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 !"#$ %&'%'%'  () %272#2:(3 *+!,&$ A ;. B !#%?3<4.#.)( ;.)(#0($9

Ā ∩ B = ∅ ve A ∩ B̄ = ∅ @AB9AC

(0. A (#. B 3<4.#.)($.  !"#!$%&'&( (3( 3<4.-()6 -(,./."(+9

D".)

Ā ∩ B 6= ∅ ya da A ∩ B̄ 6= ∅ @AB9EC

(0.6 A (#. B 3<4.#.)($.  !"#!$%&#& (3( 3<4.-()6 -(,./."(+9  !"#!$%&0&+ (3( 3<4.
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 !"  !"#$ %&'  ()"(*+,", -.(/"(0

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

$01! 2'3-'/4)%)5&)"6

 !"#$% #$% &'(')'*$+ ,-./0. A∩B = ∅ ').1.+ 23+$)03 43%4.56$ $+$ A,B .)&

+783)3%$ 93%$):$5; <=3% 438 A 438 B +.(.)> $:3)3% Ā∩B = A∩B̄ = A∩B = ∅
').1.=>50.5 A $)3 B ?.=).5&>:>-0>%; <=3% A $)3 B .@>+ $:3)3% A′ $)3 B′ +.(.)>
').1.+&>%; A/%>1. A ⊂ B′ ve B ⊂ A′ ').1.=>50.5B /$53 Ā∩B = A∩ B̄ = ∅
@>+.%;

 !"#$" %&'%'(' 73!" A #-! B $01!-!"#/#/ +!" #$#%# &! '()$ *' &' +!" #$#%#

&! $','-) #%! A− B #-! B − A $01!-!"# 2'3-'/4)%)5&)"6

 !"#$% C353) ').%.+

(A− B) ∩ (B − A) = A ∩ B′ ∩ (B ∩ A′)

⊂ A ∩B′ ∩ B̄ ∩ (A′)−

= [A ∩ (A′)−] ∩ (B′ ∩ B̄)

?.=>5&>:> 9.%0>%; D$80$B A .@>+ $:3 A∩ (A′)− = A∩A′ = ∅ '),%; <=3% B +.(.)>

$:3 B′ ∩ B̄ = B′ ∩ B = ∅ '),%; #,%.0.5 $:&3535 23/ 6E%7)7%;

 !"#$" %&'%')' 73!" Ā ∩B = ∅ 8! A ∪B $','-) #%! A $','-) 2#" $01!&#"6

 !"#$% A∪B +.(.)> ')0,=,50. (A ∪ B) = Ā∪ B̄ = A∪B ').1.=>5. 6E%3

Ā ⊂ A∪B @>+.%; F/:. Ā∩B = ∅ ')0,=,50.5 Ā ⊂ A '),%B +$ ?, A +783:$5$5

+.(.)> ')0,=,5, :E/)3%;

 !"#$" %&'%'*' A ∩ B̄ = ∅ 8! A ∪ B '()$ #%! A $01!%# '()$4)"6

 !"#$% A ∩ B̄ = ∅ $:3

(A ∪ B) ∩ (B̄)′ = [A ∩ (B̄)′] ∪ [B ∩ (B̄)′]

'),%; G3%$)35 +'2,) .)&>50. 32$&)$=$5 :') /.5> .@>+ ')0,=,50.5B A +783:$ .@>+

?$% +7830$%;

#, $+$ E53%83035 2, E-3)$+ 43835 :E/)353?$)$%;

+,!-. %&'%'%' A #-! B 2'3-'/4)%)5 #$# $01! .-%9/6 73!" A ∪ B $','-) #%! A
8! B $','-)&)"6 73!" A ∪ B '()$ #%! A 8! B '()$4)"6



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

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

 !"#$ %&'('%' #$%& '(& )*+*,*-(. /012 '1$,13)4540 6% '*7 *,81213 (.( 1,)

.98%5(3(3 '(,%7(8(3% %7()5%: '/ /0121  !"#!$%&'&( '(& /012;4&: ;%3(,(&< =1$,13>

)4540 *,81213 '(& /0121  !"#!$%&#& '(& /012;4&: ;(2%?%$(0<

@&3%$(3: 12&4. *,81213 A%& )*+*,*-(. /012 '1$,13)4,4 '(& /012;4&< B81

%310 (.( C$%5( *,13 A%& 12&4. /012 '1$,13)4540 '(& /012;4&< D93.9 '(& X .98%5(

6%&(,;($(3;%: A%& x ∈ X (E(3: 12&4. )*+*,*-(2% FC&% {x} (,% {x}′ .98%,%&(

'1$,13)4,4;4& 6% '/ (.( .98%3(3 '(,%7(8( X .98%5(3% %7())(&<

=17.1 C&3%.,%&% F%E8%;%3 C3?%: '(& )*+*,*-(. /01243 '1$,13)4,4 *,/+ *,>

81;4$434 '%,(&,%2%3 '17,4?1 C0%,,(.,%&( (3?%,%2%,(8<

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

46$/%*+7

G1H X /0124 '1$,13)4540;4&<

G'H X /0124: '1$,13)4540 6% '*7 *,81213 (.( 1,)>.98%5(3(3 '(,%7(8(3% %7())(&<

G?H X /0124: '*7 *,81213 6% .%5(78%2%3 (.( 1E4. 1,)>.98%5(3(3 '(,%7(8(3%

%7())(&<

G;H X /0124: '*7 *,81213 6% .%5(78%2%3 (.( .1+1,4 1,)>.98%5(3(3 '(,%7(8(3%

%7())(&<

G%H X /0124343 '*7 *,81213: A%8 1E4. A%8 .1+1,4 A15 '(& 1,)>.98%5( 61&;4&<

 !"#$%

,!- ⇒ ,.- / '1$,13)4,4 /012 )134843;13 A%8%3 FC&9,9&<

,.- ⇒ ,0- / A (,% B '1$,13)4540 (.( .98% 6% X = A ∪ B (5%:  !"#$  I< < 

/21&43?1: A (,% B 1E4.)4&< B2&4?1: '1$,13)4540 (.( .98% .%5(78%;($(3%

FC&%: A (,% B (5)%3%3 .*7/,,1&4 51$,1&<

,0- ⇒ ,1- / =*7 *,81213 A (,% B .%5(78%2%3 (.( 1E4. .98% 6% X = A ∪ B
(5% A′ = B 6% B′ = A *,1?1$43;13: A (,% B 1234 01813;1 .1+1,4 (.(

.98% *,1?1.)4&<



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

 !" ⇒  #" $ #$% $&'()(* A +&, B -,.+%',),* +-+ -(/(&0 -1', 2, X = A∪B
+.,3 A = B′ -1',.+ 4,' (50- 4,' -(/(&0 2, 6$% $&'()(* 4(. 6+7 (&8

-1',9+7:

 #" ⇒  %" $ X ;<()0*0*3 6$% $&'()(* 4,' (50- 4,' -(/(&0 4(. 6+7 (&8=-1',.+

2(7 $&.;*: #; -1',), A 9+),&+': #; 9;7;'9( B = A′ 6= ∅ -1',.+ 9,

4,' (50- 4,' -(/(&0 4(. 6+7 (&8=-1', $&;7 2,

X = A ∪ B, Ā ∩ B = A ∩ B̄ = A ∩B = ∅

-$%;&;*; .(>&(7: ? 4(&9,3 8(*0' .(>&(*'(90>0 +5+*3 X ;<()0 6(>&(*80&0

9,>+&9+7:

&'(#) *+,-,*, Q 7(.)$*,& .()0&(7 -1',.+3 .(&8 8$/$&$@+), AB7,3 6(>&(*80.0<

6+7 ;<()907:

#;*; AB7',- +5+*3 B7*,>+*3

√
2 +77(.)$*,& .()0.0*9(* -151- $&(* 6181*

7(.)$*,& .()0&(70* $&;%8;79;>; -1',*+* Q +5+*9, 4,' (50- 4,' -(/(&0 6+7

(&8-1', $&9;>;*; AB7',- ),8,C,-8+7:

&(#'.# *+,-,*,  !" #$%$&$'!( )*+,-. /+0&+.#-&- /!" )*+, $&+/!&123! !4!. 526

"2(&! 72 ,2#2"&! ($8)&9 /$8 $&1+,+. :2" :+3 +&# (;123!.!. (2.+"-.-. /$8 $&1+6

1+3-<-"=

 !"#$%

>2"2(&!0!? D<() 6(>&(*80&0 $&.;* 2, A -1',.+ 6$% $&'()(* 4,74(*A+ 6+7

4(. (&8-1', $&(7(- (&0*.0*: E>,7 ∂A -,*(70 6$% $&.()90 Ā = A◦ ∪ ∂A = A◦

$&(C(-80: ?).( A◦ ⊂ A ⊂ Ā $&9;>;*9(*3 6; ,%+8&+- A◦ = A = Ā $&'(.0*03

)(*+ A -1',.+*+* 4,' (50- 4,' -(/(&0 $&'(.0*0 A,7,-8+7+79+: #; +.,3 @2$"21

 F:G: H,I ;)(70*C(3 ;<()0* 6(>&(*80&0 $&9;>; 2(7.()0'0)&( 5,&+%+7: ? 4(&9, A
-1',.+*+* -,*(70 6$% $&('(<:

A2#2"&!0!? ∂A 6= ∅ +., ∂A = Ā−A◦ ,%+8&+>+*9,* Ā 6= A◦ 50-(7: J,',- -+ A
-1',.+ 4,' (50- 4,' -(/(&0 $&('(<: K,7 (&8-1', +5+* 6; B<,&+- 2(7$&9;>;*(

AB7,3 @2$"21  F:G: H,I ;)(70*C(3 ;<() 6(>&(*80&0907:

&'(#) *+,-,-, N 9$>(& .()0&(7 -1',.+3 .$*&; 81'&,),*&,7 8$/$&$@+.+*, AB7,3

6(>&(*80&0 6+7 ;<()907:

A -1',.+ N *+* 6$% $&'()(* 4(. 6+7 (&8=-1',.+ $&.;*: #; ;<()0* -(/(&0

(&8=-1',&,7+ .$*&; (&8=-1',&,7+ +&, N *+* -,*9+.+*9,* +6(7,88+7: #;*( AB7,L



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

 !"!# $% "#$% A &'()* +&$ Ā = A ,$ A◦ = ∅ ')-./ 0'%*(1.12%3 4$1$(5 6

7.)1$ ∂A = Ā− A◦ = Ā = A ').8./92%3

 !"!# &% "#$% A &'(&*0 +&$ Ā = N ,$ A◦ = A ')-./ 0'%*(1.12%3 4$1$(5

6 7.)1$ ∂A = N− A = A′ 6= ∅ ').8./92%3

:$-$/ /+;  !"#$"  <3=3 *>.%2(8. ?* *0.> ?.#).(92)212%3

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

 3 @'(&*0 ?+% /A-$ A0$%+(1$ &'()* 9A-)$>$()$% 9'B')'C+&+($ DE%$ *0.>2(

?.#).(92)2 ')*B ')-.12#2(2 DE&9$%+(+03

=3 @.>2).-.>.( &'(&*0 ?+% /A-$ A0$%+(1$ &.>2).?+)+% 9A-)$>$()$% 9'B')'F

C+&+($ DE%$ *0.>2( ?.#).(92)2 ')*B ')-.12#2(2 DE&9$%+(+03

G3 H$%I$) $/&$(+( (0, 1); [0, 1) ,$ (0, 1] .)9 *0.>).%2(2( ?+%?+%)$%+>)$ $J>.B2)2

K7'-$'-'%B7+8L ').-.>.8.#2(2 DE&9$%+(+03

M3 Rn
*0.>2(2( R *0.>2(. $J>.B2)2 K7'-$'-'%B7+8L ')-.12#2(2 DE&9$%+(+03

f : [0, 1] → [0, 1] N'(/&+>'(* &A%$/)+ +&$; ?+% &.?+9 ('/9.&2(2( ')1*#*(*O

>.(+ f(x) = x ').( ?+% x ∈ [0, 1] ')1*#*(* DE&9$%+(+03 [0, 1] /.B.)2 .%.)2#2
>$%+($ [0, 1) >. 1. (0, 1] >.%2F.I2/ .%.)2/).%2 /'(*)*%&. ($ ')*%5

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

'()*# $+,-,$, P+% (X,T ) 9'B')'C+/ *0.>2 +)$ ?+% A ⊂ X .)9/A-$&+ ,$%+)&+(3

"#$% (A,TA) .)9 *0.>2 ?.#).(92)2 +&$; A /A-$&+($ KX *0.>2 +I+(1$L ?.#).(92)2

?+% /A-$1+%; 1$(+)+%3

.)/"#/ $+,-,$, %&# (X,T ) '()*+!+! ,&# A )-./01$"2&!&! ,)3-)!.+-+ 4-$)2+

&5&! 6"#"0-& 7" *"."#-& 048'-

A ⊂M ∪N, A ∩M 6= ∅, A ∩N 6= ∅

9("--&0-"#&!" 2):&; :"# M,N ∈ T &5&!

A ∩M ∩N 6= ∅

4-$)2+<+#=



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

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

A = A ∩ (M ∪N) = (A ∩M) ∪ (A ∩N) +,-./0

A ∩M ∩N = (A ∩M) ∩ (A ∩N) +,-.10

23(34#5#6#(. 734##8 4963)3 A ∩M ∈ TA :' A ∩N ∈ TA %596. ;<'6 A =>?'@#

43<53*&A5A #@' A ∩M ∩N = ∅ %53?3(8 B>*=> 49 =>?' 4%C %5@32)A8 +,-./0 :'

+,-.10 'C#&5#=5'6# 9236A*D38 (A,TA) 35& 9(32A 43<53*&A5A %53?3()A.

7'6@#*' %5363=8 :'6#5'* E('55#=5'6' @3F#$ F'6 M,N ∈ T #B#* A∩M∩N 6= ∅
%5?3@A )'?'=8 +,-./0 'C#&5#<# 9236A*D38 (A,TA) 35& 9(32A*A* 43<53*&A5A %5?3@A

)'?'=&#6 +4=(.  !"#!$ ,-. .,+D00.

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

/!53-3 +"& 1!,3'5!6 +2 (3'!*3* +3'!&3$3 1! +(,'(*-.'.1.#7

 !"#$% G'6#5'* E('55#=5'6' @3F#$ 4#6 {Aλ : λ ∈ Λ} 3#5'@# )>C>*'5#?. H63='@#&

4%C %5?3)A<A*3 IE6'8 43<53*&A5A F'6 Aλ =>?'@#*#* #B'6)#<# 4#6 x E<'@# :36)A6.

;<'6

A = {∪Aλ, λ ∈ Λ}
4#5'C#?# 43<53*&A5A 4#6 =>?' %5?3@32)A8 8*!#$! ,-./., 9236A*D3 M ∩ A 6=
∅, N ∩ A 6= ∅, A ⊂ M ∪ N :' A ∩ M ∩ N = ∅ %53D3= C'=#5)' 3BA= M,N
=>?'5'6# :36 %596)9. J9 )969?)38 x ∈ M ∪ N %596. x ∈ M )#2'5#?. K&'

23*)3*8 '*3( 4#6 µ ∈ Λ #B#* Aµ∩N 6= ∅ %5?3= (%69*)3)A6L )'<#5@' N ∩A = ∅
%596)9. M'?'= =#

M ∪N ⊃ Aµ

Aµ ∩M ∩N = ∅
M ∩ Aµ 6= ∅
N ∩ Aµ 6= ∅

%53D3=&A6. J9 )969? Aµ =>?'@#*#* 43<53*&A5A5A<A #5' B'5#C#6. M%532A@A2538 =349N

5>?>( 23*5AC&A6. O F35)' A 43<53*&A5A)A6.

*+!,- %&'('%' %(,'(*-.'. /0$!'!#1!* "'2&(* +3# {An : n ∈ N} /0$!'!# 139353
:!#3'53*7 ;,!# <!# n ∈ N 3=3* An ∩ An+1 6= ∅ 35! ∪nAn +3'!&3$3 1! +(,'(*-.'.

