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BCTYII

VY Ham Jac comiaibHi MEpeki CTalld HEBiI €MHOIO YaCTHHOIO MOBCSIKICHHOTO
OyTTs. BoHM MIMPOKO BUKOPHUCTOBYIOTHCA, SIK CTPYKTYpa, y YHCIEHHUX HAyKOBHUX
po0oTax Ta MarOTh MEPCHEKTUBH y MOAAJBIINX AOCIKEHHAX. Y PoOOTI, 10 HAIIOi
yBaru Oyne mpeicTaBiIeHa JWHAMIKA PO3MOBCIOMKEHHS 1H(OpMarlii B coIliadbHUX
Mepekax. BoHa, Hampukiaz, Onucye, siK MIBUAKO MOUIMPIOIOTHCS HOBUHU Ta MOl Yy
CaiTi a00 JomoMarae y poO3MOBCIOUKEHHI PEKJIaMH, IMIUPOKO BHKOPUCTOBYIOTHCS Y
3axucTi 1HPopMallii. ¥ Takux cdepax, sIK COILIOJOTIS Ta €BOJIOIINHA TCHUXOJIOTIS,
371aTHa MOSICHUTU OCOOJIMBOCTI JIFOACHKOT OBEIIHKY.

Po3noBcromkeHHs JyMOK Ta 1H(pOopMallii y COLlalbHIUX MEPEKAX JTYKE CXOKE 3
€BOJIIOLIMHUMU MpoliecaMu eKkojoriyHux cuctem[8]. Came ToMy, AJii BUBYEHHS Ha
aHaJli3y JMHAMIYHUX MPOLECIB Y COLIAJBHUX MEpEkax MU CHHPAEMOCH Ha TEOPIIO
€BOJIIOLIITHOI AMHAMIKH, a caMe €BOJIIOLIMHUX 1rop Ha rpadi. Y OCHOBHIN YacTHHI
po3misigaeTbest  ABI  eBonmoIidHI  rpu  «Kaminb-HOXuUIi-mamip» Ta  «/umema
yB’SI3HEHOTO». BOHM € ayXe IIMPOKO PO3MOBCIOIKEHUMH, $K THUIIOBI MOJENI
€BOJIIOLIITHOT AMHAMIKH Y BUBYEHHI JIFOJICHKOT MOBEIIHKYU Ta Y PO3MOBCIOKEHHI JYMOK
y COIiyMi.

JI71sl KO)KHOI TPU BUBYAETHCS JUHAMIKA B OJHOPIIHIN MOMYJNSIIi HA MOBHOMY
rpadi Ta auHaMiKa 3 TpbOMa pI3HUMU MpaBUJIAMU «OOHOBIICHHs». TakuMu K,
«HAPOJIKEHHSA-CMEPTh», «CMEPThb-HAPOIKEHH» Ta «IMITALls», OAHAK LI IpaBUIIA
3aCTOCOBYIOThCSl ISl JMHAMIKA Ha peryispHoMy rpadi 3 (ikcoBaHOI KUIBKICTIO
CYCIJIiB.

JIist onucaHHS €BOJIIOLIIMHUX TPOLECIB s BUKOPUCTOBYBaJA PIBHSHHS-
peruTiKaTop, ofHe 3 PyHIaMEHTAILHUX PIBHSIHB €BOJIOIIITHOT ArHaMiku. BoHo omnucye
€BOJIIOLII0 YaCTOT CTpareriil y momynauii. Y pe3yaprari JOCHIIKEHb MU 3HAXOIUIN
MOJIOKEHHS CTaOUIbHOCTI Ta piBHOBary Hema, npuBoaunu rpadiku JUHAMIKH
HOMYJSLIN Ta aHAI3yBaJIX iX Ha CTaO1IbHICTb.

