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Trends in the development of the national economy
as a medium for the functioning of Ukrainian organizations

Inna Gruzina’, Olena Krasnonosova, lvanna Pererva

Simon Kuznets Kharkiv National University of Economics
61166, 9A Nauka Ave., Kharkiv, Ukraine

Abstract. The relevance of the research problem is determined by the need to identify perspectives of the functioning
of Ukrainian organizations in the conditions of global changes in the world economy and the activation of European
integration processes. The purpose of the article was to analyze the trends in the development of the national economy
based on the study of the structure of the main indicators, the determination of the degree of their interaction and the
assessment of mutual influence on the functioning of Ukrainian organizations. To achieve the goal, the following methods
were used: morphological analysis; scientific induction and deduction; dialectical method; system analysis; grouping
and comparative analysis; analysis and synthesis, structural-functional approach; content analysis; methods of logical
analysis and generalization, descriptive statistics, formalization; graphical and tabular method. The main results of the
study are as follows: the need to analyze the causes of the country’s economic development, in particular, the dynamics
of the nominal and real GDP, its structure and the number and qualification characteristics of the population, which is a
stimulating factor of economic development, is substantiated; the expediency of analyzing employment and unemployment
indicators, the number of vacancies, the level of entrepreneurial initiative development to assess the economy’s ability to
provide workers with jobs has been proven; the need to analyze the economic growth of the country in connection with
the analysis of the standard of living of the population is indicated, because what reflects positive material changes is
an indicator of the development of society; reduction of the population in Ukraine, due to the outflow of its most active
part abroad, which negatively affects the quality of the labor and is an obstacle to the growth of production rates; the
causes of the outlined trends were identified, such as: the 2014 crisis associated with military operations in the East of
Ukraine, political instability, rapid inflation, devaluation of the national currency, and the consequences of the COVID-19
pandemic, which affected the activities of economic entities and individuals due to the growth of unemployment and
social restrictions. The practical significance of the obtained results lies in the formation of recommendations for taking
into account the development trends of the national economy in the process of identifying prospects and possible
problems of the functioning of Ukrainian organizations in the conditions of the country’s integration into the European
community. Formulated conclusions and recommendations will be useful for managers and business owners seeking to
build a competent organization on the way to joining the European economic space

Keywords: functioning of the organization, gross domestic product, organizational efficiency, organizational competence,
European integration

Article’s History: Received: 20.06.2022; Revised: 30.08.2022; Accepted: 29.09.2022

¢ INTRODUCTION

The need to study the national economy as an environment
for the functioning of Ukrainian organizations is explained
by its influence on the life of society through a set of ele-
ments that, realizing certain functions, cause it to acquire
the status of the most complex subject of management.
The result of the functioning of the country’s economy is
measured by the increase in national wealth, the volume

of goods and services necessary for society, the level of
political and social stability, as prerequisites for the for-
mation of favorable conditions for organizations [1]. The
goal of the country’s economic development, which in-
volves a change in the national economy, its transition
from one qualitative state to a higher level, is to increase
gross income, the well-being of the population with an

Suggested Citation:
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increase in the material security of state members, and the
minimization of public expenses [2]. Economic growth is
a component of economic development, its quantitative
characteristic, the so-called foundation. The impact of
these processes on the functioning of Ukrainian organi-
zations, on the acquisition of the status of competent in
the European space, requires the study of the development
trends of the country’s economy with the analysis of rele-
vant indicators, determination of its trajectory, features at
the macro- and meso-levels [1].

The outlined problem is the subject of scientific dis-
cussions. N.O. Kukhars’ka with co-authors [3] studied the
transformation trends of the national economy, deter-
mining the conditionality of its competitiveness by eco-
nomic, social and political factors that affect the stabil-
ity of the country’s position in the domestic and foreign
markets, the ability of product manufacturers to work ac-
cording to international standards, N. Shpak, O.V. Pyroh
with colleagues [1], while investigating the conditions of
functioning of modern organizations, emphasized the
importance of public-private partnership, understanding
by it cooperation between the state and business struc-
tures of Ukraine and foreign countries. This is considered
a condition for successful integration of the country into
the European space, activation of innovative activities
of Ukrainian organizations, attraction of investments,
which will contribute to the solution of socio-economic
problems. E.V. Prushkivs’ka and her co-authors [4] em-
phasized the factors of the socio-economic development
of the country in the conditions of European integration,
highlighting the economic activity of people in the envi-
ronment formed by formal and informal institutions as the
most influential. Scientists analyzed the value orientations
and socio-psychological guidelines of representatives of
our country in comparison with representatives of other
countries and recognized the dependence of socio-eco-
nomic development on the socio-cultural component in
the form of informal institutions as one of the main deter-
minants of social progress. O.V. Mostipaka [5] studied the
structural changes of the national economy, their causes
and consequences for the development of Ukrainian so-
ciety. In formulating recommendations, the author relies
on the results of the analysis of nominal and real GDP, the
amount of capital investments and their share in GDP, de-
preciation of fixed assets, considering their level and dy-
namics as indicators of the activity of innovative processes
as a stimulus for the transformation of the national econ-
omy. R.V. Lavrov with co-authors [6] tried to identify the
factors restraining the economic growth of Ukraine, con-
ducting a study of the impact of the corona crisis on the
prospects of economic development. Scientists assessed
its short-term and long-term consequences through a
SWOT analysis of the current state of the Ukrainian econ-
omy, identifying potential risks and taking them into ac-
count when outlining the prospects for the functioning
of Ukrainian organizations. The results of the analysis of
the dynamics of GDP, its industry structure, and the level
of the final indicators of Ukraine’s foreign trade became the
basis for the conclusions regarding the extent of the damage
caused to the world economy. A. Korbutyak [7] gave priority
to solving the problems of forming the investment and in-
novation potential of Ukraine in the context of increasing

the level of its competitiveness in the world market. The
author investigated the level of development of scientific,
technical and innovative activities in Ukraine, carried out a
comparative analysis of the share of new technologies and
products in the GDP of Ukraine and developed countries
of the world, drawing disappointing conclusions about the
first. The main goal was to identify opportunities for the
development of innovative activity, which requires pains-
taking work in the direction of improving the investment
climate in the country, as well as the volume and structure
of investments.

It is necessary to remember the dynamism and ex-
tremely high degree of uncertainty of the national econ-
omy of Ukraine provokated by the influence of a large
number of various factors, especially during the period of
military operations and the corresponding economic and
political crises, that is the reason for the rapid loss of rel-
evance formulated conclusions. This determines the need
for constant monitoring of the state of the national econo-
my and appropriate consideration of existing and probable
trends when determining the prospects for the function-
ing of Ukrainian organizations, in particular, on one of the
world’s largest markets for goods and services.

The purpose of the article was to analyze the direc-
tions of the development of the national economy based
on the study of the structure of the main indicators, the
determination of the level of interaction between them and
the assessment of the mutual influence on the results of
the activities of Ukrainian organizations.

e MATERIALS AND METHODS

To solve the tasks outlined in the article, a combination
of the following general scientific and special research
methods was used:

1) the method of morphological analysis — for substan-
tiating the essence and content of the concepts “economic
development” and “economic growth”, identifying their
relationship and fundamental differences; disclosure of
the essence of the concept of “competency of the organ-
ization” to justify the dependence of its general level on
the state of the national economy of Ukraine, which forms
the environment for the functioning of modern Ukrainian
organizations;

2) methods of scientific induction and deduction -
to substantiate the expediency of using the results of
the analysis of trends in the development of the national
economy as an environment for the functioning of modern
Ukrainian organizations to identify prospects for their suc-
cessful activity in the conditions of the intensification of
European integration processes;

3) the dialectical method - to substantiate and gener-
alize approaches to the analysis of trends in the develop-
ment of the national economy and the assessment of the
strength of their influence on the conditions of functioning
of Ukrainian organizations in order to identify the pros-
pects of their successful activity on the European market
of goods and services;

4) the method of system analysis — to study the struc-
ture of nominal and real GDP, determine the contribution
of various types of economic activity to its total volume,
the share of high-tech and science-intensive sectors of the
economy, focused on the production of new knowledge and

Development Management, 2022. Vol. 21, No. 3
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technologies, in the structure of GDP; to analyze the dis-
tribution of GDP by regions of Ukraine, the ratio between
the primary, secondary and tertiary sectors of the economy
according to the Fisher-Clark model; to determine the size
of the existing population of Ukraine, changes in its struc-
ture and quality;

5) methods of grouping and comparative analysis — to
identify during the analytical period the dynamics of in-
dicators of nominal and real GDP, their growth rates in
absolute and relative terms, the volume of GDP per capita,
the size of the existing population of Ukraine, the vol-
ume of mining and processing industry in the structure of
the real GDP of Ukraine, the overall structure of the GDP
of Ukraine, shares of the primary, secondary and tertiary
sectors of the Ukrainian economy; to analyze the GDP per
capita indicator as a characteristic of the quality of life of
Ukrainian citizens and an additional tool for comparing the
levels of economic development of different countries and,
accordingly, the welfare of their population;

6) methods of analysis and synthesis, structural-func-
tional approach - for researching the structure of the na-
tional economy of Ukrainian as a basis for analysis, for a
detailed description of its components with the aim of
clarifying directions for identifying the causes of existing
changes in the national economy, assessing the direction
and degree of their influence on functioning and develop-
ment modern Ukrainian organizations, justification of ef-
fective methods and tools necessary for this;

7) the method of content analysis — to form a set of
indicators for assessing trends in the development of the
national economy of Ukrainian, to clarify their essence and
content, to identify the difference between the nominal
and real GDP of Ukraine and to justify the objective ne-
cessity of their combined use for the purpose of analyzing
current trends in the national economy of Ukraine;

8) methods of logical analysis and generalization —
to determine key indicators for assessing the state of the
Ukrainian economy in the context of its influence on the
activities of organizations;

9) methods of descriptive statistics — to study the rela-
tionship between the level of individual indicators and the
general trends of changes in the Ukrainian economy;

10) formalization method and graphic method - for
substantiation of formulated conclusions and their visual
presentation;

11) tabular method - for systematization of the obtained
research results. Modern computer technologies, in particu-
lar, the capabilities of the special software and technical tool

MS Excel, were used to process the data, carry out the neces-
sary calculations, and build appropriate diagrams and graphs
based on them to present the results of the analysis.

The informational and factual base of the research, the
results of which are presented in the article, was formed
on the basis of statistical analysis, generalization and
systematization of information from the official websites
of the State Statistics Service of Ukraine and the World
Bank [8; 9], materials of analytical reviews and periodical
publications [10-12], works of Ukrainian scientists, etc.

e RESULTS AND DISCUSSION

According to experts, the dynamics and sectoral structure
of the nominal and real GDP, the increase in the number
of the population, in particular, the labor resources of the
country with the necessary qualification characteristics,
which is an important factor of economic development,
should be subject to analysis. However, it must be taken
into account here that the effect of population growth di-
rectly depends on the ability of the economy to provide
new employees with workplaces, therefore, the analysis of
the levels of employment and unemployment in the coun-
try, the number of available vacancies, which, in turn, is
related to the development of entrepreneurial initiative,
and, therefore, the creation of new organizations and, con-
sequently, new jobs [2]. The importance of analyzing the
indicators, determining their level and possible reasons for
their decline is explained, first of all, by the fact that their
growth creates prerequisites for attracting a larger amount
of investment and capital to the country’s economy, which,
in turn, will ensure a higher level of production.

The nominal and real value of the country’s GDP are
generalizing indicators of its economic growth and, there-
fore, economic development. The value of nominal GDP
reflects the total volume of production at current prices at
the time of production, however, its growth tendency does
not always indicate positive trends in the national econ-
omy, which makes it necessary to calculate real GDP, that
is, the volume of production at constant, basic prices. For
countries with a so-called transition economy, character-
ized by its significant instability, it is most expedient to
measure real GDP at the prices of the previous year. The
main difference between the indicated indicators is that
the real GDP is affected only by production volumes, or,
more precisely, their changes, without taking into account
the rise in prices, therefore, it can fairly objectively charac-
terize economic activity in the real sector of the national
economy (Table 1).

Table 1. Dynamics of nominal and real GDP of Ukraine

Nominal GDP (in actual Rea'l GDE (in, in absolute . . .
Years prices), million UAH JRICVAULISVES terms. million | ™ relative | nominal, | real,
prices), million UAH l}AH terms, % UAH UAH
2012 1404 669,00 1303 094,00 -101 575,00 -7 30808,7 | 28580,8
Growth rates (GR), % 8.05 14.5 - - 8.3 14.8
2013 1465 198,00 1404 293,00 -60 905,00 -4 32209,5 | 30870,6
GR, % 4.3 7.8 - - 4.6 8.1
2014 1586 915,00 1369 190,00 -217 725,00 -14 37050,3 | 31967,00
GR, % 8.3 -2.5 - - 15.03 3.6
10
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Nominal GDP (in actual

Table 1, Continued

in absolute

Real GDP (in
previous year’s

prices), million UAH prices), million UAH term:} :;{illion i?el;ilfslfi;,e nominal,
2015 1988 544,00 1431 826,00 -556 718,00 -28 46412,6 33418,8
GR, % 25.3 4.6 - - 25.3 4.5
2016 2385 367,00 2 037 084,00 -348 283,00 -15 55899,4 | 47737,6
GR, % 20.0 42.3 - - 20.4 41.9
2017 2983 882,00 2444 191,00 -539 691,00 -18 70233,0 57530,0
GR, % 25.1 20.0 - - 25.6 20.5
2018 3560 596,00 3085 492,00 -475 104,00 -13 84235,0 72995,2
GR, % 19.3 26.2 - - 19.9 26.9
2019 3978 400,00 3675 300,00 -303 100,00 -8 94661,1 87449,2
GR, % 11.7 19.1 - - 12.3 19.8
2020 4222 026,00 3827 941,00 -394 085,00 -9 101137,6 | 91697,3
GR, % 6.1 4.1 - - 6.8 4.9
2021 5459 574,00 4363 582,00 -1 095 992,00 -20 131944,4 | 105457,0
GR, % 29.3 14.0 - - 30.5 15.0

Source: [8-10]

According to the data provided on the official website
of the State Statistics Service of Ukraine [8], Ukrainian’s
economy has been growing steadily since 2012. Thus, the

nominal GDP during the analyzed period increased by UAH
4,054,905 million; real GDP growth rates were slower —
slightly more than 3 times (by UAH 3,060,488 million) (Fig. 1).
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Figure 1. Dynamics of the GDP of Ukraine during 2012-2021

Source: [8-10]

The GDP trend is the main economic indicator tradi-
tionally used to characterize the state of national economy,
when determining the relative deficit of the state budget,
the degree of financial dependence of the country [10].
Taking into account the mentioned trends, it can be said
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that there is an improvement in the state of Ukrainian’s
economy, however, in this case, such unequivocal conclu-
sions cannot be made. The nominal GDP is determined
based on current market prices, which reflect the real
turnover of the product and determine the incomes of the
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participants in the economic process. Such an assessment
provides an opportunity to analyze the sectoral structure
of the economy, to determine possible disproportions be-
tween consumption and accumulation on other, equally
important, macroeconomic relationships. However, due to
the dependence of such an assessment on the price level, it
is not possible to objectively measure the dynamics of the
volumes of produced and used goods and services.

The comparison of physical volumes of macroeco-
nomic indicators of the current period becomes possi-
ble under the condition of their revaluation at constant
prices that is, by the so-called leveling of the price factor.
Turning our attention to the difference between nominal
and real GDP (Table 1), it shows an absolute decrease in
nominal GDP due to price dynamics, starting from 7% in
2012 and reaching 20% in 2021. The figure 1 clearly shows
that the volume of real GDP lags behind its nominal value,
which, first of all, indicates the rise in market prices, the
deflation of GDP, the excess of the value of the unit price
index.

According to scientists, economic growth, which, first
of all, reflects positive material and quantitative changes,
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is also an indicator of the quality development of society,
which determines the relationship between the growth of
production levels and the life of the population [3]. This
is the improvement of its material well-being, the devel-
opment of human intelligence, the improvement of its
cultural and educational level, the development of social
infrastructure sectors, the growth of investments in hu-
man capital with the simultaneous creation of safe living
and working conditions for people, ensuring the social se-
curity of the unemployed and disabled [3]. In view of this,
an important indicator of an objective assessment of the
functioning of national economy is the growth of GDP per
capita, which reflects the quality of life of the country’s cit-
izens and, in addition, is a tool for comparing the levels of
economic development of different countries and, accord-
ingly, the welfare of their population.

According to the preliminary analysis, it can be said
that in Ukraine during 2012-2021 economic growth is ob-
served against the background of a steady trend of reduc-
tion in the total population from 45,593.3 thousand people
in 2012 to 41,148.9 thousand people in 2021, that is, by al-
most 5 million people (about 10%) [8; 9] (Fig. 2).
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Figure 2. Dynamics of the available population of Ukraine during 2012-2021

Source: [8]

The growth of real GDP per capita varies between 3-5%
in 2014-2015 and 2020 and exceeds 40% in 2016. If you
analyze the indicator of the size of the existing population
of Ukraine, you can understand that such fluctuations are
explained not only by the growth of GDP, but also by the
decrease in the size of the population: by almost 6% and
by about 1.5% in 2014 and 2021, respectively. The excep-
tion was 2016, when the population decreased by only 0.4%
with a significant increase in real GDP per capita. However,
it should be noted about the negative point of reducing the
number of the existing population in Ukraine, because it is
not always due to the natural consequences of the excess of
mortality over birth, very often the explanation lies in the
outflow of the most active part of the population abroad,
which has an extremely negative effect on the quality of
the labor. Active labor migration, which provokes a mass
outflow of personnel, is an obstacle to the growth of pro-
duction rates, first of all, in such critical sectors as construc-
tion, industry, agriculture, transport and communication.

Development Management, 2022. Vol. 21, No. 3

This causes a threatening shortage of highly qualified per-
sonnel in strategically important areas of the economy in
Ukraine.

The value of the GDP per capita indicator in Ukraine,
which characterizes the resilience of the national economy
to negative internal and external influences, is also signif-
icantly lower than its average level in developed countries.
So, for example, in 2012, the GDP of Ukraine per capita in
terms of US dollars amounted to USD 3.58 thousand, in
2021 its level reached USD 3.89 thousand, that is why it can
be noted an insignificant increase while maintaining a
lower level than in countries of the European Union, where
it reaches almost USD 35 thousand [9].

Additional conclusions about the development or de-
cline of the economy, their rates, about fluctuations in the
economic situation, the degree of influence of certain fac-
tors on the Ukrainian’s economy, can be made by evaluat-
ing the dynamics of the growth rates of these indicators
(Fig. 3) [11].
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Figure 3. Growth rates of Ukraine’s GDP during 2012-2021
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Figure 3 demonstrates the unstable nature of changes
in both nominal and real GDP. The nominal GDP growth
rate, fluctuating within 10% in 2012-2014 and 2019-2020,
reaches 20-30% in 2015-2018 and 2021. As for the volume
of real GDP, 2014 showed a negative growth rate of -2.5%,
and 2016 showed a maximum growth rate of about 42%.
Such trends always have objective reasons [11]. Thus, the
crisis of 2014 caused, first of all, by the military actions in
the East of Ukraine and the corresponding political insta-
bility in the country, which led to an increase in inflation
rates, a significant devaluation of the national currency
and expected negative sentiments in society [11].

As for the significant decrease in indicators in 2020,
this is a consequence of the COVID-19 pandemic, which
is still relevant, because the time limits for its solution
do not have specific values, and the consequences for the
socio-economic sphere are difficult to predict [6; 11]. The
pandemic has affected the activities of every business
entity, which had to adapt to the new rules, however, the
reduction of the number of employees or the complete
closure of many organizations could not be avoided. The
changes also affected individuals, who felt the increase in
unemployment and a number of social restrictions. Due to
the instability of national economy and social sphere, the
constant deficit of the state budget, the coronavirus pan-
demic has had a significant impact on Ukraine. Compared
to the first wave (spring-summer 2020), which did not re-
sult significant negative trends, because unlike European
countries, Ukraine had a smaller number of patients and
there was no overload of the medical sector, the second
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wave of the coronavirus, starting from October 2020, was
more dangerous for the economy, based on social attitudes
and the previous allocation of budget funds to fight the
coronavirus. According to the UN study, 80% of Ukrainian
households lost income due to the pandemic, and in more
than 40% of households at least one family member lost a
job [12]. It is clear that these trends could not help but have
an impact on GDP dynamics in Ukraine.

