
➮!"❰❐%➬❰➶➚❮➮➴ !➮!+➴❒❮-. !➶❰➱!+➶ ➮

"➚0➚❒➴+0❰➶ +➴✃!+❰➶-. 2➚➱❐❰➶ ➶

!+➴➹➚❮❰➹0➚2➮4➴!✃➮. "0➮❐❰➷➴❮➮6.

 ✳  ✳ "#$%&'()*✱ ➘✳ -✳ .#%/0()*

b

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

❒(/&'✱ ➪➴❐➚89:;

❡✲♠❛✐❧✿

a
♣❛✈✳✉%❜❅②❛♥❞❡①✳❜②✱

b
❞✐♠❛✳②✉%❛0❤❡✈✐❝❤✸✷✶✺✺❅❣♠❛✐❧✳❝♦♠

 !"#$%&#'$()*"+,)" -"!&./ ) )%+!'0-"%!$12%/" +'".+!3$ 4')-"%56!✲

+5 .15 8'$%"%)5 )✴)1) 4"'".$*) +,'/!&: )%(&'-$;))✳ =') )+4&12>&3$✲

%)) ?1",!'&%%/8 !",+!&3/8 .&,0-"%!&3 3 ,$*"+!3" ,&%!":%"'&3 +,'/!&"

'$>-"@"%)" !$,&: )%(&'-$;)) &A/*%& &+%&3/3$"!+5 %$ -&.)(),$;)) ;3"✲

!&3/8 )1) 4'&+!'$%+!3"%%&✲#"&-"!')*"+,)8 4$'$-"!'&3 +)-3&1&3 !",+!$✲

,&%!":%"'$✳ ➶ +!$!2" )++1".06!+5 ) $%$1)>)'06!+5 +)+!"-%/" +3&:+!3$ )

4$'$-"!'/ ?1",!'&%%/8 !",+!&3/8 .&,0-"%!&3 ,$, 4&!"%;)$12%/8 ?1"-"%✲

!&3 +!"#$%&#'$()*"+,&: +)+!"-/✱ 3 ,&!&'/" &+$D.$"!+5 !$:%$5 )%(&'-$✲

;)5✳ ❰+%&3%$5 >$.$*$ )++1".&3$%)5 ✕ &;"%,$ +!"#$%&#'$()*"+,&: +!&:,&+!)

