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*+):&+;+$7,)1 $% (>1 %?@8:$7+ 7+8,A, B#)#3%8;#1 y ∈ Ao
:&A+0, '#A#$7%)<

/+8% G ⊂ Ao
',)- C2/&#;# Ao = G ?,$+)- Ao ⊂ A :&'>3> 4 -56 '+8

B2)D&A#$7#'%)-

 !"# Ao = G 8%8 +?,$ :&'>3> 4 -56 %&# E=FG +$0%/:A>8'+8 H#A#8 ?,$+)-

 $"# 4 -56 B#)#3%8;#1 A 8,8 (D7D8 +?,$ +&7 $DA#&#)% Ao = G 8%8 (%)#) +&7

$DA#0%'%)< ':&+/,0,/&+ %07#8#8 "#/ 4(I6 '#8 ?,$+)-

 %"# A $DA#0% +?,$0+1 /+8% A ∈ T %0#1 4 -56 '#8 A ⊂ G = Ao
:&>)- Ao ⊂ A

:&'>3> '+ 'D"D8D&D)0#1 A ⊂ Ao ⊂ A $+J0+A,8'+8 A = Ao
#&'# #'%&%)-

=#)0%8# :&+)+$ A = Ao
%0#1 4(I6 '#81 A $DA#0%8%8 +?,$ :&'>3> +J+?,$7,)-

&'()* +,-,-, C%) 7:J:&:K%$ >L+/'+ (%) A +&7 $DA#0% *#)%&0%8- A 8,8 A′ 7DA@

&#/#8 $DA#0%8%8 (%) %?@8:$7+0,8+1 A $DA#0%8%8 (%)  !" #$%&'(! !)1 '#8%&%)-

A $DA#0%8%8 (D7D8 '," 8:$7+&+),8,8 :&>"7>)'>3> $DA#/# A 8,8 ',", '%@

/#;#$ *# (>8> ',"(A) 0%AB#0%/&# B207#)#;#3%L- M,0+;+ 02/&#)0#$1 ',"4A6N(A′)0

',)-

&'()* +,-,., C%) 8:$7+ (%) A $DA#0%8%8 8# %? *# 8# '# '," 8:$7+0, %0#1 (>

8:$7+/+ A $DA#0%8%8 (%) %*#') #$%&'(! !)1 '#8%&%)-

A $DA#0%8%8 (D7D8 $#8+) 8:$7+&+),8'+8 :&>"+8 $DA#/# A %+,*(-#-# %*.

#')! '%/#;#$ *# (>8> ∂A 0%AB#0%/&# B207#)#;#3%L-

/(01*0 +,-,+, (X,T ) /-) &$0$1$2-% 34'5 $1(3# 6* A,B ⊂ X '1& %+,*1*)-

6*)-1,-" $1(3#7 83  3)3, '

