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Y )#,-1#2- )#5 5898,8:#,-$#2 B-$3#$#2"-2 ")B) .)3) 8,)2 5898,8:#,-$#2 -2 #2<-

"8.','1'= Y 2#2 ,/ 0282" #.+ *%/%$%&%$< C-$D-.5-2= (X,Tı) '()*+2+ Yi #,- >71@

5-$#$1-.= fı : X = Yı → X, ı ∈ I 7("-;,#. "72/;/0,-$#2- >7$-= Y )#,-1#2#2

X /(-$#2"-.# D 5/0-, 5898,8:#1#= Y 2#2 -2 3/*/. ),5 1+2+$+"+$% E/2./ B-$
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 !"#$ %&'&(& (X,T ) )%& ,/6/9/@%0 3>52 /913- *' )%& A ⊂ X 59,(0=8'1%

*'&%91%-# A ?5- X %:%-' I(x) = x %9' ,5-7895-5- ?/C59 ;+88'2' ;+&' T -3-

A =>'&%-?'0% ,'&1 &'1%8 ,/6/9/@%1%-'< T -3- A =>'&%-'  !"#$%#$&$ '!(!)!*+

?'-%9%&# $3 ,/6/9/@%2% TA %9' ;+1,'&'A'C%># $3 ?3&38?5 (A,TA) ,/6/9/@%0
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 )*+)$ %&'&(& 1"23 + ',"04#, + 567'3%+4)3% ,)'0"#,

TA = {A ∩ T : T ∈ T } D #EF

#$%8 /,"+ (A,TA) ,)'-$.,/0"0" ,90  :43)3%+; (X,T ) :7' $.,/0"0" ,90  :-

43)3%+/)3 A ,)'- :437+"+" ,%, 37+')3%+"#3" +<,%3''+%=

 !"#$% I : A → X ?/C59 ;+88' /9850 =>'&'< G'& T ∈ T %:%- I−1(T ) =
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TA = {I−1(T ) : T ∈ T } D #IJF
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 )*+)$ %&'&,& >)' $.,/ ',"040"#, + 567'3%+4)3% ,)'0"#,; 3&3% B ,+)37+ T
"$" <+% ',<,"0 +73; B "+" A :.3%+"#3 + +.+ #+/323&+4+.

BA = {B ∩ A : B ∈ B} D #IIF

,+)37+ TA "0" <+% ',<,"0 !)$%=

 !"#$% KC'& T ∈ T %:%- T = ∪j∈JBj, Bj ∈ B< %1'

A ∩ T =
⋃

j∈J

Bj ∩ A D #I"F

)5C7-,717 %1,'-'- 4'2% *'&'A'0,%&#
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"#$ T ∈ T %&%' T ∩ B = (T ∩ A) ∩ B #(%)*%+% %,)#'#'% -#$#.#/)%$0 12

3'#$4#5 6*)72869 :*46 ;6+<')<,<'<' 8.9!7&! :*=2+2'2 ;#*%$)%$0

)*+#, %&'&(& >*)72869*6$6 6%) ':/)6 96 =6 6*)7/?4#*#$%' ):@:*:A%/ 38#*%/7

*#$%'% ;#*%$)%$/#'5 ;2 38#*%/*#$%' B6'C% ):@:*:A%9# C3$# :*=2+2'2 ;#*%$)4#/

C#$#/*%=%$0 D#$%'# C3$# ;2'*6$< T ,+ 8:". 96 =6 TA 8:".5 =%9# ;#*%$)#.#+%80

 !"#$" %&'&-& (X,T ) )*+,2020  !" (A,TA) +&#;)*+,2 !9!0 +7+524+(!&." 8.;

9."&!4!"<

E6F >*)72869=6 6&</ :*6' ;%$ /?4#'%' ?,)72869=6 6&</ :*46,< C#$#/4#8

E;/85 GH0I$:;*#4F0 >*)72869=6 6&</ :*6' B#$ /?4#'%' ?,)72869=6 =6

6&</ :*46,< %&%' C#$#/*% -# 9#)#$*% /:(2* A ∈ T :*46,<J 96'% A '<'

