
OQz pvTM� ( Systems of Linear Equations )

n <�j x1, · · · , xn, m <7 , &7 G�


























a11x1 + a12x2 + · · · + a1nxn = b1

a21x1 + a22x2 + · · · + a2nxn = b2

...

am1x1 + am2x2 + · · · + amnxn = bm�X x1 = c1, · · · , xn = cn (���7 -�0�hÆ;� (c1 · · · cn) �:7 G,+G℄ (solution) �XUWImk �
• 7 G
9&:℄��C1℄Æ1Q<℄�
• �D{7 G,℄�
• ℄,?��	�
• ℄,QD\A (�+<46+$7 �	+�uqA ) �

§2.1 Gauss ryRWIhq: X7 G�ZGÆ9J({℄�^ 2.1














3x1 + 2x2 − x3 = 6 �
x1 + 3x2 + 2x3 = 9 �
2x1 − x2 + 3x3 = 3 � →















x1 + 3x2 + 2x3 = 9 �
2x1 − x2 + 3x3 = 3 �
3x1 + 2x2 − x3 = 6 � →















x1 + 3x2 + 2x3 = 9 �
−7x2 − x3 = −15 	
−7x2 − 7x3 = −21 ��−


−→















x1 + 3x2 + 2x3 = 9

−7x2 − x3 = −15

6x3 = 6

|)
−→















x1 + 3x2 = 7

−7x2 = 14

x3 = 1

−→















x1 = 1

x2 = 2

x3 = 1^ 2.2


























x1 + 2x2 + 3x3 + 4x4 = −3

x1 + 2x2 − 5x4 = 1

2x1 + 4x2 − 3x3 − 19x4 = 6

3x1 + 6x2 − 3x3 − 24x4 = 7

→



























x1 + 2x2 + 3x3 + 4x4 =−3

−3x3 − 9x4 = 4

−9x3 − 29x4 = 12

−11x3 − 36x4 = 16
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→







x1 + x2 + 3x3 + 4x4 =−3

−3x3 − 9x4 = 4n {

x2 = t1

x4 = t2
→

{

x1 = 1 = 2t1 + 5t2

x3 = −
4

3
− 3t2

→



























x1 = 1 − 2t1 + 5t2

x2 = t1

x3 = −
4

3
− 3t2

x4 = t2UWIJV �
(1) YIi<7 � ©i ↔ ©j

(2) r<7 �+<8l�� c ×©i

(3) r7 �+8l�T*m+<7 � c ×©i + ©jP℄ 2.1 �<N��IX7 G���℄7 GÆ.#�K��<=�
§2.2 Gauss ryNZ{Kf℄7 G,�FÆ�6��48ÆÆ.#d-�}�6�}s[_^ 2.1

x1 x2 x3 1







3 2 −1 6

1 3 2 9

2 −1 3 3






↔







1 3 2 9

2 −1 3 3

3 2 −1 6






↔







1 3 2 9

0 −7 −1 −15

0 −7 −7 −21






↔







1 3 2 9

0 −7 −1 −15

0 0 6 6





2
g 2.1 E, &7 G-U2














3x1 + 2x2 − x3 = 6

−7x2 − 72x3 = −21

6x3 = 6i<^+�,gF�
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}s[_^ 2.2


























x1 + 2x2 + 3x3 + 4x4 = −3

x2 + 2x3 − 5x4 = 1

2x1 + 4x2 − 3x3 − 19x4 = 6

3x1 + 6x2 − 3x3 − 24x4 = 7^ 2.3: nYd^














3x1 − 2x2 + 5x3 + 4x4 = 2

6x1 − 7x2 + 4x3 + 3x4 = 3

9x1 − 9x2 + 9x3 + 7x4 = −1

§2.3 xHouSL~N Gauss ryYR
1. iRag
2. �|te























c11 · · · c1,j2−1 · · · · · · · · · c1n d1

c2j2 · · · c2,j3−1 · · · · · · c2n d2

...
...

...
...

cr,jr
· · · crn dr

0 · · · 0
...

0 · · · 0 dm





















P℄ 2.2  &7 G,℄���bt 1 di 6= 0, i ∈ {r + 1, · · · ,m}, 7 G�℄�bt 2 di = 0, i = r + 1, · · · ,m x r = n, 7 1�+℄�bt 3 di = 0, i = r + 1, · · · ,m, r < n, 7 1�z3℄� xj1 , · · · , xjr
�81h��Æv3�1h�� (�1 n − r <), R� t1, · · · , tn−r. ;7 ,�℄d-#�

t1, · · · , tn−r , &GE�22w$7 ÆC1y$ 2 � 3 5��l` 2.1 w$ &7 G18l℄!*�W� r < n, C1l℄�W� ⇔ r = n.l` 2.2 � m < n, ;w$ &7 G+/18l℄�
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J��=b��",Q<N���� (1) ℄,&:&4�+&��,℄a� (2){℄��,℄a��pH'S()_7 ,?�℄P℄,QD\A�22 n = 3 ,y$Æ02o<7 �	��eVD,+<uqÆ.#7 G,℄X
+"uq,YOÆ.#℄Od-
+<uqÆ+�A Æ+<.MeO�>fÆ
r 
a/℄O,+<8��>,jXUsNmk�

1. �D%77 Gt�℄,&:&��+&P3℄�
2. �D%77 GA[~/ r?

3. r 
9�+�
4. ℄O,'!4 r 1DB��
5. A[%77 L+℄� (?�) ℄��)_7 G,℄� (?�) ℄Æ�pX/�%k�,;s��)_7 G,℄+�& (&:&Æ�+&-), �p/�`?,8Æ (��
�68Æ). �)_ &7 G,℄O,\AÆ�pX/� &eV,;s� &7 G

↓

− − −−−−−− −−−−−−−−− −−−−−−−−−

↓ ↓ ↓%k� ` ?  &eV\j�w�
1. {�k &7 G,�℄�



























2x1 + 3x2 − x3 + x4 = 1

8x1 + 12x2 − 9x3 + 8x4 = 3

4x1 + 6x2 + 3x3 − 2x4 = 3

2x1 + 3x2 + 9x3 − 7x4 = 3
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2. λ �DB�Æ�k &7 G1℄��{℄�














2x1 − x2 + x3 + x4 = 1

x1 + 2x2 − x3 + 4x4 = 2

x1 + 7x2 − 4x3 + 11x4 = λ

3*. 
9&:5 F � R ⊂ F ⊂ C?
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