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#501&"&2 30%'@ 1+ (0& 4&#'%)&4&+('@ *+& /&)6*)4' #+ #"&)#,& *"&) (0& 4#,+&(15 ?&$. 1+ *).&)
(* ,&( # ?+,&)/)1+( *6 (0& 5*+?,%)#(1*+2 7'1+, (0& &),*.15 0-/*(0&'1'@ (0& #"&)#,& *"&) .1'*)L
.&) V 5#+ =& &A%1"#$&+($- (#E&+ =- #"&)#,1+, *"&) 4#,+&(15 ?&$.B2 91+#$$-@ #+ &T/&)14&+(#$
/)*(*5*$ 1' /)*/*'&. (* ,1"& #  !"#$% &#'()"#&#*% +, %-# (.!* /0'(( +" #" .'"'&#%#" Q12@ #'
.&/15(&. *+ ?,%)& V2H2

 !"#$% &'()  !"#!$%&'$! ()(*!+ &,$-'., Tg/ 012!$!3& "!%+'$!"!3&+ %& &!"#!$%&'$!Texp (-$$!+#-34

&- 412!$!3& +#13 (-35.'$%&1-3+f ~S(n)
i g/ 67&$%(&!4 8$-" 9:;</



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

"#$ %&'( )*+,+-+. /011$/,$2 '( 310*$ 456 '/ ,#$ 7+..+8'(19 ,#$ /:/,$% '/ -++.$2 ,#*+01# Tg

2+8( ,+ Texp; /+ ,#&, ,#$ /)'( -+(310*&,'+( '/ 7*+<$(5 "#$ %&1($,'- 3$.2 '/ ,#$( &)).'$2; '( +*2$*
,+ *$-+*2 ,#$ %&1($,+3(1$*)*'(, +7 ,#$ -+(310*&,'+( f ~S(n)

i g5 "#$ /&%).$ '/ #$&,$2 0) ,+ ,#$
)&*&%&1($,'- *$1'%$; ,#$ /)'( -+(310*&,'+( '/ *&(2+%'<$25 "#$ +)$*&,'+( '/ *$)$&,$2; 1'='(1 &
/$-+(2 %&1($,+3(1$*)*'(, f ~S(n+1)

i g &, Texp5 "#$ -+**$.&,'+( >$,8$$( ,8+ ,*&-$/ (m) � (n + 1)
&(2 (n) 1'=$/ Qmn ; ,#$ /)'( +=$*.&)5 ?$)$&,'(1 ,#'/ )*+-$// %&(: ,'%$/ /#+0.2 :'$.2 ,#$
/,&,'/,'-&. 2'/,*'>0,'+( +7 +=$*.&) P(Q) ,#&, '/ ,#$ 70(2&%$(,&. @0&(,',: '( ,#$ ,#$+*: +7 /)'(
1.&//$/5 "#'/ ,++. -&( 70*,#$* /$*=$ ,+ /,02: &1'(1 $A$-,/; ,#*+01# ,#$ 2$)$(2$(-$ +( ,#$
8&','(1 ,'%$ tw ; &(2 &./+ %$%+*: $A$-,/5

 !"#$%&'!"

"#$ 0/$ +7 0('=$*/&. -+(20-,&(-$ B0-,0&,'+(/ ,+ /,02: ,#$ %'-*+/-+)'- -+(310*&,'+(/ +7 /)'(
1.&//$/ '/ & 8$..C$/,&>.'/#$2 '2$&5 D+8$=$*; ', '/ 2'E-0., ,+ 2*&8 2$3(','=$ -+(-.0/'+(/ 7*+%
,#$ $F'/,'(1 $F)$*'%$(,&. 8+*G/5 "#$ ($8 &))*+&-# )*+)+/$2 '( ,#'/ 8+*G '/ ,+ '(=$/,'1&,$
2'*$-,.: ,#$ *$)*+20-'>'.',: +7 ,#$ %&1($,+3(1$*)*'(,/5 "#$ -+**$.&,'+( >$,8$$( -+(20-,&(-$
B0-,0&,'+(/ ,*&-$/ -&( >$ $F)$*'%$(,&..: %$&/0*$2; &(2 &..+8 ,+ $F,*&-, ,#$ /)'( +=$*.&)5 H$
)*$/$(,; '( ,#$ ($F, )&*,; ,#$ $F)$*'%$(,&. '%).$%$(,&,'+( +7 ,#$/$ '2$&/5



 !"# $$

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

 !





 ! "#$% &$' ()*+,(-  #$% '%.&/!.!"0
01+,2( 3%4 .%//! '+/,0%+"' 5,% "! 6+")7
0%+""!"0 &$'-

 !"#$% &'(%")

 !"#$%&4
 !"#$%&#'()* %&"*#&#'()(%+'

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

 ! "#$%# &" '&($) *%'"'+",-+ %.%+&' -! &/% ',-! 012'' #%0-*%3 '%4%#21 #%5(-#%*%!&' /24% &"
6% 7(1811%$9 :";<&%*,%#2&(#% *%2'(#%*%!&' 2#% #%5(-#%$ =T � 1 >? -! "#$%# &" #%2+/ &/%
5(2!&(* #%0-*% =LT ; L � ' L?3 6(& 21'" '2*,1%' -! &/% *-+#"! #2!0%3 12#0% *20!%&-+ 8%1$'3
2' ;%11 2' 4%#) 1"; !"-'% %1%+&#"!-+ $%&%+&-"! 2' &/% '-0!21' &" 6% *%2'(#%$ 2#% 4%#) '*2119  !
2$$-&-"!3 &/% +"!+%!&#2&-"! "7 &/% *20!%&-+ ',-!' =-*,(#-&-%'? /2' &" 6% ;%11 +"!&#"11%$9  ! &/%
7"11";-!03 ;% $%&2-1 &/% %@,%#-*%!&21 &%+/!-5(%' &/2& ;% /24% -*,1%*%!&%$ 7"# &/% *%2'(#%*%!&
"7 (!-4%#'21 +"!$(+&2!+% A(+&(2&-"!' -! ',-! 012''%'9

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

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

 ! "#$%# &" *2B% '2*,1%' 6%1"; &/% *-+#"*%&%# '-C%3 ;% ('% '&2!$2#$ %1%+&#"! 6%2* 1-&/"0<
#2,/) &%+/!-5(%'9 D '%!'-&-4% #%'-'& -' -!'"12&%$ 6) 2 7"+('%$ %1%+&#"! 6%2*3 7"11";-!0 2 ,2&&%#!
$%8!%$ 6) &/% ('%#9 E/% 6%2* 2.%+&' &/% #%'-'&3 2!$ &/% -!'"12&%$ ,2#& -' #%*"4%$ -! 2 +/%*-+21
'"1(&-"! =&/% $%4%1",%#?9 E/-' -' 7"11";%$ 6) 2 *%&21 %42,"#2&-"! "! &/% ;/"1% '(6'&#2&%9 E/%
12'& '&%, +"!'-'&' -! #%*"4-!0 &/% #%'-'& 12)%#3 &/% '"<+211%$ F1-7&<".F9 D '+/%*2&-+ "7 &/% ;/"1%
1-&/"0#2,/) ,#"+%$(#% -' '/";! "! 80(#% G9H9

E/% 6%'& '(-&%$ 0%"*%&#) &" '&($) %@,%#-*%!&211) *%'"'+",-+ -!&%#7%#%!+% %.%+&' -' &/%
5(2'- 1d 0%"*%&#)I "!1) "!% $-*%!'-"! "7 &/% '2*,1% -' 12#0%# &/2!L � 9  !$%%$3 -! &/-' 0%"*%&#)
&/% #%'-'&2!+% -' 12#0%# 2!$ &/% !(*6%# "7 +/2!!%1'Nc -' #%$(+%$9 D' &/% 5(2!&(* A(+&(2&-"!'
2#% "7 "!% +/2!!%13 &/% #%12&-4% #%'-'&2!+% +"##%+&-"! -' &/(' 12#0%#9

JH



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

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

"#$%$ &%$ &'() $*+$%,-$./&' 0).(/%&,./( 0)-,.1 2%)- /#$ (,1.&' 3$/$0/,).4 &( & 5$%6 ')7
08%%$./ ,( %$98,%$3 /) +$%2)%- & -$&(8%$-$./ &/ $98,',:%,8-; 7$ #&5$ 0&'08'&/$3 /#&/ /#$
%$(,(/&.0$ )2 /#$ (&-+'$ #&( /) :$ R > 10 
 ,. )%3$% /) :$ &:'$ /) -$&(8%$ /#$ <=> (,1.&' &/
T = 30 -?@ "#$ '$.1/# L )2 /#$ (&-+'$ #&( /) :$ )2 /#$ )%3$% )2L � @ <(,.1 /#$ %$(,(/,5,/6 )2
+8%$ .):'$ -$/&'(; 7$ /#8( #&5$ /) 3$(,1. /#$ (&-+'$ 5$%6 .&%%)7 &.3 /#,.@

A)7$5$%; 7$ #&5$ 0#)($. /%&.(5$%($ 3,-$.(,).( /#&/ &%$ '&%1$% /#&. /#$ $'&(/,0 -$&. 2%$$
+&/#; ,. )%3$% /) #&5$ /#%$$B3,-$.(,).&' 3,C8(,5$ +%)+$%/,$( 2)% /#$ (&-+'$@ D$ E.&''6 3$(,1.$3
& (&-+'$ )2 '$.1/# L = 3 � - 7,/# ($5$%&' ,./$%-$3,&/$ +%):$(; )2 7,3/#w = 50 .- &.3
/#,0F.$(( t = 40 .-@ >)% /#$($ 3,-$.(,).(; 7$ 0&. $(/,-&/$ /#&/ 2)% & 0).0$./%&/,). )2
-&1.$/,0 (+,.( c = 1000 ++-; /#$%$ &%$ &:)8/300 (+,.( ,. /#$ /%&.(5$%($ ($0/,). )2 /#$ 7,%$@
G. G/)-,0 >)%0$ H,0%)(0)+$ IG>HJ +,0/8%$ )2 & /6+,0&' (&-+'$ ,( (#)7. ). E18%$ K@!@ "#$
'&%1$ %$($%5),%( &,- &/ #&5,.1 & 1))3 /#$%-&',L&/,). )2 /#$ 7,%$@

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

=&.).,0&' (+,. 1'&(($( /#&/ 7$ 7&./ /) (/836 &%$ G8>$; G1H. )% =8H. &'')6(; ,. /#$
1000++- 0).0$./%&/,). %$1,-$@ "#$%$ &%$ /7) 7&6( /) -&F$ /#$-4 7$ 0&. $5&+)%&/$ 3,%$0/'6
/#$ &'')6; )% 7$ 0&. $5&+)%&/$ /#$ .):'$ -$/&' #)(/ &').$; &.3 ,-+'&./ /#$ -&1.$/,0 ,-+8%,/,$(
&2/$%7&%3(@ M. (80# .):'$ -$/&'(; /#$%$ (8:(,(/ (-&'' 0).0$./%&/,).( )2 -&1.$/,0 ,-+8%,/,$( ,.
/#$ (&-+'$ &2/$% $5&+)%&/,).@ "#$($ 1,5$ %,($ /) & ?).3) $C$0/ NOPQ@ M. /#,( (,/8&/,).; /#$ +#&($
0)#$%$.0$ '$.1/# ,( %$380$3 NO!Q; &%)8.3 /#$ /6+,0&' ?).3) /$-+$%&/8%$TK @ =).($98$./'6; ,2
TK ,( ,. /#$ ?$'5,. %&.1$; /#$ +%$($.0$ )2 %$(,38&' -&1.$/,0 ,-+8%,/,$( 3%&-&/,0&''6 &C$0/( /#$

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



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

!"#$% &'"%(%)&% !('!%(*+%$ ', *"% $#-!.%/ 0* +$ *"1$ 2%(3 +-!'(*#)* *' "#2% # 4''5 &')*('. ')
*"% -%*#. %2#!'(#*+') +) '(5%( *' #2'+5 !#(#$+*% -#4)%*+& +-!1(+*+%$ %6%&*$/ 7'( *"+$ (%#$')8 9%
%.#:'(#*% '1( $#-!.% ,('- # 2%(3 "+4" !1(+*3 $'1(&% ', "'$* -#*%(+#. ;$#-!.%$ 9%(% !(%!#(%5 +)
*"% <1#)*(')+&$ 4('1! ,'( =4  8 #)5 +) *"% >($#3 4('1! ,'( =1?8 #)5 9% +-!.#)* *"% -#4)%*+&
+-!1(+*+%$ #,*%(9#(5$/

 !"#$% &'()  !" #$%&'() *+ , &-#$%,. /,0#.) 1)/$23)1 +*( &4) 0),/'()0)3& *+ 56!7 84) %'(()3& $/
1($9)3 :)&;))3 &4) .,(2) ()/)(9*$(/< ,31 /)9)(,. 9*.&,2) #(*:)/ ,() ,9,$.,:.) +*( 0),/'()0)3&7

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

@"% +-!.#)*#*+') $*(#*%43 "#$ $%2%(#. #52#)*#4%$/ =$ #.. $#-!.%$ #(% ,#:(+&#*%5 ,('- *"%
$#-% -%*#. $'1(&% +) # $+)4.% %2#!'(#*+') (1)8 +* #..'9$ ,'( # 5+(%&* &'-!#(+$') :%*9%%) *"%
)') +-!.#)*%5 -%*#. #)5 *"% $!+) 4.#$$ $#-!.%$/ A'(%'2%(8 *"% +-!.#)*#*+') *%&")+B1% %)$1(%$
# 1)+,'(- $!#*+#. 5+$*(+:1*+') ', *"% $!+)$/ @"+$ +$ +-!'(*#)*8 #$ # &.1$*%(+)4 ', -#4)%*+&
+-!1(+*+%$ -#3 .%#5 *' #-:+41'1$ (%$1.*$8 51% *' +)"'-'4%)%+*+%$ ', *"% &')&%)*(#*+')/

@"% +-!.#)*#*+') "#$ :%%) !%(,'(-%5 +) *"% 0)$*+*1* 5% C"3$+B1% D1&.E#+(% 5% F3') ;0CDF?8
+) # &'..#:'(#*+') 9+*" G"(+$*'!"% C%#1&%..% #)5 =)4%.# C%((#*HA#:+..')! / @"% !(+)&+!.% ',
*"% *%&")+B1% +$ *' #&&%.%(#*% +')$ +) #) %.%&*(+& I%.58 +) '(5%( *' 4+2% *"%- $1J&+%)* %)%(43
*' !%)%*(#*% +)*' *"% *#(4%* $#-!.%/ @"% #52#)*#4%$ ', *"+$ *%&")+B1% #(% #) #&&1(#*% +$'*'!+&
$%.%&*+')8 #)5 9%.. &')*('..%5 K1%)&% ;*"% )1-:%( ', +-!1(+*+%$ +-!.#)*%5 !%( $1(,#&% 1)+*? #)5
!%)%*(#*+') 5%!*"/ @"% -#+) 5(#9:#&L +$ *"#* *"% "+4" %)%(43 +-!.#)*#*+') &(%#*%$ 5%,%&*$ +)
*"% $#-!.%/ @"%$% &#) "'9%2%( :% %(#$%5 :3 #) #))%#.+)4 !('&%$$/

  !"# #$%&'( !)# *((+ '!)&)',(&"-(. "+ &(/(&(+'( 01234 5"6"+5 ,78"')997 L � ' 10 � : ), ,!( 9$;(#, ,(:8(&),%&(#<
! =(( !,,8>??;;;<"8+9<"+@82</&?#8"8<8!8A)&,"'9(@B@ /$& :$&( "+/$&:),"$+<



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

"# $%& '()*+,'- ., ./++ 0,,* 12, 3,4,51' 4$& 1.$ &,('$#'6 7#, 12, $#, 2(#3- 12, (##,(+/#8
*&$5,'' 5(# /#3%5, 5+%'1,&/#8 $4 12, '*/#'- 12(1 ., .(#1 1$ (9$/36 7# 12, $12,& 2(#3- 12, '1(1/5
3,4,51' 5&,(1,3 :; 12, /)*+(#1(1/$# +,(3 1$ (# /#5&,(', $4 12, &,'/'1(#5, $4 12, '()*+,  .2/52
2,+*' 4$& 12, 5$#3%51(#5, <%51%(1/$#' ),('%&,),#16 "# (33/1/$#- /1 2(' :,,# '2$.# 12(1 12,
*&,',#5, $4 3,4,51' 5&,(1,3 3%&/#8 /)*+(#1(1/$# 3$ #$1 +,(3 1$ (33/1/$#(+ /#,+('1/5 '5(11,&/#8 /#
12, '()*+, =>!?6

 !"#$% &'()  !"#"$%&'! "( #!) *+*,-.. /0'1&2#&#/"2 )34/'0)2# /2 * 567

@2, /)*+(#1(1/$# 2(' :,,# *,&4$&),3 ./12 (# "A"7!BB .2/52 /' &,*&,',#1,3 $# C8%&, !6 6
@2, ,#,&8; $4 12, (55,+,&(1,3 /$#' /' /# 12, &(#8,E = 60 1$400 0,D6 @2, /$# 5%&&,#1 &(#8,'
4&$) 4,. � E 1$ 2%#3&,3' $4� E6 F%&/#8 12, /)*+(#1(1/$#- 12, :,() /' '5(##/#8 12, '%&4(5, $4
12, '()*+,- +,(3/#8 1$ <%,#5,' &(#8/#8 :,1.,,# 1012 at=cm2 (#3 1017 at=cm26

"# 5(#$#/5(+ '*/# 8+('','- Tg /' *&$*$&1/$#(+ 1$ 12, 5$#5,#1&(1/$#c6 @2, 5$&&,'*$#3/#8
<%,#5, &,G%/&,3 /' 5(+5%+(1,3 4&$) #%),&/5(+ '/)%+(1/$#' $4 12, /)*+(#1(1/$# *&$5,''- %'/#8
12, '$41.(&, HI"A ! J12, H1$**/#8 (#3 I(#8, $4 "$#' /# A(11,&K6 L/9/#8 12, /#4$&)(1/$# $#
12, '$%&5, (#3 1(&8,1- ., $:1(/# 4&$) 12, '/)%+(1/$# ( *&$C+, $4 12, /$#' 3/'1&/:%1/$# /# 12,
)(1,&/(+- (' '2$.# $# C8%&, !6!6

M&$) 12, *&$C+,- ., ,'1/)(1, " 12, ),(# 9(+%, $4 12, 8(%''/(# hci - .2/52 /' 2(+4 $4 12,
)(N/)%) 9(+%,6 @2, <%,#5, /' 8/9,# :;

f c =
cimp nat

hci
J!6O6OK

f c /' 12, <%,#5, #,,3,3 1$ $:1(/# ( 5$#5,#1&(1/$#cimp - (#3 nat /' 12, (1$)/5 3,#'/1; $4 12, 2$'1
)(1,&/(+6

