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The analysis of existing approaches to estimating transportation demand based on OD matrix modeling has
been conducted to identify the most effective methods for suburban and interurban traffic planning. The interval
concept is applied by analyzing patterns of trip length distribution within the city and adjacent territories, allowing the
definition of intervals within which transportation demand varies in relation to urban centers. This provides a flexible
and probabilistic framework for capturing the variability in passenger flows, taking into account daily and seasonal
fluctuations as well as differences in travel behavior between urban and suburban areas. To determine the spatial
distribution of trips, actual travel distances around the regional center were analyzed, ensuring that the model reflects
real-world travel patterns and regional transport infrastructure.

The proposed methodology was applied to evaluate suburban transportation services, demonstrating its
capability to generate OD matrices that are consistent with observed demand and operational data. The results confirm
that the interval-based approach can enhance planning accuracy, optimize route allocation, and support decision-
making in suburban public transport management. Furthermore, this method contributes to the development of more
robust models for forecasting transportation demand, offering practical guidance for transport planners and
policymakers aiming to improve service efficiency and passenger satisfaction. The study highlights the potential of
integrating probabilistic modeling techniques into transportation planning to account for uncertainties and dynamic
changes in travel behavior, providing a scientific basis for evidence-based decision-making in the organization of
suburban transport systems.

Keywords: demand, suburbanarea, city, commuters, distance, OD matrix.

INTRODUCTION

Under present-day conditions, there is an increasing tendency for some of the inner-city residents to
prefer to live outside the city, in the so-called suburbs, that is, in the residential areas that surround the major
city. The suburban area is formed under the impact of “suburbanization” that is the process of growth and
development of the suburban area of major cities [1], resulting in the formation of urban agglomerations,
which are interdependent groups of settlements (primarily urban) united into dynamic systems by different
types of ties (labour, production, recreational, infrastructure, etc.). This causes faster development of the
suburbs (primarily demographic) compared to the central city [2]. The suburbs are starting to develop at the
expense of the central city: a rapid shift of urban residents from the central city areas into the suburbs occurs
as well as the relocation of industrial, social and other functional facilities. In turn, the suburban inhabitants
are more likely to seek employment and appropriate education in the central city by commuting from home
to work or study [3]. That is, there is a continuous interaction between the city and its surroundings, which is
realized through their interconnections. One of the important factors of this interaction is population
displacement, which involves both centripetal and centrifugal trips.

The suburbanization process is a further stage in the development of the urbanization process, and the
development of the transportation system is a prerequisite for both these processes. Special attention should
be given to the efficient management of the passenger transportation system, which requires accurate
determining the transportation needs of the population. The regularities and conditions for organizing
transportation result from fulfilling transportation needs, which are met within the specific
transportationsupply, the so-called transportation accessibility [4]. The trip number of suburban inhabitants is
one of the main characteristics of the transportation process, which depends on the ways of fulfilling the
transportation demand and is influenced by the importance of the city in the system of international, state,
regional socio-economic, historical-cultural and other spheres, as well as the nature and content of the system
of population distribution and places of work in the sphere of influence of the city including its
surroundings.The distribution of the transportation demand in the area surrounding the city determines the
regularities of trip length distribution all around the city [4] and can serve as a demand-modelling basis for
public transportation services in suburban traffic. Describing the demand pattern of road public
transportation is one of the most important tasks of modelling the transportation system of the city with
adjacent territories, which is virtually researched in contrast to the methods and approaches within the cities.
It lies in determining the most accurate OD matrix, which provides an opportunity to become aware of the
quality of public transportation services and to test scenarios of the agglomeration expand.
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LITERATURE REVIEW AND PROBLEM STATEMENT

There are two main approaches to determining the needs for transportation, which are the basis for the
OD matrix (ODM) formation. The first one involves surveys aimed at obtaining information on the current
rate of demand fulfilment and obtaining information on the regularities and peculiarities of demand
formation for mass transit [5]. Conducting field surveys provides information on actual passenger traffic, fill
rate of transportation means and the trips' number. Questionnaires and statistical reports provide the idea of
population mobility (travel regularities of different population groups, depending on the purpose of the trip),
settlement patterns concerning places of work, attendance of cultural-domestic institutions, changing places
of work and moving house (changes in settlement patterns) and trip time (possible regularities of passenger
travel behaviour). Conducting a full-fledged survey provides enough accurate information, but it is time and
labour consuming. Existing transportation reports do not always provide full information on the distribution
of trips depending on the purpose of movement.

