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ABSTRACT

The article is aimed at establishing the features of the introduction of enterprise inno-
vation management in the conditions of sustainable development and developing a new
method for evaluating the effectiveness of the permanent innovation process (IP) under
the dynamic nature of external influences.

General and special methods of knowledge used: comparative analysis to substantiate
the difference between operational management of innovation implementation and stra-
tegic management of IP; structural analysis to substantiate that innovative management
is the structure of the second level of SDP: quantitative and qualitative comparison was
introduced to substantiate that structural nature of intangible assets is determined by
the structure of production; scientific abstraction to substantiate that intellectual capital
has a determining value for sustainable activity; mathematical formalization for the de-
velopment of dynamic IP control model.

It is indicated that: the condition for effective provision of sustainable development is
coordination of operational management innovations and strategic management of IP
of the enterprise; innovative management is a second-level structure in view of the
need for comprehensive implementation of SDP for effective long-term operation of
enterprise; the structural nature of intangible assets is determined by the structure of
production, peculiarities of supply and sales and is based on the totality of intangible
assets of the enterprise; intellectual capital is of decisive importance for ensuring the
sustainable nature of the impact innovations on the company's activities and as a con-
dition for increasing the level of reliability of its competitive advantages; the systemic
nature of the impact innovations on the company's activities requires the introduction
of new methods of their evaluation.

A new method of evaluating the effectiveness of the extended innovation process, which
forms the sustainable activity of the enterprise under dynamic conditions, was devel-
oped. The developed mathematical approach and the research results should be useful
for the management of enterprises and for scientists dealing with the problems of inno-
vative management.
Keywords: innovation sustainable
mathematical model

management, enterprise, development,

JEL Classification: D22, 032, Q56

INTRODUCTION

Innovative development is the only way to ensure competitiveness in global and local
markets, but managing innovative development for the management of Ukrainian en-
terprises, when many enterprises are on the verge of survival under conditions of sig-
nificant challenges and, lack of necessary resources (first of all, financial resources)
even to maintain the main activity, is an extremely difficult task. It should also be taken
into account that innovative development in other countries is complicated by the dy-
namic process of structural transformation of the world economy (Grynko et al., 2021;
Zeynalli and Rahimli, 2022), but Ukrainian enterprises are placed in particularly tough
conditions regarding innovative development due to the level of obsolescence of fixed
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assets, due to constant economic crises, military actions (Danylyshyn, 2022; Koval et al., 2023), etc.

A significant level of various force majeure circumstances that create additional risks and open up new opportunities also
determines the peculiarity of stimulating Ukrainian management to innovation and the relevance of the innovation process.

The success or failure of innovation implementation depends on the effectiveness of innovation management. The level of
risk of the innovation process in Ukrainian conditions should not be underestimated - according to experts, only one out
of seven innovation projects is successful (Demchenko, 2022; Svyrydenko and Revin, 2022; Sumets et al., 2022). The
level of uncertainty of influence parameters and, even, uncertainty with a set of these parameters, the insufficient level of
management awareness of risks in foreign markets significantly increase the risks of the innovation process. That is why
management most often uses evolutionary tactics for the step-by-step modernization of the enterprise (Danylyshyn, 2022;
Zayed et al., 2022c; Mainka et al., 2023) since this tactic allows to avoid significant losses in case of failure at a separate
step of innovation implementation. In these difficult conditions, the management of Ukrainian enterprises faces the task
of implementing such approaches to innovation management that are able to ensure a long-term competitive position in
the market. This increases the importance of research into the peculiarities of innovative management in Ukraine and the
development of such management measures that will ensure the sustainable development of enterprises.

LITERATURE REVIEW

In the scientific literature, sufficient attention is paid to operational innovation management (Chikan and Sprague, 2019)
and strategic management (Kramarenko, 2020) of the innovation process. In particular, Chikan and Sprague (2019) de-
tailed the project approach to the implementation of a separate innovation. Attention is paid to the need to identify,
analyze and step-by-step planning of resource needs, the expansion of the use of which is due to the introduction of
innovations, problems of changing logistics tasks due to the innovative development of the enterprise, etc. The concepts
of MRP (material resource planning) and SCM (supply chain management) are proposed for resource planning.

Kramarenko (2020) indicated the priority of the innovation-investment development strategy to ensure competitive ad-
vantages. As the main factors of the implementation of the "strategy of innovation and investment development" "aware-
ness (innovative receptivity)" and sufficiency of resources are indicated. These are, of course, important factors in the
implementation of strategic innovation management, but, in our opinion, they alone are not enough for a successful
innovation process. Kramarenko (2020) neglects operational management of the implementation of specific aspects of
strategic plans. Ktosok-Bazan and Machnik-Stomka (2017), analyzing the implementation of individual innovations, do not
even distinguish at which level of management they should be implemented.

