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K BbIOOpY Buaa cxembl 3amMeLleHUA TAroBon
NOACTaHLIUM NpPU pacyeTe TOKOB KOPOTKOro
3aMbIKaHUSA B CUCTEMe 3NIeKTPOoCcHabxeHusa 25 kB

E.N. PUTYPHOB, 10. 1. )XAPKOB, H.A. NMOMOBA

depepanbHoe rocynapcTBeHHoe GlogxeTHoe obpa3oBaTeNbHOe yupexaeHue Bbicllero obpa3oBaHUs «POCTOBCKUIM roCyAapCTBEHHbIN
yHUBEpPCUTET NyTen coobuweHus» (PrbOY BO Pryrc), 344038, Poctos-Ha-[oHy, Poccus

AHHoTauums. Mpuv BbIYNCIEHNN TOKOB KOPOTKOIO 3aMblKaHUS
B TAMOBOW CETU YYUTLIBAETCA BXOQHOE COMPOTMBJIEHWE TArOBOW
MNOACTaHLMM Ha OCHOBAHMM CXEMbI 3aMeLLEHNA CUCTEMbI BHELLIHETO
3N1eKTPOCHabxeHWs. TPagULMOHHO 3KBMBANEeHTHas cxema 3ame-
WweHus TpexdasHoW CUCTeMbl MMeeT BUA 3Be3[bl, B KOTOPON pe-
3yNLTUPYIOLLME CONPOTMBNEHUS B KaXA0MW (a3e BKIIOYeHbI Moc/e-
[LOBaTeNIbHO C UCTOYHUKOM (ha3HOM 3NEKTPOABMXKYLLEN CUITbI, @ 3TU
WUCTOYHUKM MMetoT obLLyto Touky. Mpu cxeme 3amMelleHns B BUAe
TpeyronbHWKa B KaX4OW ero CTOpoHe pesynbTUpylolme Comnpo-
TUBMEHUSA BKJIIOYEHbI MNOCIeA0BaTeNIbHO C UCTOYHUKOM NMHENHOM
3M1eKTPOABUXYLLEN CUSIbI. BaXHO OTMETUTb, YTO HU TOT, HU ApYron
BMA, CXeMbl 3aMelleHUs He OMnpeensioTcs CXeMOW COeAuHeHUs
0B6MOTOK TpaHchopmaTopa TArOBOW MOACTAHLMUN U CieayeT NnLlb
y4eCTb OTCYTCTBME Lienu AJis TOKOB HyIeBOW NoCnef0BaTeNbHOCTH.

Ecnn coctaBnsiowe CXeM 3amelleHUs MpuBefeHbl K OAHOM
CTYyMEeHW HanpsiXXeHWsl, TO COMPOTUBIEHUS B CXeMe 3aMeLLeHUs B
BMAE TPeyrofibHMKa MMeloT 3HauyeHusl B TpY pasa bonblie, Yem B
cxeme 3aMelleHuns B BUAe 3Be3[bl, @ BXOAHble CONPOTUBNEHUS TS-
roBOM NOACTaHLMM ANs TOW 1 APYrol cxeMbl 3ameLleHns abcontoT-
HO OJMHaKoBbI. [03TOMY CxeMa 3aMelLeHUs B BUAE TpeyronbHUKa
npu pacyeTe KOPOTKUX 3aMbIKaHUI B TATOBOM CETU He UMeeT npe-
VMIMYLLECTB MO CPAaBHEHWIO C TPAAULMOHHOM CXeMOWN 3aMeLleHuns B
BUAe 38e3abl.

KniouyeBble cnoBa: cMcTeMa TArOBOrO 31eKTPOCHabXeHUs;
KOPOTKME 3aMblKaHUsl; CUCTEMA BHELUHErO 3/1IEKTPOCHAbXeHUs;
CXema 3aMelleHus, BXOAHble COMPOTUBEHMUS TATOBbIX MOACTaH-
UNIA; NIUHENHbIE TOKWN

Bsenenue. [Tpu BEIYMCIIEHUY TOKOB KOPOTKOI'O 3aMbl-
KaHUS B TATOBOIW CETH HEOOXOAMMBI CBEICHUS HE
TOJILKO O CXeMe MUTaHUsI ¥ COIMPOTUBIICHUSIX 3TOM CEeTH,
HO M O BXOJIHOM COIIPOTUBJICHUU TSITOBOM IMOJCTaHIIUU,
KOTOPOE€ PAaCCUMTHIBACTCS C YYETOM CONPOTUBICHUS
TpaHchopMaropa W MHUTAIOUIEH CHUCTEMbI BHEIIHETO
3JIEKTPOCHAOXKEHHUsI. YTIPOIIeHHAss cXeMa 3aMelleHUsI
TSITOBOM CETU IPU KOPOTKOM 3aMbIKAHUM IIpUBEACHA
Ha puc. 1. BeluuciaeHne cONpoOTUBIEHUN TATOBOW CETH
(TC) moapobHo omucaHo B [1, 2]. CompoTuBlieHUs
TpaHC(OPMATOPOB TATOBBIX MOACTAHIIWI M MUTAIOIINX
MUX CHUCTEM BHEIITHEro 3JeKTPOCHAOXEHUS BXOMIST CO-
CTaBHOM YacTblO B CONMPOTHUBIECHUA Z , M Z, 5, KOTO-
pble Ha3bIBAIOT TAaKXKE BXOMAHBIMU COIPOTUBJICHUSIMU
TATOBBIX MMOINCTAHUMN Z, . BXOIHbBIE CONPOTUBIIEHNUS
BBIYMCJISIIOT Ha OCHOBAHUM CXEM 3aMEIICHMSI CUCTEMBbI
2JIEKTPOCHAOXEeHUS (RJIEKTPOYCTAaHOBKHU) MpPU KOPOT-
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KOM 3aMBbIKaHUM. CpaBHEHUIO TAKMX CXEM 3aMEIIeHUS 1
TTOCBSIIIIEHA HACTOSIIIAS CTAThS.

