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0:(3"M 0"!4' :(G3"70"'0% h0( (03"4"'07? : I(7)'$(:"0')8#(5 !3,70")*

),G"/,, 7#"=")" I,3,0". " G"0'+ G"+'#' '&( I,33(0,#(+. =0( , I3(,7*

M($,)( #" #"=")8#9M W0"I"M 3'&,(#")8#(&( +'0"+(32,G+"% ̀ '+I'3"0-3" 

I3':3"O'#,? I,3,0" : I,33(0,# I( 3'"!/,, 

2ab0
2
 l C l 2H

2
O m 2ab0 l 2H

2
S l CO

2 
.
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)'4,0 : ,#0'3:")' fnD*CCD (J% 1"! :,$#( ,G -3":#'#,? 3'"!/,,. :( 2)Q*

,$#(5 2"G' #"!"I),:"'07? G#"=,0')8#(' !(),='70:( H
2
S , CO

2 
. =0( : 

W0,M -7)(:,?M I3,:($,0 ! 7-O'70:'##(5 3"70:(3,+(70, 7-)82,$(: , 

G()(0"% 

>&K!$I'!%"HL;T*+N!$('::- P W0,M -7)(:,?M :(G#,!"), (0#(7,*

0')8#( :97(!(0'+I'3"0-3#9' 2)Q,$9 7)(4#(&( 7(70":". #"79O'##9' 

!(+I)'!7#9+, 7('$,#'#,?+, +'0"))(:% cA*I"3"+'039 0"!,M 2)Q,$(: 

#"M($,),78 : I3'$')"M (!()( CDD (J , $":)'#,?M $( UDD [\". (H)"$"), 

:97(!(5 I)(0#(708Q. 7( G#"=,0')8#9+ #"79O'#,'+ 7()'5 KH()'' CDa 

-7)(:#(&( NaClL% _-$((H3"G-QO,' 3"70:(39 I3',+-O'70:'##( 4,$!(*

&"G(:9' &'0'3(&'##9' , : (7#(:#(5 70"$,, 3-$((0)(4'#,? ,+'), I3'*

,+-O'70:'##( M)(3,$#(*&,$3(7,),!"0#(*&,$3(!"3H(#"0#(*#"03,':95 

7(70":% J0"$,, G()(0(3-$#(&( +,#'3")((H3"G(:"#,? M"3"!0'3,G(:"),78 

$'?0')8#(708Q 7-O'70:'##( -&)'!,7)(0#9M 2)Q,$(: : H()'' :97(!(*

0'+I'3"0-3#(+ $,"I"G(#' fCD*fDD (J , $":)'#,, $( #'7!()8!,M $'7?0*

!(: [\"% 
P 0"!(5 7,70'+' :(G3"70")" )'0-='708 ,

2
. =0( I3,:($,)( ! 2(3*

+,3(:"#,Q G#"=,0')8#9M !(),='70: !3'+#'G'+". &),#(G'+" , O')(='5. 

" 0"!4' )'0-=,M !(+I(#'#0(:. : I'3:-Q (='3'$8. H(3". M)(3" , 2(72(3". 

3-$(2(3+,3-QO,M !(+I(#'#0(: 7'39 , +9R8?!". " 0"!4' 3-$#9M !(+*

I(#'#0(: Y +'$,. :,7+-0". /,#!". 3'$!,M +'0"))(: , 3'$!(G'+')8#9M 

!(+I(#'#0(:% ;70(=#,!(+ 3-$#(&( :'O'70:" KI( ,G(0(I,, 7'39 7-)8* ;70(=#,!(+ 3-$#(&( :'O'70:" KI( ,G(0(I,, 7'39 7-)8*70(=#,!(+ 3-$#(&( :'O'70:" KI( ,G(0(I,, 7'39 7-)8*KI( ,G(0(I,, 7'39 7-)8*0(I,, 7'39 7-)8*, 7'39 7-)8* 7'39 7-)8*7-)8*

