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!

!'QUEHQMEH[!FQSQFNMNIK!!
!
B-P'%*$^+*$)-%!).!(&$)&$*:!+-,!)*#'&!#+<+&,)7%!%7=%*+-1'%!$-!A$*#7+-$+!+&'!()%%$=4'!)-4:!+*!*#'!A+=)&+*)&:!).!

D-P$&)-/'-*+4!6'%'+&1#!S'(+&*/'-*!).!*#'!A$*#7+-$+-!D-P$&)-/'-*+4!8&)*'1*$)-!5^'-1:H!"+=4'!N!(&'%'-*%!

4+=)&+*)&:!1+(+1$*$'%!).!*#$%!4+=)&+*)&:H!

!

"+=4'!NH!A+=)&+*)&:!1+(+1$*:!!

>QMIH!
!

%ILNVIJMK!'QUEHQMEH[_!
&FFHILNMQMNEJ!
KMQMGK_!!
9EJMQFMK!

%GUKMQJFIK!!

%GUKMQJFI!
VIQKGHIL!

&FFHILNMQMNEJ!KMQMGK!EO!VIMPEL! %GUKMQJF
I!

VIQKGHIL!

&FFHILNMQMNEJ!
KMQMGK!EO!
VIMPEL!

,IMQWK! ! ! ! !

Q'&17&:! t! 511&',$*',O!

A9"!DK!B9b!MJgfN\NIIg!

t! !

F+,/$7/! t! 511&',$*',O!!

A9"!DK!B9b!Mffgh\NIIaO!'d1'(*!

+--'d!3!

t! !

F#&)/$7/! t! 511&',$*',O!!

A9"!DK!B9b!Mffgh\NIIaO!'d1'(*!

+--'d!3O!A9"!B9b!ZMJa\NII`O!

'd1'(*!%'1*$)-!`!!

t! !

F)(('&! t! 511&',$*',O!

A9"!DK!B9b!Mffgh\NIIaO!'d1'(*!

+--'d!3!

t! !

5&%'-$1! t! 511&',$*',O!!

A9"!DK!B9b!Mffgh\NIIaO!'d1'(*!

+--'d!3!!

t! !

A'+,! t! 511&',$*',O!

A9"!DK!B9b!Mffgh\NIIaO!'d1'(*!

+--'d!3!

t! !

K$1_'4! t! 511&',$*',O!!

A9"!DK!B9b!Mffgh\NIIaO!'d1'(*!

+--'d!3!

t! !

"IKMNFNLIK! ! ! ! !

u[

#'d+1#4)&)1:14)#'

d+-'!

t! 511&',$*',O!!

A9"!DK!B9b!hahg\NIII!

t! !

v[!

#'d+1#4)&)1:14)#'

d+-'!

t! 511&',$*',O!!

A9"!DK!B9b!hahg\NIII!

t! !

w[!

#'d+1#4)&)1:14)#'

d+-'!

t! 511&',$*',O!!

A9"!DK!B9b!hahg\NIII!

t! !

x[!

#'d+1#4)&)1:14)#'

d+-'!

t! 511&',$*',O!!

A9"!DK!B9b!hahg\NIII!

t! !

!

D85!

+11&',$*',!!

!

?D-P$&)-/'-*+4!

6'%'+&1#!

S'(+&*/'-*@!

+11)&,$-^!*)!A9"!

DK!B9bGBDF!

MJINf!

;'d+1#4)&)='-<'- t! 511&',$*',O!! t! !



 

MM!!8!!aa!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
 

'!?;F3@! A9"!DK!B9b!hahg\NIII!

u['-,)%74.+-! t! 511&',$*',O!!

A9"!DK!B9b!hahg\NIII!

t! !

v['-,)%74.+-! t! 511&',$*',O!!

A9"!DK!B9b!hahg\NIII!

t! !

8'-*+1#4)&)='-<'-

'!

t! ! t! !

54+1#4)&! K)! ! K)

rr!

!

54,&$-! t! 511&',$*',O!!

A9"!DK!B9b!hahg\NIII!

t! !

S$'4,&$-! t! 511&',$*',O!!

A9"!DK!B9b!hahg\NIII!

t! !

D-,&$-! t! 511&',$*',O!!

A9"!DK!B9b!hahg\NIII!

t! !

B<),&$-! t! ! t! !

(O(y[SS"! t! 511&',$*',O!!

A9"!DK!B9b!hahg\NIII!

t! !

)O(y[SS"! t! 511&',$*',O!!

A9"!DK!B9b!hahg\NIII!

t! !

(O(y[SSD! t! 511&',$*',O!!

A9"!DK!B9b!hahg\NIII!

t! !

(O(y[SSS! t! 511&',$*',O!!

A9"!DK!B9b!hahg\NIII!

t! !

