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8¹

�F´一个ê�, A,B ∈ Fm×n. 称A�-uB, 如JA�

以²L一X�1�Ú��初�变换化为A, �d/, 如J�3

�_Ý
P ∈ Fm×m, Q ∈ Fn×n, ¦�A = PBQ.
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�©)

4 A^2: Ý
���·K�y²

5 Ý
��-��5N�



lÝ
��-!å

�æH

�价关X与�价分类

F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

1 �d'X��d©a

2 Fm×n¥��-'X

3 A^1:Ý
�©)

4 A^2: Ý
���·K�y²

5 Ý
��-��5N�



lÝ
��-!å

�æH

�价关X与�价分类

F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

�d'X��d©a

½Â1 给½8ÜS, �8Ü{Si|i ∈ I}, I为k�或无�8,

´8ÜS�子8族, 若÷足:

(1) S =
⋃
i∈I

Si;

(2) Si

⋂
Sj = ∅(i 6= j, i, j ∈ I).

K称{Si|i ∈ I}´S�一个©a, Si称为S�一个a.



lÝ
��-!å

�æH

�价关X与�价分类

F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

½Â2 �S´一个8Ü, T´S × S�子8. K我�称T
½义
S�一个��'X, P为∼. éu任意(x, y) ∈ S × S,

若(x, y) ∈ T , K称xÚyk'X, P为x ∼ y; 若(x, y) 6∈ T , K

称xÚyvk'X, P为x 6∼ y.

½Â3 8ÜS�一个��'X” ∼ ”称为S�一个�d'
X, 如J÷足:

(1) ��5: éu任意�x ∈ S, kx ∼ x;

(2) é称5: 若x ∼ y, Ky ∼ x;

(3) D45: 若x ∼ y, y ∼ z, Kx ∼ z.
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·K1 8ÜS�一个©aû½S�一个�d'X.

y² �{Si | i ∈ I}´S�一个©a, ½义'Xx ∼ y :⇐⇒
x�y3Ó一个a¥. e¡y²d为�d'X.

(1) éu任意�x ∈ S, �3i ∈ I¦�x ∈ Si. xÚx3一a

¥, 所以=x ∼ x;

(2) 若x ∼ y, =xÚy3Ó一a¥, 所以y�xáuÓ一a,

因dy ∼ x;

(3) 若x ∼ y, y ∼ z, =xÚyáuÓ一a, yÚzáuÓ一a.

所以x, y, záuÓ一a. �x ∼ y.
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·K2 8ÜS�一个�d'X” ∼ ”û½S�一个©a.

y² é任意�x ∈ S, -Sx = {y | y ∈ S, y ∼ x}. e¡验
yd为S�一个©a.

(1) éu任意�x ∈ S, dux ∼ x, =x ∈ Sx. �S¥任一
�素必áu,一a, =S =

⋃
Sx.

(2) éu任意üaSy, Sz, 或öSy

⋂
Sz = ∅, 或öSy = Sz.

¯¢上, �x ∈ Sy

⋂
Sz, K按½义kx ∼ y, x ∼ z. dé称5

�y ∼ x, x ∼ z, 2dD45, ��y ∼ z. �y ∈ Sz. ?一步,

éu任意�a ∈ Sy, ka ∼ y, y ∼ z. 因da ∼ z. =Sy ⊆ Sz. Ó

nSz ⊆ Sy. �Sy = Sz.
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Fm×n¥��-'X

《高��ê》�程¥��d'Xk:

Fm×n¥��-'X;

Fn×n¥��似'X;

Rn×n¥����似'X;

Fn×n¥全Né称Ý
�ÜÓ'X;

F上所k�5�m�Ó�'X;

�5�mV��þ组��d'X.
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·K3 �A,B ∈ Fm×n, KA�-uB

⇔ A�以²L一X�1Ú��初�变换化为B

⇔ �3�_Ý
P ∈ Fm×m, Q ∈ Fn×n, ¦�A = PBQ

⇔ A,B�©别²L一X�1Ú��初�变换化为Ó一

个

(
Ir 0

0 0

)
, Ù¥Ir´r�ü位


⇔ rank(A) = rank(B).
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所以, 3Fm×n¥��-'X´�d'X. Ý
��´�

-'X�完全不变þ. z一a��表�´

(
Ir 0

0 0

)
. 按ì�

d'X�©为la, ùpl = min{m,n}+ 1.
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A^1:Ý
�©)

K1 (1) �A ∈ Fm×n, 且rank(A) = r. 求y:

A = A1 +A2 + · · ·+Ar,

ùprank(Ai) = 1, 1 ≤ i ≤ r.

