
 !"#$ %&

'()*+' ',-.(/+0'*)

 !" X #$%&'! $(&"!)*& +,"-# ./%+,+) 0.1./.2!# ,+1-*+) 3+4/+,+"+# +,"-#

0.1./.2!# ,+1-,+ #+*+" 5.# *&6!4!# 0.1./.2!# ,+1-/+"-) #7"7/+3!/&8&6!)! 3!/!,.9

"7(: ;.1.2!# ,+1- !)8&/*!#5&< 3!" ,+)*+)< 7(+, $(&"!)*&#! '$"&#/! =.)#'!,.)/+"

5.6+/-" >& =+"#/- #$%&/&"! =+"#/- #.%47/7#/+"/+ +,-"%+ ./+)+6- *.6+":  7 !'&<

,+#-)'+# *!(! >& '$(?&5/&"!) 0&# /!%!0& ?!0%&/&"!)! '+6/+"@ +)8+#< A0& ,+)*+)<

0.1./.2!# ,+1-)-) !)8&/%&'!< ,+#-)'+# *!(!/&"!) >& ,+#-)'+# '$(?&5/&"!) '+,-'-)-

+(+/0-" >& 7(+,-) 3!"!)8! ,+ *+ B#!)8! C+,-/+3!/%& D#'!,.%/+"-)- '+6/+%+'-)-

(."/+40-"-":  7 )&*&)/&< %+0&%+0!#5!< #$%& $(&"!)*& ,+1%+# !'0&*!6! !4& 7,9

?7) ./+) 3!" 0.1./.2!# ,+1- #7"+": E&6!4!# ,+1-/+"-< 3+(- ."0+# )!0&/!#/&"& '+F!1

./+) '-)-G+"+ +,-"-1 F&" '-)-=-) A(&/!#/&"!)! +,"- +,"- !)8&/&%&# *+F+ #./+, >&

*+F+ ,+"+"/- ./%+#0+*-":  7 3A/$%*&<  !"#$%&'() >& *(+, 0+"+=-)*+) ."9

0+,+ #.)+) +#'!,.%/+"/+ H#! 37)/+"+ $-.'/$ $012-(/!$'. *!,&8&6!(I ,+1-/+)

'-)-G+%+,- !)8&/!,&8&6!(: D/%+)8+J*+ KLD,-"%+ D#'!,.%7K +)/+%-)+ ?&/&)

KL;"&))7)?'+M!.%KJ #&/!%&'!)!) 3+4 F+"N #7//+)-/+"+#< T0, T1, T2, T3, T4,
!/& ?A'0&"!/&) 3&4 +,"- '-)-=-< '-"+'-,/+< 0+)-%/+,+8+6-(:

 !" To #$%&'(&)*

 !"#$ %&'%'%'  !" (X,T ) 0.1./.2!# 7(+,- >&"!/'!): X #$%&'!)!) =+"#/- !#!

).#0+'- >&"!/*!6!)*&< 37 ).#0+/+"*+) &) +( 3!"!'!)!)< *!6&"!)! !5&"%&,&) 3!"

#.%47/767 >+"'+< (X,T ) 7(+,-)+ 3!" T0 934$-.&.' *&)!/!":

()"*+ %&'%'%' X #$%&'! 3!"*&) 5.# A6&,& '+F!1'&< 37 #$%& $(&"!)*&#!

+,"-# ./%+,+) 0.1./.2!,& ?A"& 7(+, 3!" T0 97(+,- *&6!/*!":

OPQ



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

 !"#$" %&'%'%' T0  !"#$%$% &'( ")*  !"#$ +" ,-( T0. !"#$+$(/ 0%1"2 T0

 !"#$%$% ,-( ,3)45  !"#$%$% #-%' T0  !"#$ 6)5"7$ 8'('25'!/

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

 !"# T1 $%&'()'*+

()!*$ %&'+'%' ./+ (X,T ) 0$1$%$2/3 45&'6767 89+8&7)/ :&+3%6 /3/ 7$30&;6 <9=

+/%>/?/7>9@ A4 7$30&%&+67 89+A/+/;/7/7@ >/?9+/7/ /B9+C9'97 A/+ 3$CD4%4?4 <&+;&@

A4 45&'& A/+ T1 = !"#$+$(@ >97/%/+-

.474 &D&?6>&3/ )/A/ ;/C)9%9+%9 /:&>9 9>9A/%/+/5E

[T1] a, b ∈ X, a 6= b⇒

{

∃H ∈ B(a), b 6∈ H

∃G ∈ B(b), a 6∈ G

(",#"$ %&'+'%' 9-(  !"#$% T1. !"#$ 6)5"7$ -:-% 8'('2)- ;' #'*'()- 26< ) &'(

%62*"7$%$% 2"=")$ ,-( 245' 6)5"7$+$(/

 ! " # $%

>'('2)-?-@ F9+8&7)/ A/+ p ∈ X &%&%6C- {p}′ 7,7 &B63 $%>4?474 )*;09+9(9?/5-

x ∈ {p}′ /;9 x 6= p $%&(&?67>&7 [T1] )9+9?/7(9 p 6∈ G $%&(&3 D93/%>9 A/+

G ∈ B(x) <&+>6+- F9+ x ∈ {p}′ /B/7 &'76 D9' '&16%&A/%9(9?/7>97 {p}′ &B6306+-
G 8&%>9 {p} 3&1&%6>6+-

A'*'()-?-@ a, b ∈ X <9 a 6= b /;9 b 6∈ {a} >/+- H&+;&'6C6C65 )9+9?/7(9 {a}
3&1&%6 $%>4?47>&7 {a}′ ∈ B(b) <9 a 6∈ {a}′ >,+- .9759+ >,D,7,D%9 {b}′ ∈
B(a) <9 b 6∈ {b}′ $%&(&?67>&7 [T1] A9%/0/ ;&?%&76+-

-,!./ %&'+'%' 9-( (X,T )  !"#$%$% T1. !"#$ 6)5"7$ -:-% 8'('2)- ;' #'*'()-

26< ) T % % 76%) *45)'#'%)'( *6=6)6B-7-%+'% +"&" -%1' +62 ) 6)5"7$+$(/

 ! " # $%

>'('2)-?-@ I5&' T1=45&'6 /;9@ *7(93/ 09$+9C )9+9?/7(9@ 89+ ;$7%4 3,C9

3&1&%6>6+J '&7/ 89+ ;$7%4 3,C97/7 0,C%9'97/ &B6306+- .4 /;9@ ;$7%4 0,C%9'97%9+

0$1$%$2/;/7/7 T >&7 >&8& 3&A& $%C&;6 >9C930/+-

A'*'()-?-@ T 0$1$%$2/;/ ;$7%4 0,C%9'97%9+ 0$1$%$2/;/7>97 >&8& /7(9 /;9 89+

7$30&767 0,C%9'97/ &B63 $%&(&?67>&7@ 093 7$30&>&7 $%4D&7 89+ 3,C9 3&1&%6=

>6+- G 8&%>9@ )979 *7(93/ 09$+9C )9+9?/7(9@ (X,T ) A/+ T1=45&'6>6+-



 !"#" T2 $%&'()'*+  !"

