


 

ISSN 2520-6990 

ISSN 2520-2480 

Colloquium-journal №14 (101), 2021 

Część 5 

(Warszawa, Polska) 

Redaktor naczelny - Paweł Nowak 
Ewa Kowalczyk 

Rada naukowa 
 Dorota Dobija - profesor i rachunkowości i zarządzania na uniwersytecie Koźmińskiego 

 Jemielniak Dariusz - profesor dyrektor centrum naukowo-badawczego w zakresie organizacji i miejsc pracy, kierownik 
katedry zarządzania Międzynarodowego w Ku. 

 Mateusz Jabłoński - politechnika Krakowska im. Tadeusza Kościuszki. 

 Henryka Danuta Stryczewska – profesor, dziekan wydziału elektrotechniki i informatyki Politechniki Lubelskiej. 

 Bulakh Iryna Valerievna - profesor nadzwyczajny w katedrze projektowania środowiska architektonicznego, Kijowski 
narodowy Uniwersytet budownictwa i architektury. 

 Leontiev Rudolf Georgievich - doktor nauk ekonomicznych, profesor wyższej komisji atestacyjnej, główny naukowiec 
federalnego centrum badawczego chabarowska, dalekowschodni oddział rosyjskiej akademii nauk 

 Serebrennikova Anna Valerievna - doktor prawa, profesor wydziału prawa karnego i kryminologii uniwersytetu 
Moskiewskiego M.V. Lomonosova, Rosja 

 Skopa Vitaliy Aleksandrovich - doktor nauk historycznych, kierownik katedry filozofii i kulturoznawstwa 

 Pogrebnaya Yana Vsevolodovna - doktor filologii, profesor nadzwyczajny, stawropolski państwowy Instytut 
pedagogiczny 

 Fanil Timeryanowicz Kuzbekov - kandydat nauk historycznych, doktor nauk filologicznych. profesor, wydział 
Dziennikarstwa, Bashgosuniversitet 

 Aliyev Zakir Hussein oglu - doctor of agricultural sciences, associate professor, professor of RAE academician RAPVHN 
and MAEP 

 Kanivets Alexander Vasilievich - kandydat nauk technicznych, docent wydziału dyscypliny inżynierii ogólnej wydziału 
inżynierii i technologii państwowej akademii rolniczej w Połtawie 

 Yavorska-Vіtkovska Monika - doktor edukacji , szkoła Kuyavsky-Pomorsk w bidgoszczu, dziekan nauk o filozofii i biologii; 
doktor edukacji, profesor  

 Chernyak Lev Pavlovich - doktor nauk technicznych, profesor, katedra technologii chemicznej materiałów 
kompozytowych narodowy uniwersytet techniczny ukrainy „Politechnika w Kijowie” 

 Vorona-Slivinskaya Lyubov Grigoryevna - doktor nauk ekonomicznych, profesor, St. Petersburg University of 
Management Technologia i ekonomia 

 Voskresenskaya Elena Vladimirovna doktor prawa, kierownik Katedry Prawa Cywilnego i Ochrony Własności 
Intelektualnej w dziedzinie techniki, Politechnika im. Piotra Wielkiego w Sankt Petersburgu 

 Tengiz Magradze - doktor filozofii w dziedzinie energetyki i elektrotechniki, Georgian Technical University, Tbilisi, Gruzja 

 Usta-Azizova Dilnoza Ahrarovna - kandydat nauk pedagogicznych, profesor nadzwyczajny, Tashkent Pediatric Medical 
Institute, Uzbekistan 

 

 
«Сolloquium-journal» 

Wydawca «Interdruk» Poland, Warszawa 
Annopol 4, 03-236 

E-mail: info@colloquium-journal.org 
http://www.colloquium-journal.org/  



4 ECONOMIC SCIENCES / «Colloquium-journal» #14(101), 2021 

sustainable development of the Crimea and signifi-

cantly replenish the budget of the Crimea. The coordi-

nated interaction of enterprises, scientific organiza-

tions, educational institutions, business and govern-

ment agencies to solve this problem will ensure the 

effectiveness of managing the sustainable development 

of the region's economy for future generations. 

It is important to understand that the implementa-

tion of the proposed cluster is essentially aimed at solv-

ing those problems that are currently central to the 

economy of the Crimea and require immediate solu-

tions. 

1. The implementation of the cluster approach in 

the processes of managing the regional economy makes 

it possible to increase the competitiveness of individual 

companies, industries and the economy of the region as 

a whole. 