GDP growth in Ukraine, in 2015-2018 and 2021, can be
explained by the relative stabilization of the economy of
Ukraine compared to previous years, due to the decrease in
the activity of military operations in the East, the decrease
in the strength of the manifestation of the COVID-19, and,
therefore, the gradual recovery of the economy, the develop-
ment of new sales markets by Ukrainian producers of goods
and services, the activation of the country’s activities on the
international stock market by selling state securities [13].

The need to understand the objective reasons for mod-
ern trends in the development of the national economy
requires an analysis of the structure of GDP, because the
quality of economic growth is evidenced by the contribu-
tion of various types of economic activity to GDP. Ukraine
is distinguished by a high and stable level of specialization
of basic industries and regions in the national economy,
which is characterized by a raw material orientation and,
accordingly, a small share of high-tech and knowledge-in-
tensive industries focused on the production of new knowl-
edge and technologies about 3% in the structure of GDP
compared to almost 15% of extractive and processing in-
dustry (Fig. 4) [11].
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Figure 4. Structural distribution of real GDP of Ukraine in 2021, %

Source: [8]

The majority of experts, considering this a serious re-
straining factor of economic growth and a precondition
for the formation of a regressive sectoral structure of the
economy, explain it by the historical features of the devel-
opment of the regions, not always favourable investment
climate and the lack of effective institutional reforms in
Ukraine [11]. Therefore, scientists who are engaged in the
search for effective ways of developing the national econ-
omy insist on the need to increase the share of high-tech
industries with high added value, rationalize the sectoral
structure of the economy on the basis of this, and accord-
ingly reduce its dependence on raw materials.

For a long time, the high rates of growth of the gross
regional product in the leading regions of industrial devel-
opment, such as the city of Kyiv, Dnipropetrovsk, Kharkiv,

and Zaporizhia regions, were traditionally considered a
positive trend and a prerequisite for building up the coun-
try’s industrial capacity [3]. However, their focus, mainly on
the exploitation of mineral resources of local origin, has
weak long-term prospects due to their natural limitations
and the significant dependence of resource- and energy-in-
tensive industries on chaotic fluctuations of world prices
for energy carriers and raw materials. Given this, we can con-
clude that excessive dependence on raw materials is unde-
sirable for the further development of national economy [4].

In the structure of the real GDP of Ukraine, the share
of industry is the largest — about 15%, therefore, its chaotic
change during the analyzed period and negative values of
growth rates during certain periods practically exclude sta-
ble economic growth (Fig. 5).
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Figure 5. Dynamics of volumes of extractive and processing industry in the structure of real GDP
of Ukraine in 2012-2021

Source: [§]
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Industrial production, according to experts [3], directly or
indirectly shapes the dynamics of the economy as a whole
due to its determining influence on other industries (trans-
port, construction). The loss more than 20% of industrial
production due to the occupation of the industrial part of
Donbas in 2014 led to a decrease in the share of the man-
ufacturing industry in the total volume of GDP by almost
1%. The coronavirus pandemic in 2020 reduced the value
added share by a feather 1.15% and the value added share
by 0.56%, together with their general focus on energy-in-
tensive, import-dependent energy carriers, negatively af-
fected the efficiency of the economy as a whole due to its
significant dependence from the specified sectors of the
economy [11].
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Experts claim that the gradual slowdown in the rate
of growth of the share of industry in the GDP of Ukraine
should not be considered exclusively as a negative phenom-
enon [14]. Changes in the economy of the most developed
countries of the world have long been evidence of a gradual
transition to the post-industrial stage of their development
with a characteristic decrease in the share of industrial and
material production against the background of the active de-
velopment of the information and services sector [11], there-
by determining the primacy of the service sector as the main
element of the formation of a post-industrial society [10].

It should be noted that the general trends in the struc-
ture of GDP of Ukraine, during 2012-2021, also reflect its
significant change (Fig. 6) [11].
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Figure 6. Dynamics of the GDP structure of Ukraine in 2012-2021

Source: [8]

There are an increase in the share of such activities as:
agriculture (by 2.46%), public administration and defence is
obvious; mandatory social insurance (by 2.68%), informa-
tion and telecommunications (by almost 2%), real estate
transactions (by 0.37%), professional, scientific and technical
activities and activities in the field of administrative and
auxiliary services (by 0.27%), with a simultaneous decrease
in the shares of the manufacturing and processing indus-
try — by 2.05 and 1.6%, respectively, and the almost absence of
any positive changes in the construction sector for 10 years —
a stable downward trend until 2018 (by 0.47%) with insig-
nificant growth over the next three years (Fig. 6). A similar
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trend towards an increase in the share of the service sector
in the GDP structure combined with a decrease in the share
of industry, which is called in the literature deindustrializa-
tion [10], fully corresponds to the trends in the development
of the economy of highly developed countries of the world.

The famous scientist A. Fisher and K. Clark, developing
a typology of economic sectors, highlighted (Fig. 7) [15]:

¢ the primary sector, including activities related to ob-
taining primary resources: agriculture, forestry and fisher-
ies, extractive industry and quarry development;

® the secondary, which unites processing activities,
and therefore includes branches of the processing industry;

Development Management, 2022. Vol. 21, No. 3



Trends in the development of the national economy...

supply of electricity, gas, steam and air conditioning; water
supply; sewerage, waste management;

%
120

* the tertiary, covering the sphere of services, con-
struction and certain types of repair activities.

70.54 71.68
100 67.8
80
60
40 | 15.08
13.21
20
14.38 17.17 15.11
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Years

B Primary sector of economy

m Secondary sector of economy

Tertiary sector of economy

Figure 7. Dynamics of Ukrainian economic sectors according to the Fisher-Clark typology

Source: [8; 15]

Figure 7 generally reflects the structure of the national
economy, which corresponds to the trends of the transition
of developed countries to a post-industrial society with a
characteristic significant advantage of the service sector
(more than 70%) [11; 14]. Insignificant growth of the pri-
mary sector is mainly explained by positive development
trends in agriculture, the secondary sector shows an in-
significant but stable tendency to decrease its share in the
structure of the real GDP of Ukraine.

The Fisher-Clark typology was formed against the
background of the industrial revolution, and subsequent
technological and organizational revolutions led to a sig-
nificant demarcation of the secondary and tertiary sectors
and, as a result, the selection of types of services that re-
ceived the characteristics of the so-called intermediate
factors of production and became important components
in the production material transformations of the second-
ary sector - registration of patents, financial services of en-
terprises, human resources management, advertising, labor
organization [16-18]. At the same time, in terms of their es-
sential characteristics, they are closer to the traditional sec-
tors of the tertiary sector aimed at serving the population —
trade, education, medicine, especially since some of them
are provided to legal entities and individuals by the same
organizations (banking and advocacy organizations, etc.).

Under the existing structure of the national economy and
the traditional management model, the task of ensuring
balanced development and GDP growth at an accelerated
pace becomes more difficult. Therefore, it is important, to
take into account the potential advantages of Ukraine, the
main of which are human capital, geographical location and
natural resources, to determine the most powerful factors
of the future qualitative leap [11]. Bearing in mind that
promising competitive advantages are created in Ukrainian
markets, they can become sectors of the economy, types of
economic activity and, accordingly, Ukrainian organiza-
tions capable of creating innovatively high-quality prod-
ucts and services with a high share of added value and in
demand on international markets [11; 19-21].

It would not be an exaggeration to say that the is-
sue of economic development in the context of European
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integration has been a concern of scientists in most coun-
tries of the world for a long period of time. Scientists such
as N.F. Campos, F. Coricelli, L. Moretti [23] tried to investi-
gate the impact of European integration on the economic
growth of the country by assessing the state of the coun-
tries that joined the EU, choosing for analysis a rather long
period of time (1973-2004). Scientists have thoroughly
proven the existence of a positive effect of EU membership
in almost all countries except Greece, putting forward as an
argument the growth of income per capita by an average
of 10%. At the same time, only one country, Greece, expe-
rienced a smaller decline in GDP and labor productivity.
This allowed scientists to justify the need to analyze the
cause-and-effect relationships of changes in the state of
economies of the world by using the method of synthetic
control, which will allow to develop an effective solution
to avoid possible problems on the country’s path to the
EU and during the first ten years after accession. Scientists
in [24], having formed a research base from 28 countries
of the European Union, tried to analyze the real process of
economic convergence in 2004-2018. Assessing the dam-
age caused to it by the financial crisis of 2008-2009, sci-
entists econometrically tested the relationship between
the growth rates of GDP per capita and macroeconomic
variables and came to a rather unexpected conclusion, the
main meaning of which was that the growth rates of poor
countries exceeded the rates of similar index of rich coun-
tries. The result of the study was also a statement about
the positive impact on the economic development of coun-
tries seeking EU membership, such factors as the openness
of the economy, inflation and the integrity of the govern-
ment. The authors in [25], trying to understand the factors
of GDP growth of EU member states, studied the correla-
tion between state expenditures of various types and the
value of GDP. Among the factors of statistically significant,
persistent negative impact, scientists singled out expendi-
tures on social protection and general state expenditures,
expenditures on public order protection, education, and
health care exert a strong positive influence. This made it
possible to single out certain types of public expenditures
with an accelerating effect on the economic growth of the
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country, but with a delayed effect, which can be used in the
process of forecasting and achieving the desired level of
GDP. In [26], the results of the study of the impact of EU
enlargement on the socio-economic development of the
member countries are presented. This happens by increas-
ing labor productivity, increasing economic government
spending, optimizing the industrial structure, and increas-
ing the population. The conclusion about the heterogene-
ity of the economic impact of EU expansion has practical
significance for determining the future prospects of both
participating countries and those that are only on the way
to joining the European space, because it is more stimulat-
ing for developed countries than for developing countries.
Scientists also insisted on the positive role of European in-
tegration in promoting regional economic growth, increas-
ing the production efficiency of member countries and
releasing their potential. The concept of the siphon effect
of developed and central regions on remote and develop-
ing regions introduced by the authors [26] determines the
feasibility of taking effective measures for new EU member
states aimed at avoiding the outflow of labor, capital and
other factors of production.

Despite the increased attention among foreign scien-
tists to the level of macroeconomic indicators as indicators
of the economic development of European countries, al-
most none of their representatives connected the achieved
level of indicators directly with the effectiveness of the
functioning of organizations and internal organizational
factors of its growth. Analysis of the state and develop-
ment trends of the national economy in the context of its
influence on the formation of a high level of competence of
Ukrainian organizations is almost absent in the scientific
literature. In addition, the use of the formulated conclu-
sions in the practice of Ukrainian organizations is associ-
ated with serious methodological difficulties, mainly due
to the heterogeneity of countries, significant differences
between them, specific features of management, and the
mentality of citizens.

Summing up, it can be noted that the relevance and ex-
pediency of an objective assessment of the prospects of the
functioning of Ukrainian organizations in today’s condi-
tions, their acquisition of a high level of competence on the
European market in close relationship with the assessment
of the current state of the national economy. The inten-
sification of globalization processes and the formation of
a single information space, providing many opportunities
to Ukrainian organizations, simultaneously threaten the
loss of the stability of their competitive advantages. The
ability of the organization to form a permanent competi-
tive advantage on the market through the effective use of
acquired knowledge and skills is becoming extremely im-
portant today. This is achieved through the formation and
development of general organizational competence, which
significantly complicates the task of managers, because,
firstly, despite the presence of a sufficiently developed
theoretical basis for the study of the competence of both
managers and work executors, almost no attention is paid
in scientific circles to the formation and development of
competence at the level of the organization as a whole; sec-
ondly, the presence of the first problem reduces the proba-
bility of correctly determining the current composition of
the organization’s competence due to the lack of relevant
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knowledge and abilities; thirdly, managers must clearly un-
derstand the basis for building a strategy for future activi-
ties, and this, in turn, requires an analysis of the environ-
ment, forecasting its changes in order to flexibly respond
to the influence of dynamic environmental factors. In ad-
dition, the described research results are incomplete with-
out an attempt to determine the possible consequences
of the shock state in which the economy of Ukraine found
itself today due to the full-scale military invasion of the
russian federation, which inflicted a blow that was difficult
to predict in terms of impact on all the links of the coun-
try’s economic system without exception. According to the
Center for the Development of Innovations, together with
the Office for the Development of Entrepreneurship and
Export, as well as the National Project for the Development
of Entrepreneurship and Export Diia. Business [22], it is al-
most impossible to estimate the amount of damage caused
during the continuation of hostilities, but they unanimously
state a significantly greater loss of Ukrainian business in
the months of the war than in the two years of the pandemic.
Considering the fact that Ukrainian organizations adapt
quite quickly, which is confirmed by the analysis of publicly
available information on the registration of new businesses
in Ukraine, the study of the environment of their operation
to identify opportunities or potential threats is extremely
important and timely, moreover, it needs to be continued
due to its exceptional relevance.

e CONCLUSIONS

Organizations of various levels, including sectoral and in-
ter-sectoral complexes, enterprises, households, entrepre-
neurial structures and the state, united by means of certain
economic relations in the form of single system, participat-
ing in the social division of labor through the performance
of separate functions for production of goods and services,
form the basis of the national economy, they are the main
subjects with inherent self-interests subordinated to the
state-wide interests of national security.

An equally important catalyst for a qualitative jump
of the national economy is human capital, that is, highly
educated employees of organizations with their own list of
necessary knowledge and skills, united by the realization
of a common goal and effective management, which con-
tribute to the transformation of Ukraine into a country of
balanced development.

Promoting the development of entrepreneurial ac-
tivity, which successfully solves a range of complex tasks
in rather difficult conditions, ensures the formation of an
effective market national economic system. Acting as the
basis of structural economic shifts, entrepreneurial activ-
ity creates an environment for the development of effec-
tive competition, ensures the rational use of resources and
the emergence of effective incentives for productive work.
Talking into account the interpretation of entrepreneur-
ship and its special function in the economy, which aims to
renew the economic system through the rational transfor-
mation of traditional structures, and thus create an inno-
vative environment, entrepreneurship can be considered as
the main factor in accelerating the movement of the econ-
omy on the path of efficiency, rationalization, frugality and
continuous renewal in the conditions of the modern glo-
balization system.
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Determining the prerequisites and possible problems
on the way to the formation and ensuring the functioning
of organizations competent in European markets, which
are an important factor in increasing Ukraine’s compet-
itiveness and strengthening its position in the world, re-
quires a thorough study of the current state, existing trends

and future prospects for the development of Ukrainian or-
ganizations in the context of integration into of the Euro-
pean community, tracking the dynamics of their regional
and sectoral distribution, evaluating the financial results
of activities on the Ukrainian and foreign markets, which
acquires the status of a priority task of future research.
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TeHAeHUii pO3BUTKY HaLiOHaNIbHOI EKOHOMIKM IK cepeaoBMLIA
$YHKLIOHYBaHHS YKpPaiHCbKMX OpraHisauin

IHHa AHaToniiBHa MNpy3iHa, OneHa MukonaiBHa KpacHOHOCOBa, IBaHHa MukonaiBHa MNMepepBa

XapKiBCbKUM HaLliOHaNbHUM EKOHOMIYHUIM YHiBepCcUTET iMeHi CeMeHa Ky3Heusa
61166, Npocn. Hayku, 9A, M. XapkiB, YKpaiHa

AHoOTaIisl. AKTYaJIbHICTh TPOGIEMM TOCTiIKEHHST 00yMOBJIeHa HEOOXiHICTIO BUSIBJIEHHS MEPCIEKTUB QYHKIIOHYBAHHS
YKpaiHCBbKMX OpraHisariifi B yMoBax MI06aabHMX 3MiH CBITOBOTO TOCIOZApPCTBA Ta aKTUBi3allii €BpoiHTerpauiifHux
rpoieciB. Meroi crarti Oy/a0 TMPOBENEHHS aHai3y TEHIEHIIi/i PO3BUTKY HAIiOHAJIbHOI €KOHOMiKM Ha ITijcTaBi
MOCTiIKEHHSI CTPYKTYPU OCHOBHMX TIOKa3HMKiB, BM3HAUEHHSI CTYIEHS iX B3a€MOJii Ta OI[iHKM B3a€EMHOTO BIUIUBY
Ha GYHKIIOHYBAaHHS YKPAiHCbKMX oOpraHizauiii. s JOCSITHEHHS MeTM BMKOPUCTAHO MeTOAM: MOPQOIOTiYHOTO
aHaJli3y; HAyKOBOI iHAYKIii Ta JIeayKiii; 1ialeKTMYHOTO MEeTOy; CUCTEMHOTO aHasli3y; IPYIyBaHHS Ta MOPiBHSUIbBHOTO
aHayi3y; aHami3y Ta CUHTE3Yy, CTPYKTYPHO-(QYHKIiOHAJIbHUI MiAXill; KOHTEHT-aHaJi3y; METO[iB JIOTiYHOTO aHai3y
71 y3araJbHeHHSI, OINMMCOBOI CTAaTUCTUKM, bopmaiisdanii; rpadiuynmnit ta Tabmuuumit merton. OCHOBHI pe3ynbTaTu
MOC/iIKEHHS TOSITal0Th Y TaKOMY: OOI'DYHTOBAaHO HEOOXiMHICTh aHasi3y MPUUYMH €KOHOMIUHOTO PO3BUTKY KpaiHu,
30KpeMa, AMHaMiKy HOMiHaJIbHOTO i peasbHOro BBII, i10ro cTpykTypH; KinbKocTi Ta KBadidikaiiiHux xapakTepucTUK
HaceleHHs, 10 € CTUMY/IIOIUMM UYMHHMUKOM €KOHOMIYHOTO PO3BUTKY; IOBENEHO MOLJIbHICTh aHasli3y TMOKa3HMKIB
3aifHATOCTi Ta 6€3pO06iTTs, KiTbKOCTi BAKAHCI, piBHS PO3BUTKY IMiAITPUEMHUIIBKOI iHIITiaTUBM [JIST OIIiIHKM CITPOMOSKHOCT]
€KOHOMiKM 3abe3MleunTy MpaliBHUKIB POOOUMMM MICUSIMM; 3a3HaUE€HO PO HEOOXiJHICTh aHaji3y eKOHOMiYHOTO
3pPOCTaHHS KpaiHM y 3B’SI3KY i3 aHai30M PiBHS SKUTTS HACeJeHHs, aJyke Te, 0 Bimo6pakye MO3UTMBHI MaTepiaJibHO-
peuoBi 3MiHM, € IHAMKATOPOM PO3BUTKY CYCIIiJIbCTBA; BUSIBJIE€HO CKOPOYEHHSI UMCEJbHOCTI HaceJeHHS B YKpaiHi,
CIIPOBOKOBAHE BiITOKOM HataKTUBHIIIIO1 110TO YaCTWHY 32 KOPMIOH, 1[0 HETaTMBHO MTO3HAYAETHCS Ha IKOCTi po60v0i cun,
€ TIePEeNIKO0I0 3POCTAHHIO TEMITiB BUPOOGHMIITBA; BUSIBIEHO TIPUUMHM OKpPECIeHUX TeHAEHIIii, K To: kpusa 2014 p.,
MoB’s13aHa 3 BilicbKOBUMM IisiMu Ha Cxofi YKpaiHu, MOMITMUYHOIO HeCcTabibHICTIO, CTPiMKOIO iHGIISIIi€I0, TeBaTbBallicio
HalliOHAJIbHOI BaJIIOTH, Ta HACTigKy naHaemii Bipycy Covid-19, mo Bim6unacst Ha AisJIbHOCTI Cy6’€KTiB TOCIIOapIOBaHHS
Vi Qi3MuHMX 0cib uepe3 3pocTaHHs 6€3po6iTTS i1 corianbHMX 06MeskeHb. [IpaKTMUYHA 3HAUYILICTh OTPUMAaHMX Pe3Y/IbTaTiB
nonsirae y opmyBaHHI pekoMeHAAllilt 100 BpaxyBaHHS TeHIEHIili PO3BUTKY HalliOHAJIbHOI €KOHOMIKM Y Ipolieci
BUSIBJIEHHSI TTEPCIIEKTHUB Ta MOXKIUBUX ITP0o6ieM (DyHKITIOHYBaHHS YKpaiHChKMX OpraHisalliii B yMoBax iHTerpaiiii kpainu
IO eBporelichbKoro criBToBapucTa. CHopmMynboBaHi BUCHOBKM Ta peKOMeHAAIlii 6yayTh KOPUCHUMMU JIJIs1 KePiBHUKIB Ta
BJIACHMKIB 6i3HeCy, 10 MParHyTh A0 MOOYIOBM OpraHisaiiii, KOMIIETEHTHOI Ha MIISXY MPUETHAHHS 10 €BPOIECHKOTO
€KOHOMiYHOTO ITPOCTOPY

