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DEVELOPMENT OF A METHOD FOR 

DETERMINING THE DEPENDENCE 

OF BUSINESS COMPETITIVENESS 

ON MOBILE COMMUNICATION 

TECHNOLOGY

The object of this research is the factors that significantly influence the competitiveness of enterprises operating in the modern high-
tech society. The paper examines the business environment that actively uses modern mobile communication technologies.

The relevance of this research stems from societal concerns associated with modern mobile communication technologies (3G, 4G, 5G) 
and the rapid development of 6G, which may pose potential risks. These risks can impact businesses that rely on such technologies in 
their operations.

This paper proposes an approach to determining the dependence of business competitiveness on mobile communication technolo-
gies based on game theory. Performance matrices were constructed, and risk analysis was carried out according to the criteria of Wald, 
Savage, and Hurwitz. Potential operational strategies were analyzed in the context of environmental states, considering responses to 
market fluctuations and unpredictable factors. The influence of specific factors on enterprise competitiveness was assessed under condi-
tions of complete uncertainty.

To compare the impact of mobile communication technologies, a simulation model in C# was developed. The study considered 240 en-
terprises in the market of the Republic of Kazakhstan. Two scenarios were compared: the use of 4G versus 5G technology. The results 
were visualized as a model ranking enterprise based on the impact of mobile communication technology. A distinctive feature of the study 
is the identification of environmental states, which served as a basis for grouping risk factors by their influence on competitive position. 
The minimax and maximin principles were applied to describe enterprise behavior in a competitive environment. The simulation model 
was split up. The simulation model revealed skewed gains and shortcomings in the competitiveness of enterprises that were monitored.

The proposed approach can be applied to business growth projects, marketing strategy enhancement, and automation of tasks aimed 
at improving competitiveness in enterprises across all forms of ownership. It is also applicable to banking and credit institutions in the 
justification and optimization of lending policies.
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1. Introduction

Mobile communication technologies have become an indispens-
able attribute of life in modern society. Consequently, the boundary 
between the use of mobile data technologies for their own purposes 
and for business purposes is blurred [1], because these two factors are 
becoming interdependent  [2]. This is confirmed both by the study 
of enterprises in the service sector [3] and industrial production [4].

Further rapid growth of technologies utilizing radio frequency 
electromagnetic fields is also predicted [5]. Currently, wireless net-
works, as well as modern radio and television, operate at frequencies 
up to 6 GHz. The higher the frequency, the lower the latency for us-
ers to transmit data. Therefore, a mass transition to the wavelength 
range of 30–300  GHz, i.  e. to 5th generation networks and higher, 
is being prepared. At present, 4G and 5G networks are widely used 
without substantial differences between them, presenting businesses 
with a dilemma  [6]. This can be summarized as follows: each new 
mobile network technology helps the innovative development of 

society, but the cost of its implementation sometimes leads to risky 
business situations.

The study in [5] highlights certain negative consequences associ-
ated with the active implementation of new mobile networks, particu-
larly their potential adverse effects on human health. Such conclusions  
are drawn on the basis of 107 experimental studies with different ef-
fects. The main identified risk factor is the significant release of ra-
dio frequency energy. Such a conclusion can significantly affect the 
competitiveness of enterprises that use modern mobile network tech-
nologies in their activities. This, in turn, indicates the need to take into 
account a number of other factors when justifying the introduction of 
such technologies. In particular, the following key aspects should be 
formalized and taken into account [6, 7]:

–	 modern mobile communication technologies provide fast and reli-
able communication, which significantly improves communications;
–	 new mobile communication technologies allow expanding into 
new markets. The users of such technologies have the opportunity 
to work remotely, even in different regions;
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–	 these technologies are facilitating the development of new prod-
ucts and services such as mobile applications, e-commerce and the 
Internet of Things;
–	 the use of mobile technologies allows the automation of many 
business processes;
–	 quick access to information and services via mobile devices im-
proves public service and user satisfaction.
However, highlighted in [7], there may be some risks to business 

and society when implementing modern mobile communication tech-
nologies. Among such risks are weakened cybersecurity due to the 
large number of connected devices, the cost of implementation due 
to the need to modernize existing networks and purchase or upgrade 
equipment. Also, regulatory approvals and criticisms regarding envi-
ronmental and human health impacts will have an impact on business 
development [5].

