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Introduction

Nowadays in conditions of the world space
transformation, the role of individual countries and their
groups varies considerably. Priorities for ensuring
sustainable growth of the world economy are distributed
between countries and their groups unevenly. It is
influenced by the global economic situation cycles, by
potential and possibilities for realizing the achievements
of information and technological progress, by the newest
dominant tendencies of geographic and regional
development, etc. As a result, some countries are ahead of
others in the terms of economic growth. The specificity of
the modern world economic system lies in the fact that
global economic growth depends on the implementation
of national economic potential, the ability to apply
existing and acquired factors of economic dynamics at the
level of individual countries.

One of the key characteristics of the structure of the
modern world economy is the presence of a group of
countries with emergent markets. The established
classification of countries with growing (ascending,
emergent) markets in the scientific literature is not
formed, however, there are several research approaches
regarding the content and criteria for identifying this
group of countries. According to world-class scientists
such as V. Kvint [1], T. Marois [2], M. A. Kose and
E. S. Prasad [3], as well as according to international
financial institutions, research centers (such as the British
company FTSE, the corporation MSCI, the American
financial company S&P, the American financial
information firm Dow Jones & Company, Frontier
Strategy Group, etc.), that deeply studied this problem, the
formation of emergent markets in the world is associated
with the presence of four main characteristics.

The essence of the first one is that this group includes
countries with a large population, resource base and high-
volume markets, that are the engines of economic
development in different regions of the world. The second
feature is the transitive type of society, and specifically —
implementation of internal economic and political
reforms, the introduction of a policy of “openness”
instead of a policy of strong state planning and control.
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The next feature is high rate of economic growth, as a
result of the country’s active participation in international
trade process. And the last feature is the significant
growth of domestic and foreign investments due to the
formation of a favorable environment for conducting
business within the country.

At the same time, according to the experts of the
Institute of Economics and Forecasting of the National
Academy of Sciences of Ukraine, the issues of
determining clear criteria for classification of countries
belonging to this group remain unsolved, especially with
relatively small area of the territory (less than 1 million
square kilometers), as well as with limited market
liquidity (in particular, Ukraine).

According to their opinion in Ukraine the problems of
the intensification of the processes of emergence of the
economy are hampered by the problems of low innovation
activity of domestic enterprises, the volatility of foreign
economic activity and the instability of the political
situation. Therefore, we offer some steps towards the
formation of well-developed emergency economics in
Ukraine. Among them: the financing of technological
parks through venture capital funds with a minimum state
participation, which should be the guarantor of the
reliability of private investment; the creation of a stock
market, the forecasts of which will allow you to navigate
the dynamics of stock quotes, that in the case of
coincidence of real and predicted values will indicate the
correctness of the decisions on investing in certain
innovative enterprises; commercialization of scientific
developments at the expense of enterprises and research
institutions entering the international market of innovative
technologies by joining the system of technology transfer
INDEV of the State Committee for Investment and
Development, etc.

Publications in the scientific literature prove a high
level of interest in the theoretical and applied
developments concerning the peculiarities and dynamics
of the development of the countries of the emergent type.
However, questions about the application of modern
methods of investigation of the emergent properties of
complex systems, sources and methods to the process of
formation the emergent strategy of the country as a whole

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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and Ukraine in particular are still remain insufficiently
studied.

In modern science, the achievements of modern
mathematics, system analysis, decision-making theory,
and so on are used to model and analyze the complex
systems functioning. At the same time, the processes of
globalization and integration, financial and economic
instability cause the need to find out new tools that take
into account elements of uncertainty, a significant number
of risks and promote the efficiency of simulation
processes.

The scientific contribution of modern scholars can be
a guarantee for the improvement of the activities of
various economic actors, the basis for the development of
operational and strategic plans and programs of business
and government activities. This collection of scientific
works includes the research results of scientists aimed at
improving the existing and developing new approaches in
the modeling, management and monitoring of the
emergent economy as a complex system.

M3E2 2019 at a glance

Monitoring, Modeling & Management of Emergent
Economy (M3E2) is a peer-reviewed international
conference focusing on research advances and
applications of nonlinear dynamics  methods,
econophysics and complex systems methodology of
emergent economy.

The M3E2 Conference occupies contributions in all
aspects of Computational Finance, Economics, Risk
Management, Statistical Finance, Trading and Market
Microstructure, (Deep) Machine Learning technologies
and tools, paradigms and models, relevant to modern
financial engineering and technological decisions in the
modern age. There is urgent general need for principled
changes in postclassic economy elicited by current
models, tools, services, networks and IT communication.

M3E2 topics of interest:

— Complex cyberphysical
econophysics, economy of agents.
— Mathematical methods, models, informational systems
and technologies in economics.

— Monitoring, modeling, forecasting and preemption of
crisis in socio-economic systems.

— Models of global transformations.

— Experimental economics.

— The dynamics of emergent markets in post crisis period.
— Management of the state’s economic safety and
economic safety of economic agents.

— Modeling of hospitality sphere development.

— Prioritized ways of formation of the innovation model
of Ukrainian economical development.

—The Global Challenges for Economic Theory and
Practice in CEE Countries.

— (Deep) Machine Learning for prediction of emergent
economy dynamics.

— Risk Management models in emergent economy.

This volume contains the papers presented at M3E2
2019: The 8th International Conference on Monitoring,

systems, synergy,

Modeling & Management of Emergent Economy held on
May 22-24, 2019 in Odessa.

There were 71 submissions. Each submission was
reviewed by at least 3, and on the average 3.1, program
committee members. The committee decided to accept
52 papers. The program also includes 1 invited talks.

M3E2 2019 program committee

Vitalina Babenko, V. N. Karazin Kharkiv National
University, Ukraine

Oleksandr Chernyak, Taras Shevchenko National
University of Kyiv, Ukraine

Hanna Danylchuk, Bohdan Khmelnytsky National
University of Cherkasy, Ukraine

Maryna Drobotova, Bohdan Khmelnytsky National
University of Cherkasy, Ukraine

Giedre Dzemydaite, Vilnius University, Lithuania

Irina Georgescu, Academy of Economic Studies,
Romania

Lidiya Guryanova, Simon Kuznets Kharkiv National
University of Economics, Ukraine

Alexey Hostryk, Odessa National
University, Ukraine

Pavlo Hryhoruk, Khmelnytskyi National University,
Ukraine

Liubov Kibalnyk, Bohdan Khmelnytsky National
University of Cherkasy, Ukraine

Lyudmyla Kirichenko, Kharkiv National University
of Radio Electronics, Ukraine

Arnold Kiv, Ben-Gurion University of the Negev,
Israel

Konstantin Kovalchuk, National Metallurgical
Academy of Ukraine, Ukraine

Oksana Kovtun, Staropolskia Szkola Wyzsza w
Kielcach (Centrum ksztatcenia w Czerkasach), Ukraine

Hanna Kucherova, Classic Private University,
Ukraine

Nataliia  Maksyshko,
University, Ukraine

Andriy Matviychuk, Kyiv National Economic
University named after Vadym Hetman, Ukraine

Tamara Merkulova, V. N. Karazin Kharkiv National
University, Ukraine

Nikolaos Passalis, Tampere University, Finland

Lukas Pichl, International Christian University,
Japan

Oleg Pursky, Kyiv National University of Trade and
Economics, Ukraine

Serhiy Semerikov, Kryvyi Rih State Pedagogical
University, Ukraine

Lyudmila Sergeyeva, Zaporizhzhia State Medical
University, Ukraine

Yaroslav Shramko, Kryvyi Rih State Pedagogical
University, Ukraine

Vladimir Soloviev, Kryvyi Rih State Pedagogical
University, Ukraine

Viktoriia Solovieva, Kryvyi Rih Economic Institute
of Kyiv National Economic University named after
Vadym Hetman, Ukraine

Economic

Zaporizhzhia  National
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Valdemar Vitlinskyi, Kyiv National Economic
University named after Vadym Hetman, Ukraine

Eugene Yakub, Odessa National Economic
University, Ukraine

Nataliia Zachosova, Bohdan Khmelnytsky National
University of Cherkasy, Ukraine

Pavel Zakharchenko, Berdyansk State Pedagogical
University, Ukraine

Conclusion

The vision of the M3E2 2019 is provides a premier
interdisciplinary platform for researchers, practitioners
and educators to present and discuss the most recent
innovations, trends, and concerns as well as practical
challenges encountered and solutions adopted in the fields
of emergent economy.

The conference has successfully performing forum to
transferring and discussing research result among the
researcher, students, government, private sector or
industries. Participants and presenters from several
countries such as Czechia, Italy, Israel, Lithuania, Poland,
Slovenia, Ukraine have attended the conference to share
their significant contribution in research related to
Monitoring, Modeling & Management of Emergent
Economy.

We are thankful to all the authors who submitted
papers and the delegates for their participation and their
interest in M3E2 as a platform to share their ideas and
innovation. Also, we are also thankful to all the program
committee members for providing continuous guidance
and efforts taken by peer reviewers contributed to
improve the quality of papers provided constructive
critical comments, improvements and corrections to the
authors are gratefully appreciated for their contribution to
the success of the conference.

We hope you enjoy this conference and meet again in
more friendly, hilarious, and happiness of further M3E2
2020.

The eighth instalment of M3E2 was organised by Kryvyi Rih
State Pedagogical University, Ukraine (with support of the
rector Yaroslav Shramko) in collaboration with the South
Ukrainian National Pedagogical University named after
K. D. Ushynsky, Ukraine (with support of the rector Aleksij Ya.
Chebykin); Bohdan Khmelnytsky National University of
Cherkasy, Ukraine (with support of the rector Oleksandr V.
Cherevko); Information Systems Management Institute, Latvia
(with support of the rector Deniss Djakons); Cardinal Stefan
Wyszynski University in Warsaw, Poland (with support of the
rector Stanistaw Dziekonski); University of Vienna, Austria
(with support of the rector Heinz W. Engl); Ben-Gurion
University of the Negev, Israel (with support of the rector Chaim
J. Hames); Taras Shevchenko National University of Kyiv,
Ukraine (with support of the rector Leonid V. Hubersky);
Belarusian State University, Republic of Belarus (with support
of the rector Andrei D. Karol); Kyiv National Economic
University named after Vadym Hetman, Ukraine (with support
of the rector Dmytro G. Lukianenko); Cracow University of
Economics, Poland (with support of the rector Andrzej
Chochét); Vilnius University, Lithuania (with support of the
rector Artiiras Zukauskas).
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Abstract. The development of a socially oriented market economy in Ukraine, the effective
implementation of reforms in this direction and the improvement of the well-being of the
population is not possible without qualitative financial support for the competitiveness of
workers, above all, in the mining industry. However, the absence of effective levers of influence
on the organization of high-tech production in this area, its considerable intensiveness of material
and energy, and its complexity and harm have negatively affected the labor motivation of miners
and the profitability of mining enterprises. Therefore, the urgent issues at the current stage of
development of Ukraine's mining industry are determining the conditions and opportunities for
increasing the competitiveness of employees in this industry. Scientific novelty of the results is to
identify, substantiate and analyze the main stages of financial support for the competitiveness of
workers in the mining industry under the conditions of a changing vector of the country’s foreign
economic policy and of market for products of this industry. The obtained results of the research
are the basis to both the study and practical solution of the problem of how to increase the
competitiveness of miners in enterprises under various forms of management. This approach
involves not only a high level of material incentives for highly qualified specialists in mining, but
also a comprehensive development of personnel potential in this industry as a whole.

Introduction is to characterize financial support for the
competitiveness of the mining industry workers and to

The formation of high-tech production in Ukraine,
effective implementation of reforms to this end, increase
in gross domestic product and real incomes of citizens is
only possible under the condition of high-quality
financial support for the competitiveness of workers,
above all, in the mining industry. Howeverthe lack of an
effective program for the development of this industry
and inhibition of its socio-economic reforms has
negatively affected the attitude towards the work by
miners and the quality of development of the mining
industry as a whole. Thus, in 2014-2015, the number of
registered unemployed in this industry exceeded other
sectors in Ukraine by 4 times. At the same time, the
profitability of operational activity of industrial
companies in Ukraine for the above period decreased
more than twice and amounted to less than 1% [1]. This
situation destabilizes the industrial and economic
security of the country, as well as the supply and demand
of the labor market in this field.

Taking into account urgency and lack of solution for
the aforementioned problem, the main goal of this study

%
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develop measures for its improvement. To achieve this
goal, we have identified the following main tasks:

—to form an apparatus of categories on the interpretation
of the essence of the workers’ competitiveness in the
mining industry;

— to identify and characterize the main stages of financial
support for the competitiveness of workers in this field,
—to propose measures for the effective implementation
of the above-mentioned stages.

Theory of the matter

The abovementioned matter has been researched by such
scientists as: A. Cardoso [2], T. Chan, M. Egorova [3],
P. Fedotov, E. Zelynskaya [4], G. Gayko, V. Beletsky
[5], V. Ivanov, V. Komarov, P. Pavlov [6], S. Kozlov
[7], S. Mahdevari, K. Shahriar, A. Esfahanipour [8],
J.Maiti, S. Chatterjee, S. Bangdiwala [9],
Y. Mossakovskyy [10], V. Nagornuy, V. Globa [11], L.
Polishchuk [12], J. Prno [13], J. Ryfkyn [14] and so on.
Thus, scientists have identified the basic principles for

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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the development of mining and recreation of its labor
resources. However, the problem of a complex appraisal
of the competitiveness of miners under the conditions of
a changing vector of foreign economic policy of the
country and the market for products of this sector has not
been researched sufficiently.

Detailed presentation of the
methodology of the study,
characterisation of materials and
methods of analysis, statistical

processing of results

The methodological basis of this study is a general
scientific dialectical method of cognition, in which the
object of the study is studied as a dynamic system in the
process of development. Formation of an apparatus of
categories of competitiveness of workers in the mining
industry and the main stages of its financial support,
carried out on the basis of dialectical, historical and
systemic methods. In the process of studying and
generalizing scientific and practical developments,
methods of comparison, analysis and synthesis,
induction and deduction have been applied. Additionally,
the study is based on regulatory and economic
documents, developments by research institutions and
scientists.

Mining industry is one of the most traumatic,
especially in underground work, where there is
significant gas pollution and dust. Scientists at the
University of Michigan [15] developed a model for
assessing the individual cost of an employee, based on
the notions of conditional and realized value.

The individual value of an employee depends on the
expected probability that the employee will remain
working and realizes his potential. That is, the realized
cost of an employee:

RV = UV * P(T), (1)

where UV is the employee’s standard cost, P(T) — the
probability that the employee works at the enterprise
until the end of his working age 7, taking into account
the level of risks of the industry.

The conditional cost of a UV employee characterizes
all the potential profits an employee can bring to an
organization if he has all the rest of his life working in it.
Expected realized cost of an employee RV characterizes
the value of an employee, given the likelihood that he
will remain in the organization for some time. The RV
poster is two-component: it consists of two elements: the
expected conditional value of UV and the probability of
continuing membership in the organization P(7). The
last figure is the expectation of management about what
part of the revenues will be realized in the organization
to the expected time of dismissal of the employee. The
mathematical model of these processes has the form:

P(2)=1-P(T); ()
AVP =UV—-RV =RV *P(Z),

where UV and RV are expected conditional and realized
costs;

P(T) — the probability that the employee will remain
in the organization after some time;

P(Z) — the probability of dismissal of the employee
from the organization or the rate of flow;

AVP — alternative flow rates.

In this model, the cost of human resources is
probabilistic. For organization, this may mean that not
always the employee with the greatest potential will be
the most useful company. And the HR manager, who
seeks to optimize the cost of human resources, should
prefer a candidate with the highest realized value, and
not just the most capable.

For the measurement of the monetary form UV and
RV developed stochastic positional model. It is
implemented by such an algorithm:

1) the creation of a base of mutually exclusive positions
or positions that can be occupied by an employee in the
organization, that is, the formation of a career path of the
employee — a sequential chain of positions or service
statuses with the addition of such a state as the release
from the enterprise;

2) determining the value of each position for the
organization, that is, the profit that will be brought in the
future by the employee while on this position. Moreover,
the profit can be attributed to the person of the
employee, and to the position that he occupies, as in the
case of personal and positional restorative costs;

3) determining the expectation of the term of human
rights in the organization, that is, the assessment of the
overall life of the person. It is influenced by many
factors: individual expectations, the emotional and
physical condition of the employee, the policy of the
company in the area of staff recruitment and
remuneration, mobility in the labor market, etc. All these
factors are difficult to determine and measure, therefore,
we can estimate the life of a person only from some
probability. And, speaking of the expected life
expectancy, we will have in mind the mathematical
expectation of magnitude. There are two main ways of
finding it: the method of expert evaluation and
analytical;

4) the calculation of the probability that the employee
will occupy each of the items specified in item 1 at a
certain point in the future. To do this, on the basis of
probabilistic assessments describe the expected career
path of the employee up to release: with which
probability each of the next year to the year of expected
release from the organization employee will occupy each
of the possible positions. In the last year of work the
probability of dismissal should be equal to 100%. This
probability can be measured by two methods described
in the third step. An analytical method involves three
consecutive steps: collection of data on hiring, moving
and dismissal; grouping data according to official status;
compilation of matrices of probability of transitions;

5) discounting the expected future cash income to
determine the present value.

The proposed model of employee valuation also
describes the dependence of the cost of human resources
on the degree of satisfaction. Therefore, satisfaction
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must be measured and communicated to the management
of the organization.

In the absence of the necessary statistical information
for the characterization and assessment of the
competitiveness of the mining industry, in 2017 we have
conducted a sociological survey in 1256 employees of
mining industry Donetsk, Luhansk, Zaporizhia, Kharkiv,
Dnipropetrovsk, Lviv, Volyn and Transcarpathia regions
of Ukraine. Using a questionnaire developed by the
author, their opinion on the level of competitiveness of
workers in the mining industry has been studied.

Preliminarily, we had formed a set of basic features
and characteristics that reflect various professional and
socio-psychological features of miners and form their
competitiveness in the labor market. The main ones are:
gender, age, state of health, marital status and family
composition, education, professional qualification level,
work experience, conditions and work remuneration,
computer skills, responsibility, and others. Respondents
were asked to evaluate each of these criteria, based on
their importance, and to express it in a ballistic
assessment on a scale from 1 (minimum) to 50
(maximum) points. The survey was participated in by:
heads of enterprises (20%), heads of their structural
divisions and leading specialists (30%), and ordinary
workers (50%). Meaning, such groups of respondents,
whose work is directly related to the definition and
implementation of financial support for increasing the
competitiveness in the mining industry, and those who
are direct participants (performers) of individual
production and technological processes.

Discussion of results

As a result of the analysis, we have established that there
are different approaches to the interpretation of the
essence of the competitiveness of workers in the mining
industry. They are similar to each other and differ only
in separate constituents. Thus, within this category most
scholars understand the ability of a specialist to fully
realize his right to work in the economic entity of the
mining industry and receive appropriate remuneration
for it [2; 4-6; 8; 12-13].

Taking into account the interpretation of the socio-
economic category described above, we have identified
the main stages of financial support for the
competitiveness of the mining industry (Fig. 1).

We Dbelieve that the proposed comprehensive
methodological approach towards financial support for
the competitiveness of mining workers will help identify
its most important components and develop effective
measures for their improvement.

In our opinion, the most significant of the above
components is the financial support of the scientific and
practical processes of determining the criteria for the
competitiveness of miners and conducting its
sociological assessment. Thus, appropriate funding
allowed us to conduct monographic surveys to determine
the main features and characteristics of the
competitiveness of miners (Table 1).

Thus, the results of the above-mentioned sociological
assessment of managers and employees of mining
companies are different. Most managers and their
deputies have set rather high requirements for the
qualitative parameters of financial controllers and their
work activities, namely: professional qualification level,
work experience, gender, sense of responsibility, lack of
bad habits, health status, family status and composition.
This is evidenced by the high average mark — 41.8 and
the level of compliance with all the maximum possible
parameters — 83.6%.

FINANCIAL SUPPORT FOR THE COMPETITIVENESS OF
EMPLOYEES OF MINING INDUSTRY
v
Financial support for the scientific and practical process of
determining the criteria for the competitiveness of miners and
conducting its sociological assessment

Formation of leading components of financial support measures for
the competitiveness of miners

Definition of directions for increasing financing of miners'
competitiveness

Approbation and theoretical assessment of the developed concepts
and models for increasing financial support for the mining industry's
competitiveness

Formation of a long-term strategy for financing the development of
the human resources potential in the mining industry

Fig. 1. Main stages of financial support for the competitiveness
of mining workers

Table 1. Assessment of the main features and characteristics of
the competitiveness of the mining industry enterprises of
Donetsk, Lugansk, Zaporizhzhya, Kharkiv, Dnipropetrovsk,
Lviv, Volyn and Zakarpattia Regions, points.

Feature, characteristic Mapagers qnd Hired Average
their deputies | workers

Requirements for
conditions and 20 50 35.0
remuneration
Education 30 20 25.0
Professional qualification 50 30 400
level
Experience 50 20 35.0
Gender 50 10 30.0
Age 30 20 25.0
Sense of responsibility 50 30 40.0
Lack of bad habits 50 35 42.5
Computer skills 40 35 37.5
Health status 50 50 50.0
Family status, 40 30 | 350
composition
Average points of 41.8 300 | 359
feature, characteristic
Comphance with all 83.6 60.0 718
possible parameters, %

A more detailed analysis of the requirements of
managers and their deputies contributed to identifying
the priorities of this group of respondents regarding the
requirements towards the applicant most appropriate for
the position, whom they would prefer to employ in
mining companies. In their opinion, this should be a
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male person, aged 18-40, with a professional
qualification corresponding to the workplace, with or
without work experience for this position for at least 5
years (for simple, unskilled and predominantly manual
labor), who is responsible for fulfilling their duties and
does not have bad habits (alcoholism, drug addiction,
smoking). Thus, these qualities were evaluated by the
respondents mentioned above with the maximum
number of points. At the same time, heads of companies
and structural units would like the applicant for the
position have appropriate education and computer skills.

However, the requirements of hired workers of
mining companies for competitiveness are much lower
than those of managers and their deputies. For miners
employed in non-executive positions, the following
features are among the priorities for competitiveness:
production conditions and value of labor are expressed
by the level of remuneration, health status, age, marital
status and family composition, etc. (average 30).

We believe that this situation reflects the relationship
between the complexity of the work performed and the
qualifications of its direct performers. As a result,
differentiated requirements of employers and employees
towards the characteristics of competitiveness of the
latter are formed. So, if the work is predominantly
typical, manual, or mechanized, but involves material
liability, then it requires, first of all, greater physical
effort. Therefore, the requirements are higher for health,
conditions and wages, and much less for the skills of
work with computers, gender, education, etc. However,
in real life, hired workers may not always meet the
criteria of employers, which adversely affects the level
of their competitiveness, because it depends on the
influence of many factors.

In order to avoid disparity between the preferences of
the above-mentioned respondent groups, it is necessary,
in our opinion, to formulate leading components of the
financial support for the competitiveness of the mining
industry and determine the ways to increase the
financing of the competitiveness of miners (Table 2).
That means, the most important components and
directions for financing to improve the competitiveness
of miners are based on the implementation of measures
for the preservation of human resources and their
development in the short and long term. Thus, this
approach envisages, above all, the following measures:
financing of competitions concerning employment of
miners according to clear criteria; financing of
professional training and professional development of
miners; financing of complex programs for employment,
career growth and personnel rotation of specialists of all
levels; financing of complex programs for the formation
of the personnel reserve of miners according to their
professional qualification and professional direction, etc.

In our opinion, the aforementioned approach will be
conducive to the differentiation at the macro and micro
levels of influence levers on employment, income,
employment, conditions and attitudes towards labor and
competitiveness under the market conditions of future
and current professionals in the mining industry.

Table 2. Leading components and directions for increasing the
financial support of the competitiveness of mining workers in
certain regions of Ukraine at macro and micro levels

Macro | Micro
level | level
Funding of competitions for miners’ employment according to
clear criteria

Financing of leading scientific and practical
specialists for the development and
1. |implementation of specific and relevant| - +
criteria for the selection and employment of]
miners.

Financing of professional training and professional

development of miners
Financing of higher and vocational
education by prospective specialists of the
mining industry according to the needs of]
the labor market
Financing of competitive projects to attract
3. [the most capable and active youth to work| + +
in the mining industry.
Financing of complex programs for employment, career
rowth and personnel rotation of specialists of all levels
Material incentives for miners working
efficiently and effectively, taking into
4. |account their organizational and| - +
professional abilities, including prospect of]
their career growth.
Financing of complex programs for the formation of a
personnel reserve of miners according to their professional
qualification and professional direction

Material incentives for the most promising
future and current young specialists in
every work direction within the mining
industry, promotion of their professional
" |development, improvement of their
professional and organizational skills and
abilities and the possible assignment of]
each of them to the position at any time

No. Component, direction

Additionally, the effectiveness of the implementation
of all the above measures depends on the approbation
and the theoretical assessment of the developed concepts
and models for increasing financial support measures
for the competitiveness of the mining industry. This
approach involves the implementation of certain
interrelated stages (Fig. 2).

Thus, the aforementioned approach involves a
profound elaboration of theoretical concepts regarding
the financing of human resources development in the
mining industry and their effective practical
implementation. At the same time, their application
should help identify the most important components for
improving the competitiveness of miners who need to
improve, or to identify and finance the development of
new ones.

In our opinion, the formation of a long-term strategy
for financing the development of human resources
capacity of the mining industry is an equally important
stage in providing financial support towards miners’
competitiveness. ~ Thus, it should ensure the
implementation of the following measures at the expense
of public and private institutions at the macro and micro
levels:
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— financing the development and implementation of a
comprehensive state program of employment of
depressed regions and unprofitable sectors of the
economy (identification of priority areas for training, and
retraining of future and current workers in the mining
industry);

— financing of the employment system by the state or
private mining companies (with partially jobs guaranteed
by the state) (allocation of state funds for employment of
the population in the relevant economic entities);

— financing and formation of a state order for the training
of future mining specialists, taking into account the state
and prospects of the labor market in this area (reduction
of ineffective state expenditures for the training of
specialists for which there is no demand in the labor
market and directing these funds towards support of
employment and increase of incomes of mining
employees);

— financing the improvement of qualification of miners
in modern domestic and foreign technologically
equipped enterprises, institutions and organizations
(competitive selection of the best experts in the mining
industry and payment of their internships in the
respective economic entities);

— financing of the system of re-training of workers in the
mining industry in relation to this field (related to this
field may be any specialisation related to work in heavy
industry and the processing industry);

— financing a program of employment of disabled people
with occupational diseases obtained as a result of work
in this area (preferential taxation of economic entities
employing this category of population);

—privileged income taxation for employees of
unprofitable mining companies (granting of tax
privileges on personal income, a single social

contribution, value added tax, corporate income tax,
etc.), etc.

APPROBATION AND THEORETICAL EVALUATION OF CONCEPTS]
AND MODELS FOR THE IMPROVEMENT OF FINANCIAL
SUPPORT OF COMPETITIVENESS OF MINERS

Definition and adaptation of scientific and practical developments with respect|
to the evaluation of concepts and models for increasing financial support
measures of miners' competitiveness

v
Conducting monographic surveys of various social, age, gender and
professional groups of miners regarding certain measures to increase their
competitiveness
Characterisation of individual competitiveness criteria of workers in the
mining industry

Determination of the most important and relevant features and characteristics
of the competitiveness of the mining industry

Development of proposals for the long-term development of labor potential of]
the mining industry with its direct adaptation to the labor market

Fig. 2. The main stages of testing and theoretical assessment of
concepts and models for increasing of financial support
measures for the competitiveness of mining workers

We believe that all the above measures will not only
increase the competitiveness of the miners, but will also
contribute to their effective employment in this area and
the improvement of welfare in general. They can also be

used as proposals for the effective implementation of
financial support measures for the competitiveness of
mining workers.

Conclusion

Thus, as a result of the analysis, we have established that
the competitiveness of an employee of the mining
industry implies his ability to fully exercise his right to
work in an economic entity of the industry and receive
an appropriate remuneration for it at any time.

Taking into  account the  aforementioned
interpretation, we have identified the main stages of the
financial provision of the competitiveness of the mining
industry. They foresee: financial support of the scientific
and practical process of determining the criteria for
competitiveness of miners and conducting its
sociological assessment; formation of the leading
components of financial support for the competitiveness
of workers in the mining industry; definition of
directions for increasing financing of miners'
competitiveness; approbation and theoretical assessment
of the developed concepts and models of increasing the
financial support measures of the mining industry's
competitiveness; formation of a long-term strategy for
financing the development of the human resources
potential of the mining industry.

However, as a result of the monographic survey, we
have established that there is a significant disparity
between individual groups of respondents regarding the
implementation of the above-mentioned stages. Thus, the
activities of the heads of the mining enterprises and their
deputies are aimed at minimizing the costs of human
resources, while hired workers prefer to secure their own
welfare at the expense of employers.

In order to avoid the above disparity, we have
identified measures to increase the competitiveness of
miners. They provide financial support for the
implementation of professionally oriented personnel
policies by employers for hired workers, periodically
assessing the quality of work of each miner and
providing them with appropriate material and socio-
psychological incentives.

The above-mentioned approach will promote a
higher level of competitiveness, employment and income
of miners, as well as complex development of human
resources potential of enterprises of the mining industry
as a whole.

Further scientific research will examine the results of
the application of the described stochastic positional
model and the complex methodological approach to
financial support for the competitiveness of mining
workers at enterprises and substantiated the use of
recommendations for the formation of a long-term
strategy, including the application of preferential
taxation of profits for workers of non-profit mining
companies.
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Abstract. Topicality of research into interactions between tax environment subjects is justified by growing
uncertainty of changes in socio-economic processes. The aim of this study is to assess interaction between
taxpayers, controlling bodies and public authorities in view of dominant paradigms and results of expert and
sociological research on subjects with regard to the degree of their influence on tax environment climate.
Interaction is defined as a certain type of relations between subjects that result in developing mutual
influence which induces corresponding changes of their states. Interaction is essentially a poorly structured
category, which dictates a need to use soft modeling and subjective evaluation methods (matrix models).
According to the degree of influence on tax environment climate, public authorities are proved to be the
most influential subject, while taxpayers are found to be the least influential. Summative value of subjects’
interaction is set as Very Good. It is determined by taxpayers’ data as the best among other subjects. Based
on the analysis of dynamics in parameters and activity of interaction subjects it is argued that in order to
improve subjects’ interaction productivity, it is appropriate to improve the mechanisms of subjects’

interaction with public authorities of all others.

Introduction

Research into interaction between different subjects of
socio-economic system in regard to taxation is getting
increasingly popular as current social and economic
processes are highly dynamic and taxation mechanisms
need to be adjusted to ensure timely and adequate
response to changes. Ongoing crisis in Ukraine
redoubles uncertainty in decision-making, therefore a
vast majority of actors in the state socio-economic
system compensate for the lack of information with
subjective perception of objective circumstances of
taxation.

The period of reforms has added weight to the roles
of those subjects of the socio-economic system that
make tax decisions, including authorities, taxpayers,
controlling bodies and communities whose tax relations
are regulated by regulatory and legal provisions. Present
gaps and shortcomings of these provisions in Ukraine
have shifted the focus of the scope of research towards
subjectivism, which is seen as a derivative of an
individual subject’s knowledge and experience.
Therefore, wvalidity of decision-making requires
additional substantiation through expert judgment.

It should also be noted that so far Ukraine has carried
out reforms of both taxation system structure and
taxation mechanisms which determined the trends of
redefining the aims and ways of interaction between
taxation subjects. In order to adequately respond to
structural and dynamic changes in the socio-economic
system, we should regularly assess its subjects’

*
Corresponding author: kucherovahanna@gmail.com

interaction in respective tax environment and identify
high-potential options of main trends development,
which is actually the aim of this study. Objective
assessment will allow us to substantiate or specify the
areas which require further improvement of subjects’
interaction in order to ensure long-term equitable
relations and good balance of all actors’ interests. The
dynamics of these subjects’ interaction values will
determine the productivity of their relations.

Interaction is a means of studying subjects and their
environment, certain activity and type of behavior, a
mechanism of their organization under certain conditions
— all in one. Types of relations between subjects in tax
environment are determined by their socio-economic
roles (a taxpayer or a representative of controlling bodies
[12], structural and functional relations established by
the system to enable actualization of both system
properties and interaction subjects properties within the
system. In the context of this research relation is
determined by the way subjects’' interaction in tax
environment is organized, their state being mutually
conditioned by each other and itself. Relations represent
a broader concept than interaction and have a different
nature. They can only emerge between subjects in tax
environment on condition that states of subjects or the
system are fixed, acceptably equilibrium and stable
enough. In this context, legal and regulatory framework
acts as a stabilizing factor, knowledge of laws and
regulations has a positive effect on conscientious
payment of taxes [13; 16; 17; 18]. Awareness,
understanding, quality and simplicity of tax processes [1;

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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2; 5; 14], a positive attitude to taxation, and financial
resilience [7; 8] predominantly (but not a hundred
percent) ensure the required level of trustworthiness and
timeliness of tax liabilities. In general, established
relations between subjects in tax environment are
realized within the framework of their interaction, which
determines its effectiveness and productivity. In order to
ensure objective assessment, functional and structural
relations must be actualized, i.e. it is necessary to
identify the set and structure of relations actual at period
t.

Assessment of subjects’ interaction in tax
environment is generally based on analytical approaches
and sociological research, a vast majority of which
present their results in the form of a qualitative
characterization of a selected set of parameters in certain
areas of subjects' interaction. The above is explained by
poor structuring of subjects interaction in tax
environment due to informal factors of influence. For
example, a global monitoring of interaction between
taxpayers and controlling bodies is being done by
stakeholders in the context of Forum on Tax
Administration (FTA) [21] based on the International
Survey on Revenue Administration (ISORA). The data it
presents give full and clear idea of the tax administration
system in terms of services, favorable conditions,
technological development, easing administrative
pressure for all groups of taxpayers and controlling
bodies.

McKinsey assess interaction between taxpayers and
controlling bodies using their own practices. Results of
their research [4] suggest that across the globe, tax
authorities diverge in the maturity of their relations with
taxpayers in the following main areas: scale of digitized
interactions, scale of advanced analytics, process
automation, and talent management. Leading scientists
explain differences in subjects’ interaction in tax
environment from the standpoint of development
determinants of specific tax systems and scientific
paradigm evolution.

At the level of individual research groups, leading
scientists empirically substantiate the need to expand the
standard neoclassical paradigm of rational egoism by
taking into account multivarious behavioral strategies as
a result of profound differentiation of taxpayers [2]. As a
result of adopting a broader range of motivational factors
of behavior, the paradigm of enforcement was updated
and complemented with conceptual provisions of service
trust models of interaction [1; 16; 17] and relation
ethics [3]. In particular, this study [9] suggested ways of
organizing interaction between public authorities and
taxpaying individuals by means of transforming
cooperation forms from antagonistic to service trust
ones. The determinants of building synergetic subject
interaction in tax environment are considered to be
power of the government and trust in it [5]. However,
productivity and effectiveness of interaction between
controlling bodies and taxpayers also depends on their
good will to cooperate which is a compromise between a
decision as to compliance with tax legislation and
personal attitudes, opinions and assessments in terms of
taxation. [16; 17]. Another research [15] studies

reflexive interaction with taxpayers, controlling bodies
and public authorities and arrives at the conclusion that
they are satisfactory due to shortcomings of taxation
regulatory framework and controlling bodies operation.

Thus, subjects' interaction in tax environment is a
poorly structured category and quantitative evaluation of
its parameters is always characterized with fuzzy
reliability and unified approaches. The aim of this
research is to assess subjects’ interaction in tax
environment based on theories of dominant paradigms
and multiple-criteria results of sociological and expert
assessments of taxpayers, controlling bodies and public
authorities with regard to the degree of their influence on
tax environment climate.

1 Methods

Interaction is a certain type of relations between subjects
that result in developing mutual influence which induces
corresponding changes of their states. Subjects’ mutual
influence is formed in the course of two reciprocal
processes. One arises as a result of subject’s own activity
and potency, the other is a result of response to this
activity. Combined, they form the dynamics of
interrelation as a result of manifestation of dynamic
change properties.

Forward call (process) from one subject to another is
determined by the purpose of the interaction (C,) and
resources involved to achieve it (R#, ij=<C,, RZ, t>);
backward call is determined by the subject’s reaction to
the call which is formed depending on the congruence of
interaction purposes (C, = C,), availability and
sufficiency of resources (R.°) presented in the format of
possibilities and will to meet the purposes set:
Ji=<Cp=o, R°, t>, Fig. 1. There is also interaction of a
subject with itself which is determined by self-
organization processes (ii and jj).

ij=<C,_ R’ t>

ii | Subjecti

. Subject j i
S S

ij=<Cp,Rf,t>

Fig. 1. The structure of interaction between i and ;.

Thus, these forward and backward processes
characterize the effectiveness of interaction between the
subjects in a particular situation, which is determined by
the change of subjects’ state m as a result of their mutual
influence AS/".

Direct evaluation of the subjects’ states in tax
environment is made by expertise, based on objective
and subjective tax consequences for all interaction
parties.

In the study [15], subject interaction structure is
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formalized through a system of weight adjacency
matrices A;;=||v|ij|2x2 where v(I;, ;) is the forward relation
weight and v(J, ;) is the backward relation weight.
Adjacency matrix elements are determined by expertise
in the absence of relevant statistical information and
represent a set of subject interaction effectiveness values.

V(["’If)J ()

) ~ 0
A{/ _“VL.]. 2x2 B V(Ij;[,') 0

However, this approach does not take into account
the difference in weights of interaction subjects which
also depends on their socio-economic roles. For
example, in tax environment authorities and controlling
bodies are closer to each other than to taxpayers due to
the fact that controlling bodies act as an executive
authority while taxpayers are interaction subjects with
their own purposes regarding income distribution, which
are opposite to the authorities' ones, and also a source of
forming state resources and social demand for public
services. That is, the role of taxpayers in tax
environment is multifaceted.

Thus, interaction subjects’ roles determine how much
they influence the process of tax environment formation.
It is logical that the state and controlling bodies have
more leverage in the process of managerial decision-
making in tax environment while taxpayers can only
respond and adjust their economic mechanisms to new
tax realities. Taking into account the difference in
subjects’ influence on the process of tax environment
formation (d;), it seems appropriate to define the weight
adjacency matrix of subjects’ interaction more precisely:

_ 0 Vdi(lialj) (2)

v g
2x2 v (]j’Ii) 0

i

Matrix eigenvalue A characterizes the value of m-
subjects’ interaction and is determined in the following
way:

A (Im)=\/vdi (]w]_/)x"dj (]_/’]z')’ Aeloa} @)

In order to estimate the influence on the process of
tax environment formation (d;), we designed a pairwise
comparison matrix underlying analytic hierarchy process
[20]: 4= Hal_j vector

and relative priority

mxm

m is the number of subjects which interact in tax
environment.

Calculated adjacency matrix eigenvalues determine
the proportion of subjects’ influence on each other in tax
environment while their batch forms a generalized
adjacency matrix 4". Generalized value of subjects’

interaction can be determined as the root of the averaged
sum of squares of the generalized adjacency matrix
elements:

(4)

Further development of subjects’ interaction in tax
environment under invariable factors of influence can be
forecast using an autonomous impulse process [19] when
the state of interaction at a certain moment is calculated
as follows:

pO)= po)x|4 | X(0) = X(O) +[4 + 4+ £ ..+ 4] (5)

where p(?) is the vector of changing values of subjects’
interaction in the corresponding period of simulation,
p(0) is the vector of initial impulses, 4 is the adjacency
matrix, ¢ is simulation periods (¢ is 0, 1, 2, 3, ..., k)
which represent the sequence of changes in the
interaction state, X(, is the value of subjects’ interaction
in the ¢ simulation period, X is the value of subjects’
interaction in the initial simulation period, 4 is a unit
matrix As a result, we can build a set of forecasting
scenarios of subjects’ interaction development, S={S;}.

2 Materials

Key roles of subjects that determine the general climate
in tax environment need clarifying. Despite generally
accepted grouping of taxpayers into large, medium and
small ones according to the size of their business, in
Ukraine it is large and small economic entities that set
trends for taxation due to their fiscal significance and
vulnerability, respectively. The above can be explained
by the fact that medium taxpayers’ characteristics
partially overlap with those of both small and large
taxpayers, therefore, in the context of statistical
significance, when grouped according to certain issues,
they are most often grouped with small payers and
occasionally with large ones. In addition, in the course of
active reforms of Ukrainian taxation system, tax
consciousness has significantly improved in terms of
acquired knowledge [14]. At the same time, updated tax
mechanisms are not free from legislative shortcomings
and gaps, which informed taxpayers use to their
advantage. Hence, if previously we used to single out the
state and controlling bodies, currently the judicial branch
is gaining momentum while usual importance is being
given to legislative branch and controlling bodies which
act as executive branch. The above can be explained by
the fact that a large number of decisions made by
controlling bodies are appealed in court. For example,
according to the State Fiscal Service of Ukraine, in 2018
[11] 18.8 thousand law suits on taxation were heard in
court (generally on the following: “...seeking revocation
of tax decision-notice..., appeal of customs decisions”)
totaling 61.3 billion UAH [11]. The proportion of
judgments in favor of controlling bodies is 62.5% which
is 63.1% of the total value [11]. The rest of these cases,
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37.5% with the share of 36.9% of the total sum, were
ruled in favor of taxpayers [11]. Also, in 2018 there were
4.6 thousand cases appealing customs decisions totaling
3.2 billion UAH and 10.8% of the judgments are in favor
of controlling bodies which amounts 5.87% of the total
sum [11]. The structure presented confirms the fact that
actions of controlling bodies are partially frivolous
which results in a large proportion of their decisions
being appealed. It accounts for the negative attitude of
taxpayers to controlling bodies, lack of trust in the
government and taxation in general, which drives their
tax behavior to be more opportunistic.

In the context of this study we determine the
elements of subjects’ interaction adjacency matrix using
the data of the TADAT Performance Assessment Report
of the State Fiscal Service (SFS) [22] and data of the
Annual Business Climate Assessment (ABCA) [6]
regarding taxation, to which we apply the standard
values of Harrington's desirability scale [10], namely
very good: 1.00-0.80; good: 0.80-0.63; satisfactory:
0.63-0.37; bad: 0.37-0.20; very bad: 0.20-0. Then we
conform the TADAT SFS Performance Assessment
scale, where criteria were assessed according to the
[A,B,C,D] scale from the best (A) to the worst (D) value,
with Harrington’s desirability scale in the following
way: A-1; B-0.8; C-0.63; D-0.37. The resulting
integrated criteria values according to Harrington’s
desirability scale are presented in Table 1. Thus, in terms
of tax administration the level of interaction between
controlling bodies and taxpayers is 0.72 This value
underlies the corresponding adjacency matrix of
subjects’ interaction. In order to assess the interaction
between the authorities and controlling bodies from
taxpayers’ perspective, we analyzed the results of
Annual Business Climate Assessment (ABCA) [6]
regarding taxation and found the following:

— Taxpayers find the level of trust in government low,
50% of respondents see the government as an
impediment to do business, 25% of respondents consider
main government institutions to be essential obstacles
for business development.

—About 50% of respondents among small business
representatives believe that informal relations with
authorities are key to their business success. Direct
support by the government is believed to be ineffective
for business development, priority is given to creating
proper business climate.

—35% of individual respondents and 38% of legal
entities think that their business growth is impaired by
high rates of taxes and fees, 22% of individuals and
29% of legal entities blame it on burdensome tax
administration and accounting, 18% of individuals and
29% of legal entities refer to instability and frequent
changes of economic legislation, 18% of individual
respondents and 25% of legal entities mention regulatory
pressure and other non-tax factors. Accordingly, with
business growth and increasing size of enterprise tax
conditions get significantly worse.

Thus, government influence on taxpayers is
characterized as negative, hindering business
development, which corresponds to approximately 0.20
on Harrington's desirability scale. As far as controlling

bodies are concerned, their value is only important for
taxpayers in the context of informal relations and is
estimated to be 0.37 on the scale. Taking into account
that taxpayers have more trust in business environment
(other economic entities), improving business climate
and, according to the SFS report (see Table 1), they
timely file their tax declarations, pay taxes and fees,
provide accurate and valid reports, we can calculate the
value of their self-organization processes as a geometric
mean of corresponding criteria, which equals 0.71. Then,
bearing in mind market realities as to possible purpose
inconsistency or lack of resources that interaction
subjects may have, backward relation constitutes 0.63 on
Harrington’s scale.

Table 1. Integrated values of criteria of subjects’ interaction in
Ukrainian tax environment+

Criteria Actual |Harrington’s scale| Geometric
TADAT value mean
value
Integrity of the
Registered C;C 0.63; 0.63 0.63
Taxpayer Base
Effective Risk 0.63; 0.37; 0.63;
Management GD;GC 0.63 0.55
Supporting
Voluntary B; B; B 0.8;0.8;0.8 0.8
Compliance
Accountability | 5 5.0 A | 08080631 | 08
and Transparency
Geometric mean for controlling bodies 0.67
Effective Tax
Dispute A;B; A 1;0.8; 1 0.93
Resolution
Efficient Revenuel g . | 08:0.63;063 | 068
Management
Geometric mean for authorities 0.79
Timely Filing of| = 5, 0.9; 0.63 0.75
Tax Declarations
Timely —Payment| ).\ A5 | 1.1.1.038 0.94
of Taxes
Accurate
Reporting in| D+, B;D 0.47; 0.8; 0.37 0.52
Declarations
Geometric mean for taxpayers 0.71
Geometric mean for all subjects 0.72

*Calculated based on the data [23]

3 Results

As a result, we have the following adjacency matrix of
interaction between taxpayers P, with other subjects
(public authorities D, controlling bodies K):

0 037

Api = Hv ‘PK . 0,67 0 }APK =050,
0 037

Arp = "v |PD 22 0,20 0 }/IPD =027,
0 0,71

Apr _Hv ‘PP 2 0,63 0 }APP =067
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Different degree of interacting subjects’ influence on
tax environment should be considered. Subjects that
interact in tax environment can be assessed according to
their influence on tax environment using a pairwise
comparison matrix, see Table 2.

Table 2. Subjects’ pairwise comparison matrix according to
their influence on tax environment formation, d;.

Line numbers of  |Prio
compared subjects |rity
Line numbers and names of; 2 [3 |4 |5 |vect |Weigh
compared subjects or, |t di
d,
1. Legislative branch 1 |2 |4 |6 [8]3.29/0.46
2. Judicial branch 05011 3 |4 6]2.05/0.29
3. Controlling bodies 0.2510.33(1 |2 [5[0.96]|0.13
4. Large taxpayers 0.17]0.25(0.50{1  [5]0.64]0.09
5.Small and medium
taxpayers 0.13]0.17{0.20]0.20{1 [0.24|0.03
Total 7.18|1

Thus, the value of interaction on the level of specific
subjects should be adjusted by the degree of their
influence on tax environment formation. Therefore, the
elements of weight adjacency matrices are specified as
follows:

0 0.370-09+0.03
o = ’ dpg _
Apc = Hv PK |22 _[0,670"3 0 ,Ass =092,

0 0.370:09+0.03

o = ? dpp _

Arp :HV PD |22 _(O 2()0-46+0.29 0 ,App =0,52,

0 0.710:09+0.03

e = ’ dpp _

APP - ‘V PP|2x2 _[O 630,09+0,03 0 a}«pp —0,95.

Specifying the degree of influence according to the
weights in Table2, we determine the values of
interaction on the level of large (VP) and small (MP)
taxpayers, judiciary (S) and legislative institutions (Z).

Al =), =(0’620,13 07 ] 2 =093,
Ape =l =(0’230,46 037 J 2, =066,
Aps =My = (0’2(0)0,29 037 J 25, =0,76,
. . 2(0,6(3)0’09 0’7(1)0’09 J 24 20,96

Similar calculations for controlling bodies arrive at
the following results:

Apy = Hv ‘

Ay = 0,95,

PK

0 0,67""
v 0.71%-09+0.03

0 0,67%"
Ay = HV ‘KD 22 = (0 790.46+0.29 0 s Axp = 0,89,
0 0,67%"
A = Hv ‘KK v (0 37013 0 » e = 0.91.

