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CHAPTER 2. WHITE-MATTER FREE-WATER 

DIFFUSION MRI IN SCHIZOPHRENIA: A 

SYSTEMATIC REVIEW AND META-ANALYSIS 
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CHAPTER 3. WHITE-MATTER EXTRACELLULAR 

FREE-WATER DIFFERENCES IN SCHIZOPHRENIA 

COMPARED TO HEALTHY VOLUNTEERS 
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%.(!*/-%!%./%!,)'#3(0!H/%&(#%$!$((J!%)!H0($(#%!.&3.(0!ST!%./#!)24(0!H/%&(#%$!L&%.!$&J&2/0!

&22#($$! 4'0/%&)#1! $'HH)0%$! %.(! /$$'JH%&)#! %./%! 4(H(#4&#3! )#! /3(! )*! )#$(%! )*! F8U1! /!

4&**(0(#%!#('0)&#*2/JJ/%)0,!0($H)#$(!J/,!)--'0X!!

S&#4&#3!.&$%)2)3&-/2!(;&4(#-(!)*!#('0)&#*2/JJ/%&)#!&$!.&3.2,!-)JH2&-/%(4!W,!%.(!*/-%!%./%!

%.&$!H0)-($$!&$!4,#/J&-!/#4!J/,!#)%!W(!H0(;/2(#%!&#!/22!$%/3($!)*!%.(!4&$)04(0b<PDcX!I.'$1!

%.(! H)$$&W&2&%,! )*! &4(#%&*,&#3! (Y%0/-(22'2/0! -./#3($! %.0)'3.! %.(! -)'0$(! )*! &22#($$! J/,!

H0);&4(! /! J(%.)4! %)! J)#&%)0! #('0)&#*2/JJ/%&)#! &#! H/%&(#%$! L&%.! F8U1! /#4! %)! W(%%(0!

'#4(0$%/#4!%.(!-)#%0&W'%&)#!)*!&%$!-/$-/4(!%)!%.(!4&$)04(07$!/(%&)2)3,X!

!

6*#&0=,%*#,'

T(! ./;(! *)'#4! %./%! ST! &$! .&3.(0! &#! F8U! $,JH%)J/%&-! H/%&(#%$! 4($H&%(! /#%&H$,-.)%&-!

J(4&-/%&)#X!T(!H0($(#%!(;&4(#-(!%./%!/#!(/02&(0!)#$(%!)*!H$,-.)$&$!J&3.%!%0/#$2/%(!&#%)!/!

J)0(! H0)#)'#-(4! &#*2/JJ/%)0,! 0($H)#$(X! S&#/22,1! L(! $.)L! %./%! ST! &$! H)$&%&;(2,!

-)00(2/%(4!L&%.!_dS!$-)0($X!I.&$!/$$)-&/%&)#!L&%.!%.(!2(;(2!)*!*'#-%&)#&#3!&$!&JH)0%/#%1!

/$!&%!&#4&-/%($!-2&#&-/2!0(2(;/#-(!/#4!$'HH)0%$!ST!&J/3&#3!/$!/#!(/$&2,!/--($$&W2(1!;/2'/W2(!

J(%.)4)2)3,! %)! '#4(0$%/#4! %.(! 0)2(! )*! #('0)&#*2/JJ/%&)#! /#4! L.&%(\J/%%(0!

4(%(0&)0/%&)#! &#! %.(!/(%&)2)3,!)*! $-.&G)H.0(#&/X!['0! *&#4&#3$!/2$)!H0)J)%(! %.(!#((4! %)!
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CHAPTER 4. IN VIVO DIFFUSION-MRI IN A 

CLINICALLY RELEVANT RAT MODEL OF 

NEUROINFLAMMATION 

!

"#|$!8/00(&0/!S&3'(&0(4)#!BO!

`'3(#(!6&J.!+.O!

8/J&22/!F&JJ)#$-!+.O!

[*(0!+/$%(0#/?0!+.O!

[2&;(0!OX!R)L($#/1/2!+.O!

S(4(0&-)!`X!I'0?.(&J(03!+.O!

O&/#/!8/$.3!+.O!

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

6&#37$!8)22(3(!9)#4)#1!9)#4)#1!:6!

.a/J($!>2/-?!8(#%0(1!6&#3$!8)22(3(!9)#4)#1!9)#4)#1!:6!

-!B/'0&-(!T).2!82&#&-/2!5('0)$-&(#-(!"#$%&%'%(1!6&#37$!8)22(3(!9)#4)#1!:6!

0O(H/0%J(#%$!)*!+$,-.&/%0,!}!C/4&)2)3,1!>0&3./J!/#4!T)J(#7$!R)$H&%/21!R/0;/04!

B(4&-/2!F-.))21!>)$%)#1!Bd1!:#&%(4!F%/%($!)*!dJ(0&-/!

1"#$%&%'%(!)*!82&#&-/2!F-&(#-($!b"8Fc1!S/-'2%,!)*!B(4&-&#(1!"JH(0&/2!8)22(3(!9)#4)#1!O'!

8/#(!C)/41!9)#4)#1!:6!

2RX!9'#4W(-?!:61![%%&2&/;(Z!D!<P==!n/2W,1!O(#J/0?!

38(#%0(!*)0!5('0)&J/3&#3!F-&(#-($1!"#$%&%'%(!)*!+$,-.&/%0,1!+$,-.)2)3,!}!
5('0)$-&(#-(1!6&#3$!8)22(3(!9)#4)#1!9)#4)#1!:6!
! !
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"#! 0(-(#%! ,(/0$1! (;&4(#-(! ./$! /--'J'2/%(4! %)! $'33($%! %./%! #('0)&#*2/JJ/%&)#! H2/,$! /!
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$-.&G)H.0(#&/! /#4! 4(H0($$&)#b<N=g<NKcX! I.(0(! &$! /#! &#%0&-/%(! W/2/#-(! W(%L((#! %.(!

W(#(*&-&/2!(**(-%$!)*!/#!)H(0/%&#3!&JJ'#(!$,$%(J1!/#4!H0)%(-%&;(!$&-?#($$!W(./;&)'01!/#4!

%.(! /4;(0$(! -)#$(]'(#-($! )*! -.0)#&-! &#*2/JJ/%&)#! %./%! -/#! H)%(#%&/22,! 2(/4! %)! #('0/2!
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&JH)0%/#%! (Y/JH2(! &$! &#-0(/$(4! W2))4\W0/&#! W/00&(0! b>>>c! H(0J(/W&2&%,1! /! ./22J/0?! )*!

#('0)&#*2/JJ/%&)#! %./%! &$! )*%(#! L&%#($$(4! &#! /-%&;(! *)-/2! 2($&)#$! &#! J'2%&H2(!

$-2(0)$&$b<NPc!/#4!&#!d2G.(&J(07$!O&$(/$(!bdOcb<NNcX!

O(%(-%&#3!#('0)&#*2/JJ/%&)#!&#!2&;&#3!.'J/#$!L)'24!W(!)*!30(/%!W(#(*&%!%)!(/02,!4&$(/$(!

4(%(-%&)#! /#4! J)#&%)0&#3! %0(/%J(#%! (**&-/-,1! H/0%&-'2/02,! &#! 4&$(/$($! %./%! 2/-?! 0)W'$%!

H/%.)2)3&-/2!./22J/0?$! $'-.!/$!H$,-.)$&$! /#4!J))4!4&$)04(0$X!d2%.)'3.! %.&$! &$!#)%! ,(%!

0(2&/W2,! H)$$&W2(1! /#! /00/,! )*! #'-2(/0! &J/3&#3! /#4! J/3#(%&-! 0($)#/#-(! bBCc\W/$(4!

J(%.)4$! -/#! &4(#%&*,! /#4! -./0/-%(0&$(! #('0)&#*2/JJ/%)0,! H0)-($$($! &,! =&=/b<NQcX! I.(!

-'00(#%! 3)24\$%/#4/04! &$!H)$&%0)#! (J&$$&)#! %)J)30/H.,! b+`Ic!'$&#3! %0/-(0$! %./%! %/03(%!

%.(! EA?O/! %0/#$2)-/%)0! H0)%(&#! bIF+[cb<NA1<NDcX!IF+[! &$! *)'#4! &#! %.(!J&%)-.)#40&/2!

J(JW0/#($! /#4! J)$%2,! (YH0($$(4! &#! (#4)%.(2&/2! -(22$1! /$%0)-,%($! /#4! J&-0)32&/u! &%$!

'H0(3'2/%&)#!)#!J&-0)32&/1!&#*&2%0/%&#3!J/-0)H./3($!/#41!%)!/!2($$(0!(Y%(#%1!/$%0)-,%($!&$!

3(#(0/22,!/$$)-&/%(4!L&%.!#('0)&#*2/JJ/%)0,!(;(#%$b<Q=cX!R)L(;(01!/2%.)'3.!&%!./$!W((#!

L&4(2,! $((#! /$! %.(! W($%! /;/&2/W2(! -(#%0/2! &#*2/JJ/%&)#! W&)J/0?(01! &%! ./$! $(;(0/2!

2&J&%/%&)#$bEEEcX! I.($(! &#-2'4(! $'W$%/#%&/2! L&%.&#\! /#4! W(%L((#\$'WZ(-%! ;/0&/W&2&%,! &#!

IF+[!0/4&)2&3/#4!W&#4&#3b<QEc!/#4!#(-($$&%,!*)0!$J/22!$/JH2(!$&G($!3&;(#!%.(!.&3.!-)$%1!

2)3&$%&-/2!W'04(#1!&)#&G&#3!0/4&/%&)#1!/#4!/;/&2/W&2&%,!)*!%.(!%(-.#&]'(X!I.($(!*/-%)0$!2&J&%!

%.(! '%&2&%,! )*!IF+[!/$! /!J/0?(0!)*! #('0)\&#*2/JJ/%&)#bE=Ac1! *'0%.(0! -)JH2&-/%(4!W,! /!

2/-?!)*! -2/0&%,! /W)'%! &%$! -(22'2/0! $)'0-($! /#4!J(-./#&$J!)*! /-%&)#! &#! %.&$! -)#%(Y%b<Q<g

<QMcX!

d2%.)'3.! BC! J(%.)4$! /0(! );(0/22! 2&J&%(4! W,! /! 2/-?! )*! $H(-&*&-&%,! L.(#! -)JH/0(4! %)!

#'-2(/0! &J/3&#31! %.(,!/0(!*0((!)*! &)#&G&#3!0/4&/%&)#!/#4!/W2(! %)!J(/$'0(!J'2%&H2(! %&$$'(!

-./0/-%(0&$%&-$b<NQcX! B/3#(%&-! 0($)#/#-(! $H(-%0)$-)H,! bBCFc! J(/$'0($! J(%/W)2&%(!

-)#-(#%0/%&)#$!$'-.!/$!5\/-(%,2\/$H/0%/%(!b5ddc1!J,)\&#)$&%)2!/#4!-.)2&#(!-)JH)'#4$1!
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J/?&#3! &%! /! ;/2'/W2(! J(%.)4! %)! &4(#%&*,! 32&/2! -(22! -./#3($! /*%(0! %.(&0! J&30/%&)#! %)! )0!

/-%&;/%&)#! &#! %.(! &#*2/J(4! /0(/b<QPcX!O,#/J&-! -)#%0/$%\(#./#-(4!BC"! -/#!4(%(-%!>>>!

4&$0'H%&)#!W,!J(/$'0&#3! %.(! 2(/?/3(!)*! 3/4)2&#&'J\W/$(4! -)#%0/$%! /3(#%$b<QNc1!L.&2(! /!

0(-(#%2,!4(;(2)H(4!J(%.)4!W/$(4!)#!L/%(0!(Y-./#3(!0/%.(0!%./#!-)#%0/$%!/3(#%!2(/?/3(!

./$!W((#!'$(4!%)!4(%(-%!$'W%2(!>>>!W0(/?4)L#!&#!/!0/%!J)4(2!)*!dOb<QQcX!

O&**'$&)#\L(&3.%(4!J/3#(%&-!0($)#/#-(!&J/3&#3!b4BC"c!&$!/!$'&%(!)*!%(-.#&]'($!%./%!-/#!

-./0/-%(0&$(!W0/&#!J&-0)$%0'-%'0(!&,!=&=/!/#4!&4(#%&*,!$'W%2(!/W#)0J/2&%&($bEPEc1!&#-2'4&#3!

%.)$(! )--'00&#3! 4'0&#3! #('0)&#*2/JJ/%&)#X! d! %,H(! )*! 4BC"1! 4&**'$&)#! %(#$)0! &J/3&#3!

bOI"c1! ./$! W((#! 0(/$)#/W2,! $'--($$*'2! &#! 4(%(-%&#3! #('0)&#*2/JJ/%&)#\0(2/%(4! W0/&#!

-./#3($X! S)0! (Y/JH2(1! OI"! ./$! $.)L#! &#-0(/$(4! 4&**'$&;&%,! %)! W(! /! 0)W'$%! J/0?(0! )*!

#('0)4(3(#(0/%&;(!4&$)04(0$!/$$)-&/%(4!L&%.!#('0)&#*2/JJ/%&)#b<QA1<QDc1!/2%.)'3.!%.&$!

J/,! 0(*2(-%! /! #'JW(0! )*! 4&**(0(#%! /$H(-%$! $'-.! /$! >>>! &#%(30&%,1! *&W(0! 4(#$&%,1!

J,(2&#/%&)#1!%&$$'(!)03/#&$/%&)#1!/#4!J(JW0/#(!H(0J(/W&2&%,b<A=cX!"#!/44&%&)#!%)!2/-?&#3!

$H(-&*&-&%,1!%.(!OI"!J)4(2!L/$!4($&3#(4!*)0!L.&%(!J/%%(0!/#4!/Y)#$b<AEc1!-)JH2&-/%&#3!

%.(!W&)2)3&-/2! &#%(0H0(%/%&)#!)*!OI"!-./#3($! &#! %.(!30/,!J/%%(0!/#4!H/0(#-.,J/!)*! %.(!

W0/&#X!!

B)0(! 0(-(#%! /#4! $)H.&$%&-/%(4! 4&**'$&)#! J)4(2$! /%%(JH%! %)! $(H/0/%(! 4&**(0(#%! %&$$'(!

-)JH/0%J(#%$X!S)0!(Y/JH2(1! %.(!ST!&J/3&#3!J)4(2!($%&J/%($!%.(!*0/-%&)#/2!;)2'J(!)*!

*0((2,!4&**'$&#3!L/%(0bEMQc1!L.&-.!./$!W((#!*)'#4!%)!W(!&#-0(/$(4!&#!W)%.!L.&%(!/#4!30(,!

J/%%(0! &#! *&0$%\(H&$)4(! $-.&G)H.0(#&/! H/%&(#%$! /#4! /%%0&W'%(4! %)! &#-0(/$(4! (Y%0/-(22'2/0!

$H/-(!4'(! %)!#('0)&#*2/JJ/%&)#bEPQcX!I.(!5[OO"!J)4(2! *'0%.(0! $(H/0/%($! %.(! %&$$'(!

&#%)!H'%/%&;(!#('0&%(1!(Y%0/\#('0&%(1!/#4!-(0(W0)$H&#/2!*2'&4!b8FSc!-)JH/0%J(#%$bEQDcX!"%!

