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FUNCTIONING OF TRANSPORT-INTERCHANGE NODES
IN THE CITY TRANSPORT SYSTEM

The article identifies problem issues of the functioning of the route passenger transport system. The research
reveals directions for increasing the efficiency of the public transport system and ensuring the quality of passenger
service under the conditions of effective interaction between the service and consumer flow entities.

The article gives the definition of the concept of the “transport-interchange node” and classification of nodes
according to various characteristics; it also presents a diagram of the types of transport-interchange nodes according to
the spatial location of stops. The research determined that transport-interchange nodes perform the functions of
redistributing passenger flows between different types of transport and ensure a reduction in the waiting time of
transport passengers at stops in the city’s route network, taking into account existing technologies for organizing the
operation of transport vehicles.

The research proposes practical recommendations on how to improve the interaction of passenger flows in
transport-interchange nodes within the city passenger transport system. One of the solutions can be the establishment
of the express transport connection between bus stations. The results of the research provide an opportunity to analyze
the current situation in the city and to develop measures to improve public transport routes in the city of Rivne
regarding transport-interchange nodes. These measures include, in particular, a complex of actions aimed at increasing
the efficiency of the functioning of transport-interchange nodes in interaction with the city passenger transport system.
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INTRODUCTION

The modern stage of the development of urban passenger transport systems is characterized by an
urgent need for reform, reorganization and search for effective methods of improving the quality of public
transport services. The need to reform urban transport systems is based on the society’s needs for saving all
types of available resources, reducing the negative impact of transport, increasing the population’s demands
for urban mobility and the need for the comprehensive implementation of a strategy for the sustainable
development of urban environments aimed at improving the quality of life of the population and ensuring
their future development potential.

The transition to new operating conditions of public transport caused the emergence of the new forms
of passenger services, which necessitated the formation and development of a route network. It includes, in
particular, the establishment of transport interchange nodes that perform the functions of redistributing
passenger flows between different modes of transport and reducing the waiting time of transport passengers
at stops in the city’s route network, taking into account existing technologies for organizing the operation of
transport vehicles.

ANALYSIS OF LITERATURE SOURCES AND STATEMENT OF THE RESEARCH
PROBLEM

The problem of increasing the efficiency of the functioning and development of urban transport is
quite important; it has been investigated, in particular, by such scientists as V.V. Aulin, K.Ye. Vakulenko,
V.0. Vdovychenko, V.O. Hudkov, K.V. Dolia, V.A. Myhachov, P.F. Horbachev, O.O. Lobshov, O.P. Tson.
Many scientific works have considered the theoretical regularities of the redistribution of passenger flows
between routes [9]. These studies aimed to substantiate the rational location of bus transport-interchange
nodes in cities and to assess the strategic directions for the development of urban public passenger transport
[10].

The works by Z. Azarenkova and V. Shchurova investigate the problems of the quality of public
transport services through the assessment of the efficiency of the functioning of urban transport and
substantiate the consequences of changing the parameters of the route network [12. 13].

Despite the high level of the studies on this topic, there is a need for additional research into this issue,
in particular, the interaction of passenger flows in transport-interchange nodes with the urban passenger
transport system.

PURPOSE AND OBJECTIVES OF THE RESEARCH

The purpose of the research is to establish the influence of the of transport-interchange nodes location
on the parameters of their interaction with the urban passenger transport system.

To achieve the purpose, the following tasks were set:

— to determine aspects of the functioning of the route passenger transport system;
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— to define the types of transport-interchange nodes in their interaction with the city passenger
transport system;

—to develop a set of measures aimed at increasing the efficiency of the functioning of transport-
interchange nodes in their interaction with the city passenger transport system.

RESEARCH RESULTS

Transport-interchange nodes are important components in the structure of the urban transport.
Together with the main transport lines, they play the role of fundamental infrastructure elements. Effective
interaction in transport-interchange nodes has a positive effect on the quality of public transport services and,
along with the task of increasing the speed of traffic on routes, is an effective method of reducing travel time.

An important element of creating an effective route passenger transport system is ensuring a high level
of internal interaction of its structural elements [7]. Unfortunately, today, in most cases, different types of
route passenger transport work independently of each other; technical, technological, organizational and
legal forms of interaction are absent or underdeveloped [4, 8]. This problem is caused by the lack of a single
management structure, which should cover all subjects of the transport market and provide an opportunity to
implement the principles of their cooperation.

