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PRACTICAL ASPECTS OF IMPROVING THE OPERATION INTERACTION OF
THE STATION AND SIDINGS

Summary. This research deals with the analysis of the main parameters of the freight
operation at the railway station. The modern scientific works on improving the interaction
of the station and sidings were analysed. In order to improve the operation interaction of
sidings with the Dnipro-Holovnyi railway station and to reduce the time of cars’
inactivity, an improved technology of work was proposed. The variants of operation
interaction of the station and sidings according to the existing and improved technology
were compared. The improved technology of the station's operation makes it possible to
significantly reduce the inactivity of local car and the average duration of the car's
standing under one cargo operation. The track occupancy coefficient in the receiving-
departure yard decreases as well.

1. INTRODUCTION

The Dnipro-Holovnyi railway station is located on the major line of the two-track main line
Verkhivtseve — Nyzhnodniprovsk-Vuzol. According to the volume and complexity of work, the
Dnipro-Holovnyi station is classified as out-of-class one. According to the purpose and nature of
work, the Dnipro-Holovnyi station is a union one. It is intended for long-distance, short-distance and
suburban passenger services, as well as for servicing and repair of passenger trains and cars. In
addition, the station provides the needs of the city enterprises in the cargo transportations from private
tracks. According to the conditions of train processing, the station is a terminal intermediate passenger
one, where some trains start and finish their running, while others transit.

According to the scheme, the Dnipro-Holovnyi passenger station is the station of transverse type.
The track lay-out of the station consists of three parallel yards: receiving-departure yard, sorting yard
and servicing terminal. The specialization of the yards ensures the timely receiving and departure of
trains and shunting movements, reducing the number of hostile routes, the minimum time for train
processing and shuntings.

2. LITERATURE REVIEW AND DEFINING THE PROBLEM

Many scientists have dealt with the issue of interaction between the station and sidings. The
overview of their works is presented below. The article [1] emphasizes that under conditions of
fluctuations in the volumes of freight transportations, unproductive inactivity of freight cars at stations
and sidings increase, which causes increase in the expenditures of railways and cargo owners.

The study [2] states that to ensure the qualitative interaction between the railways and cargo
owners, it is necessary to take into account the interests of station and siding. In order to choose the
optimal strategy for interaction between the station and siding, the authors propose to use the theory of
games to minimize the operating costs for transportation.
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The work [3] develops the tasks to optimize the delivery of local cars to the sidings and freight
fronts of stations and to optimize the formation of multi-group trains. These tasks are aimed at
improving the quality of rolling stock usage, reducing the inactivity of local cars at the stations, and
accelerating the turnaround of the local car.

Scientists in the work [4] developed the technology of planning the freight and local operation
before the beginning of every day in order to create optimal conditions for the operation of freight
fronts and timely delivery of cars to freight stations. The given technology makes it possible to
automate the development of operation plan for the delivery of local cars to the stations and their
supply to cargo fronts.

The article [5] focuses on the introduction of resource-saving technologies into the technological
chains of interaction between the mainline and industrial railway transport. The authors of the research
believe that increasing the efficiency of interaction between the station and siding can be achieved by
electrifying the running line between the freight station and the transfer station of the siding. At this,
no feasibility studies for this solution were given, although it is well known that the running line
electrification requires significant capital investments.

The team of authors in the study [6] states that the technological process of the station should be
developed taking into account the interaction of all its elements with each other and the schedule of
train movement at the adjacent railway sections. In order to detect and eliminate various mismatches
between the elements of the station, it is necessary to investigate the interconnections of the
parameters of the individual internal processes at the station.

The authors of the article [7] proposed to manage the cargo delivery on the basis of determining the
values of duration of cargo handling at each stage of the schedule fulfilment. The evaluation of
delivery process will be carried out using the device of fuzzy sets. The evaluation of deviations at all
stages of transportation using the linguistic definitions of conditions makes it possible to quantify such
an indicator as the transportation quality.

