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SYSTEMATIC ANALYSIS OF FACTORS INFLUENCING THE EFFICIENCY OF
MULTIMODAL TRANSPORT

The transport policy of many developed countries is based on the development and implementation
of multimodal transport systems. They are an effective means of solving urgent problems of social
development, globalisation of internal and external relations between states. The wide coverage of the
problems of functioning and developing multimodal transport systems by the world scientific community
shows that multimodal transport systems are currently considered as one of the means of solving the most
pressing problems of the economy, transport, mobility, etc.

The authors have analysed existing research and found that there are no holistic approaches to
analysing, designing, planning and managing different types of multimodal transport systems. The direct
application of mathematical methods alone is insufficient and inefficient for such large technical systems
as multimodal transport systems (MMTS). The reason for this is the uncertainty of a large number of
factors and situations. Therefore, this paper uses the logical foundations of systems analysis. This has
allowed the authors to gain a much deeper understanding of the nature of multimodal transport systems,
their structure, organisation, tasks, regularities of functioning, optimal ways of development and
management methods. The most important factors influencing the efficiency of international multimodal
transport were identified using the method of expert evaluation. The content of the most influential factors
identified by the experts was systematised. The systematic procedure allowed analysing possible
alternative methods and means of achieving the goals, identifying effective solutions for improving the
efficiency of MMTS, identifying the largest possible number of organisational and subjective factors
affecting the object of study and considering how they affect each other.
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INTRODUCTION

Multimodal transport systems are integrated systems in which different transport modes work closely
together to make moving people and goods convenient and efficient. These systems combine the use of cars,
bicycles, pedestrians, public transport and air travel, creating the conditions for the optimisation of traffic
flows. The main benefits are improvements in accessibility, reductions in travel time and reductions in
carbon dioxide emissions. Multimodality allows travellers to choose the mode of transport that is most
appropriate for them.

The terminology of multimodal transport has been laid down in international law. The first document
introducing the multimodal concept was the 1980 UN Convention on International Multimodal Freight
Transport (Geneva Convention) [1]. In 1995, the United Nations Conference on Trade and Development
(UNCTAD) developed a set of rules for multimodal transport. The International Chamber of Commerce
(ICC) has made an important contribution to the development of legal regulation of multimodal transport.
Under its auspices the “Package of Rules on Multimodal Transport” has been adopted.

In the European Union, multimodal transport systems are regulated by Council Directive 92/106/EEC
of 7 December 1992 establishing common rules for certain types of combined transport of goods between
Member States, which has to be implemented by all Member States by 2022. This Directive aims to reduce
road transport by developing multimodal rail, inland waterway and maritime systems. [2].

Much attention is given to developing and improving multimodal transport in Ukraine, which is served
by road, rail, air and water. The country occupies 603,550 sq km. The shape of the country is complex,
stretched in the latitudinal direction, the maximum distance from east to west is 1316 km, from north to
south — 893 km.

The geographical location of Ukraine allows it to control land and air transport routes between Eastern
and Central Europe, sea transport routes in the Black and Azov seas, transport corridors along inland
waterways between the Baltic and the Black Sea (Dnipro-Bug channel of the Vistula-Dnipro water system),
and pipeline transport of hydrocarbons to European countries from the East (Druzhba, Soyuz, Urengoy-
Pomary-Uzhhorod [3]). Rail and waterways played a leading role in multimodal freight transport, which was
significantly reduced due to hostilities.

Developing multimodal transport systems (MMTS) is an important process whose successful
implementation can solve the country’s security problems and increase investment in its economy.
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ANALYSIS OF LITERATURE DATA AND FORMULATION OF THE PROBLEM

The strong interest of the scientific community in the development of this topic confirms the
importance of the introduction and development of multimodal transport systems.

The essence of the “multimodal transport” concept, its development prospects and multimodal
transport infrastructure are considered in [4-10].

In particular, Petrenko O.l. and Derepovska T.V. [4] substantiated the factors that have a negative
impact on the development of multimodal transport in Ukraine; outlined the basic principles of the
multimodal system and the main reasons that hinder the development of multimodal transport in Ukraine.