S$7&)-! t! ! t! !

B%)(&)*7&)-! t! ! t! !

9$/+<$-'! t! ! t! !

5*&+<$-'! t! ! t! !

"&$.47&+4$-! t! ! t! !

F#4)&.'-P$-(#)%! t! ! t! !

F#4)&(:&$.)%! t! ! t! !

C$9! ! ! ! !

;'d+1#4)&)=7*+,$'

-'!

t! ! K

r!

!

3'-<'-'! t! ! t! !

"'*&+1#4)&)/'*#+-

'!

t! ! t! !

MON[,$1#4)&)'*#+-'! t! ! t! !

Q'*#:4'-'!

1#4)&$,'!

?,$1#4)&)/'*#+-'@!

t! ! t! !

"'*&+1#4)&)'*#:4'-

'!

t! ! t! !

"&$1#4)&)'*#:4'-'! t! ! t! !

MONOa[

*&$1#4)&)='-<'-'!

t! ! K

r!

!

MO`Of[

*&$1#4)&)='-<'-'!

t! ! K

r!

!

MONO`[

*&$1#4)&)='-<'-'!

t! ! K

r!

!

"&$1#4)&)/'*#+-'! t! ! t! !

"&*! ! ! ! !

3'-<)?+@(:&'-'! t! 511&',$*',O!!

A9"!DK!B9b!MJZZ`\NIIa!

t! !

3'-<)?=@.47)&)+-*

#'-'!

t! 511&',$*',O!!

A9"!DK!B9b!MJZZ`\NIIa!

t! !

3'-<)!?_@!

.47)&)+-*#'-+%!

t! 511&',$*',O!!

A9"!DK!B9b!MJZZ`\NIIa!

t! !

!

3'-<)?^O!#O!$@! t! 511&',$*',O!! t! !



 

MN!!8!!aa!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
 

('&:4'-'! A9"!DK!B9b!MJZZ`\NIIa!

B-,'-)?MONO`[1,@!

(:&'-'!

t! 511&',$*',O!!

A9"!DK!B9b!MJZZ`\NIIa!

t! !

5-*#&+1'-'! t! 511&',$*',O!!

A9"!DK!B9b!MJZZ`\NIIa!

t! !

C47)&+-*#'-'! t! 511&',$*',O!!

A9"!DK!B9b!MJZZ`\NIIa!

t! !

K+(#*+4'-'! t! 511&',$*',O!!

A9"!DK!B9b!MJZZ`\NIIa!

t! !

"PMPQWQMIK! ! ! ! !

S$?N[

'*:4#'d:4@(#*+4+*'!

t! ! K)

rr!

!

S$=7*:4(#*+4+*'! t! ! K)

rr!

!

"PIJEWK! ! ! ! !

K)-:4(#'-)4! t! ! K)

rr!

!

?a[?(+&+@[

-)-:4(#'-)4@!

t! ! K)

rr!

!

b1*:4(#'-)4! t! ! K)

rr!

!

b$4!#:,&)1+&=)-! t! ! t! !

"54! ! ! ! !

3&)/$-+*',!

,$(#'-:4'*#'&!

K)

rr!

! t! !

8'-*+=&)/,$(#'-:

4'*'&!

K)

rr!

! t! !

)5)! ! ! ! !

"&$=7*$4*$-!1+*$)-! t! ! K

r!

!

9PWEHNJQMIL!
SQHQOONJK!

! ! ! !

9FF8! K)

rr!

! K)

rr!

!

QFF8! K)

rr!

! K)

rr!

!

9PWEHSPIJEW! ! ! ! !

8'-*+1#4)&(#'-)4!

?8F8@!

!

t! ! t! !

"95! ! ! ! !

!

8F3!$%)/'&%! t! ! t! !

K

r

![!Q'*#),!]$44!='!+%%$/$4+*',!7-*$4!*#'!'-,!).!NIMM!

K)

rr

!s!K)!%*+-,+&,$<',!/'*#),!

!

!

!4IXIWESVIJM!EO!WQUEHQMEH[!FQSQFNMNIK!!
!

!

"#'&'!+&'!/+-:! $/()&*+-*!+%('1*%! *)!='! *+_'-! $-*)!1)-%$,'&+*$)-!]#'-!,'P'4)($-^!+!-+*$)-+4! 4+=)&+*)&:!

%*&+*'^:!(4+-H!B%%7'%!*)!='!+,,&'%%',!$-147,'!*'1#-$1+4O!4'^+4O!e7+4$*:O!.$-+-1$+4!+-,!4)^$%*$1+4!/+**'&%H!

!

"#'&'!+&'!%'P'&+4!()%%$=4'!%1'-+&$)%!.)&!.7&*#'&!,'P'4)(/'-*!).!4+=)&+*)&:!1+(+1$*$'%\!