KmiouoBi coBa: (QyHKIUIOHYBaHHS oOpraHisauii, BajoBMii BHYTpillIHi/ NPOLYKT, OpraHisauiiiHa edeKTUBHICTb,
oprasisaiiiiiHa KOMIIeTeHTHiCTb, EBPOiHTerparis
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Abstract. The Workflow system is an effective solution to the task of optimizing information flow in the electronic
publishing system, which can reduce the number of errors and optimize the process of publishing articles. The purpose
of this article was to create a methodology for developing an information site for web publishing. To achieve the goal of
the research, scientific methods of generalization, classification, deduction and analysis were used. A problem-solving
tree has also been created. The ultimate goal of overcoming this problem is the development of an information site with
Workflow support. The study outlines the general structure of sections and subdivisions of the information site. In the
context of this article, a methodology was developed to support the process of publishing articles on an information site
based on the use of a modern content management system. For this purpose, the key criteria for a basic decision-making
model for choosing a content management system were proposed and a rating of free content management systems was
given. As a result of the analysis of the proposed criteria, it was concluded that the Joomla tool environment should be
used to support web publishing processes. The paper compares the components of the work flow organization on the
information site. An algorithm for selecting a component for organizing the workflow has been created. In order to create
a site with Workflow support for publishing articles, the stages of development were planned, a list of criteria, based on
which the development should be carried out, was proposed and a structural diagram for creating such site was given.
The limitations of the created methodology for the development of an information site, which may arise in the process
of practical implementation and adoption of relevant management decisions, are considered. The practical result of the
work is recommendations for web developers to create an information site with Workflow support for publishing articles

Keywords: algorithm, problem-solving tree, interface, basic decision-making model, content management system

Article’s History: Received: 15.06.2022; Revised: 01.09.2022; Accepted: 29.09.2022

¢ INTRODUCTION

In order to provide users with interesting and relevant infor-
mation in a convenient and attractive form, a modern web
publishing house cannot do without the joint cooperation of
specialists. The coherence of their work is not possible with-
out modern means of managing work processes. The process
approach forces the management of the publishing house to
focus on the rules and interactions of the process participants
since these aspects are the main centres of losses due to their
blurring and uncertainty. Within the automation of individual
functions, the need to have tools for automatically tracking
the sequence and time of their execution, document routes,
hiring of employees at various stages of the process, etc., led
to the idea of creating Workflow class systems. Implementa-
tion of Workflow can reduce the number of errors and opti-
mize the process of publishing articles on the information

site of a web publisher. Given that the main channel for pub-
lishing articles is the site, Workflow should be quite closely
integrated with it, and preferably be an integral part of it.

An important role in the modern information space is
assigned to the search for information. Today, there is an
increase in the desire of people not only to perceive infor-
mation, but also to express their opinion about what they
have read or seen.

That is why publishing houses offer their clients an al-
ternative to classic printed publications — electronic ones.
These can be analogues of books but in electronic format,
sites with paid and free access to texts, images, video and
audio, and so on. An alternative to newspapers and mag-
azines is information sites. Information on them can be
available both for free and as part of a subscription.
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In contrast to the years 2000-2005, when authors’ blogs
were rapidly developing on the Internet [1], now it is very
difficult to quickly provide information in a user-friendly
form. Such task requires the work of several authors and
other specialists, for example, an editor, a photographer
and a specialist in search engine optimization. The quali-
ty and speed of publication of articles on the site depends
on their coordinated work. For the medium or large pub-
lishing houses, implementing a workflow is a must. Such
publishing houses have the funds and dedicated specialists
to implement and maintain the workflow. A small online
publisher may not have the funds for such task.

That is why, using a content management system that
would support the workflow or have special modules for its or-
ganization is an important task. Such system can reduce costs
and time for implementation and increase the coherence of
the work of all the participants in the publishing process.

The specified aspects determine the relevance of the
issues of developing an information site with Workflow
support for publishing articles.

In studies [2-4], recommendations are provided re-
garding the visualization of components of information
sites and electronic publications and the factors influenc-
ing the use of the interface based on mobile applications
are proposed. But these studies lack a list and analysis of
criteria for a basic decision-making model regarding the
choice of a content management system for an information
site with Workflow support for publishing articles.

Scientific works [5-7] are devoted to the problems
of creating web-based components of information sites.
Large-scale model-driven engineering of web user interac-
tion and the specifics of content marketing for information
sites and electronic publications are considered. However,
these works do not take into account the concepts and ca-
pabilities of the main components for the organization of
the work process.

Some issues of quality assessment of the development
of information sites and optimization of the interface are
raised in works [8-10]. However, in these works there are
no criteria for evaluating the effectiveness of the process
of developing an information site with Workflow support.

The analysis of the main technological aspects of
improving the process of developing information sites is
given in scientific works [11-13]. At the same time, these
works do not provide recommendations regarding possible
options for creating an aggregated technological scheme,
according to which it was possible to develop a site with
support for Workflow for publishing articles.

Studies [14-16] contain methodological principles for
optimizing site loading speed which, at the same time, do
not take into account the basic principles and features of
optimizing components for organizing the workflow of in-
formation sites.

Studies [17-19] describe algorithms for optimizing
workflows for solving certain production tasks. However, the
research data does not provide insight into the directions of
optimization of workflows for the publication of articles.

The scientific article [20] proposes a method of de-
veloping an information site for creating 3D advertising,
which, howe bver, does not take into account the compo-
nents of the organization of the work flow on the informa-
tion site.

21

The purpose of the article was to design a methodolo-
gy for developing an information site with Workflow sup-
port for publishing articles.

The tasks of the research were as follows: 1) justifi-
cation of the main criteria for the basic decision-making
model regarding the choice of a content management sys-
tem; 2) development of a component selection algorithm
for the organization of the work process; 3) development
of a structural diagram of the website creation technology
with Workflow support for publishing articles.

e MATERIALS AND METHODS

In accordance with the objectives of the research, the main
stages of the scientific work were: 1) formation of the gen-
eral structure of sections and subdivisions of the informa-
tion site; 2) studying the rating of free content manage-
ment systems; 3) selection and justification of the main
criteria of the basic decision-making model regarding the
choice of the content management system; 4) creation of
a basic decision-making model regarding the choice of a
content management system; 5) comparison of the compo-
nents of the work process organization on the information
site; 6) creating an algorithm for selecting components for
organizing the work process; 7) allocation of stages of de-
velopment of an information site with Workflow support
for publication of articles; 8) formation of a criterion base
for the development of an information site with Workflow
support for the publication of articles; 9) development of a
structural diagram of the website creation technology with
Workflow support for publishing articles.

The following research methods were used in this arti-
cle to implement the set scientific tasks: 1. generalization.
With the help of this method, the general structure of sec-
tions and subdivisions of the information site were formed
and a basic model was created for making a decision on the
choice of a content management system and for develop-
ing a structural diagram of the website creation technology
with Workflow support for publishing articles; 2. classifi-
cation. This method was used to highlight and substanti-
ate the main criteria of the basic decision-making model
regarding the choice of a content management system
and the formation of a criteria base for the development
of an information site with Workflow support for publish-
ing articles; 3. deduction. With the help of this method, the
creation of an algorithm for selecting components for the
organization of the work process, as well as the selection
of the stages of the development of an information site
with Workflow support for the publication of articles, were
carried out; 4. analysis. This method made it possible to
study the rating of free content management systems and
to compare the components of the work process organiza-
tion on the information site.

e RESULTS

Study of the ways to create sites

All methods of creating sites can be conditionally subdivided
into 2 main groups. The first group of methods of creating
sites are methods of manually writing sites in one or more
web programming languages, while the work can be carried
out both in simple (text) and visual HTML and CSS editors,
as well as in program writing (used in the absence of web
skills — programming).

Development Management, 2022. Vol. 21, No. 3
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In the case of creating a static site, the use of HTML
and CSS “links” with the possible inclusion of Javascript
will be quite sufficient for manual writing [6]. To create a
dynamic site is not possible without server programming
languages, such as PHP, ASP.NET, etc.

When using “manual” methods of creating a site, the
site design (graphic design) is also created manually. For
these purposes, any graphic editors are used as desired.
Ready-made design templates, both paid and free, can be
manually edited.

The second group of site creation methods includes auto-
mated site creation methods such as using special site build-
ers or content management systems (CMS). The most popular
content management systems are Joomla and WordPress.

In addition to content management systems, there are
online site builders. Site builders are systems that allow
you to “assemble” a site from a ready-made standard set
of modules and components and immediately place it on
the Internet.

The manual site creation method has an undeniable
advantage: by creating a site manually, you can always get
the desired result. But manual site creation methods are
quite complex because they require a wide range of knowl-
edge in the field of web programming and site design.

The development of an information site with Workflow
support for the publication of articles should be carried out
on the basis of generally accepted practice, which allows
considering the creation of the site as a sequence of a num-
ber of stages [4; 5; 10]:

1. definition of project goals and objectives;

2. positioning of the project, definition of its role and
audience;

3. development of the overall web strategy of the project;

4. development of a technical task for the object, its
final estimate and work schedule;

5. development of the design concept of the site;

6. choice of website creation technology;

7. development of the layout (sketch) of the main page;

8. development of layouts (sketches) of internal pages;

9. development of design elements (logos, flash,
fonts, etc.);

10. HTML version of the site;

11. development of additional functionality (scripts,
“engines” and the like);

12. site content;

13. launching a trial version of the site, testing it and
eliminating errors;

14. transferring the site to hosting, testing it and open-
ing the site.

The goals and objectives of the project are formulated
during work with the customer, this stage is informal and
very responsible.

In the course of positioning, an analysis of the cus-
tomer’s activity is carried out, the audience is determined
(for whom it is intended), analogues are selected and ana-
lyzed (their analytics are carried out). If there are resources
(funds) to determine the possible audience (circle of users),
it is advisable to conduct a sociological study.

The web strategy should contain information about
the goals and objectives of the resource, analysis of com-
petitors, developed recommendations for the structure and
functional content of the site, as well as an exemplary plan
for further promotion of the resource (analysis of compet-
itors’ actions, advertising, promotion, exemplary activities
and budgets). The development of such strategy signifi-
cantly helps at all stages of the project life cycle.

Structuring the process of creating an information site
with Workflow support

There are various ready-made systems for the implementa-
tion of the workflow in the publishing house, which, at the
same time, are designed for medium and large publishing
houses. It is not advisable for a small web publishing house,
which only has a website and consists of 5-10 employees
to implement such systems. Developing your system will
also cost quite a lot. The best option is to choose a content
management system with built-in workflow support. This
provides an opportunity to significantly reduce costs and
time to implement the workflow.

Figure 1 displays a problem resolution tree. The ul-
timate goal is to develop an informational website with
Workflow support for publishing articles. The general
structure of sections and subdivisions of the information
site is as follows (Fig. 2).

Objective

[ Developing information site with workflow support ]

I

Problems How to develop

Problems leferent methods

Solution research methods

[
Solution [
[
[

Modern methods ]

|

[ Workflow support ]
I

( os )
I

[ lots of CMS ]
I

Choosing component for
workflow implementing

1

[ Informative site with workflow support for article publishing ]

Figure 1. Problem-solving tree

Source: the authors’ development
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Category 1

Category articles 1

Category 2

Category articles 2

[ Main Category 3

Category...

Category articles...

Category N

Category articles N

[1]]]

Category articles 3 ]

Figure 2. General structure of sections and subsections of the information site

Source: the authors’ development

It should be noted that the structure is designed in
such a way that it can be easily expanded “in all directions”.

Analysis of content management systems for creating an
information site

Development of an information site with Workflow support
for publishing articles should be based on the use of a mod-
ern content management system (CMS). Research should
choose a modern distributed content management system
that can meet the needs of creating an information site and
has built-in workflow support. It is advisable to research
the popular free content management systems and find the

most suitable one among them. Free content management
systems provide all the necessary tools to create an inform-
ative site that is adapted for different devices. The analysis
of specialized literature [1; 3; 7], which contains the func-
tionality of these systems, made it possible to formulate
the following criteria for the basic decision-making model:
security; support; ease of use; productivity; manageability;
possibility of interaction; customization options; built-in
extensions; commerce.

A criterion for the presence of workflow support was
also added. Information about the rating of free content
management systems is presented in Figure 3.

FREE CMS RATING

&

m 61.92% WordPress
m 13.46% Joomla
4.26% OpenCart
3.57% Drupal
m 3.5% Wix
= 3.39% Evolution CMS
m 3.02% MODX Revolution
m 1.73% Nethouse
= 5.15% others

Figure 3. Ranking of free content management systems

Source: [1; 3; 7]

To make a decision, Table 1 was formed, for which all
selected criteria for dermal CMS were analyzed and ranked

(on a scale of 1 to 3, where 1 is low implementation, 2 is
average, 3 is high).

Table 1. A basic decision-making model for choosing a content management system

Criteria\Systems T
ordPress
the name of the criterion

1 security 2 3 2
2 support 1 2 3
3 ease of use 2 3 2
4 productivity 2 3 1
5 manageability 3 3 3
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Table 1, Continued

Criteria\Systems

Drupal Joomla WordPress
Ne the name of the criterion
6 possibility of interaction 2 2 2
7 customization options 2 3 3
8 built-in extensions 2 3 2
9 commerce 1 3 3
10 workflow support 2 3 2
Total: 19 28 23

Source: [1; 3; 7]

Based on the data obtained in Table 1, it can be con-  publishing articles. Table 2 shows the comparison of the
cluded that we should use the Joomla tool environment components of the work flow organization on the informa-
to create an information site with Workflow support for  tion site.

Table 2. Comparison of basic features of software products

Software products Component My Content &

Basic signs “Processes” Workflow Juomfiass

Cost Free 2260 UAH 12675 UAH
Joomla 4 support + - -
Materials component support + + +
Translated into Ukrainian + - -
Technical support from the developer - + +
Sending letters when the status changes + + +
Create multiple workflows + + +
Creating multiple object statuses + + +
Expansion of functional capabilities due to plugins + + +
Demarcation of access rights + + +
Total benefits 8 7 7

Source: [10]

Based on the preliminary review of content manage- the authors presented the algorithm for selecting the ap-
ment systems and components for organizing the workflow,  propriate component (Fig. 4).

Component requirements for implementing
Workflow

I

Meets the requirements? No
l Yes

[ Is there support for Joomla 4? No

—

A component
that meets the
requirements

P <
Yes ;J

Figure 4. Algorithm for selecting a component for organizing the workflow
Source: the authors’ development
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Based on the results of research and algorithm work, the
optimal component for the development of an information
site with Workflow support — “Processes” — was chosen.

Methodical principles of developing an information site
with Workflow support for publishing articles

After choosing a content management system, additional
extensions and a workflow component, it is advisable to
move on to planning the stages of developing an infor-
mation site with Workflow support for publishing arti-
cles: content preparation (texts, photos); installation and
configuration of the local server; installation on Joomla

settings; installation and configuration of the site tem-
plate; installation and configuration of additional Joomla
extensions; creation of the main page of the site; settings
of the “Processes” component; creation of news pages; cre-
ation of a contact page; site testing in a local server envi-
ronment; making corrections to the website based on the
results of testing.

The development of an information site with Workflow
support for the publication of articles should be carried out
taking into account the following list of criteria (Table 3)
proposed by the authors and based on the systematization
of literary sources [2; 8; 11]:

Table 3. Criteria for the development of an information site

Criterion

responsive design, mobile version or mobile application

The practical significance of the criterion for
the development of an information site

provides a visual perception of the site

availability of the AMP version

contributes to the mobile version of the site

availability of site search

gives navigation capabilities

work on the https protocol

makes it possible to process hypertext
information

the possibility of registration on the website

gives the possibility of registration on the website

availability of news categories

makes integration with news resources

the ability to comment on articles

provides feedback to users

the presence of tables, diagrams, graphs, infographics, etc. in the articles

provides a visual perception information of the site

in messengers, etc.

availability of links to the RSS feed, website pages in social networks, channels

responsible for integration with social networks

cuts off random site visitors

the ability to configure the display of news of the desired topic by registered users

availability of information about the site administration

availability of contact information indicating the address of the site
administration office;

availability of a block with popular topics — “tag cloud”

promotes feedback optimization

availability of site management tools for people with physical disabilities

ensures the provision of equal opportunities for
access to site information

automatic display of recommended news based on user recognition or location

provides maximum orientation of site content to
a specific user

the possibility of adding news topics to favorites (for registered users)

optimizes site content for registered users

Source: the authors’ development based on the systematization of literary sources [2; 8; 11]

A consistent and logical website structure is an impor-
tant factor influencing the user loyalty. Creating an inter-
face design is one of the most important stages of devel-
opment, which must be done before writing the software
code. Errors in the structure of the user interface cannot be
corrected during programming and, as a result, the prod-
uct is created in the wrong way. At the same time, the cor-
rection of defects in the UX/UI interface with subsequent
reprogramming will require the expenditure of significant
resources.

The choice of the appropriate structure is made at the
design stage and depends on the purpose of the site.

The structuring presented on the site is carried out on
two levels: internal and external.

Internal structure defines logical links between
web pages, in SEO this is called internal linking. A well-
thought-out internal structure allows you to avoid

25

situations such as the appearance of pages on the site in
more than 3 clicks.

An external structure is actually a navigation scheme
written into the design of the site, be it humans or robots,
it is the external structure of the visitors. With the help of
links, they gain (or lose) access to the information provided
by the site. A carefully designed external structure not only
facilitates page navigation, but also helps to promote sites
in search engines.

The pages of the site have a simple and natural structure
that is constantly connected to each other. On such website,
navigation is mainly reduced to pointing to links to the pre-
vious and next pages — when moving through them, the user
seems to be flipping through a book. Information on the
site should be presented in the form of sections, blocks and
buttons. Figure 5 shows the structural diagram of creating a
site with Workflow support for publishing articles.
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Subject area

User-site interaction models
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—

Figure 5. Structural scheme of creating a site with Workflow support for publishing articles

Source: the authors’ development

If needed, necessary changes are made to the technol-
ogy, in agreement with the customer, until the project is
finally approved.

The result of the research is an aggregated technolog-
ical scheme, according to which a website with Workflow
support for publishing articles was developed. Aggregation
consists in simplifying each of the models and obtaining
the most suitable stages from it, which makes this model
more suitable for the development of small sites.

Simplification is achieved not only by reducing the
number of stages, but also by simplifying each of them.
Analysis and design are carried out superficially, and de-
velopment is carried out using ready-made software, with
minimal involvement of highly qualified programmers.
For projects with a limited budget, this can give a much
better result.

e DISCUSSION

The proposed methodological developments for the crea-
tion of an information site with Workflow support for pub-
lishing articles are continuation of the authors’ research on
the issues of information support of publishing processes.
The designed technique can be used to manage the work

Development Management, 2022. Vol. 21, No. 3

processes of web publishing, as well as to assess the quality
of multimedia publishing workflows and to provide infor-
mation support for the creation of web resources.

In this work, as well as in studies [1; 6; 18], the pro-
cess of creating workflows was algorithmized. A workflow
component selection problem was detected while building
the problem tree. Its solution was based on conducting a
comparative analysis of existing Joomla components for
the implementation of the workflow and creating an algo-
rithm for selecting the appropriate component. However,
in the mentioned studies [1; 6; 18], in the process of further
creation of the information system, there are no tools to
simplify the navigation of people with limited physical ca-
pabilities, third-party advertising is present, and there are
no options for adjusting the display of site news according
to the interests of each registered user.

