
������� � �� ��	� 
� 	� � 
	� ��
� � � �����

� �� ����� !�"�"� � #$%&'
x ( Rn )* *+,-, n./0 x = (x1, x2, . . . , xn) 12 *1-/3+4-5 67 89-*8// 0 = (0, 0, . . . , 0) :1441;3 <=> >?$%&'$<< ( Rn 6

� �� ����� !�" �"� � @A3-5 x = (x1, x2, . . . , xn) B9 y = (y1, y2, . . . , yn) C)*1 C89*1 (
Rn 6D EF >E%<$<% ?$% 'E )* ;:849*)8/0 G1//89 1,

x + y = (x1 + y1, x2 + y2, . . . , xn + yn).

H'IJ'IKK&' ?$% 'E )* ;:849*)8/0-* G1//89 1,
x − y = (x1 − y1, x2 − y2, . . . , xn − yn).

L E'%M N>J&< ?$%&'O F PQ KN>& )* ;:849*)8/0 G1//89 1, )2 r ∈ R GA )*
rx = (rx1, rx2, . . . , rxn).

7 89-*8// −x )* ;:849*)8/0-* ;)5
−x = −(x1, x2, . . . , xn) = (−x1,−x2, . . . ,−xn).

� �R S!��"� !��T � @A3-5 x U y B9 z C)*1 C89*1 ( Rn 6 V 8//89 4A3-5 C8, r B9 s

;31/01 2W*8* *1-/3+4-* 6 V238*21*1/08 *)94-* 98401 -5 ;15 419/8/9- X
Y Z

(x + y) + z = x + (y + z) [)/98*)941 ;15 419/8/91*Y\
x + y = y + x

7 (] 4*)941 ;15 419/8/91*Y^ _
+ x = x `a44C 89-*8// )* ;15 419/8/91*b4-34)W;1Yc

x + (−x) =
_ d15 419/8/91*1/0bC)*21

V238*21*1/08 *)94-* 98401 -5 51*92+40-/ 5 ), 3+4- X
dZ

r(u + x) = ru + rx e*)8f*)941d\
(r + s)x = rx + sx e*)8f*)941d^
r(sx) = (rs)x [)/98*)941dc
1x = x g1*92+40-/1*b4-34)W;1

� �h ����� !�"�"� � [C)8* C 89*1* x B9 y ( Rn U bCB*-9-* G)8**1 /a44C 89-*8// U )*-
;19,8* OEFOiQE )2 384 )* 3141 r G1//89 1, x = ry ),1 y = rx 6 V2 C 89*1*/8* x B9 y )*-
;15 ;(,1 )* B23 *831, x ‖y 6 V2 x = ry B9 r > 0 GA ;)9j -5 C8, 1, C89*1*/8* b1f ONF&
OKPM <&U )/ % E%<OKkQE OKPM <& )2 r < 0 6

� �l ����� !�"�"� � @A3-5 x = (x1, x2, . . . , xn) C)*1 C 89-* ( Rn 6 mP<% J C89-*;8/;
x )* ;: 849*)8/0 ;)5

‖x‖ =
√

x2

1 + x2

2 + · · · + x2
n
.

� �n S!��"� !��T � o5 1441 C 89*1 x B9 y ( Rn B9 1441* 3+4-* r
9840 8* 1,

@ Z
‖x‖ ≥ 0 B9 ‖x‖ = 0 )2 B9 1,)8/; )2 x =

_ pA:Cq,/8@\
‖rx‖ = |r| ‖x‖ V8/;4)83/ 8@^
‖x + y‖ ≤ ‖x‖ + ‖y‖ r*(bW*/8/9;sj 12/1/



� �� ����� !�" �"� � 7 89-* x ( Rn :1441;3 P$<$<% E'?$%&' )2 ‖x‖ = 1 6
� �� ����� !�"�"� � � P� $>F E'%M P>J$ C 89*1 x = (x1, x2, . . . , xn) B9 y = (y1, y2, . . . , yn)( Rn )* ;:849*)8/3 ;)5 3141/

x · y = x1y1 + x2y2 + · · ·+ xnyn.

� �� S!��"� !��T � o5 1441 C 89*1 x U y B9 z ( Rn B9 1441* 3+4-* r
9840 8* 1,

e Z
x · y = y · x

7 (] 4*)941
e\

x · (y + z) = x · y + x · z e*)8f*)941
e^

r(x · y) = (rx) · y = x · (ry) [)/98*)941
ec

x · x ≥ 0 B9 x · x = 0 )2 B9 1,)8/; )2 x =
_ pA:Cq,/8

e � x · x = ‖x‖2 e)� 845 1*92)40 8 B9 4)/90
� ��_ ����� !�" �"� � [C)8* C 89*1* x B9 y )*- ;19,8* � �'<'	KK$'U 3A:/1, x⊥y U )2

x · y = 0 6
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 �'<$Q A 5 8448 C 89*1//1 x B9 y )* ;:849*)8/3 ;)5

θ = arccos
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x · y
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 �� � � @A3-5 x 6= 0 B9 y 6= 0 C)*1 C89*1 ( Rn B9 θbB*/8, A 5 8448 G)8**1 6 rA 98408*
e� x · y = ‖x‖ ‖y‖ cos θ e)� 845 1*92)40 8 B9 bB*/

� ��� �!�"�"� � ��j 12/1 �1-�bW B9 d�b�1*�� o5 1441 C 89*1 x B9 y ( Rn
9840 8* 1,

|x · y| ≤ ‖x‖ ‖y‖.
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