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3 	
A�B�C �ED�k�° =_> 3 	�F�H Q�ã =�> ��l�. ���  m @�c ��Â 9 8� n 	�A�B�C �ED�# n 	GFnH
i Hpo�q�Ï ~�ñ�@ .

1.1 3 rtsvuxwXy{zx|~}
�K9�  �� 3 	�A�B�C ��D*H 3 	�A�B�C �ED�k�°fQ '�?�>� è @ . ��9�G� ��Â�Q n 	�A�B�C�EDGk�° i H���� ~�ñ&@ . 3 	�AGB�C ��D���G����!�C 9 H�H�JKß @�c C� �¥ @�d #���� ~�ñI@ H½ 9�@ !���àI�� �¥f!�"K! @ . B�C �ED&Q% = �����&��!<��Ã _���v�f'�c �� S  e�@�d # ���

d ��� ~�ñ ��H�¥�Q�#�����������Ã _�� Q&H�J E�ñ������ ��Q�Þ�ß @�c C�� S  ef@ .
Ð�Ñ� �� B�C �ED�� B�C �ED*H =�>

x = (x1, x2, x3)

H�� ?Z>K? � d #�9�� ¤:<  ¨� ( eT@M� l d¨e w > ;
½ 9 �$¿ ETD�@TD�� ) ?��:�:���x��� (vector)(1) 

x =







x1

x2

x3







H��:"$.
3 	:A:B�C � D�¡ )I9£¢TyZv R3

 ¥¤ = # 3 ¦:§����x� �G¨_© (3–dimensional vector space)

H ? � . 2 '�9�B�C �ED x =







x1

x2

x3







H
y =







y1

y2

y3






d��«=�? HK� x1 = y1, x2 = y2, x3 = y3 v

t�Ä&= # x = y
H��*" .

(1) ª¬«®°¯ Vektor, ±£²³±®²µ´·¶°¸®¹ ¯£º vectus( »6¼ ) ½�¾°¿µÀ{Á®ÂµÃ
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¢¨y  e�@�B�C ��D�k&°�H<½ 9A  e�@�B�C �ED v ¥f¿�Á�H�ÄÅI �¥�! ?�ü&dK?�@f9  �Æf»  �tW @Kc .�Ç�QÈ�» ¢�y�v ¤�W É��
{

x ∈ R3
∣

∣ x
�

· · · 9É 5 v��' }

v ¥�¿�Á�H ��¤ W @@ Q ( ��9�É�� �È�»�k�° 9K¼  Ê )�ý � )
.

3 	�A�B�C �ED�k�°�Q��Ë*H © � ¸�d � }�9@ Q�§�¢ ~�ñ�@ .
x =







x1

x2

x3






, y =







y1

y2

y3







Q% = Ë v

x + y =







x1 + y1

x2 + y2

x3 + y3







 �# ( � © � α
H B�C �ED x

Q% =�© � ¸�v
αx =







αx1

αx2

αx3







H�§�¢�W @ .

B�C ��D 9®���&9Ìfö�Í �Î � �I e�@ . Ð�Ñ�8®Ï �����
B�  ý wf�����`Q B�C ��D���Ð�ÑI�Q�� � à�Ò�H � ¥ ~�v� w��Ó � H�§�¢ ~�ñ ��. ë #:Ô�s ��d ½ 9@ !Ó� e�@ . ë���v Þ�ß�� xy #�Õ�Ö 9 ²GQ d 6�Ò&Q�! @ .:Î � �I ���Õ�Ö 9 ²�Q v 6KÒ�Q�W @ ��à*H�# ½ ñ�v 6<Ò�Q ·�� #�×

F�Ø�Ù*= �:C 9 C � =�? H¥� @ 2 ?�)�9 Þûß�à d�e|@ .�Õ�Ö 9 ²�Q v 6õÒ�Q�W @�x�y�ÚnÛ����Ü�
� # = ! ?�xfy�Ý�Þ���Ü��� H ? �°! ? à v W @<c�d�e�@ .¨���I ý � B�C ��D�� ��9 ¤�ß& ��Ikl B�C �ED�Q e � @ .

(
k�l

) B�C �àD�Q% = #�Õ�Ö v ��Ö�Q:× F�Ø�Ù = ��C 9�v Þ:ß @ . ��9 H�¥ BáC �ED H B�C �D 9�â Ö v %�ã ~`·�@<c Q&� ) # 3 	�A�B�C �ED�k�° 9A  ef@B�C �ED H 3 	�A�ä�_�C æåçæ k° 9 Ö d o�%�oIQ%�ã�W @ . ��9�@ Q�I��HK¥ B�C �ED v�è�é����Ü��� Hê�l�. 3 	�A�B�C ��D�k° v R3
H ? � É��  � ? � 9 Cb# ��9 ��à D J�ë ><?�@ (ì Q Æ&�í ß > !�ß�î<#�L�»�¤�ï =�>?�@Kc ��# ��9ä�_�C*æåçæ k�°�Qð�ñ�òGó v 1 '�L § =�> Þ�ß >�?�@�cIv�t�Ä W @ )

.
Ë«H © � ¸ Q�ã =�> � 	�9 8 '&9É 5 dô�õ�ö  e�@ .