As we can see, controlling bodies have the same
influence on other subjects, as according to the SFS
Report they function as executive authorities in terms of
taxation, so the value of forward relation is 0.67 for all
subjects. According to the SFS assessment, public
authorities’ value is 0.79. Self-organization processes in
controlling bodies are determined as built in the way
their functions duplicate, so it corresponds to 0.37 on
Harrington’s scale.

The results of subjects’ interaction with public
authorities are presented below:

0 0,68%46+0%9
ADP = HV ‘DP 22 = (0 710-09+0,03 0 ’APD =085,
0 0,93%:46+0.29
Ao = HV ‘DK 22 [O 37%8 0 o =091
0 0,68%4670%
App = Hv ‘DD v [0 700:46+0.29 0 s App = 0.81.

The state interacts with taxpayers through the
mechanisms of income formation, whose value is 0.68
according to the SFS Report criteria. Public authorities
interact with controlling bodies in terms of taxation
through effective tax dispute resolution using regulatory
means. Its value is 0.93 according to the SFS Report
criteria. Forward self-organization processes for public
authorities in terms of taxation is evaluated according to
the SFS Report criteria and equals 0.79, while backward
processes are evaluated according to the criteria of all
interaction subjects and equals 0.72.

Based on the received eigenvalues of adjacency
matrices, a generalized matrix of interaction between
public authorities, controlling bodies and taxpayers in
tax environment can be designed:

0,95 0,50 0,27
A =[0,95 091 0,89
0,85 091 081

Summative value of subjects’ interaction in tax
environment is, formula (4):

Based on the formula (5), we can study the dynamics
of subjects’ interaction activity and parameters of this
interaction. The results are shown in Figures 2, 3.
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Fig. 3. Subjects’ interaction parameters dynamics.

As can be seen from Figure2, the intensity of
interaction for public authorities and controlling bodies
is almost identical up to step 3, after which the activity
of public authorities gradually slows down. On the one
hand, it is due to their close functional and structural
relations in taxation process. On the other hand, in the
course of time a system needs more time for the
procedure of managerial decision-making, which, in the
context of the subjects’ interaction, is reflected by
delayed response, in our case on the part of public
authorities. At the same time, the trends in the
interaction of controlling bodies and taxpayers get closer
in steps 1-3, and then controlling bodies’ activity curve
is more moderate, but it corresponds with taxpayers’
one.

Based on the dynamics of parameters which describe
subjects’ interaction (Figure 3), we can see that the
curves of public authorities and controlling bodies are
close in steps 1-2. After that, public authorities’
dynamics fall behind in tempo. Taxpayers’ interaction
parameters are more dynamic as compared to other
subjects’ interaction. Thus, it can be argued that in order
to improve the interaction results for all subjects in
taxation environment, it is appropriate to revise and
adjust the mechanisms of subjects’ interaction with
public authorities, whose parameter dynamics grows
dissonant with other subjects’ interaction trends in the
course of time.

M3E2 2019
e 4. Conclusions

900 This research deals with assessment of interaction
between taxpayers, controlling bodies and public
700 authorities in view of dominant paradigms and results of
expert and sociological research on the subjects with

o ——P(1) . .
3 5o - reggrd to thg degree of .the%r influence on tgx
ot3) environment climate. Interaction is defined as a certain
300 type of relations between subjects that result in
developing  mutual influence  which  induces
100 corresponding changes of their states. Subjects’ mutual
Bt influence is presented as two reciprocal processes:
1000 1 2 3 4 5 6 7 8 9 101 forward process arises as a result of subject’s own
Time, month activity and potency and is determined by interaction
Fig. 2. Subjects’ interaction activity dynamics. purpose and resources inVO,IV_ed’ ba,Ckward process i_S a
result of response to the activity, it is formed depending
1000 on the congruence of interaction purposes, availability
000 and sufficiency of resources presented in the format of
possibilities and will to meet the goals set. There is also
800 interaction of a subject with itself which is determined
700 by self-organization processes. Interaction is essentially
600 a poorly structured category, which dictates a need to use
2 s ——V1 soft modeling and subjective evaluation methods. The
g i -2 suggested approach is based on an adjacency matrix
- v3 whose elements are eigenvalues of weight matrices of
subjects’ pairwise interaction. Matrix elements are
200 determined by expertise. Based on the pairwise
100 comparison matrix, subjects are differentiated according

to the degree of their influence on tax environment
climate. As a result, public authorities are found to be the
most influential subject, while small and medium
taxpayers are the least influential. Summative value of
subjects’ interaction is 0.81 which is determined by
taxpayers’ data as the best among other subjects.
Dynamics of parameters and activity of interaction
subjects have been studied by means of autonomous
impulse process. It has been proved that in order to
improve subjects’ interaction productivity, it is
appropriate to improve the mechanisms of subjects’
interaction with public authorities of all others. The
results of this research allow us to substantiate strategies
aimed at improving and optimizing subjects’ interaction
in tax environment upon the criterion of maximizing
effectiveness and productivity. In addition, significance
of the issue justifies the need for a system of subjects’
interaction monitoring for the sake of higher accuracy of
tax result assessment. Future research will develop
strategies to improve and monitor subjects' interaction in
tax environment.
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Abstract. This paper describes the construction of the short-term forecasting model of cryptocurrencies’
prices using machine learning approach. The modified model of Binary Auto Regressive Tree (BART) is
adapted from the standard models of regression trees and the data of the time series. BART combines the
classic algorithm classification and regression trees (C&RT) and autoregressive models ARIMA. Using the
BART model, we made a short-term forecast (from 5 to 30 days) for the 3 most capitalized
cryptocurrencies: Bitcoin, Ethereum and Ripple. We found that the proposed approach was more accurate
than the ARIMA-ARFIMA models in forecasting cryptocurrencies time series both in the periods of slow
rising (falling) and in the periods of transition dynamics (change of trend).

1 Introduction

The rapid development of digital currencies during the
last decade is one of the most controversial and
ambiguous innovations in the modern global economy.

Significant fluctuations in the exchange rate of
cryptocurrencies and their high volatility, as well as the
lack of legal regulation of their transactions in most
countries resulted in significant risks associated with
investment into crypto assets. This has led to heated
discussions about their place and role in the modern
economy (see, for example [1-5]).

Therefore, the issue of developing appropriate
methods and models for predicting prices for
cryptographic products is relevant both for the scientific
community and for financial analysts, investors and
traders.

Methodological approaches to forecasting prices for
financial assets depend on an analyst’s understanding of
the causal relationships in the pricing process.

For example, the forecasting model can be specified
as a price formation model:

—Based on the interaction of market players (demand-
supply models) that make economic decisions based on
some indicators or regularities, taking into account
objective economic laws or laws of behavioral finance
(econometric and balance models);

—Given the past dynamics (time series models and
autoregressive models),

—Taking into account production-technological
possibilities of creating the corresponding asset (in
particular, for commodity markets, fundamental
valuation of shares, technological opportunities for
mining cryptocurrency, etc.);

: Corresponding author: derbvd@gmail.com

—Based on the consideration of random factors and
events, for example, external shocks, which complicate
the formal description of cause and effect relationships
(stochastic models).

It should be noted that forecasting cryptocurrencies’
prices is fundamentally different from forecasting other
financial assets, in particular, ordinary (fiat) currencies,
which have a large number of theoretical and empirical
studies focused on studying their dynamics model.

There are two fundamentally different approaches to
forecasting the exchange rate dynamics of currencies.
The first approach is to build a cause and effect casual
model that describes the relationship between exchange
rates and other macroeconomic variables (in particular,
the rates of economic growth, trade and balance of
payments, purchasing power parity, public debt, inflation
rates, etc.) within a certain theoretical economic concept.

The other approach is to study only the time series
and make a prediction based on the processing and
analysis of past observations. The most common models
are the Box-Jenkins ARIMA time series models and
their modifications, GARCH models, or artificial neural
networks.

It should be noted that there is no consensus on the
fundamental value of cryptocurrencies among scholars.
The prevailing thesis is that the exchange rate of the
majority of cryptocurrencies is determined only by the
ratio of demand and supply [3, 4, 6-10].

Liu and Tsyvinski’s [11] empirical analysis of the
three most capitalized crypto currencies (Bitcoin, Ripple,
and Ethereum) did not reveal a static relationship
between the yield of cryptocurrencies and the
complexity of their extraction.

At the same time, macroeconomic factors, which
usually determine the dynamics of currency, stock and

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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commodity markets have no significant effect on the
dynamics of the cryptocurrencies market.

Conrad, et al. [12], also found that influence of the
US stock market (SP500 index) and the global stock
market index (Nikkei 225 index) on bitcoin's volatility
was not significant.

In addition, the studies reported in [1, 8, 9] show that
the price dynamics of cryptocurrencies is described by
classical log-periodic models of price bubbles of
Sornette [13] and their modifications.

A number of recent cryptocurrency market studies
show that, unlike other financial assets, cryptocurrency
prices are influenced by a number of specific factors that
shape their demand, such as the number of Google trends
searches, the number of posts in social networks and
other mass media [6, 14-16]. These studies substantiated
the feasibility of using non-typical factors as predictors.

All of these factors complicate the development of
casual econometric models of cryptocurrency price
dynamics.

Recently, non-parametric methods based on Machine
Learning and Deep Learning have gained popularity for
the analysis and forecasting of financial and economic
time series.

Models of Machine Learning are based on special
artificial networks that allow to solve the problem of
prediction and classification by utilizing learning
sequences in the data. The effectiveness of such models
depends on the training speed and the degree of
universality of approximating functions.

These models combine an arsenal of powerful
methods, such as Artificial Neural Network (ANN),
Support Vector Machines (SVM), Decision and
Classification Tree (DT, CT), Fuzzy Logic, Genetic
Algorithms (GA), linear and nonlinear statistical models,
etc.

Examples of their effective use in forecasting
exchange rates and stock indices are given, in particular,
by Peng et al. [17].

Several studies [18-20] reported the results of the
Bitcoin exchange rate forecasting using classical
ARIMA models and using different methods of machine
learning, such as Random Forest (RF), Logistic
Regression (LR) and Linear Discriminant Analysis
(LDA), and Long Short-Term Memory (LSTM). The
results from these analyses showed that the models that
relied on training proved to be better suited for
forecasting both the prices of cryptocurrencies and their
volatility.

Rebane and Karlsson [21] conducted a comparative
analysis of the ARIMA forecasting properties with
recurrent neural networks (RNNs) for such
cryptocurrencies as DASH, Ethereum (ETH), Litecoin
(LTC), Siacoin (SC), Stellar (STR), NEM (XEM),
Monero (XMR) and Ripple (XRP). The results showed
that neural networks had better forecasting properties
than ARIMA models.

Thus, in our view, the second approach, which is
based on the application of the time series analysis using
the CRISP-DM methodology [22], is more appropriate
for predicting price trends in cryptocurrency.

The purpose of our work is to construct a short-term
price forecasting model for the 3 cryptocurrencies with
the highest market capitalization using binary
autoregressive models and machine learning technology.

2 Methodology

2.1 CRISP-DM approach

To solve the problem of forecasting the dynamics of
cryptocurrencies, we used the CRISP-DM (Cross-
industry standard process for data mining) methodology
(Fig. 1-2).
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Fig. 1. The conceptual diagram of cryptocurrency forecasting
based on the standard CRISP-DM.

According to CRISP-DM, intelligent analysis is a
continuous process with many cycles and feedback
loops, and has six phases (I-VI).

The main advantage of the CRISP-DM is that it is
platform- and application neutral and that it can be
adapted to various applied problems.

Fig. 2 shows some of the CRISP-DM phases of the
cryptocurrency forecasting functional dynamics diagram:
Phase II: Data understanding, Phase III: Data
preparation, Phase IV: Modeling, Phase V: Evaluation.

Methodology CRISP-DM is the most widespread
publicly available standard process model that describes
major phases and common data mining methods.

2.2 Regression Tree

The regression tree is a class of regression models that
allows separating the input space of factor variables into
segments. Subsequently, a separate piecewise regression
model can be constructed for each of them representing a
regression function in an intuitive and visual form [23-
24].

In such a tree, internal nodes contain rules for
splitting the space of explanatory variables; branches
indicate the conditions and the transition between the
nodes; and tree leaves are local regression models.

The essence of this method is in sequential division
of the data set into non-intersecting classes, which, in
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turn, are also subject to a breakdown by a partition
efficiency criterion.
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Fig. 2. An excerpt from the cryptocurrencies functional
dynamics diagram in the Microsoft Azure Machine Learning
Studio environment based on the CRISP-DM standard.

The decision tree consists of the following elements:
“nodes”, “leaves” and “branches”. “Branches” contain
records of attributes which define the target function
(result variable), the “leaves” are the values of the target
function, and “nodes” are the remaining attributes under
which the classification takes place.

There are two types of trees: (i) for classification, in
this case, the result of the prediction is the data
ownership class; and (ii) for regression, the result in this
case is the predicted value of the target function.

2.3 BART algorithm

Let us consider the proposed approach we call BART
(Binary Auto Regressive Tree). It is a generalization of
standard models of regression trees and is adapted to
time series data. BART combines the classic
classification and regression trees (C&RT) [24-25]
algorithm and the standard autoregressive integrated
moving average (ARIMA) models and their components
(AR, MA). Models of ART (Auto Regressive Tree) are
closely related to the models of the TAR (threshold
autoregressive model) threshold auto-regression models
of the class and their modifications SETAR and ASTAR
[24]. The SETAR and ASTAR models are linear models
that construct multiple adaptive regression splines
(MARS) based on time series [26-27]. BART models
differ from the SETAR and ASTAR models in two
ways:

(1) Error estimates for models based on BART differ
from one another;

(i) BART models allow for the gap between built-in
auto regression models.

To convert a time series, the “window” data
conversion method is used. The result variable Y; in this
algorithm corresponds to the previous value (Y.;) and
the value with the lag p (Y.). This separation of the
input space into segments (Fig. 3) allows to construct a
separate (local) model for each of them and to represent
a piecewise function as an autoregressive tree (Fig. 4) in
an intuitive visual form.
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Fig. 3. Separation of the input space into segments.
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Fig. 4. Autoregressive tree building diagram.

Most such algorithms apply a recursive separation of
training data. In BART, unlike other algorithms, a step-
by-step (staged and iterative) method of constructing a
tree is used:

Step 1. The construction of a regression tree begins
from a single value (root node), which is defined as the
Median (Me, second quartile Qsoy) of the entire time
series Y; and is calculated the equation

ME=Q50%=0.5(Y,'”””+YI~’”“") (1)

The median of the time series is defined as the
median of the distribution of realization of a random
variable at time ¢, that is, a real number with probability
of exceeding an arbitrary dimension equal to 0.5. For a
stationary series and a series with a symmetric
distribution, this value does not depend on the time of

observation Me =Y, and coincides with the mean value
of the series. Sometimes in the literature, the median is
considered to be a prototype of a simple stable output.
Step 2. The best split is found for each unprocessed
node, and it is selected according to a predefined rule.
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These procedures are performed similarly to the
C&RT algorithm. The difference lies in the accepted
rules, criteria for evaluation and termination of splitting.
We have used an alternative selection criterion (or
informational criterion) for better splitting based on the
entropy indicator, because it gives preference to options
with less tree complexity. This algorithm will determine
an entropy information gain.

In constructing BART, the number of branches
(branching) is 2, that is, each node has two child nodes.
The final tree is chosen from these nodes, and we have
to evaluate informativeness of not only the predictor
nodes that divide the time series into subsets, but also of
those that separate a certain group of subsets from the
set, that is, the subtree from the rest of the tree.

Entropy criterion. Initially, the probability is
estimated as the frequency of assigning a particular
observation to a certain subset (subtree) and the entropy

H sampling Y’ is calculated using the following
equation:

- P N
H(P,N):H(P+N+P+N]. )

After all the information in the node is obtained for a
certain predecessor, entropy is calculated using the
following equation:

A _ p+n A
H(p(PaNap’n)_ P+NH(p9n)+ (3)
+P+N—(p+n)[:[(

P+ N P_paN_n)»

where P — is the number of objects that correspond to a
subset C, and p — is the number of objects that
correspond to the membership conditions of a subset,
p € P, similarly n and N are such that ne N, N e C.

Then the entropy of the sample {xeY [|<p(x):1}
will be H (p,n), and the probability of obtaining an

element from this sample will be calculated as prn
P+N

Similarly, for the sample {xeY l|go(x):0} entropy
H (P—p,N —n) can be calculated with probability

(P-p)+(N-n)
P+N
after obtaining information ¢ is calculated using

equation (3).
Then the decrease of entropy can be calculated as:

. Thus, the entropy of the whole sample

[Gain (p,¥')=H (P,N)-H (PN, pn), (4

which is called entropy information gain, which is the
amount of information about the current division of the
tree into two classes «c» and «not c».

In addition, in the BART algorithm for the early
termination criterion Q, we used an extended Bayesian

information criterion [28], which minimizes the statistic:

EBIC:n-lnﬁ-i-J-[ln(nHZln(p)], %)
n

where SSE — is the sum of squares of the residuals of
the model; J — is the number of model parameters; n — is
the number of examples of training sample; p — is the
quantity that characterizes the complexity of the model
space (it is the product of the tree size and the number
of explanatory variables).

In equation (5), the first term is the maximum value
of the plausibility logarithmic function, and the second is
a penalty for the model complexity.

Splitting of the nodes continues until the EBIC value
is reduced. Note that the application of this criterion in
the recursive approach of the algorithm of the regression
tree is not possible. This is due to the fact that in the
recursive method during tree construction only part of
the model is considered at a time without considering the
complete model as a whole.

For BART, the simplification procedure (i.e., early
termination of the tree branching) is more important
than, for example, for classification trees. This is due to
the fact that regression trees tend to be more complex,
because the variety of the investigated metric values (for
example, the price of regression) is much more diverse
than for qualitative data.

Step 3. If the selected split improves the model and it
is valid with an entropy information gain, then this split
is performed and step 2 is repeated. Otherwise, the final
tree is selected and the BART algorithm execution
procedure is considered complete.

The rejection of recursion in the BART algorithm
and the transition to the iterative version allows for a
complete control of the tree construction process, that is,
it provides a “softer” control of the tree construction
process at the expense of the following:

(i) Determining the arbitrary order of split nodes;

(i1) Introducing early termination rules / algorithms
that analyze both separate nodes and the whole
regression tree as a whole;

(iii) Termination of the construction of the regression
tree at any time.

Because the ultimate goal of the proposed algorithm
is forecasting, the standard regression model of the
ARIMA class, which is a traditional tool for forecasting
financial series, needs to be built on the nodes-leaves:

(LN -L)" X, =u+0(L)s,, ©)
g~ N(O, o2 )

where Y, — is the time series, L — is the lag operator,
CD(L) — is the polynomial degree p from L, x4 — is the
average process value, @(L) — is the polynomial degree
q from L, &, — is white noise, d — is the order of process
integration Y,. If d=0, then process X; can be described
by ARMA (p, g) or ARIMA (p, 0, g).

This process is stationary and has a short memory. If
d=1, then the series has infinite memory, that is, each

perturbation has an impact on the behavior of the process
indefinitely.
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Thus the result variable Y; in this algorithm
corresponds to the previous value (Y1) and the lag p
(¥,_,). Also, the separation of the input space into

segments allows to construct an own (local) model for
each of them and to represent a piecewise function as an
autoregressive tree in an intuitive visual form.

3 Empirical results

For performing empirical analysis, we selected three
cryptocurrencies which are the market capitalization
leaders: Bitcoin (BTC), Ethereum (ETH) and Ripple
(XRP). We have taken daily closing prices for the period
from  01/01/2017 to  01/03/2019,  according
to Yahoo Finance [29] and calculated their time series in
log-return.

To compare the predictive properties of the BART
algorithm, we also made a forecast using the classical
ARIMA (1, 0, 1) and ARFIMA (1, d, 1) models.

As a parameter d in ARFIMA we can use appropriate
Hurst exponents (see, for example E. Peters [30]). So we
selected as the difference parameter d for ARFIMA
models for each currency such values [31]:

H(BTC)=0.75, H(ETC)=0.83, H(XRP)=0.66.

The sample size for training for all sub-periods for
the BART algorithm was 80% of the total sample size,
and 20% was used as out-of-sample dataset.

To implement the models, we chose the Microsoft
Azure Machine Learning Studio Cloud Application. A
fragment of the implementation of machine experiments
is shown in Fig. 5.

Fig. 5. A diagram of the forecasting cryptocurrencies times
series experiments in MS Azure Machine Learning
environment.

For each model the target variable is the log-return
for the next time period. The forecast was carried out on
five different time horizons: 5, 10, 14, 21, and 30 days
using three models for each cryptocurrency.

To check the effectiveness of the BART algorithm
and that of the classical models, we conducted tests for
periods with different types of dynamics of
cryptocurrencies time series (two subperiods for each
type), namely (Fig. 6):

(1) Stable period,

(i1)  Falling trend;

(iii)  Transition dynamics (change of trend);
(iv)  Rising trend.

Close, BTC

Chang of trend

Close, ETH

Close, XRP

Fig. 6. Selected periods with different types of dynamics of
cryptocurrencies time series: (a) BTC, (b) ETH, (c) XRP.

As we can see, BTC is a driver and other
cryptocurrencies repeat its dynamics.

Fig. 7-8 illustrate the forecast accuracy for 3 models
for ETH in the period of slow rising (falling) (Fig. 7) and
rapid trend change period (Fig. 8). Forecasting accuracy
for BTC and XRP have the same properties as ETH.

To estimate the prognostic properties of the models
we used the Root Mean Square Error metric (RMSE).

Results (averaged over three cryptocurrencies) of
forecasting performance for all sub-periods are shown in
Table 1.

The obtained results indicate that for the investigated
time series of cryptocurrencies, the proposed approach
gives RMSE over the range 4% for the 14 days forecast
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horizon without reference to the type of dynamic
behavior, over the range 6% for the 21 days and 8% for
the 30 days forecast horizon, respectively.

10 step (days) forecast, ETH
400 = = = ARIMA  seesuaene ARFIMA BART

Fig. 7. 10-step (days) forecast performance for ETH in the
period of slow rising (falling).

30 step (days) forecast, ETH

ARIMA  «eeeevees ARFIMA

01.2018
01.2018

05.02.2018

o N W &
i’ )

Fig. 8. 30-step (days) forecast performance for ETH in
transition dymamics period.

Table 1. Summary (average in three cryptocurrencies) of the
forecast accuracy RMSE, %

Step forecast, days

Model |

5 [ 10 | 14 [ 21 [ 30

Stable period *

ARIMA 4.27 6.54 6.80 12.20 15.08

ARFIMA 3.93 4.87 5.30 6.00 8.60

BART 2.76 3.11 3.45 3.73 4.83

Falling trend **

ARIMA 7.13 10.12 11.10 12.47 16.40

ARFIMA 4.98 5.34 7.70 8.73 9.26

BART 2.97 3.64 3.30 4.15 5.60

Transition dynamics (change of trend) ***

ARIMA 6.76 7.03 7.30 13.61 18.51

ARFIMA 3.34 3.67 4.00 6.44 8.76

BART 2.82 3.16 3.50 5.59 7.61

Rising trend "

ARIMA 6.82 | 11.99 13.15 14.07 15.34

ARFIMA 4.63 442 7.20 7.81 8.93

BART 2.25 2.98 3.70 3.34 5.64

sub-periods: 11/09/2018-09/11/2018, 27/12/2018-
25/02/2019
* sub-periods: 06/01/2018-09/02/2018, 12/03/2018-
10/04/2018
*** sub-periods: 04/12/2017-02/01/2018, 22/04/2018-
21/05/2018, 02/03/2018-04/05/2018
**** sub-periods: 09/10/2017-19/12/2017, 10/02/2018-
11/03/2018

The results show that for selected time series for the
short-term forecast, the error of BART algorithm is half
the size of the error of ARIMA model, on average, and it
is 15-20% lower than the error of ARFIMA model for
slowly changing periods (both falling and rising).

Note that all of our models show worse forecast
accuracy for the periods of complex dynamic modes
(rapid trend change periods).

In addition, the proposed algorithm is more accurate
in the periods of transition dynamics (change of trend)
compared to ARIMA-ARFIMA models.

4 Concluding remarks

The modified model of Binary Auto Regressive Tree
(BART) is adapted from the standard models of
regression trees to the data of time series. BART
combines the classic algorithm C&RT and
autoregressive models ARIMA.

One of the advantages of the proposed method is the
use of the “window” data transformation method for the
time series.

The obtained results proved that the BART algorithm
is more accurate for all investigated time series of
cryptocurrencies and subperiods. In particular, RMSE
for this algorithm for the horizon of 14, 21, and 30 days
was within the range of 4%, 6%, and 8%, respectively.

The proposed BART method for analyzing and
forecasting cryptocurrecies time series demonstrated
higher efficiency for building forecast estimates in
comparison with traditional time series technique,
regardless of whether the target data is collected before,
during or after a recession.
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Fraud detection models and payment transactions analysis
using machine learning

Viktor Shpyrko'", and Bohdan Koval'

'Department of Economic Cybernetics, Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

Abstract. The work’s aim is to research a set of selected mathematical models and algorithms that examine
the data of a single payment transaction to classify it as fraud or verified. Described models are implemented
in the form of a computer code and algorithms, and therefore can be executed in real-time. The main objective
is to apply different methods of machine learning to find the most accurate, in other words, the one in which
the cross-validation score is maximal. Thus, the main problem to resolve is the creation of a model that could
instantly detect and block a given fraudulent transaction in order to provide better security and user
experience. At first, we determine the classification problem: which initial data we have, how we can
interpreter it to find the solution. The next part is dedicated to presenting the methods for solving the
classification problem. In particular, we describe such approaches as Logistic Regression, Support Vectors
Method (SVM), K-Nearest neighbours, Decision Tree Classifier and Artificial Neural Networks; provide the
notion of how these methods operate the data and yield the result. At the end, we apply these methods to the
provided data using Python programming language and analyze the results.

X" = {( X1, V1 ), ,( Xms Ym )} (2)
a: X—-Y (3)

1 The notion of classification problem and
its characteristics

The probabilistic definition of the problem is more
general. It assumes that the set of pairs “object-class”
X xY is a probabilistic space with an unknown
probabilistic degree P. There is a finite study sample of
observations (2) generated in accordance with the
probabilistic degree P. The aim is to construct an
algorithm (3), capable of classifying arbitrary object
xelX.

1.1 The definition of classification problem

The classification problem is a formalized task, which
contains a set of objects (situations), divided in a certain
way into classes. There is specified a finite set of objects,
and we know to which classes each of them belongs. This
set is called a sample. There is no info about other objects,
so we do not know to what class they belong. The aim is
to create an algorithm that will be able to classify an
arbitrary object from the initial set.

To classify an object means to indicate the number (or
name) of the class to which this object belongs.

The classification of an object is the number or class
name, issued by the classification algorithm because of its
application to this particular object [1].

In mathematical statistics, the classification problems
are also called as the problems of discrete analysis. In
machine learning, the classification problems can be
solved with the help of artificial neural network methods,
particularly by staging an experiment in the form of
training with a teacher.

Let X be a set of object descriptions, Y is a plurality of

1.2 The concept of characteristics in the tasks of
classification

The characteristic is the mapping (4), where Dy — the set
of permissible values of the characteristic.

f:X— Dy @)

If the characteristics f1, ..., f» are given, then the vector
(5) is called the characteristic description of the object
xelX

x = (fix), ... fu(X)) )

numbers (or names) of classes. There is an unknown
target dependence — mapping (1) — whose values are
known only for elements of a finite learning sample (2).
The aim is to construct an algorithm (3) capable of
classifying any arbitrary object x € X [2].

yiX—>Y (D

: Corresponding author: viksh@bigmir.net

Characteristics can be identified with the objects
themselves. In this case, the set (6) is called the space of
characteristics.

X=Dﬂ X .. X Dfn (6)

Depending on the Dyset, the characteristics are divided
into the following types:

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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* Binary characteristics: Dy = { 0, 1 };

* Nominal characteristics: Dy— finite set;

* Sequence characteristics: Dy— finite ordered set;

* Quantitative characteristics: Dy — the set of real
numbers.

And into the following classes:

* Two-class classification, which technically is the
easiest case, and serves as the basis for solving more
complex tasks;

* Multiclass classification. The number of classes
reaches thousands (for example, when recognizing
hieroglyphs or fused speech), the task of classification
becomes significantly more difficult;

* Non-overlapping classes;

* Ordinary classes. An object may belong to several
classes at a time;

* Fuzzy classes. It is necessary to determine the degree
of belonging of the object to each of the classes, usually it
is a valid number from 0 to 1 [2].

In our case, we are interested in the binary
characteristic of the set with a two-class specification.

1.3 Publications dedicated to the fraud detection
problem

Bertrand Lebichot and Yann-Ael Le Borgne have
researched the problem in the “Deep-Learning Domain
Adaptation Techniques for Credit Cards Fraud Detection”
publication [3].

They worked on the design of automatic Fraud
Detection Systems (FDS) able to detect fraudulent
transactions with high precision and deal with the
heterogeneous nature of the fraudster behavior. Indeed,
the nature of the fraud behavior may strongly differ
according to the payment system (e.g. e-commerce or
shop terminal), the country and the population segment.

The another publication is “Improving Card Fraud
Detection Through Suspicious Pattern Discovery” by
Olivier Caelen and Evgueni N. Smirnov [4]. They
proposed a new approach to detect credit card fraud based
on suspicious payment patterns. According to their
hypothesis fraudsters use stolen credit card data at
specific, recurring sets of shops. They exploited this
behavior to identify fraudulent transactions.

Also the problem was mentioned in “Calibrating
Probability with Undersampling for Unbalanced
Classification” article by Andrea Dal Pozzolo, Olivier
Caelen, Gianluca Bontempi [5]. In this paper, they study
analytically and experimentally how undersampling
affects the posterior probability of a machine learning
model. They formalize the problem of undersampling and
explore the relationship between conditional probability
in the presence and absence of undersampling. They use
Bayes Minimum Risk theory to find the correct
classification threshold and show how to adjust it after
undersampling.

2 Methods of solving the classification
problem

2.1 Regression methods in solving classification
problems

Logistic regression is suitable for solving the
classification problem. This is a statistical regression
method used in the case when the dependent variable is
categorical, so it can acquire only two values (or, more
generally, a finite set of values) [6].

Let some set Y have only two values, which are usually
indicated by numbers 0 and 1. Let this value depend on
some set of explanatory variables (7).

X = (la X1y X2, wevy xk) (7)

The dependence of Y on xi, x, ..., xx can be determined
by adding an additional variable y", where (8).

V=004 Ox1+ -+ O+ u (8)
Then (9):
_(0,y* <0
v={1 S0 ©)

The next tool is the method of support vectors — a data
analysis method for classification and regression using
models with controlled training with associated learning
algorithms, which are called support vector machines.

For a given set of training samples, each of which is
marked as belonging to one or other of the two categories,
the training algorithm of the SVM builds a model that
relates new samples to one or another category, making it
an incredible binary linear classifier. The SVM model is
the representation of samples as points in space, displayed
in such a way that samples from individual categories are
separated by a blank space that is most extensive. New
samples then appear to the same space, and predictions
about their belonging to the category are based on which
side of the gaps they fall.

In addition to performing a linear classification, the
SVM can effectively perform a nonlinear classification in
the application of the so-called core trick, implicitly
displaying its inputs to the spaces of attributes of high
dimensionality.

Formally, the support vector machine builds a
hyperplane, or a set of hyperplanes in a space of high or
infinite dimensionality that can be used for classification,
regression, and other tasks. Intuitively, good separation is
achieved by a hyperplane that has the greatest distance to
the nearest points of the training data of any of the classes
(so-called functional separation) [7].

2.2 Discrete methods in solving classification
problems

The next method for solving the problems of classification
uses a slightly different approach. The method of &-
nearest neighbours is a simple nonparametric
classification method, where the distances (usually
Euclidean) used to classify objects within the space of
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properties, counted among all other objects. The objects
to which the distance is the smallest are selected, and they
are allocated in a separate class.

The basic principle of the method of the closest
neighbours is that the object is assigned to that class,
which is the most common among the neighbours of this
element. Neighbours are taken on the basis of a set of
objects whose classes are already known, and based on
the key for the given method, the value of k is calculated
on which class is the most numerous among them. Each
object has a finite number of attributes (dimensions). It is
assumed that there is a certain set of objects with an
already existing classification [7].

The next method for solving the classification tasks is
the decision tree, which is used in the field of statistics and
data analysis for predictive models.

The tree structure contains the following elements:
“leaves” and “branches”. On the edges (“branches™) of
decision trees, attributes are written, on which the target
function depends, in the “leaves” the values of the target
function are written, while in other nodes there are
attributes that distinguish the cases. To classify a new
case, we must go down the tree to the letter and give the
corresponding value. Similar decision trees are widely
used in intelligent data analysis. The goal is to create a
model that predicts the value of the target variable based
on multiple input variables [7].

Each leaf represents the value of the target variable,
changed in the course of movement from the root to the
letter. Each internal node corresponds to one of the input
variables. A tree can also be “studied” by dividing the
output sets of variables into subsets that are based on the
testing of attribute values. This process is repeated on
each of the received subsets. Recursion ends when the
subset in the node has the same value as the target
variable, so it does not add value to the predictions. The
process of going from top to bottom, TDIDT, is an
example of an absorbing “greedy” algorithm, and is by far
the most widespread decision tree for data, but this is not
the only one possible strategy.

The decision trees used in Data Mining are of two
main types:

* Analysis of the classification tree when the predicted
result is a class to which the data belongs;

* Regression analysis of a tree when the predicted
result can be considered as a valid number (e.g. house
price, or length of stay of a patient in a hospital) [8].

In the context of the current task, we are interested in
the first type of decision tree for solving classification
issues.

2.3 Artificial neural
classification problems

networks in solving

Artificial neural networks can also be used to solve
classification problems. An artificial neural network is a
network of simple elements called neurons that receive
input, change their internal state (activation) according to
this input, and produce an output that is dependent on
input and excite. The network is formed by connecting the
outputs of certain neurons with inputs of other neurons

with the formation of a directed weighted graph. Scales,
as well as functions that calculate excitement, can change
with the process called learning, which is guided by the
rule of learning [7].

Components of the artificial neural network:

1) Neurons

The neuron with the label j, which receives input p;(¢)
from the neuronal predecessors, consists of the following
components:

* Activation a;(¢), which depends on the discrete time
parameter;

* The threshold 6; (for binary neuron), which remains
unchanged, if it does not change the learning function;

» Activation functions f, which calculates the new
activation at the given time ¢+1 from a;(¢), 6; and the
network input p;(¢), giving as a result the relation (10). The
function is applied to all layers except the last one (where
the output function is applied). Each intermediate
connection has its own activation function.

a(t+1) = flaf0), p(0), 6)) (10)

* Output functions f.., which calculates the exit
activation: (11)

0(t) = foul /(1)) (11

The output function is often just the same function.
The input neuron has no predecessors, but serves as the
login interface for the entire network. Similarly, the exit
neuron has no successors, and thus serves as an interface
for the output for the entire network.

2) Connections and weights

The network consists of connections, each of which
transmits the output of the neuron i to the input of the
neuron j. In other words, i is the precursor (parent) of j,
and the j is the successor (child) of i. Each such
connection is assigned w;; weight.

3) Distribution Functions

The distribution function calculates the input p;(¢) to
the neuron j from the outputs of o,(f) of the precursor
neurons and usually has the form: (12)

p;(t) = X;0;(t)w;; (12)

4) The rule of training

Training rule is a rule or algorithm that changes the
parameters of the neural network so that the given input
to the network produces a suitable output. This learning
process usually involves changing the weights and
thresholds of the network variables [7].

There are three main paradigms of learning, each of
which corresponds to a particular learning objective. They
are guided learning, spontaneous learning, and training
with reinforcement [7]. We are interested in the first
paradigm, because it is used to solve classification
problems.

Guided learning uses a set of examples of pairs (x, y),
x € X, y € Y, and has the purpose of finding a function
(13) in a permitted class of functions that corresponds to
these examples.

f:X->Y (13)
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In other words, we want to display a reflection on
which this data hints; the cost function is connected to the
discrepancy between our reflection and the data, and it
implicitly contains a priori knowledge of the subject
domain. The tasks that fit into the guided learning
paradigm are pattern recognition (also known as
classification) and regression (also known as
approximation of functions). A guided learning paradigm
is also applicable to sequential data (for example, to the
recognition of manual writing, speech and gestures). It
can be seen as learning with a “teacher” in the form of a
function that provides a constant feedback on the quality
of the solutions obtained so far.

3 Practical example of the transaction
analysis and fraud detection using machine
learning

3.1. Overview and description of the transaction
database

To investigate this problem and find a solution, a database
[9] of the payment system with transactional accounts was
obtained. The database reflects transactions executed
within 2 days, generally containing 284,807 transactions,
of which 492 are fraud (0.172%). The dataset was
gathered by Worldline and ULB (Université Libre de
Bruxelles) and prepared by them wusing various
approaches: their private software algorithms, manual
testing, customers’ feedback. That resulted into the
merged dataset. The database consists only of numerical
data. For confidentiality, the field of the database is
anonymized. Because of this, it is not possible to specify
a description of one or another peculiarity for which the
field corresponds, and to give a more precise description
of the data from an economic point of view.

All 28 parameters (V1, V2, ..., V28) were obtained
using the main component method — principal component
analysis method — a statistical procedure that uses an
orthogonal transformation to convert a set of observations
of possibly correlated variables (entities each of which
takes on various numerical values) into a set of values of
linearly uncorrelated variables called principal
components. This transformation is defined in such a way
that the first principal component has the largest possible
variance (that is, accounts for as much of the variability in
the data as possible), and each succeeding component in
turn has the highest variance possible under the constraint
that it is orthogonal to the preceding components. The
resulting vectors (each being a linear combination of the
variables and containing n observations) are an
uncorrelated orthogonal basis set.

The only 2 fields that have not been transformed are
“time” and “quantity”. The “time” value shows the
number of seconds that passed between this transaction
and the first transaction. The “quantity” field shows the
amount of money that went through the transaction.

All other fields have no marks or legend because of
security and privacy reasons. The bank decided to not

share what exactly these fields are, giving only their
transformed numerical values.

The data set is very unbalanced, since the target class
— fraudulent transactions — is only 0.17% of all
transactions (Figure 1). If we use them to construct
models, we will probably get a lot of false classifications
due to overtraining of the model. The resulted model will
assume that the transaction is likely to be a verified one,
since almost all of the data set consists of such
transactions.

Class Distributions
(0: Verified || 1: Fraud)

250000
200000
5 150000
]
100000

50000

0

Class

Fig. 1. Distribution of the initial transactions database by
classes.

3.2 Initial analysis of the transaction database

We need to create a balanced subset of data with the same
frequency of fraudulent and verified transactions, which
will help further algorithms to show more accurate results.

What will be a subset of data? In our case, this will be
a dataset with a ratio of 50/50 varified and fraudulent
operations. The number of fraudulent and normal
operations will be the same.

Why create a subset of data? We found that the initial
set of data is very unbalanced. Its use can create the
following problems:

* Overtraining. Since almost all records are verified,
our model will empirically assign almost every
transaction as non-fraudulent.

* Wrong correlation. Although we do not know what
exactly corresponds to the “V” field, it will definitely be
useful to understand how each of them affects the target
function. Again, having an unbalanced set of data, the
correlation matrix will be fuzzy and shifted toward non-
fraud transactions [8].

Before applying random subsampling to the training
set of data, we must divide the initial set of data into the
training set and test set. Applying data balancing
techniques (over-sampling or sub-sampling) should be
done only on a training set of data in order to create a
model, but the model testing should be done on the initial
dataset.

In the next step, we will apply the technique of random
over-sampling, which is about removing those entries
from the set of data, which count is bigger. Thus, we
achieve a ratio of 50/50 by excluding verified transactions
(Figure 2).

Correlation matrixes are the basis for understanding
the data. It is interesting for us to understand which
arguments significantly affect the classification of the
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transaction. Particularly indicative is matrix comparison
for balanced and unbalanced data sets (Figure 3).

Equally Distributed Classes

500 4

400

300

count

200

100 4

Class

Fig. 2. Histogram of equally distributed classes after sub-
sampling.

Fig. 3. Correlation matrixes of unbalanced (top) and balanced
(bottom) data.

Correlation matrix analysis:

* negative correlation: V10, V12, V14, V17. The
smaller the value of these variables is, the more likely the
transaction will be fraudulent.

* positive correlation: V2, V4, V11, V19. The larger
the value of the variable is, the more likely the operation
is fraudulent [8].

3.3 Creation and evaluation of the fraud
detection classifiers

Before we begin, we need to divide our data into training
and test subsets.

Of course, computing of large volumes of data and
deducting the result, and, most importantly, high-speed
computing, requires the use of computing machines. In
practice, there are many tools and technologies for data
processing, but the most popular are Python and R. What
language to use is completely up to a user, the
mathematical and statistical methods described above are
implemented in both environments. In the given work will
work in Python [10], but all the same techniques and
methods are implemented in R.

We will use such libraries [11]:

» Pandas — for easier data processing;

» Matplotlib — for visualization;

* NumPy and SciPy — for scientific calculations;

* Seaborn — for visualization of statistical data;

* Sklearn — machine learning library;

* Tensorflow — machine learning library.

For each classifier, we build a model and find its
accuracy [12].

After lets analyze and compare learning curves for all
4 models (Figure 4 - Figure 7):

Learning curve
logistic regression
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Fig. 4. Logistic regression learning curve.
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Fig. 5. Support vectors learning curve.

Logistic regression showed the best accuracy with an
estimate of 94%. This is a training result that was obtained
from an assessment of how precisely the model
determines fraud in the training sample. For a more
accurate result, check the resulting models on the test
sample (remember that this is still a balanced sample, so
the result will still be inaccurate).

As we see from the obtained results, the logistic
regression method was best demonstrated with a result of
94% on the training sample and 93.52% on the test sample
(the best result was evaluated as the maximum arithmetic
mean of the data of 2 indicators [13]). The method of k-
nearest neighbors and the method of support vectors also
showed a fairly precise result, and the support vectors
method showed even better results on the test sample than
the logistic regression — 93.78%.

For a more detailed demonstration of the results, we
output a confusion matrix [14] for logistic regression
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method. In the upper left and lower right squares (yellow)
the correct results are placed, in other squares (black)
wrong results are places.
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Fig. 6. K-nearest neighbours learning curve.
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Fig. 7. Decision tree classifier learning curve.
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Fig. 8. Logistic regression results’ confusion matrix.

As we see from Figure 8, this method correctly
detected 96 + 89 = 185 transactions. The other 8
transactions fell into inappropriate groups, so they were
not predicted correctly. Remember, the above results was
obtained on sub-sampled test dataset.

3.4 Fraud detection using neural networks

To create the neural network, the same Python software
package, based on the Tensorflow, was used.

The structure of the neural network: a simple model
that consists of one input layer, one hidden layer of 32
nodes, and one output layer that can take one of two
possible values: 0 or 1.

We will supervise two studies of the neural network:
the first by means of sub-sampling, and the other by
means of over-sampling. In the first case, we will narrow
our data to a ratio of 50/50, so we will randomly drop a
significant portion of the verified transactions. During the
over-sampling, we will expand our data by adding new
records of fraudulent data that will be generated basing on
the existing records of the fraudulent data.

To supervise the neural network, 20 iterations were
performed on the corresponding data set. After
performing the neural network training, we evaluate it on
the original data set and compare the results between the
neural networks itself and the best classifiers.
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No Fraud 3630 40000
30000
20000

Fraud 1 97
10000

& Y
« &

Fig. 9. Confusion matrix for the neural network, trained on
sub-sampling.
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Fig. 10. Confusion matrix for the neural network, trained on
over-sampling.

As we see from Figure 9, the neural network on the
sub-sampled data classified a significant part of the
verified transactions (Y-axis) in the class of fraudulent,
but only 1 fraudulent transaction passed. In general, the
score of the neural network was 93.1%.

Over-sampling (data expansion) showed the best
result (Figure 10) among both neural networks and all
models in general, having demonstrated 99.9% of the
correct classifications. However, it should be noted that
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24 fraudulent transactions have passed, and therefore the
percentage of blocked fraudulent transactions is lower.

4 Conclusion

The logistic regression reaches up to 94% of the correct
classifications, while the neural network on the sub-
sampled data shows a result of 93.1%, and over-sampled
data shows as much as 99.9%, but misses a significant
amount of fraudulent operations.

On the one hand, the accuracy of the neural network
on the over-sampling is higher, but on the other hand, it
misses most of the fraudulent operations, although it
better classifies the verified ones. Logistic regression
showed average accuracy, but also missed a significant
part of fraudulent transactions. Although the neural
network on the sub-sampling showed the worst overall
result of 93.1%, but it prevented the biggest amount of
the fraud transactions.

In general, the use of one or another model depends on
the specific situation: whether clients are ready sometimes
get denial of the transaction, but to be sure that their funds
will not be obtained by fraud, or they are more interested
in easy of use, and security is not that important.
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Abstract. The scientific views of domestic researchers regarding the definition of financial and economic
security using the basics of the systematic approach are generalized. The author's vision on the definition of
financial and economic security system is proposed. The main shortcomings of existing approaches to the
process of formation of financial and economic security system as an object of management are revealed
and systematized. The main defects and miscalculations in security management both — at the micro and
macro levels are identified. The 16-component model of management of financial and economic security
(PROM) was proposed. The conceptual foundations of security oriented strategic management are specified.
Three strategies offered for achieving economic and financial security: Strategy for achieving financial and
economic security on the basis of branding, image and reputation (BIR strategy), Strategy for achieving
financial and economic security through partnerships with stakeholders and ensuring their interests
(Strategy of PIS), Strategy for achieving the state of financial and economic security through the
interconnection of experts, control and standardization (Strategy of ECS).

developed to counteract the main threats to its economic
security which were specified in this document.
However, this did not happen, and as in 2007 global
security crisis became a trigger for developing a security
strategy, in 2015, its new edition saw the world because
of the Revolution of Dignity (2014). It’s a pity to realize
that the catalysts for economic transformations in
Ukraine are only openly negative phenomena and events,
both national and global ones. In periods of absence of
force majeure, the government does not call for the
initiation of reforms in the mechanisms of ensuring
financial and economic security at different levels of
organization and implementation of economic processes.
This testifies to the revolutionary rather than
evolutionary nature of the development of domestic
national political and economic systems, which is

1 Financial and economic security
system management as an objective
requirement of time

Increasing the number of threats in the external and
internal environment of the functioning of modern micro
and macro-level economic systems leads to the need for
transformation and complication of the processes of
managing their financial and economic security. In
general, the awareness of the need for the introduction of
safe-oriented management practices at the theoretical,
methodological and applied level took place relatively
recently. The security science in Ukraine began to
develop vigorously after the global financial crisis of
2008 — until then, the problem of ensuring the economic
security of business entities and of the state as a whole

was reflected in certain areas of research of scientists
within the framework of other economic branches of
science. At the applied level, issues of economic security
were also not a priority for owners and top management
of business structures. In order to achieve the main goal
of the business — to make a profit — it was enough to
perform qualitatively all planned vectors of the main,
financial and investment activity, periodically resorting
to risk management tools. On a national scale, the issues
of state security aggravated in the period of 2005-2006,
and this became the reason for the adoption in 2007 of
the National Security Strategy of Ukraine. According to
this document, Ukraine should in the long term become a
“democratic state with a stable and growing market
economy” [1], and appropriate measures should be

*
Corresponding author: natazachosova@gmail.com

usually accompanied by destruction, leveling of previous
achievements, chaos and a long period of restoration
before the beginning of positive changes.

In the National Security Strategy 2015, the goals of
which are relevant nowadays, in the beginning of 2019,
since the document has not lost its validity at the
moment, it is declared the necessity of ‘“dynamic
development of the Ukrainian economy ... by providing
sustainable social, political and socio-economic
development” [2]. And if in the Strategy of 2007 its
creators identified five main threats to the state of
economic security of the national economy, then in the
Strategy of 2015 their number has increased to ten [1, 2],
which indicates a lack of success in the implementation

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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of security-oriented vectors of management of the state
economic system.