 !"# T2 $%&'()'*+

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

 !"#$ %&'('%' #$% (X,T ) &'()*+*+ ,-%,(+.$ /(%01* $0$ +203(4* 5-%$16$7$+6-

8& +203(1(%*+ 8$%8$%1-%$+6-+ ()%*0 8$%-% 029:&1&7& 5(%4(; (X,T ) &'()*+( 8$%

T2 <&'()*6*% )( 6( 8$%  !"#$%&' "(!)*$*& ; 6-+$1$%=

#&+& (:(7*6(0$ .$8$ 4$9.-1-%1- $/(6- -6-8$1$%$'>

[T2] a, b ∈ X, a 6= b⇒ (∃A ∈ B(a) (∃B ∈ B (b)) A ∩ B = ∅

?-% ?(&462%@ &'()*+*+ 8$% T1<&'()* 216&7& (A(B*03*%= [T2] (04$)29& ?(&4<

62%@ (04$)29& 6$)- (61(+6*%*1*% 5- 8& +-6-+1- B27& 0-' [H] $1- .C43-%$1$%=

 )*+)$ %&'('%' +,& (X,T ) "(!)* ,-,. !/!0*$!1, 2(34,143& 3/$303&$,&5

D$E F'() 8$% ?(&462%@ &'()*6*%=

D$$E ?-%,(+.$ 8$% +203(+*+ 8G3G+ 0(A(1* 029:&1&01(%*+*+ (%(0-4$3$ )(1+*' 8&

+203(6(+ $8(%-33$%=

D$$$E X G'-%$+6-0$ )(0*+4(0 8$% 4G'.-H$+ 3-0 0(A1(9( +203(4*; 4G'.-H$+ )(<

0*+4(6*7* +203(6*%=

D$5E X G'-%$+6-0$ 8$% 4G'.-H$+ 8$%6-+ B20 1$9$3 +203(4* )203&%=

, - . / 01

,-. ⇒ ,--./ I(8$3 8$% p ∈ X +203(4* 4-B-1$9= p 6= x ∈ X $4- [T2] (04$<
)29& .-%-7$+H-; U ∩V = ∅ 21(H(0 :-0$16- p +203(4*+*+ 8$% U 029:&1&7& $1- x
+203(4*+*+ 8$% V 029:&1&7& 5(%6*%= J'-1 21(%(0 8& 029:&1&01(%* (B*0 0G9-<

1-% 21(%(0 4-B-8$1$%$'= #& 6&%&96( V ′, p +$+ 0(A(1* 8$% 029:&1&7&6&% 5- 8&

029:&1&0 x +203(4*+* $B-%9-'K )(+$ x +203(4* p +$+ 0(A(1* 029:&1&01(%*+*+

(%(0-4$3 0G9-4$+- ($3 21(9('= ?-% x 6= p +203(4* $B$+ ()+* :-) 4C)1-+-8$1-H-<

7$+- .C%-; 4C' 02+&4& (%(0-4$3 p 6-+ /(%01* ,$B8$% +203()* $B-%-9-'=

,--. ⇒ ,---./ X G'-%$+6- S → p 21(H(0 :-0$16- 8$% S 4G'.-H$ (1(1*9=

S +$+ 8$%$H$0 0(A1(9( +203(4*+*+ p 6-+ $8(%-3 216&7&+& .C43-%-H-7$'= x 6= p
$4-; D$$E .-%-7$+H- x 6∈ K 21(H(0 :-0$16- p +$+ 0(A(1* 8$% K 029:&1&7& 5(%6*%=

L)%*H( S → p 216&7&+6(+; S ⊂ K 21(H(0 :-0$16- 8$% S ∈ S 5(%6*%= M ,(16-

S ∩K ′ = ∅ 21&%= M)4( K ′, x +203(4*+*+ 8$% 029:&1&7&6&%; C)1-)4- x +203(4*



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

S #$# %$& '()*(+( #,'-(./ ,*(+(01

 !!!" ⇒  !#"$ 2$& .30456$# 75& *$+$- #,'-(./ (8#/ 0(+(#9( %$& '()*(+(

#,'-(./ ,*9:;:#9(#< $.-5#5# =58 ()(>/'-/&1

 !#" ⇒  !"$ ?*+(8(#( 5&4$ 8@#-5+$8*5 8()(6(;/01 x 6= y ,*.:# A5 x #,'-(B

./#/# 75& V ',+=:*:;:#:# y #$# 75& W ',+=:*:;: $*5 '5.$=-$;$#$ A(&.(8(*/+1

2: 9:&:+9( V ∩W =5'*$#95'$ '3+5*5&$# ($*5.$< X 305&$#95 75+ x< 75+ y
#,'-(./#( 8('/#.(8(# %$& .3045> -(%(#/ ,*(6('-/&1 ?8.(< %@8*5 ,*+(./ (iv) $*5
>5*$=$&1

%&'() *+,-,*,  !" X #$%&'!()&( *!" Y +,-')."/ -0,12(, *!" f 3.(#'!1.(-
4&"!5'!(6 X $0&"!()&#! *!" S '$07&8!(& 79"& f (!( &(:.# *!" 5!%!; (.#;,'2

4,".5,*!5!"6 <=&" *915& *!" 5!%!; 4,"',> *- (.#;, f (!( S 1& 79"& *!"!8!#

#,?5,%, (.#;,'2)2"6

 ! " # $% C30456$# 8('/#.(+(./ -(#/+/ $*5 @#65'$ -5,&5+95# 75+5# >/'(&1

.'/01/ *+,-,*,  !" f : (X,T )→ (Y,S ) '$"&#5! 3.(#'!1.(- 4&"!5!1."6 <=&"
(Y,S ) *!" +,-')."/ -0,12 4& @&" x 6= y !:!( f(x) 6= f(y) .5-1."', (X,T )
-0,12 ), +,-')."/ -0,12)2"6

 ! " # $% f(x) A5 f(y) #$#< ./&(./8*(< V A5 W 4$%$ %$&%$&$#95# (8&/' $'$

',+=:*:;:#: (*(*/+1 f−1(V ) A5 f−1(W ) '3+5*5&$< ./&(./8*( x A5 y #$# (8&/'

