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UKRAINE LABOUR POTENTIAL MODELLING BASED ON USING 
THE  THEORY OF UNCLEAR LOGIC

Purpose. To develop an effective approach to assessing the labour potential of Ukraine.
Methodology. The research method is mathematical modelling based on the use of the “theory of fuzzy logic”.
Findings. The factors influencing the labour potential of Ukraine are summarized and systematized, which are grouped into 

three groups: medical-demographic, socio-economic, and behavioural ones. The modelling algorithm is generalized and the lin­
guistic variables that characterize the comprehensive assessment of the level of labour potential of Ukraine are proposed. A tree of 
logical conclusions of hierarchical relationships of factors with selected terms for evaluating the labour potential of Ukraine was 
built. Statistical data for Ukraine and 21 countries that are part of the EU is summarized, that made it possible to estimate the 
level of labour potential (R) for strategic partner countries ‒ Poland and Ukraine, which are 6.4 and 5.95, respectively. Recom­
mendations are offered as for the development of the labour potential of Ukraine.

Originality. The scientific novelty of the study is the development of a theoretical-methodological approach to the assessment 
of the labour potential of Ukraine, which allows comprehensively taking into account the system of fuzzy terms, to evaluate the 
medical-demographic, socio-economic and behavioural factors of influence on the labour potential of Ukraine based on the use 
of the theory of fuzzy logic. That, in turn, will allow increasing the effectiveness of the management decision-making system in the 
direction of improving all components that form the labour potential.

Practical value. The importance of assessing labour potential for Ukraine lies in many aspects, the main ones are the following: 
increasing the efficiency of state administration in the field of labour potential formation; timely identification of problems, determina­
tion of the state and formation of strategic prospects for its development, which will allow accelerating the process of Ukraine’s transi­
tion from a candidate for EU membership to an EU member and revive the economy, that is currently based on the military rails.

Keywords: model, labour potential, assessment, theory of fuzzy logic

Introduction. Ukraine is gradually losing ground of train­
ing a competitive workforce. The main reasons are negative 
demographic trends, which are becoming worse in war condi­
tions (increased mortality, especially among men of younger 
age groups, declining birth rates, reduced life expectancy, in­
creasing levels of population aging and forced emigration, 
etc.). These and other social and economic problems (imbal­
ance on the labour market, low labour productivity, low cost of 
labour, high level of unemployment, precarization in the la­
bour market, low level of social protection, disregard of the 
population for the principles of a healthy lifestyle, etc.) hinder 
the development of labour potential. Thus, the importance of 
the problem of assessing the labour potential of Ukraine re­
lates to the need to determine the potential capabilities of the 
workforce for further labour activity; problematic factors af­
fecting the workforce; an effective approach to assessing la­
bour potential, which would include quantitative and qualita­
tive indicators; further prospects for the development of labour 
potential at the country level.

The work proposes to solve the following tasks: to justify 
the importance of applying the “fuzzy logic theory” in assess­
ing the labour potential; to justify the composition of factors 
that are included in the mathematical model of labour poten­
tial assessment based on the use of the theory of fuzzy logic; to 
give a generalized algorithm for modelling labour potential; to 
describe the theoretical and methodological foundations of 
the labour potential modelling process at the macro level; to 
make a calculation based on the modelling of the labour po­
tential, using the example of Poland and Ukraine as countries 
that have much in common, in particular: a border, a com­
monality in historical, geopolitical, economic and cultural 
processes; to propose recommendations for the development 

of the labour potential of Ukraine, depending on the reserves 
of growth based on the considered medical-demographic, so­
cio-economic and behavioural factors, in particular, based on 
the statistical data of 21 countries that are part of the EU, some 
of them are Austria, Belgium, the Czech Republic, Denmark, 
Estonia, Finland, France, Germany, Greece, Hungary, Ire­
land, Italy, Latvia, Luxembourg, the Netherlands, Poland, 
Portugal, Slovakia, Slovenia, Spain, Sweden.

Today, there is no clear methodological approach that 
would make it possible to assess the level of labour potential at 
the state level. Currently, there are approaches that allow you 
to assess the state of the labour potential at the level of the re­
gion (territorial community), or at the level of the enterprise 
(institution, organization), but they are also debatable, mainly 
it concerns the definition of assessment criteria, factors, cost 
characteristics of the workforce, etc.

