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ORGANIZATION OF PASSENGER RAIL TRANSPORTATION
ON THE SECTION WITH THE COMBINED TRACK
NYZHANKOVYCHI-STARZHAVA

Summary: Passenger transportation by rail is an important component of ensuring cross-
border cooperation between our country and neighboring EU countries. Transport transformations
are being carried out on both sides of the border, and directives are being developed and
implemented to establish uniform rules and standards for the successful operation of transport and
passenger movement. At the same time, the organization of traffic is being improved, taking into
account the features of the infrastructure, as well as changes in traffic flows, in particular passenger
flows at border areas. An important difference between the railway system of our country and
neighboring EU countries is different tracks. The width of the track on our side of the border is
mainly 1520 mm and 1435 mm in EU countries. This leads to a number of related features of rail
transport. In addition, there are different approaches to traffic regulation. Therefore, it is essential
to develop approaches for managing through transportation, in particular, on test sections of the
railway track.

This work is aimed at solving the current problem of organizing passenger transportation in
areas adjacent to the Khyriv station. Both the 1,520 mm track and the combined 1,520/1,435 mm
track are used on the site, which allows organising traffic with cars designed for the appropriate
track width. A mathematical model of the movement of passengers using trains on different tracks is
built — a combined track between two stations on the border with Poland (Nyzhankovychi-
Starzhava) and a track with a width of 1520 mm (Sambir-Khyriv), taking into account the topology
of the station with conditional distances and stations as the vertices of the corresponding graph. In
view of the peculiarities of the stations, possible routes are considered for choosing a train
formation scheme, namely, routes between stations of train formation and rotation.

As a result, schedules for following passenger trains on border sections were constructed and
studied, which allows for determining a rational scheme of train movement and their maintenance at
stations. As an example, calculations were made for the Nizhankovychi-Starzhava section. It was
found that in order to ensure the given passenger flow and organization of traffic on this section and
adjacent tracks, it is necessary to introduce at least three passenger trains. The developed
methodology can be used also for other border areas between the stations of Poland and Ukraine.
The implementation of the proposed international route State Border — Nyzhankovychi — Khyriv —
Starzhava — State Border along the 1435 mm track will allow our Polish neighbors to unite their two
provinces with the help of their rolling stock passing through our territory, as well as to reduce the
mileage of rolling stock and the distance between the two large cities of Poland. We, in turn, benefit
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from providing transport services and opening new international passenger routes, with further
implementation of freight transport routes on the same sections of tracks.

Key words: international passenger transportation, organization of passenger trains, cross-
border cooperation, mathematical model.

1. INTRODUCTION

Railway transport is an essential component for ensuring cross-border cooperation between our
country and neighboring EU countries. In these countries, transport transformations are being carried out,
and directives are being developed and implemented to establish uniform rules and standards of operation,
in particular for railway transport. For our part, more and more attention has recently been paid to the
convergence of the transport system with the structure and transport management of neighboring countries
to the west of the border. It is important to improve the movement of passengers and cargo across the
border in both directions. Gradually, there is a need to improve the organization of traffic, taking into
account the characteristics of the infrastructure, as well as changes in traffic flows, in particular passenger
flows at border areas. At the same time, there is a difference in track: first of all, different track widths,
mostly 1520 mm on our side and 1435 mm with EU countries; secondly, different approaches to traffic
regulation. We get the problem of the contact of two transport systems with slightly different characteristics.
Therefore, in the mathematical modeling of transport flows, it is necessary to take into account the
appearance of a transitional area from one transport system to another due to the peculiarities of each, as
well as the state of the contact area itself.

2. RESEARCH STATEMENT

Separate tasks related to cross-border cooperation are found in a number of works. For example, in a
study [1] solutions to the problems related to the creation of a cross-border transport and logistics cluster
related to the introduction of changes in the legal framework for the organization of traffic between the
border regions of Ukraine (Volyn, Zakarpattia, and Lviv regions) and the countries of the Visegrad Four
(Poland, Slovakia, Hungary) were investigated. Issues of cross-border cooperation are also raised in work
[2] on the example of Poland and two neighboring countries — the Czech Republic and Germany,
where the issues of border crossing and maneuvering are considered. Passenger transportation has its
own characteristics.

