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The article develops and checks a scientific-methodical approach to the analysis and evaluation of the
efficiency of strategic management of the innovative development of Ukraine in the conditions of global
asymmetries. The scientific-methodical approach is based on the selection of statistical indicators for the
comprehensive assessment of the innovative development of the country, calculation of the integral indicator
based on actual values of the indicators for the period 2010-2020, and forecasting of the integral indicator of the
effectiveness of the implementation of the state strategy of innovative development of Ukraine based on the
forecast values of the indicators for the period 2021-2025.

The conducted research showed that from 2010 to 2020 Ukraine observed a decrease in the level of
innovative development due to the mostly decreasing dynamics of the rate of change in the total number of
scientific workers, the share of expenses for scientific research and development in GDP, the share of foreign
investors' funds in total volumes financing of innovative activities of industrial enterprises, the share of machines
and equipment in the total number of introduced innovative products. It has been determined that during the
analysed period, negative transformations took place in scientific, technical and innovative sphere of Ukraine,
which is evidenced by decrease of the integral indicator of the level of innovative development of the country.
The results of forecasting indicators of innovative development in Ukraine indicated the existing possibility of an
increase in the integral indicator from 0.56 in 2020 to 0.72-0.74 in 2024-2025.

The improvement of individual indicators will require state intervention in terms of improvement of
financial and institutional instruments for the implementation of the state innovative strategy of Ukraine, using
the experience of EU countries.
strategic management, innovative development, global asymmetries, evaluation, efficiency

Statement of the problem. Globalisation, as an unchanging process, continuously
affects the economy and other spheres of society, causes changes in economic development
models, plays a key role in accelerating scientific and technological progress and spreading
innovations. Globalisation processes have once again demonstrated that innovation is the
basis of economic development, actively influencing the structure of international economic
relations and the interaction between economic system participants (governments, businesses,
consumers, etc.). Innovations are a key factor in strategic decision-making by the authorities
and an important source of ensuring competitiveness of business entities in the context of
increased global competition.

The conditions of globalisation are accompanied by global asymmetries that affect
scientific, technological and innovative development of countries. These asymmetries include
differences in access to skilled professionals, research infrastructures and technologies, and
investments in research, development and innovation, which affect the state of national
innovation ecosystems. Such global asymmetries should be taken into account while
developing and implementing innovation development strategies, as they can affect the
competitiveness of countries and their ability to compete effectively in the global market.
Therefore, such a strategy is central to the system of state strategic management of the
country's innovation development. It should be considered as the main document that reflects
the state of scientific and technical potential and contributes to the modernisation of the
national economy [2]. As noted in [9, p. 22], ‘all documents regulating the sphere of
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innovation legal relations should be consistent with the innovation development strategy
(hereinafter the Strategy) and aimed at its implementation. Accordingly, the state innovation
policy should be developed with a five-year cadence within the framework of the Strategy,
and political goals should provide for the achievement of the objectives set out in the
Strategy. At the same time, it is extremely important to ensure the consistency of the state
innovation policy implementation when political forces change, i.e. outside the timeframe of
political cycles, and to avoid direct copying of successful policies of other countries. Ukraine
should take advantage of the world's experience, especially in terms of innovation policy
implementation tools, but determine the goals and content of its own development model
independently, based on its institutional and socio-cultural characteristics.’

To ensure control over the validity and targeted spending of public funds for the
implementation of the Strategy, it is necessary to evaluate its effectiveness. Such an
assessment involves the use of various methods based on a critical reflection on the value and
quality of public decisions — both processes, their implementation and effects, which should
be accompanied by reliability, objectivity and systematisation.

Analysis of recent research and publications. In scientific research, assessment is a
standard procedure for analysing economic phenomena, including innovation processes. In
this case, the concept of ‘assessment’ should be correlated with the concept of ‘monitoring’.
Along with planning, organising, motivating and coordinating, they are the main functions of
management. Assessment is broadly defined as an action or judgement about something; the
act of assessing something [11]. Monitoring is generally defined as an action that involves
observing, tracking or checking, usually for a special purpose [10]. Both of these processes
(assessment and monitoring) are important for determining the effectiveness and achievement
of the goals of the management process. They allow providing good governance and informed
decision-making based on the information gathered.

It should be noted that the ‘Oslo Manual’, developed jointly by OECD and Eurostat, is
a widely recognised methodological tool for assessing innovation activities of enterprises
[13]. This document defines standards and recommendations for defining, classifying and
measuring innovation, including such aspects as research and development expenditures,
implementation of innovations and their impact on the economy and society.

The approaches to assessing innovation processes and the effectiveness of innovation
activity at different levels (macro-, meso-, micro-) are in the focus of attention of scientists.
For example, the authors of the monograph [8, p. 32] define the assessment of innovation
activity as ‘the formation of conclusions about the degree of effectiveness of innovation
activity based on the results of the analysis of its indicators’. They identify the following
characteristic features of the concept of ‘assessment’: the presence of an object of evaluation;
consistency of quantitative and qualitative indicators; subjective nature of the assessment
results; limited time of the result.

For quantitative assessment, analytical, index, graphical and other methods are used. In
works [6; 15], the authors substantiate a methodological approach to the analytical assessment
of the level of innovation activity of enterprises and identify the dependence of ‘the volume of
innovative products sold and their share that is new to the market, as well as the volume of
products sold outside Ukraine, from various types of innovation costs’. The study [3, pp. 142-
144] calculated an integral indicator for assessing the innovation strategies of countries, using
the following indicators: computer, communication and other services (as a percentage of
exports of commercial services); computer, communication and other services (as a percentage
of imports of commercial services); high-tech exports (as a percentage of exports); research and
development expenditures (as a percentage of GDP); number of researchers in the field of
research and development (per million people); exports of information and communication
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technologies (ICT) goods (as a percentage of total exports of goods); imports of ICT goods (as a
percentage of total imports of goods); patent applications (units). This set of indicators allowed
the author to focus on the country's ability to develop, implement and sell ICT products on the
world market, which are one of the components of innovation activity. At the same time, they
do not reflect the state of development of the innovation sphere of countries in general, nor the
effectiveness of national innovation strategies.