Thus, there is an urgent need to review the
fundamental  principles of economic  security
management of the state and of the economic entities, as
well as its financial component at the theoretical and
methodological level in order to obtain a qualitative
information and analytical basis for the adoption of
timely and effective management decisions regarding the
vectors of modern economic systems development in the
full range of risks and threats to the environment of their
functioning in the short-term and strategic perspectives.

1.1 Scientific approaches to the understanding
of the content essence of the concept of
financial and economic security

In ensuring financial and economic security both at the
state level and at the level of a economic entity or
individual, systematic approach should take place.
Financial and economic security is a complex concept in
the theoretical plane of content and multielement
structure as an object of management. In the
understanding of the system of financial and economic
security at the macro and micro levels there are
differences, because each of them has its own specificity
and characteristics that should be reflected in the
proposed definitions of the category under study.

The system of financial and economic security over
the last decade has been and remains an actual object for
scientific research. By studying the history of the
formation of a categorical basis for the management of
financial and economic security, one can conclude that
there are several dominant approaches to the
interpretation of this process. Their establishment took
place in a scientific environment, where there was a
continuous debate about whether to study economic
security separately from its financial component, or to
combine them into a single scientific definition and
considered as a coherent system in the context of state
governance or corporate management. Foreign sources
present financial and economic security as a
macroeconomic category [3-7]. At the level of an
enterprise, financial and economic security is often
understood as a certain state (for example, of the
resources and economic opportunities of an enterprise on
the way to the realization of the purpose of its activity
and ensuring satisfaction of interests of stakeholders) as
a function (of resource provision or resource potential
supply) or as a property to continue profitable activity [8,
p-286] O. Cheberyako and M. Kryvovyaz offer to
understand the system of financial security of the
enterprise as “a set of interconnected -elements,
subsystems, financial instruments, leverages, methods
and measures aimed at the timely detection and
neutralization of crisis phenomena in order to ensure a
stable and efficient activity” [9, p. 95]. We believe that
this approach simply understanding of financial and
economic security, since measures for its provision
should be initiated only in a situation when the subject of
economic activity is experiencing the beginning of the

onset of the crisis or its consequences. Crisis prevent is a
task of crisis management, and the proposed definition
implies that the management of financial and economic
security should be considered as an element or direction
of crisis management, while we support the idea of
separating management of financial and economic
security into an independent management direction [10].

0. Kopylyuk, O. Muzychka believe that “the system
of financial and economic security of business structures
involves a set of interrelated administrative measures of
organizational, legal, financial and economic nature,
which are implemented by the authorized bodies,
services, units of the business entity and aimed at
protecting its interests from illegal actions by real or
potential carriers of threats that could lead to significant
economic losses and destabilize tactical and strategic
objectives to increase competitive advantage and to
develop future economic growth” [11, p. 106-107]. The
proposed definition is interesting from a practical point
of view, since it gives an indication to the subjects of the
provision of financial and economic security on the need
to direct the management influence not to the actual
threat, its negative impact or its consequences, but to the
sources of the emergence and existence of such threats.
In addition, the definition contains a reference to the
importance of taking into account the strategic objectives
of the entity in developing and implementing measures
to maintain an appropriate level of its financial and
economic security, which proves the rationality of
comprehensive research on the issues of strategic
management of financial and economic security of the
business entities. From the standpoint of O. Kvasova, the
system of financial and economic security of the
enterprise is a “set of interconnected elements,
subsystems, financial instruments, methods and
measures that ensure the safety of the enterprise and the
achievement of its main objective of activity” [12, p. 72].
Such a definition can be considered a “base model”, the
so-called “model of basic equipment” for explaining the
essence of the system of financial and economic security
in security science. Indeed, it contains general concepts
and characteristics that need to be specified to describe
the content of financial and economic security, taking
into account the specifics of research objects. However,
it should be noted that the proposed definition does not
mention the need to achieve a state of satisfaction of the
interests of various categories of stakeholders of the
entity, however, it is likely that the author includes their
implementation in the purpose of the enterprise.

The concept of an integrated system of financial and
economic security has also been disseminated in the
scientific sphere. Its content is reduced to “a set of
interrelated measures of organizational, economic and
regulatory nature, which are implemented in order to
ensure the protection of the results of enterprises or
financial institutions from the negative effects of various
kinds of real or potential actions of individuals or legal
entities, which may lead to the emergence of significant
economic losses” [10]. The similarity in the content
interpretation with the source [11] is observed. This
makes it possible to distinguish a comprehensive
approach to the definition of the essence of financial and
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economic security system in the field of modern security
science. The logical use of the category “financial and
economic security” instead of two separate concepts
“economic security” and “financial security” is
reasonably proved in scientific research by
M. Lohvinenko and A. Borysova, emphasizing that
“economy” and “finance” are interdependent concepts,
the latter is a “constituent instrument of the first ...
“economic security” is a concept broader than “financial
security”, because financial security is an integral part of
economic security in general ... the financial component
has a certain “priority” among all others ... the leading
role of financial security is felt at all stages and levels of
its provision ... financial security regulates issues of
financial and economic prosperity of economic entities
and their stability to prevent bankruptcy. This confirms
the importance of determining “financial security”
through the prism of “economic security” [13, p. 620].

At the state level, the concepts of financial security
and economic security are clearly divided. Under
economic security, the government structures understand
“the state of the national economy, which allows them to
remain resistant to internal and external threats, to ensure
high competitiveness in the global economic
environment and characterizes the ability of the national
economy to sustainable and balanced growth” [14, p. 2].
Financial security is a “state of the financial system of
the country, which creates the necessary financial
conditions for a stable socio-economic development of
the country, ensures its stability to financial shocks and
imbalances, creates conditions for the preservation of the
integrity and unity of the financial system of the
country” [14, p. 3]. Thus, regulatory documents do not
leave space for a free interpretation of financial and
economic security as a single concept, however,
domestic scientists demonstrate author’s position
regarding the specification of its constituents. The
financial security of the state is “an important component
of its economic security, such a state of existence of the
country, in which it is possible to provide sufficient
amounts of financial resources for its stable development
in the long run, to meet the priority financial needs, and
to facilitate the formation of prerequisites for the
effective development of the national economy” [15,
p- 189]. The indication of the need to take into account
long-term vectors of economic development while
ensuring the financial and economic security of the state
confirms the urgency of the problem of strategic
management and economic and financial security at the
macro level.

In Table 1 generalized features of existing
approaches to understanding the essence of the system of
financial and economic security.

We believe that the system of financial and economic
security is a set of elements, the interaction of which
between themselves and with external actors can form
such an environment of the functioning of a particular
object, which will enable it to achieve the economic goal
of its creation and implementation of the economic and
financial interests of its stakeholders, regardless the
existence and negative impact of threats on its current
state and performance. Coordination of the interaction

vectors of the selected list of elements for building a
system of financial and economic security is the goal of
the process of managing it.

Table 1. Scientific views on the definition of financial and
economic security within a systemic approach [summarized by
authors].

For business entities For the state

Approach (micro level) (macro level)

Security as absence of dangers

a condition| availability of sufficient | availability of sufficient
of corporate resources |resources for the needs of

the national economy

achieving the economic | satisfaction of economic
goal of creation and financial needs of

business and society

protection from hazards, threats of risks and their

negative impact

Security as counteracting dangers, threats, risks
a gaining competitive improving the level of
opportunity|ladvantages in the market economic freedom
for increase of investment attractiveness
creation of conditions for financial and economic
development
Security as|stable and cost-effective |balanced economic policy
a sign of, operation

effective allocation of
national resources

ability to | high level of economic
development and
capacity
control of the adverse effects of hazards, threats and
risks and the ability to compensate for it

Security as| financial stability and | financial and economic

a condition independence sovereignty
of further activities without recognition in the
the risk of bankruptcy | international economic

and liquidation arena and in the global
financial system
the ability to satisfy
national economic
interests

positive image and reputation

the ability to satisfy
stakeholders’ interests

Security as
a result of

rational use of resources and entrepreneurial
opportunities
an effective combination| an effective system of
of tools for financial, financial monitoring,
crisis and risk supervision, control,

management regulation
rejection of risky conducting a successful
activities economic and financial

policy
implementation of the
national security strategy

weighted management
decisions

As the purpose of forming and further functioning of
the system of financial and economic security,
L. Holovkova and A. Yakimova consider “timely
detection and prevention of both internal and external
hazards and threats, ensuring the security of the
enterprise and achieving its corporate goals” [16, p. 57].
It should be noted that if management seceded to
identify threats and risks in a timely manner and
developed a set of measures for preventive response to
them, the process of management of financial and
economic security is set up flawlessly, and its system is
perfect. However, in practice, such cases are not
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mentioned. Therefore, the purpose of the existence of the
system of financial and economic security is to create
such a medium for conducting economic activity of the
micro or macro-level system, in which it would be
possible to identify the risks, threats and risks in time, to
prevent the maximum reduction of their number and to
minimize the negative effects of those species, which
action prevent is completely impossible. The rationality
of the organization of the system of financial and
economic security is precisely measured by the ratio of
resources spent on security measures and the costs that
would have been incurred in the event of inactivity in
this direction.

1.2 Financial and economic security in modern
conditions: an emergent system as an object of
management

In the conditions of total absence of both — business
entities and the state as a whole — resources that could be
directed towards the formation of integrated systems of
financial and economic security, it is very important to
choose security priorities and to organize the structure of
its system so that it envisaged in it the functional
components corresponded to these priorities, and also
directed the allocated resources to counter the threats,
the impact of which could be most tangible and
ultimately critical. Therefore, we will study the existing
approaches to the definition of elements of financial and
economic security systems. Studying the peculiarities of
financial and economic security management in the
management system of a trading enterprise,
S. Hrinkevych and M. Koknayeva distinguish seven
components of financial and economic security:
financial, commercial, market, informational, personnel,
organizational, structural, technical and technological
[17]. For financial institutions, scholars advise to provide
for the existence of such subsystems of an integrated
system of economic security, such as financial and
investment, intellectual and personnel, information and
analytical, technical and technological, physical (power),
legal, territorial, market, legislative and political [10,
p. 47-48]. In this approach, at least three subsystems are
strongly influenced by the external environment, so
managing them at the level of the economic structure
will be limited and complicated by the inability to
influence certain economic realities.

Research of numerous scientific sources makes it
possible to conclude the classical set of subsystems of a
complex system of financial and economic security:
financial (as a separate subsystem), personnel,
intellectual,  informational, analytical, technical,
technological, investment, market, legal, industrial,
ecological, normative (legislative), social, power
(physical), interface, energy, innovation, material,
resource, labor safety, reputation. This list can be
supplemented with the image component, which is
intended to strengthen the level of trust of existing and
potential customers to the products and services of the
business entity, but it can also be distinguished as a

functional subsystem of the second level in the
composition of the interface or reputation component.

The system of economic security of the state, taking
into account the nationally adopted in 2013,
methodological recommendations for calculating the
level of economic security of Ukraine contains such
components as industrial, demographic, energy, foreign
economic, investment-innovation, macroeconomic, food,
social and financial security. The latter also has
subsystems, such as banking security, the security of the
non-banking financial sector, debt security, fiscal
security, currency security and monetary security [14].
There are some thoughts on the need to identify the
military-economic (quite relevant for Ukraine from the
end of 2013 to the present time), scientific, mineral-raw
material, technological, informational (relevant due to
the long hybrid war against Ukraine) and property
security (also very relevant component, taking into
account the state of the business climate in Ukraine and
the organization of the protection of property rights in
the normative plane and in practice). O. Mischuk
believes that the organization of the system of financial
and economic security of economic entities should be
based on the principles of scientific validity, strategic
validity, planning, targeting, and optimality [18]. There
are no objections and arguments against using this list of
principles and at the level of management of financial
and economic security of the state. The list can be
supplemented by the following principles of constructing
economic systems, such as complexity (system),
sufficiency, rationality, continuity, priority, legitimacy,
timeliness, interaction, competence, combination of
publicity and confidentiality, coordination, flexibility,
independence and responsibility, centralization of
management, control, activity, specialization,
improvement, priority of prevention measures, etc. [19].
We believe that a specific set of principles for the
organization and functioning of the system of financial
and economic security should be selected taking into
account the available resources, as well as in view of the
type of chosen security system (Table 2).

The lack of unity in addressing the question of what
the structure of an integrated macro-level or micro-level
system of financial and economic security should be, on
the one hand, complicate the process of its formation at
the application level, while, on the other hand, it
provides the flexibility of its architecture and the
practical application of such systems providing financial
and economic security that will be focused on the
specific functioning of a particular subject.

The system of financial and economic security
belongs to the category of emergent systems, because it
demonstrates more complex qualities and characteristics
than its separate functional subsystems.

In addition, the system gets new quality depending
on the specifics of the subject for which it was formed —
an industrial enterprise, financial institution, state, etc.
Immergence as a property of the system of financial and
economic security affects the organization of its
management process, which does not always take into
account top managers of companies and civil servants.
Therefore, the problem of effective management of
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financial and economic security at the micro and macro
level does not lose its relevance. Of particular interest is
the specifics of strategic security management, taking
into account the complexity of forecasting hazards,
threats and risks and their possible impact on the
resources and interests of economic systems in the
medium and long term.

Table 2. Disadvantages of modern approaches to the formation
of the system of financial and economic security as an object of
management [summarized by authors].

Specific-
oriented
system

Universal
system

Fragmentary

Disadvantages
system

Absence of a | Contains as | Contains the | Contains a set

clearly in many subsystems that of most
defined list of | subsystems |are required for| traditional
functional as possible, | aparticular | subsystems of
subsystems | even if their | security object, | the financial
presence is |but they are not| and economic
not critical to always security
the object | professionally | system, the
security organized and | connections
functional between them
are often
violated and
ineffective
Unregulated Security Rights and |The performers
rights and actors rely | responsibilities | do not have a

clear list of
according to | functions, they
areas of perform tasks
responsibility, | that particular

obligations of |on too many | are divided
the subjects of |  diverse

the system functions

but the moment in
emergence of | time require
sudden

additional tasks
causes panic

and chaos
Methodological | The fact of | The need for There is no
inconsistency in| the security | introducing | periodicity of
the assessment | system is additional  |evaluation, and
of the system | emergent evaluation a set of
state one is not | parameters and | indicators and
taken into expert subjects for
account, and | invitations, |analytical work
the taking into are selected
evaluation of| accountthe | depending on
its condition specific which

is carried out | structure of the | subsystems are

by summing system present, often
up the the evaluation
assessments is not done by
of the states specialists in a
of all its particular field
subsystems
Lack of Requires a | Requires the | Allows to save
resource large number| possibility of | resources, but
sources of different attracting does not allow
types of | specific types to clearly
resources of resources predict their
that at a required
particular time | amount in the
point may not future

be available

2 Features of financial and economic
security system strategic management

In the scientific plane and at the applied level, there are
disputes over whether the management of financial and
economic security should be allocated in a separate
direction of management activity, or its tasks can be
effectively implemented within other types of
management, for example, financial, personnel, crisis,
strategic, innovation etc.

2.1. Financial and economic security system
management as an independent direction of
management

In the national scientific thought some approaches have
already been developed to understand the category of
financial and economic security management.
I. Moyseyenko proposes to consider the security
management system as “one of the functional areas of
enterprise management (as a type of management
organization), that is, as a process of planning,
organization, motivation and control, necessary to
achieve the goals of the enterprise. Security management
— a component of enterprise management as a whole,
which uses its best tools, is guided by the prevention of
possible complications in the enterprise, providing
sustainability of business activity” [8, p. 285].

Financial and economic security management
involves the analysis, planning, regulation and control of
organizational and economic activity of the enterprise in
terms of minimizing the negative effects of destructive
phenomena and threats [11, p.105]. From another
research position, the financial and economic security
system management can be defined as “a set of
interconnected and interacting elements of financial and
economic management, which consists of subsystems
and provides: protection of financial interests of
economic entities, management of their financial
activity, prevention of emergence and development of
threats to financial security, reduction of their negative
impact, management of financial risks, taking into
account alternative ways of providing ensuring the
security of enterprises through the application of
financial instruments and methods of financial analysis
and assessment of the financial state of the enterprise
using the limit values of indicators and integrated
assessments of its level” [11, p. 107].

The current realities of the business entities
functioning and the specific features of the current stage
of the Ukrainian economy development have shaped the
peculiarities of the process of managing financial and
economic security systems both at the tactical level and
in the strategic perspective. They, in turn, demonstrate
the disadvantages of existing management mechanisms.
Disadvantages of financial and economic security
management are: fragmentation of security systems;
orientation of managerial decisions to ecliminate the
consequences of threats, rather than counteracting their
occurrence or control of potential sources of danger and
risk formation; saving of resources (labor, informational,
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financial, time) on security-oriented measures; lack of
documents that would establish and clearly regulate the
policy of financial and economic security management;
low level of training of specialists, who are assigned the
tasks of security management, lack of practical
experience in this field, and the establishment of an
excessive number of different-directional responsibility
vectors in specific areas of security; lack of effective
methodological tools for assessing the current level of
financial and economic security and its forecasting in the
future; low level of the managers awareness of the entire
spectrum of threats and risks for the state of financial
and economic security; lack of practice of forming risk
maps and risk catalogs within the framework of risk
management procedures; contradictory interests of
various categories of stakeholders; the absence of norms
of financial and economic security that provokes the
problem of interpreting its state from different
managerial positions; the lack of standards of financial
and economic security, which would propagate guidance
for the organization of its various subsystems; low
effectiveness of the mechanism of stimulation of persons
involved in the management of financial and economic
security, to faithfully carry out their duties.

We offer the following approach to the financial and
economic security management (Fig. 1).

Knowledge |
Experience |
@ Personnel
'y Competence |
Motivation |
Finances |
v Material base |
(R) Resource
7} Information |
Time |
Control |
v Evaluation
(O) Organization |
A Strategy |
Policy |
Interconnections |
v Tools |
M Mechanism
Provision |
Reaction |

Fig. 1. The 16-component model of financial and economic
security management (PROM).

Suitable for managing any system of financial and
economic security on macro or micro level, universal,
specific, complex, fragmentary one — the proposed
model is able to provide the optimal distribution of
available resources to ensure the security and to achieve

the goal of creating and maintaining financial and
economic security system in the strategic perspective. As
the main goal of the system of financial and economic
security of business, researchers name “to ensure its
sustainable and maximally effective functioning,
creating a high potential for development and growth in
the future” [20, p. 146]. Thus, the need for strategic
management is already laid in the very existence of the
system of financial and economic security.

2.2 The essence of the process of financial and
economic security system strategic
management

The strategy of financial and economic security is the
development of a long-term plan to ensure the
achievement of the goals, objectives of the enterprise, in
particular the provision of financial and economic
security, as well as planning of resource allocation in
conditions of constant instability of the environment and
adaptation to protect it from influence threats, risks and
achieve normal and safe functioning of it [21]. The
strategy of financial and economic security involves
defining the goals and objectives of the system of
financial and economic security, directions for their
solution, as well as the forms and methods of applying
the appropriate forces and means, the possibility of their
rearrangement, creating the necessary reserves for the
neutralization and localization of possible threats [17].
According to O. Vivchar, the strategy of financial and
economic security should include: characterization and
classification of internal and external threats to economic
security; definition and monitoring of factors that
undermine the stability of the financial situation;
definition of criteria and parameters that characterize
financial and economic interests and meet the set
requirements; the formation of financial and economic
policies and the necessary mechanism that eliminates or
facilitates the operation of factors that undermine the
stability of the system of financial and economic
security; main directions of financial and economic
security; financial and economic security system
management, coordination of activities and management
to ensure financial and economic security at all levels
[20, p. 148-149]. As emphasized by I. Dotsenko and
O. Melnychuk, the goal of financial and economic
security strategic management is to strengthen financial
and economic security by minimizing the impact of
destabilizing factors [22]. Thus, under the strategic
management of the system of financial and economic
security, we offer to understand the process of
identifying long-term goals of the functioning of
financial and economic security system in the conditions
of influence on it of existing and potential threats to the
external and internal environment, a set of actions on the
implementation of the concept and policies of financial
and economic security in the long-term perspective
through a set of strategies that can be adjusted in
accordance with the requirements of time and the
specific conditions and circumstances that affect the
normal activities of the object of protection. Taking into
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account the operating conditions that currently have
domestic enterprises and the national economy as a
whole, it is advisable to develop several alternative
strategies for managing financial and economic security
depending on the strategic priorities of the economic
system functioning.

3 Three-vector model of strategic
management of the system of financial
and economic security: micro and
macro level

Based on our own experience, on scientific achievements
of domestic and foreign scientists and on the results of
expert surveys of practitioners, we can propose three
directions of the implementation of the tasks of the
financial and economic security strategic management at
the micro and macro levels, which take into account
existing realities and national features of security-
oriented management at the beginning of 2019.

A Strategy for achieving financial and economic
security based on branding, image and reputation (BIR
Strategy). The essence of the strategy is to give priority
to the information and interface components of the
financial and economic security system, to implement
measures for the full transparency of the results of
activities aimed at ensuring financial and economic
security. The main vector of influence is reputation and
image risks. A high level of financial and economic
security is positioned as a brand of a business entity,
region or state, which promotes a positive attitude by
counterparties, clients, and government structures. The
loyalty of staff is in a big importance, the management's
policy is aimed at the dissemination of positive
information about the subject, its social significance.
Ratings are introduced to establish a specific position of
the enterprise, institution, organization among other
economic entities on the basis of indicators of the
effectiveness of providing financial and economic
security, or among other states at the international level
in the study of problems of national financial and
economic security.

Strategy for achieving financial and economic
security through partnerships with stakeholders and
ensuring their interests (PIS Strategy). The essence of
the strategy is to ensure maximum satisfaction of the
economic needs of those who interested in the results of
the subject’s activities through the formation of a safe
environment for their implementation. Matrixes of
influence and needs of stakeholders are developed, some
of stakeholders representatives can be involved in the
management of financial and economic security under
the conditions of personnel outsourcing and leasing.
Certain categories of stakeholders are actively involved
in assessing the level of financial and economic security
as experts. The purpose and specific directions of
financial and economic security management are
determined depending on the stakeholders interests.

Strategy to achieve the state of financial and
economic security through the interconnection of
experts, control and standardization (Strategy of the

ECS). The essence of the strategy is to introduce
standards for the financial and economic security
management at the state level or at the level of individual
business structures and follow them. A significant role is
played by the control of the state of financial and
economic security, ongoing monitoring of its level, and
new threats to the system of financial and economic
security at the present time and in the future. To specify
the external risks of the subject, experts are involved.
The expert opinion in this strategy is important, as the
emergence of the system of financial and economic
security leads to the fact that the use of only
mathematical tools and security policies to form
information support for making managerial decisions is
insufficient. Security-oriented solutions often have to be
taken situationally, promptly, objectively, that it is
possible only with the involvement of experts in the
process of financial and economic security system
management.

Of course, the use of any of the proposed strategies in
the “pure form” is less effective than their weighted
combination. However, the selection of specific vectors
for the strategic management of the financial and
economic security system at the level of top management
or civil servants depends on the current and projected
conditions in which the system of financial and
economic security will operate and develop in the future.

Conclusions

According to the results of the study, system of financial
and economic security is proposed to be understand as a
set of elements, the interaction of which between
themselves and with external actors can form such an
environment of the functioning of a particular object,
which will enable it to achieve the economic goal of its
creation and implementation of the economic and
financial interests of its stakeholders, regardless the
existence and negative impact of threats on its current
state and performance.

We offer the 16-component model of financial and
economic security management (PROM), that is suitable
for managing any system of financial and economic
security — macro or micro level, universal, specific,
complex, fragmentary. The proposed model is able to
provide the optimal distribution of resources available to
the entity to ensure its security and to achieve the goal of
creating and maintaining its financial and economic
system in the strategic perspective.

We can propose three directions of the
implementation of the tasks of the financial and
economic security strategic management at the micro
and macro levels: the BIR Strategy, the PIS Strategy and
the Strategy of the ECS.
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Abstract. The article deals with the problems of price regulation of the agrarian markets in the context of
food security in Ukraine. The seasonal dynamics of the indexes on the consumer prices for the agricultural
products are analyzed. The influence of the factors of foreign trade activity of Ukraine on the state of prices
on the domestic market is determined. The conclusion on the need for increasing the state regulation of
prices for agricultural products in Ukraine is made. The analysis of influence of the dynamics in the
volumes of the export and import on the fluctuations of prices for agricultural products on the domestic

market is carried out.

1 Introduction

The sharpening of the global food crisis and the
formation of negative forecasts for consumers with
regard to further price dynamics in the agro-food market
will raise the issue of food security for many countries of
the world. The problem of ensuring the food security is
particularly — important for Ukraine, which is
predetermined by the current state of the development of
the domestic agro-industrial complex. At the same time,
favorable natural and climatic conditions for the
cultivation of most crops and a strong human potential
allow Ukraine not only to provide its own food security,
but also to become an active player in the global food
market.

Effective agrarian production is the basis for ensuring
the country's food security, meeting the needs of the
population in a diverse range of food products in
sufficient quantity and of high quality. The threats to the
food security of Ukraine at the present stage are:

— insufficient consumption of food by the population;
—low consumption of products of animal origin in the
energy diet of the population;

— high share of household expenditures on foodstuffs in
the structure of their total expenditures;

—high differentiation of the cost of food by social
groups;

—low capacity of the domestic market for certain food
products;

—import dependence of the country on a separate
product;

— raw material export of agricultural products;

—rising prices for agricultural products in the domestic
market;

—slow implementation of international standards and
food quality systems;

— lack of control over food safety.

: Corresponding author: anna.burkovskayal2@gmail.com

1.1 The relevance and the problem of the
research

1.1.1 The purpose and objectives of the study

The economic imbalance in agricultural production, the
lack of technical and technological support for
agribusiness and the food industry explain the need to
study the processes of state price regulation in the food
sector. This will stabilize the markets, ensure the security
of supply and reasonable prices for the consumer.

The purpose of the study is to form the theoretical
foundations of price regulation of agrarian markets in
terms of ensuring food security as a component of the
economic development of the country. To achieve this
goal, the following tasks are necessary:

—study the problems of the price regulation of the
agrarian markets in the context of Ukraine's food
security;

—analyze the seasonal dynamics of consumer price
indexes for agricultural products;

—to determine the influence of factors of foreign trade
activity of Ukraine on the state of prices on the domestic
market.

1.1.2 A hypothesis of a scientific problem

When carrying out agricultural policy it is important to
take into account the special nature of agricultural and
food production and to understand that the markets for
agricultural raw materials and food are two small-scale
arrays of the national economy. Agricultural production
is generally inelastic depending on prices, if the price
fluctuations are of a short-term nature, this sector itself
has a conservative character. It is impossible to quickly
change the volume of production in cultivation,

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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horticulture, and viticulture, since it is associated with
crop rotation, which limits the maneuvering of sown
areas. The effect of factors of intensification (fertilizers,
machines, technologies) manifests itself after a certain
period and may have ambiguous results depending on
the formed natural conditions. Thus, it takes a
considerable time to adapt agriculture to a new level of
prices, reorientation of the type of activity, subject to
changes in prices for means of production in the same
direction.

The population, based on their physiological needs,
consumes a relatively stable set of food products
relatively consistently, while sacrificing expenditures for
durable goods in the event of a decline in income. In the
formation of demand for cheap food, the Giffen paradox
is observed: with the general rise in food prices,
consumption of cheap products increases as a result of a
sharp decline in demand for more expensive products.
On the other hand, in the face of rising incomes or
falling prices, there is no adequate growth in demand, as
the level of food consumption is determined by two
simultaneous factors — physiological and economic, and
their actions do not coincide.

The collision in the market of two low-elastic arrays
of demand and supply leads to disproportionately large
fluctuations in prices. Thus, an increase or decrease in
the supply of agricultural products to the market may be
accompanied by a change in the prices of food products,
which makes the food market, and hence the prices of
commodity producers are very volatile. Consequently,
the market price mechanism is not able to fully fulfill its
main function — to be a regulator of demand and supply,
resulting in a food market is not self-regulating,
especially in modern mass production and distribution of
food. More and more scientists are inclined to believe
that the food market, in any case, its main goods, as well
as agricultural raw materials, should be regulated, and
the main regulator should be the state.

1.2 Literature Review

The work of many scholars is devoted to the study of
problems of price regulation of agrarian markets. For
example, P. Pinstrup-Andersen, F. Cheng [1] and others
discussed the issue of food policy development in
developing countries. The results of the study of the
impact of food price increases on the state of food
security are presented in D. Jollife, I. Seff, A. Fuente [2]
and others. A thorough study of the indicators of the
state of food security in Ukraine with a view to
identifying ways to improve was carried out by
M. Babych, A. Kovalenko [3] and others. The questions
of the impact of customs payments on agricultural food
security were covered by J. Beckman, C. Estrades,
M. Flores, A. Aguiar [4] and others. The analysis of the
impact of the economic availability of food products on
food security in the country is highlighted in the writings
of O. Shebanina, A.Klyuchnik, A. Burkovskaya,
D. Caruso [5], A. Chadwick [6], and others. Models of
state support for agri-insurance in the context of global
transformation in order to ensure the stability of agrarian

markets are presented in works by E. Shkarupa,
P. Perehodov, 1. Ulanova [7], and others. The role of the
information provision of state regulation of the agrarian
market was considered by S. Prestamburgo, F. Sgroi [8]
and others. The work of D. Debnath, S. Babu, P. Ghosh,
M. Helmar [9], S. Mittal, V. Hariharan [10] and others is
devoted to the study of the role of state price policy in
agrarian markets of countries and regions. The
application of macroeconomic models for estimating
food losses due to degradation of land resources was
considered by P. Panagos, G. Standardi, P. Borrelli [11]
and others.

2 Results and discussion

Food safety of the country as an integral indicator of the
economic and physical availability of food products, as
well as their quality, is significantly dependent on the
level of solvency of the population, which in turn is
derived from the ratio of population growth rates and
inflation in the state. High and volatile inflation rates are
difficult to quantify, as evidenced by the constant
deviation of government forecasts from actual inflation.

In any economic model, the pricing mechanism,
which should balance the diversified interests of sellers
and consumers of goods, allocate resources, stimulate
the rational placement of production, introduction of
innovations, etc., occupies a special place. The state and
development trends of both separate sectors of the
economy and the national economy as a whole depend
on the effectiveness of the implementation of this
mechanism of the functions entrusted to it. Price
dynamics serves as an important indicator of the state of
certain sectors of the economy, and the impact on price
formation is one of the tools for optimizing economic
processes.

The aforesaid is fully concerned with pricing in the
domestic agricultural sector. Prices for agricultural
products are the most dynamic characteristics of the
agrarian market. They react sensitively to the influence
of numerous economic, technological, weather, socio-
political factors, and in turn determine the vectors and
pace of development of individual agricultural sectors,
the level of food security of the country. Significant
differentiation and fluctuations in the dynamics of prices
of agricultural products show weak management of
processes in the agro-food market. This creates
instability, which reduces the investment attractiveness
of the agrarian sector, increases the disproportion in the
development of its individual components.

In Ukraine, prices for agricultural products, as well
as for all other products of domestic producers, tend to
grow. This objective phenomenon is associated with
inflationary processes in the economy, reflecting the
rising cost of almost all resources involved in the
national economy. Price volatility has intensified due to
the deep economic crisis in Ukraine, which necessitates
the continuation of the systematic analysis of the causes
and consequences of the processes associated with the
formation of prices for agricultural products. The
equilibrium market price in this case should be



SHS Web of Conferences 65, 03002 (2019)
M3E2 2019

https://doi.org/10.1051/shsconf/20196503002

considered not as an abstract indicator, but as a ratio of
demand and supply.

The fluctuation of prices for agricultural products is
seasonal in nature. Consider the seasonal dynamics of
agricultural real estate prices indexes in agricultural
enterprises in Table 1. The graph of seasonal fluctuations
of the price index for the sale of crop production is
presented in Figure 1.

Table 1. Seasonal dynamics of price indices in relation to the
previous month of sales of crop production by agricultural

enterprises.
Month Annual data of the price index Seasonal
2016 2017 2018 |index,%
1 101.1 104.5 103.7 | 1024
2 109.8 103.3 102.1 104.4
3 101.0 103.1 103.6 101.9
4 102.7 102.6 105.2 | 102.8
5 101.9 97.5 98.7 98.7
6 97.0 98.3 95.7 96.4
7 101.8 98.6 98.9 99.1
8 92.2 95.1 97.8 94.4
9 94.6 97.2 99.6 96.5
10 101.9 104.7 98.6 101.1
11 102.7 101.1 101.7 101.2
12 101.8 103.2 100.3 101.1

Source: calculated using [12].
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Fig. 1. Distribution of the seasonal wave of fluctuations of the
price index of sales of crop production. Source: built using
[12].

From the graph it is clear that the period of
cheapening of crop production sold by agricultural
enterprises is likely for the period from April to
September. In other months, prices for plant products
show a tendency to increase, which is explained by
market conditions.

In the process of economic activity of the enterprise
are faced with cyclical fluctuations caused by the
seasonal nature of production and consumption of goods
and services. Seasonal fluctuations are more or less
steady intra-annual fluctuations in a number of
dynamics, due to the specifics of production or
consumption of one or another species goods or services,
therefore the fluctuation of prices for crop production is
due to the influence of the following factors:

—lack of capacity of manufacturers to store products,
which is why they are forced to sell it at reduced prices
in order to avoid damage;

— instability of the market situation, which taken into
account the low solvency of the population leads to
excess supply and lower prices;

— stochastic nature of the risks of natural disasters, which
are reflected in the volumes of offers and prices for
agricultural products;

—volatility of the external markets, which leads to
fluctuations in prices for export and import contracts
and, as a result, fluctuations in the domestic market.

In the conditions of low solvency of the population in
the domestic market, producers who are able to produce
products of the proper quality at competitive prices,
direct their efforts to saturate the external markets. At the
same time imported products, which are more
competitive than domestic ones, find their consumer in
the domestic market of Ukraine.

In turn, price remains the only source for raising the
level of profitability and competitiveness of agricultural
products, enterprises and industries. Due to the high
costs of agricultural production in Ukraine, which does
not allow to stabilize market prices in line with the level
of solvent demand of the population, there is an urgent
need for the state support of agricultural enterprises,
aimed at reimbursement of their expenses and
stimulation of demand by means of price regulation.

The shift of the vector of exporting and importing
operations in agrarian markets is significantly reflected
in the pricing policy of producers. Consider the seasonal
dynamics of exports of the crop products from Ukraine
in Table 2.

Table 2. Seasonal dynamics of export of the crop products

Annual data on export volumes of]

Month| vegetable products, USD million ?23221121

2016 2017 2018 ’
1 612.7 441.6 735.7 85.0
2 654.0 603.5 627.5 89.5
3 565.3 667.6 948.6 103.5
4 535.4 699.5 691.0 914
5 517.7 521.9 718.5 83.5
6 489.0 499.2 550.1 73.0
7 537.3 484.9 486.9 71.6
8 786.6 807.2 879.9 1174
9 876.6 780.4 1000.1 126.1
10 774.2 766.1 823.8 112.2
11 818.0 905.3 899.8 124.5
12 304.7 916.4 853.8 122.2

Source: calculated using [12].

The graph of seasonal variations in the volumes of
exports of the crop products is presented in Figure 2.

It is clear from the graph that the decreasing in the
volumes of exports of the crop products is a seasonal
characteristic for the period from April to July, at the
same time, the volumes of exports of the crop products
in the autumn-winter period are the highest, which is due
to the conjuncture of foreign markets.

Growing demand for agricultural products on the
world market is typical for certain periods and is due to
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the heterogeneity of climatic conditions and
consequently the timing of harvesting in the main
countries which produce agro-food products.
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Fig. 2. Distribution of the seasonal fluctuation wave of export
volumes of the crop products. Source: built using [12].

Import operations also have an impact on the
formation of prices for agricultural products on the
domestic market, and fluctuations in volumes of imports
of agricultural products are cyclical. Determine the
seasonal dynamics of volumes of imports of the crop
products in Table 3.

Table 3. Seasonal dynamics of imports of the crop products

Annual data on import volumes Seasonal

Month|of vegetable products, USD million index.%
2016 2017 2018 ’
1 160.8 148.5 105.7 131.1
2 171.2 172.9 183.3 166.6
3 137.2 191.2 204.3 168.3
4 96.4 123.5 116.9 106.4
5 66.0 62.0 70.3 62.6
6 53.8 48.8 61.9 52.0
7 67.5 64.4 72.5 64.6
8 474 67.9 76.1 60.5
9 53.4 59.5 69.6 57.6
10 72.1 78.5 89.2 75.7
11 93.8 110.9 140.8 109.1
12 126.6 156.7 177.5 145.6

Source: calculated using [12].

The graph of seasonal variations in volumes of
imports of the crop products is presented in Figure 3.

It is clear from the graph that the decreasing in
volumes of imports of the crop products is a seasonal
characteristic for the period from April to September,
when the domestic market is saturated with domestic
producers, at the same time, volumes of imports of the
crop products in the autumn-winter period are the
highest. The conditions of international regional
economic integration actualize for Ukraine the task of
efficient use of the domestic market as an instrument for
strengthening the competitiveness of the national
economy and guaranteeing food security. In this context,
the development of a competitive environment in the
domestic market on the basis of balancing the positions
and interests of producers and importers, as well as

minimizing the shadow content of domestic commodity
markets, should become an important part of the modern
strategy of the food independence.
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Fig. 3. Distribution of the seasonal fluctuation wave of import
volumes of the crop products. Source: built using [12].

The role of foreign trade relations of the country is
growing in the conditions of intensification of the
globalization processes of the world economy. The
international trade as a form of international economic
relations forms part of a balanced economic
development, promotes the competitiveness of the
national economy, increases the standard of living of the
population and provides the most complete satisfaction
of its needs. The external sector of any country is
experiencing economic pressure not only from other
partner countries and competitors in world markets, but
also from its own internal market and its infrastructure.

The organization of the civilized market of products
of the agrarian sector is impossible without the active
regulatory role of the state. One of the important tasks is
the application in the process of carrying out functions of
the state management of the balance method of market
regulation, which allows to find out the important
tendencies of development of its separate segments, to
identify the risks of providing consumers with the
agricultural raw materials, and the population — with the
food products. The preparation of forecast balances for
matching demand and supply for their optimization, as
well as reporting balances on production and use of
products, balancing control over the matching of supply
demand allows predicting differences between them and
timely application of effective mechanisms of the state
regulatory influence.

Influence of dynamics of seasonal changes in
volumes of export and import on seasonal fluctuations of
the price index of sales of crop production of domestic
production is noticeable. Let's consider the mutual
arrangement of the distribution curves of seasonal
variations of the studied indicators in Figure 4.

Consequently, from Figure 4 it can be concluded that
the seasonal changes in the volumes of export and
import of crop production are synonymous with the
seasonal fluctuations of the prices of crop production
prices. In the periods when there is a decrease in exports
due to changes in the external markets, the reduction in
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prices for the exported products is noticeable. The
growth of export supplies leads to a gradual increase in
prices on the domestic market. Increasing the volumes of
imported supplies to the domestic market of Ukraine is
inherent only for those months when high prices for
products of national producers are established, which is
related to the conditions of cultivation and storage of the
agricultural products.
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Fig. 4. Distribution of seasonal waves of the index of prices for
the sale of crop production, as well as volumes of export and
import of crop production. Source: built using [12].

2.2 Prospects of the situation

Obviously, it will not be possible to completely avoid
significant fluctuations in the dynamics of prices for
agricultural products. However, the tools to mitigate the
negative effects of these fluctuations are well known.
This is about insurance of risks, including during
exchange trading, development of integration links
between agricultural producers and processing
enterprises. The activity of the Agrarian Fund of Ukraine
is aimed at smoothing the price fluctuations.

The Resolution of the Cabinet of Ministers of
Ukraine “On the Agrarian Fund” No. 543 stipulates that
since 2005 the Agrarian Fund has been established and is
operating in Ukraine. The Agrarian Fund is a state
specialized budget institution authorized to implement
price policy in the agro-industrial complex of Ukraine.
At the same time, the main task of the Agrarian Fund of
Ukraine from the standpoint of ensuring food security is
the formation of the state intervention fund by the
objects of state price regulation exclusively for the
implementation  of commodity and  financial
interventions in the organized agricultural market.

Commodity interventions are carried out by the
Agrarian Fund through the sale of certain objects of state
price regulation in the organized agricultural market on
the spot or on the forwards in order to establish the price
of the equilibrium at a rate not exceeding the value of the
maximum intervention price. Financial interventions
include the purchase of agricultural products at the fall

of spot prices in the organized agricultural market below
the minimum level, which is carried out in order to
achieve a level of equilibrium, including through the
acquisition of commodity derivatives. Thus, the Agrarian
Fund provides the price regulation objects to the state
intervention fund through the procurement of funds from
the special fund of the state budget. In case of the
increasing in market prices, the Agrarian Fund, due to
the established reserves of state price regulation objects,
carries out the commodity interventions.

2.3 Recommendations

The dynamics and fluctuations of prices for agricultural
products is a factor that significantly affects the behavior
of its producers, creating trends in the agrarian sector of
the economy. Adaptation to the negative effects of this
factor occurs mainly in the form of redistribution of
resources in favor of certain agricultural sectors;
increases the level of concentration of production by
eliminating from the market of small business entities.
As a consequence, the role of agricultural producers in
the process of forming prices for their products is
increasing.

First of all, the price regulation of the agrarian
markets should take place on the basis of forecasting of
the seasonal fluctuations of prices for the agricultural
products. Ensuring the effectiveness of the domestic
market and the price regulation is a priority direction of
the agrarian sector in the context of ensuring food
security in Ukraine, which allows to provide the basis for
the stable development of agrarian production, to
increase its competitiveness, to overcome price
imbalances, to strengthen state support of commodity
producers using the achievements of FEuropean
experience.

Improving the pricing process should provide the
formation of identical and transparent conditions for the
implementation to all agricultural enterprises. Equally
important task is to make the agricultural commodity
prices more predictable in the dynamics, thus avoiding
the losses associated with the disorientation of the
agricultural producers due to their noticeable
fluctuations. The experience of the previous years shows
that it is not necessary to put the excessive expectations
on the regulation by the state authorities of the pricing
process by the administrative methods. Certainly, the
state control in this area is absolutely necessary, but its
implementation should also ensure the compliance with
the principles of the fair economic competition.

Improving the pricing process involves the creation
of the favorable conditions for the development of the
entrepreneurial activity, which will allow to increase the
number of partners of the agricultural enterprises
involved in the process of selling their products. It is
about the development of an intermediary institution, the
deployment of sales or multi-functional service
cooperatives, wholesale markets and other elements of
market infrastructure. Competition between the
intermediaries, the availability of agricultural enterprises
to choose a profitable channel of product sales, and the
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elimination of the negative effects of monopsony in its
sales system will enable the creation of the market
environment in which there will be no apparent
distortion in the pricing process in favor of one of the
parties. In connection with the increasing influence of
the factors of the growth of prices for the agricultural
products, it is necessary to develop the infrastructure and
increase the competitiveness of the market, which will
prevent unjustified increasing of prices, abusing unfair
methods of competition, reduce unproductive and
overhead costs of producers.

3 Conclusions

The state is the main subject of national food security. In
carrying out this function, it precedes from the fact that
sufficient security of a person and society is impossible
without effective protection of the state interests. The
practice of democratic states clearly indicates that the
degree of protection of the individual and society is
directly dependent on the level of security of the state.
Therefore, ensuring food security is a basic among the
main functions of state regulation of agriculture.

Particularly important functions of the state
administration in agriculture economy of Ukraine are
creation of such conditions, which will not only
stimulate each producer to respond to consumer
inquiries, but also force them to adapt to solvent
demand, regulate volumes of production structure in a
timely manner and improve the consumer properties of
food products. Achievement of this goal should promote
the reform of the price mechanism in agriculture. Prices
should reflect the level of public utility of the product,
interact with the system of non-price levers of state
support for agriculture.

World practice has accumulated considerable
positive experience in developing mechanisms for
equalizing the negative effects of the natural agrarian
market. The most widespread is the substantiation and
legislative implementation of the upper and lower
bounds of prices supported by the financial and
commodity interventional activities of the state, the
creation of a food fund to safeguard the domestic market
from shortages of supply in poor harvest years, and
protect producers and consumers from the speculative
actions of the intermediaries, state control over dumping
practices monopoly traders on the market, a ban on
monopoly companies from renting agricultural crops to
grow their own raw materials, the implementation of a
balanced customs policy, etc.
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Abstract. The article determines the role and the meaning of network structures in modern economy. There
are revealed risks and threats in the activity of economic entities that are part of network structures. The notion
of economic security in the network economy is revealed. The structure of the economic security system of
network companies is formed, its basic components being characterized. Basic components of the economic
security system in the network economy under current conditions are analysed, some problems of ensuring
economic security and ways of their solution are determined. A complex mechanism of diagnosing the
enterprise economic security is elaborated. The article considers main ways of ensuring economic entities’
security by introducing the integrated economic security system to predict and prevent threats to economic

security.

1 Problem statement

At present, the activity of all economic entities without
exception is subject to uncertainty and unpredictability.
Unstable political, social, economic and demographic
situations and numerous external factors of impact
strengthen managerial decision-making risks in all aspects
of business activities. Enhanced market competitiveness
and integration into the world economic space, new
managerial and legal forms of business and formation of
the global network economy highlight the issues of
creating an efficient system of economic security of
businesses. To provide high efficiency of the economic
activity, economic security control should become a
component of the strategic management system of each
enterprise.

In market economic conditions, the enterprise
economic security depends on that of the state and the
region as it is based on available financial, raw material
and industrial potentials as well as their prospective
development. The enterprise economic security is greatly
affected by the degree of thoroughness of the law base,
taxing, access to the world sales markets, a region’s
investment attractiveness and that of a state as a whole.

2 Review of recent researches and
research objective

Researches in the modern economic theory prove that the
economic science has accumulated sufficient theoretical
basis in the field of the enterprise economic security.
Economic security issues were studied by L. Smoliar,
0. Kotenko [1], O. Nosova, O. Makovoz [2], etc. They

: Corresponding author: deborah88@ukr.net

mostly dealt with the essence of economic security, its
various levels, components and indicators to assess its
state.  Ukrainian  scientists T. Vasyltsiv = [3],
A. Kozachenko [4], O. Arefieva [5], T. Kuzenko [5],
O. Palyvoda [6], etc. investigated into economic security.
The mentioned scholars’ papers contain theoretical
substantiation and methods of assessing the condition of
the state and enterprise economic security considering
national peculiarities of the economic development.

Intensified globalization and internationalization of
economic activities in the early decade of the 21% century,
the information society boom, creation of economic
clusters and networks resulted in new risks and threats for
enterprises’ activities and determined the need for
conducting investigations into economic security in
network economy conditions.

P. Drucker [7], O. Sushchenko [8], L. Buzdakov [8],
Ya. Hlushchenko [9], Yu. Ivchenko [10], T. Dziaduk [11],
V. Martynenko [12], S. Mayadunne, and S. Park [13] and
other scholars considered the essence of the network
economy, theoretical aspects of network managerial
interaction, determined specific risks and threats arising
in the activity of network associations and highlighted the
necessity of their minimizing.

At the same time, the national scholars did not pay
enough attention to the issues of controlling economic
security in network economy conditions on both the state
level and that of economic entities incorporated into a
single economic network.

The article is aimed at analyzing basic components of
the enterprise economic security system in network
economy conditions in terms of modern realia and
developing a diagnosing mechanism of economic security
as part of the economic security control process.

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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3 Presentation of main research material

Today, an enterprise should avoid a number of threats
in order to adapt to dynamic changes in economy, politics
and society. Under market conditions, an enterprise as an
open system has to function in the unstable dynamic
external environment with its new emphases that call for
innovative approaches and development and involve
severe competitiveness. The appropriate level of the
enterprise economic security provides the basis for the
country’s social and economic development, especially in
the context of Ukraine’s accelerated integration into
international economic organizations and the global
economy.

National and foreign authors have different
approaches to defining economic security. The authors of
the monograph “Enterprise economic security: essence
and provision mechanisms” define economic security as
the state of corporate resources (capital, personnel
resources, etc.) and business potentials which guarantee
their most efficient application to stable functioning and
dynamic scientific, technological and social development;
the state of protection from negative impacts of external
and internal threats, destabilizing factors, etc. [4].

