
Università di Pisa 
     

 

 

!"# $%&&%''(&)*# !"# +(,-%./0*#1"#1%'2''0*# 3"# 30(40*# 5"# 6)77)8.0&0*# !"#$%&'"()* &)+*#,&-$.,#,)'* (/* -0('*
)("-,*")*.,-()&)'*'$)),%")1*-'.$2'$.,- *#9&%7(8#$&:)8.%:)/#30.'20:;#%&/#<08&%7#6.(');;0&8*#!"*#=*#>>"?@A
?B#CDEEEF*

#

!"#$%&'"()*&)+*,-&.$/-#-)'*(0*
!1('*2(".-*")*3-.()&)'*4$))-%")5*
!'/$6'$/-.*

#$%&'((')*+,,+--.,')
G0>%.:0,)&:(#/0#$&8)8&).0%#/)77H$&4(.,%I0(&)J#K7)::.(&0'%*#$&4(.,%:0'%*#L)7)'(,2&0'%I0(&0*#

M&0N).;0:O#/0#60;%#

#/)0.12+34$)
G0>%.:0,)&:(#/0#$&8)8&).0%#/)77H$&4(.,%I0(&)J#K7)::.(&0'%*#$&4(.,%:0'%*#L)7)'(,2&0'%I0(&0*#

M&0N).;0:O#/0#60;%##

5+&&$1.)5+-%--$)
G0>%.:0,)&:(#/0#$&8)8&).0%#/)77H$&4(.,%I0(&)J#K7)::.(&0'%*#$&4(.,%:0'%*#L)7)'(,2&0'%I0(&0*#

M&0N).;0:O#/0#60;%##

6/)6$.7$)
G0>%.:0,)&:(#/0#$&8)8&).0%#/)77H$&4(.,%I0(&)J#K7)::.(&0'%*#$&4(.,%:0'%*#L)7)'(,2&0'%I0(&0*#

M&0N).;0:O#/0#60;%##

83%,.)9'::';3$,$)
G0>%.:0,)&:(#/0#$&8)8&).0%#/)77H$&4(.,%I0(&)J#K7)::.(&0'%*#$&4(.,%:0'%*#L)7)'(,2&0'%I0(&0*#

M&0N).;0:O#/0#60;%##
 



!"#$%& '"()&*#()+ ,-*./-(0 #"+ 1-&"#$ 2*%.)00-"&3 453 678693 4:::
! 4::: ;$/<)* !.#+)=-. 2/>$-0?)*0@ A#"/B#.(/*)+ -" C?) D)(?)*$#"+0@

!"#$%&'"() &)* +,&-$.,#,)' (/ !0(' 1("-, ") 2,-()&)' 3$)),%")4 !'.$5'$.,-

67 89119::;1<= 67 >;+?92@8= +7 +9:A::8= :7 :8;B8 91@ ?7 C<>><62818
!"#$%&"'()&* +" ,)-(-)(%"$ +(../,)0*%'$1"*)(2 3.(&&%*)"4$5 ,)0*%'$&"4$5 6(.(4*'7)"4$1"*)" 8)"9(%:"&$; +(-." <&7+" +" =":$5 >"$ !"*&":$.9" ?5 ,@ABC?B =":$5 ,&$.D

E).)-F)+ A#G 63 HIIIJ !..)K()+ A#G H:3 HIII

9D-'.&5'7 L) K*)0)"( "/=)*-.#$ 0-=/$#(-%"0 #"+ =)#0/*)=)"(0 %B 0?%( "%-0) -" *)0%"#"( (/"")$-"& 0(*/.(/*)0@ L)
0?%< (?#( <?)" )$).(*%"M)$).(*%" -"()*#.(-%" (?*%/&? ,%/$%=> B%*.) #"+ 2#/$- )N.$/0-%" -0 K*%K)*$G (#O)" -"(%
#..%/"(3 (?) =#-" B)#(/*)0 %B "%-0) >)?#F-%* %B 0/.? +)F-.)0 .#" >) .%**).($G K*)+-.()+@ P$).(*%"M)$).(*%"
-"()*#.(-%" -0 0?%<" (% >) *)0K%"0->$) B%* (?) 0/KK*)00-%" %B 0?%( "%-0) -" (?) K%0-(-F) +-BB)*)"(-#$ *)0-0(#".) *)&-%"
%B (?) 'MQ ./*F)3 #"+ B%* (?) )"?#".)=)"( %B 0?%( "%-0) -" (?) ")&#(-F) +-BB)*)"(-#$ *)0-0(#".) *)&-%"@

E,F G(.*-H

I7 8)'.(*$5'"()

R") %B (?) =#-" .%"0)S/)".)0 %B #&&*)00-F) 0.#$-"&
+%<" %B )$).(*%"-. +)F-.)0 -0 (?) -".*)#0-"& -=K%*M
(#".) %B "%-0)3 #"+ -" K#*(-./$#* %B TT0?%( "%-0)3UU
<?-.? ?#0 -(0 %*-&-" -" (?) &*#"/$#*-(G %B .?#*&)@
'" B#.(3 <?-$) (?) 0-&"#$ K%<)* -0 K*%K%*(-%"#$ (%