As a result of the conducted research, the main conclusion 
can be the following – a theoretical-methodological approach 
to the assessment of labour potential at the state level was pro­
posed. It makes it possible to, considering systems of vague 
terms, carry out an assessment of medical-demographic, so­
cio-economic and behavioural factors influencing labour po­
tential at the country level based on the application of mathe­
matical modelling – the “theory of fuzzy logic”. It will allow 
one to change the approach in the state management system in 
the direction of identifying problems and finding rational solu­
tions for its development qualitatively.

Literature review. In the modern military conditions of the 
development of the economy of Ukraine, an important task is 
to ensure the national viability of the country, which requires, 
in particular, the preservation of the labour potential of the na­
tion [1], which is influenced by demographic factors (fertility 
rate, the number of the working-age population, sex-age 
structure of the population, mortality rate, etc.) , social factors 
(provision of the population: housing, educational institu­



178	 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2023, № 3

tions, cultural objects, medical institutions, objects of house­
hold services and catering, etc.), economic factors (level of 
wages, level of unemployment and employment, the number 
of working hours, level of productivity labour, etc.) and other 
factors.

The theoretical-methodological, scientific-methodical 
foundations of the formation of the strategy for the develop­
ment and preservation of the labour potential of Ukraine and 
the factors affecting the labour potential, in particular the 
study on the problem of social security in the labour market 
and the strategic priorities of its provision in the modern con­
ditions of the transformation of the main threats, are consid­
ered in scientific work [2]. Social support of unemployed 
able-bodied citizens as a factor in the development of labour 
potential [3] is now extremely important, because of military 
conditions and a high level of labour migration [4] there is a 
need to provide the economy with labour and create prereq­
uisites for the economic development of Ukraine. The im­
pact of social security and employment policy on the correla­
tion between migration and unemployment is discussed in 
detail in the work [5], particularly the importance of the im­
plementation of effective social programs by the state aimed 
at overcoming unemployment and creating prerequisites for 
the use of labour within the country is emphasized. At the 
same time, the issue of increasing the intellectual and inno­
vative potential of citizens remains relevant, which requires 
the organization of a system of professional development, in 
particular, the adoption of modern experience, in particular 
by students abroad and its application at domestic enterprises 
(institutions, organizations) [6]. The problems of innovative 
employment and the prospects for its implementation in the 
modern labour market are also an important factor in the de­
velopment of Ukraine’s labour potential [7]. The mechanism 
of motivation of labour potential is considered quite thor­
oughly in the work [8].

The components that form the structure of the labour po­
tential of the enterprise and the theoretical and methodologi­
cal foundations for determining the influence of factors on it 
are reflected in the work [9]. The development of labour po­
tential is influenced by such factors as: professional develop­
ment, level of responsibility of employees, length of service, 
efficiency, quality of work, labour intensity, and motivation of 
the workforce [10]. The structure of the labour potential of the 
enterprise consists of internal components (educational and 
qualification level of employees, state of health, professional­
ism, morality, remuneration system, motivation, etc. [11]) and 
external components (demand and supply on the labour mar­
ket, political and economic state of the state, demand for spe­
cific specialties, global migration processes, salary level, etc.) 
[12]. For the development of the labour potential of the enter­
prise, the educational factor that determines the development 
of innovative activity is important [13].

While assessing the labour potential at the regional level, 
in the work [14] the index method is proposed to use, where 
the labour potential index is calculated, that is characterized 
by the following quantitative and qualitative factors, in partic­
ular: the specific weight of the population of productive age; 
specific weight of the population that has a certain level of edu­
cation; volumes of applied, fundamental research works; mi­
gration processes; gross regional product; incomes of the pop­
ulation; productivity.

Despite numerous scientific studies by foreign and domes­
tic scientists, as evidenced by the results of many scientific 
works, there is no single approach to assessing the level of la­
bour potential at the macro level. It prompts the search of an 
optimal approach to the modelling of labour potential, which 
will make it possible to evaluate its value in terms of dynamics. 
Estimating the labour potential at the regional level using the 
theory of fuzzy logic is proposed in the work [15]. Many scien­
tists used the theory of fuzzy logic in their research, when 
modelling economic processes and phenomena.