2,$(: Y fCa Y 2(3+"/,(##(5 o(7"$(=#(5p 7'39. CDa Y &)-H,##(5 

7'39) ?:)?),78 :+'O"QO,' I(3($9% 

J -:'),='#,'+ :($(#"79O'##(70, 2)Q,$" G#"=,0')8#( :(G3"7*

0")" 3"70:(3,+(708 7'39% P W0,M -7)(:,?M 7 I(:9R'#,'+ )'0-='70, ,
2
 

-&)'3($ -="70:(:") : 2(3+,3(:"#,, M,
2
. , :+'70( I,33(0,#" !3,70")*

),G(:")7? I,3,0 7 3"70:(3'#,'+ I'3:(&( TUUV%

N3, $")8#'5R'+ I(#,4'#,, cA*I"3"+'03(: 7(70": 3"70:(3(: 

70"#(:,07? 7-O'70:'##( M)(3,$#(*&,$3(7,),!"0#(*&,$3(!"3H(#"0#9+ 

7( 7)"H(O')(=#(5 3'"!/,'5% >)? I3($-!0,:#(5 70"$,, M"3"!0'3#( 7#,*

4'#,' 7($'34"#,5 !"0,(#(: M"2d*[Z2d : 3"70:(3"M , 7-O'70:'##(' 7#,*

4'#,' (HX'+#(&( 7($'34"#,? N
2
 , I(:9R'#,? M,

2
 : 7(70":' &"G(:% 6H*

3"G(:"#,' G()(0(3-$#9M I"3"&'#'G,7(: (0),=")(78 3'G!,+, I'3'I"$"+, 

$":)'#,? , ,#0'#7,:#(5 $'&"G"/,'5 3"70:(3(: 7 (H(7(H)'#,'+ !())(*

,$#(5 , I"3(*&"G(:(5 KI3',+-O'70:'##( <
2
,*M,

2
L 2"G% 6I0,+")8#9' 

,#0'3:")9 :9$')'#,? &)":#9M I"3"&'#'G,7(: G()(0" : I3'$')"M I3(?:*

)'#,? 7(70":)?Q0 @CD*UeD (J I3, $":)'#,, n*@ [\". ,#(&$" $( $'7?0!(: 
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[\" , #'!(0(3(+ :(G3"70"#,, 0'+I'3"0-3#(&( ,#0'3:")" $( c@D]@fD 
(J TU@.UcV% N3, W0(+ G()(0( :9I"$")( ,G 3"70:(3(: I3, -:'),='#,, !<. 

I(#,4'#,, ef. I3, G#"=,0')8#(+ 7#,4'#,, !(#/'#03"/,, M)(3,$#(*

&( ,(#" , :(G3"70"#,, !(),='70:" &,$3(!"3H(#"0*,(#(: : 7,70'+'% h0( 

7:,$'0')870:-'0 ( I3,:#(7' : 7,70'+- +'0'(3#9M I(:'3M#(70#9M :($%

`"!,' -7)(:,? 7I(7(H70:(:"), 2(3+,3(:"#,Q I3(0?4'##9M , 

(0#(7,0')8#( +(O#9M G(# (!()(3-$#9M ,G+'#'#,5 K7(0#, +'03(:L. 73'*

$, !(0(39M I3'(H)"$"), !"),RI"0,G"/,? , (!:"3/':"#,'%

\$D'K';&'+O$H$I"% P -7)(:,?M 3'&,(#")8#(&( +'0"+(32,G+". 

