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METHODOLOGY OF IMPLEMENTING THE PRINCIPLES
OF SYSTEM ANALYSIS IN STRATEGIES FOR IMPLEMENTING
MULTI-STAGE CUSTOMS AND LOGISTICS PROCESSES

The article analyzes the technological features of the transport service of foreign trade cargo flows. The
necessity of conducting research using the theoretical provisions of system analysis is substantiated, and the
prospects for improving the infrastructure of customs and logistics systems are determined using the example
of consolidation of export consignments of grain cargoes. The peculiarities of the implementation of techno-
logical and production processes in transport hubs with the participation of elevator and warehouse enter-
prises are considered. The peculiarities of conducting a system analysis for the formation of a strategy for the
implementation of multi-stage customs and logistics processes have been analyzed.

1t is noted that the development of a harmonized legal framework and the creation of the necessary digital
infrastructure modules for the implementation of national paperless trade systems require the use of innova-
tive infrastructure. Attention is focused on the fact that, taking into account the reorganization of business
processes in the system of international trade, proposals for the optimization of new customs and logistics
processes should be developed, taking into account national legislation. And prioritizing the application of
international standards regarding the exchange of electronic documents in cross-border relations will contrib-
ute to the development of trade relations on the basis of economic integration.

Using the example of creating a methodology for finding the optimal solution to production problems, the
generalized total costs for servicing foreign trade cargo flows and the hourly profit from the functioning of
customs and logistics systems are calculated. It is noted that for import and export cargo flows, the proposed
indicators comprehensively take into account the quality of infrastructural support of production systems
under the condition of their integration into the global economic network.

With the use of the fundamental provisions of the theory of mass service by conducting complex calcula-
tions, the rational structure of customs and logistics systems of international direction is substantiated in the
work. By using mathematical models to substantiate management decisions, new results were obtained regard-
ing the infrastructural support of multi-stage customs and logistics processes.

Key words: transport and technological systems, customs and logistics processes, system analysis, techno-
logical characteristics, infrastructural support, consolidated consignment of goods.

Formulation of the problem. The development
of trade relations on the basis of economic integration
requires economic entities to form a rational structure
of competitive transport and logistics systems.
In this case, effective maintenance of foreign
trade cargo flows allows improving the economic
indicators of economic entities and introducing
promising innovative technologies due to the

reduction of general logistics costs. With the use of
the main theoretical provisions of system analysis,
technological and organizational principles for the
improvement of transportation, it becomes possible
to study the operational response of production
structures to changes in the nomenclature of goods,
volumes of supply and the quality of transport and
logistics services. Therefore, the relevance of the
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introduction of promising transport and information
technologies under the condition of the development
of integration processes becomes important for
improving the production activity of integrated
production structures. The use of powerful transport
hubs and import-export enterprises as infrastructural
units allows storing, processing and transshipment
of large volumes of foreign trade goods. In this case,
a significant expansion of the range of transport
and logistics services in integrated structures for a
wide range of goods requires a complex solution of
production tasks in multi-stage customs and logistics
processes. And the systematic and documented
development of market relations contributes to
the intensive use of the existing infrastructure by a
significantly larger number of business entities.

The creation of an integrated information system
to ensure the smooth movement of goods and
services on the transport market requires ensuring the
interoperability of data exchange between national
systems of electronic interaction. The use of the
specified integration platform creates conditions for
mutual recognition of electronic identifiers, digital
signatures and transport documents by different
countries and ensures the necessary protection and
security of information for cross-border transfer. Thus,
the implementation of the principles of system analysis
for the formation of a strategy for the implementation
of multi-stage customs and logistics processes requires
conducting structural studies of the activity of complex
production systems with the use of modern information
technologies and innovative software.

Analysis of recent research and publications.
The methodology for the implementation of
multi-stage customs and logistics processes in the
structures of international production formations is
based on the use of the main theoretical provisions
of system analysis [1, p. 181]. In accordance with
the specified prerequisites, the creation of a new
and improvement of the existing infrastructure of
transport and logistics systems is carried out based
on the results of the analysis of production entities
with the use of modern information technologies and
software [2, p. 4]. Under such conditions, the task
of optimizing customs and logistics processes when
designing promising production systems takes into
account the possibilities of operational management
of the entire complex of organizational solutions and
is carried out according to the principles of system
integration [3, p. 46].

