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@ Soustavy linedrnich rovnic
o Typy soustav
o Metody Fesenf{
o Matice
o Zakladni pojmy (zapis, vektor, specialni typy matic,
symetrickd matice)

o Operace s maticemi (rovnost, s¢itani, ndsobeni, transponovani)
e Determinant matice
e Resenfi soustav rovnic pomoci matic
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o Jaky je geometricky vyznam rovnice?
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o Jaky je geometricky vyznam rovnice?
»Najit prisetik dvou grafi.”

e Jak ale najit bod (oblast), kterd by spliiovala vice podminek?

e Vice rovnic nejde dat do vzajemné rovnosti.
o Ale Ize nékolik rovnic ¥esSit soucasné.
e Takzvanou soustavu rovnic.

@ Omezime se pouze na linearni rovnice.

o (Pomoci numerickych metod lze kaZzd4 rovnice p¥evést na
opakované YeSeni linedrnich rovnic.)
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Zakladni znadeni

Soustava linearnich rovnic

al-xy + ap-x + - 4+ aip-xp = b
a1-x1 + an-x2 + - + aym-xpn = b
ami-x1 + am2-x2 + - 4+ amn-Xn = bm

ajeR, i=1,...,n j=1,..., m koeficienty
xi, =1, ...,n nezndmé (pro mald n, x, y a z)
b; € R, j =1, ..., m koeficienty pravych stran

n € N pocet neznamych

m € N pocet rovnic
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Zakladni poznatky

@ Pocet feseni:
o Z4dné ¥edeni
e Jedno Yegeni
o Nekone&n& mnoho ¥eseni (,ur&itého tvaru®)

@ Bohuzel toto nejde na prvni pohled jednoznaéné& urdit.
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@ Pocet feseni:
o Z4dné ¥edeni
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Nem3 klasické Feseni.
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Klasifikace soustav linedrnich rovnic

@ Homogennix Nehomogenni soustava
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Klasifikace soustav linedrnich rovnic

@ Homogennix Nehomogenni soustava
e Homogenni soustava ma na vSech pravych strandch jen 0
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Klasifikace soustav linedrnich rovnic

@ Homogennix Nehomogenni soustava
e Homogenni soustava ma na vSech pravych strandch jen 0
e Homogenni rovnice ma vzdy alespoii trividlni YeSeni
@ PYeurcenad soustava
e Je soustava, kterd md vice rovnic nez proménnych
o ,Nemiva klasické YeSeni, ale ¥eSeni ve smyslu nejmensich
Etvercl.”
@ Nedourlend soustava
e Ma méné rovnic nez proménnych
e ,,Miva nekone&né mnoho ¥edeni, kterd se zapisuji pomocfi
volitelnych parametri.”
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Klasifikace linedrnich rovnic

° a)
x +y 4+ z =0
x —y 4+ z =0
e b)
x +y 4+ z =0
x —y — z =1
2x — y + =0
°¢)
x + vy 4+ z = -1
X — y — z = 3
x - 2y — z = 2
2x — y + z 1
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Klasifikace linedrnich rovnic

@ a) Nedour&end homogenni soustava (dvou rovnic o tfech

neznamych)
x +y 4+ z =0
x —y 4+ z =0
e b)
x +y 4+ z =0
x —y — z =1
2x — y + =0
°¢)
x + vy 4+ z = -1
X -y -z = 3
x - 2y — z = 2
2x — y + z 1
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Klasifikace linedrnich rovnic

@ a) Nedour&end homogenni soustava (dvou rovnic o tfech
neznamych)

= 0

= 0

+

X + z
X — + z

< <

t¥i rovnic o tfech neznamych)

—~

@ b) Nehomogenni soustava

x +y + z =20
y — z 1
2x — y + z =0

e ()

x + vy 4+ z = -1
X -y -z = 3
x - 2y — z = 2
2x — y + z 1

Lukas Kokrda Soustavy linedrnich rovnic a matice



Klasifikace linedrnich rovnic

@ a) Nedour&end homogenni soustava (dvou rovnic o tfech
neznamych)

= 0

= 0

+

X + z
X — + z

< <

@ b) Nehomogenni soustava

—~

t¥i rovnic o tfech neznamych)

x +y + z =20
x —y — z =1
2x — y + z =0
@ c) PFeurtend homogenni soustava (&ty¥ rovnic o tfech
neznamych)
x + vy 4+ z = -1
X — y — z = 3
x - 2y — z = 2
2x — y + z = 1
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Metody FeSeni soustav linedrnich rovnic

@ S&itaci metoda
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Metody FeSeni soustav linedrnich rovnic

e Scitaci metoda, postup:

@ Dosazovaci metoda

@ Metody pomoci matic
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Metody FeSeni soustav linedrnich rovnic

e Scitaci metoda, postup:

e 1) Vhodnym pf¥i¢itdnim nasobkd jednotlivych rovnic redukovat
jednotlivé promé&nné, dokud nezbude posledni proménna.

