Economics Ecology Socium

Vol. 8 No.1 2024

DOI: 10.61954/2616-7107/2024.8.1-7

UDC 355.58
JEL: D50, L90, 92

Lyudmila Sotnychenko*

National University “Odesa Maritime
Academy”,

Odesa, Ukraine

ORCID iD: 0000-0003-4537-1553

Oleksandr Haichenia

National University “Odesa Maritime
Academy”,

Odesa, Ukraine

ORCID iD: 0000-0002-7899-4418

Taras Omelchenko

National University “Odesa Maritime
Academy”,

Odesa, Ukraine

ORCID iD: 0000-0003-1130-2883

Kateryna Kuzmenko

National University “Odesa Maritime
Academy”,

Odesa, Ukraine

ORCID iD: 0000-0002-1976-6757

*Corresponding author:
E-mail: llsotnichenko@gmail.com

Received: 18/12/2023
Accepted: 12/03/2024

DOI: 10.61954/2616-7107/2024.8.1-7

© Economics Ecology Socium, 2024
CC BY-NC 4.0 license

ISSN 2616-7107

ASSESSMENT OF CONSISTENCY IN THE
FUNCTIONING OF SEAPORTS OF UKRAINE

Introduction. Seaports in a state’s economies are the
main levers of economic development, investment generators,
and innovation demand. Modern trade ports are open systems
that are influenced by many factors. During the last decades of
globalization and innovative technologies, an essential factor in
the competitiveness of seaports, such as the stability of the
functioning of Ukraine, is gaining relevance. The improvement
of port management is driven by the urgent need to apply
innovative strategies and methods to ensure the development
and efficiency of the port industry due to the impact of many
factors affecting the stability and growth of the port system.

Aim and tasks. The aim of the study is to assess the
influence of various factors on the consistency of the
management system of the port industry.

Result. An algorithm for forming generalized stability
indicators for the functioning system of the port industry is
proposed. Using an entropy approach to the management
indicators of the development of the port industry functioning
system showed an increase in the indicators of the ship
operations group by 1.07% and cargo operations by 1.01%, a
decrease in the financial group by 1.65%, and a port
environment by 1.30%. The application of the established
approach and the defined sequence of relevant calculations will
allow ports to respond sensitively to violations of the stability
of their system both at the industry and individual port levels
and to find answers for each group of selected influential
indicators for the finance group, the ship and cargo operations
group, and the port environment. The main difference between
the proposed approach and the existing ones is the calculation
of the overall level of functioning of the port management
system, which is based on the accumulation of the values of the
relevant integral indicators for groups of indicators such as
finance, ship-cargo operations, and port environment.

Conclusions. The operation system of the port economy
can be considered from the perspective of researching its
various states, which are a consequence of the dynamics of the
external environment. This allows us to use such a quality of
entropy by considering the final nature of the management
processes of the industry. This will help determine the nature of
trends that can be considered in the future when forecasting the
port industry’s development directions and when making
relevant comparisons in the industry at the national and global
levels.

Key words: stability, seaports, entropy, port industry,
competitiveness.
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1. Introduction.

Contemporary competitive circumstances,
a dynamic external environment, and
globalization have forced domestic maritime
enterprises to actively use modern management
approaches, which have become the key to their
success (Luo et al., 2022). Therefore, modern
approaches and methods for enterprise
management are essential for the development
and efficiency of enterprises. A modern port is
not only a connecting link between land and sea
in the chain of goods traffic but also an industrial
and logistics centre, as well as a centre for cargo
distribution and information support in the
production and distribution system of goods.
Currently, a modern port is not, as before, a
passive link between sea and land transport. It is
only a place of loading from one type of
transport to another (Tsopa et al., 2022).

However, during the last decades of
globalization and innovative technologies, an
essential factor in the competitiveness of
seaports, such as the stability of the functioning
of Ukraine, is gaining relevance. Ports and
shipping companies must implement multi-
stakeholder sustainability strategies to avoid

losing their market positions and remain
competitive in a dynamic environment.
The geopolitical transformations now

taking place in the world, economic instability
and changes in the business environment, fierce
competition in the market of port services, and
uncertainty of the environment require the
determination of the impact of environmental
factors on the results of its activities. Since the
seaports in each country's economy act as the
main levers of economic development,
generators of investment, and demand for
innovation, the stability of port work is of
practical interest to scientists.

