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x(t)=x1+L
W

1
Y(t)=a—(Xl+m)

Lo

(b+2x )ja(r)dr t —(b+2x, )j.a(y)d,u
w(t)=e ° (w0+je ° a(z7)dr)
0

Xo T Yo =48, pB(t)=Dba(t)b>0,b=const

. _ —b++b*+4a 1

W, = ———, X, # X,
1 2 0 XO_X]_ 0 1
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LosgBmm  53dmIMBY39™s  MOMOIbMBdOL  (330gds),
0mEIEol  g39ws  3MIBOEOI_GHOL (335w gdIQMBOL,
50m3MBg3gdol  Bbgoolbgs  5gGH03mdol s  dglsdwrm
3350 g0E0MGdI0L  Jom35¢olfjobgdom. dmawo sfigdL
9050m™M3900 S M3MDBOE0OO 356FGH09d0L 5dMIMBI3gWds
53900l MomEYbMdOL 0bs303sL 3gM0mEdo 6MHBY36930b
dmGoy  9MB9369050g.  dmgwdo  obobogds  Lsdo

™d09d@o:

1. Lobgardfomm s 5dobolEB®Msgowo LEMWJGHIMgd0,

OmIwgdog Lobgeolxzmgdm Mglm®LYdOL gsdmygbgdom

D93°3wgbsll 9bgbgb  Mm3MboEoM©o 3sOHEH00L TboMsd-

396 58m3MB93egdbg, Lobgwobzwgdm 3smEGHoolb dbstgby

29008Mmy3560L doBboo.

2. m30mH0E0OH0 3560GH00L Ibs0©sdFgMH0 58MmIMHBY3e9d0.

3. 8056039000 350G00L dbsMs9FIM0 S8MIMBG3gdO.
MmO350GH0ME0 50936900l sMfiMR030 85009d53H0349)-

60 3ol BMYPSO Lobg F9BboMos T909bs0Ms:

dN, (t) _ _ _
gt~ (@)= @ (OIN(ON, (1) = TN (1) + AN, (1) @1

dNOzIt(t) = (o, (1) = (NS (DN, () + F(E,N (1)) + BN, (t)

N, (0) =Ny, Ny(0)=Ny, Nyy<Ny, NN, eCOT]  (22)
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bogsG N,()N,(t) - Tgbodsdols  m3mbogow®o  ©o
LobgeobBgdm 356 EH09d0L FbsMTF M 5dmAMBI3gms
650©g6edss @OMOL t dmdgbBHdo, te[0,T].;

3906@Mgdsms  LobEgds (2.1) dmEgdwmwos  Jmorgdo
te(0,T], bmgm  Lsfyobo (303ol)  3oHmdgdo (2.2) t=0
9dmdgb@do;
t=0 - fobs s®Bg36900L mIgbEH0s, GMEILSE JOMN-9OTs
356050 9MBY36930 dMmoym s 2obs FoMrM39e0 3oMEH0s
( NlO < NZO )’
t=T - 8m0093b6m 56hg36900L dmIgbE0s (bdod dgdmbggzsdo
T =4 §9geob 56 1460 omqL);
o, (t).a,(t) - Bgbsdsdobo ™m3mBozom®o @s Libgeolryg-
Wwgdm  35M@GH0gd0lb  bdgdol  dmbo3zol  (33WoO
3093030963900 ¢ dmI9gbGHdo, MHMIGdo3  ©ITIMI0WY-
005 53 35MEH09d0L  Lodmddgom  3OMYM3gdbY, 1939
5306566, 0683MmOAs30M s BG9dbmemgome  dglsd-
YO Md)dbY.

305BHM03050MH0  dMmEIEo  (OMELs3  9GBI369d0L
39092900 §obslifjot o6 5oL 3boo) doowgds dbmemo 0d
390mbg935d0, OM3O

o (t)>a,(t) >0te[0T] .

f(t,N,(t)) - ®530b0 56399963 9d0L HY393H0 YOO~
00 5MbJE0ss, MHMIoms3  bolosmgds  s@IoboliE®s-
GOMwo  OglwELYdOL  aodmyggbgdol  FoLIGH0 o
90356MHmwos  Mm3mHBoEoIHo  3oOGH00L  5dmIMBY3wgdbY
om0 bdgdol dmboBoos bgwrolmzergdols d9bscBmbgdols
dobboo.

