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Abstract
Earlier, prof. T.Chilachava proposed mathematical models for resolving political

conflicts through economic cooperation between two politically mutually opposing sides
(possibly a country or country and its legal subject). We have previously theoretically
investigated cases with constant model coefficients. In this work, a computer simulation
has been carried out in the Matlab software environment in the case variable
coefficients of model. Numerical solutions have been obtained, appropriate graphs have
been built and the conflict resolution cases have been found (conditions for model
parameters).

Keywords: Computer modeling, mathematical models of resolution of conflict, variable
coefficients of model.

Introduction

Mathematical modeling of physical processes has a long history [1–13]. Mathematical
modeling of physical processes involves the model adequacy, which is validated by Newton's non-
relative five laws of classical mechanics: mass conservation law; law of conservation of impulse;
the law of conservation the momentum of impulse; the first law of thermodynamics, i.e. energy
conservation law; the second law of thermodynamics, i.e. entropy conservation law.

As it is known, there is a very large history of mathematical modeling in biology, ecology,
chemistry, medicine and especially in epidemiology.

Synergetics gave a powerful push using of mathematical models in social sciences: sociology,
history, demography, political science, conflicting science, etc.

Creation of mathematical models is more original in social sphere, because, they are more
difficult to substantiate [14, 15].

In the works [16–21] the authors proposed a new direction of mathematical modeling
"Mathematical modeling of information warfares".

The works [22–32] propose nonlinear mathematical models of two and three-party elections.
Taking into consideration the important tendencies in the world, it is important to study

demographic and assimilation social processes through mathematical modeling.
Nonlinear mathematical models of bilateral and two-level assimilation are considered in [33–

36].
The dynamics of innovative processes are one of the promising and fast developing

techniques of using mathematical modeling.
The works [37–42] propose new mathematical models of some social processes: interaction of

fundamental, applied research, development and innovative projects, two and three-stage training of
scientists, competition between the universities.

In 2005, Mathematicians Robert Aumann and Thomas Schelling won the Nobel Prize in
Economics for the scientific work cycle “Understanding of the problems of the conflict and
cooperation through the game theory”.
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At the awarding lecture, on December 8, Robert Aumann pointed out that “Wars and other
conflicts are among the main sources of human misery. So it is appropriate to devote this lecture to
one of the most pressing and profound issues that confront humanity: that of War and Peace”.

Regarding to the conflict between Israel and Palestine, the “repeated game" principle presents
another important methodological aspect of mathematical modeling (game theory). According to
this principle: the long-term relationship of subjects in competition can generate cooperation
between them, for which, there can not be found a sufficient basis in case of one time relationship
(contact). In other words, long-term relationship generates common interests and preconditions for
cooperation.

At the awarding lecture, Thomas Schelling noted: "The most spectacular event of the past half
century is one that did not occur. We have enjoyed sixty years without nuclear weapons exploded in
anger“.

Lee Kuan Yew, author of the Singaporean "Economic Miracle", noted: "If you want economic
growth, do not break out the war with neighbors, establish trade relations with them, instead”. He
also noted: "I had two paths. The first is to steal and withdraw friends and relatives on the lists of
"Forbes", while leaving their people on the naked land. The second is to serve your people and take
the country to the top ten countries in the world. I chose the second..."

Considering the existing conflict regions in the world, we consider this kind of mathematical
models are very perspective and innovative, including computer simulation that can determine
conditions (dependence between model parameters) for which conflict can be solved.

Prof. T.Chilachava proposed to create new nonlinear mathematical models of economic
cooperation between two politically (not military opposition) inter conflicting sides (possible states
or country and its legal entities), which envisages economic or other type of cooperation between
the part of population of the sides, direction towards the rapprochement of the sides and the
peaceful resolution of the conflict [43]. Further, in the theoretical sense, the research of these
mathematical models, are considered in the works [44 – 52].

