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lMoka3aHbl OCHOBHbIE 0COBGEHHOCTU
pacgopmupoBaHuss cocTaBa

C COPTUPOBOYHOM rOPKuU, MeToauka
onpeaesieHns noka3aTesiev ans
TernJioBo3a ¢ y4eToM rnepemMeHHOro
Beca. [laHbl pe3ysibTaTbl pac4eToB

o pa3paboTaHHOMY asiropuTMy rnpu
npeacrasiieHUU ropoYHOU paboTsbi

B Buge eaUHNYHbIX PE)XXUMOB U aHain3a
3arTpart Torinsa U BPpeMeHU BbIlNOJIHeHUs
ornepauyuii Ha poHe nepexo[HbIX
npoueccos. lfpoBeaeHO cpaBHeHne
rnokasaresieii MaHeBpPOBOU rOPOYHOM
paborTsl (HaA4BUr-POCIYCK) AJs
Ters1oBo308 YM3I3 nu TOM7, npeanoxxeH
KpUTEPUIA OL{€HKN UCIO0JIb30BaHUS TOro
WnJin UHOIro JIOKoMoTuBa.

KnoyeBbie cioBa: xesne3Hasi aopora,
CTaHuumsi, COPTUPOBOYHAS ropKa,
MaHeBPOBbIVI TEMI0BO3, €ANHUYHbIV
PEXUM, HaABUI, POCIYCK, MEPEMEHHbIV BEC
coctaBa, UMUTaLUNOHHOE MOAEINPOBAHME.
|
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O npoueccax
pacdhopmMmupoBaHua
COCTAaBOB U UX UMMUTALLUN

Kysneuoea Hpuna Arexceesna — cmapuiuii
npenodasament Mockosckoeo eocyoapcmeerHoeo
yHugepcumema nymeii cooouerusi (MUHUT), Mockea,
Poccus.

Koccoe Eeeenuii Egeenvesun — 00Kkmop mexuu4eckux
Hayk, npogheccop, enasHwlii Hayurulii compyornux OAO
«BHUHKT», Mockea, Poccus.

nepaunu pachopMUpoBaHUS COCTa-

BOB C BKJIIOYEHUEM COPTUPOBOUYHOM

TOPKU OTHOCSTCS K HauboJiee dHep-
ro3aTPaTHBIM U TSIXETBIM C TOYKU 3PEHUS
UCMOJb30BaHUS MOUIHOCTA MAaHEBPOBOTO
TEMJIOBO3a U 3aBUCSIT B OCHOBHOM OT KPYTU3-
HBI yTU HAJIBUTA, CKOPOCTH JABUKEHUSI, Beca
COCTaBa, TUIIA JTOKOMOTHBA U peXUMa €ro
npumeHeHwus [ 1]. [Tpouecc HaaBura u pocmy-
CKa CcOCTaBa COIPSIKEH C YaCTOW CMEHOU
MOJIOXEHUSI PYKOSITKU KOHTPOJIEPA, YTO
o0ycIaBIMBaeT pabOTy AU3eJisl MPEUMYILECT-
BEHHO B ITEPEXOTHBIX pexumax [2].

Uro kacaeTcsd IMHAMUKU, TO MOJAAEPXKa-
HUE€ PaBHOMEPHOU CKOPOCTU HaJBUTA U PO-
CIyCKa COCTaBa JOCTUTAETCS MPU PABEHCTBE
YCKOPSTIOIINX W 3aMEUISTIOIINX YCHIUi [3].
W3 nByx coceqHUX MO3ULIMI KOHTpoJIepa
clieyeT BbIOUPATh MO3ULUI0, KOTOpasi ooec-
Me4YnBaeT MoAIepXXKaHUe CKOPOCTH, OJIU3KOMI
K HeoOxonumoii. [1pu 3TOM OTKJIOHEHUE
(hakTUUECKOIT CKOPOCTH OT TPeOyeMoii 3aBu -
CUT OT TapaMETPOB Y KOHCTPYKIIVNY HAJBUXK-
HOW U CITyCKHOM 4acCTel TOpKU, CTENIEHU €€
aBTOMATU3ALUU.

Jns uMuTauuu nporeccoB pachopMUpo-
BaHWUS COCTaBa C COPTUPOBOYHOM TOPKU pa3-
paboTaHbl AJITOPUTM U CIielMaibHAsI MPO-
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Puc. 1. CxemaTu4yeckoe naobpaxxeHue npoyecca Hageura: a) ICXogHoe rnoJsioxenue; 6) cam npowlecc.

rpamMmma. OGOCHOBAaHMS TIPOTPAMMBI TSTOBBIX
pacyeToB 11 MAHEBPOBOI PabOTHI U 3aKJTIO-
YEHU IO aIeKBATHOCTU MOJEJU HAIUIA OT-
paxeHue B HaydIHOU nepronuke [4].

ITpu pacchopmrpoBaHUY cOCTaBa BeC SIBTISI-
€TCSl BEJIMYMHOU ITEPEMEHHOM, U LTSI KAXKI0TO
MOMEHTa UMUTUPOBAHUS Tpoliecca B MyoJu-
KyeMOI CTaThe MPEIIOKEHO €T0 OMIPENeICHUE
M0 TIPEICTABICHHON HIXE METOIUKE.

ITpuHATO, YTO UCXOAHOM MTO3ULIUETH TTepeT
Pa3rOHOM CUMTAETCS MOMEHT, KOTAa ToJioBa
COCTaBa HAXOJUTCS B HaAYaJIe TOAbEMA.

InvHa coctaBa L, v iTHA CIieTna BarOHOB
L onpenenarorcs no hpopmyJiam:
L=L+L,  L=mxL,, (1)
i Lm — IJIMHA JOKOMOTHBA, M;

M — KOJIMYECTBO BATOHOB;

L, — nivuHa OHOTO BaroHa, M (B HaLIEM
ciydyae mpuHATo 14,4 m).
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Ha puc. 1 nanbpl 0003HaYEHUS, UCTIOIb3Y-
€MbI€ TIPU pacyeTax:

L ,— jiHa TIpeiAropovHOro TyTH, M;

L ,— nivHa myTy HaIBMKHOM 4acTh TOPKU
(Ha yKII0HE), M;

S, — NMPOMIEHHBIIA IyTh, M.