I3, I(:9R'#,, 0'+I'3"0-39 , $":)'#,?. G()(0( )'&!( :(G&(#?'07? -4' 

I3, cDD (J TUfV% N3, W0(+ : :(770"#(:,0')8#(5 (H70"#(:!' )'0-='708 '&( 

G#"=,0')8#( :(G3"70"'0 K: $:" 3"G" : "0+(72'3' (!,7, -&)'3($"L. (7(*

H'##( : I3,7-070:,, I3,+'7'5Z gh. WX. Bi * : c]f 3"G"[ Yi. Hg. 0X. jk. 

ab * : A]UD 3"G TUCV% _"7='09 , W!7I'3,+'#0")8#9' $"##9' I(!"G9:"Q0. 

=0( I3, 3(70' 0'+I'3"0-39 , #"!(I)'#,, :( 2)Q,$#(5 2"G' H
2
S , CO

2 

G#"=,0')8#( :(G3"70"'0 3"70:(3,+(708 7-)82,$(: , G()(0"% P -7)(:,?M 

G')'#(7)"#/':(5 2"/,, 7($'34"#,' G()(0" : 3"70:(3"M +(4'0 $(70,&"08 

G#"=,0')8#9M !(#/'#03"/,5 KH()'' @D &k+c 3"70:(3"L TUBV% N(3(:9' 3"7*

0:(39 7 :97(!(5 !(#/'#03"/,'5 G()(0" H-$-0 7,)8#'' :7'&( "!0,:,G,3(*

:"087? : G(#"M !(#0"!0(: M,+,='7!, #'3":#(:'7#9M I(3($ K#"I3,+'3. 

!"3H(#"0#9M , 4')'G,709M. !"3H(#"0#9M , 7,),!"0#9M. 4')'G,709M , 

7,),!"0#9M , $3%L% 

P97(!-Q I($:,4#(708 G()(0" : -7)(:,?M 3'&,(#")8#(&( +'0"*

+(32,G+" I($0:'34$"Q0 , $3-&,' ,77)'$(:"0'), TUnV. (0+'="? #'($,#"*

!(:(' 3"7I3'$')'#,' +'0"))" : I(3($"M $"4' ($#(5 2"/,,% N( ,M +#'*

#,Q. W0( (H-7)(:)'#( 3"G),=#(5 I($:,4#(708Q 3"G#9M 2(3+ G()(0" : 

,7M($#9M I(3($"M , +,#'3")"M% q()'' I($:,4#(' 0(#!($,7I'3#(' G()(*

0( : 7-)82,$"M. I(3(:9M 3"70:(3"M. &"G(:(*4,$!,M :!)Q='#,?M. : :,$' 

"$7(3H,3(:"##9M &3-II "0(+(: , +()'!-) #" &3"#?M !3,70"))(:. : +'4*

7)(':9M I"!'0"M 7,),!"0#9M +,#'3")(:. $"4' I3, 73'$#,M cA G#"='*

#,?M 3'&,(#")8#(&( +'0"+(32,G+". +(&)( "!0,:#( I'3'3"7I3'$')?087? 

, (00(3&"087? +'0"+(32(&'##9+, 3"70:(3"+,% P 0( 4' :3'+? (7#(:#(' 

G()(0(. "0(+"3#( , +()'!-)?3#( 3"77'?##(' : 703-!0-3"M +,#'3")(:. 7 

03-$(+ ,G:)'!")(78 ,), #' ,G:)'!")(78 :(:7' W0,+, 3"70:(3"+,% 

E:'),='#,' !(#/'#03"/,5 , :(G#,!#(:'#,' G#"=,0')8#9M !(),*

='70: I($:,4#9M 2(3+ G()(0" : +'0"+(32(&'##9M 2)Q,$"M I3,:($,*

), ! 7-O'70:'##(+- '&( :9#(7- ,G +'0"+(32,='7!,M I(3($ K(7(H'##( 

7-)82,$,G,3(:"##9ML% h!7I'3,+'#09 I( I'3'!3,70")),G"/,, G()(0(*
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7($'34"O,M I,3,0(: :97(!(0'+I'3"0-3#9+, KfDD]CDD (JL M)(3,$#9+, 

