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CHANGES IN THE PARAMETERS OF FUNCTIONING OF INTERCITY PASSENGER
TRANSPORTATION SYSTEM

Taking into account the geographical location of transport hubs, their social and economic characteristics are
used as factors of attractiveness or resistance to passenger correspondence, which affects the parameters of the
elements of operation of vehicles. At the same time, at this stage of development of scientific approaches to the for-
malization of the parameters of passenger transport correspondence, the complex level of taking into account the
flow of technical and economic parameters of driving to meet demand has been insufficiently determined. Therefore,
the study of a comprehensive approach to the modeling of passenger transport correspondence, taking into account
certain parameters is relevant. The analysis of modern scientific methods for the calculation of passenger transport
correspondence during the operation of vehicles revealed that they are not sufficiently studied. This necessitates the
conduct of experimental studies of the parameters of the experimental system and the subsequent establishment of
correction factors for the known dependencies of the definition of passenger correspondence in the system. It is

advisable to gravitational modeling of passenger transport correspondence, as acceptable for research.
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model.

Introduction

The paper examined issues of studying the basis of
intercity passenger transport routes. It is established that
the system of intercity passenger route transportation is
not isolated. This causes the influence of the environ-
ment on the quantitative indicators of the parameters of
the functioning of these systems, which is due to the
possibility of quantitative changes in the parameters
entering the system. It was determined that the current
state of scientific approaches does not fully take into
account the interrelation of elements of the intercity
passenger route system when calculating the basic pa-
rameters of the functioning of this system. It is proved
that the issues of further development of scientific ap-
proaches regarding the features of accounting for the
mutual influence of the quantitative characteristics of
the elements of the system of intercity passenger route
traffic is relevant and subject to study.

Theoretical Background

Modern scientific approaches to planning parame-
ters of transport systems determine methods based on
the consideration of passenger correspondence between
the nodes of the transport network. The authors of the
work [1] presented an approach to intelligent route
planning in public transport systems. The approach
focuses on the formal simulation of a semi-dynamic,
intelligent planning and route optimization. To this end,
it is important to have a well-developed formal model
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that covers cosmic aspects in real time. The proposed
solution allows developers to expand the public
transport system with additional routes that are dynami-
cally generated based on requests from passengers. The
model can be used within the framework of a sustaina-
ble city for both (fully or partially) autonomous
transport systems and decision support systems of smart
transport systems. In the work [2], vertical bus routes
were developed, which reach the system of railway
stations, as well as bus lines that have connection with
the city center, turning into regional bus lines. The au-
thors of the work [3] addressed the issue of route plan-
ning for public transport systems and proposed the
presentation of a multi-modal transport network using a
multi-criteria routing algorithm for modeling. In the
work of the authors [4] the model of the probabilistic
process of the bus service is defined. The authors of the
work [5] have determined that the choice of a route by a
multitude of passengers plays a primary role in estimat-
ing flows and forecasting demand. In the works [6, 7],
the question of determining the time of the provision of
transport services depending on the location of stopping
points was considered. The authors in their work [8-10]
revealed the issues of estimating the number of trans-
ported passengers by the public transport system taking
into account the behavioral model of people and their
influence on the choice of mode of transportation. The
authors of the work [11-13] determined the parameters
for optimizing the transit railway route and the bus
routes of the transit corridor. The result of the study is
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the definition of a multipurpose model that maximizes
the rail transit passenger traffic and minimizes the total
time of the passenger transit route.

Materials and Experiments

According to the one considered in the work, the
process of redistributing passenger correspondences
takes place between passenger route systems. It has
been determined that the quantitative indicators of this
redistribution (the choice of a passenger network) are
influenced by a set of characteristics of alternative route
networks. It can be assumed that with the redistribution
of passenger transport correspondences, fluctuations in
the actual values of quantitative indicators of basic indi-
cators of the functioning of the route networks them-
selves occur. To determine the patterns of changes in
certain parameters from the redistribution of passenger
transport correspondence between the networks, appro-
priate calculations have been carried out for a set of
options for a certain redistribution of passenger traffic
between the automobile and railway networks. Depend-
ence 1 proposed to be used to determine the function of
redistribution of passenger traffic by type of transport
(FP):
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where: PMz, — number of passenger seats on
routes of type of transport V;

Iz — the intensity of the vehicles movement on the
Z route;

ker, KirL, ke — respectively, coefficients that take
into account the weight of the corresponding parameter;

T, Ta Teep — respectively, time of movement at Z
route and the average travel time on alternative routes;

PR, Ta PR, — respectively, the price for the
movement at Z route and the average price for alterna-
tive routes;

IFL"; and IFL., IFL'z and IFLcer measure both
the level of passenger fatigue on route Z and the average
level of fatigue on alternative routes (interpreted by the
passenger capacity).