+3# /0$!13#7



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

 !"#$% #$%&'()*%+(, -&) n ∈ N ./.0 Bn = ∪n
i=1Ai 1.+&2.%.0.0 1(3+(04*+*

5+6737 89)$+$): ;4& <(06(0, {Bn : n ∈ N= (.+&>., <7?()*6(?. 90&)%&0.0

'()>(<*%+()*0* >(3+(): @ -(+6& ∪nBn 1.+&2.%. 1(3+(04*+* 1.) ?$%& 5+(A(?4*):

@<>(, 17 1.+&2.%, ∪nAn 1.+&2.%.0& &2.44.):

 !"#$" %&'('('  !" X #$%&'('( )%*+%(,'+' -+.%/' !0!( 12"23+! 42 &2,2"+! 3-5

6#+7 82" x, y ∈ X 9*2 0!:,!(! !02"2( )%*+%(,'+' )!" 3;.2(!( 4%"+'*'<'"=

 !"#$%

>2"23+!*!? BC(< 1(3+(04*+* .>&, -&) 05?4( /.D4.0. ./&)&0 1(3+(04*+* ?$%&

5+()(? X 7C(<*0*0 ?&06.>. (+*0(1.+.):

@2,2"+!*!? E(1.4 1.) x ∈ X >&/&+.%: F()>(<*% 7<()*0A(, -&) y ∈ X ./.0, x '&

y 93&+&).0. ./&)&0 1.) B(x, y) 1(3+(04*+* (+4G?$%&>. '()6*): {B(x, y) | y ∈ X=

(.+&>. 152 5+%(<(0 1(3+(04*+* ?$%&+&)6&0 5+72(0 '& ()(?&>.4. 152 5+%(<(0

H/$0?$, &0(C I 93&>.0. ./&).)J 1.) (.+&6.): A(2".2 "K:L: 7<()*0A(, 17 (.+&0.0

1.+&2.%. 5+(0 X 7C(<* 1(3+(04*+*6*):

 !"#$" %&'(')'  %*+%(,'+' &-*#( )!" %+, 3;.2&2 /%8!B -+%( 82" #$%& )%*5

+%(,'+'<'"=

 !"#$% M.) (X,T ) 7C(<*0*0 <5370 1.) A (+4?$%&>. 1(3+(04*+* 1.) ?$%& 5+G

>70: N3&) X 7C(<* 1(3+(04*+* 6&3.+>&, X = M∪N '& M∩N = ∅ 5+(A(? 2&?.+6&

M,N ∈ T ?$%&+&). '()5+(A(?4*): M7 67)7%6(, A <5370 5+673706(0, A∩M
.+& A ∩ N ?$%&+&). 152 5+(%(C: O<)*A( 17 .?. ?$%& TA 45P5+5Q.>.0& (.44.),

?&>.2%&C+&) '& 1.+&2.%+&). A ?$%&>.0& &2.44.): R5+(<*>*<+(, (A,TA) (+47C(<*

1(3+(04*+* 5+(%(C: M7 .>&, A ?$%&>.0.0 1(3+(04*+*+*3* .+& /&+.2.):

*+!,- %&'('.'  %*+%(,'+' )!" 3;.2(!( 3%B+%.' <% )%*+%(,'+'<'"=

 !"#$" %&'('/' A )%*+%(,'+' )!" 3;.2 !/27 A ⊂ B ⊂ Ā 3-6#+#(# /%*+%&%(

82" B 3;.2/! <2 )%*+%(,'+'<'"=

S>P(4 ./.0 A ?$%&>.0.0 B ./.06& <5370 5+673707 6$2$0%&? <&4&A&?4.):

 !"#$" %&'('&'  !" ,-B-+-C!3 #$%&<% A 82"8%(1! )!" 3;.2 42 B )%*+%(,'+'

)!" 3;.2 -+/#(= D*2" B 3;.2/! 82. A !+2 82. <2 A′ !+2 32/!6!&-"/%7 A ('(

32(%"' !+2 <2 32/!6!"=

 !"#$% N3&) B ∩ ∂A = ∅ 5+>(<6*, 7C(<* X .+& 89>4&).)>&?,

X = A◦ ∪ (A′)o ∪ ∂A



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

"#$%&%'$('

A◦ ∪ (A′)o ⊃ B

B ∩ A◦ 6= ∅
B ∩ (A′)o 6= ∅

"#()(*+,- ./( B∩A◦∩ (A′)o = ∅ "#%0- 1% $%0%/2  !"#$" 34-5-3 %6(0,')( B
*7/89:':' ;(&#('+,#,#,&, :#8 <8#:=:0- > ?(#$8 *(;%#7/7@ 6('#,=+,02 6(': B∩∂A 6=
∅ "#/(#,$,0-

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

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

A,*,@#,*2 '(9,# 9708*#: B"'*9:6"'#(0 (#+,'$( *"0%'%6"09( ;(&#('+,#,#,* $(

*"0%'%0-

 !"#$" %&'('%' %&'(&!)*(* +,# -.&/*! 01#"2(, +,# 34!20,/4! &()*!5&2, #"0$,

5" +&'(&!)*(*5*#6

&23456 f : (X,T ) → (Y, S) 9708*#: C8 D0+8' ;:0 B"'*9:6"' "#9%'- E %@(6,

;(&#('+,#, "#$%&% ?(#$8 Y %@(6,',' ;(&#('+,#, "#/($,&,', C(09(6(#,/- 1% $%F

0%/$(2 Y %@(6,',' Y = A∪B C8 A∩B = ∅ "#()(* =8*:#$8 ;"= "#/(6('2 (<,*

A,B (#+F*7/8#80: C(0$,0- G;*@- 7"4#"$ 34- -3G)HH- I6#8698 f−1(A) C8 f−1(B)
*7/8#80: X :<:'$8 (<,* C8 *89:=/868' :*: *7/8$:0- .60,)( ;% :*: *7/8':'

;:#8=:/: X %@(6,'( 8=:++:0 C8 f D0+8' "#$%&%'$('2 ?:<;:0:9: ;"= "#(/(@- 1%

D@8##:*#80 X %@(6,',' ;(&#('+,#, "#/(9,6#( <8#:=:0- > ?(#$8 Y %@(6, ;(&#('+,#,

"#/(#,$,0-

)*+#, %&'('%' 1(&#('+,#, ;:0 %@(6,' 9708*#: ;:0 B"'*9:6"' (#+,'$(*: +809 089F

/:':' ;(&#('+,#, "#/(9, J808*/8@-

I0'8&:'2 (60,* ;:0 %@(6$(' +8* D&8#: ;:0 %@(6( +(',/#, B"'*9:6"'% $7=7F

'7'7@-

 !"#$" %&'('-' %,# X -.&/*!*! +&'(&!)*(* 4($&0* ,8,! 9"#"2(, :" /")"#(, 24;

<-(= +- -.&/5&! Y = {0, 1} &/#*2 )4>4(4?,2 -.&/*!& 01#"2(, :" @#)"! A,8+,#
34!20,/4!-! :&# 4($&$&0*5*#6



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

 !"#$%

 !"!#$%&%' X #$%&' (%)*%+,'*' -*.#+/ 0)12 X #$%&'+3%+ Y #$%&'+% .4215*6

71 82,1+ (62 9-+5.6&-+ -*.%&3': &#5%2'3%56 ()*"+ ;121)6+<1: Y #$%&'+'+ 3%

(%)*%+,'*' -*=%.' ;12156236/ >&.% Y %&2'5 #$%&'+'+ (%)*%+,'*' -*=%3')'+' (6*6?

&-2#$/ @# A1*6B56 -*%=%&%<%)'+% ;821: 5%(#*4=4$ &%+*'B,'2: &%+6 X 31+ Y &1

.4215*6 71 82,1+ C6A(62 9-+5.6&-+ &-5,#2/

,!-!"$%&%' X #$%&'+3%+ Y #$%&'+% .4215*6 71 82,1+ C6A(62 9-+5.6&-+ 7%2-*?

=%.'+/ @# 3#2#=3%: 1)12 X (%)*%+,'*' -*=%.%&3': X = A ∪ B 71 A ∩ B = ∅
-*%<%5 B156*31 (-B -*=%&%+ %A'5 A,B 54=1*126 7%2-*#23#/ D6=36 X 31+ Y &1

(62 f 9-+5.6&-+#+#

f(x) =

{

0, x ∈ A
1, x ∈ B

36&1 ,%+'=*%&%*'=/ @# 9-+5.6&-+#+ .4215*6 71 82,1+ -*3#)# %E%A'5,'2/ @# 6.1:

7%2.%&'='='$*% A1*6B62/ > C%*31 X #$%&' (%)*%+,'*' -*=%*'3'2/

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

$+0&+/1.&.&.0.