I. Blank treats economic security as a qualitatively and
quantitatively determined level of an enterprise’s
financial state ensuring stable protection of its prioritized
balanced financial interests from identified real and
potential threats, both internal and external, which create
necessary preconditions for financial support of its stable
growth both in the current and longer-term periods [2].

O. Arefieva and T. Kuzenko interpret the notion of
economic security as the state of efficient use of an
enterprise’s resources and current market potentials
enabling it to prevent external and internal threats,
provide long-term survival and sustainable development
on the market according to the mission chosen [3].

In present-day conditions, business activity cannot
evolve within separate, even “the most independent”
enterprises. As it is accentuated in the work by the world
famous author in the management theory Peter Drucker,
“Management Challenges for the 21% century”, a
company is a reality for shareholders, creditors, clerks and
tax services, yet from the economic point of view, a
company is just a fiction. He also states that economic
reality is a single economic process that unites suppliers
of certain resources, production, sales of end products,
past-warranty service and final consumption of certain
products and services [7]. Therefore, fighting inter-
company obstacles, modern business strives for economic
integration within certain integral reproduced economic
complexes that comprise an economic network.

Practical needs for passing to network interaction of
business structures as a specific form of activity
organization are conditioned by the fact that their
industrial and economic activity becomes more and more
complicated and calls for new methods of management
and adaptation to changes in the external environment.

There are different interpretations of a network
structure in scientific literature. In our opinion, the most
felicitous is the one provided by O. Sushchenko and
L. Buzdakova who treat a network structure as a form of

arranging economic activity based on network interaction
of its participants according to their interests, resources,
competences and potential possibilities aimed at obtaining
additional profits and increasing their competitive
capacity due to flexibility, adaptability and application of
the mutual potential of a network [8].

According to L. Smoliar, the major feature
determining whether an organizational form belongs to a
network is autonomy of economic agents entering
repeated acts of exchange, yet there is interdependency in
terms of gaining their own profits [1].

The network economy is a set of network
organizational formations with their interrelation,
interaction and economic relations.

At present, it has been proven that the role of the
network economy and electronic commerce systems with
Internet-resources is essential in the enterprise economic
security. In the report by the European Commission, the
global network economy is defined as the environment in
which any company or an individual located in any point
of the economic system can easily contact any other
company or individual at minimum costs regarding joint
work, trade, idea exchange, know-how and just for fun
[15].

The appearance of the network economy is
conditioned by growing scales of enterprises’ activities,
their entering the interregional and then the international
global level. Inter-firm cooperation applied by national
and foreign economic entities and their further
development results in various managerial formations
(clusters, strategic alliances, networks of informal
relations, etc.) composed of legally independent
enterprises  closely interconnected by horizontal
connections.

In network economy conditions, management of
processes, not of separate functions, prevails actualizing
the tasks of forming a collective competitive advantage
over all market subjects and structuring markets on the
basis of voluntary and stable cooperation of economic
entities. The cooperation has a form of joint
entrepreneurship, various contract and subcontract
relations, franchising schemes, and other integrated
associations in which actions are planned and managed
jointly.

Unlike the activity of isolated economic entities,
formation of network structures results in the synergetic
effect. This effect is conditioned by availability of
companies’ joint interests in the areas based on
application of the same or similar technologies,
equipment, logistic channels, relations with the same
suppliers and consumers, a single infrastructure, dealers,
repair maintenance, design and research [6].

When generalizing national scholars’ research results
in the field of the network economy [1; 2; 8; 11], one can
specify the following advantages of network management
of economic entities’ activity:

— freedom from red tape and formalization;

— high status of informational and staff integration means;
— reduction of transaction expenses and ambiguity of the
economic activity resulted from enhanced trust of
economic entities composing a network;



SHS Web of Conferences 65, 03003 (2019)
M3E2 2019

https://doi.org/10.1051/shsconf/20196503003

— appearance of new business opportunities, access to
new technologies, expansion of sales markets;
—provision of companies’ flexible activity, their
receptivity to innovations, orientation on final consumers
as a result of voluntary and long-term cooperation of
network participants;

— free mutual access to resources owned by network
participants.

At the same time, the network economy is
characterized by a number of risks and hazards, the major
ones being the following [2; 9; 11]:

1. IT-risks include lost Internet connection resulted
from possible computer equipment failures, deformation
of data when transmitting them, virus attacks that can
cause data destruction, etc.

2. Risks of losing data confidentiality and safety.

3. Regulatory and legal risks of intellectual property
protection.

4. Staff risks involve losses of highly qualified
personnel because of high fluctuation of labour force,
deficiency of multi-skilled employees, lack of motivation
when social support is not encouraged in the network
formation concept.

5. Hazards of participants’ interest conflict.

6. Hazards of the too complicated character of a
network organization are conditioned by heterogeneity of
its participants, membership ambiguity, openness of
networks, self-management dynamics and uncertainty of
planning for network members.

7. Hazards of strengthening dependency of enterprises
of a single network are explained by double dependency
of network structures — on the market and resources.

8. Hazards of monopolization resulted from possible
merge and absorption of enterprises-network members in
horizontal integration.

All this calls for reinterpretation of views on economic
security and its treatment not only on the level of separate
isolated economic entities, but also on the level of their
interaction within a certain network and interconnection
of network enterprises within national and world
economic systems.

The first steps in solving these problems were made
by national scientists. V. Vasyltsiv and S. Hrynkevych
explored formation of the economic security of Ukraine’s
business environment. In their opinion, the business
economic security “... is a state of safety of economic
entities of this field in the process of interacting with the
state, other economic entities including those of the
informal sector, elements of the institutional environment
as well as when creating the public weal and services” [3].
V. Martynenko considered and analyzed threats to the
Ukrainian economic security under globalizing economic
conditions and  presented  characteristics  and
manifestations of these threats [12].

Generalizing various approaches to interpreting the
notion of economic security and taking account of modern
realia of network structures development, the notion
“Economic security in network economy conditions” can
be treated as the ability of economic entities composing
various network structures to satisfy consumers’ needs on
local, national and interstate levels on the basis of efficient

interaction and joint use of resources and market
advantages, countering external and internal threats.

The system ensuring economic security in network
economy conditions is associated with a set of economic,
legal and law enforcing tasks, protection of enterprise
economic interests and property. Creation of the efficient
system of managing economic security is a top priority.

The activity of ensuring the enterprise security is
aimed at objects of the system of managing the enterprise
economic security including various types of activity
(industrial, business, supplying, managing, etc.); property
and resources (financial, material-technical,
informational, intellectual, etc.); personnel, executives,
structural departments, services, partners, employees
aware of commercial secrets; interaction of independent
business units.

4 Research results

Efficient management of the economic security system of
network organizations is primarily dependent on the right
choice of basic components of the economic security
system. The enterprise security system cannot be
commonplace for all enterprises; it is unique for each
economic entity as it depends on the development level
and the industrial potential structure, quality of its
application and efficiency of industrial activity, personnel
qualification, competitive surroundings, etc. The
enterprise security system is relatively independent and
isolated from similar systems of other enterprises. Yet, the
isolation is relative as the enterprise security system is an
element of higher-level security, i.e. that of a city, a
region, a country.

The issues of ensuring employees’ and executives’
security, protection of enterprise property, financial and
informational resources, industrial and legal security
claim special attention of enterprises and organizations
making up various network formations. On this
assumption, the structure of the enterprise economic
security in network economy conditions can be presented
as follows (Fig. 1).

Let us consider specific features of managing certain
most important components of the enterprise economic
security system in network economy conditions.

The industrial component of economic security
implies reflection of the conformity level of internal
potentials of the enterprises making up network
formations with the external ones in the market
environment.

A company’s fate depends not only and not so much
as on the company itself, but also on efficient interaction
of all the entities composing “the entire economic chain”,
which, in Peter Drucker’s opinion, includes production,
transportation and sales of products, their consumption
accompanied by after-sales service and disposal of both
industrial and consumption wastes. Only cost-based units
operate inside a company. The only profitable unit is the
consumer who provides a certain assessment of a
company’s activity [7]. This makes enterprise
management implement active policies aimed at
integrating efforts of all the economic chain participants.
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Yet, there are hindering interest conflicts of enterprise
owners, participants of this chain.

Financial

Enforcement Industrial security security.
security (technical provision| | (economic

(network and personnel) entities’

enterprises’ financial and
personnel and economic
property capacity)
safety) Economic security
of enterprises-
network
participants

/

Informational security
(protection of one’s own
data, informational-analytical
interaction with internal and
external entities)

Legal security
(juridical support of
enterprise activity)

Fig. 1. The structure of the enterprise economic security in
network economy conditions (compiled by the authors).

For instance, a food producing enterprise sells its
products to a wholesaler who sells the products to another
participant of the economic chain — a retailer, selling them
to the final consumer — people. However, each participant
of the economic chain tries to sell the products to the
subsequent agent in the chain for a higher price than the
previous one in order to gain a profit. It leads to the fact
that the products become too expensive for final
consumers. Thus, the interests of the network formation
aimed at satisfying the final consumer’s needs contradict
those of each network participant striving for maximum
profits. It can cause each participant’s losses.

Transition to economic relations based on logistics
can solve the conflicts of interests of the whole economic
chain. The logistic concept of economic entities is based
on application of the 7R-rule or the logistic mix (similar
to the marketing 4R mix) — ensuring the availability of the
right product, in the right quantity and the right condition,
of the right place, of the right time, for the right customer,
at the right cost. This concept implies interaction of all
subjects of the integral economic chain based on the
vertical marketing system. Unlike traditional distribution
channels composed of a certain number of independent
economic entities, each of them trying to gain the highest
profits even sacrificing the integral system’s maximum
profits, vertical marketing systems comprise the entities
acting as a single system. In this case, one of the
participants of the logistic channel is either a retail owner
or provides trade advantages for them and is able to ensure
their full cooperation. Vertical marketing systems can be
dominated by a producer, a retailer or a wholesaler. These
systems appeared as a means of controlling the channel
behaviour and preventing conflicts between its separate
members with their own aims. Thus, vertical marketing
systems are economical in terms of their sizes, have
strong positions on the market and avoid effort doubling.

Resource provision is another problem of ensuring the
industrial component of economic security in network
economy conditions.

The industrial paradigm of the social and economic
development has resulted in great achievements in
production and consumption volumes in the recent
decades. In the 19" century the world GDP increased 3.5-
fold, while in the 20" century — 19-fold. However, it was
achieved by increasing the amount of natural resource
mining and processing causing corresponding
environment contamination and elimination that threaten
further more or less long-term existence of mankind if
these trends remain. In the 21% century, escalation of
natural resource use is forecast.

With a view to this, the problems of resource provision
in the 21% century are going to be urgent and
controversial. In the 19" and 20" centuries, prices for
natural resources were determined by mining expenses
mostly, while in the 21 century they tend to be
determined by the amount of potential resources. Besides,
there are escalated expenses for prevention of vital
environmental losses associated with  mining,
transportation, production and household consumption of
resources (reclamation of disturbed lands, environment
protection from harmful gases, waste disposal, etc.). So,
problems of changing the industrial structure, life
problems to some degree, search for and application of
resource-saving technologies will be top priorities of
organizational management and call for crucial changes
in assessment criteria of efficiency of its activity and
behaviour stereotypes set in resource prosperity times.

Resource security is closely connected with the
technological one aimed at conformity of technologies
applied at enterprises to the best world standards.

Increased production scales in resource deficiency
conditions and resulted induced application of potentially
dangerous technological processes increase the risk of
destructive technological disasters like Chernobyl
technogenic catastrophe. Resource (primarily energy)
restrictions do not allow refusing current and
experimenting with new technological processes which
can be even more hazardous like construction of the first
experimental energy thermonuclear plants. Probable wide
application of biotechnologies, gene engineering in
particular, aimed at solving resource problems in the 21
century causes certain threats, which are difficult to
forecast and assess today. Here, it is difficult to consider
a complex character of forecasting and assessing
consequences of practical technological application of
new scientific discoveries and inventions. As P. Drucker
accentuates “... there is probably a law of nature
according to which everything that is actually new (a
product, a service, a technology) finds its final sales
market and its final application not where their inventors
and producers planned to. And no research into either
markets or consumers can provide opportunities to predict
all that beforehand” [7]. This places a specific
responsibility on all the economic subjects, first of all on
organizational management, for social and environmental
consequences of applying various technological
innovations.
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Personnel security is determined by a set of actions
and interrelations of employees resulting in efficient
enterprise functioning, its ability to resist internal and
external impacts and threats associated with personnel. In
network economy conditions, steps of controlling the
personnel security should target increased educational and
qualification levels of employees and network
participants through arranging an efficient management
system both at separate enterprises and in the network as
a whole, ensuring employees’ motivation and salaries,
increasing their innovative activity and using labour
potential efficiently.

Financial security is the state of an enterprise
maintaining its financial balance, stability, solvency and
liquidity in the long run that satisfies its needs for
financial resources and ensures its financial independence
for a long period.

Under overwhelming globalization and economy
dynamization, escalation of the scale and globalization of
financial transactions tending to be disassociated from
real production functioning and development are some of
the problems of ensuring financial security of economic
entities.

Many analysts consider that the financial area is
getting more and more disassociated from the industrial
one and is functioning as an independent system not only
serving production, but also trying to control production
and all other areas of human activity to meet the needs for
infinite self-growth of financial value (financial capital)
[13]. Its development is similar to that of a huge stock
exchange with its manipulations by means of various
information pyramids which are not associated with
evolution of the real economy. There is transformation of
a real product movement towards pure information-
financial schemes, towards the virtual system of a
network movement of financial capital resulting in an
autonomous virtual capitalism system, which crashes
down the real economy. That is why, it is required to
‘recover our wits’ and balance the industrial, financial and
social-cultural spheres, subordinate the integral vector of
their interrelated dynamics to human development and
self-realization interests [14].

The enterprise legal security is a component of
economic security. Law violations in the economic sphere
are noted for high public hazards as they threaten basic
economic relations, the level of which determines all
social areas. Economic offences are the most powerful
driver of almost all infringements of the law. There is no
exaggeration saying that they provide the basis for all
infringements.

Legal security of the enterprise economic activity
should be generally treated as the state of protection of
economic entities’ interests involving systematic
obtainment of profits under conditions of decreased
business risks from external and internal threats, which
have negative economic, managerial, legal and other
consequences. In the wider sense, economic and business
security can be assessed differently [10; 12]. Let us
specify some basic ways of ensuring enterprises’ legal
security. From the economic point of view, there is a
stable trend of increasing basic financial and economic
indices (equity, annual turnover, financial returns,

profitability). The above indices reflect the results of the
current economic security and its components (legal,
informational, industrial, etc.). They may also include
such indices as absence of fines and sanctions of the state
authorities for breaking the law (for example, tax and
antimonopoly laws), absence of losses because of
operations with unfair counteragents.

The information component is characterized by
expansion of information and telecommunication
technologies resulting in negative consequences of their
application. From this viewpoint, security can be
interpreted as keeping internal and external confidential
data protected from leakage or exposure in a variety of
forms. From the legal viewpoint, this indicates constant
provision of conformity of a company’s activity to the law
in force and is expressed in absence of claims of law
enforcing bodies or counteragents to the company.
Besides, there are no losses from operations with external
partners due to infringements (intentional or
unintentional) provided by the juridical commission of
experts of all performed operations as well as the
operations and agreements being concluded. Thus, in the
most general form, security of a businessman (a firm, an
enterprise) being a subject of law is indicated by keeping
it as an integral structural formation and a legal entity as
well as stable (or growing) values of primary financial and
economic indices.

Enforcement security provides protection of interests
of each enterprise making up a network formation from
physical and moral negative impacts as well as
preservation of an enterprise’s property. Steps aimed at
controlling enforcement security include:

— providing physical and moral security of employees;

— protecting an enterprise’s property from negative
impacts that can cause property loss or reduction of its
value;

— providing enforcement aspects of information security
(prevention of confidential data thefts by employees who
come on business from other enterprises composing the
network).

Management of economic security is impossible
without diagnosing it. It is important in terms of
determining basic parameters of economic entities’
further efficient innovative development in network
economy conditions as available profits and even high-
level profitability are often accompanied by low
competitiveness and technical-engineering potential, high
dependency on factors of the external environment,
deficiency or even absence of innovations in industrial
and management activities. Fig. 2 reveals interrelation of
components of the diagnosing mechanism of the
enterprise economic security.

To diagnose the enterprise economic security, it is
required to take account of the following principles:
efficiency; creation of the database of the system
controlling the enterprise financial security as the basis
for developing steps of preventing real and potential
threats; adequacy as a system of indicators to reflect basic
quantitative and qualitative trends of changing parameters
of the internal and external environments; actuality as
periodicity of updating initial data according to the
diagnosing aim as data of some period bear the
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informational value only when they characterize changes
in a studied object’s activity and serve as a signal for
managerial decision-making; hierarchy as consideration
of connections of an enterprise as a market relations
subject; integrity as means of coordinating actions of the
system controlling the enterprise economic security to
increase efficiency of controlling implemented decisions.

MECHANISM OF DIAGNOSING ENETRPRISE
ECONOMIC SECURITY

=
PRINCIPLES OF DIAGNOSING MECHANISM

Integrity Actuality Adequacy

Efficiency

\

I SYSTEM-BASED APPROACH |

o

The aim is maintaining the active condition of the
database of the system controlling economic security
in terms of its state, safety degree and reserve

~

The task is determining the safety degree of the
enterprise economic security, criteria of region and
country impacts; forming a programme of preventing
internal and external threats; detecting real risks

~

The functions include analysis, assessment,
forecasting, control

~

There are applied factor and correlation methods, experts’
assessment, statistic control, mathematical simulation

Fig. 2. Components of the mechanism of diagnosing the
enterprise economic security (compiled by the authors).

Diagnostics of the enterprise economic security in
network economy conditions should be system-based.
This approach involves analysis of potential and real
threats for each component of economic security in their
interconnection and interdependence.

The system of diagnosing the enterprise economic
security in network economy conditions is aimed at
maintaining the database of the system of managing
economic security in terms of its state, potential and
reserve.

According to the main aim of the system of diagnosing
economic security, there are formulated tasks including
determination of the safety degree of the enterprise
economic security, criteria of region and country impacts,
formation of the programme of preventing external and
internal threats, detection of real risks.

A set of interrelated tasks targeting the general aim
fulfillment creates functions of diagnosing economic
security, which include analysis, assessment, forecasting
and control.

Economic security can be diagnosed by various
methods. In network economy conditions when
diagnosing the economic security of economic entities, it
is necessary to apply quantitative and qualitative
assessment methods to obtain reliable results.

Management of the enterprise economic security
system in network economy conditions should
encapsulate the following stages: studying specific
features of enterprises making up the network, the market,
competitors and personnel; analyzing external and
internal threats, determining their reasons and ways of
regulation, audit of available means, conformity with
possible threats; creation of a new system of the enterprise
economic security on the basis of the control system
(developing a plan of eliminating detected drawbacks,
preparing suggestions of controlling the network);
planning monthly expenses for the economic security
system functioning; approving the model of the new
economic security system, assessing efficiency of the
formed system and its improvement. The methods of
forming the enterprise economic security system envisage
constant control, correction and improvement of ways of
the security system formation [15; 16].

Top priorities of the enterprise economic security
system in network business management include
determining interaction of subjects in a model, assessing
their significance in an enterprise’s profits, measuring
interaction parameters in detail, detecting promising lines
of network development, forming the system of protection
from possible threats to the enterprise economic security
and all resource types.

There are distinguished the following directions of
ensuring the enterprise economic security in network
economy conditions:

— ensuring enterprises’ high financial performance and
independence;

— providing technological independence, achieving high
competitive ability and technical potential;

— achieving high efficiency of the management system;

— achieving personnel’s high qualification and intellectual
potential;

— reducing impacts of the industrial and economic activity
on the environment;

— achieving high quality of legal protection of all aspects
of an enterprise’s activity;

— ensuring protection of business secrets, informational
support of functioning of all enterprise departments, its
capital, property, business interests.

5 Conclusions

Thus, the research conducted allows concluding that the
problems of the enterprise economic security in network
economy conditions are new to the national science and
require further investigation. Taking account of a variety
of approaches to defining economic security and
peculiarities of network structures development at
present, the following definition of the economic security
in network economy conditions is suggested. It is the
ability of economic entities composing various network
structures to satisfy consumers’ needs on local, national
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and interstate levels on the basis of efficient interaction
and joint use of resources and market advantages,
countering external and internal threats. Analysis of the
most essential components of the economic security
system of network structures enables distinguishing the
problems of ensuring their economic security including
conflicts of network association participants’ interests,
efficient use of resources and resource saving, possible
negative  consequences of applied information
technologies, globalization of financial transactions
tending to be more disassociated from functioning and
development of real production. The developed
mechanism of diagnosing economic security of economic
entities in network economy conditions, which is part of
management of the economic security system, will enable
more efficient detection of risks and threats in network
enterprises’ activity.

The present-day situation requires from enterprises to
have an efficient security mechanism able to act
effectively in unusual conditions. Provision of the
necessary profit level is one of the essential factors to
achieve this goal, it greatly depending on scientific
approaches to forming a flexible, efficient production
programme, provision of efficient control of information
technology  systems, intensification of applied
information-advertising Internet resources to meet
network economy requirements.
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Abstract. The paper is devoted to the current issue of the counteracting cyberattacks in the banking sector,
in particular in the field of e-banking. The main types of banking fraud, which are carried out in the online
sphere, are considered. The authors propose a mathematical model that describes the process of counteracting
e-banking fraud. Proposed model is based on the classic Lotka-Volterra model with logistic growth and the
Holling-Tanner dynamic models. The fixed points of a dynamic system were calculated and analyzed. It was
determined that there are 4 possible types of fixed points: saddle and the line of stable fixed points, which are
unlikely may be in real life, stable node and a stable degenerate node, which are, in practice, the most likely
cases. The constructed model could be used for theoretical study, different simulation experiments with
changing input parameters could be done. Unfortunately, it is difficult to investigate this question on real data,

since the statistics on cyberattacks are closed.

Introduction

The lack of proper attention to the security of online
operations can make them vulnerable to criminals.

Today, most financial transactions are carried out via
the Internet. The development of e-commerce has led to
the fact that these trends have spread to the banking sector.
Since the beginning of the 80’s, the term “e-banking” has
entered the economic terminology.

Due to the flow of funds through the Internet
communication channels, fraudsters, who are coming up
with more and more new cyberattacks schemes, have
become more active. With the advent of new cyberattacks,
new countering instruments are emerging.

The study of this issue, although it is relevant, but,
unfortunately, is at a basic level. This is due to the fact
that, in the first place, all information about cyberattacks
that are carried out in the banking sector is confidential.

At the same time, it is theoretically and practically
justified that the emergence of new fraudulent schemes
leads to the development of new instruments to combat
them. Thus, there is a kind of race that can go on forever.

Thus, scientists are faced with the task of studying the
dynamics of the emergence of cyberattacks in the banking
sector and the development of instruments of
counteracting e-banking fraud. This article proposes to
develop a mathematical model that would describe the
process.

The concept of e-banking

Innovative development of the economy of any country

*
Corresponding author: o.syniavska@uabs.sumdu.edu.ua

depends on the direction of society to the information
space. Nowadays the main direction of innovation in the
business is the transfer of commercial activity in the
Internet space. Every year, from 30% to 70% of business
in any country (regardless of its level of development)
goes into on-line sphere. That is, companies are
increasingly using e-commerce systems to conduct
business.

The beginning of the Internet economy can be
associated with the breakthrough of the World Wide Web
system in the mid-1990s. Today, to describe economic
relations on the Internet, the concept of “electronic
commerce” is used, which is a part of the Internet
economy. Thus, the Organization for Economic
Cooperation and Development provides such definition of
this term (in a broad sense): any form of business
relationship where interaction between actors occurs
using Internet technologies [1].

Finally, e-commerce could be defined as a relationship
aimed at making a profit, carried out remotely using
information and telecommunication systems, as a result of
which participants have rights and obligations of a
property nature [2].

In general, e-commerce is subdivided into: Electronic
Data Interchange (EDI); Electronic Funds Transfer
(EFT); e-trade; e-cash; e-marketing; e-insurance; and,
finally, e-banking.

E-banking is a remote banking technology that gives
the ability to receive banking services via the Internet [3].
To connect the client to the Internet banking system it is
enough to have access to the global network, installed on
the computer browser program, enter into a contract with
the bank, get a set of passwords or special devices for

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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logging in and operations, go to the secure page of the e-
banking, sign up and connect to the system.

Traditionally, e-banking includes such operations:
carry out banking operations on any computer connected
to the Internet; pay for cable and satellite television,
mobile communication operators, telephony; online
games; to make utility payments; receive extracts about
the movement of funds by card or account in the last few
days, calendar month, another arbitrary time period; open
deposit; repay the loan; carry out transfer of funds
between own accounts; various credit card transactions;
view currency rates, bank announcements; submit
applications for purchase / sale / currency conversion;
blocking a card by a customer, for example, in case of
theft or loss etc.

According to statistics, more than 80% of all banking
operations can be done by a person sitting at a computer
at home or at the office. Benefit from this kind of activity
is received by all involved persons: clients of banks,
banks, software developers and owners of companies
representing their products and services on the Internet.

At the same time, the intensification of financial
activities through the Internet leads to the fact that a large
amount of personal information, including financial,
passes through communication channels. This, in turn,
leads to increasing e-banking fraud.

Types of e-banking fraud

Nowadays, the development of various fraud schemes has
reached a global level. In connection with the
development of information technology, fraudsters are
moving to a new level, organizing cyberattacks on
automated systems of various companies and enterprises.

Cyberattacks penetrated absolutely all areas of
business. The Fig. 1 shows 5 areas of business that have
suffered the greatest costs due to cyber fraud in August
2018.

Fig. 1 shows that the most unprofitable cyberattacks
were for the financial sector. At the same time, about 90%
of the attacks fall on the banking sector. Especially active
frauds are held in the field of electronic banking.

Average annual costs caused by global cyber crime as of
August 2018, by industry sector (in million U.S. dollars)

Healthcare | NN 7
Technology and software | NNRNRGEGEGE 13,17
Acrospace and defense || N N AR - s
Utilities and energy || N
Financial services [ NG 52

Fig. 1. Average annual costs caused by global cybercrime as of
August 2018, by industry sector (in million U.S. dollars). [5]

The most common type of fraud in the e-banking
sector today is phishing and its subspecies (Fig. 2).

Generally, phishing could be defined as a scalable act
of deception whereby impersonation is used to obtain
information from a target [4].

Ransomware | 27%
Denial of service NN 43%
Malicious insiders NG 53%
Malicious code NN 537

Botnets NG 63%

Web-based attacks NN (7%
Phishing N 69%
Malware I 037

Fig. 2. Types of cyberattacks experienced by companies
worldwide as of August 2018. [5]

More precisely, phishing is a form of social
engineering in which an attacker, also known as a phisher,
attempts to fraudulently retrieve legitimate users’
confidential or sensitive credentials by mimicking
electronic communications or phone calls from a
trustworthy or public organization in an automated
fashion [6].

In general, there are 2 basic phishing principles:

—on a mobile phone, sometimes not even tied to an
account, the bell of a bank employee or even his security
service rings. The client is told about the dubious
movements on the card and is asked to call the CVV - the
verification code of the card’s payment system. You
should never report anything, if the call was not made by
the client himself by the support number, any information
can be used for theft. It is better to interrupt the call and
call your bank manager yourself;

— aletter comes to the client's mail, signed by its servicing
bank. The link proposed in the letter leads to an analogue
of a personal account in which you need to enter your
login and password. Banks never use this way of working
with clients, any letters to personal mail with a proposal
to provide personal data, card number or enter the
username and password, signed by an employee of the
bank, is always sent to a fraudster.

A complete phishing attack involves three roles of
phishers. Firstly, mailers send out a large number of
fraudulent emails (usually through botnets), which direct
users to fraudulent websites. Secondly, collectors set up
fraudulent websites (usually hosted on compromised
machines), which actively prompt users to provide
confidential information. Finally, cashers use the
confidential information to achieve a pay-out. Monetary
exchanges often occur between those phishers [7]. The
information flow is shown in Fig. 3.

Phishing can also be divided into such types
depending on the mechanisms used:

e “Man-in-the-Middle” attack — hackers place
themselves between banks and customers while
customers are using their online banking accounts [8];

e deceptive  phishing attack — sending false
notifications through email [9]. In this type of phishing
attack, an attacker sends email messages to users,
masquerading as one of the bank’s representatives [10].

e pharming — this method is more complicated and
works only with small banks. Pharming is a type of attack
intended to redirect traffic to a fake Internet host. There
are different methods for pharming attacks, among which
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DNS cache poisoning is the most common [7]. Thus, the
fraudster “replaces” the real Internet bank of the bank
with the same visually, but fake, where the client enters
his data, and the fraudster, respectively, receives all the
necessary personal data.

e malware-based phishing — malware is a piece of
software developed either for the purpose of harming a
computing device or for deriving benefits from it to the
detriment of its user [11]. Malware can be used to collect
confidential information directly, or aid other phishing
techniques.

e phishing through PDF Documents — some key
functions of a PDF programming language could be
misused by an attacker or a hacker to design a new PDF
document to his/her own advantage and extract the
desired personal information from the victim [7].

phisher phisher
(mailer) ] (casher)

phisher
(collector)

Fig. 3. Phishing information flow. [7]

Number of phishing attacks (worldwide)
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Fig. 4. Number of global phishing attacks from 2012 to 2016
worldwide. [5]

Analysis of statistics on the total number of phishing
attacks around the world shows that their number is
gradually increasing (Fig. 4).

It may me noticed that the time series has a certain
frequency. This is due to the fact that certain instruments
of counteracting existing fraudulent attacks are created.
However, bypassing the emerging instruments, new types
of attacks are created. Thus, the decrease in the number of
phishing attacks due to the use of counteracting
instruments is replaced by a sharp increase in their
number.

Talking about payment systems that are most often
subjected to phishing attacks, the statistics are shown in
the Fig. 5.

Other W 1,96%
Skrill 1 0,32%
Qiwiru 0 0,62%
ChronoPay B 0,71%
Western Union B 0,94%
MasterCard International INEEEEEEEGEGNN ]6,88%
American Express I 0121%
Visa I 25,84%
PayPal I 28.52%

Fig. 5. Distribution of global phishing attacks aimed at online
payment systems as of 4st quarter 2016. [5]

Thus, phishing is distinguished as the most common
type of cyberattack in e-banking. Thus, further the
mathematical model of counteracting similar bank
fraudulent attacks will be proposed.

Mathematical model of the process of
counteracting bank fraud

Modelling a process of counteracting bank fraud is a
complex issue in terms of collecting real data. The
relevant statistics are closed. In addition, a huge number
of fraudulent schemes does not reach the level of law
enforcement agencies. Therefore, this question can be
investigated in theoretical form.

This study proposes to simulate the process of
counteracting bank fraud using a model of economic
dynamics. So, the use of instruments to combat fraud and
the emergence of new attacks can be compared to the
classic “predator-prey” model [8].

{x‘=(a—c-y)x

y=—(b+d-x)y M

where x — the number of prey;

y — the number of predators;

a, b, ¢, d — coefficients reflecting the interactions
between species.

Suppose that for our subject area, x is the number of
fraudulent attacks, and y is the number of instruments to
combat bank fraudulent attacks.

The use of the Lotka-Volterra model with logistic
growth [13] and the Holling-Tanner model [14] allows us
to propose a model of counteracting bank frauds:

x=(a—d-x—b-y)x
1 ()
N — —C- + - —
y y b

where x — number of fraudulent attacks at the time ¢;

y — number of available tools to combat fraudulent
attacks at the time ¢;

a — the coefficient of natural increase in the number of
fraudulent attacks;
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b — the coefficient of effectiveness of one instrument
of counteracting fraudulent attacks;

¢ — coefficient of natural decrease in the number of
instruments of counteracting fraudulent attacks per time
unit;

d — coefficient of interspecific competition for
attackers. d=1/D, where D — the maximum possible
number of attacks.

The next step is to find the fixed points of the system.

On the basis of symbolic calculations, we obtain two
fixed points.

(x1;y1) = (0; ﬁ) 3)

(1+ca-1 1 ) @

(x2;2) :( 1+0d '(1+0)b

The study of the first fixed point is inappropriate from
a practical point of view, since it is assumed that the
number of fraudulent attacks equal 0. Therefore, we will
investigate the second special point. We will linearize the
model with Jacobian matrix.

](x,y)=(a—b-y—2-d-x —b-x)

0 —c—1 )

We replace x and y in Jacobian with the values of the
second fixed point and calculate the trace and determinant
for the received matrix.

2a + 2ac —2 b
c+1 b+ bc

tr=a—c— 1 6)

A=a+a-c—1 @)

Based on the analysis of characteristic regression, the
following expression was obtained for the discriminant:

2
+ 1)
®)

Given the economic content of the input parameters of
the proposed model, the discriminant can not be negative.
Consequently, the roots of the characteristic equation can
not be complex values. Moreover, given that the second
root of the characteristic equation will always be a
negative number, we can conclude that the roots of the
characteristic equation can take the following values:

1) real, negative, different — fixed point type is stable
node;

2) real, repeating, negative — fixed point type is stable
degenerate node;

3) real, different, with different signs — fixed point
type is saddle;

4) the first root is 0, the second is negative — fixed
point type is a line of stable fixed points.

In order to achieve these types of fixed points we will
form the constraints that must be imposed on the ratio of
input parameters (Table 1).

2d(a+ac—1)
(1+¢c)d

—4-a—4-a-c+4

Table 1. Type of fixed point depending on the ratio of the
input parameters of the model.

Type of fixed point | The ratio of the input parameters
at+a'c—1>0
Stable node VD
—#0
2
atac—1>0
Stable degenerate node VD —0
5 =
Saddle atac—1<0
Line of stable fixed points at+a'c—1=0

To carry out numerical experiments and study the
behavior of the proposed model, we will construct an
imitative model of the process of counteracting bank fraud
in terms of system dynamics (Fig. 6).

@ a
Fraudulent_Attacks_Changes Fraudulent Attacks
ol — ~ T
é'u‘/‘ T 4._1 . ] EI
@b ‘@ d
~__Countermeasures_Changes Countermeasures
i:'? ( —= >[]
&c

Fig. 6. Stock and flow diagram for the model of the process of
counteracting bank fraud.

The structure of constructed model is presented in
Table 2.

Table 2. Description of diagram elements.

Name of the diagram Element of stock and flow

diagram
Fraudulent Attacks Stock
Countermeasures Stock
Fraudulent Attacks Flow

_Changes

Countermeasures_Changes Flow

a Parameter

b Parameter

c Parameter

d Parameter

The constructed diagram allowed to carry out
simulation experiments, which take into account the
various ratios of the input parameters of the proposed
model of the process of counteracting bank fraud for
obtaining fixed points of the specified types.

The conducted simulation experiments for the saddle
case have shown that the number of fraudulent attacks
goes to zero over time, and the number of instruments to
combat them is approaching some stationary value.
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Model experiments for the line of stable fixed points
showed a case similar to a saddle.

The construction of timelines and phase portraits of
the proposed model for the case of a stable degenerate
node caused the necessity of selecting the parameters in
such a way that the discriminant of the characteristic
equation assumed zero. Such a situation is possible only
in the case when the parameter ¢=0. This means that the
instruments to counteract fraudulent attacks are successful
and there is no their “dead out”. But this situation is not
very attractive from a practical point of view. X and y, as
in the case of a stable node, go to some stationary state.
But the value of x is quite high. And it will be larger, the
more the value of parameter a, the more new fraudulent
attacks generate attacks that ended successfully.

Summing up the results of computer simulation, we
can conclude that from a practical point of view saddle
case and the line of stable fixed points are more
acceptable, since in these cases the value of x (the number
of fraudulent attacks) goes to zero, regardless of the initial
coordinates x and y (coordinates of the initial state of the

1
system). So the value of @ parameter must be a < P In

terms of its economic content, the parameter ¢ can take
values from 0 to 1. Thus, the parameter a should vary from
0.5 to 1. It means that in response to every successful
fraud attack, in addition at least one new attack must arise,
which is unlikely may be in real life. As a rule, they arise
much more.

Accordingly, in practice, the most likely cases are a
stable node and a stable degenerate node and should seek
to reduce the value. Thus, we should seek to reduce the
(14+c)a-1

(1+c)d
that the most influential are the parameters a and d.
Moreover, for a, the connection is straight, and for d is
converse.

To summarize, it can be argued that in order to obtain
a more favorable situation from a practical point of view,
it is necessary to reduce the values of the parameters a and
¢ and increase the parameter d.

value of x = . From this expression we can see

Conclusions

1. E-banking is an innovative part of e-commerce sphere
and could be defined as a remote banking technology that
gives the ability to receive banking services via the
Internet.

2. The most common type of e-banking fraudulent attack
is phishing, which, in general, is a method of acquiring
personal financial data of a bank customer with the help
of fictitious phone calls, emails and substitution of real
websites of banking institutions.

3. In the paper a model of counteracting bank frauds based
on of the Lotka-Volterra model with logistic growth and
the Holling-Tanner model proposed. It allows to
investigate the question of counteracting bank frauds in
theoretical form.

4. Simulation experiments, made with the usage of built
model, showed that saddle case and the line of stable fixed
points are unlikely may be in real life, because it means
that in response to every successful fraud attack, in

addition at least one new attack must arise. As a rule, they
arise much more. In practice, the most likely cases are a
stable node and a stable degenerate node.

The article was executed in the framework of state budget
scientific research work Ne 0118U003574 “Cyber security in the
fight against bank fraud: protection of financial services
consumers and growth of financial and economic security of
Ukraine”.
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Abstract. Modern economic realities of Ukraine in the conditions of growing destabilizing influences of
external and internal environment convincingly prove that each year the influence of various threats on the
level of financial security of economic entities increases. This necessitates constant monitoring of the
financial security level in order to timely detect and neutralize possible crisis phenomena as a result of its
decrease. The study aims to assess the financial security level of enterprises based on the theory of
comprehensive assessment. The scientific and methodical approach to design a composite index of financial
security and the identifying its level based on the double use of Harrington's desirability scale is proposed.
The resulting model was tested on the particular enterprise data. The proposed approach may be used for
another set of partial indicators, as well as in assessing the level of financial security at the national level.
The results of the study may serve as the basis for making managerial decisions on raising the business
entities financial security level and public administration.

1 Introduction

Security is an integral characteristic of the economic
system functioning, which ensures its viability, stable
development and confrontation with  external
disturbance. Business activity at macro-, meso-level
micro-levels is always subject to various risks and
threats, which in a certain way affect the financial and
economic results.

The global financial and economic crisis of 2008-
2009 had a significant destabilizing effect on the
financial and economic system of most world countries.
This led to the fall of the stock market, caused the
problem of decreasing liquidity and deregulation of
financial institutions, reducing Dbusiness, rising
unemployment. For countries with a weak economy,
such as Ukraine, this has led to an increase in
dependence on the international monetary fund.
According to assessments given in [1], as of 2018 85%
of countries affected by the crisis still have production
below the level that would have been achieved according
to forecasted estimates taking into account pre-crisis
trends.

Therefore, issues related to the assessment of
financial security level of business entities in order to
timely identify and neutralize the negative consequences
of its reduction are relevant. The solution of this problem
is possible through the use of modern cognitive tools, an
important element of which is modeling. One of the most
common approaches is to assess the level of financial
security based on the analysis of a large number of
financial and economic indicators by aggregating them
into a single comprehensive index. This minimizes the

*
Corresponding author: violete@ukr.net

loss of information, allows to get the result in the
foreseeable form which convenient for further analysis,
use and interpretation. Among the problems that may be
solved with its serve, we can identify such as the
comparison of objects studied between themselves, the
identification of the objects structure, the objects
classification under the level of the investigated quality,
the identification of the overall quality level, the
classification of new objects into a certain structure,
determination of the correspondence degree of objects
under study to some imaginary “ideal” and identifying
the directions of situation improvement.

2 Literature review

Issues of financial security in context of its study of both
an important component of economic security, and an
independent attribute of the economic mechanism of
business entities, relevant for a long period of time.
Certain aspects of financial security modeling
related, in particular, to the assessment of its factors,
identification of threats and assessment of risks,
diagnostics of the level and identification of the
appropriate security class, forecasting of the financial
and economic state of business entities, despite a
significant number of publications and results, remain in
the focus of many researchers. This is due to the
complexity and multiple features of the financial security
category, the dependence of its state and level on a large
number of various indicators, and the high dynamism of
the external environment, which is a source of new
perturbations and challenges. Paper [2] presents an

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).



SHS Web of Conferences 65, 03005 (2019)
M3E2 2019

https://doi.org/10.1051/shsconf/20196503005

analysis of approaches to determine the content of the
financial security category of business entities, their
advantages and disadvantages.

In particular, it is focuses on the fact that key issues
in ensuring financial security are the ability to protect
own priority financial interests from potential and real
threats of internal and external environment, realized
through the achievement and maintenance of an
appropriate level of financial stability, solvency and
liquidity, and ensuring enterprises’ financial
independence.

Among the problems whose study is most often met,
the problem of identifying the level of financial security,
assessing and forecasting its state are taken as a special
place. Side by side with this there is a task of forming a
system of indicators that determine its level and state.
The most common approach to solve these problems,
which is presented in the scholars' papers, is based on the
formation of a comprehensive indicator of financial
security.

Investigation of modern issues related to the
assessment of financial security on the state level is
shown, in particular, in the papers [3, 5-8]. Paper [3]
contains calculation of assessment of financial security
level of Ukraine according to the Ukrainian
methodology for assessing the economic security [4].
The Ukraine’s rating was identified by value of this
estimation. Authors also used regression analysis to
assess the influence of different factors on the country’s
financial security level. Based on the calculations, the
authors made proposals to improve the methodology for
assessing the financial security level aimed at reducing
the subjectivity of the evaluation and improving the final
result quality. The article [5] also uses the mentioned
above methodology for analyzing the dynamics of
comprehensive indicators that are components of
Ukraine's financial security. The authors identify some
of the methodology drawbacks, and propose a set of
measures to increase the financial security level of
Ukrainian enterprises.

Paper [6] proposed to use Corruption Perceptions
Index for assessing financial security level. Paper [7]
authors designed a set of models to analyze dynamics of
the financial security indicators base on the
multidimensional analysis statistical analysis, vector
autoregression technologies, error correction models.
Calculation and comparison of financial security indexes
for Ukraine and some EU countries were made.
Financial security subsystems which are most sensitive
to the external threats are highlighted. The influence of
internationalization and globalization to the financial
security assurance on the national level has been studied
in the paper [8].

An especially important problem for the development
of the country's economy is to assess the financial
security level of individual enterprises. In [9], the
scoring model for financial security assessment of an
enterprise is proposed based on five groups of initial
indicators that reflect profitability, solvency, business
activity, market stability and investment attractiveness of
the business entity. Components of resulting index are
calculated by the dynamic rating assessment method.

The disadvantage of this approach is that it allows you to
determine the financial security level in relation to the
importance of this characteristic in the industry average.
However, the actual level of financial security is not
determined here, which complicates the results
interpretation.

Another approach to use rating assessment is
presented in [10]. Financial security level is assessed on
three classes by the calculation of the weighted scoring
estimation using the ratings of initial indicators. In our
view, disadvantages this method are certain
“artificiality” in the transition from quantitative values of
initial indicators to the corresponding ratings, the lack of
justification of the value’s boundaries for determining
the financial security level. This significantly limits the
application of this method.

An approach to calculate comprehensive index based
on the use of a linear additive convolution of partial
composite indices, is become quite widespread [11-14].
In most cases, such indicators reflect certain components
of the financial condition of the enterprise. Initial data
for the designing partial composite indexes for each
group are calculated by matching the corresponding
values of the financial conditions’ coefficients to their
normative values. This approach also provides for
definition of the minimum of financial security level of
enterprises. Among the disadvantages it should be noted
that the composite index goes beyond 0 to 1, which
complicates the results interpretation. In addition, the
authors determine the financial security level by grading
the values of the corresponding composite index, but the
boundaries of these levels don't have sufficient
justification. Another disadvantage is that the
compensation effect influences the definition of the
minimal value of financial security level in general,
when the high value of the partial composite index of
financial security for one group of initial indicators can
overlap the low values for other groups.

Regression models for assessing the of enterprises
financial security level are proposed in [15, 16]. They
allow to identify the influence of the most significant
factors on the final result, which helps to determine the
direction of making managerial decisions to increase
security. In addition, such models can be used to assess
the value of a financial security index in subsequent
periods. In our view, such models have a limited
application because number of predictors including to
the model is limited by the volume of initial data.
Furthermore, they don’t allow to assess the financial
security level.

The results of this review make it advisable to
develop an own approach to assessing the enterprises
financial security level. It aimed to eliminate the
disadvantage inherent in the methods described above, in
particular, to reduce the compensation effect from
overrun normative values by indicators, as well as to
identify and justify the financial security levels.
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3 Problem description and methodology

To assess the financial security level, we propose an
approach also based on the calculation of the composite
index. Let’s consider the essence and peculiarities of
each stage of the proposed approach.

The first stage of its design is the formation of a set
of initial characteristics of financial security, X={Xi, X3,
.osy Xm}, m — the number of characteristics, each of which
in this case is an indicator measured on a metric scale.
The number of such indicators, the feasibility of their
distribution into groups is determined by the specific
objectives of the study. A large number of indicators
reduces the impact of each component on the variability
of the final result. In addition, the weight coefficients
values for the components of the composite index may
be statistically insignificant. Instead, too few of them can
take into account not all the features of components of
financial security.

In the case of a large number of initial indicators, it is
expedient to use a sequential convolution procedure in
which they are initially grouped according to certain
characteristics. At the same time, following conditions
are provided for each group:

1) The indicators of each group should reflect one
characteristic of the investigated phenomenon.

2) There must be high correlation between the indicators
within the group.

3) The correlations between the indicators of different
groups must be insignificant.

So, in this case, the correlation matrix of the initial
indicators serves to group the initial data.

Another way to group indicators is to combine them
using meaningful analysis. Partial composite index is
calculated for each group. The final composite index is
formed from these partial indexes. This approach is
predominantly used in the reviewed above papers [9-14].
It should be noted that second and third requirements
described above may not be met.

The formation of a synthetic generalized index for
each group can also be done using multidimensional
analysis like factor analysis or principal component
analysis. These methods are particularly effective when
there are high correlations between indicators within the
group. Also, their advantage is that they allow to
determine the importance (or weight) of each component
of group composite index.

Ones more way for processing group of initial
indicators is to select from each group the most
“informative” indicator using heuristic methods of
diminishing the dimension. However, the part of the
information is necessarily lost in the final result in this
case. In addition, these methods have a high level of
subjectivity in determining the appropriate indicators.

Next stage is to shape vector of indicators q={g1, q2,
..» qn}, that are functions from set of initial indicators
and aimed on the assessment of separate components of
financial security. The vector q is characterized by the
fact that the influence of the measurement units of the
initial indicators is removed from it, and it has a
direction of positive change its values in accordance with
increase of values of it components. A typical situation is

when each indicator of the set X somehow transforms to
the component of the vector q: ¢;=f(X), =1, 2, ..., n,
m=n.

Additionally, the components of this vector should
meet the normalization condition, that is, its value must
be on the interval [0; 1]. It simplifies further analysis of
the comprehensive assessment results of financial
security.

The choice of the form of a synthesizing function
O=F(w1, W2, ..., W, q1, q2, -.., gn) 1s further make. This
procedure puts into compliance the vector q to the
corresponding value of composite index @, which
reflects the latent characteristic of the investigated
phenomenon, in this case — an assessment of the level of
financial security. Aggregation of the vector q into the
composite index is carried out taking into account the
vector of some positive parameters w={wi, wa, ..., Wy},
which represent the significance of the individual
components of the vector q. Usually a standard condition
witwyt...+w,=1 imposed additionally on its components
which gives grounds to conclude about the relative
importance of each component of the composite index.