(?) 0S/#*) %B (?) ./**)"( (?*%/&? # &-F)" +)F-.)3 (?)
0?%( "%-0) K%<)* 0K).(*#$ +)"0-(G -0 %"$G K*%K%*(-%"#$
(% (?) ./**)"(@ C?)*)B%*)3 #0 (?) "/=>)* %B .?#*&)
.#**-)*0 -"F%$F)+ -" +)F-.) %K)*#(-%" +).*)#0)03 "%-0)
)BB).(0 #.S/-*) *)$)F#".) #"+3 )F)"(/#$$G3 >).%=)
K*)+%=-"#"(@
C?-0 .%"0-+)*#(-%"3 >G -(0)$B3 V/0(-W)0 (?) *).)"(

&*%<-"& -"()*)0( -" "%-0) -" "#"%)$).(*%"-. #"+
=)0%0.%K-. +)F-.)0@ '" #++-(-%"3 "%-0) -" 0/.?
0G0()=0 )N?->-(0 # >)?#F-%* 0(*%"&$G +)K)"+)"( /K%"
(?) +)(#-$0 %B +)F-.) &)%=)(*GX #0 # .%"0)S/)".)3
B*%= "%-0) .?#*#.()*-Y#(-%" %") .#" &#-" ")< -"0-&?(0
-"(% (?) 0(*/.(/*) #"+ (?) (*#"0K%*( K*%K)*(-)0 %B 0/.?
+)F-.)0@ Z%* -"0(#".)3 -( -0 <)$$ O"%<" (?#( =%0(
B)#(/*)0 %B 0(#(-%"#*G (*#"0K%*( .#" >) *)#0%"#>$G
+)0.*->)+ -" ()*=0 %B -"+)K)"+)"( )$).(*%"03 <?-$)
)$).(*%"M)$).(*%" -"()*#.(-%" K$#G0 # *)$)F#"( *%$) -"
+)()*=-"-"& "%-0) K*%K)*(-)0@ C?-0 =)#"03 %" %")
?#"+3 (?#( "%-0) .?#*#.()*-Y#(-%" K*%F-+)0 -"B%*=#(-%"
%" (?) .%$$).(-F) >)?#F-%* %B )$).(*%"0 "%( )#0-$G
%>(#-"#>$) %(?)*<-0)3 %" (?) %(?)* ?#"+3 (?#( #

*)#$-0(-. =%+)$ %B "%-0) -" 0/.? +)F-.)0 =/0( (#O)
(?)0) )BB).(0 -"(% #..%/"(@
[)*)3 <) B%./0 %" *)0%"#"( (/"")$-"& 0(*/.(/*)03

#"+ .%=K#*) "/=)*-.#$ 0-=/$#(-%"0 >#0)+ %" # =%+)$
K*)0)"()+ )$0)<?)*) \H34]3 <-(? (?) *)0/$(0 %B
)NK)*-=)"(0@
1-".) (?) K-%"))*-"& <%*O %B ^)0%F-O \7]3 #"+ (?)

W*0( )NK)*-=)"(#$ *)0/$(0 %B ^- #"+ .%<%*O)*0 \5]3
=#"G (?)%*)(-.#$ 0(/+-)0 \H3_8I] #"+ )NK)*-=)"(#$
*)0/$(0 \53I8H4] ?#F) #KK)#*)+ -" (?) $-()*#(/*)3
#00)00-"& (?#( (?) K%<)* 0K).(*#$ +)"0-(G %B (?) "%-0)
./**)"( < -" 0/.? +)F-.)0 =#G >) 0/KK*)00)+ +%<" (%
?#$B %B (?) TTB/$$UU 0?%( "%-0) F#$/) <07.. ! 4E""#3 -@)@3
(?#( #00%.-#()+ <-(? # K/*)$G K%-00%"-#" K*%.)00@
C?) (-=) +)K)"+)"( ./**)"( "$&% .%"0-0(0 %B # 0)*-)0

%B ./**)"( K/$0)03 )#.? .%**)0K%"+-"& (% # 0-"&$)
)$).(*%" (*#F)*0-"& (?) +)F-.)3 #"+ (?)*)B%*) .#**G-"&
# (%(#$ .?#*&) )S/#$ (% (?) )$).(*%" .?#*&) E@ 'B
.%"0)./(-F) ./**)"( K/$0)0 #*) ")&#(-F)$G .%**)$#()+3
-@)@3 -B (?) K/$0) +-0(*->/(-%" -0 0/>MK%-00%"-#"3
0/KK*)00)+ 0?%( "%-0) -0 (% >) )NK).()+@ 1/.?
.%**)$#(-%" =#G >) -"(*%+/.)+ >G 2#/$- )N.$/0-%"
#.(-"& %" )$).(*%" $)F)$0 -" (?) <)$$3 %*`#"+ >G
,%/$%=> *)K/$0-%"3 +)K)"+-"& %" (?) +)(#-$0 %B (?)
0(*/.(/*) #"+ %B (?) +%=-"#"( (*#"0K%*( =).?#"-0=
\H393I]@ !"#$%&%/0$G3 -B .%"0)./(-F) K/$0)0 #*)
K%0-(-F)$G .%**)$#()+3 )"?#".)+ 0?%( "%-0) -0 (% >)
=)#0/*)+@