In this direction, a comprehensive analysis of passenger transportation in Ukraine was carried out in the
context of the range of night train transportation. Regions for suburban train transportation were analyzed [3, 4].
An analysis of possible options for the logistics of passenger transportation from Eastern Ukraine (in particular,
from Kharkiv) to Krakéw was carried out with the help of the implementation of new railway transport routes
[11], improving the technology of passenger intermodal transport with the involvement of railway transport in
the conditions of tourism development [10], developing a mathematical model for calculating the plan for the
formation of high-speed passenger trains, which allows realizing the maximum passenger flow while minimizing
operational costs [15].

In recent years, scientific works have been increasingly devoted to issues of interdependence and
competition of participants in transport processes. In particular, the competition between railway passenger
operators of the EU countries is studied in [5], and the competition for transit cargo transportation is highlighted
in [6]. The paper [7] analyzes the reasons for the competitive failure of the operator of regional passenger
transportation in Poland. Sufficient attention is paid to studying the price strategy of operators, as well as
cooperation with markets [8].

Considerable attention in scientific works on the organization of passenger transportation has been paid
to issues related to projects for the construction of new high-speed railway lines [12], to the establishment of
such operational and technical parameters of domestic high-speed railway lines that would have operational
compatibility with the Trans-European HSN [13], to the increase of throughput capacity in the mixed organization
of freight and passenger transportation [9], improving the quality of the traffic schedule for suburban trains,
taking into account the stops of time-dependent passenger demand [14].
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Considering the wide range of problems that arise in the study of cross-border cooperation, it is necessary
to foresee the possibility of using new technologies, if organizing the movement of trains to the western border.
Therefore, it is important to develop approaches for managing through transportation, in particular, on test
sections of the railway track.

3. MATHEMATICAL MODEL
OF TRACKING PASSENGER TRAINS IN BORDER AREAS

This study examines the organization of passenger rail transportation in areas adjacent to the Khyriv
station (Lviv Railway). It is one of the many problems that arise when establishing border and cross-border
railway transportation. Both the 1.520 mm track and the combined 1.520/1.435 mm track are used on the
site, which allows organizing traffic with cars designed for the corresponding track width.

Passenger flows can occur and disappear on the railway route. There are passengers moving from
the initial station to the final station, while others rotate within the station. There are various variants of
passenger train rotation schemes. Rotation schemes are established depending on the power of the
passenger flow, taking into account the provision of comfortable conditions for passengers. The choice of
the number, assignments and routes of following passenger trains depends on many factors that are taken
into account when choosing a variant of the formation plan. For example, let's take a railway section, on
which we have part of the 1520 mm track, part of the European 1435 mm track and part of their combined
track. GoogleMap fragment Fig.1 [16] shows the following tracks: Przemysl-Nyzhankovychi — 1435 mm,
Khyriv-Nyzhankovychi — combined, Khyriv-Starzhava — combined, Starzhava-Ustryki Dolishni — 1435 mm,
Khyriv-Sambir 1520 mm. So, here we have a railway network consisting of different types of tracks.
Nyzhankovichi is a border station with Poland. The Starzhava station is located in Ukraine, the European
track goes further to the border. All the tracks shown in Figure 1 pass through Khyriv station. We can
estimate the distances from Khyriv station to other nearby stations and boarding points: Sambir — 31 km,
Nizhankovichi — 23 km, Starzhava — 8 km. It should be noted that Khyriv is a hub, a border railway station
of the 4th class of the Lviv Directorate of the Lviv Railway, 41 km from the Przemysl station on the
territory of Poland. The Khyriv — Korostenko checkpoint on the border with Poland also operates at the
station. Khyriv station was an important railway junction from the beginning of its construction until the
First World War. Nowadays, it has lost its strategic importance. Until the quarantine in 2022, modern
Khyriv received two pairs of suburban trains per day. Future tourist routes or an active railway connection
in this region between Poland and Ukraine can restore the former significance of the station.
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In order to formalize the research, the graph of the railway station is constructed in the form as
shown in Fig. 2, where the topology of the station is displayed with conditional distances and stations at
the vertices of the graph, indicated with capital letters. There is a combined Nyzhankovychi-Starzhava
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track (H-T) and a 1.520-mm-wide track Sambir-Khyriv (S-X). Stations C (Sambir), X (Khyriv), H
(Nyzhankovychi), and P (Przemysl) are considered train formation and rotation stations, T (Starzhava), U
(Ustryki) stations are train rotation stations, B (Voyutichy), D (Dobromil) — for boarding and disembarking
passengers.

