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1 . �î¼�mR2þ�SÈ½Â�(X ,Y ) = XT

(
1 0

0 2

)
Y , K�þ(1,1)T��Ý� .

√
3

2 . �¢é¡Ý



2 0 0

0 −1 1

0 1 a

 ���qu


λ1

λ2

0

, Ka = , λ2 = ,

λ1 = . −1; 2; −2½−1; −2; 2

3 .�10��
A´º¡��Ý
,K17´A� ­A��. 9

4 .�A´n�¢é¡Ý
��_, KAÚ§���Ý
A∗3Eê�þ ÜÓ,3¢ê�

þ ÜÓ.£ÀW”7½”½/�70¤7;�7

5 .�g. f (x1,x2,x3) = (x1 + x2)
2 +(x2 + x3)

2− (x3− x1)
2 ��.5�êp = ,K.5

�êq = . 1; 1

6 .�n�¢é¡Ý
A÷va11ann < 0,K (ÀW/70½/�70)�3�"��þX ,

¦�XTAX = 0. 7

�!üÀK (18©. zK3©,�6K)

1 .�V´n�î¼�m, α,β ∈V ,K±e'uSÈ�`{¥, ´�Ø�. B

(A)e(α,α) = 0,Kα = 0 (B)e(α,β ) = 0,Kα = 0½β = 0

(C)e(α,β ) = |α||β |,Kα,β�5�' (D)e0 < (α,β )< |α||β |,Kα,β�5Ã'
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2 .�α1 =(1,0,1)T, α2 =(1,2,1)T, α3 =(3,1,2)T,Pβ1 =α1, β2 =α2−kβ1, β3 =α3−l1β1−l2β2.

eβ1,β2,β3üü��,Kl1, l2�g� . A

(A) (5
2 ,

1
2) (B) (−5

2 ,
1
2) (C) (5

2 ,−
1
2) (D) (−5

2 ,−
1
2)

3 .�SÚT´î¼�mV�ýf�m,±e·K�Ø�´ . D

(A) S⊥S⊥ (B) S∩S⊥ = 0

(C)eS⊥T�V = S+T ,KT = S⊥ (D)eV = S+T�S∩T = 0,KT = S⊥

4 .�A´n���Ý
,eA = A−1,�A 6=±E,Ke�`{�(�k �. D

a. A´¢é¡Ý
 b. A�A����¢ê

c. A�¤k�U�A��´±1 d. A�A�f�mV1 =V⊥−1

A. 1 B. 2 C. 3 D. 4

5 .�A´3�¢é¡Ý
, E´3�ü Ý
. eA2 +A = 2E,�detA = 4,K�g.XTAX�5�

/´ . C

A. y2
1 + y2

2 + y2
3 B. y2

1 + y2
2− y2

3 C. y2
1− y2

2− y2
3 D. −y2

1− y2
2− y2

3

6 .�A´��½Ý
, B´�½Ý
,±e`{�Ø�´ . C

A. A�A��≥ 0 B. A+B�Ìfª> 0

C. AB´��½Ý
 D. B����3é��þ

n!(14©)®��g.

f (x1,x2,x3) = x2
1 +2x2

2 +2x2
3 +2x1x2−2x1x3, g(y1,y2,y3) = y2

1 + y2
2.

(1)¦�_�5O�X =CY ,ò f (x1,x2,x3)z¤g(y1,y2,y3);

(2)´Ä�3���5O�X =CY ,ò f (x1,x2,x3)z¤g(y1,y2,y3)? �{ãnd.

) (1) ({�) - f (x1,x2,x3) = XTAX ,Ù¥

A =


1 1 −1

1 2 0

−1 0 2

 , X =


x1

x2

x3

 .
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Kd

(
A

E

)
=



1 1 −1

1 2 0

−1 0 2

1

1

1


→



1 0 0

0 1 1

0 1 1

1 −1 1

1 0

1


→



1

1

0

1 −1 2

1 −1

1


.

-X =CY ,Ù¥C =


1 −1 2

1 −1

1

,K f (x1,x2,x3) = y2
1 + y2

2 = g(y1,y2,y3).

