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Abstract.  The article considers the dependence of innovative 

development of the enterprise on the growth of the digital economy. 

The issue of digitalization coverage of the main activities of 

enterprises is revealed, noting hat the digital economy is based on 

innovation with the use in production, promotion, sale, delivery of 

goods and services of Industry 4.0 technologies. The concept of digital 

infrastructure as technologies, products and services, hardware and 

software resources that provide the ability to connect, interact and 

operate modern digital technologies, use information and data in full. 

The positions of Ukraine in the world innovation and digital rankings 

are analyzed,indicating positive and negative tendencies of 

introduction of digitalization in the activity of enterprises. To 

determine Ukraine’s position in the world innovation and digital 

rankins the following indeces were used as a benchmark: Network 

Readiness Index; ICT Development Index; Global Innovation Index, 

Digital Economy and Society Index; Global Competitiveness Index. 

Ukraine's position in the Country-level digital competitiveness ranking 

is additionally analyzed. The three main components of the digital 

economy in the activities of enterprises are identified, namely the use 

of the Internet in the activities of enterprises, the use of Industry 4.0 

technologies by Ukrainian enterprises, assessment of digital literacy of 

the Ukrainian population. The limit norm of replacement of constituent 

elements of digital economy in activity of the enterprise in an optimum 

point of its development is defined. According to the calculations, it 

was found that in the unsatisfactory state of one of the components of 

enterprise’s digital development, the replacement of such an element 

is possible by replacing the two elements in the existing business 

models. 

Keywords: digital economy, business models, innovation 

development, digitalization, digital infrastructure, Industry 4.0. 

I. INTRODUCTION  

The development of science and technology, the 

emergence of new technologies are increasingly blurring the 

boundaries between the real and virtual world. Today we can 

talk about business virtualization, increasing the number of 

virtual companies, platform companies. The COVID-19 

pandemic has stimulated the change in business models of 

many companies that have tried to continue their operations by 

providing remote work, introducing new technologies for 

communicating with customers, or completely changing the 

usual business processes (such as services). We can observe 

this, including in the field of education, where educational 

platforms and video conferencing tools have for some time 

replaced offline learning.  

II. LITERATURE REVIEV 

We are witnessing the development of the digital 

economy. There are many approaches to its definition. 

Scientists note that the main platform for the development of 

the digital economy is the Internet [1];  it is based on the sale of 

the same as in the traditional economy, goods and services over 

the Internet [2, р. 76]. In some cases, the digital economy is 

identified with activities in which the key factors (means) of 

production are digital data and their use, which can significantly 

increase efficiency / productivity in various economic activities 

[3, р. 14]. 

However, the variability of modern digital 

technologies suggests that the digital economy is an economy 

based on innovation with the use in the production, promotion, 

sale, delivery of goods and services of Industry 4.0 technology; 

uses modern digital technologies to obtain and process large 

amounts of information, obtaining on its basis a specific 

resource - knowledge in order to form competitive advantages 

or opportunities to influence consumer behavior; forms a new 

specific market, where either goods and services, ways of 

exchanging them, or means of payment are virtualized. 

In our opinion, this definition more fully covers all 

technologies that shape the digital economy, as it is not limited 

to Internet sales, but also involves the digitalization of 

production. In this context, digitalization cannot be 

characterized by automation, the use of computer technology. 

Modern technologies allow not only to fully automate 

production, but also to ensure the formation of its virtual model 

(digital duplicates of warehouses, production lines); full 

autonomy (artificial intelligence and collective intelligence in 

warehousing), the ability to interact with humans (Internet of 

Things, Cobots), and even transform business processes (using 

3D printing instead of delivering components). 



Given that the economy is undergoing transformation in 

such manner traditional business processes are changing, we 

can say that the digital economy needs to be transformed, 

including infrastructure. Digital infrastructure is being formed 

- the basis of the sixth technological system. 

In general, digital infrastructure is technologies, 

products and services, hardware and software resources that 

enable the connection, interaction and operation of modern 

digital technologies, the use of information and data in full. 