Modern commercial ports are open
systems influenced by many external and internal
factors. Globalization and integration in transport
have led to the improvement of cargo
transportation technologies and the development
of port equipment, which has made it possible to
increase the speed of cargo passage through
ports. Information technologies made it possible
to reduce costs during the organization of data
exchange processes supporting material flows,
the logistics of transport processes formed “just-
in-time” and “door-to-door” technologies.

This made it possible to reduce transport
costs in trade. Consequently, determining the
nature of trends in the industry will allow the
prevention of negative processes and the timely
finding of a decision concerning the correction of
identified deviations and return the system to an
equilibrium state.

This explains the search for
methodological approaches to determine the
stable state of the port system, considering the
most significant factors influencing the port.

2. Literature review.

The theoretical and methodical principles
of ensuring the stability of the company's
functioning system and the peculiarities of
strategic decision-making are considered in the
works of such foreign and domestic scientists as
Marlow and Paixdo Casaca (2003), Notteboom
et al. (2013) and Parola et al. (2017).

Some issues of the management practice
of port industry enterprises are highlighted in
the research of Primachev and Primacheva
(2017), Nikolaieva et al. (2019), Golubkova et
al. (2021).

Parola et al. (2017) and Talley et al.
(2014) contributed significantly to developing

the port operation system management,
substantiation and improving theoretical
foundations.

By scrutinizing the theoretical and

practical contributions of these authors, it
becomes apparent that there needs to be more
investigation into guaranteeing the stability of
port and industrial operational systems. The lack
of a concrete definition of stable enterprise and
port functioning and a straightforward
procedure for determining stability in a modern
seaport context necessitates further development
and explanation (Alamoush et al., 2021).

Scientific support is essential for making
informed and  appropriate = management
decisions.

Marlow explored a range of port

performance metrics designed to evaluate the
efficiency of streamlined ports and foster the
advancement of adaptable ports. Introducing
novel port performance indicators targeting
quality concerns enhances visibility within port
operations and the entire transportation network,
thereby promoting improved integration of all
components within the logistics supply chain.
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Meanwhile, Notteboom et al. (2013)
delved into the phenomenon of institutional
expansion, examining how it facilitates the
emergence of new opportunities and activity
types and the formalized mechanisms driving
management reforms. Notteboom et al. (2013)
investigated the influence of state ownership on
the decisions of companies engaged in port
development. This issue is relevant, given the
economic consequences of port development
and the critical role of ports in the transition to a
more sustainable economy.

Parola et al. (2017) investigated the
factors of competitiveness of ports and their
measurements, the multidimensional nature of

competitiveness and the main factors of
competitiveness of ports.
Talley et al. (2014) examined a

methodology to assess the efficiency of specific
port services, employing the concept of the port
service chain, which focuses on service quality.

However, the role and importance of
seaports as the main drivers of the country's
economic development require further research
into their development. Despite this, the
problem of determining and ensuring the stable
functioning of the port industry, taking into
account the external and internal environmental
factors, still needs to be solved.

3. Aim and tasks.

The aim of the study is to assess the
influence of various factors on the consistency of
the management system of the port industry.

For this aim, the following research tasks
were set: to investigate the various factors that
influence the port management system stability,
taking into  account the  uncertainty
measurement, which is based on the calculations
of the system entropy in quantitative terms; to
develop a methodical approach for the stability
level determination of the functioning system
both at the industry level and at the level of an
individual port; to group the factors and
indicators of the assessment of the port
economy functioning stability; to propose an
algorithm for the general indicators formation of
the port industry functioning system stability,
which is based on the relevant integral indices
for groups of indicators as finance, ship and
cargo operations and the port environment.

