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Small and medium-sized enterprises are an important component of the economic system of most countries, providing employment and 

income to a significant proportion of the population, economic and social transformation. At the same time, they are not so dependent on foreign 
markets, currency fluctuations, flexibly adapt to changing market conditions. Small and medium-sized businesses also play an important role in 
the domestic economy. They form a significant part of local budget revenues, ensuring the creation of new jobs; solving the problem of overcoming 
unemployment; provide support and development of the middle class in society; rapid adaptation to market changes, new circumstances. The 
COVID-19 pandemic has slowed down businesses of various sizes and types in various ways. Small and medium-sized enterprises operating in 
various sectors of the economy suffered the most. This study aims to examine the impact of the COVID-19 pandemic on the functioning of small 
and medium-sized enterprises and the change in regional structure in terms of their activities' indicators. We applied a research methodology with 
a critical review of the available publications for this sector of the economy. To solve the identified problem, we used the k-means clustering method, 
which is an iterative procedure for finding groupings of objects in the initial indicators’' space. As a result of the calculations, the regions of Ukraine 
were distributed among four clusters. We described each cluster. Studies have shown that in 2020 there were no significant changes in the cluster 
structure of regions. This leads to the conclusion that the impact of the pandemic is equally evident in all regions. We also analyzed the measures 
of the government of the country, aimed at supporting the activities of small and medium enterprises, reducing losses and risks of closure from 
restrictive measures. 
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PROBLEM DESCRIPTION 

Small and medium-sized enterprises (SMEs) are an important part of the economic system of most 
countries. They provide employment and income for a significant proportion of the population, their 
economic and social transformation, contributes to economic diversification and social stability. Such 
enterprises are less dependent on foreign markets, currency fluctuations, and flexibly adapt to changing 
market conditions. According to the International Monetary Fund [1], SMEs account for 99% of all firms, 
more than 60% of jobs, and more than 50% of sales in most economies. 

A key challenge facing the world is the Covid-19 pandemic, which has caused a global economic 
crisis and has significantly reduced the income and employment levels of many companies. The crisis 
consequences were the suspension of economic activity or a significant reduction in the functionality of 
many businesses and the growing threat of temporary or permanent disappearance of business. SMEs are 
the most vulnerable group of businesses, as their resources are often insufficient to deal with crises in the 
long run. The difficulty of adapting to new economic conditions also manifested itself in the impossibility 
of rapid reformatting of production processes. SMEs have less access to financial resources due to low 
attractiveness for investors and limited lending opportunities. This necessitated complex decisions as the 
risk of loss of solvency increased and the level of financial stability decreased, which were often aimed at 
non-restrictive, temporary, and in some cases complete cessation activities. Under such conditions, it is 
important to assess trends in SME performance to develop the necessary measures at the national level to 
support the activities of such enterprises. 

LITERATURE REVIEW AND GOALS FORMULATION 
The issue to assess the SMEs' functioning in the context of the Covid-19 pandemic is the subject of 

discussion by a wide range of researchers from almost all countries. Study [2] presents data on the impact 
of Covid-19 on the activities of 4467 companies from 132 countries, which were collected in the period from 
April 21 to June 2, 2020. The results of the presented analysis show that 55% of respondents confirmed that 
the Covid-19 pandemic had a strong impact on their activities. About two-thirds of micro and small firms 
reported that the crisis had a strong impact on their business operations, compared with about 40% of large 
firms. One-fifth of SMEs said they risked stopping forever for three months. In Africa, two out of three 
companies reported being severely affected by COVID-19, mainly due to declining sales (75%) and/or 
difficulties in accessing input (54%). Service companies have suffered the most worldwide. For example, 
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in the area of housing and food, 76% of firms surveyed said that partial and complete blockades had a 
strong impact on their business operations. 

