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Fig. 1. The phases of customs clearance of transit cargo at the seaport
(customs authorities; participant of foreign economic activity)
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Fig. 3. Variation of costs on train car delivery (initial data: ¢, = 2,02 GEL/h; c1= 150
GEL; N = 200 traincars, 0 = 24 h.)
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Fig. 6. The diagram of the ship enetering probability distribution function at various
values of intensity (the calculating number of ships).
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Fig. 7. Th diagram of the relationship between the container terminal volume and
ship carrying capacity (container terminal volume, ship carrying
capacity).



18

153MbEHJobgOM  FHYMHTobocrol dmEIEMdOLS s 49dol (3H935MOOL YOO IOH
©30m3000907)gd0L 338030  Expy = f(Qume) BOBI300L  3GM@gd0  8migdneros
bLYOSNDBY 7. GH3060m0L  Fgbsbgol  3gMomdo  3mOGdo  g9gdgdol  Jgdmligzerol
06@®9bLogbmdol A, - ty, = f(Q o,mg) 5 3mOG30 9OHOOOMMEs© Fgdmbmeo 3939gdol
LooboM0dm Mom©gbmdol K, = f (@ 0,{,,5) 3053303900 dgLodsdobo  Fomdmagbowos

b5 9dBY 8 s 9.
9,00
3 800
2 ,
e
S 7,00
w
Q
£ 6,00
le]
Cc
% g 5,00
® <2 4,00
D
€
© 3,00
o]
2 2,00
Q
S 1,00
S 1,
«©
0,00
0 500 1000 1500 2000 2500 3000

8300 G335Mds, QIMB,

LG, 8. BH30000L  dgbsbgol  3gMom@do  3mOGHTo  399900L  Fgdmlgerol
0639bL03bmdoL 2930l (3H935MdIBY odM3300JdMEgdOL IMHYEO

Fig. 8. Ship entering intensity and ship carrying capacity curve during the cargo
storage period (ship entering intensity, ship carrying capacity).

12

=
(o] o

89097000 LosbagsMndm Momgbmds, Kp
[e)]

8900l &335mdy, Q3Mb



19

1.9, 3mOGIo 9OHNEOMMEsE Fgambreo ggdgool Losbas®odm GomEgbmdol

3990L ($9350Md>BY ©s3Mm3009dMEgdol IOHO.
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Topicality of research

The development of vehicles is not only about the expansion of road networks between
cities and regions of different countries of the world, but also it is the basis for the delivery of
products created by the production using modern technologies to the destination (on demand).

Globalization and growing economic relationship with the EU help Georgia effectively to
join international trading system. The transport and logistics sector must play one of the crucial
roles in this process. Georgia is one of the most important transportation routes on the historic
Silk Road and Georgia is a connecting corridor between Europe and Asia, which develops
almost all types of transport (rail, road and air, as well as seaports and oil and gas pipelines),
which leads to Georgia's integration into the international transport system. Integration of
Georgia into the EU transport system means the introduction of European standards, the
improvement of transport links, developed infrastructure and quality services.

To ensure a continuous transport system in the logistics chain of cargo transportation, it is
important not only to create an efficient transport system for each type of transport, but also the
interaction of different types of transport. Ports and pre-port stations are an important part of the
process of transferring cargo from one type of cargo to another.

One of the important links in the logistics chain of cargo transportation is the introduction
of high quality customs service, the use of effective innovative technologies in customs control
and documentation, which also ensures the compliance of national legislation with international
standards.

Today, about 55% of container shipments are shipped worldwide. Growth of this figure
for 2025 is projected at 70% of the current level. According to the UN Economic and Social
Commission, world container shipping will reach 577 million TEU in the shortest possible time.

In recent years, there has been a significant increase in the number of recycling containers
transported by rail to Georgian ports. In 2019, rail-container shipping increased by 39.0%
compared to 2018. In the period January-July 2020, 47,306 TEU were processed, which is 8.3%
more than in the same period of 2019 (43,687 TEU).

Despite the growth of container shipping in recent years, there are problems in the area of
interaction between different types of transport. Railway cars and ships stand idle, the system of
different standards leads to an increase in the number of documents, the competitiveness of rail
transport decreases due to the increase in the duration of export and import cargo handling
procedures in rail-marine cargo transportation.

