
!"

!"#! $%&'()*+&,-.-/0)1$23*456

#$%&'(%)*(+,-./%/(0&,-$/1%#%'2+(%2$2345(6%&'(%7.,36,$8%73-09/%&'2&%:(2/.*(%&'(

6,/&2$0(/%2$6%032//,;4%&'(:<%#$%&',/%/.7/(0&,-$%#%=,33%/&.64%&'(%2$23-8%7.,36,$8%73-09

&'2&%6*,+(/%>?@AA/B%,$).&%&(*:,$23/<

C/%/'-=$%,$%D,8.*(%E<F1%,$).&%/,8$23/%:./&%7(%2))3,(6%0-$0.**($&34%&-%233%>?@AA/%-$

&'(%/2:(%:2&*,G%0-3.:$%;-*%)2*233(3%0-:).&,$8%-;%&'(%6,/&2$0(/<%H'./1%&'(%&(*:,$23/

I#JK%2$6%I#JL% 2*(%0-::-$%&(*:,$23/% ;-*%(20'%>?@AA%-$% &'(%/2:(%:2&*,G%0-3.:$<

H'(%73-09%0233(6%M#JNCOPB%,/%2$%2$23-8%73-09%&'2&%6*,+(/%&'(/(%0-::-$%&(*:,$23/

I$27%2$6%I$28<%#&%,/%-7+,-./%&'2&%=(%$((6%-$(%#JNCOP%73-09%;-*%(+(*4%0-3.:$%-;%&'(

:2&*,G<%Q0'(:2&,0%+,(=%-;%)*-)-/(6%#JNCOP%73-09%02$%7(%/(($%,$%D,8.*(%R<ST<%A(&

./%2//.:(%&'2&%&'(%73-09%6*,+(/%&'(%0-3.:$%,%-;%&'(%>?@AA%:2&*,G<

H'(%73-09%'2/%&=-%,$).&%&(*:,$23/<%#$).&%&(*:,$23%0233(6%I$% ,/%0-$$(0&(6%6,*(0&34%&-

&'(% ,$).&% )26% ='(*(% &'(% ,&'% ,$).&% +(0&-*% (3(:($&% ,/% 2))3,(6<% #$).&% &(*:,$23% 0233(6

I9*:%,/%0-$$(0&(6%&-%&'(%-.&).&%-;%&'(%6,8,&23%&-%2$23-8%0-$+(*&(*%U>C?V%&'2&%6*,+(/

&'(% ,&'% &(:)32&(L+(0&-*%(3(:($&<%H'./1% /,:,32*341%=(%$((6%-$(%>C?%73-09% ;-*% (+(*4

0-3.:$%-;%&'(%>?@AA%:2&*,G<%H-%/()2*2&(%&'(%,$).&%&(*:,$23/%I$%2$6%I9*:;%-$34%-$(

&*2$/:,//,-$% 82&(% ,/% .&,3,5(6% 7(02./(% >C?/B% -.&).&/% 02$% 7(% 7*-.8'&% &-% ',8'

