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!"#$%&'#()*+%,-#*.(/+#*+#*01+2$1**
32&'2*+#*41/&%1*#"*.(1(#'(#51*%*6%'(#2"%*+%--%*789&%'% 
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!

"#$%&'!()!*'+&%,!-#,!&.',#'!(#&&./0,%1!23%45!#!,%660,#!

76,0660,'&) 
!

!

*'+&%,!,0&#!8%,!63#!/0,%!',#'1!23%457!'9(!76,0460,'&!:,#'57!

!

!

!

:%-1(2&%;*0&2<=*><&%8*31'(%-"/2$2*
?#91&(#8%"(2*+#*.5#%"@%*>52"28#5A% 

!

!

* 41/&%1"+1;*.(%<1"#1*.519#"!

!

!

B""2*B551+%8#52*CDEEFCDEC!
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* G*

;<=;>/!

!

E= 7"(&2+/@#2"%* 91,=*H*

*

C= 319#(2-2*E* 91,=*I*

C=E**41*&%,2-1*+#*J1K-2&* 91,=*I*

C=C**41*92-#(#51*82"%(1&#1* 91,=*L*

C=G**7-*5188#"2*$%&'2*-M!>N* 91,=*ED*

C=O**7*$1"(1,,#*+%--1*'(1P#-#()*%52"28#51* 91,=*EG*

*

G= 319#(2-2*C* 91,=*EH*

G=E**?25/8%"(2*+#*91&(%"@1* 91,=*EH*

G=C**B"1-#'#*+%#*+1(#* 91,=*EH*

G=G**.(#8%*+%#*82+%--#* 91,=*CD*

* G=G=E**!"#$%&'()*&#$+(,&) 91,=*CC*

* G=G=C**-.%#&)/&,,&*"#$%&'() ) 91,=*CL*

* G=G=G**0(*&'1&)/&,,&*"#$%&'() 91,=*GC*

* G=G=O**2(.3&)/&,,&*"#$%&'() ) 91,=*GL*

*

O= 32"5-/'#2"#* 91,=*OG*
*

H=***Q#P-#2,&1<#1*%*.#(2,&1<#1* 91,=*OH*

!
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!

!



* O*

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



* H*

;<*"?=@A;?</!

!

R/%'(2* -1$2&2* $/2-%* 8%((%&%* #"* %$#+%"@1* -%* +#<<%&%"@%* +#* 92-#(#51* 82"%(1&#1*

"%--M>/&2*B&%1*"%--M*1&52*(%892&1-%*5A%*$1*+1,-#*1""#*MID*1-*CDDL=*!"*5189#2"%*52'S*

$1'(2* 9&%'%"(1* +%,-#* 'A25T* %52"28#5#* %* +%--%* &2((/&%* '(&/((/&1-#* 5A%* U/%'(1* (%'#*

1"1-#@@%&)*P1'1"+2'#*'/--1*&%,2-1*+#*J1K-2&*%*'/*$1&#*82+%--#*+#*&%,&%''#2"%=**

41*&%,2-1*+#*J1K-2&*V*/"M#892&(1"(%*<2&8/-1*%52"28#51*5A%*'(/9S*9%&*'%89-#5#()*%*

P2"()W*1-(&2*"2"*V*5A%*/"M%U/1@#2"%*5A%*92"%*528%*$1&#1P#-%*+#9%"+%"(%*#-*(1''2*+#*

#"(%&%''%* "28#"1-%W* 8%"(&%* #-* (1''2* +#* #"<-1@#2"%* %* #-* 074* 528%* &%,&%''2&#=* 7-*

9&#"5#91-%* '(&/8%"(2* +#* 92-#(#51* 82"%(1&#1* 1((&1$%&'2* 5/#* -1* P1"51* &%,2-18%"(1*

-M%52"28#1* +#* /"1* "1@#2"%* V* 199/"(2* #-* (1''2* +#* #"(%&%''%* "28#"1-%=* X2"2'(1"(%*

J1K-2&* '#1* /"* %52"28#'(1* 18%&#51"2* %* U/%'(1* <2&8/-1* </* /'1(1* '29&1((/((2* 9%&*

+%'5&#$%&%*%*,%'(#&%* #-* 52892&(18%"(2*+%--1*Y%+* Z-1*P1"51* 5%"(&1-%* '(1(/"#(%"'%[W*

'(/+#* %89#&#5#* -1* 1+1((1&2"2* 1"5A%* 9%&* U/1"(2* &#,/1&+1* -M>/&291\* %+* #-* 8#2*

%-1P2&1(2*'#*92"%*#"*U/%'(2*52"(%'(2=*

B((&1$%&'2* +#<<%&%"(#* $%&'#2"#* +%--1* &%,2-1* +#* J1K-2&* 1"1-#@@%&]* 528%* -1* 92-#(#51*

82"%(1&#1* %/&29%1* V* 518P#1(1* "%,-#* 1""#* %* '29&1((/((2* '%* 5MV* /"1* +#<<%&%"@1*

'2'(1"@#1-%* +1* U/1"+2* V* '/P%"(&1(2* -M%/&2=* 7-* 5189#2"%* 5A%* A2* 1* +#'92'#@#2"%* V*

82-(2* $1'(2W* 5289&%"+%* ,-#* 1""#* +1-* E^ID* 1-* CDDL=* 42* +#$#+%&]* #"* (&%*

'2((25189#2"#W* 92"%"+2* /"M1((%"@#2"%* 91&(#52-1&%* 1--M1""2* E^^^W* 1""2* #"* 5/#* -1*

92-#(#51*82"%(1&#1*+#*EC*&%,#2"#*%/&29%%*$%""%*5%"(&1-#@@1(1*"%--1*Q1"51*3%"(&1-%*

>/&29%1*ZQ3>[*1-*<#"%*+#*&1,,#/",%&%*-2*'5292*+#*/"*8%&51(2*/"#52*52"*/"1*82"%(1*

/"#51=* >M* "%5%''1&#2* '2((2-#"%1&%* #-* <1((2* 5A%* U/%'(1* V* /"M1"1-#'#* #"* -1&,1* 91&(%*

_52"(&2<1((/1-%`* '/--1* 52"+2((1* +%--1* 92-#(#51* 82"%(1&#1W* 92#5Aa* 9&#81* +%-* E^^^*

2,"#*"1@#2"%*,%'(#$1*-1*9&29&#1*92-#(#51*82"%(1&#1*%*#*+1(#*1*+#'92'#@#2"%*&#'1-,2"2*

1*9&#81*+#*(1-%*+1(1=*.#*+%5#+%*U/#"+#*#"*U/%'(2*-1$2&2*+#*9&25%+%&%*528%*,#)*82-(#*

1-(&#*1/(2&#*A1""2*<1((2W*528%*1+*%'%89#2*0%%&'81"*%*.8%('*ZE^^^[W*J1K-2&*ZE^^^[W*

6%&-%5A* %* .5A"1P%-* ZCDDD[W* 6%&+%'8%#%&* %* :2<<#1* ZCDDO[W* 31'(%-"/2$2* ZCDDI[\* %*

/(#-#@@#182*U/#"+#*+1(#*%/&29%#*'#"(%(#5#=**

*

*
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* I*

>BC;*?D?!E!

!

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

c2A"* Q&#1"* J1K-2&* V* /"* %52"28#'(1* '(1(/"#(%"'%* 5A%* "%-* E^^G* A1* <2&8/-1(2* /"1*

&%,2-1*5A%*1#/(1*1*+%<#"#&%*#-*(1''2*2((#81-%*+#*92-#(#51*82"%(1&#1W*(%"%"+2*52"(2*+#*

+/%*2P#%((#$#W*-M#"<-1@#2"%*%*-1*5&%'5#(1*Z#"*,%"%&1-%*U/%--1*92(%"@#1-%[W*%*+%--M1((/1-%*

1"+18%"(2*+%#*9&%@@#*%*+%--M1((#$#()*%52"28#51=*

41*&%,2-1*+#*J1K-2&*9/]*%''%&%*52'S*<2&8/-1(1;*

it = req + π t+ 0.5 {yt + (πt - π
*)} + εt 

*

+2$%;*

• %,)d*V*#-*(1''2*+#*#"(%&%''%*"28#"1-%*52&&%"(%*

• .(4)d*(1''2*+#*#"(%&%''%*&%1-%*+#*%U/#-#P&#2*

• π,)d*(1''2*+#*#"<-1@#2"%*+%--M1""2*(*

• 5,)d)2/(9/(*,19W*5#2V*-1*+#<<%&%"@1*(&1*074*%<<%((#$2*%*074*92(%"@#1-%*

• π,6π7)d*+#<<%&%"@1*(&1*(1''2*+#*#"<-1@#2"%*52&&%"(%*%*2P#%((#$2*#"<-1@#2"#'(#52*+#*

-/",2*9%&#2+2*

• ε,)d*V*-M%&&2&%W*5A%*'#*1''/8%*+#'(&#P/#(2*528%*/"*eA#(%*"2#'%*ZDW*σC[*

4M%U/1@#2"%*9/]*9%&]*%''%&%*&#'5&#((1*528%*'%,/%;*

%,)8)%7)9)α):)π,)6)π7);)9)β)5,)9)ε,)

+2$%;*

• %7)V*#-*(1''2*+#*#"(%&%''%*"28#"1-%*2P#%((#$2W*2((%"/(2*+1--1*'2881*+%-*(1''2*+#*

#"<-1@#2"%*52&&%"(%*%* #-* (1''2*+#* #"(%&%''%*&%1-%*"1(/&1-%*Z5A%*J1K-2&*1''/8%*

9%&*#-*51'2*'(1(/"#(%"'%*52'(1"(%*1-*Cf[*

• α<)β)'2"2*91&18%(&#*,%"%&#5#*

%*'2'(#(/%"+2*(/((#*#*91&18%(&#*52"'#+%&1(#*52'(1"(#*Z%7*6)απ7[*52"***'#*2((#%"%;*

%,)8)*)9)απ,)9)β)5,)9)ε,)



* L*

7"* (1-%* <2&8/-1@#2"%W* #* 9%'#*α* %* β* 8#'/&1"2* #-* ,&1+2* +#* _1,,&%''#$#()`* 52"* 5/#* -1*

92-#(#51* 82"%(1&#1* +2$&%PP%* &#'92"+%&%* 1,-#* '52'(18%"(#* +%--M#"<-1@#2"%* +1-* '/2*

-#$%--2*2P#%((#$2*%*+%-*9&2+2((2*#"(%&"2*-2&+2*+1-*'/2*-#$%--2*92(%"@#1-%= 

41* &%,2-1* +%'5&#$%* #"* 5A%*82+2* -%* Q1"5A%* 3%"(&1-#W* 5/#* $#%"%* 1<<#+1(1* -1* 92-#(#51*

82"%(1&#1W* +2$&%PP%&2* <#''1&%* #-* (1''2* +#* #"(%&%''%* 1* P&%$%* (%&8#"%W* #"* </"@#2"%*

+%,-#*2P#%((#$#*+1*9%&'%,/#&%*#"*(%&8#"#*+#*5&%'5#(1*%52"28#51*%*#"<-1@#2"%=**

B991&%* %$#+%"(%* 5A%* #-* (1''2* +#* #"(%&%''%* +2$&%PP%* 1/8%"(1&%* #"* 9&%'%"@1* +#*

#"<-1@#2"%W* 1-* <#"%* +#* &%"+%&%* 9#g* 2"%&2'2* #-* 52'(2* +%-* +%"1&2* 5A%* 52"52&&%* 1+*

1/8%"(1&%* #* 9&%@@#W*8%"(&%* 1-* 52"(&1&#2* +2$&%PP%* +#8#"/#&%* "%--%* <1'#* &%5%''#$%W*

52"(&#P/%"+2*1*+1&%*#89/-'2*1--1*5&%'5#(1*+%-*0&2+2((2*7"(%&"2*42&+2*Z074[=*

*

D'!-%&)6)4'!F%9#6',)'!