The study [8] proposes a method that allows predicting control points for scheduled stages of goods
delivery, taking into account the conditions of real operational work. Information about the events
with controlled objects (cargoes, cars) is stored in the database of the automated system. Due to this
there is a possibility of coordination in the actions of all participants of the transportation process.

The article [9] addresses the problem of minimizing the general operating costs for the delivery of
freight traffic volume, while meeting the restrictions on available resources and train-handling
capacity of stations, as well as the restrictions on transportation priorities. Improving the interaction of
the station and sidings is one of the elements that influence the functioning of the entire transportation
system.

Scientists in their study [10] concluded that the most effective means of improving the efficiency of
the railway network is the implementation of projects for the improvement of technological operations
for the stations with the "highest centrality" indicator, while investments in an arbitrary station of the
network do not influence transport criteria in general.

The analysis of scientific works shows that the issues of interaction between the station and sidings
remain unresolved. In each situation, one should choose the individual rational technology of
interaction. In one case, this may be a decrease in the intervals of car supply to the siding, in the other
— the use of a more powerful shunting locomotive capable of transporting more cars per one supply,
etc. In any case, the rational technology of interaction between the station and sidings should be
supported by the appropriate technical and economic calculations. In this research, the practical
aspects of improving the interaction of the Dnipro-Holovnyi station and sidings will be considered.

3. METHODOLOGY

The diagrammatic layout of the Dnipro-Holovnyi station is shown in Figure 1.

There are five sidings adjoining the Dnipro-Holovnyi station:

1. The "Dniprometyz" PC siding No. 1 adjoins the station track No. 37 by the turnout switch
No. 222;
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2. The siding No. 2 of the "Municipal Railway Branch" LLC adjoins the track No. 37 by the
turnout switch No. 222;

3. The siding No. 3 of PJSC "Dnipropetrovsk Diesel Locomotive Repair Plant” ("DDLRP") adjoins
the station track No. 76 by the turnout switch;

4. The siding No. 4 of the "Enerhotransservis" LLC adjoins the station track No. 33 by the turnout
switch No. 18;

5. The siding No. 5 of the "Finance and Development" LLC ICA, adjoins the siding No. 4 of the
"Enerhotransservis” LLC by the turnout No. 1, which in turn adjoins the station track No. 33 by the
turnout switch No. 18.

According to the data from previous years, the average number of cars arriving at the station per

day is shown in Figure 2.
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Fig. 2. The histogram of the average number of cars arriving at the station per day

Similarly, we will construct the histogram for the average number of cars departing from the station
per day. The histogram is shown in Figure 3.
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Fig. 3. The histogram of the average number of cars departing from the station per day
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The histogram for the car loading indicator on average per day is shown in Figure 4.
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Fig. 4. The histogram of the car loading indicator on average per day

The histogram for the indicator of car unloading on average per day is shown in Figure 5.
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Fig. 5. The histogram for the indicator of car unloading on average per day

The histogram for the average car inactivity under one cargo operation is shown in Figure 6.



932 H. Nesterenko, M. Muzykin, S. Avramenko

19,5
(]
[
o 19 .
o BT
2 185 W e
> < SO T
> B B e
25 18 B B e
A=A R TP
5] S .......
©
g o BN O m B
E I [ [ I RN
8o 17 -
]
© © 16,5
(]
>
© 16
(O]
e
. 15,5

2012 2013 2014 2015 2016
Years

Fig. 6. The histogram for the average car inactivity under one cargo operation

In order to improve the operation interaction of sidings and the Dnipro-Holovnyi railway station
and reduce the inactivity of cars, it is proposed to introduce the additional dispatching locomotive that
will operate in the light time of day from 8:00 a.m. to 8:00 p.m. The locomotive arrives at the station
and passes through the K-DH running line. The movement duration along the running line is 12
minutes. The station shunting locomotive will operate in the servicing terminal and supply (remove)
cars to the tracks of receiving-departure yard for the trains of its formation, as well as perform
operations for finishing of the making and breaking-up of trains. According to calculations, the
duration of car group rearrangement is 6 minutes, the return of the locomotive — 3 minutes, the
duration of formation is 25 minutes, breaking-up — 20 minutes.