Tak kKak mpu BBINOJHEHUM Tpoliecca
pacdopMupoBaHUsI COCTaBa HA COPTUPOBOY-
HOI TOPKE BAarOHBI MOTYT HaXOOUTBHCS OJ-
HOBPEMEHHO Ha y4YacTKax IMYyTHU C pa3iuny-
HBIM YKJIOHOM, a BeC pac()OpMUPOBLIBAEMO-
r0 COCTaBa MPEACTABISIET COOOM BEIUYUHY
MEPEMEHHYIO, TO COMPOTUBJIIEHUE IBUXE-
HUIO wQ” BaroHOB paCCUYMTHIBACTCS 1O (hOp-
MyJe:
wQ”=(11><(Q/Lo)><mo”+12><i><(Q/L8))><10'3, 2)
rie /, — JUIMHA ITyTH, TIPOMIECHHOTO BATOHAMU
MpU ABMXEHUHU 0€3 yueTa YKJIOHA Ha MPearo-
POYHOM OTPE3KE, M;
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[,— nvHa MyTH, IPOIEHHOro BaroHa-
MU TIpW IBMKEHWW Ha HaIBUKHOM YacTH
TOPKH, M;

| — YKJIOH HaJIBVDKHOM 9aCTH TOPKU;

®," — yIeJbHOE COMPOTHUBIIEHUE JIBUXE-
Huto BaroHoB, H/kH;

O — Bec BaroHoB cocTaBa, H.

Vckopenue cocrasa (a,), KHHETUYECKAsd
paboTa BaroHoB (2E_ )V o0L1as KHHETHYe-
ckas pabora (£ ) IpY POCIYCKE ONPEIENsi-
I0TCST U3 BBIPaXKEHUI:
a2=(Fk—wQ”—wﬂ’)/(mQ—(S—Lz)x
x((Q/L)/g)+m),

ZExun a’2=zaiXA'St><(mQ_(S_L2)X

< ((Q/L)/9)),

Exun2=(mQ_(S_L2) S

x ((Q/L)/g) +m )x(V,_+AV)Y/2,
rae F, — KacatenbHas cuna taru, H;

W,”— CONPOTUBJIEHUE IBMXEHMIO IOKOMO-
tuBa, H;

wQ” — COIPOTUBJIEHUE IBUKEHUIO Baro-
HoB, H;

g — Koa(pDUITMEHT YCKOPEHUST CUJTBI TSIKE -
CTH, M/C?;

m, — TPUBEJEHHAA Macca JIOKOMOTHBA
C YUETOM MHEPIIMY BPAIAIOIINXCS Macc, KT;

m,,— TIPUBE/ICHHAsI MAacCa BarOHOB C y4e-
TOM MHEPIIMU BpaIIAIOIIMXCs Macc, KT;

V. ,— CKOPOCTb IBHXEHMS 3a ITPEIbLLY LA
WHTEpBaJl MHTETPUPOBAHMS ITO BpEMEHM, M/C;

AV, — nipupallleH1e CKOPOCTH, M/C.

B 3aBUCUMOCTM OT IJTMHBI ClieTia BATOHOB
W HAaIBWKHOM 9AaCTU TOPKM BBITTOJHSIIOTCS
MEepBbIA WU BTOPOW BapuaHT pacyeTa U3
OTTMCAaHHBIX HIXeE.

1. Korna mimHa ciiena BaroHoB 00Jibliie
IJTMHBI HAJBUXHOW YacTu ropku L >L,,
pacueT mokasarejieii paboThl TEIIOBO3a
B eIMHUYHBIX PEKMMaX «Pa3TOH» U «IBU-
JKEHUE C MOCTOSIHHOW CKOPOCThIO» MPU
HaJIBUTE-POCITyCKE COCTaBa C COPTUPOBOY-
HOU TOPKM TIPOU3BOJAUTCS CIEAYIOIIUM
obpa3zoM:

1.1. HagBur coctaBa coBeplaeTcs Mpu
YCJIOBUU, UTO S<L6<L2z[o MOMEHTa, Korjaa
S=L,, npy 5TOM BEJIMYUHEI [, [, OynyT npu-
HUMarh 3Havenus: [ =L , [,=S.

B aTOM CiTyuae BeIMIMHBI COTIPOTUBIICHUST
ABHXXCHUIO BarOHOB W," 1 MOTCHLMAIbHAsI
paboTa BaroHoB 2.E paccuMThIBAIOTCA 110
dopMynam:

Wo,"=(L,x (Q/L)x "+ Sx ix (Q/L,))x 1073 (6)
2E . =XixASxS(Q/L), 7)

rae AS, — npupaieHue MyTH, M.

3
4
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1.2. Pocnyck coctaBa Ha4YMHAeTCs, KOrjaa
JUTMHA TIPOMJIEHHOTO BaroHaMu ITyTH paBHa
JJIMHE HAIBUXHOM 4acTu ropku S=L .

1.2.1. Ecnu $>L,, no S<L,, Benu4unbl /,
[, npunumarot sHavenus: [ =L +L —S, [ =L,
a pacyeT COIMPOTUBJIEHUSI IBMKEHUIO BATOHOB
¥ UX IOTEHINAIBHOI pabOThI IIPOU3BOIUTCS
no opMmyiam:

Wo ' =((L,+L,—S) x (O/L,) x ®,"+L xi x
x (Q/L))x107, (3)
zE'nnm e3=zi A A;SlX LZX (Q/Ls) (9)
1.2.2. llpu S>L, n S>L Benvuunel /, [,
paBHbI U IPUHUMAIOT 3HaYeHus [ =1,=L,
+L ,—S, a BeIMYMHBI CONIPOTUBJIEHMSI IBHXKE-
HUIO BarOHOB W MX TIOTEHIIMAaIbHas padbora
orpenessitorest (popMyaamu:
W =((L,+L,=8) x (Q/L )xo,"+(L, +L,~S)x
x ix(Q/L))x107, (10)
2XE = =ixASx(Q—(S—-L)x@Q/L). (11)
Korga nnuHa mpoiiieHHOTO BaroHaMu
IYTU CTAHOBUTCSI PaBHOW NJIMHE BaroHOB
cocraBa S=L ,JOKOMOTUB BCTYNA€T HA IO b~
€M M €r0 CONPOTUBIIEHUE IBUXEHUIO W
paccuuTbiBaeTcs o opmyJie:
w =P x (it /)x107,
rae P — Bec jokoMotuBa, H;
®,' — YAEIbHOE CONPOTUBJIEHUE JBUKE-
HUI0 JJokomoTuBa, H/kH.

