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COMPUTER RESEARCH OF THE MATHEMATICAL MODEL
OF ETHNIC GROUP DEVELOPMENT

This article highlights the main factors - subsystems that affect the development processes of ethnic
groups. A mathematical model of ethnic groups is constructed and a computer study of this system is
carried out.

A qualitative study of the dynamic system of ethnic groups is carried out for the case when political
differentiation and the degree of adaptation is constant. Relations are written out characterizing the
number of equilibrium states, their type, the number of singular points at infinity, and phase portraits are
presented using application programs.

This computer study on a given set of characteristics will allow you to simulate the occurrence of
problem situations and make changes in advance.

Key words: computer research, mathematical model, ethnos, ethnic groups, passionarity, pas-
sionarity.

With the development of digital technology in the humanities, tools and approaches
of the natural sciences have become increasingly used. Today, mathematical methods are
widely used in sociology, economics, medicine, politics, etc.

For a mathematical description of ethnic groups in Kazakhstan, Talcott Parson’s
systematic approach will be used and based on this approach we will compose differential
equations describing the dynamics of changes in the phase variables of the system under
consideration, which is equivalently constructed to the A.K. dynamic system Gutsa [1] and
A.A. Laptev [2]. The system consists of constituent elements that are interconnected and
interdependent. Elements have integral properties, they strive to maintain the integrity of
the system. Each change in the position of one part inevitably leads to a change in other
parts [3].

At the Parsons system level, we distinguish four subsystems of ethnic systems of
Kazakhstan, each of which performs one of four main functions: economic, designed to
ensure the adaptation of the system to the environment, political, the purpose of which is to
achieve the goal, ethnic groups (a single team that obeys a certain accepted normative order),
which ensures internal unity, and the governing institute of ethnic systems of Kazakhstan
(Assembly of the Peoples of Kazakhstan (APK)), which is responsible for the legitimization
of the normative order and Saving the state of unity [4].

The main control parameter is the passion voltage P. The components of the dynamic
system of ethnic groups are described as follows: L(t)- this is a function that describes
the political system; E(t)- economic system, T(t) - function describing the development of
ethnic groups; H(t)- function describing the dynamics of the APK Institute.

Thus, the model of ethnic groups in Kazakhstan is a system of four differential
equations:
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Let’s consider the case when L-political differentiation and E - degree of adaptation are
constant, i.e. fixed at some level and do not change over time. Then, in this case, we can
assume that these variables are equal to some constants.

%szL(L2+EZ)—k1D—kTH H?
2
g = ke TH =k 7 .

%r:o :TO’ H|t:0 = HO

To simplify the study, assume that the following coefficients are equal:

- coefficients that characterize the share of political systems that affect the change
of ethnic groups and the institution of the Assembly of people of Kazakhstan (APK),
50 kTL = kHL;

- intensity of losses of ethnic groups and the Institute of the Assembly of people of
Kazakhstan, so k, =K ;

- coefficients of mutual influence of ethnic groups and the Institute of the Assembly of
people of Kazakhstan, sok , =k, .

Let’s introduce new designations: s, =k, (L* + E?), s, =k, - L, k=k =k,/=k, =
k, and we assume that s, s, k, / are positive coefficients and k depends linearly on the
positive parameter P. And note that s, < s,. Also, we denote the variables T and // on x and
, respectively, and we do not impose any restrictions on the initial data T , H,,.

Then we get a system of equations:

[ dx
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dt 1 y

dy 2 3)
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dt 2 y

Xlzo = %01 Yoo = Yo,

Let’s follow the change in the qualitative picture of the solution of the system (3)
depending on the parameter P. To do this, we study the possible equilibrium states and
directions along which trajectories can tend to them. We find the number of equilibrium
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states. To do this, we find the singular points equating the right-hand sides of the system of
equations (3) to zero.

To study the equilibrium state, we consider the right-hand sides of the system of
equations (3):
I 2

R(Xo’yo)zsl_k'xo_ Yo,

S(X, Yo) =8, — K-y, —1-X.

(X,» ¥,) - the nature of the equilibrium state is determined by the sign of the following
three quantities:

R (X, R/ (X,,
AZA(Xoa yo): ( ’ yO) y( ’ yO) =k2—4|2X0y0
Si(X, ¥o) Sy (%, Yo) ’

G =06(Xy, ¥o) = Ri(X, YO)+S;(X01 yo):_Zk,
o’ —4A =161%x,Y,.

Then for functions A:

e in the I and III quarters the sign of the functions A is positive, for k> — 4/ >0, so k <
-2l u k> 21; otherwise, so for 2/ < k < -2/ the sign of the functions A is negative;

e in the IT and IV quarters the sign of the functions A is positive, for any value of k and /.

And the signs of the functions 6% — 4 A (for any value of k and /):

e in the I and III quarters are positive;

e and in the II and IV quarters are negative.