41*92-#(#51*82"%(1&#1* V* -M#"'#%8%*+%,-#* '(&/8%"(#* %* +%,-#* #"(%&$%"(#* 1+2((1(#* +1--1*

Q1"51*3%"(&1-%*9%&*82+#<#51&%*%*2&#%"(1&%*-1*82"%(1W*#-*5&%+#(2*%*-1*<#"1"@1W*1-*<#"%*

+#* &1,,#/",%&%* 2P#%((#$#* 9&%<#''1(#* +#* 92-#(#51* %52"28#51W* +#* 5/#* -1* 92-#(#51*

82"%(1&#1W*#"'#%8%*1*U/%--1*<#'51-%W*<1*91&(%=*

J1-#* 2P#%((#$#W* 528%* -1* '(1P#-#()* +%#* 9&%@@#W* -M255/91@#2"%* %* -2* '$#-/992W* '2"2*

&1,,#/"(#* +1--1* 92-#(#51* 82"%(1&#1* 5%&51"+2* +#* 81"2$&1&%* $1&#1P#-#* 82"%(1&#%W*

528%*#-*(1''2*+#*#"(%&%''%*2*-1*U/1"(#()*+#*82"%(1=*

41* 82"%(1* V* /"2* '(25T* +#* P%"#* 5A%* 92''2"2* %''%&%* #89#%,1(#* 9%&* %<<%((/1&%*

(&1"'1@#2"#W* %''1* A1* U/#"+#* (&%* </"@#2"#;* &#'%&$1* +#* $1-2&%W* #"* U/1"(2* 9%&8%((%* +#*

(&1'<%&#&%* 92(%&%* +#* 15U/#'(2* +1-* 9&%'%"(%* 1-* </(/&2\* /"#()* +#* 52"(2W* 9%&5Aa* V* #-*

(%&8#"%*#"*5/#*'#*%'9&#82"2*#*9&%@@#\*8%@@2*+#*'518P#2W*/(#-#@@1(2*9%&*91,1&%*P%"#*%*

'%&$#@#=**

!"1* +%--%* %U/1@#2"#* 9#g* #892&(1"(#* +#* -/",2* 9%&#2+2* V* -M%U/1@#2"%* U/1"(#(1(#$1*

+%--1*82"%(1;*

!"#$#%#



* ^*

-1* U/1-%* 5#* '/,,%&#'5%* 5A%* /"1* $1&#1@#2"%* +%-* (1''2* +#* 5&%'5#(1* +%--1* 82"%(1* h8*

(&2$%&)* &#'52"(&2W* "%-* -/",2*9%&#2+2W* #"* /"1* $1&#1@#2"%*"%--1* '(%''1*+#&%@#2"%*+%-*

(1''2*+#*#"<-1@#2"%W*'%"@1*1$%&%*1-5/"*%<<%((2*'/--%*1((#$#()*&%1-#*+%-*01%'%=*

0%&*U/1"(2*&#,/1&+1*#-*-%,18%*(&1*(1''2*+#*#"<-1@#2"%W*(1''2*+#*#"(%&%''%*"28#"1-%*Z%[*

%*(1''2*+#* #"(%&%''%*&%1-%*Z.[W* -M%U/1@#2"%*+#*Y#'A%&*5#*82'(&1*5A%*-%*$1&#1@#2"#*+#* %)

(%"+2"2* 1+* %''%&%* '9#%,1(%* "%-* -/",2*9%&#2+2*+1* $1&#1@#2"#* +#* .)%F2*+%-* (1''2* +#*

#"<-1@#2"%=*

#*i*&*j*k*

7-*(1''2*+#*#"(%&%''%*"28#"1-%*,#251*/"*&/2-2*82-(2*#892&(1"(%*"%--%*+%5#'#2"#*+%,-#*

#"+#$#+/#* 92#5Aa* 92''2"2* '5%,-#%&%* +#* +%(%"%&%* 82"%(1* 299/&%* 1--251&%* -1*

8%+%'#81*#"*/"*+%92'#(2*P1"51&#2W*1*'%52"+1*+%--%*$1&#1@#2"#*+#*%=)*

7"<1((#* #*V* #-*52'(2l2992&(/"#()*5A%*/"*1,%"(%*'2'(#%"%*"%-*828%"(2*#"*5/#*+%(#%"%*

82"%(1* %* U/#"+#* 9&#$1"+2'#* +#* +%92'#(1&-1* #"* P1"51* 2* #"$%'(#&-1* #"* (#(2-#W*

&#"/"5#1"+2*U/#"+#*1--M#"(%&%''%*5A%*<&/((1"2*1((#$#()*8%"2*-#U/#+%*%*9#g*&#'5A#2'%=*

>M* &1,#2"%$2-%*'/992&&%*5A%* -1*&#"/"5#1*1--1* -#U/#+#()*'1&)* (1"(2*81,,#2&%*U/1"(2*

9#g*%-%$1(2*V*#-*(1''2*+#*#"(%&%''%=**

02''#182*+%+/&&%*5A%*-1*+281"+1*%+*2<<%&(1*1,,&%,1(1*+#*82"%(1*+%(%&8#"1"2*#-*

-#$%--2* ,%"%&1-%* +%#* 9&%@@#* 0W* -1* $1&#1@#2"%* "%-* (%892* +#* 0* +%(%&8#"1* #-* (1''2* +#*

#"<-1@#2"%*k*W*%*#-*(1''2*+#*#"<-1@#2"%*+%(%&8#"1*#-*(1''2*+#*#"(%&%''%=*

!"* 82+%--2* 51915%* +#* '(/+#1&%* U/%'(%* <-/((/1@#2"#* +%-* 5#5-2* %52"28#52* V* '(1(2*

(%2&#@@1(2*+1*c2A"*:=*m#5T'W*5A%*"%-*E^GI*#"$%"(]*#-*82+%--2*7.l4N=*4M#"(%&'%@#2"%*

(&1* 5/&$1* 7.* Z#"$%'(#8%"(#l&#'91&8#2[* %* 5/&$1* 4N* Z-#U/#+#()l82"%(1[* <2&"#'5%* #*

$1-2&#* +%-* (1''2* +#* #"(%&%''%* %* +%-* 074* 52891(#P#-#* 52"* -M%U/#-#P&#2* '#8/-(1"%2*+%-*

8%&51(2*+%#*P%"#*%*+#*U/%--2*+%--1*82"%(1=*

41* &1,#2"%* 9%&* 5/#* '#* ,/1&+1* 1-* 8%&51(2* 82"%(1&#2* 9%&* +%(%&8#"1&%* #-* (1''2* +#*

#"(%&%''%* V* 5A%W* "%-* P&%$%* 9%&#2+2* 1-8%"2W* #-* (1''2* +#* #"(%&%''%* '%8P&1* %''%&%* #-*

_9&%@@2`*5A%*%U/#-#P&1*#-*8%&51(2*+%--1*82"%(1*9#/((2'(2*5A%*#-*9&%@@2*5A%*%U/#-#P&1*

#-* 8%&51(2* +%-* &#'91&8#2=* ?%-* &%'(2W* #-* &#'91&8#2W* "%-* P&%$%* 9%&#2+2W* +#9%"+%*

9&#"5#91-8%"(%*+1-*-#$%--2*+%-*&%++#(2*%*"2"*+1-*(1''2*+#*#"(%&%''%=**



* ED*

0#g* 1-(2* V* #-* (1''2* +#* #"(%&%''%* 2,,#W* 9#g* P1''2* #-* 9&%@@2* +%#* (#(2-#* %* 9#g* 199%(#P#-#*

&#'/-(%&1""2*%''%&%*#*(#(2-#*<&/((#<%&#*%*9#g*%-%$1(2*'1&)*U/#"+#*#-*52'(2*2992&(/"#()*+#*

+%(%"%&%*82"%(1=* B-* 52"(&1&#2* /"* (1''2* +#* #"(%&%''%* P1''2* 2,,#* 9/]* '9#",%&%* ,-#*

'9%5/-1(2&#* 1* $%"+%&%* (#(2-#* #"* 1((%'1* 5A%* #-* -2&2* 9&%@@2* '#* &#+/51* #"* </(/&2=* 41*

$%"+#(1* +#* (#(2-#W* "1(/&1-8%"(%W* '#* (&1'<2&81* #"* +281"+1* +#*82"%(1* -#U/#+1* 2,,#=*

?%((2* #"* 1-(&#* (%&8#"#W* -1* +281"+1* +%--M1((#$#()* 9#g* -#U/#+1W* -1* 82"%(1W* '1&)* /"1*

</"@#2"%*#"$%&'1*+%-*(1''2*+#*#"(%&%''%=**

4%*'(&1(%,#%*+#*92-#(#51*82"%(1&#1*'2"2*+/%;*

• '#* +%<#"#'5%*#7-'97)G'* /"1*92-#(#51*82"%(1&#1* 5A%W* 1((&1$%&'2* -1* &#+/@#2"%*

+%#*(1''#*+#* #"(%&%''%W*$2,-#1*'(#82-1&%* -n2<<%&(1*+#*82"%(1*+%--%*P1"5A%*1--%*

#89&%'%W*%*U/#"+#*,-#*#"$%'(#8%"(#*%*-1*9&2+/@#2"%*+#*P%"#*%*'%&$#@#\*

• '#*+%<#"#'5%*,#76,)66)G'*/"1*92-#(#51*82"%(1&#1*5A%W*1((&1$%&'2*-n1/8%"(2*+%#*

(1''#* +#* #"(%&%''%W* &#+/51* -M2<<%&(1* * +#* 82"%(1* %* U/#"+#* &%"+1* 8%"2*

52"$%"#%"(%*#"$%'(#&%*%*9&2+/&&%*

4%*92-#(#5A%*82"%(1&#%*&%'(&#((#$%*A1""2*-n2P#%((#$2*+#*&#+/&&%*-n#"<-1@#2"%W*2*<1&*

51-1&%*#-*+#'1$1"@2*9/PP-#52W*<15%"+2*&1--%"(1&%*-1*5&%'5#(1*%52"28#51=*

*

;&!4'FF)9%!G#,7%!&.@/H!

J/((#* ,-#* .(1(#*8%8P&#* +%--M* !"#2"%* >/&29%1* <1""2* 91&(%* +%--1* 52'#++%((1* !"#2"%*

>52"28#51*%*N2"%(1&#1*Z!>N[*%*<2&81"2*/"*8%&51(2*528/"%W*"2(2*528%*8%&51(2*

/"#52=*01%'#* #"+#9%"+%"(#* A1""2* -1*92''#P#-#()*+#* #"(%,&1&%* -%*9&29&#%* %52"28#%* 1*

$1&#*-#$%--#*9%&*,2+%&%*+%#*$1"(1,,#*5A%*52892&(1"2*-%*155&%'5#/(%*+#8%"'#2"#*52'S*

&1,,#/"(%W* U/1-#* 1+* %'%89#2* /"1* 81,,#2&%* %<<#5#%"@1* #"(%&"1* %* /"M#"5&%8%"(1(1*

'2-#+#()*+#*<&2"(%*1,-#*%$%"(#*%'(%&"#=**

4M1+2@#2"%*+%--1*$1-/(1*/"#51W*-M%/&2W*V*/"*2PP-#,2*'1"5#(2*+1-*(&1((1(2*5A%*#'(#(/#'5%*

-1* 328/"#()* %/&29%1=* 7* 01%'#* 5A%* A1""2* ,#)* 1+2((1(2* -1* 82"%(1* /"#51* <2&81"2*

-M1&%1* +%--M%/&2* %* 2-(&%* 1* /"1* $1-/(1* /"#51W* A1""2* 1"5A%* /"1* 92-#(#51* 82"%(1&#1*

,%'(#(1*+1--1*Q1"51*3%"(&1-%* %/&29%1* #"'#%8%*1--%*Q1"5A%* 5%"(&1-#* "1@#2"1-#* +%,-#*

.(1(#*8%8P&#* 5A%*A1""2*1+2((1(2* -M%/&2=*6-#* .(1(#*8%8P&#* 5A%*"2"* <1""2*91&(%*+#*

U/%'(M1&%1*81"(%",2"2* #"$%5%* -%* 9&29&#%* $1-/(%* %* ,%'(#'52"2* 1/(2"2818%"(%* -%*



* EE*

9&29&#%* 92-#(#5A%* 82"%(1&#%=*

*

4M!>N* %&1* '(1(1* /"M18P#@#2"%* &#52&&%"(%* +%--M!"#2"%* %/&29%1* <#"* +1--1* <#"%* +%,-#*

1""#* '%''1"(1W* 9%&5Aa* 9&28%((%$1* '(1P#-#()* $1-/(1&#1* %* /"* 18P#%"(%* #+%1-%* 9%&* -1*

5&%'5#(1* %* -M255/91@#2"%=* X%--M2((2P&%* E^IDW* #-* ,&/992* o%&"%&* 9&%'%"(]* /"1*

&%-1@#2"%*5A%*9&%$%+%$1*-M1((/1@#2"%*+#*/"*9&25%''2*1*(&%*<1'#*9%&*-1*&%1-#@@1@#2"%*

+%--M!>N*%"(&2*+#%5#*1""#=*4M2P#%((#$2*<#"1-%*%&1*,#/",%&%*1*$1-/(%*#&&%$251P#-8%"(%*

52"$%&(#P#-#W* 1--1* -#P%&1* 5#&52-1@#2"%* +#* 519#(1-#* %* 1--1* <#''1@#2"%* 9%&81"%"(%* +%#*

&1992&(#*+#*91&#()*2W*'%*92''#P#-%W*1++#&#((/&1*1*/"1*$1-/(1*/"#51=*.<2&(/"1(18%"(%W*-1*

'(&1(%,#1*+#*o%&"%&*1$%$1*+1(2*9%&*'52"(1(2*5A%*#*(1''#*+#*518P#2*&%'(1''%&2*<#''#*%*

1,,1"5#1(#* 1--1* 82"%(1* '(1(/"#(%"'%=* R/1"+2W* "%--M1,2'(2* E^IEW* ,-#* .(1(#* !"#(#*

+%5#'%&2*+#* <1&* <-/((/1&%* -#P%&18%"(%* #-* +2--1&2W* -1* "/2$1* 2"+1(1* +#* #"'(1P#-#()* '/#*

8%&51(#* %'%&5#(]* /"1* 9&%''#2"%* 1-* &#1-@2* '/-* 81&52* (%+%'52W* #"<&1",%"+2* 2,"#*

'9%&1"@1* +#* -%,1&%* 9#g* '(&%((18%"(%* (&1* -2&2* -%* $1-/(%* %/&29%%=*

X%-*E^IIW*-M1--2&1*9&%'#+%"(%*+%--1*3288#''#2"%*%/&29%1W*:2K*c%"T#"'W*1$1"@]*/"1*

"/2$1*9&292'(1*9%&*-M#'(#(/@#2"%*+%--M!>N=*>''1*</*1+2((1(1*%*$1&1(1*528%*.#'(%81*

82"%(1&#2*%/&29%2*Z.N>[*"%-*81&@2*E^I^W*52"*-1*91&(%5#91@#2"%*+#*(/((%*-%*$1-/(%*

+%,-#*.(1(#*8%8P&#W*1+*%55%@#2"%*+%--1*-#&1*'(%&-#"1*P&#(1""#51=*

7-*.#'(%81*82"%(1&#2*%/&29%2*Z.N>[*'#*P1'1$1*'/-*52"5%((2*+#*(1''#*+#*518P#2*<#''#W*

81*1,,#/'(1P#-#W*+%(%&8#"1(#*#"*</"@#2"%*+%--M>3!W*-1*"/2$1*/"#()*+#*52"(2*%/&29%1W*

/"1* $1-/(1l91"#%&%* 5A%* &199&%'%"(1$1* -1* 8%+#1* 92"+%&1(1* +%--%* 82"%(%*

91&(%5#91"(#=* 4%* <-/((/1@#2"#* $1-/(1&#%W* 52"(&2--1(%* +1-* 8%551"#'82* +#* 518P#2*

%/&29%2*ZN3>[W*%&1"2*52"'%"(#(%*%"(&2*/"*81&,#"%*+%-*p*CWCH*f*&#'9%((2*1#* (1''#*

