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Matrix

1 Matrix

Definition

m Zeilen und n Spalten.

aip a2 ... Qin

a1 a9 . A9n
A=

am1 Am2 oo Qmn
A = (alk)

a;r - Elemente der Matrix
i : Zeilenindex

k : Spaltenindex

e Quadratische Matrix

m=n.
ailp aiz2 a13

A= axn a2 a3 B

a11 a2
a1 a2

asz1 asz ass

FEine m x n—Matriz ist ein rechteckiges Zahlenschema aus

Die Anzahl der Zeilen ist gleich der Anzahl der Spalten

Besondere Matrizen

e Einheitsmatrix
1 00

Ex=|0 1 0| Ex=

0 0 1
e Transponierte Matrix

1 0
0 1

Vertauschenden von Zeilen- und Spaltenindex.

aix  aiz2 ais a1 azr asi
A= an ax a AT =1 a1n a2 as

asy azz2 ass a13 423 G33
A= (AT)T

3 x 3Quadratische Matrix

1 2 3
A=|4 5 6
7T 8 9

a11:1 a12:2 a13:3
a1 =4 ax»x =5 a3 ==6
CL31:7 (132:8 a33:9

2 x 3 Matrix
1 0 13
87{4 5 6]

1 x 3 Zeilenmatrix (Zeilenvektor)
C=[1 4 5]

3 x 1 Spaltenmatrix (Spaltenvektor)
1

D= 2
3

symmetrische Matrix

10 4 -2
4 3 6
| -2 6 5
obere Dreiecksmatrix
(10 4 -2
0 3 6
L 0 0 5
untere Dreiecksmatrix
10 0 0
4 3 0
| -2 6 5
Diagonalmatrix
(10 0 0O
0 3 0
L 0 0 5
Nullmatrix
[0 0
0 0 ]
rf‘ransponierte Matrix
1
T 2
[1 2 4 5] = A
5
1 2 47" L2
{ 2 3 0 } =123
4 0
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Matrix

Addition von Matrizen

Summe der Matrix A = (a;;) und der Matrix B = (b;x)
Die Anzahl der Spalten (i) und der Zeilen(k) der beiden
Matrizen miissen gleich sein. A + B = a;x + b

e Summe 2 x 2 Matrix

a a b b
11 12 i 1 02|
L a21 a2 ba1  bag
ayy +bir az + b2
| a21 + ba1r a2z + b2
e Summe 3 X 3 Matrix
ailp a2 ais bir bz bis

ag1 Gz G23 |+ | bar bay baz | =

| a31 az2 ass b31 b3z ass
[ a1+ a1+ b ars+bis

a1 +b21  aze +baa  azz 4 bas
| a31 +b31 aze +b32 as3z+ass

Multiplikation von Matrizen

e Produkt aus der Matrix A = (a;) mit einer Konstanten
AeR:

AA = da;

2 x 2 Matrix

air aiz | _ | Aain Aar
as1 22 Aa12  Aagg
o Produkt aus Matrix A = (a,;) und Matrix B = (b;j)

Anzahl der Zeilen von A mufl gleich der Anzahl der
Spalten von B sein.

A

Zeilenelemente von A mal Spaltenelemente von B.
e Produkt zweier 2 x 2 Matrizen
l a1 a2 . bll b12

a1 Q22 bar  ba

l a1 - bir + a1z - bay

a1 - bia + aq2 - bag
ag1 - bi1 + aaz - by

a21 - ba1 + aga - bag

Summe zweier 2 x 3 Matrizen

17 0], [101] 271
0 1 2 01 5] 027

Produkt 2 x 3 Matrix mit 3
3.[105}:[3 0 15}
0 4 2 0 12 6
Produkt 2 x 3 Matrix mit einer 3 x 2 Matrix
3 4 -1
{ 2 -7 6 }

1

—9

3
{2.23%1(;?:%:2;1;3 } - [ Ei]
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Matrix

Inverse Matrix

eProdukt aus der Matrix A und der inversen Matrix A~}

ist gleich der Einheitsmatrix.

AATL =FE
A= aj;p a2 1 A1 — [ 11 Ti12 ]
ag21 a292 21 T22
ai; a2 11 z12 | |10
az1 a2 To1 T2 0 1

eDie inverse Matrix ist nur moglich, wenn die Determi-
nante von A ungleich Null ist.

det A #0

e Berechnung von A~! mit dem Gauf-Jordan-Algorithmus

Matrix A und Einheitsmatrix E in der Form schreiben

Al B
a1 a2 |1 0
a1 az |0 1

Umformen durch:

- Multiplizieren oder Dividieren der Zeilen mit einer Zahl
- Addieren oder Subtrahieren der Zeilen

- Vertauschen der Zeilen

in die Form Einheitsmatrix und inverse Matrix A~1

E | A1
1 0 T11 T12
0 1|21 @22

—1

TRtk

Zeile2 = Zeile2 - Zeilel - %

a21=4-2.4 =0
a22—1-3.%2_ _3
B —@—n-2 =g
_b22:1—0;%:1
2 3 1 0
0 -5 -2 1
Zeilel = Zeilel - Zeile2 - 3¢
a12=3-(-5): 2 =0
b1l =1-(-2) S =1
b12=0-1-3 =0
r 7 1 3
2.0 ~5 5
0o 5] -2 1
Zeilel = Zeilel : 2
Zeile2 = Zeile2 : —5
1 3
EEERY
5 5

1 2 -1
A= 2 5 -1

1 2 0

A | E E E =A""
1 2 —-1|1 0 O 1 0 O 2 =2 3
2 5 —-1|10 1 0 0 1 0] -1 1 -1
1 2 0|0 0 1 0 0 1]|-1 0 1
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Matrix Matrix

Eigenwert und Eigenvektor

Gegegeben: A - Matrix [ 7 2 0 ]

A

Gesucht: x - Eigenvektor (Spaltenvektor) 0 o s
A - Figenwert det(A— - E) =0
Das Produkt aus Matrix A und Eigenvektor x ist gleich ! 7T—A 2 0 ]

-2 6—A -2 | =0

dem Produkt aus Eigenwert A und Eigenvektor x. 0 5 B
Ax = Mz

ail a2 T11 - T11
a1 a2 T21 T21

eEigenwert aus folgender Gleichung:
det(A—X-E)=0

a1l a2
az1 a2

ai1 a2 - )\ 0 70
az1 G232 0 A

‘ aip — A a2

a1 G2 — A
(@11 — A)(a22 — A) — a12a21 =0
charakteristisches Polynom

A2 — (a11 +az) - A+ ai -a —az a2 =0
eEigenvektoren durch einsetzen der A-Werte
(A= AE)z =0

a;p — A ai2 Z1 —0
a1 azx — A T2

11 - T1F a2 T2 =A-1

A1 - T1 + G2 - T = A - T2

1.1 Matrix
1.1.1 Aufgaben

Um eigene Aufgaben zu l6sen, klicken Sie hier: Neue Rechnung
Gegeben:
Matrix A Matrix B
a1 a2 ... G1p bir b2 ... Dbin
a1 a2 ... d2q bar  baa ... bag

Am1l Am2 - Qmn b1 bmz ... bun

(1) Invertieren (3) Mutliplizieren
(2) Addieren keine Aufgaben

www.fersch.de 5
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Matrix

Matrix

1.1.2 Losungen

Aufgabe
3 5
R
det(A) = (—9) = Matrix ist invertierbar
Matrix invertieren
3 5 1 0
6 7 0 1
Zeile2 = Zeile2 - Zeilel - %
a21=6-3.8 =0
a22:7—5-g:—3
b21:071~§:0
b22:170~§:1
3 5 1 0
0 -3 -2 1
Zeilel = Zeilel - Zeile2 - 23
al2=5—(-3)- 23 =0
bll=1-(-2) S5 =1
b12=0-1- 55 =0
3.0 -23 12
0 -3 —2 1
Zeilel = Zeilel : 3
Zeile2 = Zeile2 : —3
7 5
A~ = [ 99 ]
3 3
Aufgabe
r1 2 3 1 2 3
4 5 6 |+ 4 5 6 |=
L7 8 9 7 8 9
f1+1 242 343
4+4 545 646 | =
|l 7+7 848 949
[ 2 4 6
8 10 12
| 14 16 18
Aufgabe
3 5
A= 6 7

det(A) = (—9) = Matrix ist invertierbar

Matrix invertieren

3 5 1 0
6 7 0 1
Zeile2 = Zeile2 - Zeilel - $
a21=6-3.8 =0
n,22:7—5-§:—3
b21=0—1~§=0
v22=1-0-%=1
3 5 1 0
0 -3 -2 1
Zeilel = Zeilel - Zeile2 - 53
c —
al2=5—(-3)- 23 =0
b1l =1—(-2) 22 =1

b12 =0 —1-

2 =0
3.0 -23 12
0 -3 -2 1

Zeilel = Zeilel : 3
Zeile2 = Zeile2 : —3
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Matrix Matrix

|
—
—
wi, |
©l~
| ol
Wl
—_

www.fersch.de 7



Determinante

2 Determinante

Definiton

Aus quadratischen Matrix kann eine Determinante (Zah-
lenwert) berechnet werden.

D=det A = |A|

Anwendung der Determinante:

- Lineare Gleichungssysteme

- Volumenberechnung im R3

- Flachenberechnungen im R2

- Spatprodukt

- Lineare Abhéngigkeit von Vektoren - inverse Matrix

2-reihige Determinante

Determinante einer 2 x 2 Matrix

ai2
= Q11 G22 — A12 A21

a1  a22

D:detA:|A:‘ ““

3-reihige Determinante

Determinante einer 3 x 3 Matrix

Methode 1
a11 ai2 a3
D=detA=|Al=]| an ax a3 |=
az1 asz ass
az2 Aa23 a1 a3 a21 Aa22
a1 - — a2 - + a3 -
azz ass az1 ass (R )

= a11(age - ass — a3 - asz) — a12(a21 - ags — a3 - azr) +

aiz(az1 - aga — age - as)

Methode 2 (Regel von Sarrus)

D:detA:|A\:’i _52’:3-5—(—2).4:23
11 13 4 11 13
D=detA=|A|=|12 14 5| 12 14
9 3 3| 9 3
D=11-14-3413-5.9+4-12-3
—4-14-9—-11-5-3—-13-12-3 =54
11 12 9
Ds=| 13 14 3 |=
4 5 3
14 3 12 9 12 9
11-’ 5 3‘—13~‘ . 3‘+4‘14 3‘ 54
12 9
D= 12 3 [=12:3-14-9=-90
12 9
D,=| ' 7 l=12.3-5.9=9
14 3
D=4 3 l=1s-53=w

D3 =11-27—13-(—9) +4-(—-90) = 54
det(D) = 54

+ + +
aq b1 C1 | ay bl
D= Clz\bz ><62 2 '/52
N
as b3 c3|as b3

D=al-b2-c3+bl-c2-a3+cl-a2 b3
—cl-b2-a3—al-c2-b3—-0b1-a2-c3

2.1 Aufgaben

Um eigene Aufgaben zu l6sen, klicken Sie hier: Neue Rechnung

a b
Gegeben: D = ‘ e d

Gesucht:
Wert der Determinante D

2

4
f%()
3

www.fersch.de
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Determinante Aufgaben

Lo 75
— 4 —
(5) D=| 3 _1‘ (15) D=|, 1’
D 8 5
— 4 —
© D= 1 ‘ (16) D=1, 4
11 T y3
(n D=3 % (17) D=| 1 64'
91 173
2 4 rL 13
) 5 7
9 D=| .2 ’ (199 D= 5 2‘
5 4 1L &
-2 3 3 5
(1) D=| :13’ (20) D=\, -
L 6 3 4
— 2 —
(1) D=| 2 1 21) D=\, ¢
_1 2 4 6
_ 3 5 —
(12) D=|, o‘ (22) D=| . ¢
_3 2 3 =2
(13) D = % % (23) D= 4 5
1 6
(14) D=
9 3

www.fersch.de 9



Determinante Losungen

2.2 Losungen

Aufgabe (1) Aufgabe (10)
-2 3
po|l 2oia2- () p=| 2 A |=co(h-sa=(ny
3 4 L
Aufgabe (2) Aufgabe (11)
p| 2 O]_ 1 9 (_11 D:‘ 2 E =1.2-6.(-2) =122
1 2 3 *(75)'370' *(* 5) -2 3
Aufgabe 3) Aufgabe (12)
rHEE p=| 3 b|=tHo-t5-c2
D=| &2 |=(-3)0-2-6=(-12) 5 0
Aufgabe (13)
Aufgabe (4)
) 8 D:‘_l3 § :(_3).2_2.12(_21)
D:‘ 0 _3‘:(_2) (—3)—(-8)-0=6 303 o2 ’
Aufgabe (14)
Aufgabe (5)
Lo 1 D—‘l g’—1-36 9= (-51)
p=| 4 % |=ten-0 o=y
Aufgabe (15)
Aufgabe (6)
T D:H ?’:74—5-1:2
D:’ ,42 4 ’:}1 4—(-1)-(=2)=(-1)
Aufgabe (16)
Aufgabe (7)
8 5
11 ) ) 1 D‘Q 4’8~45~222
Aufgabe (17)
Aufgabe (8)
D_‘ é 43|16 _ys 1o (-1
- L 6 |T12'7 4 97 36
D = 2 4 =2-1-4.0=2 o
=10 1= =
Aufgabe (18)
Aufgabe 9) s
D:‘ $4f :5%-%—1%-%:2,38
f% ) 1 3 17
D= 5 4 =(-3)4-2:5=(-12)

Aufgabe (19)

www.fersch.de 10



Determinante Losungen
: 3 111 1
Aufgabe (22)
Aufgabe (20) 4 6
D_‘ 7 g '_4 8—6-7=(-10)
3 5
D—‘6 7‘—3'7—5~6 (-9)
Aufgabe (23)
Aufgabe (21) A
. D:‘4 5 ‘:3-5—(—2)-4:23
D:‘5 6‘:3-6—4-5 (—2)
www.fersch.de 11



Determinante Aufgaben

2.3 Aufgaben

Um eigene Aufgaben zu l6sen, klicken Sie hier: Neue Rechnung
al bl cl

Gegeben: D =| a2 b2 2
a3 b3 3

Gesucht:
Wert der Determinante D

1 -2 3 19 4
(1) D=| -4 5 6 9 D=|4 8 2
7 8 -9 6 3 1
1 2 3 1 2 6
(2) D=|4 5 6 (10) D=|8 3 9
7 89 4 8 1
1 2 3 }%2%1
(3) szzng (11) D= 115,1515
8 16 11
-2 -8 0 %5145
(4 D=|-3 1 0 (12) D= 1;7 % 63
-2 -1 8 5o a1
i -1 -2 1%19—%33
(5) Dzzll T4 (13) D= § 1%—4 5
5 2 0 s 2 1
12 4 2 4 0
6) D=|0 4 —3 (14 D=|0 0 5
2 5 4 0 4 5
-2 3 4 2 40
(7) D=|-3 3 6 (15 D=|0 5 0
2 4 4 0 0 6
6 5 6 4 6 0
8) D=|6 3 3 (16) D=|0 7 8
6 6 2 00 7

www.fersch.de 12
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Losungen

Determinante

2.4 Losungen

(1)

Aufgabe

(2)

Aufgabe

5

4 5 6| 4

D =

1-5-942-6-74+3-4-8

D=

-3:5-7-1-6-8-2-4-9=0

(3)

Aufgabe

2

4 2 31| 4

D =

1-2.04+2-3-24+3-4-6

D =

(4)

Aufgabe

-3-2-2-1-3-6-2-4-0=54
0
0
8
_|_

(5)

Aufgabe

—ho
0
Ll

[a\l
|
<t 0
~—~ <f
o,
_)
— —
|+ D
1,5_
<t —ho
I <t —l L™
P
[} — .
_1,4

(6)

Aufgabe

A < 0

=IO AN

13
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Determinante Losungen
Aufgabe (7)

2 3 4| -2 3
p=| -1+ o]}

-2 4 4| 2 4
D=(-2)-3-2+43:6-(-2)+4-(-3)-4
—4%'(—2)—(—2)'6-4—3-(—%)-%:105

Aufgabe (8)

6 5 6| 6 5
D=6 3 3|6 3

6 6 2|6 6
D=6-3-2+5-3-6+6-6-6
—-6:-3-6-6-3-6—-5-6-2=066

Aufgabe (9)

19 411 9
D=4 8 2| 4 8

6 3 1|6 3
D=1-8-1+9-2-6+4-4-3
—4-8:6-1-2-3-9-4-1=-70

Aufgabe (10)

1 2 6|1 2
D=8 3 9|8 3

4 8 1] 4 8
D=1-3-14+2-9-4+6-8-8
—-6-3-4—-1-9-8—-2-8-1=299

Aufgabe (11)

14 94 14 94
p=|18 11 19 1% 1l

1]§ é 1 1]§ 22

u 51 % 5 e 6 5
OO IR ST i P

L-lg-lg— 1519 35— 251937 = 65,8
Aufgabe (12)

1 1 1

3 114 4 3 114

LA - U |

1A d 111 61 32+111 12 .38
D==% -3z - %+ . 6= . 2 L < .5
TN S TS U L P BTl N PP

1°3°3 71792711 7 17— 9
Aufgabe (13)
www.fersch.de 14



Losungen

Determinante

(14)

Aufgabe

0

00 5|0

D =

2-0:5+4-5-04+0-0-4

D:

—40

~0-0-0-2-5-4—4-0-5

(15)

Aufgabe

5

0 5 010

D:

2:5:6+4-0-0+0-0-0

D =

-0:-5-0-2-0-0—-4-0-6=60

(16)

Aufgabe

7

0 7 8]0

D =

4-7-7+6-8-04+0-0-0
-0-7-0-4-8-0-6-0-7=196

D=

15
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Determinante Determinante

2.5 Determinante
2.5.1 Aufgaben

Um eigene Aufgaben zu l6sen, klicken Sie hier: Neue Rechnung

Gegeben:

Determinante von der quadratischen Matrix:
a1 ai12 [N A1n
a21 as2 e ao2n
am1 Am2 ... Qmn

www.fersch.de 16
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Determinante

(1)

Aufgabe

17

2.5.2 Losungen

Determinante

™
N
<
I
I
— A <#
0 M m
N ™
R
0
I
— O
-
N oo
I~ : —
— N I~ [}
| i o~ |
+ ,
I I I
— <t -
— ~ — ™
| < — - —
0 o Y 0 ™
© N w0 m R
- o _ .
3 . = =
—
i 7 & X u
Il + = ,
T T~ | S—
<
L0
Il N < — <t I
© ™ © — —_— -
- I N o 0 ™ .
. . 33A_1 ™
e ™ ™ N 3 |
+ [ —_— o
N o — o — 2\ b~ ~ - o —
I Il Il + . < I Il I
— | — — o~ N — | — i U D~ — © P~ . .
— L — L L T - : [
< <
~ : ~ ~ . . o M= & o« I : — - ™ ~ — | [
9_~ ™ . | ™ — 3 . ~ . . | - =
— Il o~ | Il o — | Q_u | , ~ | | , Il | — —
. o . : — o — I o\ <t <t [a\] . :
! _ © C © © . I : . 533A_“l . . e — 0 ™
™ ™~ 2P o) 0 0 2P 0
© I = I I TR ]
e e 2 Ve N oo
™ © M A = R P S 0 M m —_— N~
I [ aN o | I OH NN NO N~ | — N - N — ™
™~ [ ~— <t a [ [ | <t <t
PP cmoma | PToa od < cm ma »—~ | | =2 T2 ] bmmwm ;owom | P T wmm ] ™
~—
Il I Il Il Il I Il Il Il Il @\ I Il I Il Il Il Il Il Il
o N N 2] N N [ o) N 2:@ <f o N N N 2] N N N
_Q QA A _Q QA /A A _Q QAR A< _Q _Q QA /A A _Q A /A A

www.fersch.de



Determinante Determinante

Dy=| -2 _24 z} —(-2) ’_34 ‘1“—(—2)-’_54 1‘+4 ‘g }1‘:48
Dy=| " }1’:5 4-3.1=17

Dy=| ° 1':5 1—(-4)-1=9

Dy=| ‘11':3 1 (~4)-4=19

D = —iz 34;1 :3‘_:)’4‘11‘—(—2)‘_34 f‘+4'§ i’=103
Dy=| i’:3-4—3~2:6

Dy=| 3'3 1-(-4)-2=11

Dy=| ‘11':3 1—(—4)-4=19

det(D) = (—423)

www.fersch.de 18



Lineare Gleichungssysteme und Gauf-Algorithmus

3 Lineare Gleichungssysteme und Gauf3-Algorithmus

Lineare Gleichungssysteme in Matrizenschreibweise

Az =D z=A"1b
A Koeffizientenmatrix

b Spaltenvektor der rechten Seite

x  Lésungsvektor

aii Gi2 -t Qln Tl b1
a21 ag2 -t Q2n €2 by
Am1 Am?2 o Gmn Tn bn

Inhomogenes Gleichungssystem
ajp-rytaiz Tat -+ a, Ty =01
a21 - T1 + G2 - Ta + -+ + A2 - Tp = bo

Aml *T1+am2 -T2+ -+ Qmn * Tn :bm
Homogenes Gleichungssystem
a11 -1+ a2 T2+ -+ Qip - Ty =

Gm1 " T1+ Qm2 -T2+ -
Variablen:z1,x5,x3

21+ X1+ Qg -T2+ -+ Aop - Ty

o O

+amn"rn:0

@11 - T1 + a2 - T2+ a1z - T3 = by
Q21 - T1 + G2 - To + G23 - T3 = by
asy -1+ ase - T2 +asz - T3 = by,

oder in der Schreibweise mit den Variablen:x,y, z
al-x+bl-y+cl-z=dl
a2-c4+b2-y+c2-z=d2
ad-r+b3-y+c3-z=d3

Erweiterte Koeflizientenmatrix

T Yy oz
al bl cl|dl
a2 b2 2| d2
a3 b3 3| d3

Az =10
11 13 4
A= 12 14 5

37
b= 40 B =
9 3 3 15

11 13 4 1 37
12 14 5 || z2 | =] 40
9 3 3 3 15

11z, + 1329 + 43 = 37

1221 + 14z + 523 = 40

921 + 322 + 323 = 15
oder

11z + 13y + 42 = 37

122 4 14y + 5z = 40

9z + 3y + 32 =15

z Yy =z ‘

11 13 4| 37
12 14 5| 40
9 3 3|15

www.fersch.de
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Lineare Gleichungssysteme und Gauf-Algorithmus

Gauflsches Eliminationsverfahren

al-z4+bl-y+cl-z=dl
a2-x+b2-y+c2-z=d2
ad-r+b3-y+c3-z2=d3

Koeffizientenmatrix erstellen:

T Yy =z
al bl cl|dl
a2 b2 2| d2
a3 b3 3| d3
x Y z
ZeilelSpaltel z1s2  21s3 | z1s4
z2s1 2252 2283 | z2s4
23s1 2352 2383 | 2354

Die Losungsmenge dndert sich nicht durch:

e Multiplizieren oder Dividieren der Zeilen mit einer Zahl
e Addieren oder Subtrahieren der Zeilen

e Vertauschen der Zeilen

Umformen in die Stufenform
e Eindeutige Losung
T Y z
Z151 z1s2 2z1s3

0 2252 22s3
0 0 2383
Riickwartseinsetzen

z3s3

z1s4
z2s4
z3s4

T 23s4
z in die 2. Zeile einsetzen = y

z und y in die 1. Zeile einsetzen = x

e Keine Losung

T y z
Z151 2182 2z1s3 | z1s4
0 2282 2253 | z2s4
0 0 0 2354

e Unendlich viele Losungen

T y z

Z151 2182 2z1s3 | z1s4
0 2282 2253 | z2s4
0 0 0 0

11z + 13y + 42 = 37 - -
11 13 437
122 + 14y + 52 = 40
92 4+ 3y + 32 = 15 1z 125 ) At
o - 9 3 3|15
Zeile2 = Zeile2 - 11 — Zeilel - 12 . .
2251 =12-11—-11-12=0 = f’g T,
2252 =14-11-13-12 = —2 A
2253 =5-11-4-12=7 o 3 3|1
2254 =40-11—37-12 = —4
Zeile3 = Zeile3 - 11 — Zeilel - 9
a3 Y z
23s1=9-11—-11-9=0 11 13 1 37
2352 =3-11-13.-9= —84 o o 2|y
23s3=3-11—-4-9=-3 0 _84 —3| _168

2354 =15-11 —37-9 = —168

Zeile3 = Zeile3 - (—2) — Zeile2 - (—84)
2352 =(—84)-—2—(-2)-(—84) =0
2353 = (—3) - —2 — 7. (—84) = 594
2354 = (—168) - —2 — (—4) - (—84) = 0

az Y z ‘

11 13 4 37

0 -2 7 —4

0 0 594 | 0
2= =
y-(=2)+7-0=(-4)
y=2
r-11+13-244-0=237
r=1

L={1/2/0}
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Lineare Gleichungssysteme und Gauf-Algorithmus

Aufgaben

Gauf3-Jordan-Algorithmus

al-z4+bl-y+cl-z=dl
a2-x+b2-y+c2-z=d2
ad-r+b3-y+c3-z2=d3
Koeffizientenmatrix erstellen:

T Yy oz
al bl cl|dl
a2 b2 2| d2
a3 b3 ¢3|d3
T y z
ZeilelSpaltel 2152 z1s3 | z1s4
z2s1 2282 2283 | z2s4
z3s1 23582 2383 | 2354

Die Losungsmenge dndert sich nicht durch:
e Multiplizieren oder Dividieren der Zeilen mit einer Zahl
e Addieren oder Subtrahieren der Zeilen

e Vertauschen der Zeilen

Ziel ist das Umformen in die Diagonalenform

e Kindeutige Losung

T y z
z1sl 0 0 z1s4
0 2283 0 2254
0 0 2353 | z3s4
_ zlsd
o
2253
2= 2
e Keine Losung
T y z
z1lsl 0 0| z1s4
0 z2s3 0| 22s4
0 0 0| 2354
e Unendlich viele Lésungen
T y z
z1lsl 0 0| z1s4
0 z2s3 0| 22s4
0 0 0 0

3.1 Aufgaben

Um eigene Aufgaben zu l6sen, klicken Sie hier: Neue Rechnung
Gegeben:

al-x+bl-y+cl-z=dl

a2-x+b2-y+c2-z=d2

ad-x+b3-y+c3-z2=4d3

Gesucht:
X7Y7Z

az Yy oz
Hotisy+szmgr 1 18 4|3
12z + 14y + 5z = 40 9 3 3|15
9r 4+ 3y + 32 =15
Zeile2 = Zeile2 — Zeilel - 12 . Y .
22s1=12-11- 2 =0

_ n_ s 11 13 4 | 37
aosoa-mia 00 & &l

11 11
722s4=40-37- 2 =% 9 3 3]s
Zeile3 = Zeile3 — Zeilel 11 " " 5
23s1 =9 —11- 1% 0

9 o 11 13 4 37
23s3=3—4. % = —% 0 _71i L _1511
23s4=15—-37- 2 =152 1 n 11
Zeilel = Zeilel — Zeile2 - 13-

B T B Yy %
As2=18-(-57) =x =0 7 g 4ol | 11
z1s3=4— L - 13 =491 0o -2 L | -4

1T 7 3 3
Aled=37—(-4) =11 0 -7 -5 |-
11
7
Zeile3 = Zeile3 — Zeile2 - —4-
23s2=-Tq—(-77) =2=0 1 o0 49l 11
7T 2 7 4
Bs3=-2 L. 31 — 97 0 =37 1 |-1
—11 Lz 0 0 —27 0
23s4=—-15% — (—4&) —3 =0
Zeilel = Zeilel — Zeile3 - 4_9—257 & Y 2
1 0 0 11
2153 = 491 — (- 27)-49—2:0 0 _2 1z |_=s
11 11 11
21s4 =11-0- —2:11 0 0 -27| 0
l
Zeile2 = Zeile2 — Zeile3 - 11- & Y &
Z 11 0 0 11
22s3 =L —(=27)- AL =0 2 4
o 4 % 4 0 s 0 s
11
= = = 1
x _1i
Yy = 72 =2
11
% = —Lm =0
L ={1/2/0}
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Lineare Gleichungssysteme und Gauf-Algorithmus

Aufgaben

11z +13 4+ 4z =37
(1) 12z + 14y + 52 =40
9z + 3y +32 =15
9r +5+42=13
(2) 6x+3y+ —5z=17
3z — 10y 4+ 62 = 23
dr — 3422 =10
(3) br+6by+—Tz=4
10z 42y + —3z2=7
20+ 3+ —42 =16
(4) 4 +9y+ —12 =258
lo 4 6y + 2z = 34
lx+2+32=4
(5) 2x+3y+22=6
Oz +2y+62=0
—2z-8+0z=1
(6) lz+4y+0z=-1
8r —2y+ -1z =38
—2rx+2+42=0
(7) da—3y+22=5
dor — 2y + —12 =38
2z + 3+ —4z =16
(8) 4x+9y+ —1z =158
lx + 6y + 2z =34

)

(10)

dr —3+4+22=10

o + 6y + -T2 =4
10z =2y + -3z2=7
9z +5+42 =13
6x + 3y + -5z =17
3z — 10y 4+ 62 = 23
11z 4+ 13+ 42 =37
122 + 14y + 52 = 40
9z + 3y +32 =15
20 +3+42=175
4 + 6y + 5z = 287
3r + 2y + 8z = 257
6z +4+ 9z =32
5 + Ty + 10z = 17
4z + 8y + 5z = 100
lx+14+0z=1

lx +0y+12 =6
Oz +1y+—12=5
lx—2+32=9
3z +8y+9z2 =5
20 +3y+6z2=7
lr+34+—-22=3
3z +2y+1z=2
Oz +1y+32=5
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Lineare Gleichungssysteme und Gauf-Algorithmus

Losungen

3.2 Losungen

11z + 13y + 4z = 37 T

Aufgabe

12z 4 14y + 52z = 40 11
9z + 3y + 3z =15 12

Zeile2 = Zeile2-Zeilel -
2251 =12 —11- B—o
2282 =14 —-13-
2283 =5—4- —f
2284 =40 — 37 -
Zeile3 = Zeile3- Zelle .
23s1=9—-11- 1— =
23s2=3-13- % =T
23s3=3—4- =—1
2354 = 15 — 37 2 =-153
Zeilel = Zeilel- ZelleZ
2152 =13 — (—3) - 1;
. 1
Z1s3=4— - 13 =49
1
2154 =37 — (— ) -

1

2
1

-
—
—

(= H

\m I
£

_
Zle
=

H‘(D
w

-
w

-
H\w

o

=

—
[t

\,
MEl

\\r

—
|
[
—
|
\IH
»
c

9l
Zeilel = Zeilel- Zelle3 27
1
z1s4=11—o-‘f’—§=11

9z 4 5y + 4z =13

ol
EENEN
w
J

[
-
—
Jun
[

W
w
—
ot

ol
,_.‘M
[~ o w
[
—

Or

ol
I\

\
[r
o

S
o
|
[\
3
S

Aufgabe

6x 4+ 3y — bz =17
3z — 10y 4+ 62z = 23

w o VR

Zeile2 = Zeile2-Zeilel - 9
2251 =6-9-9% = o
222=3—-5" §
2283 =—-5—4-
2284 =17—-13-
Zeiled = Zelle3 Zellel
23s1=3—-9-%
2382 = —10 —
23s3=6—-4-3

5
9:
23s4 =23 13- 2

\cn@‘a Il

13
17
23

[e=I RNl R

4 13
_7§ 8l

2
182

—
[SMIN]

=~
N
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Lineare Gleichungssysteme und Gauf-Algorithmus

Losungen

% T Y z
— 5 _
z1s2 =5 — (—5) : _7%5 =0 9 0 —111 | 138
Z1s3=4—(=72)- 5 = —111 0 —-: 72| 8%
3
21sd =13 —8L. 3 2138 0 -1 43 | 183
3
Zeile3 = Zeile3-Zeile2 -
_ 9 1 _117 _ T Yy z
23s2=—115 — (=3)- =0 9 0 —111| 138
— 1 2 1
2353 =42 — (—72). “3 =273 0 -3 —T73 | 8
L2t 0 0 273 | 273
23s4 =182 — 85 - —* = —273
Zeilel = Zeilel-Zeile3 - _217? S g g ‘ 57
z1s3=—111-273 - 511 =0 0 -1 72| 8l
_ a “111 3 — I3 3
z1s4 = 138 — (—273) - Hl =27 0 o ors | o33
Zeile2 = Zeile2-Zeile3 - 273 g g S ‘ 5
2283 = —7g — 273 - 27; = 0 1 0 2
2 3 3
2254 =81 — (—273). 23 =2 0 0 273|-273
T = % =3
2
y = 3 = —2
_ S _
F=213 =
L={3/- 2/ -1}
Aufgabe
4r — 3y +22=10 T Y z
Sr +6y —72=4 4 -3 2 |10
10 +2y —32=7 5 6 -7 4
10 2 =37
Zeile2 = Zeile2-Zeilel - % oy 5
—E5_4.5_
2s1=5-4-4=0 3 5 T 1o
2s3=—-7-2-2=-9; : 2 2
Fase = TN 0 2 -3/ 7
2284 =4 —-10- % :—8%
Zeile3 = Zeile3-Zeilel - . B
Bsl=10-4-90—0 - N
2352_2—(—3)&_9; 3 1 1
23s3=-3-2-20 =38 0 9% —93| -8
23s4=17-10- 13 = —18 0 9 -8 [-18
Zeilel = Zeilel- Zelle 3
93 T Y z
z1s2=-3-92. ;;5:0 —IZ [ 75
Z 4 0 13 713
2183=2—(-93)- 53 = — 13 0 92 -9 |81
4 1
Asd=10—(-83) - 2 =73 0 95 -8 ]-I8
4
9l
Zeile3 = Zeile3-Zeile2 9—§
5 ol 1 Ty z ‘
2352:9 —95 gzl() 4 0 _% 71%
_ 1y, 9% _ 410 0 92 -9l | 81
23583 = =8 — (=93) - é =1z 0 04 1LOQ 79228
9l 39 39
z354:—18—(—8%)~é -928
_12
Zeilel = Zeilel-Zeile3 - 1§ Ty z
B i 0 o | E
__7_ 10,_13: 49
2153 b 715 =0 0 93 -9l | gl
Alsd =T —(-95) - T = 55 0 0 13 | -9%
1
Zeile2 = Zeile2-Zeile3 - QE x oy z
o™ 1z
2253 =-91 —110. 125 =0 3 90§ 8 dlas
_o9l 4 49
2254 = —81 — (—9%). 1;3 —8148 0 0 11| g2
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Lineare Gleichungssysteme und Gauf-Algorithmus

Losungen

-

2
_ 1 _ 3
T =y L
—813¢ 20
— 49 — _ Q&Y
Y= 93 = 8%
—923 36
p— 39 —— __ 7950
F=Tn = 749

39

L={5/—8%8/-7%

Aufgabe
20 + 3y — 4z =16 T Yy z
dx + 9y — z =58 2 3 —41]16
46y +2z=34 4 9 —1158
1 6 2 |34
Zeile2 = Zeile2-Zeilel - % . .
2sl=4-2-4=0 Y
3 2 3 —4]16
22s2=9-3.-5=3
2 0% 0 3 7 |26
2283 =—1—(-4)-5=7 16 2 |
2254 =58 —16- 3 = 26
Zeile3 = Zeile3-Zeilel - % . .
23s1=1-2-1= y
1_ 41 2 3 —4]16
2352=6—-3-5 =435
2 T2 0 3 7 |26
2383 =2—(—4)-53=4 0 41 4 |26
2354 =34—-16- 1 =26 2
Zeilel = Zeilel-Zeile2 - % Ty z
21s2=3-3-3=0 2 0 -—11]-10
Z1s3=—-4-7-%=-11 0 3 7 | 26
z1s4 =16 — 26 - 2 = —10 0 4 4 | 26
1
Zeile3 = Zeile3-Zeile2 - 472 Ty 2
1
2352 =41 -3.22 =0 2 0 —11]-10
1
2333:477-472276% 8 g 21 2163
1 —b= —
2354 =26—26- 22 = —13 2
Zeilel = Zeilel-Zeile3 - =11 Ty oz
2
21s3=—11— (=61)- = =0 2.0 0 )12
4=-10 13). =1 — 1 03 1 20
2lsd = -10—(-13)  Sr = 0 0 —61|-13
Zeile2 = Zeile2-Zeile3 - 721 T Yy z
2
2253 =7~ (—61) T =0 2.0 0} 12
_ AT 03 0 12
z234726—(—13)-_6% = 0 0 —6% 13
T = % =6
z==1 =2
_6§
L ={6/4/2}
Aufgabe

r+2y+3z2=4
20 +3y+22=6
2y +6z2=0

Zeile2 = Zeile2-Zeilel - %

_ 2 _ x
z251—2—1~g—0 ) 3 1
2282=3-2-7=-1 0 —1 4|9
22s3=2-3-2=—4 o 2 6l o
2254 =6—4-2=-2
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Lineare Gleichungssysteme und Gauf-Algorithmus

Losungen

Zeilel = Zeilel-Zeile2 - %1 Ty z
21s2=2—(-1)- % =0 1 0 5[0
z1s3=3—(-4)- % = -5 0 -1 —4|-2
z154:4—(—)~_l1—0 0 2 6 0
Zeile3 = Zeile3-Zeile2 21 T oy z
2352:27(71)~%—O 1 0 —-5]0
23s3=06—(—4)- 2% = -2 0 -1 —4| -2
23s4=0—(-2)- 2 =—4 0 -2 | —4
Zeilel = Zeilel-Zeile3 - :—2 :f ?(J) g 10
z1s3=-5—(-2)- =2 =0 0 -1 —4|_2
—0—(—4). =5 = B N -
z1sd=0—(—4)- = =10 0 ol 4
Zeile2 = Zeile2-Zeile3 - :—g Lf ?(J) S 10
22s3=—-4—(-2)-=2 =0 0 -1 o | s
—_—92_(—4). =2 — B
2254 =—-2—(—-4)- =5 =6 0 0 -2 —4
= f =10
z = :—‘21 =2
L={10/—6/2}
Aufgabe
—2r—-8y=1 T Y z
r4+dy=—3 -2 -8 0|1
8z —2y—2=38 1 4 0 |-3
8 -2 -1 8
Zeile2 = Zeile2-Zeilel - =
z251:1—(—2).—2_0 ""”2 yg g -
2252 =4—(-8) %5 =0 B B :
22s3=0-0-24=0
2sd=-1-1.2 =0 S
Zeile3 = Zeile3-Zeilel - -
2 T Y z
2351=8—(-2)- % =0 3 50 T
2352 =—-2—(-8)- % =-34 B B o lo
2353——1—0.%:—1 0 —34 —1|12
23s4=8—1- —:12
x Y z
. -2 =8 0 1
Zeilen vertauschen 0 —34 —1|12
0 0 0|0
Zeilel = Zeilel-Zeile2 - 4 T Y z
21s2 = -8 — (=34) - =% = -2 0 £ |-13
21s3=0—(—1)- = = 1= 0 —34 -1 12
Zlsd=1-12- =% = —112 0 0 0 0
L = unendlich
Aufgabe
—2x+2y+4z=0 T Y z
dr — Jy+22=>5 -2 2 410
4o —2y—2=28 4 fé 2 |5
4 -2 —-1/8

(6)

(7)
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Lineare Gleichungssysteme und Gauf-Algorithmus

Losungen

Zeile2 = Zeile2-Zeilel - =
z251:4—(—2)~% =0
2282 = —= — 2 =
253 =2 4. _%
22s4=5-0-24 =5

Zeile3 = Zeile3-Zeilel - 24
23s1=4—(=2)- % =0

IIN

23s2=-2-2.4 =2
23s3=—-1-4-24 =7
2354 =8—-0- =38

4
-2

Zeilel = Zeilel-Zeile2 - 2

z1s2=2-3%- 2 =0

1
21s3=4—-10- 3%:_1%
_ 2% o6
z21s4=0—-5- 30 = _2?
Zeiled = Zeile3-Zeile2 - 3%
2
z352:2—3%-é:0
2 2
2383:7—10-3—: 2

Zeilel = Zeilel-Zeile3 - 1%

Ty
-2 2
0 33
4 -2
Ty
-2 2
0 31
0 2
Ty
-2 0
0 31
0 2
Ty
-2 0
0 31
0 0
T

_15 -2
21s3=—-12 —12. 2= 0 3
—15
Z184:—22—5%- 1%7 = 0
Zeile2 = Zeile2-Zeile3 - 12 T Y
T
2253=10-12. 10 =0 *02 301
_ 1 0" _ 2
2254 =5—53 —%f—SS 0 0
T = _iz =-2
Y= 515 =-10
1
z = f—g =4
7
L={-2/-10/4}
2c+3y —42 =16 T Yy =z
dr + 9y — z =58 2 3 —-4|16
T+ 6y + 22 =34 4 9 —-1/|58
1 6 2 (34
Zeile2 = Zeile2-Zeilel - %
22s51=4-2-4=0 R —
22s2=9-3-2=3 0 3 7
22s3=—1—(—-4) 3 =7 L6 2
2254 =58 — 16 - 3 = 26
Zeile3 = Zeile3- Zellel . %

1 r Yy
23s1=1-2-5=0 5 3 1
z352=6—3~%:4% 0 3
23s3=2—(-4) -3 =4 0 4L
2354 =34—16- 2 =26 2
Zeilel = Zeilel-ZeileQ- g r oy
21s2=3-3-3=0 2 0
z1s3 = —4 — 7 3*711 0 3 7
21s4 =16 —26- 3 = —10 0 43
Zeile3 = Zeile3- Z;i ile2 - 2 Ty
z332:4 -3 0 2 0

L
23s3=4-7-22Z = —61 0 3

41 0 0

z354:26—26-%:—13

Aufgabe
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Lineare Gleichungssysteme und Gauf-Algorithmus

Losungen

Zeilel = Zeilel-Zeile3 - = i Ty z ‘
2
21s3= 11— (=61)- =L =0 g g (7) ;g
_ 1t _
z1s4 = —10 — (—13) - 1 =12 0 0 —61|-13
Zeile2 = Zeile2-Zeile3 - 721 Ty z
2
2253 ="T—(—63) - —r =0 2.0 012
—%z 03 0 12
2254 = 26 — (—13) - =61 =12 0 0 —61|-13
T = % =6
y=122=4
y— =13 _
61
L={6/4/2)
Aufgabe 9)
dr — 3y +2z=10 T Y z
5z + 6y — Tz =4 4 -3 2 |10
10 —2y—32=17 5 6 -7 4
10 -2 -3|7
Zeile2 = Zeile2-Zeilel - % . i
22s1=5-4-2=0 T
2252 =6—(-3)-2 =93 3 N L
2253 = —T—2. g = 9l 0 95 93| -8
2250 =4-10-5 = —8L 10 =2 =317
Zeiled = Zeile3- Zellel 1 " .
23s1=10—4-2 =0 . 513 -
z3s2:—2—(—3)~%:5§ 3 ) 1
2353:—3—2-14—0:—8 0 9% 9318
1 =710 8 = 18 0 55 —8]-18
Zeilel = Zeilel- Zelle 3
97 x oy z
z1s2=-3-93. ;5:0 —Tz 5
1 Z 5 12 4 O 13 713
2153 =2—(=93) - 52 = — 13 0 93 —95 | -85
4
lsd =10 - (-81)- =2 =73 0 5; -8 |-18
4
l
Zeiled = Zeile3-Zeile2 9—%
3s2=51—93. 52 0Z S 2
2353 = -8 (-9%)- 23 = 2% 0 937 -93 | -8
W h . 0 0 -2 |-135
_ 12
Zeilel = Zeilel-Zeile3 - 2% x vy z
_ 12 4 0 0 12
21s3=—12 — (—2%)- _—Q{gzo 0 93 —oi | s
2lsd =75 — (—133) - o = 12 0 0 -2 |13
_gl
Zeile2 = Zeile2-Zeile3 - —& x oy oz
“od 1 0 0 12
2¢3 = —9l _ (925 93 _
223= =95 = (=25) - =5 =0 0 92 0 | 39
2254 = —8} — (~13%5) - % =39 0 0 —22|_-13%
12
xr= —=— =
y 9% .
.= 71232%9 .
L = {3/4/5)
Aufgabe (10)
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Lineare Gleichungssysteme und Gauf-Algorithmus

Losungen

9z + 5y + 42 =13 T oy
6x + 3y — 52 =17 9 5
3x — 10y + 62 = 23 6 3
3 -1
Zeile2 = Zeile2-Zeilel - g .
2281=6-9-3=0 9
z232:3—5-§:—§ 0
22s3=—-5—-4-2=-732 3
2254 =17—-13- 3 =82
Zeile3 = Zeile3-Zeilel - g
23s1=3-9-3=0
232 = 10— 5 3 =-113
2383 =6—4- 324%
23s4=23-13-2 =1 8%

l
2132:57(77).%:3
As3=4— (~72). 5 = 111

(eI RNe) R

O O VR

O O Y8

111 | 138
2
=73 | 83
273 | —273

[==JN eV} ]

0 27
_7§ 8l
273 —273

o o ©|8
o |

z1sd =13 — 8% - > =138
3
Zeile3 = Zeile3-Zeile2 -
2352 = —112 — (- 1). S
2353 =42 — (—72) . —45 o973
— 2
2354 =182 —81. —43 = 273
Zeilel = Zeilel-Zeile3 - 273
z1s3=—111-273 - 511 =0
z1s4 = 138 — (—273) - St =27
-2
Zeile2 = Zeile2- Ze11e3 2;3
2
2283 = —T2 — 273 - 273 2_ 0
2254 = 8% — (—273). 575 =2
T = 29—7 =3
2
y=_"r=-2
573
z2= S =1
L={3/-2/-1}
11z + 13y + 4z = 37 x oy
122 + 14y + 52 = 40 11 13
9z + 3y + 3z =15 12 14

Zeile2 = Zeile2-Zeilel - %

0 | 27
0 | 3
273 | —273

Aufgabe

22s1=12-11-2 =0
12 2
z253:5—4~ﬁ:ﬁ
2254 =40-37- 12 = 4
Zeile3 = Zeile3- Zelle 1&
2351 =9 —11- 1— =0
23s2=3-13- 2% =T
23s3=3-4-2=-2

2354 =15-37- 2 = 715%
Zeilel = Zeilel-Zeile2 - —
2152 =13 — (&) - 2%

1

21s3=4— L - 1% =49
1

2lsd =37— (—&)- 2% =11

-
o

o

[I o=

www.fersch.de

29



Lineare Gleichungssysteme und Gauf-Algorithmus

Losungen

T
Zeile3 = Zeile3-Zeile2 - — 11
7 2 - 1% z Yy ad
2352 = T3 — (=33) =2~ =0 1T 0 49L [ 11
s _ 1 -T1h 0 -2 I |-i
2383 = —33 — 17+ —= = —27 1 11 11
N 0 0 27| 0
2354 =—15% — (—5&) —3- =0
11
1
Zeilel = Zeilel-Zeile3 - i9—227 x Y z
) 401 11 0 0 11
2153 =49 — (-27)- 22 =0 0 _2 1 | _a
491 11 11 11
2lsd =11-0- 22 = 11 0 0 27| 0
id
Zeile2 = Zeile2-Zeile3 - 22 x Y i
, z I 0 o0 |11
2283 =17 — (=27)- 2= =0 0 2 0 4
4 & 4 e !
284 = -3 —0- 2= =—5 0 0 —27 0
11
r=3=1
My
y = _E = 2
011
z = o7 =
L={1/2/0}
Aufgabe
2r 4+ 3y + 4z =175 T Yy z‘
4x + 6y + 5z = 287 2 3 41175
3z 4 2y + 8z = 257 4 6 5| 287
3 2 81257
Zeile2 = Zeile2-Zeilel - % . . ‘
22s1=4-2-4=0 —— =
22s2=6-3-5=0
22s3=5—4-3=-3 g g _83 ;5??
2254 = 287 — 175+ 3 = —63
Zeile3 = Zeile3-Zeilel - % " 5 ‘
23s1=3-2.3 =0 Y
52— _3.3_ o1 2 3 4 |17
2323*8 43297 0 0 -3]-6
— o7 %= _9l _5l
2354 =257 — 175 2 = —51 0 -23 2|53
T Y z
. 2 3 4 175
Zeilen vertauschen 0 _2 % 9 | _5 %
0 0 -3 | —63
Zeilel = Zeilel-Zeile2 - —2;

1 s 2 T Y z ‘
As2=3-(=23) 57 =0 20 6% 1687
z1s3=4-2- 31 =62 0 —2& 2| -5;

2
2154 =175 — (—51) - 2 = 1682 0 0 -3]-63
2
2
Zeilel = Zeilel-Zeile3 - 673 x Y o ‘
2 6% 2 0 0 34
z1s4 = 1682 — (—63) - =5 = 34 0 0 -3| -63
Zeile2 = Zeile2-Zeile3 - %3 926 g (Z) 3
22s3=2—(=3)- 2% =0 0 _9l o 471
— 5l _(_ 2 _ _y7l ez P
2284 = 51 — (—63) - 2 = —471 o o 3l e
34
T=%5 =17
2
Zy471
y = :;12 =19
2
z==8=21
L ={17/19/21}
Aufgabe

(13)
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Losungen

6z +4y + 9z = 32 T Yy =z
S5x 4+ Ty + 10z = 17 6 4 9 | 32
4z + 8y + 5z = 100 5 7 10| 17
4 8 5100
Zeile2 = Zeile2-Zeilel - % . .
2s1=5-6-2=0 Y
g 9 6 4 9 | 32
22s3=10-9- 2% i s 21 100
2254 =17 32" =—92
Zeile3 = Zeile3—Zeile1 . % ‘
23sl=4-6-4=0 S
§ 6 4 9 | 32
2352 =8—4-% =51 9 1 9
g "3 0 32 21| 92
23s3=5-9- o= —1 o =i 3| 7e?
2354 =100 — 32 - § = 783 3 3
Zeilel = Zeilel- Zelle %
2 33 Ty z ‘
z1s3_9—21 i:e‘% 0 32 27 | -92
3 1 2
2lsd = 32— (-93)  5F = 425} 0 53 —1] 783
51
Zeile3 = Zeile3-Zeile2 3—3
1 2 53 ’ r Yy z
Z352=5§—3§'g=0 6 0 62 |42%
1 2 1 2
23s3=—1-2L.23 = 4T 0 33 25 |93
5 0 0 —47%|928
51 8 11 11
2354 =785 — (=93)- 33 =92}
3
3
Zeilel = Zeilel-Zeile3 - ~11- x oy oz
11
3 7 63 6 0 0 168
2183 =65 — (—4L)- 7341% =0 0 32 2l |_g2
2lsd =428 — 928 if% =168 0 0 —4% 928
1
Zeile2 = Zeile2-Zeile3 - jlzi Ty z
11
ol g7 2k 6 0 0 168
2283 =25 — (—4+7) - 7411771—0 0 3% 0 40§
2254 =92 928 . 245% =401 0 0 —4% |92
z =108 =28
_ 403 _ 11
y 3%8
2= 21 = 20
74ﬁ
L = {28/11/ — 20}
Aufgabe
r+y=1 T Yy =z
r+z=6 1 1 0 |1
y—2=2> 1 0 116
0 1 —-115
Zeile2 = Zeile2-Zeilel - % . .
2sl=1-1-1=0 L
1 1 1 0|1
2282=0—-1-7+=-1
1 0 -1 115
2283=1-0-7=1 0 1 15
#22s4=6-1-1=5
Zeilel = Zeilel-Zeile2 - %1 Tz Yy z
21s2=1—(-1)- 4 =0 1 0 1|6
21s3=0-1-4 =1 0 -1 1 |5
zlsd=1-5-+ =6 0 1 -115
Zeile3 = Zeile3- ZelleZ — z Yy oz
2332—17(71)-—120 1 0 1|6
23s3=-1-1-4 =0 0 -1 1|5
23s4=5-5- 1 =10 0 0 010

—1

(14)
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Losungen

Aufgabe
r—2y+32=9 T Yy =z
3r+8y+92=>5 1 -2 319
2 +3y+62="7 3 8 915

2 3 6|7
Zeile2 = Zeile2-Zeilel - %
2s1=3-1-2=0 et
22s2=8—(-2)-2 =14 0 14 0l —2
22s3=9-3-3=0 9 3 6| 7
2254 =5—-9.2 = —22
Zeile3 = Zeile3-Zeilel - %
23s1=2-1-2=0 T
23s2=3—(-2)-2=7 0 14 0| 99
23s3=6-3-2=0 o 7 ol -11
z334=7—9-%: —11
Zeilel = Zeilel-Zeile2 - I—Z T Yy =z
21s2=—-2-14- 2 =0 1 0 3|52
21s3=3-0-72=3 0 14 0| —22
Zlsd =9 — (—22) - 72 =53 0 7 0]-11
Zeile3 = Zeile3-Zeile2 - % r Yy =z
23s2=T—14- 5 =0 1 0 3] 58
23s3=0-0-75=0 0 14 0| —22
2354 =—11—(-22)- L =0 0 0 0] O
L = unendlich

Aufgabe
T+3y—22=3 T Yy =z
3x4+2y+2=2 1 3 —-21|3
y+32=5 3 2 1|2

0 1 3|5

Zeile2 = Zeile2-Zeilel - % . B
2251=3-1-2=0 1
22s2=2-3-7 =7 0 -7 7 |_7
22s3=1—(-2)-2 =7 o 1 3|5
22s4=2-3-3 =7
Zeilel = Zeilel-Zeile2 - %7 r Yy oz
21s2=3—(=7)- 2. =0 1 0 1] 0
21s3=-2-7-2 =1 0 -7 7|-7
2lsd =3 —(=7)- 2. =0 0 1 3|5
Zeile3 = Zeile3-Zeile2 - }7 z Yy z
23s2=1—(=7)- L =0 1 0 1] o0
23s3=3-7-L =4 0 -7 7|-7
23s4=5—(=7)- L =4 0 0 4| 4
Zeilel = Zeilel-Zeile3 - i 213 g g 1
2183=1-4-3=0 o —7 7| _7
2lsd=0—-4-3=-1 o 0 4| 4
Zeile2 = Zeile2-Zeile3 - E T g (Z) —
22s3=7—-4-7=0 o -7 ol _14
24 =-T—-4-T=-14

0 0 4| 4

(15)
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Lineare Gleichungssysteme und Gauf-Algorithmus

n-Gleichungen

3.3 n-Gleichungen
3.3.1 Aufgaben

Um eigene Aufgaben zu l6sen, klicken Sie hier: Neue Rechnung
Gegeben:

Lineares Gleichungssytem

al -x1+bl-29+cl-x3.... =dl

a2-x1+ b2 29+ 2 x3..... =d2

ad-x1+b3-x94+c3-x3.... =d3

M Epm o A o
e e e e e e e e e e e T
DN DN DD NN = = ==
O UL W N~ O O oo o Ut

— — — — —
EE T
<

N — N NN T

N9 W g e - =050

eine Aufgaben
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Lineare Gleichungssysteme und Gauf-Algorithmus

n-Gleichungen

3.3.2 Losungen

Aufgabe
Ty + 222 + 323 =4 r1 T2 X3
5x1 4+ 6x2 + Txs =8 1 2 3 4
9 10 11|12
Zeile2 = Zeile2-Zeilel - % . . .
22s1=5-1-2=0 e

B s, 1T 2 3| 4
2282 =6—-2-7 =— i B
2283 =7-3-2=-8 0 4 8 12
Z284:8—4-é:—12 9 1011 12

1
Zeile3 = Zeile3-Zeilel - % o .

_ _ .9 — 1 2 3
2351 =9 -1 T 0 1 5 3 1
23s2=10—2- 7 = -8

! 0 -4 -8 |-12
2383 =11-3- 7 =—-16
Bsd—12-4.9— 24 0 -8 ~-16]-24

= 9 =—

Zeilel = Zeilel-Zeile2 - _%1 1 T2 I3
z1s2=2—(-4)- % =0 1 0 -1 =2
21s3=3—(-8)- % = -1 0 -4 -8 |-12
Zlsd =4 —(—12) - 2 = -2 0 -8 —16|—24
Zeile3 = Zeile3-Zeile2 - :—Z 1 To T3

2352 = -8 — (—4)- =5 =0 I 0 1] -2
2353 =—16—(—8)- =2 =0 0 -4 -8|-12
2354 =—-24—(—12)- =2 =0 0 0 0 0
L = unendlich

Aufgabe

1+ 222 +3x3 =4 r1 T2 I3

5x1 + 6x2 + Txs =8 1 2 3 4

921 + 10z 4 1123 = 12 5 6 7 8

9 10 11|12

Zeile2 = Zeile2-Zeilel - % . " .

2251 =5-1-5=0 23

2282 =6-2-2=—4 L2 3 4
22s3—7-3.5— 3 0 —4 —8]-12
z254:8—4-é:—12 9 1011 12

1

Zeile3 = Zeile3-Zeilel - % " " "

—0_1.9 — 1 2 3
23s1=9—1 I, 0 1 5 3 1
2382 =10—-2-7 = -8

5 0 -4 -8 |-12
23s3=11-3- 7 =-16
s —12—4.9— 24 0 -8 —16]-24

=12-4-2=—
Zeilel = Zeilel-Zeile2 - %4 T X2 T3
21s2=2—(-4)- 2 =0 1 0 -1] -2
z1s3=3—(-8)- 2% =-1 0 -4 -8 |-12
Zlsd =4 —(—12) - 2, = -2 0 -8 —16| —24
Zeile3 = Zeile3-Zeile2 - :—i T1 X2 I3
2352 =—-8—(—4)- =2 =0 1 0 -1 =2
23s3=—-16— (—8)- =3 =0 0 —4 -8|-12
23s4=-24—(—12)- =2 =0 0 0 0 0
L = unendlich
Aufgabe
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4z + 30 = 12
%$1 + ixz =3 4
1
3

1
Zeile2 = Zeile2-Zeilel - 5

1 1 i)
—1_ 4.3 —

2251 = 35 —4 ] 0 1 3 112
2262 =334 =0 0 0|2

1
2283 =3—-12- % =2

L=1{}
Aufgabe (4)
3z + 222 =1 T T2
2x1 — 312 =5 3 2 |1
2 =315
Zeile2 = Zeile2-Zeilel - %
X1 i) ‘

22s1=2-3-2=0

2252 =-3-2-3 =43 g ,Z; 411
22s3=5—-1-2 =41 3173
Zeilel = Zeilel-Zeile2 - —2;
—43 X1 i) ‘
2182 =2 — (—43)- =21 =0 3 0 3
3
z1s3=1-45- 21 =3 0 —43 |43
3
{El = g =
1
Ty = 7:1;1 =—-1
3
L={1/-1}
Aufgabe (5)
3x1+x2 —23=0 T1 T2 T3
2r1 — 2x2 +2x3 =1 15 2 4 1

2 -2 1 |1

Zeile2 = Zeile2-Zeilel - 13—5

22s1=15—-3-1 =0 T1 T2 X3
3 —
22s2=2-1-1=_3 ?) 13 91 (1)
2283:4—(—1).%:9 X :2 | |
2234:170-%:1
Zeile3 = Zeile3-Zeilel - %
23s1=2—-3.2=0 T T2 T3
3 pa—
2352 =-2—1.2=_92 g _13 91 1
B () = 0 —22 12 |1
23s4=1-0- % = 3 3
Zeilel = Zeilel-Zeile2 - %3 z1 T2 s
2152 =1—(=3) %320 3 0 3 %
awo-1-9-% 2 0 3 o
2lsd=0-1-L =32 0 —22 121
Zeile3 = Zeile3-Zeile2 - —=
_22 L1 X2 T3
2352 = =25 = (=3)- = =0 30 2 |3
_ 12 —2% 1 0 _3 9 1
z3s3 =15 -9 — = —63 0 0 6L | 1
2354:1—1-_2%21 —03 |3
Zeilel = Zeilel-Zeile3 - —2; r1 T T3
—61 _
2153 =2 — (=63) - —1 =0 3.0 0 |4
sd— 1 _ 1. 2 _°71 0 -3 9 1
=3 9 76% — 19 0 0 —6% %
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n-Gleichungen

Zeile2 = Zeile2-Zeile3 - —Zl T1 T2 T3
3 7
2253=9— (=61)- =2 =0 g 03 8 1
3, — =
2s4=1-35- 2 =15 o o —et| I
—63 b3 ] 3
g =10 = T
13l 57
= =2
_ 5 _ _1
T3 = Z61 57
_ [ 22 1
L={gm/-%/—%
Aufgabe
3x1+ 22 —23=0 T1 T2 I3
1+ 220 +4x3 =1 3 1 —1
201 — 2x0 +2x3 =1 1 2 4 1
2 =2 1 1
Zeile2 = Zeile2-Zeilel - % A .
22s1=1-3-1=0 S
377 3 1 —-1]0
22s3=4—(—1)- 1 =41 s 5 111
22s4=1-0-42=1
Zeile3 = Zeile3-Zeilel - % z " "
23s1=2-3.2=0 S
3, 2 3 1 —-11]0
2382=-2—-1-5=-2% 0 12 41 |1
23s3=1-(-1)-2 =12 0 _92 13|,
23s4=1-0-2=1 3 73
Zeilel = Zeilel-Zeile2 - 1%
2 1 3 X1 ) T3
leQ:l—lg-EIO 3 0 33 =3
3 5 5
z1s3 = —1—41 . & = -3 0 12 4 |1
3
AAsd=0—1.2 = -3 0 -25 15 | 1
3
Zeile3 = Zeile3-Zeile2 - —5*
) , 22 g T1 T2 T3
2353 =12 —41. 35 =82 0 15 4z | L
PR 0 o0 8 |28
z23sd=1-1-3* =25
3
_33
Zeilel = Zeilel-Zeile3 - 8355 r1 T2 X3 ‘
5
3 o3 -3 30 02
Asg=-3-2%. 5 =2 0 0 8% 23
e
Zeile2 = Zeile2-Zeile3 - z—g 1 X2 X3
I 3 0 0| 2
2253 =4L-82. 23 =0 13
3 5 83 2 —
3 4% ’ 8 103 803 87331
21
m-h N
T2 = _1% = _4%
22
T3 =gy = -
_y7 8 /13
L={43/~ 2/ 13}
Aufgabe
2x1 +4xo + T3 =9 xr1 T2 I3
3x1 4+ 3x2 +3x3 =3 2 4 7 9
x1 + 3x2 +3x3 =3 3 3 3 3
1 3 313
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n-Gleichungen

Zeile2 = Zeile2-Zeilel - %

2251 =3-2.2 =0 S
22s2=3—-4-5=-3 0 _3 71| _1oL
22s3=3-7-5=-17% 1 3 3| 3°
2254 =3-9-5=-103
Zeile3 = Zeile3-Zeilel - % . " "
23s1=1-2-1=0 L
- : 2 4 7 9
2382—3745—1 1 1
23s3=3-7-1=-1 0 —3 T3 —103
3s4=3-9.1— 11 L L
z3s4=9—9 -5 =—135
Zeilel = Zeilel-Zeile2 - % T1 T2 T3
21s2=4—(-3)- % =0 2 0 -3 -5
2183 =7 — (-7%3 . %i =-3 0 -3 —71% —1015
21s4 =9 — (—=103) - %5 = -5 o 1 1] -1
Zeile3 = Zeile3-Zeile2 - %3 1 X2 T3 ‘
23s2=1—(=3)- 45 =0 2 0 3] -5
23s3=—1 —(-73)- L5 =-3 0 -3 -71|-10%
23s4 = —15 — (—10%)- 5 = -5 0 0 =-3| -5
Zeilel = Zeilel-Zeile3 - :—i le :%2 :%3 ‘ 0
21s3=-3—(-3)- =2 =0 0 —3 _71 | 101
zlsd = —5— (=5)- =2 =0 I
= 0 0 -3| -5
71
Zeile2 = Zeile2-Zeile3 - _732 Ty T2 T3
1 _71 2 0 0 0
2253 =—T43—(=3)- =2 =0 0 -3 o | o
71
2264 = 101 — (=5)- 2 =2 0 0 -3|-5
0
xry = 5 = 0
Ty =23 =3
ry= =2 =12
L={0/~3/13}
Aufgabe (8)
2x1 +4xo + T3 =9 xr1 T2 I3
3z1 + 3x2 + 33 =3 2 4 7 9
x1 + 3x2 + 3x3 = 3 3 3 3 3
1 3 33
Zeile2 = Zeile2-Zeilel - % " " "
2s1=3-2-2=0 e
22s2=3—-4-5=-3 (2) _43 _; _1901
22s3=3-T7-2=-T7% 1 3 3° 3°
22s4=3-9-5 =-103
Zeile3 = Zeile3-Zeilel - % " " .
23s1=1-2-1=0 i
B 3 2 4 7 9
23s2=3-4-5=1 1 101
2353 =3-7-1=-1 0 3 75|10
3s4=3-9.1= il 0 1 =]l
Zo84 = o0 — J- 5 = 13
Zeilel = Zeilel-Zeile2 - —is 1 X2 T3 ‘
21s2=4—(-3)- 45 =0 2 0 -3 -5
21s3 =17 — (77%3 : }1 =-3 0 -3 7715 71015
Zeiled = Zeile3-Zeile2 - _%; 1 T2 T3 ‘
23s2=1—(=3)- 45 =0 2 0 3] -5
23s3=—12 —(=73)- 5 =-3 0 -3 —71|-10%
2354 =—15 — (-103) - 5 =—5 0 0 -3| -5
Zeilel = Zeilel-Zeile3 - :—g x21 %2 %3 0
z1s3=-3—(-3)- =2 =0 0 3 _71 101
— _5_(_5). =3 — -3 —73 | 105
zlsd=—-5—(=5)- = =0 0 o0 -3 _5
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n-Gleichungen

_71
Zeile2 = Zeile2-Zeile3 - j32 r1 T2 I3‘
_ e 2 0 00
AB=-TI- (3 TE =0 g |
2254 = —10% — (=5) - —2 =2 0 0 =-3|-5
0
1 =5=0
_h
T2=3=73
z3==2=12
2 /12
L={0/—-3/15}
Aufgabe
2z +4x2 =0 1 T2 T3
3rx1 +x22=0 2 4 0 0
=0 3 1 010
0O 0 010
Zeile2 = Zeile2-Zeilel - % o .
2251 =3-2-3=0 Loz O
2 2 4 00
2282=1—-4-5=-5
3 0 -5 010
2283=0-0-5=0 0 0 o lo
22s4=0-0-5=0
Zeilel = Zeilel-Zeile2 - fs 1 X2 X3
21s2=4—(=5)- L =0 2 0 o0]0
21s3=0-0-2% =0 0 -5 0|0
Z1s4=0-0-2 =0 0 0 010
L = unendlich
Aufgabe
2r1 + 422 =0 1 T2
3z2 =1 2 410
0 31
Zeilel:Zeilel-ZeileQ-% T xg‘
21s2=4-3-2=0 2 0|13
21s3=0—1-3=—13 0 3] 1
11
7= =3
—1_1
[SEY
L={-3/1}
Aufgabe
2x1 +4x2 =0 xr1 T2
x1+3x2 =1 2 4 0
1 3 |1
Zeile2 = Zeile2-Zeilel - % oz
2s1=1-2-1=0 1 To—
22s2=3-4-5=1 o 111
22s3=1-0-5=1
ZeilelzZeilel-Zeilel% T1 X2
21s2=4-1-1=0 2 0|4
21s3=0—1-1=—4 0 1|1
.’131:_74:—2
szz%:
L={-2/1}

