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7)8 (A×B)◦ = A◦ ×B◦

738 (A×B) = Ā× B̄

798 ∂(A×B) = (∂A× B̄) ∪ (Ā× ∂B)

,#:0;020 <=&+$("2"1!

 !"#$% (X,T ) 01)*'2'2 3"( +)3)2' T >$ (Y,S ) 01)*'2'2 3"( +)3)2' S

,#&02!

7)8

(x, y) ∈ (A×B)o ⇔ (∃T ∈ T)(∃S ∈ S)[(x, y) ∈ T × S ⊂ A×B]

⇔ (x ∈ T ⊂ A) ∧ (y ∈ S ⊂ B)

⇔ (x ∈ A◦) ∧ (y ∈ B◦)

⇔ (x, y) ∈ A◦ ×B◦)
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"#$

(x, y) ∈ (A×B) ⇔ (∀T ∈ T)(∀S ∈ S)[(x, y) ∈ T × S ⇒

(T × S) ∩ (A×B) 6= ∅]

⇔ (∀T ∈ T)(x ∈ T ⇒ T ∩A 6= ∅)∧

(∀S ∈ S)(y ∈ S ⇒ S ∩B 6= ∅)

⇔ (x ∈ Ā) ∧ (y ∈ B̄)

⇔ (x, y) ∈ Ā× B̄)

"%$ &'%()* (+*,-*)-(. *-( /0102 3.4#-(5-(.6()* *-7*-* #89:',:-8.: );--8':.<8)

∂(A×B) = (A×B) ∩ (A×B)′

= (Ā× B̄) ∩ ((A×B)o)′

= (Ā× B̄) ∩ (Ao ×Bo)′

(+*,-*)-(.*'* =8>8#*-*.*>0 ?;.868'@

(a, b) ∈ ∂(A×B) ⇔ [(a, b) ∈ (Ā× B̄)] ∧ [(a, b) ∈ (Ao ×Bo)′]

⇔ (a ∈ Ā) ∧ (b ∈ B̄)∧






a ∈ Ao ⇒ b /∈ Bo

b ∈ Bo ⇒ a /∈ Ao

(a /∈ Ao) ∧ (b /∈ Bo)







4-;.0 ?;.868 AB *C*'6()* DC <8,:. ∨ *-( #*.#*.-(.*'( #89-:6:.-8.0 E*56*

F(. DC <8,:. *C*' 4-8<:-:)-8.: *'%(-(=(-*5G

*0

[(a ∈ Ā) ∧ (b ∈ B̄)] ∧ [a ∈ Ao ⇒ b /∈ Bo]

⇒ [(a ∈ Ā) ∧ (b ∈ ∂B)

⇒ (a, b) ∈ Ā× ∂B)

**0

[(a ∈ Ā) ∧ (b ∈ B̄)] ∧ [b ∈ Bo ⇒ a /∈ Ao]

⇒ [(a ∈ ∂A) ∧ (b ∈ B̄)

⇒ (a, b) ∈ ∂A× B̄)

***0

[(a ∈ Ā) ∧ (b ∈ B̄)] ∧ [(a /∈ Ao) ∧ (b /∈ Bo)]

⇒ [(a ∈ ∂A) ∧ (b ∈ ∂B)]

⇒ [(a ∈ ∂A) ∧ (b ∈ B̄)] ∨ [(a ∈ Ā) ∧ (b ∈ ∂B)]

⇒ [(a, b) ∈ Ā× ∂B)] ∨ [(a, b) ∈ ∂A× B̄)]
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"# (X,T ) $%& '()(*(+%, -./0 %12 (X ×X,P) 3/&)45 -./0467/

