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GAME THEORY AND FINANCIAL COMPONENTS
FOR DETERMINING THE BUDGET PLACES
OPTIMAL DISTRIBUTION IN THE HIGHER
EDUCATION SYSTEM OF UKRAINE

ABSTRACT

The complexity and interdependence of management and decision-making problems in
the system of higher education require new ideas and approaches, which necessitates
the search for new management solutions using modern approaches and methods of
economic and mathematical modeling. The article is devoted to the problem of optimal
allocation of budget places for higher education institutions by specialty. The conducted
research shows that the priorities of the state, labor market and consumers do not
coincide. In this situation, the university, as a provider of educational services, must
balance the demand of the consumer (applicants, students and their parents) with the
offers of the customer (the state, entrepreneurs, the labor market), taking into account
the forecast of demand in the labor market. The purpose of the study is to determine
the optimal allocation of budget places for higher education institutions considering fi-
nancial constituents, system analysis and the game theory method. A solution to the
problem is offered by building an economic-mathematical model using game theory
techniques and methods of analyzing hierarchies, which have a powerful apparatus for
considering many different models, approaches and concepts for solving the same prob-
lem. The presented mathematical model allows to obtain a balanced optimal distribution
of budget places by university specialties, which harmonizes the demands of applicants
and employers. The budgetary expenditures for higher education are an effective reg-
ulator of direct action on the training of specialists with higher education and an instru-
ment of state regulation of the nhumber of state-ordered students. Based on the results
of the study, the model of distribution of the institution's budget expenditures for deci-
sion-making management is proposed, which allows redistributing funds to expenditure
items that are included in the development expenditures of higher education institu-
tions. Further development of the described model in the direction of researching the
impact on existing restrictions on the market of educational services will allow offering
powerful mechanisms and technologies for managing the process of forming optimal
strategies for the development of higher education institutions.

Keywords: higher education institution, game theory, modeling, budget, mathematical
model, system analysis, management, demand, supply

JEL Classification: 122, 123, 128

INTRODUCTION

Nowadays, the educational services market is being separated from the labor market.
In the training of personnel, educational institutions focus on the requests of applicants
and their parents, not employers. The discrepancy between the popularity rating of
specialties and the distribution of guaranteed employment leads to the fact that appli-
cants when choosing an educational institution, do not take into account the factor of
their further employment. Due to the lack of scientifically based predictive assessments
of the needs of specialists for the future, the demand for specialists in specific specialties
is uncertain. In this case, a situation of supply and demand imbalance appears in the
labor market: an oversupply of some professions and a shortage of others. In these
conditions, it is the institution of higher education that is interested in the development
and implementation of an optimal strategy that would contribute to the satisfaction of
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demand on the labor market, and would meet the modern demands of the enterprise and the interests of students. The
institution of higher education should become a connecting link between the labor market (enterprises, organizations) and
students, entrants and balance consumer demand (entrants, students and their parents) with customer offers (state,
entrepreneurs, labor market). Therefore, it is important to study changes in the volume of demand for educational services
in order to adapt the higher education system to them using modern approaches of decision-making theory and methods
of economic and mathematical modeling.