 !"#!$ %&'('%' .*&$*/-+$+ 0%" 12*)+/ 3!" 04$56 12*)+ 7* 0*&$*/-+$+ 0%" 12*)8

7+"9

 !"#$% X (%)*%+,'*' (62 #$%&: β (%)'+,'.' X 4$126+31 ,%+'=*' (62 31+5*65

(%)'+,'.' -*.#+/X 31+X/β (8*4= #$%&' 4$126+1 ,%+'=*%+%+ (8*4= 38+4B4=4

.4215*6 -*3#)#+3%+ F(5$/ :/!"6! G!/G/ H: 6.,1+1+ B1& :/!"6! GI/J/G 31+

A'5%2/

@# ,1-21=6+ 5%2B',' &-5,#2: %=% %B%)'3%56 8$1*65 7%23'2/

)*!#$! %&'('%' X 0%" -;<;$;=%# 12*) >! β 0*&+/-+?+/* @4"! 7!/#$%# ?+/+A*8
"+/+/ 3!" 0%"%?% 0*&$*/-+$+ 0%"!" #56! %?! X 12*)+ 7* 0*&$*/-+$+ ;$1"9

 !"#$% X #$%&' (%)*%+,'*' -*=%.%&3': X = A ∪ B, A ∩ B = ∅ -*%<%5

B156*31 %A'5 A 71 B 54=1*126 7%2 -*%<%5,'/ β (%)'+,'.'+% ;821 A 71 B 54=1*126

3-&=#B 656 54=1362: A4+54 (62 x ∈ A 6A6+ [x]∩B 6= ∅ -*.%&3' [x] 54=1.6: [x]
%*,#$%&'+3% %A'5 71 (62(62*126+31+ %&2'5 -*%+ [x] ∩ A 6*1 [x] ∩ B 54=1*126+6+

(6*1B6=6+1 1B6, -*%<%)'+3%+: [x] 31+5*65 .'+'9' (%)*%+,'*' -*%=%$3'/ @# A1*6B56

-*%=%&%<%)'+% ;821: A 6*1 B 3-&=#B 656 54=1362/ > C%*31: :/!"6! G!/G/K

#&%2'+<%: ϕ (8*4= 38+4B4=4 %*,'+3% (# 656 54=1+6+ ϕ(A) 71 ϕ(B) 21.6=*126



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

#$%&'%() *+(%,# -. /&/ &012 &23/4125) 674 829/:8/(:2( ;2 -/:24/1:2(/ X/β +#

24/''/() 6. /32 X/β -<:01 .5#+%=%= -#9:#='%:% 7:.4.=# #+&%(%8%() 6. $2:/4&/

7:#1#+#,#9%=# ><(2? X .5#+% -#9:#='%:%8%()

 !"#" $%&'()*

@) ϕ : X → Y -/( -<:01 8<=04010 7:3.=) Y -#9:#='%:% ;2 A2( y ∈ Y /$/=

ϕ1(y) ⊂ X -#9:#='%:% /32? X .5#+%=%= 8# -#9:#='%:% 7:8.9.=. ><3'2(/=/5)

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

.$/,$-0',','/'

 !"#!$ %&'&'%'  !" #$"%&' ()$*&+ ,$-.$+/&.& 0.'$1& !#!+ 23"34.! 53 *3/3".!

406(. #$"%$+ ()$*.$"&+ 73" ,!"!1!+!+ ,$-.$+/&.& 0.'$1&8&"9

 !"#$%

:3"34.!-!; B#(C%1 .5#+ -#9:#='%:% /32 30(2&:/ /580401 D7=&3/+7=:#(% #:'%=E

8#&/ (23/1:2(/ 7:#= $#(C#= .5#+:#(%= A2(-/(/3/ 82 -#9:#='%:% -/(2( .5#+ 7:#,#&'%(

F-&5) <+3"'3 @G)")@H)

=3/3".!-!; {Xλ : λ ∈ Λ} #/:23/ -74 7:1#+#= -#9:#='%:% .5#+:#(8#= 7:.4#=

-74 7:1#+#= -/( #/:2 7:3.=) 6.=:#(%= $#(C%1 .5#+%=% X /:2 ><3'2(2:/1) I:1#E

+#= 2(>/ +<='21/=/ .+>.:#1#& /$/= X $#(C%1 .5#+%=%= -#9:#='%:% 7:1#8%9%=%

;#(3#+#:%1) 6. 8.(.18#? <+3"'3 @G)") .+#(%=,#? X .5#+%=8#= {0, 1} #+E

(%& .5#+% 052(/=2 30(2&:/ -/( f D7=&3/+7=. ;#( 7:#,#&'%() X /$/=82 3#-/' -/(

a = (aλ) =7&'#3% 32$2:/1) J7=(# A2(A#=>/ -/( µ ∈ Λ 8#1>#3%=% 2:2 #:#:%1 ;2

Xµ $#(C#= .5#+%=8#= X $#(C%1 .5#+%=# -/( hµ D7=&3/+7=.=. 4<+:2 '#=%1:#E

+#:%1 K

yλ =

{

aλ, λ 6= µ

xλ, λ = µ

7:1#& 052(2

hµ(xµ) = (yλ), λ ∈ Λ

7:3.=) 6. D7=&3/+7=.= 30(2&:/ 7:#,#9% #C#$%&'%() L+:2+32? Xµ $#(C#= .5#+%=E

8#= {0, 1} #+(%& .5#+%=# '#=%1:% 7:#= fohµ -/:24&23/ 30(2&:/ 7:#,#&'%() Xµ

-#9:#='%:% 7:8.9.=# ><(2? <+3"'3 @G)")@ .+#(%=,#? fohµ -/:24&23/ <('2= -/(



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

#$%&'()$% $*+,+-. &( /0 fohµ /(*12&1'(%(% 31415 /6*71'(%(% 0 )+ 3+ 1 31%

)+*%8- /(5('( $*,+'8%8 7151&9(5(5: ;1,1& &( <15 xµ ∈ Xµ (=(%

fohµ(xµ) = f(a)

385:

>05+3+% 20 '$%0= =8&+5? >(5 (xλ) = x ∈ X 641'( @15(*3(4(%31. 1415 '1=(*1%

µ 3+,7+'8%3+% #+5&*8 <15 λ ∈ Λ (=(% xλ = aλ ('1 f(x) = f(a) $*05: µ )15(%1

314(2(& µi 3+,7+*+58 '1=151& '$%*0 9+%1

µ1, µ2, ..., µn (n ∈ N)

(=(% )0&+583+&( (2( 91&5+5*+)+/(*(5(-: >6)*1A1 µ1, µ2, · · · , µn 3+,7+*+58%3+%

#+5&*8 <15 λ ∈ Λ (=(% xλ = aλ &$20*0%0 '+4*+)+% <15 (xλ) = x ∈ X 641'(

(=(%

f(x) = f(a)

$*+A+48%8 '6)*1)1/(*(5(-: B)'+ /0 &$20*0 '+4*+)+% x 641*15(%(% $*029053040

&C,1 X (=(%31 )$40%305: D131%E ;1,1& &( X C-15(%31 'C51&*( $*+% f #$%&F

'()$%0 X 0-+)8%8% )$40% /(5 +*9F&C,1'( C-15(%31 '+/(9 f(a) 31415(%( +*,+&F

9+385: G)*1)'1 f #$%&'()$%0 /C9C% X C-15(%31 '+/(9 f(a) 31415(%( +*,+&

-$50%3+385: D131%E B)'+ f #$%&'()$%0 {0, 1} +)58& 0-+)8%8 6591A1& /(=(,31

'1=,(29(&: >0 =1*(2&(. X =+5H8, 0-+)8%8 /+4*+%98*8 @+5'+),+)828,8-3+% 3$4F

,02905: ;1,1& &( X /+4*+%98*8 /(5 0-+)385:

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

-./(.+01(1(1/1

 !"#!$ %&'('%' R  !"#!$ %&'($&" )*+!%,-,- .!".&- , /," E &$01)*+!-,- %&$0

0232$24,'!  5"! /&6$&-0($( 2$+&%( ,#,-  !"!)$, 7! '!0!"$, )289$: /9 )*+!-,- /,"

&"&$() 2$+&%(;("<

 !"#$%

=!"!)$,6,> E /+4*+%98*8 $*'0%: I415 E 91& 64131% $*02+% /(5 &C,1 ('1 /(5

+5+*8&985: J(,3( E &C,1'(%(% /(531% =$& 641'(%(% $*3040%0 @+5'+)+*8,: a < b
$*+A+& 21&(*31&( <15 a, b ∈ E (=(% a < x < b &$20*0%0 '+4*+)+% x ∈ R 641'(%(%

E &C,1'(%1 +(9 $*3040%0 76'915,1& )191A1&9(5: I415 x /∈ E $*'+)38

E ⊂ {x}′ = (−∞, x) ∩ (x,∞)



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

#$%&'%( )*+, E -./01, 2,&2,&$0&,+'0+ *)&3- 40 *53- ,-, -./0 6*&*73+'*+ 8&9

6.$.)#& 40 :0& ,-,1,)$0 '0 -01,;,)#& #$%&'%< =% ,10 E -./01,+,+ 2*>$*+63$3

#$/*13)$* 50$,;,&< ? :*$'0 x ∈ E #$/*$3'3&<

 !"!#$%&%' E -./01, R ,5,+'0 2,& *&*$3- #$1%+< E -./01,+,+ 2*>$*+63$3 #$9

/*'3>3+3 4*&1*)*$3/< ? :*$'0( 1*$6 6#@#$#A,)0 B8&0( E -./01, *53- C)* '*

-*@*$3D #$*+ 2,&2,&$0&,+'0+ *)&3- 40 2#; #$/*)*+ ,-, -./0+,+ 2,&$0;,/,+0 0;,69

6,&< =% -./0$0&0 A 40 B ',)0$,/< E0&:*+B, 2,& a ∈ A ,$0 :0&:*+B, 2,& b ∈ B
8>01,+, 1050$,/< F./0$0& -01,;/0',>,+0 B8&0 a 6= b #$*G*-63&< a < b #$'%>%+%