5%"(&1-#W*52"*-M%55%@#2"%*+%--1*-#&1W*5/#*</*1552&+1(2*/"*81&,#"%*+%-*p*b*f=**

7-*32"'#,-#2*%/&29%2*+#*N1+&#+*+%5#'%*+#*(&1+/&&%*#"*9&1(#51*-1*9&#81*<1'%*+%--M!>N*

+1-* -/,-#2* +%-* E^^D=* 41* 9&#81* (1991* +%--M!>N* 9&%$%+%$1* #-* 5289-%(18%"(2* +%-*

8%&51(2* #"(%&"2W* -M1$$#2* +%-* 522&+#"18%"(2* +%--%* 92-#(#5A%* %52"28#5A%* %*

-M1PP1((#8%"(2* +%,-#* 2'(152-#* 1--M#"(%,&1@#2"%* <#"1"@#1&#1=* 7-* (&1((1(2* '/--M!"#2"%*

%/&29%1* </* 199&2$1(2* +1#* 519#* +#* .(1(2* 2* +#* ,2$%&"2* 1-* 32"'#,-#2* %/&29%2* +#*

N11'(&#5A(*"%-*+#5%8P&%*+%-*E^^EW*U/1"+2*'#*+%5#'%*5A%*-M>/&291*'#*'1&%PP%*+2(1(1*

+#*/"1*$1-/(1*/"#51W*'2-#+1*%*'(1P#-%*%"(&2*-1*<#"%*+%-*'%52-2=**

0%&5Aa* -M!"#2"%* %52"28#51* %*82"%(1&#1* <2''%* 9&%82"#(&#5%* +#* 5&%'5#(1* %* 92'(#* +#*

-1$2&2*%*9%&*%$#(1&%*+#$#'#2"#W* %&1*"%5%''1&#2* 5A%* -%* %52"28#%*+%,-#* .(1(#*8%8P&#*



* EC*

&1,,#/",%''%&2* /"* ,&1+2* %-%$1(2* +#* 52"$%&,%"@1* 9&#81* +%--M#"(&2+/@#2"%* +%--1*

82"%(1*/"#51=*0%&*U/%'(1*&1,#2"%W*#-*(&1((1(2*'/--M!"#2"%*%/&29%1*'(1P#-S*#*q5&#(%&#*+#*

52"$%&,%"@1*+#*N11'(&#5A(rW*5A%*,-#*.(1(#*8%8P&#*1$&%PP%&2*+2$/(2*'2++#'<1&%*9%&*

92(%&*1+2((1&%*-M%/&2W*#*U/1-#*'2"2*5#"U/%;*

E= #-*+%P#(2*9/PP-#52*"2"*+%$%*'/9%&1&%*#-*bDf*+%-*074*

C= #-*+#'1$1"@2*"%#*52"(#*+%--2*.(1(2*"2"*9/]*'/9%&1&%*#-*Gf*+%-*074*

G= -M#"<-1@#2"%*+%$%*%''%&%*52"(%"/(1*%"(&2*#-*-#8#(%*+%--M*EWHf**

O= -1*82"%(1*"1@#2"1-%*+%$%*'(1&%*+%"(&2* -%* <-/((/1@#2"#*9&%$#'(%*+1--M1552&+2*

+#*518P#2*52"*-%*1-(&%*82"%(%*%/&29%%*

H= 2552&&%*&#'9%((1&%*#*81&,#"#*"2&81-#*+#*<-/((/1@#2"%*9&%$#'(#*+1-*8%551"#'82*

+#* 518P#2*+%-* .N>*9%&* 1-8%"2*+/%* 1""#W* '%"@1* '$1-/(1@#2"%*"%#* 52"<&2"(#*

+%--1*82"%(1*+#*U/1-'#1'#*.(1(2*8%8P&2*

:1,,#/"(2* -M1552&+2* '/--M2P#%((#$2* Z-M!>N[* %* '/--%* 52"+#@#2"#* 9%&* &1,,#/",%&-2* Z#*

5&#(%&#*+#*N11'(&#5A([W* -M!"#2"%*%/&29%1*%&1*9&2"(1*1*9&25%+%&%=*41*'%52"+1*(1991*

+%--M!>N*#"#@#]*"%-*-/,-#2*+%-*E^^O*%*'#*9&2-/",]*<#"2*1--M#"(&2+/@#2"%*+%--1*82"%(1*

/"#51* "%-* E^^^=* X%-* 81,,#2* +%-* E^^LW* ,-#* EE* .(1(#* 8%8P&#* 5A%* '2++#'<15%$1"2* #*

5&#(%&#*+#*52"$%&,%"@1*52'(#(/#&2"2*#-*9&#82*,&/992*+#*91&(%5#91"(#*5A%*1+2((1&2"2*

-M%/&2* 528%* 82"%(1* /"#51=* X%-* E^^L* </&2"2* #'(#(/#(#* -1* Q1"51* 3%"(&1-%* %/&29%1*

ZQ3>[*%*#-*.#'(%81*%/&29%2*+%--%*P1"5A%*5%"(&1-#*Z.>Q3[=*

7-* 9&#82* ,%""1#2* E^^^* %PP%* #"#@#2* -1* (%&@1* <1'%* +%--M!>N;* </* #"(&2+2((2* -M%/&2W*

8%"(&%*-M>/&2'#'(%81W*52892'(2*+1--1*Q3>*%*+1--%*P1"5A%*5%"(&1-#*"1@#2"1-#*ZQ3X[*

+%,-#*.(1(#*8%8P&#*91&(%5#91"(#W*1''/"'%*-1*&%'92"'1P#-#()*+%--1*92-#(#51*82"%(1&#1*

+%--1* "%2"1(1* 1&%1* +%--M%/&2=* 7"#@#1$1* 52'S* /"* 9%&#2+2* +#* (&1"'#@#2"%* 5A%* +2$%$1*

+/&1&%*(&%*1""#*%*52"5-/+%&'#*52"*-M#"(&2+/@#2"%*+%--%*P1"52"2(%*%*+%--%*82"%(%*#"*

%/&2*%*52"*#-*&#(#&2*+%--%*P1"52"2(%*%*+%--%*82"%(%*"1@#2"1-#=*7-*Es*,%""1#2*CDDC*</*

%<<%((/1(1*-1*9#g*,&1"+%*29%&1@#2"%*+#*518P#2*+#*82"%(1*+%--1*'(2&#1=*



* EG*

*

;!G'96'$$)!(#&&'!76':)&)6I!#4%9%F)4'*

41* (/&P2-%"@1*$1-/(1&#1*%* -M%-%$1(1* #"<-1@#2"%*5A%*A1""2*51&1((%&#@@1(2*,&1"*91&(%*

+%,-#*1""#*'%((1"(1*%*2((1"(1*A1""2*1&&%51(2*+#'1,#2*%*#"'#5/&%@@1*1*82-(#=*J/((1$#1W*

"%-* 52&'2* +%--1* 52'(&/@#2"%* +%--M!"#2"%* %52"28#51* %* 82"%(1&#1W* -M#"<-1@#2"%* A1*

'/P#(2*/"*51-2*#892"%"(%W*%*#"*'%,/#(2*V*'(1(1*81"(%"/(1*'/*-#$%--#*9#/((2'(2*P1''#=*

41*8#''#2"%*9&#"5#91-%*+%--1*Q3>*V*81"(%"%&%*-M1/8%"(2*+%#*9&%@@#*'/*P1'%*1""/1-%*

#"(2&"2*1--1*'2,-#1*+%-*C*f*"%-*8%+#2*9%&#2+2=* 

*

 

 

 

 

*

*

*

!

!

*

*



* EO*

7*$1"(1,,#*&%51(#*+1*/"*(1''2*+#*#"<-1@#2"%*&#+2((2*%*+1*9&%@@#*'(1P#-#*'2"2*"/8%&2'#*

%*<2&#%&#*+#*P%"%<#5#*(1"(2*9%&*-%*#89&%'%*U/1"(2*9%&*#*52"'/81(2&#=*7"<1((#;*

*

• 7*9&%'(#(#*1-*52"'/82*'2"2*8%"2*52'(2'#*%* -1* -2&2*&%'(#(/@#2"%*9#g*'#5/&1=*7-*

9&#$1(2*5#((1+#"2*5A%*$2,-#1*5A#%+%&%*/"*9&%'(#(2W*1+*%'%89#2*9%&*5289&1&%*

/"1*51'1*2*/"M1/(2W*1"+&)* #"52"(&2*1*8%"2*+#<<#52-()*%*8%"2*&#'5A#W*%*1$&)*

81,,#2&#*5%&(%@@%*'/--1*</(/&1*%"(#()*+%--%*&1(%*9%&*-1*&%'(#(/@#2"%=**

*

• 4%* #89&%'%*A1""2*9#g* #"5%"(#$#*1* #"$%'(#&%=*R/1"+2* -M#"<-1@#2"%*V*%-%$1(1*%*

$2-1(#-%W* #* 9&%'(1(2&#* 1,,#/",2"2* /"* 81&,#"%* +#* '#5/&%@@1* 1-* (1''2* +#*

#"(%&%''%W* #-* 52'#++%((2* q9&%8#2* 9%&* #-* &#'5A#2r=* .%* -M#"<-1@#2"%* V* &#+2((1* %*

'(1P#-%W* #*81&,#"#*+#*'#5/&%@@1*"2"*'2"2*9#g*"%5%''1&#*%W*9%&(1"(2W*$%",2"2*

-#P%&1(#* <#"1"@#18%"(#* 5A%* 9%&8%((2"2* 1--%* #89&%'%* +#* #"$%'(#&%* +#* 9#gW* 1*

P%"%<#5#2*+%--1*5&%'5#(1*%*+%--M255/91@#2"%=**

*

• t* 92'#(#$2* 9%&* -1* '25#%()W* -1* 52%'#2"%* '25#1-%* %* #* 8%"2* 1PP#%"(#=* 4%*

<-/((/1@#2"#*+%--M#"<-1@#2"%*#"1'9&#'52"2*#-*+#$1&#2*(&1*-1*52892"%"(%*&#551*%*

U/%--1*92$%&1*+%--1*'25#%()=*32"*/"M#"<-1@#2"%*'(1P#-%W* #*8%"2*1PP#%"(#*'2"2*

9#g*(/(%-1(#*+1--M%&2'#2"%*+%--1*-2&2*&#55A%@@1*%*+%-*-2&2*92(%&%*+M15U/#'(2=**

*

*



* EH*

>BC;*?D?!J!

*

=%40F#96%!()!-',6#9K'!

R/%'(1* (%'#* 9&%"+%* '9/"(2* +1* /"* +25/8%"(2* &%+1((2* +1* .(%<1"* 6%&-15A* %* 6%&(*

.5A"1P%-*#"(#(2-1(2*_JA%*J1K-2&*&/-%*1"+*#"(%&%'(*&1(%'*#"*(A%*>N!*1&%1`=*

42&2W* 1((&1$%&'2* /"2* '(/+#2* '(1(#'(#52W* A1""2*+#82'(&1(2* 5A%* #-* (1''2* +#* #"(%&%''%*

8%+#2* "%,-#* .(1(#* 5A%* <1""2* 91&(%* +%--M/"#2"%* 82"%(1&#1* %/&29%1* +#9%"+%*

+1--M2/(9/(*,19*8%+#2*%*+1--M#"<-1@#2"%W*528%*'/,,%&#'5%*-1*&%,2-1*+#*J1K-2&=*

7-* -2&2* 5189#2"%* +#* #"(%&%''%* &#,/1&+1* ,-#* 1""#* +1-* E^^D* 1-* E^^L=* 41*8#1* 1"1-#'#W*

#"$%5%W*'#*P1'%&)*'/*/"*5189#2"%*82-(2*9#g*$1'(2W*A2*1*+#'92'#@#2"%*+1(#*+1-*E^ID*1-*

CDDL=*

01&(%"+2*+1-*9&%'/992'(2*5A%*+1-*E^ID*1-*E^^L*#"*>/&291*2,"#*.(1(2*1$%$1*-1*'/1*

92-#(#51* 82"%(1&#1W* %* 5A%* +1-* E^^^* U/%'(M/-(#81* V* '(1(1* 5%"(&1-#@@1(1* 1* 51/'1*

+%--M#"(&2+/@#2"%* +%--M%/&2W* #2* $2,-#2* $%&#<#51&%* '%* 5#* '2"2* +#<<%&%"@%* +#* 92-#(#51*

82"%(1&#1* %* U/1-#* '2"2* ,-#* 'A25T* %52"28#5#* 5A%* A1""2* 51&1((%&#@@1(2* U/%'(2*

9%&#2+2=**

41*8#1*1"1-#'#*8%((%&)*1*52"<&2"(2*#-*(1''2*+#*#"(%&%''%*"28#"1-%*+#*$1&#*5189#2"#;*

• E^ID;ElCDDL;C\*5189#2"%*5289-%(2*

• E^ID;ElE^^E;O\*9&#82*'2((25189#2"%*

• E^^C;ElE^^L;O\*'%52"+2*'2((25189#2"%*

• E^^^;ElCDDL;C\*(%&@2*'2((25189#2"%*

*

*

B9'&)7)!(#)!('6)!