(2) �A,B ∈ Fm×n, 且rank(A) = r, rank(B) = 1. 求y:

�3�_
P1, P2, · · · , Pr ∈ Fm×mÚ�_
Q1, Q2, · · · , Qr

∈ Fn×n, ¦�

A = P1BQ1 + P2BQ2 + · · ·+ PrBQr.



lÝ
��-!å

�æH

�价关X与�价分类

F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

A^1:Ý
�©)

K1 (1) �A ∈ Fm×n, 且rank(A) = r. 求y:

A = A1 +A2 + · · ·+Ar,

ùprank(Ai) = 1, 1 ≤ i ≤ r.

(2) �A,B ∈ Fm×n, 且rank(A) = r, rank(B) = 1. 求y:

�3�_
P1, P2, · · · , Pr ∈ Fm×mÚ�_
Q1, Q2, · · · , Qr

∈ Fn×n, ¦�

A = P1BQ1 + P2BQ2 + · · ·+ PrBQr.



lÝ
��-!å

�æH

�价关X与�价分类

F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

K2 �A ∈ Fm×n, rank(A) = r. 求y:

(1) �3�_
P ∈ Fm×m, ¦�PA =

(
M

0

)
, Ù¥

M ∈ F r×n且rank(M) = r;

(2) �3�_
Q ∈ Fn×n, ¦�AQ =
(
N 0

)
, Ù¥

N ∈ Fm×r且rank(N) = r;

(3) A�似u

(
M

0

)
, Ù¥M ∈ F r×n且rank(M) = r;

(4) A�似u
(
N 0

)
, Ù¥N ∈ Fm×r且rank(N) = r.
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�价关X与�价分类

F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

K2 �A ∈ Fm×n, rank(A) = r. 求y:

(1) �3�_
P ∈ Fm×m, ¦�PA =

(
M

0

)
, Ù¥

M ∈ F r×n且rank(M) = r;

(2) �3�_
Q ∈ Fn×n, ¦�AQ =
(
N 0

)
, Ù¥

N ∈ Fm×r且rank(N) = r;

(3) A�似u

(
M

0

)
, Ù¥M ∈ F r×n且rank(M) = r;

(4) A�似u
(
N 0

)
, Ù¥N ∈ Fm×r且rank(N) = r.
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X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

K2 �A ∈ Fm×n, rank(A) = r. 求y:

(1) �3�_
P ∈ Fm×m, ¦�PA =

(
M

0

)
, Ù¥

M ∈ F r×n且rank(M) = r;

(2) �3�_
Q ∈ Fn×n, ¦�AQ =
(
N 0

)
, Ù¥

N ∈ Fm×r且rank(N) = r;

(3) A�似u

(
M

0

)
, Ù¥M ∈ F r×n且rank(M) = r;

(4) A�似u
(
N 0

)
, Ù¥N ∈ Fm×r且rank(N) = r.
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F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

K2 �A ∈ Fm×n, rank(A) = r. 求y:

(1) �3�_
P ∈ Fm×m, ¦�PA =

(
M

0

)
, Ù¥

M ∈ F r×n且rank(M) = r;

(2) �3�_
Q ∈ Fn×n, ¦�AQ =
(
N 0

)
, Ù¥

N ∈ Fm×r且rank(N) = r;

(3) A�似u

(
M

0

)
, Ù¥M ∈ F r×n且rank(M) = r;

(4) A�似u
(
N 0

)
, Ù¥N ∈ Fm×r且rank(N) = r.
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�价关X与�价分类

F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

K3 (1) �M ∈ F r×n, rank(M) = r. 求y: �3�_
Q,

¦�

MQ =
(
Ir 0

)
;

(2)�N ∈ Fm×r, rank(N) = r. 求y: �3�_
P ,¦�

PN =

(
Ir

0

)
;
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�价关X与�价分类

F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

K3 (1) �M ∈ F r×n, rank(M) = r. 求y: �3�_
Q,

¦�

MQ =
(
Ir 0

)
;

(2)�N ∈ Fm×r, rank(N) = r. 求y: �3�_
P ,¦�

PN =

(
Ir

0

)
;
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�价关X与�价分类

F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

(3) �A ∈ F r×n, rank(A) = r. 求y: �3B ∈ Fn×r

且rank(B) = r,¦�

AB = Ir;

(4) �A ∈ Fn×r, rank(A) = r. 求y: �3C ∈ F r×n

且rank(B) = r, ¦�

CA = Ir;