On the combined track, the existing platforms are not provided for 1435 mm cars.

Only trains on the 1520 mm track can board and disembark at the stop platforms. All trains can stop
at the stations. Trains crossing the border are inspected by customs at stations H and U.

Possible routes on the network are considered, taking into account the properties of the stations.
Suppose that the rotation schemes of passenger trains are set independently for the 1520 mm track and the
1435 mm track to ensure the flow of passengers. The interaction of train movements on the combined part
of the track will be taken into account in this version only in the train movement schedules. In this way,
seven routes are considered, for the selection of the train formation scheme — routes between train formation
and rotation stations. For this example, the routes C-X, C-T, C-H, X-T, X-H, H-T, and P-U were analyzed
(see Fig. 3).
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Fig.2. Graph of the railway section Fig. 3. Route options on the site network

The statement of the problem is recorded, from the solution of which a rational scheme of the movement
of passenger trains on the site is obtained. We denote the number of trains on each of the routes as x; for
C-X, x, for C-T, x3 for C-H, x4for X-T, x5 for X-H, x¢ for H-T, and y for P-U. The number of trains on
the P-U section of 1435 mm track, including part of the combined track, should provide possible passenger
flows on all its parts P-H, H-X, X-T, T-U. If the number of passengers m in the train follows P-U — this
corresponds to the condition for the number of trains y:

my 2 Apy =max(Apy , Apy » Axr > Aty ) (1

If it is necessary to reduce railway costs by reducing the number of trains, we will determine the

smallest integer y satisfying this condition (1). Thus we get

ﬂ’ if {ﬂ}zo
m m

y= 2)
[ﬁ}l, it {A_} 0
m m
If it turns out that m > A4p;; , then [APU } =0 and y =1 . That is, one train is enough to provide
m

the necessary flows between all stations. With m < Ap;; will have to organize more trips, but if the
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difference A4p;; —m is small, within the capacity of the car, if possible, you can increase the number of

cars in the train and not increase the number of trips. When reducing the number of trains, the intervals
between trains in the direction are increased. If you set the conditions on the intervals between the trains,
we get a different scheme of formation and rotation of trains. The work also describes the formalization of
the problem along the 1520 mm track.

Let be the number of passenger seats in trains belonging to groups x; constitutes respectively m;. In
order to ensure the transportation of passengers in quantities Acp gy Axr> Axp> Aup between

individual stations, let's write down the conditions that must be satisfied x;, i = 1; 6
mx; + ny Xy + msx3 2> max(ACB, ABX)
my Xy +myxy +mgXe > Ayt 3)
m3x3 +mgxg5 + mgXg 2> max(AXD, AXH)
x; 20, x; —whole numbers, ;i = 1;6 4)

We indicate the costs of one local train x; by c¢;. Then the total cost of organizing traffic on the
section of the 1520 mm track will be

n
L= Jél c jx ] %)

This function must be minimized under conditions (3), (4).

The solution of the problem largely depends on the number of passengers departing from the stations
and arriving at each of them. If we get zero values among x;, then the scheme will be simplified, since the
corresponding trains do not need to be formed.

As an example, calculations were made where one pair of trains on a track of 1435 mm passes daily
at sections P-H and T-U. In other sections, two pairs of trains pass daily. On the C-B and B-X, these are
trains of 1520 mm track, and on the combined tracks X-T and X-H one by 1520 mm and 1435 mm.

To illustrate, we will carry out calculations and determine x;, i =16 and y with conditional
numerical data values. Accept m =600, m; =m, =m,= 320, my =my =ms=290, 4.,=500, 4, =550,
Ayr=300, Ay,=320, 4,,=300, Ap,; =450, 4, =350, ¢, =42, ¢, =53, ¢;=72, ¢4, =20, c5 =48,
ce =82.

In formula (1), Ap;; =max(Apy, Ayys Axr, Ay ) = max(450,320,300,350) =450. Therefore, from
formulae (1), (2) we obtain that y =1.