(9)

(10)

(11)
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n-Gleichungen

Aufgabe
2x1 +4x2 =0 xr1 T2
x1+ 322 =0 2 4 0
1 310
Zeile2 = Zeile2-Zeilel - % oz
2s1=1-2-1=0 R
22s2=3-4-5=1 o 1o
22s3=0-0-3=0
Zeilel = Zeilel-Zeile2 - % T1 X2
21s2=4-1-1=0 2 010
21s3=0-0-1=0 0 1|0
xr1 = 90— 0
To = § =0
L ={0/0}
Aufgabe
2x1 + 422 =0 xr1 T2
3x2 =0 2 410
0 3]0
Zeilel = Zeilel-Zeile2 - % T1 X2
21s2=4-3-2=0 2 010
z1s3=0-0-3=0 0 3|0
xr1 = 90— 0
To = § =0
L ={0/0}
Aufgabe
2r1 + 422 =9 xr1 T2
r1+x2 =3 2 4 9
1 113
Zeile2 = Zeile2-Zeilel - %
2s1=1-2-1=0 n s |
2 2 4| 9
22s2=1-4-1=-1 0 71‘712
22s3=3-9-3=—13 2
Zeilel = Zeilel-Zeile2 - - 1 T ‘
21s2=4—(-1)- %4 =0 2 0] 3
21s3=9—(-13)- % =3 0 —1‘—1%
Tl = % = 1%
ro = __11% = 1%
L={13/13}
Aufgabe
2x1 +4xo = 26 Tr1 T2
3x1 + 220 = 19 2 4 26
3 2119
Zeile2 = Zeile2-Zeilel - %
22s1=3-2.2=0 n s |
2 2 4 | 26
2282=2—-4-5=-4 0 —4 | —20
2253 =19—-26-3 = —20

(13)

(14)

(15)
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n-Gleichungen

Zeilel = Zeilel-Zeile2 - i Tr1 X2 ‘
21s2=4—(-4)- 4 =0
z1s3 =26 — (—20) - 4 =6 0 —4]-20

V)
o
(@

Aufgabe

2x1 + 4xe = 26 1 X2

3x1 + 222 = 19 2 4 26
3 2|19
Zeile2 = Zeile2-Zeilel - %
2281=3-2-5=0
2282 =2—4- —4 ‘
2283 =19—-26-5 = —-20

Zeilel = Zeilel-Zeile2 - 1 T2 ‘
212 =4—(—-4)- % =0 2 0 ‘ 6

[SIENIH
1o ||

O N

|

A W~

L =
z1s3 =26 — (—20) - % =6 0 —4
$1=g=3

$2:%240:5
L ={3/5}

Aufgabe

2x1 + 4xo = 26 T1 T2

3 2|19
Zeile2 = Zeile2-Zeilel - %
22s1=3-2-5=0

2282 =2—-4- —4
2253 =19—-26-3 = —20
Zeilel = Zeilel-Zeile2 - _i4 1 X2 ‘
21s2=4—(—4)- 2 =0 2 0 ‘ 6

[S[E NI
[\]
I
[\™]
(@]

1o ||

—4
z1s3 =26 — (—20) - X =6 0 —4

.’Elzg:?)
:—20_5

T2 = —f =
L ={3/5}
Aufgabe

4xq + 220 = 22
5x1 +x0 =17

8
=

€2

22

SIS
[\

Zeile2 = Zeile2-Zeilel - %
z22s1=5—-4-2=0 1
1
2282 =1—-2- -1; ) 0 11
2283 =17—-22- :_105 2
Zeilel = Zeilel-Zeile2 - _?1 o . ‘
2
2132:27(71%)_?%:0 1 0
2133:22—(—10%)- 2_ -8 0 —13

1
-1%

NSNS

N

2

xr1 =

| #loo
ol
I
N

To =

[N

(16)

(17)

(18)
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L={2/7}
Aufgabe
4$1 + 21‘2 =22 X1 T2
5 1 |17
Zeile2 = Zeile2-Zeilel - % . . ‘
22s1=5-4-3=0 L2
& 1 4 2 22
2253 =17-22-5 =103 2 2
Zeilel = Zeilel-Zeile2 - —2;
—13 T o ‘
21s2=2—(-13)- 2 =0 40 ‘ g
1 1
z1s3 =22 — (—103%) - —f% =8 0 -15 | —103
X1 % =2
—10i
To = —112 = 7
L={2/7}
Aufgabe
41 + 220 + 23 = 14 Tr1 T2 X3
6$1+ZIJ2+IE3:8 4 2 1 14
8x1 + 4xo + 23 = 18 6 1 1 8
8 4 1 |18
Zeile2 = Zeile2-Zeilel - g - .
2251 =6—-4-5=0 122 =3
& 4 2 1 14
2262 =1—-2-2 = =2 1
& 1 0 -2 —35|-13
2283=1—-1-7=—3 s 4 12 18
2254 =8—-14-%=-13
Zeile3 = Zeile3-Zeilel - % " " "
2351 =8—4-8=0 L2 0
8 4 2 1 14
23s2=4-2-7=0 1
& 0 -2 5 | —13
2383 =1-1-3=-1 0 0 _i _10
23s4 =18 — 14 - % =-10
Zeilel = Zeilel-Zeile2 - %2 1 X2 T3
z152:2—(—21)-_l22:01 4 0 %1 1
2183=1—-(-3)- 5 =3 0 -2 -1]-13
Zlsd =14 — (—13)- % =1 0 0 -—1/|-10
1
Zeilel = Zeilel-Zeile3 - 2 ri T2 3
1 N3 _ 4 0 0 | —4
As3= - (-1) & =0 0 —2 —i|_13
zlsd=1—(-10) - % = —4 0 0 -—-1]-10
1
Zeile2 = Zeile2-Zeile3 - —2 Ti T2 X3
1 -1 4 0 0 —4
2283 = —5 — (—1)- =2 1—0 0 -2 0 | -8
2284 = —13 — (—10)- =% = -8 0 0 -—-1|-10
xr1 = _74 =1
.]j2 = :—g =
z3==2=10
L={-1/4/10}
Aufgabe

(19)

(20)

(21)
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n-Gleichungen

41 + 202 + 3 = 14 xr1 X2 X3 ‘
6x1 +x2 + 23 =28 4 2 1 14
8xr1 + 4xo + 3 = 18 6 1 1 8
8 4 1 |18
Zeile2 = Zeile2-Zeilel - % . . .
2s1=6-4-5=0 S
& 4 2 1 14
222=1—-2-2 =-2 1
& 1 0 -2 -z |-13
2254 =8 —14- % =-13
Zeiled = Zeile3-Zeilel - % . . x
23s1=8—4.8=0 L2 TS
Fi 4 2 1 14
23s2=4-2-2=0 1
Fi 0 -2 —z|-—13
2383 =1-1-3=-1 0 0 —i 10
2354 =18 —14- § = —10
Zeilel = Zeilel-Zeile2 - %2 1 T2 X3
21s2=2—(-2)- 2 =0 4 0 3 1
21s3=1-(-3)- %5 =1 0 -2 —1]-13
Zlsd =14 — (-13)- % =1 0 0 -—1]-10
1
Zeilel = Zeilel-Zeile3 - 2 1 X2 X3
1 1 4 0 0 —4
zls3f§f(71)-7—%70 0 -2 -1|-13
zlsd=1—-(-10)- &% = —4 0 0 -—-1]-10
1
Zeile2 = Zeile2-Zeile3 - —% Ti T2 X3
253 =—1—(-1)- 22 =0 P B
ZS—_i_(_)—Tl— 0 -2 0 | -8
2284 = —13 — (—10) - :—f = -8 0 0 -1]|-10
T = 14 =-1
XTo = :g =
Tr3 = 1110 = 10
L ={-1/4/10}
Aufgabe
2x1 + 322 + 23 =15 Tr1 X2 T3
3x1 + 2x2 + 223 = 18 1 3 1 |11
3 2 2|18
Zeile2 = Zeile2-Zeilel - %
2sl=1-2-1=0 T2 B
_ T_q1 2 3 1]15
22s3=1-1-1=1 2 2 2
2,2 4 3 2 2 | 18
Zeile3 = Zeile3-Zeilel - g " " .
23s1=3-2.3 =0 Lt 03
3 1 2 3 1] 15
23s3=2-1-5=3 0 91 1| p
z354:18—15-%:—4% 22 2
Zeilel = Zeilel-Zeile2 - -3-

L s 13 T To T3
2182:3—1§'g:0 2 0 0 8
21s3=1-5-5=0 0 13 3| 33

2
Alsd=15-3% 3 =8 0 -25 3 |—43
2
ol
Zeile3 = Zeile3-Zeile2 - 112
L . 2l 2 1 T2 T3
Z382:—2§—1§21?70 2 01 (1) 81
_ 1 _ 1 7235 _ 41 o 1 1 |31
2383 =5 — 5" 1%2 _115 0 02 121 1i
1 1 —23 1 3 3
2384 = 745 — 35 1%2 = 1§

(22)
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n-Gleichungen

1
Zeile2 = Zeile2-Zeile3 - 1% T1 T2 I3 ‘
1 ? 2 0 038
1 _ 41,2 _
2283 =5 — 13 1%1 0 0 1% 0 3
2254 = 35 — ;%:3 0 0 13|13
xr1 = % =4
3
To = 1T =2
11
xr3 = 1% =1
3
L ={4/2/1}

Aufgabe (23)
2x1 4+ 3x2 +x3 =15 1 T2 X3
1+ 3xs +x3 =11 2 3 1 15
3x1 + 222 + 223 = 18 1 3 1 11

3 2 2|18
Zeile2 = Zeile2-Zeilel - % " " "
2s1=1-2-1=0 L M
2 1 2 3 1115
2282:3—35215 0 11 1 31
—1-1.1=1 2 2 2
2283 =1—-1-3 -3, 3 5 5 18
2254 =11-15-5 =35
Zeile3 = Zeile3-Zeilel - % " " "
23s1=3-2-3=0 3 1T 15
23s2=2-3-5 =-21 0 11 1| 31
z353:2—1~%:% 2, 2 2,
2354 =18 —15-% = —41 0 =23 3 1-%
Zeilel = Zeilel-Zeile2 - -3~
- 13 1 X2 X3
2183=1-5-5=0 0 13 1] 33
2, 11 1
Alsd=15-3% % =38 0 =25 3[4z
2
ol
Zeile3 = Zeile3-Zeile2 - 1212
2
23s2= 21 _11.2% ¢ e
2 2 : 1z 2 01 (1) 81
23s3=1-1.72 =11 0 13 35 |33
O 0 0 13|13
2384 = —45 — 33 1%2 =13
1
Zeile2 = Zeile2-Zeile3 - i% Tr1 T2 I3
1 1 L 2 0 0 8
z234:3%71%~%:3 0 0 13|13
Tr1 = % =4
To = % =2
1
I3 = Li =1
3
L={4/2/1}

Aufgabe (24)
4x1 + x9 +8x3 =2 r1 T2 T3
8r1+x2t+ax3=1 4 1 8 2
3x1 + 622 + 223 = 10 8 1 1 1

3 6 2|10

Zeile2 = Zeile2-Zeilel - % oz "
22s1=8-4-8=0 2

F 4 1 8 2
222=1—-1-5=-1

4 0 -1 -—-15| -3
2283 =1-8-3=-15 3 6 9 10
22s4=1-2-2=-3
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n-Gleichungen

Zeile3 = Zeile3-Zeilel - 3

4

23s1=3-4.2 =0 T T2 75

$ 7 4 1 8 | 2
23s2=6—-1-5 =53

4 74 0 -1 -15|-3
2383 =2-8-97=—4 0 51 _4 |8l
2354 =10—-2-2 =82 4 2
Zeilel = Zeilel-Zeile2 - %1 1 T2 T3
21s2=1-(-1)- 5 =0 4 0 -7 ]-1
z1s3=8—(-15) - - = -7 0 -1 —-15|-3
Zlsd =2 —(=3)- 4 =-1 0 5% —4 |81

. . . 51
Zeiled = Zelle3-Zeller21~ = 1 o -
2352 =51 —(-1)- 22 =0 4 0 -7 -1
51
2353 = —4— (—15). 21 = _g23 0 -1 -15) -3
( )5 't * 0 0 —823 |71