The nonlinear mathematical model (the dynamic system) of economic cooperation between
two political warring sides offered by us has an appearance:
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where
 )(1 tN - number of the citizens of the first side in time-point t , wishing or already being in

economic cooperation and inclined to the subsequent peaceful resolution of the conflict;
 )(2 tN - number of the citizens of the second side in time-point t , wishing or already being

in economic cooperation and inclined to the subsequent peaceful resolution of the conflict;
 )( ),( 21 tt  - coefficients of aggression (alienation) of the sides;
 )( ),( 21 tt  - coefficients of cooperation of the sides;
 )( ),( 21 tt  - appeal coefficients to peaceful economic cooperation of the sides of the third

external side (coercion coefficients to cooperation) (Model 3);
 )( ),( tbta - the population according to the first and second sides in time-point t ;
 ],0[ , 1

21 TCNN  ;
 T - time interval for model (conflict) consideration.
We assume that rather weak condition of resolution of conflict are:
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In the general case of the model the exponential functions are taken as variable coefficients
and computer modeling are performed ],0[ Tt .

The calculations are performed during the model review period.
By computer calculations two different images are obtained:
 There exists time ,0: 11 TTT  for which system is completed;
 The system is not completed with ],0[ Tt segment:
Below we use following exponential functions:
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where

 5
0 102 a - the population of first side;

 6
0 104 b - the population of second side;

 4
10 102 N - 10% of the population of first side;

 5
20 108 N - 20% of the population of second side;

 21   , nn - the coefficients of demographic factors;
 43   , nn - the coefficients of aggression;
 65   , nn - the coefficients of cooperation;
 87   , nn - the coercion coefficients to cooperation.

For clarity we allow that 120T or 240 T months.

Model 1:
0))(,( 11 tNtF
0))(,( 22 tNtF

Case 1.1:
The conflict is resolved )120( 1  Tt when

8
20

8
10

11
20

11
10 105.7 ,101 ,101 ,104   

1   ,1   ,1   ,1   ,0   ,0 654321  nnnnnn .
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Case 1.2:

We have increased 10 the coefficient. The conflict is not resolved when

8
20

8
10

11
20

11
10 105.7 ,102.1 ,101 ,104   

1   ,1   ,1   ,1   ,0   ,0 654321  nnnnnn .

Case 1.3:

We have changed the power for 10 and 20 coefficients. The conflict is not resolved when

8
20

8
10

10
20

10
10 107 ,101 ,101 ,104   

1   ,1   ,1   ,1   ,0   ,0 654321  nnnnnn .
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Case 1.4:

We have increased 6n the coefficient. The conflict is not resolved when

8
20

8
10

10
20

10
10 107 ,101 ,101 ,104   

4   ,1   ,1   ,1   ,0   ,0 654321  nnnnnn .

Model 2
)()())(,( 1111 tNttNtF 

)()())(,( 2222 tNttNtF 

Case 2.1:

The conflict is not resolved )120( 1  Tt when
4

20
4

10
8

20
8

10
11

20
11

10 101 ,101 ,105.7 ,101 ,101 ,104   
1   ,1   ,1   ,1   ,1   ,1   ,0   ,0 87654321  nnnnnnnn .
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Case 2.2:

We have increased 6n the coefficient. The conflict is resolved )110( 1  Tt when

4
20

4
10

8
20

8
10

11
20

11
10 101 ,101 ,105.7 ,101 ,101 ,104   

1   ,1   ,5.1   ,1   ,1   ,1   ,0   ,0 87654321  nnnnnnnn .

Case 2.3:

We have changed the power for 10 and 20 coefficients. The conflict is not resolved when

3
20

3
10

8
20

8
10

11
20

11
10 101 ,101 ,105.7 ,101 ,101 ,104   

1   ,1   ,5.1   ,1   ,1   ,1   ,0   ,0 87654321  nnnnnnnn .
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Case 2.4:

We have increased 3n the coefficient. The conflict is resolved )165( 1  Tt when

3
20

3
10

8
20

8
10

11
20

11
10 101 ,101 ,105.7 ,101 ,101 ,104   

1   ,1   ,5.1   ,1   ,1   ,4   ,0   ,0 87654321  nnnnnnnn .