The main feature of choosing the method – “fuzzy logic 
theory” in this work for modelling labour potential at the state 
level is the complex combination of qualitative and quantita­
tive factors based on the use of non-standard terms for its as­
sessment.

Unsolved aspects of the problem. The detailed analysis of 
the scientific literature on the assessment of labour potential 
showed that there are currently many theoretical and method­
ological bases for its assessment at the level of regions, at the 
level of branches, at the level of the enterprise. At the same 
time, the currently unsolved problem is the evaluation of the 
labour potential at the macro level – at the state level, which 
prevents the implementation of effective state decisions in the 
direction of ensuring its development.

The purpose of the article. The purpose of the work is to 
develop an effective approach of assessing the labour potential 
of Ukraine.

Methods. The methodology of applying the theory of 
fuzzy logic is thoroughly described in some scientific works 
[16] and in many other scientific works. When modelling the 
labour potential (LP) of Ukraine (at the macro level), a certain 
number of parameters are unavailable for accurate quantitative 
measurement. For this purpose, it is possible to introduce sub­
jective components when modelling LP, which is expressed by 
linguistic evaluation terms, for example, “high”, “medium”, 
“low” considering the functions of belonging to the factors of 
the “fuzzy set”. Using a mathematical apparatus based on the 
“theory of fuzzy logic” [17], it is possible to build a modelling 
system for multifactorial analysis of LP modelling at the macro 
level (R).

Whereas the specific values of any indicator, as a rule, are 
not evaluated in comparison with benchmarks or standards, 
such evaluation is determined not by a specific state, but by its 
differentiation between, for example, countries. When model­
ling LP, it is necessary to provide the solution of several theo­
retical and methodological issues:

- analysis of the main medico-demographic, socio-eco­
nomic and behavioural factors that affect LP;

- search for actual values of medico-demographic, socio-
economic and behavioural factors in statistical databases;

- comparison of the obtained values of medico-demo­
graphic, socio-economic and behavioural factors with stan­
dards based on research by specialists of such international 
organizations, in particular the Organization for Economic 
Cooperation and Development, the World Health Organiza­
tion, the International Labour Organization, and United Na­
tions Projects etc. and are used in the developed countries;

- construction of a tree of logical conclusion, where single 
circles indicate the factors affecting the level of LP and deter­
mine the algorithm of further actions;

- fuzzification of the input variables is carried out at the 
next stage, where the term set for evaluating each variable is 
specified;

- construction of the membership function of each defined 
term on a discrete universal set. Based on the formation of the 
appropriate knowledge base and using the membership func­
tions of each term, we obtain analytical models of the mem­
bership functions of the terms and determine the values of all 
input variables;

- calculation of the values of the membership functions of 
the terms, according to the constructed logic equations and 
the values of the membership functions for all non-terminal 
vertices.

Therefore, an innovative approach is proposed, which can 
initiate further research on modelling LP at the macro level. The 
peculiarity of the expressions that form the basis of modelling of 
the type “IF ‒ THEN, OTHERWISE” [18] is that, unlike 
quantitative models, their adequacy remains stable with certain 
minor deviations of input estimates in one direction or another. 
The set of such expressions is a set of points in space, which can 
be represented as “separate criteria – integral criterion” [19].
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The integral criterion of LP (denoted by the English letter 
D or R) is proposed to be divided into intervals from 1 to 10, in 
particular: d1 (the value falls into the interval [1–4]) – LP at the 
macro level is at a low level; d2 (interval value [4–7]) − LP at 
the macro level can be estimated as average; d3 (the value lies 
in the interval [7–10]) − LP at the macro level is at a high level.

It is worth noting that in the case when the maximum 
membership functions are the same for two neighbouring 
terms, then in this case the interval of changes of the input 
parameter − R − should be considered as continuous and it is 
suggested to rank it according to a given scale, for example, 
[D1 : D2]. To obtain a specific value of R (at a given point in the 
factor space), i. e., that evaluates the LP, it is proposed to use 
the defuzzification operation. At the heart of defuzzification is 
the operation of transforming the received fuzzy information 
into clear, that is, into quantitative information. In works [16, 
17], the definition of the fuzzy logical set D* is given, which is 
based on the application of the “centre of gravity” principle, 
which is based on the quantitative evaluation of the complex 
indicator R at given input factors
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where m stands for the number of terms of variable D; D1, D2 
stand for lower and upper limits of the range of variable D; 
µui(D) stands for the function of the variable D belonging to the 
fuzzy term Ui.
	 R = fr(X, Y, Z),	 (2)

where R stands for a linguistic variable that characterizes the 
complex assessment of the state of LP at the macro level; X 
stands for a linguistic variable that characterizes medico-de­
mographic factors; Y stands for a linguistic variable that char­
acterizes socio-economic factors; Z stands for a linguistic vari­
able that characterizes behavioural factors.