In a number of scientific works, the implementation
of the principles of system analysis for the selection
of optimality criteria and limitations in mathematical

286 Tom 33 (72) N2 52022

models and methods is illustrated on the example of
servicing foreign trade cargo flows [4, p. 28]. Under
the conditions of involvement for the transportation
of various types of transport, the methodology for
determining the main factors that affect the development
of customs and logistics processes is shown [5, p. 407].
Numerical values of individual components of
production processes in transport and logistics entities
are determined on the basis of goal achievement criteria
for structured problems [6, p. 78]. And the involvement
of mathematical and informational resources in the
system analysis allows substantiating the numerical
values of indicators characteristic of integrated
production formations [7, p. 57].

The determination of integrated system indicators
by creating mathematically correct models of static
and dynamic customs logistics processes allows
us to draw a conclusion about the efficiency of
the production system as a whole [8, p. 76]. The
development of trade relations between individual
subjects of economic activity requires the use of
innovative software for conducting mathematical and
methodological studies of the efficiency of transport
services [9, p. 2398]. Therefore, an important
component of the system analysis of customs and
logistics processes is the computer implementation
of mathematical models for integrated production
structures [10, p. 54].

System studies, as a modern interdisciplinary
methodology for optimizing information processing
and intellectual analysis of the obtained results,
became the basis of the approach to the creation of
promising transport and logistics systems [11, p. 20].
The wide application of logistics management
methods is based on solving a wide range of problems
of synthesis of complex customs and logistics
processes [12, p. 94]. Therefore, a fundamentally new
approach to the development of innovative processes
involves the definition of organic mutual relations for
the maintenance of material, financial and information
flows in a single integrated system. [13, p. 1209].

Presenting main material. A feature of the
operation of transport and logistics systems in
integrated production structures of an international
orientation is significant volumes of cargo flows,
the need for regular updating of the material and
technical base, as well as limited access to financial
resources [14, 224]. The impact of a large number of
random factors on the final results of transport service
in some cases does not always allow to fully use the
planned performance of infrastructure equipment
and design features of rolling stock. This situation
is particularly relevant to the transportation of grain
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cargoes in international traffic. And a wide range of
types of the specified products requires improvement
of the existing infrastructure of transport and
logistics systems and intensive use of a sufficient
number of service mechanisms. Therefore, in order
to ensure the reliability of timely performance of
transport operations with an acceptable level of
economic indicators, it will be appropriate to create
mathematical models for making informed decisions
at individual stages of structured problems. And
the methodology for determining the rational ratio
of quantitative and value parameters requires the
implementation of the principles of system analysis
in the strategy of implementing multi-stage customs
and logistics processes (Table 1).

In the process of analyzing the effectiveness of
the functioning of customs and logistics processes

of an international direction, the features of the
infrastructural service of the specified cargo flows are
taken into account, namely the market mechanism
of economic regulation of the circulation of goods
between individual countries and the tariff regulation
of transportation of certain types of cargo. The
conducted scientific studies on the development
and implementation of appropriate measures for the
creation and modernization of transport infrastructure
and the formation of an effective export strategy
indicate that it may be appropriate to use system
analysis for mathematical modeling of customs
and logistics processes. And in the absence of a
reliable forecast of the future situation in the global
grain sector, an increase in the volume of exports
of these goods may lead to unpredictable economic
consequences. Therefore, one of the directions of

Table 1

The technology of applying system analysis in the strategy
of implementing multi-stage customs and logistics processes

The main stages of decision-
making for the implementation of
customs and logistics processes

at separate stages of structured problems

Content of reasoned solutions

1. Formulation of a problem .
situation in multi-stage processes

formalization of the problem using system analysis for mathematical
modeling of customs and logistics processes;

. analysis of production activity of complex systems using modern
information technologies and software;
. setting the task of optimizing customs and logistics processes when

designing production systems.

2. Determination of goal .
achievement criteria for structured
problems .

factors in them,;

implementation of the principles of system analysis for the selection of
optimality criteria and limitations in mathematical models and methods;
determination of the main factors that influence the development of
customs and logistics processes and the separation of stochastic and uncertain

. the use of mathematical and informational resources in the systematic
analysis of transport and technological processes of an international direction.