Based on the results of calculations, the basic indi-
cators of the functioning of the networks for the next set
of passenger traffic distribution are obtained, namely:
15/85%, 20/80%, 25/75%, 30/70%, 35/65% and
40/60%. The results of calculations are summarized in
Tables 1 and 2.

Taking into account the geographical location of
transport hubs, their social and economic characteristics
are used as factors of attractiveness or resistance to
passenger correspondence, which affects the parameters
of the elements of operation of vehicles. At the same
time, at this stage of development of scientific ap-
proaches to the formalization of the parameters of pas-
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senger transport correspondence, the complex level of
taking into account the flow of technical and economic
parameters of driving to meet demand has been insuffi-
ciently determined.

Table 1.
Basic performance indicators of the automobile
route network with maintenance of 15%, 20%, 25%,
30%, 35% and 40% of the total passenger traffic — FP

The value of the function of redistribution of passenger
transportation volumes on the automobile type of
transport (FP)

15% | 20% | 25% 30% 35% 40%
6047 | 8062 | 10078 | 12093 | 14108 | 16124
7053 | 9404 | 11755 | 14105 | 16455 | 18807
0,24 | 0,27 0,29 0,3 0,31 0,32
183 | 220 256 294 327 364
Table 2.

The basic performance indicators of the railway route
network when servicing of 85%, 80%, 75%, 70% and

60% of the total passenger traffic — FP.

The value of the function of redistribution of passenger
transportation volumes on the rail type of transport (FP)

85% |[80% |75% |70% |65% |60%

526,72 | 526,75 | 526,74 | 526,77 | 526,75 | 526,75

569,9 | 569,91 | 569,93 | 569,94 | 569,92 | 569,91

0,38 0,38 0,37 0,37 0,37 0,37

900 845 801 747 702 653
Results

Based on the results of the calculations performed
using the quantitative values of the calculated basic
indicators of the functioning of the networks for the
distribution of FP between the automobile and railway
networks, it was possible to construct graphs for chang-
es in certain parameters. Fig. 1 shows a graph of chang-
es in the number of movements in the automobile route
network when changing the FP distribution between
automobile and rail network.

P agr = 07937+403,0742 = FP
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Fig. 1. T' changes over time during the day on a week-
day, for routes optimized by T' and I,.
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Let us construct the function (2) of the response
for Pa, — the number of movements by automobile
routes.

where: P, — number of movements by automobile
routes;

FP — the value of the function of redistribution of
passenger transportation volumes on a rail type of
transport.

Let us carry out calculations on dependence (2)
and compare the results obtained with the baseline data.
The calculation results are summarized in Table 3.

Table 3.
Results of calculation P, — the number of movements
by road routes according to the dependence (2).
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Let us carry out calculations on the dependence (3)
and compare the results obtained with the baseline data.
The calculation results are summarized in Table 4.

Table 4.
Results of calculating the number of movements
by automobile routes according to the dependence (3).

P xn

calculated, Deviation between

Pz, UNItS units [P sn| @Nd |Pycr, %0
34263,3435 34263,01 0,00%
32247,937 32248,01 0,00%
30232,5305 30233 0,00%
28217,124 28216,98 0,00%
26201,7175 26201,99 0,00%
24186,311 24185,98 0,00%
Total: 0,00%

. Par calculated Deviation
Pasr,011 UNItS units " | between  |P’am]
and |Pag|, %

6046,9067 6047 0,00%
8062,2777 8062 0,00%
10077,648 10078,01 0,00%
12093,019 12093 0,00%
14108,390 14108 0,00%
16123,761 16124 0,00%

Total: 0,00%

According to the obtained results it can be stated
that it is possible to predict Pasr — the number of move-
ments by automobile routes in accordance with the
proposed dependence (2) with a definite deviation.

Piq = 1,433+403,0813 = FP
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Fig. 2 shows a graph of the change in P, — the
number of rail route movements when changing the FP
distribution between automobile and rail network
routes.

Pmg = 1,433 + 403,0813FF ©)
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According to the obtained results of the compari-
son of the basic indicators of the Py, — the number of
rail network movements with the values determined by
the results of calculations of the same value according
to the dependence (3), the parameters of such a devia-
tion are established.