!",+!$✲,&%!":%"'$ 4') -&.)(),$;)) 0,$>$%%/8 +3&:+!3 ) 4$'$-"!'&3 ($:✲

1&3 3 4'&;"++" &+$D."%)5 !$:%&: )%(&'-$;))✳

✃!"#$%&$ '!(%)✿ >$@)!$ )%(&'-$;))❀ !",+!&3$5 +!"#$%&#'$()5❀ +)+!"-✲

%/" +3&:+!3$ ) $!')A0!/ ($1&3❀ +!"#$%&#'$()*"+,$5 +!&:,&+!2

✶ ➶89:9;<9

'()*+,-. /.0123 145)(-.611 1 /.7123 .82)(9:1; <(.8 8 ■❚✲95,(, <(1)*(,2.,2

89, *)+?0@A .:2@.+?4)92?✳ ❰D4) 1/ 4.<(.8+,41E (,0,41F <()*+,-3 <(,D@9-.2✲

(18.,2 19<)+?/)8.41, 92,G.4)G(.511✱ :)2)(.F✱ 8 )2+1I1, )2 :(1<2)G(.511✱ )94)✲

8.4. D.J, 4. 9):(3211 9.-)G) 5.:2. 19<)+?/)8.41F <(,)*(./)8.41F ❬✸✱✹❪✳ ➶-,92,

9 2,- 1/8,924)✱ I2) -)D,+1()8.41, 92,G.4)G(.51I,9:1; 1 :(1<2)G(.51I,9:1; 91✲

92,- )94)838.,29F 4. 2,; J, *./)83; <(1461<.; ❬✹✱✺✱✶✶❪✳

R)8(,-,44.F 92,G.4)G(.51F✱ :.: <(.81+)✱ ➽1-,,2 D,+)➾ 9 U+,:2()443-1 9(,D✲

928.-1✳ V2) -)J,2 )*WF94F2?9F 9+,D@A71-1 <(1I14.-✳ ➶)✲<,(83;✱ 2.: :.: )*W✲

,- )9.JD.,-)E 145)(-.611✱ :.: <(.81+)✱ D)8)+?4) 4,*)+?0)E <) 9(.84,41A 9

(./-,()- :)42,E4,(.✱ 8 :)2)()- )4. *@D,2 9:(32.✱ 2) 8 U+,:2()443, :)42,E4,✲

(3 G)(./D) <()7, 9:(38.2? D.443, 1 1/8+,:.2? 1;✳ ➶)✲82)(3;✱ <()6,D@(. )9.✲

JD,41F✴1/8+,I,41F -)J,2 *32? .82)-.21/1()8.4. 9 <)-)7?A 9<,61.+?43; <()✲

G(.--43; 9(,D928✳ ➶✲2(,2?1;✱ U+,:2()443E 5)(-.2 D.443; ;.(.:2,(1/@,29F 14✲

5)(-.61)44)E 1/*32)I4)92?A✱ :)2)()E -)J4) @<(.8+F2?✱ I2)*3 9:(32? 9))*7,✲

41F✳ V21 )*71, D+F 89,; U+,:2()443; D):@-,42)8 )9)*,44)921✱ 4. 4.0 8/G+FD✱

92.8F2 /4.: (.8,4928. -,JD@ 615()8)E 1 :)-<?A2,(4)E 92,G.4)G(.51,E✳

❰94)8@ U+,:2()44)G) :)42,42. 9)92.8+FA2 2,:92)83, D):@-,423✱ *./3 D.443;✱

:)D3 :)-<?A2,(43; <()G(.--✱ . 2.:J, )*W,:23 -@+?21-,D1.✳ ➬.712. @:./.4✲

43; 9(,D928 )2 <)DD,+:1 1+1 4,9.4:61)41()8.44)G) 19<)+?/)8.41F 92,G.4)G(.✲

51I,9:1-1 -,2)D.-1 <(,D@9-.2(18.,2 83<)+4,41, 4,9:)+?:1; 8.J43; @9+)81E✳

✻✽



✃ !"#!$#%& '( #') !*#!"+* *,-.#!"*/ !0#1,-23#'+ !*4'5'6 &32.- 71,1&3*,1&'

'")!.#!8! ✭7-"*!8!✮ ;1641✲=!#*36#3,1 ' "*381#!=!#*36#3,1 ✕ ;1641 " !"12.3##!6

'#;!,&1?'36✱ 1 *1=23 -"*!65'$!"*/ ✭#3'(&3##!"*/✮ !"12.3##!6 $ =!#*36#3, '#✲

;!,&1?'' 7,' 38! &!.';'=1?''✳ ❰01 -=1(1##%) -"4!$'+ !*#!"+*"+ = '($3"*#!6

)1,1=*3,'"*'=3 &3*!.!$ ,1""&1*,'$13&!8! =41""1 ✕ "*381#!8,1;'53"=!6 "*!6=!✲

"*'✳

➘4+ "*381#!=!#*36#3,!$ $ $'.3 *3="*!$%) ;164!$ ,1(,10!*1#% &3*!.% !"1✲

2.3#'+✴'($4353#'+ *16#!6 '#;!,&1?'' ✭'4' ?';,!$%) $!.+#%) (#1=!$✮✱ !"#!✲

$1##%3 #1 &!.';'=1?'' ,1(4'5#%) 7,!"*,1#"*$3##!✲83!&3*,'53"=') ✭7,!034%

&32.- "4!$1&'✱ 7,!034% &3.- "*,!=1&'✱ '"7!4/(!$1#'3 #3$'.'&%) "'&$!4!$✱ &!✲

.';'=1?'+ 17,!E1✱ =3,#'#81✱ &1"E*101 ' .,✳✮ '4' ?$3*!$%) 71,1&3*,!$ "'&$!4!$

*3="*1 #1 !"#!$3 ❘●❇✲&!.34' ❬✷✱✸✱✹✱✼✱✽✱✾✱✶✵❪✳

❮1 "38!.#+E#'6 .3#/ (1.151 7!'"=1 &3*!.!$ 7,3!0,1(!$1#'+ =!#*36#3,!$✱ $

*!& 5'"43 ✕ *3="*!$%)✱ ' $"*,1'$1#'+ $ #') *16#!6 '#;!,&1?'' 7!✲7,32#3&-

+$4+3*"+ 1=*-14/#!6✳ T1"*! #1'0!433 -"*!65'$%3 = 1*1=1& "*381#!148!,'*&% #3

7!($!4+U* $"*,!'*/ .!"*1*!5#%6 !0V3& "3=,3*#!6 '#;!,&1?'' $ ;164✲=!#*36#3,✳

W1(,10!*=1 *1=') 148!,'*&!$ $"*,1'$1#'+✱ =!*!,%3✱ " !.#!6 "*!,!#%✱ 7!$%E1U*

"*381#!"*!6=!"*/ "'"*3&%✱ 1 " .,-8!6 ✕ "!),1#+U* !0V3& !"12.3##%) "3=,3*#%)

.1##%)✱ &!23* 0%*/ !*#3"3#1 = 5'"4- $12#%) (1.15✳

❰.#! '( #!$%) #17,1$43#'6 $ 1#14'(',-3&!6 7,3.&3*#!6 !041"*' "$+(1#! " '"✲

7!4/(!$1#'3& *1= #1(%$13&%) 14/*3,#1*'$#%) 7!*!=!$ ;164!$!6 "'"*3&% ◆❚❋❙

❬✶❪✳ \,' ]*!& "*381#!8,1;'53"=!3 7,3!0,1(!$1#'3 #3 (1*,18'$13* "!0"*$3##! "!✲

.3,2'&!3 ;1641✲=!#*36#3,1✳ ➶ #1"*!+_36 "*1*/3 1#14'(',-U*"+ !"!03##!"*' '