I'py «KaMiHb-HOXHITI-TIAIIIP», SIK €BOJIOLINHY, HEPIIKO OepyTh 3a MOJEIb MPHU
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BHBYCHHI €KOJIOTTYHUX MPOLECIB. bi0JOTH BUKOPUCTOBYIOTh TUTSUY TPY, SIK MOJEJb,
JUISL OTNKCY B3Aa€EMOBIJHOCUH MK BUAaMH. MareMaTH4YHO OMUCYEThCA PIBHSIHHSIM-
PEIUIMKaTOPOM U 3alHUCYEThCSl y BUINSIAI CHUCTEMH HENMIHIMHUX AUQepeHIInHuX
piBHsHB. «Jlunema yB’SA3HEHOTO» OJIHa 3 HaWOUIbIIE BUBYCHHX IrOp, SIKA OIMHCYE
aJBTPYICTUYHI BITHOCHHU MK OpraHi3aMaMu Ta JUHAMIKY JIFOICHKOT MOBEIIHKH.
['pacdiune 300paskeHHS AUHAMIKH PO3MOBCIOMKEHHS 1HGOpMAIIii , TOBOPUTH HAM
PO CTaH €BOJIIOIIMHOT TUHAMIYHOI CHCTEMU Y 1iioMy. Ha rpadikax mpoiqrocTpoBaHo
¢da3oBi mopTpeTH, e GazoBa TPAEKTOPIS Ta TOUKA IIEHTPAIHHOI PIBHOBArM yKa3ylOTh
Ha XapakTep CTaOLIbHOCTI CHUCTEMHM Yy BUNAAKY OJHOPIAHOI MOMYJALII Ta IpaBUI
«OOHOBJIEHHS». Y BUCHOBKAX MU aHAJII3yeEMO OTPUMaHi pe3yJabTaTH, MOPIBHIOEMO iX
TEOPETUYHUMHU MaTepiajaMu Ta 3 BXKE BUBUYCHUMHU MOJEIISIMHU, MiAOUBAEMO MiICYMKHU

Halmux I[OCJ'IiI[)KeHB.
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RESEARCH RESULTS

The evolution process of decision — spreading in social networks was build, using

evolutionary games theory and updating rules for evolutionary dynamics.

The decision — spreading dynamic in a ‘well- mixed’ population could be described

by equation:

x =x;(fi — @),

n —_ . — n . _ n Lo

In a regular graph of degree k£ — by equation:

X =x;[Xiq xj(a;; + bij) — @)];

We described two models based on “Prisoner’s Dilemma” and “Rock-Scissors-
Paper” game and used three different update rules for the evolutionary dynamics,
which based on the rules of copying the most successful individuals from the entire

population.

Moving evolutionary game dynamic from a well-mixed population onto a
structured population of degree k is simply described by a transformation only the

payoff matrix.

The model of decision-making dynamic process was described through “Prisoner’s
dilemma”. We built an evolution process and compared our experimental results
with results by [4]. Where ‘Defection’ always win ‘Cooperation’ in well-mixed
population and in population with BD updating. In contrast, stability was changed

in DB and IM updating. In PD model we could fix a ESS, the situation where



32

everybody defect and that also a Nash equilibrium. It means that is not optimal for
players change an optimal strategy to another strategy and dynamic of the system

stay stable when one of the players decide to change behavior to “Cooperation”.

The evolutionary dynamic model of opinion-spreading process was derived based
on RSP game. We built an evolution process and compared our experimental results
with results by [4]. In addition, we graphically illustrated the dynamic of evolution
process in homogenous population comparing to structured population with degree
k. As could be observed, that internal equilibrium in WM and BD is unstable
without reference to k. In DB and IM, the IE of the system becomes a global
attractor of the dynamics. However, if k > 5, the IE is changed and becomes
unstable. The internal equilibrium of evolutionary dynamic process are not

coincided with Nash equilibrium of a static game.

In conclusion, if density of neighbors of social networks on the graph is large
enough, the equilibrium state is not stable. The consequences spread quickly, even
with small amount changes in decisions. However, there is very effective opinion-
spreading method, which does not exist with small amounts of ‘friends’ in social

network.
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function WM

[Tl Ml]=oded45 (@wm3, [0,4], 0.0);
[T2 M2]=oded5 (@wm3, [0,4], 1.0);
[T3 3]1=0de45 (Q@wm3, [0,4], 0.9);
[T4 M4]=0ded5 (Qwm3, [0,4], 0.1);
[T5 5]=0de45 (Q@wm3, [0,4], 0.4);
$[T2 M]=oded5 (@wm3, [0,4], 1);
X1=M1(:,1);

X2=M2 (:,1);

X3=M3(:,1);

X4=M4 (:,1);

X5=M5(:,1)

1)
subplot(2,2,1),
$figure (1),
plot (T1,X1, 'm-', 'LineWidth', 3) ;hold
on; plot(T2,X2,'r-
', '"LineWidth', 3) ;hold
on;plot (T3,X3) ;hold
on;plot (T4,X4);plot (T5,X5);
title('well-mixed');

function du = wm3( t,u )

x = u(l);

sy = ul(2);

k = 3;

c =3;

du = zeros(1l,1);

du(l) = x*(1-x)*(-c);

end

[Tl M1]=oded5 (@bd3,[0,2], 0.0);
[T2 M2]=o0ded5 (@bd3, [0,2], 1.0);
[T3 M3]=oded5 (@bd3, [0,2], 0.9);
[T4 M4]=oded5 (@bd3, [0,2], 0.1);
[T5 M5]=o0ded5 (@bd3, [0,2], 0.4);
X1=M1(:,1);

X2=M2(:,1);

X3=M3(:,1);

X4=M4 (:,1);

X5=M5(:,1);

subplot (2,2,2),

$figure (2),
plot(T1,X1, 'm-', 'LineWidth', 3) ;hold
on; plot(T2,X2,'

', '"LineWidth', 3) ;hold

on;plot (T3,X3);hold
on;plot (T4,X4) ;plot (T5,X5);
title('birth-death');

function du = bd3( t,u )

x = u(l);

c = 6;

k = 30;

du = zeros(1l,1)

du(l) = x*(1-x)*(-c)*k/ (k-2);
end
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APPENDIX A

[T1 ]=0de45 (@db3, [0,2], 0.0);
[T2 M2]=o0ded5 (@db3, [0,2], 1.0);
[T3 M3]=o0ded5 (@db3, [0,2], 0.9);
[T4 M4]=o0ded5 (@db3, [0,2], 0.1);
[T5 M5]=o0ded5 (@db3, [0,2], 0.4);
X1=M1(:,1);

X2=M2 (: )

X3=M3(:,1);

X4=M4 (:,1);

X5=M5(:,1);

subplot (2,2, 3),

$figure (3),

plot(T1,X1, 'm-"'
on; plot(T2,X2,
', '"LineWidth', 3) ;hold
on;plot (T3,X3);hold
on;plot (T4,X4) ;plot (T5,X5);
title('death-birth');
function du = db3( t,u )

, 'LineWidth'

du(l) = x*(1-x)* (b-k*c)*k/ (

]=0de45(@im3, [0, 2]
]=0de45(@im3, [0, 2]

T3 M3]=o0ded45(Q@im3, [0,2],
] ( [0,2]
] ( [0,2]

4]1=0de45 (@im3,
=0de45 (@im3,

(:,1);

X2=M2(:,1

X3=M3 (

X4=M4 (:,1

X5=M5(:,1);

subplot(2,2,4),

plot (T1,X1, 'm-"'

on; plot(T2,X2,

', 'LineWidth', 3) ;hold

on;plot(T3,X3) ;hold

on;plot (T4,X4);plot (T5,X5);

title('imitation');

function du = im3( t,u );

x = u(l);

k = 3;

c = 6;

b = 10;

du = zeros(

du(l) = x*(

(k+2) *c *k/

end

end

) ;
1);

)7

)

1)
) * (b=

1,
1-x
((k+3)* (k-2));

oN ool o]

, 'LineWidth',

,3);hold

(k+1) * (k-

~e

o N

~.