2. The cluster approach is characterized by an in-

creasing attention to the peculiarities of local markets 

and to the level of separately operating companies, 

which makes it possible to use local resources and de-

velop state targeted support programs [1]. 

3. Clusterization always means innovative devel-

opment of the region, primarily small and medium-

sized businesses. 

It is important to understand that the implementa-

tion of the proposed cluster is essentially aimed at solv-

ing those problems that are currently central to the 

economy of the Crimea and require immediate solu-

tions. 

1. The implementation of the cluster approach in 

the processes of managing the regional economy makes 

it possible to increase the competitiveness of individual 

companies, industries and the economy of the region as 

a whole. 

2. The cluster approach is characterized by an in-

creasing attention to the peculiarities of local markets 

and to the level of separately operating companies, 

which makes it possible to use local resources and de-

velop state targeted support programs [1]. 

3. Clusterization always means innovative devel-

opment of the region, primarily small and medium-

sized businesses. 

In addition to the advantages, there are a number 

of difficulties in applying the cluster approach. Clusters 

created in the regions will be sufficiently susceptible to 

global crises. In this regard, it should be remembered 

that cluster policy is only one of the ways to increase 

the competitiveness of the region's economy, and the 

best effect from it can be achieved only in conjunction 

with other measures. It is important that the cluster or-

ganization of the development of the Crimean region 

can have an undeniable impact on improving the qual-

ity of life and the level of well-being of the population 

[5]. 
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Provision of the sustainable socio-economic de-

velopment of Ukraine is possible on the basis of devel-

oping a modern socially oriented economy. One of the 

most important priorities is to achieve balanced devel-

opment of the labor market, ensuring productive em-

ployment, which needs to be taken into account. There-

fore, for the development and implementation of strat-

egies for socio-economic development of the country 

in general and its regions in particular, it is extremely 

important to determine the factors of the main and in-

direct impact on employment. 

After all, today the assessment of the results of 

economic entities, including the number of employed 

people, is based on the calculation and analysis of 

standard ratios. Accordingly, in the conditions of inno-

vative economy this method of analysis is not enough. 

The issue of introducing innovation into the meth-

odology of analysis of employment factors of the pop-

ulation of Ukraine is becoming relevant. Thus, along 

with traditional methods of analysis, it is advisable to 

use methods of econometric modeling. 

In general, the model, as a philosophical category, 

is the replacement of a real system with another system 

that to some extent reflects the real one. The modeling 

is based on the intentional replacement of the processes 

and phenomena under study with their analogous mod-

els, which reflect the features of the original analogous 

models [2]. 

The application of mathematical methods in eco-

nomics makes it possible to identify and formally de-

scribe the most important, essential relationships of 

economic variables and objects, as well as inductively 

gain new knowledge about the object [6]. 

One of the directions of economic-mathematical 

methods of analysis, which consists in statistical meas-

urement (estimation) of parameters that characterize 

some economic concept of the relationship and devel-

opment of objects is econometrics [8]. 

The main task of econometrics in a market econ-

omy is to carefully study the quantitative relationships 

between indicators for a better understanding of eco-

nomic phenomena and processes, which, in turn, allows 

more informed formulations of management decisions 

and forecasts for the future. 

Domestic and foreign literature has expressed dif-

ferent views concerning what problems econometrics 

actually solves and what methods it uses. However, to-

day the range of tasks and methods related to econo-

metrics has been almost completely formed. Compared 

with the approach inherent in mathematical statistics, 

the actual econometric approach to the problems stud-

ied is not that examples and terminology are taken from 

the economic field but primarily in the attention given 

to the question of compliance of the model chosen to 

the economic object. In particular, the point at issue is 

about formulating hypotheses among which it is neces-

sary to make a choice to further apply these or those 

methods of model parameters estimation. 

The Article Is Devoted to the development of an 

econometric model of dependencies and the influence 

of factors on the number of employed people of 

Ukraine. The object of the study is the systemic sto-

chastic connections that are formed during the for-

mation of employment. When writing the article, statis-

tical data on the activities of enterprises of Ukraine of 

the State Statistics Service of Ukraine, regulations, sci-

entific works of domestic and foreign scientists, theo-

retical textbooks and manuals were used. 

The object of the study is the number of employed 

people of Ukraine. The main factors that affect the per-

formance trait are identified. This is the gross profit of 

Ukraine, capital investment, consumer price index. The 

results of the assessment of the changes of these indi-

cators for 2008 – 2019 period are presented in Table 1. 