$!(&!2#!"*' '"7!4/(!$1#'+ 7!.)!.1 #1 !"#!$3 14/*3,#1*'$#%) 7!*!=!$ .1##%) $

7,'4!23#'' = *3="*!$%& .!=-&3#*1&✲=!#*36#3,1&✳ ➬.3"/ 1#14!8!& 14/*3,#1*'$✲

#%) 7!*!=!$ "4-21* "'"*3&#%3 "$!6"*$1 ' 71,1&3*,% ;164!$✳

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

1,+2,

➶ =153"*$3 !0V3=*1 '""43.!$1#'+ '"7!4/(!$14"+ ;164 " ,1"E',3#'3& ❉❖❈❳✳

\,'53& .4+ 7!4-53#'+ ' 1#14'(1 38! "$!6"*$ ' 71,1&3*,!$ ;164 #3 .!423#

0%*/ 7-"*%&✳ ➮""43.!$1#'+ 7,!$!.'4'"/ " '"7!4/(!$1#'3& 0'04'!*3=' ▼✐❝#♦%♦❢'✳

❲✐♥❞♦✇%❆.■❈♦❞❡.❛❝❦✳❙❤❡❧❧✳

➶"*,!3##%3 ",3."*$1 ❰f ❲✐♥❞♦✇% 7!($!4+U* !0%5#!&- 7!4/(!$1*34U 7!4-✲

5'*/ '#;!,&1?'U ! "43.-U_') "'"*3&#%) "$!6"*$1) ' 71,1&3*,1)✿

• "$!6"*$1 !7'"1#'+✿ 789:87;<✱ =<>8✱ =<?;✱ @8=<?AB;;✱ @A>><7=8B;; ❀

• "$!6"*$1 '"*!5#'=1✿ 8:=ABC✱ @<> DAEB87<7✱ B<F8@G;H✱ 7A><B :<BD;;✱ ;>H IBA✲

?B8>>C✱ AB?87;98G;H✱ BK@A:AF;=<LM ❀ F8=8 DA9F87;H DAF<BN;>A?A✱ F8=8 IA✲

DL<F7<?A DAEB87<7;H✱ IADL<F7;O :C:AF 78 I<P8=M✱ AQR<< :B<>H B<F8@=;BA:8✲

7;H

✻✾



•  !"# $!%  "&'()*+","✿  ! "!#$%&  !'&()%*!+!✱ "%,  !'&()%*!+!✱ -!.%/&✲

 "1!  "(2$%3✱ -!.%/& "1!  .!1✱ -!.%/& "1! 4$2-!1✱ -!.%/& "1!  "(!-✱ -!✲

.%/& "1! 25423&1✱ 625.!$✱ 6-2.2✱   7.-%✱ #47- ❀

•  !"# $!% 0%#1%✿ (24*&(✱ '2"2  !4'2$%#✱ '2"2 %4*&$&$%#✱ '2"2 '! "8,2✱ '!✲

 "8,$! "9✱ 21"!$!*$! "9✱ -!*,9:"&(✳

➮4 5* 1% 6(*!'&'7789  !"# $! 6"&&'()*!%:$ +"&*0*;%<*:  1'&=:>*' ✶✸✿

#47-✱ "%,  !'&()%*!+!✱  ! "!#$%&  !'&()%*!+!✱ (8-!1!'%"&.9✱ !(+2$%423%#✱ $!✲

*&( 1&( %%✱ (&'2-3%#✱ 21"!(7✱ -!**&$"2(%%✱ -2"&+!(%%✱ "&+%✱ "&*2✱ $2412$%&✳

➘1B !8B!1'7*B * %7%1*4% &(=,*9  !"# $! * 6%(%+'$("! 0%#1% (%4(%C"$%7%

6(",(%++7%B ('%1*4%<*B +'$"&%✱ 6(*7*+%:>'," ! ;%5' $!' 6%(%+'$(% 6=$D &"✲

 $=6% ; &";=+'7$=✳ ❒'$"& !"4!(%>%'$ 1* $ 6%( ;1:5✕47%5'7*'✳ ❒'$"&"+  "4&%✲

:$ B 6'('+'778'✱ ;"$"(8' 6('& $%!1B:$  "C"# 7%C"( ("&*$'1D ;*9 H1'+'7$"!✱

;"$"(8'✱ !  !": "5'('&D✱  "&'()%$ &"5'(7*'  * $'+78'  !"# $!% * 6%(%+'$(8✳ ➶

&%77"+ +'$"&' $%;)' * 6"1D4='$ B !84"! &(=,"," +'$"&%✱ 6(*7*+%:>'," 7% !9"&

"CJ';$ ("&*$'1B  * $'+789  !"# $! &1B 4%6"17'7*B ('4=1D$*(=:>'," 1* $% 6"✲

1=5'778+* ;1:5✕47%5'7*B+*✳ ➶ ('4=1D$%$' 7%+* !8B!1'7" ✷✵✽  !"# $!✳ ✃%)&"'