(5) 问上¡�B,C´Ä唯一?



lÝ
��-!å

�æH

�价关X与�价分类

F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

(3) �A ∈ F r×n, rank(A) = r. 求y: �3B ∈ Fn×r

且rank(B) = r,¦�

AB = Ir;

(4) �A ∈ Fn×r, rank(A) = r. 求y: �3C ∈ F r×n

且rank(B) = r, ¦�

CA = Ir;

(5) 问上¡�B,C´Ä唯一?
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�价关X与�价分类

F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

(3) �A ∈ F r×n, rank(A) = r. 求y: �3B ∈ Fn×r

且rank(B) = r,¦�

AB = Ir;

(4) �A ∈ Fn×r, rank(A) = r. 求y: �3C ∈ F r×n

且rank(B) = r, ¦�

CA = Ir;

(5) 问上¡�B,C´Ä唯一?
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�价关X与�价分类

F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

K4 (1) �A ∈ Fm×n. Krank(A) = r ⇐⇒ �3
B ∈ Fm×r,C ∈ F r×m且rank(B) = rank(C) = r, ¦�

A = BC;

(2) 问(1)¥�(B,C)´Ä基本唯一. =, 如J�3

B1 ∈ Fm×r, C1 ∈ F r×m且rank(B1) = rank(C1) = r,¦�

A = B1C1, ´Ä�3�_P ∈ F r×r,¦�

B1 = BP, C1 = P−1C?
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�价关X与�价分类

F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

K4 (1) �A ∈ Fm×n. Krank(A) = r ⇐⇒ �3
B ∈ Fm×r,C ∈ F r×m且rank(B) = rank(C) = r, ¦�

A = BC;

(2) 问(1)¥�(B,C)´Ä基本唯一. =, 如J�3

B1 ∈ Fm×r, C1 ∈ F r×m且rank(B1) = rank(C1) = r,¦�

A = B1C1, ´Ä�3�_P ∈ F r×r,¦�

B1 = BP, C1 = P−1C?
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�价关X与�价分类

F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

(3) �A ∈ Fm×n. Krank(A) = r ⇐⇒ �3r个�5无
'�α1, α2, · · · , αr ∈ F 1×n, r个�5无'�β1, β2, · · · , βr

∈ Fm×1, ¦�

A = β1α1 + β2α2 + · · ·+ βrαr;

(4) 若�3,外r个�5无'�α′1, α
′
2, · · · , α′r ∈ F 1×n, r个

�5无'�β′1, β
′
2, · · · , β′r ∈ Fm×1, ¦�

A = β′1α
′
1 + β′2α

′
2 + · · ·+ β′rα

′
r

求y: �þ组α1, α2, · · · , αr�α
′
1, α

′
2, · · · , α′r�d; �þ组

β1, β2, · · · , βr�β
′
1, β

′
2, · · · , β′r�d;
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�价关X与�价分类

F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

(3) �A ∈ Fm×n. Krank(A) = r ⇐⇒ �3r个�5无
'�α1, α2, · · · , αr ∈ F 1×n, r个�5无'�β1, β2, · · · , βr

∈ Fm×1, ¦�

A = β1α1 + β2α2 + · · ·+ βrαr;

(4) 若�3,外r个�5无'�α′1, α
′
2, · · · , α′r ∈ F 1×n, r个

�5无'�β′1, β
′
2, · · · , β′r ∈ Fm×1, ¦�

A = β′1α
′
1 + β′2α

′
2 + · · ·+ β′rα

′
r

求y: �þ组α1, α2, · · · , αr�α
′
1, α

′
2, · · · , α′r�d; �þ组

β1, β2, · · · , βr�β
′
1, β

′
2, · · · , β′r�d;
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�价关X与�价分类

F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

K5 �A ∈ Fn×n. 求y:

(1) A = BC = DE, ùpB2 = B, E2 = E, C,D´n��

_
;

(2) A�²L一X�1�(或��)初�变换化为��
;

(3) A�²L一X�1�(或��)初�变换化为é称
.
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F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

K5 �A ∈ Fn×n. 求y:

(1) A = BC = DE, ùpB2 = B, E2 = E, C,D´n��

_
;

(2) A�²L一X�1�(或��)初�变换化为��
;

(3) A�²L一X�1�(或��)初�变换化为é称
.
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F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

K5 �A ∈ Fn×n. 求y:

(1) A = BC = DE, ùpB2 = B, E2 = E, C,D´n��

_
;

