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B cTaTtbe paccMOTpeHbl BOMPOCh! YKaaKu
nyTU B CJIOXHBIX KIIMMAaTUYE€CKUX YCIIOBUSIX
BabarikanbCckoii xxene3Hou 4oporv npu
peanusaunu THKes1I0BeCHOIro ABKeHUs

1 BHeApPeHUn HOBbIX IOKOMOTUBOB
«Epmak». YcTaHOB/1I€eHa B3aUMOCBSI3b
KJ1I04€eBbIX A4J151 KOHCTPYKLNU 6eCCTbIKOBOIo
nyTv nokasaresien: Temnepartypbl
3aKpensieHusl, rog0BON aMIINTyAbl
Temneparyp, KpUTu4eckoro paguyca

v ckopocTu aBwxeHus. lpeanoxeHb!
TexHu4yeckue peLueHus, obecrneymsaroyme
8/1eKTPOBO3aM HeOOXo[MbIe
ANHaMMU4Yeckne, CKOPOCTHbIe U Apyrne
3KCryaTauuoHHbIe XapaKTePUCTUKMU,

a TaloKke CHU)XeHue 3aTpar Ha yknanky

u cogeprxaHne 6eccTbIKOBOI KOHCTPYKLUUN
JKes1e3HO[40POXHOIO MyTH.

KnioyeBble c/ioBa: xene3Has gopora,
3/1eKTPOBO3, 6ECCTLIKOBOM MyTh, KPUTNYECKNIA
paaunyc, Temrneparypa 3akperyieHus nieTu,
3abarikasnbe, KIMMaTnyeckme yCaoBusl.
|
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Cmosnoeuu Iennaouii Muxaiiaoeur — 0okmop
mexHu¥ecKux Hayk, npogeccop Kageopol
«XKeneznodopocHblil nymos u npoexmuposarue
Jcenestvix 0opoe» JlanbHeeocmounozo
20Cy0apcmeeHH020 yHusepcumema nymeti coooujeHus,
(/IBI'YIIC), Xabaposck, Poccus.

Ilynamenxo Buxmop Buxmoposuu — kanoudam
mexnuyeckux Hayk, douyenm JIBI'YIIC, Xabaposck,
Poccus.

POEKTUPOBaHHUE, YKIIAIKA U COIEPKa-

HUe 0€CCTHIKOBOIO ITyTHU B CIIOXKHBIX

MIPUPOIHO-KIMMATUYECKUX U DKC-
IUIyaTallMOHHBIX YCIOBUSIX TPeOYIOT COBEpP-
LIEHCTBOBAHUSI YCTAHOBJIEHHBIX TEXHUYECKUX
HoOpM. M3MeHeHMe yCIOBMIl KCILIyaTalluy
0eCCTBIKOBOIO ITyTH 3a CYET BHEAPEHUSI DJICK-
TpoB030B 3DC5K «EpMak» mpu TsoKeJloBec-
HOM JIBIKEHUM MOe310B B 3abaiikajibe Cy-
LIECTBEHHO ITOBJIMSJIO Ha yMEHbIIIEHUE 01Ty -
cKaeMoro Ieperajga TeMIlepaTyphl ILIeTei
Ha oXJIaxIeHKe. DTO MPUBEJIO K CHIKEHUIO
MaKCHMAaJIbHOM TeMIIepaTyphl 3aKPEILICHMS,
CY>KEHMIO PacueTHOrO MHTEpBaja U BBIXOLY
OITUMAJILHOIO MHTEPBaa 3a IPaHMIIbI pac-
YETHOTO.

PemeHue sToii mpoGiaeMbl 0OCOOEHHO aK-
TyalbHO 1719 3a0aliKaJbCKOM XKeJIe3HOM 10-
pOrH, MOCKOJbKY Ha BCEM €€ IPOTSKEHUU
(90%) romoBble pacueTHBIE Meperaabl TeMIIe-
paTyp penbcoB peBbimaroT 110 °C, nocturas
9KCTpeMaIbHbIX 3HaYeHUi1 B 118 °C, Hanbob-
LIMX JUISI BCEM CETH XKeJIe3HbIX mopor Poccun.
Kpome Toro, KpvBble y4acTKU IIyTH COCTAB-
JISTI0T 0K0J10 40% 00111eii JJINHBI.

1St TOBBIIIEHUSI TEXHUKO-3KOHOMMU -
yecKou 3P (PEKTUBHOCTHU KCILTyaTallny O0ec-
CTBIKOBOI KOHCTPYKLIMM IIYTU B TAKUX YCIIO-

(2015)




TPOBCKHIi 3aBOJ!

173

<0lle

AMVYPCKAS
OBJIACTb

OEpodeii [TaBroBua

/

[ ]-10s..110°c; [ ]-114..117°C;  [L]-118°C. .
Puc. 1. Cxema 3abaiikanbCKoii Xene3Hoi 0pOru ¢ rofoBbIMU aMIANTYAaMU TEeMNepaTyp pPesbCoB.
Ta6mmma 1
PacuyerHble 3HaYeHHS TEMIIEpaTyp peJbCoOB B rpagycax HeJ’lBCl/Iﬂ

Cra"nuuu T . T . T, Cra"nuun T T . T,

3aBuTtas +56 —49 105 Xunok +58 -55 113
Benoropck +57 —49 106 3abaiikanbckasi +60 -53 113
BnarosereHck +58 —48 106 KcenbeBckast +57 —56 113
Apxapa +56 =51 107 Moroua +57 -56 113
Marzparaun +57 =51 108 OsoBsiHHAsK +60 -53 113
HapacyH +58 -53 111 CKOBOPOAMHO +57 -56 113
CBOOOIHBII +59 =51 110 [lInmanoBCKast +58 -55 113
Tebirma +58 -53 111 Bypes +60 -53 113
Epodeit [TaBmoBuy +57 —54 111 Bopas +60 —54 114
Yura +59 —52 111 3unoBo +59 —55 144
Tanman +60 —-52 112 YepHbIILIEBCK +57 —-57 144
Kapeivckast +60 -52 112 nnka +60 -56 116
Awma3zap +58 —55 113 Hepuunck +60 —57 117
TlerpoBckumii 3aBoj +58 —55 113 KysHra +60 —58 118
MorsoH +58 —55 113 CpeteHcK +60 —58 118

BUSIX BBITIOJTHEH aHAJIN3 IEVCTBYIOIINX HOPM,
Ha OCHOBE TEOPETUYECKUX PACUETOB TIPEJIO-
JKEHBI BAPUAHTHI PACIIMPEHUST TTOJIMTOHA €TO
YKJIAIKU U COXPaHEHMST yCTAHOBJIEHHBIX CKO-
pocTel IBUXEHUS MOE310B.

