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1. n(n−1)
2
− k . 2.


1 n 0

0 1 0

0 0 1

 . 3. 32022


1 1

3
1
5

3 1 3
5

5 5
3

1

 .

4. -3 . 5. 16 . 6. −16
27

�!O�K(z�K10©, �30©)

7. ): Dn =

∣∣∣∣∣∣∣∣∣∣∣∣

(n− 1)x+ 1 x · · · x

(n− 1)x+ 1 1 · · · x
...

...
...

(n− 1)x+ 1 x · · · 1

∣∣∣∣∣∣∣∣∣∣∣∣
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (5©)

=

∣∣∣∣∣∣∣∣∣∣∣∣

(n− 1)x+ 1 x · · · x

0 1− x · · · x
...

...
...

0 0 · · · 1− x

∣∣∣∣∣∣∣∣∣∣∣∣
= ((n− 1)x+ 1)(1− x)n−1. . . . . . . . . (10©)
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8. ): O2Ý
D =


1 0 1 2

1 2 −1 0

2 1 −a b

 =


1 0 1 2

0 1 −1 −1

0 0 −a− 1 b− 3

. . . . . . . . . (3©)

�a = −1, b = 3�,��§|kÃ¡õ),�)�

x1 = 2− k, x2 = k − 1, x3 = k,Ù¥k´?¿~ê. . . . . . . . . . . . . . . . . . . . . . . . . . (5©)

�a 6= −1§��§)��§�µ

�a 6= −1, b 6= 3�

x1 = −
2a+ b− 1

a+ 1
, x2 =

2− a− b
a+ 1

, x3 =
3− b
a+ 1

.

�a 6= −1, b = 3�§x1 = 2, x2 = −1, x3 = 0. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (8©)

�a = −1, b 6= 3�,XêÝ
���uO2Ý
��"��§|Ã). . . . . . (10©)

9. ):


1 0 −1

0 4 2

1 −1 0


−1

= 1
6


2 1 4

2 1 −2

−4 1 4

§. . . . . . . . . . . . . . . . . . . . . . . . . . . . (5©)

l
,

X = 1
6


2 1 4

2 1 −2

−4 1 4



2 −3 1

1 1 0

2 1 1

 =


13
6
−1

6
1

1
6
−7

6
0

1
6

17
6

0

. . . . . . . . . . . . . . . . . . . (10©)
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o!y²K(cü�K�10©§����K20©§�40©)

10. y: |^1�ª5�§r|A(t)|
¤2n�1�ª�Ú§qü��Ó§1�ª

�0§ÏdØ�0�1�ª�õ�Uk1�¹k��t.�

|A(t)| =

∣∣∣∣∣∣∣∣∣∣∣∣

a11 a12 ... a1n

a21 a22 ... a2n
...

...
...

an1 an2 ... ann

∣∣∣∣∣∣∣∣∣∣∣∣
+

∣∣∣∣∣∣∣∣∣∣∣∣

t a12 ... a1n

t a22 ... a2n
...

...
...

t an2 ... ann

∣∣∣∣∣∣∣∣∣∣∣∣

+ ...+

∣∣∣∣∣∣∣∣∣∣∣∣

a11 a12 ... a1,n−1 t

a21 a22 ... a2,n−1 t
...

...
...

an1 an2 ... an,n−1 t

∣∣∣∣∣∣∣∣∣∣∣∣
=|A|+ tA11 + tA21 + ...+ tAn1 + ...++tA1n + tA2n + ...+ tAnn

=|A|+ t
n∑

i=1

n∑
j=1

Aij.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (10©)

11. y: Ï�|A| 6= 0, K

 I O

−CA−1 I

A B

C D

 =

A B

O D − CA−1B

 . (5©)

ü>Ó��1�ª§�AC = CA, Kµ∣∣∣∣∣∣A B

C D

∣∣∣∣∣∣ =
∣∣∣∣∣∣A B

O D − CA−1B

∣∣∣∣∣∣ = |AD − CB|.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (10©)

12. y: (1)�Ý
r(A) = r, r(B) = s,éA��X�Ð�1C�P = P1P2...Pm,¦

�PA =

A′
r×n

O

. Ónµ�3Ð��C�Q¦�BQ =
(
B

′
n×s O

)
.
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K§r(AB) = r(PABQ) = r(

A′
r×n

O

(B′
n×s O

)
) = r(

A′
r×nB

′
n×s O

O O

) ≤

min{r, s}.

Ïd§r(AB) ≤ min{r(A), r(B)}. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (5 ©)

(2)�r(A) = r1, r(B) = r2, K�3�_Ý
P1, Q1, P2, Q2¦�

P1AQ1 =

Ir1 0

0 0

 , P2AQ2 =

Ir2 0

0 0

.

l
§AB = P−11

Ir1 0

0 0

Q−11 P−12

Ir2 0

0 0

Q−12 . . . . . . . . . . . . . . . . . . . . . . . (7 ©)

-C = Q−11 P−12 =

IC1 C2

C3 C4

, Ù¥C1´r1 × r2�Ý
§r(C) = n, q

Ir1 0

0 0

Q−11 P−12

Ir2 0

0 0

 =

C1 0

0 0

 = D.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (10©)

�r(AB) = r(D) = r(C1).


C1�u3C¥�Kn−r11§n−r2��¤��Ý
§q3Ý
¥�K�1(�)§

Ý
���õ~�1§¤±

r(AB) = r(C1) ≥ n− (n− r1)− (n− r2) = r1 + r2 − n.

¤±r(AB) ≥ r(A) + r(B)− n. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (15©)

(3)��|^(2)�(Ø§�µ0 = r(AB) ≥ r(A) + r(B)− n. . . . . . . . . . . . . . (20 ©)
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5µ112Kkõ«y{§~Xµ

1(1)�K��Xe�{y²µ

�Ý
A���þ|´α1, α2, ..., αn, Ø��b = (bij)n×n, K

AB =(α1, α2, ..., αn)


b11 b12 ... b1n

b21 b22 ... b2n
...

...
...

bn1 bn2 ... bnn


=(b11α1 + b21α2 + ...+ bn1αn, ..., b1nα1 + b2nα2 + ...+ bnnαn).

=µÝ
AB���þ�±dA���þ|�5LÑ§Ïdr(AB) ≤ r(A).

|^þã(Ø9Ý
=��5���µr(AB) = r((AB)′) = r(B′A′) ≤ r(B′) =

r(B). Ïd§r(AB) ≤ min{r(A), r(B)}.

1(2)�K��±^Xeü«y²�{µ

�{(I)µ��^�ªn+ r(AB) = r

In O

O AB

§,�é
In O

O AB

^©¬Ý

�Ð�1C�,C�

B In

O A

¶
�{(II)µòBX = 0�Ä:)X*¿�ABX = 0�Ä:)X��Ý5y(n−r(AB))−

(n− r(B)) ≤ n− r(A).

1(3)�K��±Xe�{y²µ

�B = {B1, B2, ..., Bn}. duAB = 0, �Bi´àg�5�§|AX = 0�). Ï

d§B���r(B)Ø�LAX = 0)�m��ên− r(A),=r(A) + r(B) ≤ n.
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