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UHBECTUYUOHHO20 NPOEKMA).

B oannou pabome cmasumces 3a0aua nosviuleHUs: NPONYCKHOU CROCOOHOCMU JHCENE3HOOOPONCHOU MASUCTNPATU
Jlena Bocmounas-Kupenea 0o nepcnekmuenvix 3nauenuti Ha 2025 200 3a cuem ycunenusi cucmemul mseu 2x25 kB. u
VEeIUYeHUsT KOIULeCMEa JHCelle3HO00PONCHbIX nymetl 00 2-x. B xode nposedenus pabomvl Ovll npoeeden anaiu3
603MOIICHBIX MEXHUYECKUX MEPONPUAMUL N0 MOOEPHUAYULU CUCTNEMbL MA206020 INEKMPOCHAOIHCEHUSL.
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SINGLE-WAY ELECTRIFICATED SECTION OF THE YAKURIM - KIRENGA RAILWAY

Annotation. In accordance with the order of the Government of the Russian Federation No. 1100-r dated April
28, 2021 on the approval of the passport of the investment project "Modernization of the railway infrastructure of the
Baikal-Amur and Trans-Siberian railways with the development of carrying and carrying capacity (second stage)" roads
on the Lena Vostochnaya-Taksimo section (within the framework of the second stage of the investment project).

This paper sets the task of increasing the throughput of the Lena Vostochnaya-Kirenga railway to the promising
values for 2025 by strengthening the 2x25 kV traction system. and increasing the number of railway tracks up to 2. In the
course of the work, an analysis was made of possible technical measures to modernize the traction power supply system.
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Beenenune

Ceiiuac baiikamo-AMypckasi MarucTpajib — BTOpas, nociie TpaHCCUOMPCKOM Marucrpai,
CKBO3Has *keJe3Has Jopora Kk TuxoMmy okeany. [IpuuuH 11 crpouTenbeTBa ObIIIO HECKOIBKO. Bo-
NEepBBIX, yXke cymecTByromuii Tpanccud Obul CHIIBHO 3arpykeH. Bo-BTopbix, B 30He Oynyuuei
MarucTpaiu OOHapYXMJIM OOJIbIIME 3arachl MOJE3HBIX HCKOMAEMbIX, KOTOPbIE TPYJHO OBLIO
«U3BJIEeYb» 0€3 pa3BUTOM TpPAaHCIOPTHOM cHUCTeMbl. B-TpeTbuX, HOBas Maructpaib JdOJDKHA
obecrieynTh HAAEKHOE COOOIIEHUS C JabHEBOCTOYHBIMM PErMOHAMU CTPAaHbl B  YCIOBHAX
BO3MO>KHOT'O 3aXBaTa BOCTOUHOTO y4yacTka TpaHccuoa.

B Hacrosmee Bpems IlpaBurensctBo Poccuiickoit denepannn, COBMECTHO C PYKOBOJICTBOM
000 «PX» BuasT B CcTpaTermyeckoM TmonokeHuun bAMa, ero oOrpoMHbId TEXHHUKO-
OKOHOMHUYECKUI TOTEHLHWaNl, KOTOphld Oyaer BocTpeboBaH B 00o03pumoMm Oyaymem [1].
HeoOxonuMo OTMETUTh, YTO yBENWYEHHE HHPPACTPYKTYPHBIX OOBEKTOB M O0bEMa IMEPEBO30K
MOJIOKUTETBHO CKaXkeTcs Ha pa3BuTun Cubupu, JlansHero Boctoka u Tepputopuii kpaiiHero ceepa.

[IpuBenenuble (pakTOpsl OOOCHOBBIBAIOT HEOOXOAMMOCTh MPOBEACHHSI Pa3HOCTOPOHHETO
aHaJM3a CYIIECTBYIOIIEH MHPPACTPYKTYpbl M BO3MOXKHBIX BAPHAHTOB €€ MOJIEPHU3ALMHU, B TOM
YHCJIe CUCTEMBI TSTOBOTO AJIEKTpocHa0)eHus [2,3].

Onucanue yyacrka Jlena Bocrounasa-Kupenra

VYuactok xene3HonopoxkHoi goporu Jlena Bocrounas-KupeHnra sBisieTcsi OJHOIYTHBIM
ANIEKTPU(PULIMPOBAHHBIM YYaCTKOM C cucTeMol Tiaru 2x25 xB. IIpoduns mytu maHHOTO ydacTka



IpuBEAEH Ha pucyHke 1. Ha ydacTke pacnosnokeHo 3 MeXIOJACTaHIIMOHHbIE 30HbI SAKkypum (734,6
kM.) — Taropa (785,6 kxm.) — Hus (821,5km.) — Kupenra (890,6xm.) (puc. 2). ITapameTpsl TAroBbIX
MOJICTAHLIMH MpeicTaBlIeHbl B Tabuie 1.

[lepcnekTHBHBIM rpa)uKOM JBHXKEHUS [10€3/10B IPUHUMAETCS Ipa(UK COCTOSIIMMN U3 10e310B
noBplIeHHON Maccsl 7100 T. B konuuecTBe 36 map noe310B B YETHOM U HEUETHOM HampasiieHusX. B
KaueCTBE TATOBOTO 31eKTPOBO3bI BbIOpaH 20C5K «Epmaky.