J7 +(*,%

^)( /0 .%"0-+)* (?) %")M+-=)"0-%"#$ 0(*/.(/*)
0O)(.?)+ -" Z-&@ HX -( .%"0-0(0 %B (?*)) *)&-%"0 !.3
!F3 #"+ !%3 -@)@3 (?) $)B( *)0)*F%-*3 (?) <)$$ *)&-%"3 #"+
(?) *-&?( *)0)*F%-*3 *)0K).(-F)$G3 (?#( #*) %"$G <)#O$G
.%/K$)+ (?*%/&? (?) (<% (/"")$-"& >#**-)*0 H #"+ 4@
A%*)%F)*3 <) 0/KK%0) (?#( )$).(*%" (*#"0K%*( -0 <)$$
+)0.*->)+ -" ()*=0 %B 0)S/)"(-#$ (/"")$-"&X #" )$).(*%"
-" !. (*#F)*0)0 >#**-)* H3 $%0)0 K?#0) .%?)*)".) #"+
*)$#N)0 (% # S/#0-M)S/-$->*-/= )")*&G +-0(*->/(-%" -"
(?) <)$$ *)&-%" !F3 (?)" (*#F)*0)0 >#**-)* 4 #"+ $)#F)0
(?*%/&? !%@ 1/.? ?GK%(?)0-0 -0 F)*G *)#0%"#>$)3
)N.)K( #( =-$$-O)$F-" ()=K)*#(/*)03 <?)" -")$#0(-.
K*%.)00)0 #*) 0(*%"&$G 0/KK*)00)+ #"+ "% =%*)
)BB).(-F) -" (?)*=#$-Y-"& )$).(*%"0 -" (?) <)$$@
C?) (GK-.#$ *)0%"#"( ./**)"( K)#O0 -" (?) 'MQ ./*F)

#*) +/) (% (?) 0?#K) %B (?) +)"0-(G %B $%"&-(/+-"#$
0(#()0 -" !F3 <?-.? -0 0(*%"&$G #BB).()+ >G .%"W")M
=)"(X B%* (?) =#()*-#$ K#*#=)()*0 .%"0-+)*)+ ?)*)3 -(
?#0 # 0-"&$) "#**%< K)#O -" .%**)0K%"+)".) %B (?)
#$$%<)+ $%"&-(/+-"#$ )")*&G $)F)$ %B !FJ (?) *#() %B
-")$#0(-. 0.#(()*-"& K*%.)00)0 #BB).(0 (?) <-+(? %B 0/.?
K)#O3 #"+ -" %/* =%+)$ (?-0 )BB).( -0 (#O)" -"(% #..%/"(
(?*%/&? # K?)"%=)"%$%&-.#$ K#*#=)()*3 (?) =)#" B*))
K#(? .3 <?-.? K$#G0 (?) *%$) %B # *)$#N#(-%" $)"&(?@ C?)
+)"0-(G %B 0(#()0 -" (?) <)$$ -0 .#$./$#()+ /0-"& #
.%=K#.( B%*=/$# +)*-F)+ -" \H7]@

! 0(#() -" !: $: ! .! %! F% -0 .?#*#.()*-Y)+ >G -(0
$%"&-(/+-"#$ )")*&G 33 -(0 (*#"0F)*0) <#F) F).(%* K33
#"+ -(0 0K-" !@ C/"")$-"& -0 (*)#()+ #0 # (*#"0-(-%"
>)(<))" $)F)$0 -" +-BB)*)"( *)&-%"0 \H5] -" <?-.? 33 K3

#"+ ! #*) .%"0)*F)+@
Z%$$%<-"& a#F-)0 )( #$@3 <) -"(*%+/.) (?) TT&)"M

)*#(-%"UU *#()0 -H #"+ -43 -@)@3 (?) (*#"0-(-%" *#()0 B*%=
!. (% !F3 #"+ B*%= !% (% !F3 *)0K).(-F)$G3 #0

-H !
5"
G!

!
+3 &HH.F$3%&

4#.$3%#F$3%

"
!

+K3#6$K3%0.$3! K3%$H' 0F$3! K3%% $H%

-4 !
5"
G!

!
+3 &H4%F$3%&

4#%$3%#F$3%

"
!

+K3#6$K3%0%$3! K3%$H' 0F$3! K3%% $4%

<?)*) #:3 0:3 :! .3F3 %3 #*) (?) $%"&-(/+-"#$ +)"0-(G %B
0(#()0 #"+ (?) %../K#(-%" B#.(%* -" !:3 *)0K).(-F)$G3
#"+ #6 -0 (?) +)"0-(G %B (*#"0F)*0) 0(#()0J HH.F$3% -0
(?) =#(*-N )$)=)"( B%* # (*#"0-(-%" (?*%/&? >#**-)* H
>)(<))" 0(#()0 %B $%"&-(/+-"#$ )")*&G 3X -( -0 %>(#-")+
-" \4] #0 &HH.F$3%&

4 ! G!4".$3%"F$3%6H$3% <?)*) ":
$: ! .! %! F% -0 (?) 0%M.#$$)+ #(()=K( B*)S/)".G -" !:

#"+ 6H -0 (?) (/"")$-"& K*%>#>-$-(G %B >#**-)* HJ
H4%F$3% -0 #"#$%&%/0$G +)W")+@
'" #++-(-%"3 <) -"(*%+/.) (?) TT*).%=>-"#(-%"UU

*#()0 %H #"+ %43 -@)@3 (?) (*#"0-(-%" *#()0 B*%= !F (% !.

#"+ B*%= !F (% !%3 *)0K).(-F)$G3 #0

%H !
5"
G!

!
+3 &HH.F$3%&

4#.$3%#F$3%

"
!

+K3#6$K3%0F$3! K3%$H' 0.$3! K3%%

$7%

%4 !
5"
G!

!
+3 &H4%F$3%&

4#%$3%#F$3%

"
!

+K3#6$K3%0F$3! K3%$H' 0%$3! K3%%

$5%

C?) (%(#$ &)")*#(-%" *#() -0 - ! -H ( -43 <?-$) (?)
(%(#$ *).%=>-"#(-%" *#() -0 % ! %H ( %4@
C?) %../K#(-%" B#.(%* -" (?) <)$$3 <?-.?3 /"+)* (?)