Model 3
 )()()())(,( 1111 tNtattNtF  
 )()()())(,( 2222 tNtbttNtF  

Case 3.1:

The conflict is resolved )115( 1  Tt when
4

20
4

10
8

20
8

10
11

20
11

10 101 ,101 ,105.7 ,101 ,101 ,104   
1   ,1   ,1   ,1   ,1   ,1   ,0   ,0 87654321  nnnnnnnn .
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Case 3.2:

We have increased 2n the coefficient. The conflict is not resolved )118( 1 Tt when

4
20

4
10

8
20

8
10

11
20

11
10 101 ,101 ,105.7 ,101 ,101 ,104   

1   ,1   ,1   ,1   ,1   ,1   ,3.0   ,0 87654321  nnnnnnnn .

Case 3.3:

We have increased 3n the coefficient. The conflict is not resolved.

4
20

4
10

8
20

8
10

11
20

11
10 101 ,101 ,105.7 ,101 ,101 ,104   

1   ,1   ,1   ,1   ,1   ,5   ,3.0   ,0 87654321  nnnnnnnn .
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Case 3.4:

We have increased 8410 ,, nn the coefficients. The conflict is resolved when

4
20

4
10

8
20

8
10

11
20

11
10 101 ,104 ,105.7 ,101 ,101 ,104   

5.4   ,1   ,1   ,1   ,8   ,5   ,3.0   ,0 87654321  nnnnnnnn .

Model 4
)()())(,( 1111 tNttNtF 

 )()()())(,( 2222 tNtbttNtF  

Case 4.1:

The conflict is resolved )105( 1 Tt when

3
20

3
10

8
20

8
10

11
20

11
10 107 ,103 ,105.7 ,101 ,101 ,104   

1   ,1   ,1   ,1   ,1   ,1   ,0   ,0 87654321  nnnnnnnn .
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Case 4.2:

We have changed the power for 10 and 20 coefficients. The conflict is resolved
)118( 1 Tt when

3
20

3
10

8
20

8
10

11
20

11
10 107 ,103 ,105.7 ,101 ,101 ,104   

1   ,1   ,1   ,1   ,1   ,1   ,0   ,0 87654321  nnnnnnnn .

Case 4.3:

We have increased 7n the coefficient. The conflict is not resolved.

3
20

3
10

8
20

8
10

11
20

11
10 107 ,103 ,105.7 ,101 ,101 ,104   

1   ,7   ,1   ,1   ,1   ,1   ,0   ,0 87654321  nnnnnnnn .
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Case 4.4:

We have increased 6n the coefficient. The conflict is resolved when

3
20

3
10

8
20

8
10

11
20

11
10 107 ,103 ,105.7 ,101 ,101 ,104   

1   ,7   ,2.1   ,1   ,1   ,1   ,0   ,0 87654321  nnnnnnnn .

Conclusion

Thus, for all four mathematical models, in the case of variable coefficients of models that are
taken as exponential functions, numerical results are obtained, showing in what case it is possible to
resolve a political conflict and in which it is impossible.

References

[1] Aleqsander Golubiatnikov, Temur Chilachava. Central explosion of a rotating gravitating
body. Reports of Academy of Sciences of the USSR, 1983, v. 273, pp. 825–829.

[2] Aleqsander Golubyatnikov, Temur Chilachava. Estimates of the motion of detonation waves
in a gravitating gas. Fluid Dynamics, 1984, v. 19, issue 2, pp. 292–296.

[3] Temur Chilachava. The problem of a strong explosion in a uniformly compressing gravitating
gas. Moscow State University, Bulletin, series Mathematics and Mechanics, 1985, v.1, pp.
78– 83.

[4] Aleqsander Golubyatnikov, Temur Chilachava. Propagation of a detonation wave in a
gravitating sphere with subsequent dispersion into a vacuum. Fluid Dynamics, 1986, v. 21,
issue 4, pp. 673–677.

[5] Temur Chilachava. A central explosion in an inhomogeneous sphere in equilibrium in its own
gravitational field. Fluid Dynamics, 1988, v. 23, issue 3, pp. 472–477.

[6] Temur Chilachava. On the asymptotic method of solution of one class of gravitation theory
nonlinear problems. Reports of Enlarged Session of the Seminar of I.Vekua Institute of
Applied Mathematics, 1996, v. 11, issue 3, pp. 18–26.

[7] Temur Chilachava. On the solution of one nonlinear problem of mathematical physics.
Reports of the Seminar of I.Vekua Institute of Applied Mathematics., 1997, v. 23, pp.1– 9.



GESJ: Computer Science and Telecommunications 2019|No.2(57)

33

[8] Temur Chilachava. On the asymptotic method of solution of one class of nonlinear mixed
problems of mathematical physics. Bulletin of Georgian Academy of Sciences, 1998, v. 157,
issue 3, pp. 373–377.

[9] Temur Chilachava. On the asymptotic method of solution of one class of astrophysics
problems. Applied Mathematics and Informatics, 1999, v. 4, issue 2, pp. 54–66.

[10] Temur Chilachava. The mathematical modeling of astrophysics problems. Georgian
Electronic Scientific Journal: Computer Science and Telecommunications, 2007, v.13, issue 2,
pp. 93–101.

[11] Temur Chilachava, Nugzar Kereselidze. The integrodifferential inequalities method for the
solving of modeling problems of Astrophysics. Sokhumi State University Proceedings,
Mathematics and Computer Sciences, vol. IV, 2008, pp. 26–56.

[12] Temur Chilachava, Nugzar Kereselidze. The integrodifferential inequalities method for the
solving of modeling problems of gravitating gas dynamics. Georgian Electronic Scientific
Journals: Computer Sciences and Telecommunications, 2009, v.21, issue 4, pp. 104–124.

[13] Temur Chilachava. About the exact solution of the rotating gravitating gas ellipsoid of Jacobi.
Tskhum-Abkhazian Academy of Sciences, Proceedings, 2019, v. XVII – XVIII, pp. 5–11.

[14] Temur Chilachava. Research of The Dynamic System Describing Globalization Process.
Springer Proceedings in Mathematics & Statistics, Mathematics, Informatics, and their
Applications in Natural Sciences and Engineering – AMINSE 2017, Tbilisi, Georgia,
December 6 - 9, 2017, v. 276, pp. 67–78, 2019.

[15] Temur Chilachava. Mathematical model of linguistic globalization. Problems of security
management of difficult systems. Works XXV of the International conference, Moscow, 2017,
pp. 259–262.

[16] Temur Chilachava, Nugzar Kereselidze. Non-preventive continuous linear mathematical
model of information warfare. Sokhumi State University Proceedings, Mathematics and
Computer Sciences, 2009, № VII, pp. 91–112.

[17] Temur Chilachava, Nugzar Kereselidze. Continuous linear mathematical model of preventive
information warfare. Sokhumi State University Proceedings, Mathematics and Computer
Sciences, 2009, № VII, pp. 113–141.

[18] Temur Chilachava, Nugzar Kereselidze. Mathematical modeling of the information warfare.
Georgian Electronic Scientific Journal: Computer Science and Telecommunications, 2010, №
1 (24), pp. 78–105.

[19] Temur Chilachava, Nugzar Kereselidze. Optimizing Problem of Mathematical Model of
Preventive Information Warfare, Informational and Communication Technologies –Theory
and Practice: Proceedings of the International Scientific Conference ICTMC- 2010 USA,
Imprint: Nova, 2011/2012, pp. 525–529.

[20] Temur Chilachava, Nugzar Kereselidze. Mathematical modeling of information warfare.
Information warfare, 2011, №1 (17), pp. 28–35.

[21] Temur Chilachava, Aleqsandre Chakhvadze. Continuous nonlinear mathematical and
computer model of information warfare with participation of authoritative interstate institutes.
Georgian Electronic Scientific Journal: Computer Science and Telecommunications, 2014, №
4(44), pp. 53–74.