,:)(62$0(%/&2&(%,$&(*$2334<

D,8.*(%R<ST W%Q0'(:2&,0%+,(=%-;%#JNCOP%73-09<



!X

H-&23%02)20,&2$0(%-;%$-6(%I#JK%U-*%I#JLV%,/%3(//%&'2$%F%)D%;-*%2%:2&*,G%0-$&2,$,$8%!S

*-=/%U&(:)32&(L+(0&-*V<%Y(%02$%(2/,34%*(:2*9%&'2&%&'(%2:)3,;,(*%CF%6*,+,$8%&(*:,$23

I$27) ,/% 3-26(6% 23/-% *(/,/&,+(34<% H'./1% J(82&,+(% C:)3,;,(*% UJCV% ;-*:(6% 74% &'(

2:)3,;,(*%CE%2$6%&=-%*(/,/&-*/1%ZF%2$6%ZE1%/,$9/%U-*%/-.*0(/V%0.**($&%;*-:%,&/%,$).&

&(*:,$23<%>.(%&-%&'(%32*8(%-.&).&%*(/,/&2$0(%-;%&'(%>C?%73-09/%U2))*-G,:2&(34%[%9ΩV1

=(%$((6%&-%.&,3,5(%&'(%2:)3,;,(*%CF<

H'(% ;-33-=,$8% )2*2:(&(*/% :./&% 7(% 0-$/,6(*(6% 6.*,$8% &'(% 6(/,8$% -;% &'(% 73-09

#JNCOP<

F<! A,$(2*,&4% *(\.,*(:($&% -;% >?@AA<% H',/% )2*2:(&(*% 6(&(*:,$(/% &'(% ;-33-=,$8/

/)(0,;,02&,-$/W

2V! ]))(*%7-.$6%-;%:2&0',$8%)*-)(*&4%-;%*(/,/&-*/%ZF%2$6%ZE1

7V! O,$,:.:%-)($%3--)%+-3&28(%82,$%-;%2:)3,;,(*%CE%2&%-)(*2&,$8%;*(\.($04<

0V! ]))(*%7-.$6%-;%+2*,2&,-$%-;%2:)3,;,(*/B%+-3&28(%82,$/%=,&',$%&'(%,$).&%/,8$23

*2$8(<

E<! Q(&&3,$8%&,:(%-;%&'(%2:)3,;,(*%CE<%H',/%)2*2:(&(*%6(&(*:,$(/%&'(%;-33-=,$8/

2V! ]))(*%7-.$6%-;%,$).&%/,8$23%;*(\.($04

7V! ?3-09%;*(\.($04%-;%/4/&(:B/%6,8,&23%73-09/<

Y(%'2+(%0'-/($%&'2&%&'(%,$).&%/,8$23%*2$8(%-;%&'(%73-09%,/%^LRI%2$6%&'(%3,$(2*,&4

*(\.,*(:($&%,/%3(//%&'2$%_F1%2/%0230.32&(6%,$%/(0&,-$%R<F<%Y(%/&2*&%-.*%2$234/,/%=,&'

&'(%2:)3,;,(*%CF<

#$%/(0&,-$%R<F1%=(%'2+(%/'-=(6%&'2&%&'(%-;;/(&%+-3&28(/%-;%&'(%C:)3,;,(*/%CF%2$6

JC%'2+(% $-% ,:)20&% -$% &'(% -)(*2&,-$% -;% &'(% 73-09%>?@AA<%H'./1%=(% 02$% .&,3,5(% 2

/,:)3(%/-.*0(L;-33-=(*%UQDV%0,*0.,&%,$%)320(%-;%&'(%2:)3,;,(*%CF<%Q0'(:2&,0%+,(=%-;

&'(%/-.*0(L;-33-=(*%02$%7(%/(($%,$%D,8.*(%R<[^<



!T

D,8.*(%R<[^ W%Q0'(:2&,0%+,(=%-;%/-.*0(L;-33-=(*

#$%D,8.*(%R<[^1% &'(%2:)3,;,(*%CE%,/%:-6(3(6%74%&'(%*(/,/&-*%Z%2$6% &'(% &(*:,$23%I#JL
7(,$8%(\.23% &-%I>>`I#JK<%H',/%0,*0.,&% &-)-3-84% ,/%0'-/($%7(02./(%-;% ,&/% /,:)3,0,&41

/)((61% /:233% 2*(2% 0-$/.:)&,-$<% H'(% :2,$% 6,/26+2$&28(% -;% &'(% /-.*0(L;-33-=(*

/&*.0&.*(%,/%3-=%)-=(*%/.))34%*(a(0&,-$%*2&,-<%H'(%PQZZ%)(*;-*:2$0(%-;%&'(%-+(*233

73-09%#JNCOP%,/%6(&(*:,$(6%74%&'(%/-.*0(L;-33-=(*%)2*&%-;%&'(%73-09<

b,2/%0.**($&%U#>UOFVV%-;%QD%,/%6(&(*:,$(6%=,&'%*(/)(0&%&-%*(/,/&,+(%3-26B/%0.**($&%U#ZV<

#&%,/%0'-/($%E^^µC<%C/)(0&%*2&,-/%-;%&'(%&*2$/,/&-*/%OF%2$6%OE%02$%7(%/(($%,$%&273(

R<S<

H273(%R<S W%C/)(0&%*2&,-/%-;%&'(%Q-.*0(%;-33-=(*B/%&*2$/,/&-*/<

Y%Uµ:V A%Uµ:V

OF FE^ F

OE ES^ F

A(&% ./% $-=% 0230.32&(% &'(% ,$).&% 2$6% -.&).&% +-3&28(% *2$8(/% -;% &'(% 73-09<%O2G,:.:

-.&).&%+-3&28(%3(+(3%-;%&'(%/-.*0(%;-33-=(*%,/



"^

( )FO>Q/2&>>:2Gc III −= R<T"

O,$,:.:%-.&).&%+-3&28(%-;%&'(%/-.*0(%;-33-=(*%02$%7(%(G)*(//(6%2/%;-33-=/W

( )
E

E>
EOHP:,$c

#II
β

+−= R<TX

d(&1%,$%UR<TXV1%&'(%0.**($&%#>E%,/%2%;.$0&,-$%-;%&'(%-.&).&%+-3&28(<%Y'($%-.&).&%+-3&28(

,/%(\.23%&-%,&/%:,$,:.:%+23.(1%+-3&28(%I#JL%,/%(\.23%&-%I>>LIc:,$<%H'./%#>E%:24%7(

6($-&(6%2/

( )
Z

III## :,$c:,$c>>
F>E>

−−+= R<TT

H'./%:,$,:.:%-.&).&%+-3&28(%,/

( ) 




 −+

β
+−=

Z
IEI#FII :,$c>>

F>
E

EOHP:,$c R<F^^

O2G,:.:%,$).&%+-3&28(%3(+(3%-;%&'(%/-.*0(%;-33-=(*%02$%7(%(G)*(//(6%2/%;-33-=/W

( ) ( )
E

E>
EOHPFO>Q/2&>>:2G#J

#IIII
β

−+−= R<F^F

H'(%6*2,$%0.**($&%-;%&*2$/,/&-*%OE%02$%7(%6($-&(6%2/

( )





 −
−=

Z
IEI

## FO>Q/2&>>
F>E> R<F^E

H'./%:2G,:.:%,$).&%+-3&28(%3(+(3%,/

( ) ( )
( )






 −
−

β
−+−=

Z
IEI

#FIIII FO>Q/2&>>
F>

E
EOHPFO>Q/2&>>:2G#J

R<F^R



"F

C$6%;,$23341%&'(%:,$,:.:%,$).&%+-3&28(%3(+(3%,/

I^6$8I :,$#J == R<F^S

A(&% ./% $-=% 0230.32&(% &'(% /:233% /,8$23% +-3&28(% 82,$% -;% QD<% Q:233% /,8$23% (\.,+23($&

0,*0.,&%-;%/-.*0(L;-33-=(*%02$%7(%/(($%,$%D,8.*(%R<[F<

D,8.*(%R<[F W%Q:233%/,8$23%(\.,+23($&%0,*0.,&%-;%/-.*0(L;-33-=(*<

J-6(%(\.2&,-$%-;%&'(%0,*0.,&%,/

( ) ( ) +++ 




 ++=−+− ,$E,$#E,$#EeQ I

Z
E/?86/II8:II/? R<F^[

H'./1%=,&'% *(/)(0&% &-% UR<F^[V1% &'(% /:233% /,8$23% +-3&28(% 82,$% -;% &'(% /-.*0(L;-33-=(*

02$%7(%(G)*(//(6%2/%;-33-=/

( ) EEEeQ

EEeQ

#

,$

86/8:
Z
E/??/

8:/?
I
I

++++

+=+ R<F^!

H'(%0.**($&%/,$9%;*-:%&'(%-.&).&%-;%&'(%/-.*0(L;-33-=(*%+2*,(/%=,&'%+-3&28(%3(+(3%-;

&'(%-.&).&%$-6(<%H'2&%,/%='4%&'(%)2*2:(&(*%8:E%,/%2%;.$0&,-$%-;%-.&).&%$-6(%+-3&28(

I<=><% #$%-*6(*% &-%:,$,:,5(% &'(% (;;(0&% -;% &'(%-.&).&%$-6(%+-3&28(%-$% &'(%)2*2:(&(*

8:E1%=(%'2+(%&-%,$0*(2/(%&'(%2/)(0&%*2&,-%-;%&'(%&*2$/,/&-*%OE%2$6%&'(%6*2,$%0.**($&%-;

&'(%&*2$/,/&-*%OF<%H'(%+2*,2&,-$%-;%)2*2:(&(*%8:E%=,&'%*(/)(0&%&-%+-3&28(%I$27):./&

/2&,/;4% 8,+($% 3,$(2*,&4% 0-$6,&,-$/<% Q:233% /,8$23% +-3&28(% 82,$% -;% &'(% /-.*0(L;-33-=(*

02$% 7(% /(($% ,$% D,8.*(% R<[E<% H'(% 3,$(2*,&4% 0-$6,&,-$% ,/% /2&,/;,(6% .)% &-% E[Of5<

f-=(+(*1%#%=,33%/'-=%32&(*%&'2&%&'(%/4/&(:%/)((6%,/%6(&(*:,$(6%74%&'(%/(&&3,$8%&,:(%-;

