BICHHK XHTY M 2(93), U. 1, 2025 p. IH’KEHEPHI HAYKH

UDC 656.02 DOI https://doi.org/10.35546/kntu2078-4481.2025.2.1.32

V.P.SLAVYCH

Candidate of Technical Sciences, Associate Professor,

Associate Professor at the Department of Transport Systems and Technical Service
Kherson National Technical University

ORCID: 0000-0001-7882-4198

TRANSPORT SYSTEM MANAGEMENT MODEL IN THE CONDITIONS
OF A REDUCTION IN THE NUMBER OF PASSENGERS OR CARRIERS

One of the key aspects of the efficient functioning of the transport system is the calculation of correspondence matrices
that reflect the relationships between different points of transport routes. These matrices are the basis for planning
and optimizing passenger transportation, allowing to assess passenger flows, the convenience of transfers and the time
spent on movement between points. However, in conditions of a decrease in the number of passengers and/or carriers,
there is a need to adjust existing models to maintain the efficiency of the transport network. The decrease in the number
of passengers can be the result of various factors: economic changes, a decrease in demand for certain routes, natural
or man-made disasters, as well as the consequences of global crises or military operations. In addition, a decrease
in the number of carriers due to economic difficulties or financial constraints can lead to a reduction in the number of flights
and a change in transportation schedules. In such conditions, the transport system must adapt to new realities, which
requires accurate calculation and adjustment of correspondence matrices to ensure continuous operation and optimal
use of limited resources. The purpose of the work is to develop models for calculating correspondence matrices that
take into account the reduction in the number of both passengers and carriers, taking into account the new conditions
of demand for transport services. Which in turn provides more accurate forecasting of passenger flows and more efficient
use of limited transport network resources, taking into account the reduction in demand for certain routes and the limited
number of available carriers. The model allows you to optimize the frequency of flights by changing the intervals between
trips, as well as redistribute passenger flows between different routes, which allows you to maintain a high level of service
under conditions of reduced transportation.
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B. I1. CJTABHNY

KaH/MJAT TeXHIYHUX HAyK, JOLEHT,

JOLICHT KadeaApu TPAHCIIOPTHUX CUCTEM 1 TEXHITHOTO CEpBiCy
XepcoHChKHMiT HAlllOHABHU TEXHIYHUI yHIBEpCHTET
ORCID: 0000-0001-7882-4198