The area of research of the dissertation work is the study of the process of interaction

between marine and rail transport during transporting container flow, which has an impact on
increasing the efficiency of the South Caucasus section of the Eurasian Transport Corridor. This
confirms the urgency of the dissertation topic.
Goal and objectives of research. Increasing the transit potential of the Eurasian Transport
Corridor on the Georgian section, by improving customs clearance procedures and improving
the parameters of the process of marine-rail interoperability in the delivery of container flows at
ports and pre-port stations.

To achieve the set goal it is necessary to attain the following objectives:

- Analysis of theoretical and practical studies on the current situation in the area of transport

corridors and container shipping in Georgia and abroad,;

- Analysis of the legal framework of the Customs Service administration and elaboration of

measures for its improvement;
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Investigating the process of bilateral replacement of containers at seaports and pre-port
railway stations to minimize time costs;

Determining the optimal quantity of rail cars for Georgian seaports;

Analysis of the joint operation of different types of vehicles in ports and harbors using
mathematical research methods;

Determining the optimal volume of the container terminal, calculating the indicator
characterizing the economic efficiency of interaction between maritime and rail transport -

additional capital investment.

Research subject. The operation of different types of transport on the Georgian section of

the Transcaucasian corridor, and joint work of the pre-port railway station and seaports.

Research methods

Analysis of transport system and systemic materials from Georgian and foreign

researchers

Applied and specially processed computer programs for statistics, and graphical-analytical

methods of inventory management theory, mathematical modeling and analysis of research
results were selected for the research.

Modern computer technologies were used at each stage of the research.

The novelty of research consists in:

v Methodology for determining the optimal quantity of delivery of railway cars was
developed using the theory of inventory management;

v" Mathematical modeling methodology was developed for the study of joint operation of
maritime and railway transport during the supply of container flows;

v" Using the calculation algorithm based on the mathematical model, there was determined
the volume of the container terminal depending on the vessel call intensity and container
capacity;

v Improving the technology of interaction between land and sea vehicles at the Georgian
section of the South Caucasus Transport Corridor.

Practical bearing.

The practical value of the paper lies in the fact that the recommendations developed on the
basis of the research will improve: the work of the customs administration system in relation to
the normative-legal framework of the EU countries; the efficiency of joint work of marine and
rail transport and increase the capacity of container shipping.

The main areas of using the intellectual product created as a result of the project
implementation are as follows:

- Customs Administration of Georgia and neighboring countries;

- Georgian seaports;

- Training process of students in the relevant area of Batumi Maritime Academy and
training-retraining centers.

Research approbation

The main provisions and results of the dissertation research were presented in scientific reports
and speeches:

1. Akaki Tsereteli State University, Faculty of Engineering, Department of Construction and
Transport, Scientific-practical seminars in the field of transport (Kutaisi 2019-2021);

2. XXVII International Scientific Conference (“trans & MOTAUTO19". 17 - 20.06.2019)
Varna, Bulgaria.
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3. At the Il International Scientific Conference ("HIGH TECHNOLOGIES. BUSINESS.
SOCIETY 209" 10-11.03.2019) Winter Resort "BOROVETS", Bulgaria.

4. Scientific-Technical Conference "Problems of accessibility of people with disabilities to civil
infrastructure and development perspectives”. Kutaisi 2019.

5. Batumi State Maritime Academy Student and Scientific Online Conference, Batumi,
November 27-28, 2020.

Published materials. According to the dissertation materials, 5 papers have been published,
including three in international peer-reviewed English-language journals. These journals have
been recommended by the Dissertation Council of the Faculty of Technical Engineering of
Akaki Tsereteli State University,

The volume and structure of dissertation. Dissertation is divided into five chapters, and
includes 20 tables, 44 drawings, 1 attachment and list of 97 references. Disertation comprises
161 printing pages.

The first chapter of the paper provides an analysis of the current situation in the field of
container shipping the South Caucasus section of the New Silk Road transport corridor,
discusses the process of interaction between different seaports and pre-port railway stations, and
types of seaport services by rail transport.

In the analysis of the current situation in the field of container shipping through
international transport corridors, in the study of the theory and practice of various types of
transport interactions, both Georgian and foreign scientists have made the greatest contribution:
P. Kenkadze, D. Japaridze, T. Dolbaia, I. Danelia, M. Christopher, I. Ansof, Kopachinis, Gross,
R. Valus, J. Larsen, Th. Kirby, G. Nikiforov, L. Vardovsky, O. Malikova, I. Sherbin, A.
Kuznetsov and many others.

5 sea and rail corridors serve the cargo flows on one of the most important sections of the
Europe-Caucasus-Asia transport corridor. A comparative analysis of international corridors in
the world has shown that the advantages of the new Silk Road compared to other corridors lie in
the shortness of the route length and lower transportation costs.

Recently, the transit potential of post-Soviet countries has significantly increased, which
means the transportation of international cargo through the country’s national communications
(Kazakhstan-Azerbaijan-Georgia-Belarus-Ukraine), while the rest have become independent
transit countries (Armenia, Kyrgyzstan, Tajikistan).

On the New Caucasus section of the New Silk Road, the Baku-Thilisi-Kars railway
passing through Akhalkalaki becomes a key section of the Europe-Caucasus-Asia transport
corridor (TRACECA). This railway line is initially estimated to transport 3 million tons of
cargo.

Anaklia Port will be the first deep-water port in Georgia, which will be provided with
modern equipment and infrastructure. The depth of the port will be 16 meters, which will be
able to receive large vessels, Panamax and Post-Panamax type ships (with a capacity of 8 - 8,5
thousand containers).

On the Georgian section of the Transcaucasia corridor, first of all, the interdependence
of land and marine transport should be harmonized, the railway transport should be significantly
increased and the time spent on customs procedures should be reduced and unified with the
Eurasian corridor transport parameters.
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The second chapter of the paper dwells on the issue of improving the customs
administration system in the transit shipment process and the development of practical
recommendations. Applying of the experience of developed countries in the field of customs
services of Georgia ensures: the coincidence of national and international interests of the
international economic and financial institutions of the country; improving the efficiency of
realization of Georgia's transit potential; Introduction of modern information-logistics
technologies in the work practice of the Georgian customs authorities. The adoption of these
measures when transporting international transit cargo will ensure: minimization of time spent
on customs services; unification of international and national documents; increasing the
transparency of customs administration of goods, improving the norms, rules and procedures of
customs legislation in line with international standards, etc. The guidelines listed are based on
international standards and the widespread use of information technology of the EU Customs
Service.

The purpose of the work of Georgian customs services in accordance with the
requirements of international standard quality or ISO is multi-factor analysis of foreign trade
data, formation of international automated processing systems, widespread introduction of
electronic systems and inspection of customs case monitoring and audit activities through
intensive exchange of information.

The practical work of the Customs Service envisages the integration of national transport
routes in the world transport system, increasing the capacity of the Black Sea port terminals.
The introduction of promising methods in the customs service will create a stable and favorable
environment for foreign trade, and the latter allows us to use innovative approaches, forms and
methods when handling cargo on the Asia-Europe line. The customs clearance scheme for
transit cargo equipped with modern technologies (Fig. 1) implies a continuous transition from
one phase of customs clearance to another. Conditional designations of phases are as follows: A
- entry of cargoes in ports; B- Placing cargo in the temporary storage facility of the port; C -
checking the package of cargo documentation; D-cargo preparation for the delivery to customs
authorities; F - Actual handling of cargo from the port terminal.

The main disadvantage of the current system of customs clearance is the direct (physical)
participation of customs officials in the transition of cargo to each phase. For example, placing,
registering and inspecting cargo in a temporary storage facility requires the participation of
customs port representatives. The same is done in the phase A when unloading cargo arriving at
the port.

Within the framework of customs clearance technology discussed in the paper, there is a
possibility to delegate some of the functions to the customs broker, that is, he/she will perform a
certain part of the work of the customs authorities. To do this, the representative submits the
appropriate document, as well as electronic version of documentation for inspection and
analysis of cargo before the actual arrival.

The inspection of the temporary storage of the container shall be carried out without the
involvement of the customs authority in cooperation with the port service, which will have the
stamp and the seal registered in the Georgian register. Equally important is the second element
of customs clearance - the electronic form of pre-clearance.

The paper proposes a general act, for the compilation of which the so-called "Scenario
Analysis Methodology” was used. This may change the customs inspection act, which
significantly reduces customs clearance time losses.
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At the present stage, there is an authorized institution of economic operator. The notion of
"authorized economic operator” along must be introduced in Georgia's transit shipments along
with other innovations, in order to successfully address the problems of the cargo management
system in the transport logistics industry through the TMS system.