4*&1*)*2,$,&,H( '0>,$10 -./0$0&,+ *'$*&3+3 '0>,;6,&/0- )060G0-6,&< A∩ [a, b] -.9
/01, 2#; '0>,$',&I 5.+-. a 8>01,+, ,50&,&< J)&3G* b 8>01, 2% -./0+,+ 2,& .16

13+3&3'3&< K0&50$ 1*)3$*& -./01,+,+ ()#*+* "*, #$'%>%+%I )*+,( .1660+ 13+3&$3 40

2#; #$/*)*+ :0& B0&50$ 1*)3 -./01,+,+ .16 13+3&$*&3+3+ 0+ -.5.>.+.+ C!-.(/

(01/ (01#!,0,D 4*& #$'%>%+% 2,$,)#&%H C2-H< LMN ( L  N( L ON( L"ND< ? :*$'0

c = sup{A ∩ [a, b]}

4*&'3& 40 c ∈ Ā '3& C-*@$*/* R ,5,+'0 )*@3$3)#&D< J)&3G* a ≤ c ≤ b 40 E 2,&

*&*$3- #$'%>%+'*+ c ∈ E ',&< P0/0- -, c ∈ E ∩ Ā #$%&< ?)1* 2% 1#+ -./0 A
-./01,+,+ E ,5,+'0-, -*@$*/3+'*+ 2*;-* 2,& ;0) '0>,$',&< J)&3G* A -./01,

E ,5,+'0 -*@*$3 #$'%>%+'*+ E ∩ Ā = A #$*G*-63&< P0/0- -, c ∈ A '3&<

A -./01, *)+3 H*/*+'* E ,5,+'0 *53- #$'%>%+'*+ c 8>01,+,+ A 6*&*73+'*+

-*@1*+*+ 2,& -#/;%$%>% 4*&'3&< ? :*$'0(

x < z < b ve c ∈ (x, z) ∩ E ⊂ A

#$*G*- ;0-,$'0 x, z ∈ R 4*&'3&< Q,/', 2,& t ∈ (c, z) 1050$,/< c, b ∈ E 40 E 2,&

*&*$3- #$'%>%+'*+ t ∈ E ',& ? :*$'0 t ∈ (x, z)∩E #$*G*-63&< P0/0- -, t ∈ A
'3&< ?)1* c < t 40 c 8>01, A∩[a, b] -./01,+,+ R ,5,+'0 2,& .16 13+3&3 #$'%>%+'*+

t /∈ A '3&< =8)$0G0( E *&*$3>3+3+ 2*>$*+63$3 #$/*'3>3+3 4*&1*)'3>3/3H'* 2,&

50$,;-,)0 4*&/3; #$%)#&%H< P0/0- -, :0& *&*$3- 2*>$*+63$3 2,& -./0',&<

 !"#$ %&'('%' 2*$" "313$34%5! 67#! R 6!#8!$ (*5)$*# -.,!(% 9*&$*:")$) 9%# 0;*5<

=)#>

 !"#$% E0& *53- *&*$3>3+ R )0 0; )*@3$3 #$'%>%+% 40 2*>$*+63$3 2,& %H*)3+

1.&0-$, 2,& 7#+-1,)#+ *$63+'*-, &01/,+,+ '0 2*>$*+63$3 #$'%>%+% '.;.+/0-

)060G0-6,&<

 !"#$ %&'(')' Rn
?! Cn (n ≥ 1) @-$%" 0;*5$*#) 9*&$*:")$)=)#>



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

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

,)')' #$%&$'()&) 1&$4$%) $/$.)5()-6 7(8 ,$'2$'9 Cn
5$-0$:)5 75&;( *+$,) R2n

<8-.8& 75&;( *+$,) ;&8 8:,$/)&)2)-9 21&$,)=),&$ 1 2$ #$%&$'()&) #;- *+$,2)-6

7+8& 1&$-$5 R2
2>+&80;';' ,$ 2$ #*'$ 8:,$/)&) 1&$' C 5$-0$:)5 =$,)&$-

*+$,)')' #$%&$'()&) 1&2*%* 1-($,$ .)5$-6

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

?$@ R2
;.;'285; A8- .80#8- #$%&$'()&) #;- 5>082;-6

?#@ R3
;.;'285; A8- =;&;'2;- #$%&$'()&)2)-6

?4@ R3
;.;'285; A8- =;0;( ,>+8,; ?(1-@ #$%&$'()&)2)-6

 !"#$% B* 5>08&8-;' A8-#;-;=;';' [0, 1] #$%&$'()&) *+$,)')' #;-8- #C&>0 *+$3

,)'$ 8:,$/)&) 1&2*%*'* 2>:>'085 ,8(8485(;-6

*"+,-+ %&'('%' 0&+'1 2)"3$.%"&' 4*, %$!56&*3 &67* 5"#+".1$+$%$,8

 !"#$% Rn (n ≥ 1) *+$,)'2$ #;- A $&(35>08=;';' 2):#>58, #;- 5>08

1&0$=) 280859 A8- x, y ∈ A ;.;' #* ;5; '15($,) #;-&8:(;-8' D(x, y) 21%-* /$-3

.$=)')' A ($-$D)'2$' 5$/=$'),1- 1&0$=) 28085(;-6 7(8 ,$'2$'9 Rn
;.;'285;

A8- D(x, y) 21%-* /$-.$=) R ;.;'28 5$/$&) #;- $-$&)%$ 8:,$/)&) 1&2*%*'2$'9 9*:

;,*7 EF6"6E *,$-)'4$ #$%&$'()&)2)-6 7,&8,=89 ;=(8'8' =1'*. C'485; C'8-0828'

.)5$-6

B* C'8-08';' 5$-:)() 21%-* 28%;&2;-9 ,$'; #;- 75&;( *+$,)'2$ #$%&$'()&)

A8- 5>08';' 2):#>58, 1&0$=) <8-8508+6 7-'8%;'9 2>+&80285; A8- 2;=5 2):3

#>58,2;-9 21&$,)=),&$ #$%&$'()&) #;- 5>082;-6 G0$ #* 2;=5&8-;' 58'$-&$-) 1&$'

.80#8-&8- 2):#>58, #;-8- 5>08 28%;&2;-6 H,=$9 A8- .80#8-;' #;-;0 .80#8-8

8:,$/)&) 1&2*%* $/$.)5()- I8 #;-;0 .80#8-;' ;=8 [0, 2π] 5$/$&) $-$&)%)')' #;-

#C&>0 *+$,) 1&2*%*'* #;&;,1-*+ ?#5+6 0,.*& E!6E6E@6 H A$&289 9*;,*7 EF6J6E

*,$-)'4$9 A8- .80#8- #$%&$'()&)2)-6

*"+,-+ %&'('.' <*,=*+ *&-*.'. 5', "+1:&67*-'.'. 1$&$) >* 5"#+".1$+$ ;+7"-$

'='. ?*,*&+' >* 3*1*,+' &;!2+@ &"A"+$ 5', ","+$& ;+7"-$%$,8

<*,*&+'#'/ K8-.8& 85=8';' ()5)+ I8 #$%&$'()&) #;- $&(35>08=; E 1&=*'6 B$%3

&$'()&) 1&*:*9 9*;,*7 EF6"6E *,$-)'4$9 E ';' #;- $-$&)5 1&0$=)') <8-85(;-;-6 7(8

,$'2$'9 <8-.8& 85=8';' A8- ()5)+ $&(35>08=;';' *. &6=6& B7'.C I8 *. 5636&

B7"DC C%8&8-; I$-2)-6 H,=$9 8' 5>.>5 I8 8' #>,>5 C%8&8-; I$- 1&$' A8- $-$&)5

5$/$&) #;- $-$&)5()-6

E*1*,+'#'/ E 5$/$&) #;- $-$&)5 ;=89 #*'*' #$%&$'()&) 1&*:* 9*;,*7 EF6"6E

28'9 ()5)+ 1&*:* ;=8 5&$=;5 F*'.*:G;,*+ (81-80;'28' .)5$- ?#5+6 L  M@6



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

 !"#$ %&'(')' Rn (n ≥ 1)  !"#$%&"'( )(* A "+,-'./01(%(% ,$'$! 20 )"3+"%-

,$+$ 4+/"1$ (5(% 60*0'+( 20 #0,0*+( '47 +8 A './01(%(% {πi(A) | (1 ≤ i ≤ n)}
(!&.7./+0*(%(% R (5(%&0 '"9"+$ )(*0* "*"+$' 4+/"1$&$*:

 !"#$% πi(A) = Ai #$%&' ()*+* A = Πn
i=nAi ,-+. ;#<=4%4> ;04*0/( /*0

+*1-23*4 A '(%*5-2-2 Rn
-6-2,* 78'8) #$%&58 -6-2 /*+*'$- 9* :*7*+$- '#;<$ Ai

'(%*$*+-2-2 R -6-2,* 78'8) #$%&$8,8+.  !"#!$ =>.>.= <:&+823&4 A '(%*5-2-2 Rn

-6-2,* ?&1$&278$8 #$%&58 -6-2 /*+*'$- 9* :*7*+$- '#;<$ Ai '(%*$*+-2-2 R -6-2,*

?&1$&278$8 #$%&$&+8,8+. ?%0*/0 =>.@. <:&+823&4 Ai '(%*$*+-2-2 R -6-2,* 78'8)

9* ?&1$&278$8 #$%&$&+8 -6-2 /*+*'$- 9* :*7*+$- '#;<$ '&A&$8 ?-+*+ &+&$8' #$%&$&0

+8,8+.