In Ukraine, the following indicators are used to determine the degree of achievement
of the expected results and to evaluate the implementation of the current Strategy for the
Development of Innovative Activities of Ukraine for the period until 2030: the share of
expenses for the implementation of scientific and technical works in the gross domestic
product — 3%; the share of innovative enterprises in the total number of enterprises is at least
30%; the share of export of goods produced by enterprises of high- and medium-tech sectors
of industry in the total volume of export of goods — 30%; the share of employees employed at
the enterprises belonging to the high- and medium-tech sectors of industry in the total number
of employees in industry is 29%; the share of sold innovative products in the total volume of
sold industrial products is 10% [4]. However, the list of these indicators does not fully reflect
the effects obtained at each stage of the innovation process, starting from scientific and
technical development and ending with its introduction and implementation on the market.

For a comprehensive assessment of the country's innovation development, it is
necessary to measure additional indicators that, on the one hand, reflect the processes and
results at each stage of the innovation process and allow assessing the efficiency of state
strategic management, and, on the other hand, take into account factors of global asymmetry.
Such an approach will provide a more comprehensive view of the effectiveness of the
innovation strategy being implemented and will enable informed management decisions to be
made on the prospects for further development of the country's innovation sector, taking into
account global asymmetries.

Statement of the objective. The objective of the article is to develop and test a
scientific and methodological approach to analysing and assessing the effectiveness of
strategic management of Ukraine's innovation development in the context of global
asymmetries.

The main research material. Based on the approaches described above to assessing
the efficiency of the implementation of innovation strategies in general and the innovation
activities of enterprises in particular, and taking into account the possibility of obtaining
statistics from official sources (the latest official statistics are available for 2020), we propose
a system of indicators for our own assessment and calculation of an integral indicator
characterising the level of innovation development and the effectiveness of the innovation
strategy implemented in Ukraine (Table 1).

The integral indicator is calculated as the arithmetic mean of the standardized values of
the features Z;; - for j aggregate unit [4, c. 145]:

. 1 m
b =13z,
=l (1.1)
where m is the number of indicators characterizing innovative development.

Standardized values of the actual values of the indicators are calculated using the
formula:
X” _ X;ﬂll!

Z =i _ZJ
if X;m.\ _ X;nm
- - (1.2)
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where: Xj; is the actual value of the indicator, calculated on the basis of the data of
official statistics per year t; X;™" is the lowest actual value of the indicator for the studied
period; X;™" is the highest actual value of the indicator for the studied period.

Table 1 - System of indicators for assessing the level of innovation development and the
efficiency of the implementation of the innovation development strategy of Ukraine

1. Basic conditions of innovative 3. Basic conditions of innovative
development of the country development of the country
1.1. The share of Doctors of Science in the 3.1. The share of industrial enterprises that
total number of scientific workers, % introduced innovations in the total number
1.2. The share of researchers in the total of industrial enterprises, %
number of scientific workers, % 3.2. Innovative products new to the market,
1.3. Growth rates of the total number of % of the total number of introduced
scientific workers, % compared to the innovative products
previous year 3.3. Machines and equipment, % of the total
number of introduced innovative products
2. Investment in innovation 4. Impact of innovations on the economy
2.1. The share of expenses for scientific | 4.1. The share of innovative products in the
research and development in GDP, % total volume of products sold by industrial

2.2. The share of fundamental research in the | enterprises, %

total amount of research and development | 4.2. The share of high-tech products in the
expenditures, % export of goods, %

2.3. The share of own funds of enterprises in | 4.3. The share of knowledge-intensive

the total volume of financing of innovative | services in the export of services, %
activities of industrial enterprises, %

2.4. The share of funds of foreign investors in
the total financing of innovative activities of
industrial enterprises, %

Source: compiled by the author

The value of the integral indicator varies in the range from 0 to 1, the higher its value,
the higher the level of innovative development of the country and the effectiveness of the
implemented innovation strategy. Based on the selected indicators, we will calculate the
forecast values of each of them separately and the integral indicator in general.

The study will be conducted in the following order: calculation and analysis of the
dynamics of actual values of indicators; building a trend of changes in each indicator for the
period under study (2010-2020) and extrapolating the trend for the next three periods (2021-
2023); calculation of forecast values of indicators; determination of the integral indicator of
innovation development of Ukraine based on actual values of indicators for the period 2010-
2020; forecasting the integral indicator of efficiency of implementation of the state strategy of
innovation development of Ukraine based on forecast values of indicators during 2021-2025.

The first group of indicators characterises the existing scientific potential and forms
the basic conditions for Ukraine's innovative development (see Table 1). As can be seen from
Table 2, the total number of researchers in 2020 was 78.8 thousand people, which was only
43.2% of their number in 2010 (or 182.4 thousand people).

The total number of research staff decreased by an average of 7% annually during the
study period. The worst situation was observed in 2016, when the number of employees
decreased by 20.1% compared to 2015. During the period under study, there was a
deterioration in the qualitative structure of researchers, as evidenced by a decrease in the share
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of researchers in the total number of researchers from 73.3% in 2010 to 65.2% in 2020. It
should be noted that a slight increase in this indicator in 2020 compared to 2019 is due to an
increase in the number of researchers from 51121 in 2019 to 51427 in 2020, while the total
number of researchers decreased from 79262 to 78860 over the same period. At the same
time, during 2010-2020, another indicator of the qualitative structure of researchers — the
share of Doctors of Sciences in the total number of researchers — increased from 6.6% to
9.0%. Such dynamics of this indicator is due to a significant increase in the number of doctors
of sciences in educational institutions and mainly in the Humanities.

Table 2 - Indicators of the basic conditions for Ukraine's innovation development in
2010-2020

Share of Doctors of Science Share of researchers in the Growth rates of the total
Years in the total number of total number of scientific number of scientific workers,
scientific workers, % workers, % 2010 p. =100%
2010 6,6 73,3 100
2011 6,7 74,4 96,1
2012 6,8 743 90,1
2013 7,2 74,5 85,2
2014 7,3 74,5 74,6
2015 7,8 73,7 67,1
2016 7,2 65,1 53,7
2017 7.4 63,0 51,7
2018 8,0 65,4 48,3
2019 8,2 64,5 434
2020 9,0 65,2 432

Source: calculated by the author according to data [7]

The share of R&D expenditures in GDP is considered to be the main indicator of the
adequacy of financial resources for innovation. The dynamics of this indicator in 2010-2020
was downward (Table 3), which indicates the ineffectiveness of the mechanisms used in
Ukraine to finance R&D, despite the declared importance of the financial component in the
Strategy.