47%5'7*'  !"# $!% "C1%&%'$  !"*+ $*6"+ &%7789✳ O$"$ $*6 &%7789 7' B!1B'$ B

=7*;%1D78+✳ P;%4%778'  !"# $!% 6" 6(*7%&1')7" $* ; $*6= &%7789 (% 6('&'✲

1'78  1'&=:>*+ "C(%4"+✿ ❙<=✐♥❣ ✕ ✽✸✱ ❯■♥<✸✷ ✕ ✷✻✱ ❇♦♦❧❡❛♥ ✕ ✷✸✱ ❙<=✐♥❣❬❪ ✕ ✷✸✱

❉❛<❡❚✐♠❡ ✕ ✶✸✱ ❖❜❥❡❝< ✕ ✶✷✱ ❯■♥<✶✻ ✕ ✽✱ ❯■♥<✻✹ ✕ ✽✱ ■♥<✸✷ ✕ ✺✱ ■♥<V<= ✕ ✸✱ ❇②<❡❬❪ ✕

✷✱ ■♥<V<=❬❪ ✕ ✶✱ ■❙<=❡❛♠ ✕ ✶✳

➘1B 6"1=5'7*B  !"# $!✱ " 7"!%7789 7% ("&*$'1D ;"+  !"# $!'✱ * 6"1D4"!%1 B

+'$"&✱ "C1%&%:>*# +"&*0*;%$"("+ &" $=6% ➽♣V✐✈❛Z❡➾ * 7' !"4!(%>%:>*# 7*;%✲

;"," 47%5'7*B✳ O$" "C= 1"!1'7" $'+* "C $"B$'1D $!%+*✱ 5$" '," ("1D 4%;1:5%'$ B

! 6"1=5'7** * 4%6"17'7** 6'('+'77"# 1* $%✱ * &" $=6 ; +'$"&= &"1)'7 " =>' $!✲

1B$D B * ;1:5*$'1D7" *4 +'$"&%✱ 7%9"&B>'," B ! "&7"+ ;1%  '  &%778+ +'$"&"+✳

]"&*$'1D ;*'  !"# $!% 1",*5' ;* "CJ'&*7B:$ 7';"$"(8'  * $'+78'  !"# $!%✳

➶ ' 7*)'6'('5* 1'778'  !"# $!% "6* %78 ! ;1%  ' ❙❤❡❧❧V=♦♣❡=<✐❡Z✳ ➘%778# ;1%  

"6('&'1B'$ &(=,"# ;1%  ✱ ;"$"(8# ('%1*4='$ ! 6"+",%$'1D78' +'$"&8 &1B *4!1'✲

5'7*B  !"# $! "C"1"5;*✱ * 6"1D4=B ;%7"7*5' ;"' *+B✱ ;1:5  !"# $!% *1*  $(","

$*6*4*("!%77"'  !"# $!"✳ ❰7 $%;)' "C' 6'5*!%'$ &" $=6 ;" ! '+  $("," $*6*4*✲

("!%778+  * $'+78+  !"# $!%+ * ;"11';<*B+  !"# $! 6" =+"15%7*:✳

➘1B +"&*0*;%<**  !"# $!✱ 6"&(%4=+':>'#  $',%7",(%0*5' ;"' " %)&'7*' *7✲

0"(+%<**✱ (%4(%C"$%7"  6'<*%1D7"' 6(*1")'7*'✱ 0=7;<*"7%1 ;"$"("," 4%;1:5%✲

'$ B ! $"+✱ 5$" "7" "C(%C%$8!%'$ &'# $!*' 7%)%$*B 7% ;7"6;= *4+'7'7*B  !"# $!✳

_(* H$"+ 6("!"&*$ B 6("!'(;% 7% !%1*&7" $D !!"&% &%7789✳

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

3-,63+- % 7#'#.(+',- 0#6$#✲1,"+(6"('#

➶8B!1'7"✱ 5$" 7' ! '  !"# $!% &"6= ;%:$ !"4+")7" $D: *9 *4+'7'7*B✳ ✃ 7*+

"$7" B$ B✿ ■<❡♠❋♦❧❞❡=V❛<❤❉✐Z♣❧❛②✱ ■<❡♠❚②♣❡✱ V❛=Z✐♥❣V❛<❤✱ ❋✐❧❡◆❛♠❡✳ _(* 6"68$;'

✼✵



 !"#$#%&'## (&%!)! *+!,*(+& $&,- ./ 0&+/12&/( *+!3 1&4!(5 !2#4%!,✱ & 1&4!(&/(

+ 2(&(.! 1/7# /✳ ❰".&%! /*(: (&%#/ *+!,*(+&✱ ;1# #0 /./.## %!(!1<= "!%5 /.(

5(1&(#( *+!3 1&4!(!*;!*!4.!*(: ✭.&;1# /1✱ *+!,*(+! ■!❡♠◆❛♠❡❉✐(♣❧❛② ✮✳

✃1! /  !"#$#%&'## *+!,*(+ $&,-& #0 /./.#A ;!"+/1)&-#*: /)! &(1#45(<✿

❆-❝❤✐✈❡✱ ❈♦♠♣-❡((❡❞✱ ❉❡✈✐❝❡✱ ❉✐-❡❝!♦-②✱ ❊♥❝-②♣!❡❞✱ ❍✐❞❞❡♥✱ ■♥!❡❣-✐!②❙!-❡❛♠✱ ◆♦-♠❛❧✱

