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ABSTRACT 

The article considers the synergy of managing the intellectual potential of the enterprise in the business-network 
of innovative digital technologies. The paradigm of development of intellectual potential of enterprises in the 
network system of innovative digital technologies is presented, which determines the spatial-technological, 
information-virtual, intellectual security of economic entities, taking into account tools and components of 
inclusive growth in their transformation of business models and new markets. A methodological approach to the 
management of effective interaction of enterprises which determines the shift of entropy of their magnitude of 
intellectual potential, and affects the business system with a limited duration of the network of innovative digital 
technologies is developed. The main value of integration processes in the business-network of innovative digital 
technologies of enterprises, which is formed due to their internal incentives, as innovators have market value 
and significant intellectual assets, they are always at the center of the economic environment. Mathematical 
tools for describing the functionality of an integrated network are systematized. Innovative digital technologies 
of enterprises with a significant amount of intellectual assets are based on differential equations. It is proved 
that the synergetic proximity and ability to asymptotic development, i.e., the increase of intellectual assets in a 
complex business system, causes the participating company to change the network of innovative digital 
technologies and reorient to the terms of compensation for invested resources. Inconsistency and non-
acceptance of the rules of cooperation, weak influence of the network on the participant will lead to its 
inefficiency and withdrawal from the network, the choice of “off-network” vector of development. The analysis 
of the index of intellectual development and volumes of intellectual capital in Ukraine and in the world is carried 
out. The volumes and structure of attracted investments in intellectual assets by the sizes of the enterprises of 
Ukraine are determined. The rating position of Ukraine on the world level of development of innovative digital 
technologies is investigated. The factors of effective cooperation of enterprises according to the criteria of 
intellectual potential management in innovative digital technologies are substantiated and the areas of 
interaction of the participants of the innovation process are determined. 
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1. Introduction 

The pace of economic and technological transformation, which is exacerbated by dynamic changes 
in the business system of the country show signs of long-term stagnation, overcoming which is 
important for the development of the national economy at both macro and micro levels. Innovation 
as a driving force of progress simultaneously encourages positive changes and qualitative changes of 
the whole system, based on the processes of the macroeconomic situation with the provision of 
appropriate institutional changes and related to freedom of choice, pricing policy and information 
flows. The business system affects all components of the structure of enterprises, which affects the 
dynamics of their development in the context of digital transformations, which is a new dimension of 
reality with the definition of digital leadership. 

Digital technologies in the modern world create fundamentally new opportunities for building 
interaction between the state, business and the population, eliminating long chains of intermediaries 
and accelerating the conduct of various transactions and operations. Such factors come to the fore 
due to the rapid development of information technology and globalization of the economy, which 
requires fundamentally new concepts of development of intellectual potential for its active promotion 
in the market of innovative technologies. The cognitive and creative elements of intellectual potential 
receive special attention in the context of modern innovative development, as they determine the 
scope of new value, intellectual products and its commercialization. This is an important basis for the 
formation of a competitive economy. 

At the same time, the economy of Ukraine has long been experiencing crises that inhibit innovation 
activity and the development of intellectual potential. The consequence of this is the low efficiency of 
development and implementation of innovative projects, restraint in the introduction of modern 
technologies and equipment, the slow implementation of the restructuring of the national economy 
as a whole. Insufficient level of innovative development of Ukraine is confirmed by the low share of 
innovative products in its total volume, which is limited by the underdevelopment of the innovative 
business system (IBS) and irrational use of intellectual potential. In these conditions, increasing the 
efficiency and competitiveness of the national economy requires innovative reorientation of public 
policy and growth of innovative activity of enterprises based on the development of intellectual 
potential and concentration of resources on the quality formation and rational use of its intellectual 
components. 