B, B, — 8gLods3olba Fbomggdol Los®Bg3bm gdmaMego-

M0 (332090900 45m35¢olfiobgdol 30953030963 gd0s.
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dgmGg 05308 30639 3565055330  obbowmos
MmO350GH0Mo  5MBY3bgdol  sM(MB030  Fomgdad03 Mo

9mYo  ©YIMAMIROMWO  Bog@mMol, 1939 dm@gol
g439ws  30m9803096GJO0L  (335¢0gd5MdOL  gomzseolifjo-
6gdom. 2obbogrmos d90mbgzgzs, GmEs  9®Bg3bgd0©6
566936905009 9356390 S M3MHBOGOIMO 356MEH0gdOL
bdgdol  IMBo30L  3MIR0E0I"GHI00 M0 m™MOL
99b3mbgbgosmMs  BOEI©o  BMbJzogdo,  bmwm
5@30boLFHM30ME0  OYLOLYdOL  A5dmygbgdol  imbdso-
obsm30L  obbowwos bydo Fgdmbggzs: MEs b BMbBI0s
99000300; GMEs 9 B6JE0s OR300 s 3BMIM3MOEO-
205 M3HB0NOHO 35ME00L 5dMIMBI39™S BroMm©OIbMBOU;
Gogs  gb 8bdgos  9JudmbabgoswrmMe  BMIOS.
d9L5d530LOE 0GOS  3MToL  Lsdo  goblbgeggdmwo
5dm39bo:

dNJt(t)=(ame”lT — a8 TIN,(DN,(t)=b+ AN, (1)
dN(;t(t) :(azoedz? _aloeﬁl? )Nl(t)Nz(t)+b+ﬁ2N2(t)
dN(;'ft) :(aloeal? _a20e52$ )Nl(t)Nz(t)_blNl(t)+ﬁlN1(t)
dNét( D) (8" — ™ INL(ON, (1) BN, (1) + AN,()
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dNét( D (age™ —ae”™ NN, (1) - Fe™ + BN, (1)

dezt(t) :(a20e52; —a1oe51? )Nl(t)Nz(t)+ Foea? +ﬂ2N2(t)

N;(0) =Ny, N,(0)=Ny, Ny <Ny, N1(t)1N2(t)€C1[OaT]-

dgmMg o308 Fgmeg  35M0aMox3do  gobbowyamos
BMYPO©0 55O x030 95398530300 9o
53m3MBg3gdol 5g@H03Mmd0L, ©YIMAMSROMWO BoJGHMMOL
5 99L53EM FHELOGO30MGOOL gom35¢olobgdoo.

d9m69 530L dgbsdg 3569gM9x3d0 Bgdmm s0bodbmwo
394 BHMOGO0L  Qom35¢olfobgdom FJowgdmwos MoEblzomo
5dmblbgdo.  390mmM3gdolomzol  godmygbgdmee  odbos
3OMaM5dmo q50M9gdm MATLAB. bbgoobligs LabGoM@GHm
306d900L dobgzom 900900 650096009
39BLbgeggdo  Fggao  (356Lb3sggdwo  dmEywo).
09092900  ©9IMYMOBOIO  RdJBHMOOL  Qom35eobfjo-
6900 296339 howo@ 2oblbgozgds 899 gd0LASH,
OMIwado3  900gdIMNWos  ©IIMAMIROMWO  BogEHMMOb
39035¢0L{obgdols got9dy.

dgLs09 35380 296boyeos bado Los®hg3zbm vdog]EoL
(805639000 5 MO0 M3MDBOEoMEMO 35MEH00L) sMBI3BIdOL
36Mm3qbol  obsdolzs  960Bg360006  96Bg36905800].
3650)Oxn03 3509053036 dmgedo, MHMIgwog S©fgedl 0
363980, dmbsforgmdl mmbo mdogd@o:

1. Lobgardfiogm s 5dobolEBHME0o bE®MWYdEm®g-
00, OmIwgdog ddsOH®M30L  Lobgwdfoxzgm  MHgbyOLYdOL
399mygb9d000  BgEogwgbsls  obgbgb  Mm3mBogor©o
350&09d0l  dbsMdF e 59mIMOBI3egdbg  Lobgwrolma-
Wadm  35OGH00L FbomgBg @odmyzsb0l doBboom (59539
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©OML  50bodbmwo  BEGHOMIGHMOYO0, 3OS, MO
90503900 35MEGH00L bsGIsTFIM0 53IOBIZGdO) .

