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Řešte soustavu

6x1+2x2− x3+7x4 = 0

4x1+2x2−3x3+5x4 = −4

x1+ x2− x3− x4 = 0

x1 + x3 = 3

Ar ∼









6 2 −1 7 0
4 2 −3 5 −4
1 1 −1 −1 0
1 0 1 0 3









∼









1 0 1 0 3
0 1 −2 −1 −3
0 2 −7 5 −16
0 2 −7 7 −18









∼









1 0 1 0 3
0 1 −2 −1 −3
0 0 −3 7 −10
0 0 −3 9 −12









∼









1 0 1 0 3
0 1 −2 −1 −3
0 0 −3 7 −10
0 0 0 2 −2









Ar ∼









1 0 1 0 3
0 1 −2 −1 −3
0 0 −3 7 −10
0 0 0 2 −2









2x4 = −2

x4 = −1

−3x3 + 7x4 = −10

−3x3 − 7 = −10

x2 − 2x3 − x4 = −3

x2 − 2 + 1 = −3

x1 + x3 = 3

x1 + 1 = 3
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2x4 = −2

x4 = −1

−3x3 + 7x4 = −10

−3x3 − 7 = −10

x2 − 2x3 − x4 = −3

x2 − 2 + 1 = −3

x1 + x3 = 3

x1 + 1 = 3
Napı́šeme rozšı́řenou matici soustavy Ar.
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−3x3 + 7x4 = −10

−3x3 − 7 = −10

x2 − 2x3 − x4 = −3

x2 − 2 + 1 = −3

x1 + x3 = 3

x1 + 1 = 3

• Jako klı́čový řádek zvolı́me řádek poslednı́.

• Tento řádek napı́šeme jako prvnı́.
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Prvnı́ řádek zůstane a druhý řádek bude novým klı́čovým řádkem.
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Řešte soustavu
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• Prvnı́ dva řádky zůstanou.

• Třetı́ řádek bude novým klı́čovým řádkem a zůstane také.
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Řešte soustavu
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x1 + 1 = 3
−R3 + R4 = . . .

(−1)
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Řešte soustavu

6x1+2x2− x3+7x4 = 0

4x1+2x2−3x3+5x4 = −4

x1+ x2− x3− x4 = 0

x1 + x3 = 3

Ar ∼









1 0 1 0 3
0 1 −2 −1 −3
0 0 −3 7 −10
0 0 0 2 −2









2x4 = −2

x4 = −1

−3x3 + 7x4 = −10

−3x3 − 7 = −10

x3 = 1

x2 − 2x3 − x4 = −3

x2 − 2 + 1 = −3

x2 = −2

x1 + x3 = 3

x1 + 1 = 3

x1 = 2

Jediné řešenı́ je [x1 = 2, x2 = −2, x3 = 1, x4 = −1].

Rozšı́řená matice soustavy je řádkově ekvivalentnı́ modré matici, která
je ve schodovitém tvaru.
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Řešte soustavu

6x1+2x2− x3+7x4 = 0

4x1+2x2−3x3+5x4 = −4

x1+ x2− x3− x4 = 0

x1 + x3 = 3
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x3 = 1

x2 − 2x3 − x4 = −3

x2 − 2 + 1 = −3

x2 = −2

x1 + x3 = 3

x1 + 1 = 3

x1 = 2

Jediné řešenı́ je [x1 = 2, x2 = −2, x3 = 1, x4 = −1].• Soustava má řešenı́, nebot’h (A) = h (Ar) = 4. Navı́c n = 4 (počet
neznámých) a soustava má tedy jediné řešenı́ (nula parametrů).

• Začneme dopočı́távat neznámé. Napı́šeme rovnici odpovı́dajı́cı́
poslednı́mu řádku . . .
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Řešte soustavu

6x1+2x2− x3+7x4 = 0

4x1+2x2−3x3+5x4 = −4

x1+ x2− x3− x4 = 0

x1 + x3 = 3

Ar ∼
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−3x3 − 7 = −10

x3 = 1

x2 − 2x3 − x4 = −3

x2 − 2 + 1 = −3

x2 = −2

x1 + x3 = 3

x1 + 1 = 3

x1 = 2

Jediné řešenı́ je [x1 = 2, x2 = −2, x3 = 1, x4 = −1].

a řešı́me vzhledem k x4.
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−3x3 + 7x4 = −10

−3x3 − 7 = −10

x3 = 1

x2 − 2x3 − x4 = −3

x2 − 2 + 1 = −3

x2 = −2

x1 + x3 = 3

x1 + 1 = 3

x1 = 2

Jediné řešenı́ je [x1 = 2, x2 = −2, x3 = 1, x4 = −1].

Napı́šeme rovnici odpovı́dajı́cı́ předposlednı́mu řádku.
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Řešte soustavu

6x1+2x2− x3+7x4 = 0

4x1+2x2−3x3+5x4 = −4

x1+ x2− x3− x4 = 0

x1 + x3 = 3

Ar ∼









1 0 1 0 3
0 1 −2 −1 −3
0 0 −3 7 −10
0 0 0 2 −2









2x4 = −2

x4 = −1

−3x3 + 7x4 = −10

−3x3 − 7 = −10

x3 = 1

x2 − 2x3 − x4 = −3

x2 − 2 + 1 = −3

x2 = −2

x1 + x3 = 3

x1 + 1 = 3

x1 = 2

Jediné řešenı́ je [x1 = 2, x2 = −2, x3 = 1, x4 = −1].

Dosadı́me x4 = −1 . . .
⊳⊳ ⊳ ⊲ ⊲⊲ c©Lenka Přibylová, 2006 ×



Řešte soustavu

6x1+2x2− x3+7x4 = 0

4x1+2x2−3x3+5x4 = −4

x1+ x2− x3− x4 = 0

x1 + x3 = 3

Ar ∼









1 0 1 0 3
0 1 −2 −1 −3
0 0 −3 7 −10
0 0 0 2 −2









2x4 = −2

x4 = −1

−3x3 + 7x4 = −10

−3x3 − 7 = −10

x3 = 1

x2 − 2x3 − x4 = −3

x2 − 2 + 1 = −3

x2 = −2

x1 + x3 = 3

x1 + 1 = 3

x1 = 2

Jediné řešenı́ je [x1 = 2, x2 = −2, x3 = 1, x4 = −1].

a řešı́me vzhledem k x3.
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Řešte soustavu

6x1+2x2− x3+7x4 = 0

4x1+2x2−3x3+5x4 = −4

x1+ x2− x3− x4 = 0

x1 + x3 = 3

Ar ∼









1 0 1 0 3
0 1 −2 −1 −3
0 0 −3 7 −10
0 0 0 2 −2









2x4 = −2

x4 = −1

−3x3 + 7x4 = −10

−3x3 − 7 = −10

x3 = 1

x2 − 2x3 − x4 = −3

x2 − 2 + 1 = −3

x2 = −2

x1 + x3 = 3

x1 + 1 = 3

x1 = 2

Jediné řešenı́ je [x1 = 2, x2 = −2, x3 = 1, x4 = −1].

Napı́šeme rovnici odpovı́dajı́cı́ druhému řádku.
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Řešte soustavu

6x1+2x2− x3+7x4 = 0

4x1+2x2−3x3+5x4 = −4

x1+ x2− x3− x4 = 0

x1 + x3 = 3

Ar ∼









1 0 1 0 3
0 1 −2 −1 −3
0 0 −3 7 −10
0 0 0 2 −2









2x4 = −2

x4 = −1

−3x3 + 7x4 = −10

−3x3 − 7 = −10

x3 = 1

x2 − 2x3 − x4 = −3

x2 − 2 + 1 = −3

x2 = −2

x1 + x3 = 3

x1 + 1 = 3

x1 = 2

Jediné řešenı́ je [x1 = 2, x2 = −2, x3 = 1, x4 = −1].

Dosadı́me x4 = −1 a x3 = 1 . . .
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Řešte soustavu

6x1+2x2− x3+7x4 = 0

4x1+2x2−3x3+5x4 = −4

x1+ x2− x3− x4 = 0

x1 + x3 = 3

Ar ∼









1 0 1 0 3
0 1 −2 −1 −3
0 0 −3 7 −10
0 0 0 2 −2









2x4 = −2

x4 = −1

−3x3 + 7x4 = −10

−3x3 − 7 = −10

x3 = 1

x2 − 2x3 − x4 = −3

x2 − 2 + 1 = −3

x2 = −2

x1 + x3 = 3

x1 + 1 = 3

x1 = 2

Jediné řešenı́ je [x1 = 2, x2 = −2, x3 = 1, x4 = −1].

a vyřešı́me vzhledem k x2.
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Řešte soustavu

6x1+2x2− x3+7x4 = 0

4x1+2x2−3x3+5x4 = −4

x1+ x2− x3− x4 = 0

x1 + x3 = 3

Ar ∼









1 0 1 0 3
0 1 −2 −1 −3
0 0 −3 7 −10
0 0 0 2 −2









2x4 = −2

x4 = −1

−3x3 + 7x4 = −10

−3x3 − 7 = −10

x3 = 1

x2 − 2x3 − x4 = −3

x2 − 2 + 1 = −3

x2 = −2

x1 + x3 = 3

x1 + 1 = 3

x1 = 2

Jediné řešenı́ je [x1 = 2, x2 = −2, x3 = 1, x4 = −1].