Table 3 - Indicators of the adequacy of investment in innovation in Ukraine in 2010-

2020
egiicsi?t?lrrzs f)n The share of fundamental The sharg of own funds Thg she}re of funds of
scientific research in the total of enterprises in the total foreign 1nvest9rs in the
Years research and amount of research and \./olume.of ﬁngngn g of . total .ﬁnancynglof
development in development costs, % .1nnovaltlve act1v1.tles of .mnova.tlve act1v1.tles of
GDP, % ’ industrial enterprises, % industrial enterprises, %
2010 0,75 26,8 59,4 30,0
2011 0,65 25,9 52,9 0,4
2012 0,67 27,8 63,9 8,7
2013 0,70 26,3 72,9 13,1
2014 0,60 25,9 85,0 1,8
2015 0,55 22,4 97,2 0,4
2016 0,48 19,3 94,9 0,1
2017 0,45 21,9 84,5 1,2
2018 0,47 22,4 88,2 0,9
2019 0,43 21,7 87,7 0,3
2020 0,41 25,0 85,4 0,9

Source: calculated by the author according to data [1; 17]
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The share of fundamental research in total R&D expenditures does not exceed 27%,
which, on the one hand, indicates a relatively balanced distribution of financial resources
between all stages of the R&D process and the allocation of the rest to finance applied
research (20-23%) and experimental work (55-59%). On the other hand, this ratio of funding
signals insufficient support for inventive activity and the creation of basic innovations. The
structure of sources of financing innovation activity is traditionally dominated by enterprises'
own funds. Their share in total funding increased by 26% over the period under review. At the
same time, we would like to draw attention to a significant (30-fold) decrease in the share of
foreign investors in the total amount of financing of innovative activities of enterprises, which
indicates a lack of incentives for investment in innovative enterprises under high risks of
doing business in Ukraine.

The dynamics of indicators of innovation activity of enterprises shows that despite
growth of the share of enterprises that implemented innovations in the total number of industrial
enterprises, the quality indicators of innovation activity decreased (Table 4). For example, the
share of innovative products new to the market decreased from 25.2% to 17% of the total
number of innovative products introduced, which indicates a decrease in the level of product
novelty, resulting in a deterioration in the competitive position of enterprises. In its turn, their
products are gradually losing their novelty and becoming traditional. The introduction of
embodied innovations, in the form of machinery and equipment, also slowed down, which is to
some extent a consequence of the lack of funds for the purchase of new technologies, the
reduction in the number of industrial enterprises and the decline in industrial output.

Table 4 - Indicators of innovation activity in Ukraine in 2010-2020

. . . Innovative products new Machinery and
Share of industrial enterprises o : ;
. ) . to the market, % of the | equipment, % of the
that implemented innovations
Years | . . . total number of total number of
in the total number of industrial . . . .
enterprises, % innovative products innovative products
’ introduced introduced
2010 11,5 25,2 27,5
2011 12,8 27,8 27,7
2012 13,6 19,7 27,7
2013 13,6 20,4 25,8
2014 12,1 14,8 35,9
2015 15,2 17,5 30,8
2016 16,6 23,6 31,5
2017 14,3 20,0 31,5
2018 15,6 25,2 23,9
2019 13,8 19,5 35,4
2020 14,9 17,0 15,9

Source: calculated by the author according to data [14]

The dynamics of indicators of the impact of innovation on the economy shows how the
results of scientific, technical and innovation activities in the country have changed due to the
implementation of the state innovation strategy. The effectiveness of strategic decisions to
intensify the innovation activities of industrial enterprises can be evidenced by the growing
dynamics of the volume of innovative products sold and exported. In Ukraine, the share of
innovative products in the total volume of industrial products sold in the long term has halved
from 3.8% in 2010 to 1.9% in 2020 (Table 5). However, in the short term (2017-2020), there
was an increase in this indicator.
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Table 5 - Indicators of the impact of innovations on the Ukrainian economy in 2010-
2020

The share of innovative The share of high-tech | Share of knowledge-
Poxku | products in the total volume of | products in exports of intensive services in
industrial products sold, % goods, % service exports, %

2010 3,8 6,0 7,3
2011 3.8 5,9 7,9
2012 3,3 6,8 10,3
2013 3,3 6,3 13,8
2014 2,5 6,4 16,4
2015 1,4 6,5 15,7
2016 1,1 6,8 16,9
2017 0,7 6,7 17,3
2018 0,8 7,1 19,5
2019 1,3 6,5 18,0
2020 1,9 6,2 27,5

Source: calculated by the author according to data [14; 16, 12]

The share of high-tech products in merchandise exports fluctuated between 6.0 and
7.0% in 2010-2020. Although this figure increased slightly in the long term (by 0.2%), in the
short term the decline was more significant (by 0.9%) and occurred at a faster pace. Such
dynamics indicate a gradual loss of innovation potential by the national industry.

Nevertheless, a positive trend in the share of knowledge-intensive services in exports
should be noted. For example, in 2020, computer services accounted for the largest share in
exports of services — 20.3%, which was 10 times higher compared to 2010. There was also an
increase in the share of professional and consulting services in exports — from 3.1% in 2010 to
5.3% in 2020. In contrast, the share of research and development services is smaller compared
to the above-mentioned types of services, and decreased from 2.8% to 2.3% over the same
period. This confirms the ineffectiveness of the Strategy's implementation in terms of
supporting basic and applied research.

To calculate the integral indicator characterising the level of innovation development
of Ukraine, it is necessary to determine the normalised values of the indicators of scientific,
technical and innovation activities given in Tables 2-5 by Formula 1.2. The results of
calculating the normalised values of the indicators and the integral indicator of innovation
development (according to formula 1.1) are presented in Table 6. According to the results
obtained, the integral indicator decreased from 0.835 in 2010 to 0.568 in 2020, which
indicates a significant decrease in the level of innovation development of Ukraine and the
declarative nature of the Strategy's goals.