4. Methods of research.

The methodological and theoretical basis
of the study was the fundamental provisions of
the economy of enterprises and the management
of seaports. In the research process, the
following general scientific and unique methods
were used, in particular, point and expert
assessment, to establish a qualitative assessment
of indicators and their importance in the study
of the influence of environmental factors on the
port management system: terminological
analysis to clarify scientific definitions of
economic categories; generalization, grouping,
and systematic approach for systematization of
factors and comprehensive study of the object of
management; system-structural method,
structural-functional, logical generalization
during the formation of the seaport management
mechanism; economic and statistical analysis
during the study of the level of stability of ports;
and scientific generalization for formulating
research conclusions.

The complexity of obtaining information
under conditions of uncertainty, the turbulence
of the external environment, and fierce
competition make it advisable to develop and
implement a procedure for determining the
integral indicator of the stability of the port
industry based on the degree of uncertainty
(entropy) (Bastug et al.,2022 ).

The use of entropy is increasing in the
study of various phenomena, as in physics,
biochemistry, and the study of technical and
economic  processes. Consequently, this
phenomenon has many definitions, but let us
dwells on the following: it is a degree of
incompleteness, uncertainty, and a function of
state (Laha, & Rohatgi, 2020). Any state can be
contrasted with the corresponding value of
entropy. For example, Shannon (1948)
represented entropy in his way and believed that
it could help establish a systematization of a

turbulent economic system based on the
corresponding measure of economic
information that characterizes it. In further

calculations we will use the formula proposed
by Shannon (1948):

(1

where p; is the degree of probability of the
system under study (p; = (1, n)).

H = —3p;log,p;
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Shannon (1948) established a certain
correspondence between such categories as
information and entropy, so he considered it
possible to use it to evaluate information
processes.

Thus, the system of functioning of the port
industry can be considered from the angle of
study of its different states, which are a
consequence of the dynamics of the
environment. This approach will make it
possible to additionally use another valuable
quality of entropy, namely, considering the final
nature of industry management processes. For
this purpose, the establishment of stability in the
system of port industry functioning is based on
calculations of the entropy of the system in a
quantitative dimension.

This will make it possible to determine the
character of tendencies, which can be taken into
account in the future when making forecasts of
the directions of industry development and
when making appropriate comparisons in the
industry at the level of the country and the
world.

A data set was used for the calculations,
including the period from 2012 to 2021. Three
groups of indicators were included in the
statistical database:

- Finance. EBITDA/revenue (operating
margin), court meetings/revenue,  cargo
meetings/revenue, labour/revenue.

- Ship and Cargo Operations. Average
gross tonnage per ship, total average profit of
cargo ship, average tonnage per event (all), ton

per meter berth (all).
- Environment. Investments in
environmental projects/total CAPEX,

environmental costs/income, CO2 emissions,
NOx emissions.

For each of the indicators in the group, it
was necessary to calculate its average value for
the period considered and the normal standard
deviation of the dynamic series [9]:

-}
X(xi—x)

n

o= =

2

where x; is the value of the indicator under
study for the corresponding period of time.

To make further calculations, we must
assume that a normal distribution characterizes
all the indicators we study in each group. The
next step is to determine the density value for
the probability of normal distribution [9]:
( )?/2

Xi—X

fO) = p=e” 3)
where p; = f(x;) probability as a measure
of the possibility of an event occurring.
Uncertainty refers to the need for more
information about the phenomenon being
studied, its consequences, or its probabilities.

5. Results.

Since entropy is a measure of the
uncertainty of knowledge or the incompleteness
of information, its state function will be
considered. Each state of the system under study
was matched to the corresponding entropy
values.

Thus, when studying the influence of
different factors on the functioning of the port
industry, it is necessary to consider the presence
and size of uncertainty.

Ensuring the stability of seaport operation
is challenging to predict because the emergence
of uncertainty factors, the trajectory of which
changes rapidly, cannot be controlled. This
study groups uncertainty factors using the
following indicators: finance, shipping and
cargo operations, and environment.

Today, bottlenecks in logistics, rapidly
increasing costs, and asymmetric recovery of
the world economy are the main factors of
uncertainty. The uncertainty of Ukraine's
regulatory and legal framework restrains the
direction of investment in port industry
development.