LITERATURE REVIEW

The results of a preliminary study of the forecasting of the mentioned problem are presented in the work [1], where the
authors proposed an algorithm for the practical application of the theory of constraints of systems (TOC) and the apparatus
of the theory of fuzzy sets for determining strategic management decisions regarding the balancing of supply and demand
in the market of educational services. The application of economic-mathematical methods for solving economic problems
is substantiated in works [2,3], which consider in detail the conditions of application of certain mathematical results,
discuss the limits of their applicability, methods of setting economic and managerial problems, methods and technologies
of their interpretation [4]. The analysis of scientific works makes it possible to assert that the purpose of using mathemat-
ical methods in the management of institutions of higher education is the desire to achieve consistency between the
potential of institutions of higher education as producers of educational services and the needs of consumers in these
services [5,6]. Article [7] is devoted to the construction of a model of the number of entrants depending on the number
of graduates of 11th grade of secondary general educational institutions. Tendencies of increasing demand for higher
education services due to awareness of its role in the accumulation of human capital as a factor in the development of the
post-industrial economy have been identified. Lysytsia, N. et al, [8] consider a successful partnership between employers
and universities, which will ensure the relative sustainable development of higher economic education, on the one hand,
and, on the other hand, improve the image and reputation of enterprises, which means their sustainable development and
competitiveness. This will confirm the importance and demand of the enterprise as a mandatory partner for improving the
quality of higher education. The results support the assumption that the current generation of university students’ studies
to succeed in the future, but it has relatively high expectations about work and career that may reduce their employability
if it does not have the appropriate work experience and social habits [9]. The methodological approach proposed by
scientists [10] is aimed at forming an information space for simultaneous comparison and assessment of the level of
institutional independence of higher education institutions and the indicators that affect it. The article [11] provides an
analysis of scientific approaches to understanding organizational development in the field of management of educational
institutions as a complex of successive educational changes, taking into account that little attention is paid to the issue of
balancing the demand and supply of educational services. The effectiveness of the strategy implementation of higher
education development depends to a large extent on the choice of strategic alternatives, the coordination of strategic
priorities and goals, which necessitates the improvement of the methodological principles of strategic management [12,
13, 14]. As the results of the conducted research showed, the solution to the above theoretical and practical tasks is
impossible without a scientifically based methodology for determining the future need of the state for specialists with a
certain level of qualification; determination of the scope of their training in institutions of higher education; forecasting of
the contingent of students. Scientific and research development of economic problems is impossible without the use of
quite complex and at the same time accessible mathematical tools.

AIMS AND OBIJECTIVES

The purpose of the study is to determine the optimal allocation of budget places for higher education institutions consid-
ering financial constituents, system analysis and the game theory method.

To realize this goal, the following tasks are set:

= to analyze the main trends in the development of the educational services market and the labor market;
= to make a rating of specialties;

= to determine the attractiveness coefficients for the areas of training, taking into account the labor market and the
choice of applicants;

= to develop the model of distribution of the institution's budget expenditures for decision-making management in
order to redistribute funds to expenditure items that are included in the development expenditures of higher educa-
tion institutions;
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= to build an economic-mathematical model using system analysis and game theory, which will allow to determine the
optimal number of students of a certain specialty.

METHODS

The following methods were used in the research process: statistical - to process data on the dynamics of demand and
supply in the market of educational services; sociological - in the study of factors affecting individual and socio-economic
demand; survey - to collect primary data on consumer demand in the educational services market of the Dnipropetrovsk
region. A mathematical model was built to determine strategic management decisions regarding the balancing of supply
and demand in the market of educational services and the optimal allocation of budgetary places of higher education
institutions using game theory methods (Table 1). The main goal of solving problems of this class is to develop recom-
mendations for choosing the optimal strategies of the conflicting parties based on the application of methodological ap-
proaches of game theory.

Table 1. Mathematical model of the optimal allocation of budget seats by specialty using the apparatus of game theory.

Stages of building a mathemat-

. Research indicators, research methods and tools
ical model

I STAGE. Collection and analysis of research data

Rating of vacancies in the region, method of expert evaluations, a survey of employers, representatives of state

meela Lo b and private enterprises of the region

Characteristics of the institution of Analysis of training programs and specialties for which specialists are trained; financial resources, material and
higher education technical base, information resources; educational and pedagogical and scientific potential

Questionnaires of applicants, students and their parents; statistical analysis of demand for specialties in previ-
ous years

To collect primary data on consumer demand in the market of educational services of the Dnipropetrovsk re-
gion, a survey method was used, the main tool of which was a questionnaire. The target group of the popula-
Study of demand among applicants | tion was covered by the survey - high school seniors, college graduates, first-year students and their parents.
Consumers were divided into segments and samples were formed for the survey. The survey was conducted by
the method of Internet questionnaires using Google forms, as well as questionnaires at student and parent
meetings, during meetings at Open Door Days in higher educational institutions of the region. Generalization
and processing of survey results were performed using Excel spreadsheets.