CxeMBl M YCJIIOBHBIE O0O3HAYCHUSI BHIOB KOPOTKMX
3aMBIKAaHWI 1 3aMBIKAaHWI B 3JIEKTPOYCTAHOBKAX IIpeIl-
ctaBieHH B |3, [1punoxenne 2 (cripaBouHoe)]. boee moma-
POOHO TTOMOOHBIE CXeMBI TSI Pa3TMIHBIX BUTOB KOPOTKUX
3aMbIKaHWI TIpUBEIEHBI, HAaTIpuMep, B [4, 5]. Takue cxeMbl
B Tpexa3HOM MCTIOJTHEHUY MMEIOT BUI 3BE3/IbI, B KOTOPOU
HMCTOYHUKU (pa3HBIX 2JIeKTponBrKymmx cwi (31C) omHuM
BBIBOJIOM COETMHEHBI B OOIIIYIO TOUKY, a K APYTOMY BBIBOIY
KaXXIOTO M3 MCTOYHUKOB IIPUCOCTNHEHBI TTOCIICIOBATEIb-
HO (ha3HBIEC COMTPOTUBIICHUS SJIEMEHTOB CICTEMBI 3JICKTPO-
cHabOxeHus1. Cxema 3aMeIeHUsI B BUIE 3BE3IbI yIOOHA MIJIsT
BBIYMCIICHUST TOKOB CUMMETPUYHBIX ¥ HECUMMETPUIHBIX
KOPOTKMX 3aMbIKaHUIT. HeoOxommmblie (hopMyJIbl 11T BbI-
YUCJICHUS TTapaMeTPOB TaKMX CXeM 3aMEIIeHUs] W TOKOB
KOPOTKOTO 3aMBIKaHMS CTAaHIAPTU3UPOBAHBI Y TPUBEIEHBI
B [6]. OHu ncnonb3oBansl B [1, 2].

TpexdazHast cxema 3aMeIICHYS B BUIE 3BE3MIbI TSI TSITO-
BOIi TOJCTAHLIMK TIpUBeIeHA Ha puc. 2, a. 3HadeHus DJ1C
U COIIPOTUBJICHUI TOJDKHBI OBITh MPUBEACHBI K CTYIICHU
HarnpsikeHus 27,5 xB.

Kopotkoe 3ambikanne B TC BocmpruHMUMAaETCs TpaHC-
(opmaTOpOM TTOACTAHIINU 1 CUCTEMOI BHEIIITHETO 3JIeK-
TpocHaOXeHUd Kak aByxdazHoe. O6MoTKa TpaHchopMa-
TOpa, MATAoIIIas TATOBYIO CETh, COCMMHEHA B 3Be31y, T. €.
He MMeeT 3a3¢MJICHHOIT HyJIeBOI TOUKH, ITIO3TOMY U B CXE-
Me 3aMEIIeHMS Ha PHUC. 2, @ HyJIeBasl TOUKa He 3a3eMJICHA.

Bo3moxeHn u npyroit Bum Tpexca3HOW CXeMbl 3a-
MEIIIeHUsSI CHUCTEMBbI 3JICKTPOCHAOXKCHMSI, a MMEHHO B
BHUIIC TPEYTOJbHMKA, KaXmas U3 CTOPOH KOTOPOTO CO-
nepxut auHeitHyo DJIC, a TakKe coenMHEHHBIC ¢ Heil
ITOCJICIOBATEIPHO COINPOTUBJICHMUSI CHCTEMbI BHEIITHETO
BJIEKTPOCHAOXKEeHUsST W TpaHchopMaropa. Takas cxema
HCTIoNb30BaHa B [7, 8] u sBAsIeTCS peKOMEHIyeMoi (He
o0s13aTepHOI) B [9]. Cxema 3aMeIieHus B BUIE TPEYTOJIb-
HUKa [UIST TTOBOM MOICTAHIIMM TIPUBEICHA Ha puc. 2, 0.
3naueHug DJ1C 1 CONPOTUBIIEHUS TOXE CIEAYET MPUBO-
IINTH K CTYTIEHU HaTpsikeHus 27,5 kB.

Oc0060 OTMETHM, UTO MHACKCH Y U A B JAaHHOM cJIyJac
OTHOCATCSI HE K 00MOTKaM TpaHchopMaropa, a K Tpex-
(a3zHBIM cxeMaM 3aMeIeHMUST BHEITHEN CUCTEMBI 3JICK-

ISSN 2223 - 9731 139



E.M. ®urypHoB u gp. /BectHk BHUMXKT. 2020. T. 79. Ne 3. C. 139-144

© © 0 0 0 0 0000 0000000000 0000000000000 0000000000 00000000 000000000000 0000000000000 0000 00 o

Puc. 1. YnpoiueHHas cxema 3amenieHus TC
MPU KOPOTKOM 3aMbIKAHUU:

U pacs Us, poc — DACUETHDIE HATIPSKEHUS CMEXHBIX TATOBBIX
noactaHuuii Av B; Z, ,» Z, 3 — CONpOTUBIIEHNS TATOBBIX
. MOJICTaHLUII C y4eTOM BHELIHEl CUCTEMBI 37IEKTPOCHAOXEHNUSI;
1,, I, — ¥icKoMble TOKM TATOBBIX MOACTAHUMIA A ¥ B mpu KOpoTKoM
sampikanun TC; Z , Z,. g, Z \g — conpoTusienus: T-o6pazHoit

cxembl 3ameleHust TC IIPY KOPOTKOM 3aMbIKaHUHN

Fig. 1. Simplified equivalent circuit
_of the traction network (TN) in case of short circuit:
Uy, . — rated voltages of adjacent traction substations A and B;
Z, »» Z, z — resistance of traction substations
.. taking into account external power supply system;
1,, I, — sought currents of traction substations A and B during a
short circuit of the TN; Z,, ,, Z,. 3, Z o — resistance of the T-shaped

equivalent circuit of the TN during short circuit

U

A, pac?