Let us also change the order of servicing sidings. The work at all sidings is performed in the light
time of the day from 8:00 a.m. to 20:00 p.m.

The station performance indicators were determined using the daily plan schedule.

Calculation of the loading factor for the receiving-departure yard [4, 5] was performed using the
Table 1.

Table 1
Calculation of the loading factor of tracks
Number of the track Occupancy duration, min Loading factor

1 488 0.34
2 425 0.3
3 198 0.14
5 359 0.25
6 475 0.33
7 173 0.12
8 408 0.29
9 193 0.13
11 273 0.19
12 205 0.14
14 304 0.21
15 0 0

16 58 0.04
17 168 0.12
19 331 0.23
20 418 0.29
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Based on the calculations, we will make a comparison of the variants for interaction between the
station and sidings. The improved variant of interaction between the station and sidings involves the
operation of three shunting locomotives: one locomotive in the receiving-departure yard (as in the
usual variant of interaction) and two shunting locomotives in the servicing terminal (in the usual
variant of interaction only one locomotive is used). In this case, at the usual variant of interaction, the
loading factor of the first locomotive was 0.62, the second locomotive — 0.91. In the case of improved
variant of interaction, the loading factors of locomotives will be as follows: the first locomotive —
0.54; the second — 0.57; the third — 0.53. Due to this the average car inactivity at the station decreased
by 2.69 hours. This is achieved due to decrease in the average time: the waiting time of supply for
sidings — by 1.33 hours, the waiting time for the beginning of cargo operations — by 0.06 hours,
waiting for removal — by 1.1 hours, waiting time for accumulation — by 0.2 hours.

4. CONCLUSIONS

Having analysed the obtained indicators, it can be concluded that due to the proposed improvement
of the station operation technology, the local car inactivity and the average duration of car’s standing
under one cargo operation is significantly reduced, the rate of track occupancy in the receiving-
departure yard decreases, thus the train-handling and estimated capacity of the station increase. The
working conditions for locomotive crews, especially for the crew working in the servicing terminal,
are also improved.

References

1. Snoscekwuii, [1.0. & Bomunmp, O.I'. & [lnyxnikos, b.0., & Tkauenko, B.A. MeTtonuuni 3acaau
BU3HAYEHHS 3arajbHUX BUTpAT BUPOOHUIITBA 1 CTaHIii MPUMHKAHHS Ha BiJIpaBICHHS MapTil
BaHTaXy. Tpancnopmmui cucmemu ma mexHoN02l nepeseseHb. 30IpHUK HAYKOBUX Npayb
Jninponemposcvko2o HAYIOHANLHO2O YHIGEPCUMEM) 3ANI3HUYHO20 MPAHCNOPMY IMeHi akademika
B. Jlazapsna. 2017. No. 14. P. 107-113 [In Ukrainian: Yanovskyi, P.O. & Vodchyts, O.H. &
Pluzhnikov, B.O. & Tkachenko, V.A. Methodical principles for determining the total costs of
production and the adjoining stations for the consignment shipment. Transport systems and
transportation technologies. Collection of scientific papers of Dnipropetrovsk National University
of Railway Transport named after Academician V. Lazaryan].

2. Hlanosan, I'.B. & Pe3niuenko, O.}0. Bubip onTumansHOi cTpaTerii B3aeMOJIiT BAHTaXKHOT CTaHIIiT
Ta WA'3HUX KOMil. 36ipHux Haykosux npayv Yrpaincekozo Oepaxcagnoeo yHieepcumemy
sanisnuuno2o mparncnopmy. 2014, No. 146. P. 71-75. [In Ukrainian: Shapoval, H. & Reznichenko,
O.Y. Choosing the optimal strategy of interaction between the freight station and sidings.
Collection of the scientific papers of the Ukrainian State University of Railway Transport].

3. Makapos, B.M. & Ywmxkos, J.A. & [lupsieBa, C.A. Pemenue 3amay onTuMu3aluu pa3Bo3a
BaroHOB I10 CTaHIMSIM W TOABE3HBIM IyTSIM B IIEHTpax YIpaBIE€HUS MECTHOW padoToit. Tpymbl
BHMUAC. Bceepoccuiickuii  Hay49HO-MCCIENOBATEILCUKHA ¥ MPOEKTHO-KOHCTPYKTOPCKHUI
HHCTUTYT uH(OpMaTH3aluK, aBToMaTu3anuu u cBsizu MIIC Poccun. 2005. Iss. 3. P. 76-83. [In
Russian: Makarov, V.M. & Chizhov, D.A. & Shiryaeva S.A. Solving the problems of optimizing
the delivery of cars to the stations and sidings in the centers of local operation management.
Proceedings of ARRDI. All-Russian Research and Design Institute for Information Technology,
Signalling and Telecommunications in Railway Transportation].

4. Jlesun, JI.}O. Anmanranus opraHW3allid MECTHON paOOTHI K COBPEMEHHBIM YCJIOBHSAM. Becmuuk
Haylmo-ucmeaoeameﬂbacoeo uHcmumyma DfC@]ZeS’HO()OpO.?fCHOZO mpancnopma (BECMHMK
BHUMKT). 2018. 77(1). P. 18-26 [In Russian: Levin, D.Y. Adaptation of the local operation
organization to modern conditions. Bulletin of the All-Russian Research Institute of Railway
Transport (Bulletin of ARRIRT)].

5. Kumsum, O.B. & UYexnos, B.®. & Kynenko, /[.B. Onrumizaiiis B3aeMoJIii BaHTa)XXHOI CTaHIIii Ta



934 H. Nesterenko, M. Muzykin, S. Avramenko

mia’i3Ho1 KoMl KOKCOXIMIYHOTO 3aBOJAY Ha OCHOBI pecypco30epirarounx TexXHONOTiH. 30ipHUK
HAayKOBUX mpailb JIOHebKOro iHCTUTYTY 3aii3Hu4HOrO TpaHcmopty. 2006. No. 5. P. 62-67. [In
Ukrainian: Kyzym, O.V. & Cheklov, V.F. & Kutsenko, D.V. Optimization of the freight station
and sidings interaction at the coke plant on the basis of resource-saving technologies. Collection of
scientific papers of the Donetsk Institute of Railway Transport].

6. Yanovsky, P. & Yanovska, V. & Lytvynenko, S. & Nesterenko, H. & Lytvynenko, L. Principles
of the feedback action in local elements of rail yard interactioN. International Journal of
Engineering & Technology.2018. Issue 7(4.3). P. 196-200.

7. Kyrychenko, H. & Statyvka, Yu. & Strelko, O. & Berdnychenko, Yu. & Nesterenko, H.
Assessment of cargo delivery quality using fuzzy set apparatus. International Journal of
Engineering & Technology. 2018. Issue 7(4.3). P. 262-265.

8. Kyrychenko, H. & Nesterenko, H. & Avramenko, S. & Lytvynenko, S. & Yanovsky, P. &
Lytvynenko, L. Use of cargo delivery process model for the assessment of logistics service
qualilty. International Journal of Engineering & Technology. 2018. Issue 7(4). P. 4514-4518.

9. Yue, Y. & Zhou, L. & Yue, Q. & Fan, Z. Multi-route railroad blocking problem by improved
model and ant colony algorithm in real world. Computers & Industrial Engineering. 2011. Vol.
60. No 1. P. 34-42.

10. But’ko, T. & Prokhorchenko, A. Investigation into Train Flow System on Ukraine’s Railways
with Methods of Complex Network Analysis. American Journal of Industrial Engineering. 2013.
Vol. 1(3). P. 41-45.