OCHOBHBIE BBIBOJIBI MOJYYEHBI C TIOMO-
IO MAaTEMaTUIECKOTO MOJIETMPOBAHUS pa-
0OTHI TUIEeTEl, aHaaIn3a MHOTO(MaKTOPHBIX
3aBUCUMOCTEN MEXITYy KPUTUYECKUM pPamuy-
COM, CKOPOCTBIO JIBUKEHWS, TEMIIepaTypoit
3aKPETUICHUST 1 TOIOBOI pacueTHOM TeMriepa-
TYPOU peJIbCOB.

Ha 3ab6aiikambcKoii mopore mpu pe3Ko
KOHTUHEHTAJIbHOM KJIMMaTe TeMmIiepaTypa
Bo3ayxa u3MeHsiercs oT —58 °C mo +40 °C [1].
PacueTHble TeMIiepaTyphbl peJIbCOB U TOJOBbIE
aMIIuTy bl uX usmeHenus T, Ha 30 KpymHbIX
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M Y3JOBBIX CTAHIMSIX MPUBEACHBI B Tab-
auue 1.

Ha BceM mpoOTsSKEHUU TOPOTU TOMOBBIE
nepemnazibl TeMIeparyp peabcoB T, u3MeHs-
fores ot 105 °C mo 118 °C. B Amypckoii 06-
JIACTH OOIIAsT IJTMHA YYACTKOB MYTH CO 3HaYe-
Husamu T, ot 105 °C o 110 °C cocraBnser
o0ko0Jj10 303 kM (10,7%). OcrajbHble Y4aCTKU
B 3a0alikabCKOM Kpae OOIIel MPOTSIKeHHO-
CThIO 0KO0J10 2528 kM (89,3%) umelor Temiie-
patypy T, or 110 °C no 114 °C. Ha puc. 1
TpuBeaeHa cxemMa 3a0ailkaJibCKO Kele3HON
JIOPOTHU C PACCTOSTHUSIMU MEXKIY CTaHIUSIMU
Y TOIIOBBIMUY aMILTUTYIaMH TEMIIePATyp peJib-
coB. 30Ha HAaMOOJIBIINX aMIUIUTYX OT 114 °C
1o 118 °C pacmojyioxeHa Ha TPaHCCUOMPCKOM
HaIlpaBJIeHUU MeXIy cTaHUusMu KapbiMm-
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Puc. 2. Pacnpegenenne KPpUBbIX y4aCTKOB NMyTU
no pagunycam.
ckasg—IlInnka 3ammagHo 9acTu 1OpOTy 1 31-
JnoBo—KceHbeBcKas Ha BocToke. B aTy 30HY
rmonanaet BeTka Ha CpeTeHCK U 9acTh XKeJle3-
HOW Joporu Bosjie ctaHuu bop3ss.

I1o Bceil JyiMHe raBHBIX MyTEH YCTPOESHbI
9867 KPUBBIX ITPOTKEHHOCTHIO 2694,69 KM,
5TO ITOYTH ITOJIOBMHA COBOKYITHOTO TOPOKHO-
ro Kmyiomerpaxa [2].

Ha 3a6aiikanbpckoit mopore yjaoxXeHO
U 3KCIUIYyaTHUPYyeTCs OOJbIIOe KOJIMIECTBO
KPUBBIX Majioro pamuyca (puc. 2). Tak, Kpu-
BbI€ ¢ paguycamu 650 M 1 MeHee COCTaBJISAIOT
1651,7 km (61,2% oT 001LEl MPOTSKEHHOCTU
KPUBBIX).

Jlig obecrieyeHnst 6€30MaCHOCTH JBUKeE-
HUS TOE300B C 3aJaHHBIMU CKOPOCTSIMU
M0 OECCTBIKOBOMY ITyTH TeMIIEpaTypHO-Ha-
MPSKEHHOTO TUIIA OMHUM 13 PeIIaroIInX yC-
JIOBUI SIBJISICTCS TIPAaBUJIBHOE OIIpeacICHIE
TEMIIEPATYPhl 3aKPEIUIEHU TIeTei t (t, )
Ha IMOCTOSIHHBIN peXXrUM dKCIITyatanuu. Jleii-
CTBYIOIIME HOPMEI [1] TpeOYIOT 3aKpeIlIsaTh
BCE IUIETU IIPH ONITUMAJIbHOM TeMnieparypet
(topt) 1 pa3pelialoT OTKJIIOHEHUS OT He€ B Ipe-
nenax =5 °C. g 3a0aiiKaJIbCKOM TUPEKIINNA
MHOPACTPYKTYPHI, KaK U I BCEX ITOPOT
JanbHero Boctoka Poccuu, cornacHo maH-
HBIM TaOJIMIBI 3 tom=35i5 °C. B To e Bpems
Ha yJyacTKaX C MUHUMAJIbHBIMM TEMIIepaTypa-
mu penbeoB T = —50 °C u HuXe pasperna-
eTCSI 3aKpeIIsITh IJICTH MPU TeMIlepaType
3045 °C. Takue MUHIMAJIbHBIC TEMIICPATYPHI
PeTbCHI UMEIOT ITPAKTUISCKU Ha BCEM TIPOTSI-
XeHUM 3abaiiKainbCKOM XeJIe3HOM TOpOoru,
KpOMe y4acTKOB ITyTH B 30He biraroBenieHcka.