TpOCHA0KeHUs, COOTBETCTBEHHO Ha puC. 2, a U puc. 2, 0.
[Tpu aTOM JUISt BHIYMCIIEHUSI CONPOTUBIEHUIA Z, U Z,
He TpeOyeTcsl CBEACHUI O CXeMe COeIMHEHUI 0OMOTOK
TpaHchopmaTopa. [Ipr HEOOXOIMMOCTU OTHECTU KaKUe-
MO0 BEIMYMHBI K OOMOTKaM TpaHc(opMmarTopa CieayeT
MPUMEHSITh UHACKCH Y U A.

Hcnonp3oBaHue B pa3IuyHbIX JUTEPATYPHBIX UCTOY-
HUKaX pa3HbIX CXeM 3aMEIEeHUS] CUCTEMBbI 2JIEKTPOCHA0-
>KE€HUsI, BKJII0Yasl U TATOBBIN TpaHC(hOpMaTop, PUBEJIO K
PACXOXXIEHUIO BO MHEHUSIX U OLIMOOYHBIM OLIEHKaM, CO-
nepxaliMmMcs, Harpumep, B [7, 8].

B yacTHOCTH, HEoIpaBOIaHHO YTBEPXKIaeTcs, YTO pac-
YeThbl BXOJHOTO CONPOTUBIICHUS TSITOBOM MOACTAHIIMU 1O
U3BECTHOM MeToauke [1] oTuyaloTcst oT mpeaioKeHHO
B [7] B Tpu pasa, B TO BpeMsl KaK peKOMeHayeMasl 1Jisl pac-
yeTa popmyina (6) B [7] aHasiornyHa npuBeaeHHOM B [1].
B [8] TpexdazHas cxema 3aMelleHUs CUCTEMbI DJIEKTPO-
CHA0XeHUsI B BUIE TPEYroJbHMKA OTOXIECTBISIETCS CO
CXeMOI coeuHEeHUs] 0OMOTOK TpaHcdopmaropa Y /A,
a cxema 3aMelleHUsT 3TOil CUCTEMBbl B BUIIE 3BE3Ibl — CO
CXeMoit coequHeHUus1 0OMOTOK TpaHcdopmaropa Y /Y,
XOTsI BUA Tpexda3Hoit CXeMbl 3aMEIIEHUST CUCTEMBI 2JIeK-
TpOCHaOXeHUsT BOOOIE HE 3aBUCUT OT CXEMBbI COEeIMHE-
HUSE OOMOTOK TpaHcdopmaropa, a TpaHc(hOpMaTOPhl CO
cxeMoi coenuHeHus ooMoToK Y /Y B cucTeMax 3yeK-
TPOCHAOXKEHUSI ISl TSITU He IPUMEHSTIOTCSI.

JI71s1 MCKITIOUEHUST UMEIOIIMXCSl PACXOXKIEHUM B CTaThe
paccMOTpEeHbI YCI0BUS (DOPMUPOBAHMS CXEM 3aMEIIEHUS
CHCTEMbI BHEIIHETO 3JEKTPOCHAOXEHUSI MPU KOPOTKOM
3ambikaHuu B TC, paHbl CpaBHEHME 3TUX CXEM M pacye-
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Thl BXOJAHOTO COmnpoTuBieHus. Kpome Toro, npruBeaeHbl
CBEJICHUS O PACTIPEIEICHUN TOKA KOPOTKOTO 3aMbIKaHUS
10 TIEPBUYHOI ¥ BTOPUIHOI 0OMOTKAM TpaHCc(opmaTopa
co cxemoli coenuHeHus Y / A—11, He06XoauMBbIe 7151 BbI-
0opa yCTaBOK peJieiiHOM 3allUThI.

ConporuBienne cxem 3amemennsa. KoMruieKcHbIE
3HAYCHUST CONPOTUBIICHUI BBIIEICHBI KUPHBIM IIPUd-
ToM. Ocob0 momyepKHEM, YTO IMapaMeTphbl BCEX BJIe-
MEHTOB B JII0OOW cxemMe 3aMelleHUsl JOJDKHBI ObITh
MIPUBEACHBI K ¢IMHBIM 0a3MCHBIM ycaoBUsIM. COIpOoTHUB-
JIeHWe Z 3aMKHYTOI HAKOPOTKO OTHOM (ha3bl Tpexda3Hoit
3JIEKTPOYCTAHOBKU MOXET ObITh MPEACTABICHO B BUIE

VA :ﬁ, Owm, )
1

rme Uq) — TPUJIOKEHHOE K (hase vneMeHTa (pasHoe Ha-
npsokeHue, KB; [, — dasHblil TOK B 9TOM CONMpPOTUBIIE-
HUU, KA.