(2) A�²L一X�1�(或��)初�变换化为��
;

(3) A�²L一X�1�(或��)初�变换化为é称
.
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�价关X与�价分类

F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

K6 (1) �A ∈ Fn×n, rank(A) = r. 求y:�3B ∈ Fn×n

且rank(B) = n− r, ¦�AB = 0;

(2) �A ∈ Fn×n, rank(A) = r. 求y:�3B ∈ Fn×n且

rank(B) = n− r, ¦�AB = BA = 0;

(3) �A,B ∈ Fn×n, rank(A) + rank(B) ≤ n. 求y: �3

�_
M ∈ Fn×n, ¦�AMB = 0;
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�价关X与�价分类

F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

K6 (1) �A ∈ Fn×n, rank(A) = r. 求y:�3B ∈ Fn×n

且rank(B) = n− r, ¦�AB = 0;

(2) �A ∈ Fn×n, rank(A) = r. 求y:�3B ∈ Fn×n且

rank(B) = n− r, ¦�AB = BA = 0;

(3) �A,B ∈ Fn×n, rank(A) + rank(B) ≤ n. 求y: �3

�_
M ∈ Fn×n, ¦�AMB = 0;
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�价关X与�价分类

F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

K6 (1) �A ∈ Fn×n, rank(A) = r. 求y:�3B ∈ Fn×n

且rank(B) = n− r, ¦�AB = 0;

(2) �A ∈ Fn×n, rank(A) = r. 求y:�3B ∈ Fn×n且

rank(B) = n− r, ¦�AB = BA = 0;

(3) �A,B ∈ Fn×n, rank(A) + rank(B) ≤ n. 求y: �3

�_
M ∈ Fn×n, ¦�AMB = 0;
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�价关X与�价分类

F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

(4) �A ∈ Fn×n. 求)Ý
�程AXA = A;

(5) (4)¥�)´Ä唯一? �o^�e唯一?

(6) A ∈ Fn×n, rank(A) = r. 求y: �3B ∈ Fn×n

且rank(B) = n− r, ¦�A+B为�_
;

(7) A ∈ Fn×n, rank(A) = r. 求y: �3B, C

∈ Fn×n且rank(B) = rank(C) = r, ¦�AB = CA.
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�价关X与�价分类

F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

(4) �A ∈ Fn×n. 求)Ý
�程AXA = A;

(5) (4)¥�)´Ä唯一? �o^�e唯一?

(6) A ∈ Fn×n, rank(A) = r. 求y: �3B ∈ Fn×n

且rank(B) = n− r, ¦�A+B为�_
;

(7) A ∈ Fn×n, rank(A) = r. 求y: �3B, C

∈ Fn×n且rank(B) = rank(C) = r, ¦�AB = CA.
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F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

(4) �A ∈ Fn×n. 求)Ý
�程AXA = A;

(5) (4)¥�)´Ä唯一? �o^�e唯一?

(6) A ∈ Fn×n, rank(A) = r. 求y: �3B ∈ Fn×n

且rank(B) = n− r, ¦�A+B为�_
;

(7) A ∈ Fn×n, rank(A) = r. 求y: �3B, C

∈ Fn×n且rank(B) = rank(C) = r, ¦�AB = CA.
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F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

(4) �A ∈ Fn×n. 求)Ý
�程AXA = A;

(5) (4)¥�)´Ä唯一? �o^�e唯一?

(6) A ∈ Fn×n, rank(A) = r. 求y: �3B ∈ Fn×n

且rank(B) = n− r, ¦�A+B为�_
;

(7) A ∈ Fn×n, rank(A) = r. 求y: �3B, C

∈ Fn×n且rank(B) = rank(C) = r, ¦�AB = CA.
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�价关X与�价分类

F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

1 �d'X��d©a

2 Fm×n¥��-'X

3 A^1:Ý
�©)

4 A^2: Ý
���·K�y²

5 Ý
��-��5N�
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F m×n
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应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

A^2: Ý
���·K�y²

K7 �A ∈ Fm×n, B ∈ Fn×l, K

rank(AB) ≤ min{rank(A), rank(B)}.

K8 rank(A+B) ≤ rank(A) + rank(B).

K9 rank(AB) ≥ rank(A) + rank(B)− n,

ùpA ∈ Fm×n, B ∈ Fn×l.