YToOBl MOJAYYUTH OLIEHKU MPOYHOCTHU
U YCTOMYMBOCTU OECCTHIKOBOTO ITYTH B CY-
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IIECTBYIOIINX YCIOBUSIX, OMPEACIUTh JOITY-
CTUMBbIC CKOPOCTH IBUKEHUS TPY30BBIX TT0C-
3I0B M KPUTUYECKHE PATNYChl KPUBBIX, BBI-
TOJITHEHB MHOTOBAapHUaHTHBIC PACYCThI M aHAa-
JIN3 PeKUMOB BKCILTyaTalliM. YCTaHOBJICHA
B3aMMOCBSI3b PACUCTHBIX TeMIIEpaTyp 3aKpe-
TUICHMS TIPU PA3IMYHBIX CKOPOCTSIX ABVKCHUS
¥ TOIIOBBIX aMILIUTYIaX TeMIIepaTyp, ITapame-
TPOB IIaHA XeJIE3HOAOPOXKHOM JTUHUM (pa-
JIIYCOB KPUBBIX) C YICTOM JIOITYCKOB.

IpaHMIIbI ¥ BETMIMHY PACIETHOTO MHTEP-
Bajia 3aKpEIJICHUsI PETbCOBBIX TUIeTel At,
(At ) onpezesm 110 hopmyiam [1]:
mint =T - [Aty],
maxt =T — [Atp],

At =maxt —mint,

TIe min tz, max t3 — COOTBETCTBEHHO camMasl
HU3Kas M caMasl BBICOKasI TeMIIepaTyphl 3a-
kperutenus; T, T . — MakcHMaibHas U MU~
HUMaJIbHas TeMIIepaTypa peiibca |1, mpuiro-
XeHwne 3]; [Aty] — JOITyCKaeMOoe TOBbIIIEHUE
TEeMIIEPaTyPhI PEIbCOBBIX ILIETEH 10 YCIIOBUIO
YCTOMYMBOCTH TyTH [ 1, Tabm., 1. 2.1]; [Atp] —
IOoITycKaeMoe IMMOHMXEHHE TeMIIepaTyphl
PETBCOBBIX TUIETEH 1O YCIOBUIO MPOYHOCTH
penbca [1, Tabm., m. 2.2].

ITo 3aBucumoctu (1) onpeaeneHs pacyeT-
HBIC TeMITepaTyphl 3aKpeIieHus 0eCCTHIKO-
BBIX TJIETEH IIPU IIPOXOIe DIEKTPOBO3OB
BJI-80 u «EpmMak» co CKOpOCTIMU IBUKEHUS
60, 70, 80 1 90 km/u (puc. 3). ns ynobeTBa
TIOCTPOCHUS 3aBUCUMOCTEI TI0 OCH aOCIINCC
otnoxeHa kpuBmu3Ha 1/R, tme R — pammyc
kpuBoii. [1pu kpuBu3He 0,83 moIydeH cKauyok
B HECKOJIBKO TPaIycoB B TeMIIepaTypax 3aKpe-
aeHus 3a cueT repexona nmpu R <1200 m
Ha smropy 1mait ¢ 1840 mt./xm Ha 2000 11T, /KM.
PaznmuHbiM poHOM Ha puc. 3 BblIeaeHa OIl-
TUMaJIbHasl TeMIIEpaTypa 3aKpeIUICHUS B TIpe-
nenax ot +25 °C mo +35 °C, mormycku B 60JIb-
1y ctopoHy 10 +40 °C 1 B MEHBIIIYIO CTO-
pony no +20 °C.

CormocTaBieHIE pacUYeTHBIX U ONITUMAIb-
HBIX TEMIIEPaTyp 3aKpeTUICHUS TUIeTel TIpHu
ropopoit ammutyne T, =118 °C no3sBoJisgeT
c(OpMYIUPOBATH BEIBOJ, O TOM, UTO IIPH IIPO-
XOJI¢ TPY30BBIX IMOE3I0B C 3JIEKTPOBO3aMU
BJI-80 1 «Epmak» BOBHUKAIOT CYIIICCTBCHHBIC
OrpaHUYCHUS ITO0 CKOPOCTSIM IBVKCHUS B 3a-
BUCUMOCTH OT TEMIIEpaTyphl 3aKperuICHUS
Ha IIPSIMBIX ¥ KPUBBIX YIaCTKAX ITyTH.

Ha puc. 3 HarsimHO MOKa3aHO YMEHBIIIE-
HHE pacyeTHOTO MHTepBaja 3aKpeIlIeHUS

I
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3/1eKTPOBO30B CO ckopocTamu 60—90 km/4: a) BJ1-80; 6)»Epmak».
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Tab6auna 2
BemunHbI KPUTHYECKUX PATUYCOB KPUBBIX M HHTEPBAJbI TEMIEPATYP 3aKperieHns ieTei npu
T,=118°C
Vv, Onexrposo3 BJI-80 Dnekrposo3 «Epmax»
KM/ RKP, M rpaHuLbl At RKP, M TpaHUIIbI At
min t, max t, min t, max t,
60 300 +30 +40 444 +20 +30
70 350 +26 +36 533 +18 +28
80 400 +22 +32 600 +16 +26
90 500 +17 +27 800 +13 +23
60 363" +25 +35 645 +25 +35
70 800 +25 +35 2000 +25 +35
80 2000 +25 +35 0 +25 +34
90 4000 +25 +35 0 +25 +30
TpumeuaHue: ” MO YCIOBUIO YCTONYMBOCTH MYTH HA BLIOPOC.
Ta6uuna 3

CHuKenne 101yCKaeMOro 0 YCIOBHIO IPOYHOCTH PeJIbCOB NMOHILKEHMs TemMmeparypsi At , °C
I1s1 3J71eKTPoB030B «EpmMak»

v, TTpsmas Kpusas paguycom, M

KM/4 2000 [1200 [1000 [800 [600 [500 400 [350 [300 [250
CeKILMOHHBIN 3JIeKTpoBO3 «EpMak»

60 11 9 8 7 7 8 9 12 15 17 20
80 11 9 7 7 7 10 13 15 17 -
100 11 9 7 7 7 9 = = = =
DnekTpoBo3 D5K

60 8 9 8 9 9 11 13 18 21 25 31
80 8 9 9 8 9 11 14 20 22 27 -
100 8 9 8 8 9 11 14 — — — —

PENbCOBBIX MUIETe At (At ) 10 HYJIs C yMEHb-
LIEHKEM PaJuyCOB KPUBBIX U IOBBIILIEHUEM
CKOPOCTE ABVKEHUS Toe3m0B. Ecii mpuHSTH
MHWHHUMAaJIbHBIM MHTEPBAJ 3aKPEIICHMS TIIe-
teit 10 °C, To MOXHO OIIPENeIUTh KPUTHU-
Jeckue paanycel R v rpaHulbl HHTEpBaIa
3aKperuieHus. Pe3ynmbraThl pacuyera 3TUX TIa-
paMeTpoB IpUBEICHBI B TAOINIIE 2.