" Dd*'-%$)-!).!D85!4+=)&+*)&:!?-']!'e7$(/'-*O!/'*#),%O!'*1H@i!

" 5-+4:%$%!).!1'&*+$-!%7=%*+-1'%!)7*%$,'!A$*#7+-$+i!
" +KMQUWNKPVIJM! EO! NJLISIJLIJM! WQUEHQMEH[! HIKIQHFP! FIJMIHZ! YPNFP! FQJ! SHEXNLI! KIHXNFIK! UEMP! ME!

KMQMI!NJKMNMGMNEJK!QJL!ME!NJLGKMHNQW!NJKMQWWQMNEJ:!
!

"#'!()*'-*$+4!]+:!*)!*+_'!+!,'1$%$)-!)-!,'P'4)(/'-*!).!-+*$)-+4!4+=)&+*)&:!1+(+1$*$'%!$%!*#'!.)44)]$-^\!



 

M`!!8!!aa!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
 

!

MH 5-+4:%'!z/+-,+*)&:2!-'',%!.)&!+-+4:%$%!=:!%*+*'O!(&$P+*'!+-,!)*#'&!'-*$*$'%!=+%',!)-

M

\!!!

+H A'^+4!&'e7$&'/'-*%\!%7=%*+-1'%!*)!='!+-+4:%',O!-7/='&!).!+-+4:%$%!('&!:'+&!?.&'e7'-1:O!%$*'%@\!

$H DW!&'e7$&'/'-*%!]#'&'!/)-$*)&$-^G1)-*&)4!$%!-'',',\!]+*'&O!+$&O!%)$4O!%47,^'O!B88FHHH!

$$H B-*'&-+*$)-+4!F)-P'-*$)-%\!WKD8O!FA6"58O!;DAFbQHHH!

$$$H K+*$)-+4!(&$)&$*$'%H!

=H D/$%%$)-G(&'%%7&'! $-.)&/+*$)-! .&)/! &'^$%*'&%G,+*+=+%'%! !! )*#'&! %7=%*+-1'%! ).! 1)-1'&-O!

'/'&^$-^!%7=%*+-1'%i!

1H C&'e7'-1:!).!%7=%*+-1'!,'*'1*$)-O!)117&&'-1'!$-!*#'!'-P$&)-/'-*H!!

!

NH 5-+4:%'!*'%*!%*+-,+&,%!+-,!/'*#),%\!

+H 5P+$4+=$4$*:!).!%*+-,+&,$<',!/'*#),%i!

=H De7$(/'-*!-'',',!+-,!1+(+1$*$'%H!

!

`H D%*$/+*'! *#'! $-P'%*/'-*%! .)&! *#'! 'd(+-%$)-! ).! 4+=)&+*)&:! 1+(+1$*$'%! .)&! *#'! %('1$.$1! %7=%*+-1'G!

%7=%*+-1'!^&)7(O!()*'-*$+4!*'%*!.''!+-,!$*%!1)/('*$*$P'-'%%!$-!*#'!/+&_'*\!

+H K']!'e7$(/'-*i!

=H K']!%*+-,+&,%i!

1H l7+4$*:!/+-+^'/'-*!+-,!+11&',$*+*$)-i!

,H "&+$-$-^!).!('&%)--'4i!

'H F)&&'4+*$)-!='*]''-!4+=)&+*)&$'%O!(&).$1$'-1:!*'%*$-^i!

.H F&'+*$)-!+-,!,'P'4)(/'-*!).!9b8!i!4+*'&!()%%$=4:!+11&',$*+*$)-i!

^H D*1H!

!

aH 5-+4:%'!'d$%*$-^!1+(+1$*$'%!)-!*#'!/+&_'*! ?4+=%O!%7=%*+-1'%!+-+4:%',O!/'*#),%!7%',O!1)/(4$+-1'!]$*#!

/+-,+*)&:!&'e7$&'/'-*%{@H!

!

fH D%*$/+*'! *#'! ()*'-*$+4! .)&/%! .)&! *#'! 4+=)&+*)&:! +-,! 1+(+1$*:! &+$%$-^! ?^)P'&-/'-*+4O! (&$P+*'O!

/+-7.+1*7&'&O!*'%*%!+1&)%%!/74*$(4'!4+=)&+*)&$'%O!*'%*%!$-!)*#'&!1)7-*&$'%@H!

!

hH Q+_'!1)%*!+-+4:%'%!.)&!,$..'&'-*!%1'-+&$)%

N

\!!

+H S'P'4)(/'-*!).!*#'!K+*$)-+4!4+=)&+*)&:i!

=H 5-+4:%'%!).!1'&*+$-!%7=%*+-1'%!+*!*#'!+11&',$*',!4+=)&+*)&$'%!)7*%$,'!A$*#7+-$+H!

