Redeni soustav nelinear nich rovnic

Reeni soustav nelineér nich rovnic uZitim rezultantu (eliminantu)

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
gi=X +Xy+y - 2
C > 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, g}, {x,y});

Res:={y=0, x=RootOf(_Z*- 2)}, { x=RootOf(3_Z?- 2), y=RootOf(3_Z*- 2)}
> Resl:=al | val ues(Res[1]); Res2:=allvalues(Res[2]);

Resl:={y=0,x=4/2},{y=0,x=-4/2}
f _46 Jo 46
3!y_' 3}

Res2 :={x=—" } {x=-

"> Pl::eval([x,y],Resl[l]), P2.—eval([x,y],Resl[2]);
P3: =eval ([ x,y], Res2[1]); P4:=eval ([x,y],Res2[2]);

P1:=[4/2, 0]
P2:=[-4/2, 0]
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2. ReSeni uZitim rezultantu

Vytvorime Sylvesterovu matici polynoma f(x), g(x)
Pozndmka: Proménnou y v tuto chvili neuvazujeme jako neznamou, potlacime ji. Proto hovoiime o
polynomech f(x), g(x), nikoliv o polynomech f(x,y), g(x,y).

[ > Syl :=Linear Al gebra[ Syl vesterMatri x] (f, g, X);
& o 2y*- 2 0o Y
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Determinant Sylvesterovy matice nazyvame rezultant (té eliminant). V tomto pripadé sejedna
o polynom jedné nezndméy. Rezultant poloZime roven nule a vypocditame piislusné hodnoty y

> Rezultant:=linal g[det] (Syl);
Rezultant :=3y* - 2y?

Pro vypocet rezultantu mazeme pouzit i funkci "resultant(f,g,x)", které je v Maple implementovana:
[ > Rezultant:=resultant(f, g, x);
i Rezultant := 3y* - 2y
[ > Reseni _y: =sol ve(Rezul tant, {y});
fo, A6

6
RﬂmLy:{y=0L{y=0L{y=j;}Ay=- 3}

Jednotlivé ieSeni pro y postupné dosazujeme do pavodnich rovnic. Dostdvame 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=x-2
gx1:=x-2

"> solve(f_x_1,{x}): solve(g x_1,{x}):
{x=42}, {x=-4/2}
i {x=42},{x=-42}




2 y= 1o

> f_x_2. =eval (f, Reseni _y[3]); g_x_2:=eval (g, Reseni _y[3]);

fx2:= XZ—
3

gx2:= x2+ x4/6 - g
> solve(f_x_2,{x}); solve(g x_2, {x})

fo. _ s

(x=") {x=- ")

__6_f
{(x="2} {x=

J6

3. y=-
3
> f x 3:=eval (f,Reseni _y[4]); g_x_3:=eval (g, Reseni _y[4]);

f x3:= = -

3:=x-
g_X_: 3%

"> sol ve(f x 3,{x}); solve(f_x _3,{x});

[ >

PRIKLAD: Pro které hodnoty parametru k maji polynomy f(x) = X +kx+2 a
g(x) =x2- kx+ 2 spoleény nulovy bod?

[ > restart;
> . =x"2+k*x+2; g: =x"3-Kk*x+2;

fi=x*+kx+2
g::x3- kx+2

Vytvorime Sylvesterovu matici polynoma f(x), g(x)

"> Syl :=LinearAl gebra[ Syl vesterMatrix] (f, g, X);
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Determinant Sylvesterovy matice nazyvame rezultant (té eliminant). V tomto pripadé sejedna
o polynom jedné nezndmé k. Rezultant poloZzime roven nule a vypoéitdme prisusné hodnoty k

{> Rezul tant: =linal g[det] (Syl);

Rezultant := 12 + 4 K* + 20k - 4K*
{ > Reseni _k: =sol ve(Rezul tant, {k});

Reseni_k:={k=3},{k=-1}, {k=-1}

Obé ieSeni pro k postupné dosadime do ptivodnich rovnic. Pokazdé dostaneme dvojici
polynomi. U kazdého z nich uréime nulové body. V prvnim piipadé maji polynomy f, g jeden
spoleény nulovy bod, v druhém pripadé pak dva.