MOJEJIb YITPABJIIHHSI TPAHCIIOPTHUMU CUCTEMAMMUM B YMOBAX 3SMEHIIEHHSA
KIJIBKOCTI ITACA’)KHUPIB ABO ITEPEBI3HUKIB

OO0HUM [3 KNIOYOBUX ACNeKMi6 ehekmusHo2o QYHKYIOny8anus mpaHcnopmuol cucmemiu € po3paxyHox mMampuib
KOpPeCnoHOeHYill, ujo 8i000padcaome 63A€M038 A3KU MIJHC PISHUMU MOYKAMU MPAHCROPMHUX Mapwpymis. Lli mampuyi
€ 0CHOB0IO OJisl NIAHYBAHHA MA ONMUMIZAYIT NACAINCUPCOKUX Nepese3etb, 00360NAI0UU OYIHUMU NOMOKU NACAICUDIE,
3pYYHicMb nepecadok ma 4ac, wo eUmMpaiacmecs na nepeminjenns mioc nynkmamu. OOnax, 8 ymMosax smMeHuleHHs, Kilb-
KOCMI nacax)cupie ma/abo nepesizHuKié UHUKAE HeOOXIOHICMb ) KOPUSYBAHHI ICHYIOUUX MoOelell O/ NIOMPUMKU epeK-
MUBHOCMI MPAHCROPMHOL Mepedic. 3MeHULeHHsl KIIbKOCMI Nacaicupie modce 6ymu pe3yiomamom pisHux axkmopis:
EKOHOMIYUHUX 3MIH, 3HUNCEHHS NONUMY HA NeSHI Mapupymu, NPUPOOHUX YU MEXHOLEHHUX KAMAacmpog, a maxoic HACAio-
Kig 2n0banvrux Kpuz abo siicvkosux Oitl. Kpim moeo, 3meHuen s KilbKoCmi NepesisHUKI8 uepe3 eKOHOMIUHI mpyOHOui
4y QhIHAHCOBI 0OMENCEHHSA MOJCe CNPUYUHUMU CKOPOYEHHs KIIbKOCMI pelicieé ma 3miHy epagikie nepesesens. Y maxux
YMOBAX MPAHCNOPMHA CUCIEMA NOBUHHA A0ANmMy8amucs 00 HOGUX Peaill, Wo GUMA2AE MOYHO20 PO3PAXYHKY MA KOPU-
2YBAHHA MAMPUYb KOPECNOHOeHYill 015 3a0e3neduenis 6e3nepepeHo2o QYHKYIOHY8ANHS | ONMUMATbHO20 6UKOPUCTNAHHS
obmedicenux pecypcie. Memoro pobomu € po3pobka mooeneil po3paxyHKy Mampuyb KOpecnoHOenyill, sIKi 6paxogyronbs
3MEHWEHHSA KIIbKOCMI 1K Nacadcupie, mak i NepesizHUKIE, 3 YypaxyeaHHAM HO8UX YMOE NONUNTY HA MPAHCHOPMHI NOCTY2U.
Lo 6 ceoto uepey 3abesnevye mouniuie npoOSHO3YEAHHI NACAICUPONOMOKIE MA epekmusHiue BUKOPUCAHHS 0DMedlce-
HUX pecypcié mpancnOpmHOL Mepedici, 8paxo8ylodu 3HUNCEHH NONUMY HA NeSHI Mapuipymu ma oOMedceHy KilbKicmb
docmynHux nepesiznuxie. Mooenv 0036019€ onmumizyeamu 4acmomy peuicis, 3MIHIOIUU THMeP8au Midc NoizoKamu,
a MaKoc nepepo3NOOLISIMU NACANCUPCHKE NOMOKU MIJC PIZHUMU MAPUWPYMAMU, WO 00380ISE 30epemu 6UCOKULL PI6eHb
00C1Y208Y8aHH 30 YMOB 3MEeHUIEeHHS NepPe6e3etb.

Kniouoei cnoga: nacasxcupcoki nepegesenns, Mampuys KoOpecnoHOeHyitl, MapupymHi nepese3eHns.
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Formulation of the problem

Calculating correspondence matrices in conditions of reduced passenger numbers requires adjusting passenger flow
parameters, which allows for the effective adaptation of the transport system to new conditions. The decrease in the number
of passengers leads to the necessity of revising the frequency of services, which affects transfer times and the intensity of
connections between transport hubs. As a result of adjusting the intervals of movement, the number of transport units on
the route, and the redistribution of passenger flows, there is a change in the structure of the correspondence matrix, which
takes into account new demand and supply zones.

Mathematically, this can be achieved through modeling various scenarios of changes in passenger flows and their
distribution among routes. New data on the decrease in the number of passengers and changes in routes are taken into
account, allowing for the optimization of transportation, reduction of costs, and improvement of the efficiency of the transport
network. Updated correspondence matrices help reduce unjustified resource expenditures and enhance convenience for the
passengers remaining in the system, ensuring better adaptation of the transport infrastructure to new conditions.

Analysis of recent research and publications

The analysis of recent studies in the field of calculating correspondence matrices for passenger transport under
conditions of reduced passenger numbers indicates the development of modeling and data processing methods for
adaptation to new conditions. In particular, in [1], methods for forming such matrices are discussed, emphasizing the
advantages of fuzzy logic models for obtaining reliable results with limited information.

In the work [3], a new modeling method is proposed that takes into account the interval concept of transport demand.
This approach allows for the formation of a set of matrices that reflect possible states of demand, providing flexibility and
adaptability of the model to changes in passenger flow. Such methods are particularly relevant in conditions of reduced
passenger numbers, as they allow for a more accurate reflection of real conditions and effective planning of transport services.

The study [8] examines models for optimizing metro frequency considering social distancing measures during the
pandemic. These models help assess the impact of various social distancing policies on operational and passenger costs,
which is relevant in the context of reduced passenger numbers and the need to adapt transport services to new conditions.