3BE3AHAR
HEBENL &

Puc. 1 — Ilpo¢puias nytu yyactka SIkypum — Kupenra

HUAPEHTA

UYRHAHEIA

Puc. 2 — Cxema yyacrka SIkypum — Kupenra

HaMMEHOBAHHE NOACTAHLHM Mnezya b?iES.t’-‘« THN TpaHCPOPMATOPS Famwes Juw, B Emeu.l.# ) e s RS EIUE Gl
Bl bazbl, (Anonezn Orora IHor | QrHor THow
AKYPIM nesoe 1362 | OPOTHA.-25000/220-7941 1 27500 0o - - -
npasoe OPATHA.-25000/220-7341 2 27500 - - -
TARPA, nesoe 856 OFOTHA.-25000/220-7341 2 27500 0o = = =
npasoe OPATH.-25000/220-7341 1 27500 = = =
HWA nesoe 976 OPOTHA-25000/220-7341 1 27500 0o - - -
npagoe OPATH.-25000/220-7341 2 27500 - - -
KUPEHTA nego0e 502 OPOTHA.-25000/110-8141 2 27500 0o = = =
npagoe OPATHA.-25000110-8191 1 27500 = = =

Puc. 3 - [IapaMeTphbl TATOBBIX NOACTAHIMIA

MonepHu3aus yqacTka 3aTparuBaeT paclIMpeHue CYIIECTBYIOUIETO MYTH 10 ABYXITYTHOTO.

MuHUMaNTbHBIA MEKIIO€3/IHOM WMHTEpBaj MpPUHUMAETCA & MHHYT. B Kaxqom HampaBieHUU
CYTOYHOE KOJIMYECTBO IOE3JI0B PaBHO copoka. OCTaHOBKH OYAYT TOJBKO B KOHEYHBIX MYHKTax
y4acTKkOB. Tak Kak MOAABIAIONIEE BIMSHUE Ha KAuyeCTBO AJIEKTPUUYECKON SHEPrUM OKa3bIBAET
JIBHYKEHHE IPY30BbIX M0€3/10B, NACCAKUPCKUMU TIpeHeOperaem.

Tarosbiil pacuer moe3a0B Maccbl 7100 B 4eTHOM M HEYETHOM HANPaBJICHUSAX

TsaroBelid pacuer AJig NepcHneKTUBHOM Macchl moe3ga 7100 T. mpoBOAMTCS Ha OCHOBAHUH
napameTpoB JiokoMoTuBa 2DC5K «Epmak» u mpoduiis myTd paccMaTpuBaeMoOro y4acTka B Y4ETHOM
Y HEUCTHOM HampaBicHusx [4-8]. Pe3ynbTarhl npencTaBieHbl B Ta0max 1-4.



Tadonanuna 1
IHapamerpsl npoxoxaenns noesfa 7100 T B He4YeTHOM HanpaBJIeHUH

Ileperon Jnuna, kM Bpewms xona, Bpewms non Pacxon snepruu
MUH. TOKOM, MHH. KBT'u kKB -A-q
Kupenra - HeGenp 36.8 314 28.5 6622.4 7498.6
Heb6ens - Hus 30.3 24.2 19.7 702.9 3478.6
Hus - 3Be3gnas 38.0 32.3 3.4 864.4 1243.1
3Be3nHas - Uy THUUHBIN 24.7 20.3 17.4 5571.8 6257.3
UynauaHbI - Jlena- 24.0 18.7 16.5 208.2 4926.6
Bocrounas
Oomiee 153.8 127.0 85.4 13969.4 23404.2
Taoauuna 2
ITapamerpsl npoxoxkaenus noesia 7100 T B 4eTHOM HaNpaBJICHUH
Ileperon JnuHa, km Bpewmst xona, Bpewms non Pacxon snepruu
MUH. TOKOM, MHH. KBT'u KB -A-q

Jlena-Bocrounas - 24.0 224 224 7957.2 8929.3
UyaHUYHBII
UynHUYHBIH - 3Be3aHAS 24.7 19.3 14.9 76.9 3678.2
3Be3auas - Hus 38.0 30.1 17.7 3561.7 4074.6
Hus - HeGenb 30.3 24.2 17.3 4489.8 5076.4
Heo6enb - Kupenra 36.8 28.7 26.6 714.6 5719.0
Ob6ee 153.8 124.8 98.9 16800.3 27477.4

Pe3ynbrar mpoBeeHHs TATOBBIX PacueTOB MOKA3aJl, YTO B YETHOM M HEUETHOM HaIlpaBJICHUSIX
nBukeHus: moeszna maccoir 7100 T. HEOOXOAMMO YBEIMYUTH KOJMYECTBO PaOOTAIOUINX CEKLIUN
JOKOMOTHBa MHUHHUMYM 70 6. DTO CBsSI3aHO C CBEpXIpENeNbHOW TeMIepaTypoil HarpeBa
aneKkTpojBurareneil Ha yyactkax Jlena Bocrounass — 3Be3gHas u TakoBka — MapukTa B CBSI3U C
MPOXOXKJACHUEM MOE3/10B Ha PE3KUX, TOPHO-TIEPEBATBHBIX yUacTKax.

MogaeanpoBaHnue IBUKEHUsI M0€3/10B HA YYacTKe 0e3 yCHJIeHUs

B pamkax naHHOW paGOThl HCMOIB30BAINCH METOABI UMHUTAIIMOHHOTO MOJICTMPOBAHUS C
ucroypzoBanueM [IK KOPTOC.

[lepBuuHO# 3amayeil mo peanu3alid HEOOXOIMMOM MPOMYCKHOW CMOCOOHOCTH CTaBUTCS
aHaJIM3 MapaMeTPOB Ka4eCTBA DJIEKTPUUECKONU SHEPTUH U HAJIEKHOCTH CUCTEMBI DJIEKTPOCHAOKEHUS
0e3 YCWIEeHHs CYIIECTBYIOIIEH TATOBOM ceTH. MHHHMasbHbIe HANpPSHKEHUS HAa TOKONPHUEMHHKE
JIOKOMOTHBOB TIPUBE/ICHBI B TabmuIe 3. Pacxoa v moTepH JIeKTPOIHEPTHH PUBEIACHBI B TabHIe 9.

