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Abstract

In work the new nonlinear mathematical model of transformation of two-party
elections to three-party elections is offered. In model it is supposed that two parties
participated in the previous elections and as a result of elections one of parties became
pro-governmental and the second oppositional. Before the following elections to
political arena there is the second opposition party and on the subsequent elections two
oppositional and one pro-governmental parties already participate.

In that special case, when demographic factor of elections for all three parties is
equal to zero, coefficients of involvement of voters are constant, but are excellent during
the periods of two-party membership and three-party membership, Cauchy's task in the
first interval for system of two, and in the second interval of three nonlinear differential
equations is solved analytically exactly. Taking into account indicators of appearances
at the next elections of all three parties supporting voters, certain falsifications of
voices of opposition parties, necessary conditions for a victory of pro-government party
are found. The found exact analytical solutions allow all three parties to select strategy
for a win of elections.

Keywords: two-party, three-party, elections, analytical solutions.

Introduction

Mathematical and computer modeling has been widely recognized in such disciplines as
sociology, history, political science, and others [1, 2]. There is an interest in creation of a
mathematical model, which would give the opportunity to determine the dynamics of changes in the
number of voters of political subjects during the election period. Elections can be divided into two
parts: the two-party and multi-party elections.

In [3-5] quantities of information streams by means of new mathematical models of
information warfare are studied. By information warfare the authors mean an antagonism by means
of mass media (an electronic and printing press, the Internet) between the two states or the two
associations of states, or the economic structures (consortiums) conducting purposeful
misinformation, propagation against each other.It was shown that in case of high aggression of the
contradictory countries, not preventive image the operating peacekeeping organizations won't be
able to extinguish the expanding information warfare.

In works [6,7] linear and nonlinear mathematical models of information warfare, and also
optimizing problems are considered.

In [8] the nonlinear mathematical and computer model of information warfare with
participation of interstate authoritative institutes is offered. The model is described by Cauchy's
problem for nonlinear non-homogeneous system of the differential equations. Confronting sides in
extend of provocative statements, the third side (the peacekeeping international organizations)
extends of soothing statements, interstate authoritative institutes the peacekeeping statements call
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the sides for the termination of information warfare. In that specific case, modes of information
warfare "aggressor- victim”, for the third peacekeeping side are received exact analytical solutions,
and functions defining number of the provocative statements distributed by the antagonistic sides
satisfy to Cauchy's problems for Riccati certain equations which are solved by a numerical method.
For the general model computer modeling is carried out and shown that irrespective of high
aggression of confronting sides, interstate authoritative institutes will be able to extinguish
information warfare and when for this purpose efforts of only the international organizations
insufficiently.

The article [9, 10] concerns of Chilker task is entered - refers to the boundary value problem
for a system of ordinary differential equations and optimal control problem. In Chilker tasks right
boundary conditions are set in different, uncommitted time points for different coordinates of the
unknown vector — functions. Proposed methods solutions of Chilker tasks.

In works [11, 12] 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.

These papers [13-17] present the nonlinear mathematical model of the public or the
administrative management (or the macro and micro model). The cases of both constant and
variable pressure forces on freethinking people were analyzed. Exact analytical decisions which
determine dynamics of a spirit both free-thinking people, and operated (conformists) of people by
time are received. During this analyses various governance systems were considered: a liberal,
democratic, semi dictatorial and dictatorial.

These works [18-24] considered a two or three-party (one pro-government and two opposition
parties) nonlinear mathematical model of elections when coefficients are constant. The assumption
was made that the number of voters remain the same between two consecutive elections (zero
demographic factor of voters). The exact analytical solutions were received. The conditions under
which opposition party can win the upcoming elections were established.

These works [25-28] considered a two-party (pro-government and opposition parties)
nonlinear mathematical model of elections with variable coefficients.

In work [29] proposed the nonlinear mathematical model with variable coefficients in the
case of three-party elections, that describes the dynamics of the quantitative change of the votes of
the pro-government and two opposition parties from election to election. The model takes into
account the change in the total number of voters in the period from election to election, i.e. the so-
called demographic factor during the elections is taken into account. The model considered the
cases with variable coefficients. In the particular case obtained exact analytical solutions. The
conditions have been identified under which the opposition can win the forthcoming elections, and
in some cases, the pro-government party can stay in power. In general Cauchy problem was solved
numerically using the MATLAB software package.