Medico-demographic influencing factors can be presented 
as follows
	 X = fx(x1, x2, x3, x4),	 (3)

where x1 stands for the ratio of population emigration coverage 
by immigration; x2 stands for share of persons of working age 

from 15 to 64 years old, %; x3 stands for average life expec­
tancy, years; x4 stands for the level of self-assessment of health 
by the population as “good” and “very good”, %.

Socio-economic influencing factors can be written as

	 Y = fy(y1, y2, y3, y4, y5, y6),	 (4)

where y1 stands for unemployment rate, %; y2 stands for labour 
productivity (GDP per hour worked), USD the United States 
for the PPP; y3 stands for minimum wage, euros; y4 stands for 
specific weight of research works in GDP, %; y5 stands for spe­
cific weight of public spending on health care in GDP,%; y6 
stands for the level of coverage by private health insurance of 
the population, %.

Behavioural influencing factors are recorded in the follow­
ing form
	 Z = fz(z1, z2, z3),	 (5)

where z1 stands for alcohol consumption per capita (aged 15+), 
litters; z2 stands for specific weight of the population that has 
obesity, %; z3 stands for specific weight of the population that 
consumes cigarettes daily (aged 15+), years.

The evaluation of the values of the linguistic variables giv­
en in the relations (2–5) is performed based on the application 
of the corresponding terms. The number of terms in LP mod­
elling can be different for the proposed variables (factors). 
Thus, the terms for evaluating such a variable as ‒ “coefficient 
of coverage of emigration” by immigration are defined as fol­
lows: “Low” (L); “Average” (A); “High” (H), with a universal 
set in the interval [1–5]. The tree of logical conclusion of hier­
archical relationships of factors that allow one to assess the 
state of LP of Ukraine is shown in graph 2, where the root of 
the tree is the level of LP, and the leaves, respectively, medico-
demographic, socio-economic, behavioural factors that have 
an impact on this level.

Results. The justification of the limits based on a universal 
set of factors (3−5) was carried out based on statistical material 
for 21 countries that are part of the EU and Ukraine (Table 1).

The limits of the universal set of factors are shown in Ta­
ble 2. For the example of the factor – x1, the minimum value is 
1, and the maximum value is 5 (U(x1) = 1–5). The characteris­
tics of factors (universal set and terms for assessment) as lin­
guistic variables are presented in Table 2.

For example, the membership function for the factor – x1 
is constructed. To linguistically evaluate this factor, a set of 

Fig. 1. Tree of logical conclusion of hierarchical relationships of factors:
L, bA, A, aA, H stand for terms for evaluation (respectively: L – “low level”; bA – “below average level”; A – “average level”; aA – “above aver-
age level”; H – “high level”)
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vague terms “high”, “medium”, “low” are used. The factor 
(x1) is given on the universal set U(x1) = (1–5). The matrix 
showing pairwise comparisons of different values of the factor 
(x1) to the term “low” is given below [16, 17]
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In the above matrix, based on [16, 17], the elements of the 
last row are determined, and the rest of the following elements 
U1–U5 are calculated accordingly, and the results are shown in 
Table 3. The matrices of pairwise comparisons for other terms 
are calculated in the same way.

The obtained results, as shown in Table 3, of membership 
functions are normalized by dividing by the largest degree of 
membership. As a result, the х1 factor is presented in the form 
of various fuzzy sets, and an example of its calculation for the 
term “low” is as follows

1 0.78 0.56 0.33 0.11; ; ; ; .
1 2 3 4 5
 
 
 

An example of membership functions for parameter x1 is 
shown in Fig 2.