./$! W((#! '$(4! %)! -./0/-%(0&$(! 30(,! J/%%(0! J&-0)$%0'-%'0(bEAAc! /#41! /2)#3! L&%.! )%.(0!

/4;/#-(4! 4&**'$&)#! %(-.#&]'($1! ./$! W((#! 4(J)#$%0/%(4! %)! W(! $(#$&%&;(! %)! J&-0)32&/2!

4(#$&%,!/#4!&#*2/JJ/%&)#\&#4'-(4!-./#3($!&#!32&/2!J&-0)$%0'-%'0(bEAE1EA<cX!

+0(-2&#&-/2! $%'4&($! /0(! ($$(#%&/2! *)0! ;/2&4/%&)#!)*!J)$%! &J/3&#3!W&)J/0?(0$1! /#4! /#&J/2!

J)4(2$! )*! #('0)&#*2/JJ/%&)#! H2/,! /! -(#%0/2! 0)2(! &#! %.(! $(/0-.! *)0! %.(! '#4(02,&#3!

W&)2)3&-/2! J(-./#&$J$! 0($H)#$&W2(! *)0! %.($(! -./#3($X! F)J(! )*! %.(! L(22\($%/W2&$.(4!

0)4(#%!J)4(2$!)*!#('0)&#*2/JJ/%&)#!'$(!(&%.(0! &#%0/-0/#&/2!)0! &#%0/H(0&%)#(/2! &#Z(-%&)#!

)*! 2&H)H)2,$/--./0&4(! b9+Fc1! /! -)JH)#(#%! )*! %.(! _0/J\#(3/%&;(! W/-%(0&/! -(22! L/221! %)!

&#4'-(! /#! &JJ'#(! 0($H)#$(X! I.&$! /-%&;/%($! 32&/2! -(22$! &,! =&=/1! -/'$&#3! /! -)#$(]'(#%!

&#*2/JJ/%)0,!-/$-/4(! %./%! &#-2'4($! %.(!0(2(/$(!)*! &#*2/JJ/%)0,!-,%)?&#($1! -.(J)?&#($1!

?,#'0(#&#(1! /#4! #&%0&-! )Y&4(! b5[c1! /22! )*! L.&-.! /0(! %.)'3.%! %)! -)#%0&W'%(! %)!



('"

!

!
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+
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/#!/JW&(#%!%(JH(0/%'0(!)*!<EÅ!KÇ8!/#4!/!E<\.)'0!2&3.%j4/0?!-,-2(X!!!

!
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5. FREE-WATER AND PET-TSPO IMAGING IN 

SCHIZOPHRENIA 
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ST! (YH/#4$! %.(! '#4(0$%/#4&#3! /W)'%! &#-0(/$(4! (Y%0/-(22'2/0! W0/&#! ;)2'J(! &#! %.&$!
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6. CONCLUSIONS AND FUTURE WORK 
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#(3/%&;(!-)00(2/%&)#!L&%.!/3(! &$!40&;(#!W,! %.(!F8U!30)'H1!$H(-&*&-/22,! %.(!

,)'#3(0!&#4&;&4'/2$X!!

!

!" 8./H%(0!Mk!"!-)JW&#(4!ST!&J/3&#3!L&%.!OI"!/#4!5[OO"!)#!4BC"!4/%/!)*!/#!
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1'9,*&-&$+!(7!9!%&2,&-&49,*.7!&,40$9%$+!%#96$DJ$&2#*$+!90$9!-094*&/,!MSWGON!/-!E(9;`!
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$%0&/%'JX!
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I.&$!*&#4&#3!&$!-)#$&$%(#%!L&%.!J,!.,H)%.($&$X!
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bFH(/0J/#7$! 0! e! =X<P<1! H! e! =X=MKcX! 5)! $&3#&*&-/#%! -)00(2/%&)#$! L(0(!
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0(3&)#/21!/#4!#/%&)#/2!&#-&4(#-(1!H0(;/2(#-(1!/#4!,(/0$!2&;(4!L&%.!4&$/W&2&%,!*)0!K=E!

/-'%(! /#4! -.0)#&-! 4&$(/$($! /#4! &#Z'0&($! &#! EAA! -)'#%0&($1! EDD=g<=EKk! /! $,$%(J/%&-!

/#/2,$&$! *)0! %.(! _2)W/2! >'04(#! )*! O&$(/$(! F%'4,! <=EKX! I.(! 9/#-(%X! <=EP!

d'3uKANbDDDPckQMKgA==X!!

KX! 6#/HH!B1!B/#3/2)0(!C1!F&J)#!aX!I.(!32)W/2!-)$%$!)*!$-.&G)H.0(#&/X!F-.&G)H.0!>'22X!

<==MuK=b<ck<QDgDKX!!

MX! d#40(/$(#! 58X! I.(! 2&*(%&J(! %0/Z(-%)0,! )*! $-.&G)H.0(#&/! /#4! %.(! -)#-(H%! )*!

#('0)4(;(2)HJ(#%X!O&/2)3'($!82&#!5('0)$-&X!<=E=uE<bKckM=DgEPX!!

PX! B-8'%-.()#! Cd1! C(&$! B/0]'($! I1! R)L($! [OX! F-.&G)H.0(#&/âd#! [;(0;&(LX!

adBd!+$,-.&/%0,X!<=<=!S(W!EuQQb<ck<=EX!!

NX! RZ)0%.äZ!81!F%ã0'H!d`1!B-_0/%.!aa1!5)04(#%)*%!BX!^(/0$!)*!H)%(#%&/2!2&*(!2)$%!/#4!

2&*(! (YH(-%/#-,! &#! $-.&G)H.0(#&/k! /! $,$%(J/%&-! 0(;&(L! /#4! J(%/\/#/2,$&$X! 9/#-(%!

+$,-.&/%0,X!<=EQ!dH0uMbMck<DPgK=EX!!

QX! T(&#(0! O>X! +.&2&HH(! +&#(27$! yB(J)&0! )#! B/4#($$7! )*! O(-(JW(0! EE1! EQDMk! /!

*'#4/J(#%/2!%(Y%!)*!J)4(0#!H$,-.&/%0,X!dJ!a!+$,-.&/%0,X!EDD<!a'#uEMDbNckQ<PgK<X!!

AX! 60/(H(2&#!`X!8)JH(#4&'J!4(0!+$,-.&/%0&(X!9(&HG!dW(2X!EAAK!dH0uM=bMckP=DgEEX!!

DX! d$.)?! d1! >/'3.! a1! ^(0/3/#&! nX! +/'2! `'3(#! >2('2(0! /#4! %.(! )0&3&#! )*! %.(! %(0J!

$-.&G)H.0(#&/!bF8R"U[+C`5"`_C:++`cX!"#4&/#!a!+$,-.&/%0,X!<=E<uPMbEckDPX!!

E=X! dJ(0&-/#! +$,-.&/%0&-! d$$)-&/%&)#X! O&/3#)$%&-! /#4! $%/%&$%&-/2! J/#'/2! )*! J(#%/2!

4&$)04(0$! bOFB\Pc! l"#%(0#(%mX! P%.! `4&%&)#X! dJ(0&-/#! +$,-.&/%0&-! d$$)-&/%&)#!

+'W2&$.&#3u!d;/&2/W2(!*0)Jk!.%%H$kjj4)&X)03jE=XEEQNj/HH&XW))?$XDQA=AD=M<PPDN!

EEX! 8)00(22!8:1!dW&\O/03./J!d1!R)L($![X!`J(03&#3!I0(/%J(#%$! &#!F-.&G)H.0(#&/X! a!

82&#!+$,-.&/%0,! l"#%(0#(%mX! <=<<!S(W!EP! l-&%(4! <=<<! a'#!K=muAKbEcX!d;/&2/W2(! *0)Jk!



!$+"

!

!

.%%H$kjjLLLXH$,-.&/%0&$%X-)JjZ-Hj$-.&G)H.0(#&/j(J(03&#3\%0(/%J(#%$\&#\

$-.&G)H.0(#&/!

E<X! 9&(W(0J/#! ad1! B/2/$H&#/! O1! a/0$?)3! 9SX! +0(;(#%&#3! -2&#&-/2! 4(%(0&)0/%&)#! &#! %.(!

-)'0$(! )*! $-.&G)H.0(#&/k! %.(! H)%(#%&/2! *)0! #('0)H0)%(-%&)#X! 85F! FH(-%0X! <==N!

dH0uEEbMck$'HH2!E\EKu!]'&G!$'HH2!EM\EPX!!

EKX! "#$(2!ICX!C(%.&#?&#3!$-.&G)H.0(#&/X!5/%'0(X!<=E=!5);uMNAbQK<EckEAQgDKX!!

EMX! R)L($![O1!B-8'%-.()#!CX!"#*2/JJ/%&)#!/#4!%.(!#('0/2!4&/%.($&$\$%0($$!.,H)%.($&$!

)*! $-.&G)H.0(#&/k! /! 0(-)#-(H%'/2&G/%&)#X! I0/#$2! +$,-.&/%0,X! <=EQ! S(WuQb<ck(E=<Mg

(E=<MX!!

EPX! F&0&$! F_X! "JH2&-/%&)#$! )*! 5)0J/2! >0/&#! O(;(2)HJ(#%! *)0! %.(! +/%.)3(#($&$! )*!

F-.&G)H.0(#&/X!d0-.!_(#!+$,-.&/%0,X!EDAA!5);!EuMPbEEckE=PPX!!

ENX! R)L($![O1!B-8'%-.()#!C1![L(#!Ba1!B'00/,!CBX!I.(!C)2(!)*!_(#($1!F%0($$1!/#4!

O)H/J&#(!&#!%.(!O(;(2)HJ(#%!)*!F-.&G)H.0(#&/X!>&)2!+$,-.&/%0,X!<=EQ!a/#uAEbEckDg

<=X!!

EQX! F-.&G)H.0(#&/!T)0?&#3!_0)'H!)*!%.(!+$,-.&/%0&-!_(#)J&-$!8)#$)0%&'JX!>&)2)3&-/2!

&#$&3.%$! *0)J! E=A! $-.&G)H.0(#&/\/$$)-&/%(4! 3(#(%&-! 2)-&X! 5/%'0(X! <=EM!

a'2uPEEbQPE=ckM<EgQX!!

EAX! a/;&%%! O8X! _2'%/J/%(! /#4! F-.&G)H.0(#&/k! +.(#-,-2&4&#(1! 59B(%.,2949d$H/0%/%(!

C(-(H%)0$1! /#4! O)H/J&#(g_2'%/J/%(! "#%(0/-%&)#$X! "#k! "#%(0#/%&)#/2! C(;&(L! )*!

5('0)W&)2)3,! l"#%(0#(%mX! `2$(;&(0u! <==Q! l-&%(4! <=<<! a'#! K=mX! HX! NDgE=AX! d;/&2/W2(!

*0)Jk!.%%H$kjj2&#?&#3.'WX(2$(;&(0X-)Jj0(%0&(;(jH&&jF==QMQQM<=NQA==KP!

EDX! >2(&-.! d1! >0)L#! F91! 6/.#! C1! ;/#! +0//3! RBX! I.(! C)2(! )*! F(0)%)#&#! &#!

F-.&G)H.0(#&/X!F-.&G)H.0!>'22X!EDAA!a/#!EuEMb<ck<DQgKEPX!!

<=X! `3(0%)#!d1!B)4&#)$!_1!S(00(0/!O1!B-_'&0(!+X!5('0)&J/3&#3!$%'4&($!)*!_d>d!&#!

$-.&G)H.0(#&/k! /! $,$%(J/%&-! 0(;&(L! L&%.! J(%/\/#/2,$&$X! I0/#$2! +$,-.&/%0,X! <=EQ!

a'#uQbNck(EEMQg(EEMQX!!

<EX! R)L($![O1!6/H'0! FX! I.(!O)H/J&#(!R,H)%.($&$! )*! F-.&G)H.0(#&/k!n(0$&)#! """\\

I.(!S&#/2!8)JJ)#!+/%.L/,X!F-.&G)H.0!>'22X!<==D!B/0!K=uKPbKckPMDgN<X!!



!$!"

!

!

<<X! R)L($![O1!6/JW(&%G! a1!6&J!`1!F%/.2!O1!F2&*$%(&#!B1!dW&\O/03./J!d1! (%! /2X!I.(!

5/%'0(! )*! O)H/J&#(! O,$*'#-%&)#! &#! F-.&G)H.0(#&/! /#4! T./%! I.&$! B(/#$! *)0!

I0(/%J(#%k!B(%/\/#/2,$&$!)*!"J/3&#3!F%'4&($X!d0-.!_(#!+$,-.&/%0,!l"#%(0#(%mX!<=E<!

d'3! E! l-&%(4! <=<<! a'#! K=muNDbAcX! d;/&2/W2(! *0)Jk!

.%%Hkjj/0-.H$,-XZ/J/#(%L)0?X-)Jj/0%&-2(X/$HYV4)&eE=XE==Ej/0-.3(#H$,-.&/%0,X<=

E<XEND!

<KX! 8)##(22!+RX!dJH.(%/J&#(!+$,-.)$&$X!>BaX!EDPQ!B/0!DuEbP=EAckPA<gPA<X!!

<MX! dW&\O/03./J!d1!_&2!C1!60,$%/2!a1!>/24L&#!CB1!F(&W,2!a+1!>)L(0$!B1!(%!/2X!"#-0(/$(4!

$%0&/%/2!4)H/J&#(! %0/#$J&$$&)#! &#!$-.&G)H.0(#&/k!-)#*&0J/%&)#! &#!/! $(-)#4!-).)0%X!

dJ!a!+$,-.&/%0,X!EDDA!a'#uEPPbNckQNEgQX!!

<PX! R)L($![O1!B)#%3)J(0,!da1!d$$(2&#!B81!B'00/,!CB1!n/22&! "1!I/W0/./J!+1!(%!/2X!

`2(;/%(4!F%0&/%/2!O)H/J&#(!S'#-%&)#!9&#?(4!%)!+0)40)J/2!F&3#$!)*!F-.&G)H.0(#&/X!

d0-.!_(#!+$,-.&/%0,X!<==D!a/#!EuNNbEckEKX!!

<NX! B&G0/.&!C1!6(#?!B1! F'0&4Z/#! "1!>)&2(/'! "1!_()03(!I+1!B-6(#G&(!61! (%! /2X! F%0($$\

"#4'-(4!O)H/J&#(!C($H)#$(! &#! F'WZ(-%$! /%!82&#&-/2!R&3.!C&$?! *)0! F-.&G)H.0(#&/!

L&%.! /#4! L&%.)'%! 8)#-'00(#%! 8/##/W&$! :$(X! 5('0)H$,-.)H./0J/-)2)3,X! <=EM!

B/,uKDbNckEMQDgADX!!

<QX! R)L($! [O1! >)$(! F61! I'0?.(&J(0! S1! n/22&! "1! `3(0%)#! d1! n/2J/33&/! 9C1! (%! /2X!

O)H/J&#(! F,#%.($&$! 8/H/-&%,! >(*)0(! [#$(%! )*! +$,-.)$&$k! d! +0)$H(-%&;(! l! #$! Sm\

O[+d!+`I!"J/3&#3!F%'4,X!dJ!a!+$,-.&/%0,X!<=EE!O(-uENAbE<ckEKEEgQX!!

<AX! R)L($! [1! >)$(! F1! I'0?.(&J(0! S1! n/22&! "1! `3(0%)#! d1! F%/.2! O1! (%! /2X! +0)30($$&;(!