The above requires methods and approaches to scientifically sub-
stantiate the dependence of various factors from the introduction of 
new communication technologies on business development. This dem-
onstrates the relevance of the research topic and highlights its practical 
significance. Furthermore, the findings can contribute to the refine-
ment of business strategies for companies already utilizing modern 
mobile network technologies in their operations.

As noted in [8], wireless service providers face an unprecedented 
challenge in addressing the global bandwidth shortage, leading to dis-
satisfaction among both private and enterprise customers. Comparisons 
between fourth (4G) and fifth (5G) generation wireless communication 
systems indicate that millimeter-wave frequencies are very promising. 
There is only one explanation for this – high network bandwidth. That 
is, the speed of data transmission is increasing. This is the only factor 
that the authors use to justify the competitiveness of businesses when 
implementing 5G technologies.

In [9], an interesting model of the dependence of generational at-
titudes on the accessibility to 3G and 4G technologies is considered. 
Many countries were considered simultaneously, which allowed ana-
lyzing a number of factors. The decision-making process through the 
probability of choice was analyzed. As a result, a model was developed 
to predict certain trends, including the market for goods and services, 
in the formation of a new product. In the end, it was emphasized that 
higher market competitiveness and lower market price increase the dif-
fusion rate of 3G and 4G connections. However, there is a lack of data 
to substantiate this dependence.

An attempt to differentiate the level of business competitiveness 
based on the development of mobile communications was presented 
in  [10]. The study is notable for examining a period analogous to the 
current transition – from 3G to 4G technologies. The technological 
capabilities were integrated into the conceptual framework as elements 
of operational technological competitiveness. Patent statistics were em-
ployed, and a dependency index was calculated for the United States, 
the European Union, Japan, China, and Korea. However, the model has 
certain limitations. It is static, as it does not account for the dynamic 
growth of technological levels, which requires incorporating a broader 
range of independent factors and variables. Additionally, the model lacks 
a universal methodology, as the dependency index for mobile commu-
nication technologies was calculated exclusively at the national level.

In [11], it is clearly stated that the modern high-tech community 
needs mechanisms to determine the dependence of factors and the 
impact of the introduction of new generation mobile network technolo-
gies on the individual, society and business. The rationale lies in the 
anticipated proliferation of stations and devices operating within the 
6–100 GHz frequency range due to the deployment of 5G. The study 
examined several factors related to potential effects on human health. 
These findings were linked to business applications and mediated com-
petitive evaluations. The responses obtained had an impact on all the 
factors investigated. Based on the results, it was noted that adequate 

information was not obtained for any meaningful assessment due to 
the lack of a consistent method of determining the relationship of the 
various influencing factors.

The work  [12] examines new perspectives on the implementa-
tion of 6G technologies. This study shifts the focus from product or 
enterprise competitiveness to innovation advantages within value 
creation systems. The paper provides a framework for transforming 
technological innovation with 6G in mind. Attention is emphasized on 
the individual, often unrelated, factors influencing value creation and 
technological innovation. The study also examines the evolution of 
business models from the 4G platform through 5G to 6G, concluding 
that 6G will become a general-purpose technology. However, it high-
lights the lack of a methodology to analyze the diverse and potentially 
conflicting factors in a complex system, an issue already relevant in the 
current 4G/5G landscape.

These findings underscore the need to develop a methodology for 
determining the dependence of business competitiveness on mobile 
network technologies. Such a methodology must account for a variety 
of often unrelated factors, some of which may be unknown under cer-
tain conditions. Viewing this scenario as a game with multiple condi-
tions and unknowns, the outcomes can be evaluated in terms of risk 
using minimum or maximum criteria.

The aim of research is to develop a method for determining the 
dependence of business competitiveness on mobile communication 
technologies, considering the factors that create both risks and benefits. 
While these factors may be unknown or contradictory at certain points 
in time, their behavior can often be predicted. The proposed method 
will enable the ranking of factors based on their impact on competi-
tiveness and provide a foundation for justifying strategies to enhance 
business performance through innovation.

