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1 Hodnost



Problem 1



Najdéte hodnost matice A.

3 -1
2 1
A= 3 =2
2 =5

0
-1
-1

1

1
2
1
=7

=7
-3
=7

2
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Najdéte hodnost matice A.

3 -1 0 1 -2 2 1 -1 2 -3
2 1 -1 2 -3
A=13 5 1 1 2|~

2 =5 1 -2 2

s vz

e Zvolime Cerveny fadek jako klicovy.

o Tento fadek ziistava a piSeme ho jako prvni.
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Najdéte hodnost matice A.

A\

3 -1 0 1 —2y2 (2 1 -1 23
2 1 -1 2 3/¢3»| 0 -5 3 -4 5
3 2 -1 1 -2 |~
2 5 1 -2 2)

A:

2R — 3Ry = ... '
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Najdéte hodnost matice A.

3 -1 0 1 -2 2 1 -1 2 -3
a2 1 -1 2 —3)(73) 0 -5 3 -4 5
|3 -2 -1 1 242710 -7 1 -4 5

2 5 1 -2 2

2R3 — 3R, = ... '
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Najdéte hodnost matice A.

3 -1 0 1 —2) 2 1 -1 2 -3
4|2 1 -1 2 3\nfo -5 3 4 5
3 —2 <1 1—2) 0 -7 1 —4 5

2 5 1 -2 2) 0 -6 2 —4 5

Ri—Ry=... '
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Najdéte hodnost matice A. I

3 -1 0 1 -2 2 1 -1 2 -3
A 2 1 -1 2 31 .10 -5 3 -4 5]
3 -2 -1 1 -2 0 -7 1 -4 5
2 =5 1 -2 2 0O 6 2 —4 5
2 1 -1 2 -3

Prvni faddek ztstava. '
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Najdéte hodnost matice A. I

3 -1 0 1 -2

2 1 -1 2 -3
A 2 1 -1 2 31 10 -5 3 —4 5|
3 -2 -1 1 -2 0 -7 1 —4 5
2 =5 1 -2 2 0 —6 2 4 5
2 1 -1 2 -3
0 -5 3 —4 5
-

e Dalsi klicovy fadek bude jeden z ¢ervenych fadki.

e ProtoZe by vytvéreni dal$ich nul bulo sloZit&jsi, udélame mezikrok —
vytvoiime nejprve jednicku.

e Druhy fadek ponechdme na svém misté.
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Najdéte hodnost matice A. I

3 -1 0 1 -2 2 1 -1 2 -3
4-]2 1 -1 2 -3 [0 -5 3 -4 5)\».
3 -2 -1 1 -2 0 -7 1 -4 5%
2 -5 1 -2 2 0 6 2 —4 5)
2 1 -1 2 -3
0 -5 3 -4 5
0 2 2 0 0

Zvolime cerveny fadek jako klicovy a provedeme Ry — R3 = ...
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Najdéte hodnost matice A. I

3 -1 0 1 -2 2 1 -1 2 -3
a2 1 -1 23] [0 -5 3 5)N
~ 3 2 -1 1 -2 0 -7 1 -4 5)

2 5 1 -2 2 0 -6 2 -4 541
2 1 -1 2 -3
0 5 3 -4 5
0 2 2 0 0
0 1 1 0 0

Vytvorime jednicku i v dalsim fddku: Ry — Ry = .. ..
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Najdéte hodnost matice A. I

3 -1 0 1 -2 2 1 -1 2 -3
A 2 1 -1 2 31 .10 -5 3 -4 5]

3 -2 -1 1 -2 0 -7 1 -4 5
2 =5 1 -2 2 0O 6 2 —4 5

2 1 -1 2 -3

0 5 3 —4 5

o 2 2 0 0

0 1 1 0 0

e Radek R je nasobkem fadku Ry.

¢ Jeden z nich miiZeme tedy odstranit.
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Najdéte hodnost matice A. I

3 -1 0 1 -2

2 1 -1 2 -3
A=13 5 1 1 -2
2 5 1 -2 2
2 1 -1 2 -3
0 -5 3 -4 5

0 1 1 0 0

2 1
0 -5
“1l o -7
0 —6
2 1 -1
01 1

—1

2

Q1 G1 U1 W

e Odstranili jsme treti fadek.

P

e Prvni fadek ztistava.

e Novy klicovy fadek bude fadek s jednickou. PiSeme jej jako druhy.
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Najdéte hodnost matice A. I

3 -1 0 1 -2 2 1 -1 2 -3
a2 1 -1 23] |0 -5 3 -4 5|
|3 -2 -1 1 =2 0o -7 1 -4 5
2 -5 1 -2 2 0 -6 2 -4 5
A S AN R
)~01100
0 1 1 0 0’5 00 & —4 5

Vytvorime nulu misto ¢isla —5. Provedeme tedy 5R3 + Ry = ...

(©Robert Maiik, 2004.



Najdéte hodnost matice A. I

3 -1 0 1 -2 2 1 -1 2 -3
a2 1 -1 23] |0 -5 3 -4 5|
|3 -2 -1 1 =2 0o -7 1 -4 5
2 -5 1 -2 2 0 -6 2 -4 5
Vs 5 ol fa=t 2=
~l 01 1 0 o0
0O 1 1 0 0 vooe s b

e Matice je ve schodovitém tvaru.

e Schodovity tvar ma tfi fadky.

e h(A)=3.
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Problem 2



Najdéte hodnost matice B.

1 2 -5 1 -2
3 1 —4 6 —2
-1 2 -1 1 6
01 3 —4 1

B =

(©Robert Maiik, 2004.



Najdéte hodnost matice B.

12 5 1 —2 1 2 -5 1 -2
g_| 31 -4 6 2|
-1 2 -1 1 6

01 3 4 1

e Radek R; bude kli¢ovy.

Z vz

e Zustanejako prvnia pomocinéjbudeme nulovat zbyl4 ¢isla v prvnim
sloupci.
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Najdéte hodnost matice B.

1 2 -5 1 -2 )\ -3 1 2 -5 1 -2
B— 3 1 —4 6 =271 |10 =5 11 3 4
Tl -1 2 -1 1 6

01 3 4 1

Vynulujeme prvek a;1. Provedeme —3R; + Ry. I
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Najdéte hodnost matice B.

1 2 -5 1 -2 1 2 -5 1 -2
B— 3 1 —4 6 —2 ) | 0o =5 11 3 4
Tl -1 2 -1 1 6 0O 4 -6 2 4

01 3 4 1

Vynulujeme prvek az;. Provedeme Ry + R3. I

(©Robert Maiik, 2004.



Najdéte hodnost matice B.

1 2 -5 1 -2 1 2 -5 1 -2

B— 3 1 —4 6 -2 | |0 =5 11 3 4
-1 2 -1 1 6 0O 4 -6 2 4

01 3 —4 1 0 1 3 —4 1

Prvek a4 je nulovy a tento fadek tedy staci pouze opsat. I
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Najdéte hodnost matice B.

1 2 -5 1 -2 1 2 -5 1 -2
B— 3 1 —4 6 -2 | |0 =5 11 3 4
-1 2 -1 1 6 0O 4 -6 2 4
0 1 3 —4 1 0 1 3 —4 1
1 2 -5 1 -2
0 1 3 —4 1

e Prvnifadek (ptivodné klicovy) zlistane.

o Cervené oznaceny fadek obsahuje jedni¢ku na zacatku a zvolime jej

jako dalsi klicovy fadek. To je nejSikovnéjsi, protoze a4y = 1, zatimco
ayy) = -5 adays = 4.
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Najdéte hodnost matice B.

