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Abstract

In work mathematical modeling of nonlinear process of the assimilation taking
into account positive demographic factor which underwent bilateral assimilation of the
side and zero demographic factor of the assimilating sides is considered. In model three
objects are considered: the population and government institutions with widespread
first language, influencing by means of state and administrative resources on the
population of the third state formation for the purpose of their assimilation; the
population and government institutions with widespread second language, influencing
by means of state and administrative resources on the population of the third state
formation for the purpose of their assimilation; population of the third state formation
which is exposed to bilateral assimilation from two powerful states or the coalitions.

For nonlinear system of three differential equations of the first order are received
the two first integral. Special cases of two powerful states assimilating the population of
small state formation (autonomy), with different initial number of the population, both
with identical and with various economic and technological capabilities are considered.
It is shown that in all cases there is a full assimilation of the population to less
widespread language. Thus, proportions in which assimilate the powerful states the
population of small state formation are found.
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Introduction

Mathematical modeling and computing experiment in the last decades gained all-round
recognition in science as the new methodology which is roughly developing and widely introduced
not only in natural science and technological spheres, but also in economy, sociology, political
science and other public disciplines [1 - 4].

In [5 - 7] the mathematical model of political rivalry devoted to the description of fight
occurring in imperious elite competing (but not necessarily antagonistic) political forces, for
example, power branches is considered. It is supposed that each of the sides has ideas of "number"
of the power which this side would like to have itself, and about "number" of the power which she
would like to have for the partner.

Works [8 - 12] are devoted to creation of mathematical model of such social process what
administrative (state) management is. The last can be carried out as at macro-level (for example,
the state) and at micro-level (for example, an educational or research institution, industrial or
financial facility, etc.).

In work [13] computer research of a trajectory of development of three ethnos living in one
territory is conducted. Thus assimilation is supposed as a result of mixed marriages.

In work [14] we consider the nonlinear mathematical model of bilateral assimilation without
demographic factor. It was shown that the most part of the population talking in the third language
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is assimilated by that widespread language which speaks bigger number of people (linear
assimilation). Also it was shown that in case of zero demographic factor of all three subjects, the
population with less widespread language completely assimilates the states with two various
widespread languages, and the result of assimilation (redistribution of the assimilated population) is
connected with initial quantities, technological and economic capabilities of the assimilating states.

In works[ 15,16 ] mathematical modeling of nonlinear process of assimilation taking into
account demographic factor is offered. In considered model taking into account demographic
factor natural decrease in the population of the assimilating states and a natural increase of the
population which has undergone bilateral assimilation is supposed. At some ratios between
coefficients of natural change of the population of the assimilating states, and also assimilation
coefficients, for nonlinear system of three differential equations are received the two first integral.
Cases of two powerful states assimilating the population of small state formation (autonomy), with
different number of the population, both with identical and with various economic and
technological capabilities are considered. It is shown that in the first case the problem is actually
reduced to nonlinear system of two differential equations describing the classical model "predator -
the victim", thus, naturally a role of the victim plays the population which has undergone
assimilation, and a predator role the population of one of the assimilating states. The population of
the second assimilating state in the first case changes in proportion (the coefficient of
proportionality is equal to the relation of the population of assimilators in an initial time point) to
the population of the first assimilator. In the second case the problem is actually reduced to
nonlinear system of two differential equations describing type model "a predator — the victim",
with the closed integrated curves on the phase plane. In both cases there is no full assimilation of
the population to less widespread language. Intervals of change of number of the population of all
three objects of model are found. The considered mathematical models which in some approach
can model real situations, with the real assimilating countries and the state formations (an autonomy
or formation with the unrecognized status), undergone to bilateral assimilation, show that for them
the only possibility to avoid from assimilation is the natural demographic increase in population
and hope for natural decrease in the population of the assimilating states.

In work [17] mathematical modeling of nonlinear process of the bilateral assimilation with
zero demographic factor of the assimilating sides is considered.

1. System of the equations and initial conditions
For the description of dynamics of the population of three associations (the state, to the

coalition of the states with the same state language), speaking different languages on prevalence and
opportunities of the respective states, we offer the following nonlinear mathematical model:

du(t) _

L0 = eat(t) + Bu(Ow()
d‘(;it) = a,v(t) + Bv(OW(L) (1.1)
Q%Q:%wm—ﬂwmwm—ﬂwmwm

V(0) = Vo, u(0) = Uy, W(0) = W, (12)

u(t) —number of people at present time t, talking in the first widespread language;
v(t) —number of people at present time t, talking in the second widespread language;
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w(t) —number of people at present time t, talking in the language which is exposed from two

widespread languages of assimilation;
p.>0,8,>0,p,>0 8, >0- respectively coefficients of distribution (assimilation) of the first
and second languages (assimilating impact on the people talking on third, not widespread
language);
a,,a,,0, - respectively coefficients of natural change (increase, reduction or constancy)
populations of the people talking in the first, second and third languages.

