
Е
К
О
Н
О
М
ІК

А
	

	ІН
Ф

О
РМ

АЦ
ІЙ

Н
І Т

ЕХ
Н

О
Л

О
ГІ

Ї В
 Е

КО
Н

О
М

ІЦ
І

111БІЗНЕСІНФОРМ № 12_2024
www.business-inform.net

Skowron, J., and Flynn, M. “The challenge of paying for 
smart cities projects“. Deloitte. 2018. https://www.
deloitte.com/content/dam/assets-shared/legacy/
docs/gx-ps-the-challenge-of-paying-for-smart-cit-
ies-projects1.pdf

“The Value of Smart City Initiatives Offer New 
Twist on Old Question of Affordability“. https://
www.3blmedia.com/news/value-smart-city-initia-
tives-offer-new-twist-old-question-affordability

Teeluck, R., Durjan, S., and Bassoo, V. “Blockchain tech-
nology and emerging communications applica-
tions“. In Security and Privacy Applications for Smart 

City Development. Studies in Systems, Decision and 
Control, vol. 308, 207-256. 2021. 

 DOI: https://doi.org/10.1007/978-3-030-53149-2_11
Wray, S. “Financing Smart Cities: Where's the Money?“ 

https://www.beesmart.city/en/strategy/financing-
smart-cities

Науковий керівник – Каленюк І. С., доктор економічних наук, 
професор, професор кафедри міжнародного менеджменту, 

Київського національного економічного університету  
ім. Вадима Гетьмана

UDC 330.341.1:004.9(477) 
JEL: L86; O14; O33 
DOI: https://doi.org/10.32983/2222-4459-2024-12-111-124

PREREQUISITES FOR THE INTELLECTUALISATION OF INDUSTRY  
ON THE BASIS OF DIGITAL TRANSFORMATION:  

ECONOMIC ANALYTICS OF THE IT-INDUSTRY IN UKRAINE
2024 TROFYMENKO O. О., ROSHCHYNA N. V., LAZARENKO I. S., KOT YA. V. 

UDC 330.341.1:004.9(477)
JEL: L86; O14; O33

Trofymenko O. О., Roshchyna N. V., Lazarenko I. S., Kot Ya. V. Prerequisites for the Intellectualisation of Industry  
on the Basis of Digital Transformation: Economic Analytics of the IT-Industry in Ukraine

The article investigates the prerequisites for the intellectualisation of industry on the basis of digital transformation, using the tools of economic analytics of 
the IT industry in Ukraine for the period of 2010–2023. The author analyses the key factors of the industry development, including export of IT services, number 
of enterprises, level of developers’ salaries, US dollar exchange rate, share of innovative products and number of employees in the sector. It is found that the IT 
industry, due to the high dynamics of exports and the growing role of innovative technologies, plays a strategic role in the process of intellectualisation of the 
economy. In 2022, exports reached their peak, but in 2023, they declined due to the effects of the war, business relocation, and a decrease in demand for digital 
services. The study confirmed that digital transformation is a critical factor in the modernisation of industrial processes, and the IT industry provides technologi-
cal solutions for the implementation of intelligent control systems, production automation and big data analysis. Economic and mathematical modelling, includ-
ing regression and time series methods (Auto ARIMA), helped identify the key factors influencing the dynamics of the IT industry. Among them, the exchange 
rate, the number of companies, the average salary, the number of employees and the level of innovation activity are of significant importance. Forecasting with 
the use of the selected models allows to formulate effective strategies to support the IT sector and the digital transformation of industry. It is determined that 
the intellectualisation of industry based on digital solutions increases productivity and creates high value-added products, which is the basis for competitiveness 
in the global economy. The developed models can be used to predict and manage technological changes, increasing the effectiveness of strategic decisions in 
the field of digital transformation. The application of the research results contributes to the formation of an innovative environment, strengthening economic 
stability and enhancing Ukraine’s position in the international IT services market. To ensure sustainable development, it is recommended to strengthen innova-
tion potential, develop human capital, create favourable conditions for investment and support international cooperation. It is concluded that the integration of 
the IT industry and digital technologies is a key prerequisite for the intellectualisation of industry and economic modernisation of Ukraine.
Keywords: intellectualisation of industry, digital transformation, IT industry, economic analysis, prerequisites for intellectualisation, forecasting the develop-
ment of the IT sector, innovative technologies, business relocation, human capital in IT, competitiveness.
Fig.: 7. Tabl.: 6. Formulae: 5. Bibl.: 16.
Trofymenko Olena О. – D. Sc. (Economics), Professor, Professor of the Department of Economic Cybernetics, National Technical University of Ukraine «Igor 
Sikorsky Kyiv Polytechnic Institute» (37 Beresteiskyi Ave., Kyiv, 03056, Ukraine)
E-mail: o.o.trofymenko@gmail.com
ORCID: https://orcid.org/0000-0002-2339-0377
Researcher ID: https://www.webofscience.com/wos/author/record/ABC-8040-2021
Scopus Author ID: https://www.scopus.com/authid/detail.uri?authorId=57223939703
Roshchyna Nadiia V. – PhD (Economics), Associate Professor, Associate Professor of the Department of Economic Cybernetics, National Technical University of 
Ukraine «Igor Sikorsky Kyiv Polytechnic Institute» (37 Beresteiskyi Ave., Kyiv, 03056, Ukraine)
E-mail: o.o.trofymenko@gmail.com
ORCID: https://orcid.org/0000-0003-2035-8846
Lazarenko Iryna S. – PhD (Physics and Mathematics), Associate Professor, Associate Professor of the Department of Economic Cybernetics, National Technical 
University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute» (37 Beresteiskyi Ave., Kyiv, 03056, Ukraine)
E-mail: irynalazar@gmail.com
ORCID: https://orcid.org/0000-0002-3384-1186
Researcher ID: https://www.webofscience.com/wos/author/record/HPG-1114-2023
Scopus Author ID: https://www.scopus.com/authid/detail.uri?authorId=56010999400