({�) k f (x1,x2,x3) = x2
1 +2x2

2 +2x2
3 +2x1x2−2x1x3 = (x1 + x2− x3)

2 +(x2 + x3)
2.

2-:


y1 = x1 + x2− x3

y2 = x2 + x3

y3 = x3

,KC−1 =


1 1 −1

1 1

1

, C =


1 −1 2

1 −1

1


({n) ®��g. f (x1,x2,x3)éA�Ý
�

A =


1 1 −1

1 2 0

−1 0 2

 .

¤±

fA(x) = |λE−A|=


λ −1 −1 1

−1 λ −2 0

1 0 λ −2

= λ (λ −2)(λ −3).

ÏdA�A���λ1 = 0,λ2 = 2,λ3 = 3.

�λ = 0�,dAX = 0)�X1 = (2,−1,1)T,2òÙü zQ1 = ( 2√
6
,− 1√

6
, 1√

6
)T;Ón��,�λ =

2�, Q2 = (0, 1√
2
, 1√

2
);�λ = 3�, Q3 = ( 1√

3
, 1√

3
,− 1√

3
). dd-

Q =


1√
3

0 2√
6

1√
3

1√
2
− 1√

6

− 1√
3

1√
2

1√
6

 , QTAQ =


3

2

0



K-C =


1
3 0 2√

6
1
3

1
2 − 1√

6

−1
3

1
2

1√
6

,�¦ f (x1,x2,x3) = y2
1 + y2

2.
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(2)Ø�3.

Ï����5O��±C�c���g.Ý
�A���Ó,½,�Ó.®�^�� fÚg�Ý


�A��9,Ø�Ó,�Ø�3���5O�X =CY ,ò f (x1,x2,x3)z¤g(y1,y2,y3).

~��Ø1õ�O��Ø§11�¯1n«�{Q"�ü z§½öCO��Ø.

~��Ø21��¯�ò�{n�CÀ���Ý
l
�Ñ�3�(Ø.

o!(12©)e A´�½Ý
,y²:

(1) detA≤ anndetAn−1,Ù¥ detAn−1´ A�1 n−1�^SÌfª;

(2) detA≤ a11a22 · · ·ann.

y² (1) ({�) PA =

(
An−1 α

αT ann

)
. ÏA�½, A�¤k^SÌfª�u",KAn−1¢é¡,^

SÌfª��u",ÏdAn−1�½,�A−1
n−1�½, αTA−1

n−1α ≥ 0,Kann−αTA−1
n−1α ≤ ann.

q (
En−1 0

−αTA−1
n−1 1

)(
An−1 α

αT ann

)
=

(
An−1 α

0 ann−αTA−1
n−1α

)
.

Ïd

detA = detAn−1(ann−α
TA−1

n−1α)≤ ann detAn−1.

({�) PA =

(
An−1 α

αT ann

)
. Ó{��An−1�½,ÏdAn−1�_,�

(
En−1 0

−αTA−1
n−1 1

)(
An−1 α

αT 0

)
=

(
An−1 α

0 −αTA−1
n−1α

)
,

K−αTA−1
n−1α ≤ 0,Ïd

detA =

∣∣∣∣∣ An−1 0

αT ann

∣∣∣∣∣+
∣∣∣∣∣ An−1 α

αT 0

∣∣∣∣∣≤
∣∣∣∣∣ An−1 0

αT ann

∣∣∣∣∣= ann detAn−1.

(2) éÝ
�ên^8B{. �n = 1�, A = a11, ·K¤á. 8Bb�(Øén− 1�Ý


¤á. �Ý
�ê�n�, d(1), detA ≤ ann detAn−1. d8Bb�Pn−1 ≤ a11a22 · · ·an−1,n−1, ¤

±detA≤ a11a22 · · ·ann.

~��Ø1�y²An−1�½½vky²��oαTA−1
n−1α ≥ 0.

~��Ø2@�αTA−1
n−1α > 0. Ïα�U�0,¤±�UäóαTA−1

n−1α ≥ 0.

