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Chap 10 Banach�m¥�Ä�½n

§4 j½nÚ��k.�n

�!·�ò0�Banach�m¥�1��Ä�½n,='uk

.�fx���k.�n. T�ndBanachÚSteinhausu1927c

ïá,´Banach�m�mnØ�Ä���.

½Â1

� X ´��Ýþ�m, M ⊂ X ´��f8. e M Ø3?Û

���»�u"�m¥¥È�, K¡ M ´ X ¥�Ã?È�8½

ÕK8.

♠ N´�y,3Ýþ�m¥f8 M ´Ã?È�8�¿©7�^

�´Ù4� M̄ ÃS:.

2 / 10



♠ N´�y, 3Ýþ�m¥k�f8(�)�8)Ñ´Ã?È�

8.

½Â2

� X ´��Ýþ�m, S ⊂ X ´��f8. e S �L«�k

�½�êõ�Ã?È�8�¿8, K¡ S �1�j8(set of the

first category)½áu1�j. Øáu1�j�f8¡�1�j

8(set of the second category).

♠ {X �f8 } = {X �1�j8 }
⋃
{X �1�j8 }.

½n1 (Bairej½n)

e X ´�����Ýþ�m,K X ´1�j8.
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½n2 (��k.�n)

� X ´Banach�m, Y ´D��5�m, Tθ : X 7→ Y, θ ∈ Λ

´�xk.�5�f(Λ��I8). eéz��þ x ∈ X,Ñk

sup
{
‖Tθx‖ ; θ ∈ Λ

}
< ∞, (1)

K7k

sup
{
‖Tθ‖ ; θ ∈ Λ

}
< ∞. (2)

Ù¥�I8 Λ��k�8,���Ã�8(�)�êÚØ�ê).

♠ ½n2L²: eéz��þ x ∈ X, �þ8
{

Tθx
}

θ∈Λ
´ Y ¥

�k.8,K�f8
{

Tθ

}
θ∈Λ
´�f�m B(X 7→Y)¥�k.8.

�¡��k.�n. �k
¥©©zòd½n¡��´½n.
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y²

½Â X þ��¼ M(x)Xe

M(x) = sup
{
‖Tθx‖ ; θ ∈ Λ

}
, x ∈ X. (3)

´�,éz� θ ∈ Λ,¤á ‖Tθx‖ ≤ M(x), ∀ x ∈ X. éz���ê

n,½Â�þ8 Sn Xe

Sn = { x ∈ X | M(x) ≤ n }.

N´wÑz� Sn Ñ´48,¿�§��¿8T��m X,=

X =
∞⋃

n=1

Sn.

Ï X ��,�dBairej½n��7k,� SN Ø´Ã?È�8.
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y²(Y)

Ï SN Ø´Ã?È�8, �k,�m¥ U(x0, δ) (δ > 0) ¦� SN

3 U(x0, δ)¥È�,�du U(x0, δ) ⊂ SN = SN . Ïdk

M(x) ≤ N, ∀ x ∈ U(x0, δ).

?� θ ∈ Λ. Kéu x ∈ X � ‖x‖ = 1,k

‖Tθx‖ =
2
δ

∥∥∥Tθ

(δ

2
x + x0

)
− Tθx0

∥∥∥
≤ 2

δ

[∥∥∥Tθ

(δ

2
x + x0

)∥∥∥ + ‖Tθx0‖
]

≤ 2
δ

[
M

(δ

2
x + x0

)
+ M(x0)

]
≤ 2N

δ
.
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y²(Y)

Ïd

‖Tθ‖ = sup{‖Tθx‖ ; ‖x‖ = 1, x ∈ X} ≤ 2N
δ

.

du θ ∈ Λ´?��,¤±

sup
{
‖Tθ‖ ; θ ∈ Λ

}
≤ 2N

δ
.

½n�y.

3½n2¥, � Y � X ¤3�ê�, Ká�Xe'uëY�

5�¼x���k.�n.
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½n3

� X ´Banach�m, { fθ }θ∈Λ ´ X þ��xëY�5�¼.

eéuz��þ x ∈ X, ��ê8 { fθ(x) }θ∈Λ ´k.8, K�¼

x { fθ }θ∈Λ ´�Ý�m X′ ¥�k.8,=

sup
{
‖fθ‖ ; θ ∈ Λ

}
< ∞. (4)

íØ1

� H ´Hilbert�m, S ⊂ H ´���f8. eéuz��þ

x ∈ X, ê8 〈S, x〉 def= { 〈u, x〉 | u ∈ S } k., K S ´ H ¥�k.

8.
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½n4

� X ´Banach�m, Y ´D��5�m, Tn : X 7→ Y, n ≥ 1

´��k.�f. eéz� x ∈ X, S� {Tnx } 3 Y ¥Âñ, K

�3k.�f T : X 7→ Y ¦�

lim
n→∞

‖Tnx − Tx‖ = 0, ∀ x ∈ X. (5)

y²

éz� x ∈ X, Ï {Tnx } 3 Y ¥Âñ, � {Tnx } 3 Y ¥k

.. u´d��k.�n� M = sup
{
‖Tn‖ ; n ≥ 1

}
< ∞. ½Â

N� T : X 7→ Y Xe:

9 / 10



y²(Y)

Tx = lim
n→∞

Tnx, x ∈ X.

N´�y T : X 7→ Y ´�5�f. eyÙk.5. Ù¢éz�

x ∈ X,Ï

‖Tnx‖ ≤ ‖Tn‖‖x‖ ≤ M‖x‖, n ≥ 1,

��4��

‖Tx‖ ≤ M‖x‖.

ùL² T : X 7→ Y �´k.�. d T ½Â�(5)ª¤á.
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