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 !"#$% "#$%& '%()&%* +,-.'/0/09 ≤ 1%$)02)')0% 34*. :%0)-  ;! ! +#57&&%*)0)

'%$&%6)$)0) 34'2.*-.&/(/8<

=%> ?.* n /@/0 n ≤ n 6/*!

=1> ?.* m,n, r /@/0 m ≤ n A. n ≤ r /'. m ≤ r 6/*!

=B> ?.* m,n 6#$%& '%() @/C2/ /@/0 ν = max{m,n} + 1 '%()') m ≤ ν A.

n ≤ ν +#57&707 '%$&%*!

;!  !"#$ %&'%'% 6.+/ (iii) +#57&7 (.*/0. 6%D% 3,@&, #&%0 %5%$)6%+/ +#57&70

+#07&%1/&.B.$/0/ 34'2.*/0/8<

E#0&7 '%()6% λ1, λ2, . . . , λn ∈ Λ 4$.&.*/0. +%*5)&)+

λ1 ≤ λ, λ2 ≤ λ, . . . , λn ≤ λ = ;! >

.5/2'/8&/+&.*/ '%$&%(%0 1/* λ ∈ Λ 4$.'/ A%*6)*!

 !"#$% = ;! > +#57&7 '%$&%0)(#*'% n = 2 %&)0%*%+ (iii) +#57&7 .&6. .6/&.1/&/*F

(%0/ = ;! > ⇒ (iii) 6/*! G/-6/ 17070 +%*5)2)0)0 A%*&)$)0) 34'2.*.&/-! E#0&7

'%()6% λ1, λ2, . . . , λn ∈ Λ 4$.&.*/ A.*/&'/0! (iii) '%$&%0)(#*'%9

=%> λ1, λ2 4$.&.*/0. +%*5)&)+ λ1 ≤ ν3 A. λ2 ≤ ν3 #&%0 1/* ν3 ∈ Λ A%*6)*!
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"# (X,T ) $%&'()*& x )+,-&.()() B(x) ,+/0$1$,1&2 &314.3)3) '5)14)/30 632

.3.-4/ +1*$7$)$ 85.-423)3%#

 !"#$% B(x) 9%423)*4,3 .(2&1&/& 6&7()-(.()( U, V ∈ B(x) +1*$7$)*&

U ≤ V ⇔ U ⊃ V : !#!;

6&7()-(.( 314 -&)(/1&'&1(/# <$ .(2&1&/&)() =&)(/  !# # ,+0$11&2()( .&71&*(7()(

85.-424>473%#

:&; ?42 V ∈ B(x) 3@3) V ≤ V ⇔ V ⊃ V *32#

:6; ?42 U, V,W ∈ B(x) 3@3) U ≤ V ⇔ U ⊃ V A4 V ≤ W ⇔ V ⊃ W 3.4

U ≤W ⇔ U ⊃W *$2#

:>; ?42 U, V ∈ B(x) 3@3) W = U ∩ V *42.4, U ≤ W ⇔ U ⊃ W A4

V ≤W ⇔ V ⊃W +1$2#

B# C&D&1( [a, b] &2&1(7()*& 632 f E+),.3'+)$)$) F34/&)) 3)-482&13 -&)(/G

1&)(2,4) [a, b] &2&1(7()()

a = a0 < a1 < a2 < a3 < . . . < an = b : !#";

6519)-91423 ,$2$1$2 A4 4) 69'9, [ai−1, ai] &1- &2&1(7()() $%$)1$7$ .(E(2&

83*42,4)H F34/&)) -+D1&/1&2()() inf A4 sup *47421423)3) +1$D +1/&*(7()&

6&,(1(2# I1- &2&1(,1&2( 3@G3@4 +1&) : !#"; 6519)-91423)3) '5)14)/30 632 .3.-4/
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 !"#$% J3/84142*4 6&.3-1373 .&71&/&, 3@3) 6519)-91423 α, β, γ, . . . K&2L423'14
85.-42413/M '&)3

α ≡ {a = a0 < a1 < a2 < a3 < . . . < an = b} : !#B;

β ≡ {a = b0 < b1 < b2 < b3 < . . . < bm = b} : !#N;

γ ≡ {a = c0 < c1 < c2 < c3 < . . . < cr = b} : !#O;

*3'413/# <32 α 6519)-9.9 3@3)*4,3 4) 69'9, &1- &2&1(7() $%$)1$7$)$ ||α||
314 85.-42413/M '&)3

||α|| = max{|ai − ai−1| : i = 1, 2, . . . , n} : !#P;

+1.$)# <$)$ ,$11&)&2&, 6519)-9142 9%423)*4 .(2&1&/& 6&7()-(.( -&)(/1&'&G

631323%Q

α ≤ β ⇔ ||α|| ≥ ||β|| : !#R;

