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Mpun nocTpoeHnn UMUTaLMOHHON MOAENN
JKeJs1Ie3HO[40POXHOM CTaHLNN U Y31a
OAHUM N3 ee 0093aTesIbHbIX 3JIeMEHTOB
SABJIS€TCS NMPOLAO/DKAUTENIbHOCTD BbIMOJIHEHUS
MaHeBpoBoW paboTbl. C MOMOLLbIO CUCTEMbI
mMmopaenupoBaHusi AnyLogic ansi oyeHkun
3TOM No3nyMn Heo6xoaMMO PacCMOTPETh
MeToA4 yyeTa pa3roHa u 3amensieHus
MaHeBpOBOIo coCcTaBa Ipu BbIMOJIHEHNN
nonypeviica. lMMpu4yem ncrnosib3yeMbiii METOL
AOJDKEeH COOTBETCTBOBAaThb U ripaBuiam
pacyera, npuHATbHIM B cucteme AnylLogic,
u Tpe6oBaHUSIM [eiCTBYIOLLNX UHCTPYKLWNHA
Mo HOPMUPOBaHUIO MaHEBPOBOJ PaboThI

(c y4yeTOM BO3HUKAIOLLMNX OrPaHNYEHUI).

B cTaTtbe n3s10)eH cnocob peLieHus

Tako¥ 3aga4u, YA0B1e TBOPSIIOLNIA

aTumMm TpeboBaHusaM. O4HOBPEeMEeHHO
npeanaraeTcsi KOPPEKTUPOBKa

HEeKOTOpPbIX HETOYHOCTEN, COAEPKALLMNXCS
B AieACTBYIOLL e MeToauKe.

Knro4yeBble caoBa: xeneaHasi 4opora, CTaHLus,
maHeBpoBsasi paboTta, HOpMUPOBaHUE,
npPOAO/IKUTENILHOCTb MOJ1yperica,
moaenvpoBaHue, cuctema AnylLogic.
|

NPOBJIEMBbI YIIPABJIEEIA

Oco06eHHOCTU HOPMUPOBaHUS
MaHEeBpPOBOW padoTbI
B UMUTALMOHHOW MOAENN CTaHUNUN

IlImyaeeun Muxaua Hspauresuu — doxmop
mexHu4eckux Hayk, npogheccop Mockosckozo
20cy0apcmeenHo20 yHueepcumema nymeii coooujeHus
(MHUHT), 3amecmumens dupekmopa 340
«IIpommpanc HHUUnpoexm», Mockea, Poccus.
Cmapuxoe Arexceii Eeeenveeuu — uncerep 340
«lIpommpanc HUHnpoexm», Mockea, Poccus.

JHUM U3 METOIOB ONMTUMHU3ALNU

TMPOEKTHBIX U YIPABICHYECKUX Pe-

LIEHU TpY aHaT3e MHGPPACTPYKTY-
PBI ¥ TEXHOJIOTUM PAOOTHI CIOXHBIX TPAHC-
TIOPTHO-JIOTUCTUIECKUX CUCTEM, K KOTOPBIM
OTHOCSTCS XEJe3HOMOPOXHBIE CTAHIINU
U Y3JTbI, SIBJISIETCSI UMUTALIMIOHHOE MOJIETUPO-
Banwue [1—3]. OHO UMeeT CBOIO CICIIM(DUKY.

MOOEJTIMPOBAHUE B CPEQE
ANYLOGIC

OTIMYUTETLHON YepTOoil MOIEeIMPOBAHUS
B cpene AnyLogic [4—7], o ueM moiaeT peyb
najee, CUMTAeTCsl TO, YTO TIPUMEHUTEIbHO
K XeJIe3HOIOPOKHBIM CHCTeMaM TTPOIOJIKH -
TEJIbHOCTD IBUKCHUS TPAHCITIOPTHBIX CPEACTB
HE 3aJaeTcs B IBHOM BUIE, a BHIYMCIISICTCS,
HMCXOIISI U3 PACCTOSTHUS TIEPEIBUKEHUS (T -
HBI IIEPEeTOHA, CTAHIIMOHHOTO MyTH, MapIIIpy-
Ta CJIeIOBaHMS 10 CTAHIIUM) ¥ CKOPOCTH T1e-
peMeleHud [6].

C oTOH 1IeJIbI0 B MOJIEIb BHOCUTCSI Mac-
mradbHas cxema oobekTa. B mpodeccrnonann-
Holi Bepcuun AnylLogic 7.2 peanu3oBaHa BO3-
MOXHOCTh 3KCIIOpTa YyepTexka CTaHIIMH, T10-
cTpoeHHOTO B popmate .shp, B MOIeNb.
B Bepcum AnyLogic 7.3 mpearonaraercs pea-
JIN30BaTh BapUaHT HEIOCPEACTBEHHOTO 2KC-
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nopra yeprexeil, moctpoeHHbIX B AutoCAD
(bopmara .dxf). B ynmpouieHHOM BapuaHTe
TUIaH CTAHIIMU CTPOUTCS IO BHIOPAHHBIM Xa-
pPaKTepHBIM TOYKAM.

OnHako MoaenupoBaHue B AnyLogic ma-
HEBPOBOIT pabOTHI, BHITTOTHSIEMOI Ha BHITSTK -
HOM MYTH, TpeOyeT yuyeTa He TOJIbKO MPOA0JI-
SKUTEJIbHOCTU JABUKEHUS C YCTAaHOBJIEHHOM
CKOPOCTBIO, HO U MPOAOKUTETbHOCTUA pa3-
TOHa ¥ 3aMeJIeHUs (YCKOPEHUST U TOPMOKe-
HUSI MaHEBPOBOTO cocTaBa) [8], To ecTb KO
BPEMEHMU, MOJYYEHHOMY B pe3yJibTaTe nejie-
HUS PACCTOSIHUS Ha CKOPOCTh, CJIeIyeT 100a-
BUTb MPOAOKUTETBHOCTh PA3rOHa U 3aMe/l-
JIEHUSI TIPY BBITIOJTHEHWY KaXKJI0TO ToJTyperica.

IIpu 3TOM TOJNy4YeHHAsT TAKUM TIyTeM
(B mpoliecce MOJAEIUPOBAHUS) MTPOIOTKU-
TEJBbHOCTD ToJypeiica (t ,") IOJKHA COBIIa-
JIaTh C HpOILOJI)KI/ITeJILHOCTLIO nonypeiicat, .,
pPacCUMTBHIBAEMOI B COOTBETCTBUM C ODUIIH -
AJIbHO TIPUHATHIMA HOPMATUBHBIMU JOKYMEH-
TaMu (HampumMep, ¢ MHCTPYKIIME IO HOPMU--
POBaHUIO MaHEBPOBOI PabOTHI U BBITTYIIICH-
HBIX Ha ee ocHoBe HopM [9,10]), 6e3 uero
pe3yJabTaThl MOJEIMPOBAHUS HE MOTYT CUM-
TaThCS JISTUTUMHBIMU.

7151 BBIMIOJTHEHU S 3TOTO YCJIOBUS TPEOyeT-
CS HaWiTW TaKOW METOJ pacyeTa YCKOPEHUS
W TOPMOXEHUS B MOJAEJU, TIPU KOTOPOM
tﬂ/nM . trl/p

B cootBercTBUM C [1] MPpOAOKUTENBHOCTD
noJjryperica paBHa:

v, 3,61,
Laro :(“pm + m)-7+V—, C, (1)
re o, — KO3GhOUIMEHT, YYUTHIBAIOIINI

BpeMsI, HEOOXOIMMOE TSl U3MEHEHUS CKOPO-
CTU IBIKEHUS JIOKOMOTHUBA Ha 1 KM/‘{ npu

=0,76

pasroHe ¥ TOPMOXEHUH, O,
KM / Y

Bpm — K03(pDUILIMECHT, YIUTHIBAIOIINI 10O~

TMOJIHUTEIbHOE BpeMsl Ha N3MEHEHHUE CKOPO-

CTH IBVKEHMS KaKI0r0 BArOHa B MAHEBPOBOM

cocraBse Ha | KM/‘{ MPY pa3roHe ¥ TOPMOXKe-

=0,13

HHHL o }CM/lt

m — KOJIMYCCTBO BArOHOB B MAHCBPOBOM

COCTaBe;

V' — norycTumas CKOpoCTb ABMKEHHS TIPH
MaHeBpax, KM/4;

lnp — JUIMHA TToypelica, M.