To forecast the innovative development of Ukraine, we will use a dynamic series of
indicators of scientific, technical and innovation activities in Ukraine for the period 2010-
2020 (Tables 2-5). It should be noted that it is incorrect to use data for the period before 2010.
The State Statistics Service has changed the methodology for conducting statistical
observations for certain indicators, and data starting from 2021 has not yet been published.
Taking into consideration the relatively short time period that characterises the time series,
forecasting these indicators is possible for a period of 3-5 years. Global asymmetries and
uncertainty factor caused by the full-scale Russian aggression, we will make forecasts for a
period of 5 years, which will compensate for the lack of statistical data for 2021-2022 and
calculate the forecast for the following periods.
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The forecast scenarios of Ukraine's innovative development will be developed using a
number of assumptions: the cessation of hostilities in 2024, the availability of real
opportunities to implement financial and institutional instruments to support scientific and
technical sphere and innovative activities of enterprises; changes in the indicators of scientific
and innovative activities will occur under the most likely scenarios.

Based on the dynamic series for the indicators characterising basic conditions of
Ukraine's innovation development, we will build trend functions of their change and,
extending the trend line forward for 5 years, determine the most likely forecast scenarios for
the change in these indicators. As shown in Fig. 1, there is a high probability (84.3%) of the
forecast scenario of changes in the share of doctors of sciences in the total number of
researchers, according to which this indicator is expected to grow further gradually according
to an exponential function. With a somewhat lower probability (51.2%), we can expect a
slight decrease in the share of researchers in the total number of researchers according to the
power function. The highest probability, at 97.6%, is the forecast of the dynamics of the
growth rate of the total number of researchers, according to which this indicator will further
decline over the next forecast periods.

Based on the obtained functional equations of changes in the indicators of basic
conditions for the innovative development of Ukraine in 2010-2020, we calculate their
forecast values for the period 2021-2025. According to the forecast results, we can expect a
slight increase in the share of doctors of sciences in the total number of researchers from
9.17% in 2023 to 9.67% in 2025 (Table 7).

120,0
100,0
80,0 y=77.939x-007t
A - R*=0,5313
&6 ; TP
y=0,2337x2-9,2383x + 113,16
40,0 R>=0,9759
20,0

0.0 R*=10,8502
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

s Share of doctors of sciences in the total number of researchers, %.
» Share of researchers in the total number of scientific employees, %.
Rate of change in the total number of researchers, % compared to 2010
---------- Expon. (Share of doctors of sciences in the total number of researchers, %.)
- Power (Share of researchers in the total number of scientific employees, %.)

Poly. (Rate of change in the total number of researchers, % compared to 2010)

Figure 1 - Dynamics and forecast of changes in indicators of basic conditions for innovation
development of Ukraine in 2010-2025
Source: worked out by the author
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Table 7 - Forecast values of indicators of the basic conditions for Ukraine's innovation
development in 2021-2025

Forecast values by years

Indicator Equation 2021 [ 2022 [ 2023 | 2024 [ 2025

Share of doctors of science in the

total number of researchers, % y = 6,3576¢"026 8,71 8,94 2,17 9,42 9,67

Share of researchers in the total

number of scientific employees,

%. y = 77,939x """ 65,33 | 64,96 | 64,62 | 64,31 | 64,01

Growth rate of the total number of | y = 0,2337)(2 -9,2383x

researchers, 2010 = 100% + 113,16 35,95 132,56 | 29,63 | 27,17 | 25,17

Source: calculated by the author

According to our forecast, the share of researchers in the total number of researchers
will decrease to 64% in 2025. The growth rate of the total number of researchers will continue
to decline, i.e. the number of researchers in 2025 will be only 25.17% of the number recorded
in 2010. The pessimistic forecast results of most of the key indicators of Ukraine's innovation
development, an important area for improving the tools for implementing the Strategy is to
improve the financial support for scientific, technical and innovation activities in Ukraine,
which will help strengthen the country's scientific potential and stimulate innovation
initiatives in various sectors of the economy.

Considering different values of the indicators of investment in innovation, let us
consider separately the indicators of R&D financing in GDP and the share of foreign
investors' funds in the total financing of innovation by industrial enterprises. As can be seen
from Fig. 2, in 2021-2025, we can expect a high probability (91.4%) of maintaining a low
level of R&D expenditures in GDP according to a linear function. With a somewhat lower
probability (76%), according to the power function, the low level of financing of industrial
enterprises' innovation activities by foreign investors is expected to remain in place over the
next 5 years.

35

30

y=-0,0345x +0,7673
REZ09142

0 4 = S — P " P RNR |

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

y = 13,793x- 1457
s Share of R&D expenditures in GDP, %. R*=0,3859

The share of foreign investors' funds in the total amount of financing of innovation activities of
industrial enterprises, %.

«++ Linear (Share of R&D expenditures in GDP, %.)

Power (The share of foreign investors’ funds in the total amount of financing of innovation activities
of industrial enterprises, %.)

Figure 2 - Dynamics and forecast of changes in R&D and innovation funding indicators
in Ukraine in 2010-2025
Source: developed by the author
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More optimistic are the results of forecasting the share of basic research in total R&D
expenditures (Fig. 3). According to the second-order polynomial function, we can expect an
increase in expenditures on basic research funding in 2023-2025 with a probability of 55%.
According to the developed forecast based on the logarithmic function, there is a high
probability (70.5%) of an increase in the share of enterprises’ own funds in financing
innovation activities. However, such a scenario is not optimistic, as the state should create
favourable conditions for diversifying sources of financing innovation activities, given the
high risk of innovation-active enterprises and the need to attract long-term investments.

120.0
100.0 =
8.0 L i y = 16,6391n(x) + 52,794

’ Y R2=0,7048
60.0
40,0

RS e b PCTTTITTII — T . xyrneses ity A LRI
200 — y=0,1077<2 - 1,8141x + 30,058
R2=0.5502
0.0

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

e Share of basic research in total research and development expenses. %.

= The share of enterprises' own funds in the total amount of financing of innovation activities of industrial
enterprises, Y.
-+= Poly. (Share of basic research in total research and development expenses. %.)

- Log. (The share of enterprises' own funds in the total amount of financing of innovation activities of industrial
enterprises, %.)