2. 805600390 350E00L IbsmF M0 5dmIMBG3gdo.

3. 3060390 Mm3MHBoEoeHo  35OGH00L  IbsMIF M0
50m3MBg39do0.

4. 99m6g  m3mHBogomo  3sOGH00L  FbomLdF M0

59m3MBg39do0.
53 560503 3500905303996 IMm©9edo 43z9ws 3Mm9303090-
A0 (330505, 9M9mM39 39M35¢obfiobgdmos gdmyGs-
BOYLO BoJHMMOE.
ORIMIBE05ME 45BGHMEgdsMs LoLEYISL, MMIgEos

50F9OL 50b0dbM sGOR0Z 3OMEgLL, 5g3b 9dgao Loby:

N (t)
dt
dNy(t)
dt
dNy(t)
dt

= (@)= (IN(EON(E)+ (e (1) = (DN (NS ()= ALINL(E)+ 1 (LIN(E)

= ()=, (N (ON,(£)+ (e, (t) - s (DN (N5 ()= BN, (E) 7, (E)N()

= ()=, (OIN,(EN5(E) (1) -y (N, (ONG()+ B (ON,(E) + BN () 1 EIN(1)

3.1)
390@Mgdsms  LobBgds (3.1) goboboggds  Fwsgdo
te(0,T], bmeem  Lsfgobo (3mol)  3oMmdgdo  t=0

dmd9bdo
Ny, =N,;(0), Ny =N, (0), Ny =N;(0). (3.2)
3m3oL  53m@Esbol  (3.1),(3.2) 5BmbLBSL  ggdgdoe  te[0,T]

U93396¢ Dy MPY3009®©  ©OBIOIBE0MIdS©  BbJzosms
3wolido

N, (1), N, (1), N5[t] e C*[0,T]. (33)
396@GMgdsms LolBgds (3.1) - do:
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N, (), N, (1), N;(t) - 39Lsds8obse  306ggemo,  Bgmern
Mm3mHBOE0NOO s FFOMZI0 35O GH09o0L  TbomsTFHM
53mIMHBG39W ™S MomMm©gbmdss Mmol ¢ dmdgb@do;

=0 -- fobs 56MB93b9d0L dMIBEFEH s, MMmELsE 9MHo-9Mmds
3560058 50mB9g36900 IMoy™m © gobs 8353910 356G 00;
t=T"-- 3m393bm 56HB936900L dmdgbEos (bdod dgdmbggzsdo
T= 4§90l 56 1460 omql);

a, (1), a, (1), 05 (1) - 99bsds8obsE 306M39¢o0, Jgmeg Mm3mbo-
GOMO s F5MM3900  35MGH0gdol  bdgdols dmbozol
30953030963 9005 ¢ dmIgbGHTo, HMIWgdoE IIMI0WYdY-
Wos 58 35MGH09d0lL  Lodmgdgm  3OHMyMsdgdbY,  Sbig3g
530656, 0bxMmMI>30E s BH9dbmemyomE Jgladegd-
©wMd90bY;

AW, 5, 1) - f93000 @s@gdomo grabis0gdos, Grdwgdos
39bLOBMZM9396 5ET0bOLEHMIFOMEO MYLMELYdOL godmyg-
69d0lL AsBEH9dgOL s B0TsMmMIENGdO 9006 30MZ9w0
99m6g  m3mbBogocmo  356OHGH09d0L  50mIMBY3w9dDY
d9L5353obos Fomo HIgdoOL FMbIBOPIE byErolgegdols
39656B96900L doBbo;

7,.(1),7,(1),7,(t) - Bgbsdodol Fbstrggdpol  Los®Bgzbem

©90MAMIROMWO (3300090930l 239035¢00obfobgdols
3M9913033096¢)9005.