14�,�12�



2023-2024Æc1�ÆÏf��ÆêÆ�ÆÆ�5p��ê(II)6Ï"�Áò

Ê!(10©)�A,BÑ´n���½Ý
. ¦y: �3�_Ý
C,¦�

CTAC = diag(1,1, · · · ,1,0,0, · · · ,0),CTBC = diag(µ1,µ2, · · · ,µn).

y² ({�) (o½) Äk,Ï�A, B��½,¤±�3�_Ý
P,¦�

PTAP =

(
Er

O

)
, PTBP =

(
B11 B12

B21 B22

)

KPTBPÚB22E´��½Ý
.

Ùg�±äór(B21,B22) = r(B22). ¯¢þ, ÏB22��½, ¤±�3�_Ý
S, ¦�STB22S =

diag(Es,O),@o

(
E

S

)T(
B11 B12

B21 B22

)(
E

S

)
=


D B1 B2

BT
1 Es O

BT
2 O O

 .
= B

′
= (bi j)n×n.

5¿�B
′
��½,Ù?¿2�^SÌfª

∣∣∣∣∣ bii bi j

bi j b j j

∣∣∣∣∣ ≥ 0,¤±eB
′
�1(i, i)��0,KB

′
�1i1Ú

1i����0,�B2 = O. l


r(B21,B22) = r(ST(B21,B22)diag(E,S)) = r

(
BT

1 Es O

O O O

)
= s = r(B22).

þª`²B21���þ�dB22��þ�5LÑ,=�3Ý
T ,¦�B21 =B22T .-Q=

(
Er

−T En−r

)
,

K

QT

(
B11 B12

B21 B22

)
Q =

(
Er −T T

En−r

)
, QT

(
Er

O

)
Q =

(
Er

O

)
.

Ï�B11−T TB22T , B22��½,��3��Ý
Q1ÚQ2,¦�QT
1 (B11−T TB22T )Q1 = diag(µ1, · · · ,µr),

QT
2 B22Q2 = diag(µr+1, · · · ,µn). -C = P

(
Er

−T En−r

)(
Q1

Q2

)
,KC�_,�

CTAC = diag(1,1, · · · ,1,0,0, · · · ,0),CTBC = diag(µ1,µ2, · · · ,µn).

({�) Ï�A, B��½,¤±�3�_Ý
P,¦�

PTAP =

(
Er

O

)
, PTBP =

(
B11 B12

B21 B22

)

KPTBP´��½Ý
.

15�,�12�
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�n > r�,òPTBP©¬�

(
Bn−1 α

αT µn

)
.

eµn 6= 0,-Tn =

(
En−1

−αT

µn
1

)
. eµn = 0,d��½Ý
PTBP�?¿2�^SÌfªþ�u�u

",�α = 0. -Tn = En. ÏdÃØµn´Ä�0,ok

T T
n

(
B11 B12

B21 B22

)
Tn =

(
Bn−1

µn

)
, T T

n

(
Er

O

)
Tn =

(
Er

O

)
.

KBn−1´��½Ý
.

en−1 > r,�n−1���½Ý
Bn−1����é���µn−1,Ón���3�_Tn−1,¦�

T T
n−1Bn−1Tn−1 =

(
Bn−2

µn−1

)
.

l
 (
T T

n−1

1

)(
Bn−1

µn

)(
Tn−1

1

)
=


Bn−2

µn−1

µn


� (

T T
n−1

1

)(
Er

O

)(
Tn−1

1

)
=

(
Er

O

)
.

Øä�e�, ���_Ý
Tn, Tn−1, · · · , Tr+1, -T = Tn−1

(
T T

n−1

1

)
· · ·

(
T T

r+1

En−r−1

)
,

KT�_,

T T

(
B11 B12

B21 B22

)
T =


Br

µr+1
. . .

µn

 , T T

(
Er

O

)
T =

(
Er

O

)
.

Ï�Br��½,��3��Ý
Q,¦�QTBrQ = diag(µ1, · · · ,µr),-C = PT

(
Q

En−r

)
,KC�

_,�

CTAC = diag(1,1, · · · ,1,0,0, · · · ,0),CTBC = diag(µ1,µ2, · · · ,µn).
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~��Ø Ï�A��½, ¤±�3�_Ý
P, ¦�PTAP = diag(Er,O). Ï�B��½, ¤

±PTBP��½,�3��Ý
Q,¦�QTPTBPQ= diag(µ1,µ2, · · · ,µn).�QTPTAPQ= diag(Er,O).