12 -5 1 -2 1 2 -5 1 -2

B 31 -4 6 2| [0 -5 11 3 4

| -1 2 -1 1 6 04—624)
01 3 -4 1 0 1 3 -4 175
1 2 -5 1 -2

0 1 3 -4 1

“l oo 26 -17 9

Vynulujeme prvek ay;. Provedeme 5R4 + R,. I

(©Robert Maiik, 2004.



Najdéte hodnost matice B.

12 -5 1 -2 1 2 -5 1 -2

B 31 -4 6 2| [0 -5 11 3 4
12 -1 1 6 0 4 —6 2 4
01 3 -4 1 0 1 3 -4 1/
1 2 -5 1 -2

0 1 3 -4 1

“l oo 26 -17 9

00 —18 18 0

Vynulujeme prvek az;. Provedeme —4R4 + Ry. I

(©Robert Maiik, 2004.



Najdéte hodnost matice B.

12 -5 1 -2 1 2 -5 1 -2
B 31 -4 6 2| [0 -5 11 3 4
12 -1 1 6 0 4 —6 2 4
01 3 —4 1 0 1 3 -4 1
1 2 -5 1 -2 1 2 -5 1 -2
0 1 3 -4 1 01 3 -4 1
“l oo 26 =17 97|00 26 -17 9
00 —18 18 0 00 -1 1 0

s vz

e Posledni faddek mlizeme vydélit ¢islem 18.

e Ostatni fadky zlistanou.

(©Robert Maiik, 2004.



Najdéte hodnost matice B.

12 -5 1 -2 1 2 -5 1 -2
B 31 -4 6 2| [0 -5 11 3 4
12 -1 1 6 0 4 —6 2 4
01 3 —4 1 0 1 3 -4 1
1 2 -5 1 -2 1 2 -5 1 -2
0 1 3 -4 1 01 3 -4 1
“loo0o 26 =17 97|00 26 -17 9
00 —18 18 0 00 -1 1 0
12 -5 1 -2
01 3 —4 1
“loo 1 -1 o

Prvni dva fadky ztstanou.

vevs

e Prvek azy = —1 je Sikovnéjsi pro dalsi Gpravy, nez azz = 26. Proto
jako dalsi klicovy volime fadek Ry.

(©Robert Maiik, 2004.



Najdéte hodnost matice B.
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Vynulujeme prvek as3. Provedeme 26R4 + R3.
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Najdéte hodnost matice B.

12 -5 1 -2 1 2 -5 1 -2

B 31 -4 6 2| [0 -5 11 3 4
12 -1 1 6 0 4 —6 2 4
01 3 —4 1 0 1 3 -4 1
1 2 -5 1 -2 1 2 -5 1 -2
0 1 3 -4 1 01 3 -4 1

“loo0o 26 =17 97|00 26 -17 9
00 —18 18 0 00 -1 1 0
12 -5 1 -2

01 3 —4 1

“loo 1 -1 o

00 0 9 9

h(B)=14

e Matice je ve schodovitém tvaru.

e Schodovity tvar ma ¢tyfi fadky. Hodnost je ¢tyfi.

(©Robert Maiik, 2004.



2 Soustavy linearnich rovnic



Problem 3



6x1+2x0— x3+7x4 =0
4x14+2xp—3x3+5x4 = —4
X1+ xp— x3— x4 =0

Reste soustavu

X1 + x3 =3

(© Robert Mafiik, 2004.



6x1+2x0— x3+7x4 =0

4x14+2xp—3x3+5x4 = —4
X1+ xp— x3— x4 =0

+ x3 =3

Reste soustavu

X1

6 2 -1 7] 0
. 4 2 -3 5|—-4
AT~y 1 21 1] o

10 1 o0 3

NapiSeme rozsifenou matici soustavy A*. '

(© Robert Mafiik, 2004.



6x1+2x0— x3+7x4 =0

4x14+2xp—3x3+5x4 = —4
X1+ xp— x3— x4 =0

+ x3 =3

Reste soustavu

X1

6 2 -1 7] 0 10 1 o0 3

. 4 2 -3 5|-4

A~y 7 1 1] o | ™
10 1 o 3

s Nz

e Jako klicovy fadek zvolime fadek posledni.

o Tento fadek napiSeme jako prvni.

(© Robert Mafiik, 2004.



6x1+2x0— x3+7x4 =0
4x14+2xp—3x3+5x4 = —4
X1+ xp— x3— x4 =0

Reste soustavu

6 2 -1 7] 0 10 1 o] 3
g | 42 -8 5—4)N 01 -2 —1| -3

11 -1 -1 0)

10 1 0| 3/

Rs—Ry=...

(© Robert Mafiik, 2004.



6x1+2x0— x3+7x4 =0
4x14+2xp—3x3+5x4 = —4

Reste soustavu
X1+ xp— x3— x4 =0

A* ~

6 2

4 2 -3 5| —4
11 -1 -1 0)
1 0

Ry— 4R, =... '

(© Robert Mafiik, 2004.



6x1+2x0— x3+7x4 =0
4x14+2xp—3x3+5x4 = —4
X1+ xp— x3— x4 =0

Reste soustavu

6 2 -1 71 0 1 0 1 0 3
A* 4 2 -3 5(-4Y}_ 101 -2 -1} =3
11 -1 -1 0 0 2 -7 5|-16
1 0 1 0o 37,(6\0 2 =7 7|-18

Ry —6R,=... '

(© Robert Mafiik, 2004.






6x1+2x0— x3+7x4 =0
4x14+2xp—3x3+5x4 = —4

X1+ xp— x3— x4 =0
+ x3 =3

Reste soustavu

X1

6 2 -1 7] 0 10 1 0| 3)
Ao |42 8 5|4 01 2 1] 3y(2
11 -1 1| 0 02 -7 5|-16

10 1 o0 3 02 -7 7—18)

1 0 1 0 3
01 -2 —-1| -3
0 0 -3 7| =10

—2R;+R3 =... '

(© Robert Mafiik, 2004.



0

6x1+2x0— x3+7x4
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—2R, + Ry = ...
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6x1+2x0— x3+7x4 =0
4x14+2xp—3x3+5x4 = —4

X1+ xp— x3— x4 =0
+ X3

Reste soustavu

X1

6 2 -1 7| 0 10 1 0] 3
ool 428 5|4 [01 2 -1 8]
11 -1 —-1| 0 02 -7 5|-16
10 1 o 3 02 -7 7|-18

10 1 o] 3 10 1 0] 3
01 -2 —-1| -3 01 -2 —-1| -3
00 -3 7|-10|7lo0oo0 -3 7|-10

00 -3 9|-12

e Prvni dva fadky ztstanou.

o Tteti faddek bude novym klicovym fddkem a zfistane také.

(© Robert Mafiik, 2004.



6x1+2x0— x3+7x4 =0
4x14+2xp—3x3+5x4 = —4

X1+ Xo— X3— X4 =
+ x3

Reste soustavu

X1

6 2 -1 7] 0 10
g |42 -3 5|4 [01

11 -1 -1| 0 0 2

10 1 0| 3 0 2
10 1 0] 3 10 1
01 -2 —-1| -3 01 -2
00 -3 7—10) 00 -3
00 -3 9|-12% 00 0

—16
—18

—R3+ Ry =... '

(© Robert Mafiik, 2004.



6x1+2x0— x3+7x4 =0

4x14+2xp—3x3+5x4 = —4
X1+ xp— x3— x4 =0

+ x3 =3

Reste soustavu

X1

10 1 0 3
) 01 -2 —-1| -3
A~ 00 =3 7|-10

00 0 2| —2

Rozsifena matice soustavy je fadkové ekvivalentni modré matici,
které je ve schodovitém tvaru.