Variations in entropy values are possible.
This range includes [0, 1]. When approaching
“0” entropy decreases, and the degree of state
certainty increases. When approaching the value
of “17”, the uncertainty of the phenomenon under
study increases and the state of the system is
unstable.

Based on the above provisions, an
approach to assessing the stability of the port
industry was developed (Fig. 1).
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Formation of a statistical database for groups of indicators:
finance, ship and cargo operations, the environment

- _~

Formation of general indicators of stability of the system of port industry functioning by groups
of indicators:
finance, ship and cargo operations, environment

= _—

Determination of the integral level of stability of the system of functioning of the port industry

- =

Formation of the scale of assessments for the values of the integral indicator of the level of
stability of the system of port industry functioning

= =

Analysis of the received information and formation of conclusions and recommendations on
possible development trends and forecasts for the port industry

Fig. 1. Methodological approach to determining the level of stability of the port industry
functioning system.

The main difference between the indicators such as finances, ship and cargo
proposed approach and the existing ones is operations, and port environment. According
the calculation of the general level of the port to the proposed methodology, the study should
industry functioning system, which is based proceed in appropriate stages. First, based on
on the accumulation of values of the the information collected on the above
corresponding integral indices for groups of indicators, a database was created (Table 1).

Table 1. Group of factors and their indicators for assessing the stability
of the operation of the port economy.

Group of factors | Notation Keys Indicators
F' EBITDA / income (operating margin)
Finances Fj Shipping charges ./ income
F Freight charges / income
F' Labour / income
SCo' Average gross tonnage per ship
Ship and' cargo SCO’ Total average profit of a cargo ship
operations SCO’ Average tonnage per entry (all)
sco’ Tons per meter berth (all)
E' Investment in environmental projects / general CAPEX
Environment Ei En\{irgnmental costs / income
E Emissions CO,
E* Emissions NOy
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The next step is the calculation of general
indicators of the stability of the system of port
industry functioning by groups of indicators:
finances, ship and cargo  operations,
environment: ZF, Z5¢0, ZE.

These indices are calculated considering
the additivity of entropy and its quantification.

Consequently, the customary distribution

law of a continuous random variable represents
the basis for calculating the entropy value
(Gauss's law) (Kruskal & Shepard, 1974).

An algorithm for forming generalized
indicators of stability of the system of
functioning of the port industry, presented in
Fig. 2 is proposed.

-

Determination of the average value for the dynamic series
4 A
Determination of the normal, standard deviation for the 6=S L (xi=%)?
dynamic series n
. J
4 I
Determination of the maximum ordinate of the curve f{x), )= 1
establishing for the probability of density S+/am
- J
4 2
. )/
ﬁ : o fix)= .
Function evaluation f(x)= N
-
. . 1wy
Calculation of probability P; = f(u;), where f(u;) = 7= € 2
|

v

Entropy determination H; = — . P; - log, " P; J

A 4

Formation of generalized indicators of stability of the port industry functioning system

for groups of finance, ship and cargo operations, port environment: Z;

F 7SCO #E
,Z5€0, 7E.

Fig. 2. Formation of general indicators of stability of port industry functioning system for the
financial group, group of judicial and cargo operations, port environment.

The output data were indicators for the
studied groups, which were considered in the
dynamics for 2012-2021. The next step was to
calculate the standard quadratic deviation for
each indicator in the group for the considered
period.

The general indicators of the stability of
the port industry functioning system offered for
consideration are generalized indicators of the
state of stability of the system for its
characteristics for each group under study:

finances, ship and cargo operations, and port
environment.

The quantitative calculations of these
indicators of the generalized state of stability of
the system of the functioning port industry are
based on the definition of entropy.

Consequently, based on the results of the
calculations of the statistical data set conducted
in the Excel package, a table with entropy
values of the indicators of the groups under
study was formed (Table 2).
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Table 2. Entropic values of indicators in the groups finance, ship and cargo operations, port

environment.

