INoncucrema «Yuer u aHaiau3 oTka3oBy». OCHOBHBIM Ha3HAYCHHEM IOJCUCTEMBI SIBJISETCS TIOBBILLICHUE
JOCTOBEPHOCTH U ONEPaTHMBHOCTH HMH(popMauuu o0 oTKazax B paboTe YCTPOWCTB, 0OCITy>KUBACMBIX IH-
CTaHUMSIMH CUTHAJIM3ALUK U CBA3M, COKpAILEHHE 3aTpaT TpyAa Ha 00paboTKy 3TOH MHpOpMaLuy, repeaa-
YH €€ B BBIIECTOSIIYIO CITYKOY.

IToncucrema mo3BosIseT:

— BHOCHTb JIaHHBIE 00 0TKa3aX C LEJIbI0 JUIMTEIHLHOTO XpaHEHHUS M MOCIIEAYIOIETO aHaIn3a;

— IPOCMAaTPUBATh XPAHAIINECS OTKA3bl C PAa3IMYHBIMU KPUTCPHSMHU UX BBIOOPKH (IO MECTY IpOHCLIe-
CTBHS, 110 0OCTYKHBAIOIIEMY MOApa3eICHHIO, KaKoi JIN0O XapaKTepUCTHUKE OTKA3aBIIETO 2JIEMEHTA);

— NPOBOJUTH AHAJIU3 U yYET IOTOKA OTKAa30B B pabOTE YCTPOUCTB;

— TOJIy4YaTh OTYETHBIE TOKYMEHTHI B TpeOyEeMOM IOJIb30BATEIIO BUJIC.

Honcucrema «PTY-TO». OcHOBHOEe Ha3HA4YEHHWE ITOACHUCTEMBI SIBISIETCS aBTOMATH3alus (DyHKITHI
ydeTa padoT 1o 3aMeHEe M PEMOHTY MPUOOPOB, MOBBIIIEHHE JOCTOBEPHOCTH U ONEPATUBHOCTH MH(OpMA-
UM O IUIAHOBBIX PEMOHTaX NMPHOOPOB, 0OCITY)KNBAEMbIX TUCTAHIMSIMU CUTHAIM3ALMK U CBSI3U, COKparle-
HHUE BPEMEHH | 3aTpaT TpyAa Ha 00paboTky 3Toi nHpopmanmu. KoHTpons ciayk0bl CUTHATU3AIMN U CBSA3H
3a CBOEBPEMEHHBIM IIPOBEIEHUEM PAaOOT Ha TOPOKHOM ypPOBHE.

[Toncucrema no3Bosnser:

— c034aBaTh U KOPPEKTHUPOBATh MH(OPMALMIO MO KaKAOMY NpHOOPY (rof BbIIyCKa, HOMEpP, MECTO
YCTAaHOBKH, JIaTa MOCJIeJHEH MPOBEPKH, MEKPEMOHTHBIH CPOK IKCILTyaTalluH, HATMYWE 3amacHoro GoHjaa);

— NPOBOJIUTH AHAIIU3 U yYET OTOKA OTKAa30B B paboTe YCTPONCTB,;

— IUIaHUPOBATh 3aMEHY IPUOOPOB C BhIJAUYCH TEXHOJOTUUESCKHA HEOOXOAMMOM HH(DOpMaIny;

— KOHTPOJIMPOBATH BBHIIOJIHEHHUE [UIAHOB MO 3aMEeHE NPUOOPOB;

— IMOJy4aThb OTUCTHBLIC JOKYMCHTEI B Tpe6yeM0M BUIEC,

— TOJIy4yaTh AAHHBIE O TEXHUYECKOM OCHAIIEHHOCTH X035ICTBa CUTHAJIM3ALNHU 1 CBS3U.