7* +1(#* 5A%* A2* 1* +#'92'#@#2"%* '2"2* U/%--#* +%--M>/&2* 1&%1* +%--%* '%&#%* '(2&#5A%*

(&#8%'(&1-#* +1-* E^ID;E* 1-* CDDL;C* +%-* (1''2* +#* #"(%&%''%* +#* P&%$%* 9%&#2+2W*

+%--M#"<-1@#2"%*%*+%-*(1''2*+#*5&%'5#(1*+%-*074=*

?#*'%,/#(2*1"1-#@@%&]*P&%$%8%"(%*-%*$1&#1P#-#*/(#-#@@1(%W*#--/'(&1"+2"%*#-*,&1<#52*9%&*

2''%&$1&%*#-*-2&2*1"+18%"(2*"%-*(%892=*



* Eb*

− )6:,#G#!;*#"+#51*#-*(1''2*+#*#"(%&%''%*+#*P&%$%*9%&#2+2*

*

*

!

*

*

*

*

*

*

*

*

*

7"*U/%'(2* ,&1<#52* '#* "2(1*/"* 1"+18%"(2* '52'(1"(%*+%-* (1''2*+#* #"(%&%''%*+#* P&%$%*

9%&#2+2=*R/%'(M/-(#82*V*82-(2*1-(2*"%--1*9&#81*8%()*+%-*,&1<#52W*2$$%&2*+1-*E^ID*

<#"2*1--1* <#"%*+%,-#* 1""#* M^D=*0&%'%"(1*82-(%*2'5#--1@#2"#W* 5&%'5%* <#"2*1+*1&&#$1&%*1*

9#g* +%-* Of*"%-* (%&@2* (&#8%'(&%* +%-* E^LE* 9%&* 92#* '5%"+%&%* <#"2* 1+* 1&&#$1&%* '2((2*

-MEf*"%-*E^^^=*

X%-* +%((1,-#2W* "%-* E^IG* 5#* </* /"1* ,&1$%* 5&#'#* 9%(&2-#<%&1* 5A%* 8#'%* 1* +/&1* 9&2$1*

-M%52"28#1* #(1-#1"1* %* +#* (/((#* #* 91%'#* 255#+%"(1-#=* 7-* 52'(2* %-%$1(2* +%-* 9%(&2-#2* A1*

1$/(2*/"*#891((2*'/--M#"<-1@#2"%*%*'/#*(1''#*+#*#"(%&%''%*%*5#]*A1*9&2$251(2*/"1*<2&(%*

&%5%''#2"%=**

R/%'(1* '#(/1@#2"%* '#* 9&2(&1''%* <#"2* 1,-#* #"#@#* +%,-#* 1""#* LDW* U/1"+2* (/((#* #* (1''#*

+M#"(%&%''%*%&1"2*1--%*'(%--%*%*-1*5/&$1*+%#*&%"+#8%"(#*%&1*<2&(%8%"(%*#"$%&(#(1=*3#]*

'#,"#<#51*5A%*-%*2PP-#,1@#2"#*52"*/"1*'51+%"@1*1*P&%$%*1$%$1"2*/"*&%"+#8%"(2*9#g*

%-%$1(2* +%--%* 2PP-#,1@#2"#* 1* -/",2* 9%&#2+2=* R/%'(1* '#(/1@#2"%* #"+#51* 5A%* '#* '(1*

1((&1$%&'1"+2* /"* 518P#18%"(2* %52"28#52* '#,"#<#51(#$2W* 528%* /"1* &%5%''#2"%=*

7"<1((#* #"* U/%'(#* 1""#* -M%52"28#1* %/&29%1* A1* +2$/(2* 1<<&2"(1&%* #* 9&2P-%8#*

52"'%,/%"(#*1--1*92-#(#51*82"%(1&#1*&%'(&#((#$1*+%,-#*.(1(#*!"#(#W*5A%*A1*9&2$251(2*/"*
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* EI*

&#1-@2*+%#*(1''#*+#*#"(%&%''%*#"*>/&291*%*#"<-/#(2*"%,1(#$18%"(%*'/-*(1''2*+#*5&%'5#(1*

+%,-#*#"$%'(#8%"(#*8%"(&%*'9%&#8%"(1$1*1--n#"(%&"2*52"(&1@#2"#*<#'51-#=*

N1*1*91&(#&%*+1-*E^LO*'#*$%&#<#5]*/"1*P228*%52"28#52=*41*&#9&%'1*"1'5%$1*+1*/"1*

P/2"1* '#(/1@#2"%* +%--M%52"28#1* 82"+#1-%W* <1$2&#(1* '29&1((/((2* +1-* &#P1''2* +%#*

9&%@@#* +%-* 9%(&2-#2W* %* +1* /"1* "/2$1* +#'92"#P#-#()* #"(%&"1* +%,-#* #89&%"+#(2&#* 1+*

#"$%'(#&%* %* 1--1* 5&#'#* +%-* '#"+151(2=* 4%* ,&1"+#* #89&%'%* %<<%((/1&2"2* 9&2<2"+%*

&#'(&/((/&1@#2"#* %* -1"5#1&2"2* "/2$#* 9&2+2((#W* 5A%* &#92&(1&2"2* -M%52"28#1* 1+* /"1*

52"+#@#2"%*5289%(#(#$1*'/#*8%&51(#* #"(%&"1@#2"1-#=*>M* #"*U/%'(#*1""#*5A%*#-* (1''2*+#*

#"(%&%''%*1*P&%$%* (%&8#"%*+#8#"/#'5%* <#"2*1+*1&&#$1&%* '2((2* -1* '2,-#1*+%-*CfW*1--1*

<#"%*+%,-#*1""#*LD=*

B,-#*#"#@#*+%,-#*1""#*^D*#-*(1''2*+#*#"(%&%''%*1/8%"(1*<#"2*1+*1&&#$1&%*1-*Gf*9%&*92#*

+#8#"/#&%* '%89&%* 9#g* 52'(1"(%8%"(%* <#"2* 1-* E^^^W* 1""2* #"* 5/#* V* %"(&1(2* #"*

5#&52-1@#2"%* -M%/&2* %+* V* #"#@#1(1* -1* 52"+/@#2"%* +%--1* 92-#(#51* 82"%(1&#1* 528/"%=*

X%,-#* 1""#* '%,/%"(#W* V* 1/8%"(1(2* %* +#8#"/#(2* &#9%(/(18%"(%* <#"2* 1-* CDDLW* 1""2*

+%--1* 5&#'#* %52"28#51* 82"+#1-%W* 5A#181(1* 6&1"+%* :%5%''#2"%=* R/%'(M/-(#81* A1*

2&#,#"%*"%,-#*.(1(#*!"#(#*5A%*</&2"2*52-9#(#*+1*/"1*,&1$%*5&#'#*5&%+#(#@#1*%*#92(%51&#1*

5A%*'#*V*'$#-/991(1*1*'%,/#(2*+%--1* <2&(%*P2--1*'9%5/-1(#$1* #882P#-#1&%*Z-1*$#5%"+1*

+%#*8/(/#* '/P9&#8%[* %* +%-* $1-2&%* +%-* +2--1&2*82-(2* P1''2* &#'9%((2* 1--M%/&2* %* 1--%*

1-(&%*$1-/(%=*?292*+#$%&'#*8%'#*+#*+%P2-%@@1*%*9%&+#(1*+#* #89#%,A#W* #-* <%"28%"2*V*

52--1''1(2* (&1* #-* CDDI* %* #-* CDDL* 51/'1"+2* #-* <1--#8%"(2* +#* P1"5A%* %+* %"(#()*

<#"1"@#1&#%*%*+%(%&8#"1"+2*/"1*<2&(%*&#+/@#2"%*+%#*$1-2&#*P2&'#'(#5#*%*+%--1*51915#()*

+#* 52"'/82* %* &#'91&8#2* +%--1* 9292-1@#2"%=* R/%'(2* <%"28%"2* '#* V* %'91"'2*

$%-25%8%"(%* #"* +#$%&'#* 91%'#* %/&29%#W* +2$%* P1"5A%* %W* '29&1((/((2W* #'(#(/@#2"#*

<#"1"@#1&#%* 5A%* A1""2* #"$%'(#(2* '/#* 8/(/#* '/P9&#8%W* A1""2* 81,,#2&8%"(%*

&#'%"(2"2*+%--1*5&#'#=*

− π 6)d* (1''2*+#* #"<-1@#2"%W* 51-52-1(2* #"* (%&8#"#* 9%&5%"(/1-#* 528%* #-* -2,1&#(82*

+%-*+%<-1(2&%*+%-*074*+%--M1""2*(*8%"2*#-*-2,1&#(82*+%-*+%<-1(2&%*+%--M1""2*(l

E=* .#* /'1* #-* +%<-1(2&%*+%-*074*9%&5Aa* 52"'%"(%*+#* u+%9/&1&%u* -1* 5&%'5#(1*+%-*

074* +1--n1/8%"(2* +%#* 9&%@@#=* 02#5Aa* #-* 074* V* +1(2* +1-* 9&2+2((2* 9&%@@2* 9%&*

U/1"(#()W* 2552&&%* '19%&%* '%* -1* 5&%'5#(1* +1* /"* 1""2* 1--n1-(&2* V* +1(2* +1--1*

U/1"(#()*9&2+2((1*2*+1--n1/8%"(2*+%#*9&%@@#=*



* EL*

*

*

*

*

*

*

*

*

*

*

*

*

*

X%-* 9%&#2+2* 52"'#+%&1(2* #-* (1''2* +#* #"<-1@#2"%* A1* '/P#(2* 52"(#"/#* #""1-@18%"(#* %*

&#+/@#2"#=*X%,-#*1""#*ID*%&1*82-(2*1-(2W*%+*V*1&&#$1(2*1* (2551&%* #-*Of*"%-*'%52"+2*

(&#8%'(&%*+%-*E^IbW*U/%'(2*1*51/'1*+%--M1/8%"(2*+%-*9&%@@2*+%-*9%(&2-#2*5A%*52-9S*

9%'1"(%8%"(%*(/((#*#*01%'#*#"+/'(&#1-#@@1(#=**

7-*'%52"+2*'A25T*9%(&2-#<%&2*+%-*E^I^lLD*1-#8%"(]*"/2$18%"(%*-1*52&'1*+%#*9&%@@#=*

N1* (&%* <1((2&#* 52"(&#P/#&2"2* 1* 9&28/2$%&%* /"* 9&25%''2* +#* +#8#"/@#2"%*

+%--n#"<-1@#2"%*%*+#*&#'(&/((/&1@#2"%*+%-*'#'(%81*9&2+/((#$2;**

E= -n%"(&1(1* #"* </"@#2"%W* "%-* E^I^W* +%--2* .N>W* 1-* U/1-%* '#* 1552891,"]* /"1*

92-#(#51*9252*155282+1"(%W*5A%*92&(]*1-*&1<<2&@18%"(2*+%-*518P#2*&%1-%\**

C= -M15U/#'#@#2"%*+1*91&(%*+%--1*Q1"51*5%"(&1-%W*1*91&(#&%*+1-*E^LEW*+%--1*9#%"1*

1/(2"28#1* "%--%* +%5#'#2"#* +#* 15U/#'(2* +%#* Q/2"#* 2&+#"1&#* +%-* J%'2&2* "2"*

29(1(#*+1,-#*29%&1(2&#*"%-*52&'2*+%--%*1'(%*9%&#2+#5A%\*

G= -1*82+%&1@#2"%*'1-1&#1-%*52"'%,/%"(%*1-*<2&(%*1/8%"(2*+%--1*+#'255/91@#2"%*

%*1-*+%92(%"@#18%"(2*+%--1*'51-1*82P#-%=**

X%-* +%5%""#2* E^LHlE^^H* -M#"<-1@#2"%* V* 2'5#--1(1* (&1* -ME=H* %* -ME* 9%&* 5%"(2* 9%&* 92#*

&#81"%&%* '2((2* -1* '2,-#1* +%--MEf* "%,-#* 1""#* '%,/%"(#=* R/%'(2* (1''2* +#* #"<-1@#2"%*
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* E^*

9&%''25Aa*52'(1"(%*V*/"2*+%,-#*2P#%((#$#*5A%*-1*Q3>*'#*92"%W*2$$%&2*-1*'(1P#-#()*+%#*

9&%@@#*"%--M%/&2*1&%1=*

− +1!#"+#51*#-*(1''2*+#*5&%'5#(1*+%-*074*(&#8%'(&1-%W*51-52-1(2*528%*-1*+#<<%&%"@1*

(&1*#-*-2,1&#(82*+%-*074*+%--M1""2*(*8%"2*#-*-2,1&#(82*+%-*074*+%--M1""2*(lE=*>M*

%'9&%''2*#"*$1-2&#*9%&5%"(/1-#=*

.%* #-* 074* '#* &#+/5%* +#* 8%"2* +%--MEf* &#'9%((2* 1--M1""2* 9&%5%+%"(%* 1--2&1*