#00/=K(-%" %B .%=K$)() *)$#N#(-%"3 +)K)"+0 %"$G %"
(?) F#$/) %B (?) S/#0-MB)*=- $)F)$ 30F -" (?) <)$$3 ?#0
(% >) .#$./$#()+ -" (?) 0()#+G 0(#() .%"+-(-%"3 -@)@3 >G
-=K%0-"& -! %@ 'B <) +)"%() (?) 0()#+G 0(#() F#$/) %B
# &)")*-. S/#"(-(G $ #0 "$#3 (?) #F)*#&) ./**)"( -0

I"-J CJ ! &)")*-. *)0%"#"( (/"")$-"& 0(*/.(/*) .%"0-0(0 %B (?*))
-0%$#()+ *)&-%"0 !.3 !F3 !. <)#O$G .%/K$)+ >G (/"")$-"& >#**-)*03
?)*) -"+-.#()+ <-(? H #"+ 4@ ,%/K$-"& >)(<))" +-BB)*)"( *)&-%"0 -0
#00/=)+ (% >) 0=#$$ )"%/&? (% >) (*)#()+ <-(? W*0( %*+)*
K)*(/*>#(-%" (?)%*G@

65 KJ ,$))$44*)( (& $.J



""# ! E"-H ' %H# ! E"%4 ' -4# $_%

C?) K*%>$)= %B (*#"0K%*( -0 0%$F)+ 0)$BM.%"0-0()"($G3
0-".) (?) .?#*&) #../=/$#()+ -" (?) <)$$ #BB).(0 (?)
.%"+/.(-%" >#"+ K*%W$) %B (?) 0(*/.(/*)@ R".) - #"+ %
#*) .#$./$#()+3 <) .#" )NK#"+ (?)= (% W*0( %*+)*
-" L #*%/"+ (?) 0()#+G 0(#() F#$/) "L b0/.? #0
-$ "L% ! %$ "L%c3 #"+ -"(*%+/.) (?) B%$$%<-"& .?#*#.()*M
-0(-. (-=)0X

H

$-H
#' +-H

+L

""""
L! "L

H

$-4
#' +-4

+L

""""
L! "L

$d%

H

$%H
#

+%H
+L

""""
L! "L

H

$%4
#

+%4
+L

""""
L! "L

$6%

B*%= <?-.? <) .#" +)W")

$'HH #$'H-H ( $'H%H $'H4 #$'H-4 ( $'H%4 $9%

#"+

$'H ! $'HH ( $'H4 ! $'H- ( $'H% $I%

C?) K%<)* 0K).(*#$ +)"0-(G <$%% %B (?) "%-0)
./**)"( #( $%< B*)S/)".G $%$"H% .#" >) <*-(()" #0

<$%% ! 4E4
$4"-H ( %H#

$44
( $4"-4 ( %4#

$4H

# $

$H:%

# +)(#-$)+ +)*-F#(-%" %B (?-0 *)0/$( .#" >) B%/"+ -" \H]J
-( 0/BW.)0 ?)*) (% 0#G (?#( "% #++-(-%"#$ ?GK%(?)0-0 -0
*)S/-*)+ (% #**-F) #( bH:c@
!" -=K%*(#"( K#*#=)()* -0 (?) "%-0) 0/KK*)00-%"

B#.(%* &3 #$0% .#$$)+ TTZ#"% B#.(%*UU3 -@)@3 (?) *#(-%
>)(<))" <b%c #"+ (?) TTB/$$ 0?%(UU "%-0) F#$/)
<07.. ! 4E""#@ Z*%= b_c #"+ b9c8bH:c3 -( -0 #KK#*)"(
(?#( -( .#" *)#.? # =-"-=/= %B &! :@_ -B $H ! $43 #"+
"-4#" "%4#@

L7 <MN,."#,)'

L) ?#F) #KK$-)+ # =)#0/*)=)"( ().?"-S/) K/*K%0)$G
+)F)$%K)+ B%* $%<M$)F)$ ./**)"( "%-0) =)#0/*)=)"(03
>#0)+ %" (?) .#*)B/$ )F#$/#(-%" %B (?) (*#"0-=K)+#".)
>)(<))" (?) +)F-.) /"+)* ()0( #"+ (?) %/(K/( %B (?)
#=K$-W)*3 #"+ %" (?) 0/>(*#.(-%" %B (?) "%-0)
.%"(*->/(-%"0 +/) (% (?) #=K$-W)*3 (?) >-#0 0%/*.)
#"+ (?) >-#0-"& ")(<%*O \H_]@ C?-0 K*%.)+/*) #$$%<0
/0 (% =)#0/*) "%-0) $)F)$0 (?#( #*) /K (% 7 +e >)$%<

(?#( %B (?) #F#-$#>$) #=K$-W)*0 <-(? # =#N-=/= )**%*
#*%/"+ H:f@
Z%* (?) 0/..)00B/$ #KK$-.#(-%" %B %/* .%**).(-%"