In this work we assume that the first two assimilating sides have zero demographic factor,
and the third side has positive demographic factor

o= O, Oy = O, O3 >0 . (13)

In case of (1.3) system (1.1) will assume an air
du(t)

T Au(t)w(t)
dv(t) _

w2 = BVOWO) (1.4)
% — a,W(t) = BUOW(E) — BV )WL)

Having divided the first equation of system (1.4) into the second equation, taking into account
initial conditions (1.2), it is easy to receive the first integral of system of the differential equations

u(t) = pV}/1 (t) (1_5)
_ Yo _B
p= Vi V1= 5, :

Now we will receive the second first integral of a system (1.4).
From (1.5) it is easy to receive

v = qu’" (), (16)
q= p%-
Having divided the first equation of system (1.5) into the third equation, taking into account
(1.6) we will receive

du Fruw Siu
dw oW — Sauw — fatW a3 — Sl — Sab

du [T
—= : 1.7
dw }/

ag—fzu—Fgi
Having divided variables in (1.7) and integrating taking into account initial conditions (1.2),
we will receive

H(ag—ﬁgu—ﬁ‘;qu}{:)du w
| =5 [ aw 18)

u
Up Wp
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Simplifying (1.8) we will receive some dependence of functions w(t), u(t)
u 1y i,
asIn_-—By(u—uo) =B+ g 71 (' ~1p ") = By(w ~wo) (19)
Having expressed function w(t) through function u(t) we will receive

1; i,
w=—In—— == (u—ug) s g yu ™ _u[;}r_} +wp (1.10)

g _bBs By

k=—, m==, l=="g ¥, 1.11
By By PR (10
Taking into account (1.11), (1.10) will assume an ai
. 1y
w=k 1r1u1 —miu—ug)—1 (ulf'}f-_ - u[; }r'-) +wy (1.12)
o

We will consider special cases
1. B= 8 ¥1=1

Then equality (1.12) will assume an air

u
w=k lnu— — (m+ Dlu —ug) +wy (1.13)
o

Investigating function w(t) (1.13) on the phase plane Ou,w , it is easy to receive that it reaches the

maximum in a point
3

o= —B (114)
Bs+ Bay
o
g i 1 ﬂq_f—"ﬂ.
W = ST = 2 (B + 222 gy — o) + (115)

Further at increase u function w decreases and at some value addresses in zero (full
assimilation of the third side).

U &

Ur AWinaxs ur)
0 My (wo; uo)
0 W Winax

For finding of the maximum value of function u we have the following transcendental equation
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fg U 1 v
172 (B + 22 e —g) + o = 0 (116)
o

Thus, having found maximum value of function u from the transcendental equation (1.16),
taking into account (1.5) it is easy to receive the maximum value of function v

VO
Vinax = Eumax . (1.17)
Thus, eventually, we will receive full of assimilation of the third side
u = umax
V= Vinax (1.18)
w=0
2.2 =F  1n=;
Then equality (1.12) will assume an air
w=kln— — miu— ug) — u? — up?+wy (1.19)

Ug
Investigating function w(t) (1.19) on the phase plane Ou,w , it is easy to receive that it
reaches the maximum in a point

_ (\/ﬁfug +4 8,03V, — Byl )Ug
cr 2ﬂ4Vo (120)

u
Winax1 = klnu_cr_m(ucr _uo)_l(ufr _u§)+W0
0

Further at increase ufunction w decreases and at some value addresses in zero (full
assimilation of the third side). For finding of the maximum value of function u we have the
following transcendental equation

u
kIn—2% — MU, —Ug) = 1(Ufq —Ug) + W, =0 (1.21)

max1
0

Thus, having found maximum value of function ufrom the transcendental equation (1.21),
taking into account (1.5) it is easy to receive the maximum value of functionv
= v_°u2
max1 ug max1 | (122)
Thus, eventually, we will receive full of assimilation of the third side

u=u

— Ymaxl

v

V= Viax1 (1.23)

w=0

It is shown that in all cases (1.18), (1.23) there is a full assimilation of the population to less
widespread language. Thus, proportions in which assimilate the powerful states the population of
small state formation are found (1.16), (1.17), (1.21), (1.22).