?,)72869=6 6&</ :*46,<=<$J

E;F >*)72869=6 /6@6*< :*6' ;%$ /?4#'%' ?,)72869=6 /6@6*< :*46,< C#$#/4#80

>*)72869=6 /6@6*< :*6' B#$ /?4#'%' ?,)72869=6 =6 /6@6*< :*46,< %&%'

C#$#/*% -# 9#)#$*% /:(2*5 A '<' ?,)72869=6 /6@6*< :*46,<=<$0

E.F 1%$ x ∈ A ':/)6,<'<' ;%$ F ⊂ A 6*)7/?4#,%'%' ;%$ TA 79<+<*46 ':/)6,<

:*46,< %&%' C#$#/*% -# 9#)#$*% /:(2*5 x ':/)6,<'<' ;%$ T 79<+<*46 ':/)6,<

:*46,<=<$J 96'% F '%' T -# TA 96 C3$# 9<+<*46 ':/)6*6$<'<5 ,<$6,<9*65

F̃ -# F̃A %*# C3,)#$%$,#/5

F̃A = F̃ ∩ A E 0GKF

:*2$0

E=F 1%$ F ⊂ A 6*)7/?4#,%'%' TA 96 C3$# F̄A %*# C3,)#$#.#+%4%8 /6@*64<5 F
'%' T 96 C3$# F /6@*64< %*# A /?4#,%'%' 6$6/#,%)%'# #(%))%$J 96'%

F̄A = F̄ ∩ A E 0GHF

=%$0

 !"#$%



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

 !"# "#$% A ∈ T &'$ ($% T ∈ T &)&* A ∩ T ∈ T +,-% .$ / 0123 4$* 5+6-,-*

7$8$%,&#& 9:%;,;%0 <$%'&*$ +,=%=5 ($% T ∈ T &)&* A ∩ T ∈ T &'$> :?$,

+,=%=5 X ∈ T +,4-#-*4=*> A = A ∩ X ∈ T +,=@=58A%B 7=*& .$%&,$*

5+6-, 9$%$5,&4&%0

 $"# C,8D-?=7A* 5=E=,A 5;F$,$%&> ;'8 -?=7A* 5=E=,A 5;F$,$%&*&* I 4+#=, &)$D

%&F& =,8A*4=5& 8$%' %$'&F,$%&4&% /G5?0  0H I%+G,$F 130 J7,$7'$> ($% K ∈
T ′

&)&* I−1(K) = A ∩K +,4-#-*4=*>

T ′

A = {A ∩K : K ∈ T ′} / 01K3

4$F$58&%0 L+6-,-* 7$8$%,&#& ($F$* / 01K3 G=#A*8A'A*4=* 9:%;,;7+%0 M$D

%$5,&#&*& 9:%F$5 &)&*> ($% K ∈ T ′
&)&* A∩K ∈ T ′

+,4-#-*- .=%'=7=,AFB

:?$, +,=%=5 X ∈ T ′

A +,4-#-*4=*> A = A∩X ∈ T ′
+,=@=#A*A 4;6;*F$5

7$8$@$58&%0

 %"# F ⊂ A +,4-#-*4=*

(T − {x}) ∩ F = ((T ∩ A)− {x}) ∩ F

$6&8,&#& .=%4A%0 N (=,4$> x ∈ A &)&*

[x ∈ T ∈ T ⇒ ((T − {x}) ∩ F 6= ∅]⇔ / 01O3

[x ∈ (T ∩ A) ∈ TA ⇒ ((T ∩ A)− {x}) ∩ F 6= ∅]

+,=@=58A%> 5& G-> &'8$*$* / 01P3 $6&8,&#&*&* .=%,A#A 4$F$58&%0

 &"#  !"#$" Q0K0Q 5-,,=*A,A%'= / 01P3 $6&8,&#&*4$* / 01H3 $6&8,&#& 5+,=7@= )A5=D

%A,A%0

'()*+ ,-.-/- A  ! "#$ F %&'()*+,-# # (A,TA) %&'(./%0! 1% 023. 2&+%-!