E' (# ,N()*+,- 1(:+, !6O 8/9,' 12, <%,#5,' 4$& 12, /)*+(#1(1/$# $4 55Mn /#1$ E8 J40 #)
+(;,&K6 M$& /#4$&)(1/$#-nat = 5:86 at=cm3 (#3 12, '/)%+(1/$# JE = 70 0,DK ;/,+3' hci =
12:5 104 Jat=cm3KPJat=cm2K6

  !" !#$ %$"&$ !' !(" %)*+,$%- .$ /)0$ !1%$"0$2 ) %("+"&%&#3 &#4"$)%$ !' 5/$ "$%&%5&0&56 16 ) ')45!" 7 1$5.$$#
+("$ 83 )#2 &*+,)#5$2 839# %)*+,$%: ;# "$'$"$#4$ <7=>- &*+,)#5)5&!# )5 $?(&0),$#5 $#$"3&$% ,$)2 5! )# $#@
/)#4$*$#5 ')45!" !' A:7:  !" 5/$ !5/$" %$"&$% !' %)*+,$%- .$ /)0$ "$4!0$"$2 5/$ %)*$ $#/)#4$*$#5 ')45!" !'
A:7:

! B!'5.)"$ &# '"$$ )44$%% /55+CDD...:%"&*:!"3D:
" E$ 5)F$ &#5! )44!(#5 &# 5/$ $%5&*)5&!# 5/$ +"!+!"5&!# !' &!#% 5/)5 )"$ +"!+)3)5&#3 !(5 !' 5/$ %)*+,$: G/$6

"$+"$%$#5 &# !(" %)*+,$% )1!(510 % !' 5/$ &!#%:



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

 !"#$% &'&(  !" #$%&'$()&$!" *'!+,- .% . /)"0&$!" !/ &.'1-& #-*&23 .% ")4-'$0.,,5 0!4*)&-# 6$&2 78 9:
 " &2$% -;.4*,-3 &6! ,.5-'% !/ 40 "4 <) = 5 "4 >$ ."# &2- 7$ %)(%&'.&- 0!"%&$&)&- &2- &.'1-&: >2-
*'!+,- $% 1$?-" $" )"$&% !/ @at=cm3AB@at=cm2A:

"#$% &'()*+& cimp ,))(- ./+%0+f c , ions=cm2- 1/2)3&+

456"#789%&6"#7 7!: 7:03 1013 123;+ T > Tg

456"#<89%&6"#< =:: 1:87 1014 >?@ A32T � Tg

456"# 89%&6"# B:: 3:28 1014 >?@ A32T � Tg

456"#=89%&6"#= 7::: 4:69 1014 123;+ >?@ A32T < Tg

456"#!89%&6"#! 7!:: 7:03 1014 123;+ >?@ A32T � Tg

456"#C89%&6"#C <::: 9:37 1014 123;+ >?@ A32T � Tg

)*+,% &'-( >.(,- !/ $4*,."&.&$!" ?.,)-% )%-# /!' 55Mn $"&! <1:

D+ E'F+ 0E3&+% GE+ "#$% '**3H A32 IG& *3J K3%L3 G+()+2'G/2+MTK � Tg A32 '** GE+ &'()*+&
A';2I0'G+LN OEI& +%&/2+& GE'G J+ 0'% %+#*+0G GE+ I%./+%0+ 3A K3%L3 +P+0GM &3 GE'G J+ '2+ ('I%*H
)23;I%# GE+ &)I% #*'&& )E'&+N "&Tg I& L+G+2(I%+L ;H GE+ 03%0+%G2'GI3% ,cimp � 1000))( #IF+&
Tg � 1 K-M &'()*+& 3A LIP+2+%G 03%0+%G2'GI3%& E'F+ ;++% +*';32'G+LM I% 32L+2 G3 &G/LH F'2I3/&
)EH&I0'* 2+#I(+& 2+#'2LI%#T=TgN

"%3GE+2 &+G 3A I()*'%G+L &'()*+& E'F+ ;++% )2+)'2+L JIGE "/@+ '**3H&N Q% GEI& &H&G+(M GE+
K3%L3 G+()+2'G/2+ I& EI#E+2TK � 1 KM '%L J+ E'F+ '00+&& G3 ' 2+#I(+ JE+2+Tg � TK N

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

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

Q% 32L+2 G3 033* GE+ &'()*+ L3J% G3 GE+ R/'%G/( 2+#I(+ ,T � 1 K-M J+ /&+ ' &G'%L'2L
03((+20I'* LI*/GI3% 2+A2I#+2'G32N OEI& +R/I)(+%G J'& '0R/I2+L 'G (H '22IF'* I% GE+ G+'(N OE+
&)+0IS0'GI3%& '2+ ' ;'&+ G+()+2'G/2+ 3AT � 11 (K '%L ' 033*I%# )3J+2 3A250� D 'G 100(KN
Q% 32L+2 G3 ;2I%# GE+ &'()*+ I%G3 GE+ ('#%+GI0 03I*M J+ E'F+ ;/I*G ' 03*L S%#+2 JEI0E J'&
0'2+A/**H 'L')G+L G3 GE+ 2+A2I#+2'G32N



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

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

" #$%&'()* +',- .'/.'&-)*0,$/ (1 (2' 3$#.,'4 *$,,'- (2' 5 +',-4 )3 ./1-0*'- 6)(2 $ 31,'&1)-$,
30.'/*1&-0*()&% *1),7 82' #$9)#0# +',- )3 $:10( Bz = 8 87 ;& $--)()1&4 6' *$& ./1-0*' $
#$%&'()* +',- )& (2' .,$&' 1< (2' 3$#.,'4 (2' =>? +',-7 82)3 )3 $*2)'@'- :A (61 B',#1,(C *1),34
$&- (2' #$9)#0# +',- 1:($)&$:,' )3 Bxy = 1:3 87 82' 3$#.,' 2$3 (1 :' 6',, $,)%&'- 6)(2 (2'
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,$&0 .) & *$,4&6,$ 0$.$*24+&.4)+ )1L � DEFG5 3#4(# (&+ 6$ &%%,4$0 &. +)+ ?$*) 2&-+$.4( H$,09

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

@' %*$'$+.$0 4+ (#&%.$* I5 6; 7'4+- .#$ J+'&-$* ';22$.*4$' )+$ (&+ $/.*&(. .#$ 2&-+$.4(
()+.*467.4)+ � GM .) .#$ ABC9 :+ .#$ 1),,)34+-5 3$ (&,46*&.$ .#$ &2%,4.70$ )1� GM 4+ & +)+
2&-+$.4( @- '&2%,$9

 !"#$% &')( D%!$/$ &. " .&;'2<'&@$ /$"#;'$/$(+= 8&(+"%+#1; 2; 3; 4 %"( @$ ;#$- "# %;''$(+ )$"-# &'
E&)+"*$ <'&@$# 3( &'-$' +& $,+'"%+ +!$ -3F$'$(+ %&(+'3@;+3&(# +& +!$ 789=



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

"# $%&# '#%()*#+ ,$# '%-.#,/0/.+)0,%.0# 1)0,)%,2/.( /3 ,$# (%'45# +#(0*26#+ 4*#&2/)(578
2. % 3/)* 4*/6# 0/.9-)*%,2/.: ;( 4*#(#.,#+ /. 9-)*#  :<8 0/.,%0, .)'6#*( =>8?@ %*# 0/..#0,#+
%( 0)**#., 5#%+(I 8 %.+ 0/.,%0,( =!8A@ %( &/5,%-# 4*/6#(V: "# ,$)( /6,%2. % (#, /3 +%,%
G1423 0%55#+GIV (B ): ;3,#* 4#*'),%,2/. /3 &/5,%-# 4*/6#(8 ./B 0/..#0,#+ ,/ =>8?@8 %.+ 0)**#.,
5#%+( 0/..#0,#+ ,/ =!8A@8 B# *#4#%, ,$# '#%()*#'#., 2. ,$# (%'# 0/.+2,2/.(: C, -2&#( % (#0/.+
(#, /3 +%,%G2314 0%55#+GV I (B ): D/* % ./. '%-.#,20 (7(,#'8 ,$# E.(%-#* (7''#,*7 $/5+(F
GV I (B ) = GIV ( B ): "# 4*#(#., ,$# #G4#*2'#.,%5 0)*&#( /6,%2.#+ /. 9-)*#  :H:

 !"#$% &'()  !"#$%&'"%( )$%&$'&*!"+ '+ ' ,$"%&*!" !, &-( .'/"(&*% 0(1#2 '& T = 400 .3 ,!4 ' 5/
+'.61(7 8-( &9! #*:(4("& .('+$4(.("&+ GIV ( B ) '"# GV I (B ) '4( %!.6'4(#7 8-(; <*+$'11; 1!!=
+*.*1'42 '"# &-( %'1%$1'&(# %!44(1'&*!" %!(>%*("& ?(&9((" &-( %$4<(+ *+C = 0 :877