3HaueHUe Z MPUHSITO OIpeAeIsITh He yepe3 dha3HbIe,
a yepe3 JUHEHHBIC HampsskeHWe W ToK. Eciam paccma-
TpUBAeMBIN TpeX(a3HbI 3JEMEHT CHUCTEMBI 3JIEKTPO-
CHAOXEHUs BXOIWT B TpexdaszHyl cXeMy 3aMeIIeHUs,
M300paKeHHYIO Ha pUC. 2, @ B BUIE 3Be3Ibl (JTMHEHHOE
HanpsikeHue U :\/§U¢, JMHEWHBIA TOK [ =1,), TO 118t
COIIPOTHUBIICHUS ero omHOI (a3el BMecTo (1) momygaem

u U
Z,=——=-—0nm, 2

riae S — MOIIHOCTH TpeX a3 anmemeHTa, MB-A.

Ecnu aHamornuHBI 3JIEeMEHT CUCTEMBI BXOJIUT B TPEX-
daszHy cxeMy 3aMeIIeHUs], M300paXkeHHYIO Ha puC. 2, 6
B Buze tpeyronbHuka (U=U,, I =1,/ \/5) , IpAUYEM CO-
OromaeTcsl ycioBMe, YTO JMHEHHoe HampspkeHue U u
MOIIHOCTB S Tpex (a3 TpeyrobHUKA OCTAIOTCS TEMU 3KE,
YTO W IJIS 3BE3MIbI, TO JUISI CONIPOTUBJICHUSI OMHOM (ha3el
(CTOPOHBI) TpeyTroabHMKa BMecTO (1) momryaum

4 _N3U _3U _3u’
AT - - bl
I J3r S
Takum o6pa3oM, IIpu OAMHAKOBBIX Oa3MCHBIX YCIIOBU-
X (OOIMHAKOBBIX U M OMHAKOBBIX S) CONpPOTUBIIEHUE Z,
OmHOI (ha3hl KaKOTO-TMOO 3JeMEHTa CUCTEMBI 3JIEKTPO-
CHaOXeHUs B Tpexda3HOI cxeMme 3aMelIeHUs, n300pa-
JKEHHOM B BUJIE TPEYTOJbHHUKA, B TP pa3a OOJbIIE, YeM
COMpPOTUBJIEHUE Z,, OJHOI (Da3bl AaHATOTUYHOIO JIEMEH-
Ta B CXeMe 3aMEIIeHUST, N300paXkKeHHOM B BUIE 3BE3/IHI:

Z,=3Z,. “

3)

DTO MpaBUIO OTHOCUTCS K CONPOTUBJICHUSIM, BBIpa-
JKEHHBIM KaK B UMEHOBAaHHBIX, TaK M B OTHOCUTEJIHBHBIX
enquHuiax. Hampumep, B cxeme 3aMeIIeHUS CHUCTEMBI
SJIEKTPOCHAOXKEHUST B BUIE 3BE3IbI, BCE COMTPOTUBIICHUS
KOTOPOU MPUBEACHBI K HAMIPSIKEHNIO OCHOBHOM CTYIIEHU
U =U,,,xB), conporusneHue (passl Z TpaHchopMaTo-
pa BBIUUCIIAIOT 110 (hopMmyie [5, 6]:
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ZT(A) ZT(A) ZT(A)

a b c
H.H, J1 ]_U-[, 1T *(2)
—_— IK
Penbchl

Puc. 2. Tpextbasmﬂe CXEMBI 3aMEIICHUA CUCTEMbI BHCIITHETO 3HeKTpOCHa6)KCHI/IH
. TSTOBOW MOJICTAHIIU IIPY KOPOTKOM 3aMbIKaHMUU Ha BBIBOAAX, IMMUTAKOIINX TC:

a — B BUIE 3BE3/bL: E E , E, — ucrounuxu dasupix 9[C; Z, = Z,

3JIEKTPOCHAOXeHUs; Z, = Z

— PE3YJIbTUPYIOLICEC COIMTPOTUBICHUEC OJIHON (1)213])1 CHUCTEMBI BHCIITHETO

— COITPOTUBJIICHUE OHHOI/I (baSbI TpaHC(bopMaTopa TSITOBOI noAaCTaHUWM, IJ1sd BBIMUCIIEHNA KOTOPOTO HE Tpe6yeT—

Csl CBEJICHU O cCxeMe COCL[I/IHCHI/II/I €ro oOMoToK; 1, [ _ 1ok nByxdaszHoro kopotkoro 3ambikanust; I1J1, 1, VI, n — nuTaroime 1MHUM 1EBOTO U

IIPaBOTO IJICY MUTaHUA KOHTaKTHOI ceTu COOTBETCTBCHHO, 6 — B BUIIE TPEYroJbHHKaA: Ea

E, . E

sa> £y — UCTOUHUKM TUHENAHBIX DIIC; Z,

A’ZT AT

PEe3YJAbTUPYIOLINME COMPOTUBIEHMS CUCTEMbI BHEILIHETO 3JIEKTPOCHAOXEHUS U COTIPOTUBJICHUS TpaHC(hopMaTopa, BKIIOUEHHbIE
B KaXXIYIO U3 CTOPOH TPEYTroJbHUKA, COOTBETCTBEHHO
Fig. 2. Three-phase equivalent circuits of external power supply system of the traction substation with a short circuit at the terminals supplying the TN:

a—inthe formofastar: £, E,, E, —
Z.=Z.y
connectlon diagram of its windings; l 2
network, respectively; 6 —

E_E,E,

ac’

in the form of a triangle:

sources of phase EMF; Z, = Z, , — resulting resistance of one phase of the external power supply system;
— resistance of one phase of the transformer of the traction substation, for calculation of which no information is required on the

— current of a two-phase short circuit; I'J1, i1, [T, m — supply lines of left and right arms of the contact
— sources of linear EMF; Z_ ,, Z, , — resulting resistances of the external power

supply system and transformer resmtances included on each side of the triangle, respectively

2
K(HOM) U

Z — O(,H O s
=00 s M ®)

T, HOM

€ U, — HOMHUHAIbHOE (IIACTIOPTHOE) 3HAYCHUE Ha-
NPSDKEHUs] KOPOTKOTO 3ambikaHus, %; S, — HOMH-
HaJIbHasi MOIIIHOCTh TpaHchopMatopa, MB-A.