Table 1 

Assessment of the Indicator Changes for 2008 – 2019 

No. Evaluation class 

Number of em-

ployed people, 

thousand people 

Gross profit of 

Ukrainian enter-

prises, UAH billion 

Investments in 

fixed assets of 

Ukraine, UAH 

billion 

Consumer 

price index 

1 amount 222401.40 23864.20 3978.30 1356.80 

2 average 18533.45 1988.68 331.53 113.07 

3 
average absolute incre-

mental value 
-399.45 271.25 31.99 -1.65 

4 average growth ratio 0.98 1.13 1.08 0.99 

5 variance 3798859.42 954611.61 19228.27 137.77 

6 mean square deviation 1949.07 977.04 138.67 11.74 

7 coefficient of variation 10.52% 49.13% 41.83% 10.38% 

According to [15] and the author's own calculations 

 

According to these calculations (Table 1) in 2008 

– 2019 period, the average expected value of the em-

ployed population of Ukraine was 18533.45 thousand 

people. The average absolute increase [12] of this indi-

cator showed that during this period the average annual 

decrease was -399.45 thousand people and amounted to 

98.0% growth. The average deviation from the average 

expected value was 1949.07 thousand people, which is 

equal to 10.5%. The coefficient of variation is 10.52%, 
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so the statistical data series is homogeneous and keepі 

in with the normal distribution law. 

The average expected value of the gross profit of 

Ukrainian enterprises was UAH 1988.68 billion. The 

average absolute increase of this indicator showed that 

during this period the gross profit of Ukrainian enter-

prises increased by UAH 271.25 billion on average 

every year or 1.13 as much and achieved 113% growth. 

The average deviation of the indicator from the average 

expected value is UAH 977.04 billion, which is equal 

to 49%. 

The results of the analysis of capital investment 

changes in Ukraine are shown in Table 1. According to 

these calculations in 2008 – 2019 period, the average 

expected value of capital investment in Ukraine was 

UAH 311.53 billion. The average absolute increase of 

this indicator showed that for this period the average 

annual increase is UAH 31.99 billion, which amounted 

to 108% growth. The average deviation of the indicator 

from the average expected value amounted to UAH 

138.67 billion, which is equal to 44%. 

The average expected value of the consumer price 

index in Ukraine [13] was 113.07. The average absolute 

increase of this indicator showed that for this period the 

average annual decrease was -1.65 points and 

amounted to 99% growth. The average deviation of the 

indicator from the average expected value amounted to 

UAH 11.74 billion, which is equal to 10.4%. 

It should be noted that the coefficient of variation 

characterizes the level of risk of deviations within the 

critical norm of financial risks. In general, the growth 

of the consumer price index is proportional to the 

growth of the employed population and the gross profit 

of Ukraine, which is characterized by a close relation-

ship between these factors. 

Thus, according to the analysis, it should be noted 

that not all factors influencing the number of employees 

in Ukraine had a general tendency to decrease in dy-

namics, the gross profit of Ukrainian enterprises and 

fixed capital investment were increasing slightly every 

year. 

Research Purpose Formation 

According to the Law of Ukraine “On Employ-

ment”, employment is the activities of persons not pro-

hibited by law and related to the satisfaction of their 

personal and social needs in order to receive income 

(wages) in cash or other form, as well as the activities 

of family members who carry out economic activity or 

work for business entities based on their property in-

cluding free of charge one [1]. To increase the level of 

employment and taking into account the political and 

economic situation in Ukraine, the main purpose should 

be to preserve the potential of working people and pro-

fessionals who are the drivers of the state’s economy. 

Successful implementation of state employment 

policy requires the development and adoption of a long-

term program aimed at developing a new socially ori-

ented model of labor market regulation based on a bal-

anced combination of tools of state and market regula-

tion. Such a program should be aimed at gradually re-

ducing tensions in the labor market by creating a legal, 

economic and institutional framework to improve the 

efficiency of employment. Decisions in the areas of 

structural policy, formation and implementation of in-

vestment programs, income policy, development of the 

education system should be formed taking into account 

their expected impact on employment. 

The economic factors that affect the employment 

include the following: the level of economic develop-

ment of the state (GDP per capita); degree of invest-

ment activity; tax-budgetary and monetary policy of the 

state; inflation rate; proximity to state borders, which 

allows people, who cannot find employment on the 

terms favorable to them, migrate to other countries; the 

level of average monthly wages in the region, the level 

of income that determine the price of labor in the re-

gion. Also, the economic factors in the formation of 

employment are the productive activities of people 

aimed at creating gross domestic product of society. An 

increase in the number of employees leads to an in-

crease in the production of goods, provision of services, 

creates the preconditions for meeting a wider range of 

needs and increasing the welfare of the population. 