112

Е
К
О
Н
О
М
ІК

А
	

	ІН
Ф

О
РМ

АЦ
ІЙ

Н
І Т

ЕХ
Н

О
Л

О
ГІ

Ї В
 Е

КО
Н

О
М

ІЦ
І

БІЗНЕСІНФОРМ № 12_2024
www.business-inform.net

Kot Yana V. – Master of the Department of Economic Cybernetics, National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute» (37 Beres-
teiskyi Ave., Kyiv, 03056, Ukraine)
E-mail: yanakotik1801@gmail.com
ORCID: https://orcid.org/0009-0009-8284-359X

УДК 330.341.1:004.9(477)
JEL: L86; O14; O33

Трофименко О. О., Рощина Н. В., Лазаренко І. С., Кот Я. В. Передумови інтелектуалізації промисловості на засадах  
цифрової трансформації: економічна аналітика IT-індустрії в Україні

У статті досліджено передумови інтелектуалізації промисловості на засадах цифрової трансформації з використанням інструментів економіч-
ної аналітики сфери IT в Україні за період 2010–2023 рр. Проаналізовано ключові фактори розвитку галузі, серед яких експорт IT-послуг, кількість 
підприємств, рівень заробітної плати розробників, курс долара США, частка інноваційних продуктів та кількість працівників у секторі. З’ясовано, 
що ІТ-індустрія завдяки високій динаміці експорту та зростаючій ролі інноваційних технологій відіграє стратегічну роль у процесі інтелектуаліза-
ції економіки. У 2022 р. експорт досяг свого піку, але у 2023 р. скоротився через наслідки війни, релокацію бізнесу та зниження попиту на цифрові по-
слуги. Дослідження підтвердило, що цифрова трансформація є критично важливим фактором модернізації промислових процесів, сфера IT надає 
технологічні рішення для впровадження інтелектуальних систем управління, автоматизації виробництва та аналізу великих даних. Економіко- 
математичне моделювання, включно з методами регресії та часових рядів (Auto ARIMA), допомогло виявити ключові фактори, що впливають на 
динаміку сфери IT. Чимале значення мають курс валют, кількість компаній, середня заробітна плата, кількість працюючих і рівень інноваційної 
активності. Прогнозування з використанням обраних моделей дозволяє сформулювати ефективні стратегії підтримки сектора IT і цифрової 
трансформації промисловості. Визначено, що інтелектуалізація промисловості на основі цифрових рішень підвищує продуктивність і створює 
продукцію з високою доданою вартістю, що є основою конкурентоспроможності у світовій економіці. Розроблені моделі можуть бути викорис-
тані для прогнозування й управління технологічними змінами, підвищення ефективності стратегічних рішень у сфері цифрової трансформації. 
Застосування результатів дослідження сприятиме формуванню інноваційного середовища, зміцненню економічної стабільності та посиленню 
позицій України на міжнародному ринку ІТ-послуг. Для забезпечення сталого розвитку рекомендується зміцнювати інноваційний потенціал, роз-
вивати людський капітал, створювати сприятливі умови для інвестицій та підтримувати міжнародне співробітництво. Зроблено висновок, що 
інтеграція сфери IT і цифрових технологій є ключовою передумовою інтелектуалізації промисловості та економічної модернізації України.
Ключові слова: інтелектуалізація промисловості, цифрова трансформація, сфера ІТ, економічний аналіз, передумови інтелектуалізації, прогно-
зування розвитку сектора IT, інноваційні технології, релокація бізнесу, людський капітал у сфері IT, конкурентоспроможність.
Рис.: 7. Табл.: 6. Формул: 5. Бібл.: 16.
Трофименко Олена Олексіївна – доктор економічних наук, професор, професор кафедри економічної кібернетики, Національний технічний універ-
ситет України «Київський політехнічний інститут імені Ігоря Сікорського» (просп. Берестейський, 37, Київ, 03056, Україна)
E-mail: o.o.trofymenko@gmail.com
ORCID: https://orcid.org/0000-0002-2339-0377
Researcher ID: https://www.webofscience.com/wos/author/record/ABC-8040-2021
Scopus Author ID: https://www.scopus.com/authid/detail.uri?authorId=57223939703
Рощина Надія Василівна – кандидат економічних наук, доцент, доцент кафедри економічної кібернетики, Національний технічний університет 
України «Київський політехнічний інститут імені Ігоря Сікорського» (просп. Берестейський, 37, Київ, 03056, Україна)
E-mail: o.o.trofymenko@gmail.com
ORCID: https://orcid.org/0000-0003-2035-8846
Лазаренко Ірина Сергіївна – кандидат фізико-математичних наук, доцент, доцент кафедри економічної кібернетики, Національний технічний 
університет України «Київський політехнічний інститут імені Ігоря Сікорського» (просп. Берестейський, 37, Київ, 03056, Україна)
E-mail: irynalazar@gmail.com
ORCID: https://orcid.org/0000-0002-3384-1186
Researcher ID: https://www.webofscience.com/wos/author/record/HPG-1114-2023
Scopus Author ID: https://www.scopus.com/authid/detail.uri?authorId=56010999400
Кот Яна Вадимівна – магістр кафедри економічної кібернетики, Національний технічний університет України «Київський політехнічний інсти-
тут імені Ігоря Сікорського» (просп. Берестейський, 37, Київ, 03056, Україна)
E-mail: yanakotik1801@gmail.com
ORCID: https://orcid.org/0009-0009-8284-359X

According to the European Industrial Strate-
gy [1], industry is central to Europe's future 
progress and prosperity, and industry must 

be digital, sustainable and competitive, which implies 
the introduction of digital technologies, artificial intel-
ligence and big data. Today, with the emergence and 
development of Industry 5.0, industrial intelligence is 
one of its key components. Since industrial intelligence 
involves the integration of such advanced technologies 
as artificial intelligence (AI), the Internet of Things 
(IoT), Big Data, robotics, automation and other digital 

tools that allow for the creation of smart production 
systems capable of self-learning, self-diagnosis and 
self-regulation, the IT industry is a key factor in ensur-
ing the development of intelligence. This determines 
the relevance of this study, which involves a study of 
the IT industry in Ukraine and the identification of key 
factors for its development, taking into account the 
needs of industrial intellectualisation, which is criti-
cal for economic stability, technological breakthrough 
and post-war economic recovery in Ukraine.