B XpuBbIX y4acTKax MyTH IIPU paguycax
MeHbIIe R 6eCCTBIKOBOI MyTh 110 YCIOBHU-
SIM TIPOYHOCTHU M YCTOWUMBOCTU YKJIAIBI-
BaTb HeJib3sl. [1o JaHHBIM TabGIULBI 2 BUTHO
CYIIECTBEHHOE OTpaHUYCHUE IJIsI YKIAAKKN
0eCCTBIKOBOTO MYTH B KPUBBIX C IMOBBILIE-
HUEM CKOPOCTEil ABMXEHUS, 0COOEHHO P
ONTUMAJIbHOM HMHTEpBaJie 3aKpeIICHUSI
At B Ipexenax or +25 °C nmo +35 °C.
OnekTtpoBo3 «Epmak» B 1,5 pa3a u Goiee
YBEJIMYKUBACT KPUTUYECKUE PALUYChI IPU
WHTEpBaJie 3aKpeIUICHUS 3a MpeaeaaMu
ONTUMAaJIBHOTO ¥ HE UMEET MpaBa IBUTATh-
CsI CO CKOPOCThIO Oosiee 75 KM/4 Ha Ips-
MBIX, CO CKopocThio 70 KM/4 — Tipu
R>2000 M, co ckopocTbhio 60 KM/4 — pu

R>645, M, eciu ety ObLIM 3aKpeIlieHbI
npu Temreparype +35 °C.

BHenpeHue B 3KCIUTyaTaInio HOBOTO CeK-
HUOHHOTO 3JeKTpoBo3a 3DCS5K «Epmak»
YMEHBIIIUJIO paCUETHBIN MHTEPBAJI 3aKpeTuIe-
HUS TUIETEN 34 CUET CHUXKEHUS BEJIMYUHBI At
Ha 7—20 °C, a omHOceKIIMOHHOTO D5K —
Ha 8—31 °C mo cpaBaenuro ¢ BJI-80 (Tabmu-
ma 3).

TouyHO Tak Xe Mpu 3KCIUTyaTallu 3JICK-
TpoBo3a «EpMak» moirkHa ObUTa IIOHU3UTHCS
BEPXHSISI TpaHMIIAa MHTEpBalla 3aKpeTIcHUs
maxt (puc. 3), YTO MOATBEPKIAECHO PACYETAMH.
[ToBhIIIIEHHOE CHIIOBOE BO3ICHCTBHUE HA ITYTh
anekTpoBo3a 3DCS5K 1mo cpaBHEHHIO ¢ 3JIeK-
TpoBo30oM BJI-80 cBsizaHO ¢ yBeIUUYeHHUEM
y «EpmMakoB» HemoapeccopeHHOUM Macchl
1o 41 xH Ha Koeco 1 u3MeHeHEeM KOHCTPYK-
1Y TIOABECKHU TSTOBOTO IBUTATEJIS.

Ecnu 3akpenuTh 6€CCTHIKOBBIC TUICTH TIPU
BEepXHEU rpaHMIle ONTUMAIHLHOTO MHTEpBaja
temmepatyp +35 °C, To IBIIKEHHME 3JIEKTPO-
Bo3a BJI-80 Ha KpMBBIX yyacTKax IIyTH C pa-
nuycoM ot 250 mo 800 M BO3MOXKHO CO CKOPO-
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Puc. 4. 3aBucumocTtb
KpPUTUYECKOro
paaunyca
OoT Temneparypbl
3akpernieHns
nnertei npv npoxoae
anekTpoBo3a «Epmak»:
a)npnT,=113 °C;
6)npuT,=118°C.
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cThio He Oosiee 70 KM/4, CO CKOPOCTHIO
80 kmM/4 — nipu R>800 M, co cKOpoOCThIO
90 km/4 — ipu R>1467 m. [1pu 3akperuieHun
mieteit ¢ yuetom gomnycka (+40 °C) 3oHa
YKJIaJKK GECCTHIKOBOTO IMYTH CYIIECTBEHHO
cyXaeTcsi: CKOpocCTh 60 KM/4 JOMyCTUMAa ITPU
R>300 m; V=70 kxm/4 — npu R>800 m;
V=80 km/u — ipu R>2000 m; V=90 km/u —
TOJIBKO Ha MPSIMBIX YYaCTKaX MyTH.

Enie 6osiee 3HaUMTETHHOE YMEHBIIIEHME 30HBI
YKJIQIKKA OECCTHIKOBOIO IyTH JAET 3JIEKTPOBO3
«Epmax» (puc. 36) mpu t, =+40 °C. Co ckopocTbio
60 KM/9 MOXKHO IBUTaThCsl Ha y4acTKax ITyTH
¢ R>2857 M, ckopoCTh ABUXXEHMS MMOE3I0B
65 KM/4 BO3MOXKHA TOJIBKO Ha TPSIMBIX.

[IpuBeneHHbIe pe3yJbTaThl OKa3bIBAIOT,
YTO 3aKpeIUICHUE TUIETEH ITpY TeMITepaTypax,
COOTBETCTBYIOLIMUX BEPXHEW 30HE ONTUMAJIb-
HOT'O MHTepBaJia 3aKpeIICHUs WU 30HE 10-
IycKa, 3Ha4UTEeJIbHO OrpaHUYuBacT chepy
MPUMEHEHUSI OECCTHIKOBOTIO ITyTH, IIOCKOJIBKY
Ha TaKUX y4acTKax TpeOyeTcsl orpaHuveHue
JIOTTYCKAEMBbIX CKOPOCTEH IBVXKEHMUS TIOE310B.