In the conducted study, the organization of the work
process of a web publishing house for the publication of ar-
ticles is proposed. In studies [4; 7; 12] various ready-made
information systems are proposed for the implementation
of the workflow in the publishing house. But these informa-
tion systems are designed for medium and large publishing
houses. It is not advisable for a small web publishing house,
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which only has a website and consists of 5-10 employees, to
implement such systems. Developing your system will also
cost quite a lot. The best option for a small web publisher
is to choose a content management system with built-in
workflow support, which was offered in this study. This
provides an opportunity to significantly reduce costs and
time to implement the workflow.

In addition, this paper considered an example of the
publication of articles by a small author-editing team. In
this work, the main problems related to the development
of an information site with Workflow support for publish-
ing articles based on an open source content management
system and using a workflow component were identified.
Scientific articles [10; 17] provide a review of work processes
with a more classic employee structure for a larger publish-
ing company.

In this work, as well as in studies [12; 20], algorithmi-
zation of the work process of multimedia publishing was
created. To carry out the development, a study of recom-
mendations for the implementation of modern web design
and the direct implementation of these recommendations
were carried out. However, unlike works [12; 20], this study
took into account the opinions of leading experts in the
field of multimedia publishing, regarding the formation of
an algorithm for selecting a component for the organiza-
tion of the workflow.

The limitations of the created methodology for the de-
velopment of an information site with Workflow support
for the publication of articles was that it does not take into
account the likely situations of risk and uncertainty that
may arise in the process of managing the information flows
of a web publishing house and in the course of making rel-
evant management decisions.
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MeToaukKa po3po6ku iHpopMauinHoro camty 3 nigTpmMmkolo Workflow
ansa ny6nikauii craten

IpuHa OnekciiBHa YwakoBa, €BreH Mmnkonamnoesuy Npa6oBCbKUM

XapKiBCbKMM HalLiOHaNbHMI EKOHOMIYHKMM YHIBepCcUTET iMeHi CeMeHa Ky3Heuda
61166, npocn. Hayku, 9A, M. XapkKiB, YKpaiHa

Anoranig. EbekTrBHMM BUpIilIeHHSIM 3aa4i ONTUMIi3allii po6ounx MOTOKiB pyxXy iHdopmallii y cucremi eleKTpOHHOTO
BumaBHUITBA € cuctrema Workflow, sika Moke 3MEHIIMUTM KiIbKiCTh BUHMKHEHHSI IIOMMJIOK Ta OTTUMIi3yBaTH MPOIIEC
my6uikanii crarteit. MeTow maHOi cTaTTi OyJ0 CTBOPEHHSI METOAMKM PO3pOOKM iHGopMaliiiHoro caity mjsi Be6-
BUIABHUIITBA. [IJIs1 TOCSITHEHHSI METU JOCTIIKeHHs OyJI0 BUKOPUCTaHO HAYKOBI METOIM y3arajJbHeHHs, Kiacudikarii,
Ienykuii Ta aHamizy. CTBOpeHO [epeBO BHMpillleHHSI Mpob6jaeMu, KiHIleBa MeTa IIOZOMAaHHS SIKOI € po3pobka
indopmariiiHoro cairy 3 migTpumMror Workflow. B mocmimkeHHi OKpecieHO 3arajibHy CTPYKTYPY PO3/iJIiB Ta ITiIPO3/iJiB
indopmarriiiHoro caiity. B KOHTEKCTi JaHOi cTaTTi 6y/I0 3/1i/iCHEHO PO3POOKY METOAMKM MiATPUMKY TIPOIecy myomikarrii
craTeii Ha iHdopMallifiHoMy caiiTi Ha OCHOBi BUKOPUCTAHHS CyYyaCcHOI CUCTEMM KepyBaHHS KOHTEHTOM. [IJisl IbOTO OYJ10
3aIPOIIOHOBAHO KJIIOUOBI KpuTepii 1j1st 6a30B0Oi Mozesti MPUITHATTS pillleHb I[0J0 BUOOPY CUCTeMY KepyBaHHS KOHTEHTOM
i OJaHO PeNTMHT 6Ge3KOIITOBHMX CUCTEM KepyBaHHS BMiCTOM. B pesynbraTi aHasi3zy 3alpolIOHOBAaHUX KPUTEPiiB
3p06JIeHO BMCHOBOK, IO CJIil BUKOPUCTOBYBATH iHCTpyMeHTa/lbHe cepefoBuile Joomla AJis MiATPUMKM IPOIECiB Be6-
BUIABHUIITBA. B po6OTi HaBefeHO MOPiBHSIHHS KOMITOHEHTIB opraHisailii po60uoro moToky Ha iHdopmalliiiHoMy caiiTi.
CTBOpEHO aJITOPUTM BMOOPY KOMIIOHEHTY ISl opraHisarlii po6ouoro mporiecy. [jisi CTBOPEHHS CaiiTy 3 MiATPUMKOIO
Workflow st my6sikaiiii craTei mpoBeIeHo MIaHyBaHHSI eTariB po3po6Ky, 3aIIPOIIOHOBAHO ITepesIik KpUTepiiB, Ha OCHOBI
SIKUX CJIi[ 3[iJiICHIOBATM PO3POOKY, HABeJeHO CTPYKTYPHY CXeMY JiJIsl CTBOPEHHSI TAKOTO CaiiTy. PO3IISIHYTO 0OMeskeHHS
CTBOpEHOI MeTOLo/Oorii po3po6Kky iHDOPMaLifHOTO CaiiTy, SIKi MOKYTh BUHMKHYTU B IIPOLeCi MpakTUYHOI peanisalii Ta
MIPUHATTS BiAMTOBiAHMX YIIPaBAiHCbKUX pillieHb. [IpaKTUYHUM pe3yJabTaTOM POOOTH € peKoOMeHallii BeG-po3poOHMKaM
IUTs CTBOpeHHs iHdopmartriiiHoro caitty 3 miaTpumkoro Workflow mis my6mikarii craTeit

KiniouoBi cioBa: ajroputM, AepeBo BUpillleHHS Mpobiaemu, iHTepdeiic, 6a30Ba MOZEIb MPUIAHATTS pillleHb, cucTemMa
KepyBaHHS KOHTEHTOM
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Abstract. No country is capable of building a progressive society without resorting to systematic modification of the
model of public management, as the states of the Baltic Sea region have proven by their own example. The relevance of
the analysis of the public administration mechanisms of the Baltic countries is explained by the success of the modernized
policy of the administration system in Estonia, Latvia and Lithuania, whose experience is a vivid illustration of successful
reform and the desire for permanent socio-economic growth. The purpose of this scientific work is to study the multifaceted
components of the functioning of the updated concept of public administration of the Baltic republics through the prism
of European integration processes within the countries, in particular. The leading methods of research work were the
methods of analysis and generalization, with the help of which the key means of improving the public sector of Lithuania,
Estonia and Latvia were revealed in combination with the method of comparison, which made it possible to compare
the public management models of the three Baltic states. This article reveals the importance of the implementation of
innovative decisions by subjects of power in order to realize the civil liberties of the population and ensure the principles
of public administration. It was established that the change in the principles of state leadership in the Baltic states was
due to the preparation for joining the European Union. In particular, the idea of interaction between state institutions
and the civilian population was introduced, the latest information technologies were involved, and an anti-corruption
policy was implemented. It was determined that the reformation of the public sector depends on ensuring its smooth
functioning. The practical value of the mentioned scientific work lies in the possibility of using its materials in the process
of developing reform solutions for the reconstruction of the public administration system
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¢ INTRODUCTION

The Baltic countries are significantly ahead of any other
post-Soviet state economically and in terms of the level of
development of democracy [1]. Having regained their in-
dependent status in the early 1990s, Lithuania, Latvia and
Estonia began their own path, which was accompanied by
a complete transformation of all state institutions. Despite
the long international isolation, the functioning of the in-
effective Communist Party-Soviet system of power for fifty
years, the Baltic countries confidently began the process of
modernization, getting rid of archaic mechanisms for or-
ganizing public administration bodies.

Taking into account the European integration policy of
the Baltic republics, it is completely understandable that

the leadership wants to ensure a sustainable system of pub-
lic administration that will meet the European principles of
good governance. Most of the spheres of public administra-
tion include or affect the principles, regulations and legal
norms that must be preserved and constantly developed
within the framework of the European Union by all mem-
bers of this alliance — acquis communautaire. Transparency
and openness, people-centered approach, accountability,
the rule of law and legality — each of these categories has
a significant impact on the preservation of democratized
power and is the result of a purposeful course to modernize
the public sphere of service provision. As S. Halimi rightly
pointed out: “Public administration reforms must adapt to
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the general socio-economic and political level in society in
order to promote and accelerate the pace of reforms, and
this is achieved by presenting reforms as actions, first in
the interests of citizens, and then as actions to fulfill EU
criteria” [2]. At the current stage of society’s development,
the state needs continuous changes, constant search for
renewal of public administration mechanisms, and it is the
Baltic countries that present the flexibility of state man-
agement. That is why the purpose of this work was to study
the available tools of the administration of Lithuania,
Latvia and Estonia, which daily prove the sustainability of
the organization of public administration and the produc-
tive use of state resources.

Since economic growth, political unity and the de-
velopment of civil society directly depend on creating
an operational and effective administration, the issue of
modernization of the public sector is systematically the
subject of discussion among scientists. For example, ana-
lyzing the foreign experience of the transformation of
public administration and the prospects of its application
in Ukraine, Yu. Liakh came to the conclusion that increas-
ing the efficiency of public administration can be seen in
the development of a system focused on interacting with
the public, establishing communication relations, finding
a common consensus, and changing the mentality of citi-
zens [3]. O. Volska supports a similar opinion, at the same
time emphasizing that partnership relations between the
government and the population should be built not only at
the central, but also at the local levels, based on a rational
political and managerial analysis with an orientation to
the public interest, which is revealed through the use of
various forms of public participation in the discussion of
projects of state and local decisions [4], and G. Starykova
proposed to develop recommendations for the introduc-
tion of an incentive system for territorial communities
that work most effectively with the public [5]. However, in
her own research, Yu.-B. Khanyk proved that with the help
of means of marketing communications it is possible to
positively influence some factors affecting public trust, in
particular, transparency or accountability of public author-
ities [6]. Also, one cannot fail to mention the complex work
of O. Romanchuk, Yu. Bysaga, V. Berch, G. Nechiporuk,
V. Chechersky, who, having analyzed the experience of
Estonia in the application of e-governance, emphasized
that the expansion of the field of e-governance as a qual-
itative mechanism for increasing the level of economic
well-being of the state and the expanded network of public
services in electronic form are among the fundamental fac-
tors of successful implementation of e-administration [7].
Therefore, the mentioned topic attracts the attention of a
considerable number of Ukrainian researchers, but never-
theless the category of public administration tools is di-
verse and quite dynamic, and that is why the purpose of the
study was to reveal the impact of the introduction of the
latest mechanisms of public sector governance on the func-
tioning of the administration system of the Baltic states.

e MATERIALS AND METHODS

The methodological basis of scientific research is the
methods of analysis, generalization and comparison. In
particular, the method of generalization made it possible
to determine the main components of the transformation

Development Management, 2022. Vol. 21, No. 3

path of the Baltic republics in the process of fundamental
renewal of the public administration system. The leading
factors of the effective use of information and communica-
tion technologies in the activities of state authorities were
also revealed. At the same time, the comparison method
was used to identify shortcomings in the implementation
of innovative administration mechanisms, and also to re-
cord the consequences of improving public administration
in the Baltic States. Using the general scientific method of
analysis, the following normative documents were studied:
Comprehensive monitoring report on Latvia’s preparation
for membership in the European Union dated November 5,
2003 [8], Memorandum on cooperation between public or-
ganizations and the Cabinet of Ministers of the Republic of
Latvia dated January 7, 2014 [9], as well as the Report of the
European Commission on public administration and man-
agement in Latvia for 2020 [10].

In addition to normative legal acts, scientific works
of Estonian, Lithuanian, Latvian, Albanian, and Ukrainian
researchers served as materials of the work. For a deeper
understanding of the role of public administration in in-
tegration processes, the works of O. Volska [4], Reinholde
et al. [11] and M. Holzer [12] were analyzed. Works by
V. Korenkova [13], K.H. Pedersen and L. Johannsen [14],
K.K. Ibodullaevich and O. Mahmatkobil [15] and other
scientists were useful in analyzing the experience of the
transition to a new system of public administration in
the Baltic countries. It is worth noting that the work of
I. Lakstigala and S. Balina [16] made it possible to con-
sider the implementation of digitalization in the process
of changing the course of public administration, to bet-
ter understand the advantages of this practice and to pay
attention at additional requirements to ensure the effec-
tiveness of innovations. Also, among the materials used to
form the theoretical basis of the research, scientific works
related to the implementation of foreign experience in the
modernization of public administration in Ukraine were
used. In particular, these are the works of Yu. Liakh [3] and
Yu.-B. Khanyk [6]. Together with the published works, the
author used statistical data compiled by the American or-
ganization Freedom House [17] and the global anti-corrup-
tion organization Transparency International [18]. Based
on the statistics of the organization Freedom House, the
author was able to assess the level of citizens’ access to
political rights and freedoms and the level of government
accountability to the people in post-Soviet countries. Sta-
tistics from the anti-corruption structure Transparency
International were used to illustrate the effectiveness of
implementing transparency and openness together with
the concept of e-governance in Estonia [1]. To analyze the
economic development of the countries that left the Soviet
Union, data on the volume of gross domestic product per
capita covering the period from 1990 to 2019 were used.

e RESULTS AND DISCUSSION

Having chosen the course of rapprochement with the
European Union (EU), the states have committed to over-
come the outdated Soviet administrative management
system, which was primarily characterized by strict cen-
tralization, high costs for maintaining the state apparatus
and strict control over the activities of public organiza-
tions, developing local self-government and civil society
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institutions. Currently, it can be said that all three Baltic
states, faced with common challenges, managed to reor-
ganize public administration bodies, ensuring sustainable
democracy within the state. After all, in the presence of a
high level of corruption, a shadow economy, and the lack
of necessary transparency of financial flows, it is impos-
sible to ensure neither healthy competition, nor impar-
tial and effective state control, nor effective protection of
the rights and legitimate interests of participants in public
relations [13]. In particular, according to a recent study by
Freedom House, which assesses people’s access to political
rights and freedoms, as well as the level of accountabil-
ity of governments to their citizens, Lithuania, Latvia and
Estonia are recognized as free states with an overall score
of 89/100, 88/100 and 94/100, respectively, leaving behind
such countries as Georgia (58/100), Moldova (62/100) and
Ukraine (61/100) [17]. And although all the listed states de-
clared their sovereignty almost at the same time, the Baltic
countries undoubtedly carried out the most successful polit-
ical and administrative rebranding in the last few decades.
First of all, it should be noted that the significant pro-
gress in the public sector restructuring in the Baltic states
was initially preceded by a problematic reform process,
which was supposed to bring the mechanisms of state in-
stitutions closer to European standards. For example, the
Comprehensive Monitoring Report on Latvia’s Preparation
for EU Membership for 2003 stated that, although Latvia
is generally meeting the commitments made during the
negotiations, the preparation of administrative capacity for
membership remains one of the biggest challenges faced

by the country [8]. The transformation of the model of
public management in Latvia and other post-communist
countries was even more exhausting than in Western coun-
tries, because before the reforms of 1990-2000, there was
preserved the “occupational, alien, artificial, completely
lifeless Soviet system of administration” [11]. Here it is ap-
propriate to highlight several crucial components that ac-
tually formed the foundation for the future renewal of the
public administration sector in the Baltic States. First, al-
though the departure from the Soviet administrative model
was gradual, and sometimes not completely successful,
the European perspectives and experience of the Western
neighbors provided an impetus for faster changes in the
administrative structure and bureaucratic system of the
states. Secondly, it was the stability of state institutions,
the rule of law and normative guarantees of the inviolability
of civil and political freedoms of society, which were not
characteristic of the totalitarian model of management,
but formed the basis of the international community, that
led to the concept of New Public Management [14], which
provided for significant public involvement as a means of
increasing efficiency and legitimacy.

Since the updated picture of public administration re-
quired respect for citizens and their preferences and con-
demnation of the superiority of the elite and technocratic
government [14], the implementation of innovative policies
definitely modified the paradigm of the traditional manage-
ment system of that time. Figure 1 presents the leading prin-
ciples and values of the updated concept of public manage-
ment, which formed the core of the initial transformations.

L Elements of modernization of state sector ]

A 4

Involvement of the public in the decision-making process

A 4

Professional development of civil servants

\ 4

Administrative supervision of local self-government bodies

A 4

Application of the latest information technologies

\ 4

\

Eradication of corrupt relations

Figure 1. Elements of modernization of state sector

Source: developed by the author

Each of the mentioned categories is the subject of
discussion and reform in any country of the world with
a rule of law, however, the experience of the Baltic coun-
tries perfectly demonstrates the process of restructuring
administrative system in combination with the simultane-
ous modernization and development of the institution of
civil society. A vivid example is the struggle of the Estonian
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authorities against corruption, which is successfully in-
tegrated into the continuous evolution of e-governance.
Certainly, there is no country that is characterized by the
absence of favoritism, fraud or nepotism in the public or
political sectors. The problem also exists among Estonian
public servants, but today the active involvement of infor-
mation technologies has become one of the main principles
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of fighting corruption in this country [15]. Electronic docu-
ment flow, modernization of communal services through
the creation of online platforms for the provision of ser-
vices, the possibility of submitting tax returns without
even leaving home - the country’s leadership has almost
completely cut off communication between citizens and
civil servants in an offline format, significantly reducing
the risks of bribery, extortion, or other forms of corruption
phenomenon. According to Transparency International’s
Corruption Perceptions Index for 2021 [18], Estonia ranked
13th among 180 countries, significantly ahead of Lithuania
and Latvia. In addition, by developing the concept of e-gov-
ernance, increasing the level of transparency and openness,
Estonia clearly demonstrated the value of the administra-
tion’s communication with its citizens and their involve-
ment in the functioning of public administration.

Involvement of society in the processes of public ad-
ministration has also become a priority task of the Latvian
government’s new public administration development pol-
icy. In order to activate the population, maintain a bilat-
eral dialogue and increase the awareness of citizens, the
country’s leadership has been fruitfully cooperating with
non-governmental organizations (NGOs) for several dec-
ades. In particular, with the aim of promoting effective
public administration in accordance with public interests,
in 2005 a Memorandum on cooperation between public or-
ganizations and the Cabinet of Ministers was signed, the
text of which was updated in 2014 [9]. As of October 2022,
502 organizations have signed the document. Thanks to
the Memorandum, as well as further rule-making activi-
ties of the Government of the Republic of Latvia, a number
of mechanisms were created to involve society in the de-
cision-making process. Implementation of joint projects,
education of the public on issues of state management, fi-
nancial stability and independence of NGOs, involvement
of interested representatives of public organizations in the
coordination of regulatory acts — it can be argued that the
state leadership gradually but purposefully increased the
participation of NGOs in public administration. For exam-
ple, already in 2010, only a few years after the signing of the
Memorandum, the conclusions of NGOs were received for
40% of the documents from the total number of normative
legal acts and projects developed by the ministries, which
indicates a relatively high degree of initiative and partic-
ipation of public organizations [19]. The policy of public
participation had considerable success and influence on
the formation of democratic institutions, as in its 2020 re-
port, the European Commission gave a positive assessment
of the process of re-planning the public service in Latvia,
noting that the country has generally demonstrated good
progress in reforming public administration [10]. Thus, the
country’s leadership managed to optimize the activities of
the executive authorities, ensuring transparency by involv-
ing all interested parties.

