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1.  Introduction

Global trends in the rapid development of trade rela-
tions are based on the principles of economic integration 
between individual countries and the relocation of produc-
tion processes in international production structures. Due 
to the economic growth of the world economy, accord-
ing to industry experts, the trends in the development of 
integration processes recorded in the recent period will 
be maintained for a long time. Increasing the volume of 
production and sales of industrial goods and food products 
requires the creation of new and intensive use of existing 
infrastructure of production units. Therefore, the develop-

ment of competitive transport and technological systems 
for servicing foreign trade flows with minimal logistics 
costs is one of the main tasks of relevant government 
and commercial structures [1, 2].

Given the peculiarities of the implementation and growth 
of export traffic on the example of grain cargo, special at-
tention should be paid to the organization of foreign trade 
supplies of these products through sea trade ports. Existing 
trends to increase exports and transit of these agro-industrial 
products through the country outlined scientific prospects 
for developing technological and structural principles to 
improve the transportation of these goods under intensive 
use of existing infrastructure of economic entities [3, 4].
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The transport system of export orientation is charac-
terized by a significant degree of diversification and a high  
level of interaction of the main modes of transport. With  
a clear organization of trade, optimal distribution of material 
and financial resources and coordinated work of economic 
structures, it becomes possible to carry out large-scale 
foreign trade operations with import and export cargo. 
And the introduction of innovative digital technologies 
will allow the use of transport in a more efficient and 
rational development scenario [5, 6].

The introduction of integration processes necessitates 
the formation of infrastructural support of transport and 
technological systems for servicing transit and export grain 
cargo flows. Therefore, for high-quality logistics services 
of foreign trade flows in transport hubs, a suitable set of 
measures may be the formation of appropriate production 
infrastructure based on the use of the basic principles of 
the theory of optimization of material resources.

Thus, the object of research in the work are the pro-
cesses of forming the infrastructure of customs and logistics 
systems of export orientation, taking into account the 
assessment of the competitiveness of transport services. 
And the aim of research is to develop and use practi-
cal methods of forming the production infrastructure in 
transport hubs on the example of servicing grain cargo 
flows in international traffic [7, 8].

2.  Research methodology

Improving the organizational principles of management 
of the transportation process of grain cargo and customs 
and logistics support of these cargo flows is considered 
on the example of the operation of a specialized terminal 
in a sea trade port [2, 9]. The use of the methodology of 
formation of production infrastructure for logistics services 
of grain cargo flows involves multivariate calculations to 
determine the numerical values of the main technical and 
technological indicators. The criterion for choosing a ra-
tional set of structural elements in transport and logistics 
systems adopted generalized logistics costs. And modeling 
the process of servicing grain cargo flows in logistics units 
takes into account the peculiarities of the interaction of 
rolling stock of different modes of transport, the intensity 
of existing infrastructure, opportunities and prospects for 
the use of production facilities and elevators [10, 11].

Application of the offered technique and carrying out of 
the corresponding calculations will allow receiving the cor-
responding recommendations for definition of optimum tech-
nological characteristics of infrastructural system elements.  
Taking into account the peculiarities of the functioning of 
transport hubs makes it possible to purposefully find ways 
to improve the efficiency of the entire transport system. 
And the practical value of the methodology is to assess 
the impact of random nature of individual factors on the 
performance of the transportation process.

The growth of export volumes of grain cargo flows is 
one of the main trends in international transportation, which 
takes place on the basis of economic integration between 
individual countries. However, the transport flows of these 
cargoes in international traffic are distributed mainly by 
sea routes using mixed traffic. The method of optimiza-
tion of generalized logistics costs is considered under the 
condition of processing the export batch of grain cargo 
on the example of Odesa Commercial Sea Port (Ukraine).

The optimization problem of material resource alloca-
tion was solved in the MathCAD environment using known 
methods of economic and mathematical modeling. The al-
gorithm of realization of the developed mathematical model 
assumes application of the basic theoretical positions of 
matrix algebra. To this end, as a result of the generaliza-
tion of a large number of possible schemes of consolida-
tion and movement of grain cargo flows in the direction 
of «linear elevator – ship» it becomes possible to identify 
eight main options for the use of transport infrastructure. 
Then the number of columns in the matrix A corresponds 
to the number of options for servicing the export batch of 
goods, and the horizontal matrix is the numerical values of 
the technological characteristics of individual infrastructure 
elements in each of the selected schemes.