(©Robert Maiik, 2004.



6x1+2x0— x3+7x4 =0

4x14+2xp—3x3+5x4 = —4
X1+ xp— x3— x4 =0

+ x3 =3

Reste soustavu

X1

10 1 0 3

. 01 -2 —-1| -3

A~ 00 =3 7|-10
00 0 2| —2

ZX4:—2

p

e Soustava m4 feSeni, nebot’h (A) = h (A*) = 4. Navic n = 4 (pocet
neznamych) a soustava md tedy jediné feSeni (nula parametra).

e Zactneme dopocitdvat nezndmé. Napiseme rovnici odpovidajici po-
slednimu fadku . ..

(©Robert Maiik, 2004.



6x1+2x0— x3+7x4 =0
4x14+2xp—3x3+5x4 = —4

X1+ xp— x3— x4 =0
+ x3 =3

Reste soustavu

X1

10 1 0 3
. 01 -2 —-1| -3
A~ 00 =3 7|-10
00 0 2| —2
2%y = —2 = x4 = —1

a feSime vzhledem k xy. '

(©Robert Maiik, 2004.



6x1+2x0— x3+7x4 =0

4x14+2xp—3x3+5x4 = —4
X1+ xp— x3— x4 =0

+ x3 =3

Reste soustavu

X1

10 1 0 3
. 01 -2 —-1| -3
A~ 00 =3 7|-10
00 0 2| —2
ZX4:—2 = X4:—1

—3x3 +7x4 = —10

NapiSeme rovnici odpovidajici pfedposlednimu fadku.

(©Robert Maiik, 2004.



6x1+2x0— x3+7x4 =0

4x14+2xp—3x3+5x4 = —4
X1+ xp— x3— x4 =0

+ x3 =3

Reste soustavu

X1

1 0 1 0 3
" o1 -2 —-1| -3
A~ o0 =3 7|-10
0 0 0 2| =2
ZX4 = -2 = X4 = —1
—3x3 +7x4 = —10 = —3x3 —7=—10

Dosadime x4 = —1... '

(©Robert Maiik, 2004.



6x1+2x0— x3+7x4 =0

4x14+2xp—3x3+5x4 = —4
X1+ xp— x3— x4 =0

+ x3 =3

Reste soustavu

X1

10 1 0 3
. 01 -2 —-1| -3
A~ 00 =3 7|-10
00 0 2| —2
ZX4:—2 = X4:—1
“3x3+7x4=-10 = —3x3—7=-10 = x3=1

a feSime vzhledem k x3. '

(©Robert Maiik, 2004.



6x1+2x0— x3+7x4 =0
4x14+2xp—3x3+5x4 = —4

X1+ xp— x3— x4 =0
+ x3 =3

Reste soustavu

1 0 1 0 3
A~ 0 7|1

0 0 0 2| =2
2x4 = =2 = x4 = —1
—3x3 +7x4 = —10 = —3x3—7 = —10
Xp —2X3 — X4 = —3

X3=1

NapiSeme rovnici odpovidajici druhému fadku.

(©Robert Maiik, 2004.



6x1+2x0— x3+7x4 =0

4x14+2xp—3x3+5x4 = —4
X1+ xp— x3— x4 =0

+ x3 =3

Reste soustavu

X1

10 1 0 3
. 01 -2 —-1| -3
A~ 00 =3 7|-10
00 0 2| —2
ZX4:—2 X4:—1

=
—3x3 +7x4 = —10 = —3x3—7 = —10
=

Xp —2X3 — X4 = —3 Xp—2+1=-3

=

X3=1

Dosadime x4y = —laxz=1... '

(©Robert Maiik, 2004.



6x1+2x0— x3+7x4 =0

4x14+2xp—3x3+5x4 = —4
X1+ xp— x3— x4 =0

+ x3 =3

Reste soustavu

X1

1 0 1 0 3
A~100 5 7|

00 0 2| -2
2x4 = =2 = x4 = —1
—3x3 +7x4 = —10 = —3x3—7 = —10
Xp —2x3 — x4 = —3 = x—2+1=-3

=

=

X3=1

X2:—2

a vyfesime vzhledem k x,. I

(©Robert Maiik, 2004.



6x1+2x0— x3+7x4 =0
4x14+2xp—3x3+5x4 = —4

X1+ xp— x3— x4 =0
+ x3 =3

Reste soustavu

X1

10 1 0 3
. 01 -2 —-1| -3
A~ 00 =3 7|-10
00 0 2| —2
ZX4:—2 X4:—1

=
—3x3 +7x4 = —10 = —3x3—7 = —10
Xp —2X3 — X4 = —3 = xXp—24+1=-3

X1 +x3=3

X3=1

x2:—2

NapiSeme rovnici odpovidajici prvnimu faddku.

(©Robert Maiik, 2004.



6x1+2x0— x3+7x4 =0
4x14+2xp—3x3+5x4 = —4

X1+ xp— x3— x4 =0
+ x3 =3

Reste soustavu

X1

1 0 1 0 3
A0 0 7|1

00 0 2| —2
2x4 = =2 = x4 = —1
—3x3 + 7x4 = —10 = —3x3—7=-10 = x3 =1
Xy —2x3 — x4 = —3 = x—2+1=-3 =  xp=-2
X1 +x3=3 = x1+1=3

Dosadime x3 = 1. '

(©Robert Maiik, 2004.



6x1+2x0— x3+7x4 =0
4x14+2xp—3x3+5x4 = —4

X1+ xp— x3— x4 =0
+ x3 =3

Reste soustavu

X1

10 1 O 3
A~y 0 5 7|1

00 0 2| -2
2x4 = =2 = x4 = —1
—3x3 +7x4 = —10 = —3x3—7=-10 = x3 =1
Xy —2x3 — x4 = —3 = x—2+1=-3 =  xp=-2
X1 +x3=3 = x1+1=3 = x1 =2

Najdeme x; = 2. I

(©Robert Maiik, 2004.



6x1+2x0— x3+7x4 =0

4x14+2xp—3x3+5x4 = —4
X1+ xp— x3— x4 =0

+ x3 =3

Reste soustavu

X1

1 0 1 0 3
A0 0 7|1

00 0 2| -2
2x4 = =2 = x4 = —1
By +7xg=-10 = Bx3-7=-10 = x3=1
Xy —2x3 — x4 = —3 = x—2+1=-3 =  xp=-2
X1 +x3=3 = x1+1=3 = x1 =2
Jediné feSenije [x; = 2,xp = —=2,x3 = 1,x4 = —1].

Vypocitali jsme vSechny neznadmé. I

(©Robert Maiik, 2004.



6x1+2x0— x3+7x4 =0

4x14+2xp—3x3+5x4 = —4
X1+ xp— x3— x4 =0

+ x3 =3

Reste soustavu

X1

1 0 1 0 3
A0 0 7|1

00 0 2| -2
2x4 = =2 = x4 = —1
By +7xg=-10 = Bx3-7=-10 = x3=1
Xy —2x3 — x4 = —3 = x—2+1=-3 =  xp=-2
X1 +x3=3 = x1+1=3 = x1 =2
Jediné feSenije [x; = 2,xp = —2,x3 = 1,x4 = —1].

Vyfteseno. I

(©Robert Maiik, 2004.



Problem 4



3x1—2xp+6x3+2x4—4x5 =5
X1 +ZX3— X4+2X5 =3
X1+2xp+2x3 =1
2x1—6xp+4x3+2x4—4x5 =5

Reste soustavu rovnic

(©Robert Maiik, 2004.



3x1—2xp+6x3+2x4—4x5 =5
X1 +ZX3— X4+2X5 =3
X1+2xp+2x3 =1
2x1—6xp+4x3+2x4—4x5 =5

Reste soustavu rovnic

3 -2 6 2 —45
. 1 02 -1 2|3
A~ 22 o ol
2 6 4 2 —4l5

NapiSeme rozsifenou matici soustavy. I
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3x1—2xp+6x3+2x4—4x5 =5
X1 +ZX3— X4+2X5 =3
X1+2xp+2x3 =1
2x1—6xp+4x3+2x4—4x5 =5

Reste soustavu rovnic

3 -2 6 2 —45
. 1 02 -1 2|3
A~y 20 0 0 ~
2 6 4 2 -4
1 0 2 -1 3

Druhy fadek bude kli¢ovy a opiSeme jej na prvni misto.

(©Robert Maiik, 2004.



3x1—2xp+6x3+2x4—4x5 =5
X1 +ZX3— X4+2X5 =3
X1+2xp+2x3 =1
2x1—6xp+4x3+2x4—4x5 =5

Reste soustavu rovnic

3 2 6 2—45)\
a1 02 -1 23/
1 22 0 O0f1
2 —6 4 2—45)
1 02 -1 2| 3
0 20 5 —10|—4

Spravime prvni fadek. I

(©Robert Maiik, 2004.



3x1—2xp+6x3+2x4—4x5 =5
X1 +ZX3— X4+2X5 =3
X1+2xp+2x3 =1
2x1—6xp+4x3+2x4—4x5 =5

Reste soustavu rovnic

3 2 6 2 —4|5)
. 1 0 2 —1 2|3y (-1)
AN122001)"
2 -6 4 2 —4|5
1 0 2 -1 2| 3
0 -2 0 5 —10]| -4
0 20 1 -2|-2

Spravime tteti fadek. I

(©Robert Maiik, 2004.



3x1—2xp+6x3+2x4—4x5 =5
X1 +ZX3— X4+2X5 =3
X1+2xp+2x3 =1
2x1—6xp+4x3+2x4—4x5 =5

Reste soustavu rovnic

3 2 6 2 —4|5)
g |1 02 1 2132
122001)

2 —6 4 2—45)

1 02 -1 2| 3
0 -2 0 5 —10|—4
0 20 1 —2|-2
0 -6 0 4 —8|-1

Spravime posledni fadek. I

(©Robert Maiik, 2004.



3x1—2xp+6x3+2x4—4x5 =5
X1 +ZX3— X4+2X5 =3
X1+2xp+2x3 =1
2x1—6xp+4x3+2x4—4x5 =5

Reste soustavu rovnic

3 26 2 —-4]5
|l 02 -1 298]
1 22 0 0|1
2 -6 4 2 —-4|5
1 02 -1 2| 3 102 -1 2] 3
0 -2 0 5 —10|-4 020 1 -2|-2
0 20 1 -2|-217
0 -6 0 4 —8|-1

P

e Prvni fadek ztistane.

o Cerveny fadek bude novy kli¢ovy fadek a napieme jej jako druhy.
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3x1—2xp+6x3+2x4—4x5 =5
X1 +ZX3— X4+2X5 =3
X1+2xp+2x3 =1
2x1—6xp+4x3+2x4—4x5 =5

Reste soustavu rovnic

3 26 2 -4]5
aeo| 102 1203 )
1 22 0 01
2 -6 4 2 -4]5
1 02 -1 2] 3 102 -1
0 -2 0 5—10—47N0201
0 20 1 -2|-2 000 6
0 -6 0 4 -8|-1

2
=7
—12

3
=7
—6

Spravime druhy fadek. I
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3x1—2xp+6x3+2x4—4x5 =5
X1 +ZX3— X4+2X5 =3
X1+2xp+2x3 =1
2x1—6xp+4x3+2x4—4x5 =5

Reste soustavu rovnic

3 26 2 —-4]5
o102 1 243 |
1 22 0 01
2 -6 4 2 —-4|5
1 0 2 -1 2] 3 102 -1
0 -2 0 5—10—4\ 020 1
0 20 1 -2|-2v37]1000 6
0 60 4 -8|-1% 000 7

2
=7
—12
—14

3
=7
—6
=7

Spravime posledni fadek. I
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A* ~

SO R OO O

0

-1
1
1
1

Reste soustavu rovnic

3x1—2xp+6x3+2x4—4x5 =5
+2x3— x442x5 =3

X1+2xp+2x3
2x1—6xp+4x3+2x4—4x5 =5

X1

2 —4

—10

2
=7
=7
=7

=7
—8
3
=2
-1
-1

—4
=7
-1

5
3
1
5

S O O

oo PN O

o oPN

=1

-1
1
6
7

2
=7
—12
—14

3
=7
—6
=7

Zelené fadky mtizeme vydélit ¢isly 6 a 7. I
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3x1—2xp+6x3+2x4—4x5 =5
X1 +2x3— x442x5 =3
X1+2xp+2x3 =1
2x1—6xp+4x3+2x4—4x5 =5

Reste soustavu rovnic

3 26 2 —-4]5
. 1 02 -1 2|3
A~y 22 0 ol1|”™
2 -6 4 2 —-4|5
1 02 -1 2] 3 102 -1 2] 3
0 -2 0 5 —10|-4 020 1 -2|-2
0 20 1 —2/-271oo0oo0 6 —-12|-6 |~
0 -6 0 4 -—8|-1 000 7 —-14|-7
102 -1 2| 3
020 1 —2|-2
000 1 —2|-1
d

Posledni dva fadky jsou stejné a staci dale pracovat jenom s jednim z
nich.
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3x1—2xr+6x34+2x4—4x5 = 5
X1 +ZX3— X4+2X5 =3
X1+2xp+2x3 =1

2x1—6xr+4x34+2x4—4x5 = 5

Reste soustavu rovnic

1 0 2 -1 2 3
At~ 0 2 0 1 =2| =2
0 00 1 -2 -1

o Rozsifend matice soustavy mé hodnost 3, matice soustavy také. Sys-
tém proto ma feSeni.

e Pocet parametrtije

nezndmé — hodnost =5 -3 = 2.

(©Robert Maiik, 2004.



3x1—2xp+6x3+2x4—4x5 =5
X1 +ZX3— X4+2X5 =3
X1+2xp+2x3 =1
2x1—6xp+4x3+2x4—4x5 =5

Reste soustavu rovnic

1 0 2 -1 21 3
At~ 0 2 0 1 =2| =2
0 0 0 1 =2 =1

NapiSeme rovnici pfislusnou poslednimu fadku. I

(©Robert Maiik, 2004.



3x1—2xp+6x3+2x4—4x5 =5
X1 +ZX3— X4+2X5 =3
X1+2xp+2x3 =1
2x1—6xp+4x3+2x4—4x5 =5

Reste soustavu rovnic

1 0 2 -1 2 3
A~ 0 2 0 1= 2 =2
0 0 0 1 -2 -1
X4 —2x5 = —1 = X5 =t, x4 =2t—1,

e Jsou zde dvé nezndmé, ale jenom jedna rovnice. Jednu z nezndmych
volime rovnu parametru.

e Bud'tedy x5 = t, kde t je libovolné redlné &islo. Vypocteme x4.

(©Robert Maiik, 2004.



