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ANALYSIS OF THE EFFICIENCY OF SUBURBAN PASSENGER
TRANSPORTATION ON THE LVIV RAILWAY SECTIONS

Summary. A developed transport system ensures the population's needs in safe movement and
guarantees stable functioning and development of the production sphere. Despite being consistently
unprofitable, suburban transportation by railway remains attractive for many population categories. The
developed railway network, the low cost of transportation, and the capacity reserve of most sections
partially compensate for the existing shortcomings and contribute to further development and open new
prospects for attracting additional users of transport services. The main problems of suburban passenger
transport, which worsen the quality of the services provided and affect the competitiveness of railway
suburban transport compared to other modes of transport, are examined in this article. During the
analysis of the schedule of suburban trains departing and arriving at the Lviv station, irrational
management decisions were found that left room for improvement. In addition, the load factor of rolling
stock on the routes Lviv-Sambir-Sianky and Sianky-Sambir-Lviv was determined, and it dropped to 40 %
during the follow-up, which indicates inefficient use of rolling stock. The ratio of the time the train stays
at the stops to the total duration of the route in suburban traffic is also calculated. The time on the road
for the Sambir- Stryi route was 69 %, and the technical speed was only 21.7 km/h. The results obtained in
the article are also typical for many other monitoring areas, indicating this problem's repeatability.

The positive experience of European countries in solving similar problems allows us to react
correctly to the situation and take short-term measures to change the dynamics to a positive one
without additional time losses. It is also worth noting that a set of measures to improve the services
provided to passengers must be carried out according to the requirements of the Technical
Specifications for Interoperability, which must be ensured upon joining the European Union.
Further investigations should analyze the flow of passengers at all stations and stopping points to
identify the main points of creating passenger flow on researching routes.

Keywords: suburban transportation, passenger rail transportation, problems of suburban
passenger transportation.

1. INTRODUCTION

The requirements for suburban passenger transportation are increasing from year to year. In the
conditions of fierce competition, railway transport begins to lose passengers due to the increase in
requirements for the quality of the services provided. Outdated rolling stock, low transportation speed and
long intervals between trains make commuter rail transport less attractive to potential users.

The demand for suburban passenger transportation by rail depends on many factors. They
include [1, 2]:

— the number of the population of the state and the dynamics of changes;
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— location of large production enterprises, educational institutions, and medical institutions by

administrative-territorial units;

— level of development of other types of passenger transport;

— rates of population’s urbanization;

— improving the quality of services provided to passengers;

— introduction of preferential tariffs for specific categories of passengers;

According to the plans of the "Suburban Passenger Company" branch, measures will be taken to
reduce the carrier's costs [3]. Optimization, unification, repair, and operational work standardization are
planned to achieve the goal. Therefore, there is a need for further research aimed at optimizing suburban
railway connections.

2. RESEARCH STATEMENT

In Ukraine, a significant share of passenger transportation is railway transportation. Moreover, 70 %
of passengers are on suburban transportation [4]. Despite such a large share of the total number of
passengers, this type of transportation is the most unprofitable, with significant organizational and
technical problems. According to data provided by Ukrzaliznytsia [3, 5, 6], from 2010 to 2020, suburban
passenger transportation caused company losses of approximately UAH 40 billion. Statistics by years are
presented in Fig. 1. The company spends approximately 20 % of its profits from freight transportation to
cover costs for such transportation.
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Fig. 1. Unprofitability of suburban passenger transportation by rail in the period from 2010 to 2020

In addition, the following “chronic” problems are characteristic of passenger suburban rail
transport [7]:

— wear and tear of rolling stock;

— low transport speed;

— insufficient frequency of trains to ensure that the traffic schedule is close to similar car routes;

— low organization of interaction with other types of urban transport.

Moreover, passenger transportation is organized according to old Soviet templates and requires new
comprehensive solutions. Transportation by high-volume trains with long intervals does not provide the
opportunity to compete equally with automobiles despite the lesser transportation costs.

The experience of European countries can be used to solve the problems mentioned above,
particularly those of Germany, Great Britain, France, Sweden, etc. These countries comply with the
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Technical Specifications for Interoperability (TSI) requirements, the implementation of which must be
ensured by Ukraine upon joining the European Union. In the conditions of increased passenger demands
for the quality of service, carriers had to apply the latest approaches and practices to the organization of
suburban traffic. In particular [8, 9]:

— acceptable intervals of movement between trains;

— high speed of movement on the section;

— construction of the rolling stock composition, which depends on the demand for transportation;

— providing a dynamic traffic schedule, which can change in a short time based on the results of an

analysis of passenger flows in real-time.