B cxeme 3aMeleHMsI CHCTEMBI 3JIEKTPOCHaOXe-
HUsI, M300paXeHHOI B BUJE TPEYroJibHUKa, Ha OCHO-
BaHuu (4) nonyvyaem Z, , =3Z, . O6patuM BHUMaHHUe,
YTO TIPU BBIYMCJICHWU COIPOTHUBJIEHUs ha3bl TpaHC-
dopmaropa miIst cxeM 3aMEIeHUsT CUCTEMbI JIEKTPO-
CHAOXeHUsT TIPU KOPOTKOM 3aMbIKaHMU HE TPeOyIoT-
csl CBEJEHUI O CXeMe COeIMHEHUs OOMOTOK CaMoTro
TpaHchopMaTopa.

Ecnu nns kakoro-nubo y3na yaajeHHOW Tpexdas-
HOIl CHCTEMBI DJIEKTPOCHAOKEHHUSI U3BECTHBI TOK 1 mim
MOIIHOCTh S* Tpex(ha3HOTO KOPOTKOTO 3aMBIKAHHUSI, TO
NPUBEICHHOE COMpOTUBICHUE (a3bl Z, , yIaICHHO
YaCTU CXEMbI 3aMEIIeHUsT CUCTEMBI 3JIEKTPOCHAOXKEeHUSI,
M300paXkeHHOM B BUe 3Be31bl (puc. 2, a), corjacHo [6]
BBIUMCJISIOT TI0 (popMmyJie

2 2

— UN OCH OCH
Zix = B\ U, S<3> ,OM, (6)

rae U, — HOMMHalbHOE JIMHEHOe HampsikeHue, KB,
TOM cTynenu, wist Koropoii ussecthsl u S

J71s1 cxeMbl 3aMelleHs B BUIE TPEYTroJIbHUKaA (puc. 2, 6)
Ha ocHoBaHuu (4) umeem Z, , =3Z .
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Bxo/1HO€E CONMPOTHBIIEHHE TATOBOI MOACTAHIIH. MOIyITh
Toka [® 1BYx(pa3HOrO KOPOTKOTO 3aMbIKAHMS HA BBIBO-
Jax bc 3aMeIeHNs] CHCTEMbl BHEIITHETO 3JIeKTPOCHAOKe-
HUSI, N300pakeHHOI B BUIE 3Be3IbI (PUC. 2, a), paBeH

j(z) — Ec 7Eb — Ecb _ U()CH KA (7)
2z, +z) 2z+2) z9°
e Ec,Eb — daszuble DIC UCTOYHUKOB MUTaHUs, KB;

E , — npusenennas suHeitHasg OJ1C Toro xe UCTOYHMUKA
nuranusi, KB; Z? — BXOmHOE CONMPOTHMBIIEHUE TATOBOI
MTOJCTAaHLIMY NIPU ABYX()a3HOM KOPOTKOM 3aMbIKaHUU, OM.

AHaJIOTUYHOE BBIPAKEHUE ITOJyYUM IIPU 3aMbIKAHUU
TOYEK a U c. 3HaMeHaTes b BoIpaxkeHus (7) U SIBJISIeTCSI TaK
Ha3bIBa€MbIM BXOIHBIM COIPOTUBJIEHUEM TATOBOM IMOI-
cranimu Z? npu aByxpa3HOM KOPOTKOM 3aMBIKAHHH,
KOTOpoe Ha puc. 1 oboszHayeHo Z, = Z, , U TATOBOM
NOACTAaHUMU A U Z, = Z 5 IJIs TATOBOM noacraHuuu B.
C yuyetoM BeIpaxkeHuii (5) u (6) nmeem

Z}ii):anz(Zs,Y+ZT,Y):

1
— 2 | o p—tow | 8
B ICRRETINY ®)

T, HOM

Ecin Ha TroBoii MoaCcTaHLIMK BKJIIOUEHO B pabOTY Ia-
paJlieJIbHO 1 OMHOTUITHBIX TpaHC(GOPMATOPOB, TO B BhIpa-
XKeHUU (8) HEOOXOAMMO COTIPOTUBIICHUE Z,  PA3JIeIINTb,
a MOILIHOCTb S, . YMHOXHUTb Ha 7. Taxkast 3aBUCHMOCTb

HCIOJIb30BaHa B [1, 2], 1 HUKAKOI OLIMOKM B COMHOXKMU-
TeJie 2, Kak 0TMeUaJioch B [7], 3/€Ch HET IO OMpeAeIeHUIO.
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a)

Puc. 3. PesynbTupymoiiue cxeMbl 3aMeLICHUS

TATOBO IMOICTAHLIMU TIPU OBYX(a3HOM KOPOTKOM 3aMbIKaHUU:

a — JUISL CUCTEeMBbI BHELITHETO JIEKTPOCHAOXEHMUSI B BUIE 3BE3IbI
(puc. 2, a); 6 — /ISt CUCTEMbI BHELITHETO 3JIeKTpocHa0XeHus (puc. 1).
Fig. 3. Resulting equivalent circuit traction substation with a two-phase
short circuit: @ — for external power supply system in the form of a star

(fig. 2, a); 6 — for external power supply system (fig. 1)

Bripaxkenusim (7) 1 (8) COOTBETCTBYIOT pe3yIbTUPYIO-
IIKME CXeMBI 3aMEIICHMST TATOBBIX ITOACTAHIINI ITPY IBYX-
da3zHoM KopoTkoM 3ambikaHuu TC, mpuBeIcHHBIC Ha
puc. 3, a u 3, 6. Cxema 3aMeIleHUsI, COOTBETCTBYIOIIAS
puc. 3, 6, UCTIOIb30BaHa Ha puc. 1.