3. Construction of mathematical .

creation of mathematically correct models of static and dynamic customs

models to substantiate management
decisions

and logistics processes, taking into account the uncertainty of external and
internal factors;

. use of innovative software for conducting mathematical and
methodological studies of the effectiveness of customs and logistics service of
foreign trade cargo flows;

using methods of system analysis

. computer implementation of mathematical models for integrated systems
and customs logistics processes.
4. Search for the optimal solution . the use of systematic research as a modern interdisciplinary

methodology to optimize information processing and intellectual analysis of the
obtained results;

. solving a wide range of synthesis problems of complex customs and
logistics processes by using methods of system analysis;
. development and implementation of models and decision support
systems using computer programming.
5. Systematization of conclusions . formulation of conclusions for complex management tasks in integrated
and preparation of a set of measures |production systems;
for implementation . generalization of experimental and empirical studies with the aim of
creating proposals for the implementation of customs and logistics processes;
. use of the obtained results for promising developments in modern

transport and information technologies.
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research in the multi-stage processes of customs and
logistics service is the analysis of the production
activity of complex systems with the use of modern
information technologies and software.

Transport and logistics service of integrated
enterprises requires a differentiated approach to its
mathematical modeling. In such a formulation of
the question, when designing new and improving
existing production systems, it becomes necessary
to solve the problems of optimizing customs and
logistics processes. This issue becomes especially
relevant when introducing new technologies for the
movement of grain cargoes, which are based on the
need to take into account the cost mechanism for
internal transportation, as well as international trade
in export goods.

The formation of the export-import policy in the
road and transport complex of Ukraine shows that
the products of agro-industrial production and the
food industry make up a significant part of foreign
trade cargo. Under such circumstances, specialized
terminals in transport hubs are an important factor in
infrastructural support for the export of agricultural
products and food.

As a result of the analysis, it can be stated that
significant liberalization of the export policy inrelation
to agro-industrial products significantly simplifies the
organization of cargo transportation in international
traffic. However, the introduction of an effective
export promotion policy requires increasing the
competitiveness of customs and logistics processes.
As a result of the measures taken, the integration of
the Ukrainian agricultural sector into the world trade
and economic system is strengthened.

On the basis of previously conducted research,
the change in generalized costs in various variants of
customs and logistics processes indicates a significant
influence of the level of infrastructure support.
Therefore, in these circumstances, the development
of mathematical models and methods of systematic
analysis of influencing factors for the adoption of
agreed management decisions is relevant. Taking into
account the influence of the production conditions
of the formation and movement of the combined
export batch of goods, these models can be applied
to implement the principles of system analysis for the
purpose of choosing optimization criteria, limitations
and analyzing the functional capabilities of individual
components.

The main criterion for the competitiveness of
customs logistics services under the condition of the
formation of a combined batch of grain is the general
logistics costs B(n) calculated per one ton of cargo,
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as a function of the optimal value of vehicles » in the
system. In these integrated structures, the increase in
the total cost of logistics operations due to the increase
in non-productive costs associated with rolling stock
downtime at the end points of the route is explained
by the increase in the total number of vehicles in the
system, and accordingly, the number of cars in the
queue. At the same time, when the productivity of
service posts increases, the idle time of vehicles in the
queue decreases. Therefore, under the condition of an
unchanged number of road vehicles in the system,
the number of free unloading mechanisms increases,
which also affects the increase in the numerical value
B(n) of the total logistics costs.

Under such circumstances, the calculation of
the optimal technological parameters of the system
infrastructure in transport nodes is considered taking
into account the separation of stochastic and uncertain
factors in them and the use of new approaches to
interaction between economic entities in conditions of
intensive use of intelligent information technologies.
Therefore, it is advisable to carry out a mathematical
analysis of the change in logistics costs B(n) using
information resources on the example of the
functioning of a multi-channel dynamic mass service
system with two nodes.

The input flow A, of demands to the first node is
the arrival of empty cars for loading. At the same
time, the intensity u, of servicing the total flow of
requirements by each mechanism is determined by
the average number of loaded cars per unit of time.

For the second node, the input flow of demands
A, is the arrival to service cars with grain loads. By
analogy with the first node, the intensity of servicing
the demand flow p, in the opposite point of the
system is characterized by the average number of
cars unloaded per unit of time. Taking into account
the fact that such a transport system is closed, the
numerical values of the input flows A, and A, are
equalized, therefore, in the following statements,
they are denoted by the total intensity of the demand
flow A, as a value inversely proportional to the car’s
turnover time on the route, i.e. A = f(u,, 1,).

In the specified system, when servicing n cars
with m grain loading machines and unloading them
at elevator and warehouse enterprises, the states of
the closed system S, (k = 0, I,..., m;, m,,..., n) will
be associated with the number of k cars, which
alternately arrive for service.