÷�ø
1.1 (1) [ ùfy�ú � ] û�tI9B�C �ED x, y, z

Q% = (x + y) + z = x + (y + z)

(2) [
ñ�ü ú � ] û�t�9B�C �ED x, y

Q% = x + y = y + x

(3) [ ý_B�C �³D 9þnÿ ] ýnB C �³D Hê_î ñ�@ BáC �àD 0 d:þ�ÿ =T>û|tû9BáC �ED:Q '�?û>
x + 0 = x

(4) [
� B�C ��D 9�þ�ÿ ] û�t&9B�C ��D x

Q®% = � B�C ��D*H®ê�î ñI@B�C ��D −x d�þ�ÿ*=K>
x + (−x) = 0
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(5) [ B�C �ED�Q�ã�W @ » ç�ú � ] û�t�9B�C �ED x, y
H û�t�9�© � α

Q% =
α(x + y) = αx + αy

(6) [ © � ¸ Q�ã�W @ » ç�ú � ] û�t&9B�C �ED x
H û�t�9�© � α, β

Q% =
(α + β)x = αx + βx

(7) [ © � ¸ Q�ã�W @�ù�y�ú � ] û�t&9B�C �ED x
H û�t�9�© � α, β

Q% =
(αβ)x = α(βx)

(8) [
±�² ¸ ] û�t�9B�C �ED x

H © � 1
Q% = 1x = x

���
(1) 9 7���& = �Z� (

��& 9�� È 9 ��¤  T!&"$# �
	 �<9¥@ ! cZd��GS ! 9fD¨v<��¤ W @ �I�
Q

)
. B�C ��D v ½ ñ�Kñ x =







x1

x2

x3






, y =







y1

y2

y3






, z =







z1

z2

z3







H`W @ . © � a, b, c
Q�% =K>

� ùTy:ú � a+(b+c) = (a+b)+c d LG, = >K?Z@ . x+y
� §¨¢IQZ� )







x1 + y1

x2 + y2

x3 + y3







 eT@ . ~ J

QM§T¢ZQZ� ) (x+y)+z =







(x1 + y1) + z1

(x2 + y2) + z2

(x3 + y3) + z3







H ! @ . ® @ Q x+(y+z)
�







x1 + (y1 + z1)

x2 + (y2 + z2)

x3 + (y3 + z3)







H�! @ . © � 9ùZy�ú �*� ) # 2 '�9B�C �ED 9�� L|» d��*=�?�9  (x + y) + z = x + (y + z)

d LG,�W @ .
�����ø

1.1 � Ò 1.1 v ��& · ��.

�M9�� Ò 1.1 v O�P��IHp!�wT� 9 � 2 'I9K� l d�e�@ . 1 ' � B�C ��D 9�����9®É 5�� ��9 8 '9É 5 D J�� D�ñû@�c  e�@ .��&ßnî û�tû9B�C �ED x
Q®% = 0x = 0 v � & =�> 7*��� .�L�»¤�ï 9 ; v a ? !�" > C�# 8 '�9É 5�q ��D J�ï ~�ñ�@ H ? �6Ö d�^ ��� �� e�@ .(�� # (6)

� ) 0x = (0 + 0)x = 0x + 0x d�� J ñ�@ (2)
. ��9���� Q −(0x) ví ß > #

0x + (−(0x)) = (0x + 0x) + (−(0x)) = 0x + (0x + (−(0x)))

d�� J ñ�@ . É 5 (3),(4) v a ?�@ H
0 = 0x + 0 = 0x

d » D�@ .�����ø
1.2 	�v�� Ò 1.1 D J�� � (B�C �ED 9 L�»�¤�ï v a ? ! ?  )

.
(1) −x = (−1)x

(2) û�t�9�© � α
Q% = α0 = 0

C&�
1 ' � B�C ��D�k�° v �*C·��� = � ��� H =�>��� � B�C �ED�k�° ( ( ���®9���k�° ) d�e

@�d #������ ��9�É 5 v C ' C 9 Wfè >�v 9G��kI°�H`Þ�ß @�c  F&E�ñI@ . ��9�c � ( ��½ 9 H<¥Q  �t W @ .
(2)  ! #" 0 + 0 = 0 ²�Á%$'&)( º#*!+�,#- Á). Ã
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