The second approach that is based on using different demand forecasting models determines the
dynamics, trends, and patterns of demand development. This approach is less labour-intensive but does not
always provide sufficiently accurate results and in some cases, it simplifies real processes. Using models to
calculate the ODM comes with the application of the methods based on the statistical analysis of data on
actual trip directions, as well as the methods based on a priori logic hypotheses [6, 7]. Three main
approaches to the formation of the ODM can be distinguished, namely statistical, synthetic and probabilistic
approaches.

The statistical approach requires field surveys of trips [7] and allows obtaining the most accurate
information on the transportation needs of the population. Such total surveys are mostly conducted using a
guestionnaire and contribute to the formation of the most accurate ODM. This approach also implies the
application of statistical methods for calculating the ODM, which allows applying available trips' number
values of the current or previously investigated period for the future analysis period. Such methods include
the growth factor method, the Detroit method, the Furness method (the Fratar method) and others [5, 7].
However, conducting surveys to obtain the actual matrix is cost-intensive and modelling is performed only
for the rates of growth or decay (decline) of trips' number.

A group of methods, which can be distinguished under the latter approach to obtain the ODM, use
various synthetic models based on the similarity assumed to exist between processes occurring within the
transportation system and physical processes as well as laws of nature [7, 8]. This approach is considerably
less labour intensive to form the ODM, but it does not provide sufficiently accurate results. To calculate the
trips' number, gravity and entropy models, as well as the intervening opportunities method, are used.

Methods taking into account, to some extent, the credibility of the approach to modelling ODM [8] is
based on the assumption that each individual selects a traffic route from a finite number of alternatives
considering their socio-economic characteristics and relative attractiveness using discrete choice models, for
instance. Multiple correlation models [5, 7] based on identifying factors that specify the emergence of
transportation needs and their impact on the formation of passenger flows through the determination of
coefficients in the correlation equation that determines the passenger trips' number.

Almost all the methods of obtaining the ODM are characterized by using the unique algorithm for
calculating and the point estimate of the matrix. The approach to determining the population demand for
public transportation services that provides an opportunity of obtaining the most probable states of the ODM,
which are as close to the actual demand state of public transportation service as possible, is presented within
the framework of interval concept [7]. This concept assumes that demands for home-based work trips are
random and can be described not by a single ODM, but by a set of them. Each matrix from the set represents
one of the possible states of the transportation demand. Their fluctuations are within the range corresponding
to demand states with the minimum and maximum transportation operation that is performed during the
course of the passenger movement process. One of the reasons for such representation of suburban
transportation needs is the shift in demand depending on the scope of influence of the city on the magnitude
of movements for the specific transportation mode.

A significant impact of human settlements on the intensity of traffic flow on public roads is specified
in the work [8]. The models reflecting an increase in traffic intensity on approaching a high-way section
located near human settlements have been obtained on the basis of the regression analysis. However, the
application of the model gives the possibility of predicting only the magnitude of traffic intensity within the
suburban area and does not allow taking into account the probabilistic nature of the shift in demands for
transportation depending on the distance of human settlements from the major city.
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PURPOSE AND OBJECTIVES OF THE STUDY

Considering the existing problems of determining suburban transportation needs and approaches to the
ODM calculation, the relevant objective is to develop the model of suburban transportation needs. The model
should be developed using the approach, in which it is reasonable to apply the interval concept to calculate
suburban ODM. The application of the interval concept must be based on the patterns of trip distribution
within the area surrounding the city. The regularities of the spatial distribution of trips can be determined
based on actual distances within the area surrounding the city [4].

RESEARCH RESULTS

According to the work [4], in considering the trip length outside major city |’ as a random variable of

the trip length in the suburban traffic, it has been found that its distribution must be exponential with the shift
parameter, on condition that it is a part of the trip length distribution, which is considered both within the city
and beyond the city borders.Determining the regularities of the distribution of I’ creates the basis for

identifying the needs for suburban public transportation, which reflects the distribution of distances of all
suburban passenger trips. As previously defined, the form of a demand model between the origin and
destination points of transportation traffic is the OD matrix. Taking into account that the values in ODM
cells represent the frequency of trips over a certain distance and using the concepts of the statistical
probability of an event and exhaustive events, the probability of occurrence of a certain trips’ number can be
written as follows:

h.. m
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where hij is a trips” number from zone i to zone j, during time interval considered, pass.;
His the sum of all trips in the matrix, pass.