These include, in particular: 

- Broadband Internet; 

- Mobile and digital communication; 

- Data centers, cloud services and SaaS; 

- GPS; 

- Software, hardware (servers, devices); 

- Platforms (both corporate networks and digital 

ecosystems and platforms); 

- Information security, data protection, encryption, user 

identification. 

In our opinion, such specific components of the digital 

infrastructure as information education, digital literacy, digital 

governance ("digital" state) should be isolated. 

The specificity of the infrastructure of digital 

transformation is primarily the constantly increasing the 

requirements for quality, reliability and speed of components of 

digital infrastructure  due to rapid development of science, 

technology and, consequently, digital technologies . The 

absence of any of these components significantly limits the 

possibility of digitalization and virtually prevents digital 

transformation. 

According to current trends in digital transformation 

infrastructure, the following requirements can be formed: 

availability of high-quality and high-speed Internet for 

individuals and businesses, presence of Internet business, high 

speed data processing (and high speed and uninterrupted 

Internet) and high digital literacy. 

In general, one of the significant shortcomings of the 

digital transformation is the widening of the digital divide 

between developed and developing countries. The more 

actively new digital technologies are introduced, the greater the 

gap. Ukraine is one of the developing countries (according to 

the new IMF classification - Emerging and Developing 

Europe). However, it also has a well-developed IT sector and 

IT outsourcing, but a number of problems can be identified by 

comparing the characteristics of key elements of the digital 

infrastructure. 

The availability of appropriate digital infrastructure is 

the characteristic that determines the possibility, intensity and 

speed of digital transformation and sustainability of the digital 

economy.  

III. METHODS 

First of all, it is necessary to analyze Ukraine's position 

in the world innovation and digital rankings. According to the 

Ukraine 2030E project, the following guidelines have been 

proposed:  

- Network Readiness Index – 10; 

- ICT Development Index – 10; 

- Global Innovation Index – 10; 

- Digital Economy and Society Index – 5; 

- Global Competitiveness Index – 10 [4].  
These benchmarks are very optimistic, as today 

Ukraine's position is much worse, and in some rankings the 

country is absent at all - yes, the Digital Economy and Society 

Index is calculated only for EU member states. According to 

the Network Readiness Index, in 2020 Ukraine ranked 64th, 

improving its rating by 3 points compared to 2019. The 

methodology of this rating was updated in 2019, but if we 

compare Ukraine's position in 2016 in the Global Information 

Technology Report (Network Readiness Index is part of it) - 64 

positions - we can say that there is no positive dynamics. [5]. 

In the ICT Development Index ranking, Ukraine took 

79th place in 2017, deteriorating its position by 1 point [6]. 

In the Global Innovation Index in 2020, Ukraine ranked 

45th (an improvement of 2 points compared to 2019; 11 points 

compared to 2016). 

According to the Global Competitiveness Index in 2019, 

Ukraine ranked 85th [7], with a decrease of 6 positions 

compared to 2015-2016 (from 79 positions) [8]. 

Country-level digital competitiveness ranking - the 

assessment of digital competitiveness is 48.81 out of 100 

possible points (57 position out of 62) [9]. 

The Digital Intelligence Index, which evaluates digital 

evolution as a function of the current state of digitization and 

the rate of digitization over time, is quite indicative [10]. 

According to this rating, countries are divided into 4 groups: 

economies that stand out; breakthrough economies; slowing 

economies; economies at risk. Ukraine is one of the 

breakthrough economies - the current level of digitalization is 

low, but the dynamics are positive and there is rapid 

development. The closest countries in this ranking are 

Argentina, Rwanda, Ghana. 