I$# 4%2* /3 0)*&#( =GIV ( B ); GV I (B )@ $%( % $2-$ 0/**#5%,2/. 0/#J02#., /3C = 0:87: KGL
4#*2'#.,%5578 B# /6(#*&# % ('%55 +#&2%,2/. ,/ ,$# 2+#%5 &%5)#C � 1 B$20$ B# 6#52#&# 2( ./,
(2-.290%,2&#8 %.+ 4*/6%657 +)# ,/ % 4/((265# %(7''#,*7 6#,B##. ,$# 4*/6# 0/.9-)*%,2/.(:
C.+##+8 3/* 0/'4%*2(/.8 ,$# 0/**#5%,2/. 6#,B##.GIV (B ) %.+ GIV ( B ) 2(C = 0:2:

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

D*/' ,$# #G4#*2'#.,%5 '%-.#,/*#(2(,%.0# ,*%0#( B# 0%. #G,*%0,

� RM =
� RIV (B )  � RV I ( B )

2
= :A:>@

� RO =
� RIV (B ) + � RV I ( B )

2
= :A:!@

B$#*# � RM 2( ,$# '%-.#,20 0/'4/.#., %.+ � RO ,$# /*62,%5 0/'4/.#.,: C. % ./. '%-.#,20
(7(,#'8 52M# ,$# ;- (%'45# B# %*# (,)+72.-8 ,$# '%-.#,20 0/'4/.#., ($/)5+ 6# N#*/ %( ,2'#L
*#&#*(%5 2.&%*2%.0# 2( 3)5955#+: I$# /6,%2.#+ ,*%0#( 3/* '%-.#,20 %.+ /*62,%5 0/'4/.#.,( %*#
($/B. /. 9-)*#  :O: C. ,$2( #G4#*2'#.,8 ,$# %'452,)+# /3 ,$# '%-.#,20 0/'4/.#., #G,*%0,#+
2( � RM � 0:9 ' 
 8 B$#*#%( ,$# %'452,)+# /3 ,$# /*62,%5 0/'4/.#., 2(� RO � 2:2 ' 
 : I$#
'%-.#,20 0/'4/.#., %'452,)+# 2( (52-$,57 $2-$#* ,$%. ,$# ./2(# 5#&#5 =� Rnoise � 0:4 ' 
 @8 6),
2( 05#%*57 ('%55#* ,$%. ,$# /*62,%5 /.#:
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 !"#$% &'()  !"#"$%&'! ()'$)%$#*&" %" % +)&'$#*& *+ $,! -%.&!$#' /!01 #& % 2)3! 4. 5#3!6 7*2 $3%'!8
*39#$%0 '*-2*&!&$� RO : 9*$$*- $3%'!8 -%.&!$#' '*-2*&!&$ � RM 6 7,! ')3;!" ,%;! 9!!& ",#+$!1 +*3
'0%3#$<6

"# $%&# '()$$*$+ ,* -).* (/0)( 1)#2/3 4*(2$ 5-)5 61*)7 5-* 5&3*81*.*1$)( $933*519 /: 5-*
$9$5*3; "# /12*1 5/ <#2*1$5)#2 -/, 5-&$ )=*05$ 5-* 2&=*1*#5 0/3%/#*#5$+ ,* <$* )# )22&5&/#)(
%)1)((*( 4*(2Bxy ,-&0- 61*)7$ 5-* 5&3*81*.*1$)( &#.)1&)#0* &# 5-* $)3%(*; >)'#*5/1*$&$5)#0*
51)0*$ )1* 1*0/12*2 69 $,**%&#'Bz+ 6<5 <#2*1 $*.*1)( $5)5&/#)19 .)(<*$ /:Bxy ; ?/1 *)0- $*5
/: 0<1.*$+ ,* *@51)05 5-* 3)'#*5&0 )#2 /16&5)( 0/3%/#*#5$; A-* 3*)$<1*2 )3%(&5<2*$ )1*
%1*$*#5*2 /# 4'<1*  ;B;

 !"#$% &'*) =%3#*)" 3!"#"$%&'! ()'$)%$#*&" %-20#$)1!" %" % +)&'$#*& *+ $,! 2%3%00!0 /!01Bxy : $%>!&
%$T = 200 -?6 7,! *2!& "<-9*0" ",*5 � RIV @.3!!&A %&1� RV I @90)!A6 7,! "*0#1 "<-9*0" 3!23!"!&$
� RM @3!1A %&1� RO @90%'>A6



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

"# $%&#'(# )*+) )*# #,-#'./#0)+1 +/-1.)23#& � RIV +03 � RV I +'# '$24*15 6$0&)+0) +&
+ 7206).$0 $7Bxy 8 2- )$ 1 9: ;) Bxy = 0 <8 � RM � � RO +& )*# )./#='#(#'&+1 .0(+'.+06#
.& 721>11#3: ?5 +--15.04 )*# +33.).$0+1 >#13Bxy 8 @# %'#+A -'$4'#&&.(#15 )*# )./#='#(#'&+1
.0(+'.+06#8 +03 )*# +/-1.)23# $7 )*# /+40#).6 6$/-$0#0) � RM .06'#+&#&: ;%$(# + (+12# $7
)*# $'3#' $7 Bxy � 500<8 )*# +/-1.)23#& $7� RM +03 � RO +'# +%$2) )*# &+/#:

9*# >#13 &6+1#Bxy � 500 < .& 6$/-+).%1# @.)* )*# +/$20) $7 >#13 '#B2.'#3 )$ -'$326#
+ C2, B2+0)2/ � 0 .0 )*# &.3# +'#+ $7 )*# &+/-1#8 @*.6* .& .03##3 )*# >#13 &6+1# 0##3#3 )$
3#-*+&# )./#='#(#'&#3 -+)*& .0 )*# &+/-1#: D.42'#  :E )*2& &*$@& +0 #,-#'./#0)+1 &.40+)2'# $7
)*# %'#+A.04 $7 )./#='#(#'&+1 &5//#)'5 .0 + 0$0 /+40#).6 &5&)#/8 32# )$ +0 #,)#'0+1 /+40#).6
>#13:

 !"#$%&'!"

F0 )*.& 6*+-)#'8 @# *+(# -'#&#0)#3 )*# #,-#'./#0)+1 '#&21)& $%)+.0#3 .0 + 0$0 /+40#).6
;4 &+/-1#8 @*.6* @.11 &#'(# +& + '#7#'#06# 7$' )*# /#+&2'#/#0)& .0 &-.0 41+&&#&: "# *+(#
&*$@0 )*+) $2' ;4 &+/-1#& *+(# 4$$3 6$*#'#06# -'$-#').#& %#7$'# ./-1+0)+).$08 @.)* + -*+&#
6$*#'#06# 1#04)*L � $77 � /: 9*# 20.(#'&+1 6$0326)+06# C26)2+).$0& 6+0 %# /#+&2'#38 +03
2&#3 )$ B2+0).)+).(#15 #,)'+6)L � : F0 +33.).$08 @# *+(# (+1.3+)#3 )*# /#)*$3 7$' )*# #,)'+6).$0
$7� RM 8 )*# 6$/-$0#0) $7 )*# C26)2+).$0& @*.6* .& 1.0A#3 )$ )*# /+40#).6 -'$-#').#& $7 )*#
&+/-1#:



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

 !"#"$%

 !"#$%&6
 !"#$!$%! &$ '(! )!*&*'&+&', -. /01$ *2&$ 03#**

 ! "#$%$"&!%'(! &#! )*+ &!,-!%$&.%! -%*-!%&'!/ *0 1234 /-'4 2)$// ,!/*/"*-'" /$,-)!/5 14
',-*%&$4& -*'4& '/ &* 6! $6)! &* !7$).$&! Tg8 *.% /,$)) /$,-)!/ 9* 4*& -%*7'9! !4*.2# 7*).,!
&* $))*+ 0*% ./.$) ,$24!&'" /./"!-&'6')'&: ,!$/.%!,!4&/5 ;4 &#'/ "#$-&!%< +! -%!/!4& &#! %!/.)&/
*6&$'4!9 *4 &#! %!/'/&'7'&: *0 1234 /$,-)!/5

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

;4 ./.$) &#!%,*9:4$,'" -#$/! &%$4/'&'*4/< /'(! !=!"&/ $%! ',-*%&$4&5 >#!%! !?'/& $ "%'&'"$)
9',!4/'*4$)'&: %$42! '4 +#'"# &#! &%$4/'&'*4 !?'/&/5 ;4 /-'4 2)$//!/< &#! )*+!% "%'&'"$) 9',!4/'*4
#$/ 6!!4 #!$7'): 9!6$&!9 $49 '47!/&'2$&!9< $49 '/ &#*.2#& &* 6! 6!&+!!4 d = 2 $49 d = 35 1/
+! %!9."! &#! 9',!4/'*4/ *0 &#! /:/&!, &* *6/!%7! "*#!%!4& !=!"&/< &#! @.!/&'*4 *0 &#! !?'/&!4"!
*0 $ /-'4 2)$// -#$/! '4 /."# /$,-)!/ '/ &#./ %!)!7$4&5

>* $4/+!% &#'/ @.!/&'*4 !?-!%',!4&$)):< &#! ,$'4 9'A".)&: $%'/!/ 0%*, &#! 0$"& &#$& ,$2B
4!&'" /./"!-&'6')'&: ,!$/.%!,!4&/ "$44*& 6! -!%0*%,!9 '4 )*+B9',!4/'*4$) /:/&!,/5 >#!%! $%!
#*+!7!% &+* !?-!%',!4&/ &#$& #$7! "'%".,7!4&!9 &#'/ '//.!5