91&-#182* +#* '(1,"1@#2"%W* /"1* <1'%* +%--M%52"28#1* 51&1((%&#@@1(1* +1* /"1*

5&%'5#(1* 8#"#81* 2* "/--1* +%-* 074W* +%--1* +281"+1* %* +%--M255/91@#2"%=*

.%* #-* 074* '#* &#+/5%* +#* 9#g* +%--MEf* &#'9%((2* 1--M1""2*9&%5%+%"(%* 91&-#182*+#*

&%5%''#2"%=*

*

*

*

*

*

*

*

*

*

*

*

*

*

R/%'(2*,&1<#52*%$#+%"@#1*9%&#2+#*+#*<2&(%*&%5%''#2"%=**02''#182*"2(1&%*5A%*"%-*E^IO*

5MV* /"* 9#552* "%,1(#$2W* #-* 074* 1&&#$1* 1* (2551&%* #-* lE=HfW* 5#]* V* +2$/(2* 1--1* 5&#'#*

9%(&2-#<%&1* 5A%* 52-9S* #-*82"+2* #"(%&2* #"* U/%,-#* 1""#=* ?1-* E^LD* <#"2* 1--1* <#"%* +%,-#*

1""#* ^D* '#* '2"2* '/''%,/#(#* 9%&#2+#* +#* &%5%''#2"%* %* +#* 5&%'5#(1* +%-* 074W* +2$/(#* 1--1*

81"51"@1*+#*81(%&#%*9&#8%*Z<%&&2W*155#1#2[*%*1--1*+#'255/91@#2"%=*N2-(2*%$#+%"(%*V*

-1* 5&#'#*82"+#1-%*+%-* CDDLW* +2$%* #-* 074* '#* V* &#+2((2*+&1'(#518%"(%* %+* V* 1&&#$1(2* 1*

(2551&%*#-*lCWbf=*41*6&1"+%*:%5%''#2"%*A1*1$/(2*/"M#"<-/%"@1*"%,1(#$1*#"*>/&291*%*
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* CD*

#"*(/((2*#-*82"+2W*81*+1-*CDD^*92''#182*"2(1&%*5A%*#-*074*V*<2&(%8%"(%*#"*5&%'5#(1W*

1&&#$1"+2*1*(2551&%*$1-2&#*92'#(#$#=*

*

*

26)F'!(#)!F%(#&&)!

0%&*#*$1&#*5189#2"#*+1*1"1-#@@1&%*#-*82+%--2*P1'%*5A%*/'%&]*'1&);*

%,)8)*)9)απ,)9)β)5,)9ρ)%,6>)9)ε,) ) :>;)

7"* U/%'(1* <2&8/-1* V* '(1(2* 1,,#/"(2* /"* &#(1&+2* 1--1* $1&#1P#-%* +#9%"+%"(%* #"*82+2*

(1-%* 5A%* #* &%'#+/#* &#'/-(#"2* #"52&&%-1(#* (&1* +#* -2&2=* 7"<1((#* '#* 1''/82"2* 5A%* '#1"2*

+#'(&#P/#(#*528%*/"*?@%,()'&%/()Z?#*Y2"@2W*4#'#*CDDH[W*5#]*'#,"#<#51*5A%*,-#*ε,)+%$2"2*

1$%&%*$1-2&%*1((%'2*/,/1-%*1*D*%*$1&#1"@1*52'(1"(%*%*92'#(#$1=**

X%-*82+%--2*'5&#((2*'29&1*'%*"%*$%+%*'2-2*/"2W*81*V*92''#P#-%*#"(&2+/&&%*9#g*&#(1&+#*

+%#* &%,&%''2&#* 1-* <#"%* +#* 2((%"%&%* /"* 52&&%-2,&1881* 5A%* #"+#5A#* 1''%"@1* +#*

1/(252&&%-1@#2"%=*

4%*'(#8%*'2"2*'(1(%*2((%"/(%*8%+#1"(%* #-*'2<(e1&%*6&%(-*52"*#-*8%(2+2*+%#*N#"#8#*

R/1+&1(#*v&+#"1&#*Zv4.[=*

?/&1"(%*U/%'(1*1"1-#'#W* #*$1&#*82+%--#* '1&1""2*52"<&2"(1(#* (&1*+#* -2&2*%*U/%--2*9#g*

'#,"#<#51(#$2* $%&&)* '5%-(2* %* 5288%"(1(2=* 0%&* U/1"(2* &#,/1&+1* -1* '%-%@#2"%* +%-*

82+%--2* 5#* '2"2* $1&#* 5&#(%&#* 1* 5/#* <1&%* &#<%&#8%"(2W* #* U/1-#* '2"2* +%'5&#((#* U/#* +#*

'%,/#(2;*

− ,(/,)2A)52"<&2"(1*-M#92(%'#*"/--1*mD*;*βwdD*52"(&2*-M#92(%'#*1-(%&"1(#$1*mE*;*βw*≠*D*

9%&* wdEWCx="*"/8%&2*+#*52%<<#5#%"(#*+%-*82+%--2=*.%* #-*9l$1-/%*+#* (1-%* (%'(*V*

82-(2*9#552-2*1--2&1*#-*52%<<#5#%"(%*'(#81(2*&#'/-(1*'#,"#<#51(#$18%"(%*+#$%&'2*

+1*D*%*-M#92(%'#*"/--1*$#%"%*&#<#/(1(1=*

− ,(/,)BA* (%'(*+#*"/--#()*+#*(/((#* #*91&18%(&#W*%55%((2*-M#"(%&5%((1W*2$$%&2*#92(%'#*

mD;*βCdxdβ9dD*9%&*wdEx=9=*R/%'(2*(%'(*$#%"%*/(#-#@@1(2*9%&*-1*'#,"#<#51(#$#()*

+%-*82+%--2*"%-*'/2*5289-%''2=*y1-2&#*,&1"+#*+#*Y*'2"2*'#,"#<#51(#$#*52"(&2*

mD=*

− CD)()CD)*&..(,,&A)#-*9&#82)V*#-*52%<<#5#%"(%*+#*+%(%&8#"1@#2"%*8/-(#9-2W*2$$%&2*

#-*&1992&(2*(&1*$1&#1"@1*'9#%,1(1*+1-*82+%--2*%*$1&#1"@1*(2(1-%=*:C∈*zDWE{W*'%*



* CE*

V* 9&2''#82* 1* E* $/2-* +#&%* 5A%* #-* 82+%--2* V* P/2"2* 9%&5Aa* <2&"#'5%* $1-2&#*

9&%+%((#* 9&2''#8#* 1#* $1-2&#* 2''%&$1(#\* '%* '#* 1$$#5#"1* 1--2* D* '#,"#<#51* 5A%* #-*

82+%--2*"2"*&#%'5%*'9#%,1&%* -1*$1&#1P#-#()*+%--1*+#9%"+%"(%=* 7-* '%52"+2*V* #-*

52%<<#5#%"(%*+#*+%(%&8#"1@#2"%*8/-(#9-2*52&&%((2W* 5A%*'%&$%*9%&*$1-/(1&%* -1*

51915#()* +#* 1+1((18%"(2* 1#* +1(#* (&1* 82+%--#* 52"* /"* "/8%&2* +#<<%&%"(%* +#*

$1&#1P#-#*%'9-#51(#$%*9%&5Aa*(#%"%*52"(2*+%-*"/8%&2*+#*$1&#1P#-#*#"+#9%"+%"(#*

#"'%&#(%*"%-*82+%--2=*

− !.%,(.%&) 1%) EF"%F(A) V* /"* (%'(* '(1(#'(#52* 5A%* 2<<&%* /"1* 8#'/&1* &%-1(#$1* +#*

#"<2&81@#2"#*9%&'%*U/1"+2*/"*+1(2*82+%--2*V*/'1(2*9%&*+%'5&#$%&%*-1*&%1-()=*

R/%'(2* (%'(* (%"+%* 1* '%-%@#2"1&%* /"* 82+%--2* -%,,%&8%"(%*

'2$&191&18%(&#@@1(2W* -1* &%,2-1*V*U/%--1*+#*9&%<%&#&%* #*82+%--#* 52"* -MB73*9#g*

P1''2*

− !.%,(.%&) 1%) 0*@?".3A) +%((2* 1"5A%* 5&#(%&#2* +#* #"<2&81@#2"%* Q1K%'#1"2W* V* /"*

5&#(%&#2*9%&*-1*'%-%@#2"%*+#*/"*82+%--2*(&1*/"1*5-1''%*+#*82+%--#*91&18%(&#5#*

52"* /"* +#$%&'2* "/8%&2* +#* 91&18%(&#=* 7-* Q73* Z2* .Q73[* &#'2-$%* #-* 9&2P-%81*

+%--1* '2$&191&18%(&#@@1@#2"%* #"(&2+/5%"+2* /"* (%&8#"%* +#* 9%"1-#@@1@#2"%*

9%&* #-*"/8%&2*+#*91&18%(&#*+%-*82+%--2=* .#* '5%,-#%* #-*82+%--2* 52"* #-* $1-2&%*

Q73*9#g*P1''2=*

*

0%&*$%&#<#51&%*5A%*#*&%'#+/#*'#1"2*#"52&&%-1(#*(&1*+#*-2&2*%*+#'(&#P/#(#*528%*+%#*oA#(%*

X2#'%* Z2$$%&2*8%+#1* D* %* $1&#1"@1* 52'(1"(%* %* 92'#(#$1[* /'#182* U/%'(%* '(1(#'(#5A%*

(%'(;*

− (%'(*+#*?/&P#"lo1('2";*$%&#<#51* -M#92(%'#*"/--1*+#* #"+#9%"+%"@1*(&1* #* &%'#+/#*

+%-*82+%--2* 52"(&2* -M#92(%'#* 1-(%&"1(#$1*+#* 1/(252&&%-1@#2"%=* .%&$%*+/"U/%*

9%&* $%&#<#51&%* -M1''%"@1* +#* /"* -%,18%* -#"%1&%* (&1* 5#1'5/"* &%'#+/2* %+* #-*

9&%5%+%"(%=* 7-* $1-2&%* +%-* (%'(* V* '%89&%* 5289&%'2* (&1* D* %* O=* .%* +1-* (%'(*

%8%&,%*/"*52%<<#5#%"(%*?/&P#"*o1('2"*/,/1-%*1*C*"2"*5MV*1/(252&&%-1@#2"%*

<&1* #*&%'#+/#W*'%*V*82-(2* #"<%&#2&%*1*C*%$#+%"@#1*1/(252&&%-1@#2"%*92'#(#$1*%*

'%* V*81,,#2&%* +#* C* $/2-* +#&%* 5A%* #* (%&8#"#* +M%&&2&%* '2"2*82-(2* +#<<%&%"(#*

-M/"2* +1--M1-(&2* %* "%,1(#$18%"(%* 52&&%-1(#=* R/%'(2* (%'(W* 9%&]W* "2"* V*

199&29&#1(2* '%* (&1* -%* $1&#1P#-#* %'9-#51(#$%* +%-* 82+%--2* #"* U/%'(#2"%* V*

9&%'%"(%*-1*+#9%"+%"(%*&#(1&+1(1=*



* CC*

− (%'(* +#* 4w/",lQ2|;* $%&#<#51* -M#92(%'#* "/--1* +#* 1''%"@1* +#* 52&&%-1@#2"%* "%#*

&%'#+/#=* .2((2* #92(%'#* "/--1* #-* (%'(* '#* +#'(&#P/#'5%* 1'#"(2(#518%"(%* 528%* /"*

5A#lU/1+&1(2* 52"*T* ,&1+#*+#* -#P%&()=* .%* #-* "2'(&2*82+%--2* V* ,%"%&1(2*+1*/"*

9&25%''2*eA#(%*"2#'%*#-*(%'(*+#*4w/",lQ2|*+2$&%PP%*92&(1&%*1--M155%((1@#2"%*

+%--M#92(%'#*"/--1W*2$$%&2*P1''#*$1-2&#*+%--1*'(1(#'(#51*(%'(*ZRl'(1([*%*9l$1-/%*

'/9%&#2&#*1--2*D=DH=*

− (%'(* +#* oA#(%;* (%'(* 9%&* $%&#<#51&%* -M#92(%'#* "/--1* +#* 1''%"@1* +#*

%(%&2'5A%+1'(#5#()=*

− (%'(* 3!.!N;* $%&#<#51* -M#92(%'#* "/--1* +#* 1''%"@1* +#* &2((/&%* '(&/((/&1-#* "%-*

82+%--2=*

*

41*8#1*V*'(1(1*9%&*-2*9#g*/"M1"1-#'#*$#'#$1W*+199&#81*A2*52"(&2--1(2*-1*'#,"#<#51(#$#()*

+%--%* $1&#1P#-#* %* +%#* &#(1&+#* %$%"(/1-8%"(%* 1,,#/"(#=* ./55%''#$18%"(%* (&18#(%* #*

,&1<#5#* +#* 1/(252&&%-1@#2"%* ,-2P1-%* %* 91&@#1-%* A2* $%&#<#51(2* 5A%* (/((#* #* &#(1&+#*

<15%''%&2*91&(%*+%--%*P1"+%*+#*52"<#+%"@1=*.%*5#]*%&1*52"<%&81(2W*91''1$2*1--M1"1-#'#*

+%#*,&1<#5#*5/'/8*%*5/'/8'U=*m2*'5%-(2*U/#"+#*#-*82+%--2*5A%*52"<%&81$1*-%*#92(%'#*

+#*'#,"#<#51(#$#()*+%--%*$1&#1P#-#*+#*#"(%&%''%*%*+#*#"52&&%-1@#2"%*+%,-#*%&&2&#=*

*

*

!"#$%&'()*&#$+(,&-)./01-.23114-3)

7-*9&#82*82+%--2*+%'5&#((2*U/#*'2((2*V*U/%--2*5289-%(2W*(&1((1*(/((%*-%*EHE*

2''%&$1@#2"#;*

*

%,)8)*)9)α)π,)9)β)5,)9)ρ>)%,6>)9)ρD)%,6D)9)ε,)

*

*

!