◆♦❙❝-✉❜❉❛!❛✱ ◆♦!❈♦♥!❡♥!■♥❞❡①❡❞✱ ❖✤✐♥❡✱ ❘❡❛❞❖♥❧②✱ ❘❡♣❛-(❡?♦✐♥!✱ ❙♣❛-(❡❋✐❧❡✱

❙②(!❡♠✱ ❚❡♠♣♦-❛-②✳ ➘-A #0 /./.#A &(1#45(& "!%5 /.(& 4<- 1&01&4!(&.  /(!"✱

;!0+!-A3D#, ;1!#0+!"#(: ./!4=!"# </  &.#;5-A'##✳

 !"#$!%& '$(✲*+,,-✳ E/2 +<F#*-A-*A * #*;!-:0!+&.#/ *(&."&1(.<= &-✲

)!1#( !+ ▼❉✺ # ❙❍❆✷✺✻✳ ➘-A 1/&-#0&'## ;1!+/1%# 4<-& #*;!-:0!+&.& 4#4-#!✲

(/%& ❈★ ❙②(!❡♠✳❙❡❝✉-✐!②✳❈-②♣!♦❣-❛♣❤②✳ R1# S(! +<F#*-/.#A 4<-# !*.!+&.< .&

#*;!-:0!+&.## 1&01&4!(&..!)!  /(!"&✱ ;1#.# &3D/)! .& +=!" + %&F/*(+/ ;&1&✲

 /(1&  &**#+ 4&,(!+✱ & 0&(/ #0  &**#+& 4&,(!+ $!1 #153D/)! *(1!%5✳ ➬.&F/.#/

&(1#45(& 5*(&.&+-#+&/(*A + ❆-❝❤✐✈❡✳

U*(&.!+-/.!✱ F(! #0 /./.#/ -34!)! #0 *+!,*(+ "!%5 /.(& +-/F/( 0& *!4!, #0✲

 /./.#/ =/2✕ *5  <✱ #0 /./.#/ &(1#45(& "!%5 /.(& ./ +-#A/( .& /)! =/2✳ ✃1! /

(!)!✱ ;/1/$!1 &(#1!+&.#/ $&,-& ✭❉❖❈❳✱ ❉❖❈✱ ❚❳❚✮ (&%7/ ./ #0 /.A/( =/2✳

 !"#$!%& "./$,& 0&12&✳ ➘-A ;!"(+/17"/.#A %!11/%(.!*(# !'/.✲

%# !4Z/ & $&,-& ;1# #*;!-:0!+&.##  !"#$#%&'#, #= *+!,*(+ #*;!-:0!+&✲

-#*: "+&  /(!"&✿ * ;! !D:3 !4Z/%(& %-&**& ❋✐❧❡■♥❢♦ # ❝ !4Z/%(& %-&*✲

*& ❙❤❡❧❧❋✐❧❡✳ ❮& # &.&-#0#1!+&-#*: *-/"53D#/ (/%*(!+</ *+!,*(+&✿ ❈♦♠♠❡♥!✱

❈♦♣②-✐❣❤!✱ ❋✐❧❡❉❡(❝-✐♣!✐♦♥✱ ❋✐❧❡❱❡-(✐♦♥✱ ❋✉❧❧❚❡①!✱ ■❞❡♥!✐!②?-♦♣❡-!②✱ ■♥❢♦❚✐♣❚❡①!✱

