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Abstract

Nowadays, mathematical modeling is gradually becoming more applicable. It can be used to
describe many natural processes. Such models are used in natural sciences (such as physics, biology,
chemistry), engineering disciplines (such as computer science, electrical engineering), and are also
actively used in economics, sociology, and politics. A model may help us to study the effects of various

components of a system and make predictions about its behavior.

Most of the processes progress non-linearly that can be described using partial differential
equations. In scientific disciplines that are heavily reliant on mathematics, such as physics and

engineering, partial differential equations are commonplace.

This study examines the behavior of solution of the initial-boundary problem of one nonlinear
diffusion system, as time variable tends to infinity. The issue of linear stability of the stationary solution
of the system and the possibility of the Hopf-type bifurcation is investigated. The difference scheme is

constructed. The numerical experiments and analysis of obtained results are carried out.
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59m 3560 BEOE30MbIMMEO 5dMbobLbO (jMz30350 dYMoOs.
3009350,y > B, —a—1# 0 sY; =P, =1 > 0. 35306
By

2y ot (—)Bo
PR Prrovmyy

MEGHMEMI0L IIO00 5IMBsbLBOS
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By
. j IR

Ve = 2b ’

OHIobmz0Ls3 LsdsMNE05B0s ITMI0WIOEYdIOO:
Pl(lpc'a'ﬁ')/)zot Pn(l/)c;a;ﬁv]/)>0; n=23 ....

) ©35GJO0m ©3493390m, GMA f —a — 1 < 0, 35306, GmEs P € (0,3.), Y =P, =Y,
LoEOEOLM3Z0L 3LgdMEMdm P, (Y, a, B,y) > 0,n € Z,.

5060250, 0 P € (0,1,), 35306 (1) — (3) 53m3s60L biGeE0MbsGEo 5IMbIBLBO fiBrozs0
9M5©05, ™) P € (P, +0), 85006 - 5M50AM©O. v P =1, 05906 Re(w;) =0 o
Im(w1) # 0. ®53 09sL 6686s3L, MM BBYDS 3MBOL OGO 3530990 dM3wgbob [12] FoGdmBmdOL
39L5dEgdMds 96 I30609 F9dxMmMYdgdTs LEOEOMBIMEE0 5TMBIbLBO Fg0degds A5Eo0Y3956MUs
©OMO0 396H0MEE 53MmbsbLbdo.
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§3. lbgsmdosbo Liggds
399003ww0om F509F5E035d0 (36000 JoyMdgdol godmygbgdoo (ob. dsgscoms, [16]
@5 3sdo (399990 O EIOSEGHIOIO JoNO0MYOJd0) S [4] - [6] 5dMTYODBY oYMHEbMdOm 5T
39053055300 5390905 Jglfogerowo s3m3560L Tgbodsdolo LolBe-libgsmdosbo bdqds. d9dwgy
30 36mdoo  0@gmo3oMwo  3OHMmEgEOOL [15] 2sdmygbgdom  539090s  ITMMNILOMO
5EMM0mT0 5 BoBM9dI0s Fglsdsdolo MHoabzomo gdudgModnb@ndo.

(1) = (3) LaGgob-LobybEagMMm sdm3s6s gobgobowmm Qr = [0,1] X [0,T] s®930. [0,1] o

[0,T] 00b533900900 ©39mm, Fgbodsdobo, M s N GHome bsfomgds@ ©s 899m300mm

50bodgzbgdo:
1
Eh:{xi:ih, i=0,.,M, h:M}, wL=0g=G—1/Dh,  i=1,..,M)}
wr={tj=jr, j=0,..,N, T=N}, Wy = Wp X Wy, Wpe = W X Wy,

y= yij = }’(xi, tj)» y= }’in = Y(xi' tj+1)'

A I ek /S U/ Pt /4
t T ) X h ’ b h ’

Va2 +vl
yxx - h2 .

500760 B36J30900 3BLBOIHTEO 56056 (x;, tj41) FIHGOWBo.

(1) = (3) 99m356580 9dm3z0Eobmm 9990 s0b0dz69d0:

E=s2, E2=sv [P =gB, EW=g.

(ON (e P 3]

bogom
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Lo0obo3 33993V

OE AUN2  [OV\? ou v
. — _aF2B 2y [ - 2y (22 4 20
2E5p = TaE +bE [(6x> * (6x) ] ek <0x * ax)’

E  a b oUN*  (dVN\’] ¢ ., (OU OV
— = ——E2P-1 4 _pv-1|(— — —E ([ — 4+ —

at 2 E * 2E [(6x> * (6x) ] * 2E (6x * 6x)'
95906 0300900 89009 933035 gbGHIO 5MEIbIL:

aU_i(EMaU) aV_i(EMO_V)

E T ox E E T ox dx
OF _ a,pp1, D 0y [(9U 2 vy ¢ pay (U, OV (n
a- 20 2 [(a) +(5) ]*z (5x * )
u(o,t) =Vv(0,t) =0,
(12)
U(l,t) = lle V(l, t) = 1112,
UCx,0) = Up(x), V(x0)=Vo(x), E(x0)=I[Sox)]2 (13)

(11) - (13) 58mEsbsL 893Led539000 9999 Lbgomd0sE Ldgdal:
ug = (0?%ug),, vtj = (w?%vyg),,
wl = —%wzﬁ‘l + ga)zy‘l[(uf)z + (ve)?] + %wzy‘l(uf + vg),
ué = v({ =0, u{,, =, '71\1/'1 =1, j=01,..,N,

1/2 i
u? = Uo(xl'), vio = Vo(Xi) ) (1)? = [So(xl'+1/2)] ) L= 0,1, ,M

20



§4. Ho3bz0m0 53mblibolsl Fomgdmemo 9909900 S 3MIBROIMO
0@l GM530900
bgdmom  dmyzsbowo  (11)-(13) Uggdol  250mygbgdoom  Bo@o®mgdmwos  Mogbgzomo

99b3960896@9d0. JowgdMwo 9dudgmodgb@Hgdol dg9wgagdo TggLodsdgds MgMOOMEr 33w9390U.
9439800 dmy3560¢05 BMY0 M0 Jomsbo.

AILAHMO 99b39Mm0a96ETo Lofiyolbo 30MHMdYdO.:

U(x,t) = x* (e_t(l - %)%+ %),
V(x,t) =x* (e‘t(l —x)% + %),

S(x,t) = e t(sinmx)* + 2 — x,
396599BHMg00l 360d369crmdqd0 dgdgyos: h = 0.01, T = 0.00004, M = 100, N = 25000.

AvBHo 1. (LEIEoMbsEOO  5TmMbsblbo): a=1, =1, y=0,¢Y;=9,=1,
a =b = c = 1. 99b50530L0 Bobobgdos: bob. 1-4.

AILGHo 2. (Boyme3ssos): a=1, f =3,y =4, P, =193 =1, a=>b =c = 1. 99bsdsdolo
Bobobgdos: bob. 5-8.
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1375
175
1625
L5
1375
125
1125

0875
075
0.6257
0.5
0375
025
0125

0 0.05

- 0127
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t=01

0 005 0.1 0.15 0.2 025 0.3 035 0.4 045 0.5 055 0.6 065 0.7 0.75 08 0.85 09 095 1

Bob. 2
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t=103

[

18751
1757
16257
15
13757
1257
11251

08751
0751
0.6257
057
03757
0257
01257

0 005 01 0.15 02 023 03 035 0.4 045 0.5 0.55 0.6 0.65 0.7 0.75 0.8 085 0.9 095 1

—0.125

Bob. 3
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0 005 0.1 0.15 02 025 03 0.35 0.4 045 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.0 0.95 1

bob. 4
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bob. 5
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208
20047

t= 0128

1997
19957
1.9847
19787
1978
1.9631
1.9381
1.9321
1.9451
1.93%91
1.9321
1.9261
1.9191
1913
1.9047