2. Materials and Methods

The object of research is the factors that can be considered signifi-
cant, when investigating the competitiveness of an enterprise existing 
in a modern high-tech society. Specifically, the study focuses on the 
market environment, which actively employs modern mobile com-
munication technologies.

The main hypothesis of the study is that the competitiveness of 
modern enterprises strongly depends on the generation of the mobile 
network they utilize. In particular, how accessible the enterprise’s ser-
vices or goods are when the user accesses them using 4G or 5G mobile 
communications.

The paper takes the assumption that an enterprise can use any type 
of mobile network from 3G to 5G and even already planning to imple-
ment 6G network on its own.

The study employs a combined methodological approach, inte-
grating mathematical analysis, game theory, and simulation modeling.  
To form a sample of criteria significantly affecting enterprise competi
tiveness, the research considers possible states of enterprises at vari-
ous stages of their life cycle. This was achieved by analyzing 240 eco-
nomic entities in the Republic of Kazakhstan, using data from Internet 
sources (enterprise websites from various industries) and publicly avail-
able reports. These entities represented diverse ownership structures 
and economic activities. For each enterprise, a table of factors influenc-
ing business competitiveness was created. These factors included risks 
and advantages with a significant impact on the research problem. The 
criteria were assessed on a 10-point risk scale, where 0 indicated no risk 
and 9 represented the highest risk. For the study, 4 criteria affecting the 
competitiveness of a modern enterprise were selected:

–	 modern information technologies: this includes the types of 
mobile communication technologies used by the enterprise, mobile 
internet speed, and the application of Internet of Things (IoT) tech-
nologies;
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–	 communications: refers to the presence of clear forward and 
backward communication, as well as the use of mobile communica-
tion technologies to support business interactions;
–	 innovativeness: evaluates the extent to which the business relies 
on the adoption and integration of new technologies;
–	 product/service quality: assesses how thoroughly the market is 
analyzed, customer satisfaction levels, and the alignment between 
the product’s design and its final execution.
In addition, a working evaluation table of business efficiency was 

formed for the same enterprises. The assessment was carried out ac-
cording to a 12-point system from 1 (inefficient) to 12 (efficient). The 
criteria selected for consideration were:

–	 mode of operation of the enterprise (shiftiness, seasonality, de-
pendence on certain types of resources);
–	 cost of resources (availability, supply regimes, barriers between 
countries);
–	 energy costs (including environmental impact from radiation or 
greenhouse effect);
–	 labor costs (need for highly qualified personnel, special training, 
work permits).
The clearly defined factor in the study was enterprise mobile tech-

nology. This approach provides a detailed understanding of how 3G, 
4G, and 5G technologies influence factors such as competitiveness, 
cybersecurity, communication efficiency, and innovation capabilities. 
As a result, an MS Excel spreadsheet was created with a proportional 
representation of the influence of the factors.

For the selected companies, a generalized performance matrix 
was constructed and risk analysis was performed using Wald  [13], 
Sevige [14] and Hurwitz  [15] criteria. For this purpose, a simulation 
model in C# language was developed to compare two scenarios: enter-
prise using 4G technology and enterprise using 5G technology.

The use of these criteria for risk analysis is due to the fact that in 
general, the situation in the market may not depend on the selected 
factors. Competitiveness of the enterprise in general may be stable in 
the local market and very shaky in the regional market, or vice versa. 
This depends on the opposite interests of market participants. The 
clash of opposing interests leads to the emergence of conflict situations. 
A simplified model of a conflict situation can be presented in the form 
of a game. In such a game there can be two participants: enterprise A, 
which has some advantages, and enterprise B, which is a competitor of 
enterprise A and also has certain advantages.

In this case, the conflict develops according to certain rules, where 
the parties to the competitive struggle are trying to maximize their 
gains or obtain an undeniable competitive advantage.

Uncertainty in the outcome of a game is caused by various reasons:
–	 the variety of options;
–	 the influence of unaccounted factors.
Each participant in the competitive struggle develops its own 

strategy. The advantage of using game theory to solve the problem 
is that the game can be paired or multiple. The latter scenario allows 
for a comprehensive analysis of the factors influencing the actions of 
multiple competitors simultaneously.