*+!,+- %&'('. BC+& D*1*+ E*#+*%-F' X )"3+"%,$+$ )(*  !"# 4+1 % 20 )(*

f : X → R 1.*0'+( @4%'1(#4% 20*(+1(%: a, b ∈ X (5(% f(a) < y < f(b) (108

f(x) = y 4+"<"' 70'(+&0 )(* x ∈ X A301( 2"*&$*:

 !"#$% ;04*0/ =>.G.= <:&+823& f(X) +*5%- R 2-2 ?&1$&278$8 ?-+ &$7 '(0

%*5-,-+. H I&$,*4 ;04*0/ =>.@.= /J+* f(X) ?-+ &+&$8'78+. f(a), f(b) ∈ f(X)
#$,<1<2,&2 [f(a), f(b)] ⊂ f(X) #$&3&'78+. K< -5*4 y ∈ f(X) #$%&5828 /*+*'0

7-+-+. D*%*' '- f(x) = y #$&3&' ;*'-$,* ?-+ x ∈ X J1*5- 9&+,8+.

 !"#$ %&'('/' X )"3+"%,$+$ )(*  !"# 4+1 % 20 f : X → R 1.*0'+( @4%'1(#4% 

20*(+1(%: B30* a, b ∈ X 20 f(a) < 0, f(b) > 0 (10 f(c) = 0 07(,+(3(%( 1"3+"#"%

)(* c ∈ X A301( 2"*&$*:

K<2< /J+%*' -6-24 :<'&+8,&'- 7*#+*%,* y = 0 &$%&' :*7*3*'7-+.

*+!,+- %&'('0' CD")(, E4'," ;04*0/(F f : [a, b] → [a, b] 1.*0'+( )(* @4%'1(-
#4% (108 f @4%'1(#4% % % )(* 1")(, %4',"1$ 2"*&$*:

 !"#$% f(c) = c #$&3&' ;*'-$,* ?-+ c ∈ [a, b] J1*5-2-2 9&+$81828 /J57*+%*'

-6-2 [a, b] ,*2 R :* ?-+ g L#2'5-:#2<2< g(x) = x− f(x), x ∈ [a, b] ,-:* 7&28%0

$&:&$8%. M1*+ f(a) = a :& ,& f(b) = b -5*4 58+&58:$&4 a :& ,& b &+&,818%8) J1*

#$<+. M1*+ f(a) 6= a 9* f(b) 6= b -5*4 f 2-2 ,*1*+ ?J$/*5- [a, b] #$,<1<2,&2

g(a) = a− f(a) < 0 ve g(b) = b− f(b) > 0

#$&3&'78+. K<+&,&24 :<'&+8,&'- 5#2<6 <:&+823&4 g(c) = 0 #$&3&' ;*'-$,* ?-+

c ∈ [a, b] 2#'7&58282 9&+$818 68'&+4 '- ?< -57*,-1-%-) f(c) = c *;-7$-1-2- 5&1$&+.



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

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

#$ %&' ()*+,-. ,+./,( 0&' 12302' 0,4/,(+./. 3.5.'6 7*& ()*+,-. ,+./,( 0&'

12302' 0,4/,(+./. 3.5.'6

 $ 8 &/2 % 0,4/,(+./. &*& *932 )/5:4: ;,/52

A ∩ B, A ∪ B, ∂A, A◦

*932/2'& 0,4/,(+./. )/3,<,0&/&'$ %:(/,', 0&'2' ='(2* >2'&(&?$

@$ %,4/,(+././.4.( *,/.+.3 =?2//&4& <)*+:'A <,(& 0,4/,(+./. 0&' :?,<.( ;2' ,/+

:?,<. 5, 0,4/,(+./. )/3,* ?)':(5, 524&/5&'$ %:(: 0&' ='(2*/2 B=-+2'&(&?$

C$ 7'',-<)(2/ -,<./,' *932-&(&( R &1&(52 0,4/,(+./. )/3,5.4.(. B=-+2'&(&?$

D$ {x | (x = 0) ∨ (x = 1/n), n ∈ N} *932-&(&( R &1&(52 0,4/,(+./. )/3,E

5.4.(. B=-+2'&(&?$

F$ %,4/,(+./. 0&' X :?,<.(5,( R <2 -9'2*/& 0&' G)(*-&<)( >,'-,A X *932E

-&(&( -,<./,3,<,( -)(-:? 0&' *932 )/5:4:(: B=-+2'&(&?$

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

%&' +)H)/)I&* :?,< 0,4/,(+./. 524&/-2A 0:(: 2( 09<9* 0,4/,(+./. ,/+ :?,</,'.(,

,<.'3,* *://,(.J/. )/3,*+,5.'$ K42' 0,4/,(+./. 0&' ,/+E:?,<. *,H-,<,( 5,;,

09<9* 0,4/,(+./. 0&' ,/+ :?,< <)*-,A 0: ,/+ :?,<, >2'&/2( :?,<.( 0&'  !"#$#%!&!'A

5&<2L24&?$ %,4/,(+./. 0&' :?,<.( 0&' +2* 0&/2J2(& >,'5.'A ) 5, *2(5&-&5&'$ 8<'.*

0&' +)H)/)I&* :?,<.( ;2' ()*+,-. 0&' 0&/2J2(5&'$ 83, ;2' ()*+,-. 0&' 0&/2J2(

)/,( 0&' +)H)/)I&* :?,<.( ,<'.* 0&' :?,< )/3,-. B2'2*32?$ M'(24&(A Q ',-<)(2/

-,<./,' *932-& 9?2'&(2 3:+/,* 5242' +)H)/)I&-&(& *)<,/.3$ %: +)H)/)I&<2 B='2

;2' ',-<)(2/ -,<. :?,<.( 0&' 0&/2J2(&5&' NO252(6P 83, 0: :?,< ,<'.* 0&' :?,<

524&/5&'$ Q,/+ +)H)/)I&<2 B='2 ;2' ',-<)(2/ -,<. *,H,/. 0&' *932 )/:J+:':'R

+2* =42/& 0: *932 ;23 ,1.* ;23 *,H,/.5.'$ S232* *& 0&' :?,<.( 0&/2J2(/2'&(&

0&/32* ) :?,<.( 09+9(9(9( <,H.-.(. 0&/32<2 <2+32<2L2*+&'$

 !"#$ %&'('%' %&' +)H)/)I&* :?,<.( 0&' x =42-&(& &12'2( 0&/2J2(&(2 x =42-&(&(

0&/2J2(& 5&<2L2* >2 0:(: Bx -&3B2-&</2 B=-+2'2L24&?$



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

#$ %&'()(' &'*&)*( +*&,-*)./- -0-' ,-1 $2&3(' 4.1 56./-'- -0.1.' ,-1 7.

3&*'(28& ,-1 ,-*.9.' :5/%.1).*-3-2; <2&3(' 4.1 x 56./- -0-' =>? @A)./-'-'

,&6*&'%(*( ,-1 @A). +*&8&6( &B&0(@%(1; C 4&*D. x 56./-'- -0.1.' ,&6*&'%(*( @AE

).*.1 &-*./- ,+9 D.6-*D-1; #$ &-*.'-' &1&@./-%- x 56./-'- -0.1D-6-'. :51.F &-*.'-'

&1&@./-%- D. ,+9 D.6-*D-1; G3*.3/.F  !"#$" !H;I; $3&1('8&F ,$ &-*.'-' ,-*.E

9-)- ,&6*&'%(*( ,-1 @A).D-1; #$ ,&6*&'%(*( @A).'-' x 56./-'- -0.1.' .' ,A3A@

,&6*&'%(*( @A). +*&8&6(F 3&'- x 56./-'-' ,-1 ,-*.9.'- +*&8&6( &B&0(@%(1; G%.