Monysb Toka [ 1Byx(hazHOro KOPOTKOTO 3aMbIKa-
HUS Ha BEIBOAAX bc CXeMBI 3aMEIICHMST CUCTEMBI BHEIITHE -
TO BJICKTPOCHAOXKEHHUSI, N300pakeHHOU B BUIIE TPEYTOJIb-
HUKa (puc. 2, 6), paBeH

j(z) — Ecb _ Eac _Eba —
Y Z,+Z, 2Z,+7Z,),)
— Ecb +Ecb — 3Ecb (9)
Z(ZS,A +ZT,A) 2<ZS,A +ZT,A)
Mpunumas, uto E, =U,_, Z =32y, Z ,=3Z_,,

nosrydaeM u3 (9) ¢ yuerom (5) u (6) ciremyroliee BhIpaXeHue:

E, 2
Z(Z)_Z_ ch
TS

(2,.+2.,)=2(2,y+Z, )=

:j2U2 L‘i’ uK(HOM) OM
< '§O 1008 |

T, HOM

(10)

YTO COBMANAET ¢ (8) IS CXeMbl 3aMeIIeHUST 9HEPTOCUCTe-
MBI B BUJIC 3BE3Ibl.

Takum 00pa3oM, MHOXUTEND 2/3 UCTIONB3YIOT TOJIBKO
B TOM YacTHOM CJIy4ae, eciu Z\.' BHIMUCIAIOT IS CXe-
MBI 3aMeIIeHUs] SHEPrOCUCTEMbl B BUJE TPEYroJbHUKA
npu Z, , =3Z, y, Z, ,=3Z . Ecim xe 11 BbIMUCIEHNSA
Z'? WCTIONB3YIOT 3HAYeHHUsI COIPOTHBIICHHIT SJIEMEHTOB
CUCTEMBI DJIEKTPOCHAOKEHUST Z, y, Z, \, ONPEIENIeMbIX
o 'OCT [6], TO IPUMEHSTIOT MHOXHUTEb 2, KaK 3TO ClIe-
nmano B [1, 2] u kak a0 cirenyeT u3 (10). Takoii XXe BLIBOI,
I10 CYLUECTBY, ciienyeT u3 [7, popmyina (6)].

CpaBHenne cxeMm 3amenieHusi. VI3 cpaBHeHMsI BbIpaxe-
Hwuii (8) u (10) ciemyet, 4TO BXOIHOE COMTPOTUBIICHUE TSTO-
BOI1 IMOJICTAHIIMMU, BIYUCsieMOe 110 hopmyie (8), u ee pe-

3yJIBTUPYIOIIAsT CXeMa 3aMeIeHUsI (puc. 3) He 3aBUCST OT
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MPUHATON (HOPMBI CXeMBbI 3aMellleHUs TpeX(ha3HOM CHUCTe-
MBI 2JIEKTPOCHAOXEHUS TPU KOPOTKOM 3aMbiKaHUU TC:
U JIJIS1 CXeMBI B BUJIE 3BE3/IbI, U JUISI CXEMBI B BUZIE TPEYTOJTb-
HUKa OHU OIMHAKOBBI. TaKoi e BbIBOM CONEPKUTCS B [8].

B sTux ycnoBusix BbIOOp CXeMbl 3aMELICHUS B BUIE
3BE3MIbl WM B BUJE TPEYrOJIbHUKA MPEACTABISETCS MTPOU3-
BOJIbHBIM. TPpaTuIIMOHHO KOPOTKUE 3aMBIKAHUSI B DJIEKTPO-
YCTaHOBKaX [MEPEMEHHOTr0 TOKa HampsixkeHreM cBbiiie 1 kB
BBIYUCJISIIOT B COOTBETCTBUU C METOJIMKOM, MTPUBEACHHOM
B [6, 10], B KOTOpO# cXeMa 3aMmelleHusT TpexdasHoit cu-
cTeMbl MpeacTaBieHa B Bue 38e3abl [1, 2, 3, 4, 5]. Kakux-
OO MPEUMYILIECTB MPU BBIYMCIEHUN TOKOB KOPOTKOTO
3aMbIKaHUSI CX€Ma 3aMEIlECHUsI B BUAE TPEYroJbHUKA HE
naet. bosee Toro, mpu GOPMUPOBAHUU CXEMBI 3aMEIICHUS
B BUJIC TPEYTOJIbHUKA JUIS ONPEAESIEHUSI CONMPOTUBICHUN
5JIEMEHTOB CUCTEMbI 3JIEKTPOCHAOXEHUSI MCIOJIb3YIOT-
cs Te ke (GopMyJIbI, YTO U [UIST CXeMbI 3aMEILEHUS B BULIE
3Be3nbl [6, 10|, pe3ynbTaThl BBIUMCICHUS TIO0 KOTOPBIM,
OITHAKO, JJIS1 TPEYTOJbHUKA HEOOXOAUMO yTpauBath. [1pu
BBIYMCJIEHUU € UCKOMBIX TOKOB KOPOTKOTO 3aMbIKAHUS,
IUUISL YETO Y COCTABJISIETCS] CXEMa 3aMELIEHMUS, 3TU YTPOCH-
HbI€ 3HAYEHUS COMPOTUBJIEHUI CHOBA HAJI0 JIEJIUTh HAa TPU.
beccMBICIEHHOCTh TaKol orniepaliiyi OYeBUIHA.