■♥!❡-♥❛❧◆❛♠❡✱ ■!❡♠❈❧❛((❚②♣❡✱ ■!❡♠❋♦❧❞❡-◆❛♠❡❉✐(♣❧❛②✱ ■!❡♠◆❛♠❡?-❡✜①✱ ■!❡♠❯-❧✱

❑✐♥❞❚❡①!✱ ▲❛♥❣✉❛❣❡✱ ▼✐❧❡❛❣❡■♥❢♦-♠❛!✐♦♥✱ ▼■▼❊❚②♣❡✱ ❖-✐❣✐♥❛❧❋✐❧❡◆❛♠❡✱ ❖✇♥❡-❙✐❞✱

?❛-❡♥!❛❧❘❛!✐♥❣✱ ?❛-❡♥!❛❧❘❛!✐♥❣(❖-❣❛♥✐③❛!✐♦♥✱ ?❛-(✐♥❣◆❛♠❡✱ ?-✐♦-✐!②❚❡①!✱ ?-♦❥❡❝!✱

?-♦✈✐❞❡-■!❡♠■❉✱ ❘❛!✐♥❣❚❡①!✱ ❙❡♥(✐!✐✈✐!②❚❡①!✱ ❙♦❢!✇❛-❡❯(❡❞✱ ❙♦✉-❝❡■!❡♠✱ ❙!❛!✉(✱

❙✉❜❥❡❝!✱ ❚✐!❧❡✱ ❚-❛❞❡♠❛-❦( ✕ +*/)! ✕ ✸✷✳

➶ 1/05-:(&(/  .!)!F#*-/..<= !;<(!+ # *!;!*(&+#(/-:.!)! &.&-#0& ;!-5F/.<

*-/"53D#/ !*.!+.</ 1/05-:(&(<✿

• *+!,*(+& ❚✐!❧❡✱ ▲❛♥❣✉❛❣❡✱ ❙✉❜❥❡❝! (#;& ❙!-✐♥❣ "!;5*%&3( 0&;#*: + 0.&F/.#/

*+!,*(+& 4/0 #0 /./.#A 1&0 /1& "!%5 /.(& "! ✹✹✹ *# +!-!+ -&(#.*%!)! &-✲

$&+#(&✱ 0.&%!+ ;1/;#.&.#A # 0.&%!+ ;1!4/-!+❀

• *+!,*(+! ❈♦♠♠❡♥! "!;5*%&/( 0&;#*: ✹✻✹ *# +!-!+ -&(#.*%!)! &-$&+#(&✱ 0.&✲

%!+ ;1/;#.&.#A # ;1!4/-!+ 4/0 #0 /./.#A 1&0 /1& "!%5 /.(&❀

• ;/1+!/ #0 /./.#/ 0.&F/.#A +*/= *#*(/ .<= *+!,*(+ ✭%1! / ✹✲= +<2/;/1/F#*✲

-/..<=✮ +-/F/( 0& *!4!, #0 /./.#/ 1&0 /1& "!%5 /.(&✲%!.(/,./1&✱ + %!(!✲

1! ;1!#0+!"#(*A (&%!/ #0 /./.#/❀ ;1#F/ 5+/-#F/.#/ 1&0 /1& "!%5 /.(&

;1!#*=!"#( (&%# !41&0! ✱ F(! S(!( ;!%&0&(/-: 5+/-#F#+&/(*A %&7"</ ✶✷✕

✷✵ !;/1&'#, ;!  !"#$#%&'## *+!,*(+✿ .&;1# /1✱ ;/1+!/ #0 /./.#/ *+!,*(+&

❈♦♣②-✐❣❤! ;1#+!"#( % 5+/-#F/.#3 !4Z/ & $&,-& *1&05 5+/-#F#+&/(*A .& ✻✶✵

4&,(✱ 0&(/ #0 /./.#A ./ .&4-3"&3(*A + (/F/.## ✶✷  !"#$#%&'#,✱ ;!*-/

F/)! !4Z/ $&,-& +!01&*(&/( + *1/"./ .& ✷✺✵ 4&,(❀

✼✶



•  !" #$%& '& ()(*+),- ./ ), (,$#-%+),( +01$*& 2&3#& 45( *+6(2(7&8((

%$7+,+5!9 ) +3), +, &#2& (,&✱ %& +)%+ $ 7+,+5+;+ ;$%$5(5/$,)" +)&<6&$✲

*&" (%2+5*&8("✿ ,&7✱ %&45(*$5✱ ) +3), + ❈♦♠♠❡♥% 6&<$ 45( 5&'*$?$%((

 %$* ✺✵✵✵ &5&0)7(9 8(25 %$ )7&'! &$,)" %& +01$*$ 2&3#&❀

• #C0&" *+6(2(7&8(" ) +3), & %& +)%+ $ 6&%%!9 ,(4& ❇♦♦❧ 45( +6(, 7 ('*$✲

%$%(C +01$*& 2&3#&✳

✹ ❰"#$%&'()' *'+$,-./.01

E5$6#&;&$,)" ()4+#-'+ &,- )(),$*%!$ ) +3), & ,$7),+ !9 6+7/*$%,+ ✲

7+%,$3%$5+  7&.$), $ )5$6! 6#" +)&<6$%(" ,&3%+3 (%2+5*&8(( ),$;&%+✲

;5&2(.$)7(*( *$,+6&*(✱ %&5"6/ ) (' $),%!* ()4+#-'+ &%($* )+0), $%%+

)+6$5<(*+;+ 6+7/*$%,&✳ ➘#" 6+7/*$%,+ ✱ )+'6&%%!9 %& +)%+ $ 45+8$))+5&

▼❙ ❲♦K❞✱  !" #$%+ )/?$), + &%($ 0+#$$ ✷✵✵ 5&'#(.%!9 )(),$*%!9 ) +3), ✱

)+6$5<&%($ *%+;(9 (' 7+,+5!9 %$#-'" (' #$.- ( 45+&%&#('(5+ &,-  ),5+$%%!*(

),&%6&5,%!*( )5$6), &*( +4$5&8(+%%+3 )(),$*! ( ()4+#-'/$*+;+ 45(#+<$%("