(A ∩ B)o = Ao ∩ Bo

 -)7

 !"#$% x ∈ (A∩B)o %0#1 %?@8:$7+ 7+8,A, B#)#3%8;#1 x ∈ T ⊂ A∩B :&+;+$

"#$%&'# (%) T ∈ T *+)',)1 $% (> x ∈ T ⊂ A *# x ∈ T ⊂ B '#A#$ :&+;+3,8'+8

x ∈ Ao ∩ Bo
?,$+)-

=#)0%8# :&+)+$1 x ∈ Ao ∩Bo
%0# x ∈ T1 ⊂ A *# x ∈ T2 ⊂ B :&+;+$ "#$%&'#

T1, T2 ∈ T *+)',)-

x ∈ T1 ∩ T2 ⊂ A ∩ B
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"#

T1 ∩ T2 ∈ T

$%&'(' &)*)+)%),-#. /01+$234 34+565 7#,#(/+8#. x ∈ (A ∩ B)o 0524,9

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

:9 ;/, 3$<$%$=/2 '>4?&4 A 4052 @/, 2)6# ; A#, A4+7/ @/, 2)6# $%-'+9 B(#,

A ⊂ B0
/-# A ⊂ B $%484(5+5 7C-3#,/+/>9

 9 ;/, (X,T ) 3$<$%$=/2 '>4?5+&4 A A#, A4+7/ @/, 2)6# "# K 24<4%5 @/,

2)6# $%-'+9 B(#, A ∪K = X /-# Ao ∪KD E $%484(5+5 7C-3#,/+/>9

F9 (X,T ) @/, 3$<$%$=/2 '>4? A,B ⊂ X $%-'+9 G*4(5&42/ C>#%%/2%#,/+ -4(1

%4+&5(5+5 7C-3#,/+/>9

H4I Ao ∪ Bo ⊂ (A ∪ B)o &/,9

H@I ∂(Ao) ⊂ ∂A

H8I ∂(A ∪ B) ⊂ ∂A ∪ ∂B

H&I &5* (A ∪ B) =&5*(A)∩&5*(B)

H#I Ao = A− (A ∩ ∂A)

HJI ∂A ∩ A = ∅ ⇔ A ∈ T &',9

H7I ∂A ⊂ A⇔ A 24<4%5&5,9

K9 L#, 2)6#+/+ 2#+4, 2)6#-/ 24<4%5&5,9 MC-3#,/+/>9

N9 O4<4%5 @/, 2)6# /0 +$234%4,5 /%# 2#+4, +$234%4,5+5+ @/%#*/6/+# #*/33/,9

MC-3#,/+/>9

!9 ;/, 2)6#+/+ A#6 4052 A#6 24<4%5 $%64-5 /0/+ 7#,#2%/ "# ?#3#,%/ 2$*'%

A/0@/, 2#+4, +$234-5+5+ $%6464-5&5,9 P-<43%4?5+5>9

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

 !"#$ %&'&(& (X,T ) @/, 3$<$%$=/2 '>4? "# A ⊂ X $%-'+9 ;/, x ∈ X +$21

34-5+5 /0#,#+ A#, T 4052 2)6#-/ A +5+ x &#+ J4,2%5 #+ 4> @/, +$234-5+5 &4A4

/0#,/?$,-4. ?4+/

x ∈ T ∈ T ⇒ (T − {x}) ∩ A 6= ∅ H 9NI



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

"#$%"&'() x *"+,('-*( A +./0'1*1* 21&  !"!#$% &'()%*!+!, 30*1#1&4

A *-* 2.,.* %-5-#/( *"+,(#(&-*-* "#$6,$&3$5$ +./0%0) A 3(* )-,.$/0

(-$. 31%070+ 80 2$*$ Ã 1#0 9:',0&07051;4

 !"#$" %&'&(& A ⊂ N /*. Ã ⊂ Ñ +/,1

 !"#$% x ∈ Ã 1'0 < 4=4>? '(5#(*-%"& 30/0+,1&4 A ⊂ N "#3$5$*3(*)  4=4>

30 A %0&1*0 N %(;-#-&'( 2(5-*,- 2";$#/(;4

 !"#$" %&'&%& A ∪ Ã (%2%#!+!,1

 !"#$% (A∪ Ã)′ *-* (@-+ "#3$5$*$ 9:',0&07051;4 A$*$* 1@1*)  !"#$"  4B4>

<3? 90&051*70)

(A ∪ Ã)′ = [(A ∪ Ã)′]o

"#3$5$*$ 9:',0&/0#1%1;4 x ∈ (A ∪ Ã)′ 1'0) Ã *-* ,(*-/- 90&051*70) :%#0 21& T
(@-+ +./0'1 8(&3-& +1 x ∈ T 80

(T − {x}) ∩ A = ∅

"#$&4 C%&-7( D0& t ∈ T 1@1* (T −{t})∩A = ∅ "#3$5$*3(*) T %0 (1, *"+,(#(&-*

D1@ 21&1'1 A *-*  !"!#$% &'()%*! "#(/(;E %(*1 T ⊂ (A ∪ Ã)′ 3.&4 F D(#30 x
*"+,('- (A ∪ Ã)′ *.* 21& 1@G*"+,('-3-&) +1 2$

(A ∪ Ã)′ ⊂ [(A ∪ Ã)′]o

"#/('- 30/0+,1&4 A$ +(H'(/(*-* ,0&'1  !"#$"  4B4> <(? 90&051*70 21#1*1%"&4

 !"#$" %&'&)& A &!& (%2%#! '#$%*! /3/& Ã ⊂ A '#$%*! 4.,.(#/ 5.  .).,#/+/,1

 !"#$% A +(H(#- "#'$*4 A′ (@-+,-& 80 D0& x ∈ A′ 1@1* (A′ − {x}) ∩ A = ∅
"#3$5$*3(*) A′ *.* D1@ 21& :50'1 A *-* %-5-#/( *"+,('- "#(/(;4 I$ D(#30 A
*-* 2.,.* %-5-#/( *"+,(#(&- A *-* 1@1*3031&E %(*1 Ã ⊂ A 3-&4