@ Dosazovaci metoda

@ Metody pomoci matic
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Metody FeSeni soustav linedrnich rovnic
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Metody FeSeni soustav linedrnich rovnic

e Scitaci metoda, postup:
e 1) Vhodnym pf¥i¢itdnim nasobkd jednotlivych rovnic redukovat
jednotlivé promé&nné, dokud nezbude posledni proménna.
e 2) Vypottené proménnou postupné& dosazovat do
redukovanych rovnic.
@ Dosazovaci metoda, postup:
e 1) Vyjad¥it z prvni rovnice promé&nou x; pomoci zbylych
proménnych.
o 2) Dosadit ziskany vztah do zbylych rovnic.
o 3) Opakovat krok 1) a 2) pro ostatni prom&nné.
@ Metody pomoci matic (aby jste v&déli na co se t&it)

o Gaussova elimina&ni metoda
e Cramerovo pravidlo
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Sé&itaci metoda

x + 2y + z = 3
2x + 2y + 3z = 4
x + z = 2
2x  + 4y = 8
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Sé&itaci metoda

x + 2y + z = 3 X 4+ 2y 4+ z = 3
2x 4+ 2y 4+ 3z = 4 - 2y + z = -2
=
x + z = 2 - 2y = -1
2x 4+ 4y = 8 - 2z = 2
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Sé&itaci metoda

x + 2y + z = 3 X 4+ 2y 4+ z = 3
2x—i—2y—|—3z:4:> -2y—|—z:-2:>
x + z = 2 - 2y = -1
2x 4+ 4y = 8 - 2z = 2
X + 2y + z = 3
N - 2y 4+ z = -2
-z =1
- 2z = 2
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Sé&itaci metoda

x + 2y + z = 3 X 4+ 2y 4+ z = 3
2x 4+ 2y 4+ 3z = 4 N - 2y + z = -2 N
x + z = 2 - 2y = -1
2x 4+ A4y = 8 - 2z = 2
x + 2y + z = 3 x + 2y + z = 3
N - 2y 4+ z = -2 N - 2y 4+ z = -2
- z = 1 -z =1
- 2z = 2 0 =
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Sé&itaci metoda

x + 2y + z = 3 X 4+ 2y 4+ z = 3
2x 4+ 2y 4+ 3z = 4 N - 2y + z = -2 N
x + z = 2 - 2y = -1
2x 4+ 4y = 8 - 2z 2
x + 2y + z = 3 x + 2y + z = 3
N - 2y 4+ z = -2 N - 2y + z = -2 N
- z = 1 -z =1
- 2z = 2 0 =
z = -1
= - 2y = —2-z = y :%
X = 3-2y—z = x=3
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Dosazovaci metoda

x + 2y + z =3
2x + 2y + 3z = 4
x + z = 2
2x + 4y = 8
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Dosazovaci metoda

x + 2y + z = 3 = x=3-2y—z
2x + 2y + 3z = 4
X + z = 2
2x + 4y = 8
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Dosazovaci metoda

x + 2y + z = 3 = x=3-2y—z

2x + 2y + 3z = 4

X + z = 2

2x + 4y = 8

23—-2y—2z) + 2y 4+ 3z = 4
3-2y—z + z = 2

23—-2y—2z) + 4y = 8
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Dosazovaci metoda

x + 2y + z = 3 = x=3-2y—z
2x + 2y + 3z = 4
X + z = 2
2x + 4y = 8
23—-2y—2z) + 2y 4+ 3z = 4
3-2y—z + z = 2
23—-2y—2z) + 4y = 8
-2y + z = -2
- 2y + = -1
- 2z = 2
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Dosazovaci metoda

x + 2y + z = 3 = x=3-2y—z
2x + 2y + 3z = 4
X + z = 2
2x + 4y = 8
23—-2y—2z) + 2y 4+ 3z = 4
3-2y—z + z = 2
23—-2y—2z) + 4y = 8
-2y + z = -2
- 2y + = -1 :>y:%
- 2z = 2
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Dosazovaci metoda

x + 2y + z = 3 = x=3-2y—z
2x + 2y + 3z = 4
X + z = 2
2x + 4y = 8

23—-2y—2z) + 2y 4+ 3z = 4
3—-2y—z + z = 2
23—-2y—2z) + 4y = 8

- 2y + z = -2
- 2y + = -1 :>y:%
- 2z = 2 =z=-1
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Dosazovaci metoda

x + 2y + z = 3 = x=3-2y—z
2x + 2y + 3z = 4

X + z = 2
2x + 4y = 8
23—-2y—2z) + 2y 4+ 3z = 4

3-2y—z + z = 2
23—-2y—2z) + 4y = 8
-2+ oz o= 2 =-2.14(-1)=-2
- 2y + = -1 :>y:%

- 2z = 2 =z=-1
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Dosazovaci metoda

x + 2y + z = 3 = x=3-2y—z
2x + 2y 4+ 3z = 4 x=3-2-3—(-1)
X + z = 2
2x + 4y = 8
23—-2y—2z) + 2y 4+ 3z = 4

3-2y—z + z = 2
23—-2y—2z) + 4y = 8
-2+ oz o= 2 =-2.14(-1)=-2
- 2y + = -1 :>y:%

- 2z = 2 =z=-1
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Dosazovaci metoda

x + 2y + z = 3 = x=3-2y—z
2x + 2y 4+ 3z = 4 x=3-2-3—(-1)
X + z = 2 X =
2x + 4y = 8
23—-2y—2z) + 2y 4+ 3z = 4

3-2y—z + z = 2
23—-2y—2z) + 4y = 8
-2+ oz o= 2 =-2.14(-1)=-2
- 2y + = -1 :>y:%

- 2z = 2 =z=-1
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Matice - zdkladni pojmy

e Matici ¥adu m x n nazyvdme obdélnikové schéma redlnych
¢isel o m ¥adcich a n sloupcich.

ai1 a2 - ain

azi axp azn
A=

Aml 4m2 " Admn

Matice znadime vétSinou velkymi tué¢nymi pismeny
Radky matice &islujeme shora
Sloupce matice &islujeme zleva

Cisla v matici nazyvame prvky matice

Prvky matice oznaujeme odpovidajicimi malymi pismeny s
Fadkovym a sloupcovym indexem
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Matice - zdkladni pojmy