Napı́šeme rovnici odpovı́dajı́cı́ prvnı́mu řádku.
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Řešte soustavu

6x1+2x2− x3+7x4 = 0

4x1+2x2−3x3+5x4 = −4

x1+ x2− x3− x4 = 0

x1 + x3 = 3

Ar ∼









1 0 1 0 3
0 1 −2 −1 −3
0 0 −3 7 −10
0 0 0 2 −2









2x4 = −2

x4 = −1

−3x3 + 7x4 = −10

−3x3 − 7 = −10

x3 = 1

x2 − 2x3 − x4 = −3

x2 − 2 + 1 = −3

x2 = −2

x1 + x3 = 3

x1 + 1 = 3

x1 = 2

Jediné řešenı́ je [x1 = 2, x2 = −2, x3 = 1, x4 = −1].

Dosadı́me x3 = 1.
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Řešte soustavu

6x1+2x2− x3+7x4 = 0

4x1+2x2−3x3+5x4 = −4

x1+ x2− x3− x4 = 0

x1 + x3 = 3

Ar ∼









1 0 1 0 3
0 1 −2 −1 −3
0 0 −3 7 −10
0 0 0 2 −2









2x4 = −2

x4 = −1

−3x3 + 7x4 = −10

−3x3 − 7 = −10

x3 = 1

x2 − 2x3 − x4 = −3

x2 − 2 + 1 = −3

x2 = −2

x1 + x3 = 3

x1 + 1 = 3

x1 = 2

Jediné řešenı́ je [x1 = 2, x2 = −2, x3 = 1, x4 = −1].

Najdeme x1 = 2.
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Řešte soustavu

6x1+2x2− x3+7x4 = 0

4x1+2x2−3x3+5x4 = −4

x1+ x2− x3− x4 = 0

x1 + x3 = 3

Ar ∼









1 0 1 0 3
0 1 −2 −1 −3
0 0 −3 7 −10
0 0 0 2 −2









2x4 = −2

x4 = −1

−3x3 + 7x4 = −10

−3x3 − 7 = −10

x3 = 1

x2 − 2x3 − x4 = −3

x2 − 2 + 1 = −3

x2 = −2

x1 + x3 = 3

x1 + 1 = 3

x1 = 2

Jediné řešenı́ je [x1 = 2, x2 = −2, x3 = 1, x4 = −1].

Vypočı́tali jsme všechny neznámé.
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Řešte soustavu rovnic

3x1−2x2+6x3+2x4−4x5 = 5

x1 +2x3− x4+2x5 = 3

x1+2x2+2x3 = 1

2x1−6x2+4x3+2x4−4x5 = 5

Ar ∼









3 −2 6 2 −4 5
1 0 2 −1 2 3
1 2 2 0 0 1
2 −6 4 2 −4 5









∼









1 0 2 −1 2 3
0 −2 0 5 −10 −4
0 2 0 1 −2 −2
0 −6 0 4 −8 −1









∼









1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 6 −12 −6
0 0 0 7 −14 −7









∼









1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1
0 0 0 1 −2 −1









Ar ∼





1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1





x4 − 2 x5 = −1

x5 = t
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Řešte soustavu rovnic

3x1−2x2+6x3+2x4−4x5 = 5

x1 +2x3− x4+2x5 = 3

x1+2x2+2x3 = 1

2x1−6x2+4x3+2x4−4x5 = 5

Ar ∼









3 −2 6 2 −4 5
1 0 2 −1 2 3
1 2 2 0 0 1
2 −6 4 2 −4 5









∼









1 0 2 −1 2 3
0 −2 0 5 −10 −4
0 2 0 1 −2 −2
0 −6 0 4 −8 −1









∼









1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 6 −12 −6
0 0 0 7 −14 −7









∼









1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1
0 0 0 1 −2 −1









Ar ∼





1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1





x4 − 2 x5 = −1

x5 = t
Napı́šeme rozšı́řenou matici soustavy.
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Řešte soustavu rovnic

3x1−2x2+6x3+2x4−4x5 = 5

x1 +2x3− x4+2x5 = 3

x1+2x2+2x3 = 1

2x1−6x2+4x3+2x4−4x5 = 5

Ar ∼









3 −2 6 2 −4 5
1 0 2 −1 2 3
1 2 2 0 0 1
2 −6 4 2 −4 5









∼









1 0 2 −1 2 3
0 −2 0 5 −10 −4
0 2 0 1 −2 −2
0 −6 0 4 −8 −1









∼









1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 6 −12 −6
0 0 0 7 −14 −7









∼









1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1
0 0 0 1 −2 −1









Ar ∼





1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1





x4 − 2 x5 = −1

x5 = t
Druhý řádek bude klı́čový a opı́šeme jej na prvnı́ mı́sto.
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Řešte soustavu rovnic

3x1−2x2+6x3+2x4−4x5 = 5

x1 +2x3− x4+2x5 = 3

x1+2x2+2x3 = 1

2x1−6x2+4x3+2x4−4x5 = 5

Ar ∼









3 −2 6 2 −4 5
1 0 2 −1 2 3
1 2 2 0 0 1
2 −6 4 2 −4 5









∼









1 0 2 −1 2 3
0 −2 0 5 −10 −4
0 2 0 1 −2 −2
0 −6 0 4 −8 −1









∼









1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 6 −12 −6
0 0 0 7 −14 −7









∼









1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1
0 0 0 1 −2 −1









Ar ∼





1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1





x4 − 2 x5 = −1

x5 = t
Upravı́me prvnı́ řádek.

(−3)
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Řešte soustavu rovnic

3x1−2x2+6x3+2x4−4x5 = 5

x1 +2x3− x4+2x5 = 3

x1+2x2+2x3 = 1

2x1−6x2+4x3+2x4−4x5 = 5

Ar ∼









3 −2 6 2 −4 5
1 0 2 −1 2 3
1 2 2 0 0 1
2 −6 4 2 −4 5









∼









1 0 2 −1 2 3
0 −2 0 5 −10 −4
0 2 0 1 −2 −2
0 −6 0 4 −8 −1









∼









1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 6 −12 −6
0 0 0 7 −14 −7









∼









1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1
0 0 0 1 −2 −1









Ar ∼





1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1





x4 − 2 x5 = −1

x5 = t
Upravı́me třetı́ řádek.

(−1)
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Řešte soustavu rovnic

3x1−2x2+6x3+2x4−4x5 = 5

x1 +2x3− x4+2x5 = 3

x1+2x2+2x3 = 1

2x1−6x2+4x3+2x4−4x5 = 5

Ar ∼









3 −2 6 2 −4 5
1 0 2 −1 2 3
1 2 2 0 0 1
2 −6 4 2 −4 5









∼









1 0 2 −1 2 3
0 −2 0 5 −10 −4
0 2 0 1 −2 −2
0 −6 0 4 −8 −1









∼









1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 6 −12 −6
0 0 0 7 −14 −7









∼









1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1
0 0 0 1 −2 −1









Ar ∼





1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1





x4 − 2 x5 = −1

x5 = t
Upravı́me poslednı́ řádek.

(−2)
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Řešte soustavu rovnic

3x1−2x2+6x3+2x4−4x5 = 5

x1 +2x3− x4+2x5 = 3

x1+2x2+2x3 = 1

2x1−6x2+4x3+2x4−4x5 = 5

Ar ∼









3 −2 6 2 −4 5
1 0 2 −1 2 3
1 2 2 0 0 1
2 −6 4 2 −4 5









∼









1 0 2 −1 2 3
0 −2 0 5 −10 −4
0 2 0 1 −2 −2
0 −6 0 4 −8 −1









∼









1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 6 −12 −6
0 0 0 7 −14 −7









∼









1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1
0 0 0 1 −2 −1









Ar ∼





1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1





x4 − 2 x5 = −1

x5 = t

• Prvnı́ řádek zůstane.

• Červený řádek bude nový klı́čový řádek a napı́šeme jej jako druhý.
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Řešte soustavu rovnic

3x1−2x2+6x3+2x4−4x5 = 5

x1 +2x3− x4+2x5 = 3

x1+2x2+2x3 = 1

2x1−6x2+4x3+2x4−4x5 = 5

Ar ∼









3 −2 6 2 −4 5
1 0 2 −1 2 3
1 2 2 0 0 1
2 −6 4 2 −4 5









∼









1 0 2 −1 2 3
0 −2 0 5 −10 −4
0 2 0 1 −2 −2
0 −6 0 4 −8 −1









∼









1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 6 −12 −6
0 0 0 7 −14 −7









∼









1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1
0 0 0 1 −2 −1









Ar ∼





1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1





x4 − 2 x5 = −1

x5 = t
Upravı́me druhý řádek.
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Řešte soustavu rovnic

3x1−2x2+6x3+2x4−4x5 = 5

x1 +2x3− x4+2x5 = 3

x1+2x2+2x3 = 1

2x1−6x2+4x3+2x4−4x5 = 5

Ar ∼









3 −2 6 2 −4 5
1 0 2 −1 2 3
1 2 2 0 0 1
2 −6 4 2 −4 5









∼









1 0 2 −1 2 3
0 −2 0 5 −10 −4
0 2 0 1 −2 −2
0 −6 0 4 −8 −1









∼









1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 6 −12 −6
0 0 0 7 −14 −7









∼









1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1
0 0 0 1 −2 −1









Ar ∼





1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1





x4 − 2 x5 = −1

x5 = t
Upravı́me poslednı́ řádek.