The problem of multimodal transport development from the point of view of ensuring its safety and
reliability was addressed by Cherednichenko K., lvankikova V. et al [5]. The authors have proposed a
methodology for the evaluation and selection of the optimal safe transport route. The issue of reliability is
important for the effective organisation and functioning of multimodal transport systems. This is shown by
the analysis of existing studies [5, 6, 11]. According to the authors, the complexity of multimodal transport
systems and the involvement of different types of vehicles explain the importance of this criterion for the
evaluation of multimodal transport systems. The complexity of ensuring the safety of such integrated
transport systems lies in the need for adaptation of their assessment methods and the main criteria that ensure
reliability and safety for all modes of transport.

Methodological and methodical support of making management decisions in the system of multimodal
freight transport and analysis of ways to improve the economic efficiency of making decisions is the subject
of research by many authors [12, 13, 14, 15].

In order to organise the management process, management often uses graph models [12, 13, 14]. In
our opinion, these models do not always take into account all the characteristics of a multimodal system in
detail, in particular the time spent at freight or passenger transfer points, which does not always correspond
to the plan. Researchers are developing modern software products for effective management and
management methods which include the use of automated and digital control systems and artificial
intelligence [16, 17, 18]. Such a management organisation meets the requirements of universality. It takes
into account the multi-criteria choice under conditions of uncertainty from a discrete or continuous set of
alternatives.

An analysis of recent research has shown that researchers have been developing new approaches to the
solution of multimodal transport problems [19-21].

Zukhruf F., Frazila R. B. and others [19] proposed a comprehensive model for the restoration of a
multimodal system destroyed by a natural disaster. The model includes measures to restore the road network
and multimodal terminals, and also takes into account the interdependence of infrastructure and equipment in
the system for the smooth distribution of humanitarian aid.

In this paper [20], the authors highlight the importance of travel time assessment in a multimodal
freight transport network. This parameter is essential for the improvement of supply chain and logistics
operations. Accurate travel time prediction is very important for freight transport and allows to improve
logistics efficiency and quality. This paper develops a DLTTE-MFTN time estimation method that can be
used to reduce dimensionality of multimodal transport data objects, significantly improving travel time
prediction. The method has been tested by the authors and shows that using it gives superior performance
compared to other models.

In order to justify the modes of transport for Japanese export containers, Dongxu Chen, Sufan Peng
and others [21] used actual freight data. They developed a route selection model through data integration.
This model is a theoretical basis for Japanese companies which are interested in the use of multimodal
transport for the export of various goods to Europe or China. In addition, this approach helps to provide the
operators with a more accurate assessment of the potential demand in the market.

Chuanzhong Yin, Ziang Zhang and others [22] have developed a comprehensive model for restoring a
multimodal system that has been destroyed by a natural disaster. The model includes measures to restore the
road network and multimodal terminals. It takes into account the interdependence of infrastructure and
equipment in the system to ensure the smooth distribution of humanitarian aid.

The wide coverage of the functioning and development of multimodal transport systems by the global
scientific community shows that the public policies of many countries are currently based on developing
them, and MMTS are considered as one of the means to solve the most pressing economic, transport,
mobility, etc. problems.

At the same time, an analysis of the literature showed that holistic approaches to the analysis, design,
planning and management of different types of multimodal transport systems do not exist. The authors have
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used various methods of mathematical modelling, structural synthesis, optimal control, optimisation for load
studies, description of the conditions for the safe operation of transport, capacity, etc.

The direct application of mathematical methods alone is insufficient and not very effective for such
large technical systems as MMTS. The reason for this is the uncertainty of a great number of factors and
situations. That is why we will not use mathematical methods, but the logical foundations of systems
analysis, which will allow us to understand better the nature of multimodal transport systems, their structure,
organisation, tasks, regularities of operation, optimal ways of development and management methods.

PURPOSE AND OBJECTIVES OF THE STUDY.

The purpose of the study is the systematic analysis of the factors which have an impact on the
efficiency of multimodal transport. In order to achieve this goal, it was necessary to carry out the following
tasks: an expert assessment to identify the most important factors influencing the efficiency of international
multimodal transport; systematisation of the content of the most influential factors identified by the experts.