IIpencrapnsercs, yTo TpexdaszHasl cxema 3aMeleHUs
CHUCTEMBI 3JIEKTPOCHAOXKEHUS MPU KOPOTKUX 3aMbIKAHU -
SIX, UMEIoIIast BUJ TPEYTOJIbHUKA, MOXET OBITh IMOJIE3HOM,
MO-BUINMOMY, JIUIIb B KaKUX-TO OCOOBIX crienuduye-
CKHUX CTyYasix.

JIuneiiHple TOKM HA MEPBUYHON W BTOPUYHOM CTOPOHAX
Tpanchopmaropa Y/A—11. 151 3a1UTHl OT KOPOTKUX 3a-
MBIKaHU TpaHchopMaTopa co CXeMOU CoeTUHEHUsT 00-
MOTOK Y /A—11, UCITOJIb3YEMOTO HA TITOBBIX MOJICTAaH-
LIMSIX CUCTEeMBbI iepeMeHHoro Toka 27,5 KB, Heobxoaumo
3HaTh paclpeiesieHue JUHEHHBIX TOKOB Ha MEPBUYHOMN
U BTOPUYHOI OOMOTKAX MPU KOPOTKOM 3aMBbIKAHUU Ha €ro
BbIBOMAX (pUC. 4, a). CxeMbl 3aMeIIeHUSI CUCTEMBI DJIEKTPO-
CHAOXEHUS HU B BUJE 3BE3/Ibl, HU B BUE TPEYTOJbHUKA Ta-
KUX CBEICHUI B MOJTHOU Mepe He MAIOT, MOCKOJbKY OIpe-
JieJisieMble B HUX TOKU SIBJISIIOTCS PEATbHBIMUA TOJIBKO UISI
CTYIIEHU HAMpSDKEHUs!, BEIOPAHHON B KAueCTBE OCHOBHOW
[10]. st pelieHUs 3aqa4v MOTYT OBITh UCHIOJIB30BaHbI U3-
BECTHbIE COOTHOLIEHUS [11], U3 KOTOPBIX MOXHO MOTYyYUTh:

J Ly = Lo | — Ly = Lo .
o kA3 o kA3
. i —1
__ e b(A)
Lon=="7 g =, (11)

tne 1,y Lyyys L.y, — TMHEWHbBIE TOKU (a3 MepBUIHON
0OMOTKM TpaHc(hOopMaTopa, COECAWHEHHONW B 3BE3NY;
1, ays Lyays L ony — TMHCHHBIC TOKW BTOPUIHON OOMOTKHU
TpaHcdopmaropa, COeIMHEHHON B TPEYTOJbHUK; k, —
ko2 dumneHT TpaHchopMmaliy, paBHBI OTHOIIEHUIO
MexXIy(DasHbIX HanpskeHUi nepBudHoi Uy, 1 BTOprY-
Hoit U, cropon TpaHcdopmaropa (k, =U.y, /U ,)).
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6 I, b(Y) ) 1 a(yY) 1, b(Y)
a(Y) 1 Ih(Y) c(Y) /k | |
Loy, L,
[ oY)
I
b(A) [b(A)
1
l L c(d)
i K(3)
~] K(z) I a(A) 1 o(4)

Puc. 4. TpancdopmaTop co cxeMoit coeTMHEHUsST 0OMOTOK
Y /A—11 (a) v BeKTOpHBIE TUarpaMMbl TOKOB
nipu Tpexdazuom K@ (6) n nByxdaznom K@ (6) KOpoTKOM 3aMBIKaHUH
Fig. 4. Transformer with winding connection diagram
Y /A—11 (a) and vector current diagrams for three-phase K® (6) and
two-phase K® (¢) short circuits

Ipu Onu3kux TpexdasHbIX KOPOTKMX 3aMbIKaHUSIX
K® Ha ocHoBanuu (11) umeem

1 ® U,
Iyvw=1,yw=1 —=
a(Y) b(Y) c(Y) (12)
\/7Zpe3kr
me 2., =2, =Z + ZT — PE3yJIbTUPYIOLLIEE COMPOTUB-

JeHue Gasbl SKBUBAJIEHTHON CXeMbI 3aMEILLEHUs] CUCTe-
MBI 2JIEKTPOCHAOKEHUSI.

BexTopbl TOKOB 1,y), {,y), L.y, TIPH TpeX(Ha3HOM KO-
POTKOM 3aMBIKaHUU OTCTAalOT OT COOTBETCTBYIOLIMX BEK-
TOPOB TOKa IG(A), I,,(A), IC(A) Ha 30° (puc. 4, 0). o

IIpu aByxda3HbIX KOPOTKUX 3aMbikaHusx K'”, Ha-
MPUMED, Memy Gbazamu b u ¢ umeem: [, =0, I bay =

=1, =1?.
c(A) T
HOLLCTaBI/lB 5TU 3HaYeHus B (11), moayunm (cM. puc. 4, 8)
]<2> 1<2> ) j]((2>
a(y) = b(Y) c(Y) = (13)

k, P k, P kA3
BoiBoapl. 1. DKBUBaJEHTHYIO Tpexda3Hylo cXeMy 3a-
MEIIEHUSI THUTAIOIIeHl CXeMbl 3JIEKTPOCHAOXKEHUSI CO-
BMECTHO C TpaHC(OPMATOPOM TSATOBOI MOACTAHIIMY BO3-
MOXHO TMPEACTABUTb U TPALULIMOHHO B BMIE 3BE3IbI C
U30JIMPOBAHHOM HYJIEBOM TOUKOM, Y B BUIE TPEYTOJIbHU-
Ka BHE 3aBUCUMOCTH OT TOI'O, KaKylo CXeMy COCIMHEHMUS
0OMOTOK MMeEET 3TOT Tpexda3Hblil TpaHchopMaTop.