3&'D&' ,-1 56.'-' ,-*.9.'-'-' %.@*-6-'- :51).@ @+*&3D(1; J.10.@%.'F A -*. B
,-1 x 56./-'-' -@- ,-*.9.'- -/.F A @A)./- x 56./-'- -0.1.' ,&6*&'%(*( ,-1 @A). 7.

B ,$ 56.'-' ,-*.9.'- +*D$6$'D&'F %&'() $3&1('8&F A ⊂ B 3&2(*&,-*-1; K+'1&

A -*. B @A).*.1-'-' 1+**.1-'- D.6-9%-1-1/.@ B ⊂ A +*&8&@%(1; L.).@ @- A = B
D-1; #53*.8. &9&6(D&@- 52.*-@*.1- -/B&%*&)(9 +*$3+1$2;

 !"#$" %&'('%' %&# '()(*(+&, -./01! 2"# 34"5&!&! 6&# 7" 0/*!1.8/ 6&# '/!"

6&*"9"!& 7/#:1#;

 !"#$" %&'(')' %&# '()(*(+&, -./01! 6&*"9"!*"#& ( -./01! 6&# /0#191$1!1 (*-9<

'-#-#;

 !"#$" %&'('*' %&# -./01! 6/4*/!'1*1 2"# /*' ,=$"5& ( -./01! 6&# 6&*"9"!&

'/#/>1!:/! ,/)5/!1#;

M.1 1&/3+'.* /&3('('F 4.) &31(@ %+B+*+N-3. 7. 4.) D. /&*% %+B+*+N-3. :51.

,-1 ,-*.9.' +*D$6$'$F &)& ,$ ,-*.9.'*.1-' ,-1-'8- %+B+*+N-3. :51. &0(@ +*D$6$

4&*D. -@-'8- %+B+*+N-3. :51. &0(@ +*)&D(@*&1('( /53*.)-9%-@; L.).@ @- ,-1 %+B+E

*+N-@ $2&3(' ,-*.9.'*.1-'-' &0(@ ,-1.1 @A). +*)&*&1( :.1.@)-3+1; #$'& @&19('

9$ 52.*-@ 7&1D(1O

 !"#$" %&'('+' %&# '()(*(+&, -./01! 6&*"9"!*"#& ,/)/*1:1#;

 !"#$% A ,-1 ,-*.9.' -/.F A ,&6*&'%(*( ,-1 @A).D-1 7. ,$'$ @&B/&3&' D&4&

,A3A@ ,&6*&'%(*( ,-1 @A). 3+@%$1; C3/& ?(!-@ !H;I; $3&1('8&F Ā ,&6*&'%(E

*(D(1 7. A 3( @&B/&1; C 4&*D. A = Ā +*)&*(D(1;

 !"#$" %&'(',' %&# '()(*(+&, -./01! 2"$ /@1, 2"$ ,/)/*1 (*/! 6/4*/!'1*1 /*'

,=$"5&A 6- -./01! 6&# 6&*"9"!&:&#;

 !"#$% A @A)./- 4.) &0(@ 4.) @&B&*( 7. ,&6*&'%(*( ,-1 &*%@A). +*/$';

P$@&1(D&@- /+'$0 $3&1('8&F A @A)./- ,-1 B ,-*.9.'- %&1&Q('D&' @&B/&'(1; R6.1

A @A)./- B ,-*.9.'-'-' 4&/ ,-1 &*%@A)./- -/.

B = (A ∩B) ∪ (A′ ∩ B)

+*&8&@%(1; G3*.3/.F B @A)./- ,&6*&'%(*( +*&)&2; #$ 0.*-9@-D.' A = B 0(@&1;



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

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

!" #$% &'()*+ ,(-.(+/*.* 0.1(2* $3$+ 45%56.$ 75 )5/5%.$ 608&. ,$% /56 ,$.5859

+$+$+ 0.1(2*:*%" ;<2/5%$+$'"

 " #$% &'()*+ 20+.& 2()*:( ,$.585+$ 7(%2(= ,& ,$.585+.5%$+ >5% ,$%$2$ >51

(3*6 >51 6(?(.*:*%" @+A(6 20+2&' ,$.585+ 7(%2(= ,$.585+.5%$+ (3*6 0.1(2*

45%5615'" #$% <%+56.5 :0-%&.()*+*'"

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

 !"#$ %&'('%' #$% /0?0.0B$6 &'()*+ >5% x <-52$+$+ ,$.585+$ )(.+*'A( {x}
6C152$+:5+ $,(%5/ $25= ,& &'()( /(1(15+ ,(-.(+/*2*' ,$% &'():*%= :5+$.$%"

D-5% ,$% A (./ &'()* /(1(15+ ,(-.(+/*2*' ,$% &'() $25= A (./96C152$+5

/(1(15+ ,(-.(+/*2*' ,$% 6C15:$%= :5+$%"

#$.585+.5% 6(?(.* 0.:&-&+:(+= /(1(15+ ,(-.(+/*2*' ,$% &'()*+ >5% <-52$

6(?(.* ,$% 6C15 0.&8/&%&%" E >(.:5 /(1(15+ ,(-.(+/*2*' >5% &'() ,$% T1

&'()*:*%"

F5% ()%*6 &'() /(1(15+ ,(-.(+/*2*':*%" @1( /(1(15+ ,(-.(+/*2*' >5%

&'()*+ ()%*6 0.1(2* 45%5615'" #&+& (8(-*:(6$ <%+56.5%.5 4<2/5%5,$.$%$'"

)*"+, %&'('%' Q %(2)0+5. 2()*.(% 6C152$= 2(./ /0?0.0B$)5 4<%5= /(1(15+

,(-.(+/*2*' ,$% &'():*%= (1( ,& &'() ()%*6 :5-$.:$%" G5:5+H

)*"+, %&'('-'

A = {x : x = 0 ya da x = 1/n, n ∈ N}

6C152$= C'5%$+:56$ 2(./ /0?0.0B$)5 4<%5 /(1(15+ ,(-.(+/*2*':*%" @1( IJK (./

6C152$ ,& &'():( (3*6 ,$% 6C15 0.1(:*-*+:(+= A ()%*6 ,$% &'() 0.1('"

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

L*6*'.*6 6(7%(1*+* +(2*. )5%5..58/$%5%56 )5%5. /*6*' &'() 6(7%(1*+* 45/$%:$)256=

,5+'5% $8$ ,(-.(+/*.*.*6 6(7%(1* $3$+ :5 )(?(%(6 )5%5. ,(-.(+/*.*.*6 6(7%(1*+*

45/$%5A5-$'"

 !"#$ %&'%.'%' #$% /0?0.0B$6 &'()*+ >5% +06/(2*+*+ ,(-.(+/*.* 6C15.5%:5+

0.&8(+ ,$% 6018&.&6.(% /(,(+* 7(%2(= ,& &'()(  !"!# $%&#%'()#) &'():*%= :5+$.$%"



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

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

")4*! 5) &)-)"*! 4.6#* 7)" x 8,)0!(!( 7)" V 4./6#*#,#(#(9 +%,*%(-'*' +!" B
4./6#*#,# 4%:0%/%0';'"<

 #!") %&'%('%' "#$%& '($ )*+*,*-(& ./0#%1 23$ x 4536(13 &0$7%,%& {{x}} 0(,36(8
#01( #0,1%/90 {x} &:;36(1<31 *,.701 0(,38 x 4536(1(1 '($ &*;7.,.&,0$ )0'0=