Conceptual provisions for the development of intellectual potential were initiated in scientific 
works by N. S. Suseno et al. (2019), A. R. Abdulaali (2018), A. Golikov et al. (2018), E. Tkachenko et al. 
(2020), O. V. Tolstyakova and N.T. Batyrova (2020); innovative development and formation of the 
national innovative business system was discussed in works by O. A. Valebnikova et al. (2007), 
L. V. Plakhova et al. (2020). Theoretical and methodological aspects of intellectual potential and its 
components have been studied by modern scientists, including N. N. Korostyleva (2019), M.-X. Wang 
(2018). Theoretical aspects of innovation, the formation of a national innovative business system, the 
commercialization of innovation products were studied by B. Lyamin et al. (2009), G.R. Chandra and 
I.A. Liaqat (2019). 

At the same time, theoretical, methodological and practical issues of identification and 
development of intellectual potential as a factor of the innovative growth of digitalization of the 
economy is actually narrowed to the development of communication and information networks. In 
addition, innovation and technological development needs to be intensified in order not to lose global 
competitiveness in the complex multi-criteria institutional framework of business management, in a 
digital economy that needs to be refined, revised, supplemented and deepened. The priority of our 
study is to present the paradigm of development of intellectual potential of enterprises in the network 
system of innovative digital technologies, which determines the spatial-technological, information-
virtual, intellectual security of economic entities, taking into account tools and components of inclusive 
growth in the transformation of business models and forming new markets. 
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2. Materials and Methods 

The paradigm of functioning of a large business system (in our case, a network of innovative digital 
technologies) is provided by a virtual set of information and knowledge. At the same time, the 
methodological approach to the management of effective interaction of enterprises determines the 
shift of the entropy of their magnitude of intellectual potential, which affects the business system in 
such aspects as: limited duration of the network of innovative digital technologies based on the ratio 
of the value of intellectual potential to the number of business transactions produced by it per unit 
time. In fact, if the business system does not have an internal policy to ensure the quality of selection 
and competencies of participants in operational activities and strategic management, it will move to 
disintegration; soundness of business system management, which relies on the continuity of 
estimating the entropy of the network in its proper virtual environment; violation of the semantics of 
the links of the functioning environment (network) in the case of deviation or change in the entropy 
of the virtual information-intellectual environment, i.e. changes in the characteristics of its viscosity. 

It should be noted that the increase in entropy leads to an increase in the capabilities of the 
innovation network of enterprises, i.e., the involvement of business entities in digital technologies 
increases the competitiveness of their business system by expanding the range of activities. On the 
other hand, the increase in entropy leads to uncertainty in the network and the likelihood of making 
wrong decisions about the use of intellectual potential of enterprises, distortion and disruption of 
interaction between participants, manifestations of opportunistic behavior and so on. Thus, the 
increase in the number of participants in the business network of innovative digital technologies and 
the entropy of intellectual potential are opposed to each other, and therefore a slight increase in one 
of these two fundamental factors leads to negative consequences for the entire network. The 
interaction of these factors determines the feasibility of creating an interaction of intellectual potential 
of enterprises with the business network of innovative digital technologies or attracting a new 
participant, which should be considered on the basis of a network approach and synergy. 

From the point of view of manageability, all processes of network interaction of enterprises-
innovators can be divided into two main groups: managed and predictable. The equations describing 
such processes may look the same, but the sought solutions of the equations may be stable or unstable 
under the initial or boundary conditions. Thus, the initial conditions are necessary to describe 
(characterize) the state of the objects of study at the time of the beginning of the observation, and the 
boundary conditions indicate the allowable limits of change in the state of the studied objects. 
Sustainable solutions allow the possibility of forecasting processes, but do not allow the possibility of 
external management due to the significant resource consumption to ensure it. 