The third chapter of the paper dwells on the study of the interaction between rail and
maritime transport, at the time of the container transfer process, by step-by-step simulation
modeling. When performing the given objective, the following should be ensured: minimization
of vessels and train car idleness; reducing loading and unloading time costs; maximum shipment
of goods by the direct way.

At the initial stage of the research, the so-called descriptive model was selected for seaport
and pre-port station operation that involves the consistent execution of all necessary procedures.
In terms of content, the block diagram outlines 20 basic operations on two-way movement of
container flows (from sea to land and vice versa).

At present, the only direction for the development of transport systems in EU countries is
the problems of interaction of associated vehicles, reducing environmental pollution and
increasing mobility, which is the subject of international research. We have discussed this
problem using the example of Batumi and Poti ports — using the so-called mass service theory
and consequently mathematical modeling (the model, model research, and model application). It
consists of four components: maritime transport, which intakes and exits cargo flows, rail,
container and road transport.

The "Seaport - railway station and highway" as a single system is characterized by
different measuring units and limits.

The operating parameters of the seaport are as follows: annual cargo turnover of the port;
the type of the container carrying ship; the number of harbors in the port; duration of navigation;
the number of technological lines servicing ships; technological line operation capacity; ship
working time.

The operating parameters of the railway transport are: annual cargo turnover of the pre-
port railway station; the length and number of railways; the number of train cars per delivery;
the number of technological lines serving railway transport; technical capacity of the
technological line "Railway Front-Storage Area"; working time of the delivered train cars.

All of the above parameters are schematically related to each other in such a way that they
include only those parameters and the connection between them that are important for solving
the problems posed in the paper.

The cost of delivering the batch of the train cars to the port harbor does not depend on the
number of train cars delivered. Suppose that this constant part of the cost is C;. Using the non-
productive cost ( C.) caused by train car detention on the railway and the stock of the train cars
at the station (N) during a time interval 0, it is necessary to determine the number of train cars n
per supply at which the total cost is minimal.

In the time interval T, storage costs are equal to %n ~c.+ T, per delivery cost is

1
CS=c1+§n-cc-T

The number of the train cars delivered to the port berth,
r=2=8 (1)

n T
Then total cost in the time interval 8 will be



30

N

. 1 _ 1 N  NT )
G—(C1+En Co T)r—(c1+5n Co T)Z_01;+TC

—Na | T
@ g + 2 n
So, G -l afunction of variable n, with the known parameters N, 6, c., ¢,
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G(n) = S
Let introduce the designation:
e Total cost of delivery
N-c
G, = "
e Total cost of detention
0-c,
G, = > n

In addition, the sum G(n) = G, + G, , at a certain value of n should have a minimum.
It is known, however, that the minimum of the sum of two variables will stand at the
constant of their derivative when these values are equal to each other.

| a given model
1
G, G, = EN -0 - cq.c. = const
Therefore, the minimum of G; + G, is achieved (Fig.3.6), when G; = G, that is,
Nea _ Oc 2
—=—n (-:2)

Therefore, the optimal number of the train cars at delivery will be

N-cq

n=ny= Ze-cc

If we insert (2) in formula (1), we shall obtain:

T—T— 29'6‘1_9
I Y TR

Go=G(ngy) =+/2N-0-cq-c,

As for the daily charges for delivery (transfer) of the train cars, that is, terminal service
THC (loading/unloading from above and onboard deployment is $300 (900 GEL); the daily
deployment of the train cars is carried out 6 times a week, and per delivery cost is
C1=900/6=150 GEL. The non-productive cost of the train cars in the ports was determined in
two ways: the first tariff rate was ¢, = 2,08 GEL/h.; by the second method, the detention cost
of the train car was ¢, = 10,1 GEL/h .

Depending on the number of the delivered train cars, we calculate the G (n) function of
the total cost using the Mathcad package.

According to the values obtained through calculations, we construct the curve of a
function G (n) of the total costs (Fig. 4) depending on the number of the delivered train cars n,
when the numerical values of the parameters N, 8, ¢; ¢, are known.

Thus, according to the first case calculation data, the optimal number of the delivered train
cars should vary from 31 to 39 (Fig. 3), and in the second case, from 14 to 18 cars (Fig. 4). The
results of this theoretical study are used in the construction of a mathematical model of the
operation of the seaport and the pre-port railway station.

and
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We have used a symbolic (abstract) model of their coordinated work for the functional
dependence of the port and the station; it is known that the cargo turnover of the seaport and the
types of container vessels determine the number of the port berths.

