
7 �5�m 1

7 �5�m

3NõêÆ¯KÚ¢S¯K¥, ·�����mØ=�¦kÿÀ(�(�?14�$

�),���¦k�ê(�(�?1\{!ê¦��ê$�).3�¡�Ù!¥, ·�òäN

�	QkÿÀ(�qk�ê(��üa�m.

�!, ·�k£��a~���ê(�, =¤¢�5(�. ùa(��9\{Úê¦

ü«�ê$�. ±e, XÃAO`², ·�ob½ K L«¢ê� R ½Eê� C.

½Â1 � X ´����8Ü, Ù¥½Â
Xeü«$�: X ����m�\{$

�“+”; K ¥�ê� X ����m�ê¦$�“·”(ê¦$�ÎÒ“·”~�Ñ). XJùü«

$�÷v:

(I) X 'u\{$�“+”�¤��\{+, =÷v:

(1) (ÜÆ (x+ y) + z = x+ (y + z), ∀x, y, z ∈ X;

(2) ��Æ x+ y = y + x, ∀x, y ∈ X;

(3) �3 θ ∈ X, ¦ x+ θ = x, ∀x ∈ X (¡ θ �"�);

(4) éz� x ∈ X, �3 x′ ∈ X ¦ x+ x′ = θ (¡ x′ � x �K�, ¿P� x′ = −x);

(II) ê¦$�“·”÷v($�ÎÒ“·”~�Ñ):

(5) 1x = x, ∀x ∈ X;

(6) a(bx) = (ab)x, ∀ a, b ∈ K, ∀x ∈ X;

(7) a(x+ y) = ax+ ay, ∀ a ∈ K, ∀x, y ∈ X;

(8) (a+ b)x = ax+ bx, ∀ a, b ∈ K, ∀x ∈ X;

K¡ X 'uþã\{Úê¦$��¤ê� K þ����5�m½�þ�m, Ù��¡�

�þ.

¢ê� R þ��5�m{¡�¢�5�m. Ón, Eê� C þ��5�m{¡�E
�5�m.

�â�5�m�½Â,·�ØJ��e�$�5�: � X ´ê� Kþ��5�m,K

¤á

0x = θ, ∀x ∈ X; (7.1)

aθ = θ, ∀ a ∈ K; (7.2)

(−1)x = −x, ∀x ∈ X. (7.3)

8�·�~r"�þ θ {P� 0. ù�±5, ·�I��âþe©5�ä 0 �(�¹Â.

±e, ·�~Þ�
�5�m. Ù¥�
´·�¤ÙG�, ,�
K´#�.
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~1 �Ä Rn. 3 Rn ¥½Â\{Úê¦$�Xe:

x+ y =
(
ξ1 + η1, ξ2 + η2, · · · , ξn + ηn

)
; (7.4)

ax =
(
aξ1, aξ2, · · · , aξn

)
, (7.5)

Ù¥ a ∈ R, x = (ξ1, ξ2, · · · , ξn), y = (η1, η2, · · · , ηn) ∈ Rn. N´�y Rn 'uþã\{

Úê¦$��¤��¢�5�m, Ù"�þ� θ = (0, 0, · · · , 0).

aq/, Cn �¤��E�5�m. d? Cn L« C � n g(k�¦È.

~2 �Ä C[a, b]. 3 C[a, b] ¥½Â\{Úê¦$�Xe:

(x+ y)(t) = x(t) + y(t), t ∈ [a, b]; (7.6)

(ax)(t) = ax(t), t ∈ [a, b], (7.7)

Ù¥ a ´ê, x, y ∈ C[a, b]. N´�y C[a, b] 'uþã\{Úê¦$��¤���5�

m, Ù"�þ�"¼ê θ(t) ≡ 0.

��/, � Ω ´����8Ü, F ´d Ω þ�,
¼ê�¤�¼êx. éu F ¥�
� f Ú g ±9ê a, ·�oUXe�ª½Â§��Ú9êÈ:

(1) Ú f + g �½Â: (f + g)(ω) = f(ω) + g(ω), ω ∈ Ω;

(2) êÈ af �½Â: (af)(ω) = af(ω), ω ∈ Ω.

N´�y: XJ F éþã\{Úê¦$�µ4, =é?¿ f , g ∈ F 9?Ûê a, Ñk

f + g, af ∈ F , @o F Uþã\{Úê¦$��¤���5�m.