Implementing such changes requires modern methods of monitoring the number of passengers to
select rolling stock with a capacity that meets the needs. The general concept is a small interval between
trains with a small passenger capacity [9-11]. As an example, we can cite [12] the train schedule of the
Swedish company SL (Storstockholms Lokaltrafik) on the section Stockholm City — Nynashamn (Table 1).

Table 1

The schedule of suburban passenger trains on the section Stockholm City — Nynashamn

Monday - Friday
Hours Minutes Hours Minutes
04 36 5le 15 06e 1l4c 2le | 36e | 44c | 5le
05 06 21e 36 5le 16 06e 1l4c 2le | 36e | 44c | 5le
06 06 2le | 36e | 44c | 5le 17 06e 1l4c 2le | 36e | 44c | 5le
07 06e 1l4c | 21e | 36e | 44c | 5le 18 06e 1l4c 2le | 36e | 46¢c | 5le
08 06e 1l4c | 21e | 36e | 44c | 5le 19 06e 16¢ 2le | 36e | 46¢c | 5le
09 06e 1l4c | 21e | 36e | 46¢c | 5le 20 06e 16¢ 2le | 36e | 46¢c | 5le
10 06e 16¢c | 21e | 36e | 46¢c | 5le 21 06e 21 36e | 5le
11 06e 16¢c | 21e | 36e | 46¢c | 5le 22 06e 21 36e | 5le
12 06e 16¢c | 21e | 36e | 46¢c | 5le 23 06e 21 36e | 5le
13 06e 16¢c | 21e | 36e | 46¢c | 5le 00 06e 21 36de
14 06e 16¢c | 21e | 36e | 44c | 5le 01 06de | 36d

The schedule is presented without a weekend. The longest route is 130 km. Markings in the
schedule: e — follows only to the station Vasterhaninge; ¢ — does not stop at the section Trangsund — Vega;
d - rides only on Friday.

For a visual representation, the scheme of movement of suburban trains in Stockholm is presented
in Fig. 2.
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Fig. 2. Stockholm suburban train traffic scheme [13]

Analysis of the schedule shows a large number of train pairs. There are also periods when the train
follows certain sections without stops, and in some cases, the train route is shortened.
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It should be added that trains run on sections, the composition of which contains from two to eight
carriages, mainly 2 to 4 carriages are used. To a certain extent, the routes are also duplicated by road
transport. The technical speed of the Stockholm City — Nyn&shamn train for different variations of the

route is shown in Table 2.
Table 2

Technical train speed Stockholm City — Nynashamn for different route variations

Route Total duration of the trip, min/h The total length of the route, km Technical speed, km/h
1 51/0.85 62 72.9
2 53/0.88 62 70.5
3 57/0.95 62 65.3
4 61/1.02 62 60.8

It is also possible to consider suburban rail transport, which is carried out in the London

agglomeration. The scheme of London's main trains is presented in Fig.3.
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Fig. 3. London suburban train traffic scheme [14]

As we can see, suburban trains have a relatively extensive network of routes, mainly outside the city.

One of the routes, Watford Junction — Euston Station, with a total length of about 30 km daily,
provides transportation of passengers from 05:38 to 23:58, observing a constant interval of 15 minutes.
Transportation is carried out by rolling stock of 2—4 wagons.

Given this density of trains, there is a need to optimize the composition of the rolling stock for
transportation and constantly monitor each route's demand for the possibility of making operational
changes.

In the scientific work [1], the problems of the passenger transportation market were considered, and
methods of increasing the competitiveness of railway transportation were proposed. The article [15]
describes the improvement of the existing system of suburban passenger transportation through more
efficient transport service of passenger flows. Among the publications, it is also worth noting works [16],
[17, 18] and others.
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The relevance of the research topic is the need to increase the speed of following suburban trains,
improve the efficiency of rolling stock, and increase the quality of the provided transport services. The
study of suburban rail transport will be conducted using the Lviv-Sianky and Stryi — Sambir routes. The
results obtained will be compared with those of similar European routes. The purpose of the work is to
obtain conclusions regarding the implementation of short-term and long-term changes aimed at the
development and improvement of suburban railway transportation, taking into account the experience of
European countries.