òQ©¤2×2©¬Ý
,��O���ù��QØU�yQTPTAPQ = diag(Er,O).

8!(12©)�M�n�¢�
,eé?¿�"¢��þα ,okαTMα > 0,K¡M�æ�½Ý
. y²

e�n�(Ø�d:

(1) M´æ�½Ý
;

(2) M+MT´�½Ý
;

(3) M = A+S,Ù¥A´�½Ý
, S´¢�¡Ý
.

y² ({�) (1) ⇒ (2) w,M +MT´¢é¡Ý
, �ÏM´æ�½Ý
, ¤±é?¿¢�þ

α 6= 0,ok

α
T(M+MT)α = α

TMα +α
TMT

α = 2α
TMα > 0,

¤±M+MT´�½Ý
.

(2) ⇒ (3) -A = 1
2(M +MT), S = 1

2(M−MT), KA¢é¡, S¢�¡Ý
, M = A+ S, �d(2)�,

A�½.

(3)⇒ (1) é?¿¢�þα 6= 0,Ï�S´�¡Ý
,¤±αTSα =−(Sα)Tα =−αT(Sα) =−αTSα ,

�αTSα = 0. (ÜA�½, αTMα = αTAα +αTSα = αTAα > 0,ÏdM´æ�½Ý
.

({�) (�ZW,�ïH,�È¸,ö��,�ô�,��H,M��,c�c,{UR,)�°�)

(1)⇒ (2) Ó{�.

(2) ⇒ (1) eMØ´æ�½Ý
, K�3�"¢�þα , ¦�αTMα ≤ 0. �αT(M +MT)α =

2αTMα ≤ 0,gñ.

(2)⇒ (3) Ó{�.

(3)⇒ (2) d®��M+MT = A+S+AT +ST = 2A,Ï�A�½,¤±M+MT�½.

({n) (��!,G^Ã,©d�,Z�,üIÊ,!òº,ÿ§ø,y�Ó,"�L,É>��) (1)

⇔ (2) Ó{�.

(1) ⇒ (3) -A = 1
2(M +MT), S = 1

2(M−MT), KM = A+ S, d(1) ⇒ (2)�A�½. ��O�

�ST = 1
2(M

T−M) =−S,¤±S´�¡Ý
.

(3) ⇒ (1) ÏA�½, ¤±é?¿�"¢�þα , αTAα > 0. ÏS�¡, ¤±αTSα = −αTSTα =

−αT(Sα), ÏdαTSα = 0. ?
αTMα = αTAα +αTSα = αTAα > 0, ùÒy²
M´æ�½Ý


.

~��Ø1y²(2)¤á�,��ÑM+MT´é¡Ý
.

17�,�12�
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~��Ø2 (3)y²¥vk�EAÚS.

~��Ø3y²Ø��,X�y²(1)⇒ (2), (3)⇒ (2), (3)⇒ (1).

Ô!(10©)�ϕ´n�î¼�mV���C�.y²Im(ϕ− idV ) = Im(ϕ− idV )
2.

y² ({�) (é©Y, ��â, ���, ��4, ,�¨, �Æ�, �aj, �£®, �õ�, )�

9,>¦¯,�êL,���,
�Z,
Ó,
å�,ë�î,x��,ÉÓ�) Ï�ϕ´n�î¼�

mV���C�,¤±�3V�IO��Äξ1, ξ2, . . . , ξn,¦�ϕ 3TÄe�Ý
�Q,=

ϕ(ξ1,ξ2, . . . ,ξn) = (ξ1,ξ2, . . . ,ξn)Q,

Ù¥

Q = diag{1, · · · ,1,−1, · · · ,−1,S1, · · · ,St},

1kp�, −1kq�, p+q+2t = n�Si =

(
cosθi −sinθi

sinθi cosθi

)
, θi ∈ (0,π) (i = 1,2, . . . , t).

d�, ϕ− idVÚ(ϕ− idV )
23TÄe�Ý
©O�

Q−E = diag{0, · · · ,0,−2, · · · ,−2,S1−E2, · · · ,St−E2}

Ú

(Q−E)2 = diag{0, · · · ,0,4, · · · ,4,(S1−E2)
2, · · · ,(St−E2)

2}.

