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OPTIMAL ROUTE SELECTION WHEN DISTRIBUTING THE FREIGHT
TRAINFLOW IN THE RAILWAY JUNCTION WITH THE CONSIDERATION OF
THE LEVEL OF THE TRAFFIC CAPACITY SATURATION

There were determined the expenditures of time, mechanical work and cost of the running trains with
different mass that pass Dnepropetrovsk railway junction. There was researched the influence of the
railway line load onto the main indexes of the train running. The value of the rational load of the main
trespass of Dnepropetrovsk railway junction was determined.
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Problem statement. The problem of the forming the effective way of decision
making, directed towards the rational usage of the means of transport and energy resources, is
becoming urgent under the conditions of the market economy. Choosing the criteria of decision
making is a very complicated task. The solution of this task can provide a great advantage in
front of the other means of transport. It will also help railway transport to become more
competitive and attractive. Optimal route selection is a complicated and multicriterion task that
has not been solved yet. As a rule, dispatchers and managing stuff are facing this problem
every day, but unfortunately, they do not possess the precise algorithm to use when choosing
the optimal route of the train passing.

The analysis of the recent researches and studies showed that the task of the
defining the optimal routes of the train running has not a complete decision yet. When
researching the railway line [1-2] a lot of factors are being ignored, such as the interconnection
between the arrival and departing intensity under the conditions of the instant increase of the
railway line saturation.

When simulating the operation of the railway line [1] a train is regarded as single unit,
which means that the influence of the ahead and behind running trains is being ignored.
Actually, the running regimes depend on the intensity of the trainflow, which means the
indexes of the train running may differ. That is why the research should be made with the help
of the simulating model, which allows simulating running the flow of the trains [3-5].

Target setting. The task of this research is to determine the optimal route of the trains
in the railway junction with the help of the mathematical algorithm which considers two
factors simultaneously [1]. Some of the following criteria may be chosen for defining the
optimal route of the trains: route length, time of the train running, mechanical work losses, the
costs of the train running, signal facilities, traffic capacity, railway line load and others. In
order to solve the task of the determining the optimal route of the trains there were chosen the
following criteria of optimality: time of the train running and mechanical work losses [8]. This
chose is based on the following consideration: time of the train running determines the duration
of the freight delivery, which should be useful for the clients; mechanical work losses provide
necessary information when calculating the cost of delivery. Thereby, in order to attain this
priority task of determining the optimal route of the trains passing, it is necessary to define the
time of the train running and mechanical work losses of the trains with different mass that are
running through the railway junction.

Research results. The research was made on the example of Dnepropetrovsk railway
junction. In order to define the optimal routes of the trains in this junction it was necessary to
calculate the time of the train running and mechanical work losses in the junction, as it was
stated before. The research was made with the use of the simulating model that allows
considering the speed of the running trains [6], mechanical work losses, resistance force losses,
retarding regimes and electric power losses. The relation between the time of the train running
and the length of the railway line is shown on the fig. 1.
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Fig. 1 — Dependence between the time of the train running and the length of the railway line
a) even direction of the main line; b) odd direction of the main line;
c) even direction of the parallel line; d) odd direction of the parallel line

The analysis of the obtained dependences shows that the time of the train running
according to a schedule is overrated, especially on the parallel line of the railway junction. That
is why it is possible to concede that the actual time of the train running might be 15 minutes
less compared to the time in the train schedule. That means that the time of the train running on
the main line has a very little difference compared to the one on the parallel line (34,8 min and
30,8 min). Taking into account that the length difference of the main and parallel line is
approximately 11 km, the time difference of 4 min could be ignored.

On the basis of the simulating results there was also obtained the dependence between
the mechanical work losses and the length of the railway line. This dependence is shown on the
fig. 2.
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Fig. 2 — Dependence between mechanical work losses and the length of the railway line
a) even direction of the main line; b) odd direction of the main line;
c) even direction of the parallel line; d) odd direction of the parallel line



The analysis of the obtained dependences shows that the more the mass of the train,
the more scatter of the speed. In order to estimate the economic indexes [7] of the train running
there obtained the functional dependences between the cost of the train running and the length
of the railway line in correspondence to the mass of the train which is shown on the fig. 3.
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Fig. 3 — Dependence between the cost of the train running and the length of the railway line
in correspondence to the mass of the train
a) even direction of the main line; b) odd direction of the main line;
c) even direction of the parallel line; d) odd direction of the parallel line

It is necessary to stress that the difference in cost of running the train on the main and
the parallel line of the railway junction is about 60..220 grn on each train. This information
may be useful when choosing the route for particular train. In addition, the cost of running the
5000 tonn train on odd direction of the main line has a little difference compared to the cost of
running the 4000 tonn train on the parallel line.

When simulating the operation of the railway line, a train is regarded as single unit,
which means that the influence of the ahead and behind running trains is being ignored. In this
occasion, the research should be made on a simulating model that allows simulating running
the flow of the trains. The model of this type was used for researching the operation of the
Dnepropetrovsk railway junction.
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Fig. 4 — reaction of the railway line onto the increasing the arrival intensity
a) dependence between the average speed of the train running and the arrival intensity
b) interconnection between the arrival and departing intensity
A number of experiments were made with a help of this simulating model. The arrival
intensity varied from 140 to 160 trains per 24 hours. The speed of the trains was executed with
an accuracy 5 %, which allowed considering the so-called “human-factor”. There was figured
out that increasing the quantity of the trains in the arrival intensity causes the dramatic decrease
of the speed of the running trains (fig. 4a). In addition, when the saturation point of the traffic



capacity is reached, any further increasing the arrival intensity causes decreasing the quantity
of departed trains (fig. 4b). This circumstance is cased by the following: the more trains are on
the railway line the less is the distance between them, which causes that the trains face the
yellow and red traffic lights more often.

