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1.2 ������
3 ��������������� R3 � �� �!#"�$�%�&�' W (#)+*-,�.�/�0�1�2#3�4�5#3#"�6�*87�9 � &�': 9<;+=?>�������������*?@�6�A�*#(� �7�6#B�C�D+EF��G#H�I�J�6#B

K�L
1.2 R3 � $M%�&N' W (O� � 3 C �OP�Q GSR�TOJ�*O7 W

:
R3 �OUMVNW�X (subspace)  Y 6Z*?"�[\B

(1) W 6= Ø

(2) ]�^ � ������� x, y ∈ W 0#_+2 x + y ∈ W

(3) ]�^ � ������� x ∈ W *?]�^ � ,�. α 0#_+2 αx ∈ W

`�a
1.3 $�%���� W 0#_+2#3#b�c 1.1 � 8 C �#d�e (#f�g�J�6#B

h�i
(3), (4) j�k :#l�m &�' � R3  #f�g�J�6 �  #n�9 � $�%�&�'� Y 6 W  #f�g�J�6#B

W
: ��&�'� �!#" �  #n W 0#o�J�6#���p��� x0 (#q�r�J�6#B (−1)x0 s W 0#o+2?n

0 = x0 + (−1)x0 s W 0#o�Jt6#Bu�v�w c 1.2 x�E\n −x = (−1)x *#!�6 �  W � ]�^ � ������� x 0#_+2 −x s W 0#oyJ
6#B

W =

















x1

x2

x3






∈ R3

∣

∣

∣

∣

∣

∣

∣

x1 + x2 + x3 = 0











*?J�6#BzA � *<7 W
: H�I 1.2 G#R�T�2#3<"�6#B

(1)
:<{M|S}

x =







1

−1

0






*~Jt6�*-n 1+(−1)+0 = 0 ! �  P�Q G<RMTM2<3���E�n x ∈ W  Y 6�B

(2)
:

W � ]�^ � �Z����� x =







x1

x2

x3






, y =







y1

y2

y3






0<_�2 x +y ∈ W G<��� } x-"�B x, y

:

W 0�oz2�38"�6 �  x1+x2+x3 = 0, y1+y2+y3 = 0 (�f�g�2�3<"M6<B x+y =







x1 + y1

x2 + y2

x3 + y3






 Y

6�(�n (x1+y1)+(x2+y2)(x3+y3) = (x1+x2+x3)+(y1+y2+y3) = 0+0 = 0 xME\f�gt(�%��S6�B (3)

:
W ]�^ � ������� x =







x1

x2

x3






*?]�^ � ,�. α 0#_+2 αx ∈ W G#��� } x?"�B x ∈ W x�E

x1+x2+x3 = 0  Y 68B αx =







αx1

αx2

αx3






! �  (αx1)+(αx2)+(αx3) = α(x1+x2+x3) = α0 = 0

 #f�g+2#3#"�6#B
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W (����M�S0 :M� ��� !�&S'Z0S!��<3�"�6S�yG�� | 6�B�9 � TS��08�M��� �����M�8���S� 0�CS"M3
� v 2�3���� (1) B �S�S���?���M���S�S� : 1 � �  Y ��T�BF �¡

{(

x

y

)

∈ R2

∣

∣

∣

∣

∣

ax + by + c = 0

}

: ��� G#¢�J+2?£ s f�g+2#T ( T�¤�2 a, b * s 0 0 �#¥ '�G�¦�� ) B������ �#��� 0#C�"�3 : § �
��� �#�����S����� : 1 � �  Y 6#¨-n� �¡

















x

y

z






∈ R3

∣

∣

∣

∣

∣

∣

∣

ax + by + cz + d = 0











: ��� G
¢�Jz2?n ���  Y ; } ��� x�[?!#¢���(� �7�6 ( T�¤�2 a, b, c * s 0 0 �#¥ 'ZG�¦�� ) B�A �#© G
��9z[ªB H G#����� �#��� *-J�6<B�A �<�y� 0 ��« J�68������� ( ¬ � �t���� ) (#q�r�Jt6 �  #n
9S;�G 1 C�®OH+2 a =