%$&5& ',+=:*:;: ,*(6('-/&1

%&'() *+,-,2,  !" +,-')."/ ;.?.5.A!'!()&( ),@, !(8& .5,( @&" ;.?.5.A! 7&(&

*!" +,-')."/ ;.?.5.A!'!)!"6

 ! " # $% (H,H ) %$& D(:.9,&E :0(8/ A5 H ⊂ T $.5 I : (X,T ) →
(X,H ) @095=*$' 9@#3=3+3 .3&5'*$9$&1 F#65'$ @#5&+5 :84:*(#/&.( T #:#

%$& D(:.9,&E -,),*,G$.$ ,*9:;: 4@&3*3&1

%&'() *+,-,-,  !" +,-')."/ -0,12(2( @&" ,5;B-0,12 ), *!" +,-')."/ -0,1B

)2"6

 ! " # $% (X,H ) %$& D(:.9,&E :0(8/ ,*.:# A5 %$& A ⊂ X (*-B'3+5.$

A5&$*.$#1 (A,HA) 9(# (X,H ) $>$#5 ,*(# 9,;(* 4@++585 @#65'$ @#5&+5 :8B

4:*(#(%$*$&1



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

 !"#$" %&'(')'  !" !#$%&%' ()%&#%*+' ,!" !#$%&%' ,-* %-#./-'-' 0%*1+$

()%&+'+' ,-* 2%(/3!*4 ()%&+ !#$%/+ -0-' 5.*.6#- 7. &.8.*#- 6!"(# 0%*1%' ()%&9

#%*+' :.* ,-/-'-' ,-* 2%(/3!*4 ()%&+ !#$%/+3+*;

<.*.6#-=-> "#$ {(Xı,Tı) : ı ∈ I} %#&'(#)#) (X,P) *%$+,- ./%0, 1%.(2

34$5 #(' 6'$ j ∈ I #*#) (Xj,Tj) ./%0,),) (X,P) )#) 7#$ %&82./%0,)% '90%+,&,

4&3.:.). ;<(8'$-'= 0'8'>'=8#$?

Πı∈IXı = X ∋ x = (xı),

)4=8%(,),) 7@8@) ı(ı 6= j)2,)>, =44$3#)%8&%$,), Xı &%$ #*#)3' 6'$6%);# 7#$'$

(%7#8 4&%$%= ('*'&#-A <0&' =# 0%&),/ j2#)># =44$3#)%8, Xj #*#)3' 3':#9=') 7#$

)4=8% 4&(.)? X *%$+,- =@-'(#)#) 7<0&' 7#$ )4=8%(,), xj
#&' ;<(8'$'&#-? ".

)4=8%),) xj =44$3#)%8,),) Xj 0# 8%$%-%(,0&% '&3' '3#&') =@-'0# ϑj #&' ;<(8'2

$'&#-? ϑj )#) X *%$+,- =@-'(#)#) 7#$ %&8=@-'(# 4&3.:. %*,=8,$A 34&%0,(,0&%B

P *%$+,- 84+4&4C#(#)#) 7. =@-' @/'$#)' =4)3.$3.:. 84+4&4C#0# Oj #&' ;<(2

8'$#$('= (ϑj,Oj) ./%0,B <)>'=# (4).* .0%$,)>%B 1%.(34$58.$? ".).) (ϑj,Tj)
./%0, #&' '90%+,&, 4&3.:. %*,=8,$?

?.8.*#-=-> D:'$ x, y )4=8%&%$, X *%$+,- =@-'(#)#) E%$=&, #=# )4=8%(, #('

')%/ 7#$ j ∈ I #*#) πj(x) = xj #/3@9@-@ πj(y) = yj #/3@9@-@)3') E%$=&,3,$?

(Xj,Tj) 7#$ 1%.(34$E ./%0, 4&3.:.)% ;<$'B xj F' yj )#)B (,$%(,0&%B V F' W
;#7# %0$,= 7#$'$ =4-9.&.=&%$, F%$3,$? G 6%&3' π−1j (V ) #&' π−1j (W ) =@-'&'$# X
#*#)3' x F' y )#) %0$,= #=# =4-9.&.:. 4&%>%=8,$?

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

*+!,$ %&'&'%' D:'$ (X,T ) ./%0, %9%:,3%=# %=(#04-. (%:&,04$(%B ,( ()%&%

3@).'#- A*.5(#%*B ,-* ()%& F' 84+4&4C#(#)' 3' 3@).'#- ,-* 8!1!#!C-B 3')#&#$H

IJK L%+%&, 7#$ K %&82=@-'(# #&' 7#$ x 6∈ K )4=8%(, F'$#&3#:#)3'B K =@-'(#

#&' x )4=8%(,),) 7#$7#$&'$#)3') %0$,= 7#$'$ =4-9.&.:. F%$3,$?

 !"#$" %&'&'%'  -* (X,T ) ()%&+'+' %"%=+3%6- D).#-6#.*- ."3.=.*3-*>

IJ K M/%0 3@/')&#3#$?

IJNK 1'$ )4=8%),) =%+%&, =4-9.&.=&%$ %#&'(# 7. )4=8%),) 7#$ 0'$'& 8%7%),3,$?



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

#$%& '()*+,-. /.) x ,012+34,4, *() V 105678797: W̄ ⊂ V 08+;+1 6(1.8<(

+=41 /.) W 105678797 1+>3+)?

 ! " # $%

[D1] ⇒ [D2]  !"#$ @?%? -()(9.,;(: /.) x ,012+34,4, *() *+,-. /.) W
105678797,7, 1+>+84 /.) 10567871 1+>3+<494,4 -A32()(;(9.B? CB(8 08+)+1 W
D7 +=41 +84)3+1: W ′

1+>+84 087) E( x ,012+34,4 .=()5(B? F *+8<( [D1] -()(9.,;(
W ′

,G, AD8( /.) U 105678797 .8( x ,012+34,4, AD8( /.) V 105678797 E+)<4)

1. U ∩ V = ∅ <.)? U .8( V D. +=41 +8+/.8.).B? V ⊂ U ′ 08<797,<+, V̄ ⊂ (U ′) =
(U◦)′ = U ′ 08+;+124)? FD3+ U ⊃ W ′

.<.? F *+8<( U ′ ⊂ W <7) E( /7)+<+,

V̄ ⊂ W =41+)?