3x1—2xp+6x3+2x4—4x5 =5
X1 +ZX3— X4+2X5 =3
X1+2xp+2x3 =1
2x1—6xp+4x3+2x4—4x5 =5

Reste soustavu rovnic

1 0 2 -1 2 3
A~ 0 2 0 I =2| =2
0 0O 1 -2 -1
X4 —2x5 = —1 = X5 = i, xqg=2t—1,

NapiSeme rovnici odpovidajici dalsimu faddku.

(©Robert Maiik, 2004.



3x1—2xp+6x3+2x4—4x5 =5
X1 +ZX3— X4+2X5 =3
X1+2xp+2x3 =1
2x1—6xp+4x3+2x4—4x5 =5

Reste soustavu rovnic

1 0 2 -1 2 3
A~ 0 2 0 1= 2 =2
0 0O 1 -2 -1
X4 —2x5 = —1 = X5 = i, xqg=2t—1,

2%y + x4 —2x5 = -2 = 2x2+(2t—1)—2t:—2

Dosadime za x4 a x5. Zistdva pouze nezndmé4 x,. I
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3x1—2xp+6x3+2x4—4x5 =5
X1 +ZX3— X4+2X5 =3
X1+2xp+2x3 =1
2x1—6xp+4x3+2x4—4x5 =5

Reste soustavu rovnic

1 0 2 -1 2 3
A~ 0 2 0 1= 2 =2
0 0O 1 -2 -1
X4 —2x5 = —1 = X5 = i, xqg=2t—1,

1
2% + x4 —2x5=-2 = 2x+(2t-1)-2t=-2 = xz:—E

Nalezneme x,. Dostavame 2x, = —2 — 2t + 1 + 2t a odsud urcime x5. .

(©Robert Maiik, 2004.



3x1—2xp+6x3+2x4—4x5 =5
X1 +ZX3— X4+2X5 =3
X1+2xp+2x3 =1
2x1—6xp+4x3+2x4—4x5 =5

Reste soustavu rovnic

1 0 2 -1 2 3
A~ 0 2 0 1= 2 =2
0 0O 1 -2 -1
X4 —2x5 = —1 = X5 = i, xqg=2t—1,

1
2% + x4 —2x5=-2 = 2x+(2t-1)-2t=-2 = xz:—E

X1 +2x3 — x4 +2x5 =3

NapiSeme rovnici odpovidajici prvnimu faddku.

(©Robert Maiik, 2004.



3x1—2xp+6x3+2x4—4x5 =5
X1 +ZX3— X4+2X5 =3
X1+2xp+2x3 =1
2x1—6xp+4x3+2x4—4x5 =5

Reste soustavu rovnic

1 0 2 -1 2 3
A~ 0 2 0 1= 2 =2
0 0O 1 -2 -1
X4 —2x5 = —1 = X5 = i, xqg=2t—1,

2%y + X4 —2x5 = —2 = 2x2+(2t—1)—2t:—2 = X3 = —
X1 +2x3 —x4+2x5=3 = x1+2x3— (2t—1)+2t=3, x3=

= N =

e Dosadime. Po dosazeni ztistanou nezndmé x; a x3. Jedna z téchto
nezndmych musi byt parametr.

e Volme napft. x3 = u, kde u je libovolné redlné ¢islo.

(©Robert Maiik, 2004.



3x1—2xp+6x3+2x4—4x5 =5
X1 +ZX3— X4+2X5 =3
X1+2xp+2x3 =1
2x1—6xp+4x3+2x4—4x5 =5

Reste soustavu rovnic

1 0 2 -1 2 3
A~ 0 2 0 1= 2 =2
0 0O 1 -2 -1
X4 —2x5 = —1 = X5 = i, xqg=2t—1,

2%y + X4 —2x5 = —2 = 2x2+(2t—1)—2t:—2 = X3 = —
X1 +2x3 —x4+2x5=3 = x1+2x3— (2t—1)+2t=3,

X1 +2u— (2t—1)+2t =3,
x1:2—2u

= N =

X3 =

Vypocteme x. I
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3x1—2xp+6x3+2x4—4x5 =5
X1 +ZX3— X4+2X5 =3
X1+2xp+2x3 =1
2x1—6xp+4x3+2x4—4x5 =5

Reste soustavu rovnic

1 0 2 -1 2 3
A* ~ 0 2 0 1 —2| -2

0 0 O 1 —2| -1
X4 —2x5 = —1 = X5 = i, xqg=2t—1,

1

2%y + x4 —2x5 = -2 = 2x2+(2t—1)—2t:—2 = XQZ—E
X1 +2x3 —x4+2x5=3 = x1+2x3— (2t—1)+2t=3, x3=1u
X 42u— (2t —1) +2t =3,
x1=2—2u
. 1
Reéenije[aq:2—2u,x2:—E,x3:u,x4:2t—2,x5:t},kdetaujsou
parametry.

VyfeSeno! Jsme Sikovni. I
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3x1—2xp+6x3+2x4—4x5 =5
X1 +2x3— x442x5 =3
X1+2xp+2x3 =1
2x1—6xp+4x3+2x4—4x5 =5

Reste soustavu rovnic

1 0 2 -1 2 3
A~ 0 2 0 1= 2 =2
0 0 0 1 -2 -1
X4 —2x5 = —1 = X5 =t, xqg=2t—1,

1
2+ x4 —2x5=-2 = 2x+(2t—-1)-2t=-2 = =3

X1 +2x3 —x4+2x5=3 = x1+2x3— (2t—1)+2t=3, x3=1u
X4 2u— (26 —1) +2t =3,
x1:2—2u

. 1
ReSenije [x; =2 —2u,xp = X3 = U Xy = 2t —2,x5 = t|,kde t a u jsou
parametry.

(©Robert Maiik, 2004.



Problem 5



2x14+2xy—2x3+ x4 =1

X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3x24+3x3—2x4 = 4

Reste soustavu

(©Robert Maiik, 2004.



2x14+2xy—2x3+ x4 =1

X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3x24+3x3—2x4 = 4

Reste soustavu

2 2 —2 1]1
) 12 1 —2|1
A~ sy 1 25

13 3 —2|4

(©Robert Maiik, 2004.



2x14+2xy—2x3+ x4 =1

X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3x24+3x3—2x4 = 4

Reste soustavu

2 2 —2 1]1 1 2 1 =21 1
. 12 1 —2|1
AT~ gy 1 2l5 | ™

13 3 —2|4

Druhy fadek bude klicovy, protoZe ay; = 1.
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2x14+2xy—2x3+ x4 =1

X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3x24+3x3—2x4 = 4

Reste soustavu

—7 11)\ 1 2 1 =2 1

-1 2 5)"

A* ~

—_ W = N
Wk NN
(6]
o
S

(=2)Ry + Ry

(©Robert Maiik, 2004.



2x14+2xy—2x3+ x4 =1
X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3x24+3x3—2x4 = 4

Reste soustavu

2 2 2 1]1) 1 2 1 =2 1

A |12 1—21) 0 2 -4 5|-1
3 4 —1 0 —2 —4 8| 2
13 3—24)

(=3)R2 + R3

(©Robert Maiik, 2004.



2x14+2xy—2x3+ x4 =1

X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3x24+3x3—2x4 = 4

Reste soustavu

2 2 2 1]1) 1 2 1 =2
ol 12 1 2|1\ epf0o 2 4 5
3 4 -1 25) 0 -2 —4 8
13 3—24) 0 1 2 0

(=1)Ry + Ry

(©Robert Maiik, 2004.



