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OPERATIONAL DISTRIBUTION OF THE TRAIN TRAFFIC VOLUME
ON THE SECTIONS OF RAILWAY OPERATING DOMAIN

Purpose. The task of the operational distribution of train traffic volume on the sections of operating domain is
the optimization one. It is solved in the operational conditions by the dispatch station. The article sets the problem of
formalizing and finding the new ways to solve this urgent problem. Methodology. A new approach to solving the
problem of operational distribution of train traffic volume on the sections of the rail network with a choice of routes
for all train traffics was proposed. Findings. A study of possible routes for the train traffic handle on the operating
domain used for mass freight transportations between Krivyi Rih and Donbas was carried out. The use of the
proposed method allowed us to obtain a rational distribution of trains on the rail network sections. Originality. The
method of train traffic volume distribution in the network under operational conditions was improved. The method,
as opposed to the current one allows one to select the route of separate units handle (according to the criteria of the
weighted average cost for 1 ton of cargo). Practical value. The use of the proposed technology of the operational
distribution of train traffic volume will increase the efficiency of the railways in general and ensure the
competitiveness of rail transportations. The methodology implementation involves the use of railway dispatch
station for the automated workplaces with appropriate informational support.

Keywords: train traffic volume distribution; train traffic volume; profit of railways; route selection; optimization
task; operating domain

Introduction operational change of train situation and to
determine the rational routes for train handling

Formation of profitable mechanism in the field . ... . o
p according to additional selection criteria.

of freight transportation in the conditions of
transport market functioning involves minimizing

of their costs. This requires the development of Purpose

both new technologies and new approaches to the
organization of the train traffic volume, operational
management improvement [2, 7]. Selection
problem of the rational traffic volume distribution
over the network sections is the optimization one.
A considerable number of scientific papers is
devoted to its solution. [1, 5, 6, 9, 10]. The
scientists solved this problem in the conditions of
motion in the network of indivisible elements
(liquid, gas, etc.) and separate units of the traffic
volume (trains, cars). Other papers propose the
solution of this problem in the conditions of owner
interest of separate network sections.

General distribution of train traffic volume over
railway domain can be implemented according to
the criterion of total profits of railways and it can
be directed to the railway profitability increase.
But in the conditions of constant change of train
situations in the domain sections the obtained
distribution may be ineffective. That is why train
dispatchers have to correct it in conditions of

The purpose of the article is the search for new
approach concerning solution of the wurgent
problem of operational distribution of train traffic
volume over the sections of railway network with a
choice of routes for all traffic units.

Methodology

The weighted average cost of 1 ton of cargo in
the freight train set is proposed to use as the
selection criterion. This criterion can ensure handle
of more valuable cargo weight on the fastest
routes. This allows the increase of cargo turnover
at the sections and speed up the movement of
circulating assets of cargo owners.

Each cargo owner tends to accelerate the
turnover of their funds by the reduction of
procurement time, manufacturing of cargo
transportation and sales, so the delivery speed of
cargo is very important in the period of its life
cycle.
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Fig. 1. General structure of operating domain and amount of freight train traffic according to directions
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Fig. 2. Cost dependency of the cargo owners on train routes

Customer costs, which are used in cargo motion  loading of the car on the direction, tn; ¢, — is a
can be determined by the formula: weighted average cost for the one ton of cargo,
C, = Aqe,dt o » (1) &m; d, —is adiscount rate; 7, — is the average
) ) . ) . time of cargo when moving from the dispatch

where 4 — is a daily train traffic in one direction of  ¢-4i0n to the destination one.

the given cargo type, weight; ¢ — is the average
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The weighted average cost of one ton of cargo
is determined using the formula [5]:

k
CB = ZajcBaHTj H (2)
Jj=1

where j — is a cargo type; o; —is a cargo share of

the j type from the total cargo volume in the train;
c —is an average cost of the j cargo.