Tadsmuna 3
MuHuMaJbHbIe HANPSI7KEHHsI HA TOKONPUEMHHMKAX JOKOMOTHBOB
MexnoacTaHIIMOHHAs ITyts Us, kB
30Ha MHUHHMAJIbHOE 4yepe3 3 MUHYTBI
3HAUCHHE
SAxypum - Taropa 1-i 18,61 19,14
2-i 18,38 19,02
Tatopa - Hus 1-i 22,67 22,81
2-i 22,25 22,44
Hus - Kupenra 1-i 18,91 20,16
2-i 19,7 20,25

Kak ButHO 13 TaOIUIIEI 3, HAa MEXKIIOICTAHIIMOHHBIX 30HaX AkypuMm — Taropa u Hus — Kupenra
HaONIO/IaeTCsl 3HAYUTENFHOE OTKIOHEHHWE HAIpPsDKeHUS OT MUHUMAIBHOTO 3HadeHus. CTout
OTMETHTh, UTO Ha pACCMAaTPUBAEMBIX yUacCTKaxX TEMIIepaTypa HarpeBa MpoBOJOB KOHTAKTHON CETH U
3HaueHus: Kod((PUIIMEeHTOB HArpy3ku Ha aBTOTpaHChOpMaTopax W TATOBBIX TpaHcopmaropax
OCTaBaJIMCh B JOMYyCTUMBIX mpeaeiax [9,10].



MopenupoBaHue ABUKEHHS M0€3/10B HA y4aCTKe € YCHJICHUSIMU

Ha yuactkee SAxypum — Kupenra ucnosb3dyerca cucrema Tiaru 2x25 kB v 11 moBBIICHUS
MPOMYCKHOW CHOCOOHOCTH 3TOTO YYacTKa pPAacCCMOTPUM CIEAYIOUINE YCHUJICHHS: YBEIMYCHHE
KOJMYECTBA TSITOBBIX TpaHCHOPMATOPOB, YCTAHOBKA aBTOTPAaHC(HOPMATOPHBIX  ITYHKTOB,
CCKIIMOHMPOBAHUE KOHTAaKTHOH CETH, YCTaHOBKa KoMmreHcupytomero ycrpoiictea (KY) u
ycTpoiicTBa mpoaonbHoit komnercaruu (YIIK).

YBe/mueHne KOJIUYeCTBA TATOBBIX TPaHCGOPMATOPOB

VYcTaHOBMM B TapajliesibHyl0 paboTy J1Ba TATOBBIX TpaHchopMaTopa Ha JIEBOE ILIEYO
nojicTaHnuu SIKypum U Ha mpaBoe 1uiedo nojactaniuu Kupenra [10]. Pe3ynbraTel MoAeIMpOBaHHsI
IpU YBEIMYEHUU TATOBBIX TpaHCPOPMATOPOB mpexacTaBieHbl B Tabnuue 4. Pacxon m morepu
AIIEKTPOIHEPIUU MIPUBEAEHBI B Tabnuie 9.

Taoauua 4
MuHuMAaJbHbIE HAPSIKEHUS. HA TOKOMPHEMHUKAX JOKOMOTHBOB
MesxnoacTaHIIMOHHAs 30HA Ilyts Us, kB
MHHHUMAaJBHOE yepe3 3 MUHYTHI
3HAUYECHHE
Sxypum - Taropa 1-i 18,61 19,14
2-i 18,38 19,02
Taropa - Hus 1-i 22,67 22,81
2-i 22,25 22,44
Hus - Kupenra 1-i 18,91 20,16
2-i 19,7 20,25

[lo Tabmune 4 BuUAHO, YTO C J00aBICHHEM TATOBOrO TpaHchopMaTopa MHHHMAIbHbIE
HanpsDKeHUs Ha TOKONPHEMHUKAX JIOKOMOTHUBOB HE U3MEHWIUCh. CleoBaTeilbHO, YCTaHABIUBATh
JIOTIOJTHUTENBHBIN TATOBBIA TpaHc(hOopMaTop He Lienecoo0pa3Ho, TaK Kak JaHHBIN CIIOCO0 sBIseTCS
3aTpaTHBIM B CBS3M C BBICOKOM II€HOH Ha cuioBble TpaHchopmaTopsl. [Ipu 3TOM pacxon u morepu
ANIEKTPO’HEPIHH HE MU3MEHWINCh. Temineparypa HarpeBa MpoBOJIOB KOHTAKTHOM CETH W 3HAUYEHHUS
KO3 QHUIIMEHTOB Harpy3ku Ha aBTOTpaHc(OpMaTopax U TATOBBIX TpaHCHOpPMATOpaxX OCTABAIHCH B
TOMYCTUMBIX TTpeJIeiax.

YcranoBka aBTOTPpaHC(OPMATOPHBIX NYHKTOB

BaxuelmmMu  37eMEHTaMH  CUCTeMbl  JJeKTpocHaOxkeHuss  2x25 kB sBusrorcs
aBroTpancpopmaropuasie myHKTHI (ATII). [loaTomy, B kKauecTBe CIEAYIOMIETO YCHICHHS PAaCCMOTPUM
ycraHoBKY ATII. Pacnomarator ATII Ha paccrosHum 7 — 25 KM Apyr OoT Ipyra Ha CTaHIMSIX B
HETOCPEICTBEHHO! OJIM30CTH OT OOKOBBIX, MOABE3AHBIX U IPYruX myTen [3].

VYCcTaHOBUM aBTOTpaHC(OPMATOpPHBIE MYHKTHI B MECTaX, I/I€ HaNpsOKEHHE HE JIOCTUTaeT
HOPMAaTUBHOTO 3Ha4yeHHs. Pe3ynbTaThl MOAENUPOBAHUS NPU YCTAaHOBKE aBTOTPaHC(HOPMATOPHBIX
MYHKTOB Mpe/ICTaBIeHbl B Ta0au1e 5. Pacxox ¥ moTepH 3J1eKTpOIHEpruy NpUBEACHbI B Tabmuie 9.