2x14+2xy—2x3+ x4 =1

X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3x24+3x3—2x4 = 4

Reste soustavu

2 2 =2 1)1 1 2 1 -2 1
A* 1 2 1 -21 N 0 -2 4 5|-1 N
3 4 -1 2|5 0 -2 —4 8| 2
1 3 3 2|4 0 1 2 0 3
1 21 2|1
01 2 03

Dalsim klicovym fadkem bude posledni fadek, protoze a5, = 1 je lepsi
nez App = 33 — 2.
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2x14+2xy—2x3+ x4 =1

X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3x24+3x3—2x4 = 4

Reste soustavu

2 2 =2 1)1 1 2 1 -2 1
A* 1 2 L 2411 0 -2 -4 5|1y
3 4 -1 2|5 0 -2 —4 8 2)
1 3 3 2|4 0 1 2 0| 372
1 21 2|1
01 2 03
0 0 0 515

2R4 + Ry '

(©Robert Maiik, 2004.



2x14+2xy—2x3+ x4 =1

X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3x24+3x3—2x4 = 4

Reste soustavu

2 2 =2 1)1 1 2 1 -2 1
A* 1 2 r -2y11 (0 -2 -4 5-1]

3 4 -1 2|5 0 -2 —4 8 2)
1 3 3 2|4 0 1 2 0| 372

1 21 2|1

01 2 03

0 0 0 515

0 00 818

2R4 + R3 '

(©Robert Maiik, 2004.



2x14+2xy—2x3+ x4 =1

X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3x24+3x3—2x4 = 4

Reste soustavu

2 2 -2 1]1 1 2 1 —=2| 1
ool 2 1 2i1 | fo -2 4 51|
34 -1 215 0 -2 -4 8| 2
13 3 -2|4 0 1 2 o0 3

1 21 -2]1 121 —2]1
012 0|3 012 0|3
000 5|5 ]|~
000 8|8

Prvni dva fadky ztistanou. I

(©Robert Maiik, 2004.



2x14+2xy—2x3+ x4 =1

X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3x24+3x3—2x4 = 4

Reste soustavu

2 2 -2 1]1 1 2 1 —=2| 1
ool 2 1 2i1 | fo -2 4 51|
34 -1 215 0 -2 -4 8| 2
13 3 -2|4 0 1 2 o0 3
1 21 -2]1 121 —2]1
012 0|3 012 0|3
000 5|5 71000 1/1
000 8|8 000 1|1

Posledni fadky mtizeme vydélit. I

(©Robert Maiik, 2004.



2x14+2xy—2x3+ x4 =1

X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3x24+3x3—2x4 = 4

Reste soustavu

2 2 -2 1]1 1 2 1 —=2| 1
ool 2 1 2i1 | fo -2 4 51|
34 -1 215 0 -2 -4 8| 2
13 3 -2|4 0 1 2 o0 3
1 21 -2]1 121 —2]1
012 0|3 012 0|3
000 5|/5] 71000 11
000 8|8 000 1|1

Z poslednich dvou fadkt staci uvaZovat pouze jeden. I

(©Robert Maiik, 2004.



2x14+2xy—2x3+ x4 =1

X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3x24+3x3—2x4 = 4

Reste soustavu

2 2 -2 1]1 1 2 1 —=2| 1
ool 2 1 2i1 | fo -2 4 51|
34 -1 215 0 -2 -4 8| 2
13 3 -2|4 0 1 2 o0 3

1 21 -2]1 121 —2]1
012 0|3 012 0|3
000 5|/5] 71000 11

000 8|8

Vynechame tedy posledni fadek. I
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2x14+2xy—2x3+ x4 =1

X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3x24+3x3—2x4 = 4

Reste soustavu

1 2 1 2|1
A* ~ 01 2 0]3
0 0 O 1|1
X1 X2 X3 X4

e Rozsifend matice soustavy je ve schodovitém tvaru.

e h(A)=3,h(A*)=3,n=4

e Soustava méd nekonecné mnoho feSeni s jednim parametrem.

(©Robert Maiik, 2004.



2x14+2xy—2x3+ x4 =1

X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3x24+3x3—2x4 = 4

Reste soustavu

1 21 2|1
At~ 01 2 0|3
0 0 0 1)1
X1 X2 X3 Xg4 = 1

X4:1

NapiSeme rovnici odpovidajici poslednimu fddku. Tim zndme x.

(©Robert Maiik, 2004.



2x14+2xy—2x3+ x4 =1

X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3x24+3x3—2x4 = 4

Reste soustavu

1 21 -2|1
Af~| 0 1 2 03
0 0 O 1(1
X1 X2 X3 xqg =1
X4 = 1
Xy +2x3 = 3,

NapiSeme rovnici odpovidajici prosttednimu fadku.

(©Robert Maiik, 2004.



2x14+2xy—2x3+ x4 =1

X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3x24+3x3—2x4 = 4

Reste soustavu

1 21 -2|1
A~ 01 2 03
0 0 O 1(1
X1 Xo X3 =1 xg =1

X4:1

Xo+2x3=3,x3=1t=

e Ze dvou neznamych bude jedna rovna parametru.

e Necht'napfiklad x3 = t, kde ¢ je libovolné realné ¢islo.

(©Robert Maiik, 2004.



2x14+2xy—2x3+ x4 =1

X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3x24+3x3—2x4 = 4

Reste soustavu

1 21 2|1
A* ~ 0 1 2 03
0 0 O 11
X1 Xy =3 =2t X3 =t;

X4:1

X4:1

Xo+2x3=3,x3=t=xp =3—2t

Nalezneme x5. .

(©Robert Maiik, 2004.



2x14+2xy—2x3+ x4 =1

X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3x24+3x3—2x4 = 4

Reste soustavu

1 21 2|1
A* ~ 01 2 03
0 0 O 11
X1 Xy =3 —2¢; x3 =t;

X4:1

X4:1

Xo+2x3=3,x3=t=xp =3 —2t

X1 +2x+x3 —2x4 =1

Pokracujeme k dal$i rovnici. I

(©Robert Maiik, 2004.



2x14+2xy—2x3+ x4 =1

X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3x24+3x3—2x4 = 4

Reste soustavu

1 21 2|1
A* ~ 0 1 2 03
0 0 O 11
X1 Xy =3 —2¢; x3 =t;

X4:1

X4:1

Xo+2x3=3,x3=t=xp =3 —2t

X1 +2x +x3 —2x4 =1
x1+2(3-2t)+t—-2-1=1

Dosadime za x5, x3 a x4. '

(©Robert Maiik, 2004.



2x14+2xy—2x3+ x4 =1

X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3x24+3x3—2x4 = 4

Reste soustavu

1 21 2|1
A* ~ 0 1 2 03
0 0 O 11
X1 Xy =3 —2¢; x3 =t;

X4:1

X4:1

Xo+2x3=3,x3=t=xp =3 —2t

X1 +2x +x3 —2x4 =1
x1+2(383-2t)+t—-2-1=1
xp—4t+t+4=1

Upravime. I

(©Robert Maiik, 2004.