*3'413/# <$ .(2&1&/&)() =&)(/  !# # ,+0$11&2()( .&71&*(7()( 85.-424>473%#

[a, b] )3) 69-9) /9/,9) 6519)-91423)3) &314.3)3 B 314 85.-42413/#

:&; ?42 α ∈ B 3@3) α ≤ α *(2#
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"#$ %&' α, β, γ ∈ B ()(* α ≤ β +& β ≤ γ (,& α ≤ γ -./'0

"1$ %&' α, β ∈ B ()(* γ #2.3*43,3*3 α +& β #2.3*43.&'(*(* #343* *-5467

.6'8*96* -./:4/'6.8;0 </ *-546.6'8 [a, b] 6'6.8=8*6 #3>35.35 ,8'6,8*6

?2'& >&'.&:4('&#(.('(@0 </*/* ()(* γ *8* ci #2.3*43 *-546.6'8*8 A&'

i = 1, 2, 3, . . . ,max{n,m} ()(*

ci =

{

ai ai ≤ bi

bi bi < ai

,8'6.6;6 5/'6.8>.6 ,&);&5 >&4&1&54('0 </ 9/'/;96 ||α|| ≥ ||γ|| +&
||β|| ≥ ||γ|| -.616=8 6)8548'0 B A6.9& A&' α, β ∈ B ()(* α ≤ γ +& β ≤ γ
-.6165 #()(;9& #(' γ ∈ B #2.3*43,3 -./:4/';/: -.9/50

C0 <(' 4-D-.-E(5 /@6>96 #(' x *-546,8 6.6.8; +& #/ *-546>6 56':8.85

Dx = {(U, t)| U ∈ B (x), t ∈ U} " F0G$

53;&,(*( 46*8;.6>6.8;0 </ 53;&*(*

(U, t) � (V, z)⇔ U ⊃ V " F0 H$

#6=8*48,8*6 ?2'& >2*.&*;(: #(' 53;& -.9/=/*/ ?2,4&'(*(@0 I-*'6J 2=&.&'(

Dx 53;&,(>.& 96;?6.6*6*

{t | (U, t) ∈ Dx} " F0  $

6=8*8* x *-546,8*6 >658*,698=8*8 (,D64.6>8*8@0
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4&; -.9/=/*/ ?2,4&';&5 ()(* K6*8;  F0 0 5-:/..6'8*8 ,6=.698=8*8 ?2,4&';&.(>(@0

 0 %&' (U, t) ∈ Dx ()(* (U, t) � (U, t) 9('0

F0 (U, u) � (V, v) +& (V, v) � (W,w) (,& U ⊃ V ⊃ W 9/'0 B A6.9& " F0 H$

/>6'8*16 (U, u) � (W,w) -.616548'0

!0 (U, u), (V, v) ∈ Dx ()(* W = U ∩ V ∈ B -.9/=/*96* (U, u) � (W,w) ⇔
U ⊃W +& (V, v) � (W,w)⇔ V ⊃W -.9/=/ 6)8548'0

B A6.9& " F0G$ (.& 46*8;.6*6* Dx 6(.&,( >2*.&*;(: #(' ,(,4&;9('0

" F0  $ (.& 46*8;.6*6* {t(U,t)} = {t : (U, t) ∈ Dx} 2=&.&'( " F0G$ >2*.&*;(:

,(,4&;( (.& 96;?6.6*98=8 ()(* #(' 6=98'0 </ 6=8* x *-546,8*6 >658*,698=8*8

?2';&5 ()(* K6*8;  F0 0L 5-:/..6'8*8* ,6=.6*98=8*8 ?2,4&';&.(>(@0 <(' U ∈
B(x) +&'(.,(*0 V ⊂ U -.9/=/*96 (U, t) � (V, t) 9('M 9-.6>8,8>.6 t(V,t) ∈ V
-./'0
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 " #$% a &'()*+,&,& -$% A (./0+$&$& -$% 1,2,3/* &'()*+, '3/*+, $4$& 50%0(3$ 60

10)0%3$ ('783 (A − {a}) $4$&90 A &'()*+,&* 1*(,&+*1*& -$% *2,& 6*%3,2,9,%"

:;+)0%$&$<"

 !"#$% =1%,( >+$&583*%? '3/*1*& (*@3*/* &'()*+, -$% 1,2,3/* &'()*+,9,%"

A&0%/0  B"B" 81*%,&C* a ∈ Ā '3/*+, $4$& 50%0(3$ 60 10)0%3$ ('783 aλ → a
'3*& -$% (aλ) *2,&,& 6*%3,2,9,%" #8&* 5;%0 @%'-30/$ 4;<0-$3$%$<"

 !"!#$%&%'

a ∈ Ã⇔ [V ∈ B(a)⇒ V ∩ (A− {a}) 6= ∅]