The introduction of new technologies for public transport services requires a simultaneous change in
the regulatory and legal framework. Such requirements are based on the need to create conditions for the
implementation of the principles of intermodal and multimodal passenger transportation technologies [3].
Current tasks in this direction include the development of contracts for transportation, determination of the
rights, obligations, and responsibilities of the parties for the provision of low-quality services. In addition, a
separate issue is the distribution of income between enterprises when the single ticket is introduced.

A component of the effective functioning of the route passenger transport system is the provision of
the necessary resource conditions for the implementation of technological processes and their organization.
An important source of transport organization is its interactive monitoring, which can be provided using
telematics and is aimed at improving the information development of the transport infrastructure of cities
[11].

The economic efficiency of the city transport, along with improving the quality of transport services,
is one of the main tasks of its work. The efficiency should be ensured by implementing a comprehensive
approach aimed at increasing the profitability of transport enterprises, meeting the marketing needs of the
population and implementing rational technologies for the transport service [3, 10].

An urgent problem of route passenger transport in the conditions of unprofitable transportation is to
ensure the necessary technical condition of the vehicles of passenger transport enterprises. Low renewal rates
and a high level of vehicles wear are a source of reduced transportation comfort, reliability, and safety, and
lead to an increase in the level of environmental pollution. When solving this problem, mechanisms for
attracting investment funds are actively used, and appropriate associations of transport enterprises can be
created [2, 6].

A significant factor of the decrease in the efficiency of the route passenger transport system is the lack
of coordination of interaction within individual elements of the transport infrastructure. Discoordination of
interaction manifests itself in the discrepancy between the capacity of the public transportation system and
the intensity of incoming route flows, the inconsistency of traffic schedules, and the lack of effective fixing
of traffic lanes by types of transport. The negative consequence of such actions is an increase in the time of
non-productive downtime of wvehicles, a decrease in the resource efficiency of transportation, and
deterioration in the quality of transport services.

The social significance of passenger transport is determined by its role in ensuring the quality of life of
the population. Today, there is an acute problem of increasing the level of meeting the transport needs of the
population [2, 10], the solution of which can be achieved by implementing a set of management measures
aimed at the full and timely satisfaction of the marketing requirements of passengers.

The creation of the effective route passenger transport system requires the construction and expansion
of the appropriate infrastructure: connecting routes, bus stops, transport and transfer complexes, facilities for
technical maintenance of transport, energy supply facilities for transport, etc.

All types of ground route passenger transport, along with individual cars, in the process of
implementing their functions, use a single territorial space, which determines their mutual influence and
makes it possible to group their problems into a single systematized structure, which can be divided into
institutional, social, ecological, technical, technological and economic directions (Fig. 1).

Determining the key problematic aspects of the route passenger transport system allows systematizing
modern and promising approaches to their solution.
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To solve the problematic aspects of the route network, it is first of all advisable to form strategic
directions for its improvement, among which the main ones are the integration of the route passenger
transport into the functional structure of the urban environment, as a constituent element of the social
subsystem; establishment of rational forms of structural organization of the transport system of the city as a
whole; development of methods for evaluating the interaction of consumers of transport services with
elements of the service subsystem; improving the interaction of transport entities within infrastructure
facilities; creating new and increasing the use of existing energy-efficient types of route passenger transport;
implementation of rational mechanisms for the organization of market relations within the route passenger
transport; effective use of available resources and infrastructure facilities [4, 7, 8].

The main requirement for the formation of such a complex of management actions is the need to
create prerequisites for the constant development of the potential of the urban environment by rationalizing
the use of available resources, reducing the negative consequences of the transport operation and
implementing the principles of its target orientation to improve the quality of life of the population.
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Figure 1. Problem issues of the functioning of the route passenger transport system.
Source: 4,7,8,9.

One of the key directions of improving the efficiency of the public transport system and ensuring the
guality of passenger service is the formation of conditions for effective interaction between service and
consumer entities.

A transport-interchange node is a key element of the planning structure of the city for transport and
public purposes, in which passengers are transferred between different types of city passenger and external
transport or between different lines of the same type of transport, as well as accompanying passenger service
by social infrastructure facilities.

