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5.1 �����������������

n �� "!$#&%('&)"*�+& ,!�-$.0/�12'�3$465"7�8:9�#�;=<�>:?&@$A,B"C 3 �$+&D,EGF&H0I$J,?�KL �"M L&N�O�P�Q A�R�;&S�T$#�U�K&5
V�W

5.1 A = (a1 · · · an) ∈ M (n ; K ) #&%G' A +& �!�- det(A) = det(a1, . . . , an) .&X$Y[Z6\
+ n ]$+&^$A$_&`�a�b&c�d$+&e�f$J&�$+0g�8$.&h$C&iGj&+$F�'&)&/�1�i$K (18) 5
(1) k&l�m�n�o p i (i = 1, . . . , n) #&%G'

1) det(a1, . . . , ai + a
′

i, . . . , an) = det(a1, . . . , ai, . . . , an) + det(a1, . . . , a
′

i, . . . , an)

2) det(a1, . . . , αai, . . . , an) = α det(a1, . . . , ai, . . . , an)

(2) q�r�o ai = aj (i < j) +�sut det(a1, . . . , ai, . . . , aj, . . . , an) = 0

(3) v�w�x�y det(E) = 1 zG'{t E ;&|�}� �!�5$~�C&t$H:����F&� L t
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F{i:K$F{t det(e1, . . . , en) = 15

���:�&�
5.1 det(a1, . . . , aj, . . . , ai, . . . , an) = − det(a1, . . . , ai, . . . , aj, . . . , an) .&����5

det(A) +$�,F&. |A| F"j{�G��5 A =
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F{��i��$��A$j�'{�:U O$L&���
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F{�G��5����$+ n #&@ O )&<��GF�H$�{I�#&���$.�'&)&�����&i���j&J���U O$� R�J�;�U O$L&� �¡$¢ 9�J�;�U O (19) 5
/£1$#=¤�¥ O )=�"�G'0) O �"3 � j O �¦@$A,+&g"8$.=§:¨$'0*&�©.0ª O )&�"�:. ¡  G'0C=« L0¬­ 9"J�?�K&5$*�+�C�®�# O �{@$A�+&¯�°$.0±�²GF{i$K&5

(18) ³�´=µ·¶,¸º¹¼»º½·¾=¿·À�Á=ÂÄÃ�Å=Æº½·ÇºÈ�ÉºÊ=Ë·Ì=Â¼ÍºÊºÎºÏºÇÑÐºË·ÒºÓºÔÑµÄÅºÕ�Ö=×º»º½·ØÑ½·ÙºÚºÛºÜ�Ý=µ·ÞºÔ=Ë
(19) ß�àºßºá,âãÖ�ä=Ë=¹
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5.2

det(a1, . . . , ai + αaj, . . . , aj, . . . , an) = det(a1, . . . , ai, . . . , aj , . . . , an)

det(a1, . . . , aj , . . . , ai + αaj, . . . , an) = det(a1, . . . , aj , . . . , ai, . . . , an)

î��
5.3
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5.2 x�ï$ð ��ñ$+�C�® 2 @�� O C��"R�J&7�8$9�#�;�H$��j&+&5

det(a1, . . . , ai + αaj, . . . , aj, . . . , an)

= det(a1, . . . , ai, . . . , aj , . . . , an) + det(a1, . . . , αaj , . . . , aj , . . . , an)

= det(a1, . . . , ai, . . . , aj , . . . , an) + αdet(a1, . . . , aj , . . . , aj , . . . , an)

= det(a1, . . . , ai, . . . , aj , . . . , an)

¯"° 5.3 .&§$¨&i$K�C�®&�$+&ò�°$.&§$¨=i$K&5
ó �

5.4 F (a1, . . . , an) .&X$Y Z6\:+&^$A©_&`�a�b0c�d$+0e�f$J&/,1 5.1 + (1) ô�õ�ö"÷�g (2) øù g:.&h�ú�i$K$j&+$F{i$K&5G�&+�s e1, . . . , en .&¤�7�X$Y Z6\2F{i$K$F
F (a1, . . . , an) = F (e1, . . . , en) det(a1, . . . , an)

L&û"ü i$K&5
ý ï C = F (e1, . . . , en) F¦þG��F F (e1, . . . , en) = C det(e1, . . . , en)

L&û"ü i©K&5 F ,det +&ø ù
gG3 � F (e2, e1, . . . , en) = C det(e2, e1, . . . , en) ÿ L&û�ü i$K=5����$9"#&�G��F a(1), . . . , a(n) .
1 A$_ n ~�J�+�����M$.�����#��"�	��
�C$j&+$F{i$K$F