To receive x;, i=1;6 have a linear programming problem

L=42x +53x, +72x5 + 20x4 + 48x5 + 82x, — min
320x, +320x, +320x; > 550
320x, +290x, +290x >300
320x; +290x5 +290x 2320
x, >0, X; — integers.

The solution to this linear programming problem is x;=0, x,=1, x3=1, x4, =0, x5=0, x5=0,
which leads to the use of trains only between stations P-U, C-T, C-H. If the input data changes slightly, we
can get a different scheme from this.

For certainty and involvement, we will take the received number of trains and show their routes in
Fig. 4. So we have three pairs of passenger trains passing through station X.

At the P-H and T-U stations, one pair of trains runs on the 1435 mm track every day. At other

stations there are two pairs of trains every day. On C-B and B-X, these are trains of 1520 mm track, and on
the combined X-T and X-H track, each on 1520 mm and 1435 mm.
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Fig. 4. Commuter train routes

The presented section is characterized as single-track and equipped with automatic blocking. In
addition to stations, there may be stopping platforms. The running speed of trains on track 1435 mm is 60
km/h and on track 1520 mm — 50 km/h.

The passenger train departure schedule is drawn up for the received traffic pattern. Movement on a
combined track is carried out either on a 1520 mm (Table 1-4) or 1435 mm (Table 5—6) track. Boarding
and disembarking ef passengers on 1520 mm tracks can be carried out both at stations and at stops where
there are equipped platforms. Boarding and disembarking of passengers on the 1435 mm track will be
carried out only at stations where platforms will be equipped according to the rolling stock. This section of
the track is a single-track race, and passing the trains takes place on one track with a crossing at stations
with the appropriate track development. For example, on the schedule of train movements, a suburban train
is crossed with an international rail bus (train) at Khyriv station, which makes it possible to simultaneously
pick up passengers on a 1520 mm track from Sambir station to Khyriv, where they can transfer to an
international flight to Poland and travel along the track 1435 mm.

Table 1
Schedule of suburban trains on the track 1520 mm — 6144 Starzhava-Sambir
Separate item | Time of followin Separate item Time of followin Separate item Time of
P g P e of following eparate ite following
Starzhava 06.00 Horodovychi 06.29-06.30 Voiutychi 06.50-06.51
Zarichne 06.07-06.08 Skelivka 06.34-06.35 Biskovychi 06.57-06.58
Khyriv Pas. 06.18-06.20 Susidovychi 06.39-06.40 Sambir 07.10
Slokhynia 06.23—06.24 Nadyby 06.45-06.46
Table 2

Schedule of suburban trains on the track 1520 mm — 6141-6142 Nyzhankovychi-Sambir

Separate item Time of following | Separate item | Time of following Separate item Time of following
Nyzhankovychi 14.50 Khyriv Pas. 15.33-15.43 Nadyby 16.08-16.09
Borshevychi 14.57-14.58 Slokhynia 15.46-15.47 Voiutychi 16.13-16.14
Bonevychi 15.08-15.09 Horodovychi 15.52-15.52 Biskovychi 16.19-16.20
Dobromyl 15.14-15.15 Skelivka 15.57-15.58 Sambir 16.32
Rozheve 15.20-15.21 Susidovychi 16.02-16.03
Table 3

Schedule of suburban trains on the track 1520 mm — 6141/6142 Sambir-Nyzhankovychi

Separate item Time of following| Separate item Time of following Notes
1 2 3 4 5
Sambir 08.10 Slokhynia 08.55-08-56
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Table continuation 3

1 2 3 4 5
Biskovychi 08.20-08.21 Khyriv Pas. 09.00-09.10 Skhr z p. No. 939
Voiutychi 08.25-08.26 Rozheve 09.21-09.22
Nadyby 08.30-08.31 Dobromil 09.27-09.28
Susidovychi 08.36-08.37 Bonevychi 09.33-09.34
Skelivka 08.42-08.43 Borshevychi 09.44-09.45
Horodovychi 08.48-08.49 Nyzhankovychi 09.52
Table 4
Schedule of suburban trains on the track 1520 mm — 6143 Sambir-Starzhava
Separate item Time of following Separate item Time of following Notes
Sambir 20.40 Horodovychi 21.18-21.19
Biskovychi 20.50-20.51 Slokhynia 21.25-21.26
Voiutychi 20.55-20.56 Khyriv Pas. 21.30-21.32 Skhr z p. No. 940
Nadyby 21.00-21.01 Zarichne 21.41-21.42
Susidovychi 21.06-21.07 Starzhava 21.50
Skelivka 21.12-21.13
Table 5
Schedule of international trains on the track 1435 mm
Separate item ‘Time of following‘ Notes Separate item ‘ Time of following ‘ Notes