Paper [3] presents the results of the short- and medium-term impact of COVID-19 restrictions on 
SME activities, based on two waves of telephone interviews with a previously surveyed large sample of 
China's SMEs. It is noted that the outbreak of COVID-19 forced the government to take tough measures to 
block the activities of SMEs, which led to significant losses. Due to problems with logistics blocs, labor 
shortages, and falling demand, 80% of SMEs were temporarily closed until February 2020 during the first 
wave of the pandemic. After the containment at COVID-19 in April, the authorities largely relaxed the 
restrictions and blockade. Thus, most small and medium-sized enterprises were opened until the second 
round of surveys in May. However, many firms, especially exporting firms, operated in part, mainly due 
to inadequate demand. Moreover, about 19% of registered enterprises and 25% of self-employed 
enterprises closed forever between the two waves of surveys. Study [4] conducted to assess the impact of 
the second wave of the pandemic on the activities of SMEs in the United States, showed as of February 1, 
2021, that total small business income decreased by 30.9% compared to January 2020, largely due to lower 
consumer spending. Loss of income has led to unemployment, with the highest risk of unemployment 
among low-paid workers. SMEs in areas vulnerable to extreme weather and climate are faced with 
potentially challenging events as they prepare for or respond to natural disasters during a pandemic. 

According to the International Monetary Fund [1], the increasing solvency risks of SMEs raise 
important concerns about economic growth, jobs, and the financial stability of creditors. Even with a strong 
economic recovery, about one-fifth of SMEs may have negative net equity by the end of 2021 if they don’t 
close earlier, and other insolvency rates may deteriorate. Deterioration of the balance sheet of SMEs can 
lead to the risk of losing up to 10% of their jobs, and 10% of debt risks not being repaid. It should also be 
noted the lack of financial resources. A significant proportion of small and micro enterprises rely on 
personal savings and limited trade credit, as most major commercial banks are reluctant to provide them. 

Company "Info Sapiens", commissioned by the Center for International Private Enterprise, 
conducted a large-scale survey of managers, owners of micro, small and medium-sized businesses in 
Ukraine [5]. The results showed that if at the end of the first quarter of 2020 most enterprises characterized 
their stage of development as "stable", then by the middle of the third quarter (at the time of the survey) 
the share of "stable" enterprises halved (from 66% to 32%). The share of enterprises at the stage of recession 
or even closure increased by an order of magnitude (from 7% to 59%). The most pessimistic attitudes of 
microbusiness representatives - 60% of respondents assess the current situation as a decline, while among 
medium-sized businesses the share of such estimates is 42%. The share of enterprises that assess their stage 
of development as "growth" has also decreased significantly (from 25% to 5%). Similar results are presented 
in studies for other countries [6-14]. 

Finding ways out of the current situation, developing strategies for SMEs operation that will allow 
them to support their business and suffer minimal losses due to the Covid-19 pandemic, presented in [15-
37]. According to scholars' point of view, one of the most important factors that will contribute to the 
achievement of these goals is the support of small and medium-sized businesses by the state [15-23]. 
Inclusive policies to assist SMEs, such as social security, financial support programs, temporary tax 
incentives, and tax deferrals, be more effective than other targeted policies, such as credit guarantees or 
programs aimed at the employment of employees that are more effective large campaigns. Paper [24] 
provides examples of successful SME support policies in countries such as South Korea, the United 
Kingdom, the United States, and the French Republic. Current issues of state support for small businesses 
in Ukraine are posted on the web portal [25]. In particular, they are related to the provision of financial state 
support to small and medium enterprises through the program of soft loans "5-7-9"; receiving one-time financial 
assistance for UAH 8.000; a moratorium on tax audits; tax holidays; partial repayment of tax debt. 

According to scholars' opinion, the use of risk management technologies and crisis management 
strategies is very important in this case [26-30]. However, as rightly noted by G. B. Sylvana [28], the 
concepts of risk management are not widely used in the practice of managing small and medium-sized 
businesses, due to limited resources. 

E. Hadiyati and F. Hendrasto [31] based on the example of Indonesia's SMEs design a business 
marketing strategy based on the tools of SWOT analysis and evaluation of IFAS and EFAS. According to 
the authors, the proposed growth strategy focuses on using the company's strengths to take advantage of 
various business opportunities during the Covid-19 pandemic. 

An effective tool to support the SMEs' activities is their reorientation to the provision of new 
services that are in demand in a pandemic, and the use of new forms of business, in particular, the use of 
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online and digital technologies [32, 33]. Small and medium-sized enterprises are generally less inertial, and 
this reorientation is usually faster and less costly. 

Providing the analytical processing of available data is Important in processes of decision-making 
and developing strategic plans, in which much attention is paid to the methods of economic and 
mathematical modeling. The paper [36] presents the results of an expert survey of the impact of COVID-19 
on sales. Based on the results of data processing, a conclusion was made on the negative impact of the 
pandemic on cash flows and business profitability. K. Grondys with co-authors [37] assessed the most 
important risks by using analysis of variance in the SPSS system. The initial data were the results of 
empirical research conducted on small and medium enterprises in Poland. It was found that during a 
pandemic, the level and type of risk are the same in all surveyed enterprises. They are often threatened by 
strong competition in the industry, rising energy prices, and declining profits. 

It should be noted that the analysis of the impact of the pandemic on the activities of domestic 
SMEs, studies of changes in the structure of regions on the indicators of their activities are currently not 
sufficiently reflected. 

The purpose of this paper is to study the impact of the Covid-19 pandemic on the activities of SMEs 
by region and to identify structural changes in regional development in the context of SMEs. To achieve 
this goal, we will group the regions by indicators of SME development and explore the change in the 
clusters' structure. 

RESULTS AND DISCUSSIONS 
Given the multidimensionality of the description of the activities of SMEs, to solve the problem of 

grouping SMEs by indicators of their activities, we use a political approach. Under such conditions, all 
indicators simultaneously affect the results of grouping. In addition, they are considered equally important 
for the final result. The implementation of the political approach is successfully carried out in the 
framework of cluster analysis. Even though clustering methods are heuristic procedures that do not have 
a statistical basis, they are quite widely used to solve problems of grouping regions [38-40]. It should also 
be noted that applying different clustering methods to the same data can lead to different results. In this 
study, we use the k-means method for clustering. Its feature is that the number of clusters is determined in 
advance, and their content is set during the iterative clustering procedure. The main idea of the k-means 
algorithm is that the data is arbitrarily divided into clusters, after which iteratively lists the center of mass 
for each cluster obtained in the previous step. Next, the observation objects are divided into clusters again 
according to which of the new centers was closer to the corresponding object. The purpose of the algorithm 
is to divide the original set of observation objects by a predetermined number k of clusters so that each 
observation belongs to exactly one cluster located at the smallest distance from the center of this cluster. At 
the same time, the distance to the centers of other clusters should be greater. 

Consider the application of this procedure to the grouping of Ukraine's regions by indicators of 
SME activities. As the initial set of indicators, we choose the following ones: 

X1 - the number of medium-sized businesses per 10 thousand people of the current population; 
X2 - the number of small businesses (including micro-entrepreneurship) per 10 thousand people of 

the current population; 
X3 - the share of the volume of sold products (goods, services) of medium-sized enterprises (in the 

total volume of sold products (goods, services) by business entities; 
X4 - the share of sales of products (goods, services) of small businesses (including micro-

enterprises) in the total sales of products (goods, services) by businesses. 
The information base for the calculations was the data of the Ministry for Communities and 

Territories Development of Ukraine [41]. For the convenience of representation of regions at carrying out 
calculations, we assign to each region the corresponding code (Table 1). The initial indicators’ values are 
shown in Table 2. 

Table 1 
 Correspondence between the name of Ukraine’s region and its code designation 

Code Region Code Region Code Region 

C_01 Vinnytsia C_09 Kyiv C_17 Sumy 

C_02 Volyn C_10 Kyrovohrad C_18 Ternopil 

C_03 Dnipro C_11 Luhansk C_19 Kharkiv 

C_04 Donetsk C_12 Lviv C_20 Kherson 

C_05 Zhytomyr C_13 Mykolaiv C_21 Khmelnytskyi 

C_06 Zakarpattia C_14 Odesa C_22 Cherkasy 

C_07 Zaporizhzhia C_15 Poltava C_23 Chernivtsi 

C_08 Ivano-Frankivsk C_16 Rivne C_24 Chernihiv 
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Table 2 
Initial data to make the calculation 

Region 
X1 X2 X3 X4 

2019 2020 2019 2020 2019 2020 2019 2020 

C_01 3.6 4.0 434.2 448.2 41.3 41.9 36.8 35.8 

C_02 3.2 3.8 375.2 394.2 56.4 58.2 21.7 22.9 

C_03 4.2 4.6 431.8 460.4 25.9 25.2 19.5 20.4 

C_04 1.2 1.4 147.3 155.5 19.5 21.9 11.4 13.2 

C_05 3.4 3.7 399.3 416.3 43.5 42.3 37.1 39.0 

C_06 2.1 2.4 405.4 400.7 43.7 40.2 46.6 47.3 

C_07 3.6 3.9 430.1 448.1 23.4 23.6 24.3 27.7 

C_08 2.5 2.6 379.9 398.9 38.3 36.2 35.9 33.0 

C_09 5.6 6.0 568.9 609.2 38.4 37.6 28.6 28.8 

C_10 3.7 4.5 380.0 401.4 50.4 48.3 44.1 41.6 

C_11 1.0 1.0 100.2 104.2 33.2 37.8 41.3 42.8 

C_12 3.9 4.3 453.5 489.7 44.9 42.3 34.7 34.5 

C_13 3.1 3.6 479.8 496.7 30.3 32.6 34.3 35.1 

C_14 3.8 4.1 548.7 574.3 40.1 37.7 36.8 37.8 

C_15 4.5 5.0 430.0 459.0 36.1 38.3 23.4 24.5 

C_16 2.9 3.3 338.7 358.0 44.3 46.4 42.2 43.3 

C_17 3.5 3.9 367.9 383.7 51.5 51.2 32.8 34.2 

C_18 2.6 3.0 349.2 359.8 51.3 51.4 40.3 42.5 

C_19 4.6 4.9 568.9 605.4 43.2 42.7 41.7 41.5 

C_20 2.9 3.0 422.9 442.3 40.3 41.5 49.1 50.9 

C_21 3.1 3.5 479.3 499.7 49.4 45.6 38.5 38.7 

C_22 4.1 4.6 445.2 466.4 41.5 45.5 31.2 29.4 

C_23 2.1 2.4 479.0 493.5 38.6 42.8 57.0 57.2 

C_24 3.9 4.5 385.9 408.5 49.4 49.9 35.5 36.8 

 
We perform calculations using the Statistica program in Russian localization and choose the 

number of clusters k = 4. The results of clustering are presented in Figures 1 and 2. 
 

 
Figure 1. Clustering of Ukraine’s regions for data 2019 

 

Let us compare the cluster structures obtained according to the data of 2019 and data of 2020. As 
we see, the first cluster in 2019 included Mykolaiv, Odesa, Dnipro, Poltava, Zaporizhzhia, Kharkiv, Kyiv, 
Cherkasy regions. These are regions with the relatively high development of small and medium 
enterprises, which is reflected in the rather high values of indicators shown in Table 2. The second cluster 
includes Vinnytsia, Volyn, Zhytomyr, Sumy, Ternopil, Khmelnytskyi, Kyrovohrad, Lviv, Chernihiv 
regions. The group of regions can be described as having indicators above the average level. The third 
group includes Rivne, Zakarpattia, Ivano-Frankivsk, Kherson, and Chernivtsi regions. This group of 
regions has indicators below the average level. And the last cluster was formed by Donetsk and Luhansk 
regions. It is known that these regions are the most depressed and have a relatively low level of SME 
development. 
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Figure 2. Clustering of Ukraine’s regions for data 2020 

 
Analysis of the cluster structure of regions according to 2020 showed that from the first group two 

regions: Kharkiv and Cherkasy moved to the second group with values above the average level. This is 
due to a decrease in the share of sales of SMEs, although the number of such entities has increased 
compared to the previous year. From the second group, the Ternopil region moved to the group of regions 
with a below-average level of SME development. This is because this region was one of the first in Ukraine 
to be classified as a "red" zone and was there for a long time, which primarily limited the activities of small 
and medium enterprises. The fourth group of regions remained unchanged. 

However, analyzing the changes in the regional structure of Ukraine in terms of SME development, 
it can be stated that the Covid-19 pandemic did not have a significant impact on changes in this structure. 
That is the negative impact of quarantine restrictions on the activities of SMEs equally evident in almost all 
regions. 