The mentioned works do not consider the fundamental dichotomy of operational tasks of managing the implementation
of innovations, which often implement a project approach and strategic management of the innovation process, where a
separate innovation is only a segment in the general system of issues related to the implementation of innovation, the
study of the importance of their implementation for the long-term policy of the enterprise. The problem is that the sus-
tainability of development cannot ensure the implementation of individual innovations. These innovations are able to
improve the competitive level of the enterprise only for a short time (Chikan and Sprague, 2019; Aleinikova et al., 2023).
At the same time, the "integrated approach" proposed by the researchers (Prokhorova and Zalutska, 2021) and those
similar to it in a tangential way determine the need to combine strategic management of the innovation process with
operational management. In the article by Prokhorova and Zalutska (2021), it is also indicated that the introduction of an
"integrated approach" is conditioned by the need to adapt to external challenges and to form a long-term competitive
position in the market. This problem is significantly aggravated by the need to achieve the SDGs (Ghobakhloo et al., 2021)
because the concept of "sustainability" contradicts the tactics of updating the technological process from time to time. The
"sustainability" of development can only ensure permanent innovative improvement of the enterprise, which is not possible
without strategic management of the innovation process as a whole.

Therefore, Hypothesis 1 was proposed: A condition for effective provision of sustainable development is the coordination
of operational management of individual innovations and strategic management of the innovation process and related
tasks of strategic management of the enterprise.

There are also many studies that assert the interrelationship between sustainable development and innovation (Ktosok-
Bazan and Machnik-Stomka, 2017; Kuznyetsova, 2018; Mironova et al., 2022). Thus, in the work mentioned above, Ktosok-
Bazan and Machnik-Stomka (2017) indicated that "innovation is at the centre of the problems related to the implementation
of the idea of sustainable development" and that "innovation at the enterprise level should be considered as tools that
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support the implementation of the strategy sustainable development”. It is indicated that they strengthen the competi-
tiveness of the enterprise.

Ghobakhloo et al. (2021) indicated the interconnection of the concept of Industry 4.0 and sustainable innovation. It is also
indicated that Industry 4.0 forms the direction of the sustainable innovation process through its mutually coordinated
functions, which are classified by Ghobakhloo et al. (2021). Also, the implementation of Industry 4.0 requires other inno-
vative organizational norms "that promote sustainable innovation by promoting the constructive communication of sus-
tainable development values" (Ghobakhloo et al., 2021; Sakun et al., 2021).

This led to Hypothesis 2: Innovation management is a second-level structure in view of the need for comprehensive
implementation of the Sustainable Development Goals for the effective long-term operation of the enterprise.

In the articles of Pilarczyk (2018), Sytnyk et al. (2022) and Kalina et al. (2022) the formation of sustainable business
models under the conditions of innovative development of enterprises is considered. The theoretical aspects of the use of
tools for the implementation of sustainable innovative business models have been thoroughly studied. When researching
the creation of value for the implementation of innovations, the structuring of intangible assets of the innovation process,
which was used by the authors, is indicated.

The studies of Perevozova et al. (2019), Bondar-Podhurskaya et al. (2020) and Dvigun et al. (2022) dedicated to the
scientific and methodological issues of evaluating the effectiveness of innovation management of machine-building enter-
prises in the context of sustainable development, an indicative evaluation approach is proposed, which is, in particular,
based on the structure of intangible assets. It is indicated that this structure ensures a balance of "economic, social and
environmental problems".

This led to the submission of Hypothesis 3. The structural nature of intangible assets is determined by the structure of
production or provision of services, the peculiarities of supply and sales and is based on the totality of intangible assets of
enterprises, which, accordingly, requires different approaches in innovative management to ensure the sustainability of
the enterprise.

Sodomora and Yahelo (2021), Zayed et al. (2022a; 2022b), Mulska et al. (2022), Phonthanukitithaworn et al. (2023) stated
that intellectual capital is an important component in the “set of intangible objects” because of its “rapid growth in tech-
nologically advanced firms in the knowledge and management economy”. It also states that "intellectual capital (IC) is
critical for firms to achieve competitive advantage and growth." Phonthanukitithaworn et al. (2023) in the study assert the
structural nature of intellectual capital and point to its components: relational capital, social and structural (organizational)
capital, which are used in this article. Na-Nan et al. (2021) also indicated the structural nature of intellectual capital. Among
its components, unlike (Sodomora and Yahelo (2021), Zayed et al. (2022a; 2022b), Mulska et al. (2022), Phonthanuki-
tithaworn et al., 2023), only relationship capital and social capital are highlighted. The importance of intellectual capital
for ensuring a competitive position in the market is indicated. Zapata-Cantu and Gonzalez (2021) also point to intellectual
capital as a condition for ensuring competitiveness but limit it only to human capital. All mentioned researchers neglect
such components of intellectual capital as "know-how", patents, and copyright and their importance for increasing the
level of reliability of the company's advantages in the market, because other components can be quickly mastered and
adopted by competitors, and the use of patents and copyrights is protected by legislation.

Therefore, Hypothesis 4 was proposed: Intellectual capital is of decisive importance for ensuring the sustainable nature
of the impact of innovations on the company's activities and as a condition for increasing the level of reliability of its
competitive advantages.