II STAGE. Data formalization and mathematical formulation of the problem

Determination of ratings of the at-
tractiveness of higher education
specialties from the point of view of
the consumer of educational ser-
vices

Formalization of expert evaluations and results of questionnaires of applicants and parents, their statistical pro-
cessing

Determination of ratings of the at-
tractiveness of higher education Formalization of employment center data, surveys and questionnaires of regional employers, their statistical
specialties from the point of view of | processing

the labor market

III STAGE. Solving the problem by the method of game theory

Determination of the distribution of
player strategies and weighting co- Calculation of the probability distribution of each player's strategies and the normalized matrix
efficients

Determining the optimal allocation
of budgetary places for higher edu-
cation institutions by specialty

According to the formula for calculating the combined weighting factor of the specialty, we determine the per-
centage distribution of budget places for the educational institution

RESULTS

The distribution mechanism in the market of educational services begins with an order from the state for qualified person-
nel who will replace positions at enterprises. Interacting, the labor market and the state act as customers in the market of
educational services. On the basis of the received order, the institution of higher education, taking into account the re-
quirements of the state and the labor market, carries out the recruitment of applicants and the organization of the educa-
tional process, which includes educational activities. In this case, the institution of higher education acts as a producer,
which as a result of its activity produces specialists, satisfying the needs of customers, which turn into consumers. The
paper proposes an analysis of the educational services market in terms of state procurement, the labor market, and
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consumer needs. The main stages of setting up and solving the problem of determining the optimal distribution of budg-
etary places by major in higher education institutions are proposed:

= I STAGE. Collection and analysis of research data;
] II STAGE. Data formalization and mathematical formulation of the problem;
= III STAGE. Solving the problem by the method of game theory.

An analysis of the development trends of higher education institutions in the market of educational services, an analysis
of primary and secondary data on the example of the University of Customs and Finance (USF) was carried out [15]. Since
the acute problem is the disproportion between the demand and the supply of the labor force by professional and qualifi-
cation composition, let's analyze the situation on the labor market of the Dnipropetrovsk region. The greatest discrepancy
between the demand for the labor force and its supply in terms of professional and qualifying was observed among
legislators, leaders, and managers. (31 people for 1 free workplace), technical employees (29 people for one place),
workers in trade and services (19 people), workers for maintenance, operation of equipment and machines (11 people),
the simplest professions (10 people), specialists (10 people), qualified agricultural workers (10 people), etc. According to
the data of the Dnipropetrovsk regional employment center, the situation in the labor market of the region is characterized
by the indicators given in Tables 2 and 3.

Table 2. Structure of vacancies registered in the Dnipro employment center as of July 1, 2022. (Source: [16])

By types of economic activity % By professional groups %
Processing industry 19.3 Professionals 20.0
Trade 13.7 Skilled workers with tools 17.0
Health care 12.4 Equipment and machine maintenance workers 15.7
The mining industry 8.3 The simplest professions and persons without a profession 13.6
Education 8.2 Specialists 13.2
Agriculture, forestry, fisheries 7.1 Trade and service workers 11.0
Transport 5.5 Legislators, employees and managers 5.5
Governance 4.6 Technical employees 2.4
Other species 4.2 Skilled agricultural workers 1.6
Supply of electricity, gas 3.7
Water supply, sewerage 3.7
Construction 3.7
Administrative service 2.6
Professional and scientific activity 1.9
Art, sport 1.1

Table 3. Professions with the largest number of vacancies as of July 1, 2022, by TOP-10 professional groups.

Leaders, managers Professionals, experts
chief accountant accountant
master medical nurse (medical brother)
group leader teacher of the general secondary education institution
manager merchandiser
manager of a pharmacy (pharmacy establishment) manager of a pharmacy (pharmacy establishment)
chief energy engineer general practitioner-family doctor
production master specialist
head of the station master of industrial training
manager of the farm economist
store manager pharmacist
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It is also expedient to analyze the demand of entrants for studies in the specialties for which the state has established the

largest volumes of orders in Table 4.

Table 4. Comparison of the state order and the number of applicant applications in 2021. (Source: [17])

State Consumer
Specialty Number of Place in the rat- Number of ap- Place in the rat-

seats ing plications ing
Secondary education 7900 1 2018 4
Law 3286 2 4358 2
Law enforcement activity 3100 3 986 6
Computer science and information technology 3066 4 2621 3
Electric power engineering, electrical engineering and electro- 2707 5 513 9
mechanics
Construction and civil engineering 2510 6 752 7
Philology 2163 7 4402 1
Computer Engineering 1825 8 1079 5
Industrial engineering 1819 9 349 10
Automation and computer-integrated technologies 1725 10 687 8

Thus, applicants continue to choose prestigious professions, ignoring her priorities. Although representatives of middle
and lower-level technical professions and technical specialties, in general, are in demand on the labor market, the corre-
sponding study profile is weakly popularized and remains insufficiently attractive for young people, because it not only
requires longer and more difficult training but also does not correspond to modern ideas about the prestige of work and
comfortable living conditions.