The empirical probability of moving h; overa certain distance II',ij is determined as follows
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where I <) is the indicator of event, which implies that the travel distance I]',ij from zone i to zone j

Iy
is within some interval A.

That is, equation (2) is a probabilistic combination of event indicators /[ .s}. Considering the actual
distribution I;ai,» , Which according to [4] has five groups of intervals, if there is a probability of moving over a

certain distance, which belongs to the interval A and the matrix of distances between transportation zones,
according to the interval concept of determining transportation needs it is possible to determine the ODM
states that provide support for the exponential distribution of {’pL.J..This allows taking into account the

probabilistic nature of transportation links and eliminating the disadvantages of point estimate of the ODM.
The formation of the most probable states of the ODM within the framework of the interval concept based on

the actual information on the trips' length I;J that the population commits provide an opportunity of

determining the percentage ratio of the number of inhabitants, whose travel distances to the city correspond
to the defined intervals of trip length. The proportion of inhabitants, whose travel distance I;J lies within a

certain interval can be determined as the difference of values of the function of exponential distribution at
points corresponding to the boundaries of the given interval:

PIO Y =P, eaf =Pl c@in) =z -z(a), ©

where p{|]<fu>} = p{|pij EA.} is the probability that the travel distance Ipij is within the interval A ;

A, =(A};A}) is the group interval of travel distances of passengers that is defined by the lower A

and upper A’ limits, | =1, 2,..., X,..» X,,, iS the number of group intervals of travel distances of passengers;

Int
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Z(A%),Z(A}) is the value of distribution function Ip“_ at points A’ and A respectively, accordingly

the total number of movements H*’ that must be made at a distance from a certain interval A, can be
defined as follows
H(A|) — P{IiﬁAl)}' H , (4)

where H is the total trips’ number during time interval considered, pass.
To obtain the ODM, it is necessary to find a distribution of trips’ number that corresponds to the
system of limitations

3'h, =HO, > h, = HP;
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where hij is the required trips’ number between transportation zones i and j, pass., hij >0;

m is the number of departure and arrival zones, units; HO;, HP, is the arrival and departure capacity
of each transportation zones, pass.; hiﬁA') is the trips” number, which are realized at a distance |i§A' ),

To obtain the OD matrix, which satisfy the limitations (5), the algorithm for calculating suburban
transportation needs has been developed. In order to implement the developed methodology for determining
the suburban transportation needs in public transportation sector, the following data are required: the arrival
and departure capacity of the transportation zones; the matrix of the shortest distances between transportation
zones; the probability of movements according to the exponential distribution of the trips’ length at points
corresponding to the boundaries of the given interval.

The first stage involves checking the balance between the departure and arrival capacity of the

transportation zones iHoi = iHF’,- =H;i,...,m; j,...m and the actual distribution of movements according
i=1 =1

to the value of the exponential distribution function within the specified intervals of the total number of

movements between the transportation zones Z“: H® —H
1=1
The next step is filling out the OD matrix using a random number generator with a gradual check of
each random value in the matrix and the forming of a random state in the ODM is performed.
According to the random ODM and the matrix of the shortest distances, the frequency at which travel

distances hiﬁA')fall within the given interval A, is calculated. After that, the compliance with theactual hit
frequencies I;J is evaluated and corrected using closed loops. The calculation is carried out until the

calculation of the value hij in the ODM corresponds to the actual distribution I;Ji,- :

The practical implementation of the developed methodology has been carried out by the example of
public transport network model of the Kharkiv region. The departure capacity of the transportation zones has
been defined as the potential number of inhabitants of human settlements situated in the area surrounding the
major city, who move in the direction of the city in accordance with the characteristics of human settlements
and the predicted value of traffic intensity of public transit. Last value is determined according to the
experimental studies [9] considering other types of public transport links.

HO, =N L K, )

" 0820+ 12%° 4 0023. "

where N is the number of inhabitants of human settlement i, who commutes in the direction of the
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city, people.; L, is the remoteness of human settlement i, from the city, km; k3i is the proportion of trips

made using public railway system of human settlement i, %; P is the number of inhabitants of the city, in
the direction towards which the travel takes place, people.

