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STRATEGY OF MATHEMATICAL MODELING
OF CONFLICTS BASED ON GAME THEORY

Abstract

The article presents strategic methods of mathematical modeling of conflicts that are frequently
repeated in modern society. Although game theory was initially used in economic and mathematical
sciences, as a result of recent research, it has been proven that it can be successfully used in social
sciences as well. It is known that the problem of preventing and avoiding any conflict is becoming
one of the most relevant topics every year. However, while social science shows us that conflicts can
only be observed, using mathematical methods we can manage and predict conflicts. The scientific
article also contains information about the researchers who worked in the mentioned topic. There are
also scientific examples of how conflict can be represented and studied in game theory.

It is known that the application of game theory in conjunction with the diffusion equation quickly
brings us closer to the truth. It is known that the application of the theory of games together with the
diffusion equation quickly approaches the truth. In the modern era, we can see that conflicts have
developed in an evolutionary way. We can also make sure that the tools of social research that were
used to monitor conflicts in the 20th century will not work well in the new millennium. It seems that
the first priority for the science of conflictology is to increase the practical fund as much as possible.
For the development of the domestic science of conflictology, a large base fund of works and research
by European and world scientists is needed. When there is a need to form competent conflict experts,
we understand the need for specialists who can use the methods of natural sciences such as game
theory, mathematical modeling, and diffusion equations in social sciences. After all, without the
aforementioned mathematical methods for predicting and modeling future conflicts, it is undoubtedly
difficult to achieve that goal.

Keywords: game theory, game theory strategy, mathematical modeling, conflicts, political and
social equivalents, information resources, diffusion equation.
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OHBIH TEOPUSACBHIHA HETT3IEJT'EH KAKTBIFBICTAP/IbBI
MATEMATHUKAJIBIK MOAEJIBAEY CTPATEI' USICBI

Anoamna
Makanaia 3aMaHyd KOFaMJa KHl KaWTaJaHAThIH KaKTBIFBICTAPbl MATEMATHUKAIBIK MOJEIb-
JEYMIIH CTPATETHsIbIK oficTepl YChIHBUTFaH. OWBIH TEOPHSICHI 0acTalnKblla SKOHOMHKAIBIK KOHE
MaTEeMaTHKAIBIK FRUIBIMIAp/Ia MaiiIaJaHblll KYPreHIMEH, COHFBI 3epTTeYJICP/IiH HOTHKECIHIEC OHBI
QJICYMETTIK FRUIBIMIAp/A Ja COTTI Makjananyra OOJaThIHABIFBI JosenIeH/ 1. Ke3-kenreH KaKThIFbIC-
TBHIH aJIJIbIH aJbIll OHBI OOJABIPMAY MOCENEC] Kb OTKEH CaillblH €H ©3€KTI TAKBIPBINTAPABIH OipiHe
alHAJIBIN KeJe JKaTKAHIBIFBI MOJIIM. AJlaiijia oJICyMETTIK FBUIBIM 013r¢ KaKTBIFBICTApIbl TEK OaKbI-
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Jayra OONaTHIHABIFBIH KOPCETCE, MATEeMaTUKAJIBIK d/iCTepl Naianany OapbIcbiHia 013 KaKTHIFbIC-
Tapael Oackapyra xoHe Oospkayra MYMKIHAIK ajia ajamMbl3. FhUIbBIMEH Makajaga COHBIMEH Katap
aTaJMBIII TaKBIPHIN AasChIHIAa EHOCKTEHIeH 3epTTeyIIiep Typasbl MariyMaTrap KeNTipuUIreH.
OfipiHIap TeopUsACHhIHA KaHJal KOJMEH KAKTBIFBICTBI €HTI31M, OHBI KaJlalla 3epTTey KEpEeKTiri
Typajbl MbICAJIIAp A Ka3bLIFaH.

OfipiHIap TeopusChIHBIH UG (Y3UATBIK TEHIEYMEH KaTap KOJIJIaHBUTYbl aKUKAaTKa Te3 JKaKbIH-
naTaTbiHBl MOMiM. JKaHa 3aMaHna KaKTBIFBICTAP/IbIH 3BOIIOIUSIIBIK JKOJIMEH JaMbIFAaHABIFBIH Oaii-
KaiiMbI3. XX FachIp/ia KaKThIFbICTapAbl OaKblUIayFa apHAJIFaH QJIEYMETTIK 3epTTey KypailapblHbIH
aHa MBIHXBUIABIKTA JKAKChl dKYMBIC KacaMalTHIHABIFBIHA Ja KO3 jKeTKi3cek Oonassl. Kondmukro-
JIOTHUST FBUIBIMBI VIIIH Ka3ip €H OIpiHII Ke3eKTe TXKIPUOETIK KOPAbl MYMKIHIITIHIIE MOJIAUTY
Moceneci TypraH cekiiai. OTaHIbIK KOH(IMKTONOTHS FRUIBIMBIHBIH AaMybl YIIiH 1e Eypomnanbik
3epTTeYIIUIEPIiH €HOEKTEPl MEH 3€PTTEY KYMBICTAPBIHBIH YJIKEH 0a3alibIK KOpbl KaxkeT. CayaTTsl
KOH(JIMKTOJIOTTap bl KAIBINTACTHIPY KAKETTUIIr TYBIHAAFaH COTTE OMBIHAAP TEOPHUSICHI, MATEMaTH-
KaJIBIK MOJIEbACY, UMD PY3HsITBIK TCHICY CEKUIII )KapaThUIBICTaHy CAJIACHIHBIH 9/IICTEPIH dJICyMET-
TIK FRUIBIMJApJA JKETIK MaijalaHa anaThlH MaMaHIApAblH KEepeKTiriH TyciHneMi3. Here peceHis
Kelemek KOHGIUKTUIepAl Oospkay opi MOJENBACY YIINIH JKOFapbla aWThUIFAaH MaTEeMaTHUKAaJBIK
o/icTepCi3 OJ1 MAKCATTHIH OPBIHAATYBIHBIH 631 KUBIH €KEH1 CO3Ci3.