1
2354 =83 — (=3) - =+ = —73

Zeilel = Zeilel-Zeile3 - _;272 T1 T2 T3
4
21s3= T (-823). =T- =0 40 0 | -0,387
- ( 14) —82i 0 -1 -15 | -3
zlsd = -1 —(=77) - 523 = —0, 387 0 0 -s822 —71
Zeile2 = Zeile2-Zeile3 - :812‘3 T1 T2 z3
2253 = —15 — (—823) . =15 — 40 010,387
( ) 4)_;582% 0 -1 0 ~1,69
2254 = -3 (-T3) =55 = ~1,69 0 0 -822| —7
zy = =28 = _0,0067
zo = —19 = 1,69
_71
T3 = T; = 0,0876
L = {—0,0967/1,69/0,0876}
Aufgabe (25)
41 + x9 +8x3 =2 €T T2 T3
8r1i —xo+ax3=1 4 1 8 2
3z, — 6x2 + 223 = 10 8§ —1 1|1
3 —6 2|10
Zeile2 = Zeile2-Zeilel - % . . ;r
22s1=8-4-8=0 R
2262 =—-1—-1-8=-3 11 8 2
g 4 0 -3 —15|-3
22s3=1-8-8=-15 s 6 2 |10
22s4=1-2-5=-3
Zeile3 = Zeile3-Zeilel - g . . .
23s1=3-4-3=0 L 2
23s2=—-6—1-2=—-62 4 1 8 2
32 4 0 -3 -—15|-3
2383 =2-8-7=—4 0 —63 —4 |8l
2354 =10-2-3 =83 1 2
Zeilel = Zeilel-Zeile2 - }3 1 To T3
21s2=1-(=3)- 45 =0 4 0 3 1
z1s3=8—(—15)- % =3 0 -3 —15|-3
zlsd =2 —(-3)- }3 =1 0 —6% 4 8%
. . . —63
Zeiled = Ze11e3—Ze11e2;6§34 1 a9 s
2352 =—62 — (=3)- =+ =0 4 0 3 1
—62 _ _ _
2353 = —4 — (—15) - —& =293 0 =3 —15) -3
354 =81 — (=3) . =24 = 151 00 s
2384 =05 —(79)  —3 = 193
Zeilel = Zeilel-Zeile3 - 2;% T1 T2 T3
4
zls3=3-29% . 35 = 4 0 0 |-0,538
TP 0 -3 —-15| -3
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Lineare Gleichungssysteme und Gauf-Algorithmus

n-Gleichungen

Zeile2 = Zeile2-Zeile3 - 713 T ma w3 |
4
2263 = —15 - 203 - 512 =0 g R e
= _3-151.=15 _4 69 ’
2254 = -3 - 153 353 =4, 0 0 298| 15%
—0,538
xy =~ = 0,134
zp =28 = 1,56
1
T3 = ;Z—% =0,513
L ={-0,134/ —1,56/0,513}
Aufgabe
2x7 + X2 + 8xz =2 r1 T2 I3
8r1 —x2 +x3=1 2 1 8 2
3x1 — 6x2 + 223 = 10 8 -1 1 1
3 -6 2|10
Zeile2 = Zeile2-Zeilel - % . . .
_Q_9.8 _ 1 2 3
2251 =8—-2-3 : 0 5 1 3 5
2282=—-1—-1-5 =-5
g 2 0 -5 =31 | -7
22s3=1-8-5=-31 3 _g 9 10
22s4=1-2-5=-7
Zeile3 = Zeile3-Zeilel - g . . .
_a9_9.3 _ 1 2 3
23s1=3—-2-3% : 0 ) 5 1 3 5
2382 =—-6—-1-5=-T75
32 2 0 -5 -31]|-7
23s3=2-8-5=-10 o 71 10l 7
23s4=10-2-3 =7 2
Zeilel = Zeilel-Zeile2 - %5 1 X2 T3 ‘
z1s2=1—(=5)- L =0 2 0 TR
21s3=8—(-31)- L =13 0 -5 —31|-7
2lsd=2—(-7)- L =2 0 —75 —10| 7
Ca e oo —Th
Zeile3 = Zeile3 Z61162,7I5 1 a9 s ‘
2352 = —T3 — (=5) - = =0 2 0 17 | 2
2353 = —10 — (—31) - —2 = 361 0 -5 —=31) -7
71 L 0 0 361|173
2354 =7~ (7)) —2 =171
4
Zeilel = Zeilel-Zeile3 - 316% T1 T2 T3 ‘
2
_i4 el 1% _ 2 0 0 |-0,263
z1s3 =1¢ — 365 346% =0 0 -5 -31 7
Alsd =2 - 178 & = —0,263 0 0 36| 174
2
Zeile2 = Zeile2-Zeile3 - ;6—3; T1 T2 X3 ‘
2
2253 = 31— 36%- =% =0 2 0 00263
22sd= 7 171 . =31’ 763 0 0 s
= 2 365 (73 0 0 365| 175
—0,263
z = =228 — _0 132
To = %g’ —1, 57
174
T3 =35t = 3

2

L={-0,132/ —1,57/32}

(26)
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Aufgaben

3.4 Aufgaben

Um eigene Aufgaben zu l6sen, klicken Sie hier: Neue Rechnung
Gegeben:

al-x+bl-y+cl-z=dl
a2-r+b2-y+c2-z=d2
a3-r+b3-y+c3-z=4d3

Gesucht:

X7Y7Z

11z 4+ 13y + 42z = 37

9z + by + 4z =13

(1) 12z + 14y + 52 =40 (10) 6x+3y+ —5z=17
9z + 3y + 32 =15 3z — 10y 4 6z = 23
9r + 5y + 42 =13 11z + 13y + 4z = 37
(2) 6x+3y+—5z=17 (11) 12z + 14y + 52 =40
3z — 10y 4+ 62z = 23 9z + 3y +32 =15
dr — 3y +22 =10 22 4+ 3y +42 =175
(3) bBx+6by+-—-Tz=4 (12)  4a+ 6y + 5z =287
10z 42y +-32=7 3z + 2y + 8z = 257
20+ 3y + —42 =16 6z + 4y + 9z = 32
(4) 4 +9y+—-12=258 (13) 5z + Ty + 10z =17
le + 6y 4+ 2z =34 4z + 8y + 5z = 100
lr +2y 4+ 32 =4 lr +1y4+0z=1
(5) 20+3y+22=6 (14) 1z +0y+1z2=6
Oz +2y+62=0 Oz +1y+—-12=5
—2x—8y+0z=1 lr =2y +32=9
(6) lz+4y+0z=—3 (15) 3z+8y+92=5
8z —2y+ -1z =38 20+ 3y +6z2=7
—2x+2y+42=0 6z +4y +52 =38
(7) 4dz—Zy+22=5 (16) 4z +2y+32=7
dor — 2y + —12 =38 Sx +3y+4z=9
2v 4+ 3y + —42 =16 lx +3y+—-22=3
(8) 4x+9y+ —1z =258 (17) 3Bx+2y+1z=2
lx + 6y +2z=34 Oz +1y+32=5
dr — 3y +22 =10 4z +6y+82 =0
(9) bBx+6y+-—-Tz=4 (18) bBxr+6y+672z=28
10 —2y+ -3z =7 8z + 87y + 62 =16
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Lineare Gleichungssysteme und Gauf-Algorithmus

Losungen

3.5 Losungen

Aufgabe
11z + 13y + 42 = 37 T Yy =z
12z + 14y + 5z = 40 11 13 4| 37
9z + 3y +32 =15 12 14 5| 40
9 3 31|15

Zeile2 = Zeile2 - 11-Zeilel - 12

T Yy oz ‘
22s1=12-11-11-12=0 1 13 4137
222 =14-11—-13-12 = -2 0 —2 7| _4
22s3=5-11—-4-12=7 9 3 3|15
2254 =40-11-37-12= —4
Zeile3 = Zeile3 - 11-Zeilel - 9

T Y z
2351=9-11—-11-9=0 1 13 1 37
23s2=3-11—-13-9= -84 0 —2 7 4

23s3=3-11-4-9= -3
2354 =15-11—-37-9 = —168
Zeile3 = Zeile3 - (—2)-Zeile2 - (—84) x oy

0 -8 3| -168

2352 = (—84) - —2 — (—=2) - (—84) =0 11 13 37
2353 = (—=3) - —2 — 7. (—84) = 594 -2 —4
2354 = (—168) - —2 — (—4) - (=84) =0 0 0 5940

o
© N

Aufgabe

9z + by + 4z =13 T
6x + 3y — 5z =17 9
3z — 10y + 62z = 23 6
3
6

Zeile2 = Zeile2 - 9-Zeilel -
22s1=6-9—-9-6=0
2282=3-9-5-6=-3
22s3=(-5)-9—4-6 =—-69
22s4=17-9-13-6 =75
Zeile3 = Zeile3d - 9-Zeilel - 3
2351=3-9-9-3=0

2352 =(—10)-9—-5-3 = —105
2383 =6-9—4-3=42

2354 =23-9—-13-3 =168
Zeile3 = Zeile3 - (—3)-Zeile2 - (—105)

5 4 13
—69 | 75
—-10 6 23

w o VR
|
w

T
9 5 4 13
0 -3 —69]| 75
0 —-105 42 | 168

z

Yy
2352 = (—105) - =3 — (=3) - (=105) = 0 5
2353 =42 - —3 — (—69) - (—105) = —7,37 - 10°
2354 = 168 - —3 — 75 - (—105) = 7,37 - 10°
7,37-10°

2= %3710 -1
y-(=3)+(-69)-—1=175

Y

-3

O O YR

= -2
z-9+5-—-2+4-(-1)=13
r=3

L=1{3/-2/-1}

Aufgabe

4
—69

0 -7,37-10°

(3)

13
75
7,37-103
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dr — 3y + 22 =10 T Y z
Sr+ 6y —T7z=4 4 -3 2 |10
10x+2y—32="7 5 6 7|4

0 2 -3|7
Zeile2 = Zeile2 - 4-Zeilel - 5
22s1=5-4—-4-5=0
2282=6-4—(-3)-5=239
22s3=(-7)-4—2-5=-38
224 =4-4—-10-5=-34
Zeile3 = Zeile3 - 4-Zeilel - 10

x oy z
4 =3 2 10
0 39 -—-38|-34
10 2 -3 7

2351 =10-4—4-10=0 TG
2352 =2-4— (~3) 10 = 38 o 30 38| _34
2383 =(-3)-4—2-10=-32 0 38 —392|_72
23s4=7-4—-10-10= —72
Zeile3 = Zeile3 - 39-Zeile2 - 38 T oy z
2352=38-39-39-38=0 4 -3 2 10
2353 = (—32) - 39 — (—38) - 38 = 196 0 39 -38 34
2354 = (—72) -39 — (—34) - 38 = —1,52 - 103 0 0 196 | —1,52-10°
3
z:%z—?i—(g
Y- 394 (—38) - —738 = (—34)
_ Q20
y=—8%
x-44§(—3)~—8%+2-(—7%)=10
wz@a 20 36
L={3/-8%/-T%
Aufgabe (4)
20+ 3y —42 =16 T Yy =z
dx + 9y — z =58 2 3 —4116
T+ 6y +2z=34 4 9 —1158
1 6 2 |34
Zeile2 = Zeile2 - 2-Zeilel - 4 x B
2251 =4-2-2-4=0 TG
22s2=9-2—-3-4=6 0 6 14 |52
2283 =(-1)-2—(-4)-4=14 L6 2 |mu
2284 =58 -2 —-16-4 =52
Zeile3 = Zeile3 - 2-Zeilel - 1
23s1=1-2-2-1=0 ; g 24 T
23s2=6-2—-3-1=9 0 6 14 | 52
23s3=2-2—(—-4)-1=38 0 9 8 |52
23s4=34-2—-16-1=52
Zeile3 = Zeile3 - 6-Zeile2 - 9 T Yy z
23s2=9-6—-6-9=0 2 3 -4 16
23s3=8-6—-14-9=-T78 0 6 14 52
2354 =52-6—-52-9=—156 0 0 =78 | —156
Z:—17586_2
y-6+14-2 =052
y=4
r-24+3-44(—4)-2=16
z =0
L={6/4/2}

Aufgabe (5)

r+2y+32=4
20+ 3y+22=6
2y +6z=0

www.fersch.de 49



Lineare Gleichungssysteme und Gauf-Algorithmus

Losungen

Zeile2 = Zeile2 - 1-Zeilel - 2

22s1=2-1—1-2=0 1
22s2=3-1-2-2=-1 0 —1 4|9
2283=2-1-3-2=—-4 0 2 6 0
2284 =6-1—-4-2= -2
Zeile3 = Zeile3 - (—1)-Zeile2 - 2 T Yy oz
2352=2-—-1—(—1)-2=0 1 2 3| 4
2353 =6-—1—(—4)-2=2 0 -1 —4]-2
23s4=0-—-1—-(-2)-2=4 0 0 2 4
z:%fQ
y- (=D +(-4)-2=(-2)
y=—6
z-14+2.-—6+3-2=4
z =10
L=1{10/-6/2}
Aufgabe (6)
—2rx —-8y=1 T Y z
r+4dy=—1 -2 -8 0 1
8 —2y—2=28 1 4 0 |-3
8§ -2 -—-11| 8
Zeile2 = Zeile2 - (—2)-Zeilel - 1
2251=1--2—(-2)-1=0 e
22s2=4--2—-(-8)-1=0 o o o lo
2283=0--2-0-1=0 8 -9 _1l3
2254 =(-%)-—2-1-1=0
Zeile3 = Zeile3 - (—2)-Zeilel - 8
23s1=8--2—(-2)-8=0 w2 ygg -
2352 = (—2) - —2 — (—8) -8 = 68 o o ol o
23s3=(-1)-—2-0-8=2 0 68 2|_924
2364 =8--2—-1-8=-24
Ty oz
. -2 -8 0 1
Zeilen vertauschen 0 68 2| _24
0 0 O 0
L = unendlich
Aufgabe (7)
—2x+2y+42=0 T Y z
dr— ty+2z=>5 -2 2 410
dr —2y — 2z =28 4 —% 2 |5
4 -2 —-1/|8
Zeile2 = Zeile2 - (—2)-Zeilel - 4 . ;
225l =4.-—2—(=2)-4=0 - 32’ —
2252 =(—%) - —2-2-4=—7 0 -7 —20| —10
2253 =22 —4-4=-20 PR
224 =5--2—-0-4=-10
Zeile3 = Zeile3 - (—2)-Zeilel - 4
23sl=4--2—(=2)-4=0 xz ?‘2’ i 5
2382 =(-2)-—2—-2-4=—4 B o0l —10
23s3=(—1)-—2—-4-4=—14 0 -4 14|16
23s4=8--2—-0-4=-16
Zeiled = Zeile3 - (—7)-Zeile2 - (—4) T Y z
2352 = (—4) - —7— (=7)- (=4) =0 2 2 4 | 0
2353 = (—14) - —7 — (=20) - (—4) = 18 0 -7 —20|-10
2354 = (—16) - —7 — (—10) - (—4) = 72 0 0 18 | 72
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Losungen