1 C%/& '47!/&'2$&'*4 #$/ 6!!4 %!$)'(!9 '4 &#'4 1.D! C),/ EFGH< 6: ,!$/.%'42 &#! $4*,$)*./
I$)) %!/'/&'7'&: +#'"# 2'7!/ $ /'24$) 9'%!"&): -%*-*%&'*4$) &* &#! ,$24!&'" /./"!-&'6')'&:5 >#!%!B
0*%!< &#!: "*.)9 *6/!%7! &#! "./- $/ $ 0.4"&'*4 *0 &!,-!%$&.%!< "#$%$"&!%'/&'" *0 &#! /-'4 2)$//
6!#$7'*%5 >#! &%$4/'&'*4 &!,-!%$&.%! $/ 9!&!%,'4!9 +$/ 4*& ,*9'C!9 9*+4 &* $ &#'"J4!// *0
$6*.& 15 4,5

14*&#!% /&.9: +$/ -!%0*%,!9 *4 ,.)&'B)$:!% /$,-)!/ *0 K.34 $49 1234< &#! /&$"J'42
*0 &#'4 )$:!%/ $))*+'42 0*% 9'%!"& ,$24!&'" /./"!-&'6')'&: ,!$/.%!,!4&/ EFLH5 I!%! $)/*< &#!
&%$4/'&'*4 &!,-!%$&.%! +$/ 4*& $=!"&!9 9*+4 &* &#'"J4!//!/ *015 4,5 1/ $ "*4")./'*4< '4
*.% ,!/*/"*-'" /$,-)!/ *0 9',!4/'*4/ L > l e > 15 4,< +! "$4 !/&',$&! &#$& &#! /-'4 2)$//
&%$4/'&'*4 '/ /&')) &#%!! 9',!4/'*4$)5

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

 !"!# $%&'%()*+(% ,%'%-,%-.% /0 *1% (%232*343*5

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

"#$%&' ()*#'+%, -.-,'/+%0%$%+12 +3' 4'-%-+%5%+1 67'- #7+ 78'4 -3)4/ 9')+.4'- )47.#6Tg %#
-/%# *$)--'-: ;7<'5'42 +3' )66%+%7#)$ ()*#'+%, -,)++'4%#* 79 +3' '$',+47#- %# +3'-' -1-+'(- %-
'=/',+'6 +7 )8',+ +3' 4'-%-+%5%+1� : >3' '8',+ 79 +3' ()*#'+%, -/%#- %- +<7?97$6: @# +3' 7#'
3)#62 +3'4' %- ) A7#67 '8',+B +3' 4'-%-+)#,' %- %#,4')-%#* <%+3 6',4')-%#* +'(/'4)+.4' 0'$7<
+3' A7#67 +'(/'4)+.4' TK : @# +3' 7+3'4 3)#62 +3' -/%# *$)-- /3)-' )//')4- 0'$7< Tg2 )#6
+3' 4'-%-+)#,' %- 6',4')-%#* <%+3 6',4')-%#* +'(/'4)+.4'2 6.' +7 +3' -/%#- 94''C%#*: D# $7<?
,7#,'#+4)+%7# ,)#7#%,)$ -/%# *$)--'-2 +3' %#+'4/$)1 0'+<''# +3' +<7 ,7#+4%0.+%7#- $')6- +7 )
#7#?(7#7+7#%, 0'3)5%74 79 +3' +'(/'4)+.4'?6'/'#6'#,' 79 +3' 4'-%-+%5%+1 EFG2 FHI:

J ()=%(.( )//')4- )+ ) +'(/'4)+.4' Tm <3%,3 3)- 0''# +3'74'+%,)$$1 $%#&'6 +7 +3' +<7
,3)4),+'4%-+%, +'(/'4)+.4' -,)$'- EFK2 FLIB

Tm / Tg ln
�

Tg

TK

�
(Tg � TK )  !"#"$%

&'() *+,(*-* (. /0)()1(2(13 '+) 400. 5/02(6-)73 64)0/208 (. 2+/(6-) 4-79 *01+77(: )5(.
;7+))0) +) )'6<. 6. =;-/0 !"$"

 !"#$% &'()  !"#"$#%#$& %'(#'$#)* '" ' +,*-$#)* )+ $!./!('$,(! +)( "!%!('0 -)*-!*$('$#)*" #* ' 1,2!
'00)& 3TK � 1 456 7!+$8 +)( 9#:9 -)*-!*$('$#)*" 3Tg > T K 5; $9! "/#* :0'"" -)*$(#<,$#)* /(!%'#0";
+(). =>?@6  #:9$8 #* $9! A#0,$!A (!:#.! 3Tg � TK 5; $9! 4)*A) -)*$(#<,$#)* #" #./)($'*$; +(). =>B@6

 !"#$%&#'()* +(,-. /0 123' 4%$#+

>0 (.20)1(;+10 1'0 76<?10*50/+1-/0 /0)()1(2(13 40'+2(6/ 6@ A;B. <(/0)" &'0 C-+)(1d )+*?
570) '+20 400. 07+46/+108 @/6* + 20/3 <077 :6.1/67708 )6-/:0 6@ A; !DE +.8 @-/1'0/ (*57+.108
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"#$% &' #(')* +$ + ,(',-'$.+$#(' c = 700 //01 2(. $%#) +33(4* "- $%5) -6/-,$ Tg � 700 07
+'8 TK = 40 07 9!:;1 <%- "#.- #) )%("' (' =>5.- ?1@* +'8 %+) + $($+3 3-'>$%L = 3 � 0* "#8$%
w = 50 '0 +'8 $%#,A'-)) t = 40 '0* "#$% )-B-.+3 B(3$+>- /.(C-) +B+#3+C3- +3('> $%- "#.-1

 !"#$% &'()  !"##$#% &'&!()*# +$!)*,!*-& -$!(.)& */ (0& ,"+-'&1 20& !.))&#( $, 3)$4&# /)*+ I + (*
I  5 "#3 (0& 4*'("%& +&",.)&3 6&(7&&#V+ "#3 V  5 (0"( !"# 6& !0*,&# "'*#% (0& 7$)&1 8 -&)-&#3$!.'")
+"%#&($! 9&'3Bz !"# 6& "--'$&31

D- 0-+)5.- + E>&' "#.- (F 3-'>$% L = 2 � 0* 5)#'> $%- -6/-.#0-'$+3 0-+)5.-0-'$ ),%-0-
8-),.#C-8 #' ,%+/$-. :1 <%- .-)#)$+',- 0-+)5.-8 +$ 4 7 #) R = 105 
 1 <%#) 4#-38) + .-)#)$#B#$4
(F � = 1:10 7 
 10* +'8 + 8#G5)#(' ,(')$+'$ D = 42 cm2=s1 2(. ,(0/+.#)('* $%- .-)#)$#B#$4
(F $%- /5.- E> )+0/3- #) � Ag = 2:10 8 
 10* +'8 D = 210 cm2=s1 <%- .-)#)$+',- B+.#+$#(' #)
.-,(.8-8 "%#3- ,((3#'> 8("' $%- )+0/3-* +) /.-)-'$-8 (' =>5.- ?1H1

 !"#$% &'*) :")$"($*# */ (0& )&,$,("#!& � R = R  R0 $#
 ", " /.#!($*# */ (0& (&+-&)"(.)& T $# ;
<'*% ,!"'&=1 8( 0$%0 (&+-&)"(.)& <"6*4&10 ;=5 (0& &'&!()*#>-0*#*# ,!"((&)$#% -)*!&,,&, ")& 3*+$#"($#%1
8( '*7 (&+-&)"(.)& <6&'*7 3 ;= (0& &'&!()*#>&'&!()*# $#(&)"!($*# -)&4"$',1
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"#$ %&%'( (&) %$*+$,'%-,$ ,$./.%'01$ 1'0 2$ ),/%%$0 '. %#$ .-* &3 4/5$,$0% 1&0%,/2-%/&0.

R = R0 + � Re ph + � Re e + � RSG 678989:

)#$,$ R0 /. %#$ ,$./4-'( ,$./.%'01$ 4-$ %& .%'%/1 /*+-,/%/$.;� Re ph /. 4-$ %& %#$ $($1%,&0<+#&0&0
.1'%%$,/0=;� Re e %#$ %$,* 4-$ %& $($1%,&0<$($1%,&0 .1'%%$,/0=; '04 )$ '44� RSG %& %'>$ /0%&
'11&-0% %#$ *'=0$%/1 .1'%%$,/0=8 ?#$0 %$*+$,'%-,$ 4$1,$'.$. 3,&* ,&&* %$*+$,'%-,$; %#$
+#&0&0 1&0%,/2-%/&0 2$1&*$. )$'>$,; '04 %#$ ,$./.%'01$ 4$1,$'.$. '. ' >0&)0 +&)$, (') T5

)#/1# /. $@+$,/*$0%'((A &2.$,B$4 '2&B$10 C8 D% (&)$, %$*+$,'%-,$.; %#$ ,$./.%'01$ B',/'%/&0
/. '%%,/2-%$4 %& $($1%,&0<$($1%,&0 .1'%%$,/0= '04 ' .+/0 =('.. 1&0%,/2-%/&08 E0 &,4$, %& $@%,'1%
%#$ .+/0 =('.. 1&0%,/2-%/&0; %#$ $($1%,&0<$($1%,&0 1&0%,/2-%/&0 #'. %& 2$ >0&)08