Table 1
Statistical data of individual EU member states and Ukraine for substantiating the limits on the universal set of factors X, Y, Z 

[20]

Country

Factors of influence

Medico-demographic Socio-economic Behavioural

x1
2 x2

1 x3
1 x4

2 y1
1 y2

1 y3
1 y4

2 y5
1 y6

3 z1
2 z2

3 z3
2

Austria 1.53 66.30 81.30 74.00 6.20 69.60 ‒ 3.22 12.20 37.80 11.30 27.80 ‒

Belgium 1.95 63.90 81.90 75.40 7.80 73.60 20,600.0 3.38 ‒ 98.00 ‒ 19.90 ‒

Czech Republic 2.01 63.40 77.40 63.40 2.80 43.50 7462.4 1.99 ‒ ‒ 11.60 18.50 16.60

Denmark 0.91 63.50 81.40 71.20 5.00 75.80 ‒ 2.97 10.80 33.40 9.70 ‒ ‒

Estonia 1.87 63.20 76.90 58.40 6.20 42.90 7351.2 1.75 7.50 ‒ 10.50 18.00 17.90

Finland 3.55 61.70 82.00 69.80 7.60 61.90 ‒ 2.91 ‒ 22.40 8.20 23.90 12.00

France 9.23 61.60 82.50 68.50 7.90 66.70 19568.8 2.35 12.40 ‒ 10.40 17.00 25.50

Germany 1.33 64.10 80.90 63.80 ‒ 68.30 20,076.3 3.13 12.80 35.40 ‒ 23.60 ‒

Greece 1.43 63.20 80.30 78.40 14.80 33.20 9545.6 1.51 ‒ 15.30 ‒ ‒ ‒

Hungary 0.91 65.00 74.50 62.00 4.30 39.90 5839.7 1.60 ‒ ‒ 10.40 33.20 ‒

Ireland 2.00 65.30 ‒ 83.70 6.20 66.00 22,254.9 1.08 6.70 46.30 10.10 23.00 ‒

Italy 4.93 63.50 82.90 72.80 9.50 54.60 ‒ 1.51 9.50 ‒ ‒ ‒ 18.80

Latvia 1.21 63.20 73.40 49.70 7.50 41.40 6293.8 0.71 ‒ 18.90 12.10 ‒ ‒

Luxembourg 1.74 69.40 82.80 73.50 5.20 99.00 2789.01 1.07 ‒ ‒ ‒ ‒ 16.90

Netherlands 1.51 64.60 81.50 78.00 4.20 67.70 23,014.4 2.32 11.20 83.70 7.20 ‒ 14.40

Poland 2.85 65.90 75.60 61.60 3.40 41.50 77,162.9 1.39 6.60 47.00 ‒ 23.10 ‒

Portugal ‒ 64.10 81.20 51.20 6.60 40.50 9765.9 1.62 11.20 28.10 ‒ 28.70 ‒

Slovak Republic ‒ 66.80 74.80 65.10 6.80 48.10 7842.2 0.91 ‒ ‒ 9.90 17.00 ‒

Slovenia 2.07 64.00 80.90 67.10 4.80 47.10 12,892.8 2.14 9.20 88.00 9.80 ‒ ‒

Spain 2.27 66.00 83.30 73.00 14.80 51.80 13,951.4 1.41 ‒ ‒ 7.80 ‒ 19.80

Sweden 2.46 62.20 83.20 76.50 8.70 43.70 ‒ 3.49 11.40 ‒ 7.50 ‒ 9.50

Ukraine 1.04 67.40 69.77 50.20 10.30 ‒ 2535.7 ‒ 3.90 4.70 8.60 18.50 ‒

Notes: 1 – data of 2021; 2 – data of 2020; 3 – data of 2019

Table 2
Characteristics of factors as linguistic variables

Variable
designation 
and name

Universal 
set Terms for assessment

x1 1–5 Low (L), average (A), high (H)

x2 17–75 Low (L), average (A), high (H)

x3 0–100 Low (L), average (A), high (H)

x4 0–60 Low (L), average (A), high (H)

y1 0–12 Low (L), below average (bA), above 
average (aA), high (H)

y2 20–100 Low (L), below average (bA), average 
(A), above average (aA), high (H)

y3 1400–
15400

Low (L), below average (bA), average 
(A), high (H)

y4 0–4 Low (L), below average (bA), above 
average (aA), high (H)

y5 0–12 Low (L), average (A), high (H)

y6 4–84 Low (L), below average (bA), above 
average (aA), high (H)

z1 0–16 Low (L), average (A), high (H)

z2 0–40 Low (L), average (A), high (H)

z3 0–28 Low (L), average (A), high (H)
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The next step of modelling is the construction of fuzzy 
logic equations. These equations connect the membership 
functions of different levels, considering the input and output 
variables, which are reflected in the constructed logical con­
clusion tree (graph 2). To compile fuzzy logical equations, 
knowledge bases are set in the form of expert statements 
“IF” ‒ “THEN” about the relations of fuzzy terms of input 
and output linguistic variables, considering the constructed 
ratios – (2–5). Knowledge bases and systems of fuzzy logic 
equations for dependence 2 are given in Table 4.