The creation of mathematically correct models of
static and dynamic customs and logistics processes,
taking into account the uncertainty of external and
internal factors, was carried out using a diagram of
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the intensity of transitions of a closed mass service
system.

In practical activities, when using own or hired
fleet of cars for the accumulation of combined cargo
in the terminal, the priority criterion for determining
the complex of strategic solutions is the minimum
logistics costs B(n) = B,(n) + B,(n) of the entire set
of transport and transshipment works, as a function of
the total number of rolling stock in the system
FuSu +8, + ;(Cll(n1 +C,A,)
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where P,, P,, — hourly productivity of loading and
unloading posts of motor vehicles, respectively, tons/hour;

S, S, — the cost of carrying out loading and
unloading works, respectively, €/ton;

K., K,,—thenumberofoccupiedposts, respectively,
for loading and unloading motor vehicles;

K,,, K,, — the number of idle posts for servicing
cars, respectively, at loading and unloading points;

A,;, A,, — the average number of cars waiting
for service at the loading and unloading stations,
respectively;

C, C, — hourly cost of downtime of service
mechanisms, respectively, at loading and unloading
points, €/hour;

C, — the cost of vehicle downtime, €/hour.

The use of innovative software for conducting
mathematical and methodological studies of the
effectiveness of customs and logistics service of
foreign trade cargo flows shows that the value of
the indicator B(n) largely depends on the number of
service mechanisms m,, m,, and the productivity P,,,
P, of each of them.

The results of mathematical modeling carried out
under the conditions of transportation of grain cargoes
by road trains with a carrying capacity of ¢ = 20 tons
over a distance of /, = 90 km convincingly show
that the minimum value of the total logistics costs
B(n) is achieved under the condition of synchronous
operation of the service mechanisms in the grain
sending and receiving enterprises cultures (Table 2).

The computer implementation of mathematical
models for integrated systems and customs logistics
processes shows that the feature of the operation
of the transport system with two service nodes
with the synchronous growth of the productivity of
technological mechanisms P,;, P,, is that the resulting
value of the total logistics costs B(n) decreases. For
example, a simultaneous increase in the hourly
productivity of mechanisms P,; and P,, in the range
of numerical values from 10 tons/hour to 50 tons/
hour leads to a decrease in the total logistics costs
B(n) from 7,13 €/ton to 5,38 €/ton. And the change
of the specified indicators P,; and P,, in the range
from 50 tons/hour to 90 tons/hour reduces the total
logistics costs B(n) by 1,13 €/ton (from 5,38 €/ton to
4,25 €/ton). The determined trend is explained by the
increase in the capacity of the transport system and,
accordingly, the reduction of the idle time of rolling
stock at service points. And a slight decrease in the
rate of change in the logistics cost of transportation
B(n) with the growth of indicators P,, and P,, is the
result of a slight saving of time due to the idleness of
motor vehicles.

A reliable generalization of the patterns of
transport and logistics service of export cargo flows
is important when using systematic research as a
modern interdisciplinary methodology for optimizing
information processing and intellectual analysis
of the obtained results. The formation of a rational
infrastructure of relevant transport systems involves

Table 2

Total logistics costs for the transportation of grain cargo by road trains with a carrying capacity
of ¢ = 20 tons for a distance of /, = 90 km in a system with two service nodes, €/ton

Productivity of P,, Hourly productivity of service post P,, in the transport terminal, tons/hour
mechanisms at the point of

departure, tons/hour 10 20 30 40 50 60 70 80 920
10 7,13 7,58 8,08 8,63 9,23 9,88 10,58 11,33 12,10
20 7,54 6,62 7,20 7,79 8,39 9,00 9,60 10,25 10,86
30 8,00 7,16 6,16 6,71 7,28 7,85 8,44 9,04 9,68
40 8,51 7,71 6,68 5,75 6,29 6,84 7,40 7,98 8,56
50 9,08 8,28 7,20 6,25 5,38 5,90 6,44 6,99 7,55
60 9,69 8,85 7,74 6,76 5,86 5,04 5,55 6,08 6,61
70 10,35 9,41 8,29 7,29 6,36 5,51 4,75 5,25 5,75
80 11,06 | 10,03 8,85 7,83 6,88 6,00 5,21 4,51 4,96
90 11,83 10,60 9,45 8,38 7,40 6,50 5,68 4,93 4,25
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solving a wide range of problems of synthesis of
complex customs and logistics processes by using
methods of system analysis. And the forms and
technologies of servicing various cargo flows are
determined by the dominant types of foreign trade
cargo, volumes of deliveries and an adapted expert
system for making organizational decisions in
conditions of reputational risks.