Economic factors should include the sectoral structure 

of the economy, which ultimately determines the de-

mand for specialists in various professions. 

In line with these trends, there is a transfer of pro-

duction with a high level of material and energy costs, 

as well as environmental risks to the underdeveloped 

countries. At the same time, the highly developed coun-

tries encourage the import of intellectual capital. In 

view of the foregoing, to organize jobs and increase 

employment, the main thing is the development of in-

dustry, which should be based on new technologies, 

taking into account the requirements of the time, and 

this needs capital investment. One such form of capital 

placement is investment. Investment activity covers all 

spheres of the national economy: both the sphere of ma-

terial production and social one. The role of the state in 

solving this problem is of fundamental importance. 

Model Specification 

Econometric models belong to functional models. 

They quantify the relationship between the initial indi-

cators X of the economic system and the performance 

indicator Y. In general, the econometric model can be 

written as follows: 

 Y = f (X, u),   (1) 

where  

X is the initial economic indicators; 

u is the random, or stochastic, component. 

Indicators X may be deterministic and stochastic. 

The additive component u is a random variable, and 

therefore, given that the dependent variable Y depends 

on u, it is also a stochastic one. This leads to the con-

clusion that the econometric model is stochastic. 

Development and research of econometric models 

have certain features. These features are due to the fact 

that econometric models are stochastic. They describe 

the correlation-regression relationship between eco-

nomic indicators. This connection quantifies the exist-

ing patterns of economic processes and phenomena. 

Therefore, to develop an econometric model, it is nec-

essary: 

1) have a sufficiently large set of observation data; 

2) ensure the homogeneity of the set of observa-

tions; 
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3) ensure the accuracy of the original data. 

The econometric model contains a set of regres-

sion equations that describe the stochastic relationships 

between the studied economic indicators, as well as cer-

tain identities that characterize the relationship between 

economic indicators. 

The most common mathematical type of relation-

ships studied is a linear one (relative to parameters) and 

additive in form. At the same time, situations are pos-

sible when the same indicators in some equations play 

the role of the variables that should be explained, and 

the others are the explanatory variables (such models 

are called simultaneous equation systems). 

The main problems of econometric modeling in-

clude: 

- identification of variables and hypothesis of 

model specification; 

- specification of the econometric model; 

- methods for estimating model parameters; 

- model verification; 

- forecast of the variables that should be explained 

on the basis of the model. 

The solution to these problems is largely based on 

mathematical and statistical tools. Much attention is 

paid to the methods of multidimensional analysis and, 

above all, to the methods of recognition of socio-eco-

nomic characters, their typology. 

We will develop an econometric model of the de-

pendence of the number of employed people of Ukraine 

on gross profit, capital investment and consumer price 

index. 

We specify variables: y is the number of the em-

ployed population of Ukraine, thousand people (inde-

pendent variable); x1 is gross profit, UAH billion, x2 is 

capital investment, UAH billion, x3 is consumer price 

index in Ukraine, %. 

In such a manner: 

y = f (x1, x2, x3) (2) 

 

As shown in Table 1, the resulting feature is the 

number of employed people of Ukraine in thousands. 

The data sample is equal to 12 years, i.e. 2008 – 2019, 

i.e., the estimated current period is equal to 1 year [14]. 

The main data array was obtained from public infor-

mation of the State Statistics Service of Ukraine on 

macroeconomic indicators and the consolidated budget 

of Ukraine. 

 

The Model Parameters Estimation 

The model is estimated on the basis of calculations 

of partial correlation coefficients and regression param-

eters calculated by the least square method (LSM) [9]. 

Partial correlation coefficients of the econometric 

model were obtained from the developed correlation 

matrix (Table 2): 

Table 2. 

Correlation matrix 

 

Number of em-

ployed people, 

thousand people 

Gross profit of 

Ukrainian enterprises, 

UAH billion 

Investments in 

fixed assets of 

Ukraine, UAH bil-

lion 

Consumer 

price in-

dex 

Number of employed peo-

ple, thousand people 
1    

Gross profit of Ukrainian 

enterprises, UAH billion 
-0.83 1   

Investments in fixed assets 

of Ukraine, UAH billion 
-0.68 0.96 1  

Consumer price index -0.34 -0.10 -0.23 1 

According to [15] and the author's own calculations 

 

r (yx1) = -0.83, the relationship between the factors 

is close, inverse direction. 

r (yx2) = -0.68, the relationship between the factors 

is medium, inverse direction. 

r (yx3) = -0.34, the relationship between the factors 

is medium, inverse direction. 

r (x1x2) = 0.96, the relationship between the factors 

is close, straight direction. 

r (x1x3) = -0.10, the relationship between the fac-

tors is weak, inverse direction. 

r (x2x3) = -0.23, the relationship between the fac-

tors is weak, inverse direction. 

