Funkcia viac premennych

2
Priklad Vypogitajme ¢ = ? ac2= % , ak f(x) =sin2x+sinx? +sin’ x .
X X
RieSenie
>> Syms X

>> f = sin(2*x)+sin(x*2)+(sin(x))"2

f=

sin(2*x)+sin(x"2)+sin(x)"2

>> c=diff(f,x)

c=

2*C0s(2*x)+2*cos(x"2)*x+2*sin(x)*cos(X)

>> c2=diff(f,x,2)

c2 =
-4*siN(2*X)-4*sin(x"2)*x"2+2*cos(x"2)+2*cos(x)"2-2%in(x)"2

90°g(x.y)

ak g(x,y) = x’y+y-x.
oxdy a(xy) y+y

Priklad Vypocitajme s =

RieSenie
>>symsaxy

>> g=x"3*y+y-X

g =

X"3*y+y-X

>> s=diff(diff(g,x),y)
S =

3*x"2

Priklad Najdime lokalne extrémy funkcié (x, y) = x> +3xy” —15x-12y.
RieSenie A:

>>Syms X Yy

>> f=x"3+3*x*y"2-15*x-12*y

f=x"3+3*x*y"2-15*x-12*y

>> fx=diff(f,x)

fx = 3*x"2+3*y"2-15

>> fy=diff(f,y)

fy = 6*x*y-12
>> [x,y] = solve(fx, fy)
X = =

[ 2]
[ 1]
[-1]
[-2]

Teda bodyP, =(21), P, = (1;2), P, = (-1,-2), P, = (- 2-1), st stacionarne body danej
funkcie. Najdeme druhé derivacie:

>> fxy=diff(diff(f,x),y)

fxy = 6%y

>> fxx=diff(diff(f,x),x)

fxx = 6*Xx
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>> fyy=diff(diff(f,y),y)

fyy= 6*

>> D=fxx*fyy-(fxy)"2

D= 36*x"2-36*y"2

M&zeme to urychti pomocou MATLABU napriklad takto:
>>syms Xy f;

>> f=x"3+3*x*y"2-15*x-12*y;

>> J = jacobian([diff(f,x); diff(f,y)], [X ¥])
J=

[ 6%, 6%Y]

[ 6%y, 6*X]

>> D2=det()

D2 =

36*x"2-36*y"2

Teraz overime podmienky pre existenciu lokalnydnémov v stacionarnych bodoch.
Pre prvy bodP, = (2:1) dostavame:

>>x=2,y=1

X= 2

y=1

>> DP1=36*x"2-36*y"2

DP1 =108

¢o je kladné a teda v bode = (2;1) funkcia ma lokalny extrém. Pretoze fxx(2,1) = 662>
dana funkciaf (x, y) = x* +3xy? —15x —12yméa v bodeP, = (21) lokalne minimum =f (P)).
Pricom

>> fP1=x"3+3*x*y"2-15*x-12*y

fP1= -28

V bode P, = (1,2) je
>> x=1, y=2
x=1
y=2
>> DP1=36*x"2-36*y"2
DP1 = -108
¢o je zaporné a teda v bodR = (1'2) dana funkcia nema lokalny extrém. Podobne
postupujeme v bodoctP, = (-1-2), P, = (-2-1) .
RieSenieB:
>> format rat; % vysledky v tvare zlomku
>> f=inline('x(1)"3+3*x(1)*x(2)"2-15*x(1)-12*x(2)'x") ~ % zadanie funkcie
Inline function:
f(X) = x(1)"3+3*x(1)*x(2)"2-15*x(1)-12*x(2)

>> xmin0=[1.5,0.5];xmin=fminsearch(f,x0) % xmin0 je odhad
Xmin =
105131/52565 32955/32954 % funkcia ma lokalne minimum

v bodeP, = (21)
>> fmin=f(xmin)
fmin =



-28
>> xmax0=[-1.5,-0.5];xmax=-fminsearch(f,x0)

Xmax =
-546501/273250 -28901/28900

>> fmax=f(xmax)
fmax =
28

% flokmin = f (2v1) = _28
% xmax0 je odhad

% funkcia ma lokalne maximum
v bodeP, =(-2-1)

Priklad Najdime lokalne extrémy funkcie= f (x,y) = xe™* ™" .