!

4:! &-&'6%.%! $(! "#&9).9+%! $(! ,$-.)$#.-/! &-4! %9#++-.-/! $(! *&=&#4$3%! %35%)&-9+%! .-!

'.)*3&-.&!!
!

!!

!

"#'!4$%*!).!%7=%*+-1'%!$-P'%*$^+*',!]$*#$-!*#'!/)-$*)&$-^!(&)^&+//'%!$%!(&)P$,',!$-!*#'!"+=4'!`H!!

!
!"+=4'!`H!bP'&P$']!).!*#'!#+<+&,)7%!%7=%*+-1'%!1)P'&',!=:!/)-$*)&$-^!(&)^&+//'%!

+,"!
2ccd!8!011;!

+,"!
011?80121!

+,"!
0122!8012d!

*%!

2ccd! 011;! 011?! 011c! !

C'! t! ! ! ! !

Q-! t! ! ! ! !

;^! t! t! t! t! t!

F,! t! t! t! t! t!

                                                
M  L+&$)7%!]+*'&!e7+4$*:!(+&+/'*'&%O!$-147,$-^!)&^+-$1!%7=%*+-1'%O!-'',!*)!='!$-P'%*$^+*',!-)*!)-4:!.)&!*#'!

(7&()%'%!).!*#'!%*+*'!/)-$*)&$-^H!54%)O!.)&!'d+/(4'O!1)/(+-$'%!,$%1#+&^$-^!#+<+&,)7%!1#'/$1+4!%7=%*+-1'%!#+P'!+!

-'',!*)!/)-$*)&!*#'%'!%7=%*+-1'%!$-!*#'$&!'/$%%$)-%H!

N  DH^H!(&$1'%!.)&!+-+4:%$%!+*!m5A53!4+=)&+*)&:!+&'!1)/(+&+=4'!]$*#!(&$1'%!+*!D85!4+=)&+*)&:H!"#'!4$%*!).!

4+=)&+*)&$'%!e7'%*$)-',!,7&$-^!*#'!(&)0'1*!$%!(&'%'-*',!$-!5--'d!MH!



 

Ma!!8!!aa!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
 

F7! t! t! t! t! t!

F&! t! t! t! t!?=O!LB@! t!?=O!LB@!

R-! t! t! t! t! t!

8=! t! t! t! t! t!

K$! t! t! t! t! t!

9-! ! ! t! t! t!

L! ! ! t! t! t!

54! ! ! t! t! t!

5%! ! ! t! t! t!

9&! ! t! t! ! !

F%! ! t! t! ! !

`Oa[,$1#4)&='-<)$1!+1$,! t! ! ! ! !

N[1#4)&(#'-)4! t! ! ! ! !

NO!a[1#4)&(#'-)4! t! ! ! ! !

NO!aO!h[*&$1#4)&(#'-)4! t! ! ! ! !

NO!`[,$/'*#:4(#'-)4! t! ! ! ! !

`O!a[,$/'*#:4(#'-)4! t! ! ! ! !

a[1#4)&[`[/'*#:4(#'-)4i! t! ! ! ! !

)O(y[SS"!! t! t! t! t! t!

(O(y[SS"! t! t! ! t! t!

)O(y[SSD!! t! t! ! t! t!

(O(y[SSD! t! t! ! t! t!

)O(y[SSS!! t! t! ! t! t!

(O(y[SSS! t! t! ! t! t!

;'d+1#4)&)1:14)#'d+-'!

?u[;F;@!

t! ! ! ! t!

;'d+1#4)&)1:14)#'d+-'!

!?v[;F;@!

t! ! ! ! t!

;'d+1#4)&)1:14)#'d+-'!

!?w[;F;@!

t! t! t! ! t!

D-,)%74.+-!?='*+@! ! ! t! t! t!

D-,)%74.+-!?+4.+@! ! ! t! t! t!

54,&$-! ! ! t! t! t!

S$'4,&$-! ! ! t! t! t!

D-,&$-! ! ! t! t! t!

B<),&$-! ! ! t! t! t!

;'d+1#4)&)='-<'-'!

?;F3@!

! ! t! t! t!

8'-*+1#4)&)='-<'-'! ! ! ! t! t!

"&$=7*:4*$-! ! ! ! t! t!

S$?[N['*#$4#'d$4@(#*+4+*'![

SD;8!

! ! ! t! t!

S$=7*:4(#*+4+*'! ! ! ! ! t!

a[-[-)-:4(#'-)4! ! ! ! t! t!

a[-[)1*:4(#'-)4! ! ! ! t! t!

a[*'&*[)1*:4(#'-)4! ! ! ! t! t!

K)-:4(#'-)4!?/$d*7&'@!F59!

NfMfa[fN[`!