Е
К
О
Н
О
М
ІК

А
	

	ІН
Ф

О
РМ

АЦ
ІЙ

Н
І Т

ЕХ
Н

О
Л

О
ГІ

Ї В
 Е

КО
Н

О
М

ІЦ
І

113БІЗНЕСІНФОРМ № 12_2024
www.business-inform.net

The purpose of the article is to carry out an eco-
nomic analysis of the development of the IT industry 
in Ukraine as a strategic prerequisite for the intellec-
tualisation of industry and to identify the key factors 
ensuring its development. 

Today, studies by Ukrainian and foreign scho-
lars in the field of industrial intellectualisation and the 
economy in general are devoted to its various com-
ponents and directions. Study [2], which examines 
the components of the intellectualisation of real sec-
tor enterprises, among other things, determines that 
stimulating the intellectualisation of enterprises is a 
promising direction of the present, and the combina-
tion of IT and process mechanisation is a promising 
direction for its provision. An interesting study [3] ex-
amines approaches to intelligent manufacturing in the 
context of Industry 4.0. The author identifies key tech-
nologies such as IoT, cyber-physical systems (CPS), 
cloud computing, big data analysis (BDA), and infor-
mation and communication technologies (ICT) used 
to ensure smart manufacturing. Global trends in the 
development of intelligent manufacturing, including 
government strategic plans of different countries and 
strategic plans of large international companies in the 
European Union, the United States, Japan, and China, 
are investigated. Study [4] analyses the scientific chal-
lenges and key technologies that are crucial for the 
successful implementation of smart manufacturing in 
the manufacturing industry. Study [5] analyses the im-
pact of industrial intelligence on changing the indus-
trial structure by building indicators of optimisation, 
rationalisation and synergy of the industrial structure, 
as well as modernisation of agriculture, industry and 
services. Study [6] identifies the need to stimulate the 
development of the IT industry to achieve the global 
Sustainable Development Goal 9, which aims to create 
sustainable infrastructure, promote sustainable indus-
trialisation and innovation. In general, modern studies 
have identified the key role of intellectualisation for 
industrial needs, as well as the need to develop IT sys-
tems to optimise production processes.

Industrial intellectualisation involves a set of pro-
cesses of implementation and use of modern infor-
mation and technological solutions for automation 

and digitalisation of production processes in order 
to optimise and improve the efficiency of production 
processes, and with the development of Industry 5.0, it 
provides for a harmonious combination of technology 
and human creativity, personalisation of production, 
improvement of working conditions and sustainability 
of production processes, providing new forms of in-
teraction between people, machines and technologies 
in the industrial sector. Industrial intellectualisation 
includes the use of advanced technologies such as arti-

ficial intelligence (AI), the Internet of Things (IoT), big 
data, robotics, automation and other digital tools that 
allow for the creation of smart production systems 
capable of self-learning, self-diagnosis and self-regu-
lation. That is why the development of the IT industry, 
which produces these technologies, will increase the 
potential for industrial intelligence in Ukraine.

The Ukrainian IT industry market covers a wide 
range of activities, including programming, 
consulting and support of computer equip-

ment, development of software solutions, training, 
system administration, software testing, data process-
ing, web publishing, and research on information pro-
cess automation. The industry is regulated by the laws 
of Ukraine, including the Law of Ukraine ‘On Amend-
ments to Certain Legislative Acts of Ukraine on Ensur-
ing Conditions for the Restoration and Development 
of Electronic Communication Networks’ and the Law 
of Ukraine ‘On Protection of Information in Informa-
tion and Telecommunication Systems’. These regula-
tions define IT services as activities aimed at providing 
consumers with software products via electronic com-
munications.

Electronic delivery of software products saves 
time and money and increases the industry's export 
potential. Ukrainian IT companies focus mainly on 
international markets, which indicates a high level of 
trust in their expertise and ability to solve complex 
problems. The evolution of Ukraine's IT market has 
passed through five main stages, reflecting the pro-
gressive development of the industry [7; 8].

Until the 1990s (the first stage), the scientific 
basis of IT was being formed in the USSR. The main 
achievement was the creation of the first digital com-
puter in Europe – MEOM. The Institute of Cybernetics 
was founded and an automated system for collecting 
and processing information (OGAS) was developed.

The 90s of the XX century (the second stage) were 
the period of formation of the IT industry in indepen-
dent Ukraine. Research into artificial intelligence and 
data processing automation intensified, and educa-
tional programmes combining training and practice 
were introduced. The first business projects were 
launched, and young people joined the IT sector and 
learnt English.

The years 2000–2010 (the third stage) were 
marked by informatisation, automation and the transi-
tion to cloud services. Despite the 2008 crisis, Ukraine 
remained attractive for IT outsourcing, consolidating 
its position as a cost-effective partner.

2011–2019 (the fourth stage). The ‘IT boom’ pe-
riod was characterised by an increase in the number of 
certified IT specialists and a qualitative improvement 
in services. Ukraine became a reliable partner for for-
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eign customers in the fields of medicine, finance, lo-
gistics, etc. Exports of IT services reached USD 4.17 
billion in 2019. The exports of it services reached USD 
4.17 billion in 2019.

2020 to date (the fifth stage). Despite the CO-
VID-19 pandemic and the war, the IT industry has 
maintained its development dynamics. In 2020, ex-
ports exceeded USD 5 billion. IN 2020, exports ex-
ceeded USD 5 billion. In 2023, it totalled USD 6.73 
billion. Although it decreased by 14.3% due to global 
challenges.