� p > 0 ´���ê, x =
{
ξk
}
k≥1 =

(
ξ1, ξ2, · · · ξk, · · ·

)
´��ê�. e x ÷v

∞∑
k=1

|ξk|p <∞, (7.8)

K¡ x ´�� p-��Úê�(�á¡ p-�Âñê�, qØ(�). �Np-��Úê��¤�

8ÜP� lp.

~3 � p > 0 �½. éu x, y ∈ lp 9ê a, ½Â:

x+ y = {ξk + ηk}k≥1; (7.9)

ax = {aξk}k≥1, (7.10)

Ù¥ x = {ξk}k≥1, y = {ηk}k≥1. K�±y²: x + y, ax ∈ lp, l lp 'uþã\{Úê

¦$��¤���5�m.
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Ù¢, ax ∈ lp N´�y. �u x+ y ∈ lp, K�|^XeØ�ª���y:

|u+ v|p ≤ 2p(|u|p + |v|p), (7.11)

Ù¥ u, v ´?¿ü�ê.

��/, XJ S ´d,
ê��¤�8Ü, @o·�o´Ue��ª½Â S ¥��
�“Ú”9“êÈ”:

(1) Ú: x+ y = {ξk + ηk}k≥1, Ù¥ x = {ξk}k≥1, y =
(
ηk
)
k≥1 áu S;

(2) êÈ: ax = {aξk}k≥1, Ù¥ a ´ê, x = {ξk}k≥1 áu S.

N´�y: XJ S éuþã\{Úê¦$�µ4, =é?¿ x, y ∈ S 9?¿ê a, Ñk

x+ y, ax ∈ S, @o S 'uþã\{Úê¦$��¤���5�m.

e¡, ·�£����5�m. � X ´ê� K þ����5�m.

e X ���f8 M 'u X ¥�\{9ê¦$���¤ê� K þ����5�m,

K¡ M � X ��5f�m, {¡f�m.

N´y²: M ⊂ X �¤ X ��5f�m�¿©7�^�´ M é�5$�µ4, =

M ÷v:

αx+ βy ∈M, ∀x, y ∈M. (7.12)

X ��Ú {0} Ñ´ X �f�m, §��¡� X �²�f�m. e M ´ X �f�

m� M 6= X, K¡ M � X ýf�m.

�½�þ| {x1, x2, · · · , xn} ⊂ X Úê| {a1, a2, · · · , an} ⊂ K, ·�¡

n∑
k=1

akxk = a1x1 + a2x2 + · · ·+ anxn (7.13)

��þ| {x1, x2, · · · , xn} ����5|Ü, Ù¥ {a1, a2, · · · , an} ¡�|ÜXê.

� D ⊂ X ��, ± spanD L«d D ¥�þ����5|Ü�¤�8Ü, =

spanD =
{ n∑

k=1

akxk

∣∣∣ ak ∈ K, xk ∈ D, 1 ≤ k ≤ n, n ≥ 1
}
, (7.14)

K spanD ´ X ����5f�m, ¡�� D Ü¤��5f�m. �±y² spanD �

´ X ��¹ D ����5f�m.

½Â2 � {x1, x2, · · · , xn} ´�5�m X ¥��|�þ. e�3�|Ø��"�ê

{a1, a2, · · · , an} ¦�
n∑

k=1

akxk = a1x1 + a2x2 + · · ·+ anxn = 0,
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K¡�þ| {x1, x2, · · · , xn} �5�'. e�þ| {x1, x2, · · · , xn} Ø´�5�'�, K¡

��5Ã'.

�±y²: �þ| {x1, x2, · · · , xn} �5Ã'�¿�^�´'Xª
∑n

k=1 akxk = 0 %

¹ a1 = a2 = · · · = an = 0.

� D ´�5�m X �f8. e D ¥�?¿k���þÑ�5Ã', K¡ D ´ X

����5Ã'f8.

½Â4 � D ��5�m X ����5Ã'f8. XJ spanD = X, K¡ D � X

���Ä, D �Äê¡� X ��ê, P� dimX.

� D ´�5�m X ���Ä. XJ D �Äêk�, K¡ X �k���5�m, Ä

K¡ X �Ã¡��5�m. XJ X �¹"�þ, K¡ X �"��m. k���5�m�

�êØ�Ä�ØÓUC.

�±y²: Rn ´n-��5�m,  C[a, b] ´Ã¡��5�m.