Unstable solutions indicate the impossibility of forecasting, because even minor “inaccuracies” that 
are embedded in the initial or boundary conditions, lead to significant changes in the development of 
the whole process, which provides a basis for external management of such processes. Indeed, 
forecasting the relationship of the enterprise, including integration, with other market participants 
cannot be predicted in detail, but such relationships can be managed, which proves the effectiveness 
of “soft integration associations” – dynamic networks, where each participant influences other 
participants (manage them) within the common interests. In case the interests do not coincide – the 
network configuration changes. We should note that in business networks there are different 
segments (phases) of development – relatively stable (they are predictable because they achieve 
equilibrium) and short-term crisis segments (phases), which need regulation to restore the efficiency 
of the business network and give grounds to change the configuration network, i.e., delete or add new 
members. Moreover, this phase development is a hallmark of dynamic networks. Spontaneous self-
organization is a defining feature of synergetics according to its main provisions. In this case, the main 
value of integration processes in the unpredictable system of enterprises is formed in their internal 
incentives, as innovators have market value and significant intellectual assets; they are always at the 
center of the economic environment. 
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Mathematical tools for describing the functionality of an integrated network of innovative digital 
technologies of enterprises with a significant amount of intellectual assets is based on differential 
equations. At the same time, the impact on the potential participant of a dynamic network of 
innovative digital technologies can be considered effective only if it falls into the area (im) – network 
innovators. Synergetic proximity and the ability to asymptotic development, i.e., the increase of 
intellectual assets in a complex business system, causes the participating company to change the 
network of innovative digital technologies and reorient to the terms of compensation for invested 
resources. Inconsistency and non-acceptance of the rules of cooperation, weak influence of the 
network on the participant will lead to its inefficiency and withdrawal from the network, the choice of 
“off-network” vector of development. 

The network approach is based on the interaction of weak point influence on the needs of 
development and compensation of intellectual assets (resources) of participants. When considering 
potential participants, to understand the possibilities of attraction to the center of the business 
network, you need to consider their capabilities, economic and technological situation. The theory of 
synergetics indicates that “the same system under different initial conditions can show completely 
different, even opposite trends, move to different “goals” and act in some cases by analogy with other 
factors inefficiently and even meaninglessly” (Savrasova, 2004). Thus, according to the theory of 
“controlled chaos”, the transition from “unstable” social systems to “stable” requires an iterative-
systematic strong external influence (Amado and Amato, 2001). Such provisions can also be applied to 
enterprises that are a priori social systems and are in an unstable spatial process of network 
interaction, which causes instability in the harmonization of interests of participants. Thus, innovative 
enterprises to balance the business network of innovative digital technologies with significant 
potential of intellectual assets must have a strong influence on online businesses in order to balance 
the interests of participants until the formation of a stable network system. In this case, the main task 
of “controlled chaos” is to reformat the business system, aimed at destroying previous stable internal 
connections, adjusting to the perception of network information and adapting to management 
connections in the network. In this case, the old management system of the enterprise is destroyed 
and a new, adapted and suitable for operation in a certain senegretic business network is built. 

Under such conditions, the growth of entropy should be limited to a certain amount of intellectual 
potential, which innovative enterprises are able to control the number of possible options for the 
development of a network of innovative digital technologies. We should note that the organization 
and management of chaos is possible only when businesses are susceptible to external change. In 
other cases, the operation of the entity under the influence of the innovator will require a significant 
number of resources and will not make sense. As a result: in chaos control based on the equations 
describing the contradictions of entropy S and opportunities n it is advisable to choose such a business 
network of innovative digital technologies – the optimal intellectual potential of the enterprise: 

𝜓(𝑆, 𝑛) = 0 (1) 

the movement of assets of which is determined by the equations of stabilization of the relationship 
between entropy and capabilities, i.e., the consistency of the behavior of entities for self-organization 
in the business network. The task of controlling the chaos of the intellectual assets of the innovator in 
the business-network of innovative digital technologies is to maintain the law of control: 

𝑢(𝑆, 𝑛) = 0 (2) 

which will provide a balance between the magnitude of chaos and the ability to organize it. At the 
same time, the development of the business network and entropy changes should ensure the 
optimality of the process of spatial-technological, information-virtual and intellectual security of 
economic entities. Applying the method of analytical design of aggregate controllers, which provides 
asymptotic stability of the system without finding solutions to nonlinear dynamic equations of the 
control object, we obtain it in the form (2): 
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{

𝑑𝑆

𝑑𝑡
(𝑡) = 𝑓(𝑆, 𝑛, 𝑢)

𝑑𝑆

𝑑𝑡
(𝑡) = 𝑔(𝑆, 𝑛, 𝑢)