&#-0(/$(!&#!$%0&/%/2!4)H/J&#(!$,#%.($&$!-/H/-&%,!/$!H/%&(#%$!4(;(2)H!H$,-.)$&$k!/!+`I!

$%'4,X!B)2!+$,-.&/%0,X!<=EE!F(HuENbDckAAPgNX!!

<DX! 9('-.%!F1!I/04,!B1!6)J)$$/!61!R(0($!F1!6&$$2&#3!T1!F/2/#%&!_1!(%!/2X!d#%&H$,-.)%&-!

40'3$!;(0$'$!H2/-(W)! *)0! 0(2/H$(!H0(;(#%&)#! &#! $-.&G)H.0(#&/k! /! $,$%(J/%&-! 0(;&(L!

/#4!J(%/\/#/2,$&$X!9/#-(%!9)#4!`#32X!<=E<!a'#!<uKQDbDAKEck<=NKgQEX!!

K=X! 6//0! Fa1! 5/%($/#! F1! B-8'%-.()#! C1! R)L($! [OX! d#%&H$,-.)%&-$k! B(-./#&$J$!

'#4(02,&#3!-2&#&-/2!0($H)#$(!/#4!$&4(\(**(-%$!/#4!#);(2!%0(/%J(#%!/HH0)/-.($!W/$(4!

)#!H/%.)H.,$&)2)3,X!5('0)H./0J/-)2)3,X!<=<=!d'3!EuEQ<kE=QQ=MX!!



!$#"

!

!

KEX! R)L($! [1! `3(0%)#! d1! d22/#! n1! B-_'&0(! +1! F%)?($! +1! 6/H'0! FX! B(-./#&$J$!

:#4(02,&#3! +$,-.)$&$! /#4! d#%&H$,-.)%&-! I0(/%J(#%! C($H)#$(! &#! F-.&G)H.0(#&/k!

"#$&3.%$!*0)J!+`I!/#4!F+`8I!"J/3&#3X!8'00!+./0J!O($X!<==D!d'3!EuEPb<<ck<PP=g

DX!!

K<X! F'22&;/#!+S1!6(#42(0!6F1!5(/2(!B8X!F-.&G)H.0(#&/! /$! /!8)JH2(Y!I0/&%k!`;&4(#-(!

S0)J! /! B(%/\/#/2,$&$! )*! IL&#! F%'4&($X! d0-.! _(#! +$,-.&/%0,X! <==K! O(-!

EuN=bE<ckEEAQX!!

KKX! S/00(22! BF1! T(03(! I1! F?2/0! +1! [L(#! Ba1! [H.)**! Cd1! [7O)#);/#! B81! (%! /2X!

`;/2'/%&#3! .&$%)0&-/2! -/#4&4/%(! 3(#($! *)0! $-.&G)H.0(#&/X! B)2! +$,-.&/%0,X! <=EP!

B/,u<=bPckPPPgN<X!!

KMX! S0/#?!a1!9/#3!B1!T&%%!FR1!F%0).J/&(0!a1!C'Z($-'!O1!8&-.)#!F1!(%!/2X!"4(#%&*&-/%&)#!

)*! &#-0(/$(4! 3(#(%&-! 0&$?! $-)0($! *)0! $-.&G)H.0(#&/! &#! %0(/%J(#%\0($&$%/#%! H/%&(#%$X!

B)2!+$,-.&/%0,X!<=EP!S(Wu<=b<ckEP=gEX!!

KPX! U./#3! a+1! C)W&#$)#! O1! ^'! a1! _/22(3)! a1! S2(&$-../-?(0! TT1! 6/.#! CF1! (%! /2X!

F-.&G)H.0(#&/! +)2,3(#&-! C&$?! F-)0(! /$! /! +0(4&-%)0! )*! d#%&H$,-.)%&-! `**&-/-,! &#!

S&0$%\`H&$)4(!+$,-.)$&$X!dJ!a!+$,-.&/%0,X!<=ED!a/#uEQNbEck<EgAX!!

KNX! R&2?(0! C1! R(2(#&'$! O1! S/3(02'#4! >1! F?,%%.(! d1! 8.0&$%(#$(#! 61! T(03(! IB1! (%! /2X!

R(0&%/W&2&%,!)*!F-.&G)H.0(#&/!/#4!F-.&G)H.0(#&/!FH(-%0'J!>/$(4!)#!%.(!5/%&)#L&4(!

O/#&$.!IL&#!C(3&$%(0X!>&)2!+$,-.&/%0,X!<=EA!B/0uAKbNckMD<gAX!!

KQX! >),2(! `d1! 9&! ^"1! +0&%-./04! a6X! d#! `YH/#4(4! n&(L! )*! 8)JH2(Y! I0/&%$k! S0)J!

+)2,3(#&-!%)![J#&3(#&-X!8(22X!<=EQ!a'#uENDbQckEEQQgANX!!

KAX! F-.&G)H.0(#&/! T)0?&#3! _0)'H! )*! %.(! +$,-.&/%0&-! _(#)J&-$! 8)#$)0%&'J1! `#&3J/!

8)#$)0%&'J1! S0/#?(! >1! F%(&#! a91! C&H?(! F1! d#%%&2/! n1! (%! /2X! _(#(%&-! &#*2'(#-($! )#!

$-.&G)H.0(#&/! /#4! $'W-)0%&-/2! W0/&#! ;)2'J($k! 2/03(\$-/2(! H0))*! )*! -)#-(H%X! 5/%!

5('0)$-&X!<=EN!B/0uEDbKckM<=gKEX!!

KDX! O(! 9))0(! `1! O0'??(0! B1! _'#%.(0! 51! S(0)#! S1! O(W)'%%(! O1! F/WW(! >1! (%! /2X!

8.&24.))4! #(3/%&;(! (YH(0&(#-($! /#4! $'W-2&#&-/2! H$,-.)$&$! &#! /4)2($-(#-(k! /!

2)#3&%'4&#/2!3(#(0/2!H)H'2/%&)#!$%'4,X!`/02,!"#%(0;!+$,-.&/%0,X!<==Q!B/,uEb<ck<=Eg

QX!!



!$$"

!

!

M=X! ;/#!5&(0)H!B1! 9/%/$%(0!I1! FJ((%$! S1!_'#%.(0!51! ;/#!U(2$%!81! 4(!_0//*!C1! (%! /2X!

+$,-.)H/%.)2)3&-/2!B(-./#&$J$!9&#?&#3!8.&24.))4!I0/'J/%&-!`YH(0&(#-($!%)!C&$?!

)*! +$,-.)%&-! F,JH%)J$k! d#/2,$&$! )*! /! 9/03(1! C(H0($(#%/%&;(! +)H'2/%&)#\>/$(4!

F/JH2(X!F-.&G)H.0!>'22X!<=EM!B/0uM=bF'HH2@<ckFE<KgK=X!!

MEX! F(2%(#! a+1! 8/#%)0\_0//(! `X! F)-&/2! 4(*(/%k! C&$?! */-%)0! *)0! $-.&G)H.0(#&/V! >0! a!

+$,-.&/%0,X!<==P!d'3uEAQb<ckE=Eg<X!!

M<X! T/2?(0!`S1!O&*)0&)!OX!F-.&G)H.0(#&/k!/!#('0/2!4&/%.($&$\$%0($$!J)4(2X!+$,-.)2!C(;X!

EDDQ![-%uE=MbMckNNQgAPX!!

MKX! R/44/4! 91! F-./*(0! d1! F%0(&%! S1! 9(4(0W)3(#! S1! _0&JJ! [1! T'$%! F1! (%! /2X! >0/&#!

F%0'-%'0(! 8)00(2/%($! )*! :0W/#! :HW0&#3&#31! /#! `#;&0)#J(#%/2! C&$?! S/-%)0! *)0!

F-.&G)H.0(#&/X!F-.&G)H.0!>'22X!<=EP!a/#!EuMEbEckEEPg<<X!!

MMX! d?4(#&G! 81! I)$%! R1! F%0(&%! S1! R/44/4! 91! Tã$%! F1! F-.å*(0! d1! (%! /2X! 5('0)&J/3&#3!

`;&4(#-(! *)0! /! C)2(! )*! 5('0/2! F)-&/2! F%0($$! +0)-($$&#3! &#! `%.#&-! B&#)0&%,g

d$$)-&/%(4!`#;&0)#J(#%/2!C&$?X!adBd!+$,-.&/%0,X!<=EM!a'#!EuQEbNckNQ<X!!

MPX! I(&-.(0! BR1! F/J$)#! ad1! d#4(0$)#! 8B1! [./$.&! 6X! I.(! (**(-%$! )*! -.&24.))4!

J/2%0(/%J(#%!)#!W0/&#!$%0'-%'0(1!*'#-%&)#!/#4!-)##(-%&;&%,X!5/%!C(;!5('0)$-&X!<=EN!

[-%uEQbE=ckNP<gNNX!!

MNX! >0)L#!dF1!B(,(0!:X!B/%(0#/2!"JJ'#(!d-%&;/%&)#!/#4!5('0)H$,-.&/%0&-!"22#($$k!d!

I0/#$2/%&)#/2!C($(/0-.!+(0$H(-%&;(X!dJ!a!+$,-.&/%0,X!<=EA!5);uEQPbEEckE=QKgAKX!!

MQX! 6#'($(2! "1! 8.&-./! 91! >0&%$-.3&! B1! F-.)W(2! Fd1! >)4J(0! B1! R(22&#3$! ad1! (%! /2X!

B/%(0#/2!&JJ'#(!/-%&;/%&)#!/#4!/W#)0J/2!W0/&#!4(;(2)HJ(#%!/-0)$$!85F!4&$)04(0$X!

5/%!C(;!5('0)2X!<=EM!5);uE=bEEckNMKgN=X!!

MAX! B(,(0! :X! +0(#/%/2! +)2,b"k8c! `YH)$'0(! /#4! [%.(0! O(;(2)HJ(#%/2! "JJ'#(!

d-%&;/%&)#!B)4(2$!&#!C)4(#%!F,$%(J$X!>&)2!+$,-.&/%0,X!<=EM!S(WuQPbMckK=QgEPX!!

MDX! >)00(22!aX!+0(#/%/2!"JJ'#(!8./22(#3(!O&$0'H%$!F(#$)0&J)%)0!_/%&#3!&#!d4'2%!C/%$!

"JH2&-/%&)#$! *)0! %.(! `%&)H/%.)3(#($&$! )*! F-.&G)H.0(#&/X!

5('0)H$,-.)H./0J/-)2)3,X!<==<!S(Wu<Nb<ck<=MgEPX!!
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!

P=X! `#3(2!ad1!U./#3!a1!>(03$%0çJ!I1!8)#0/4&!51!S)0?$%/J!81!9&2Z(0)%.!d1!(%!/2X!5()#/%/2!

.(0H($!$&JH2(Y!;&0'$!%,H(!E!W0/&#!&#*(-%&)#!/**(-%$!%.(!4(;(2)HJ(#%!)*!$(#$)0&J)%)0!

3/%&#3!&#!0/%$X!>0/&#!C($X!<===!dH0uANKbEg<ck<KKgM=X!!

PEX! O&!>&/$(!Bd1!6/%/W&!_1!+&)#%?(L&%G!^1!8(%&#\6/0/,'J/?!F1!T(&#(0!"1!+/$%(0#/?![X!

"#-0(/$(4!(Y%0/-(22'2/0!*0((\L/%(0!&#!/4'2%!J/2(!0/%$!*)22)L&#3!&#!'%(0)!(YH)$'0(!%)!

J/%(0#/2!&JJ'#(!/-%&;/%&)#X!>0/&#!>(./;!"JJ'#X!<=<=uAKk<AKgQX!!

P<X! C)J(0)!`1!_'/G/!81!8/$%(22/#)!>1!>)00(22!aX![#%)3(#,!)*!$(#$)0&J)%)0!3/%&#3!/#4!

&JJ'#(!&JH/&0J(#%!&#4'-(4!W,!H0(#/%/2!&JJ'#(!-./22(#3(!&#!0/%$k!&JH2&-/%&)#$!*)0!

%.(!(%&)H/%.)2)3,!)*!$-.&G)H.0(#&/X!B)2!+$,-.&/%0,X!<=E=!dH0uEPbMckKQ<gAKX!!

PKX! R/4/0!C1!F)%)\B)#%(#(30)!B91!_ç%G!I1!T&($?(!S1!F).0!C1!O($-)!B1!(%!/2X!:$&#3!/!

J/%(0#/2! &JJ'#(! $%&J'2/%&)#! J)4(2! )*! $-.&G)H.0(#&/! %)! $%'4,! W(./;&)0/2! /#4!

#('0)W&)2)3&-/2! /2%(0/%&)#$! );(0! %.(! 4(;(2)HJ(#%/2! -)'0$(X! F-.&G)H.0! C($X! <=EP!

d'3uENNbEgKck<KAgMQX!!

PMX! R/4/0!C1!O)#3!91!4(2\n/22(\d#%)#!91!_'#(,?/,/!O1!n)3(%!B1!`4(J/##\8/22($(#!

R1! (%! /2X! O((H! W0/&#! $%&J'2/%&)#! 4'0&#3! (/02,! /4)2($-(#-(! H0(;(#%$! J&-0)32&/2!

/2%(0/%&)#$! &#! /! J)4(2! )*! J/%(0#/2! &JJ'#(! /-%&;/%&)#X! >0/&#! >(./;! "JJ'#X! <=EQ!

a'2uNKkQEgA=X!!

PPX! B/%%(&!O1!";/#);!d1!S(00/&!81!a)04/#!+1!_'#(,?/,/!O1!>')#*&32&)2&!d1!(%!/2X!B/%(0#/2!

&JJ'#(!/-%&;/%&)#!0($'2%$!&#!-)JH2(Y!J&-0)32&/2!%0/#$-0&H%)J(!$&3#/%'0(!&#!%.(!/4'2%!

)**$H0&#3! %./%! &$! 0(;(0$(4! W,! J&#)-,-2&#(! %0(/%J(#%X! I0/#$2! +$,-.&/%0,X! <=EQ!

B/,uQbPck(EE<=g(EE<=X!!

PNX! n(0#)#! d81! F)! +T1! 9,%.3)(! Oa1! 8.(3(! T1! 8))H(0! aO1! T&22&/J$! F8C1! (%! /2X!

9)#3&%'4&#/2!&#!;&;)!J/%'0/%&)#/2!-./#3($!)*!J(%/W)2&%($!&#!%.(!H0(*0)#%/2!-)0%(Y!)*!

0/%$! (YH)$(4! %)! H)2,&#)$&#&-gH)2,-,%&4,2&-! /-&4! &#! '%(0)X! `'0!

5('0)H$,-.)H./0J/-)2X!<=EP!O(-u<PbE<ck<<E=g<=X!!

PQX! 80'J!TC1!F/L&/?!Fa1!8.(3(!T1!8))H(0!aO1!T&22&/J$!F8C1!n(0#)#!d8X!`;)2'%&)#!

)*!$%0'-%'0/2!/W#)0J/2&%&($!&#!%.(!0/%!W0/&#!*)22)L&#3!&#!'%(0)!(YH)$'0(!%)!J/%(0#/2!