This confirms the need for the development and application of a scientifically based methodology for the formation of state
orders and expenditure volumes from the general fund of the budget, which will contribute to increasing the efficiency of
the use of state budget funds aimed at training highly qualified personnel and providing the state with specialists with
higher education in accordance with priority state needs.

Based on the results of the research, a model of the distribution of the institution's budget expenses is proposed for making
management decisions by higher educational institutions, which allows redistributing funds to the items of expenses that
are included in the expenses of the development of higher education institutions.

The income of the general fund (allocation plan) is determined as the sum of the cost of education under the state order
for the ~th specialty according to the following formula:

GF = YTo1 Keri - Vai (1)

where GF - is the sum of the cost of education under the state order, UAH; K;r; - is the number of students studying under
the state order in the i-th specialty, persons; Vs - the cost of training one student who studies under the state order in
the i-th specialty, UAH. i=1, 2, ..., n - the number of specialties in which students study according to the state order.

In the revenue part of the draft estimate, in addition to the planned amounts of allocations from the general fund of the
budget, the amounts of revenues from the special fund, which are supposed to be directed to cover the relevant costs of
the institution, are reflected. The income of the special fund of the higher education budget is formed based on the number
of contract places for the training of specialists (licensed volume minus the state procurement plan) for each direction
multiplied by the contract value. The amount of tuition under the contract is calculated:

SF = Y% Kgi - Vs (2)
where SF is the amount of tuition under the contract, UAH; Ksr - the number of students who study under the contract of

the i-th specialty, persons; Vs; - the cost of training one student studying under a contract in the i-th specialty, UAH; i=1,
2, ..., m - the number of specialties studied by students under a contract.
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Incomes from the general and special funds make up the income of the higher educational institution. Total income
TI=GF+SF

Tl = GF + SF = Yl Kori Vai + X121 Ksri* Vsi 3)

The distribution of proven funds is carried out for each code of economic classification in proportion to the funds provided
for in the budget proposal, taking into account the specified need for funds for one or another code of economic classifi-
cation.

Thus, the amount of expenses under the general fund is:
AE; = Y-, AE;, (4)

AE; — column matrix, the components of which are items of expenditures under the general fund, namely:
= AE;= AE1110s - wages for employees of budgetary institutions (total);

= AE>= AE1120; — payroll;

= AF3= AE1342; — studentship;

= AE4= AE1160s— payment of utility services and energy carriers;

= AEs= AE1130s— purchase of supplies and materials, payment for services and other expenses;

= AEs= AE2100; - acquisition of fixed capital;

=  AE,= AE11/0;-research and development, state programs.

The structure of each of the elements of the set of expenditure items is as follows:
AEg, = {ael, ae2}, i=12,...,k, )
where ael — name of article; ae2 - expenditure elements of the corresponding article.

The distribution of the special budget fund, first of all, provides for the allocation of revenues to finance the expenses of
protected items (wages, payroll and utilities, and energy carriers) in proportion to the number of students studying under
a state order and contract. The amount of expenses under the special fund is:

AEs = 31 AE;, (6)

where AE;— column matrix, the components of which are items of expenditures under the special fund, namely:

= AE;= AE1110s —wages for employees of budgetary institutions (total);

= AE;= AF1120s —payroll;

*  AE3;= AF1160s— payment of utility services and energy carriers;

= AE4= AE1130s — purchase of supplies and materials, payment for services and other expenses;
= AEs= AE1140s —travel expenses;

=  AEs= AE2100; — acquisition of fixed capital;

*  AE;= AF1170s-research and development, state programs;

= AEs= AE2130s - big repair.

The structure of each of the elements of the set of expenditure items is as follows:

AEs; = {ael, a€2,}, j=12,...,1, (7)
where ael — name of article; ae2 - expenditure elements of the corresponding article.
The difference in funds between the amount of income of the special fund and expenses for financing protected articles

can be directed to the maintenance of the educational institution and to the innovative and investment development of
the higher educational institution:
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DSF=SF-AEs, (8)

where DSF — expenses for the development of a special fund, UAH; AEs — the amount of expenses under the special fund,
UAH.