&'(%)2*&%JC<



"E

D,8.*(%R<[E W%Q:233%/,8$23%/,:.32&,-$%*(/.3&%-;%/-.*0(L;-33-=(*<

H'(% +2*,2&,-$% -;% /:233% /,8$23% +-3&28(% 82,$%=,&'% *(/)(0&% &-% &'(% ,$).&% /,8$23% +-3&28(

3(+(3%02$%7(%/(($%,$%D,8.*(%R<[R<%I2*,2&,-$%-;%&'(%+-3&28(%82,$%,/%3(//%&'2$%^<R_<%C/

:($&,-$(6%)*(+,-./341%&'(%:2,$%6,/26+2$&28(/%-;%&'(%QD%,/%,&/%3-=%PQZZ<%H-%,$0*(2/(

PQZZ%:-*(%0-:)3,02&(6%/&*.0&.*(/%:./&%7(%./(6%gR"h<%LPQZZ%UI>>V%-;%QD1%=',0'%,/

3(//%&'2$%`S^%6b1%02$%7(%/(($%,$%D,8.*(%R<[S<%C$6%LPQZZ%U8$6V%-;%QD1%=',0'%,/%3(//

&'2$%`R[%6b1%02$%7(%/(($%,$%D,8.*(%R<[[

D,8.*(%R<[RW%I2*,2&,-$%-;%/:233%/,8$23%+-3&28(%82,$%=,&'%,$).&%60%+-3&28(%3(+(3%2&%F



"R

f5<

D,8.*(%R<[S W%PQZZ%UI>>V%-;%/-.*0(%;-33-=(*

D,8.*(%R<[[ W%PQZZ%U8$6V%-;%/-.*0(%;-33-=(*



"S

H*2$/,($&%/,:.32&,-$%*(/.3&%-;%/-.*0(L;-33-=(*%02$%7(%/(($%,$%D,8.*(%R<[!<%#$).&%,/%2

/,$./-,623% /,8$23% 2$6% ,&/% ;*(\.($04% ,/% FOf5<% #$% D,8.*(% R<[!1% i+,$% *()*(/($&/% ,$).&

/,8$23%2$6%i-.&%*()*(/($&/%-.&).&%/,8$23<

D,8.*(%R<[! W%H*2$/,($&%/,:.32&,-$%*(/.3&%-;%/-.*0(L;-33-=(*

A(&%./%$-=%7(8,$%-.*%2$234/,/%-$%&'(%)2*&%JC%-;%&'(%73-09%#JNCOP<%H'(%/0'(:2&,0

+,(=%-;%&'(%)2*&%JC%&'2&%6*,+(/%-.&).&%&(*:,$23%I$28%02$%7(%/(($%,$%D,8.*(%R<["<

D,8.*(%R<[" W%Q0'(:2&,0%+,(=%-;%&'(%JC<

>,/26+2$&28(/%-;%&',/%/&*.0&.*(%2*(

F<! #&%/,$9/%U-*%/-.*0(/V%0.**($&%;*-:%,&/%,$).&%&(*:,$23<



"[

E<! >.(%&-%&'(%)*-0(//%$-,/(1%:,/:2&0'%-00.*/%7(&=(($%*(/,/&-*/%ZF%2$6%ZE<%H'./

+-3&28(%82,$%:24%+2*4<

R<! D((67209%*(/,/&-*%/',;&/%&'(%)-3(%-$%&'(%-.&).&%$-6(%&-%',8'(*%;*(\.($04<%d(&1