TyiiiH ce31ep: OWbIH TEOPHUACHI, OMBIH TEOPHUSACHIHBIH CTPATETUACHI, MATEMATUKAJIBIK MOJIEIb-
1€y, KaKTBIFBICTAp, CasICH JKOHE JJICYMETTIK SKBHBAJICHTTED, aKIMAPATTHIK pecypcTap, Auddy3usuibIK
TEHJIEY.
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CTPATEI'USA MATEMATHYECKOI'O MOJAEJIMPOBAHUSA
KOH®JIMKTOB HA OCHOBE TEOPUM UT'P

Annomauyus

B craTtbe npencraBieHbl CTpaTErHUECKHe METOIbl MAaTEMAaTUYECKOTO MOAETHPOBAHHS KOH(IHK-
TOB, YacTO MOBTOPSAIOLIMXCS B COBPEMEHHOM OOIIECTBE. XOTS TEOpHs WIP HM3HAYAIBHO HCIOJb-
30Bajlach B 3KOHOMHUYECKMX U MaTEMAaTHUYECKUX HAayKaxX, B Pe3yJIbTaTe HEJaBHUX UCCIIEIOBAaHUN ObLIO
JI0Ka3aHO, YTO €€ MOYHO YCIEILIHO MCIIOIb30BaTh U B COLMAIBHBIX HayKaxX. 3BecTHO, 4TO npobiema
HaOMIONCHNST M TIPEAOTBPAILCHUS JIFOOBIX KOH(IMKTOB C KaXIBIM T'OJOM CTAaHOBUTCS OIHOM W3
CaMbIX AaKTyaJbHbIX TeM. OJHAaKo, XOTS COLMAIbHbIE HAyKH IOKA3bIBAIOT HAaM, YTO KOH(QIMKTHI
MOXHO TOJIbKO HaOMI0aTh, HCHOJIb3YSl MaTeMaTHYECKHE METOJIbI, MBI MOYKEM YIPABIATh KOH(IIHK-
TaMU U IpeAcKa3bIBaTh UX. B Hay4HO cTaThe Takke comepkuTcsa HHPOopMaLus 00 UCCiIe0BaTeNsX,
paboTaBIIMX MO yKa3aHHOH Temaruke. EcTh Takke HaydHbIe PUMEPHI TOTO, KaK KOH(MIUKT MOXXHO
NPEACTaBUTh U U3YyUUTh B TECOPUU UIP.

W3BecTHO, YTO MPUMEHEHHE TEOPUH HMIP COBMECTHO C ypaBHEeHHEeM Iu(Qy3uu ObICTpO MpH-
OmkaeT K UCTUHE. B COBpeMEHHYIO 310Xy Mbl BUJIUM, YTO KOH(DIMKTHI pa3BUBAIMCH IBOIIOLMOH-
HBIM IyTeM. MBI Takke MOXeM OBITh YBEPEHBI, YTO MHCTPYMEHTHI COLMAIBHBIX MCCIICIOBAHUM,
KOTOpBIE MCIIOIb30BAINCH JUIl MOHUTOPUHTa KOHQIUKTOB B 20-M Beke, He OyayT Xopolio padoTaTh B
HOBOM ThIcsiuenieTnd. [IpencraBisercs, 4TO MEpPBOOYEPEHON 3a7auell HayKu KOH(DIMKTOIOTHH
ABJISIETCSl MAKCUMAJIbHOE YBEJIMYEHHE MpakTUueckoro ¢oxaa. s pa3BUTUS OTEUECTBEHHON HayKH
KOH(IMKTOIOTUH HE0O0X0auM OoJbiIol 0a30BbId (HOHI TPYIOB M HCCICIOBAHHN €BPOMEUCKUX U
MHPOBBIX yueHbIX. Korja Bo3HHKAaeT HEOOXOAMMOCTh B (DOPMUPOBAHMM KOMIIETEHTHBIX KCIEPTOB
0 KOH(IMKTaM, Mbl IMOHUMaeM HEOOXOAWMOCTbh B CHEIHAINCTAX, KOTOPhIE MOTYT HCIIOJIb30BAaTh
METO/Ibl €CTECTBEHHBIX HAaYK, TAKHE KaK TEOPHsl UIP, MATEMATUUECKOE MOJICITUPOBAHUE U YPAaBHEHUS
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midysun B conmanbHbIX Haykax. Beap 6e3 BBIICYNOMSHYTBHIX MaTeMaTH4eCKUX METOJ0B MPOTHO-
3UPOBAHUS M MOJICTTMPOBAHUS OYAyIIUX KOH(MIMKTOB JOCTUYb ATOU IeITH, HECOMHEHHO, CIIOMKHO.

KiroueBble cjioBa: Teopus Wrp, CTpaTeTusi TCOPHHM WIP, MATEMaTHYECKOE MOJICITHPOBAHUE,
KOH(MDJIUKTHI, TIOJUTHYECKHAE U COITMAIbHBIC KBUBAJICHTHI, HH()OPMAIIMOHHBIC pecypchl, Tuddy3Hoe
ypaBHEHHE.

