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§9.3 ��f�m����¦¯K

½Â. (1) �V �SÈ�m, W´V �f�m, �þα ∈ V , XJéuw ∈ W , Ñk(α, w) = 0,
K¡α�f�mW��, P�α ⊥ W .

(2) �V1�V2´V ¥�ü�f�m, XJéuv1 ∈ V1, v2 ∈ V2Ñk(v1, v2) = 0, K¡V1�V2�
�, P�V1 ⊥ V2.

(3) �V1�V2´V ¥�ü�f�m, XJV1 ⊥ V2
�V = V1 + V2, K¡f�mV2�V1���
Ö.

·K. XJf�mV1, V2, · · · , Vs üü��, KÚV1 + V2 + · · ·+ Vs´�Ú.

y². �

α1 + α2 + · · ·+ αs = 0

Ù¥αi ∈ Vi(i = 1, 2, · · · , s). éui = 1, 2, · · · , s, ^αi©O�þ¡�ªüà��þ�SÈ,
2|^��'X. �.

0 = (αi,0) = (αi, α1 + α2 + · · ·+ αs) = (αi, αi)

u´αi = 0, �Òy²"�þ�©)��, ¤±V1 + V2 + · · ·+ Vs´�Ú.
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½n. SÈ�mV �z��f�mV1Ñk����Ö.

y². (�35) XJV1 = {0}, Kd��Ö�½Â�±wÑV Ò´{0}���Ö.

X JV1 6= {0}, K f � mV1' uV � S È � ¤ 
 � � S È � m, 3V1 ¥ � � �

� � Äe1, e2, · · · , em, ò § * ¿ ¤V � � � � � Äe1, e2, · · · , em, em+1, · · · , en. -V2 =
Span{em+1, · · · , en}. KV1 ⊥ V2¿�V = V1 + V2, ¤±V2´V1���Ö.

(��5) �V2´V1�����Ö, -V ⊥
1 := {x ∈ V |x ⊥ V1}, d��Ö�½ÂíÑV2 ⊆ V ⊥

1 .
��, éuα ∈ V ⊥

1 ⊆ V = V1 + V2, K

α = α1 + α2

Ù¥α1 ∈ V1, α2 ∈ V2. u´

0 = (α, α1) = (α1 + α2, α1) = (α1, α1) + (α2, α1) = (α1, α1)

¤±α1 = 0, =α = α2 ∈ V2, ddíÑV ⊥
1 = V2, ¤±V1���Ö��Ò�uV ⊥

1
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½Â. �W´î¼�mV �f�m, KV = W ⊕W⊥, éuξ ∈ V , k

ξ = ξ1 + ξ2

Ù¥ξ1 ∈ W , ξ2 ∈ W⊥, ¡ξ1¡��þξ3f�mWþ���K,¡‖ξ2‖��þξ�f�mW�

ål.

½n(R��á½n). �ξ ∈ V , ξ1´ξ3Wþ���K, KéW¥?��þδ, k

‖ξ2‖ = ‖ξ − ξ1‖ ≤ ‖ξ − δ‖

��Ò¤á��=�ξ1 = δ.

y². Ï�ξ2 = (ξ − ξ1) ⊥ W , ξ1 − δ ∈ W , Ïd(ξ − ξ1) ⊥ (ξ1 − δ), l
dξ − δ =
(ξ − ξ1) + (ξ1 − δ) íÑ

‖ξ − δ‖2 = ‖ξ1 − δ‖2 + ‖ξ − ξ1‖2

du‖ξ1 − δ‖ ≥ 0
��Ò¤á��=�ξ1 = δ.
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���¦¯K.

�k�5�§|
AX = β

Ù¥

A = (aij)n×s, X =

 x1
...
xs

 , β =

 b1
...
bn



�R(A) < R(Ã), Ò´`AX = β´Ø�N�§|, =éu?ÛX = (x1, · · · , xs)

t, ok

AX − β 6= 0

���¦¯K´¦±eð�õ�¼ê

f(x1, · · · , xn) = ‖AX − β‖2 =
n∑

i=1

(
s∑

j=1

aijxj − bi)
2 > 0

���)z1, z2, · · · , zs. ¿¡Z = (z1, · · · , zs)
t��§|AX = β����¦).
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½n. Z´AX = β����¦)�¿©7�^�Z´�§|AtAX = Atβ�).

y². �V = Fn, V þ�SÈ�IOSÈ. -

αi =


a1i

a2i
...

ani

 , i = 1, 2, · · · , s W = Span{α1, · · · , αs},

KéuY ∈ W , ÑkY = x1α1 + x2α2 + · · · + xsαs = AX . ¤±¦AX = β����¦)Ò
´¦3W¥¦γ = AZ¦�éW¥?¿�þY , k

‖β − γ‖ ≤ ‖β − Y ‖

ù�duγ = AZ´β3Wþ���K, Ïd��=�(β − γ) ⊥ αi(i = 1, 2, · · · , s), =

At(β − γ) = At(β − AZ) = 0

Ï
�Z´AX = β����¦)�¿©7�^��Z´�§|AtAX = Atβ.

öS. SK9.3:1,2,3.
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