The development of a method to determine the dependence of 
business competitiveness on mobile communication technologies is 
based on constructing an optimal strategy that incorporates four key 
influencing factors. In this study, the optimal strategy is defined as one 
that ensures the participant achieves the highest possible average gain.

When developing the method, it is assumed that the interests of the 
participants of the game A and B are described quantitatively, i. e. the 
result of the game is some number. Let’s assume that this number de-
termines the share of advantages in the competitive struggle. The game 
consists of two moves: enterprise A chooses one of its possible strate-
gies  Ai , i = 1…n, enterprise B chooses one of its possible strategies  Bj, 
j = 1…m; with complete ignorance of the other enterprise’s choice.

Two functions are defined:
–	 φ1(Ai, Bj) – the gain of enterprise A.
–	 φ2(Ai, Bj) – the gain of enterprise B.
φ1(Ai, Bj) + φ2(Ai, Bj) = 0; φ2 = –φ1.
The function φ1(Ai, Bj) = φ(Ai, Bj) is chosen.
The objective of the game is for company A to obtain max φ and 

for company B to obtain min φ.
φ(Ai, Bj) = αij; i = 1…n; j = 1…m.
A = {αij} – the matrix of the game.
Let’s consider a finite pair game of two enterprises A and B. The 

given function φ(Ai, Bj) = αij; i = 1…n; j = 1…m.
It is possible to assume that enterprise A will choose the strategy Ai, 

then in the worst variant of the game its winnings will be a mini-
mum of αij.

Anticipating this possibility, enterprise A tries to get the maximum 
possible winnings

� ��max min .
i j ij 	 (1)

If the strategy Ai0 is maximized for enterprise A, the necessary gain 
will be ensured. Anticipating this, enterprise B tries to reduce its non-
competitiveness

� ��minmax .
i j ij 	 (2)

In fact, the gain of enterprise A (1) and the loss of enterprise B (2) 
are bounded by the lower and upper price of the game under the rea-
sonable actions of the partner (interval [αβ]). If α = β, the total value 
of the game will be equal to V

α = β = V.	 (3)

That is, model (3) represents a quite definite game.
However, the situation in business does not consist only of opposite 

interests. That is, an enterprise’s actions (strategy) are not always aimed 
solely at increasing gains or minimizing losses based on known com-
petitor behavior. In many real-world scenarios, uncertainty arises due to 
a lack of information about competitors’ actions and their possible strate-
gies. In this case, it is possible to apply the methodology of determining 
the dependence of competitiveness on a number of multidirectional 
influences on the enterprise  [16] in combination with game theory.

3. Results and Discussion

3.1. Formation of risk matrix when analyzing the competitors’ 
enterprises’ activities

The business environment is always heterogeneous, and the strate-
gies of competitor enterprises are ambiguous. An enterprise’s depen-
dence on any modern technology, including mobile communication 
technologies, carries a significant level of risk . The primary risk is un-
predictability, which can manifest in various forms, such as unforeseen 
consequences, rapid technological advancements, or changes in soft-
ware systems. The core strategy of an enterprise can envisions risks 
and plan to counteract their impact. For example, the risk of changes 
in product technology from the introduction of new communications, 
which are caused by the use of 5G. It is possible to suppose the response 
as a change in product performance due to more accurate and faster 
user feedback. But the same change may occur because of the fact that 
due to faster communications information is received that a competi-
tor has already applied new changes in the production of the product. 
Then the company needs to make changes to prevent the competitor 
from having an advantage.

In the described case, an enterprise is a generalized representation 
of enterprises operating in the market. Such an enterprise is labeled A.
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The business environment in which enterprises operate, influenced 
by numerous and often unknown factors, is denoted as B.

Enterprises must act prudently, employing, for example, max – min 
or min – max strategies.

The business environment is sometimes very difficult to predict. 
Business strategies can be described through the states of the environ-
ment, accounting for reactions to various market fluctuations and unfore-
seen factors, such as weather conditions, shifts in market demand for cer-
tain products, or changes in transportation volumes. In some simplified 
scenarios, it is possible to determine all potential business states and the 
probabilities of their occurrence in advance. However, in more complex 
problems, the probability distribution of these states is often unknown, 
adding to the uncertainty and complexity of decision-making.

