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ITOBBINIEHUE CPOKA CJAYKBbI CWJIOBBIX TPAHC®OPMATOPOB
B CUCTEME OBECIIEYEHUS IBUKEHWA ITIOE310B

CraTbhs MOCBALICHA BOIIPOCY HOBBILICHUS CPOKA CITY>KOBI CHIIOBBIX TPaHC(HOPMATOPOB B CUCTEME 0OECIIEUECHUs ABHKEHUS TT0E3/10B.
B pabote BBINOIHEH aHANMK3 MOJKIIOYSHHUS TATOBOM MOACTAHIINM K KOHTAaKTHON CETH IO CXeMe «IoJnuThIBatomeiiy. Takoe pemieHue He
COOTBETCTBYET KJIACCHYECKOHW CXeMe MOAKIIUEHHS B CHUCTEME TATOBOTO 3NIEKTPOCHAOXKEHHUs IMmepeMeHHoro Toka 25 kB. CuioBble
TpaHCPOPMATOPHI B CUCTEME TATOBOTO AJIEKTPOCHAOKEHHS 3IEKTPUUIIMPOBAHHBIX jkene3HbIX Aopor (DQK/]) MOIHOCTRIO, Kak IpaBH-
110, 40 MBA SBISIFOTCS TOPOTOCTOSIIIUM 3JIEKTPOTEXHUICCKUM 000pynoBaHreM. COBpEMEHHBIC CHIIOBBIC TPAHC(HOPMATOPHI B CUCTEME
JJIEKTPOCHAOKCHHUS TIEPEMECHHOTO TOKa COOTBETCTBYIOT CTaHIAPTaM M XapaKTEPU3YIOTCS MapaMeTpaMu TPaHCPOPMATOPOB, BEITyCKac-
MBIX B MPOILIBIC TOJbl. TakuM 00pa3oM, MPUMEHEHHUE HOBBIX TPaHC(HOPMATOPOB 3aMEHON YCTAHOBICHHBIX paHee MPUBOIMUT K 3HAUH-
TENBHBIM KaUTAIOBIOKEHUAM. [IpH 3TOM TEXHUKO-9KOHOMHYCCKUE MOKA3aTEeId PabOThl HOBBIX CHUJIOBBIX TPaHC(HOPMATOPOB HE MOTYT
TIPUBOJUTH K CYHIECTBEHHOMY HOBBIIIEHUIO YKOHOMHYECKHX ITOKa3aTelel B cucteMe anekTpocHabxenus ImK]l nepemMeHHoro Toka 25
kB 0e3 ydera cxem noAKI0YeHUsI. MTHOBEHHBIE 3HAYEHUS TOKOB IUICY IPUHSATHI PEaTbHBIMU B LIENIAX BHIIOJHEHUS Ka4eCTBEHHOH OICH-
Kk# 3¢ PeKTHBHOCTH cxeMbl. OrpaHn4YeHIEeM BBIOOpa CXEMBI MTOJKITIOYCHHUS TOCTAHIINH, IPHCOETNHEHHON K KOHTAKTHOM CETH 10 cCXeMe
«TIOJIHTHIBAIOIICH», SBISCTCA HEM3MEHHas (a3sHpOBKa CMEKHBIX MOJACTAHIMU. JloKa3aHa HOPMAaIHM3aLUs PACIpeNeICHUsI TOKOB IUIed
MUTaHUS TPU MOJKITIOYCHUU PACCMOTPCHHOM MOJCTAHIIMU K KOHTAaKTHOHM CETH MO KiacCcHueckod cxeme. CONpsDKEHHE TATOBOM CeTH
MEKIOJICTAHIIMOHHOMN 30HBI BBIIOJIHEHO MPUMEHEHHUEM MTOCTA CEKITHOHUPOBAHMS, TIOAKIFOUCHHOTO MO CXEME «UEThIPeXyroibHuKay. [Ipu
3TOM MHUTaHHE TATOBBIX HATPY30K OCYIICCTBIIACTCS MO TMETIIeBOM cxeMe. [oBbIeHHE CpoKa CIIyKObI CUIIOBBIX TPAHC(HOPMATOPOB JOKa-
3aHO CYIIECTBEHHBIM CHIDKCHHEM TEMIIEpaTyphbl HanboJiee HarpeTo TOYKH OOMOTKH ITPH MPUCOCAMHEHUH TpaHc(hOopMaTopa 1o KJIaccH-
YecKOH cXxeMme