Taéauna 5
MuHnMaJbHbIe HANPSIZKEHHs] HA TOKONPHEMHHMKAX JOKOMOTHBOB
Me:XoICTaHIIMOHHAS 30Ha Iyts Us, kB
MHUHHUMAaJIbHOE 4yepe3 3 MUHYTHI
3HauCHHE
Sxypum - Tatopa 1-ii 18,78 19,31
2-i 18,44 19,08
Tatopa - Hust 1-i 22,67 22,81
2-i 22,25 22,44
Hus - Kupenra 1-i 18,92 20,56
2-i 19,81 20,69

ITo Tabuurie 5 BUIHO, YTO ¢ J0OABICHHEM aBTOTPaHC(HOPMATOPHBIX ITYHKTOB B MECTaX IpoBaja
HaNpsDKeHUS MUHUMAaJIbHOE HANpSDKEHHE Ha TOKOIMPHEMHHUKAaX JIOKOMOTHBOB M3MeHmIoch Ha 0,06
kB. Ilpu 3TOM pacxonx M MOTEpH FNEKTPOIHEPTUU YMEHBUIMIUCH MO0 CPABHEHMIO C MPEIBIAYIIUM



BAPUAHTOM yCHWJICHHEM. Temreparypa HarpeBa IPOBOJIOB KOHTAKTHOM CE€THU M 3HAYCHUS
K03 (GUILIMEHTOB HAarpy3KH Ha aBTOTpaHChOpMaTopax U TATOBBIX TpaHCPOpMATOpaxX OCTABAIUCH B
JOIYCTUMBIX IIpeeax.

CeklIMOHUPOBAHHE KOHTAKTHOM CeTH

CrnenyionuM BapHaHTOM YCHJICHHS Y4YacTKa PacCMOTPUM CEKIIMOHHPOBAHHWE KOHTAKTHOM
cetr. CeKIIMOHUPOBAHUE TMOBBIIIACT HAJACKHOCTh pa0OTHl KOHTAKTHOW CETH, JeNaeT yJOoOHBIM ee
oOcimyxuBaHue pH KCIuTyaTanuu. OTHO U3 JOCTOMHCTB CEKIIMOHUPOBAHMS ABJISETCS BO3MOKHOCTh
OTKJIFOUEHUSI CEKIIMM KOHTAKTHOW CETH MPH IMPOU3BOJICTBE PEMOHTHBIX pabOT 0e3 MmpeKpaieHus
JBHOKCHHSI TI0€3JI0B Ha OCTAJIBLHBIX CEKIHIX. Pe3ynbTaThl MOJICIMPOBAHUS MIPH CEKIMOHUPOBAHHH
KOHTaKTHOW CETH MpeicTaBlieHbl B Tabmuie 6. Pacxon u moTepu 3MEeKTPOIHEPTUU MPUBEICHBI B
Tabymue 9.

Ta6auna 6
MuHuMAaJbHbIE HAPSIKEHUS. HA TOKOMPHEMHUKAX JOKOMOTHBOB
MesxnoacTaHIIMOHHAs 30HA Ilyts Us, kB
MHHHUMAaJBHOE yepe3 3 MUHYTHI
3HAUYECHHE
SAxypum - Taropa 1-i 18,72 19,26
2-i 18,4 19,03
Taropa - Hus 1-i 22,67 22,81
2-i 22,25 22,44
Hus - Kupenra 1-i 19,21 20,24
2-i 19,66 20,33

I[To Tabnuie 6 BUIHO, 4TO C T0OABIEHUEM ITYHKTOB NapaiiensHoro cexiuonupoanus (I111C)
Mexay OUD u [ICA MuHMMalbHOE HANPsHKEHUE HA TOKOIIPUEMHUKAX JJOKOMOTUBOB YMEHBIIMIOCH
Ha 0,04 B, npu sTom Ha nepsoM niytu MII3 Hus — Kupenra MuHuMalibHOE HaNpsiKEHUE MTPEBBICUIIO
19 B. IIpu aTOM pacxoa M MOTEPU IEKTPOIHEPTUH YMEHBIIWINCH IO CPABHEHHUIO C MPEABIIYIIIM
BAapUaHTOM YCUJICHHEM.

Ycranoska komneHcupywmero ycrpoiictBa (KY) u  ycrpoiictBa mnpoxosibHOi
komnencanum (YIIK)

Eme omnum cmocobom ycunenus ydactka sBisietcss yctaHoBka KY wu VIIK na mmuax
KOHTAaKTHOM ceTH. JlaHHBII coco0 momoraer MoBBICUTh YPOBEHb HAIpsDKEHHS M 3()(HEKTUBHOCTh
paboThl 3NEKTPOOOOPYIOBAaHUS, CHU3UTh IOTEPH BJIEKTPOIHEPTHUH, YTO IIO3BOJMUT IOBBICUTH
HPOIYCKHYIO crtocoOHOCTh yuacTka [11,12,13]. Pe3ynbratsl MojeaupoBanus npu ycranoBke KY u
VIIK npencraBiens! B Tabauue 7. Pacxo 1 moTepu 3JeKTPOIHEPTrUuu NprBEIeHbI B Tadbaule 9.

Taoauua 7
MuHnMaJbHbIe HANPSIZKEHHs] HA TOKONPHEMHHMKAX JOKOMOTHBOB
Me:XoICTaHIIMOHHAS 30Ha Iyts Us, kB
MHUHHUMAaJIbHOE 4yepe3 3 MUHYTHI
3Ha4YEeHUe
Sxypum - Taropa 1-i 21,04 21,38
2-i 20,82 21,22
Taropa - Hus 1-i 22,74 22,85
2-i 22,30 22,49
Hus - Kupenra 1-i 20,51 21,18
2-i 21,13 21,31

I[Io Tabauume 7 BuaHo, urto ¢ moOasieHmeM KY um VIIK Ha mMHAX KOHTAKTHOM CeETH
MHUHHMMAJIBHOE HAIIPSKEHNE HAa TOKOIIPUEMHHUKAX JOKOMOTHBOB YBEJIMUMIOCh Ha 2,13 kB, mpu aTom
Ha BCEM Yy4YaCcTKe MHUHHMAaJIbHOE HampspkeHue mpeBbicuio 19 kB, a B HEKOTOpPHIM MecTax H
MHHUMAJIBHO JIOMYCTUMOE 3HaueHue HamnpspbkeHus 21 kB. CrnepgoBaTenbHO, OJHUM M3 OCHOBHBIX
BAPUAHTOB YCUJIEHUN y4acTKa CTOUT pacCMaTPUBATh YCTAHOBKY KOMIIEHCUPYIOIIETO YCTPOMCTBA U
YCTPOICTBA MPOAOJILHONU KOMITIEHcauu. [Ipu 3TOM nmotepu B TSATOBOM CETH YBEJIMYMIKNCH, & TOTEPH