7(02./(%-;% &'(% ,$).&%02)20,&2$0(%-;% &'(%2:)3,;,(*%CE1%=(% ,$&*-6.0(% 2$%(G&*2

)-3(%,$%&'(%;((67209%3--)1%=',0'%=-*/($/%)'2/(%:2*8,$%-;%&'(%2:)3,;,(*%CE<

S<! A2*8(% /,3,0-$% 2*(2% 0-$/.:)&,-$<% #$% -*6(*% &-% :,$,:,5(% :,/:2&0'% (;;(0&% =(

'2+(% &-% ,$0*(2/(% &'(% /,3,0-$% 2*(2% -00.),(6% 74% &'(% *(/,/&-*/<%C$6% &-% 20',(+(

*(\.,*(6% +-3&28(% 82,$1% =(% '2+(% &-% .&,3,5(% 2$% 2:)3,;,(*% 0-$&2,$,$8% E% /&28(/<

H'./1%=(%$((6%2%0-:)($/2&,-$%02)20,&2$0(j

Y,&'%2%/&*2,8'&;-*=2*6%0230.32&,-$1%&'(%&*2$/;(*%;.$0&,-$%-;%JC%02$%7(%(G)*(//(6%2/

;-33-=/

( ) ( ) 







+−








++

= Z@D#JZ@D
F

E

EF

F
c III

Z
Z

ZZFk
kZI R<F^"

='(*(%k%,/%&'(%-)($%3--)%82,$%-;%&'(%2:)3,;,(*%CE<%C//.:,$8%&'2&

E
II2$6ZZ1k >>

Z@DEF ==∞→

UR<F^"V%,/%/,:)3,;,(6%2/%;-33-=/W

#J>>c III −= R<F^X

#$%Q(0&,-$%R<F1% #%0230.32&(6% &'(% 3,$(2*,&4% *(\.,*(:($&%-;%>?@AA%2/%F_<% #$%-*6(*% &-

/2&,/;4%&',/%0-$6,&,-$1%=(%'2+(%&-%*(2$2345(%UR<F^"V%2$6%0230.32&(%&'(%.))(*%7-.$6%-;

:2&0',$8%)*-)(*&,(/%-;%*(/,/&-*/%ZF%2$6%ZE%2$6%:,$,:.:%+23.(%-;%2:)3,;,(*B/%82,$%k

2&% -)(*2&,$8% ;*(\.($04<%Y(% /&2*&% -.*% 2$234/,/% 74% *()320,$8%
F

E
Z
Z

% 74% Z% ,$% UR<F^"V1

=',0'%,/%,6(2334%(\.23%&-%F<%H'./%UR<F^"V%7(0-:(/



"!

( ) ( )[ ]Z@D#JZ@Dc IIIZ
ZFk

kI +−
++

= R<F^T

]$6(*%&'(%,6(23%0-$6,&,-$/%6($-&(6%)*(+,-./341%&'(%,6(23%+23.(%-;%I<%6($-&(6%2/% cI
02$%7(%(G)*(//(6%2/%;-33-=/W

#JZ@Dc IIEI −= R<FF^

H'./%&'(%(**-*%U∆)%02$%7(%(G)*(//(6%2/%;-33-=/W

( )
( )[ ]

F
IIE
IIIZ

ZFk
k

I
II

#JZ@D

Z@D#JZ@D

c

cc −
−

+−
++

=−=∆ R<FFF

#$%UR<FFFV1%=(%*()320(%Z%74

ZFZ ∆+= R<FFE

='(*(%∆Z%*()*(/($&/%&'(%:,/:2&0'%(;;(0&<%H'./%UR<FFFV%7(0-:(/

( )
( )

F
IIE
IIZF

ZEk
k

#JZ@D

#JZ@D −







−
−∆+

∆++
=∆ R<FFR

H'(%+-3&28(%IZ@D% ,/%(\.23% &-%
E
I>> <%Y(% /(3(0&% ,$).&%+-3&28(% 3(+(3% ,$%-*6(*% &-% ;,$6

:2G,:.:%(**-*%=,&',$%&'(%,$).&%/,8$23%*2$8(<%H'./%-.&).&%(**-*%02$%7(%(G)*(//(6%2/

;-33-=/W

( ) F
X1^
Z"1FF

ZEk
k −



 ∆+

∆++
=∆ R<FFS

c.&).&%(**-*%)3-&%-;%JC%=,&'% *(/)(0&% &-%+-3&28(%82,$%k%-;% &'(% 2:)3,;,(*%CE%02$%7(

/(($%,$%D,8.*(%R<[X<



""

D,8.*(%R<[X W%c.&).&%(**-*%)3-&%=,&'%*(/)(0&%&-%+-3&28(%82,$%k%-;%2:)3,;,(*%CE

c.&).&%(**-*%)3-&%-;%JC%=,&'%*(/)(0&%&-%*(/,/&-*%:,/:2&0'%∆Z%02$%7(%/(($%,$%D,8.*(