3"70:(3"+, I(!"G"), TUAV. =0( 7 3(70(+ 0'+I'3"0-39 +'0"+(32,G-QO,M 

3"70:(3(: #"79O'#,' ,M G()(0(+ 3'G!( -:'),=,:")(78 $( fD]ADa% N(*

W0(+- I3, +'0"+(32,='7!(5 I'3'!3,70")),G"/,, , G"+'O'#,, 7-)82,*

$(: +(4#( (4,$"08 :9#(7 G()(0" ,G I'3:,=#9M 7-)82,$(: $( cD]fD a 

I3, fDD (J , $( CD]AD a I3, CDD (J%

`"!,+ (H3"G(+. : -7)(:,?M G')'#(7)"#/':(5 2"/,, 3'&,(#")8#(*

&( +'0"+(32,G+" 0(#!($,7I'37#(' G()(0( +(4'0 "!0,:#( I'3'+'O"087? 

, !(#/'#03,3(:"087? : I(3(:9M 3"70:(3"M% `"!(' ?:)'#,' 7I(7(H70:-'0 

2(3+,3(:"#,Q G()(0(3-$#9M !(#/'#03"/,5 #" #"=")8#(5 70"$,, I3(*

&3'77,:#(&( +'0"+(32,G+" : :,$' !:"3/*!"3H(#"0#9M 4,) 7 0(#!(5 

:!3"I)'##(708Q G()(0" : I,3,0'% N(7)'$-QO'' #")(4'#,' 0"!4' , 

:97(!(0'+I'3"0-3#9M G()(0(#(7#9M I#':+"0(),0(:9M 2)Q,$(:. 7:?*

G"##9M 7 &3"#,0(,$"+,. -:'),=,:")( I(0'#/,") G()(0" : I($:,4#(+ 

7(70(?#,,% F")(4'#,' :97(!(0'+I'3"0-3#9M :($(#"79O'##9M G()(*

0(#(7#9M 2)Q,$(: &,$3(0'3+")8#(&( &'#'G,7" 7-O'70:'##( 7#,4")( 

!,7)(0#(708 7+'R"##9M 2)Q,$(: , 3"70:(3,+(708 7-)82,$(:% r W0( 

7I(7(H70:(:")( 3"7I"$- (7#(:#9M M)(3,$#9M , 7-)82,$#9M !(+I)'!*

7(: G()(0" , #"!(I)'#,Q 7"+(3($#(&( G()(0" 7 H(&"09+ (3-$'#'#,'+. : 

0(+ =,7)' , ,#0'3+'0")),$"+, G()(0" 7 :,7+-0(+. 0'))-3(+% 

N(#,4'#,' 0'+I'3"0-39 , 7+'O'#,' !< : 70(3(#- O')(=#(70, 

I3,:($,)( ! (0)(4'#,Q 7"+(3($#(&( G()(0" 7 3'G!(5 $'&"G"/,'5 3"7*

0:(3(:. =0( 7I(7(H70:(:")( 70-I'#="0(+- 3"7I"$- G()(0(#(7#9M !(+*

I)'!7(: I3, H()'' :97(!(5 0'+I'3"0-3'% N(W0(+- #"=")( :9$')'#,? G(*

)(0(3-$#9M I"3"&'#'G,7(: : I3'$')"M J'3&'':7!(&( I3(?:)'#,? I3(,7*

M($,)( : ,#0'3:")' #' #,4' fDD (J , $":)'#,, (!()( @CD [\"% N3, W0(+ 

#"=")8#9' I(3/,, G()(0" :9I"$"), : :,$' G()? , W)'!03(M,+,='7!,+ 

I-0'+. =0( I3(?:)?)(78 !"! 0(#!(G'3#,70"? :!3"I)'##(708 : 7-)82,$"M 

4')'G" KI,3,0'. I,33(0,#'. "37'#(I,3,0'L% 

N3, $")8#'5R'+ I(#,4'#,, cA*I"3"+'03(: G()(0( I'3'#(7,*

)(78 : :,$' 7-)82"0#9M , H()'' 7)(4#9M !(+I)'!7(:% g()(0( (H3"G(:9*

:")( I(),!(+I(#'#0#9' !())(,$#9' 3"70:(39. : 0(+ =,7)' , 7 7'3'H3(+. 