3. PRESENTATION OF THE BASIC MATERIAL
According to the source [2], the volume of transported passengers in suburban traffic largely depends on
the time of day and the season. For example, from 6:00 to 9:00 and from 17:00 to 19:00, approximately
70 % of the daily passenger traffic is accounted for. Analyzing the composition of suburban rolling stock,
it can be noted that it does not depend on the number of passengers using rail transport services at a
specific time.
For a more detailed analysis, the direction Lviv-Sambir-Sianky was chosen. The route of this section
is in demand among passengers. Suburban transportation here is carried out according to the schedule [19]
presented in Table 3.
Table 3

The schedule of suburban passenger trains on the section Lviv — Sambir — Sianky in both directions

Direction
Lviv — Sambir — Sianky Sianky — Sambir — Lviv
09:30-11:23-13:53 02:40-05:03-07:12
17:40-19:44-22:49 05:00-07:30-09:58
(except Saturday) (except Saturday)
20:43-22:39-01:20 14:46-17:07-19:23

The total length of the route is 160 km. Time on the road is from 4 hours 23 minutes (47 minutes are
due to train stops, which is 17.9 % of the total duration of the route) to 5 hours 09 minutes (80 minutes are
due to train stops, 25.9 %).

Using statistical data on tickets sold for each station, we will create a diagram of the rolling stock
occupancy in the section Lviv — Sambir — Sianky (Fig. 4) ta Sianky — Sambir — Lviv (Fig. 5). We will
understand the relationship between the actual number of passengers and the number of seats as
occupancy. We have chosen transportation carried out under standard conditions to construct the diagram.

Lviv
Skayliv
Obroshyno-Mistky
Velyky1 Liubm-Porichchia
Komarno-s.p.39
Rudky-63km

Sambir-Sozan

Staryi Sambir - s.p.Luzhok
Strlky - Yavora
Turka - s.p. Benkove
Sianky

less than 40%
less than 40%
100%

monday - thursday, saturday-sunday(in the numerator)

friday(in the denominator)

Fig. 4. Rolling stock load on the section Lviv — Sambir — Sianky
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Sianky less than 30%

s.p. Benkove-Turka less than 30%
Yavora-Strilky
s.p.Luzhok-Stary1 Sambir
Sozan-Sambir
63km-Rudky
s.p.39-Komarno
Porichchia-Velykyi Liubin
Mistky-Obroshyno
Sknyliv

Lviv

100%

monday-saturday(in the numerator)

sunday(in the denominator)

Fig. 5. Rolling stock load on the section Sianky — Sambir — Lviv

Unfortunately, a significant proportion of discount tickets are not sold through ticket offices. In
addition, there is a certain number of ticketless passengers. Moreover, some passengers pay for a ticket that
does not correspond to their point of departure or destination. Such factors significantly influence the
construction of the above graphs. However, it is observed that the rolling stock is used inefficiently in the
sections Staryi Sambir — Sianky and Sianky — Staryi Sambir. This is about 70 km (44 % of the total length
of the route); that is, during movement, 40-60 % of the passenger capacity of the rolling stock is not used.
It indicates a low organization of the transportation process, which leads to suboptimal operation and,
accordingly, to an increase in the wear and tear of the rolling stock and rail, inefficient planning of the
working hours of railway workers, and other negative consequences.

The Stryi-Sambir trip, with a total of 63 km, has been partially analyzed. The fastest trip lasts 2
hours 10 minutes, and the longest route is 2 hours 54 minutes. The technical speed of the trip with the
longest duration is 21.7 km/h, which is extremely low. According to statistical data on the indicated route
for December 2023, 5.500 passengers used the railway services in both directions, including 1,000
passengers of preferential categories. The total number of seats in one train is 420. It is possible to
transport 2,480 passengers in both directions per day and 74,400 passengers per month, respectively. The
average monthly load is less than 8 %. We will also calculate the ratio of the time spent by the train at the
stops to the total duration of the trip as a percentage. The results of the calculations are presented in Table 4.

Table 4
The ratio of the time a train spends at stops to the total duration
of the trip on the section Stryi — Sambir in both directions

Route/Train schedule The total duration | The total duration Share attributable to | Share attributable to
of the trip, min of stops, min train movement, % stops, %
S(ggizg—so?sbzir 141 34 76.9 23.1
S;r1¥i3g—81a3r:n4b;r 128 16 87.5 12.5
Sp{isg—sz%rﬁlbzir 134 23 82.8 17.2
ng:lg&isr—aitzrg ! 174 54 69.0 31.0
Sgsrsnﬂ:osgg ! 145 31 78.6 21.4
Sf;ng—lgsgg ! 130 27 79.0 21.0
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The ratio of the time the train stays at the stops to the total duration of the trip for trains departing
from or arriving at the suburban station of Lviv station is summarized in the graph presented in Fig. 6.
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Fig. 6. The ratio of the time a train spends at stops to the total duration of the trip

The technical speed of trains departing or arriving at the suburban station house of Lviv station is
summarized in Table 5. We will use the current train schedule for the calculation [19].

