
TATOBBIX OJACTAHIINI CUCTEMBI 3JIEKTPOCHA0-
KeHust 2x25 kB maructpanu. Bonmpoc Bo3HUK
He ciydaitHo. ITo pe3ynbraTaM TAroBBIX pac-
yeToB, caeaHHbix OAO «JIeHrumpoTpaHc» Ha
cTanuyd 000CHOBAaHUS MHBECTULIMI, OBLIO
PEKOMEHI0BAaHO MPUMEHEHME OTHOMA3HBIX
TSATOBBIX TPAaHC(HOPMATOPOB MOIIHOCTHIO
48 MBA, 4TO He COOTBETCTBYET TPEOOBAHUIO
CTY BbIOMpaTh 000pYyI0BAHKE U3 Psila HOMU-
HaJIbHBIX 3HAYE€HWI, YCTAHOBJICHHBIX CTaH-
napToM. K ToMy e HU OIH U3 OTeUECTBEH-
HBIX 3aBOJIOB HE BBIITyCKaeT omHoda3HbIe
TpaHCc(hOPMATOPHI TAKOI MOIITHOCTH.

1.

Kaxk nmpaBuJio, B Hallleil cTpaHe Ha TSTOBBIX
MOACTAHIMSIX JUISI TUTAHUST TSITOBOW CEeTH
cucteMbl 2x25 kKB ycTaHaBIMBalOTCS OAHO-
¢azHbIe TpaHCPOPMATOPHI ¢ pacIIEIIEHHOM
BTOpUYHOI oOMoTKoOI [2]. UMeeTcss onbIT

YepHoe 0. A., Amutpnesa H. 0., KokopuHa O. 0. Cuctema snekTpocHabXeHUs ¢ TpexdasHbIMn
TpaHcdopmaTopamu ans BCM
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Puc. 2. MpuHunnuanbHas cxema TSroBosi NOACTaHLUNMN CUCTEMbI 3/IEKTPOCHabXeHns 2x25 kB ¢ TpéxpasHbimu
TpaHcgopmaropamu (a), cnipaBa — BeKTOpPHas anarpaMmMa HanpsixkeHuii (6).

ucnoab3oBaHus Ha [IpUBOIKCKOT XKeJle3HOM
nopore 1 paHee Ha BAM Tpéx@a3HbIX TpaHC-
¢dopMaTopoB B cucteme 2x25 KB.

Ha puc. 1 mpuBeneHa cxeMa TSITOBOM O~
CTaHLIMK ¢ ogHO(Ma3HBIMU TpaHc(opMaTopa-
MU, yuuTeiBaomiasa pekomenmanuu CTYVY:
CTOMPOILIEHTHOE Pe3ePBUPOBAHNE CUIIOBBIX
TpaHC(GOPMATOPOB U MUTAHUE HETATOBBIX
IMOTPEOUTENIC OT ABYX JTOIMMOTHUTEIBLHBIX
Tp€xda3HbIX IBYXOOMOTOYHBIX TPaHC(hOpMa-
TOPOB C BHICIIMM HampsikeHueMm 220 kB
1 BTOpUYHBIM HamnpskeHueM 20 xB. Takas
cxeMa paccMOTpeHa M B 000OCHOBaHWH MHBE-
crurmii BCM-2. IlepBuyHbIe OOMOTKHU IBYX
tpanchopmaTopoB T1 1 T2 coeqHEHBI B OT-
KPBITbIM TPEYroJibHUK. JlOTIOJTHUTEIbHbI
TpaHchopmaTop T3 gaBnsgeTcss pe3epBHBIM.
Jna nmutanug TpexdasHbIX MTOTpedUuTeNein
C HEIBI0 PEe3epPBUPOBAHUS MTPEIYCMOTPEHBI
nBa Tpéxdas3HbIx TpaHchopmaTopa T4 u T5.
Ha pucynke KC — koHTakTHas ceth, [1I1 —
NUTaINA TpoBo, P — penbChl.

CylrecTBeHHBIM HEIOCTATKOM CXEMBI
¢ ogHOo(a3HBIMU TpaHchopMaTOpaMM CTajla
HeHanexXHas paboTa YCTPOMCTB peryIrupoBa-
HUS HanpsikeHUs mon Harpyskoit (PITH).
CKOpOCTb ABIKEHUS TI0€31a 3aBUCHUT OT Ha-
npsokeHus Ha TokonpuémMuauke DI1C. B CTY
YCTaHOBJICHO MUHMMAJIbHOE 3HAYCHIE HATIPSI-
XKeHMsI Ha TOKOIpUEMHNKe He MeHee 21 KB.
HomunanbHOE HaIIpsDKEHNE B TATOBOM CETH,
IIPY KOTOPOM BBIITOJTHSIIOTCS TSTOBBIE pac-
yéThl, 25 KB. CHMXeHMe HanpsKeHUs Ha
BCM 10 MUHMMAIBHO JOIYCTUMOTO TIPUBO-
IuT K norepe moigHoctu DIIC Ha 15 %
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¥ K YMCHBIIICHUIO CPEeTHETEXHNICCKOI CKO-
poctui Ha 7—8 % [3].

OIHUM U3 CPeNICTB 00ecTIeYeHIs HE00X0-
IMOTO YPOBHS HAIIPSDKEHUS B TSITOBOM CETH,
B TOM YHCJIC U 3a CUCT U3MECHCHMS HaIIpsTKe-
HUS Ha TIEPBUYHBIX IIMHAX TSATOBBIX IIOICTaH-
LU, SIBJIICTCST aBBTOMAaTHUECKOE PETYIMPOBa-
Hue HanpsokeHus: (APITH) Ha Tpancdopma-
TOpax TSITOBBIX ITOACTAHLIMIA. B riepBbIii 3ke rox
9KCIUTyaTalliM CUCTEMBI 3JICKTPOCHAOXKECHUS
2x25 kB ¢ ogHO(Ma3HBIMU TpaHC(hOpMaTOpaMU
Ha Bs13eMcKoiil nucTaHIINM 3J1eKTpOCHa0XKe-
HUSI MOCKOBCKOI KeJIe3HOM JOPOIr'y Ha OMHOM
W3 TOACTAHIINI BBIIIJIA U3 CTPOST OOMOTKH
TOHKOTO PETyJIUPOBaHUS HAIIPSLKEHUSI, OCY-
IIECTBIISIONINE CTYTICHYATOE PEryIMPOBAaHIE
HampskeHUs1. B pesynbraTre Mx MpUIIIOCH
3aITYHTUPOBATH [4].

Boeixonwio u3 crpos yctpoiicto PITH Ha
TSTOBOM TMoACcTaHIIMUM MyxTo0BO [OpbKOB-
CKOM XKeJie3HOU moporu. Ha moacranuuu
Ceprad paboTaloT TOJIbKO HEYETHBIE TO3UIINT
TaKoro peryisitopa HanpstkeHus. [1o 3ampocy
aBTOPOB MojrydeH oTBeT oT LIBT OAO «PXK]I»,
yto APITH B cucteme 2x25 kB He ncmonb3y-
eTCs 110 TIPUYKMHE HeHaIEXXHOI ero paboThI.

Henanéxnasa pabora yctpoiicts PITH
o0ycJioBJieHa caeayolMy npuurnHamu. 1o
YCIIOBHSIM M3OJISIIIMKM 3TH YCTPOMCTBA, TIPeI-
Ha3HaYeHHBIC JUIS PeTyJIUPOBaHMS 4YMCIIa
BUTKOB B HEWTpai TIEPBUYHOM Tpex(a3HO
0OMOTKM, BKJTIOUEHBI B IBE CEKIIMH PACIIICII-
JIEHHOM BTOPUYHOI 0OMOTKM HU3KOTO HAIIPS -
JKEHMSI CO CTOPOHBI pejibcoB. [Ipn HM3KOM
HaMpPSDKeHWU Pe3KO YBEJIMIMBAIOTCS TOKH,
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Puc. 3. Cxema ¢pasupoBku Tpéx nogcraHuwmii (M1-I13) co ctaHaapTHbiMu TPExgasHbIMM TpaHcHopmaTopammn
B cucrteme 2x25 kB.