RESEARCH RESULT

Effective use of MMTS requires a systematic and scientific approach to the organisation of
multimodal transport. All logistical and technological processes must be taken into account. This is
particularly important in the case of international multimodal transport. In contrast to other formalised
approaches, systems analysis makes it possible to:

- analyse all possible alternative methods and means of achieving objectives, combining them where
necessary to solve the problem identified,;

- find non-standard, but effective solutions;

- identify the maximum number of organisational and subjective factors influencing the studied
problem and consider how they interact.

Multimodal international transport can be seen as a process based on the integration of production and
transport that can lead to improvements in transport quality and reductions in resource costs. Transport
efficiency is influenced by many factors, both internal and external. However, it should be understood that
external factors are virtually impossible to change. However, on the basis of a systematic analysis they can
be taken into account, predicted and controlled, which will allow timely adjustment of internal factors.

The first phase of the research was an expert assessment of the key factors that influence the efficiency
of international multimodal transport.

According to the recommendations of [23], an expert group was formed. It consisted of 12 experts: 3
teachers, 6 representatives of transport companies (4 of them were specialised in international transport), 3
representatives of the Ukrzaliznytsia.

Several stages were involved in the technology of expert evaluation: Stage | — formulating the purpose
of the expert analysis; Stage Il — forming an expert group; Stage Il — developing procedures and expert
assessment; Stage IV — obtaining results; Stage V — processing the results and analysing the data obtained;
Stage VI — determining the degree of achievement of the purpose of the expert assessment.

The experts were asked to analyse the following factors: automation of control systems, technical
support, introduction of information technologies, meteorological conditions, availability of means of
transport, social conditions, spatial planning and organisation of transport.

Generalised information about the object under investigation and the decision was obtained on the
basis of the experts’ assessments. A variety of quantitative and qualitative methods are available for the
processing of individual expert opinions. The choice of the method depends on the complexity of the
problem to be solved and on the form and the purpose of the expert opinion.

The experts used the ranking method. This is the arrangement of objects in ascending or descending
order of some inherent characteristic. The ranking method makes it possible to select the most important of
the set of factors or parameters that have been studied. The resulting ranked list is called the Ranked List.
The rank of the most important indicator equals 1 and the rank of the least important indicator equals the
number n. The advantage of the method is its simplicity. The responses of the experts are averaged to obtain
a generalised assessment of a group of experts. Averages are most often used for this.

The arithmetic mean of the rankings assigned to the objects:

% =22 )

m

where X is the arithmetic mean of the expert group scores;
x; is the score of the j expert.
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The accuracy of the experts’ ratings was determined by the degree of concordance between the
opinions of the experts. The coefficient of concordance was calculated by the formula

128

where S is the sum of the squared deviations of the number of rankings or preferences of each factor
from the mean; n is the number of experts; m is the number of factors to score.
Sum of the squares of the deviations from the arithmetic mean (Pc.p,)

S=3r (I, x, — %), @3)

where x; ; is the number of ranks assigned by the j expert to the i factor;

X is the arithmetic mean of the rankings.

The results of the expert ranking are presented below.

The expert evaluation method showed that the main factors influencing transport are automation of
control systems, introduction of information technologies, availability of modes and infrastructure (Table 1).

Table 1 — Results of the experts’ assessment of the importance of the influencing factors

The factors Scores of the experts Sum of Deviation
rankings square
AZ
= (y-%)°
112|3|4|5|6]7(8|9]|10]11]|12
the
meteorological 1/1(2(3(1(1(1}2/3|1|1]1 18 1296
conditions
the availability
of transport and |6 | 5|6 |5|5|5|6|6|6| 3|52 60 36
infrastructure
the ~— sociall,lolqlal2lal2le|1|2]3]|3| 23 961
conditions
the automation
of the control |8 |7(8|8|8(6|8|7|7|8|7]8 90 1296
systems
the  technical | 5| 415 |4 6(7|5/3|5/ 4|64 58 16
support
the
implementation | 2| o1 21617 8|7 8|87 |8|7]| 86 1024
of information
technology
spatial planning |3 |3 |4 |7 |42 |3 |4|2|5 |2 |6 45 81
the organisation
of the transport |4 (8|3|2|3|4|4|5|4|6|4]|5 52 4
operations
) ------------f=54256856

The coefficient of concordance is the result of the formula (2): W = 0,78. The value of the
concordance coefficient is close to 1, which indicates the consistency of the experts’ opinions.