5¿�Si−E2 (i = 1, . . . , t)�_. �
(Si−E2)
2 (i = 1, . . . , t)��_. Ïd

Im(ϕ− idV ) = 〈ξp+1,ξp+2, . . . ,ξn〉= Im(ϕ− idV )
2.

({�) (�è#) é?¿β ∈ Im(ϕ− idV )
2,�3α ∈V¦�

β = (ϕ− idV )
2(α) = (ϕ− idV )((ϕ− idV )(α)).

¤±β ∈ Im(ϕ− idV ). �
Im(ϕ− idV )
2 ⊆ Im(ϕ− idV ).

Ïd,�yIm(ϕ− idV ) = Im(ϕ− idV )
2,�Iy²

dimIm(ϕ− idV ) = dimIm(ϕ− idV )
2.

�½V���IO��Ä, �ϕ3TÄe�Ý
�Q. Ï�ϕ´n�î¼�mVþ���C�, ¤

±Q���Ý
. d�, idV3TÄe�Ý
�ü Ý
E. �
, ϕ− idVÚ(ϕ− idV )
2 3TÄe�

Ý
©O�Q−EÚ(Q−E2)�

dimIm(ϕ− idV ) = r(Q−E), dimIm(ϕ− idV )
2 = r((Q−E)2).
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2023-2024Æc1�ÆÏf��ÆêÆ�ÆÆ�5p��ê(II)6Ï"�Áò

3Eê�Cþ,�3jÝ
U¦�

ŪTQU = diag{1, · · · ,1,−1, · · · ,−1,λ1, λ̄1, · · · ,λt , λ̄t}

Ù¥1kp�, −1kq�, p+q+2t = n�λi 6=±1. ?
,

ŪT(Q−E)U = diag{0, · · · ,0,−2, · · · ,−2,λ1−1, λ̄1−1, · · · ,λt−1, λ̄t−1},

ŪT(Q−E)2U = diag{0, · · · ,0,4, · · · ,4,(λ1−1)2,(λ̄1−1)2, · · · ,(λt−1)2,(λ̄t−1)2}.

¤±,

r(Q−E) = r(ŪT(Q−E)U) = r(ŪT(Q−E)2U) = r((Q−E)2).

nþkIm(ϕ− idV ) = Im(ϕ− idV )
2.

({n) (p��) Äk,é?¿β ∈ Im(ϕ− idV )
2,�3α ∈V ,¦�

β = (ϕ− idV )
2(α) = (ϕ− idV )((ϕ− idV )(α)).

¤±β ∈ Im(ϕ− idV ). �


Im(ϕ− idV )
2 ⊆ Im(ϕ− idV ).

Ùg,é?¿β ∈ Im(ϕ− idV ),�3α ∈V ,¦�

β = (ϕ− idV )(α) = ϕ(α)−α.

5¿�V = Im(ϕ− idV )⊕ (Im(ϕ− idV ))
⊥. �
,�3α1 ∈ Im(ϕ− idV )Úα2 ∈ (Im(ϕ− idV ))

⊥,¦

�α = α1 +α2. d�,

ϕ(α2) = α2 +α1−ϕ(α1)+β = α2 + β̃

Ù¥β̃ = α1−ϕ(α1)+β�β̃ ∈ Im(ϕ− idV ). ¤±(α2, β̃ ) = 0,=(α2,ϕ(α2)−α2) = 0. ?
k

(α2,α2) = (ϕ(α2),α2).

qÏ�ϕ´n�î¼�mV���C�,¤±

(β̃ , β̃ ) = (ϕ(α2)−α2,ϕ(α2)−α2)

= (ϕ(α2),ϕ(α2))+(α2,α2)−2(ϕ(α2),α2)

= (α2,α2)+(α2,α2)−2(α2,α2) = 0.