939 Derzh. Kordon (Nyzhankovychi)-Derzh. Kordon

940 Derzh. Kordon (Starzhava)-Derzh. Kordon

(Starzhava) (Nyzhankovychi)

Derzh. Kordon 07.35 Derzh. Kordon 20.17
Nyzhankovychi | 07.40-08.30 Starzhava 20.26-21.16

Khyriv Pas 09.00-09.20 | Skhr z p. No. 6142 Khyriv Pas 21.25-21.45 Skhr z p. No. 6141

Starzhava 09.32-10.22 Nyzhankovychi 22.14-23.04
Derzh. Kordon 10.31 Derzh. Kordon 23.09
Table 6
Schedule of international trains on the track 1435 mm
(in the absence of border and customs clearance at border stations)
Separate item ‘ Time of following ‘ Notes Separate item ‘ Time of following ‘ Notes

939 Derzh. Kordon (Nyzhankovychi)-Derzh. Kordon

940 Derzh. Kordon (Starzhava)-Derzh. Kordon

(Starzhava) (Nyzhankovychi)
Derzh. Kordon 08.05 Derzh. Kordon 20.47
Nyzhankovychi 08.10-08.30 Starzhava 20.56-21.16
Khyriv Pas 09.00-09.20  [Skhr z p. No. 6142 Khyriv Pas 21.25-21.45 |Skhr z p. No. 6141
Starzhava 09.32-09.52 Nyzhankovychi 22.14-22.34
Derzh. Kordon 10.01 Derzh. Kordon 22.39

4. CONCLUSIONS AND RESEARCH PERSPECTIVES

As a result of the work, a mathematical model for tracking passenger trains on border sections was
built. As an example, calculations were made for the Nyzhankovychi-Starzhava section. It was calculated
that three trains should be implemented to organize traffic on the section and ensure the transportation of
the given passenger flow. This mathematical model can be used for other border areas between the stations
of Poland and Ukraine. The implementation of the proposed international route State Border — Nyzhankovychi —
Khyriv — Starzhava — State Border along the 1435 mm track will allow our Polish neighbors to unite their
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two provinces with the help of their rolling stock passing through our territory, as well as to reduce the
mileage of rolling stock and the distance between the two large cities of Poland. We, in turn, will open new
international passenger routes, with further implementation of freight transportation on these routes.
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6010 CK1A008010 3abe3neyents MmpaHCKOPOOHHO20 CnigpodImHUYmMea Yxpainu 3 cycionimu kpainamu
€C. 3 0060x cmopin KOpOOHY HPOBOOSAMbCS NEPEMBOPEHHS HA MPAHCNOPMI, PO3POOISTIOMbCSL T GNPO-
8A0IICYIOMbCSL OUPEKMUBU 01 CHAHOBNIEHHS €OUHUX NPABUN | CMAHOAPMIE YCRIWHO20 (YHKYIOHY-
6AHHS MPAHCROPMY | nepemiujents nacaxcupis. Boonouac 800CKOHANIOEMbCS Opeanizayis pyxy 3
BPAXYBAHHAM 0COOIUBOCTHEU [THOPACMPYKMYPU, A MAKONC 3MIHU NOMOKI8 nepeseseHb, 30Kpemd
NOMOKI8 NACANCUPIE HA NPUKOPOOHHUX OLIAHKAX. Baoicaueoro siominnicmio 3anisHuuHol cucmemu
Yrpainu 6io cycionix kpain €C ¢ inwa xonis. Lllupuna xonii 3 Hauwioeo 60Ky KOPOOHY NEPEBANCHO
cmanosums 1520 mm i 1435 mm y xkpain €C. Lle npuzeodums 00 yino2o psady noe s3auux i3 yum
ocobausocmetl 3ani3nuuH020 mpancnopmy. Kpiv moeo, 6i0pizHaiomvbcs nioxoou 00 peeynosans
pyxy. Tomy eadxciugoro Ha cbo200HI € po3podKa nioxodie OJisk YAPAGHIHHSA HACKDISHUMU nepege-