Table 5
The technical speed of trains departing or arriving at the suburban station house of Lviv station
_Route/ Total d_uratipn of The total dura}tion The total length Technical speed, km/h
Train schedule the trip, min/h of stops, min of the route, km
1 2 3 4 5
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Continuation of Table 5

1 2 3 2 5
Tr%%'fi‘ge_tgé 2'-7"“’ 162/2.70 36 114.0 42.2
'—Vi(‘)’g‘:o’\l"_ulkg‘:%ze"o 363/6.05 78 216.5 35.8
'—Vi(‘)’g‘:o’\l"_olsﬁ’gga'z 122/2.03 23 78.3 38.6

O e | | s
R R T
By anodoriv 148/2.47 36 62.8 25.4
Ly Mosyska2 125/2.08 23 783 376

Lol Sanky 309/5.15 80 167.4 325
e Y R N N
et U | e | m

S | e | w | e |
G | wes | s | w |
o |

'Eg"é ~ ggkl'g 104/1.73 13 44.4 25.7
STweR | mn | w |

S | e | e e | w
LV‘;’O‘: 4'\3"_025;3’;'832 133/2.22 23 78.3 353

The results are related to the uneven distribution of passenger flows in suburban traffic by time of
day, day of the week, and season, as well as a significant attraction to large stations.

In addition, the technical speed of a similar route by the Swedish carrier is 1.5-3 times higher than
the routes we analyzed. This is explained by the optimization number of stops, the time spent at the stops,
and the technical characteristics of the rolling stock.

Evaluating the above and considering all the problems and shortcomings, suburban passenger
transportation on the Lviv — Sambir — Sianky and Stryi — Sambir sections has some advantages that can
improve the overall situation with suburban transit. They include:

— the extensiveness of the railway network, which connects recreational areas and potentially

attractive tourist facilities;

— short distance to the border crossing points;

— availability of capacity reserves in most sections.

If we consider suburban rail transportation in the country as a whole, then the following methods can
be proposed to solve the mentioned problems at the expense of:

— implementation of monitoring systems at the request of passengers at sections, stations and

stopping points;
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— increasing the efficiency of the use of rolling stock;

— formation of new trains using rolling stock created at our production facilities;

— slight increase in tariffs;

— reducing the interval between trains;

— attraction of a larger number of regular trains on promising sections that compete with road
transport;

— division of routes with a length of more than 150 km into separate routes;

— introduction of measures to prevent ticketless travel;

— testing new experimental routes.

4. CONCLUSIONS AND FUTURE RESEARCH PERSPECTIVES

Suburban passenger transportation by rail plays an essential role in Ukraine's transport complex.
They cover almost all population categories and provide interconnections between the country's regions in
economic, social, and other spheres. Increasing labor productivity and rational use of labor resources
largely depends on the efficiency of passenger transportation. Carrying out a number of important and
versatile tasks requires constant improvement and modernization. Taking into account the growth of
competition and increased demands of passengers for the quality of service, the number of passengers
transported by railway transport within the suburban zone is decreasing.

The main measures to increase competitiveness and maintain demand for the use of railway
transport are updating the rolling stock and infrastructure, increasing the speed of transportation, reducing
the intervals between trains, increasing the level of passenger service at train stations, improving the
sanitary and technical condition of the rolling stock.

The results indicate a low technical speed of transportation in the range of 22-45 km/h, which is
much lower than similar European routes, for which the technical speed of 70 km/h is an average indicator.
In addition, it should be noted that the occupancy of the rolling stock on the train's path is sometimes
reduced to 30 %, which requires optimization of the rolling stock composition or the decomposition of
existing routes.

The problem of ticketless travel can be solved in the following ways: the introduction of self-service
machines for buying a ticket, the introduction of an additional commission fee when buying a ticket at
traveling ticket cashiers, preventing the use of one ticket by many passengers, carrying out extra checks for
the presence of a ticket at separate points.

