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SK1. �k > 0§A´Ýþ�m(X, d)���f8§�N�f : A → R÷
v|f(x)− f(y)| ≤ kd(x, y)é¤k�x, y ∈ A¤á. y²�3N�f̃ : X → R§
¦�é¤k�x ∈ A§kf̃ = f(x)§�é¤k�x, y ∈ X§k|f̃(x)− f̃(y)| ≤
kd(x, y).

J«. éa ∈ A§·�½Â

fa : X → R, fa(x) = f(a) + kd(x, a).

·��±y²|fa(x) − fa(y)| ≤ kd(x, y)é¤k�x, y ∈ A¤á. 5¿é

ua ∈ A§·�kfa(a) = f(a)§y3�¯KÒ´XÛrù
faéXå5. ·

��±½Â

f : X → R f(x) = inf
a∈A

fa(x).

Ó�§·��±y²e¡�¯¢µ

�k > 0§A´Ýþ�m(X, d)���f8§�N�fi : A → R´�xN
�§÷v|fi(x)− fi(y)| ≤ kd(x, y)é¤k�x, y ∈ A¤á§Ù¥I´���I
8. �	¼ê

F1 : x 7→ inf
i∈I

fi(x), x ∈ A,

±9

F2 : x 7→ sup
i∈I

fi(x), x ∈ A.

y²þ¡ü�¼êe3,�:��Ø�Ã¡�(ù�:é�§;�¼êð

�−∞½+∞)§Kk

|F1(x)− F1(y)| ≤ kd(x, y)

±9

|F2(x)− F2(y)| ≤ kd(x, y).
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SK2. �(X, d)����Ýþ�m§N�f : X → X÷vé,p ≥ 2§¹

kp�Ïf�EÜN�f ◦ f ◦ · · · ◦ f�Ø N�. 5¿§ùp·�¿Ø�

¦f´ëY�.

(1) y²fk�=k��ØÄ:x.

(2) y²µ?�x0 ∈ X§dxn+1 = f(xn), n ≥ 0½Â�S�(xn)∞n=0 Âñ

ux.

SK3. �Ä�mLp(Rd)§Ù¥0 < p < ∞. y²XJé?¿f, g ∈ Lp§

‖f + g‖Lp ≤ ‖f‖Lp + ‖g‖Lp§K·�kp ≥ 1.

SK4. �(X, d)�;Ýþ�m§f : X → X�ëYN�§é?¿x, y ∈ X§
÷vd(f(x), f(y)) ≥ d(x, y). y²µf ����åN�§=é?¿�x, y ∈
X§þkd(f(x), f(y)) = d(x, y).

J«. eØ,§�3x, y ∈ X§¦�d(f(x), f(y)) > d(x, y). ·�5�

Ä{fn(x)}∞n=0§duù�S�´;8Xþ���Ã¡S�§§7,kÂñf

�§P�{fni(x)}. ÏL2�f�·��±��{mi}¦�{fmi(x)}Ú{fmi(y)}þ
Âñ. ·�Ø��mi+1 − mi → ∞, i → ∞(g�µ��oº). u´§

�i→∞�§·�k

d(f (mi+1−mi)(x), x) ≤ d(fmi+1(x), fmi(x))→ 0, d(f (mi+1−mi)(x), x) ≤ d(fmi+1(x), fmi(x))→ 0.

Pli = mi+1 −mi§u´

f li(x)→ x, f li(y)→ y.

dx, y�½Â§·�k

d(x, y) < d(f li(x), dli(y)),

4i→∞§·�k
d(x, y) < d(x, y),

gñ.

SK5. �½0 < p < 1. �q½Â� 1
p

+ 1
q

= 1(Ïq < 0). �f : Ω →
[−∞,∞], g : Ω→ [−∞,∞]�ü��ÿ¼ê§÷v∫

Ω

|f(x)|pdx <∞, 0 <

∫
Ω

|g(x)|qdx <∞.

y²e¡��HölderØ�ªµ∫
Ω

|f(x)g(x)|dx ≥ (

∫
Ω

|f(x)|pdx)
1
p (

∫
Ω

|g(x)|qdx)
1
q ,

ù�Ø�ª��>�U�∞.
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SK6. ��P13 1.2.4.

5P7. 'u�Kë�Öþ)��A:`²µ

1. �Yé���Pm§Pm(x)→ ex§exØ´õ�ª. ù�¢Sþ�5¿�

·�¢SþI�`²Ø�3õ�ªP (x)§¦�
∫ 1

0
|ex − P (x)|dx = 0.

ùI�|^�êÆ©Û¥��²;~KµXJf(x) ≥ 0����ð�

"�ëY¼ê§K
∫ 1

0
f(x)dx > 0. ¤±fn(x) = xnù�~f´Ø·^

�§Ï�·��f(x) = 0§ØJ�Ñρ(fn, f) →, n → ∞. ù�Uρ�

4�Ø�½´Å:4�. �3��z�m§ùü�4�¼êÀ��Ó.

2. �Yþ@���z�m�C[a, b]§ù�Ø�(§A�L1[a, b].

SK8. \é�¼©Ûù����Ækvk�oÐ�ïÆ§\ú�þ��

!s´Ä·�§�´I�\¯½~úº\é�¡�SNk�oÏ�½¿�

oº

SK9 (N\K). �¼êf ∈ C([0, 1] × R)§÷v�3~ê0 ≤ γ < 8§¦�

é?¿0 ≤ x ≤ 1, u, v ∈ Rk

|f(x, u)− f(x, v)| ≤ γ|u− v|

q�α, β ∈ R �ü�~ê. Kü:>�¯K

−u′′(x) = f(x, u(x)), 0 < x < 1,

u(0) = α, u(1) = β

k�=k��)u ∈ C[0, 1] ∩ C2(0, 1).

J«. ·��±©e¡nÚ?Øµ

(i) XJu ∈ C[0, 1] ∩ C2(0, 1)´>�¯K�)§Ku ∈ C2[0, 1].

(ii) XJu ∈ C2[0, 1]´>�¯K�)§Ku�´È©�§

u(x) = α(1− x) + βx+

∫ 1

0

G(x, ξ)f(ξ, u(ξ))dξ, 0 ≤ x ≤ 1

�)§ùpG ∈ C([0, 1]× [0, 1])½Â�

G(x, ξ) :=

{
ξ(1− x), 0 ≤ ξ ≤ x ≤ 1,

x(1− ξ), 0 ≤ x < ξ ≤ 1.

��§XJu ∈ C[0, 1]´þãÈ©�§�)§Ku ∈ C2[0, 1]§�u´>

�¯K�).
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(iii) 3�mC[0, 1] þD�supÝþ§·�½ÂN�F : C[0, 1]→ C[0, 1]�

F (v)(x) = α(1− x) + βx+

∫ 1

0

G(x, ξ)f(ξ, u(ξ))dξ, 0 ≤ x ≤ 1.

F´��Ø N�.