In [30] 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
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 [31] 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
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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 assimilating side. 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 [32] 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.

In [33] work mathematical modeling of nonlinear process of two-level assimilation taking
into account demographic factors of three sides is offered.

In [34] is proposed the nonlinear mathematical model with variable coefficients in the case of
three-party elections, that describes the dynamics of the quantitative change of the votes of the pro-
government and two opposition parties from election to election. The model considers four objects:
state and administrative structures, acting by means of administrative resources for opposition-
minded voters with the aim to win their support for the pro-government party; voters who support
the first opposition party; voters who support the second opposition party; voters who support the
pro-government party. The model takes into account the change in the total number of voters in the
period from election to election, i.e. the so-called demographic factor during the elections is taken
into account. The model considered the cases with variable coefficients. In particular, we assume
that in the period between elections coefficients of "attracting™ voters are exponentially increasing
function of time. In the particular case we obtain exact analytical solutions. The conditions have
been identified under which the opposition can win the forthcoming elections, and in some cases,
the pro-government party can stay in power.In general Cauchy problem was solved numerically
using the MATLAB software package.

In [35] the nonlinear continuous mathematical model of interference of fundamental and
applied researches on the example of one, perhaps closed for external customers, of scientifically —
research institute (micro-model) is considered. For a special case, Cauchy's problem for nonlinear
system of differential equations of first order is definitely decided analytically. In more general case
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based on Bendikson's criteria the theorem of not existence in the first quarter of the phase plane of
solutions of closed integral curves is proved. Conditions on model parameters in case of which
existence of limited solutions of system of nonlinear differential equations is possible are found.

1. General mathematical model of transformation of two-party elections to three-party
elections

We will consider the general mathematical model of transformation of two-party elections to
three-party elections, from the accounting of demographic factor of elections which we have an
appearance:

delt“) = (cy (©) — ety )N, (ON, (1) + (ty (1) — ez )N, (N, (6) — Fy (N, (0, ) + 7, (N, (1)
dN, (1)
2 = (0,0~ ONLON, 0+ (20 - 2 ONLON, O - (N, 0.9+ 7, ON (0 (1)
N, (1)
20 - (0,0 - 6 NN, 0+ 50~ N ON, O+ FL (N, + Fa (N2 D+ 72 ON, 0
te(0,T],
N;(0) =Ny, N,(0)=0, N;(0) =Ny, Ng >N, (1.2)

N,(t)=0, F,(N,(),t)=0, te[0,T), T,<T

NZ(Tl) =N, >0
In this nonlinear mathematical model (1.1), (1.2) all coefficients are variables and
demographic factors are taken into consideration.

Equations (1.1) is defined in the interval te(0,T], and initial conditions (of Cauchy) t=0
moment of time.

We look for the solution of the Cauchy problem on the segment t€[0,T] in the class of
continuous differentiable functions

N, (), N, (t),N,[t]e C'[0,T]. (1.3)
In a nonlinear system of differential equations (1.1):
Nl(t), N, (1), Ng(t) —are the numbers of supports of two opposition and one ruling party ( N,(t))
at time t,
t=0 - is the time of previous elections, when one of the parties N,(t) won the elections and

became the ruling party:

t=T — s the time of the following elections (in many cases T= 4 years or 1460 days);

t=T,(0<T, <T)-time-point, when to political arena there is the second opposition

party N, (t);
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a, (1), a, (t),a,(t) -- are the coefficients of attracting votes by the first and second opposition party

and the ruling party at time t. They largely depend on the action programs, as well as financial,
technological and informational capacities of the political parties.

F, (N, (t),t),F, (N, (t),t) -- are the continuous positive functions, that define the scale of used
administrative resources.

7, (1),7,(1),7,(t) -- are the coefficients that describe demographic changes of the parties.

2. A special case with zero demographic factor of elections

We will consider a special case when the functions characterizing use of administrative
resources are linear concerning the first variables, demographic factors of elections of all three
parties are equal to zero and parameters of model are constant.

Fl(Nl(t)lt) = ﬂlNl(t)! Fz(Nl(t)’t) = ﬂlNZ(t)' (2-1)
n)=r,)=r)=0, te[0T],

a,(t) = a, =const > 0,a, (t) = a, = const > 0, a,(t) = &, = const >0
B, =const >0, B, =const>0.