According to estimates of partial correlation coef-

ficients, it can be seen that the model is dominated by 

external connections, i.e. between the factors yx (i). 

The internal relations between x (i + 1)x (i) have a 

small correlation effect, except for the variables x1 and 

x2, so the presence of multicollinearity can be predicted 

between these variables. 

Of course, multicollinearity is not a problem if the 

sole purpose of regression analysis is prediction, be-

cause the higher the value of R2 (coefficient of determi-

nation), the more likely the prediction. If the purpose of 

the study is not only prediction, but also analysis of the 

model, which uses the values of parameters (parameter 

estimates), then multicollinearity becomes a problem, 

because its presence leads to large standard errors in 

parameter estimation. 

The external signs of multicollinearity are the 

presence of a contradiction that arises from a combina-

tion of two factors, namely, the high value of the coef-

ficient of determination R2 (which is evidence, accord-

ing to Fisher’s test, of the absence of zero values of pa-

rameters) and insignificance of t-statistics (according to 

Student’s criterion this means that one or more esti-

mated parameters are statistically little different from 

zero). 

There is no single way to determine multicolline-

arity. The model was tested for multicollinearity by 
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Farrar-Glauber method [9,12]. This method most fully 

investigates multicollinearity and uses three types of 

statistical criteria and allows to detect multicollinearity: 

- of the whole array of independent variables (cri-

terion 2); 

- of each independent variable with all others (F-

criterion); 

- of each pair of independent variables (t-test). 

To develop an econometric model, it is necessary 

to be sure that there is no multicollinearity between the 

selected factors. The task is to investigate the presence 

of multicollinearity between these factors and, if its ex-

istence is confirmed, to draw conclusions about the op-

tions for its elimination and the possibility of using 

LSM (least squares method) to estimate the parameters 

of the model. 

Using Farrar-Glauber algorithm, we find out 

whether there is a close correlation between the factor 

variables. 

In the first step of this algorithm, we normalize the 

factor variables X1, X2, X3 of this econometric model by 

the formulas: 

 
n

xx

ik

kik

2

*

ikx



  or 

ik

kik xx




*

ikx  (3) 

 

where  

n is the number of observations of the correspond-

ing factor variables; 

m is the number of factor variables; 

 kx  is the arithmetic mean of the values of the 

factor Xk; 

δ2
xk is the variance (standard deviation) of the k-

th explanatory variable Хk. 

Normalization and standardization of data is car-

ried out in order to obtain the values of the statistical 

sample, which would have the same ranges of change. 

The difference between normalization and standardiza-

tion is that normalization transforms data that vary in 

the range 0 to 1, and standardization makes it possible 

to obtain data whose distribution has an average value 

of 0 and a standard deviation of 1. 

Table 3 presents a matrix of standardized variables 

obtained in the electronic processor Excel 

NORMALIZATION function. 

Table 3 

Standardized Variables Matrix 

Period 

number 

Number of employed 

people, thousand people 

Gross profit of Ukrain-

ian enterprises, UAH 

billion 

Investments in fixed 

assets of Ukraine, 

UAH billion 

Consumer price 

index 

1 1.251291455 -1.021330764 -0.428547596 0.786662033 

2 0.850689381 -1.06615994 -0.999704005 -0.065318508 

3 0.888912812 -0.888480832 -1.027107974 -0.337952282 

4 0.918773263 -0.654509379 -0.51652876 -0.721343525 

5 0.934216555 -0.542027041 -0.272777666 -1.130294185 

6 0.959767251 -0.476932621 -0.460278508 -1.070655547 

7 -0.236087403 -0.411224103 -0.808597378 1.008176974 

8 -1.072436585 -0.000187641 -0.421336025 2.575821171 

9 -1.15775949 0.40378669 0.199580223 -0.056798703 

10 -1.219583965 1.017577941 0.843573497 0.053958768 

11 -1.114661931 1.606907609 1.782520018 -0.278313644 

12 -1.003121343 2.03258008 2.109204176 -0.763942552 

The author's own calculations 

 

We calculate the correlation matrix by the follow-

ing formula: 

R = (X1*)Т X1   (4) 

 1 0.962050114 -0.10176895 

R= 0.962050114 1 -0.227059977 

 -0.10176895 -0.227059977 1 

 

Hence, the determinant of the correlation matrix 

det R = 0,057007872 and the value of 2 -criterion will 

be equal to: 

2 =-(n-1-1/6* (2*m+5) ln  R (5) 

where n is the number of observations (n = 12), m 

is the number of factor variables (m = 3). 