Knioueevie cnoea: cunoBoil TpaHchOpPMAaTop, CHUCTEMa TATOBOTO 3JIEKTPOCHAOKEHHS, CPOK CIIyXOBI, M3HOC H3OJAIHH, IIOCT
CEKI[HOHUPOBAHHSI.
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IMoBbInIeHne cpoka CIryObI CHIOBBIX TPaHC(HOPMATO- 3
POB TATOBBIX HOI[CTaHHI/Iﬁ SABJIACTCA COBPEMEHHBIM MEPO- 1 1 .
[ = | el(290-0) | ei(240-0n). 1
HpHATHEM, HAIpPaBICHHBIM Ha MOBHIIICHHE 3(()EKTHBHO- by =75 e 3 n® ; 1)
CTH PabOTHI CHCTEMBI 3IEKTPOCHAOKEHUS SIEKTPHMHII-
POBaHHBIX JKeJle3HbIX popor (DmX]I) mepeMeHHOro Toka 1 s 1. je0-gn)
25 B [1]. o ==31a€ —5Ine

Ha JJanmeHeBocTOUYHOM Kene3HoM gopore (ABXX]]) cu-
crema DK/ cogepxut 31 Tarosyro noacranuuio. Tpu u3
HUX C HETHUIIOBOH CXEMOM MOJKIIOYEHUSI K KOHTAKTHOM

[Ipu ycrnoBuHM MIHOBEHHOTO 3HAUEHUS] BEKTOPOB TOKOB
npaBoro (/) u nesoro (/) mwied B ¢a3HbIX KOOPJWHATAX U

cetn. Takve cXeMbl TIONKTIOUEHNS TATOBHIX MofcTamuii  Doo0BOM CABHTC TOKA [UIEUa OTHOCHTENLHO MHTAIOMICTO
) oKa | o
A AlcTatn Hanpsokennst -37° (I = I = 500 e ) moxyb Toka 06MOT-

HallUTH IPIMEHEHHUE TIPH paHee YCTAHOBJICHHBIX CMEKHBIX ki TparcopMaTOpa ax COCTABHT OKONO 667 A, 4TO B 78a
TATOBBIX MOJCTAHIMAX C LIENBI0 O0ECIIEYeHUsI HOpMUpYe- pasa MpeBbILIAET MOJYIb TOKa 0GMOTOK Dy U CZ, KOTOpbIil
MOTO HATIPSKEHUs B TATOBOM CETH. cocraBut 333 A. Takoe pacnpeneneHre TOKOB IIed 1O 00-
MOTKaM IIPUBOJUT K HU3KOMY KO3()(HIIMEHTY UCIIONb30Ba-

PE3VJIbTATBI UCCJIEJOBAHUA U OBCYXXEHU
HUsSI MOIIHOCTH CHJIOBOTO TpaHc(opMmaropa M Teperpyske

PaccmorpuM 0cobGeHHOCTH paboTHl OJHOIN M3 OTMe- OOMOTKH @X B OTAEJIBHBIX MOE3/IHBIX CUTYaIHsIX.
YEHHBIX MOJCTAHINNA Ha puMepe 21 TATOBOH MOACTaHINU P 20 2 22
(puc. 1). 5

IMoxcranuus 21 mojkiroueHa K JEBOMY U IPaBOMY C
ie4aM OJHOW OOMOTKOW M mmTaer mx ¢azoit B JIOIL 4 4L BLC 4L BLC
B cooTBeTrcTBUM €O CXE€MOW HOAKIIOUEHMS TSATOBOM MOJ-
cranimu 21 (pue. 1), BBINOJIHUM OINpeesieHne TOKOB 00- XOpar 00 XYLz
MOTOK Hampsbkenus 27,5 kB tpanchopmaropa. CoBmecTHB DY bY
BekTop HampspkeHust ¢aszel A JIOIl ¢ nelicTBUTENHHOM . A ol
OCBbI0 Ha KOMIUIEKCHOW MJIOCKOCTH, HOJIYYHM CUCTEMY b b I I I I I
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IIpunsitoe B cucreme oanekTpocHaOxeHus K]l
JABX]] cxemHOe pelleHHEe NPUBOJAUT K CYLIECTBEHHOMY
TIOBHIMICHIIO HECUMMETPUH TOKOB OOMOTOK BBICIIETO
HaNpSDKEHUS W HAarpy3KH TATOBOW moxacTaHmuu Ha JIOII
Jla)ke TIpU paBHBIX TOKAX JIEBOTO U MPaBOro ILIeY.

B memax momsimenns 3¢dexruBHOCTH paboOTH MMO-
CPEICTBOM HOPMAJHM3AlHNN PACIpEeNieHHsT TOKOB ILICYH
TSATOBOI Harpy3kd B CHJIOBOM TpaHC(OPMATOPE TATOBBIX
MNOJACTAHIMA  Mpenjaraercs MOJIKIIOUYEHHE CHIIOBOTO
TpaHchopMaTopa K KOHTAKTHOH CETH MO KIIACCHYECKON
cxeme (puc. 2).