3
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Řešte soustavu rovnic

3x1−2x2+6x3+2x4−4x5 = 5

x1 +2x3− x4+2x5 = 3

x1+2x2+2x3 = 1

2x1−6x2+4x3+2x4−4x5 = 5

Ar ∼









3 −2 6 2 −4 5
1 0 2 −1 2 3
1 2 2 0 0 1
2 −6 4 2 −4 5









∼









1 0 2 −1 2 3
0 −2 0 5 −10 −4
0 2 0 1 −2 −2
0 −6 0 4 −8 −1









∼









1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 6 −12 −6 ÷6

0 0 0 7 −14 −7 ÷7









∼









1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1
0 0 0 1 −2 −1









Ar ∼





1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1





x4 − 2 x5 = −1

x5 = t
Modré řádky můžeme vydělit čı́sly 6 a 7.

⊳⊳ ⊳ ⊲ ⊲⊲ c©Lenka Přibylová, 2006 ×



Řešte soustavu rovnic

3x1−2x2+6x3+2x4−4x5 = 5

x1 +2x3− x4+2x5 = 3

x1+2x2+2x3 = 1

2x1−6x2+4x3+2x4−4x5 = 5

Ar ∼









3 −2 6 2 −4 5
1 0 2 −1 2 3
1 2 2 0 0 1
2 −6 4 2 −4 5









∼









1 0 2 −1 2 3
0 −2 0 5 −10 −4
0 2 0 1 −2 −2
0 −6 0 4 −8 −1









∼









1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 6 −12 −6
0 0 0 7 −14 −7









∼









1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1
0 0 0 1 −2 −1









Ar ∼





1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1





x4 − 2 x5 = −1

x5 = t

Poslednı́ dva řádky jsou stejné a stačı́ dále pracovat jenom s jednı́m
z nich.
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Řešte soustavu rovnic

3x1−2x2+6x3+2x4−4x5 = 5

x1 +2x3− x4+2x5 = 3

x1+2x2+2x3 = 1

2x1−6x2+4x3+2x4−4x5 = 5

Ar ∼





1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1





x4 − 2 x5 = −1

x5 = t

x4 = 2t − 1

2x2 + x4 − 2x5 = −2

2 x2 + (2t − 1)− 2t = −2

x2 = −
1

2

x1 + 2x3 − x4 + 2x5 = 3

x1 + 2 x3 − (2t − 1) + 2t = 3

x3 = u

x1 + 2u − (2t − 1) + 2t = 3

x1 = 2 − 2u

Řešenı́ je [2 − 2u, −
1

2
, u, 2t − 1, t], kde t a u jsou parametry.

• Rozšı́řená matice soustavy má hodnost 3, matice soustavy také.
Systém proto má řešenı́.

• Počet parametrů je

neznámé − hodnost = 5 − 3 = 2.
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Řešte soustavu rovnic

3x1−2x2+6x3+2x4−4x5 = 5

x1 +2x3− x4+2x5 = 3

x1+2x2+2x3 = 1

2x1−6x2+4x3+2x4−4x5 = 5

Ar ∼





1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1





x4 − 2 x5 = −1

x5 = t

x4 = 2t − 1

2x2 + x4 − 2x5 = −2

2 x2 + (2t − 1)− 2t = −2

x2 = −
1

2

x1 + 2x3 − x4 + 2x5 = 3

x1 + 2 x3 − (2t − 1) + 2t = 3

x3 = u

x1 + 2u − (2t − 1) + 2t = 3

x1 = 2 − 2u

Řešenı́ je [2 − 2u, −
1

2
, u, 2t − 1, t], kde t a u jsou parametry.

Napı́šeme rovnici přı́slušnou poslednı́mu řádku.
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Řešte soustavu rovnic

3x1−2x2+6x3+2x4−4x5 = 5

x1 +2x3− x4+2x5 = 3

x1+2x2+2x3 = 1

2x1−6x2+4x3+2x4−4x5 = 5

Ar ∼





1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1





x4 − 2 x5 = −1

x5 = t

x4 = 2t − 1

2x2 + x4 − 2x5 = −2

2 x2 + (2t − 1)− 2t = −2

x2 = −
1

2

x1 + 2x3 − x4 + 2x5 = 3

x1 + 2 x3 − (2t − 1) + 2t = 3

x3 = u

x1 + 2u − (2t − 1) + 2t = 3

x1 = 2 − 2u

Řešenı́ je [2 − 2u, −
1

2
, u, 2t − 1, t], kde t a u jsou parametry.

• Jsou zde dvě neznámé, ale jenom jedna rovnice. Jednu z nezná-
mých volı́me rovnu parametru.

• Bud’ tedy x5 = t, kde t je libovolné reálné čı́slo. Vypočteme x4.
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Řešte soustavu rovnic

3x1−2x2+6x3+2x4−4x5 = 5

x1 +2x3− x4+2x5 = 3

x1+2x2+2x3 = 1

2x1−6x2+4x3+2x4−4x5 = 5

Ar ∼





1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1





x4 − 2 x5 = −1

x5 = t

x4 = 2t − 1

2x2 + x4 − 2x5 = −2

2 x2 + (2t − 1)− 2t = −2

x2 = −
1

2

x1 + 2x3 − x4 + 2x5 = 3

x1 + 2 x3 − (2t − 1) + 2t = 3

x3 = u

x1 + 2u − (2t − 1) + 2t = 3

x1 = 2 − 2u

Řešenı́ je [2 − 2u, −
1

2
, u, 2t − 1, t], kde t a u jsou parametry.

Napı́šeme rovnici odpovı́dajı́cı́ dalšı́mu řádku.
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Řešte soustavu rovnic

3x1−2x2+6x3+2x4−4x5 = 5

x1 +2x3− x4+2x5 = 3

x1+2x2+2x3 = 1

2x1−6x2+4x3+2x4−4x5 = 5

Ar ∼





1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1





x4 − 2 x5 = −1

x5 = t

x4 = 2t − 1

2x2 + x4 − 2x5 = −2

2 x2 + (2t − 1)− 2t = −2

x2 = −
1

2

x1 + 2x3 − x4 + 2x5 = 3

x1 + 2 x3 − (2t − 1) + 2t = 3

x3 = u

x1 + 2u − (2t − 1) + 2t = 3

x1 = 2 − 2u

Řešenı́ je [2 − 2u, −
1

2
, u, 2t − 1, t], kde t a u jsou parametry.

Dosadı́me za x4 a x5. Zůstává pouze neznámá x2.
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Řešte soustavu rovnic

3x1−2x2+6x3+2x4−4x5 = 5

x1 +2x3− x4+2x5 = 3

x1+2x2+2x3 = 1

2x1−6x2+4x3+2x4−4x5 = 5

Ar ∼





1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1





x4 − 2 x5 = −1

x5 = t

x4 = 2t − 1

2x2 + x4 − 2x5 = −2

2 x2 + (2t − 1)− 2t = −2

x2 = −
1

2

x1 + 2x3 − x4 + 2x5 = 3

x1 + 2 x3 − (2t − 1) + 2t = 3

x3 = u

x1 + 2u − (2t − 1) + 2t = 3

x1 = 2 − 2u

Řešenı́ je [2 − 2u, −
1

2
, u, 2t − 1, t], kde t a u jsou parametry.

Nalezneme x2. Dostáváme 2x2 = −2 − 2t + 1 + 2t a odsud určı́me x2.
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Řešte soustavu rovnic

3x1−2x2+6x3+2x4−4x5 = 5

x1 +2x3− x4+2x5 = 3

x1+2x2+2x3 = 1

2x1−6x2+4x3+2x4−4x5 = 5

Ar ∼





1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1





x4 − 2 x5 = −1

x5 = t

x4 = 2t − 1

2x2 + x4 − 2x5 = −2

2 x2 + (2t − 1)− 2t = −2

x2 = −
1

2

x1 + 2x3 − x4 + 2x5 = 3

x1 + 2 x3 − (2t − 1) + 2t = 3

x3 = u

x1 + 2u − (2t − 1) + 2t = 3

x1 = 2 − 2u

Řešenı́ je [2 − 2u, −
1

2
, u, 2t − 1, t], kde t a u jsou parametry.