In this case, the daily intensity of use of the produc-
tion infrastructure of transport and logistics systems under 
separate schemes for creating and loading a consolidated 
batch of grain cargo with a total volume of 40 thousand 
tons for 5 days is characterized by a matrix of coefficients:

A :=

10 10 10 0 0 0 0 0

0 0 0 40 40 40 0 0

0 0 0 0 0 0 40 40

31 31 31 123 123 0 0 0

0 0 0 0 0 500 5500 125

0 0 0 0 0 500 500 0

0 0 40 0 0 0 0 40

123 0 0 123 0 0 0 0

0 8 8 0 8 8 8 8
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Peculiarities of using the production infrastructure of 
transport and logistics systems within the activity of the 
Odesa Commercial Sea Port are characterized by the vector 
of limitations of material and financial resources (matrix B). 
Possible numerical values of infrastructure characteristics 
for the consolidated consignment of grain cargoes take 
into account the allowable time parameters of the future 
accumulation of these goods and possible risks and financial 
losses due to non-fulfillment of contractual obligations. 
For example, during the process of export movement of 
these goods, this possibility was taken into account by 
the limit of 8 thousand tons/day for the total daily ca-
pacity of linear elevators for grain shipment (the upper 
value of the matrix B).

The design productivity of the grain terminal for pro-
cessing railway cars (the fourth value of the matrix B) is 
of great importance in the process of rational organization 
of logistic service of freight flows in transport nodes. This 
integrated indicator of 95 wagons/day takes into account 
the service requirements not only from linear elevators, 
but also pre-loaded transport units, which temporarily 
store part of the export batch of grain (the fourth value 
of the matrix B).

The capacity of the port elevator of 15 thousand tons 
also has a significant impact on the intensity of infrastruc-
ture use in the existing customs and logistics systems. 
Systematic use of this business entity (the seventh value 
of the matrix B) significantly increases the stability of 
the transport and technological process, and limiting the 
capacity of customs warehouses (terminals) is dictated by 
the need to use appropriate elevator and storage facilities 
for processing industry.
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In this case, the vector of restrictions on material re-
sources for the maintenance of grain cargo flow for indi-
vidual transport schemes is characterized as follows:

B : .=
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The total cost of logistics services for the maintenance 
of grain cargo flows in the export service is differentiated 
by such components as:

– services of grain-receiving enterprises;
– direct transportation of goods;
– services of customs warehouses and grain terminals;
– cost of reloading operations in the transport node;
– freight toll of the sea trade port.
The total cost of basic and additional services (ma-

trix C) related to production operations at elevator and 
warehousing enterprises for certain technological schemes 
consists of receiving grain cargo, storing them for the time 
specified in the contract and other operations specified in 
the technical conditions of service, EUR/ton:
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The total cost of logistics services C is an integrated 
indicator calculated by the main types of costs. However, in 
the specified value C there are no additional costs associated 
with freight forwarding, reloading, sealing of railway cars, etc.

As a result of solving the system of equations in the 
MathCAD environment, it became possible to determine:

– generalized cost of logistics services:

F x c xj j
j

n

( ) ;=
=

∑
1

– volumes of grain cargo transportation under a sepa-
rate transport scheme Xopt = Minimize(F, X);
– optimal plan for the use of transport infrastructure 
WT = AXopt .
Differentiated analysis of multivariate calculations to 

determine the numerical values of the parameters of infra-
structure for the maintenance of grain cargo flows allows 
determining the technical and operational parameters of 
components and analyzing the trend of numerical values of 
individual elements under the influence of perturbing factors.

These theoretical prerequisites for improving the cus-
toms and logistics services of export and transit grain 
cargo flows in transport hubs make it possible to optimize 
logistics costs in the service of these goods.

In the case of forming the infrastructure of customs 
and logistics systems in transport hubs, the research task 
is to determine the volume of transportation xj according 
to separate schemes Pj, j = 1,..., n, when the generalized 
logistical cost of moving a unit of grain production is 
minimized. Therefore, for the conditions of rational organi-
zation of foreign trade supplies of these goods, such a task 
is formally reduced to finding a vector x x x En

n= ∈( ,..., ) ,1  
which minimizes the linear function:

F x c xj j
j

n

( ) min.= →
=

∑
1

 (1)

Given the use of the existing customs and logistics 
infrastructure of the transport hub, the system of linear 
equations must meet the production constraints as follows:

a x a x a x b

a x a x a x b
n n

n n

11 1 12 2 1 1

21 1 22 2 2 2

+ + + ≤
+ + + ≤

...

...

...............................................

...a x a x a xm m mn n1 1 2 2+ + + ≤≤

















bm

,  (2)

x x xn1 20 0 0≥ ≥ ≥, , .  (3)

The vector x, which characterizes the conditions for solv-
ing mathematical expressions (2) and (3), is considered an 
acceptable plan for the use of customs and logistics infra-
structure, and their set determines the limited area D of the 
problem. The objective function F(x) for x D∗ ∈  provides  
a minimum of total costs for the consolidation and maintenance 
of grain traffic in the transport hub. In this case, the results 
of calculations for F(x*) are considered the optimal solution 
of the objective function, and the obtained results of the 
condition Xopt = Minimize(F, X) – rational plan for the forma-
tion of the infrastructure of the customs and logistics system.