Taking into account the specified theoretical
prerequisites, it becomes possible to develop and
implement models and decision support systems
using computer programming. The reliability of the
proposed mathematical models was confirmed by
field observations of the functioning of transport
and logistics systems in the conditions of servicing
foreign trade cargo flows. The search for the optimal
option for the implementation of multi-stage customs
and logistics processes using the methods of system
analysis is considered on the example of the creation
of a consolidated batch of international grain cargoes.
With the application of innovative approaches to the
interaction between individual subjects of economic
activity, the prerequisites for evaluating the activities
of integrated production structures on the market of
international transportation have been developed.

With this formulation of the question, the number
of cars n is considered as a control variable in the
objective function of optimizing the structure of
integrated economic entities in the provision of
commercial services. Using the basic provisions
of the theory of mass service systems, the optimal
value of n,, is determined by maximizing the profit
function G(n) per hour of operation of the transport
and logistics complex as

G(n) =T, = S)quK. +(T, - S,)qud. -CK, -C,A,, (2)
where 7, — tariff for cargo flow maintenance when
creating a consolidated batch of cargo in a specialized
terminal, €/ton;

A.—the average number of cars that are simultaneously
serviced by m posts in the transport and logistics
system;

S, — tariff for the transportation of 1 ton of a
consolidated batch of goods for a specified Im
distance, €/ton;

C,, C, — costs related to downtimes of service posts
and road vehicles, respectively, €/hour.

Other components of dependence (2) are similar
in content to the components of mathematical model
(1) with the difference that when determining G(n) in
some of them, due to the presence of only one service
point, there is no digital numbering in subscript
symbols. For specialized terminals, the difference
between revenues 7, from the provision of commercial
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services in transport terminals and current costs S, for
the creation of a consolidated batch of export cargoes
is interpreted as a profit from the completed full cycle
of works. The numerical values of these values are
closely related to each other by market relationships
and depend on the quality of the available range of
transport and logistics services in the system and the
conditions for their performance.

Stochastic and uncertain factors include such as
the possibility of attracting additional third-party
organizations to perform certain types of work, the
amount of payment of existing taxes and fees, etc.
The numerical value of the variable component of the
S, indicator includes the wages of workers, the cost
of using energy resources, the costs of maintenance
and current repairs, and depreciation charges for the
restoration of the main production assets.

The permanent component of the S, indicator
includes charges for using credit, lessor and bank
insurance services, as well as general household
expenses. The need to use advanced innovative
technologies in transport and logistics systems
confirms the well-known theses about the feasibility
of using high-performance infrastructure in transport
hubs and specialized terminals.

The methodology for determining the profit G(n)
in integrated structures from the use of terminal
infrastructure and road vehicles for 1 hour of operation
of the transport and logistics system involves the use
of existing tariffs for servicing foreign trade cargo
flows. The results of prospective calculations based
on the proposed mathematical dependencies should
take into account the change in tariffs and costs
compared to the base period.

With the use of mathematical dependence (2),
it became possible to determine both the optimal
values of the technical and technological parameters
of transport and logistics systems, as well as the
results of the function G(n) from the change in
infrastructure characteristics. For example, when
creating a consolidated batch of export goods, an
important factor in the organizational structure of
the system is the hourly productivity of the elevator-
warehouse facility P, for loading cars and the number
of service posts m in a specialized terminal. The
special influence of these factors is manifested by
the fact that the creation of export consignments of
grain with subsequent loading onto a sea merchant
ship takes place in fairly significant volumes within a
limited time frame.

The example of involving cars with a carrying
capacity of ¢ = 22 tons for the transportation of grain
for a distance of /, = 30 km shows the possibility of
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ensuring the competitiveness of the transport and
technological process of cargo consolidation (Table 3).

Thus, if the number of service posts m is doubled
(from m = 2 to m = 4), the optimal number of road
vehicles n,, increases accordingly by 69,2% (from
N, = 26 to n,, = 44) for elevator productivity-
warehouse P, = 60 tons/hour and by 90,6% (from n,,
=53 to n,,, = 101) for productivity P, = 160 tons/hour.
A slightly more intense increase in the optimal value
of the rolling stock for the elevator and warehouse
economy of higher productivity is explained by a
significant reduction in the idle time of cars under
loading, and, accordingly, an increase in the transport
capacity of vehicles. The specified trend is preserved
also under the condition of a three-fold increase in the
productivity of P, elevators.