Plakhotnik and Gonzalez (2021), Yuldashev et al. (2022), Zayed et al. (2022d) and Semenets-Orlova et al. (2022) devel-
oped a mechanism for ensuring sustainable development to evaluate the effectiveness of the use of economic, social,
scientific and technical indicators is suggested. Rosati et al. (2022) proposed a management six-phase approach to opti-
mizing the contribution to the Central Bank, which allows for the formulation of innovative enterprise strategies. The
methodology of this approach is based on the assessment of risks and the determination of ways to reduce them. Phon-
thanukitithaworn et al. (2023) proposed an evaluation of innovation efficiency using "structural equation modelling based
on second-order factor analysis." Hrabchuk et al. (2022) proposed the efficiency coefficient of innovative development as
an integral criterion, the calculation of which is based on expert indicators of profit growth, profitability level, payback
period, discounted income, yield index and internal discount rate. All the mentioned methods are certainly useful, but the
level of relevance of their forecasts is not sufficient for evaluating the effectiveness of strategic management of the inno-
vation process and choosing the best strategy in a dynamic environment.
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Therefore, Hypothesis 5 is proposed: The dynamic nature and time extension of the innovation process, which forms
the sustainable activity of the enterprise, requires the development of a new method of evaluating the effectiveness of the
specified process.

AIMS AND OBJECTIVES

To establish the peculiarities of the implementation of enterprise innovation management in conditions of sustainable
development. To develop a new method of evaluating the effectiveness of the permanent innovation process under the
dynamic nature of external influences.

METHODS

The presented scientific research was carried out using general and special methods of cognition. To substantiate the
difference between the operational management of the implementation of innovations and the strategic management of
the innovation process, the method of comparative analysis is applied. The method of logical generalization is used to
substantiate Hypothesis 1.

The method of structural analysis was introduced to substantiate Hypothesis 2 regarding the fact that innovation manage-
ment is a second-level structure in view of the need for comprehensive implementation of the Sustainable Development
Goals for the effective long-term operation of the enterprise.

Quantitative and qualitative comparison methods were introduced to substantiate Hypothesis 3 regarding the fact that the
structural nature of intangible assets is determined by the structure of production or service provision, the peculiarities of
supply and sales and is based on the totality of intangible assets of the enterprise.

The method of scientific abstraction was used to substantiate Hypothesis 4 regarding the fact that intellectual capital is of
decisive importance for ensuring the impact of innovations on the sustainable activity of the enterprise and as a condition
for increasing the level of reliability of its competitive advantages.

The method of mathematical formalization is used to develop an adaptive approach to dynamic management of the integral
indicator of the efficiency of the innovation process with the possibility of forecasting changes in this indicator due to the
application of one or another set of management actions and, accordingly, evaluating and choosing the best of them.

RESULTS

Innovation management is an integral component of the general management system of the enterprise, which is integrated
into all functional management mechanisms: production, investment, sales, logistics, etc. relations that are directly or
indirectly related to the specified process.

In the scientific literature, the innovation process is often considered only within the framework of the implementation of
a specific innovation or several innovations at once. At the same time, in order to acquire the appropriate level of compet-
itiveness and achieve sustainable development of the enterprise, innovation management must be of a permanent nature.

The sustainable nature of development objectively cannot ensure the episodic implementation of individual occasional
innovation projects. This requires the formation of a permanent innovation process, which should not only ensure the
constant effective adaptation of the enterprise to the conditions of Economy 5.0 and the challenges of the global market
but also, in an anticipatory manner, create the prerequisites for obtaining the appropriate level of competitive positions of
the enterprise in promising areas of activity.

Therefore, for the implementation of sustainable development, it is necessary to provide systematic organizational
measures for strategic management of the innovative process of the enterprise. At the same time, one of the main tasks
of innovative management should be the identification and assessment of internal and external risks and the introduction
of management solutions to reduce their negative impact. This is caused by the fact that the introduction of innovations
increases risks for the enterprise, requires resources, first of all financial, can lead to significant fluctuations in the volume
of production and sales of products or the provision of services, etc.

That is why, in order to reduce the level of risk, management often uses the tactics of step-by-step implementation of
such innovations, which make it possible to obtain a certain result in a short time. It also allows to quickly recoup the
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losses incurred during the implementation of innovations. Such innovations can be classified as innovations that improve
the company's activities. Most often, these are product innovations - for example, the release of a new product or a product
with new qualities, and process innovations - which allow improving the production process, for example, aimed at energy
and resource conservation. The implementation of improving innovations makes it possible to avoid significant risks or,
with the tactics of their step-by-step implementation, when faced with the impact of risks, to adapt to them and develop
mechanisms of adaptation to their impact.

Such implementation of innovations often does not provide an opportunity to obtain a significant effect but protects against
the risk of significant losses in case of not properly taking into account the negative effects of external and internal factors
or not obtaining the expected result.

A significant effect can be provided by significant innovations that lead to a radical transformation of all spheres of the
enterprise. The introduction of such innovations has a shock character for the enterprise and, if the corresponding result
is obtained, for the competitive environment, as it gives the enterprise significant advantages in the competition (Kulikov
et al., 2022). At the same time, innovations that lead to a radical transformation of production, if the challenges are not
properly identified or managed ineffectively, the presence of risks of an uncertain nature can lead to catastrophic conse-
guences. Therefore, the implementation of such innovations requires strategic management of the innovation process.

This determines the difference between the systems of organizing the operational management of the implementation of
individual innovative projects and the long-term strategic management of the innovative restructuring of the enterprise. It
should be noted that the permanent systematized implementation of improving innovations also requires thoughtful and
coordinated operational and strategic management, in particular, because the impact of innovations on the enterprise as
a single system has an emergent nature and causes changes in all areas of the enterprise.

Under such circumstances, a well-thought-out coordinated operational and strategic management of the innovation pro-
cess allows to reduce the negative internal and external effects on the result and reduce the risk of failure of innovative
activity.