 
(3) 

where: f(S,n,u) and g(S,n,u) – are functions that depend on the level of chaos S, capabilities n and 
external control u. In the following, we formulate the problem of network control theory, which 
simulates the transition of the point of the system (3) from the initial position (S0, n0) to the desired 
state of the enterprise-innovator, which corresponds to the plane of solutions of equation (1): 

𝑢(𝜓(𝑆, 𝑛)) = 𝑢(𝑆, 𝑛) (4) 

The law of control (4) provides the direction of movement of intellectual assets of the enterprise in 
the necessary plane along the set curve (1), on which the additional condition (Drucker, 1970): 

𝑇 𝑑𝜓/𝑑𝑡 + 𝜙(𝜓) = 0 (5) 

If inequalities ϕ(ψ)ψ≥0 and T≥0, are hold under condition (5), then it becomes the Euler-Lagrange 
equation with respect to stable business-networks of innovative digital technologies. Extremals, in 
turn, provide a minimum of optimization functionality for any trajectory of a closed system. In 
synergetics, the variable ψ(S,n) is a generalized parameter of the order, which embodies the properties 
of the intellectual potential of the enterprise in the business-network of innovative digital 
technologies. The parameters in the network reflect the state of success of the promotion of 
intellectual assets for self-organization of innovative activities using digital technologies. Isolation of 
the variable, as an order parameter makes it possible to interpret the optimization of the functional 
on the basis of the square of the Hacken order parameter (Haken & Portugali, 2017), which is 
recognized as a measure of macroscopic action for self-organized business networks. When 
considering a business-network, the measurement of macroscopic action will be the work done by the 
enterprise-innovator to create opportunities to increase the magnitude of intellectual potential and 
its commercialization in the network of digital technologies. Therefore, it will be expedient to introduce 
quadratic components within the accompanying functional ϕ^2 (ψ), which will determine the degree 
of macroscopic interaction of the network enterprises. 

In synergetics, the efficiency of the system is understood as the speed of implemented measures, 
i.e., in the case of interaction of the intellectual potential of enterprises with the business-network of 
innovative digital technologies it will be determined by a derivative (dϕ(ψ))/dt in the accompanying 
functionality J. The time of development of the system from the beginning of the influence on the 
management to the entry of the business entity under the influence of the enterprise-innovator is set 
by the weighting factor Т. 

Chaos control affects the change of equilibrium functions by replacing the parameters of the 
system, i.e., creates parametric control based on methods of creating chaos. The initial statement of 
the problem was reduced to the definition of the management system of the enterprise-innovator by 
differential equations, which were enriched by external forces, which are the desired scenarios u(t). 
The management system of the enterprise-innovator carries out movement. To ensure self-
organization, it is necessary that the external forces built into it become internal. To do this, you need 
to turn the initial task into an extended one, taking into account the transformation of external forces 
into internal interaction of a common system. 

Let k(S,n) – is the growth rate of opportunities for innovation potential of the enterprise, which 
depends on the development needs of the business-network of digital technologies and the level of 
available innovation opportunities, L(n) – the depreciation rate for intellectual assets, F(S,n) – function 
describing the behavior of entropy. Based on the entered coefficients and functions, we obtain the 
following model: 
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{

𝑑𝑆

𝑑𝑡
= 𝐹(𝑆, 𝑛) + 𝑢

𝑑𝑛

𝑑𝑡
= 𝑘(𝑆, 𝑛)𝑛 − 𝐿(𝑛)𝑛

 
(6) 

The function, which describes interaction of the enterprise-participant with the enterprise-
innovator, is offered (Haken & Portugali, 2017): 

𝜓(𝑛, 𝑆) = 𝛽𝑛 − 𝑘(𝑆, 𝑛) (7) 

In this case, we fulfill the conditions under which the function will satisfy the characteristic 
differential equation: 

𝑇 𝑑𝜓/𝑑𝑡 + 𝜓 = 0 (8) 

We will find from equation (7) 
𝑑𝜓

𝑑𝑡
 and get a control system that transforms the business-network 

of innovative digital technologies in the scenario of its development: 

𝜓(𝑛, 𝑆) = 𝛽𝑛 − 𝑘(𝑆, 𝑛) = 0  (9) 