MAIN PART

The article discusses strategic methods of mathematical modeling of conflicts based on game
theory, emphasizing their successful application in the social sciences. Often, situations arise when
choosing a single action from a multitude of options, involving multiple opponents. These situations
are known as conflicts in conflict science. There are times when you have to choose only one of
many possible situations. In such cases, the number of opponents involved in the conflict may also
be large. Such situations are called conflicts in the science of conflictology. In most cases, the
opposing party's goals are ignored. Due to this, the conflict escalates and rises to a new level.
Researchers explain that this is due to the lack of close attention to the opposing side. For such
conflicts, there is a system that helps each party to the conflict to perform specific optimal actions.
They can choose a type of activity that works for them [1, 73-75 c.].

Game theory is the most adequate method of solving political problems among other
mathematical methods of research. The popular mathematician John von Neumann had the same
opinion. Mathematical game models have quite far-reaching directions that go beyond conflict
situations in the socio-economic sphere, and which apply the interaction between people and nature,
politics and the military sphere. [1, 92-93 c.].

Game theory has proven effective in forecasting and managing social and political conflicts. The
evolutionary nature of conflicts requires the use of modern mathematical methods instead of
outdated social approaches from the 20th century. Integrating game theory with diffusion equations
allows for more accurate predictions of conflict dynamics and the development of optimal
management strategies. Examples of successful applications of these methods in socio-political and
military scenarios confirm their practical value.

To train competent specialists in the field of conflictology, it is necessary to develop educational
programs incorporating methods of mathematical modeling and game theory, contributing to the
advancement of national science. It is noted that mathematical methods, including game theory,
provide an opportunity to better understand the nature of conflicts, assess their development, and
find effective solutions. In conclusion, the application of mathematical methods opens new horizons
for scientific research and practical solutions in the field of conflict management.

INTRODUCTION

The outstanding mathematician John von Neumann was more than confident that modern
political science should in turn be guided by the principles of mathematical research. It is true that
game theory is the most suitable and optimal among the existing mathematical methods for the
study of political conflicts. Game theory, which is used more in economics than in mathematics, is a
large institutionalized research theory that can encompass the common interactions between
humans and the environment, politics, and the military. In the first place, it can cover not only
conflicts, but also a wide economic one.

Scientific novelty of the article. We’ve noticed that new types of conflicts have emerged in
contemporary society. While social sciences have attempted to assess conflicts using their own
methods and common approaches, it’s been observed that not all results accurately reflect reality.
Therefore, since the 20th century, a number of researchers have used game theory to study
strategically important projects.

Over time, the high results of game theory in American research institutes aroused scientific
interest among researchers, and game theory began to be used in social sciences. In the dynamic
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movement of conflicts, we notice that the excitation (escalation) equivalents change due to the easy
transition of the initial goal to the next new goal. That is, a conflict in any range of motion can
impose tasks that must be performed at a certain level. It is known that classical methods of
monitoring and predicting them do not lead to an objective solution. And, in the process of
mathematical modeling of conflicts through game theory, it is possible to reach the truth faster.
There is no doubt that the academic value of game theory is also high.

Conflicts are an inevitable part of human interactions, arising when multiple participants must
choose a single course of action from numerous alternatives while pursuing divergent goals.
Conflictology, the study of conflicts, highlights that in many cases, the objectives of opposing
parties are disregarded, leading to the escalation of disputes and their evolution into more complex
issues. Traditional approaches in the social sciences focus on observing conflicts; however, the
development of mathematical methods, particularly game theory, offers a proactive framework for
managing and predicting conflicts.

The modern era is characterized by the rapid evolution of conflicts, which follow an increasingly
dynamic and unpredictable trajectory. This complexity necessitates the integration of advanced
mathematical tools, such as diffusion equations, with game theory to better understand and model these
phenomena. The traditional methods of monitoring and predicting conflicts, widely used in the 20th
century, often fail to yield accurate results in contemporary contexts. As a result, a significant shift
toward interdisciplinary approaches, combining mathematics and social sciences, is required.

This article aims to explore the strategic potential of game theory in conflict modeling,
providing examples of its successful application in political, military, and socio-economic
scenarios. Additionally, the research emphasizes the necessity of developing educational programs
to train conflictology specialists capable of employing mathematical modeling and game theory
effectively. By combining these advanced methods, the study seeks to contribute to the
development of conflictology as a field, enabling more accurate predictions and effective solutions
to contemporary conflicts.

LITERATURE REVIEW

It is true that a number of research works have been written for the practical analysis of such a
complex interdisciplinary field. Research works of foreign scientists have made a significant
contribution to the development of modern conflict science. In the 20th century, the joint works of
John von Neumann and Oscar Morgenstern were first released, in which the humanitarian bases and
applications of the practical part of this theory were mathematically investigated.The name of the
book was "Game Theory and Economic Behavior" [1, 97-c.].

Later, this great mathematical theory began to be recognized in social sciences as well. Forbes
Jr. Nash laid a new foundation for game theory and was the first to propose a project for its
application in the social sciences. John Nash and S. Reinhard and H. Economists like John proved
that game theory can be used not only in economics, but also in political science. J. Gerda invented
an open form of game theory. He proposed the description and classification of political games
during political conflicts, and wrote the types of methods that could be developed in the future.