Nodes are classified according to various characteristics:

1.According to the role of interacting types of transport — regional, city-wide, intra-district;
2.According to the number of passengers — major, large, small;
3.According to the level of communication (class 1, 2, 3);
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4.According to the position of the node in the transport infrastructure — between different types of
urban, suburban, urban and suburban transport;
5.According to the number and type of interacting systems — transfer nodes of distribution,
exchange and distribution, specialized and complex;
6.According to the types of transport — simple, basic, complex.
According to the spatial location of the stops that serve the transport-interchange node in interaction
with the city passenger transport system, the main schemes are shown in Figure 2.
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Figure 2. Types of transport-interchange nodes according to the spatial location of stops

A transport node cannot be considered in isolation from the city passenger transport system and
individual transport flows. Transport-interchange nodes, where transfers take place within the framework of
the ground passenger transport system, are located in different areas of the city.

Public transport stops in the city of Rivne, which are located in transport areas with the largest
passenger flow due to the presence of passenger-generating points, were chosen for this study. The study
considers three points to be transport-interchange nodes. They are Rivne Bus Station (Kyivska St.), Chaika
Bus Station (Gagarina St.) and Zaliznychna (Railway) Bus Station, which connects railway and external
ground transport (suburban connection) with the city transport passenger system (Fig. 3).

Transport-interchange nodes, where transfers take place within the framework of the ground passenger
transport system, are concentrated in different areas of the city. Rivne Bus Station has 22 platforms that
operate in different directions. 1178 departures are made from Rivne Bus Station every day. The number of
departures in the suburban direction is 463, the peak hours of departures are from 7:00 am to 8:00 am (39
departures) and from 3:00 pm to 4:00 pm (38 departures).
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Figure 3. Scheme of the route network of the public transport system

There are 636 long-distance departures per day. In the morning from 8:00 am to 10:00 am, there are
126 departures and in the evening from 4:00 pm to 7:00 pm, there are 171 departures in intercity directions.
Chaika Bus Station operates in suburban, intercity and international connections, and has 9 platforms for
receiving buses. According to the current schedule of departures, 264 departures are made from the bus
station per day, of which 44 are suburban, 212 are intercity.

The railway station transport-interchange node can be classified according to the number of interacting
modes of transport as railway-ground transport node. In addition to the railway station, there is Zaliznychna
Bus Station in the territory of the transport-interchange node. Peak hours are in the morning from 7:00 to
9:00 am and amount to 192 departures. The total number of departures per day on suburban routes is 854.

The Rivne Bus Station stop is characterized by a large passenger flow due to the large number of
visitors, who are further distributed within the city’s route network. The passenger flow is graphically shown
in Figures 4 and 5.
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Figure 4. Passenger flow by types of city passenger transport from 8:30 am to 9:30 am at Rivne Bus
Station stop
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Figure 5. Passenger flow by types of city passenger transport from 5:30 pm to 6:30 pm at Rivne Bus
Station stop

DISCUSSION OF THE RESEARCH RESULTS

As practical recommendation to improve the interaction of passenger flows in transport-interchange
nodes with the city passenger transport system, one of the solutions can be the establishment of a transport
connection between bus stations using the organization of express connections.

In order to evaluate the change in the state of transportation due to the introduction of the express
traffic mode, the operation of buses on the routes was studied according to the duration of the round trip and
the number of intermediate stops. According to the selected parameters, an analysis of the technical and
operational indicators of buses in normal and express modes was carried out. The results of the research are
presented in Figure 5.
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Figure 6. Comparative characteristics of bus operation on routes by the duration of the round trip
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Figure 7. Comparative characteristics of bus operation on routes by the number of intermediate stops

As the research shows, effective interaction of public transport at transport-interchange nodes plays an
important role in ensuring connection between Rivne districts and improving the quality of transport
services. At the same time, the important criteria are ensuring the reduction of travel time between the main
transport areas, which can only be achieved by express connection between these points. It can be organized
parallel with the existing city passenger transport routes.