This confirms the thesis that even with the use of tactics for the implementation of individual innovative projects, the
strategic integration of innovations ensures an increase in the efficiency of the innovation process and the maximum use
of the market opportunities it opens up. At the same time, the effectiveness of strategic management of the enterprise's
innovation process is determined by its systemic nature, integrating the enterprise's production, financial, and intellectual
capabilities to ensure sustainable development. This confirms Hypothesis 1.

A peculiarity of innovative management in modern conditions is the need for comprehensive implementation of the Sus-
tainable Development Goals (SDGs). When forming the goals of enterprises and companies, the achievement of the SDG
should not be considered only as a way to ensure the public good, because the achievement of the SDG is also necessary
in view of narrow corporate interests.

The condition of achieving the SDG forms the goals of the enterprise and, thus, conditions the directions of its innovative
development, if not directly, then, under any circumstances, the directions of the innovative development of the enterprise
must be agreed with the SDG, because the path of development of the enterprise that contradicts the SDG is a dead end.

This condition creates additional requirements for the innovation process but also opens up new opportunities and pro-
spects for the development of the enterprise. For example, taking into account the environmental Goals of sustainable
development will allow the enterprise to produce innovative products that will give the opportunity to enter the market of
the European Union countries since the products will meet the requirements of the "Carbon Border Adjustments Mecha-
nism" (CBAM). Another example is the implementation of the SDG by creating the necessary social conditions for employ-
ees, which, in particular, will help to avoid the threat of a shortage of qualified personnel with a significant level of cross-
border labour migration of the population of Ukraine, that is, it will also implement narrow corporate goals.

Thus, organizational measures for the implementation of strategic management of the innovation process, and first of all,
a comprehensive analysis of the compliance of innovations with the requirements of the Central Bank, which must precede
these measures, will in the future ensure the comprehensive efficiency of production activities and, in particular, compet-
itiveness in prospective markets. This confirms Hypothesis 2.

In view of the need for innovation to meet the requirements of the CSD for the formation of the goals of the strategy of
the innovation process, it is necessary to structure the intangible assets that are formed in the specified process into
environmental, social, technical and technological, organizational components specified in the CSD.
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The organizational component includes information about the infrastructure of relations with suppliers, intermediaries and
consumers and, thus, this component contributes to the implementation of sustainable partnership and cooperation, which
is one of the prerequisites for the sustainable development of the enterprise. Therefore, databases with information about
counterparties and consumers are often the targets of industrial espionage and require the implementation of appropriate
security measures.

The ecological component includes tools to protect the environment from the negative consequences of production activ-
ities, and mechanisms of reproduction of the natural environment. In many cases, these tools and mechanisms are formed
in an adaptive way and form valuable experience, which is also a sign of intellectual capital and ensures the sustainable
development of the enterprise.

The social component includes management relations with employees, conditions and peculiarities of providing social
guarantees, etc. The importance of the social component of intangible assets for the effective implementation of the
innovation process lies in the need for an appropriate level of team cohesion, unity in achieving the goal and, if necessary,
a certain reduction in the level of social benefits without the accompanying loss of human capital, for example, to com-
pensate for the lack of working capital of the enterprise for the implementation of innovations.

In general, the structural nature of intangible assets is determined by the structure of production or the structure of service
provision, the features of supply and sales and is based on the totality of intangible assets of the enterprise.

For detailed coordination in the innovation process of the specified structures, intangible assets can be presented in ac-
cordance with "Provisions (of the standard) of accounting 8 "Intangible assets", approved by the order of the MFU dated
October 18, 1999 No. 242. This includes rights: to certain types of activities, preferences, in particular, of an economic
nature; on the use of natural resources; use of property; use of trademarks, names with signs of royalty, etc.; patents,
commercial secrets (so-called know-how), etc. in accordance with the Law of Ukraine No. 3687-XII "On Protection of
Rights to Inventions and Utility Models"; objects of intellectual property in accordance with the Law of Ukraine No. 3793-
XII "On Copyright and Related Rights" (computer programs, databases, etc.).

Orientation to the implementation of an innovative process, which relies on intangible assets that correspond to the Law
of Ukraine No. 3687-XII and the Law of Ukraine No. 3793-XII requires funding of research works in this direction. The
determination of these costs by the structure of production or service provision can be seen in Table 1. In particular, the
data presented in Table 1 indicate that management prefers research and development (R&D) performed by its own forces
to R&D performed by other enterprises because this approach ensures a higher level of commercial secrecy. Also, these
data confirm a significant difference in the shares of R&D expenses for enterprises of various types of activity and the
difference in approaches to the formation of innovative strategies for them.

Thus, the most modern type of activity "Computer programming, consulting" is characterized by the lowest level of costs
for R&D, as it is based on the purchase of the necessary innovative equipment and software without the costs of their
development (see Figure 1, compiled using data from the State Statistics Service of Ukraine, 2022). The given data also
indicate the formation of mutually directed time trends, for example, an increase in the share of expenditures on innovative

R&D for "Transport, warehousing”, "Computer programming, consulting" and a decrease in this share for "Production of
chemicals and chemical products" and some other types of activity (Table 1).