MPpOTEKAIOIIIMe TOJIbKO Yepes ABe (ha3bl CXEMBI.
ITpu aTOM Uepe3 nmepekItoyarolee yCTpoucT-
BO, MOIKIIOYEHHOE K KOHTAKTHOW CETH,
MPOTEKAET CYIIECTBEHHO OOJbIINIA TOK, YeM
yepes YCTPOMCTBO, MOJKIIOUEHHOE K MUTAI0-
1LeMy TPOBOY, U3-3a OOJIBILIETO COPOTHUBIIC-
HUSI KOHTYpa, MUTAIOIIEro MPOBOI-PEbChI,
B KOTOPBIii MOCAEA0BATEIbHO BKJIIOUEHBI CO-
MPOTUBJICHUS JTUHEHHBIX aBTOTpaHCc(HoOpMa-
TopoB. KpoMe Toro, Ha HaJi€¢XKHOCTb pabOThI
yerpoiictB PITH, ocobeHHO ¢ HU3KOi cTopo-
Hbl, IPU MUTAHUU TSATOBOW HArpy3Ku Cylle-
CTBEHHO BJIMSIOT 00Jiee YacTble KOPOTKUE
3aMbIKaHUSI B TATOBOI CETU MO CPABHEHUIO CO
CTallMOHAPHO 3HepreTukoi. bobliias yac-
TOTa KOPOTKMUX 3aMbIKAaHWI BbI3bIBAETCS
BO3[CHCTBYEM MOCTOPOHHUX Tea (4acCTH Ba-
TOHOB, MTUIIBI), TOBpexaeHus MU Ha DIIC,
HEUCMPaBHOCTHIO TOKONIPUEMHUKOB, METEO-
YCJIOBUSIMU (TPO3bI, CUJIbHBIN BETEP), HEUC-
MPaBHOCTSIMU KOHTAKTHOM CETH.

OTU 00CTOSTENBCTBA MPUBEIU K TOMY, UTO
B cucteme 2x25 kB ¢ ogHo(Ma3HbIMU TpaHC-
(opmaTopaMu aBTOMaTUYECKOE PETyIMpOoBa-
HUE HaMPsKEeHUs MO Harpy3KOoii, 1o TaHHbIM
MocxkoBckoit u [opbKOBCKOI XKeJIe3HbIX 10-
por, He mpakTukyetrcs. OgHako B [3] nas
YCUJIEHUS CUCTEMBI 2JIeKTpocHabxeHuss BCM
PEKOMEH/IyeTCsl aBTOMaTUUYECKOe MOAIepKa-
HUE HAMIPSKEHUST HA TOKOMIPUEMHUKE 32 CYET
peryupoBaHUsl HAMIPSDKEHUS Ha IIWHAX TsI-
TOBBIX MOJCTAHIIUMA.

2.

ITpu pa3paboTke NepBbIX TSITOBBLIX MOJ-
cTaHIOIUI cucteMbl 2x25 kB mng Baiikaino-
Amypckoit maructpaiu MUWUT, BHUMXKT
1 TpaHCOIEKTPOINPOEKT MPEMTIOKUIU CXeMY
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COeNMHEHUS TpaHC(HOPMATOPOB MOACTAHIIUH,
KOTOPYI0O MOXHO Ha3BaTh (MO aHAJIOTUU CO
cxemamu CkoTta 1 Bynopumxka) cxemoit Yep-
HOBA, C UCIOJIb30BaHUEM TPEX(a3HbIX TPAHC-
¢GopMaTOPOB C rPYIMIION COeAMHEHUST OOMOTOK
V/I1-11, BBITTyCKa€MbIX CEPUITHO JIJTST CHCTEMBI
TSITOBOTO 2JIeKTpocHabxeHus 25 kB [5].

B aT0ii cxeme, mokaszaHHOI Ha puc. 2a,
MocJeA0BaTEIbHO COEIMHEHBI IBe (ha3bl BTO-
PUYHBIX OOMOTOK JABYX TpE€X(da3HbIX TpaHC-
¢dopMaTOpOB, OAUH U3 KOTOPBIX UMEET rPyII-
my coeiHeHust ooMoTok Y /J1-11, a apyroii —
rpynmy coenuHenust Y/[A-1. I[1pu aTom oguH
TpaHcopMaTop MOAKIIOYAETCS K KOHTAKT-
HBIM ITPOBO/IAM U CIIPaBa, U CjieBa OT TSTOBOM
MOJCTAHIIMU, a BTOPOIl — K MTPOBOIAaM U Tpa-
BOTO, 1 JIEBOTO Tjiey nuTaHus. [pymna coequ-
HeHus Y/I1-1 obpasyeTcs myTeM OTHOUMEH-
HOM IBOMHO¥ IepeMapKUPOBKHU JIBYX BbIBOJIOB
cTaHaapTHoro TpaHcgopmaTtopa. Hauano
BTOPUYHOM OOMOTKH «a» COEIMHSIETCSI C KOH-
LIOM BTOPUYHOI OOMOTKU «Z».

BekTopHble AuarpaMMbl MepBUYHBIX
U BTOPUYHBIX HAMPSKEHUI MpPUBEIEHbI Ha
puc. 20, rae JOMOJHUTEIbHO 0003HAUYEHBI
aBToTpaHchopMartopsl (AT).

C 1ebl0 CUMMETPUPOBAHUS HArpy3Ku
¢a3 nuTaroliei ceTu, YTo NPeayCMOTPEHO
B CTY, cienyeT yepeaoBaTh pUCOESIMHEHUE
HauMeHee HarpyXeHHbIX (dha3 MoACTaHIUMI
K BBICOKOBOJIBTHOM TMHUU (cXeMa (ha3upoB-
ku). [1pu 3TOM cxema MOAKIIIOUEHUsI TPAHC-
¢dopMaTopoB, MPUCOCTUHEHHBIX K KOHTAKT-
HBIM MpoBojaM, Takas xe, kKak u B CTD
25 kB. Cxema azupoBku TpaHCcHOPMATOPOB,
MOAKIIOUEHHBIX K MUTAIOIIUM MPOBOJAM,
MoJIy4yaeTcsl aBTOMAaTUYECKHU, YTO MTOKa3aHO
Ha puc. 3.
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Puc. 4. MpuHunnuanbHas cxema paboTel TAroBOV MoAcTaHUuMu cucTeMsl 2x25 kB B aBapuiiHOM pexume.

Cxema TATOBOM MOJICTaHIINM C TpExdas-
HBIMU TpaHCopMaTOopaMu, COeTMHEHHBIMU
ITOCJIEA0BATEILHO, YCTYIMIA CXeMe C OITHO-
dazHpIMM TpaHC(OpMaTOpaMu, IIOTOMY UTO
IepBOHAYAIbHO ObLIa ITPEIIOKeHa KaK CXeMa
¢ aByMs TpEX(a3HbBIMHU TPEXOOMOTOUYHBIMU
TpaHchopMaTtopamu. PesepBupoBaHme mpe-
I10JIaTaJloCh OCYIIECTBIATH CICIYIOIIUM
obpasom. [1pu Beixome u3 cTpos TpaHCcHOp-
MaTopa, IMIPUCOCANHEHHOTIO0 K MUTAIOIINM
IIPOBOMIaM, OCYIIECTBIISICTCS ITMTaHUE KOH-
TaKTHOU CETU C 00€MX CTOPOH ITOACTAHIINH IO
omkaimmx aBroTpaHcpopmatopos mo CTHD
25 kB (puc. 4).

binuxaiimuii K moacTaHIUKA aBTOTpaHC-
¢dopMaTop noBbIIIacT HaTIpsikeHue 10 50 kB,
U B pe3yJbTaTe Ha BCEM YJYacTKe 3a HUM IO
CJICAYIOIIEH TSITOBOI IMOACTAHIIMK paboTacT
cuctema 2x25 KB ¢ IByCTOpOHHUM ITUTaHUEM
TsiroBOI ceTu. [1pu BBIXOAE M3 CTPOS TpaHC-
dopmaropa, MPUCOSAMHEHHOTO K KOHTAKT-
HBIM TIPOBOIAM, OH 3aMEHSeTCS TpaHChOop-
MaTOpPOM, MMPUCOCINHEHHBIM K ITUTAIOIINM
IIPOBOIAM, ITYTEM OITePaTUBHBIX ITePEKITIOUC-
Huii. Bo Bpemsi oriepaTUBHBIX ITEPEKITIOUEHU I
MIPONOJIKUTCS IMTUTAHUE TSITOBOM CETH OT IBYX
MOACTAHLIMIA.