@ Matice o jednom ¥adku/sloupci nazyvdme vektory
@ Vektory vétSinou zna¢ime malymi tuénymi pismeny
uy 3
u=| w | = 4 |, v= ( 1 -2 2 )
us -2
@ Matici o n ¥adcich a n sloupcich nazveme &étvercovou matici
fadu n
@ Prvky aj; matice A (prvky jejichZ ¥adkovy a sloupcovy index se
rovna) nazyvame diagonalnimi prvky
@ V3echny diagonalni prvky matice A nazyvame hlavni

diagonalou

Lukas Kokrda Soustavy linedrnich rovnic a matice



Specidlni typy matic

@ Jednotkova matice - ¢tvercova matice, kterd ma na hlavni
diagondle 1 a ostatni prvky jsou 0. Znaéeni E, nebo I, pokud
chceme zdlraznit ¥ad matice pak E,, nebo I,

100

E=1=| 010

0 01

@ Matice ve schodovitém tvaru, je matice jejiZ kazdy Fadek
zadind vétsim poltem 0 neZ ¥adek pFedchazejici.

12 -1 0 12 -1 0

01 0 -1 00 0 -1

00 0 3 00 0 3
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Specidlni typy matic

o Symetricka matice je matice jejiz prvky spliiuji podminku

Vi,jE{l,Z,...,n}, ajj = aji

e Priklad:
1 2 -1 0
2 1 0 -1
-1 0 5 4
0o -1 4 2
o Protipftiklad:
1 2 -1 7
2 1 0 -1
-1 0 5 4
0o -1 4 2
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Operace s maticemi

@ Rovnost matic
e Matice se rovnaji pokud jsou stejného ¥adu a odpovidajici
prvky se rovnaji

1 2 1 -3
A= -3 0 ,B:<13§),C: 2 1

0 0 6 5
A-BaA+C

e S&itdni matic
e Matice Ize s¢itat, pokud jsou stejného ¥adu a vysledné prvky
matice jsou soucty odpovidajicich si prvkd plvodnich matic.

14 (-1) 2+ (-3) 0 -1
A+C= —-3+2 0+1 = -1 1
0+6 0+5 6 5

e Odiitani analogicky
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Nasobeni matic

@ Ndasobeni konstantou ¢ € R

o kazdy prvek se vyndsobi konstantou ¢

2 -1 4.2 4.(-1) 8 —4
A= -1 2|, 4Aa=|4.(-1) 4.2 = -4 s
1 2 4.1 4.2 4 8

@ Ndsobeni matic

e Matici ¥ddu m X n lze zprava vynasobit matici ¥adu n x o,
vyslednd matice je ¥ddu m x o

1 2

1 2 -1
0 1) (o)
3 o 0 -1 -2
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Nasobeni matic

@ Ndasobeni konstantou ¢ € R

o kazdy prvek se vyndsobi konstantou ¢

2 -1 4.2 4.(-1) 8 —4
A= -1 2|, 4Aa=|4.(-1) 4.2 = -4 s
1 2 4.1 4.2 4 8

@ Ndsobeni matic

e Matici ¥ddu m X n lze zprava vynasobit matici ¥adu n x o,
vyslednd matice je ¥ddu m x o

o _(1 2 _1)_
B 0 -1 -2

1-1+2-0
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Nasobeni matic

@ Ndasobeni konstantou ¢ € R

o kazdy prvek se vyndsobi konstantou ¢

2 -1 4.2 4.(-1) 8 —4
A= -1 2|, 4Aa=|4.(-1) 4.2 = -4 s
1 2 4.1 4.2 4 8

@ Ndsobeni matic

e Matici ¥ddu m X n lze zprava vynasobit matici ¥adu n x o,
vyslednd matice je ¥ddu m x o

o _(1 2 _1)_
B 0 -1 -2

1-142:0  1-2+2-(-1)
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Nasobeni matic

@ Ndasobeni konstantou ¢ € R

o kazdy prvek se vyndsobi konstantou ¢

2 -1 4.2 4.(-1) 8 —4
A= -1 2|, 4Aa=|4.(-1) 4.2 = -4 s
1 2 4.1 4.2 4 8

@ Ndsobeni matic

e Matici ¥ddu m X n lze zprava vynasobit matici ¥adu n x o,
vyslednd matice je ¥ddu m x o

o _(1 2 _1)_
B 0 -1 -2

1-142:0 1-242-(=1)  1-(=1)42-(-2)
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Nasobeni matic

@ Ndasobeni konstantou ¢ € R

o kazdy prvek se vyndsobi konstantou ¢

2 -1 4.2 4.(-1) 8 —4
A= -1 2|, 4Aa=|4.(-1) 4.2 = -4 s
1 2 4.1 4.2 4 8

@ Ndsobeni matic

e Matici ¥ddu m X n lze zprava vynasobit matici ¥adu n x o,
vyslednd matice je ¥ddu m x o

o _(1 2 _1)_
B 0 -1 -2
1.142:0  1:242-(=1)  1-(-1)+2-(-2)
= 0-1+(-1)-0
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Nasobeni matic

@ Ndasobeni konstantou ¢ € R

o kazdy prvek se vyndsobi konstantou ¢

2 -1 4.2 4.(-1) 8 —4
A= -1 2|, 4Aa=|4.(-1) 4.2 = -4 s
1 2 4.1 4.2 4 8

@ Ndsobeni matic

e Matici ¥ddu m X n lze zprava vynasobit matici ¥adu n x o,
vyslednd matice je ¥ddu m x o

1 2
1 2 -1
0o -1 |- _
3 o (0 -1 —2>
1-142:0  1-2+2-(-1) 1-(-1)+2-(-2)
=] 014 (=1)-0 0-24(=1)-(-1)
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Nasobeni matic