OrnpenenuM MpoA0IKUTETBHOCTD TTOJTY-
petica Tpu MOJEIMPOBAHUM.
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JnuHy nojyperica MOXHO HalTH no dop-
MyJie:

lnp = 11 + 212 » M, (2)

rae ll — paCCTOAHMUE, HpOﬁHCHHOC MaHCBpPO-
BBbIM COCTaBOM C ITOCTOSTHHOWU CKOPOCTbIO
V., M,

lz — pacCToAHUC, HpOfII[CHHOC MaHEBPO-
BbIM COCTaBOM C YCKOPCHMEM UJIN TOPMOXKE-
HUEM, M;
ll = VM .tl » M, (3)

rae V, — nomycTuMasi CKopoCTb IBHXKEHUS IPU
MaHeBpax, M/c;

!, — NPOJOJKUTEIbHOCTD CJIE10BaHUA
C MIOCTOSIHHOM CKOpOCThIO V| C;

“4)

rae a — YCKOPCHHE UJIN TOPMOXKCHHNEC MaHEB-

POBOIO coCTaBa (HpI/I pacucrax mu najJbHEUIIEM

MOACINPOBAHHUN HeHeCOO6pa3HO 3aJaBaTb

YCKOPCHUEC U TOPMOXKEHUE PaBHBIMU, TO €CTh
= _ 2.

ap _am _a)9 M/C H

{, — TPOJOJIKUTENBHOCTD CIENOBAHUS
C YCKOpEeHUEM WA TOPMOKEHUEM, C;
V
j— M
t,=—*
a

©)

,C,

Cy oy
7 2™ ©

IMponomkuTebHOCTB NOJTypelica NpyU MO-
NeIMPOBAHUHU OIPE/IENIsieTCsl o hopMyIam:
by, =h+21, (7

L=a

VM
2t _tn/p 27) C, (8)

n/p

2

v
L=V, (n/,,—2—) Vaty, 2‘f,M, ©)
2 2
l =l +2 =V, tn/p—2V—+ 2V
a 2a
. V!
=Vt _T’M' (10)
OTcrona
M __np VM
t”/"_V_+_’ c. (11)

M

[1pu 3apaHKM CKOPOCTU MAaHEBPOBBIX I1€-
pemBIDKEHUI B KM/4 (popMyIia IIprUMeET BUI:

3,6:1 V
Mo np M
n/p V 3,6'61 s (12)

M
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W3 TpeboBaHUs COBMANEHUSI PACUETHOMN
TPOIOJKUTELHOCTH TTOJTypeiica v IMpoJIo-
JKMTETLHOCTH B MOJIENH (7, ot /p“) MoJIyyaeM:

Vy 36, 36b, V. s

(@t ) 4= =2

M M

OTKYy/Ia
2

“T36a,,+p,m

W3 dopmye (14) caemyeT, 9To yCKOpEeHHE
1 TOPMOXKEHHE ITPY MaHeBpaxX He 3aBUCSIT OT
JOTyCTUMO# CKopocTH aBvXeHus (V) ), HO
3aBUCST OT KOJIMUECTBA BAarOHOB B MaHEBPO-
BOM cocTaBe ().

Takum o6paszom, Ipu MOAETIMPOBAHUU
MaHEeBpPOBOIl pabOTHI Ha BBITSIXKHOM ITYTH
B cpene AnylLogic ycKkopeHne 1 TOpMOXKEHIE
cocTaBa CJIelyeT 3aJaBaTh B COOTBETCTBUM
¢ bopmyoii (14) ¢ MTOMOIIIBIO BEIPAXKECHUS:
a=2/(3,6:(0,76+0,13(trainSizeWithLoco-1))),
rae trainSizeWithLoco — nmapaMeTp MOJENH,
OTpaKaloIUii KOJIMYECTBO BATOHOB B COCTaBe
C YIETOM JJOKOMOTHBA.

B cpene monenupoBanust AnylLogic Bo3-
MOXEH U IPYroM IOAXO/ K PEIIEHUIO TaHHOMU
3aauM: HE YIYUTHIBATh YCKOPEHUE W TOPMO-
JKEHHE cocTaBa, a MOACIMPOBATh IBMKEHUE
C TIOCTOSTHHOM CKOPOCTHhIO MaHEBPOBOTO CO-
cTaBa VM. ITpu aToM 151 cobmoaeHus Tpebo-
BaHMS O COBITAJCHUN MOIIEIbHOTO BpeMEHU
C pacYETHBIM MOCJIEe KaXKI0T0 0JIOKA, COOTBET-
CTBYIOIIIETO OUYepeTHOMY ITOJTypeiicy, HE00XO0-
JIMMO CTaBUTH OJIOK «delay», orpenessionmii
NPOJIOJDKUTENLHOCTD 3a0€PXKKHU 7, sl y4eTa
pasroHa u 3amenjieHus B Moaesu. [Ipomomku-
TEJILHOCTD 3aIePKKH B 0J10Ke «delay» pukcu-
pyeTcsl C YIETOM CKOPOCTHM ABMXKCHUS TIPU
MaHeBpaxX M KOJIMYECTBa BarOHOB B COCTaBe
o opmyiie:

(14)

t,=(a,,+ ﬂp,n'm)'%, c. (15)

I[IpumeHeHue crocoba ¢ BKIIOYCHUEM
B MoJesb 0J10Ka «delay» geMOHCTpUpyeT a0-
COJIIOTHO TOYHOE COBIAJCHME PE3yJbTaTOB
C pacueTHoOI1 (hopMyJIOii, a CIIOco0 C pacyeToM
yCKOpeHMs1 cocTaBa o dopmyie (14) maet
pe3yJIbTaThl, MPUOIMXKEHHbIE K PACYCTHBIM.

PE3YJ1IbTATbl TIPUMEHEHU4A
MNOJTYYEHHbIX ®OPMY
HccnenoBaHue onmucaHHOIO IMOAXOAa Ha
MOJIeJIM TT0Ka3ajo, 4YTo oba crocoba ydyera
ycKOopeHus (C ucrnojib3oBaHueM 0j10ka «delay»
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M pacueToM 3aaepKku o popmyiie (15), 1o
C pacueToM ycKopeHUd 1o dopmyie (14)),
OCHOBaHHbIE Ha IeHCTBYIOLLEH MeToauke [10],
JAI0T HEBEPHBIE Pe3y/IbTaThl pacyeTa Mpoao-
KUTEJIbHOCTU MaHEBPOB MPU 3HAUYCHUSIX
pPacyYeTHOI CKOPOCTH, MPEBHIIAIOIINX OTIpe-
JIEJICHHYIO BEJIMYMHY.

PaccmoTtpum rpapuky u3MeHeHUs TIpo-
JIOJDKUTEJIbHOCTU MaHEBPOBOI pabOThI, pac-
cuuTaHHOM 1o uHcTpykuuu [10] u npeanara-
€MOMY JUJTSI MOZIEJIMPOBAHUS METOLY C UCITOJTb-
30BaHMEM PACUETHOTO YCKOPEHUS U 3aMejLJTe-
HUSI.

Puc. 1 1 2 oTpaxatoT 3aBUCUMOCTb MPO-
JMOJKUTEJILHOCTA MaHEBPOBOU pabOTHI OT
CKOPOCTH IBUXKEHUST MPU Pa3TIMIHBIX IJTUHAX
noJtypeiicoB (cootBeTcTBeHHO 250 1 500 M)
U OIMHAKOBOI UTMHE MaHEBPOBOTO COCTaBa
(20 BaroHoOB).

Ha puc. 3 mponomKuTeIbHOCTh MOJTypeii-
ca, paccuMTaHHas IO JEHCTBYIOITUM METOIH -
yeckuM ykazaHusam (MY) nnas yciaoBuid,
MpUBEIECHHBIX Ha puc. 1, 1 0003HAYEHHAs
t(V, a), pa3noxeHa Ha IBE COCTaBJISIOLINE:
MPOIOJIKUTETBHOCTD ABUKESHUSI TIPY YCTAHO-
BUBLIEHCcS ckopocTu t(V) U NpOmOKUTEIb-
HOCTb IBMXKEHMS ¢ yckopeHueM t(V(a)).

Kak rmokassIBaloT moiydeHHbIE pe3y/ibTa-
Thl, 002 METOJIA, B TOM YKCJIE€ U JEHCTBYIOIINIA
B cooTBeTcTBUU ¢ MHCTpYKLIMe OAO «PXK]1»,
JAIOT HEBEPHBIC PE3YIbTAaThl TIPU CKOPOCTSIX
JIBVKEHUST, TIPEBBIIIAIONINX CKOPOCTh B TOUKE
neperuda kpuBoii Ha puc. 1 u 2. ITo pacuety
MPOIOKUTETLHOCTh MAaHEBPOB YBETMUMBA -
€TCsl, HO B IEMICTBUTEIbHOCTU TOJIXKHA OCTa-
BaTbCsl OIMHAKOBOW. B BapmaHTe pacuera
C YCKOPEHUMEM TIPOJIOJKUTEIbHOCTh YMEHb-
1IaeTCs, YTO TAKXKE UCKAXKAET Pe3yJIbTaThl.