Indicator 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021

F' 0,34 | 0,44 | 0,52 | 0,531 | 0,531 | 0,529 | 0,53 0,5 0,47 | 0,39

F? 0,42 | 0,47 | 0,49 | 0,524 | 0,529 | 0,529 | 0,48 | 0,37 | 0,46 | 0,53

F’ 0,33 | 0,38 | 0,53 | 0,53 | 0,529 | 0,529 | 0,53 | 0,51 | 0,46 0,4

F 041 | 0,46 | 05 | 0531 | 0,525 | 0,529 | 0,5 | 046 | 048 | 0,46

Sco' 0,35 | 0,46 | 0,52 | 0,53 0,53 0,53 0,53 0,5 0,45 | 0,38

Sco’ 0,53 | 0,53 | 0,49 | 0,36 0,27 0,52 | 0,53 | 0,53 | 0,53 | 0,47

Sco’ 037 | 0,49 | 0,52 | 053 | 0,53 | 0,53 | 0,53 | 0,53 | 0,51 | 0,23

sco* 0,53 | 0,53 | 0,53 | 0,53 0,52 0,51 0,51 | 0,53 | 0,53 | 0,05

E! 053 | 053|052 052 | 052 | 0,53 | 05| 053] 053 ]| 0,07

E’ 0,27 | 0,42 | 0,53 | 0,53 0,53 0,53 0,48 | 0,47 | 0,48 | 0,53

E’ 0,42 | 0,53 | 0,53 | 0,51 0,21 0,49 | 0,53 | 0,53 | 0,53 | 0,48

E* 0,34 | 0,45 | 0,51 0,52 0,53 0,53 0,52 | 0,53 | 0,52 | 0,35
Based on the data presented in Table 2, it As for another indicator, namely

is possible to trace some trends in entropy
indicator changes. Thus, all the factors included
in the finance group during 2014-2017 had a
high value of entropy, but since 2017, it has
decreased. Analysing the “Finance” group, it
can be noted that EBITDA / income (operating
margin) during the 2012-2014 years had a small
entropy value, which can be explained by the
action of other group factors that positively
influenced this trend. However, during the
2014-2019, this indicator increased its
uncertainty, which indicated the relevant events
in the world, which influenced the dynamics of
movement of the studied indicator.

The next indicator is “Shipping
charges/income” which increased its uncertainty
value from 2012 to 2018. In 2019, it had the
lowest entropy and began rising again. Again,
the explanation can be found in the events that
gradually covered the countries of the world.

Besides the geopolitical situation, various
force majeure events in the countries that carry
out maritime transportation can also be
attributed to them (Asian countries).

The indicator, which repels the trends
associated with cargo meetings, almost repeats
the trend “EBITDA/Income”  (operating
margin). This emphasizes their importance to
the phenomenon we study and indicates the
extent to which commercial ports feel the
impact of events occurring in the industry.

84

“Labor/Income”, it can be state that since 2017,
the entropy indicator has decreased by almost
3.52 to a value of 0.44, which positively
characterizes the ports' position in their
domestic markets.

The calculations and detailed analysis of
the selected indicators from the studied groups
allow us to establish their impact on the overall
stability of the port industry's functioning.

Graphically, it is immediately possible to
find “bottlenecks” in the indicators adopted for
consideration since the indicators with a high
entropy value require managers' close attention.

Consequently, using the entropy approach
to the indicators included in the groups selected
for research will become a valuable tool for
managing the development of the system of
functioning of the port industry. It will allow
forecasts of developments and assess the current
state of affairs with clarification for each
indicator that affects the system's overall
stability.