DSF = 3%, Kopi - Vi — 2§'=1AE]" ®

Expenses for the maintenance of the institution must ensure its smooth functioning, payment of mandatory taxes and
payments, replenishment of non-current assets, current and capital repairs, expenses for the development of science.

This mathematical model, taking into account all the above requirements, reflects the optimal expenses of a higher edu-
cational institution for making management decisions, making forecasts and exercising control over the areas of activity
of the institution, which allows redistributing funds to expenditure items included in the development expenses of higher
education institutions. The amount of expenditure of financial resources, the level of income, the alternative of choosing
investment projects, as well as the complexity, systematicity, structuredness of the content and organizational order of
the educational process largely depend on the quality of the information used.

The analysis of trends in the development of higher education institutions in the market of educational services, including
UMSF, and the analysis of primary and secondary data, the obtained rating of specialties gave the following estimates (in
percentages) of the attractiveness of specialties among consumers of educational services (students, applicants) and from
the point of view of demand specialists on the labor market, presented in Table 5.

The ratings of the attractiveness of specialties were determined as follows:

= assessment of the attractiveness of the /th specialty from the point of view of the consumer of services (the applicant,
his parents, etc.);
prii = st 100% (10)

i=1"1i

where kq;,i=1,27 - IS a quantitative indicator of the attractiveness of the i-th specialty from the point of view of
consumers;

= assessment of the attractiveness of the +th specialty according to the demand in the labor market;

kai

n
i=1Ka2i

Prai =3 -100% (11)

where k,;,i = 1,27 - s a quantitative indicator of the attractiveness of the i-th specialty from the point of view of
employers.

Table 5. Evaluation of the attractiveness of university specialties according to the results of the analysis of primary and secondary data.

N2 Specialty From the look der:::: ;:et:: Ilr;:)::"r’:::’ket
consumers, % % '

1 017 Physical culture and sports 1 1.4

2 022 Design 2 0.4

3 032 History and archaeology 1 0.05

4 034 Culturology 1 1.9

5 035 Philology 10 0.3

6 051 Economy 1 9.7

7 052 Political science 1 0.05

8 053 Psychology 3 2.2

9 061 Journalism 9 0.2

10 071 Accounting and taxation 1 30.2

11 072 Finance, banking and insurance 7 0.85

12 073 Management 14 20

(continued on next page)
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Table 5. (continued)

N2 Specialty From the look den'::::ll::l1 ::i:: Ilglzi:‘:\?ket
consumers, % % !

13 075 Marketing 4 3.3

14 076 Entrepreneurship, trade and exchange activity 5 3.2

15 081 Law 6 2.7

16 121 Software engineering 8 1.3

17 122 Computer Science 7 0.7

18 125 Cyber security 3 0.05

19 232 Social security 1 9.4

20 241 Hotel and restaurant business 1 0.15

21 242 Tourism 1 0.05

22 262 Law enforcement activity 1 0.1

23 275 Transport technologies (on-road transport) 1 1.15

24 281 Public management and administration 1 10.5

25 291 International relations, public communications and regional studies 3 0.05

26 292 International economic relations 3 0.05

27 293 International law 4 0.05

Therefore, the analysis carried out indicates a certain discrepancy in the evaluations of the attractiveness of university
specialties by consumers of educational services and the demand for relevant specialties in the labor market. In this
situation, the university, as a provider of educational services, must balance the demand of the consumer (applicants,
students and their parents) with the offers of the customer (the state, entrepreneurs, and the labor market). Under the
conditions described above, it is advisable to apply the methods of game theory to find a solution to the given problem.
The main goal of solving problems of this class is the development of recommendations for choosing the optimal strategies
of the conflicting parties based on the application of methodological approaches of game theory [2, 18]. The characteristic
features of a mathematical model of a game situation are the presence of several participants, called players, a description
of the possible actions of each of the parties, called strategies, and the determined results of actions for each player, which
are represented by payoff functions. The task of each player is to find the optimal strategy. As the first player, we will
consider an applicant, a university student (player A), as the second player - an employer (player B). As the personal
strategies of player A, we will choose the ratings of the attractiveness of the most rated specialties among university
applicants, and as the strategies of player B, we will choose the ratings of the attractiveness of these specialties among
employers, which were given in Table 1. The task was considered a repeated game, a normal form. Every game in normal
form has a pure and mixed strategy Nash equilibrium. Since the task of the process of self-organization (self-organization)
in socio-economic systems is considered, the Nash equilibrium is natural. Each player has a set of strategies, which is a
set of probability distributions p; = (p;1, pi2,- .., Pix), Where 0 <pix <1, pi1 +pirt+...+py. = 1 [2]. The probabilities
were determined as statistical probabilities of choosing the relevant specialties of the university, obtained as a result of a
survey of applicants and students and according to the vacancies of the employment center of Dnipro (January-July 2022).
That is, the mixed strategy of each player is given by the distribution of probabilities that this player will play each of his
strategies in a repeated game.