J0&'1*0 "#(&(+ Ã ⊂ A "#'$*4 A′ *.* (@-+ "#3$5$*$) %(*1 (A′)o = A′

"#3$5$*$ 9:',0&/0+ %0,070+,1&4 K0&@0+,0* y ∈ A′ 1'0) Ã ⊂ A 3(* y /∈ Ã
@-+(&4 A *-* ,(*-/- 90&051*70 :%#0 21& T (@-+ +./0'1 8(&3-& +1 y ∈ T 80

(T − {y}) ∩ A = ∅ "#$&4 A$) T ⊂ A′ 30/0+,1&4 I$ D(#30 y ∈ (A′)o 3.&E %(*1

(A′)o = A′ 3.&4

 !"#$" %&'&'& (A ∪N)∼ = Ã ∪ Ñ +/,1
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 !"#$%  !"#$"  "#"$ %&'&()*+&, A ⊂ A∪N -&* Ã ⊂ (A∪N)∼ .&N ⊂ A∪N
-&* Ñ ⊂ (A ∪N)∼ /012' 1), 34 )1)5)*-&*, Ã ∪ Ñ ⊂ (A ∪N)∼ 674'"

8&'5 12952:2;0 %<5=&':&1 )/)* x /∈ Ã ∪ Ñ )5& x /∈ (A ∪ N)∼ 67-4(4*4

%<5=&':&1 ;&=&+&1=)'" >&'/&1=&* x /∈ Ã .& x /∈ Ñ )5&, 50'250;72, x *61=250*0

)/&'&* <;7& T , H 2/01 1?:&7&') .2'-0' 1)

(T − {x}) ∩ A = ∅

(H − {x}) ∩N = ∅

674'"@4 -4'4:-2

(T ∩H − {x}) ∩ (A ∪N) = ∅

67-4(4*-2* x ∈ (A ∪N)∼ /012'" A B27-& (A ∪N)∼ ⊂ Ã ∪ Ñ -)'"

 !"#$ %&'&%& C(&' D 1?:&5)*& 2)= 3)' E <(&5) 34 1?:&*)* 3)' ;0(07:2 *61=250

-&()75&F ;2*) x ∈ A .& x /∈ Ã )5&F x <(&5)*& A 1?:&5)*)*  !"#$ %#&'$!( 3)'

*61=250-0' -&*)7)'"

 !"#$ %&'&(& G)/ 3)' 2;'01 *61=250 67:2;2* 129270 3)' 1?:&;& )*"!))!$

3)' 1?:&-)', -&*)7)'"

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

$" (X,T ) 3)' =69676H)1 4I2; A,B,K ⊂ X 67-4(4*2 %<'& 2J2(0-21) <I&7K

7)17&')* .2'70(0*0 %<5=&')*)I"

L2M (A ∩ B)∼ ⊂ Ã ∩ B̃ -0',

L3M A ⊂ K .& K 129270 )5& Ã ⊂ K -0'"

 " D;'01 3)' =69676H)1 4I2;-2 B)/3)' 27=K1?:&*)* B)/3)' ;0(07:2 *61=250

;61=4'" N&-&*O D;'01 67:2;2* 3)' 4I2;-2 34 <I&7)1 *2507-0'O

P" Q29270 3)' 1?:& 1&*-)5)*)* ;0(07:2 *61=272'0 )7& 2;'01 *61=272'0*0* 3)K

7&J):)*& &J)==)'" ><5=&')*)I"

#" @)' x ∈ A <(&5)*)* A 1?:&5)*)* 3)' 2;'01 *61=250 67:250 )/)* %&'&17) .&

;&=&'7) 16J47 A∩T = {x} 672+21 J&1)7-& 2/01 3)' T 1?:&5)*)* .2'70(0-0'"

><5=&')*)I"



 !"! #$%&$'$  !