[22] Temur Chilachava. Nonlinear mathematical model of dynamics of voters pro-governmental
and oppositional parties. Problems of management of safety of difficult systems. Works XX
of the International conference, pp. 322– 324, 2012.

[23] Temur Chilachava. Nonlinear three-party mathematical model of elections, Problems of
management of safety of difficult systems. Works XXI of the International conference, pp.
513–516, 2013.

[24] Temur Chilachava, Shalva Chochua. Nonlinear mathematical model of two-party elections in
the presence of election fraud Problems of management of safety of difficult systems. Works
XXI of the International conference, 2013, pp. 349–352.



GESJ: Computer Science and Telecommunications 2019|No.2(57)

34

[25] Temur Chilachava. Nonlinear mathematical model of dynamics of voters of two political
subjects. Seminar of I.Vekua Institute of Applied Mathematics, Reports, 2013, vol. 39, pp.
13–22.

[26] Temur Chilachava, Leila Sulava. Mathematical and computer simulation of processes of
elections with two selective subjects and float factors of model. Problems of management of
safety of difficult systems. Works XXIII of the International conference, 2015, pp. 356–359.

[27] Temur Chilachava, Leila Sulava. Mathematical and computer modeling of nonlinear
processes of elections with two selective subjects. Georgian Electronic Scientific Journal:
Computer Science and Telecommunications, 2015, № 2(46), pp. 61–78.

[28] Temur Chilachava, Leila Sulava. Mathematical and computer modeling of three-party
elections. GESJ: Computer Sciences and Telecommunications, 2016, № 2 (48), pp. 59–72.

[29] Temur Chilachava. About some exact solutions of nonlinear system of the differential
equations describing three-party elections. Applied Mathematics, Informatics and Mechanics,
2016, vol. 21, № 1, pp. 60–75.

[30] Temur Chilachava. Mathematical Model of Transformation of Two-party Elections to Three-
party Elections. Georgian Electronic Scientific Journal: Computer Science and
Telecommunications, 2017, № 2(52), pp. 21–29.

[31] Temur Chilachava, Leila Sulava. Mathematical and computer modeling of elections with
constant demographic factor. Georgian Electronic Scientific Journal: Computer Science and
Telecommunications, 2018, 2(54), pp. 111–124.

[32] Temur Chilachava, Leila Sulava. Mathematical and computer modeling of political elections.
Of the eleventh International Scientific–Practical Conference Internet-Education Science-
2018, Proceedings, 2018, pp. 113–116.

[33] Temur Chilachava. Nonlinear mathematical model of bilateral assimilation. Georgian
Electronic Scientific Journal: Computer Science and Telecommunications, No.1 (41), pp. 61–
67, 2014.

[34] Temur Chilachava, Maia Chakaberia. Mathematical modeling of nonlinear process of
assimilation taking into account demographic factor. Georgian Electronic Scientific Journal:
Computer Science and Telecommunications, No. 4 (44), pp. 35–43, 2014.

[35] Temur Chilachava, Maia Chakaberia. Mathematical modeling of nonlinear processes bilateral
assimilation Georgian Electronic Scientific Journal: Computer Science and
Telecommunications, 2015, No. № 2 (46), pp. 79–85.

[36] Temur Chilachava, Maia Chakaberia. Mathematical modeling of nonlinear processes of two-
level assimilation. Georgian Electronic Scientific Journal: Computer Science and
Telecommunications, 2016, № 3(49), pp. 34–50.

[37] Temur Chilachava, Tsira Gvinjilia. Nonlinear mathematical model of interaction of
fundamental and applied researches. Problems of security management of difficult systems.
Works XXIV of the International conference, Moscow, 2016, pp. 289–292.

[38] Temur Chilachava, Tsira Gvinjilia. Nonlinear Mathematical Model of Interference of
Fundamental and Applied Researches. International Journal of Systems Science and Applied
Mathematics, 2017, № 2(6), pp. 110–115.