CONCLUSIONS

The results of the research provide an opportunity to analyze the current situation in the city transport
and to develop measures to improve public transport routes in the city of Rivne in the areas of transport-
interchange nodes. In particular, it is advisable to implement the proposed changes:

—to optimize traffic schedules for express connections;

—to rationally locate transport-interchange nodes, which should ensure the comfort of passengers;
—to substantiate time savings when transferring from one type of transport to another;

—to ensure the improvement of the quality of public transport services.
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B. Hukonuyk, M. Kpucmonuyk, C. Ilawxeguu. IlinBnimeHHs epeKTHBHOCTI (PyHKIiOHYBAHHSA
TPAHCTIOPTHO-TEPECaI0YHUX BY3JIiB TPAHCIIOPTHOI CHCTEMH MicTa

B po6oTi Bu3HaueHO npobiieMHi acrieKTH (YHKI[IOHYBaHHS MapIIPYTHOT acaKUPCHKOT TPaHCTIOPTHOT
cucreMu. PO3KpuUTO HampsMH MiABHLICHHS €(EeKTUBHOCTI (PYHKIIOHYBAaHHS CHCTEMH TPOMAJCHKOTO
TPaAHCIOPTY Ta 3a0e3IEUYCHHI SKOCTI 0OCIIyrOBYBaHHS MaCaKUPIB 32 YMOB €(heKTUBHOI B3a€MO/IiT Cy0 €KTIB
00CJTyrOBYIOYOI'0 Ta CIIOKUBYOIO IIOTOKIB.

JlaHo BU3HAYEHHS MOHATTIO «TPAHCIIOPTHO-TIEPECAIKOBHI BY30J1», HABEJEHO KiacudiKalliio By3JiB 3a
pi3HUMH O3HAaKaMH, IPEICTABICHO CXEMy BHUAIB TPAaHCIOPTHO-TIEPECAJOYHHUX BY3MIiB 332 MPOCTOPOBHUM
po3TallyBaHHIM 3ynUHOK. BusHaueno, 1o TIIB BUKOHYIOTH QYHKIIIT 3 Mepepo3nOIily HacaKupOIOTOKIB
MDK pI3HAMH BHJaMH TPaHCIOPTY Ta 3a0e3MedyloTh CKOPOUYCHHIO dYacy OYIKYBAaHHS ITacaKApaMHu
TPAHCHOPTY Ha 3yNMWHOYHMX IMYHKTaxX B MapIIPyTHIH Mepexi MicTa, sKi BpaxOBYIOTh iCHYIOUI TEXHOJOT1l
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opranizairii po60TH TPaHCIIOPTHUX 3aCO0IB.

Ha ocHOBI mpoBeaeHOro MOCHIHKEHHS OyJI0 00paHO TpHU TPAHCHOPTHO-TIEPECaaOuHi BY3JIH, SKi
pO3TalioBaHi B TPAaHCIOPTHHX 30HAaX HaAHOINBIIOI Macaxxupchkoi Oipxki. TpaHCHIOPTHO-TIEpecagOYHUM
BY3JIOM PO3IJISIIATHMEMO aBTOBOK3al Ta aBTOBOK3aJIM MiCTa, sIKi Ha IUJIaHI MicTa PO3TallloBaHi y TPbOX
Toukax: PiBHeHChKmii aBTOBOK3an (Bynl. KuiBchbka), ABToBOk3anm Yaiika (Byn. borosmeneHcpka, «Yaiikay).
TOPTOBHI IIEHTP) Ta aBTOBOK3aJ 3aNi3HUYHA, IO 3'€IHY€E 3aI3HAYHE CITOTyYeHHs, 30BHIIIHIA TPAHCTIOPT
(mpUMichKe CTIOTyYeHHs) 3 MACAKUPCHKOI0 CUCTEMOIO MICBKOTO TPAHCIIOPTY.

B sKkocTi mpakTHYHMX pEKOMEHAAIii, 3 METOI TIOKpamleHHS B3a€MOJIi IMacaXKMPOMOTOKIB Yy
TPaAHCIIOPTHO-TIEPECATOYHIX BYy3/ax i3 CHCTEMOI0 MiCHKOTO MacaKUPCHKOTO TPAHCIOPTY OJHUM i3 PIllIeHb
MOXKE CTaTH HaJaro[KeHHs TPAHCIOPTHOTO CIOMYYEHHS MK aBTOCTAaHLISIMA Ta AaBTOCTAHIISIMHU 3
BUKOPUCTAHHSIM Oprasi3alii eKCIPeCHOro CIONy4YeHHS. Pe3ynpTaTé AOCHiIKEHHS JAar0Th MOJKIIHBICTH
MpOaHaNi3yBaTH IMOTOYHY CHTYAIil0 B MICTI Ta pO3pPOOHWTH 3aXOAM MIOAO BIOCKOHAJEHHS MAapIIpyTiB
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