2x14+2xy—2x3+ x4 =1

X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3x24+3x3—2x4 = 4

Reste soustavu

1 21 2|1
A* ~ 0 1 2 03
0 0 O 11
X1 Xy =3 —2¢; x3 =t;

X4:1

X4:1

Xo+2x3=3,x3=t=xp =3 —2t

X1 +2x +x3 —2x4 =1
X1+2(3—2t)+f—2~1:1
x1—4t+t+4=1
X1—3t:—3

Upravime. I
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2x14+2xy—2x3+ x4 =1

X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3x24+3x3—2x4 = 4

Reste soustavu

1 21 -2|1
A~ | 0 1 2 03

0 0 O 1(1
x1 = —3+3¢ Xy =3 —2¢; X3 =t; xqg =1
X4:1

Xo+2x3=3,x3=t=xp =3 —2t

X1 +2x +x3 —2x4 =1
x1+2(383-2t)+t—-2-1=1
x1—4t+t+4=1
X1—3t:—3

x1=3t—3

Nalezneme x1. '
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2x14+2xy—2x3+ x4 =1

X1+2x+ x3—2x4 =1
3x1+4xy— x3+2x4 =5
x1+3xp4+3x3—2x4 = 4

Reste soustavu

1 21 =21
A*~[ 0 1 2 0|3
0 00 1]1
x1 = —3+ 34 Xy =3 =2t x3 =t; xqg =1
?;ﬁeéeni je
x1 = —3+3t
Xp =3 —2t
X3 =1
Xg4 = 1
kde t je libovolné realné ¢islo.
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3 Determinant

Problem 6



Najdéte nasledujici determinant I

a b
i
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Najdéte nasledujici determinant I

“ ].’ = a(~1)M1)j

Rozvineme determinant podél prvniho fddku. I

(©Robert Maiik, 2004.



Najdéte nasledujici determinant I

a b
i

’ = a(—1)1[j] + b(—~1)™2]]

Rozvineme determinant podél prvniho fddku. I
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Najdéte nasledujici determinant I

a b . . oy
0= a1+ o1 =0

Upravime. I

(©Robert Maiik, 2004.



Najdéte nasledujici determinant I

a b . . oy
8= a1 (1) 2 =g

Determinant 2 x 2 tedy pocitdme tak, Ze ndsobime prvky v hlavni
diagondle a odecteme soucin prvki ve vedlejsi diagonale.
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Problem 7



Najdéte nasledujici determinant '

a b c . . .
i ] k :u(_l)lJrl ] +b(_1)1+2 1 +C(_1)1+3 1 ]‘
y z X z Xy
X y z
= a(jz — ky) — b(iz — kx) + c(iy — jx)
= ajz — aky — biz + bkx + ciy — cjx
a b c
i j k |=ajz+iyc+ xbk — (cjx + kya + zbi)
X Yy z

(©Robert Maiik, 2004.



Najdéte nasledujici determinant '

= = =

=2 -

~ 8 R =2

N X O

—_ e -

_ oop+1|f k 12|l k EPTSEEY EA
=a(-1) y Z—i—b( 1) . Z+c( 1) .
= a(jz — ky) — b(iz — kx) + c(iy — jx)

= ajz — aky — biz + bkx + ciy — cjx

c

k |=ajz +iyc+ xbk — (cjx + kya + zbi)

z

c

k

(©Robert Maiik, 2004.



Problem 8



Vypoctéte nasledujici determinant. I

O = =N

W kO

— 00 W W
|

N O~ W
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Vypoctéte nasledujici determinant. I

O = =N
|
Wk kO
— 00 W W
|
N O~ W

Druhy fadek bude klicovy. I
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Vypoctéte nasledujici determinant. I

Upravime prvni fadek. Pozor! Radky nepiehazujeme. I
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Vypoctéte nasledujici determinant. I

2 0-3 3| |0-8-9 5
1 4 3 -1{(-Dl 4 3 -1
1 -4 8 0f]0-8 5 1
0 3-1 2

Upravime tieti fadek. I
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Vypoctéte nasledujici determinant. I

2 0-3 3 0 -8 -9 5
1 4 3-1| (1 4 3 -1
1-4 8 0| |0-8 5 1
0 3 -1 2 0 3 -1 2

Posledni fadek pouze opiSeme. I
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Vypoctéte nasledujici determinant. I

-8 -9 5

2 0-3 3 5 95
Loa O = (=12 | -8 51
14 8 0| | -8 5 1| 3 19
0 3 -1 2 3-1 2

o Vytvofime Laplace@iv rozvoj podle prvniho sloupce.

fadek + sloupec

e Cerveny prvek ziistane, bude vynasoben vyrazem (—1)

e Vynechdme prvni sloupec a druhy fadek.
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Vypoctéte nasledujici determinant. I

2 0-3 3 0-8-9 5
1 4 3-1] |1 4 3 -1 _q(—1y2H :2 _gi’
1-4 8 0| |0-8 5 1| = | 5 15
0 3-1 2 0 3-1 2

— [—8.5.2 +(=8)(=1).5+3.(=9).1

— (553 +1.(~1).(-8) + 2.(~9).(-8))]
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Vypoctéte nasledujici determinant. '

2 0-3 3 0-8-9 5
1 4 3-1] |1 4 3 -1 _q(—1y2H :g _gi’
1-4 8 0| |0-8 5 1| = | 5 15
0 3-1 2 0 3-1 2

— i [—8.5.2 +(—8)(~1).5+3.(—9).1
— (553 +1.(~1).(-8) + 2.(~9).(-8))]

- —1[—80+40—27— (75+8+144)]

(©Robert Maiik, 2004.



Vypoctéte nasledujici determinant. '

2 0-3 3 0-8-9 5
1 4 3-1] |1 4 3 -1 _q(—1y2H :g _gi’
1-4 8 0| |0-8 5 1| = | 5 15
0 3-1 2 0 3-1 2

— [—8.5.2 +(=8)(=1).5+3.(=9).1
— (553 +1.(~1).(-8) + 2.(~9).(-8))]
-1 [—80+4o 27— (75+8+ 144)]

S {—67 _ 227}
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Vypoctéte nasledujici determinant. '

2 0-3 3 0-8-9 5
1 4 3-1] |1 4 3 -1 _q(—1y2H :g _gi’
1-4 8 0| |0-8 5 1| = | 5 15
0 3-1 2 0 3-1 2

— [—8.5.2 +(=8)(=1).5+3.(=9).1
— (553 +1.(~1).(-8) + 2.(~9).(-8))]
-1 [—80+4o 27— (75+8+ 144)]

— [—67 - 227} — 294

(©Robert Maiik, 2004.



4 Inverzni matice



Problem 9



K dané matici A uréete matici inverzni A~ .

6 —4 -17
A=|-1 1 3

(©Robert Maiik, 2004.



K dané matici A uréete matici inverzni A~ . I

6 —4 -17
-1 1 3
-1 -6

-1

A=
2
6 —4 7
-1 1 3
2 -1 -6

o O =
o = O
_ O O

We write the matrix A and the 3 x 3 identity matrix. I
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K dané matici A uréete matici inverzni A~ . I

6 —4 —17
A= —11 3
——6
171 0 0 -1 1 3|01 0
—11 3l0 10 |~
2 -1 —6|0 0 1

We choose the second row as a pivot row. The reason is that the
number —1 is more convenient for pivoting than the numbers 6 or 2.
The pivot row comes as the first.
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K dané matici A uréete matici inverzni A~ . I

6 —4 -17
-1 1 3
-1 -6

-1

A=
2
6 —4 7
! 1 3
2 -1 -6

=
|

—_ W
— O

o O =
o = O
]
(o X
o o

S—

We adjust the element 411 = 6 to zero. I
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K dané matici A uréete matici inverzni A~ . I

6 —4 -17
-1 1 3
2 —6

1
-1

A=
6 —4 71 0 0 -1 1 3010
=1l 1 310 1 0)2 ~ 0 2 1|1 6 0
2 -1 —-6|0 0 1 01 0{0 2 1

We adjust the element a3; = 2 to zero. I
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K dané matici A uréete matici inverzni A~ . '

6 —4 -17

A= —113

-1 -6
—4—17100 -1 1 3|0 1 0
310 1 0 | ~ 0 2 1(1 6 0
2—1—6001 01 010 2 1

~ 01 0|0

N
—_

The new pivot can be either the second or the third row. We choose the
last row. This row has to be written as the second.
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K dané matici A uréete matici inverzni A~ . I