RieSenie A:

>> syms X y

>> z=X.*exp(-x."2-y."2)
Z = x*exp(-x"2-y"2)

>> fx=diff(z,x),fy=diff(z,y)
X = exp(-x"2-y"2)-2*x"2*exp(-x"2-y"2)
fy = -2*x*y*exp(-x"2-y"2)
>> [x,y] = solve(fx, fy)
X =
[ 1/2*27(1/2)]
[ -1/2*27(1/2)]
y =
[O]
[ O]
>>syms X y
>> fxy=diff(diff(z,x),y)
Xy = -2*y*exp(-x"2-y"2)+4*x"2*y*exp(-x"2-y"2)
>> fxx=diff(diff(z,x),x)
fxx = -6*x*exp(-x"2-y"2)+4*x"3*exp(-x"2-y"2)
>> fyy=diff(diff(z,y),y)
fyy = -2*x*exp(-x"2-y"2)+4*x*y"2*exp(-x"2-y"2)
>> D2=fxx*fyy-(fxy)"2
D2 =

(-6*x*exp(-x"2-y"2)+4*x"3*exp(-x"2-y"2))*(-2*x*eXpx"2-y"2)+4*x*y " 2*exp(-x"2-y"2))-

(-2*y*exp(-x"2-y"2)+4*x"2*y*exp(-x"2-y"2))"2

Mézeme to urychlit® pomocou MATLABU napriklad takto:

>>syms Xy f;

>> f=x.*exp(-x."2-y."2);

>> J = jacobian([diff(f,x); diff(f,y)], [X Y]);
>> D2=det(J)

D2 =

12*x"2*eXp(-X"2-y"2)"2-8*x"2*exp(-x"2-y"2)"2*y"2-8x M *exp(-X"2-y ) 2-4*y N 2*exp(-

XN2-yN2)"2

Teraz overime podmienky pre existenciu lokalnydnémov v stacionarnych bodoch.

Pre prvy bodP, = (1/2* 27(1/2).0) dostavame:



>> x= 1/2*2"(1/2),y=0
x= 0.7071
y= 0
>> DP1=(-6*x*exp(-x"2-y"2)+4*x"3*exp(-x"2-y"2))*(-2x*exp(-x"2-y"2)+4*x*y"2*exp(-
X"2-y"2))-(-2*y*exp(-x"2-y"2)+4*x"2*y*exp(-x"2-y"2)"2
DP1= 1.4715
Alebo
>> eval('12*x"2*exp(-x"2-y"2)"2-8*x"2*exp(-x"2-y 2R *y"2-8*x 4*exp(-x"2-y"2)"2-
4*y"2*exp(-x"2-y"2)"2',[x,y])
ans =
1.4715
¢o je kladné a teda v bod@ funkcia ma lokalny extrém. Pretoze
>> x= 1/2*27(1/2),y=0
>> fxx=-6*x*exp(-x"2-y"2)+4*x"3*exp(-x"2-y"2)

fxx(P1) = -1.7155

je zaporna, dana funkcia ma v bode
P, lokalne maximum, ptom 05

>> |okmaxf=x.*exp(-x."2-y."2)

lokmaxf= 0.4289 B T
Podobne by sme vysetrili aj bde] .
Graf danej funkcie v okoli
uvedenych bodov dostaneme takto: 255
>> [x,y]=meshgrid(-3:0.025:3,-
3:0.025:3);

>> z=x.*exp(-x."2-y."2);

>> meshc(x,y,2);

RieSenieBZostrojime skag’ grafu danej funkcie
Odhadom (z grafu) dime body kde funkcia méa lokalne extrémy xmin0, xthax
>> format rat;
>> f=inline('x(1)*exp(-x(1)"2-x(2)"2)','x")

Inline function:

f(x) = x(1)*exp(-x(1)"2-x(2)"2)
>> x0=[-0.5,0];xmin=fminsearch(f,x0)
xmin =

-1357/1919  -108/218159

Teda dané funkcia mé lokalne minimum v bdele (— 1357 108 j = (0,7071390)

1919 218159
>> fmin=f(xmin)
fmin =
-395/921
Podobne postupujeme piliddani lokalneho maxima
>> x0=[0,0.5];xmax=-fminsearch(f,x0)
Xxmax =
1910/2701 4/127461