=)(?%+ -( -0 ").)00#*G (% K*).-0)$G =)#0/*) (?) "%-0)
+/) (% (?) #=K$-W)*X (% (?-0 K/*K%0) (?) =)#0/*)=)"(
-0 *)K)#()+ #B()* *)K$#.-"& (?) *)0%"#"(M(/"")$-"&
+)F-.) <-(? #" )S/-F#$)"( -=K)+#".) b)S/-F#$)"(
<-(?-" (?) B*)S/)".G *#"&) %B -"()*)0(c@ 1/.?
-=K)+#".) -0 O)K( #( # O"%<" .%"0(#"( ()=K)*#(/*)
#"+ -" )S/-$->*-/= .%"+-(-%"0 b"% )N()*"#$$G -=K%0)+
./**)"( g%<-"& (?*%/&? -(c3 (?/0 -( )N?->-(0 %"$G
(?)*=#$ "%-0)3 <?-.? .#" >) K*).-0)$G )F#$/#()+ #"+
0/>(*#.()+ B*%= (?) *)0/$( %B (?) =)#0/*)=)"(3
(?)*)>G G-)$+-"& (?) "%-0) +/) (% (?) #=K$-W)* #"+
(?) K#00-F) .%=K%")"(0 %B (?) >-#0-"& ")(<%*O@
C?)*)B%*) -( -0 -=K%*(#"( (?#( (?) "%-0) +/) (% (?)
-"()*"#$ 0%/*.)0 %B (?) #=K$-W)* >) (?) 0#=) +/*-"&
(?) %*-&-"#$ =)#0/*)=)"( %" (?) *)0%"#"( (/"")$-"&M
+)F-.) #"+ (?#( %" (?) 0/>0(-(/(-%" -=K)+#".)@ C?-0
*)S/-*)=)"( .#" >) 0#(-0W)+3 B%* (?) =)#0/*)=)"(0 #(
(?) $%<)0( ./**)"( $)F)$03 %"$G >G O))K-"& #$0% (?)
()=K)*#(/*) %B (?) #=K$-W)* .%"0(#"( #"+3 -"
K#*(-./$#*3 (?#( %B (?) B))+>#.O *)0-0(%*3 <?-.?3 -"
(?)0) .%"+-(-%"03 -0 (?) K*)F#$)"( 0%/*.) %B "%-0)@
C?/03 (?) #=K$-W)* /0)+ B%* =)#0/*)=)"(0 #( $%< >-#0
./**)"(0 ?#0 >))" )".$%0)+ -" # 0)#$)+ #$/=-"/= .#0)
(?#( -0 O)K( #( # .%"0(#"( ()=K)*#(/*) %B :), -" # >#(?
%B =)$(-"& -.)@
L) ?#F) %K(-=-Y)+ (?) +%/>$)M>#**-)* *)0%"#"(M

(/"")$-"& 0(*/.(/*)0 B*%= (?) K%-"( %B F-)< %B (?)
+-BB)*)"(-#$ *)0-0(#".)3 >G #+V/0(-"& (?) >#**-)*
(?-.O")00)0 #"+ (?) .*%00M0).(-%"3 -" %*+)* (% %>(#-"
(?) >)0( K%00->$) "%-0) =#(.?-"& <-(? (?) =)#0/*)M
=)"( #=K$-W)*0@ !F#-$#>$) /$(*#M$%<M"%-0) #=K$-W)*0

I"-J ?J CPA .*%00M0).(-%" %B (?) .%"0-+)*)+ +)F-.)X >*-&?( #*)#0
-"+-.#() (?) !$h#!0 >#**-)*03 +#*O #*)#0 -"+-.#() h#!0 $#G)*0@

1-=/$#(-%" #"+ A)#0/*)=)"( %B 1?%( D%-0) 6_



%BB)* # &%%+ K)*B%*=#".)3 <-(? # F)*G 0=#$$ "%-0)
W&/*)3 B%* # *#"&) %B *)0-0(#".) F#$/)0 >)(<))" # B)<
O-$%%?=0 #"+ 0)F)*#$ =)&#%?=0@ Z%* (?-0 *)#0%" (?)
>#**-)*0 -" %/* 0#=K$)0 #*) (?-.O)* (?#" -" =%0( 0-=-$#*
*)0%"#"(M(/"")$-"& +-%+)03 -" %*+)* (% *)+/.) (?)
./**)"( #"+3 .%"0)S/)"($G3 (% -".*)#0) (?) +-BB)*)"(-#$
*)0-0(#".)@ C?) +-#=)()* %B (?) =)0#0 +)W"-"& (?)
0-"&$) +)F-.)0 ?#0 >))" 0?*/"O +%<" (% #>%/( 7: '=3
<?-.? *)K*)0)"(0 # K*#.(-.#$ $-=-(3 >).#/0) >%"+-"&
<%/$+ >).%=) (%% +-BW./$( B%* 0=#$$)* +-%+)0@
C?) 0(*/.(/*) <?-.? <) B%./0 %" -" (?-0 K#K)* ?#0

>))" B#>*-.#()+ #( (?) C!1,M'DZA $#>%*#(%*G -"
C*-)0() #"+ ?#0 (?) B%$$%<-"& $#G)* 0(*/.(/*)X # 1-M
+%K)+ $L+ ! H#5"H:H9 .='7% _:: "=M(?-.O h#!0
>/BB)* $#G)*3 #" /"+%K)+ 4: "=M(?-.O h#!0 0K#.)*
$#G)* (% K*)F)"( 0-$-.%" +-BB/0-%" -"(% (?) >#**-)*3 #"
/"+%K)+ HH@6 "=M(?-.O !$h#!0 W*0( >#**-)*3 #"
/"+%K)+ _@6 "=M(?-.O h#!0 S/#"(/= <)$$3 #"
/"+%K)+ H4@4 "=M(?-.O !$h#!0 >#**-)*3 # H: "=
h#!0 0K#.)* $#G)* #"+ # 1-M+%K)+ _:: "=M(?-.O .#K
$#G)*@ C?) #$/=-"/= =%$) B*#.(-%" -" >%(? >#**-)*0 -0
:@7d #"+ (?) +-#=)()* %B (?) =)0# +)W"-"& (?) 0-"&$)
+)F-.) -0 7: '=@ C?) (?-.O")00)0 %B (?) (<% >#**-)*0
#"+ %B (?) <)$$ *)&-%" ?#F) >))" F)*-W)+ B*%= CPA
.*%00M0).(-%"03 <?-$) (?) %(?)* +-=)"0-%"0 #*)
"%=-"#$@