1.2.3. Tlpu S=(L,*+L ) Bechb cocraB pac-
dbopMUpOBaH.

2. B ciydae, Koraa ijivHa cOcTaBa MEHbIIIE
JUTMHBI HAIBUXKHOW YaCTHU TOPKU L8<L2, pac-
YyeT ToKasaresieil paboThl TEIJIOBO3a B €M -
HUYHBIX pEXMUMAaX «pasTOH» U «IBUKEHUE
C TIOCTOSTHHOM CKOPOCTBIO» TIPU HA/IBUTE-PO-
CTIyCKe cOCTaBa Ha COPTMPOBOYHOI TOpkKe
BBITIOJTHSIETCSI MHAUYE, a UMEHHO:

2.1. HamBur coctaBa BBIITOJHSIETCS 10 MO-
MEHTa, IPY KOTOPOM 3HaUY€HME TIPOIEHHOTO
MNyTH OyICeT paBHO IJIWHE ITyTH HaIBUKHOM
YacTH TOPKH, W BKJIIOYaeT B ceOsI IBa ATara.

2.1.1. IlepBbIil 3Tan OPOAOIKAETCS 10
MOMEHTa, Koraa S=L ; pacyeT CONpOTHUBJIE-
HUS IBMKEHUTO BATOHOB U VX ITOTEHIINATBHOMN
paboThI MPOM3BOIUTCS 10 (hOPMYJIaM:
WL} (/L) x 0" +Sxix(Q/L X107, (13)
XE L FXixASxSx(@Q/L), (14)
aBeIMYMHbI [, [, ipuHUMaloT 3HavyeHus [, =L,
1, =S.

Korga nnuHa mpoiiieHHOTO BaroHaMu
IyTU CTAHOBUTCSI paBHOW NJIMHE BaroHOB
cocraBa S=L ,JOKOMOTUB BCTYNA€T HA IIO/b-
€M, €T0 CONPOTUBJIEHHE JABVKEHUIO W * pac-
CcunTHIBaeTcd 1o popmyie (12).

(12)
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Puc. 2. NMoka3atenn pa6oTsl TeN10803a NPy BbINOJIHEHUN €AUHNYHOIO PEXNMA «HaABUr-Pa3roH»:
a) aHepreTnyeckmue rnokasarenu; 6) Nnokasaresin BbINoJIHEHHON paboTsl.
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Puc. 4. Moka3atenu paboTel TEN10803a NPy BbIMNOJIHEHNN €AUHUYHOIO PEXUMa «POCIYCK-ABWKeHne

C MOCTOSIHHOW CKOPOCTBIO»: a) 3HepreTuyeckue rokasarenu; 6) nokasaresnu BoINnoOJIHEHHON pa6oTsl.

Ha puc. 2-4 F, - kacarensHasi cuna taru, H; P, — mowHocTs anzens, B;

— KA rennoso3sa Ha kptoke;

o
K, — koappuumeHT noteps, M/c; V, , — CKOPOCTb ABWKEHNS 3a NPEALIAYLLNIA UHTEPBAJ NHTErPUPOBaHUS 110

BpemeHu, M/c; B — pacxop tonnumsa, kr; E, — auccunatneHas pa6ota, px; E,
— noTeHymnanbHas pabora sokomoTusa, x; E

E

‘norn

E,

TOpM
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nors

— KMHeTu4eckas pabora, [x;

KnH

— noreHynanbHas pabora BaroHos, [x;
— paboTta TopMoxxeHmsi, [x.
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i{iﬁ Ta6amua 1
; CBonHas Ta0/MIIa NOKA3aTe el NP BHINOJIHEHNH MAHEBPOBOIi oniepanun

U3 CYMMbI €IUHUYHBIX PEKUMOB

Ne HaumeHoBaHue PasmepHocth | O603HaueHue | Dopmyia PacueTtHas
BEJIMYMHA

1 JlokomoTuUB Cepust ymMa3

2 Bec cocraBa H Q, 13097700

3 KosnyecTBo BaroHOB B COCTaBe Barn m 30

4 Bpewmst c >T 667,6

5 MMyts M >S 832,32

6 Pacxon Torumsa KT >B 7,63

7 JluccumnaruBHasi paboTa BarOHOB JIx - 2wy, AS, 69693949

8 JuccunatuBHas paboTa JIOKOMO- Jx E_, 2w+ AS, 7701854

THBa

9 Kunerunyeckast pabota BaroHOB Jx E... Ya cmAS 2127861

10 Kunernyeckas pabota jokoMmoTuBa | [Ix E... Ya - m *AS 118370

11 Pabota TopmokeHUst IIx ET_OEM 2B, *AS; 111243

12 IMoTeHnMaabHast paboTa BATOHOB JIx E .o 2i+Q,*AS, 62830255

13 [MoTeHLMaTbHAsE pabOTa JIOKOMO- Ix E.. .o 2i+P +AS 5782638

THBa

14 PabGora Ha Kproke JIx Em ZFM *AS, 70874418

15 Pa6ora Ha Kosece Jx E.. 2F, *AS, 78579255

16 | KI1JI reruioBo3a Ha KpioKe Mg ZFM *AS/(H +B) | 0,218

17 KIT/I rerutoBo3a o6mmii Moo 2F, *AS/ (H,*B) 0,241

18 | [Ipon3BOOUTEIBHOCTD Bar/4ac I 3600 m/XT 162
Ta6mna 2

Pacnpenenenue pacxoja TOIUIMBA W BpeMeHH padoThl TEIIOBO3a
npu pacopMUPOBAHHHI COCTABA C TOPKH