CMellleHHMe TeMIlepaTypbl 3aKperuieHust
B HVDKHIOIO YaCTh pa3pellieHHOro 1uarna3oHa
pacimupsieT 30HY YKJIaaKu 0eCCThIKOBOTO
nytu. Tak, npu t =+40 °C anektpoBo3 «Ep-
MaK» MOXKET IBUTAaThCSI CO CKOPOCTHIO
1o 90 KM/4 Ha TIPSIMBIX U KPUBBIX 1O KPUTU-
yeckoro paguyca 1000 m.

[Ipu onpeneieHUN ONTUMATBHOI TEMITe-
paTypbl 3aKperieHUs] OECCThIKOBBIX IUIETEM

® MUP TPAHCIOPTA, Tom

,N25,C. 64—

JOTIOJIHUTEIbHO YUUTHIBAIOTCSI JOITyCKAEMbIe
M3MEHEHUSI TEMITepaTyphl PeJIbCOBBIX TUIETEM
Mpu paboTe MyTeBBIX MAIIMH W TIPU TIPOU3-
BOJICTBE IYTEBBIX pabOT, a TAKXKE HAaUBBICIIIAsT
JorycKaeMmasl TeMIlepaTypa 3aKperieHus
IUIETEe MO YCJIOBUSM IPOYHOCTU OOJITOB
B CTBIKE M BEJIMUMHE 3a30pa IPY U3JIOME ILIe-
tu. CornacHo [1], mpu Temriepatypax HUXe
—45 °C 1 npUMeHEeHUU TUTIOBBIX CTHIKOBBIX
00JITOB MaKCHMaJIbHasl TeMIlepaTtypa 3aKpe-
ruieHus coctapisiet +30 °C.

Ha ycnoBus ykinanku u cogepxaHus 6ec-
CTBIKOBOI'O MYTH BJIUSIIOT CJICAYIOIIUE IMOKa-
3aTe/In: TEMIEpaTypa 3aKpeIIeHus t, ro1oBast
amrMTyaa Kkoneb6anuit remneparyp T, , panu-
yc KpuBoii R, uMu orpejensiercss CKOpocTh
JIBUKEHUS JIOKOMOTHBA V. BhINTOJIHEHHbBIE
pacyeTbl TOMOIIM YCTAHOBUTDH B3aUMOCBSI3b
9TUX napameTpoB. IToydeHHbIE 3aBUCUMO-
CTH, IPUBEIEHHBIC Ha pUC. 4—06, TO3BOJISIOT
OIPENIEIUTh JOMYCKAEMYI0 CKOPOCTh IBHKE -
HUSI TIOE3/I0B ¢ 3JIeKTpoBo3amMu «Epmak» st
YCJIOBUI 3KCILTyaTallid B Pa3HbIX KIMMaTH-
YeCKMX 30Hax B Ipeneiax 3abalikalbCKOn
JKEJIe3HOM I0POTH.

Tak, U3 DaHHBIX, IPEICTABJICHHBIX Ha
puc. 6, cleayeT, 4YTo CO CKOpOCThio 90 KM/4
951eKTpoB0o3y 3DCS5K MOXKHO IBUTaThCS B KPU-
BbIX R>467 M ipu T, =105 °C, a B 6o1ee cypo-
BBIX KJIMMATUYECKUX YCIOBMAX (IpHU
T,=113°C) — yXe B KDUBBIX PaINYCOM HE Me-
Hee 645 M. Ha Tex ydacTtkax 3abaiikaibCKoi
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nopor#, rae T,=118 °C, ckopoCTb IBUXKEHUS
90 KM,/4 17151 TT0€310B C IOKOMOTUBOM «EpMak»
BO3MOXHAa TOJBKO B IIPSIMBIX M KPUBBIX PaIi-
ycom 6oJiee 800 M. B aToM ciiyyae Makcumalb-
Hasl TeMIiepaTypa 3aKperieHUsT pebCOBBIX
ruteTeit qoykHa ObITh oT +25 °C no +23 °C.

B cBsi3u ¢ pe3KuM CHMXKEHUEM BepXHEi
TpaHUIIBI PACYETHOTO MHTEPBaJIa 3aKPETUICHUST
0eCCTBIKOBBIX TUIETEl MPY BBOJIE B OKCILTyaTa-
LIMIO 3JIeKTpoBO3a «EpMak» I pacimpeHust
TOJINTOHA YKJTAJIKM OECCTHIKOBOTO MYTH PEKO-
MEHJIyeTCsl '3MEHUTh ITOJIXO]T K BBIOOPY pacueT-
HBIX TEMITEPATyp PEJIbCOB. 3a PaCUETHYIO MU-
HUMaJIbHYIO TeMIIepaTypy HeoOXomIuMo OpaTh
He 3KCTpeMaJIbHYIO 3a BECh TIeprOJ1 Ha0IToIe-
HUI1, a YaCTO TIOBTOPSIIOLIYIOCS TeMIIEPaTypy.
B cinyuae mosiBieHUsT SKCTpeMaTbHBIX WU
OJIM3KUX K HUM TeMIlepaTyp CJIeayeT 3apaHee
YCTaHOBUTH Ha YJacTKe BPEMEHHOE KPaTKOC-
POYHOE CHIDKEHWE CKOPOCTH JBVMIKEHUS TI0€-
3710B. Takast MeToMKa u3BecTHa [3].

PEKOMEHOALUU

Jnst pacliMpeHUsT TTOJUTOHA YKJIaAKKW
0eCcCThIKOBOTO MyTH Ha 3a0aliKalbCKOM XKe-
JIE3HOI OpOre W MOBBIIIEHUSI CKOPOCTEM
JIBIDKEHMST MOXHO TIPEIJIOKUTD CJIEMYIOIINe
TEXHUYECKUE PEIIECHMUS.

1. CHU3UTH ONTUMAJILHBI MHTEpBaJ 3a-
KperuieHus1 0eCCThIKOBbIX IieTeit oT +25+5°C
o +20£5 °C.

2. 3a pacyeTHoe 3HaueHue T . TIPUHATH
He 9KCTpeMaJIbHYIO BEJINYMHY, a 60Jiee BbICO-

KOe 3HayeHHe, C Y4eTOM MOBTOPSIEMOCTU
MUHUMAaJbHBIX TemIiepaTyp. B ToT mepuon
BpPEMEHHM, KOrjaa BO3MOXHBI TeMIIepaTyphl,
OJMM3KME K IKCTpeMaJbHOU, HEOOXOAUMO
OIpeAeIUTh JOMYCKAeMble CKOPOCTHU JABMKE-
HUS MOE3/10B.