!

!

!



* CG*

H%(#&&%!E;*v4.W*/'1"+2*-%*2''%&$1@#2"#*E^ID;O*}*CDDL;C*ZJdEHE[*

y1&#1P#-%*+#9%"+%"(%;*#*

>&&2&#*'(1"+1&+*&2P/'(#*&#'9%((2*1--M%(%&2'5A%+1'(#5#()W*$1&#1"(%*m3D*

*

R/%'(2* 82+%--2* 9&%'%"(1* +/%* &#(1&+#* +%--1* +#9%"+%"(%W* "%5%''1&#* 9%&* %$#(1&%* #-*

9&2P-%81*+%--M1/(252&&%-1@#2"%*+%#*&%'#+/#*%* <1&*'#*5A%*%''#*'#1"2*+#'(&#P/#(#*528%*

+%#*eA#(%*"2#'%=*>"(&18P#*'2"2*'#,"#<#51(#$#*1*-#$%--2*+%--M*EfW*U/%--2*&#(1&+1(2*+#*/"*

9%&#2+2*A1* '%,"2*92'#(#$2W* #"$%5%* #-* '%52"+2*A1* '%,"2*"%,1(#$2\* -1* -2&2* '2881*V*

D=^HHOIE=*7-*(1''2*+#*#"<-1@#2"%*V*'#,"#<#51(#$2*1-*EDf*%*#-*(1''2*+#*5&%'5#(1*+%-*074*1-*

HfW*%"(&18P#*'2"2*-%,,%&8%"(%*81,,#2&#*+#*D=*4M#"5#+%"@1*+%--M#"<-1@#2"%*'/-*(1''2*

+#*#"(%&%''%*"28#"1-%*"%-*-/",2*9%&#2+2*V;*

7"5#+%"@1*π40**d*))))))))))))))))α))))))))))))))))8))))))))))))))))))G=GHIJJDG))))))))))))))))))))8)G=IJIDKH>JL)*
) ) ))))))))))>6):ρ>)9)ρD;) >6):>=HMHMH)N)G=HOIGMO;)

)

G=IJIDKH>JLW*5A%*5A#18%&]*#"*81"#%&1*,%"%&#51*φW)V*8#"2&%*+#*EW*5#]*%$#+%"@#1*/"1*

&#'92'(1*+%P2-%*1--M#"<-1@#2"%*+1*91&(%*+%--1*92-#(#51*82"%(1&#1=***

41* (%2&#1* U/1"(#(1(#$1* +%--1* 82"%(1* 5#* '/,,%&#'5%* 5A%* "%-* -/",2* 9%&#2+2* /"1*

$1&#1@#2"%* +%-* (1''2* +#* 5&%'5#(1* +%--1* 82"%(1* 1$&)* /"* &#'52"(&2* "%--1* '(%''1*

+#&%@#2"%* 9%&* -M#"<-1@#2"%* Zγ8* d* π[=* R/%'(1* (%2&#1* %52"28#51* V* '/992&(1(1* 1"5A%*

+1--M%U/1@#2"%*+#*Y#'A%&*+2$%*#-*(1''2*"28#"1-%*#*'#*9/]*+%'5&#$%&%*528%;*

#d*&*j*π*



* CO*

0%&5#]*/"1*$1&#1@#2"%*+#*γ8*W*92&(%&)*"%-*-/",2*9%&#2+2*1*/"1*$1&#1@#2"%*+%--1*'(%''1*

9%&5%"(/1-%*+%-*(1''2*+#*#"(%&%''%*"28#"1-%*#=*.%*92"#182*πdEW*#-*(1''2*+#*#"(%&%''%*

"28#"1-%* #"5&%8%"(%&)*+#*φ* Z#"5#+%"@1*π40[=* .%* '2'(#(/#182* #* $1-2&#* 1--1* &%,2-1*+#*

Y#'A%&*2((%"#182;*

&*d*φ*l*E*

>552*1--2&1*5A%*'%*φ*~*E* #-* (1''2*+#* #"(%&%''%* &%1-%*1/8%"(1* <&%"1"+2* -M#"<-1@#2"%\*

$#5%$%&'1W*'%*D*�*φ*�*EW*#-*(1''2*+#*#"(%&%''%*&%1-%*V*"%,1(#$2*%*-M#"<-1@#2"%*"2"*92(&)*

%''%&%*#"(%&18%"(%*52"(%"/(1=*

X%-*"2'(&2*51'2*φ*d*G=IJIDKH>JL)V*8#"2&%*+#*EW*5#]*%$#+%"@#1*199/"(2*/"1*&%1@#2"%*

+%P2-%W* 92#5Aa* -M#"<-1@#2"%* 5&%'5%* %* +#* 52"'%,/%"@1* 1"5A%* #-* (1''2* +#* #"(%&%''%*

"28#"1-%W*81*#-*(1''2*+#*#"(%&%''%*&%1-%*V*"%,1(#$2W*9%&5#]*'5%"+%*%*5#]*52892&(1*/"*

1/8%"(2* +%,-#* #"$%'(#8%"(#* 7=* 7* 52"'/8#* 1/8%"(1"2* %* 5#]* 52892&(1* /"*

#""1-@18%"(2*+%#*9&%@@#*%*U/#"+#*/"M*#"<-1@#2"%*5&%'5%"(%=**

R/%'(1* 52"5-/'#2"%* &#,/1&+1*/"* 5189#2"%*82-(2* $1'(2*9%&5#]* V* +1*9&%"+%&%* 52"*

51/(%-1W*#"*/"*1&52*+#*OD*1""#*'#5/&18%"(%*82-(#*<1((2&#*A1""2*#"5#'2*92'#(#$18%"(%*

%* "%,1(#$18%"(%* '/--1* 92-#(#51* 82"%(1&#1W* #"+#* 9%&* 5/#* '/55%''#$18%"(%* '#*

1"1-#@@%&1""2*$1&#*'2((25189#2"#=*

J2&"1"+2* 1--%* '(#8%*+%-*82+%--2*EW* +1--M1"1-#'#* +%#* 52%<<#5#%"(#* +#* +%(%&8#"1@#2"%*

8/-(#9-1* *&#'/-(1*5A%* #-*82+%--2*'9#%,1*P%"* #-*^IWOf*+%--1*$1&#1P#-#()*+%#*+1(#=* 7-*9l

$1-/%* +%-* (%'(* Y* 5#* 92&(1* 1* &#<#/(1&%* -M#92(%'#* "/--1* +#* /,/1,-#1"@1* +#* (/((#* #*

52%<<#5#%"(#W* 52'1* 52"<%&81(1* 1"5A%* +1-* 9l$1-/%* +%-* (%'(* JW* #-* U/1-%* %$#+%"@#1* 5A%*

(/((#* #* 52%<<#5#%"(#* '2"2* '#,"#<#51(#$18%"(%* +#$%&'#* +1* DW* #"+#* 9%&* 5/#* "2"*92''2"2*

%''%&%*(/((#*/,/1-#*%*"/--#=*

*

*



* CH*
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* Cb*

R/%'(1* V* 5A#181(1* 1"1-#'#* +%#* 52&&%-2,&188#W* -1* '5%-(1* +%#* &#(1&+#* +#9%"+%* +1--1*

"/8%&2'#()* 5189#2"1&#1* %* '2-#(18%"(%* '#* /'1* '(#81&%* "FO* &#(1&+#=*

0%&* 2,"#* &#(1&+2* F* '2"2* &#92&(1(%* -%* '(#8%* +%--1* </"@#2"%* +#* 1/(252&&%-1@#2"%*

,-2P1-%* B3Y* %* +%--1* </"@#2"%* +#* 1/(252&&%-1@#2"%* 91&@#1-%* 0B3Y=* B+* 2,"#* '(#81* V*

#"2-(&%* 1''25#1(2* #-* -#$%--2* +#* '#,"#<#51(#$#()* &#'9%((2* 1--M#92(%'#* mD;* B3YZF[dD=* 7"*

91&(#52-1&%W*'#*A1""2;*

− G*1'(%&#'5A#*'%*#-*9l$1-/%*V*#"<%&#2&%*1*D=DE\*

− C*9%&*-M#"(%&$1--2*D=DElD=DH\*

− E*9%&*-M#"(%&$1--2*D=DHlD=E\*

− "%''/"*1'(%&#'52*'%*#-*9l$1-/%*V*'/9%&#2&%*1*D=E*

*

X%--%* /-(#8%*+/%* 52-2""%* '2"2* &#92&(1(#* #* (%'(* +#* 4#w/",lQ2|*9%&* -M#92(%'#* "/--1* +#*

1''%"@1* +#* 52&&%-1@#2"%* (&1* #* &%'#+/#=**

7-* ,&1<#52* &#92&(1* -%*8%+%'#8%* '(#8%* 52"* -M#"(%&$1--2* +#* 52"<#+%"@1* 1-* ^HfW* '%* -1*

'%&#%* V* ,%"%&1(1* +1* /"* 9&25%''2* eA#(%* "2#'%* -%* </"@#2"#* +#* 1/(252&&%-1@#2"%*

+2$&%PP%&2* %''%&%* 52"(%"/(%* 1--M#"(%&"2* +%--%* P1"+%* +#* 52"<#+%"@1* %* #-* (%'(* +#*

4#w/",lQ2|* +2$&%PP%* 92&(1&5#* 1--M155%((1@#2"%* +%--M#92(%'#* "/--1=*

B"5A%*'%*1-5/"#*&#(1&+#*</2&#%'52"2*+1--%*P1"+%W*U/%'(#*'2"2*#&&#'2&#*$#'(2*-M%-%$1(1*

U/1"(#()* +#* +1(#* +%-* 5189#2"%* 1* +#'92'#@#2"%* 9%&5#]* 92''#182* 155%((1&%* -M#92(%'#*

"/--1*+#*1''%"@1*+#*52&&%-1@#2"%*+%#*&%'#+/#=*

0%&* $1-/(1&%* -1* '(1P#-#()*+%-*82+%--2*"%#*91&18%(&#* %*"%--1* $1&#1"@1W* %* -M%$%"(/1-%*

9&%'%"@1*+#*P&%1T*'(&/((/&1-#W*/(#-#@@2*#*(%'(*3!.!N*%*3!.!N.R=*7-*9&#82*%$#+%"@#1*

#"'(1P#-#()*"%#*91&18%(&#*+%-*82+%--2* '%* #* $1-2&#* &%-1(#$#* 1--1* '2881*5/8/-1(1*+%#*

&%'#+/#* </2&#%'52"2* +1--%* P1"+%* +#* 52"<#+%"@1=* 7-* (%'(* 3!.!N* 2<* .U/1&%'W* #"$%5%W*

$%&#<#51*-M1''/"@#2"%*+#*282'5A%+1'(#5#()*+%#*&%'#+/#=*



* CI*

*

* *

*

*

*

*

*

*

*

*

*

*

?1* (/((#* %* +/%* #* (%'(* '#* %$#+%"@#1* -M#"'(1P#-#()* "%#* 91&18%(&#* +%-*82+%--2=* 7-* 9&#82*

,&1<#52* 9&%'%"(1* /"* 9/"(2* +#* &2((/&1* +1-* E^LC* 9%&* 92#* &#%"(&1&%* 9%&* ,-#* 1""#*

'/55%''#$#=* 7* &%'#+/#* %'52"2* 1"52&1* +1--%* P1"+%* +%-* Hf* $%&'2* #-* E^^D* 9%&* 92#*

&#%"(&1&%*"%-*E^^b*5#&51=*7-*'%52"+2*,&1<#52*'/,,%&#'5%*/"M*#"'(1P#-#()*+%--1*$1&#1"@1W*

#"<1((#*'#*%$#+%"@#1"2*&2((/&%*'(&/((/&1-#*+1-*E^I^*1-*CDDC=*
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* CL*

B* '%,/#(2* +#* U/%'(%* &2((/&%* '(&/((/&1-#* 9&25%+2* 1+* /"M1"1-#'#* 9#g* +%((1,-#1(1* +%-*

5189#2"%* #"* U/%'(#2"%=* R/%'(M/-(#82* $%&&)* +#$#'2* #"* (&%* '2((25189#2"#* %* (&2$%&]*

92#*#-*82+%--2*9#g*'#,"#<#51(#$2*9%&*#*+1(#*1*+#'92'#@#2"%=*

*

56%#&)7&,,&*"#$%&'(-)./01-32.//.-8)