W3 rpaduKoB ciieyeT, 4To Mpu pacyeTe o
e CTBYIOIIE METOAMKE HOPMUPOBAHUS
MaHEBPOBOI1 pabOThI C yBEJIUUEHUEM CKOPO-
CTH TTPY IMTOCTOSTHHOM PACCTOSTHUM M KOJIYE -
CTBE BarOHOB MPOIOIXKUTEIbHOCTD MOTYpeii-
ca BHayvaJie YMEHbIIAETCs 10 ONMPeaeIeHHOTO
3HAYEHUs, a 3aTeM BO3PACTaET.

VYuacTok rpaduka mocie neperubda He
MMEET CMbICTIa — TAaKOW CKOPOCTU MaHEBPO-
BBII COCTaB TP 33JaHHOW JUITMHE TIYTH J10-
CTUYb HEe cMOXKeT. To 3ke MOXHO cKa3aTh U PO
y4acToK rpaduka npu onpeaeaeHuu mpoaos-
KUTETBHOCTU TIOJTypeiica ¢ MpuMeHEeHUEM
B MOJIEJIM PACYETHOTO YCKOPEHUS.

Takum o6pa3oM, mpu pacuerax HeOOXOAM -
MO HaKJIaJbIBaTh OTpaHNYEHNE Ha PACUETHYIO
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Inp =250 m, m = 20 Bar.

tnp, ¢

210,0 4

190,0 —\

170,0

150,0 \

130,0 \ cesiee MY
110,0 —4— Mogenb
90,0 NS A
70,0 T T T T —

5 10 15 20 25 30 35 40 50 60 yy

Puc. 1. BaBuCUMOCTb NPOAOIIKUTENIBHOCTH
nosypevica ot 4OMYCTUMOV CKOPOCTY ABVKEHNS
MaHeBpoBOro coctasa npwm Inp = 250 m.
CKOpPOCTb, B IPOTUBHOM CJIy4dac MbI I10JIy4acM
HEBEPHYIO ITPOJOKUTEILHOCTB IMOJIyperica —
60JII>IHy}O IIpU pacyeTe C UCIIOJIb30BAaHUEM
3a/IEPKKU () WM MEHBILYIO TIPU UCIOJIB30-

BaHWU paCYC€THOI'O YCKOPCHMA.

OrPAHUYEHUE PACYETHOWM
CKOPOCTH

B cooTBeTcTBUHU C «KJTacCUYECKIM» Ioa-
XO4O0M MPOAOIKUTECIbHOCTDb HOJ'IprfICﬂ CO-
CTaBJIACT.
tyy =1, 41, +1

3am >

(16)

IJIe f, — BPeMsi Pa3roHa;

!,y — BPEMSI IBIKCHIST C YCTAHOBHBILICHCST
CKOPOCTBIO, B HALIMX O0OO3HAYEHMSAX 1 ;

Z,,., — BPEMS 3aMEUICHUSI.

ITpu orpaHUYEHHBIX JJTMHAX MAHEBPOBOTO
nojypeiica lnp U JIOTTYyCTUMOI CKOPOCTH JIBU-
XeHusi V MaHEeBPOBBIN COCTaB HE YCIEBAET
JOCTUYb CKOPOCTH V, M CpeIHMii YIeH U3
dopmyinnr (16) Beimagaet. Ilocie pa3rona
U JOCTUXEHUS HEKOTOPO# ckopoctu V
HauMHAeTCs 3aMe/JIEHUe, YTO TapaHTUPYeT
OCTaHOBKY Ha PacCTOSTHUU lnp.

Ornpenenum MpeaesibHYI0 CKOPOCTD V o
KOTOPYIO MOKET Pa3BUTh MAaHEBPOBBIIA COCTAB
Ha OTPAaHUYEHHOM PACCTOSIHUU C MOCTOSTH-
HBIM ycKopeHueM (a=const, I[=const). D10
3HAUYEHNE COOTBETCTBYET 3HAUEHUSIM rpapuka
(yHkuuu B Touke repernba Ha puc. 1-3.

B nipuBeieHHBIX yCIOBHBIX 0003HAUEHMSIX

lnp =21 (,=0),
boin = 2158 =0),

Vmax
t2 s
a
7 vy v 2
| =21 =2q2%=q| mx | —_ma 17
np 2 2 ( a j a b ( )
Viax =+/al,, » M/c, (18)
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Inp =500 m, m = 20 Bar.

tnp, ¢
400,0
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Puc. 2. 3aBUCUMOCTb NPOAO/DKNTEIIBHOCTH
nosypevsica ot 4OMyCTUMOWN CKOPOCTHU ABVKEHUS
MaHeBpoBoro cocrasa npw Inp = 500 m.

Inp =250 m, m = 20 Bar.

tnp, c
200,0 4

0y

100,0 - g K
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Puc. 3. BaBucuMocCTb COCTaBNSIOLNX
NpoAOJ/DKNTENIbHOCTHU NOJIyperica OT AOIMyCTUMO
CKOPOCTU ABUXEHUSI MaHeBPOBOIO COCTaBa.

Vi =36 Jal, =
2361, _ [ 72,
(al”" +ﬂl7’”‘m) (al’m +ﬂpm.m)

I/ITaK, OrpaHMYCHMUE, HAKJIaAbIBACMOC Ha
PaCYCTHYIO CKOPOCTb NP BLIIMMOJIHCHUN Ma-
HEBPOBOI'O HOJIypefICB,, MMEET BUI!

%
T2 ,km/a. (20)
(apm +Bm* m)

C yuetom ponyctumoii o INTD ckopocTu
MaHEBPOBBIX ITEPEIBIKEHUI Ha KOHKPETHOM
craHuum V, pacyeTHas CKOPOCTb COCTaBIIsA-
erT:

Ve =min{V, sV, 4.

pacy max?’ " maH

, km/4. (19)

VsV . =

pacy max

e2y)

O KOPPEKTUPOBKE
METOAUYECKUX YKASAHUN

B kauecTBe WITIOCTpallUU K PE3YJIbTaTy,
BO3MOXXHOMY TIPUA OTCYTCTBUM OTpaHUYECHUI
(19-21), paccMoTpuM NpUMepPbI UCTIOIb30Ba-
HUS METOIWYECKUX YKa3aHUM, C TTOMOIIIbIO
KOTOPBIX OTIPEEIISIeTCS TIPOIOKUTETHHOCTD
BBITTOJTHEHUSI MAaHEBPOBBIX OIEpalnii Ha
CTaHIIMSIX MarucTPaJbHOTO U TTPOMBIIILICH-
HOT0 KeJIe3HOOPOXHOI0 TPAHCIIOPTA.
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Vm = 25 Km/u

At Vm = 15 Km/u At,
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Puc. 4. OTimymne oTKkOppeKTUPOBaHHO MPOAO/DKATE/IbHOCTHU MoJ1yperica OT noJsiy4eHHOV 1o AeicTByioL e
MHCTPYKUUN.

B MeTomuueckux ykazaHUSIX Ul pacueTa
HOPM BpeMeHU Ha MaHEBPOBBIE paOOTHI TTPH -
BeJIeHBI TAOTUIIBI 3HAYEHWI TTPOIOJIKUTEITb-
HOCTH TIOJTypEHCOB TIPU Pa3IMYHBIX CKOPO-
CTSIX IBUKEHUSI MAHEBPOBOT'O COCTaBa, KOJIM-
yecTBe BaroHOB M IJuHe Tmojypeiica. [lo-
CKOJIBKY B 3TUX TabJMllax HEOOXOaMMoe
orpaHUYeHNe Ha MAKCUMAaJIbHO TOTTYCTUMYIO
CKOPOCTb HE YYUTHIBAJIIOCh, HEKOTOPHIE U3
Ha3BaHHBIX B HUX 3HAYCHUI HEe BEPHBI.

B tabnuuax [1—3] yTBep>KIeHHBIX HOPM
BpeMEHU M3 MEeTOAMYEeCKUX yKazaHuii [10]
B IIpaBOil BEpXHEW YaCTU OTMEYEHbBI MOJIS,
B KOTOPBIX BBIJIEJICHBI HEBEPHBIC PE3YJILTATHI.

Ta6nuipl (4—6) epecuyuTaHbl IS TEX XKE
YCJIOBUI C y4ETOM OTpaHUYEHUST CKOPOCTH.
B HUX BBIIEIEHBI TIOJIS, COEPXKAIIIME OTKOP-
PEKTUPOBAaHHbIE 3HAYCHUS TTPOTOJIKUTEIb-
HOCTHM MaHEBpPOBOTO IMoJIypeiica.