I e Ch e o]
~

~e

3);hold
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APPENDIX B

(. _ 378k + 2550k® + 2770k® — 17108k” — 63434k® — 44970k5 + 260862k* + 456840k> — 474120k? — 738720k + 590976
| " 594/10 + 3894k9 + 7748k + 3640k — 22208 * k6 — 108697k5 — 135342k* + 83880k3 + 320031k2 + 248508k — 434484
{ 126k + 738k° + 1630k® + 948k7 — 8343k® — 23062k> — 14220k* + 10080k3 + 118611k? + 129276+ k — 240084

X1

2 = 5g4k10 + 3894k + 7748Kk° + 3640k’ — 22208k — 108697k5 — 135342k* + 83880k® + 320031k? + 248508k — 434484°
_ 252k + 2064k° + 7971k8 + 15435k7 — 3750k® — 84366k> — 166881k* — 47421k% + 369684k? + 301644k — 369360

T 594k10 + 3894k° + 7748k® + 3640k7 — 22208k6 — 1086975 — 135342k* + 83880k? + 320031k2 + 248508k — 434484

X3
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APPENDIX C

syms x1 x2 x3 k ;

%k = 3;

%$birth-death

X = [x1; x2; x31;

A [0 (-1-6/(k-2)) (4+3/(k-2)

(L + 6/(k-2)) 4 (-4/(k-2))

(-1-3/(k-2)) (6+4/(k-2)) 2

B = A*X;

P =(3.*"x1.*x2 + 6.*x2.*x3 + 4.*x2.*x2 +2*x3*x3);

F1 =X .* (B - P);

soll = solve (Fl);

soll.x1l

soll.x2

soll.x3

$well-mixed

sol = solve('-x2 + 4*x3 - (3.*x1.*x2 — 6.*x2.*x3 — 4.*x2.*x2 -

2*x3.*x3) ", "x1+4*x2 - (3.*x1.*x2 + 6.*x2.*x3 + 4.*x2.*x2 +2*x3.*x3) "', '-x1+6*x2

+2*x3 = (3.*x1.*x2 + 6.*x2.*x3 + 4.*x2.*x2 +2*x3.*x3)"');
$death-birth

X = [x1; x2 x3];

A = [0 (=1-(2+4* (k+1))/ ((k+1)*(k=2))) (4+(5-2*(k+1))/ ((k+1)* (k-2))
(1 + (2+4* k+1 Y/ ((k+1)* (k- 2))) 4 ((=6+2* (k+1))/ ((k+1)*(k=2)));
(=14+(2* (k+1)-5)/ ((k+1)*(k=-2))) (6+(6—2*(k+l))/((k+ ) * (k- 2))) 2

B = A*X;

P =(3.*x1.*x2 4+ 6.*xX2.*x3 + 4.*x2.*x2 +2*x3*x3);

) 7
]

’

)7
]

’

F2 X .* (B - P);

sol2 = solve (F2);

%imitation

X = [x1; x2; x31;

A = [0 (-1-(6+4* (k+3))/ ((k+3)*(k-2))) (4+(15-2*(k+3))/ ((k+3)*(k=-2)));
(1 + (6+4*(k+3))/((k+ )*(k=2))) 4 (=(=18+2*(k+3))/ ((k+3)*(k-2)));
(=14 (2% (k+3) =15) / ((k+3) * (k=2))) (6+(18-2* (k+3))/ ((k+3)*(k-2))) 2];

B = A*X;

=(3.*x1.*x2 + 6.*x2.*x3 + 4.*x2.*x2 +2*x3*x3);
=X .* (B - P);