We present a system of fuzzy logic equations for µd1–µd3, 
which are based on the knowledge base (Table 4).

µ(d1) = µLx ∧ µLy ∧ µHz ∨ µLx ∧ µLy ∧ µHz ∨

	 ∨ µLx ∧ µLy ∧ µAz;	 (6)

µ(d2) = µLx ∧ µLy ∧ µAz ∨ µLx ∧ µAy ∧ µAz ∨

	 ∨ µAx ∧ µAy ∧ µAz;	 (7)

µ(d3) = µAx ∧ µAy ∧ µAz ∨ µAx ∧ µHy ∧ µLz ∨

	 ∨ µHx ∧ µHy ∧ µLz.	 (8)

Linguistic statements (6−8) correspond to the received 
fuzzy logical equations at the corresponding hierarchical level: 
system (R), medical and demographic influencing factors (X ), 
economic factors (Y ), behavioural factors (Z ). Factors X, Y, Z 
associate membership functions according to input and output 
variables, based on the use of “min” and “max” operations in 
their construction. That is, the logical operations “AND” (∧) 
and “OR” (∨), as can be seen from the given systems of fuzzy 
logical equations, involve the replacement of the operations 
“max” and “min” over the membership functions [16, 17]

µ(a) ∧ µ(b) = min [µ(a), µ(b)];

µ(a) ∨ µ(b) = max[µ(a), µ(b)].

The above algorithm is based on the hypothesis of identi­
fying a linguistic term by the maximum of the membership 
function (MF). In addition, it generalizes the hypothesis to 
the entire knowledge matrix. Applying membership functions 
(MF) and calculating according to the appropriate formulas, 
analytical models of the MF estimates of the input variables 
for all used terms were determined. According to the con­
structed MF of each term on the discrete universal set, using 
logical equations (2–5) of the MF values for all non-thermal 
vertices, the MF value of term-estimates for all variables and 
the MF value for all non-thermal vertices were obtained.

In accordance with the constructed MF values of each 
term on the discrete universal set, logical equations (2–5) are 
used to determine the MF values of the terms-estimates for all 
variables and the MF values for all non-terminal vertices. We 
will arrange the complex indicator R on a scale from 1 to 10. 
After that, we will divide the indicated interval into three inter­
vals, we can obtain intervals, that is, the corresponding three 
decisions regarding the assessment of the level of LP (d1, d2, 
d3). Approbation of the proposed model (R) was carried out 
based on statistical data of 2019, because all statistical data in 
the OECD and the State Statistics Service of Ukraine for all 
factors X, Y, Z  in 2020‒2021 are not enough. This is due to the 
spread of the COVID-19 pandemic, Russia’s war against 
Ukraine, and the worsening of social and economic crises in 
the world. The initial data for determining R on the example of 
Poland and Ukraine are given in Table 5.

Applying defuzzification (1) and the initial data shown in 
Table 5, we obtain a quantitative assessment of the complex 
indicator R, using the example of Poland and Ukraine with 
the given input factors

0.227 1 0.454 5.5 0.454 10 6.40;
0.227 0.454 0.454PolandD* ⋅ + ⋅ + ⋅

= =
+ +

0.271 1 0.371 5.5 0.371 10 5.95.
0.271 0.371 0.371UkraineD* ⋅ + ⋅ + ⋅

= =
+ +

Thus, because of the application of defuzzification, a 
quantitative assessment of the value of the labour potential 
level was obtained, using the examples of Poland and Ukraine. 
Therefore, as on January 1, 2020, the level of the labour poten­
tial of Poland is 6.40, which falls into the interval [4−7] ‒ “av­
erage”. As for Ukraine, the corresponding value is 5.95, which 
also belongs to a similar interval, but the value for Ukraine is 
lower, for example, in comparison with Poland by 7.03 %. The 
obtained value makes it possible at the level of the govern­
ments of these countries to make strategic decisions on in­
creasing the level of labour potential and to get as close as pos­
sible to the values ​​of the most developed countries in the 
world, in particular the EU.