The Digital Intelligence Index assesses the digital 

infrastructure in 4 key groups: Supply Conditions (includes 

Access Infrastructure, Transaction Infrastructure, Fulfillment 

Infrastructure), Demand Conditions (includes Human 

Condition, Device and Broadband Uptake, Digital Inclusion, 

Digital Payment Uptake), Institutional Environment (includes 

assessment of Institutional Effectiveness and Trust, Institutions 

and the Business Environment, Institutions and the Digital 

Ecosystem), Innovation and Change (includes assessment of 

Inputs, Processes, Outputs) [10]. 

Given that the ranking includes 90 countries, these 

analysts are quite indicative. The maximum score is 100, so 

calculating the average value of the evaluation of indicators for 

each component, you can visualize the position of Ukraine, 

both relative to the average and in comparison with other 

countries. 

In terms of Supply Conditions, Ukraine is not a leader, 

moreover - only Fulfillment Infrastructure is almost equal to the 

average value (Fig. 1) 
 



 

Figure 1 - Country estimates for Supply Conditions 

Systematized by the author on the basis of [10] 

 
According to Demand Conditions, Ukraine's position is 

much better (Fig. 2) - the assessment is close to the average 
values (except for Digital Payment Uptake, which indicates 
problems with digital payments, settlements). 

 

Figure 2 - Country estimates by Demand Conditions 
Systematized by the author on the basis of [10] 

 
Assessments of the Institutional Environment component 

for Ukraine are very negative (Fig. 3). They are not only lower 
than average, but also differ negatively among developing 
countries. 

 

Figure 3 - Institutional Environment Assessments 
Systematized by the author on the basis of [10] 

 

For the Innovation and Change component, the situation 

does not look similarly optimistic (Fig. 4). 

 

 
Figure 4 - Country Innovation Scores 

Systematized by the author on the basis of [10] 

 

Given that the average score is quite dependent on a 

large number of developing countries and belong to the group 

of economies at risk, we can say that Ukraine's lag behind the 

average scores is a negative trend in order to avoid a digital 

divide over time. digital infrastructure should be actively 

developed. 

The undisputed basis of the digital economy is the 

Internet. Therefore, the evaluation of such parameters as 

network access, availability of coverage, its quality is of 

paramount importance. Today in Ukraine there are territories 

where there is no mobile communication. It is noteworthy that 

while many countries are implementing 5G, Ukraine is only 

aiming to achieve 90% of 4G coverage. Ookla has created a 5G 

coverage map. As of May 2021, the most commercially 

available devices are in Western Europe and the United States. 

In total, there are more than 26,000 commercially available 

devices in the world (Fig. 5) (11). At the same time, the global 

COVID-19 pandemic did not reduce the pace of 5G 

implementation. 
 

 

 

 

Figure 5 - Map of 5G coverage in the world 

 

As of March 1, 2021, 22,731 cities and villages in 

Ukraine already have a 4G mobile network. 5109 settlements 

still need to be connected [12]. 

It should be noted that according to the map of coverage 

of the territory of Ukraine by mobile (mobile) services, the 4G 

network does not have very good coverage in the whole 

territory. Most of the territory is covered by the LTE-900 

standard (Fig. 6, a)), the least - LTE2600 (Fig. 6, c)) [13]. 



The biggest problem with coverage is in rural areas, as 

in most cases the deployment of 4G network there is not 

economically feasible - the cost of the access point is very high. 

 

  
а) b) 

 

 

c) 

Figure 6 - Map of 4G coverage of Ukraine according to the standard LTE-900 

(a), LTE-1800 (b), LTE-2600 (c) 
 

IV. RESULTS 

As for business, as of 2018, 86.4% of enterprises had 

access to the Internet (14), but its areas of use are quite 

traditional (Table 1). 

 

Table 1 - Statistics on the use of the Internet in Ukraine 

by enterprises,% 

Compiled by the author according to the State Statistics Committee 

 

We can say that the Internet in most cases is used for 

messaging (including obtaining information from public 

authorities), banking. But online presence is low - only about a 

third of businesses have their own website, social media use only 

a quarter, in most cases - to advertise goods and services. As of 

2019, only 19% of businesses traded online, but the pandemic 

has undoubtedly changed these statistics - many companies have 

urgently needed to create websites with the ability to place 

orders (both directly on the site and via e-mail and phone calls) 

due to quarantine restrictions. 