2. IIpu onrHAKOBBIX 0A3UCHBIX YCIOBUSIX B CXeMe 3a-
MEILIEHUSI B BUAE TPEYrojJbHUKA B KaXKIO U3 €ro CTOPOH
DJ1C UCTOYHUKOB MMUTAHUS JOJLKHBI OBITH B NG} pas, a co-
MPOTUBJICHHUS 3JIEMEHTOB CUCTEMbI 3JIEKTPOCHAOKEHMUS B
TpHu paza 00Jibliie, Y4eM cooTBeTCTBeHHO DJIC 1 conmpoTUB-
JIEHWST aHAJIOTUYHBIX 3JIEMEHTOB B KaXKI0ii U3 (a3 CXeMbl
3aMelleHus B BUIe 3Be3abl. Pe3ynbTupyroliee ke compo-
TUBJCHUE 711 00EUX CXeM 3aMelleHUs] (BXOTHOE COITpO-
TUBJICHUE TSTOBOM MOACTAHIIMK) UMEET COBEPIICHHO ON-
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HakoBoe 3HaueHue. [ToaTomy 1St osyYeHrst KOHKPETHOTO
PEe3yIBTUPYIOIIETO 3HAYCHUST TOKA KOPOTKOTO 3aMbIKAHUS
TSITOBOI CETH BO3MOXEH BBIOOD JTI00011 13 CXeM 3aMEIICHUST
TUATAIOIIE CUCTEMBI: PE3YJIbTaThl OyIyT OMMHAKOBBI.

3. Cxema 3aMellleHUsI CHCTEMbl BHEIITHETO 3JIEKTPO-
CHAOXEHUS B BUIIE TPEYTOJIbHUKA MPU BHIYMCIEHUU KOPOT-
KMX 3aMBbIKQaHU HE MMEET KAKUX-JTMOO MPEeUMYyIIECTB 10
CPaBHEHUIO C TPANIUIIMOHHOI CXEMOl 3aMellleHUsI B BUIE
3BE3/Ibl, HO TPEOYET YCIOXHEHUSI PACYETOB, OCOOEHHO MpHU
WCTIOJTb30BAHUM METONa CUMMETPUYHBIX COCTABIISTIOIIMX.

4. TpuseneHs! (GOPMyYJIbI 1151 BHIYUCICHUST TUHEITHBIX
TOKOB TIEPBUYHON OOMOTKHM CUJIOBBIX TpaHC(OPMATOPOB
TATOBBIX ITOACTAHLIUI CO CXEMOU OOMOTOK Y / A.
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Choosing the type of equivalent circuit of traction substation when calculating short-
circuit currents in 25 kV power supply system

E.P. FIGURNOV, Yu.l. ZHARKOV, N.A. POPOVA

Federal State Budgetary Educational Institution of Higher Education “Rostov State University of Railway Engineering” (FGBOU VO RSUPS),

344038, Rostov-on-Don, Russia

Abstract. When calculating short circuit currents in the traction
network, it is necessary to take into account the input resistance of the
traction substation, including the resistance of the transformers of the
substation and the resistance of the power supply system. The input
resistance during short circuit is determined based on the equivalent
circuit of the external power supply system, of which this traction sub-
station is an integral part. Traditionally equivalent circuit of a three-
phase system has the form of a star, in which the resulting resistances in
each phase are connected in series with a source of phase electromo-
tive force, and these sources have a common point. Another equivalent
circuit in the form of a triangle is possible, in which on each side the re-
sulting resistances are connected in series with the source of linear elec-
tromotive force. It is important to note that neither one nor the other
type of equivalent circuit is determined by the connection scheme of
the transformer windings of the traction substation. It is only necessary
to take into account the absence of a circuit for zero sequence currents.
All elements of the equivalent circuit, as is known, should be brought
to uniform basic conditions. If the parameters of these elements are ex-
pressed in named units, then the basic values are the effective voltage
values of the main stage and the rated power of the power transfor-
mer of the traction substation. If the components of one and the other
equivalent circuits are reduced to one stage of the operating voltage,
for example 27.5 kV, then for the same elements of the power supply
system, the resistance values in the equivalent circuitin the form of a tri-
angle are three times larger than in the equivalent circuit in the form of
astar. In this case, the input resistances of the traction substation for the
one and the other equivalent circuits are absolutely identical. There-
fore, in the calculation of short circuit currents of the traction network,
you can use any of these equivalent circuits of the power supply system
and traction substation. Formulas for calculating the resistances of the
elements of the power supply system and electrical installations, given
in the standards, manuals and reference books, relate to the equivalent
circuit of the short circuit in the form of a star. When using an equivalent
circuit in the form of a triangle, these resistances must first be tripled,
and then divided by three when calculating the short-circuit currents.
The meaninglessness of such an operation is obvious. The equivalent
circuit of the traction substation and the external power supply system
in the form of a triangle when calculating short circuits in the traction
network has no advantages compared to the traditional equivalent cir-
cuit in the form of a star. The information on the linear currents on the
primary and secondary windings of the traction substation transformer
during a short circuit in the traction network is given, which is necessary
to select the settings of its relay protection kit.

Keywords: traction power supply system; short circuits; external
power supply system; equivalent circuit; input resistance of traction
substations; linear currents
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