It should be noted that the government is taking certain measures to support the activities of SMEs. 
This was facilitated by the program "Affordable loans 5-7-9%." Thus, only for the first three days of 2021 
such loans were issued in the amount of UAH 338 million, including through refinancing at 0% - UAH 202 
million [42]. With the support of the EU and the German government, the COVID-19 business clinic has 
been launched in Ukraine under the EU4Business: Competitiveness and Internationalization of SMEs 
project. Their activities are aimed at assisting domestic SMEs to meet the challenges posed by the COVID-
19 pandemic. More than UAH 10 million have been allocated for the implementation of this initiative [43]. 

The need for further development of the IPU is also reflected in the State Strategy for Regional 
Development for 2021-2027 [44], where among the operational strategy's goals and main objectives are state 
support for small and medium enterprises, interest compensation on loans to small and medium 
enterprises, create jobs in problem areas, promotion for the formation of business development 
infrastructure, in particular, business centers, business incubators, and others. 

CONCLUSIONS 
Thus, the study showed that the problem of the functioning of small and medium enterprises in a 

pandemic is the subject of discussion by a wide range of researchers. An analysis of the publications 
showed that the problems faced by SMEs are typical of both developed and developing countries. To assess 
the impact of the pandemic on the development of small and medium enterprises in Ukraine, we conducted 
a clustering of regions of Ukraine according to the Ministry for Communities and Territories Development 
of Ukraine. The results of the research did not show significant changes in the regional structure in terms 
of SME performance. This led to the conclusion that the impact of the pandemic was equally evident in all 
regions. 
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ДОСЛІДЖЕННЯ СТРУКТУРНИХ ЗРУШЕНЬ ВНАСЛІДОК ПАНДЕМІЇ COVID-19 ЗА 
ПОКАЗНИКАМИ ДІЯЛЬНОСТІ МАЛИХ ТА СЕРЕДНІХ ПІДПРИЄМСТВ 

 
НІЛА ХРУЩ 

Хмельницький національний університет 
 

Підприємства малого і середнього бізнесу є важливою складовою економічної системи більшості країн світу, забезпечуючи  
зайнятість і доходи значної частки населення, економічну та соціальну трансформацію. При цьому вони не так залежні від 
кон’юнктури зовнішніх ринків, валютних коливань, гнучко адаптуються до мінливих умов ринкового середовища.  Важливу роль 
підприємства малого і середнього бізнесу відіграють і у вітчизняній економіці. Вони формують відчутну частину доходів місцевих 
бюджетів, забезпечуючи створення нових робочих місць; вирішення проблеми подолання безробіття, що пов’язано зі зменшенням 
кількості та чисельності великих підприємств; здійснюють підтримку та розвиток середнього класу в суспільстві; швидке 
пристосування до ринкових змін, нових обставин. Пандемія COVID-19 різними способами уповільнила діяльність підприємств різного 
розміру та типу. Найбільше постраждали малі і середні підприємства, що працюють у різних секторах економіки. Це дослідження має 
на меті дослідити вплив пандемії COVID-19 на функціонування малих і середніх підприємств та зміну регіональної структури за 
показниками їх діяльності. Ми застосували дослідницьку методологію з критичним оглядом наявної літератури для даного сектору 
економіки. Для вирішення поставлених завдань нами використаний метод кластеризації k-means, який являє собою ітераційну 
процедуру пошуку групувань об’єктів у просторі ознак. В результаті проведених розрахунків регіони України були розподілені між 
чотирма кластерами. Нами надана характеристика кожного кластера. Дослідження показали, що у 2020році не відбулось істотних 
змін у кластерній структурі регіонів. Це призводить до висновку, що вплив пандемії однаково проявився у всіх регіонах. Нами також 
проаналізовані заходи уряду країни, , спрямовані на підтримку діяльності малих і середніх підприємств, зменшення втрат та ризиків 
припинення діяльності від обмежувальних заходів. 

Ключові слова: Covid-19, малі і середні підприємства, регіональна структура, кластеризація, метод k-means.  
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