! ! ! t! t!

3$%(#'-)4!5! ! ! ! ! t!

F#4)&(#'-P$-(#)%! ! ! ! t! t!

F#4)&(:&$(#)%! ! ! ! t! t!

"'*&+1#4)&)/'*#+-'!?FF4a@! ! ! t! t! t!

"&$1#4)&)/'*#+-'! ! ! t! t! t!

MON[,$1#4)&)'*#+-'!

?DSF@!

! ! t! t! t!

"&$1#4)&)'*#:4'-'!?"6B@! ! ! t! t! t!

8'&1#4)&)'*#:4'-'! ! ! t! t! t!

3'-<'-'! ! ! t! t! t!

Q'*#:4'-'1#4)&$,'!

?S$1#4)&)/'*#+-'@!

! ! t! t! t!

MO`Of[*&$1#4)&)='-<'-'! ! ! ! ! t!

MONO`[!*&$1#4)&)='-<'-'! ! ! ! ! t!

MONOa[!*&$1#4)&)='-<'-'! ! ! ! t! t!

;'_%+1#4)&)=7*+,$'-'! ! ! ! ! t!



 

Mf!!8!!aa!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
 

?;F3S@!

3'-<)?+@(:&'-'! ! ! t! t! t!

3'-<)?=@.47)&)+-*'-'! ! ! t! t! t!

3'-<)?^O#O$@('&:4'-'! ! ! t! t! t!

3'-<)?_@.47)&+-*#'-'! ! ! t! t! t!

C47)&+-*#'-'! ! ! t! t! t!

B-,'-?MONO`[1,@($&'-'! ! ! t! t! t!

K+(#*+4'-'! ! ! t! t! t!

54+1#4)&! ! ! ! ! t!

8'-*+=&)/),$(#'-:4'*#'&! ! ! ! ! t!

FMI[M`[1#4)&)+4_+-'%! ! ! ! ! t!

8F3!?NgO!fNO!MIMO!

MMgO!M`gO!Mf`O!MgI@!

t! t! t! t! t!

9$/+<$-'! ! ! t! t! t!

5*&+<$-'! ! ! t! t! t!

S$7&)-! ! ! ! t! t!

B%)(&)*7&)-! ! ! ! t! t!

;'(*+1#4)&! ! ! ! t! !

"&+-%1#4)&,+-! ! ! ! t! !

bd$1#4)&,+-! ! ! ! t! !

Q$&'d! ! ! ! t! !

")d+.'-!8Nh! ! ! ! t! !

")d+.'-!8fI! ! ! ! t! !

")d+.'-!8hN! ! ! ! t! !

F$%1#4)&,+-! ! ! ! t! !

"&$.47&+4$-'! ! ! ! t! t!

8'-*+1#4)&)(#'-)4!

?8F8@!

t! t! t! t! t!

!

!
9)/'! ).! *#'! %7=%*+-1'%! $-! ]+*'&! ?'H^H! FMI[M`[1#4)&+4_+-'%O! =&)/$-+*',! ,$(#'-:4'*#'&%@! %*$44! 1+--)*! ='!

+-+4:%',! $-! *#'!D-P$&)-/'-*+4!6'%'+&1#!S'(+&*/'-*!).!D85! ?,7'! *)! *#'! 4+1_!).!/'*#),!+%%$/$4+*$)-O! %''!

"+=4'!N@O!+4*#)7^#!*#':!#+P'!+4&'+,:!=''-!$-147,',!$-*)!*#'!/)-$*)&$-^!%:%*'/H!!

54%)! %)/'! %7=%*+-1'%! $-! %',$/'-*%! ?'H^H! ,$?N['*#:4#'d:4@(#*#+4+*'O! ,$=7*:4(#*#+4+*'O! -)-:4(#'-)4!

?/$d*7&'@O! a[-[-)-:4(#'-)4O! a[-[)1*:4(#'-)4O! FMI[M`[1#4)&+4_+-'%@! ! %*$44! 1+--)*! ='! +-+4:%',! $-! *#'!
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&7-[)..O! %*)&/! ]+*'&O!

4'+_+^'!.&)/!4+-,.$44%@!

fZ!µ^G4! ! !

9']+^'!%47,^'! a`gIII!µ^G_^! ! !

 
S$=7*:4!(#*#+4+*'!?S38@!

!

S7&$-^!3+4*51*;+<O!S38!]+%!.)7-,!$-!'/$%%$)-%!.&)/!`!,$..'&'-*!$-,7%*&$'%!?7(!*)!MON!µ^G4!.&)/!%#$(:+&,%O!