Likewise, the activities of local self-government in the
Baltic States, where municipal bodies are becoming more
and more important participants in the administration
system, cannot be ignored. Of course, successful democra-
tization directly depends on the degree of development of
municipal institutions and their ability to cooperate with
local residents, which explains the constant modification
of the administrative system of the Baltic republics. Since
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the quality of public services, the redistribution of budget
revenues or the level of life activity support of a separate
territorial unit depends on the functioning of regional
authorities, the Lithuanian government actively supports
the concept of administrative supervision of local self-gov-
ernment in order to guarantee legality, stability and social
equality at the local level. Although this concept exists in
both Estonia and Latvia, monitoring of the legality of all
legal acts adopted by all municipal institutions is carried
out only in Lithuania [20]. Assessing the legality of the use
of state assets, regulating the pricing of communal services,
checking the systematicity of regional development - in
this case, the government’s activities cannot in any way
be aimed at weakening the autonomy or independence of
local self-government, but must necessarily contribute to
increasing the productivity of municipalities and ensuring
the principle of the rule of law.

So, we can come to the conclusion that each of the ana-
lyzed states has introduced its own mechanisms for improv-
ing public administration, carrying out operational work on
solving complex problems. The minute-by-minute reforma-
tion of the public administration model determined both the
internal policy of the countries and their place in the inter-
national arena as members of the European Union.

Based on the conducted analysis, it can be established
that the concept of the New Public Administration had a
considerable influence on the formation of the develop-
ment strategy of public administration in the Baltic coun-
tries, in particular the Republic of Latvia. The introduc-
tion of the appropriate model within the country should
primarily contribute to increasing trust in the government
among civil society. Here it is important to mention the
scientific work of M. Holzer, in which the researcher em-
phasized that lack of trust undermines the ability of gov-
ernments to perform and provide services as promised in
their founding documents, legislation, agency mission and
oath [12]. It is impossible not to agree with this statement,
because the trust of the population allows for the success-
ful implementation of new changes and innovations in
the activities of public authorities, moreover, lack of con-
fidence in one’s government deprives the latter of its le-
gitimacy and legality. According to Standard Eurobarometer
90, trust in institutions is relatively low in Latvia: 32% of
citizens trusted the state administration in 2018 [21]. Thus,
it can be emphasized that, although the involvement of the
population in the policy of public administration is indeed
a crucial component of the sustainable development of the
public sector, which proves the administration’s desire for
a stable two-way dialogue with society, it has little effect
on strengthening trust. There is no doubt that the func-
tioning of NGOs in the public sector clearly demonstrates
the position of public authorities regarding transparency
and openness, and nevertheless, mostly such organizations
seek to respond to manifestations of lawlessness, perform-
ing the function of a defender of the population, and by no
means an apparatus of public administration.

However, as already noted earlier, the possibility of es-
tablishing relations with local residents is a leading mecha-
nism for the modernization of the administration system, and
therefore it is equally important to provide appropriate and
accessible tools for such cooperation. According to L. Mirlin,
the use of the latest information technologies and their
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variants during the selection of appropriate forms of commu-
nication and the formation of the content of communication
is the fundamental means of “connecting” the government
and the people [19]. Given the incredible success of e-gov-
ernance in Estonia, it is difficult to disagree with this state-
ment, but it is necessary to note several important factors.

First, in order to guarantee the efficiency and sustaina-
bility of e-government, the public administration needs to
create and implement a modern system of electronic inter-
action. First of all, this concerns the constant updating of
technological means, in the absence of which it is impossi-
ble to achieve the proper quality of service provision. In ad-
dition, as N. Linde rightly noted, the transition to a modern
architecture of technological solution will ensure not only
the flexibility of systems for the dynamic development of
services, but also require data processing with less negative
impact on the environment [22]. Thus, the development of
digital infrastructure will lead not only to the possibility of
using modernized platforms, but also to the improvement
of the country’s ecosystem through the introduction of en-
vironmentally friendly technologies.

Secondly, one of the most important factors in the ef-
fective improvement of the model of public administra-
tion is the permanent improvement of the qualifications
of civil servants. The author fully agrees with the position
of 1. Sudziute and A. Jakubavicius: “National governments
should focus on politics and investments in human capital
and education to prepare the workforce for future work” [23].
Indeed, the lack of knowledge, technical skills and digital lit-
eracy significantly slows down the process of adaptation and
modernization of the public sector, effectively destroying
the prospects for successful digitalization. At the same time,
researching the competencies of public administration per-
sonnel, I. Lakstigala and S. Balina emphasized that although
the rapid information development of recent decades really
facilitates the performance of complex work, the work pro-
cess requires an emphasis not only on digital skills, but also
on communication skills, leadership skills, creativity think-
ing and flexibility, thus adapting to modern demand [16].
Therefore, it can be concluded that the training of manage-
ment personnel of public authorities should be based not
only on the work of information and communication tech-
nologies, but also focus on the professional development of
each civil servant, since it is the human factor that forms
the foundation of any transformations.

Thirdly, although the launch of information systems
is aimed at improving the quality of services in a signifi-
cant way and reducing the costs of their implementation,
the success of such a management model depends on both
successful strategic planning and the level of demand
for service use. For example, in 2009, the introduction of
LIMIS (Lithuanian Integrated Museum Information Sys-
tem), a national integrated system of digital information
about exhibits in museums, was started. This initiative
is certainly a significant finding for increasing public ac-
cess to scientific research institutions, but according to
A. Kimura’s research, the creation of a digitization depart-
ment in museums is still not popular because many muse-
ums are already digitizing without such a department, and
also because many museums cannot afford it [24]. At the
same time, you can refer to the Estonian example of the
use of the ERA (Estonian Road Administration) e-service,
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which implements the state policy in the field of road
safety. In the author’s scientific work, L. Roots proved
that ERA promotes e-services very well, offering socially
demanded categories: from registration for a theoretical
exam to issuing an instructor’s certificate [25]. Thus, we
can say that the process of improving the public sector and
introducing the latest models of administration depends
on a considerable number of factors. An unchanging course
towards digitalization, cooperation with the population
and civic support, increasing the level of competence of
civil servants — each of the listed categories is designed to
contribute to the evolution of public administration.

It cannot be assumed that the governments of the Baltic
republics did not make mistakes along the path of transfor-
mation, but the experience of Estonia, Latvia and Lithuania
proves that a purposeful course to modernize and democra-
tize the model of public administration is a convincing fac-
tor in the modernization of the Baltic countries.

o CONCLUSIONS
So, summarizing all of the above, it can be stated that the
introduction of the latest administrative mechanisms into
the public power structure of the Baltic Sea region un-
doubtedly affected the democratic development of Estonia,
Latvia and Lithuania. Each state, pursuing the initial goal of
joining the European alliance, laid a solid foundation for a
fundamental modification of the state leadership paradigm.

Giving preference to the liberal concept of management,
which was primarily characterized by openness and a high
level of development of local self-government, the Baltic
countries began the exhausting process of comprehensive
reformation of the sphere of state policy. Centralized leader-
ship gave way to the latest ideas of interaction between state
institutions and the civilian population, which provided an
opportunity to establish a strong base for the creation of a
renewed doctrine of public administration.

The theory of New Public Administration presented
a modern concept of public management, which, in addi-
tion to expanding the powers of civil society, emphasized
the involvement of advanced information technologies
in order to meet the current needs of consumers of pub-
lic services. Undoubtedly, the modernization of the public
sector laid effective mechanisms for fighting corruption,
contributed to the implementation of the principle of ac-
countability and transparency of the government, ensured
the financial stability and independence of non-govern-
mental organizations, and at the same time, the transfor-
mation process of the Baltic countries was accompanied by
both unsuccessful strategic decisions and public distrust.
At the same time, it should be noted that the success of
reforming the public sector does not depend on the very
fact of introducing electronic governance or administrative
supervision, but on ensuring the proper conditions for its
functioning: permanent updating and increasing of digital
government tools, mandatory maintenance of professional
skills of civil servants, which will include both acquisition
of digital literacy and improvement of organizational com-
petences, as well as maintenance of public interest by in-
volving the public in the management of state affairs.

Thus, after analyzing the reengineering process of
the administration system in the Baltic States, a number
of mechanisms responsible for the improvement of public
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administration were identified, but there are still many expenditures, and therefore the specified scientific work is
categories that require additional research, such as deregu-  intended to become a starting point for further study of the
lation policy or the control system for budget revenues and  specified issues.

e REFERENCES

[1] 30 Years of Reforms in Former USSR: Is the Market Economy Helping? (2022). Retrieved from https://ru.knoema.com/
infographics/aiykgj/30-years-of-reforms-in-former-ussr-is-the-market-economy-helping.

[2] Halimi, S. (2018). Role of public administration in the European integration process. Acta Universitatis Danubius.
Juridica, 14(3), 189-203.

[3] Liakh, Yu. (2020). Foreign experience of modernization of public administration and prospects of its application in
Ukraine. Scientific Bulletin: State Administration, 2(4), 228-238.

[4] Volska, O. (2020). Public management as a systemic phenomenon in modern society. Tavriysk Scientific Bulletin, 3, 15-20.

[5] Starykova, G. (2021). Democratization of public administration: A regional dimension. Public Administration Aspects,
9(5), 47-54.

[6] Khanyk, Yu.B. (2021). The influence of the level of citizens’ trust in public authorities on the application of public
marketing in Ukraine. Public Administration Aspects, 9(2), 43-49.

[71 Romanchuk, O., Bysaga, Yu., Berch, V., Nechiporuk, G., & Chechersky, V. (2021). Electronic governance: A constitutional
and legal study. Uzhhorod: RIK-U.

[8] Comprehensive monitoring report on Latvia’s preparations for membership. (2003). Retrieved from https://carloscoelho.
eu/old_cc/dossiers/aue_pt_sit/pdf/cmr_lv_final.pdf.

[9] Memorandum of cooperation between non-governmental organizations and the Cabinet of Ministers. (2014).
Retrieved from https://www.mk.gov.lv/lv/media/7663/download?attachment.

[10] Public administration and governance: Latvia. (2020). Retrieved from https://ec.europa.eu/info/sites/default/files/
latvia-ht0221961enn.en_.pdf.

[11] Reinholde, 1., Guogis, A., Smalskys, V., Zickiene, S., & Klimovsky, D. (2020). Considering new public governance
possibilities in central and eastern Europe. Tiltai, 85(2), 1-15.

[12] Holzer, M. (2022). The future of public administration. Public Integrity, 24(1), 102-104.

[13] Korenkova, V. (2020). The experience of the Baltic states in the field of European and euro-atlantic integration. Legal
Science, 2(104), 176-183.

[14] Pedersen, K.H., & Johannsen, L. (2018). New public governance in the Baltic States: Flexible administration and rule
bending. Public Performance & Management Review, 41(3), 648-667.

[15] Ibodullaevich, K.K., & Mahmatkobil, O. (2022). Electronic system — Estonia is among the leaders in the fight against
corruption. Eurasian Journal of Humanities and Social Sciences, 5, 152-155.

[16] Lakstigala, I., & Balina, S. (2019). The demand of public administration management’s staff competences in the
future. New Challenges of Economic and Business Development, 11, 476-485.

[17] Freedom House. Global freedom scores. (2022). Retrieved from https://freedomhouse.org/countries/freedom-world/
scores.

[18] Corruption perceptions index. (2021). Retrieved from https://www.transparency.org/en/cpi/2021.

[19] Mirlina, L. (2018). Public participation as a basis for public trust in public administration: Problems and challenges in
Latvia. Proceedings of the International Scientific Conference, 6, 366-378.

[20] Kiurienr, V. (2015). Administrative supervision of local self-government in the Baltic states: A comparative view.
Journal of Education Culture and Society, 2, 394-410.

[21] Lielpeters, E. (2019). Engaging citizens in the decision-making process. Opportunities of digital democracy in Latvia.
Regional Formation and Development Studies, 29(3), 53-63.

[22] Linde, N. (2020). Latvia political briefing: Latvia improves the efficiency of public services. Weekly Briefing, 31(1), 23-29.

[23] Sudziute,I., & Jakubavicius, A. (2022). The trends of the manufacturing industry in Lithuania: Issues and perspectives.
Science — Future of Lithuania, 14, 1-7.

[24] Kimura, A. (2018). Digitization practices at Lithuanian museums after the LIMIS implementation (2008-2017).
Museologica Brunensia, 7(2), 19-33.

[25] Roots, L. (2017). E-governance in providing public services in Estonia: A case study. Scientific Journals of the Poznan
University of Technology. Organization and Managem, 74, 77-93.

Development Management, 2022. Vol. 21, No. 3 34



Radzikhovskyi

AHani3 EBponencbKoro QocBiay BAOCKOHANIEHHA MeXaHi3MiB
ny6niyHoro agMiHicTpyBaHHS

€BreHin Mukonamosm4 Pan3ixoBcbKuUmn

HayKkoBO-HaBYanbHWW iIHCTUTYT NY6MIYHOro ynpaBniHHA Ta AepyKaBHOI Cry»6u
KWiBCbKUI HaLioHanbHMIN yYHiBepPCUTET iMeHi Tapaca LLleBueHka
04050, Byn. AkageMika PoMmopaHoBa, 12/2, M. Kuis, YkpaiHa

Awnorarig. XogHa kpaiHa He 3maTHa GyayBaTH MPOTPECUBHE CYCIIIbCTBO, He BAAIOUMCH IO CUCTeMaTUYHOT Moaudikalii
Mo MyGIiYHOTO MeHeIKMEeHTY, 1[0 Ha BTACHOMY MPUKJIaZi JOBeIU fepkaBy perioHy BanTiiichkoro Mopst. AKTYasIbHICTb
aHaTi3y MexaHi3MiB IMyOJIiYHOTO aAMiHiCTpyBaHHS KpaiH BanTii MOSICHIOETHCS YCITIXOM MOMAEPHi30BAaHOI MOMITUKM
cucTeMu agMiHicTpyBaHHs y EcTonii, JIaTsii Ta JIMTBI, JOCBif SIKMX € HATJISIAHOIO iTIOCTpalli€ro Boaaoro peopMyBaHHs Ta
TIparHeHHs A0 TIepPMaHeHTHOTO COIliaIbHO-eKOHOMIYHOTO 3pOCTaHHs. MeTo JaHOi HAayKOBO1 po60TH 6Y/I0 JOCTiAKEeHHS
pi3HOGIUHMX CKIaOBUX (PYHKIIOHYBaHHS OHOBIEHOI KOHIIEILii My6IiUHOro yIpaBaiHHs 6aITiiCbKUX Peciy6iK, B TOMY
YMCIIi yepes MpM3My €BPOiHTerpalifiHMX IpoLieciB BcepeayHi KpaiH. [IpoBigHMMIM MeTogaMy HayKOBO-IOCIILHOI mpailii
BUCTYIIMIY METOAM aHAJi3y Ta y3araJbHEHHS, 38 JOIIOMOIOI SIKMX GYJI0 PO3KPUTO KITIOYOBi 3aC06M BIOCKOHAJIEHHS
Iep>kaBHOTO cekTopy JIutBu, EcToHii Ta JlaTBii, y moegHaHHi 3 MeTOOOM IMOPiBHSHHS, 1[0 JO3BOIMB 3iCTAaBUTU MOJei
My6JIiYHOTO KepyBaHHSI TPhOX GaiTiiiCbKMX mepskaB. JlaHa CTATTS PO3KPMBA€E 3HAUEHHS BIIPOBAKEHHS iHHOBALiTHUX
pilieHb Cy0’€KTiB BIaJHMX TOBHOBaYKeHHSI 3aJIsl peaiisallii TPOMaJsHCbKMX CBOOOA HacesleHHSI Ta 3abe3reueHHs
TIPUHIIAIIIB e PsKaBHOTO yIIPaB/IiHHS. By/10 BCTaHOBIIEHO, 1110 3MiHAa 3acaj] epykaBHOTO KepiBHMIITBA y KpaiHax banTii Oyia
3yMOBJIEHA MiATOTOBKOIO 10 BCTYITy 10 €Bporieiicbkoro Co3y. 30KkpeMa, 6y/I0 BIPOBAAKEHO ifiero B3aeMOIii TepsKaBHUX
iHCTUTYTIB i3 IMBUIBHUM HaceleHHSIM, 3aJy4yeHO HOBITHi iH(GoOpMaliifHi TeXHOIOTii Ta MPOBeJeHO AHTUKOPYMIiHY
MoJiTUKY. Bysio Bu3HaUeHo, o pedopmallis My6IiuHOTO CEKTOPY 3aJIEXKUTD Bill 3a0e3MeueHHs 10ro 6e3rmepenrkogHOTo
¢dyukionyBanHs. [IpakTHYHA iHHICTh 3a3HaU€HOT HAYKOBO1 POOGOTH TOJISITAE Y MOSKJIMBOCTi BUKOPUCTAHHS i1 MaTepiasis
y mipotieci po3po6ky pedopMaTOPChKUX pillleHb PEKOHCTPYIOBAHHS CYCTeMM MTy6IiYHOr0 afMiHiCTpyBaHHS

KirouoBi cimoBa: TpancdopMaliis, eBpoiHTerpatiist, agMiHicTpaTUBHMI pebpeHauHT, iHpopMalliiiHi TeXHOIOri1, TPUHLIUIT
3aTy4eHHs POMaJICbKOCTI
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Abstract. The research relevance is predefined by the widespread use of elements and structures that have the shape of
canal surfaces in engineering practice and the possibilities of reproducing the surface through kinematics. The research
aims to develop new means of modeling canal surfaces referred to as a grid of curvature lines by introducing elements with
special properties into the structural model that simplify the solution of differential equations and reduce the amount of
computation. To achieve the research methods, the synthetic geometric method, methods of linear algebra, the theory of
differential equations and differential geometry, as well as methods of computer geometric modeling and visualization of
three-dimensional objects were used. Studies on modeling and studying the properties of channel surfaces are analyzed.
The research on the problem of the surfaces and lines of curvature is considered in more detail and the conditions under
which it is possible to simplify the solution of the differential equation are identified. It was proved that the condition
of contact between the canal surface and the plane along a given plane curve is sufficient for this curve to be one of the
curvature lines of the family of orthogonal to the generating circles. This allowed to reduce the solution of the differential
equation to two quadratures. The expressions of the corresponding integrals and an algorithm for modeling the canal
surface with the possibility of referring to a grid of curvature lines were obtained. The expressions that define the desired
surface include the parametric equations of a given plane line; a function that determines the radii of the spheres of the
family depending on the parameter of this line. A specific example of modeling a surface based on a defined formula
was also considered, and images of this surface with visualization of the coordinate grid were presented. The research’s
practical values are defined by the possibility of using the developed modeling tools in the design and computer-aided
design of the geometry of real products containing surfaces of a smooth transition of variable radius
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¢ INTRODUCTION

Since canal surfaces can be formed kinematically, they are
common in engineering practice, from mechanical and
hydraulic devices to architectural structures. Information
and software for geometric modeling and design consist
of many tools that allow the formation of objects of the
required shape. These tools can form initial shapes by
moving along a given trajectory, deform (mix surfaces), re-
construct shapes, form transition surfaces between given
surfaces, etc. The so-called tubular surfaces are common
in geometric computer modeling, which are canal surfaces
with a generating circle of constant radius and has many
practical applications. For example, they can represent the
surface of a spring (a perfect spiral), which can be seen in
real life on climbing plants, corkscrews, etc. Such surfaces

can also use the form of compartmentalized surfaces of
round cylinders. Within canal surfaces, it is possible to em-
phasize mixing surfaces or smooth connections between
two given surfaces. They are obtained from the initial ca-
nal surface through an operation consisting of generating
one or more auxiliary surfaces that create a differentiated
(smooth) transition between them so that the final object
is a combination of all previous surfaces into a single part.

Thus, the study of new means of designing canal sur-
faces is necessary for the further development of computer
geometric modeling tools and their implementation in
computer-aided design systems for complex objects.

The research aims to develop new tools for modeling
canal surfaces based on curvature lines by introducing

Suggested Citation:

Frolov, O. (2022). Construction of canal surfaces based on a specified flat curvature line. Development Management, 21(3), 36-43.

*Corresponding author

36



Frolov

elements with special properties into the structural model
that simplify the solution of differential equations and re-
duce the computation required.