Experimental verification of the proposed methodology for determining the departure capacity of the
transportation zones for human settlements has been carried out based on a sampling survey using the tabular
method of passenger flow surveys for different categories of routes in various principal traf-fic directions.
The maximum deviation of the calculated data according to the experimental studies is 0.31. The arrival
capacity of the transportation zone has been determined to take into account the total number of inhabitants
of human settlements who move in the direction of the city and the presence of bus stations and transit trips
which ends in the city. The public transport network model and the matrix of the shortest distances between
transportation zones have been calculated using the VISUM software.

The point objects that define the spatial position of the intersections — “nodes”, which are also the
starting points or respectively endpoints of the segments are placed on the loaded “background”. For more
accurate refining of “nodes” real coordinates of their location are assigned. The next step of modeling is the
allocation of “segments” that are directed edges, which characterize the forward and reverse directions and
are independent objects of the network. The segments connect the nodes and thus describe the structure of
the road network. After that, the objects that describe the state of attractors in the network, namely zones are
entered into the supply model. The points of attraction of passengers, which are human settlements, are
assigned as zones. The zones in the transport model are entry points and the purpose of the transport
movement. The centre of the transportation zone is defined in specific human settlements according to the
main directions of passenger traffic with approximately the same area of service. They are connected to the
network by a “junction”. The junctions connect the “zones” with the road network. For each specific
transportation system, they correspond to the ending and starting pedestrian crossways between the zone
centre and the junction. The next step of the design process is to plot the stopping points on the map of the
object under consideration and register regular suburban and regional traffic routes.

Table 1 General description of the model

Parameter Value
Number of stopping points, units 689
Number of transportation zones, units 199
Number of human settlements in the region, units 218
Number of inhabitants of human minimum 16
settlements, people. maximum 56 655
The total population, thousand people 878.485
The area of a human settlement, km? minimum 0.06
maximum 56.026
Number of human settlements with railroad transportation 36
service, units
. . minimum 5.3
Population density, people per sq. km e — 3694

The application of the developed algorithm has allowed for the formation of the ODM that
corresponds to (3) and (4) and satisfies the limitations (5). In compliance with the actual distribution of travel
distances within the Kharkiv region, the fluctuations have been calculated within the given group intervals.

According to the calculations, the maximum fluctuation ZhiﬁA') in compliance with the proposed

1]
1#]
methodology of ODM calculation is 8.5 %.
It should be pointed out that the maximum distinguishes is observed at a distance of more than 60 km.
This can be explained by the fact that the influence of the city tends to decrease significantly with the
distance of human settlements (points of attraction) from the city and restricts suburban transportation
service.
DISCUSSION OF RESEARCH RESULTS
The use of the proposed methodology in suburban traffic has advantages compared to previously
proposed ones. For example, the study of the spatial distribution of displacements in suburban traffic in [4] is
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based on the process of rural population dispersal relative to the regional center. But in the study of
settlement patterns, settlements are united depending on the remoteness of their regional center. The
procedure for calculating the ODM is based on the gravity model and does not take into account the random
nature of the trip directions formation.

Table 2 Estimation of ODM calculation

Lower |[Upper Probability  |[Number of movements, units
Group limi o - _
interval imit, | limit, | of pecording to pecording distinguishes P
km. km. movement | probability to model
1 0 20 0.309 A1374 11958 -584 1.4
2 20 A0 0.199 26645 27531 -886 3.3
3 40 60 0.153 20486 20324 162 0.8
A 60 80 0.099 13256 14386 1130 8.5
5 80 100 0.240 32135 29697 2438 7.6
TOTAL 1 133896 133896 5200 r

The use of a probabilistic approach in the framework of the interval concept is presented in [7] for the
urban territories with a different population based on the distribution function. In this case, the author
considers the process of the emergence of new attractors at the city border and the suburban zone. Using this
approach served as the basis for the study of the trip length distribution. Confirmation of patterns in the
distribution of trip length was presented in [4] in the suburban traffic. Therefore, the proposed methodology
was the next step in the study of a suburban land-use.

ODM s certainly an integral part of the public transport model of the suburban transport system for
road transport. Without ODM, it is practically impossible to assess the effectiveness of the route network for
any kind of trip, both from the passengers' and the carriers' point of view. That is why obtaining the most
likely states of the ODM that best reflect the mobility needs of the commuter population is the goal of
transport planning and modeling experts. To assess the probabilistic nature of the demand is still a task that
requires new solutions and the use of new approaches. The innovation of the developed methodology for
determining demand in suburban traffic primarily lies in the possibility of its use in assessing changes in the
transport system of the city and its surroundings. When forming the initial information for calculating ODM,
separate the most common relationships between the city and the suburban area, determine the real border of
the suburban area for towns of regional and district significance.