B TpaHCc(OpMaTOpax yMEHBIIWINCH [0 CPaBHEHHIO C TMPEABLAYIIUM BapUaHTOM YCHUJICHHUS.
Temmneparypa HarpeBa IpPOBOJOB KOHTAKTHOH CeTHM M 3HAYEHHUS KOX(P(QHUIMEHTOB HArpy3ku Ha
aBTOTpaHCHOPMATOPAX U TATOBBIX TPaHC(HOPMATOPAX OCTABAIHCH B JOIMYCTHUMBIX Ipe/esnax.

KoMmmuieke ycuiienuit

Jlyist TOoro, 9TOOBI JOOUTHCSA HA BCEM y4acTKe MUHHMAJIBHO JOIMyCTUMOE HanpspbkeHue 21 kB,
HEOOXOIMMO TPUMEHUTh KOMIUICKC YCHJICHHHA. AHAIW3UPYs BBHINICTIPUBEIACHHBIE BapHAHTHI
YCUJICHHH, MOJ0epeM TaKOH KOMILJIEKC YCHIICHUH, KOTOPBIN Oy/IeT yIOBIETBOPSAT MO TEXHUYECKUM U
SKOHOMUYECKUM IOKa3aTessiM. Pe3ylbTaTel MOJIETMPOBaHUs IIPU YCTAHOBKE KOMILJIEKCA YCUJICHUM
MpeACTaBICHBI B Tabnuile 8. Pacxoa v moTepu 2JEKTPOIHEPTUHU IPUBEACHBI B TaOHIIe 9.

B KkauecTBe KOMIUIEKCa YCHJICHHH OBUIM TPUMEHEHBI CJeAyroliue BapuaHtbl [14]:
CEKIMOHUPOBAHNE KOHTAKTHOM CETH Ha MEXKIOICTaHIIMOHHOM 30He Husa — Kupenra; ycranoBka KY
Ha IIMHAX KOHTAKTHOW CETH Ha MPABBIX IUIeyax noacraHuuid Axypum m Hus, Ha neBbIX miedax
noacraniuii Tatopa u Kupenra, takxe KY 6buto ycranosneHo Ha Bce IICA; ycranoka YIIK B
KOHTAaKTHOM CETH Ha TeX K€ MOACTaHLUMAX W miedax, yto u KVY; ycranoBka YIIK Ha nuraromem
MIPOBO/JIE€ HA MPaBbIX IJIe4ax noActaHuuil Axkypum u Hus.

Taoauna 8
MuHuMAaJIbHbIE HAPSIKEHUS] HA TOKOMPHEMHUKAX JOKOMOTHBOB
MexnoacTaHIIMOHHAs 30HA Ilyts Us, kB
MHHHUMAaJBHOE yepe3 3 MUHYTHI
3HAUYECHHE
SAxypum - Taropa 1-i 21,58 21,9
2-i 21,38 21,78
Taropa - Hus 1-i 22,73 22,84
2-i 22,29 22,48
Hus - Kupenra 1-i 21,31 21,82
2-i 21,6 21,97

[To Tabmume 8 MOXHO CHenarh CIEAYIOMNI BBIBOJ: MPH MOMOIIM KOMIUICKCA YCHUIICHHI
yJanock JOOMTHCS Ha BceM ydacTke SIkypuM — KupeHra MUHUMAaIbHO JOMYCTHMOTO HaNpsHKEHUS,
IPU 3TOM YAAIOCh CHU3UTH MOTEPHU U PACXOJ AIEKTpodHepruu. Temmeparypa HarpeBa MpoBOJIOB
KOHTaKTHOH CeTH M 3Ha4eHHs KOX(P(HIMEHTOB HArpy3kd Ha aBTOTpaHC(POpPMATOpax M TATOBBIX
TpaHcopMaTopax OCTaBAIMCh B JOMYCTHMBIX mpesenax [15].

Taoauna 9
Pacxon M moTepu 31eKTPOIHEPIUH
Croco6 ycuineHus ITorepu B [onnerit AKTHBHBIH, ITotepu B TpancdopmaTopax
TATOBOM CETH kB-Ay kB9 Harp. X.X.
be3 ycunenns 39620 1339340 803002 3856,7 7008,0
VYBennueHne 39620 1339340 803002 3856,7 7008,0
KOJINYECTBA TATOBBIX
TpaHcdopmMaTopos,
VYcraHoBKa 37864 1337069 803120 3843,3 7008,0
aBTOTPaHC(POPMATOPHBIX
ITyHKTOB
CeKnoHNpOBaHHUE 36878 1334779 802583 3836,8 7008,0
KOHTaKTHOM ceTu
Ycranoska KY u YIIK 40515 1141884 823756 3566,6 7008,0
Komruieke ycumeHuit 36012 1057213 829595 3255,6 7008,0
3akiroyenue

B 3akmiodeHun cienyer OTMETHTb, YTO JUIS TMOBBIIICHHUS MIPOMYCKHOM COCOOHOCTH Y4acTKa
SAxypum-Kupenra HeoOX0IMMO paccMaTpUBaTh KOMILIEKC TEXHUUYECKUX MEPOIIPHUATHH MO YCUIICHUIO
cuCTeMBbl 3JeKTpocHaOkeHus. [Ipu manmpHelmeM yvaimieHuM rpaduka JIBWKEHHS IOE30B U
YBEJIMUYCHUU MX MAcC BO3MOKHOCTH TEXHUYECKOTO YCHIICHHUS CUCTEMbI OyayT ucuepnanst [16]. st



JAbHEUIIIETO YBETUYCHUS TMPOIYCKHON CIOCOOHOCTH HEOOXOAMMO PACCMOTPETh BO3MOXKHOCTH
CTPOUTEILCTBA HOBOH TsAroBOM mozactaniuu Ha mecte [ICA HeGenb.