"#/. $($1%,&0<$($1%,&0 1&0%,/2-%/&0 1'0 2$ 4$%$,*/0$4 2A *$'.-,/0= %#$ (&) %$*+$,'%-,$
,$./.%'01$ /0 ' +-,$ D= .'*+($8 E0 *$%'(.; %#$ $($1%,&0<$($1%,&0 /0%$,'1%/&0 ($'4. %& ' 1&,,$1%/&0
'% (&) %$*+$,'%-,$; )#/1# 1'0 2$ ),/%%$0 3&, F-'./1d )/,$. GH I

� Re e = 0:782� �
R2

RK

LT

L
67898J:

)#$,$ RK /. %#$ F-'0%-* &3 ,$./.%'01$h=e2; '04 LT =
p

~D=kB T %#$ %#$,*'( ($0=%#8� � /.
' +','*$%$, ,$+,$.$0%/0= %#$ .%,$0=%# &3 $($1%,&0<$($1%,&0 /0%$,'1%/&0. /0 %#$ .'*+($8 ?$ #'B$
*$'.-,$4 %#$ (&)<%$*+$,'%-,$ ,$./.%'01$ &3 ' +-,$ D= .'*+($ )#/1# /. +(&%%$4 &0 K=-,$ 78L '.
' 3-01%/&0 &3T  1=28

 !"#$% &'()  !"#"$%&'! (%)#%$#*& #& % +,)! -. "%/+0! %" % 1,&'$#*& *1T  1=2 #&K  1=22 3%$% +*#&$"
1*00*4 $5! !6+!'$!7 +*4!) 0%42 85! "0*+! *1 $5! "*0#7 0#&! 9#!07" $5! (%0,! *1� � 2

"#$ $@+$,/*$0%'( 4'%' 3&((&) B$,A )$(( %#$ $@+$1%$4 +&)$, (')8 D(( %#$ &%#$, +','*$%$,.
2$/0= >0&)0; %#$ .(&+$ &3 %#$ K%%$4 (/0$ A/$(4. ' B'(-$ &3� � � 3:1 )#/1# /. /0 $@1$(($0% '=,$$*$0%
)/%# +,$B/&-. *$'.-,$*$0%. G L; H7I /0 D= 8

  ! "#$#"#!%# &'()*� � +, $-.!/ 0- 1# 02# ,34# $-" 02# .!+4563!0#/ 78789 3!/ 02# 30 554 +4563!0#/ 7878:
,3456#,; <# %3! 02., 3,,.4# 0230 02# +4563!030+-! /-#, !-0 3=#%0 � � ;



 !"#$%& '( )%*"+%+,% -+ $!% &%.-.$-/-$0 12 345+ .#-+ 46"..  !

"#$ %& '( )*+, $( (%- &./0 '1*&& &*2.1# 3'40 566 ..27 89# 1(:;$#2.#-*$%-# -#&/&$*0+#
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B+01 /#$5$ -'/'4 &$ 2')2=)'/$- /#$ 20++$)'/.0% 7$/&$$% /#$ +$<$+$%2$ 1',%$/03%,$+(+.%/ '/
Bxy = 0 U '%- ' ,.6$% /+'2$ /'A$% '/ Bxy : ;#$ +$5=)/5 '+$ (+$5$%/$- 0% 3,=+$  :J:

 !"#$% &'()  !""#$%&'!( )!#*)'#(& C(Bxy = 0; Bxy ) '( % +,-(./00 112 %$$!3 4 L � 17 � 256 %7 %
89()&'!( !8 Bxy 6 8!" &:! ;'<#"#(& &#21#"%&9"#7T = 65 2= 4,"##(5 %(; T = 400 2= 4"#;5>



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

"#$ %$&' ()*&$ +, -#$ '$)+..$&*-/+0 /( )&$*.&1 )#*02/02 3/-# -#$ -$45$.*-6.$7 "#$ 8*&9
6$( )*0 :$ $(-/4*-$' :1 .$*'/02 Bcxy 3#$0 C(Bxy = 0; Bcxy ) = 0 :57 ;$ +:-*/0 Bcxy (T =
65 mK ) � 618 < *0' Bcxy (T = 400 mK ) � 1600<7 =+. )+45*./(+0> 3$ #*8$ 5$.,+.4$'
-#$ (*4$ $?5$./4$0- /0 * 0+0 4*20$-/) @2 3/.$> *0' -#$ '$)+..$&*-/+0 %$&' /( *&(+ '$5$0'9
/02 +0 -$45$.*-6.$ /0 * (/4/&*. 3*17 @( * )+0)&6(/+0> 3#$0 (3$$5/02 -#$ 5*.*&&$& 4*20$-/)
%$&'> +.:/-*& $A$)-( 5.$8*/& +0 -#$ (5/0 $A$)-( BBcCBsD /0 +6. @2E0 3/.$> *0' -#$ +:($.8$'
.$8$.(/:/&/-1 +, -#$ 4*20$-+%02$.5./0-( /( *--./:6-$' -+ +.:/-*& $A$)-(7

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

F0 +.'$. -+ )/.)648$0- -#$ 5.$8/+6( /((6$> 3$ 5.+5+($ -+ ($5*.*-$ +6- -#$ +.:/-*& *0' 4*29
0$-/) )+0-./:6-/+0( -+ -#$ GH=7 "#/( )*0 :$ *)#/$8$' 6(/02 -#$ I0(*2$. (144$-./$(> *( '$9
()./:$' /0 )#*5-$. !7 I0$ 4$*(6.$( -#$ 4*20$-+%02$.5./0-( /0 -3+ )+0%26.*-/+0(> :$-3$$0
3#/)# +0$ #*( 5$.46-$' -#$ I  V )6..$0-98+&-*2$ )+0-*)-(7 I0$ )*0 -#6( )+0(-.6)- * J6*0-/-1
3#/)# /( +0&1 '$5$0'/02 +0 -#$ 4*20$-/) 5*.- +, -#$ GH=

� RM =
� RIV (B )  � RV I ( B )

2
B 7!7KD

F0 5./0)/5&$> -#/( 4*20$-/) )+0-./:6-/+0 (#+6&' '/.$)-&1 .$L$)- (5/0 $A$)-( /0 -#$ (*45&$7
M+-$ -#*- /0 +.'$. -+ 5$.,+.4 -#/( )+0(-.6)-/+0> 3$ #*8$ -3+ .$J6/.$4$0-( -+ ,6&%&&7 =/.(->L �

#*( -+ :$ &*.2$. -#*0 L> (+ -#*- 3$ 5$.,+.4 * .$*& ,+6.95.+:$ 4$*(6.$4$0-7 N$)+0'>Lm � L
/( 0$)$((*.1 -+ +:-*/0 * 2++' ($0(/-/8/-1 +, -#$ 4*20$-+%02$.5./0-( -+ -#$ (5/0 )+0%26.*-/+0(7
@( * )+0)&6(/+0> 3$ $?5$./4$0-*&&1 0$$' * (1(-$4 3#$.$Lm � L < L � 7 @(Lm '$5$0'(
+0 -#$ $?)#*02$ )+65&/02J> +. -#$ /456./-1 )+0)$0-.*-/+0> /- 4*1 $8$0-6*&&1 :$ -60$' /0
,6-6.$ $?5$./4$0-(> /0 +.'$. -+ *&&+3 ,+. * '/.$)- $?-.*)-/+0 +, � RM 7 E$*(6./02 -#/( 4*20$-/)
)+45+0$0- 4*1 :./02 0$3 /0(/2#- +0 -#$ /0L6$0)$ +, * 4*20$-/) %$&'> *0' /0 5*.-/)6&*. -#$
5#1(/)( &1/02 :$#/0' -#$ +:($.8$' .+:6(-0$(( 65+0 %$&' )1)&/027

O+3 )*0 3$ /0-$.5.$- -#/( .+:6(-0$(( 3/-# -#$ 4*20$-/) %$&'P Q$- 6( '/()6(( -#$ %$&'9
-$45$.*-6.$ B4$*09%$&'D 5#*($ '/*2.*4 +, +6. (5/0 2&*((7 F0 @2E0 *&&+1(> -#$ 5.$($0)$ +,
.*0'+4 *0/(+-.+51 (#+6&' *A$)- -#/( 5#*($ '/*2.*4 RS!>  ST7 F0 5*.-/)6&*.> /- $0#*0)$( -#$ %$&'
8*&6$ .$J6/.$' -+ '$(-.+1 -#$ (5/0 2&*(( +.'$.7 "#$+.$-/)*& )*&)6&*-/+0( -#6( 2/8$ * )./-/)*& %$&'
3#/)# /( *:+6- 5 Bg *- &+3 -$45$.*-6.$ BT � 0:1TgD> -#*- /( * %$&' *:+6-1 " /0 +6. (*45&$(7

U?5$./4$0-*&&1> +0$ 6(6*&&1 4$*(6.$( -#$ /..$8$.(/:/&/-1 &/0$> -#*- /( -#$ &/0$ :$&+3 3#/)#
-#$ .$(5+0($ +, -#$ (1(-$4 /( '/A$.$0- :$-3$$0 =/$&'9)++&$' B=HD *0' V$.+9%$&'9)++&$' BV=HD
5.+-+)+&(7 I0$ -#6( %0'( * %$&' &/0$ 3#/)# 8$.1 .*5/'&1 /0).$*($( /0 -#$ 8/)/0/-1 +,Tg RSW> SXT
,+. H6E0 *0' @2E0 (1(-$4(7