Analysing the volume of imports of IT services 
from Ukraine is of particular importance in the 
context of the deep crisis the country is expe-

riencing. In 2021–2023, the main importing countries 
of Ukrainian IT services include the United States, 
Malta, the United Kingdom, Cyprus, Israel, Germany, 
and Switzerland (Tbl. 1).

Table 1

The largest importing countries of IT services from 
Ukraine country revenues from export of IT services, 

mln USD

Country
Revenues from export  
of IT services, mln USD

2021 2022 2023

USA 2728 2973 2677

Malta 481 581 567

United Kingdom 698 693 535

Cyprus 288 314 362

Israel 334 347 293

Germany 369 286 275

Switzerland 285 331 274

Source: compiled based on [9].

Exports of IT services are an important compo-
nent of Ukraine's economy, making a significant con-
tribution to the country's foreign exchange earnings. 
An analysis of the dynamics of exports to the largest 
sectors of importing countries in 2021–2023 demon-
strates both the achievements and challenges faced by 
the Ukrainian IT services market.

Thus, the United States remains the largest im-
porter of Ukrainian IT services, consistently account-
ing for almost half of all export revenues. In 2022, rev-
enues grew by 9% year-on-year, reaching USD 2.973 
million, indicating a high level of confidence in Ukrai-
nian developers. However, in 2023, exports dropped to 
USD 2677 million (down 10%). This decline is due to 
the impact of the war, business relocation, and global 
market uncertainty.

European markets showed mixed dynamics. 
Malta and Cyprus have a positive growth trend, show-
ing an increase in imports of Ukrainian IT services 
over the past three years. In 2023, exports to Malta to-
talled $567 million and to Cyprus $362 million, ensur-
ing Ukraine's successful reorientation to markets with 
less competition.

At the same time, the Ukrainian IT services mar-
ket faced significant difficulties in traditional markets 
such as the UK, Germany and Switzerland. Exports to 
the UK decreased from $698 million in 2021 to $535 
million in 2023, which can be explained by the effects 
of Brexit and increased competition from other coun-
tries. Germany and Switzerland also recorded a de-
crease in imports by 25% and 4%, respectively, during 
the analysed period.

Israel, an important partner, also reduced its ex-
ports of Ukrainian IT services from $347 million in 
2022 to $293 million in 2023, reflecting local economic 
challenges and changes in the structure of demand for 
IT services.

Thus, Ukraine's IT sector continues to adapt to 
changes in global markets, demonstrating resilience 
and the ability to diversify. Export growth in certain 
markets confirms an effective reorientation strategy, 
but the decline in volumes in key markets indicates the 
need to strengthen competitive advantages and intro-
duce innovations to maintain its position in the global 
IT industry.

To obtain more objective results of the study, 
we will conduct a comparative analysis of the 
IT industry market, in particular, the exports 

of IT services in Ukraine and other countries. Poland, 
India, Brazil, and the Czech Republic were selected for 
the analysis, given their high level of competitiveness, 
significant human resources in the field of technology, 
favourable business environment, and developed in-
frastructure (Tbl. 2). These countries are leading par-
ticipants in the international IT services market and 
demonstrate the pace and level of development of the 
IT industry comparable to that of Ukraine.

An analysis of the exports of IT services by 
Ukraine, India, Brazil, Poland, and the Czech Repub-
lic in 2021–2023 shows significant differences in the 
dynamics of this sector. India has consistently held a 
leading position in the world in terms of IT services 
exports. Over three years, exports have grown from 
USD 87.9 billion in 2021 to USD 102.9 billion in 2022. 
USD in 2021 to 102.9 billion USD in 2023. In 2023, this 
corresponds to an absolute increase of USD 15 billion 
(17.1%). (17.1%). The annual growth rate remains con-
sistently high, reflecting the country's well-developed 
infrastructure, large human resources and favourable 
business climate. Brazil demonstrates high relative 
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Table 2

Analysis of IT services exports of Ukraine. India. Brazil. Poland and the Czech Republic in 2021–2023

Country
Exports of IT services, 

billion USD Absolute deviation, +/– Relative deviation, %

2021 2022 2023 2022/2021 2023/2022 2023/2021 2022/2021 2023/2022 2023/2021

India 87.9 95.5 102.9 7.6 7.4 15 8.6 7.7 17.1

Brazil 4.1 5.3 6.2 1.2 0.9 2.1 29.3 17.0 51.2

Poland 9 12.2 13.8 3.2 1.6 4.8 35.6 13.1 53.3

Czech  
Republic 5.3 6.3 6.8 1 0.5 1.5 18.9 7.9 28.3

Ukraine 6.9 7.3 6.7 0.4 –0.6 –0.2 5.8 –8.2 –2.9

Source: compiled based on [9].

growth rates of IT services exports, which amount 
to 51.2% over three years. Export volumes increased 
from USD 4.1 billion in 2021 to USD 6.2 billion in 
2020. USD in 2021 to 6.2 billion USD in 2023. USD in 
2023. In 2022, the growth rate reached 29.3%, although 
in 2023 it slowed to 17%. This may be due to the grow-
ing demand for IT services in Latin America and the 
active development of international markets. Poland 
is also showing steady growth. In 2021, the volume of 
exports of IT services amounted to USD 9 billion. In 
2023, it increased to USD 13.8 billion. USD. The abso-
lute growth was USD 4.8 billion. (53.3%). The highest 
growth rate was observed in 2022 (35.6%), although it 
slowed down slightly in 2023 (13.1%). This indicates 
the effective integration of the Polish IT sector into the 
European market and favourable business conditions. 
The Czech Republic demonstrates moderate but stable 
growth in the export of IT services. During the ana - 
lysed period, its volume increased from USD 5.3 billion 
in 2021 to USD 6.8 billion in 2022. USD in 2021 to 6.8 
billion USD in 2023. USD in 2023, which corresponds 
to an increase of USD 1.5 billion. USD (28.3%). Al-
though the growth rate was 18.9% in 2022, it dropped 
to 7.9% in 2023. This may be due to the saturation of 
the local market and high competition in the region.