[39] Temur Chilachava, Tsira Gvinjilia. Research of the dynamic systems describing mathematical
models of training of the diplomaed scientists. Seminar of I.Vekua Institute of Applied
Mathematics, Reports, 2017, vol. 43, pp. 17–29.

[40] Temur Chilachava, Tsira Gvinjilia. Research of three and two-dimensional nonlinear
dynamical systems describing the training of scientists. Applied Mathematics, Informatics and
Mechanics, 2017,Vol. 22, No.1, pp. 3–20.

[41] Temur Chilachava, Tsira Gvinjilia. Nonlinear mathematical model of interference of
fundamental and applied researches of scientifically-research institute. Georgian Electronic
Scientific Journal: Computer Science and Telecommunications, 2017, № 1(51), pp. 15–24.



GESJ: Computer Science and Telecommunications 2019|No.2(57)

35

[42] Temur Chilachava, Tsira Gvinjilia. About some exact solutions of nonlinear systems of the
differential equations describing interference of fundamental and applied researches. Tskhum-
Abkhazian Academy of Sciences, Proceedings, 2017, v. XIII-XIV, pp. 79–91.

[43] Temur Chilachava. Mathematical Model of Economic Cooperation between the Two
Opposing Sides. IX International Conference of the Georgian mathematical union, 2018.
Batumi, pp. 96–97.

[44] Temur Chilachava, George Pochkhua. Research of the dynamic system describing
mathematical model of settlement of the conflicts by means of economic cooperation, GESJ:
Computer Science and Telecommunications, 2018, No. 3 (55), pp. 18–26.

[45] Temur Chilachava, George Pochkhua. About a possibility of resolution of conflict by means
of economic cooperation. Problems of management of safety of difficult systems. The XXVI
International Conference. Moscow, 2018, pp. 69–74.

[46] Temur Chilachava, George Pochkhua. Research of the nonlinear dynamic system describing
mathematical model of settlement of the conflicts by means of economic cooperation. 8th
International Conference on Applied Analysis and Mathematical Modeling, ICAAMM 2019,
Proceedings Book, 2019, pp. 183–187.

[47] Temur Chilachava, George Pochkhua, Nestan Kekelia, Zurab Gegechkori. Mathematical
models of resolution of conflict by means of economic cooperation at bilateral or unilateral
counteraction of government institutions. XXXIII Enlarged Sessions of the Seminar of
I.Vekua Institute of Applied Mathematics of Ivane Javakhisvili Tbilisi State University, Book
of Abstracts 2019, pp. 9–10.

[48] Temur Chilachava, Nestan Kekelia, George Pochkhua. Problems of Minimization
Mathematical Models of Resolution of Conflicts. X International Conference of the Georgian
mathematical union, 2019, Batumi, p. 78.

[49] George Pochkhua. Computer Modeling of Problems of Resolution of Conflicts by Means of
Economic Cooperation. X International Conference of the Georgian mathematical union,
2019, Batumi, pp. 159–160.

[50] Temur Chilachava, Nestan Kekelia, George Pochkhua. Nonlinear Mathematical Models of
Settlement of Political Conflicts and Problems of Minimization of Resources. The Fourth
International Conference on Applications of Mathematics and Informatics in Natural Sciences
and Engineering, AMINSE 4, abstract of the conference and satellite TICMI advanced
courses on Mathematical Models of Piezoelectric Solids and Related Problems, pp. 11–12.

[51] Temur Chilachava, George Pochkhua, Nestan Kekelia, Zurab Gegechkori. Research of the
dynamic systems describing mathematical models of resolution of conflict by means of
economic cooperation at bilateral or unilateral counteraction. Tskhum-Abkhazian Academy of
Sciences, Proceedings, 2019, v. XVII – XVIII, pp. 12–23.

[52] Temur Chilachava, George Pochkhua. Research of the dynamic systems describing
mathematical models of resolution of the conflicts by means of economic cooperation.
Tskhum-Abkhazian Academy of Sciences, Proceedings, 2019, v. XVII – XVIII, pp. 24–37.