9$%" D E*390 E0% V ∈ B(a) $4$& -$% aV ∈ V ;20+$ +040-$3$%$<" B(a) 1;&30&/$7

-$% +$+)0/ '39828&9*& (aV ) -$% *29,% 60 aV → a 9,%"

(!)!"$%&%' aλ → a $+0 E0% V ∈ B(a) $4$& (aλ) *2,&,& (81%828 V $4$&90

(*3,%" A1301+0F V ∩A 6= ∅ 9$%" D E*390 a ∈ Ā 9$%"

B" #$% )'@'3'G$( 8<*19* x &'()*+,&,& (xλ) *2,&,& -$% 1,2,3/* &'()*+, '3/*+,

$4$& 50%0(3$ 60 10)0%3$ ('783F (xλ) *2,&,& -$% *3)H*2,&,& x &'()*+,&* 1*(,&H

+*/*+,9,%" :;+)0%$&$<"

 !"#$% A = {xλ : λ ∈ Λ} 9$103$/"

x ∈ Ã⇔ [V ∈ B(x)⇒ V ∩ (A− {x}) 6= ∅]

⇔ [V ∈ B(x)⇒ (∃ aλV
∈ V )

⇔ aλV
→ a

4,(*%"

I" X (./0+$ .<0%$&90 T1 ≤ T2 ('7838&8 +*23*1*& T1 60 T2 )'@'3'G$30%$ 6*%+*F

-$% *2,& -8 )'@'3'G$30%0 5;%0 1*(,&+*/*3*%, *%*+,&9*($ J*%( &09$%K

 !"#$% L&C0 )'@'3'G$10 5;%0 1*(,&+*( '3*& *2F (*-* )'@'3'G$10 5;%0 90

1*(,&+*%"

!" L4$&90($ E0% *2 E0% &'()*+,&* 1*(,&+,1'%+*F 8<*1 *1%,( 902$39$%" :;+)0%$&$<"

 !"#$% (X,T ) )'@'3'G$( 8<*1,&9* -$% (aλ) *2, 60%$3+$&" M0% x ∈ X $4$&

aλ → x $+0F E0% V ∈ B(x) $4$& (aλ) *2,&,& (81%828 V $4$&90 (*3,%" x ∈ T ⊂
V '3*C*( -$4$/90 *4,( -$% T ∈ T (./0+$ +040-$3$%$<" T ∈ B(x) '39828&9*&
(aλ) *2,&,& (81%828 T $4$&90 (*3,%"

N0%$30& ('783 *3),&9* T = X '39828&8 5;+)0%/03$1$<O 1*&$ 8<*1,& -'7

'3/*1*& )0( *4,( (./0+$&$& X '39828&8 5;+)0%/03$1$<"

P20% T 6= X $+0 -$% y /∈ T &'()*+, 6*%9,%" P20% y ∈ (T ′)o '3+*19,F E$@')0<

50%02$&C0 y ∈ X $4$& aλ → y '3*C*(),%" y ∈ (T ′)o ∈ B(y) '39828&9*&

(aλ) *2,&,& (81%828 (T ′)o $4$&90 (*3,%" T ∩ (T ′)o = ∅ '39828&9*&F -8



 !"!" #$%#&'( )*+*&%,$,   !

"#$#% &#'($)"( *+&,-.-.,- /-,010$2 /3.'3 &(').*(' 40$ (5). '#&$#5# 40$6

40$,-$0."-. (&$)' 0'0 (/)' '3%- 0/0."- 4#,#.(%(78 9&,-&*-: '(4#,3%37

&(.,)1;)$8 <=,(&)*)&,( >0/ 40$ y ∈ (T ′)o +5-*0 ?($=,(%(78 @#$("(.:

(T ′)o = ∅ ⇒ (T ′)o = (T̄ )′ = ∅

⇒ (T ′)o = (T̄ )′ = ∅

⇒ T̄ = X

⇒ T = (T̄ )o = (X)o

⇒ T = X

/)'($8

!8 A&$)' 40$ #7(&) (5,($). &(').*(%(*) 0,- 4-,0$,-&-40,0$ %0*0.07B

 !"#$% C/0."-'0 >-$ &(').*(' (5). '#&$#5# *(40; 0*- #7(& (&$)' 40$ #7(6

&")$8

D8 (xλ) (5) x ,0%0;0.- &(').*)&=$*(: >-$ (,; (5).). "( (&.) .=';(&( &(').6

*(")5).) E+*;-$0.078

 !"#$% (aλı
) ⊂ (aλ) ?- aλ → a =,*#.8

aλ → a =⇒ [V ∈ B(a)⇒ (∃λ0)(λ0 ≤ λ⇒ aλ ∈ V ]

=⇒ [V ∈ B(x)⇒ (∃λ0)(λ0 ≤ aλı
⇒ aλı

∈ V ]

=⇒ aλı
→ a

=,#$8