Figure 3 - Dynamics and forecast of changes in indicators of the structure of financing
of the research and innovation sphere in Ukraine in 2010-2025
Source: developed by the author

Based on the scenarios of changes in the indicators characterising investment support
for research and innovation activities developed by the graphical method (Figs. 2, 3) and the
obtained functional dependencies of changes in these indicators, we calculate their forecast
values for the period 2021-2025. If the existing mechanisms for financing the research sector
are maintained and applied in the future, the share of R&D expenditures in GDP will
decrease. According to our calculations, it is highly likely that this indicator will decline to
0.22% in 2025 (Table 8).

Table & - Forecast values of investment in innovation indicators in Ukraine in 2021-2025

Indicator Equation Forecast values by years
2021 | 2022 | 2023 | 2024 | 2025

. . y =-0,0345x +
Share of R&D expenditure in GDP, % 0.7673 0,35 | 0,32 | 0,28 | 0,25 | 0,22
Share of basic research in total research and y= 0,1077x” -
development expenditure, % 1,8141x + 30,058 23,8 | 247 1 258 | 27,1 | 286
The share of enterprises' own funds in the _
total amount of financing of innovation Y= 12’2637312()() * 94,1 | 95,5 | 96,7 | 97,8 | 98,9
activities of industrial enterprises, % ’
The share of foreign investors' funds in the
total amount of financing of innovation y=13,793x"*7 0,36 | 0,33 | 0,29 | 0,27 | 0,24
activities of industrial enterprises, %

Source: calculated by the author
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Therefore, an urgent task is to study the possibilities of implementing the European
experience of supporting scientific and innovation activities in terms of improving financial
instruments for implementing Ukraine's innovation strategy. A similar trend is expected with
regard to the dynamics of the share of foreign investors funds in the total financing of
industrial enterprises innovation activities with a high probability, its value will decrease to
0.24% in 2025. Thus, in the event of a continued lack of effective incentives for investors to
invest in innovative projects or in the development of high-tech industries, foreign investors'
interest in investing in innovative enterprises will decline.

As can be seen from Table 7, due to the constant underfunding of the innovation sector
by the state and the ineffectiveness of existing financial instruments to support the innovation
activities of enterprises, the most likely forecast scenario is a further increase in the share of
enterprises own funds in the total financing of innovation activities of industrial enterprises
(up to 98.9% in 2025). Positive expectations are associated with an increase in the share of
basic research in total research and development expenditures up to 28.6% in 2025.

As a result of forecasting changes in the indicators of innovation activity of
enterprises, a relatively high probability (51%) of the forecast trend was obtained for the share
of industrial enterprises that implemented innovations in the total number of industrial
enterprises (Fig. 4). According to the logarithmic function, this indicator can be expected to
grow in 2025. The probability of growth in the share of new products in the total number of
innovative products introduced is somewhat lower and amounts to 22.5%. The lowest
probability is characterised by the forecast trend in the share of machinery and equipment in
the total number of innovative products introduced, only 2.5%, due to sharp fluctuations in
this indicator in 2014, 2018 and 2020.

40,0
35.0

y=0,1265x2 - 1,9715x + 26,97
30,0 R2=10,2257
25,0 -
5 i S N i y=31.022¢-0018=
20,0 " el NN et
15.0 N e N i N
10,0 y=1,4703In(x) + 11,661

R2=0,5146

5.0
0,0

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
= Share of industrial enterprises that implemented innovations in the total number of industrial enterprises, %.
Innovative products new to the market, % of the total number of innovative products introduced
Machinery and equipment, % of the total number of innovative products introduced
+- Log. (Share of industrial enterprises that implemented innovations in the total number of industrial enterprises, %.)
— Poly. (Innovative products new to the market, % of the total number of innovative products introduced)

Expon. (Machinery and equipment, % of the total number of innovative products introduced)

Figure 4 - Dynamics and forecast of changes in indicators of innovation activity of enterprises in
Ukraine in 2010-2025
Source: compiled by the author

Based on the graphical models of the dynamics of indicators of innovation activity of

enterprises, we calculate the forecast values of these indicators. According to our calculations,
the share of industrial enterprises that implemented innovations in the total number of
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industrial enterprises will grow very slowly and in 2025 will amount to 15.7% (Table 9). The
change in the share of products new to the market in the total number of innovative products
introduced, despite the decrease in forecast values in 2021-2025, is characterised by an
upward trend, as the forecast value in 2025 is higher than the actual values in 2019-2020.
According to the forecast scenario, the share of machinery and equipment in the total number
of innovative products introduced will increase to 27.8% in 2025. Despite the low probability
of this forecast, its implementation may be quite realistic, as the forecast value in 2025 is
7.6% lower than the actual value of this indicator in 2019. The implementation of this positive
scenario will be facilitated by improving financial and institutional mechanisms to support
innovation, taking into account the experience of EU countries.

Table 9 - Forecast values of indicators of innovation activity of enterprises in Ukraine
in 2021-2025

Forecast values by years

Indicator Equation 2021 [ 2022 [ 2023 | 2024 [ 2025

Share of industrial enterprises
that implemented innovations y = 1,4703In(x) +
in the total number of 11,661

industrial enterprises, %

15,3 | 15,4 | 15,5 | 15,6 | 15,7

Innovative products new to the
market, % of the total number
of innovative products
introduced

y = 31,0221 249 | 24,5 | 24,1 | 23,6 | 23,2

Machinery and equipment, %
of the total number of
innovative products introduced

y=0,1265x* - 1,9715x

126,97 21,5 | 22,7 | 24,1 | 25,8 | 27,8

Source: calculated by the author

The construction of forecast trends for the indicators of the impact of innovation on
the economy of Ukraine allowed obtaining forecast scenarios for all three indicators with an
acceptable level of probability. The highest probability is the forecast of the share of
knowledge-intensive services in total exports of services according to the exponential
function (85.4%), which is due to the steady upward trend of this indicator during 2010-2020
(Fig. 5). The probability of the forecast dynamics of the share of innovative products in total
sales is also high, according to the second-order polynomial function (84.2%). The probability
of a downward trend in the share of high-tech products in exports of goods according to the
second-order polynomial function is much lower (50.3%).