OTKJIOHEHUE peabHbIX (OTKOPPEKTUPO-
BaHHBIX) Pe3YJIBTATOB OT MPUBEACHHBIX B JIEH -
cTBytolIel nHeTpykuuu [10] mpu conocTtaB-
JIEHUU TaOJIMLL TpUBeAeHbI Ha puc. 4. OTKJI0-
HEeHUE TeM 3HaYuTeIbHee, 4eM MEHBIIIe JJTMHA
rnoJrypeiica 1 00JIbllle KOJIMYECTBO BarOHOB
B coctaBe. OTCYTCTBUE OTJIMIMI OTBEYAET TEM
COYCTaHUsIM BEIMYUH V,, [ 11 m, mpu KOTO-
PBIX MaHEBPOBBII COCTAaB MOXET MOCTUYD
ckopoctu V.

® MWP TPAHCIMOPTA, Tom 13, N2 5, C. 198-212 (2015)

JINTEPATYPA

1. Lin, E. and C. Cheng. YardSim: A Rail Yard
Simulation Framework and its Implementation in a Major
Railroad in the U.S. In: Proceedings of the 2009 Winter
Simulation Conference, Edited by M. D. Rossetti,
R.R. Hill, B. Johansson, A. Dunkin and R.G. Ingalls.
Piscataway, New Jersey: Institute of Electrical and
Electronics Engineers, Inc., 2009, pp. 2532—-2541.

2. Kosnos I1. A. O MeTOIMYECKHUX pacyeTax CUCTeM
JKEJIE3HOMOPOKHOTO TpaHcTopTa // 2Keie3HOmOPOKHBI
TpaHcnopt. — 2014. — Ne 12. — C. 28—32.

3. Clausen, U., Goedicke, I. 2012. Simulation of Yard
Operations and Management in Transshipment Terminals.
In: Proceedings of the 2012 Winter Simulation Conference.

4. Kucenesa M. B. UMuTalimoHHOe MO IMPOBaHME
cucteM B cpene AnylLogic: YueObHo-MeToa. mocobue. —
Exarepun6ypr: YI'TY-VYIIU, 2009. — 88 c.

5. The AnyLogic Company. 2015. AnyLogic —
Multimethod Simulation Software. http://www.anylogic.
com. Last accessed 29.10.2015.

6. Petersen, E. R. 1977. Railyard Modeling:
Part I. Prediction of Put-Through Time. Transportation
Science, Vol. 11, No. 1, February.

7. Baugher Roger. Application of AnyLogic to Railroad
Operation Analysis. AnyLogic Conference, December,
2013.

8. lImynesuu M. 1., CrapukoB A. E. CTpykTypa
VMHUTAIIMOHHOW MOJEM TTPOMBIIUICHHBIX KeJIe3HOI0-
POXHBIX CTAHIIMI U ee peain3alus B cucreMe AnyLogic
// lpombitienHsiit Tpancmopt XXI Bek. —2015. — Ne 1.

9. Hopmbl BpeMeHM Ha MaHEBPOBbIE paOOTHI, BBITOJ -
HsieMble Ha XeJIe3HOTOPOXHbBIX cTaHIusIX OAO «PXK/I»,
HOPMAaTHUBbI YMCIEHHOCTH OPUTaj MaHEBPOBBIX IOKOMO-
TuBOB. YTBepkneHo OAO «PXK/I» 08.02.2007 r.

10. Meroanyeckue yKa3aHus 1O pacyeTy HOpM Bpe-
MEHU Ha MaHEeBPOBBIE PAOOTHI, BHITIOTHSIEMbIE Ha JKeJe3-
HOIOPOXHOM TpaHcmopTe. YrBepxkaeHo MIIC P®
19.03.1998 r. L4

Llimyneeu4 M. WU., CtapukoB A. E. OCO6GeHHOCTV HOPMUPOBaHUA MaHEBPOBOY PpaboTbl B UMUTaLUOHHOMN

MoAenu cCTaHuumn



Ta0imuna 1

HopMbl BpeMeHM Ha MOJypeiichl 3a€3/10B MAHEBPOBBIX JIOKOMOTUBOB U IEPECTAHOBOK BarOHOB
1 COCTaBOB CO CKOPOCTHIO 15 KM/4 (B MUHYTAX) 110 AEHCTBYIOLIEI HHCTPYKLIMKA

HJT"Ha nonypeﬁca, M 3363}1 MaHEBPOBOTO nCpCCTaHOBKa BaroHOB U COCTABOB IPU KOJIMYECTBE BArOHOB B COCTABE

ot 10 JIOKOMOTHBA (11=20) | (21-30) | (31-40) | (41=50) | (51=60) | (61—70) | (71—80)
1 50

51 100

101 150

151 200

201 250

251 300 1,20 1,25 1,33 145 1,61 1,77 1,94 2,10 2,26

301 350 1,40 1,45 1,53 1,65 1,81 1,97 2,14 2,30 2,46 2,62
351 400 1,60 1,65 1,73 1,85 2,01 2,17 2,34 2,50 2,66 2,82
401 500 1,90 1,95 2,03 2,15 2,31 2,47 2,64 2,80 2,96 3,12
501 600 2,30 2,35 2,43 2,55 2,71 2,87 3,04 3,20 3,36 3,52
601 700 2,70 2,75 2,83 2,95 3,11 3,27 3,44 3,60 3,76 3,92
701 800 3,10 3,15 3,23 3,35 3,51 3,67 3,84 4,00 4,16 432
801 900 3,50 3,55 3,63 3,75 3,91 4,07 424 4,40 4,56 4,72
901 1000 3,90 3,95 4,03 4,15 431 4,47 4,64 4,80 4,96 5,12
1001 1200 4,50 4,55 4,63 475 491 5,07 5,24 5,40 5,56 572
1201 1400 5,30 5,35 5,43 5,55 5,71 5,87 6,04 6,20 6,36 6,52
1401 1600 6,10 6,15 6,23 6,35 6,51 6,67 6,84 7,00 7,16 7,32
1601 1800 6,90 6,95 7,03 715 7,31 7,47 7,64 7,80 7,96 8,12
1801 2000 7,70 7,75 7,83 7,95 8,11 8,27 8,44 8,60 8,76 8,92
2001 2200 8,50 8,55 8,63 8,75 8,91 9,07 9,24 9,40 9,56 9,72
2201 2400 9,30 9,35 9,43 9,55 9,71 9,87 10,04 [1020 1036 |10,52
2401 2600 10,10 1015 [1023  |1035 [10,51  |1067 [10,84 |11,00 11,16 [11,32
2601 2800 10,90 10,95 |[11,03  |11,15 | 11,31 11,47 |11,64  |11,80 [11,9 |12,12
2801 3000 11,70 11,75 11,83 | 11,95 [12,11 1227|1244 |1260 [1276  |12,92

Tabaumna 2
HopMbl BpeMeHM Ha NoJypeiichl 3a€310B MaHEBPOBBIX JIOKOMOTHUBOB U [IEPECTAHOBOK BarOHOB
M COCTABOB CO CKOPOCTBIO 25 KM/ (B MUHYTAaX) 110 JASHUCTBYIOLIEiT MHCTPYKLINK
JlnvHa nosypeiica, M 3ae31 MaHeBPOBOTO TlepecTaHOBKA BAarOHOB M COCTABOB NP KOJINYECTBE BATOHOB B COCTABE
ot 1o JIOKOMOTHBA (11-20) | (21-30) | (31—-40) | (41-50) | (51-60) | (61-70) | (71-80)
1 150
151 200
201 250
251 300
301 350
351 400
401 500
501 600
601 700
701 800
801 900 2,20 2,28 2,42 2,62 2,89 3,16 3,43 3,70 3,97 4,24
901 1000 2,44 2,52 2,66 2,86 3,13 3,40 3,67 3,94 4,21 4,48
1001 1200 2,80 2,88 3,02 3,22 3,49 3,76 4,03 4,30 4,57 4,84
1201 1400 3,28 3,36 3,50 3,70 3,97 4,24 4,51 4,78 5,05 5,32
1401 1600 3,76 3,84 3,98 4,18 4,45 4,72 4,99 5,26 5,53 5,80
1601 1800 4,24 4,32 4,46 4,66 4,93 5,20 5,47 5,74 6,01 6,28
1801 2000 4,72 4,80 4,94 5,14 5,41 5,68 5,95 6,22 6,49 6,76
2001 2200 5,20 5,28 5,42 5,62 5,89 6,16 6,43 6,70 6,97 7,24
2201 2400 5,68 5,76 5,90 6,10 6,37 6,64 6,91 7,18 7,45 7,72
2401 2600 6,16 6,24 6,38 6,58 6,85 7,12 7,39 7,66 7,93 8,20 / ~
2601 2800 6,64 6,72 6,86 7,06 7,33 7,60 7,87 8,14 8,41 8,68 g‘li{ﬁ
2801 3000 7,12 7,20 7,34 7,54 7,81 8,08 8,35 8,62 8,89 9,16 §
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’Zggi ‘ Ta0anna 3