In the case of grouping initial indicators, for each
group we can use different aggregation procedure
depending on the type of initial indicators and the way of
their transformation into a q vector. The most common
method is the convolution (additive or multiplicative)
and the distance method. There is no reason to argue that
using one type of convolution can produce better results
than using another one. Usually, the choice of a concrete
convolution type is determined by the problems solved,
and the values that initial (normalized) data can take. In
our study, we propose to use multiplicative convolution.
The justification for this choice will be given below.

Last stage is meaningful interpretation of results. It
involves establishing a match between the estimated
values of the composite index and the financial security
level. The identifying the number of levels, their
correspondence to certain ranges of the composite index
values and the justification of ranges boundaries form a
separate non-trivial issue. In our view, the solution of
this problem should be based on certain tools, in
particular, use of cluster analysis, iterative procedures
for calculating index ranges’ boundaries, scale of
desirability, etc. Last approach is used in our studies.

4 Findings

In the framework of the considered approach to design
financial security composite index, according to the
analysis of previous studies results [9-15], to form the
information base of the study, we propose to select as
initial indicators ones that characterize the enterprise
financial conditions. In so doing we include to the initial
set only those indicators which have known normative
values. The basis for further calculations is the
assumption that the equality of all indicators to their
normative values corresponds to high (proper) level of
financial security.

To obtain a vector q, which will serve as the basis for
designing an composite index, we use a five-step
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procedure based on the use of E. Harrington’s function
H(Z))=exp(—exp(—Z;)) and its appropriate desirability
scale [17], where Z; is the value of the initial indicator on
the scale of partial indices Z. The value of the function
d=H(Z) form a desirability scale.

In the first step, it is necessary to establish a
correspondence between the values of the scale Z of the
E. Harrington’s function and the values of the initial
index X;, i=1,2, ..., n. Based on the graph of the function
H(Z) (Fig. 1), we can conclude that H(-2)=0, H(5)~1.
Therefore, the effective values range of partial indicators
scale is the range [-2; 5].

0

Fig. 1. Harrington function graph.

Let’s use this fact, putting the value Z=Z" =5 in line
with the normative value X;* of each initial indicator,
i=1,2, ..., n. This means that at the normative value of
the X;, the highest value on the desirable scale d is
reached. The value X;+ of the initial indicator, for which
the critical level of desirability d=0 is reached,
corresponds to the value Z = Zx = -2. Usually X;== 0. So,
the coefficient k;, i=1, 2, ..., n, for transformation of the
values of the indicator X; to the values of the scale of
partial indices Z; is calculated by the formula:

k=(Z"-Z+)/X;". (D

In the second step, we calculate the value of Z;, i=1,
2, ..., n, by the formula:

-Zi:ki)(i+)(i* (2)

In the third step, we find image d; of indicator X; on
the desirability scale using corresponding value of the
scale of partial indicators Z;, i=1,2, ..., n:

di=H(Z)). 3)

In the fourth step, we identify the “level” of the
indicator X; =1, 2, ..., n, on the desirability scale in
accordance with Table 1 [17].

In the fifth step, we calculate the value of indicator ¢;
as middle of an interval that corresponds to the level of
desirability of the indicator X:

qi=(daitdi)/2 3)

where do;, dy; are right and left boundaries of desirability
scale range, which contains calculates value d;.

Table 1. The connection between the quantitative values of the
desirability scale and its qualitative levels.

Qualitative expression | The range of quantitative values
of desirability on the scale of desirability
Very good 0,80..1,00
Good 0,63..0,80
Satisfactorily 0,37..0,63
Badly 0,20..0,37
Very badly 0,00..0,20

To design composite index @ of the financial
security, we propose to use weighted multiplicative
convolution:

Qzl:l[ql'wi 4)

Such a choice is justified by the fact that it is
consistent with the rule of constructing a comprehensive
index proposed by E. Harrington [17]. Also, it should be
noted that among the values of qi there are no zero ones,
which makes it impossible to obtain the zero value of the
resulting function Q. Otherwise, the zero values would
completely reduce the influence of other indicators on
the result.

To identify the financial security level, we again use
desirability scale by the determining the range on the
scale d which contains value of index Q. In this case, we
establish an interpretation of financial security levels in
accordance with Table 2.

Table 2. The relationship between the quantitative values of
composite index Q and financial security levels.

Qualitative expression of The range of quantitative
financial security level |values of the composite index Q
High 0,80..1,00
Normal 0,63..0,80
Satisfactory 0,37..0,63
Critical 0,20..0,37
Crisis 0,00..0,20

In our opinion, presented approach has such
advantages.

1) Results don’t depend from the simple which is used to
assess the financial security level. Transformation of
initial indicator values is determined in relation to its
normative value, and not in relation to the maximal or
the minimal sample values.

2) Calculating the values of the composite index by the
proposed algorithm reduces compensation effect, when
exceeding the normative value of one indicator will
affect deviations from the normative value of another
indicator.

3) It allows to establish a reasonable financial security
level.

Among the disadvantages it should be noted that not
all indicators that characterize the financial condition,
have justified normative values. Some indicators have
positive features as the characteristics of their dynamic,
that usually increase their values during the time.
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Let we test the proposed approach under the data of
the private joint-stock company “Derazhnia dairy Plant”.
Initial data for the calculation was provided by annual
financial reports for 2016 and 2017 [18].

We selected follow financial indicators for
calculations, which presented in the Table 3.

Table 3. The list of initial financial indicators and their
normative values.

Financial indicators Normative
value
X1 |Absolute liquidity ratio 0.2
X2 |Quick liquidity ratio 0.6
X5 |Current liquidity ratio 1.0
X4 |Total solvency ratio 2.0
The ratio of short-term receivables and
X5 1.0
payables
Xo |Autonomy ratio 0.5
X7 |The financial stability ratio 1.0
X3 |The maneuverability of equity ratio 0.7
Yo The ratio of coverage of inventories and 08
costs
X10| The financial stability ratio 0.8

Values of indicators calculated using the financial
reports are shown in the Table 4.

Table 4. The values of initial data.

Indicator’s value

Indicator

2016 | 2017
X1 0.01 0.01
X2 0.41 0.27
X3 1.03 0.93
X4 1.75 1.58
Xs 0.20 0.14

Xe 0.43 0.37
X7 0.75 0.58
Xs -0.16 | -0.20
Xo -0.22 | -0.18
Xio 0.51 0.40

We use the formulas (1) and (2) to calculate the
values of the indices on the Z-scale. Results are shown in
Table 5.

In the next step, we find by the formula (3) the values
of the indicators on the desirability scale d. The results
are also shown in Table 5.

Then we use formula (4) to identify components of
the vector q. Results are presented in the Table 6.

Considering the initial indicators weights are the
same (w~=0.1, i=1, 2, ..., 10), we calculate the value of
the composite index Q. As a result, we obtain:
02016=0.36, (2017=0.36. According to Table 2, the
financial security level of the studied enterprises during
the investigated period is identified as critical but close
to satisfactory.

We made calculations to assess the financial security
level for the same data in accordance with the method
presented in [11]. According to it, a quantitative
assessment of this level may be calculated according to
the set of indicators identified in this study. As a result,
we obtained such estimations of the financial security
level: Rrs 2016 = 0.459, Rrs 2017 = 0.363. At the same time,

the minimum required level of financial security, as
determined by the paper's author, in this case is 10
(according to the number of initial indicators for which
the calculation was made).

Table 5. The values of indicators on Z-scale and d-scales.

Indicator’s value Appropriate value

Indicator on the scale d
2016 2017 2016 2017

Z -1.71 -1.75 0.00 0.00

Z 2.84 1.13 0.94 0.72

Z3 5.18 4.51 0.99 0.99

Zy 4.14 3.52 0.98 0.97

Zs -0.61 -1.01 0.16 0.06

Zs 4.02 3.13 0.98 0.96
Z; 3.28 2.04 0.96 0.88
Z3 -3.55 | -4.01 0.00 0.00
Zy -3.95 | -3.62 0.00 0.00
Zio 2.46 1.48 0.92 0.80

Table 6. The values of components of the vector q.

Indicator Indicator’s value

2016 2017
q1 0.10 0.10
q2 0.90 0.72
q3 0.90 0.90
q4 0.90 0.90
qs 0.10 0.10
q6 0.90 0.90
q1 0.90 0.90
q8 0.10 0.10
q9 0.10 0.10
q10 0.90 0.72

Consequently, we can state that the financial security
level assessed significantly deviates from the minimum
required level established by this method and can be
classified as critical. This result is consistent with what
was obtained in our study.

5 Conclusions

Assessing the financial security level is an urgent
problem both at the state level and for individual
business entities. The conducted studies showed the
widespread use of the comprehensive assessment
methodology to solve this problem. The article considers
an approach to assessing the financial security level of
an enterprise by designing a composite index. Its
calculation contains four stages. The first stage involves
identifying the set of initial indicators that characterize
financial security. In the second stage, selected
indicators are reduced to a single form by removing the
measurement units and transformation into indicators-
stimulants. These calculations use the normative values
of the selected indicators, the E. Harrington’s function
and desirability scale. In the third stage, the convolution
of obtained new indicators is carried out. Taking into
account the procedure of transformation of indicators in
the second stage, we proposed and justified the use of
convolution in the multiplicative form. The fourth stage
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is devoted to the interpretation of the result, that is, to
identify the financial security level. To do this, we used
the desirability scale again. The proposed four-stage
procedure, qualitative expression of financial security
levels and their appropriate ranges of quantitative values
of the composite index Q are the subject of scientific
novelty of this study.

Practical testing of the presented approach was
carried out according to the data of the private enterprise
“Derazhnia dairy Plant” and was compared with the
results obtained by another approach. The final
conclusions were similar.

The proposed approach doesn't depend on the
number of initial indicators and the direction of their
positive change. In the case that their number is too large
to evaluate the impact of an individual component, the
article proposes ways to solve this problem.

The results of the study may serve as the basis for
making managerial decisions on raising the business
entities  financial  security level and  public
administration.

References

1. Chen, W., Mrkaic, M., Nabar, M.: Lasting Effects:
The Global Economic Recovery 10 Years After the
Crisis. https://goo.gl/ZAd2uG (2018). Accessed 14
Mar 2019

2. Davydenko, N.M.: Genesis of enterprise financial
security. Economic  Processes = Management:
International Scientific E-Journal. 2.
http://epm.fem.sumdu.edu.ua/download/2015 2/201
5 2 3.pdf (2015). Accessed 14 Mar 2019

3. Haber, J.A., Bukhtiarova, A., Chorna, S.,
lastremska, O., Bolgar, T.: Forecasting the level of
financial security of the country (on the example of
Ukraine). Investment Management and Financial
Innovations. 15(3), 304-317 (2018).
doi:10.21511/imfi.15(3).2018.25

4. Pro zatverdzhennia Metodychnykh rekomendatsii
shchodo rozrakhunku rivnia ekonomichnoi bezpeky
Ukrainy. Nakaz Minekonomrozvytku Ukrainy vid
29.10.2013 No 1277. (On approval of the
Methodical Guidelines on the calculation of the
level of economic security of Ukraine. Order of the
Ministry of Economic Development and Trade of
Ukraine on October 9, 2013 No 1277).
http://consultant.parus.ua/?doc=03WN62B99B
(2013). Accessed 22 Apr 2019

5. Mihus, LP., Akimova, L.M., Harnyk, O.A.:
Diagnostics of the state of financial security of
Ukraine. Scientific Bulletin of Polissia. 3(15), 1218
(2018). d0i:10.25140/2410-9576-2018-3(15)-12-18

6. Blakyta, G., Ganushchak, T.: Enterprise financial
security as a component of the economic security of
the state. Investment Management and Financial
Innovations. 15(2), 248-256 (2018).
doi:10.21511/imfi.15(2).2018.22

7. Guryanova, L.S., Klebanova, T.S., Milevskiy, S.V.,
Nepomnyaschiy, V.V., Rudachenko, O.A.: Models

10.

11.

12.

13.

14.

15.

16.

17.

18.

for the analysis of the state’s financial security
indicators dynamics. Finansovo-kredytna diialnist.
Problemy teorii i praktyky. 1(22), 254-264 (2017)

Han, R.: Financial Internationalization and Financial
Security Issues. Open Access Library Journal. 1-7.
https://www.researchgate.net/publication/32762612
8 Financial Internationalization and Financial Sec
urity Issues (2018). doi:10.4236/0alib.1104874.
Accessed 16 Mar 2019

Krakos, J.B., Razgon, R.A.: Upravlinnia
finansovoiu bezpekoiu pidpryiemstv (Management
of enterprises financial security). Ekonomika ta

upravlinnia  pidpryiemstvamy mashynobudivnoi
haluzi. 1(1), 86-97 (2008)

Azarenkova, G.M,, Bondarenko, LL,
Azarenkov S. G.:  Zabezpechennia  finansovoi
bezpeky pidpryiemstva yak osnovy yoho efektyvnoi
diialnosti (Providing financial security of the
enterprise as a basis for its effective activity).
Finansovo-kredytna diialnist. Problemy teorii i
praktyky. 1(16), 168—176 (2014)

Blazhevich, 0O.G.: Finansovaya bezopasnost
predpriyatiy: opredelenie minimalno neobhodimogo
urovnya (Financial security companies: the
definition of the minimum necessary). Finansyi.
Banki. Investitsii. 3(8), 25-31 (2010)

Bilomistna, LI, Adahovska, L.V.: Vyznachennia

minimalnoho rivnia finansovoi bezpeky
pidpryiemstva (Determining the minimum of
financial security enterprise). Stalyi rozvytok

ekonomiky. 1(26), 61-68 (2015)

Lynenko, A., Konyev, V.: Otsiniuvannia finansovoi
bezpeky uchasnykiv obiednannia pidpryiemstv
(Assessment of financial security of enterprises
association participants). Agricultural and Resource
Economics: International Scientific E-Journal. 3(4),
85-96. http://www.are-journal.com (2017).
Accessed 15 Mar 2019

Delas, V., Nosova, E., Yafinovych, O.: Financial
Security of Enterprises. Procedia Economics and
Finance. 27, 248-266 (2015)

Bilomistna, 1., Bilomistnyi, O., Oliynyk, O.:
Diahnostuvannia finansovoi bezpeky pidpryiemstva
(Diagnostics financial security of the company).

Socio-Economic Problems of the Modern Period of
Ukraine. 1, 623-636 (2014)

Zwolak, J.: The financial security of smalland
medium-sized enterprises in Poland. Ekonomski
Pregled. 68(4), 399-412 (2017)

Harrington, E.: The desirability function. Industrial
Quality Control. 21(10), 494498 (1965)

Rehuliarna  informatsiia (XML). Pryvatne
aktsionerne tovarystvo ‘“Derazhnianskyi molochnyi
zavod” (Regular information (XML). Private Joint-
Stock Company “Derazhnia Dairy Plant”).
https://smida.gov.ua/db/emitent/report/year/xml/sho
w/110792 (2018). Accessed 20 Mar 2019



SHS Web of Conferences 65, 03006 (2019)
M3E2 2019

https://doi.org/10.1051/shsconf/20196503006

Security issues of system innovation strategies

Olha Prokopenko'?, Vitaliy Omelyanenko®*, and Teofilo Tirto*

"Meritt Group Ltd, 11/49 Mazowiecka Street, Warsaw, 00-052, Poland

%International Humanitarian University, 33, Fontanska Road, Odesa, 65000, Ukraine

3Sumy State Pedagogical University named after A. S. Makarenko, Business-Economics and Administration Department, 87, Romeskaia
Street, Sumy, 40002, Ukraine

4FARADI SRL, 25 Via Orvieto Street, Turin, Italy

Abstract. The objective of this study is to consider the main points of system innovation policy within the
security strategy. Within the new trends in security science technological trajectory analysis creates an
effective field of innovation communications, the main task of which is to stimulate the dialogue of
innovation activity stakeholders and their cooperation with the help of specialized approaches. In the
framework of the system of national security strategies, we propose the formation of innovation-synergetic
design methodology. Industry 4.0 can be considered as a priority project, which can reduce the influence of
a number of negative factors, since its implementation will ensure the scientific and innovative security and
stability of the positive dynamics of the country's development, increase the competitiveness of the national
economy. Thus, the task of coordinating innovation development within the Industry 4.0 is to promote
structural reforms, to select the mechanisms for the most effective concentration of resources in priority
innovation directions, to create a system for monitoring the efficiency of using innovation infrastructure
facilities, to create conditions for the development of competition, coordination of development institutions,
implementation of foreign policy orientation of the innovation, regulation of behavior of companies with

state participation and natural monopolies, including through innovation development program.

1 Introduction

The modern trends in security science deal with the
expanded understanding of security concept, which is no
longer limited to military discourse.

The authors proposed sectors in which security issues
arise as the most significant (military; political;
ecological; economic and societal) and removed the
security studies from the area of international relations,
giving them the most interdisciplinary character.
Multilevel approach for national security is given in
studies [1; 2].

Study [3] notes, that public decision maker are faced
with the great challenge of detecting the future risks,
which concern the national security. So decision makers
should be able to identify threats to react to them
adequately and reduce risks [4]. A collaboration of
subject matter experts of several disciplines constitutes
an important part of the process.

The ability to develop effective analytical tools for
assessing national security risk is considered as a key
determinant of strategic success in the twenty-first
century [5; 6]. Research [7] deals with the national
capabilities development to protect larger and more
complex interests. Such idea is relevant to changing
defense and national security thinking [8]. From this
poimt innovations is critical to understand the security
context and model integration in order to achieve long-
term national security [9].

*
Corresponding author: omvitaliy@gmail.com

To develop the successful innovation strategies a
strategic foresight in public policy: and cases of UK,
Singapore, and the Netherlands [10].

According to [2] the strategic security management
framework incorporates the many practicing or
knowledge categories of organizational security
integrated into a system. The methodology focuses on
the interrelationship between the different functions and
departments within an organization.

Research deals with the strategic interests concept
which in practice should include the list interests. The
similar approach is given in study [11] which considers
the issues of strategic interests promotion through the
military and foreign affairs.

Study [12] addresses the changes in public
management environment that have encouraged the
growth of collaborative public management.

Within the defense supply chains in studies [13; 14]
the role network-level initiatives complement nation-
based defense supply chains management, contributing
to supply chains adaptivity and efficiency was outlined.

Studies [15; 16] considers security networks as an
increasing in number and in importance across the
security field as a means of providing inter-agency
coordination. According to this definition the detailed
qualitative study of networks in the national security
field in Australia were done. The author also places
cooperation, coordination and collaboration issues to
illustrate the performance of security networks.
Networks are also considered within the national

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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security. The study [6] argues that security can be
conceptualized as being produced by various networks
of actors (public and private). The article [17]
contributes to the public management by exploring the
critical challenges that underpin the construction of
information and knowledge management strategies in
networks. The findings of research [18] suggest that
networks can add collaborative public value when
approaching nettlesome policy and program problems.

Therefore the new approaches for technological
trajectories analytics, given in studies [19; 20; 21],
additionally to  technologies and innovations
development gives new possibilities to manage
innovation  projects based on infrastructure,
informational, scientific and technological,
infrastructural and producing elements to solve
technologies development and transfer.

The objective of this study is to consider the main
points of system innovation policy within the security
strategy. These issues will be studied within the
Industry 4.0 based transformations.

Within the new trends in security science
technological trajectory analysis creates an effective
field of innovation communications, the main task of
which is to stimulate the dialogue of innovation activity
stakeholders and their cooperation with the help of
specialized approaches. Technological trends analytics
and analytics-based management can be implemented to
provide the transition from an extensive export-raw
material model of economic development to a model of
ecologically balanced (adapted) modernization of
economic development. So the practical application of
proposed approach will allow more coherently
coordinate the implementation of national innovation
priorities and enhance the competitive advantages in the
“development-security” system on the basis of synergy.

2 Innovation-synergetic methodology:
general ideas for Industry 4.0

In the framework of the system of national security
strategies, we propose the formation of innovation-
synergetic design methodology.

The development and testing of appropriate
organizational and economic support for the
implementation of competitive advantages in the inter-
sector high-tech sectors in the context of the formation
of Industry 4.0 involves:

1) allocation of the innovative component of national
security and the development of the foundations of the
creation of inclusive economic institutions in order to
create innovative networks;

2) analysis of the features of Industry 4.0 in the context
of the strategy of ensuring national security in terms of
qualitatively new opportunities and threats;

3) systematization and analysis of global analytical
researches and publications on the current state of global
innovation networks and directions of their development
in the conditions of Industry 4.0, as well as the
development of the foundations of the methodology of
innovation-synergetic designing;

4) development of typology (global) of innovative
networks, determination of factors and prospects of their
development in the conditions of Industry 4.0;

5) analysis of new challenges for the economic and
national security of countries in connection with the
development of network ICT as a technological base of
innovation networks;

6) analysis of technological features and technological
dynamics of the sectors providing national security
under the conditions of Industry 4.0;

7) disclosure of internal and external threats,
substantiation of the system of interdependent criteria
and indicators, which need to be guided in terms of
strengthening the innovative component of national
security through system interactions within the Industry
4.0 model;

8) identification of the main actors of innovation within
the Industry 4.0, forming the resource potential and
providing a way of coexistence of modern innovative
technologies and society;

9) analysis and synthesis of factual material on the
impact of the development of innovative networks on the
economic and national security of Ukraine and the
development of appropriate innovation-synergetic
projects;

10) development of the concept of economic and
national security at the present stage of development
(global) innovation networks.

The difference of the innovation-synergetic
methodology of the formation of innovation-
technological systems under the conditions of Industry
4.0 is, first, in the availability of significant volumes of
data for analysis, which allows us to identify and assess
the impact of factors that were not previously subjected
to direct measurement methods.

Secondly, the emergence of new economic models
and approaches, such as innovation networks, venture
financing,  energy  service  contracts,  various
technological development programs, scientific and
educational projects, etc. These tools affect both the
process of substantiating the innovation policy and the
sources of funding for programs.

The methodology is based on the modern economic
synergetics which are reduced to the fact that innovation
in economic systems is accompanied by phase, structural
and synergetic transformations. Economic synergetics
considers synergetic effects as the most important factor
of accelerated development in economic systems and
sees the main task of management in the modern
conditions of competence development in technologies
for the formation of synergistic effects.

Also, the methodology takes into account the idea
that the development of high technologies is inextricably
linked to a strong industrial base and an active industrial
policy based on the unification of science, production
and education into a single system. Under these
circumstances, the main challenge is to create tools for
inter-sectoral interaction and to jointly direct the overall
move towards faster modernization of industry by
implementing Industry 4.0 technologies.

Industry 4.0 can be considered as a priority project,
which can reduce the influence of a number of negative
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factors, since its implementation will ensure the
scientific and innovative security and stability of the
positive dynamics of the country's development, increase
the competitiveness of the national economy, create
attractive conditions for investing in innovation
activities, and development of infrastructure, increase
export of high-tech products. The strategy also foresees
the formation of a neo-industrial society, the most
significant features of which are formed on the basis of
interdisciplinary intellectual technologies, new quality of
economic growth and humanization of the economy.

Industry 4.0 as a tool for increasing productivity and
creating economic independence and information
security of the country within the framework of
innovation-synergistic design will ensure the high level
of utilization of industrial networks; autonomous and
self-regulating production systems; the combination of
modern ICT and classical methods of production.

On the basis of this we propose approaches to the
formation of state innovation policy, which takes into
account trends in business processes. In particular, the
formation and development of a modern digital economy
is accompanied by three most important directions of
transformation.

Firstly, it is a transformation of the business model,
which leads to a revision of the principles of interaction
with customers, suppliers and partners, including
changing the product line in line with the changing
customer preferences, as well as the conditions for the
provision of products and services.

Secondly, this is the transformation of business
processes in the direction of strengthening their cross-
cutting  characteristics and  controlling  quality
parameters, among which the quality of interaction
procedures becomes important.

Thirdly, it is a transformation of the infrastructure for
the introduction of new technologies and platforms for
the provision of services, including in a networked
format, which involves connecting resources to partners
and counterparties resources.

3 Security component of national

innovation strategies

In modern conditions the role of international factor in
the innovation area is constantly expanding. Within the
global competition context and the innovation resources
dispersion, the implementation of large-scale innovation
projects and market promotion of its results is often
possible only through the transnational innovation
networks. In this regard, the development of
international innovation cooperation can be considered
as one of state policy priorities. However, this aspect is
characterized by both opportunities and risks. This
aspect forms the necessity for strategic coordination
management, which considers the various security issues
related to international competition and cooperation
between nations.

Such coordination is essential not only for
technologies development and commercialization, but
also for the introduction of new methods of innovation

development management, including at the state level.
So it is necessary to take into account the changes of
innovation policy of developed countries and to adopt
the best practices of security based policy. E.g. the
experience of EU countries on the formation of
technology platforms can be successfully used in
strategic planning documents of developing countries.

The international security component of national
innovation strategies includes the following components:
— highlighting the list of the most important technologies
for national security and defense capability (possibly the
list of interrelated technologies) in the framework of
long-term scientific and technological forecast in order
to monitor and forecast the situation in these areas on the
world markets;

— organization of an effective joint work of scientific
sector, government institutions and business agents on
scientific research, development work and the
introduction of appropriate technologies into production;
—strengthening of support for domestic companies
working in key areas of technological development to
ensure national security, including the application of the
public procurement system for these purposes;

—using the potential of development institutions to
accelerate consolidation processes in high-tech sectors of
the economy to create companies that are world-class
technological leaders.

—support for the entry of domestic enterprises into
business alliances, focused on the creation of
technologies and products with a high level of
competitiveness, subject to technology transfer;
—elimination of restrictions on domestic access of
enterprises to modern foreign technologies;

—ensuring participation in global technology projects,
international programs and research networks for
integration into the global scientific and technological
space;

—development and implementation on the basis of a
long-term technological forecast of large-scale projects
in the development of individual technologies;

—the integration of the domestic research and
development sector into the global innovation system,
the development of international cooperation, and the
access of scientists to the research base of leading
foreign research centers;

—the adoption and implementation of a program to
support the export of high-tech products, services and
technologies;

— formation of a mechanism to support the creation and
capitalization of high-tech brands through foreign
patenting, the creation of special units of embassies and
trade missions, as well as within the framework of
intergovernmental activities.

For the practical conceptualization of these directions
the institutional design of national innovation system
should be considered. This mechanism includes
coordination of a system of state, private and public
structures (institutions), as well as national institutions
and their interaction within the creating, modifying,
transferring and using knowledge and technology. The
condition for the effectiveness of the consistency of
these processes can be called the rule of “four i
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— institutionalization, which provides for the creation of
new institutions (for example, departments, research and
educational centers, etc.) or the reorganization of
existing structures in order to solve the priority tasks of
innovation development, as well as the formation of an
appropriate infrastructure;

— integration presupposes the use of an interdisciplinary
approach in research and the creation of scientific teams,
coordination of efforts to solve problems of a
fundamental and applied nature;

—innovation is characterized by the fact that a
qualitatively new intellectual product is being
manufactured or a technology transfer takes place;
—image that provides for the formation of a positive
image of technological opportunities and changes, as
well as the country's prospects as a result of
transplantation of institutional innovations.

4 Case studies

Within the framework of consideration of security
questions on the identification of aims of coordination,
we propose to consider four models of scientific and
innovation development of countries:

—countries focused on innovation activity, the
implementation of large-scale innovation projects, but,
as a rule, in the defense sector of industry (USA,
England, France);

—countries that are focused on creating a favorable
innovation environment in the world, rationalizing the
structure of the national economy (Germany, Sweden,
Switzerland);

—countries that stimulate the development of
innovations and innovations through an innovation
infrastructure, with the state coordination of the
development of various sectors of industry in the field of
innovation (Japan, South Korea);

— China, which is focused on leadership and innovation
activity, developing a universal model of the scientific
and innovation industry through the coordination of
public investment.

Without refuting any of these models, we can point
out that they correspond to institutional patterns and
trajectories of innovation development of countries in
the Industry 4.0 conditions.

In the study for the review of the basic approaches to
the coordination of sectoral and territorial development
in foreign countries, the approach of Japanese
researchers is indicated, within which such factors are
necessary for the successful development:

— lack of investment alternatives to high-tech industries;
—reliance on the already existing competitive
technological potential of local industrial enterprises and
scientific organizations;

— existence of enterprise leaders who can lead innovation
processes and consolidate around themselves other
organizations during the formation of the cluster;

— availability of highly professional specialists of world
level,

— specific interaction between universities, research
institutes and industrial companies;

—commercial efficiency of the established venture
companies;

— cooperation of new venture companies with leading
corporations and universities;

—existence of a developed support infrastructure,
including financial, production and management;
—existence of  highly effective  coordinating
organizations for universities and enterprises;

— presence of high-quality leaders capable of developing
a unique regional development strategy and attracting
high-quality specialists, including from other countries;
— interaction with other clusters;

— implementation of the strategy of innovation market
expansion with a focus on the global market;

— corporate development and attraction of national and
foreign capital through the initial public offering;

— presence of a high international reputation.

Proceeding from these directions, it is necessary to
develop an organic model of coordination of innovation
development, which should be based on existing
institutional models and trajectories, as well as
technological specificity of priority areas.

Therefore, the country needs such innovation macro
technologies, the development of which should be
formed jointly with the business of the development
program, as the main tool for implementing innovation
industrial policy, which will ensure the flow of funds to
the budget and will invest in industrial innovation.

As a tool for coordination and economy structural
reorganization within the security strategy, we propose
to consider strategic macro-projects that enhance
competitiveness and aimed at increasing the
effectiveness of the use of strategic development
resources. In the wrecks of successful coordination,
these projects have not only sectoral, but also
macroeconomic significance.

Macro projects can be considered as anti-crisis
measures ad security-related products, which include a
powerful comprehensive program of support for “points”
in growth in the real economy and stimulate small and
medium-sized innovation entrepreneurship with the
creation of new workplaces.

Innovation macro projects are interrelated and
provides targeted improvement not only to the structure
of the economy, but also to the territorial structure.
There are three types of macro projects:

1. Creation and development of strategic poles of
growth. These macro-projects are in fact projects for
large-scale development and development of territories.
2. Comprehensive development of support points of
growth. The reference points of growth are complex
projects implemented within one or several settlements
within a single municipal district or city district. Within
the framework of such projects, it is planned to
implement complex projects for improving the central
parts of cities and increasing economic density in their
territories, improving the availability and accessibility of
basic social services, as well as implementing some
major projects in the real sector of the economy that can
make a significant contribution to job creation and
increase wages in the given municipality.
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3. Network projects that form the infrastructure of
balanced development. A strategic approach to the
development of infrastructure is to ensure the widest
possible access of the population and business to this
infrastructure. Network projects that form the
infrastructure of balanced regional development are
groups of investment projects in the social, transport and
engineering infrastructure.

The strategy identifies a number of priority industry
groups that are able to expand their niches in the sphere
of import substitution and export, which have a
significant potential to increase production and sales in
the emerging conditions of the external conjuncture.

In the production sector, activities that are
significantly ahead of the country's average labor
productivity indicators are singled out, which have the
most favorable prerequisites for import substitution and
expansion of the presence in the domestic market:

— engineering, an oriented defense-industrial complex;
—production of building materials (including,
innovation, environmentally friendly);

— production of medicines and hygiene products;

— agriculture (first of all, growing vegetables and flowers
in a closed ground, producing environmentally friendly
products on suitable for this purpose);

— production of food products in high price segments.

Among export-oriented types of activity it is
expedient to place a stake primarily on those in which
experience of foreign economic contracts already exists.
Many of these activities will also make a significant
contribution to import substitution. First of all, it is:
—power engineering (for example, production of
equipment for nuclear power plants);

—aerospace (production of missile and aircraft engines)
and railway engineering;

— chemical production (for example, the production of
mixed fertilizers, tires);

—food industry (for example, the production of
chocolate and animal feed);

— production of electronic equipment and household
appliances.

The volume and export potential in these areas is
quite large, but historically developed markets are
subject to significant geopolitical risks. Significant work
is under way to diversify the geography of exports, and
often the assortment.

Priority activities focused on import substitution and
export growth cover not only the production of goods,
but also the provision of services — transport-logistical,
educational, cultural-leisure, tourist.

A promising group of export business services is
engineering and software development, as well as
outsourcing research and development.

In the short term, innovation production of products
and services that previously were not represented or
characterized by small scales may be favorable
prerequisites for import substitution.

Examples of such activities are: innovation
production of specialized tools and mechanization tools,
applicable in both small business (farming, construction
and repair services, etc.), and in everyday life;
production of technically complex children's toys;

production of high-tech inventory and clothing for an
active lifestyle, equipment for equipping “smart houses”.

Projects in these types of activities are already
reflected both in the current work of the sectoral
ministries, and in the concepts of the development of
specific strategic poles and points of reference for
economic growth. These same lines should be studied in
detail in the framework of development strategies.

5 Conclusions

Thus, the task of coordinating innovation development
within the Industry 4.0 is to promote structural reforms,
to select the mechanisms for the most effective
concentration of capital and human resources in priority
innovation directions of economic development, to
create a system for monitoring the efficiency of using
innovation infrastructure facilities, to create conditions
for the development of competition, to stimulate the
innovation behavior of non-state companies in the real
sector and financial institutions, coordination of
development institutions, implementation of foreign
policy orientation of the innovation, the creation of
conditions for attraction of foreign high-tech companies
to the projects of innovation development, regulation of
behavior of companies with state participation and
natural monopolies, including through innovation
development program.

These functions can be implemented through the
project approach in such areas:

— coordination of innovation activities of companies with
state participation, as well as specialized state
development institutions;

— coordination of actions on formation of innovative
demand within the framework of all state programs;

— coordination of state targeted programs aimed at the
innovative development of individual industries;
—implementation of special measures for the
development of infrastructure for supporting small and
medium-sized businesses, creating a demand for
innovation (technology parks, business incubators,
regional business support tools);

— development of additional measures to stimulate the
implementation by private business of innovative
projects, including the creation of corporate research and
development centers by large multinational companies.

From a theoretical point of view, the research
findings are in line with the latest trends in the
development of world economic theory and applied
economics, reflecting the transition from a fragmentary
study of certain aspects and objects of the economy in
general and the innovation system in particular,
characteristic of the neoclassical tradition, to the
systematic study of their mutual influences, which is
characteristic of institutional, evolutionary and systemic
economic theory.

Thus, the proposed methodology is systemic and
takes into account the specificity of innovation activities
under the conditions of Industry 4.0 and covers the entire
spectrum of tasks for managing the development of
innovative networks at different levels, taking into
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account a number of existing problems. The practical
application of foreign experience will enable more
coherently to coordinate the implementation of national
innovation priorities and strengthen the competitive
advantages in the system “development-security” on the
basis of synergy. Within the study, the knowledge about
the systemic socio-economic patterns of the functioning
of high tech economy and the mechanism of innovative
development management that are new in the field of
fundamental and applied sciences was gained. Using the
gained knowledge in practice will contribute to
improving the state of national security, saving
resources, as well as the transition to sustainable
development of the national economy.

The publication was publicly funded by Ministry of Education
and Science of Ukraine for developing of research project
No. 01170003855 “Institutional and technological design of
innovation networks for Ukraine national security systemic
providing” and research project No. 0119U100179
“Development of scientific and methodological foundations
and practical tools for evaluating of the product innovations
commercial (market) prospects”.
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Abstract. In the present work, an attempt has been made to apply economic and mathematical methods for
the simulation of electronic trading market operation based on price competition between e-trade companies
and traditional trade enterprises. The developed price competition model based on the concept of symmetric
product differentiation. The results obtained in the present investigation demonstrate that in a mixed
strategy, firms sell products at different prices, depending on the price strategy or the volume release
strategy. The company that sets the volume, sells more, but at a lower price than its competitor which sets
prices. The influence of strategic output exceeds price influence. Thus, the company that sets prices, falls
into an unfavorable situation and receives lower profits compared with its competitor with the strategy for
the volume of production. The company that has decided to introduce electronic trading technology initially

will bear losses.

1 Introduction

Modern  world economic  conditions, economy
globalization, acceleration of market development
processes, information technologies, sociopolitical
factors demand from the trading enterprises new
approaches to consumer demand and supply formation,
the development of adequate methodological solutions
and tools in the field of management of the trade
activity, especially it concerns new forms of trading,
such as e-trade [1]. Companies today are working in a
turbulent environment facing continuous change because
of hyper-competition, changing demands of customers,
regulatory changes and technological advancement [2].
E-trade, as compared to traditional business, has
substantial advantages. In particular, the use of new
electronic communication channels significantly reduces
costs related to organization and support business
infrastructure, and the possibilities of e-commerce allow
re-designing business strategy at any moment. The
functions of modern e-trade market mechanisms are not
limited by a small number of fields, such as, for
example, automated reservation systems in tourism,
financial sector operations and electronic supermarkets
in the retail sector, the range of today's e-trade markets is
far larger according to the range of applications. New
products and services and innovative trade mechanisms
have appeared on e-trade markets: communications that
facilitate news autsourcing, ratings, forecasts, services
and the implementation of innovative ideas have been
developed. As a result, e-trade has become a very
profitable form of relationship with the buyer who is
developing, not seeking to replace it with other forms of
trade contacts and connections. Economic properties and
peculiarities that have emerged in the process of

: Corresponding author: Pursky O@ukr.net

becoming e-trade have not only provided it with the
possibility of a competitive global existence in the world
of modern global business, but also created the
prerequisites for quite optimistic forecasts of its future
[3].

New features of computer and information
technology affect both the production and distribution of
goods and services. E-trade allows firms and companies
to sell their products without the use of traditional sales
channels [4]. The use of electronic trading changes both
the production process and the sales process in two main
directions [5, 6]: 1) electronic trading reduces the time
between production and sales, as flexible technologies
allow firms to create goods and services in accordance
with their demand; 2) restrictions on production are
decreasing, as new technologies allow for almost
unlimited duplication of informational products with
extremely low costs.

Effective management of e-trade development, as
well as the processes of the economy informatization as
a whole, is impossible without a full and comprehensive
economic and mathematical research of the whole
complex of problems, including, on the one hand, the
activities of enterprises in the field of electronic
commerce, and, on the other, the use of information
technology in enterprises and organizations of all
branches of economy [7-9]. Due to the wider
introduction of electronic trading technologies, the
scientific development of methods of applying economic
and mathematical methods in the research of the state
and prospects of electronic trading development has
significantly intensified and, most importantly, has
increased their demand for practical work. The
application of economic and mathematical methods to
solve many specific problems can increase the efficiency

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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of economic entities that actively use electronic trading
in their activities. In general, we are talking about a
toolkit developing that can be used to analyze the
complexities of e-commerce, and which will be the basis
for developing effective mechanisms for effective
governance and decision-making [10-14].

In the presented research, an attempt has been made
to apply economic and mathematical methods for the
model development of electronic trading market
operation based on price competition mechanisms
between electronic trading actors. Suppliers who have
already adopted electronic technology, act as
competitors for the price, because they may not link
themselves with the volume of output. Other firms that
continue to use the usual technology of production and
sales should increase or decrease their production
capacity before starting production. Thus, they compete
in terms of output. Considering the various reasons for
competition in price and quantity while moving towards
the electronic trading and trading firms set of strategies
in the oligopolistic market, it is worth mentioning the
following provisions. A trading company can choose a
strategy for output, if it needs to make a managerial
decision on the volume of production before or after the
production commencement, in which case the company
must make irreversible investments. The price strategy
and the product-oriented strategy can be interpreted as
extreme cases of an elastic or inelastic output function
and depend on the different angles of inclination of the
marginal cost function [15]. While the extremely low
costs lead to price strategies, product launch strategies
meet the high marginal costs associated with inflexible
technologies.

2 Results and discussion

2.1 Model

Prices play an essential role in any market and
understanding how they are fixed is a fundamental part
of the Economic Science. However, complex problems
such as social networks or the launching of new digital
platforms can set new challenges in understanding how
those prices are fixed [16].

Oligopolistic markets are known to be associated
with a high degree of price and output rigidity. This is
due to mutual interdependencies among firms in the
market with regard to price and production [17]. An
oligopoly represents a market where power is
concentrated among a small number of firms. The exact
number of firms is not important; what matters is that a
few firms produce most of the market’s output. The
barriers to entry for an oligopolistic market are high as a
result of the scale of the incumbent firms and the
competitive advantages that are derived from that scale.
Moreover, unlike perfect competition, monopoly, and
monopolistic competition, it is most useful to study an
oligopoly in terms of the interdependence and rivalry
among its firms. Given that the primary characteristic of
any oligopoly is the interdependence and rivalry among
its firms, any firm in an oligopoly that ignores the

critical nature of its interdependence with its competition
places its share of the market and its capacity for profits
at risk [17].

Let us consider a market in which part of firms
moved to e-trading technology, while others use
traditional, that is, there is a market with firms
competing for the price and volume of manufactured
products. As a base one we apply the concept of
symmetric differentiation of goods [18]. In the
assumption of profit maximization [19], we will
construct the general curves of responding firms that
choose a pricing strategy or a strategy focused on the
issue for determining the equilibrium, and consider the
impact of switching to e-trading to choose a strategy
firm, in particular: how the change of technology will
affect the own production of the company, its
competitors, market efficiency and investment.

Let’s construct a model that uses the concept of
symmetric product differentiation. In this case, N - is the
number of firms using linearhomogeneous technology
that creates individual and constant C;— expences — for
the production of a limited variety of symmetrically
differentiated product x;, that is sold at a price p;. The
functions of demand for products of the company are the
typical consumer with linear quadratic utility [20]:

N 1 N N N
u(xl,...,xN)=Zx,. —Z(fo +bZinij—Zpixi (1
i=1 i=1 i=l1

i=l i#j
where the inverse functions of demand:

D; :l—x,.—bei )

i#j

Parametric variable b evaluates the degree of
substitution between any two products. If b=1, the
products are complete counterparts, while all firms make
different products if b=0. We assume that n is the
number of firms (=1, ... , n) that follow the strategies in
terms of production volume, that is specify the volume
of output, while {N-n} is the number of firms (i=n + 1,
..., N) that follow the pricing strategy. The distribution
of external and internal prices and volumes of output,
leads to such demand for the company j, which sets the
volume of production, and the company &, which sets the
price, respectively:

p,=1-b ix, —bix,. X, :1—b§xi—bixi -(1-p)x, (3)

i=Li#j i=n+l i=n+1
P :l—bix‘. —b ‘Zle‘. —x, :l—bix[ ﬂbix[ ~(1-b)x, (4
i=1 i=n+l,i#k i=1 i=n+1

From the equation (4), we obtain the direct demand
function for production:

n N
1-b4 -b -
. 2H=b - )
k 1-b

By summing up the (N-n) demand function of firms
that use price strategies and making the corresponding
transformations, we obtain the total output of products
made by firms which set the price:
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N (N—n{l—bei]—Zpi
ZX' _ = i=ntl (6)
S 1+b(N—n—l)

Substituting the formula (6) into the equations (3)
and (5) and marking the choice of price ZN

i=l+n

p; and

output volume Z; x; through R and X, respectively,

we obtain the functions of demand in this form:

pi-b)x  bP (7)
1+6(N=n—1) 1+b(N-n-1)

1-b
P b — A
P 1+b(N—n—1)( )

. 1 D bX . bP (8)
“1+HN-n—1) 1-b 1+HN-n-1) (1+BN-n—1)\1-b)

Thus we obtained a system of two equations that can

be solved on the basis of balance state conditions [20,

21]. The market activity of firms j with strategy on the

volume of production, so firms k£ with the pricing
strategy designed to maximize profits Pr [20]:

maxP;f/.(xj,P,X)=p/.(xj,P,X)—ij. ©

j
maXPr}c(pk’P5X):pkxk(pk’P5X)_Ckxk(pk’P5X) (10)

That is, the company j is looking for the opportunity
to maximize its own profits by choosing the volume of
output x;, taking for it the total output of products
manufactured by competitors (X—x;). While company &
determines the influence of the decision on its own price
on aggregate P, assuming instead of it the established X
and the established aggregate prices of competitors
(P-pa).

Solving the equations (7) and (8), the substitution
function [22] u(X, P) for company j and for company k
will look like:

1-b—b(1-b)X +bP—(1-b+b(N —n))C, (11)
(1-b)2-b+2b(N—n))

X ::ui(er):

1-b-b(1-b)X +bP—(1-2b+H(N-n))C,  (12)

—u(x.p)=
p=p(XP) 236+ 26(N—n)

Unlike the reaction function, y; does not describe the
optimal response of the market participant (x;, p;) to the
strategic choice of its competitor (that is X—x; or P—py,
respectively), but describes the reaction to the total X or
P, which include its own strategic level.

Using the fact that in the [23] the general reaction
corresponds to the aggregate strategic choice, herewith

;ui(X,P):X, and Zlnﬂuk()(,P):P, we can

find a strategic issue and a total strategic price:

_(1=b)n+bnP-(1-b+b(N-n)3"" C, (13)
N (1-b)2-b+b(2N -n))

p_ (1=D)N=n)i-bx) (1=2b+b(N-n)) LG (14)
T 2-3b+b(N-n) 2-3b+b(N—n)

2.2 Simulation

The decision on the total output of products X depends
on aggregate prices and turnover. Accordingly, equations
(13) and (14) can be regarded as collective reaction
functions. Figure 1 shows the calculated by the formulas
(13) and (14), depending on the reaction of firms that set
the price and volume of output. It should be noted that in
order to describe the mechanisms of the e-trade markets
operation, in this case, the calculations are performed by
dividing all market participants into the corresponding
number of market participants with a start-up on the
production volume and price strategy. Thick (black)
lines describe the behavior of market participants with
two firms with a strategy on the production volume and
three firms with a pricing strategy at zero marginal costs
and »=0.5.

X

05 N

01

PX)

¥4

Fig. 1. Dependence of the market participants general reaction
with different trading strategies.

The intersection of the lines (point E), in our case,
indicates a mixed equilibrium. Thin (red) lines indicate
the behavior of market participants n=3 and N-n=2.
Dotted lines on the graph show the results for firms with
market participants with the same strategies, they are
designed for comparison with mixed strategies. Figure 1
illustrates the relationship between the strategic
aggregate price and aggregate issue: if prices rise, then
the firms, which set prices, implement a less aggressive
strategy, and market participants with a strategy for the
volume of production will react to an increase in output.
As X grows in P, it becomes a strategic complement to
the aggregate price of P. On the other hand, the firms,
which set prices, will lower their prices if the firms,
which set the output, act more aggressively.
Consequently, the firms’ prices with price strategy is a
strategic supplement to the cumulative output X.

For the system of equations (13) and (14) there is an
appropriate analytical solution. It is seen that both of the
response functions are linear with respect to P i X, that
is, there is a single solution of this system of equations:

i=n+l

P :;((N—n)(l—b)(2—b+2b(N—n))+aiC} +ﬂi€,} (15)

(1-b)z
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x = (n(lfb)(2+b(2N72n71))+inl+5i€ij (16)

i=1 i=n+l

where
z=(1-b)(4+b(6N-4n—4))+b*(2N(N-n)-N-1),
o=b(N-n)+b*(N-n-1),
B=(1-b)(2+b(4m-3n-3))+b*((2N-n)(N-n)~(N+1)),
y=(1-b)(2+3b(N-n—1))+b*(N-n)*~(N-n)),
o=bn+b*(N-n-2).

Values o, f, o, 5, and z are positive for any n<N\,
neN, and 0<b<1.

Substituting (15) and (16) in (11) and (12), we obtain
the balance state [23, 24] of the price and output for
company j, which uses the strategy for the volume of
output, and the company k, which sets prices:

i (1=b)4+8(N—n—1)+5*(2N —n)-1)2(N—n)-3)|
J= Z(1-b)2—b+2b(N-n)) (17)

+ IS +<’3 b’ )ZZMCI‘ —n<,

Z(1-b)2—b+2b(N-n))

_(1+HN-n)1-))4+8H N—n—1)+b*(AN—n) -1\ AN-n)-3)
5=G= z(l[er)(N—n—l)(Z—b+2b(N—n)) | (18)
sty G oI 6]
© A{l+B(N-n—1)2-b+2HN-n))
(1=b)a+8b(N—n—1)+b*(2(N=n)-1\2(N —n)-3)|
B 2(2-3b+2b(N —n)) (19)

O IORA ) W}

Z(1-b)2—b+2b(N —n))

Xk

b _(1+HN-n- 1)+ 84N+ (AN A N3]
‘ A1-B1+H N—n—1)\2-3+2H N-r)) (20)

(V25" Coleb)SCnc]

‘ A1-5)14+b(N-n—1)|2-3+25(N-n))

where e=(1-b)[2b+b(4N-4n-3)]+b*[2(N-n)*>~(N-n)],
1n=(1-b)[4+b(10N-8n—8)+b*(4(2N-n)(N-n)—8(N-n)—
=3(N-1))]-b*[N(2N-n)*~(N-n))—(N-n)]. The coefficients
g and 7 are positive for all admissible N, n, and b.