Taking into account (2.1), (1.1) and (1.2) will correspond in the following look

delt(t) = (o, — a3 )N, ()N, (t) = BN, (t)
te(OT], (22
de3t(t) = (a3 — 2, )N, ()N, (1) + BN, (1)

Nl(o) = NlO’ N3(O) = Nso’ N30 > NlO

delt(t) = (ay; — a5 )N (N5 () + (aryy — o, )N (DN, (1) — BN, (1)

N, ) )

it~ Chut N ON, )+ (@ —ag )N (ON, (O - 5N, (1) (2.3)
dest(t) = (_0!11 + asl)Nl(t)Ns(t) + (_052 +C¥31)N3(t)N2(t) +ﬂllNl(t) +ﬂ2N2(t)

te(@ Tl Ni(T) =Ny, N,(T)) =Ny >0, Ny(T,) =Ny

Thus, we get the two Cauchy problem (2.2), (2.3).
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The solution of the Cauchy problem (2.2) has the form
N, (t) + N, () =N, + Ny =a, te[0,T,]
When b=a(a, —a;)—-p, #0,

Ny, (1+a; —a;)exp(bt)

Nl(t) - 1+ (0{1 — as) exp(bt)
N, (t) = a+[Ng (o, — ;) — Nyylexp(bt)
T L - a)en(y)

When b=a(e, —a;)-p,=0,

N
Nl(t): 10
1+ Ny (o, —ay)t
N, +a(a, — )Nyt
N, (t) = 30 1 3) N1
1+ (o — )Nyt

Therefore, it agrees (2.4), (2.5), we will receive initial values for Cauchy's task (2.3)

Ny 1+, —a;)exp(bT,)
1+ (o, — o) exp(bT,)

a(a, —az) = B

Nl(rl) = N11 = N
10
1a- - =
1+ Ny (@ —a3)T, (@)=
a+[Ny (e —a3) — Ny Jexp(bT,) a(a, —a,) = B
1+ (e, — a;) exp(bT,) T T
NS(rl): N =

N, +alay —ag)Ny T,
1+ Ny (o —a3)T,

ala, —az) =5

From (2.3) it is easy to receive the first integral of system

N, (1) + N, (1) + Ng(t) =Ny + Ny + Ny =¢,  te[T,T]

(2.4)

(2.5)

(2.6)

2.7)

(2.8)
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If takes place c(ay;, —a,) = p,, —f,, then

N
Nl(t) = Nll

N
N, (), te[l,T], pZN_ZO'

20 11

Then the exact solution of the Cauchy problem (2.3) has the form

(ay, —ag)C— B,

O, — Oy + o, —Qa
Nl(t): 11 31 p( 2 31)

a — O, )C—
( H 31) ﬁll + N11 eXp{[(an - a31)c - ﬂn](t _Tl)}_ N11
ay —ag + pla, —ay)

Ny, eXp{[(an —ag)C— Byt _Tl)}

te[T,T] (29)
N, (t) = pN, (t)

N5 (t) =c—(p+1N,(t)

Analysis exact solutions of (2.9) shows that under full turnout of voters supporting the
respective parties, the pro-government party wins the next elections, if the inequality

N,(T) >N, (T)+N,(T). (2.10)

If the relative appearances 0<Kk, <1, 0<k, <1 0<k; <1 of voters supporting the
respective parties, and consideration relative to the falsification of the votes of the opposition
parties 0 < ¢, <1, 0< J, <1,you can specify the inequality under which the pro-government party
wins the next elections

k3N3(|-)>kl(1—5l)N1(T)+k2(1—52)N2(T). (2-11)

It should also be noted that the implementation in (2.10), (2.11), the opposite inequality, pro-
government party will lose the next elections, and the equality in relations (2.10), (2.11) the number
of votes the pro-government and two opposition parties together will be the same (equal to the
number of seats in Parliament for the pro-government party and opposition parties, which could
lead to a political crisis associated with the inability of acquisition of the government or to the
coalition government).

References:

1. Samarski A.A., Mihailov A.P. Mathematical modeling. Moskow,Fizmatlit, 2006 (Russian).

2. Chilachava T.I., Dzidziguri Ts.D. Mathematical modeling. Thilisi, Inovacia, 2008 (Georgian).

3. Chilachava T.I., Kereselidze N. Mathematical modeling of the information warfare. Georgian
Electronic  Scientific Journal: Computer Science and Telecommunications, 2010, Ne 1 (24),
pp.78 -105 (Georgian).