The results of changing the influence of the number
of service posts in the terminal on the numerical value
of the hourly profit G(n) in the system are slightly
different from the previous analysis. For example,
if the indicator m doubles, the hourly profit of the
G(n) system with a productivity of P, = 60 tons/hour
increases by 2,18 times (from G(n) = 296,58 €/hour
for m =2 to G(n) = 649,49 €/hour for m = 4). Under
similar conditions, for a system with a productivity of
P, =160 tons/hour, the increase in the specified result
is 2,06 times (from G(n) = 1115,09 €/hour for m =2
to G(n) = 2300,67 €/hour for m = 4).

A slightly more intensive growth of the G(n)
indicator for cars with a lower system performance
P, is explained by the fact that with low-power
shipping mechanisms, the profitability of transport
and logistics service is somewhat lower than in
the case of using high-performance service posts.
Therefore, at the initial stage of the analysis (m =
2), the throughput of the system is relatively low
due to a significant increase in the number of cars in
the queue to service stations A4, of the terminal. The
obtained results confirm the well-known thesis about
the need to provide specialized terminals with high-
performance service mechanisms...

The increase in the average productivity P, of the
elevator and warehouse economy has a positive effect
on the change in structural n,, and economic G(n)
indicators in transport and logistics systems during
the consolidation of the export batch of cargo.

An example of such an influence can be the
numerical value of relative profit G, — hourly profit
G(n) per car. According to the results of the calculations,
the proposed indicator G, increases by 1,89 times
under the condition m = 2 (from G, = 11,41 €/hour for
the hourly productivity of the elevator and warehouse
facility P, = 60 tons/hour to G, = 21,03 €/hour for P,
= 160 tons/hour). When the number of service posts is
doubled (m = 4), the G, indicator in the specified P,
range increases by 1,54 times (from G, = 14,76 €/hour
for the productivity of elevators P, = 60 tons/hour to G,
=22,78 €/hour for P, = 160 tons/hour) (Fig. 1). A similar
trend of the change in the G, indicator is observed in
the case of the equipment of the specialized terminal
with three (m = 3) unloading mechanisms (Fig. 2).

The conducted calculations indicate that in order
to significantly improve technological and economic
indicators for the creation of a consolidated batch of
grain cargoes, there is a need to equip the specified
transport and logistics systems with high-performance
infrastructure equipment.

Based on the results of the generalization of the
main theoretical provisions of the system analysis
for integration processes in international production
structures, it became possible to determine a set of
measures for the unification of customs and logistics
processes (Table 4).

Implementation of the proposed innovative
procedures makes it possible to use the obtained
results for promising developments in modern
transport and information technologies. And in
order to implement measures to ensure cross-border
electronic interaction in customs affairs, appropriate
subprograms should be implemented to reorganize
business processes for paperless trade in international
relations.

Table 3

The optimal value of the number of road vehicles and the maximum hourly profit
in the transport and logistics system

Parameters of infrastructure support The number of service stations in the specialized terminal
Hourly elevator Terminal m=2 m=3 m=4
productivity, tons/hour | costs, €/ €/ton | n,, | G(n), €hour | n,, | G(n), €hour | n,, | G(n), €hour
P, =60 6,50 26 296,58 34 475,95 44 649,49
P, =80 6,35 29 441,61 42 684,12 56 929,85
P, =100 6,20 35 591,19 51 911,67 67 1235,43
P, =120 6,05 41 753,38 60 1157,80 78 1565,72
P, =140 5,90 47 928,04 68 1422,44 90 1920,96
P, =160 5,75 53 1115,09 77 1705,80 101 2300,67
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14,76 22,15
16 25
14 41
20
12 14,01
10 15
8
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6
4 5
2
0
0 Pk = 60 Pk =160
m=2 m=4 tons/hour tons/hour

Fig. 1. Relative profit in the transport and
logistics system G;, under the condition of
elevator productivity P, = 60 tons/hour

Fig. 2. Change in relative profit in the transport
and logistics system G, under the condition
m = 3 in a specialized terminal

Table 4

Application of the principles of system analysis for the implementation of cross-border business
processes in transport and logistics systems