The next stage of the proposed approach
to determining the level of stability of the
system of port industry operation involves the
establishment of an overall index of the level of
stability. Its calculations are based on
synergistic principles combining the constituent
components of the selected influential groups:
the financial group, the group of judicial and
cargo operations, and the port environment.
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A normalization procedure behind the
“variation spread” method is also proposed for
this methodology. Such a procedure is used to
establish the scope of the general index of the
level of stability of the system of port industry
functioning. It should also be emphasized that
the method of spreading variation is used for
those indicators, the size of which is desirable to
reduce. Below are the formulas used to
normalize the indicators (Kruskal & Shepard,
1974):

1. Group Finance:
F _ Zg;ax'_ Zf
Ni = F F
Zmax = Zmin

2. Ship and Cargo Operations Group:

where Nf, N7¢°, NF — normalized values
of the indicators of the studied groups of the i-th
year; ZF,Z7¢0,ZF — values of generalized
indicators of stability of the port industry

functioning system for groups;
F SCO 7E s
Zmaxr Lmaxer Zmax minimal values of

generalized indicators of stability of the port
industry functioning system by groups.

The general index of the port industry's
functioning system stability level is an
aggregate index of system stability level
according to the established general indicators
in the groups of factors finance, group of ship
and cargo operations, and port environment.

The level of consistency of the port
industry functioning system is proposed to be
assessed (Kruskal & Shepard, 1974):

SCo __ ZT‘S;IC(:'I.OX - ZiSCO L= NF+ NSC0+ NE 4
N™ = 5o SCO e i i )
Zmax — thl . .
. Representation of the dynamics of
3. Environment Group: changes calculated based on entropy values
. ZE o — ZE aggr'e‘gated value of the general igdex of
N; = 7E __ 7E stability of the system of port industry
max min functioning (Fig.3).
3
2.5 /—
T\ /
15 //
1
> N\ /A\/-/. /
O T T T T T T T T T 1
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Fig. 3. Fluctuations in the overall stability index of the port industry operational system.

Since 2021, the value of the general
index has rapidly increased. Therefore, it is
characterized by a negative trend.

Thus, for practical application of the
obtained data, it is necessary to translate
quantitative values into qualitative values using

an appropriate scale of assessment. Table 3
shows a possible gradation of assessments of
the researched index and singles out three
levels of stability of the port industry
functioning system: high [0; 0.5], medium
[0.5; 1.5], and low [1.5; 3].
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Table 3. Scale of conversion of quantitative values into qualitative values for the general
stability index of the port functioning system.

The magnitude of the comprehensive stability The level of stability of the port's functioning
index of the port operational system system
[0;0.5] High
[0.5;1.5] Average
[1.5;3] Low

The developed approach for determining
the level of stability of the operation of the port
industry is based on the use of entropy to form
generalized indicators of system stability and
allows forecasts of development and evaluation
of the current state of affairs with clarification
on each indicator that affects the overall state of
stability of the system, namely the financial
group, shipping and cargo operations group, and
environment.

Applying the developed approach and the
defined sequence of relevant calculations will
allow ports to respond to violations of the
stability of their systems both at the industry
level and at the level of an individual port.

6. Discussion.

Despite growth, however, the role and
importance of the main driving forces of a
country's economic development require
further research into their development. In this
regard, the study substantiates the feasibility of
developing and carrying out a procedure for
determining the integral indicator of the
stability of the operation of the port industry
based on the use of the degree of uncertainty
(entropy).

Formula (1), proposed by Shannon (1948),
was used in the calculations and was able to
establish  correspondence  between  such
categories as information and entropy. The
functioning of the port industry can be
considered from the perspective of studying its
various states, which are the result of the
dynamics of the environment.

This approach makes it possible to use
another valuable quality of entropy, namely
taking into account the final nature of the
industry's management processes. This will make
it possible to determine the nature of the trend,
which can be considered in the future when
forecasting the direction of the industry's
development.

An information array of data was used for
the calculations, which included the period
2012-2021. Three groups of indicators were
included in the statistical database: finance, ship
and cargo operations, and environment.

Calculations were made for each indicator
in the group of its average value for the
considered period and the standard root mean
square deviation of the dynamics series
(Shannon, 1948), according to formula (2).

For further calculations, it was assumed
that a normal distribution characterizes all
studied indicators in each group. The next step
was to determine the probability of a normal
distribution of the density value using formula
(3).

In this case, uncertainty is defined as the
lack of information about the phenomenon
under study, consequences, or probability.
Because entropy is a measure of the uncertainty
of knowledge or the incompleteness of
information, it was taken as a state function.
Each state of the studied system can be assigned
an entropy value.