O7 2,-$%'- (/ '0, !"#$%&'"() &)* :(#N&."-()
P"'0 <MN,."#,)'-

C?) =)#0/*)+ 'MQ ./*F) -" B%*<#*+ #"+ *)F)*0) >-#0 -0
0?%<" -" Z-&@ 73 <?-$) (?) 0-=/$#(-%" *)0/$(0 #*)
0?%<" -" Z-&@ 5@ Z%* (?) 0-=/$#(-%"3 # =)#" B*)) K#(?
%B H_ "= ?#0 >))" .%"0-+)*)+3 -" %*+)* (% %>(#-" (?)
>)0( W( B%* (?) K)#OM(%MF#$$)G *#(-% %B (?) ./**)"(@ !0
.#" >) 0))"3 (?) #&*))=)"( -0 *#(?)* &%%+3 &-F)" (?)
(%$)*#".)0 %" (?) K#*#=)()*0 "%( %>0)*F)+ >G CP
=-.*%0.%KG@ ! K)#O ./**)"( %B 4d: "! -" *)F)*0) >-#0
.%**)0K%"+0 (% # K)#O ./**)"( +)"0-(G %B 7d9!`=43
0/BW.-)"($G .$%0) (% (?) .#$./$#()+ F#$/) %B 5:H!`=#
'" Z-&@ _3 (?) =)#0/*)+ & -" B%*<#*+ #"+ *)F)*0)

>-#0 -0 K$%(()+ #0 # B/".(-%" %B (?) #KK$-)+ F%$(#&) #(
(?) ()=K)*#(/*) %B 66;3 <?-$) (?) .#$./$#()+ & -0
0?%<" -" Z-&@ d@
!0 )NK).()+3 "%-0) 0/KK*)00-%" -0 %>0)*F)+ -" (?)

*)&-%" %B (?) 'MQ ./*F) >)B%*) (?) K)#O3 #"+ -( *)#.?)0
# =-"-=/= %B :@d@ !( (?) F%$(#&) .%**)0K%"+-"& (% (?)
./**)"( K)#O3 & -0 )N#.($G %")3 =)#"-"& B/$$ 0?%( "%-0)@
C?)"3 -" (?) ")&#(-F) +-BB)*)"(-#$ *)0-0(#".) *)&-%"3

)"?#".)+ 0?%( "%-0) -0 =)#0/*)+3 #"+ (?) "%-0)
0/KK*)00-%" b)"?#".)=)"(3 -" (?-0 .#0)c B#.(%* &
*)#.?)0 # =#N-=/= F#$/) %B H@6 <?)" (?) #>0%$/()
F#$/) %B (?) +-BB)*)"(-#$ *)0-0(#".) -0 =-"-=/=@ L?)"
(?) +-BB)*)"(-#$ *)0-0(#".) -0 K%0-(-F) #&#-"3 (?) 0?%(
"%-0) 0/KK*)00-%" B#.(%* -0 .$%0) (% H3 -@)@3 (?) K*%.)00
%B )$).(*%"0 (*#F)*0-"& (?) 0(*/.(/*) -0 K/*)$G
K%-00%"-#"@ !$0% -" (?-0 .#0)3 (?) *)0/$(0 %B (?)
.#$./$#(-%" #*) -" *)#0%"#>$) S/#"(-(#(-F) #&*))=)"(@
C?) 0/KK*)00-%" %B 0?%( "%-0) -" (?) W*0( *)&-%" %B

(?) 'MQ ./*F) -0 +/) (% (?) .%=>-")+ )BB).( %B
,%/$%=> *)K/$0-%" #"+ 2#/$- )N.$/0-%"X #" )$).(*%"
)"()*-"& (?) <)$$ >%(? %../K-)0 # S/#0-M0(#() -" (?)
<)$$ #"+ *#-0)0 (?) )$).(*%0(#(-. K%()"(-#$ %B (?) <)$$

I"-J MJ PNK)*-=)"(#$ 'MQ ./*F)0 B%* B%*<#*+ #"+ *)F)*0) >-#0 #(
(?) ()=K)*#(/*) %B 66;@

I"-J NJ ,#$./$#()+ 'MQ ./*F)0 B%* B%*<#*+ #"+ *)F)*0) >-#0 #( (?)
()=K)*#(/*) %B 66;@

6d KJ ,$))$44*)( (& $.J



*)&-%"3 (?)*)B%*) =#O-"& $)00 K*%>#>$) B%* #"%(?)*
)$).(*%" (% )"()* (?) <)$$@ 1-".) )$).(*%" .*%00-"&0 #*)
")&#(-F)$G .%**)$#()+3 0/>MK%-00%"-#" 0?%( "%-0) -0 (%
>) )NK).()+@
C?) )"?#".)+ 0?%( "%-0) -" (?) DaE *)&-%"