@ Ndasobeni konstantou ¢ € R

o kazdy prvek se vyndsobi konstantou ¢

2 -1 4.2 4.(-1) 8 —4
A= -1 2|, 4Aa=|4.(-1) 4.2 = -4 s
1 2 4.1 4.2 4 8

@ Ndsobeni matic

e Matici ¥ddu m X n lze zprava vynasobit matici ¥adu n x o,
vyslednd matice je ¥ddu m x o

1 2
1 2 -1
0o -1 |- -
3 o (0 ~1 —2)
1-1+2-0 1-24+2-(=1) 1
=1 0:-14(=1)-0 0-24(=1)-(=1) 0-(-1)
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Nasobeni matic

@ Ndasobeni konstantou ¢ € R

o kazdy prvek se vyndsobi konstantou ¢

2 -1 4.2 4.(-1) 8 —4
A= -1 2|, 4Aa=|4.(-1) 4.2 = -4 s
1 2 4.1 4.2 4 8

@ Ndsobeni matic

e Matici ¥ddu m X n lze zprava vynasobit matici ¥adu n x o,
vyslednd matice je ¥ddu m x o

1 2
1 2 -1
0 _1 . pr—
3 o (0 ~1 —2)
1-1+2-0 1-24+2-(=1) 1
=] 0:14(=1)-0 0-24(=1)-(=1) 0-(-1)
3.1+ (-2)-0
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Nasobeni matic

@ Nasobeni konstantou ¢ € R
o kazdy prvek se vyndsobi konstantou ¢

2 -1 4.2 4.(-1) 8 —4
A= -1 2|, 4Aa=|4.(-1) 4.2 = -4 s
1 2 4.1 4.2 4 8

@ Ndsobeni matic

e Matici ¥ddu m X n lze zprava vynasobit matici ¥adu n x o,
vyslednd matice je ¥ddu m x o

o _(1 2 _1)_
B 0 -1 -2
1-142.0  1-2+2-(-1)

1
=] 0:14(=1)-0 0-24(=1)-(=1) 0-(-1)
3.14(=2)-0 3-2+4(=2)-(-1)
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Nasobeni matic

@ Nasobeni konstantou ¢ € R
o kazdy prvek se vyndsobi konstantou ¢

2 -1 4.2 4.(-1) 8 —4
A= -1 2|, 4Aa=|4.(-1) 4.2 = -4 s
1 2 4.1 4.2 4 8

@ Ndsobeni matic

e Matici ¥ddu m X n lze zprava vynasobit matici ¥adu n x o,
vyslednd matice je ¥ddu m x o

1 2

1 2 -1
0 1) (o)
3 o 0 -1 -2

1-14+2-0 1-242-(-1) 1-(-1)+2-(-2)
=1 0-1+(-1)-0 0-2+(-1)-(-=1) 0-(-1)+(-1)-(-2)
3:14+(-2):0 3:-2+(-2)-(-1) 3-(-1)+(-2)-(-2)
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Nasobeni matic

@ Ndsobeni matic neni komutativni A-B # B - A

o P¥iklad:
A=(1 -1) B:<_11)

A-B=(1-1+(-1)-(-1)=2

@ Jednoprvkovd matice je ,Cislo"

2= (o (niin)=(a 1)
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Ndsobeni matic - priklady

o 1 2

(5 23) e[ 2
1 0 O

Provedte A- B
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Ndsobeni matic - priklady

o 1 2

(5 23) e[ 2
1 0 O

Provedte A- B
(1~0+2~(—2)+3~1 )

()

Provedte B - A
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Ndsobeni matic - priklady

0 1 2
i (52%) a2
1 0 0

Provedte A- B

( 1:04+2-(=2)+3-1 1-1+2-(=1)+3-0 )

()

Provedte B - A
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Ndsobeni matic - priklady

0 1 2
i (52%) a2
1 0 0

Provedte A- B

( 1.04+2-(=2)+3-1 1:1+2-(-1)+3:0 1:-24+2-(=1)+3-0 )

()

Provedte B - A
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Ndsobeni matic - priklady

o 1 2

as(h 25 e 2 A A
1 0 0
Provedte A- B
1.042-(-2)+3-1 1-142-(=1)+3-0 1.2+2~(—1)+3.0)
<72-o+2-(72)+(71)-1 2.142-(“1)4+(-1)-0

()

Provedte B - A
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Ndsobeni matic - priklady

0 1 2
as(L23) e=[ 2 a0
1 0 0
Provedte A- B
1-042-(=2)+3-1 1-142-(-1)+3-0 1.242-(-1)+3-0 )
<72-0+2-(72)+(71)-1 2142 (-1)+(-1)-0 —-2-2+2-(=1)+(-1)-0

()

Provedte B - A
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Ndsobeni matic - priklady

0 1 2
as(L23) e=[ 2 a0
1 0 0
Provedte A- B
1-042-(=2)+3-1 1-142-(-1)+3-0 1.242-(-1)+3-0 )
<72-0+2-(72)+(71)-1 2142 (-1)+(-1)-0 —-2-2+2-(=1)+(-1)-0

~1 -1 0
—5 —4 —6

Provedte B - A
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Ndsobeni matic - priklady

o 1 2

as(L23) e=[ 2 a0
1 0 0
Provedte A - B
1-042-(=2)+3-1 1-142-(-1)+3-0 1.242-(-1)+3-0 )
( —2.04+2-(-2)+(-1)-1 —2-142-(=1)+(=1)-0 —2-242-(=1)+(=1)-0

~1 -1 0
—5 —4 —6

Provedte B - A Nelze
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Transponovani matic

@ Transponovani matic

e ,Prohozeni indexli u prvkd matic."
o A = (aj), transponovand matice AT = (a;;)

o Ptiklad:
1 2
A=|(0 -1 |, AT_(; _01 _32>
3 -2

@ Vztahy pro transponovani matic
o (AT) =A
o (A+B) =AT + BT
o (A-B)" =BT.AT
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@ Determinant je &islo pFifazené matici, které je definované jen
pro ¢tvercové matice

o znaleni |A|, det(A)

o podle hodnoty determinantu rozdéluje na singularni (JA| = 0)
a regularni (JA| # 0)

e ukazuje zda jsou ¥adky/sloupce matice nezavislé (kombinaci
ostatnich ¥adki/sloupct)

e singularni matice ma zdvislé ¥adky/sloupce

Lo 101
5o ) |01t
11 2
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Vypocet determinantu

Sarrusovo pravidlo

@ Matice fadu 2 x 2

2 3|
-1 2|
@ Matice ¥adu 3 x 3
1 -1 0
2 1 3
1 21

o Nelze pouzit na vétsi matice!
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Vypocet determinantu

Sarrusovo pravidlo
o Matice ¥adu 2 x 2

3 —_
-1 -
@ Matice ¥adu 3 x 3
1 -1 0
2 1 3
1 1

@ Nelze pouZit na vétsi matice!
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Vypocet determinantu

Sarrusovo pravidlo
o Matice ¥adu 2 x 2

2 3
ISR ECHEY
@ Matice ¥adu 3 x 3
1 -1 0
2 1 3
1 2 1

@ Nelze pouZit na vétsi matice!
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Vypocet determinantu

Sarrusovo pravidlo
o Matice ¥adu 2 x 2

2 3
ISR SNCHE)
@ Matice ¥adu 3 x 3
1 -1 0
2 1 3
1 2 1

@ Nelze pouZit na vétsi matice!
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Vypocet determinantu

Sarrusovo pravidlo
@ Matice ¥adu 2 x 2
‘ _21 g ':2-2—(3-(—1))=4—(—3):7

@ Matice ¥adu 3 x 3

=N
N R
= W o

@ Nelze pouZit na vétsi matice!
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Vypocet determinantu

Sarrusovo pravidlo
e Matice ¥adu 2 x 2

2 3
-1 2

222G (1)) =4 (-3) =T

@ Matice ¥adu 3 x 3

1 -1 0
2 13
1 21
1 -1 0
2 13

o Nelze pouZit na vétsi matice!
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Vypocet determinantu

Sarrusovo pravidlo
e Matice ¥adu 2 x 2

2 3
-1 2

222G (1)) =4 (-3) =T

@ Matice ¥adu 3 x 3

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

o Nelze pouZit na vétsi matice!
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Vypocet determinantu

Sarrusovo pravidlo

@ Matice ¥adu 2 x 2

2 3
-1 2

222G (1)) =4 (-3) =T

@ Matice ¥adu 3 x 3

1 -1 0

2 1 3| = 1-1-142-2-0+41-(-1)-3

1 21

1 -1 0

s 13 —(0-1-14+3-2-14+1-(-1)-2) =

o Nelze pouZit na vétsi matice!
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Vypocet determinantu

Sarrusovo pravidlo

@ Matice ¥adu 2 x 2

2 3
-1 2

222G (1)) =4 (-3) =T

@ Matice ¥adu 3 x 3

1 -1 0
2 13| = 1-1-1+2-2.041-(-1)-3—

1 21

1 -1 0

5 13 —(0-1-143-2-141-(-1)-2) =

=1+0-3-(0+6-2)=-2-4=-6

o Nelze pouZit na vétsi matice!
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Vlastnosti determinantu

@ Zidména ¥adku/sloupce
e Po vyméné dvou ¥adi se zméni znaménko determinantu

1 0[_ |01
01|- |10

@ Vyndasobeni Fadku konstantou

e Po vynasobeni ¥adku matice A konstantou c se determinant
nové matice rovnd c - |A|

10 2 0
2"0 1’—‘0 1‘

@ Hodnota determinantu se nezméni pokud k Fadku pfi¢teme
nasobek jiného ¥adku
_ 1
- 1

1
0
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Determinanty-P¥iklady

1 2 -1
01 3 |=
2 3 -1
3 -1 2
2 0 -1 )|=
1 0 1

1 1 2

-2 1 1 |=
-1 2 3
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Determinanty-P¥iklady

12 -1
01 3 [=1-(-1)-(-1)
2 3 -1

3 -1 2

2 0 -1 |=

1 0 1

1 1 2

2 1 1 |=

-1 2 3

Lukas Kokrda Soustavy linedrnich rovnic a matice



Determinanty-P¥iklady

1 2 -1
001 3 |=1-(-1)-(-1)+0-3-(-1)
2 3 -1

3 -1 2

2 0 -1 | =

1 0 1

1 1 2

2 1 1=

-1 2 3
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Determinanty-P¥iklady

1 2 -1
01 3 |=1-(=1)-(-1)+0-3-(=1)+2-2-3—(-1-1-2
2 3 -1

3 -1 2

2 0 -1 |=

1 0 1

1 1 2

2 1 1|=

-1 2 3
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Determinanty-P¥iklady

12 -1
01 3 |=1-(-1)-(-1)+40-3-(-1)+2-2-3—(-1-1-2+3-3-1
2 3 -1

3 -1 2

2 0 -1|=

1 0 1

1 1 2

—2 1 1|=

-1 2 3
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Determinanty-P¥iklady

1 2 -1
0 1 3 [=1(=1)(-1)403-(=1)42:2.3—(—1:1.24+3-3-14(—1)-2-0)
2 3 -1

3 -1 2

2 0 -1|=

1 0 1

1 1 2

2 1 1]|=

1 2 3
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Determinanty-P¥iklady

12 -1
0 1 3 |=1(-1)(=1)40-3(=1)+223—(—1-1-243.3.14(—1)-2:0) = 4
2 3 -1

3 -1 2

2 0 -1|=

1 0 1

1 1 2

2 1 1=

-1 2 3
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Determinanty-P¥iklady

12 -1
0 1 3 |=1(-1)(=1)40-3(=1)+223—(—1-1-243.3.14(—1)-2:0) = 4
2 3 -1
3 -1 2
2 0 -1|=3.0-1
1 0 1
1 1 2
2 1 1 |=
-1 2 3
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Determinanty-P¥iklady

12 -1
0 1 3 |=1(-1)(=1)40-3(=1)+223—(—1-1-243.3.14(—1)-2:0) = 4
2 3 -1
3 -1 2
2 0 -1|=3.0-1+2-0-2
1 0 1
1 1 2
2 1 1=
-1 2 3
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Determinanty-P¥iklady

1 2 -1
0 1 3 |=1(-1)(~1)403-(=1)422:3—(~1-1-243-3-14(—1)-2.0) = 4
2 3 -1
3 -1 2
2 0 —-1[=3.0-142-0-241-(-1)-(-1)
1 0 1
1 1 2
2 1 1|=
-1 2 3
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Determinanty-P¥iklady

1 2 -1
0 1 3 |=1(=1)(=1)403-(—=1)42-23—(—1-1-243-3-14(—1)-2.0) = 4
2 3 -1
3 -1 2
2 0 -1[=3.0142:0-2+1-(-1)-(-1)—(2-0-1
1 0 1
1 1 2
2 1 1|=
-1 2 3
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Determinanty-P¥iklady

1 2 -1

0 1 3 |=1(=1)(=1)40-3:(=1)42-2:3—(—1-1-243-3-14(—1)-2:0) = 4
2 3 -1

3 -1 2

2 0 —-1|=3014+2:0-2+1-(-1)-(=1)—(2-0-1+(-1)-0-3
1 0 1

|
b—ll\)H
N ==
w =N
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Determinanty-P¥iklady

1 2 -1
0 1 3 |=1(=1)(=1)40-3:(=1)42-2:3—(—1-1-243-3-14(—1)-2:0) = 4
2 3 -1
3 -1 2
2 0 —1|=301+202+1:(-1)-(=1)—(2:0-14+(=1)-0-3+1-(~1)-2)
1 0 1

1 1 2

2 1 1|=

-1 2 3
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Determinanty-P¥iklady

1 2 -1
0 1 3 |=1(=1)(=1)40-3:(=1)42-2:3—(—1-1-243-3-14(—1)-2:0) = 4
2 3 -1
3 -1 2
2 0 -1 |=301+202+1(-1)(~1)=(2:0-1+(~1)-0-3+1-(~1)-2) = 3
1 0 1

1 1 2

2 1 1|=

-1 2 3
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Determinanty-P¥iklady

1 2 -1
0 1 3 |=1(=1)(=1)40-3:(=1)42-2:3—(—1-1-243-3-14(—1)-2:0) = 4
2 3 -1
3 -1 2
2 0 -1 |=301+202+1(-1)(~1)=(2:0-1+(~1)-0-3+1-(~1)-2) = 3
1 0 1
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Determinanty-P¥iklady

1 2 -1
0 1 3 |=1(=1)(=1)403-(—=1)42-23—(—1-1-243-3-14(—1)-2.0) = 4
2 3 -1
3 -1 2
2 0 -1 |=301+202+1(=1)(=1)—(2:0-14(—1)-0-3+1(~1)-2) = 3
1 0 1

1 1 2

2 1 1 |=1-1-34(-2)-2-2

-1 2 3
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Determinanty-P¥iklady

1 2 -1
0 1 3 |=1(=1)(=1)403-(—=1)42-23—(—1-1-243-3-14(—1)-2.0) = 4
2 3 -1
3 -1 2
2 0 -1 |=301+202+1(=1)(=1)—(2:0-14(—1)-0-3+1(~1)-2) = 3
1 0 1

1 1 2

2 1 1 |=1-1-34(=2)-2-24(-1)-1-1

-1 2 3
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Determinanty-P¥iklady

1 2 -1
0 1 3 |=1(=1)(=1)403-(—=1)42-23—(—1-1-243-3-14(—1)-2.0) = 4
2 3 -1
3 -1 2
2 0 -1 |=301+202+1(=1)(=1)—(2:0-14(—1)-0-3+1(~1)-2) = 3
1 0 1

1 1 2

2 1 1 |=1-1-34(-2)-2-24(-1)-1-1—(2-1-(-1)

-1 2 3
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Determinanty-P¥iklady

1 2 -1
0 1 3 |=1(-1)(~1)403-(=1)422:3—(~1-1-243-3-14(—1)-2.0) = 4
2 3 -1
3 -1 2
2 0 -1 |=301+202+1(=1)(=1)—(2:0-14(—1)-0-3+1(~1)-2) = 3
1 0 1
1 1 2
—2 1 1|=1-1-34(=2)-2-24(-1)-1-1—(2-1-(-1)+1-2-1
-1 2 3
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Determinanty-P¥iklady

1 2 -1
0 1 3 |=1(=1)(=1)403-(—=1)42-23—(—1-1-243-3-14(—1)-2.0) = 4
2 3 -1
3 -1 2
2 0 -1 |=3014202+1(=1)(=1)—(2:0-14+(=1)-0-3+1:(~1)2) = 3
1 0 1
1 1 2
—2 1 1|=1134(-2)-2:24(-1)-1-1—(2-1-(=1)+1-2-1+3-1-(=2))
-1 2 3
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Determinanty-P¥iklady