However, it should be noted that enterprises with less 

than 10 employees are excluded from the statistics, while in 

Ukraine micro-enterprises account for 82.3% of small 

enterprises (as of 2019), and many of them are sole proprietors 

who operate on social networks. 

 Speaking of technologies closer to Industry 4.0, it can be 

noted that their use in Ukraine is very weak (Table 2). 

Table 2 - Use of Industry 4.0 technologies by Ukrainian 

enterprises,% 
Technology and direction of use 2018 2019 

Cloud computing 

office software 4,3 4,8 

enterprise database hosting 3,4 4,0 

file storage service 3,6 4,2 

financial or accounting applications 5,3 5,9 

customer relationship management programs 2,5 2,9 

computer power for the operation of enterprise 

software 3,1 3,5 

Big Data 

data obtained from smart devices or sensors 5,9 5,7 

geolocation data obtained from portable 

devices 3,4 3,7 

data generated from social media 3,3 3,3 

other sources 6,0 5,6 

Compiled by the author according to the State Statistics Committee 

 

Cloud computing, SaaS are very cost-effective (as it is 

cheaper than deploying your own servers, purchasing software, 

licenses, etc.) and mobility, as they are available from any 

device in any point of the world, which allows uninterrupted 

control and monitoring of business. But their use, as seen 

above, is limited. 

 Despite the fact that digital transformation is 

primarily characterized by the use of large amounts of 

information for its further analysis and accumulation of 

knowledge, which becomes a productive factor and can be used 

not only to form the most relevant proposals for consumers, but 

also to influence demand. Information from social media is 

especially important because it reflects the tastes, areas of 

interest of the consumer - from products, goods and services to 

the places he visits. But, as you can see, this opportunity is very 

little used by domestic enterprises. 

Due to the fact that the Internet coverage network in 

Ukraine is imperfect, and companies use little geolocation data 

and data from smart devices and sensors - we can talk about the 

limited development of important technology for digital 

transformation - the Internet of Things. 

The Internet of Things in Ukraine is being 

implemented by mobile operators: 

- Cisco IoT Control Center (Cisco Jasper) Kyivstar; 

Direction of use of the Internet 2018 2019 

Number of enterprises that had access to the Internet 88,0 86,4 

Including used network for 

sending or receiving e-mails 86,9 85,4 

making phone calls via Internet / VoIP or video 

conferencing 
27,8 28,5 

obtaining information about goods and services 78,2 77,1 

use instant messaging and bulletin board 43,0 42,7 

obtaining information from public authorities 71,2 70,4 

carrying out banking operations 85,5 84,3 

access to other financial services 35,8 35,8 

Number of businesses that had a website 35,6 35,2 

Number of companies that used social media 

social networks 25,0 25,7 

blogs or microblogs of the enterprise 7,0 7,2 

Number of businesses that have used social media for 

presentation of the enterprise or advertising of its work 

(goods, services) 22,9 23,5 

receiving customer feedback or providing answers 16,8 17,3 

attracting customers to development or innovation 10,6 10,9 

cooperation with business partners or other organizations 17,1 17,5 

hiring workers 12,8 13,3 

Number of enterprises that purchased goods or services via 
the Internet 19,5 20,1 

Number of enterprises that received orders via the Internet 

for the sale of goods or services (excluding orders, 
received by e-mail) 5,0 4,8 



- Vodafone IoT solution; 

- NB-IoT and LoRaWAN lifecell. 

Their field of application is somewhat similar to the 

well-known M2M (for example, automatic transmission of 

meter data), but allows not only to transmit information, but 

also to accumulate it, analyze, ie use the analysis of "big data" 

and even artificial intelligence. 

Digital literacy and digital security are important 

elements of the digital transformation infrastructure. 