7(! *)!MOg!µ^G4! .&)/!1+&!]+%#$-^O! +-,!7(! *)!a!µ^GA! .&)/! &'^'-'&+*$)-!).! 7%',!)$4@O! +4%)!7(! *)!MOa!µ^G4! $-!
%7('&/+&_'*!'..47'-*%O!+-,!7(!*)!MOg!µ^G4!$-!4'+_+^'!.&)/!4+-,.$44%H!!

!
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)[SI!EO!VQMHNb!
!

9EJFIJMHQMNEJK!

c+*'&!! W(!*)!MONf!µ^G4!
9',$/'-*%!! `fh!µ^G_^!
3$)*+!! K)!,+*+!

+VNKKNEJ!KEGHFIK!
!

9EJFIJMHQMNEJK!

B-,7%*&$+4!'/$%%$)-%! W(!*)!a!µ^G4!
c+%*']+*'&!.&)/!/7-$1$(+4!cc"8%! W(!*)!hOf`µ^G4!
b*#'&! '/$%%$)-%! ?%7&.+1'! &7-[)..O! %*)&/! ]+*'&O!

4'+_+^'!.&)/!4+-,.$44%@!

MOg!µ^G4!

9']+^'!%47,^'! MZhII!µ^G_^!

 
S$'*:4(#*#+4+*'!?SD8@!

!

S7&$-^!3+4*51*;+<O!SD8!]+%!.)7-,!$-!'/$%%$)-%!.&)/!`!,$..'&'-*!$-,7%*&$'%!?7(!*)!MO`!µ^G4!.&)/!%#$(:+&,%O!

7(! *)! JOZ! µ^G4! .&)/! 1+&! ]+%#$-^O! +-,! 7(! *)! MOZ! µ^G4! .&)/! (+$-*! (&),71*$)-@O! +4%)! 7(! *)! Nh! µ^G4! $-!
%7('&/+&_'*O!7(!*)!MO`!µ^G4!$-!4'+_+^'!.&)/!4+-,.$44%!+-,!7(!*)!aOg!µ^G4!.&)/!#)7%'#)4,!'..47'-*%H!!

!
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)[SI!EO!VQMHNb!
!

9EJFIJMHQMNEJK!

c+*'&!! W(!*)!IOIJ!µ^G4!
9',$/'-*%!! K)!,+*+!

3$)*+!! K)!,+*+!

+VNKKNEJ!KEGHFIK!
!

9EJFIJMHQMNEJK!

B-,7%*&$+4!'/$%%$)-%! W(!*)!JOZ!µ^G4!
c+%*']+*'&!.&)/!/7-$1$(+4!cc"8%! W(!*)!MOfhµ^G4!
b*#'&! '/$%%$)-%! ?%7&.+1'! &7-[)..O! %*)&/! ]+*'&O!

4'+_+^'!.&)/!4+-,.$44%@!

IOIh!µ^G4!

9']+^'!%47,^'! hN!µ^G_^!

!

!

!
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!

S$[$%)[=7*:4(#*#+4+*'!?SB38@!

!

S7&$-^!3+4*51*;+<O!S38!]+%!.)7-,!*)!='!7(!*)!aOh!µ^G4! $-!(+$-*!(&),71*$)-! $-,7%*&:!,$%1#+&^'%O!7(!*)!`OM!
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7(!*)!a!µ^GA!.&)/!%7('&/+&_'*%H!

S7&$-^! %1&''-$-^! $-! NIIhO! S38! ]+%! .)7-,! $-! cc"8! 7(! *)! NOgZ! µ^G4O! $-! %7&.+1'! ]+*'&! fOh! µ^G4O! +-,! $-!
%',$/'-*%!MJII!µ^G_^H!
!
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)[SI!EO!VQMHNb!
!

9EJFIJMHQMNEJK!

c+*'&!! W(!*)!fOh!µ^G4!
9',$/'-*%!! MJII!µ^G_^!
3$)*+!! K)!,+*+!

+VNKKNEJ!KEGHFIK!
!

9EJFIJMHQMNEJK!

B-,7%*&$+4!'/$%%$)-%! W(!*)!hg!µ^G4!
c+%*']+*'&!.&)/!/7-$1$(+4!cc"8%! W(!*)!NOgZ!µ^G4!
b*#'&! '/$%%$)-%! ?%7&.+1'! &7-[)..O! %*)&/! ]+*'&O!

4'+_+^'!.&)/!4+-,.$44%@!

MO`N!µ^G4!

9']+^'!%47,^'! NahI!µ^G_^!

 
37*:4='-<:4(#*#+4+*'!

!

37*:4='-<:4(#*#+4+*'!]+%!.)7-,!07%*! $-!*])!%+/(4'%H!b-'!).!*#'/!]+%!+!,$%1#+&^'!.&)/!(+$-*!(&),71*$)-!