a

b

c






*¯J�6SB H ���#° G 1 C±®OH+2 P0 =







x0

y0

z0






*¯J�6OB H �±�

]�^ �#° G P =







x

y

z






*?J�6SB+A � *O7 a * −−→

P0P
: ��« 2#3#"�6 �  #n±�#² : 0  Y 6#B³A

AS x =







x1

x2

x3






* y =







y1

y2

y3







� �O² x · y
:

x · y = x1y1 + x2y2 + x3y3  Y ��T�Bzx#�
3 a(x − x0) + b(y − y0) + c(z − z0) = 0 n� ±¡ ax + by + cz − (ax0 + by0 + cz0) = 0  Y 6OB
d = −ax0 + by0 + cz0 *?�+��* �������#° P =







x

y

z






( ax + by + cz + d = 0 G<´±T#J © (#%

��6#B+A �#µ�¶ G#£�0�T � 6�* 1 � �  O¢+·?;�6�¸#¹�( ���  Y 6 © s %���6#B³·�º#0 d = 0 *
"�[ © * H (#» ° G#¼�6�*?"�[ © (�½8¾� Y 6�A�* s %���6#B

W � �N����!S¿�À �Oµ�¶ 0OÁ�Â+[ÃB ���#© �±º W � �� Y 6#��������GOÄ�Å��������³*?� |

6�*~n�¬ � �t�����(






1

1

1






! �  #nÆ9#;�* ��« Jt6 �ZÇ�� » ° G#¼Z6 �y���Z�<° 08_�È�J�6 ©

(#%Z��6#B
É�ÊZË#a

1.3 � � &�'� #$�%�����0�!�6 s � :�� ;t�#� | x?B

(1) W1 =

















x1

x2

x3






∈ R3

∣

∣

∣

∣

∣

∣

∣

x1 − x2 + x3 = 0











(2) W2 =

















x1

x2

x3






∈ R3

∣

∣

∣

∣

∣

∣

∣

x1 − x2 + x3 = 1
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(3) W3 =

















x1

x2

x3






∈ R3

∣

∣

∣

∣

∣

∣

∣

x1 + x2 = 0, x2 − 3x3 = 0











(4) W4 =

















x1

x2

x3






∈ R3

∣

∣

∣

∣

∣

∣

∣

x1 + x2 = 0











(5) W5 =

















x1

x2

x3






∈ R3

∣

∣

∣

∣

∣

∣

∣

x1 + x2 = x3x1











(6) W6 =

















x1

x2

x3






∈ R3

∣

∣

∣

∣

∣

∣

∣

x1x2 = x2x3











(7) W7 = R3

(8) W8 = {0}

R3 � �±������G 1 C�®SH�J�6 ( 9O;�G x *?J±6 )B�9 � ������� � ,�.�/� | º?;�6O�������l�m � &�' {

y ∈ R3
∣

∣ y = αx, α ∈ R
} G 〈x 〉  <¢�JSB 2 C � �Z���å� x, y Gy®<HyJ�6<BÆ9 � �

���� � ,�.y/ � ) � ¹ � �t���� l�m � &�' {

z ∈ R3
∣

∣ z = ax + by, a ∈ R, b ∈ R
} G 〈x, y 〉

 #¢�JSBæ�ç 0#������� x1, . . .xn (#è | º?;�Tt*#7#n
x =

n
∑

i=1

αixi = α1x1 + α2x2 + · · ·+ αnxn

� ¹ � �������ZG x1, . . . , xn
�

1 é�ê�ë (linear combination) *?"�[\B x1, . . . , xn
� 1 ��ì�' lm � &�'

W = {α1x1 + · · ·+ αnxn | α1, . . . , αn ∈ R }: $�%�����0�!�6 (b�c 1.4 í�î ) B�A?;�G x1, . . . , xn 0�x<�y3#ï�ð (generate) ·?;Z6#$�%��t��*
"�"�n 〈x1, . . . , xn 〉 *?ñ+�òB
ó mN{ G#� | x�[âB x =







1

2

3






*?J�6#B�A � *#7 〈x 〉

:�� �#� !S&�'�¤�Â+[\B 〈x 〉 � ]N^ �

� (�����ô� )y
: Y 6#,M. α GOõM"�3 y = αx *¯ñ��#;±3#"±6#B y GOÄNÅ������ô�+*�� | 6±*?n

