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�������� �!#"%$�&(') +*%,�-/.#0 �)�+1�243�5#6 "87 � (1)
 89 �;:8<+:>=@?A� A = (aij), B =

(bij), C = (cij)
*/7#B � A + B = (aij + bij) C  )" (A + B) + C = ((aij + bij) + cij)

* CED/< 7 �F�G B + C = (bij + cij) C  �" A + (B + C) = (aij + (bij + cij))
* CHD/< 7 �)I�J  %K+ �L)M�NO 2�D (aij + bij) + cij = aij + (bij + cij)

* C B� �" (A + B) + C = A + (B + C) P�Q)RH:%< 7 �S  ���+T ,�.+0�"�U�B� �"�V�W :�< 7 �
X�@�Y�

1.9 Z([  %\]* I(J  Y\@ Y^ ?`_@Tba U#ced�&gf 2 h�i B � 1 h�TYj(k N O (AB = BA)

P�Q>RH:%C�3�l)m 2 h+T�n#o�p (A 6= O,B 6= O
"

AB = O
* C B Z�[>m '�q : O T�n�Z)[ )

 �r
s " i B �+t�u+v�u�w+��i�x+2/�
y>z T%{�| 0 Z>[ A, B ��} &)f�~+B�* AB = BA P�Q)RH:%C�3)� M P>� *8�+�%"�7 �]�/5+P8�� '

A, B
0�� : AB = BA P�Q�RH: ' � M��+ +�� ��� ��"��+� 3��� z T A, B

* : f Q�5 0 0
 �� 3�Z�[������ * AB = O

0 Q�D���3 "�7 � F�� 0
 �� 3�Z�[

T 1 h  Q�5+����3 f�7��+f 0
* 3�?�Z�[ "�7 P����
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'�q : a, b T+�/5  s�� ���  �� 2 ���
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0 1 0

0 0 1
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(5) i >= j
 ��

aij = 0
" i B 2+?/C�Z�[ A = (aij)

0�� : A3

� u+T '�q �)� 7�B�q 6 "�7>� � ')q : (3)  >¡ (4) T n = 2, 3
"%¢ : 0 �>�H: f%9+f m F)£ "� ?4C B�¤ ��¥�¦ 7+B�§�¨ P�i B�¤+� :/u�<�� � �



© 0 {�|  Z�[ */ª k+C�Z�[+T�«�¬��®>Z�[ 0�¯�B �������
(∗)

1.11 °  l�I+��±+²��H2 ((∗) P�h�3 f 3 B�³ �+T�´H:/µH:/3 ¤+� )�
(p, q) Q�5 (p Z q [  Q�5 )
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1
" S  Q�5+P 0

0 C B Z�[+� Epq

*4¶Hc ��w+·�1
E23 =







0 0 0

0 0 1

0 0 0







" i B � A = (aij) P�{�|  Z�[ */ª k q+*/7+B+* m Epq

 �¸+ Z�[ *��/ª

k " i B � �  9 ¹  Z�[ */ª k " i B+* 3�?�º�»+� ¶+U�� �+1�±+² � u B �
¼>½ Z�[ 0�� :/�+P�Q�R 7+B �

t(A + B) = tA + tB, ttA = A
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Z>[ A = (aij)
 ¼�½ Z¿[ tA

0�� :�t  Q�5+� (cij)
*/ÀHc�* m aij = cji

 �Á�Â P�i B � �  
l�I���Ã�3 f t�u+v�u  Q�5+� ¶+U�� �+1>Ä f�~+B �

@�+�Å�
1.13 Z@[ A P tA = A �(Æ '�7Ç*(U m>È�É A =







a11 a12 a13

a21 a22 a23

a31 a32 a33







*/7]B�*ÅU m
{@|  i, j

0 h#3 f aij = aji PÅQ@R 7]B�*)U m A �(Ê¿Ë@Ì�Í (symmetric matrix)
* 3Î?A�+<'

tA = −A P(Q¿R 7�B�*�U m�h�<ÏDÐ{�|  i, j
0 h¿3 f aij = −aji P�Q@R 7�B]*ÅU�Ñ@Ò Ì¿Í

(alternating matirx)
* 3�?A� �  +*�U �+�������

(1) As =
1

2
(A + tA), Aa =

1

2
(A − tA)