!("&-)?/,? !(0(39M I3,:($,)" ! :9I"$'#,Q 7-)82(7()8#9M 7('$,#'*

#,5% ;G+'#'#,' 7(70":" H()'' I(G$#,M #,G!(0'+I'3"0-3#9M 3"70:(3(: 

: 70(3(#- &,$3(!"3H(#"0#(*!")8/,':9M I(#,4")( !,7)(0#(708. , 7(G$"*

:")( ! !(#/- I3(/'77" #'503")8#9'*7)"H(O')(=#9' -7)(:,?. H)"&(I3,*

?0#9' $)? !3,70")),G"/,, 7-)82,$(:. !"3H(#"0(: , G()(0"% N3, W0(+ 

(!()(3-$#9' ,G+'#'#,? K(!:"3/':"#,'. M)(3,0,G"/,?. 7'3,/,0,G"/,? , 
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$3%L H9), #'G#"=,0')8#9% F" G"!)Q=,0')8#(5 70"$,, I3(,7M($,)( 7#,*

4'#,' !(#/'#03"/,, M"2d, M,
2
. :7)'$70:,' ='&( ,G 3"70:(3" :9I"$"), 

!"3H(#"09 K!")8/,0*7,$'3,0L% s(&,=#( I3'$I()(4,08. =0( 7+'R'#,' 

3"70:(3(: 7 $")8#'5R'5 ,M !3,70")),G"/,'5 I3(,7M($,), : ($,# W0"I. 

#( : $:' 70"$,, K+'0"+(32,='7!"? , &,$3(0'3+")8#"?L%

F"!(I)'#,' G()(0" I3(,7M($,)( $,7!3'0#(. =0( +(4'0 H908 

(HX?7#'#(. ! I3,+'3-. I3, ,#0'3I3'0"/,, -3"#*7:,#/(:9M 7,70'+ 7 

G()(0(+% g()(0( , -3"#. : G":,7,+(70, (0 7+'#9 2,G,!(*M,+,='7!,M 

-7)(:,5. :'), 7'H? !"! 3($70:'##9' ,), "#0"&(#,70,='7!,' W)'+'#09% 

N3,:#(7 -3"#" : I(3($9 , +'0"7(+"0,09 I3,:($,) ! (HO'+- :9#(7- 

G()(0". , #"(H(3(0%

`"!")I'!&:I&)"+ N"!"#';'O&:"% P -7)(:,?M 2"/,, G')'#9M 

7)"#/': G()(0( (H3"G(:9:")( I"3"&'#'G,79. : I'3:-Q (='3'$8 7:?G"##9' 

7 I3($-!0"+, $(+'0"+(32,='7!,M -7)(:,5. I3'(H3"G(:"##9M : M)(3,0. 

!")8/,0 K:(G+(4#( 7,$'3,0. 7,$'3(I)'G,0 , $3%L : "77(/,"/,, 7 I,3,0(+ 

, I,33(0,#(+% P W0,M -7)(:,?M M")8!(2,)8#9' W)'+'#09 2,!7,3-Q07? 

0()8!( : :,$' I3,+'7'5 , I(!" #' 2(3+,3-Q0 7:(, +,#'3")8#9' 2"G9% 

N(W0(+- ="O' :7'&( (H#"3-4,:"Q07? I,33(0,#9 7 I3,+'7?+, Bi. gh , 

WX , I,3,09 7 I3,+'7?+, Yi. 0X. Hg , $3% TUe.@DV%

N(G$#'' #" I"3"&'#'G,7 G')'#(7)"#/':(5 2"/,, Y G()(0(*M)(*

3,0*!"3H(#"09 K:(G+(4#( 4')'G,709'L*I,3,0*I,33(0,#. #"!)"$9:"'07? 