Ukraine, despite a slight increase in exports in 
2022 (+5.8%), showed a decline of 8.2% in 2023 com-
pared to the previous year. In total, the volume of IT 
services exports in 2023 amounted to USD 6.7 billion. 
This is slightly lower than in 2021 (USD 6.9 billion). 
These results reflect the impact of external factors, in-
cluding the military conflict, which creates significant 
obstacles to business development.

Thus, the analysis confirms India's leading role as 
a global leader in IT services. Poland and Brazil de-
monstrate high relative growth rates, which indicates 
their active development and competitiveness. The 
Czech Republic maintains stable but lower growth 
rates. Ukraine, despite its challenges, retains signifi-

cant potential for recovery and further growth once its 
internal and external conditions stabilise.

The next step in the economic analysis of the 
IT sector is to analyse the share of IT services 
exports in the total exports of countries. This 

stage allows us to assess the role of the IT industry in 
the economy, its level of competitiveness and the de-
gree of economic diversification. The results of such an 
analysis are an indicator of the economic efficiency of 
the IT sector and its ability to ensure stable growth in 
the face of changes in international markets (Tbl. 3).

Based on the data presented in the table regard-
ing the analysis of the share of IT services in the total 
export of services from Ukraine, India, Brazil, Poland, 
and the Czech Republic during 2020–2022, it can be 
stated that overall, there are significant differences in 
the dynamics of this indicator among the countries. 
These differences are determined by varying levels of 
IT industry development, the structure of service ex-
ports, and the specifics of economic processes.

India demonstrates a decline in the share of IT 
services in its total export of services, decreasing from 
32.2% in 2020 to 30.9% in 2022. This trend may indi-
cate increased competition between service sectors 
influencing the country’s export structure. Brazil, in 
contrast, exhibits stable growth in the IT service share, 
rising from 7.5% in 2020 to 10.1% in 2022. The abso-
lute change over three years amounted to 2.6%, while 
the relative increase was 34.67%. Notably, significant 
growth in 2021 (+1.1%, or 14.67% relative increase) 
indicates a gradual strengthening of the IT sector’s po-
sition in the country’s export structure, representing 
a positive signal for economic development. Poland 
shows consistent growth in the share of IT services 
within total exports, increasing from 12.3% in 2020 to 
12.8% in 2022. The dynamics reflect steady progress, 
with annual increments of +0.4% in 2021 and +0.1% 
in 2022, suggesting sustainable development of the IT 
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Table 3

Analysis of the share of IT services exports in total services exports of Ukraine. India. Brazil. Poland  
and the Czech Republic in 2020–2022

Country

Share of IT services exports  
in total exports of services, % Absolute deviation, +/– Relative deviation, %

2020 2021 2022 2021/ 
2020

2022/ 
2021

2022/ 
2020

2021/ 
2020

2022/ 
2021

2022/ 
2020

India 32.2 32.7 30.9 0.5 –1.8 –1.3 1.55 –5.50 –4.04

Brazil 7.5 8.6 10.1 1.1 1.5 2.6 14.67 17.44 34.67

Poland 12.3 12.7 12.8 0.4 0.1 0.5 3.25 0.79 4.07

Czech 
Republic 16.3 16.4 15.8 0.1 –0.6 –0.5 0.61 –3.66 –3.07

Ukraine 32.3 37.8 44.2 5.5 6.4 11.9 17.03 16.93 36.84

Source: compiled based on [9].

sector within the country’s export structure. The Czech 
Republic, however, recorded a decline in the share of 
IT services, decreasing from 16.3% in 2020 to 15.8% in 
2022. The most significant reduction occurred in 2022 
(–0.6%, or –3.66% relative decline), indicating a shift 
towards other types of services in the country’s foreign 
economic activity.

Ukraine shows the most substantial growth in 
the share of IT services among the analysed countries, 
increasing from 32.3% in 2020 to 44.2% in 2022. The 
absolute change during this period was 11.9%, with a 
relative increase of 36.84%. A particularly notable rise 
occurred in 2021 (+5.5%, or 17.03% relative growth), 
highlighting the effective integration of the IT sector 
into the national export strategy despite challenging 
economic conditions.

Overall, it can be concluded that Ukraine and 
Brazil exhibit the highest growth rates in IT service 
exports, confirming the dynamic development of their 
IT sectors and their significant role in the structure 
of service exports. Poland is characterised by stable 
growth, whereas the Czech Republic and India experi-
ence a reduction in IT service shares, potentially ne-
cessitating adjustments to industry development strat-
egies to maintain competitiveness.

Thus, a comprehensive approach to economic 
analysis of the IT market not only determines 
its current state but also enables forecast-

ing future trends, taking into account factors of digi-
tal transformation and industrial intellectualisation. 
Summarising the obtained results, it is evident that the 
current stage of IT industry development in Ukraine is 
closely aligned with global trends of digital transfor-
mation and the widespread implementation of smart 
technologies in industry. Forecasting the sector’s fur-
ther development requires consideration of both in-

ternal factors (growth in the number of IT enterprises, 
wage levels for developers, and innovation activity) 
and external influences – demand for digital solutions, 
global market trends, and challenges associated with 
business relocation.

Economic and mathematical modelling, particu-
larly through regression analysis and time series me-
thods, allows for predicting key parameters of the IT 
sector. Digital transformation acts as a catalyst for the 
intellectualisation of production processes, including 
the implementation of automated control systems, big 
data analytics, and artificial intelligence. In this con-
text, the development of the IT industry is strategically 
vital for enhancing economic stability and improving 
the country’s competitiveness.

Enhancing the level of industrial intellectualisa-
tion promotes the creation of high-tech products with 
greater added value, stimulates demand for innovative 
IT solutions, and expands the role of IT services in the 
structure of national exports.

The implementation of forecasting strategies 
should rely on the development of human capital, the 
improvement of infrastructure for digital innovations, 
and should foster international cooperation within 
global technological ecosystems.