The results of the calculations by the proposed methodology can represent a methodological basis that
can provide a solution to the problems of improving the organization of passenger transportation in suburban
traffic both for transport enterprises and for organizations that participate in the management of various types
of activities related to the public transport system. For the above-mentioned stakeholders in the transport
process, work efficiency can be considered both from a social point of view (meeting demand) and from the
economic side - increasing the level of profit and profitability of enterprises.

Risks associated with the inaccuracy in determining the demand in suburban traffic according to the
developed algorithm can primarily be associated with the lack of actual data on the distribution of distance of
movement across territories in the suburban traffic, in the wrong methodology for conducting a passenger
flow survey, in inaccurate information provided by transport enterprises (trips without issued tickets). The
elimination of these risks depends on administrative organizations interested in obtaining accurate and
reliable information to assess the satisfaction of demand and improve the efficiency of the functioning of the
public transport system in suburban traffic.

Uncertainty of the results of calculations may pose increased risks for the population as a result of not
being in a timely manner at the final destination, which may include both the place of work and any
institution in which there are strict restrictions on the time of arrival. The developed algorithm for
determining the OD matrix allows reducing risks for the population due to the inefficient operation of public
transport in suburban traffic.

CONCLUSIONS

The proposed methodology of calculating the ODM allows us to take fully into account the
probabilistic nature of the demand and to obtain such distribution between the cells of the ODM, which
ensures the formation of the actual distribution of travel distance in suburban traffic. Be-sides, the developed
methodology is fully consistent with the interval concept of modeling transportation needs and contributes to
its application in suburban transportation service. At that, it is also possible to develop ODM alternatives that
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may correspond to the minimum deviation from the actual distribution of movements around the city. The
obtained OD matrices can make possible the interval estimation of any parameters related to the realization
of transportation needs and, accordingly, the quality of public transportation services.

The application of the developed methodology within the framework of interval concept can
significantly reduce a range of possible states of passenger correspondencematrix and allows defining the so-
called boundaries of the zones of influence of the city in suburban traffic.
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A. Kouuna. JlochifzkeHHS TONMMTY HAa aBTOMOOUILHI TepeBe3eHHS TPOMAaJACBKHM TPaHCIOPTOM B
NPUMiCBKOMY CIOJIyYeHHI

Byno mpoBeneHO aHami3 ICHYIOUMX MIIXOXIB /IO OLIHKK TPAaHCIIOPTHOTO TOIMTY HAa OCHOBI MOJIEIIOBAaHHS
MaTpHLi MacaKUPCHKUX KOPECHOH/ICHIIIH 3 METOI0 BU3HAYEHHs Hale()eKTHBHIIINX METOAIB IIAHYBaHHS NPUMiCHKOTO
Ta MDKMICBKOTO pyXy. [HTepBaJIbHA KOHIIETILIISl 3aCTOCOBY€EThCS IIUIIXOM aHaJi3y MOJiesel po3MoIuly JOBKHUHH TOI310K
y MeXax MicTa Ta NMPWIErTINX TEPUTOPiH, M0 J03BOJISE BU3HAYUTH IHTEPBAIH, B MEXaX SKUX TPAHCIIOPTHUH IOIHT
BapiOETHCS Y BiJHOIICHHI A0 MichbKkuX HeHTpiB. Lle 3abe3meuye rHyYKy Ta IMOBIpHICHY OCHOBY JUIS BiZOOpa)keHHS
MACaKUPOTIOTOKIB, a TAKOXK BIIMIHHOCTEH y MOBEHIHII TMacaXHpiB MK MICHKHMH Ta MPUMICHKUMH paiioHamu. [
BH3HAYCHHS MPOCTOPOBOIO PO3MOAUTY IOI30K Oyi0o MpoaHalizoBaHO (aKTHYHI BIICTaHI TMOI3AOK HABKOJIO
PETiIOHATIBHOTO MEHTPY, II0 3a0e3MeYmIo BiAOOpaKeHHS B MOEI pealbHUX MOJEeH MOI3M0K Ta perioHaabHOI
TPaHCIOPTHOI iIHPPaACTPYKTYpH.