IIpu »ToM Ha mpaBoe miueuo 21 moAcTaHIMU MOAAHO
obparnoe Hanpspkernue ¢assl A JIDII. Conpsikenue mpaso-
ro Tie4a MoAcTaHImu 21 ¥ JIeBOro Iuieva NojcTaHImu 22
BHITIOJTHUM TNPUMEHEHHEM HeHTpajabHOW BcTaBku. Cxema
npearaeMoro nocta cekunonupoanusa (I1C) obecneun-
BaeT IPOXOJ TOE3TOB 5 IO pa3lely TATOBOM CETH C
HEUTpaJIbHON BCTaBKOW 0Oe€3 ONMyCKaHHs TOKOIPHEMHHKA
npu OTKIIFOYeHHOM Toke [2] (pue. 3). Takoe pemeHue mo3-
BOJISICT COXPaHHUTh HEM3MEHHOH (ha3UpOBKY BCEX MOJICTaH-
IIUH, PacHOI0KEHHBIX MpaBee MoACTaHIuH 21.

[Ipu 3TOM mnuUTaHHE MEXIOACTAHIIMOHHOW 30HBI BBI-
MOJIHSETCS TETJIEBBIMU CXe€MaMu OT moacTtaHuui 21 u 22.
B pabote [3] mis MEKIOACTAHIIMOHHBIX 30H TATOBOW CETH
IpU 3HAYUTEIBHONW PpA3HOCTH HAINPSDKEHHUS MPEUIOKEH
HOBBIH MMOCT CEKIHOHUPOBAHUS TATOBOH ceTH (CM. puc. 3).

Brikmouatenu 1 u 4 npu BKIIOYEHHOM IOJIOKEHHH
o0ecreuynBaroT COCUHEHNE KOHTAaKTHOM CETH YETHOIo U
HEYETHOTO IyTeH Ha YYacTKaX, MOJKIIOYCHHBIX K MOJ-
cta”HMsaM 21 u 22 COOTBETCTBEHHO.

Breikmrouarenn 2 u 3 B monoxeHHH «OTKIIOYEHO»
oOecreunBarOT pa3fellbHOC MUTaHHUE TOE3/I0B 5 OT MOJ-
craHuui 21 unam 22 B 3aBUCHUMOCTH OT KOOPJUHATHI MO-
e3na.

B npennaraemoit cxeme (cM. pHMc. 2) TOKM OOMOTOK
noacrannuu 21 fax, fby u fcz ONPEAEINAIOTCS CUCTEMOM
YpaBHEHUN:
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y4acTKa TAToBOM ceTH

N

I 21 d]Téz 3 14 TII 22

Ay /_/i

1 Za
%] |;|5;|

Puc. 3. HoBblii nocT CeKIIMOHHPOBAHUS
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CrenoBarenbHO, NPUMEHEHHE Ha paccMaTpHBaeMOM
TSTOBOH MOACTaHIIMH KJIACCHYECKON CXEMBI MOJKITIOYSHUS
TpaHc(hopMaTopa K KOHTaKTHOW CeTH 0OecreunBaeT CHU-
JKeHHE MOy TOKa HauboIee 3arpyKeHHOW 0OMOTKH ax ¢
667 no 441 A nnm na 34 %. [Ipu 3TOM MOZYNMH TOKOB 00-
MOTOK DY ¥ CZ cooTBeTCTBEHHO paBHBI 167 1 441 A.

Paccmotpum m3Hoc (L) m3omsmmm 0OMOTOK TIpH MpH-
HATOM CXeMe TpHCOeAWHEHUs TpaHcdopmaropa (cM.
puc. 1) 21 Tarosoit noacraniuu. B paborax [4-7] nokasa-
HO, YTO HEpaBHBIC MOIAYJIHW TOKOB 06MOTOK CHJIOBBIX
TpaHcopMaToOpOB CO3AIOT HEPABHOMEPHBIA W3HOC H30-
JISIIUHA OOMOTOK.

OCHOBHBIM (JaKTOPOM, BIUSIIOLIMM Ha CKOPOCTh CTape-
HUS M30JISIIMU OOMOTOK, siBisiercst HarpeB [8—10]. Harpes
00YCIIOBIICH MOTEPSIMH MOLIHOCTH B TpaHC(opMmaTope, e
80% 1oTeps MOITHOCTH MPHXOAUTCS HA TTIOTEPH B MEAN TIPH
HOMHHAJIBHOM TOK€, a ocTajbHble 20% — B CTaju.

[l pacyera TEPMHUYECKOTO M3HOCA M30JLALUM Kiacca
HarpeBOCTOMKOCTH «A» OOMOTKH, JUMUTHPYIOIIEH CPOK
9KCILTyaTalliy TpaHchopMaTopa, MpU KOCBEHHOM OIpese-
JIEHUW TeMIepaTypbl Haubojee HarpeTo TOYkKu O, MO-
nydyeHo ypaBHeHHE (3) B COOTBETCTBHH CO CTaHIAPTOM
MD3K 60076-7 [11, 12], B pabotax [13,14].

