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2.5 [ ������������� ] �����������! 
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2.6 �C�A�D5FEHGCI��B5A�BJK12LA+NMAO<PRQ�ST= 2 UWVC(X 1 UW+BYCZC[C\ (AB = BA)]�^`_ /D,�-�acb 2 U�+�d<e�f (A 6= O,B 6= O . AB = O E�,c(����`bAg�h�/ O +�d��c� ) ��ij .`V�(� 4 ��������k�U�-�=�l #�m�#�n ��V�o��! 
p�q

3 �A�r��.Asut��rvCw��rxF/uy�/ugC cz|{~}F+�l # ECs��u.C'� ��F�rk 2 Ur�A� A, B �� S`=���(�E!��P������ AB 6= BA
]�^�_ /�y�'C �.��!����'�(�k�+ 0 ��I ] ��-������u} ] -

-�.D'��� ���{���'���(�E AB = BA k�,cS�=�/�y�-�y�' ]��  
������

2.7 2 ������������������� ���
(1) ��w 2.7 �����
(2) �r���u5FkW�F/X�r�r[<\ (A(B + C) = AB + AC,(A + B)C = AC + BC) E¡ <�A[r\

((AB)C = A(BC))
]�^�_ '�( " E������� 

(3) �c� A = (aij) kX¢�/ B = (bij) � bij = aji .D6<£`gc¤Db B � A �D¥`¦c�`��E$-`- B = tA

E!§�'C " ��¤ t(AB) = tBtA ������ 

(4) n �A�r� A =



















0 1 0 · · · 0

0 0 1 · · · 0
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0 · · · 0 1

0 · · · 0



















ku¢�/ An = O( dr�A� )
]C^r_ 'F(�a����r� (n =

3, 4 ¨�.�©���/�=�ª�� ) 



(5) n �A�r� A =
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0 0 · · · 1 0
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...

0 1 · · · 0

1 · · · 0



















ku¢«/ An �C�r�A���¡ (n = 2, 3, 4 ¨�.C©r��/u=

ª�� ) 
(6) i >= j ��¤ aij = 0 .�V�(���1!, n ����� A = (aij) k�¢�/ An = O(d���� )

]�^�_ '�(ua
����� (n = 3, 4 ¨�.�©���/�=�ª�� ) 

(1) En = (δij) ��¬������E!'�(� "�" . δij +�®�¯!°�±�²�³���´�µ�¶· A = (aij) � (m, n) ���
EB'�(ub B = (bij) = AEn E¡'F(u bij =

n
∑

s=1

aisδsj EC,r(u s 6= j �FEuO δsj = 0 ,A��.u r¸
bij = aijδjj = aij E�,�(� ���Sc= B = A .�V�(D �¹���5���s�t�k�.�O�(� 
(2) (AB)C = A(BC) ��ª���'º A = (aij) � (m.n) ���`b B = (bij) � (n, p) ����b C = (cij) �
(p, q) ����E!'�(� AB = (dij) E!»�P�E dij =

n
∑

s=1

aisbsj .�VA(� (AB)C = (eij) E$»¼P�E eij =

p
∑

t=1

ditctj =

p
∑

t=1

(

n
∑

s=1

aisbst

)

ctj =

p
∑

t=1

n
∑

s=1

aisbstctj =

n
∑

s=1

p
∑

t=1

aisbstctj E�,�(� BC = (fij) E$»
P�E fij =

p
∑

t=1

bitctj .�V�(u A(BC) = (gij) E!»�PAE gij =
n
∑

s=1

aisfsj =
n
∑

s=1

ais

(

p
∑

t=1

bstctj

)

=

n
∑

s=1

p
∑

t=1

aisbstctj E�,�{ eij = gij ��{ A(BC) = A(BC)
] ��:�(� 

(3) A = (aij), B = (bij),
tA = (cij),

tB = (dij) EB»¼P<E cij = aji, dij = bij .rVA(@ �y
g AB = (eij),

t(AB) = (fij) E¡»«P�E fij = eji =
∑

s=1

ajsbsi .rV�(C tBtA = (gij) E¡»�PrE!b
gij =

n
∑

s=1

discsj =

n
∑

s=1

bsiajs =

n
∑

s=1

ajsbsi = eji = fij , ��S�= t(AB) =t BtA
]�^�_  

(4),(5) k�U�-�=�+ n = 2, 3, 4 ��E�O�����/�=�b�½���t�,�����k�,�(�:�¾�¿�'�(� �l���¾�¿ ]�À /
- " E�� n ;�Á�I�Â�Ã�Ä�Å�[�.�Æ�Ç�' # Á��!-� 
(6) �<�D�Cw��BÈ<kN�C'caWk<�A{ ^C_ �B�`' " E ] .CO`(B É�`� A = (aij)

] Vc( k kX¢Ê/ j 6= i+k

kN¢F/ aij = 0 EB,ºST=!-�(AEH'W(B " �Bt�,B�C�CËCÌW�XÍC�W� Rk EHÎFPR j < i+k �AEBO aij = 0

E�,�(�����Ë�Ì���Í���� Tk E!Î�PH �6�7���{ k > n ��E�O Rk, Tk +�d�������ª�:�3�,�(� �y�g
Rk ⊆ Tk .`V�(� 
1) A ∈ Rk, B ∈ Rk′ k�¢�/ AB ∈ Rk+k′

2)A ∈ Tk kC¢¼/B�r� A1 ∈ Rk, A2 ∈ Tk+1

] i j /C= A = A1 + A2 EC,r(C �¹�ku�A� A1 ∈

Rk, A2 ∈ Tk+1 k�¢�/ A = A1 + A2 E!»�P`E A ∈ Tk .�V�(� 
3) A ∈ Tk, B ∈ Tk′ ,<3�Á AB ∈ Tk+k′

4) A ∈ T1 ,�3 An ∈ Tn+1
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2.8 ����Ï������ ]�À \�.�V�(�g�£���)�*cÐ���Ñ�Ò���Ó�£��! 

A =













a 1 x y

0 b 1 z

0 0 c 1

0 0 0 d













y�g À \���E�O�¹�������Ó�£��! 
B = (bij)

]
AB = E4 ��Ô�gX'�E`/�=��XÕ�Ö��D×�O�yD'C "!# ] %�� � UcÑ�Ò ] A

]�À \<.�V
(�Ñ`Ò�.�'C �����'�(�E!b a 6= 0, b 6= 0, c 6= 0, d 6= 0

] ��:�{!y�' (G�Ø�����/�=�ª�=�>�?!- ) �l
��Ñ`Ò ^�_ ��E�O bij � a, b, . . . , x, y, z ��Ù�Sc=CÎ�O�>���Á�¹��c� ] Ó�y�{!y�'C 
������

2.9 A
]�À \���E�O tA � À \�.�V�{Úb (tA)−1 = t(A−1) ������ 

A
]uÀ \�,��A. AB = BA = E Eu,�(C�r� ] i j /uy�'C 3 Û���¥r¦��A����EC(�E tE = E b

t(AB) = tBtA ,���. tBtA = tAtB = E E�,�{ tA �!¹���� tB � � U " E ] ��:�{!y�'C 