Napı́šeme rovnici odpovı́dajı́cı́ prvnı́mu řádku.
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Řešte soustavu rovnic

3x1−2x2+6x3+2x4−4x5 = 5

x1 +2x3− x4+2x5 = 3

x1+2x2+2x3 = 1

2x1−6x2+4x3+2x4−4x5 = 5

Ar ∼





1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1





x4 − 2 x5 = −1

x5 = t

x4 = 2t − 1

2x2 + x4 − 2x5 = −2

2 x2 + (2t − 1)− 2t = −2

x2 = −
1

2

x1 + 2x3 − x4 + 2x5 = 3

x1 + 2 x3 − (2t − 1) + 2t = 3

x3 = u

x1 + 2u − (2t − 1) + 2t = 3

x1 = 2 − 2u

Řešenı́ je [2 − 2u, −
1

2
, u, 2t − 1, t], kde t a u jsou parametry.

• Dosadı́me. Po dosazenı́ zůstanou neznámé x1 a x3. Jedna z těchto
neznámých musı́ být parametr.

• Volme např. x3 = u, kde u je libovolné reálné čı́slo.
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Řešte soustavu rovnic

3x1−2x2+6x3+2x4−4x5 = 5

x1 +2x3− x4+2x5 = 3

x1+2x2+2x3 = 1

2x1−6x2+4x3+2x4−4x5 = 5

Ar ∼





1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1





x4 − 2 x5 = −1

x5 = t

x4 = 2t − 1

2x2 + x4 − 2x5 = −2

2 x2 + (2t − 1)− 2t = −2

x2 = −
1

2

x1 + 2x3 − x4 + 2x5 = 3

x1 + 2 x3 − (2t − 1) + 2t = 3

x3 = u

x1 + 2u − (2t − 1) + 2t = 3

x1 = 2 − 2u

Řešenı́ je [2 − 2u, −
1

2
, u, 2t − 1, t], kde t a u jsou parametry.

Vypočteme x1.
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Řešte soustavu rovnic

3x1−2x2+6x3+2x4−4x5 = 5

x1 +2x3− x4+2x5 = 3

x1+2x2+2x3 = 1

2x1−6x2+4x3+2x4−4x5 = 5

Ar ∼





1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1





x4 − 2 x5 = −1

x5 = t

x4 = 2t − 1

2x2 + x4 − 2x5 = −2

2 x2 + (2t − 1)− 2t = −2

x2 = −
1

2

x1 + 2x3 − x4 + 2x5 = 3

x1 + 2 x3 − (2t − 1) + 2t = 3

x3 = u

x1 + 2u − (2t − 1) + 2t = 3

x1 = 2 − 2u

Řešenı́ je [2 − 2u, −
1

2
, u, 2t − 1, t], kde t a u jsou parametry.
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Řešte soustavu rovnic

3x1−2x2+6x3+2x4−4x5 = 5

x1 +2x3− x4+2x5 = 3

x1+2x2+2x3 = 1

2x1−6x2+4x3+2x4−4x5 = 5

Ar ∼





1 0 2 −1 2 3
0 2 0 1 −2 −2
0 0 0 1 −2 −1





x4 − 2 x5 = −1

x5 = t

x4 = 2t − 1

2x2 + x4 − 2x5 = −2

2 x2 + (2t − 1)− 2t = −2

x2 = −
1

2

x1 + 2x3 − x4 + 2x5 = 3

x1 + 2 x3 − (2t − 1) + 2t = 3

x3 = u

x1 + 2u − (2t − 1) + 2t = 3

x1 = 2 − 2u

Řešenı́ je [2 − 2u, −
1

2
, u, 2t − 1, t], kde t a u jsou parametry.
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Řešte soustavu

2x1+2x2−2x3+ x4 = 1

x1+2x2+ x3−2x4 = 1

3x1+4x2− x3+2x4 = 5

x1+3x2+3x3−2x4 = 4

Ar ∼









2 2 −2 1 1
1 2 1 −2 1
3 4 −1 2 5
1 3 3 −2 4









∼









1 2 1 −2 1
0 −2 −4 5 −1
0 −2 −4 8 2
0 1 2 0 3









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 5 5
0 0 0 8 8









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1
0 0 0 1 1









Ar ∼





1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1



 x4 = 1

x2 + 2 x3 = 3

x3 = t

x2 = 3 − 2t

x1 + 2x2 + x3 − 2x4 = 1

x1 + 2(3 − 2t) + t − 2 · 1 = 1

ˇ

x1 = −3 + 3t

x2 = 3 − 2t
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Řešte soustavu

2x1+2x2−2x3+ x4 = 1

x1+2x2+ x3−2x4 = 1

3x1+4x2− x3+2x4 = 5

x1+3x2+3x3−2x4 = 4

Ar ∼









2 2 −2 1 1
1 2 1 −2 1
3 4 −1 2 5
1 3 3 −2 4









∼









1 2 1 −2 1
0 −2 −4 5 −1
0 −2 −4 8 2
0 1 2 0 3









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 5 5
0 0 0 8 8









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1
0 0 0 1 1









Ar ∼





1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1



 x4 = 1

x2 + 2 x3 = 3

x3 = t

x2 = 3 − 2t

x1 + 2x2 + x3 − 2x4 = 1

x1 + 2(3 − 2t) + t − 2 · 1 = 1

ˇ

x1 = −3 + 3t

x2 = 3 − 2t
⊳⊳ ⊳ ⊲ ⊲⊲ c©Lenka Přibylová, 2006 ×



Řešte soustavu

2x1+2x2−2x3+ x4 = 1

x1+2x2+ x3−2x4 = 1

3x1+4x2− x3+2x4 = 5

x1+3x2+3x3−2x4 = 4

Ar ∼









2 2 −2 1 1
1 2 1 −2 1
3 4 −1 2 5
1 3 3 −2 4









∼









1 2 1 −2 1
0 −2 −4 5 −1
0 −2 −4 8 2
0 1 2 0 3









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 5 5
0 0 0 8 8









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1
0 0 0 1 1









Ar ∼





1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1



 x4 = 1

x2 + 2 x3 = 3

x3 = t

x2 = 3 − 2t

x1 + 2x2 + x3 − 2x4 = 1

x1 + 2(3 − 2t) + t − 2 · 1 = 1

ˇ

x1 = −3 + 3t

x2 = 3 − 2t

Druhý řádek bude klı́čový, protože a21 = 1.
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Řešte soustavu

2x1+2x2−2x3+ x4 = 1

x1+2x2+ x3−2x4 = 1

3x1+4x2− x3+2x4 = 5

x1+3x2+3x3−2x4 = 4

Ar ∼









2 2 −2 1 1
1 2 1 −2 1
3 4 −1 2 5
1 3 3 −2 4









∼









1 2 1 −2 1
0 −2 −4 5 −1
0 −2 −4 8 2
0 1 2 0 3









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 5 5
0 0 0 8 8









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1
0 0 0 1 1









Ar ∼





1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1



 x4 = 1

x2 + 2 x3 = 3

x3 = t

x2 = 3 − 2t

x1 + 2x2 + x3 − 2x4 = 1

x1 + 2(3 − 2t) + t − 2 · 1 = 1

ˇ

x1 = −3 + 3t

x2 = 3 − 2t

(−2)R2 + R1

(−2)
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Řešte soustavu

2x1+2x2−2x3+ x4 = 1

x1+2x2+ x3−2x4 = 1

3x1+4x2− x3+2x4 = 5

x1+3x2+3x3−2x4 = 4

Ar ∼









2 2 −2 1 1
1 2 1 −2 1
3 4 −1 2 5
1 3 3 −2 4









∼









1 2 1 −2 1
0 −2 −4 5 −1
0 −2 −4 8 2
0 1 2 0 3









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 5 5
0 0 0 8 8









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1
0 0 0 1 1









Ar ∼





1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1



 x4 = 1

x2 + 2 x3 = 3

x3 = t

x2 = 3 − 2t

x1 + 2x2 + x3 − 2x4 = 1

x1 + 2(3 − 2t) + t − 2 · 1 = 1

ˇ

x1 = −3 + 3t

x2 = 3 − 2t

(−3)R2 + R3

(−3)
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Řešte soustavu

2x1+2x2−2x3+ x4 = 1

x1+2x2+ x3−2x4 = 1

3x1+4x2− x3+2x4 = 5

x1+3x2+3x3−2x4 = 4

Ar ∼









2 2 −2 1 1
1 2 1 −2 1
3 4 −1 2 5
1 3 3 −2 4









∼









1 2 1 −2 1
0 −2 −4 5 −1
0 −2 −4 8 2
0 1 2 0 3









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 5 5
0 0 0 8 8









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1
0 0 0 1 1









Ar ∼





1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1



 x4 = 1

x2 + 2 x3 = 3

x3 = t

x2 = 3 − 2t

x1 + 2x2 + x3 − 2x4 = 1

x1 + 2(3 − 2t) + t − 2 · 1 = 1

ˇ

x1 = −3 + 3t

x2 = 3 − 2t

(−1)R2 + R4

(−1)
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Řešte soustavu

2x1+2x2−2x3+ x4 = 1

x1+2x2+ x3−2x4 = 1

3x1+4x2− x3+2x4 = 5

x1+3x2+3x3−2x4 = 4

Ar ∼









2 2 −2 1 1
1 2 1 −2 1
3 4 −1 2 5
1 3 3 −2 4









∼









1 2 1 −2 1
0 −2 −4 5 −1
0 −2 −4 8 2
0 1 2 0 3









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 5 5
0 0 0 8 8









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1
0 0 0 1 1









Ar ∼





1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1



 x4 = 1

x2 + 2 x3 = 3

x3 = t

x2 = 3 − 2t

x1 + 2x2 + x3 − 2x4 = 1

x1 + 2(3 − 2t) + t − 2 · 1 = 1

ˇ

x1 = −3 + 3t

x2 = 3 − 2t

Dalšı́m klı́čovým řádkem bude poslednı́ řádek, protože a42 = 1 je lepšı́
než a22 = a23 = −2.
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Řešte soustavu