= solve (F3);

|

3
sol3
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APPENDIX D

function odeWm
=[0.4; 0.2; 0.4];
=[0.4; 0.2; 0.4];
[T,Y]=0ded5 (@funl, [0 80],Y1);
[T,Y1l]=0ded5 (@funl, [0 25],Y1);
[T,Y2]=0ded5 (@funl, [0 25]1,Y2);
$[T,YB]=0ded5 (@funl, [0 250],Y2);% pemaeM CUCTEM
figure(2), plot3(Y(:,1),Y(:,2),Y(:,3), " 'LineWidth',2),hold on;
plot3([0.5,0.5],[0.2,0.21,(0.4,0.4], 'mo-
', '"MarkerEdgeColor', 'k', '"MarkerFaceColor',[.49 1 .63], '"MarkerSize',10);
view (2) ;
title('well-mixed') ;xlabel( 'x coordinate' ); ylabel( 'y coordinate' ); =zlabel(
'z coordinate' );
grid on;
figure(l), plot3(Y1(:,1),¥1(:,2),Y¥1(:,3),"'g-", 'LineWidth',2),hold on;
plot3([0.4,0.4]1,[0.2,0.2],[0.5,0.5], 'mo-
', '"MarkerEdgeColor', 'k', '"MarkerFaceColor',[.49 1 .63], '"MarkerSize',10);hold on;
plot3(Y2(:,1),Y2(:,2),Y¥2(:,3),"'r-","'LineWidth"', 2)
view (2) ;
title('well-mixed');xlabel( 'x coordinate' ); ylabel( 'y coordinate' ); zlabel (
'z coordinate' );
grid on;

function Fl=funl(x,y) % nonbyHKUMS NPaBO¥ YaACTU CUCTEME

k = 3;

X = [y(1); y(2); y(3)]1;

A = [0 (-1-6/( )) (4+3/( 2)) 7
(1 + 6/(k=-2)) 4 (-4/(k-2));
(-1-3/(k=-2)) (6+4/(k=-2)) 21;

A0 = [0 -1 4;

14 0;
-1 6 271;

$B = A*X;

C = AO0*X;

$Xi' = Xi* ((AX)1 - X*(AX));

P = 3*y(1)*y(3) + 6*y(2)*y(3) + 4*y(2)*y(2) + 2*y(3)*y(3);
F1 =X .* (C - P);

end
birth-death

function odeBD
=[0.2; 0.3;
=[0.4; 0.2;
Y3=[0.4; 0.2;
=[0.4; 0.2;
$birth-death
[T,Y]=0ded5 (@funl, [0 2507,Y1
[T,Y1l]=0ded5 (Qfunl, [0 25],Y1
[T,Y2]=0ded5 (@funl, [0 25],Y2
[
[

. N

0.4
0.4];
0.4];
0.4

[ 1

’

) 4
)7
)
TT,Y3]=0ded5 (@funl0, [0 25],Y
TH,Y4]=0ded45 (@funl00, [0 257, ;
$[T,YB]=0ded5 (@funl, [0 2507, % pemaeM CuUCTEM
figure (2), plot3(Y(:,l),Y(:,2), (:,3), 'LineWidth',2),hold on;
plot3([0.4,0.41,10.2,0.2],[0.5,0.5], 'mo-
', '"MarkerEdgeColor', 'k', '"MarkerFaceColor',[.49 1 .63], '"MarkerSize',10);hold on;

3)7
Y4)
2);



plot3([0.3,0.3],[0.2,0.21,[0.4,0.4]1, 'co-

', '"MarkerEdgeColor', 'r', '"MarkerFaceColor',[.49 1 .63], '"MarkerSize',20);
view (2);

title('birth-death');xlabel( 'x coordinate' ); ylabel( 'y coordinate' );
zlabel ( 'z coordinate' );

grid on;

figure (1), plot3(Y1(:,1),Y1(:,2),Y1(:,3), 'LineWwidth',2),hold on;
plot3([0.4,0.4],[0.2,0.21,[0.5,0.5], 'mo-

', '"MarkerEdgeColor', 'k', '"MarkerFaceColor',[.49 1 .63], '"MarkerSize',10);hold on;
plot3(Y2(:,1),Y2(:,2),Y¥2(:,3),'m-", 'LineWidth"', 2)

view (2) ;

title('birth-death');xlabel( 'x coordinate' ); ylabel( 'y coordinate' );
zlabel ( 'z coordinate' );

grid on;

figure (3), plot3(Y3(:,1),¥3(:,2),Y3(:,3), " 'LineWidth',2),hold on;
plot3(Y4(:,1),Y4(:,2),Y4(:,3), 'm-", 'LineWidth',2);

view (2) ;

title('birth-death');xlabel( 'x coordinate' ); ylabel( 'y coordinate' );
zlabel ( 'z coordinate' );legend('k=10"', 'k=100");

grid on;

function Fl=funl (x,y) % nombdyHKUMS IIPaBOM YACTU CUCTEMEL
k = 3;
X = [y(1); v(2); v(3)1;
A= [0 (-1-6/(k-2)) (4+3/( ) ;
(1 + 6/(k-2)) 4 (-4/(k-2)
(

2)
) 4
1-3/(k=2)) (6+4/(k=-2)) 21;

1 4 0;
-1 6 21;
B = A*X;
$C = AO*X;
SXi' = Xi* ((AX)i - X* (AX));

P = 3*y(1)*y(3) + 6*y(2)*y(3) + 4*y(2)*y(2) + 2*y(3)*y(3);
F1 =X .* (B - P);

end

function F1l=funlO(x,y) % nomdyHKUMS NPaBO¥ YACTU CUCTEME

k = 10;

X = [y(1); y(2); y(3)1;

A= [0 (-1- 6/( 2)) (4+3/( 2));
(1 + 6/( )) 4 (-4/(k-2));
(-1-3/¢( (6+4/(k-2)) 21;

A0 = [0 -1 4;

14 0;
-1 6 2];

B = A*X;

%C = AO0*X;

SXi' = Xi* ((AX)1 - X*( AX) ) ;

P = 3*y(1)*y(3) + 6*y(2)*y(3) + 4*y(2)*y(2) + 2*y(3)*y(3);
F1 =X .* (B - P);

end

function F1=funlO00(x,y) % nDomdyHKLMS NpPaBO¥ YaCTV CUCTEMH

k = 100;

X = [y(1); y(2); yi(3)1;

A= [0 (-1- 6/ 2)) (4+3/(k-2));
(1 + 6/ ) 4 (-4/(k-2));
(=1-3/¢( (6+4/ (k-2)) 21;

A0 = [0 -1 4;

14 0;
-1 6 2];
B = A*X;

$C = AQ0*X;
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eath-birth

unction odeDB

1=[0.5; 0.1; 0.41;
2=[0.1; 0.3; 0.5];
3=[0.3; 0.3; 0.4];

$death-birth

Y]=o0de45 (@fun2, [0 25
T Y1l]=o0ded5 (@fun2, [0 2
T,Y2]=0ded5 (@fun2, [0 2
TH,Y3]=0ded5 (@fun2100,
figure (3), plot3(Y(:,1
itle('death-birth');
label ( 'x coordinate'
rid on;

igure (1), plot3(Y1l(:,1
lot3([0.2,0.2],[0.1,0.