I"3"&'#'G,7 ")8H,0,0*&3'5G'#(:(5 2"G9 7-37!,M &3"#,0(,$(:Z ")8H,0. 

1Nt. !:"3/. +-7!(:,0. H,(0,0% 13(+' (7#(:#9M +,#'3")(:. I3,7-0*

70:-Q0 (30,0. +"&#'0,0 , 72'#% ̀ (#!($,7I'37#(' G()(0( I3, W0(+ :M($,0 

: !"='70:' I3,+'7, : 7-)82,$9% N3, $")8#'5R'+ #")(4'#,, 72(3+,3(*

:"),78 G(#9 (!:"3/':"#,? 7 :97(!(0'+I'3"0-3#9+, 7-)82,$"+, ] M")8*

!(I,3,0(+. "37'#(I,3,0(+ , :,7+-0,#(+% 

N3, #")(4'#,, #" +'0"+(32(&'##9' (H3"G(:"#,? 7-O'70:'##( 

+"&+"0(&'##9M 2)Q,$(: , 7-O'70:(:"#,? I"3"&'#'G,7" G()(0" 7 I,3,*

0(+. I,33(0,#(+ , +"&#'0,0(+ I3(,7M($,0 ="70,=#(' 3"70:(3'#,' I,3*

3(0,#". G()(0" , I'3'(0)(4'#,' I(7)'$#'&( : :97(!,M 70'I'#?M (!,7)'*

#,? Y 7 I,3,0(+ , +"&#'0,0(+% 

u(3+,3-Q07? (0#(7,0')8#( +(O#9' G(#9 (!:"3/':"#,? , !:"3*

/':(*4,)8#9' G(#9. I3,-3(='##9' ! -="70!"+ I'3'7)",:"#,? K,#(&$" 

="70(&(L +'0"+(32,='7!,M I(3($ 3"G#(5 !(+I'0'#/,, 7 (H3"G(:"#,'+Z

#" 3"##'5 70"$,, :97(!(0'+I'3"0-3#(&( I"3"&'#'G,7" Y G()(0(*

M")8!(I,3,0*"37'#(I,3,0*+(),H$'#,0*:,7+-0(:9' +,#'3")9 7 (H(&"*

O'#,'+ I'3,2'3,='7!,M G(# "37'#(I,3,0" 0(#!($,7I'37#9+ G()(0(+[
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#" I(G$#'5 70"$,, 73'$#'0'+I'3"0-3#(&( I"3"&'#'G,7" Y G()(*
0(*H)'!)9' 3-$9*7-)82(7(), :,7+-0" , 0'))-3" * #" -="70!"M H()'' 3"#*
#,M 7-)82,$#9M I"3"&'#'G,7(:% 

g()(0( :703'="'07? : 7"+(3($#(+ :,$' , 2(3+,3-'0 $(70"0(=#( 
M(3(R( (H3"G(:"##9' !3,70"))9 3"G#9M 3"G+'3(:. ="70( : 73(70!"M 7 
M")8!(I,3,0(+ , I,33(0,#(+. " 0"!4' !3-I#9' I3(:()(=!(:,$#9' :9*
$')'#,?. $'#$3,09 , $3% 2(3+9 : !:"3/' : I"3"&'#'G,7' 7 ,#0'3+'0")),*
$"+, :,7+-0" , 0'))-3"% ̀ (#!($,7I'37#(' G()(0( ,G 3"##,M 7-)82,$(: , 
7-)82("37'#,$(: I'3'3"7I3'$')?'07? , !(#/'#03,3-'07? : !:"3/'% 

F" #,G!(0'+I'3"0-3#9' -7)(:,? : I3'$')"M J'3&'':7!(&( I3(?:*
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