Using functional dependencies of changes in the indicators of the impact of innovation
on the economy of Ukraine, we calculate the forecast values of the indicators for the period
2021-2025. According to our calculations, the forecast value of the share of innovative
products in the total volume of industrial sales in 2025 will reach 3.48% (Table 10), which
can be considered a positive scenario, although this value is lower compared to 2010-2011.
Such a scenario is quite realistic if the military-industrial complex intensifies its activities
both during the war and after its end, as these enterprises are currently actively working on
new types of equipment and weapons. According to our forecast, the share of high-tech
products in exports will decline to 5.05% in 2025, which may be the lowest value of this
indicator for the period 2010-2025.
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Figure 5 - Dynamics and forecast of changes in indicators of innovation impact on the Ukrainian economy in

2010-2025
Source: developed by the author

Table 10 - Forecasted values of indicators of the impact of innovation on the
Ukrainian economy in 2021-2025

Forecast values by years
2021 | 2022 | 2023 | 2024 | 2025

Indicator Equation

Share of innovative products in
the total volume of products y =0,0485x” -
(goods, services) sold by 0,8873x + 5,2661
industrial enterprises, %

The share of high-tech
products in exports of goods,
%

Share of knowledge-intensive

services in service exports, %
Source: calculated by the author

1,60 | 1,92 | 2,34 | 2,86 | 3,48

y=-0,0213x" +

0.3050% + 5.6182 | 022 | 599 | 572 | 541 | 5,05

y=7,3858""""* | 284 | 31,8 | 35,6 | 39,8 | 44,6

At the same time, the share of knowledge-intensive services in total exports of services
will grow, with a high probability we can expect an increase in this indicator to 44.6% in
2025. The implementation of this scenario is due to the high level of development of digital
technologies in Ukraine, a stable level of demand for computer services and strengthening of
the competitive position of Ukrainian IT companies in the global market. The share of the IT
sector in GDP is currently 4%, and in 2021, the volume of service exports was USD 6.9
billion. In January-November 2022, the IT sector generated export revenues of USD 6.6
billion. This is 13% more than in the corresponding period of 2021 [5].

Using the forecast data of the main indicators of Ukraine's innovative development in
2021-2025, we calculate their normalised values and the forecast values of the integrated
indicator of Ukraine's innovative development (Table 11).
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Table 11 - Results of forecasting the integral indicator characterising the level of

innovation development of Ukraine in 2021-2025
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According to our calculations, the integral indicator characterizing the level of
innovative development of Ukraine will increase to 0.72 in 2024, and to 0.74 in 2025.
Positive dynamics of the forecast integral indicator is due to the growing forecast dynamics of
such indicators as: the share of doctors of science in the total number of scientific workers;
the share of basic research in the total amount of research and development costs; the share of
own funds of enterprises in the total volume of financing of innovative activities of industrial
enterprises; the share of industrial enterprises that introduced innovations in the total number
of industrial enterprises; the share of innovative products in the total volume of sold products
(goods, services) of industrial enterprises; the share of knowledge-intensive services in the
export of services. Taking into consideration a relatively low level of probability of
forecasting certain indicators (such as the share of basic research in the total amount of
research and development expenditures and the share of industrial enterprises that introduced
innovations in the total number of industrial enterprises) to ensure the implementation of
positive forecast scenarios based on these indicators, it is necessary to provide corresponding
changes in the state innovation strategy of Ukraine, in particular in terms of financial and
institutional instruments.

Conclusions and prospects for further research. The analysis and evaluation of the
efficiency of strategic management of the innovative development of Ukraine, taking into
account global asymmetries, was carried out on the basis of the author's scientific and
methodological approach, which involves a selection of statistical indicators for
comprehensive evaluation of the innovative development of the country, the calculation of the
integral indicator based on actual values of these indicators for the period 2010-2020 and
forecasting the integral indicator of the efficiency of the implementation of the state strategy
of innovative development of Ukraine based on the forecast values of the indicators for the
period 2021-2025. It was determined that during the period from 2010 to 2020, negative
transformations took place in scientific, technical and innovative sphere of Ukraine, which is
evidenced by decrease of the integral indicator of the level of innovative development of the
country from 0.835 in 2010 to 0.568 in 2020. The deterioration of the integral indicator
occurred mostly due to the downward dynamics of such indicators as: rates of change in the
total number of scientific workers; the share of expenses for carrying out scientific research
and development in GDP; the share of funds of foreign investors in the total financing of
innovative activities of industrial enterprises; the share of machines and equipment in the total
number of introduced innovative products. According to the results of forecasting indicators
of innovative development of Ukraine during 2024-2025, it is possible to increase the integral
indicator to 0.72-0.74, which indicates a high probability of increasing the level of innovative
development of Ukraine. However, the implementation of positive scenarios of changes in
individual indicators will require state assistance in terms of improving financial and
institutional tools for the implementation of the state innovation strategy of Ukraine using EU
experience and taking into account global asymmetries, which is the direction of further
research.

References
1. Costs of scientific research and development by types of work (2010-2020)
https://ukrstat.gov.ua/operativ/menu/menu_u/ni.htm [in Ukrainian]

2. Implementation of innovations at industrial enterprises (2000-2020)
https://ukrstat.gov.ua/operativ/menu/menu_u/ni.htm [in Ukrainian]
3. Sources of financing innovative  activities of  industrial  enterprises  (2000-2020)

https://ukrstat.gov.ua/operativ/menu/menu_u/ni.htm [in Ukrainian]
4. Dynamics of foreign trade in services by types (2000-2021)
https://ukrstat.gov.ua/operativ/menu/menu_u/zed.htm [in Ukrainian]

283



ISSN 2663-1636 LlenTpanbsHOyKpaiHChKHI HayKoBUi BicHUK. ExoHoMiuHi Hayky, 2024, Bum. 11(44)

10.

11.

12.

13.

14.

15.

16.

17.

The number of employees engaged in scientific research and development who have a scientific degree
(2010-2020) https://ukrstat.gov.ua/operativ/menu/menu_u/ni.htm [in Ukrainian]

Liashenko, V. I. Kovchuha, L. I. (2018). The level of innovative activity of industrial enterprises:
methodical approach to assessing. Ekonomika promyslovosti., 4 (84), pp. 87-101 doi:
http://doi.org/10.15407/econindustry 2018.04.087 [in Ukrainian]

Mytsenko, .M. (2015). Formation of an innovative mechanism in conditions of asymmetric global
development. Upraviinnia ekonomikoiu: teoriia ta praktyka. Chetverti Chumachenkivski chytannia: zb.
nauk. prats (pp.80-100.) NAN Ukrainy, In-t ekonomiky prom.-sti: Kyiv, [in Ukrainian].