BaHT]

Findings

The operating domain connecting the industrial
regions of Kryvyi Rih and Donbas is the research
object. The Fig. 1 shows the network sections that
can be used for train handling. Each section is
described by the length parameters and the number
of trains running in the doubled and nonpaired
directions.

For the operating domain the structure of cargo
volume was analyzed, the costs for each cargo type
and the general traffic volumes with the
distribution according to the cargo type was
determined [3]. On the basis of the obtained data
the weighted average cost for 1 tn of cargo in the
particular train was determined. It is equal
C,=3020 grn/tn. In addition to solve the

problem the daily cargo volume according to the
cargo type and the term of train running in the
particular route were determined. Results of
expense calculations for customers of cargo in
motion depending on handle routes are shown in
Fig. 2.

Analysis of the calculations shows that the
cargo cost has quite a significant impact on costs
of cargo owners. Reduce in transportation term by
1-3 hours may cost cargo owners several thousand
UAH excluding the expenses for rolling stock. For
the railway, in turn, it is more profitable to retain
customers, transporting cargo of great cost because
the rates for transporting are proportional to the
cost. So it is recommended to pass the trains with
more expensive cargo by the shortest routes.

Originality and Practical Value

The method of train traffic volume distribution
in the network in operational conditions was
improved. As opposed to the existing ones it
allows choosing a route for handle of separate units
of traffic volume according to the criterion of 1 ton
of weighted average cost of the cargo in train set.
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Fig. 3. Comparison of the possible routes for traffic
volume handle in the domain:
a — total lengthes of routes in the domain; b — time histograms
of the freight trains depending on the routes of running;
¢ — histogram of operating costs for one train handle
depending on the routes of running

Taking into account the multiple circuit of
railways and a large number of variants for handle
of the particular train, the train and road
dispatchers should cope with the task of
determining the optimal route for a separate train
and improvement of general operation
performance of the domain sections. Most often,
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when the problem arises, dispatchers are governed
by regulatory documents (Plan for Train
Formation, Schedule of train movement, etc.),
which can not account all the changes of the train
situation on the handle routes. First of all this
affects the reduction of operation performance and
the level of railway profitability. When the
problem of distribution can not be solved by
recommendations of regulatory documents,
dispatcher takes operational decision on train
distribution based on his own experience, but not
always it gives maximal results.

As for the rationalization of freight trains
handle it is proposed to take into account such
criterion as the weighted average cost for 1 ton of
cargo in the train and the load capacity of handle
route sections. That is, when the problem of the
separate train handling arises, the possible routes
of the train running between stations of departure
and destination are determined. The period of train
running for each route is estimated using a model
of railway domain or its separate directions [4, 8,
11, 12 13], load capacity of the section and
weighted average cost for 1 ton of cargo in the
train. This should provide the appropriate software
equipment for AWM (automated work place) of
dispatcher. According to these criteria, trains with
more expensive cargo are departed by the shortest
routes considering the load capacity of route
sections. Research shows that with the load
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capacity of the shortest route section of 85% and
up, it is excluded from the priority variants and can
be used in accordance with appropriate load
capacity of all other routes only.

For the railway domain between the stations
Kryvyi Rih Sortuvalnyi — Yasynuvata the main
routes of freight trains running and the total period
of running for a separate train with standard
loading of sections, as well as the total operating
costs for one train handle on the routes of running
were determined.

Graphical comparison of routes is presented in
Fig. 3.

Based on the obtained dependencies, one
can conclude that it is reasonable to handle the
trains with more expensive cargo on routes 2 and
3. Although they are not the shortest and the fastest
the total operating costs are much lower than the
faster routes 6 and 7. The train handle on routes 1,
4 and 5, which differ by significant cost and long
period of transportation is not reasonable at all.
First of all it is caused by the fact that the sections
with diesel locomotive traction are included into
the route. Therefore, one should handle the trains
with relatively low weighted average cost for 1 ton
of cargo in the train on these routes. These routes
should only be used when the other ones are
loaded. The general distribution of train traffic
volume on the domain sections is presented on Fig. 4.