R<[T<

D,8.*(%R<[T W%c.&).&%(**-*%)3-&%=,&'%*(/)(0&%&-%*(/,/&-*%:,/:2&0'%∆Z



"X

#$% -*6(*% &-% /2&,/;4% &'(% 8,+($% F_% 3,$(2*,&4% 0-$6,&,-$1% &'(% -)($% 3--)% +-3&28(

82,$%k%-;%&'(%2:)3,;,(*%CE%2&%&'(%-)(*2&,$8%;*(\.($041%:./&%7(%8*(2&(*%&'2$%E^^%2$6

&'(%:,/:2&0'%∆Z%:./&%7(%/:233(*%&'2$%^<[_<

Y(%'2+(%.&,3,5(6%0(33%cP^Fb%-;%COQ%^<!µ:%?]l%)*-0(//B/%2$23-8%/&2$62*6

0(33% 3,7*2*4%CN?@AAQ% ,$%)320(%-;% &'(%2:)3,;,(*%CE<%H(0'$,023% /)(0,;,02&,-$/%-;% &'(

-)(*2&,-$23% 2:)3,;,(*% cP^Fb% 02$% 7(% ;-.$6% ,$%C))($6,G% D<% Q0'(:2&,0% +,(=% -;% &'(

73-09%cP^Fb%02$%7(%/(($%,$%D,8.*(%R<!^<

D,8.*(%R<!^ W%Q0'(:2&,0%+,(=%-;%cPCOP%cP^Fb

Q:233% /,8$23% /,:.32&,-$% *(/.3&/% U-)($% 3--)% 82,$% 2$6% )'2/(V% -;% cPCOP

cP^Fb%=,&'-.&%;((67209%3-26%02$%7(%/(($%,$%D,8.*(%R<!F<%P'2/(%:2*8,$%-;%&'(%73-09

,/% !"X <

Q:233%/,8$23%+-3&28(%82,$%2$6%)'2/(%:2*8,$%'2+(%&-%7(%*((G2:,$(6%23/-%=,&'

&'(%;((67209%3--)%3-26%6.(%&-%&'(%(G&*2%)-3(%266(6%,$&-%&'(%;((67209%3--)<%H',/%(G&*2

)-3(%6(0*(2/(/%&'(%)'2/(%:2*8,$%-;%&'(%73-09<



"T

D,8.*(%R<!F W%Q:233%/,8$23%/,:.32&,-$%*(/.3&%-;%cP^Fb%=,&'-.&%;((67209%3-26

H-% ,$0*(2/(% )'2/(% :2*8,$% &'2&% :(2$/% /',;&,$8% &'(% )-3(% &-% &'(% ',8'(*

;*(\.($0,(/1%=(%'2+(% &-%./(%/:233(*% ;((67209%*(/,/&-*% &'2&%02./(/% &-%0-$/.:(%:-*(

)-=(*<%H'./1%&'(*(%,/%2%&*26(L-;;%7(&=(($%)-=(*%0-$/.:)&,-$%2$6%)'2/(%:2*8,$<%Y(

'2+(%0'-/($%ZF%m%ZE%m%[^%9Ω<%Q:233%/,8$23%/,:.32&,-$%*(/.3&/%U-)($%3--)%82,$%2$6

)'2/(V% -;%cPCOP%cP^Fb%=,&'% ;((67209% 3-26% 02$% 7(% /(($% ,$% D,8.*(% R<!E<% #$% &',/

02/(1%P'2/(%:2*8,$%,/% ![" <

I2*,2&,-$%-;% /:233% /,8$23% +-3&28(% 82,$% -;% &'(% )2*&%JC%=,&'% *(/)(0&% &-% ,$).&

+-3&28(%3(+(3%2&%F%f5%02$%7(%/(($%,$%D,8.*(%R<!R<%c7+,-./341%200()&273(%,$).&%/,8$23