Table 1. Costs for innovative R&D of enterprises by type of economic activity, in % of the total amount of costs for innovation by this
type of activity. (Source: compiled using data from the State Statistics Service of Ukraine, 2022)

R&D performed in-house R&D contracted out to others
Type of economic activity
2019 2020 2021 2019 2020 2021
Mining and quarrying 31,9 17,4 15,2 4,9 5,8 6,5
Production of food products 3,3 8,8 10,5 0,1 2,2 3,7
Production of chemicals and chemical products 65,4 64,6 59,8 1,0 0,9 1,2
Transport, warehousing, postal and courier activities 37,9 53,2 62,1 8,9 7,2 6,9
Computer programming, consulting and related activities 9,8 10,1 11,2 0,6 0,9 0,8
Scientific research and development 70,7 58,8 56,2 26,2 14,1 12,1

A comparison of the share of costs for innovative R&D of enterprises by types of economic activity (see Table 1) and the
share of total innovation costs by areas of innovative activity of enterprises (Figure 1) indicates a significant difference in
costs for R&D by types of economic activity from integrated data.
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Figure 1. Share in total costs for innovation by areas of innovative activity of enterprises, %. (Source: compiled using data from the State
Statistics Service of Ukraine, 2022)

This confirms Hypothesis 3: The structural nature of intangible assets is determined by the structure of production or
provision of services, features of supply and sales and is based on the set of intangible assets of enterprises, which,
accordingly, requires different approaches in innovative management.

Such an approach, in particular, is the coordination of the innovative strategy and the market strategy of the enterprise.

Different types of market strategies are possible to implement in the management of the enterprise's innovation process:
aggressive capture of a significant share of the market; overcoming the lag behind the market leaders; expansion of
market presence; transformation of forms of activity. The strategy of aggressively capturing a significant share of the
market is often based on the release of a fundamentally new innovative product or service and is mainly used by companies
without a significant previous background in the market. The strategy of overcoming lagging behind the market leaders is
more often characteristic of companies that are already present on the market, occupying positions of outsiders, but thanks
to the implementation of the innovation process, are able to gain more significant market positions. The strategy of
expanding the presence in the market differs from the previous one in that the company's innovative policy allows it to
enter other regional markets or even the global market. The strategy of transformation of forms of activity is aimed either
at a change due to the innovation process of the main type of activity to another, or at all at the transformation into a
new type of organization.

The innovative process of Ukrainian enterprises often relies not on their own "know-how", but on the introduction of
products, processes, technologies, and methods that are already used by other enterprises, primarily by enterprises of
developed countries (Bilyk, 2019), which is confirmed by the example mentioned above, regarding the activity type "Com-
puter programming, consulting".

This allows Ukrainian enterprises to increase their competitiveness in foreign markets but also forms a "catch-up" nature
of development. This nature of development does not provide the appropriate level of advantages compared to competitors
and does not ensure the appropriate level of sustainability of enterprise activity. The appropriate level of benefits and the
appropriate sustainable nature of development can only provide one's own intellectual capital or a special nature of access
to resources. Moreover, intellectual capital to increase the level of reliability of competitive advantages should not be
concentrated on one intangible asset, but, preferably, should be based on a set of these assets.

This confirms Hypothesis 4: Intellectual capital is of decisive importance for ensuring the sustainable operation of the
enterprise and as a condition for increasing the level of reliability of its competitive advantages.

Strategic management of the innovation process requires the fulfilment of some prerequisites. And these prerequisites
include, first of all, the availability of stable financing of innovative activity, even if this activity is significantly prolonged in
time. The situation with providing long-term innovative processes with financial resources in the modern conditions of
Ukraine is complicated by the lack of cheap financial resources in the market of financial and banking services and by the
reluctance of financial institutions to provide loans for the implementation of long-term innovative processes due to their
risky nature.
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Nowadays, under the conditions of large-scale, high-intensity hostilities, a significant number of enterprises have problems
with the financial support of their activities. However, according to the data of the State Statistics Service of Ukraine
(2022), even in the previous 20 years, investment in innovative activity mostly had neither a sustainable nature nor
sustainable external sources of financing (Figure 2).

120
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Share in financing innovative activities of
industrial enterprises, %

0 e S, —— —— ‘\/\
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

own funds of enterprises state budget funds funds of non-resident investors = other sources

Figure 2. The share in the financing of the innovation process for industrial enterprises, % of the total amount of expenses. (Source:
compiled using data from the State Statistics Service of Ukraine, 2022)

This conclusion is confirmed by calculations made using the data of the State Statistics Service of Ukraine (2022) and is
shown in Table 2. Thus, fluctuations in the ratio of the average deviation of financing volumes to their average value by
types of financing sources in 2021 acquired values from 56% to 111%.

Table 2. Average annual deviations and average annual values of the volume of financing of the innovative process of industrial enter-
prises by types of sources for the time period in 2021. (Source: calculations made using the data of the State Statistics Service of Ukraine, 2022)

Parameter Own funds of enter- State budget funds, Funds of non-resident Funds from other
prises, million UAH million UAH investors, million UAH sources, million UAH
Average value 7304.6 180.1 395.3 17171.4
Average deviation 4108.41 128.28 437.24 1205.99
The ratio of the average devia- 56 71 111 68
tion to the average value, %

The lack of stability of financial resources today makes the strategic duration of the innovation process impossible, except
for enterprises belonging to financial and industrial groups and enterprises whose investment in innovative activities is
carried out by non-residents of Ukraine. At the same time, the need to ensure stable financing of strategic innovation
programs with appropriate mobilization of resources and certain time gaps regulated by these programs can mobilize part
of the enterprises to introduce the specified programs into production activities.

