Redeni soustav nelinear nich rovnic

Reeni soustav nelineér nich rovnic uZitim Groebner ovy baze

PRIKLAD: Ur&ete viechna ie3eni soustavy rovnic
C +2y° - 2=0,
X +xy+y - 2=0.

[ > restart,;
[ > f:=x"N2+2*yN2-2; Q. =X"2+X*y+yN2- 2;
fi=xt+2y"- 2
I g =X +xy+y- 2
> plots[inplicitplot]([f,g],x=-10..10, y=-10.. 10, nunpoi nt s=10000, sc
al i ng=constrai ned, col or=[red, bl ue]);

1. Klasicke reSeni

> Res:=solve({f,qa},{x,vy});

L Res:={y=0, x=RootOf(_7*- 2)},{y=RootOf(3_Z*- 2), x = RootOf(3 _7*- 2)}

[ > Resl:=allvalues(Res[1]); Res2:=allvalues(Res[2]);
Resli={y=0,x=92},{y=0x=-42}

Jo _de A6 _ 46
bo{x=-"y=- ")

Res2 :={x=—""—y=
{x="3ny="3

"> P1: =eval ([x,y],Res1[1]); P2:=eval ([x,y],Resl[2]);
P3: =eval ([ x,y], Res2[1]); P4:=eval ([x,y],Res2[2]);

PL:=[4/2,0]
P2:=[-4/2, 0]
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2. ReSeni uZitim Groebnerovy baze
Uréime Groebnerovu bézi idealu generovaného polynomy f, g

> @GB: =G oebner[Basis]([f,g], plex(x,y));
GB:=[-2y+3V -V +xy, ¥ +2y- 2]

V bézi sevyskytuje polynom, ktery obsahuje pouze neznamou y. Ur¢ime jeho nulové body:

> Reseni _y:=solve(&3[1],{y});

E

RﬂmLy:{y=0L{y=j;}iy=- 3}

Jednotliva eSeni pro y postupné dosazujeme do pavodnich rovnic. Dostavame soustavy dvou
rovnic o jedné neznameé x. Ty reSime.

1. y=0

> f_x_1:=eval (f,Reseni _y[1]); g_x_1:=eval (g, Reseni _y[1]);
fx1i=-2+%
gx1=-2+x

"> solve(f_x_1,{x}): solve(g x_1,{x});
{x=42},{x=-12}
i {x=42},{x=-42}

£

2. y=
r> f_x_2. =eval (f, Reseni _y[2]); g_x_2:=eval (g, Reseni _y[2]);
fx2:= =x- =
3
4
gXx2:= X2+ «/75

> solve(f_x_2,{x}): solve(g_x_2, {x})

5, e 55,

{x="3"hix=-7
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3. y=-

J6
3

> f x 3:=eval (f,Reseni _y[3]); g_x_3:=eval (g, Reseni _y[3]);

2
tggB::xz-—
3

1 4

X 3:=x-=x46-=

> solve(f _x 3,{x}); solve(f_x 3,{x});

PRIKLAD: Ur&ete viechna ie3eni soustavy rovnic
Xy -y +3y- 6=0,
xy+f-2y-4=0

[ > restart,;
> 1 =xN2*yN2-yN+3*y-6; g =XFy+yn2-2*y-4;
f:=xXy -y +3y-6
g=xy+y - 2y- 4
"> plots[inplicitplot]([f,g],x=-10..10, y=-10.. 10, nunpoi nt s=10000, sc
al i ng=constrai ned, col or=[red, bl ue]);



Uréime Groebnerovu bézi idealu generovaného polynomy f, g

> @B:. =G oebner[Basis] ([f, g], plex(x,Yy));
GB:=[-10- 19y+4y +4y® -8y’ +28+5x- 3y]

V bézi sevyskytuje polynom, ktery obsahuje pouze neznamou y. Ur¢ime jeho nulové body:
> Reseni _y:=solve(GB[1],{y});

_ -5 -1
R%m'_v:={y=2},{y=;},{y=5}

Jednotlivé ieSeni pro y postupné dosazujeme do pavodnich rovnic. Dostdvame soustavy dvou
rovnic o jedné neznameé x. Ty reSime.

1. y=2

i >yf_x_1: =eval (f, Reseni _y[1]); g_x_1:=eval (g, Reseni _y[1]);
fx 1:=4%- 16

L gx1l=2x-4

[ > Reseni _x_1:=solve({f_x_1,g x 1}, x);

Reseni_x 1:={x=2}

Regeni:
[ > P1: =eval (eval ([ x,y], Reseni _x_1), Reseni _y[1]);
| P1:=[2, 2]
-
L y= >

> f _x_2:=eval (f,Reseni _y[2]); g_x_2:=eval (g, Reseni _y[2]);



5% 841

fx2:=
- 4 16
5x 29
gX2=-—"+—
| 2 4
[ > Reseni _x_2:=solve({f_x_2,g9 x 2}, Xx);
_ 29
Reseni_x 2:={x=—}
L 10
Reeni:
[ > P2:=eval (eval ([ x,Yy], Reseni _x_ 2) Reseni _y[2]);
L - 810’ 2
5y X
L y= >
> f x 3:=eval (f,Reseni _y[3]); g_x _3:=eval (g, Reseni _y[3]);
X 121
f X3 =—7-——
- 4 16
3 x 11
X3:=-—7"-—
L 4x 2 4
> Reseni _x_3:=solve({f_x_3,g9_x_3},X);
_ -11
Reseni_x 3:={x :7}
I;{e%enl':
> P3: =eval (eval ([ X, y], Reseni _x 3), Reseni _y[3]);
b G111 10
82’20

Zavér: Dané soustava nelinearnich rovnic ma nadedujici tii FeSeni
> P. ={P1, P2, P3};

P={[2 2 g@éﬁgﬂig
=il ]e10’2ue2’2u}

Analogie metody Groebnerovy baze s eliminaci soustavy linearnich rovnic

[ > restart;
> rl: =2*x+3*y-2z; r2:=x+y-1; r3:=x+z-3;
ri:=2x+3y-z
r2:=x+y-1
r3:=x+z-3
"> Aroz:=linalg[genmatrix]({r1,r2,r3},[X,y,z],flag);



gz 3 -1 08
Aroz = 81 1 O 1H
el 0 1 3u
Aroz@: =l i nal g[ gaussj ord] (Aroz);
g. 0 1 38
ArozGJ = g) 1 -1 -ZH
& 0 0 Ou
AGJ: =l i nal g[ submatrix] (Aroz&,[1,2],[1,2,3]);
B&: =linalg[col](linal g[submatrix] (ArozGJ,[1,2],[1,2,3,4]),4);

e 0 1y
rer=§ )
BGJ :=[3, -2]

NoveRovni ce: =l i nal g[ geneqgns] (AGJ, [ X, Y, z], B&);
NoveRovnice:={x+z=3,y- z=-2}
V1:=plots[inplicitplot3d]([r1,r2,r3],x=-10..10, y=-10..10, z=-10..

10, col or =[ bl ue, pi nk, green], styl e=pat chnogri d):

V2: =pl ot s[inplicitplot3d] (NoveRovni ce, x=-10.. 10, y=-10.. 10, z=- 10.
. 10, col or =red, styl e=surfacecontour ):

pl ot s[ di splay] (V1); plots[display](V2); plots[display](Vi V2);