3anporoHOBaHO METOJWKY BH3HAYEHHS IIONWTY HAa TEPECYBaHHA B TPUMICBKOMY CIHOJYYeHHI Ha OCHOBI
iHTepBaJIbHOI KOHIEMIii po3paxyHky maTtpuri MIIK, sxka mo3Bonsie oTpumaté HanWOinem HmoBipHicHI ctann MIIK,
KOTpl MakCHMajJbHO HAOJMKEHI A0 PEATbHOTO CTaHy IONHTY. 3aCTOCYBaHHS IHTEpPBANbHOI KOHIIEIi OCHOBaHE Ha
3aKOHOMIPHOCTSIX PO3MOIiy MEePEeCyBaHHS Ha TEPUTOPIi, O OTOUYE MICTO Ta HAJIa€ MOKJIMBICTh BU3HAYUTH 1HTEPBAJIH
B MEXaXx SIKMX 3MIHIO€THCS ITONUT Ha MepecyBaHHs BiTHOCHO MicTa. [Ipn Bu3HaYeHH! 3aKOHOMIPHOCTEH IPOCTOPOBOTO
pO3IoiTy NepecyBaHb OyJIM BUKOPUCTaHI (paKTHUYHI BiJICTaHI IepecyBaHb HaBKOJIO 00JAacCHOTO LEHTPY Ta 3AIHCHEHO
OLIiHKA 3aIIPOIIOHOBAHOTO ITiIX0ly BU3HAYEHHS MOITUTY Ha MEPECyBaHHS B IPUMICEKOMY CHOJIYUYECHHI.

KarouoBi cjoBa: momut, npuMiChKa 30HA, MICTO, TACaXHPH, BIJICTaHb, MAaTPUIl IACAXKHUPCHKUX

KOPECHOHACHITI
KOYUHA Anacmacis Anamoniiéna, KaHIWAAT TEXHIYHUX HAyK, JOICHT KadeIpu TPAaHCIOPTHUX CHUCTEMH i
JIOTiCTHKH, XapKiBCHKUIH HaIlOHAJIBHUI ABTOMOOLITB-TOPOKHIN YHIBEpCHTET e-mail:

kochina.tsl@gmail.com.https://orcid.org/0000-0001-8377-4770

Anastasia. KOCHINA, PhD, Associate Professor of the Department of Transport Systems and Logistics, Kharkiv
National Automobile and Road University, e-mail: kochina.tsl@gmail.com https://orcid.org/0000-0001-8377-4770

DOI 10.36910/automash.v2i25.1907

m , 2025, Ne2 (25)



http://kyiv-heritage.com/sites/default/files/%D0%A8%D0%A2%D0%9E%D0%9C%D0%9F%D0%95%D0%9B%D0%AC%20%D0%B8%20%D0%B4%D1%80%20-%20%D0%A0%D0%B0%D0%B7%D0%B2%D0%B8%D1%82%D0%B8%D0%B5%20%D0%BC%D0%B5%D0%B3%D0%B0%D0%BF%D0%BE%D0%BB%D0%B8%D1%81%D0%BE%D0%B2%2C%20%D0%BC%D0
http://kyiv-heritage.com/sites/default/files/%D0%A8%D0%A2%D0%9E%D0%9C%D0%9F%D0%95%D0%9B%D0%AC%20%D0%B8%20%D0%B4%D1%80%20-%20%D0%A0%D0%B0%D0%B7%D0%B2%D0%B8%D1%82%D0%B8%D0%B5%20%D0%BC%D0%B5%D0%B3%D0%B0%D0%BF%D0%BE%D0%BB%D0%B8%D1%81%D0%BE%D0%B2%2C%20%D0%BC%D0
http://www.economy.nayka.com.ua/pdf/10_2015/45.pdf
http://www.economy.nayka.com.ua/pdf/10_2015/45.pdf
http://nbuv.gov.ua/UJRN/VNULPDM_2017_866_30.
https://khgts.kname.edu.ua/index.php/khgts/article/view/5098
https://khg.kname.edu.ua/index.php/khg/article/download/5447/5371/
https://doi.org/10.36910/automash.v1i16.510
https://doi.org/10.36910/automash.v1i16.510
mailto:kochina.tsl@gmail.com
https://orcid.org/0000-0001-8377-4770