"# A = (a, b) = {x ∈ R : a < x < b} $%&'()*)* +,-,.&/ *0$1/./2,

$%&'()*)* Ã = [a, b] $/3/., /2/.,-, 0.45-5*5 67(1'2)*)8#

9# B = (a, b) = {x ∈ Q : a < x < b} $%&'()*)* +,-,.&/ *0$1/./2,

$%&'()*)* B̃ = [a, b] $/3/., /2/.,-, 0.45-5*5 67(1'2)*)8#

:# A = N $%&'()*)* ;)< +,-,.&/ *0$1/(, 0.&/4,-,*, 67(1'2)*)8#

=# S = {k− 1

n
: k ∈ Z, n ∈ N} $%&'()*)* +,-,.&/ *0$1/./2, $%&'()*)*

S̃ = Z 0.45-5*5 67(1'2)*)8#

!# D = { 1

n
: n ∈ N} $%&'()*)* 1'$ +,-,.&/ *0$1/(,*,* D̃ = {0} 0.45-5*5

67(1'2)*)8#

 !" #$%&$'$

 !"#$ %&'&(& (X,T ) >)2 1030.0?)$ 58/+ @' A ⊂ X 0.(5*# A *,* >%1%* $/3/.,

%(1A$%&'.'2)*)* /).'()*) KA ).' 67(1'2'.)&B +/*)

KA = {K : A ⊂ K ⊂ X, K $/3/.,} C #9D

0.(5*#

Ā =
⋂
{K|K ∈ KA} C #:D

$%&'()*' E $%&'()*)* ()*+),- 4'*).)2#

F*6).)8G' .+/0123 $/2H,.,-, 0./* ()*+), +'2)*' ()*)4-5 1'2)&) 4' $5../*,.,2#

)"*+$* %&'&(& (X,T )  !" #$%$&$'!( )*+, -. A ⊂ X !/. +0+123+(! 4*.&!(&."

/+1&+52"6

C/D Ā $%&'() $/3/.,4,2B

C>D A ⊂ Ā 4,2B

CGD Ā $%&'() A +, $/3(/+/* '* $%<%$ $/3/., $%&'4)2B +/*) A $%&'()*)

$/3(/+/* ;'2 $/3/., K $%&'() )<)* A ⊂ Ā ⊂ K 0.52B

C4D A $%&'()*)* $/3/., 0.&/(, )<)* A = Ā 0.&/(, 6'2'$.) @' +'1'2.)4)2#
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 !"#$%