+)K)"+0 %" (?) B#.( (?#( (?) .?#*#.()*-0(-. (-=) $-H -0
")&#(-F)3 -@)@3 (?) (*#"0-(-%" *#() -H -".*)#0)0 <-(?
-".*)#0-"& L@ C?) *)#0%" -0 (?#( (?) K)#O -" (?) +)"0-(G
%B 0(#()0 -0 >)$%< (?) .%"+/.(-%" >#"+ >%((%= %B (?)
.#(?%+)X <?)" #" )$).(*%" )"()*0 (?) <)$$3 (?)
.%"+/.(-%" >#"+ >%((%= %B (?) <)$$ -0 *#-0)+3 #"+
=%*) 0(#()0 #*) #F#-$#>$) B%* (/"")$-"& B*%= (?) $)B(
)$).(*%+)3 0% (?#( )$).(*%" .*%00-"&0 (?*%/&? (?) <?%$)
0(*/.(/*) #*) K%0-(-F)$G .%**)$#()+@

Q7 @"-5$--"()

L) ?#F) 0?%<" (?#( -=K%*(#"( B)#(/*)0 %B 0?%( "%-0)
-" *)0%"#"( (/"")$-"& +)F-.)0 .#" >) *)K*%+/.)+
"/=)*-.#$$G %"$G -B )$).(*%"M)$).(*%" -"()*#.(-%" -0
K*%K)*$G (#O)" -"(% #..%/"(@ L-(?-" (?) (%$)*#".)0 %B
(?) +)F-.) K#*#=)()*03 &%%+ #&*))=)"( -0 %>(#-")+
>)(<))" )NK)*-=)"(0 #"+ 0-=/$#(-%"0@ R" (?) %(?)*
?#"+3 <) ?#F) 0?%<" (?#( "%-0) .#" >) # /"-S/) (%%$
B%* -"F)0(-&#(-"& .%**)$#()+ )$).(*%" >)?#F-%* #"+ .#"
K*%F-+) -"0-&?(0 -"(% (*#"0K%*( K*%K)*(-)0 %B "#"%0.#$)
+)F-.)0 (?#( #*) .%=K$)=)"(#*G (% (?%0) &-F)" >G a,
#"+ !, .?#*#.()*-Y#(-%"@

95K)(P%,*4#,)'-

C?-0 <%*O ?#0 >))" 0/KK%*()+ >G (?) A-"-0(*G B%* (?)
i"-F)*0-(G #"+ 1.-)"(-W. #"+ C).?"%$%&-.#$ E)0)#*.?
%B '(#$G3 #"+ >G (?) '(#$-#" D#(-%"#$ E)0)#*.? ,%/".-$
b,DEc@ C?) #/(?%*0 <-0? (% (?#"O Z@ e)$(*#=3 ^@
1%*>#3 #"+ A@ ^#YY#*-"% %B (?) C!1,M'DZA
^#>%*#(%*G -" C*-)0() B%* (?) B#>*-.#(-%" %B (?) +)F-.)@

2,/,.,)5,-

H@ h@ '#""#..%")3 A@ A#./..-3 #"+ e@ 2)$$)&*-"-3 TT1?%( D%-0) -"
E)0%"#"( C/"")$-"& 1(*/.(/*)0@UU =GD:J O(9J P __3 K@ 5_7I3
HII6@

4@ h@ '#""#..%") #"+ e@ 2)$$)&*-"-3 TTi"-W)+ A%+)$ (% P$).(*%"
C*#"0K%*( -" a%/>$) e#**-)* 1(*/.(/*)0@UU =GD:J O(9J P _43
K@ H65:d3 HII_@

7@ h@ e@ ^)0%F-O3 TTPN.)00 j/#"(/= D%-0) -" 4a e#$$-0(-. 2%-"(
,%"(#.(0@UU Q36= R(&&@ 5I3 _I43 HI9I b=":/'$ SGJ 3T:#J 6(*%J
I"1@ 5I3 K@ _H73 HI9Ic@

5@ k@ 2@ ^-3 !@ l#0$#F0OG3 a@ ,@ C0/-3 A@ 1#"(%03 #"+ A@ 1?#G)&#"3
TTD%-0) ,?#*#.()*-0(-. %B a%/>$)Me#**-)* E)0%"#"(MC/"")$-"&
1(*/.(/*)0 e)$%< H:;[YUU =GD:J O(9J P 5H3 K@ 97993
HII:@

_@ e@ k/*O) #"+ h@ 2@ ;%.?#"0O-3 TTA%=)"(/= D%-0) -"
Q#.//= C/"")$-"& C*#"0+/.)*0@UU =GD:J O(9J P 5H3 K@ 9H953
HII:@

d@ A@ e/m((-O)*3 TT1.#(()*-"& C?)%*G %B C?)*=#$ #"+ PN.)00 D%-0)
-" RK)" ,%"+/.(%*0@UU =GD:J O(9J R(&&@ d_3 K@ 4I:H3 HII:@

6@ A@ e/m((-O)*3 TT1.#(()*-"& C?)%*G %B ,/**)"( #"+ '"()"0-(G D%-0)
,%**)$#(-%"0 -" ,%"+/.(%*0 #"+L#F) h/-+)0@UU =GD:J O(9J P 5d3
K@ H459_3 HII4@

9@ n@ [@ a#F-)03 2@ [G$+&##*+3 1@ [)*0?W)$+3 #"+ n@ L@ L-$O-"03
TT,$#00-.#$ C?)%*G %B 1?%( D%-0) -" E)0%"#"( C/"")$-"&@UU
=GD:J O(9J P 5d3 K@ Id4:3 HII4@