Pavlohrad-1

Krasnoarmiizsk

Yasynuvata

19/19

Volnovakha

Fig. 4. Rational distribution of train traffic volume on domain.
a/c — distributed number of freight trains / maximum number of freight trains, which can be handled on the section
including technical equipment and volumes of passenger trains traffic
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Conclusions

The article determines and analyzes additional
expenses of cargo owners related to the use of
funds to purchase the cargoes that are in the
process of transportation. It was determined the
connection between increase of the cargo delivery
speed and decrease of these costs by the rational
distribution of train traffic volume between the
routes according to the criterion of the weighted
average cost for 1 ton of cargo in the train. First of
all, the technology will help the dispatch service of
railways and the directions to carry out operational
distribution of train traffic volume between the
separate stations of the operating domain.

For the Ukrzaliznytsia in general the
technology of operational distribution can serve as
additional “lever” of competitive growth during
cooperation with the cargo owners.
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OIIEPATUBHOE PACITPEJAEJIEHUE ITIOE30OIIOTOKOB I10
YYACTKAM KEJIE3HOJOPOXHOTI'O ITIOJIMT'OHA

Hens. 3agava onepaTMBHOTO pacHpeeleHHs TOE30N0TOKOB M0 y4acTKaM Pa3BETBIECHHOTO KEIE3HOAOPOKHOTO
[OJIMTOHA SIBJISIETCS ONTHMU3ALMOHHOM, pEIIaeMOl B OIEPAaTHBHBIX YCJIOBUAX AMCIETYEPCKUM ammaparoM. Llems
cTaTbu — (hopMasM3alys U MMOUCK HOBBIX ITyTEeH pEelIeHUs ITOW akTyasbHOU 3anaun. Metoauka. [Ipemioxen HOBBII
MOAXOJ K PEIICHHIO 3a7ja4d OIEPATUBHOIO PACHPENENEHHs IMOE30II0TOKOB 0 3BEHBAM JKENE3HONOPOKHOW CETH
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¢ BHIOOPOM MapIIpPYTOB AJIS BCEX €OUHHIl NOe3N0N0TOKOB. Pedyabrarsl. [IpoBeneHo uccienoBaHne BO3MOXHBIX
MapmpyToB MpPOMYyCKa IOE3I0NOTOKOB II0 IKEIEe3HOAOPO)KHOMY IIOJUTOHY, MHCIIONb3YEMOMY JUIi MAacCOBBIX
HepeBO30K Ipy3oB Mexay KpuBopoxkeem u [lonbGaccom. I[IpuMeHeHHME NpPEUIOKEHHOW METOJMKU IO3BOJIMIIO
HOJIyYUTh PALMOHAILHOE PACIpe/ieNICHHE I0e3/10B MO yuacTkaMm ceTd. HayuHasi HOBH3HA. YCOBEpIICHCTBOBAH
METOJl pacIpeieieHlss NOTOKOB IMOE€3J0B Ha CETH B OINEPATHBHBIX YCIOBHSX, KOTOPbIH B OTJIMYHE OT
CYLIECTBYIOIUX II03BOJISIET BbIOpaTh MapuIpyT NpOINYCKa OTIENbHBIX €OUHHUI] [OTOKAa 110 KPHUTEPHUIO
CpemHeB3BeIIeHHON cTonMocTH 1 T rpy3a B coctaBe. [lpakTinyeckast 3HauuMocTsh. Vcronp3oBaHue npearaeMoi
TEXHOJOTUH OINEPATUBHOTO pACIpEAeiIeHHs I10€30MOTOKOB TOBBICHUT 3(QQEKTUBHOCTh (YHKIHOHHPOBAHUS
JKEJIE3HBIX JIOPOT B LIEJIOM, OOECIIEYHT KOHKYPEHTOCIIOCOOHOCTH >KEJIE3HOJOPOXKHBIX IepeBO30K. Peanmszanus
METOAMKH IPEIIOoaraeT HCIIONb30BaHNE IHCIIETYSPCKUM allllapaToM J>KEJEe3HBIX JOpOr aBTOMAaTH3WPOBaHHBIX
pabounx MECT ¢ COOTBETCTBYIOIINM HH(POPMAIIIOHHBIM 00€CIIeUeHIEM.