 !" A "#$%&' "()(*+ "#$%*%,'- (,("%&'.' /*0121-0(- "()(*+0+,3  !"#$ %&'(

)"*+,-./0$

 #" $%  &" 45678 9% 456:8 0%- ;%$%- <=,#*#,6

 '" A = Ā '&%3 4(8 <%,%2'->%3 A "()(*+0+,6 ?%,&'-% /*(,(" A "()(*+ '&%3 4>8

<%,%2'->%3 Ā ⊂ A /*(>(".+,6 @A&( 4B8 <%,%2'->% A ⊂ Ā 0+,6 @ ;(*0%

A = Ā /*1,6

()%*+% ,-.-,- Ā = Ã ∪ A 123$

 !"#$%  !"#$" 56C65 <%,%2'->% Ã ∪ A "#$%&' A A+ "()&(A(- "()(*+ B',

"#$%0',6 @ ;(*0%3 456:8 0%-3 Ā ⊂ A ∪ Ã D+"(,6

E.% A(-0(- A ⊂ Ā '*%  !"#$" 56C6F 9%  !"#$" 56C6 <%,%2'->%3 Ã ⊂ ˜̄A = Ā
/*(>(".+,6 EA*%A&% A ∪ Ã ⊂ Ā /*1,6

/%0*%+ ,-.-1- (X,T ) !+3 4-5-6-7+" /#), 89 A +69 B: X /#),2;2; <93 <);=+

+"+ )64>"?.9*+ -6.)" ?#939: G1,(./H&"' "()*($( ("&'A/$*(,+ 1+,9@9A+.+# )B)>

A21)"+ C#966+"693 *)A6);23D

F6 IJFK ∅̄ = ∅

56 IJ5K A ⊂ Ā

 6 IJ K (A ∪B) = Ā ∪ B̄

C6 IJCK

¯̄A = Ā

 !"#$% ∅ 9% Ā -+- "()(*+ /*0121 0#L#-#*#,&%3 IJFK 9% IJCK =M%*'"*%,'3

&'()*( 56N6F 408 0%- D+"(,6 IJ5K '&%  !"#$" 56N6F 4B8 0% <=&.%,'*0'6 IJ K

=M%*'2'-' (L(2+0("' %L'.*'".%- <=,%B'*','MO

(A ∪B) = (A ∪ B) ∪ (A ∪B)∼

= (A ∪ B) ∪ (Ã ∪ B̃)

= (A ∪ Ã) ∪ (B ∪ B̃)

= Ā ∪ B̄

/!)2+ ,-.-,- (X,T ) B', ./)/*/P'" 1M(A 9% A ⊂ X (*.Q"#$%&' 9%,'*&'-6 R2%,

x ∈ Ā '&%3 x -/".(&+-( A "#$%&'-'- B', ")56).) ;-"4)*2123 3 0%-'*',6
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 !"#$" %&'&(& (X,T )  !" #$%$&$'!( )*+, $&-). /0  !" A ⊂ X +&# (120-!

/0"!&-!.3 4!" x ∈ X 560-!.!. A (120-!.!.  !" (+%&+2+ .$(#+-7 $&2+-7 !8!.

90"0(&! /0 ,0#0"&! ($:)&; x .$(#+-7.7 !80"0. <0" +87( (120.!. A !&0 (0:!:20-!=

>!"3

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

x ∈ Ā⇔ x ∈ A ∪ Ã

⇔ (x ∈ Ã) ∨ (x ∈ A)

⇔ [x ∈ T ∈ T ⇒ (T − {x}) ∩ A 6= ∅]∨

[x ∈ T ∈ T ⇒ (T ∩ A 6= ∅]

⇔ [x ∈ T ∈ T ⇒ (T ∩ A 6= ∅]

+,-./ -% 01 %23'*'* 4'5)%/#

 !"#$" %&'&)& (X,T )  !" #$%$&$'!( )*+, /0 A ∈ T !-0 <0" B ⊂ X +&#

(120-! !8!.

A ∩ B̄ ⊂ (A ∩ B)

>!"3

 !"#$% x ∈ A ∩ B̄ %2' x *6-3.2,*, %+'/'* 7'/ T ∈ T %+%* x ∈ T ∩ A ∈ T

6&.8.9,*).* T ∩ (A ∩ B) 6= ∅ +,-./: -% 01 x ∈ (A ∩ B) )';'-3%/#

*+!,$ %&'&(& (X,T ) 0%/ 36<6&6=%- 1>.5 ?' A,B ⊂ X 6&21*# @9'/ B ⊂ Ā
%2': A -A;'2% B %+%*)' ,$6).>)": )'*%&%/# B>'& 6&./.- Ā = X %2': A -A;'2%*'

X 1>.5,*,* 5691* 0%/ .&3C-A;'2%)%/: )%5'8'9%>#

 !"#$" %&'&'& A (120-!.!. X )*+,7 !8!.>0 ,$6). $&2+-7 !8!. 90"0(&! /0

,0#0"&! ($:)&  $: $&2+,+. <0" T +87( (120-! !8!. T ∩ A 6= ∅ $&2+-7>7"3

 !"#$% A -A;'2% X %+%*)' 5691* ?' T 6= ∅ .+,- 0%/ -A;' 6&21*# T 064

6&;.),9,*. DE/' 0%/ x ∈ T *6-3.2, ?./),/ ?' x ∈ Ā = X 6&)191*).*:  !"#$"

"#$# D'/'9%*8' T ∩ A 6= ∅ 6&.8.-3,/#

F'/2%*' 6&./.-: x ∈ X *6-3.2,*, -.<2.5.* 7'/ T .+,- -A;'2% %+%* T∩A 6= ∅
%2':  !"#$" "#$# D'/'9%*8': x ∈ Ā 6&.8.-3,/G 5.*% X ⊂ Ā ),/#