DISCUSSION OF THE RESULTS OF THE STUDY

Problem solving is the process of exploring different ways of finding an answer to a problem. The
essence of problem solving is the presentation of the collected and processed information material in the
form of a coherent, consistent and reasoned justification for the achievement of the objectives. Much time is
often lost in finding the most effective way to achieve the end goal because of incomplete or inadequate
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information. It is at this level that information needs are most active. Satisfying them can lead to significant
savings in human, material and financial resources.

The expert analysis carried out by the authors of the article made it possible to identify the main
factors influencing the transport process. This is the basis for finding ways to improve the efficiency of
multimodal transport, including in Ukraine.

We want to systematise the content of the first three factors identified by experts as having the greatest
impact on the efficiency of multimodal transport.

1. The automation of the control systems.

The infrastructure and management of transport systems are complex and require the implementation
of automated systems at the current stage of development. The processes of traffic tracking and operational
management of transport systems are greatly facilitated by automated systems. It is possible to react quickly
to emerging dangerous situations through the use of automated systems. This can be achieved through
automated tools that support the exchange of data between vehicles and systems, and between vehicles and
infrastructure. At present, it is known that automated systems are built into the design of vehicles to ensure
the safety of the driver: ABS (Anti-Lock Braking System); ESC (Electronic Stability Control); DBC
(Dynamic Brake Control); TCS (Traction Control System); EBD (Electronic Brake Distribution); BAS
(Brake Assist Systems); AEBS (Automatic Emergency Braking Systems); LDWS (Lane Departure Warning
Systems); FCWS (Frontal Collision Warning Systems), etc. These functions are implemented using
ultrasonic sensors, infrared sensors, radar and artificial vision.

The safety of road traffic is not only influenced by the reliability of the vehicle itself and its
equipment, but also by the automation of road traffic equipment. In particular, automated meteorological
systems based on using high-precision sensors to measure temperature, wind speed, direction, precipitation,
etc. Detectors for the monitoring of traffic are a set of sensors placed under the surface of the road. Various
sensors transmit information to control panels. The information is processed immediately.

Rail transport is an important component of the multimodal transport system of Ukraine. Mainly due
to its ability to carry the majority of bulk freight over long distances throughout the year, rail is the backbone
of the country’s transport system. The loss of sea freight has also contributed to the growing importance of
this mode of transport. Automation equipment has become a vital part of the railway’s technical armoury,
helping it to reliably perform its transport tasks, increase its capacity, ensure the safe movement of trains and
provide seamless communication between all rail transport equipment.

Automation equipment includes: automation equipment that regulates the movement of trains on the
tracks (semi-automatic and automatic blocking); control equipment for switches and signals in the station;
door position sensors; automated systems for control of power supply to power equipment and their
operation. The reliable operation of automated systems ensures the safety of people, goods and rolling stock,
the speed of transport and the comfort of passengers and staff. Automated systems perform tasks of optimal
process control, collection and processing of information, planning and prediction of technological processes
and the state of equipment.

2. The implementation of information technology.

We now turn to the second influencing factor, namely the importance of information technology for
the efficient organisation of multimodal transport. The concept of information is important for the systems
and for the analysis of them. Therefore, there will be a formalisation of this concept. To organise the process
of efficient information use for multimodal transport, high-bandwidth electromagnetic and optical channels
are used. In particular, fibre optic information transmission networks are widely used in Ukraine. They
enable information exchange, video surveillance and free access to Internet resources. Information systems
make it possible to process information concerning the location, safety and environmental situation of
transport. Railway transport uses fibre optic networks. Road transport uses wireless technologies such as
GSM and DSRC. The monitoring and management of logistics processes is being improved by artificial
intelligence and other technologies.

The number of devices that use GPS and GSM-R has now grown considerably and is continuing to
develop in all modes of transport. This provides detailed information on passenger and freight movements to
transport infrastructure operators.

The use of information technology enables rail and road companies to have access to each other’s
information and to communicate with customers.

The transfer of electronic texts between computers in management and transport eliminates the need
for paper documentation. It greatly simplifies the management and planning of multimodal transport and
reduces the time required for its implementation. In addition, according to UNECE experts [24], the
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development of electronic information systems saves on average 7-8% of the value of goods in international
trade.