𝑢 =
𝑘𝑛
′ (𝑆, 𝑛) + 𝛽

𝑘𝑠
′ (𝑆, 𝑛)

(𝑘(𝑆, 𝑛)𝑛 − 𝐿(𝑛)𝑛) − 𝐹(𝑆, 𝑛) +
𝛽𝑛 − 𝑘(𝑆, 𝑛)

𝑘𝑠
′ (𝑆, 𝑛)𝑇

 (10) 

where: k_n^' (S,n), k_s^' (S,n) – partial derivatives of the growth factor of the business-network 
(11): 

𝑘𝑛
′ (𝑆, 𝑛) =

д𝑘(𝑆, 𝑛)

д𝑛
,  𝑘𝑠

′ (𝑆, 𝑛) =
д𝑘(𝑆, 𝑛)

д𝑆
 (11) 

The initial system of differential equations under the influence of the action of chaos control is 
transformed into a synthesized system: 

{
 

 
𝑑𝑆

𝑑𝑡
=
𝑘𝑛
′ (𝑆, 𝑛) + 𝛽

𝑘𝑠
′ (𝑆, 𝑛)

(𝑘(𝑆, 𝑛)𝑛 − 𝐿(𝑛)𝑛) +
𝛽𝑛 − 𝑘(𝑆, 𝑛)

𝑘𝑠
′ (𝑆, 𝑛)𝑇

𝑑𝑛

𝑑𝑡
= 𝑘(𝑆, 𝑛)𝑛 − 𝐿(𝑛)𝑛

 
(12) 

The obtained pair of differential equations describes the development of entropy (intellectual 
potential of the enterprise) and its capabilities in the interaction in the business system of innovative 
digital technologies (7), achieved through “soft modeling” of the network, i.e., obtaining a reliable 
conclusion from the analysis of low reliability models. 

The described model allows determining the optimal scenarios of interaction of innovative 
enterprises with active intellectual potential in the business network of innovative digital technologies 
with uncertainty of internal and external information. Provided the fullest implementation of the 
processes of spatial-technological, information-virtual and intellectual security of economic entities, 
the components of inclusive growth of the value of innovative enterprises in the transformation of 
business models and the formation of new markets can significantly improve the quality of 
intercompany interaction and obtain additional synergy effect by minimizing costs and without 
attracting additional resources. This model also makes it possible to determine the factors and 
conditions under which the scenarios of abrupt uncontrolled changes in the business-network will be 
implemented – the unsustainable development of digital technology innovation, taking into account 
the intellectual potential of innovative enterprises. Thus, cognitive modeling of the development of 
intellectual potential in the network system of innovative digital technologies involves the 
management of enterprise interaction. The developed model in practice will ensure the effective 
promotion of intellectual assets in new markets and stabilizes the functioning and development of the 
digital network, in order to distribute and implement business processes between partner enterprises. 
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3. Results and Discussion 

The quality of life of the population is determined on the basis of the analysis of poverty as a socio-
economic category, inextricably linked with various aspects of human development – low life 
expectancy and education and, consequently, low opportunities for effective employment. The basic 
state standard in the field of income is the subsistence level, which is the poverty line (Figure 1). GDP 
(Gross Domestic Product) per person and the average monthly nominal wage for 2010-2019 increased 
by 2.5% and 7.8%. respectively. The growth rate of nominal wages is higher than the growth rate of 
real wages (2010-2013 and 2014-2019). Thus, it can be stated that the purchasing power of the 
population of Ukraine in the context of inflation is low and continues to decline. 

At the same time, in 2000-2019, the index of intellectual development (IIR) of Ukraine increased 
from 0.705 to 0.751, which is a very slow increase, as it averages about 0.003 per year (Figure 2). The 
index of intellectual development in Ukraine for 2000-2019 increased by 0.016 and amounted to 0.751, 
which characterizes the high level of intellectual potential in the country among 189 countries (Figure 
3). Ukraine's position in 2000-2019 is worse than in some European countries, as the Index of 
Intellectual Potential is lower, except for Moldova. 