Increasing the function of redistribution of
volumes of transportation in relation to any route of
different types of transport, with a constant total number
of movements, causes an increase in the number of
transported passengers, transport operation of the route
network, the average carrying capacity, the number of
vehicles. The regularities of changing the basic
indicators of the operation of the intercity passenger
routes from the proposed function of redistribution of
traffic volumes, connection speed and passenger
capacity utilization coefficient are determined. The
function of redistribution of passenger traffic volumes
by types of transport ensures that the total number of
passenger seats in the route network of the
corresponding type of transport is taken into account
when calculating the redistribution of passenger
transportation volumes by type of transport
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Ananiz cywacnux Haykosux mMemooie po3paxyHky 6iOnosioHOCMI NAcadCUpCbKUX nepese3eHb Npu eKCRiLyamayii

MPAHCNOPMHUX 3ACO0I8 NOKA3A8, WO BOHU HEOOCMAMHbO susueHi. Lle 0bymosnoe HeoOXIOHICMb NPOBedeHH s eKcne-
DPUMEHMATLHUX O0CTIOHNCEHb NAPAMEMPI6 eKCNePUMEHMANbHOT cucmeMy i NOOAIbUI020 8CNAHOBIEHHS NONPABOYHUX
Koeghiyicnmia 0151 BIOOMUX 3AneACHOCMEl BUSHAYEHHS 8I0ONOGIOHOCMI nacadcupie 6 cucmemi. Joyinbro epasimayiii-
He MOOeNO8AHH sl KOPeCNOHOeHYIl NAcaxdCupCbKux nepesesenv, K nputinamue 0 0ocaiodxcenus. Lle obymoesnioe
81118 306HIUNHBO20 CEPe008UA HA KiNbKICHI NOKASHUKY NAPAMEMpie QYHKYIOHYBAHHA Yux cucmem, wo obymosie-
HO MOJICIUBICMIO KINTbKICHOT 3MIHU napamempis, wo 6xo0amv 6 cucmemy. Ilpu 3mini napamempis po3nooiny naca-
HCUPONOMOKY MIJIC ABMOMOOITbHUMY | 3AIZHUYHUMU MAPUPYMHUMU MEPENCAMU KIIbKICHI CepeOHi 3HAUeHHs cepe-
OHbOT NPOMSAANCHOCIT MAPUPYMY | cepeOHboi 0anbHOCmi pyxXy mepedici smintoombcs menw Hioe Ha 0,01%. Busnaue-
HO, WO 3MIHA WBUOKOCHI (30U € MAKUM (DaKMOopoM, AKULL He BNIUBAE HA KINbKICHT 3HAYEHHS KLIbKOCI nepemilyeHb
6 Mepedici, nepedasanbHoc0 GiOHOULeHH S, cepedHbol dalbHocmi noi30Kku. Boonouac dosedeno icnysanns noninomia-
JIBHOT 3a1e)CHOCMI Cepednboe0 KoeiyieHma 6UKOPUCMAHHS NACANCUPOMICIMKOCIE mMma KITbKocmi agmooycieé 6i0
WBUOKOCMT MAPWPYmMHO-Mepedcesux noizook. @Pyukyii nepepo3nodiny ob6cszie nepesesenv No GIOHOULEHHIO 00
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0y0b-5K020 MAPWPymy pizHux UOi8 MPAHCHROPMY, NPU NOCMIUHIN 3A2ANbHIL KITbKOCMI nepemiujensb, 00yMosea0i0my
30iMbUEeHHA KITbKOCMI Nepede3eHux nacaxcupis, mpaHcnopmHoi pobomu mapupymnoi mepexci, cepedHbo2o koegi-
YiEHMa NAcadiCUpOMICMKOCHI, KIIbKOCMI MPAHCROPMHUX 3aco0is. Tomy eusueHHs: KOMIIEKCHO20 NidX00y 00 MOOe-
JIOBAHHSL BIONOGIOHOCIIT NACANCUPCLKUX NEPeBEe3eHb 3 YPAXYBAHHAM NEGHUX NAPAMEmpIe € akmyanibHuM. Bemanos-
JIEHO, WO CYYACHUU CIAH HAYKOBUX NIOX00I8 He NOBHOI MIPOI0 8PAX08YE B3AEMO38'A30K eleMeHmis cucmemu midxc-
MICOKUX NACAACUPCOKUX MAPUIPYMIE NpU PO3PAXYHKY OCHOBHUX napamempis (yyHKyioHysanus yici cucmemu. JJoge-
0eno, w0 NUMAaHH NOOATLUO20 POZGUMKY HAYKOGUX NiOX00i68 w000 0CobAUBOCmell BPAXYEBAHNS 63AEMHO20 BNIUGY
KITbKICHUX XapaKmepucmux e1emenmie CUcCmemu MIidCMICbKUX NACANCUPCOKUX MAPWPYMHUX NEPeBe3eHb € aKkmya-
JBHUMU MA MAKUMU, WO RIOIA2AI0Mb 8UEHEHHIO.

Knrwouosi cnosa: mpancnopmua cucmema, MidicMiCoKull nAca)CupCoKutl. mpanCROpmMHULL Mapuipym, OCHOBHI
napamempu nepese3ens, eeKmusHicms, MoOeb.
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