3. Accessibility of transport infrastructure.

Transport infrastructure is the fixed structures, facilities and networks that enable people and goods to
move. Urban transport infrastructure is divided into five broad groups: roads, bridges and tunnels, rail and
tram, water, and cycling and walking [25]. Underdeveloped transport infrastructure has a direct impact on
the speed, safety and reliability of transport, including an insufficient number of vehicles, both road and rail.

For the creation of an efficient infrastructure for both domestic and international transport, it is
necessary to develop the construction of logistics terminals that enable the interaction of different modes of
transport, which in turn creates favourable conditions for the organisation of multimodal transport and
integration into the international logistics system.

We are going to analyse how the infrastructure affects the efficiency of the MSEs. First of all, the
basis for reducing negative environmental impacts is to solve the problem of organising modern high-tech
infrastructure. Particularly in Ukraine, in view of the reduction in the number of waterways, it is advisable to
build and technically develop existing railway lines and equip them with modern logistics centres. As a
result, carbon dioxide emissions will be significantly lower in comparison with road transport.

Given the strategic importance of rail transport for the country, a major problem in developing it as a
component of the multimodal transport system is the low level of organisation of high-speed rail transport.
The solution to this problem will require a whole range of systemic research, which will result in a
programme of scientific, technical and technological solutions.

The development of the transport infrastructure in Ukraine also requires the creation of multimodal
transport and logistics hubs in the country. The current multimodal transport system in Ukraine, as revealed
by the system analysis, requires the relocation of freight terminals from the eastern and southern parts of the
country to the western part. An example of this is the organisation of a logistics centre in the Rivne region.
This centre is used for both export and import of goods. Most of the staff are employees of sea freight
terminals who have experience in the construction and maintenance of such terminals. The terminal offers
cargo owners handling and storing, customs clearance, packing, insurance, etc.

An analysis of the organisation of production processes within the terminal allowed the authors to
identify the main factors preventing the terminal from becoming more dynamic. The first is the increase in
the cost of transporting goods due to the need to replace wagons, which is caused by the difference in track
gauge between Ukraine and the EU. In addition, the MMTS of the partner countries does not have enough
rolling stock, which hinders the growth of freight traffic from Ukraine.

SUMMARY

The study has carried out a systematic analysis of the problem of organising multimodal transport and
of the factors that influence its efficiency.

The results of the study led to the following conclusions:

1. The scientific community pays considerable attention to the study of modern principles of operation
of certain types of transport and multimodal transport. Researchers' attention is mainly focused on improving
a particular mode of transport, certain stages of multimodal transport or solving problems in a particular
geographical region. This approach does not meet the current development trends and problems of
multimodal transport and innovative technologies.

2. Using expert assessment, the authors have established the main factors affecting the efficiency of
multimodal transport systems, that is, determining the specifics of the multimodal freight transport system:
automation of control systems, introduction of information technologies, availability of transport modes and
infrastructure.

3. A systematic analysis of the content of the factors that primarily affect the efficiency of multimodal
transport allows to identify the main unresolved problems of organising MMTS.

Regarding Ukraine, these are:

- low development of transport infrastructure, including insufficient number of vehicles, in particular
in the field of rail transport, which directly affects the speed, cost, and reliability of transportation;

- poor development of innovative technologies.

4. In order to achieve significant progress in the field of multimodal transport system of Ukraine, a
number of strategic tasks must be solved:

- to intensify the construction of logistics terminals that enable broad interaction between different
modes of transport and create favourable conditions for organising multimodal transport, increase the
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efficiency of logistics processes and create conditions for successful integration into the international
logistics system;

- to introduce transport innovations, including the digitalisation of the transport industry;

- to apply electronic document management, electronic data exchange, technologies and standards of
EDIFACT, EDI and others.

In order to increase the efficiency of MMTS, the research should be continued in the following
directions:

- development and implementation of adaptive systems for controlling motion parameters, including
software and hardware solutions using artificial intelligence elements;

- development of a model for managing transport routes using information technologies, taking into
account the peculiarities of the economic, social and political situation in Ukraine.

DECLARATION OF COMPETING INTEREST

The authors declare that they have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.

DATA AVAILABILITY

Data will be made available on request.