I6. $?5$./4$0- :./02( 0$3 /45+.-*0- /0,+.4*-/+07 ;$ +:($.8$ *0 /0).$*($ /0 -#$ *45&/-6'$
+, -#$ )+0'6)-*0)$ L6)-6*-/+0( *( * ,60)-/+0 +, 4*20$-/) %$&'> 3#/)# /( * )+0($J6$0)$ +,
-#$ 5+&*./Y*-/+0 +, -#$ (5/0(7 F- (622$(-( -#*- -#$ (5/0 )+0%26.*-/+0 ! "#$%&$'Z (5/0( *.$
[60&+)\$'[> -#$1 *.$ 0+- ,.+Y$0 *014+.$7 "#/( 5+&*./Y*-/+0 (-*.-( *- * %$&' *:+6- B1 ' 2 "
B($$ )#*5-$. ]D7



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

"# $%%&'&(#) (*+ ,-.,+&/,#' +,0,$12 '3$' '3, 2.&# 4(#56*+$'&(# 3$2 #(' 43$#6,% $7',+ $ 5,1%
4841, $'8 9: 93, 5,1% ,;,4' '3*2 $..,$+2 $2 +,0,+2&<1,= >3,# $..18&#6 $ /$6#,'&4 5,1%) '3,
282',/ ,0(10,2 &# '3, .3$2, 2.$4, $1(#6 $ 4,+'$&# .$'3) $#% >3,# >, %,4+,$2, '3, /$6#,'&4
5,1%) '3, 282',/ ,0(10,2 <$4? (# '3, 2$/, .$'3) 2( '3$' &' 4(/,2 <$4? '( &'2 (+&6&#$1 2'$',: @*43
$ <,3$0&(+ >(*1% &/.18 2(/, /,/(+8 7,$'*+,2 &# 2.&# 61$22 282',/2) %&+,4'18 $' '3, /&4+(24(.&4
1,0,1A ,$43 2.&# ,0(10,2 <$4? '( &'2 (+&6&#$1 (+&,#'$'&(#:

B2 $ 4(#41*2&(#) >, /$8 &#7,+ '3$' >, 3$0, '>( %&;,+,#' 5,1% 24$1,2 &# (*+ 282',/: B 5,1%
B > B 1 ' 2 9 &2 2*C4&,#' '( D*#1(4?D '3, 2.&#2 $' 1(> ',/.,+$'*+,) $#% '( 2'$+' '( .(1$+&E,
'3,/: F(>,0,+) $ 5,1% (7 8 9 &2 #(' 2'+(#6 ,#(*63 '( $;,4' '3, 2.&# 4(#56*+$'&(#  ! "!
 ##$%$#& '($ )"*A '3, 282',/ ?,,.2 '3, /,/(+8 (7 &'2 (+&6&#$1 E,+(G5,1% 2'$',) $' $ /&4+(24(.&4
1,0,1:

 !" #$%&$'()*'$ $+$,)-. ( /$)$'%01()021 23 )4$ 25$'6(&-7

B #$'*+$1 $#% 2&/.1, >$8 '( 43$#6, 2.&# 4(#56*+$'&(#2 &# $ 2.&# 61$22 &2 '( 4841, '3, 2$/.1,
'( ',/.,+$'*+,2 $<(0, Tg:

93, 2$/.1, &2 3,$',% $#% H*,#43,% <8 *2&#6 $ IJ 4*++,#' $2 %,24+&<,% &# 43$.',+ K:
L&6*+,  :K 23(>2 '3, 4$1&<+$'&(# ,-.,+&/,#'$118 (<'$&#,% 7(+ $ 1(#6 >&+, (7 B6M#ANOO ../: "'
$11(>2 '( 4(#0,+' +,1&$<18 '3, 3,$'&#6 4*++,#'I &# $# ,;,4'&0, ',/.,+$'*+, T 7(+ '3, 2$/.1,:

 !"#$% &'()  !"#$%!&!'( )* (+! %!#,#("'-! ."%,"(,)'# � R(T) "'/ � Rd(I )0 1)(()& "2,#3 4)5 #-"4! )*
T ,' 60 7)8 "2,#3 4)5 #-"4! )* I ,' � 90 7+! %!#,#("'-! ."%,"(,)'# "%! 84)((!/ )' (+! #"&! #-"4! "'/
+".! :!!' #+,*(!/ *)% -4"%,(;0 7+! (<) -$%.!# #+)< " 5))/ "5%!!&!'(= "'/ "44)< *)% " /!(!%&,'"(,)' )*
T *)% " 5,.!' I "884,!/0



 !  !"! #$%&$'()*'$ $+$,)-. ( /$)$'%01()021 23 )4$ 25$'6(&-7

"# $#%&'()# *#'# +*# ,'-+-&-. +*/+ 0# */1# 2%#$ +- %+2$3 +*# #4#&+ -5 +#6,#'/+2'# -7
+*# %,(7 &-7892'/+(-7%: ;.. +*# 6/97#+-879#','(7+% /'# +/<#7 /+ +*# %/6# .-0 +#6,#'/+2'#
Tmeas = 50 6=> %- +*/+ +*# $37/6(&% (% 5'-?#7 -7 +*# +(6# %&/.# -5 +*# 6#/%2'#6#7+ : @'-6
.-0 +#6,#'/+2'#> 0# /,,.3 / &2''#7+ I 0 (7 -'$#' +- *#/+ +*# %/6,.# /+ / +#6,#'/+2'# T0 $2'(79
/ +(6# � : A*# %3%+#6 (% +*#7 B2#7&*#$ $-07 +-Tmeas < T g> +*# 6#/%2'#6#7+ +#6,#'/+2'#:
A*(% +*#'6/. &3&.# &/7 #1#7+2/..3 )# '#/.(?#$ (7 +*# ,'#%#7&# -5 / 6/97#+(& 8#.$B0: ;+
.-0 +#6,#'/+2'#> 0# 6#/%2'# +*# 6/97#+-879#','(7+ -5 +*# %,(7 &-7892'/+(-7 (n): "# &/7
'#,#/+ +*(% /77#/.(79> B2#7&*> 6#/%2'#6#7+ ,'-&#$2'# (7 -'$#' +- -)+/(7 +*# 6/97#+-879#','(7+
(n + 1) : A*(% ,'-+-&-. (% %<#+&*#$ -7 892'#  :C:

 !"#$% &'()  !" #"$%"&'#(&" )* #!" +,+#"$ -+ &'-+". #) T0 *)& ' #-$" � '# /"&) $'01"#-2 3"4.5  !"
+,+#"$ -+ #!"1 6("12!".7 '1. #!" $'01"#)310"&%&-1# -+ #'8"15  !" )%"&'#-)1 2'1 9" &"%"'#".7 +) #!'#
:" 2'1 2)$%'&" #!" +(22"++-;" $'01"#)310"&%&-1#+5  !-+ %&)#)2)4 2'1 9" %"&*)&$". *)& .-<"&"1# ;'4("+
)* T07� )& B05

"# */1# ,#'5-'6#$ +*(% #D,#'(6#7+ (7 / .-79 ;9E7F!GG ,,6 0('# H L � 17 � 6I: "# #D,#&+
+*/+ +*# #1-.2+(-7 -5 +*# %,(7 &-7892'/+(-7 /+ *(9* +#6,#'/+2'# $#,#7$% -7F +*# /77#/.(79
+#6,#'/+2'# T0> +*# +(6#� %,#7+> /7$ +*# 6/97#+(& 8#.$B0: J(4#'#7+ 6/97#+-879#','(7+%
-)+/(7#$ /5+#' /7 /77#/.(79 -5 +*# %/6,.# /+ T0 � Tg /'# ,'#%#7+#$ -7 892'#  :K:

"# -)%#'1# +*/+ 0(+*(7 +*(% ,'-+-&-. +*# 6/97#+-879#','(7+% #1-.1# +-0/'$% / $(4#'#7+
+'/&#> +*/+ (% (7 /7 !!"#"!$ %&"0/3: A*(% )#*/1(-' (% &-7+'/%+(79 0(+* +*# (7L2#7&# -5 +*# 6/9M
7#+(& 8#.$ 0*(&* 6-$(8#% '#1#'%().3 +*# %,(7 &-7892'/+(-7: N2&* /7 #1-.2+(-7 -5 +*# +'/&#% &/7
)# &*/'/&+#'(?#$ )3 &/.&2./+(79 +*# &-''#./+(-7Cn;n +1 )#+0##7 %2&&#%%(1# 6/97#+-879#','(7+%>
/% / 527&+(-7 -5 +*# (7+#'6#$(/+# /77#/.(79 +#6,#'/+2'#T0: A*# '#%2.+%> -)+/(7#$ 5-'� = 5 6(7
/7$ B0 = 0 8D#$> /'# %*-07 -7 892'#  : :

"# -)%#'1# +*/+ +*# #D,#'(6#7+/. &-''#./+(-7 )#+0##7 6/97#+-879#','(7+% $#&'#/%#% 1#'3
%.-0.3 0(+* T0> /7$ '#6/(7% B2(+# ./'9# HC > 0:5I: N2','(7%(79.3> (+ /,,#/'% +*/+ +*# %/6,.#
*/% +- )# *#/+#$ +- +#6,#'/+2'#%T0 � Tg (7 -'$#' +- -)+/(7 0#/<.3 &-''#./+#$ +'/&#%:

  ! "#$! %"!%&!' ("#( #( )*%" (!+,!-#(*-!). ("! +#/0!(120/!-,-30( 3) 01( %"#0/30/. *, (1 )!$!-#4 '#5)6