27



GESJ: Computer Science and Telecommunications 2017|No.2(52)

ISSN 1512-1232

4. Chilachava T.I., Kereselidze N.G. Non-preventive continuous linear mathematical model of
information warfare. Sokhumi State University Proceedings, Mathematics and Computer
Sciences, 2009, Ne VII, pp. 91 — 112.

5. Chilachava T.I., Kereselidze N.G. Continuous linear mathematical model of preventive
information warfare. Sokhumi State University Proceedings, Mathematics and Computer
Sciences, 2009, NeVIIL, pp.113 — 141.

6. Chilachava T.I., Kereselidze N.G. 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, pp. 525 - 529.

7. Chilachava T.I., Kereselidze N.G. Mathematical modeling of information warfare. Information
warfare, 2011, Nel(17), ctp. 28 — 35 (Russian).

8. Chilachava, T.l. 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,
No 4(44), pp. 53 —74.

9. Kereselidze N.G. Chilker’s type mathematical and computer models in the information warfare.
Information warfare, 2016, Ne 2(38), pp. 28 — 35 (Russian).

10. Kereselidze N. An optimal control problem in mathematical and computer models of the
information warfare. Differential and Difference Equations with Applications: ICDDEA,
Amadora, Portugal, May 2015, Selected Contributions. Springer Proceedings in Mathematics
& Statistics, 164,D0Il 10.1007/978-3-319-32857-7_28, Springer International Publishing
Switzerland 2016, pp. 303 - 311.

11. Mihailov A.P., luhno L.F.The simplest model of balance between the two branches of
government.Math modeling., Moskow, 2001, v.13, Ne 1, pp. 65-75 (Russian).

12. Mihailov A.P.,Petrov A.P. Behavioral hypotheses and mathematical modeling in the humanities.
Math modeling, 2011, v.23, Ne 6, pp.18 - 32 (Russian).

13. Chilachava T.l., Dzidziguri Ts.D.,Sulava L.O., Chakaberia M.R. Nonlinear mathematical model
of administrative management.Sokhumi State University Proceedings, Mathematics and
Computer Sciences, vol. VII, 2009, pp.169 — 180 (Georgian).

14. Chilachava T.I.,Dziziguri Ts.D, Sulava L.O., Chakaberia M.R.Nonlinear mathematical model
of administrative pressure. First International Conference, Book of Abstracts, Batumi, 2010,
pp. 74 =75.

15. Chilachava T.1.,Dziziguri Ts.D., Sulava L.O., Chakaberia M.R.A nonlinear mathematical model
of administration. Abstracts of the International conference "Information and computer
technology, simulations". Dedicated to the 80th anniversary of Prangishvili I.V., 2010, pp. 203
- 204.

16. Chilachava T.I.,Sulava L.O., Chakaberia M.R. About one nonlinear mathematical model of
management. Problems of security management of complex systems. Proceedings of the XVIII
International Conference, Moscow, 2010, pp. 492 — 496 (Russian).

17. Chilachava T.l.,Sulava L.O. A nonlinear mathematical model of management. Georgian
Electronic Scientific Journal: Computer Science and Telecommunications, 2013, Ne1(37) pp.
60 — 64 (Russian).

18. Chilachava T.l. Nonlinear mathematical model of the dynamics of the voters pro-government
and opposition parties (the two election subjects) Basic paradigms in science and technology.
Developmentforthe XXI century. Transactionsll. 2012, pp. 184 — 188 (Russian).

19. Chilachava T.I Nonlinear mathematical model of the dynamics of the voters pro-government
and opposition parties. Problems of security management of complex systems. Proceedings of
the XX International Conference, Moscow, 2012, pp. 322 — 324 (Russian).

20. Chilachava T.l. Nonlinear mathematical model of dynamics of voters three electoral subjects.
IV International Conference of the Georgian mathematical union, Book of Abstracts, Thilisi -
Batumi, 2013, pg. 161.

28


http://scholar.google.com/scholar?cluster=4399520164326842245&hl=en&oi=scholarr
http://scholar.google.com/scholar?cluster=4399520164326842245&hl=en&oi=scholarr

GESJ: Computer Science and Telecommunications 2017|No.2(52)

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

ISSN 1512-1232
Chilachava T.l., Chochua Sh.G. Two-party nonlinear mathematical model of elections taking
account falsification. 1V International Conference of the Georgian mathematical union, Book
of Abstracts, Thilisi - Batumi, 2013, pg. 162.
Chilachava T.l. Nonlinear mathematical model of dynamics of voters of two political subjects.
Seminar of the Institute of Applied Mathematics named 1.Vekua Reports,2013, vol.39, pp. 13 -

22.