BEeHHAMU, 30KpeMa, HA MeCmOosuUx OLNAHKAX 3AI3HUYHOL KO,

1 poboma cnpsimosana Ha supiuierns 0OHIEl akmyanvbHol npodaemu opeanizayii nacaxicu-
PCbKUX nepege3enb Ha OLIAHKAX, Wo npumMukaoms 00 cmanyii Xupie. Ha dinanyi excniyamyemoscs
sk konist 1520 mm, max i cymiwena xoxis 1520/1435 mm, wo oae 3moey opeanizogyeamu pyx i3
BACOHAMU, PO3PAXOBAHUMU HA GIONOGIOHY WUPUHY KOail. 3 yicio memoio y pobomi, epaxosyrouu
MONON02i0 OIbHUYL 3 YMOGHUMU GIOCMAHAMU | CIMAHYIAMU K GEPUUHAMU 8ION0BIOHO20 2paga,
noOY008aAHO MAMEMAMUYHY MOOelb HePeMieH s NACANCUPIB I3 BUKOPUCTHAHHAM NOI30i8 HA PI3HUX
KOMiAX — cymiwjeHiu Koaii Mmidic 0eoma cmanyiamu Ha kopooui 3 Ilonvwero (Huowcamnkosuui—
Cmaparcasa) ma xonii wupunoro 1520 mm (Cambip—Xupis). 3saxcarouu wa ocobausocmi cmanyii,
PO32NA0AIOMbCSE MOJNCIUGE MAPWPYmu 05t UOOpY cxemu (oOpMysanHs noizoie, mobmo mapuipymu

MidC cmanyisimu popmyeanis i obepmanms noizois.

Y pesynomami Odocnioscenns nobyoosano epaghiku Crioy8aHHs NACANCUPCLKUX NOI30i8 Ha
NPUKOPOOHHUX OLISAHKAX, WO 0d€ 3MO2Y BUHAYUMU DAYIOHATbHY CXeMy pyXy noizdie ma ix
00CYe08y6anHs HA CMAHYIAX. K npuxiad, nposedeno pospaxyuku 0as oinsuku Huowcanxosuui—
Cmapoicasa. Ompumano, wo 01 3a0e3neyents 3a0aH020 NaAcaiCuponomoxy i opeanizayii pyxy na
Yl OLISIHYL [ NpUne2iux Koaisx nompioHo 6eecmu WoHAUMeHue mpu nacaxcupcoki noizou. Iooyoo-
6aHA MEMOOUKA MOdce OYMU BUKOPUCIANHA MAKONAC 051 THUUX NPUKOPOOHHUX OLISIHOK MIdC CmaH-
yismu Tomvwi i Yxpainu. Bnpoeadsicenns 3anponoHo8ano2o MiscHapoonozo mapupymy Hepowe Kop-
don—Huoicankosuvi—Xupis—Cmaporcasa—Iepac Kopoon xonicio 1435 mm  Oonomodice Hawum
NOABCOKUM Cycioam 00 '€Onamu 08a CB0IX 60€600CMBA 34 OONOMO2010 NPOXOONCEHHS IXHbO2O
PyxXomoeo cxknady uepez mepumopiio Yxpainu. Lle dae 3m02y ckopomumu npo6iz pyxomozo ckiaoy i
sidcmani misic 06oma eenuxumu micmamu Tomvwi. Yrpaini, ceocio uepeoro, suciono 3abesneuwysamu
00Cy208y8anHs Nepede3eHb ma GIOKPUMU HOBI MINCHAPOOHI NACANCUPCHKI MAPUPYMU 3 NOOATb-

WUM BIPOBAONCEHHAM HA MUX CAMUX OLIAHKAX KON MAPUWPYMIE 8AHMANCHUX NEPEBE3EHD.

Knrouosi cnosa: midchapooni nacaxcupcvki nepedeseHts, opeanizayis pyxy nacaircupcbKux

noi30i8, MpauCKOpOOHHe CNiGPOOIMHUYIMEO, MAMEMAMUYHA MOOETb.