Figure 1 Indicators for assessing the quality of life of the population in Ukraine 

 

Figure 2 Dynamics of the Index of Intellectual Development in Ukraine and the world 
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Figure 3 Dynamics of the Intellectual Potential Index in Ukraine and the world 

 

Table 1 Intellectual capital in Ukraine 

Indicators 2000 2005 2010 2015 2016 2017 2018 2019 

Number of graduates of III-IV levels of 
accreditation, thousand people 

273.6 468.4 543.7 529.8 405.4 374.0 318.7 359.9 

Number of graduates of vocational 
schools, thousand people 

266.8 247.3 240.1 202.1 182 165 152.8 141.3 

R&D funding, million USD 376.2 1757.0 1209.5 483.4 436.8 388.1 449.3 517.8 

Number of employees of scientific 
organizations, thousand people 

188 141.1 134.7 129.9 109.6 101.6 98 94.3 

Number of organizations conducting 
R&D, units 

1490 1303 1255 1208 999 978 972 963 

The volume of capital investment in intellectual assets in Ukraine in 2012-2019 increased in у 2.4 
times. However, the growth of absolute indicators of their investment did not provide an increase in 
the share of these costs in the overall structure of capital investment of the state, which remained at 
the level 3.7%. The largest share of them was recorded in 2017. When calculating the amount of capital 
investment without taking into account the temporarily occupied territories for 2012-2019, the 
situation is different (i.e., the share of investment in intellectual assets decreased by 0.17 percentage 
points throughout the period) (Figure 4). 

Figure 4 Capital investments by types of assets in Ukraine for 2012-2019, million USD 
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when medium-sized enterprises exceeded the volume of investment in в 1.4 times (Figure 5). An 
important indicator of a country’s potential and opportunities for development in the context of 
society’s innovative digital technologies is the Network Readiness Index (NRI), which characterizes the 
close link between the development of IT technologies and economic well-being. According to the level 
of development of innovative digital technologies (IDT) on the basis of the Network Readiness Index 
(NRI), Ukraine in 2019 took 64 ranking position among 139 countries of the world, improving the 
results by 7 points (Figure 6). 

Figure 5 The structure of investment in intellectual assets by size of enterprises in Ukraine for 2012-2019, % 

 

Figure 6 The level of development of innovative digital technologies in Ukraine 

 

The innovation index for Ukraine in 2019 was 28.9%, but in comparison with 2012 it decreased by 
4.2%. This shows that the country belongs to the group of countries of “slow innovators”, as it lags 
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the desired level of organizational proximity will influence the choice of mechanisms for coordinating 
network interaction (Lim, 2021). 

Proximity should be considered as a variable that explains the processes of efficiency in network 
interaction as follows: similarity and compatibility of enterprises involved in the network space; 
diversity and heterogeneous nature of the enterprises involved in the business network, which form 
the reasons for their inefficient interaction. Determining the areas of influence of factors that 
characterize the key features of proximity to the business network of innovative digital technologies 
to ensure the management of intellectual potential are presented in Table 2. 
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Figure 7 Components of the Innovation Index of Ukraine according to the European Innovation Scoreboard (EIS) 

 

Table 2 Factors of effective network interaction of enterprises-innovators and enterprises-participants according 
to the criteria of proximity area 
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Institutional Coordination of organizational cultures of partners, definition and observance of common 
values 

There are mechanisms to ensure a fair price 

Manufacturers know in advance that the quality of their products provides them with a high 
selling price 

As each member of such an integration association enters in order to strengthen its market position 
and maintain its independence, the relationship in the network should be based on trust and common 
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principles and incentives that would ensure the interests and expectations of each participant. 
Therefore, within these principles, each future participant must assess the importance of a particular 
principle and the importance of the elements of its content. Thus, the innovative field of digital 
technologies based on the expectations and interests of participating enterprises will allow building 
areas of interaction and coordination of actions for the effectiveness of the business network within 
the motivation to participate in it. The proximity factors presented in Table 2 have a qualitative 
dimension and may become subjective due to the limited and relevant information. To eliminate 
subjectivity, we used the method of fuzzy sets, which is based on linguistic statements with their 
reflection on a numerical scale from 0 to 1, which allows combining quantitative and qualitative 
indicators, regardless of their static or dynamic representation. Linguistic statements determine the 
coordinates and properties of the factors of proximity in a certain state (Azam & Qureshi, 2021). 