9#;Z(#¢�J ° Q =







α

2α

3α







: » ° O * ° P =







1

2

3






G#ì�ö ����� 0 Y 68B

x =







1

2

3






, y =







0

1

0






*?J�6<B�A � *#7 〈x, y 〉

:�� �#� !#&�'�¤�Â+[\B 〈x, y 〉 � ]y^ � �
����� z

: Y 6O,�. a, b G#õ�"�3 z = ax + by *?ñ��#;±3#"�6SB z G#Ä�ÅM���÷���+*�� | 6�*¯n
7



9#;Z(#¢�J ° Q
: ������� x, y (�ø�6 ����� 0#ù��y3S"�6#B

x =







1

2

3






, y =







0

1

0






, z =







1

0

1






0#_+2#3 : 〈x, y, z 〉 = R3 *#!�6#B+A?;�G#��9+[\B æ

ç 0<&�' A, B (#ú+2~"+A�*<G#�yJ�T���0 : 1) A ⊆ B û�ü 2) B ⊆ A G8��� } x?"yB�D�T A ⊆ B

G#��J�0 : A � ]�^ � � a ( B 0#ý�D#;�6 © G#��� } x?"�B
〈x, y, z 〉 ⊆ R3

:Nþ ºS� (2) B R3 ��º¯]N^�0O���÷�ô� w =







x

y

z






G±*#��3�ÿ�6OB+A � *O7

a =
z − x

2
, b = x + y − z, c =

3x− z

2
*?�+��*?n w = ax + by + cz ∈ W *<!�6 �  OKB

�Z� { � x�[~0��+� �8¥ ' 〈x 〉
: ��� *?n 〈x, y 〉

: ��� * æ _ æ _�Èt(#C+�ÎB�2#��2 §���� 2
3#"Z6#¨ ¥ ' s Y 6 (

u�v�w c 1.4 í�î )B
`�a

1.4 W = 〈x1, . . . , xn 〉
: $�%��Z��0�!�6#B

h�i
α0, . . . , αn G#J���3�G 0 *?J�6�*?n 0 = 0x1 + · · ·+ xn ∈ W ! �  #n W 6= Ø  Y 6#B

W �±º�]�^±0 2 C � ������� x, x′ G±*#��3��#6±*?n�,M. α1, . . . , αn, α′

1, . . . , α
′

n
(Oq�r³2#3

x = α1x1 + . . . + αnxn, x′ = α′

1x1 + . . . + α′

n
xn *?ñ���6#B+A � *#7

x + x′ = (α1 + α′

1)x1 + . . . + (αn + α′

n
)xn

! �  #n x + x′ ∈ W  Y 6#B
W � ]�^ � ������� x = α1x1 + . . . + αnxn *?]�^ � ,�. α 0#_+2

αx = (αα1)x1 + · · ·+ (ααn)xn

! �  αx ∈ W  Y 6#B

ÉtÊ�Ë�a
1.4 � � $M%����t �ú�28" s � :�� ;�� ? Tt¤±2 x0 =







0

0

0






, x1 =







1

2

3






,

x2 =







0

1

0






, x3 =







1

0

1






, x4 =







2

3

4






, x5 =







1

1

1






, x6 =







1

1

2






*?J�6#B

(1) {0} (2) 〈x0 〉 (3) 〈x1 〉

(4) 〈x1, x2 〉 (5) 〈x2, x3 〉 (6) 〈x1, x4 〉

(7) 〈x1, x2, x3 〉 (8) 〈x2, x3, x5 〉 (9) 〈x2, x3, x6 〉

(10) 〈x1, x2, x3, x4 〉 (11)R3

(2) ÌÎÓ8à
	��8ß�?Ð��������������åÐ��������
�� ×��8àâÐ�!-ÑÒÐ (1 " Ü
�# �$8ß 10 %�&�% !!) Ú('-ÌÎÏ#à)�+*�,åÖ��
= ��-�à\Û8Ü�.(/���0(18ß�23*ÒÏ54(6Òä�798�8ÒÏ8à;:-Ö8ÑÒÐ<�=�åÐ>�@?�A-ÏCB�6ÒÚ98-Ü
D�ßE�� �×F�8àâÐ3!-ÑâÐ(���G�ò×��
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