∆ = {(x, x)|x ∈ X}

,892:26%6%6 (X,T ) -./046/ 290/)4*4 (*7-;-6- :81'2&%6%.#

 !"#$% P 6%6 ∆ <.2&%62 ,(67-&7-;- '()(*(+%0% P∆ %*2 :81'2&2*%5#

π1 : X × X → X %.7<9<5 =(6,1%0(6- 1<&2,*% >2 /34, $%& 786<9<57<&#

π1(P) = T 7%&# π1 %.7<9<5<6<6 ∆ ,<521%62 ,414'4 7/ 1<&2,*% >2 /34,

$%& 786<9<57<&# ?0&4@/ (x, x) → x 786<9<5< ∆ 7/6 X <.2&%62 $$8 7%&#

A(*/04140*/B C62&52 D#E#F -0/&46@/B π1 %.7<9<5<6<6 ∆ ,<521%62 ,414'4 $%&

290/)4 786<9<5<7<& GH(52(5(&)H%15I#

E# J%& {Xλ,Tλ) : λ ∈ Λ} '()(*(+%, -./0*/& /%*21% >2&%*1%6 >2 $-6*/&46 3/&)45

-./04 (X,P) (*1-6#

G/I K;2& Λ 1(6*- 0/7/ 1/04*/$%*%& 1(61-. $%& ,<52 %12B 3/&)45 -./046  !"

#!$%! &'( )( *+!$%!, -('./(0!/12 3+4!'516$6 1/;*/0/$%*521% %3%6 :2L

&2,*% >2 02'2&*% ,(9-*B 3/&)/6 -./0*/&7/6 H2&$%&%1%6%6 72 $- /,1%0(5-

1/;*/5/1474&#

 !"#$%

%# (Xλ,Tλ) '()(*(+%, -./0*/&4 *+!$%! -('./(0!/12 3+4!'516$6 1/;L

*/146*/&# M2& $%&%1%6%6 1/04*/$%*%& $%& '/$/64 >/& (*/@/,'4&# J- '/L

$/6*/&4 Bλ %*2 :81'2&2*%5# GN#FFI $/;46'414 -0/&46@/B $-6*/&46 π−1

λ

'2&1 %.7<9<5 786<9<5*2&% /*'467/,% &21%5*2&%6726 (*-9/6

S = {A : (∃λ ∈ Λ)(∃B ∈ Bλ)A = π−1

λ (B)} GN#FI

/%*21% P 3/&)45 '()(*(+%1%6%6 $%& /*'L'/$/6474&# M2& λ ∈ Λ %3%6

{(∃B ∈ Bλ) A = π−1

λ (B)} /%*21% 1/04*/$%*%& 1/047/74&# O H/*72B

Λ 1(6*- 0/ 7/ 1/04*/$%*%& 1(61-. $%& ,<52 %12B S /%*21% 26 3(,

1/04*/$%*%& 1/047/ 1/04*/$%*%& /%*2*2&726 (*-9/6 $%& /%*27%&# A(*/04L

140*/ S /%*21% 1/04*/$%*%&# J- /%*26%6 1(6*- /&/,21%'*2&%6726 (*-9/6

B /%*21% 72 1/04*/$%*%& 1/047/ (*/@/,'4&# P8.,(6-1- B /%*21% P

3/&)45 '()(*(+%1%6%6 $%& '/$/6474&# J- '/$/6 1/04*/$%*%& (*7-;-6/

:8&2B P 3/&)45 '()(*(+%1% Q,%6@% 1/04*/$%*52 /,1%0(5-6- 1/;*/&#

%%# (Xλ,Tλ) '()(*(+%, -./0*/&4  !#!$%! -('./(0!/12 3+4!'516$6 1/;L

*/146*/&# M2& x ∈ Xλ %3%6 ,(59-*-,*/& '/$/6464 Bλ(x) %*2 :81'2L

&2*%5# M2& λ ∈ Λ >2 H2& x ∈ Xλ %3%6 Bλ(x) ,(59-*-,*/& '/L

$/64 1/04*/$%*%& 1/047/ (*/@/,'4&# M2& λ ∈ Λ >2 H2& x ∈ Xλ %3%6

{(∃B ∈ Bλ(x) A = π−1

λ (B)} '2&1 &21%5*2&% 1/04*/$%*%& 1/047/74&#

O H/*72B

(xλ)λ∈Λ ∈
∏

λ∈Λ

π−1

λ (B) GN#"I
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"#$%&#'(&()* +,%-,# ./)0&1020 .('(3 45*67 -#)89$"9: ,#);%<%:%: =#>

"%&#'(&() =#"%1# ,#);#:% ?#)1%) ?9 (x) :@-8#=%:%: =#"%&#'(&() '()