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

 !"#$% &'()  !"#"$%&'! ()'$)%$#*&" %" % +)&'$#*& *+ ,%-&!$#' .!/0 +*1 % 2-3&4566 77, %//*8 9L �
17 � ,:; 2 1!+!1!&'! ,%-&!$*.&-!171#&$ 91!0 ')1<!: #" $%=!&; >?! "%,7/! #" $?!& %&&!%/!0 %$T0 = 9 @A
%&0 $?! ,%-&!$*.&-!171#&$ #" ,!%")1!0 9B/)! ')1<!:; >?! "%,7/! #" %&&!%/!0 %-%#& %$T0 = 14 @A %&0
$?! ,%-&!$*.&-!171#&$ *B$%#&!0 9-1!!& ')1<!:; >?! $?1!! $1%'!" ?%<! B!!& "?#+$!0 +*1 '/%1#$8;

 !"#$% &'&) C*11!/%$#*& '*!D'#!&$ *+ ")''!""#<! ,%-&!$*.&-!171#&$" Cn;n +1 A %" % +)&'$#*& *+ $?!
%&&!%/#&- $!,7!1%$)1!T0; >?#" '*11!/%$#*& #" 0!'%8#&- "/*E/8 %"T0 #&'1!%"!"; F*1 '*,7%1#"*&A $?!
-1!!& 7*#&$ 1!71!"!&$" $?! '*11!/%$#*& #& $?! 7)1! 2- "%,7/!; >?! 0%"?!0 /#&!" %1! % -)#0! $* $?! !8!;

"# #$%& '(%)#* %# %& +,-+%./ #( .&0 .1(-# #$2 &2)&%#%3%#4 (5 (-, #2+$)%6-27 82 $.32 ',2&2)#29
%) +$.'#2, : #$2 #$2(,2#%+./ /%)0 #$.# $.& 122) 2&#.1/%&$29 12#;22) #$2 +(,,2/.#%() +(2<+%2)#



 !  !"! #$%&$'()*'$ $+$,)-. ( /$)$'%01()021 23 )4$ 25$'6(&-7

C12 "#$ %&' ()*# +,'-.") q12/ C12 *( +0%"*#'$ '1)'-*2'#%"..3 4-+2 %&' 2"5#'%+6#5'-)-*#%(7 "#$
q12 -')-'('#%( %&' +,'-.") 0'%8''# ()*# 9+#65:-"%*+#(/ ;&' -'."%*+# C12(q12) (%-+#5.3 $')'#$(
+# %&' -"%*+L=L m / <# )"-%*9:."-7 %&' 9+--'."%*+# "% ='-+ +,'-.")q12 = 0 *( #+% ='-+7 "#$ 2"3
*#$''$ 0' >:*%' ."-5'7 $')'#$*#5 +# %&' ,".:' +4 L=L m / ;&*( $')'#$'#9' +4 C(q = 0) "( "
4:#9%*+# +4 %&' -"%*+L=L m *( )-'('#%'$ +# 65:-'  /? @%+)A/

 !"#$% &'()  !"# $%&!'&$()*+ )!''&+*$(!, )!&-)(&,$ *$ .&'! !/&'+*" C(q = 0) *0 * 12,)$(!, !1 L=L m 3
 %& 4(,(424 &5"&'(4&,$*+ 6&)!''&+*$(!, C = 0 :42 *++!70 $! 6&$&'4(,& * '*$(! L=L m = 7 :53 8!$$!4#
$%& 0"(, !/&'+*" q &5$'*)$&6 1'!4 $%& &5"&'(4&,$*+ 6*$* 20(,9L=L m = 7 :5: *0 * 12,)$(!, !1 T0 $%&
*,,&*+(,9 $&4"&'*$2'&3  %& 6*0%&6 +(,& (0 * 92(6& $! $%& &;&3

B' &",' %&:( %-*'$ %+ '1%-"9% %&' ()*# +,'-.")q 4-+2 %&' 2'"(:-'$ 9+--'."%*+# C "% '"9&
%'2)'-"%:-' T0/ B' 9"# -+:5&.3 '(%*2"%' %&' -"%*+L=L m 03 9+#(*$'-*#5 %&' .+8'(% 9+--'."%*+#
4+:#$ '1)'-*2'#%"..3 C � 0:427 %&"% 8' *$'#%*43 "( %&' 2*#*2:2 9+--'."%*+#7 %&"% *( 8&'# "..



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

"#$ %&'(% #)*$ +,")"$- .q = 0/0 1#$ 23+*$ &4,""$- '( 563+$  07 )44,8% ", 6+)&#'2)449 -$"$+:'($
L=L m ; )%%3:'(6 "#)" '( ,3+ 2)%$C(q = 0) = 0 :420 <,(%$=3$("49; 8$ 2)( -'+$2"49 2,(*$+" "#$
$>&$+':$(")4 -)") C(T0) '( q(T0); 8#'2# '% &+$%$("$- ,( 563+$  07 .?,"",:/0

1#$ +$%34"'(6 -$2)9 ,@q(T0) '% *$+9 %#)+&; )(- %3+&+'%'(649 "#$ "$:&$+)"3+$ @,+ 8#'2# '"
:)'(49 -$2+$)%$% '% :32# 4)+6$+ "#)(Tg0 1#'% %366$%"% "#)" ,($ ($$-% ", #$)" "#$ %):&4$
3& ", *$+9 #'6# "$:&$+)"3+$ '( ,+-$+ ", ,?")'( ) 4,8 %&'( ,*$+4)&0 A" '% 8,+"#9 ", -'%23%%
"#$ $>"+)2"',( &+,2$-3+$; 8#'2# -$&$(-% 2+32')449 ,(L=L m0 A( ,+-$+ ", -$"$+:'($ "#'% +)"',
:,+$ &+$2'%$49; ,($ 2)( "+9 ", )(($)4 "#$ %):&4$ )" 4)+6$+T0; 4,,B'(6 @,+ ) %)"3+)"',( ,@ "#$
2,++$4)"',( C0 C32# %)"3+)"',( 8,34- 6'*$ "#$ ?)%$ 4'($C(q = 0) @,+ "#$ $>&$+':$("0 D+,:
"#'% 4'($; '" '% "#3% &,%%'?4$ ", $>"+)2" 3('*,2)449L=L m0 E 2+,%% 2#$2B $>&$+':$(" 8,34- ?$
", :$)%3+$ C )" ) 2,(%")(" *)43$ ,@ T0 ."#)" '% ) 2,(%")(" q/ )(- )% ) @3(2"',( ,@ "#$ 4$(6"#
L0 1#$ %2)4'(6 @3(2"',( ,?")'($- :)9 ?$ 2,:&)+$- ", "#$,+$"'2)4 &+$-'2"',(%; 4$)*'(6 Lm )% )
5""'(6 &)+):$"$+0 1#$%$ $>&$+':$("% :)9 ?$ &$+@,+:$- '( @3"3+$ 8,+B%0

D+,: "#$ $>&$+':$(")4 5(-'(6%; '" +$:)'(% "#)" "#$ "$:&$+)"3+$ ($$-$- ", )&&+$2')?49
2#)(6$ "#$ 2,++$4)"',( '% :32# 4)+6$+ "#)(Tg0 D+,: 563+$  07; 8$ 2)( '(@$+ "#)"80% ,@ "#$
%&'(% ($$- )( )(($)4'(6 "$:&$+)"3+$ ,@T0 � 15 F ", +,")"$0 1#'% %366$%"% "#)" 8$ :)9 #)*$
 !"#$%& '$ & '#%&()#(' %!%&*+ )' ,%'( "#$ %9%"$:; 8#'2# 6,*$+(% "#$ G3(4,2B'(6G ,@ "#$ %&'(
2,(563+)"',( )" "#$ :'2+,%2,&'2 4$*$40 D,+ $>):&4$; '" 2,34- ?$ )""+'?3"$- ", -9():'2)4 $H$2"%I
'( ,3+ $>&$+':$(" 8$ ,?%$+*$ "#$ %&'(% "#)" +$4)> ,( ) "':$ %#,+"$+ "#)(� ; "#$ )(($)4'(6 "':$0
1#'% %3+&+'%'(6 +$%34" 24$)+49 -$%$+*$ @3+"#$+ '(*$%"'6)"',(%0

A( "#'% $>&$+':$("; 8$ #)*$ 3%$- "#$ 2,++$4)"',( ?$"8$$( -'%,+-$+ :)6($",5(6$+&+'("% )% )
($8 ",,4 ", "+)2$ ?)2B "#$ %&'( ,*$+4)&0 C32# ) -'+$2" -$"$+:'()"',( ,@q(T) )44,8% '( &+'(2'&4$
", -'%"'(63'%# ) 4,8J"$:&$+)"3+$ %&'( 64)%% &#)%$q = 1 @+,: ) #'6#J"$:&$+)"3+$ &)+):)6($"'2
&#)%$q = 00 A" '% "#3% &,%%'?4$ ", +$&$)" "#'% $>&$+':$(" '( "#$ &+$%$(2$ ,@ ) :)6($"'2 5$4-B0;
'( ,+-$+ ", &+,?$ "#$ 5$4-J"$:&$+)"3+$ &#)%$ -')6+): ,@ "#$ %):&4$0 K%'(6 "#'% &+,",2,4; ,($
2)( )4%, '(*$%"'6)"$ "#$ -9():'2% ,@ "#$ %9%"$: ?9 *)+9'(6 "#$ )(($)4'(6 "':$ � 0 1#$+$@,+$;
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