[D2]⇒ [D3] U 1G5(3. x ,012+34,4, *()*+,-. /.) 105678797 .3(: [D2]
-()(9.,;(: U 1G5(3.: 1+>+84 /.) V 105678797 1+>3+D+;+124)? C2( D+,<+,:

10567871 2+,454 -()(9.,;(: V +=41 /.) W 105678797,7 1+>3+)? H/1B  !"#$

@? ? I? F *+8<( W ⊂ V = V̄ ⊂ U <7) E( /7)+<+, W̄ ⊂ U 08+;+94 -A)G8G)?

[D3] ⇒ [D1] K 1+>+84 /.) +82J1G5( E( x /∈ K 0837,? K ′, x ,012+34,4,

/.) 105678797 08<797,<+,: [D3] -()(9.,;(: W̄ ⊂ K ′
08+;+1 6(1.8<( +=41 /.)

W 105678797 E+)<4)? (W̄ )′ +=4124) E( K D4 1+>3+)K D+,. /7 1G5( K ,4, /.)

105678797<7) E( x ,012+34,4, W 105678797 .8( 1(3.65(B?

 !"# T3 $%&'()'*+

!"#$% &'()(&( L6+94<+1. +13.D057 3+98+D+, (X,T ) 7B+D4,+ /.) T3J !"#$%$&

<(,.8.)M

[T3] NB+D <GB(,8.<.) E( T1 +13.D057,7 3+98+)?

*+",$ &'()(&( O+B4 1+D,+18+)<+ %'!()*+  !"# <.D( [D] +13.D057,7 3+98+D+,

'+73<0)P 7B+D8+)4,+ <(,.8.)?

-#.,%. &'()(&( ,-".$%"/+ 0!(*+/*(& 1"&%$&2

 ? '() T3J7B+D4 /.) '+73<0)P 7B+D4<4)?

"? $GB(,8. /.) 7B+D4, *() +82J7B+D4 <+ <GB(,8.<.)?

%? O.) T3J7B+D4,4, *() +82J7B+D4 <+ /.) T3J7B+D4<4)?

Q? O.) =+)>45 7B+D4, <GB(,8. HD+ <+ T3I 085+34 .=., -()(18. E( D(2()8. 10678

*()/.) =+)>+,4, <GB(,8. HD+ <+ T3I 085+34<4)?

@? T3J7B+D8+)4,4, /A8G5 7B+D8+)4,4, T3J085+34 -()(15(B?



 !"#" $%&$%'%( )%*+(,- .*/0,/1  !"

 !"# $%&$%'%( )%*+(,- .*/0,/1

 !"#$ %&'('%' #$% (X,T ) &'()* +,%$-.$/0 1(2(-* 3$% A ⊂ X (-4 567,.$ $-,

3$% x /∈ A /854(.* +,%$-9$:$/9, ,:,% X 567,.$/9,/ ;,%<,- ,5.,/ 6',%$/9,5$ .(-4

4828-8=$/$/ [0, 1] (-4>&'()* 6',%$/, (?(:*9(5$ 58?&--(%* .(:-()(/ .6%,5-$ 3$% f
@8/5.$)8/& +(%.(A (X,T ) &'()*/(  !" !#!$ %!&'$() *&+,%-. 9,/$-$%B

f : X → [0, 1], f(A) = 1, f(x) = 0

#C)-, 3$% @8/5.$)8/( A 567,.$ $-, x /854(.*/* +,-.-,/. 9,/$-$%0

#6.3646/ 96',/-$ 8-(/ T1>&'()-(%*/( 0,12/$/3 *&+,(+.- 9$),D,:$'0 #('*

5()/(5-(%9( E)DF8/8G &'()-(%* T 3

2

.$7;,.$ $-, ;C.4,%$-$%0

)"*+$* %&'('%' 45+6-%+7) 8&'()7('. 9+.%-.:

H(I #6.3646/ 96',/-$ H)( 9( E)DF8/8GI 3$% &'()*/ F,% (-4>&'()* 9( 36.>

3646/ 96',/-$ H)( 9( E)DF8/8GI 9$%0

H3I #$% <(%2*7 &'()*/ 36.3646/ 96',/-$ HE)DF8/8GI 8-7(.* $<$/ ;,%,5-$ +,

),4,%-$ 58?&- F,% 3$% <(%2(/*/*/ 36.3646/ 96',/-$ HE)DF8/8GI 8-7(.*9*%0

HDI E)DF8/8G &'()-(%*/*/ 3C-67 &'()-(%*/*/ 9( E)DF8/8G 8-7(.* ;,%,5>

7,'0

 !"2 (314/, .*/0,/1

 !"#$ %&','%' J?(:*9(5$ (5.$)87& .(:-()(/ (X,T ) &'()*/( $/.;+( *&+,

9,/$-$%B

KLM X 567,.$/$/ 3$%3$%-,%$/9,/ ()%*5 F,%F(/;$ $5$ 5(2(-* (-4 567,.$/$/A 3$%>

3$%-,%$/9,/ ()%*5 3$%,% 587?&-&5-(%* +(%9*%0

)"*+$* %&','%' <). (X,T ) *&+,-$-$ +5+6-%+7) 8&'()7('.)  ). ).('.)$' %'$7=

#).>

KL M N'() /8%7(-9$%0

KLOM 1(2(-* 3$% A 567,.$/$/ F,% 587?&-&:& A /*/ 5(2(-* 3$% 587?&-&:&/&

5(2.(%0
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#$%& '()(*+ ,-. A /0123-4-4 52. U /6178*898 V̄ ⊂ U 6*(:(/ 72/-*;2 A 4+4

(<+/ ,-. V /6178*89848 /()3(.=

 ! " # $% >8 0< ?@2**-9-4 ;24/*-9-4- A?3B2.12/ -<-4 x 46/B(3+ C2.-42 /()(*+

,-. /012 (*(.(/ B(1(124  !"#$"  "="= ;2/- C?4B21- 8CA8*(1(/ C2B2:2/B-.=

D7(9+;(/- ?42.12C- ;(5( 364.( C(.;+1:+ (.(< 6*(.(/ /8**(4(:(9+@=

 !"#$" %&'(')' [0, 1]  ! "#$#%& ' ( ) %# 2 %*% )*! ( +, -# ./001(*%1 12*(

3" % .1,*!"1! .4+1,* , "( (353"36*-1 78!1 [0, 1] *9*%&1 -3$/%&/!:

 ! " # $%

D =

{

1

2
,
1

22
,
1

23
,
3

23
,
5

23
,
7

23
,
1

24
, · · · ,

15

24
, · · ·

}

E "= F

/0123-4-4G 3(*B B6)6*6H-C2 A?.2 [0, 1] -<-4;2 C6984 6*;89848 A?3B2.2:29-@= >8I

484 -<-4G [0, 1] -<-4;2/- 52. (a, b) (<+/ (.(*+9+4+4 D C2 (-B 24(@ ,-. ?92 -<2.;-9-4-