Bpewmst paboThI 110 MO3KULIMSIM KOHTPOJIIEpa

Tosurus 0 1 2 3 4 5 6 7 8 Cymma

Bpems T, ¢ 18,00 92,00 [225,40 |238,60 |[90,40 2,80 0,60 0,00 0,00 667,80

Bpewms T,% 2,70 13,78 33,75 [35,73 [13,54 (0,42 0,09 0,00 0,00 100,00

Pacxo/ ToruiMBa 10 MO3UIMSIM KOHTpOJLIepa

Tlosurmst 0 1 2 3 4 5 6 7 8 Cymma

Pacxon Toruma 0,0512 [0,4312 |2,0375 |3,3130 |1,7062 |0,0715 |[0,0183 |0,0000 |0,0000 |7,6289

B, xr

Pacxon rorumsa B, % | 0,67 5,65 26,71 43,43 (22,37 |0,94 0,24 0,00 0,00 100,00

Benunuuna pacxoza TornBa B % 6e3 ydeTta MepexoHbIX MPOLECcCOB 1,7336

Pacxon ToruinBa 6e3 y4eTa nepexoHbIX MPOIIECCOB MO TMO3ULMSM KOHTPOJIIEpa

Tosurmst 0 1 2 3 4 5 6 7 8 Cymma

Pacxon Torusa 0,0512 {0,4245 [1,9918 [3,2784 |1,6753 |0,0621 |0,0155 |0,0000 |0,0000 |7,4989
_Byg, KT

Pacxon Torusa 0,68 5,66 26,56 43,72 (22,34 (0,83 0,21 0,00 0,00 100,00

B, %

Bpemst paboThI Py MEPEXOHOM MPOLIECCE MO MO3ULIMSIM KOHTPOJIepa

Tosuius 0 1 2 3 4 5 6 7 8 Cymma

Bpems T, c 0,00 2,20 14,20 19,80 8,00 2,20 0,60 0,00 0,00 37,00

Bpema T, % 0,00 5,95 38,38 (26,49 |21,62 |5,95 1,62 0,00 0,00 100,00

® MWP TPAHCIMOPTA, Tom 13, N2 5, C. 146-159 (2015)
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Puc. 5. lmcrorpammsl pacnpeneseHns pacxoga Tornnivsa u BpeMmeHn pa6oTsi Terns0B03a rpu BbiNOHEeHNN
onepaumn HagBUr-pocycK (€ AUHNYHBIE PEeXUMbI: HaflBUr-Pa3roH, HafBuUr-ABXEHNE C MOCTOSIHHOV CKOPOCTbIO,
poCnycK-ABMKeHUe C MOCTOSIHHOM CKOPOCTbIO, TOPMOXEHUE): a) pacnpesesieHne pacxoa[a Tonanea no
NO3ULMNSM KOHTPOJIIepa MaLuMHUCTA NPy pacyeTte paboTbl B yCTAHOBUBLLEMCS PEXUME U C y4eTOM NepexoaHbIX

npouyeccoB B an3ene; 6) pacnpene. Bp

AU paﬁOTbl TersioBo3a rno no3nynsiM KOHTpoJuiepa MmalunHucTa

npuv pacyete paﬁOTbl B YCTaHOBUBLLUEMCS PeXXxume U C y4eToM repexoqHbixX rnpoLeccos.

2.1.2. Bropoii aTan npoaomaxKxaeTcs 10 TeX
Top, MoKa COOM0AaI0TCs YCIOBUsA: S>L , HO
S<L,, Ipy 3TOM BENUYWHEI /,, [, IPUHUMAIOT
3HavyeHus /,=[,= L_, a CONPOTUBIICHNE JBU-
JKEHUIO BAarOHOB U MX MTOTeHIIMaTbHasl paboTa
UMEIOT BU;

Wy, =(Lx(Q/L)xo"+L xix
x (Q/L,))x107; (15)
2E =2ixASx L x(Qs/L). (16)

2.2. Pocnyck cocTaBa HaYMHAeTCs, KOraa
BBIMOJIHSAETCA PABEHCTBO S = L ,, M JUTUTCA 110
MOJIHOTO ero pachoOpMUPOBaHUSI, TO ECTh BECh
MPOLIECC MOXET OBITh MPEICTaBIEH YCIOBUEM
L,<S<L_+L, PacyeT HEOOXOAMMBIX BETMINH
BBITIOJIHSIETCSI 110 OMMCAHUIO, IPUBEICHHOMY
B moanyHkTe 1.2.2. B moanynkre 1.2.3. yka-
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3aHO, B KAKOM CJTy4ae COCTaB CUMTACTCSI OJI-
HOCTBIO pac(hOpMUPOBAHHBIM.

Pesysnbrarel pacyeTa okasaTesieit BbITOIHE-
HMSI OCHOBHBIX € IMHUYHBIX MAHEBPOBBIX PEXM -
MOB paboThI TersioBo3oM UYMD3 [5] mpu pacgop-
MHPOBaHMHM cOCTaBa 13 3() BArOHOB Ha COPTUPO-
BOYHOI1 TOPKE C MCITOJIb30BaHUEM ONMUCAHHOI
METOIMKH OITPE/Ie/ICHHSI Beca COCTaBa, ITOJIoXKe-
Huit ITTP [6] v koadbdurmenta noteps [7] rpa-
(buyecKku npeacTaBiIeHbl Ha pUcC. 2—4.

Ocoboe BHUMaHUE MPU aHAIU3e Pe3Yiib-
TaTOB pacyeTa YAEJICHO 3aTpaTaM TOIUIMBA
U BPEMEHHU.