The optimization part of the research concerns defining the necessary quantity of the
trains, which provides minimum of the time running (t) and minimum of the mechanical work
losses (R) simultaneously, under the conditions of the traffic capacity guaranty [10-11]. Taking
into account that the indexes of the train operation depend on the level of the traffic capacity
usage, it is necessary to analyze the tendency of their changes. In order to estimate the
distribution of the trains on the lines of the railway junction the following figure is shown.
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Fig. 5 — Comparative analysis of the train distribution in the railway junction

Each variant of the trains’ distribution corresponds to its own parameters of time and
mechanic work losses. Thus, variant 1 corresponds to 140 trains running on the main line in the
odd direction; variant 2 — 142 trains and on. Variant “0” corresponds to appropriate time and
work losses when directing the train in the odd direction of the parallel line. It is obvious that
variants 6-11 are “worse” than variant “0”. That means if the quantity of the trains in the
arrival stream is more than 148 trains per 24 hours, it becoming more rational to transfer part
of the trains to the parallel line, that has a reserve of the traffic capacity.

Conclusion. There were determined the value of the time of running the trains and
mechanic work losses of running the trains of the different mass in Dnepropetrovsk railway
junction. The analysis of the obtained dependences shows that the time of the train running
according to a schedule is overrated, especially on the parallel line of the railway junction.

There were determined the dependence between the cost of the train running and the
length of the railway line in correspondence to the mass of the train. It was figured out that the
cost of running the 5000 tonn train on odd direction of the main line has a little difference
compared to the cost of running the 4000 tonn train on the parallel line.

There was researched the influence of the railway line load onto the main indexes of
the train running. There was figured out that increasing the quantity of the trains in the arrival
intensity causes the dramatic decrease of the speed of the running trains. That means it is
important to define the rational quantity of the trains on each railway line; every extra train on
the line causes an increase of the time and work losses. So, it is necessary to consider different
variants of directing the trains in the railway junction when reaching the saturation point of the
traffic capacity.

The value of the rational load of the main trespass of Dnepropetrovsk railway junction
was determined. It equals 148 trains per 24 hours.

The results obtained in this research may be useful when choosing the rote of directing
the trainflow in the railway junction, railway direction or railway network on the whole at the
time of the summer schedule, increasing the arrival intensity of the trains or at the time when



one track of the railway direction is closed. In terms of the economic point of view the
described method of distributing the trains in the railway junction will help to decrease
maintenance costs connected with the transferring the trains on the routes of the railway
network.
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Hecmepenro I I,  Yubicos FO. B. BuOip onTuMajdbHUX MAapLIPYTiB NOpu  po3mogiti
BAHTA’KHOT0 MOI3I0MOTOKY Yy 3aJi3HUYHOMY BY3Ji 3 ypaxyBaHHSIM piBHA HACHYeHOCTi
NMPOMYCKHOI CNPOMOKHOCTIi. Bu3HaueHO BUTpaTu yacy, BUTPAaTH MEXaHiyHOI POOOTH Ta BapTiCTh
MPOIYCKY BaHT@XHHUX IMOI3IiB Pi3HOI Macu MO AUIAHKaX JIHIMPOMETPOBCHKOTO 3alli3HMYHOTO BY3Ja.
BuKOHAHO JOCHIKEHHSI BIUTMBY 3aBaHTQKCHOCTI IIISTHOK By3Jla Ha OCHOBHI IOKa3HHKH PyXY IOi3[iB.
BCTaHOBIEHO BENMYMHY pAlliOHAIGHOTO 3alOBHEHHS TOJIOBHOTO  Xoay JIHIOPOIETPOBCHKOTO
3aJII3HUYHOTO By3JIa.

Hecmepenxo I'. U., Yubucos FO. B. Bpi60p oNTHMAJBLHBIX MAapIIPYTOB IIPH pacmpenejeHuH
IPY30BOI0 M0€310II0TOKA B 7KeJ1e3HO/I0POKHOM Y3JIe ¢ y4eTOM YPOBHS HACBILIEHHOCTH IPOIYCKHOIi
crniocodnocTH. OnpeeeHbl 3aTpaThl BpDEMEHH, MEXaHUYECKOH paboThl U CTOMMOCTB HPOIYCKa IPY30BbIX
MOE3/10B PAa3HOM Macchl MO YydacTkaM JIHENMPONETPOBCKOTO MKENE3HONOPOKHOTO Yy3i1a. BpImonHeHbl
UCCIICZIOBAaHUS BIMSAHUS 3arpy3KM YYacTKOB y3Ja Ha OCHOBHBIC IIOKAa3aTENH JBIXKECHUS I10€3/10B.
OmpenesieHa  BENWYMHA  PAlMOHAIBHOIO  3allOJHEHHS  TJIABHOTO  XoAa  JIHEmpOIEeTPOBCKOTO
HKEJIE3HOJOPOKHOTO y3IIa.
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