Ship processing time (hours) is calculated as follows:
2Qcon'Ku
T —_

pr M,
where Q.. — Ship container capacity, cont; K,, — ship container capacity se factor K,, = 0,85;
M, — maritime cargo front capacity (con/h), which is calculated according to the formula:
M = Ry * Ny,
where R, operating capacity of technological line,  con/h; N,. — number of lines.

Train car processing time (hours) T, is calculated according to the formula

T,y = ZMﬂ
where 2,5 — the average number of containers in per train car; n — the number of train cars per
delivery; M, — rail cargo front capacity (con/h), which is calculated according to the formula:

M, = r.f " Nr.f’
where P, s —rail cargo front operating capacity of technological line, con./h; N,. r — the number
of rail cargo front technological lines.

Daily intensity, ship/per day

Q
AC — ct ’
Tpr'Qcon'Kt

where Q. — annual cargo turnover of the port, con/per year; Q.,, — hip carrying capacity
(container carrying capacity), containers.

The capculated number of ships K, which will not exceed P=0,9 probability, the value of
K, is determined

k=kp .
Aot

Plk<iy)= ) % oM
k=0 '

The capacity of the containers warehouse in the case of Poisson inlet flow of ships can be
calculated by the formula
Exp = Qcon " Kint - Kp
The symbolic representation of the interrelationships between the port and railway stations
allowed us to develop the modeling program algorithm.

The fourth chapter describes the research algorithm for the interaction processes of
maritime and rail transport, as well as mathematical modeling of the operation of the port and
the pre-port station during container flow delivery.

The mathematical model of the interdependence of Georgian rail and maritime transport
was implemented through Microsoft Excel (ME) and C ++ Ruilder (CB) software programs.

The algorithm of the mathematical modeling process of the interaction between rail and
maritime transport presented in the dissertation contains 95 blocks and fully reflects the set
objective.

Mathematical modeling deals not only with the issue of optimizing and selecting a single
parameter, but also with proper calculations for individual areas of two types of transport
relationships: the algorithm for calculating the number of berths; the algorithm for determining
the average number of technological lines for maritime transport; the algorithm for calculating
the technological lines for rail transport services; the algorithm for determining the number of
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ships entering the port and so on. (Since the schemes are typical they are not included in the
author’s abstract, you can see them in dissertation).
Based on the content of the problem posed in the paper, the most important result of the
program work is the calculation of Ex, and 1ty parameters.
The multiplication A - t,,characterizes the intensity of ships entering the port during the
txp time. Under this problem condition, t,,, is a constant number and is taken to be equal to 3
days. As for A., it is a variable parameter and depends on the navigation period, and cargo
turnover capacity of the port and ships.
Depending on the capacity of ships, the volume of the container terminal was determined
for the case of Poisson flow of incoming vessels:
Exp = Qcon " Ky - Kp,
where Q..,, — Ship cpntainer carrying capacity, containers; K, — ship carrying capacity use
factor, K;,, = 0,85; K, — calculating number of ships.
However, the aparamter K, carries also the capacity of the container carrying ship.
Kp = f(Actyp) —
)\c ) txp = (p(Qcon)} - Kp B F(Qcon)
When studying the warehouse capacity, we take the probability P=0,9, and the main
purpose of the problem to be solved is to determine Kp of ships entering the port at time t,,.

The P(kp) = f(Actyp) probability distribution function is shown in Figure 6.

The diagram of the relationship between the container terminal volume and ship carrying
capacity with the curves of a function Ey,, = f(Q.on) Shown in Figure 7. The diagrams of the
intensity of ships simultaneously entering the port A - t,, = f(Qc.n) during the cargo storage
period, and the calculating number of ships entering the port simultaneously K, = f(Qcon)are
shown in Figures 8 and 9 respectively.

The diagram (Fig. 7) illustrates that the parameter A, - t,,, is constant in certain interval of
variation of Q... In this case, the value of the container terminal volume E,, changes
proportionally to Q.. Of the ships carrying ‘capacity, although change in the parameter A. - t,,
reduces the container terminal volume consumption while the ship carrying capacity increases
slightly.