3. CHM3UTH Min t, B KPUBBIX MAJIOTO pay-
yca Ha 4—7 °C 3a cueT JOTOJHUTEIbHbBIX Me-
PONPUSITUNA, TPEAYCMOTPEHHBIX UHCTPYKIIMEH
[1]. Pactumputh mp¥MeHEHUE ITUX MEPOTTPUSI-
Tl 1o paguyca 500 M (IUTpuxoBast JIUHUS
Ha puc. 3).

4. TlpeaycMOTpEeTh CE30HHYIO Pa3pSIaKy
HaIpsDKeHU B OECCTHIKOBBIX TIIETSIX B KPU-
BBIX MAJIOTO panyca ¢ y4eTOM TeXHUKO-3KO0-
HOMUWYECKOT0 OOOCHOBAHUSI.

5. [ToAroTOBUTH TEXHUYECKUE PEIICHUS
MO0 CHUXXEHUIO TMHAMUYECKOTO BO3IEHCT-
BUS HOBOTO 3JieKTpoBo3a 3DCS5K «Epmak»
10 YpOBHS, MO KpallHe Mepe, COOT-
BETCTBYIONIETO MMOKa3aTeasIM 3J1EKTPOBO3a
BJI-80.

JINTEPATYPA

1. MHCTpYKIIMS TI0 YCTPOMCTBY, YKIIAJKe, CONepKa-
HMIO ¥ PEMOHTY OECCTBIKOBOTO TIYTH. YTBEpKIeHa pac-
nopsixxeHueM OAO «P2XKJI» ot 29 nekabpsa 2012 r.
Ne 2788p. — M., 2012. — 138 c.

2. MuHueHko B. A. Dkcrutyaraiysi KOMOMHUPOBaH-
HOU pen€Tku Ha 3abaiikaibckoii gjopore // TlyTb u my-
TeBoe xo3siicTBo. — 2008. — Ne 8. — C. 12—13.

3. CrostHoBuY [. M. PacueThl BepXHETO CTPOCHUSI
MyTU HA TMPOYHOCTb U YCTOWYMBOCTb: KypC JEKUUH. —
Xabaposck: [IBI'YIIC, 2013. — 79 c.

4. Kimumenko JI. B. @yHgaMeHT 6eCCTHIKOBOTO MTyTH
// Mup tpancniopra. — 2009. — Ne 2. — C. 28—31.

KoopaunHatbl aBTopoB: CtosiHoBuY I'. M. — oif@festu.khv.ru, MynateHko B. B. — pvw@festu.khv.ru.

Cratbs noctynuna B pegakumto 29.05.2015, npuHaTa k nydnvkauumn 27.08.2015.

® MWP TPAHCMOPTA, Tom 13, N2 5, C. 6478 (2015)

CrosHoBud . M., MynateHko B. B. Yknaaka 6€CCTbIKOBOro NyTH B CJIOXHBIX KIMMaTU4Y€CKUX YCIIOBUSAX




LAYING OF CONTINUOUSLY WELDED RAIL TRACK IN EXTREME CLIMATIC

CONDITIONS

Stoyanovich, Gennady M., Far Eastern State Transport University (FESTU), Khabarovsk, Russia.
Pupatenko, Victor V., Far Eastern State Transport University (FESTU), Khabarovsk, Russia.

ABSTRACT

The article considers issues of track laying in ex-
treme climatic conditions of Trans-Baikal region,
features of heavy trains and new locomotives of Ermak
type operations at Zabaikalskaya railway [Trans-Baikal
branch of JSC Russian Railways]. The interrelation of
key indicators for the construction of continuously

welded rail track (CWR) is set. They include stress-free
temperature, annual temperature amplitude, critical
radius and speed of traffic. Technical solutions are
suggested that provide electric locomotives with ne-
cessary dynamic, speed and other performance
characteristics, as can allow well as reduction of the
cost of laying and maintenance of CWR.

Keywords: railway, electric locomotive, continuously welded rail track, CWR, critical radius, temperature
of strings fixing, Trans-Baikal region, climatic conditions.

Background. Design, laying and maintenance of
CWR in extreme climatic and operating conditions
require improvement of previously set technical stan-
dards. Changes in operating conditions of CWR (or
long-welded rails, LWR) in Trans-Baikal region is due
to the start of operation of electric locomotives 3ES5K
«Ermak» for heavy train traffic. It significantly influ-
enced the reduction of acceptable thermal gradients
of rail strings in cooling-down phase. This led to a
decrease in the maximum fastening and anchorage
temperature, narrowing of calculated interval and
positioning of optimal interval beyond calculated
border.

The solution to this problem is particularly acute
for the Zabaikalskaya Railway, as within its entirety
(90%) annual allowable temperature differences of
rails exceed 110 °C, reaching extreme values of 118
°C, which is the highest index for the entire railway
network of Russia. Moreover, the curved track sec-
tions occupy about 40% of the total length.

Objective. The objective of the research was to
analyze existing rules if railway operations in Trans-
Baikal region in order to search for solutions resulting
in improvement of technical and economic perfor-
mance of CWR in extreme climatic conditions. The
research also comprised computation and thoretical
calculations to develop suggestions regarding en-

hancement of CWR operation zone in the region and
maintaining of previously set speed values of train
traffic.

Methods. The main conclusions were obtained
by mathematical simulation of LWR strings, analysis
of multivariate dependencies between crucial radius,
speed, ambient temperature during fastening and
anchoring (later on called fixing temperature), and
annual allowable temperature of rails.

Results. Trans-Baikal railway is in the zone of the
sharply continental climate, and temperature during
the year ranges from -58 “C to + 40 ‘C [1]. Calculated
temperatures of rails and annual changes in their
amplitude T, at 30 large and hub stations are shown
in Table 1.