, 'MarkerEdgeColor', 'k',

lot3(Y2(:,1),Y2(:,2),Y
iew (2);
itle('death-birth');x1
label ( 'z coordinate'
rid on;

figure (2), plot3(Y3(:,1

plot3(Y1(:,1),Y1(:,2)
itle('death-birth');le
label ( 'x coordinate'

rid on;
unction Fl=fun2(x,y) %
k = 3;
= [Y(l); vy(2); y(3)1;
A = [0 (=1-(2+4* (k+1))/(
(1 + (2+4* (k+1))/(
(=1+(2* (k+1)-5) / ((
0 = [0 -1 4;
14 0;
-1 6 2];
= A*X;
C = AQ0*X;
Xi' = Xi* ((AX)1 - X*(
= 3*y(1)*y(3) + 6*y(2
1 =X .*(B - P);
nd
unction F1=fun2100 (x

f

k = 100;

X = [y(1l); y(2); v(3)]1;

A = [0 (-1-(2+4*(k +1))/
(l + (2+4* ( k+l))/
(=1+ (2% (k+1)-5)/ ((k

A0 = [O -1 4;

14 0;

(k+1) * (k=2))) (

0],Y1
5],Y1
5],Y2
0 25

(

4

[

) 4
), Y ,Y(:,3), 'LineWidth', 2) ;view (2) ;

); ylabel( 'y coordinate' ); zlabel( 'z coordinate' );

),Y¥1(:,2),Y1(:,3), ' 'LineWwidth',2),hold on;
11,[0.9,0.9], 'mo-

2(:,3),'"'c="', 'LineWidth', 2)

'MarkerFaceColor', [.49 1 .63], '"MarkerSize'

»10)

abel ( 'x coordinate' ); ylabel( 'y coordinate'’

)7

gend ('k=100", 'k=3");

y,Y3(:,2),Y3(:,3),'-m', 'LineWidth',2);hold on;
,Y1(:,3),"'LineWidth', 2) ;view(2);

;hold on;

)7

); ylabel( 'y coordinate' ); zlabel( 'z coordinate' );

HO,I[(l)yHKLU/IH HpaBOI?II YacTr CHUCTEMEL

k+1) (k=2))) (4+(5-2* (k+1) )/((k+1 ( 2)
(k+1)* (k- 2))) 4 ((-6+2*(k+t1))/ ((k+1)*(k-2))
6+(6—2*(k+1))/((k+1) (k 2)))

AX));
)*y(3) + 4*y(2)*y(2) + 2*y(3)*y(3);

V) % nomdyHKLMS IPaBoO¥ YacTU CUCTEME

((k+1)*(k=2))) (4+(5-2*(k+1))/ ((k+1) ( 2)
(k+1)* (k=2))) 4 ((=6+2* (k+1))/ ((k+1)* (k-2))
+1) *(k=2))) (6+(6-2* (k+1))/ ((k+1)*(k=2)))

)
)
2

)
)7
2

)i

1:

)i

17

’

’

’

’
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-1 6 2];
B = A*X;
$C = AO0*X;
$X1i' = Xi* ((AX)i - X* (AX));
P = 3*y(1)*y(3) + 6*y(2)*y(3) + 4*y(2)*y(2) + 2*y(3)*y(3);

F1 =X .*(B - P);
end

end

function IM
Y0=[0.3;0.4;0.4
Y2 =[0.4;0.4;0.
Y3 =[0.3;0.3;0.
Y4 =[0.3;0.3;0.47;

% BEKTOpP HaYaJlbHBIX yCHOBMM
Y]=oded5 (@fun3, [0 250],

17
21;
4]

’

’

[T 0);

[T Yl]=oded45(@fun3, [0 25],Y0);

[T,Y2]=0ded5 (@fun3, [0 25],Y2);

[T,Y3]=0ded5 (@fun310, [0 25],Y3),
[T,Y4]=0ded5(@fun3100, [0 25],Y4) ;% pemaeM CHUCTEM

figure (1), plot3(Y(:,1),Y(:,2),Y(:,3), " 'LineWidth',2); view(2);
title('imitation');xlabel ( 'x coordinate' ); ylabel( 'y coordinate' ); zlabel(
'z coordinate' );

grid on;

figure(2), plot3(Y1(:,1),Y1(:,2),Y1(:,3), 'LinewWidth',2);hold on;
plot3([0.16,0.16],[0.18,0.18],[0.8,0.8], 'mo-