The research novelty is defined by the use of new con-
structive means (a specified flat line of curvature) in the
geometric model of the canal surface instead of the tradi-
tional ones (sphere family center line). The introduction of
the curvature line into the model allowed simultaneously
controlling the surface shape and simplifying the transi-
tion to the mesh from the curvature lines on the surface,
due to the existence of a known partial solution of the dif-
ferential equation.

e LITERATURE REVIEW

Numerous studies analyzed canal surfaces, covered various
aspects of their formation and properties, identified special
cases or classes of such surfaces, and created or improved
tools for their modeling.

Researchers [1; 2] focus on the visualization of canal
surfaces by various means based on the specified parametric
equations. An overview of the applications of canal surfaces
in computer geometric modeling of objects is given in [3].
In [4], the design of architectural forms by surfaces with flat
curvature lines, including canal surfaces, was considered.

Canal surfaces are a specific cyclic surface case, the
standard formation formula of which is stated in [5].

Several studies analyzed the development of tools for
modeling canal surfaces. Study [6] considers the problem
of transition from representing the canal surface in a para-
metric form relative to the line of sphere centers to an im-
plicit form of representing the surface by a system of equa-
tions. In [7], a special parameterization of the guide curve
was proposed using a rational function. In [8], the Bezier
curve was chosen as the guideline for the canal surface, and
in [9], a hyperbolic curve was chosen.

The study of the properties of canal surfaces was con-
sidered in [10; 11]. In [10], the symmetry properties that
canal surfaces with rational center curves and the function
of changing the radius of the current parent sphere can
have were studied. The study [11] considers canal surfaces
obtained by conformal transformations.

The study of canal surfaces in four-dimensional space
is considered in [12; 13], [14; 15] - in the Minkowski space,
in [16] — in the pseudo-Halley three-dimensional space,
and in [17] - in the spherical geometry of C. Li.

Among the canal surfaces, it is possible to distinguish
special classes that satisfy additional conditions imposed on
the geometric characteristics of the surfaces. For example,
in [18], canal surfaces that retain the mean curvature un-
der isometric transformations were considered, and [19; 20]
studied canal surfaces that are also Weingarten surfaces.

In [21], the mathematical apparatus of quaternions
was applied to the modeling of canal surfaces.

The problem of assigning a canal surface to the curva-
ture lines is obtaining a family of lines orthogonal to the
characteristic circles on the surface. This problem was con-
sidered in general in [22] and is reduced to solving an or-
dinary first-order differential equation of the Riccati type,
which is not integrated into quadratures. This determines
the need to study special cases of canal surfaces that al-
low solving the differential equation of curvature lines in
quadratures or to numerically integrate this equation. For
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example, if all spheres of a family have the same radius (tu-
bular surface) or the line of centers of the spheres of the
family is a flat curve, the curvature lines can be obtained
using a single quadrature or without integration at all.
Analyzing the known properties of the Riccati differential
equation and comparing them with the above studies, the
construction of solutions to this equation can be associ-
ated with the problem of the curvature line of the family,
which is orthogonal to the characteristic circles. Thus, if
one partial solution of the Riccati equation is known (one
given curvature line), the general solution is found using
two quadratures [23], and, therefore, the assignment of two
curvature lines requires one quadrature to describe the
general solution. Finally, the three known partial solutions
of this equation allow us to write the general solution with-
out quadratures.

e MATERIAL AND METHODS

In the first research stage, a mathematical model of the
canal surface was considered in a generalized parametric
form (the “classical” model), when the surface determinant
includes a guideline (line of sphere centers) and a function
of the dependence of the radius of the current sphere of
the family on the guide parameter. Using the differential
geometry methods, it was proved that the coordinate grid
on the canal surface obtained by this model is not a grid
of curvature lines. It is demonstrated that the transition
to such a grid requires solving a Riccati-type differential
equation. Known cases when this equation has a quadratic
solution are analyzed.

In the second stage, a synthetic geometric method was
used to prove the existence of a curvature flat line on the
canal surface, provided that the plane touches the surface
along this curve. Using the methods of differential calcu-
lus, it was verified that it is possible to form one partial
solution of the differential equation based on this curve.
Based on the obtained partial solution, a general solution
of the Riccati-type differential equation was constructed
using the methods of the theory of ordinary differential
equations, which allowed us to find the lines of the family
orthogonal to the generating circles of the canal surface
and to refer the surface to the lines of curvature.

In the third stage, based on the obtained mathematical
model, images of the surface referred to as the grid of curva-
ture lines were obtained by computer visualization methods
using the tools of the Matplotlib library of the Python pro-
gramming language.

e RESULTS AND DISCUSSION

A canal is the envelope of a one-parameter family of spheres.

The characteristic curves of a family of spheres are circles that

create one of two families of curvature lines on this surface.
The canal surface equation in a vector form will be pre-

sented

m=p+at+r cosu v+r sinu B, 1)

in which p=p(t) - radius is a vector of a point on the line
of centers of the family of spheres; 7, v, B — unit vectors
(orthos) of the Fresnel system of this line; t is a parame-
ter that determines the position of the point on the guide-
line; u is a parameter of the position of the point on the
generating circle; a=a(t) is a function that determines the
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distance from the point of contact on the line of centers of
the spheres to the center of the generating circle along the
tangent, and has the form:

RR’

a=—-——:, (2)

lpl

in which R=R(t) is the function of the dependence of the ra-
dius of the family sphere on the parameter of the guideline;

|| = d - the modulus of the tangent vector to the guide-
line; r=r(t) is the function that establishes the dependence
of the radius of the generating circle on the parameter of
the guideline:

T=\/%. (3)

Find the partial derivatives of function (1):

Z—T =(p|+a —7|p|k cosw) T+ (alp’|k + 7 cosu—r|p’|v sinu) v+ (r|p’|v cosu+r'sinu) B,

om
w=T sinu v+r cosu f8

a%m
ou dt

in which a, r are the derivatives of the corresponding func-
tions, k=k(t) is the curvature of the guideline; v is the twist
of the guideline.

First quadratic form coefficients

> ou 1;1
=r|p|ksinu T— (r'sinu+r|plv cosw) v+ (r'cosu—r|plv sinw)B,

=-—r cosu v—rsinu B, @)

— (om
E= (6u)
The numerators of the coefficients M and L of the sec-
ond quadratic form

= (2 2) = oS, ©

= Z’ZZ—T] = —r2|p'|(r'k sinu—a k?|p|sinu cosu—v(|p|+a —r k|p'|cosw)),
0%m [om 0m 2l , , (6)
= ow [EE] =-r (lP | +a-—-r k|p|cosu).

The conditions F=0 and M=0 are not fulfilled. In other
words, in general, the coordinate grid of the surface (1) does
not coincide with the lines of curvature. More precisely, the
lines t=const (generating circles) make up one set of curva-
ture lines, as for the lines u=const, they are not curvature
lines in general, since the conditions of orthogonality and
conjugacy of the coordinate grid are not met.

To find the curvature lines of the family orthogonal to
the generating circles, the differential equation of orthog-
onal trajectories to the family t=const will be used, which
has the form [24]:

Fdu + Edt = 0. (7

Substituting the expressions E and F into equation (7),
after reductions, the following equations were obtained

d 0o .
d—?=%k|p|smu—|p|v. (8)
Replacing the variable u in the last equation with
=tgl
v=tgs )
resulted in the generalized Riccati equation [23].
R A [ (10)

Substituting the values of a and r from the right-hand side
of equations (2) and (3) into (8) and (10), the following is true:

du

== Wk|p|smu—|p v, (11)
f IP v _Rklp|
v = W +1) - Lo (12)
It is assumed, that function
v=v(ta), (13)

is an equation (12) solution, where « is the integral constant.
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Then, using equality (9), the following expression is true

u=u(t a), (14)

in which, when substituted into equation (1), will trans-
form it into the equation of the canal surface referred to
as the coordinate grid of curvature lines t=const, a=const.
The four-solution property of the Riccati equation [23]
allows to state that the four curvature lines of the family
orthogonal to the generating circles intersect these circles
at four points with a constant anharmonic ratio. Note that
if the ratio % in (8) is replaced by
2 =tgy, (15)
in which y is the angle of inclination of the vector directed
from any point of the guideline to the points of the cor-
responding generating circle, then equation (8) can be re-
written as

(16)

Geometrically, this equation is a condition for the nor-
mal to the canal surface along the second family of curva-
ture lines to form scanning surfaces, with line (1) serving
as the guide curve.

Since the Riccati equation in the form (11) or (12) does
not have a general solution in quadratic form, it was ad-
visable to consider finding the curvature lines for specific
cases of representing canal surfaces.

Thus, for tubular surfaces (R=const) with the spatial
line of the centers of the family of spheres, equation (11)
was obtained as

& _ |- 17

“ o oo a7
As such, function (14) becomes

u=—[lp| vdt+a. (18)
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If, in the case of tubular surfaces, the line of centers is
flat (v=0), then according to (18) ‘;—”t‘ = 0, the coefficients F
and M of the first and second quadratic forms will be zero.
Consequently, in this case, both the t=const and u=const
lines of the surface coincide with the curvature lines.

If the dependence for the radius of the sphere is variable,
and the line of centers remains a flat curve (R#const, v=0),
then the solution of equation (11) reduces to quadrature:

.
_f n2 ’
lp"-R

|p|kat
u=2arctga e ’ 19

Note that the values u=0 and u=r, which correspond to
the cross-section of the surface by the plane of the line of
centers, give two lines of curvature since the normal to the
surface along these lines belong to the same plane.

In the case when R#const, v=0, and k=0 is a straight lines,
equation (1) gives a surface of rotation in which the lines
t=const are meridians and the lines u=const are parallels.

As for the case when R#const, v#0, the radius of the
spheres is variable and the line of centers is a spatial curve,
the solution of equation (12) is possible only for some spe-
cial cases [23]. Therefore, if (12) has no solution in quadra-
tures or the quadratures obtained from it have no analytical
representation, numerical integration methods can be used
to obtain a coordinate grid from the curvature lines, which
leads to a significant increase in the amount of computation.

The following geometric model of the canal surface
formation is proposed. A certain line C lying on the Oxy
plane of the rectangular spatial coordinate system was
considered. This plane is called the reference plane. The
one-parameter set of spheres was determined from the
condition that the spheres of the family and the reference
plane touch along the given line.

x = 1
p2lp'xp’|

It has been proved that this condition is sufficient for
a given plane line to be a line of curvature on the contour
surface of a family of spheres if one exists. According to
the transitivity theorem [24], if a surface (S) has a con-
tact with two surfaces (£1) and (£2) of order at least n at
the same point, then (1) has (£2) a contact of the corre-
sponding order at the same point. Taking the surface (S)
to be the sphere of the family, and the surfaces (£1) and
(£2) to be the reference plane and the canal envelope, we
conclude that, if it exists, this surface will touch the plane
along the points of the given curve. Considering touching
as a limiting case of intersection of surfaces, and given
that any line lying on a plane is its line of curvature, ac-
cording to Joachimsthal’s theorem [24], we conclude that
a given plane curve is also a line of curvature for the canal
surface.

In this case, the condition for the contact of an ar-
bitrary sphere of the family and the Oxy plane was de-
termined from the equation for the line of centers of the
spheres in the form:

p=fi+ej+REk (20

where: f=f(t), =¢(t) are functions of the parameter ¢ that
define a given line on the Oxy plane, i, j, k are the orthoi of
the rectangular Cartesian coordinate system.

Then, the vector equation of the canal surface (1) is as
follows:

m=p+%‘t+R /przp_,erz (cosu v+sinu B). (21)

By substituting the known expressions for calculating
the vectors r, r', T, n, B, and performing the transformation,
the following parametric equations are obtained:

(f p°lp'xp'| + RIVFZ + 9% (cosu(f'(¢? + R*) = f (99" = RR") + sinulp|(pR" = R'¢") = R'f |p'x p'I),

Y= o @ Pl X P+ RIVE? + 92 (cosu(o (2 + R — @' (Ff" = RRD) —sinu|p|(FR" = RTD) = Rolp'x oD, (92

7= R
p2lp'xp’l

inwhich:|p'| = \/p'2 = \[fZ+ 92+ R2,f,f',¢,¢",R,R" are thefirst
and second derivatives of the corresponding functions, p” = ‘;—i’;
and [p'xp’| = /(@R =9 R)2+ (fR" —Rf )+ (fo" -9 f)?.

As noted earlier, the surface constructed according to
equation (22) will not be classified as a curvature line, since
only one of its two families of coordinate lines is a curva-
ture line. These are the lines of t=const, which are the gen-
erating circles. To move to the system of curvature lines, it
is necessary to move in equations (22) from the parameter
u to a new parameter obtained from differential equation
(12) concerning (9).

Using the known correlations for curvature and tor-
sion, this equation can be remade as:

2+ )P xp' | +Vf2+ 9% [cosuR'(F2+9*) =R f — 99 +sinulp|(fo =0 fD,

' R X
v = —%(UZ +1) —%v,
where: (p’'p"p™) - is the mixed product of the first, second,
and third derivatives of the vector (20), p’ x p” — is the vec-
tor product of the first and second derivatives of the vector p.
Since the flat line C is, as proved above, the line of cur-
vature of the canal surface, the corresponding expression
for the parameter v must satisfy the differential equation
(12) and, therefore, be its partial solution. Note that the ref-
erence plane in the coordinate system is characterized by
the equation - z=0, then by equating the third of equations
(22) to zero and making the appropriate replacement of the
parameter, we obtain the equation quadratic concerning v:

23)

Up'xp INf2+ 92 =R (fF2+ @)+ R(ff + 0o +2p|(f "~ o' fIw+p xp |Vf2+ 9?2+ R (f2+ ) =R (ff +9'9") =0.(24)

This equation has a discriminant equal to zero and yields the desired partial solution, v,=v (t):

vi=pl@f —fo) o xp WfZ+ o2 =R (f2+9?)+R(f f'+ 99" (25)

Directly substituting the right-hand side of (25) for v, as
well as the derivative of this expression for the differential
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equation (12), reduces the latter to zero, which confirms
the correctness of the result.
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It is known from the theory of differential equations
[23] that given one partial solution of the Riccati differen-
tial equation, its general solution can be obtained using
two quadratures.

For equation (12) the general solution is

1

VEU T S o

(26)
where: w is the new variable (parameter) for which the in-
tegration constant is taken; ¢(t) is the function obtained
from the expression:

f<|p'|(p'p'ﬂm) ot Rlp'p| )dt
¢(t) —e (p'xp") 02 [p2-R2 . (27)
Yi(t) is a following function:
[e]0's"e" Rlp'xp’|
W m N vi——= dt
¢(t) = I[M e (wxP) " p2 [p2-R? ] dt. (28)

2(p'xp")?

To move from the original grid on the surface to the
coordinate grid of curvature lines, based on the results ob-
tained, it is necessary to replace the parameter u in equa-
tion (22) based on the following equation:

u = 2 arctan(v), (29)
in which v=v (t, w) has the right side expression (26).

An example of designing a canal surface using the ob-
tained expressions is shown. As a given line of curvature, a
circle was chosen, written by the parametric equations on
the plane Oxy: f=r cos t, p=r sin t and the dependence func-
tion for the radius of the spheres of the family, which is as
follows: R=b cos 2 t+c.

Figures 1 and 2 show the representations of the canal
surface with a given circle of curvature (shown by the bold
line in Fig. 2) obtained for two variants of the parametric
surface equations: a) based on the equations (22): b) con-
sidering the solution of the differential equation (23) by
expressions (26)-(28) and substitution (29).

Figure 1. Canal surface (general view) at r= 3.0, b=5.5, c=10.5
a) initial parameter — (22); b) variable parameter u in relation to expressions (26), (29)

-30 -20 -10 0 10 20 30
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Figure 2. Distribution of coordinate grid lines on the surface near a specified plane curvature line
a) initial parameter — (22); b) variable parameter u in relation to expressions (26), (29)
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Note that when constructing three-dimensional (3D)
surface models, the same number of lines forming the co-
ordinate grid was set for both parameterization options.
Figure 1 is an arbitrary rectangular projection for both var-
iants of surface visualization with the same orientation.
Figure 2 shows a rectangular projection of the surface on a
horizontal plane (top view).

Analyzing the results of 3D surface model visualiza-
tion models built on the basis of the initial parameteriza-
tion and based on the solution of the differential equation,
it is possible to clearly understand the difference in the lo-
cation of the coordinate grid lines on the surface. The coor-
dinate lines of t=const (these are the generating circles) re-
main unchanged, while the direction of the second family
of lines changes from non-orthogonal to orthogonal to the
generating circles. Figure 2 well explains this difference by
the fact that the given curvature guide circle intersects the
lines of the u=const family on the surface (22) (Fig. 2a), and
on the surface constructed with the expressions (26) and (29)
(Fig. 2b), the given plane guide is part of the w=const family of
lines without intersecting with other lines of the family.

The abovementioned example provides a fairly simple
overview of the functions that define the plane line of cur-
vature and the radius of the current family sphere. In more
complicated cases, the expressions of the integrals in formu-
las (27) and (28) may not have a solution in elementary func-
tions, so numerical integration methods will be required.

While comparing the conducted research with other
studies, it is possible to state that study [22] is more the-
oretical in nature. Based on the study of the differential
characteristics of the curvature lines of canal surfaces, the
presence of no more than two isolated periodic curvature
lines for a family of orthogonal generating circles was es-
tablished, and the conditions for the presence of curves
with ombilical points on the surface were revealed in gen-
eral. In [25], the conditions and special cases of modeling
canal surfaces were considered when the parameter of the
guideline of the centers of the spheres is also a parameter of
the curvature lines of the family orthogonal to the generat-
ing circles. Unfortunately, there are no examples of surface
modeling in this paper. In [26], only certain cases of the
canal surface formed by the circles of curvature of a conical
helical line, as well as the case of the generating circles lo-
cated in the straight plane of the guide curve, which allows
integration of the differential equation of curvature lines,
were considered. The main difference between the present
work and these works is that the constructive model was
initially proposed, the existence of which was proved by a
synthetic method based on statements and theorems. The
basic one is Joachimsthal’s theorem. Other studies used an
analytical approach when the differential equation of cur-
vature lines was first derived, and then, by analyzing the
components of this equation, possible cases were separated
that allow for simplified calculations.