A?3B2.12/ C2B2:2/B-.=

1

2n
→ 0 6*;8984;(4

n ≥ p⇒
1

2n
< b− a E "=JF

6*(:(/ ,-<-1;2 ;69(* ,-. p 3(C+3+ K(.;+.= LB2 C(4;(4

[

(k − 1)

2n
,
k

2n

]

(k = 1, 2, 3, . . . , 2n) E "=%F

(.(*+/*(.+ [0, 1] (.(*+9+4+4 ,-. ?.B030;0.= M6*(C+3+C*( ,8 (.(*+/*(.;(4 ,-.-3- a
?923-4- -<2.-.G C(4-

(m− 1)

2n
< a <

m

2n
E "="F

6*(:(/ ,-<-1;2 ;69(* ,-. m 3(C+3+ K(.;+.= E "=JF K2 E "="F 27-B3-@*-/*2.-4;24G

52124

a <
m

2n
< b E "=NF

6*;898 A?.0*0.=

O@2.*2.-4;2/- 30.2/*- A2.<2* P64/3-C64*(.+4 ,6**898 46.1(* 8@(C*(.+4 ?42I

1-4- (.B+.+.= Q242* B6)6*6H-4-4 /?72 B(7*(.+4;(4 ,-.- 6*(4 ,8 A2.<29- (7(9+;(/-

B26.21*2 ,2*-.*2C2:29-@=



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

 !"#!$ %&'('%' #$%&'()*+  !" #$%&'(") %*$+,-,- -(".$/ (/.$&, !0!- 123

"24/! 52 +262"/! 4(7%/8 9"+&(:- $4&!+(.% '!+2 ;!/!-2- $7$<,'$4! =*2/!<!- &$<3

/$-.$&,',">

#$+ A ,-. B /01.-.%, (X,T ) 234&5*5* 6,%6,%-.%,*7.* 4&%5/ ,/, /484-5 4-9 /0:

1.', ,'.; 4<4=574/, >3.-,/-.%, '4=-4&4* '0%./-, 6,% f : X → R ?(*/',&(*2

@4%75%A

0 ≤ f(x) ≤ 1, f(A) = {0} @. f(B) = {1} B CD!E

?262"/!<!> [U ] >3.--,=, '4=-4*5&(%'4 [N ] >3.-,=,*,* 7. '4=-4*4F4=5*5 G>'9.%.:

-,1D H'9.*.* >3.-,/-.%. '4),8 f ?(*/',&(*2*4 64=-5 (-4%4/ <2 /01.-.%, 94*51:

-4&4-51D

U = {x | f(x) < 1/2}

V = {x | f(x) > 1/2}

U @. V /01.-.%,*,* 4I5/ (-72=2*2 G>'9.%.-,1D a ∈ U ,'. f(a) < 1/2 7,%D f
'0%./-, (-72=2*74*; a *5* >&-. 6,% W /(1<2-2=2 @4%75% /,; &.9.%,*F. 60&0/

n 7(=4- '4&5-4%5 ,I,*

x ∈ W ⇒ |f(x)− f(a)| < 2−n

(-2%D J2%474*; n &.9.%, /474% 60&0/ '.I,-.%./

f(x) < f(a) + 2−n < 1/2

I5/4%5-46,-,%D J2 ,'. x ∈ U (-14'5 @. ( 74 U *2* 4I5/ (-14'5 7.1./9,%D V ,I,*

7. 6.*3.% ,<-.1 &485-46,-,%D K9. &4*74* A ⊂ U,B ⊂ V @. U ∩ V = ∅ (-72=2

484I5/95%D

@2"24/!<!> A ,-. B 6,%6,%-.%,*7.* 4&%5/ @. /484-5 ,/, 4-9 /01. (-72=2*74 B′

4I5/ /01.', /484-5 A /01.',*,* 6,% /(1<2-2=2 (-4F4=5*74*; [N3] 4/',&(12

2&4%5*F4

A ⊂ V1/2 ⊂ V̄1/2 ⊂ B′

(-4F4/ 6,I,17. 4I5/ 6,% V1/2 /01.', @4% (-4F4/95%D L&*5 70<0*F.

A ⊂ V1/2, V1/2 ⊂ V̄1/2, V̄1/2 ⊂ B′

/48'414 64=5*95-4%5 ,I,* &.*,7.* 2&G2-4*5%'4

A ⊂ V1/4 ⊂ V̄1/4 ⊂ V1/2 ⊂ V̄1/2 ⊂ V3/4 ⊂ V̄3/4 ⊂ B′



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

"#$%$& '()(*+, V1/4 -, V3/4 $).& &/*,#,0(1(1 -$0#.2. 345#,1,'(#(06

78 '/5/5,1 &/*,#,0 +(9(3(1+,&( &$:$#. ;,0 &/*,5( &$:3$5$1 $).& '(0 &/*,

()(1 [N3] $&3(5"*8 85<8#$1$0$&= ;,0 t ∈ D (&(+,#(& >+5$+(%? &,3(0( ()(1 45#,

'(0 Vt $).& &/*,3( '8#81$'(#(0 &( r, s ∈ D -, r < s "#+8281+$ Vr ⊂ Vs

'$2.1@.3. 3$2#$1.06 A50.%$ ;,0 t ∈ D ()(1 Vt ⊂ B′ "#+8281+$1 Vt ∩ B = ∅
"#$%$&@.06

B(*+( X /9,0(1+, '(0 f C"1&3(5"1818 D45#, @$1.*#.5$#.*E

f(x) =

{

inf{t : x ∈ Vt}, {x /∈ B} (3,

1, {x ∈ B} (3,

D ⊂ [0, 1] -, t ∈ D "#+8281+$ ;,0 x ()(1 0 ≤ f(x) ≤ 1 "#$%$2. <40/#/06

A50.%$= ;,0 t ∈ D ()(1 A ⊂ Vt "#+8281+$ f(A) = {0} "#$%$&@.06 F@, 5$1G

+$1 f(B) = {1} "#+828 @$1.*+$1 ',##(+(06 H,0(5, &$#$1 D,5 '8 C"1&3(5"181

3/0,&#( "#+82818 <43@,0*,&@(06

7(#(5"089 &( f : X → [0, 1] C"1&3(5"18181 3/0,&#( "#*$3. ()(1 ;,0 0 <
a, b < 1 ()(1 f−1([0, a)) -, f−1((b, 1]) @,03 0,3(*#,0(1(1 $).& "#*$3. 5,@,%,&@(06