Ly = 32Ot )

n=1

T @)

rie ®rp — Temmeparypa BepxXHHX clioeB Macma, °C;
A®pr — TIpeBBINIEHHE TeMIIEpaTypsl Hanboiee HarpeToit
TOYKM OOMOTKH OTHOCHTEJIbHO TEMIIEPaTypbl BEPXHUX
cioeB TpancopmartopHoro macna, °C; |, — Tok 0OMOTKH
ax, A; |g — HOMUHaIBHBIN TOK, A; M — KO3QPHUIHEHT TeTI-
JIOBOW MHEPIMH OOMOTKH; 6 — TeMIIepaTypHBI HHTEpBa,
t, — mepmo, 3a KOTOPBIH onpenessieTcss U3HOC.

Hanpumep, mns tpanchopmatopa tuma THATHXK-
25000/110/27,5/10, mpu TemmepaType OKpYyKalolIel cpe-
161 20°C, mpoaoKUTENFHOCTH Harpy3ku Ooxee 150 mu-
HYT, YTO COOTBETCTBYET YCTAaHOBHUBIUEMYCS PEKHMY
Harpesa, MOJy4eHbl Pe3yJbTaThl, MPEJCTABICHHbIC HA TH-
crorpamme puc. 4. ['mcrorpamma temiepaTypsl Hanodosiee
HArpeThiX TOYEK OOMOTOK JIOKa3bIBaeT CYIIECTBEHHOE
NpeBbIIeHHe HOPMUPOBAHHOTO 3HAYEHHS TEeMIIEPaTyphl
OOMOTKH daX, YTO COOTBETCTBYET CXEME HOAKIIOUCHHS
(puc. 1). IIpuMeHeHHe KIACCHYECKOI CXEMBI COSTUHEHUS
TpaHcopmaropa ¢ KOHTAKTHOH CETHIO CO3Jae€T CHIDKCHHUE
MHTEHCUBHOCTH M3HOCA HM30JSIIMM OOECHeYeHHeM COOT-
BETCTBHS TEMIIEpaTypbl HanOoyiee HarpeTblXx TOYEK HOp-
MHUPYEMBIM 3HaUCHHUSM.

Jlisi  TOBBIMIEHHST CPOKA OKCIUIyaTallid CHJIOBBIX
TpaHc(hOPMAaTOPOB peabHOl moacTaHiuu (puc. 2) Heob-
XOJMMO YCTaHOBUTH JIB€ HEWUTpalibHble BCTABKH M IOCT
CEeKIIMOHUPOBAHMS TATOBOM ceTH. [I[pumeHeHnne mocra cex-
IIMOHUPOBAHUS 110 CXEME YETHIPEXYTOJbHUKA MO3BOJISET
CO3[1aBaTh CXEMBI ITUTAaHMS TATOBBIX HATPY30K MpHU Iepe-
XOJI€ K MEeTJIEBBIM CXeMaM IIMTaHus! KOHTaKTHO CeTH.
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The article is devoted to the problem of improvement of the
service lifetime of power transformers in the train moving traffic
system. The connection of the traction substation to the contact
network according to the auxiliary supply source scheme is
analyzed in the article. This circuit design does not correspond to
the classical connection scheme in the power supply system of
the 25 kV alternating current. Power transformers in the power
supply system of electrified railways (ELR) with the wattage of,
as a rule, 40 MVA are quite expensive. Modern power
transformers in the AC power supply system comply with the
standards and are characterized by the parameters of the
transformers produced in the past. Thus, the use of new
transformers by replacing previously installed ones leads to
significant capital investments. At the same time, the results of
the operation of new power transformers cannot lead to an
increase in economic traction power supply system of the 25 kV
AC values according to the accepted connection schemes. The
instantaneous current values of traction loads are taken as real in
order to perform a qualitative assessment of the efficiency of the
circuit. Constant phasing of neighboring traction substations is a
limitation of the choice of the scheme connected to the contact
network according to the auxiliary supply source scheme.
Normalization of the distribution current traction loads, when the
traction substation is connected to the contact network according
to the classical scheme, was proved. The coupling of the traction
network of the intersubstation zone is made using a sectioning
post connected according to the "quadrangle" scheme. Traction
loads are powered according to the looping scheme. An increase
in the service lifetime of power transformers was proved by a
significant decrease in the temperature of the hottest point of the
winding when the transformer is connected according to the
classical scheme.

Keywords: power transformer, power supply system, service
lifetime, insulation deprecation, section switch box.
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