K10 rank(ABC) ≥ rank(AB) + rank(BC)− rank(B).
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应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

1 �d'X��d©a

2 Fm×n¥��-'X

3 A^1:Ý
�©)

4 A^2: Ý
���·K�y²

5 Ý
��-��5N�
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应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

Ý
��-��5N�

·K4 � V ´ê� F 上 n 维�5�m, ξ1, ξ2, · · · , ξn
Úξ′1, ξ

′
2, · · · , ξ′n´V�基且

(ξ′1, ξ
′
2, · · · , ξ′n) = (ξ1, ξ2, · · · , ξn)P.

�W´m维�5�m, η1, η2, · · · , ηmÚη
′
1, η

′
2, · · · , η′m´W �基

且

(η′1, η
′
2, · · · , η′m) = (η1, η2, · · · , ηm)Q.

�ϕ´V�W��5N�,且

ϕ(ξ1, ξ2, · · · , ξn) = (η1, η2, · · · , ηm)Am×n,

ϕ(ξ′1, ξ
′
2, · · · , ξ′n) = (η′1, η

′
2, · · · , η′m)Bm×n.

KB = Q−1AP ,=A�-uB.
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X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

·K5 �A,B ∈ Fm×n, A�-uB. =�3m��_


QÚn��_
P¦�B = Q−1AP . �V´ê�F上n维

�5�m, ξ1, ξ2, · · · , ξn ´V�基. �W´m维�5�m,

η1, η2, · · · , ηm´W�基. �ϕ´V�W��5N�,且

ϕ(ξ1, ξ2, · · · , ξn) = (η1, η2, · · · , ηm)Am×n.

-ξ′1, ξ
′
2, · · · , ξ′n´V�,一组基,¦�

(ξ′1, ξ
′
2, · · · , ξ′n) = (ξ1, ξ2, · · · , ξn)P.

η′1, η
′
2, · · · , η′m´W�,一组基,¦�

(η′1, η
′
2, · · · , η′m) = (η1, η2, · · · , ηm)Q.

K

ϕ(ξ′1, ξ
′
2, · · · , ξ′n) = (η′1, η

′
2, · · · , η′m)Bm×n.



lÝ
��-!å

�æH
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F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

5 �A,B ∈ Fm×n. 上¡·K4Ú·K5说², A�-u

B�充©必要^�´AÚB´n维�5�m�m维�5�m�

Ó一个�5N�3不Ó基e�Ý
.

A别/, �A,B ∈ Fn×n, A�似uB�充©必要^�´A

ÚB´n维�5�m�Ó一个�5变换3不Ó基e�Ý
.
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F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

duA总�-u标准.

(
Ir 0

0 0

)
. 所以我�k

·K6 �ϕ´n维�5�mV�m维�5�mW��5N

�. K�3V�一组基ξ1, ξ2, · · · , ξn, W�一组基η1, η2, · · · , ηm,

¦�

ϕ(ξ1, ξ2, · · · , ξn) = (η1, η2, · · · , ηm)

(
Ir 0

0 0

)
.
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应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

K11 �ϕ´n维�5�mV�m维�5�mW��5N

�. 求y:

(1) dimIm(ϕ) + dimKer(ϕ) = n;

(2) ϕ´ü��5N�⇔r = n;

(3) ϕ´÷��5N�⇔r = m.
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F m×n
¥��-关

X

应用1:Ý
�分)

应用2: Ý
���·

K�y²

Ý
��-与�5映�

K11 �ϕ´n维�5�mV�m维�5�mW��5N

�. 求y:

(1) dimIm(ϕ) + dimKer(ϕ) = n;

(2) ϕ´ü��5N�⇔r = n;

(3) ϕ´÷��5N�⇔r = m.
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Ý
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K12 �V,U´k�维�5�m, ϕ : V → U´�5N�.

y²:

(1) �3k�维�5�mW�÷��5N�ψ : V →W ,

ü��5N�σ : W → U , ¦�ϕ = σψ;

(2) (1)¥�©)3Ó�意义e´唯一�. =: 若�3,一

个k�维�5�mW1�÷��5N�ψ1 : V →W1, ü��5

N�σ1 : W1 → U , ¦�ϕ = σ1ψ1, K�3�5�mÓ�

θ : W →W1, ¦�θϕ = ϕ1, σ1θ = σ.
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K13 �ϕ´n维�5�mV�m维�5�mW��5N

�. 求y: V = V1 ⊕ V2, Ù¥V1
∼= Imϕ, V2 = Kerϕ.

K14 �ϕ´n维�5�mV��5变换. 求y: ϕ = ψθ, Ù

¥ψ, θ´�5变换, ψ2 = ψ且θ´�_�5变换.
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Thank you！
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