We used the Harrington Desirability Scale, which determines the level of efficiency in the use of 
innovative digital technologies, which provides management of the intellectual potential of innovative 
enterprises and participating enterprises in the interaction of factors. A dimensionless scale was set 
according to the criteria – “weak”, “satisfactory”, “middle”, “moderate”, “strong” and transferred into 
a five-point scale. To practically reflect the level of efficiency of using innovative digital technologies 
of participating enterprises and innovative enterprises, as well as their interaction to manage the 
intellectual potential in the business network, the importance of each area of proximity in the 
integrated indicator is substantiated. Participating enterprises include 8 business entities, and 
innovative enterprises include 2 entities. The grouped results are presented in Table. 3. 

Table 3 Ranking of areas of proximity of innovative enterprises and participating enterprises for the management 
of intellectual potential in the business network of innovative digital technologies 

Area of proximity in the 
business network 

Eight enterprises participating in 
the business network (average) 

Rank Two enterprises-
innovators of a business 

network 
(average value) 

Rank 

Geographical 2.63 3 3.0 3 

Organizational 4.13 4 4.5 4 

Social 2.38 2 4.5 5 

Cognitive (technological) 1.0 1 1.0 1 

Institutional 4.88 5 2.0 2 

Given the multi-criteria components of the level of efficiency of innovative digital technologies in 
the management of intellectual potential of enterprises of different significance, we based on the 
methodology of fuzzy sets recommended to arrange all indicators in descending order so that the 
rule is followed: 

𝑟1 ≥ 𝑟2 ≥. . . ≥ 𝑟𝑛 (13) 

After that, the significance of the i-th indicator is determined by Fishburne's rule, which takes into 
account the ranking of factors and allows estimating the level of entropy of uncertainty of the factor 
influencing the level of efficiency of innovative digital technologies by formula (Drucker, 1970): 

𝑟𝑖 =
2(𝑛 − 𝑖 + 1)

(𝑛 + 1)𝑛
 (14) 

The ranks assigned by the experts 1, 2, 3, 4 and 5 correspond to the weights respectively 0.33; 0.27; 
0.2; 0.13; 0.07. The consistency of the expert evaluation was carried out using the concordance 
coefficient, i.e., the general rank correlation coefficient for the group of experts. To do this, we did the 
following: we determined the sum of grades (ranks) for each characteristic of organizational culture, 

obtained from all experts ∑ 𝑥𝑖𝑗
𝑚
𝑖=1  , then – the difference between this sum and the average sum of 

ranks T by formula: 
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𝛥𝑖 =∑𝑥𝑖𝑗 − 𝑇

𝑚

𝑗=1

 (15) 

where: m – the number of experts; п – the number of ranked characteristics; x_ij – the rank assigned 
by the j-th expert to the i-th characteristic of the business network of innovative digital technologies 
in the management of intellectual potential; T – the average sum of ranks, calculated by formula: 

𝑇 =∑∑𝑎𝑖𝑗

𝑚

𝑗=1

𝑛

𝑖=1

 
(16) 

Or: 

𝑇 =
1

2
𝑚(𝑛 + 1) (17) 

it was calculated the sum of the squares of the differences (deviations) of the ranks from the 
average value S: 

𝑆 =∑[∑(𝑥𝑖𝑗 − 𝑇)

𝑚

𝑗=1

]

𝑛

𝑖=1

2

 
(18) 

it was determined the concordance coefficient for this group of experts (as the ratio of the 
actually obtained value S from its maximum value Smax): 

𝑊 =
𝑆

𝑆𝑚𝑎𝑥
 (19) 

The results of the calculations showed that for the participating enterprises the concordance 
coefficient is equal to 0.971 for the innovative enterprises – 0.947. A generalized comparative 
assessment of the components of the business network of innovative digital technologies in the 
management of intellectual potential in the interaction of participating enterprises and innovative 
enterprises is given in Table 4. 