▼❙ ❲♦K❞✳

✃ .()#/ %&(0+#$$ 4+69+6"?(9 6#" ()4+#-'+ &%("  ),$;&%+;5&2(.$)7(9 45(✲

#+<$%("9 )#$6/$, +,%$),( ,&7($ ) +3), & 2&#+ ✱ 7&7 ❚✐%❧❡✱ ▲❛♥❣✉❛❣❡✱ ❙✉❜❥❡❝%✱

❈♦♠♠❡♥%✱ *+6(2(7&8(" 7+,+5!9 4/,$* 5&'*$?$%(" ✭+)&<6$%("✮ 6+4+#%(,$#-✲

%+ 6+ ✺✵ 0&3, (%2+5*&8(( ,(4& ❙%3✐♥❣ %$ 45( +6(, 7 / $#(.$%(C +01$*& 2&3#&✳

➶&<%+ ,&7<$✱ .,+ ('*$%$%($ #C0+;+ &,5(0/,& 2&3#& ✭❆3❝❤✐✈❡✱ ❈♦♠♣3❡88❡❞✱ ❉❡✈✐❝❡✱

❉✐3❡❝%♦3②✱ ❊♥❝3②♣%❡❞✱ ❍✐❞❞❡♥ ( 65✳✮ ,&7<$ %$ *+<$,  !" #$%+  45+8$))$ ),$;&%+✲

&%&#('& 2&3#&✲7+%,$3%$5& %& +)%+ $✱ %&45(*$5✱ )+4+),& #$%(" +01$*+ ( 9$R$3

()9+6%+;+ ( *+6(2(8(5+ &%%+;+ ✭) +)&<6$%%+3 (%2+5*&8($3✮ 2&3#+ ✳

S+  )$3 +.$ (6%+),-C *+<%+ /, $5<6&,-✱ .,+ 45$6#+<$%%!3 4+69+6 *+<$,

0!,- 5$&#('+ &% %$ ,+#-7+ 4+ +,%+R$%(C 7 2&3#&* ,$7),+ !9 2+5*&,+ ✳

➘+),/4 7 )(),$*%!* ) +3), &* 2&3#+ ( (9 &,5(0/,+ ✱ & ,&7<$ &%&#(' 4&✲

5&*$,5+ ) +3), ( &,5(0/,+ 45(  !4+#%$%(( +4()&%%!9 ),$;&%+;5&2(.$)7(9

+4$5&8(3 45+(' +6(#)" ) ()4+#-'+ &%($* & ,+5)7+;+ 45+;5&**%+;+ 45+6/7,& ❬✻❪✳

➪)",)03*/4)5'#6)' ##7,6)