2x1+2x2−2x3+ x4 = 1

x1+2x2+ x3−2x4 = 1

3x1+4x2− x3+2x4 = 5

x1+3x2+3x3−2x4 = 4

Ar ∼









2 2 −2 1 1
1 2 1 −2 1
3 4 −1 2 5
1 3 3 −2 4









∼









1 2 1 −2 1
0 −2 −4 5 −1
0 −2 −4 8 2
0 1 2 0 3









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 5 5
0 0 0 8 8









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1
0 0 0 1 1









Ar ∼





1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1



 x4 = 1

x2 + 2 x3 = 3

x3 = t

x2 = 3 − 2t

x1 + 2x2 + x3 − 2x4 = 1

x1 + 2(3 − 2t) + t − 2 · 1 = 1

ˇ

x1 = −3 + 3t

x2 = 3 − 2t

2R4 + R2

2
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Řešte soustavu

2x1+2x2−2x3+ x4 = 1

x1+2x2+ x3−2x4 = 1

3x1+4x2− x3+2x4 = 5

x1+3x2+3x3−2x4 = 4

Ar ∼









2 2 −2 1 1
1 2 1 −2 1
3 4 −1 2 5
1 3 3 −2 4









∼









1 2 1 −2 1
0 −2 −4 5 −1
0 −2 −4 8 2
0 1 2 0 3









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 5 5
0 0 0 8 8









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1
0 0 0 1 1









Ar ∼





1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1



 x4 = 1

x2 + 2 x3 = 3

x3 = t

x2 = 3 − 2t

x1 + 2x2 + x3 − 2x4 = 1

x1 + 2(3 − 2t) + t − 2 · 1 = 1

ˇ

x1 = −3 + 3t

x2 = 3 − 2t

2R4 + R3

2
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Řešte soustavu

2x1+2x2−2x3+ x4 = 1

x1+2x2+ x3−2x4 = 1

3x1+4x2− x3+2x4 = 5

x1+3x2+3x3−2x4 = 4

Ar ∼









2 2 −2 1 1
1 2 1 −2 1
3 4 −1 2 5
1 3 3 −2 4









∼









1 2 1 −2 1
0 −2 −4 5 −1
0 −2 −4 8 2
0 1 2 0 3









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 5 5
0 0 0 8 8









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1
0 0 0 1 1









Ar ∼





1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1



 x4 = 1

x2 + 2 x3 = 3

x3 = t

x2 = 3 − 2t

x1 + 2x2 + x3 − 2x4 = 1

x1 + 2(3 − 2t) + t − 2 · 1 = 1

ˇ

x1 = −3 + 3t

x2 = 3 − 2t

Prvnı́ dva řádky zůstanou.
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Řešte soustavu

2x1+2x2−2x3+ x4 = 1

x1+2x2+ x3−2x4 = 1

3x1+4x2− x3+2x4 = 5

x1+3x2+3x3−2x4 = 4

Ar ∼









2 2 −2 1 1
1 2 1 −2 1
3 4 −1 2 5
1 3 3 −2 4









∼









1 2 1 −2 1
0 −2 −4 5 −1
0 −2 −4 8 2
0 1 2 0 3









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 5 5 ÷5

0 0 0 8 8 ÷8









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1
0 0 0 1 1









Ar ∼





1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1



 x4 = 1

x2 + 2 x3 = 3

x3 = t

x2 = 3 − 2t

x1 + 2x2 + x3 − 2x4 = 1

x1 + 2(3 − 2t) + t − 2 · 1 = 1

ˇ

x1 = −3 + 3t

x2 = 3 − 2t

Poslednı́ řádky můžeme vydělit.
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Řešte soustavu

2x1+2x2−2x3+ x4 = 1

x1+2x2+ x3−2x4 = 1

3x1+4x2− x3+2x4 = 5

x1+3x2+3x3−2x4 = 4

Ar ∼









2 2 −2 1 1
1 2 1 −2 1
3 4 −1 2 5
1 3 3 −2 4









∼









1 2 1 −2 1
0 −2 −4 5 −1
0 −2 −4 8 2
0 1 2 0 3









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 5 5
0 0 0 8 8









∼









1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1
0 0 0 1 1









Ar ∼





1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1



 x4 = 1

x2 + 2 x3 = 3

x3 = t

x2 = 3 − 2t

x1 + 2x2 + x3 − 2x4 = 1

x1 + 2(3 − 2t) + t − 2 · 1 = 1

ˇ

x1 = −3 + 3t

x2 = 3 − 2t

Poslednı́ dva řádky jsou stejné a stačı́ uvažovat pouze jeden z nich.
Vynecháme tedy poslednı́ řádek.
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Řešte soustavu

2x1+2x2−2x3+ x4 = 1

x1+2x2+ x3−2x4 = 1

3x1+4x2− x3+2x4 = 5

x1+3x2+3x3−2x4 = 4

Ar ∼





1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1



 x4 = 1

x2 + 2 x3 = 3

x3 = t

x2 = 3 − 2t

x1 + 2x2 + x3 − 2x4 = 1

x1 + 2(3 − 2t) + t − 2 · 1 = 1

x1 − 4t + t + 4 = 1

x1 − 3t = −3

x1 = 3t − 3

Řešenı́ je

x1 = −3 + 3t

x2 = 3 − 2t

x3 = t

x4 = 1

kde t ∈ R.

• Rozšı́řená matice soustavy je ve schodovitém tvaru.

• h (A) = 3, h (Ar) = 3, n = 4

• Soustava má nekonečně mnoho řešenı́ s jednı́m parametrem.
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Řešte soustavu

2x1+2x2−2x3+ x4 = 1

x1+2x2+ x3−2x4 = 1

3x1+4x2− x3+2x4 = 5

x1+3x2+3x3−2x4 = 4

Ar ∼





1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1



 x4 = 1

x2 + 2 x3 = 3

x3 = t

x2 = 3 − 2t

x1 + 2x2 + x3 − 2x4 = 1

x1 + 2(3 − 2t) + t − 2 · 1 = 1

x1 − 4t + t + 4 = 1

x1 − 3t = −3

x1 = 3t − 3

Řešenı́ je

x1 = −3 + 3t

x2 = 3 − 2t

x3 = t

x4 = 1

kde t ∈ R.

Napı́šeme rovnici odpovı́dajı́cı́ poslednı́mu řádku. Tı́m známe x4.
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Řešte soustavu

2x1+2x2−2x3+ x4 = 1

x1+2x2+ x3−2x4 = 1

3x1+4x2− x3+2x4 = 5

x1+3x2+3x3−2x4 = 4

Ar ∼





1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1



 x4 = 1

x2 + 2 x3 = 3

x3 = t

x2 = 3 − 2t

x1 + 2x2 + x3 − 2x4 = 1

x1 + 2(3 − 2t) + t − 2 · 1 = 1

x1 − 4t + t + 4 = 1

x1 − 3t = −3

x1 = 3t − 3

Řešenı́ je

x1 = −3 + 3t

x2 = 3 − 2t

x3 = t

x4 = 1

kde t ∈ R.

Napı́šeme rovnici odpovı́dajı́cı́ prostřednı́mu řádku.
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Řešte soustavu

2x1+2x2−2x3+ x4 = 1

x1+2x2+ x3−2x4 = 1

3x1+4x2− x3+2x4 = 5

x1+3x2+3x3−2x4 = 4

Ar ∼





1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1



 x4 = 1

x2 + 2 x3 = 3

x3 = t

x2 = 3 − 2t

x1 + 2x2 + x3 − 2x4 = 1

x1 + 2(3 − 2t) + t − 2 · 1 = 1

x1 − 4t + t + 4 = 1

x1 − 3t = −3

x1 = 3t − 3

Řešenı́ je

x1 = −3 + 3t

x2 = 3 − 2t

x3 = t

x4 = 1

kde t ∈ R.

• Ze dvou neznámých bude jedna rovna parametru.