We determine the weighting factors using the method of analysis of hierarchies. Since we have 2 criteria at a given level
of the hierarchy (criterion R — the attractiveness of the specialty among applicants and students, criterion L — the attrac-
tiveness of the specialty on the labor market), the corresponding procedure creates a matrix C of paired comparisons of
dimension2 x 2, which reflects judgments about the importance of various criteria from the university's point of view:

1 2

(1 )
2

The relative weights of criteria R and L were determined by dividing the elements of each column by the sum of the

elements of this column, the normalized matrix N was chosen:

¥ =(033 035)
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The average values of the row elements are equal to WR=0,67, WL=0,33. The columns of matrix N are equal, which
means that the correct consistency was found when determining matrix C. The combined weighting factors for each
specialty were calculated using the formula:

Vk; = Wgp1i + Wi - pais (12)

where pli is the value of the i-th component in the probability distribution of player A's strategies, p2i is the value of the
I-th component in the probability distribution of player B's strategies.

The values of the probability distribution of players and combined weighting coefficients are given in Table 6, and the
scheme of their determination is shown in Figure 1.

Table 6. Distribution of player strategies and the value of combined weight coefficients by specialty.

Ne Distribution of strategies Distribution of strategies Combined specialty
player A (pii) player B (p2i) weighting factor (Vki)
1 0.01 0.014 0.01132
2 0.02 0.004 0.01472
3 0.01 0.0005 0.006865
4 0.01 0.019 0.00769
5 0.1 0.003 0.09901
6 0.01 0.097 0.006865
7 0.01 0.0005 0.01396
8 0.03 0.022 0.02076
9 0.09 0.002 0.15996
10 0.01 0.302 0.009505
11 0.07 0.0085 0.1129
12 0.14 0.2 0.10469
13 0.04 0.033 0.03736
14 0.05 0.032 0.04241
15 0.06 0.027 0.04449
16 0.08 0.013 0.05591
17 0.07 0.007 0.047065
18 0.03 0.0005 0.05112
19 0.01 0.094 0.007195
20 0.01 0.0015 0.006865
21 0.01 0.0005 0.00703
22 0.01 0.001 0.010495
23 0.01 0.0115 0.04135
24 0.01 0.105 0.006865
25 0.03 0.0005 0.020265
26 0.03 0.0005 0.020265
27 0.04 0.0005 0.03307
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‘ Calculation of the combined weighting factor of the specialty ‘

‘ Entrant (0,67) ‘ ‘ Employer (0,33) ‘
\ \
| | | | | | | | | | |

1 2 3 25 26 27 1 2 3 25 26 27
(0,01) | (0,02) | (0,01) (003) | (0,03) | (0,04) (0,014) | (0,004) | (0,0005) | | (0,0005) | (0,0005) | (0,0005)

0,01*0,67+ 0,02*0,67+ 0,01*0,67+ 0,03*0,67+ 0,03*0,67+ 0,04*0,67+
+0,014*0,33= +0,004*0,33= +0,0005*%0,33= +0,0005*0,33= +0,0005*%0,33= +0,0005*0,33=
=0,01132 =0,01472 =0,006865 =0,020265 =0,020265 =0,03307
Figure 1. Scheme for calculating the combined specialty weighting factor.
DISCUSSION

Obviously, game theory is a theoretical framework for conceiving social situations among competing players. In some
respects, game theory is the science of strategy, or at least the optimal decision-making of independent and competing
actors in a strategic setting. It is present in almost every industry or field of research. Also, it can be pertained to many
situations, making it a versatile and important theory to comprehend. We can highlight the following spheres and fields
which are directly impacted by game theory:

= economics (Game theory brought a revolution in economics by addressing crucial problems in prior mathematical
economic models).