❬✶❪ ✃+#*&7+ ❒✳ ➶✳✱ ➪#(%+ & ➴✳➚✳ ✭✷✵✶✽✮✳ ❰)+0$%%+),( 45(*$%$%(" ),$;&%+;5&2(✲

.$)7(9 *$,+6+  &#-,$5%&,( %!9 4+,+7&9 2&3#+ +3 )(),$*! ◆❚❋❙✳ ➮!"#$✲

&'()#!!*+ ,+-!#.#/))✿ ,+1)2* 3#4.'3#5 ✽✷✲8 ❒❮;✃ ➪➹;? ✳ ➪➹bc✱ ❒(%)7✳

S✳ ✷✸✕✷✹✳

❬✷❪ S/?$%" ➚✳ ➚✳✱ ➪#(%+ & ➴✳➚✳✱ c50&%+ (. E✳E✳ ✭✷✵✶✽✮✳ ❒+6(2(7&8(" ),$;&✲

%+;5&2(.$)7+;+ *$,+6& ('*$%$%(" *$<6/),5+.%+;+ 5&)),+"%(" g#$7,5+%%+✲

;+ 6+7/*$%,&✳ ;+-!)@+24)+ 2$+32,5' 1'A),* )!"#$&'())✿ ,+1)2* 3#4.'3#5

B❱■ ➪+.#$E224#✲$#22)824#8 !'E@!#✲,+-!)@+24#8 4#!"+$+!())✱ ❒)!24✱ ✺ )H!I

✷✵✶✽ /✳ ➪➹c➮i✳ ❒(%)7✳ S✳ ✾✵✳

✼✷



❬✸❪ #$%&'()*+ ,✳ ,✳ ✭✷✵✶✻✮✳ ➬!"#$! #%&'()!*## )+$',!)# -(#.$'/(!&##✱ 1$+✲

/!%'/(!&## # '3&41-!*##✿ 46+3✳✲)+$',✳ .'1'3#+ ,89 1$4, ✳ ➪➹6#✱ ❒*'9:✳

❬✹❪ <&$*' =✳ >✳✱ ➪?$'*: ➶✳ ➮✳✱ ❒&B)??) ➹✳ ➶✳✱ ➚D*?)*+ >✳ ➶✳ ✭✷✵✵✸✮✳ ❒!$+)!$#6+✲

1-#+ # -').;<$+(%=+ '1%'>= -(#.$'8'/##✳ ❮()(? ➬'&'*?✱ ❒*'9: ✴ ❒(9:)&✳

❬✺❪ IJBK:( ❮✳ ,✳✱ L(M&'?':( ➘✳ ❒✳✱ #$%&'()*+ ,✳ ,✳ ✭✷✵✶✺✮✳ ❒&B?M&B*+?9:&O

M(P?QK 9*9B?MR B?:9B()(S 9B?'(D$&T** '& (9'()? M(P*T*:&U** V$(9B$&'✲

9B)?''RX * U)?B()RX V&$&M?B$() 9*M)(Q() B?:9B&✳ ?(4,= ➪➹?B✳ ➑ ✻ ✭✶✼✾✮✱

>✳ ✶✺✷✕✶✺✻✳

❬✻❪ =$&]?)*+ ➘✳^✳✱ #$%&'()*+ ,✳,✳ C(#-8!,%'+ .('/(!))%'+ '3+1.+6+%#+

,89 1'-(=$#9 #%&'()!*## > $+-1$'>=D ,'-4)+%$!D✳ ➹(9JP&$9B)?''RS $?✲

?9B$ *'T($M&U*(''RX $?9J$9() L➪✳ L?D*9B$&U*(''(? 9)*P✳ ➑ ✶✶✹✷✵✷✷✻✺✽ (B

✷✽✳✵✺✳✷✵✷✵✳

❬✼❪ ❇a❛cc✐❧ ❏✳❚✳✱ ▲♦✇ ❙✳✱ ▼❛①❡♠❝❤✉❦ ◆✳❋✳✱ ❖✬●♦a♠❛♥ ▲✳ ✭✶✾✾✺✮✳ ❊❧❡❝{a♦♥✐❝ ▼❛a❦✐♥❣

❛♥❞ ■❞❡♥{✐✜❝❛{✐♦♥ ❚❡❝❤♥✐�✉❡c {♦ ❉✐c❝♦✉a❛❣❡ ❉♦❝✉♠❡♥{ ❈♦♣②✐♥❣✳ ■❊❊❊ ❏♦✉J♥❛❧ ♦♥

❙❡❧❡❝Q❡❞ ❆J❡❛T ✐♥ ❈♦♠♠✉♥✐❝❛Q✐♦♥T✳ ❱✳ ✶✸✳ ➑✳ ✽✳ �✳ ✶✹✾✺✕✶✺✵✸✳

❬✽❪ ❙❤✉{❦♦ ◆✳ ❆✳✱ ❯a❜❛♥♦✈✐❝❤ �✳�✳✱ ❩✉❦♦✇c❦✐ �✳ ✭✷✵✶✽✮✳ ❆ ♠❡{❤♦❞ ♦❢ c②♥{❛❝{✐❝ {❡①{

c{❡❣❛♥♦❣a❛♣❤② ❜❛c❡❞ ♦♥ ♠♦❞✐✜❝❛{✐♦♥ ♦❢ {❤❡ ❞♦❝✉♠❡♥{✲❝♦♥{❛✐♥❡a ❛♣a♦c❤✳ XJ③❡❣❧❛☞❞

❊❧❡❦QJ♦Q❡❝❤♥✐❝③♥②✳ ❘✳ ✾✹✱ ➑ ✻✳ �✳ ✽✷✕✽✺✳

❬✾❪ ❚❛❧❡❜② ▼✳✱ ▲✐ ◗✳✱ ❏✉♥ ❍♦✉✱ ▼❛③a❛❡❤ ❍✳✱ ❏✐♥❣ ❩❤❛♥❣✳ ✭✷✵✶✽✮✳ ❆■❚❙{❡❣✿ ❆♥

■♥♥♦✈❛{✐✈❡ ❚❡①{ ❙{❡❣❛♥♦❣a❛♣❤② ❚❡❝❤♥✐�✉❡ ❢♦a ❍✐❞❞❡♥ ❚a❛♥c♠✐cc✐♦♥ ♦❢ ❚❡①{

▼❡cc❛❣❡ ✈✐❛ ❙♦❝✐❛❧ ▼❡❞✐❛✳ ■❊❊❊ ❆❝❝❡TT✳ ❱✳✻✳ �✳ ✻✺✾✽✶✕✻✺✾✾✺✳

❬✶✵❪ ❯a❜❛♥♦✈✐❝❤ �✳✱ ❈❤♦✉a✐❦♦✈ ❑✳✱ ❘✐♠♦a❡✈ ❆✳✱ ❯a❜❛♥♦✈✐❝❤ ◆✳ ✭✷✵✶✵✮✳ ❚❡①{

c{❡❣❛♥♦❣a❛♣❤② ❛♣♣❧✐❝❛{✐♦♥ ❢♦a ♣a♦{❡❝{✐♦♥ ❛♥❞ {a❛♥c❢❡a ♦❢ {❤❡ ✐♥❢♦a♠❛{✐♦♥✳ XJ③❡❣❧❛☞❞

❊❧❡❦QJ♦Q❡❝❤♥✐❝③♥②✳ ❘✳ ✽✻✱ ➑ ✼✳ �✳✾✺✕✾✼✳

❬✶✶❪ ❯a❜❛♥♦✈✐❝❤ �✳✱ ❙❤✉{❦♦ ◆✳ ✭✷✵✶✻✮✳ ❚❤❡♦a❡{✐❝❛❧ ▼♦❞❡❧ ♦❢ ❛ ▼✉❧{✐✲❑❡② ❙{❡❣❛♥♦❣a❛♣❤②

❙②c{❡♠✳ ❘❡❝❡♥Q ❉❡✈❡❧♦♣♠❡♥QT ✐♥ ▼❛Q❤❡♠❛Q✐❝T ❛♥❞ ■♥❢♦J♠❛Q✐❝T✳ ❈♦♥Q❡♠♣♦J❛J②

▼❛Q❤❡♠❛Q✐❝T ❛♥❞ ❈♦♠♣✉Q❡J ❙❝✐❡♥❝❡✳ ❱♦❧✳ ✷✱ ❈❤❛♣{❡a ✶✶✳ ❑❯▲✱ ▲✉❜❧✐♥✳ �✳ ✶✽✶✕

✷✵✷✳

✼✸