• Necht’napřı́klad x3 = t, kde t je libovolné reálné čı́slo.
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Řešte soustavu

2x1+2x2−2x3+ x4 = 1

x1+2x2+ x3−2x4 = 1

3x1+4x2− x3+2x4 = 5

x1+3x2+3x3−2x4 = 4

Ar ∼





1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1



 x4 = 1

x2 + 2 x3 = 3

x3 = t

x2 = 3 − 2t

x1 + 2x2 + x3 − 2x4 = 1

x1 + 2(3 − 2t) + t − 2 · 1 = 1

x1 − 4t + t + 4 = 1

x1 − 3t = −3

x1 = 3t − 3

Řešenı́ je

x1 = −3 + 3t

x2 = 3 − 2t

x3 = t

x4 = 1

kde t ∈ R.

Nalezneme x2.
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Řešte soustavu

2x1+2x2−2x3+ x4 = 1

x1+2x2+ x3−2x4 = 1

3x1+4x2− x3+2x4 = 5

x1+3x2+3x3−2x4 = 4

Ar ∼





1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1



 x4 = 1

x2 + 2 x3 = 3

x3 = t

x2 = 3 − 2t

x1 + 2x2 + x3 − 2x4 = 1

x1 + 2(3 − 2t) + t − 2 · 1 = 1

x1 − 4t + t + 4 = 1

x1 − 3t = −3

x1 = 3t − 3

Řešenı́ je

x1 = −3 + 3t

x2 = 3 − 2t

x3 = t

x4 = 1

kde t ∈ R.

Pokračujeme k dalšı́ rovnici.
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Řešte soustavu

2x1+2x2−2x3+ x4 = 1

x1+2x2+ x3−2x4 = 1

3x1+4x2− x3+2x4 = 5

x1+3x2+3x3−2x4 = 4

Ar ∼





1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1



 x4 = 1

x2 + 2 x3 = 3

x3 = t

x2 = 3 − 2t

x1 + 2x2 + x3 − 2x4 = 1

x1 + 2(3 − 2t) + t − 2 · 1 = 1

x1 − 4t + t + 4 = 1

x1 − 3t = −3

x1 = 3t − 3

Řešenı́ je

x1 = −3 + 3t

x2 = 3 − 2t

x3 = t

x4 = 1

kde t ∈ R.

Dosadı́me za x2, x3 a x4.
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Řešte soustavu

2x1+2x2−2x3+ x4 = 1

x1+2x2+ x3−2x4 = 1

3x1+4x2− x3+2x4 = 5

x1+3x2+3x3−2x4 = 4

Ar ∼





1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1



 x4 = 1

x2 + 2 x3 = 3

x3 = t

x2 = 3 − 2t

x1 + 2x2 + x3 − 2x4 = 1

x1 + 2(3 − 2t) + t − 2 · 1 = 1

x1 − 4t + t + 4 = 1

x1 − 3t = −3

x1 = 3t − 3

Řešenı́ je

x1 = −3 + 3t

x2 = 3 − 2t

x3 = t

x4 = 1

kde t ∈ R.

Upravı́me.
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Řešte soustavu

2x1+2x2−2x3+ x4 = 1

x1+2x2+ x3−2x4 = 1

3x1+4x2− x3+2x4 = 5

x1+3x2+3x3−2x4 = 4

Ar ∼





1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1



 x4 = 1

x2 + 2 x3 = 3

x3 = t

x2 = 3 − 2t

x1 + 2x2 + x3 − 2x4 = 1

x1 + 2(3 − 2t) + t − 2 · 1 = 1

x1 − 4t + t + 4 = 1

x1 − 3t = −3

x1 = 3t − 3

Řešenı́ je

x1 = −3 + 3t

x2 = 3 − 2t

x3 = t

x4 = 1

kde t ∈ R.

Upravı́me.
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Řešte soustavu

2x1+2x2−2x3+ x4 = 1

x1+2x2+ x3−2x4 = 1

3x1+4x2− x3+2x4 = 5

x1+3x2+3x3−2x4 = 4

Ar ∼





1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1



 x4 = 1

x2 + 2 x3 = 3

x3 = t

x2 = 3 − 2t

x1 + 2x2 + x3 − 2x4 = 1

x1 + 2(3 − 2t) + t − 2 · 1 = 1

x1 − 4t + t + 4 = 1

x1 − 3t = −3

x1 = 3t − 3

Řešenı́ je

x1 = −3 + 3t

x2 = 3 − 2t

x3 = t

x4 = 1

kde t ∈ R.

Nalezneme x1.
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Řešte soustavu

2x1+2x2−2x3+ x4 = 1

x1+2x2+ x3−2x4 = 1

3x1+4x2− x3+2x4 = 5

x1+3x2+3x3−2x4 = 4

Ar ∼





1 2 1 −2 1
0 1 2 0 3
0 0 0 1 1



 x4 = 1

x2 + 2 x3 = 3

x3 = t

x2 = 3 − 2t

x1 + 2x2 + x3 − 2x4 = 1

x1 + 2(3 − 2t) + t − 2 · 1 = 1

x1 − 4t + t + 4 = 1

x1 − 3t = −3

x1 = 3t − 3

Řešenı́ je

x1 = −3 + 3t

x2 = 3 − 2t

x3 = t

x4 = 1

kde t ∈ R.

⊳⊳ ⊳ ⊲ ⊲⊲ c©Lenka Přibylová, 2006 ×



Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0








1 0 −1 3 0 0
1 1 0 −1 −1 0
5 1 −4 3 −9 0
1 −1 −2 1 −5 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −4 −4 8 −4 0
0 −2 −2 2 −4 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −1 −1 2 −1 0
0 −1 −1 1 −2 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −2 −2 0
0 0 0 −3 −3 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0
0 0 0 −1 −1 0









h(A) = 3 = h(Ar)

n = 5, 2 parametry
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Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0








1 0 −1 3 0 0
1 1 0 −1 −1 0
5 1 −4 3 −9 0
1 −1 −2 1 −5 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −4 −4 8 −4 0
0 −2 −2 2 −4 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −1 −1 2 −1 0
0 −1 −1 1 −2 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −2 −2 0
0 0 0 −3 −3 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0
0 0 0 −1 −1 0









h(A) = 3 = h(Ar)

n = 5, 2 parametry

Napı́šeme rozšı́řenou matici soustavy.
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Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0








1 0 −1 3 0 0
1 1 0 −1 −1 0
5 1 −4 3 −9 0
1 −1 −2 1 −5 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −4 −4 8 −4 0
0 −2 −2 2 −4 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −1 −1 2 −1 0
0 −1 −1 1 −2 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −2 −2 0
0 0 0 −3 −3 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0
0 0 0 −1 −1 0









h(A) = 3 = h(Ar)

n = 5, 2 parametry

Zvolı́me klı́čový řádek (s jedničkou na začátku a nejnižšı́mi ciframi na
dalšı́ch pozicı́ch). Tento řádek opı́šeme jako prvnı́.
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Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0








1 0 −1 3 0 0
1 1 0 −1 −1 0
5 1 −4 3 −9 0
1 −1 −2 1 −5 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −4 −4 8 −4 0
0 −2 −2 2 −4 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −1 −1 2 −1 0
0 −1 −1 1 −2 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −2 −2 0
0 0 0 −3 −3 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0
0 0 0 −1 −1 0









h(A) = 3 = h(Ar)

n = 5, 2 parametry

Vynulujeme prvek a11.

−1
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Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0








1 0 −1 3 0 0
1 1 0 −1 −1 0
5 1 −4 3 −9 0
1 −1 −2 1 −5 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −4 −4 8 −4 0
0 −2 −2 2 −4 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −1 −1 2 −1 0
0 −1 −1 1 −2 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −2 −2 0
0 0 0 −3 −3 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0
0 0 0 −1 −1 0









h(A) = 3 = h(Ar)

n = 5, 2 parametry

Vynulujeme prvek a31.

−5
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Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0








1 0 −1 3 0 0
1 1 0 −1 −1 0
5 1 −4 3 −9 0
1 −1 −2 1 −5 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −4 −4 8 −4 0
0 −2 −2 2 −4 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −1 −1 2 −1 0
0 −1 −1 1 −2 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −2 −2 0
0 0 0 −3 −3 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0
0 0 0 −1 −1 0









h(A) = 3 = h(Ar)

n = 5, 2 parametry

Vynulujeme prvek a41.