Then:
A1, A2, …, Am – strategies of enterprise A;
B1, B2, …, Bn – possible states of the external environment of the 

enterprises’ activity.
Let’s assume that on the basis of preliminary calculations it is pos-

sible to obtain the matrix

A = {αij}; i = 1…n; j = 1…m.

Each element of this matrix is a gain of the enterprise, as a result of 
applying strategies Ai, if the state of the environment Bj. In this case, the 
analysis of the activities of competing enterprises operating in the same 
competitive environment can be presented through the matrix of risks

R = {rij}; rij i ij ij� �max .� � 	 (4)

The risk is considered as the difference between the gain that could 
be obtained by enterprise A, if the state of the external environment of 
its activity Bj is known precisely. And the gain that the enterprise will 
obtain under the same conditions, applying strategy Ai. It is possible to 
compare several enterprises operating in the same market or strategies 
of one enterprise under different market conditions by means of form-
ing the matrix of optimal advantages.

3.2. Formation of the matrix of optimal advantages
It is assumed that the probability of the state of the external envi-

ronment of business functioning is known in advance

p(Bj) = pi; p j
j

n

�
� �

1

1.	 (5)

According to the state model (5), the criteria that have the greatest 
impact on the competitiveness of enterprises are evaluated by the 
minimum or maximum achievement of objectives. For this purpose, 
the influence of criteria on strategy realization is investigated by:

1.	 The criterion of choosing the optimal strategy with the maximum 
of the mathematical expectation of gain (possible victory in the competi-
tive struggle)

�ij j
j

n

p
�
� �

1

max .	 (6)

If the probabilities are unknown, it is possible to use the principle 
of insufficient basis, which states that all states of the business environ-
ment are equally possible and can occur with equal probability

p1 = p2 = …pn; pn = 1/n; max .
i ij

j

n

�� 	 (7)

2.	 Wald criterion: max min
i j ijα  – the strategy of guaranteed risk , 

where the limits of the lower price of the game of enterprises in the same 
market are determined.

3.	 Sevige minimum risk criterion: minmax .
i j ijr  It is also a pessimistic 

criterion that confirms the negative impact of individual factors or helps 
to identify a factor that will certainly lead to risk .

4.	 The combined Hurwitz criterion, which provides for the calcula-
tion of the following value

max{ min ( )max }, .
i j ij

j
ij� � � � �� � � �1 0 1 	 (8)

Based on the selected advantages, advantage matrices are formed 
for the subsequent comparison of business competitiveness under dif-
ferent states of the external environment of the enterprise under the 
determining influence of one or more factors.

3.3. Example of method realization
Suppose that there is a certain enterprise A, which operates in a cer-

tain market. One of the competitive advantages of the enterprise is 
the use of mobile communication technologies. However, it is neces-
sary to make a balanced assessment of how such technology affects 
the competitiveness of the enterprise. It is assumed that A1 – the use  
of 3G technology; A2 – 4G; A3 – 5G; A4 – only the next generation of 
6G technology will provide significant advantages.

The efficiency of the enterprise depends on a number of factors. 
Based on the preliminary analysis of the enterprise performance, four 
different states B1, B2, B3, B4, are identified, each of which means a cer-
tain combination of factors. The result is represented by the efficiency 
matrix (Fig. 1).

 
Fig. 1. Efficiency matrix

To form a matrix of advantages, it is sufficient to analyze by Wald 
and Sevige criteria:

–	 Wald criterion analysis

max min ( , , , ) .
i j ij� � �2 2 3 1 3

That is, the advantages of competitiveness are due to 5G technology:
–	 Sevige criterion analysis

minmax ( , , , ) .
i j ijr = =8 6 5 7 5

The obtained result confirms that the best option to strengthen 
competitiveness is A3, that is, 5G mobile technology has a significant 
impact on the competitiveness of the enterprise.

The obtained results allow to build a risk matrix (Fig. 2).