*+!,$ %&'&)& (X,T ) 36<6&6=%- 1>.5,*,* 0%/ A .&3 -A;'2% ?'/%&2%*# @9'/ Ā
-A;'2%*%* 7%+ 0%/ %+ *6-3.2, 56-2.G 5.*% (Ā)o = ∅ %2'G H -A;'2%*' X 1>.5,*,*

<!8 !" ,0"!.>0 ,$6). >06!&>!" : )'*%&%/#

*+!,$ %&'&'& I%/ 36<6&6=%- 1>.5,* 2.5,&.0%&%/ 5691* 0%/ .&3C-A;'2% ?./2.: 01

1>.5. +,"7&+ !&!" 0%/ 1>.5),/: )'*%&%/#
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 !"!# $%&'()*()%

"# (X,T ) $%& '()(*(+%, -./0 12 A,B ⊂ X (*3-4-5/ 67&2 /8/493/,% 7.2:

*%,*2&%5 1/&*94959 67;'2&%5%.<

=/> (A ∩ B) ⊂ Ā ∩ B̄

=$> (Ā)′ = (A′)o 12 (Ao)′ = (A′)−

=?> Ā = Ao ∪ ∂A

=3> Ā ∩ B̄ = ∅ ⇒ ∂(A ∪B) = ∂A ∪ ∂B

=2> x ∈ ∂A⇔ x ∈ Ā ∩ (A′)−

=@> ∂A = Ā− Ao = Ā ∩ (A′)−

=6> A ⊂ B ⇒ (Ā)o ⊂ (B̄)o

=A> A ⊂ B ⇒ (Ao)− ⊂ (Bo)−

=%> A /B9, %;2 A ⊂ (Ā)o 3%&#

=+> A ,/)/*9 %;2 (Ao)− ⊂ A 39&#

!# C%& '()(*(+%, -./03/ ;(5*- '/52 ,DE25%5 $%*28%E%5%5 ,/)*/E9F $- ,D

E2*2&%5 ,/)*/E*/&9595 $%*28%E%52 28%''%&# G7;'2&%5%.  !"#$ %&'()*)+)+ ,'

+'(('-.'/)0# H&/,2;%' %8*2E% %B%5 5/;9* $%& 7.2*%, 1/&39&I 2 3245 678969:9:

;<:<33<=><6?&5

 #  !"#$ !#"# '2,% DB '()(*(+%02 67&2 L = {a, b} 12 M = {a, c} ,DE2*2&%:

5%5 ,/)*/E*/&959 $-*-5-.#

J# C%& X ,DE2;% D.2&%532,% /0&9, '()(*(+%02 67&2F A2& A ⊂ X /*' ,DE2;%

%B%5 A = Ā (*3-4-5- 67;'2&%5%.#

K# L(5;-. $%& X ,DE2;% D.2&%532,% ;(5*- 'DE*2025*2& '()(*(+%;%52 67&2F

A2& ;(5;-. A ⊂ X /*':,DE2;% %B%5 Ā = X (*3-4-5- 67;'2&%5%.#

M# C%& A ,DE2;%5%5 $%& '()(*(+%, -./095 A%B$%& 02&%532 0(4-5 (*E/E/;9

%B%5 62&2,*% 12 02'2&*% ,(8-*F A2& /B9, ,DE25%5 A %*2 ,2;%8E2025 12 $(8

(*E/0/5 /B9, $%& /*':,DE2;%5%5 1/&*94939&# G7;'2&%5%.#

N# O/)/*9 $%& ,DE25%5 A%B$%& 02&32 0(4-5 (*E/E/;9 %B%5 62&2,*% 12 02'2&*%

,(8-*F 'DE*2025%5%5 A2& 02&32 0(4-5 (*E/;939&# G7;'2&%5%.# P2& A/56%

$%& ,DE2 %B%5 32 $- 7.2*%, 1/& E939&I



 !"! #$%&$'$   

!" #$%$&' ()* +,-./)/ +./$*' 0)1()* 2.*3. 2456/ 3.5)&3)*" 789:.*)/);" <.*

0$/=) ()* +,-. )1)/ 3. (6 8;.&)+ 982&./.()&)* -)>

?" R ,;.*)/3. $@$5'3$+) :4%4&4A)&.*)/ 0.* ()*)9) )1)/ Q ⊂ R $&: +,-.B
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