C ToYKH 3peHHUs] IKOHOMUYECKOW COCTABISIONICH — BHEPEHHE YKa3aHHOTO MPOrPaMMHOTO MPOAYKTa
MO3BOJIMT 3HAYUTEIBHO COKPATHUTH 3aTparhl benopycckoil xene3Hol Toporu mo ciyx0e CUrHaIu3auuu U
CBSI3U, CBS3aHHBIC C HEOXHJAHHO BO3HUKAIOIIMMH OTKa3aMH yCTPOICTB, HECBOCBPEMEHHOW 3aMEHOH Jie-
Tanel W y3JI0B OOOpYAOBaHMS NUCTAHLMM CUTHAIM3aUUMU U cBsi3H. CyMMapHasi SKOHOMHS PECYPCOB IO
PaccMOTPEHHBIM HaIPaBJIEHUSIM MTO3JIEMEHTHOM pean3aluy npoekTa coctaBut nopsiaka 10 %.

Takum 00pa3oM, HHHOBAIIMOHHOE Pa3BUTHE JKEJIE3HOJOPOKHOTO TPAHCIIOPTa HA BCEX €T0 YPOBHSX
MIOMOTaeT HE TOJBKO PAa3HOOOPa3UTh BECh CHEKTP TOPrOBO-3KOHOMMYECKHX, KYJIbTYpPHBIX U HAy4HO-
TEXHUYCCKHUX CBSI3CI7[, a TaxKiK€, MUHUMU3UPOBAB 3aTPaThbl, YIYUIIUTh €TI0 IMOJOXKXCHUEC Ha TPAaHCIIOPTHOM
PBIHKE CTPaHBIL.
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RESEARCH ON COMPREHENSIVE OPTIMIZATION OF TRAIN MARSHALLING
AND PARKING SCHEME OF INTERCITY RAILWAY BASED ON OPERATION COST

HE. HON
Guangzhou Railway Polytechnic, China

LI. DEWEI
Beijing Jiaotong University, China

1 Optimization model of large and small group train operation scheme in multi-stop mode

1.1 Problem Description. Whether in urban rail transit or intercity railway, compared with the line
running a single group of trains, the use of large and small groups of trains can make the transportation
capacity and passenger flow of the time and space distribution more matched, can alleviate the waste of
transportation capacity, the low frequency of service at some stations, passenger waiting, transfer and long
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travel time in transit, etc., based on this, starting from the train operating costs, in the case of fully investi-
gating the OD passenger flow data of intercity railway lines and related operating parameters, study the
study of meeting a certain train frequency without crossing the train, Under the constraints of OD service
frequency and other constraints, the optimization of the operating cost and train full load rate of intercity
railway lines is compared with the use of "single marshalling and station stop mode™ compared with the
use of "single grouping and station stop mode".

1.2 Parameter definition of the model. Taking the operating cost of the train as the optimization goal,
and taking the number of trains and stops of the trains in the large and small groups as the decision varia-
bles, the optimization model of the operation scheme of the large and small groups of trains in the multi-
stop mode is constructed. The parameters involved in the model and their meanings are shown in Table 1
below.

Table 1 — The meaning of parameters in the model

PARAMETERS MEANING REMARK
C, The cost per kilometer of vehicle operation
C, The cost of each stop for a vehicle
f, he number of trains in the k type Decision variables
f oo The maximum number of open rows in an operating period
Lmin The minimum number of trains opened in large groups
frmin The minimum number of trains opened in small groups
0, The number of vehicles grouped 9,=8,9,=4
L Intercity rail line mileage
MNomax The upper limit of the cross-sectional full load rate
Nunin Lower bound of the average cross-sectional full load rate
L, Total mileage of the small interchange route
L+L, Total mileage of the large interchange route
1, sto
al:,u 0,1 variable indicating whether the rth train of the group type k stops at station u, ay, :{ 0 nop
C Vehicle capacity
N4 The cross-sectional full load rate of the dth interval
Mimax The upper limit of the cross-sectional full load rate
Ninin The lower limit of the cross-sectional full load rate
Qij Total OD passenger traffic from i station to j station
qi A train attracts passenger traffic at i station
o Cross-sectional traffic in the d zone
fij The number of trains that stop at stations i and j
U A collection of stations along the line U= ulu=12..U
w A meeting place at a station along the small interchange
B A collection of stations in the Large Interchange after the elimination of stations
that duplicate the Small Interchange
Z The objective function of the model
g, 0,1 variable,1 indicates large intersection