REFERENCES
1. Convention on International Multimodal Transport of Goods: United Nations Conference on a
Convention on International Multimodal Transport (1980). URL:

https://unctad.org/system/files/officialdocument/tdmtconfl7_en.pdf

2. Roadmap for the implementation of Council Directive 92/106 of 7 December 1992 establishing
common rules for certain 41 types of combined transport of goods between Member States URL:
https://mtu.gov.ua/files/Dir%2092%20106.docx (Dorozhnya karta implementatsiyi Dyrektyvy Rady 92/106
vid 7 hrudnya 1992 r. pro vstanovlennya spil'nykh pravyl dlya okremykh 41 vydiv kombinovanykh
perevezen’ vantazhiv mizh derzhavamy-chlenamy URL.: https://mtu.gov.ua/files/Dir%2092%20106.docx

3. Transport in Ukraine. URL:
https://uk.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D1%81%D0%BF%D0%BE%D1%8
0%D1%82 %D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D0%B8

4. Petrenko O.l. & Derepovska T.V. (2017). Problems of the development of multimodal
transportation in Ukraine and ways to solve them. http://www.economy.nayka.com.ua/?0p=1&z=5582
(Petrenko O.1. & Derepovs'ka T.V. (2017). Problemy rozvytku mul’'tymodal'nykh perevezen’ v Ukrayini ta
shlyakhy yikh rozv”yazannya http://www.economy.nayka.com.ua/?0p=1&z=5582)

5. Cherednichenko, K., Ivannikova, V., Sokolova, O., & Yanchuk, M. (2023). Model of transport
safety assessment in  multimodal transportation systems. Transport, 38(4), pp. 204-213.
https://doi.org/10.3846/transport.2023.20865

6. Chaika-Petegyrich L. B. (2020) Multimodal and intermodal freight transportation in the system of
international transport logistics. Access mode: http://visnyk-
econom.uzhnu.uz.ua/archive/33_2 2020ua/20.pdf (Chayka-Petehyrych L. B. (2020) Mul'tymodal’'ni ta
intermodal'ni vantazhoperevezennya v systemi mizhnarodnoyi transportnoyi lohistyky. Rezhym dostupu:
http://visnyk-econom.uzhnu.uz.ua/archive/33_2_ 2020ua/20.pdf)

7. Zhu Z., Zhang A. & Zhang Y. (2019) Measurement of multimodal connections and communication
emissions of transport infrastructure in China.

8. Liu Z., Wang Z., Cheng Q., Yin R. & Wang M. (2021). Estimation of urban network capacity with
second-best constraints for multimodal transport systems. Transportation Research Part B: Methodological,
Vol. 152, pp. 276-294. https://doi.org/10.1016/j.trb.2021.08.011

9. Zhang J., Liao F., Arentze T. & Timmermans H. (2011). A multimodal transport network model for
advanced traveler information systems. Procedia - Social and Behavioral Sciences, Vol. 20, pp. 313-322.
https://doi.org/10.1016/j.sbspro.2011.08.037.

10. Komashinskiy V., Malygin I. & Korolev O. (2020). Introduction into cognitive multimodal
transportation ~ systems.  Transportation ~ Research ~ Procedia, Vol. 50, pp. 273-279.
https://doi.org/10.1016/j.trpro.2020.10.033

11. Asaul A., Malygin I. & Komashinskiy V. (2017). The Project of Intellectual Multimodal Transport
System. Transportation Research Procedia, Vol. 20, pp. 25-30. https://doi.org/10.1016/j.trpro.2017.01.006

12. Renne J. Creating resilient transportation systems. Policy, planning and implementation / J. Renne,
K. Kim, P. Murray-Tuite, A. Pande, B. Wolshon. 1st ed. Elsevier, 2020. 244 p.