The analysis of the formulas (17-20) shows that the
output and increase in production costs will decrease,
with the increase in the number of companies in the
market (see increase z). The increase in the cost of firm’s
own production has the same effect, while the rising
costs of competitors lead to the opposite: the own
increase and the issue in this case are increasing.

Using the obtained results, we can approach to the
research of the strategic impact of electronic trading on
market functioning. The use of economic and
mathematical methods to describe the mechanisms of
development and electronic trading markets operation is
based on the point of view that the main factors and
trends of past periods persist and during the periods of
development of the investigated area of economic
activity, that is, there is a possibility to reasonably take
into account the direction of future changes not only
qualitatively but quantitatively.

The e-trading markets operation is implemented in
accordance with the laws of a market economy, so when
attempting to assess the future reaction of market
participants to one or another process that occurs within
the framework of the electronic trading markets
operation, causal relationships should be considered in
the form of rules, regularities and generally accepted
mechanisms of decision-making in the processes of
market operation. It is clear that in this case there is a
certain inertia of social and economic systems.

To simplify the analysis, assume that production has
no expenses, regardless of which technology is used, that
is: C;=C,=0. Thus, any impact of costs associated with
other technologies is ignored. In fact, technological
innovation can change the structure of the company's
costs, but reducing costs by changing technology is not
the goal of this study.

Consider the market situation of the market
participant with the strategy for the volume of
production and compare it with the position of the
company using electronic trading technology, and act as
a company that sets the price.

The question arises: which of the firms setting the
price or volume of output, appears in a profitable
strategic situation. First of all, we will analyze the
consequences of technological changes, that is, the
transformation of the company into a strategy for the
volume of issue in the market participant with the price
strategy, in particular, determine whether it is profitable
to introduce electronic trading technology from the
company from a strategic point of view? Thus, the
company must take into account the impact of its own
technological innovation on market participants. After
technological changes, there is in one traditional supplier
less on the market, but another company is added to the
electronic trading market.

X, X

Pilxi X7g)

p x7)

Py P

P P

Fig. 2. Differences in demand between company j, which uses
the strategy for the volume of production, and company & with
the price strategy.

In a mixed strategy [25], market prices set by market
participants with a price strategy are higher than the
prices of market participants with a strategy for output at
equal low (zero) marginal costs. Figure 2 shows the
difference in the demand of two types of market
participants.
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Analytical calculations presented in Figure 2, was
made on the basis of formulas (17-20); in the
calculations, the emphasis is was made on the
company’s transition from traditional technology to the
price strategy with electronic trading technology. In
addition, the number of companies with a strategy for the
production volume contains one less market participant,
compared with competing firms which set prices. For
this reason, the demand function is more elastic for
companies with a strategy for volume output. If this
company acts more aggressively, it can capture all the
demand from the firm, moving to electronic trading with
the price strategy. As a result, the marginal profit from
lowering the price will be higher for companies with a
strategy for output, and they will sell products at lower
prices rather than their competitors with the price
strategy. For confirming this conclusion, let us find the
relation between equations (20) and (18) with the same
marginal cost C;=C;=0, which shows the relationship
between the prices of goods of two firms operating on
the market with different trading strategies:

&:(1+b(N—n—1))(2—b+2b(N—n)) Q1)
p,  (1+b(N=-n))2-3b+2b(N-n))

The right-hand side of the ratio has the form
(AB—b)/(AB-24b), where A=1+b(N-n), B=2-b+2b(N-n),
b>0. The numerator exceeds the denominator, since
B<24. Hence py>pj, that is, market participants with a
strategy for the release sell products at lower prices than
firms with a price strategy.

Now compare the marginal revenue of firms with
market participants with different strategies. Using
equations (9), (10), (21) and arguments of equations (17-
20) we obtain:

_(1=p)1+b(N-n)) , 22)

(1+b)N-n-2)

(lfb)(1+b(N,n71))(Pk ¢ ) (23)

Pr, =

Pr, _(1+6(N=n=2))2-b+2b(N —n))’ (24)

Pr, (14+b6(N -n)\2-3b+2b(N —n))

The ratio (24) has the form: ((4-2b)B%)/(A(B-2b))>.
These data indicate that the denominator is greater than
the numerator, if 24h—-B(24-B)>0. This condition is
always satisfied with positive 4, B, and b, since B<24
and 24—-B=b. Thus, market participants with a strategy
focused on the volume of production receive more profit
compared with firms with the price strategy: Pr;>Pr;.

The conducted study of the e-trading market
operation leads to the following results:

1) In a mixed strategy, firms sell products at different
prices, depending on the price strategy or the production
volume strategy. The company that sets the production
volume sells more, but at a lower price than its
competitor which sets prices;

2) While analyzing the enterprise economic activity it
is necessary to take into account that the strategic output
influence exceeds the pricing influence. Thus, the

company that sets prices falls into an unfavorable
situation and receives lower profits compared to its
competitor with the strategy for the volume of
production.

It is also worth mentioning that the company with a
price strategy receives lower profits, but sets higher
prices than a competitor with a strategy for the volume
of production, so its volume of sales is lower.

3 Conclusion

On the basis of results obtained in the present
investigation it seems justified to conclude that firm,
which has decided to introduce an e-trade technology it
will initially incur losses. It is necessary to consider that
changing their own technologies affect the overall
market structure: number of firms, which set prices,
increases to (N-n+1), at a time when the number of
firms with a production volume strategy in the market is
reduced to (n—1). However, the influence of strategy
changes on other companies that set prices and on the
operation of e-trading market as a whole is not entirely
clear, the result of close substitutes (5>2/3), at the same
time, sales of competitors with the production volume
strategy in this case are being reduced. Through a
feedback effect of enhanced aggressiveness of firms
which set the prices — there is a significant impact on the
participants, which establish the production volume. The
decline of the number #» may even lead to higher profits
of firms with pricing strategy, while firms with a
production volume strategy will receive less income.
This raises the question — do consumers benefit from the
introduction of electronic trade? At least this model
gives a positive answer on this question.

General decline in prices caused by changes in
technology of trading, loosening the restraints of a
typical consumer's budget. In this regard, real consumer
welfare increases. While the firms that implemented e-
trade technology, get a strategically disadvantageous
situation, consumers will benefit from the introduction of
the new electronic production and marketing. In such a
situation, market efficiency increases whereas the price
of allowances at zero marginal costs decrease.

Further research should endeavour to a complete and
comprehensive economic and mathematical research of
the whole complex of problems, including, on the one
hand, the activities of enterprises in the field of e-trade,
and, on the other, the use of information technology in
these enterprises and organizations. In general, we are
talking about a toolkit developing that can be used to
analyze the complexities of e-trade, and which will be
the basis for developing mechanisms for effective
governance and decision-making at the e-trade
enterprises level.

This study was supported by the Ukrainian Ministry of
Education and Science, Project No. 01170000507, “Modeling
the mechanisms of international e-commerce operation”.



SHS Web of Conferences 65, 04001 (2019)
M3E2 2019

https://doi.org/10.1051/shsconf/20196504001

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Belew, S., Elad, J.: Starting an Online Business All-
in-One for Dummies. 3rd edn. For Dummies, New
Jersey (2017)

Raman, A., Bharadwaj S., Mukherjee, J.:
Developing SOA-enabled service agility
capabilities: case studies in services industry. Int. J.
Business Information Systems. 27(1), 21-44 (2018)
Pursky, O.I., Grynyuk, B.V., Shestopal, D.A.:
Planning of advertising costs and vendor number at
e-trade market. Actual Problems of Economics.
177(3), 407-413 (2016)

Schneider, G.: Electronic Commerce.
Cengage Learning, Boston (2016)

12th edn.

Laudon, K.C., Traver, C.G.: E-commerce: Business,
Technology, Society. 8th edn. Pearson, Boston
(2012)

Chaffey, D.: E-business and E-commerce
Management. 5th edn. Prentice Hall/Financial
Times, New Jersey (2011)

Wisniewski, J.W.: Correlation and Regression of
Economic Qualitative Features. Lambert Academic
Publishing, Saarbriicken (2013)

Rima, I.H.: Development of Economic Analysis. 6th
edn. Routledge, Abingdon-on-Thames (2000)

Choo, E., Shum, M.: Structural Econometric Models
(Advances in Econometrics). Emerald Group
Publishing Limited, Bingley, West Yorkshire (2013)

Cerreia-Vioglio, S., Marinacci, M., Vigna, E.
Principles of Mathematics for Economics. 1st edn.
Springer, Heidelberg (2019)

Bloxham, E.: Economic
Applications and Techniques.
Hoboken, New Jersey (2002)

Bergstrom, A.R.: The Construction and Use of
Economic Models. Ist edn. English Universities
Press, London (1967)

Basu, D.R.: Economic Models: Methods, Theory
and Applications. World Scientific Publishing
Company, Singapore (2009)

Davis, J.B., Hands, D.W., Maki, U.: The Handbook
of Economic Methodology. Edward Elgar
Publishing, Camberley (1998)

Jehle, G.A., Reny, P.J.: Advanced Microeconomic
Theory. 3rd edn. Pearson Education Limited,
Edinburgh Gate, Harlow, Essex (2011)

Sanchez-Cartas, J.M.: Agent-based models and
industrial organization theory. A price-competition
algorithm for agent-based models based on Game
Theory. Complex Adapt. Syst. Model. 6(2), 1-30
(2018)

Rosenberg, S., O’Halloran, P.: Firm behavior in
oligopolistic markets: Evidence from a business
simulation game. Journal of Business Case Studies.
10(3), 239-254 (2014)

Value Management:
Ist edn. Wiley,

18.

19.

20.

21.

22.

23.

24.

25.

Thomson, S.B.: Symmetric Properties of Real
Functions. 1st edn. CRC Press, Boca Raton (1994)

Nash, J.F.: Noncooperative games.
Mathematics. 54(2), 286295 (1951)

Becker, G.S.: Economic Theory. 2nd edn.
Transaction Publishers, Piscataway, New Jersey
(2007)

Von Stackelberg, H.: Market Structure
Equilibrium. Springer-Verlag, Heidelberg (2011)

Annals of

and

Tirole, J.: The Theory of Industrial Organization. 1st
edn. The MIT Press, Cambridge (1988)

Abramovich, Y., Dillmann, R.: Functional Analysis
and Economic Theory. 1st edn. Springer-Verlag,
Heidelberg (2012)

Bjonnes, R.: Principles for a Balanced Economy: An
Introduction to the Progressive Utilization Theory.
Prout Research Institute, Caracas (2012)

Siegel, D.: Futurize Your Enterprise: Business
Strategy in the Age of the E-customer. Ist edn.
Wiley, Hoboken (1999)



SHS Web of Conferences 65, 04002 (2019)
M3E2 2019

https://doi.org/10.1051/shsconf/20196504002

Assessment of the structural changes of the national economy
of Ukraine based on the consistency

Oksana Kovtun"*, Alla Opalenko?, and Oksana Ivanylova’

ICherkasy Education Center Old Polish University (Kielce, the Republic of Poland), Cherkasy, Ukraine
2Cherkasy State Technological University, Department of Economic Cybernetics and Marketing, Cherkasy, Ukraine
3University of Educational Management, Department of Economic, Entrepreneurship and Management, Kyiv, Ukraine

Abstract. This article deals with the assessment of the structural changes of the national economy of Ukraine,
which proposed to implement by applying the integrated index of structural changes, assessment of the
structural changes of the sectoral structure of GDP, at determining the weighting coefficients and construction
which uses the “golden ratio” rule. This approach is based on the theoretical completion of the economics as
for the progressive development and transformation of society and the economy of the country according to
the technological criterion, as well as the sectoral division of the national economy. The choice of components
of the integrated index for structural changes is due to the sectoral division of GDP into industry, agriculture
and services, and further distribution according to the sectoral structure of the national economy. The
proposed integrated index reflects the consistent (ideal) GDP structure inherent in the post-industrial
economy, while the deviation of the values in the real structure shows structural changes in the national
economy of Ukraine and 28 countries of the European Union. The research justifies the weighting coefficients
for the selected sectors of the economy, depending on the technological complexity of the process of
producing goods (works, services). The article deals with the results of the calculation of the integrated index
of the structural changes in the sectoral structure of GDP and its structural elements, as well as the analysis
of the reasons for the deviations of real indicators from the consistent ones. The calculations show the crisis
phenomena in both the Ukrainian economy and the EU countries, which are explained by the debt crisis in
the EU in 2013 and the release of the UK with the EU. The domestic economy shows significant deviations
in virtually all sectors, indicating a low level of economy, a non-conformity between supply and demand in
the labor market, a low level of innovation, and the inertia of transformational processes in the transition to
the post-industrial stage of production. The application of the proposed methodology will allow us to identify
strategic directions for the development of sectors of the national economy and develop projection scenarios

Introduction and economic history, structural changes (changes) are
usually understood as ... mechanisms of production
In the conditions of post-industrial economy, activity in the national economy and the distribution of the

globalization transformations and informatization of inputs between sectors of the economy, professions,

society, there is a significant change, firstly, of the nature
of labor, where intellectualization and the ability to work
with large volumes of information are at the top, and
secondly, the division of production activity by the
sectoral principle being the basis for the new intellectual
and creative sector, and thirdly - the change of the vector
of satisfaction of material needs to the cultural and
personal [1], and hence the change of the person's
motivational complex [2]. As a result of these processes,
structural changes in the economy are observed, which in
turn requires the development and implementation of a
methodology for evaluating structural changes in order to
reduce their negative impact, developing scenarios for the
development of the national economy and the satisfaction
its needs by highly qualified specialists. On that basis, it
became necessary to realize this research.

The terms “structure” and “structural changes” are
widely used in the economics of foreign and domestic
scholars, although they give them different definitions and
interpretations. In researches on economic development

: Corresponding author: kovtun.oa71@gmail.com

geographic regions, product types, etc. ...” [3, p. 76].

The concept of structural changes directly relates to
the definition of models for the development of the
national economy, one of which is sectoral, it reflects the
progressive development and transformation of society
and economy according to the technological criterion. By
the definition of A. Chuhno specified model is based on
the separation of sectors of the economy and the
establishment of regularities in changing the structural
relations between them, and the prevailing role of a
particular sector at a particular stage of socio-economic
development [4, p. 73-83].

Proceeding from the postulates of the theory of post-
industrial society, each of the sectors of public production
dominates at a particular stage. According to A. Chuhno,
“In the post-industrial society, the sphere of services is
dominant, and industry and agriculture (material
production), while preserving and even increasing
production volumes, occupy an entirely ratio” [4, p. 83].

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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According to L. Sergeeva, any structure is an inertial
component of complex socio-economic systems, which is
also economic, it determines the scenarios of its
development in the long-term perspective and allows to
create strategic directions of its development [5].

A lot of works are devoted to the analysis of structural
changes in the economy, in particular, in the work of S.
Kuznets, the redistribution of capital from agriculture to
industry, and then to the sphere of services is investigated.
He recognizes the productivity and profitability of capital
and labor [6]. Structural changes and their consequences,
as well as prospects for the development of the national
economy, are researched in the works of foreign authors
— V. Inozemtceva [2], S. Glazieva [7], and Ukrainian
authors, namely — V. Heiets [8], A.Chuhno [4],
L. Sergeeva [5], O.Kuzmin [9], O. Pyroh [10],
I. Pasinovych [11].

The bulk of the researchers relies on statements about
the relationship between technological change and
structural changes. In the article I. Pasinovych examines
the cycle of structural development of the Ukrainian
economy and substantiates the existence of structural
changes as a mandatory stage, defines them as a change
in the proportions of the structure arising as a result of the
accumulation of structural changes [11, p. 83].
A. Kramarenko proves that there is a correlation of
technological and economic development, as evidenced
by the development of civilization is the UK economic
system based on scientific and technological progress and
definition of driving and leading industries. The author
argues that after analyzing the tendency and changes in
the economic structure, it is possible to predict the
directions of further progressive development of national
economies [12]. N. Pogorzhelskaia concluded that the
sustainable development of socio-economic systems is
determined by the tendencies of structural transformations
of the economy under the influence of technical and
technological potential, as well as the correlation between
the genesis of technological patterns and patterns of
structural development, taking into account the shallow
water theory [13].

Sufficient attention in the scientific developments of
domestic researchers is devoted to the analysis of
structural changes in certain industries of the economy,
namely: O. Kyrychenko, on the basis of analysis of world
trends of industrial structural changes, concludes that their
main directions are connected with the development of
high-tech industries, the latest telecommunication
technologies and expansion assortment of services for
business and society [14, p. 30]; the authors' research is
devoted to the problem of structural transformation of
employment in Ukraine in the areas of economic activity
[15], it revealed significant negative deviations in the
structure of employment from the EU, which is explained
by the backwardness of the domestic economy by
technological indicators and ineffective state policy. In
the article of H. Miliutin it was found that the structural
changes in energy and electricity generation in Ukraine in
2000-2016 were low, with the most structural changes in
power and electricity output for the analyzed period
occurred in renewable energy sources, and a significant
negative structural change is in the production of

electricity at thermal power plants, which is explained by
outdated and power generation technologies [16].

In relation to the research of the sectoral model of the
development of the national economy in conditions of a
post-industrial society, we should highlight the work of
O. Kuzmin and O. Pyroh. They proposed an economic
and mathematical model that takes into account the
structural and technological requirements of the post-
industrial stage of the development of the world economy,
as well as predicted a sectoral model of the development
of the national economy for the long-term period to
achieve the level of development of the EU-27 and
Poland, according to which Ukraine should increase the
ratio of quaternary and quinary sectors in reducing the
primary and tertiary sectors [9].

Consequently, structural changes mean changes in the
sizes of the sectors of the national economy, as evidenced
by such macroeconomic indicators as the structure of
GDP and employment, the level of technological
productivity of the industry (the percentage of high-tech,
medium and low technological production), innovation of
the economy, etc.

However, despite such a powerful array of scientific
achievements in this regard, significant gaps in our
opinion, is the lack of modern techniques of reasonable
assessment of structural changes in the national economy
in that sectors that will allow Ukraine in the future to
move to a higher level of technological complexity and to
solve the problem of forming the labor market structure
that corresponds to the post-industrial stage of the national
economy.

Research methodology

The methodological basis for the assessment of the
structural changes in the national economy of Ukraine is
based on the rules of mathematical consistency, namely
the “golden ratio”, which allows to determine the “ideal”
structure and calculate its deviations. Such an approach is
proposed by a team of authors [17] and L. Sergeeva [5].
They indicate that deviations from the consistent structure
lead to the emergence of specific structural risks and crisis
phenomena. The author [5] determined by the consistent
structure of the economy, which characterized the post-
industrial stage, in the following proportion: services
sector (which dominates in the structure) — 62 %,
industrial sector — 24 %, agriculture — 14 %, which
determined the basic coefficients in the integrated index
of the assessment of the changes in the sectoral structure
of GDP by the three-sector model.

In the formalized form, according to the classical
approaches of the theory of post-industrial society and the
“golden ratio” rules, it has next form:

)

0,62-S

+

0,24-8,,|+

0,14-S§

SGDP Serv Agr

Scpp — valuation of integrated index (0 < Sgpp < 1);
Sserv — share of service sector in GDP;

Sma — share of industry in GDP;

S.gr — share of agricultural industry in GDP.

But, given the current state and trends in the
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development of world and national economies, scientists
also distinguish a five-sector model [4, 8-10]. Therefore
the detailed structure of the integrated index based on the
technological complexity and intensity of production,
using the rules of the “golden ratio” is proposed:

Scpp =10,24—S4.1+|0,14—(S42+S43)|+
+0,15—(Ss5.1+S5.21S53+S5.4)|+0,09—(S5.5+S5.6+55.7TS5.8) |+
+0,15-8,+]0.09-S85+]0,09-S) 1|+/0,05-S 5| )

where Sgpp value of integral index (0 < Sgpp <1).

Designation of sector quota in GDP:

S — agriculture, forestry and fisheries (S1.1), mining
and quarrying (S 2) — a sector related to the production of
raw materials for other industries;

S> — processing industry (S2.1), production and supply
of electricity, gas, steam and air conditioning (S22);
construction (S2.3) — industries that convert raw materials
into ready-to-use product (commodity);

S3 — water supply, sewage, waste management (S3.1);
wholesale and retail trade (S32); repair of motor vehicles
and motorcycles (53 3); transport, warehousing, postal and
courier activities (S3.4) — a part of the service sector that is
not related to the production and use of intellectual
capital;

Sy — information and telecommunications (Sa1);
financial and insurance activities (Ss2); real estate
transactions (Ss3) — a part of the service sector that
requires the provision of highly qualified specialists
capable of producing an intellectual product of high
quality;

Ss — professional, scientific and technical activities
(Ss.1); public administration and defense (Ss.); education
(S5.3); health care and social assistance (Ss.4) —a part of the
service sector Ss, which provides activities for the
production, processing and dissemination of knowledge;
administrative and support services (Sss); compulsory
social insurance (Ss¢); art, sports, entertainment and
recreation; (Ss 7) provision of other types of services (s s)
— a part of the service sector Ss, which performs functions
of supporting the activities of economic entities and
cultural and creative components of life and personality
development.

The visually detailed consistent structure of the index
highlights in Fig 1.

In determining the integrated index of the assessment
of changes in the sectoral structure of GDP, it should be
taken into account if this index Sgpp—1 indicates that the
structure of the sectors of the national economy does not
correlate with the consistent structure as much as possible,
and if Sgpp—0, then the structure is harmonious. The base
factors used in formula (2) have the following
justification: the service sector S4 consists of indicators of
economic  activity, such as information and
telecommunications, its share is 0,24 as the global
development of information and telecommunication
technologies is the basis for the emergence of new
communications, programs the processing of large
amounts of data, the means of human existence in society,
that is, there are qualitative changes in the structure of
needs and demand, having a non-material character -
recognition in society, self-realization of intellect the

intellectual and creative potential of the individual.
Regarding financial and insurance activities, as well as
real estate transactions, the share of the sectors (S42+S543)
is 0,14 because of the fact that with the development of
information and communication technologies, the process
of providing these services to a significant extent will
adopt an electronic form. For example, Estonia has a
powerful e-government system — e-tax department
(submission and control of tax and customs declarations),
e-notary (notary services, documentation, notary
accounts), e-depository (central securities register and
portfolio management of legal bodies and individuals);
e-pension (self-service of individuals: applications,
selection and management of funds, reporting), e-receipt
(the portal for communication with banks and sellers
only) [18].

[ Evaluation index of structu{al changes by sectors, S5 |
|9,24(.I§2+S3)|

0,15(S5,+

0,14(S,,+5S, )| H
( 4.2 43) +S5.2+S5.3+S5‘4)

ioa09(S5.5+Ss.s+S5,7*Ss.s)l

Fig. 1. Consistent structure of the integrated index of the
assessment of changes in the sectoral structure of GDP.

The share of the part of services of the fifth sector
(Ss5.11S521S53+S54) related to the knowledge economy is
0,15, because the ability of people to produce and learn
new technologies, to develop high-tech products and
services leads to new technological developments and
occupations. The other component of the sector
(85.5+S5.6+S5.7+S5.8) has a share 0,09, because, first of all,
the social structure of the economy of developed countries
of the EU acquires a social service that allows a person to
organize their leisure and protect it in society, and
secondly — the receiving of the qualitative diverse services
are not included in other sectors.

Relatively to industry, due to the high level of
technology development in material production, there is a
decrease in the resources needed to support its
functioning. That’s why the sector S, has a value 0,15.

In order to ensure its effective functioning, it is
necessary for the development of services related to the
development of science-intensive technologies, the latest
sources of energy, robotics, etc., as the needs of
companies have grown for high-quality business services
connected with the diverse and complex problems of their
restructuring and development.

Relatively to the utilities industry, trade, repair and
maintenance of vehicles, postal services Ss, its share is
0,09, as the development of these parts of economic
activities depends directly on the previous ones — the
Internet and commercial electronic platforms, the
application of artificial intelligence technologies for the
provision of certain types of utility and transport services.
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In the primary sector, agriculture have top priority S;
(share 0,09), which is associated with the problem of food
security, the development of molecular and
biotechnology, and the production of organic products, is
a priority for agriculture, which will ensure the ecological
and socially balanced development of the agro-industrial
complex. Due to the development of alternative energy
sources (green technologies, biofuels, wind energy, the
sun, etc.), as well as with the exhaustion of natural
resources, the share of extractive industry is decreasing,
which has led to the allocation of a weighting coefficient
of 0,05 to this sector.

Consequently, the proposed integrated index of the
assessment of the structural changes in the sectoral
structure of GDP, which is constructed in proportion to
the «golden ratio», allows state authorities, through the
calculation of deviations of individual objective
indicators, to determine strategic directions for the
development of promising sectors and creation of the

projected scenarios.

Research findings

In accordance with the methodology for the assessment of
the structural changes in the sectoral structure of GDP as
above, calculations of the integrated index of deviations
from the consistent structure for 2010-2017 in Ukraine
and the European Union (28 countries) were made. The
data of calculations of components of the index and their
dynamics changes are given in table 1.

Table 1. Data for calculating structural changes in the
economy of Ukraine and the EU (28 countries) over 2010-
2017.

Ukraine European Union

St | S | S| Sa | Ss | St | S| S5 Sa| S5
2010]0.011]0.068|0.167/0.221(0,026/0.117]0.082/0.081]0.165[0.118
2011/0.031]0.059)0.181{0,232]0.037/0.114/0.083|0.080[0.165/0.117
2012/0.018]0.061]0.162(0.225/0.017/0.115/0.079/0.079}0.163]0.119
2013]0.024{0.040[0.162(0,217]0.009/0.127|0.034/0.004/0.269/0.433
2014/0.034/0.049/0,157/0.219/0.021]0.1160.078]0.079/0.162/0.121
2015[0.058]0.045/0,157/0.22410.036/0.119]0.082|0.080[0.163]0.120
2016[0.063]0.054/0.149[0.231]0.035[0.120]0.084/0.079|0.165/0.121
201700.051(0.053[0.153]0.236/0.020{0.119(0.086/0.081/0.169[0.121
Source: calculated by the author according to [19-20]

Y ear

According to the methodology of the assessment of the
structural changes in the economy of the European Union,
a significant deviation of the integrated index in 2013
(Figure 2) should be noted, in our opinion it is due to the
debt crisis in the EU and the fact that this year the UK
announced its intention the exit from the European Union,
and in 2016 — the Brexit process began, which in the
opinion of G. Soros would lead both to the political and
economic crisis — the pound fell to its lowest level for
more than three decades, the financial markets entered the
period of turbulence, there was an outflow of capital and
labor from the real economy to the service sector. [21]

EUROPIAN UNION
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Fig. 2. Deviation of the integrated indexes for Ukraine and the
European Union countries over 2010-2017. Source: calculated
by the author according to [19-20]

For the structure of the national economy of Ukraine
there is a significant deviation of the components of the
integrated index S3 and S, over 2013-2017. Since S3 is the
service sector, not related to the production and usage of
intellectual capital (water supply, sewage, waste
management, etc.), it should be noted that for Ukraine its
state significantly deviates from the values of the index of
the ideal structure during the investigated period. Firstly
this is a outcome of the ineffective functioning and usage
of outdated technologies, equipment in the system of
centralized water supply and drainage, this industry needs
to be re-equipped and carried out of restoration works.
And secondly, such services as trade, move from classical
to e-business, and therefore require very different
resources (not shopping areas, but internet platforms, non-
sellers, and universal consultants (which can be replaced
by special programs in the future), as well as, for example,
logistics specialists — to develop the best routes for
delivering goods in order to reduce overheads, specialists
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in site development and product rendering, etc.). That is,
the prospect of the development of this service sector is
the diversification of the methods of providing services
using modern technologies.

The maximum deviations of the structure in Ukraine
over 2010-2017 are also observed in the sector S4, which
indicates that the domestic economy needs the provision
of this sector by highly skilled specialists capable of
producing an intellectual product of high quality — that is,
there is a demand for specialists of certain specialties, and
a training institute such personnel practically does not
take into account the future needs of the market, releasing
specialists, the demand for which will be practically
absent in the future. That is, the higher education works
with the “lag” from the needs of the post-industrial
economy. It should be noted that for the European Union,
sectoral deviations for S; are significant during the
research period as compared to others, also there is a
similar tendency for these industries to attract additional
investment and regulatory influence from the state (EU
governing bodies) for their development. The smallest
deviations of the integrated index for the EU countries
illustrate S> and S5 (0,0179-0,081), which are the
reflection of effective measures to develop high-tech and
green technologies, artificial intelligence and other high-
tech industries. Regarding the Ukrainian economy, the
primary sector is the least deviation, due to the inertial
effects of the sectoral structure, as well as the sector Ss
whose development is provided with high scientific and
technical potential of Ukraine.

According to the formula (2) authors calculated the
integrated index Sgpp for the economies of Ukraine and
countries of the European Union (Fig. 3, 4).

Deviation from the structure (Ukraine)
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0,370 0367

0,365 0,368 0,367

0,360 0,359
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0,355 0,356 05354

0,350

0,345

0,340
2010 2011 2012 2013 2014 2015 2016 2017

Sgdp 0,367 0,356 0,368 0,374 0,367 0,357 0,354 0,359

Fig. 3. Integrated index Scpp of Ukraine.

The calculations of the integrated index of the
assessment of structural changes in the sectoral structure
of GDP showed that in 2011 the Ukrainian economy was
negatively affected by the cyclical economic downturn
among the countries of the EU, with which Ukraine is tied
to close economic ties. In 2013, both in Ukraine and in the
EU countries there are significant changes in the structure
of GDP, indicating the onset of crisis phenomena, which
led to a sharp decline in production and redistribution of
capital in the service sector. In other years, the structure
of GDP in the EU countries illustrates a steady dynamic,
indicating a balanced and gradual policy of the European
Union regarding the sectoral development inherent in the

post-industrial economy. In the Ukrainian economy, the
process of transformation from the industrial stage to the
post-industrial is at an initial phase, so there are
significant deviations from the consistent structure in
almost all selected sectors.

0,560 Deviation from the structure (EU)
0,540 0,337

0,520
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0460 0455 0455 F° 0.458 0,457 08585

0,440
0,420

0,400
2010 2011 2012 2013 2014 2015 2016 2017

Sgdp 0,455 0,455 0,456 0,537 0,458 0,457 0,457 0,455
Fig. 4. Integrated index Scpp of the European Union.

The reasons for the inhibition of this process are the
prevalence of low-level technologies in the industry,
unfavorable investment climate, political and debt crises,
lack of effective policies for the development of medium
and small businesses, inconsistencies in labor supply with
producer needs, lack of sound public policies and
development strategies for certain industries, etc.

Conclusions

The calculations of the integrated index of the assessment
of structural changes in the sectoral structure of GDP,
which are constructed in proportion to the “golden ratio”,
and its deviations over a certain period, demonstrate the
crisis phenomena that took place in the economic systems
of Ukraine and the EU countries at certain period. The
trend of structural transformations in the Ukrainian
economy indicates a gradual transition from the industrial
stage of production to the post-industrial, which in turn
leads to a change in the quality of capital and labor. The
calculation of the degree of approximation of the existing
sectoral structure of GDP to the ideal allows to develop
effective scenarios for the development of the national
economy firstly, and secondly, to neutralize the negative
impact of crisis phenomena and reduce their
consequences for the economy and society.

Also, the proposed approach to the assessment of the
structural changes in the economy allows the state
authorities to determine the strategic directions of
development of certain sectors of the economy and to
develop projected scenarios by the calculation of the
deviations of the individual objective indicators of the
integrated index of the assessment of structural changes in
the sectoral structure of GDP.
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Abstract. The article elaborates upon development trends in the economy of Ukraine taking into account
structural shifts. Herewith it is proposed a stagewise procedure for the analysis of development trends of the
country’s economy taking into account structural changes in industry and employment by sectors of
economic activity. The authors present an indicator of structural shifts and evaluate efficiency of structural
changes in the Ukrainian economy. In general, the structural shifts efficiency estimation shows that they are
not effective in the Ukrainian economy, as the share of the services sector is increasing, while the
productivity is growing more rapidly in the industry. The use of the presented analysis procedure will allow
enhance efficiency of the strategies formulation of the country’s economic development.

1 Introduction

Country’s economy is a complex economic system
(CES), which comprises interrelated elements with their
own characteristics and exists for a certain purpose.
There are ordered and established relations between the
CES elements [1]. Since the CES functions within a time
interval, then in the course of time it survives changes
affected by the global economy’s development, i.e. the
economy change from industrial to postindustrial one
leads to the change in the development priorities. A
commonly recognized in the global economy is the
division of economic activities into industry, agriculture,
and services.

Economic activity is heterogeneous in its essence, for
example, an implementation of modern technologies in
manufacturing can increase the efficiency of production
by reducing material costs. In construction, the use of
modern technology can reduce the cost of the building
and time for its development. Further, modern
technologies implementation into the services sector will
also lead to enhanced activity efficiency, but, for
instance, by reducing the time of service provision.

Dynamics of the Ukrainian gross domestic product
(GDP) structure by sectors of economic activity for the
period from 2001 to 2017 is presented in Fig. 1.

According to the State Statistics Service of Ukraine
[2], in 2001 industry (mining, processing industry,
electricity, gas, water, construction) amounted to 33,7%
of GDP, services sector — 50,6%, agriculture — 15,7%. In
2017, the Ukrainian GDP structure by sectors of
economic activity changed, the share of services
increased by 9,7%, the share of industry decreased by

i Corresponding author: olenamak(@gmail.com

6%, and the share of agriculture decreased by 3,6% as
well. Consequently, in the period from 2001 to 2017,
structural changes took place in the Ukrainian economy:
the share of productive industry decreased, and the non-
productive increased.
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Fig. 1. Dynamics of the GDP structure by sectors of economic
activity in Ukraine [2].

The same structural changes took place in other
countries. Thus, in 2012, the share of agriculture in the
Germany’s GDP amounted to 0,87%, industry — 26,15%,
services — 72,98%. In 2018, the share of agriculture in
the GDP of Germany was 0,75%, industry — 25,8%,
services — 73,45% [3]. In comparison with Germany the
structural shifts in the Ukrainian economy demonstrate
higher rates. However, the analysis of the dynamics of
the structure of world GDP shows that this structure is

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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stable and almost unchanged, for example, in 2009, in
the structure of world GDP, the share of services ranged
from 63,4%, industry — 30,6%, agriculture — 6 %. In
2017, the share of services was 63,6%, industry — 30%,
agriculture — 6,4% [4].

According to the studies by O. Memedovik [5], the
services sector has already started dominating in 1970
and accounted for 52% of world production, and in 2005
it reached 68%, the share of agriculture was 10% in
1970, in 2005 — 3,6%, the share of industry decreased
from 38% to 29%. Consequently, structural changes in
the global economy were subject to changes in the global
economic development towards accelerated development
of services.

The CES structure is the most inertial of its
component. Researching the economic system structure
change, that is, structural economic shifts, is an
important scientific and empirical task, since the
structure of a country's economy determines direction
and efficiency of its development. Economy
development trends evaluation based on the analysis of
structural shifts should be carried out with the help of the
methods of economic and mathematical modeling.

2 Analysis of the latest researches and
publications

Structural changes in the economy have been studied by
many researchers. With the change in economic
structure, priority directions of the study of structural
changes also changed. A. Smith believed that the level of
economic development determines the structure of the
economy. D. Ricardo considered that the required
condition for the economy growth was the structural
change of the manufacturing system. Structural changes
in time, taking into account the importance of the various
sectors, were researched by N. Chenery, M. Syrquin [6],
Over time, the structure of the economy changes due to,
for example, scientific and technological progress, which
causes changes in production technology, which, in turn,
affects the structure of employment and the structure of
production in the spheres of economic activity. In
addition, structural changes are also influenced by
natural factors and urban processes (urbanization
process). Thus, the presence of favorable natural
resources allows us to develop those spheres of
economic activity that use them: agriculture, industry.

A significant theoretical and practical contribution to
the study of structural shifts in economic systems of
various levels belongs to such scientists as V. Heyets [7],
V. Galitsyn, V. Masliy, V. Ryabtsev, L. Serhieieva,
V. Smal [8], and A Chukhno [9] and others. Despite the
large number of scientific achievements, the issue of
analyzing the trends in the development of the Ukrainian
economy has not been highlighted properly, which
makes this study significant.

The study of the structure of the country's economy,
structural ~ shifts and structural and functional
relationships are based on the use of the structural
analysis method. According to the definition of

academician V. Heyets “the subject of the structural
analysis is the identification and explanation of the most
significant internal elements, as well as their functional
purposes in the context of the object studied, with the
aim to model and then forecast development as the
resultant  action of  fundamentally  structural
elements” [7]. The structural analysis allows to identify
trends of the CES structure changes. The task of the CES
structural analysis, namely the country's economy as a
whole, is to determine the reasons for the system
behavior, based on evaluation of the effectiveness of
structural changes. By structural shifts we mean the
change in the structure of the economic system in
dynamics.

Despite a significant amount of research on the
analysis of structural changes in the country's economy,
estimation of trends in economic development based on
the analysis of structural changes is not sufficiently
considered in the scientific literature, which makes this
research significant.

The purpose of the article is to study the development
trends of the economy of Ukraine, taking into account
the structural changes, and define indicators of the
structural shifts.

3 Presentation of basic material of the
research

The analysis of structural shifts in the economy of
Ukraine is proposed to be carried out in several stages
(Fig. 2).

In the first stage of the economic system structural
shifts analysis, it is necessary, depending on the research
purpose, select the system elements. Then define the list
of economic parameters for the selected elements, which
characterize them and analyze the dynamic of their
change.

In the second stage, the analysis of structural changes
is carried out, the interrelations between the selected
indicators are determined.

In the third stage of the analysis of structural changes
in a complex economic system, an estimation of the
effectiveness of structural changes in terms of the impact
on the performance of economic activities sectors is
carried out.

The fourth stage focuses on structural changes
forecast. When forecasting structural indicators of the
development of the CES, it is advisable to apply the
forecasting method proposed by Serhieieva [10] which is
based on the related socioeconomic parameters.

The procedure for the CES structural shifts analysis
procedure has been applied to analyze the structural
changes the Ukrainian economy.

For the analysis, statistical data for the period from
2001 to 2017 [2] were used. As mentioned above,
economic sectors are selected as elements of the system:
industry, agriculture, and services. GDP by type of
economic activity in actual prices and the number of
employees in the relevant field of activity are selected as
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economic indicators characterizing the elements of the
system.

STAGE 1 - setting of the list of
Selection of [\ | economic parameters
clements of the characterizing the elements of
economic the system;
system [ |—dynamics analysis of the
selected parameters.
STAGE2 | | —identification of the
Analysis of relationships between
structural parameters selected.
shifts L
STAGE 3 —selection of structural
Structural shifts shifts indicator;
efficiency — structural shifts efficiency
estimation evaluation.
STAGE4 [—— | —building a forecast of
Forecast of structural changes;
structural —forecast of the CES
shifts L /| structure change.

Fig. 2. Stages of the CES structural shifts analysis.

Dynamics of the GDP change in actual prices is
presented in Fig. 3.
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Fig. 3. Ukrainian GDP dynamics by type of economic activity
in actual prices between 2001 and 2017 [2].

Thus, the dynamics of GDP change in the actual
prices by sectors of economic activity is described by an
exponential dependence on time and is as follows:

— agriculture:

Y(agrc),=18921¢%1%6 )
— industry:

Y(ind)=65267¢%137! 2)
— services:

Y(5)=96866¢"166 3)

The analysis of the model parameters (1)-(3)
confirms that rate of the GDP change is different for
each sector: the services sector shows the highest growth
rate, which proves its accelerated development. The
agriculture sector demonstrates the lowest rate, which
stands for rigidities.

The dynamics of employment rate change within
sectors of economic activity is represented in Fig.4.
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Fig. 4. Dynamics of employment by sectors in Ukraine
between 2001-2007 [11].

Thus, the dynamics of changes in the number of
employed persons by the sectors of economic activities
is described by a parabolic dependence on time and is as
follows:

— agriculture:

N(agrc)=-38,042+658,7t+9632  (4)
— industry:

N(ind)=-9,24£+27,17t+5112 5)
— services:

N(s)=2,712£2-134,5t+4392 6)

The number of persons employed by the sectors of
economic activities in Ukraine tends to decline, which is
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due to the decrease in the number of people in Ukraine
during the period under study. However, the analysis of
the models (4) - (6) extremum led to the conclusion that:
—in the agriculture sector for the model (4) #,,=24,8
which corresponds to the period between 2024 and 2025,
that is, in the case of unchanged current trends before the
specified period, there will be the reduction in
employment, which will be followed by the growth;

—in the industry sector for the model (5) #uuw=1,47,
which corresponds to the period between 2001 and 2002,
the growth was observed before the specified period,
which was followed by the reduction in employment;
—in the services sector for the model (6) #,,=8,66,
which corresponds to the period between 2008. and
2009, the growth was observed before the specified
period, which was followed by the reduction in
employment.

In the second stage of the analysis of the CES
structural changes, the interrelations between the
selected parameters are determined.

The linear regression models are built to analyze
impact of the number of employed people on the GDP
volume:

— agriculture:

Y(agre)=647960,3-156,51N(agrc); @)
R*=0,65, Feac=2791.
— industry:

Y(ind),=122916-217,08 N(ind), ®)
R*=0,86, Feuc =89,81.
— services:

Y(s)=2150274-135,44N(s), )
R*=0,09, Feac =1,42.

The models (7), (8) are qualitative and statistically
significant with a probability of 95%. The analysis of
model parameters shows that the growth of the number
of people employed in agriculture and industry leads to a
reduction in production volumes, such a situation in
these sectors is explained by the low production
efficiency. In the services sector, this trend is not
confirmed, since the model (9) is statistically
insignificant

In the third stage, an indicator of structural shifts at
the beginning and end of the analyzed period is
estimated for the analysis of the efficiency of the
structural shifts in the Ukrainian economy and the
efficiency of the structural shifts is determined.

Thus, the authors use a “conditional sector
productivity” parameter as an indicator of the shifts,
which is determined by the ratio of the GDP share in the
corresponding sector to the share of the population
employed in this sector, that is:

YP(i)=dY(i)/dN(i), (10)

where YP(i), is a conditional productivity of i-sector of
economic activity (i=1...K, K - number of sectors of
economic activity) during period ¢, dY(i); - the share of i-
sector of economic activity in the country’s GDP during
period ¢, dN(i), - the share of the employed population in
the i-sector of economic activity during period ¢.

If:
— YP(i)<1, then labor force is used inefficiently in the i-
sector of economic activity;
— YP(i)~1, then labor force is used with the unity
efficiency in the i-sector of economic activity;
— YP(i)#>1, then labor force is used efficiently in the i-
sector of economic activity.

At each period of time ¢ the following correlations
will be performed:

2dY(i)=1 (11)
S dN(i)=1 (12)

The structural shifts shall be considered efficient if,
in the structure of the economy during the analyzed
period, the share of such a sector of economic activity
increases, the conditional productivity of which grows at
the most rapid rates.

The results of estimation of the conditional
productivity parameter by sectors of economic activity in
Ukraine are given in Table 1.

Table 1. Conditional productivity by sectors of economic
activity in Ukraine.

Sector of economic activity 2001

Agriculture YP(agrc)2001=0,16/0,21=0,76

Industry YP(ind)2001=0,34/0,26=1,3

Services YP(5)2001=0,5/0,53=0,94
2017

Agriculture YP(agrc)2017=0,12/0,18=0,65

Industry YP(ind)2017=0,27/0,193=1,4

Services YP(5)2017=0,6/0,63=0,95

Deviation

Agriculture -0,11

Industry +0,10

Services +0,01

Analyzing the data given in Table 1 the authors have
come to the conclusion that the share of the Ukrainian
economy in agriculture and industry is decreasing both
in the GDP and the total number of the employed people.
However, if the conditional productivity in the industry
sector has increased over time, it has decreased in the
agriculture, which may indicate an ineffective use of the
labor force, and if the current trends persist for an
extended term, this type of activity may disappear.

As for the services sector, we can assume that the
effective structural changes are taking place in this field
of activity, but the conditional productivity has not
reached unity.

In general, the structural shifts efficiency estimation
shows that they are not effective in the Ukrainian
economy, as the share of the services sector is
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increasing, while the productivity is growing more
rapidly in the industry.

After the structural shifts efficiency estimation, we
proceed to the fourth stage of the analysis, i.e. a
structural changes forecast.

The forecast of the CES structural changes is carried
out in several steps:

— building the forecast for certain structural economic
parameters of the CES development, ie. d¥(i), and
dN(i);

— building the forecast of the CES structure change.

Any socio-economic parameter has both structural
and dynamic characteristics. When forecasting and
putting them into the link equation, there is a violation of
equality, that is, error forecasts. Since when forecasting
the structural parapeters of the CES development, there
is a violation of the relationship equations (11)-(12), it is
advisable to use a forecasting method based on related
socio-economic parameters. The essence of this method
is that the deviation of the forecast is distributed between
the components. Due to this distribution, the forecast of
the resulting parameter is corrected.

So, the forecast of the shares in the country's GDP by
economic activity has been carried out.

The dynamics of the agriculture share in the country's
GDP is presented in Fig. 5.
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Fig. 5. The dynamics of the agriculture share in the country's
GDP.

The analysis of the dynamics of the agriculture share
in the country's GDP suggests that during the period of
the study the trend changed twice, so, the forecast is
carried out on the basis of a linear trend model, built on
the last three parameters. The following model is
obtained:

A(Yagre (1))=30,41-1,07¢ (13)

The forecast for the agriculture share in the country's
GDP for the next year is 11,23%.

The dynamics of the industry share in the country's
GDP is presented in Fig. 6.

The analysis of the dynamics of the industry share in
the country's GDP indicates a decrease in the share. The
trend of this change is described by a linear dependence:

d(Yid(1))=35,67-0,59 (14)
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Fig. 6. The dynamics of the industry share in the country's
GDP.

The forecast value of the share of industry in the
country’s GDP for the next year is 25,14%.

The dynamics of the services share in the country's
GDP is presented in Fig. 7.
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Fig. 7. The dynamics of the services share in the country's
GDP.

The services sector share in the country's GDP
increases yearly. The trend of this change is described by
the linear model:

d(Y,(1))=53,45+0,6t (15)

The forecast value of the services share sector in the
country’s GDP is 64,29%.

The sum of the forecast values of the shares of the
sectors of economic activity is 100,65%, thus the
forecast error is 0,65%. The discrepancy is distributed,
taking into account the coefficient of determination
(quality coefficient) of the linear models (13)-(15).
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Taking into account such considerations: the most
prognostic value is corrected for the sphere of economic
activity, which has a trend model with the least
determination coefficient.

After the distribution of the discrepancy, the
following prediction values are obtained:

— the agriculture — 11,05 %;
— the industry — 24,98 %j;
— the services — 63,97 %.

The essence of this method is that a forecast
deviation is distributed and corrected the forecast of the
resulting indicator, as well as the functions of its
structural indicator.

4 Conclusions resulting from the study

The analysis of the trends in the development of the
Ukrainian economy has led to the conclusion that there
is a redistribution of the share of production and the
share of people employed between the sectors of
economic activity.

This work proposes a stagewise procedure for
analyzing trends in the development of the country’s
economy, taking into account the structural changes. The
indicator of structural shifts is proposed and the
effectiveness of structural changes in the economy of
Ukraine is determined. The structural shifts in the
economy of Ukraine can not be considered effective,
since the share of the services sector is growing, and the
productivity in this field of activity has not even reached
unity, but in the industry sector, the productivity is
growing rapidly, and the share of this sector of economic
activity is declining. Using the method of related
socioeconomic indicators, the forecast of structural shifts
in the Ukrainian economy for the next period is built.