&JJ'#(! /-%&;/%&)#k! d! 2)#3&%'4&#/2! &#! ;&;)! BC"! $%'4,X! >0/&#! >(./;! "JJ'#X! <=EQ!

a'2uNKkP=gDX!!
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!

PAX! _/#3'2&!C1!>0/0!aF1!C/W&#!>FX!"JJ'#(!/W#)0J/2&%&($!&#!$-.&G)H.0(#&/k!(;&4(#-(!*)0!

%.(!/'%)&JJ'#(!.,H)%.($&$X!R/0;!C(;!+$,-.&/%0,X!EDDM!d'3u<b<ckQ=gAKX!!

PDX! Bã22(0! 51! d-?(#.(&2! BX! +$,-.)#('0)&JJ'#)2)3,! /#4! %.(! -,%)?&#(! /-%&)#! &#! %.(!

85Fk! "JH2&-/%&)#$! *)0! H$,-.&/%0&-! 4&$)04(0$X! +0)3! 5('0)H$,-.)H./0J/-)2! >&)2!

+$,-.&/%0,X!EDDA!a/#u<<bEckEgKKX!!

N=X! +&22&#3(0! I1! [$&J)! `S1! >0'33(0! F1! B)#4(22&! n1! B-8'%-.()#! Cd1! R)L($! [OX! d!

B(%/\/#/2,$&$! )*! "JJ'#(! +/0/J(%(0$1! n/0&/W&2&%,1! /#4! d$$($$J(#%! )*! B)4/2!

O&$%0&W'%&)#!&#!+$,-.)$&$!/#4!I($%!)*!%.(!"JJ'#(!F'W30)'H!R,H)%.($&$X!F-.&G)H.0!

>'22X!<=ED!F(H!EEuMPbPckEE<=gKKX!!

NEX! CÑ'$!_U1!S0&($!_C1!F%(0%G!91!>/4/L,!B1!+/$$)$!"81!>/0&-.(22)!I1!(%!/2X!I.(!0)2(!)*!

&#*2/JJ/%&)#! /#4! J&-0)32&/2! /-%&;/%&)#! &#! %.(! H/%.)H.,$&)2)3,! )*! H$,-.&/%0&-!

4&$)04(0$X!5('0)$-&(#-(X!<=EP!d'3uK==kEMEgPMX!!

N<X! d0&-&)32'!S1![G?/0%/2!8F1!:#/2!_1!O'0$'#!F1!8(%&#!B1!Bã22(0!5X!5('0)&#*2/JJ/%&)#!

&#!F-.&G)H.0(#&/k!d!80&%&-/2!C(;&(L!/#4!I.(!S'%'0(X!62&#!+$&?)*/0J/?)2!>ã2\>'22!

82&#!+$,-.)H./0J/-)2X!<=EN!O(-u<NbMckM<DgKQX!!

NKX! B&22(0!>a1!>'-?2(,!+1!F(/W)2%!T1!B(22)0!d1!6&0?H/%0&-?!>X!B(%/\d#/2,$&$!)*!8,%)?&#(!

d2%(0/%&)#$! &#! F-.&G)H.0(#&/k! 82&#&-/2! F%/%'$! /#4! d#%&H$,-.)%&-! `**(-%$X! >&)2!

+$,-.&/%0,X!<=EE![-%uQ=bQckNNKgQEX!!

NMX! _)24$J&%.!OC1!C/H/H)0%!BR1!B&22(0!>aX!d!J(%/\/#/2,$&$!)*!W2))4!-,%)?&#(!#(%L)0?!

/2%(0/%&)#$! &#! H$,-.&/%0&-! H/%&(#%$k! -)JH/0&$)#$! W(%L((#! $-.&G)H.0(#&/1! W&H)2/0!

4&$)04(0!/#4!4(H0($$&)#X!B)2!+$,-.&/%0,X!<=EN!O(-u<EbE<ckENDNgQ=DX!!

NPX! 8)2%)#!8dX!R(%(0)3(#(&%,!)*!B&-0)32&/2!d-%&;/%&)#!&#!%.(!"##/%(!"JJ'#(!C($H)#$(!

&#!%.(!>0/&#X!a!5('0)&JJ'#(!+./0J/-)2X!<==D!O(-uMbMckKDDgMEAX!!

NNX! 8.(00,! aO1![2$-.)L?/! ad1![7>/#&)#!B6X!5('0)&#*2/JJ/%&)#! /#4!B<!J&-0)32&/k!

%.(!3))41!%.(!W/41!/#4!%.(!&#*2/J(4X!a!5('0)&#*2/JJ/%&)#X!<=EM!O(-uEEbEckDAX!!

NQX! >&32(0! `OX! 5('0)&#*2/JJ/%&)#! /#4! %.(! 4,#/J&-! 2($&)#! &#! %0/'J/%&-! W0/&#! &#Z'0,X!

>0/&#X!<=EK!a/#uEKNbEckDgEEX!!
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!

NAX! S0)42!I1!dJ&-)!SX!"$!%.(0(!/#!/$$)-&/%&)#!W(%L((#!H(0&H.(0/2!&JJ'#(!J/0?(0$!/#4!

$%0'-%'0/2j*'#-%&)#/2! #('0)&J/3&#3! *&#4&#3$V! +0)3! 5('0)H$,-.)H./0J/-)2! >&)2!

+$,-.&/%0,X!<=EM!a/#uMAk<DPgK=KX!!

NDX! a/-)W$!dR1!I/;&%&/#!>1! %.(!"5B&5O!-)#$)0%&'JX!5)#&#;/$&;(!B)2(-'2/0!"J/3&#3!

)*!5('0)&#*2/JJ/%&)#X!a!8(0(W!>2))4!S2)L!B(%/WX!<=E<!a'2uK<bQckEKDKgMEPX!!

Q=X! O(#3! TX! 5('0)W&)2)3,! )*! &#Z'0,! %)! %.(! 4(;(2)H&#3! W0/&#X! 5/%! C(;! 5('0)2X! <=E=!

a'#uNbNckK<AgKNX!!

QEX! 8.(L! 9a1! S'$/0\+)2&! +1! F-.J&%G! IX! [2&3)4(#40)32&/2! d2%(0/%&)#$! /#4! %.(! C)2(! )*!

B&-0)32&/! &#! T.&%(! B/%%(0! "#Z'0,k! C(2(;/#-(! %)! F-.&G)H.0(#&/X! O(;! 5('0)$-&X!

<=EKuKPb<gKckE=<g<DX!!

Q<X! B&22(0! >a1! _)24$J&%.! OCX! I)L/04$! /#! "JJ'#)H.(#)%,H(! )*! F-.&G)H.0(#&/k!

+0)30($$1! +)%(#%&/2! B(-./#&$J$1! /#4! S'%'0(! O&0(-%&)#$X!

5('0)H$,-.)H./0J/-)2)3,X!<=EQ!a/#uM<bEck<DDgKEQX!!

QKX! F(?/0! d1! >&/2/$! dC1! 4(! C&;(0/! R1! O/;&$! d1! R/JJ)#4! IC1! 6/J&%/?&! 51! (%! /2X!

F-.&G)H.0(#&/! 0&$?! *0)J! -)JH2(Y! ;/0&/%&)#! )*! -)JH2(J(#%! -)JH)#(#%! MX!5/%'0(X!

<=EN!S(W!EEuPK=bQPADckEQQgAKX!!

QMX! 8/2-&/!Bd1!>)#$/22!OC1!>2))J*&(24!+F1!F(2;/0/Z!F1!>/0&-.(22)!I1!R)L($![OX!F%0($$!

/#4!#('0)&#*2/JJ/%&)#k!/!$,$%(J/%&-!0(;&(L!)*!%.(!(**(-%$!)*!$%0($$!)#!J&-0)32&/!/#4!

%.(! &JH2&-/%&)#$! *)0! J(#%/2! &22#($$X! +$,-.)H./0J/-)2)3,! b>(02cX! <=EN!

B/,u<KKbDckENKQgP=X!!

QPX! F(2230(#! 8B1! _0/-&/$! a1! T/%J'**! >1! >&/3! aO1! I./#)$! aB1! T.&%%0(43(! +>1! (%! /2X!

"#-0(/$(4!$,#/H$(!(2&J&#/%&)#!W,!J&-0)32&/!&#!$-.&G)H.0(#&/!H/%&(#%\4(0&;(4!J)4(2$!

)*!$,#/H%&-!H0'#&#3X!5/%!5('0)$-&X!<=ED!B/0u<<bKckKQMgAPX!!

QNX! [$&J)!`S1!>(-?!61!C(&$!B/0]'($!I1!R)L($![OX!F,#/H%&-!2)$$!&#!$-.&G)H.0(#&/k!/!

J(%/\/#/2,$&$!/#4!$,$%(J/%&-!0(;&(L!)*!$,#/H%&-!H0)%(&#!/#4!JC5d!J(/$'0($X!B)2!

+$,-.&/%0,X!<=ED!dH0u<MbMckPMDgNEX!!

QQX! F/#4&(3)!8B1!_/22(G)%! aO1! +&%%J/#!>1!5/W'2$&!51! 9&J!61!9&#! FS1! (%! /2X! "J/3&#3!

0)W'$%!J&-0)32&/2!/-%&;/%&)#!/*%(0!2&H)H)2,$/--./0&4(!/4J&#&$%0/%&)#!&#!.'J/#$!L&%.!

+`IX!+0)-!5/%2!d-/4!F-&!:!F!dX!<=EP![-%!NuEE<bM=ckE<MNAgQKX!!
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!

QAX! B)#4(22&! n1! R)L($! [X! "#*2/JJ/%&)#k! &%$! 0)2(! &#! $-.&G)H.0(#&/! /#4! %.(! H)%(#%&/2!

/#%&\&#*2/JJ/%)0,! (**(-%$! )*! /#%&H$,-.)%&-$X! +$,-.)H./0J/-)2)3,! b>(02cX! <=EM!

a/#u<KEb<ckKEQgAX!!

QDX! :H%.(30);(!C1!B/#G/#/0($\I($)#!51!>/0#($!5BX!8,%)?&#(!*'#-%&)#!&#!J(4&-/%&)#\

#/&;(!*&0$%!(H&$)4(!H$,-.)$&$k!d!$,$%(J/%&-!0(;&(L!/#4!J(%/\/#/2,$&$X!F-.&G)H.0!C($X!

<=EM!B/,uEPPbEgKckE=EgAX!!

A=X! ^(2J)\80'G!F1!B)0(0/\S'J(0)!d91!dW0('\_)#Gé2(G!+X!FE==>!/#4!$-.&G)H.0(#&/k!

FE==>!/#4!$-.&G)H.0(#&/X!+$,-.&/%0,!82&#!5('0)$-&X!<=EK!S(WuNQb<ckNQgQPX!!

AEX! 8./#! B61! 60(W$! B[1! 8)Y! O1! _'($%! +81! ^)2?(#! CR1! C/.J)'#(! R1! (%! /2X!

O(;(2)HJ(#%! )*! /! W2))4\W/$(4! J)2(-'2/0! W&)J/0?(0! %($%! *)0! &4(#%&*&-/%&)#! )*!

$-.&G)H.0(#&/!W(*)0(!4&$(/$(!)#$(%X!I0/#$2!+$,-.&/%0,X!<=EP!a'2!EMuPk(N=EX!!

A<X! >/'J(&$%(0!O1!d?.%/0!C1!8&'*)2&#&!F1!+/0&/#%(!8B1!B)#4(22&!nX!8.&24.))4!%0/'J/!

/#4! /4'2%.))4! &#*2/JJ/%&)#k! /! J(%/\/#/2,$&$! )*! H(0&H.(0/2! 8\0(/-%&;(! H0)%(&#1!

&#%(02('?&#\N!/#4!%'J)'0!#(-0)$&$!*/-%)0\oX!B)2!+$,-.&/%0,X!<=EN!B/,u<EbPckNM<gDX!!

AKX! +)%;&#! F1! F%&H! `1! F(H(.0,! dd1! _(#40)#! d1! >/.! C1! 6)'/$$&! `X! "#*2/JJ/%)0,!

8,%)?&#(! d2%(0/%&)#$! &#! F-.&G)H.0(#&/k! d! F,$%(J/%&-! è'/#%&%/%&;(! C(;&(LX! >&)2!

+$,-.&/%0,X!<==A!dH0uNKbAckA=EgAX!!

AMX! S(0#/#4($! >F1! F%(&#(0! a1! >(0#$%(&#! R_1! O)44! F1! +/$-)! ad1! O(/#! [B1! (%! /2X! 8\

0(/-%&;(!H0)%(&#! &$! &#-0(/$(4! &#! $-.&G)H.0(#&/!W'%! &$!#)%! /2%(0(4!W,!/#%&H$,-.)%&-$k!

J(%/\/#/2,$&$!/#4!&JH2&-/%&)#$X!B)2!+$,-.&/%0,X!<=EN!dH0u<EbMckPPMgNMX!!

APX! 8/##)#!IO1!8.'#3!^1!R(!_1!F'#!O1!a/-)W$)#!d1!;/#!`0H!I_B1!(%!/2X!+0)30($$&;(!

0(4'-%&)#! &#! -)0%&-/2! %.&-?#($$! /$! H$,-.)$&$! 4(;(2)H$k! /! J'2%&$&%(! 2)#3&%'4&#/2!

#('0)&J/3&#3! $%'4,! )*! ,)'%.! /%! (2(;/%(4! -2&#&-/2! 0&$?X! >&)2! +$,-.&/%0,X! <=EP! a/#!

EPuQQb<ckEMQgPQX!!

ANX! S&22J/#!F_1!T(&-?(0%!IT1!9(#0))%!C61!8/%%$!Fn1!>0'33(J/##!aB1!8/%%$!nF1!(%!/2X!

`2(;/%(4!H(0&H.(0/2!-,%)?&#($!-./0/-%(0&G(!/!$'W30)'H!)*!H()H2(!L&%.!$-.&G)H.0(#&/!

4&$H2/,&#3! H))0! ;(0W/2! *2'(#-,! /#4! 0(4'-(4! >0)-/7$! /0(/! ;)2'J(X! B)2! +$,-.&/%0,X!

<=EN!d'3u<EbAckE=D=gAX!!
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AQX! 8)'3.2&#!aB1!T/#3!^1!dJW&#4(0!`>1!T/04!C`1!B&##!"1!n0/#($&-!B1!(%!/2X!"#!;&;)!

J/0?(0$!)*!&#*2/JJ/%)0,!0($H)#$(!&#!0(-(#%\)#$(%!$-.&G)H.0(#&/k!/!-)JW&#(4!$%'4,!

'$&#3!lEE8mO+d\QEK!+`I!/#4!/#/2,$&$!)*!8FS!/#4!H2/$J/X!I0/#$2!+$,-.&/%0,X!<=EN!

dH0uNbMck(QQQg(QQQX!!

AAX! I0ÑH/#&(0!B[1!R)HH(0%)#!6`1!B&G0/.&!C1!B(-./L/0!51!>/G&#(%!C+X!+)$%J)0%(J!

(;&4(#-(! )*! -(0(W0/2! &#*2/JJ/%&)#! &#! $-.&G)H.0(#&/k! /! $,$%(J/%&-! 0(;&(LX! B)2!

+$,-.&/%0,X!<=EN!d'3u<EbAckE==Dg<NX!!

ADX! R(0-.(0! 81! 8.)H0/! n1! >(/$2(,! 89X! `;&4(#-(! *)0! J)0H.)2)3&-/2! /2%(0/%&)#$! &#!

H0(*0)#%/2! L.&%(! J/%%(0! 32&/! &#! $-.&G)H.0(#&/! /#4! W&H)2/0! 4&$)04(0X! a! +$,-.&/%0,!

5('0)$-&X!<=EM!5);uKDbNckKQNgAPX!!

D=X! >'$$(!F1!>'$$(!B1!F-.&2%G!61!>&(2/'!R1!_)$!I1!>0&$-.!C1!(%!/2X!O&**(0(#%!4&$%0&W'%&)#!

H/%%(0#$!)*!2,JH.)-,%($!/#4!J&-0)32&/!&#!%.(!.&HH)-/JH'$!)*!H/%&(#%$!L&%.!0($&4'/2!

;(0$'$!H/0/#)&4!$-.&G)H.0(#&/k!S'0%.(0!(;&4(#-(!*)0!4&$(/$(!-)'0$(\0(2/%(4!&JJ'#(!

/2%(0/%&)#$V!>0/&#!>(./;!"JJ'#X!<=E<!5);u<NbAckE<QKgDX!!

DEX! F%(&#(0!a1!>(0#$%(&#!R_1!>&(2/'!R1!S/0?/$!51!T&#%(0!a1!O)W0)L)2#,!R1!(%!/2X!FE==>\

&JJ'#)H)$&%&;(!32&/!&$!(2(;/%(4!&#!H/0/#)&4!/$!-)JH/0(4!%)!0($&4'/2!$-.&G)H.0(#&/k!

d!J)0H.)J(%0&-!$%'4,X!a!+$,-.&/%0!C($X!<==A!d'3uM<bE=ckANAgQNX!!

D<X! ;/#!6($%(0(#!8SB_1!_0(JJ(2$!R1! 4(!T&%%(!9O1!R)2!`B1!n/#!_))2!dC1!S/2?/&!

+_1! (%! /2X! "JJ'#(! &#;)2;(J(#%! &#! %.(! H/%.)3(#($&$! )*! $-.&G)H.0(#&/k! /! J(%/\

/#/2,$&$!)#!H)$%J)0%(J!W0/&#!$%'4&($X!I0/#$2!+$,-.&/%0,X!<=EQ!B/0!<AuQbKck(E=QPX!!

DKX! _/#3'2&!C1!C/W&#!>F1!6(22,!CR1!9,%(!B1!C/3'!:X!82&#&-/2!/#4!9/W)0/%)0,!`;&4(#-(!

)*! d'%)&JJ'#&%,! &#! d-'%(! F-.&G)H.0(#&/X! d##! 5! ^! d-/4! F-&X! EDAQ! B/,uMDNbE!

5('0)&JJ'#(!"ckNQNgAPX!!

DMX! F%0(&%!Ta1!B0/?!C`1!_0&**&#!TFIX!B&-0)32&/!/#4!#('0)&#*2/JJ/%&)#k!d!H/%.)2)3&-/2!

H(0$H(-%&;(X!a!5('0)&#*2/JJ/%&)#X!<==MuEbEckEMX!!

DPX! F%0(&%!TaX!B&-0)32&/2!$(#($-(#-(k!4)($!%.(!W0/&#7$!&JJ'#(!$,$%(J!./;(!/#!(YH&0/%&)#!

4/%(V!I0(#4$!5('0)$-&X!<==N!F(Hu<DbDckP=NgE=X!!

DNX! ^&#! OB1! 8.(#! ^a1! F/%.,/J'0%.,! d1! Ü&)#3! T81! B(&! 9X! F,#/H%&-! O,$*'#-%&)#! &#!

F-.&G)H.0(#&/X!"#k!60('%G!BC1!F/2/!81!(4&%)0$X!F,#/H%&-!+2/$%&-&%,!l"#%(0#(%mX!n&(##/k!
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FH0&#3(0!n&(##/u! <=E<! l-&%(4! <=<<! a'2! QmX! HX! MDKgPENX! bd4;/#-($! &#!`YH(0&J(#%/2!

B(4&-&#(! /#4! >&)2)3,u! ;)2X! DQ=cX! d;/&2/W2(! *0)Jk!

.%%Hkjj2&#?X$H0&#3(0X-)JjE=XE==QjDQA\K\Q=DE\=DK<\A@<<!

DQX! ;/#! R/0(#! 5`B1! +)2! R`R1! F-.#/-?! R_1! 8/.#! T1! >0/#$! C1! 8/0/%&! "1! (%! /2X!
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E<X!!

E=MX!T.&%*)04!Ia1!6'W&-?&!B1!F-.#(&4(0J/#!aF1![7O)##(22!9a1!6&#3!C1!d2;/0/4)!a91!(%!
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5('0)&#*2/JJ/%&)#! &#! $-.&G)H.0(#&/k! J(%/\/#/2,$&$! )*! &#! ;&;)! J&-0)32&/2! &J/3&#3!

$%'4&($X!+$,-.)2!B(4X!<=ED![-%uMDbEKck<EANgDNX!!
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EEEX!B/0]'($!IC1!d$.)?!dR1!+&22&#3(0!I1!n(0)#($(!B1!I'0?.(&J(0!S`1!O/GG/#!+1!(%!/2X!
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E<AX!F,?);é!`1!5&-.)2$)#!8X!O&**'$&)#! &#! W0/&#! (Y%0/-(22'2/0! $H/-(X! +.,$&)2!C(;X! <==A!
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&J/3&#3X!da5C!dJ!a!5('0)0/4&)2X!<==P!B/0u<NbKckPDEgQX!!
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(**(-%$!)*!/0&H&H0/G)2(!)#!&#%(0*(0)#\\&#4'-(4!J&-0)32&/2!/-%&;/%&)#!;&/!&#%0/-(22'2/0!

8/!.*!0(3'2/%&)#!&,!=&*0/X!a!5('0)-.(JX!<==A!a'2uE=Nb<ckAEPg<PX!!
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<M<X!dX! 6/%)! I1! B)#Z&! d1! B&G)3'-.&! ^1! R/$.&)?/! F1! R)0&?/L/! R1! F(?&! ^1! (%! /2X! d#%&\

"#*2/JJ/%)0,! +0)H(0%&($! )*! d#%&H$,-.)%&-$! n&/! B&-0)32&/! B)4'2/%&)#$k! d0(!

d#%&H$,-.)%&-$! /! }ïY<=EAuS&0(! `Y%&#3'&$.(0}ïY<=EDu! &#! %.(! >0/&#! )*!

F-.&G)H.0(#&/V!B&#&\C(;!B(4!8.(JX!<=EE!a'#!EuEEbQckPNPgQMX!!

<MKX!U/Z?)L$?/! U1! B)#4(22&! nX! S&0$%\(H&$)4(! H$,-.)$&$k! /#! &#*2/JJ/%)0,! $%/%(V!

5('0)&JJ'#)J)4'2/%&)#X!<=EMu<Eb<gKckE=<gAX!!

<MMX!>(03Ñ! O1! B/#Ñ! d1! 9($.! Id1! >&)]'(! B1! >/0-)#($! S1! _)#G/2(G\+&#%)! dB1! (%! /2X!

`2(;/%(4!`Y%0/-(22'2/0!S0((\T/%(0!&#!/!B'2%&-(#%0&-!S&0$%\`H&$)4(!+$,-.)$&$!F/JH2(1!

O(-0(/$(!O'0&#3!%.(!S&0$%!<!^(/0$!)*!"22#($$X!F-.&G)H.0!>'22X!<=<=!a'2!AuMNbMckAMNg

PNX!!

<MPX!4(! 9()#! a1! O&/G! SaX! d! J(%/\/#/2,$&$! )*! L)024L&4(! $%'4&($! 4(J)#$%0/%($! /#!

/$$)-&/%&)#!W(%L((#!$-.&G)H.0(#&/!/#4!%)W/--)!$J)?&#3!W(./;&)0$X!F-.&G)H.0!C($X!

<==P!a'2uQNb<gKckEKPgPQX!!

<MNX!6(22,!F1!a/./#$./4!51!U/2($?,!d1!6)-.'#);!+1!d3/0%G!"1!d22)G/!81!(%!/2X!T&4($H0(/4!

L.&%(!J/%%(0!J&-0)$%0'-%'0/2!4&**(0(#-($! &#! $-.&G)H.0(#&/! /-0)$$!MK<<! &#4&;&4'/2$k!

0($'2%$! *0)J! %.(! `5"_Bd! F-.&G)H.0(#&/! OI"! T)0?&#3! _0)'HX! B)2! +$,-.&/%0,X!

<=EA!B/,u<KbPckE<NEgDX!!

<MQX!6/#4(2! `C1! F-.L/0%G! aR1! a($$(22! IB1! F&(3(2W/'J! Fd1! R'4$H(%.! da1! B/-?! FX!

+0&#-&H2($!)*!5('0/2!F-&(#-(!l"#%(0#(%mX!P%.!`4&%&)#X!B-_0/L!R&22u!<=EMX!d;/&2/W2(!

*0)Jk!

.%%H$kjj/--($$W&)J(4&-/2$-&(#-(XJ.J(4&-/2X-)Jj-)#%(#%X/$HYVW))?&4eE=MD}$(-%

&)#&4ePDEKAEKD!

<MAX!B'22(0! 51! F-.L/0G! BX! F-.&G)H.0(#&/! /$! /#! &#*2/JJ/%&)#\J(4&/%(4! 4,$W/2/#-(! )*!

32'%/J/%(03&-!#('0)%0/#$J&$$&)#X!5('0)%)Y!C($X!<==N![-%uE=b<ckEKEgMAX!!

<MDX!;/#!>(0-?(2!>51!>)$$)#3!B_1!>)(22//04!C1!62)(%!C1!F-.'&%(J/?(0!d1!8/$H(0$!`1!(%!

/2X! B&-0)32&/! /-%&;/%&)#! &#! 0(-(#%\)#$(%! $-.&G)H.0(#&/k! /! ]'/#%&%/%&;(! bCc\

lEE8m+6EEEDP! H)$&%0)#! (J&$$&)#! %)J)30/H.,! $%'4,X! >&)2! +$,-.&/%0,X! <==A! 5);!

EuNMbDckA<=g<X!!
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<P=X!9//#! T1! FJ((%$! R1! 4(! T&%! 5a1! 6/.#! CF1! _0)WW((! O`1! >'03(0! RX!

_2'-)-)0%&-)$%(0)&4$! /$$)-&/%(4! L&%.! /! 4(-0(/$(4! 0&$?! )*! H$,-.)$&$X! a! 82&#!

+$,-.)H./0J/-)2X!<==D!a'#u<DbKck<AAgD=X!!

<PEX!B/#42! C8T1! +/$%(0#/?! [1! 8/.#! T1! 6'W&-?&! B1! 6/.#! CF1! F.(#%)#! B`1! (%! /2X!

8)JH/0&#3! *0((! L/%(0! &J/3&#3! /#4! J/3#(%&G/%&)#! %0/#$*(0! J(/$'0(J(#%$! &#!

$-.&G)H.0(#&/X!F-.&G)H.0!C($X!<=EP!a/#uENEbEckE<NgK<X!!

<P<X!>'-?2(,! +SX! 5('0)&#*2/JJ/%&)#! /#4! F-.&G)H.0(#&/X! 8'00! +$,-.&/%0,! C(HX! <=ED!

d'3u<EbAckQ<X!!

<PKX!O/./#! F1! >0/3/GG&! 591! ^)3(;! d1! >/0\_/4! B1! >/0/?! n1! dJ&%/2! R1! (%! /2X! I.(!

0(2/%&)#$.&H!W(%L((#!$(0'J!-,%)?&#(!2(;(2$!/#4!4(30((!)*!H$,-.)$&$!&#!H/%&(#%$!L&%.!

$-.&G)H.0(#&/X!+$,-.&/%0,!C($X!<=EA![-%u<NAkMNQgQ<X!!

<PMX!B&$&/?!>1!F%/ñ-G,?&(L&-G!>1!6)%)L&-G!61!C,W/?)L$?&!a61!F/J)-.)L&(-!a1!S0,4(-?/!

OX!8,%)?&#($!/#4!8\0(/-%&;(!H0)%(&#!/2%(0/%&)#$!L&%.!0($H(-%!%)!-)3#&%&;(!&JH/&0J(#%!

&#! $-.&G)H.0(#&/! /#4! W&H)2/0! 4&$)04(0k! d! $,$%(J/%&-! 0(;&(LX! F-.&G)H.0! C($X! <=EA!

S(WuED<kENg<DX!!

<PPX!C/Z?)L$?/!_1!F(2(J)#!9O1!_)24J/#\C/?&-!+FX!5('0)#/2!/#4!_2&/2!F)J/2!F&G(! &#!

%.(! +0(*0)#%/2! 8)0%(Yk! d! +)$%J)0%(J! B)0H.)J(%0&-! F%'4,! )*! F-.&G)H.0(#&/! /#4!

R'#%&#3%)#!O&$(/$(X!d0-.!_(#!+$,-.&/%0,X!EDDA!B/0!EuPPbKck<EPX!!

<PNX!F(2(J)#!9O1!62(&#J/#!a`1!R(0J/#!BB1!_)24J/#\C/?&-!+FX!FJ/22(0!*0)#%/2!30/,!

J/%%(0! ;)2'J(! &#! H)$%J)0%(J! $-.&G)H.0(#&-! W0/&#$X! dJ! a! +$,-.&/%0,X! <==<!

O(-uEPDbE<ckEDAKgDEX!!

<PQX!>)?$/! +X! dW#)0J/2! $,#/H%&-! H0'#&#3! &#! $-.&G)H.0(#&/k! :0W/#! J,%.! )0! 0(/2&%,V! a!

+$,-.&/%0,!5('0)$-&X!<=E<!B/0!EuKQb<ckQPgQX!!

<PAX!+/#%/G)H)'2)$!R1!T))!I:T1!9&J!B+1!9/#3(!51!>(00(%%/!FX!`Y%0/-(22'2/0!J/%0&Y\

32&/2!/W#)0J/2&%&($!&#!%.(!/J,34/2/!/#4!(#%)0.&#/2!-)0%(Y!)*!$'WZ(-%$!4&/3#)$(4!L&%.!

$-.&G)H.0(#&/X!d0-.!_(#!+$,-.&/%0,X!<=E=!S(WuNQb<ckEPPgNNX!!

<PDX!8)##)0! 8B1! 80/L*)04! >81! d?W/0&/#! FX! T.&%(! J/%%(0! #('0)#! /2%(0/%&)#$! &#!

$-.&G)H.0(#&/!/#4!0(2/%(4!4&$)04(0$X!"#%!a!O(;!5('0)$-&![**!a!"#%!F)-!O(;!5('0)$-&X!

<=EE!B/,u<DbKckK<PgKMX!!
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<N=X!B&22(0!dR1!R/0))#!`1!S(23(0!a8X!I.(!"JJ'#)2)3,!)*!>(./;&)0â`YH2)0&#3!%.(!C)2(!

)*! %.(! "JJ'#(! F,$%(J! &#! >0/&#! R(/2%.! /#4! "22#($$X! 5('0)H$,-.)H./0J/-)2)3,X!

<=EQ!a/#uM<bEckEgMX!!

<NEX!B)#4(22&!n1!n(0#)#!d81!I'0?.(&J(0!S1!O/GG/#!+1!+/0&/#%(!8BX!>0/&#!J&-0)32&/!&#!