1%<%$>

?20,<3 23$ 0#$%& ./0# #3$3, '05,01)%,%<%$> "#1% <:7:1:7,38 )0;0;31 0#=

$%,;%7 23$ ./0#%1 <0 #3$3, '05,01)%,% *,<.5.1. 64#,3#3'(,($(/>

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

 !"#$% @3$A3&)31 23$ x ∈ R 1*&)06% (A(18 '. 1*&)0#% (A3$31 ':):1 0A%&

0$0,%&,0$%1 0(,36( x 1*&)06%1%1 '($ &*;7.,.&,0$ )0'01%<%$> B3$ 0$0,%5%1 '05,01=

)%,% *,<.5. <0 '(,(1<(5(13 C4$38 (6+0) '()3$>

 #!") %&'%('*' "705%<0&( (&( &:;31(1 '(,37(;( R2
(A(1<3 '05,01)%,%<%$> ";0

#3$3, '05,01)%,% <35(,<($>

A = {(0, y) : c ≤ y ≤ 1, c ≥ −1} D!E>FG

B = {(x, y) : y = sin(1/x), 0 < x} ∪ {(0, 0)} D!E>EG

 !"#$% A &:;36(1(1 23$ 4536( B &:;36(1(1 '($ #%5%,;0 1*&)06%<%$> @3$A3&=

)31 A &:;36(13 0() 23$ a 1*&)06%1%1 23$ U &*;7.,.5. B (,3 &36(7($> ? 20,<3

A∩ B̄ 6= ∅ *,.$8 #01( A (,3 B &:;3,3$( '05,01)%,% (&( &:;3<($> H. <3;3&)($ &(

X = A ∪ B &:;36( R2
(A(1<3 '05,01)%,% '($ &:;3<($>

"190& X &:;36( #3$3, '05,01)%,% <35(,<($> I:1&: a ∈ A 1*&)06%1%1 23$=

201C( '($ ε > 0 #0$%A0+,% <(6& &*;7.,.5. '05,01)%,% 2(A'($ &*;7.,.5.1. &0+60=

;0/8 A:1&: '. &*;7.,.5.18 6*16./ A*&,.&)0 '(,3731,3$( J0$<%$> DK3&(, A(/3$3&

C4$:1:/>G H4#,393 0705%<0&( 413$;3#( (6+0),0;%7 *,.#*$./>

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

,"-#"$ %&'%('%'  !" X #$%&' !1!( %6%,';%4! 8$)**!4*)" +!"+!"!() ;)(4-!"=

D0G X ./0#% #3$3, '05,01)%,%<%$>

D'G E ⊂ X 0A%& '($ &:;3 J3 C &:;36( E 0,) ./0#%1%1 '($ '(,3731( (63

∂C ⊂ ∂E <($>



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

#$% X &'()*+*+ (,*- ./0 (12 &'()*+*+ 341/5/+1/04 X 4,4+6/ (,*-2*07

 !"#$%

!7 [(a)⇒ (b)] x ∈ ∂C 48/ x ∈ C̄ ⊂ E 9/ Ē = Eo ∪ 0∂E :1($(;*+6(+< /;/0

x /∈ ∂E :18()6* x ∈ Eo
:1&06&7 X &'()* )/0/1 3(;1(+2*1* :16&;&+6(+<

3(;1(+2*1* =)1/ 340 U /∈ B(x) 9(06*0 -4 x ∈ U ⊂ Eo ⊂ E :1&07 >&0(6(+

C ∩U 6= ∅ ,*-(0 #,?+-? x ∈ ∂C 9/ x ∈ U 6&07% @/A/- -4 C ∪U -?A/84

E +4+ 3(;1(+2*1* 340 (12 -?A/846407 B)8( C -?A/84< E (12 &'()*+*+ 340

341/5/+4 4647 C)1/)8/ C∪U = C< )(+4 U ⊂ C 9/ 6:1()*8*)1( x ∈ Co
:1&07

>& 48/ Co ∩ ∂C = ∅ :1A(8*)1( ,/145407 B .(16/< x /∈ Eo
6407 C)1/)8/<

x ∈ ∂E :1A(1*6*07 >& 48/ ∂C ⊂ ∂E :1A(8* 6/A/-2407

 7 [(b)⇒ (c)] D8E(2 (1*52*0A( 4,4+ :-&0( 3*0(-*1A*52*07

"7 [(c)⇒ (a)] D8E(2 (1*52*0A( 4,4+ :-&0( 3*0(-*1A*52*07

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

!7 F*-*' 9/ )/0/1 3(;1(+2*1* 340 &'()*+ (+$(- 8:+1& 8()*6( 341/5/+1/04 9(06*07

 7 G?0/-14 9/ (,*- H:+-84):+1(0 )/0/1 3(;1(+2*1*1*;* -:0&01(07

"7 I/0/1 3(;1(+2*1* &'()1(0*+ 3:5 :1A()(+ 8:+1& 340 (41/8*+*+ -(02/')/+ ,(0J

E*A* 6( )/0/1 3(;1(+2*1*6*07

K7 I/0/1 3(;1(+2*1* &'()1(0*+ 3:5 :1A()(+ -/)L 340 (41/84+4+ -(02/')/+ ,(0J

E*A* )/0/1 3(;1(+2*1* :1A()(341407 # !" #$%&'()' * +,- $.'"- /0&01 23(4,

5623"2(41 ,2(&'63'1 72(84)414 90:010106;%

M7 N/A 3(;1(+2*1*< ./A )/0/1 3(;1(+2*1* :1(+ &'()1(0*+ 3:5 :1A()(+ 340

(41/84+4+ -(02/')/+ ,(0E*A* )/0/1 3(;1(+2*1* :1&07

O7 >:5 :1A()(+ )/0/1 3(;1(+2*1* &'()1(06(+ :1&5(+ 340 (41/+4+ 8:+1& 8(J

)*6(8* 6*5*+6(-41/0 3(;1(+2*1* 48/< -(02/')/+ ,(0E*A1(0* )/0/1 3(;1(+2*1*

:1&07

P7 Q(8):+/1 8()*1(0 -?A/84< 8(12 2:E:1:R4)/ S=0/< )/0/1 3(;1(+2*1* 6/;416407

T7 R2
)/0/1 3(;1(+2*1*6*07 K 2*-*' 340 (12-?A/ 48/ R2−K )/0/1 3(;1(+2*1*6*07



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

#$ %&'&( )*+(*,-.(. )/' 01*2., 3&' 3*,4/ )/' )5(67 01*2. 8* 2&'&( )*+(*,9

-.(.8.'$

!:$ ;&' *2'.< 01*2 2&'&( )*+(*,-.(.8.'$

!!$ =*7*7&, *2'.(7.> 3&' 01*2 2&'&( )*+(*,-.(.8.'$

! $ ?&'@&( &<A&,8& [0, 1] ∪ [2, 3] <67&A/,/, 2&'&( )*+(*,-.(. B(80+0,0 *7*

)*+(*,-.(. B(7*8.+.,. 45A-&'/,/1$

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

(X,T ) 01*2. /(& A6'&<(/ )/' f : [0, 1]→ X CB,<A/2B,0 D&'/(A/,$

 !"#$ %&'%%'%' !$ [0, 1] *'*(.+.,., A6'&<(/ )/' CB,<A/2B, *(-.,8* '&A7/

B(*, 3&' Y ⊂ X *(- 01*2.,* )/'  !" E 8&,/(/'$

 $ X 01*2.,., x, y 5+& @/C-/,/ /@&'&, )/' 2B( D*'A*E )0 2B(* x /(& y 5+&(&'/,/

)/')/'/,& )*+(*2*, )/' 2B(80'E 8&,/(/'$

F$ G+&' X 01*2.,., 3&' 5+& @/C-/ )/' 2B( /(& )/')/'/,& )*+(*,*)/(/2B'A*E X
01*2.,*  !" #"$ %&'"&()*"* )/' 01*28.'E 8&,/(/'$

X 01*2. /@/,8& Y 2B(0 D&'/(8/+/,8&E -*,.7 02*'.,H* A6'&<(/ )/' f : [0, 1]→
X CB,<A/2B,0 D*'8.' D& Y = f([0, 1]) 8/'$ I0 80'078* f(0) = a 5+&A/,&

Y 2B(0,0, %&+"&(,*- (!.)&/* D& f(1) = b 5+&A/,& Y 2B(0,0, %#)#0 (!.)&/*

8&,/(/'$ G+&' )*>(*,4.@ D& )/-/7 ,B<-*(*'. @*<.>.2B'A* Y 2B(0,* <*J*(. )/'

2B(80'E 8/2&H&+/1$

Rn
K<(/- 01*2.,., W *(-<67&A/ D&'/(A/,$ W <67&A/,& */- 3&' a, b ,B<-*

@/C-/,& <*'>.(.< 52(& AB,(0 -*,&

a = p0, p1, . . . , pn = b

,B<-*(*'. D*'B(A0, </E *'8.>.< ,B<-*(*'. )/'(&>-/'&,

p0p1, p1p2, . . . , pn−1pn

8B+'0 J*'@*(*'. W -*'*C.,8*, <*JA*,.2B' B(A0,$ I0 80'078* W <67&A/,&

-!.,$("$ %&'"&()*"*1*2E 8/2&H&+/1$



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

#$%&'()' *+,)+(-.). /'0 W %12'34(4( 5$) 4)' *+,)+(-.). $)67,7(7 &802'%

%$)+56.09 :2+ 5$) 4)' *+,)+(-.). *40 %12'(4( ;$%&'()' *+,)+(-.). $)2+3. &'<

0'%2'=9 >0(',4(? R2
4;4(6' B *4042 ;'2*'04 5$) 4)' *+,)+(-.). @&'0;'%-' B

(4( %'(6434 *40 5$)670A *40 +)- 7=+5.6.09 :2+ *7 +)- 7=+5 ;$%&'()' *+,)+(-.).

6',4)6409

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