1 2 -1
0 1 3 |=1(=1)(=1)403-(—=1)42-23—(—1-1-243-3-14(—1)-2.0) = 4
2 3 -1
3 -1 2
2 0 -1 |=301+202+1(=1)(=1)—(2:0-14(—1)-0-3+1(~1)-2) = 3
1 0 1
1 1 2
—2 1 1 |=113+(=2)-224(-1)-1-1—(2-1-(=1)+1-2:143-1:(—=2)) = 0
-1 2 3
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Hodnost matice

e Znakeni - h(A)
o Uddava pocet linedrné nezavislych ¥adki
@ Hodnost matice zjistime pfevedenim matice na schodovity
tvar pomoci ekvivalentnich ¥adkovych dprav na schodovity
tvar, pocet nenulovych ¥adkl udava hodnost matice
o Mezi elementarni ¥adkové lpravy patfi:
o Vyména poradi ¥adka
e Vyndsobeni fddku konstantou
o PFititani / od&itani dvou ¥adki matice
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Hodnost matice - pfiklad

123 1 2 3
456 | —4-[1] ~|0 -3 —6 ~
7809/ —7-1] 0 -6 —-12 /) —2-[2]

1 2 3

0 -3 —6

0 0 0

Hodnost matice h(A) = 2
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Reseni soustav rovnic pomoci matic

@ Soustavy linedrnich rovnic je moZné zapsat pomoci rozsifené

matice
air a2 - ain | b
axi ax -+ ax | bo
dml dm2 " dmn bm

o Zkracen& (A)

o Metody feseni
o Gaussova eliminagni metoda (univerzalni, ekvivalent sou&tové
metody)
e Cramerovo pravidlo (jen v p¥ipadech, kdy matice A je
Etvercovd)
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Frobeniova véta

Soustava ma (alespoii jedno) ¥eSeni pravé tehdy, kdyZ se hodnost
matice h(A) rovnd hodnosti rozsifené matice soustavy h(A), tedy
kdyz:
@ Soustava s n nezndmymi ma jediné YeSeni pravé tehdy, kdyz
plati

h(A) = h(A) = n

7 v

@ Soustava s n nezndmymi nem3 7adné ¥eSeni pravé tehdy, kdyz

plati
h(A) # h(A)
© Soustava s n nezndmymi ma nekone¢n& mnoho ¥eeni pravé
tehdy, kdyz plati

h(A) = h(R) < n

ReZeni existuje nekonetn& mnoho zavislych na (n — h(A))
parametrech.
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Gaussova eliminaéni metoda - ptiklad

1 11 2
2 -1 0 5
-1 2 3 -1
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Gaussova eliminaéni metoda - ptiklad

1 11 2
2 -1 0 5 —2-[1]
1 23 |-1
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Gaussova eliminaéni metoda - ptiklad

1 11 2
2 -1 0 5 —2.[1]
-1 23 |-1 +1-[1]
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Gaussova eliminaéni metoda - ptiklad

1 11 2 1 1 1 |2
2 -1 0 5 2.1 ~ 0 -3 —2 |1
-1 23 |-1 +1-[1] 0 3 4 |1
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Gaussova eliminaéni metoda - ptiklad

1 11 2 1 1 1 |2
2 -1 0 5 ~ o -3 -2 |1
-1 23 |-1 0 3 4 |1 +1-[2]

Lukas Kokrda Soustavy linedrnich rovnic a matice



Gaussova eliminaéni metoda - ptiklad

1 11 2 1 1 1
2 -1 0 5 ~ 0o -3 - 1
-1 23 | -1 0 3 4 |1 +1-]2]
1 1 1
~ -3 -2 |1
0 0 2
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Gaussova eliminaéni metoda - ptiklad

1 11 2 1 1 1 2
2 -1 0 5 ~ 0 -3 -2 1
-1 2 3 -1 0 3 4 1

1 1 1 2
~ 0 -3 -2 1
0O 0 2 2

Zbyly postup jako u s&itaci metody.
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Gaussova eliminaéni metoda - ptiklad

1 11 2 1 1 1 2
2 -1 0 5 ~ 0 -3 -2 1
-1 2 3 -1 0 3 4 1

1 1 1 2
~ 0 -3 -2 1
0O 0 2 2

Zbyly postup jako u s&itaci metody.

2x3=2= x3=1
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Gaussova eliminaéni metoda - ptiklad

1 11 2 1 1 1 2
2 -1 0 5 ~ 0 -3 -2 1
-1 2 3 -1 0 3 4 1

1 1 1 2
~ 0 -3 -2 1
0O 0 2

Zbyly postup jako u s&itaci metody.

2x3=2= x3=1
3 —2-1=1=3x=-3= x=-1
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Gaussova eliminaéni metoda - ptiklad

1 11 2 1 1 1 2
2 -1 0 5 ~ 0 -3 -2 1
-1 2 3 -1 0 3 4 1

1 1 1 2
~ 0 -3 -2 1
0O 0 2

Zbyly postup jako u s&itaci metody.