The use of the proposed analysis procedure will
improve the efficiency of the process of strategies
elaboration of the country's economic development. The
prospect of further research is to build a forecast of
structural changes in the economy of Ukraine.

References

1. Serhieieva, L. N. (ed): Modeling of the structure of
viable socio-economic systems. KPU, Zaporizhzhia
(2009)

2. Production and distribution of gross domestic
product by economic activity.
http://www.ukrstat.gov.ua (2019). Accessed 12 Feb
2019

3. National accounts, domestic product.
https://www.destatis.de/EN/FactsFigures/National Ec
onomyEnvironment/National Accounts/NationalAcc
ounts.html (2018). Accessed 10 Feb 2019

4. The World Factbook.
https://www.cia.gov/library/publications/the-world-
factbook/ Accessed 8 Jan 2019

5. Structural Change in the World Economy: Main
Features and Trends.

10.

11.

https://www.researchgate.net/publication/26354317
0(2009). Accessed 5 Feb 2019

Chenery, H., Robinson, S., Syrquin, M.:
Industrialization and growth, A Comparative Study.
Oxfrod University Press, Oxfrod (1986)

Heyets, V.M, Semynozhenko, V.P., Kvasnyuk,
B.Ye. (ed.): Strategic Challenges of the 21st Century
for Ukrainian Society and Economy, vol. 3.
Phoenix, Kyiv (2007)

Smal, V.V.: Tertiarisation of Ukraine economy:
comparison with European Union countries.
http://www.irbis-nbuv.gov.ua/cgi-
bin/irbis_nbuv/cgiirbis_64.exe?121 DBN=LINK &P2
IDBN=UJRN&Z211D=&S21REF=10&S21CNR=2
0&S21STN=1&S21FMT=ASP_meta&C21COM=S
&2 S21P03=FILA=&2 S21STR=gt 2011 13 41
(2018). Accessed 21 Dec 2018

Chukhno, A. A.: Postindustrial economy: theory,
practice and their significance for Ukraine. Logos,
Kyiv (2003)

Knyshenko, T. (ed): Forecasting related socio-

economic indicators. State and regions. 2, 52-59
(2012)

Number of persons employed by the type of
economic activity. http://www.ukrstat.gov.ua
(2018). Accessed 12 Feb 2019



SHS Web of Conferences 65, 04004 (2019)
M3E2 2019

https://doi.org/10.1051/shsconf/20196504004
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Abstract. Ukraine has a relative drawback in the economic defense capabilities, which needs to be
addressed by raising the indicators of macroeconomic development, innovation, and economic potential,
social health of the population of the state, and the support of the Armed Forces of Ukraine, by the state.
The estimation of the defense capability of states like Ukraine, Poland, Russia and Turkey is made on the
basis of the developed methodological approach to the overall representation of the health of the economies
of the states and their defense capabilities using the method of constructing petal diagrams with the
definition of their effective areas, which became indicators of economic status and defense capability. The
article analyses the dependence of the development level of the countries’ economies and the state of
development of the armed forces of these countries in the conditions of resource constraints and existing
risks on the basis of macroeconomic data and indicators. This article uses the indicators for the
determination of the level of defense capability and the data of petal diagrams and the scenario modeling of
the development strategies of the Armed Forces of Ukraine with the aim of constructing the most optimal

forecast in this area.

1 Introduction

Ukraine as a State has been suffering from specific
political, economic and military oppression from various
states throughout its entire existence — from ancient
times to the present day. Whether it was its geographical
location as the center of Europe or ineffective leadership,
Ukraine was always forced to defend its legitimate
interests, territorial integrity and independence. Under
such conditions, the Armed Forces of Ukraine (the AFU)
serve as a key element in the protection of territorial
integrity and inviolability of Ukraine, which is entrusted
to them by the Constitution of Ukraine.

There is a relative gap in the economic provision of
defense capacity in Ukraine. This issue is decided to be
solved by the State thought the increase of indicators of
macroeconomic  development of the innovative
economic strength, social health of the population and
the support of the Armed Forces.

The end of the second decade of the 21st century on
the world map was marked by significant military
conflicts between states, in which a militarily stronger
state usually neglected interests of adjacent states.
Firstly, this is related to Russia with respect to such
states as Georgia, Moldova, and Ukraine. Processes on
the Balkan axis are still fresh wounds from the
gunpowder feeling and not quite a healthy environment
for economic development. The Syrian conflict amid the

: Corresponding author: vprhnp76@gmail.com

movement of the states in this region towards European
markets is related to the economic interests of Russia.

Officially this issue affects every state, although
those economies that are under the aegis of NATO
(Turkey) or Russia (Belarus, Armenia, etc.) find
themselves in a more comfortable position in terms of
protection. In this context, Ukraine may rely on its own
economic strength that is going through the difficult
economic situation for the time being. However, there is
its own model of finding a way out of the difficult
situation and its own driving force able to bring the
country into the worldwide level.

State-to-state relations and ties are disturbances in
the model of the Armed Forces development strategy
based on domestic economic opportunities and invasion
from aggressor states that should be formalized by the
projected influences on national security.

2 Analysis of recent research

The issues of the strategic behavior development of the
armed forces have been recently given considerable
attention at the world level. This is related primarily to a
new spin in the arms race as well as political and
economic instability in the world. Therefore, it is
important for every state to have the armed forces
development strategy based on domestic economic
opportunities and invasion from aggressor states. With

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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respect to Ukraine researches and papers of V. Horbulin
and A. Kachynskyi deal with the issues of the national
security strategic forecasting [1, 3]. The papers of
V. Bohdanovych, A. Semenchenko also deal with
national security enforcement through the formalization
of strategic planning in the area of public administration.
[2]. In this context the research notes by O. Reznikova
and V. Tsiukalo [4, 5] draws attention. Charles J. Hitch
outlined the list of the most relevant decisions made with
a focus on security and defense [6]. The defense reform
algorithm as a way from the form to content [7] was
suggested by A. Hrytsenko in 2006.

However, it should be noted that most of the
scientific researches in this area do not usually
emphasize the study of the economic and military
situation of neighboring states and its development, thus
resulting in the unreasonable vision being received on
the Armed Forces of Ukraine development strategy as,
for example, Ukraine’s ability to defend itself.

The question is whether Ukraine is able to reliably
defend itself in economic and military terms and which
strategy of the AFU development should be chosen
based on domestic economic opportunities and invasion
from aggressor states. We will try to find the answers in
this article.

The purpose of the research is the design of the AFU
development strategy based on domestic economic
opportunities and invasion from aggressor states.

3 Presentation of the basic research

The arms race is the most difficult phase for the
economy of any state. This is practically a test of the
economic development level for its focus on innovation
and competitive ability not only in the defense capacity
area but also in the areas shaping the capacity of the
economy. The question is, where funding will come
from for its own innovative product, or where to borrow
money from the available sources in such a way not to
worsen the economic health of the state.

In order to design the AFU development strategy
based on domestic economic opportunities let us
consider the most common indexes and indicators of the
State’s economic status directly related to the economy
capacity and relatively affecting the level of security and
defense capacity. To this end let us use statistical data of
the economies of the most powerful four states
neighboring Ukraine: Ukraine, Poland, Russia, and
Turkey. Summary statistics are given in Table 1.

Figure 1 shows a petal diagram with indicators of
macroeconomic development, economic potential, social
health of the population and support provided to the
AFU by the state: Ukraine, Poland, Russia, Turkey, with
the areas as the primary characteristic of the State’s
possibilities to ensure the defense capacity.

In order to get the indicators of economic and
military security of the State, it is reasonable to refer to
the findings of their estimation by Global Firepower
Index, Military Capacity Index and Credit Suisse
Institute index and to conduct a comparative analysis of
them. The suggested Military Capacity Index built on

indicators supplementing other world-famous indexes is
focused on covering indicators that characterize the
State’s ability to restore the defense capacity, Table. 2.
Data on indicators of economic and military security of
the State are given in Table 3.

Table 1. Data on indicators and indicators of macroeconomic
development of states [11-13].

Indicator Title | Ukraine

Poland | Russia | Turkey
GDP, billion
USD 109.32 524.89 |4.007.83| 849.48

Import / Export, | 62386M/ | 261841M/ | 326.9B/ |214637M/
USD 53776M | 283749M | 411B | 189714M

Exports of goods
and services in % | 49.3 52.3 26.5 22
of GDP

Added value in
the
manufacturing
industry in the
current rate of
price growth, %

3.6 43 13.7 3.8

Household
consumption
expenditure in %
of GDP

65.3 58.5 53.09 59.8

Gross capital
accumulation in 20.4 -7.9 -1.8 29.3
% of GDP

Market
capitalization of
companies in %

of GDP

+15.7 38.4 39.5 26.7

GDP per capita,

USD 2583 13823

10.608 10.512

Government’s net

debt in % of GDP 75.6 514 17.4 22.7

Net outflow of
foreign direct
investment in %
of GDP

0.2 0.8 2.4 0.3

Net inflow of
foreign direct
investment in %
of GDP

2.2 1.2 1.8 1.3

Total production
of primary energy| 2.3 23 55.9 1.2
quadrillion Btu

Consumption of
primary energy 34 3.9 29.6 5.7
quadrillion Btu

Net energy
imports as a share| 27.2 28.5 -83.7 75.2
of energy use, %

Thus, according to the Table 3, Ukraine has some
challenges with border protection with respect to its
neighboring states, as evidenced by the bottom positions
of the State by practically three indexes.

The question that has to be answered is which
scenario of the defense capacity development should be
chosen to improve the security against possible
aggression from the potential aggressor states. When it
comes to Russia, there is a special relationship here, as
since 2014 the northern neighbor has started to invade
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the territories of Ukraine and in fact is considered to be
the greatest threat to the defense capacity of the State.
From this perspective we consider several scenarios of
strategic axes of defending Ukraine to satisfy the wish of
the State to become an independent country. To this end
the fundamental characteristics of the AFU development
to be singled out and strategies of the defense capacity of
the State to be selected based on them. The most

GDP, billion US dollars
Import / Export, US

Net energy imports as a 1

share of energy use 0.8
Consumption of
primary energy

0.6

Primary energy
production

Net inflow of direct
foreign investments..

Net outflow of foreign
direct investment in%...

Government's net debt
in% of GDP

favorable indicators and characteristics able to ensure
military changes should include the following:
improvement of knowledge, skills and experience in
military affairs; increase of defense and security
expenditures; increase in number of military personnel;
growth of bank credit for the defense industry complex
development; budgeting for the defense industry
complex development; assistance of NATO states.

dollars

Exports of goods and
services in% of GDP

AC in the

manufacturing... =~ Ukraine
~i—Poland
AC ir? th? Russia
manufacturing industry
== Turkey

Household
consumption...

Gross capital

p accumulationin% of...
GDP per capita, US[L——" Market capnfé'luzaguon of

companies in% of GDP

Fig. 1. The petal diagram of macroeconomic development of states: Ukraine, Poland, Russia and Turkey.

Considering the previous indicators that are laid
down in the indicators defining the level of defense
capacity and clearly characterize the military potential of
the State, we will focus on four feasible strategies of the
AFU development: reliance on the Land Forces, Air
Forces under the progressive development of other
branches; reliance on submarines, aircraft carriers and
artillery under the progressive development of other
branches; reliance on NATO under the progressive
development of other branches; reliance on nuclear
weapons under the progressive development of other
branches. Table 4 shows the possible proportions of
ensuring the development strategies of the Armed Forces
that derive from strategic defense development programs
for 2010-2025 and a survey of experts who are
considering probable economic and political situations of
its provision. Their modeling scenarios are not limited to
the given data. Their modeling scenarios are not limited
to the given data. The preliminary graphic data analysis
results in a major trend in the AFU development which
primarily depends on the increase of knowledge, skills
and experience in military affairs and increase of defense
and security expenditures. Although such indicators as
the increase in number of military personnel, growth of
bank credit for the defense industry complex
development, budgeting for the defense industry
complex development, assistance of NATO states are
essential factors that, to some extent, shape any strategy
of the AFU development ensuring the progressive
development of other branches.

Considering that Table 3 presents the minimum
values of the development indicators of the Armed
Forces of Ukraine, the best development strategy can be
chosen based on the diagram of petals by the criterion
indicating that dependence on submarines, aircraft
carriers and artillery in the conditions of progressive
development of other industries is optimal, Table 5.

Now let us make a neural network based on the
presentation of the multi-layered perceptron structure to
compare the results of the AFU development strategies
by the two methods, Figure 2-3. First of all, let us form a
matrix out of the known input indexes, then normalize
and establish boundary parameters for the evaluation of
strategies [10].

In Fig. 2 shows the notation: x= {x', x% ..., x5} -
parameters for the evaluation of strategies; the activation
function w(Y) of the i-layer neuron; w; — synaptic
weights.

The mentioned indicators and their variations reflect
the selection of possible AFU strategies on a reasonable
basis:

1. Strategy — coefficients options are lower by the
midpoint of the range — Reliance on NATO;

2. Strategy — coefficients options are mixed
exceeding the midpoint of the range — Reliance on
submarines, aircraft carriers, and artillery;

3. Strategy — coefficients options approach the
maximum point of the range — Reliance on Missile
Forces, Air Defense;
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As target indicators, the boundary characteristics of
these three indicators for each strategy are selected
separately. The run of the neural network is three times,
where the convolution for each strategy serves as a good
indicator. A comparison of performance indicators
makes it possible to assess the prioritization of strategies.

Table 2. The economic condition of the State’s defense
capacity by MCIL.

Table 3. The rating of the states according to the Global
Firepower Index, according to the Military Capacity Index and
the Credit Suisse Institute Index.

Indicator Title | Ukraine | Poland | Russia | Turkey

GDP, USD billion | 109.32 | 524.89 | 4007.83 | 849.48

Military |Priority| Global |Priority| Index Iglotrﬁtey

States |Capacity | by the |Firepower| by the | Credit C};e dit
Index MCI Index GFI |Suisse, .

Suisse
Ukraine | 0.96 3 0,5363 4 30 4
Poland | 0.70 4 0,4276 3 17 3
Russia 1.93 1 0,0841 1 2 1
Turkey | 1.17 2 0,2216 2 10 2

Resources (dollars)
for the defense and
security and their
percent of GDP

3.648M 10B 631B 18.19B

Table 4. AFU development strategies

Arms Import / 18M/ 197B/ 34M/ 410B/
Export, in USD 240M 3M 6.148B | 244M

Export of goods and
services, in % of 49.3 52.3 26.5 22
GDP

The share of high-
technology products| 7.3 8.5 10.7 2
export, %

R&D expenditure
as a share of GDP, 0.6 1 1.1 1
%

Education
expenditures, in % 5.87 491 3.8 4.4
of GDP

Strategies

Improvement of knowledge, skills and
experience
Defense and security expenditures

Increase in number of military personnel
Growth of bank credit for the defense
industry complex development
Budgeting for the defense industry

complex development
Assistance of NATO states

Gross fixed capital
formation , in % of | 20.4 -7.9 -1.8 29.3
GDP

Reliance on the Land

Market
capitalization of

companies, in % of +15.7 38.4 39.5 26.7

Forces, Air Forces, % 50.0{70.0{30.0( 40.0 | 75.0 {22.50
Reliance on submarines,
aircraft carriers and 90.0 {80.0|40.0{ 50.0 | 70.0 |45.00
artillery, %
Reliance on NATO, % 55.0140.0{15.0{ 30.0 | 50.0 {38.50
Reliance on nuclear | 5 g5 0120.0| 50.0 | 70.0 | 8.50

weapons, %

Table 5. Criterion for the selection of the best AFU
development scenario.

AFU development strategies

Selection of the
optimal scenario

Reliance on submarines, aircraft

GDP
GDP per capita,
USD 2583 13823 10.608 | 10.512
Global Firepower | 5363 | 04276 | 0.0841 | 02216
Index
Total strength of
military personnel, 18%1(\)/?0/ 184650 | 3586128 | 710565
people
World
Competitiveness 4.11 4.59 4.64 4.42
Index
Human
Development 0.74 0.86 0.80 0.77
Index, score
Missile launcher, 625 240 3816 418

pieces

. . 1.002
carriers and artillery
Reliance on the Land Forces, Air
1.275
Forces
Reliance on NATO 1.071
Reliance on nuclear weapons 0.796

Battle tank, pieces 2214 1.065 20300 2446

Armored vehicle, | oo | 960 | 27400 | 9031

pieces
Artillery arm, | o901 | 515 | 6436 | 1980
pieces
Alrcra.ft carrier, 0 0 1 0
pieces
Frigate, pieces 1 2 9 16
Corvette, pieces 1 2 78 10
Submarine, pieces 0 4 62 12
Aireraft total 240 466 | 3914/818 | 1056
number
Helicopter total 94 27 | 1451511 | 475

number

Y(E)

Fig. 2. The overall structure of the neural network [14].
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Fig. 3. A neural network structure.

The findings of the AFU strategic development
should be obtained after the network training Regression,
Figure 4.
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Fig. 4. Outcomes of the neural network training and simulation
of the forecasting of the AFU development strategy selection.

The indicators for the AFU that have the following
values have been taken as current calculations, namely,
Table 6.

Table 6. Strategies for the development of the Armed
Forces of Ukraine

Index|Strategy 1|Strategy 2|Strategy 3
MCI 1 1.56 1.63
GFI 1.39 1.39 1.58
ICS 0.6 1.05 0.75
OuT 1.0 1.33 1.32

In the result of the study, the following strategy for
the development of the Armed Forces of Ukraine has
been received — Reliance on submarines, aircraft
carriers, and artillery.

4 Conclusions

The outcomes of the defense capacity indexes’
evaluation of Ukraine, Poland, Russia, and Turkey
indicate some deviations of the states’ ratings according
to the Military Capacity Index (MCI) as compared to the
Global Firepower Index (GFI) and the Credit Suisse
(CS) Institute Index with regard to Ukraine and Poland.
According to the Global Firepower Index (GFI) Ukraine
is inferior to Poland, and according to the Military

Capacity Index (MCI) — on the contrary. This suggests
that both states have practically the same level of
defense capacity except that Poland is a NATO member
state. Regarding the economic status of the defense
capacity of Turkey and Russia, Russia has the lead and
ranks world second after the USA. Although they also
have significant economic problems that, in the long
term, will provide Ukraine the possibility with proper
planning of the defense capacity and availability of
considerable intellectual capital, to reach their level and
to ensure the inviolability of the state’s borders from
possible invasion.

Scenario modeling to select the best AFU
development scenario allows you to formulate the best
development strategy indicating that reliance on
submarines, aircraft carriers, and artillery in the context
of the progressive development of other industries is
possible but very costly. Therefore, the options of betting
on missile troops and Air Defense are preferable, which
in terms of indicators has a slight discrepancy.

The outcomes indicate that both methods of the
search for the AFU development strategies complement
each other and provide an overall picture of the possible
directions to achieve a responsible goal related to the
defense capacity of the State.
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Abstract. Analytical studies of theoretical and methodological aspects of company’s strategic positioning
influenced by unpredictable factors of changeable environment are examined in the article. Justification of
effective choice of strategic position is provided by the concept of formation of company’s economic
activity context in emergent environment proposed by the authors. Problems of strengthening of company’s
strategic position in conditions of changeable economic environment with undefined factors can be solved
by means of the developed model of company’s economic activity context on the basis of methods of
mathematical modeling. One of the advantages of the model implementation can be the usage of
methodology of company’s strategic positioning in economic environment. The model elaborated by the
authors implies a set of analytical-calculative aspects of testing and further implementation in strategic
management practice. The given article proposes the first conceptual methodological stage of model of
company’s economic activity context implementation. The obtained results of further adoption can be
applied as element of strategic management of vertically integrated companies in conditions of emergent

environmental challenges.

1 Introduction

The current state and contemporary conditions of
domestic economy restructuring demand from
companies quite new economic approaches. Integration
steps of Ukraine into the European Economic
Community create new perspectives on the recruitment
processes, organization of production, or availability of
new ideas and innovative projects. The concept of
business development efficiency is also changing and
significant role in this process is played by successfully
selected strategic position of the company. New
approaches towards strategic position selection and
evaluation of its effectiveness will increase the flexibility
of the company’s response to changes in the economic
environment, which in their turn will strengthen
competitiveness of the company in the market and will
allow more effective adaptation to the new conditions of
development, updated quality standards and methods of
product promotion. It is important to remember that the
period of renovation of the economy stimulates
companies to maintain their own position in the domestic
market, on the one hand, and successful entry into
foreign markets, on the other. In order to solve such
problems it is necessary to apply conceptually new
approaches that can unite both differences and
similarities that exist between identification and
choosing strategic position as processes of company’s

: Corresponding author: Dukatos2020@bigmir.net

management. Such approach, in accordance with
author’s idea, can be modeling of company’s economic
activity context considering its emergent aspects.

Strategic positioning problems were proposed and
discussed by different prominent economists and their
theoretical view points and practical explorations are of
valuable importance for further researches and
supporters.

The research of the effectiveness of company’s
strategic positioning was initiated by I. Ansoff in his
work “New corporate strategy” [1]. Being one of the
representatives and supporters of systematization
approach in company’s strategic development concept
and founder of the “school of planning”, Ansoff, applied
his systematic approach of corporate strategy shaping
and company’s strategic positioning, which in the 60s
has became an innovation in the processes of corporate
management [2].

One of the founders of the “school of design”,
professor of the Harvard Business School, K. Andrew, in
his work “The Concept of Corporate Strategy” (1965)
provided quite innovative interpretation of the
assessment of company’s strategic positioning, which in
his view should assess “... such kind of business, within
which the company can compete due to such stages of
concentration of its resources that allow company to
transform its abilities into competitive advantages” [3].

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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J. March, the founder and ideological leader of the
“school of learning”, and prominent representative of the
behaviorists’ approach, in his work “Behaviorists’
Theory of the Firm” proposes to assess the corporate
strategy as “... an internal mechanism that determines the
company’s behavior in the market during the period of
competition concerning necessary resources ...” [4],
which transforms the company’s strategy from
managerial to adaptive leverage of strategic positioning.

Significant contribution to the development of
competitive direction of the behavioural approach and
the “school of positioning” was made by Harvard
University Professor M. Porter in the 70’s—80’s of the
20th  century through the development and
implementation into the activity of more than 100
American companies the latest aspects of strategic
modeling by such as general strategic model (it is often
mentioned by economists as “M. Porter’s strategic
model”), the “chain of values” method, the methodology
of company’s strategic positioning [5]. From the point of
view of progress, in changing of approaches to assessing
the company’s strategic positioning, we can observe a
quite clear change in Professor Porter's views in his
earlier and modern works. And if the “early” Porter has
fully emphasized the leading role of the corporate
strategy in the process of effective company’s
positioning in competitive environment, Porter of the
later period defends rather an opposite position, which
destroys the standard methodological approaches to the
assessment of adaptive processes of the company. In his
works of the 80’s—90’s, M. Porter has paid maximum
attention to the individualization of the corporate
strategy of each individual company. He affirming that
strategy is not only a leverage of successful company’s
positioning, but the basis of its competitive advantages
and victories: “The strategy is aimed at searching for
development of an individual and unique way to
compete not only because it is the most versatile way for
competition, but also because it allows a company to
build the activity of its price (production) chain
individually and uniquely. Strategy is the development
of a special type of value (commodity), but not an
attempt to make the same kind of value (commodity) but
only better one” [6]. M. Porter, as the initiator of the
creation of economic clusters and the founder of the
nonprofit organization of the United States, “The
Initiative for a Competitive Inner City” (founded in 1994
by Harvard Business School Professor Michael Porter)
proved that the competitiveness and adaptability of the
company is determined by the competitiveness and
adaptability of its economic environment, and in its turn,
depends on the basic conditions and competition within
the cluster (http://icic.org/member/professor-michael-e-
porter).

Professor E. Utkin, one of the supporters of
behavioural trend, became a bright representative in the
field of strategic and crisis management companies in
the 90°s-2000’s [7]. The basis of proposed methodology
in the field of evaluation of company’s strategic
positioning is the application of the basic component of
corporate management — the motivation of each

individual employee of the team in different ways
according to psychological peculiarities.

At the beginning of the XXI century many foreign of
domestic economists specializing in the study of multi-
level issues of company’s strategic positioning supported
and followed the world economic opinion regarding the
assessment of the effectiveness of company’s strategic
adaptation and positioning in a wide range of their
activities. The authors of the scientific works research
problems of positioning and adaptation of industrial
companies, trade networks, advertising agencies and the
adequacy of their strategies in a changing environment
with flexible competition. In this context, Professor
A. Gradov, as one of the supporters of the competitive
approach in the study of strategic activity of business
entities, in his work “Strategy firm effectiveness” [8]
offers a specific generalized approach towards assessing
the strategy's effectiveness and positioning of the firm
based on the integrated business theory expressed by the
scheme of assessing the effectiveness of the company’s
positioning and development.

Contemporary researchers in the field of strategic
aspects of the company’s economic activity context
formation pay special attention on the consideration of
the processes of choosing strategic position, based on
behavioural and emergent approaches. For example,
H. Greve and G. Gavetti [9], in the framework of the
behavioural approach, propose modern methods for
evaluating the effectiveness of company’s strategy from
the point of view of competitiveness and psychological
assessment of activities of the customer. P. Beamish and
N. Lupton [10] in their critical analysis of Andrews’
research focus on the transition of modern companies
from the internal concentration of competitive resources
to the exit beyond the geographical boundaries of
countries and reorientation to global international level
of competitive opportunities.

M. Augier [11] in his turn, proposes a number of
modern methods for evaluation the process of
company’s adaptability in the market and the basis of
such methods can be considered as the classical
behavioural approach.

The concept of an emergent strategy and an emergent
strategic approach to management in accordance with
the classification of H. Mintzberg [12] has appeared in
the “school of learning”, where the principle of emergent
strategy is based on the adoption of flexible intellectual
decisions of a company manager in crisis situations.

Authors’ approach towards strategic positioning can
be revealed in the process of business capitalization
modeling and formation of company’s alternative
strategic position in economic environment [13] and
estimation of positioning effectiveness of energetic
companies in conditions of European integration [14].
Researching in the field of transformation of social-
economic system in conditions of global integration was
accomplished from the point of view of conceptual basis
of economic emergent processes [15].
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2 Methodology of researching

The concept of emergency reflects peculiarities of
company’s activities in conditions of unpredicted
appearance of environmental challenges that are
characteristic for unstable politico-economical, social,
legislative and other factors. Unpredicted environmental
changes, in their turn, can lead to company’s emergent
reactions in the form of concentration of principally new
strategic resources and possibilities in activity in
conditions of unstable environment. Methodological
apparatus of applied mathematical methods can provide
vide possibilities for reflection and analysis of key
aspects of company’s emergent reactions in economic
environment.

On the basic of mathematical modeling methodology
the proposed model of company’s economic activity
context was formed and presented by means of indirectly
proportional semi-logarithmic dependence of duration of
the alternative strategy formation (productive feature of
the environment) from the conjuncture of its economic
environment (factor of nature of the environment) and
was reflected by vectors’ system.

3 Results
3.1 Concept of formation of company’s
economic activity context in emergent

environment

Management of modern industrial companies provides a
clear modeling of their economic activity context. The
construction of a clearly structured and, at the same time,
ramified model of situational analysis of the
environment of an economic entity provides an
opportunity for its effective strategic positioning and
adaptation to existing economic, political, social, natural
and other conditions of existence. However, the rate of
change in external as well as internal factors of influence
has been so high in recent years that companies do not
have any time or opportunity to react quickly and
construct adequate development models even for the
next six months. Possibility of preventing significant
losses of the company in a similar situation gives a
successful choice of strategic position, which is preceded
by a thorough analysis of the internal, external, direct
and market environment, and that can be resulted in
forecasting the use of the necessary resources, costs and
profits. In bits turn, the choice of effective strategic
position of the company depends on the factors of its
environment. That is why the authors have selected an
emergent research direction, which provides “operative
mobilization of fundamentally new qualities” [16] of a
changing environment and reveals the peculiarities of its
influence on the company’s activities.

According to the authors’ explorations, it is advisable
to consider the emergence concept factors of company’s
environment in the direction of emergent strategic
management that ensures spontaneous and flexible
adaptation to the conditions of external environment and
promotes a timely response to processes of bifurcation,

nonlinear changes in the trends of external indicators.
One of the examples of manifestation of the emergence
strategic management concept is the company’s micro
strategy [17], focused on short-term implementation with
the achievement of short-term goals that can ensure the
flexibility and speed of the company’s response to the
influence of environmental factors. On the one hand,
emergence concept characterizes peculiarities of
company’s activities in conditions of contemporary
Ukrainian economy with its emergent challengers that
can appear on the side of social policy, legislation,
pricing, tariff formation and other environmental factors.
At the same time, on the other hand, emergency creates
principally new reactions on environmental “irritants”
that can stimulate company in searching new
possibilities of surviving and allow its further
development. Thus emergence concept simultaneously
discloses the essence of company’s economic activity
context and provides possibilities of effective reactions
on various environmental changes.

Taking into consideration authors viewpoint it can be
stressed that well-formed economic activity context
provides the company with the opportunity to effectively
predict the duration of strategic adaptation in a changing
economic environment and tendencies for further
development within a certain time lag according to
corporate strategy. Based on the information on the state
of factor and performance indicators of the economic
environment in the form of economic indicators of the
context of economic activity, the company is able to
forecast its competitive position in the market, which, in
turn, allows us to form a strategic direction of
development and to determine a convenient strategic
position.

Effective strategic positioning of company in the
market provides high level of its competitiveness,
especially in conditions of dynamic economic
environment [18]. Successful strategic position, fresh
commercial ideas and various market advantages allow
companies maintain favorable conditions for effective
business activities and they can easily dictate their rules
to partners and competitors. That is why modern
companies consider effective strategic positioning to be
one of the major aspects of corporative strategy
formation. One of the most important factors of a
company’s strategic position selection is the successful
formation of the context of its economic activity. The
“context of economic activity” is explained by the
authors as “the space of parameters of the economic
environment in which it is possible to trace and predict
the dynamics of changes in conditions of the company,
the dynamics of changes in factor and indicators
performance of the economic environment, presented in
the form of economic indicators, and the duration of the
process of strategic adaptation in given conditions” [19].

The concept of formation of company’s economic
activity context, according to the authors, is based on a
number of such processes as:

— formulating company goals;
— studying economic environment and level of factors of
its emergence;
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— determination of critical elements of a market
environment and internal environment that can affect the
company’s ability to achieve its goals;

— forecasting of company’s interaction with economic
environment in future.

The question of company’s influence on the
economic activity context and its contextual dependence
is controversial, as the impact of one or another
economic force depends on situational changes in the
country's economy that can increase or decrease the
company’s value in domestic or foreign markets.
However, the predicted formation of the context of its
economic activity provides the company with the ability
to succeed in such economic situations that are not yet
come, but successfully may be fulfilled. Based on the
experience of well-known world companies [20], authors
propose to form the context of the economic activity of
the investigated companies on the basis of two stages.
The first stage, the assessment of the economic
environment influence on the company’s activity, is
carried out by using such methods as the method of
determining the degree of influence of factors of the
economic environment on the company’s activities, the
SWOT-method, the method of forecasting of strategic
changes in the components of the company’s economic
environment, and the method of identifying the potential
of internal capabilities of enterprises and companies. The
second stage, an assessment of the strategic adaptation of
the company, is carried out by using the method of
determining the strategic adaptation of the company.
Thus, the results of the process of assessing the impact
of the economic environment on the company’s
activities and the process of assessing its strategic
adaptation can form the context of the company’s
economic activity within its framework.

The ultimate goal of company’s economic
environment forming is to determine its effective
strategic position in conditions emergent influence of
external factors, for the visual representation of the
situation, thus the authors have chosen precisely such
like mathematical models that take into account the
plurality and uncertainty of the environment. As a result
of the combination of semi-logarithmic dependence on
the theory of sets, the authors formed the model of
company’s economic activity context that became the
basis for choosing a strategic position under the
conditions of the emergent environment.

The proposed model takes the first stage of
elaboration and has a theoretical-methodological
character. In authors idea the model of company’s
economic activity context implementation implies the
following stages:

1. Conceptual justification of model’s necessity in
conditions of company’s emergent economic
environment

2. Analysis of current indicators of existing corporative
strategies of vertically integrated Ukrainian industrial

companies.
3. Comparative analysis of current and predictable
indicators company’s economic environment

conjuncture and justification of its percentage proportion
influenced by emergent factors.

4. Elaboration of alternative companies’ corporative
strategies and effective strategic position choice
considering influence of company’s economic
environment factors.

Quite often in the process of economic researches
scientists may come across problems of shortage of
results visibility and consequently the level of readers’
perception of proposed material can be greatly
decreased. That is why authors propose one of the
methods of visibility with the help of which the model of
company’s economic activity context can be depicted
mathematically in the form of semi-logarithmic
dependence of the duration of company’s strategic
adaptation of the economic environment conjunction. In
our opinion, semi-logarithmic dependence gives
possibility of a generalized description of the company’s
dependence on the environment in which it operates and
attempts to adapt adequately, developing the appropriate
options for a development strategy. This dependence
reveals characteristic changes in the company’s strategic
position during the time with the instability of economic
indicators of its environment [21]. Within the company’s
economic activity context it is possible to trace and
predict dynamics of changes in the results of its activities
in accordance with the economic environment
conjuncture, the duration of strategic adaptation and
other factor and performance characteristics of the
environment, presented in the form of economic
indicators that have direct and indirect influence on
company’s activities. Under the definition of “economic
environment conjuncture” [22] authors mean “the total
influence of a number of indicators that are characteristic
of a qualitative description of changes impact in the
economic environment on the duration of the company’s
strategic positioning”. In its turn, under the duration of
the company’s strategic positioning, we can understand
the time that is necessary for the development of
alternative strategy options.

3.2 Modelling of company’s economic activity
context

Authors propose to establish the suitable model of
company’s economic activity context (Fig. 1.) in
following form, where main parameters of the model are
Y (as a duration of the alternative strategy formation)
and X (as an economic environment conjuncture).

The model of company’s economic activity context,
in accordance with authors’ idea, can be expressed by
indirectly proportional semi-logarithmic dependence of
duration of the alternative strategy formation (productive
feature of the environment) from the conjuncture of its
economic environment (factor of nature of the
environment). For example, according to this model, the
change in the economic environment conjuncture by
10% compared with its current value will change the
duration of the alternative strategy formation by 15%,
and the change in the corresponding indicator by 10% in
condition of changed economic environment determines
changes of the corresponding indicator by 5%.
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Fig. 1. The model of company’s economic activity context.

So, it is important to underline the necessity of
depicting economic environment of the company and its
components within company’s economic activity context
as vectors system in accordance with the set theory is
quite obvious. And it is the set theory that reflects
multiple opportunities of changeability of unpredictable
situations.

It the researching process such parameters of vectors
system of companies’ economic environment, as: IE —
internal environment, DE — direct environment, EE —
external environment, ME — market environment, EcE —
economic environment, where proposed by the authors.

The obtained vectors system of company’s economic
environment is represented below:

IEz{al,az,.‘.,ai}’
where i — number of parameters of the internal
environment;

DI={py by, |
where d — number of parameters of the direct
environment;

EE:{cl,cz,...,ce}>
where e — number of parameters of the external
environment;

ME=ld\dy...d,
where m — number of parameters of the market
environment;

ECE:{ fl,fz,...fec}’

where ec — number of parameters of the economic
environment.

In frame of mathematic modeling the set theory
suggests not only vector reflection data but matrix as
well. With the help of matrix it’1l be possible to calculate
current and predictive range of situational data. That is
why, the authors have elaborated the matrix for
determining the influence of current and emergent

factors on company’s activity. Consequently, we decided
to represent the company’s economic environment
according to set theory by the formula 1, as:

vdeDE—>meME

Vee EE ->meME
ME =EENDE
V,elE—>e.eE E
VdeDE —~e.€E E
VecEE —»e cE E

VmeME—e.cE E

:ECE=IEﬂME (1)

On the basis of set theory we propose to depict
economic environment with the help of Eulerian circles
as illustration of our conceptual approach that are shown
in Fig. 2.

Ec

Fig. 2. The scheme of company’s positioning in economic
environment context based set theory.

Taking into consideration authors’ opinion, the
proposed model of company’s economic activity
context, based on mathematic models, can be an easy
and suitable way for predicting future changes of
company’s economic environment.

3.3 Company’s positioning in the economic
environment context

The essence of the process of choosing company’s
strategic position is to find and specify the strategic
direction of development in frame of which managers
can develop a corporate strategy based on the data
obtained on the state of the economic environment. Such
data include: existing and prospective potential of
company, the level of strategic adaptation, general level
of strategic business units’ (SBU) [23] prospects as well
as competitive status and competitive position of
company in the market. In particular, for industrial
enterprises, it is proposed to highlight progressive and
regressive  directions of strategy development.
Progressive directions cover diversification, integration,
and concentration processes, while regressive trends
cover processes of reduction, elimination. The
progressive/regressive directions of the development of
company’s industrial strategy is proposed to determine
boundaries of the model of company’s economic activity
context (according to its competitive position) depending
on state of factors of economic activity context, in
particular, the economic environment conditions for the
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period of strategy formation, the level of strategic
potential of success and competitive status.

Effective choice of company’s strategic position or
its positioning in the market space is the key to
company’s success in the market. The well-grounded
strategic position allows an entity to occupy an
appropriate market position or market niche, which
provides possibility of successful adaptation within the
direct environment, market environment and economic
environment as a whole.

The process of company’s positioning in economic
environment context, in our opinion, can be represented
in the form of three main processes, such as:

— formation and evaluation of effectiveness of strategic
business units’ (SBU) activity;

— determination of the strategic success potential of
company;

— estimation of the competitive status.

Company’s positioning in the economic environment
context involves the determination of its location
relatively to the competitive position of its competitors.
Such world known consulting companies, as the Boston
Advisory Group (1968-1972), GE/McKinsey & Co
(1971-1973), together with General Electric, Arthur D.
Little’s Company (1979-1980), as well as the British-
Holland Chemical Company Shell (1975) have already
developed series of classic models of strategic analysis
and planning of corporate activities, these models are
based on comprehensive analysis of the economic
environment, creation of future forecasting development
models and collaboration of a number of alternative
company’s strategies taking into account environmental
emergency. The economic value and usefulness of
applying classical models in the process of selecting and
shaping strategic position of the company lie in the
methodological and mathematical apparatus especially
reacted for such lake models, which provide analysis and
processing of strategic information and adoption of
appropriate managerial decisions. Strategic information
encompasses processes of the company’s operation in
present and in future in the directions of all possible
aspects of the activities, taking into consideration
peculiarities of adaptation in the economic activity
context. The strategic information collected is used by
the company’s management to develop a corporate
strategy.

In particular, as the Ukrainian industrial companies
are concerned, the authors propose strategic positioning
based on the classical model of strategic analysis and
planning of Shell Directional Policy Matrix
(Shell/DPM). The Shell/DPM model, in our opinion, is
quite optimal for determining the company’s competitive
position in the context of the economic environment due
to its orientation towards application in vertically
integrated companies. Vertical integration is widespread
in domestic companies, especially in the brunch of
mechanical engineering, because all activities (business)
are based on the leading technological line for the
production of the dominant type (group) of products,
which is aimed at only one segment of the market. In
such cases when the company also produces goods for
different segments of the market, its production is

carried out by units of one company, i.e., one company
provides operation of several strategic business units.

In conclusion, we can note that in the process of
research of proposed topic certain requirements that
should be observed in case of choosing and forming a
strategic position of the company where formulated by
the authors. These requirements encompass the
following spheres of managerial activity:

— formation of a strategic direction on the basis of
analysis of the determined goals;

— establishment of harmonious connection between the
chosen strategic direction and the state of economic
environment factors;

—ensuring a high level of flexibility and adaptability of
selected strategic direction in accordance with the main
parameters of the environmental assessment (parameters
of the economic environment modeling and modeling of
the company’s competitive position).

Contemporary situation and current conditions of the
Ukrainian economy are rather specific and complicated,
on the one hand, the development of domestic
companies is one of the major and primary tasks of
economic development, and on the other hand,
companies are faced with massive pressure of fleeting
changes in the legislative framework and socio-political
conditions that destabilize their work and deprive them
of opportunities for successful development. But such
like economic situation gives companies an invaluable
experience of practical learning to survive and can force
them to mobilize their opportunities for the development
in the context of rapid changes. Summarizing the
diversity of theoretical and practical view points on the
topic, we can conclude that in this particular situation,
the proposed model of the company’s economic activity
context provides business with ability to assess the
impact of an incalculable number of the economic
environment factors and helps to obtain the most reliable
evaluation of the adaptive capabilities of the company in
existed economic conditions.

4 Conclusions

The mechanism of strategic management of the company
provides such conditions of its functioning that ensure
stability of the development and the ability to respond
flexibly to the challenges of the external environment.
That is why the variability of the company’s
development should be considered at the level of
strategic management, including the hierarchy of
corporate strategy objectives such as ability for
adaptation to predict and reflect unpredictable changes in
the economic environment. The proposed model of
company’s economic activity context gives an
opportunity to fulfill an effective choice of company’s
strategic position in conditions of emergent environment
factors and to predict favorable conditions for
development and functioning in the market. It is
important to recognize that this model makes it possible
to know where the company has been, where it is now
and where it is going to. This is especially valuable
because it provides the company with possibility of more
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flexible strategic management as well as stable enduring
resistance to adverse impact of the environment.

The problem of effective development of diversified
companies is of great importance, as the positive general
economic effect in a particular industry and economy as
a whole can be achieved only through the successful
functioning of each separate structural unit in the
integrated international economic system. In its turn, the
high level of instability of the company’s economic
environment as an economic structural unit of
dramatically increases the importance of strategic
positioning, because such a process allows to coordinate
company’s activities in different functional areas,
mobilize resources and if necessary can direct company
to the solution of internal and external problems. As it
can be traced, the effective strategic positioning ensures
the formation of adoptive and flexible context of
company’s economic activity in emergent environment
conditions.
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Abstract. The current global economy faces pivotal changes in the system of its organization, which are
essentially transforming relations between economic agents, government institutions, and the population of a
particular country. Therefore, the study aims to quantitatively assess the level of transformations in the social,
economic and political development of some European countries (Ukraine, France, Italy) using bifurcation
theory for the period of 2000-2017. The proposed scientific and methodological approach to assessing the
level of transformations in the social, economic and political development of a particular country involves the
step-wise implementation: 1) the formation of an information base for the study, which involves collecting
and testing statistical data for anomaly detection using the Irwin method, and selecting relevant indicators
affecting the social, political and economic situation based on the principal component analysis; 2) the
normalization of indicators of the political, economic and social situation using the Harrington’s approach; 3)
the formation of integral indicators of the social, political and economic situation in the country based on the
convolution of normalized indicators; 4) the determination of the dynamic properties of the social, political
and economic situation in the country by constructing differential equations, which allows determining the
existence of a bifurcation type (saddle, focus, node). The empirical study has shown that the indicator of
stability of the political and social sphere of Italy was in disequilibrium and was subject to constant
fluctuations. At the same time, the stability indicator of the social and economic component of Italy is
characterized by an unstable state; and the external influence of negative factors will lead the system to
imbalance. In Ukraine there is a stable political and economic and socioeconomic state of the system, i.e.
negative impacts will lead the system to equilibrium and further positive development according to the
components of the country. The development of the political and social sphere is characterized by the
equilibrium state, and continues to develop according to the acquired tendency. The resulting methodological
and practical developments will serve as a guide for the state authorities of the respective country for adjusting
current macroeconomic policies and developing strategic plans for social and economic development.

Introduction

The defining features of the current development of the
global economy is the rapid and significant
transformation of most spheres of public life, which is due
to the deepening of integration processes between
countries, the free movement of capital and labor force,
the rapid development of information technologies and
innovations, as well as dramatic sociocultural shifts, etc.
These structural changes in the global space provoke a
number of shifts in national economic systems. Under
these conditions, countries face new potential
opportunities, growing risks and problems associated with
the extensive development of the national economy,
inefficient use of natural resources, uneven distribution of
income between population groups, and the possible and
increasing unauthorized use of personal data both in
economic and political spheres. Thus, the study of
bifurcation patterns in the functioning of the social,
economic, and political system of a country is relevant
and promising.

: Corresponding author: okuzmenko84@gmail.com

Literature Review

The issue of studying the relationship between economic,
political and social processes in a country is widely
reflected in the scientific literature. Despite the significant
number of publications on this issue, the development of
social, economic and political relations in a particular
country is a dynamic process, which constantly requires
in-depth research.

Scientific literature studies the influence of political
instability on the development of economic and social
processes by the example of many countries worldwide.
In particular, (Nazeer & Masih, 2017) evaluated the
impact of political instability on foreign direct investment
and Malaysian economic growth based on the
construction of an auto regressive distributed lag model
[1]. Carmignani studied the impact of instability
(including political uncertainty) on macroeconomic
indicators, namely, on budget revenues, inflationary
processes, and the state monetary policy [2].

Moreover, empirical studies (Bhatti, Ali, Nasir, &
Igbal, 2008) have revealed that political instability and
uncertainty have a destructive effect on the processes
related to the gross fixed capital formation, while

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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democracy does not affect the level of private investment
[3]. This study was conducted based on Pakistan’s
statistical data. (Kaplan & Akgoraoglu, 2017) assessed the
relationship between economic growth and political
instability factors (corruption, government instability,
internal and external conflicts, religious and ethnic
tensions, democratic accountability and quality of
bureaucracy) for OECD countries during 1984-2012 [4].
The calculations showed that government stability and
internal and external conflicts are an obstacle to rapid
economic growth, while democratic accountability, ethnic
and religious tension and the quality of bureaucracy do
not have a statistically significant impact on the economic
growth of the OECD countries.

Ekici & Koydemir quantified the interconnection
between different indicators of social capital (general
trust, trust in institutions, political activity, care for others,
social rules and membership in volunteer organizations),
democracy and welfare of the population [5]. Statistical
data on 71 countries worldwide for 1960—-1985 (Alesina,
Ozler, Roubini, & Swagel, 1996) have shown that the
inequality of the income among the population led to an
aggravation of social discontent, thereby provoking
political instability. At the same time, uncertainty in the
political and economic environment is reflected in the
reduction of investment in the country [6].

(Kuzmenko & Roienko, 2017) studied the impact of
information technology and innovation on the level of
economic well-being of the population (by the example of
France, Great Britain, Germany, Italy and Spain),
identified probable changes in the distribution of income
of the population for the next 15 years, taking into account
transformations in the technological and socioeconomic
environment caused by the active development of the
Industry 4.0 [7].

Methodology

The proposed scientific and methodological approach to
assessing the level of transformations in the social,
economic and political development of the country
involves the step-wise implementation: first, the
formation of an information base of the study, which
involves collecting and testing statistical data for anomaly
detection using the Irwin method, and selecting relevant
indicators affecting the social, political and economic
situation based on the principal component analysis;
secondly, the normalization of indicators of the political,
economic and social situation using the Harrington’s
approach; thirdly, the formation of integral indicators of
the social, political and economic situation in the country
based on the convolution of normalized indicators;
fourthly, the determination of the dynamic properties of
the social, political and economic situation in the country
by constructing differential equations, which allows
determining the existence of a bifurcation type (saddle,
focus, node).

Findings

The scientific and methodological approach, which
consists of four main stages, was designed to assess the
level of bifurcation transformations in the social,
economic and political development of the country.

The first step implied the formation of an array of
indicators based on the World Bank data that allows
assessing the social, political and economic status of
Ukraine, Italy, and France. The volume of representative
indicators of influence on economic development,
political status and social sphere is 18 years (2000 to
2017). The following indicators were chosen to
characterize the state of the social sphere: government
expenditures on the education system, the number of
people aged 15-64 years, the unemployment rate, the
labor force, the birth rate, refugee population by country
or territory of asylum). The following indicators should
describe the political situation in the country: military
expenditures, the amount of public debt, the proportion of
women in the national parliament, general reserves, the
amount of income, excluding grants, portfolio equity, net
inflows). The economic situation of a country’s
development can be characterized based on the following
indicators: GDP growth rate, the volume of imports of
goods and services, the volume of exports of goods and
services, gross savings, GDP, gross value added at
coefficient value.