1.3 Objective function of the model. Starting from the actual operation of intercity railways, based on
the actual passenger flow OD requirements, it is found that the running cost of trains caused by a single
large group of trains and a single stop mode is too high, and the large and small group train operation
scheme using the multi-stop mode can reduce the operating costs of the train, so the objective function of
the model is to minimize the operating costs of the train. From the perspective of train operation, the train
operating cost mainly includes the train operation cost and the train stop cost, of which the operation cost
includes the energy consumption cost of the train such as electricity, the line use cost, and the train opera-
tion cost is related to the vehicle traveling kilometers and the operating cost of the vehicle per kilometer;
The cost of train stops refers to the costs incurred by the train during the stop at the station, which is related
to the number of train stops and the cost of each stop. The objective function is as follows:
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1.4 Constraints of the model. The constraints of the model mainly include the number of trains, train
full load rate, OD service frequency, stop constraint, integer value constraint of variables, and 0,1 variable
constraint.

fi+f,

minZ = Zf g, |—10+2918+292 g)L,-C+

f+1
2 fu w fi U rfll:fz U
+222ai,w'gk'cs+(z Z alb 9,8+ z 2 a2b g, €.)-C,.
k=1 r=1 w=1 r=1 b=w+1 r="f+1b=w+1

(1) The upper and lower limits of the number of open rows and columns

Considering the operating costs of the enterprise and the operation safety of the train, and meeting the
number of trains in the large and small group trains during peak hours, it is necessary to set upper and low-
er limits on the number of trains opened in any period:

2
fo<f

k=1

IA

f>f

max’ "1 1min’

f2 2 mein'
(2) Full load rate constraint
According to the OD passenger flow demand, the cross-sectional passenger flow can be obtained, and
then the cross-sectional full load rate can be obtained. Considering the train capacity, it is necessary to con-
strain the upper limit of the cross-sectional full load rate and the lower limit of the average cross-sectional
full load rate:
d N
22
nd = - 17 —nmax’ﬁd 2‘rlmin'

z fk'gk .C
k=1

(3) OD service frequency constraints
In order to meet the travel needs of passengers, the number of OD service trains cannot be less than the
minimum:
- Q;
ZZak s —'J
k=l r=1 ‘" min(q',q’)’
(4) Stop constraints
The train operation interchange is divided into two types: large interchange and small interchange, and
the stop mode is divided into three types: large station stop, station stop and station choice stop. According
to the stop needs of different stations of different interchanges, the specific stops of the trains are restricted
as follows: small interchange trains can choose 3 kinds of stops, first and last stops and intermediate 1 stop;
Dajiao road trains can choose 3 schemes: station stop, big station stop and intermediate choice of 2 stops;
The specific constraints are as follows:

W
Y ap, (1-g)=20r30rW,k=1,2, r=1,2,... f + f,;
w=1

W
Yag, (1-¢)=20r30rW, k =1,2, r=1,2,..., f + f,;

w=1
(A +agy +ag,)-e =3,k=1,2r=1,2,..,f +f,;

U
Yag, & =30r5orU,k=1,2,r=1,2,... f, + f,.
u=1
(5) Integer variable value constraints
foeZ".
(6) 0,1 variable value constraint
a,,=01,a,, =01
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2 Study case analysis

In the proposed train operation plan of the large and small group under the multi-stop mode, 2 trains
with 4 cars and 1 train with 8 cars are opened during peak periods, as shown in Table 2, compared with the
current train operation plan, the optimization rate of train operating costs reaches 59%, and the optimiza-
tion of the full load rate of the section reaches 200%, as shown in Table 3.