ITpu peamzanmm CTD 2x25 kB ¢ omHOda3-
HBIMU TpaHCchopMaTopamu Ha BAM ortonum
OT UJIeU IBYyXTpaHC(hOPMATOPHOI TTOICTAHIINH.
Ji1s pe3epBUPOBaHMS TI000TO 13 OMHOMA3HBIX
TpaHC(OPMATOPOB YCTAaHABIMBACTCS PE3EPB-

HbI. 17151 muTaHms Tpéxda3HbIX TOTpeOnTeNCH
Ha TepPUTOPUHU TSITOBOM ITOICTAHITNH ITPEIyC-
MaTpUBAIOTCS ABa TpEX(Pa3HBIX TpaHCcHopma-
Topa. B pesyibrare, eciii MOITHOCTb OTHOTO
TSTOBOTO TpaHc(hOpMaTopa IOCTaTOYHA IS
MUTAHUS TATOBOI HATPY3KHU IlIeUa TTUTAHUS,
Ha TIOJICTAHIIUNM YCTAaHABIMBACTCS MUHUMYM
ST TpaHC(POPMATOPOB.

OTxomd OT uaeu ABYXTpaHC(HOPMATOPHOM
TATOBOM IMOACTAHIIMU B cucrteMe 2x25 kB
TO3BOJIMJI TIPSIJIOXKUTE M B CUCTEME C TPEX-
¢a3HBIMU TpaHC(OpPMaTOpPaMU YCTAHOBKY Ha
TMOACTAHIINU TPETHETO (PE3ePBHOTO) TATOBOTO
TpaHcgopmaropa [6]. CxeMa pesepBUpOBaHUS
MoKasaHa Ha puc. 5.

ITo cucreme 2x25 kB ¢ Tpexda3HbIMU
TpaHchopMaTopaMU MPEIITOIarafoch JIeK-
Tpuduimponats Ha KOBXK]I muHmio KoueToB-
ka—PrtumeBo. C aroii ueiabio B 1987 roay
XaprumpoTpaHC BBITTOIHUI ITIPOCKT SJICKTPH -
dukanum >1oit nuHUM Mo CTHO 2x25 kB
¢ Tpexda3HbIMU TpaHchopMaTOpaMM Ha 4Ye-
TBIPEX TATOBBIX oacTaHIMAX: Hukndoposka,
PacckazoBo, Kupcanos, BepryHoBcKasi.
ITpoexT OBLT yTBEP>KIEH U TTOJIyY I CPEIICTBA.
Ho B cBsI31 ¢ yXyOIIMBIINMCS 3KOHOMUYE-
CKHUM TIOJIOKEHMEM B CTpaHE TaK M He OBLIT
BOIUTOIICH B XKWU3Hb. B IToceaHMe romas! Bep-
HYJIHUCH K 3JIeKTpUDUKAIIUN ITON JTUHUMH,
n TpaHCAIEKTPOIIPOCKTOM OBLI BBIMYIICH
TIPOEKT y3Ke C IISTHIO TSTOBBIMU TTOACTAHIIU -
SIMM.
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Puc. 5. MpuHuunuanbHas cxema rnoaklo4YeHus pe3epBHOro TArosoro TpaHcgopmatopa B CT3 2x25 kB
¢ TpéExga3HbIMU TpaHCPOpMaTopamu.

Cucrema 2x25 kB ¢ Tpexda3HbIMU TpaHC-
(opmaTopaMu TO3BOJISIET IIPOCTO OPTAHU30-
BaTh IIPOXOXIEHNE BBICOKOCKOPOCTHOM
JKEJIE3HOIOPOKHOM MarucTpajibio KPYITHBIX
roponoB (Bmamumup, Huxawuit HoBropon,
Yeobokcapnl, KazaHb), ormmpasich Ha CyIIecT-
BYIOIIYIO B HUX CUCTEMY TSITOBOTO BJIEKTPO-
cHabxeHus 25 kB ¢ TpéxdasHbIMU TpaHC-
dopmaropamu. [Ipu 3TOM BO3MOXHO OTBET-
BJICHME IJIS MMAacCaXMUPCKHUX ITOE3T0B CO
ckopocTthio 1o 200 KM/9 Ha MarucTpain
C IIpeXXHeN cucteMoit 25 kB.

3.

Ha BCM npodeccopom A. T. BypkoBbim
TPEIOXKEeH OPUTUHAIBHBIN CITOCOO CHIKE-
HUS TIOTEPb HATIPSIKEHUSI B TSITOBOM CETH
BBEJICHNEM ITaKETHOTO IpadmKa IABUKEHUS
BBICOKOCKOPOCTHBIX ITO€3I0B ¢ MHTEPBAJIOM
HE MEeHee BPeMEHHU X0/1a TToe3/1a 1o HanboJee
JUJIMHHOW MEXITOACTAHLIMOHHOM 30HE, 4TO
obecrieynBaeT HaXOXIEeHNE Ha OJHOM ITyTU
MEXIY TSITOBBIMHU IOICTAHIUSIMU TOJBKO
oxHoro noesna [3]. B atom ciydae ripu cpen-
HHUX PACCTOSHUSAX MEXAY MOACTaAaHIIUSIMU
B SAnonun n ®paHuun cooTBeTCTBEHHO 50
M 55 KM MeXITOe3IHOI MHTEpBaI paBeH 9—12
muHyTaMm. [TogoOHBI MHTEepBaJI CYIIECTBEHHO
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CHMXKAET MUKOBYIO Harpy3Ky MpOBOJOB TITO-
BOI1 ceTH, TpaHCHOPMATOPOB TSITOBBIX MO~
CTaHU MM, TIOTEPU JIEKTPOIHEPTUU BO BCEX
3JIEMEHTaX CUCTEMBbI DJEKTPOCHAOXEHU S
U TIOBBILIAET KAYECTBO 2JIEKTPOIHEPTUM Ha
IIMHAX TATOBbIX MoacTaHuui. I1pu Takoit
OpraHM3allMM ABUXKEHMUS TOE310B MUKOBas
Harpyska NOACTaHUMUK OyaeT OJHOILIeUE,
KOTI/J1a IBa BCTPEYHbIX MOE3/1a HAXOISITCS MEX-
Ny IBYyMS TOACTAHUUSIMU, U ABYXIUIEYEH —
MPU HAXOXAEHUM BCTPEUHBIX MOE3I0B IO
pa3HbIe CTOPOHBI OT MOJACTAHIIMH.

IIpu peanusaluy MpemIoXeHHOTO B [3]
WHTepBajia MTaKeTHOTo IpadrKa IBIKCHUS
MMpUMEHEHNEe CUMMETPHUPYIOIINX TpaHChOp-
matopoB CkoTra u Bynopumxka B cucreme
2x25 kB na BCM B 0CHOBHOM M3-3a OJHOILIE-
4eli Harpy3KM TATOBBIX ITIOACTAHLINMI IIPAKTU-
YeCKH He NaET UM MPEeUMYLIECTBA 1O CHUXE-
HHUIO TOKOB OOpaTHOM MOCAeA0BATEIbHOCTU
B MUTaloueil cetu. Bo3aMoxeH oOpaTHBIN
pe3yabTaT npu odbecrneyeHUuUu TpeOdoBaHUS
CTY 0 He0OXOIMMOCTH TTapalJIeJIbHOI pabo-
THI TTOBBIX ToACTaHLIMi. Ecii mpu omHOba3-
HBIX ¥ TpEX(pa3HBIX TpaHCHOpMaTOpax 3a CUET
yepemoBaHMS HAarpy30K a3 oT mapaijie IbHO
padoTAOIIMX TTOJCTAHIINI TOKK OOpaTHOM
MOCJAe10BaTEIbHOCTU UCTOUHUKOB IMUTAHUS
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OT Harpy30K pa3HbIX MTOJICTAHIIMI CKJIabIBa-
I0TCST BEKTOPHO 11011 yriioM 120°, TO TIpu O;THO-
I1e4Yeil Harpy3kKe TOKM 00paTHOM mocyieaoBa-
TEJTbHOCTH UCTOYHUKOB MMUTAHUST OT CUMME-
TPUPYIOLIMX TPaHCHOPMATOPOB CKITAIbIBAIOT-
cs apudmeTndecku co caBurom Ha 180° or
Harpy30K € OITHOM U JPYrOil CTOPOHBI TATOBOM
rojcTaHiuu. ToJIbKO TIPU paBEHCTBE HATPY-
30K C JBYX CTOPOH, 4TO BO3MOXHO Ha BCM
B €IMHUYHBIX CIIy4yasix, peau3yeTcsi CHMMe-
TpUPYOIIUA 3h@EKT.