-@<AB&B-&#) 8#'#:%1%)*

4'7 Λ 1#<.#&#"#: -0<9=( =#"%&#<#$ =@:=B$ '() -0<9 @&=B:* C#);#: B$#">

&#)%: D9)'()(=(:(:  !"!#$! %&'()&*!)+, -./!'0+1#1 =#2&#1%2%:% ?#)=#>

"#&%<* EB 1B)B<1#3 929) ,#);#: B$#"&#)%: =#"%&#<#$ =#"%1#=% 9:#$

(-(A9) /29&( (=93 ,#);%< B$#"  !"!#$! %&'()&*!)+, -./!'0+1#1 =#2&#>

"#<#$*

 !"#$% Λ 1#<.#&#"#: -0<9=( =#"%&#<#$ =@:=B$ '() -0<9 ?9 ,#)>

;#: B$#"&#)%: =#"%&#<#$ =#"%1#=% 9:#$ (-(A9) /29&( (=9

∏

λ∈Λ

π−1

λ (B), (∃B ∈ Bλ(x)} 45*F7

-#)89$"9: ,#);%<%:%: =#"%&#<#$ =@:=B$ =#"%1# ,#);#:% ?#)1%)* 45*F7

#(&9=(3 ,#);%< B$#"1# (xλ) :@-8#=%:%: '() -@<AB&B-&#) 8#'#:%1%)* G@>

&#"%=%"&# D9) /29=( (xλ) :@-8#=%:%: '() -@<AB&B2B1B)* EB :@-8#:%:

'#A-# '() V =#"%&#'(&() -@<AB&B-&#) 8#'#:% @&1B2B:B ?#)=#"#&%<* 45*F7

#(&9=(:9 #(8 D9) U -@<AB&B2B V 8#'#:%:# #(8 '() V -0<9=(:( -#;=#)*

H"&9"=9 V 8#'#:% =#"%&#'(&() =#"%1# @&#<#$* EB 19<9-8() -(3 ?9)(&9:

?#)=#"%<&#) #&8%:1#3 (xλ)λ∈Λ :@-8#=%:%: =#"%&#'(&() '() -@<AB&B-&#)

8#'#:% @&#<#$* G@&#"%=%"&# ,#);%< B$#"  !"!#$! %&'()&*!)+, -./!'02

+1#1 =#2&#<#$*

4I7 Λ 1#<.#&#"#: -0<9=( =#"%&#<#$ =@:=B$ '() -0<9 @&=B:* C#);#: B$#">

&#)%: D9)'()(=(:(: 3.!#$! %&'()&*!)+, -./!'0+1#1 =#2&#1%2%:% ?#)=#>

"#&%<* EB 1B)B<1#3 ,#);%< B$#"%: /0/12/ 3456748/79: 403/5;9<1<

=#2&#"#'(&<9=( (,(: .9)9-&( ?9 "989)&( -@AB&3 ,#);#: B$#"&#)%: #:I#-

=#"%&#'(&() =#"%1#=%:%: #")%- @&<#"#: 8@;@&@J(19: K#)-&% '() 8@;@&@J("9

=#D(; @&<#=%1%)*

L/=89)(:($*

 !"#$% C#);#: B$#"&#)%: =#"%&#<#$ =#"%1#=%:%: #")%- @&<#"#: 8@;@&@>

J(19: K#)-&% @&1B2B:B ?#)=#"#&%<* P ,#);%< 8@;@&@J(=(:(: 45*!7 (&9 ?9)(&9:

45*M7 #&8>8#'#:% =#"%&#<#$ =#"%1# =#"%&#'(&() #(&9:(: #(&9=(1()* G@&#"%=%"&#

=#"%&#<#$ ,@-&B-8#1%)* EB:&#)%: =@:&B #)#-9=(8&9)( #(&9=( 19 =#"%&#<#$ ,@->

&B-8# @&#I#2%:1#:3 ,#);%< B$#" N-(:I( O#"%&#'(&<9 +-=("@<B:B =#2&#<#$*

P29)3 (Xλ,Tλ) #")%- @&<#"#: B$#" (=93 (T ∈ Tλ ⇒ T = Xλ) @&1B2B:1#:3

π−1

λ (T ) = π−1

λ (Xλ) =
∏

λ∈Λ

Xλ

@&B)* H"&9"=93 ,#);#: B$#"&#)%: #:I#- =#"%&#'(&() =#"%1#=% #")%- @&<#"#:

8@;@&@J(19: K#)-&% '() 8@;@&@J("9 =#D(; (=93 45*M7 #(&9=( =#"%&#'(&() =#"%1#

@&#I#-8%)*



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

"# $%&'( )*+%,+&'- ./-,) .+%'0+.'-'- 1+&2'3'-'- 0+ +%&'( 45& )*+% /,0)6)-)

78.9:&5-5*#

 !"#$% (Xi,Ai) (i = 1, 2, . . . , n) +%&'( 9/2/,/;5( )*+%,+&'- 1+&2'3 )*+%'

(X,P) /,.)-# <:& xi ∈ Xi 515- 9:( 86:,5 {xi} (=3:.5 Ai +%&'( 9/2/,/;5.5-:

78&: +1'(9'&# > ?+,0:@

(xi)
n
i=1 ∈ X =

n
∏

i=1

Xi

515-

{x1} × {x2} × . . . {xn} ∈ P

05&# A+B(+ 45& 0:%5B,:@ ?:& x ∈ X -/(9+.' 1+&2'3 9/2/,/;5-5- +1'( 45&

(=3:.505&# C/,+%'.'%,+@ (X,P) +%&'( 45& )*+%0'&#

D# $%&'( )*+%,+&'- ./-.)* .+%'0+.'-'- 1+&2'3'-'- 0+ +%&'( /,3+.' 515-@ 4)

)*+%,+&'- ?:3:- ?:3:- ?:2.5-5- 9:( 86:,5 /,3+.' 7:&:(9565-5 78.9:&5-5*#

 !"#$% A)&+0+  !"!#  !"!#  !$%& 0:%535 '%(#)* %+,-.+%-  +/&0' +-E

,+3'-0+0'&# A)-+ 78&:@ 2&/4,:35 B8%,: 5F+0: :0:45,5&5*G

H+%',+3+* 1/(,)(9+ +%&'( )*+%,+&'- 1+&2'3'-'- +%&'( /,3+.' 515- 7:&:(,5

I: %:9:&,5 (/B),@ )*+%,+&'- ./-,) .+%'0+.' ?+&51@ 7:&5 (+,+-,+&'- 9:( 86:,5

/,3+.'0'&#

A5& (xλ) ∈
∏

Xλ -/(9+.'-' 0=B=-:,53# A) -/(9+-'- P 1+&2'3 9/2/,/;5.5-:

78&: +1'( /,0)6)-) 78.9:&5&.:(@ 5.9:-:- ./-)J) 4),3)B /,)&)*# A)-) 4+E

B+&3+( +3+J'%,+@ I:&5,:- (/B),,+& +,9'-0+@ 1+&2'3 9/2/,/;5.5-5- +,9 9+4+-'

/,+- KL#MN +5,:.5-5- ./-,) +&+(:.59,:&5-0:- /,)B+- +5,:-5- -+.', /,0)6)-)

4),3+%+ 1+,'B+,'3#

O:( 86:,5 /,+- (=3:,:&5 M = {Xµ : µ ∈ M,Xµ = {xµ}} 5,: 78.9:&:,53#

A5&0:- 1/( 86:.5 /,+-,+&' N = {Xn : n ∈ N} 5,: 78.9:&:,53#

X =
∏

λ∈Λ

Xλ =

(

n
∏

i=1

Xi

)

×





∏

µ∈M

Xµ





%+*+45,5&5*# <:& i ∈ N 515- xi ∈ Xi I: ?:& µ ∈ M 515- Xµ = {xµ} /,3+(

=*:&: X 1+&2'3 )*+%'-0+

({x1} × {x2} × . . . {xn})×





∏

µ∈M

{xµ}





(=3:.5 +1'( 45& (=3:05& PC+?+ 7:-:, ./-)1 515- 4(*# Q( "#R&/4,:3 KL#MSNT#

U9: %+-0+- 4) (=3:@ Λ = N ∪ M /,3+( =*:&: (xλ) ∈
∏

Xλ -/(9+.'0'&#

A8%,:J:@ I:&5,:- (/B), +,9'-0+@ 1+&2'3 )*+%+ +59 ?:& -/(9+-'- 1+&2'3 9/E

2/,/;5.5-: 78&: +1'( /,0)6) 78&=,=&# > ?+,0:@ 1+&2'3 )*+% +%&'(9'&#