. business (In business, game theory is beneficial for modeling competing behaviors between economic agents. Busi-
nesses often have several strategic choices that affect their ability to realize economic gain).

= consumer Product Pricing (The concept holds that if the company reduces prices, more consumers will buy more
goods. The relationship between a consumer, a good, and the financial exchange to transfer ownership plays a major
part in game theory as each consumer has a different set of expectations).

= project Management (Project management involves social aspects of game theory as different participants may have
different influences).

As a result of the conducted research in order to solve the management problem, the necessity of using the game theory
apparatus was substantiated and the stages of building a mathematical model and researched indicators, methods, and
means of research were proposed. Thus, the theory of games is widely used today as a powerful apparatus for the study
of socioeconomic processes. Its essence lies in the fact that it is used to achieve coordination of the interests of the parties,
namely: the consumer (applicants, students, and their parents) with the offers of the customer (the state, entrepreneurs,
the labor market), taking into account the forecast of demand in the labor market.

We note that the practical use of such methods requires special knowledge, which is explained by the requirement to use
mathematical apparatus, in particular mathematical modeling methods. However, there are obvious advantages that or-
ganizations can get by applying these methods, namely the ability to develop and choose the most effective action algo-
rithm based on a simulated situation.

Along with that, there is also a wide variety of methodological approaches to the analysis and forecasting of the state of
the labor market [], determining the needs for personnel and/or qualifications, and assessing the level of unemployment.
For the most part, relevant analytical centers combine various methods with the aim of obtaining optimal indicators re-
garding the state of the labor market and its real need, namely: the coefficient of variation method, the method of deter-
mining the ratio of the number of unemployed and employed, the Beveridge curve, the method of determining the mis-
match by professions, the method of determining the payback of education and etc. But the issue of balancing the training
of specialists by higher education institutions in accordance with the needs of the market is unresolved. Therefore, Ukraine
faced the problem of the lack of an up-to-date statistical base for forecasting personnel needs in professional/qualification
sections; groundlessness of the results of strategic planning of types of economic activity, etc. There is also no connection
between specialties, educational standards and professional qualifications, etc.
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CONCLUSIONS

The purpose of the article was to define the optimal allocation of budget places for higher education institutions considering
financial constituents, system analysis and the game theory method. A solution to the problem is offered by building an
economic-mathematical model using game theory techniques and methods of analyzing hierarchies, which have a powerful
apparatus for considering many different models, approaches, and concepts for solving the same problem.

The paper proposed an assessment of the educational services market in terms of state procurement, the labor market,
and consumer needs.

The analysis of consumer demand in the market of educational services revealed a conflict of interests between the
consumer (applicants, students and their parents) and the customer (the state, entrepreneurs, the labor market). To
balance the situation and determine the optimal strategy for solving the given problem, the game theory methodology
was chosen, which is used to determine the choice of strategies in conflict situations.

Three stages of setting up and solving the problem of determining the optimal distribution of budgetary places by major
in higher education institutions were proposed.

Based on the results of the research, a model of the distribution of the institution's budget expenses is proposed for making
management decisions by higher educational institutions, which allows redistributing funds to the items of expenses that
are included in the expenses of the development of higher education institutions.

In the future, in order to determine the optimal distribution of budgetary places in the educational institution, which takes
into account not only the demand from applicants and vacancies on the labor market but also the state of the economy
and the development prospects of the given region and the scientific and pedagogical potential of the higher education
institution, it is necessary to solve this problem according to using the approaches of the theory of system constraints
(TOC).
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TEOPIA ITOP TA ®IHAHCOBA CKJIAAOBA BU3SHAYEHHSA ONTUMAJIBHOIO PO3MnoALny
BFODKETHUX MICLb Y CUCTEMI BULLIOI OCBITU YKPAIHMN

