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TRANSPORT MODELING IN THE 
DEVELOPMENT OF A COMPLEX 
TRANSPORT SCHEME ON THE 
EXAMPLE OF THE CITY OF 
KYIV (UKRAINE)

The object of research is a complex transport scheme using the example of the city of Kyiv (Ukraine). The 
comprehensive transport scheme of the city of Kyiv provides for a variant design of the city’s transport system. 
In transport planning and design, for a qualitative assessment of planning decisions, predictive transport models 
of cities are most often used, which describe the macroscopic parameters of the traffic flow. The proposed options 
were tested on a transport model. The main task of this model is the modeling of transport correspondence, where 
the volume of traffic by public transport is about 80–90 % of the total volume of traffic. For this, a model was 
developed, with the help of which the level of loading of the main network, the volume of transport work, and the 
total number of passengers carried by public transport were analyzed. When choosing the optimal option, let’s 
took into account such parameters as the average speed of the traffic flow, general transport delays, and the total 
number of passengers transported by public transport. As well as the average distance of travel, the average time 
for the implementation of transport correspondence on public transport, the cost of unproductive loss of time by 
residents of the city, and so on.

Based on the results of transport modeling, the optimal option for the development of the city’s transport sys-
tem was selected, which provides for the completion of the construction of existing road transport infrastructure 
facilities, the construction and development of the backbone network, systems outside the street rail transport, 
and optimization of the public transport route network. The complex transport scheme of the city of Kyiv, which 
was created using modern technologies in the field of transport modeling, allows to analyze and determine the ef-
fectiveness of the implementation of various measures for the development of the city’s transport infrastructure. 
Transport modeling has shown the feasibility of providing initial data for the feasibility study of investment projects, 
the arrangement of road transport infrastructure facilities, the improvement of traffic management schemes, the 
arrangement of new public transport routes.

Keywords: macromodeling of traffic flows, transport model, transport planning, backbone network, transport 
infrastructure.
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1.  Introduction

Making informed decisions on the development of trans-
port infrastructure is a topical issue for many cities in 
the world. Modern transport problems, the lagging pace 
of development of the backbone network and the public 
transport system worsen the conditions of movement of 
residents. This problem is especially acute in large, large 
and large cities [1, 2].

In this paper, let’s consider the issues of an integra-
ted approach to the development of the city’s transport 
system and the choice of effective tools for solving ur-
gent transport problems using the example of the city of  

Kyiv (Ukraine). The backbone network for the city was 
designed for the level of motorization of 200–250 cars 
per 1000 inhabitants, although today in the country as 
a whole this figure is 250–300 cars per 1000 inhabitants. 
In Kyiv, according to the calculations of specialists of the 
Communal Organization «Kyivgenplan», the figure exceeded 
the figure of 370 cars per 1000 inhabitants [2, 3].

With the aim of rational development of traffic in cities, 
according to the new state building codes for planning 
and development of territories, an integrated transport 
scheme (ITS) is being developed as a separate document 
for settlements with a population of more than 100 thou-
sand people during the billing period [3].
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By order of the Department of Urban Planning and 
Architecture, the Communal Organization «Kyivgenplan» 
is developing a «Comprehensive transport scheme for the 
city of Kyiv as part of an integrated plan for the develop-
ment of the transport infrastructure of the city of Kyiv 
and its suburban area» (ITS). The main task of the ITS 
development is to improve the transport system of the city 
of Kyiv in terms of the development of the road network, 
improve the public transport system, provide proposals for 
organizing bicycle infrastructure, and the like. The work on 
the ITS development is carried out in accordance 
with the approved schedule. At the moment, the 
stage of clarification and updating of the initial 
data for the existing transport model of the city 
has been completed, including up-to-date informa-
tion on the distribution of the population and 
its demographic situation, the graph of the road 
network, and the operation of public transport. 
Also, options were developed for the development 
of the city’s transport infrastructure for different 
stages of implementation, taking into account the 
prospective population and places of employment.