Conclusion. In the theoretical part of the work, the problem 
of assessing the labour potential is substantiated, where atten­
tion is particularly focused on the fact that currently there is no 
single clear mechanism for assessing the state of the labour po­

Table 3
Degrees of belonging of elements to terms [16, 17]

Degrees of belonging of 
elements to terms Elements

(factor x1) u1 u2 u3 u4 u5

µL(ui) 0.36 0.28 0.20 0.12 0.04

µA(ui) 0.152 0.212 0.273 0.212 0.152

µH(ui) 0.04 0.12 0.20 0.28 0.36

Fig 2. The membership functions of the parameter x1 – “Coef-
ficient of coverage of emigration by immigration”

mH me mb

Table 4
Knowledge bases and systems of fuzzy logic equations for 

dependence (2)

IF THEN

Medico-
demographic 

factors of 
influence (X )

Socio-
economic 

influencing 
factors (Y )

Behavioural 
influencing 
factors (Z )

Labour potential 
of the country (R)

Low (L) Low (L) High (H) d1 – the level of 
the country’s 
labour potential is 
low

Low (L) Low (L) High (H)

Low (L) Low (L) Average (A)

Low (L) Low (L) Average (A) d2 – the level of 
the country’s 
labour potential is 
average

Low (L) Average (A) Average (A)

Average (A) Average (A) Average (A)

Average (A) Average (A) Average (A) d3 – the level of 
the country’s 
labour potential is 
high

Average (A) High (H) Low (L)

High (H) High (H) Low (L)
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tential at the state level. The opinions of foreign and domestic 
scientists were analysed regarding what factors the develop­
ment of labour potential depends on. On this basis, the work 
systematized such main factors influencing the labour potential 
at the state level as: demographic, medical, economic, social 
and behavioural ones, which, accordingly, made it possible to 
group them as follows: medical and demographic ones (emi­
gration coverage ratio of population emigration; share of per­
sons of working age from 15 to 64 years; average life expectan­
cy; self-assessment of health); socio-economic ones (unem­
ployment rate, labour productivity, minimum wage, share of 
scientific and research work in the country’s GDP, share of 
public health care expenditures in the country’s GDP; level of 
private health insurance coverage of the population); behav­
ioural ones (alcohol consumption per capita, proportion of the 
population with obesity, proportion of the population aged 15 
and over who consume cigarettes daily). The given groups and 
factors are not final and may be adjusted, supplemented, or re­
placed. At the same time, in particular, the advantage of this 
systematization of factors is that they are reflected in the official 
statistics of EU countries and Ukraine, which greatly simplifies 
the process of modelling labour potential at the state level.

In the theoretical and methodological part of the work, the 
main aspects of the application of the theory of fuzzy logic as 
an important scientific approach to modelling labour potential 
are given, and attention is focused on solving several theoretical 
and methodological issues of the use of the theory of fuzzy 
logic, which today is sufficiently thoroughly described in for­

eign and domestic literature. In addition, the work summarizes 
the modelling algorithm based on the application of fuzzy logic 
theory and offers linguistic variables that characterize the com­
prehensive assessment of the country’s labour potential level, 
in particular: medical-demographic, socio-economic and be­
havioural ones. Based on this, a tree of logical conclusions of 
hierarchical relationships of factors with selected terms for 
evaluation was built, that determines the logic of modelling.

In the practical side of the work, statistical data was col­
lected of 21 countries which are part of the EU and Ukraine for 
modelling the labour potential, in particular among such EU 
countries as: Austria, Belgium, the Czech Republic, Denmark, 
Estonia, Finland, France, Germany, Greece, Hungary, Ire­
land, Italy, Latvia, Luxembourg, the Netherlands, Poland, 
Portugal, Slovakia, Slovenia, Spain, Sweden and Ukraine, that 
got membership before joining the EU in 2022. The analysis of 
statistical data for the given countries made it possible to deter­
mine the limits on the universal set of groups of factors X, Y, Z 
proposed in the work and to propose terms for evaluating the 
relevant factors. In the calculations of labour potential model­
ling, two countries were chosen – Poland and Ukraine, which 
have much in common in terms of geographical, socio-eco­
nomic, political, and other parameters. Applying the theory of 
fuzzy logic, modelling of labour potential was carried out, 
which made it possible to determine its level, that, for example, 
was (R = 6.4) for Poland and (R = 5.95) for Ukraine. This is the 
basis for making decisions by the governments of these coun­
tries in the direction of the development of labour potential.