Table 2 — Multi-stop mode of large and small group trains running plan

. Station .
Train 1 5 3 7 5 6 7 8 9 Grouping

1 0 0 0 0 0 1 0 1 1 4

2 1 1 1 1 1 1 1 1 1 8

3 0 0 0 0 0 1 1 0 1 4

Table 3 — Optimization results of the train operation scheme of the small and small groups
Present After optimization Optimization amount Optimization rate

Train operating costs 6270 2560 3710 59%
Cross-sectional full load rate 0.2888 0.8665 0.5777 200%

3 Conclusion

It is of great significance to study the optimization of intercity railway train marshalling and stopping
scheme from the perspective of operating costs to improve the operation status of enterprises. The optimi-
zation model of the large and small group train operation scheme in the multi-stop mode can better adapt to
the passenger flow needs in the early stage of intercity railway opening, reduce the operating cost of the
train, and improve the full load rate of the section. In the future, with the development of supporting facili-
ties and equipment along the intercity railway line and the gradual formation of the intercity railway net-
work, the passenger flow demand and passenger flow travel characteristics of the intercity railway will also
change, so the follow-up research will further optimize the train marshalling scheme, stop plan, departure
interval, etc. on the basis of considering the interchange connection between the intercity railway or the
intercity railway and the high-speed rail, and improve the matching degree of the train's capacity and pas-
senger flow demand on the basis of reducing the operating cost of the train.
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_ CIHHEHU®UKA OBECIIEYEHUA
IKOHOMMNYECKOMU BE3OITACHOCTMU KEJIE3HOJOPOKHOTI'O TPAHCIIOPTA
B HOBBIX TEOHIOJIMTUYECKHUX YCJIOBUAX

A. A. XOPOLLIEBUY
FBenopyccruii nayuonaneHvili mexHuuecKull yHUgepcument;
benopycckas oicenesnasn oopoea, e. Munck

XKene3HoaOpPOXKHBIH TPAHCHIOPT COCTABIISIET OCHOBY TPAHCIOPTHOM cucteMbl PecnyOnuku benapych u
NpH3BaH 00eCIeYrBaTh CBOEBPEMEHHOE, ITOJTHOE M KAUECTBEHHOE YIOBJICTBOPEHUE MOTPeOHOCTEH Hacee-
HUs, OpraHu3aluid U Y4YpexXJEHUN CTpaHbl B IlepeBo3Kax. B Hacrosmiee BpeMs benopycckoil sxkene3Hon
Joporoii obecreunBaetcs okojo 59,9 % Bcero rpy3oobopota u 21,5 % mnaccaxupoobopota [1]. Cymre-
CTBEHHAasI BaYKHOCTb >KEJIE3HOJOPOKHOTO TPAHCIOpTa 00YyCIIOBIEHA TeM (aKTOM, 4TO, IPOU3BOAS Iepe-
BO3KH JIFOOBIX TPY30B B COOTBETCTBUH C TIOTPEOHOCTSIMU MPOU3BOJICTBA, OH JIEIaeT BO3MOKHBIM HOPMallb-
HOe (YHKIMOHMPOBAHWE W pa3BUTHE BCEX OTpaciiel, perHoHoB M mpeanpustwii. [Ipm sTom, pabota
KEJIE3HOOPOKHOTO TPAHCIIOPTa OCYLIECTBIIAETCS B YCIOBMAX HAJIM4USA psfa BHYTPHUOTPACIEBBIX U BHYT-
PUPHUPMEHHBIX OrpaHMYEHUH, CHIKAOMMX 3()(HEKTUBHOCTh (PYHKIMOHUPOBAHUSI M BHICTYIAIOLUINX B Ka-
YEeCTBE OTPACIIEBBIX U KOPMOPATHBHBIX YTPO3 SKOHOMUYECKON O€30M1aCHOCTH.

Tak, KmaccHYecKHil MepeyeHb OTPACIIEBBIX yrpo3, 00YCIaBIMBAIOUINX HAINYKME BO3MOXHOCTH Hapy-
LICHUS] SKOHOMHYECKOH 0€30MIaCHOCTH JKEJIE3HOIOPOKHOTO TPAHCIIOPTA CTPAHBI, BKIIOYACT:

— CMeIIaHHbII aAMUHUCTPATUBHO-PBIHOYHBIN XapakTep ynpasieHus — QyHKIHOHUpoBaHue benopyc-
CKOM JKeNIe3HON JJOPOTH MPOU3BOJUTCS HA KOHKYPEHTHBIX PBIHKAX M B YCIOBHIX HEOOXOIUMOCTH obecre-
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