 
Fig. 2. Risk matrix

The Hurwitz criterion (8) will allow to assess the impact of indi-
vidual factors on the competitiveness of the enterprise by the average 
result under conditions of complete uncertainty. The averaged result 



INFORMATION AND CONTROL SYSTEMS:
INFORMATION TECHNOLOGIES

31TECHNOLOGY AUDIT AND PRODUCTION RESERVES — No. 3/2(83), 2025

ISSN-L 2664-9969; E-ISSN 2706-5448

provides either extreme unsatisfactory influence or extreme positive 
influence. That is:

λ = 0.5, max( ( )),
j
� �� �1

max .2 8
2

12 2
2

10 3
2

8 1
2

7�
�

�
�

�
�
��

�
�

�

�
� �

Recommended option A2:

λ = 0.8,

0.8 · 2 + (1 – 0.8) · 8 = 3.2,

0.8 · 2 + (1 – 0.8) · 12 = 4,

0.8 · 3 + (1 – 0.8) · 10 = 4.4,

0.8 · 1 + (1 – 0.8) · 8 = 2.4.

Option A3 is accepted.
Principle of insufficient foundation: p1 = p2 = p3 = p4 = 1/4,  

(192 12 61 5) = 26.
Option A3 is confirmed, which indicates that the use of 5G technol-

ogies for the market, which has advantages described by the efficiency 
matrix (Fig.  1) and limitations described by the risk matrix (Fig.  2), 
is a significant advantage for maintaining business competitiveness.

According to the presented method, a simulation model was de-
veloped to compare the influence of individual factors on the competi-
tiveness of businesses in the market. The influence factors were ranked 
according to the use of 5G technologies in their work in comparison 
with 4G technologies (Fig. 3).

 
 
 

 

а

 
 
 

 
b

Fig. 3. Visualization based on the results of the method of determining 

the dependence of business competitiveness on mobile communication 

technology: a – for enterprises, in case of using 5G technologies;  

b – for enterprises, in case of using 4G technologies

As can be seen from the above visualization, about 85% of the sur-
veyed enterprises get significant competitive advantages when using 

5G technologies. At the same time, the use of 4G technologies practically 
does not add competitive advantages or reduces the existing advantages.

In developing a method for determining the dependence of busi-
ness competitiveness on mobile communication technologies, a study 
of risks and benefits of 240 enterprises operating in the Republic of 
Kazakhstan was conducted. This allowed the efficiency matrix and risk 
matrix for the selected enterprises according to certain criteria.

The criteria of business efficiency, which were used to construct the 
efficiency matrix (Fig. 1), focused on the foundational costs of the enter-
prise: resources, energy and labor. The mode of operation of the enterprise 
was also taken into account, since the enterprise strategy is built with it 
in mind. In fact, these criteria made it possible to construct in the final 
model (Fig. 3) a grid according to the principle of insufficient basis, as given  
in model (7). That is, equally possible states of the environment, where 
the standard activity of the enterprise according to its mission took place.

Analyzing the impact of the mobile communication technology used 
allowed for emphasis in the selection of criteria related to modern tech-
nology. During the research, it was considered and evaluated how much 
the enterprise depends on mobile communication technology to fulfill 
its mission. It also considered as a related factor to form pairs of criteria:

–	 how important it is that the communications in the course of 
business take place using mobile networks;
–	 the level of dependence of enterprise innovation on modern mo-
bile network technologies;
–	 use of mobile technologies for market analysis, communication 
with consumers, creation of new products or services.
The above expands the list of researched criteria given in [11]. Such 

an expansion of the base of influence criteria will allow other researchers  
to track dependencies regarding any innovation or technological devel-
opment of the business environment.

Fig. 2 illustrates the risk matrix for some enterprise, which can be 
called "ideal". That is, it is known in advance that mobile communica-
tion technologies play a basic role for obtaining operational informa-
tion about the state of the external and internal environment of the 
enterprise, as well as for the formation of effective feedback.