The factors that complicate the implementation of strategic management of the innovation process also include the out-
dated material and technical base of enterprises, the absence of their own scientific and technical structures that create
their own innovative know-how; lack of a market for innovative developments; venture mechanisms; the unpredictability
of the long-term tax policy, which does not stimulate investment in the implementation of innovative developments; sig-
nificant dynamism of the market balance of demand and supply for domestic products, which does not make it possible to
assess the payback of innovations with sufficient reliability; the management's desire to stabilize production activity under
the existing risks and the prediction of possible destabilization of this activity when introducing risky long-term innovative
processes, etc.

The conditions that ensure high-quality innovation management are: balancing the interests of all parties that directly or
indirectly affect the result of the innovation process; consistency with the general organizational, technical and technolog-
ical, financial and other tools of enterprise management; a comprehensive approach to the development and implemen-
tation of decisions regarding innovation management; dynamic response of management to the complications of the
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innovation process; variability of innovation management methods and measures; implementation of material and non-
material stimulation measures for employees who implement the innovation process; proper information provision of the
innovation process; implementation of relevant analytical mechanisms and formation of forecasts regarding the innovation
process as a whole and regarding the results of its stages; operational transformation of the types of enterprise activities
indirectly related to the innovation process (Khromushyna, 2020; Kuznyetsova, 2022; Melnyk et al., 2022).

The tasks of managing the innovation process include research of the market environment and identification of promising
directions for its development; identification and assessment of the market for innovative products or services of the
enterprise; identification and assessment of the level of risk to obtain the proper result of the innovation process; identifi-
cation of external and internal factors influencing the effectiveness of innovative activities; assessment of available re-
sources for the implementation of innovations and organization of operational management of the specified resources;
formation of an organizational structure for managing the innovation process and a production structure for the imple-
mentation of innovations; formation of variable management plans for the innovation process and preparation of decision
trees for problem points of these plans.

This determines the need to improve traditional methods of evaluating innovations and introduce an integral indicator of
evaluating the effectiveness of a dynamic and prolonged innovation process according to Hypothesis 5 of this study.

Methods of taking into account the integral indicator of the evaluation of the innovation process in scientific studies often
relied on additive methods of their calculation taking into account the "weight" of individual criteria in this indicator (Tso,
2020) and other methods of multi-objective optimization using coefficient analysis. This did not provide the possibility of
a relevant definition of the specified integral indicator, in particular, due to the failure to take into account the synergistic
effects of the interaction of individual criteria and the length of time of the innovation process. In addition, scalar methods
did not allow to determine the direction and rate of change of the integral indicator of the extended innovation process,
which to a large extent also made it difficult to implement an adaptive approach to dynamic management of the integral
indicator with the possibility of forecasting its changes due to the application of one or another set of management actions
and, accordingly, evaluation and choosing the best of them.

DISCUSSION

In contrast to the scalar additive methods proposed in other works, in particular, in the article by Demchenko (2022), the
method of taking into account the result of the innovation process, determining the direction of its implementation and a
set of management actions for this, a vector approach has been developed, which consists of the following.

It is proposed to evaluate the effectiveness of the innovation process not only from the point of view of its direct economic
benefits and costs: profitability of products, turnover of assets, necessary resource (in particular, financial support) inno-
vations, capital intensity of updating the technical and technological base (Khromushyna, 2020) or using traditional eval-
uation criteria efficiency of innovations: Net Present Value, Internal Rate of Return (relying only on those proposed by Tso
(2020)) and others. These indicators are certainly important for evaluating the implementation of individual innovations,
the results of which characterize the effectiveness of achieving individual operational goals.

At the same time, the achievement of strategic goals is more significant for the enterprise, since the innovation process
should also provide new qualities and new opportunities to the enterprise, for example, reducing the risk of negative
effects of external and internal factors; entering the global market or new local markets; acquiring a qualitatively new
competitive position on the market, etc. Achieving such goals can be considered in the strategic planning of the innovation
process, and then the result should be evaluated by forecasting the level of its approach to the planned goal.

Given the above-mentioned formalized mathematical definition of the efficiency vector of the innovation process, it can be
represented in the coordinates of individual objective functions, the choice of which depends on the type of enterprise
activity; product nomenclature; the markets to which it is supplied; external and internal factors of influence, etc.

Such a model allows real-time monitoring of changes in the value of the innovation process efficiency vector and the
application of necessary management actions with an assessment of both their likely effectiveness and taking into account
the cost of resources for their effective implementation, i.e., the specified approach allows to promptly adjust management
actions on the selected strategic way.

For the single-target task of innovation management, this can be represented as follows:
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where F Is the efficiency vector of the innovation process; F,,, is the planned result; F,. is the achieved result.

Such presentation provides an opportunity to evaluate the result in relative, not absolute values, which allows the owners
and managers of the enterprise to understand the level of deviation from the planned value without special explanations.

When finding the efficiency vector, it is advisable to calculate the distance (ﬁpl — F,.) as the length of a segment in
multidimensional space.