*2$8(%,/%(\.23%&-%&'(%:,$,:.:%-;%&'(%0-::-$%:-6(%,$).&%*2$8(/%-;%&'(%-)(*2&,-$23

2:)3,;,(*%cP^Fb%-*%QD<



X^

D,8.*(%R<!E W%Q:233%/,8$23%/,:.32&,-$%*(/.3&%-;%cP^Fb%=,&'%;((67209%3-26

D,8.*(%R<!R%Q:233%/,8$23%82,$%+2*,2&,-$%=,&'%*(/)(0&%&-%,$).&%60%+-3&28(%3(+(3<



XF

>?%/,:.32&,-$%*(/.3&%-;%&'(%73-09%#JNCOP%02$%7(%/(($%,$%D,8.*(/%R<!S<%f-*,5-$&23

2G,/% ,/% &'(%,$).&%/,8$23<%Q,8$23% iI-%*()*(/($&/% &'(%-.&).&%I#JK%2$6%-7+,-./34%Q,8$23

iI-L%*()*(/($&/%&'(%-.&).&%I#JL<

D,8.*(%R<!S W%>?%Q,:.32&,-$%*(/.3&%-;%&'(%73-09%#JNCOP

D,8.*(%R<![ W%C?%Q,:.32&,-$%*(/.3&%-;%#JNCOP



XE

C?%/,:.32&,-$%*(/.3&%-;%&'(%73-09%#JNCOP%02$%7(%/(($%,$%D,8.*(%R<![<%#$%&'(%D,8.*(

R<![1%&'(%/,8$23%i+,$%*()*(/($&/%&'(%,$).&%/,8$23n%&'(%/,8$23%i+,$K%*()*(/($&/%&'(%-.&).&

+,$K%2$6% &'(% /,8$23% i+,$L% *()*(/($&/% &'(%-.&).&%+,$L<%H'(% 3,$(2*,&4% 0-$6,&,-$% 02$%7(

/2&,/;,(6%=,&'%&',/%/&*.0&.*(%.)%&-%FOf5<

LPQZZUI99V%-;%#JNCOP%73-09%02$%7(%/(($%,$%D,8.*(%R<!!<%C/%7(;-*(1%&'(%/,8$23%iI-

*()*(/($&/%&'(%/,8$23%-$%&(*:,$23%I#JK%2$6%iI-L%*()*(/($&/%&'(%/,8$23%-$%&(*:,$23%I#JL<
Y(% 02$% (2/,34% *(:2*9% &'2&% &'(% PQZZ% )(*;-*:2$0(% ,/% 6(&(*:,$(6% 74% &'(% /-.*0(L

;-33-=(*%)2*&%-;%&'(%73-09<%Y(%'2+(%$-&%/'-=(6%&'(%PQZZU8$6V%-;%&'(%73-09%7(02./(

,&% '2/% &'(% /2:(% 0'2*20&(*,/&,0<% PQZZUI>>V% % ,/%:-*(% &'2$% S^% 6b% 2$6% PQZZU8$6V% ,/

:-*(%&'2$%R[%6b<

D,8.*(%R<!! W%PQZZ%UI99V%Q,:.32&,-$%*(/.3&%-;%#JNCOP

H*2$/,($&% /,:.32&,-$% *(/.3&% 02$% 7(% /(($% ,$% D,8.*(% R<!"<% H'(% ,$).&% /,8$23% ,/% 2

/,$./-,623%/,8$23<% #&/%2:)3,&.6(% ,/%R%I%)(29% &-%)(29%2$6% &'(% ;*(\.($04% ,/%F^^%9f5<

H'(%/,8$23%iI-%*()*(/($&/%&'(%/,8$23%-$%&(*:,$23%I#JK%2$6%iI-L%*()*(/($&/%&'(%/,8$23

-$%&(*:,$23%I#JL<%H-%0-:).&(%/(&&3,$8%&,:(%-;%&'(%73-09%#JNCOP1%=(%'2+(%2))3,(6%2

).3/(%/,8$23%&-%&'(%,$).&<%#$%&'(%=-*/&%02/(%&'(%-.&).&%/,8$23/%-;%&'(%73-09%/(&&3(%&-%F_

-;% &'(,*% ;,$23% +23.(%=,&',$% R!^$/<% #&% 02$% 7(% /3,8'&34% 6(0*(2/(6% 74% ,$0*(2/,$8% )'2/(

:2*8,$%U74%,$0*(2/,$8%&'(%)-=(*%0-$/.:)&,-$V<



XR

D,8.*(%R<!" W%H*2$/,($&%Q,:.32&,-$%*(/.3&%-;%&'(%73-09%#JNCOP

A24-.&% +,(=% -;% #JNCOP% 73-09% 02$% 7(% /(($% ,$% D,8.*(% R<!X<% ?-:)2*(6% &-

>?@AA1%&'(%73-09%#JNCOP%0-$/.:(/%2$%,::($/(%/,3,0-$%2*(2<%O-*(%0-:)20&%2$6

,$$-+2&,+(%/-3.&,-$/%2*(%$((6(6%;-*%*(6.0,$8%/,3,0-$%0-/&%-;%-+(*233%I(0&-*%l.2$&,5(*