B pabore [3] yeTKo moKa3zaHo, 4TO B CXeMe
I cucteMbl 2x25 kB Ckotra—Bynopumka
TpaHc(opMaTop He MPUCOEANHEH K PEJIbCY.
U Torna Ha ctropoHe 50 kB TpedyeTcst oCHOB-
HOe 000pyIoBaHME Ha 3TOT KJIacC HaIpsiKe-
Hus. B Poccuu HeT Takoro kjaacca HampsiKe-
Hus1. Peamszanusi cxeMbl BO3MOXHA TOJTHKO
TPY UCIIOJIb30BAaHUM B HEWl OCHOBHOTO 000-
pynoBaHus kjacca 110 kB, 4To 3HaYUTENBHO
nopoxe. C 11e/IbI0 KCTIONIb30BaHUST 000PY/I0-
BaHus kjacca 35 kB B PY 2x25 kB B Hameit
cTpaHe TpaHCc(hOPMATOPhI MTPUCOEANHSTIOTCS
K pejbcaM, YTO OMpeJelisieT HEPAaBEHCTBO
Harpy30K 0OMOTOK TpaHC()OPMATOPOB, TIPU-
COEIMHEHHBIX K KOHTAaKTHOM CETU U IMUTAI0-
LIEMY [TPOBO/LY.

IMpennoxenue npodeccopa A. T. Bypkona
MO3BOJISIET MIPOCTO OLIEHUTHh HEOOXOIUMYIO
MOIIHOCTb TpéXxda3HbIX TpaHCHOPMATOPOB
B cucteme 2x25 kB Ha BCM. AHanu3 ocHOB-
HBIX TTapaMEeTPOB BBICOKOCKOPOCTHBIX IMOE3-
noB [3] moka3bIBaeT, YTO MaKCUMAJbHYIO
MoITHOCTh 18,24 MBT nmeeT moe3n, BbIMMy-
meHHbIi B Anonuu B 1995 rony. Ha ocHoBa-
HUM BTOTO JJI1 OL@HKHW MOIIHOCTHU Tpéxdaz-
HBIX TpaHC(hOPMATOPOB B cucteme 2x25 kB
TPUHSITA HarOOIbIAasT MOITHOCTD 3JIEKTPO-
noesaa 20 MBT, motpe6Jisitoiiias oT 00MOTOK
TpaHC(OPMATOPOB TSATOBBIX ITOACTAHITUI TOK
727 A. YuTéM, UTO B cilydyae HaxXOXJIEeHUS
moe3aa Mexmry aBToTpaHchopMaTOpaMU TPEX-
da3HbIlt TpaHC(HOPMATOP, BKIIOUYEHHBIN
MeXJIy KOHTaKTHBIM IPOBOJIOM M PEIbCOM,
HarpyxeH Ha 10 % GoJblie, yeM TpaHchop-
MaTop, MOAKITIOYEHHBI MEXIY TMUTAIOIINM
npoBoaoM U penbcamu [7]. TTocneaHee ornpe-
JIeJISIETCS OOJIBIITUM COTIPOTUBJIEHUEM Hepac-
LIETUIEHHOTO MUTAIOIIIETro MPOBO/IA U TOCe-
JIOBATEJIbHO BKJIIOYEHHOTO C HUM aBTOTpaH-
chopmaropa. B pesynbrate Harpyska mjeya
MUTAaHUsI, TTOAKIIOYEHHOTO K Hanbosee Ha-
IPy>XK€HHOMY TpaHC(HOPMATOPY MEXITY KOH-
TaKTHBIM TPOBOIOM M PEJIbCOM, OT OJHOTO
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noesaa coctaBut 400 A (55 % ot Toka moesna)
TPY OTHOCTOPOHHEM MTUTAHUM TSITOBOM CETH.
B nanpHeiiieM nona Harpy3koiu ruieya muta-
HUSI TIOHUMAETCsI Harpy3Ka, MPUXOISIIasiCs
Ha TpaHc(opMaTop, TPUCOETMHEHHBIN K KOH-
TaKTHBIM IPOBOJIAM.

O1leHMM BO3MOXKHOCTH MCITOJIb30BAHUS
npu MOLIHOCTHU 3JiekTporoesna 20 MBT nByx
MOCJIeA0BATEIbHO BKIIOUEHHBIX TPEX(DAZHBIX
TpaHcdopMaTopoB MonTHOCTEIO 40 MBA nipu
OJHOCTOPOHHEM MUTAHWUU TITOBOW CETH.
OlieHKa poBeieHa 111 HauboJiee HarpyXeH-
HOTO TpaHchopMaropa.

CranaapTHbIi TpéxdasHblil TpaHchopma-
Top MourHocThio 40 MBA ¢ HampstokeHUeM
BTOpUYHOI 00OMOTKM 27,5 KB umeeT HoMuU-
HaJIBHBIN TOK 00MOTKHU 485 A. TTockonbKy Ha
00MOTKY Tpé€xazHoro TpaHcdopmaTopa rnpu-
XOJIMTCSI HE BeCh TOK Tuleva MUTaHus (B OT/IU -
qre oT ogHo(a3Horo TpaHcopmaropa), a 2/3
€ro, TO HOMUHAJIbHBIM TOK (ha3bl TOCTUTACTCS
MpU OJHOILIeYel Harpy3ke 727 A, 4TO paBHO
TOKY noesja rnpu ero MmoiHoctu 20 MBT. [Tpu
OIIMHAKOBOI Harpy3ke C JIByX CTOPOH HOMU-
HaJIBHBIN TOK JIBYX HamOoJiee Harpy>KeHHBIX
(a3 TpaHchopMaTopa JOCTUTAeTCS TPU TOKaX
550 A Ha KaXIoM IuIeye.

ITpu pacTioyioKeHNU IBYX ITOE3/I0B C TOKA-
M1 400 A 110 pa3Hble CTOPOHBI OT MOACTAHITUN
TOKU ABYX HauboJjiee Harpy>kKeHHBIX (ha3 OyayT
MEHBIIIe X HOMUHAJIBHBIX 3HAUEHUA.

B cityuae HaxoXXIeHUST ABYX TTOE3/10B MEX-
JIy TIOAICTAHITUSIMU CJIEYeT PaCCMOTPETh JIBa
BapMaHTa UX B3aMMHOT'O PaCIIOJIOXEHUS.
bornee serkuit BapuaHT — KOT/1a Moe3/1a Haxo-
JSITCST MeX Iy aBToTpaHcdopmaTopamu. Torna
OofHOILIeYast Harpy3ka oT AByX moe3noB 8§00 A
MPEBBICUT HOMUHAJIBHBIN TOK Hanbosee Ha-
rpyXXeHHoI (a3bl TpaHchopmaTopa Ha 10 %.
MakcumMalbHBIE KPaTKOBPEMEHHBIN TTUK
OJIHOTUIEYE# HAarpy3KW HanboJjiee HarpyKeH-
Holt a3bl TpaHchopmaTopa OyAeT, Koriaa
BCTPEUYHbIE MOe3/1a OKAXYTCS C OHOI CTOPO-
HBI HEMTOCPENICTBEHHO Y TSTOBOM MOACTAaHIINMN.
ITpu 3TOM BO3HUMKAET OJHOTUIEYAs] HArpy3Ka
OT IBYX I0e310B. MexXay nmociaenoBaTeIbHO
BKJIIOYEHHBIMU TpaHC(hOpMaTOpaMuy OHa pac-
MpeaesieTcss 00paTHO MPOMOPIIMOHAIBLHO
OTHOCHTEJIBHO COTIPOTUBJICHMS TpaHC(hopMa-
TOpa, MOIKIIOYEHHOTO K KOHTAKTHBIM TIPO-
BOZaM, 1 CyMMapHOTO COTIPOTUBIIEHUST KOH-
Typa, COCTOSIIIIETO U3 COMPOTUBIEHUS] KOH-
TaKTHasI CETb—PEJIbCHI 10 OJIVDKAMIIIero aBTo-
TpaHcdopmaropa, COPOTUBIEHUSI CAMOTO
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Ta0auna 1

CpaBHeHHe KaNUTAJBHBIX 3aTPAT HA TPaHC(oOpMaTopHOe
00opynoBanue TArosbix noactannuii CTD 2x25 kB

CrouMocThb
Tun Kom-Bo, | Utoro,
CxeMHOe pelIeHHe TpaHcopmMaropa,
TpaHchopmaropa IIT. |OTH. ex.
OTH. €Il