#4# 5,$,)&# 6, 0,',$&# )27.&8 A #&, F  # (X,T ) *-'(./%0! 1%)# )%9&%+&%$! ! 
,7#' 2&+%-!1!$: 0% #

A ⊂ F̄A ⇔ F̄ = Ā

1#$;

 ! " # $% / 01H3 $6&8,&#&*4$*

A ⊂ F̄A ⇒ A ⊂ F̄ ⇒ Ā ⊂ F̄

)A5=%0 N7'= F ⊂ A .$%&,4&#&*4$* F̄ ⊂ Ā 4A%0 N (=,4$ F̄ = Ā +,=@=58A%0



   !"#$ %& '!(#)#$"*+"* ,-('.+."/( 0-1-"-23"*+

!"#$%&" '()#)* F̄ = Ā %$"+ ,%&" - ./01 2"&

F̄A = F̄ ∩ A = Ā ∩ A = ĀA

"(2" "2%(%#.

 !"#$ %&'&(&  !"#$ !%&' ('")$*)+) ,-./0%/1/23

(X,T ) 3%# 4'5'('6%* 78), '($7& 9" C ⊂ B ⊂ A ⊂ X )(4:*;<"("#% 9"#%($%&.

=>"# C *;<"$% B %?%&2" ,'>7& 9" B *;<"$% 2" A %?%&2" ,'>7& %$"("#+ C *;<"$%

A %?%&2" ,'>7&27#.

 ! " # $% - .@./1 3)>A&4A$A&2)&+ T ,) BC#"+ C̄ = B̄ = Ā 37(7&7#.

)*!+*, %&'&'& (X,T ) 4- (Y,S ) #5'6%'2) /%- (/2 f : X → Y 7!$8+/6!$#

4-2/%+/$3 f(X) ⊂ B ⊂ Y !%'9'8 0-8/%1- (/2 B '%*:8;&-+/$/ 1;0;$-%/&3

f : (X,T )→ (Y,S )

7!$8+/6!$#$#$ (/2 x0 ∈ X $!8*'+)$1' +;2-8%/ !%&'+) /./$ ,-2-8%/ 4- 6-*-2%/

8!0#%< =-2 x ∈ X /./$ fB(x) = f(x) 1/6- *'$)&%'$'$

fB : (X,T )→ (B,SB)

7!$8+/6!$#$#$< (# $!8*'1' +;2-8%/ !%&'+)1)23

 ! " # $% I : (B,SB) → (Y,S ) 2'>)( BC<<"$%&%& $;#"*(% '(27>7&7

3%(%,'#78. D E)(2"

f = I ◦ fB

3%("F*"$%&"  !"#$"  ./.0 ,% 7,B7()<)* %$5)4 %?%& ,"4"#(%2%#.

)*!+*, %&'&-& >;2-8%/ (/2 7!$8+/6!$#$ (/2 '%* #5'6' 8)+)*) 1' +;2-8%/1/23

 ! " # $% (X,T ), (Y,S ) 78),()#A 9" f : (X,T ) → (Y,S ) G'&*$%,'&7

%(" 3%# A ⊂ X )(4:*;<"$% 9"#%($%&. =>"# f G'&*$%,'&7 $;#"(% %$"+ f &%& A ,)

8)+)*) ?1'2'%&)0)@ 2%," )2()&2A#)H)>A<A8 fA : (A,TA) → (Y,S ) G'&*$%,'&7

2) $;#"*(% '(27>7&7 BC$4"#"H">%8.

I : (A,TA)→ (X,T ) 2'>)( BC<<"$%&%& $;#"*(% '(27>7&7 2;F;&"#"*

fA = f ◦ I

3%("F*"$%&"  !"#$"  ./.0 ,% 7,B7()<)* ,"4"H"*4%#.