Throughout the railway annual temperature dif-
ferences of rails T, vary from 105 ‘C to 118 °C. In the
Amur region the total length of track sections with
values T, from 105 °C to 110 °C is about 303 km
(10,7%). The remaining sections in the Trans-Baikal
region with a total length of about 2528 km (89,3%)
have T,from 110 ‘Cto 114 °C. Pic. 1 shows a diagram
of the Trans-Baikal Railway with distances between
stations and annual temperature amplitudes of rails.
The area of the largest amplitudes from 114 °C to
118 °C is located on the TransSiberian section be-
tween stations Karymskaya — Shilka of the western

Table 1
Calculated temperature values of rails in degrees Celsius

Stations T .. T, T, Stations T .. T . T,

Zavitaya +56 —49 105 Khilok +58 —55 113
Belogorsk +57 —49 106 Zabaikalskaya +60 -53 113
Blagoveschensk | +58 —48 106 Ksenievskaya +57 -56 113
Arkhara +56 —51 107 Mogocha +57 —56 113
Magdagachi +57 =51 108 Olovyannaya +60 -33 113
Darasun +58 -53 111 Skovorodino +57 -56 113
Svobodniy +59 =51 110 Shimanovskaya +58 —55 113
Tygda +58 —53 111 Bureya +60 —53 113
Erofei Pavlovich | +57 —54 111 Borzya +60 —54 114
Chita +59 -52 111 Zilovo +59 —55 144
Taldan +60 -52 112 Chernyshevsk +57 —-57 144
Karymskaya +60 —52 112 Shilka +60 —56 116
Amazar +58 -55 113 Nerchinsk +60 -57 117
Petrovsky zavod | +58 -55 113 Kuenga +60 —58 118
Mogzon +58 —55 113 Sretensk +60 —58 118
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Pic. 1. Scheme of Trans-Baikal railway with annual temperature amplitudes of rails.

part of the railway and stations Zilovo and Ksenievs-
kaya in the eastern part of the railway. This area in-
cludes auxilliary line to Sretensk and part of the railway
near the station Borzya.

The entire length of the main track comprises
9867 curves with the length of 2694,69 km, represent-
ing almost half of the total road mileage [2].

A large number of small-radius curves are also
laid and operated within Trans-Baikal railway ( Pic. 2).
Thus, the curves with radii of 650 m or less amount to
1651,7 km (61,2% of the total length of curves).

Since CWRin the region is of a temperature-stress
type, correct identification of temeprature of fasten-
ing and anchoring of LWR strings, intended for per-
manent operations, is a key condition of ensuring
traffic safety at an approved speed. Current regula-

50

tions [1] require to fix all the LWR strings at the opti-
mum temperature t, while allowed deviations from
it should not exceed = 5 °C. For infrastructure depart-
ment of Trans-Baikal railway, as well as for all railways
in the Russian Far East, according to Table 3t, =35
+ 5 °C. At the same time in areas with a minimum
temperature of rails T, = -50 °C and below it is al-
lowed to fix the LWR strings at a temperature of 30
5 °C. Rails have such minimum temperature all
over the Zabaikal Railway, except for track sections
in the area of Blagoveshchensk.

To obtain estimates of strength and stability of
CWR in the current circumstances, to determine al-
lowable speed of freight trains, and minimum radii of
curves, multiple calculations and analysis of the op-
erating conditions are conducted. The interrelation of
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Pic. 2. Distribution of curved track sections according to the radii.
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Table 2

The critical radii of curves and intervals of fixing temperature of strings at T, = 118 °C

v, Electric locomotive VL-80 Electric locomotive «Ermak»
km/h R, m boundaries At R, m boundaries At,
min t, max t; min t, max t,
60 300 +30 +40 444 +20 +30
70 350 +26 +36 533 +18 +28
80 400 +22 +32 600 +16 +26
90 500 +17 +27 800 +13 +23
60 363" +25 +35 645 +25 +35
70 800 +25 +35 2000 +25 +35
80 2000 +25 +35 0 +25 +34
90 4000 +25 +35 0 +25 +30
Note: ” at the condition of track stability to distortion.
Table 3

Reduction of allowable by the terms of rail strength reduction of temperature At , °C for electric
locomotives «Ermak»

vV, Straight | Curve with a radius, m

km/h section 12000 1200 [1000 [800 [600 [500 400 [350 [300 [250
Sectional electric locomotive «Ermak»

60 11 9 8 8 9 12 15 17 20
80 11 9 7 7 8 10 13 15 17 —
100 11 9 8 9 — — — —
Electric locomotive ESK

60 8 9 8 9 9 11 13 18 21 25 31
80 8 9 9 8 9 11 14 20 22 27 -
100 8 9 8 8 9 11 14 — — - -

calculated temperature allowing fastening works with
account for different speeds and annual temperature
amplitudes, parameters of the railway line (curve
radius) with account for permissible allowance is
established.

Borders and the estimated value of the interval of

fastening of CWR strings At,_is determined by formu-
las [1]:

mint, =T . —[At],

maxt, =T . — [Afp], (1)
At, =maxt, —mint,,

where mint,, maxt, are respectively, the lowest and
the highest fixing temperature; T, T . are maximum
and minimum temperature of the rail [ 1, annex 3]; [At]
is permissible temperature increase of CWR strings at
the condition of stability of track [1, table, p. 2.1]; [At ]
is permissible temperature decrease of CWR strings
at the condition of the rail strength [1, table, p. 2.2].

Using dependence (1) estimated CWR fixing
temperatures are determined for electric locomotives
VL-80 and «Ermak» passing at speeds of 60, 70, 80
and 90 km/h (Pic. 3). For the convenience of con-
structing dependencies curvature if 1/R is shown on
the x-axis where R is radius of the curve. When the
curvature of 0,83 is obtained a leap of a few degrees
in fixing temperature is obtained due to transition at
R <1200 m of distribution of sleepers from 1840
pcs/km to 2000 pcs/km. Different backgrounds in
Pic. 3 mark optimum fixing temperature ranging from
25 °Cto 35 °C, permissible allowances upward to + 40
°C and downward to + 20 °C.

Comparison of calculated and optimum fixing
temperature of CWR strings with an annual amplitude

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 13, Iss. 5, pp. 64-78 (2015)

T, =118 "C allows us to formulate the conclusion that
at the passage of freight trains with electric locomo-
tives VL-80 and «Ermak» there are significant restric-
tions on the travel speed depending on fixing tem-
perature on straight and curved track sections.