/4/&(:<%H-% ,:)*-+(%:2&0',$8%7(&=(($%*(/,/&-*/%ZF%2$6%ZE%6.::4%)-34%/&*.0&.*(/

2$6% ,$&(*L6,8,&,5(% 324-.&% &(0'$,\.(/%2*(%./(6<%Z(/,/&-*/%2*(% *(23,5(6%=,&'%)-34% 324(*

7(02./(%,&%,/%3(//%/($/,&,+(%&-%&'(%&(:)(*2&.*(%-*%&'(%+-3&28(%3(+(3%20*-//%,&/%&(*:,$23

&'2$% &'(% -&'(*% )-//,73(% 324(*/<% C/% :($&,-$(6% )*(+,-./341% =(% '2+(% &-% .&,3,5(% -$(

#JNCOP%73-09%;-*%(20'%0-3.:$%-;%&'(%>?@AA%:2&*,G<%H'./1%:-6.32*%73-09%324-.&

,/%)*(;(*273(%,$%-*6(*%&-%;-*:%2$%#JNCOP%*-=<%H'(%'(,8'&%-;%&'(%73-09%,/%RT"<!µ:

2$6%,&/%=,6&'%,/%FRT<!µ:<%H'./1%,&%0-$/.:(/%2%/,3,0-$%2*(2%-;%[[<STF(LR%::E<

D-*% /4/&(:% 3(+(3% /,:.32&,-$1% =(% '2+(% :-6(3(6% &'(% 73-09% #JNCOP% 74% &'(

/,:)3(%/0'(:2&,0%,$%D,8.*(%R<!T<



XS

D,8.*(%R<!X W%A24-.&%+,(=%-;%#JNCOP



X[

D,8.*(%R<!T WH'(%#6(23%:-6(3%-;%&'(%73-09%#JNCOP

D-*%2%;,$23%=-*61%3(&%./%/.::2*,5(%&'(%6(/,8$%)*-0(6.*(%-;%&'(%73-09%#JNCOPW

b(;-*(% 2331% &-% 6(/,8$% 2$% #JNCOP% 73-091% =(% :./&% ;,*/&% 6(&(*:,$(% &'(% ;-33-=,$8

/4/&(:%)2*2:(&(*/W

F<! H'(%3,$(2*,&4%*(\.,*(:($&%-;%&'(%73-09%>?@AA

E<! Q4/&(:B/%,$).&%/,8$23%*2$8(

R<! O2G,:.:%,$).&%/,8$23%;*(\.($04

S<! >,8,&23%73-09B/%03-09%;*(\.($04

C;&(*% &'(% 27-+(%:($&,-$(6% )2*2:(&(*/% 2*(% 6(&(*:,$(61% ,;% =(% 6(0,6(% &-% .&,3,5(% &'(

)*-)-/(6%73-09%&-)-3-841%=(%'2+(%&-%;,$6%-.&%&'(%;-33-=,$8

F<! ]))(*%7-.$6%-;%*(/,/&-*%:,/:2&0'%=,&'%*(/)(0&%&-%&'(%3,$(2*,&4%0-$6,&,-$<

E<! Z(/,/&-*% 324(*% &4)(% 2$6% 324-.&% &(0'$,\.(% ,$% -*6(*% &-% /2&,/;4% 8,+($% :,/:2&0'

0-$6,&,-$<

R<! A-=(*% 7-.$6% -;% +-3&28(% 82,$% -;% 2:)3,;,(*% CE% =,&'% *(/)(0&% &-% &'(% 3,$(2*,&4

0-$6,&,-$<

S<! H'(%2:)3,;,(*%0,*0.,&%&-)-3-84%,$%-*6(*%&-%/2&,/;4%8,+($%82,$%0-$6,&,-$%2$6%,$).&

/,8$23%*2$8(<%H'(%:2G,:.:%,$).&%/,8$23%2$6%6,8,&23%73-09B/%03-09%;*(\.($0,(/%2*(

6(&(*:,$(6%74%&'(%/(&&3,$8%&,:(%-;% &'(%/(3(0&(6%2:)3,;,(*% &-)-3-84<%H'./%,&%:./&

/2&,/;4%&'(/(%0-$6,&,-$/%&--<