Subsequently, game theory for predicting conflicts began to be studied by such scientists as:
K.Sonin, B. Mirkin, A. Vasin, M. Raskin, N. Parker, N. Taleb, G. Owen, M. Templeton, J.Harsanyi,
etc. K. Boulding was the first to talk about the need to introduce mathematical modeling to predict
conflicts. N. Parker in his research proved that game theory gives more objective answers if it is
applied in the field of political modeling [1, 110-c.].

METHODOLOGY

Research methods: analysis, game theory, theory of large games, index indicators, synthesis,
scientific topology, creation of logical-algebraic systems, diffusion equations, comparison, k-
research, etc.
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This scientific article deals with the area of complex dynamic change of game theory. This
article discusses the probabilities of predicting political conflicts in addition to predicting complex
economic issues through game theory, including rational methods for mathematical modeling of the
outcome. The author was given the following objectives:

e To carry out an in-depth analysis of the theory that serves as the primary element of tactical
observations in economics.

e Demonstrate practical models used in game theory, management, and other directly related
fields.

e Analyze the practical achievements of mathematical modeling in various fields.

e To investigate strictly defined structures and tools used in conflict modeling.

Research level. It is true that game theory was originally a branch of applied mathematics.
Later, it became a separate interdisciplinary field with fully developed empirical research methods.
Therefore, game theory is widely used in other fields of science. Within the framework of game
theory, there are many scientists who have written their works for social sciences [2].

Among them: A. N. Kolmogorov, J. Nash, R. D. Fisher, N. Parker, N. Taleb, K. Boulding,
A.Cournot, J. Bertrand, E. Lasker, E. Zermelo, E. Borel. and so on. Although the theory of games
appeared in the XIX century, it began to take shape as a theory capable of making full-fledged
scientific predictions only in the XX century.

In 1929, a game model (linear city model) based on the game theory of market competition
proposed by G. Otelling was published. And in 1957, E. Downs model of political competition
brought new success to science. At the same time, new information about the physical space of the
market competition model has entered the science. In these studies, it is said that the large-scale
increase in voter preferences also leads to new disturbances in the political space.

Over the past decade, numerous scientific studies have been published in the field of domestic
conflictology, specifically focusing on this topic [2].

RESULTS

At the beginning of the article, we said that mathematical methods and methodologies were
initially used only in mathematics. The field of mathematical modeling, which brought a new
revolution to the science of mathematics, also gave a new impetus to the social sciences. This field,
which requires mathematical calculations, was later filled with new theories such as game theory.
The prospects of game theory, which are based on social sciences, are currently only 20%
developed, which is a low value.

Political processes that can be modeled within the framework of game theory can be divided
into a certain number of moments:

1. Basic operational research (game theory, which is used as a research tool for conflict
content, is considered a major part of it).

2. Auxiliary Operations Research (IO). This type of research is a special mathematical tool
designed to support decision-making activities of social groups in various areas.

Operations research also refers to any means of providing decision makers with the necessary
quantitative information obtained using the scientific method. The trend towards operations
research has emerged at the intersection of mathematics and various socio-economic sciences.
[3,334-335p.].

The era of Frederick Lanchester is famous for the fact that in this era the first impressive
implementation of mathematical modeling for the settlement of multidimensional military-strategic
problems was noted. His exposition of «Lanchester's Law of Squares» became one of his leading
contributions, published in 1916.This principle highlights the relationship between numerical
superiority and combat effectiveness, demonstrating that the relative strength of a force increases
with the square of its numbers when two sides engage simultaneously. Lanchester’s work
emphasized the importance of numerical advantage and its impact on the outcome of battles.
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Over time, this theory evolved to incorporate advancements in both social and physical
weaponry. The primary objective, according to Lanchester, was to maximize the efficiency of one’s
forces by concentrating them while simultaneously fragmenting the enemy’s. This approach often
yielded favorable results in combat. In the Battle of Trafalgar, you can see that Lanchester's
quadratic law was used. The principle of concentration of forces became the basis for the successful
achievement of victory. This fact has been noted in history. Lanchester concepts have been added to
a number of collections from Lanchester's time, which have received widespread appreciation in
their time and to this day.

The military and tactical development of operational plans has become characterized by the use
of game theory, which is also defined as mathematical models for decision-making in conflict
situations. The works of scientists Zermelo and Burrell at the beginning of the 20th century define
the beginning of game theory. Nevertheless, John von Neumann's particularly visionary
contribution influenced the future of modern game theory. Von Neumann not only formulated but
also rigorously proved its foundational principles, introducing new axioms that became central to
the theory’s core framework. In military strategy, this work has become a landmark event, leading
to the improvement and comprehensive use of game theory, as well as in various fields. [4, 298-c.].

Conlflict incidents in games have gained massive prospects for productive resolution due to the
rapid improvement and popularization of computers. But most of the essential questions remain
open, despite the tangible theoretical breakthrough. Of paramount importance is the analysis and
implementation in such industries as:

e Analysis of the practical implementation of these settlement proposals.

e C(Creation of solutions for defining games.

e Proof of theorems, indicating the presence of solutions.

e Development of practical methods for finding solutions.

Both in virtual and real situations, there is a place to apply the developed mathematical model,
analytical solutions and transformations. The game is based on a developed mathematical model of
a conflict involving two or more parties, each of which wants to achieve a different kind of goal.
Alliances or coalitions are created when participants with common conceptual interests come
together to counteract opposition strikes.

By directing attention to the opposing participants in the game, the game model is a method of
optimizing situations. Take, for example, two criminals with different goals, whom the participants
may represent during the investigation. In such situations, the need to make strategic decisions
requires each player to develop a unique plan of action tailored to the conflict [5, 67-68 c.].

The triumph of a strategy is directly related to the order in which it is implemented. The result
of the player's fruitful actions is victory. Measuring the results of various tournaments is a difficult
task, since game theory considers only those games in which there is numerical evidence of victory.
Clearly, the game’s outcome and, consequently, victory, are quantifiable.

In game theory, it is good to emphasize three important things:

1. Pre-grouping of actions that the players may do recently;

2. Learning the goals and tasks of the parties participating in the game;

3. To increase the stock of information related to all parties.

Game theory is known to make good predictions about the scope and future steps of conflicts.
It is known that in the process of mathematical modeling of all statistical information obtained from
game theory, we can achieve analytical truth.

Games of a uniform standard

Such games can be classified as statistical games. A dynamically developing game of this kind
is often used to predict political conflicts. This type of game in normal form can describe the game
itself as an object in process.

G: =<L, X, u(.)> =<I, {X; }ier, {ui (. ) }ier> it's here I = {1, ...., m} the number of participants in
the conflict.

138




BECTHUK KasHITY um. Abas, cepus « Coyuonocuueckue u norumuyeckue naykuy, Ned (88), 2024 2.

Xe=Xlel: =1I; X; = X1x X5 X er ven o x X;n) set (profile) of admissible {X;};; sets of
participant strategies [6, 46-47 c.].

Any social group involved in political conflict is completely governed by the aforementioned
game theory. But it should not be forgotten that the dynamic field of political conflict depends on
how this process (conflict) is realized. It is true that if the dynamic waves develop at a rapid pace
during the conflict, the social temperature will also change. The faster the social conflict develops,
the faster the social temperature rises [6, 63-c.].

It is true that game theory is very important for conflictology. It is known that European
scientists have been using game theory in the new millennium to solve the most complex and urgent
problems of the human race. It is also known that a set of unresolved issues always creates
favorable conditions for the emergence of new conflicts. M. Thatcher wrote in her diary that there
are certain reasons behind the conflict that occurs within each country. That is, it is unlikely that
there will be a conflict without a reason. Conflicts that arise without a reason are often not viable.
Such conflicts can be resolved easily and quickly.

When the level of tension is reached, the conflict "a" may refuse to fulfill its original
requirements and lead to the goal "b" and become chaotic. That is, several new conflicts may be
added to it within the framework of "a" conflict, which has come out of its original framework. This
is called the conflict paradox.

Game theory is not only a tool for conflict observation, but game theory is useful for conducting
complex scientific research on where conflicts originate and how they might develop in the future.
Game theory, a powerful mathematical tool, aids in predicting various conflicts, including social,
political, inter-party, religious, inter-ethnic, international, military, market, information, and more.

Varies depending on the strategies employed by each player. In a specific case, the outcome
entirely rests on the participant’s actions. This situation is not considered a game, and defeat is viewed
as a negative outcome. Therefore, in the future, only winnings will be considered [7, 472-473 p.].

It is determined that the opinion that the political breakthroughs of some of the participants
correspond to the costs of other participants (a game of zero), sometimes does not correspond to a
systematic approach to the concept of sustainable development of the international community. This
balance has repeatedly been a factor in the deterioration of the political situation. Therefore, a
variety of methods must be used to apply the basic principles of game theory. Game theory remains
the most effective tool for conflict analysis. [7, 481 p.].

According to the view, the genesis of conflict situations at military events is a consequence of
certain problems. These tasks include various factors such as rules, conditions, participants,
strategies, actions, and possible outcomes. These elements can be mathematically modeled as "if-
then" scenes. The goal is to turn real-world goals into the official format of the game. The process
includes formulating a solution, choosing the optimal model, performing calculations, and
analyzing the results.

Game theory and conflict modeling

In game theory, based on practical experience, it’s crucial to focus on the opposing players.
Negotiating without a coalition or specific agreements that can’t be part of it is possible. In the
absence of an important alliance, only two players participate in the game, and their wins and losses
are proportional. This game is commonly known as a "two-player zero-sum game," where the gain
of one player is exactly balanced by the loss of the other. For example, if Player 1’s victory is worth
V, then Player 2’s corresponding defeat is -V, meaning the total outcome adds up to V + (-V) = 0.
Player 1 chooses from a set of possible strategies (such as two or three alternatives) without
knowing what strategy Player 2 will adopt. Similarly, Player 2 remains unaware of Player 1’s
choices and must make a decision based on their own assumptions. When no player can count on a
guaranteed positive result, the focus shifts to minimizing losses through careful strategic planning.
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For clarity, let's analyze virtual games. The formation of dynamic processes is facilitated by the
implementation of tactics identical to those used in real military operations. Various kinds of
situations will form during the fighting:

1. The opponents are pressing in from the west [8, pp. 195-196].

2. The solution has three vectors (1,2,3).

3. Capture the group with the assigned combat mission: go against the enemy,

participate in open battles and defeat them.

4. The crew has three directions of movement. The path allows you to determine where two
groups will pass close to each other. [9, 388 p.].