The developed simulation model (Fig. 3) is a systematization of the 
obtained results regarding the dependence of competitiveness of the 
studied enterprises on 4G/5G technologies. Each horizontal line repre-
sents the best option of using mobile network technologies to strengthen 
competitiveness, as it was shown in the example of solving the problem 
that demonstrated the method. Guiding arcs (Fig. 3) are formed ac-
cording to the performance criteria. The convex surface (Fig. 3, a) is 
characteristic of maximizing benefits with minimum risk, indicating 
enhanced competitiveness. The concave surface (Fig. 3, b) – minimum 
benefits with maximum risk for the same enterprises. And it is the lat-
ter result that demonstrates that in case the surveyed enterprises use 
4G mobile network technologies, they will not only fail to gain any 
advantages, but will also lose competitive positions by other criteria.

The obtained solutions regarding the dependence between the com-
petitiveness of the enterprise and the used mobile network technolo-
gies close the problematic part identified during the review of primary 
sources. This is achieved by formalizing the influence of individual cri-
teria by their weight and creating a game simulation model of enterprise 
behavior. This takes into account changes in the state of the business 
environment and the possibility of operating the performance criteria to 
provide advantages. This significantly extends the results of the robot [8], 
as it allows to operate not only the capacity of mobile networks, but also 
other criteria chosen by the researchers. In addition, the above method 
is more versatile than in [10]. The universality is explained not only by 
the transition between 4G and 5G technologies, but also by the absence 
of links to the country or even the sphere of activity of the enterprise.

The obtained results confirm the data of [9], as they coincide with 
the above model and correlate with the obtained forecasts. But in con-
trast to  [9], models (5)–(8) allow to justify the consumer’s choice to 
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connect to 4G or 5G networks. However, the above models are de-
signed for enterprise-consumers. And this is a limitation of this study.

The number of matrix elements is also a limitation of the study. 
Increasing the dimensionality of matrices leads to large calculations 
and excessive time spent on the study of the influence of individual 
factors. This is the main identified limitation of the study. However, the 
possibility of distributed computing and the use of artificial intelligence 
can significantly speed up the calculations.

3.4.  Limitations of the research and directions for its further 
development

The limitation of this research is the assumption that two technolo-
gies – 4G and 5G – are present on the market at the same time. That 
is, there is a possibility of choice and free operation of the company’s 
finances to install the necessary equipment. In the context of various 
technological limitations, the use of the proposed method requires 
building multifactorial models of the impact of technology on busi-
ness. In the implementation of the proposed method, this will require 
additional voluminous calculations. However, the effectiveness of the 
proposed development will not decrease.

Further research may be aimed at studying the impact of 4G–5G 
technologies in business during artificial restrictions, such as quarantine 
conditions, blackouts, and natural disasters. This will allow to substan-
tiate anti-risk strategies in advance, taking into account the possible 
impact of insurmountable conditions.

The developed method can be used in the development of business 
development projects, improvement of marketing strategies, automa-
tion of tasks to improve competitiveness at enterprises of any sphere of 
ownership. The given models can be used by banking and credit institu-
tions to justify the issuance or refusal of loans to business entities. Also, 
the above can be used by mobile communication companies to justify 
innovations and improvement of technologies.

4. Conclusions

The risk matrix in analyzing the activities of competing enterprises 
is formed, which allows to rank certain factors in the competitive struggle. 
The peculiarities of heterogeneous business environment are taken into 
account. This is achieved by identifying the states of the environment, 
according to which the risk factors are grouped in the shares of influ-
ence on the competitive position of the enterprise.

The methodology of forming the matrix of optimal advantages of 
the enterprise is presented. This approach explores the peculiarities of 
constructing such a matrix based on the minimum or maximum impact 
of factors on enterprise competitiveness, achieved by applying the prin-
ciples of optimal behavior for market participants using the criteria of 
minimization and maximization.

An example demonstrating the application of the method for 
determining the dependence of business competitiveness on mobile 
communication technologies has also been provided. The peculiarity 
of estimating the impact of individual factors on the competitiveness 
of the enterprise by the average result in conditions of complete un-
certainty is noted. Simulation modeling of business competitiveness 
dependence on 4G/5G mobile communication technology is carried 
out. The obtained results allowed to conclude that about 85% of the 
studied enterprises gain significant competitive advantages when us-
ing 5G technologies. When the same enterprises use 4G technology, 
they lose their existing competitive positions or leave them unchanged.
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