Nagriné¢kime aukos - plésrino modelj:
E =0 2x-0.005xy,
i

.:;t’_y =05y +001xw
i

x(0) =770, (0 =40 individy.

Tarkime, kad pradiniu laiko momentu populiacijose atitinkamai buvo

>restart;with(plots):

Randame sistemos ramybés taskus:

>f£f1:=0.2*%x-0.005*x*y:£f2:=—

0.5*y+0.01*x*y:ramybe:=solve ({£f1=0, £2=0}, {x,v});
ramybe :={x=0.,y=0.}, {x=50.,y=40.}

Sudarome linearizacijos matrica:
>
1[1,1]:=diff(f1,x):1[1,2]:=diff(fl,y):1[2,1]:=diff (£2,x):1[2,2]:=diff
(£2,y) :
>L:=Matrix(2,2,1);
_ {0.2 -0.005y —0.005 x }

0.01y -0.5+0.01 x

Tiriame ramybés taska (50,40):
sudarome linearizacijos matrica Siame taske
>gl:=subs (ramybe[2],L);
0. -0.250
gl ::{ }

0.40 0.

Sudarome tiesing lyg€iy sistema:
>1lygtis_1:=diff (x(t),t)=gl[1,1]*x(t)+gl[1l,2]*y(t);

lygtis_1 = jt x(1)=-0.250 y(1)

>1lygtis_2:=diff(y(t),t)=gl[2,1]*x(t)+gl[2,2]*y(t);
lygtis_2 = jt y(t)=0.40 x(1)

ISsprendziame sudarytaja DL sistema: surandame auky ir pléSruny skaiciaus kitimo bégant laikui
funkcijas:
> spr:=dsolve({lygtis_1,1lygtis_2});

spro={x(t)=_CI sin(mtj+_c2 cos[mt}
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Atliekame koordinaciy pakeitima (kad fazinj portreta matytume ramybeés taske) ir surandame sprendini,
atitinkantj prading salyga:




>11:=subs (x(t)=u-50,spr[l]);
[l =u-50=_°CI sin(

el o)

el 10t

>12:=subs(y(t)=v—-40,spr[2]);

12:=v—40=g ( C]cos(
sys :={u-50=_CI sin( 10 tj+_ s(

>sys:={11,12};

5
10 J
r-s0=3 10— cren{ g e g

> sistema:=subs ({t=0,u=70,v=40}, sys);
2
sistema = {0 = 5“/ 10 (—_CI cos(0)+ _C25sin(0)),20=_CI sin(0) + _C2 cos(0) }

> sprl:=solve(sistema, {_Cl,_C2});
sprl .={_Cl1=0,_C2=20}

>sp_uv:=subs({_Cl = rhs(sprl[l]), _C2 =
rhs (sprl[2]) },sys);sp_u:=solve(sp_uv[l],u);sp_v:=solve(sp_uv|[2],V);

(10t 410 ¢
{ u—50.00000000 = 20. cos , v —40.00000000 = 8.000000000 sin| 10
10 10
}

sp_uv :={u—-50=20 cos[@t} v—40=28 sin( 18 t]m}
sp_u =20 cos( 10 t)+ 50

10

sp_v:=8 sin(@tjm+40

Nubréziame sprendinio grafika, kuriame eliminuota priklausomybé nuo laiko. Matome kaip kinta auky
ir plésruny populiacijos viena kitos atzvilgiu:
>plot([sp_u, sp_v, t=0..540]);
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Dabar pavaizduosime sistemos sprendinius, atitinkancius prading salyga - auky ir plésriny skaiciaus
kitima bégant laikui:
>
auka:=plot (sp_u,t=0..100,color=red) :plesrunas:=plot (sp_v,t=0..100,col
or=blue) :
>display ({auka,plesrunas});



0
t

Norédami nubréZti fazini portreta Siame ramybés taske, parenkame daugiau pradiniy salygu:

>for i from 1 by 1 to 10 do

sistemal:=subs ({t=0,u=5+10*i,v=10*i}, sys) :sprl:=solve(sistemal, {_C1,_
C2}) :spl_uv:=subs({_Cl = rhs(sprl[l]), _C2 =

rhs (sprl[2])},sys) :spl_u:=solve(spl_uv[1l],u) :spl_v:=solve(spl_uv[2],vVv
) :pav[i] :=plot ([spl_u, spl_v, t=0..540]) :end
do:display({pav[1l],pav[2],pav([3],pav[4],pav[5],pav([6]});

>
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Tiriame ramybés taska (0,0):
sudarome linearizacijos matrica Siame taske

>g2:=subs (ramybe[1l],L);
5. 0.2 -0.
=0, 05
Sudarome tiesing lyg€iy sistema:
>1lygtis_11:=diff (x(t),t)=g2[1,1]*x(t)+g2[1,2]*y(t);
d
lygtis_11 := a x(1)=0.2x(1)

>lygtis_21:=diff (y(t),t)=g2[2,1]*x(t)+g2[2,2]*y(t);



lygtis_21 := jt y(t)=-0.5y(1)

ISsprendziame sudarytaja DL sistema: surandame auky ir pléSruny skaiciaus kitimo bégant laikui
funkcijas:
>spr2:=dsolve({lygtis_11,1lygtis_21});

IS

Atliekame koordinaciy pakeitima (kad fazinj portreta matytume ramybeés taske) ir surandame sprendini,
atitinkantj prading salyga:
>111:=subs(x(t)=u-0,spr2[1]);

spr2 :={x(t)=_Cle ",y(t)=_C2e

5)

1] =u= _Cle

-

>121:=subs(y(t)=v-0,spr2[2]);

21 . =v=_C2e

5)

>sistemal:=subs({t=0,u=70,v=40}, sysl);
sistemal = {40=_C2¢e°,70=_CI e°}

>sysl:={111,121};

_t
sysl = {u=_Cle ,v=_C2e[ zj}

> spr2l:=solve(sistemal, {_C1l,_C2});
spr2l :={_CIl=70,_C2=40}

>spl_uv:=subs({_Cl = rhs(spr21[1l]), _C2 =
rhs (spr21[2]) },sysl);spl_u:=solve(spl_uv|[l],u),;spl_v:=solve(spl_uv[2]
')

! 1
{{u—50.00000000 = 20. cos(@ ! ) v — 40.00000000 = 8.000000000 sin(q ! ) /10

}
50

,v=40¢
L
spl_u =170 e(SJ

(2]

spl_v:=40e

spl_uv:={u=70e }

Nubréziame sprendinio grafika, kuriame eliminuota priklausomybé nuo laiko. Matome kaip kinta auky
ir pléSruny populiacijos viena kitos atzvilgiu:
>plot([spl_u, spl_v, t=0..10]);
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Dabar pavaizduosime sistemos sprendinius, atitinkancius prading salyga - auky ir plésSriny skaiciaus
kitima bégant laikui:

>

auka:=plot (spl_u,t=0..10,color=red) :plesrunas:=plot (spl_v,t=0..10,col
or=blue) :

>display ({auka,plesrunas});
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Norédami nubréZti fazini portreta Siame ramybés taske, parenkame daugiau pradiniy salygu:

>for i from 1 by 1 to 10 do

sistema2:=subs ({t=0,u=100+i,v=10*1i},sysl) :spr3:=solve(sistema2, {_C1, _
C2}) :sp2_uv:=subs({_Cl = rhs(spr3[1]), _C2 =

rhs (spr3[2]) },sysl) :sp2_u:=solve(sp2_uv|[l],u) :sp2_v:=solve(sp2_uv[2],
v) :pav[i] :=plot ([sp2_u, sp2_v, t=0..10]) :end
do:display({pav[1l],pav[2],pav([3],pav[4],pav[5],pav([6]});

>
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