�
β̃ = 0,=α1−ϕ(α1)+β = 0. ¤±β = (ϕ− idV )(α1) ∈ Im(ϕ− idV )
2. Ïd

Im(ϕ− idV )⊆ Im(ϕ− idV )
2.
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nþ=�Im(ϕ− idV ) = Im(ϕ− idV )
2.

({o) (x��) �yIm(ϕ− idV ) = Im(ϕ− idV )
2,�Iy

Im(ϕ− idV )∩Ker(ϕ− idV ) = {0}.

é?¿β ∈ Im(ϕ− idV )∩Ker(ϕ− idV ),�3α ∈V ¦�

β = ϕ(α)−α � ϕ(β )−β = 0.

Ï�ϕ´n�î¼�mVþ���C�,¤±

(α,β ) = (ϕ(α),ϕ(β )) = ((ϕ− idV )(α)+α,β ) = (α +β ,β ) = (α,β )+(β ,β ).

�
(β ,β ) = 0,=β = 0.Ïd,

Im(ϕ− idV )∩Ker(ϕ− idV ) = {0}.

({Ê) (HgÕ) �yIm(ϕ− idV ) = Im(ϕ− idV )
2,�Iy

Im(ϕ− idV )∩Ker(ϕ− idV ) = {0}.

é?¿β ∈ Im(ϕ− idV )∩Ker(ϕ− idV ),�3α ∈V ¦�

β = ϕ(α)−α � ϕ(β )−β = 0.

Ï�V = 〈β 〉⊕〈β 〉⊥,�3α1 ∈ 〈β 〉Úα2 ∈ 〈β 〉⊥¦�

α = α1 +α2, ϕ(α1)−α1 = 0 � (α2,β ) = 0.

qÏ�ϕ´n�î¼�mVþ���C�,¤±

(ϕ(α2),β ) = (ϕ(α2),ϕ(β )) = (α2,β ) = 0.

�
ϕ(α2) ∈ 〈β 〉⊥�

β = ϕ(α)−α = ϕ(α1)+ϕ(α2)−α1−α2 = ϕ(α2)−α2 ∈ 〈β 〉⊥.

¤±β = 0.?


Im(ϕ− idV )∩Ker(ϕ− idV ) = {0}.

({8) (iV�,�r ) �½V���IO��Ä,�ϕ3TÄe�Ý
�Q.Ï�ϕ´n�î¼�

mV���C�,¤±Q���Ý
. d�, idV3TÄe�Ý
�ü Ý
E. y²Im(ϕ− idV ) =

Im(ϕ− idV )
2�duy²Im(Q−E) = Im(Q−E)2.
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éu?¿Ý
A ∈ Fn×n,Ï�

〈Ax,y〉= 〈x,ATy〉 ∀ x,y ∈ Fn,

¤±

(Im(A))⊥ = Ker(AT).

�
,�y²Im(Q−E) = Im(Q−E)2�Iy²

Ker(QT−E) = Ker(QT−E)2.

é?¿x ∈ Ker(QT−E),k(QT−E)x = 0. �
(QT−E)2x = 0,=x ∈ Ker(QT−E)2. ¤±

Ker(QT−E)⊆ Ker(QT−E)2.

é?¿x ∈ Ker(QT−E)2,k(QT−E)2x = 0,=((QT)2−2QT +E)x = 0. qÏ�

Q((QT)2−2QT +E) = QT−2E +Q,

¤±

−(QT−E)(Q−E)x = (QT−2E +Q)x = Q((QT)2−2QT +E)x = 0.

?
,

((Q−E)x,(Q−E)x) = xT(QT−E)(Q−E)x = 0.

¤±(Q−E)x = 0. Ïd, Ker(QT−E)2 ⊆ Ker(QT−E).

nþk

Ker(QT−E) = Ker(QT−E)2.