CKnafHiCTb | B3aEMO3aNEXHICTb YNpaBRiHCbKMX NPO6/EM Y CUCTEMI BULLOT OCBITU NOTPebYoTh HOBUX iAel i niaxoais, Wo
3YMOB/IOE HEOOXiAHICTb MOLLYKY HOBWMX YNPaBRiHCbKMX pilleHb 3a AOMOMOroK Cy4acHWUX NiaxodiB i METOAIB €KOHOMIKO-
MaTeMaTU4YHOro MoAentoBaHHs. CTaTTio NpUCcBAYeHO NpobneMi oNTMManbHOro po3nodiny 6IaAXeTHUX MiCLb ANs 3aKasis
BULLIOI OCBITW 3a creuianbHOCTAMU. NpoBeaeHe AOCNIAXEHHS NOKa3ye, WO MPIOpUTETM AEPXKaBU, PUHKY Mpaui Ta Croxwu-
BauiB He 36iralTbcs. Y Uil cuTyaLii YHIBEPCUTET SIK NOCTavasibHUK OCBITHIX MOCAYT NOBUHEH 36a/1aHCYBATU MOMUT CMOXMK-
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Baya (abiTypieHTiB, CTyAEHTIB Ta iXHix 6aTbKiB) i3 Npono3uvuismMM 3aMoBHKKa (Aep>kaBu, NiANPUEMLIB, pUHKY npaui) 3 ypa-
XYBaHHSIM NMPOrHO3Yy NONWUTY Ha pMHKY npaui. MeToo poboTh € BU3HAYEHHS ONTUMANbHOIO PO3noiny 6romMKeTHUX Micub
NS 3aKnafis BULLOI OCBITU 3 ypaxyBaHHAM (DiHAHCOBOI CK1adoBOI 338 AOMNOMOrol CMCTEMHOMO aHanisy Ta Metoay Teopii
irop. 3anponoHoOBaHO BapiaHT BUpILWEHHS 3aaadi po3noainy 6romKkeTHMX Micub AN 3aKnafis BMLLOI OCBITM Npu nobyaosi
€KOHOMIiKO-MaTeMaTUYHOI MoZeni i3 3aCTOCyBaHHSIM METOAMKM TeOpil irop, sika Mae NOTYXXHWI anapaT Ans Toro, Wwob aAns
Tiei camol 3agaui posrnsgaTv 6arato pisHUX Moaenei, MiAXoAiB Ta KOHLUENLin BupilleHHs. MNpeacTaBneHa MaTeMaTuyHa
MOA€eNb [J03BOSISIE OTpUMaTK 36anaHCOBaHWIi ONTUMabHUIA PO3MOAIN GHOMKETHUX MiCUb 3a CrewjianbHOCTAMU YHIBepCu-
TETY, WO Y3roAXye nonutu abiTypieHTiB Ta poboToaasLiB. Obcar 610mKeTHOro hiHaHCyBaHHS Ha BULLY OCBITY € ed)eKTUB-
HUM perynsTopoM NpsiMoi Aii Ha NiaroToBKy axiBLiB i3 BMLLIOK OCBITOK Ta iIHCTPYMEHTOM AEPXaBHOMO PEryntoBaHHS Ki-
JIbKOCTi CTYAEHTIB, SIKi HABYalOTbCA 3a AepXXaBHUM 3aMOB/IeHHAM. Ha niacTasi pe3ynbTaTtiB AOCNIAKEHHS 3anponoHoBaHa
MoZenb po3nogainy BuaaTKiB 6104pKeTy YCTaHOBU A8 yXBasleHHs YNpaB/iHCbKMX pilleHb, sika A403BOSISIE Mepepo3noainsTy
KOLUTW Ha CTaTTi BUAATKIB, BKIIOYEHI A0 BUAATKIB pO3BUTKY 3aKaAiB BULLOT OCBiTU. Moaanblumili po3BUTOK ONMCcaHoi Moaeni
B HanpsiMi AOC/IMKEHHS BMAMBY Ha iCHYOUi 0OMEXEHHSI Ha PUHKY OCBITHIX MOC/Yr [03BOSIMTb 3amnpornoHyBaTh MOTYXHi
MEXaHi3MM Ta TEXHOMOorii Ana ynpaBniHHA npouecoM OopMyBaHHS ONTUManbHUX CTpaTerii po3BUTKY 3aKnafiB BWLLOI
OCBITH.

KnouoBi cnoBa: 3ak1aj BULLIOT OCBITH, TEOPIA irop, MOAENOBaHHS, BIOMKET, MaTeEMaTUYHA MOAE/Nb, CUCTEMHUI aHanis,
ynpasniHHS, NONUT, NPONO3uLis
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