R/%'(2* 9&#82* '2((25189#2"%* &#,/1&+1* /"* 9%&#2+2* &#+2((2* &#'9%((2* 1-* 5189#2"%*

5289-%(2W* -M1"1-#'#* +#* P1'%&)* '/* LH* 2''%&$1@#2"#W* +1-* E^ID;C* 1-* E^^E;OW* 1""2*

9&%5%+%"(%* 1--1* 5&#'#* 82"%(1&#1* %/&29%1* +%-* E^^C=* X%-* 82+%--2* '%,/%"(%* A2*

1,,#/"(2*+/%*&#(1&+#*1--M#"<-1@#2"%*%*/"2*1--1*$1&#1P#-%*KW*5#2V*#-*(1''2*+#*5&%'5#(1*+%-*

074=* 7-* &#(1&+2* +%--1* $1&#1P#-%* +#9%"+%"(%* V* "%5%''1&#2* 9%&* %$#(1&%*

-M%(%&2'5A%+1'(#5#()*+%,-#*%&&2&#=*

%,)8)*)9)α>)π,)9)αD)π,)6>)9)αH)π,)6D)9)β>)5,)9)βD)5,6>)9)ρ>)%,6>)9)ε,)

)

H%(#&&%!J;*v4.W*/'1"+2*-%*2''%&$1@#2"#*E^ID;O*}*E^^E;O*ZJdLH[*

y1&#1P#-%*+#9%"+%"(%;*#*

>&&2&#*'(1"+1&+*&2P/'(#*&#'9%((2*1--M%(%&2'5A%+1'(#5#()W*$1&#1"(%*m3D*

*

*

*

*

*

*

*

*

*

4%*'(#8%*+%#*52%<<#5#%"(#*'2"2*'#,"#<#51(#$18%"(%*+#$%&'%*+1*DW*52'1*%$#+%"@#1(1*+1#*

9l$1-/%*+%-*(%'(*J*+%#*'#",2-#*91&18%(&#=*m2*1,,#/"(2*+/%*&#(1&+#*1--M#"<-1@#2"%*81*#-*

9&#82* &#(1&+2* V* "2"* '#,"#<#51(#$2W* 5#2V* V* 9&2''#82* 1* D* 9%&5#]* "2"* #"<-/%"@1* -1*

$1&#1P#-%* &#'92'(1=* R/%'(2* 82+%--2* 8%((%* #"* %$#+%"@1* 5A%* #-* (1''2* "28#"1-%* +#*



* C^*

#"(%&%''%* #"*U/%'(2*1&52* (%892&1-%*+#9%"+%*+1--1* 5&%'5#(1*+%-*074*1-* (%892* (* %* 1-*

(%892* (lEW* +1--M#"<-1@#2"%* 1-* (%892* (* %* 1-* (%892* (lC=**

0%&*U/1"(2*&#,/1&+1* -1*P2"()*+%-*82+%--2W* -M:C*5#*'/,,%&#'5%*5A%*$%",2"2*'9#%,1(#*

P%"* #-* ^Cf*+%#* +1(#=* 7-* 9l$1-/%* +%-* (%'(* Y* V* '#,"#<#51(#$2W* 9%&5#]* '#* &#<#/(1* -M#92(%'#*

"/--1*+#*/,/1,-#1"@1*+#*(/((#*#*52%<<#5#%"(#*1*D=*

41* '2881* +%--%* '(#8%* +%--M#"<-1@#2"%* V* 92'#(#$1W* 51-52-#182* -1* '/1* #"5#+%"@1* "%-*

-/",2*9%&#2+2*'/-*(1''2*+#*#"(%&%''%*"28#"1-%=*

7"5#+%"@1*π40**d*)))))))α>)9)αD)9)αH))))))))8)))))))G=GOMDKJK)9)G=G>HIOIO)N)G=GLJMHL>)*
* *Elρ) )))))))))))))))))))))))))))))))))))))))))))>)N)>=G>IHL)

7-* +%"28#"1(2&%* &#'/-(1* 8#"2&%* +#* DW* 9%&5#]* U/%'(1* 29%&1@#2"%* 5#* 92&(%&%PP%* 1+*

1$%&%*/"*&#'/-(1(2*"%,1(#$2W*U/#"+#*%52"28#518%"(%* #89-1/'#P#-%=*.(1(#'(#518%"(%*

91&-1"+2*92''2*199&2''#81&%*ρ)1*D=^^W*2((%"%"+2*U/#"+#;*

7"5#+%"@1*π40*d*α>)9)αD)9)αH))8)G=GOMDKJK)9)G=G>HIOIO)N)G=GLJMHL>)))d***D=DGCbDLC*
*Elρ))) )>)N)D=^^* * * D=DE)

* *d*G=CbDLC*

4M#"5#+%"@1*+%-* (1''2*+#* #"<-1@#2"%*V*82-(2*81,,#2&%*+#*EW*5#]*'#,"#<#51*5A%*U/%'(2*

1&52* (%892&1-%* V* '(1(2* 51&1((%&#@@1(2* +1* /"1* <2&(%* %'91"'#2"%* +%--1* 92-#(#51*

82"%(1&#1=* :#52&+#182* 5A%* -1* (%2&#1* %52"28#51* +#* -/",2* 9%&#2+2* 5#* '/,,%&#'5%*

U/%'(1*<2&8/-1;**

��*d3*Z��l*J[*j*7Z&[*j*6*

+2$%;*

− ��*d*&%++#(2*92(%"@#1-%*

− 3*d*52"'/8#*

− J*d*(1''1@#2"%*

− Z��*l*J[d**�+*d*&%++#(2*+#'92"#P#-%*

− 7*d*#"$%'(#8%"(#*

− &*d*(1''2*+#*#"(%&%''%*&%1-%*

− 6*d*'9%'1*9/PP-#51*



* GD*

0%&5#]*/"*1/8%"(2*1"5A%*8#"#82*+%--M#"<-1@#2"%*92&(1*1+*/"*1/8%"(2*+#*#W*(1''2*+#*

#"(%&%''%*"28#"1-%*Z*#*d*&*j*π*[W*1/8%"(1*U/#"+#*1"5A%*#-*(1''2*+#*#"(%&%''%*&%1-%*&*

5A%*9&2$251*/"*%<<%((2*#"$%&'2*'/,-#*#"$%'(#8%"(#*#*U/1-#*'5%"+2"2=*.%*'5%"+2"2*,-#*

#"$%'(#8%"(#* '5%"+%* #-* &%++#(2* �* Z$%+#* <2&8/-1* &#92&(1(1* U/#* '29&1[* %* +#*

52"'%,/%"@1* 1"5A%* #* 52"'/8#* 3=* 3#* &#(&2$#182* 1+* 1$%&%* /"1* '#(/1@#2"%* #"* 5/#* #-*

&%++#(2* +#'92"#P#-%* �+* V*8#"2&%* &#'9%((2* 1-* &%++#(2* 92(%"@#1-%* ��* Z* �+* �* ��* [=* 41*

92-#(#51* 82"%(1&#1* &#'92"+%* 52"* /"* 1PP1''18%"(2* +%#* 9&%@@#* 5A%* 92&(1* 52'S*

-M#"<-1@#2"%*1*+#8#"/#&%=*

0%&*U/1"(2*&#,/1&+1*-M#92(%'#*+#*282'5A%+1'(#5#()*+%,-#*%&&2&#W*91''#182*1--M1"1-#'#*

+%#*52&&%-2,&188#*%*+%--1*Rl'(1(=*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*



* GE*

*

R/1'#*(/((#*#*&#(1&+#*'2"2*52"(%"/(#*+%"(&2*1--%*P1"+%*+#*52"<#+%"@1*+%-*HfW*#-*(%'(*+#*

4w/",lQ2|* 92&(1* 1+* 155%((1&%* -M#92(%'#* "/--1* +#* 1''%"@1* +#* 1/(252&&%-1@#2"%* +%#*

&%'#+/#=* 7-* &#(1&+2* "/8%&2* EL* </2&#%'5%* +1--1* P1"+%* 9%&]* %''%"+2* '2-2* /"* +1(2* 1*

52892&(1&'#*#"*U/%'(1*81"#%&1*92''#182*52"5-/+%&%*5A%*,-#*%&&2&#*'2"2*+#'(&#P/#(#*

528%*/"*eA#(%*"2#'%*%*'2"2*#"52&&%-1(#=*

7*(%'(*3!.!N*%*3!.!N.R*82'(&1"2*'(1P#-#()*+%-*82+%--2*'#1*"%#*91&18%(&#*5A%*#"*

$1&#1"@1=*

*
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)
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* GC*

9(*&':&)7&,,&*"#$%&'(-).//3-.2.//4-8)

7-* 9%&#2+2* 1"1-#@@1(2* V* 52892'(2* +1* CL* 2''%&$1@#2"#* 5A%* 91&(2"2* +1-* 9&#82*

(&#8%'(&%* +%-* E^^CW* 1""2* +%--1* 5&#'#*82"%(1&#1* %/&29%1W* <#"2* 1--M/-(#82* (&#8%'(&%*

+%-* E^^LW* 2$$%&2* -M/-(#82* 1""2* #"* 5/#* 2,"#* 91%'%* ,%'(#$1* -1* 9&29&#1* 92-#(#51*

82"%(1&#1=*7"<1((#*"%-*E^^^*#"#@#]*/"1*"/2$1*<1'%*9%&*-M!"#2"%*>/&29%1W*2$$%&2*/"*

8%&51(2* /"#52* %* /"1* 82"%(1* /"#51W* #-* (/((2* 5%"(&1-#@@1(2* "%--1* Q1"51* 3%"(&1-%*

>/&29%1*ZQ3>[=*

7-*82+%--2*'(#81(2*V*#-*'%,/%"(%;*

%,)8)*)9)α)π,))9)β>)5,)9)βD)5,6>)9)βH)5,6D)9)ρ>)%,6>)9)ε,)

)
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* GG*

H%(#&&%!L;*v4.W*/'1"+2*-%*2''%&$1@#2"#*E^^C;E*}*E^^L;O*ZJdCL[*

y1&#1P#-%*+#9%"+%"(%;*#*

>&&2&#*'(1"+1&+*&2P/'(#*&#'9%((2*1--M%(%&2'5A%+1'(#5#()W*$1&#1"(%*m3D*

*

B"5A%* '%* #-* (%'(* +#* 4w/",lQ2|* 5#* 92&(1* 1+* 155%((1&%* -M#92(%'#* "/--1* +#* 1''%"@1* +#*

52&&%-1@#2"%* (&1* ,-#* %&&2&#* 92#5Aa* (/((#* #* &#(1&+#* '2"2* 52"(%"/(#* "%--%* P1"+%* +#*

52"<#+%"@1*+%-*HfW*"2"*92''#182*&#(%"%&-2*/"*P/2"*82+%--2=*?1--%*'/%*'(#8%*'#*9/]*

"2(1&%*5A%*-M#"<-1@#2"%*"2"*V*'#,"#<#51(#$1=*
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* GO*

;(:%")#&<%+()

B,,#/",2W* 1--2&1W* /"1* 8%+#1* 82P#-%* +%--M#"<-1@#2"%W* '2-2* #"* U/%'(2* 82+2* '2"2*

&#/'5#(1* 1+* 2((%"%&%* '(#8%* +%#* 91&18%(&#* '#,"#<#51(#$%* %+* %&&2&#* eA#(%* "2#'%=**

41*8%+#1*82P#-%*5A%*A2*1,,#/"(2*1-*92'(2*+%--1*$1&#1P#-%*#"<-1@#2"%*V*-1*'%,/%"(%;*

%'P+Q#"8:%'P+)9)%'P+):6>;)9)%'P+):6D;)9)%'P+):6H;;)R)K)

+%((1*1"5A%*8%+#1*82P#-%*'%89-#5%*2*1&#(8%(#51W*5A%*+1*-2*'(%''2*9%'2*1#*$1&#*+1(#=)

7-*82+%--2*'(#81(2*V*#-*'%,/%"(%;*

%,)8)*)9)α)%'P+Q#",)9)β>)5,)9)βD)5,6>)9)βH)5,6D)9)ρ>)%,6>)9)ε,)

m2*1,,#/"(2*+/%*&#(1&+#*1--1*$1&#1P#-%*KW*5&%'5#(1*+%-*074W*#"$%5%*-1*$1&#1P#-%*#"<-�81*

V*9&%'%"(%*'2-2*1-*(%892*(=**

*

H%(#&&%!M;*v4.W*/'1"+2*-%*2''%&$1@#2"#*E^^C;E*}*E^^L;O*ZJdCL[*

y1&#1P#-%*+#9%"+%"(%;*#*

>&&2&#*'(1"+1&+*&2P/'(#*&#'9%((2*1--M%(%&2'5A%+1'(#5#()W*$1&#1"(%*m3D*

*

4%* '(#8%* +%#* 91&18%(&#* &#'/-(1"2* '#,"#<#51(#$%* 1--M* Ef* 9%&* U/1"(2* &#,/1&+1* -1*

52'(1"(%W* #-* '%52"+2* &#(1&+2* +%--1* $1&#1P#-%* K* %* #-* 9&#82* &#(1&+2* +%--1* $1&#1P#-%*

+#9%"+%"(%=*41*8%+#1*82P#-%*+%--M#"<-1@#2"%*V*'#,"#<#51(#$1*1-*EDf*%*-1*$1&#1P#-%*K*1-*

(%892*(*1-*Hf=*



* GH*

7-* (%'(* Y* 5#* 92&(1* 1-* &#<#/(2*+%--M#92(%'#* "/--1* +#* "/--#()* +#* (/((#* #* 91&18%(&#* Z(&1""%*

-M#"(%&5%((1[\* #-* 52%<<#5#%"(%* +#* +%(%&8#"1@#2"%* 8/-(#9-2* :C* V* 82-(2* P/2"2W* 5#]*

'#,"#<#51*5A%*#-*82+%--2*'(#81(2*'9#%,1*P%"%*#*+1(#=*

0%&*U/1"(2*&#,/1&+1*-M1"1-#'#*+%#*&%'#+/#W*-M1((%"@#2"%*'#*'92'(1*'/#*52&&%-2,&188#=*

*

J/((#*#*&#(1&+#*'2"2*52"(%"/(#*"%--1*P1"+%*+#*52"<#+%"@1*+%-*HfW*#-*(%'(*+#*4w/",lQ2|*