Kniouegvie cnosa: pacrpeneneHue IOTOKOB; IOE3JONOTOK; MPHUOBUTL KEJIE3HBIX J0pOr; BHIOOP MapIIpyTOB;
3aj1a4a ONTHMH3ALHH; KEIe3HOAOPOXKHBIH TTOJUIOH
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ONEPATHBHUI PO3MOALI MOI3A0MOTOKIB MO JAHKAX
3AJIIBHUYHOTO MOJIITOHY

Meta. 3aj1a4ya onepaTUBHOIO PO3MOJITY MOI3ONOTOKIB IO JIAHKaX PO3rajly’KEHOro 3alli3HMYHOTO IIOJIITOHY €
ONTHMI3alifHOI0, MO0 BHPILIYETHCS B OINEPATHBHUX YMOBax [UCIETYEPCHKUM amaparoM. MeTorw CTarTi €
dopmatizanis Ta MONIYK HOBHX INUIAXIiB PO3B’sI3aHHS L€l aKkTyanbHOI 3aaa4yi. MeToauka. 3anponoHOBaHO HOBHIA
MiAXiA MO0 PO3B’S3aHHSA 3aJadi OIEPATHBHOTO PO3IOAULY IMOI3O0NOTOKIB 1O JAHKAX 3aTi3HHYHOI MEpexi
3 BHOOpPOM MapHIPYTiB IJIsi BCIX OJMHHUIB IOI370MOTOKY. Pe3yjabTaTH. BUKOHaHO JOCHI/KEHHS MOMXIMUBHX
MapIIpyTiB TPOIYCKY IIOi3/ONOTOKIB [0 3aJi3HUYHOMY IIOJIrOHY, SKHH BHKOPHCTOBYETHCS [UII MAacCOBHX
mepeBe3eHb BaHTaXiB MK KpuBopixokam Ta JloHOacoM. 3acTocyBaHHS 3alpOIIOHOBAHOI METOIUKH TO3BOJIIIIO
OTPUMATH pAaLiOHATBHUN PO3MOALT MOI3NIB MO JaHkax Mepexi. HaykoBa HOBH3HA. YIOCKOHAJICHO METOJ
PO3MOALTY TOTOKIB TMOi3/iB Ha MEpeXi B ONMEpaTHBHUX yMOBAaX, IO Ha BiAMIHY Bill iCHYIOUMX JO3BOJIsIE 00patu
MapIpyT MPOIyCKy OKPEMHUX OJUHHIb HMOTOKY 3a KPUTEPIEM CEpPeIHBO3BAXKEHO! BapTOCTI 1 T BaHTaXy B COCTaBi.
IpakTnyHa 3HaYuMicThb. BHUKOpHCTaHHS 3alpOIOHOBAHOI TEXHOJOTII ONEPATHBHOIO PO3MOALTY IMOi30MOTOKIB
MiABUIINTG e(eKTUBHICTh (YHKI[IOHYBaHHS 3ajli3HHAIbL B IJIOMY, 3a0e3MeYlTh KOHKYPEHTOCIPOMOXKHICTh
3aJIi3HUYHUX IepeBe3eHb. Peanizaiiss METonKH nepepdadae BUKOPUCTAHHS JAUCIIETYEPCHKUM alapaTtoM 3alli3HHLb
aBTOMAaTU30BaHUX POOOUYMX MICIb 3 BiANOBITHUM 1H(QOPMALIITHUM 3a0e3IIeUeHHSIM.

Kniouosi cnosa: po3mopin TOTOKIB, IOI3[OMOTIK, NPHOYTOK 3ali3HMIG; BHUOIp MAapHIpyTiB; 3aBIaHHA
ONTHUMI3allii; 3aTI3HUYHHUI MOTIrOH
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