To strengthen Ukraine’s position in the interna-
tional IT services market, despite major external chal-
lenges, it is advisable to create a favourable investment 
climate, develop educational programmes for training 
professionals, and support the introduction of new 
technologies.

One of the key results of the conducted study is 
the development of an economic and mathematical 
framework, which enables the forecasting of further 
development of the IT sector in Ukraine.

Moreover, the proposed models facilitate the 
analysis of relationships between identified param-
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eters and determine their impact on the state and 
prospects of IT industry development, considering 
current requirements and challenges. The models are 
based on the analysis of five key indicators that sig-
nificantly influence industry growth under contempo-
rary conditions. The first indicator is the number of IT 
enterprises, reflecting the institutional base and scale 
of the industry. The second parameter is the average 
developer salary in the market, serving as an indica-
tor of the attractiveness of professions and the com-
petitiveness of human resources in the sector. The 
third indicator is the USD exchange rate, which affects 
pricing policies and profitability levels, particularly 
in export-oriented operations. The fourth measure is 
the proportion of innovative products implemented, 
indicating the sector's technological level and its abil-
ity to create competitive advantages. The fifth param-
eter is the number of IT specialists, demonstrating the 
availability of qualified personnel and the potential for 
market expansion.

For forecasting IT service export volumes – a key 
market indicator – and assessing the current 
state of the IT industry, two models were se-

lected: multiple linear regression and an autoregres-
sive integrated moving average (Auto ARIMA) model 
[10]. The Auto ARIMA model offers high accuracy and 
accounts for seasonal fluctuations when forecasting 
quarterly data for 2023, as well as 2024–2025. In con-
trast, the multiple regression model enables the analy-
sis of various factors influencing the current state of 
the IT market in Ukraine. The efficiency and accuracy 
of these models depend on several factors, including 
the quality and availability of indicator values, the cor-
rect choice of independent variables, result interpreta-
tion, and limitations in selecting parameters.

When constructing a multiple linear regression 
model, it is crucial to adhere to a defined sequence of 
actions. Therefore, the initial step involves collecting 
the necessary data for modelling the market condi-
tions of the IT industry. For this model, the values of 
key economic indicators were gathered for the period 
from 2010 to 2023 (Tbl. 4).

After data collection, it is essential to proceed 
with analysis, recognising that these indicators serve 
as industrial markers of market conditions and reflect 
structural transformations driven by both internal and 
external factors.

The export of IT services demonstrated stable 
growth throughout most of the analysed period, peak-
ing in 2022. This trend highlights Ukraine’s strength-
ening position as a provider of intellectual services in 
the global market. However, the decline in export vo-
lumes in 2023 signals new challenges related to global 
economic instability and the domestic situation.

During the analysed period, the number of IT 
enterprises increased until 2021, reflecting market 
expansion and growing interest in the sector. Never-
theless, the subsequent decline may indicate adverse 
effects on market competition, increasing concentra-
tion, or the impact of economic crises. The peak in the 
number of enterprises in 2021 illustrates rising market 
demand and interest in the sector, driven by growing 
demand for IT services and the implementation of in-
novative technologies.

Alongside the increase in enterprises, a gradual 
rise in the average salary of developers was observed, 
indicating heightened demand for skilled professionals 
in the IT industry.

The exchange rate dynamics of the hryvnia 
against the US dollar significantly influenced IT sec-
tor development. Exchange rate increases created ad-
ditional opportunities for higher foreign currency rev-
enues, particularly through higher export values, but 
simultaneously complicated operational stability by 
introducing financial risks related to inflationary pro-
cesses and exchange rate volatility [14; 15].

Special attention should be given to the analysis of 
the volume of innovative product sales. The data 
reveal a stable increase in this indicator only in 

recent years, signalling a gradual shift from traditional 
services towards the development of high-tech prod-
ucts with greater added value. This shift strengthens 
the sector’s strategic position and underscores its fo-
cus on innovation-driven growth.

The number of employees in the IT sector con-
sistently grew, confirming its high attractiveness to the 
workforce. Labour market expansion in this domain 
further indicates its dynamic growth and promising 
prospects.

Thus, the analysis of key indicators of the Ukrai-
nian IT industry demonstrates its resilience and 
potential, as well as its adaptability to external chal-
lenges. Growth in exports, innovation development, 
and increased employment create a foundation for 
further strengthening the sector. However, ensuring 
long-term stability requires considering the impact of 
macroeconomic and global factors, as well as imple-
menting both tactical and strategic planning for the IT 
sector's development.

Hence, the obtained data and conducted analysis 
confirmed the relevance and validity of constructing a 
multiple linear regression model to simulate the mar-
ket conditions of the IT industry.

The general form of the multiple linear regres-
sion model equation can be expressed as follows:

y = b0 + b1x1 + b2x2 + b3x3 + b4x4 + b5x5,         (1)
where y – the volume of IT service exports;

  x1 – the number of IT enterprises;
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Table 4

Values of input variables for modelling the market conditions of the IT industry, 2010–2023

Year
IT services 

export,  
million UAH

Number  
of enterprises, 

units

Average  
developer  

salary, USD

Exchange 
rate (1 USD), 

UAH

Share of inno-
vative product 

sales, %

Number of 
employees, 

persons

2010 3215.84 4684.00 1662.00 7.96 3.8 44792

2011 5296.90 5148.00 2000.00 8.05 3.8 53832

2012 7533.48 5220.00 1900.00 8.04 3.3 73791

2013 10607.32 6070.00 2000.00 8.21 3.3 90712

2014 24405.00 5633.00 2000.00 16.27 2.5 114609

2015 40699.20 5961.00 1750.00 24.4 1.4 110254

2016 52930.00 5350.00 1600.00 26.8 4.0 123263

2017 68958.75 6264.00 1800.00 27.75 0.7 139866

2018 88110.00 7003.00 2000.00 27.5 0.8 164656

2019 98900.10 8063.00 2250.00 23.7 1.3 195354

2020 141481.90 8433.00 2500.00 28.15 1.9 214576

2021 188710.74 8822.00 3300.00 27.18 4.80 257581

2022 294694.90 6556.00 3400.00 40.1 5.80 265577

2023 256433.24 6795.00 3300 38.12 6.30 271699

Source: compiled based on [11–16].

x2 – the average developer salary in the market;
x3 – the exchange rate of 1 US dollar;
x4 – the share of innovative product sales;
x5 – the number of IT specialists employed;
b0, b1, b2, b3, b4, b5 – model parameters.