2x3=2= x3=1
3 —2-1=1=3x=-3= x=-1
x1+(-1)+1=2= x3 =2
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Gaussova eliminaéni metoda - ptiklad

1 11 2 1 1 1 2
2 -1 0 5 ~ 0 -3 -2 1
-1 2 3 -1 0 3 4 1

1 1 1 2
~ 0 -3 -2 1
0O 0 2

Zbyly postup jako u s&itaci metody.
2x3=2= x3=1
3 —2-1=1=3x=-3= x=-1

x1+(-1)+1=2= x3 =2
[x1; x0; x3] = [2; —1; 1]
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Cramerovo pravidlo

1 11 2
(Alb), 2 -1 0 5
1 23] -1

@ Metoda spodiva v postupném poditani determinanti

B L I - T L |

A T Al R T A

o Kde matice Ay, Ay, Az vyniknou zaménou pravé strany
(vektoru b) za sloupec s odpovidajicim indexem

2 11 1 21 1 1 2
A; 5 -1 0 |, A 2 5 0 ],As 2 -1 5
-1 2 3 -1 -1 3 -1 2 -1
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Cramerovo pravidlo - dopo¢itani

1 11
Al=| 2 -1 0=
-1 23
2 11
A=| 5 -1 0=
-1 2 3
1 21
Ay = 5 0=
-1 -1 3
1 1 2
Asl=| 2 -1 5=
1 2 -1

Lukas Kokrda Soustavy linedrnich rovnic a matice



/
|

Cramerovo pravidlo - dopoditan

1 11
Al=| 2 -1 0|=-3+4+0—(1+0+6)=
-1 23
2 11
Al=| 5 -1 0=
-1 2 3
1 21
Ay| = 5 0=
-1 -1 3
1 1 2
-1 2 -1
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/
|

Cramerovo pravidlo - dopoditan

1 11
Al=| 2 -1 0|=-34+4+0—(1+0+6)=—6
-1 23
2 11
Al=| 5 -1 0=
-1 23
1 21
Ay| = 5 0=
1 -1 3
1 1 2
Asl=| 2 -1 5=
1 2 -1
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Cramerovo pravidlo - dopoditan

1 11
Al=| 2 -1 0|=-3+44+0-(1+0+6)=—6
-1 23
2 11
|A1l=| 5 -1 0|=-6+10+0—(1+0+15)=
-1 23
1 21
Aof=| 2 5 0=
-1 -1 3
1 2
As|=| 2 -1 5=
-1 2 -1
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Cramerovo pravidlo - dopo¢itani

1 11
Al=| 2 -1 0|=-34+440—(1+0+6)=—6
-1 2 3
2 11
Ajl=| 5 -1 0|=-6+10+0—(14+0+15)=—12

-1 2 3

1 21

|As| = 2 5 0|=

-1 -1 3

1 2

-1 2 -1
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/
|

Cramerovo pravidlo - dopoditan

1 11
Al=| 2 -1 0|=-3+4+0—(1+0+6)=-6
-1 23
2 11
Ajl=| 5 -1 0|=-6+10+0—(14+0+15)=—12
-1 23
1 21
Azl =] 2 5 0]|=154+(-2)+0-(-5+0+12)=
-1 -1 3
1 1 2
-1 2 -1
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/
|

Cramerovo pravidlo - dopoditan

1 11
Al=| 2 -1 0|=-3+4+0—(1+0+6)=—6
-1 23
2 11
Ajj=| 5 —1 0|=—-6+10+0—(140+15)=—12
-1 23
1 21
Aof=| 2 5 0|=15+4+(-2)+0—(-5+0+12)=6
-1 -1 3
1 1 2
Asj=| 2 -1 5 |=
-1 2 -1
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/
|

Cramerovo pravidlo - dopoditan

1 11
Al=| 2 -1 0|=-3+4+0—(1+0+6)=-6

-1 2 3
2 11

Ajl=| 5 -1 0|=-6+10+0—(14+0+15)=—12
-1 2 3
1 21

Azf=| 2 5 0|=15+(-2)+0-(-5+0+12)=6
-1 -1 3
1 1 2

Asj=| 2 -1 5|=1+8+(-5—-(2+10+(-2)=
-1 2 -1
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Cramerovo pravidlo - dopo¢itani

1 11
Aj=| 2 -1 0|=-3+4+0—(14+0+6)=—6
1 23
2 11
Ajl=| 5 -1 0|=-6+10+0—(14+0+15)=—12
1 23
1 21
Azf=| 2 5 0|=15+(-2)+0-(-5+0+12)=6
1 -1 3
1 1 2
As|=| 2 -1 5|=1+8+(-5)—(2+10+(-2))=—6
1 2 -1
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/
|

Cramerovo pravidlo - dopoditan

1 11
A= 2 -1 0|=-3+4+0-(14+0+6)=—6
-1 23
2 11
Ai=| 5 -1 0|=-6+10+0—(1+0+15)=-12
-1 23
1 21
Az =| 2 5 0|=15+(-2)+0—(-5+0+12)=6
-1 -1 3
1 1 2
Asl=| 2 -1 5 |=1+8+(-5)—(2+10+(-2))=-6
-1 2 -1
-12 6 -6
X1 5 ;X2 6 X3 5
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Ve

Fv{Feéeny priklad - parametr

Reste soustavu rovnic
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Fv{Feéeny priklad - parametr

Reste soustavu rovnic

1 -1 2] 3
1 0 1] 4
-2 -1 —-1|-3

Schodovity tvar matice
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Fv{Feéeny priklad - parametr

Reste soustavu rovnic

1 -1 2] 3
1 0 1] 4
-2 -1 —-1|-3

Schodovity tvar matice

1
0
0

o = =
|
O = N
O = W

Hodnost matice h(A) = h(A) = 2, tedy soustava m4 ¥eeni
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R¥eseny ptiklad - parametr
Redte soustavu rovnic

1 -1 2] 3
1 0 1] 4
-2 -1 —-1|-3

Schodovity tvar matice

1 -1 2|3

0 1 —-1]1

0 0 0]0
Hodnost matice h(A) = h(A) = 2, tedy soustava m4 ¥eeni
Proménné jsou 3, je potfeba zvolit 3-2=1 parametr, parametr
volime na ¥adku, kde ,pFibylo" vice promé&nnych nez 1 (tedy y,
nebo z)
z=teR—-y=1+t

x—(14+t)+2t=3—-x=4—1t