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

 !"#$ %&'&(& "#$#%&'()#* fA +,(-$./,(0(0( $123-&. ,&)'$# f (.( $123-&. ,&4

)'$#(# 5323-%.2)367 80(0 9.2 :2(3-&3 5:$%323&.)7

(X,T ) 06'/#(;' -3(;.$. <3 %1)&3/3(. /,=0( ,&'(> /'(. Ā = X <3 (A′)− =
X ,&'( 9.2 A ⊂ X '&%4-1)3$. <32.&$.(7

χA(x) =

{

1, x ∈ A

0, x ∈ A′
? 7@AB

+,(-$./,(0(' A (#( 93&.2%53( ?-'2'-%32.$%.-B +,(-$./,(0 ;3(.&;.=.(. 9.&./,2067

Y = {0, 1} -1)3$. 1632.(;3-. A '/2#- %,C,&,D.$.(. '&'&#)7 χA : (X,T ) →
(Y,A ) +,(-$./,(0 $123-&. ;3=.&;.2> 6.2' {0} <3 {1} -1)3&32. E3) 'F#- E3)

-'C'&# -1)3&32 ,&;0=0 E'&;3 90(&'2#( χ−1A ({0}) = A′ <3 χ−1A ({1}) = A %32$

23$.)&32. (3 'F#- (3 ;3 -'C'&#;#27 G32F3-%3(H 3=32 A -'C'&# ,&$'/;#H <'2$'/#)

5323=.(I3H A = Ā = X ,&'I'-%# -. 90H A′ = (A′)− = ∅ ,&)'$#(# 5323-%.2.2 <3

(A′)− = X ,&;0=0 <'2$'/#)# .&3 F3&.*.27 J E'&;3 A -'C'&# ,&')'67

K 'F#- ,&$'/;#H A′ -'C'&# ,&02;07 J/$' '/(# ;1*1(1*&3H A′ (1( ;3 -'C'&#

,&')'/'I'=# F#-'2#&'9.&.27

L3)3- -. A <3 A′ -1)3&32. (3 'F#- (3 ;3 -'C'&#;#2&'27 M/&3/$3 χA +,(-4

$./,(0 X 1632.(;3 $123-$.6;.27

M%3 /'(;'( χA +,(-$./,(0(0( A /' -#$#%# $'9.% 9.2 +,(-$./,( ,&;0=0 .F.(

$123-&.;.27

)#*+, %&'&-& L16&3) 1632.(;3-. $'&% %,C,&,D.(.( 532F3& 3-$3( 1632.(3 -,(4

;02;0=0 %,C,&,D.H 90 3-$3( 1632.(;3-. $'&% %,C,&,D.;.27

G32F3-%3(H ;16&3);3-. $'&% %,C,&,D./3 9.2 %'9'( ,&'2'-H ;16&3);3 -3('24

&'2# 3-$3(&323 C'2'&3& ,&'( 91%1( 'F#- ;.-;:2%53(&32. '&'&#) ?9-67  !"#$ N7@7OB7

80 %'9'(' B ;./3&.)7 80(0( 532F3& 3-$3( 1632.(;3-. BR .6.H 532F3& 3-$3( 1634

2.(;3-. 91%1( 'F#- '2'&#-&'2;'( .9'23%%.2> -. 90 532F3& 3-$3( 1632.(;3-. $'&%

%,C,&,D.(.( 9.2 %'9'(#;#27 J E'&;3H %#&!#'  7P7O 0/'2#(I'H .$%3(3( *3/ F#-'27

)#*+, %&'&(& G32F3& 3-$3( 1632.(;3 -'C'&# 9.2 I = [a, b] '2'&#=#(# ;1*1(3&.)7

Q'&% %,C,&,D.(.( 90 %,C,&,D. 1632.(3 -,(;02;0=0 %,C,&,D.(.( 9.2 %'9'(#

J = {[a, b], [a, c), (d, b], (c, d) : a ≤ c ≤ d ≤ b} ? 7@ B

;.27

)#*+, %&'&'& L16&3);3-. $'&% %,C,&,D.(.( 9.2.) F3)932 1632.(3 -,(;02;0=0

%,C,&,D.(.( 9.2 %'9'(#H 90 F3)932 1632.(;3 .-. 0I0 'F#- ,&'( 91%1( /'/&'2#(

,&0*%02;0=0 '.&3;.27



 !  !"#$ %& '!(#)#$"*+"* ,-('.+."/( 0-1-"-23"*+

 !"#$" %&'&'&  !"#!$ !%&!' ()!"*'+!%* %,-,$. ,",$.%$," /*"/*"$!"*'! 01-1$12*%

!34,-.$.$+."5

"#$# %&'()*+), -.-$ /)* [a, b] ,01023 0*02343$3$ [−1, 1] ,01023 5-*-+ 0*06

2340 (717278-, )9:01323 72;#4#$# %&'()*+), :)()<),(-*= .>$,> )9:01323 72+0,

5043$(3'3 %).-92-;-*? R ;)$ R :) (0$3+23 720$

h : x→
2

b− a

(

x−
a+ b

2

)

;74*#'02 ;&$>9>+>$>$ [a, b] >@)*-$) ;0*02+393$3 ℏ -2) %&'()*)2-+? ℏA [a, b] 0*06
2343$;0$ B6CACD 0*02343$0 ""E ;-*? F74*#'02 ;&$>9>+ 72;#4#$;0$ h '>*),2-;-*?

 !"#!$ G?H?I #:0*3$<0A 5#$#$ B0A5D :) ;0*02+393 720$ ϕ ;&$>9>+> 5# 02(6#@0:

>@)*-$;) '>*),2-;-*? E() :0$;0$

h−1 : x→

(

b− a

2

)

x+
a+ b

2

()*' ;&$>9>+>$>$ [−1, 1] >@)*-$) ;0*02+393 ℏ−1 ;-* J) :#,0*3;0,- ;>9>$>92)

ℏ−1 ()*' ;&$>9>+> ;) '>*),2- 720<0,(3*?

 !"#$" %&'&(& 6!" ,#.% ,",$.% 7!"#!$ !%&!'! 01-1$12*% !34,-.$.+."5

 !"#$% KG?CGL ;0,- ;>9>$>92)A %)*.)2 ),')$-$ 0.3, 5-* 0*02343 >@)*-$) '02( (76

17278-$-$ ,7$;#*;#4# (717278-$-$ 5-* (050$3$3$A 5# 0*02343$ ,01'0;343 5>(>$

0.3, 0*023,20*3$ 72#9(#*;#4# 0-2) 72;#4# ,720:<0 %&*>2)5-2-*? M /02;)A &*$)6

4-$A (−1, 1) 0.3, 0*02343$3$ 5>(>$ %)*.)2 ),')$) (717278-, )9:01323 72;#4#$#

%&'()*+), :)()<),(-*? "# )9:013232343 '0420:0$ 5-* ;&$>9>+ 720*0,A x = −1
J) x = +1 ;74*#20*3$3 ;>9): 0'-+(7( 720*0, ,05#2 );)$ '>*),2- J) 0*(0$ /)*

/0$%- 5-* N7$,'-:7$ 023$05-2-*? E*$)4-$

f : x→ tan(
πx

2
)

N7$,'-:7$# -'()$)$- '0420*? O)*.),()$ f $-$ (−1, 1) ;)$ R :) ""E J) '>*),2-

72;#4#$# 5-2-:7*#@? P:*3<0 f N7$,'-:7$# 0.3, 0*023,20*3 0.3, 0*023,20*0 *)'6

+)((-4-$;)$A 0.3, 5-* ;&$>9>+;>*? M /02;) %&!#$! Q?H?C #:0*3$<0A -'()$)$

9): .3,+39 72#*?



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

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

!" (A,TA) #$%&' (X,T ) (#( )*+ %,-.#$%&' /,0#(" 123+ S,T (#( )*+ %,-.

-%)%(' *034 S (*( A 5$3+*(637* *$* 6*&3832*9*$

SA = {S ∩ A : S ∈ S} :;"! <

%*,30* TA ('( )*+ %,-.-%)%('6'+" =>0-3+*(*$"

?" (A,TA) #$%&' (X,T ) (#( )*+ %,-.#$%&' /,0#(" @*+ x ∈ A (/7-%0'('(

TA.7/9A#,#7,%+'

BA(x) = {W ∩ A : W ∈ B(x)} :;"?B<

C3 TA.7/9A#,#7,%+ -%)%('

SA(x) = {S ∩ A : S ∈ S(x)} :;"?!<

%*,30*6*+"

D" (A,TA) #$%&'('( 7%E%,' %,-.7593,3+*4 (X,T ) 50-.#$%&'('( 7%E%,' 7593.

,3+* *,3 A ('( %+%730*-,3+*(63( *)%+3--*+" =>0-3+*(*$"

F" G,-.#$%&'( :;"!H< *,3 -%('9,%(%( 7%E%,' 7593,3+*(*4 :;"!B< *,3 -%('9,%.

(%( %I'7 7593,3+*( -59,3&3(,3+* /,%+%7 3,63 36*(*$"

H" =3+I3, 3703( 5$3+*(637* 0%,- -/E/,/J*(*( Z -%90%&',%+ 75930* 5$3+*(3

7/(6#+6#2# -/E/,/J*&* )3,*+,3&*(*$"

K" G&+'7 )*+ #$%&'( L3+ %,-.#$%&' %&+'7-'+" =>0-3+*(*$"

M" @*+ (X,T ) #$%&' *,3 B ⊂ A ⊂ X %,-.7593,3+* C3+*,9*A /,0#("

:%<

N

@ ⊂ N

@A

:)< (∂B)A ⊂ A ∩ (∂B) /,6#2#(# O>0-3+*(*$" P%E0%9,%+'( 730*(,*7,3

C%+ /,6#2# L%,,3+3 )*+3+ >+(37 C3+*(*$"

;" @*+ (X,T ) #$%&' *,3 L3+ L%(O* *7* B,A ⊂ X %,- 7593,3+* C3+*,9*A /,0#(

:%< A∩ N

@ ⊂ (A ∩ B)◦A;

:)< A ∩ B̄ ⊃ (A ∩ B)−A /,6#2#(# O>0-3+*(*$" P%E0%9,%+'( 730*(,*7,3

C%+/,6#2# L%,,3+3 )*+3+ >+(37 C3+*(*$"



 !  !"#$ %& '!(#)#$"*+"* ,-('.+."/( 0-1-"-23"*+

 " (A,TA) #$%&'(#)*+*+ #),*- .$/#0* 121+ 34,4-$1 54 )4%4,$1 -.6'$7 A +*+

84, +.-%#0*+*+ (X,T ) 90%&'(#)*+:# A +*+ #),*- ;1, +.-%#0* .$/#0*:*,"

<=0%4,1+1("

>?" @1, (X,T ) '(#)* 1$4 A,B ⊂ X #$%&-9/4$4,1 54,1$01+ 54 X = A ∪ B
.$:'A'+' 5#,0#)#$*/" BA4, M ⊂ A∩B #$%&-9/401 TA 54 TB&-#C#$* D)#

:# #2*-E 1047 M +1+ T &-#C#$* D)# :# #2*-E .$:'A'+' 3=0%4,1+1("

>>" @1, (a, b] #2*-&-#C#$* #,#$*A*+*+ (−∞, 0] *6*+*+# 54 [a, b) -#C#$*&#2*- #,#&

$*A*+*+ [0,∞) *6*+*+# %.C.$.F1- 46)#C*$* .$:'A'+' 3=0%4,1+1("

>!" @1, 24/;4, )#)*+*+ 84, 8#+31 ;1, +.-%#0* #%*$*).," G#$#+ )#)*+ 34,24$

4-04+:4-1 84, 8#+31 ;1, #2*- #,#$*A# 46)#C*$* .$:'A'+' 3=0%4,1+1("

>H" I2*- ;1, :10-1+ D#2*- :#1,4E :9($4/4 %.C.$.F1- 46)#C*$* .$:'A'+' 3=0%4&

,1+1("