bOsm 1-Bg F98M035D9dMwos s0fgHowo 3OHmEqLOL
1d935@O0 50HgMs, 56 3BmgLlol bggbs®o.
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Jhmgols

2963003780k LggBaho
Lobgmadfogm SEABR0wSS
LOONIODRRO SORIa8000

bmeomo 1.
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dgbodg 05308 30639 35M9Moxdo  bbowmos
LSABYBOgdBH0sbo  50BY3BgdOL 5M(EMR030 Bomgdadn3Mo
9o d©dogo 3M995303096¢)9d00m. 3963dm
d90mbggzobomgzol, ©90MAMR0W0 399 BHMOOL
39035¢0L{obgdol 4969dg, dowgdmwos  (3.1), (3.2) -ob
BmLE0 5b5e0BMMHO 5IMbBsbLBO

(a,—az)a-pB Nloe[(al—as)a—ﬂllt

N, (t) = a,—a;+ pla, —a;)

(g -a)a-p N, (el e A _)
a, —o;+ pla, —a;)

(3.4)
N, () = pN, (t), p = NA

Ny(t)=a-(p+N,(t),a= Ny, + N, + Ny

B53m3b0oo 306Md900, G290l d9LErMEgd0L
d90mbgg3zsdo  dmEgwo  0gbgds 96 GHMH0305¢MEO.
393902999905 Jglsdsdolo 3M9R039IWO 0EMBEHMS30900.

dgbodg 0930l Tgmeg  3560aMexdo  gobbowyaros
LoALMB0gdBH0sb0  90Bg36900L  sMFOR0Z0 Fo0gdoEH03OMO
dMEYo  (33Q90  3M9R03E0I5EHJ00m.  dom3zseolfjoby-
00 5dmIMBY3gms  35dMEbogdol  dmbowrmbgro
3563969090, 51939 AoM35¢olHobgdgE0s, HMI Dmaogm,
bo3wgdo® ©gdm3®s¢onw,  J399690do MBy36gBOL L
5RO 533b 50Bg3b900L  89gaIdOL  3MIZIN
30RO E0MGISL.

dmgedo  asbobowgds (33090 3M9R03095EGEHJOOL
d900b3935, 396M0ME, 339M0MOMdM, Mmd 5Mhg3690000
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560B9369059¢09 5dmdmBg3egdol  HB3gool  IMBo3z0L
3M991303096 900, 5@doboli@®ms3ormo M9LbOLYdOL
3990y9gb900l GodBHMMO ©S YIMPMOROMWO  3MYB03E0Y5-
3900 56056 @OMoL  9Ju3mbab0o s BOI©O
30bgg0g%0.

dgbodg 30l Agbodg 35M5Moxd0 HBydmm S©bodbmeo
394 BHMOHO0L 39035¢0fobgdom 30330993960
dmgoMmgdol  39939mdoo  80EgdIMWos  HOEHB30MO
5dmblibgdo.  498mm3gdolsm3zol  godmygbgdmew  ogbs
360530 29690m MATLAB. Bo@otgdremos
dMo3wmdomo  MHosbzomo  9du3geodgbGo  dglsdsdolio
35830310 25dmbobgom (Fsgoeoms, bsb.1, bsb.2 - Go
9myg35600s  35MFH0900L  58MmIMBg3gmms  goblibzeggdmwo
5d3H03mdol,  Bowloxnozo®Mgdol s  ©YIMYMSIBOIO
BodHMOMoL  aomzoeolfjobgdol  3ghdm  99dmbgg3zgdo),
393992999905 860836903560 ©ss3369d0.

©obYOH G300l dMwmdo dmyzsbowos Bsdo sbsMO,
Loos  dmEgdmeos @s  sehgmowos  Lbbgoolibgo
36016500 30JO0L JOHOMIWOMds, MHMIgwms bod)o-
JO0MOG3 BIBHIMIOM0S Qo300 O  393JMJOVIV0S
d9L53530L0 ZMHRBOIMEO OWNYLEGS(30900.
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xnebi s r aodenoba

xnebi s r aodenoba

6 k;=0.46 k,=0.38 k,=0.64 ,=0.24 f,=0.19

10 L T T T T T T T T T
N5(M<N, (M+N,(T) alfa, >alfa,>alfa,
917k5"Na(M<k "N, (M+k,*N,(T) beta, >beta, T -
K3*Na(M>N, (T)+N,(T) O<gama,=gama,<gama,
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7F i
6 -
5 i
4 i
3 -
2 i
1 i
0 r I I I I r I r I
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dReebi s r aodenoba
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General Description of the Dissertation
Relevance of the problem

Intellectual development of humanity and the
accumulated knowledge about the world, pushes mankind to
change its worldview about the structure of the universe, i.e.
we observe the world that is constantly changing with the
development. Synergetics (joint action), i.e. self-organization
theory, is one of the most popular and promising approach
towards researching links between different disciplines.
Synergetics has been through long and difficult journey.
Almost forty years ago it was considered as a method of
entertainment for physicists-theoretics, who found similarities
between nonlinear phenomenons. And twenty years ago the
concepts and methods of synergetics enabled discovery of
many interesting phenomenon in physics, chemistry, biology,
hydrodynamics, etc. Today this interdisciplinary approach is
more widely used in strategic planning, the analysis of
historical alternatives, finding solutions to the outstanding
global problems of humanity, etc. The fast moving global
technological advancement and increased informatisation of
the humanity enabled creation of new direction, such as
mathematical and computer modeling.

Synergetics initiated the application of mathematical
models in social sciences: sociology, history, demographic
studies, political science, conflict studies, etc.

The current developments in the modern world made it
relevant to study social processes, such as public administration
and administrative management. For the first time the
administration model was proposed by prof. T.I. Chilachava.
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In terms of governance of particular interest is the
description by mathematics (the creation of a mathematical
model) of a social process, how is the process of political
elections. Many scientists worked on this subject, but in most
cases, they were interested in analyzing statistical data of
results of carried out elections.

Extremely important is the creation of a mathematical
model, which would give an opportunity to define the
dynamics of change in the number of supporters of different
political subjects during the election period and a possible
forecast of the election results.

The nonlinear mathematical models of two and three
party elections were first proposed in the following works:

» Chilachava T.I. Nonlinear mathematical model of
dynamics of voters of two political subjects. Seminar of
[.Vekua Institute of Applied Mathematics, Reports,
2013, vol. 39, pp. 13 - 22.

» Chilachava T.I. A nonlinear mathematical model of the
dynamics of the voters pro-government and opposition
parties (the two election subjects). Basic paradigms in
science and technology. Development for the XXI
century. Transactions II, 2012, pp. 184 —188 (russian).

» Chilachava T.I. Nonlinear mathematical model of
three-party elections. Problems of security management
of complex systems. Proceedings of the XXI Internatio-
nal Conference, Moscow, 2013, pp. 513 — 516 (russian).

The models of management and elections are quite
relevant from the theoretical as well as practical point of view.
The interested parties are encouraged to use widely the given
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results, calculate parameters and choose the future strategy for
achieving the desired goal.

Research Object and Goal

The main goal of the dissertation is to demonstrate the
importance of using mathematical and computer modeling in
sociology, more specifically, to develop mathematical and
computer models to describe the social processes, such as
administrative management and political elections, which will
be applied in practice.

The object of research of the dissertation is the study of
the above mentioned models in the case of different initial
conditions and model parameters.

Achieving this goal is achieved through the study of
scientific problems associated with the analysis of the models
in question, using the mathematical theory of systems of
differential equations, numerical methods, computer modeling.

Scientific novelties and Main Results

1. In case of changing administrative management the solution
of Cauchy’s problem about nonlinear differential equations
systems is solved exact analytically. According to the
different dependencies between model parameters and
initial conditions of governance is received various regimes.
By applying variable parameters of nonlinear mathematical
model of administrative management when looking at
private case the exact analytical solution was found, while
numerical solutions were obtained for the general case.

31



General nonlinear mathematical model of two party
elections is considered by taking into account different
indicators of voters’ turnout, of demographic factor (changes
in the total number of voters from election to election) and
possible election fraud. Described the case when the
coefficient of attracting voters for pro-government and
opposition parties is exponentially growing function of
time, and for utilization function of administrative resources
three cases are considered: when the function is constant;
when the function is linear and proportional to the number
of voters for opposition parties; when the function is
exponentially growing. Through computational modeling
the numerical solutions are obtained.