$-,7%*&:! ?MO`! µ^G4@H! "#'! )*#'&! %+/(4'O! ]#$1#! 1)-*+$-',! =7*:4='-<:4(#*#+4+*'O! ]+%! '..47'-*%! .&)/! +!

%7('&/+&_'*!?NOM!µ^G4@H!
 
"EW[UHEVNJQMIL!LNSPIJ[WIMPIHK!
!

L+&$)7%!=&)/$-+*',!1)/()7-,%!]'&'!,'*'1*',!$-!%',$/'-*%!).!*#'!K'/7-+%!&$P'&!='4)]!67%-T!,7&$-^!*#'!

91&''-$-^!).!,+-^'&)7%!%7=%*+-1'%!$-!NIIhH!!

!

8)4:=&)/$-+*',! ,$(#'-:4! '*#'&%! ]'&'! (&'%'-*! $-! -'+&4:! +44! =$)*+! %+/(4'%! ?IOIMa! s! IOMg! -^G^! .H]H! ).!

$-,$P$,7+4!3SD%@!$-P'%*$^+*',!,7&$-^!*#'!%1&''-$-^!$-!*#'!'+%*'&-!3+4*$1!/+&$-'!'-P$&)-/'-*H!3SDaJO!3SDZZO!

3SDMII!+-,!3SDMfa!]'&'!+4%)!.)7-,!$-!1)+%*+4!+&'+!+-,!$-!)('-!%'+!-'+&!V4+$(T,+H!

!

511)&,$-^! *)! %)7&1'! *&+1_$-^! &'%74*%! ,7&$-^! *#'! %7&P':! =:! 3+4*51*;+<! (&)0'1*O! %)/'! 83SD! +&'! (&'%'-*! $-!

'..47'-*%!.&)/!])),!(74(!+-,!(+('&!(&),71*$)-O!(&$-*$-^!#)7%'%O!*'d*$4'! $-,7%*&:O! 4'+*#'&!$-,7%*&:O!(4+%*$1!
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?-)! DAL! $%! '%*+=4$%#',! .)&! 1)/(+&$%)-@H! 83SDaJ! +-,! 83SDZZ!]'&'! (&'%'-*! $-! +44! +-+4:<',! %+/(4'%! .&)/!

4+-,.$44%H!

!

91&''-$-^! ).! ,+-^'&)7%! %7=%*+-1'%! $-! NIIh! +4%)! %#)]',! *#+*! P+&$)7%! =&)/$-+*',! ,$(#'-:4'*#'&%! ]'&'!

(&'%'-*!$-!cc"8%H!"#':!]'&'!.)7-,!$-!%']+^'!%47,^'!).!%'P'&+4!cc"8%!$-!*#'!&+-^'!).!fOM!s!`aMI!~^G_^!

.)&! ,$..'&'-*! 1)-^'-'&%H! ;)]'P'&O! *#'! 4$/$*! ).! ,'*'1*$)-! ).! *#'! /'*#),! +((4$',! .)&!

('-*+=&)/,$(#'-:4'*#'&!]+%!*))!#$^#!*)!/+_'!1'&*+$-!07,^'/'-*%H!
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]+%*']+*'&%O!%47,^'!+-,!4+-,.$44!4'+1#+*'H!!

!

9FF8!

!
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hOf!s!hN!-^G^G.H]H!,7&$-^!*#'!%1&''-$-^!$-!D+%*'&-!3+4*$1!/+&$-'!'-P$&)-/'-*H!

!

9)7&1'!*&+1_$-^!%#)]',!*#+*!9FF8!+&'!'/$**',!*)!*#'!'-P$&)-/'-*!.&)/!+*!4'+%*!f!,$..'&'-*!$-,7%*&$'%H!"#'!

#$^#'%*!1)-1'-*&+*$)-!]+%!.)7-,!$-!,$%1#+&^'!.&)/!)-'!4+7,&:!?f`!µ^G4@H!9FF8!1)-1'-*&+*$)-%!$-!)*#'&!1+%'%!
]+%!$-!*#'!&+-^'!).!IOMf!s!Jf!µ^G4H!
!

S7&$-^!3+4*51*;+<O!9FF8!]+%!.)7-,!$-!%7&.+1'!&7-)..!?ION!µ^G4!$-!%7&.+1'!&7-[)..!.&)/!$-,7%*&$+4!+&'+%@O!=7*!

-)*!,'*'1*',! $-!,$%1#+&^'%! .&)/!/7-$1$(+4!cc"8%!+-,! 4+-,.$44! 4'+1#+*'H!;)]'P'&O! $*!]+%! .)7-,! $-! *#'%'!

*:('%!).!'/$%%$)-%!,7&$-^!Fb;B35!(&)0'1*H!9FF8!1)-1'-*&+*$)-%!$-!,$%1#+&^'!.&)/!/7-$1$(+4!cc"8%!P+&$',!