> f_1:=eval (f,Reseni _k[1]); g_1:=eval (g, Reseni _Kk[1]);
f1 =X +3X+2
g1:=x-3x+2

> Res _f _1:=solve(f_1,x); Res_g 1:=solve(g_1,x);
Resf 1:=-1,-2

Res g 1:=-2,1,1
> f_2:=eval (f,Reseni _Kk[2]); g_2:=eval (g, Reseni Kk[2]);

f_2::X2- X+ 2

g2:= XC+ X+ 2
> Res_f _2:=solve(f_2,x); Res_g 2:=solve(g_2,Xx);

11 11
R%—f—2:25+5|[’5_5|ﬁ

11 11
Res g 2:=-1, -+ 14 7,2- 2147
— 2 2 2 2 [

PRIKLAD: Ur&ete viechna ie3eni soustavy rovnic
Xy -y +3y- 6=0,
xy+y2- 2y- 4=0.
[ > restart;
> . =xN2*yN2-yN+3*y-6=0; g: =x*y+y"2-2*y-4=0;
f:=xy -y +3y-6=0



] gi=xy+y - 2y-4=0

> plots[inmplicitplot]([f,g],x=-10..10, y=-10.. 10, nunpoi nt s=10000, sc
al i ng=constrai ned, col or=[red, bl ue]);
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Vytvorime Sylvesterovu matici polynoma f(x), g(x)
Pozndmka: Proménnou y v tuto chvili neuvazujeme jako neznamou, potlacime ji. Proto hovoiime o
polynomech f(x), g(x), nikoliv o polynomech f(x,y), g(Xx,y).

> Syl : =Li near Al gebra[ Syl vesterMatri x] (I hs(f),l1hs(g), x);

0 -y +3y- 64
=gy y-2y-4 0
€0 y Y- 2y- 4l

Determinant Sylvesterovy matice nazyvame rezultant (té eliminant). V tomto pripadé sejedna
o polynom jedné nezndméy. Rezultant poloZime roven nule a vypocditame p¥islusné hodnoty y

> Rezultant:=linal g[det] (Syl);
i Rezultant :=-4y° - 4y* + 19y + 10y
> factor (Rezul tant);

i -Y*(y- 2)(2y+5) (2y+1)
[ > Reseni _y: =sol ve(Rezul tant, {y});

-5 -1
Reeeni_v:{y=0},{y=0},{y=2},{y=;},{y=§}

Jednotlivé ieSeni pro y postupné dosazujeme do pavodnich rovnic. Dostdvame soustavy dvou
rovnic o jedné nezndmé x. Ty reSime. Jak vidime hned v p¥ipadé proy = 0, nemusi mit vzdy
redeni.

1. y=0
> f _x_1:=eval (f,Reseni _y[1]); g_x_1:=eval (g, Reseni _y[1]);



fx1:=-6=0
| gx1:=-4=0
Nema reSeni

2.y=2
> f_x_2:=eval (f,Reseni _y[3]); g_x_2:=eval (g, Reseni _y[3]);

fx 2:=4%x- 16=0
L gx2:=2x-4=0
[ > Reseni _x_2:=solve({f_x_2,g9 x 2}, Xx);

Reseni_x 2:={x=2}

ﬁe§nt
> P1: =eval (eval ([ X, y], Reseni _x 2), Reseni _y[3]);
| P1:=[2, 2]
s yo. 3
L y= >
> f x 3:=eval (f,Reseni _y[4]); g_x_3:=eval (g, Reseni _y[4]);
25 841
fx3=—-—=
- 4 16
5x+29
X3 =-—+—=
g 2 4

> Reseni _x_3:=solve({f_x_3,g9_x_3},X);

_ 29
Reseni_x 3:={x=—}
10

ﬁe§nt
> P2:=eval (eval ([ X, y], Reseni _x 3), Reseni _y[4]);
-
I T 810' 21
fve L
L y= >
> f x _4:=eval (f,Reseni _y[5]); g_x_4:=eval (g, Reseni _y[5]);
¥ 121
fx4=—-—=0
- 4 16
4 x 11 0
X4:=-—-—=
4 2 4

> Reseni _x_4:=solve({f_x_4,9 x_4},Xx);
_ -11
RﬂmLxAJ:{Xzi;}

ﬁe§nt
"> P3:=eval (eval ([ x,y], Reseni _x _4), Reseni _y[5]);



Zavér: Dana soustava nelinearnich rovnic ma nadedujici tii FeSeni
> P: ={Pl, P2, P3};
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