Hopmbl BpeMeHM Ha Mostypeiichl 3a€3/10B MAHEBPOBbIX IOKOMOTHBOB U IIEPECTAHOBOK BarOHOB
¥ COCTABOB CO CKOPOCTHIO 40 KM/4 (B MMHYTaXx) IO JeWCTBYIOIEH HHCTPYKLINI

Jlnnna nosypeiica, M | 3ae31 MaHEBPOBOTO IMepecTaHOBKA BATOHOB 1 COCTABOB MPH KOJIMYECTBE BarOHOB B COCTaBe

or no e (11-20) | (21-30) | (31—40) | (41-50) | (51—60) | (61-70) | (71-80)
1 250

251 400

401 600

601 800

801 1000

1001 1200

1201 1400

1401 1600

1601 1800

1801 2000

2001 2500 3,63 3,76 3,98 4,30 4,73 5,17 5,60 6,03 6,47

2501 3000 4,38 4,51 4,73 5,05 5,48 5,92 6,35 6,78 7,22 7,65
3001 3500 5,13 5,26 5,48 5,80 6,23 6,67 7,10 7,53 7,97 8,40
3501 4000 5,88 6,01 6,23 6,55 6,98 7,42 7,85 8,28 8,72 9,15
4001 4500 6,63 6,76 6,98 7,30 Ul 8,17 8,60 9,03 9,47 9,90
4501 5000 7,38 7,51 7,73 8,05 8,48 8,92 9,35 9,78 10,22 10,65
5001 5500 8,13 8,26 8,48 8,80 9,23 9,67 10,10 10,53 10,97 11,40
5501 6000 8,88 9,01 9,23 9,55 9,98 10,42 10,85 11,28 11,72 12,15
6001 6500 9,63 9,76 9,98 10,30 10,73 11,17 11,60 12,03 12,47 12,90
6501 7000 10,38 10,51 10,73 11,05 11,48 11,92 12,35 12,78 13,22 13,65
7001 7500 11,13 11,26 11,48 11,80 12,23 12,67 13,10 13,53 13,97 14,40
7501 8000 11,88 12,01 12,23 12,55 12,98 13,42 13,85 14,28 14,72 15,15
8001 8500 12,63 12,76 12,98 13,30 13,73 14,17 14,60 15,03 15,47 15,90
8501 9000 13,38 13,51 13,73 14,05 14,48 14,92 15,35 15,78 16,22 16,65
9001 9500 14,13 14,26 14,48 14,80 15,23 15,67 16,10 16,53 16,97 17,40
9501 10000 14,88 15,01 15,23 15,55 15,98 16,42 16,85 17,28 17,72 18,15

Taosmuna 4

OTKOPPEKTUPOBAHHbBIE HOPMbI BDEMEHH Ha MOJTYyPEHCHI 32€310B MAHEBPOBBIX JIOKOMOTHBOB U TIEPECTAHOBOK BATOHOB
1 COCTAaBOB CO CKOPOCTBIO 15 KM/ (B MUHYTax)

,E[m/u-[a nonypeﬁca, M 336311 MaHEBPOBOTO HSDCCTaHOBKa BAaroHOB M COCTABOB ITPU KOJIMYECTBE BarOHOB B COCTABE

or 10 JIOKOMOTHBA (11-20) | (21-30) | (31-40) | (41=50) | (51=60) | (61—70) | (71—80)
1 50

51 100

101 150

151 200

201 250

251 300

301 350 1,40 1,45 1,53 1,65 1,81 1,97 2,14 2,30 2,46 2,62
351 400 1,60 1,65 1,73 1,85 2,01 2,17 2,34 2,50 2,66 2,82
401 500 1,90 1,95 2,03 2,15 2,31 2,47 2,64 2,80 2,96 3,12
501 600 2,30 2,35 2,43 2,55 2,71 2,87 3,04 3,20 3,36 3,52
601 700 2,70 2,75 2,83 2,95 3,11 3,27 3,44 3,60 3,76 3,92
701 800 3,10 3,15 3,23 3,35 3,51 3,67 3,84 4,00 4,16 432
801 900 3,50 3,55 3,63 3,75 3,91 4,07 424 4,40 4,56 472
901 1000 3,90 3,95 4,03 4,15 431 4,47 4,64 4,80 4,96 5,12
1001 1200 4,50 4,55 4,63 475 491 5,07 5,24 5.40 5,56 5,72
1201 1400 5,30 5,35 543 5,55 571 5,87 6,04 6,20 6,36 6,52
1401 1600 6,10 6,15 6,23 6,35 6,51 6,67 6,84 7,00 7,16 7,32
1601 1800 6,90 6,95 7,03 7,15 7,31 7,47 7,64 7,80 7,96 8,12
1801 2000 7,70 7,75 7,83 7,95 8,11 8,27 8,44 8,60 8,76 8,92
2001 2200 8,50 8,55 8,63 8,75 8,91 9,07 9,24 9,40 9,56 9,72
2201 2400 9,30 9,35 9,43 9,55 9,71 9,87 10,04 |1020 [1036  [10,52
2401 2600 10,10 10,15 [1023  |1035 |10,51 |1067 [10,84 |11,00 [11,06 |11,32
2601 2800 10,90 10,95 [11,03  |11,15  [11,31 |1147  [11,64  |11,80 [ 11,96 |12,12
2801 3000 11,70 11,75 11,83 | 11,95 [12,01 |1227  [1244  |1260 |1276  |12,92
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Tabamua 5

OTKOpPEKTHPOBAHHbIE HOPMbI BPEMEHM Ha MOJIYPEiichl 3a€310B MAHEBPOBBIX IOKOMOTUBOB 1 IIEPECTAHOBOK BarOHOB
¥ COCTABOB CO CKOPOCTHIO 25 KM/ (B MUHYTax)

JlnuHa nosypeiica, M 3aesr MaHeBPOBOTO TlepecraHoBKa BaroHOB M COCTAaBOB MPH KOJINYECTBE BATOHOB B COCTABE

or 10 JoKkomoTHEa (11-20) | 21-30) | (31-40) | (41=50) | (51-60) | (61=70) | (71-80)

1 150

151 200

201 250

251 300

301 350

351 400

401 500

501 600

601 700

701 300

801 900 2,20 2,28 2,42 2,62 2,89 3,16 3,43 3,70 3,97 4,24

901 1000 2,44 2,52 2,66 2,86 3,13 3,40 3,67 3,94 421 4,48

1001 1200 2,80 2,88 3,02 3,22 3,49 3,76 4,03 4,30 4,57 4,84

1201 1400 3,28 3,36 3,50 3,70 3,97 4,24 4,51 4,78 5,05 5,32

1401 1600 3,76 3,84 3,98 4,18 4,45 4,72 4,99 5,26 5,53 5,80

1601 1800 4,24 4,32 4,46 4,66 4,93 5,20 5,47 5,74 6,01 6,28

1801 2000 472 4,80 4,94 5,14 5.41 5,68 5,95 6,22 6,49 6,76

2001 2200 5,20 5,28 5,42 5,62 5,89 6,16 6,43 6,70 6,97 7,24

2201 2400 5,68 5,76 5,90 6,10 6,37 6,64 6,91 7,18 7,45 7,72

2401 2600 6,16 6,24 6,38 6,58 6,85 7,12 7,39 7,66 7,93 8,20

2601 2800 6,64 6,72 6,86 7,06 7,33 7,60 7,87 8,14 8,41 8,68

2801 3000 7,12 7,20 7,34 7,54 7.81 8,08 8,35 8,62 8,89 9,16
Taoauua 6

OTKOppeKTMpOBaHHLIE HOPMbI BDEMCHHU Ha HOJ'[Yp€ﬁC]>I 3a€3/10B MAHEBPOBBIX IOKOMOTUBOB U IEPECTAHOBOK BaroHOB

M COCTaBOB CO CKOPOCTHIO 40 KM/ (B MUHYTax)

)],J'I"Ha nonypeﬁca, M 3ae3;l MaHEBPOBOIO nepeCTaHOBKa BaroHOB M COCTABOB ITPU KOJIMYECTBE BATOHOB B COCTABE

or 10 JIOKOMOTHEA (11-20) | (21-30) | (31-40) | (41—50) | (51—-60) | (61—70) | (71—80)