References
[1] Samarskii A.A., Mikhailov A.P. Mathematical modeling. Moscow: Fizmathlit, 2006 (russian).

83



Georgian Electronic Scientific Journal: Computer Science and Telecommunications 2015|No.2(46)

[2] Chilachava T.l., Dzidziguri Ts.D. Mathematical modeling. Thilisi: Inovation, 2008 (georgian).
[3] Chilachava T.I., Kereselidze N.G. Mathematical modeling of the information warfare. Georgian
Electronic Scientific Journal: Computer Science and Telecommunications, 2010, Ne 1(24),

pg.78 — 105 (Georgian).

[4] Chilachava T., Chakhvadze A.. Continuous nonlinear mathematical and computer Model of
information warfare with participation of authoritative interstate institutes. Georgian Electronic
Scientific Journal: Computer Science and Telecommunications, 2014, Ne 4(44), pg. 53 — 74.

[5] Mikhailov A.P., Maslov A.l., lukhno L.F. Dynamic model of the competition between political
forces. Reports of Academy of Sciences, 2000, v.37, Ne 4, pg. 469 — 473 (russian).

[6] Mikhailov A.P., lukhno L.F. The simplest model of establishment of balance between two
branches of the power. Mathematical modeling. 2001, v.13, Ne 1, pg. 65 — 75 (russian).

[7] Mikhailov A.P., Petrov A.P. Behavioural hypotheses and mathematical modeling in the
humanities. Mathematical modeling, 2011, v.23, Ne 6, pg. 18 — 32 (russian).

[8] Chilachava T.I., Dzidziguri Ts.D., Sulava L.O., Chakaberia M. Nonlinear mathematical model
of administrative management. Sokhumi State University, Proceedings, Mathematics and
Computer Sciences Series, 2009, Ne7, p. 169 — 180.

[9] Chilachava T.l., Chakaberia M., Dzidziguri Ts.D., Sulava L.O. Nonlinear mathematical
model of administrative pressure. Georgian mathematical union. First international
Conference. Books of Abstracts. Batumi: 2010, pg. 74 — 75.

[10] Chilachava T.I., Dzidziguri Ts.D., Sulava L.O.,Chakaberia M. About one nonlinear
mathematical model of administrative management. Theses of reports of the International
conference "Information and Computer Technologies, Modeling, Management", devoted to the
80 anniversary since the birth of 1.V. Prangishvili. Thilisi:2010, pg. 203 — 204 (Russian).

[11] Chilachava T.lI., Sulava L.O., Chakaberia M. About one nonlinear mathematical model of
management. Problems of management of safety of difficult systems. Works XVIII of the
International conference. Moscow: 2010, pg. 492 — 496 (Russian).

[12] Chilachava T.I., Sulava L.O. About one nonlinear mathematical model of management.
Georgian Electronic Scientific Journal: Computer Science and Telecommunications, 2013, Ne
1(37), pg. 60 — 64 (Russian).

[13] Atnabayeva L.A., Halitova T.B., Malikov R. F. Imitating modeling of assimilation of
ethnos. http://simulation.su/uploads/files/default/2012-conf-prikl-math-and-mod-33-35.pdf

[14] Chilachava T. Nonlinear mathematical model of bilateral assimilation. Georgian Electronic
Scientific Journal: Computer Science and Telecommunications, 2014, Ne 1(41), pg. 61 — 67.

[15] Chilachava T. Nonlinear mathematical model of bilateral assimilation taking into account
demographic factor. Caucasian Mathematics Conference CMC I, September 4 - 6, 2014,
Thilisi, Book of Abstracts, p. 66 - 67.

[16] Chilachava T., Chakaberia M. Mathematical modeling of nonlinear process of assimilation
taking into account demographic factor. Georgian Electronic Scientific Journal: Computer
Science and Telecommunications, 2014, Ne 4(44), pg. 35 —43.

[17] Chilachava T., Chakaberia M. Nonlinear mathematical model of bilateral assimilation with zero

demographic factor of the assimilating sides. VI International Conference of the Georgian
mathematical union, Book of Abstracts, Thilisi - Batumi, 2015, p. 95.

Article received:; 205-10-18

84


http://simulation.su/uploads/files/default/2012-conf-prikl-math-and-mod-33-35.pdf