I@ P@ E@ e*%<"3 TT!"#$G(-. A%+)$ %B 1?%( D%-0) -" a%/>$)Me#**-)*
E)0%"#"( C/"")$-"& a-%+)0@UU ,333 6%$):J 3.(4&%*) !(9"4(:
7I3 K@ 4d9d3 HII4@

I"-J BJ ,#$./$#()+ "%-0) 0/KK*)00-%" B#.(%* #0 # B/".(-%" %B (?)
#KK$-)+ F%$(#&) B%* B%*<#*+ #"+ *)F)*0) >-#0 #( 66;@

I"-J AJ A)#0/*)+ "%-0) 0/KK*)00-%" B#.(%* #0 # B/".(-%" %B (?)
#KK$-)+ F%$(#&) B%* B%*<#*+ #"+ *)F)*0) >-#0 #( 66;@

1-=/$#(-%" #"+ A)#0/*)=)"( %B 1?%( D%-0) 66



H:@ [@ ,@ ^-/3 n@ ^-3 h@ ,@ !)*03 ,@ E@ ^)#F)"03 #"+ A@ e/.?#"#"3
TT1?%(MD%-0) 1/KK*)00-%" -" E)0%"#"( C/"")$-"&@UU =GD:J O(9J
P _H3 K@ _HHd3 HII_@

HH@ 2@ ,-#=>*%")3 A@ A#./..-3 h@ '#""#..%")3 e@ 2)$$)&*-"-3 ^@
1%*>#3 A@ ^#YY#*-"%3 #"+ Z@ e)$(*#=3 TTD%-0) A)#0/*)=)"(0 -"
E)0%"#"( C/"")$-"& 1(*/.(/*)0 #0 # Z/".(-%" %B ,/**)"( #"+
C)=K)*#(/*)@UU 3.(4&%*)"4: R(&&@ 7H3 K@ _:73 HII_@

H4@ h@ ^%=>#*+-3 A@ A#./..-3 h@ '#""#..%")3 #"+ e@ 2)$$)&*-"-3
TT1?%( D%-0) a)K)"+)".) %" e#**-)* 1G==)(*G -" E)0%"#"(M
C/"")$-"& a-%+)0@UU =%*4J *0 ,ULIVW3 HII6@

H7@ h@ '#""#..%")3 #"+ e@ 2)$$)&*-"-3 TT,%=K#.( Z%*=/$# B%* (?)
a)"0-(G %B 1(#()0 -" # j/#"(/=L)$$@UU =GD:J O(9J P _73 K@ 4:4:3
HIId@

H5@ n@ e#*+))"3 TTC/"")$-"& B*%= # A#"GM2#*(-.$) 2%-"( %B Q-)<@UU
=GD:J O(9J R(&&@ d3 K@ _63 HIdH@

H_@ A@ A#./..-3 #"+ e@ 2)$$)&*-"-3 TTQ)*G 0)"0-(-F) =)#0/*)=)"(
=)(?%+ %B )$).(*%" +)F-.) ./**)"( "%-0)@UU ,333 6%$):J ,):&%J
H($:@ 5:3 KK@ 68H43 HIIH@

67 8&))&55(), -0 0)*F-"& %" (?) B#./$(G %B (?)
P$).(*-.#$ P"&-"))*-"& a)K#*(=)"( ba-K#*(-=)"(% +-
'"&)&")*-# +)$$U'"B%*=#Y-%")c #( (?) i"-F)*0-(G %B
2-0#3 '(#$G@ [-0 *)0)#*.? -"()*)0(0 -".$/+) (*#"0K%*(
#"+ "%-0) =%+)$-"& -" =)0%0.%K-. #"+ ?)()*%0(*/.M
(/*) +)F-.)03 #*.?-().(/*)0 #"+ +)F-.)0 B%* "#"%0.#$)
-"()&*#()+ .-*./-(0@

67 >(#D&.*" &*#+/#()+ -" P$).(*-.#$ P"&-"))*-"&
#( (?) i"-F)*0-(G %B 2-0# -" HIId@ [) -0 ./**)"($G <-(?
C)$).%= '(#$-# 1@K@!@

+7 +&5$55" -0 !00%.-#() 2*%B)00%* %B P$).(*%"-.0
#( (?) P$).(*-.#$ P"&-"))*-"& a)K#*(=)"(
ba-K#*(-=)"(% +- '"&)&")*-# +)$$U'"B%*=#Y-%")c #(
(?) i"-F)*0-(G %B 2-0#3 '(#$G@ [-0 *)0)#*.? -"()*)0(0
-".$/+) S/#"(/=M-"()*B)*)".) #"+ 0-"&$)M)$).(*%"
+)F-.)03 ,%/$%=> e$%.O#+) K?)"%=)"#3 =%+)$-"&
#"+ =)#0/*)=)"(0 %B "%-0) -" )$).(*%" +)F-.)0@

?7 C,%%,4.")" -0 2*%B)00%* %B P$).(*%"-.0 #( (?)
P$).(*-.#$ P"&-"))*-"& a)K#*(=)"( ba-K#*(-=)"(% +-
'"&)&")*-# +)$$U'"B%*=#Y-%")c %B (?) i"-F)*0-(G %B
2-0#3 '(#$G@ [-0 *)0)#*.? -"()*)0(0 -".$/+) =%+)$-"&
#"+ .?#*#.()*-Y#(-%" %B (*#"0K%*( #"+ "%-0) -" )$).(*%"
+)F-.)0@

69 KJ ,$))$44*)( (& $.J