1 250

251 | 400

401 | 600

601 | 800

801 1000

1001 | 1200

1201 | 1400

1401 | 1600

1601 | 1800

1801 {2000

2001 | 2500

2501 | 3000 4,38 4,51 4,73 5,05 5,48 5,92 6,35 6,78 7,22 7,65

3001 | 3500 5,13 5,26 5,48 5,80 6,23 6,67 7,10 7,53 7,97 8,40

3501 | 4000 5,88 6,01 6,23 6,55 6,98 7,42 7.85 8,28 8,72 9,15

4001 | 4500 6,63 6,76 6,98 7,30 7,73 8,17 8,60 9,03 9,47 9,90

4501 | 5000 7,38 7,51 7,73 8,05 8,48 8,92 9,35 9,78 1022 | 10,65

5001 | 5500 8,13 8,26 8,48 8,80 9,23 9,67 10,10 10,53 1097 | 11,40

5501 | 6000 8,88 9,01 9,23 9,55 9,98 10,42 10,85 11,28 1,72 |12,15

6001 | 6500 9,63 9,76 9,98 10,30 10,73 11,17 11,60 12,03 12,47 | 12,90

6501 | 7000 10,38 10,51 10,73 11,05 11,48 11,92 12,35 12,78 1322 | 13,65

7001 | 7500 11,13 11,26 11,48 11,80 12,23 12,67 13,10 13,53 13,97 14,40

7501 | 8000 11,88 12,01 12,23 12,55 12,98 13,42 13,85 14,28 14,72 | 15,15

8001 | 8500 12,63 12,76 12,98 13,30 13,73 14,17 14,60 | 15,03 1547 | 15,90

8501 | 9000 13,38 13,51 13,73 14,05 14,48 14,92 15,35 15,78 1622 | 16,65

9001 | 9500 14,13 14,26 14,48 14,80 15,23 15,67 16,10 16,53 16,97 17,40

9501 | 10000 14,88 15,01 15,23 15,55 15,98 16,42 16,85 17,28 17,72 | 18,15

KoopauHaTtel aBTOpoB: LUMyneBuy M. U. — mikhail.shmulevich@gmail.com,
CrtapukoB A. E. — starikovaleksei1992@mail.ru.
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FEATURES OF REGULATION OF SHUNTING OPERATIONS IN THE STATION
SIMULATION MODEL
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Nllproekt», Moscow, Russia.
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ABSTRACT

When building a simulation model of the railway
station or the junction one of its mandatory ele-
ments is duration of shunting operations. With the
help of AnyLogic modeling system to assess this
position itis necessary to consider the accounting
method for acceleration and deceleration of shunt-
ing train in half-run. Moreover, the method used

must comply with the rules of calculation adopted
in the AnyLogic, requirements of existing proce-
dures for regulation of shunting operations (taking
into account emerging constraints). The article
describes a way to solve this problem, satisfying
these requirements. At the same time adjustment
of some of the inaccuracies contained in the cur-
rent method is proposed.

Keywords: railway, station, shunting operations, regulation, duration of half-run, modeling, system Any-

Logic.

Background. Simulation is among the leading
methods of optimization of design and management
decisions and of the analysis of the infrastructure and
operation technology of complex transport and logis-
tics systems, which include railway stations and junc-
tions [1-3]. It has its own specifics.

Objective. The authors suggest new approach
to building of a simulation model of a railway station,
taking into account duration of shunting operations,
acceleration and deceleration of shunting train in
half-run, existing guidelines for those operations, and
using AnyLogic modeling system.

Methods. Mathematical and simulation methods
are used, as well as specific methods of control of
station operations.

Results.

Simulation in AnyLogic

A distinctive feature of the simulation in the envi-
ronment AnylLogic [4-7], which will be discussed
below, is that in relation to railway systems the duration
of movement of vehicles is not specified explicitly, but
is calculated from the distance of movement (length
of haul, station track, route for the station) and the
speed of movement of [6].

To this end, a large-scale object scheme is in-
troduced into the model. The professional version
of AnylLogic 7.2 implements the ability to export
station drawing, built in the format.shp, into the
model. In the version of AnyLogic 7.3 it is supposed
to realize an option of direct export of drawings,
builtin AutoCAD (format.dxf). In a simplified version

thrl S

the station plan is based on the selected charac-
teristic points.

However, modeling in AnyLogic of shunting ope-
rations performed on turnout track, requires taking
into account not only the duration of the motion at a
specified speed, but also duration of acceleration and
deceleration (acceleration and braking of shunting
train) [8], that is, to the time obtained by dividing the
distance by the speed should be added the duration
of acceleration and deceleration in the performance
of each half-run.

At the same time the duration of half-run(t, ™)
obtained through simulation coincides with the
duration of half-run't, , calculated in accordance
with the adopted normative documents (for
example, instructions on rationing of shunting
operations and rules issued on its basis [9, 10]),
without which the simulation results cannot be
considered legitimate.

To fulfill this condition it is necessary to find a
method for calculating the acceleration and dece-
leration in the model, in which t, Sliny

According to [1] duration oi/ half-run is equal to:

V. 364,
2+ % (o} (1)

s

where o, is coefficient, taking into account time,
required to change speed of locomotive by 1 km/h
during acceleration and braking,

a,, =0,76

ty, =(@p + Bym):

s .
km/h’

lhr =250m, m = 20cars

2100 4

190,0 ﬁg\
170,0

150'0 \

cesiee MI
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130:0 \

110,0
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Pic. 1. Dependence of half-run duration on permissible speed of the shunting train at Ihr = 250 m.
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Pic. 2. Dependence of half-run duration on permissible speed of the shunted train at Ihr = 500 m.
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lhr =250 m, m = 20 cars
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Pic. 3. Dependence of components of half-run duration on permissible speed of the shunted train.

B, is coefficient, taking into account additional time
to change speed of each car in the shunted train by
1 km/h during acceleration and braking,

By =013

train;

V, is permissible speed during shunting opera-
tions, km/h;

1, is length of half-run, m.

Let’s define duration of half-run while modeling.

Length of half-run can be determined using the
formula:

b =L +21,, m,

S i . .
m ;misanumber of cars in the shunting

(2)

where |, is distance covered by the shunted train at a
constant speed V,, m;

l,is distance covered by the shunted train with
acceleration or braking, m;

L=V, m, (3)

where V_is permissible speed during shunted
operations, m/s;
t, is duration of movement at constant speed
V,s;
8

(4)

where a is acceleration or braking of the shunted train
(in calculations and in further simulation it is advisable to
setacceleration and braking equal, i.e. a,=a, =a), m/s?

t, is duration of movement with acceleration or
braking, s;

¥

L=—=,s, (5)
Gr oy

L=a—%—=—> 'm, (6)

: 2 2’

Duration of half-run in simulation is determined
by the formula:
t:}r =t+21,,s,

(7)

m m V
L=ty =21, = YA _2';S ;' S, (8)
V. v?
L=V - 2=2)=V 1) =2=— m, (9)
a a
. P2 P2 .
by =L +20L,=V 1y, =2 ; +2-250 =Vt 7 m. (10)
Hence,
L.V
1 o=ty g 11
= (11)

When speed of shunting movements is set in
km/h, the formula takes a form:

m 300 V.
= +—5 g
h/r % Blek S (12)

s

From the requirement of coincidence of design
duration of half-run and duration in the model (t, , =

[ /,’") we get:
V. 36k, _36L, V.
+ B m)=+ == +
(i + Bym)y + = ==p Rt (13)
hence,
2
(14)

=360y pom)

From the formula ( 14) it follows that acceleration
and braking during shunting operations do not depend
on permissible speed(V,), but depend on the number
of cars in the shunted train (m).

Thus, simulating shunting operations on turnout
track in the environment AnyLogic, acceleration and
braking should be set according to the formula (14)
using the expression:
a=2/3,6(0,76+0, 13-(trainSizeWithLoco-1))),
where trainSizeWithLoco is model parameter,
reflecting the number of cars in the train with account
of locomotive.

In the simulation environment AnyLogic another
approach to solution of the task is possible: not to take
into account acceleration and braking of the train, but
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Pic. 4. Difference of adjusted half-run duration from obtained according to the existing instruction.

to simulate movement at constant speed of the shunt-
ing train V. At the same time to comply with the re-
quirements of the coincidence of the model time with
the calculated time after each block corresponding
to the next half-run, it is necessary to put the unit
«delay», which determines the length of the delay t,,,
to account for acceleration and deceleration patterns.
The delay duration in the block «delay» is fixed taking
into account the speed during shunting operations
and the number of cars in the train by the formula:

Yo = (@ + By m)% S.

Application of the method that includes in the
model the block «delay» shows absolutely exact
matching of results to the calculation formula and the
method with calculation of acceleration of the train by
the formula ( 14) gives the results close to estimated.

The results of application of obtained formu-
las

Research on this approach using the model
showed that both acceleration accounting methods
(using block «delay» and calculation of delays by the

(15)
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formula ( 15) or the calculation of acceleration by the
formula (14)) based on the current method [10] give
incorrect results of the calculation of the duration of
shunting operations with the values of calculated
speed exceeding a certain value.

Let’s consider the graphs of change in duration
of shunting operations calculated under the instruc-
tion [10] and proposed for the simulation method
using the calculated acceleration and deceleration.

Pic. 1 and 2 represent the dependence of the
duration of shunting operations on the speed of move-
ment at different lengths of half-run (respectively 250
and 500 m) and with the same length of the shunting
train (20 cars).