Creation of cross-
border networks for
integrated processes

Implementation of measures in the
environment of digital infrastructure

The result of the creation and
implementation of integration
platforms in the system of
international transportation

Interoperable platforms
to ensure cross-border
electronic interaction in
customs affairs

— implementation of cross-border paperless trade
transactions using electronic identification;

— the ability to work with electronic documents
according to international standards;

— provision of various access channels for the
formation of electronic payment documents;

— creation of a unified catalog of goods and
services (SCGS) in accordance with GS1
international standards;

— synchronization of SCGS with national banks of
general products and services in each country;

— adaptation and synchronization of SCGS
language versions.

— a solution for an integration platform
with a mechanism for cross-border
exchange of data and documents;

— unified catalog of goods and services
(SCGS), synchronized with national
data banks;

— individual deployment planning in
partner countries.

Control units in the
electronic logistics
system:

— digital infrastructure of
electronic invoicing;

— electronic delivery;
— electronic
identification;

— electronic signature;
— automated transfer in
each country.

— systematic analysis of all relevant EU directives
and requirements;

— certification of the secure data and document
exchange infrastructure (eDelivery) with
compliance checks in accordance with e-SENS
AS4;

— coordination with EU standards (Directive
2014/55/EU) of information messages of state
bodies and exchange protocols;

— a technical solution for processing electronic
signatures in accordance with EU Regulation
Ne 910/2014 for electronic transactions (eIDAS
Regulation);

— development of a mechanism for automated
translation of various documents.

— the main solution for the digital
platform of data and document
exchange (eDelivery access point) with
eID and eSignature functions;

— adapted elnvoicing modules for
exchanging standardized information
messages with government bodies in
partner countries;

— implemented eTranslation modules;
— certified national infrastructures.
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The development of a harmonized legal framework
and the creation of the necessary digital infrastructure
modules for the implementation of national paperless
trade systems (NPTS) involve the use of innovative
infrastructure in the strategy of implementing multi-
stage customs and logistics processes. On the basis
of the reorganization of business processes in the
international trade system, proposals for optimizing
import-export procedures and new future processes
should be developed, taking into account national
legislation. The priority of applying EU standards
with an emphasis on the exchange of electronic
documents in cross-border relations will contribute
to the development of international trade relations on
the basis of economic integration.

According to the results of the generalization
of experimental and empirical studies with the aim
of creating proposals for the implementation of
customs and logistics processes, one of the promising
directions is the intensive use of the "single window"
platform. The integration of existing elements of the
national digital infrastructure and information systems
in the "single window" portal allows performing the
functions of an integrator of information flows for
foreign economic operations.

Conclusions. The generalization of the results
of the research on the infrastructural support of

transport and logistics systems indicates the need
for technical and organizational improvement of
the specified production structures. Using the main
theoretical provisions of system analysis, new results
were obtained for the creation and implementation
of innovative infrastructure in specialized terminals.
Based on the main provisions of the theory of
mass service, the main technological and structural
characteristics of multi-stage customs and logistics
processes were calculated.

The need to create an integrated information
system to ensure the interoperability of data
exchange between national e-commerce systems is
substantiated. Attention is focused on the fact that
such an integration platform will create conditions for
mutual recognition of electronic identifiers, electronic
signatures and transport documents in different
countries. The specified platform will provide the
necessary protection and security of information for
cross-border transmission, and its components will
be interconnected using existing telecommunication
networks.

The conducted research can be useful for
improving the transportation of goods in international
communication by implementing the principles of
system analysis in the strategy of implementing
multi-stage customs and logistics processes.
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I'pumyxk O.K., Ilerpuk A.B., Jlitrye TM. METOJOJIOI'TS BITPOBA/IZKEHHSI ITPUHIIUIIIB
CHUCTEMHOTI'O AHAJII3Y B CTPATETISIX PEAJIIBALII BATATOETAITHHUX
MUTHO-JOTI'ICTUYHUX ITPOLECIB