It has been proven that, when studying the
influence of various factors on the functioning
system of the port industry, it is necessary to
consider the presence and size of uncertainty
based on a possible change in entropy values
within the range [0; 1]. In the case of
approaching “0”, the entropy decreases, and the
degree of certainty of the state increases. The
state of the system is unstable when the value
approaches “1” and the uncertainty of the
investigated phenomenon also increases.

It is emphasized that the main difference
between the proposed approach and the existing
ones is the calculation of the overall level of the
port industry functioning system, which is based
on the accumulation of the values of the
relevant integral indices for groups of indicators
such as finance, ship and cargo operations, and
port environment.
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With the proposed methodology, it is
necessary to go through appropriate stages
during research.

General indicators of the stability of the
port industry’s functioning system were
calculated using three groups of indicators:
finance, ship and cargo operations, and
environment. The indices were calculated by
considering the additivity of entropy and its
quantitative definition. Therefore, the customary
distribution law of a continuous random
variable forms the basis for calculating the
entropy value (Gauss's law) (Kruskal &
Shepard, 1974). An algorithm for the formation
of generalized indicators of the stability of the
port industry’s functioning system is proposed.
Based on the results of the calculations of the
statistical array of data, data with entropy values
for the indicators of the studied groups were
formed.

Based on the data, some trends in the
change of the entropy indicator were traced, and
the calculations and detailed analysis of selected
indicators from the studied groups made it
possible to establish their influence on the
general state of stability of the port industry.

The next stage of the proposed approach
is to determine the level of stability of the port
industry’s functioning system to establish a
general index of the level of stability. Its
calculations are based on synergistic principles
that combine the constituent components of
selected influential groups: the financial group,
the group of ship and cargo operations, and the
port environment.

For this technique, it is also proposed to
perform a normalization procedure using the
“range of variation” method. This procedure is
used to establish the scope of the general index
of the level of stability of the functioning
system of the port industry. It should also be
emphasized that the technique of the range of
variation is used for these indicators, the size of
which is desirable to reduce. Formulas are given
according to which the normalization procedure
takes place (Kruskal & Shepard, 1974).

7. Conclusions.

The port management system's instability
may necessitate using additional means and
methods to stabilize the situation. As we have
seen in recent years, ports need such resources.

The harsh conditions of competition in the
industry require ports to constantly seek new
management approaches to anticipate positive
trends in the industry. The developed approach
to assessing the level of consistency of the port
economy functioning system is based on the
theory of the existence of an equilibrium state of
an open system and entropy indicators by the
group of finances, the group of ship-cargo
operations, and the port environment according
to the developed and substantiated gradation
scale, which allows to analyse the obtained
assessment results and qualitatively determine
the stability of the system of operation of the
port industry according to the general indicator.

The general index of the level of stability
of the system of the operation of the port
industry is an aggregate indicator of the level of
stability of the system according to the
established general indicators in the groups of
finance factors, the group of ship and cargo
operations, and the port environment.

It is proposed to evaluate the level of
stability of the port industry functioning system
and the dynamics of changes in the aggregated
value of the general stability index of the port
industry functioning system calculated based on
entropy values. It is emphasized that for the
practical application of the obtained data, it is
necessary to convert the quantitative values into
qualitative values using the appropriate rating
scale. Table 3 shows the possible gradation of
estimates of the studied indicator, and three
levels of stability of the port industry
functioning system are highlighted: high
[0; 0.5], medium [0.5; 1.5], and low [1.5; 3].

Based on the table obtained and the
graphic material presented, it is possible to
clarify the stability level of the system of
operation in the port industry.

Thus, the application of the formed
approach and a specific sequence of relevant
calculations will allow ports to respond
sensitively to the disturbance of their system
stability both at the level of the industry and at
the level of an individual port and to find answers
behind each group of selected influential
indicators behind the groups of finance, ship and
cargo operations, and port environment. The
developed approach will be a convenient,
practical tool for managing the development of
the port industry and individual ports.
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