>I,+,1J? B(*+(= ,2,0

f−1([0, a)) = ∪ {Vt : t < a}

f−1((b, 1]) = ∪ {(V̄t)
′ : t > b}

,D(@#(&#,0(1( <43@,0(03,&= 3$2 5$1#$0 $).& &/*,#,0(1 '(0,0 '(#,D(*( "#+8281+$1=

(3:$@ '(@,%,&@(06 F1%, '(0(1%( ,D(@#(2( 3$2#$5$#.*6

x ∈ f−1([0, a)) (3, f(x) ∈ [0, a)= 5$1( 0 ≤ f(x) < a "#$%$&@.06 F@, 5$1+$1

D &/*,3( [0, 1] ()(1+, 5"281 "#+8281+$1 >'&96 F1,0*,  K6L6M? f(x) < tx < a
"#$%$& '()(*+, '(0 tx ∈ D -$0+.06 F5#,53,

f(x) = inf{t : x ∈ Vt} < tx < a

"#$%$&@.0 &(= '8 tx < a "#*$& /9,0, x ∈ Vtx "#*$3. +,*,&@(06 N"#$5.3.5#$

x ∈ ∪{Vt : t < a} "#806

O,03(1, "#$0$&= y ∈ ∪{Vt : t < a} (3, ty < a -, y ∈ Vy "#$%$& '()(*+, '(0

ty ∈ D -$0+.06 N"#$5.3.5#$

f(y) = inf{t : y ∈ Vt} ≤ ty < a

"#$%$&@.06 78 (3, y ∈ f−1([0, a)) "#*$3. +,*,&@(06



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

#$%&$ $'$()$ *+$,-$.$ /01,*2*-$%3 x ∈ f−1((b, 1]) $1* b < f(x) ≤ 1 4-5)5',623

D '7%*1$ [0, 1] $8$(&* 94.:( 4-&:.:(&5( b < t1 < t2 < f(x) 4-5)5' ;$8$%&*

t1, t2 ∈ D <52&623 =5+'5 ;$2 &*9$+-*

f(x) = inf{t : x ∈ Vt} > t2

4-:23 >9-*91* x 6∈ Vt2 &$23 >,* 95(&5( t1 < t2 4-%516 Vt1 ⊂ Vt2 4-%516(6 /*?

2*',$2&$.$(&*( x 6∈ V̄t2 &$23 @*%*' '$ t1 > b 4-&:.:(&5 x ∈ (V̄t1)
′
4-%5',5&623

A B5-&*

x ∈ ∪{(V̄t)
′ : t > b} 86'52.

C*21$(* 4-525'D y ∈ ∪{(Vt)
′ : t > b} $1* ty > b <* y ∈ (V̄ty)

′
4-5)5' ;$8$%&*

;$2 ty ∈ D <52&62E @4-596169-5 y 6∈ V̄ty &62 4915 t < ty 4-%516 Vt ⊂ Vty ⊂ V̄ty

4-%516(6 /*2*',$2&$.$(&*(D B*2 t < ty $8$( y 6∈ Vt 86'52

@*%*' '$

f(y) = inf{t : y ∈ Vt} ≥ ty > b

&$23 =:25&5( y ∈ f−1((b, 1]) 86'523

 !"#!$ %&'(')' F=$2$%$( 5926+6%6G X  !"#$% &'$() F *+#,-.) X &'$(/ 0$

*$1$%/ 2." $%3 *+#, 4, U1, U2, · · · , Un *+#,%,". F  . 2." $5/* 6"3+-+ .-, X
+',". 0, 0,7,"%,". [0, 1] .5. 0, !%$ 4, $8$7/0$*. .*. *!8&%& -$7%$($ -+",*%.

h1, h2, · · · , hn 9! *-.(! %$"/ 4$"0/":

H$I

n
∑

k=1

hk(x) = 1, B*2 x ∈ F $8$(

H$$I hk(U
′

k) = 0, k = 1, 2, · · · , n $8$(

 ! " # $% J5;:-7%7K* /02*

F ⊂
n
⋃

k=1

Uk

;5.6(,616 <52&623 L1M5,6 0()* 0K*- ;$2 &:2:% $8$( 95M5)5'D 14(25 ;: '616,6

'5-&625)5.6K3

;&"&# <:

n
⋃

k=1

Uk = X



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

#$%&'&(& )*+&$ ,%,$-./ 0& )*+&$ *$12(%*

n
⋃

k=1

Ak = X 3, Ak ⊂ Uk (k = 1, 2, · · · , n)

#$*4*) 5,)-$%, )*6*$2

A1, A2, · · · , An

)7.,$,8- 3*8%28/ 9:6*12 17., 3*82.$* ;*6*4*'2</ n = 1 =*$- *6*>2)128/ U1∪U2 =
X #$:&(/ U ′

1
3, U ′

2
*;82) )*6*$2 -)- )7.,%-8 3, X (#8.*$ #$%&'&(%*( ?;$, *;82)

3, *>2) V1, V2 )7.,$,8- 3*8%28 )- U ′
1
⊂ V1 3, U ′

2
⊂ V2 #$&8/ A1 = V ′

1
, A2 = V ′

2

)#;*8:*) n = 2 ->-( -:1,%-'-.-< :#(&> ,$%, ,%-$.-5 #$&8/

0& :*32.2<2( n − 1 ->-( %#'8& #$%&'&(& )*+&$ ,%,$-. 3, ∪n
k=1

Uk = X
#$:&(

X =

(

n−1
⋃

k=1

Uk

)

∪ Un

#$%&'&(%*( ?;$, )*6*$2 A 3, An )7.,$,8- 3*8%28 )- A ⊂
n−1
⋃

k=1

Uk, An ⊂ Un 3,

A ∪ An = X #$&8/ k = 1, 2, · · · , n − 1 ->-( Vk = Uk ∩ A 1*(2.$*;*$2./ 0&(*

@?8,

n−1
⋃

k=1

Vk = A

#$&8/ A-.%- A ;* 17., 3*82. =-6#1,<-.-<- &;@&$*8:*)B

n−1
⋃

k=1

Ak = A, Ak ⊂ Vk (k = 1, 2, . . . , n− 1)