Therefore, it is relevant to study the applica-
tion of transport modeling in drawing up a pro-
gram for the development of the city’s trans-
port infrastructure. This study will be especially  
interesting for cities that do not have developed 
transport models. So, the object of research is a com-
plex transport scheme using the example of the 
city of Kyiv (Ukraine). The aim of research is to 
study the features of transport modeling.

2.  Methods of research

To analyze the operation of the city’s transport net-
work, the following groups of transport models are used:

1) forecast;
2) imitation;
3) optimization.
In 1960, the UK created the first transport model based 

on the principles of computer modeling of the distribution 
of traffic flows. City transport planning uses predictive 
transport models. A special condition for the development 
of CTS is the use of the transport model of Kyiv and its 
suburban area, made in the software package PTV Visum [4]. 
The load level of the backbone network in the transport 
model of the city of Kyiv are shown in Fig. 1.

Macromodeling of traffic flows is an effective tool for 
a qualitative assessment of the functioning of the city’s 
transport system as a whole, determination of the ra-
tional arrangement of new objects of the road network, 
and optimization of the public transport system. Trans-
port modeling helps to analyze the level and redistribu-
tion of traffic flows on the road network, passenger flows 
on public transport [5–7]. A structured diagram of the 
main components of the predictive transport model is  
shown in Fig. 2.

The first stage in the development of a city’s transport 
model is the creation of a transport proposal, which is 
represented by the street and road network, traffic in-
tensity, race capacity, public transport routes, etc. [8, 9].

Calculating transport demand using the classic four-
step mathematical model is the second step. The initial 
data for this is information on the number of population, 
jobs, the number of schoolchildren and students, places in 
educational institutions, statistical data on the distribu-
tion of transport correspondence by purpose of travel. The 
transport model is designed to determine the volume of 
transport work at known locations of the flow-generating 
objects of the city [9, 10].

3.   Research results   
and discussion

ITS provides for a variant design 
of the city’s transport system. During 
its development, a predictive transport 
model was created, on which several 
options for the development of the trans-
port system were tested. The options 
differ in the length of the construction 
of new main streets, the number of road 
junctions at different levels and over-
passes across the railway, the number 
of new transport crossings across the 
Dnipro, the length of high-speed outside 
street transport lines and the routing 
of ground public transport routes. The  Fig. 1. Transport model of the city of Kyiv
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 Fig. 2. Structured diagram of the main components of predictive transport model



INFORMATION AND CONTROL SYSTEMS:
SYSTEMS AND CONTROL PROCESSES

53TECHNOLOGY AUDIT AND PRODUCTION RESERVES — № 3/2(59), 2021

ISSN 2664-9969

analysis of the simulation results was carried out according 
to the following parameters: the average speed of traffic 
flow, total transport delays, the total number of passengers 
transported by public transport, the average distance of 
travel, the average time for the implementation of trans-
port correspondence on public transport, etc.

Based on the simulation results, the optimal option 
for the development of the city’s transport system was 
selected. Overall transport delays were 8 % less than other 
options, and the average transport speed was 25.6 km/h. 
The savings in unproductive time losses per day amounted 
to approximately 3 million USD.

It provides for the completion of the construction of 
the Podol bridge crossing, the extension of the Big Ring 
Road to Bohatyrska Street, the construction of more than 
10 transport interchanges at different levels. The deve-
lopment of the public transport system is envisaged, in 
particular the construction of the Podolsko-Vygurivska 
metro line, the construction of five stopping points on 
the city train line, the extension of the tram line to the 
Palats Sportu metro stations, and the development of the 
trolleybus and bus network.

Table 1 shows the predicted traffic intensity at bridge 
crossings across the Dnipro and on sections of the main 
highways of Kyiv. The data are taken from the transport 
model of Kyiv.

The transport model allows to analyze the change in 
the predicted intensity of traffic flows on the backbone 
network. With the development of the transport system, the 
value of traffic intensity in some areas changes significantly. 
So, for example, on the section of Povitroflotskyy prospect 
the intensity for the future is growing by about 25 %. 
At that time, on Shukhevych Avenue decreased by 10 %.