Pic. 3 clearly shows a decrease in the calculated
interval of fixing of rail strings At, to zero with decreas-
ing radius of curves and increase in train speeds. If
we take the minimum interval of fixing of CWR strings
as 10 °C, it is possible to determine critical radius R,
and boundaries of the fixing interval. Results of cal-
culation of these parameters are given in Table 2.

In curved track sections at radii smaller than R
CWR under the terms of the strength and stability
cannot be laid. According to Table 2 there is a sig-
nificant limitation for laying CWR in curves with in-
creasing speeds, especially at the optimum fixing
interval At between + 25 °Cto 35 °C. Electric locomo-
tive «Ermak» increases by 1,5 or more times critical
radii in the fixing range beyond optimal and is not al-
lowed to move at a speed of over 75 km/h on the
straight sections, with a speed of 70 km/h if R> 2000 m,
ata speed of 60 km/h if R> 645 m, if CWR strings were
fixed at the temperature +35 °C.

The introduction of the new sectional electric lo-
comotive 3ES5K «Ermak» has reduced the estimated
interval of fixing of strings by reducing the value At,
by 7-20 °C, and single-section E5K — by 8-31 °C
compared to VL-80 (Table 3).

Similarly, in the operation of electric locomotive
«Ermak» the upper limit of fixing interval max t, should
decrease (Pic. 3), and that is confirmed by calcula-
tions. The increased force impact on the track by
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Pic. 3. Calculated and optimum fixing temperatures of CWR strings for the traffic of electric locomotives at
speeds of 60-90 km/h: a) VL-80; b)»Ermak».
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electric locomotive 3ES5K compared to an electric
locomotive VL-80 is associated with growing «Ermak>»
unsprung weight up to 41 kN per a wheel and with
changing of the design of the suspension of the trac-
tion motor.

If we fix CWR strings at the upper boundary of
the optimal temperature interval of + 35 °C, the
movement of electric locomotive VL-80 on the
curved track sections with a radii from 250 to 800 m
is possible at a speed of not more than 70 km/h, at
R> 800 m a permissible speed is of 80 km/h, at R>
1467 m the speed should not exceed 90 km/h. If
CWR strings are to be fixed taking into account the
allowance (+40 °C) the zone of laying of CWR sub-
stantially narrows: the speed of 60 km/h is possible
atR>300m; V=70km/hat R>800m; V=80km/hat
R> 2000 m; V = 90 km/h can be reached only on
straight track sections.

Even more significant reduction in area of laying
of CWR is conditioned by electric locomotive «Er-
mak» (Pic. 3b) att, =+40 "C. With a speed of 60 km/h
it is possible to move on sections with R> 2857 m,
the train speed of 65 km/h is only possible on straight
sections.

These results show that the fixing of CWR strings
at temperatures corresponding to the upper zone of
the optimum fixing interval or within allowance zone,
significantly limits the scope of continuous welded
track, since on these sections it is required to limit
permissible train speeds.

Positionning of the fixing temperature in the
lower part of permissible range extends the zone of
laying of CWR. Thus, att, =+40 °C electric locomotive
«Ermak» can move at speeds up to 90 km/h on straight
and curved sections up to a critical radius of 1000 m.

While determining the optimum fixing temperature
of CWR strings, some other additional factors are
taken into account: allowable temperature change of
rail strings during operation of track machines and
engineering works, as well as the highest permissible
fixing temperature of strings according to the terms
of the strength of bolts in the joint and gap size at the
fracture of string. According to [1], at temperatures
below —-45 °C and applying standard clamp bolts
maximum fixing temperature is + 30 °C.

Conditions of laying and maintenance of continu-
ous welded track are affected by the following param-
eters: fixing temperature t,, annual amplitude of
temperature fluctuations T,, curve radius R, and they
determine the speed of movement of the locomotive
V. The calculations helped to establish the relationship
between these parameters. The obtained depen-
dences are shown in Pic. 4-6, to define permissible
speed of trains with electric locomotives «Ermak» for
the operating conditions in different climatic zones
within the area of Trans-Baikal Railway.

Thus, Pic. 6 shows that at a speed of 90 km/h
electric locomotive 3ES5K can move on curved sec-
tions R> 467 m at T, = 105 °C, it can be operated in
more severe climatic conditions (at T,= 113 'C) - on
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Pic. 6. Dependence of critical radius on annual temperature amplitude of rails for the
speed of electric locomotive «<Ermak» of:

@ - V=60 km/h; @ - V=70 km/h; B) - V=80 km/h; @) ~V=90 km/h;

- maximum temperature of strings fixing.

curves with a radius of at least 645 m. In areas of
Trans-Baikal Railway, where T, = 118 "C, speed of
90 km/h for trains with a locomotive «Ermak» is pos-
sible only in straight lines and in curves of a radius
greater than 800 m. in this case, the maximum tem-
perature of fixing of CWR strings should be from
+25°Cto+23 °C.

Due to the sharp reduction in the upper limit of
the estimated interval of CWR strings fixing at com-
missioning of electric locomotive «Ermak» if one wants
to expand the landfill of laying of CWR it is recom-
mended to change the approach to the selection of
estimated temperature of rails. Often repeated tem-
perature, but not the extreme values observed during
the entire period of monitoring, should be considered
as an estimated minimum temperature. In the event
of approaching to extreme temperatures it is neces-
sary to setin advance on the section temporary short-
term decrease in the speed of trains. This method is
known [3].

Recommendations. To expand the landfill of
laying of CWR at Trans-Baikal railway and to increase
traffic speed, the following solutions can be offered.

1. To reduce optimal interval of fixing of CWR
strings from +25+5 °C to +20+5 °C.

2. As calculated value of T_, higher, but not
the extreme value should be considered, taking
into account the frequency of occurrence of
minimum temperatures. In that period of time
when possible temperatures are close to the
extreme, itis necessary to determine the permis-
sible speed of trains.

3. To reduce min t,_in curves of small radius by
4-7°C through additional activities under the instruc-
tion [1]. To expand the application of these measures
to a radius of 500 m (dashed line in Pic. 3).

4. To provide seasonal stress unloading in CWR
in curves of small radius, taking into account the
feasibility study.

5. To prepare technical solutions to reduce the
dynamic impact of the new electric locomotive 3ES5K
«Ermak» to a level at least corresponding to the per-
formance of an electric locomotive VL-80.
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