PacueTsl mokazaiu, 4To GONBIIYIO YaCTh
BpeMEHU MPU pa3roHe TEIUIOBO3 paboraeT
B YCJIOBHUSIX IIEPEXOIHBIX TTPOLIECCOB, U COOT-

KysHeuoBa U.A., Koccog E. E. O npoueccax pacchopMnpoBaHUS COCTaBOB U UX UMUTaLUN
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Puc. 6. Ipagunyeckoe naobparxxeHne komriekcHoro kputepus W npu HagBure-pocnycke cocTaBoB TernjioBo3amMmm

BETCTBEHHO PacXo[ TOIUIMBA, I1OJy4YE€HHbI
MpHY pacyerax, MMeeT HauboJjiee aneKBaTHOE
3Ha4YeHUE, KOTIa IIePeXOqHbIE IIPOLIECCHI yU-
TeHbl. O1mMOKa B ONpenesIeHUM pacxoja To-
TUIMBA TIpU pacyeTax 0e3 ydera IepexomIHbIX
MPOLIECCOB B JaHHOM ciiy4ae gocturaet 25%.
DTO COOTHOIIIEHNE MOXET MEHSTLCS B 3aBU-
CHMOCTH OT BECa COCTaBa, PeXXKMMOB pa3roHa
M IPYrUX cocTaBisttonux. [1ockobKy cKopo-
CTU HAJBUIa-POCIIyCKA COCTABOB HEBEJIUKMU,
MPOLIECC pa3roHa MPOXOJAUT Ha HEBBICOKUX
MO3ULMSIX KOHTpOJLIEpa, JjIs1 IIPUBEAECHHOTO
npuMepa No3ulimu 7, 8 KOHTpoJuiepa He UC-
MOJIb3YIOTCSI, a Pab0Ta Ha ITO3UIIMHY 6 3aHUMA -
eT 6% ot 00111ero BpeMEHH! pa3roHa.

I1pu BEINMOJTHEHUH €AUHUYHOTO pEXMUMa
«HaJIBUT-IBUXEHNE C MTOCTOSTHHOMN CKOPO-
CTBIO» IIEPEXOHBIE ITPOILIECCHI COCTABISIIOT
HEe3HaYUTEJIbHYIO 4aCTh, OIIMOKA JOCTUTa-
er 1,6%. B 3ToM pexuMe TeIJIoBO3 pabo-
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npu yxya

IX YCJIOBUSIX CLeIMNJIeHUS.

TaeT 00JIbIIYIO YaCTh BpeMEHU Ha MO3ULIM -
ax 2 1 3 KOHTpoJIepa.

AHaJIornyHas KapTHHA ITPY BBITIOJHEHUU
eJMHUYHOTO peXUMa «POCIYCK-IBUKEHUE
C IIOCTOSIHHOM CKOPOCTbIO». B 3TOM Cilyuae
BeJIMYMHA pAacX0/a TOIUIMBA, He yYUThIBaeMast
IIPU TSITOBBIX pacyeTax 0e3 yueTa IepeXOIHbIX
npoueccos, coctanseT 0,9%. Cienyer 6path
BO BHUMaHME, YTO HaJIUYME MMEPEXOIHBIX
MPOLIECCOB U UX MTPOAOKUTETBHOCTD 3aBUCT
M OT pexXMMa yIpaBiIeHNs TETUIOBO30M.

PesyabraThl pacyeToB B 1I€JIOM IPU BbI-
MOJIHEHU U OIlepalliy HaIBUT-POCITYCK IIpeI-
CTaBJICHBI B CBOJHBIX Tabiauuax 1, 2 u Ha
puc. 5.

W3 Tabmmupl 2 BUAHO, UTO I10 OIepalin
HaIBUI-POCIYCK B JaHHOM CJIy4ae OLIMOKa
B OIpeesIeHNH pacxo/1a TOIJINBa ITpU pacue-
Tax 0e3 yyera IepexoaHbIX IPOLIECCOB COCTaB-
nger 1,7%.
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Takum e ob6pa3zom Mpu MOMOIIU TPO-
TPaMMBI TSITOBBIX PACUETOB OBLIIO BHITIOJTHEHO
MOJIETMPOBaHWE TOPOYHON PabOTHI IS Te-
wioBo30B YMD3 u TOM?7. PacueTsl npose-
JIEHBI JIJIS COPTUPOBOYHOI TOPKU C YKIIOHOM
HaaBrkHoM yactu 12%e nnunoii 400 M rpu
YuCclie BATOHOB B cocTase ot 5 1o 70.

MonenvupoBaHue TOPOYHOU pabOTHI
mokKasajo, 4YTO MPU HAJUYUU B COCTaBe
6osee 45 BaroHoB TernaoBo3 UYMOD3 mpu
HOPMaJIbHBIX YCIIOBMSIX CLIETUIEHUS TepsieT
MPOM3BOAUTENBHOCTh Ha ~13,1%. Ecau
YCJIOBUS CIIeTJIEHUST KOJIeC C pelbCcaMu
yXyaualoTcs, To mpu 6osiee yuem 50 BaroHax
ornepainus HaBUra BooOIIe MOXET ObITh He
BBITIOJTHEHA. B TO ke BpeMsi Mpu KOJMYECT-
Be BaroHoB MeHee 45 teninoBo3 YMB3 Ha
~10,9% sxoHOoMHUYHEee Ter1oBo3a TOM?7.

Kpurepuem orieHKM 11€1€CO00pPa3HOCTH
MPUMEHEHUSI TOTO WJIM MHOTO TEIJI0BO3a MO-
XKET CIIYKUTh [8]:

W=B * T=min, nipu EKp=const, (17)
rae EKp — paboTa BbINOJIHsIEMas TEMJIOBO3aMU
Ha KpIoKe.

Benmmunna kputepust W cTaHOBUTCSI MEHB-
e s TermiaoBo3a TOM7 mo cpaBHEHUIO
¢ TeruioBo3oM YMO3 npu uurciie pachopMu-
POBBIBAEMBIX BATOHOB 0o0Jiee 45 (cM. puc. 6).

Martepuainbl 1o 6J13KOI K UCCeI0BaHU -
SIM TeMaTHKe TAaKXKe OTPaXKEHBI B Pa3TMIHBIX
nyoaukauusax [9—13].

BbiBO4bl

1. UmuTanus npoueccoB pachopMUpo-
BaHUS COCTaBa ¢ COPTUPOBOYHOU TOPKU
B BUJI€ CYMMBI € IMHUYHBIX PEXXUMOB C MO-
JeJIMPOBAHUEM PEATbHBIX TPOIECCOB B CU-
JIOBBIX YCTAHOBKAX U BapbUpPOBAaHUEM Beca
COCTaBa B BUJE CIy4YallHOW BEJIUYUHBI 10~
3BOJISIET C BBICOKOUW NTOCTOBEPHOCTBHIO BBI-
MOJHUTB pacyeT mokaszareseil paboThl Ma-
HEBPOBOTO TEMJI0BO3a, YTOUHUTH PACXOJ
TOMJIMBA U BBISBUTH HaNOOJI€€ pPallMOHAIb-
HbI€ PEXUMBI YIIPABJIEHUS TETLUIOBO30M.