BUBJIHOIPA®UYECKUM CITMCOK

1. banmukoBa A.A. IIpornozupoBanue oObemMa NPOIYCKa IMEPEBO3UMBIX Ha HETITOBOM
MOJIBIJKHOM COCTaBe KPYIMHOTOHHA)KHBIX KOHTEWHEPOB B AKCIOPTHO-MUMIIOPTHOM COOOLICHUH B
nanpasieauu PO-KHP / A.A. banmukosa, M.I1. baszuneBckuii, B.A. Tuxomupos // CoBpeMeHHBIE
texHosioruu. CucteMHubiil anaim3. MonenupoBanue. — 2017, — T. 54, Ne 2. — C. 90-94.

2. Ilysmna E.}O. Ouenka mnoTeHIuala TOBBIICHUS 3HEProd(pPEeKTUBHOCTH CHCTEMBI
TATOBOIO 3JIEKTPOCHAOKeHUsT AOaKaHCKOW IUCTAHIMM DJIEKTPOCHAOXKeHus. TpaHCIopT: Hayka,
oOpa3zoBaHue, MPOU3BOJICTBO: COOPHUK HAYYHBIX TPYIAOB MEXTyHApPOAHON HAyYHO-TIPAKTHUECKOU
koHpepennun. -Pocros-na-Jlony: U3n-so PI'VIIC, 2017. - C. 154-157.

3. Ilysuna E.}O., Ilepensirun B.M. Ycunenne cucTeMsl TATOBOTO 3IEKTPOCHAOKEHHS y4acTKa
Axypum-3Be3gnas BCX/. Tpancnopt-2013: Tpyasl MeXAyHApOJHOW HAyYHO-IIPAKTUUYECKOM
koH(pepernun.-Pocros-Ha-{ony: U3n-so PI'VIIC, 2013.-C. 176-178.

4. Ryabchenok N., Alekseeva T., Astrakhantsev L., Astashkov N., Tikhomirov V. Energy-
saving driving of heavy trains. Advances in Intelligent Systems and Computing, 2020. Vol. 982. Pp.
491-508.

5. Pabuenok H.JI. Dueprernueckas 3()(HEKTHBHOCTH TATOBOTO MPHBOAA MAaruCTPaIbHBIX
anekTpoBo3oB / H.JI. Ps6uenok, T.JI. AnekceeBa u ap. // U3B. Tpanccuba. 2020. Ne 1 (41). C. 29-41.

6. Dueprerndeckas 3(P(EKTUBHOCTh B JIIEKTPUUYECKHX IEMAX C IOJYNPOBOAHUKOBBIMU
npubopamu / T.JI. AnekceeBa, H.JI. Ps6uenok, JI.A. Actpaxanues u ap. / Bectauk OYpI'Y. Cep.
Ouepretuka. 2020. T. 20, Ne 2. C. 89-98. DOI: 10.14529/power200208.

7. Alekseeva T.L., Ryabchyonok N.L., Astrakhantsev L.A., Tikhomirov V.A., Astashkov N.P.,
Martusov A.L., Alekseev M.E. Parallel operation of an inverter with an electrical ac network 10P
Conference Series: Materials Science and Engineering. International Conference.

8. AunexkceeBa T. JI. [loBeimenne 3pQeKTHBHOCTH peKyIepauy dIEKTPUIECKON SHEPTUH B
anekTpuyeckue cetu nepemenHoro Toka / T. JI. Anekceesa, H. JI. Psbuenoxk, JI. A. Actpaxanues, B.
A. TuxommpoB, M. E. AunekceeB // CoBpemeHHble TexXHOJOTUH. CHUCTEMHBIH aHAIU3.
Mopnenuposanue. — 2019. — T. 62, Ne 2. — C. 86-97. — DOI: 10.26731/1813- 9108.2019.2(62). 86—
97.

9. Ily3una E.}O. Ouenka ocraToyHOro pecypca TAroBbIX TpaHcpopmaropoB CeBepHOro xona
BCX/I. Tpancniopt-2013: Tpynbl MeXIyHApOIHON Hay4yHO-IIpaKTH4YecKol KoHpepeHiuu.- Poctos-
Ha-Jlony: U3n-so PI'VIIC, 2013.-C. 173-175.

10. Tlyszuna E.JO., TyiirynoBa A.I., XynonoroB U.A. CucreMbl MOHUTOPHHTA CHIIOBBIX
TpaHc(hopMaTopoB TAroBbIX MojacTaHuui. Upkyrck, 2020. — 184 c.

11. 3akaprokun B. II. MonenupoBanue HECMHYCOUAAIBHBIX PEXUMOB CHUCTEM TATOBOIO
3JIEKTPOCHAOKEHHUs, OCHAIICHHBIX YCTAaHOBKAMHU KOMIIEHCAIIMM peakTuBHOW MourHoctH / B. II.
3akaprokuH, A. B. Kprokos, A. Il. Kymueiii // CoBpemennsie TexHojgorur. CHCTEMHBIN aHAIU3.
Monenuposanue. - 2018. - Ne 1 (57). - C. 72-79.

12. Boponwuna E.B., Kyt A.I1. [ToBeimenne kauecTBa dJIEKTPUIESCKON YHEPTHH B CHCTEMAX
3JIeKTpOCHA0KEeHHUs KeJe3HbIX Jopor // Momnonas Hayka Cubupu. 2021. Ne 2 (12). C. 118-125.

13. YepemnanoB A.B., Kymusrii A.Il. Mcrions30BaHme yrnpaBisieMbIX UCTOYHUKOB PEaKTUBHON
MOIITHOCTH B CHCTEMax TATOBOTO 3JIeKTpocHaOxeHus. BecTHuk MpKyTckoro rocynapcTBeHHOTO
TexHndeckoro yHuBepcutera. 2016. T. 20. Ne 9(116). C. 103-110.