The new general nonlinear mathematical model with
variable coefficients and taking into account demographic
factor is described for the case of three party elections. It
analyses quantity voters number dynamics of pro-
government and two opposition parties from elections to
elections. In case of constant variables of the model and
ignoring demographic factors the exact analytical solution
has been obtained. The conditions were found for which
the model became nontrivial (when the election results are
not obvious).

In case, when the coefficient of attracting votes, utilization
of administrative resources and demographic coefficient are
exponentially growing functions, the numerical solutions of
general nonlinear mathematical model for the three party
elections are obtained and visualized.
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Approbation

Main results of the dissertation were presented on 6
international and 1 republic science conferences:

1. International scientific conference “Information and
computer technologies, modelling, control” devoted to the
80th anniversary of academician I.V. Prangishvili , Tbilisi,
2010.

2. 1 international Conference mathematical union Georgian,
Batumi, 2010.

3. Proceedings of the XVIII International Conference
“Problem of security management of complex systems”,
Moscow, 2010.

4. Scientific conference devoted to the 65th anniversary of
prof R.M. Absava, Thbilisi, 2012.

5. Proceedings of the XXIII International Conference
“Problem of security management of complex systems”,
Moscow, 2015.

6. International scientific conference “Information and
computer technologies, modelling, control” devoted to the
85th anniversary of academician I.V. Prangishvili, Tbilisi,
2015.

7. VI international Conference mathematical union Georgian,
Batumi, 2015.
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Volume and Structure of Dissertation

The dissertation consists of introduction, three chapters,
conclusion, list of used literature, and three appendixs. The
work includes 172 pages. The appendix contains 61 listings.
References list includes 125 names.

Brief Summary of the work

In the introduction of the dissertation actuality of topic is
discussed; review of the literature is given; the object and goal
of the work is described and main results, their practical
applicability are given.

The first chapter the task is description of the
mathematical language of the social process in mathematical
terms (creating a mathematical model), such as administrative
pressure. This pressure can be imposed on macro (state or its
large region, macromodel) as well as micro (educational
institution, industry, etc., micromodel) level through
ideological or technological means. The mathematical model
considers three objects:

1. Administration (ruling structures, power) that aims to
manage it subordinates on micro and macro levels based on its
interests. This can be fair (democratic governance) or unfair
(undemocratic governance) management.

2. Conformists who accept the ruling administration.

3. Free thinkers, who, in spite of the pressure, remain
free to make their own choice or action.

The general model of administrative management
proposed as follows:
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dx(t) aOXO (D) - SOX)

(1.1)
dY() —a(t)x()y(t) + BA)X()

dt

X(O):Xo y(o):yo,
where
X(t) - is the quantity of free thinkers at time ¢,
te[0T]T <oo.

y(t) - is the quantity of conformists at time t;

a(t) > 0- is freedom coefficient at time t;

P(t)>0 - linear continuous positive function of the
administrative pressure, which is characterized by the scale of
utilized administrative resources.

In the nonlinear mathematical model (1.1) given in the
first paragraph of chapter 1 the administrative pressure is
constant and it does not depend on time. During the analysis of
the model the so-called demographic changes of both groups of
people are disregarded: in case of macro model it is assumed
that the birth and death rates are equal, and in case of micro
model the rations of inflow and outflow of staff are equal as
well in the industry. The model is a continuous and search
functions have first order continuous derivatives. Depending
on the relationships between parameters (like indicators of
quality of activity or freedom coefficient and administrative
pressure) of the model and initial conditions different control
modes are obtained.

The second paragraph of first chapter discusses nonlinear
mathematical model of administrative management. It can
describe a growing administrative pressure by a government
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on the public sector with the aim to control peoples actions in
any given social structure. The model is described by the
system of nonlinear differential equation of two variables (the
number of free thinkers and conformists at the time t). An
exact analytical solution is found for the problem of Cauchy of
the system of nonlinear differential equations in the case of
variable administrative pressure. Depending on the
relationships between parameters (like indicators of quality of
activity and administrative pressure) of the model and initial
conditions different cases are obtained.