Pidorycheva, 1. Yu., Kovchuha, L. 1. (2019). Analysis of correlation between innovative costs and
volumes of realized innovative products in the industry of Ukraine. Ekonomika promyslovosti — Econ.
promisl., 3 (87), pp. 76-102. doi: http://doi.org/10.15407/econindustry2019.03.076. [in Ukrainian].
Pidorycheva I.Yu. (2021) Development of innovation ecosystems of Ukraine in the conditions of
glocalization and European integration. Extended abstract of candidate’s thesis. Kyiv [in Ukrainian].

On the approval of the Strategy for the development of the sphere of innovative activity for the period up
to  2030. Rozporiadzhennia KMU Ne  526-r (2019 July 07) [in  Ukrainian]
http://osvita.ua/legislation/Vishya osvita/65495/

Skrypin, V. (2022). The IT industry of Ukraine brought in $3.2 billion in the first five months. This is the
only industry that grew in 2022. ITCua [in Ukrainian]
https://ukrstat.gov.ua/operativ/menu/menu_u/zed.htm

Temerbek A.O. (2021) Innovative strategies of countries in conditions of uneven global economic
development. PhD’s thesis, Vinnytsia [in Ukrainian].

Commodity structure of foreign trade of Ukraine in 2010-2020 [in  Ukrainian]
https://ukrstat.gov.ua/operativ/operativ2023/zd/tsztt/arh_tsztt2023 u.html

Chorna, M. V., & Hlukhova, S.V. (2012). Assessment of the effectiveness of innovative activities of
enterprises. Kharkiv: KhDUKhT [in Ukrainian].

Assessment. Merriam-Webster Dictionary. (n.-d.). Assessment. https://www.merriam-
webster.com/dictionary/assessment

Monitor. Merriam-Webster Dictionary. (n.-d.). Monitor. Retrieved from https://www.merriam-
webster.com/dictionary/monitoring

OECD, Eurostat. (2018). Oslo Manual 2018: Guidelines for Collecting, Reporting and Using Data on
Innovation: 4th Ed. The Measurement of Scientific, Technological and Innovation Activities / OECD,
Paris; Eurostat, Luxembourg, 258 p.

Crnucok mitepatypu

1.

2.

3.

Butpatn Ha BHMKOHaHHS HayKOBHX JOCIIJDKEHb 1 po3pobok 3a Bumamu pobit (2010-2020). URL:
https://ukrstat.gov.ua/operativ/menu/menu_u/ni.htm (mata 3Bepuenns: 22.01.2024).

BnposamxeHHs IHHOBaMLil Ha MIPOMUCIIOBHUX nianpuemctsax (2000-2020). URL:
https://ukrstat.gov.ua/operativ/menu/menu_u/ni.htm (mata 3sepHenss: 22.01.2024).

Jxepena ¢iHaHCYBaHHS IHHOBAIlifHOI IisuTbHOCTI TpommcioBuX mignpuemcts (2000-2020). URL:
https://ukrstat.gov.ua/operativ/menu/menu_u/ni.htm (mata 3sepHenss: 22.01.2024).

Junamika 30BHIIIHBOT TOPTiBIi MTOCITyTraMH 3a Bugamu (2000-2021). URL:
https://ukrstat.gov.ua/operativ/menu/menu_u/zed.htm (nara 3Bepuenns: 12.01.2024).

KisnpkicTh npaliBHUKIB, 3aiSHUX Y BUKOHAHHI HAYKOBHX JOCIIKEHb 1 pO3pO0OK, SIKi MAlOTh HAyKOBUI
crymiab  (2010-2020). URL: https://ukrstat.gov.ua/operativ/imenu/menu_u/ni.htm (mara 3BepHEHHS:
19.01.2024).

Jlsmrenko B.1., KoBuyra JI. I. PiBeHb iHHOBaIiHHOT AiSTTBHOCTI IPOMHUCIIOBUX ITiIPUEMCTB: METOMIHUHA
miaxig [0 OwmiHKW. Exonomixa npomucnosocmi. 2018. Ne 4 (84). C. 87-101. doi:
http://doi.org/10.15407/econindustry2018.04.087

Munenko [.M. dopMmyBaHHA IHHOBaIlifHOTO MEXaHI3My B YMOBaX aCHMETPUYHOCTI TII00AIBHOTO
PO3BUTKY. YnpaeninHa ekoHoMmikow: meopis ma npakmuxa. Yemeepmi Yymauenxigcoki uumanws: 30.
nayk. npays /| HAH Yxpaian, [H-T ekonomiku mpom.-cTi: Kuis, 2015. C. 80-100.

[Migopuuesa 1. 10., KoBuyra JI. I. Anaimi3 3ayIe)KHOCTI MK IHHOBalliHHIMH BHTpaTaMH Ta 0OCSTamu
peastizoBaHOl iHHOBaLIHHOI MPOMYKIii y IpOMHCIOBOCTI YKpaiHu. Exonomixa npomuciosocmi. 2019. Ne
3 (87). C. 76-102. doi: http://doi.org/10.15407/econindustry2019.03.076.

[Minopuuera 1.10. Po3BuTok iHHOBaLiHKUX eKOCUCTEM YKpaiHM B yMOBAaxX IJIOKami3alil Ta €BpOIeiicbKol
iHTerpauii: aBroped. auc. Ha 3700yTTS HAYKOBOTO CTyNeHs JOKTOpa ekoHoM. Hayk: crem. 08.00.03
«ExoHOMiKa Ta ynpasiiHHA HalliOHAILHUM rocnofapctBom». Kuis, 2021. 44 c.