2. Ha mpumepe teroBo3a YM D3 nmokasa-
HbI BJIUSHUE TTEPEXOIHBIX ITPOLIECCOB B TU3€-
JIe Ha pacxoji TOIJIMBA MPU paboTe B pa3ind-
HBIX €UHUYHBIX PEXUMaX U AOJISI pacxoaa
TOIINBA, TPUXOMSIIETOCsI Ha TOT WU UHOU
pexum. Hanbosnbiee BIusiHUE HA TOKa3aTe-

JIM pabOTHl OKa3bIBAET €AMHUYHBIA PEXUM
«pa3ron». OmmoKa B pacyeTe pacxoa TOTUIA-
Ba 0e3 ydyeTa MEepexXoJHbIX MPOLECCOB MPU
3TOM PEKMME MOXET COCTaBJISITh 10 25%.

3. AHanu3 BBINOJHEHUS MaHEBPOBOU
TOPOYHOU pabOThl (HAABUT-POCHYCK) IS
TerioBo3oB YMB3 u TOM7 nossonnit 060-
CHOBaTh KPUTEPU A OLIEHKU LIEJeCo-
00pa3HOCTU UCITOJIb30BaHUS TOTO WJIU
WHOTO JIOKOMOTHBA.

4. TlpuBeneHHBINI METO OTpeaeeHUs
9HEepPreTUYecKoil a(pheKTUBHOCTU pabOTHI
JIOKOMOTHUBOB C y4€TOM (DAKTUUECKUX TEXHU -
YECKUX XapaKTEePUCTUK MOXET OBbITh MOJIE3eH
IS CTIEUAIACTOB TEMJIOBO3HOM TSTH.
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ON PROCESSES OF TRAIN BREAKING-UP AND THEIR IMITATION

Kuznetsova, Irina A., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Kossov, Evgeny E., JSC VNIIZhT , Moscow, Russia.

ABSTRACT

The basic features of train breaking-up at a
hump yard, method of determining indicators for
a diesel locomotive with account of variable
weight are shown. The calculation results regard-
ing the developed algorithm are given in the
presentation of the hump yard work in the form of

individual modes and analysis of fuel consumption
and time of operations against transients. Acom-
parison of shunting hump operations (thrust -
breaking-up) at the example of diesel locomotives
CHME3 and TEM7 is performed, the criterion of
evaluation of the use of a certain type of alocomo-
tive is proposed.

Keywords: railway, station, hump yard, shunting locomotive, individual mode, thrust, breaking-up, variable

weight of a train, simulation.

Background. Operations of train breaking-up
with inclusion of a hump yard belong to the most
energy-consuming and difficult in terms of using the
power of a shunting locomotive and depend mainly
on the steepness of humping track, speed, train
weight, locomotive type and its application mode [1].
The process of thrust and breaking-up of the train is
associated with frequent changes in positions of the
controller handle, which causes the work of diesel
engine mainly in transient modes [2].

With regard to dynamics, maintenance of uni-
form speed of thrust and breaking-up of the train is
achieved with equal accelerating and decelerating
forces [3]. Out of two adjacent positions of the
controller a position should be selected that main-
tains speed from to the desired. This deviation of
the actual speed from the required depends on
parameters and design of parts of a hump, degree
of its automation.

To simulate the process of train breaking-up at
the hump yard, an algorithm and a special program
were developed. Justification of traction calculations
program for shunting work and conclusion on ade-
quacy of the model are reflected in the scientific lit-
erature [4].

Objective. The objective of the authors is to study
processes of train breaking-up ata hump yard. In case
of train breaking-up train weight is a variable, and for
each moment of simulation process in this paper, its
definition is proposed according to the procedure
described below.

Methods. The authors use general scientific and
engineering methods, comparative analysis, mathe-
matical study, simulation.

Results. /t is assumed that initial position before
acceleration is the time when the train head is at the
beginning of the ascending grade.

Length of a train L, and length of car tractive con-
nection L _are determined by the formulas:
Lt:Lc +Lloc, Lc: m.LCV
where L, is a length of a locomotive, m;

m is a number of cars;

L, is a length of one car, m(in our case it is taken
as 14,4 m).

Pic. 1 provides designations, used in calculations:

L, is a length of pre-hump track, m;

L,is path length of a thrust part of a hump (on a
slope), m;

S,is distance covered, m.

Since in the process of train breaking-up at the
hump yard cars may be located simultaneously at
track sections with different slope, and weight of the
dissolved train is a variable value, resistance to move-
ment w,)" of cars is calculated as follows:
w,"=(1(Q/L)-®,"+,i(Q/L,))- 107, (2)
where |, is distance covered by cars while driving
without account of a slope on the pre-hump
section, m;

1, is distance covered by cars while driving on the
thrust part of the hump, m;

i is slope of the thrust part of the hump;

o, " is specific resistance to movement of cars,
N/KN;

Q is weight of cars of the train, N.

Acceleration of the train (a,), kinetic work of cars
(XE,, ) and total kinetic work (E,, ,) at breaking-up
are determined from the expressions:
a,~(F~wy"—w,)(mo~(S-L)((Q/L)/g)+m),

(1)

(3)

Si

a) ‘ |

b)

Ly

La

L

A4
A
.

L>

Pic. 1. Schematic representation of thrust: a) initial position; b) process.
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Graphic repr ion of changes in indi s of i
mode “Thrust_acceleration_1” depending on time (s). Graphic representation of changes in different types of work of
Locomotive type CHMES3, train weight 13097700 N, number of individual mode “Thrust_acceleration_1” depending on time (s).
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Pic. 2. Performance indicators of the locomotive in individual mode «thrust-acceleration»: a) energy indicators;
b) indicators of work performed.

Graphic representation of changes in different types of work of individu

Graphic rep ion of changes in indi of indivi mode “Thrust_movement_1” depending on time (s).
mode “Thrust_movement_1" depending on time (s). Locomotive type CHME3, train weight 13097700 N, number of cars 30.
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Pic. 3. Performance indicators of the locomotive in individual mode «thrust-movement at constant speed»:
a) energy indicators; b) indicators of work performed.