#$*4*) 5,)-$%, A ->-(%, )*6*$2 #$*( A1, A2, · · · , An−1 )7.,$,8-(-( 3*8$2'2(2

:?;$,;,+-$-8-</ C;824* Ak )7.,$,8-(-( =,8+-8-:- X ->-(%, %, )*6*$2%28 3, Ak ⊂
Uk )*6:*.* +*'2(12:2 3*8%28/ D#$*;2:2;$*B @?:1,8.,) -:1,%-'-.-<

n
⋃

k=1

Ak = X

+*'2(12:2 >2)*8/

 !"!# $%



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

#$%&$ '()*(%$ F = X +,-$ $.$/ $01,' (&(2(3$45 ∪n
k=1

Uk = X (6$'-$3$/$/

7,*-838/8 7( A1, A2, · · · , An 9:%(-(*$/$/  !"!# $ &(9$ ;$<$ )-&=9-,*8/8 7,*0,>

?8?)*=45

%"&'()* +,(",#-*, ;@*(A X :4(*$/&(

fk(X) ⊂ [0, 1], fk(Ak) = 1 7( fk(U
′k) = 0 (k = 1, 2, · · · , n) B C5DE

@4(-$9-(*$/$ 0,3-,?,/ 0:*(9-$ fk F)/90$?)/-,*8 7,*&8*5 #$%&$ k = 1, · · · , n $.$/

hk F)/90$?)/-,*8/8 6@?-( ',/8%-,?,-8%G

hk(x) =
fk(x)

∑n
j=1

fj(x)
, x ∈ X B C5HE

I(* x ∈ X $.$/

∑n
j=1

fj(x) ≥ 1 )-&=3=/&,/ hk /8/ 0:*(9-$ )-&=3= B$E 7( B$$E

?$ &( 0,3-,&838 ,1,.89'8*5

 !"!# ./ J*'89A ?=9,*8&, 9)?&=3=%=4 9808'-,*8 9,-&8*81A '()*(%$ (/ ;(/(-

+,-$?-( $01,'-,?,<$-(2(3$45 F 9:%(0$ X =4,?8 $.$/&( 9,1,-8 <$* ,-' 9:%( )-0=/

7(

F ⊂
n
⋃

k=1

Uk

9,10,%, <,38/'808 0,3-,/08/5 U0 = F ′ 9:%(0$/$ ',/8%-,?,-8% 7(

n
⋃

k=0

Uk = X

)-,2,38/, &$99,' (&(-$%5  !"!# 0 =?,*8/2,A X :4(*$/&(A &(3(*-(*$ [0, 1] ,*,>
08/&, )-,/ @?-( 0:*(9-$ h0, h1, · · · , hn F)/90$?)/-,*8 7,*&8* 9$

n
∑

k=0

hk(x) = 1, (x ∈ X) B C5"E

7(

hk(U
′

k) = 0, (k = 0, 1, · · · , n) B C5 KE

)-=*5 (U ′
0
= F ) &(%$6'$95 B C5 KE &(/ h0(F ) = 0 .89,*5 L=/= B C5"E &( 9=--,>

/8*0,9 x ∈ F $.$/

n
∑

k=1

hk(x) = 1

(-&( (&$-$*5 M,/$ h1, h2, · · · , hn F)/90$?)/-,*8 $0'(/(/ @4(-$9-(*( 0,+$1'$*-(*5
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 !"# T4 $%&'()'*+

 !"#$ %&'('%' #$%&'(%)* %)+*,-./ +%&0',%1 (X,T ) /2%,'1% 3*4 T4 5/2%,'('4

(61*0*47

[T4] 82%, 1-4.%0(*4 96 [T1] %)+*,-./1/ +%&0%47

)"*+$* %&'('%'  !"#$%"&' ()*+'&+*, &-+"./" 0(,1+*2'+',3

 7 T15/2%,'1(% :64 1-);% )%<%0' -0(/&/1(%1= :64 T45/2%,' %,1' 2%.%1(%

3*4 T15/2%,'('47

>7 ?*4 T4 /2%,'1'1 3*4 %0;5/2%,'1'1 ,*16 3*4 T4 /2%,' -0.%+' @646).62A ,%1*

T45/2%,'1'1 )%0';'. B2600*&* ,-);/47

C7 [D] %)+*,-./= D%/+(-4E %)+*,-./1/1 1-);%0%4 ,64*16 )%<%0' )F.6064

*G*1 *H%(6 6(*0.*$ $6)0*(*47 #1I%) 3*4 (F2610* /2%,'1 D%/+(-4E -0.%+'

@646).6(*&* @*3*= 3*4 D%/+(-4E /2%,'1'1 (% (F2610* -0.%+' @646).627

J7 K-4.%0 L,% (% T4M /2%,0%4'1'1 )%<%0' %0;5/2%,0%4' (% 1-4.%0 L,% (% T4M

(F47

N7 K-4.%0 /2%,0%4'1 G%4<'. /2%,'1'1 (% 1-4.%0 -0.%+' @646).627

 !", Gδ -. Fσ /01.2.34

 !"#$ %&','%' ?*4 ;-<-0-O*) /2%,(% +%,'0%3*0*4 +%,'(% %G') )F.6064*1 %4%5

)6+*;* -0%1 )F.60646 Gδ 5)F.6+* (61*0*47

(X,T ) /2%,'1(% A %0; )F.6+* 3*4 Gδ )F.6+* *+6

A =
∞
⋂

i=1

Ti, Ti ∈ T L J7  M

-0%I%) 3*G*.*1(6 Ti : (i = 1, 2, 3, . . .) %G') )F.6064 %*06+* 9%4('47

 !"#$ %&','-' ?*4 ;-<-0-O*) /2%,(% +%,'0%3*0*4 +%,'(% )%<%0' )F.6064*1 3*5

06$*.* -0%1 )F.60646 Fσ 5)F.6+* (61*0*47



 !"#" Gδ $% Fσ &'(%)%*+  ! 

(X,T ) "#$%&'($ B $)* +,-./0 102 Fσ +,-./0 0/.

A =
∞
⋃

i=1

Fi, Fi +$3$)& 4 56 78

9)$:$+ 10;0-0'(. Fi : (i = 1, 2, 3, . . .) +$3$)& +,-.).2 $0)./0 <$2(&26

 !"#$ %&'(')' =02X +,-./0'(.' 102 Y +,-./0'. *$'&-)& 9)$' 1,*,' >9'+/0?

%9')$2&' +,-./0'0 F (X, Y ) 0). @A/*.2.)0- <. 102 A ⊂ F (X, Y ) $)* +,-./0'0

(,B,'.)0-6 C.2 x, y ∈ X 0;0' f(x) 6= f(y) 9)$:$+ 10;0-(. 102 f ∈ A >9'+/0?

%9'" <$2/$D A $0)./0 X 0;0'(.+0 '9+*$)$2& $%&2&%92 (.'0)026

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

 6 R
2
,#.20'(. $B$E&($+0 T *939)9F0+ %$3&/&'& +"2$)&-G =02 (x0 y0) ∈ R

2

'9+*$/&'&' +9-B")"+)$2 $0)./0D 102 |x−x0| < ǫ, (ǫ > 0)D B.20(0'0 +$3/$?
%$' 1,*,' +,-.).2 9)$2$+ *$'&-)$'/&'6 H9-B")"+ $+/0%9-)$2&'&' /$E?