Table 4 The degree of manifestation of the set of characteristics of the interaction of participating enterprises 
based on the assessment of areas of proximity in the business network of innovative enterprises 

The characteristics of the level of effective use of innovative digital 
technologies in the management of the intellectual potential of enterprises 

by areas of proximity of the business network 

Groups of enterprises 

participating 
enterprises 

enterprises-
innovators 

1. Geographical area of proximity 8.75 8.50 

The average score of the set of characteristics according to the answers of the 
respondents 

15 15 

The maximum possible level of manifestation of the set of characteristics 58.33 56.67 

The actual degree of manifestation of the characteristics, %   

2. Organizational area of proximity 17.25 14.38 

The average score of the set of characteristics according to the answers of the 
respondents 

30 30 

The maximum possible level of manifestation of the set of characteristics 57.5 47.92 

The actual degree of manifestation of the characteristics, %   

3. Social area of proximity 5.88 6.00 

The average score of the set of characteristics according to the answers of the 
respondents 

15 15 

The maximum possible level of manifestation of the set of characteristics 39.17 40.00 

The actual degree of manifestation of the characteristics, %   

4. Cognitive (technological) area of proximity 5.38 3.38 

The average score of the set of characteristics according to the answers of the 
respondents 

30 30 

The maximum possible level of manifestation of the set of characteristics 39.17 40.00 

The actual degree of manifestation of the characteristics, %   
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5. Institutional (technological) area of proximity   

The average score of the set of characteristics according to the answers of the 
respondents 

15.00 10.75 

The maximum possible level of manifestation of the set of characteristics 20 20 

The actual degree of manifestation of the characteristics, % 17.92 11.25 

The general level of compliance of the factors of the areas of proximity of the 
business network with the expectations of the participating enterprises, % 

52.25 43.00 

The general level of compliance of the factors of the areas of proximity of the 
business network with the expectations of the participating enterprises, 
taking into account the weighting coefficients, % 

48.95 45.63 

Calculations show that the area of proximity of intellectual potential management in the group of 
participating enterprises is 48.95% (< 50%) and in the group of innovative enterprises – 45.63% (< 50%). 
Thus, the business network of innovative digital technologies at innovative enterprises is not confirmed 
by the expectations of the participants, and therefore cannot exist without changing the existing 
format. In this case, the network innovators have two scenarios: identify dissatisfied participating 
enterprises (level of satisfaction (< 50%) and complete cooperation with them in this format, change 
to participating enterprises. The nature of the network in this case – dynamic; identify factors of 
dissatisfaction of participating enterprises (level of satisfaction (< 50%) and on the basis of negotiations 
change the rules and introduce innovations in the network, change their own vision and role of other 
participants. Thus, the proposed business model based on key areas of proximity is of practical 
importance and can be used to assess the effectiveness of enterprise interaction in the business 
network of innovative digital technologies for the management of intellectual potential. 

4. Conclusions 

Business management from the standpoint of the enterprise, which is involved in the business 
network of innovative digital technologies based on the relevant interests of partners allows the 
development of intellectual capacity, which should be based on building and managing relationships 
and be part of long-term business strategy to increase added value for stakeholders in the common 
economic space, increasing their own competitiveness in the market. Management of innovative 
business development in a digital economy should be solved on the basis of the transition to a 
controlled socio-cultural evolution of creative intelligence, building a socially oriented economy that 
provides the necessary conditions for harmonization of relations in the chain: “individual-enterprise-
society-state” with maximum distribution among all participants in this process. 

The challenges of globalization, the transition from an industrial to a digital economy, new speeds 
in business, mobility and transparency – the coming digital revolution, of course, require a revision of 
the paradigm of doing business, its transformation from a traditional organization to a technological 
one. Therefore, in modern conditions, business must develop under the influence of digital 
transformations and depend on the level of adaptation to new conditions of economic relations. The 
need to form proposals through the development of business - clusters of enterprises offering products 
and services in the field of digital technologies, including in the field of intellectual resource 
management should ensure the effectiveness of the investment climate in the country, thus allowing 
justifying the model of effective business organization with means of institutional projecting. 
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