14. Apcentnes I'.0., bynatos FO.H., Kprokos A.B., Kyusrii A.Il., Hryen B.X., Uepenanos
A.B., Yan 3.X., 2019. YnpaBneHue pekxuMaMy CHUCTEM AJIEKTPOCHAOXKEHHS JKEJIE3HBIX JOpOr Ha
ocHoBe TexHosoruil nntesuekryansHbix ceteit (SMART GRID). Upkyrck: UpI YIIC, pp: 412.

15. Grigoriev N.P., Klykov M.S., Trofimovich P.N., Tikhomirov V.A. Reduction of electrical
energy losses of power transformers of 25 kv traction substations // I0P Conference Series: Materials
Science and Engineering. International Conference on Transport and Infrastructure of the Siberian
Region, SibTrans 2019. 2020. C. 012060.


https://www.elibrary.ru/author_items.asp?refid=753975172&fam=%D0%9F%D1%83%D0%B7%D0%B8%D0%BD%D0%B0&init=%D0%95+%D0%AE
https://www.elibrary.ru/author_items.asp?refid=753975172&fam=%D0%9F%D0%B5%D1%80%D0%B5%D0%BB%D1%8B%D0%B3%D0%B8%D0%BD&init=%D0%92+%D0%9C
https://elibrary.ru/author_items.asp?refid=860119106&fam=%D0%97%D0%B0%D0%BA%D0%B0%D1%80%D1%8E%D0%BA%D0%B8%D0%BD&init=%D0%92+%D0%9F
https://elibrary.ru/author_items.asp?refid=860119106&fam=%D0%97%D0%B0%D0%BA%D0%B0%D1%80%D1%8E%D0%BA%D0%B8%D0%BD&init=%D0%92+%D0%9F
https://elibrary.ru/author_items.asp?refid=860119106&fam=%D0%9A%D1%80%D1%8E%D0%BA%D0%BE%D0%B2&init=%D0%90+%D0%92
https://elibrary.ru/author_items.asp?refid=860119106&fam=%D0%9A%D1%83%D1%86%D1%8B%D0%B9&init=%D0%90+%D0%9F
https://elibrary.ru/contents.asp?titleid=25864
https://elibrary.ru/contents.asp?titleid=25864
https://elibrary.ru/author_items.asp?refid=860119107&fam=%D0%A7%D0%B5%D1%80%D0%B5%D0%BF%D0%B0%D0%BD%D0%BE%D0%B2&init=%D0%90+%D0%92
https://elibrary.ru/author_items.asp?refid=860119107&fam=%D0%9A%D1%83%D1%86%D1%8B%D0%B9&init=%D0%90+%D0%9F
https://elibrary.ru/contents.asp?titleid=8486
https://elibrary.ru/contents.asp?titleid=8486
https://elibrary.ru/author_items.asp?refid=860119162&fam=%D0%90%D1%80%D1%81%D0%B5%D0%BD%D1%82%D1%8C%D0%B5%D0%B2&init=%D0%93+%D0%9E
https://elibrary.ru/author_items.asp?refid=860119162&fam=%D0%91%D1%83%D0%BB%D0%B0%D1%82%D0%BE%D0%B2&init=%D0%AE+%D0%9D
https://elibrary.ru/author_items.asp?refid=860119162&fam=%D0%9A%D1%80%D1%8E%D0%BA%D0%BE%D0%B2&init=%D0%90+%D0%92
https://elibrary.ru/author_items.asp?refid=860119162&fam=%D0%9A%D1%83%D1%86%D1%8B%D0%B9&init=%D0%90+%D0%9F
https://elibrary.ru/author_items.asp?refid=860119162&fam=%D0%9D%D0%B3%D1%83%D0%B5%D0%BD&init=%D0%92+%D0%A5
https://elibrary.ru/author_items.asp?refid=860119162&fam=%D0%A7%D0%B5%D1%80%D0%B5%D0%BF%D0%B0%D0%BD%D0%BE%D0%B2&init=%D0%90+%D0%92
https://elibrary.ru/author_items.asp?refid=860119162&fam=%D0%A7%D0%B5%D1%80%D0%B5%D0%BF%D0%B0%D0%BD%D0%BE%D0%B2&init=%D0%90+%D0%92
https://elibrary.ru/author_items.asp?refid=860119162&fam=%D0%A7%D0%B0%D0%BD&init=%D0%97+%D0%A5

16. Yepenano A.B., Kymsiit A.Il,, XucamoB A.P. BiusHue pexuMOB CHUCTEM BHEIIHErO
JIEKTPOCHAOKEHHUS Ha IPOIYCKHYIO CIOCOOHOCTh CHUCTEMBI TSTOBOIO 3JIEKTPOCHAOKEHUs
Il Tpauncnopthas uadpactpykrypa Cudbupckoro peruona. 2019. T. 2. C. 8-14.

REFERENCES

1. Banshchikova A.A., Bazilevsky M.P., Tikhomirov V.A. THE Forecasting of pass volume
of large containers carried on nontractive rolling stock in the export-import communication in towards
from Russian Federation to China [Increase of efficiency of electric energy recovery into AC
electrical networks]. Sovremennye tekhnologii. Sistemnyi analiz. Modelirovanie [Modern
Technologies. System Analysis. Modeling], 2017. Vol. 54, No. 2. Pp. 90-94.

2. Puzina E.Yu. Assessment of the potential for increasing the energy efficiency of the
traction power supply system of the Abakan power supply distance. Transport: science, education,
production: collection of scientific papers of the International Scientific and Practical Conference. -
Rostov-on-Don: Publishing house RGUPS, 2017 .-- S. 154-157.

3. Puzina E.Yu., Perelygin V.M. Strengthening the traction power supply system of the
Yakurim-Zvezdnaya section of the ESRD. Transport-2013: Proceedings of the International
Scientific and Practical Conference.-Rostov-on-Don: Publishing house of RGUPS, 2013.- S. 176-
178.