H$,-.&/%0&-!4&$)04(0$X!9/#-(%!+$,-.&/%0,X!<=EQ!a'2uMbQckPNKgQ<X!!

<N<X!6L)#!RF1!6).!FRX!5('0)&#*2/JJ/%&)#! &#!#('0)4(3(#(0/%&;(!4&$)04(0$k! %.(! 0)2($!

)*!J&-0)32&/!/#4!/$%0)-,%($X!I0/#$2!5('0)4(3(#(0X!<=<=!O(-uDbEckM<X!!

<NKX!5(%%&$!Bd1!+/0&/#%(!8BX!"$!%.(0(!#('0)&#*2/JJ/%&)#!&#!4(H0($$&)#V!:#4(0$%/#4&#3!

%.(! 2&#?! W(%L((#! %.(! W0/&#! /#4! %.(! H(0&H.(0/2! &JJ'#(! $,$%(J! &#! 4(H0($$&)#X! "#k!

"#%(0#/%&)#/2!C(;&(L!)*!5('0)W&)2)3,!l"#%(0#(%mX!`2$(;&(0u!<=<=!l-&%(4!<=<<![-%!PmX!

HX! <KgM=X! d;/&2/W2(! *0)Jk!

.%%H$kjj2&#?&#3.'WX(2$(;&(0X-)Jj0(%0&(;(jH&&jF==QMQQM<EDK=EMQK!

<NMX!+/H(! 61! I/J)'G/! C1! 9(W),(0! B1! U&HH! SX! "JJ'#)#('0)H$,-.&/%0,! â! #);(2!

H(0$H(-%&;($!)#!W0/&#!4&$)04(0$X!5/%!C(;!5('0)2!l"#%(0#(%mX!<=ED!dH0!EP!l-&%(4!<=ED!

B/,!<Amu!d;/&2/W2(!*0)Jk!.%%HkjjLLLX#/%'0(X-)Jj/0%&-2($j$MEPA<\=ED\=EQM\M!

<NPX!_/&%é#! B"1! F.(/! 8O1! `;/#3(2)'! "`1! F%)#(! CO1! S(#%)#! 6B1! >&(2(?);/! >1! (%! /2X!

`;)2'%&)#! )*! %.(! W2))4\W0/&#! W/00&(0! &#! #(L2,! *)0J&#3! J'2%&H2(! $-2(0)$&$! 2($&)#$X!

d##!5('0)2X!<=EE!a'2uQ=bEck<<gDX!!

<NNX!>)LJ/#! _91! è'&##! aSX! d2G.(&J(07$! 4&$(/$(! /#4! %.(! W2))4gW0/&#! W/00&(0k! H/$%1!

H0($(#%!/#4!*'%'0(X!d3&#3!R(/2%.X!<==A!S(WuMbEckMQgPQX!!

<NQX!d2W0(-.%! OF1! _0/#G&(0/! 81! R))?(0! aB1! 9)33&/! B9X! "#! n&;)! "J/3&#3! )*! R'J/#!

5('0)&#*2/JJ/%&)#X!d8F!8.(J!5('0)$-&X!<=EN!dH0!<=uQbMckMQ=gAKX!!

<NAX!n/#!8/JH!51!9/;&$$(!F1!C))$%!+1!_'W&#(22&!S1!R&22J(0!d1!>)'%&#!RX!IF+[!&J/3&#3!

&#! /#&J/2! J)4(2$! )*! W0/&#! 4&$(/$($X! `'0! a! 5'-2! B(4! B)2! "J/3&#3X! <=<E!

O(-uMDbEckQQgE=DX!!

<NDX!U./#3!91!R'!61!F./)!I1!R)'!91!U./#3!F1!^(!T1!(%!/2X!C(-(#%!4(;(2)HJ(#%$!)#!+`I!

0/4&)%0/-(0$! *)0!IF+[!/#4! %.(&0! /HH2&-/%&)#$! &#!#('0)&J/3&#3X!d-%/!+./0J!F&#!>X!

<=<E!S(WuEEb<ckKQKgDKX!!
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<Q=X!_/0-&/\R(0#/#4(G!C1!8(04é#!8(04é!d1!8/0H(#/!dI1!O0/?($J&%.!B1!6)22(0!61!a)#($!

O61!(%!/2X!B/HH&#3!J&-0)32&/!/#4!/$%0)-,%($!/-%&;/%&)#! &,!=&=/!'$&#3!4&**'$&)#!BC"!

l"#%(0#(%mX! 5('0)$-&(#-(u! <=<=! S(W! l-&%(4! <=<<! a'2! NmX! d;/&2/W2(! *0)Jk!

.%%HkjjW&)0Y&;X)03j2))?'Hj4)&jE=XEE=Ej<=<=X=<X=QXDKADE=!

<QEX!8)22$%(!61!S)0$W(03!d1!n/00)#(!d1!dJ&#&!51!d(&#(.W/#4!F1!^/?'$.(;!"1!(%!/2X!I($%g

0(%($%!0(H0)4'-&W&2&%,!)*!lEE8m+>C<A!W&#4&#3!%)!IF+[!&#!.(/2%.,!-)#%0)2!$'WZ(-%$X!

`'0!a!5'-2!B(4!B)2!"J/3&#3X!<=EN!a/#uMKbEckEQKgAKX!!

<Q<X!5)%%(0! I1! F-./2W(%%(0! FB1! 82&*%)#! 5`1! B/%%(&! O1! C&-.(%%)! a1! I.)J/$! 61! (%! /2X!

5('0)#/2!/-%&;&%,!&#-0(/$($!%0/#$2)-/%)0!H0)%(&#!bIF+[c!2(;(2$X!B)2!+$,-.&/%0,X!<=<E!

a'#u<NbNck<=<PgKQX!!

<QKX!n&-(#%(\C)40ê3'(G!B1!F&#3.!51!I'0?.(&J(0!S1!+(0&$\^/3'(!d1!C/#4/22!61!n(0)#($(!

B1! (%! /2X! C($)2;&#3! %.(! -(22'2/0! $H(-&*&-&%,! )*! IF+[! &J/3&#3! &#! /! 0/%! J)4(2! )*!

H(0&H.(0/22,\&#4'-(4!#('0)&#*2/JJ/%&)#X!>0/&#!>(./;!"JJ'#X!<=<E!d'3uDNkEPMgNQX!!

<QMX!5'%J/! `1! S/#-,! 51! T(&#(0%! B1! B/0G&#! B81! I$/0%$/2&$! F1! B'&0.(/4! C8a1! (%! /2X!

I0/#$2)-/%)0! H0)%(&#! &$! /!J/0?(0! )*! /-%&;/%(4!J&-0)32&/! &#! 0)4(#%!J)4(2$! W'%! #)%!

.'J/#!#('0)4(3(#(0/%&;(!4&$(/$($! l"#%(0#(%mX!5('0)$-&(#-(u!<=<<!B/,!l-&%(4!<=<<!

[-%!PmX!d;/&2/W2(!*0)Jk!.%%HkjjW&)0Y&;X)03j2))?'Hj4)&jE=XEE=Ej<=<<X=PXEEXMDEMPK!

<QPX!8./#3!91!B'#$/?/!FB1!60/*%\I(00,!F1!`0#$%!IX!B/3#(%&-!C($)#/#-(!FH(-%0)$-)H,!

%)!d$$($$!5('0)"#*2/JJ/%&)#!/#4!5('0)H/%.&-!+/&#X! a!5('0)&JJ'#(!+./0J/-)2X!

<=EK!a'#uAbKckPQNgDKX!!

<QNX!R(,(! d61! 8'22&#3! CO1! n/24Ñ$! R(0#é#4(G! BO81! I.0&HH2(%)#! Ba1! T/042/L! aBX!

d$$($$J(#%! )*! W2))4\W0/&#! W/00&(0! 4&$0'H%&)#! '$&#3! 4,#/J&-! -)#%0/$%\(#./#-(4!

BC"X!d!$,$%(J/%&-!0(;&(LX!5('0)"J/3(!82&#X!<=EMuNk<N<gQMX!!

<QQX!O&-?&(! >C1! n/#4($]'&22(! B1! :22)/! a1! >)'%&#! R1! +/0?($! 9B1! +/0?(0! _aBX! T/%(0\

(Y-./#3(!BC"!4(%(-%$!$'W%2(!W2))4\W0/&#!W/00&(0!W0(/?4)L#!&#!d2G.(&J(07$!4&$(/$(!

0/%$X!5('0)"J/3(X!<=ED!a/#!EuEAMkKMDgPAX!!

<QAX!"#32($(!B1!>($%(0!BX!O&**'$&)#! &J/3&#3! &#!J'2%&H2(!$-2(0)$&$k! 0($(/0-.!/#4!-2&#&-/2!

&JH2&-/%&)#$X!5BC!>&)J(4X!<=E=!F(H!<Du<KbQckANPgQ<X!!
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<QDX!d3)$%/!S1!+&(;/#&!B1!F/2/!F1!_(0)24&!81!_/22'GG&!F1!S0&$)#&!_>1!(%!/2X!T.&%(!J/%%(0!

4/J/3(!&#!d2G.(&J(0!4&$(/$(!/#4!&%$!0(2/%&)#$.&H!%)!30/,!J/%%(0!/%0)H.,X!C/4&)2)3,X!

<=EE!B/0u<PAbKckAPKgNKX!!

<A=X!a)#($!O61!6#ç$-.(!IC1!I'0#(0!CX!T.&%(!J/%%(0! &#%(30&%,1! *&W(0! -)'#%1! /#4!)%.(0!

*/22/-&($k!I.(!4)7$!/#4!4)#7%$!)*!4&**'$&)#!BC"X!5('0)"J/3(X!<=EK!a'#uQKk<KDgPMX!!

<AEX!62/L&%(0!`81!F-.J&4%!C`1!I0&#?/'$!61!9&/#3!RS1!>'44(!BO1!5/&$J&%.!CI1!(%!/2X!

C/4&/2!4&**'$&;&%,!H0(4&-%$!4(J,(2&#/%&)#!&#!(Y!;&;)!J'2%&H2(!$-2(0)$&$!$H&#/2!-)04$X!

5('0)"J/3(X!<=EE!dH0uPPbMckEMPMgN=X!!

<A<X!O/#%G(0!C1![78)##)0!a81!S0('#4!__1!a).#$)#!CT1!6(22(,!6TX!S0)J!&#*2/JJ/%&)#!

%)!$&-?#($$!/#4!4(H0($$&)#k!L.(#!%.(!&JJ'#(!$,$%(J!$'WZ'3/%($!%.(!W0/&#X!5/%!C(;!

5('0)$-&X!<==A!a/#uDbEckMNgPNX!!

<AKX![78)##)0! a81! 9/L$)#! Bd1! d#40Ñ! 81! B)0(/'! B1! 9($%/3(! a1! 8/$%/#)#! 51! (%! /2X!

9&H)H)2,$/--./0&4(\&#4'-(4! 4(H0($$&;(\2&?(! W(./;&)0! &$! J(4&/%(4! W,! &#4)2(/J&#(!

<1K\4&)Y,3(#/$(!/-%&;/%&)#!&#!J&-(X!B)2!+$,-.&/%0,X!<==D!B/,uEMbPckPEEg<<X!!

<AMX!>&($J/#$!F1!B((0%!IS1!>)'L?#(-.%! ad1!d-%)#!+O1!O/;))4&!51!O(!R/($!+1!(%!/2X!

F,$%(J&-! &JJ'#(! /-%&;/%&)#! 2(/4$! %)! #('0)&#*2/JJ/%&)#! /#4! $&-?#($$! W(./;&)0! &#!

J&-(X!B(4&/%)0$!"#*2/JJX!<=EKu<=EKk<QEKPDX!!

<APX!R))32/#4! "8B1! R)'W)2%! 81! ;/#! T($%(02))! Oa1! ;/#! _))2! Td1! ;/#! 4(! >((?! OX!

F,$%(J&-! &#*2/JJ/%&)#! /#4! J&-0)32&/2! /-%&;/%&)#k! $,$%(J/%&-! 0(;&(L! )*! /#&J/2!

(YH(0&J(#%$X!a!5('0)&#*2/JJ/%&)#X!<=EP!O(-uE<bEckEEMX!!

<ANX!>/%&$%/! 8Cd1! _)J($! _S1! 8/#4(2/0&)\a/2&2! `1! S&(W&-.! >91! 4(! [2&;(&0/! d8+X!

9&H)H)2,$/--./0&4(\"#4'-(4! 5('0)&#*2/JJ/%&)#! /$! /! >0&43(! %)! :#4(0$%/#4!

5('0)4(3(#(0/%&)#X!"#%!a!B)2!F-&X!<=ED!B/,!Du<=bDck`<<DKX!!

<AQX!U./)!a1!>&!T1!Ü&/)!F1!9/#!Ü1!8.(#3!Ü1!U./#3!a1!(%!/2X!5('0)&#*2/JJ/%&)#!&#4'-(4!

W,! 2&H)H)2,$/--./0&4(! -/'$($! -)3#&%&;(! &JH/&0J(#%! &#! J&-(X! F-&! C(HX! <=ED! dH0!

AuDbEckPQD=X!!

<AAX!6)#$J/#! a+1! +/0#(%! +1! O/#%G(0! CX! 8,%)?&#(\&#4'-(4! $&-?#($$! W(./;&)'0k!

J(-./#&$J$!/#4!&JH2&-/%&)#$X!I0(#4$!5('0)$-&X!<==<!B/0u<PbKckEPMgDX!!



!&*"

!

!

<ADX!d#4(0$$)#!a9C1!F?/0(!F1!d$.W'0#(0! aX!R)L!%)!-)00(-%!$'$-(H%&W&2&%,!4&$%)0%&)#$! &#!

$H&#\(-.)!(-.)\H2/#/0!&J/3($k!/HH2&-/%&)#!%)!4&**'$&)#!%(#$)0!&J/3&#3X!5('0)"J/3(X!

<==K![-%u<=b<ckAQ=gAAX!!

<D=X!d#4(0$$)#! a9C1! F)%&0)H)'2)$! F5X! d#! &#%(30/%(4! /HH0)/-.! %)! -)00(-%&)#! *)0! )**\

0($)#/#-(! (**(-%$! /#4! $'WZ(-%! J);(J(#%! &#! 4&**'$&)#! BC! &J/3&#3X! 5('0)"J/3(X!

<=EN!a/#uE<PkE=NKgQAX!!

<DEX!d;/#%$! >>1! I'$%&$)#! 5a1! F)#3! _1! 8))?! +d1! 62(&#! d1! _((! a8X! d! 0(H0)4'-&W2(!

(;/2'/%&)#! )*! d5I$! $&J&2/0&%,! J(%0&-! H(0*)0J/#-(! &#! W0/&#! &J/3(! 0(3&$%0/%&)#X!

5('0)"J/3(X!<=EE!S(W!EuPMbKck<=KKgMMX!!

<D<X!d;/#%$! >>1! `H$%(&#! 891! _0)$$J/#! B1! _((! a8X! F,JJ(%0&-! 4&**()J)0H.&-! &J/3(!

0(3&$%0/%&)#! L&%.! -0)$$\-)00(2/%&)#k! (;/2'/%&#3! /'%)J/%(4! 2/W(2&#3! )*! (24(02,! /#4!

#('0)4(3(#(0/%&;(!W0/&#X!B(4!"J/3(!d#/2X!<==A!S(WuE<bEck<NgMEX!!

<DKX!+/HH!`d1!9((03//04!I>1!8/2/W0($(!`1!a).#$)#!_d1!>Z//2&(!a_X!T/Y.)2J!FH/-(!/%2/$!

)*!%.(!FH0/3'(!O/L2(,!0/%!W0/&#X!5('0)"J/3(X!<=EM!d'3!EPuDQkKQMgANX!!

<DMX!n/24Ñ$\R(0#é#4(G!+d1!F'J&,)$.&!d1!5)#/?/!R1!R/3/!C1!d'W(0%\né$]'(G!`1![3/L/!

I1!(%!/2X!d#!&#!;&;)!BC"!I(JH2/%(!F(%!*)0!B)0H.)J(%0,1!I&$$'(!F(3J(#%/%&)#1!/#4!

*BC"!9)-/2&G/%&)#!&#!C/%$X!S0)#%!5('0)&#*)0J/%&-$X!<=EEuPk<NX!!

<DPX!T($%!Ba1!F2)J&/#?/!91!_'#4(0$(#!RaX!:#W&/$(4!$%(0()2)3&-/2!($%&J/%&)#!)*!%.(!%)%/2!

#'JW(0! )*! #('0)#$! &#! %.($'W4&;&$&)#$! )*! %.(! 0/%! .&HH)-/JH'$! '$&#3! %.(! )H%&-/2!

*0/-%&)#/%)0X!d#/%!C(-X!EDDE!O(-u<KEbMckMA<gDQX!!

<DNX!I$-./#G! Fd1!>'00&! +R1!T(&W(2!`CX!d! $&JH2(! %))2! *)0! $%(0()2)3&-/2! /$$($$J(#%! )*!

4&3&%/2!&J/3($k!%.(!FI`+/#&G(0X!a!B&-0)$-X!<=EE!a'2u<MKbEckMQgPDX!!

<DQX!B/#4/0&J\4(\9/-(04/! 8d1! O(2\F)2! BX! I&H$! *)0! F%'4&($! L&%.! è'/#%&%/%&;(!

B)0H.)2)3,!bB)0H.)J(%0,!/#4!F%(0()2)3,cX!"#%!a!B)0H.)2X!<=EQ!O(-uKPbMckEMA<g

DMX!!

<DAX![7O)##(22!9a1!+/$%(0#/?![X!O)($!4&**'$&)#!BC"! %(22! '$! /#,%.&#3! /W)'%! %.(!L.&%(!

J/%%(0V!d#!);(0;&(L!)*!J(%.)4$!/#4!H&%*/22$X!F-.&G)H.0!C($X!<=EP!a/#uENEbEckEKKg

MEX!!



!'+"

!

!

<DDX!9']'(!9/3'#/!+d1!8)JW($!da`1!F%0(**(0!a1!`&#$%(&#!F1!I&JJ(0$!B1!T&22&/J$!F8C1!

(%!/2X!C(H0)4'-&W&2&%,1!0(2&/W&2&%,!/#4!;/0&/W&2&%,!)*!Sd!/#4!BO!&#!%.(!)24(0!.(/2%.,!

H)H'2/%&)#k! d! %($%\0(%($%! J'2%&H/0/J(%0&-! /#/2,$&$X! 5('0)"J/3(! 82&#X!

<=<=u<NkE=<ENAX!!

K==X!I/#!^91!^'/#!^1!I&/#!9X!B&-0)32&/2!0(3&)#/2!.(%(0)3(#(&%,!/#4!&%$!0)2(!&#!%.(!W0/&#X!

B)2!+$,-.&/%0,X!<=<=!S(Wu<Pb<ckKPEgNQX!!

K=EX!R(0-'2/#)\R)'G(2! FX! I.(! 0(J/0?/W2(1! ,(%! #)%! (Y%0/)04&#/0,1! .'J/#! W0/&#! /$! /!

$-/2(4\'H!H0&J/%(!W0/&#!/#4!&%$!/$$)-&/%(4!-)$%X!+0)-!5/%2!d-/4!F-&!:!F!dX!<=E<!a'#!

<NuE=D!F'HH2!EkE=NNEgAX!!

K=<X!F%)2H! R>1! >/22! _1! F)! +T1! I)'0#&(0! aO1! a)#($! B1! I.)0#%)#! 81! (%! /2X! n)Y(2\L&$(!

-)JH/0&$)#$!)*!-(22'2/0!J&-0)$%0'-%'0(!/#4!4&**'$&)#\BC"! &#!J)'$(!.&HH)-/JH'$!

'$&#3! KO! >0&43&#3! )*! [H%&-/22,\-2(/0! .&$%)2)3,! L&%.! 5('0)&J/3&#3! O/%/! bKO\

>[5OcX!F-&!C(HX!<=EA!B/0!PuAbEckM=EEX!!

K=KX!C/4./?0&$.#/#!R1!F./W($%/0&!F61!>2'0%)#\a)#($!B1![W(#/'$!d1!F%/0?!8`9X!:$&#3!

d4;/#-(4! O&**'$&)#\T(&3.%(4! "J/3&#3! %)! +0(4&-%! 8(22! 8)'#%$! &#! _0/,! B/%%(0k!

+)%(#%&/2!/#4!+&%*/22$X!S0)#%!5('0)$-&X!<=<<uENkAAEQEKX!!

K=MX!9(!>&./#!OX!dHH/0(#%!4&**'$&)#!-)(**&-&(#%!/#4!W(,)#4k!L./%!4&**'$&)#!BC!&J/3&#3!

-/#!%(22!'$!/W)'%!%&$$'(!$%0'-%'0(X!C/4&)2)3,X!<=EK!d'3u<NAb<ckKEAg<<X!!

K=PX!F(.,! an1! d-?(0J/#! aaR1! 5(&2! aaX! `;&4(#-(! %./%! W)%.! */$%! /#4! $2)L! L/%(0! dO8!

-)JH)#(#%$!/0&$(!*0)J!&#%0/-(22'2/0!$H/-(X!B/3#!C($)#!B(4X!<==<!5);uMAbPckQNPg

Q=X!!

K=NX!O/;&$!`a1!S)$%(0!IO1!I.)J/$!T`X!8(22'2/0!*)0J$!/#4!*'#-%&)#$!)*!W0/&#!J&-0)32&/X!

>0/&#!C($!>'22X!EDDMuKMbEckQKgAX!!

K=QX!O(9&$&!9`1!FG'2-!6:1!>(0%&$-.!R81!B/Z-.(0!B1!>0)L#!6X!:#4(0$%/#4&#3!$%0'-%'0/2!

W0/&#!-./#3($!&#!$-.&G)H.0(#&/X!O&/2)3'($!82&#!5('0)$-&X!<==N!B/0!KEuAbEckQEgAX!!

K=AX!_/0;(0! O91! I/J/$! C91! R)2-)JW! adX! `2(;/%(4! &#%(02('?&#\N! &#! %.(! -(0(W0)$H&#/2!

*2'&4!)*!/!H0(;&)'$2,!4(2&#(/%(4!$-.&G)H.0(#&/!$'W%,H(X!5('0)H$,-.)H./0J/-)2![**!

+'W2!dJ!8)22!5('0)H$,-.)H./0J/-)2X!<==K!d'3u<AbAckEPEPg<=X!!



!'!"

!

!

K=DX!d2(Y/#4(0!d91!9((! a`1!9/G/0!B1!S&(24!dFX!O&**'$&)#! %(#$)0! &J/3&#3!)*! %.(!W0/&#X!

5('0)%.(0!a!dJ!F)-!`YH!5('0)%.(0X!<==Q!a'2uMbKckKENg<DX!!

KE=X!T/#3! ^1! T/#3! è1! R/24/0! a+1! ^(.! S81! Ü&(! B1! F'#! +1! (%! /2X! è'/#%&*&-/%&)#! )*!

&#-0(/$(4! -(22'2/0&%,! 4'0&#3! &#*2/JJ/%)0,! 4(J,(2&#/%&)#X! >0/&#! a! 5('0)2X! <=EE!

O(-uEKMb+%!E<ckKPD=gN=EX!!

KEEX!B(%G2(0\>/44(2(,! 81! a)#($! O61! >(2/0)'$$&! >1! d332(%)#! a+1! [7F'22&;/#! BaX!

S0)#%)%(JH)0/2! 8)##(-%&)#$! &#! `H&$)4&-! B(J)0,! /#4! d3&#3k! d! O&**'$&)#! BC"!

I0/-%)30/H.,!F%'4,X!a!5('0)$-&X!<=EE!F(H!EMuKEbKQckEK<KNgMPX!!

KE<X!U./#3! a1! a)#($! Bn1! B-B/.)#! BI1! B)0&! F1! 8/2/W0($&! +dX! "#! ;&;)! /#4! (Y! ;&;)!

4&**'$&)#!%(#$)0! &J/3&#3!)*!-'H0&G)#(\&#4'-(4!4(J,(2&#/%&)#!&#!%.(!J)'$(!-)0H'$!

-/22)$'JX!B/3#!C($)#!B(4X!<=E<!B/0uNQbKckQP=gDX!!

KEKX!F-.&22&#3! 6_1! _0'$$'! S1! "/#'$! d1! R/#$(#! >1! d33/0L/2! B1! B&-.&(2$(! F1! (%! /2X!

C(-)JJ(#4/%&)#$! /#4! 3'&4(2&#($! *0)J! %.(! "FBCB! O&**'$&)#! F%'4,! _0)'H! *)0!

H0(-2&#&-/2! 4&**'$&)#! BC"k! +/0%! <! \! `Y! ;&;)! &J/3&#3X! <=<<! l-&%(4! <=<<! [-%! Pmu!

d;/&2/W2(!*0)Jk!.%%H$kjj/0Y&;X)03j/W$j<<=DXEKKQE!

KEMX!B($%/$! a1!R'3.($!88TX![*!B&-(! /#4!5)%!B(#k!O&**(0(#-($! W(%L((#!B)'$(! /#4!

R'J/#!"JJ'#)2)3,X!a!"JJ'#)2X!<==M!B/0!EuEQ<bPck<QKEgAX!!

KEPX!8/%)0-(!B51!_(;)0?&/#!_X!9+F\&#4'-(4!B'0&#(!5('0)&#*2/JJ/%&)#!B)4(2k!B/&#!

S(/%'0($! /#4! F'&%/W&2&%,! *)0! +0(\-2&#&-/2! d$$($$J(#%! )*! 5'%0/-('%&-/2$X! 8'00!

5('0)H./0J/-)2X!<=ENuEMb<ckEPPgNMX!!

KENX!I'0?.(&J(0!S`1!C&GG)!_1!>2))J*&(24!+F1!R)L($![1!U/#)%%&\S0(3)#/0/!+1!>(0%)24)!

d1! (%! /2X!I.(!J(%.)4)2)3,!)*!IF+[! &J/3&#3!L&%.!H)$&%0)#! (J&$$&)#! %)J)30/H.,X!

>&)-.(J!F)-!I0/#$X!<=EP!d'3!EuMKbMckPANgD<X!!

KEQX!F%(&#(0! a1! B/L0&#! 81! U&(3(2(0! d1! >&(2/'! R1! :220&-.! [1! >(0#$%(&#! R_1! (%! /2X!

O&$%0&W'%&)#! )*! R9d\OC\H)$&%&;(! J&-0)32&/! &#! $-.&G)H.0(#&/! 0(*2(-%$! &JH/&0(4!

-(0(W0/2!2/%(0/2&G/%&)#X!d-%/!5('0)H/%.)2!b>(02cX!<==N!F(HuEE<bKckK=PgENX!!

KEAX!8)'3.2&#! aB1!T/#3!^1!B&##! "1!>&(#?)!51!dJW&#4(0!`>1!Ü'!Ü1! (%! /2X! "J/3&#3!)*!

_2&/2!8(22!d-%&;/%&)#!/#4!T.&%(!B/%%(0! "#%(30&%,! &#!>0/&#$!)*!d-%&;(! /#4!C(-(#%2,!

C(%&0(4!5/%&)#/2!S))%W/22!9(/3'(!+2/,(0$X!adBd!5('0)2X!<=EQ!a/#!EuQMbEckNQX!!



!'#"

!

!

KEDX!d22(#! a_X!:$(07$! 3'&4(1! /4J&#&$%0/%&)#! W))?2(%1! /#4! $-)0($.((%! *)0! %.(! F%0'-%'0(4!

82&#&-/2! "#%(0;&(L! *)0! OFB\"n! dY&$! "! O&$)04(0$1! -2&#&-&/#! ;(0$&)#X! n)2X! N<X! >'22X!

B(##X!82&#&-Xu!EDDAX!E<NgE<N!HX!!

K<=X!>'03)$!51!8/04)$)!Ba1!I.&(2(J/#$!61!B)4/%!B1! +(4(J)#%(! F1!O&-?$)#! a1! (%! /2X!

d%%(#'/%&)#! 8)00(-%&)#! F,#%.($&$! *)0! R,W0&4! +`I\BC! F-/##(0$k! dHH2&-/%&)#! %)!

>0/&#!F%'4&($X!"```!I0/#$!B(4!"J/3&#3X!<=EM!O(-uKKbE<ck<KK<gMEX!!

K<EX!B/#/;/?&!C1!S0,(0!I1!R)#3!^X!`**(-%!)*!W0/&#!BC"!-)&2!/%%(#'/%&)#!J/H!H0)-($$&#3!

)#! +`I! &J/3(! ]'/#%&*&-/%&)#! /#4! '#&*)0J&%,! *)0! %.(! _`! F"_5d! +`I! j! BCX! "#!

B/#-.($%(01!:#&%(4!6&#34)Ju!<=EDX!!

K<<X!IG&)0%G&!d81!F(/02(!_`1!IG&J)H)'2)'!F1!F/2&#/$!81!>(/;(0!aO1!a(#?&#$)#!B1!(%!/2X!

"J/3&#3! 4)H/J&#(! 0(-(H%)0$! &#! .'J/#$!L&%.! lEE8m\b{c\+R5[k!O&$$(-%&)#!)*!OK!

$&3#/2!/#4!/#/%)J,X!5('0)"J/3(X!<=EE!a/#uPMbEck<NMgQQX!!

K<KX!I'0?.(&J(0!S`1!`4&$)#!+1!+/;($(!51!C)#-/0)2&!S1!d#4(0$)#!d51!R/JJ(0$!d1!(%!

/2X!C(*(0(#-(!/#4!%/03(%!0(3&)#!J)4(2&#3!)*!lEE8m\bCc\+6EEEDP!W0/&#!$%'4&($X!a!5'-2!

B(4![**!+'W2!F)-!5'-2!B(4X!<==Q!a/#uMAbEckEPAgNQX!!

K<MX!^/]'W!B1!;/#!>(0-?(2!>5B1!F-.'&%(J/?(0!d1!R&#G!C1!I'0?.(&J(0!S`1!I)J/$&!_1!

(%! /2X! [H%&J&G/%&)#! )*! $'H(0;&$(4! -2'$%(0! /#/2,$&$! *)0! (Y%0/-%&#3! 0(*(0(#-(! %&$$'(!

&#H'%!-'0;($!&#!bCc\lbEEc8m+6EEEDP!W0/&#!+`I!$%'4&($X!a!8(0(W!>2))4!S2)L!B(%/W!

[**!a!"#%!F)-!8(0(W!>2))4!S2)L!B(%/WX!<=E<!d'3uK<bAckEN==gAX!!

K<PX!n(0#(,!81!B)#&(0!d1!S/22(%\>&/#-)!81!_0($$(#$!+X!`/02,!J&-0)32&/2!-)2)#&G/%&)#!)*!

%.(!.'J/#!*)0(W0/&#!/#4!H)$$&W2(!&#;)2;(J(#%!&#!H(0&;(#%0&-'2/0!L.&%(\J/%%(0!&#Z'0,!

)*! H0(%(0J! &#*/#%$k! B&-0)32&/2! -)2)#&G/%&)#! )*! %.(! .'J/#! *)0(W0/&#X! a! d#/%X! <=E=!

[-%u<EQbMckMKNgMAX!!

K<NX!B-5/J/0/!5>1!B&0)#!n`X!B&-0)32&/!&#!4(;(2)H&#3!L.&%(!J/%%(0!/#4!H(0&#/%/2!W0/&#!

&#Z'0,X!5('0)$-&!9(%%X!<=<=!a/#uQEMkEKMPKDX!!

K<QX!R(#40&-?Y!Od`1!;/#!`4(#!8_1!F-.''0J/#!6_1!R/J/##!a1!R'&%&#3/!"X!F%/&#&#3!)*!

R9d\OC1! "W/E! /#4! 8ONA! &#! .'J/#! J&-0)32&/! 0(;(/2$! H/0%&/22,! );(02/HH&#3!

(YH0($$&)#! 4(H(#4&#3! )#! -(22'2/0! J)0H.)2)3,! /#4! H/%.)2)3,X! a! 5('0)&JJ'#)2X!

<=EQ!d'3!EPuK=DkE<g<<X!!
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!

K<AX!C/4(L&-G! 61! _/0(,! 9a1! _(#%2(J/#! FB1! C(,#)24$! CX! "#-0(/$(! &#! R9d\OC!

"JJ'#)0(/-%&;(! B&-0)32&/! &#! S0)#%/2! /#4! I(JH)0/2! 8)0%(Y! )*! 8.0)#&-!

F-.&G)H.0(#&-$X!a!5('0)H/%.)2!`YH!5('0)2X!<===!S(WuPDb<ckEKQgP=X!!

K<DX!T&(0GW/\>)W0)L&-G! I1! 9(L/#4)L$?/! `1! 9(-.)L&-G! T1! F%(H&(ñ! I1! +/$(##&?! `X!

è'/#%&%/%&;(! /#/2,$&$! )*! /-%&;/%(4! J&-0)32&/1! 0/J&*&(4! /#4! 4/J/3(! )*! H0)-($$($! &#!

%.(! *0)#%/2! /#4! %(JH)0/2! 2)W($! )*! -.0)#&-! $-.&G)H.0(#&-$X! S)2&/! 5('0)H/%.)2X!

<==PuMKb<ckAEgDX!!

KK=X!6(#?!B1!F(2;/#/%./#!I1!C/)!51!F'0&4Z/#!"1!C'$Z/#!+1!C(J&#3%)#!_1!(%!/2X!"J/3&#3!

5('0)&#*2/JJ/%&)#! &#!_0/,!/#4!T.&%(!B/%%(0! &#!F-.&G)H.0(#&/k!d#!"#\n&;)!+`I!

F%'4,!T&%.!lEASm\S`++dX!F-.&G)H.0!>'22X!<=EP!a/#!EuMEbEckAPgDKX!!

KKEX!B&22(0!OX!`**(-%!)*!d#%&H$,-.)%&-$!)#!C(3&)#/2!8(0(W0/2!>2))4!S2)L!B(/$'0(4!L&%.!

+)$&%0)#!`J&$$&)#!I)J)30/H.,X!5('0)H$,-.)H./0J/-)2)3,X!EDDQ![-%uEQbMck<K=g

M=X!!

KK<X!8)0$)#! +T1! [79(/0,! OF1! B&22(0! OO1! d#40(/$(#! 58X! I.(! (**(-%$! )*! #('0)2(H%&-!

J(4&-/%&)#$! )#! W/$/2! 3/#32&/! W2))4! *2)L! &#! $-.&G)H.0(#&*)0J! 4&$)04(0$k! /!

-)JH/0&$)#! W(%L((#! %.(! #('0)2(H%&-\#/r;(! /#4! J(4&-/%(4! $%/%($X! >&)2! +$,-.&/%0,X!

<==<!5);uP<bDckAPPgN<X!!

KKKX!R)!>81!d#40(/$(#!581!U&(W(22!F1!+&(0$)#!C1!B/3#)%%/!nX!9)#3\%(0J!d#%&H$,-.)%&-!

I0(/%J(#%! /#4! >0/&#! n)2'J($k! d! 9)#3&%'4&#/2! F%'4,! )*! S&0$%\`H&$)4(!

F-.&G)H.0(#&/X!d0-.!_(#!+$,-.&/%0,X!<=EE!S(W!QuNAb<ckE<AX!!

KKMX!U.'! S1! U.(#3! ^1! O&#3! ^! ]&/#31! 9&'! ^1! U./#3! Ü1! T'! C1! (%! /2X! B&#)-,-2&#(! /#4!

C&$H(0&4)#(!+0(;(#%!B&-0)32&/!d-%&;/%&)#!/#4!C($-'(!>(./;&)0/2!O(*&-&%$!"#4'-(4!

W,!5()#/%/2!"#%0/.&HH)-/JH/2!"#Z(-%&)#!)*!9&H)H)2,$/--./0&4(! &#!C/%$X!C'W&#)!I1!

(4&%)0X!+9)F![5`X!<=EM!dH0!MuDbMck(DKDNNX!!

KKPX!>&/#!è1!6/%)!I1!B)#Z&!d1!R/$.&)?/!F1!B&G)3'-.&!^1!R)0&?/L/!R1!(%!/2X!I.(!(**(-%!

)*! /%,H&-/2! /#%&H$,-.)%&-$1! H(0)$H&0)#(1! G&H0/$&4)#(! /#4! ]'(%&/H&#(! )#! J&-0)32&/2!

/-%&;/%&)#! &#4'-(4! W,! &#%(0*(0)#\3/JJ/X! +0)3! 5('0)H$,-.)H./0J/-)2! >&)2!

+$,-.&/%0,X!<==A!a/#!EuK<bEckM<gAX!!

KKNX!8)#(#! F1! _0(3)0,! 8a1! R&#G! C1! FJ/22J/#! C1! 8)0$&\U'(22&! S1! O(/?&#! >1! (%! /2X!

5('0)&#*2/JJ/%&)#!/$!J(/$'0(4!W,!H)$&%0)#!(J&$$&)#!%)J)30/H.,!&#!H/%&(#%$!L&%.!
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0(-(#%!)#$(%!/#4!($%/W2&$.(4!$-.&G)H.0(#&/k!&JH2&-/%&)#$!*)0!&JJ'#(!H/%.)3(#($&$X!

B)2!+$,-.&/%0,X!<=<E!F(Hu<NbDckPKDAgM=NX!!

KKQX!I'0?.(&J(0!S`1!d2%.'W/&%,!51! F-.'W(0%! a1!5(%%&$!Bd1!8)'$&#$![1!O&J/!O1! (%! /2X!

"#-0(/$(4! $(0'J! H(0&H.(0/2! 8\0(/-%&;(! H0)%(&#! &$! /$$)-&/%(4! L&%.! 0(4'-(4! W0/&#!

W/00&(0$! H(0J(/W&2&%,! )*! IF+[! 0/4&)2&3/#4$! &#! .(/2%.,! ;)2'#%((0$! /#4! 4(H0($$(4!

H/%&(#%$k! &JH2&-/%&)#$!*)0! &#*2/JJ/%&)#!/#4!4(H0($$&)#X!>0/&#!>(./;!"JJ'#X!<=<E!

a/#uDEkMAQgDQX!!

KKAX!9)-?./0%! d1! O/;&$! >1! B/%%.(L$! a81! C/.J)'#(! R1! R)#3! _1! _((! d1! (%! /2X! I.(!

H(0&H.(0/2!W(#G)4&/G(H&#(!0(-(H%)0!2&3/#4!+6EEEDP!W&#4$!L&%.!.&3.!/**&#&%,!%)!%.(!

/-'%(!H./$(!0(/-%/#%!oE\/-&4!32,-)H0)%(&#k!&JH2&-/%&)#$!*)0!%.(!'$(!)*!%.(!2&3/#4!/$!

/!85F!&#*2/JJ/%)0,!J/0?(0X!5'-2!B(4!>&)2X!<==K!S(WuK=b<ckEDDg<=NX!!

KKDX!6/#(3/L/!51!8)22$%(!61!S)0$W(03!d1!F-./&#!B1!d0/?/L/!C1!a'-/&%(!d1!(%!/2X!"#!;&;)!

(;&4(#-(! )*! /! *'#-%&)#/2! /$$)-&/%&)#! W(%L((#! &JJ'#(! -(22$! &#! W2))4! /#4! W0/&#! &#!

.(/2%.,!.'J/#!$'WZ(-%$X!>0/&#!>(./;!"JJ'#X!<=EN!B/,uPMkEMDgPQX!!

KM=X!60(&$2!T81! a(#?)!6a1!R&#($!8F1!9,))!8R1!8)0)#/!T1!B)0$(!891!(%!/2X!d!3(#(%&-!

H)2,J)0H.&$J! *)0! %0/#$2)-/%)0! H0)%(&#! EA! ?O/! /**(-%$! W)%.! &#! ;&%0)! /#4! &#! ;&;)!

0/4&)2&3/#4! W&#4&#3! &#! .'J/#! W0/&#! %)! %.&$! H'%/%&;(! W&)J/0?(0! )*!

#('0)&#*2/JJ/%&)#X! a! 8(0(W! >2))4! S2)L! B(%/W! [**! a! "#%! F)-! 8(0(W! >2))4! S2)L!

B(%/WX!<=EK!a/#uKKbEckPKgAX!!

KMEX!6#(G(;&-! O1! B&G0/.&! CX! B)2(-'2/0! &J/3&#3! )*! #('0)&#*2/JJ/%&)#! &#! d2G.(&J(07$!

4&$(/$(! /#4! J&24! -)3#&%&;(! &JH/&0J(#%X! +0)3! 5('0)H$,-.)H./0J/-)2! >&)2!

+$,-.&/%0,X!<=EA!a/#uA=kE<KgKEX!!

KM<X!9/;&$$(! F1! _'&22(0J&(0! B1! R(0/04! dF1! +(%&%! S1! O(2/./,(! B1! n/#! 8/JH! 51! (%! /2X!

C(/-%&;(! d$%0)-,%($! [;(0(YH0($$! IF+[! /#4! d0(! O(%(-%(4! W,! IF+[! +)$&%0)#!

`J&$$&)#!I)J)30/H.,!"J/3&#3X!a!5('0)$-&X!<=E<!d'3!AuK<bK<ckE=A=DgEAX!!

KMKX!O&!>&/$(!Bd1!U/2($?,!d1![7?((*(!_1!9/$?/0&$!91!>/'#(!>I1!T(&-?(0%!8F1!(%!/2X!+`I!

&J/3&#3! )*! H'%/%&;(! J&-0)32&/2! /-%&;/%&)#! &#! &#4&;&4'/2$! /%! '2%0/\.&3.! 0&$?! *)0!

H$,-.)$&$1! 0(-(#%2,! 4&/3#)$(4! /#4! -.0)#&-/22,! &22! L&%.! $-.&G)H.0(#&/X! I0/#$2!

+$,-.&/%0,X!<=EQ!d'3!<DuQbAck(E<<PX!!
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KMMX!U./#3!^1!8/%%$!nF1!F.((4,!O1!B-80)$$&#!I1!60&2!aa1!F./##)#!T(&-?(0%!8X!8)0%&-/2!

30(,!J/%%(0!;)2'J(!0(4'-%&)#!&#!H()H2(!L&%.!$-.&G)H.0(#&/!&$!/$$)-&/%(4!L&%.!#('0)\

&#*2/JJ/%&)#X!I0/#$2!+$,-.&/%0,X!<=EN!O(-uNbE<ck(DA<g(DA<X!!

KMPX!F-/0*!dB1!6/$$&)'!BX!I.(!I0/#$2)-/%)0!+0)%(&#X!a!5'-2!B(4X!<=EE!B/,uP<bPckNQQg

A=X!!

KMNX!+(#%%&2å! B1! aåå$?(2å&#(#! `1! R&0;)#(#! 51! "$)./##&! B1! B&(%%'#(#! aX! O'0/%&)#! )*!

'#%0(/%(4!H$,-.)$&$!/$!H0(4&-%)0!)*!2)#3\%(0J!)'%-)J(!&#!$-.&G)H.0(#&/k!$,$%(J/%&-!

0(;&(L!/#4!J(%/\/#/2,$&$X!>0!a!+$,-.&/%0,!a!B(#%!F-&X!<=EM!d'3u<=Pb<ckAAgDMX!!
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!

!

!

! !
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APPENDIX A: WORK PUBLISHED DURING THESIS 

B'0/%&W! S1! B&G'#)! ^1! 8/00(&0/! S&3'(&0(4)! "1! R)L($! [O1! B/0]'($! ICX! O&$$(-%&)#! )*!

#('0)&#*2/JJ/%&)#!&#!$-.&G)H.0(#&/X!>a+$,-.![H(#X!<=<E!a'#u!QbFEckF<QM\F<QPX!

!

8/00(&0/!S&3'(&0(4)!"1!6/0$/#!51!_)/4$W,!+X!+/0%!D!5('0)2)3,k!R(/4/-.(X!I.(!B/'4$2(,!

+0/-%&-(! _'&4(2&#($! *)0! +.,$&-/2! R(/2%.! 8)#4&%&)#$! &#! +$,-.&/%0,1! (4&%(4! W,! I/,2)0! O1!

_/'3.0/#!S1!+&22&#3(0!IX!T&2(,!>2/-?L(22X!<=<=![-%u!MNE\MNAX!

!

+0/%/!C&W(&0)!Ró1!S&3'(&0(4)!"8ó1!n&%î0&/\F&2;/!a1!>/0/%/!+1!S(0#/#4($!`+1!B/0]'($!ICX!

I0/#$2/%&)#! /#4! -0)$$\-'2%'0/2! /4/H%/%&)#! )*! %.(! d0&G)#/! F(Y'/2! F-/2(! bdF`Üc! &#%)!

+)0%'3'($(X!I0(#4$!&#!H$,-.&/%0,!/#4!H$,-.)%.(0/H,X!<=ED!F(Hu!MEbKck<MQ\PKXóZ)&#%!*&0$%\

/'%.)0!

!

8/00(&0/! S&3'(&0(4)! "1! 8/03/2(&0)! "1! B'(22(0! F1! d3'&/0! +1! >/%'-/! aC1! +(0(&0/! Fd1! (%! /2X!

+2/%(2(%\2,JH.)-,%(!0/%&)!/$!/!$.)0%\%(0J!%0(/%J(#%\0($H)#$(!H0(4&-%)0!&#!$-.&G)H.0(#&/7$!

0(2/H$(X!F-.&G)H.!>'221!n)2!MP1!"$$'(!FHHX<1!<=ED!dH0u!F<PAgF<PDX!