The educational infrastructure is not yet ready for 

digital transformation. The President of Ukraine stated that a 

university will be established in Ukraine to train cybersecurity 

specialists. In recent years, despite the negative statistics on 

cybercrime (Fig. 7), the level of cybersecurity has increased 

significantly (Table 3). 

 

Figure 7 - The number of open cases under Art. 361 CCU 

Source [15] 

 

The level of cybersecurity in the country reflects the 

National Cyber security Index (until 2020, the Global 

Cybersecurity Index). 

 

Table 3 - Positions of Ukraine and neighboring 

countries in the National Cyber security Index 
 201

7 
201
8 

Зміна 
2018/20

17 

202
0 

Зміна 
2020/201

8 

Випереджан
ня/ 

відставання 
кібербезпеки 

та цифрового 

розвитку, 
дані 2020 

року 

Україна 58 54 + 4 25 + 29 + 10,73 

Польща 33 29 + 4 6 + 25 + 20,42 

Австрія 30 28 + 2 26 + 2 - 9,84 

Росія 10 26 - 16 29 - 3 - 2,55 

Білорусі

я 

39 69 - 30 54 + 15 - 22,25 

Молдов
а 

72 53 + 19 57 - 4 - 10,17 

* "+" - cybersecurity is ahead of the level of digital development; "-" - cybersecurity 

lags behind the level of digital development 

Source [17], [18], [19] 

 

A feature of the National Cyber Security Index of 2020 

is that the rating not only reflects the rating on the level of 

cybersecurity, but also shows the lag or advance of 

cybersecurity and digital development. From this position, we 

can assess the dynamics of Ukraine as positive. 

Regarding digital literacy, in 2020 an e-service of 

public services was launched in Ukraine, within the framework 

of which the platform Action.Digital education was launched, 

where educational services for digital skills are available. The 

platform also launched a digital literacy test (Digital Literacy). 

According to the results of the first 50,000 tests, statistics were 

generated, which showed that in general the level of computer 

literacy is average and high, but the individual components of 

the overall assessment differ greatly (Table 4). 

 

Table 4 - Results of the digital literacy test on the 

Action platform 
Indicator High level (C1, 

C2) 

Intermediate level 

(B1, B2) 

Basics of computer literacy Almost 77% More than 22% 

Digital problem solving and 
lifelong learning 

Almost 56% 43% 

Security in the digital 

environment 

More than 40% Almost 58% 

Information literacy and data 
skills 

About 37% 62% 

Communication and interaction 

in the digital society 

Almost 29% 69% 

Creating digital content 27% 63% 

Compiled by the author on the basis of [20] 

The implementation of this application has increased the 
number of services available in digital format. In general, the 
state of e-government in Ukraine has improved in recent years, 
as evidenced by the positions in the global ranking of E-
Government Survey: according to the E-Government 
Development Index in 2016 Ukraine ranked 62nd position [21], 
in 2018 - 82nd position [22], in 2020 - 69 positions [23], for 2 
years of improvement +13 positions. 

 

To model and determine the impact of the digital economy 
on the innovative development of enterprises used calculations 
to determine the marginal rate of replacement of elements at the 
optimal point. The data in tables 1-4 allow calculations based 
on the Cobb-Douglas function: 

X = F (K, L ) = 3 K2/3 L1/3. 

At the same time, F is an indicator that reflects the level of 
digital literacy of the population of Ukraine. It has 5 generalized 
elements: f1 basics of computer literacy; f2 digital problem 
solving and lifelong learning; f3 security in the digital 
environment and information literacy and data skills, f4 
communication and interaction in the digital society, f5 creation 
of digital content. 

Indicator K takes into account the use of Industry 4.0 
technologies by Ukrainian enterprises, and consists of 10 
elements, namely: k1 - office software, k2 - enterprise database 
hosting, k3 - file storage service, k4 - financial or accounting 
applications, k5 - programs to manage customer relationships, 
k6 - computer power for the operation of enterprise software; k7 
- data obtained from smart devices or sensors; k8 - geolocation 
data obtained from portable devices; k9 -data generated from 
social media; k10 - other sources (big data). 