3.  Research results and discussion

In the service of transit and export grain cargo flows 
in the process of forming the infrastructure network of 
transport systems, the points of preliminary accumulation 
of cargo are of great importance. For this purpose, the 
influence of the capacity of customs-licensed warehouses M  
on the numerical value of generalized logistics costs B 
under the conditions of compliance with a certain level 
of productivity of ship loading mechanisms Z of the grain 
terminal was analyzed (Fig. 1).

According to calculations, the increase in the volume 
of pre-storage capacity of grain for the maintenance of 
export and transit cargo flows has a positive effect on 
reducing overall logistics costs. Changing the indica-
tor M from 5 thousand tons to 30 thousand tons reduces 
the generalized costs B from 7.1 % under the condition 
Z = 1 thousand tons/day to 6.8 % under the condition 
Z = 5 thousand tons/day. These results are explained by 
the decrease in the share of terminal loading volumes 
of the vessel under the condition of their preliminary 
accumulation in storage facilities and the corresponding 
increase in the volume of grain loaded under the direct 
option. In this case, the reduction in B is largely due to 
the lack of costs associated with the use of rail cars and 
storage of goods in them. And the involvement in the 
transport and technological process of customs terminals 
located in the immediate vicinity of the railway junction 
reduces the queues waiting for service cars.
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Fig. 1. Dependence of the generalized cost of logistics services  
for export batch service (P = 40 thousand tons) of grain cargo on the 
change in capacity of the customs terminal provided the productivity  

of ship loading mechanisms of the grain terminal, tons/day:  
1 – 1000; 2 – 2000; 3 – 3000; 4 – 4000; 5 – 5000

Increasing the productivity of ship loading mecha-
nisms of grain terminal Z also has a positive effect on 
reducing generalized logistics costs B. Thus, changing 
the technological parameter Z from 1 thousand tons/day  
to 5 thousand tons/day leads to a decrease in B within 
7.0–6.7 % provided that the transport system is pro-
vided with pre-storage capacities of grain in the range 
M = 5–30 thousand tons.

The reduction of generalized logistics costs B is also 
due to the possibility of intensive use of port elevator H, 
and, consequently, an increase in transshipments opera-
tions using ship loading mechanisms and a corresponding 
reduction in the volume of transport services of grain 
cargo flows of port elevators. And the need to perform 
transshipment operations on the direct option is elimi-
nated while maintaining the productivity of ship loaders 
at the level of Z for M = 3 thousand tons/day provided 
the capacity of the customs terminal M = 25 thousand tons, 
for Z = 4 thousand tons/day provided M = 20 thousand tons 
and for Z = 5 thousand tons/day – provided M = 15 thou-
sand tons. In addition, with the increase in the producti-
vity of ship loading machines Z to 4 thousand tons/day, 
it becomes possible to partially use watercraft, the use 
of which is somewhat more economical compared to the 
direct method of transshipment operations.

In the general strategy of development of port com-
plexes it is important to determine the optimal technical 
and technological characteristics of each of the components 
of the transport hub in the logistics port network. The 
key activities of specialized terminals, subject to their 
cooperation within the transport system with other pro-
duction structures are related to the processing of grain 
cargo flows. These infrastructure elements to perform their 
functions must be equipped with adequate capacity and 
occupy a key position in the transport system. Transship-
ment of cargo in individual nodes should be considered as 
a defining element of the entire transport network, as the 
work of other involved nodes will depend on the volume 
of cargo work performed in a specialized terminal and its 
position in the market of logistics services.

An independent factor influencing the numerical value 
of generalized logistics costs B in the system of export 
and transit transportation of grain cargo is the capacity H  
of the port elevator. The presence of such an element 
in the production system allows by abandoning the cor-
responding volumes of grain products to abandon the use  
of intermediate storage points (customs terminals). As 

well as significantly reduce downtime of rolling stock 
in anticipation of unloading operations and increase the 
reliability of maintenance of vessels in transport hubs. 
Such an impact can be especially important if a strong 
export consignment of grain cargo is moved. Therefore, 
to optimize logistics costs, the influence of the capacity 
of the port elevator H on the numerical value of indica-
tor B was determined, provided that a certain level of 
productivity of the grain terminal D for processing railway 
cars is observed.

According to calculations, increasing the capacity of the 
port elevator H to 25 thousand tons reduces the genera-
lized logistics costs B from 12.6 % for D = 30 wagons/day 
to 9.1 % under the condition D = 110 wagons/day. The 
determined change B is explained by the redistribution 
of freight flows according to transport schemes of their 
movement. In the case of ensuring the productivity of the 
grain terminal within D = 30–50 wagons/day increase in 
the capacity of the port elevator H leads to a decrease in 
grain traffic, provided the possibility of pre-accumulation 
and a corresponding increase in consolidated cargo flows. 
The availability of sufficient capacity for direct storage 
of goods in the transport node allows in the initial con-
ditions to move through the port elevator from 47 to 
53 % of grain.