Quarterly data on IT service exports are cru-
cial for analysis and determining future 
trends in the development of the IT industry, 

especially for constructing Auto ARIMA models for 
forecasting export volumes based on historical data. 
Breaking the data down into quarters will allow for 
more accurate predicted values of IT service exports, 
which is essential for modeling the dynamic and ra-
pidly changing IT sector.

For the calculation of model parameters, data 
were collected for modeling the IT industry market 
conditions for the years 2010–2023. Based on the col-
lected indicators, an input data matrix was construct-
ed (Tbl. 5).

The results of constructing the model, including 
the coefficients of determination and statistical signifi-
cance, are presented in Fig. 1. Based on the obtained 
results, it can be concluded that the coefficient of de-
termination is 0.985, meaning that 98.5% of the varia-
tion in variable Y is explained by the model used. The 
significant variables are X2 and X3, i. e., the average sal-
ary of developers and the exchange rate of 1 USD, as 
their p-values are below the standard significance level 

of 0.05. Overall, it can be stated that the model itself is 
also significant, as its p-value is below 0.05.

Table 5

Input data matrix for the construction of the multiple 
linear regression model

Y X1 X2 X3 X4 X5

3215.84 4684.00 1662.00 7.96 3.8 44792

5296.90 5148.00 2000.00 8.05 3.8 53832

7533.48 5220.00 1900.00 8.04 3.3 73791

10607.32 6070.00 2000.00 8.21 3.3 90712

24405.00 5633.00 2000.00 16.27 2.5 114609

40699.20 5961.00 1750.00 24.4 1.4 110254

52930.00 5350.00 1600.00 26.8 4.0 123263

68958.75 6264.00 1800.00 27.75 0.7 139866

88110.00 7003.00 2000.00 27.5 0.8 164656

98900.10 8063.00 2250.00 23.7 1.3 195354

141481.90 8433.00 2500.00 28.15 1.9 214576

188710.74 8822.00 3300.00 27.18 4.80 257581

294694.90 6556.00 3400.00 40.1 5.80 265577

256433.24 6795.00 3300 38.12 6.30 271699

Source: compiled based on [11–16].

To eliminate multicollinearity, we will apply the 
principal component analysis (PCA) method to the 
independent variables. Fig. 1 shows the values of the 
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standard deviation indicators, the variance share, and 
the cumulative share.

Thanks to the visualization of the obtained data, 
it can be concluded that the first component (PC1) ex-
plains 66.71% of the total variation, the second compo-
nent (PC2) explains 23.46%, and the remaining com-
ponents (PC3, PC4, PC5) account for a negligible por-
tion (8.53%, 1.14%, and 0.16%, respectively). Together, 
the first two components explain 90.18% of the total 
variation (Fig. 2). Therefore, for further analysis and 
model construction, we retain the first two compo-
nents, as they preserve the majority of the information 
from the original variables and significantly reduce the 
dimensionality of the data set.

It is possible to roughly estimate the contribu-
tion of each factor to the final model. Therefore, we 

will build component models represented by their coef-
ficients in the decomposition through the initial inde-
pendent variables.

The equation of the first principal component 
model:

PC1 = 0.417796 ∙ X1 + 0.5082230 ∙ X2 + 
+ 0.464191 ∙ X3 + 0.239916 ∙ X4 + 0.5423252 ∙ X5. (2)

The equation of the second principal component 
model:

PC2=–0.482468 ∙ X1 + 0.249391 ∙ X2– 
0.150070 ∙ X3 + 0.820479 ∙ X4 – 0.096547 ∙ X5.   (3)

A new data frame will be created with the com-
ponents and dependent variable, and the results are 
shown in Fig. 3.

Fig. 1. Values of obtained indicators when applying the PCA method
Source: developed by the authors.
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Fig. 2. Visualization of obtained data when applying the PCA method
Source: developed by the authors.
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Fig. 3. Data of components and dependent variable
Source: developed by the authors.

 

Fig. 4. General results of building the model based on component models
Source: developed by the authors.

Let us now proceed to constructing the multiple 
linear regression model based on the first two compo-
nent models (Fig. 4).

Based on the obtained results, we construct the 
general equation of the multiple linear regression 
model based on the two component models, which 
will be used for economic-mathematical modeling of 
the IT industry market:

          Y = 0.5287 ∙ PC1 + 0.1303 ∙ PC2. (4)
According to the obtained results, the coefficient 

of determination equals 0.952, meaning that 95.2% of 

the variation in the dependent variable is explained by 
the model used. The significance coefficients for PC1 
and PC2 are below the standard significance level of 
0.05, indicating that these components show a high 
quality of the linear relationship found.

Next, we proceed to calculate the modeled val-
ues of the dependent variables to assess the current 
state of the IT industry market, obtained through eco-
nomic-mathematical and computer modeling.

First, the new calculated values of the indicators 
are computed in standardized form, and then we tran-
sition from standardized data to absolute values in the 
initial units of measurement.

Given the result, the modeled values of IT ser-
vice exports differ from the actual values; 
however, the difference between them is mod-

erate. The modeled and actual IT service export data 
will be represented through graphs (Fig. 5).

The graph illustrates the dynamics of actual 
and modeled values of IT services export in millions 
of hryvnias from 2010 to 2023, allowing a visual as-
sessment of the accuracy of the proposed forecasting 
model at various stages. Let us examine in detail each 
of the obtained modeled values to evaluate the effec-
tiveness and reliability of the model.