$-! *#'! &+-^'!).!IOMa!s!MOZf!µ^G4H! B*%! 1)-1'-*&+*$)-! $-! 4+-,.$44! 4'+1#+*'!]+%!IOhZ!+-,!IOZJ!µ^G4H!;$^#! 9FF8!
1)-1'-*&+*$)-%O!&'+1#$-^!aZfI!+-,!MMhII!µ^G_^O!]'&'!.)7-,!$-!%']+^'!%47,^'H!
!

"+=4'!NaH!97//+&:!).!*#'!/+$-!.$-,$-^%!)-!9FF8!)117&&'-1'!$-!P+&$)7%!'-P$&)-/'-*+4!/',$+!+-,!$*%!%)7&1'!*&+1_$-^!

&'%74*%!?,+*+!.&)/!3+4*51*;+<O!91&''-$-^!$-!NIIhO!91&''-$-^!$-!NIIgO!+-,!F)#$=+!(&)0'1*%ÇH!

+@%Z!µR_W!
&&8+@%! ,&98+@%!

)[SI!EO!VQMHNb! 9EJFIJMHQMNEJK!

.JWQJL!
KGHOQFI!
YQMIHK!

$MPIH!
KGHOQFI!
YQMIHK!

.JWQJL!
KGHOQFI!
YQMIHK!

$MPIH!
KGHOQFI!
YQMIHK!

c+*'&! K)*!.)7-,! IOa! IOa! MOa! MOa!

9',$/'-*%! K)*!.)7-,!

3$)*+! hOf!s!hN!-^G^!.H]H!

-H+H!

+'CZ!µR_W!+VNKKNEJ!KEGHFIK! 9EJFIJMHQMNEJK!
)E!KIYQRI!K[KMIV! )E!MPI!IJXNHEJVIJM!

B-,7%*&$+4!'/$%%$)-%! W(!*)!f`!µ^G4! aI! ION!

c+%*']+*'&!.&)/!/7-$1$(+4!

cc"8%!

W(!*)!MOZf!µ^G4! ! !

b*#'&! '/$%%$)-%! ?%7&.+1'!

&7-[)..O! %*)&/! ]+*'&O!

4'+_+^'!.&)/!4+-,.$44%@!

W(!*)!MOMa!µ^G4! ! !

9']+^'!%47,^'! W(!*)!MMhII!µ^H_^! ! !

!

QFF8!

!

"#'&'! $%!-'+&4:!-)!,+*+!)-!'-P$&)-/'-*+4!QFF8!1)-1'-*&+*$)-%H!QFF8!]'&'! $-P'%*$^+*',! 07%*!,7&$-^! *#'!

%1&''-$-^!$-!D+%*'&-!3+4*$1!/+&$-'!'-P$&)-/'-*O!=7*!$-!=$)*+!*#':!]'&'!-)*!,'*'1*',H!

!

511)&,$-^! *)!%)7&1'! *&+1_$-^! &'%74*%O!QFF8!+&'!'/$**',! .&)/!+*! 4'+%*!MM!,$..'&'-*! $-,7%*&$'%! $-!A$*#7+-$+H!

"#'!#$^#'%*!1)-1'-*&+*$)-!]+%! .)7-,!*)!='! .&)/!+! 4+7-,&:!s!MJI!µ^G4H!b*#'&]$%'!1)-1'-*&+*$)-%!]'&'! $-!
*#'!&+-^'!).!IO`N!s!M`!µ^G4H!
!
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)[SI!EO!VQMHNb!
!

9EJFIJMHQMNEJK!

c+*'&! K)!,+*+!

9',$/'-*%! K)!,+*+!

3$)*+! K)*!.)7-,!
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+VNKKNEJ!KEGHFIK!
!

9EJFIJMHQMNEJK!

B-,7%*&$+4!'/$%%$)-%! W(!*)!MJI!µ^G4!
c+%*']+*'&!.&)/!/7-$1$(+4!cc"8%! MONN!s!`MOfI!µ^G4!
b*#'&! '/$%%$)-%! ?%7&.+1'! &7-[)..O!

4'+_+^'!.&)/!4+-,.$44%@!

W(!*)!aOMM!µ^G4!

9']+^'!%47,^'! W(!*)!MN`!µ^G_^!
!
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!
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!
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!

9EJFIJMHQMNEJK!

c+*'&!! W(!*)!NOZ!µ^G4!
9',$/'-*%!! K)!,+*+!

3$)*+!! hM!-^G^!

+VNKKNEJ!KEGHFIK!
!

9EJFIJMHQMNEJK!

B-,7%*&$+4!'/$%%$)-%! W(!*)!hOa`!-^G4!

c+%*']+*'&!.&)/!/7-$1$(+4!cc"8%! W(!*)!MO`!-^G4!
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