Implementing both short-term and long-term changes will increase the use of rolling stock and
transport infrastructure, improve passengers' comfort and help them use their time effectively. The set of
measures aimed at developing and enhancing suburban railway transportation must be implemented in
compliance with the TSI requirements, which must be ensured upon joining the European Union.
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AHAJI3 EOEKTUBHOCTI HPUMICBKUX MACAKUPCBKHUX
MEPEBE3EHbD HA JIUISTHKAX JIbBIBCHKOI 3AJI3HUIII

Anomauia. Pozsunena mpauncnopmua cucmema 3abesneuye nompeodu HaceneHHws 8 0e3-
NeyHoOM) nepemiujeHi ma € 3anopyKkow cmadbilbHo20 (QYHKYIOHYBAHHA Ma PO36UMK) SUPOOHUYOT
cehepu. Ilpumicebki nepegeseHus 3aNI3HUYHUM MPAHCHOPIMOM, X0U I € CMabilbHO 30UMKOBUMU, djle
3aaUWAIOMbCA NPUBAOTUBUMU Ol 6a2ambox Kamezopill HaceienHs. Pozeunena 3aniznuuna mepe-
Jlca, HU3LKA coDisapmicme nepeseseHb ma pe3eps NPOnyCKHOL CHPOMONCHOCHI OLibiocmi OLISHOK
YACMKOBO KOMNEHCYIOMb HAAGHI HeOONIKU Ma CAPUSIONb HOOATbUOMY PO3GUMKY | 8IOKpUBAIOMb HOGI
NePCHeKmusU  Wooo 3aIyHeHHs O00amKOSUX KOPUCTY8AYi6 MPAHCHOPMHUX nocwye. Y cmammi
PO32TAHYMO  OCHOBHI NPOOAeMU NPUMICOKUX HACANICUPCOKUX NEPese3eHdb, SKI NOSIPuLyoms  SKicmb
HAOAHUX NOCTY2 Md 6NAUBAIOMb HA KOHKYPEHMOCHPOMOIICHICIb 3ANIBHUYHUX NPUMICLKUX Nepese3eHb
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nopisHaHo 3 THwuMU eudamu mpaucnopmy. 11i0 wac ananizy posknady pyxy npumicbkux noizois, wjo
sionpasisgiomsbcs ma npubdysaromes Ha cmauyio JIvsie, euseieHo HepayioHAIbHI YNPAGIIHCLKI
piwenns, aki moxcauso yoockonanumu. Kpim yvozo, na mapupymi Jlveie — Cambip — Canxu
ma Canxu — Cambip — Jlvgis guznaueno xoepiyicum 3a6anmadicenHs pyxomo2o ckaady, aKui ynpo-
0oedic cridygsanns onyckascsi 00 nosnauku 40 %, wo cgiduums npo neepexmueHe GUKOPUCTHAHHS
pyxomozo cknady. Takooic obuucieno GiOHOWEHHsT Yacy nepeOyeaHHs Noi30a HA 3YNUHKAX 00
3aeanvHoi mpusarocmi peiicy npumicoxkoeo pyxy. Hna mapupymy Cambip — Cmpuil uac nepe-
byeanns 6 pyci cmanosus 69 %, a mexuiuna weuoxicmo — auwe 21,7 km/200. Ompumani 6 cmammi
pe3yriomamu Xapakmepui maxoxc 0as 06azamvox HWUX OLIAHOK CHOY8AHHS, WO C8I0YUMb NPO
nogmoprosanicms yici npoobaemu.

To3umusnuii 00c8i0 €8ponelicbKUX Kpain y GUPIUEHHI CX0CUX npobiiem 0ae 3M02y NpasUIbHO
gidpeazysamu Ha CUmMyayilo ma X4CUMU KOPOMKOCMPOKOBUX 3aX00i6 ONd 3MIHU OUHAMIKU Ha
nosumusHy 6e3 000amkosux uacosux empam. Taxooic eapmo 3a3Hauumu, o KOMNIEKC 3ax00i8 ujo0o
NOKpAWeHHsT HAOAHUX NOCTYe NACANCUPOBI NOBUHEH 30LUCHIO8amuUcs 6ionogiono 0o eumoe TSI,
iMniemeHmayito aKux HeoOXioHo 3abesneuumu 01 ecmyny 0o €sponeticokozo Cor3zy. YV nodanvuiux
00CTIOHNCEHHAX 8APMO NPOAHANIZY8AMU NOMOKU NACANCUPIE HA BCIX CIAHYIAX MA NYHKMAX 3YNUHOK 0715
BU3HAUEHHST OCHOBHUX NACANCUPOYMBOPIOBATIbHUX HYHKMIG HA OOCTIONCYBAHUX MAPUIPYMAX.

Knrouosi cnosa: npumiceki nacajicupcovki nepegesenis, NACANCUPCOLKI 3ANI3HUYHI nepege-
3€eHHs, NPodIeMU NPUMICHKUX Nepese3eHb NACANCUPIE.