', '"MarkerEdgeColor', 'k', '"MarkerFaceColor',[.49 1 .63], 'MarkerSize',10);hold on;
plot3(Y2(:,1),Y2(:,2),¥Y2(:,3),"'g-", 'LineWidth',2) ;view(2);
title('imitation');xlabel( 'x coordinate' ); ylabel( 'y coordinate' ); zlabel(
'z coordinate' );
grid on;

figure (3),plot3(Y4(:,1),Y4(:,2),Y4(:,3),"'-c','LineWidth',2);hold on;
plot3(Y1(:,1),Y1(:,2),Y1(:,3), 'LineWidth',2) ;view(2);
title('imitation');xlabel ( 'x coordinate' ); ylabel( 'y coordinate' ); zlabel(
'z coordinate' );legend('k=100"', 'k=3");

grid on;

function F3=fun3(x,y) % nombyHKUMS NpPaBO¥ YACTU CUCTEME

k = 3;

X = [y(1); y(2); v(3)];

A = [0 (—l—(6+4*( +3))/ ((k+3)* 2))) (4+(15-2*(k+3))/ ((k+3)*(k-2)));
(1 + (6+4*(k+3))/((k 3) * (k- 2))) 4 (- (-18+2* k+3))/((k+3) (k=-2)));
(=14+(2* (k+3)-15)/ ((k+3) *(k-2))) (6+(18-2*(k+3))/ ((k+3)*(k-2))) 21;

A0 = [0 -1 4;

14 0;
-1 6 2];

B = A*X;

$C = AO0*X

$Xi' = Xi* ((AX)i - X* (AX));

P = 3*y(1)*y(3) + 6*y(2)*y(3) + 4*y(2)*y(2) + 2*y(3)*y(3);

F3 =X .*(B - P);

function F3=fun310(x,y) % ODOmOYHKLMS NPaBO¥ YaCTU CUCTEMH

k = 10;

X = [y(1); yv(2); v(3)]1;

A = [0 (-1-(6+4* (k+3))/ ((k+t3)*(k=-2))) (4+(15-2*(k+3))/ ((k+3)*(k-2)));
(1 + (6+4*(k+3))/((k ) (k- 2))) 4 (- (-18+2*(k+3)) /((k+3 (k=2))):
(=1+(2* (k+3) 5)/ ((k+3)*(k=2))) (6+(18-2*(k+3))/ ((k+3)* (k- 2))) 21;



A0 = [0 -1 4;

(2

14 0;
-1 6 2];
B = A*X;
%C = A0*X;
$Xi' = Xi* ((AX)1 - X*(
P = 3*y(1)*y(3) + 6*y
F3 =X .*(B - P);
end

function F3=fun3100 (x,

)
))
/
/

1i

(
(

k = 100;
X = [y(1); y(2); (3
A = [0 (-1-(6+4* (k+3
(1 + (6+4*(k+3))
(-1+(2* (k+3)-15)
AQ = [O -1 4;
14 0;
-1 6 2];
B = A*X;
$C = AQ0*X;
$Xi! Xi* ((AX)1i - X*(

P = 3*y(l)*y(3) + 6*y
F3 =X .*(B - P);
end

end

(2

AX
)

¥)

)/
(
(

(
k
k

AX
)

));
*y(3) + 4*y(2)*y(2) + 2*y(3)*y(3);

% nomdyHKLUMS IMIPaBO¥ YACTU CUCTEMEL

(k+3) * (k=2))) (4+(15-2* (k+3))/ ((k+3)*
+3) * (k- 2))) 4 (- (-18+2* (k+3)) /((k+3
+3)* (k=2))) (6+(18-2* (k+3))/ ((k+3

));
*y(3) + 4ry(2)*y(2) + 2%y (3)*y(3);

(k
(k

2))
2))

*(k=2)))

)
)
2

] .

’
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