The analysis of the works of foreign and domestic researchers has shown that different techniques and methods for
calculating correspondence matrices are applied in various regions under conditions of reduced passenger numbers [2, 4-7].

These studies emphasize the importance of adapting methods for calculating correspondence matrices to changing
passenger flow conditions, ensuring effective planning and management of transport systems.

Formulation of the purpose of the research

The purpose of the work is to develop models for calculating correspondence matrices that take into account changes
in the number of passengers and/or the number of carriers, considering new conditions of demand for transport services.
This approach involves the development of methods for adapting to reduced demand, optimizing service frequency, and
maintaining the efficiency of transfers between different modes of transport.

Presentation of the main research material

Let us consider the transport network of a certain city, which consists of transport districts between which passengers
move using public road transport.

For further considerations, we will assume that public transport is not divided into different types, but is represented
by one type, for example, buses.

We will build a model and consider the method for calculating the passenger correspondence matrix under conditions
of reduced passenger numbers, which may occur due to external constraints.

The decrease in the number of passengers may be the result of various factors: economic changes, a decrease in
demand for certain routes, natural or man-made disasters, as well as the consequences of global crises or military actions.

We will introduce the necessary input and output parameters of the specified model for calculating the passenger
correspondence matrix and group them in the form of table 1.

Then the calculation of passenger correspondence matrices under conditions of a decrease in the number of passengers,
which occurs as a result of limiting the number of labor migrations in transport services, will be determined using the
following expressions:

Di=PB o~ (N;=4),

Z(BG(NJ_AJ))

=N L2 ,
0 =N, N

where a is the passenger capacity limitation coefficient and is determined by the dependence:

P
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Model parameters

Table 1

No. Marking Name Unit of measurement
Input parameters
1 Iy Distance between districts i and j m
2 Swp Area of the transport district m?
3 N Number of departure zones units
4 M Number of arrival zones units
5 Viae Average passenger speed m/s
6 Imax Maximum vehicle movement interval s
7 Imin Minimum vehicle movement interval s
8 N; Population of the transport area by departure i persons
9 N; Number of jobs in the district upon arrival j persons
10 Ninax Maximum population among all transport areas by departure i persons
11 Niin Minimum population among all transport areas by departure i persons
12 N City population persons
13 B Percentage of job vacancies —
14 Poo Standing passenger capacity persons
15 P Passenger seating capacity persons
16 A; Number of non-resident population of the jth district by arrival persons
Output parameters
17 k; Adjustment factor —
18 O; Capacity of the i-th district by departure persons
19 D; Capacity of the jth district upon arrival persons
20 Cy The coefficient of attraction of districts i and j —
21 t, Average travel time S
22 1 Vehicle movement interval s

the number of carriers on routes.

Now let us consider the method of calculating the matrix of passenger correspondences in conditions of a decrease in

Let us introduce additional necessary parameters, which are grouped in Table 2.

Additional model parameters

Table 2

No. Marking Name Unit of measurement
Input parfmeters
1 Nooo Initial number of drivers on the route persons
2 Nyo Number of drivers who did not go on the route persons
Intermediate parameters
3 Nioo Actual number of drivers on the route persons
4 Y Vehicle reduction factor on the route -

Then the values of the required capacities for departures and arrivals will be determined by the following dependencies:

Di=v-B o (N;—4),

Z(YB(X'(NJ_A_/))

=N - ,
0=N, =
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Vehicle movement intervals for transport areas will also change, which will be determined using the expressions:

max _M'([max _Imin)
Nmax _Nmin
Y

Il =

i
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Then the travel time is found by the formula:

- Ni — Nmin : (Imax - [min)
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Conclusions

Thus, the model for calculating passenger correspondence matrices, which takes into account the reduction in the
number of passengers and/or the reduction in the number of carriers, allows adapting transport systems to new operating
conditions. Such solutions will provide more accurate forecasting of passenger flows and more efficient use of limited
transport network resources, taking into account the reduction in demand for certain routes and the limited number of
available carriers. The model allows optimizing the frequency of flights by changing the intervals between trips, as well as
redistributing passenger flows between different routes, which allows maintaining a high level of service under conditions
of reduced transportation.
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