)$'(&E&'& <. (9)$%&/&%)$ R
2
,#.20'(. 1" %9))$ *$'&-)$'$' 102 T *939)9?

F0/0'0' <$2 9)("E"'" @A2,',#6

4$8 (R2,T ) "#$%& Ti(i = 1, 2, 3, 4) "#$%)$2&'($' 102 /&'&>$ $0* -0(02I

418 =" "#$%($ 102 (x, y) '9+*$/&'($' 01$2.* +,-. +$3$)& -&(&2I

76 =02 C$"/(92J "#$%&'($ 102 (0#0'0' .' ;9+ 102 )0-0*0'0' 9)$10).:.E0'0

@A/*.20'0#6

K6 =02 C$"/(92J "#$%&'($ 102 A +,-./0'0' 102 %&E&)-$ '9+*$/&'&' L.2

+9-B")"E" A %$ $0* /9'/"# '9+*$%& 0;.2026

56 =02 +,-. ,#.20'(. .' +$1$ T1?*939)9F0/0'0' /9')" *,-).%.').2 *939)9F0/0

9)("E"'" @A/*.20'0#6

M6 C.2 /9')" T1?"#$%&'&' $%2&+ 9)("E"'" @A/*.20'0#6

N6 O9')" *,-).%.').2 *939)9F0/0'0' 102 C$"/(92J *939)9F0/0 9)-$(&E&'& @A/?

*.20'0#6

!6 =02 T1?"#$%&'&' /9')" 102 $)*?+,-./0'0' 102 %&E&)-$ '9+*$/&'&' 9)-$%$?

:$E&'& @A/*.20'0#6
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#$ %&' T1 ()*+,-,- ./' *012()*+, 3* 4&' T1 ()*+,3,'$ 5671/'&-&)$

8$ %&' 39)/-0& ()*+,- ./' *012()*+, 3* 39)/-0&3&'$ 5671/'&-&)$

 :$ ;/' T3 ()*+, *+-, )*<*-3* 4&' ;*(73='> ()*+,3,'$ 5671/'&-&)$

  $ %&' T4 2()*+,-,- 4&' *012()*+,-,- +&-/ 4&' T4 ()*+, =0<*7, ?/'/@</)$ %&'

6'-/@0/ ?671/'&-&)$

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

 $ ;/' n 3=A*0 7*+,7, &B&- Xn @9</7& 0 &0/ 1 6A/0/'&-3/- =0(C*- @9</+/

/C&1 =07(-D +*-& Xn = {0, 1} =07(-$ %( @9</0/' 9)/'&-3/ *+',@ 1=E=0=F&+&

G*'7*+*0,<$ H&<3& X = ΠXn, n ∈ N B*'E,< ()*+,-, 39C9-/0&<$ ;/'

n 3=A*0 7*+,7, &B&- Vn = {0} @9</7& B*'E*- ()*+0*'3* *B,@1,'$ I<*

V = ΠVn, n ∈ NJ @*'1/)+/- B*'E,<,J B*'E,< ()*+ &B&-3/ *B,@ 4&'

@9</ 3/A&03&'$ 5671/'&-&)$

"$ X &0/ Y &@& 1=E=0=F&@ ()*+ G/ A ⊂ B &0/ B ⊂ Y @*E*0, &7/0/' A×B -&-

B*'E,< ()*+3* @*E*0, =03(A(-( ?671/'&-&)$

K$ X &0/ Y &@& 1=E=0=F&@ ()*+ G/ W ⊂ X × Y B*'E,< ()*+3* *B,@ &7/

L*M π1(W ) ⊂ X &0/ π2(W ) ⊂ Y &)39C9<0/'&-&- *B,@ @9</0/' =03(A(-(

?671/'&-&)$

L4M N(@*',3*@& 6)/0&A&- @*E*0, @9</0/' &B&- ?/-/0 =0*'*@ 7*A0*-<*3,2

A,-, 4&' 6'-/@0/ ?671/'&-&)$

O$ (Xi,Ti) ()*+0*',-,- ./'4&'& &B&-3/ @*E*0, =0*- 4&' Ki ⊂ Xi @9</7& G/2

'&0&+='$ K1 ×K2 ×K3 × · · · ×Kn @9</7&-&- X1 ×X2 ×X3 × · · · ×Xn

B*'E,< ()*+,-3* @*E*0, =03(A(-( ?671/'&-&)$

P$ Q*'E,< ()*+3*- B*'E*- ()*+0*'* 1*-,<0, &)39C9< R=-@7&+=-0*',-,- 6'2

1/- =03(A(-( ?671/'&-&)$

S$ Q*'E,< ()*+3*- B*'E*- ()*+0*'* 1*-,<0, &)39C9< R=-@7&+=-0*',-,- 792

'/@0& =03(A(-( ?671/'&-&)$

!$ Q*'E,< ()*+3*- B*'E*- ()*+0*'* 1*-,<0, &)39C9< R=-@7&+=-0*',-,- *B,@

=03(A(-( ?671/'&-&)$



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

#$ f : (X,T ) → (Y,S ) %&'()*+&', X ,-.+/'/' +&0,' .12 (345156*'* Y
,-.+/'/' +&0,' .12 (345156*'5 65)45756)58 )365(1* 4*7*69 :*4;515615

)<+156)5(8

Ā = X ⇒ f(A) = Y = >$ "?

&14.)/ f %&'()*+&',',' )365(1* &14.)/'/ ;565(2*6*6 4*9 @575'9

A$ X B*6 2&C&1&D*( ,-.+ *)5

∆ = {(x, x) : x ∈ x} ⊂ X ×X = >$ >?

(<E5;5'*'*' X×X F.6C/4 ,-.+/'7. (.C.1/ &14.)/ *F*' ;565(1* G5 +52561*

(&E,1 X ,-.+/'/' H.,)7&6I &14.)/7/6$

 J$ K*6 F.6C/4 ,-.+7.' B*15E5' ,-.+1.6. 2.'/41/ *-73E34 %&'()*+&'1.6/ B*L

656 B<134 7<'3E343736M +.'* (Xi,Ti) ,-.+1.6/ G56*14*E)5

πi : X1 ×X2 ×X3 × · · · ×Xn −→ Xi (i = 1, 2, 3, . . . , n)

7<'3E34156* B*656 B<134 7<'3E343736$ N<)256*'*-$