In Pic. 3 duration of half-run, calculated from cur-
rent methodical instructions (Ml) for the conditions
shown in Pic. 1 and designated as t(V, a), has been
broken down into two components: the duration of
the movement at a steady rate t(V) and the duration
of the motion with acceleration t(\(a)).

As the results show, both methods, including act-
ing in accordance with the Ml give incorrect results at
speeds exceeding the speed at the inflection point of
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the curvein Pic. 1and 2. In the calculation the duration
of shunting operations increases, but in reality it
should remain the same. In the option with calculation
with acceleration the duration reduces, which distorts
the results.

The graphs show that in the calculation using
current method of rationing shunting operations with
speed increase at a constant distance and with the
same number of cars half-run duration first decreas-
es to a certain value, and then increases.

The section of the graph after the inflection point
does not make sense — the shunted train will not be
able to achieve this speed at a given length of the
track. The same can be said about the section of the
graph while determining half-run duration using cal-
culated acceleration in a model.

Thus, in the calculations it is necessary to impose
a limit on the design speed, otherwise we get the
wrong half-run duration — higher in the calculation
using a delay (t,,) or smaller by using the calculated
acceleration.

Limiting design speed

In accordance with «classical» approach, half-run
duration is:

Z‘h/r = ta + tst + td

where t_is time of acceleration;

t, is time of movement at steady speed, in our
designations t,;

t... is time of deceleration.

In case of limited lengths of shunting half-run |,
and permissible speed V_the shunting train does not
manage to reach speeds V, and middle term of for-
mula ( 16) drops. After acceleration and achieving a
certain speed V, deceleration starts which guaran-
tees the stop at the distance |,

Let’s define the maximum speed V., which may
be developed by a shunted train within a limited dis-
tance with constant acceleration (a=const, I=const).
This value corresponds to the values in the graph of
the function at the inflection point in Pic. 1-3.

In the above legend

(16)

€C s

by =203 (h=0), 1, =21;(,=0),  —==;
2 (v.} v.?

I, =2L=2a%= a'(ﬂj =_mex . (17)
2 a a

Viax =@l , m/s; (18)

V pax =3,6: alhr =

23,64, 7,2
= b = = , km/h. (19)
(aab + ﬂab.m) (aab + B m)

Thus, the restriction imposed on the calculated
speed when performing shunting half-run has a form:
7,2*1
(aab + ﬂ ab * m)

Taking into account Railway Operation Rules,
stipulating the speed of shunting movements at a
particular station as V,, calculated speed is:

Vo =min{V, ;V.}.

cal e

Vi<V =

cal = " max

. km/h. (20)

(21)

On adjustment of methodological instructions

As an illustration of the results, possible in the
absence of restrictions (19-21), let’s consider the
examples of the use of guidelines, with the aid of
which the duration of shunting operations at stations
of main and industrial railway transport is deter-
mined.

In the Ml for the calculation of the norms of time for
shunting operations one can find values of half-run
duration at different speeds of the shunting train, the
number of cars and the length of half-run. Since in
these tables necessary limit to the maximum permis-
sible speed was not taken into account, some of these
values in them are not true.

In some top right fields of tables [ 1-3] those norms
of time, calculated according to Ml, are highlighted,
that contain incorrect results.

Tables (4-6) are recalculated for the same condi-
tions, taking into account the speed limit. In them
fields are highlighted containing adjusted values of
shunting half-run duration.

Deviation of real (adjusted) results from given in
the existing instruction [10] when comparing the ta-
bles are shown in Pic. 4.

Conclusion. The greater is the deviation, the
shorter is the length of half-run and the more is the
number of cars in the train. The lack of difference
meets the combinations of values of V, | _and m,

s’ “hr

where the shunting train can reach speeds V.
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i Table 1

Norms of time for half-run of turning of shunting locomotives and displacement of cars
and trains at speed of 15 km/h (in minutes) according to existing instructions

Half-run length, Turning of Displacement of cars and trains with the indicated number of cars in the train

m a shunting

from | to locomotive (1-5) (11=20) | (21=30) | (31—40) | (41=50) | (51—60) | (61—70) | (71—80)

1 50

51 100 0,40 0,45 0,53

101 150 0,60 0,65 0,73 0,85 1,01

151 200 0,80 0,85 0,93 1,05 1,21 1,37

201 250 1,00 1,05 1,13 1,25 1,41 1,57

251 300 1,20 1,25 1,33 1,45 1,61 1,77

301 350 1,40 1,45 1,53 1,65 1,81 1,97 2,14 2,30 2,46 2,62

351 400 1,60 1,65 1,73 1,85 2,01 2,17 2,34 2,50 2,66 2,82

401 500 1,90 1,95 2,03 2,15 2,31 2,47 2,64 2,80 2,96 3,12

501 600 2,30 2,35 2,43 2,55 2,71 2,87 3,04 3,20 3,36 3,52

601 700 2,70 2,75 2,83 2,95 3,11 3,27 3,44 3,60 3,76 3,92

701 800 3,10 3,15 3,23 3,35 3,51 3,67 3,84 4,00 4,16 4,32

801 900 3,50 3,55 3,63 3,75 3,91 4,07 4,24 4,40 4,56 4,72

901 1000 3,90 3,95 4,03 4,15 4,31 4,47 4,64 4,80 4,96 5,12

1001 1200 4,50 4,55 4,63 4,75 4,91 5,07 5,24 5,40 5,56 5,72

1201 1400 5,30 5,35 5,43 5,55 5,71 5,87 6,04 6,20 6,36 6,52

1401 1600 6,10 6,15 6,23 6,35 6,51 6,67 6,84 7,00 7,16 7,32

1601 1800 6,90 6,95 7,03 7,15 7,31 7,47 7,64 7,80 7,96 8,12

1801 2000 7,70 7,75 7,83 7,95 8,11 8,27 8,44 8,60 8,76 8,92

2001 2200 8,50 8,55 8,63 8,75 8,91 9,07 9,24 9,40 9,56 9,72

2201 2400 9,30 9,35 9,43 9,55 9,71 9,87 10,04 10,20 10,36 10,52

2401 2600 10,10 10,15 10,23 10,35 10,51 10,67 10,84 11,00 11,16 11,32

2601 2800 10,90 10,95 11,03 11,15 11,31 11,47 11,64 11,80 11,96 12,12

2801 3000 11,70 11,75 11,83 11,95 12,11 12,27 12,44 12,60 12,76 12,92
Table 2

Norms of time for half-run of turning of shunting locomotives and displacement of cars

and trains at speed of 25 km/h (in minutes) according to existing instructions

Half-run length, m | Turning of Displacement of cars and trains with the indicated number of cars in the train

from | to fof:}(‘)‘;r‘l‘g{fge (1=5) (11-20) | 21-30) | 31=40) | (41=50) | (51-60) | (61—70) | (71-80)

1 150

151 200 0,58 0,66 0,80

201 250 0,70 0,78 0,92

251 300 0,82 0,90 1,04 1,24

301 350 0,94 1,02 1,16 1,36

351 400 1,06 1,14 1,28 1,48 1,75

401 500 1,24 1,32 1,46 1,66 1,93 2,20

501 600 1,48 1,56 1,70 1,90 2,17 2,44 2,71

601 700 1,72 1,80 1,94 2,14 2,41 2,68 2,95 3,22

701 800 1,96 2,04 2,18 2,38 2,65 2,92 3,19 3,46 3,73

801 900 2,20 2,28 2,42 2,62 2,89 3,16 3,43 3,70 3,97 4,24

901 1000 2,44 2,52 2,66 2,86 3,13 3,40 3,67 3,94 4,21 4,48

1001 1200 2,80 2,88 3,02 3,22 3,49 3,76 4,03 4,30 4,57 4,84

1201 1400 3,28 3,36 3,50 3,70 3,97 4,24 4,51 4,78 5,05 5,32

1401 1600 3,76 3,84 3,98 4,18 4,45 4,72 4,99 5,26 5,53 5,80

1601 1800 4,24 4,32 4,46 4,66 4,93 5,20 5,47 5,74 6,01 6,28

1801 2000 4,72 4,80 4,94 5,14 5,41 5,68 5,95 6,22 6,49 6,76

2001 2200 5,20 5,28 5,42 5,62 5,89 6,16 6,43 6,70 6,97 7,24

2201 2400 5,68 5,76 5,90 6,10 6,37 6,64 6,91 7,18 7,45 7,72

2401 2600 6,16 6,24 6,38 6,58 6,85 7,12 7,39 7,66 7,93 8,20

2601 2800 6,64 6,72 6,86 7,06 7,33 7,60 7,87 8,14 8,41 8,68

2801 3000 7,12 7,20 7,34 7,54 7,81 8,08 8,35 8,62 8,89 9,16
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Table 3

Norms of time for half-run of turning of shunting locomotives and displacement of cars
and trains at speed of 40 km/h (in minutes) according to existing instructions

Half-run length, m | Turning of a Displacement of cars and trains with the indicated number of cars in the train

from | to shunting locomotive (11-20) | @1-30) | (31-40) | (41-50) | (51-60) | (61-70) | (71-80)

1 250

251 400

401 600

601 800

801 1000

1001 1200

1201 1400

1401 1600

1601 1800

1801 2000

2001 2500

2501 3000 4,38 4,51 4,73 5,05 5,48 5,92 6,35 6,78 7,22 7,65

3001 3500 5,13 5,26 5,48 5,80 6,23 6,67 7,10 7,53 7,97 8,40

3501 4000 5,88 6,01 6,23 6,55 6,98 7,42 7,85 8,28 8,72 9,15

4001 4500 6,63 6,76 6,98 7,30 7,73 8,17 8,60 9,03 9,47 9,90

4501 5000 7,38 7,51 7,73 8,05 8,48 8,92 9,35 9,78 10,22 10,65

5001 5500 8,13 8,26 8,48 8,80 9,23 9,67 10,10 10,53 10,97 11,40

5501 6000 8,88 9,01 9,23 9,55 9,98 10,42 10,85 11,28 11,72 12,15

6001 6500 9,63 9,76 9,98 10,30 10,73 11,17 11,60 12,03 12,47 12,90

6501 7000 10,38 10,51 10,73 11,05 11,48 11,92 12,35 12,78 13,22 13,65

7001 7500 11,13 11,26 11,48 11,80 12,23 12,67 13,10 13,53 13,97 14,40

7501 8000 11,88 12,01 12,23 12,55 12,98 13,42 13,85 14,28 14,72 15,15

8001 8500 12,63 12,76 12,98 13,30 13,73 14,17 14,60 15,03 15,47 15,90

8501 9000 13,38 13,51 13,73 14,05 14,48 14,92 15,35 15,78 16,22 16,65

9001 9500 14,13 14,26 14,48 14,80 15,23 15,67 16,10 16,53 16,97 17,40

9501 10000 14,88 15,01 15,23 15,55 15,98 16,42 16,85 17,28 17,72 18,15
Table 4

Adjusted norms of time for half-run of turning of shunting locomotives and displacement of cars

and trains at speed of 15 km/h (in minutes) according to existing instructions

Half-run length, m | Turning of a shunting Displacement of cars and trains with the indicated number of cars in the train

from | to focomotive (11-20) | 21-30) | (31-40) | (41-50) | (51-60) | (61-70) | (71-80)

1 50

51 100

101 150

151 200

201 250

251 300

301 350 1,40 1,45 1,53 1,65 1,81 1,97 2,14 2,30 2,46 2,62

351 400 1,60 1,65 1,73 1,85 2,01 2,17 2,34 2,50 2,66 2,82

401 500 1,90 1,95 2,03 2,15 2,31 2,47 2,64 2,80 2,96 3,12

501 600 2,30 2,35 2,43 2,55 2,71 2,87 3,04 3,20 3,36 3,52

601 700 2,70 2,75 2,83 2,95 3,11 3,27 3,44 3,60 3,76 3,92

701 800 3,10 3,15 3,23 3,35 3,51 3,67 3,84 4,00 4,16 4,32

801 900 3,50 3,55 3,63 3,75 3,91 4,07 4,24 4,40 4,56 4,72

901 1000 3,90 3,95 4,03 4,15 4,31 4,47 4,64 4,80 4,96 5,12

1001 1200 4,50 4,55 4,63 4,75 4,91 5,07 5,24 5,40 5,56 5,72

1201 1400 5,30 5,35 5,43 5,55 5,71 5,87 6,04 6,20 6,36 6,52

1401 1600 6,10 6,15 6,23 6,35 6,51 6,67 6,84 7,00 7,16 7,32

1601 1800 6,90 6,95 7,03 7,15 7,31 7,47 7,64 7,80 7,96 8,12

1801 2000 7,70 7,75 7,83 7,95 8,11 8,27 8,44 8,60 8,76 8,92 :’ 7 ~

2001 2200 8,50 8,55 8,63 8,75 8,91 9,07 9,24 9,40 9,56 9,72 f {gﬁ

2201 2400 9,30 9,35 9,43 9,55 9,71 9,87 10,04 10,20 10,36 10,52

2401 2600 10,10 10,15 10,23 10,35 10,51 10,67 10,84 11,00 11,16 11,32

2601 2800 10,90 10,95 11,03 11,15 11,31 11,47 11,64 11,80 11,96 12,12

2801 3000 11,70 11,75 11,83 11,95 12,11 12,27 12,44 12,60 12,76 12,92
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‘ ig@ Table 5

Adjusted norms of time for half-run of turning of shunting locomotives and displacement of cars
and trains at speed of 25 km/h (in minutes) according to existing instructions

Half-run length, m Turning pf a shunting Displacement of cars and trains with the indicated number of cars in the train

from to focomotive (11-20) | 21-30) [ 31-40) [ @1-50) [(51-60) [ (61-70) | (71-380)

1 150

151 200

201 250

251 300

301 350

351 400

401 500

501 600

601 700

701 800

801 900 2,20 2,28 2,42 2,62 2,89 3,16 3,43 3,70 3,97 4,24

901 1000 2,44 2,52 2,66 2,86 3,13 3,40 3,67 3,94 4,21 4,48

1001 1200 2,80 2,88 3,02 3,22 3,49 3,76 4,03 4,30 4,57 4,84

1201 1400 3,28 3,36 3,50 3,70 3,97 4,24 4,51 4,78 5,05 5,32

1401 1600 3,76 3,84 3,98 4,18 4,45 4,72 4,99 5,26 5,53 5,80

1601 1800 4,24 4,32 4,46 4,66 4,93 5,20 5,47 5,74 6,01 6,28

1801 2000 4,72 4,80 4,94 5,14 5,41 5,68 5,95 6,22 6,49 6,76

2001 2200 5,20 5,28 5,42 5,62 5,89 6,16 6,43 6,70 6,97 7,24

2201 2400 5,08 5,76 5,90 6,10 6,37 6,64 6,91 7,18 7,45 7,72

2401 2600 6,16 6,24 6,38 6,58 6,85 7,12 7,39 7,66 7,93 8,20

2601 2800 6,64 6,72 6,86 7,06 7,33 7,60 7,87 8,14 8,41 8,68

2801 3000 7,12 7,20 7,34 7,54 7,81 8,08 8,35 8,62 8,89 9,16
Table 6

Adjusted norms of time for half-run of turning of shunting locomotives and displacement of cars

and trains at speed of 40 km/h (in minutes) according to existing instructions

Half-run length, m Turning of a shunting Displacement of cars and trains with the indicated number of cars in the train

from to locomotive (11-20) | (21-30) | (31—40) | (41-50) | (51—60) | (61—-70) | (71-80)

1 250

251 400 0,74

401 600 1,00 1,13

601 800 1,30 1,43

801 1000 1,60 1,73

1001 1200 1,90 2,03

1201 1400 2,20 2,33

1401 1600 2,50 2,63

1601 1800 2,80 2,93

1801 2000 3,10 3,23

2001 2500 3,63 3,76

2501 3000 4,38 4,51 4,73 5,05 5,48 5,92 6,35 6,78 7,22 7,65

3001 3500 5,13 5,26 5,48 5,80 6,23 6,67 7,10 7,53 7,97 8,40

3501 4000 5,88 6,01 6,23 6,55 6,98 7,42 7,85 8,28 8,72 9,15

4001 4500 6,63 6,76 6,98 7,30 7,73 8,17 8,60 9,03 9,47 9,90

4501 5000 7,38 7,51 7,73 8,05 8,48 8,92 9,35 9,78 10,22 10,65

5001 5500 8,13 8,26 8,48 8,80 9,23 9,67 10,10 10,53 10,97 11,40

5501 6000 8,88 9,01 9,23 9,55 9,98 10,42 10,85 11,28 11,72 12,15

6001 6500 9,63 9,76 9,98 10,30 10,73 11,17 11,60 12,03 12,47 12,90

6501 7000 10,38 10,51 10,73 11,05 11,48 11,92 12,35 12,78 13,22 13,65

7001 7500 11,13 11,26 11,48 11,80 12,23 12,67 13,10 13,53 13,97 14,40

7501 8000 11,88 12,01 12,23 12,55 12,98 13,42 13,85 14,28 14,72 15,15

8001 8500 12,63 12,76 12,98 13,30 13,73 14,17 14,60 15,03 15,47 15,90

8501 9000 13,38 13,51 13,73 14,05 14,48 14,92 15,35 15,78 16,22 16,65

9001 9500 14,13 14,26 14,48 14,80 15,23 15,67 16,10 16,53 16,97 17,40

9501 10000 14,88 15,01 15,23 15,55 15,98 16,42 16,85 17,28 17,72 18,15
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