4. Ryabchenok N., Alekseeva T., Astrakhantsev L., Astashkov N., Tikhomirov V. Energy-
saving driving of heavy trains. Advances in Intelligent Systems and Computing, 2020. Vol. 982. Pp.
491-508.

5. Ryabchenok N.L., Alekseeva T.L., Astrakhantsev L.A., Tikhomirov V.A.
Energeticheskaya effektivnost' tyagovogo privoda magistral'nykh elektrovozov [Energy efficiency of
the traction drive of mainline electric locomotives]. Izvestiya Transsiba [Journal of Transsib Railway
Studies]. Omsk State Transport University Publ. Omsk, 2020. No. 1(41). Pp. 29-41.

6. Alexeyeva T.L., Ryabchenok N.L., Astrakhantsev L.A., Tikhomirov V.A.
Energeticheskaya effektivnost' v elektricheskikh tsepyakh s poluprovodnikovymi priborami [Energy
efficiency in electrical circuits with semiconductor devices]. Vestnik YurGU. Seriya «Energetikay.
[Bulletin of the South Ural State University. Series: “Power engineering”], 2020. Vol. 20. No. 2. Pp.
89-99.

7. Alekseeva T.L., Ryabchyonok N.L., Astrakhantsev L.A., Tikhomirov V.A., Astashkov N.P.,
Martusov A.L., Alekseev M.E. Parallel operation of an inverter with an electrical ac network IOP
Conference Series: Materials Science and Engineering. International Conference.

8. Alekseeva T.L., Ryabchenok N.L., Astrakhantsev L.A., Tikhomirov V.A., Alekseev M.E.
Povyshenie effektivnosti rekuperatsii elektricheskoi energii v elektricheskie seti peremennogo toka
[Increase of efficiency of electric energy recovery into AC electrical networks]. Sovremennye
tekhnologii. Sistemnyi analiz. Modelirovanie [Modern Technologies. System Analysis. Modeling],
2019. Vol. 62, No. 2. Pp. 86-97, DOI: 10.26731/1813- 9108.2019.2(62). 86-97

9. Puzina E.Yu. Estimation of the residual life of traction transformers of the Northern Route
of the ESRD. Transport-2013: Proceedings of the International Scientific and Practical Conference.
- Rostov-on-Don: Publishing house RGUPS, 2013. 173-175.

10. Puzina E.Yu., Tuigunova A.G., Khudonogov I.A. Monitoring systems for power
transformers of traction substations. Irkutsk, 2020 .-- 184 p.

11. Zakaryukin VP Modeling of non-sinusoidal modes of traction power supply systems
equipped with reactive power compensation installations / VP Zakaryukin, AV Kryukov, AP Kutsy
/I Modern technologies. System analysis. Modeling. - 2018. - No. 1 (57). - S. 72-79.

12. Voronina E.V., Kutsy A.P. Improving the quality of electrical energy in power supply
systems of railways // Young Science of Siberia. 2021. No. 2 (12). S. 118-125.

13. Cherepanov A.V., Kutsy A.P. The use of controlled sources of reactive power in traction
power supply systems. Bulletin of the Irkutsk State Technical University. 2016.Vol. 20.No. 9 (116).
S. 103-110.


https://elibrary.ru/author_items.asp?refid=860119152&fam=%D0%A7%D0%B5%D1%80%D0%B5%D0%BF%D0%B0%D0%BD%D0%BE%D0%B2&init=%D0%90+%D0%92
https://elibrary.ru/author_items.asp?refid=860119152&fam=%D0%9A%D1%83%D1%86%D1%8B%D0%B9&init=%D0%90+%D0%9F
https://elibrary.ru/author_items.asp?refid=860119152&fam=%D0%A5%D0%B8%D1%81%D0%B0%D0%BC%D0%BE%D0%B2&init=%D0%90+%D0%A0
https://elibrary.ru/contents.asp?titleid=51241

14. Arsentyev G.O., Bulatov Yu.N., Kryukov A.V., Kutsyy A.P., Nguyen V.Kh., Cherepanov
A.V., Chan Z.Kh., 2019. Management of modes of power supply systems railways based on smart
grid technologies (SMART GRID). Irkutsk: IrGUPS, pp: 412.

15. Grigoriev N.P., Klykov M.S., Trofimovich P.N., Tikhomirov V.A. Reduction of electrical
energy losses of power transformers of 25 kv traction substations // IOP Conference Series: Materials
Science and Engineering. International Conference on Transport and Infrastructure of the Siberian
Region, SibTrans 2019. 2020. C. 012060.

16. Cherepanov A.V., Kutsy A.P., Khisamov A.R. Influence of the modes of external power
supply systems on the throughput of the traction power supply system // Transport infrastructure of
the Siberian region. 2019.Vol. 2.P. 8-14.

Nudpopmanus 06 aBTopax
Boponuna Examepuna Buxmoposna — ctynentka rpynnsl COJ[ 1-17-1, HWpkyrtckuit

roCy/1apCTBEHHbIN YHUBEPCUTET nyTen cooO01eHus, r. Wpxkytck, e -mail:
eka7erina.voronina@yandex.ru
Kyyviti  Awmon  Ilasnosuu— wumwxenep YHUP, cr. npemomaBarens — kKadeapsl

«DJIEKTPO3HEPTETUKH TpaHCTIOpTay, UpKyTCKUil rOCy1apCTBEHHbIN YHUBEPCUTET IIyTEH COOOILEHNUS,
r. Upkyrck, e-mail: kutsyi_ap@irgups.ru

Authors
Ekaterina Viktorovna Voronina — student of the TSS 1-17-1 group, Irkutsk State Transport
University, Irkutsk, e-mail: eka7erina.voronina@yandex.ru
Anton Pavlovich Kutsyi — engineer UNIR, senior lecturer of the Department of Electric Power
of Transport, Irkutsk State Transport University, Irkutsk, e-mail: kutsyi_ap@irgups.ru