For a multi-objective problem, there is a need to coordinate individual goals, since their extrema in real conditions do not
coincide.
ﬁ = Ui ((fnac_);fnpl) N Opt) - opt

nac
where ﬁ noc and ﬁm, are achieved and planned values of individual objective functions; i = 1,2,3 ... n is the ordinal index of
the objective function.

Using the approaches of set theory, a relation is formed:
FeRMAf, <b,fi20

where A is the set of vectors ﬁ-,‘ b; are interval values of the approach of each of the objective functions to its extreme
value.

The best value of the efficiency vector of the innovation process, if it is necessary to agree on the best values for a group
of goals, is an option that takes into account the achievement of results with a different level of approximation of each of
them to its extreme value in @ compromise way. Interval values of the approach of each of the objective functions to its
extreme value are set by management. Using the method of successive approximations, the range of parameter values
for which there is a compromise solution for the best value of the efficiency vector of the innovation process is determined.

Selective attention to the implementation of only one of the objective functions, for example, the one that ensures the
predominant development of the economic component, and neglecting other tasks of SDGs - social, environmental, etc.,
is strategically losing, since the postponed tasks will require a solution, making it difficult to achieve economic goals. In
order to carry out the postponed tasks in the future, significantly more resources and, even, economic losses due to the
need to rebuild technological processes, logistics chains, etc. may be required.

In general, the proposed method of mathematical formalization allows the realisation of the requirement of Hypothesis 5
of this study.

CONCLUSIONS

It is proposed to distinguish operational management of the implementation of individual innovations from the innovation
process, which such implementation can be a part of. This made it possible to formulate the definition of innovation
management as an integral component of the general enterprise management system, which is integrated into all func-
tional management mechanisms: production, investment, sales, logistics, etc. and is aimed at ensuring the effectiveness
of both the implementation of individual innovations and the implementation of the innovation process as a whole settle-
ment of all types of relations directly or indirectly related to the specified process.

It is indicated that the steady nature of the enterprise's development cannot ensure the implementation of individual
innovative projects from time to time. This requires the formation of a permanent innovation process, which should not
only ensure constant effective adaptation of the enterprise to challenges but also, in an anticipatory manner, create pre-
requisites for obtaining the appropriate level of competitive positions of the enterprise in promising areas of activity.

This requires systematic organizational measures of strategic management of the innovation process. As an alternative
option of innovation management, the tactic of step-by-step implementation of improving innovations is indicated, which
reduces the risk of implementation but does not have a significant effect. It is indicated that even the permanent imple-
mentation of improving innovations also requires a well-thought-out and coordinated operational and strategic manage-
ment because the impact of innovations on the enterprise as a single system has an emergent nature and causes changes
in all spheres of the enterprise.
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It is indicated that even with the use of tactics for the implementation of individual innovative projects, the strategic
integration of innovations ensures an increase in the efficiency of the innovation process and the maximum use of market
opportunities that it opens up. At the same time, the effectiveness of the strategic management of the enterprise's inno-
vation process is determined by its systemic nature, which integrates the enterprise's production, financial, and intellectual
capabilities to ensure sustainable development. This confirms the proposed Hypothesis 1: "A condition for effective provi-
sion of sustainable development is the coordination of operational management of individual innovations and strategic
management of the innovation process and related tasks of strategic management of the enterprise".

It is indicated that a peculiarity of innovative management in modern conditions is the need for comprehensive implemen-
tation of SDG. This condition creates additional requirements for the innovation process but also opens up new opportu-
nities and prospects for the development of the enterprise, therefore, it confirms Hypothesis 2: "Innovation management
is a second-level structure in view of the need for comprehensive implementation of the SDG for the effective long-term
operation of the enterprise".

Comparison and analysis of statistical data made it possible to confirm Hypothesis 3: "The structural nature of intangible
assets is determined by the structure of production or provision of services, the features of supply and sales and is based
on the totality of intangible assets of enterprises, which, accordingly, requires different approaches in innovative manage-
ment to ensure the sustainability of the enterprise." It is indicated that an example of such an approach is the coordination
of the innovative strategy and the market strategy of the enterprise.

It is indicated that the proper level of competitive advantages and the proper sustainable nature of development can be
provided only by one's own intellectual capital. Moreover, intellectual capital to increase the level of reliability of competitive
advantages should not be concentrated on one intangible asset, but, preferably, should be based on a set of these assets.

This confirms Hypothesis 4: "Intellectual capital is of decisive importance for ensuring the sustainable operation of the
enterprise and as a condition for increasing the level of reliability of its competitive advantages".

It was established that the lack of conditions for sustainable financing is a significant obstacle to the permanent innovation
process in Ukraine. This is confirmed by the establishment of significant fluctuations in the ratio of the average deviation
of financing volumes to its average value, which took on values from 56% to 111% by types of financing sources in 2021.
Other factors that complicate the implementation of strategic management of the innovation process are also specified.

The conditions that ensure high-quality management of innovations are specified: balancing the interests of all parties that
affect the result of the innovation process; consistency with the general organizational, technical and technological, finan-
cial and other tools of enterprise management; a comprehensive approach to the development and implementation of
decisions regarding innovation management; dynamic management response to challenges to the innovation process;
variability of innovation management methods and measures; implementation of employee incentive measures; infor-
mation provision of the innovation process; operational transformation of the activities of the enterprise indirectly related
to the innovation process, etc.