One of the largest indicators is L, which is formed of 15 
blocks of 10 elements, which is a total of 150 elements. The most 
widely used indicator L, which reflects the use of modern means 
of the Internet in the activities of enterprises consists of blocks: 
the number of enterprises that had access to the Internet; number 
of companies that had a website; the number of companies that 
used social media; the number of enterprises that purchased 
goods or services via the Internet; the number of enterprises that 
received orders via the Internet for the sale of goods or services 
(excluding orders received by e-mail). 

Since F (0, L) = F (K, 0) = 0, the optimal value of K*> 0, 
L*> 0, so the conditions take the following form: 

𝜕𝐹

𝜕𝐾
=  𝜆𝑤𝐾 , 

 

𝜕𝐹

𝜕𝐿
=  𝜆𝑤𝐿 , 

or in our case 

2

3

𝐹 (𝐾∗, 𝐿∗)

𝐾∗
=  𝜆𝑤𝐾 , 

 

1

3

𝐹 (𝐾∗, 𝐿∗)

𝐿∗
=  𝜆𝑤𝐿 , 

 

Dividing the first equation by the second, we obtain 

2𝐿∗

𝐾∗
=  

𝑤𝐾

𝑤𝐿

 

Substituting this relationship to the condition 
𝑤𝐾𝐾∗ +  𝑤𝐿𝐿∗  =  150 

we find 

𝐾∗ =
2

3
 
150

𝑤𝐾

=  20, 𝐿∗  =  5. 

The solution can be illustrated geometrically. In fig. Figure 
8 shows isocosts (fixed cost lines for C = 50, 100, 150) and 
isoquants (fixed output lines for X = 25.2; 37.8).

 

Figure 8 - Graphic representation of the maximum number of elements of 
influence 

Isocosts have the following equations: 

5𝐾 + 10𝐿 = 𝐶 = const. 

Isoquants have the following equations: 

3𝐾2/3𝐿1/3 = 𝑋 = const. 

At the optimal point K * = 20, L * = 5 isoquant X * = 37.8 and 
isocost C = 150, which pass through this point intersect, because 
according to the normal to these curves, which are given by 

gradients (
𝜕𝐹

𝜕𝐾
 ,

𝜕𝐹

𝜕𝐿
 )  ,   (𝑊𝐾 , 𝑊𝐿) , collinear. 

Replacement rate at the optimal point: 

𝑆𝐾 =  
𝜕𝐹 / 𝜕𝐿

𝜕𝐹 / 𝜕𝐾
=  

1 − 𝛼

𝛼

𝐾∗

𝐿∗
=  

1

2
 
20

5
= 2. 

That is, one element can be replaced by two other elements 
of innovative development of the enterprise. 

CONCLUSION 

The use of modern technologies in Industry 4.0, which are the main 

elements of the digital economy, significantly stimulates the 

innovative development of enterprises. The main components of the 

assessment of business digitalization are digital literacy of the 

population, the use of modern digital infrastructure and the 

transformation of business processes. The article uses an analysis of 

Ukraine's position in global innovation and digital rankings to assess 

the impact of the digital economy on the innovative development of 

enterprises, which reflected a negative trend in most of them. Today, 

Ukraine's position is much worse, and in some rankings the country is 

absent. Other important elements of impact assessment are the degree 

of Internet use in the enterprises’ activities, the use of Industry 4.0 

technologies and digital literacy of the population as a whole. In 

modeling and outlining the impact of the digital economy on the 

innovative development of enterprises, it was determined that for the 

optimal value of innovative development of enterprises it is important 

to consider at least five groups of elements of the digital economy. 

However, the  replacement of any one elementby an additional one, 

means that two additional elements would need to be considered. Thus, 

the impact of the digital economy on the innovative development of 

enterprises is reflected in the changing business models of enterprise 

management. 
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