In 2010, there is a significant discrepancy be-
tween the actual (3,215.84 million UAH) and modeled 
(–11,142.78 million UAH) export values, indicating a 
substantial inaccuracy of the model in forecasting. In 
2011, the situation improves considerably, although 
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The actual value of IT services export, million UAH

The modeled value of IT services export, million UAH

2010 2011 2012 2013 2011 2015 2016 2017 2018 2019 2020 2021 20232022
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Fig. 5. Comparison of the modeled and actual values of IT services export in Ukraine
Source: compiled based on [11].

the modeled value still significantly exceeds the actual 
export volume, with the model’s trend becoming more 
realistic compared to the previous year. Between 2012 
and 2015, a growth trend in modeled values is observed, 
with the modeled value for 2012 being quite close to the 
actual one, while in 2013–2015, the model significant-
ly overestimates the volume of IT services exports. In 
the period from 2016 to 2019, the modeled values are 
closer to the actual values in 2016 and 2019, while in 
2017, there is some underestimation of exports, and in 
2017 and 2018, there is a gradual increase in the mod-
eled value, which noticeably differs from the actual one. 
In 2020 and 2023, the model nearly exactly reproduces 
the actual export of IT services, while in 2021 and 2022, 
deviations in the modeled values are observed.

Thus, the analysis of the modeling results and 
actual values suggests that the proposed model 
is adapted to changes in market conditions. 

The calculated values for the first years of the period 
significantly differ from the actual values, with large 
errors. However, for the subsequent years, the mo-
del demonstrates high accuracy and low error values, 
which allows us to conclude that the model is effective. 
Nonetheless, further improvements and regular data 
updates are necessary to enhance the accuracy of the 
forecasted values when modeling the export volume of 
IT services in the future.

The evaluation of the quality of the econometric 
modeling allows us to draw conclusions about the fea-
sibility of using the constructed model to obtain fore-
casted values of the IT services export indicator.

Now, let us calculate the value of the coefficient 
of determination:

2 112756876056.80 0.952.
118402727361.79

R = =

          

(5)

Considering the obtained result, it can be con-
cluded that the constructed model explains 95.2% of 
the total variance of the studied variable, meaning it 
accurately describes the relationship between the data.

The construction of the Auto ARIMA model will 
be based on the actual values from 2016 to 2022 (Tbl. 6).

Table 6

Input data for building the Auto ARIMA model

Year Quarter Export, million 
UAH

1 2 3

2016

1 11926

2 12542.4

3 13426.8

4 15034.8

2017

1 14874

2 16539

3 17177.25

4 20368.5

2018

1 19085

2 21175

3 22577.5

4 25272.5

2019

1 21330

2 23865.9

3 25122

4 28582.2

2020

1 33217

2 32625.85

3 35384.55

4 40254.5
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1 2 3

2021

1 39247.92

2 43623.9

3 48625.02

4 57213.9

2022

1 80159.9

2 69894.3

3 69814.1

4 74826.6

2023

1 63851.00

2 64880.24

3 62745.52

4 64956.48

Source: compiled based on [11–16].

We will conduct a comparative analysis of the 
actual and forecasted values of IT services export vol-
ume (Fig. 6).

The forecasted values are overestimated com-
pared to the actual values, particularly in the third and 
fourth quarters of 2023. This is because not all factors 
that could influence the export of IT services, such as 
changes in the global economy and the political situa-
tion in Ukraine, were taken into account. In addition, 
it is important to note that the Auto ARIMA model 
was built based on data from the export of IT services 
between 2016 and 2022. However, in 2022, the full-
scale invasion of Russia into Ukraine began, which sig-
nificantly affected the value of the examined indicator.

We will forecast the export volume of IT services 
for the four quarters of 2024–2025 by building an Auto 

ARIMA model using Simple ML for Sheets based on 
the actual data from 2016-2023.

To visually present the actual and forecasted 
values, we will create a graph showing the dynamics 
of IT services export in Ukraine for 2016–2023 and 
present the forecasted values for the four quarters of 
2024–2025 (Fig. 7).

According to the forecast, it is expected that the 
export of IT services from Ukraine will continue to 
grow in 2024–2025, with the highest forecasted values 
observed for the 4th quarter of 2024 and accordingly 
in 2025.

CONCLUSIONS
The study of the preconditions for the intellec-

tualization of industry based on digital transforma-
tion demonstrated the strategic importance of the 
IT industry for the Ukrainian economy. The analysis 
showed that the IT sector exhibits high growth rates 
in exports, business development, and employment 
growth, creating a foundation for technological mo-
dernization of production processes. However, in 
2023, a decrease in export volumes by 14.3% was ob-
served due to the impact of the war, business reloca-
tion, and reduced demand for digital services, high-
lighting the need to adapt the industry's development 
strategy to new conditions.

The applied economic-mathematical models, 
including regression analysis and time series models, 
allowed for the identification of key factors influenc-
ing the dynamics of the IT industry. Among them, 
the most significant influences are the exchange rate, 
number of enterprises, average wage, employment, 
and share of innovative products. The forecasting re-
sults confirmed the importance of a comprehensive 

End of the Table 6
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Fig. 6. Actual quarterly values for 2016–2023 and forecasted values of IT services export  
for the 4th quarters of 2023

Source: compiled based on [11].
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Fig. 7. Actual quarterly values for 2016–2023 and forecasted values for IT services export for the four quarters  
of 2024–2025

Source: compiled based on [11–16].

approach to managing the IT sector to ensure its stable 
development.

Digital transformation is a key precondition for 
the intellectualization of industry, contributing to the 
adoption of high-tech solutions, automation, artificial 
intelligence, and big data analytics. This ensures the 
creation of high added value products, achieves global 
market competitiveness, and promotes the modern-
ization of the economy.

To accelerate the intellectualization of industry 
in Ukraine, efforts should focus on developing human 
capital, stimulating innovation, creating favorable 
conditions for investment in digital technologies, and 
supporting international cooperation. The integra-
tion of the IT industry and digital technologies should 
become a key component of the national strategy for 
economic modernization and enhancing its resilience 
amid global challenges.                  
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