Hoacranuus ¢ Tpemst 0HODA3HBIME 1| OP JTHYK-25000/220 1 3
IBYMs TpEX(DasHbIMU 4,313
TpaHc(opMaTopaMu TJIH-10000/220 0,656 2
[Moxcrannus ¢ nareio Tpéxdpasuemvu | TAHXK-25000/220 0,937 3 bk
Tpanc(opMaTOpaMI TJIH-10000/220 0,656 2 ’

AT, conpoTuBJIeHUsS KOHTYpa, MUTAIOIIETO
TPOBOA—peNbehl 10 Ommkaiimero AT, u co-
TPOTUBJICHUSI TpaHC(HOPMAaTOpPa, TOIKITIOUEH-
HOTO K MUTAImMMUM mpoBogaM. [1ocKoabKy
COIIPOTHUBIICHNUE OT T10€3/1a B CTOPOHY TPaHC-
dopmMaTopa, NOAKIIOYEHHOTO K MMUTAIOIINM
MPOBOJAM, CYIIECTBEHHO OOJIbIIIe, TO 3HAYM -
TeJbHAsl YaCTh HATPy3KHU IBYX IT0E3I0B IPH-
IETCs Ha TpaHC(OpMaTOp, MOAKIIOUEHHBIN
K KOHTaKTHBIM TIPOBOIAM.

Kak moka3zano B [7], ABa GauKailImx
K nogctanumu AT Tiepenanyt Ha TpaHCchop-
MaTop MEXIy MUTAIOIIAM IIPOBOIOM U PeJib-
coM 10 15 % Harpy3ku KaxXaoro Ioesja.
B pesynbraTe omHOMOMEHTHAasl Harpyska
TpaHchopMaTopa, MOIKIIYECHHOTO MEXIY
KOHTAKTHOM CEThI0 M PEIbCOM, COCTABUT
70 % OT CyMMbI IBYX IIO€3/10B, YTO IIPEBBICUT
Ha 40 % HOMMHAJIbHBII TOK HanboJIee HArpy-
XKeHHOoI (a3bl. [1pogoKUTETbHOCTh 3TOTO
M1Ka — CEKYHIIBI, TaK KaK BCTPEYHBINA TTOE3T
nepeinéT Ha Apyryro hUIepHYIO 30HY, a BTO-
poii 1moe3a JOCTUTHEeT OJMXKalllero K moji-
cranuun AT. Ha temriepatypy oOMOTOK 1 Ha
CTapeHMeE U30JISILIMU PACCMOTPEHHBIN CIydan
HE TIOBJIMSIET, TIOCKOJIBKY OH MaJIOBEPOSITCH
W TIPOUCXOIUT TIPU HEAOTPY3KE IBYX APYTUX
¢a3 TpaHcopMaTopa, HAXOASIIUXCS C Hau-
OoJiee HaTpy>KeHHOI (pa3oii B 001Iei MacsI-
HOW BaHHE.

CrenyeT UMETh B BULY, YTO IIPUBEICHHBIC
Teperpy3ku OyIayT TOJIbKO y TpaHchopMaTopa
MoITHOCTBIO 40 MBA, mOaKIIIO4YeHHOTO MEXK-
Iy KOHTaKTHO CEThIO M PeIbCaMU ITPU MOTII-
HOCTH 3JieKTporioe310B 20 M BT, korga Mexmy
TMOACTAaHIIMSIMU HaXOMSTCS IBa TTOe311a B CITy-
yae NMUTaHus TIrOBOM CeTU OT OJJHOU MOJACTaH -
nuu. [Ipym MOIIHOCTH 3JEKTPOIOE3I0B
12 M BT neperpy3ku He OyIeT, Kak 1 B cIydyae
OHOCTOPOHHETO TTUTAHUSI.
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[Tpu ABycTOpOHHEM ITUTAHWHU TSATOBOI CETH
neperpy3ku Tpancdopmaropa He OyIeT 1 mpu
JIBYX IToe31ax MolrHocThio 20 M BT, korna onn
HaXOISITCSI MEXIY aBTOTpaHC(hOpPMaTOpaMu.
B cirygae omHOBpeMEHHOTO HaXOXKIESHUST IBYX
nmoe3a10B MoIIHOCTLIO 20 MBT ¢ onHOI cTOpO-
HBI HETIOCPEICTBEHHO Y ITOACTAHIINN BO3MOX-
Ha KpaTKOBpeMEHHasI reperpys3Ka TpaHcdop-
MaTtopa 1 IIpy ABYCTOPOHHEM IMUTAHUM TSITOBOM
cetu, Ho MeHee 40 %. Takas meperpyska
KPaTKOBPEMEHHO JTOITyCTUMa JUTSI TpaHchop-
Maropa Iaxe Ipu OTHOBPEMEHHOM Ieperpy3Ke
Tpé€X da3. OTMeTUM, YTO NpU TPEXDa3HBIX
TpaHc(hopMaToOpax BEPOSITHOCTh OMHOCTOPOH-
HETOo IMUTaHMSI TATOBOM CETH B 2 pa3a MEHBIIIE,
yeM MpU OgHO(A3HBIX.

ITpu HEOOXOAMMOCTH TIEPETPY3KY TPaHC-
¢dopmaTopa, IMTOAKIIOUEHHOTO K KOHTAKTHOM
CeTH, MPU ABYX IT0E3/1aX C OMHOM CTOPOHBI OT
MMOACTAHIIMHY MOXHO YCTPAHUTD YBEJTMICHUEM
3arpy3Ku TpaHcgopmaTopa, MOAKIIOYSHHOTO
K TIUTAIOIIEMY ITPOBOY, ITyTEM YMEHBIIICHUS
COITPOTHUBIICHUSI KOHTYPa TATOBOI CETH MEXK-
Iy TIOCJICIOBATEIbHO BKJIFOUEHHBIMHU TPaHC-
dopmaropaMu. DTO MOXHO OCYIIECTBUTH
pacuieTuieHueM IMUTaIoNIeTo MmpoBoaa Ha
yJacTKe MKy MOJICTaHIMer 1 OIKad M
AT, ycTaHOBKOI1 MTPOIOJbHON KOMIIEHCALIUN
Ha TIOACTAaHIIMM B KOHTYDP MUTAIOLIAN TIPO-
BOI—PEJIbCHI, a TAKXKE YMEHBIIICHUEM PacCTO-
SHUWS OT MOACTAHLINY 10 OvKarirero AT.

Taxnm 0Opa3oM, MOIITHOCTU ABYX TpEX(Da3-
HBIX TpaHcopMmatopoB 1o 40 MBA, coenn-
HEHHBIX MOCJIEI0BATEIbHO, JOCTATOYHO IS
MMUTaHUS BBICOKOCKOPOCTHBIX ITOE3I0B MOIII-
HocThio 10 20 MBT npu uHTEpBane MeXay
HUMHJ HE MEHee BpeMEeHH X0/1a IToe3/1a 110 Hau -
0oJiee JUTMHHOM MEXITOACTAHLIMOHHOI 30HE.

ITo 3aka3y aBTOpOB 3aBOIOM-U3TOTOBH -
TeJeM TpaHC(HOPMaTOPHOTO 000PYIOBaHUS
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3A0 «DHepromaiun (Exatepunoypr)—Ypai-
3JIEKTPOTSIKMaIIl» IPOBeeHa OlleHKa OTHO-
CUTEJIbHOW CTOMMOCTHU TpaHC(HOPMaTOPOB
OPJIHX-25000/220; TAH-10000/220;
TATHXK-25000/220. ITockoabKy Ha JaHHBIN
MOMEHT 3aBOJI He BBIITyCKaeT ogHOo(a3HbIe
TpaHcdopmaTopsl Tuna OPIAHXK moiHo-
ctbio 6osee 25000 kBA, 3a equHUIly TPUHS -
Ta U3BECTHAss CTOMMOCTh OMHO(a3HOTO
TpaHcgopmaropa MolHocThio 25000 KBA.
Hcxonst onsaTh Xe M3 U3BECTHOM CTOMMOCTH
TpexdasHbIX TpaHCHOPMATOPOB, OMpeIese-
Ha UX CTOUMOCTb B OTHOCUTEJbHBIX €TUHU-
nax. [Tockonbky B 06eux cxemax PY 2x25 kB
MOXKHO BBITIOJIHUTh OMUHAKOBO, C UCIIOJIb-
30BaHNEM OTEUECTBEHHOT'O 000PYIOBaHUS,
TO IMPOBEIEHO CPAaBHEHME IBYX CXEM TOJIHBKO
M0 CTOMMOCTU TpaHchopmaTopoB. IBa
tpancdopmaropa TJTH-10000/220 Heobx0-
JUMBI JUTISI TATAHWST HETSITOBBIX TTOTPEeOUTE -
JIeil Ha TSITOBBIX MOACTAHIIMSIX B 000UX
ciy4dasix. Pe3ynbsraTel OTHOCUTENIBHOM OlIEH-
KA CTOMMOCTHU TPaHC(HOPMATOPOB TATOBBIX
noactaHuuit CTHO 2x25 kB npuBeneHbl
B Tabsuie 1.