~��Ø1��C�5�¦^�Ø;�5C��óÚÝ
�ó¦^·Ï;=��Ý
/ª���

²IO��Ä;��Ý
�IO.¦^�Ø.

l!(6©)�A�n���½Ý
, B�n¢�
. y²: ekg,êr,¦�ArB = BAr,K7kAB = BA.

y² ({�) (�½º,���,o�L,�û7,Ç��,N�ñ,
���) é��½Ý
A,�3

��Ý
Q,¦�QTAQ = diag(λ1,λ2, · · · ,λn),Ù¥λi ≥ 0, i = 1,2, · · · ,n.

dArB=BAr,�(QTAQ)r(QTBQ)= (QTBQ)(QTAQ)r.PQTBQ=(bi j)n×n,Kdiag(λ r
1 ,λ

r
2 , · · · ,λ r

n)D=

Ddiag(λ r
1 ,λ

r
2 , · · · ,λ r

n).

'��ªü>Ý
�(i, j)��, λ r
i bi j = λ r

j bi j. ���λ r
i 6= λ r

j , Òkbi j = 0. 
λi ≥ 0, Ïdλ r
i =

λ r
j¿�^�´λi 6= λ j. ���λi 6= λ j,Òkbi j = 0.

111�,�12�



2023-2024Æc1�ÆÏf��ÆêÆ�ÆÆ�5p��ê(II)6Ï"�Áò

ù�L5q`²diag(λ1,λ2, · · · ,λn)D=Ddiag(λ1,λ2, · · · ,λn).=QTAQQTBQ=QTBQQTAQ,�AB=

BA.

({�) (�L¹) Äky²,é�½Ý
A,�3õ�ª f (x),¦�A = f (Ar).

¯¢þ,éA,�3��Ý
Q,¦�QTAQ = diag(λ1,λ2, · · · ,λn). . . . . . . . . . . . . . . . . . . . . . . . . . . (1©)

dLagrange��úª, - f (x) = ∑
n
i=1 λi ∏ j 6=i

x−λ r
j

λ r
i −λ r

j
, K f (λ r

i ) = λi, l
 f (QTArQ) = QTAQ, �A =

f (Ar).

Ïd,eArB = BAr,KAB = BA�¿�^�´ f (Ar)B = B f (Ar).

Ùgy²eA��½, ·K¤á. Ï�eA��½, Ké?¿t > 0, A+ tE�½. dþ¡y²

k(A+ tE)rB = B(A+ tE)r¿�^�´(A+ tE)B = B(A+ tE),¿�^�´AB = BA.

~��Ø�y²��odλ r
i bi j = λ r

j bi j ��λibi j = λ jbi j.

N\K (10©)�A,Bþ�2024���Ý
,àg�5�§|AX = BX (X ∈R2024)�)�m�ê�3. ¯

Ý
A,B´Ä�U�q? y²\�(Ø.

y² A, BØ�q.

({�) (�W¨) -C = AB−1,KdA, B´��Ý
�C�´��Ý
,ÙA�����1. ¤±C�

��qudiag(Ep,−Eq,K1, · · · ,Kr),Ù¥Ki =

(
cosθi −sinθi

sinθi cosθi

)
, i = 1,2, · · · ,r, detC = (−1)q.

Ï�AX = BX�(E−C)X = 0Ó), �)�m�ê�3, `²Ck3­A��1, =q = 3. ¤±−1 =

detC = detAdetB 6= 1,�detA 6= detB,l
A, BØ�q.

({�) (ÇeX) -C = AB−1,KdA, B´��Ý
�C�´��Ý
,ÙA�����1. ¤±CE

�qué�Ý


diag(Ep,−Eq,cosθ1 + i sinθ1,cosθ1− i sinθ1, · · · ,cosθr + i sinθr,cosθr− i sinθr),

Ù¥0 < θ j < π , j = 1,2, · · · ,r, detC = (−1)q.

Ï�AX = BX�(E−C)X = 0Ó), �)�m�ê�3, `²Ck3­A��1, =q = 3. ¤±−1 =

detC = detAdetB 6= 1,�detA 6= detB,l
A, BØ�q.

~��Ø1��d(E−C)X = 0)�m�ê�3,íäE−C�0A��´3­�.

~��Ø2�A�A���λ1,λ2, · · · ,λn, B�A���µ1,µ2, · · · ,µn,KC�A���λ
−1
1 µ1,λ

−1
2 µ2,

· · · ,λ−1
n µn.
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