284



ISSN 2663-1636 LlenTpanbsHOyKpaiHChKHI HayKoBUi BicHUK. ExoHoMiuHi Hayky, 2024, Bum. 11(44)

10. IIpo cxBanenns Crparerii po3BuUTKy cdepu iHHOBamiiHOI mistmeHOCTI Ha mepion mo 2030 poky.
Posnopsimxenss KMY Ne 526-p Bif 10.07.2019 POKY. URL:
http://osvita.ua/legislation/Vishya osvita/65495/ (nara 3Beprenns: 19.01.2024).

11.  Ckpumin B. IT-ingycrpis Ykpainu npunecna $3,2 mupa. 3a mepuri st Micsmis. Ile equHa ramyssb
6iznecy, o 3pocna y 2022 poui. ITCua, 6 numust 2022p. URL: https:/itc.ua/ua/novini/it-industriya-
ukrayini-prinesla-3-2-mlrd-za-pershi-p-yat-misyatsiv-tseyedina-galuz-biznesu-shho-zrosla-u-2022-rotsi
(nara 3Bepuenns: 12.01.2024).

12.  TemepOek A.O. InHoBamiiiHi cTparerii KpaiH B yMOBax HEPiBHOMIPHOCTI IIIOOQJILHOIO €KOHOMIYHOTO
po3Butky. Jluc. mokt. dimocodii 3a cmem. 292 «MiKHAPOIHI SKOHOMIUHI BiTHOCHHNY. JIOHEIBKHIA
HanioHaNbHUH yHiBepcuteT iMeHi Bacuns Cryca, Binauns, 2021. 235c.

13.  ToBapHa CTPYKTypa 30BHILIHBOT TOpTiBIIi VYkpainu y 2010-2020 pp- URL:
https://ukrstat.gov.ua/operativ/operativ2023/zd/tsztt/arh_tsztt2023 u.html (nata 3BepHenns: 12.01.2024).

14.  Yopna M. B., I'myxoa C.B. Ouinka epeKTHBHOCTI iHHOBaiHOI AiSTTBHOCTI HiATIPHEMCTB: MOHOTPaQis.
Xapki: XJAYXT, 2012. 210 c.

15.  Assessment. Merriam-Webster Dictionary. (n.-d.). URL: https://www.merriam-
webster.com/dictionary/assessment (nara 3BepHenHns: 12.01.2024).
16.  Monitor. Merriam-Webster Dictionary. (n.-d.). URL: https://www.merriam-

webster.com/dictionary/monitoring (nara 3Bepuenns: 12.01.2024).

17.  Oslo Manual 2018: Guidelines for Collecting, Reporting and Using Data on Innovation: 4th Ed. The
Measurement of Scientific, Technological and Innovation Activities / OECD, Paris; Eurostat,
Luxembourg, 2018. 258 p.

I.M. Munenko, npod., 1-p €KOH. HayK
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OuinoBaHHA e(peKTUBHOCTI CTPATEriYHOr0 YNPABJIiHHA iIHHOBALIIHUM PO3BUTKOM B

YMOBaX r100a1bHUX aCHMeTpii

VY crarti po3pobieHO Ta anpoOOBaHO HAYKOBO-METOMMYHHN MIIXiM 10 aHami3y Ta OLIHIOBAHHS
e(peKTUBHOCTI CTPATEriYHOr0 yNPaBJIiHHS IHHOBA[IIHUM PO3BUTKOM YKpaiHU B yMOBax IJI00aIbHUX aCUMETpiH.
HaykoBo-MeTonuunmid miaxin 0a3yerbcs Ha BiOOpPI CTaTHCTHYHHMX 1HIMKATOPIB KOMILIEKCHOTO OL[IHFOBAHHS
IHHOBALlIHHOTO PO3BUTKY KpaiHW, PO3PAaxXyHKY IHTErpajbHOIO IIOKa3HWKAa Ha OCHOBI (DaKTHYHHMX 3HAYEHb
iHauKkaropiB 3a mepiox 2010-2020 pp. Ta MPOTrHO3yBaHHI IHTErPaJbHOTO MOKa3HHWKA e(EeKTHBHOCTI peasizarii
Jiep>KaBHOI cTparerii iIHHOBaIIHHOTO PO3BUTKY YKpaiHM Ha OCHOBI NPOTHO3HUX 3HA4Y€Hb 1HIMKATOPIB 3a Mepiof
2021-2025 pp.

[IpoBeneHe mociimKeHHS MOKa3alo, mo yrnpoaox 2010-2020 pp. B Ykpaini cocTepiranocs 3HIKEHHS
piBHS IHHOBAIIITHOTO PO3BHUTKY 4Yepe3 3IeOUIBIIOro CIagHy IHHAMIKY TEMITiB 3MIiHM 3arajbHOI KiTBKOCTI
HAYKOBHUX ITPAIliBHUKIB, YACTKH BUTPAT Ha BUKOHAHHS HAYKOBHUX JOCIIKEHb 1 po3pobok y BBII, yacTku komTiB
iHO3eMHHX 1HBECTOpIB Yy 3aradpHUX oOcsrax (QiHAaHCYBaHHS IHHOBAIifHOI MisIIBHOCTI MPOMHUCIOBHX
MiATPHEMCTB, YaCTKM MAIIWH Ta OOJIAAHAHHS y 3arajbHiil KiJIBKOCTI BIPOBAHKEHOI iHHOBAIIITHOT MPOIYKIIii.
Pe3ysnbpraTt NpOrHO3yBaHHS 1HAWKATOPIB IHHOBALIIHHOTO PO3BUTKY YKpaiHU CBIIYaTh PO ICHYIOYY MOXKJIMBICTb
3pOCTaHHs IHTerpaibHOro mokasuuka 3 0,56 y 2020 p. g0 0,72-0,74 y 2024-2025 pp.

[MominmeHHst OKpeMHUX MMOKA3HUKIB MOTpeOyBaTUME JEp>KaBHOTO BTPYUYAaHHs B YaCTHHI yJJOCKOHAJICHHS
(iHaHCOBMX Ta IHCTUTYHIHHHMX IHCTPYMEHTIB peaii3auii aepxaBHOi iHHOBamiiHOI crpaTerii YkpaiHu 3
BUKOPHCTaHHSIM J0CBiny kpain €C.
cTpaTeriyHe yNnpaBJiHHs, iHHOBaUiiiHUI PO3BUTOK, IN100a1bHI acuMeTpii, OLiHIOBAHHS, e)eKTUBHICTh
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