The tasks of management of the innovation process are also specified and it is indicated that their complexity and dynamic
conditions determine the need for a new mathematical approach to evaluating the effectiveness of the innovation process
extended over time. The proposed approach makes it possible to determine the direction and rate of change of the integral
indicator of the innovation process extended over time, which provides the possibility of choosing effective management
actions and, in general, allows the realization of the requirement of Hypothesis 5 of this study: "The dynamic nature and
extension over time of the innovation process, which forms the sustainable activity of the enterprise requires the develop-
ment of a new method of evaluating the effectiveness of the specified process".

The developed mathematical approach and the research results should be useful for the management of enterprises and
for scientists dealing with the problems of innovative management.
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Lizyi C., bpuyko A.
YMNPABJIIHHA IHHOBALUIAMU NIANPUEMCTBA B KOHTEKCTI CTAJIOI'O PO3BUTKY

MeTol0 LibOro AOCNIMKEHHS € BCTAHOBMIEHHS OCOBNMBOCTEN YNPOBaXKEHHS ynpaBniHHS iHHOBaLisMK NiANpUEMCTB B yMO-
BaxX CTanoro po3BWUTKY Ta po3pobreHHs HOBOro METOAY OLIHIOBaHHSI ebeKTUBHOCTI NepMaHeHTHOro iHHOBALIMHOrO Npo-
uecy (IM) 3a AMHaMIYHOro xapaKTepy 30BHILUHIX BMMBIB.

BukopuWCTaHi 3aranbHi i cneuianbHi METOAM Ni3HAHHS: MOPIBHSNBHOrO aHanisy — Ans o6r'pyHTyBaHHS pisHULI MiX onepa-
TUBHWUM YNpPaBiHHAM YNPOBaJ>XeHHsM iHHOBaLil i cTpaTeriyHuM ynpasniHHsaM IM; cTpyKTypHOro aHanisy — anst 0br'pyHTy-
BaHHS, IO iHHOBALMHWUI MEHEIXKMEHT € CTPYKTYpOIO ApYroro piBHs Big Llinei ctanoro po3suTky: KifbKiCHOTO Ta SIKICHOro
MOPIBHSIHHSI, 3arnpoBaKEHO ANs O6rpyHTYBaHHS, LLO CTPYKTYPHWUI XapaKTep HemaTepianbHUX aKTUBIB 06YMOBIIOETLCS
CTPYKTYPOO BUPOOHMLITBA; HayKOBOro abcTparyBaHHs — [s 06rpyHTYBaHHS!, WO iHTENIeKTyanbHUI Kanitan Mae BU3Hava-
JIbHE 3HAYEHHS CTanoi AisNIbHOCTI; MaTeMaTUYHOI hopManisadii — ansg po3pobneHHs Moaeni AgnHaMivyHoro ynpasniHHs 1.

Y aocnigxeHHi BkasaHo, Wo: YMOBOK eheKTMBHOro 3abe3neyeHHs CTanoro po3BUTKY € Y3roA)KEeHHS onepaTUBHOIO yrnpas-
NiHHS OKPEMMMM IHHOBALiSIMU 14 CTpaTeriyHoro ynpaeniHHs IM nignpuemMcTsa; iHHOBALMHWMIA MEHEMKMEHT € CTPYKTYpPOLO
[pYroro piBHs 3 ornisy Ha HeobXiaHICTb KOMMEKCHOI peanizauii Liinei cranoro po3suTky ans echekTMBHOI A0BroCTPOKOBOI
LiSNbHOCTI NiANPUEMCTBA; CTPYKTYPHUIN XapaKTep HeMaTepianbHUX akTUBIB 06YMOBIIOETLCS CTPYKTYPOIO BUPOOHMLTBA Y
HafaHHs NOC/yr, 0CO6MBOCTSIMM MOCTa4YaHHS 1 36yTy Ta CMMPAETLCS Ha CYKYMHICTb HEMaTepianbHWUX aKTMBIB NiANpPUEMC-
TBa; iHTENEKTyaNbHWI KaniTan Ma€ BU3Ha4asibHe 3HauYeHHsl Ans 3abe3neyeHHst CTaforo xapaKTepy BnvBy iHHOBaLiN Ha
[iSNbHICTb NIANPUEMCTBA Ta € YMOBOIO 36iNblUEHHS! PIBHS HAAIMHOCTI MOro KOHKYPEHTHUX MepeBar; CUCTEMHUIA XapaKTep
BUMNNMBY iHHOBALiM Ha AiSNbHICTb NiANPUEMCTBA NOTPEBYE BNPOBAAXXEHHS HOBUX METOAIB iX OLiHIOBaHHS.

Po3pobneHo HOBMIA MeTOZ OLiHIOBaHHS edEKTUBHOCTI NOAOBXEHOro B Yaci iHHOBaUIMHOro npouecy, sikuin hopMye ctany
LisNbHICTb NiANPUMEMCTBA 33 ANHAMIYHKX YMOB. PO3po6ieHunit MaTeMaTUYHWIA NiAXia, pe3ynsTaTv A0CHIMKEHHS MaloTb 6yTH
KOPUCHUMU NSt MEHEKMEHTY NiANPUEMCTB | ANl HAYKOBLIB, siKi 3aiiMaroTbCsl NpobieMaMu iHHOBALIMHOMO MEHEDKMEHTY.
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