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γ WIWWU% W W% W% WIk>[% WIk$U%

δ WIWk$% WIWk$$ WIW[E% WIW[>% W% W%

χV $ID[% $ID> DI>E% EI#k% #[Ik% #[I$# 
 



!!"#"$% &'()*+,-*(./0/%1(/*+%2*3,(4*+*+%5*+6783.79/.-1(-%.::1(90:'/,;,*/.379*+%<'=.-(./0/*(%

!!"#"$">% ?13@*+/1(-%:./%1(/*+379.*4=.79*+%A5B%4*+%C*1/+,(*(%

Ek%

^'2"%kl% M'+':*/*+% 4*+% F,3.3@.+81(-381+G*(% b'13379=.*S=.79% J6+% 4'3% +*='/.G*% +.38P<,4*==c% J6+% ?aaI%
?<a%1(4%N<a%b:.//=*+*3%?=/*+%2*.%Q\;,3./.,(%1(/*+%#U%j'9+*c"%#%

%

% ?aa% ?<a% N<a%

% ?=/*+%m#U% '==*%?=/*+% ?=/*+%m#U% '==*%?=/*+% ?=/*+%m#U%% '==*%?=/*+%

5'78-+,1(4% WIW#UE% WIW>D[% WIW>[% WIVEU% WIWUD% WIWEU%

α- [DI>% VIVk W% WI$Vk% W% UIWU%

α( [DI>% #DEIUU W% V$$I$E$% W% DkkIVU%

A5B #% DU P% U[D% P% #>U%

β W% $I#U $WIE% VIkV% VWIk% W%

γ WI#k% W W% W% WIk% WIk$U%

δ W% WIWk$$ WIk[% WIW[>% W% W%

χV #IEk% $ID> kIk>% EI#k% VID$% #[I$# 
 

5*G,+% '==*+4.(-3% 4.*3*% B*+/*% 4*+% A5B% :./% 4*(% n1'=./0/3J'8/,+*(% 1(4% H/+'9=1(-3@.79/1(-3J'8/,+*(%

G*+-=.79*(% @*+4*(I% @.*% 3.*% J6+% 4*(% H/+'9=*(3791/)% *:;J,9=*(% @,+4*(% 3.(4I% :1S% 4*+% 9,9*%

Q(*+-.*2*+*.79% 2*'79/*/% @*+4*(I% 4*(% H/+'1:*% (*1*+4.(-3% 4*+% T'::'3/+'9=1(-% '13% 4*(%

?/,:2,:2*(*\;=,3.,(*(% )1-*,+4(*/% 9'/% X#=FY"% Q+% -*9/% G,(% */@'% k%<*`% '13% 1(4% 4':./% *.(*+% */@'%

kI>J'79% (.*4+.-*+*(% +*='/.G*(% 2.,=,-.379*(% B.+83':8*./% G*+-=.79*(% :./% *.(*+% A](/-*(3/+'9=1(-% G,(%

VUW%8`;"%5*),-*(%'1J%*.(*%3,=79*%A](/-*(3/+'9=1(-%'=3%A*J*+*()3/+'9=1(-%+*41).*+*(%3.79%4.*%B*+/*%

J6+%4.*%A5B%'1J%VkI>%J6+%?aaI%#>WI>%J6+%?<a%1(4%$UID%J6+%N<a"%

R6+% ?aa% 1(4% ?<a% *+379*.(/% 4*+% 8,(81++.*+*(4*% L*==8.==.(-*JJ*8/% (.79/% 3,% '13-*;+0-/% )1% 3*.(%@.*% J6+%

N<a"% F.*% ?<a% )*.-/% *.(*(% Z1'4+'/.379*(% M'+':*/*+% .(% 4*+% F,3.3@.+81(-381+G*I% @.*% *+% '179% G,(%

M+*3/,(% */% '="% XF<Y% :./% *.(*:% 09(=.79*(% Q+-*2(.3% 2*+*79(*/% @,+4*(% .3/"% F'% ('9*)1% UW%o% 4*+%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

#%% N<aI%?=/*+%m#Ul%:./%δ€d%W"WU%+*31=/.*+/%3/'//%*.(*3%γ%*.(%β€=€14%:./%χV%d%V"DD%



!!"#"$% &'()*+,-*(./0/%1(/*+%2*3,(4*+*+%5*+6783.79/.-1(-%.::1(90:'/,;,*/.379*+%<'=.-(./0/*(%

!!"#"$">% ?13@*+/1(-%:./%1(/*+379.*4=.79*+%A5B%4*+%C*1/+,(*(%

E$%

?/,:2,:2*(,;J*+I% 4.*% '(% *.(*+% +'4.,-*(*(% a*180:.*% *+8+'(8/% 3.(4I% *.(*% ?<a% 9'//*(I% .3/% *3% (.79/%

G*+@1(4*+=.79I% 4'S% 4.*% 5*+*79(1(-*(% 4*3% +*='/.G*% +.38% 41+79% 4'3% 5Q!A%`P&,:./**% J6+% '==*%

a*180:.*/O;*(%-*:*.(3':%*2*(J'==3% )1% *.(*:%Z1'4+'/.379*(%M'+':*/*+% .(% 4*+%F,3.3@.+81(-381+G*%

J69+/*(%X$Y"%

?22"%$?% bH"%<$c% )*.-/% 4.*% Q+-*2(.33*% 4*+% 5*+*79(1(-*(% '=3% F,3.3@.+81(-3J=079*% J6+% ?<a"%

K*+G,+)19*2*(%.3/%4*+%5*./+'-%4*3%L*==8.==.(-*JJ*8/*3%)1+%R,+:%4*+%R=079*%.:%5*+*.79%9,9*+%γPF,3*("%

0

1

2

3

4

5

Dγ [Gy]

0

0,02

0,04

0,06

0,08

0,1

0,12

Dn [Gy]

0
5
10
15
20
25
30
35

0
5

10
15
20
25
30
35

excess relative risk

η(D) = (0.423D+2.32D^2) exp(-0.076D^2)

η(D) = (578∗0.423D+2.32D^2) exp(-0.076D^2)
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.::*+% )1% *.(4*1/.-*(% Q+-*2(.33*("% F.*3% 379*.(/% 3.79% '179% .(% 4*(% A*31=/'/*(% G,(% ^9,:;3,(% */% '="%

X##=Y% )1% )*.-*("% H.*% 9'//*(% 3.-(.J.8'(/% 1(/*+379.*4=.79*% B*+/*% J6+% 4*(% 5'78-+,1(4% 4*+% N<a% .(%
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F*39'=2%@1+4*% 2*.% 4*(% 9.*+% G,+-*3/*==/*(%?(;'331(-*(%*.(% -*:*.(3':*+%B*+/% J6+% 4*(%5'78-+,1(4%

2*.4*+%H/04/*%G*+@*(4*/"%?2*+%(.79/%(1+%4.*%B*+/*%J6+%4*(%5'78-+,1(4%3.(4%1(/*+379.*4=.79I%3,(4*+(%

'179%4.*%!().4*()%4*+%N<a"%!(3-*3':/%*+9.*=/*(%^9,:;3,(%*/%'="% .(%C'-'3'8.%(.*4+.-*+*%B*+/*%'=3%.(%

K.+,39.:'"% H;*).*==% *.(*% N<a% 4*+% <0((*+% .3/% .(% C'-'3'8.% '179% ('79% Q\;,3./.,(% -*-*(62*+% 4*+%

H/+'9=1(-%4*+%?/,:2,:2*%'13-*3;+,79*(%3*=/*("%F.*%9.*+%G*+@*(4*/*%<*/9,4.8%,+4(*/%4.*3*%F.JJ*+*()%

4*:%@*3*(/=.79*(%q(/*+379.*4%.:%H/+'9=*(J*=4%2*.4*+%H/04/*%)1I%4*(%C*1/+,(*("%F.*3*3%Q+-*2(.3%1(4%

4':./% 4.*% +*31=/.*+*(4*(%9,9*(%B*+/*% J6+%4.*%A5B%4*+%C*1/+,(*(% J6+%N<a%8'((%4*39'=2%-'()%,4*+%

/*.=@*.3*% *.(%?+/*J'8/% 3*.(I%@*((%*3% '(4*+*I% 2.3='(-% 1(-*8=0+/*%T+6(4*% J6+%4*(%N./OPQJJ*8/%4*+%N<a%

-.2/"%C.79/%)1=*/)/%8]((/*%4'3%*(4*:.379*%?1J/+*/*(%4*+%?^a%.(%C'-'3'8.%'179%?13@.+81(-*(%'1J%4.*%

?(J0==.-8*./%4*+%Q.(@,9(*+%J6+%N<a%9'2*("%

5*:*+8*(3@*+/%.3/%4*+%'1S*+,+4*(/=.79%3/'+8*%Q.(J=1S%4*3%?=/*+3%2*.%Q\;,3./.,(%'1J%4.*%Q+-*2(.33*%4*+%
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E'/*(%('79%\@?]%%

(%RJ @??%( @??%XR @P??%( @P??%XR

#Uf #CC # ff #

bU#C $b #G[ #D #Gg
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!!"#"$% &'()*+,-*(./0/%1(/*+%2*3,(4*+*+%5*+6783.79/.-1(-%.::1(90:'/,;,*/.379*+%<'=.-(./0/*(%

!!"#"$">% ?*180:.*(%('79%@(A*(41(-%=,78*+.,(.3.*+*(4*+%B/+'9=*(%.(%4*+%<*4.).(%%

###%

_'2"%>h% N+08,()*;/.,(*==*% RJ(/-*(1(/*+31791(-*(% 4*3% Z'3/+,.(/*3/.('=/+'8/*3% 1(4% 4*3% _9,+'O%
2*.:%M'/*+%1(4%8.(4=.79*%?*180:.*"%

% X44%R'/.,3%4*3%K'==U&,(/+,==UM*+-=*.79*3%a'(-*;'S/%F6+%@=/*+G%5.=41(-%1(4%@=8,9,=8,(31:%
4*3%M'/*+3o%Q'9=%4*+%`(/*+31791(-*(h%
`(/*+*+%1(4%,2*+*+%Z'3/+,.(/*3/.('=/+'8/%aZ!_c%d*A*.=3%=.(8*+%V*+/%#G%d*A*.=3%+*79/*+%V*+/%l#%
_9,+'O%d*A*.=3%=.(8*+%V*+/%#U$G%d*A*.=3%+*79/*+%V*+/%l[%
!(%&='::*+(%)1%4*(%E.'-(,3*(%4.*%@()'9=%4*+%K0==*G%)1%4*(%X44%R'/.,3%d*A*.=3%B.-(.F.8'()%
4*3%_+*(43%
E'/*(%('79%\@$]%

 

B91%*/%'="%\@$]% 9'2*(% .(% 4*(% `B@% 1(4% &'('4'% 4.*% @13A.+81(-*(% *.(*+% ;+08,()*;/.,(*==*(%

B/+'9=*(2*='3/1(-% 4*+% M0/*+% -+1(430/)=.79% 2*3/0/.-/"% L.(*% E.FF*+*().*+1(-% ('79% `(/*+31791(-3/T;%

*+-'2%('79%+J(/-*(4.'-(,3/.379*(%<'S('9:*(%.:%5'1792*+*.79%F6+%@??%*.(*%3.-(.F.8'(/*%&,++*='/.,(G%

F6+% `(/*+31791(-*(% .:% 5+13/2*+*.79% A'+% 4.*% &,++*='/.,(% ('79% @1FF'331(-% 4*+% @1/,+*(% :'+-.('=%

a3"%_'2"%>G%B"%###c"%K6+%@<?G%4*1/=.79%3*=/*(*+%'=3%@??G%F*9=/*%41+79A*-%*.(*%&,++*='/.,(G%3.*%*++*.79/*%

(1+%.(%4*+%Z+1;;*%4*3%,2*+*(%5'179+'1:*3%:'+-.('=*%V*+/*"%

%

@??%a(m#[#c @<?%a(m>[c

`(/*+*+%Z!_ gGgbUgG>b%
a;kCGC#c

#GCnUCG#[%
a;mCGnfc

X2*+*+%Z!_ #Gg>UnG>#%
a;mCGC$c

#GbfUfGg#%
a;mCGC>c

_9,+'O CG[gUnGn#%
a;mCGCDc

nG[gU#GCD%
a;mCG#Cc
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!!"#"$% &'()*+,-*(./0/%1(/*+%2*3,(4*+*+%5*+6783.79/.-1(-%.::1(90:'/,;,*/.379*+%<'=.-(./0/*(%

!!"#"$">% ?*180:.*(%('79%@(A*(41(-%=,78*+.,(.3.*+*(4*+%B/+'9=*(%.(%4*+%<*4.).(%%

##n%

!!"#"$"%"?& B8+./;/6(&:;8/16(.D(6/9;).5&

@:%5*-.((%4*+%@('=T3*%I,(%@13A.+81(-*(%*.(*+%;+0('/'=*(%B/+'9=*(2*='3/1(-%:1S%*.(*%M*+2*1-1(-%

I,+% @=.7*% B/*A'+/% 1(4% .9+*:% ?*2*(3A*+8% 3/*9*("% _+,/)% )"_"% 9*F/.-3/*+% &,(/+,I*+3*(G% ;*+3J(=.79*+%

@(-+.FF*%1(4G%2*3/*(F'==3G% !-(,+'()%4*+%5*F1(4*%2.3% .(%4.*%9*1/.-*%Q*./G%A1+4*% .9+%?*2*(3A*+8% .::*+%

A.*4*+% 2*3/0/.-/"% L3% 8'((% 9*1/*% '=3% '8)*;/.*+/% -*=/*(% 1(4% 9'/% 4*39'=2% )1+*79/% '=3% 9.3/,+.379*+%

<*.=*(3/*.(% 4*+% 3/+'9=*(2.,=,-.379*(% K,+3791(-% L.(-'(-% .(% 4.*% +'4.,=,-.379*% ?*9+2179=./*+'/1+%

-*F1(4*(%\%#]"%

@22"%f#h% !().4*()%4*+%?*180:.*%.:%&.(4*3'=/*+%('79%4*(%E'/*(%4*3%XBWW%
% E.*%E.FF*+*()%)A.379*(%4*+%-*3':/*(%H01F.-8*./%1(4%4*+%B1::*%4*+%=T:;9'/.379*(%

?*180:.*%a??c%1(4%4*+%:T*=,.379*(%?*180:.*%a<?c%*(/3;+.79/%4*+%!().4*()%4*+%'81/*(%
B/'::)*==U?*180:.*%
E'/*(%('79%\E]%

E.*% H01F.-8*./3I*+/*.=1(-% 1(4% 4.*% @=/*+3I*+/*.=1(-% 4*+% I*+379.*4*(*(% ?*180:.*/T;*(% )*.-*(% *.(*%

A*./-*9*(4*%^2*+*.(3/.::1(-%:./%4*(%5*F1(4*(%9*1/.-*+%R*-.3/*+%a@22"%f#G%B"%##ncG%A*((%'179%'1F%

(.*4+.-*+*:% '23,=1/*(% P.I*'1"% M*+:1/=.79% I*+2*+-*(% 3.79% .(% 4*+% Z+1;;*% 4*+% '81/*(% B/'::)*==U

C # n g $ f b > D [ #C ## #n #g #$ #f
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!!"#"$% &'()*+,-*(./0/%1(/*+%2*3,(4*+*+%5*+6783.79/.-1(-%.::1(90:'/,;,*/.379*+%<'=.-(./0/*(%

!!"#"$">% ?*180:.*(%('79%@(A*(41(-%=,78*+.,(.3.*+*(4*+%B/+'9=*(%.(%4*+%<*4.).(%%

##g%

?*180:.*(%a@B?c%)'9=+*.79*%K0==*%I,(%@??"%E'F6+%3;+.79/%'179%4.*%3*9+%09(=.79*%@=/*+3I*+/*.=1(-%4*+%

)130/)=.79*(% K0==*% I,(% =T:;9'/.379*+% ?*180:.*% 1(4% B/'::)*==U?*180:.*% ('79%

RJ(/-*(1(/*+31791(-*(% 4*+% <1//*+% A09+*(4% 4*+% B79A'(-*+379'F/% .:% Z*-*(3'/)% )1% 4*+% 4'I,(%

'2A*.79*(4*(%@=/*+3I*+/*.=1(-%4*+%:T*=,.379*(%?*180:.*%a@22"%fnG%B"%##g%2.3%@22"%f$G%B"%##fc"%

@22"%fnh% ?T:;9'/.379*%?*180:.*(%.:%&.(4*3'=/*+%('79%RJ(/-*(1(/*+31791(-*(%4*+%<1//*+%A09+*(4%
4*+%B79A'(-*+379'F/"%

% R*='/.I*%@=/*+3I*+/*.=1(-%4*+%)130/)=.79%'1F-*/+*/*(*(%K0==*%2.3%)1:%#C"%?*2*(3d'9+%.:%
M*+-=*.79%)1+%H01F.-8*./3I*+/*.=1(-%4*+%3;,(/'(*(%K0==*%
E'/*(%('79%\#G#]%
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!!"#"$% &'()*+,-*(./0/%1(/*+%2*3,(4*+*+%5*+6783.79/.-1(-%.::1(90:'/,;,*/.379*+%<'=.-(./0/*(%

!!"#"$">% ?*180:.*(%('79%@(A*(41(-%=,78*+.,(.3.*+*(4*+%B/+'9=*(%.(%4*+%<*4.).(%%

##$%

@22"%fgh% B/'::)*==U?*180:.*(%.:%&.(4*3'=/*+%('79%RJ(/-*(1(/*+31791(-*(%4*+%<1//*+%A09+*(4%
4*+%B79A'(-*+379'F/%

% B,(3/%A.*%@22"%fnG%B"%##g%

C # n g $ f b > D [

@=/*+%\e'9+*]
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!!"#"$% &'()*+,-*(./0/%1(/*+%2*3,(4*+*+%5*+6783.79/.-1(-%.::1(90:'/,;,*/.379*+%<'=.-(./0/*(%

!!"#"$">% ?*180:.*(%('79%@(A*(41(-%=,78*+.,(.3.*+*(4*+%B/+'9=*(%.(%4*+%<*4.).(%%

##f%

@22"%f$h% <T*=,.379*%?*180:.*(%.:%&.(4*3'=/*+%('79%RJ(/-*(1(/*+31791(-*(%4*+%<1//*+%A09+*(4%
4*+%B79A'(-*+379'F/%

% B,(3/%A.*%@22"%fnG%B"%##g%

E.*%4.FF*+*(/.'=4.'-(,3/.379*(%N+,2=*:*%/+*/*(%'2*+%A*./-*9*(4%.(%4*(%H.(/*+-+1(4G%4'%4'3%+*='/.I*%+.38%

3.79% (.79/% (1+% 1(/*+% 4*(% I*+379.*4*(*(% ?*180:.*/T;*(G% 3,(4*+(% '179% )A.379*(% ?*180:.*(% 1(4%

3,=.4*(% _1:,+*(% (.79/% 79'+'8/*+.3/.379% 1(/*+379*.4*/"% E.*% M*+4,;;=1(-34,3.3% =.*-/% 3*9+% (.*4+.-G% 1:%

#C%:ZTG% '(4*+*% B/14.*(% *+-'2*(% '(% A*3*(/=.79% 8=*.(*+*(% Z+1;;*(% V*+/*% 1:% #f%:ZT% a3"%_'2"%DG%

B"%##bc"%X2A,9=%I,(%4*+%Q'9=%4*+%1(/*+3179/*(%K0==*%1(4%4':./%I,(%4*+%3/'/.3/.379*(%@133'-*8+'F/%1:%

Z+JS*(,+4(1(-*(%-*+.(-*+G%A*+4*(% )1:%M*+-=*.79%)A*.%(*1*+*%`(/*+31791(-*(%:./% '1F-*F69+/"%B.*%

9'2*(%4.*%5*F1(4*%B/*A'+/3%'(%QA.==.(-*(%62*+;+6F/%1(4%2*3/0/.-/"%E':./%A.+4%4*+%2*+*./3%/9*,+*/.379%

F+'-A6+4.-*%L.(A'(4%'179%*:;.+.379%*(/8+0F/*/G%4.*%H01F1(-%I,(%_1:,+*(%('79%B/+'9=*(2*='3/1(-%.(%

4*+%B79A'(-*+379'F/%2*+19*%4'+'1FG%4'S%I,+)1-3A*.3*%<6//*+%A*-*(%*.(*+%:*4.).(.379*(%!(4.8'/.,(%

-*+J(/-/%A,+4*(%3*.*(G%4*+*(%&.(4*+%)1-=*.79%-*(*/.379%F6+%*.(*%_1:,+*+8+'(81(-%.(%4.*3*:%@13:'S%

;+04*3/.(.*+/%-*A*3*(%3*.*("%E'3%1(-=012.-*%L+3/'1(*(G%4'3%4*+%9,9*(%L:;F.(4=.798*./%4*3%&.(4*3%.(%

1/*+,% *(/-*-*(-*2+'79/% A1+4*G% *+8=0+/% A,9=% 4.*% -+,S*% Q'9=% I,(% B/14.*(% )1% 4.*3*(%

LO;,3./.,(32*4.(-1(-*(G% 4*+*(% Q13'::*(3/*==1(-% 9.*+% (.79/% (,79:'=3% *+F,=-*(% :1S% \##$]"%

`PBWL@R%A.79/*/*%4.*%R*31=/'/*%4.*3*+%B/14.*(%*(/3;+*79*(4%4*+%Q'9=%4*+%5*,2'79/1(-*(%1(4%*+90=/%
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!!"#"$% &'()*+,-*(./0/%1(/*+%2*3,(4*+*+%5*+6783.79/.-1(-%.::1(90:'/,;,*/.379*+%<'=.-(./0/*(%

!!"#"$">% ?*180:.*(%('79%@(A*(41(-%=,78*+.,(.3.*+*(4*+%B/+'9=*(%.(%4*+%<*4.).(%%

##b%

*.(%+*='/.I*%+.38%I,(%#Gg[%a[fp%W!h%#Gg#U#G$>cG%4'3%(1+%1(A*3*(/=.79%I,(%4*:%V*+/%'2A*.79/G%:./%4*:%

4'3%XBWW%)./.*+/%A.+4%a#G$Cc"%E.*3% .3/% .(3,F*+(%'179%(.79/%*+3/'1(=.79G%4'%4*+%62*+A0=/.-*(4*%`:F'(-%

4*+%E'/*(%'13%4*:%XBWW%'179%4'3%A*./'13%-+JS/*%Z*A.79/%.(%4*+%Q13'::*(3/*==1(-%2*3./)/"%

_'2"%Dh% ?*180:.*%('79%;+0('/'=*+%LO;,3./.,(%-*-*(62*+%RJ(/-*(3/+'9=1(-%
% @()'9=%4*+%K0==*G%+*='/.I*%+.38%aRRcG%*O7*33%+*='/.I*%+.38%aLRRcG%I,(%4*(%@1/,+*(%-*3790/)/*%

B/+'9=*(2*='3/1(-%4*3%KJ/*(%a:ZTcG%LRRqZTG%M*+4,;;*=1(-34,3.3%aMEc%1(4%@1/,+*(%4*+%
B/14.*(%\E]G%\A%]G%\E?]%%

 

K0==* RR LRR :ZT LRR
qZT
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!!"#"$% &'()*+,-*(./0/%1(/*+%2*3,(4*+*+%5*+6783.79/.-1(-%.::1(90:'/,;,*/.379*+%<'=.-(./0/*(%

!!"#"$">% ?*180:.*(%('79%@(A*(41(-%=,78*+.,(.3.*+*(4*+%B/+'9=*(%.(%4*+%<*4.).(%%

##>%

@22"%ffh% R*='/.I*%+.38%F6+%:'=.-(*%_1:,+*%.:%&.(4*3'=/*+%
% @13A*+/1(-%4*+%E'/*(%I,(%B/*A'+/%*/%'="%\#G#]%:./%+*I.4.*+/*+%E,3.:*/+.*%41+79%P*A7,:2*%

1(4%<7Z+*-,+%\%?]%%

K,=-/%:'(%*.(*+%8+./.379*(%@('=T3*%4*3%5*='3/1(-3:13/*+3%41+79%P*A7,:2*%*/%'="%\%?]G%*++*79(*/%3.79%

'179% F6+% 4.*% &.(4*+% 4*3% XBWW% *.(*% :.//=*+*% B/+'9=*(2*='3/1(-% I,(% >GCf%:ZT% 1(4% 4':./% *.(*%

M*+4,;;=1(-34,3.3%1:%#f%:ZT% a@22"%ffG%B"%##>c"% !(%(*1*+*(%@13A*+/1(-*(%A*.3/%5./9*==%4'+'1F%9.(G%

4'S% 4'3% +*='/.I*% +.38% 62*+% 4*(% Q*./+'1:% 4*+% E'/*(*+9*21(-% 9.(A*-% 3/'+8% )1+678-.(-% \%]"%

<J-=.79*+A*.3*% ='-% 4.*3% '(% *.(*:% R678-'(-% 4*+% :*4.).(.379*(% B/+'9=*(2*='3/1(-% 41+79% 4*(%

/*79(.379*(% K,+/379+.//"% Z*:.//*=/% 62*+% 4.*% *+3/*(% #f%?*2*(3d'9+*% +*79(*/% *+% :./% *.(*+%

M*+4,;;*=1(-34,3.3%1:%nC%:ZT"%

E.*%M*+4,;;*=1(-34,3.3%379*.(/%'1S*+,+4*(/=.79%3/'+8%I,:%@=/*+%4*3%KJ/*(%2*.%5*='3/1(-%'290(-.-%)1%

3*.("%V09+*(4%.:%4+.//*(%_+.:*3/*+G%*3%;+0-/%I,(%4*+%H01F.-8*./%9*+%4*(%-*3':/*(%E1+79379(.//3A*+/G%

4.*%M*+4,;;=1(-34,3.3%4*:%E1+79379(.//3A*+/%4*+%Z*3':/3/'/.3/.8%*(/3;+.79/G%.3/%4'3%)A*./*%_+.:*3/*+%

1:%:*9+%'=3%4'3%E,;;*=/*%1(*:;F.(4=.79*+%a3"%@22"%fbG%B"%##Dc"%
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!!"#"$% &'()*+,-*(./0/%1(/*+%2*3,(4*+*+%5*+6783.79/.-1(-%.::1(90:'/,;,*/.379*+%<'=.-(./0/*(%

!!"#"$">% ?*180:.*(%('79%@(A*(41(-%=,78*+.,(.3.*+*(4*+%B/+'9=*(%.(%4*+%<*4.).(%%

##D%

@22"%fbh% <'=.-(,:*%.:%&.(4*3'=/*+%('79%RJ(/-*(1(/*+31791(-%4*+%<1//*+%.(%I*+379.*4*(*(%
Q*./'2379(.//*(%4*+%B79A'(-*+379'F/%

% LO7*33%+*='/.I*%+.38%;+,%Z+'T%a=.(83c%1(4%M*+4,;;*=1(-34,3.3%a+*79/3c%F6+%E'/*(%('79%5./9*==%
1(4%B/*A'+/%\E]%
:.//=*+*%E,3.3%8,++.-.*+/%('79%P*A7,:2*%1(4%<7Z+*-,+%\%?]%
E,3.3%4*+%*.()*=(*(%_+.:*3/*+%8,++.-.*+/%.:%M*+90=/(.3%4*+%:.//=*+*(%@()'9=%4*+%
RJ(/-*('1F('9:*(%;+,%K'==%

!:%*+3/*(%_+.:*3/*+%*++*79(*/%3.79%'==*+4.(-3%*.(%V*+/%I,(%(1+%n%:ZTr%a@22"%fbG%B"%##Dc"%V*+%3.79%(1(%

.(%M*+-=*.79*%:./%4*+%('/6+=.79*(%B/+'9=*(2*='3/1(-%2*-.2/G%3,==/*%4'3%379:'=*%Q*./F*(3/*+%2*'79/*("%

@(-*3.79/3% 4*+% (.*4+.-*(% M*+4,;;=1(-34,3*(% 8'((% *3% (.79/% A1(4*+(G% 4'S% 4.*% @+2*./3-+1;;*% ':%

XBWW% '179% &,++*='/.,(*(% )A.379*(% 4*+% ?*180:.*U!().4*()% 1(4% 4*+% ('/6+=.79*(% B/+'9=*(2*='3/1(-%

F'(4"% B,A,9=% 4.*% R'4,(8,()*(/+'/.,(% '=3% '179% 4.*% E,3.3=*.3/1(-% 4*+% Z'::'3/+'9=1(-% .(% 4*(%

V,9(1(-*(% 8,++*=.*+/*% 9,793.-(.F.8'(/% :./% 4*+% H01F.-8*./% )130/)=.79*+% _1:,+*% \FA]"% E.*%

R'4,(8,()*(/+'/.,(% 8,++*=.*+/*% *(-*+% :./% 4*+% H01F1(-% 4*+% ?*180:.*(G% 4.*% E,3.3=*.3/1(-% 4*+%

Z'::'3/+'9=1(-% *(-*+% :./% 4*+% H01F1(-% 3,=.4*+% _1:,+*"% E*+% :.//=*+*(% R'4,(8,()*(/+'/.,(% .(% 4*(%

V,9(1(-*(% I,(% #DGf$%5Yq:s% A1+4*% *.(*% M*+1+3'791(-% I,(% */A'% Dp% 4*+% ?*180:.*% .:%&.(4*3'=/*+%

)1-*,+4(*/G%4*+%:.//=*+*(%E,3.3=*.3/1(-%4*+%Z'::'3/+'9=1(-%I,(%fDG$n%(ZTq9%*/A'%#Dp%4*+%K0==*"%
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!!"#"$% &'()*+,-*(./0/%1(/*+%2*3,(4*+*+%5*+6783.79/.-1(-%.::1(90:'/,;,*/.379*+%<'=.-(./0/*(%

!!"#"$">% ?*180:.*(%('79%@(A*(41(-%=,78*+.,(.3.*+*(4*+%B/+'9=*(%.(%4*+%<*4.).(%%

##[%

L.(*+%2'8/*+.*==*(%!(F*8/.,(38+'(89*./%4*3%&.(4*3%a$np%4*+%K0==*c%A1+4*%*.(*%8,(81++.*+*(4*%<,+/'=./0/%

I,(% */A'% n[p% )1-*,+4(*/G% *.(*+% 2'8/*+.*==*(% L+8+'(81(-% 4*+% <1//*+% A09+*(4% 4*+% B79A'(-*+379'F/%

anp%4*+%K0==*c%*.(*%3,=79*%I,(%*/A'%np"%E'+'13%=0S/%3.79%'23790/)*(G%.(%A*=79*:%`:F'(-%'==*.(*%*.(*%

I*+2*33*+/*%-*31(49*./=.79*%M*+3,+-1(-%1(4%4.*%L.(F69+1(-%4*+%@(/.2.,/.8'/9*+';.*%)1+%B/*.-*+1(-%4*+%

?*180:.*U!().4*()%41+79%B*(81(-%4*+%8,(81++.*+*(4*(%<,+/'=./0/%2*.-*/+'-*(%9'/"%

E*+%379'+F*%@=/*+3-.;F*=%4*+%.(%4*+%Q'9=%I,+9*++379*(4*(%@??%1:%4'3%4+.//*%2.3%I.*+/*%?*2*(3d'9+%46+F/*%

4.*% @13A.+81(-% .(% 4.*3*:% Q*./F*(3/*+% (,79:'=3% 1:% */A'% 4'3% QA*.F'79*% I*+3/0+8*("% @13%

*:2+T,=,-.379*+%B.79/%A0+*%*3%;='13.2*=G%4'S%4'3%+*'=*%Q*./F*(3/*+%4*+%*+9J9/*(%B/+'9=*(3*(3.2.=./0/%.:%

*+3/*(% _+.:*3/*+% (,79% A*3*(/=.79% 379:'=*+% .3/% '=3% 4.*% +*='/.I% -+,2*G% '13% Z+6(4*(% 4*+%

*;.4*:.,=,-.379*(%@13A*+/1(-%-*A09=/*%Q*./3;'((*%I,(%4+*.%<,('/*("%E'3%A6+4*%2*4*1/*(G%4'S%4.*%

2*379+.*2*(*%(.*4+.-*%M*+4,;;=1(-34,3.3%41+79%M*+46((1(-%(,79%F'=379%)1%9,79%A0+*"%

E.*% 1(/*+379.*4=.79*% B/+'9=*(*:;F.(4=.798*./% A09+*(4% 4*+% 8.(4=.79*(% L(/A.78=1(-% A1+4*% F6+% '==*%

_1:,+*(%-*:*.(3':%*++*79(*/"%P.79/3%3;+.79/%4'-*-*(G%4'S%4.*%L+-*2(.33*%'179%F6+%4.*%`(/*+-+1;;*%

4*+%?*180:.*(%1(4%3;*).*==%'179%F6+%4.*%@??%+*;+03*(/'/.I%3.(4"%E*((%62*+%4.*%5*F1(4*%I*+379.*4*(*+%

@+2*./3-+1;;*(%9.(A*-%)*.-/%3.79%41+79-0(-.-G%4'S%4*+%B/+'9=*(*FF*8/%A09+*(4%4*+%B79A'(-*+379'F/%

3.79% (.79/% 3;*).F.379% '1F% *.(*% _1:,+'+/% '13A.+8/G% 3,(4*+(% 4'S% 3.79% 4.*% +*='/.I*% +.38UV*+/*% 3*9+%

('9*8,::*("%M,+%4.*3*:%H.(/*+-+1(4%I*+=.*+/%'179%4.*%`(3.79*+9*./%'(%5*4*1/1(-G%,2%4.*%L.(3/1F1(-%

4*+% I*+379.*4*(*(% ?*180:.*/T;*(% ,9(*% 379A*+A.*-*(4*% Y1'(/./'/.I*% !++/6:*+% '1F% 4.*% 9*1/.-*%K@5U

&='33.F.8'/.,(%62*+/+'-*(%A*+4*(%8'(("%

L3%3*.%'(%4.*3*+%B/*==*%4'+'(%*+.((*+/G%4'S%('79%4*(%(*1*3/*(%@13A*+/1(-*(%4*+%@/,:2,:2*(,;F*+%

'179%4.*%M*+4,;;*=1(-34,3.3% d1(-*+%&.(4*+%.(%*.(*+%I*+-=*.792'+*(%Z+JS*(,+4(1(-%=.*-*(%a3"%&';./*=%

!!"#"$"?"$c"%

@(-*3.79/3%4*3%@=/*+3-.;F*=% .(%4*(%8.(4=.79*(%?*180:.*UW=13/*+(% .(%4*+%`:-*21(-%I,(%@/,:'(='-*(%

1(4%4*+%*O/+*:%(.*4+.-*(%M*+4,;;=1(-34,3*(%F6+%4'3%*+3/*%_+.:*3/*+%3/*9/%*.(*%B/+'9=*(2*='3/1(-%.(%

4.*3*:%Q*./;1(8/%*2*(3,%A.*%.(%4*(%*+3/*(%?*2*(3d'9+*(%'=3%:J-=.79*%`+3'79*%-'()%.:%M,+4*+-+1(4"%

%

!!"#"$"%"$& :;8/16(.D(6/9;).5&-,&:+)56-.59/6;(8&

K6+% 4.*3*% @=/*+33/1F*% 4*+% 5*='3/1(-% 3.(4% 4.*% B/'/.3/.8*(% 2*4*1/*(4% 46((*+% a3"%_'2"%[G% B"%#n#c"% B.*%

A1+4*(% )14*:% ('79% 4*+% @(A*(41(-% /9*+';*1/.379*+% E,3*(% :./% *O/+*:% .(9,:,-*(*(% K*=4*+(%

41+79-*F69+/"% 5*.% 4*(% _9T:132*3/+'9=1(-*(% *++*.79/*% 4.*% H'1/4,3.3% V*+/*% 2.3% bGf%ZT"% 5*.% 4*+%



!!"#"$% &'()*+,-*(./0/%1(/*+%2*3,(4*+*+%5*+6783.79/.-1(-%.::1(90:'/,;,*/.379*+%<'=.-(./0/*(%

!!"#"$">% ?*180:.*(%('79%@(A*(41(-%=,78*+.,(.3.*+*(4*+%B/+'9=*(%.(%4*+%<*4.).(%%

#nC%

H0:'(-.,:/9*+';.*% 2*/+1-% 4.*% :.//=*+*% &(,79*(:'+834,3.3% .:% ,2*+*(% R1:;F% #Gf%ZT"% 5*.% 4*+%

5*9'(4=1(-%4*+%_.(*'% 7';./.3%A1+4*% F6+% 4'3%&(,79*(:'+8% 4*3%B7904*=3%*.(*%E,3.3% I,(%*/A'%$%ZT%

*+:.//*=/"% !(% _*.=*(% 4*3% &(,79*(:'+83% 3.(4% '=3,% B/+'9=*(4,3*(% *++*.79/% A,+4*(G% 4.*% )1% *.(*:%

*+9*2=.79*(%8,(81++.*+*(4*(%Q*==8.==.(-*FF*8/% F69+*("%E.*% +*31=/.*+*(4*(%V*+/*% F6+%4'3%*O7*33%+*='/.I*%

+.38% ;+,% ZT% =.*-*(% 4*39'=2% F6+% *.(*% ^2*+/+'-1(-% .(% 4*(% P.*4+.-4,3.32*+*.79% )1% (.*4+.-G% 4.*%

M*+4,;;*=1(-34,3*(% *(/3;+*79*(4% )1% 9,79"% Q130/)=.79% :1S% (.79/% (1+% 2*.% :*4.).(.379% .(4.).*+/*(%

_9*+';.*(% aH0:'(-.,:cG% 3,(4*+(% '179% 2*.% 1(3.((.-*(% @(A*(41(-*(% a_9T:132*3/+'9=1(-c% :./%

@13=*3*:*79'(.3:*(%-*+*79(*/%A*+4*(%a2.'3cG%4.*%:./%4*+%B/+'9=*(3*(3.2.=./0/%8,++*=.*+*("%

V*./*+9.(%:1S%4'+'(%*+.((*+/%A*+4*(G%4'S%*:;F.(4=.79*%B/'::)*==*(%.(%(.*4+.-%*O;,(.*+/*(%R*-.,(*(%

+*3.4.*+*(% 8J((*(G% A.*% )"5"% *:2+T,('=*% B/'::)*==*(% .(% 4*+% ?*2*+% 1(4% <.=)G% 4.*% 2*.% 4.*3*(%

LO;,3./.,(*(%,F/%A*./%*(/F*+(/%I,(%4*+%2*3/+'9=/*(%&J+;*++*-.,(%='-*("%

P.79/% )1=*/)/% A.+4% 4.*% Y1'(/./'/.I*% 5*A*+/1(-% 4'41+79% *+379A*+/G% 4'S% 4.*% P'792*,2'79/1(-3)*./*(%

3*9+% 1(/*+379.*4=.79% 3.(4"% ?*4.-=.79% .(% 4*+% N12=.8'/.,(% I,(% ?1(4*==% 1(4% H,=:% \HA]% A.+4% ('79% 4*:%

9*1/.-*(% B/'(4'+4% )A.379*(% ?*180:.*(% .:%&.(4*3U% 1(4% .:%L+A'793*(*('=/*+% 1(/*+379.*4*(G%A,2*.%

4'3%&.(4*3'=/*+%.(%4.*3*+%B/14.*%4'3%#f"%?*2*(3d'9+%:./%*.(379=.*S/"%%



!!"#"$% &'()*+,-*(./0/%1(/*+%2*3,(4*+*+%5*+6783.79/.-1(-%.::1(90:'/,;,*/.379*+%<'=.-(./0/*(%

!!"#"$">% ?*180:.*(%('79%@(A*(41(-%=,78*+.,(.3.*+*(4*+%B/+'9=*(%.(%4*+%<*4.).(%%

#n#%

_'2"%[h% L+-*2(.33*%)A*.*+%B/14.*(%62*+%?*180:.*%('79%*.(*+%B/+'9=*(/9*+';.*%.:%B01-=.(-3'=/*+%
% P1::*+%4*+%Q*.=*%aQ"cG%@()'9=%4*+%K0==*G%+*='/.I*%+.38%aRRcG%*O7*33%+*='/.I*%+.38%aLRRcG%

-*3790/)/*%:.//=*+*%E,3.3%4*3%&(,79*(:'+83%aZTcG%LRRqZTG%M*+4,;;*=1(-34,3.3%aMEc%1(4%
@1/,+*(%4*+%B/14.*(%
Q*.=*%#h%?*180:.*%('79%_9T:132*3/+'9=1(-G%:.//=*+*3%@=/*+%4*+%&,9,+/*%7'"%#g%e'9+*%
Q*.=*%nh%A.*%Q"%#G%:.//=*+*3%@=/*+%#DGf%e'9+*G%L.(-+*()1(-%4*+%&,9,+/*%
Q*.=*%gh%V.*%Q"%n%.(7="%B*+.*%!!G%:.//="%@=/*+%DG#%e'9+*G%E,3.3%('79%N*+3,(*(d'9+*(%-*A.79/*/%
Q*.=*%$h%V.*%Q"%g%('79%4*:%4+.//*(%K,==,AU1;%
Q*.=*%fh%V.*%Q"%g%('79%4*:%I.*+/*(%K,==,AU1;%
Q*.=*%bh%?*180:.*%('79%B/+'9=*(/9*+';.*%*.(*3%H0:'(-.,:3%
V*./*+*%L+=01/*+1(-%.:%_*O/%
E'/*(%('79%\@F]G%\%%]G%\?#]G%\?G]G%\HA]%

 

!(%4*+%Z+1;;*%('79%_9T:132*3/+'9=1(-%A'+*(%[C%p%4*+%&.(4*+%)1:%Q*./;1(8/%4*+%B/+'9=*(2*='3/1(-%

d6(-*+%'=3%b%<,('/*"% !(%4*+%Z+1;;*%:./%H0:'(-.,:%A'+%4'3%E1+79379(.//3'=/*+%2*.%B/+'9=*(/9*+';.*%

bGf%<,('/*"%!(%4.*%&,9,+/*%A1+4*(%&.(4*+%'1F-*(,::*(G%4.*%2*.%4*+%5*9'(4=1(-%d6(-*+%'=3%#D%<,('/*%

A'+*(G% *.(% _*.=% 2*F'(4% 3.79% '=3,% (.79/% :*9+% .:% B01-=.(-3'=/*+"% `(/*+% 4*(% ?*180:.*F0==*(% ('79%

B/+'9=*(2*='3/1(-%A'+*(%*3%#$%p"%

Q" K0==* RR LRR ZT LRRqZ
T

ME
\:ZT] @1/,+*(

# > ##G> #CG> CG[ ##G[ D$ B.:;3,(%*/%'="

n b bGg fGg CG[ fG[ #>C N.F*+%*/%'="

g b $G# gG# CG># $G$ nn[ N.F*+%*/%'="

$ b g n CG># nGD gff H*:;"%*/%'=%tb>

f > gG# nG# CG># g ggD H*:;"%*/%'=%t>f

b [ nGn #Gn CGgD gGn g#C ?1(4*==G%H,=:

%



!!"#"$% &'()*+,-*(./0/%1(/*+%2*3,(4*+*+%5*+6783.79/.-1(-%.::1(90:'/,;,*/.379*+%<'=.-(./0/*(%

!!"#"$">% ?*180:.*(%('79%@(A*(41(-%=,78*+.,(.3.*+*(4*+%B/+'9=*(%.(%4*+%<*4.).(%%

#nn%

!(% *.(*+% F+69*(% N12=.8'/.,(% 4*+% B/14.*% ('79% _9T:132*3/+'9=1(-% F.(4*(% 3.79% 3.*2*(% ?*180:.*(%

'1F-*F69+/G% .(% 4*(% 3;0/*+*(% N12=.8'/.,(*(% (1+% 3*793G% A'3% 4'+'1F% 2*+19/G% 4'S% 4'((% 4.*% B/14.*% '1F%

&.(4*+%2*379+0(8/%A,+4*(%A'+G%4.*%'179%.:%`;3/'/*%P*A%u,+8%-*=*2/%9'//*("%`(/*+%4*(%gCn%&.(4*+(G%

4.*% 3,% '13% 4*:%&,==*8/.I% '13-*8='::*+/%A,+4*(% 3.(4G%A'+% *.(*%@??% aK'==% P+"%n#$fcG% 4.*% F6(F% e'9+*%

('79% 5*3/+'9=1(-% '1F-*/+*/*(% A'+"% L.(% A*./*+*+% K'==G% 4*+% :J-=.79*+A*.3*% *.(*% ?*180:.*% A'+% aK'==%

P+"%D$#cG%A'+%'13%'==*(%5*+*79(1(-*(%'=3%?*180:.*%'13-*379=,33*(%A,+4*(G%4'%*+%.:%_,/*(379*.(%'=3%

.(F*8/.J3*%<,(,(18=*,3*%4*8='+.*+/%A,+4*(%A'+"%V*-*(%F*9=*(4*+%`(/*+='-*(%A'+%4.*%E.'-(,3*%(.79/%

:*9+%3.79*+%)1%+*8,(3/+1.*+*("%B,=79*%4.'-(,3/.379*(%`(3.79*+9*./*(%46+F/*(%A,9=%'179%.(%4.*%B/'/.3/.8%

*.(-*-'(-*(%3*.(G%'13%4*+%4.*%@()'9=%4*+%*+A'+/*/*(%_,4*3F0==*%'2-*=*./*/%A,+4*(%.3/"%

E.*%.(%*.(*+%3;0/*+*(%N12=.8'/.,(%;+03*(/.*+/*%K,+/F69+1(-%4*+%B/14.*%-.2/%*.(*(%*O'8/*(%B79=1S/*+:.(%

'(%ag#"#n"#[f[c"%E'3%:.//=*+*%@=/*+%4*+%&,9,+/*%2*/+1-%#DGf%e'9+*% \%%]"%f$%p%4*+%2*3/+'9=/*(%1(4%2.3%

4'9.(%62*+=*2*(4*(%&.(4*+%9'//*(%)1%4.*3*:%Q*./;1(8/%4'3%#$"%?*2*(3d'9+%62*+379+.//*("%E'%'2*+%'==*%

2*,2'79/*/*(% ?*180:.*F0==*% 2.3% )1:% #$"%?*2*(3d'9+% '1F-*/+*/*(% A'+*(G% A.+4% 4'3% F6+% 4.*3*% &,9,+/*%

2*+*79(*/*%RR%4*1/=.79%)1%(.*4+.-%'13F'==*("%K6+%4.*%F+69*+*%N12=.8'/.,(%8'((%4*+%B79=1S/*+:.(%(.79/%

-*('1%*+:.//*=/%A*+4*("%E'%F6+%4.*%*+3/*%E'/*(*+9*21(-%4.*%e'9+*%#[fnU#[fg%'(-*-*2*(%A,+4*(%3.(4%

1(4%4'3%d6(-3/*%L+8+'(81(-3'=/*+% .(%4*(%_'2*==*(%41+79%M*+-=*.79%:./%4*(%-*('1*+*(%@(-'2*(%*.(*+%

3;0/*+*(%N12=.8'/.,(%I,(%B.:;3,(%1(4%H*:;*=:'((%\@H]%2*.%4*:%K'==%*.(*3%B79.=44+63*(8+*23*3%.:%

e'9+%#[fg%=.*-/G%46+F/*%4'3%:.//=*+*%@=/*+%4*+%&,9,+/*%4':'=3%*/A'%3*793%e'9+*%(.*4+.-*+%-*A*3*(%3*.(G%

'=3,%8(';;%#g%%e'9+*"%E.*3%F69+/%)1%*/A'3%F'=379%)1%9,9*(%V*+/*(%4*3%+*='/.I*%+.38%2*.%*.(*:%M*+-=*.79%

:./%4*(%@(-'2*(%I,(%?1(4*==%1(4%H,=:G%4.*%4'3%#f"%?*2*(3d'9+%:./%*.(2*).*9*("%

E*+%V*+/%4*3%+*='/.I*%+.38%I,(%##G>G%4*+%3.79%'13%4*(%E'/*(%.(%4*+%F+69*+*(%N12=.8'/.,(%I,(%B.:;3,(%*/%

'="%\@F]%*++*79(*/G%.3/%.(3,F*+(%2*='3/2'+G%A*.=%4.*%@()'9=%4*+%*+A'+/*/*(%K0==*%aCGbc%:./%-+,S*+%B,+-F'=/%

*+'+2*./*/% A,+4*(% A'+"% !(% *.(*+% 3;0/*+*(% L+9*21(-% A'+% *.(*% )A*./*% &,9,+/*% I,(% &.(4*+(% *+F'S/%

A,+4*(G%4.*%:./%*.(*+%(.*4+.-*+*(%E,3.3%2*='3/*/%A,+4*(%A'+*(%a:.//=*+*%H'1/4,3.3%#nb%+%3/'//%gn[%+c"%

E'3%:.//=*+*%@=/*+%4*+%)A*./*(%&,9,+/*% ='-%:./%DG#%e'9+*(%*+9*2=.79%(.*4+.-*+"%E*((,79%62*+379+.//*(%

2*+*./3%n%p%4'3%@=/*+%I,(%#$%e'9+*(%1(4%nn%p%F.*=*(%.(%4.*%@=/*+3-+1;;*%I,(%#CU#$%e'9+*"%V.+4%F6+%4.*%

)A*./*% B*+.*% *.(*% -=*.79*% @=/*+3I*+/*.=1(-% .(41).*+/*+% ?*180:.*(% 1(/*+3/*==/% A.*% .(% 4*+% *+3/*(% B*+.*G%

A0+*%:./%*.(*+%`(/*+*+F'331(-%I,(%*/A'%nD%p%)1%+*79(*("%5*.%*.(*+%Q13'::*(F'331(-%2*.4*+%B*+.*(%

*++*79(*/% 3.79% *.(% +*='/.I*% +.38% I,(% $G#"% ?1(4*==% 1(4% H,=:% )./.*+*(% *.(*% 3;0/*+*% N12=.8'/.,(%

H*:;*=:'((3% :./% *.(*:% +*='/.I*% +.38% I,(% (1+%g% \A@]"% E.*3*+% V*+/% *(/3;+.79/% 4*:%B/'(4% 4*3% 4+.//*(%

K,==,AU1;%\?#]%1(4%.3/%4'3%R*31=/'/%*.(*+%A*./*+*(%M*+46((1(-"%!:%I.*+/*(%K,==,AU1;%A1+4*%*.(%A*./*+*+%

K'==% I,(% ?*180:.*% +*-.3/+.*+/G% A,41+79% 3.79% A.*4*+1:% *.(% */A'3% 9J9*+*+% V*+/% F6+% 4'3% +*='/.I*% +.38%

*+-.2/% \?G]"% &'31.3/.379*% E*/'.=3% F*9=*("% @1F-+1(4% 4*3% .()A.379*(% *++*.79/*(% @=/*+3% 4*+% &,9,+/*G%



!!"#"$% &'()*+,-*(./0/%1(/*+%2*3,(4*+*+%5*+6783.79/.-1(-%.::1(90:'/,;,*/.379*+%<'=.-(./0/*(%

!!"#"$">% ?*180:.*(%('79%@(A*(41(-%=,78*+.,(.3.*+*(4*+%B/+'9=*(%.(%4*+%<*4.).(%%

#ng%

d6(-3/*3% @=/*+% .:% e'9+% 4*+% I.*+/*(% L+9*21(-% #[>#% #$%e'9+*G% 46+F/*% *3% 3.79% :./% -+,S*+%

V'9+379*.(=.798*./%1:%*.(*%<'(.F*3/'/.,(%.:%L+A'793*(*('=/*+%9'(4*=("%

@179%2*.%`(/*+3/*==1(-%*.(.-*+%K*9=4.'-(,3*(%.(%4*+%Z+1;;*%4*+%'81/*(%1(3;*).F.379*(%?*180:.*(%1(4%

2*3,(4*+3%4*+%'81/*(%B/'::)*==U?*180:.*(nG%46+F/*% .:%&.(4*3'=/*+%4.*%@??%('79%B/+'9=*(2*='3/1(-%

62*+A.*-*(%a3"%_'2"%#CG%B"%#ngc"%!(%4*+%B/14.*%I,(%?1(4*==%1(4%H,=:%F.(4*(%3.79%*.(*%-*3.79*+/*%@<?%

3,A.*%'(4*+*%K,+:*(%*.(*+%:T*=,.379*(%?*180:.*%('79%B/+'9=*(2*='3/1(-%.:%B01-=.(-3'=/*+%*+3/%:./%

='(-*+%?'/*()%('79%4*:%#b"%?*2*(3d'9+%a3"%_'2"%##G%B"%#n$c"%

_'2"%#Ch% ?*180:.*/T;*(%('79%B/+'9=*(2*='3/1(-%.:%B01-=.(-3'=/*+%
% E'/*(%('79%\@F]G%\HA]%%

 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

n% !(%*.(*+%4*+%N12=.8'/.,(*(%\@H]%A1+4*(%4.*%K0==*%:./%@B?%'179%'=3%'71/*%:T*=,2='3/.7%=*18*:.'%2*379+.*2*(G%4'('79%'2*+%
A.*4*+%1(/*+%4*+%1+3;+6(-=.79*(%@(-'2*%'71/*%3/*:U7*==%=*18*:.'%'1F-*F69+/%\##A]"%

B*+.* @` @?? B?? @B? @1/,+*(

_9T:13 g n n B.:;3,(%
*/%'="

H0:'(-.,: ## ?1(4*==G%
H,=:

%



!!"#"$% &'()*+,-*(./0/%1(/*+%2*3,(4*+*+%5*+6783.79/.-1(-%.::1(90:'/,;,*/.379*+%<'=.-(./0/*(%

!!"#"$">% ?*180:.*(%('79%@(A*(41(-%=,78*+.,(.3.*+*(4*+%B/+'9=*(%.(%4*+%<*4.).(%%

#n$%

_'2"%##h% ?*180:.*/T;*(%('79%B/+'9=*(2*='3/1(-% .:%B01-=.(-3'=/*+% .(%@290(-.-8*./%I,:%B/*+2*'=/*+%
1(4%4*+%E,3.3%

% _9*+';.*%*.(*3%H0:'(-.,:3o%-*A.79/*/*%E,3.3%4*3%&(,79*(:'+83%\ZT]%
E.*%E,3.3-+1;;*%kCGC#%ZT%4.*(/*%'=3%R*F*+*()-+1;;*%
E'/*(%('79%\HA]%

 

@179% 4.*% @=/*+3I*+/*.=1(-% 4*+% ?*180:.*(% ('79% *.(*+% B/+'9=*(2*='3/1(-% .:% B01-=.(-3'=/*+% .3/%

79'+'8/*+.3/.379% F6+% @??% 1(4% )*.-/% *.(*% H01F1(-% 2.3% )1:% f"%?*2*(3d'9+% a@22"%f>G% B"%#nfc"% E.*%

5*+*79(1(-% *.(*3% LRR% ;+,% ZT% 62*+% 4.*% -*3':/*% &.(49*./% 9.(A*-% F69+/% 4*39'=2% )1% *.(*+%

`(/*+3790/)1(-%41+79%4.*%M*+46((1(-%1:%*/A'%4*(%K'8/,+%QA*.%a3"%@22"%fDG%B"%#nbc"%

kCGC#ZT lCGC#UCG#C%ZT lCG#C%ZT

@=/*+%CU#f

@` n $ f

@=/*+%lm#b

@?? #

@` # #

@<? n #

W<? #

<` # #

%



!!"#"$% &'()*+,-*(./0/%1(/*+%2*3,(4*+*+%5*+6783.79/.-1(-%.::1(90:'/,;,*/.379*+%<'=.-(./0/*(%
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U0==*(% *.(*+% ?*180:.*% imE$_% U0==*% F'+*(% *+F'+/*/% F,+4*(E% B!K%n%#E`mj% OEP"% I*+% B!K% H6+% :\*=,.379*%
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H6+%D*1/+,(*(%.:%B/+'9=*(3791/)%+*J.4.*+/%F*+4*(%:633*(%ODDP"%
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