1%
1.8937
1.88°%

1.88

0 005 01 015 02 025 03 035 04 045 05 055 06 0

Bob. 6
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20y
2.0067
2,00k

t=10132

1897
19021
19851
1883
1979
1974

197
19657
196h
19367
193
1847
194%
1938
1934
1920
1924

102

0 005 01 015 02 025 03 035 04 045 05 055 06 065 07 075 08 085 09 095 1

Bob. 7
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t= 0136

25 0.05 0.1 0.15 02 0.25 03 0.35 04 0.35 05 035 06 0.65 07 0.5 08 0.8 09 095 1

Bob. 8
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313365
©oxMNBoWOmO 3O:MEgLYdIOL Fo09T53H03MMO FMEIWoMIOOLLL bogdg 235938 930G
396dmfo®IMgdmEgd09b O0RIMIBE0M A5BEHMEG09dMb s Foo Lol YgdMB, HMIgEms
0O bsfoeo s65(M5303005. U, 2560339MHOWS, M0l oo sdmEsbol glfogensls.
5 0 OMEL 1535dMBL 53 53356930l  F0SBEMYdOMO  STMbLBOL SAMOHOMTGOOL 53909,
603Eb30m0 9du39M0895EH9O0L Bo@9M9ds S F0wgdo F9 a0l sbowrobo.

0990ob 99BH)9eMmd0B 25dMm30bIMY, LsToRoLEOMM BsIM ML JoBsbo 0ym, Fga3zgLfoges
56503030 ©oRBoM©o LobEgdol LEIEOMbIOWMWOo $3Mbsblbol gmasdsgzs s Mogbzomo
99b3960896@gd0bL Bo@o6gds 50bodbmEo LobEgdol dglsdsdolio bbgsmdosbo lidgdol dobggom.

6596MHmdo 99905 MMBO 356535530496, 358mYg69do WoEgMoGMMOL BMLbOLAE s
©BsMMOLOYsD, MMIgedoi FmEgdMwos 3OHMYMmITMWo 3o, ®ol dobgzomsg dmbs

30330BH9O0 MGo0BI(309.

30039 356053658380 gOHmo  sMiMR030 ORMBoWGmO LobEHIIoLsM30L  LLldM0s
50m39bs o 93900 53 53m3sbol  bGsEomboo  53Mbsblbo.  FgmMg  3oGMoGegdo
d9LFogaoE0s BEGHSEOMbIMIEO 5TMBbLBOL ymax3sd3939, WOMOMO (33eWsEOL MLSLGWEIMBS5T0
doLHGx900LsL. 51939, IYIBOWO0s 3mBOL G030l dORE 5300l FoMBMTMdOL TgusdwgdMdSE3.
d9Ls3g 35M5MRT0 5390vI0s BBZ35Md0sb0 bdgds, beagrm Fgmmby 35605350380 Bo@o6Mgdm0s
(03Eb30m0 99L39608953H 900 s J0LYdo F9gRgd0L SBowobo.
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3656000

36M0M53m0o 3o

(0Eb30m0 2503w gdoLm30L odmygbgdreos C++-Bg Visual Studio-l go69dm, bmerm
36593039000 Lo 9ds© 5dmYyqbgdyeos Python.

36590l 80053560 BMbJ30s 5MHOL main, MY FobloBLIMME0s main.cpp Bs0Edo.
33543L 3aosbio — Source, MHMIgEro 29bLOBOZGWWOs Source.h s Source.cpp Boogddo. 53 3esbiol
359094969000 20dMm0mM3Egds dmbs3gdgd0 s JoEgdo 9993900 890bsbgds prn gogsOmmgdol
1350 do. gsowdo dmbszgdgdol dglsbobo godmoygbgds PrintMethods.h s PrintMethods.cpp
933950030 sOLYdMEo gmbdi0900. Fuctions.h s Fuctions.cpp g3o0@do 4bLsbmg®yenos sdmasbols
Lofgolo 3mbdzogdo. MethodsMath 3enslio goblsbwg®vyeos MethodsMath.h cos MethodsMath.cpp
9390¢0d0. 53 3eolido 2obloBO3M™ME0s BoJEBHMMOBE00L TgmMm©ado.
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365390 353930 99003905 99900920 B350¢9d0Lb:

» Variables.h

f _VARIABLES_H_
_VARTABLES_H_

e 2.718281828u459845
i 3.141592653589793

8.0l

8. 08604
186
256086
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» Functions.h s Functions.cpp

_FUNCTIONS_H_
_FUNCTIONS_H_

<math.h=

return powl(sin(2#Pi*x), 6 2)*(1+t) + F1

return

S( X,

return x*x*powl(e,t) + (1-x)*(1-x)*(1+t);

return

return

v
XJ)

return powl((powl(F1,2)+powl(F2,2))*B/A, 1/(Beta-Gama));