−1
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Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0








1 0 −1 3 0 0
1 1 0 −1 −1 0
5 1 −4 3 −9 0
1 −1 −2 1 −5 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −4 −4 8 −4 0 ÷4

0 −2 −2 2 −4 0 ÷2









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −1 −1 2 −1 0
0 −1 −1 1 −2 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −2 −2 0
0 0 0 −3 −3 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0
0 0 0 −1 −1 0









h(A) = 3 = h(Ar)

n = 5, 2 parametry

Prvnı́ dva řádky opı́šeme, poslednı́ dva vydělı́me společným dělitelem
všech čı́sel v řádku.
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Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0








1 0 −1 3 0 0
1 1 0 −1 −1 0
5 1 −4 3 −9 0
1 −1 −2 1 −5 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −4 −4 8 −4 0
0 −2 −2 2 −4 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −1 −1 2 −1 0
0 −1 −1 1 −2 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −2 −2 0
0 0 0 −3 −3 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0
0 0 0 −1 −1 0









h(A) = 3 = h(Ar)

n = 5, 2 parametry

Prvnı́ řádek opı́šme, druhý řádek bude klı́čový a opı́šme jej také.
⊳⊳ ⊳ ⊲ ⊲⊲ c©Lenka Přibylová, 2006 ×



Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0








1 0 −1 3 0 0
1 1 0 −1 −1 0
5 1 −4 3 −9 0
1 −1 −2 1 −5 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −4 −4 8 −4 0
0 −2 −2 2 −4 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −1 −1 2 −1 0
0 −1 −1 1 −2 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −2 −2 0
0 0 0 −3 −3 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0
0 0 0 −1 −1 0









h(A) = 3 = h(Ar)

n = 5, 2 parametry

Nulujeme a32.

−1
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Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0








1 0 −1 3 0 0
1 1 0 −1 −1 0
5 1 −4 3 −9 0
1 −1 −2 1 −5 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −4 −4 8 −4 0
0 −2 −2 2 −4 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −1 −1 2 −1 0
0 −1 −1 1 −2 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −2 −2 0
0 0 0 −3 −3 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0
0 0 0 −1 −1 0









h(A) = 3 = h(Ar)

n = 5, 2 parametry

Nulujeme a42.

−1
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Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0








1 0 −1 3 0 0
1 1 0 −1 −1 0
5 1 −4 3 −9 0
1 −1 −2 1 −5 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −4 −4 8 −4 0
0 −2 −2 2 −4 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −1 −1 2 −1 0
0 −1 −1 1 −2 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −2 −2 0 ÷2

0 0 0 −3 −3 0 ÷3









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0
0 0 0 −1 −1 0









h(A) = 3 = h(Ar)

n = 5, 2 parametry

Vydělı́me poslednı́ dva řádky společným dělitelem všech čı́sel v řádku.
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Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0








1 0 −1 3 0 0
1 1 0 −1 −1 0
5 1 −4 3 −9 0
1 −1 −2 1 −5 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −4 −4 8 −4 0
0 −2 −2 2 −4 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −1 −1 2 −1 0
0 −1 −1 1 −2 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −2 −2 0
0 0 0 −3 −3 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0
0 0 0 −1 −1 0









h(A) = 3 = h(Ar)

n = 5, 2 parametry

Poslednı́ dva řádky jsou shodné a stačı́ uvažovat pouze jeden z nich.
Tı́m je matice převedena do schodovitého tvaru.
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Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0








1 0 −1 3 0 0
1 1 0 −1 −1 0
5 1 −4 3 −9 0
1 −1 −2 1 −5 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −4 −4 8 −4 0
0 −2 −2 2 −4 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 −1 −1 2 −1 0
0 −1 −1 1 −2 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −2 −2 0
0 0 0 −3 −3 0









∼









1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0
0 0 0 −1 −1 0









h(A) = 3 = h(Ar)

n = 5, 2 parametry
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Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0

Ar ∼





1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0





−x4 − x5 = 0

x5 = t

−x4 − t = 0

x4 = −t

−x2 − x3 + 4x4 + x5 = 0

−x2 − x3 + 4(−t) + t = 0

x3 = s

−x2 − s − 3t = 0

x2 = −s − 3t

x1 + x2 − x4 − x5 = 0

x1 + (−s − 3t)− (−t) − t = 0

x1 = s + 3t

Uvažujeme matici ve schodvitém tvaru.
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Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0

Ar ∼





1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0





−x4 − x5 = 0

x5 = t

−x4 − t = 0

x4 = −t

−x2 − x3 + 4x4 + x5 = 0

−x2 − x3 + 4(−t) + t = 0

x3 = s

−x2 − s − 3t = 0

x2 = −s − 3t

x1 + x2 − x4 − x5 = 0

x1 + (−s − 3t)− (−t) − t = 0

x1 = s + 3t

Přepı́šeme poslednı́ řádek jako klasickou rovnici.
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Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0

Ar ∼





1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0





−x4 − x5 = 0

x5 = t

−x4 − t = 0

x4 = −t

−x2 − x3 + 4x4 + x5 = 0

−x2 − x3 + 4(−t) + t = 0

x3 = s

−x2 − s − 3t = 0

x2 = −s − 3t

x1 + x2 − x4 − x5 = 0

x1 + (−s − 3t)− (−t) − t = 0

x1 = s + 3t

Protože neznámé v jedné rovnici jsou dvě, musı́ se jedna z nich rovnat
parametru. Necht’napřı́klad x5 je parametr.
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Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0

Ar ∼





1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0





−x4 − x5 = 0

x5 = t

−x4 − t = 0

x4 = −t

−x2 − x3 + 4x4 + x5 = 0

−x2 − x3 + 4(−t) + t = 0

x3 = s

−x2 − s − 3t = 0

x2 = −s − 3t

x1 + x2 − x4 − x5 = 0

x1 + (−s − 3t)− (−t) − t = 0

x1 = s + 3t

Dosadı́me parametr a vypočteme x4.
⊳⊳ ⊳ ⊲ ⊲⊲ c©Lenka Přibylová, 2006 ×



Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0

Ar ∼





1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0





−x4 − x5 = 0

x5 = t

−x4 − t = 0

x4 = −t

−x2 − x3 + 4x4 + x5 = 0

−x2 − x3 + 4(−t) + t = 0

x3 = s

−x2 − s − 3t = 0

x2 = −s − 3t

x1 + x2 − x4 − x5 = 0

x1 + (−s − 3t)− (−t) − t = 0

x1 = s + 3t

Přepı́šeme dalšı́ řádek do tvaru rovnice.
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Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0

Ar ∼





1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0





−x4 − x5 = 0

x5 = t

−x4 − t = 0

x4 = −t

−x2 − x3 + 4x4 + x5 = 0

−x2 − x3 + 4(−t) + t = 0

x3 = s

−x2 − s − 3t = 0

x2 = −s − 3t

x1 + x2 − x4 − x5 = 0

x1 + (−s − 3t)− (−t) − t = 0

x1 = s + 3t

Dosadı́me všechno co jsme vypočetli dřı́ve.
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Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0

Ar ∼





1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0





−x4 − x5 = 0

x5 = t

−x4 − t = 0

x4 = −t

−x2 − x3 + 4x4 + x5 = 0

−x2 − x3 + 4(−t) + t = 0

x3 = s

−x2 − s − 3t = 0

x2 = −s − 3t

x1 + x2 − x4 − x5 = 0

x1 + (−s − 3t)− (−t) − t = 0

x1 = s + 3t

Zůstaly dvě neznámé, jedna z nich musı́ být parametr.
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Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0

Ar ∼





1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0





−x4 − x5 = 0

x5 = t

−x4 − t = 0

x4 = −t

−x2 − x3 + 4x4 + x5 = 0

−x2 − x3 + 4(−t) + t = 0

x3 = s

−x2 − s − 3t = 0

x2 = −s − 3t

x1 + x2 − x4 − x5 = 0

x1 + (−s − 3t)− (−t) − t = 0

x1 = s + 3t

Dosadı́me parametr.
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Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0

Ar ∼





1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0





−x4 − x5 = 0

x5 = t

−x4 − t = 0

x4 = −t

−x2 − x3 + 4x4 + x5 = 0

−x2 − x3 + 4(−t) + t = 0

x3 = s

−x2 − s − 3t = 0

x2 = −s − 3t

x1 + x2 − x4 − x5 = 0

x1 + (−s − 3t)− (−t) − t = 0

x1 = s + 3t

Vypočteme x2.
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Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0

Ar ∼





1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0





−x4 − x5 = 0

x5 = t

−x4 − t = 0

x4 = −t

−x2 − x3 + 4x4 + x5 = 0

−x2 − x3 + 4(−t) + t = 0

x3 = s

−x2 − s − 3t = 0

x2 = −s − 3t

x1 + x2 − x4 − x5 = 0

x1 + (−s − 3t)− (−t) − t = 0

x1 = s + 3t

Přepı́šeme zbývajı́cı́ řádek do tvaru rovnice.
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Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0