Thus, modelling the labour potential at the state level and 
assessing its significance is extremely important for any coun­
try in the world, in particular the countries that are part of the 
EU and Ukraine, which has officially got EU membership. As 
on January 1, 2020, Ukraine has a 7.03 % lower LP level com­
pared to, for example, Poland, and even more compared to 
other EU countries. Therefore, in order for Ukraine to join the 
EU more quickly, in particular, in our opinion, it is necessary 
to improve every factor that is included in the following groups: 
“medical-demographic”, “social-economic” and “behav­
ioural” ones. Therefore, it is now necessary to strategically 
solve such problems as: reducing the mortality rate of the pop­
ulation, in particular economically active citizens; increase in 
average life expectancy; encouraging the population to a 
healthy lifestyle; reducing the level of industrial and domestic 
injuries, in particular injuries and deaths from political (mili­
tary) conflicts; raising the educational level of the population; 
motivation of the population to participate in continuous edu­
cation; reducing the level of labour emigration and encourag­
ing the immigration of highly qualified specialists; the devel­
opment of motivational mechanisms in the payment of labour, 
taking into account the current conditions of precariousness in 
the labour market, the impact of pandemics and the develop­
ment of remote employment; raising the standard of living of 
citizens and ensuring a decent salary, in particular the mini­
mum wage; creation of innovative mechanisms for the cre­
ation of new jobs in the conditions of socio-economic, politi­
cal and medical-demographic crisis; creating conditions for 
increased labour productivity, in particular by motivating busi­
nesses to implement innovations in all areas of economic ac­
tivity, etc.
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Моделювання трудового потенціалу 
України на основі використання теорії 

нечіткої логіки
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Мета. Розробка ефективного підходу до оцінювання 
трудового потенціалу України.

Методика. Методом дослідження є математичне моде­
лювання на основі використання «теорії нечіткої логіки».

Результати. Узагальнені й систематизовані фактори 
впливу на трудовий потенціал України, що згруповані у 
три групи: медико-демографічні, соціально-економічні й 
поведінкові. Узагальнено алгоритм моделювання та за­
пропоновані лінгвістичні змінні, що характеризують 
комплексне оцінювання рівня трудового потенціалу 
України. Побудоване дерево логічного висновку ієрархіч­
них зв’язків факторів з обраними термами для оцінюван­
ня трудового потенціалу України. Узагальнені статистич­
ні дані по 21 країні, що входять до ЄС, та по Україні, які 
дали можливість оцінити рівень трудового потенціалу (R) 
для країн-стратегічних партнерів ‒ Польщі та України, 
який відповідно становить 6,4 та 5,95. Запропоновані ре­
комендації щодо розвитку трудового потенціалу України.

Наукова новизна. Новизною дослідження є розробка 
теоретико-методологічного підходу до оцінювання тру­
дового потенціалу України, що дозволяє комплексно, з 
урахуванням системи нечітких терм, оцінити медико-де­
мографічні, соціально-економічні й поведінкові факто­
ри впливу на трудовий потенціал України на основі ви­
користання теорії нечіткої логіки. Це, у свою чергу, до­
зволить підвищити ефективність системи прийняття 
управлінських рішень у напрямі покращення всіх скла­
дових, що формують трудовий потенціал.

Практична значимість. Важливість оцінювання трудо­
вого потенціалу для України полягає в багатьох аспектах, 
серед них головними є: підвищення ефективності дер­
жавного управління у сфері формування трудового по­
тенціалу; своєчасне виявлення проблем, визначення ста­
ну та формування стратегічних перспектив його розви­
тку, що дозволить прискорити процес переходу України 
від кандидата на членство в ЄС до члена ЄС і відродити 
економіку, яка нині перебуває на військових рейках.

Ключові слова: модель, трудовий потенціал, оцінюван-
ня, теорія нечіткої логіки
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