6 —4 -17
=|1-1 1 3
2 -1 -6

We adjust the element a1, = 1 to zero. I
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K dané matici A uréete matici inverzni A~ . I

6 —4 -17
=|1-1 1 3
2 -1 -6

1 0 0 -1 1 3|0 1 0
01 0 |~ 021160\|
2 -1 —-6|0 0 1 01 0|0 2 1/,(-2)
-1 0 3|0 -1 -1
~ 01 00 2 1
0 0 1|1 2 -2

We adjust the element ay = 2 to zero. I
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K dané matici A uréete matici inverzni A~ . I

6 —4 -17
=|1-1 1 3
2 -1 -6

1 0 0 -1 1 3|0 1 0
01 0 |~ 0 2 1(1 6 0
2 -1 —-6|0 0 1 01 0(0 2 1
-1 0 3|0 -1 -1
~ 01 00 2 1 |~
0 0 1|1 2 -2 0 0 1|1 2 -2

The last pivot will be the last row. This row has to remain as the last
TOW.
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K dané matici A uréete matici inverzni A~ . '

6 —4 -17
=|1-1 1 3
2 -1 -6

1 0 -1 1 3|0 1 0
0 0 | ~ 0 2 1(1 6 0
2 -1 —-6]0 1 01 0(0 2 1

|
N
S
S
—_
—_
N

|
N

The second row is good. This row remains. I
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K dané matici A uréete matici inverzni A~ . '

6 —4 -17
=|1-1 1 3
2 -1 -6

100 -1 1 3|01 0
010 |~ 0 2 1(1 6 0

2 -1 —-6|0 0 1 01 0|0 2 1
-1 0 3|0 -1 —-13(¢-1n/1 0 0|3 7 -5

~ 010021)|~010021
00 1|1 2 —27/3 00 1|1 2 =2

We adjust the element 413 = 3 to zero. I
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K dané matici A uréete matici inverzni A~ . '

6 —4 -17
=|1-1 1 3
2 -1 -6

1 0 0 -1 1 3|0 1 0

01 0 |~ 0 2 1(1 6 0

2 -1 —-6|0 0 1 01 0(0 2 1
-1 0 3|0 -1 -1 1 0 0|3 7 -5
~ 1 0|0 2 1 |]~1 01 0[0 2 1
0 1|1 2 -2 0 0 1|1 2 -2

The matrix on the left is the identity matrix and hence the second
matrix is the inverse.
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Problem 10



Given a matrix A, find the inverse matrix AL

1 0 4
A=11 -1 1
1 2 6

(©Robert Maiik, 2004.



1

Given a matrix A, find the inverse matrix A~
1 0 4 1 0 4/1 0 O
A= 1 -1 1 1 -1 1|0 1 0
1 2 6 1 2 6|0 0 1

We start with the matrix and the 3 x 3 identity matrix. I

(©Robert Maiik, 2004.



1

Given a matrix A, find the inverse matrix A~
1 0 4 1 0 4/1 0 O
A= 1 -1 1 1 -1 1|0 1 0
1 2 6 1 2 6|0 0 1

(1—110 10)

We choose the second row to be a pivot row (contains the smallest
numbers). This pivot row will be the first row.
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Given a matrix A, find the inverse matrix AL

1 0 4
A=11 -1 1
1 2 6

We adjust the element 417 = 1 to zero. I
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Given a matrix A, find the inverse matrix 1

1 0 4 1 0
A=11 -1 1 1 =i
1 2 6 1 2

A~
4
1
6

10 0)
0 1 0y
00 1%

1 -1 10 1 0
~ 1 0 1 3|1 -1 O
0 3 5|0 -1 1

We adjust the element a3; = 1 to zero. I
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Given a matrix A, find the inverse matrix

1 0 4 1 0
A=11 -1 1 1 -1
1 2 6 1 2

O O =
W — =
g1 W =
o = O
\
—
(@]
2
(@]
—_

A~
4
1
6

1

1 0 0
010
0 0 1

3 1 -1

0
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Given a matrix A, find the inverse matrix
1 0 4
A= 1 -1 1
1 2 6
0 1 0 ) 1 0
~ 1 -1 0 0 1
0 -1 1

O O =
W — =

1
3
5

We adjust the element a1, = —1 to zero. I
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Given a matrix A, find the inverse matrix

1 0
1 -1
1 2

A~
411

1{0

6|0
0 1 0) 10 4
1 -1 0y(-3| 01 3
0 00 —4

0 0
1 0
0 1

1
1 —
3

N — O
= O O

We adjust the element a3, = 3 to zero. I
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Given a matrix A, find the inverse matrix A~
1 0 4 1 0 4/1 0 O
A= 1 -1 1 1 -1 1|0 1 0
1 2 6 1 2 6|0 0 1
1 -1 1|0 1 0 1 0 4 1 0 0
~ | 0 1 3(1 -1 0 |~ 0 1 3 1 -1 0
0 3 5|0 -1 1 0 0 —4 3 2 1
( 0 0 4 3 -1 -1 )

The last row remains. It will be the new pivot row. I
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Given a matrix A, find the inverse matrix A~
1 0 4 1 0 4/1 0 O
A= 1 -1 1 1 -1 1|0 1 0
1 2 6 1 2 6|0 0 1
1 -1 1|0 1 0 1 0 4 1 0 0 \
~ | 0 1 3(1 -1 0 |~ 0 1 3 1 -1 0 ).4
0 3 5|0 -1 1 0 0 —4 3 2 173
~| 0 4 0|5 2 3
0 0 4 3 -1 -1

We adjust the element ap3 = 3 to zero. I
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Given a matrix A, find the inverse matrix

1 0 4
A=11 -1 1
1 2 6

A~
4
1
6

1
0
0
1 1 1(0 1 0 1 0 4 1 0 0
~ 1 0 1 3|1 -1 0 |~| 0 1 3 1 -1 0)
0 3 5|0 -1 1 0 0 —4|-3 2 1
1 0 0] -2 2 1
~| 0 4 0|-5 2 3
0 0 4/, 3 -1 -1

We adjust the element 413 = 4 to zero. I
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Given a matrix A, find the inverse matrix A~
1 0 4 1 0 4/1 0 O
A= 1 -1 1 1 -1 1|0 1 0
1 2 6 1 2 6|0 0 1
1 -1 1|0 1 0 1 0 4 1 0 0
~ | 0 1 3(1 -1 0 |~ 0 1 3 1 -1 0
0 3 5|0 -1 1 0 0 —4 3 2 1
1 0 0|-—-2 2 1
~| 0 4 0|5 2 3
0 0 4 3 -1 -1
1 0 O -2 2 1
~| 0 1 0|-5/4 2/4 3/4
0 0 1 3/4 —-1/4 -1/4

We divide each row by the leftmost nonzero number. I
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Given a matrix A, find the inverse matrix

A~
1 0 4 4
1 -1 1 1
1 2 6 6

b
Il
—

0 0
1 0
0 1

1
0
0
4
3
—4

1 -1 10 1 0 10 1 00
~lo0o 131 -1 0]|~[01 1 -1 0

0 3 5/0 -1 1 00 3 21

100[-2 2 1
~|o040/-5 2 3

00 4| 3 -1 -1

100 -2 2 1 L[ -8 8 4
~( 01 0|=5/4 2/4 3/4)|:a'=-( -5 2 3

00 1| 3/4 —1/4 —1/4 4\ 3 2 1

The identity matrix is on the left. The inverse matrix is on the right.

1
The common denominator 1 can be taken out.
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