Ar ∼





1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0





−x4 − x5 = 0

x5 = t

−x4 − t = 0

x4 = −t

−x2 − x3 + 4x4 + x5 = 0

−x2 − x3 + 4(−t) + t = 0

x3 = s

−x2 − s − 3t = 0

x2 = −s − 3t

x1 + x2 − x4 − x5 = 0

x1 + (−s − 3t)− (−t) − t = 0

x1 = s + 3t

Dosadı́me vypočtené hodnoty a vyjářı́me x1.
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Řešte soustavu

x1 − x3+3x4 = 0

x1+x2 − x4− x5 = 0

5x1+x2−4x3+3x4−9x5 = 0

x1−x2−2x3+ x4−5x5 = 0

Ar ∼





1 1 0 −1 −1 0
0 −1 −1 4 1 0
0 0 0 −1 −1 0





−x4 − x5 = 0

x5 = t

−x4 − t = 0

x4 = −t

−x2 − x3 + 4x4 + x5 = 0

−x2 − x3 + 4(−t) + t = 0

x3 = s

−x2 − s − 3t = 0

x2 = −s − 3t

x1 + x2 − x4 − x5 = 0

x1 + (−s − 3t)− (−t) − t = 0

x1 = s + 3t

Soustava je vyřešena.
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Řešte soustavu

x1+ x2+ x3+ x4 = 0

x2+ x3+ x4+ x5 = 0

x1+2x2+3x3 = 0

x2+2x3+3x4+4x5 = 0

x3+2x4+3x5 = 0

Ar ∼













1 1 1 1 0 0
0 1 1 1 1 0
1 2 3 0 0 0
0 1 2 3 4 0
0 0 1 2 3 0













∼













1 1 1 1 0 0
0 1 1 1 1 0
0 1 2 −1 0 0
0 1 2 3 4 0
0 0 1 2 3 0













∼













1 1 1 1 0 0
0 1 1 1 1 0
0 0 1 −2 −1 0
0 0 1 2 3 0
0 0 1 2 3 0













∼









1 1 1 1 0 0
0 1 1 1 1 0
0 0 1 −2 −1 0
0 0 0 4 4 0









Ar ∼









1 1 1 1 0 0
0 1 1 1 1 0
0 0 1 −2 −1 0









4x4 + 4x5 = 0

x4 + x5 = 0
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Řešte soustavu

x1+ x2+ x3+ x4 = 0

x2+ x3+ x4+ x5 = 0

x1+2x2+3x3 = 0

x2+2x3+3x4+4x5 = 0

x3+2x4+3x5 = 0

Ar ∼













1 1 1 1 0 0
0 1 1 1 1 0
1 2 3 0 0 0
0 1 2 3 4 0
0 0 1 2 3 0













∼













1 1 1 1 0 0
0 1 1 1 1 0
0 1 2 −1 0 0
0 1 2 3 4 0
0 0 1 2 3 0













∼













1 1 1 1 0 0
0 1 1 1 1 0
0 0 1 −2 −1 0
0 0 1 2 3 0
0 0 1 2 3 0













∼









1 1 1 1 0 0
0 1 1 1 1 0
0 0 1 −2 −1 0
0 0 0 4 4 0









Ar ∼









1 1 1 1 0 0
0 1 1 1 1 0
0 0 1 −2 −1 0









4x4 + 4x5 = 0

x4 + x5 = 0
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Řešte soustavu

x1+ x2+ x3+ x4 = 0

x2+ x3+ x4+ x5 = 0

x1+2x2+3x3 = 0

x2+2x3+3x4+4x5 = 0

x3+2x4+3x5 = 0

Ar ∼













1 1 1 1 0 0
0 1 1 1 1 0
1 2 3 0 0 0
0 1 2 3 4 0
0 0 1 2 3 0













∼













1 1 1 1 0 0
0 1 1 1 1 0
0 1 2 −1 0 0
0 1 2 3 4 0
0 0 1 2 3 0













∼













1 1 1 1 0 0
0 1 1 1 1 0
0 0 1 −2 −1 0
0 0 1 2 3 0
0 0 1 2 3 0













∼









1 1 1 1 0 0
0 1 1 1 1 0
0 0 1 −2 −1 0
0 0 0 4 4 0









Ar ∼









1 1 1 1 0 0
0 1 1 1 1 0
0 0 1 −2 −1 0









4x4 + 4x5 = 0

x4 + x5 = 0

x5 = t

Prvnı́ řádek bude klı́čový řádek.
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Řešte soustavu

x1+ x2+ x3+ x4 = 0

x2+ x3+ x4+ x5 = 0

x1+2x2+3x3 = 0

x2+2x3+3x4+4x5 = 0

x3+2x4+3x5 = 0

Ar ∼













1 1 1 1 0 0
0 1 1 1 1 0
1 2 3 0 0 0
0 1 2 3 4 0
0 0 1 2 3 0













∼













1 1 1 1 0 0
0 1 1 1 1 0
0 1 2 −1 0 0
0 1 2 3 4 0
0 0 1 2 3 0













∼













1 1 1 1 0 0
0 1 1 1 1 0
0 0 1 −2 −1 0
0 0 1 2 3 0
0 0 1 2 3 0













∼









1 1 1 1 0 0
0 1 1 1 1 0
0 0 1 −2 −1 0
0 0 0 4 4 0









Ar ∼









1 1 1 1 0 0
0 1 1 1 1 0
0 0 1 −2 −1 0









4x4 + 4x5 = 0

x4 + x5 = 0

x5 = t

Druhý řádek zůstává, má už nulu na začátku.
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Řešte soustavu

x1+ x2+ x3+ x4 = 0

x2+ x3+ x4+ x5 = 0

x1+2x2+3x3 = 0

x2+2x3+3x4+4x5 = 0

x3+2x4+3x5 = 0

Ar ∼













1 1 1 1 0 0
0 1 1 1 1 0
1 2 3 0 0 0
0 1 2 3 4 0
0 0 1 2 3 0













∼













1 1 1 1 0 0
0 1 1 1 1 0
0 1 2 −1 0 0
0 1 2 3 4 0
0 0 1 2 3 0













∼













1 1 1 1 0 0
0 1 1 1 1 0
0 0 1 −2 −1 0
0 0 1 2 3 0
0 0 1 2 3 0













∼









1 1 1 1 0 0
0 1 1 1 1 0
0 0 1 −2 −1 0
0 0 0 4 4 0









Ar ∼









1 1 1 1 0 0
0 1 1 1 1 0
0 0 1 −2 −1 0









4x4 + 4x5 = 0

x4 + x5 = 0

x5 = t

(−1)
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Řešte soustavu

x1+ x2+ x3+ x4 = 0

x2+ x3+ x4+ x5 = 0

x1+2x2+3x3 = 0

x2+2x3+3x4+4x5 = 0

x3+2x4+3x5 = 0

Ar ∼













1 1 1 1 0 0
0 1 1 1 1 0
1 2 3 0 0 0
0 1 2 3 4 0
0 0 1 2 3 0













∼













1 1 1 1 0 0
0 1 1 1 1 0
0 1 2 −1 0 0
0 1 2 3 4 0
0 0 1 2 3 0













∼













1 1 1 1 0 0
0 1 1 1 1 0
0 0 1 −2 −1 0
0 0 1 2 3 0
0 0 1 2 3 0













∼









1 1 1 1 0 0
0 1 1 1 1 0
0 0 1 −2 −1 0
0 0 0 4 4 0









Ar ∼









1 1 1 1 0 0
0 1 1 1 1 0
0 0 1 −2 −1 0









4x4 + 4x5 = 0

x4 + x5 = 0

x5 = t

Čtvrtý řádek zůstává, má už nulu na začátku.
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Řešte soustavu

x1+ x2+ x3+ x4 = 0

x2+ x3+ x4+ x5 = 0

x1+2x2+3x3 = 0

x2+2x3+3x4+4x5 = 0

x3+2x4+3x5 = 0

Ar ∼













1 1 1 1 0 0
0 1 1 1 1 0
1 2 3 0 0 0
0 1 2 3 4 0
0 0 1 2 3 0













∼













1 1 1 1 0 0
0 1 1 1 1 0
0 1 2 −1 0 0
0 1 2 3 4 0
0 0 1 2 3 0













∼













1 1 1 1 0 0
0 1 1 1 1 0
0 0 1 −2 −1 0
0 0 1 2 3 0
0 0 1 2 3 0













∼









1 1 1 1 0 0
0 1 1 1 1 0
0 0 1 −2 −1 0
0 0 0 4 4 0









Ar ∼









1 1 1 1 0 0
0 1 1 1 1 0
0 0 1 −2 −1 0









4x4 + 4x5 = 0

x4 + x5 = 0

x5 = t

Poslednı́ řádek zůstává, má už nulu na začátku.
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Řešte soustavu

x1+ x2+ x3+ x4 = 0

x2+ x3+ x4+ x5 = 0

x1+2x2+3x3 = 0

x2+2x3+3x4+4x5 = 0

x3+2x4+3x5 = 0

Ar ∼













1 1 1 1 0 0
0 1 1 1 1 0
1 2 3 0 0 0
0 1 2 3 4 0
0 0 1 2 3 0













∼













1 1 1 1 0 0
0 1 1 1 1 0
0 1 2 −1 0 0
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Prvnı́ řádek zůstane a druhý řádek bude nový klı́čový řádek.
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Poslednı́ řádek již má dvě nuly na začátku a ponecháme jej tedy beze
změny.

⊳⊳ ⊳ ⊲ ⊲⊲ c©Lenka Přibylová, 2006 ×
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Poslednı́ dva řádky jsou stejné a jeden z nich lze vynechat. Prvnı́ tři
řádky zůstanou a třetı́ z nich bude nový klı́čový řádek.
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Matice je ve schodovitém tvaru, h(A) = h(Ar) = 4 a soustava má
nekonečně mnoho řešenı́ závislých na (5 − 4) = 1 parametru.
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