=2
= {-2/ —10/4}

z

Y

Y
z-(=2)+2--10+4-4=0
T

L

Aufgabe (8)
2¢ + 3y — 4z =16 T Yy =z
4 +9y — z =58 2 3 —41]16
T+ 6y +22 =34 4 9 —1158
1 6 2 |34
Zeile2 = Zeile2 - 2-Zeilel - 4
2251 =4-2-2-4=0 Y =
2 3 —-4116
22s2=9-2—-3-4=6 0 6 14 |52
2253 =(—1)-2— (—4)-4=14 P
2254 =58 -2—16-4 =52
Zeile3 = Zeile3 - 2-Zeilel - 1 r 5
23s1=1-2-2-1=0 Y
2352=6-2-3-1=9 23 —4116
0 6 14 |52
23s3=2-2—(—4)-1=8 0 o 8 |
23s4=34-2—-16-1=052
Zeile3 = Zeile3 - 6-Zeile2 - 9 Ty z
232=9-6—-6-9=0 2 3 -4 16
23s3=8-6—14-9=—-78 0 6 14 52
2354 =52-6 —52-9 = —156 0 0 —78| —156
27:1775555:2
y-6+14-2 =052
y=4
24344 (-4)-2=16
r =06
L ={6/4/2}
Aufgabe (9)
4z — 3y + 2z =10 T oy z
S5r+ 6y —T7z=4 4 -3 2 |10
10z —2y —32=17 5 6 7|4
10 -2 -3| 7
Zeile2 = Zeile2 - 4-Zeilel - 5 . B
2251=5-4—4-5=0 T
22s2=6-4—(-3)-5=39 0 39 _38| _34
2253 =(~7)-4—2-5=-38 o o 3| -
2254 =4-4—-10-5=-34
Zeile3 = Zeile3 - 4-Zeilel - 10
2351 =10-4-4-10=0 S
2352 =(—2)-4—(-3)-10 =22
0 39 -38|-34
2383 =(-3)-4—2-10=-32 0 22 —39| _72
23s4=T7-4—10-10= -T2
Zeile3 = Zeile3 - 39-Zeile2 - 22 T oy z
2352 =22-39-39-22=0 4 -3 2 10
2353 = (—32) - 39 — (—38) - 22 = —412 0 39 —38 —34
2354 = (—72) - 39 — (—34) - 22 = —2,06 - 103 0 0 —412| —2,06-10°
3
p= 20800 —5
y- 394 (—38)-5=(-34)
y=4
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Lineare Gleichungssysteme und Gauf-Algorithmus Losungen

x4+ (-3)-4+2-5=10
z =3

L ={3/4/5)

Aufgabe (10)

9x 4+ 5y + 4z =13 T Y z ‘
6x + 3y — 5z =17 9 5 4 |13
3 — 10y + 6z = 23 6 3 -5 | 17
3 —-10 6 |23

Zeile2 = Zeile2 - 9-Zeilel - 6 . » ‘
2251 =6-9-9-6=0 Y

9 5 4 13
2252=3-9—-5-6=-3 0 -3 —69 |75
22s3=(-5)-9—4-6 =—-69

3 —10 6 23

2284 =17-9-13-6 =175
Zeile3 = Zeile3 - 9-Zeilel - 3
23s1=3-9-9-3=0

2352 =(—-10)-9—-5-3 =—105
233 =6-9—4-3 =42

23s4 =23-9—-13-3 =168

x

9 5 4 13
0 -3 —69]| 75
0 —105 42 | 168

Zeile3 = Zeile3 - (—3)-Zeile2 - (—105) x oy z
2352 = (—105) - —3 — (=3) - (—105) =0 9 5 4 13
2353 =42 —3 — (—69) - (—105) = —7,37-10% 0 -3 —69 75
2354 = 168 - —3 — 75 - (—105) = 7,37 - 10° 0 0 —7,37-10® | 7,37-10°
3
2= K — 1
v+ (=3) + (=69) 1 =75
y=—-2
T-9+5-—2+4-(-1)=13
r=3
L={3/-2/-1}
Aufgabe (11)
11z + 13y + 4z = 37 T Yy =z
12z 4+ 14y 4 5z = 40 11 13 4|37
9z + 3y +32=15 12 14 5|40
9 3 3|15
Zeile2 = Zeile2 - 11-Zeilel - 12
x Yy z ‘

22s1=12-11-11-12=0
2252 =14-11-13-12 = -2

22s3=5-11—-4-12=7 g _32 ; I;
2284 =40-11 —-37-12=—4
Zeile3 = Zeile3 - 11-Zeilel - 9

T Y z
23s1=9-11—-11-9=0 1 13 1 37
23s2=3-11—-13-9= -84 0 _9 7 4

2383=3-11—-4-9=-3

2354 =15-11—-37-9= —168 0 -84 -3|-168

Zeile3 = Zeile3 - (—2)-Zeile2 - (—84) x oy z
2352 = (—84) - —2 — (—2) - (—84) = 0 11 13 4 | 37
2353 = (—3) - —2 — 7. (—84) = 594 0 -2 7 |-4
2354 = (—168) - —2 — (—4) - (—84) = 0 0 0 594 0

im =

g (22 +7-0=(-4)

y=2

z-114+13-24+4-0=237

=1

L= {1/2/0}
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Lineare Gleichungssysteme und Gauf-Algorithmus

Losungen

Aufgabe (12)

2x + 3y + 4z =175 T Yy =z
4x 4 6y + bz = 287 2 3 41175
3z + 2y 4 8z = 257 4 6 5| 287
3 2 8| 257
Zeile2 = Zeile2 - 2-Zeilel - 4 . B
2251 =4-2-2-4=0 Y
2 3 4 175
2282 =6-2—-3-4=0
0 0 —-6]| —126
2283 =5-2—4-4=-6 3 9 8 957
2284 =287-2—175-4 = —126
Zeile3 = Zeile3 - 2-Zeilel - 3 .
2351 =3.2-2.3=0 y_z
2 3 4 175
2352=2-2—-3-3=-5
0 0 —61|-126
23s3=8-2—-4-3=4 0 -5 4 11
2384 =257-2—-175-3 = —11
r oy z
. 2 3 4 175
Zeilen vertauschen 0 -5 4 11
0 0 —61|-126
2= =71
y-(=5)+4-21=(-11)
y =19
r-24+3-1944-21 =175
r =17
L= {17/19/21}
Aufgabe (13)
6z +4y + 9z = 32 T Yy =z
5r + Ty 4+ 10z = 17 6 4 9 | 32
4x + 8y + 5z = 100 5 7 10| 17
4 8 5 | 100
Zeile2 = Zeile2 - 6-Zeilel - 5 . .
2251=5-6-6-5=0 Y
6 4 9 32
2282 =T7-6—4-5=22
0 22 15| —58
2283 =10-6—-9-5=15 4 8 5| 100
2284 =17-6 —32-5 = —58
Zeile3 = Zeile3 - 6-Zeilel - 4 . i ‘
2351 =4-6—6-4=0 Y
6 4 9 32
2352 =8-6—4-4=232
0 22 15 | —58
2383 =5-6—9-4=—-6 0 32 —6| 472
2354 =100-6 — 32 -4 =472
Zeiled = Zeiled - 22-Zeile2 - 32 r oy z
2352 =232-22-22-32=0 6 4 9 32
2383 = (—6)-22—15-32 = —612 0 22 15 —58
2354 =472-22 — (-58)-32=1,22- 10% 0 0 —61211,22-10%

2= 122400 _ 9
y-22+ 15 —20 = (—58)
y=11
x-6+4-114+9-(—20) =32
T =28

L ={28/11/ — 20}

Aufgabe (14)
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Lineare Gleichungssysteme und Gauf-Algorithmus

Losungen

r+y=1 T Yy =z ‘
r+z=6 1 1 0 1
y—z=>5 1 0 1 |6
0 1 —-115
Zeile2 = Zeile2 - 1-Zeilel - 1 vy .
22s1=1-1—-1-1=0 1 1 0 1
222=0-1—-1-1=-1 0 -1 1 5
2283=1-1-0-1=1 0 1 -1ls
2284 =6-1—-1-1=5
Zeile3 = Zeile3 - (—1)-Zeile2 - 1 xr Yy oz
232=1--1—-(-1)-1=0 1 1 0 1
2383 =(-1)--1-1-1=0 0 -1 1 5
23s4=5-—-1—-5-1=-10 0O 0 0| -10
L={}
Aufgabe
r—2y+32=9 T Yy =z
3x+8y+92=>5 1 -2 319
20+ 3y +62=17 3 8 9|5
2 3 6|7
Zeile2 = Zeile2 - 1-Zeilel - 3 . B
2251=3-1-1-3=0 — 1
22s2=8-1—-(-2)-3=14
0 14 0] —22
22s3=9-1-3-3=0 9 3 6 -
2254 =5-1—-9-3=-22
Zeile3 = Zeile3d - 1-Zeilel - 2
2351=2-1-1-2=0 “1“" y2 ; 5
23s2=3-1—-(-2)-2=7
0 14 0| —22
23s3=6-1—-3-2=0 o 7 ol-1u
2384 =7-1-9-2=—-11
Zeile3 = Zeile3 - 14-Zeile2 - 7 r Yy =z
23s2=7-14—-14-7=0 1 -2 3 9
2383=0-14—-0-7=0 0 14 0| —22
23s4 = (—11)-14 — (=22)-7=0 0O 0 0 0
L = unendlich
Aufgabe
6x +4y+ 52 =38
dr4+2y+32=7
S5r+3y+42=9
Zeile2 = Zeile2 - 6-Zeilel - 4
2251=4-6-6-4=0 g i ; <
22s2=2-6—4-4=—4 0 —4 —2110
2283=3-6—-5-4= -2 5 3 4 9
2284 =7-6—-8-4=10
Zeile3 = Zeile3 - 6-Zeilel - 5
23s1=5-6-6-5=0 R
232=3-6—-4-5=-2 6 4 0 8
0 —4 —-21]10
2383 =4-6—-5-5=-—1 0 -2 —1|14
23s4=9-6—-8-5=14
Zeile3 = Zeile3 - (—4)-Zeile2 - (—2) T Yy oz
23s2=(-2)-—4—(-4)-(-2)=0 6 4 5 8
233 =(-1)-—4—(-2)-(-2) =0 0 —4 -2 10
23s4=14--4—-10-(—-2) = —36 0 0 0 | —36

(16)
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Lineare Gleichungssysteme und Gauf-Algorithmus

Losungen

L={}
Aufgabe (17)

43y —2z=3 T Yy =z
3x+2y+z=2 1 3 —-21|3
y+3z2=5 3 2 1|2

01 3 |5
Zeile2 = Zeile2 - 1-Zeilel - 3 oy 5 ‘
22s1=3-1—-1-3=0 T 3 23
222=2-1-3-3=-7 0 -7 7 | _7
22s3=1-1-(-2)-3=7 o 1 3|5
228¢4=2-1-3-3=-7
Zeile3 = Zeile3 - (—7)-Zeile2 - 1 x oy z |
232=1--7—(=7)-1=0 1 3 -2 3
2383 =3-—-7T—-7-1=-28 0 -7 7 -7
234 =5-—7—(-7)-1=-28 0 0 —28|-28
z::—ggzl
y (DT 1= (-7)
y=2
z-143-24+(-2)-1=3
r=—1
L={-1/2/1}

Aufgabe (18)

x4+ 6y+82z=0 T Yy =z
5 4+ 6y + 672 =8 4 6 8|0
8x + 87y +62=6 5 6 6718

8 8 6 |6
Zeile2 = Zeile2 - 4-Zeilel - 5
22s1=5-4—4-5=0 G

4 6 8 0
2282=6-4—6-5=—6 0 —6 228 |32
2283 =67-4—8-5 =228 8 87 6 6
2284 =8-4—-0-5=32
Zeile3 = Zeile3 - 4-Zeilel - 8 " 5
23s1=8-4—4-8=0 . Z —t
2382 =87-4—6-8 =300
0 —6 228 | 32

2383 =6-4—8-8=—40 0 300 —40 | 24
234 =6-4—-0-8=24
Zeile3 = Zeile3 - (—6)-Zeile2 - 300 Ty z
2352 =300-—6 — (—6) - 300 =0 4 6 8 0
z353:(—40)~—6—228~300:—6,82~104 0 -6 228 32
2354 =24-—6—232-300 = —9,74-10° 0 0 —6,82-10*| —9,74-10°

o= 2T — 0,143

—6,82-10%
y-(—6) +228-0,143 = 32
y = 0,0991
2-446-0,0991+8-0,143 =0
z = —0,435

L = {-0,435/0,0991/0, 143}
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