5#* 92&(1* 1--M155%((1@#2"%*+%--M#92(%'#* "/--1* +#* 1''%"@1*+#* 52&&%-1@#2"%* (&1* #* &%'#+/#W*

92#5Aa*-1*'(1(#'(#51*R*A1*$1-2&#*P1''#*%*#*9l$1-/%*'2"2*'/9%&#2&#*1--2*D=DH=*

7-*(%'(*+#*oA#(%*5#*92&(1*1+*155%((1&%*-M#92(%'#*"/--1*+#*1''%"@1*+#*%(%&2'5A%+1'(#5#();**

2(/,)1%)S@%,()$(.)+T(,(.&/*@(1"/,%*%,U)

VW0<)X/"'1&)+()&//(.Y"3%&'%)>OODA>6>OOIAK):2)8)DI;)

0,",%/,%*"),(/,A)2CZD)8)DK=JOMOMD<)

*&')$6Y"+X()8)-:!@%64X"1.&:DG;)[)DK=JOMOMD;)8)G=D>HH>D)
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* Gb*

.#*9/]W*U/#"+#W*52"5-/+%&%*5A%*#*&%'#+/#*'2"2*#"52&&%-1(#*%*282'5A%+1'(#5#=*

7* (%'(* 3!.!N* %* 3!.!N.R* 82'(&1"2* '(1P#-#()* +%-* 82+%--2* "%#* 91&18%(&#* %* #"*

$1&#1"@1=*

*

B"5A%* U/%'(2* '%8P&1* %''%&%* /"* P/2"* 82+%--2W* 81* -1* '(#81* +%--1* 8%+#1* 82P#-%*

+%--M#"<-1@#2"%*V*"%,1(#$1=*:#52&+#182*5A%*"%-*E^^C*-M>/&291*V*'(1(1*52-9#(1*+1*/"1*

5&#'#* 82"%(1&#1W* 2$$%&2* #* +#$%&'#* 2&#%"(18%"(#* +%--%* 92-#(#5A%* %52"28#5A%* +%,-#*

.(1(#* !"#(#* %* +%--1* 6%&81"#1W* '51(%"1&2"2* /"1* 5&#'#* $1-/(1&#1* 5A%* 52-9S* 82-(%*

82"%(%=*J&1*U/%'(%*-1*-#&1W*5A%*9%&'%*5#&51*#-*CD*9%&*5%"(2=*Y2&'%*9%&*U/%'(2*82(#$2*

-%*'(#8%*+%--M#"<-1@#2"%*+#*U/%'(2*'2((25189#2"%*"2"*$1""2*P%"%W*9%&5#]*5&%%&]*/"*

1-(&2*'2((25189#2"%W*%'5-/+%"+2*,-#*1""#*+%--1*5&#'#=**

*

9&,,&*"#$%&'(-).//=-.2.//4-8)

7-*82+%--2*#"*U/%'(#2"%*5289&%"+%*CO*2''%&$1@#2"#W*2$$%&2*+1-*9&#82*(&#8%'(&%*+%-*

E^^G*1-*U/1&(2*(&#8%'(&%*+%-*E^^L=*

*

%,)8)*)9)α)π,)9)β)5,)9)ρ)%,6>))9)ε,)
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* GI*

H%(#&&%!N;*v4.W*/'1"+2*-%*2''%&$1@#2"#*E^^G;E*}*E^^L;O*ZJdCL[*

y1&#1P#-%*+#9%"+%"(%;*#*

>&&2&#*'(1"+1&+*&2P/'(#*&#'9%((2*1--M%(%&2'5A%+1'(#5#()W*$1&#1"(%*m3D*

*

7"*U/%'(2*51'2*-%*'(#8%*+%-*82+%--2*'2"2*(/((%*'#,"#<#51(#$%*%*-M#"<-1@#2"%*V*81,,#2&%*

+#*D=* 7-* &#(1&+2*+%--1*+#9%"+%"(%*V*8#"2&%*+#*E*%*U/%'(2*5#*9%&8%((%*+#*%'9-#5#(1&%*

-M#"5#+%"@1* +%--M#"<-1@#2"%* '/-* (1''2* +#* #"(%&%''%* "28#"1-%* "%-* -/",2* 9%&#2+2=*

BPP#182*U/#"+#;*

7"5#+%"@1*π40**d*))))))))))))))))α))))))))))))))))8)))))))))G=DIKKD>))))))))8)>=H>DMKJ)
) ) )))))))))))))))))>6)ρ>)))) >6)G=LIHHGJ)

R/%'(2* &#'/-(1(2*V* -%,,%&8%"(%*81,,#2&%*+#*E*9%&5#]*92''#182*52"5-/+%&%*5A%* #"*

U/%'(2*9%&#2+2*$#,%*/"1*92-#(#51*82"%(1&#1*%'91"'#$1=**

J2&"1"+2*1--M1"1-#'#*+%-*82+%--2W*#*,&1<#5#*+%--M1/(252&&%-1@#2"%*,-2P1-%*%$#+%"@#1"2*

-M#"52&&%-1@#2"%* +%,-#* %&&2&#W* (%'#* '/992&(1(1* 1"5A%* +1--M155%((1@#2"%* +%--M#92(%'#*

"/--1*+%--1*Rl'(1(*+%-*(%'(*+#*4w/",lQ2|=*



* GL*

*

7-*(%'(*+#*oA#(%*5#*92&(1*1+*155%((1&%*-M#92(%'#*"/--1*+#*"2"*%(%&2'5A%+1'(#5#()*+%,-#*

%&&2&#W*#*U/1-#*'2"2*U/#"+#*+#'(&#P/#(#*528%*/"*oA#(%*X2#'%;*

2(/,)1%)S@%,()$(.)+T(,(.&/*@(1"/,%*%,U)

0,",%/,%*"),(/,A)2CZD)8)M=LKOH>J<)

*&')$6Y"+X()8)-:!@%64X"1.&:O;)[)M=LKOH>J;)8)G=LJKLDD)

*

32"5-/+#182* U/#"+#* +#5%"+2* 5A%* U/%'(2* 82+%--2* V* P/2"2W* #-* '2((25189#2"%*

E^^C;ElE^^L;O*1$%$1*+%--%*'(#8%*"2"*52&&%((%*92#5Aa* #"*U/%,-#*1""#*5MV*'(1(2*/"2*

'A25T* 82"%(1&#2* 5A%* A1* #"<-/%"@1(2* "%,1(#$18%"(%* -%* '(#8%* +%-* 82+%--2=*

:%'(&#",%"+2* #-* 5189#2"%* %* '(/+#1"+2* -%* $1&#1P#-#* +1--M1""2* '%,/%"(%W* 5#2V* +1-*

E^^G;EW*U/1"+2*-1*5&#'#*82"%(1&#1*'#*%&1*1((%"/1(1W*V*'(1(1*/"1*P/2"1*82''1*9%&5Aa*

5#*A1*9%&8%''2*+#*519#&%*-M1"+18%"(2*+%--1*92-#(#51*82"%(1&#1*+#*U/%-*9%&#2+2W*5A%*

%&1*#"*-%,,%&1*%'91"'#2"%=*

*

>(6?&)7&,,&*"#$%&'(-).///-.23114-3)

.(/+#182*2&1*#-*9%&#2+2*5A%*$1*+1-*E^^^;EW*1""2*#"*5/#*</*#"(&2+2((2*(%5"#518%"(%*

-M%/&2W*1-*CDDL;C=*
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* G^*

7-*82+%--2*'(#81(2*V*#-*'%,/%"(%;*

%,)8)*)9)α>)π,)9)αD)π,)6>)9)β>)5,)9)βD)5,6>)9)ρ>)%,6>)9)ρD)%,6D))9)ε,)

!

H%(#&&%!O;*v4.W*/'1"+2*-%*2''%&$1@#2"#*E^^^;E*}*CDDL;C*ZJdGL[*

y1&#1P#-%*+#9%"+%"(%;*#*

>&&2&#*'(1"+1&+*&2P/'(#*&#'9%((2*1--M%(%&2'5A%+1'(#5#()W*$1&#1"(%*m3D*

*

6-#*/"#5#*91&18%(&#*5A%*&#'/-(1"2*'#,"#<#51(#$#*'2"2*#-*9&#82*&#(1&+2*+%--1*$1&#1P#-%*KW*

5&%'5#(1* +%-* 074W* %* #-* 9&#82* &#(1&+2* +%--1* $1&#1P#-%* +#9%"+%"(%W* %"(&18P%*

'#,"#<#51(#$%* 1-* EDf=* .#* "2(1W* #"2-(&%W* 5A%* -M#"<-1@#2"%* 1-* (%892* (lE* %* #-* (1''2* +#*

#"(%&%''%*"28#"1-%*1-*(%892*(lC*'2"2*'#,"#<#51(#$18%"(%*+#$%&'%*+1*D*1-*-#$%--2*+%-*

Hf=*3#]*V*52"<%&81(2*+1--1*'(1(#'(#51*(%'(*J*%*+1-*&#'9%((#$2*9l$1-/%=*

01''1"+2*1--1*P2"()*+%-*82+%--2W* '#*9/]*"2(1&%* 5A%* #*+1(#* $%",2"2* '9#%,1(#*9%&* #-*

^HfW*528%*52"<%&81* -M:C\* #-* (%'(*Y*5#*92&(1*1*&#<#/(1&%* -M#92(%'#*"/--1*+#*"/--#()*+%#*

91&18%(&#=*X%-*5289-%''2*'%8P&1*/"*82+%--2*P/2"2W*5A%*'#*1+1((1*P%"%*1#*+1(#=*

4M#"<-1@#2"%*V*92'#(#$1W*51-52-#182*-1*'/1*#"5#+%"@1*'/-*(1''2*+#*#"(%&%''%*"28#"1-%*

+#*-/",2*9%&#2+2;*

7"5#+%"@1*π40**d*****))α>)9)αD)))))))8)))))G=>DKOKD)N)G=GMKIHHH)))))))))))d)))G=GLG>GIL****d**
*******************************El*Zρ>)9)ρD;))))))))))>)N):)>=HGGOK)N)G=HLDMHM;))))))))))))G=GL>MOM*

* d*D=^I^CO*



* OD*

4M#"5#+%"@1*+%-*(1''2*+#*#"<-1@#2"%*V*-%,,%&8%"(%*8#"2&%*+#*EW*U/%'(2*'#,"#<#51*5A%*

,-#* 1""#* '/55%''#$#* 1--M#"(&2+/@#2"%* +%--M%/&2* '2"2* '(1(#* 51&1((%&#@@1(#* +1* /"1*

&%1@#2"%* +%P2-%* +%--1* 92-#(#51*82"%(1&#1=* 7-* (1''2* +#* #"<-1@#2"%* 1/8%"(1* 9%&5Aa* V*

81,,#2&%*+#*DW*1/8%"(1*U/#"+#* #-* (1''2*+#* #"(%&%''%*"28#"1-%* #=*.%*5A#18#182*φ* #-*

(1''2*+#*#"5#+%"@1*+%--M#"<-1@#2"%W*%*92"#182*π*d*EW*V*#"(/#(#$2*5A%;*

&*d*φ*l*π*

&*d*Z*D=^I^CO*}*E*[*�*D*

R/#"+#W*1/8%"(1*-M#"<-1@#2"%W*1/8%"(1*#-*(1''2*#*81*'5%"+%*#-*(1''2*+#*#"(%&%''%*&%1-%*

&=*?#*52"'%,/%"@1*,-#* #"$%'(#8%"(#* 7*5&%'52"2W*81(/&1"2*1"5A%* #*52"'/8#W* #*9&%@@#*

'1-,2"2*%*-M#"<-1@#2"%*5&%'5%=*

01''#182*1--M1"1-#'#*+%#*&%'#+/#W*'2"2*282'5A%+1'(#5#*%*#"52&&%-1(#�*

*

*

*

*



* OE*

*

4M1"1-#'#* +%--M1/(252&&%-2,&1881* ,-2P1-%* %* 91&@#1-%* %$#+%"@#1* 5A%* #* &#(1&+#* #"*

U/%'(#2"%* '2"2* (/((#* 52"(%"/(#* "%--%* P1"+%* +#* 52"<#+%"@1* +%-* HfW* -1* '(1(#'(#51* +#*

4w/",lQ2|*9&%'%"(1*$1-2&#*+%--1*Rl'(1(*P1''#*%*9l$1-/%*'/9%&#2&#*1-*HfW*5#]*5#*92&(1*

1+*155%((1&%*-M#92(%'#*"/--1*+#*1''%"@1*+#*1/(252&&%-1@#2"%=**

0%&*U/1"(2*&#,/1&+1*-M#92(%'#*+#*282'5A%+1'(#5#()*'#*$%+1*#-*(%'(*+#*oA#(%W*#-*U/1-%*5#*

92&(1*1+*155%((1&%*-M#92(%'#*"/--1*+#*1''%"@1*+#*%(%&2'5A%+1'(#5#()=*

2(/,)1%)S@%,()$(.)+T(,(.&/*@(1"/,%*%,U)

VW0<)X/"'1&)+()&//(.Y"3%&'%)>OOOA>6DGGIAD):2)8)HI;)

0,",%/,%*"),(/,A)2CZD)8)HD=DDMOOO<)
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