PesynbraThl B TAO/MMIIE MOKA3bIBAIOT, YTO
TPY OMMHAKOBOU CTOMMOCTH TpaHC(hOpPMaTo-
POB JUISI MUTAHUS HETATOBBIX MTOTpeOUTENIEH
BapuaHT ¢ ogHO(ha3HBIMU TpaHchopMaTopa-
MU HECKOJIbKO JIOPOXe BapuaHTa ¢ Tpéxdaz-
HBIMU TIPY OIMHAKOBOM MOIITHOCTU CUJIOBBIX
TpaHchopmaTopoB. [Ipy 3TOM clienyeT yuecTb,
4yTO OHO(MA3HBIN TpaHCHOPMATOP C Mpeia-
raemMoif MoITHOCTEIO 48 MBA OyneT mopoxe
TpéxdazHoro MmourHocThio 40 MBA.

BbiBOAdbl

1. YuuteiBast pa3Mepsl Hallleil CTpaHbI
¥ pa3MelleHre HapoJIOoHaCeIeHUs TI0 CpaB-
HeHulo ¢ SlmoHuel u cTpaHamMu 3amajgHou
EBporbl, a Takke YMCIIEHHOCTh HaceJIeHUS
Poccun no cpaBHeHuio ¢ Kurtaem, mpoek-
TUPOBATH CUCTEMY BJIEKTPOCHAOXEHUS
BCM c nuHTEepBaIOM ABMKEHUS 5 MUHYT Ha
Oommkaiimme 25 et (CpoK CIy>KObI TpaHC-
(bopmaTopoB) TipencTaBiseTCsT HEleIeco-
o0Opa3HbIM. boJjiee pallMoHaJbHO U 9KOHO-
MUYHO /Ui Poccuu mpu MpoeKTUpOBaHUU
cucTeMbl 3J1eKTpocHaOxkeHnsT BCM ncxo-
JIIUTH U3 TIPEIOKEHHOU CXeMbl OpraHu3a-

LMW JABUXEHUS MOE310B, KOrja MHTepBal
MOMYTHOTO CJHEIOBAaHUS OMNpenenasieTcs
BpeMeHeM Xoja noe3aa o HauboJiee JIUH-
HOI MEXMOACTAaHIIMOHHOH 30He. B 3aBucu-
MOCTU OT CKOPOCTM MO€3[a 3TOT UHTEepBa
Oynet paBeH 9—14 MUHyTaM.

2. [IpyuHuMas BO BHUMaHME PsI Cylle-
CTBEHHBIX MPEUMYILIECTB PACCMOTPEHHO
cxeMbl ¢ TpéxdaszHbIMU TpaHcHopmaTopa-
MU 1 0COOEHHO HAJEXHYI0 pabOTy yCTPOICTB
PITH tpéxdasnbix TpaHchOpPMaTOPOB, aB-
TOPBI MPeIaraT AJIsI CUCTEMBI DJIEKTPO-
CHa0XeHUsI BBICOKOCKOPOCTHBIX MarucTpa-
jqeit Poccuu cxemy ¢ nByms pabouyumu,
CEepUITHO BBIMYCKAe€MbIMU NIJI51 CUCTEMBbI
TSATOBOTO 3J1€KTpOoCHabX)eHus 25 KB Tpéx-
(a3zHbIMU TpaHChHOpPMATOPAMU MOLIHOCTbIO
40 MBA, coennHEHHBIMHU TTOCTIEI0BATEb-
HO, U OTHUM Pe3epBHBIM TpaHC(HOPMATOPOM
Tako#l xe mMomHocTu. [Ipu aTOoM ecnu
B 00bIUHOI cucTteMe 25 KB ycTaHOBIEeHHAas
MOUIHOCTb TpaHC(hOPMATOPOB HA MOACTAH-
nusx papHa 80 MBA, To Ha BCM oHa cTtaHeT
120 MBA, 4TO COOTBETCTBYET MUPOBOI
npakTUKe.
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POWER SUPPLY SYSTEM WITH THREE-PHASE TRANSFORMERS FOR HSR

Chernov, Yuri A., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Dmitrieva, Natalia Yu., design and survey institute Mosgiprotrans, Moscow, Russia.
Kokorina, Olesya Yu., design and survey institute Mosgiprotrans, Moscow, Russia.

ABSTRACT

The article presents a schematic diagram of a
traction substation of the 2x25 kV power supply
system with three-phase transformers and a vector
voltage diagram for high-speed lines. Power supply
systems 2x25 kV with single-phase and three-phase

transformers are compared, the power of three-
phase transformers for high-speed main lines is
recommended. And all this taking into account the
new special technical conditions that are worked out
for the design, construction and operation of Russian
HSR.

Keywords: railway, high-speed railway, traction substation, 2x25 kV power supply system, three-phase
transformer, single-phase transformer, special technical conditions.

Background. High-speed passenger
transportation is profitable and pays for itself, bringing
direct economic benefits to the state, as well as
development ofthe regions along which the main lines
pass and a certain status in the world community.

In our country, the first high-speed rail (HSR)
Moscow-Saint Petersburg has been launched and is
functioning. Itis electrified with a direct current of 3kV.
Unfortunately, practice shows that a lot of problems
arise in the operation of a DC-electrified high-speed
railway. First of all, this is a serious «drawdown» of
voltage on the current collector of electric rolling stock
(ERS) in the middle of the feeder zone and, as a
consequence, the necessity of using bulky volt-adding
devices in traction substations, and even forced speed
limits in certain areas. But for this main line, the type
of current was not chosen, but only existing traction
substations were modernized.

The experience of electrification of high-speed main
lines in Japan showed that with an electric train power
of about 16 MW, it is most advisable to use an
autotransformer power supply system, which we called
2x25 kV traction power (2x2 kV TSP). If in Japan on the
first high-speed main line Tokyo—Osaka with a power
supply system of 25 KV this distance was about 20 km,
with continuation of electrification of the main line using
the system 2x25 kV the distance increasedto 50 km [1].

At the moment, work is underway to design the
HSR-2 Moscow-Kazan-Yekaterinburg and the

A

investment justification for the HSR-3 Moscow-Adler
is made. In the absence of early design Russian
documents regulating the requirements for the
construction and operation of specialized railway lines
with the speed of passenger trains of up to 400 km / h,
at the request of JSC «High-speed main lines»
Petersburg State Transport University (PSTU) and a
number of other organizations under the leadership
of professor A. T. Burkov developed «Special technical
conditions» Railway power supply of Moscow—-Kazan—
Yekaterinburg section. Technical standards and
requirements for design and construction»
(hereinafter referred to as STC). The STC specifies
that the design should consider options for traction
substation schemes using single-phase, three-phase
power transformers, transformers with a balancing
effect, devices for improving the quality of electricity.

In justification of the investment of HSR-2 it is
proposed to build a power supply system from the DC
section (Moscow-Noginsk) and the 2x25 kV
alternating current section (Noginsk—Kazan), which
is recommended by STC.

The article is devoted to the choice of a rational
variant of the scheme of transformers of traction
substations of the power supply system 2x25 kV of the
main line. The question arose not by chance. Based
on the results of traction calculations made by JSC
«Lengiprotrans» at the stage of investment
Jjustification, it was recommended to use single-phase
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Pic. 1. Schematic diagram of traction substation with single-phase transformers.
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traction transformers with a capacity of 48 MVA, which
does not meet the STC’s requirement to choose
equipment from a number of nominal values
established by the standard. In addition, none of the
domestic factories produces single-phase
transformers of this power.

Objective. The objective of the authors is to
consider power supply system with three-phase
transformers, which can be applied on HSR.

Methods. The authors use general scientific and
engineering methods, comparative analysis, scientific
description, mathematical calculations.

Results.

1.

