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in connection with Eastern European and Baltic countries. Combining the advantages of simulation
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management.
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According to the Law of Ukraine, multimodal transportation is the transportation of goods by
two or more modes of transport on the basis of a multimodal transportation contract [1]. Compared to
single car transportation, multimodal transportation can effectively reduce transportation costs by 20%.
Also, the active implementation of multimodal transportation, especially when maritime and rail modes
of transport interact, is an important choice and contribution to the development of low-carbon
logistics.

Based on the review of the scientific literature, it can be concluded that research in the field of
sea and rail transport was carried out in the following directions: modeling of probabilistic networks
and routes [2,3,4]; analysis and optimization of traffic schedules [5,6]; planning the operation of
multimodal terminals and operations at terminals [7,8,9].

Considering the large number of variables that need to be studied together and the consequences
of their interrelationships to be systematically evaluated, many researchers of multimodal
transportation consider it appropriate to use discrete-event modeling [4,7]. Discrete-event modeling
(discrete - event simulation, DES) is suitable for advanced planning of transport systems, as complex
interdependencies can be modeled and visually illustrated in animation.

Modeling of discrete events makes it possible to develop models that formalize technological
processes of railway transport with high adequacy [7]. Researching the problems of railway and seaport
operation is an important scientific and applied problem. For example, Ruiz-Aguilar et al. [8]
developed a mass service model network in order to simulate the delivery time of containerized cargo
from its departure from the railway terminal to its departure from the seaport using the DES model. The
database consists of daily freight train departures and daily ship departures (including berthing and
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cargo loading/unloading times). In addition to operational planning, DES models also cover issues of
strategic decision-making in the interaction of land and sea modes of transport. Lopes et al. [9]
demonstrated this. The decision-making process is based on the comparison of several scenarios using
discrete event simulation, taking into account route cost and port availability [9]. The rapid spread of
agent-based modeling (ABM) has become an established approach with numerous modeling platforms
in the transportation industry. Many scientists note that agent models provide a viable approach to
finding stable optimal solutions [2,7,9,10].

Based on the presented review, it can be concluded that the combination of advantages of
modeling and optimization methods (simulation and optimization ) allows you to get the optimal
solution by searching for a large number of possible alternatives, while taking into account the
uncertainty and complexity of the model. In Ukraine, there is an intensification of multimodal
development in the domestic market and in connection with Eastern European and Baltic countries.
From the point of view of practice, the following issues are currently uncertain for the national
transport system:

1. The presence of a single scheme for the location of multimodal terminals and hubs in
Ukraine. Multimodal terminals can be located on the territory of railway stations and other objects of
railway transport, airports, sea and river ports and are not included in the border crossing points across
the state border of Ukraine [1]. In Ukraine, there is still no centralized information for participants of
multimodal transportation.

2. Effective organization of customs control at points of interaction between automobiles and
other types of transport. For example, at the stage of loading motor vehicles onto railway platforms, or
during the customs clearance of goods delivered by motor vehicles using ferries in the Chornomorsk
sea trade port.

At the time of martial law and the shortage of vehicles, it is necessary to simplify as much as
possible the obtaining of various permits, which lead to transport delays and a decrease in the
efficiency of the use of the vehicle fleet. The time for control of international multimodal transportation
by rail in multimodal terminals has also been increased.

3. Technical and technological improvement of the western railway crossings of Ukraine. The
readiness of the railway infrastructure for a significant increase in the volume of transportation.

In the conditions of the blockade of the sea ports for a long time, land crossings with Poland,
Romania and Slovakia became the only way for mass transportation of goods to Eastern Europe, the
Baltic States and other countries of the world. At the same time, the different width of tracks is one of
the restraining reasons for the development of multimodal transportation of agricultural products from
Ukraine to the Polish ports of Gdansk, Gdynia and Sopot.

4. Creation of infrastructural conditions for international humanitarian aid, when an alternative
option of one type of transport becomes unsuitable or impossible.

International humanitarian aid includes: a network of donors supplying food, medicine,
equipment and other types of goods; processes of collection and assembly of shipments; logistical
processes complicated by the fuel crisis, the destruction of transport infrastructure facilities and active
hostilities. Every day, changes as a result of military aggression require a comprehensive approach to
the interaction of various types of transport in order to preserve the lives of the population and the
uninterrupted functioning of the economy of Ukraine.
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