Thus, the development of trade relations based on 
economic integration between individual countries and 
the improvement of integration processes contribute to 
increasing the volume of export and transit cargo flows, 
and, accordingly, complicate the tasks of transport and 
customs and logistics services. Therefore, an important 
characteristic for transport hubs is compliance with the 
terms of accumulation and processing of these goods. Given 
the random nature of the supply of goods to transport 
hubs, it is important to form a rational infrastructure of  
transport systems. In this case, competitive servicing of 
foreign trade flows provided the optimal distribution  
of material resources becomes a priority of the customs 
and logistics system. The proposed methodology for the 
formation of the infrastructure of transport hubs provides 
an opportunity to identify ways to create promising, under 
conditions of intensive use of existing production facili-
ties, customs and logistics systems. At the same time, the 
practical application of this methodology should take into 
account the peculiarities of customs and logistics services 
for export grain cargo flows. First of all, when perform-
ing calculations, one should take into account the fact 
that the export of grain cargo is seasonal and is per-
formed mainly from August this year to March next year.  
In the inter-export period, some of the infrastructure ele-
ments (linear elevators, port railway stations) are involved 
in other technological processes. However, the rest of the 
port infrastructure (customs terminals, port elevators) is 
preceded by forced downtime. This situation should take 
into account the costs associated with the forced mainte-
nance of a significant part of the specialized infrastructure 
of the transport hub.

In addition, it is known that grain cargoes are food 
products of plant origin that require appropriate storage 
conditions. But under such conditions of consolidation of 
grain cargo in vehicles (railway cars, barges, lanterns, etc.)  
there is a possibility of physical damage to the goods, 
which will also be reflected in its final value. However, 
these restrictions do not diminish the practical value of 
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the proposed methodology for the formation of the in-
frastructure of transport hubs for servicing transit and 
export cargo flows.

4.  Conclusions

In the process of conducting a study of the develop-
ment of integration processes in the system of servicing 
export cargo flows, new results were obtained to improve 
the methodology for the formation of customs and logistics 
infrastructure in transport hubs. On the basis of the basic 
provisions of the theory of the system analysis regularities 
of interaction of separate structural elements of industrial 
formations of the international direction are defined. It is 
established that when increasing the accreditation capa-
city of the customs terminal from M = 5 thousand tons to 
M = 30 thousand tons, the generalized logistics costs B de-
crease from 4.97 % under the condition of daily productivity 
of ship loading mechanisms Z = 1000 tons/day to 7.02 % 
for the specified productivity indicator Z = 5000 tons/day. 
The peculiarity of the results is that they take into ac-
count the impact of alternative methods of consolidation 
and storage of goods.

At the same time, the influencing factors take into 
account the peculiarities of the implementation of the 
necessary technological processes by different modes of 
transport. The obtained result of the reduction of the 
generalized logistics cost in the maintenance of grain cargo 
flows in transport hubs takes into account slightly reduced 
tariffs of customs terminals compared to port elevators, 
as well as increasing the intensity of railway cars and, 
consequently, reducing the total number of technologi-
cal operations. It is taking into account the impact of 
the peculiarities of the functioning of different modes of 
transport allows to improve the methodology of forming 
the infrastructure of transport hubs.

Using the method of simulation modeling of the deve-
lopment of integration processes, integrated indicators of 
quality transport service are calculated on the example of 
grain cargo flows. It is determined that the increase in the 
productivity of ship loading mechanisms has a positive effect 
on the reduction of generalized logistics costs. Thus, the 
increase of this indicator from Z = 1000 thousand tons/day  
to Z = 5000 thousand tons/day reduces the numerical va-
lue of costs B from 6.81 % for the available capacity of 
the customs terminal M = 5 thousand tons to 8.82 % for 
M = 30 thousand tons. Distinctive features of this indicator 
are that along with ship loading mechanisms that work 
on the direct option, loading the ship with grain cargo 
is performed by stationary equipment from port elevators 
and other means of transport. In this case, the customs 
and logistics infrastructure of the transport hub ensures 
the reliability of the contractual obligations for the timely 
service of the export consignment.

The study can be useful to improve the efficiency of 
customs and logistics services for foreign trade flows in 
international production structures. But when conducting 
multivariate calculations, in addition to the impact of 
resource provision for foreign trade, the peculiarities of 

servicing grain cargo flows by different modes of trans-
port, seasonality of transportation and characteristics of 
cargo-forming and cargo-absorbing arrays must be taken 
into account.
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