2024



https://unctad.org/system/files/officialdocument/tdmtconf17_en.pdf
https://uk.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D1%81%D0%BF%D0%BE%D1%80%D1%82_%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D0%B8
https://uk.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D1%81%D0%BF%D0%BE%D1%80%D1%82_%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D0%B8
http://www.economy.nayka.com.ua/?op=1&z=5582
http://www.economy.nayka.com.ua/?op=1&z=5582
https://doi.org/10.3846/transport.2023.20865
http://visnyk-econom.uzhnu.uz.ua/archive/33_2_2020ua/20.pdf
http://visnyk-econom.uzhnu.uz.ua/archive/33_2_2020ua/20.pdf
http://visnyk-econom.uzhnu.uz.ua/archive/33_2_2020ua/20.pdf
https://doi.org/10.1016/j.trb.2021.08.011
https://doi.org/10.1016/j.sbspro.2011.08.037
https://doi.org/10.1016/j.trpro.2020.10.033

© O. Nalobina, M. Holotiuk, A.Shymko, O. Bundza, V. Puts, V. Martyniuk 2024

13. Rondinelli D. & Berry M. (2000). Multimodal transportation, logistics, and the environment:
managing interactions in a global economy. European Management Journal, Vol. 18 (4), pp. 398-410.
https://doi.org/10.1016/S0263-2373(00)00029-3

14. Kotenko A.G., Malakhova T.A., Shmatkov R.N. & Tushin N.A. (2021). Description of
multimodal transport networks by means of graph models. Journal of Physics: Conference Series. Vol.
2131. DOI 10.1088/1742-6596/2131/3/032009

15. Zhuravleva N. A. & Poliak M. (2020). “Architecture of managing big data of mixed transportation
of passengers in aglomerations” 2020 Published under licence by IOP Publishing Ltd IOP Conference
Series: Materials Science and Engineering, VIII International Scientific Conference Transport of Siberia -
2020 (22-27 May 2020, Novosibirsk, Russia) 918. DOI: 10.1088/1757- 899X/918/1/012055

16. Khodzhiboyakhmad A.Z. (2021). Multimodal transportation software. // Current problems of
information and telecommunication technologies and mathematical modeling in modern science and
industry: materials of the International. scientific-practical conf., Komsomolsk-on-Amur, March 20-25, 2021
/ — Komsomolsk-on-Amur: FSBEI HE “KnAGU”, 2021. — p. 160-163. (Khodzhiboyakhmad A.Z. (2021).
Programmnoye obespecheniye mul'timodal'nykh perevozok. // Aktual'nyye problemy informatsionno-
telekommunikatsionnykh tekhnologiy i matematicheskogo modelirovaniya v sovremennoy nauke i
promyshlennosti: materialy Mezhdunar. nauch.-prakt. konf., Komsomol'sk-na-Amure, 20-25 marta 2021 g. /
— Komsomol'sknaAmure: FGBOU VO «KnAGU», 2021. —s. 160-163)

17. Makarov O. N. & Chunikhina 1. A. (2023). Institutional digital management system of the
transport industry: Features of the multimodal approach. AIP Conf. Proc.5 July 2023; 2526 (1): 030008.
https://doi.org/10.1063/5.0115688

18. Alazzawi, A., Jacques, J. (2020). Design of sustainable logistics corridors based on MCDM/A
combined with supplier selection. An example of the movement of goods to Irag. Transportation Research
Proceedings, 47, 577-584. https://doi.org/10.1016/j.trpr0.2020.03.134 (Alazzavi A., Zhak Dzh. (2020).
Proektuvannya stiykykh lohistychnykh korydoriv na osnovi MCDM/A u poyednanni z vyborom
postachal'nykiv. Pryklad rukhu vantazhiv do Iraku. Transportation Research Procedia, 47, 577-584
https://doi.org/10.1016/j.trpro.2020.03.134)

19. Zukhruf F., Frazila R. B., Burhani J. T.,Prakoso A. D., Sahadewa A., Langit J. S. Developing an
integrated restoration model of multimodal transportation network. Transportation Research Part D:
Transport and Environment. 2022. Volume 110, 103413. https://doi.org/10.1016/j.trd.2022.103413UNECE.
URL: http://www.unedocs.org/

20. Aljanabi M. R., Borna K., Ghanbari Sh., Obaid A. J. (2024) Integrating singular value
decomposition with deep learning for enhanced travel time estimation in multimodal freight transportation
networks. Expert Systems (IF 3.3) 22 March 2024. DOI:10.1111/exsy.13581

21.Chen D., Peng S., Lian F., Yang Zh. (2023). Optimization of a Japan-Europe multimodal
transportation corridor. Transportation Research Part A: Policy and Practice. Volume 175, September 2023,
103782. https://doi.org/10.1016/j.tra.2023.103782

22.Yin Ch., Zhang Z., Zhang X., Chen J., Tao X., Yang L. (2023). Hub seaport multimodal freight
transport network design: Perspective of regional integration development, Ocean &amp; Coastal
Management, Volume 242, 2023, 106675, ISSN 0964-5691,
https://doi.org/10.1016/j.ocecoaman.2023.106675.