Asarule, inour country, single-phase transformers
with a split secondary winding are installed in traction
substations for supplying the traction network of the
2x25 kV system [2]. There is an experience of using
three-phase transformers in the 2x25 kV system on
the Privolzhskaya railway and earlier on the BAM.

Pic. 1 shows the scheme of a traction substation
with single-phase transformers, taking into account
the recommendations of the STC: 100 % redundancy
of power transformers and supply of non-traction
consumers from two additional three-phase double-
wound transformers with a higher voltage of 220 kV
and a secondary voltage of 20 kV. Such a scheme is
also considered in justifying the investment of HSR-2.
The primary windings of two transformers T1 and T2
are connected to an open triangle. The additional
transformer T3 is reserved. Two three-phase
transformers T4 and T5 are provided for supplying
three-phase consumers for redundancy purposes. In
the figure, CN is the contact network, SWis the supply
wire, and R is the rails.

A significant drawback of the circuit with single-
phase transformers was the unreliable operation of
voltage-controlled load devices (VCL). The speed of
the train depends on the voltage on the current
collector of ERS. In STC, the minimum value of voltage
on the current collector is not less than 21 kV. Nominal
voltage in the traction network, at which traction
calculations are performed, 25 kV. Reducing the
voltage on HSR to the minimum allowed leads to a
loss of ERS power by 15 % and to a decrease in the
average technical speed by 7-8 % [3].

One of the means to provide the necessary
voltage level in the traction network, including through
changing the voltage on primary buses of traction
substations, is automatic voltage regulation (ARPV)
on transformers of traction substations. In the first
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Pic. 2. Schematic diagram of the traction substation of the power supply system 2x25 kV with three-phase
transformers (a), on the right — vector diagram of voltages (b).

year of operation of the 2x25 kV power supply system
with single-phase transformers at the Vyazemskaya
power supply distance of Moscow Railway, at one of
the substations the fine voltage regulation windings
failed that perform stepwise voltage regulation. As a
result, they had to be shunted [4].

The VCL device at the traction substation
Mukhtolovo of Gorky Railway failed. At the substation
Sergach only odd positions of such a voltage regulator
work. At the request of the authors, a response was
received from the CET of JSC Russian Railways that
ARPV in the 2x25 kV system is not used because of its
unreliable operation.

Unreliable operation of VCL devices is caused by
the following reasons. According to the insulation
conditions, these devices, designed to regulate the
number of turns in the neutral of the primary three-
phase winding, are included in the two sections of the
split low-voltage secondary winding on the side of the
rails. With a low voltage, the currents flowing through
only two phases of the circuit sharply increase. In this
case, significantly larger current flows through the
switching device connected to the contact network
than through the device connected to the supply wire,
because of the greater resistance of the loop feeding
the wire-rails, to which the resistance of the linear
autotransformers is subsequently connected. In
addition, the reliability of the VCL devices, especially
on the low side, when powering the traction load is
significantly affected by more frequent short circuits
in the traction network compared to the stationary
power. A greater frequency of short circuits is caused
by the influence of foreign bodies (parts of wagons,
birds), damage to ERS, malfunction of current
collectors, weather conditions (thunderstorms, strong
wind), faults in the contact network.

These circumstances led to the fact that in the
2x25 kV system with single-phase transformers
automatic regulation of voltage under load, according
to the Moscow and Gorky Railways, is not practiced.
However, in [3] it is recommended to automatically
maintain the voltage on the current collector to
improve the power supply system of the HSR by
adjusting the voltage on the bus bars of the traction
substations.

2.

When developing the first traction substations of
the 2x25 kV system for the Baikal-Amur Mainline, MIIT,
VNIIZhT and Transelectroproekt proposed a
connection scheme for substation transformers,
which can be called (by analogy with the Scott and
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Pic. 3. Scheme of phasing of three substations (S1-S3) with standard three-phase
transformers in the 2x25 kV system.
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Pic. 4. Schematic diagram of the operation of the traction substation of the 2x25 kV system in emergency mode.

Woodbridge schemes) the Chernov scheme, using
three-phase transformers with the winding group
U/ D -11, produced serially for the traction power
supply system of 25 kV [5].

In this scheme, shown in Pic. 2a, two phases of the
secondary windings of two three-phase transformers
are connected in series, one of which has a winding
group U /D-11, and the other is a U / D-1 connection
group. In this case, one transformer is connected to
the contact wires to the right and to the left of the
traction substation, and the second to the wires of both
the right and left arms of the power supply. The U /D- 1
connection group is formed by the double-labeling of
two terminals of a standard transformer. The beginning
of the secondary winding «a» is connected to the end
of the secondary winding «z».

Vector diagrams of primary and secondary
voltages are shown in Pic. 2b, where autotransformers
(AT) are additionally indicated.

In order to balance the load of the phases of the
supply network, as provided in the STC, alternating
the connection of the least loaded substation phases
to the high-voltage line (phasing scheme) should be
alternated. In this case, the connection diagram of
the transformers connected to the contact wires is
the same as in the TSP 25 kV. The phasing scheme of
the transformers connected to the supply wires is
obtained automatically, as shown in Pic. 3.

The scheme of the traction substation with three-
phase transformers, connected in series, yielded to

the circuit with single-phase transformers because it
was originally proposed as a circuit with two three-
phase three-winding transformers. The reservation
was to be carried out as follows. In case of failure of
the transformer connected to supply wires, the
contact network is powered from both sides of the
substation to the nearest autotransformers according
to the TSP 25 kV (Pic. 4).

The nearest autotransformer to the substation
increases the voltage to 50 kV, and as a result, on the
whole section, a 2x25 kV system with a two-way power
supply of the traction network operates behind it to the
next traction substation. If a transformer connected to
the contact wires fails, it is replaced by a transformer
connected to the supply wires, by means of operational
switching. During the operative switching, the traction
networkwill continue to be powered from two substations.

When implementing STP 2x25 kV with single-
phase transformers at the Baikal-Amur Mainline
departed from the idea of a two-transformer
substation. To reserve any of the single-phase
transformers, a backup is installed. Two three-phase
transformers are provided for the supply of three-
phase consumers on the territory of the traction
substation. As a result, if the power of one traction
transformer is sufficient to supply the traction load of
the power supply, at least five transformers are
installed at the substation.

A departure from the idea of a two-transformer
traction substation in the 2x25 kV system made it
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Pic. 5. Schematic diagram of connection of a backup traction
transformer in STP 2x25 kV with three-phase transformers.

possible to offer installation of a third (backup) traction
transformer in a system with three-phase transformers
[6]. The redundancy scheme is shown in Pic. 5.

A 2x25 KV system with three-phase transformers
was supposed to electively connect the Kochetovka—
Rtishchevo line to the South-East Railway. To this end,
in 1987, Khargiprotrans completed the project of
electrification of this line for 2x25 kV STP with three-
phase transformers at four traction substations:
Nikiforovka, Rasskazovo, Kirsanov, Vertunovskaya.
The project was approved and received funds. Butin
connection with the deteriorating economic situation
in the country was not implemented. In recent years,
we have returned to the electrification of this line, and
Transnelectroproject has already issued a project with
five traction substations.

The 2x25 kV system with three-phase transformers
makes it possible to simply organize the passage of
high-speed railway of large cities (Vladimir, Nizhny
Novgorod, Cheboksary, Kazan) based on the existing
25 kV traction power system with three-phase
transformers. At the same time, a branch for
passenger trains with a speed of up to 200 km / h on
a main line with the old 25 kV system is possible.

At HSR professor A. T. Burkov proposed an
original way to reduce voltage losses in the traction
network by introducing a package schedule for the
movement of high-speed trains with an interval of at
least the train travel time along the longest inter-
substation zone, which ensures only one train on one
track between traction substations [3]. In this case,
at medium distances between substations in Japan
and France, respectively, 50 and 55 km, the inter-train
interval is 9—12 minutes. Such an interval substantially
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reduces the peak load of traction network wires,
transformers of traction substations, loss of electricity
in all elements of the power supply system and
improves the quality of electricity on the tires of
traction substations. With this arrangement of train
traffic, the peak load of the substations will be a one-
armed, when two oncoming trains are located
between two substations, and two-armed — when the
oncoming trains are on opposite sides of the
substation.