F (ea(1), . . . , ea(n)) = C det(ea(1), . . . , ea(n))5
aj = a1je1 + · · ·+ anjen F{þ$�&ô�õ�ö�÷�g$.�� 4&F F (a1, . . . , an) ; F (ea(1), . . . , ea(n)) +��$J
��i"� L J���K&5G3&B�) O.K. 5���:�&�

5.2 ò�° 5.4 +&§$¨�.�
	�$U$j&+�#&�G3{5
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F¦i:K©F F ; n− 1 �©J"+&ô"õ,ö�÷"gGFºø ù g:.���@"� L&P K05 /,M C = F (e′

1, . . . , e
′

n−1) Fºþ2�F{ò"° 5.4 3 � F (a′

1, . . . , a
′

n−1) ; n − 1 �$+& �!�-:+ C �$#�U"K&5G3&B,) C = ann J�?�K&�$.
�����&§$¨ L��$� K05�¯�° 5.2 3 � t j !$+ −ajn �$. n !$#���
�):j{ �!�-$+��$;��(_&U O +�J
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5.3 ����` Z A$_ 4 �� �!$+& �!"-$.&����i$K	�&°$.��	�������G3{5

���
5.1  "!$#$%'& �(��)+*-,".0/$1"203(4$1$,65(708+9(:$;'<�= &+>'? ;0<"@$AB,$C(<+D(E$F08(G+H-I,"J$K(L$;0<(4$1  C(<0MN9$:O)+3"P�MQPSRUT$V04(C$<(W	X  C(<+D$9(:B8+Y$P'Z+[(\086]$^'<$,+. >0?6_1"`aW+PbM+/$c(G+d'e$f�g"hQi

§1–2 j(k 1+=(D
n &0lQm(n Mo;0<"D$p(V {1, 2, . . . , n} & N

MQqbrQ='8+;0<"D
N
W0X

N s 1�tvuwtvx$y(z${01"p$V & SnMNq0|
n } u$~-��MNP�R�D0�$* Sn

1"� &"�$� MQP�R�D Sn

8$G"V$�-x$y  +�0& �(�$;0<"=B,  |(<+D Sn

1
�

σ  .aC$<'�QY'1 lQm$n i, j
8+u�)"Z$G

σ(i) = j,σ(j) = i
M+30��.��01 lQm(n G$�+�(;0<�4(1 & (k 6= i, j3'X

σ(k) = k) �$� M"�+�(D0/$1�� } ,"�$�$;'<+D
�(�

5.5 �$� 1 �$� G"�$�0W�1 �$� 1 � M$)�Z"�0�'��^0<+Da/(1�� �(� 1�� n ,+� n' C$<�W".�  n' C$<W(G��0�')Q¡08(¢0X"3+P$D

��� σ
,+� n �'1 �$� 1 �0 �0�0�N^0<"�$� �$� .$  n �a1 �' �'�0�Q^'<+��  �$� MNP�R�D$£(¤ sgn &

σ
,+� �(� 1"� +1(sgn σ = 1)

.$  �(� 1"� −1(sgn σ = −1)  �$�(;0<"D¥(¦a§+¨
5.4

d0e(f�g &"j$© 80)+Z��(ª 5.5 &+>'?+« ¢"D
¬�­ 1+®(¯01+�  +!(#$% G } 1"208+�(���N^a<+D

�(°
5.6 A = (aij) ∈ M(n ; ± )

8+ub)

det(A) =
∑

σ∈Sn

sgn σa1σ(1)a2σ(2) · · ·anσ(n)

*(²a)Q³'8+´$P'Z
σ
G";$µ'Z$1 �(�0&"¶ r�D

n = 2
1"T$V�·${(¸a8+q�P'Z+¹a¢�RºD

S2

1+�0G
{1, 2}

W0X
{1, 2} s 1bt»u¼t»x�y'3$1  ��Y$9$:�;'<�D σ1

& σ1(1) = 1,σ1(2) = 2
M$)�.

σ2 & σ2(1) = 2,σ2(2) = 1
MN;0<"D

sgn σ1 = 1,sgn σ2 = −1  C$<+D
det(A) = sgn σ1a1σ1(1)a2σ1(2) + sgn σ2a1σ2(1)a2σ2(2) = a11a22 − a12a21

MN·�{$¸'8+q0|"½ « <+D¥(¦a§+¨
5.5 n = 3

1�T(V$�(�
5.6 & ·${(¸08"q0|+½ « D¥(¦0§"¨

5.6
/(/  �$�b)+* det(A)

,+�(�
5.1
1

(1) ¾$¿-À$Á(Â ,(2) Ã$Ä-Â ,(3)
\$Å01"Æ &+Ç *";$= &È « (

d0e(f�g j(k 1"= )
D
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