2 =26.259. 

Comparing the obtained value of 2 with the table 

2
tabl = 7.814728 at (1/2*m* (m-1) = 3 – degrees of free-

dom and a given level of significance α (α = 0.05), we 

draw the following conclusion: 

since 2> 2
tabl, then in this array of factor varia-

bles there is a phenomenon of multicollinearity. 

The next step of the study will be the calculation 

of the F-criterion by the following formula: 

  
1

1
Fk






m

mnckk
, (6) 

where ckk are the diagonal elements of matrix C, 

which is inverse to the correlation matrix R. 

 16.63706674 -16.47040013 -2.046631868 

C= -16.47040013 17.35976192 2.265531822 

 -2.046631868 2.265531822 1.306128028 

 

We find F1 = 70.37; F2 = 81.80; F3 = 1.53. 

We compare the corresponding values with Ftabl = 

19.35322 at 10 and 2 degrees of freedom and a given 

level of significance α = 0.05. 

We obtained that F1> Ftabl and F2> Ftabl. Thus, 
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there is a dependence of factor variables X1 and X2 on a 

set of other variables. 

We find the partial correlation coefficients that 

characterize the relationship density between two vari-

ables provided that the other variables do not affect this 

relationship: 

jjkk

kj

cc

c




kjr ,   (7) 

where  

ckj is the element of C matrix, located at the inter-

section of the k-th row and the j-th column, ckk and cjj 

are the diagonal elements of C matrix. 

 -1 0.969156445 0.439044 

r= 0.969156445 -1 -0.47578 

 0.439044437 -0.486002958 -1 

 

We calculate the t-test by the formula: 

2kj
1

t
kj

kj
r

mn
r




 ,   (8) 

  2.917263253 1.374934 

thj= 2.917263253  1.487419 

 1.374934089 1.518617413  

Comparing the obtained values of tkj with the tab-

ular ttabl = 1,812 at 10 degrees of freedom and a given 

level of significance α = 0,05, we draw the following 

conclusion: since t12> ttabl, there is multicollinearity in 

the pair of variables X1 and X2. 

A multicollinearity study found that there was a 

strong relationship between factor variables x1 and x2, 

which could potentially be included in the econometric 

model, both throughout the array of variables (2-crite-

rion test result) and in pairs. This dependence can sig-

nificantly affect the quality of estimates obtained using 

least square method (LSM). Models, in which multicol-

linearity is observed become extremely sensitive to a 

specific data set, and the estimates obtained by LSM are 

biased. 

Let’s leave the variable x1 in the model, and ex-

clude the variable x2. 

The model was tested for the presence of autocor-

relation of residues based on the Durbin-Watson test. 

The statistics are calculated by the formula: 

 

(9) 

 

where et is the residues of the econometric model. 

Calculation of Durbin-Watson statistics (Table 5) 

Table 5. 

Calculation of Durbin-Watson statistics (Table 5) 

Residues  (e(i)-e(i-1))^2 e(i)-e(i-1) e^2 

1349.76 1821842.78   

-214.71 46100.40 -1564.47 2447555.75 

-63.45 4025.73 151.26 22880.01 

75.59 5714.44 139.04 19332.84 

-41.90 1755.83 -117.50 13805.44 

168.43 28369.53 210.34 44240.90 

-324.72 105440.80 -493.15 243196.00 

47.54 2259.74 372.25 138572.45 

-1614.96 2608098.30 -1662.50 2763897.93 

-596.59 355914.00 1018.38 1037088.65 

337.32 113785.68 933.91 872181.56 

877.68 770326.99 540.36 291990.45 

Amount 4041791.44  7894741.97 

The author's own calculations 

 

d = 1.95 

According to the Durbin-Watson distribution ta-

bles, we determine the lower and upper limits of Dur-

bin-Watson statistics: dl = 0.81, du = 1.58 [12] (table 6). 

Table 6. 

Critical values of Durbin-Watson statistics 

from to Finding  

0 0.81 autocorrelation is available 

0.81 1.58 ambiguity area 

1.58 2.42 autocorrelation is non-available 

2.42 3.42 ambiguity area 

3.42 4 autocorrelation is available 

 

Therefore, the calculated value d of the statistics 

fell into the zone that determines the absence of auto-

correlation of residues. 