When implementing the interval of the package
traffic schedule proposed in [3], the use of Scott and
Woodbridge symmetrizing transformers in the 2x25 kV
system on HSR, mainly due to the single-armed load
of the traction substations, practically does not give
them an advantage in reducing the negative sequence
currents in the supply network. The reverse result is
possible while ensuring the requirements of the STC
on the need for parallel operation of traction
substations. If for single-phase and three-phase
transformers due to the alternation of phase loads
from parallel operating substations, the currents of
the reverse sequence of power supplies from the
loads of different substations are folded vectorally at
an angle of 120°, then for single-armed loads the
currents of the reverse sequence of power supplies
from balancing transformers are added arithmetically
with a shift of 180° from the loads from one and the
other side of the traction substation. Only when the
loads are equal on both sides, which is possible on
the HSRin single cases, a balancing effectis realized.

In [3] itis clearly shown that in the scheme for the
2x25 kV Scott Woodbridge system the transformer is
not connected to the rail. And then on the 50 kV side,
the main equipment is required for this voltage class.
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Table 1

Comparison of capital costs for transformer equipment of traction substations STP 2x25 kV

Cost of
Circuit design Transformer type | transformer, rel. Quanty, Otal? rel
units pes units
. . i ORDNZh-
Substation with 3 single-phase and 2 25000/220 1 3 4313
three-phase transformers TDN-10000/220 0,656 )
Substation with 5 three-phase TDNZh-25000/220 0,937 3 4123
transformers TDN-10000/220 0,656 ’

In Russia there is no such class of voltage. The
implementation of the scheme is possible only with
the use of the main equipment of the 110 KV class,
which is much more expensive. In order to use
equipment of 35 kV class in RU2x25 kV in our country,
transformers are connected to rails, which determines
the unequal load of windings of transformers
connected to the contact network and the supply wire.

The proposal of professor A. T. Burkov allows us
to simply estimate the necessary power of three-
phase transformers in a 2x25 kV system on the HSR.
Analysis of the main parameters of high-speed trains
[3] shows that the maximum capacity of 18,24 MW is
possessed by the train, produced in Japan in 1995.
Based on this, to estimate the power of the three-
phase transformers in the 2x25 kV system, the
maximum power of the electric train is 20 MW,
consuming 727 A current from the windings of the
transformer of the traction substations. We will take
into accountthatin the case a train is located between
autotransformers, a three-phase transformer
connected between the contact wire and the rail is
loaded with 10 % more than the transformer connected
between the supply wire and the rails [7]. The latter
is determined by the greater resistance of the unsplit
supply wire and the autotransformer connected in turn
with it. As a result, the load of the power arm,
connected to the most loaded transformer between
the contact wire and the rail, from one train will be
400 A (55 % of the train current) with unilateral power
supply of the traction network. In the future, under the
load of the power arm is understood the load coming
from the transformer, connected to the contact wires.

Let’s estimate the possibility of using 20 MW of
electric power for two successive three-phase
transformers with a capacity of 40 MVA at unilateral
power supply of the traction network. The estimation
is carried out for the most loaded transformer.

A standard three-phase transformer with a
capacity of 40 MVA with a secondary winding voltage
of 27,5 kV has a rated winding current of 485 A. Since
the whole current of the supply arm (in contrast to a
single-phase transformer) does not fall on the winding
of a three-phase transformer, but 2/3 of it, noniml
current of the phase is achieved with a single-armed
load of 727 A, which is equal to the current of the train
at its power of 20 MW. With the same load on both
sides, the nominal current of the two most loaded
phases of the transformer is achieved at currents of
550 A on each arm.

With the arrangement of two trains with currents
of 400 A on either side of the substation, the currents
of the two most loaded phases will be less than their
nominal values.

In case two trains are located between substations,
two options for their mutual arrangement should be
considered. The easier option is when trains are
between autotransformers. Then a single load from
two trains 800 A will exceed the nominal current of the
most loaded phase of the transformer by 10 %. The
maximum short-term peak of a single-armed load of
the most loaded phase of the transformer will be when
the oncoming trains are on one side directly from the
traction substation. This causes a single-armed load
from two trains. Between the series-connected
transformers it is distributed inversely with respect to
the resistance of the transformer connected to the
contact wires and the total resistance of the circuit
consisting of the resistance of the contact network—
rails to the nearest autotransformer, the resistance of
the AT itself, the loop resistance, powering wire—rail
to the nearest AT, resistance of the transformer,
connected to supply wires. Since the resistance from
the train to the side of the transformer connected to
the supply wires is much larger, a significant part of
the load of the two trains will have to be connected to
the contact wires.

As shown in [7], the two closest to the AT
substation will transmit 15 % of the load of each train
to the transformer between the supply wire and the
rail. As a result, the one-stage load of the transformer
connected between the contact network and the rail
will be 70 % of the sum of the two trains, which will
exceed by 40 % the nominal current of the most
loaded phase. The duration of this peak is seconds,
since the oncoming train will go to another feeder
zone, and the second train will reach the nearest AT
station. The considered case will not affect the
temperature of the windings and the aging of
insulation, since it is unlikely and occurs when two
other phases of the transformer are underloaded with
the most loaded phase in the common oil bath.

It should be borne in mind that these overloads
will only be for a 40 MVA transformer connected
between the contact network and the rails at the
capacity of electric trains of 20 MW, when there are
two trains between the substations in case the traction
network is supplied from one substation. With the
capacity of electric trains of 12 MW there will be no
overload, as in the case of unilateral power supply.

With two-sided feeding of the traction network,
the transformer will not be overloaded and with two
20 MW trains, when they are between autotrans-
formers. In case of simultaneous presence of two
20 MW trains on one side, a short-term transformer
overload is possible directly at the substation and with
a bilateral power supply of the traction network, but
less than 40 %. This overload is briefly permissible for
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the transformer, even if three phases are
simultaneously overloaded. Note that with three-
phase transformers, the probability of unidirectional
feeding of the traction network is 2 times less than in
single-phase transformers.

If necessary, the overload of the transformer
connected to the contact network with two trains on
one side of the substation can be eliminated by
increasing the load of the transformer connected to
the supply wire by reducing the resistance of the
traction network between the series-connected
transformers. This can be done by splitting the supply
wire in the section between the substation and the
nearest AT, installing a longitudinal compensation at
the substation in the circuit feeding the wire-rails,
and also reducing the distance from the substation
to the nearest AT.

Thus, the power of two three-phase transformers
of 40 MVA connected in series is sufficient to supply
high-speed trains up to 20 MW with an interval
between them no less than the train travel time along
the longest inter-station zone.

By order of the authors, the manufacturer of the
transformer equipment of CJSC Energomash
(Yekaterinburg)-UralElectrotyazhMash estimated
the relative cost of the ORDNZh-25000/220
transformers; TDN-10000/220; TDTNZh-25000/220.
Since at the moment the plant does not produce
single-phase transformers of the ORDZH type with
a capacity of more than 25000 kVA, as a unit is taken
a known cost of a single-phase transformer with a
capacity of 25000 kVA. Proceeding again from the
known cost of three-phase transformers, their cost
is determined in relative units. Since in both schemes
2x25 kV can be executed in the same way, using
domestic equipment, then two schemes are
compared only for the cost of transformers. Two
transformers TDN-10000/220 are necessary for
supplying non-traction consumers to traction
substations in both cases. The results of the relative
cost estimation of transformers of traction
substations STP 2x25 kV are given in Table 1.

The results in the table show that with the same
cost of transformers for supplying non-traction
consumers, the variant with single-phase
transformers is somewhat more expensive than the
three-phase variant with the same power of the
power transformers. It should be noted that a single-
phase transformer with a proposed capacity of
48 MVA will be more expensive than a three-phase
40 MVA.

Conclusions.

1. Considering the size of our country and
population distribution in comparison with Japan and
countries of Western Europe, as well as the
population of Russia in comparison with China, it is
not advisable to design a power supply system for
the HSR with an interval of 5 minutes for the next 25
years (transformer service life). It is more rational
and economical for Russia to design the power
supply system of the HSR to start from the proposed

scheme for organizing train traffic, when the interval
of passing trains is determined by the time of the
train travel through the longest inter-station zone.
Depending on the speed of the train, this interval will
be 9-14 minutes.

2. Taking into account a number of significant
advantages of the considered scheme with three-
phase transformers and especially reliable operation
of VCL devices of three-phase transformers, the
authors propose for the system of electric power
supply of high-speed main lines of Russia a scheme
with two working commercially available for the
traction power supply system 25 kV with three-phase
transformers of 40 MVA, connected in series, and
one backup transformer of the same power. At the
same time, ifin an ordinary 25 kV system the installed
capacity of transformers at substations is 80 MVA,
then it will become 120 MVA at the HSR, which
corresponds to the world practice.
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