35



» MethodsMath.h s MethodsMath.cpp

+ _METHODSMATH_H_
_METHODSMATH_H_

5
t

Factorization(
Factorization(

Factorization(

*alfa
*beta

alfa[1] «[8];
betal[1] niufe];

for(i=m-1; i>
5

i

x[i] = alfa[i+1] » x[i+1] + beta[i+1];
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th: :Factorization(

xalfa =
*beta =

alfa[1] = k[el;
beta[1] niul@];

for(i=8; i<m+l; i++)
5
{

i d<m;
alfali+1]
beta[i+1] (afd i]) a[i]=alfalil);

k[1]*alfa[m]);

x[1] = alfa[i+1] * x[i+1] + beta[i+1];

alfa;

_PRINTMATHODS_H_
_PRINTMATHODS_H_

PrintFile(
PrintlLog(time_t , time_

FileName(
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"pPrintMethods.h"
"Variables.h"

<string.h>
<iostream=
<stdio.h>
<iomanip>
=time.h>

std;

PrintFile( *fName)

FILE *f;

¥ = fopen(fName, "w");
if(F==NULL)

i

return

}

for( i=8; i=M+1; i++)
i

for( j=0; j<N+1; j++)
i

fprintf(f, "%21.201F\t" , x[j1[i]);
}
fprintf(f, "\n");
}

fclose(f);

return




PrintLog(time_t rawtimel, time_t rawtime2)

FILE *f;

¥ = fopen("Log.txt", "a+");

if(f==NULL)

¥
L

return
1
¥

fprintf (£, "N n" NJ);

fprintf (£, "M n",MJ;

fprintf(f,"s %s",ctime (Grawtimel));
fprintf(F, d:\t: ,ctime (&rawtime2));
fprintf(f, ]

feclose(f):

return

FileName( *_FileName,

n;
_FileName[8] = *'\@8"';

if (i==1) sprintf
; ) sprintf
sprintf

sprintf

sprintf

sprintf

_FileName, "File\\U.prn
_FileName, "File\\V.p
_FileName, "File\\S.prn")
_FileName, "File\\Ul.prn"):
_FileName, "File\\V1.prn");
_FileName, "File\\S1l.prn"J};
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> Source.h s Source.cpp

Bifurkacia

wheil ;
#miu;

=_FileName;

MethodsMath _MethodsMath;

Caleulation

40



Calculation()

s[j+11[e]
s[j+11[mM]

J*Cpowl((u[§1[1]-uljI[i-11)/h ,2) + powl(Cv[3][i]-v[§][i-1

_f1[i] = -v[j1[i];

_F2[i] = -u[jI[4];

-ali] «powl(s[j+1][1], ALF:
_b[i] = d*powl(s[j+1][i+1], ALf:
_cli] = 1+_alil+_b[il;

}

niufe] = v(x[el, t[j+1]1);

niuf1] = v(x[m], t[j+1]1);

_MethodsMath. Factorization(_v, M

niufe] = u(x[el, t[j+11);
niu[1] = u(x[Ml, t[j+11);
_MethodsMath.Factorization(_u, M, _a, _c, _b, k81, niu, _i

vlj+11li] = _v[i];
ulj+11[i] = _u[il;
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Bifurkacia: :Print()

printf("\n\nStart Printyn");

FileName(_FileName, 1);
if (PrintFile(u, _FileName)

J
L

printf("ver moxerxda monacemebis chawera\n");

FileName(_FileName, 2);
if (PrintFile(v, _FileName)
i
printf("ver moxerxda monacemebis chawera\n");

FileMame(_FileName, 3);
if (PrintFile(s, _FileName)
i
printf("ver moxerxda monace chawera\n");

FileMame(_FileName, 4);
if (PrintFile(ul, _FileName)
{
printf("ver moxerxda monace chawera\n");

FileName(_FileName, 5);
if (PrintFile(vl, _FileName)
i
printf{"ver moxerxda monacemebis chawera\n");

FileName(_FileName, 6);
if (PrintFile(sl, _FileName)
i

printf({"ver moxerxda monacemebis chawera\n");

printf("End Printi\n\n");

» main.cpp
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