Y cmammi nposedeno amaniz mexuonoeiuHUX 0CcOOIUBOCMEU MPAHCHOPMHO20 — 00CIY208YBAHMSA
B06HIUHLOMOP20GENbHUX  6anmadiconomokis. OQOIPYHMOBAHO HeoOXIOHICMb nposedelHs O00Cai0JICeHb 13
BUKOPUCIAHHAM MEOPEMUYHUX NOLOHCEHb CUCMEMHO20 AHANIZY MA 8UHAYEHO NEePCHEeKMUBU YOOCKOHAIEeHHS
IHGbpacmpykmypu MUmMHO-T02ICMUYHUX CUCMEM HA NPUKIAOl KOHCOMOayii eKCNOpmHUX Napmitl 3epHO6UX
sanmaoxcis. Pozenanymo ocobnueocmi UKOHAHHA MEXHON02IUHO-8UPOOHUYUX NPOYECT8 8 MPAHCHOPMHUX 8V3NAX
3a y4acmro nionpueMcme enesamopHoO-cKaAa0cbko2o 2ocnooapemeda. llpoananizosano ocoonugocmi nposedeHHs.
CUCTEeMHO20 aHaizy Ons hopmyeanus cmpamezii peanizayii bazamoemantux MUMHO-102ICIMUYHUX NPOYECIS.

3asnaueno, wo po3pobrenHs 2apMOHI308AHOI 3AKOHOO0ABHOI OA3U MA CMEOPEHHSA HEOOXIOHUX MOOYII8
yughposoi  iHghpacmpykmypu 0nsi 8npOBAOIHCEHHS HAYIOHANbHUX 0Oe3Naneposux mMopeoseibHUX CUCTHeM
nepeobauaroms GUKOPUCMAHHA [THHOBAYINHOI [Hpacmpykmypu. AKyenmosawo yeazy HaA MOMY, WO 3
VPaxy8anHam peopeauizayii GisHec-npoyecié 8 cucmemi MIHCHAPOOHOI mope2ieni marwms Oymu po3pooneHi
npono3uyii. woo0o onmumizayii HOBUX MUMHO-IOICIMUYHUX NPOYeci6 3 YPaxySawHAM HAYIOHAILHO20
3axkoHo0aecmea. A npiopumemuicms 3aCMOCYBAHHA MIHCHAPOOHUX CAHOAPMIE W00 0OMIHY eleKMPOHHUMU
OOKYMEHMAaMU y MPAHCKOPOOHHUX GIOHOCUHAX CHNPUAMUME PO3GUMKY MOP208ENbHUX 8IOHOCUH HA 3acadax
EeKOHOMIYHOI IHme2zpayii.

Ha npuxnadi cmeopenusi memooonozii nouyky onmumaibHO20 8apiaHmy pilenHs SUPOOHUYUX NpooOiem
PO3DPAXOBAHO Y3A2AIbHEHI CYMAPHI UMPAmu Ha 00CIY208Y68aAHHS 308HIUHbOMOP20BENIbHUX BAHMANCONOMOKIE
ma 200uUHHUI NPUOYMOK 610 QYHKYIOHYBAHHL MUMHO-TIO2ICMUYHUX CUCmeM. 3A3HAYeHO, WO 015 IMNOPMHUX Md
EKCNOPMHUX 8AHMANCONOMOKIB3ANPONOHOBAHI NOKAZHUKU KOMIIEKCHO 8DAX08YIONb AKICIb IHDPACMPYKMYPHO20
3abe3neyents UPOOHUYUX CUCTNeM 3a YMOBU iX THme2payii' y c8imosy eKOHOMIUHY Mepexc).

3 suxopucmanHam QyHOAMEeHMATbHUX NOTOHCEHb MEOPIi MACO8020 00CIY208Y8AHHA ULIAXOM NPOBEOEHHS
KOMAJIEKCHUX PO3PAXYHKI& 8 pobomi 0OIPYHMOBAHA PAYIOHATbHA CIPYKIMYDA MUMHO-L02ICIMUYHUX CUCTHEM
MIHCHAPOOHO20 cnpsamy8aHHus. [lInsaxom BUKOPUCTNAHHA MameMamuyHux mooeneld Ol OOIPYHMYBAHHSA
VIPABIIHCHKUX PiLleHb OMPUMAHO HOBI pe3yIbmamu w000 iHPpacmpyKkmypHo20 3a0e3nedents 6a2amoemantux
MUMHO-TIOICIMUYHUX NPOYECIB.

Knrouoei cnosa: mpancnopmno-mexnono2iyni cucmemu, MUMHO-102ICIMUYHI npoyecu, CUCEMHUL aHAali3,
MEeXHON02IUHI XapaKmepucmuky, inppacmpykmypue 3abesnedents, KOHCONI008AHA NAPMIS 8AHMAIICIS.
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