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!", !$, … , !&

' = !")" + !$)$ +⋯+ !&)& ,

' a1 a2 … am 	�
�

' a1 a2 … am 	���. 

L(a1,a2, …, am) : a1, a2, …, am .
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1 .

2 "#, "%, ⋯ , "' .

3

0 = 0"# + 0"% +⋯+ 0"'.

"+ = 0"# +⋯+ 0"+,# + 1"+ + 0"+.# +⋯+ 0"'.

/0 = 1(3, 4, 5),

(7#, 7%, 70) = 7#3 + 7%4 + 705

/% = 1(3, 4),
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!" = $ %&, %&, ⋯ , %" ,

%& =

1

0
⋮

0

, %, =

0

1
⋮

0

,⋯ , %" =

0

0
⋮

1

n %&, %,, ⋯ , %" .

(.&, .,, ⋯ , .") = .&%& + .,%, +⋯+ ."%".

a1, a2, …, am ÎRn, L(a1,a2, …, am) !" —

— a1, a2, …, am .
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� ��,+ = (-., -/, ⋯ , -0)����	�
��

1o     2 ∈ 4(-., -/, ⋯ , -0);

2o AX = b��;

56 7(+) = 7(+).

1o 
Û2o * ∈ 9(!", !$, ⋯ , !&)

x1, x2, …, x
n

'"!" + '$!$ +⋯+ '&!& = *,

;< = * < =

'"
'$
⋮

'&

.
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2o 
Û3o R(A)	=	r,

)

*++ ⋯ *+- ⋯ *+. /+
⋱ ⋮ ⋮ ⋮

*2- ⋯ *2. /2
/23+

4 ⋮

0

= (6, /),

AX = b BX = d . 

AX = b Û dr+1 = 0 Û R(B, d) = R(B) = r Û 7()) = 7()).
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1 b = (1,0,-4)T a1 =(0,1,1)T, a2 =(1,0,1)T,a3 =(1,1,0)T .

! = −
5

2
&' −

3

2
&) +

5

2
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(�): !", !$, ⋯ , !& ,

(�): '", '$, ⋯ , '(,

 �(�)���
�%$��(�)���%��!��.��(�)��

(�)�

�!�� �(�)	�(�)�
����!��.��(�)	�(�)��.

(1)  �"�����%�$	�"���
(2)  ���� (�)	(�)���.(�)	(�)���
(3)  �#�� (�)	(�)���(�)	(�)��,.

(�)	(�)��.
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� !", !$, ⋯ , !&

!"a" + !$a$ +⋯+ !&a& = 0 ∗

a", a$, …, a& a", a$, …, a& .

(1) a

a Û a = 0 ( Û a ¹ 0 )

(2) a1, a2

a1, a2 ( ) Û ( ) .
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�1  n ����.� !", !$, ⋯ , !& 
�	�.

�

�2 �
��.��.�
����

� 1 0 + 0a1+ …+ 0a
m 

= 0



�����2
m�	��a1, a2, …, an, A =(a1, a2, …, an),���
��� 

1o
a1, a2, …, an����;

2o AX = 0
���;

3o !(#) < &

x1, x2, …, x
n

a1, a2, …, an1o 
Û2o
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R(A) = r,2o 
Û3o

AX = 0 BX = 0 . 

AX = 0 Û r < n.

BX = 0 Û r < n
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1 n a1, a2, …, an , A =(a1, a2, …, an), 

1o
a1, a2, …, an ;

2o AX = 0 ;

3o det A = 0.

���� ������ 

��	�:

R2, R3
a1, a2 Û a1//a2 ( ).

R3
a1, a2 , a3 Û a1, a2 , a3 .
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2  > .

A =(a1, a2, …, an)
m n, n> m,  

R( A) ≤ m < n,  

a1, a2, …, an .

Rn n + 1 .



16

3 a1 =(0,1,1), a2 =(1,0,1), a3 =(1,1,0)

1

,a1, a2 a3 .

2

R( A) = 3,  a1, a2 a3 .
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x1 b1 + x2b2 +x3b3 = 0,

x1 (a1+a2 ) + x2 (a2 +a3 ) + x3 (a3+ a1) =0.

(x1+x3 ) a1 +  (x1 +x2 ) a2 + (x2+ x3) a3 =0.

a1, a2 a3 

(*) .  b1, b2 , b3 .

4 a1, a2 , a3 b1 = a1+a2 , b2 = a2 +a3 , b3 = a3+ 

a1 .
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a1, a2, …, am��� �a1, a2, …, am , am +1 , …, an ��� .

� a1, a2 , …, am x1, x2, …, x
n 

x1a1+ x2a2+ …+ xmam = 0.

x1a1+ x2a2+ …+ x
m
am + 0am+1+  …+ 0an = 0.

x1, x2, …, x
m
, 0, …, 0 a1 , a2 ,…, an .

“ .”

“ .”



�����a1, a2 , …, am (m≥2)��4	������
���� �
���

�m - 1�
�����.

a1 a2 , …, am x2, …, xm

,221 mm
xx aaa ++= !

-1, x2, …, xm a1 , a2 ,…, am .

k1, k2, …, km 

k1a1+ k2a2+ …+ kmam = 0.

a1 a2 , …, am .

k1, k2, …, km k1≠0

a1, a2 , …, am Û .”
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�����a1, a2 , …, am ���� a1, a2 , …, am b���� �b	�a1, 

a2 , …, am���� ���
�.

k1, k2, …, km ,k 

k1a1+ k2a2+ …+ kmam + k b = 0.

k = 0

k1a1+ k2a2+ …+ kmam = 0.

k1, k2, …, km , a1, a2 , …, am .

k ≠ 0
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b a1, a2 , …, am

a1, a2 , …, am 

.
11 mm

lklk == !
.
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