4.  Conclusions

The complex scheme of transport of the city of Kyiv, 
using modern technologies in the field of transport model-
ing, is considered in the work. It is a strategic planning 
document. This document allows to analyze and determine 
the effectiveness of the implementation of various measures 
for the development of the city’s transport infrastructure 
in the future. As part of the work, a modern predictive 
transport model was developed based on the PTV Visum 
software package, which is widely used in Europe in the 
field of transport planning. The transport model as part 
of an integrated transport scheme is a powerful tool that 
provides data on the volume of transport work, passenger 
flows, and the like. Based on the results of modeling, dur-
ing the study, the optimal option for the development of 
the city’s transport system was selected. Overall transport 
delays were 8 % less than other options, and the sav-
ings in overhead time per day amounted to approximately  
3 million USD.

This transport model can be useful in the field of sci-
entific transport research in predicting the traffic intensity 
on the road network. And also when analyzing the pa-
rameters of traffic flows on the approaches to the largest 
cities and the like.

The results of the study can be used for future projects 
at the micro level, in particular, to improve the operation 
of traffic lights, the arrangement of one-way streets, the 
justification of separate lanes for public transport. And also, 
they will help to study the effect of blocking the carriage-
way of streets during various events in order to predict  
the redistribution of traffic flows and the like.
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SIMULATION ANALYSIS OF 
TRANSPORT ENERGY EFFICIENCY OF 
ROAD TRAINS AND INTERNATIONAL 
MOTOR TRANSPORTATIONS

The object of the study is the production and technological processes of international road transport (PTP IRT)  
according to the innovative approach and the conceptual idea of technical and technological energy saving in 
motor transport. Predictive assumptions about the development of the object of study – the realization of the pos-
sibilities of operational-simulation and technical-evolutionary method of complex analysis of transport energy 
efficiency of road trains and production and technological processes of international road transport in the practice 
of international road transport.

In the course of the research the operational-simulation and technical-evolutionary method of complex analysis 
of transport energy efficiency of road trains and production-technological processes of international road trans-
portations was considered. As an example, the influence of changes in such a design parameter of the road train 
as the gear ratio of the main transmission of the tractor on its transport energy efficiency, as well as fuel and 
energy consumption of the road train DAF FTR-95xF (Netherlands) in the test trunk operation (at αg = 0). It is 
established that when the value of the gear ratio of the main transmission (Uo) increases, the value of the energy 
efficiency indicator (Pe) varies from 0.55 to 0.58. The greatest value of energy efficiency is at Uo = 2.846. It is 
determined that when the value of the gear ratio of the main transmission (Uo) increases, the value of the energy 
consumption indicator (Ac) increases, and the minimum value of 3.2 MJ acquires the value of the gear ratio of 
the main transmission – 2.846. It was found that when the value of the gear ratio of the main gear (Uo) increases 
the fuel consumption (Qc) increases and acquires a maximum value of 3496.84 g with the value of the gear ratio 
of the main gear – 4.39. The minimum value of fuel consumption of 1684.2 g is achieved when the value of the 
gear ratio of the main transmission 2.846. 

The results of the study can be used to implement systemic and conceptual innovation management in the field 
of international road transport. 

Keywords: conceptual idea, simulation analysis, road transport of international road transport, structure of 
motor transport, design and road factors.

Ramazan Khabutdinov, 
Tatiana Kostiuk

© The Author(s) 2021

This is an open access article  

under the Creative Commons CC BY license

How to cite

Khabutdinov, R., Kostiuk, T. (2021). Simulation analysis of transport energy efficiency of road trains and international motor transportations. Technology 

Audit and Production Reserves, 3 (2 (59)), 54–57. doi: http://doi.org/10.15587/2706-5448.2021.235554

Received date: 09.02.2021

Accepted date: 25.03.2021

Published date: 30.06.2021

1.  Introduction

Road trains that are used for international freight trans-
port today represent a wide range of automotive equip-

ment, which is constantly updated and which has a num-
ber of requirements (resource conservation, environmental 
friendliness, fuel efficiency, etc.). When substantiating the 
renewal of the fleet of road trains, it is necessary to take  