Based on this, the collision sites are located at different heights, their total number is nine. The
lowest height above the enemy is the most favorable for the capture group to engage in open
combat. This tactic gives a sense of determination and security in the mountains [9, p. 402-403].
The estimated outcomes are shown in the table. However, the rational vector of a group cannot be
defined as an immutable basis. If we select the location of the battle as the victorious one, we take
into account the height of the terrain obtained from the other side. Success will be negligible, as an
increase in altitude is not strategically favorable for them. The final table of winnings looks like
this:

( -5 0 —-15 —-3,0 )
-05 -10 00 —-20 —-10 -—-1,8

To determine the optimal strategy for the film crew, we’ll employ a method that involves
identifying the most inconvenient solution option for each scenario. The outcome of this process
depends on the actions of the opponent, after which we select the maximum value from the
irradiated set of potential winnings. This approach ensures that we obtain the guaranteed best
possible outcome. Additionally, we’ll consider the worst actions of the opponent and determine
victory based on the principle of “the best of the worst.” For this, we will analyze all the rows of the
matrix corresponding to different directions of the crew. When making a decision,we give priority
to the first trend(A), the lowest winner -5.0. The second (non)direction is determined by the
minimum value of the second row, -1.0. Finally, the third direction(seed)is determined based on the
minimum value of -2.0 in the third row of the matrix.

The maximum gain found is -1.0, so the second route from the battlefield was chosen, which
didn’t exceed 1.0 kilometers. This predetermined height determines the discount for the second line.
It’s not surprising that when opponents choose different directions, they adjust the path. However,
the estimated height of the region is still 0.5 and 0 kilometers. Therefore, the second direction (B) is
optimal to minimize the costs for the filmmakers. The new coefficient, called the price of the game
in the group, is set to -1.0 [9, 418-419 p.].

There are two subjects involved in this game: a person, whom we will designate as player M,
and nature, represented by player N. The basic principles of classical game theory concerning these
participants are as follows:

1. Player N, being the second participant in the game, is neither an opponent nor an ally of
player M. He accepts the states of player M indefinitely, with no specific goal and no interest in the
outcome of the game.

2. Player M's decisions do not directly affect Player N's position or actions. [10]

Using the diffusion equation, it is possible to model this conflict mathematically, without the
need to use information technologies based on game theory. Calculating future conflicts according
to the principles of the game, we can check the correctness of the answer by comparing it with the
spread index [11, 144-145 c.].

The function [ (x;, x;) characterizes the connection between individuals, which is modeled
here using the classical Gaussian distribution
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u=kiki+ kg kg , 1 quite widely used in various sociological studies.

ki — coefficient of scientific and technological progress and development of the i-th
individual/group of individuals.

ki — coefficient of social activity of the i-th

individual/group individual.

| —1is the inverse Kronecker delta [12, 165-166 p.].

Using Game Theory with the Diffusion Equation

Game theories can be used in scientific research in parallel with the diffusion equation. This
helps to model the starting position of any conflict. The diffusion equation can show the dynamics
of an event. But if we expand its capabilities using game theory, we will get a ready-made
analytical methodology for predicting conflicts. After completing the variational series in the theory
of patterns based on complete statistical information, a diffusion study is needed. In the course of
research, we can give examples of some types of diffusion equations:

Oh(xy;t P41 oh(x,; t
D _ ey, ) - hs, 001 + ke P (x, + )7, 20D
Pi+1 dx1
= D[h(xy,t) — h(x,,0)] + aklkie ¥ (x; + x,)? ’r
ah Xyt X Oh(xq;t
gz )+\/2D§1(t) 2 = gxl )+\/2sz(15),
2 1

When: W = ki + kb + k2 + k&, @ = =811 i1, iz 12

To obtain approximate analytical solutions of a system of equations, a series expansion with an
accuracy of to the quantity of the first order of smallness for: ALl = x; — x¢;, ALl = [1 — 0 difference
[13, 481-482 p.].

h (x;,t) — h (x;,t) = |(Here the following meaning) t=0Ax+ (6t) X =

xoi (4) | At Xoi = 0
t (t)? . s Y I
h(xy,t)=DJ xl(u)du+DT+ak5k; J, ev 0 du, j=3—1i

After differentiation with respect to time, the following forms of the differential equation are
obtained based on game theory:

d?x, 20(P? + Dkikikik? YL e dgl(t) d?x,
{ =klklD + (x; —xx)e ¥ 70 7 442
dt? Y2 dt ' dt?
2a(P? + Dk2kZk2k} L. VO d&,(t)
=klklD + e (x; —xx)e ¥ Y +42D o

Using game theory, fully differentiable mathematical coefficients can be modeled without the
help of information technology as mentioned above. That is, in the process of modeling conflicts
within the state, we get closer to the truth. We have noticed that the correct solution can always be
reached easily and quickly by means of mathematical methods.
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DISCUSSION

Now let's look at the actions of a particular enemy. In the context of a conflict situation, to
identify the most optimal strategy for behavior, various modeling approaches can be considered
[14, 112-113 p.]. These strategies may involve complex or challenging scenarios, such as difficult
alpine terrain. We begin by applying the inverse algorithm. This method involves identifying the
highest values in each column, and then selecting the minimum of these values. This minimum
value helps to determine the success of the capturing group and effectively prevents the opponent
from achieving any new outcomes. For example, the columns with the maximum values are -0.5, -
1.0, and 0.0, and the minimum of these is -1.0. As a result, the opponent's highest value of 1.0 in the
second strategy serves to block the defeat of the capturing group, maintaining at least a 1.0 km
height in the conflict. The cost of the game for the opponent is -1.0, meaning both rivals incur the
same losses. Mathematical modeling is a useful tool for formulating strategies, and its application is
clear. However, when selecting a saddle point, positional aspects must also be considered. By
observing the terrain from a strategic vantage point, we can pinpoint the intersection of the roads
(B) and (2), where the saddle point is located [15, 134-135 p.].

Matrix games, when applied to a specific strategy and dimensions, can be automated using the
MS Excel spreadsheet software. As the field of Conflict Studies has developed, we can see that
recently traditional social views have begun to be taken into account. In connection with this
problem, we have come to the time of using new methods and techniques. In predicting many
military and civil conflicts, we can achieve a well-known predictive result through Game Theory.
Although game theory is now included in domestic textbooks, the limited amount of research being
conducted presents challenges in addressing these questions.

But in the course of explaining game theory, we noticed that sometimes the parties involved in
conflicts quarrel because they do not recognize each other positionally. It is true that the ability to
predict becomes more difficult due to the distribution of emotions that are not in the plan, moving
freely on the field of falling into a rational position. Sometimes such cases occur even among states
of the international level. As an example, we can cite the German invasion through Belgium of
strategically important points on French soil according to the Schlieffen Plan, so that it would take a
rational position during the first World War. I believe that we are convinced that the competition of
the human race to occupy a strategically important place can influence the emergence of conflicts
[16, 441 p.].

In the new world, the evolution of conflict Genesis takes place at a new pace, sometimes out of
control and control. And the social methods and techniques used in the last century do not give us the
best results in solving this problem. It is true that there is a need to use new methods for this purpose.
Game theory can give a new impetus to the formation and development of the genesis of conflicts.

As outlined in earlier sections of this article, game theory, when combined with other
mathematical techniques, has the potential to offer meaningful solutions to modern conflicts. This
area remains underexplored and calls for further investigation.

CONCLUSION

In the application of game theory in scientific research, we see how far the social sciences have
progressed. We can see that the nature and content of the conflicts in the new millennium are
completely different from the conflicts of the 20th century. In the era of massive globalization, the
difficulty of implementing conflict prevention measures has become clear.

As the market competition is developing day by day, tools that constantly monitor conflicts as
possible are becoming obsolete. Also, the question arises as to how long the optimal ways and
mechanisms for solving external and internal political problems in the life of the state can prevent
mass disturbances of a chaotic nature. It is clear that such a question worries any country.

For a country like the Republic of Kazakhstan, which gained its independence recently, it is
better to learn European experience. It is clear that the development of domestic conflict science
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reduces the probability of conflicts that may occur within the state. Therefore, in the future, there is
a need to form the political elite from young people with political knowledge.

In order to become a complete conflict researcher, it is necessary to master mathematical
methods in addition to social research methods and tools. As I wrote in the article, it is clear that the
methods of predicting conflicts of the last century will not give fundamentally positive results in the
new century. Therefore, the development of game theory in the social sciences can contribute to the
achievement of better outcomes. Game theory has yet to fully realize its potential in this field.

By combining game theory with other mathematical methods, we can gain a closer
understanding of social reality. Before attempting to model all possible conflicts mathematically, it
is crucial to consider the evolutionary development of these conflicts. Subsequently, we can
evaluate potential solutions using game theory.

Finally, possible solutions of the obtained variational series can be easily differentiated with the
help of diffusion equations. Such a mathematical algorithm is called combinatorial calculation.

Currently, domestic conflictology needs foreign experience and qualified researchers. Using the
game theory, it is possible to predict mass riots, such as the "Blood January incident" that caused
panic in the country, and the "Oilmen's strike in Zhanaozen", which led to conflicts between the big
authorities and the local population. Mathematical methods are more objective than social
interviews aimed at predicting conflicts. In addition, it should be noted that the process of
processing a social survey takes a very long time.

The use of Game Theory in the social sciences leads to the opening of New Horizons. It is
obvious that mathematical methods play a huge role in social science. In the future, we will be able
to easily simulate conflicts in general or in particular using other theoretical new methods.
Summing up my thoughts, I would like to conclude my article with the fact that mathematical
modeling through game theory is the most objective research tool that can directly describe and
evaluate civil and military conflicts, allowing you to understand the nature of conflicts taking place
in modern society.

References:

1. Jlacno M. BviyuciumenvHas ceomempusi u komnvtomepuas epaguxa. — M.: Hzoamenbcmeo
«Denuxcy, 2021. — 422 c.

2. Jlesun B. JI. Jlocuko-ancedpaudeckuil nooxo0 K mooeiupoganuro kou@auxkmos // Cucmemol
ynpasaenus, cesasu u bezonacnocmu. —2015. — Ne 4. — C. 69-87. — [Onekmponnwiii pecypc]. — URL:
http://sccs.intelgr.com/archive/2015-04/03-Levin.pdf ([Jama obpawenus: 17.10.2024).

3. Wakayama T. Comparison of voluntary contribution and Pareto-efficient mechanisms with
voluntary participation // Journal of Game Theory. — 2023. — Vol. 52, No. 2. — Pp. 517-553. —
[Electronic resource]. — URL: https://link.springer.com/article/10.1007/s00182-022-00828-x
(accessed on: 11.10.2024).

4. Mazanos B. B. Ilepecosopvl. Mamemamuueckas meopus. — M.: Hzoamenvcmeo «Koecnumo-
yeumpy, 2012. — 304 c.

5. ILlseoosckuii B. A. Coyuonozco-mamemamuueckue mooenu 8 UCCIe008aAHUU COUUATbHBIX
npoyeccos. — M.: /luccepmayusa Ha couckanue y4eHol cmeneHu OOKMopa COYUoI02UYecKUx HayK,
2010. - 150 c.