>J" I2*- ;1, #,#$*- R :4 #2*- .$:'A' 8#$:4 R2
:4 -#C#$*:*," <=0%4,1+1("

>K" N -9/401 9(4,1+:4

T = {Tn : Tn = {n, n+ 1, n+ 2, . . .}} DL"!!E

#1$401 ;1, %.C.$.F1:1," <=0%4,1+1("

>M" DL"!!E %.C.$.F101+4 3=,4 A = {3, 5, 7, 9} #$% -9/401+1+ -#C$#/*+* ;'$'&

+'("

>N" DL"!!E %.C.$.F101+4 3=,4 B = {5, 6, 7, 8, . . .} #$% -9/401+1+ -#C$#/*+*

;'$'+'("

>L" DL"!!E %.C.$.F101+4 3=,4 C = {9, 16, 27, 38, . . .} #$% -9/401+1+ )*A*$/#

+.-%#$#,*+* ;'$'+'("

> " f : (X,T ) → (Y,S ) O.+-01).+' 54,1$01+" T %.C.$.F101 +4 -#:#, 1+P4

:.-'$' .$',0# f +1+ 09,4-$1 .$/# .$#0*$*A* . -#:#, #,%#,Q T %.C.$.F101

+4 -#:#, -#;# :.-'$' .$',0# f +1+ 09,4-$1 .$/# .$#0*$*A* . -#:#, #(#$*,"

R4,01+4 .$#,#-7 S %.C.$.F101 +4 -#:#, 1+P4 :.-'$' .$',0# f +1+ 09,4-$1

.$/# .$#0*$*A* . -#:#, #(#$*,Q S %.C.$.F101 +4 -#:#, -#;# :.-'$' .$',0#

f +1+ 09,4-$1 .$/# .$#0*$*A* . -#:#, #,%#," S,+4-$4,$4 3=0%4,1+1("



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

"#$ %&' X ()*+,& )-+'&./+ T 0+ S &(& 1232425& &,+6

T ∩S = {T ∩ S : T ∈ T 0+ S ∈ S } 78$"!9

:':(+,&1& X ()*+,& )-+'&./+ ;&' 1232425&/&'$ <*:

T ∪S = {T, S : T ∈ T 0+ S ∈ S } 78$"=9

;&4+>&*& X ()*+,& )-+'&./+6 ?+.+44&(4+6 ;&' 1232425& /+@&4/&'$ T ∪ S
;&4+>&*&. X ()*+,& )-+'&./+ ;&' 1232425& 24/A@A /A'A*: ;&' B'.+( 0+C

'&.&-$

"D$ 78$"!9 :&4+,&.& (:3,:E:. +. (:;: 0+ +. &.F+ 1232425&4+' G:.?&4+'&/&'H

""$ 78$"=9 :&4+,&.& (:3,:E:. +. (:;: 0+ +. &.F+ 1232425&4+' G:.?&4+'&/&'H

"!$ I2@A.4A( ?+J&>4&/&'K E:.& (X,T ) A-:EL./: A ⊃ B ⊃ C 24*:( )-+'+ B
()*+,& A &J&./+ E2@A. 0+ C ()*+,& B &J&./+ E2@A. &,+ C ()*+,& A
&J&./+ E2@A./A'$ MB,1+'&.&-$

"=$ A ()*+,& (X,T ) A-:EL./: E2@A.6 (A,TA) :41 A-:EL./: V ∈ B(x) &,+
V .&. (X,T ) A-:EL./:(& V̄ (:34:*L (X,T ) A-:EL./: x .2(1:,L.L. ;&'

(2*>A4A@A/A'$ MB,1+'&.&-$

"N$ X = {a, b, c} ()*+,& )-+'&./+(& ;)1). *)*(). 1232425&4+' :':,L./:

;&';&'&E4+ (:'>L4:>1L'L4:*:E:.K E:.& T1 * T2 0+ T1 + T2 24:. &(& 1232425&

;A4A.A-$
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