Graphic ion of changes in indi of indivi mode ing-up_1"

depending on time (s). . Graphic representation of changes in different types of work of individual mode
Locomotive type CHME3, train weight 13097700 N, number of cars 30. “Breaking-up_1” depending on time (s).

. + 45000 Locomotive type CHME3, train weight 13097700 N, number of cars 30.

- azs00 50000000 ~ - -

200000 -+

2
7 1h, Klos (m/s), V (mys), Bf( kg)

Pe (W), FK(N)

NI

50 100 150 200 50 00 350 00 —

e FK e Py |y oK [0S e Ve B 0 50 100 150 200 250 300 350 400
e Bd e EpComem Epl . Eb  Ekin

a) b)

Pic. 4. Performance indicators of the locomotive in individual mode «breaking-up — movement at constant
speed>»: a) energy indicators; b) indicators of work performed.

In Pic. 2-4 F, - rail tractive effort, N; P, — power of locomotive, V; , — locomotive efficiency on hitch; K, —
coefficient of losses, m/s; V_, — speed in previous interval of time integration, m/s; B, — fuel consumption, kg;
E_ - dissipative work, J; E,, — kinetic work, J; E_ — potential work of locomotive, J; Epm— potential work of cars,

J; éb — energy braking, J.
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S,y o=2a;AS (My~(S-L)(Q/L)/9)), (4)
Eygo A Mg=(S=L)M(Q/L)/g)+m )V, +AV)Z/2,  (5)
where F_is rail tractive effort, N;

w,’ is resistance to locomotive movement, N;

w,” is resistance to cars movement, N;

g is acceleration coefficient of gravity, m/s?;

m,is reduced mass of locomotive with account of
inertia of rotating masses, kg;

m,,is reduced mass of cars with account of inertia
of rotating masses, kg;

V., is speed of the previous range of integration
over time, m/s;

AV, is speed increment, m/s.

Depending on length of tractive connection of
cars and thrust part of a hump the first or the second
calculation options from below described are se-
lected.

1. When the length of tractive connection of cars
is greater than the length of thrust part of a hump
L >L,, calculation of performance of locomotive in
individual modes «acceleration» and «movement at
constant speed» at thrust—breaking-up of the train at
the hump yard is performed as follows:

1.1. The train thrust is performed under the con-
dition that S<L <L, till the moment when S=L,, and
the quantities |, |, will take values: | =L , 1,=S.

In this case, the value of resistance to movement

of cars w,," and potential work of cars XE_, ,is calcu-
lated as follows:

w,,"=(L(Q/L) o+ S-i(Q/L))-10% (6)
ZEpom =5i-AS:- S(Q /L), (7)

where AS, is path increment, m.

1.2. Train breaking-up starts when distance co-
vered by cars is equal to the length of thrust part of a
hump S=L,.

1.2.1.IfS>L,, but S<L , quantities|,, |, take values:
I =L +L,~S, I,= L2, and caldulation of resistance to car
movement and their potential work is performed by
the formulas:

Wo,"=((L+L,=S) - (Q/L) - o "+L,i-(Q/L))-107% (8)
pot 03_21 AS L (QO/LC) ( )

1.2.2. At S>L and S>L_quantities |, I, are equal
and take values I ==L +L, —S and quantities of re-
sistance to car movementand their potential work are
determined by the formulas:

Wo,"S(LFL,=S) - (Q/L )"+
+(L+L S) / (Q/L)) 103 (10)
ZEDOM—ZI AS-(Q~(S-L,)-(Q/L) (11)

When distance covered by cars becomes equal
to the length of cars of the train S=L locomotive enters
the ascending grade and its resistance to movement
w,’is calculated by the formula:

w,,'=P; (i+w,/)-1073,
where P, is locomotive weight, N;

o,/ is specific resistance to locomotive move-
ment, N/kN.

1.2.3. At S=(L,*L ) the total train is dissolved.

2. In case where the length of the train is less than
the length of the thrust part ofa hump L <L, calcula-
tion of performance of locomotive in individual modes
«acceleration» and «movement at constant speed» at
thrust-breaking-up of the train at the hump yard is
performed differently, namely:

2.1. The thrust of train is carried out until the mo-
ment in which the value of the distance covered is
equal to the path length of the thrust part of the hump,
and includes two stages.

2.1.1. The first stage continues until the moment
when S=L ; calculation of resistance to car movement
and their potential work is performed by formulas:
wo,"=(L(Q/L) - ®,"+S-i-(Q/L)) 107 (13)

(12)

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 13, Iss. 5, pp. 146—154 (2015)

YE .. ~2i-AS;-S-(Q/L), (14)
and quantit/esl I, take values | =L, 1,=S.

When the Iength of the path covered by cars be-
comes equal to the length of cars of the train S=L,
locomotive enters on the ascending grade, its resis-
tance to movement w,’is calculated by the formula
(12).

2.1.2. The second phase continues until the con-
ditions are met: S>L , but S<L,, and the quantities I,
I, take values | =, L and res:stance to movement of
cars and their potential work have the form:

wo,"=(L - (Q/L) o +L - i-(Q/L))10°% (15)
SE .o=%i-AS- L -(Q/L). (16)

2.2.The breaking up of the train begins when the
equation is met S=L,and lasts until its total breaking-
up, thatis, the whole process can be represented by
the condition L,<S<L_+L,. The calculation of neces-
sary values is performed according to the description
given in paragraph 1.2.2. In subparagraph 1.2.3 it is
specified in which case the train is considered to be
completely dissolved.

Results of calculation of performance indicators
of main individual shunting modes of locomotive
CHMES [5] at breaking-up of the train, consisting of
30 cars, at the hump yard using the described meth-
ods for determining train weight, provisions of rules
of traction calculations [6] and coefficient of losses
[7] are graphically represented in Pic. 2-4.

Particular attention is paid to losses of fuel and
time in the analysis of calculation results.

Calculations have shown that most of the time
during acceleration locomotive operates in a tran-
sient mode and therefore fuel consumption, result-
ing in the calculation is the most appropriate value
when the transients are taken into account. Error in
determining fuel consumption in calculations exclud-
ing transients in this case reaches 25%. This ratio
may vary depending on train weight, acceleration
modes and other constituents. Since the speeds of
thrust-breaking-up of trains are low, the acceleration
process takes place at low positions of the controller,
for example position of 7, 8 of the controller are not
used, and the work at the position 6 takes 6% of the
total acceleration time.