ChilachavaT.l. Nonlinear mathematical model of three-party elections. Problems of security
management of complex systems. Proceedings of the XXI International Conference, Moscow,
2013, pp. 513 - 516.

Chilachava T.l., Chochua Sh.G. Nonlinear mathematical model of two-party elections in the
presence of election fraud. Problems of security management of complex systems. Proceedings
of the XXI International Conference, Moscow, 2013, pp. 349 — 352 (Russian).

Chilachava T.I., Sulava L.O. Nonlinear mathematical model of elections with variable
coefficients. VI International Conference of the Georgian mathematical union, Book of
Abstracts, Thilisi - Batumi, 2015, pg.97.

Chilachava T.I., Sulava L.O. Mathematical and computer modeling of nonlinear processes of
elections with two selective subjects. Georgian Electronic Scientific ~ Journal: Computer
Science and Telecommunications, 2015, Ne 2(46), pp. 61 — 78.

Sulava L.O. Mathematical and computer modeling of nonlinear processes of elections.Works of
the International conference "Information and Computer Technologies, Modelling,

Management™ devoted to the 85 anniversary since the birth of I. V. Prangishvili, Thilisi, 2015,
by p. 387 — 390 (Russian).

Chilachava T.I., Sulava L.O. Mathematical and computer simulation of processes of elections
with two selective subjects and float factors of model. Problems of security management of
difficult systems. Works XXIII of the International conference, Moscow, 2015, p. 356 — 359
(Russian).

Chilachava T.I., Sulava L.O. Mathematical and computer modeling of three-party elections.
Georgian Electronic Scientific Journal: Computer Science and Telecommunications
2016, Ne 2 (48), pp. 59 - 72.

Chilachava T.l. Nonlinear mathematical model of bilateral assimilation. Georgian Electronic
Scientific Journal: Computer Science and Telecommunications, 2014, Ne 1(41), pp. 61 — 67.
Chilachava T.I., Chakaberia M.R. 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.

Chilachava T.l., Chakaberia M.R. Mathematical modeling of nonlinear processes bilateral
assimilation, Georgian  Electronic  Scientific  Journal:  Computer  Science and
Telecommunications, 2015,Ne 2(46), pg. 79 - 85.

Chilachava T.I., Chakaberia M.R. Mathematical modeling of nonlinear processes of two-
level assimilation, Georgian Electronic Scientific Journal: Computer Science and
Telecommunications, 2016, Ne3(49), pg. 34 — 48.

Chilachava T.l., Sulava L.O. Mathematical and computer modeling of three-party
elections.Georgian Electronic Scientific Journal: Computer Science and Telecommunications,
2016, Ne 2(46), pp. 59 —72.

Chilachava T.1., Gvinjilia Ts. Nonlinear mathematical model of interference of fundamental
and applied researches of scientifically-research institute. Georgian Electronic Scientific
Journal: Computer Science and Telecommunications. 2017, Ne 1(50).

Article received: 2017-06-04

29



	4. Chilachava T.I., Kereselidze N.G. Non-preventive continuous linear mathematical model of information warfare. Sokhumi State University Proceedings, Mathematics and Computer Sciences, 2009, № VII, pp. 91 – 112.
	5. Chilachava T.I., Kereselidze N.G.  Continuous linear mathematical model of preventive information warfare. Sokhumi State University Proceedings, Mathematics and Computer Sciences, 2009, №VII, pp.113 – 141.
	6. Chilachava T.I., Kereselidze N.G. 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,...
	7. Chilachava T.I., Kereselidze N.G. Mathematical modeling of information warfare. Information warfare, 2011, №1(17), стр. 28 – 35 (Russian).
	32. Chilachava T.I., Chakaberia M.R.  Mathematical modeling of nonlinear processes bilateral assimilation, Georgian Electronic Scientific Journal: Computer Science and Telecommunications, 2015,№ 2(46), pg.  79  - 85.
	34. Chilachava T.I., Sulava L.O. Mathematical and computer modeling of three-party elections.Georgian Electronic Scientific   Journal: Computer Science and Telecommunications, 2016,  № 2(46), pp. 59 – 72.