The third paragraph of first chapter discusses general
nonlinear model of administrative management (1.1), which
describes growing administrative pressure by a government in
case of variable coefficients. An exact analytical solution has
been found for a specific case

X(t)=x + 1
w(t)
Y(t)=a—(x +——)
w(t)
where
(b+2%, )ja(r)dr t —(b+2x, )ja(y)d‘u

w(t)=e ° (Wo+fe ° a(zr)dr)

Xo+Yo =4,
p(t)=bea(t),b>0,b=const

_ —b++b*+4a " 1

1 > 0
2 Xo — %
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The fourth paragraph of chapter 1 discusses two cases for

the general nonlinear mathematical model:

a) The freedom coefficients and functions of administra-
tive pressure are exponentially growing functions of
time. Then the system (1.1) is as follows:

() _ g e x(t)y(t) - A TX(t)
dt (1.2)

% g TX()Y(t) + B TX(1)
x(0)=x, y()=Yy,
a,>0,4,>0,6>0,y>0.

b) The freedom coefficients and administrative pressure
are qualitative. Then the system (1.1) is as follows:

dx(t) t+t t+t0
at ¢ ( ) x(t)

¥:_ <t+t°> XYW + B t")kx(t)

x(0)=x%, Yy(0)=y,,nkeN.

For numerical solution the software MATLAB is used.
Numerical experiments are carried out and results are

visualized.
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Chapter II describes nonlinear mathematical model in case
of two party elections by taking into consideration
demographic factor (changes in the total number of voters from
election to election), variable coefficients, voters different
activity and possible falsification of elections. The model
describes dynamics of number of votes for ruling and
opposition parties from elections to elections. There are three
objects in the nonlinear mathematical model that describes
this process:

1. State and administrative structures that influence
voters of opposition party with the use of state resources to
gain their support.

2. Voters who support opposition party.

3. Voters who support ruling party.

The nonlinear mathematical model of two-party elections is
described as follows:

dl\élt(t) = (e, (t) — a, (©))N, (DN, (t) - F (t, N, (1)) + BN, (1)
Lo _ (0, - ONON O+ &N, ©)+ N, 0

N,(0) = Ny, Nz(o) =Ny, Nlo < Nzo , Ny(t),N,(t) e Cl[O:T] (2.2)

where N (t)

parties at time t, t€[0,T]; get of equations (2.1) te(0,T]
interval and initial conditions (2.2) at £ =0;

t =0- is the time of previous elections, when one of the parties
won the elections and became the ruling party (N,, <N, );

N

N,(t) - number of voters for ruling and opposition
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t =T - is the time of the following elections (in most cases T = 4
years or 1460 days);
a,(t),a,(t) - are time dependent coefficients of attracting votes

for opposition and ruling parties accordingly. They are depend on
the action plans, as well as financial, technological and
informational capacities of the political parties.

The nontrivial model (the model, when the election

results are not obvious) can be only obtained when

a,(t)>a,t)>0te[0T] .

f(t,N,(t)) - is the continuous positive function of its

arguments, that is characterized by the scale of used
administrative resources and is directed at voters of opposition
party with the aim to gain their support and maintain the
power.

BB, — are the coefficients that describe demographic changes
of the parties respectively.

The first paragraph of second chapter describes two-party
nonlinear mathematical model with variable coefficients, that
takes into account demographic factor. The case is discussed
when coefficients of attracting votes by ruling and opposition
parties are exponentially growing function of time from
election to election. For utilization of administrative resources
function of three cases are presented: when the function is
constant; when the function is linear and proportional to the
number of voters for opposition party; when it is exponentially
growing function. Accordingly three different problems of
Cauchy are obtained:
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L) _ (0,6 ™ INCONL (DD + AN(D)

dt
dNét(t) =(a,e” T —a e T )N,(tN,(t)+b+ BN, (t)
dNét(t) = (a8 =@, T INL(EN, (1) =N, (1) + AN (1)
dNét( Do (6" ™ NN, (1) +BN, (1) + BN, (1)
dNét(t) = (€T — e T INL(DN, (1) = Fe™ + AN, (t)
T (0™ ™ NN+ T+ AN, (1)

N, (0 =Ny, Ny(0)=Ny, Ny <Ny, N;(t),N,(t)eC'0,T].