The time series for the anomaly detection is tested by
the Irwin method [8]. Results of the step revealed that the
year 2005 was abnormal for Ukraine, based on the
following indicators: GDP growth rate, volume of
income, excluding grants, export of goods and services;
and social sphere indicator (labor force) for the year 2017.
In particular, for Italy and France, 2009 and 2010 were the
most abnormal based on the indicators such as GDP
growth rate, portfolio equity, net inflows, government
expenditures on education system, gross savings, export
of goods and services, volume of import of goods and
services, unemployment rate, portfolio equity, net
inflows; the year 2017 for France (the proportion of
women in the national parliament), for Italy (portfolio
equity, net inflows).

We apply the principal component analysis to select
relevant indicators of influence on the social, political and
economic state of each of the analyzed countries [8]. This
step has shown that the most significant indicators for
Ukraine were the GDP growth rate, the share of women
in national parliaments, the export of goods and services,
labor force, gross savings, the population aged 15-64,
total reserves, and the number of refugees. Indicators of
the greatest impact on the economic and political situation
in Italy and France are the GDP growth, the share of
women in national parliaments, exports of goods and
services, military expenditures, general reserves, imports
of goods and services, income, excluding grants, public
debt. Relevant indicators of Italy’s social sphere
(government expenditures on education, population aged
15-64, birth rate, unemployment, labor force, refugee
population); for France (unemployment, government
expenditures on education, labor force).
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Second step. Normalization of the indicators of
political status, economic development, social sphere was
carried out based on the Harrington’s approach. The
application of this approach is necessary to convert the
size of the indicators (normalization), i.e. the conversion
of the values of indicators (Y;) into dimensionless values
(d;) — the desirability function.

This method requires to consider E. Harrington’s
analytic function d;=exp(—exp(-Y;)), where Y; — an
indicator characterizing social, economic and political
development, in the normal form. The conversion
mechanism allows reducing all measurements from zero
(poor quality) to one (high quality). The obtained results
assess the quality of the indicators of influence on the
political ~situation, social sphere and economic
development of countries.

The third step involves the construction of integral
indicators of the social, political and economic status of
Ukraine, Italy and France, based on the convolution of
normalized indicators. The method of calculating the
geometric mean of the indicators is used to determine the
generalized value of the social, economic and political
component. The normalized value of the radius of the
circle described is calculated by the formula:

MM 1, (1)

(ne/ +n, +npz)(_nez +n, +npl )(ne/ —ng, +npz)(ne1 +n, _npl)

i

where R, — the radius of the described circle of the social,
political and economic state of the country (ata given time
1); Mes Mg, Ny — normalized generalized indicators of
economic, political and social development of the
country.

The resulting data are used to form an array of values
of integral indicators of the social, political and economic
component and the radius of the described circle (R,) of
the countries under study. We provide an example of the
calculated integral indicators for Ukraine in the period
from 2000 to 2017 (Table 1). Similarly, we create an array
of information for further structural modeling and the
theory of bifurcation of the stability indicator (R;) based
on the integral indicators of the social sphere, political
state and economic development of Italy and France.

The fourth step. The next step implies constructing
differential equations, which are used to map the phase
trajectories onto the chosen plane of the phase space. The
phase portraits of the system of differential equations are
constructed in the MathCad program, to determine the
sustainability indicator of the social, political and
economic status of Ukraine, Italy, and France. This
approach is based on bifurcation theory, an analysis of all
possible situations on the existence of a bifurcation type
(node, saddle, focus).

Differential equations are used to simulate the social,
economic, and political stability. Such dependencies
describe the state of the dynamic system and its nature.
The right-hand side of the equation, which in itself binds
independent variables, is of particular importance. We
consider the equation in terms of each component of the
social, political and economic state of Ukraine, Italy, and
France. Such equations establish relations between
independent variables (ec, p, s — economic, political,

social component), function (R(ec), R(p), R(s), where R, —
the radius of the described social, political and economic
state of the country (at a given time t) and its derivative

(dec,i p’is). We develop a system of three
t t

dt dtd

differential equations for the country under study
(Ukraine, Italy and France), which allows determining the
behavior of the phase trajectory of the political, economic,
political and social, social and economic indicators of
stability.

Table 1. Integral indicators of the social, political and
economic component and the radius of the described circle (R/)

for Ukraine.
. Economic Political Social Re (rad1u§ of
Ukraine the described

component | component | component circle)
2000 0.636 0.427 0.539 0.322
2001 0.622 0.438 0.526 0.316
2002 0.612 0.411 0.524 0.310
2003 0.645 0.433 0.514 0.323
2004 0.687 0.411 0.502 0.346
2005 0.616 0.453 0.522 0.315
2006 0.546 0.510 0.520 0.304
2007 0.530 0.591 0.591 0.331
2008 0.517 0.587 0.638 0.339
2009 0.485 0.563 0.636 0.330
2010 0.496 0.592 0.595 0.327
2011 0.525 0.583 0.526 0.316
2012 0.460 0.590 0.480 0.302
2013 0.415 0.571 0.494 0.293
2014 0.426 0.540 0.479 0.282
2015 0.458 0.583 0.455 0.297
2016 0.485 0.595 0.422 0.301
2017 0.517 0.619 0.392 0.311

%ec =1.419-ec® —0.6352- p-s;
p @
—p=0.7274-p—-0.6352 -ec-s;
dt
d 2
—s5=1.2504-5"-0.6352-ec- p.
dt
d
Eec =2.0588-ec—2.5236-p-s;
d 3)
Ep =1.6688- p—2.5236-ec-s;
d 0.364
—s = —2.5236-ec-
dt s’ P
d 2
Zec =1.4142-ec”—0.6848 - p-s;
“4)

%p =1.3044- p> —0.6848 -ec-s;

%s =0.7456-5—-0.6848 -ec - p.

Mathematical software Mathcad, based on the system
of differential equations, formalizes for each country
(Ukraine, Italy and France) the phase structure — the
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stability indicator of the social, political and economic
state of the country. We provide an example of the phase
structure of Ukraine, built according to the system data
(2). This model (5) analytically describes the state of the
stability indicator of the social sphere, the political state
and economic development of the country in the period

from 2000 to 2017

. Similarly, we build a phase structure

for Italy and France. The mathematical formalization of
the phase structure (5) analytically describes the
dependence of the stability indicator and serves to
construct a phase portrait. The phase portrait graphically
interprets the analytical description of the dynamic system
of the countries under study and illustrates the dependence
of the stability indicator of social, political and economic

components on the

Faza(ec0, p0,s0,dt,N) =

bifurcation diagram.

(ec, < ec0; p, < p0;s, < s0)

for,k €0..N

I < flec,,pisy)

e, < |ec, +dt-[1.419(ec,)? +-0.6352p, -5, || ®)
Pen < |, +dt-(0.7274p, +-0.6352-¢c, -5,) |

S0 < |, +di]1.2504(s,)? +-0.6352-ec, - p, ||

(ec, p,s)

We consider the behavior of the dynamic system of
the stability indicator of Ukraine (Fig. 1). Bifurcation
diagram, according to bifurcation theory (Fig. 1 (a), (c))
describes the political and economic and socioeconomic
indicators of stability. We can consider a phase portrait
(Fig. 1 (a), (¢)) for the presence of a bifurcation type of

“stable node”

with

“saddle” elements. This type

characterizes a stable political and economic and
socioeconomic state of the system, i.e. negative impacts
will lead the system to equilibrium and further positive
development according to the components of the country.
The situation of the political and social phase portrait of
Ukraine (Fig. 1 (b)) is partial, of the “node” type with a
distinct “saddle” type of bifurcation. The diagram of this
dynamic system emphasizes that the political and social
state of the stability indicator is ambiguous, and may
change under the influence of the stimulus on the process

under study.

The study of the phase portrait of Italy demonstrates

different types of

bifurcation theory. We consider the

political and economic phase portrait of the country (Fig.
2 (a)), which has a clearly defined “stable node” type of
bifurcation. The system of this type is in equilibrium, and
continues to gain positive development under the
influence of factors of the environment. We analyze the
political and social phase portrait of Italy (Fig. 2 (b)),
where we observe a “focus” type of bifurcation. This
dynamic system of stability indicators of the political and
social sphere has an unstable tendency of development. A
significant change in one of the significant indicators or a
number of significant values in the phase portrait of the
dynamic system lead to qualitative changes, the stability
indicator of the political and social sphere of Italy has a

tendency to

constant

dynamics, unstable future

development. Thus, the state of the stability indicator of
the political and social sphere is in disequilibrium and
subject to constant fluctuations.

Now we consider the behavior of phase trajectories on
the chosen plane of the socioeconomic component of

Italy. The bifurcation type of the phase portrait is a distinct
“saddle” (Fig. 2 (¢)).
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Fig. 1. Phase portrait of the stability indicator of the social,
political and economic state of Ukraine.

This indicates a change in the trajectory of the stability
indicator, with a significant change in the parameter and
a fixed value of another parameter in the social and
economic phase portrait of Italy. The bifurcation type
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“saddle” characterizes the dynamic system, which is in a
disequilibrium state. When the system parameter of the
sustainability indicator changes with time, the system is
characterized by a dynamic development of the social and
economic sphere. Consequently, the stability indicator of
the social and economic component of Italy is
characterized as unstable; the external influence of

negative factors will lead the system to disequilibrium.
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Fig. 2. Phase portrait of the stability indicator of the social,
political and economic situation in Italy.

Figure 3 provides graphic interpretation of the
political and social phase portrait of France. The
bifurcation type is a combined, distinct “stable node” with
“saddle” elements. This dynamic system is characterized
by the equilibrium state, under the influence of various
factors, the stability indicator is in equilibrium and
continues to develop according to the acquired tendency.
Similarly, we consider the political and economic, social
and economic phase portrait of France. We analyze the
states under study to determine the existence of a
bifurcation type. There are similar trends in the dynamics
of stability indicators, distinct “node” with “saddle”
elements. Consequently, the stability indicator of all the
components of France has the same bifurcation type and
acquires stable development (equilibrium), despite the
negative impact of the environment.
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Fig. 3. Phase portrait of the stability indicator of the political
and social state of France.

Conclusion

The study presents a general description of the bifurcation
types of the stability indicator of the social, political and
economic component of Ukraine, Italy and France.
Mathematical modeling of phase portraits according to
bifurcation theory implies the following stages:
verification of indicators, which allow assessing the
social, political and economic state of the countries, for
the anomaly detection; normalization of relevant
indicators of influence on the analyzed components;
construction of integral indicators of the social, economic
sphere, political status; study of phase portraits of
dynamical systems based on differential equations in
relation to each component of Ukraine, Italy and France.

Bifurcation theory is being widely used in economics,
the study of economic processes. The phase portrait of the
stability indicator of social, political and economic
components properly describes the state of the dynamic
system, according to bifurcation theory. It allows
analyzing the process of further behavior of the dynamic
system in the event of a change in the parameter (the
influence of environmental variables).
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Abstract. The article examines the investment attractiveness of the main branches of the food industry of
Ukraine as a latent variable. For the first time in this area, a combination of various methods of multivariate
statistical analysis is used for research (cluster analysis and factor analysis — the principal component method).
These methods made it possible to use a large number of various indicators of the activities of industries to
characterize investment attractiveness. As a result, the set of the branches was divided into three groups-
clusters: “leaders” are the most attractive sectors for investment, “middle peasants” are attractive branches
for investment, and “outsiders” are the least attractive branches for investment. The generalizing factors
(principal components), which influence the resulting factor — investment attractiveness, were found. The
interrelation of the generalizing factors and initial indicators is established. As a result of the research, it was
possible to make an objective assessment of the investment attractiveness (as a latent indicator) of the main
branches of the food industry in Ukraine, using instead of a multitude of indicators only three latent factors.

1 Introduction

One of the global problems of the world is to provide the
population with food. The agro-industrial complex and
the food industry as the final link of this complex are
engaged in solving this problem at the regional, state and
world levels. In recent years, the food industry of Ukraine
has come to the fore among the branches of the national
economy. It provides the highest rates of industrial growth
(with a contribution of more than 31%), more than 10%
of the cost of products sold, is one of the leaders among
the sectors of Ukraine in filling the state budget. It should
be noted that the food industry (as part of the agro-
industrial complex) is the export leader and the only
sector of the national economy with a positive balance of
foreign trade. The Institute of Food Resources of the
National Academy of Agrarian Sciences of Ukraine,
which is a member of the Ukrainian Research and
Training Consortium, deals with the economic problems
of the food industry. It is necessary to note the merits of
the Institute in the development of national food quality
standards, their harmonization with international ones,
which allows enterprises to manufacture products at the
level of the best world samples. The Institute helps the
food industry to master innovative technologies and
promote their products in international markets. Many
studies have been devoted to the study of the state and
trends in the development of the food industry and its
industries, including the monographs [1, 2] and the article
[3]. The food industry is considered an investment-
attractive industry due to the relatively short payback
period of the investments and is the leader among the
processing industries. In recent years, foreign direct

*
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investment in food enterprises has averaged about
$ 3 billion per year. To ensure stable growth, the food
industry (especially some of its branches) requires
constant technical and technological renewal and
increased innovation. To solve these problems it is
necessary to attract investments. The study of the
investment attractiveness of enterprises and branches of
the food industry of Ukraine was carried out in [4-7]. Note
that among them only in article [8] an attempt was made
to apply the method of hierarchical cluster analysis in the
study. In recent years, in the study of various economic
objects and processes, methods of multivariate statistical
analysis have been widely distributed (see, for example,
the monograph [9]). And in the work of one of the authors
[10] by similar methods (and, additionally, regression on
the latent structure) the competitiveness of food
enterprises was investigated. So serious research (based
on mathematical modeling) of investment attractiveness
is unknown to the authors. The purpose of this article is to
study the investment attractiveness (as a latent indicator)
by the methods of multivariate statistical analysis.

2 Materials and methods

The data on the performance indicators of the main
branches of the food industry for 2017 are taken on the
website of the State Statistics Service of Ukraine [11].
Preliminary data processing was carried out in MS Excel
spreadsheets. When modeling and computing was used
DELL STATISTICA software, version 12.

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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2.1 Cluster analysis

Cluster analysis is one of the methods of multivariate
statistical analysis. This method allows you to divide a set
of objects into groups-clusters according to some latent
(obviously unobservable) indicator, the values of which
are manifested through a combination of signs-symptoms.
The complete procedure consists of three steps:

— Step 1: Tree Clustering (Joining). At this step, the set of
objects is ranked using one of the methods. As a measure
of the proximity of objects, various metrics of the
multidimensional feature space are used.

— Step 2: K-Means Clustering. The method allows to
divide all the set of objects into clusters (more than one).
The number of clusters is determined by the researcher.

— Step 3: Two-Way Joining Clustering. This step gives us
the opportunity to find out which of the attributes have
affected the inclusion of objects in the cluster.

Note that the methods of cluster analysis do not allow
to identify generalizing factors affecting the latent index
under study. Therefore, it is necessary for more
comprehensive studies to apply other methods of
multivariate statistical analysis.

2.2 Principal Components Analysis (PCA)

The state of most objects (especially economic) is
characterized by a very large number of indicators, which
are often interrelated (correlated). Therefore, there is a
problem of identifying the main factors (Principal
Components) that have the most significant impact on the
studied result. This problem is solved by one of the
methods of factor analysis — the Principal Components
Analysis (PCA). This method based on the correlation
matrix (matrix of paired correlation coefficients between
source  variables). = The  factorization  (special
representation) of the correlation matrix allows instead of
the original feature space of large dimension to consider
the space of the Principal Components, the dimension of
which is much less than the original one. Since the
Principal Components are orthogonal, the problem of
multicollinearity is simultaneously solved. Note that in
economic research it is necessary to solve an additional
problem — the correct (from an economic point of view)
interpretation of the Principal Components.

3 Results and Discussion

3.1 Cluster analysis

The investment attractiveness of 11 main branches of the
food industry of Ukraine is investigated as a latent
indicator: C1 — the production of meat and meat products;
C2 — processing and preservation of fish, crustaceans and
mollusks; C3 — processing and preserving fruits and
vegetables; C4 — the production of vegetable oils and
animal fats; C5 — dairy products; C6 — production of the
flour-and-cereals industry, starches and starch products;
C7 — production of bread, bakery and flour products; C8 —
production of other food products; C9 — production of
finished animal feed; C10 — beverage industry; C11 —
production of tobacco products. The variable (latent
indicator) “investment attractiveness” (as the ability to
effectively absorb investments) manifests itself as a result
of the effect of explicit variables (indicators-symptoms) x;
(7=1..18): x; — volume (billion UAH) of the industry’s
annual output; x; — volume (million USD) of the
industry’s annual export; x3 — current ratio (= current
assets/current liabilities); x4 — quick ratio (= (current
assets-reserves)/current liabilities); xs — absolute liquidity
ratio (= cash/current liabilities); xs — ratio between current
receivables and payables (= receivables/current
liabilities); x7 — the ratio of current assets with own funds
(= (current assets-current liabilities)/current assets); xg —
the coefficient of ensuring own working capital stocks (=
(current assets-current liabilities) / stocks); xo — autonomy
or financial independence ratio (= equity/liabilities); x10 —
working capital ratio (= (current assets-current
liabilities)/equity); x11 — concentration ratio of borrowed
capital (= borrowed capital/liabilities); xi» — financial
stability ratio (= equity / borrowed funds); x;3 — financial
leverage ratio (= long-term liabilities/equity); x4 —
financial stability ratio (= (equity + long-term liabilities) /
liabilities); x5 — return on assets (= net profit/assets) — the
amount of net profit per unit of funds invested in assets;
X16 — return on equity (= net income / equity); x17 —
operating profitability; x;s — profitability of all activities.
The source data for multivariate statistical analysis is a
matrix (see Table 1).

In this table x;; i=1..11, j=1..18 are the values of the
j-th attribute for the i-th object (branch of the food
industry).

Table 1. Indicators of investment attractiveness of the main branches of the food industry of Ukraine for 2017.

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 | X17 | X18
C1 62,92 531,24/0,14]0,12/-6,28]0,09]-6,28|-38,94] 0,25 |-16,43[5,01] 0,05 | 0,91 [0,48[0,02]0,07[6,7[1,7
C2| 3,78 [26,377/1,17]0,78/0,14 0,69/ 0,14 | 0,43 [0,12 1,06 |0,88]0,13] 1,15 [0,25[0,02]0,18[2,8] 1
C3 13,14 176,5 [1,03]0,79/0,03 0,61/ 0,03 | 0,1 |-0,01]-2,23 [1,01]-0,01]-26,09(0,26]-0,06]-5,38| 1,2 |-4,9
C4 (240,16 4605 [1,02]0,66/0,02[0,51]0,02 | 0,05 |-0,07| -0,17 |1,07]-0,07| -4,36 [0,25]-0,11|-1,51|-0,4]-7,1
C5 51,56 |494,21]1,08] 0,9 0,08 10,82/ 0,08 | 0,47 [0,11] 0,51 [0,89]0,13] 1,8 [0,32]-0,05]-0,49| 1,5 |-4,1
C6 | 28,11 [181,89(1,91]1,19[ 0,48 [1,06] 0,48 | 1,27 | 0.4 [ 0,98 [ 0,6 |1,53] 0,45 [0,57] 0 | 0 [43]0,1
C7/ 30,7 [296,41[0,97] 0,7 |-0,03] 0,6 |-0,03] -0,12]0,19| -0,1 [0,81]0,23] 1,37 |0,45]-0,07/-0,37|4,1|-4,5
C8 | 9,01 [1210,5/1,34]1,08/0,26 [0,92[0,26 | 1,29 [0,37| 0,5 |0,63[0,59] 0,24 [0,46]-0,03[-0,09| 7,5 1,4
C9 [ 15,84 | 15,55 |1,08]0,61/0,08 [0,57/0,08 | 0,18 [0,09] 0,7 |0,91] 0,1 | 1,85 [0,25/-0,01/-0,11] 0,9 |-0,6
C10]| 46,9 |209,24/1,08]0,61/0,08]0,57/0,08| 0,18 [0,09] 0,7 [0,91] 0,1 | 1,85 [0,25[-0,01]-0,11]0,9]-0,6
C11]23,52355,73[1,89] 1,1 [0,13[0,03] 0,1 | 0,1 |-0,01]-0,05 [1,05]-0,05] -3,37 [0,25] -0,1 | -1,3|-0,1] 1,3
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Chart dist. step by step

Step 1. Note that all variables (signs-symptoms) are
stimulators (when more their value, then better), except

x11 and xi3, which are de-stimulators (when more their
value, then worse). Before conducting the multivariate
statistical analysis, we will make a replacement
xpStmudator=1_y | - xyStmulator=]_x ;- which translates all
signs into stimulators. For the correct ranking of object-
branches, we add 2 more objects to the considered set: the
“etalon” C12, for which the values of all signs are
maximum, and the “anti-etalon” C13, for which the values
of all signs are minimal. Note that ignoring the procedure
for creating “etalon” and “anti-etalon” objects often leads
researchers to inaccurate conclusions (see, for example,
the article [7]). In addition, we will perform data
standardization (a mandatory requirement of all
multivariate statistical analysis methods) according to the

X; =X,
formulas: z; =— :

, j =118, where are Z the mean
O

values, o; are the standard deviations for all objects for the

j-th attribute. This transformation leads to the fact that all

Euclidean distance

Combination distance

Step

— Dist. unified

Fig. 2. Diagram of the aggregate of objects step be step.

Step 2. Considering the results obtained in the first
step, in the second stage, using the K-means method. Set
the required number of clusters, equal to three. We get:

Cluster 1 — 8 objects:

new variables have average values equal to 0 and standard Observ. unified
deviations (as well as variances) equal to 1. Thus, the C2 0,713673
matrix Z,, ;= (Zg)§ i=1,13;j=1,18 will be analyzed. C_3 0,685849
At the first step, using the “nearest neighbor” method and C_4 0,928692
choosing the Euclidean distance (distance d,s between p- C5 0,303296
[ ) C7 0,485469
th and s-th objects: dps = Z(ij —zxj) ) as a measure Cc9 0,347048
/- C_10 0,322583
of the proximity of objects, we get the “Tree Clustering” C 11 0,660865
in the form of a diagram (Fig. 1) Cluster 2 — 3 objects: Cluster 3 — 2 objects:
Tree Diagram for 13 Cases Observ. unified
Method'nearest' neighbor C 6 0,483053| [ Obser. unified
; Euclidean distance C 8 0,529164 C_1 0,633323
C 12 0,799856] |C_13 0,633323

Linkage Distance

[ ]

C12C4 C8 C6 C3C11C7C10C9 C5 C2C_13 C_1

Fig. 1. Diagram of distribution the aggregate of objects
(branches).

To determine the number of cluster groups into which
we will break our set of industry objects, we will construct
a graph of the union in steps (Fig. 2).

Analyzing the above graphs, we conclude about the
possibility of splitting the set of objects into 3 clusters.

: Corresponding author: shinkar@te.net.ua

Thus, we obtained a stable (robust) partition of the set
of objects into 3 clusters (groups): “Leaders” — branches
C6, C8, C12; “Middle peasants” — branches C2, C3, C4,
C5, C7, C9, C10, C11 (“Best” of which are the branches
C3, C4, Cl11); “Outsiders” — branches C1, CI13 (see
Table 2).

Table 2. Splitting the set of objects into 3 clusters.

Groups — clusters Branch — objects
Group 1 — “Leaders” Co6, C8,C12
Group 2 — “Middle peasants” g%’l 3, C4, G5, €7, ©9, Clo,
Group 3 — “Outsiders” Cl1,C13

Note that the robustness of clustering is easy to verify
using discriminant analysis methods. The same methods
determine the ownership of a new object to a particular
cluster. This is especially important when investing in the
newly built enterprises of the food industry.

Step 3. (Two-Way Joining Clustering). We set the
threshold level value in such a way that our set of objects
is divided into 3 blocks-clusters. As a result of the third
step of the Cluster Analysis procedure, we obtain the
reordered matrix of objects-attributes. The graphic image
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of this matrix is presented in the diagram (Fig. 3), which
shows the rearrangement of variables-objects.

3.2 Principal Components Analysis

In this part of the research, a correlation matrix is used,
the elements of which are the pair correlation coefficients
between all the variables-attributes (Table 3).
Analyzing the eigenvalues of the correlation matrix.
For clarity, we use the following so-called “scree chart”
(Fig. 4).
This diagram is used to highlight the Principal
Components. The Kaiser method is commonly used.
According to this method, components are selected that
correspond to eigenvalues exceeding 1. We conclude that
there are 3 main factors (Principal Components), the
action of which causes more than 81% of the total
variation (see Table 4).
As a result of applying the PCA, we obtain a factor
solution (Table 5).
Next we find the so-called “factor solution”. At this
stage, we obtain the decomposition of the Main
Components (factors) through the initial variables-
simptoms (see Table 6).
Independent (orthogonal) latent factors: the factor F|
= Lz (financial condition) is appreciably loaded under
. -0 influence the indicators-symptoms z3—z, i.€.:
= o m us o 1) F, ~—0,86z, — 0,89z, — 0,89z, — 0,87z, —
0,78z, -0,76z, — 0,71z, —0,78z,, —0,79z,, = 0,79z, ;
2) the factor F, (profitability of production) is appreciably
loaded under influence the indicators-symptoms zi4—z1s,

Two-way union results

Fig. 3. The graphic image of the reordered matrix of objects-
attributes.

This matrix shows which groups of attributes and to
what extent influenced the formation of clusters. At the
end of this item of research we conclude that almost all
branches of the food industry in Ukraine (except for sector
C1) are investment attractive.

ie.

F, ~-0,69z,-0,6z,—-0,3z,-0,76z,-0,47z,;
3) the factor F3 (production potential) is appreciably
loaded under influence the indicators-symptoms zj, z»,

ie.

F, ~0,87z,+0,87z,.

Table 3. Correlation matrix.

Correlation (Table.sta)

Main of level p <,05000

N=13
Variable 21 [ 22 [ 23 | z4 [ 25 | 26 | 27 | z8 | 29 | z10 [ z11 [ 212 | 213 [ z14 [ z15 | z16 | z17 [ z18
z1 1,000 0,964 0,215 0,165 0,223 0,232 0,154 0,144 0,098 0,153 0,141 0,310 0,453 0,244 -0,00¢ 0,342 0,150/-0,10(
z2 0,964 1,000 0,272 0,261 0,367 0,292 0,209 0,199 0,144 0,201 0,200/0,341 0,481/0,261 -0,05' 0,342 0,221 -0,07!
z3 0,2150,272 1,000 0,956/ 0,743 0,593 0,811/0,792 0,413 0,802 0,806 0,634 0,324 0,306 0,175 0,428 0,174 0,454
z4 0,165 0,261/0,956 1,000 0,814 0,700 0,834 0,819 0,468 0,816 0,837/0,628 0,343 0,356 0,150 0,387 0,267/0,387
z5 0,223 0,367/0,743 0,814 1,000 0,807 0,626 0,606 0,668 0,601 0,644 0,782 0,404 0,572 0,338 0,480 0,556/0,375
z6 0,232/0,292 0,593 0,700/0,807 1,000 0,688/0,674 0,663 0,688 0,715 0,736 0,272 0,514 0,483 0,482/0,477 0,218
z7 0,154 0,209/0,811 0,834 0,626 0,688 1,000 0,999 0,189 0,993 0,998 0,322 0,240 0,013 0,100 0,337 -0,01:/0,170
z8 0,144 0,199/0,792 0,819 0,606 0,674 0,999 1,000 0,166 0,992 0,997 0,289 0,229 -0,01° 0,082 0,320 -0,02¢{ 0,152
z9 0,098 0,144 0,413 0,468 0,668 0,663 0,189/0,166 1,000 0,206 0,230 0,839 0,078 0,915 0,710 0,540/0,912 0,658
z10 0,153 0,201/0,802 0,816 0,601 0,688 0,993 0,992 0,206 1,000 0,993 0,321 0,156 0,010 0,134 0,394 -0,00' 0,202
z11 0,141 0,200/0,806 0,837 0,644 0,715 0,998 0,997 0,230 0,993 1,000 0,346 0,227 0,050 0,121 0,348 0,029/0,179
z12 0,310 0,341 0,634 0,628 0,782 0,736 0,322/0,289 0,839 0,321 /0,346 1,000 0,318 0,829 0,514 0,492 0,643 0,441
z13 0,4530,481 0,324 0,343 /0,404 0,272 0,240 0,229 0,078 0,156 0,227 0,318 1,000 0,172 0,059 0,113/0,181 -0,00¢
z14 0,244 0,261/0,306 0,356 0,572 0,514 0,013 -0,01° 0,915 0,010 0,050 0,829 0,172 1,000 0,491 0,361 0,870/0,433
z15 -0,00¢-0,05° 0,175 0,150 0,338 0,483 0,1000,082 0,710 0,134 0,121 0,514 0,059 0,491 1,000 0,696/0,655 0,745
z16 0,3420,342 0,428 0,387 0,480 0,482 0,337/0,320 0,540 0,394 0,348 0,492 0,113 0,361 0,696 1,0000,515 0,627
z17 0,150 0,221/0,174 0,267 0,556 0,477 -0,01° -0,02¢ 0,912 -0,007 0,029 0,643 0,181 0,870 0,655 0,515 1,000 0,611
z18 -0,10(-0,07!0,454 0,387 0,375 0,218 0,170 0,152 0,658 0,202 0,179 0,441 -0,00¢ 0,433 0,745 0,627 0,611/1,000

Independent latent factors by according the
significance influence on the level of investment
attractive (resulting latent factor F)) are put as following

order: F3, F> and F. For clarity, let us show on the plane
of the first two Principal Components how the original
features are scattered (grouped) along these components.
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Fig. 4. Diagram of distribution the eigenvalues of the
correlation matrix.

Table 4. Factors (Principal Components) and their contribution
to the total variation.

PCA -Eigenvalue
Eigenvalue ‘ % total ‘

Components var.

1 8,564522 47,58068
2 3,879773 21,55429
&) 2,245572 12,47540
4 1,140186 6,33437
5 0,744677 4,13709
6 0,625664 3,47591
7 0,328563 1,82535
8 0,251792 1,39884
9 0,136768 0,75982
10 0,059331 0,32962
11 0,022119 0,12288
12 0,001034 0,00574

Table 5. Results of PCA.

PCA-Re sults
Number components = 3
82,2001% SS

R2X [ R2X(Cum)

Eigenvalue Q2 Limit [Q2(Cumm.)

Component

1 0,462193 0,462193 9,706049 0,158949 0,126984  0,158949
2 0,250791 0,712984 5,266608 0,343864 0,136364 0448156
3 0,109018 0,822001 2,289370 0,001094 0,147368  0,448759

Table 6. The importance of indicators in regard to the allocated
principal components.

Factor scoures (on correlations)
Variable Factor 1 [ Factor 2 | Factor 3
z1 -0,322763 -0,012103 0,871116
z2 -0,391765 0,007772 0,865764
z3 -0,857168 0,292811 -0,060598
z4 -0,887320 0,286191 -0,068549
z5 -0,892380 -0,050333 0,062015
z6 -0,867913 0,002402 -0,010514
z7 -0,777495 0,599929 -0,128712
z8 -0,758020 0,618527 -0,134304
z9 -0,714043 -0,647521 -0,140689
z10 -0,776692 0,578658 -0,164824
z11 -0,793686 0,570032 -0,143279
z12 -0,794195 -0,404238 0,120584
z13 -0,367898 0,060851 0,564043
z14 -0,570762 -0,689629 0,119186
z15 -0,493197 -0,598249 -0,315778
z16 -0,643265 -0,297523 -0,018541
z17 -0,544338 -0,759026 0,006649
z18 -0,517530 -0,471789 -0,419246

4 Conclusion

We developed and mathematically proved a new method
for evaluating the investment attractiveness of the main
branches of the food industry of Ukraine, which does not
contain the subjective estimations and it takes into
account many different indicators of activity of branches
as possible. A mathematical model is proposed, which is
based on a combination of methods of multivariate
statistical analysis (Cluster Analysis and Principal
Components Analysis). Economic and mathematical
modeling allowed us to obtain the following results: the
set of the main branches of the food industry of Ukraine
divided into clusters-groups according to the latent sign
“investment attractiveness” (with ranking of branches);
the use of Principal Components Analysis allowed to
identify and evaluate the main factors that most
significantly affect the investment attractiveness. From
the conducted research it follows that when deciding on
investing in food industry enterprises, it is necessary
(mostly) to assess its financial condition (factor ) and
profitability of production (factor F).
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Abstract. Disparities in the development of regions in any country affect the entire national economy.
Detecting the disparities can help formulate the proper economic policies for each region by taking action
against the factors that slow down the economic growth. This study was conducted with the aim of applying
clustering methods to analyse regional disparities based on the economic development indicators of the
regions of Ukraine. There were considered fuzzy clustering methods, which generalize partition clustering
methods by allowing objects to be partially classified into more than one cluster. Fuzzy clustering technique
was applied using R packages to the data sets with the statistic indicators concerned to the economic
activities in all administrative regions of Ukraine in 2017. Sets of development indicators for different
sectors of economic activity, such as industry, agriculture, construction and services, were reviewed and
analysed. The study showed that the regional cluster classification results strongly depend on the input
development indicators and the clustering technique used for this purpose. Consideration of different
partitions into fuzzy clusters opens up new opportunities in developing recommendations on how to
differentiate economic policies in order to achieve maximum growth for the regions and the entire country.

1 Introduction

Economic policies that take into account differences in
regional development should be coordinated using
scientific approaches to achieve maximum results in
each region and for the whole country. This article is
dedicated to the problem of clustering Ukrainian regions
in different groups accordingly to their economic
development levels. The usefulness of such division is
obvious. Really, having at disposal the partitioning into
different clusters based on economic indicators, a
decision maker can elaborate economic policy measures,
which are specific for every cluster and similar for all the
regions inside the same cluster. So, the number of policy
options substantially reduce in comparison with the case,
when the decision is made on each particular region.

Clustering also provides an opportunity to identify
groups of regions that are most attractive as objects of
domestic and foreign investment. Undoubtedly, the use
of cluster analysis for improving regional policy will
increase the efficiency of the economic system as a
whole, which is especially important for today's Ukraine
and is a necessary condition for its economic growth.

Nowadays, a good deal of research representing
manifold of cluster analysis approaches and tools has
been conducted and reflected at the relevant literary
sources. Nevertheless, search for the most acceptable
clustering methods still retains its relevance. The reason
is that every method has its own advantages and
disadvantages.

Fuzzy clustering methods permit the gradual
assessment of the membership of data elements in a
cluster which is described by a membership function

valued in the real unit interval [0; 1]. So, in fuzzy
clustering it is assumed that the boundaries between
groups are not well defined, like in the case of most
natural systems. Therefore, fuzzy clustering approaches
make it possible to more adequately describe and solve
the real problem, such as estimating regional
development disparities.

This article presents a study on application of hard
cluster analysis methods and clustering methods based
on fuzzy sets theory. A new approach to evaluating
regional disparities in Ukraine using a fuzzy clustering
technique is given. There were used statistical data on
indicators of economic activities in different regions of
Ukraine in 2017. The considered methods are especially
useful for the case of qualitative economic indicators.

This article consists of six sections. The first one
substantiates the background of the conducted research.
In the second section, review of the scientific literature
on research topic is presented. The third part reveals the
theoretical basis of the proposed clustering techniques.
The course of the study and its main results are presented
in the fourth and fifth parts of this paper. The final part
contains conclusions based on the research results and
discussing areas for the further studies in the field of
exploring fuzzy clustering methods and adapting them to
regional clustering tasks.

2 Literature review

Regional disparities are closely connected to unequal
economic development of the regions in different
sectors. So, economic disparities are associated with

i Corresponding author: kt_datsyuk@ukr.net
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differences in regional qualitative and quantitative
economic indicators. Economic disparities are generally
assessed using such indicator as gross national product
(GNP), combined with the analysis of tax revenues, the
growth of industry and agriculture, demographic trend,
infrastructure and services [1].

Studies on estimating and classifying of regional
development disparities have been performed by many
researchers [1-9] all over the world. The most common
approaches, which are used for this purpose, are
econometric modelling [4, 8, 9], Klassen typology theory
[1-3] and different clustering techniques [1, 2, 6]. At the
same time, among clustering methods, k-means
clustering and hierarchical clustering are most widely
used.

The Klassen typology and the developed fuzzy-
Klassen model are discussed in the paper [3] along with
giving the recommendations on their use in modelling
regional development disparities.

The use of clustering techniques in the tasks of
classification of regions by the level of economic
indicators is represented in articles [1, 2, 6]. Also, there
were proposed to join the traditional clustering
approaches with fuzzy methods, based on fuzzy sets
theory of L. Zadeh [10], and a lot of researches were
done to apply them in practice.

The theoretical basics on clustering methods, fuzzy
clustering algorithms and their program software
implementations are considered in numerous works [11-
30]. In this study, we used the fuzzy clustering
approaches to identify disparities in the development of
Ukrainian regions, which allow us to explore and utilize
the advantages of this technique.

3 Research methodology

Clustering is one of the important data mining
techniques that enable the discovery of hidden
relationships from data [15]. The goal of the clustering is
to divide the set of data items into several number of
groups ¢, called clusters. The result of any cluster
algorithm is the mapping of data items to a specific
group.

In general, clustering techniques are divided into two
types, Hierarchical and Partitioned -clustering [22].
Partition clustering algorithms divide the data sets into
clusters assigning dissimilar data objects to different
clusters.

Hierarchical cluster techniques are generally
classified into two types, which are agglomerative and
divisive clustering [22]. These cluster methods form a
dendrogram, which represents nested grouping pattern
and similarity level in classification process. At certain
group level, dendrogram will break into another group
level, thus producing a different data group. In
hierarchical clustering, objects that belong to a child
cluster also belong to the parent cluster [13].

Hierarchical cluster methods classify data by
similarity of distance between two data points. The
classical methods for distance measures are Euclidean

and Manhattan distances, which are defined as follow
[19]:

deuc(x’ y): Z(xi _yi)2 H (1)

i=1
dman(x9 y):Z|xi_yi| > (2)
i=1

where x and y — two vectors of length n; de(x, y) —

Euclidean distance; dnan(x, ) — Manhattan distance.

Also, there are many other methods to calculate the
distance information, but the right choice of distance
measures, which depends on the type of the data and the
researcher questions, is very important, as it has a strong
influence on the clustering results [19].

The conventional (hard or hard) clustering methods
restrict that each point of the data set belongs to exactly
one cluster [14]. Fuzzy set theory proposed by Zadeh
[10] in 1965 gave an idea to describe the uncertainty of
belonging to particular class by a membership function.
Applications of fuzzy set theory in cluster analysis were
early proposed in the work of Bellman, Kalaba, Zadeh
[23] and Ruspini [17].

Basic fuzzy clustering techniques include: fuzzy
clustering based on fuzzy relation, fuzzy clustering based
on objective functions, and the fuzzy generalized K-
nearest neighbour rule — one of the powerful
nonparametric classifiers [14].

For all fuzzy clustering algorithms, it is necessary to
pre- assume the number ¢ of clusters because, in general,
the number ¢ should be unknown [14]. The quality of the
classification of data into partitions depends on the value
of the parameter c that is provided to the algorithm [15].

Fuzzy clustering is a soft clustering technique for
classifying data into groups. In fuzzy clustering each
data point belongs to all the clusters with varying
memberships and these membership values range
between zero and one [15].

Most of the clustering algorithms follow a similar
structure [11]: (1) select initial cluster centers, (2)
calculate the distances between all points and all cluster
centers, (3) update the partition matrix until some
termination threshold is met. In particular, the
classification of fuzzy algorithms is represented in [11].

The most well-known fuzzy clustering algorithms
are: fuzzy c-means, fuzzy k-means, (ISODATA),
Gustafson Kessel (GK) algorithm [13] etc.

The fuzzy c-means (FCM) algorithm involves the
processes in which there is calculation of cluster centers
and assignment of points to these centers using a formula
of Euclidian distance [13]. The fuzzy c-means algorithm
is one of the most widely used fuzzy clustering
algorithms. It is a soft clustering algorithm which was
firstly studied by Dunn (1973) [28] and generalized by
Bezdek (1974; 1981) [29, 30]. The centroid of a cluster
is calculated as the mean of all points, weighted by their
degree of belonging to the cluster [19]. The above
process is kept on repeating itself until the stabilization
of cluster centers.

This algorithm assigns a membership value to the
data items for the clusters within a range of 0 to 1. Thus,
the concepts of fuzzy sets of partial membership are
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incorporated and forms overlapping clusters for
supporting it [13]. Consequently, the data objects closer
to the centers of clusters have higher degrees of
membership than objects scattered in the borders of
clusters [20].

We can apply clustering algorithms using the R
software. The following R packages are used for
calculations in our research: 1) cluster, ppclust and fclust
for computing fuzzy clustering and 2) factoextra for
visualizing clusters [27].

The function Aclust() (cluster R package) performs a
hard hierarchical cluster analysis using a set of
dissimilarities for the n objects being clustered. Initially,
each object is assigned to its own cluster and then the
algorithm proceeds iteratively, at each stage joining the
two most similar clusters, continuing until there is just a
single cluster. At each stage distances between clusters
are recomputed according to the particular clustering
method being used [26].

The function fanny() (cluster R package) can be used
to compute fuzzy clustering [26]. It stands for fuzzy
analysis clustering and returns an object including the
following components: the fuzzy membership matrix
containing the degree to which each observation belongs
to a given cluster; Dunn’s partition coefficient (a low
value indicates a very fuzzy clustering, whereas a value
close to 1 indicates a near-hard clustering); the clustering
vector containing the nearest hard grouping of
observations etc. [19].

The function fem() (pplcust R package), which
applies the fuzzy c-means algorithm also can be used to
compute fuzzy clustering. It returns an object including
the following components: the fuzzy membership
matrix; Initial and final cluster prototypes matrices; the
Dunn’s Fuzziness Coefficients; the within cluster sum of
squares by cluster etc. [19].

4 Case study: grouping regions using
different clustering techniques

4.1 Data set description

The data for our study was taken from the State Statistics
Service of Ukraine [31]. We used the statistic
information about the economic activities in 2017 taken
by all regions. There we selected some basic indicators
of economic activities and we divided them into two
groups by their meaning. So, the first group included the
indicators of the extraction of aquatic bioresources and
the agriculture activities, and the second group included
the indicators of the retail trade, services and the
industrial activities. All of them were explored and their
corresponding values were used in clustering analysis of
the regional development. The list of those indicators
and their summary statistics are presented in the
Tables 1, 2.

In the Table 3, the column “Id” contains the inner
identification number of the region which is used for
convenience for all following computing results and
outputs.

Table 1. First group of indicators with their statistics.

Indicator Mean MedianSt. Dev.Range

[Extraction of aquatic 3793.611207.5|5648.1 (25163
bioresources by fishery water
bodies

|Value of agricultural products (14404.614571.7|8143.1 |31251
sold by agricultural enterprises

The cost of sold agricultural  (11826.2(13293.4| 6483.3 {20141

products from plant growing

The cost of sold agricultural  |2578.5]2079.9|2672.2 12694
products from animal

husbandry

Dynamics of sown areas of 1158.911194.3| 520.4 |1757.2
agricultural crops, all

categories

Dynamics of sown areas of 811.5 | 916.1 | 416.8 |1311.5
agricultural crops, agricultural
enterprises

IDynamics of sown areas of 347.6 | 307.0 | 139.3 |494.5

agricultural crops, agricultural
households

Table 2. Second group of indicators with their statistics.

Indicator Mean Median[St. Dev.| Range

Regional structure of 27429.9/19576.8|18943.0| 66619.1

turnover of retail trade

Completed construction 3344.9(1932.9(3114.4(10659.9

works

'Volume of industrial 82165.943406.2(95282.4/407469.9

roducts sold

Regional structure of retail |18757.8|12174.2/15042.1| 52768.5
trade turnover of retail
enterprises

Used fuel, (10°) 4075.6]1961.8|5092.7|18645.3

Volume of services sold by [3994.8|2108.6|4053.2 |14932.1
enterprises in the service

sector, (10%)

We considered the values of these indicators,
gathered in 2017, for all 24 administrative regions in
Ukraine (Table 3).

Table 3. Administrative regions of Ukraine.

Id  Region Id  Region

1 Vinnytsya 13 Mykolayiv
2 Volyn 14 Odesa

3 Dnipropetrovsk 15  Poltava

4 Donetsk 16  Rivne

5 Zhytomyr 17 Sumy

6 Zakarpattya 18  Ternopil

7 Zaporizhya 19  Kharkiv

8 Ivano-Frankivsk 20  Kherson

9 Kyiv 21 Khmelnytskiy
10 Kirovohrad 22 Cherkasy
11 Luhansk 23 Chernivtsi
12 Lviv 24 Chernihiv

So, there were built two data sets accordingly to each
set of indicators. We denoted them as the First data set
and the Second Data set. Then, we used both data sets
for clustering the regions, based on different groups of
indicators, and compared the results.

4.2 Clustering results
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Before starting the fuzzy clustering analysis, we can
apply the hierarchical clustering method, using a linkage
method “single”, to both data sets. The results of
clustering are illustrated by the cluster dendrograms
(Fig. 1,2), where we can see the data points
hierarchically arranged into larger groups dependently
on the distances between them.
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Fig. 1. Results of hierarchical clustering for the First data set.
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Fig. 2. Results of hierarchical clustering for the Second data
set.

4.2.1 Three clusters

For the number of clusters equal to three (¢ = 3) we
conducted the hierarchical clustering by Aclust() function
[26], using a linkage method “complete”, and obtain the
hard clusters for two data sets (Fig. 3-4, Table. 4).
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Fig. 3. Three clusters for the First data set.

The fuzzy clustering methods, applied to both data
sets, allowed us to obtain the fuzzy clusters which are
characterized by membership coefficients indicated the
strength of belonging to the particular cluster for all
regions.

We illustrated the fuzzy clusters by several charts
(Fig. 5-6) and the table with the wvalues of the
membership coefficients obtained by the fem() function
[19] (Table 5). The values of membership coefficients
vary from 0 to 1 and indicate with different conditional
formatting pattern the strength of belonging to the
particular cluster for all regions.
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Fig. 4. Three clusters for the Second data set.

Table 4. Hierarchical clustering results for ¢ = 3.

Regions
Clusters First data set Second data set
1 1,3,9,10, 13, 14, 3,4
15,17, 19, 21, 22,
24

2 7 14
3 2,4,5,6,8,11,12,|1,2,5,6,7,8,9,10, 11, 12, 13,
16, 18, 20, 23 15,16,17, 18, 19, 20, 21, 22, 23,

24

Table 5. Membership coefficients for three clusters.

Region Cluster 1 Cluster 2 Cluster 3
1 00069988 [H0.9614778 | 0.0315234
2 [H09883655 0.0037207 0.0079138
3 | 0.0566142 F0.3906423 [F0.5527436
4 Fo4711571 [ 0.0926725 F0.4361704
5 0075004 | 0.0546427 [l0.1378569
6 [H08708132 | 0.0448172 [] 0.0843696
7
8
9

[0.2282767 Fd.2399224 105318009

009796605  0.0066517 | 0.0136878

[1 0.0922669 [H0.6869528 [ 0.2207803
10 [o.1287994 [6.1990442 F0.6721564
11 0961364 | 0.0117415]| 0.0268945
12 009448046 | 0.0166844| 0.038511
13 | 0.0256044 | 0.0501941 01924201
14 | 0.0454997 []o.1413717 [F0:8131286
15 | 0.0240021 J09032314 || 0.0727665
16 [09895505 0.003367 0.0070825
17 || 0.0661397 F0:4907331 F0.4431272
18 05549239 []0.1266133 [F0.3184627
19 | 0.0109116 09509052 | 0.0381831
20 [o.1418759 [] 0.0755601 0782564
21 [o.1426764 [F0.3478379 [0.5094857
2 | 0.0523400 F0.5163732 [F0.4082859
23 0190984611 | 0.0304336 | 0.0597202
24 | 00167552 1019196494 || 0.0635953

The next plot (Fig. 5) shows the overlapping clusters
on the set of all data points. It is the scatterplot of the
first two principal components which were derived from
the data. It also says that, in our case, 85.3%
(62.8%+22.5%) of the information about the multivariate
data is captured by this plot.

On the following plot (Fig. 5, 6), the data points with
the highest