The main motivation for this research was to create
design tools that would be more convenient for further ap-
plication in practice. This tool is the inclusion of a given
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Frolov

KoHCTpylOBaHHA KaHaTOBUX NOBEPXOHb
3a 3a4aHOI0 MNJIOCKOIO NiHIEID KPUBUHM

Oner BacunboBu4y ®pornos

XapKiBCbKMIN HaLliOHaNbHMIM eKOHOMIYHUM YHiBepcuTeT iMmeHi CemMeHa Ky3Heus
61166, npocn. Hayku, 9A, M. XapkKiB, YKpaiHa

AHoOTaLisI. AKTYaJIbHICTb JOCTiIKeHHS 00YMOBJTIOETHCS OLIMPEHICTIO 3aCTOCYBaHHSI €7IeMEeHTIB ieTasieli Ta KOHCTPYKIIiiA,
o MawTbh (GopMy KaHAJIOBMUX TIOBEpXOHb, B iH)KEHepHill MpakTUIli Ta MONXKJIMBOCTSIMU BiITBOpDEHHSI MOBepXHi
KiHEMaTUYHUM CIIOCO60M. MeTa JOCTiIKeHHsT — Po3po6eHHsT HOBMX 3ac06iB MOMAEMIOBAHHS KaHAJIOBMX ITOBEPXOHb
BiITHECEHUX [I0 CITKM 3 JIiHi}i KpMBMHM 32 PaXyHOK BITPOBAPKEHHSI B KOHCTPYKTUBHY MOJIe/Th €JIeMeHTIB 3i crieliaibHuMmu
BJIACTUBOCTSIMU, SIKi JO3BOJISIIOTh CIIPOCTUTM DPO3B’SI30K Au(epeHIlialbHMUX PIiBHSIHb Ta CKOPOTUTU O0’€M OOUMCIEHbB.
Ilyist BUpillleHHI HAYKOBMX 3aBlaHb OyJiM BUKOPUCTAHI CMHTETUYHMIT TeOMETPUYHMIT METO/I, MEeTOIM JIiHiliHOI anre6pu,
Teopii pudepeHianbHUX PiBHAHb Ta OudepeHLiaqbHOI reoMeTpii, a TAKOK METOAM KOMITIOTEPHOTO TeOMEeTPUUHOTO
MOJIe/IIOBAHHS Ta Bisyasisaiiii TpuBMMipHMX 06’e¢KTiB. IIpoaHai30BaHO AOCTIAKEHHS 3 MOIETIOBAHHS Ta BUBUEHHS
BJIACTMBOCTE! KaHAJIOBMX IMOBEPXOHb. JleTaybHillle PO3MIISHYTO MOCTiIKEHHS MPUCBSIUEHi Mpo6ieMi BimHeCeHHS IUX
MOBEPXOHb J0 JIiHili KPUBMHM Ta BUSIBJIEHO YMOBM, 3a SIKUMM MOSKJIMBO CIPOCTUTY PO3B’I30K AudepeHIiaaTbHOTO
piBHSIHHS. Byo JoBeeHO MOCTAaTHICTh YMOBM OOTMKY KaHAJIOBOI ITOBEPXHI Ta IUIOMIMHY BIOBX 3aJaHOi MVIOCKOI KPUBOi
IJIsT TOro, o6 11 KpuBa Oyia ONHI€I0 3 JIiHiIiI KPUMBMHM CiMelicTBa OPTOTOHANIBHOTO 0 TBipHMX Kil. LI o6cTaBMHA
I03BOJIMJIA 3BECTM PO3B’SI30K AudepeH1ialbHOTO PiBHSIHHS IO OBOX KBangpaTyp. Bynu oTpumani BMpasu BigmoBimHMX
iHTerpaiiB Ta aJlrOPUTM MOJENIOBAaHHS KaHaJO0BOI MOBEPXHi 3 MOXJIMBOCTIO BiJHECEHHS O CITKM 3 JIiHili KPUBMHU.
Ilo BupasiB, [0 BU3HAYAIOTH IIYKAHY MMOBEPXHIO, BXOASITh: MapaMeTPUYHi PiBHSIHHS 3a[aHOI IUIOCKOI JiHii; dyHKIIis,
0 BM3HAYae paziycy chep cimeiicTBa B 3aJ€XHOCTI Bif mapamerpa el yiHii. Takok 6YB pO3IISIHYTUIT KOHKPETHMIA
TIPUKIIAJ, MOJETIOBAHHS TTOBEPXHi Y BiJMOBiMHOCTI 10 BM3HaUeHUX (GopMys, HaBeleHi 300pakeHHSs Ili€i MOBEpXHi 3
Bisyasizalli€lo KOOpAMHATHOI CiTKU. [IpakTHUHe 3HAUeHHSI pOOOTH TOJSITAE Y MOKIMBOCTSIX BUKOPUCTAHHS PO3POOIeHNUX
3ac06iB MO/IE/MIOBAaHHS IPU KOHCTPYKOBaHHI Ta KOMIT IOTEPHOMY ITPOEKTYBaHHi reoMeTpii peaibHUX BUPOGIB, 1[0 MiCTSTh
TOBEePXHi IVIaBHOTO MepexoAy 3MiHHOTO pafiycy

KiiouoBi c1oBa: KoOpAMHATHA CiTKa Ha MOBEPXHi, TeOMeTpUUHE MOJETIOBaHHS, chepa, 00BigHA MTOBEPXHS, PiBHSIHHS
PikkaTi
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Abstract. The rapid development of innovative activity in Ukraine and the instability of the economic and political
environment determine the relevance of studying the problems of innovative development in close connection with
global and local factors of economic growth. The purpose of the research is to study the budgetary policy factors that
have a dominant influence on the level of national innovative development, and their impact on the level of economic
growth in order to form directions for innovation policy development based on instrumental analysis methods. The paper
uses methods of econometric modeling and adaptive methods of forecasting. The constructed conceptual model includes
three aggregated stages of research. The study addressed the problem of assessing the level of a country’s economic
innovativeness and determining the factors affecting it; it was found that this level grows with an increase in the share of
private investment, a decrease in the rate of GDP growth, an increase in the share of taxes in the budget structure, a decrease
in the money supply, an increase in education and public security expenditures. The impact of the state budgetary policy
was analyzed and the value of the indicator of economic growth and the level of the country’s economic innovativeness
was forecasted. The practical significance of the results is that a gradual reduction in the level of the country’s economic
innovativeness is possible in periods of long-term economic growth. To avoid such negative consequences, European

governments should pay more attention to internal problems and external trends of innovation activity
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¢ INTRODUCTION
Global research on innovation shows that innovation is
a key driver of economic development. Each country has
its peculiarities of innovative development, and there-
fore its innovation policy. Being a state with a strong in-
novation potential, Ukraine should take into account the
world trends in innovation development and find favorable
mechanisms and tools to address the related challenges.
Monitoring the effectiveness of innovation policies is nec-
essary to understand whether policies work and how they
can be improved. To do this, the authorities must have reli-
able and up-to-date statistical information, since the effec-
tiveness of managerial decisions depends on its quality. As
innovation and economic development are interrelated, it
is necessary to constantly monitor the impact of economic
factors on the level of innovative development of the coun-
try’s economy.

At the same time, the role of the state in the economy
is being reassessed in the modern world. The 21%-century

crises, the 2008 crisis, and the 2020-2022 pandemic have
again brought the issue of the role of the state to the fore-
front of public and academic discussions. The world is
rethinking the impact of state intervention in economic
development. With state support, the innovative type of
economic development is increasingly becoming the foun-
dation that determines the economic strength of a country
and its prospects in the world market. Innovation in the
world economy is a key factor to boosting the competitive-
ness of EU countries and is essential in the context of glo-
balization. Therefore, one of the most important tasks of
Ukraine’s national innovation policy is to ensure dynamic
growth based on advanced technologies and innovations.
Rational and balanced strengthening of the role of the
state in the implementation of innovation policy should
provide for the importance and relevance of the formation
of Ukraine’s development budget, the provision of state
guarantees and investment insurance to reduce innovation
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risks, reasonable support for domestic producers, the
implementation of a balanced foreign policy and economic
policy, which should be combined with a plan for the tech-
nological transformation of domestic industry.

In the Global Innovation Index (GII) country ranking,
Ukraine ranks 45th among the 131 world economies by the
level of innovation activities (80 indicators in seven areas).
Switzerland, Sweden and the USA top the list of leading
innovative countries. Ukraine ranks 30th among the coun-
tries of the European region and 2nd in the group of lower
middle-income countries [1].

The strengths of Ukraine are university-industry col-
laboration in scientific research (50th place), the share of
employed females with advanced degrees (3rd place), the
share of information and communication technologies
(ICT) exports in foreign trade (9th place), mobile app crea-
tion (15th place), intangible assets (23rd place), trademarks
and patents (5th and 20th places, respectively). The weak-
nesses of Ukraine are the share of higher education grad-
uates in science and engineering (82nd place) and creative
goods exports as a percentage of total trade (111th place).
In terms of infrastructure development, Ukraine rose from
97th place in 2019 to 94th place in 2020. At the same time,
the value of the ecological sustainability indicator in-
creased to 99th from 120th in 2019. Market sophistication
led Ukraine to the 99th position in the ranking (90th in
2019) (86th in terms of credit, 79th by microfinance loans
as a percentage of GDP, 121st by investment, and 45th by
the level of trade and competition) [2].

As can be seen, today the innovative competitiveness
of Ukraine is accompanied by a number of the aforemen-
tioned problems, so it is considered expedient to analyze
the dynamics of national development in the innovation
dimension and study the peculiarities of developed coun-
tries in terms of innovation activity regulation.

It is important to note that the topic of innovation is
often addressed by scholars, yet innovation is more often
explored at the micro level, i.e., in the context of corpo-
rate competitiveness. In modern scientific research, there
are numerous works devoted to the problem of innovative
development. However, due to the rapid development of
innovations and the constant instability of economic and
political processes observed in Ukraine, further studies of
the innovative development dynamics in close connection
with economic growth factors are still relevant.

Therefore, the purpose of the study is to determine the
factors of budgetary policy that have a dominant influence
on the level of a country’s innovative development, as well
as to study the scale of their impact on the level of eco-
nomic growth in order to justify the priority directions of
innovation policy at the national level.

The scientific novelty of the study consists in the pro-
posed conceptual model, which includes the following re-
search stages: assessing the level of innovativeness of a
country’s economy and determining the factors influenc-
ing it; modeling the level of a country’s economic growth
as one of the most important factors in the development
of innovation activity, as well as analyzing the impact of
state budgetary policy on it; forecasting resultant indica-
tors based on the built forecasting models.
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e LITERARY REVIEW

Among modern Ukrainian and foreign scholars who study
approaches to assessing the level of innovative develop-
ment and economic growth, it should be noted the study of
0. Ugolkova, N. Reverenda and T. Lisovych [3], which inves-
tigates the state of innovation activity development in the
world, analyzes the change dynamics in international inno-
vation rankings and identifies key features of regulating in-
novation at the state level in leading countries.

The team of scholars - T. Pysarenko, T. Kuranda,
T.Kvasha, et al. - conducted a research study on the state of
scientific and innovative activity in Ukraine in 2020, which
is based on the official data of the State Statistics Service of
Ukraine, world rankings, international scientometric data-
bases. Particular attention should be paid to the presented
analysis of the impact of scientific and innovative activities
on the economy of Ukraine [2].

In the context of the problem raised, it is also worth
noting the research by W. Gajda, A. Kuznetsov and
S. Kuznetsova [4], in which the state of innovative devel-
opment of Poland and Ukraine is compared; the countries
are respectively classified as a moderate innovator and a
modest innovator. The authors analyzed 27 indicators of
the countries’ economic and innovative development in
comparison with the achievements of the European Union
using comparative analysis methods.

The issues of state regulation of innovative devel-
opment are raised in the papers of N. Vetsepura [5] and
V. Gornyk [6], which address the strategies for the develop-
ment of Ukraine’s innovative economy and recognize the
key role of state regulation in ensuring economic and inno-
vative development.

The problem of analyzing the relationship between the
innovative level of the economy and economic growth is also
covered by foreign researchers. The study [7] determines the
impact of the level of innovative development indicators
(human capital development, technological development,
trade openness, government expenditure and financial sys-
tem development, etc.) on the economic growth of Albania.

N. Chaabane in his work [8] analyzes and proves the
impact of the level of intellectual capital on firms’ perfor-
mance and the level of economic development of a country
as a whole. Studying the impact of the level of intellectual
capital on the efficiency of a country’s economic devel-
opment, the author used data from 260 companies. The
effectiveness of intellectual capital was measured using
the smart value added ratio (VAIC) method developed by
A. Pulic [9]. As a result of the research method used — mul-
tiple linear regression analysis — the author substantiates
the fundamental role of intellectual capital components in
ensuring economic development.

Researchers W. Al Salamat and K. Batayneh [10]
prove the interrelation of the financial market with
economic growth on the example of the MENA countries
group (MENA stands for Middle East and North Africa —
a region consisting of the Middle East and North Africa)
during the period 2000-2019. At the same time, the state
is recognized as a key participant in the financial market.

Having analyzed the methodology used by mod-
ern Ukrainian and foreign scholars to assess the level of
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innovative development and economic growth and their
interrelation, it should be noted the following:

The authors [7] used empirical analysis to assess the im-
pact of the level of innovative development indicators on eco-
nomic growth in Albania based on a modification of the model
created by E. Borensztein, ]. De Gregorio and ].W. Lee [11]. The
authors used a multidimensional vector autoregression (VAR)
model and an error correction vector model (VECM) to ana-
lyze the cause-effect relationships between variables.

The study [12] considers the individual and interacting
impact of foreign direct investment, the domestic struc-
ture of production, and the share of innovative production
on the level of exports and economic development. The
econometric estimate is based on an analysis of the general
method of dynamic system moments analysis using panel
data from 44 countries in sub-Saharan Africa.

Based on the review of the current coverage of the
problem of the impact of the level of a country’s innova-
tiveness on its economic development in the scientific
literature, it can be concluded that there is an insufficient
level of analysis of the impact of factors of government
expenditure on innovative development on the level of a

country’s economic growth, which requires the use of mod-
ern mathematical tools.

e MATERIALS AND METHODS

Having analyzed and considered the existing approaches
to assessing the level of innovative development and eco-
nomic growth, it can be said that econometric models oc-
cupy an important role in the methodology of studying the
indicators of innovative development and their impact on
the level of economic growth since they are used for in-
depth analysis of a certain set of data and the identification
of statistically significant relationships and dependencies
of the indicators under study.

Graphically, the scheme of the study using the “black
box” principle is shown in Figure 1. To attain the purpose
of research and build the models, the United Kingdom was
chosen as a country that is among the leading innovative
countries according to the data [13]. According to the sta-
tistical data given in [14], the United Kingdom is described
as a strong innovator, and over time, the indicators of the
innovative level of this country’s economy relative to the
EU remain unchanged.

Stage 1. Modeling the level of the economy’s innovativeness

eshare of government expenditure,
eshare of private investment,
*GDP growth,

eshare of industrial production,
eshare of taxes in the budget,
evolume of money supply,
einflation rate,

eeducation expenditure,

epublic security expenditure,
eshare of trade in GDP

to exogenous
factors

Y1=f(x)

Level of exposure

eInnovativeness is
expressed by the
index.

— =

Stage II. Modeling the level of economic growth

ebudget deficit,
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eincome taxes,

enet loans,

evolume of money supply,

evolume of government
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—
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Stage III: Forecasting indicators of the country’s economic and innovative development

Figure 1. Investigation of factors influencing the level of innovativeness of the country’s economy
using the “black box” system

Having carried out a detailed analysis of literature
sources [3; 5; 6] on the topic of research, in order to im-
plement the tasks of Stage I, it was decided to include in
the model ten factors that can affect the innovativeness

Development Management, 2022. Vol. 21, No. 3

index Y, and will further help to assess the impact of
significant economic factors on the change in the in-
dex. The factors selected for the analysis are given in
Table 1.
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Table 1. Factors affecting the level of innovativeness of developed countries’ economies

Indication of the

Name of the influencing factor

Scope of influence on the level of innovative development

influencing factor
X share of government expenditure the indicator demonstrates government investment in the economy,
! as a percentage of GDP including in the field of innovation
X share of private investment as a private investment is usually attracted to areas with high innovation
2 percentage of GDP potential, where it is possible to obtain greater added value.
generally, there is an increase in the share of innovative products in
X GDP growth . . CE
3 countries where where the production of goods and services increases.
. this indicator is included to investigate how the level of industrial
share of industry . . X . -
X . production affects innovation, and whether industry is one of those areas
¢ in the economy structure - S
where innovation is observed most often.
. the indicator demonstrates the relation between the revenue side of the
X share of taxes in GDP . .
s budget and the level of innovativeness
X, volume of money supply research on the impact of money supply on the level of innovation
X, inflation growth research on the impact of price increases on the economy’s innovativeness
X share of education expenditure the development of a country’s intellectual potential is a key factor in
8 in GDP innovative development
X share of public security the factor of economic security is an important engine for the
9 expenditure in GDP development of innovation
) . . the involvement of a country in the world trade exchange has a positive
share of international trade in . i .
X, GDP impact on the growth of product competitiveness, and hence will further
the development of innovation activities.

The construction of econometric models of depend-
ency of the selected indicators will allow to conduct a more
detailed analysis of the level of the economy’s innovative-
ness and the impact of the budgetary policy of the leading
countries on it, as well as to borrow subsequently the most
optimal directions for development regarding the state in-
novation policy, which should be applied in Ukraine.

The construction of the econometric model is done in
several main stages:

Stage 1. Qualitative analysis (defining the purpose of
the analysis, determining the aggregate, determining effec-
tive and factor features, choosing the period for which the
analysis is conducted, choosing the method of analysis).

Stage 2. Preliminary analysis of the modeled aggregate
(testing the uniformity of the aggregate, excluding incon-
sistent observations, specifying the required volume of
properties, defining properties distribution laws).

Stage 3. Construction of an econometric model (estab-
lishing a list of factors, calculating estimates of the param-
eters of regression equations, sorting through competing
model variants).

Stage 4. Assessment of the model adequacy (testing
the statistical significance of the dependence equation as
a whole and its parameters separately; verification of the
compliance of formal properties of the assessment with the
objectives of the study).

Stage 5. Economic interpretation and practical use of
the model.

Let’s build a linear multi-factor econometric model
and determine all its characteristics. Let’s test the statis-
tical significance of the model parameters and the model
adequacy using the Fisher criterion. The modeling stages
are implemented using the Python programming language.

When constructing an econometric model, the “black
box” method of modeling is implemented, i.e. when the
researcher is not aware of the mechanism of processes
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occurring in the system; this mechanism can be examined
by the input and output characteristics of the system. Input
and output characteristics of the system are often identi-
fied with exogenous and endogenous variables; alterna-
tively, in the correlation and regression analysis such terms
as independent (factor) variables, or features, and depend-
ent (outcome) variables, or features, are used.

Modeling the level of economic growth as a result of
the implementation of the second stage of the research
it will allow to analyze the impact of the most significant
indicators of the country’s budgetary policy on the main
indicator of economic development, which is the growth of
the GDP rate (Y,), as suggested by the present study.

Having carried out a detailed analysis of the linear re-
lationships between the influencing factors on innovative
development, it was built a correlation matrix (Fig. 2) and
analyzed the variance in the initial data in order to iden-
tify factors that have a significant impact on the resulting
indicator.

-1.00
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0.00
-0.25
-0.50

-0.75

x10 x9 x8 x7 x6 x5 x4 x3 x2 x1

1
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Figure 2. Building a matrix of correlations of factors
influencing the level of GDP
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As a result of the steps of the analysis, the set of in-  and will further help to assess the impact of significant
dependent variables of the model has been reduced to six  economic factors on the outcome indicator. The factors se-
factors that can influence the growth of the GDP rate (Y,), lected for the analysis are given in Table 2 [15; 16].

Table 2. Factors influencing the level of economic growth of developed countries

st e Name of the influencing

the influencing

Scope of influence on the level of economic growth

factor LD
. shows the ratio of public sector expenditures and revenues, and reflects the

X budget deficit/surplus X .

! level of government demand stimulation.
X, net loans indicates the level of fundraising to cover government expenditure
X share Of. government shows the share in GDP of state-manufactured goods

3 expenditure in GDP
X, income tax reflects the revenue side of the budget
X, volume of money supply research on the impact of money supply on the level of economic growth

. . research on the impact of the price level and its regulation by the state on the

X, inflation -

6 level of economic growth

In Stage III, the forecasting of the studied indicators following parameters should be set: the order of the lag,
(economic and innovative development of the country) is  the degree of difference, and the order of the moving aver-
carried out. The level of economic development is consid-  age. In the modeling process, a linear dependence is built,
ered the input predictor of influence, and the result is ob-  which allows to exclude trend and seasonal components
taining forecast estimates of the level of innovativeness of  that negatively affect the regression quality.
the country’s economy. The obtained model results for the
dependencies and confirm their high quality and allowto ® RESULTS AND DISCUSSION
confidently use the built models for forecasting. To implement the first stage of the study, namely modeling

However, due to the limited statistical information on  the level of the economy’s innovativeness, it was tested the
the forecast values of the factors influencing the indicator  linear relationships between the selected factors and con-
of economic growth , it is impossible to make a forecast. structed a correlation matrix (Fig. 3a), which revealed pos-

Upon considering the dynamics of the Economic sible multicollinearity. From the matrix, it can be seen that
Growth Indicator (EGI), it was decided to use a time se-  the factors x, and x, have a linear relationship, thus it will
ries model, namely the ARIMA model, for forecasting. This  be excluded them from further data analysis. After excluding
tool provides a simple yet powerful method for generating  these two factors, it can be seen that the multicollinearity in
quality time series forecasts. For building the model, the  the array of studied variables was eliminated (Fig. 3b).
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Figure 3. Correlation Matrix: a — building a correlation matrix with the initial set of factors;
b - Correlation matrix excluding the factors x, and x,

Further, the indicators of partial correlation betweeninde- ~ which it is constructed visualizations that evidently demon-
pendent factors and the dependent variable are analyzed, for ~ strate which variables explain the variance in the data (Fig. 4).
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Taking into account the conducted analysis of variance, it
was constructed a multi-factor regression model with factors

X7

Figure 4. Dependency graphs demonstrating the influence of factors

x8

that significantly affect the level of innovativeness of the coun-
try’s economy Y. The model results are shown in Figure 5.