Thus, we obtain the following types of equilibrium:

1. When 2/ < k < -2/, saddle is in the T and IIT quarters, because A <0

2. When k<-2/and k> 2/, node is in the T and IIT quarters, because A > 0, 6% — 4A >0

3. Focus is in the IT and IV quarters, because A > 0, 6> — 4A <0.

Given initial conditions on the function L|_ =Ly, E|_ = E,,T|_, =T, HJ|_, = Ho.
implemented a computer model of ethnic groups. Let’s follow the change of the phase
portraits of the system (3), depending on the parameter P. The parameter P is present as a
multiplier in the coefficients k, =k ™ *™ - P and k, = k& *% - P, but is not explicitly
included in the number of coefficients of the system (3 Therefore, we introduce other new
coefficient designations: k, = k €™ *", k, =k e *% and get a system of equations:

[ dx
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d
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A computer study was used to trace the dynamics of the relative position of two
parabolas, as well as curves, which allow us to determine the type of equilibrium state: A(X, ) =0,
o’(X, y) —4A(X, y) =0, re
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AX, y) =Kk, - K, - P? —4Pxy
o(x,y) =K, -P-Kk, - P,
G2(X, ¥) — 4A(X, ) = PA(K, — k,)? + 4Py,

The computer study made it possible to effectively consider the change in the solution
pattern with changes in the parameter P of values from a certain numerical segment and
confirm the results of determining the types of equilibrium states obtained analytically.
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I. HTYPCBIHTFA/TUEBA

JLH. I'ymunes amoinoasvl Eypaszusa yimmulx yHueepcumemi

ITHHUKAJIBIK TOIT JAMYBIHBIH MATEMATHUKAJIBIK
MOJEJIIH KOMIIBIOTEPIIK 3EPTTEY

Byn makanaoa smuukanieix monmapowiy 0amy npoyecmepine acep ememin Hezizel pakmopnap — iwKi
Jicylienep KopceminzeHn. DMHUKANLIK MONMApOblY MAMEMAmuKanibl MoOeni KYpulibin, OCbl JCYUeHiy
KOMNbIOMEPIIK 3epmmeyi Hcypeizinoi.

Casacu ougpghepenyuayus men Geuimoeny oapedxceci mypakmol O0naH HcA0ANUOA&bl IMHUKATBIK
monmapovly OUHAMUKATBIK Jcylecine cananvl 3epmmey xHcypeizindi. Tene-menOik KyUiepiHiy CAHbIH,
0napovly MypiH, uwexcizoikmezi epexuie HyKmenepoiy CAHblH CUNAMmMAatimsli KamvlHACMAap KOPCemiieeH
Jicone KONOanHbaibl 6a20aprLamanap KomezimeHn (asanvii nopmpemmep KelmipiieeH.

Bepincen cunammamanap scubinmulebl OOUbIHWIA JCYPRi3iieen 0Cbl KOMNLIOMEPIIK 3epmmey npoonema-
JIbIK HCAROAIIAPObIH MYbIHOAYbIH AIObIH ATYea HCIHE YAKbIMIHOA 632epicmep eHzizyee MyMKIHOIK bepeoi.

Tyiiin ce30ep: komnvlomepuix 3epmmey, MAMeMaAMUKAIbIK MOOelb, JMHOC, IMHUKAALIK MONMAp,
NAaAccUOHapivlK, NACCUOHAPTLIK KePHEY.

I HTYPCBIHI'A/TUEBA

Eepasuiickuii nayuonanvuwiil ynusepcumem umenu JI. H.Iymunesa 2. Hyp-Cyiman

KOMITBIOTEPHOE UCCJIEJJOBAHUE MATEMATHYECKOM MOJIEJIA
PA3SBUTHUS STHUYECKOM I'PYIIIBI

B oannoii cmamove 6vloenenvt ocnosHble d)aK}’l’lopbl - I’lOdCMC‘meMbl, sausIOwyue Ha npoyeccovl paseu-
musl SMHUYECKUX epynn. HocmpoeHa Mamemamuyeckasi MOOeib IMHUYECKUX epynn u npogeOeHo KOMNblo-
mepHoe ucciedosanue IMoil Cucmembl.
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IIposedeno xkauwecmeennoe ucciedosanie OUHAMULECKOL CUCTEeMbL IMHUYECKUX epynn Ol Cayuas,
Ko20a nonumudeckas ouggepenyuayus u cmenenb adanmayuu nOCMosAHHO. Beinucanvt coommoutenus,
Xapaxmepuzyloujue YUcio COCMOSHUL PABHOBECUsl, UX MUN, KOIUYECME0 0COObIX MOUeK HA OeCKOHEeUHO-
cmu, U npugedeHsvl Pazosvle NOPMpPemvl ¢ HOMOUWbIO NPUKIAOHBIX NPOSPAMM.

Hannoe xomnvromepHoe uccied08anue no 3a0aHHOMy Habopy Xapakmepucmur no360aum uMumupo-
8amb B03HUKHOGEHUE NPOOIEMHBIX CUMYAYULL U 3A01A208PEMEHHO GHOCUMb USMEHEHUSL.

Kntwouesvie cnosa: xomnvlomephoe ucciedosanue, MameMamuyeckas Mooensb, IMHOC, IMHUYECKe
2PYNnbl, NACCUOHAPHOCMb, NACCUOHAPHOE HANPAJICEHUE.