23. Bundyuk A.N., Bundyuk Yu.R. & Yu.V. Shumlyanskyi (2013) On the use of the method of expert
evaluations in solving multi-criteria problems. Il International Internet Conference "Actual Problems of
Theory and Practice of Management”. Odesa, ONPU, village 144-146 (Bundyuk A.N., Bundyuk YU.R. &
Shumlyanskyy YU.V. (2013) Ob yspol'zovanyy metoda ¢ékspertnykh otsenok v reshenyy
mnohokryteryal nykh zadach. II Mizhnarodna internet-konferentsiya «Aktual'ni problemy teoriyi ta praktyky
menedzhmentuy». Odesa, ONPU, s. 144-146)

24. Integrating digital economy considerations into Studies on Regulatory and Procedural Barriers to
Trade. Economic Commission for Europe. Note by the secretariat. 26-27 June 2023

25. The Importance of Designing Effective Urban Transportation Infrastructure. URL:
https://www.acbconsultingservices.com/construction-management-for-transportation/what-is-transport-
infrastructure-and-what-types-of-transport-infrastructure-should-we-plan/

Olena NALOBINA*, Doctor of Technical Sciences, Professor of the Department of Agroengineering,
National University of Water and Environmental Engineering, e-mail: o0.0.nalobina@nuwm.edu.ua,
https://orcid.org/0000-0003-1661-7331.



https://doi.org/10.1016/S0263-2373(00)00029-3
https://iopscience.iop.org/journal/1742-6596
https://doi.org/10.1063/5.0115688
https://doi.org/10.1016/j.trpro.2020.03.134
https://doi.org/10.1016/j.trpro.2020.03.134
http://www.unedocs.org/
https://doi.org/10.1016/j.tra.2023.103782
https://doi.org/10.1016/j.ocecoaman.2023.106675
https://www.acbconsultingservices.com/construction-management-for-transportation/what-is-transport-infrastructure-and-what-types-of-transport-infrastructure-should-we-plan/
https://www.acbconsultingservices.com/construction-management-for-transportation/what-is-transport-infrastructure-and-what-types-of-transport-infrastructure-should-we-plan/

© O. Nalobina, M. Holotiuk, A.Shymko, O. Bundza, V. Puts, V. Martyniuk 2024

Mykola GOLOTIUK, PhD in Engineering, Associate Professor, Department of Agricultural
Engineering,  National  University of Water and Environmental Engineering, e-mail:
m.v.holotiuk@nuwm.edu.ua, https://orcid.org/0000-0003-3661-4437.

Oleh BUNDZA, PhD in Engineering, Associate Professor, Department of Agricultural Engineering,
National University of Water and Environmental Engineering, e-mail: 0.z.bundza@nuwm.edu.ua,
https://orcid.org/0000-0003-3770-0273.

Andrii SHYMKO, PhD in Engineering, Associate Professor, Department of Agricultural Engineering,
National University of Water and Environmental Engineering, e-mail: a.v.shymko@nuwm.edu.ua,
https://orcid.org/0000-0002-2525-2787.

Vitalii PUTS, PhD in Engineering, Head of the Department of Industrial Engineering, Lutsk National
Technical University, e-mail: putsvs@ukr.net, https://orcid.org/0000-0003-3164-6173.

Viktor MARTYNIUK, PhD in Engineering, Associate Professor, Department of Industrial Engineering,
Lutsk National Technical University, e-mail: martyniukviktor77@gmail.com, https://orcid.org/0000-0002-
6914-2336.

* Corresponding author.
Received 25 March 2024;

Accepted 30 April 2024
Available online 28 May 2024

DOI: 10.36910/conf_avto.v1i1.1391

2024


https://orcid.org/0000-0003-3661-4437
https://orcid.org/0000-0003-3770-0273
https://orcid.org/0000-0003-3164-6173
https://orcid.org/0000-0002-6914-2336
https://orcid.org/0000-0002-6914-2336