The second paragraph of the second chapter the general
nonlinear mathematical model is described by taking into
consideration voters’ activity, demographic factor and possible
falsification of the elections.

The third paragraph of the second chapter presents
numerical solutions by taking into consideration above
described factors. For computation the software MATLAB has
been used. According to the various initial conditions several
results (different models) obtained.

The results obtained with the consideration of
demographic factors somewhat differ from those obtained
while disregarding these factors.
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The chapter III discusses the process dynamics of three
party (one ruling and two opposition parties) from elections to
elections. There are four objects in the nonlinear mathematical
model that describes this process:

1. State and administrative structures, that try to influence
supporters of opposition party and gain their support
through utilization of state resources (the administrative
structures are obviously supporters of the ruling party).

2. The voters who support a ruling party.

w

The voters who support the first opposition party.
4. The voters who support the second opposition party.
In this nonlinear mathematical model all coefficients are
variables and demographic factors are taken into consideration.
The differential equation that describes this nonlinear
process has following form:

7)=(al(t)—az(t))Nl(t)Nz(tH(al(t)—aa(t)) N, (EON3(0) - AL (ON, (8) + 7, (ON, (©)

= (2 (0) = ey DN (ON, (0 + ez, (1) = 2 OIN (ON (6) = B, ON, (8) + 7, (ON, (€)

7):(as(t)_al(t))N1(t)N3(t)+(a3(t)_a2(t))N2(t)N3(t)+ﬂ1() N, (t) + B, (ON, (1) + 75 OON, ()
(3.1)
Equations (3.1) is defined t € (0,T], and initial conditions (of
Cauchy) t=0 moment of time
N, =Nl(0),N20=N2(0),N30 =N;(0). (3.2)
We look for the solution of the Cauchy problem (3.1)-
(3.2) t€[0,T] in the class of continuous differentiable functions

N, (t), N, (t), N,[t]  C'[0,T]. (3.3)
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In the equation system (3.1):
N,(t),N,(t),N,;(t)— is the number of supports of two

opposition and one ruling party at time &

t=0 — is the time of previous elections, when one of the parties
won the elections and became the ruling party;

t=T"- is the time of the following elections (in many cases 7= 4
years or 1460 days);

a, (t),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;

S, (1), B, (t)-- are the continuous positive functions, that define
the scale of used administrative resources and are directed at
voters respectively of first and second opposition party with
the aim to gain their support and maintain the power;

7, (1),7,(1),7,(t) -- are the coefficients that describe

demographic changes of the respectively parties.
Below can be found schematic description of the process,
i.e. process scenario (picture 1).

The first paragraph of chapter III discusses nonlinear
mathematical model of three-party elections with constant
coefficients. When ignoring demographic factors has been
obtained following exact analytical solution (3.1), (3.2):
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(a,—az)a-p N, el 2t
o, —a,+ pla, —ay)

Nl(t)=

(o, —az)a-p 1 Nyl as)e Al 1)
a, —a;+ pla, —a;) (3.4)

N,(1) = pNy(t). p = Nang

Ny(t)=a—(p+1)Ny(t),a= Ny + N, + Ny

The conditions were found for which the model becomes
nontrivial. The relevant graphic illustrations have been
developed.

The second paragraph of chapter III discusses nonlinear
mathematical model for three party elections with variable
coefficients. The expected indicator of voters’ turnout was
taken into account, also the fact that in some less democratic
countries take place some falsification of the election results.

The model describes the case of variable coefficients.
Specifically we assume that the coefficients of attracting voters,
the factor of utilising administrative resources and
demographic coefficients are exponentially growing functions
of time from election to election.

The third paragraph of chapter III shows numerical
solutions obtained by computational modeling with
consideration of factors mentioned above. For computation the
software MATLAB has been used. Numerical experiments are
carried out, results are visualized (e.g. fig. 1, fig. 2 show cases
with different voters’ activities, vote rigging and demographic
factors) and important conclusions have been made.
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At the end of the dissertation the three appendix is given.
It contains the codes which was used to obtain numerical
solutions and create visualization of the results.

The development of

Picture 1.
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