The general type of the regression equation is de-

scribed by the equation: 

 eŷy     (10) 
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where  

y is the actual value of the employed population of 

Ukraine, 

ŷ is the theoretical (regression) value of the em-

ployed population of Ukraine, 

e is the error of results. 

The linear form of multifactor regression on the 

set of 2 factors in general is as follows: 

 ŷ = b0 + b1 · x1 + b3 · x3           (11) 

where  

ŷ is the theoretical (regression) value of the em-

ployed population of Ukraine, 

x1 is the gross profit, billion UAH 

x3 is the consumer price index in Ukraine, %. 

bi is the parameter of the regression equation cal-

culated by the least square method (LSM). 

The calculation of the equation of the multifactor 

econometric model is performed using the Data Analy-

sis application, which is shown in Fig. 1. 

 
Fig.1. The results of the Data Analysis add-on – Regression. 

The author's own calculations 

 

The multifactor model of changes in the number 

of employed people of Ukraine has the form: 

 ŷ = 30001.33 – 1.745x1 – 70.720x3      (12) 

According to the model obtained we have the 

characteristics of changes in the factor of the number of 

employed population y:  

- with an increase in gross profit of Ukraine (x1) 

by UAH 1 million, the value of the employed popula-

tion of Ukraine will decrease by 1,745 thousand people; 

- with an increase in the consumer price index in 

Ukraine (x3) by 1%, the value of the employed popula-

tion of Ukraine will decrease by 70,720 thousand peo-

ple. 

 Checking the quality of the model developed. 

The model obtained is significant, which is con-

firmed by the value of the multiple coefficient of deter-

mination R2 = 0.8713. Factors x (i) have 87.13% of the 

influence on the resulting y, and the other 12.87% of 

the influence belongs to factors not taken into account 

in the model. 

The multiple correlation coefficient r (y, x1, x3) is 

0.9335, which indicates a high level of closeness be-

tween the factors. The model is adequate, which is con-

firmed by the calculations of Fisher’s F-statistics [10]. 

Fcalc> = Ftheor ( = 0.05, df1 = 3, df2 = 10), i.e. 30.48> 

= 4.76, and the significance of Fisher’s F-statistics is 

close to zero. 

The significance of the regression parameters is 

confirmed by the evaluation of Student’s t-statistics at 

degrees of freedom (n-2,  = 0.05) ttheor = 1.812. The 

significance of the model parameters showed that they 

are all significant: 

- b0: tcalc=12,69; b1: tcalc =-7,28; b3: tcalc =-

3,54.  

Thus, all parameters are significant. 

Predictive assessment of factor influences. 

Estimation of forecast fluctuations of theoretical 

and actual values of the model of changes in the number 

of the employed people is given in table 7. 

Table 7 

Estimation of factor influences in econometric model 

Period 
number 

Period  

Number of 
people em-

ployed, thou-
sand people 

Regression value 
of the number of 
people employed, 
thousand people 

Deviation of the 
actual regression 
value from the 

actual one  

Lower 
data 

range 

Upper 
data range 

1 2008 20972.3 19622.54 1349.76 8215.18 31029.90 
2 2009 20191.5 20406.21 -214.71 9474.03 31338.39 
3 2010 20266 20329.45 -63.45 9447.58 31211.32 
4 2011 20324.2 20248.61 75.59 9445.91 31051.31 
5 2012 20354.3 20396.20 -41.90 9750.59 31041.82 
6 2013 20404.1 20235.67 168.43 9523.96 30947.37 
7 2014 18073.3 18398.02 -324.72 6550.02 30246.01 
8 2015 16443.2 16395.66 47.54 3499.26 29292.07 
9 2016 16276.9 17891.86 -1614.96 6176.31 29607.41 
10 2017 16156.4 16752.99 -596.59 4653.53 28852.44 
11 2018 16360.9 16023.58 337.32 3787.92 28259.24 
12 2019 16578.3 15700.62 877.68 3496.73 27904.51 
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 amount sum      

The author's own calculations 

As shown by the evaluation results, the range of 

changes in parameter values is within the following 

[19]: 

Blower <bi< bupper 

24652.20 <b0< 35350.46 

-2.29 <b1< -1.20 

-115.86 <b3< -25.57 

The graph of the range of changes of regression val-

ues of the econometric model of changes in the number of 

the people employed is shown in Fig. 2. 

 
Fig. 2. Graph of the range of changes in the regression values of the econometric model of changes in the num-

ber of people employed in Ukraine 

The author's own calculations 

 

In general, for the period 2008 – 2019, the number 

of people employed in Ukraine is characterized by a 

gradual decrease with slight fluctuations. 

CONCLUSIONS 

Econometric analysis allows us to investigate the 

economic system on the basis of stochastic equations, 

the formal appearance of which is renewed on the basis 

of the form and type of relationship between dependent 

and independent factors. 

Employment is one of the important indicators of 

the macroeconomic characteristics of the state, on the 

basis of which wages, gross income, etc are hereafter 

studied. According to the previous hypothesis, it was 

concluded that there is a relationship between employ-

ment, gross income, investment in fixed assets of 

Ukraine and the consumer price index. 

Employment was estimated on the basis of a mul-

tiple econometric model on a set of two independent 

factors using the least squares method. 

A multicollinearity study found that there was a 

strong correlation between the factor variables x1 and 

x2, which could potentially be part of the econometric 

model, both throughout the array of variables (2 crite-

rion test result) and in pairs. This dependence can sig-

nificantly affect the quality of estimates obtained using 

LSM. Models in which multicollinearity is observed 

become extremely sensitive to a specific data set, and 

the estimates obtained by LSM are biased. Let’s leave 

the variable x1 in the model, and exclude the variable 

x2. Checking the model for autocorrelation of residues 

it was determined that the model residues are not auto-

correlated. 

The developed econometric model of changes in 

the number of employed people in Ukraine has a high 

level of multiple correlation and determination (about 

87.1%), which indicates a sufficient quality of the 

model. The estimation of the parameters is confirmed 

by statistical significance based on Student’s t-statis-

tics. 

The adequacy of the model was assessed using 

Fisher’s F-test at 0.05 significance levels, degrees of 

freedom 3 and 8, respectively, according to the level of 

variances. The model is adequate, which is confirmed 

by comparing the actual and table values of the Fisher 

test. 

In general, for the period 2008 – 2019, the number 

of people employed in Ukraine is characterized by a 

gradual decrease with slight fluctuations. 
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Abstract. 

Socio-economic development has many factors of influence, but in 2020 the main factor on which it depended 

was the COVID-19 pandemic and the introduction of quarantine measures. Most foreign and international scien-

tific publications and forums emphasize that the spread of the virus has a significant impact on the functioning of 

states. Of course, the negative impact of COVID-19 did not escape the economy of Ukraine. That is why, the main 

purpose of this article was to assess the economic situation in Ukraine during the pandemic. 
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Socio-economic development of countries can be 

described as a complex process of movement and inter-

action of economic phenomena or units and population. 

It is an important component of the successful function-

ing of the state, as its main indicators indicate the cur-

rent state of the national economy at the international 

level. 

Socio-economic development has many factors of 

influence, but in 2020 the main factor on which it de-

pended was the COVID-19 pandemic and the introduc-

tion of quarantine measures. Most foreign and interna-

tional scientific publications and forums emphasize that 

the spread of the virus has a significant impact on the 

functioning of states. They claim that they are taking 

measures to curb pandemics, have been effective and 

slightly aimed at spreading it, but they have a negative 

impact on the economy [2]. Of course, the negative im-

pact of COVID-19 did not escape the economy of 

Ukraine. That is why, the main purpose of this article 

was to assess the economic situation in Ukraine during 

the pandemic. 

The special purposeful cooperation with Ukraine 

due to the virus was caused by all production processes 

and any other activity for several months during the all-

Ukrainian quarantine that took place in 2020. This has 

significantly affected the economy and socio-economic 

development in general.  

To better understand the impact of pandemics on 

the state of countries, we will consider and analyze the 

main socio-economic indicators using a data from State 

Statistics Service of Ukraine. 

One of the most important indicators is the coun-

try's nominal GDP, which in 2020 amounted to UAH 

4,194.1 billion. Compared to 2019, it decreased (at con-

stant 2016 prices) by 4.0%. Per capita, the nominal 

GDP of Ukraine in 2020 amounted to UAH 100.47 

thousand. As Ukraine's GDP decreased by 4%, this in-

dicates a decrease in production and sales of goods. The 

level of unemployment and the level of average wages 

(nominal and real) have a direct impact on Ukraine's 

GDP. 

According to the State Statistics Service, the un-

employment rate was 8.2% at the beginning of the year 

and 9.3% at the end. Regarding the level of average 

wages, the data are given in Table 1. 
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