X = sm.add_constant(dfl.loc[:, ['x2", "x3', "x5', 'x6", 'x7', 'x8']])
OLS Regression Results

Dep. Variable: y  R-squared: B.878
Model: 0Ls  Adj. R-squared: 8.148
Method: Least Squares F-statistic: 1.282
Date: Wed, 11 Nov 2021 Prob (F-statistic): 8.603
Time: 89:52:36  Log-Likelihood: -2.13541
Ho. Observations: 8 AIC: 14,27
Df Residuals: 1 BIC: 14.83
Df Model: L
Covariance Type: nonrobust

coef std err t P lt] [e.825 8.975]
const -1@1.9828 168,988 -2.684 @.654  -2248.158 844,194
%2 2.1233 B.873 2.119 8.925 -10.938 11.196
x3 -g.6a20 1.782 -8.342 a.798 -22.994 21.789
x5 3.5448 3.689 9.961 2.513 -43.327 58.417
x6 -2.8214 @.0826 -2.812 @.566 -8.356 8.313
x7 1.5832 1.679 8.943 @.519 -19.755 22,922
x8 9.2148 1e.584 @.877 @.542 -124.249 142.679
Omnibus: ©.028 Durbin-Watson: 2.849
Prob{0mnibus): @.986 Jarque-Bera (JB): 98.187
Skew: @.887 Prob(JB): 8.911
Kurtosis: 2.271  Cond. No. 3.38e405

Figure 5. Results of building a multi-factor regression model for the impact of factors on the level of innovativeness
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As shown in Figure 6, the coefficient of determination
is 87%, which means that the selected factors explain 87%
of the patterns and the changes in the innovativeness index,

and other factors explain only 13% of the patterns. Let’s
test the hypothesis against model errors and verify that the
measurement error is random and has a constant variance.

0.4

0.2 +

0.0

-0.2 S

Sample Ouantiles

-0.4 46

T
-1.

T
0 -0.5

T T T
0.0 0.5 1.0

Theoretical Ouantiles

Figure 6. Error distribution graph

Development Management, 2022. Vol. 21, No. 3



Instrumental analysis of the impact of economic factors...

Based on the conducted regression analysis, it was ob-
tained a regression equation for the impact of the factors on
innovativeness: Y; =0,1038-x, — 0,602 x3 + 3,54 - x5 —
—0,02 x5+15x;,4+92"xg.

Based on the constructed dependency and indicators
of its quality, it can be predicted that the innovativeness
index of the economy increases if there is an increase in
the share of private investment, a decrease in the rate of

a correlation matrix and studied the model for multicollin-
earity (Fig. 7). The findings proved that there was no multi-
collinearity detected in the data.

The indicators of partial correlation between independ-
ent factors and the dependent variable were also analyzed,
for which it was constructed visualizations showing how the
variables explain the variance in the data (Fig. 8-10).

GDP growth, an increase in the share of taxes in the budget _ -1.0

structure, a decrease in the money supply, an increase in . -0.8

education and public security expenditure. S -0.6
For the implementation of the second stage of the re- NS 0.4

search (Fig. 1) to assess the impact of budgetary policies on " 0.2

the growth of the countries’ economies, it was studied the ¥ L0.0

indicator of the growth rate of GDP (GDP). 0 -0.2
We constructed a linear multi-factor econometric ° -0.4

B

model and determined all its characteristics. The statisti-
cal significance of the model parameters and the adequacy
of the model were tested by the Fisher criterion. To test the

X5% ;(6

x1 x2 xl3 xl4

Figure 7. Building a matrix of correlations between

linear relationships between the factors, it was constructed independent factors
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Figure 8. Visualization graph of linear distribution of variable x,
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Figure 10. Visualization graph of linear distribution of variables x, and x,
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Then, a multi-factor regression model was constructed with the factors that affect.

X = sm.add_constant{dfl.lec[:, ['=1",

THET,THIT, Cmd, kST W6 ]])

OLS Regression Results

Dep. Variable:

¥
MHodel: oLs

R-squared:

Method: Least Sguares

Date: Mon, 32 MNow 2821

Time: 06:102:41

Ho. Observations: 53

Df Residuals: 46

D Model: 3

Covariance Type: nonrcbust
coef std err

const 8.7407 3.972

x1 2.8047 o.882

x2 -2.0015 Q.001

x3 =8.1373 9.078

xd 8. 3085 a.312

x5 -@.8249 @, 006

xb -8.2715 a.879

Omnibus: 1.632

Prob{Omnibus): 0.442

Skew: ©.356

Kurtosis: 3.08%

Adj. R-sguared: B.548
F-statistic: 8,013
Prob (Fe-statistic): 5.97¢-26
Log-Likelihood: 94,108
ATC: 202.2
BIC: 216.0

t Pxlt] [@.225 9.975]
01 @833 8,745 16.736
GBET @.all 2,821 B.208
403 @.166 0.004 a.ea1
755 @.836 @395 9,028
989 2.328 B.319 @.936
167 o B00 8,837 -8.0813
445 a.e01 @.430 =B.113
Durbin-Hatson: 1.538
Jarque-Bera (JB): 1.136
Prob{JB): a.567

Cond. Ho.

Figure T11. Results of a multi-factor regression model for the impact of factors on the level of economic growth

Figure 11 shows that the coefficient of determina-
tion is 71%, which means that these factors explain 71%
of the change in the level of economic growth, and other

factors explain 29% of the patterns. Let’s verify that the
measurement error is random and has a constant variance
(Fig. 12).
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Figure 12. Error distribution graph

All points in Figure 12 are placed tightly along the
straight line, which indicates a sufficiently high proxim-
ity of the real and model values of the resulting variable.
Besides, the calculated coefficient of determination is suf-
ficiently high; thus given the distribution of errors and the
value of the Fisher criterion (which is equal to 8.023 and
exceeds the tabulated value of 2.13), the regression equa-
tion can be used to study the effect of independent indica-
tors on the resulting indicator.

Based on the regression analysis, it was con-
structed the following regression equation:
Y, = 8,74 + 0,0047 - x; — 0,0015 - x, — 0,1373 - x5 + 0,3075
-x4 —0,0249 - x5

The following conclusions can be drawn from the ob-
tained equation: the higher the level of budget surplus and,

accordingly, the revenue side of the budget is, the greater the
level of economic growth of the economy is. An increase
in the rest of the indicators, on the contrary, leads to a de-
crease in the rate of economic growth.

For the implementation of the third modeling stage,
it was decided to use time series models for forecasting,
namely the ARIMA model. Based on the value of the UK
economic growth indicator from 1968 to 2021 [17; 18], it
was build a forecast for the next ten years.

As can be seen from the above model results, the series
under study has a normal distribution, the p-value is more
than 5%, and there are single roots; therefore, the series
is not stationary. Using the ARIMA model, it was obtained
the following results for the forecast of the UK economic
growth until 2031 (Fig. 13):

array([3.27224943, 3.66074349, 3.75848227, 3.79269485, 3.87928346,
4.00558777, 4.13714742, 4.26374313, 4.39016539, 4.5208860])

Figure 13. Results of forecasting economic growth of the United Kingdom by 2031
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Let us substitute the obtained results of forecasting the
level of economic growth into the built econometric model of
the formation of the level of economy innovativeness. With
fixed values of the rest of influencing factors, let us calculate

the forecast indicators of the level of innovativeness for the
next ten years (from 2022 to 2031). The obtained results of
forecasting the level of the UK economy innovativeness for
the next ten years are as follows (Fig. 14):

array([21.88920167, 21.8374%416, 21.66224222, 21.73324011, 21.58B37993,
21.61688992, 21.45776693, 21.58682846, 21.4189522 , 21.4801869 ])

Figure 14. Results of forecasting the level of the UK economy innovativeness by 2031

The dynamics of the indicator of economic growth and
the main statistical metrics of the series are presented in
Figure 15-18.

6 growth
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Figure 15. Dynamics distribution ofthe UK economic

growth by year
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Figure 16. Building a row distribution histogram

4 6

V = 2.863/2.311321
print(V)

8.892563178585133

Figure 17. Calculation of the coefficient
of variation of the row

test = sm.tsa.adfuller(df2) # Kar
print(‘adf: ', test[8])
print('p-value: *, test[1])
print('Critical values: ',
if test[@]> test[4]['5%']:
print('ecTe eAMHUMHHE KOPHU, PAA HE CTauMOHapeH')

test[4])

adf: -5.145352251315329
p-value: 1.1355422887624574e-05
Critical values: {'1%': -3.5656248522121956, '5%': -i

Figure 18. Row stationarity analysis

A graphical interpretation of the obtained forecast val-
ues is shown in Figure 19.
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Figure 19. Results of forecasting the level of the UK
economy innovativeness for 2022-2031

As can be seen, according to the forecast, the value of
the innovation indicator of the UK economy will gradually
decrease and may be 21.4%. in 10 years.

The research findings are consistent with the results of
other scholars who have studied this problematic topic in
their research. Thus, for instance, N.V. Vetsepura [5] inves-
tigates a set of indicators of innovative activity as the main
factor influencing the indicator of aggregate factor produc-
tivity, which assuredly forms economic development. How-
ever, the author has not proposed any specific toolkit for
identifying the nature of this impact or its prediction. This
is what constitutes the difference in the results obtained.

V.G. Gornyk [6] also adheres to the opinion that the
provision of innovative development of the state is possi-
ble only after the formation of the development budget of
Ukraine, with specific steps of the state budgetary policy
taken into account. However, the author does not provide
any mathematical substantiation of his conclusions.

Comparing the methodology for assessing the level of
economy innovativeness and its impact on the indicator of
economic development proposed in this study and by other
scholars, it should be noted that similar research tools are
proposed by the scholars [7] in their work. The authors con-
ducted an analysis of the dynamic relations between foreign
direct investment and economic growth, particularly stress-
ing the importance of capital absorption variables. For their
research, the authors used a model of multidimensional vec-
tor autoregression and an error correction vector model for
the analysis of cause-effect relationships between variables.
The obtained results proved the effectiveness of the pro-
posed methods of analysis and substantiated the hypothesis
of the impact of foreign direct investment on economic de-
velopment (on the example of Albania).

The scholars [17] also assess the impact of public ad-
ministration factors on economic growth, and similarly
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to this study, build econometric models using panel data.
However, in their study, the authors supplement the analy-
sis by using the principal component method.

Thus, the research findings are consistent with the
conclusions of other authors, thus the proposed research
toolkit can be considered effective, and the results ob-
tained - significant.

e CONCLUSIONS

The study identifies the budgetary policy factors that have
a dominant impact on the level of national innovation de-
velopment and investigates the degree of their impact on
the level of economic growth.

To achieve the research aim, this paper proposes a
conceptual model that includes an assessment of the level
of innovativeness of the country’s economy and identi-
fication of influencing factors; modeling of the level of
national economic growth as one of the most important
factors in the development of innovative activity and
analysis of the impact of state budgetary policy on it;
forecasting of performance indicators based on the con-
structed forecasting model. In particular, the paper exam-
ines the factors influencing the innovation index of the
United Kingdom and analyzes this indicator. The findings
revealed that the changes in the selected factors explain
87% of the patterns and the changes in the innovation
index, and other factors explain only 13% of them. The

e REFERENCES

level of GDP growth was defined as one of the most in-
fluential factors, hence the impact of budgetary policy on
economic growth was investigated. Forecasting for the UK
economic growth indicator for 2022-2031 was done using
the ARIMA model; the results obtained made it possible
to calculate the forecast indicators of the innovativeness
of the country’s economy.

Calculations showed that when economic growth is
observed, a gradual decrease in the economy’s innova-
tiveness should be expected at the same time. Taking this
trend of economic development into account, governments
of European countries should increase their attention to
the problems of innovative activity, with due regard to the
interaction of all levels of public-private partnership. The
examined example of European countries confirms that
state attention and creation of a system of mechanisms
and incentives for innovation policy ensures powerful soci-
oeconomic development.

Promising areas for further research of the problem
under consideration are the development of tools and
modeling of the consequences of certain scenarios of the
formation of the state budgetary policy using simulation
modeling, forecasting models, and decision-making meth-
ods. Qualitative development of this set of models will al-
low to assess the effectiveness of specific managerial de-
cisions in advance in terms of their impact on the level of
state economic and innovative development.

[1] The Global Innovation Index. (2020). Retrieved from https://www.globalinnovationindex.org/analysis-economy.

[2] Pysarenko, T.V., Kuranda, T.K., Kvasha, T.K., Musina, L.A., Kochetkova, O.P., Paladchenko, O.F., Molchanova, I.V.,
Havrys, T.V., & Osadcha, A.B. (2021). The state of scientific and innovative activity in Ukraine in 2020. Kyiv: UkrINTEL.

[3] Ugolkova, O., Reverenda, N., & Lisovych, T. (2021). Status and trends of innovation development in European
countries. Economic Analysis, 31(3), 67-73.

[4] Gajda, W., Kuznetsov, A.A., & Kuznetsova, S.A. (2018). Is innovation a disruptive force? Assessment and control for
the EU, Poland and Ukraine. Financial and Credit Activity Problems of Theory and Practice, 4(27), 111-121.

[5] Vetsepura, N.V. (2020). Innovation system of Ukraine in the conditions of globalization processes: State and
development prospects. Entrepreneurship and Innovation, 12, 42-48.

[6] Gornyk, V.G. (2019). The influence of the state on the formation of an innovative development model of Ukraine. Law
and Public Administration, 35(2), 156-167.

[7] Cakérri, L., Muharremi, O., & Madani, F. (2021). An empirical analysis of the FDI and economic growth relations in Albania:
A focus on the absorption capital variables. Risk Governance and Control: Financial Markets & Institutions, 11(1), 20-32.

[8] Chaabane, N. (2021). The impact of the intellectual capital components on firm’s performance in emerging
markets. Risk Governance and Control: Financial Markets & Institutions, 11(2), 8-17.

[9] Pulic, A. (2000). VAIC an accounting tool for IC management. International Journal of Technology Management, 20(5), 1-15.

[10] Salamat, ALW., & Batayneh, K.I. (2022). Does stock market performance have a long effect on economic growth:
Evidence from MENA. Journal of Governance & Regulation, 11(2), 368-373.

[11] Borensztein, E., De Gregorio, J., & Lee, J.W. (1998) How does foreign direct investment affect economic growth?
Journal of International Economics, 45, 115-135. doi: 10.1016/50022-1996(97)00033-0.

[12] Gamariel, G., Bomani, M., Musikavanhu, L., & Juana, J. (2022). Foreign direct investment and export diversification in
developing countries. Risk Governance and Control: Financial Markets & Institutions, 12(1), 74-89.

[13] European Commission. European Innovation Scoreboard. (2022) Retrieved from https://ec.europa.eu/assets/rtd/
eis/2022/ec_rtd_eis-country-profile-uk.pdf.

[14] European Commission. Country profiles. United Kingdom (2022) Retrieved from https://ec.europa.eu/info/research-
and-innovation/statistics/performance-indicators/european-innovation-scoreboard.

[15] Global competitiveness report special edition 2021: How countries are performing on the road to recovery. (2020).
Retrieved  from  https://www.weforum.org/reports/the-global-competitiveness-report-2020/in-full/executive-
summary-70fef507ea/.

[16] Schwab, K. (2019). The global competitiveness report 2019. Geneva: World Economic Forum.

[17] Feyisa, H.L., Ayen, D.D., Abdulahi, S.M., & Tefera, F.T. (2022). The three-dimensional impacts of governance on
economic growth: Panel data evidence from the emerging market. Corporate Governance and Organizational Behavior
Review, 6(1), 42-55.

[18] Official website of the Eurostat. (n. d.). Retrieved from http://ec.europa.eu/eurostat.

53 Development Management, 2022. Vol. 21, No. 3



Instrumental analysis of the impact of economic factors...

IHCTPpyMEeHTaNnbHMUM aHani3 BNIMBY €KOHOMIYHUX PaKTopiB
Ha piBeHb iIHHOBALLIMHOCTIi EKOHOMIKU KpaiHu

Muxanno CeprinnoBuu Bpinb, IpuHa BonogumMmupisHa NMueasap

XapKiBCbKMM HaLiOHaNbHMM eKOHOMIYHUIM YHiBepCcUTET iMeHi CeMeHa Ky3Heud
61166, npocn. Hayku, 9A, M. XapkiB, YKpaiHa

Anotauis. [IBMaKuit po3BUTOK iHHOBALi/HOI AisTbHOCTI B YKpaiHi Ta HECTA6GiIbHICTh €KOHOMIUHOIO Ta MOJiTUYHOTO
cepeoBUILA OGYMOBIIOIOTh aKTYaJIbHICTh JOCTIMKEHHSI MPo6ieM iHHOBAILifHOTO PO3BUTKY Y TiCHOMY 3BSI3KY 3i
CBiTOBMMM Ta JIOKATbHUMM (PaKTOPaMM €KOHOMIYHOTO 3poCcTaHHs. MeTa — OCTiAKeHHS (aKTOPiB OIOKeTHOI MO TUKMY,
SIKi MalOTh JOMiHYI0UMIi BIUIMB Ha piBeHb HAlliOHAJIbHOTO iHHOBAI[iifHOTO PO3BUTKY, Ta iX BIUIMBY Ha piB€Hb EKOHOMiUHOTO
3pocTaHHs it (DOPMYBAaHHS HamMpsSMiB PO3BUTKY iHHOBAIiffHOI TOMITUKM HA OCHOBi METOMiB iHCTPYMEHTaIbHOTO
aHamizy. Y poboTi BMKOPMUCTAHO METOOM €KOHOMETPMUYHOTO MOJIETIOBAHHS Ta amalTMBHI MeTOOM IMPOTHO3YBaHHSI.
ITo6ynoBaHa KOHLIENTYalbHA MOJeJ/Ib BKIIOUAE arperoBaHi TpU eTany goTimKeHHs. PO3IISIHYTO Mpo6aeMy OLIiHKY PiBHSI
iHHOBALI/IHOCTi €KOHOMiKM KpaiHM Ta BM3HAY€HHS YMHHMKIB BIUIMBY Ha HbOIO, BUSIBJIEHO, 11O piBeHb MiJBUILYETHCS
BiJl 3pOCTaHHSI YAaCTKM IIPUMBATHUX IHBECTUIii, 3HMKEeHHS TeMIiB 3poctaHHs BBII, migBuileHHS 4acTKM IONATKIB
Y CTPYKTYpi GIOMKeTy, 3MEHIIEHHST TPOIIOBOi Macu, 3pOCTaHHSI BUTPAT Ha OCBIiTYy Ta CYCHiJibHY 6e3reky. 3MiiiCHEHO
aHaJli3 BIUIMBY JIepskKaBHOI GIOMKETHOI MOJITUKY Ta CIIPOrHO30BAHO 3HAUEHHS MOKa3HMKA €KOHOMIUYHOTO 3pOCTaHHS i
piBHS iHHOBAIifiHOCTi eKOHOMikM KpaiHu. [IpakTMUYHe 3HAUEHHS Pe3y/IbTaTiB IMOJSITa€E B TOMY, [0 B MePioy TPUBaJIOTO
€KOHOMIUHOTO 3pOCTaHHAHHS MOXJIMBO MOCTYIIOBE 3HVDKEHHSI PiBHS iHOBAIilfHOCTiI €KOHOMIKU. [I11 YHUKHEHHST TaKUX
HEraTMBHUX HACTiIKIB ypsiaM €BPOIEeNChbKUX KPAiH CJIif OCUINTY YBAry A0 BHYTPILIHIX Ipo6JieM Ta 30BHIIIHIX TPEHIiB
iHHOBAL[iTHOI OisSJIbHOCTI

KnrouoBi c1oBa: iHHOBaIIiliHMIT PO3BUTOK, iHHOBAIlilfHA MisTbHICTh, MO ETIOBAHHS, €KOHOMiUHEe 3POCTAaHHS, MOJE/Tb
YacoBOTO PsINy, KOpessilist
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