6. Auizexc P. Jlughghepenyuanvuvie uepol. — M.: Hzoamenvcmeo «Mupy, 1967. — 480 c.

7. Joseph K. The political significance of social media activity and social networks // Political
Communication. — 2018. — Vol. 35, No. 3. — Pp. 470—493.

8. Iloxopuas O. IO. O svibope onmumMaibHbLIX cmpameuti 8 NIAHUPOBAHUU O0e8bIX ONepayull.
— Boponeosc: Hz0amenvcmeo BAUY, 2009. — C. 194-198.

9. Malte B. Pure Nash equilibrium strategy for collective choice bargaining models // Journal
of Game Theory. — 2023. — Vol. 53, No. 2. — Pp. 373—421. — [Electronic resource]. — URL:
https://doi.org/10.2307/2586381 (accessed on: 12.10.2024).

143




Abaii amvindazel Kas¥I1V-niy XABAPLIBIChI, «Oneymemmik sicone cascu vlnvimoapy cepusicol, Ned (88) 2024 .

10. Hoxopuas O. 0. Humeepan Cmunvmveca 6 meopuu uep // Monooou yuenvii. — 2012. —
MNe 3 (38). — C. 26-28.

11. Hlaeun B. JI. Teopus uep. — M.: Hzoamenvcmeso FOpaiim, 2015. — 223 c.

12. Bonomckuti A. B. Mamemamuueckoe npocpammuposanue u meopusi uep. — M.:
Hszoamenvcmeo «Jlanvy, 2022. — 272 c.

13. Kavamura K. Efficient equilibria in voting games with common interests // Journal of Game
Theory. — 2023. — Vol. 53, No. 2. — Pp. 475-492. — [Electronic resource]. — URL:
https://doi.org/10.2307/2586381 (accessed on: 12.10.2024).

14. Mazanos B. B. Cemesvie ucpuvl. — M.: H30amenvcmao «Jlanvy, 2022. — 320 c.

15. Topcmxo A. b. Ilosnakomvmecy ¢ Mmamemamuueckum mooeiuposanuem. — M.:
H3z0amenvcmeo «3uanueyn, 1991. — 162 c.

16. Beal S. Priority value for cooperative games with a priority structure // Journal of Game
Theory. — 2022. — Vol. 53, No. 2. — Pp. 431-450. — [Electronic resource]. — URL:
https://ideas.repec.org/p/crb/wpaper/2020-02.html (accessed on: 13.10.2024).

References:

1. Laslo M. Vychislitelnaya geometriya i kompyuternaya grafika. M.: izdatelstvo «Feniks»,
2021. 422 s.

2. Levin V. L. Logiko-algebraicheskij podhod k modelirovaniyu konfliktov//Sistemy
upravleniya, svyazi i bezopasnosti. 2015. Ne4. S. 69-87. URL: http: //sccs.intelgr.com/archive/201 5-
04/03-Levin.pdf (data obrasheniya: 17.10.2024).

3. Wakayama T. Comparison of voluntary contribution and Pareto-efficient mechanisms with
voluntary participation. Journal of game theory. 2023. 52rd volume, second issue 517-553 p.
https://link.springer.com/article/10.1007/s00182-022-00828-x. (accessed on: 11.10.2024).

4. Mazalov V. V. Peregovory. Matematicheskaya teoriya. M.: izdatelstvo «Kognito-centry,
2012. 304 s.

5. Shvedovskij V. A., Sociologo — matematicheskie modeli v issledovanii socialnyh processov.
M.: dissertaciya na soiskanie uchenoj stepeni doktora sociologicheskih nauk, 2010. 150 s.

6. Ajzeks R. Differencialnye igry. M.: izdatelstvo «Miry, 1967. 480 s.

7. Joseph K. The political significance of social media activity and social networks. Political
communication. 2018. 35:3, 470-493 p.

8. Pokornaya O. Yu. O vybore optimalnyh strategij v planirovanii boevyh operacij. Voronezh:
izdatelstvo VAIU, 2009. 194-198 s.

9. Malte B. Pure Nash equilibrium strategy for collective choice bargaining models. Journal of
game theory. 2023. 53rd volume, second issue 373-421 p. https://doi.org/10.2307/2586381.
(accessed on: 12.10.2024)

10. Pokornaya O. Yu. Integral Stiltesa v teorii igr //Molodoj uchenyj. 2012. Ne3 (38). 26-28 s.

11. Shagin V. L. Teoriya igr. M.: «izdatelstvo Yurajt», 2015. 223 s.

12. Bolotskij A. V. Matematicheskoe programmitrovanie i teoriya igr. M.: izdatelstvo «Lany,
2022. 272 s.

13. Kavamura K. Efficient equilibria in voting games with common interests. Journal of game
theory. 2023. 53rd volume, second issue. 475-492 p. https://doi.org/10.2307/2586381. (accessed
on: 12.10.2024)

14. Mazalov V. V. Setevye igry. M.: izdatelstvo «Lany, 2022. 320 s.

15. Gorstko A. B. Poznakomtes s matematicheskim modelirovaniem. M.: izdatelstvo «Znaniey,
1991. 162 s.

16. Beal S. Priority value for cooperative games with a priority structure. Journal of game
theory. 2022. 53rd volume, second issue. 431-450 p. https://ideas.repec.org/p/crb/wpaper/2020-
02.html. (accessed on: 13.10.2024)

144