In case of arrival of ships at a fixed intensity in the port, their number remains unchanged,
while the number of containers on the ship increases. The capacity of the container terminal also
increases in proportion to the ships carrying capacity. The decrease in the intensity of ships
entering the port occurs at the point when the value of the ship carrying capacity reaches a
critical point.

It should be noted that the increase in the capacity of the container carrying ships reduces
the intensity of ships entering the port during the cargo storage period (Fig. 8) and,
consequently, the calculating numbers of ships entering the port simultaneously (Fig. 9).

The fifth chapter of the paper provides an economic rationale for improvng the
interaction of different types of transport, based on the analysis of the terminal volumes
calculated by the probabilistic and analytical methods of main indicators of the container
terminal.

The seaport, as one of the important links in the logistics chain, is the basis for the
continuity of the container flow and performs the functions of the so-called Interface
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(transmission), compliance and preservation of the dimensions of the transport ports, smoothing
of traffic inequality (buffer function), commercial storage of goods (warehousing function) and
processing of cargo flows (logistic function).

Using the analytical methods: the container terminal volumes calculated taking into
account the inequality of vessels entering the port, the capacity of the ship-container carrier and
the variability of warehouse stock were compared with the volume of the container terminal
calculated using the computer program (2088, 2295). Based on the values obtained from the
calculations, the difference between the container terminal volumes (A) was determined by
analytical and probabilistic methods.

The cost of 1 m? of warehousing is calculated by a special method for calculating the
additional capital investment, which takes into account the inflation rate of local currency. The
calculated values of additional capital investments for the annual turnover of 200,000 and

250,000 containers are given in Table 1.

Table 1
Version name and Container Parameter Parameter A, m?> | The additional
number terminal 3, % capital cost of
volume, Eyp, construction K,
containers standard unit
Batumi | Poti | Batum | Poti Batumi Poti | Batumi | Poti
seaport | sea i sea sea sea port sea sea sea
port port port port port port
1. Container terminal
volume during uneven | o) | 555 | 10% | s0% | 713 | 3857 | 4991 | 26999
operation of maritime
transport
2. Container terminal
volume according to | o | o450 | 1706 | 8% | 1207 | 517 | 8449 | 3619
the ships container
carrying capacity
3. Container terminal
volume according to 2169 2917 4% 27% 630 2073 | 4410 | 14511
warehouse stocks

Thus, it can be concluded that the presented methodology allows us to evaluate the
volume and capacity of warehouses, if their spaces are free, to use them for other types of cargo
that require them, that is, need storage in a warehouse and not in the train cars.

Basic conclusions

9. The analysis of statistical data revealed that in case of increasing cargo flow in the
seaports of Georgia, it is necessary to create a new-level system of interaction of associated types

of transport.
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10. The use of proven methods of approximation of the activities of the Georgian customs
services to the customs practices of European countries will increase the efficiency of the
customs administration of international transit cargo flows.

11. It is recommended to use the discrete, parametric and symbolic models developed in the
paper to analyze the process of rail-maritime transport interaction during container flow delivery.
12. For Georgian ports, the optimal number of delivery of the train cars (16-39 container-

wagons) was determined by the methodology developed using the inventory management theory,
during which the total cost of the process of interaction between maritime and rail transport is
minimal.

13. From volume - vessel capacity curves of the container terminal (Fig. 4.8 and Fig. 4.11) it
can be seen that within a specified variation range of ship capacity Q.,,, the parameter of the
intensity of vessel arrival A -ty is constant. However, the volume of the container terminal E,,

varies proportionally to the ship capacity Q.,,, although variation of the parameter A. - t ,;the
A_c - t_en parameter variability reduces the container terminal volume with a slight increase in
the capacity of vessels.

14. During high-intensity entry of the container carrying ships into the port, it is essential
that the containers be stored in small batches for optimal interaction between maritime and rail
transport. However, the closer the quantitative characteristics of incoming and outgoing
containers are to each other, the less stock variability there is and consequently the smaller the
terminal consumption volume.

15. Studies have shown that the value of a container terminal warehouse volume calculated
by the existing analytical method is 8-50% higher than that processed by probabilistic computer
modeling, which in turn leads to an increase in capital capacity for terminal construction.

16. By calculating the annual cargo terminal volume of 250 thousand containers by different
methods, the costs on capital investment are reduced from 26999 to 3619 conditional units. It is
economically expedient to study the process of interaction of different types of transport passing
through the container terminal by mathematical modeling.