In individual mode «thrust-movement at constant
speed» transients make up a small part, the error
reaches 1,6%. In this mode, the locomotive works
most of the time at the positions 2 and 3 of the con-
troller.

A similar picture is in individual mode «breaking-
up—movement at constant speed». In this case, fuel
consumption, not included in traction calculations
without taking into account transients, is 0,9%. It
should be taken into account that the presence of
transients and their duration depend on the locomo-
tive control mode.

The calculation results in operations thrust—
breaking-up are presented in summary tables 1 and
2andin Pic. 5.

Table 2 shows that in the operation thrust—break-
ing-up in this case the error in fuel consumption de-
termination in calculations without taking into account
transients is 1,7%.

In the same way with the help of the program of
traction calculations hump works for locomotives
CHMES3 and TEM7 were modeled. The calculations
were performed for the hump yard with a slope of thrust
part 12%o length of 400 m with the number of cars in
the train from 5 to 70.

Simulation of hump work showed that with more
than 45 cars in the train locomotive CHME3 under
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Table 1
Summary table of indicators in the performance of shunting operation
of the sum of individual modes

Ne | Name Unit of Designation | Formula Computed
measurement value

1 Locomotive Serie CHME3

2 Train weight N Q 13097700

3 Number of cars in the train car. m 30

4 Time S >T 667,6

5 Distance m >S 832,32

6 Fuel consumption kg >B 7,63

7 Dissipative work of cars J E,, 2wy, * AS, 69693949

8 Dissipative work of locomotive J E.. 2w’ *AS, 7701854

9 Kinetic work of cars J E.. 2am*AS, 2127861

10 | Kinetic work of locomotive J E.. 2a +m*AS, 118370

11 | Braking J E, ¥B,*AS, 111243

12 | Potential work of cars J E — 2i*Q *AS 62830255

13 | Potential work of locomotive J Eio 2i*P-AS, 5782638

14 | Work on hitch J E, 2F, *AS 70874418

15 | Work on wheel J E, 2F, *AS, 78579255

16 | Efficiency of locomotive on hitch " >F,*AS/(H *B) 0,218

17 | General efficiency of locomotive . >F *AS/(H *B) 0,241

18 | Performance car/h P 3600 m/XT 162

Table 2

Distribution of fuel consumption and operating time of the locomotive
in case of train breaking-up at the hump

Operating time on positions of the controller
Position 0 1 2 3 4 5 6 7 8 Sum
Time T, s 18,00 (92,00 |[225,40 [238,60 [90,40 2,80 0,60 0,00 0,00 667,80
Time T, % 2,70 13,78 33,75 |[35,73 |[13,54 (0,42 0,09 0,00 0,00 100,00
Fuel consumption on positions of the controller
Position 0 1 2 3 4 5 6 7 8 Sum
guilgconsumption 0,0512 |0,4312 |2,0375 |3,3130 |1,7062 |0,0715 |0,0183 |0,0000 |0,0000 |7,6289
Fuel consumption 0,67 5,65 26,71 |43,43 22,37 0,94 0,24 0,00 0,00 100,00
B, %

Fuel consumption amount in % excluding transients 1,7336

Fuel consumption excluding transients on positions of the controller

Position 0 1 2 3 4 5 6 7 8 Sum

Fuel consumption 0,0512 |0,4245 |1,9918 |3,2784 |1,6753 |0,0621 |0,0155 [0,0000 |0,0000 |7,4989

B, kg

Fuel consumption 0,68 5,66 26,56 43,72 |22,34 (0,83 0,21 0,00 0,00 100,00

B, % / PR
Operating time at transients on positions of the controller g‘i E
Position 0 1 2 3 4 5 6 7 8 Sum

Time T, s 0,00 2,20 14,20 {9,80 8,00 2,20 0,60 0,00 0,00 37,00

Time T, % 0,00 5,95 38,38 (26,49 |[21,62 |[5,95 1,62 0,00 0,00 100,00
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Pic. 5. Histograms of distribution of fuel consumption and operation time of the locomotive when performing
thrust—breaking-up (individual modes: thrust—acceleration, thrust—movement at a constant speed, breaking-
up— movement at constant speed, braking): a) distribution of fuel consumption on positions of the controller
when calculating work in steady mode and taking into account transients in a diesel engine; b) distribution of
operation time of the locomotive on positions of the controller when calculating work in steady mode and taking
into account transients.

normal adhesion conditions, loses performance by
~13,1%. If the conditions of adhesion of wheels with
rails deteriorate, then with more than 50 cars thrust
operation generally cannot be performed. Atthe same
time with the number of cars less than 45 locomotive
CHMES3 is ~10,9% more efficient than locomotive
TEM?.

The criteria for assessing appropriateness of a
particular locomotive can serve [8]:

W=B+T=min, at E,=const, (17)
where E, is work performed by locomotives on hitch.

The magnitude of the criterion W becomes
smaller for locomotive TEM7 as compared with loco-
motive CHMES3 with a number of dissolved cars more
than 45 (Pic. 6).

Information on topics related to the research can
be also found in Web-sources [9-13].

Conclusions.

1. Simulation of processes of train breaking-up at
the hump yard as of the sum of individual modes with
simulation of real processes in power plants and by
varying train weight in the form of a random variable
allows with high reliability to perform calculation of
shunting locomotive performance, to specify fuel
consumption and to identify the most rational modes
of locomotive control.
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2. The example of locomotive CHE3 shows the
impact of transients in diesel engine on fuel consump-
tion when operating in different individual modes, and
the proportion of fuel consumption attributable to one
or another mode. The greatest influence on the per-
formance is made by individual mode «acceleration».
The error in the calculation of fuel consumption with-
out transients in this mode can be up to 25%.

3. Analysis of the performance of shunting hump
work (thrust-breaking-up) for locomotives CHME3
and TEM?7 allowed to justify criteria to assess expedi-
ency of locomotive use.

4. The above method of determining locomotive
energy efficiency based on actual technical specifica-
tions can be useful for specialists of diesel traction.
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