*/ÀHc�*�U m As T ��Ó Z�[)m Aa T�j�Ô " i B �
(2) A = B + C

*/ÕH� u f m B P ��Ó m C P�j�Ô�Z�[  +*�U m B = As, C = Aa P�Q�R 7+B �
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" �H: ' l�I��8Ø�3�< 7 �Ùt%u *�� ? 1 h)mÚ? &(¤ D ¶+U8Û u+<#: ' P%m t(aA) =

a tA
* 3�?�l�I � Ø�3#< 7 ( ÜH�/±+²+: f��+� 3 )� (1) T As, Aa

 ¼�½ Z�[+�8���H: f�9 u+1�5¤ D4< 7 � (2) T A
 ¼�½ Z�[�� *�&�f m#t�u+� B, C ��Ã�3 f%Õ : f�Ý+f��+� 3)� A

*
tA P *��0

B, C
"�ÕH� u f 3 B+*�U m � u+��Þ�R G�ß�à q+*/á+&>f B, C

0�Á : f�âHc�* ���
>���8�

1.14
�(Ó Z>[ A, B

0Y� : A
*

B P ª k " i B l * AB P �)Ó Z>[ * 3ã?äl+T ,%å" i B l+�������
< ' A, B P�j�Ô�Z�[  +*�U T � ?/C &)f 3 B�¤8æ�� 2/�
<%ç A, B

*���08��Ó Z�[  +*8U �%è+· B � A, B P ª k */é>ê�7#B �ëh+<HD AB = BA
*/7+B ��  Z�[  ¼�½ Z�[+� *�&>f ��� 7+B+* t(AB) = t(BA) = tAtB P�ìHí/u B �+i * T � u+�����7+B�*

AB P ��Ó Z�[ " i B l�P�5 ¤�B � © 0 AB P ��Ó Z�[ " i B+*/é�ê�7�B+* t(AB) = AB

P�Q>RH: f 3 B � � u+�����H: f 3 c�* A, B P ª k " i B+* 3�? à P�Ä f�~+B �
j>Ô�Z�[  º�»+T tA = −A

"�7 �@t�u 0�î |H:�C�P#í ��Ó Z�[  � MH*�,8.+0 �>�H: f 3 c�*
ìHí4u+< 7 �
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a b c

0 d e

0 0 f







< ' © Z�[+��ñ � 2/�

A
 © Z�[ X =







x11 x12 x13

x21 x22 x23

x31 x32 x33






P r s 7+B+*/é�ê :�< 7 � �  +*�U AX = E (XA = E

"+� 2/3 ) P�Q�R 7+B�' �  º�»+��Q�5+��Ã¿3 f�¶+U�� :�< 7 � xij

0�Á�7�B Þ�R G�ß�à P "�f¿U
< 7 P�m � u]� âHc�* x21 = 0 ò â P "�f¿U < 7 � ��� " 0 ó8ô@õ�ö+÷Çø/ù�ú�û@ü�ý�ûÅl 0�î |7+B�* mÙi B º)» (∗) P "�f>U < 7 �@< ' © Z�[ � a, . . . , f ��Ã>3 f8¶ 6>< 7 � © 0 º�» (∗) P�Æ'+� u f 3 B+*�U ° " ñ � ' xij

¤ í/h c íþu B Z�[ X T © Z�[ 0 C &>f 3+< 7 �
������

1.16 A P�ï O  +*�U tA
� ï O " iHDÿm (tA)−1 = t(A−1) �������

ZX[  %\]* © Z([  (Á%Â à (AB)−1 = B−1A−1 * m Z([  %\]*þê ½ Z>[  >Á8Â à t(AB) = tB tA

��Ã>3�u+1�Ä f�~ < 7 �


