
HAL Id: tel-01759805
https://theses.hal.science/tel-01759805

Submitted on 5 Apr 2018

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Modelling study of vanadium based metal alloys and
crystalline porous materials for gas separation

membranes
Jenny Borisova Evtimova

To cite this version:
Jenny Borisova Evtimova. Modelling study of vanadium based metal alloys and crystalline porous
materials for gas separation membranes. Material chemistry. Université Montpellier; Università degli
studi della Calabria; Universidad de Zaragoza (Espagne), 2016. English. �NNT : 2016MONTT214�.
�tel-01759805�

https://theses.hal.science/tel-01759805
https://hal.archives-ouvertes.fr


!!
!

!

"#$%&'#!()'!l’"#$%&'($)*!+&!,-#).&//$&'!01'2#3&4!

!l’"#$%&'($)5!+&//2!62/27'$2!08)2/$&4!

!/2!"#$%&'($+2+!+&!92'2:-;2!0<(.2:#&4!

!

!

*'#()'#+!au sein de l’,-.$+!".-/.')$+!!

=3$&#3&(!6>$?$@A&(!B2/2'+!0<C!DEF4!

,/!0+!l’unité de recherche!

8#()$)A)!<A'-.*&#!+&(!,&?7'2#&(!8<,!0",G!EHIE4!

!

1(#-%)$%/#!2!6>$?$&!&)!J>K($3-3>$?$&!+&(!,2)*'$2AL!
!

!

!

!

!

*'#3+4/#+!()'!!

M&##K!B-'$(-%2!<NO8,PNQ!

!

!

!

!

!

!

1.5/+45+!$+!67!8.&+9:'+!6;<=!

0+&)4/!$+!>5'?!-.9(.3#!0+!

!

!

*'.@A!,4'%-.!"BCDECF!G4%&+'3%/H!0+$$)!I)$):'%)!JC/)$%+K! ,L)9%4)/+5'!!!!

*'.@A!B+?+3!MNEEN"NF!G4%&+'3%0)0!0+!O)')P.Q)!J,3()P4+K! ,L)9%4)/'%-+!

"'A!N44+!RGES,F!"B!I8B1F!G4%&+'3%/#!0+!M.4/(+$$%+'!JT')4-+K! !!!!!!!!!!!!"%'+-/'%-+!0+!/UV3+!

*'.@A!"'A!C'A!B.:!ENMM,BWC8XF!G4%&+'3%/?!.@!WY+4/+!J*)?3ZS)3K! B)((.'/+5'!+/!

*'#3%0+4/!05!>5'?!

"'A!M)'/%4!*NC"NBF!G4%&+'3%/?!.@!IU+9%3/'?!)40!W+-U4.$.P?F!*')P5+!

JB#(5:$%[5+!W-UV[5+K!

B)((.'/+5'!

! !

! !

! !

!

!

!

!

,-+*/$(2)$-#!+&(!2//$2:&(!5!72(&!+&!

%2#2+$A?!&)!+&(!?2)*'$2AL!.-'&AL!

3'$()2//$#(!A)$/$(*(!3-??&!?&?7'2#&(!+&!

(*.2'2)$-#!+&!:2;!

!



!!

!

!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"

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

!

!

"#$$#%&$#!'(!)(*+%*&!(,!-,.+.,+%(&!/0(1(*&!+!'+(!2&$+%(&3(!4556---!/(*3#7!–!8,(9+%:($;!'+33&!/&3&<%(&!

"#*$#%&$!+,!=*(+,*+:!/0(1(>?+:!–!8,(9+%:($@!'+!2#,$A+33(+%!

"#*$#%!A#%!3&!8,(9+%:('&'!'+!B&%&.#C&!–!8,(9+%:('&'!'+!B&%&.#C&!

!

!

&123453"'56753"%89:812:;"<6"';4=126;"&6><6;;1<6>"–"&?%('&"

!

!

'87;@@<6>"3:57A"8B"C2627<54"=23;7"2@@8A3"267"91A3:2@@<6;"D81853"

42:;1<2@3"B81">23"3;D212:<86"4;4=126;3"

!

!

!

=?A+%9(:#%:! "#*$#%&3!*&,'('&$+!!

! "#$!%&'#(&'!")!*+,-!./0123456! 7)889!:'#&;'<-!=<>&?'<-!

!

"#$!@88)!7+AB)!.C8&<)#;&>D!E)!1'8>F)AA&)#6!

!

G#'H$!"#$!7'-I+&8!3'#'8-;!.C8&<)#;&E-E!E)!J-#-('K-6!

!

"#$!1-#>&8!"#'B)L!.C8&<)#;&>D!E)!1'8>F)AA&)#6!

!

G#'H$!5)9);!1-AA-E-!.C8&<)#;&E-E!E)!J-#-('K-6!



!!

!

!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"

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

!

!

!

"

"

"

"

""#$EFGHI&%J&'&FK"

!

D0+! E(,&,*(&3! :?AA#%$! #E! D0+! F'?*&$(#,G! H?'(#9(:?&3! &,'! /?3$?%+! FI+*?$(9+! H.+,*J! –!

FH/FHKF?%#A+&,! /#11(::(#,! within the “Erasmus Mundus Doctorate in Membrane 

F,.(,++%(,.! –! EUDIME” (F)H=28=! 28L"8=! M%#.%&11+! NOOPQNORSG! TMH! ,U! NORRQOORVG!

=WH!,U!NORNQRXRP7!(:!Y(,'3J!&*Y,#Z3+'.+'U!!

"

"

"

"

"

"

!



! ! "!

!"#$%&'$(

!

#$%! &'&()$*'! %'+$)$,"-*! "%! $*! $,,)$.,"/'! ,'.0*-1-23! ,0$,! "%! -4,'*! %5+')"-)! ,-! -,0')! &-)'!

.-*/'*,"-*$1! +)-.'65)'%! 4-)! %'+$)$,"-*! -4! 2$%'-5%! %+'."'%! "*! ,')&%! -4! '*')23! .-*%5&+,"-*! $*6!

'*/")-*&'*,$1! "&+$.,7! 8! 9'3! 4$.,-)! 4-)! &'&()$*'! %'+$)$,"-*%! "%! ,0'! &'&()$*'! ",%'14! :",0! ",%!

+)-+'),"'%;! :0".0! 6',')&"*'! ,0'! -/')$11! +')4-)&$*.'! -4! ,0'! +)-.'%%7! <*'! '%%'*,"$1! &'&()$*'!

.0$)$.,')"%,".!"%!,0'!,)$*%+-),!%'1'.,"/",37!="20!%'+$)$,"-*!4$.,-)%!$)'!'%+'."$113!6"44".51,!,-!$.0"'/'!

4-)! &">,5)'%! -4! 1"20,! 2$%'%! 0$/"*2! .-&+$)$(1'! 9"*',".! 6"$&',')%7! ?-)'-/');! 0"20! +')&'$("1",3;!

.-))'%+-*6"*213! 0"20! %-15("1",3! $*6! 6"445%"/",3! "*! 6'*%'! &'&()$*'%;! $)'! .)5."$1! $%+'.,%! 4-)! ,0'!

+')4-)&$*.'! $*6! 45),0')! +)$.,".$1! $++1".$,"-*! -4! &'&()$*'! 6'/".'%7! @*! ,0"%! 4)$&';! ,0'! &$,')"$1!

5%'6!$%!$!%'1'.,"/'!1$3')!"%!6',')&"*$*,7!A0')'4-)';!%."'*,"%,%!6'/-,'!"&&'*%'!'44-),%!,-!,0'!%'$).0!

-4! -+,"&$1! 2$%B%-)('*,! .-&("*$,"-*%;! "*.156"*2! ,0-)-520! %,563! -4! '>"%,"*2! %,)5.,5)'%! $*6!

'1$(-)$,"-*!-4!*':!-*'%!:",0!%"'/"*2!+)-+'),"'%7!A0'!1$)2'!'44-),!$*6!,"&'!)'C5")'6!4-)!+)'+$)$,"-*!

$*6!'>+')"&'*,$1!,'%,"*2!-4!&$,')"$1%!"&+'6'!,0'!$6/$*.'&'*,!-4!*':!&'&()$*'%7!

@*!,0"%!%,563;!:'!+)-+-%'!+)-.'65)'%!($%'6!-*!.-&+5,$,"-*$1!.$1.51$,"-*%!$*6!,0'-)',".$1!&-6'1%!

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

%'+$)$,"-*! $++1".$,"-*%7! @*! +$),".51$);! :'! 4-.5%! -*D! "E! (-63B.'*,)'6! .5(".! FG"A"! $11-3%! $%! *-/'1!

&$,')"$1%!4-)!=HB%'1'.,"/'!6'*%'!&'&()$*'%!$*6!""E!.)3%,$11"*'!+-)-5%!&$,')"$1%!,0$,!$)'!$,,)$.,"/'!

&'6"$!4-)!%'+$)$,"-*!-4!1"20,!2$%'%!%5.0!$%!=H;!<H;!I<;!I<H;!I=J!$*6!GH7!A0'%'!,:-!,3+'%!-4!&$,')"$1%!

$)'! ,)'$,'6! 5%"*2! 6"44')'*,! &',0-6-1-2"'%;! $6$+,'6! ,-! ,0'! *''6%! -4! -5)! )'%'$).0! -(K'.,"/'%!

$%%-."$,'6!,-!'$.0!&$,')"$17!

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

036)-2'*! "*! FB($%'6! $11-3%! "%! $66)'%%'67! A0'! FBG"BA"! %3%,'&! "%! -4! +$),".51$)! "*,')'%,! 0')';!

'>0"(","*2!0"20!=H!+')&'$("1",3!$*6!"&+)-/'6!&'.0$*".$1!+)-+'),"'%!)'1$,"/'!,-!+5)'!F7!A0"%!:-)9!

"*,'*6%!,-!2$"*!5*6')%,$*6"*2!-4!036)-2'*B&',$1!"*,')$.,"-*%!$%!45*.,"-*!-4!$11-3!.-&+-%","-*!$*6!

,0')'(3!,-!-+,"&"L'!,0'%'!*':!&$,')"$1%!$*6!$6/$*.'!,0'")!6'/'1-+&'*,!$%!*-/'1!&'&()$*'%!4-)!

=H! %'+$)$,"-*7!M'! 5%'! $! 4")%,B+)"*."+1'%! $++)-$.0! ,0$,! 2"/'%! "*%"20,%! "*,-! ,0'! %",'%! +)'4')'*.'! -4!

036)-2'*! $*6! $%%'%%'%! ,0'! )-1'! -4! A"! $*6! G"! %5(%,",5,"-*$1! %-15,'%! 4-)! ,0'! 036)-2'*! $(%-)+,"-*!

$44"*",37! A0'!&',0-6! ($%'6! -*!N'*%",3! O5*.,"-*$1! A0'-)3! )'C5")'%! *-! '>+')"&'*,$1! "*+5,! '>.'+,!

.)3%,$1!%,)5.,5)'!"*4-)&$,"-*7!O5),0')&-)';!",!5%'%!*-!'&+")".$1!-)!4",,"*2!+$)$&',')%!"*!.-*,)$%,!,-!

-,0')!.-&+5,$,"-*$1!,'.0*"C5'%7!='*.'!,0"%!$++)-$.0!+)-/"6'%!$*!$1,')*$,"/'!:$3!,-!'>+1-)'!*':!

&',$1!$11-3%! 4-)!=H!%'+$)$,"-*!&'&()$*'%7!A0'!$++1"'6!&',0-6-1-23!.$*!('!5%'6!45),0')! "*!0"20B

,0)-520+5,!.$1.51$,"-*%! ,-!%.)''*!/$)"-5%!$11-3!.-&+-%","-*%7!A0'!0')',-B)'+-),'6!)'%51,%!:"11!('!



! ! ""!

5%'6!$%!25"6$*.'!4-)!,$"1-)"*2!,0'!4-)&51$,"-*!-4!FG"A"!%-1"6!%-15,"-*%!$*6!+)'+$)$,"-*!-4!1-:!.-%,P!

6'*%'!$11-3!&'&()$*'%!"*!,0'!4)$&'!-4!-,0')!+)-K'.,%!Q'727!R5)-+'$*!NR?I8?RS!+)-K'.,E7!

O5),0');! :'! '>+1-)'! 0-:! %"*21'B.-&+-*'*,! "*+5,%! .$*! ('! 5%'6! ,-! 4-)'.$%,! ,0'! "6'$1! %'1'.,"/",3!

,-:$)6%! 1"20,! 2$%'%! -4! .)3%,$11"*'! +-)-5%!&$,')"$1%;! 5%'6! 4-)!&'&()$*'! +)'+$)$,"-*7! A0'-)',".$1!

&-6'1%! 4-)! 6'%.)"("*2! 2$%! %'+$)$,"-*! +)-+'),"'%! -4! L'-,3+'! &$,')"$1%! $%! 45*.,"-*! -4! %,)5.,5)$1!

.0$)$.,')"%,".%!$*6!-+')$,"-*!.-*6","-*%!$)'!+)-+-%'67!A0'!&-6'1!+$)$&',')%!.$*!('!-(,$"*'6!$%!

'>+')"&'*,$113!$%!:'11!$%!.-&+5,$,"-*$1137!A-!$*$13%'!,0'!'>,'*,!-4!/$1"6",3!$*6!1"&",$,"-*%!-4!,0'!

&-6'1%;!"6'$1!%'1'.,"/","'%!-4!4':!.)3%,$11"*'!+-)-5%!&$,')"$1%!$)'!'/$15$,'6;!"*.156"*2!:"6'13!5%'6!

L'-1",'%!QG$8;!I$8E!$*6!$!&',$1!-)2$*".!4)$&':-)9!%,)5.,5)'!QT@OBUE7!A0'!)'%51,%!/')"4"'6!,0$,!,0'!

,0'-)',".$1!'>+)'%%"-*%!.-516!('!5%'6!4-)!%.)''*"*2!%')"'%!-4!L'-,3+'!&$,')"$1%!:0'*!)'1"$(1'!%"*21'!

2$%!$6%-)+,"-*!6$,$!$)'!$/$"1$(1'7!=-:'/');!%"*.'!,0'!&-6'1%!6-*V,!,$9'!"*,-!$..-5*,!$11!+$)$&',')%!

Q*$&'13! )'1$,'6! ,-! ,0'! &'&()$*'! 6'%"2*E! $*6! &'.0$*"%&%! "*/-1/'6! "*! 2$%! ,)$*%+-),! ,0)-520!

+-)-5%!&'&()$*'%;!,0'")!+)'6".,"-*%!%0-516!('!.-*%"6')'6!$%!/$15'%!)'4'))"*2!,-!$*!"6'$1!.$%'7!

!

)*&##+,$-(

(

W$! %'+$)$L"-*'! 6"! .-))'*,"! 2$%%-%'! &'6"$*,'! +)-.'%%"! $! &'&()$*$! )$++)'%'*,$! 5*V"*,')'%%$*,'!

,'.*-1-2"$!.0'!)"%51,$!%+'%%-!%5+')"-)'!$!6"44')'*,"!,'.*".0'!,)$6"L"-*$1";!%"$!"*!,')&"*"!6"!.-*%5&-!

'*')2',".-! .0'! 6"! "&+$,,-! $&("'*,$1'7! X*! 4$,,-)'! .0"$/'! .0'! "*415'*L$! "*! &-6-! %"2*"4".$,"/-! 1$!

%'+$)$L"-*'!6"! 2$%!&'6"$*,'!+)-.'%%"! $!&'&()$*$! Y! $++5*,-! 1$!&'&()$*$Z! "*!+$),".-1$)'! 1'! %5'!

+)-+)"',[! 6',')&"*$*-! 1'! +)'%,$L"-*"! 2'*')$1"! 6'1! +)-.'%%-7! A)$! 1'! 6"44')'*,"! +)-+)"',[! 6"! 5*$!

%+'."4".$! &'&()$*$;! 1$! +')&B%'1',,"/",[! %'*L$! $1,)-! Y! 1$! 6'."%"/$7! \')! &'&()$*'! 6'*%'! -! %5(!

*$*-+-)-%';! "&+"'2$,'! $++5*,-! *'11$! +5)"4".$L"-*'! 6"! .-))'*,"! 2$%%-%';! 1V$1,$! +')&'$("1",[!

.-))"%+-*6'! $6! $1,$! %-15("1",[! '! 6"445%"/",[7! ]5'%,'! 65'! .$)$,,')"%,".0'! %-*-! $%+',,"! .)5."$1"! .0'!

6'/-*-! $..5)$,$&'*,'! -,,"&"LL$,'! +')! $5%+".$("1"! $++1".$L"-*"! 6'11'! &'&()$*'7! WV"&+'2*-! '! 1-!

%4-)L-;! "*!,')&"*"!6"! 1$/-)-!'!,'&+-;!)".0"'%,-!+')!1$!+)'+$)$L"-*'!'!1$!.$)$,,')"LL$L"-*'!6'"!*5-/"!

&$,')"$1"!6$!"&+"'2$)'!)$11'*,$!1-!%/"15++-!6"!&'&()$*'!.-*!+)-+)"',[!"**-/$,"/'7!I-%^;!5*!2)$*6'!

"*,')'%%'!%."'*,"4".-!Y!%,$,-!6'6".$,-!$11$!)".').$!6'11'!)'1$L"-*"!,)$!%,)5,,5)$!.0"&".$!$11$!*$*-%.$1$!

'!%-15("1",[!'!6"445%"-*'!6"!&-1'.-1'!2$%%-%'!+')!,)-/$)'!-,,"&$1"!*5-/"!&$,')"$1"7!

@*!C5'%,-!%,56"-;!+)-+-*"$&-;!5*V$*$1"%"!.-&+5,$L"-*$1';!($%$,$!%5!.$1.-1"!C5$*,"%,".";!'!65'!&-6'11"!

,'-)".";! '*,)$&("! 5,"1"LL$("1"! +')! +)'6")'! $1.5*'! +)-+)"',[! 4-*6$&'*,$1"! 6"! &$,')"$1"! "*-)2$*"."!

6V"*,')'%%'!"&+"'2$,"!*'11$!+)'+$)$L"-*"!6"!&'&()$*'7!@*!+$),".-1$)';!$(("$&-!4-.$1"LL$,-!1$!*-%,)$!

$,,'*L"-*'!%5D!"E!1'20'!&',$11".0'!6"!FG"A"!.-*!%,)5,,5)$!.5(".$!$!.-)+-!.'*,)$,-!6$!5,"1"LL$)'!*'11$!

+)'+$)$L"-*'! 6"! &'&()$*'! 6'*%'! %'1',,"/'! /')%-! 1V"6)-2'*-! '! ""E! &$,')"$1"! .)"%,$11"*-B+-)-%"!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
P!"*!.-&+$)"%-*!:",0!&'&()$*'%!,0$,!5%'!\6!-)!",%!$11-3%!$%!$!.-)'!&$,')"$1(



! ! """!

+)-&',,'*,"!+')!1$!%'+$)$L"-*'!6"!2$%!1'22')"!.-&'D!=H;!<H;!I<;!I<H;!I=J!'!GH7!W'!65'!,"+-1-2"'!%-*-!

%,$,'!%,56"$,'!5,"1"LL$*6-!6"/')%'!&',-6-1-2"'!.-&+5,$L"-*$1";! "*!($%'!$1! ,"+-!6"!&$,')"$1'!'6!$21"!

6'21"!-("',,"/"!6'11$!)".').$7!!

@!%","!6V$%%-)("&'*,-!6'21"!$,-&"!6V"6)-2'*"!"*!1'20'!$!($%'!6"!/$*$6"-!%-*-!%,$,"!%,56"$,"!5,"1"LL$*6-!

5*!$++)-.."-!.-&+5,$L"-*$1'!$!+)"*."+"!+)"&"7!W$! 15*2$!.-*,)-/')%"$!.0'!)"25$)6$! 1$!6"%+-%"L"-*'!

6'21"!$,-&"!6V"6)-2'*-!*'11$!.'11$!5*",$)"$!6"!F!'!6'11'!%5'!1'20'!Y!%,$,$!$44)-*,$,$!'!"*/'%,"2$,$7!X*$!

/-1,$! $*$1"LL$,"! "! %","! "*! .5"! 21"! $,-&"! 6V"6)-2'*-! %-*-! $%%-)(","! +)'4')'*L"$1&'*,';! "1! )5-1-! 6'21"!

$,-&"!6"!A"!'!6"!G"!%511V$44"*",[!6'11$!1'2$!/')%-!1V"6)-2'*-!Y!%,$,-!/$15,$,-7!@1!&',-6-!.-&+5,$L"-*$1';!

($%$,-! %511$! A'-)"$! 6'1! O5*L"-*$1'! 6'11$! N'*%",[;! *-*! )".0"'6'! "*4-)&$L"-*"! %+')"&'*,$1"! $6!

'..'L"-*'! 6'"! 6$,"! .0'! )"25$)6$*-! 1'! %,)5,,5)'! .)"%,$11"*'! 6'11'! 1'20'! .-*%"6')$,'7! @*! $22"5*,$;!

1V$++)-.."-!%'25",-!*-*!5,"1"LL$!+$)$&',)"!$22"5%,$("1"!*_!'&+")"."!*_!,'-)"."!"*!.-*,)$%,-!.-*!$1,)'!

,'.*".0'! .-&+5,$L"-*$1";! .-%^! +5`! '%%')'! .-*%"6')$,-! 5*! &',-6-! +)'6",,"/-! 5,"1'! +')! '%+1-)$)'!

*5-/'!1'20'!&',$11".0'!5,"1"LL$("1"!+')!1$!%'+$)$L"-*'!6V"6)-2'*-!&'6"$*,'!+)-.'%%"!$!&'&()$*$7!@!

6$,"!-,,'*5,"!"*!C5'%,$!A'%"!+-%%-*-!'%%')'!5,"1"LL$,"!+')!1V-,,"&"LL$L"-*'!6"!&'&()$*'!6'*%'!$!($%'!

6"!1'20'!6"!F!$!($%%-!.-%,-7!

@*! %'25",-;! %-*-! %,$,"! +)-+-%,"! 65'!&-6'11"! ,'-)"."! +')! /$15,$)'! "! 4$,,-)"! 6"! %'+$)$L"-*'! "6'$1'! 6"!

&$,')"$1"! .)"%,$11"*-B+-)-%"! /')%-! 2$%! 1'22')"7! W'! 'C5$L"-*"! +)-+-%,'! 5,"1"LL$*-! .-&'! +$)$&',)"!

C5'11"!-,,'*5,"!6$11'!"%-,')&'!6"!$6%-)("&'*,-!6'"!%"*2-1"!2$%7!]5'%,"!&-6'11"!%-*-!%,$,"!+)-+-%,"!+')!

+)'6")'! 1$!%'1',,"/",[!6"!&$,')"$1"!6"! ,"+-!L'-1",".-! "*! 45*L"-*'!6"!+$)$&',)"!%,)5,,5)$1"!'!.-*6"L"-*"!

-+')$,"/'7! @! +$)$&',)"! 6$! 5,"1"LL$)'! *'11'! 'C5$L"-*"! +)-+-%,'! +-%%-*-! '%%')'! -,,'*5,"! %"$!

%+')"&'*,$1&'*,'! .0'! &'6"$*,'! ,'.*".0'! .-&+5,$L"-*$1"7! \')! $*$1"LL$)'! "1! .$&+-! 6"! /$1"6",[! '! "!

1"&","!6'"!&-6'11";!"!4$,,-)"!6"!%'+$)$L"-*"!"6'$1'!6'11'!L'-1",";!C5$1"!G$8;!I$8;!'!6'1!?<O;!T@OBU;!%-*-!

%,$,"!/$15,$,"7!@!)"%51,$,"!0$**-!&-%,)$,-!.0'!+')!"!%"%,'&"!.-*%"6')$,"! 1'!'C5$L"-*"!&-6'11-!%-*-!"*!

(5-*! $..-)6-! .-*! "! 6$,"! %+')"&'*,$1";! "*! &-6-! %+'."4".-;! .-*! 1$! +$),'! 6'"! 4$,,-)"! 6"! %'+$)$L"-*'!

.-**'%%$! $11V$6%-)("&'*,-! 6'"! 2$%7! N5*C5'! '%%"! +-%%-*-! '%%')'! 5,"1"LL$,"! +')! 5*$! +)'1"&"*$)'!

%'1'L"-*'! 6"! &$,')"$1"! .)"%,$11"*-B+-)-%"! %'! 1'! "%-,')&'! 6V$6%-)("&'*,-! 6'"! %"*2-1"! 2$%! %-*-!

6"%+-*"("1"7!

!

).#+/.,(

(

W$! %'+$)$."a*! 6'! 2$%'%! 5%$*6-!&'&()$*$%! '%! 5*$! ,'.*-1-2b$! $,)$.,"/$! C5'! %5'1'! %')! %5+')"-)! $!

-,)-%!+)-.'6"&"'*,-%!.-*/'*."-*$1'%!6'!%'+$)$."a*!6'!2$%'%!'*!,_)&"*-%!6'!.-*%5&-!6'!'*')2b$!'!

"&+$.,-!&'6"-$&("'*,$17!X*!4$.,-)!.1$/'!'*!1$!%'+$)$."a*!.-*!&'&()$*$%!'%!1$!+)-+"$!&'&()$*$!3!

%5%!+)-+"'6$6'%;!1$%!.5$1'%!6',')&"*$*!'1!6'%$))-11-!21-($1!6'1!+)-.'%-7!X*$!.$)$.,')b%,".$!'%'*."$1!

6'! 1$%!&'&()$*$%! '%! 1$! +')&'-%'1'.,"/"6$67! R*! '1! .$%-!6'!&'L.1$%!6'! 2$%'%! 1"2')-%! .-*! ,$&$c-%!

&-1'.51$)'%!%"&"1$)'%!)'%51,$!'%+'."$1&'*,'!6"4b."1!$1.$*L$)!4$.,-)'%!$1,-%!6'!%'+$)$."a*7!86'&d%;!1$!



! ! "/!

$1,$! +')&'$("1"6$6;! K5*,-! .-*! 1$! $1,$! %-15("1"6$6! 3! 6"45%"/"6$6! '*! 1$%! &'&()$*$%! 6'*%$%;! %-*!

$%+'.,-%!.)5."$1'%!+$)$!'1!6'%$))-11-!3!$+1".$."a*!+)d.,".$!6'!1$%!&'&()$*$%7!\-)!'11-;!1-%!."'*,b4".-%!

'%,d*!$.,5$1&'*,'!+-*"'*6-!,-6-!%5!'&+'c-!'*!(5%.$)!.-&("*$."-*'%!a+,"&$%!6'!&$,')"$1'%!+$)$!

&'&()$*$%;!$%b! .-&-! ,$&("_*!'1!6'%$))-11-!6'!*5'/-%!&$,')"$1'%7!R1!2)$*!'%45')L-!3! ,"'&+-!C5'!

)'C5"')'! 1$!+)'+$)$."a*!3! 1$%!+)5'($%!'>+')"&'*,$1'%!6'! 1-%!&$,')"$1'%!6'!&'&()$*$! "&+"6'*! 1$!

'&')2'*."$!6'!*5'/$%!&'&()$*$%7!

R*!'%,'!'%,56"-!%'!+)-+-*'*!+)-.'6"&"'*,-%!($%$6-%!'*!%"&51$."-*'%!.-&+5,$."-*$1'%!3!&-6'1-%!

,'a)".-%!C5'!%'!+5'6'*!5,"1"L$)!+$)$!+)'6'.")!'1!.-&+-),$&"'*,-!6'!$125*-%!&$,')"$1'%!6'!"*,')_%!

+$)$! 1$! %'+$)$."a*!6'!2$%!.-*!&'&()$*$%7!R*!+$),".51$);!'1!'%,56"-!%'!.'*,)$!'*D! "E!$1'$."-*'%!6'!

FG"A"! .e(".$%! .'*,)$6$%! '*! '1! .5')+-! .-&-! *5'/-! &$,')"$1! +$)$! &'&()$*$%! &',d1".$%! 6'*%$%!

%'1'.,"/$%! $!=H! 3! ""E!&$,')"$1'%! +-)-%-%! .)"%,$1"*-%! $,)$.,"/-%! +$)$! 1$! %'+$)$."a*! 6'! 2$%'%! 1"2')-%!

.-&-! =H;! <H;! I<;! I<H;! I=J! 3! GH7! 8&(-%! 2)5+-%! 6'! &$,')"$1'%! %'! ,)$,$*! $C5b! 5%$*6-! 6"4')'*,'%!

&',-6-1-2b$%!'*!45*."a*!6'!1-%!-(K',"/-%!6'!1$!"*/'%,"2$."a*7!

R*! '1! .$%-! 6'! &'&()$*$%! &',d1".$%! 6'*%$%;! '>"%,'! 5*$! 1$)2$! .-*,)-/')%"$! %-()'! 1$! -.5+$."a*!

"*,')%,"."$1! 6'1! 0"6)a2'*-! '*! '1! /$*$6"-! 3! %5%! $1'$."-*'%7! \-)! '%,$! )$La*;! %'! +)'%'*,$! 5*! +)"&')!

'*4-C5'!6'!+)"*."+"-%!C5'!6$*!+"%,$%!6'!1-%!+-%"(1'%!05'.-%!+)'4')'*,'%!C5'!-.5+$!'1!0"6)a2'*-!3!

'/$1e$*! '1! )-1! 6'! 1-%! %-15,-%! C5'! %5%,",53'*! $1! A"! 3! G"! '*! 1-! C5'! $! 1$! $4"*"6$6! 6'! $(%-)."a*! 6'1!

0"6)a2'*-!%'!)'4"')'7!R1!&_,-6-!($%$6-!'*!1-%!.d1.51-%!,'a)".-%!6'!6'*%"6$6!45*."-*$1!*-!)'C5"')'!

'>+')"&'*,$."a*!'>.'+,-!1$!"*4-)&$."a*!6'!1$!'%,)5.,5)$!.)"%,$1"*$7!

8!6"4')'*."$!6'!-,)$%!,_.*".$%!.-&+5,$."-*$1'%;!'*!'%,'!.$%-!*-!%'!*'.'%",$*!+$)d&',)-%!'&+b)".-%7!

\-)!'11-!'%,'!'*4-C5'!+)-+-)."-*$!5*$!/b$!$1,')*$,"/$!+$)$!"*/'%,"2$)!*5'/$%!$1'$."-*'%!6'!&',$1'%!

+$)$!&'&()$*$%!%'1'.,"/$%!$!=H7!W$!&',-6-1-2b$!$+1".$6$!%'!+5'6'!5%$)!$6'&d%!$!,)$/_%!6'!-,)-%!

.d1.51-%! +$)$! -(%')/$)! /$)"$%! .-&+-%"."-*'%! 6'! $1'$."-*'%7! W-%! )'%51,$6-%! C5'! %'! +)'%'*,$*! %'!

5%$)d*! .-&-! 25b$! 6'! %'25"&"'*,-! +$)$! 6"%-15."-*'%! %a1"6$%! 6'! FG"A"! 3! +$)$! 1$! +)'+$)$."a*! 6'!

&'&()$*$%!6'*%$%!6'!$1'$."-*'%!6'!($K-!.-%,'!'*!'1!&$).-!6'1!+)-3'.,-!NR?I8?RS7!!

8!.-*,"*5$."a*!%'!'>+1-)$!.a&-!'1!'%,56"-!6'!5*!e*".-!.-&+-*'*,'!%'!+5'6'!5%$)!+$)$!+)'6'.")!1$!

%'1'.,"/"6$6!"6'$1!6'!&'6"-%!+-)-%-%!.)"%,$1"*-%!+$)$!2$%'%!1"2')-%7!f'!+)-+-*'*!&-6'1-%!,'a)".-%!

C5'!6'%.)"('*! 1$%!+)-+"'6$6'%!6'! 1$! %'+$)$."a*!6'!2$%'%!6'!&$,')"$1'%! ,"+-!L'-1",$!'*! 45*."a*!6'!

+$)d&',)-%! '%,)5.,5)$1'%! 3! .-*6"."-*'%! 6'! -+')$."a*7! W-%! +$)d&',)-%! 6'1! &-6'1-! %'! +5'6'*!

-(,'*')! ,$*,-! '>+')"&'*,$1&'*,'! .-&-! .-&+5,$."-*$1&'*,'7! \$)$! $*$1"L$)! 1$! '>,'*%"a*! 6'! 1$!

/$1"6'L!3!1$%!1"&",$."-*'%!6'1!&-6'1-;!%'!'/$1e$*!1$%!%'1'.,"/"6$6'%!"6'$1'%!6'!L'-1",$%!QG$8;!I$8E!3!

?<O%! QT@OBUE! C5'! %'! 5%$*! 0$(",5$1&'*,'7! W-%! )'%51,$6-%! /')"4".$*! C5'! 1$%! '>+)'%"-*'%! ,'a)".$%!

+-6)b$*! 5%$)%'! +$)$! %'1'.."-*$)! 1-%! &'K-)'%! &$,')"$1'%! +-)-%-%! .)"%,$1"*-%! "6a*'-%! +$)$! 5*$!

%'+$)$."a*!6$6$!.5$*6-!%'!6"%+-*'!6'!6$,-%!4"$(1'%!6'!6"45%"a*!3!$6%-)."a*!6'!2$%'%7!

! !



! ! /!

)0#+/0(

(

W$!%_+$)$,"-*!6'!2$L!+$)!&'&()$*'!'%,!5*'!,'.0*-1-2"'!$,,)$.,"/'!C5"!'%,!%-5/'*,!+15%!+')4-)&$*,'!

C5'!6g$5,)'%!+)-._6_%!6'!%_+$)$,"-*!+15%!.-*/'*,"-**'1%;!'*!,')&'%!6'!.-*%-&&$,"-*!6g_*')2"'!',!

6g"&+$.,! '*/")-**'&'*,$17!X*! 4$.,'5)! .1_!+-5)! 1$! %_+$)$,"-*!&'&()$*$")'! '%,! 1$!&'&()$*'!'11'B

&h&';!6-*,!1'%!+)-+)"_,_%!6_,')&"*'*,!1'%!+')4-)&$*.'%!21-($1'%!65!+)-._6_7!X*'!.$)$.,_)"%,"C5'!

'%%'*,"'11'!6'!1$!&'&()$*'!'%,!%-*!$+,",56'![!%_+$)')!1'%!'%+Y.'%!.-*,'*5'%!6$*%!5*!&_1$*2'7!N'%!

4$.,'5)%!6'! %_+$)$,"-*!_1'/_%! %-*,!+$),".51"Y)'&'*,!6"44"."1'%! [!-(,'*")!+-5)!6'%!&_1$*2'%!6'!2$L!

1_2')%!$3$*,!6'%!6"$&Y,)'%!."*_,"C5'%!.-&+$)$(1'%7!N'!+15%;!6'%!+')&_$("1",_%!_1'/_'%;!)_%51,$,!6'!

%-15("1",_%! ',! 6"445%"/",_%! _1'/_'%! 6'%! 2$L! +-5)! 1'%!&'&()$*'%! 6'*%'%;! %-*,! 6'%! $%+'.,%! .)5."$5>!

+-5)! 1'%!+')4-)&$*.'%! ',! 6-*.!+-5)! 1$!&"%'! '*! $++1".$,"-*!6'%! %3%,Y&'%!&'&()$*$")'%7!N$*%! .'!

.-*,'>,';!1'!.0-">!65!&$,_)"$5!5,"1"%_!.-&&'!.-5.0'!%_1'.,"/'!'%,!6_,')&"*$*,7!\$)!.-*%_C5'*,;!1'%!

%."'*,"4"C5'%! .-*%$.)'*,! 6g"&&'*%'%! '44-),%! [! 1$! )'.0').0'! 6'! .-&("*$"%-*%! -+,"&$1'%!

2$Li&$,_)"$5>!%-)($*,%;!,$*,!+$)!1V_,56'!$++)-4-*6"'!6'!%,)5.,5)'%!'>"%,$*,'%!C5'!+$)!1g_1$(-)$,"-*!

6'!*-5/'$5>!&$,_)"$5>! .$+$(1'%!6'! %_+$)')! 1'%!&-1_.51'%7! W'%! '44-),%! ',! 1'! ,'&+%! )'C5"%! +-5)! 1$!

+)_+$)$,"-*! ',! 1g_,56'! '>+_)"&'*,$1'! 6'%! &$,_)"$5>! &'&()$*$")'%! 1"&",'*,! 1'%! $/$*._'%! %5)! 1'!

6_/'1-++'&'*,!6'!*-5/'11'%!&'&()$*'%7!

N$*%! .',,'! _,56';! *-5%! +)-+-%-*%! 6'%! +)-._65)'%! ($%_'%! %5)! 6'%! .$1.51%! "*4-)&$,"C5'%! ',! 6'%!

&-6Y1'%!,0_-)"C5'%!C5"!+'5/'*,!h,)'!5,"1"%_%!+-5)!+)_/-")!1'!.-&+-),'&'*,!6'!.'),$"*%!&$,_)"$5>!

&'&()$*$")'%! 6g"*,_)h,! +-5)! 1'%! $++1".$,"-*%! 6'! %_+$)$,"-*! 6'! 2$L7! R*! +$),".51"');! *-5%! *-5%!

%-&&'%!.-*.'*,)_%!%5)D! "E!6'%!$11"$2'%!FG"A"!6'!%,)5.,5)'!.5("C5'!.'*,)_';! .-*%"6_)_%!.-&&'!6'!

*-5/'$5>!&$,_)"$5>! +-5)! 1'%!&'&()$*'%! 6'*%'%! %_1'.,"/'%! [!=H! ',! ""E! %5)! 6'%!&$,_)"$5>! +-)'5>!

.)"%,$11"*%!C5"!%-*,!6'%!%3%,Y&'%!$,,)$.,"4%!+-5)!1$!%_+$)$,"-*!6'!2$L!1_2')%!,'1%!C5'!=H;!<H;!I<;!I<H;!

I=J! ',! GH7! W'%! 6'5>! 2)-5+'%! 6'!&$,_)"$5>! %-*,! ,)$",_%! '*! 5,"1"%$*,! 5*'!&_,0-6-1-2"'! 6"44_)'*,';!

$6$+,_'!$5>!('%-"*%!6'%!)'.0').0'%!$%%-."_'%![!.'%!&$,_)"$5>7!

N$*%! 1'! .$%! 6'%!&'&()$*'%!&_,$11"C5'%! 6'*%'%;! *-5%! *-5%! %-&&'%! "*,_)'%%_%! [! 1$! .-*,)-/')%';!

.-**5'!6'!1-*25'!6$,';!.-*.')*$*,!1g-..5+$,"-*!6'!1g036)-2Y*'!"*,')%,","'1!6$*%!1'%!$11"$2'%![!($%'!

6'!/$*$6"5&7!W'!%3%,Y&'!FBG"BA"!'%,!'*!'44',!+$),".51"Y)'&'*,!"*,_)'%%$*,!2)j.'![!%$!+')&_$("1",_!

_1'/_'!+-5)!=H!',![!%'%!+)-+)"_,_%!&_.$*"C5'%!$..)5'%!+$)!)$++-),!$5!/$*$6"5&!+5)7!I'!,)$/$"1!."(1'!

1$! .-&+)_0'*%"-*! 6'! 1$! %,)5.,5)'! .'%! $11"$2'%! [! 1g_.0'11'! $,-&"C5';! 6'! 4$k-*! [! 1'%! -+,"&"%')! ',! [!

$.,"/')! 1$!.-*.'+,"-*!',! 1'!6_/'1-++'&'*,!6'!.'%!&$,_)"$5>!.-&&'!*-5/'11'%!&'&()$*'%!+-5)!1$!

%_+$)$,"-*! 6'! =H7! G-,)'! $++)-.0';! ($%_'%! %5)! 1'%! +)'&"')%! +)"*."+'%;! 6-**'! 5*! $+')k5! 6'%! %",'%!

+)_4_)'*,"'1%! 6'! 1g036)-2Y*'! ',! _/$15'! 1'! )l1'! 6'%! %-15,_%! 6'! %5(%,",5,"-*! A"! ',! G";! %5)! 1g$44"*",_!

6g$(%-)+,"-*! 6'! 1g036)-2Y*'7! W$! &_,0-6'! ($%_'! %5)! 1$! ,0_-)"'! 6'! 1$! 4-*.,"-**'11'! 6'! 1$! 6'*%",_!

QNOAE! *'! *_.'%%",'! $5.5*'! 6-**_'! '>+_)"&'*,$1'! $5,)'! C5'! 1g"*4-)&$,"-*! %5)! 1$! %,)5.,5)'!

.)"%,$11"*'7! R*! -5,)';! .',,'! &_,0-6'! *V5,"1"%'! $5.5*! +$)$&Y,)'! '&+")"C5'! -5! 6V$K5%,'&'*,;!



! ! /"!

.-*,)$")'&'*,![!6g$5,)'%! ,'.0*"C5'%!6'!.$1.517!8"*%";!.',,'!$++)-.0'!'%,!5*'!/-"'!$1,')*$,"/'!+-5)!

'>+1-)')!6'!*-5/'$5>!$11"$2'%!&_,$11"C5'%!5,"1"%$(1'%! .-&&'!&'&()$*'%!6'! %_+$)$,"-*!6'!=H7! W$!

&_,0-6-1-2"'! $++1"C5_'! +-5))$! h,)'! 5,"1"%_! '*%5",'! 6$*%! 6'%! .$1.51%! [! 0$5,! 6_(",! +-5)! .)"(1')!

6"/')%'%!.-&+-%","-*%!6g$11"$2'7!W'%!)_%51,$,%!)'+-),_%!"."!%')-*,!5,"1"%_%!.-&&'!25"6'!+-5)!$6$+,')!

1$! 4-)&51$,"-*! 6'%! %-15,"-*%! %-1"6'%! FG"A"! ',! +)_+$)')! 6'%!&'&()$*'%! '*! $11"$2'! 6'*%'%! [! 4$"(1'!

.-m,!Q+$)!)$++-),!$5>!&'&()$*'%![!($%'!6'!+$11$6"5&E!6$*%! 1'!.$6)'!6V$5,)'%!+)-K',%!Q'727!\)-K',!

R5)-+_'*!O\nB!NR?I8?RSE7!

N$*%! 1'! .$6)'! 6'! *-,)'! _,56'! %5)! 1'%! &'&()$*'%! .)"%,$11"*'%! &".)-+-)'5%'%;! *-5%! 6_&-*,)-*%!

.-&&'*,! 1'%!6-**_'%! %5)!5*! .-&+-%$*,!5*"C5'!+'5/'*,! h,)'!5,"1"%_'%!+-5)!+)_6")'! 1$! %_1'.,"/",_!

"6_$1'!6'!.'%!&'&()$*'%!'*/')%! 1'%!2$L! 1_2')%7!N'%!&-6Y1'%! ,0_-)"C5'%!%-*,!$"*%"!+)-+-%_%!+-5)!

6_.)")'! 1'%! +)-+)"_,_%! 6'! %_+$)$,"-*! 6'! 2$L! 6'! &$,_)"$5>! 6'! ,3+'! L_-1",0"C5'%! Qo!L'-,3+'%!pE! '*!

4-*.,"-*!6'!1'5)%!+$)$&Y,)'%!%,)5.,5)$5>!',!6'%!.-*6","-*%!6'!4-*.,"-**'&'*,7!W'%!+$)$&Y,)'%!65!

&-6Y1'!+'5/'*,!h,)'!-(,'*5%!'>+_)"&'*,$1'&'*,!$"*%"!C5'!+$)!1'!.$1.517!84"*!6V$*$13%')!1'!6'2)_!6'!

/$1"6",_! ',! 1'%! 1"&",'%! 6'%! &-6Y1'%;! 1'%! %_1'.,"/",_%! "6_$1'%! 6'! 6'5>! &'&()$*'%! L_-1",0'%!

.1$%%"C5'&'*,!_,56"_'%!QG$8;!I$8E!',!6V5*'!&'&()$*'!?<O!QT@OBUE!-*,!_,_!_/$15_'%7!W'%!)_%51,$,%!

6_&-*,)'*,! C5'! 1'%! '>+)'%%"-*%! ,0_-)"C5'%! +'5/'*,! h,)'! 5,"1"%_'%! +-5)! 1'! .)"(1$2'! 6'! %_)"'%! 6'!

&$,_)"$5>! &".)-+-)'5>! .)"%,$11"*%! %-5%! )_%')/'! C5'! 6'%! 6-**_'%! 4"$(1'%! %5)! 1g$6%-)+,"-*! 6'! 2$L!

+5)%! %-"'*,! 6"%+-*"(1'%! +-5)! .'%!&$,_)"$5>7! I'+'*6$*,;! _,$*,! 6-**_! C5'! 1'%!&-6Y1'%! *V"*,Y2)'*,!

+$%!,-5%!1'%!+$)$&Y,)'%!Q*-,$&&'*,!1"_%!$5!6'%"2*!6'%!&'&()$*'%E!',!&_.$*"%&'%!"&+1"C5_%!6$*%!

1'!,)$*%+-),!6'!2$L![!,)$/')%!.'%!&'&()$*'%;!1'%!+)_6".,"-*%!6-"/'*,!h,)'!.-*%"6_)_'%!.-&&'!.'11'%!

.-))'%+-*6$*,![!5*!.$%!"6_$17! !



! ! /""!

!

!'1,-23.45./.,$#(

(

@!,0$*9!$11!+'-+1'!:0-!&$6'!,0'")!.-*,)"(5,"-*!,-!,0"%!:-)9!"*!/$)"-5%!:$3%!$*6!%5++-),'6!&'!"*!

,0'!.-5)%'!-4!&3!\0N!%,5637(

O")%,! @!:-516! 1"9'! ,-!'>+)'%%!&3!%"*.')'!2)$,",56'! ,-!&3!%5+')/"%-)%;!N)7!#"-)2"-!N'!W5.$!$,! @A?B

IGS;!N)7! 8**'! q51('! $,! ,0'! @R?BIGSf! $*6! \)-47! N)7! q-$C5"*! I-)-*$%! $,! @G8;! 4-)! ,0'")! .-*,"*5-5%!

25"6$*.'!$*6!$%%"%,$*.'7!N)7!#"-)2"-!N'!W5.$! "*,)-65.'6!&'! ,-! ,0'!:-)16!-4!C5$*,5&!&'.0$*".%;!

%0$)"*2! 0"%! '>+'),"%'7! N)7! 8**'! q51('! 0'1+'6! &'! "*! &3! )'%'$).0! :",0! 0')! &-,"/$,"-*;! "&&'*%'!

9*-:1'62';! ,0-520,451! .-&&'*,%! $*6! .-))'.,"-*%7! \)-47! N)7! q-$C5"*! I-)-*$%! +)-/"6'6! "*%"20,;!

&$,')"$1%!$*6!4$."1","'%!4)-&!2)'$,!/$15'!4-)!,0'!)'%'$).07!

f+'."$1! ,0$*9%! 2-! ,-! O')*$*6-! I$.0-Br$"1-;! N)7! O'6')".$! r"%"2*"$*-;! N)7! ?$),"*! N)-('9! $*6! N)7!

S'3'%!?$11$6$;!:0-!0'1+'6!&'!+)-4'%%"-*$113!,0)-520!,0'")!-:*!'>$&+1'7!@!$&!$1%-!2)$,'451!,-!I3)"1!

F$11".$)"!4-)!,0'!&'$%5)'&'*,%!-*!.-*4"*'6!T@OBU!&'&()$*'%;!,-!N)7!@L5&"!s5&$9")"!$*6!\)-47!N)7!

="6',-%0"!s",$!4-)!+)-/"6"*2!WA8!&'&()$*'%;!$*6!,-!N)7!N$/"6!O$))5%%'*2!4-)!,0'!2$%!%-)+,"-*!6$,$!

-*!T@OBU7!

@!+1$.'!-*!)'.-)6!&3!%"*.')'!,0$*9!,-!N)7!?".0$'1!N-1$*;!N)7!s'",0!?.W'**$*!$*6!N)7!N$/"6!F"$*-!

4-)!,0'")!.--+')$,"-*;!0'1+451!6"%.5%%"-*%!$*6!0-%+",$1",37!

O"*$*."$1! %5++-),! 4)-&!RXBR8IR8!5*6')! ,0'!RXN@?R!+)-K'.,! "%! 2)$,'45113! $.9*-:1'62'67! @! ,0$*9!

\)-47! R*)".-!N)"-1";! \)-47! S$44$'1'!?-1"*$)";! \)-47! R4)'&!I5)."-;! \)-47! 8*6)_!83)$1! $*6! \)-47! S'3'%!

?$11$6$!4-)!,0'!.--)6"*$,"-*!-4!,0'!6-.,-)$,'!+)-2)$&7!

@!$1%-!,0$*9!&3!4'11-:!.-11'$25'%!$*6!$11!-4!&3!4)"'*6%!:0-!%5++-),'6!&'!,0)-520!,0"%!K-5)*'37!W$%,!

(5,!*-,!,0'!1'$%,;!@!:-516!1"9'!,-!,0$*9!&3!4$&"13!4-)!$1:$3%!%,$*6"*2!(3!&3!%"6'7!

! !



! ! /"""!

!

6&"3.(-7(8-,$.,$(

!

W"%,!-4!O"25)'%!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!>!

W"%,!-4!A$(1'%!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!>"""!

W"%,!-4!8(()'/"$,"-*%!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!>/!

W"%,!-4!f3&(-1%!77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!>/"""!

W$,"*!f3&(-1%!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!>/"""!

#)''9!f3&(-1%!77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!>">!

@*6".'%!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!>">!

9,$%-4+'$*-,(:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::(;!

f5&&$)3!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!t!

#$%!%'+$)$,"-*!&'&()$*'%!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!H!

f.-+'!-4!:-)9!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!u!

<5,1"*'!-4!,0'!,0'%"%!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!n!

r"(1"-2)$+03!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!v!

<&%$(9=(>*%#$?@%*,'*@3.#(#$+4A(-7(B&,&4*+/("&#.4(&33-A#(::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::(;C!

f5&&$)3!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!tw!

t!A0'-)',".$1!($.92)-5*6!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!tx!

t7t!I)3%,$1!%,)5.,5)'!-4!&',$1%!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!tx!

t7H!?',$1%!$*6!&',$1!$11-3%!4-)!036)-2'*!%'+$)$,"-*!&'&()$*'%!77777777777777777777777777777777777777777777777777777777!tu!

t7w!]5$*,5&!&'.0$*".%!$*6!6'*%",3!45*.,"-*$1!,0'-)3!777777777777777777777777777777777777777777777777777777777777777777777777777777!Hy!

H!?',0-6-1-23!77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!HJ!

H7t!I-&+5,$,"-*$1!+)-.'65)'!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!HJ!

H7H!8,-&".!&-6'1%!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!Hx!

H7w!=36)-2'*!-..5+$,"-*!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!Hn!



! ! ">!

w!S'%51,%!$*6!6"%.5%%"-*!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!Hv!

J!I-*.15%"-*%!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!wx!

r"(1"-2)$+03!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!wu!

<&%$(99=(<%.4*'$*B.(/-4.3#(7-%($D.(*4.&3(#.3.'$*B*$A(-7('%A#$&33*,.(@-%-+#(/&$.%*&3#(:::::::::::::::::::(CE!

f5&&$)3!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!wv!

x!A0'-)',".$1!($.92)-5*6!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!Jy!

x7t!A)$*%+-),!&'.0$*"%&%!"*!&".)-+-)-5%!.)3%,$11"*'!&$,')"$1%!777777777777777777777777777777777777777777777777777777777!Jy!

x7H!T'-1",'%!$*6!?<O%!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!JH!

x7w!I$+$("1","'%!$*6!1"&",$,"-*%!-4!+)'6".,"/'!&-6'1%!7777777777777777777777777777777777777777777777777777777777777777777777777777777777!Jn!

u!?',0-6-1-23!77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!JU!

u7t!?-6'1!6'/'1-+&'*,!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!JU!

u7H!?-6'1!+$)$&',')%!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!xu!

u7w!f'1'.,"/",3!&'$%5)'&'*,%!77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!uy!

n!S'%51,%!$*6!6"%.5%%"-*!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!un!

U!I-*.15%"-*%!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!Uw!

r"(1"-2)$+03!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!UJ!

F'*.,$*7*'(&'$*B*$*.#(::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::(GE!

!@@.,4*H(!(:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::(EC!

!@@.,4*H(I(:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::(EJ!

! !



! ! >!

!

K*#$(-7(>*5+%.#(

!

O"25)'!tD!f.0'&$,".!"115%,)$,"-*!-4!2$%!+')&'$,"-*!&'.0$*"%&%!,0)-520!+-)-5%!$*6!6'*%'!

&'&()$*'%;!)'+)-65.'6!4)-&!zJ{!:",0!&-6"4".$,"-*%7!7777777777777777777777777777777777777777777777777777777777777777777777777777777777!J!

O"25)'!HD!R1'&'*,$)3!5*",!.'11%!-4!4$.'B.'*,)'6!.5(".!Q1'4,E!$*6!(-63B.'*,)'6!.5(".!1$,,".'!Q)"20,E7!7!tx!

O"25)'!wD!f.0'&$,".!"115%,)$,"-*!-4!+5)'!&',$1!%,)5.,5)'!Q1'4,E;!%5(%,",5,"-*$1!$11-3!Q&"661'E!$*6!

"*,')%,","$1!$11-3!Q)"20,E7!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!tu!

O"25)'!JD!f.0'&$,".!)'+)'%'*,$,"-*!-4!,0'!&51,"%,'+!=H!,)$*%+-),!&'.0$*"%&!,0)-520!$!6'*%'!&',$1!

&'&()$*'7!f,'+!tD!R>,')*$1!6"445%"-*Z!f,'+!HD!N"%%-."$,"-*!-4!=H!$*6!6"%%-15,"-*!-4!=!$,-&%Z!

f,'+!wD!@*,')*$1!6"445%"-*Z!f,'+!JD!S'B$%%-."$,"-*!-4!=!$,-&%!$*6!6'%-)+,"-*!-4!=HZ!f,'+!xD!

R>,')*$1!6"445%"-*7!77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!tn!

O"25)'!xD!811!-.,$0'6)$1!Q"*!)'6!.-1-5)E!$*6!,',)$0'6)$1!%",'%!Q"*!2)'3!.-1-5)E!"*!$!(..!5*",!.'11D!,0')'!

"%!-*'!<!%",'!-*!'$.0!-4!,0'!%">!(..!.'11!4$.'%!Q|;!|;!yE!$*6!-*'!-*!'$.0!-4!,0'!,:'1/'!.'11!'62'%!

Q|;!y;!yEZ!,0'!A!%",'%!$)'!4-5)!-*!'$.0!-4!,0'!%">!.'11!4$.'%!Q|;!};!yE7!77777777777777777777777777777777777777777777777777777!tv!

O"25)'!uD!I15%,')%!Q%5+').'11%E!5%'6!4-)!6"44')'*,!=B=!6"%+-%","-*%!Qf''!f'.,"-*!H7wE!$E!,0'!FUJ7HG"tx7U!

.15%,')!4-)!.H$!6"%+-%","-*Z!(E!,0'!FUJ7HG"tx7U!.15%,')!4-)!.t!$*6!.H-!6"%+-%","-*%7!7777777777777777777777777777!Hu!

O"25)'!nD!A0'!"*/'%,"2$,'6!*-*B'C5"/$1'*,!=!,',)$0'6)$1!.-*4"25)$,"-*%!-4!$!+$")!-4!=!$,-&%!$!FG"!

5*",!.'11D!1'4,!~!.t;!&"661'!~!.H$;!)"20,!~!.H-Z!,-+!~!%&$11!=B=!6"%,$*.';!(-,,-&!~!1$)2'!=B=!

6"%,$*.'7!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!Hv!

O"25)'!UD!r"*6"*2!'*')2"'%!-4!$!+$")!-4!036)-2'*!$,-&%!"*!FUJ7HG"ty7xA"x7w!"*!)'%+'.,!-4!,0'!=B=!

6"%,$*.'7!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!wt!

O"25)'!vD!=36)-2'*!("*6"*2!'*')2"'%!Q!"E!4-)!$!+$")!-4!=!$,-&%!+1$.'6!"*!,0'!A!$*6!<!%",'%!"*!4-5)!

$11-3!4-)&51$,"-*%D!FUJ7HG"tx7U!Q#!�!w7yyvw!�E;!FUJ7HG"ty7xA"x7w!Q#!�!w7yyUx!�E;!FUJ7HG"x7wA"ty7x!Q#!�!

w7ywwt!�E!$*6!Fuw7tG"x7wA"wt7u!Q#!�!w7yvvU!�E7!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!wJ!



! ! >"!

O"25)'!tyD!f.0'&$,".!)'+)'%'*,$,"-*!-4!$E!$!WA8!5*",!.'11Z!(E!$!UB->32'*B)"*2!4-)&"*2!,0'!+-)'!

'*,)$*.'!-4!WA87!$%#&'()*+,%)ztu{7!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!JJ!

O"25)'!ttD!f.0'&$,".!)'+)'%'*,$,"-*!-4!$E!$!O8X!5*",!.'11Z!(E!$!tH!->32'*B)"*2!4-)&"*2!,0'!+-)'!-4!

O8X7!$%#&'()*+,%)ztu{7!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!Jx!

O"25)'!tHD!\-%","-*%!-4!,0'!+-,'*,"$1!.0$)2'B.-&+'*%$,"*2!.$,"-*%!"*!$!O8X!%5+').$2'7!$%#&')*+,%)

-./)012!zHu{7!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!Ju!

O"25)'!twD!86%-)+,"-*!"%-,0')&%!-4!$E!+5)'!I<H!$*6!(E!+5)'!I=J!-*!T@OBU!$,!wyw!s7!3#4#)5+,261'1)"7)

3#261)8#++9((':&);$-/!<7,:=7!77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!xv!

O"25)'!tJD!f.0'&$,".!"115%,)$,"-*!-4!,0'!'C5"+&'*,!5%'6!4-)!%"*21'B2$%!+')&'$*.'!&'$%5)'&'*,%!-4!

WA8!&'&()$*'%7!$>>9(4+#46,:)?,9+4'(7),*)8'+:#:1,)/#?@,7!777777777777777777777777777777777777777777777777777777777777777777777777!ut!

O"25)'!txD!f"*21'!2$%!+')&'$*.'%!-4!$E!GH!$*6!(E!<H!,0)-520!G$8!~!?'&()$*'!t!$,!wyU!s!$*6!ty7x!9\$!

+)'%%5)'!6)-+7!A0'!>B$>"%!.-))'%+-*6%!,-!,0'!#I!&'$%5)'&'*,%!-4!,0'!+')&'$,'!.-&+-%","-*!

,0$,!:')'!)'.-)6'6!-/')!,"&'!:",0!%,'+%!(',:''*!J!&"*!,-!tx!&"*7!7777777777777777777777777777777777777777777777777777!uH!

O"25)'!tuD!f"*21'!2$%!+')&'$*.'%!-4!$E!GH!$*6!(E!<H!,0)-520!G$8!~!?'&()$*'!H!$,!wyU!s!$*6!ty7x!9\$!

+)'%%5)'!6)-+7!A0'!>B$>"%!.-))'%+-*6%!,-!,0'!#I!&'$%5)'&'*,%!-4!,0'!+')&'$,'!.-&+-%","-*!

,0$,!:')'!)'.-)6'6!-/')!,"&'!:",0!%,'+%!(',:''*!J!&"*!,-!tx!&"*7!7777777777777777777777777777777777777777777777777777!uw!

O"25)'!tnD!f"*21'!2$%!+')&'$*.'%!-4!$E!GH!$*6!(E!<H!,0)-520!I$8!~!?'&()$*'!t!$,!wyU!s!$*6!ty7x!9\$!

+)'%%5)'!6)-+7!A0'!>B$>"%!.-))'%+-*6%!,-!,0'!#I!&'$%5)'&'*,%!-4!,0'!+')&'$,'!.-&+-%","-*!

,0$,!:')'!)'.-)6'6!-/')!,"&'!:",0!%,'+%!(',:''*!J!&"*!,-!tx!&"*7!7777777777777777777777777777777777777777777777777777!uJ!

O"25)'!tUD!f"*21'!2$%!+')&'$*.'%!-4!$E!GH!$*6!(E!<H!,0)-520!I$8!~!?'&()$*'!H!$,!wyU!s!$*6!ty7x!9\$!

+)'%%5)'!6)-+7!A0'!>B$>"%!.-))'%+-*6%!,-!,0'!#I!&'$%5)'&'*,%!-4!,0'!+')&'$,'!.-&+-%","-*!

,0$,!:')'!)'.-)6'6!-/')!,"&'!:",0!%,'+%!(',:''*!J!&"*!,-!tx!&"*7!7777777777777777777777777777777777777777777777777777!ux!

O"25)'!tvD!\')&'$*.'!-4!+5)'!I=J!$*6!+5)'!I<H!,0)-520!T@OBU!.-*4"*'6!&'&()$*'!$,!Hvw!s!$*6!

+)'%%5)'!6)-+!"*!,0'!)$*2'!xy!~!Hyy!9\$7!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!uu!

O"25)'!HyD!\')&'$*.'!-4!+5)'!I=J!$*6!+5)'!I<H!,0)-520!T@OBU!.-*4"*'6!&'&()$*'!$,!wHy!s!$*6!

+)'%%5)'!6)-+!"*!,0'!)$*2'!xy!~!Hyy!9\$7!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!uu!

O"25)'!HtD!\')&'$*.'!-4!+5)'!I=J!$*6!+5)'!I<H!,0)-520!T@OBU!.-*4"*'6!&'&()$*'!$,!wxy!s!$*6!

+)'%%5)'!6)-+!"*!,0'!)$*2'!xy!~!Hyy!9\$7!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!un!



! ! >""!

O"25)'!HHD!86%-)+,"-*!%'1'.,"/",3!-4!G$8!&-6'11'6!$%!45*.,"-*!-4!,'&+')$,5)'!$,!�\!�!ty7x!9\$7!AB;C=!

$*6!AB;D=!%,$*6!4-)!,0'!/$15'%!-(,$"*'6!(3!&-6'1!QCE!$*6!QDE!)'%+'.,"/'137!77777777777777777777777777777777777777!uU!

O"25)'!HwD!86%-)+,"-*!%'1'.,"/",3!-4!G$8!.$1.51$,'6!(3!$E!&-6'1!QCE!$*6!(E!&-6'1!QDE)$%!45*.,"-*!-4!

,'&+')$,5)'!$*6!+)'%%5)'7!O''6!+)'%%5)'!"%!/$)"'6;!:0"1'!+')&'$,'!+)'%%5)'!"%!.-*%,$*,!Q\\!�!

tHJ!9\$E!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!uv!

O"25)'!HJD!86%-)+,"-*!%'1'.,"/",3!-4!G$8!.$1.51$,'6!(3!$E!&-6'1!QCE!$*6!(E!&-6'1!QDE)$%!45*.,"-*!-4!

,'&+')$,5)'!$*6!+)'%%5)'7!O''6!+)'%%5)'!"%!.-*%,$*,!Q\O!�!tvJ7x!9\$E!$*6!+')&'$,'!+)'%%5)'!

"%!/$)"'67!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!nt!

O"25)'!HxD!86%-)+,"-*!%'1'.,"/",3!-4!I$8!&-6'11'6!$%!45*.,"-*!-4!,'&+')$,5)'!$,!�\!�!ty7x!9\$!

$..-)6"*2!,-!$6%-)+,"-*!+$)$&',')%!-(,$"*'6!'>+')"&'*,$113!Qr$)-*!',!$17;!tvvw!zxn{E!$*6!

,0'-)',".$113!QN'!W5.$!',!$17;!HyyH!zxH{E7!ABQCE!$*6!ABQDE!%,$*6!4-)!,0'!/$15'%!-(,$"*'6!(3!&-6'1!

QCE!$*6!QDE!)'%+'.,"/'137!77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!nw!

O"25)'!HuD!86%-)+,"-*!%'1'.,"/",3!-4!I$8!.$1.51$,'6!(3!$E!&-6'1!QCE!$*6!(E!&-6'1!QDE!$%!45*.,"-*!-4!

,'&+')$,5)'!$*6!+)'%%5)'7!O''6!+)'%%5)'!"%!/$)"'6;!:0"1'!+')&'$,'!+)'%%5)'!"%!.-*%,$*,!Q\\!�!

tHJ7y!9\$E!77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!nx!

O"25)'!HnD!86%-)+,"-*!%'1'.,"/",3!-4!I$8!.$1.51$,'6!(3!$E!&-6'1!QCE!$*6!(E!&-6'1!QDE!$%!45*.,"-*!-4!

,'&+')$,5)'!$*6!+)'%%5)'7!O''6!+)'%%5)'!"%!.-*%,$*,!$*6!+')&'$,'!+)'%%5)'!"%!/$)"'67!77777777777!nn!

O"25)'!HUD!I<HiI=J!$6%-)+,"-*!%'1'.,"/",3!-4!T@OBU!&-6'11'6!$%!45*.,"-*!-4!,'&+')$,5)'!$,!�\!�!xy!

9\$7!AB01(;C=!$*6!AB01(;D=!%,$*6!4-)!,0'!/$15'%!-(,$"*'6!(3!&-6'1!QCE!$*6!QDE7!AB!E5!"*6".$,'%!,0'!

'>+')"&'*,$1!+')&%'1'.,"/",3!/$15'%!:",0!"6'*,".$1!-+')$,"*2!.-*6","-*%7!777777777777777777777777777777777777777!UH!

! (



! ! >"""!

!

K*#$(-7(6&"3.#(

!

A$(1'!tD!I-&+$)"%-*!-4!6"44')'*,!,3+'%!-4!=HB%'+$)$,"-*!&'&()$*'%!zHy{7!777777777777777777777777777777777777777777777777777!x!

A$(1'!HD!=36)-2'*!+')&'$("1",3!/$15'%!-4!%'1'.,'6!&',$1%!ztt{7!7777777777777777777777777777777777777777777777777777777777777777777777!tU!

A$(1'!wD!f"L'!-4!A!$*6!<!%",'%!"*!(..!$*6!4..!$11-3%!zU{7!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!tv!

A$(1'!JD!I-&+$)"%-*!-4!6"44')'*,!45*.,"-*$1%!$*6!($%"%!%',%!"*!)'%+'.,!,-!,0'!.-&+5,$,"-*$1!,"&'!4-)!

)'$.0"*2!.-*/')2'*.'7!A0'!.$1.51$,"-*%!:')'!.$))"'6!-5,!4-)!$!tvB$,-&".!FG"!.15%,')!:",0!,:-!

'&('66'6!=!$,-&%!$,!,',)$0'6)$1!"*,')%,".'%7!777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!Hx!

A$(1'!xD!R>+')"&'*,$1!$11-3!.-&+-%","-*%!ztU{!$*6!.-))'%+-*6"*2!.15%,')!.-&+-%","-*%7!777777777777777777!Hn!

A$(1'!uD!r"*6"*2!'*')2"'%!-4!$!+$")!-4!=!$,-&%!"*!*-*B'C5"/$1'*,!,',)$0'6)$1!+-%","-*%!"*!,0'!

FUJ7HG"tx7U!.15%,')!&-6'17!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!wy!

A$(1'!nD!r"*6"*2!'*')2"'%!-4!$!+$")!-4!=!$,-&%!"*!*-*B'C5"/$1'*,!-.,$0'6)$1!+-%","-*%!$*6!"*!,0'!

4$/-5)$(1'!,',)$0'6)$1!.-*4"25)$,"-*!"*!,0'!FUJ7HG"ty7xA"x7w!.15%,')!&-6'17!77777777777777777777777777777777777777777!wy!

A$(1'!UD!G-&'*.1$,5)'!$*6!%,)5.,5)$1!+)-+'),"'%!-4!,0'!&-%,!.-&&-*!W"*6'!,3+'!8!L'-1",'%7!7777777777!Jx!

A$(1'!vD!s"*',".!6"$&',');!'44'.,"/'!1'*2,0!$*6!&-1'.51$)!:'"20,!-4!%-&'!1"20,!2$%'%7!77777777777777777777777777!xJ!

A$(1'!tyD!S$,"-%!-4!,0'!+-)'!%"L'!-4!%-&'!.)3%,$11"*'!+-)-5%!&$,')"$1!,-!,0'!&-1'.51$)!6"$&',')%!-4!

/$)"-5%!2$%'%D!)'6!.-1-)!~!F)�!tZ!2)''*!.-1-)!~!F)�!tBt7HJ!Q?fEZ!(15'!.-1-)!~!F)�!t7HxBw7y!Q#AE7!xx!

A$(1'!ttD!?-6'1!+$)$&',')%!4-)!GH!$*6!<H!-*!G$8!L'-1",'!$,!HvU!s7!777777777777777777777777777777777777777777777777777777777777777!xU!

A$(1'!tHD!?-6'1!+$)$&',')%!4-)!GH!$*6!<H!-*!I$8!L'-1",'!$,!HvU!s7!777777777777777777777777777777777777777777777777777777777777777!xU!

A$(1'!twD!?-6'1!+$)$&',')%!4-)!I<H!$*6!I=J!-*!T@OBU!$,!wyw!s7!7777777777777777777777777777777777777777777777777777777777777777777777!uy!

A$(1'!tJD!F$15'%!4-)!,0'!+)'6".,'6!$6%-)+,"-*!%'1'.,"/",3!-4!G$8;!.$1.51$,'6!(3!&-6'1!QCE;!$%!

45*.,"-*!-4!,'&+')$,5)'!$*6!+)'%%5)'7!O''6!+)'%%5)'!"%!/$)"'6;!:0"1'!+')&'$,'!+)'%%5)'!"%!

.-*%,$*,!Q\\!�!tHJ!9\$E7!77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!ny!



! ! >"/!

A$(1'!txD!F$15'%!4-)!,0'!+)'6".,'6!$6%-)+,"-*!%'1'.,"/",3!-4!G$8;!.$1.51$,'6!(3!&-6'1!QDE;!$%!

45*.,"-*!-4!,'&+')$,5)'!$*6!+)'%%5)'7!O''6!+)'%%5)'!"%!/$)"'6;!:0"1'!+')&'$,'!+)'%%5)'!"%!

.-*%,$*,!Q\\!�!tHJ!9\$E7!77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!ny!

A$(1'!tuD!F$15'%!4-)!,0'!+)'6".,'6!$6%-)+,"-*!%'1'.,"/",3!-4!G$8;!.$1.51$,'6!(3!&-6'1!QCE;!$%!

45*.,"-*!-4!,'&+')$,5)'!$*6!+)'%%5)'7!O''6!+)'%%5)'!"%!.-*%,$*,!Q\O!�!tvJ7x!9\$E!$*6!

+')&'$,'!+)'%%5)'!"%!/$)"'67!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!nH!

A$(1'!tnD!F$15'%!4-)!,0'!+)'6".,'6!$6%-)+,"-*!%'1'.,"/",3!-4!G$8;!.$1.51$,'6!(3!&-6'1!QDE;!$%!

45*.,"-*!-4!,'&+')$,5)'!$*6!+)'%%5)'7!O''6!+)'%%5)'!"%!.-*%,$*,!Q\O!�!tvJ7x!9\$E!$*6!

+')&'$,'!+)'%%5)'!"%!/$)"'67!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!nH!

A$(1'!tUD!F$15'%!4-)!,0'!+)'6".,'6!$6%-)+,"-*!%'1'.,"/",3!-4!I$8;!.$1.51$,'6!(3!&-6'1!QCE;!$%!45*.,"-*!

-4!,'&+')$,5)'!$*6!+)'%%5)'7!O''6!+)'%%5)'!"%!/$)"'6;!:0"1'!+')&'$,'!+)'%%5)'!"%!.-*%,$*,!Q\\!

�!tHJ7y!9\$E7!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!nu!

A$(1'!tvD!F$15'%!4-)!,0'!+)'6".,'6!$6%-)+,"-*!%'1'.,"/",3!-4!I$8;!.$1.51$,'6!(3!&-6'1!QDE;!$%!45*.,"-*!

-4!,'&+')$,5)'!$*6!+)'%%5)'7!O''6!+)'%%5)'!"%!/$)"'6;!:0"1'!+')&'$,'!+)'%%5)'!"%!.-*%,$*,!Q\\!

�!tHJ7y!9\$E7!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!nu!

A$(1'!HyD!F$15'%!4-)!,0'!+)'6".,'6!$6%-)+,"-*!%'1'.,"/",3!-4!I$8;!.$1.51$,'6!(3!&-6'1!QCE;!$%!45*.,"-*!

-4!,'&+')$,5)'!$*6!+)'%%5)'7!O''6!+)'%%5)'!"%!.-*%,$*,!Q\O!�!tvJ7x!9\$E!$*6!+')&'$,'!

+)'%%5)'!"%!/$)"'67!77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!nU!

A$(1'!HtD!F$15'%!4-)!,0'!+)'6".,'6!$6%-)+,"-*!%'1'.,"/",3!-4!I$8;!.$1.51$,'6!(3!&-6'1!QDE;!$%!45*.,"-*!

-4!,'&+')$,5)'!$*6!+)'%%5)'7!O''6!+)'%%5)'!"%!.-*%,$*,!Q\O!�!tvJ7x!9\$E!$*6!+')&'$,'!

+)'%%5)'!"%!/$)"'67!77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!nU!

A$(1'!HHD!R>+')"&'*,$1!%"*21'B2$%!+')&'$*.'%!,0)-520!G$8!$*6!I$8!&'&()$*'%!$,!wyU!s!$*6!ty7x!

9\$!$*6!,0'!.-))'%+-*6"*2!"6'$1!+')&%'1'.,"/","'%7!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777!nv!

A$(1'!HwD!I-&+$)"%-*!-4!,0'!+)'6".,'6!$6%-)+,"-*!%'1'.,"/","'%!$*6!,0'!'>+')"&'*,$1!

+')&%'1'.,"/","'%!-4!G$8!$*6!I$8!$,!wyU!s!$*6!ty7x!9\$7!77777777777777777777777777777777777777777777777777777777777777777777777777!Uy!

A$(1'!HJD!I-&+$)"%-*!-4!,0'!+)'6".,'6!$*6!'>+')"&'*,$1!$6%-)+,"-*!-4!G$8!$*6!I$8!$,!HvU!s!$*6!

ttw!9\$!4''6!+)'%%5)'7!7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!Ut!



! ! >/!

!

K*#$(-7(!""%.B*&$*-,#(

!

8! T'-1",'!8!

81\<! 815&"*-B+0-%+0$,'!

(..! r-63B.'*,)'6!.5(".!

.t! S'4'))"*2!,-!6"%+-%","-*!-4!=!$,-&%!$,!-*'!4$.'!-4!$!5*",!.'11!

.H$! S'4'))"*2!,-!6"%+-%","-*!-4!=!$,-&%!$,!,:-!$6K$.'*,!4$.'%!

.H-! S'4'))"*2!,-!6"%+-%","-*!-4!=!$,-&%!$,!,:-!-++-%",'!4$.'%!

I8f! I0'&".$1!8(%,)$.,%!f')/".'!

IINI! I$&()"62'!I)3%,$11-2)$+0".!N$,$!I'*,)'!

I=8! I0$($L",'!

NNwS! N'.$6-6'.$%"1!wS!

NOA! N'*%",3!O5*.,"-*$1!A0'-)3!

NA8! N"44')'*,"$1!,0')&$1!$*$13%"%!

RI\! R1'.,)-*!.-)'!+-,'*,"$1!

O8X! O$5K$%",'!

4..! O$.'B.'*,)'6!.5(".!

#I! #$%!.0)-&$,-2)$+0!

##8! #'*')$1"L'6!2)$6"'*,!$++)->"&$,"-*!

#A! #$%!,)$*%1$,"-*!

=<?<! ="20'%,!-..5+"'6!&-1'.51$)!-)(",$1!



! ! >/"!

@X\8I! @*,')*$,"-*$1!X*"-*!-4!\5)'!$*6!8++1"'6!I0'&"%,)3!

WN8! W-.$1!6'*%",3!$++)->"&$,"-*!

Wf�! W-:B%"1".$!L'-1",'!�!

WA8! W"*6'!,3+'!8!

WX?<! W-:'%,!5*-..5+"'6!&-1'.51$)!-)(",$1!

?N! ?-1'.51$)!63*$&".%!

?O@! ?-)6'*",'!O)$&':-)9!@*/'),'6!

???! ?">'6!&$,)">!&'&()$*'!

?<O! ?',$1!-)2$*".!4)$&':-)9!

?<S! ?-)6'*",'!

?M! ?-1'.51$)!:'"20,! 2!&-1Bt!

G?S! G5.1'$)!&$2*',".!)'%-*$*.'!

<! <.,$0'6)$1!

\R?! \)-,-*!'>.0$*2'!&'&()$*'!

\O#! \51%'6B4"'16!2)$6"'*,!

\f8! \)'%%5)'!%:"*2!$6%-)+,"-*!

]?! ]5$*,5&!&'.0$*".%!

]XRGf! ]5$%"B'1$%,".!*'5,)-*!%.$,,')"*2!

SfI! S'1$,"/"%,".!%&$11B.-)'!'44'.,"/'!($%"%!%',!

f@?Bt! f5(%,",5,'6!"&"6$L-1$,'B($%'6!?<O!

f<N! f-6$1",'!

fA\! f,$*6$)6!,'&+')$,5)'!$*6!+)'%%5)'!

A! A',)$0'6)$1!



! ! >/""!

A#8! A0')&-2)$/"&',)".!$*$13%"%!

�! T'-1",'!�!QO8XE!

�SN! �BS$3!N"44)$.,"-*!

�! T'-1",'!�!QO8XE!

T@O! T'-1",".!"&"6$L-1$,'!4)$&':-)9!

Tf?Bx! T'-1",'!f-.-*3!?-("1~x! !



! ! >/"""!

!

K*#$(-7(FA/"-3#(

K&$*,(FA/"-3#( (

#) W$,,".'!+$)$&',')! �!

#) 8..'1')$,"-*! &!%BH)

"! W$*2&5")!.-'44"."'*,! 9\$Bt!

3! N"445%"/",3!.-'44"."'*,! &H!%Bt!

1! N"$&',')! �!

!! R*')23! 'F!-)!9qi&-1!

8) R>,')*$1!4-).'! 92!&!%BH!

*! R44'.,"/'!1'*2,0! �!

G) =$&"1,-*"$*!-+')$,-)! !

@) \1$*.9V%!.-*%,$*,! &H!92!%Bt!

H! O15>! &-1!%Bt!&BH!

I! RC5"1"()"5&!.-*%,$*,! &-1!92Bt!\$Bt!

<) A0".9*'%%!-4!,0'!%'1'.,"/'!1$3')! &!

?! ?',$1!$,-&!-)!&',$1!"-*!

&! ?$%%! 92!

*! @*,'2')!*5&(')! !

G! G5&(')!-4!'1'.,)-*%! !

J! \)'%%5)'! 9\$!

K) @%-%,')".!0'$,!-4!$6%-)+,"-*! 9q!&-1Bt!

L! 8&-5*,!$6%-)('6!2$%! &-1!92Bt!

-! X*"/')%$1!2$%!.-*%,$*,! 9q!&-1Bt!sBt!

+! f+$,"$1!.--)6"*$,'%!

.) ?'&()$*'!%5)4$.'!$)'$! &H!

(! R1'.,)-*!%+"*!

M! A'&+')$,5)'! s!

N! R>,')*$1!+-,'*,"$1!

N) F-15&'!$6%-)('6!2$%! .&w!2Bt!

O) \)-($("1",3!4$.,-)! !

!



! ! >">!

L%..1(FA/"-3#(

A) f'1'.,"/",3!

�! A0')&-63*$&".!.-))'.,"-*!4$.,-)!

F) N'4"*'6!$%!,0'!)$,"-!6+i6&!

P) W-$6"*2!

Q! N"445%"-*$1!QK5&+E!1'*2,0!

R) I0'&".$1!+-,'*,"$1! q!&-1Bt!

�! \')&'$*.'! &-1!&BH!%Bt!\$Bt!

S) N'*%",3! 92!&Bw!

�! M$/'!45*.,"-*!

!

9,4*'.#(

DT) S'4'))"*2!,-!$!+$")!-4!036)-2'*!$,-&%!

0! I-&+-*'*,!8!

01(! 86%-)+,"-*!

U! I-&+-*'*,!r!

/>9(4'+) S'4'))"*2!,-!,0'!&',$1!.15%,')!

8! O''6!

VM! #$%!,)$*%1$,"-*!

T) f,$*6%!4-)!='*)3!.-*%,$*,)

6) I-&+-*'*,!8!-)!r!

W! \')&'$,'!-)!415>!

X! 9B,0!'1'.,)-*!

I.) S'4'))"*2!,-!s-0*Bf0$&!'C5$,"-*)

%! ?-1'.51'!

Y.! ?$>:'11Bf,'4$*!

:! F$1'*.'!

J! \')&'$,'!

5! \-)'!

-! S','*,$,'!

(! S'4'))"*2!,-!%'14B6"445%"/",3!

(#4! f$,5)$,"-*!

E?! S'4'))"*2!,-!'>.0$*2'!$*6!.-))'1$,"-*!.-*,)"(5,"-*!

!

!



!

! !

!

!

!

!

!

!

!



!

! t!

9,$%-4+'$*-,(

F+//&%A(

!:&>6(@)2'+(6,:Z!A0"%!"*,)-65.,-)3!+$),!+)-/"6'%!$!()"'4!-/')/"':!-4!&'&()$*'%!4-)!2$%!%'+$)$,"-*!

$++1".$,"-*%7!N"44')'*,!&'&()$*'! ,3+'%! $*6! ,)$*%+-),!&'.0$*"%&%!-..5))"*2! "*! ,0'! 4)$&'!-4! 2$%!

%'+$)$,"-*! &'&()$*'! +)-.'%%'%! $)'! -5,1"*'67! O5),0');! .)",')"$! 4-)! &'&()$*'! %'1'.,"-*! $)'!

6"%.5%%'6! $*6! .$%'! %,56"'%! -4! 0"20! +5)",3! 036)-2'*! +)-65.,"-*! $*6! -4! 1"20,! 2$%! %'+$)$,"-*%!

"*.156"*2!GH;!<H;!I<H!$*6!I=J!$)'!"*,)-65.'67!G'>,;!,0'!%.-+'!-4!,0"%!6-.,-)$,'!,0'%"%!"%!0"201"20,'67!

W$%,13;!$!%0-),!-5,1"*'!-4!,0'!,0'%"%!"%!+)-/"6'67!!

)

$4#>6#:)2'+(6,:Z!]5'%,$!+$),'!"*,)-65,,"/$!4-)*"%.'!5*$!+$*-)$&".$!%511'!&'&()$*'!"&+"'2$,'!+')!1$!

%'+$)$L"-*'! 6"! 2$%7! N"/')%"! ,"+"! 6"! &'&()$*'! '! &'..$*"%&"! 6"! ,)$%+-),-! %-*-! 6'%.)",,"7! @*-1,)';!

6"44')'*,"!.)",')"!+')!1$!%'1'L"-*'!6"!&'&()$*'!%$)$**-!$*$1"LL$,";!%$)$**-!C5"*6"!"*,)-6-,,"!$1.5*"!

$%+',,"!1'2$,"!$11$!+)-65L"-*'!6V"6)-2'*-!.-*!$1,-!2)$6-!6"!+5)'LL$!'!$11$!%'+$)$L"-*'!6"!2$%!1'22')";!

C5$1"D! GH;! <H;! I<H! '! I=J! &'6"$*,'! &$,')"$1"! .)"%,$11"*-B+-)-%"7! ]5"*6";! 1-! %.-+-! 6'11$! A'%"! /"'*'!

6'4"*",-!'6!'/"6'*L"$,-7!G'11V51,"&$!%'L"-*';!/'*2-*-;!"*4"*';!+)'%'*,$,"!$1.5*"!%/"15++"!'!+)-%+',,"/'!

6"!C5'%,-!1$/-)-7!

)

.5#:6(@) 2'+(6,:Z! R%,$! +$),'! "*,)-65.,-)"$! +)-+-)."-*$! 5*$! ()'/'! /"%"a*! 2'*')$1! %-()'! 1$%!

&'&()$*$%! +$)$! 1$%! $+1".$."-*'%! 6'! %'+$)$."a*! 6'! 2$%'%7! f'! +)'%'*,$*! 6'! 4-)&$! "*6'+'*6"'*,'!

6"4')'*,'%! ,"+-%! 6'! &'&()$*$%! 3! &'.$*"%&-%! 6'! ,)$*%+-),'! C5'! -.5))'*! '*! 1-%! +)-.'%-%! 6'!

%'+$)$."a*! 6'! 2$%'%! .-*! &'&()$*$%7! A$&("_*! %'! 6"%.5,'*! 1-%! .)",')"-%! +$)$! 1$! '1'.."a*! 6'!

&'&()$*$%! 3! %'! +)'%'*,$*! '%,56"-%! 6'! .$%-%! 6'! +)-65.."a*! 6'! 0"6)a2'*-! 6'! $1,$! +5)'L$! 3!

%'+$)$."a*!6'!2$%'%!1"2')-%!.-&-!GH;!<H;!I<H!3!I=J7!8!.-*,"*5$."a*;!%'!)'%5&'!1$!,'&d,".$!6'!'%,$!

,'%"%!6-.,-)$17!O"*$1&'*,';!%'!+)-+-)."-*$!5*!()'/'!b*6".'!6'!1$!,'%"%7!

)

8+':?@)2'+(6,:Z!I',,'!+$),"'!"*,)-65.,"/'!6-**'!5*!()'4!$+')k5!%5)!1'%!&'&()$*'%!5,"1"%_'%!+-5)!1'%!

$++1".$,"-*%! 6'! %_+$)$,"-*! 6'! 2$L7! W'%! 6"44_)'*,%! ,3+'%! 6'! &'&()$*'%! ',! 1'%! &_.$*"%&'%! 6'!

,)$*%+-),! "&+1"C5_%! 6$*%! 1'%! +)-._6_%!&'&()$*$")'%! 6'! %_+$)$,"-*! 6'! 2$L! %-*,! 6_.)",%7! R*%5",';!

*-5%!6"%.5,-*%!1'%!.)",Y)'%!6'!%_1'.,"-*!6'%!&'&()$*'%!',!*-5%!"*,)-65"%-*%!6'%!_,56'%!6'!.$%!6'!

+)-65.,"-*!6g036)-2Y*'!6'!2)$*6'!+5)',_!',!6'!%_+$)$,"-*%!6'!&_1$*2'%!6'!2$L! 1_2')%!.-*,'*$*,!

GH;!<H;!6'!I<H! ',!6'!I=J7!O"*$1'&'*,;! 1'%!-(K'.,"4%!6'!.',,'! ,0Y%'!6'!6-.,-)$,!%-*,!+)_%'*,_%;!$"*%"!

C5V5*'!()Y/'!6'%.)"+,"-*!65!+1$*!65!&$*5%.)",7!



!

! H!

L&#(#.@&%&$*-,(/./"%&,.#(

?'&()$*'%! $)'! *-,! $! *':! "*/'*,"-*! zt{7! @*! 4$.,! ("-1-2".$1! &'&()$*'%! '>"%,! %"*.'! 1"4'! '>"%,%7!

=-:'/');! +)'+$)$,"-*! -4! %3*,0',".! &'&()$*'%! $*6! ,0'")! "*65%,)"$1! $++1".$,"-*! $)'! &-)'! )'.'*,!

,'.0*-1-237!A0'!.0'&".$1!.-&&5*",3!,0)-520!@X\8I!2"/'%!,0'!4-11-:"*2!6'4"*","-*!-4!$!&'&()$*'D!

�(4+9?49+'[) @#26:&) >#4'+#>) 16%':(6,:()%9?@)&+'#4'+) 4@#:) 64() 4@6?X:'(([) 4@+,9&@)\@6?@)%#(() 4+#:(*'+)

%#7),??9+)9:1'+)#)2#+6'47),*)1+626:&)*,+?'(]! zH{7!I-&+$)'6! ,-! .-*/'*,"-*$1! %'+$)$,"-*! ,'.0*"C5'%;!

&'&()$*'!+)-.'%%'%!$)'!5%5$113! %"&+1')!$*6!&-)'!.-%,!'44'.,"/'! "*! ,')&%!-4!-+')$,"-*7!A0'3!$)'!

$(1'! ,-! %'+$)$,'! &">,5)'%! (3! 6"44')'*.'! -4! .-&+-*'*,%! +')&'$,"-*! ,0)-520! ,0'&7! A0'! 6)"/"*2!

4-).'%! 4-)! 2$%! ,)$*%+-),! "*.156'! 4-)! '>$&+1'! +)'%%5)'! 6"44')'*.';! .-*.'*,)$,"-*! 2)$6"'*,! $*6!

'1'.,)".$1! +-,'*,"$1! $.)-%%! ,0'! &'&()$*'! zw{7! A0'! /$)"',3! -4! &'&()$*'%! %+$*%! %-1"6! $*6! 1"C5"6;!

0-&-2'*'-5%! $*6! 0',')-2'*'-5%;! "%-,)-+".! $*6! $*"%-,)-+".;! +-)-5%! $*6! 6'*%'! %,)5.,5)'%7! A0'!

$/$"1$(1'! &'&()$*'%! *-:$6$3%! $)'! C5",'! %$,"%4$.,-)3! "*! ()-$6! )$*2'! -4! $++1".$,"-*%! %5.0! $%!

0$'&-6"$13%"%;! 0$'&-4"1,)$,"-*;! '1'.,)-6"$13%"%;! &".)-4"1,)$,"-*;! 51,)$4"1,)$,"-*;! $*6! :$,')!

6'%$1"*$,"-*!(3! )'/')%'!-%&-%"%! zt{7!=-:'/');! "*! -,0')! $)'$%! %5.0! $%! 2$%! %'+$)$,"-*;! "*65%,)"$113!

$..'+,'6! +)-65.,%! 0$/'! '&')2'6! -*13! "*! ,0'! +$%,! wx! 3'$)%;! $*6! "&+)-/'&'*,! -4! &'&()$*'%;!

+)-.'%%!6'%"2*!$*6!9*-:B0-:!$)'!%,"11!)'C5")'6(4-)!45),0')!'>+$*6"*2!"*65%,)"$1!$++1".$,"-*%!"*!,0"%!

$)'$!zt;J{7!

?'&()$*'%! 5%'6! ,-! %'+$)$,'! 2$%'-5%!&">,5)'%! .-516! ('! .-&+)"%'6! $%! -4! -)2$*".! Q+-13&')".E! $%!

:'11!$%!-4!"*-)2$*".!&$,')"$1%!-)!$!.-&("*$,"-*!-4!(-,0!-)2$*".!$*6!"*-)2$*".!%+'."'%!Q03()"6!$*6!

.-&+-%",'! %,)5.,5)'%E! zx{7! I5))'*,13;!&-%,! "*65%,)"$1! 2$%! %'+$)$,"-*! +)-.'%%'%! '&+1-3! +-13&')".!

&'&()$*'%;!65'!,-!,0'")!2--6!&'.0$*".$1!+)-+'),"'%;!)'+)-65."("1",3!$*6!1-:!+)".'7!=-:'/');!,0'!

+')4-)&$*.'! -4! ,0'%'!&'&()$*'%! )$)'13! '>.''6%! ,0'! 5++')! (-5*6! +)'6".,'6! (3! S-('%-*! "*! ,0'!

tvvy%! 4-)! ,0'! ,)$6'B-44! (',:''*! +')&'$("1",3! $*6! %'1'.,"/",3! zu{7! 8+$),! 4)-&! ,0$,;! +-13&')".!

&'&()$*'%!%544')!4)-&!1"&",'6!%-1/'*,!)'%"%,$*.';!+--)!.0'&".$1!$*6!,0')&$1!%,$("1",3!$*6!%:'11"*2!

,0$,!$1,')%! ,0'")! %'+$)$,"-*!+)-+'),"'%! zn{7! @*-)2$*".!&'&()$*'%!0$/'!(',,')! )'%"%,$*.'! ,-!%'/')'!

.-*6","-*%! $*6! $)'! ,-+".! -4! .-*%"6')$(1'! )'%'$).0! "*,')'%,! 4-)! %'+$)$,"-*%! "*/-1/"*2! 0"20!

,'&+')$,5)'%! -)! $22)'%%"/'!&'6"$7!?">'6! %,)5.,5)'%! ,0$,! "*.-)+-)$,'!(-,0! "*-)2$*".! $*6!-)2$*".!

.-&+-*'*,%!$)'!$1%-!$/$"1$(1'7!O-)!'>$&+1';!.-&+-%",'!&'&()$*'%!.-*%"%,!-4!,:-!-)!&-)'!6"%,"*.,!

&$,')"$1%!,0$,!.-516!('!-4!6"44')'*,!*$,5)';!'727!&">'6!&$,)">!&'&()$*'%!Q???%E!zU{!$)'!.-&+-%'6!

-4! $! +-13&')".! &$,)">! :",0! 0-&-2'*'-5%13! 6"%+')%'6! "*-)2$*".! Q*$*-E+$),".1'%! zv{7! A0'!

*$*-%,)5.,5)'6! "*-)2$*".! +$),".1'%;! ,0$,! &$3! ('! L'-1",'%;! &',$1B-)2$*".! 4)$&':-)9%;! -)! .$)(-*!

&-1'.51$)! %"'/'%;! $)'! 5%'6! $%! 4"11');! 6"%+')%'6! "*! $! .-*,"*5-5%! +-13&')! +0$%'7! A0'! %'1'.,"-*! -4!

%5",$(1'! "*-)2$*".! 4"11')! $*6!+-13&')!&$,)">;! $1-*2!:",0! ,0'! "*,')$.,"-*! (',:''*! ,0'! ,:-!+0$%'%;!

+1$3!$!9'3!)-1'!4-)!%5..'%%451!"&+1'&'*,$,"-*!-4!???%7!



!

! w!

<)2$*".;! "*-)2$*".! $*6! .-&+-%",'! &'&()$*'%! .$*! ('! '",0')! +-)-5%! -)! 6'*%'7! A0'! 4-)&')! $)'!

.0$)$.,')"%'6!(3!"*,').-**'.,'6!+-)'%7!=')'!+-)'!%"L'%!$*6!+-)'!%"L'!6"%,)"(5,"-*%!$)'!6',')&"*"*2!

4$.,-)%!4-)!%'+$)$,"-*!+)-.'%%'%7!N'+'*6"*2!-*!,0'!+-)'!%"L'!-4!,0'!&'&()$*'!&$,')"$1!$*6!-*!,0'!

9"*',".!6"$&',')!-4!,0'!2$%'%!,-!('!%'+$)$,'6;!,)$*%+-),!-4!%+'."'%!,0)-520!&'&()$*'%!-..5)%!/"$!

%+'."4".!&'.0$*"%&!-)!$!.-&("*$,"-*!-4!&'.0$*"%&%!zty{7!A0)''!-4!,0'!&$"*!,)$*%+-),!&'.0$*"%&%;!

$%!)'2$)6%!+-)-5%!&$,')"$1%;!$)'!%0-:*!"*!O"25)'!t7!f-&'!-4!,0'!.$%'%;!'727!.$+"11$)3!.-*6'*%$,"-*!

,0$,! "%! )'1$,'6! ,-! �/$+-5)V! 41-:! ztt{;! $)'! -&",,'67! 8%! $! 45),0')! &$,,');! %5(.$%'%! -4! ,0'! 0')',-B

.-*%"6')'6!&'.0$*"%&%! $)'! )'.-2*"%'6;! $%! '>+1$"*'6! ('1-:7! @*! ,0'! .$%'! -4! )'1$,"/'13! 1$)2'! +-)'%!

Q(',:''*!y7t!$*6!ty!�&E!,0'!2$%!.-&+-*'*,%!+$%%!4)''13!,0)-520!,0'!&'&()$*'!"*!.-*/'.,"/'!41-:!

&-6'7!I-*%'C5'*,13!*-!%'+$)$,"-*!,)$*%+")'%7!O-)!%&$11')!+-)'%!Q1'%%!,0$*!y7t!�&E;!:",0!6"$&',')!

.-&+$)$(1'!,-!,0'!&'$*!4)''!+$,0!-4!2$%!&-1'.51'%!Q,0'!$/')$2'!6"%,$*.'!,)$/')%'6!(3!$!&-1'.51'!

(',:''*!.-11"%"-*%E;!,0'!+')&'$,"-*!415>!-4!'$.0!2$%!.-&+-*'*,!4-11-:%!#)$0$&V%!1$:!-4!6"445%"-*;!

"7'7! ",! "%! "*/')%'13! +)-+-),"-*$1! ,-! ,0'! %C5$)'! )--,! -4! ,0'!&-1'.51$)!:'"20,! Q?ME7! A0"%! ,)$*%+-),!

&'.0$*"%&! "%! .$11'6! s*56%'*! 6"445%"-*7! 8! %+'."$1! .$%'! -4! ,0'! s*56%'*! 6"445%"-*! "%! ,0'! $.,"/$,'6!

s*56%'*B,3+'!6"445%"-*;!$1%-!9*-:*!$%!2$%!,)$*%1$,"-*$1!6"445%"-*7!@,!6'4"*'%!,0'!&-1'.51$)!&-,"-*!

"*!+-)-5%!%-1"6%!,0$,!"%!)'%,)".,'6!(3!'*')23!($))"')!'>'),'6!(3!,0'!+-)-5%!*',:-)9!ztH{7!@*!L'-1",'%;!

,0'!'*')23!($))"')!"%!"&+-%'6!(3!:"*6-:%!%'+$)$,"*2!,0'!/-"6%!"*!,0'!.)3%,$11"*'!%,)5.,5)'!ztw{7!@*!

,0'!.$%'!-4!$.,"/$,'6!s*56%'*B,3+'!6"445%"-*;! ,0'!+'*',)$*,%!)',$"*!,0'")!2$%'-5%!%,$,'7!O5),0');! "4!

,0'! +-)'! %"L'! "%! %&$11! '*-520! Q2'*')$113! 1'%%! ,0$*! Hy! �E;! &-1'.51$)! %"'/"*2! ,$9'%! +1$.'7! W$)2'!

&-1'.51'%!.$**-,!+'*',)$,'!,0'!&'&()$*'!Q%"L'!'>.15%"-*E;!:0"1'!&-1'.51'%!:",0!9"*',".!6"$&',')!

%&$11')! ,0$*! ,0'! +-)'! %"L'! 6"445%'! ,0)-520! ,0'! &".)-+-)'%! (3! $! &'.0$*"%&! 9*-:*! $%! %5)4$.'!

6"445%"-*7!=')';!65'! ,-! ,0'!%,)-*2! "*,')$.,"-*!:",0! ,0'!%-1"6! 4)$&':-)9;! ,0'!&-1'.51'%! 1--%'! ,0'")!

2$%'-5%!'*,",3!$*6!&-/'!$%!$*!$6%-)('6!+0$%'!$.)-%%!,0'!"*,')*$1!%5)4$.'!ztJ{7!=-:'/');!",!%0-516!

('!*-,'6! ,0$,! %5)4$.'!6"445%"-*!.$*!-..5)!$%!:'11! "*!&'%-+-)'%;!+)-/"6'6! ,0$,!2$%! %+'."'%!$6%-)(!

$*6!+)-+$2$,'!$1-*2! ,0'!+-)'!:$11%! ztx{7!?-)'-/');! "4! ,0'!&-1'.51$)!6"$&',')!$*6!+-)'!6"$&',')!

$)'! -4! .-&+$)$(1'! %"L';! ,0'! ,')&! .-*4"25)$,"-*$1! 6"445%"-*! "%! $1%-! 5%'6! ztw{7! 8*30-:;! -4,'*! ,0'!

6'*-&"*$,"-*!.-*4"25)$,"-*$1!6"445%"-*!"%!$6-+,'6!"*!$!&-)'!2'*')$1!:$3!,-!.-11"2$,'!,0'!,)$*%+-),!

&'.0$*"%&%! -..5))"*2! "*! &".)-+-)'%;! :0')'! 6"445%"-*! ('.-&'%! $*! $.,"/$,'6! +)-.'%%;! "7'7! $%! $!

.-11"2$,"-*! ,')&! 4-)! 2$%! ,)$*%1$,"-*$1! $*6! %5)4$.'! 6"445%"-*! ztH;tJ{7! <*! ,0'! -,0')! 0$*6! 6'*%'!

&'&()$*'%! 6-*V,! +-%%'%%! $*3! "*,'*,"-*$1! "*,').-**'.,'6! +-)'%! '>.'+,! ,"*3! /-"6! %+$.'%! ,0$,! .$*!

$..-&&-6$,'! -*13! %&$11! &-1'.51'%! ztu{7! \')&'$,"-*! -4! 1$)2')! %+'."'%! "%! 0"*6')'67! A)$*%+-),!

,0)-520! ,0'%'! &'&()$*'%! "%! 6'%.)"('6! (3! ,0'! %-15,"-*B6"445%"-*! &'.0$*"%&! Q$1%-! 9*-:*! $%!

%-)+,"-*B6"445%"-*!&'.0$*"%&E!ztn{7!A0'!%-15,"-*B6"445%"-*!&'.0$*"%&!:"11!('!()"'413!6'%.)"('6!"*!

\$),! @! -4! ,0"%! :-)9;! :0"1'! ,0'! -,0')! $4-)'&'*,"-*'6! ,)$*%+-),! &'.0$*"%&%! :"11! ('! 6"%.5%%'6! "*!

2)'$,')!6',$"1!"*!\$),!@@7!



!

! J!

@*! 2'*')$1! +-)-5%! &'&()$*'%! +)-/"6'! 0"20! 415>'%! (5,! 1-:! %'+$)$,"-*! 4$.,-)%;! :0"1'! 6'*%'!

%,)5.,5)'%! -44')! 0"20! %'1'.,"/",3! (5,! 1"&",'6! 415>7! A0'! .0-".'! (',:''*! +-13&')".! $*6! "*-)2$*".;!

+-)-5%!$*6!6'*%'!%,)5.,5)'!"%!6',')&"*'6!(3!,0'!.-&+-%","-*!-4!,0'!2$%!&">,5)';!,0'!&-%,!/$15$(1'!

2$%! .-&+-*'*,;! ,0'! 6'%")'6! 1'/'1! -4! +5)"4".$,"-*! $*6! ,0'! .-*6","-*%! -4! "*,')'%,! Q-+')$,"-*!

+$)$&',')%E7! @*! %-&'! .$%'%;! $%! %,$,'6! +)'/"-5%13;! 03()"6;! &">'6! $*6! .-&+-%",'! &'&()$*'%! $)'!

'&+1-3'67!

!

!

>*5+%.( ;=( f.0'&$,".! "115%,)$,"-*! -4! 2$%! +')&'$,"-*! &'.0$*"%&%! ,0)-520! +-)-5%! $*6! 6'*%'!

&'&()$*'%;!)'+)-65.'6!4)-&!zJ{!:",0!&-6"4".$,"-*%7(

8!+)-.'%%!,0$,!"%!-(K'.,!-4!"*,'*%'!%."'*,"4".!$,,'*,"-*!"%!,0'!%'+$)$,"-*!-4!036)-2'*!4)-&!&">'6!2$%!

%,)'$&%7!=36)-2'*!"%!$*!"&+-),$*,!.0'&".$1!4''6%,-.9!$*6!'*')23!%-5).'!,0$,!0$%!,0'!+-,'*,"$1!,-!

)'65.'!,0'!6'+'*6'*.3!-*!4-%%"1!45'1%!ztU{7!=-:'/');!6'%+",'!,0$,!",!"%!,0'!&-%,!$(5*6$*,!'1'&'*,!

"*!,0'!X*"/')%';!-*!R$),0!036)-2'*!-..5)%!&$"*13!"*!.-&("*$,"-*!:",0!-,0')!2$%'%!$*6!"*!-)2$*".!

&$,,')!%5.0!$%!+1$*,%;!.-$1!$*6!+',)-1'5&7!<*'!:$3!,-!-(,$"*!+5)'!036)-2'*!"%!(3!:$,')!%+1",,"*2!

/"$! '1'.,)-13%"%!(5,! ,0"%!&',0-6! )'&$"*%! '>+'*%"/'! ztv{7! I5))'*,13;! 036)-2'*!+)-65.,"-*!/"$! .-$1!

2$%"4".$,"-*!-)!/"$!%,'$&!)'4-)&"*2!"%!&-)'!.-%,B'44"."'*,!(5,!,0'%'!&',0-6%!2'*')$,'!(3B+)-65.,%!

%5.0! $%! I<H! $*6! I=J! ,0$,! *''6! ,-! ('! 45),0')! )'&-/'67! r'"*2! &-)'! '*')23! '44"."'*,! ,0$*!

.-*/'*,"-*$1! %'+$)$,"-*! ,'.0*"C5'%! %5.0! $%! +)'%%5)'! %:"*2! $6%-)+,"-*! Q\f8E! $*6! .)3-2'*".!

6"%,"11$,"-*;!&'&()$*'!+)-.'%%'%!)'+)'%'*,!$!+-,'*,"$1!+$,0:$3!4-)!036)-2'*!+5)"4".$,"-*!ztn;tU{7!

A$(1'!t!.-&+$)'%!4"/'!.1$%%'%!-4!=HB%'1'.,"/'!&'&()$*'%7!A0'!1"%,!"*.156'%!(-,0!-)2$*".!Q+-13&')%E!

$*6!"*-)2$*".!&$,')"$1%!Q.$)(-*;!.')$&".%!$*6!&',$1%E7!N'*%'!+-13&')".!%,)5.,5)'%!.$*V,!.-&+','!

:",0! ,0'! -,0')! ,3+'%! -4! &'&()$*'%! *'",0')! "*! ,')&%! -4! %'1'.,"/",3! *-)! -4! 415>! )$,'7! ?-)'-/');!

Convective flow 

Knudsen diffusion 

Microporous 
 diffusion 

(gas translational diffusion, 

surface diffusion, 

configurational diffusion) 

Porous membranes 

Solution-diffusion 

Dense membranes 



!

! x!

+-13&')! &'&()$*'%! -+')$,'! $,! 1-:! ,'&+')$,5)'%! $*6! 0'*.'! $)'! *-,! %5",$(1'! 4-)! 036)-2'*!

%'+$)$,"-*!5*6')!%,'$&!)'4-)&"*2!)'$.,"-*!.-*6","-*%!-)!4)-&!.-$1B6')"/'6!%3*2$%7!N5'!,-!,0'!0"20!

,'&+')$,5)'! -4! )'4-)&"*2! $*6! 2$%"4".$,"-*! %,'$&%! Q(',:''*! xyy! $*6! Uyy! sE!:$)&B! $*6! 0-,B2$%!

%'+$)$,"-*! ,'.0*"C5'%! $)'! '.-*-&".$113! ('*'4"."$1! zHy{7! \-)-5%! .$)(-*! $*6! &".)-+-)-5%!

&'&()$*'%!$)'!"*,'*6'6!,-!:-)9!$,!0"20!,'&+')$,5)'%!(5,!%,"11!,0'!%'1'.,"/",3!"%!(',:''*!1-:!$*6!

&-6')$,'7!X,"1"L$,"-*! -4! 036)-2'*! $%! $*! '*')23! %-5).'! (3! 6'+1-3&'*,! -4! \R?! 45'1! .'11%! )'C5")'%!

0"20! +5)",3! 2$%! %,)'$&7! N'*%'! .')$&".! $*6! 6'*%'! &',$1! &'&()$*'%! :-)9! $,! ,'&+')$,5)'%!

$%%-."$,'6! :",0! )'4-)&"*2! $*6! :$,')B2$%B%0"4,! )'$.,"-*%! $*6! 0$/'! ,0'! $6/$*,$2'! -4! /')3! 0"20!

Q,0'-)',".$113! "*4"*",'E! =H! %'+$)$,"-*! 4$.,-)7! N5'! ,-! ,0'")! 0"20! +')&'$("1",3;! ,0'! 1$,,')! $)'! 2--6!

&$,.0!4-)!036)-2'*!+)-65.,"-*7!=-:'/');!.-*%"6')"*2!,0$,!,0'!.-)'!&$,')"$1!-4!.5))'*,!6'*%'!&',$1!

&'&()$*'%! "%! +$11$6"5&;! ,0'3! $)'! Q$*6! :"11! ('! &-)'! $*6! &-)'E! '>+'*%"/'! 4-)! 1$)2'B%.$1'!

$++1".$,"-*%!zHt{7!A0')'4-)'!%."'*,"%,%!$)'!$"&'6!,-!"6'*,"43!*-*B+)'."-5%!&',$1%!$1,')*$,"/'!,-!\6!

4-)!6'/'1-+&'*,!-4!=H!+5)"4".$,"-*!&'&()$*'%7!

6&"3.(;=(I-&+$)"%-*!-4!6"44')'*,!,3+'%!-4!=HB%'+$)$,"-*!&'&()$*'%!zHy{7!

M./"%&,.(
$A@.(

(

<%-@.%$A(

N.,#.(
<-3A/.%!

<-%-+#(
8&%"-,!

M*'%-@-%-+#(
8.%&/*'!

N.,#.(
M.$&3!

N.,#.(
8.%&/*'!

O@$*/+/(
$./@.%&$+%.(

%&,5.(

�wnw!s! nnwBttnw!s! JnwBUnw!s! xnwBUnw!s! UnwBttnw!s!

PQ(#.3.'$*B*$A( W-:! W-:! ?-6')$,'! F')3!0"20! F')3!0"20!

PQ(73+H( W-:! ?-6')$,'! ="20! ="20! ?-6')$,'!

6%&,#@-%$(
/.'D&,*#/(*,(
$D.(-@$*/+/(
$./@.%&$+%.(

%&,5.(

f-15,"-*i!
N"445%"-*!

?-1'.51$)!
%"'/"*2!

?-1'.51$)!
%"'/"*2!

f-15,"-*i!
N"445%"-*!

f-15,"-*i!
N"445%"-*!

!

<,0')!9'3!2$%!%'+$)$,"-*%!$)'!GHi<H!$*6!I<HiI=J7!A0'3!$)'!"&+-),$*,!4-)!(-,0!'*/")-*&'*,$1!$*6!

'.-*-&".$1! )'$%-*%! zHH{7! ?',$1! 6'*%'! &'&()$*'%! -4! ,0'! ,3+'! 6"%.5%%'6! $(-/'! $)'! *-,! $(1'! ,-!

%'+$)$,'! ,0'%'! +$")%! %"*.'! ,0'3! (1-.9! ,0'! ,)$*%+-),! -4! $11! %+'."'%! 1$)2')! ,0$*! $,-&".! 036)-2'*7!

T'-1",'%!$*6!?<O%!$)'!:'11!9*-:*!&'&()$*'!&$,')"$1%! 4-)!%'+$)$,"-*!-4!%5.0! 1"20,!2$%'%;!65'!,-!

,0'")!5*"4-)&!+-)-5%! ,-+-1-23!:",0!+-)'!6"$&',')%!-4!&-1'.51$)!6"&'*%"-*%! zHw{7!=')';!$!.)5."$1!



!

! u!

4$.,-)!4-)!%5..'%%451!+5)"4".$,"-*!"%!,0'!.$)'451!%'1'.,"-*!-4!$*!$6'C5$,'!.)3%,$11"*'!+-)-5%!&$,')"$1!

(',:''*! ,0'! *5&')-5%! $/$"1$(1'! %,)5.,5)'%7! A0')'4-)';! ,0'! )'1$,"-*%0"+! (',:''*! %,)5.,5)'! $*6!

%'1'.,"/",3! "%! $! %5(K'.,! -4! "*,'*%"/'! )'%'$).0! "*! ,0"%! 6-&$"*7! A0'! $/$"1$("1",3! -4! &-6'1%! $(1'! ,-!

4-)'.$%,! ,0'! %'1'.,"/",3! -4! L'-,3+'! &$,')"$1%! ,-:$)6%! 1"20,! 2$%'%! :"11! ('! -4! 2)'$,! /$15'! $%! $!

+)'1"&"*$)3!%,'+!4-)!"6'*,"4".$,"-*!-4!%5",$(1'!2$%B&'&()$*'!.-&("*$,"-*%7!A0'!.-))'1$,"-*%!%0-516!

6'%.)"('! ,0'! %'+$)$,"-*! +)-+'),"'%! "*! $! 6'%")'6! )$*2'! -4! .-*6","-*%! Q,'&+')$,5)'! $*6! +)'%%5)'E!

ztw{7! @*! $66","-*;! ,0'3! %0-516! +)'4')$(13! 0$/'! $*! $*$13,".$1! 4-)&! .-*,$"*"*2! )'1$,"/'13! 4':!

+$)$&',')%7!A0'!$/$"1$("1",3!-4!$!.-0')'*,!%',!-4!6$,$!,-!('!5%'6!$%!"*+5,!"*,-!,0'!6'/'1-+'6!&-6'1%!

"%! $1%-! 6'&$*6'6! 4-)! )'1"$(1'! +)'6".,"/'! )'%51,%7! A0'! 1"&",'6! $/$"1$("1",3! $*6! .-&+1'>",3! -4!

&51,".-&+-*'*,!6$,$!.-&+'1!-*'!,-!%'$).0!4-)!+)$.,".$1!+)'6".,"/'!.-))'1$,"-*%!,0$,!$)'!($%'6!-*!

+5)'B.-&+-*'*,! 6$,$! zHJ{7! A0'! ,0'-)',".$1! /$15'%! -(,$"*'6! "*! ,0"%! &$**')! .-516! )'+)'%'*,! $!

)'4')'*.'!+-"*,!,-!,0'!%."'*,"4".!.-&&5*",3;!:0".0!"%!$*!"&+-),$*,!$%+'.,;!.-*%"6')"*2!,0$,!)'.'*,!

)'%'$).0!"%!4-.5%'6!-*!"&+)-/"*2!+')&'$,"-*!+)-+'),"'%!$*6!$52&'*,"*2!,0'!%'1'.,"/",3!-4!9*-:*!

.)3%,$11",'!+-)-5%!%,)5.,5)'%!(3!/$)"-5%!%3*,0'%"%!&',0-6%!$*6!&-6"4".$,"-*%7!

!

F'-@.(-7(2-%1(

8*! -*2-"*2! .0$11'*2'! "*!&'&()$*'! ,'.0*-1-23! "%! ,-! )'65.'! ,0'! +)".'! $*6! ,0'!&$,')"$1! )'%-5).'!

6'+'*6'*.'! -4! 6'*%'! &',$1! &'&()$*'%! 4-)! =H! +5)"4".$,"-*;! :0"1'! $.0"'/"*2! 0"20! %'1'.,"/",3! $*6!

2--6!&'&()$*'!%,$("1",37!A0'!0"20!.-%,!-4! ,0'%'!&'&()$*'%! "%!65'! ,-! ,0'!5%'!-4!\6;!:0".0! "%! ,0'!

6-&"*$*,!&$,')"$1!"*!,0"%!$++1".$,"-*!4)$&'!zHx{7!<*'!-(/"-5%!:$3!,-!1-:')!,0'!&'&()$*'%!.-%,!"%!

,-! )'65.'! ,0'! $&-5*,! -4! +)'."-5%! &$,')"$1! 5%'6! 4-)! &'&()$*'! +)'+$)$,"-*7! A05%;! .-&+-%",'!

&'&()$*'%! .-*%"%,"*2! -4! $! ,0"*! +$11$6"5&! 1$3')! 6'+-%",'6! -*,-! $! +-)-5%! %5(%,)$,'! $)'! ('"*2!

6'/'1-+'6! zHu{7! 8*-,0')! $/'*5'! ,-:$)6%! +)'+$)$,"-*! -4! "*'>+'*%"/'! 6'*%'! &'&()$*'%! 4-)! =H!

%'+$)$,"-*! "%! ,-! 5%'! *-*B*-(1'! &',$1%! :",0! .-&+',","/'! ,)$*%+-),! +)-+'),"'%7! F$*$6"5&;! -4,'*!

)'4'))'6!,-!$%!�%5+')B+')&'$(1'�!&',$1;!"%!.-*%"6')'6!)'1'/$*,!$*6!1'%%!'>+'*%"/'!$1,')*$,"/'!,-!\67!

=-:'/');!+5)'!F!"%!*-,!%5",$(1'!4-)!=HB%'+$)$,"-*!&'&()$*'%!65'!,-!'&()",,1'&'*,!%5%.'+,"("1",37!

f'1'.,"/'!$11-3"*2!:",0!G"!$*6!A"!"%!)'+-),'6!,-!"&+)-/'!,0'!&'.0$*".$1!%,$("1",3!-4!F!zHn{7!81,0-520!

&$*3! )'%'$).0! %,56"'%! $)'!$/$"1$(1'!-*!\6!$*6! ",%! $11-3%;!FB($%'6!$11-3%! %,"11! )$"%'!C5'%,"-*%! ,0$,!

*''6!,-!('!$66)'%%'67!

8,,'&+,"*2!,-!45),0')!,0'!6'/'1-+&'*,!-4!*-*B*-(1'!6'*%'!&',$1!&'&()$*'%!4-)!=H!%'+$)$,"-*!:'!

6'."6'6!,-!'>+1-)'!,0'!036)-2'*B&',$1!"*,')$.,"-*%!"*!FG"A"!$11-3%!5%"*2!C5$*,5&!&'.0$*".%!Q]?E!

.$1.51$,"-*%! "*! ,0'! 4)$&'! -4! N'*%",3! O5*.,"-*$1! A0'-)3! QNOAE7! @*! ,0"%! %,563;! :'! $++)-$.0'6! ,0'!

.-*,)-/')%3!-/')!,0'!%",'%!+)'4')'*.'!-4!"*,')%,","$1!036)-2'*!:",0"*!FB($%'6!&',$1!1$,,".'%7!@*%"20,!

"*,-! ,0'! 036)-2'*! -..5+$,"-*! %,$,'! +)-/"6'%! 45*6$&'*,$1! "*4-)&$,"-*! 4-)! 5*6')%,$*6"*2! /$)"-5%!

+)-+'),"'%!-4!,0'!036)-2'*~&',$1!%3%,'&;!$1,0-520!+)'/"-5%!%,56"'%!6"6*V,!)'$.0!$2)''&'*,!-*!,0'!



!

! n!

,-+".7!M'! $1%-! "*/'%,"2$,'6! $*-,0')! "%%5'! )'1$,'6! ,-! ,0'! ('0$/"-5)! -4! $(%-)('6! 036)-2'*! ,0$,! "%!

%'16-&!.-*%"6')'6!"*!,0'!+$%,;!*$&'13!,0'!=B=!&5,5$1!6"%+-%","-*!:",0"*!,0'!&',$1!&$,)">7!O"*$113;!

5%"*2!,0'!9*-:1'62'!2$"*'6!(3!'>+1-)"*2!,0'!+)'.'6"*2!)'%'$).0!C5'%,"-*%;!,0'!"*415'*.'!-4!A"!$*6!

G"!%-15,'!$,-&%!-*! ,0'!036)-2'*!-..5+$*.3!$*6!$(%-)+,"-*!$44"*",3!-4! ,0'!$11-3!:$%! "*/'%,"2$,'67!

A0"%!"*4-)&$,"-*!:"11!('!$!5%'451!25"6$*.'!4-)!45,5)'!'>+')"&'*,$1!%,56"'%7!

?-)'-/');! "*! ,0"%! ,0'%"%;! :'! '>+$*6'6! -5)! )'%'$).0! -*! 2$%! %'+$)$,"-*;! .-*%"6')"*2! .)3%,$11"*'!

+-)-5%!&$,')"$1%! ,0$,! $)'! %5",$(1'! ,-! +5)"43! *-,! -*13!=H! (5,! $1%-! +1$3"*2! )-1'! "*! -,0')! "&+-),$*,!

%'+$)$,"-*%!%5.0!$%!GHi<H!$*6!I<HiI=J7!f,$),"*2!4)-&!,0'!4")%,!*$,5)$1!L'-1",'!6"%.-/')'6!"*!tnxu;!

&$*3!L'-,3+'!&$,')"$1%!'&')2'6!-/')!,0'!3'$)%7!G-:$6$3%!,0'!-44"."$1!1"%,!-4!L'-1",'%!4)$&':-)9%!

%5&%! ,-! HHv! ,3+'%! zHU{! *-,! ,$9"*2! "*,-! $..-5*,! ,0'! 1$)2'! *5&(')! L'-1",'B1"9'! &',$1! -)2$*".!

4)$&':-)9%!Q?<O%E!,0$,!0$/'!(''*!%3*,0'%"L'6!"*!,0'!1$%,!3'$)%7!M",0!,0"%!%,563!:'!:')'!$"&'6!,-!

4$."1",$,'! ,0'! .0-".'! -4! (-,0! L'-1",'%! $*6! ?<O%! $%! &$,')"$1%! 4-)! 2$%! %'+$)$,"-*7! A0')'4-)';! :'!

6'/'1-+'6! ,0'-)',".$1! &-6'1%! 4-)! '/$15$,"*2! ,0'! "6'$1! 2$%! %'1'.,"/",3! -4! ,0'%'! .)3%,$11"*'! +-)-5%!

&$,')"$1%7! A0'! &-6'1! +$)$&',')%! .$*! ('! -(,$"*'6! '",0')! 4)-&! '>+')"&'*,$1! 6$,$! -)! 4)-&!

.-&+5,$,"-*$1!&',0-6%;!:0".0!$11-:%!4-)!$%%'%%&'*,!-4!/$)"-5%!)'$1!$*6!03+-,0',".$1!&$,')"$1%!-4!

,0'!,3+'7!!

!

O+$3*,.(-7($D.($D.#*#(

A0"%!:-)9!"%!6"/"6'6!"*,-!,:-!+$),%7!\$),!@!86+(4^5+6:?65>'()(4917),*)2#:#169%)"#('1)#>>,7(!6'$1%!:",0!

,0'! %,563! -4! 036)-2'*! -..5+$,"-*! $*6! 036)-2'*! $(%-)+,"-*! $44"*",3! "*! FG"A"! $11-3%7! A0$,! +$),!

.-*%"%,%!-4!J!.0$+,')%7!I0$+,')!t!M@',+'46?#>)"#?X&+,9:1!-44')%!$!()"'4!6'%.)"+,"-*!-4!&',$1!%3%,'&%;!

.-/')"*2!.)3%,$11-2)$+0".!%,)5.,5)'%!$*6!5*6')13"*2!.-*.'+,%!4-)!%'1'.,"-*!-4!&',$1%!$*6!$11-3%!$%!

&$,')"$1%!4-)!036)-2'*!%'+$)$,"-*!&'&()$*'%7!R*2"*'')"*2!$*6!'.-*-&".$1!.-*%"6')$,"-*%!4-)!,0'!

.0-".'! -4! &',$1%! $)'! 6"%.5%%'67! O5),0')! ,0'! ($%".! .-*.'+,%! -4! C5$*,5&! &'.0$*".%! $*6! NOA! $)'!

"*,)-65.'67!I0$+,')!H!Y'4@,1,>,&7!.-/')%!,0'!.-&+5,$,"-*$1!+)-.'65)'!$*6!$,-&".!&-6'1%!5%'6!"*!

,0"%!:-)9;! 4-11-:'6!(3! ,0'! +)-.'65)'! ,-! '/$15$,'! 036)-2'*!("*6"*2! '*')2"'%! "*! ,0'! ,$)2',! $11-3%7!

A0'!-5,.-&'%!-4!,0'!.-*65.,'6!%,563!$)'!-5,1"*'6!$*6!$*$13%'6!"*!I0$+,')!w!-'(9>4()#:1)16(?9((6,:7!

I0$+,')! J! /,:?>9(6,:(! %5&&$)"%'%! ,0'! +)"*."+$1! 4"*6"*2%! 4)-&! ,0'! %,563! -4! FG"A"! $11-3%! $*6!

%522'%,%!"*/'%,"2$,"-*!2-$1%!4-)!,0'!45,5)'7!

\$),! @@! "%! 6'/-,'6! ,-! ,0'! +)'6".,"/'! %,563! -4! L'-,3+'! .)3%,$11"*'! +-)-5%! &$,')"$1%7! @,! "*.156'%! J!

.0$+,')%7! I0$+,')! x! M@',+'46?#>) "#?X&+,9:1) 4-.5%'%! -*! ,0'! ,)$*%+-),! &'.0$*"%&%! -4! 2$%'%! "*!

.)3%,$11"*'!+-)-5%!&$,')"$1%7!r)"'4!-/')/"':!-4!L'-1",'%!$*6!&',$1!-)2$*".!4)$&':-)9%!"%!2"/'*!:",0!

'&+0$%"%!-*!,0'")!$++1".$,"-*!$%!&'&()$*'!&$,')"$1%!4-)!2$%!%'+$)$,"-*7!O5),0');!,0'!)'$%-*"*2!4-)!

5%"*2! ,0'! "6'$1!2$%!%'1'.,"/",3!-4!.)3%,$11"*'!+-)-5%!&$,')"$1%!$%!$!+)'6".,"/'! 4'$,5)'! 4-)!'&')2"*2!

&'&()$*'%!"%!'>+1$"*'6!$*6!,0'!.$+$("1","'%!$*6!1"&",$,"-*%!-4!,0'!,0'-)',".$1!&-6'1%!,-!6'%.)"('!



!

! U!

2$%!%'+$)$,"-*!('0$/"-5)%!$)'!-5,1"*'67!I0$+,')!u!Y'4@,1,>,&7! "*,)-65.'%! ,0'!+)'6".,"/'!&-6'1%;!

:0".0!0$/'!(''*!6'/'1-+'6!$*6!5,"1"L'6!"*!,0'!.-5)%'!-4!,0"%!\0N!:-)97!G'>,;!,0'!&-6'1!+$)$&',')%!

$)'!6"%.5%%'6!"*!+$),".51$)%7!@*!-)6')!,-!/')"43!,0'!,0'-)',".$1!)'%51,%;!'>+')"&'*,$1!&'$%5)'&'*,%!

5%'6! ,-! '/$15$,'! ,0'! "6'$1! %'1'.,"/",3! -4! %'1'.,'6! &-6'1! %3%,'&%! $)'! $1%-! )'+-),'67! A0'! )'%51,%!

-(,$"*'6! /"$! ,0'! +)'6".,"/'!&-6'1%! $)'! )'+-),'6! "*! I0$+,')! n7! A0'-)',".$1! )'%51,%! 4-)! 4':!&-6'1!

%3%,'&%!,-:$)6%!%'1'.,'6!1"20,!2$%'%!$)'!.-&+$)'6!,-!'>+')"&'*,$1!%'1'.,"/",3!/$15'%!$*6!:",0!,0'!

1",')$,5)'7! A0'! 1$%,! .0$+,')! -5,1"*'%! ,0'! .-*.15%"-*%! $*6! "&+1".$,"-*%! 6')"/'6! 4)-&! ,0"%! %,5637



!

! v!

I*"3*-5%&@DA(

!

zt{! =7!f,)$,0&$**;!W7!#"-)*-;!R7!N)"-1";!8*!@*,)-65.,"-*!,-!?'&()$*'!f."'*.'!$*6!A'.0*-1-23;!

t%,!R67;!S'*6';!If;!@,$13D!I-*%"21"-!G$L"-*$1'!6'11'!S".').0';!Hyyu7!

zH{! M7q7! s-)-%;! �7=7! ?$;! A7! f0"&"6L5;! A')&"*-1-23! 4-)! &'&()$*'%! $*6! &'&()$*'! +)-.'%%'%!

Q@X\8I!S'.-&&'*6$,"-*%E;!\5)'!$*6!8++1"'6!I0'&"%,)3;!/-17!uU;!*-7!n;!tJnvBtJUv;!tvvu7!

zw{! \7!\$*6'3;!S7f7!I0$50$*;!?'&()$*'%! 4-)!2$%! %'+$)$,"-*;!\)-2)'%%! "*!\-13&')!f."'*.';! /-17!

Hu;!UxwBUvw;!Hyyt7!

zJ{! S7M7!r$9');!?'&()$*'!,'.0*-1-23!$*6!$++1".$,"-*%;!H*6!R67;!I0".0'%,');!Mf;!XsD!q-0*!M"1'3!

$*6!%-*%;!HyyJ7!

zx{! �7!s$%';!86/$*.'6!&'&()$*'!,'.0*-1-23!$*6!$++1".$,"-*%;!t%,!R67;!G7G7!W";!87#7!O$*';!M7f7M7!

=-;!$*6!A7!?$,%55)$!QR6%7E;!=-(-9'*;!Gq;!Xf8D!q-0*!M"1'3!�!%-*%;!HyyU7!

zu{! W7?7! S-('%-*;! I-))'1$,"-*! -4! %'+$)$,"-*! 4$.,-)! /')%5%! +')&'$("1",3! 4-)! +-13&')".!

&'&()$*'%;!q-5)*$1!-4!?'&()$*'!f."'*.';!/-17!uH;!tuxBtUx;!tvvt7!

zn{! \7f7! #-0;! 87O7! @%&$"1;! f7?7! f$*"+;! r7I7! G2;! ?7! 8L"L;! S'.'*,! $6/$*.'%! -4! "*-)2$*".! 4"11')%! "*!

&">'6!&$,)">!&'&()$*'!4-)!2$%!%'+$)$,"-*;!f'+$)$,"-*!$*6!\5)"4".$,"-*!A'.0*-1-23;!/-17!Ut;!*-7!w;!

HJw~HuJ;!Hytt7!

zU{! 87! q51(';!T'-1",'!&'&()$*'%!~!%3*,0'%"%;! .0$)$.,')"L$,"-*!$*6!$++1".$,"-*;! "*D! @*,)-65.,"-*!

,-! L'-1",'!&-1'.51$)! %"'/'%;! w)6!R67;! q7! I'K9$;!=7! /$*!r'995&;!87! I-)&$;! O7! f.0�,0! QR6%7E;! R1%'/"');!

Hyyn;!tUtBHtv7!

zv{! A7f7!I05*2;!W7�7!q"$*2;!�7!W";!f7!s51+)$,0"+$*K$;!?">'6!&$,)">!&'&()$*'%!Q???%E!.-&+)"%"*2!

-)2$*".!+-13&')%!:",0!6"%+')%'6!"*-)2$*".!4"11')%!4-)!2$%!%'+$)$,"-*;!\)-2)'%%!"*!\-13&')!f."'*.';!

/-17!wH;!*-7!J;!JUw~xyn;!Hyyn7!

zty{! F7G7!r5)2$*-%;!?-6'1"*2!$*6!%"&51$,"-*!-4!&'&()$*'!%,)5.,5)'!$*6! ,)$*%+-),!+)-+'),"'%;!

"*D!I-&+)'0'*%"/'!?'&()$*'!f."'*.'!$*6!R*2"*'')"*2;!R7!N)"-1";!W7!#"-)*-!QR6%7E;!8&%,')6$&;!A0'!

G',0')1$*6%D!R1%'/"');!/-17!t;!HvBnJ;!Hyty7!

ztt{! 87q7!r5)22)$$4;!A)$*%+-),!$*6!%'+$)$,"-*!+)-+'),"'%!-4!&'&()$*'%!:",0!2$%'%!$*6!/$+-5)%;!

"*D! O5*6$&'*,$1%! -4! "*-)2$*".! &'&()$*'! %."'*.'! $*6! ,'.0*-1-23;! 87q7! r5)22)$$4;! W7! I-,! QR6%7E;!

8&%,')6$&;!A0'!G',0')1$*6%D!R1%'/"');!/-17!J;!wwtBJww;!tvvu!

ztH{! q7! �"$-;! q7! M'";! N"445%"-*! &'.0$*"%&! -4! 036)-.$)(-*%! "*! L'-1",'%! ~! @7! A0'-)3;! I0'&".$1!

R*2"*'')"*2!f."'*.';!/-17!Jn;!*-7!x;!ttHwBttJt;!tvvH7!

ztw{! 87q7!r5)22)$$4;!f"*21'!2$%!+')&'$,"-*!-4!,0"*!L'-1",'!Q?O@E!&'&()$*'%D!,0'-)3!$*6!$*$13%"%!

-4!'>+')"&'*,$1!-(%')/$,"-*%;!q-5)*$1!-4!?'&()$*'!f."'*.';!/-17!txx;!JxBux;!tvvv7!



!

! ty!

ztJ{! \7O7! W",-;! f7\7! I$)6-%-;! 87R7! S-6)"25'%;! I7?7! f"1/$;! s"*',".! &-6'1"*2! -4! +5)'! $*6!

&51,".-&+-*'*,! 2$%! +')&'$,"-*! ,0)-520! &".)-+-)-5%! &'&()$*'%D! 6"445%"-*! &'.0$*"%&%! $*6!

"*415'*.'!-4!"%-,0')&!,3+';!%'+$)$,"-*!$*6!+5)"4".$,"-*;!f'+$)$,"-*!�!\5)"4".$,"-*!S'/"':%;!/-17!JJ;!

HUw~wyn;!Hytx7!

ztx{! 87! 83)$1;! F7! =51'$;! q7B\7! q-51"*;! 87! q51(';! I_)$&"C5'%! +-5)! 1V'*/")-**'&'*,D! 4"1,)'%;!

&'&()$*'%;!$6%-)($*,%!',!.$,$13%'5)%;!A'.0*"C5'%!6'!1g@*2_*"'5);!/-17!GJUyx;!HytJ7!

ztu{! ?7F7! ?5*6%.0$5;! =36)-2'*! %'+$)$,"-*! 5%"*2! 6'*%'! .-&+-%",'! &'&()$*'%;! "*D! @*-)2$*".!

&'&()$*'%! 4-)! '*')23! $*6! '*/")-*&'*,$1! $++1".$,"-*%;! 87I7! r-%'! QR67E;! G':! �-)9;! G�;! Xf8D!

f+)"*2');!Hyyv7!

ztn{! ?7N7! N-1$*;! G-*B\6! rII! $11-3! &'&()$*'%! 4-)! "*65%,)"$1! 036)-2'*! %'+$)$,"-*;! q-5)*$1! -4!

?'&()$*'!f."'*.';!/-17!wuH;!tHBHU;!Hyty7!

ztU{! #7]7! W5;! q7I7! N"*"L! 6$! I-%,$;! ?7! N59';! f7! #"'%%1');! S7! f-.-1-:;! S7=7! M"11"$&%;! A7! s)'5,L;!

@*-)2$*".!&'&()$*'%!4-)!036)-2'*!+)-65.,"-*!$*6!+5)"4".$,"-*D!8!.)",".$1!)'/"':!$*6!+')%+'.,"/';!

q-5)*$1!-4!I-11-"6!$*6!@*,')4$.'!%."'*.';!/-17!wtJ;!xUvBuyw;!Hyyn7!

ztv{! G787! 81B?54$.0";! G7F7! S''%;! S7! f,'"*(')2')BM"19'*%;! =36)-2'*! %'1'.,"/'! &'&()$*'%D! $!

)'/"':!-4!+$11$6"5&B($%'6!6'*%'!&',$1!&'&()$*'%;!S'*':$(1'!$*6!f5%,$"*$(1'!R*')23!S'/"':%;!

/-17!Jn;!xJyBxxt;!Hytx7!

zHy{! f7! 860"9$)";! f7! O')*$*6-;! =36)-2'*! &'&()$*'! %'+$)$,"-*! ,'.0*"C5'%;! @*65%,)"$1! �!

R*2"*'')"*2!I0'&"%,)3!S'%'$).0;!/-17!Jx;!UnxBUUt;!Hyyu7!

zHt{! ?7!N-1$*;!#7!f-*2;!N7!W"$*2;!?7R7!s'11$&;!N7!I0$*6)$;!q7=7!W$&(;!=36)-2'*!,)$*%+-),!,0)-520!

FUxG"ty?x!$11-3!&'&()$*'%;!q-5)*$1!-4!?'&()$*'!f."'*.';!/-17!wnw;!tJBtv;!Hytt7!

zHH{! R7! #$)."$B\')'L;! q7r! \$))$;! I7<7! 8*"$;! 87! #$)."$Bf$*.0'L;! q7?7! /$*! r$,'*;! S7! s)"%0*$;! N7!

N5(('16$&;!f7!I$1')-;!8!.-&+5,$,"-*$1!%,563!-4!I<H;!GH;!$*6!I=J!$6%-)+,"-*!"*!L'-1",'%;!86%-)+,"-*;!

/-17!tw;!JuvBJnu;!Hyyn7!

zHw{!�7!=$%'2$:$;!A7!A$*$9$;!s7!M$,$*$(';!r7B=7!q'-*2;!s7!s5%$9$(';!f7!?-)--9$;!f'+$)$,"-*!-4!I<HB

I=J! $*6! I<HBGH! %3%,'&%! 5%"*2! "-*B'>.0$*2'6! O8XB,3+'! L'-1",'! &'&()$*'%! :",0! 6"44')'*,! f"i81!

)$,"-%;!s-)'$*!q-5)*$1!-4!I0'&".$1!R*2"*'')"*2;!/-17!tv;!*-7!H;!wyvBwtw;!HyyH7!

zHJ{! f7! f").$);! 87W7! ?3')%;! #$%! f'+$)$,"-*! (3! T'-1",'%;! "*D! =$*6(--9! -4! L'-1",'! %."'*.'! $*6!

,'.0*-1-23;!f7?7!85')($.0;!s787!I$))$6-;!\7s7!N5,,$!QR6%7E;!G':!�-)9;!G�;!Xf8D!?$).'1!N'99');!@*.7;!

Hyyw7!

zHx{! O7!#$115..";!87!r$%"1';!O7@7!=$3;!?'&()$*'%!4-)!&'&()$*'!)'$.,-)%D!+)'+$)$,"-*;!-+,"&"L$,"-*!

$*6!%'1'.,"-*;!t%,!R67;!O7!#$115..";!87!r$%"1'!QR6%7E;!I0".0'%,');!Mf;!XsD!q-0*!M"1'3!�!%-*%;!Hytt7!

zHu{! r7!?-))'$1';! q7!I"4')*-;!r7!=-:$)6;!?7!I"-..-!q7!?$)$*-;!<7! @3-0$;!S7!R*".9;!#$%"4".$,"-*!$*6!

$%%-."$,'6!6'2)$6$,"-*!&'.0$*"%&%!$++1".$(1'!,-!6'*%'!&',$1!036)-2'*!&'&()$*'%;!"*D!@*-)2$*".!

&'&()$*'%!4-)!'*')23!$*6!'*/")-*&'*,$1!$++1".$,"-*%;!t%,!R67;!87I7!r-%'!QR67E;!G':!�-)9;!G�;!Xf8D!

f+)"*2');!Hyyv7!



!

! tt!

zHn{! #7! f-*2;! ?7N7! N-1$*;! ?7R7! s'11$&;! N7! W"$*2;! f7! T$&('11";! F~G"~A"! &51,"B+0$%'! $11-3!

&'&()$*'%! 4-)! 036)-2'*! +5)"4".$,"-*;! q-5)*$1! -4! 811-3%! $*6! I-&+-5*6%;! /-17! xyv;! vwHHBvwHU;!

Hytt7!

zHU{! 0,,+Dii:::7"L$B%,)5.,5)'7-)2i6$,$($%'%i;!G-/'&(')!Hytx7





!

! tw!

<&%$(9(

>*%#$?@%*,'*@3.#(#$+4A(-7(B&,&4*+/("&#.4(&33-A#(

!

F+//&%A(

!:&>6(@)2'+(6,:Z!@*!,0"%!+$),;!$!4")%,B+)"*."+1'%!%,563!-4!036)-2'*!-..5+$,"-*!"*!FG"!$*6!FG"A"!$11-3%!

"%!)'+-),'6!$*6!,0'!)-1'!-4!G"!$*6!A"!%5(%,",5'*,%! "%!$*,"."+$,'67!8,!4")%,;!$!2'*')$1! "*,)-65.,"-*!,-!

&',$1%! $*6! &',$1! $11-3%! "%! 2"/'*7! A0'")! %,)5.,5)$1! .0$)$.,')"%,".%! $*6! )'1$,'6! +)-+'),"'%! $)'!

6"%.5%%'67! G'>,;! %-&'! -4! ,0'! 45*6$&'*,$1! "6'$%! -4! C5$*,5&! &'.0$*".%! $*6! N'*%",3! O5*.,"-*$1!

A0'-)3;!$%!-5)!&',0-6!-4!.0-".';!$)'!'>+1$"*'67!O5),0');!,0'!%',5+%!-4!,0'!'&+1-3'6!.-&+5,$,"-*$1!

+)-.'65)'!$)'!"*6".$,'6;!4-11-:'6!(3!$!6'%.)"+,"-*!-4!,0'!$6-+,'6!$,-&".!&-6'1%!$*6!,0'!+)-.'65)'!

,-! '/$15$,'! ,0'! ("*6"*2! '*')2"'%! "*! ,0'! $11-3%! -4! "*,')'%,7! @*! -'(9>4() #:1) 16(?9((6,:;! ,0'! =B=!

.-*4"25)$,"-*! :",0"*! ,0'! 1$,,".'! "%! 6"%.5%%'67! A0'! +)'4')'*.'! -4! 036)-2'*! 4-)! %",'%! -4! +$),".51$)!

%3&&',)3!"%!$*$13%'67!A0'!/$)"$,"-*!-4!,0'!("*6"*2!'*')23!$%!45*.,"-*!-4!$11-3!.-&+-%","-*!"%!$1%-!

)'+-),'6! $*6! ,0'! .-))'1$,"-*! -4! ,0"%! $,-&"%,".! %.$1'! C5$*,",3! ,-! &$.)-B%.$1'! &$,')"$1! +)-+'),"'%!

%5.0! $%! =H! %-15("1",3! $*6! 6"445%"/",3! "%! 6"%.5%%'67! O5),0')&-)';! 25"6'1"*'%! 4-)! ,$"1-)"*2! ,0'! $11-3!

.-&+-%","-*! :",0! )'2$)6! ,-! ,0'! 036)-2'*! %-15("1",3! $)'! +)-+-%'67! O"*$113! .-*.15%"-*%! 4)-&! ,0'!

.-*65.,'6!%,563!$)'!&$6'!$*6!%5(%'C5'*,!&51,"B%.$1'!%"&51$,"-*%!$)'!%522'%,'67!

!

$4#>6#:) 2'+(6,:Z) @*! C5'%,$! %'L"-*'! Y! %,$,-! )"+-),$,-! 5*-! %,56"-! +)'1"&"*$)';! #"^6:646,[! %511$!

6"%+-%"L"-*'!6'21"!$,-&"!6V"6)-2'*-!*'11$!.'11$!5*",$)"$!6'11'!1'20'!6"!FG"!'!FG"A"7!W$!+)"&$!+$),'!Y!

6'6".$,$! $6! 5*$! "*,)-65L"-*'! %5"! &',$11"! '! %511'! 1'20'! &',$11".0'! "*! .5"! 1'! 1-)-! +)-+)"',[! '!

.$)$,,')"%,".0'! %,)5,,5)$1"! /'*2-*-! 6"%.5%%'7! N"! %'25",-;! 1'! 'C5$L"-*"! ($%'! 6'11$! &'..$*".$!

C5$*,"%,".$! '! 6'11$! A'-)"$! 6'1! O5*L"-*$1'! N'*%",[! %-*-! "115%,)$,"! .-%"! .-&'! "1! &',-6-!

.-&+5,$L"-*$1'!5,"1"LL$,-!+')!/$15,$)'!1'!'*')2"'!6"!1'2$&'!6'21"!$,-&"!6V"6)-2'*-!.-*!"!&',$11"!.0'!

4-)&$*-! 1'! 1'20'!.-*%"6')$,'Z!5*$!6'%.)"L"-*'!6'"!&-6'11"! $,-&"."! Q.15%,')%E!$6-,,$,"! %-*-!C5"*6"!

+)'%'*,$,"7!G'11$!%'L"-*'!�S'%51,%!$*6!N"%.5%%"-*�!QS"%51,$,"!'!6"%.5%%"-*'E;!1'!6"44')'*,"!6"%+-%"L"-*"!

6'21"!$,-&"!6V"6)-2'*"!*'11'!.'11'!5*",$)"'!%-*-!6"%.5%%';!%-+)$,,5,,-;!)"25$)6-!$11'!6"%,$*L'!=B=!*'1!

1$,,".'! &',$11".-7! W$! +)'4')'*L$! 6'11V"6)-2'*-! +')! %","! .-*! +$),".-1$)'! %"&&',)"$! Y! %,$,$! $*.0'!

$*$1"LL$,$7!X*$!/-1,$! %,$("1",-! 1'!6"%+-%"L"-*"!+"�!+)-($("1"! +')! 21"! $,-&"!6V"6)-2'*-;! 1$! /$)"$L"-*'!

6'11'!'*')2"'!6"!1'2$&'!"*!45*L"-*'!6'11$!.-&+-%"L"-*'!6'11'!1'20'!Y!%,$,$!)"+-),$,$7!W$!.-))'1$L"-*'!

,)$!1'!'*')2"'!6"!1'2$&'!Q%.$1$!$,-&".$E!Y!+)-+)"',[!&$.)-%.-+".0';!C5$1"!1$!%-15("1",[!6'11V"6)-2'*-!

*'"!&$,')"$1";! Y! %,$,$! C5"*6"! 6"%.5%%$7! X*$! %-66"%4$.'*,'! .-))'1$L"-*'! $! 1"/'11-! C5$1",$,"/-! Y! %,$,$!



!

! tJ!

,)-/$,$7!@*4"*';!1"*''!25"6$!+')!1V-,,"&"LL$L"-*'!6'11$!.-&+-%"L"-*'!6"!5*$!1'2$!$!($%'!6"!/$*$6"-;!$1!

4"*'!6"!-,,'*')'!5*$!&"21"-)'! %-15("1",[!6'11V"6)-2'*-;! %-*-! %,$,'!+)-+-%,'7! W$! %'L"-*'! %"! .-*.156'!

.-*!6'11'!.-*%"6')$L"-*"!%5"!1"&","!6'11-!%,56"-!.-*6-,,-;!C5"*6"!+')!/$1"6$)'!1'!.-*.15%"-*"!,)-/$,';!

.-*!"1!%522')"&'*,-!+')!%5..'%%"/"!.$1.-1"!+')"-6"."7!

)
.5#:6(@)2'+(6,:Z!R*!'%,$!+$),'!%'!+)'%'*,$*!1-%!+)"&')-%!+)"*."+"-%!6'1!'%,56"-!6'!1$!-.5+$."a*!6'1!

0"6)a2'*-! '*! $1'$."-*'%! 6'! FG"! 3! FG"A"! 3! %'! $*,"."+$! '1! +$+'1! 6'! 1-%! %5%,",53'*,'%! 6'1! G"! 3! A"7!

\)"&')$&'*,'!%'!-4)'.'!5*$!"*,)-65.."a*!2'*')$1!6'!1-%!&',$1'%!3!1$%!$1'$."-*'%;!3!%'!6"%.5,'*!%5%!

.$)$.,')b%,".$%!'%,)5.,5)$1'%!3!+)-+"'6$6'%!)'1$."-*$6$%7!8!.-*,"*5$."a*;!%'!'>+1".$*!$125*$%!"6'$%!

45*6$&'*,$1'%!6'! 1$!&'.d*".$!.5d*,".$!3!6'! 1$!A'-)b$!O5*."-*$1!6'!N'*%"6$6;!$%b!.-&-!'1!&_,-6-!

'1'2"6-7! N'%+5_%! %'! "*6".$*! 1-%! +)-.'6"&"'*,-%! .-&+5,$."-*$1'%! '&+1'$6-%! 3! %'! 6'%.)"('*! 1-%!

&-6'1-%! $,a&".-%! $6-+,$6-%! 3! '1! +)-.'6"&"'*,-! +$)$! '/$15$)! 1$%! '*')2b$%! 6'! '*1$.'! 6'! 1$%!

$1'$."-*'%! 6'! "*,')_%7! R*! -'(9>4#1,() 7) 16(?9(6_:) %'! 6"%.5,') 1$! .--)6"*$."a*! =B=! 6'*,)-! 6'1!

'*,)$&$6-7!86'&d%;!%'!$*$1"L$*!1-%!05'.-%!+)'4')'*,'%!6'1!0"6)a2'*-!6'!5*$!6',')&"*$6$!%"&',)b$7!

A$&("_*! %'! +)'%'*,$! 1$! /$)"$."a*! 6'! 1$! '*')2b$! 6'! '*1$.'! '*! 45*."a*! 6'! 1$! .-&+-%"."a*! 6'! 1$!

$1'$."a*! 3! %'! 6"%.5,'! 1$! .-*'>"a*! 6'! 1$! '%.$1$! $,a&".$! .-*! 1$%! +)-+"'6$6'%! 6'! &$.)-B'%.$1$! 6'!

&$,')"$1!.-&-!1$!%-15("1"6$6!6'1!=H!3!1$!6"45%"/"6$67!86'&d%!%'!+)-+-*'!5*$!25b$!+$)$!1$!$6$+,$."a*!

6'!1$!.-&+-%"."a*!6'!1$!$1'$."a*!.-*!)'%+'.,-!$!1$!%-15("1"6$6!6'1!0"6)a2'*-7!O"*$1&'*,';!%'!'>,)$'*!

1$%!.-*.15%"-*'%!6'1!'%,56"-!11'/$6-!$!.$(-!3!%'!%52"')'*!1$%!%5(%'.5'*,'%!%"&51$."-*'%!&51,"'%.$1$7!

)
8+':?@) 2'+(6,:Z) I',,'! +$),"'! "*,Y2)'! 5*'! _,56'! 6'%! +)"*."+'%! +)'&"')%! 6'! 1g-..5+$,"-*! 6'!

1g036)-2Y*'! 6$*%! 1'%! $11"$2'%! FG"! ',! FG"A"! ',! +)_/-",! 1'! )l1'! 6'%! %5(%,",5$*,%! G"! ',! A"7! N$*%! 5*!

+)'&"')! ,'&+%;! 5*'! "*,)-65.,"-*! 2_*_)$1'! %5)! 1'%! &_,$5>! ',! $11"$2'%! &_,$11"C5'%! 6'! &_,$5>! '%,!

+)_%'*,_'7! W'5)%! .$)$.,_)"%,"C5'%! %,)5.,5)$1'%! ',! 1'%! +)-+)"_,_%! $%%-."_'%! %-*,! 6_.)",'%7! G-5%!

6_,$"11-*%!'*%5",'!.'),$"*'%!6'%!"6_'%!4-*6$&'*,$1'%!6'!1$!&_.$*"C5'!C5$*,"C5'!',!6'!1$!A0_-)"'!6'!

1$! O-*.,"-**'11'! 6'! N'*%",_;! C5"! '%,! *-,)'! &_,0-6'! 6'! .0-">7! R*! -5,)';! 1'%! .-*%,)5.,"-*%! 6'! 1$!

&_,0-6'! 6'! .$1.51! '&+1-3_'! %-*,! "*6"C5_'%;! %5"/"'%! 6g5*'! 6'%.)"+,"-*! 6'%! &-6Y1'%! $,-&"C5'%!

$6-+,_%!',!6'!1$!+)-._65)'!+-5)!_/$15')!1'%!_*')2"'%!6'!1"$"%-*!6$*%!1'%!$11"$2'%!6g"*,_)h,7!N$*%!1$!

+$),"'!-`(9>4#4()'4)16(?9((6,:;!1$!.-*4"25)$,"-*!=B=!$5!%'"*!65!)_%'$5!'%,!6"%.5,_'7!W$!+)_4_)'*.'!6'!

1g036)-2Y*'! +-5)! 1'%! %",'%! +)_%'*,$*,! 5*'! %3&_,)"'! +$),".51"Y)'! '%,! $*$13%_'7! W$! /$)"$,"-*! 6'!

1g_*')2"'! 6'! 1"$"%-*! '*! 4-*.,"-*! 6'! 1$! .-&+-%","-*! 6'! 1g$11"$2'! '%,! _2$1'&'*,! +)_%'*,_'! ',! 1$!

.-))_1$,"-*! 6'! .',,'! C5$*,",_! [! 1g_.0'11'! $,-&"%,"C5'! $/'.! 1'%! +)-+)"_,_%! &$.)-%.-+"C5'%! 6'%!

&$,_)"$5>! ,'11'%!C5'! 1$! %-15("1",_! ',! 1$!6"445%"/",_!6'!=H! '%,!6"%.5,_'7! $:)*6:';! 6'%! 1"2*'%!6")'.,)".'%!

%-*,!+)-+-%_'%!+-5)!$6$+,')! 1$!.-&+-%","-*!6'%!$11"$2'%!'*! 4-*.,"-*!6'! 1$!%-15("1",_!)'C5"%'!+-5)!

1g036)-2Y*'7!W'%!.-*.15%"-*%!%5)!.',,'!_,56'!%V$..-&+$2*'*,!6'!%522'%,"-*%!6'!%"&51$,"-*%!&51,"B

_.0'11'%7)

!



!

! tx!

;(6D.-%.$*'&3("&'15%-+,4(

;:;(8%A#$&3(#$%+'$+%.(-7(/.$&3#(

?',$1%!$)'!,3+".$113!0'$/3!'1'&'*,%!$*6!,0')'4-)'!,0'3!,'*6!,-!('!6'*%'13!+$.9'67!r'%"6'%;!&',$1!

(-*6%! $)'! *-,! 6")'.,"-*$1! $*6! ,0'! 2)'$,'%,! %,$("1",3! "%! '>+'.,'6! 4-)! ,0-%'! .)3%,$11-2)$+0".!

$))$*2'&'*,%! ,0$,! &$>"&"L'! ,0'! .--)6"*$,"-*! *5&(')! -4! '$.0! $,-&! zt{7! N"%,$*.'%! (',:''*!

*'"20(-5)"*2! &',$1! $,-&%! $)'! 5%5$113! %&$11! "*! -)6')! ,-! 1-:')! ,0'! (-*6! '*')237! I-*%'C5'*,13;!

&',$1%! .)3%,$11"L'! $%! %-1"6%!:",0! $,-&%! $))$*2'6! "*! $! )'251$)!&$**')! zH{7! @*! $*! "6'$1! .)3%,$1! ,0'!

$))$*2'&'*,! -4! $,-&%! (5"16%! $! ,0)''B6"&'*%"-*$1! *',! Q1$,,".'E! ,0$,! .$*! ('! 6'%.)"('6! (3!

,)$*%1$,"-*$1!/'.,-)%7!A0"%! ,)$*%1$,"-*$1! %3&&',)3!-4!&',$1! .)3%,$1%! "&+1"'%! ,0$,! $,! $! 2"/'*! 1$,,".'!

+-"*,! ,0'! .-*4"25)$,"-*!-4! $,-&%! "%! "6'*,".$1!:",0! ,0$,! $,! $*3!-,0')!+-"*,! 4)-&! ,0'!%,)5.,5)'7!A0'!

1$,,".'%! $)'! .1$%%"4"'6! $..-)6"*2! ,0'")! %3&&',)3! %+$,"$1! 2)-5+%! (3! &'$*%! -4! 1'*2,0%! $*6! $*21'%!

(',:''*! .)3%,$11-2)$+0".! $>'%7! A0"%! 3"'16%! tJ! 5*"C5'! r)$/$"%! 1$,,".'%! "*! ,0'! ,0)''B6"&'*%"-*$1!

.)3%,$1! %3%,'&;!*$&'6!$4,')! ,0'")! 4-5*6')7!8..-)6"*2! ,-! ,0'!r)$/$"%! .1$%%"4".$,"-*;! ,0'!'1'&'*,$)3!

5*",! .'11%! -4! &$K-)",3! -4! &',$1%! $)'! :",0! 4$.'B.'*,)'6! .5(".! Q4..E! -)! (-63B.'*,)'6! .5(".! Q(..E!

,-+-1-23!QO"25)'!HE7!8!4..!5*",!.'11!"%!4-)&'6!(3!$*!$,-&!$,!'$.0!.-)*')!-4!$!.5('!$*6!-*'!$,-&!"*!

,0'! .'*,)'!-4! '$.0!-4! ",%! 4$.'%! zw{7!?',$1%!:",0! %5.0! .)3%,$1! %,)5.,5)'!$)'! 4-)! '>$&+1'!$15&"*"5&;!

%"1/');!2-16;!.-++');!*".9'1;!+$11$6"5&!$*6!+1$,"*5&7!8!(..!5*",!.'11!4'$,5)'%!$*!$,-&!$,!'$.0!.-)*')!

-4! ,0'! .5('! $*6! -*'! $,-&!$,! ,0'! .'*,)'! -4! ,0'! .5('7! f-&'!-4! ,0'! (..!&',$1%! $)'! .0)-&"5&;! ")-*;!

&-13(6'*5&;!*"-("5&;!,$*,$15&!$*6!/$*$6"5&7!O..!$*6!(..!5*",!.'11%!$)'!.0$)$.,')"%'6!(3!$!1'*2,0;!

#;!:0".0!"%!'C5$1!4-)!$11!4$.'%!-4!,0'!.'11!$*6!"%!.$11'6!1$,,".'!+$)$&',')7!A0'!$*21'%!(',:''*!,0'!4$.'%!

-4!,0'%'!5*",!.'11%!$)'!$11!'C5$1!,-!vy�7!f-&'!&',$1%!%5.0!$%!&$2*'%"5&;!,",$*"5&!$*6!L"*.!.)3%,$11"L'!

"*! $! ,0")6! ,3+'! -4! $))$*2'&'*,! :",0! 0'>$2-*$1! .1-%'6! +$.9'6! %,)5.,5)'! Q*-,! %0-:*! 0')'E7! @,! "%!

-(/"-5%! ,0$,! ,0')'! "%!$! .-**'.,"-*!(',:''*! ,0'!.0'&".$1! .-*%,",5'*,!$*6! ,0'!.)3%,$1! %,)5.,5)'7! @*!

2'*')$1;!'1'&'*,%!,0$,!('1-*2!,-!,0'!%$&'!2)-5+!-4!,0'!+')"-6".!,$(1'!.)3%,$11"L'!"*!,0'!%$&'!,3+'!-4!

%,)5.,5)'7!

!

>*5+%.(Q=(R1'&'*,$)3!5*",!.'11%!-4!4$.'B.'*,)'6!.5(".!Q1'4,E!$*6!(-63B.'*,)'6!.5(".!1$,,".'!Q)"20,E7(

!"#$%&$#'(&



!

! tu!

M0'*!6"44')'*,!,3+'%!-4!&',$1%!$)'!&">'6!,-2',0');!$!&',$1!$11-3!"%!(5"1,!zt{7!8*!$11-3!.$*!('!$!%-1"6!

%-15,"-*!-)!$*!"*,')&',$11".!Q&51,"B+0$%'E!$11-37!A0'!4-)&')!.-*%"%,%!-4!$!%"*21'!0-&-2'*'-5%!+0$%'!

:",0! $11-3"*2! '1'&'*,%!6"%,)"(5,'6!-/')! ,0'! .)3%,$1! 1$,,".'! -4! ,0'!0-%,! '1'&'*,7!N'+'*6"*2!-*! ,0'!

%"L'! -4! '$.0! '1'&'*,! "*! ,0'!&">,5)';! ,0'! %-1"6! %-15,"-*! ,0$,! "%! 4-)&'6! "%! '",0')! %5(%,",5,"-*$1! -)!

"*,')%,","$1!QO"25)'!wE7!8%!$!2'*')$1!)51';!%"&"1$)!"*!%"L'!$,-&%!4-)&!%5(%,",5,"-*$1!$11-3%7!@4!-*'!$,-&!

,3+'! "%!&5.0! %&$11')! ,0'*! ,0'!-,0');! ",! "%! ,)$++'6! "*! ,0'! %+$.'%!(',:''*! ,0'! 1$)2')!$,-&%7!A0'%'!

"*,')$,-&".!%+$.'%!$)'!.$11'6!"*,')%,".'%!$*6!,05%!,0'!$11-3!"%!6''&'6!$%!"*,')%,","$17!A0'!+)-+'),"'%!

-4! %-1"6! %-15,"-*%! $)'! 6',')&"*'6! (3! ,0'! .0'&".$1! .-&+-%","-*! -4! ,0'! .-*%,",5'*,%7! <*! ,0'! -,0')!

0$*6;!&51,"+0$%'!$11-3%!.-*%"%,!-4!$!&">,5)'!-4!.)3%,$11"*'!%-15,"-*%!:",0!6"44')'*,!.-&+-%","-*%!$*6!

%3&&',)3;!$*6!,0'")!-/')$11!+)-+'),"'%!1$)2'13!6'+'*6!-*!,0'!/-15&'!4)$.,"-*!-4!,0'!6"%,"*.,!+0$%'%7!

W$%,13;! ,0')'! $)'! $&-)+0-5%! &',$1%! ,0$,! :')'! *-,! &'*,"-*'6! $(-/'! ('.$5%'! ,0'3! $)'! *-/'1!

'*2"*'')"*2!&$,')"$1%!:",0!6"%-)6')'6! "*%,'$6!-4!.)3%,$11"*'!%,)5.,5)'!$*6!('1-*2! ,-! ,0'!2)-5+!-4!

$11-3%7!A0'%'!:-*V,!('!45),0')!6"%.5%%'6!"*!,0'!.5))'*,!%,5637!

!

!

>*5+%.( C=( f.0'&$,".! "115%,)$,"-*! -4! +5)'!&',$1! %,)5.,5)'! Q1'4,E;! %5(%,",5,"-*$1! $11-3! Q&"661'E! $*6!

"*,')%,","$1!$11-3!Q)"20,E7!

!

;:Q(M.$&3#(&,4(/.$&3(&33-A#(7-%(DA4%-5.,(#.@&%&$*-,(/./"%&,.#(

?',$1%! $*6!&',$1! $11-3%! $)'! '%+'."$113! $,,)$.,"/'!&$,')"$1%! 4-)! =HB%'1'.,"/'! 6'*%'!&'&()$*'%7! 8!

&'&()$*'!-4!,0'!,3+'!6-'%*V,!+-%%'%%!$*3!"*,'*,"-*$1!"*,').-**'.,'6!+-)'%!,0$*!%&$11!/-"6!%+$.'%;!

"7'7! "*,')%,".'%;!:0".0!.$*!$..-&&-6$,'!-*13!$,-&".!036)-2'*!Qt7t!�!6"$&',')E! zJ{7!I-*%'C5'*,13!

036)-2'*!6"445%'%!$.)-%%!,0'!&'&()$*'!"*!6"%%-."$,'6!4-)&!/"$!%')"'%!-4!$.,"/$,'6!K5&+%!(',:''*!

"*,')%,","$1! %",'%! zx{7! 811! -,0')! 2$%'%! $)'! '>.156'67! A0"%! ,)$*%+-),! &'.0$*"%&;! "115%,)$,'6!

%.0'&$,".$113! "*! O"25)'! J;! "&+1"'%! ,0'! *''6! -4! $! .$,$13%,! ,-! 2-/')*! ,0'! 6"%%-."$,"-*! $*6! )'B

$%%-."$,"-*! -4! 036)-2'*! -*! ,0'! 4''6! $*6! +')&'$,'! %"6'%! -4! ,0'!&'&()$*'! Q%,'+%! H! $*6! J! "*! ,0'!

4"25)'E7!



!

! tn!

!

!

>*5+%.( R=( f.0'&$,".! )'+)'%'*,$,"-*! -4! ,0'! &51,"%,'+! =H! ,)$*%+-),! &'.0$*"%&! ,0)-520! $! 6'*%'!

&',$1!&'&()$*'7!f,'+!tD!R>,')*$1!6"445%"-*Z!f,'+!HD!N"%%-."$,"-*!-4!=H!$*6!6"%%-15,"-*!-4!=!$,-&%Z!

f,'+!wD!@*,')*$1!6"445%"-*Z!f,'+!JD!S'B$%%-."$,"-*!-4!=!$,-&%!$*6!6'%-)+,"-*!-4!=HZ!f,'+!xD!R>,')*$1!

6"445%"-*7(

A0'! )'1$,"/'13! 0"20! =H! %-15("1",3! $*6! 6"445%"/",3! .-&("*'6! :",0! .$,$13,".! $("1",3! '%,$(1"%0'6!

+$11$6"5&! $%! ,0'! 6-&"*$*,! &$,')"$1! 4-)! +)-65."*2! %5.0! &'&()$*'%7! =-:'/');! \6! 0$%! .'),$"*!

1"&",$,"-*%!4-)!:"6'%+)'$6!$++1".$,"-*;!,0'!'&+0$%"%!('"*2!-*!,0'!0"20!.-%,!)$:!&$,')"$1%!zu;n{!$*6!

%5)4$.'! +-"%-*"*2! "%%5'%! zw{7! @*! $*! '44-),! ,-! )'65.'! ,0'! +)".'! $*6! ,-! "*.)'$%'! ,0'! +')4-)&$*.'! -4!

6'*%'! &',$1! &'&()$*'%;! )'%'$).0')%! $)'! "*/'%,"2$,"*2! $1,')*$,"/'! *-*B+)'."-5%! '1'&'*,%! $*6!

*-/'1! .-&+-%",'!&$,')"$1%7! A0'%'! %0-516! )'+1$.'! ,0'! .-)'!&$,')"$1! -4! ,0'!&'&()$*'%;!:0"1'! ,0'!

*''6! 4-)! \6! "%! )'65.'6! ,-! $! ,0"*! .$,$13,".! 1$3')! -*! ,0'! 4''6! $*6! +')&'$,'! %5)4$.'%! 5*,"1! $! (',,')!

%5",$(1'! *-*B\6! .$,$13%,! "%! 6'/'1-+'67! R>0"(","*2! 0"20! =H! +')&'$("1",3! $*6! ('"*2! 1'%%! '>+'*%"/'!

,0$*!\6;!2)-5+!Fr!&',$1%!QI8f!*5&(')"*2E!$)'!+)-&"%"*2!.$*6"6$,'%!4-)!=HB%'+$)$,"-*!$++1".$,"-*%!

zu;U;v{7!?'&()$*'%! ($%'6! -*!6'*%'! 4-"1%! -4! /$*$6"5&;! ,$*,$15&!-)! *"-("5&! .-$,'6!:",0! ,0"*!\6B

($%'6!.$,$13,".!$*6!->"6$,"-*B+)-,'.,"/'!1$3')!0$/'!(''*!+$,'*,'6!4")%,!"*!tvun!(3!?$9)"6'%;!M)"20,!

$*6!q':',,!zty{7!A0'3!0$/'!6',')&"*'6!,0$,!,0'%'!&',$1%!6"%%-1/'!&-)'!036)-2'*!(5,!0$/'! 1-:')!

6"445%"-*!.-*%,$*,%!,0$*!\67!W$,')!%,56"'%!%,$,'!,0$,!(-63B.'*,)'6!.5(".!Q(..E!F;!A$!$*6!G(!'>0"(",!

(-,0! 0"20')! 036)-2'*! %-15("1",3! $*6! 6"445%"/",3! "*! .-&+$)"%-*! :",0! \6! zU{7! @*! $*3! .$%';! ,0'!

+')&'$("1",3;! :0".0! $..-)6"*2! ,-! ,0'! %-15,"-*B6"445%"-*! ,0'-)3! "%! $! +)-65.,! -4! %-15("1",3! $*6!

6"445%"/",3! zJ{;! "%! )'+-),'613! $1:$3%! 2)'$,')! 4-)! 2)-5+! Fr! '1'&'*,%! .-&+$)'6! :",0! +$11$6"5&!

ztt;tH{;!$%!%0-:*!"*!A$(1'!H7!

CO2 
H2S 

H2O H2 

CO 

High-purity H2 

H 

Gaseous mixture 

!"#$"%

&"'()%

&"*+,(#"%1 

2 

3 

4 

5 



!

! tU!

6&"3.(Q=!=36)-2'*!+')&'$("1",3!/$15'%!-4!%'1'.,'6!&',$1%!ztt{7!

?',$1! I)3%,$1!%,)5.,5)'!
=36)-2'*!+')&'$("1",3!$,!nnw!s!

z&-1!&Bt!%Bt!\$By7x{!

G(! (..! t7u!�!tyBu!

A$! (..! t7w!�!tyBn!

F! (..! t7v!�!tyBn!

O'! (..! t7U!�!tyBty!

G"! 4..! n7U!�!tyBtt!

\6! 4..! t7v!�!tyBU!

\,! 4..! H7y!�!tyBtH!

!

A0'!+)-(1'&!$%%-."$,'6!:",0!%5.0!%5+')B+')&'$(1'!&',$1%!"%!,0$,!,0'3!$)'!+)-*'!,-!()",,1'!4$"15)';!

"7'7! ,-! :'$9'*"*2! -4! ,0'! &$,')"$1! .$5%'6! (3! ,0'! =H! 5+,$9'! zu{7! @,! "%! $.9*-:1'62'6! ,0$,! ,0"%!

%0-),.-&"*2!.$*!('!)'65.'6!,0)-520!%'1'.,"/'!$11-3"*27!A0'!"&+)-/'6!'&()",,1'&'*,!)'%"%,$*.'!-4!

$11-3%! )'1$,"/'! ,-! ,0'! +5)';! %-15,'B4)''! &',$1%! "%! $,,)"(5,'6! ,-! 1-:')'6! %-15("1",3! $*6! 6"445%"/",37!

I-*%'C5'*,13! ,0'! +')&'$("1",3! "%! $1%-! 6'.)'$%'67! ?-)'-/');! $11-3"*2! .$*! 1-:')! ,0'! +0$%'!

,)$*%4-)&$,"-*!,'&+')$,5)'%!$*6!,-! "*0"(",!*5.1'$,"-*!-4!()",,1'!036)"6'%7!A05%;! ",! "%! "&+-),$*,!,-!

%,563!0-:!$11-3"*2!"*415'*.'!036)-2'*!,)$*%+-),!,0)-520!,0'!&$,')"$1!$*6!,-!$.0"'/'!$!2--6!,)$6'B

-44!(',:''*!&'.0$*".$1!$*6!,)$*%+-),!+)-+'),"'%!ztw{7!

8! %+'."$1! .$%'! "%! ,0'!%3%,'&!FBG"BA"7! @,! "%!$.9*-:1'62'6! ,0$,!$66","-*!-4!G"! ,-!F!6'.)'$%'%! ,0'!=H!

%-15("1",3! $*6! ,0')'4-)'! )'65.'%! ,0'! '&()",,1'&'*,! %5%.'+,"("1",3! ztJ;tx{7! <*! ,0'! -,0')! 0$*6;! A"!

'*0$*.'%! ,0'! %-15("1",3! -4! F! (-,0! (3! '>+$*6"*2! ,0'!&',$1! 1$,,".'! $*6! (3! 4-)&"*2! %,$(1'! 036)"6'%!

zJ;tu;tn{7!<*!,0'!*'2$,"/'!%"6';!("*$)3!FA"!$11-3%!$)'!+)-*'!,-!()",,1'!4$"15)'7!811-3"*2!F!:",0!(-,0!G"!

$*6!A"!)'%51,%!"*!4-)&$,"-*!-4!&51,"B+0$%'!&".)-%,)5.,5)';!.-*,$"*"*2!$!+)"&$)3!(..!%-1"6!%-15,"-*!

$*6!:'$913!$(%-)("*2!+0$%'%!:",0!1-:!/-15&'!4)$.,"-*!zv;tU{7!A0'%'!G"A"!.-&+-5*6%;!:",0!.)3%,$1!

%,)5.,5)'%!6"44')"*2!4)-&!,0'!+$)'*,!(..!%-1"6!%-15,"-*;!%,$("1"%'!,0'!-/')$11!&'.0$*".$1!%,$("1",3!-4!

,0'!&$,')"$1!:0"1'! ,0'! 6-&"*$*,!FB)".0! +0$%'! +)-&-,'%! 036)-2'*!+')&'$("1",3! ztv{7!N"%%-."$,'6!

036)-2'*!-..5+"'%!&',$1!"*,')%,".'%!"*!,0'!(..!1$,,".'!$*6!0-+%!(',:''*!%5.0!"*,')%,","$1!%",'%7!A0'!

,)$*%+-),! +)-+'),"'%! -4! FG"A"! $11-3%! 6'+'*6! %,)-*213! -*! ,0'! $("1",3! -4! ,0'! +)"&$)3! +0$%'! ,-!

$..-&&-6$,'!$*6!6"445%'!036)-2'*!$,-&%;!"7'7!-*!,0'!%",'%!-..5+$*.37!A:-!6"%,"*.,!$(%-)+,"-*!%",'%!

$)'!$/$"1$(1'! "*!&',$1! 1$,,".'%!~! ,',)$0'6)$1! QAE!$*6!-.,$0'6)$1! Q<E! "*,')%,".'%7!A!$*6!<!%",'%!0$/'!

6"44')'*,!.-*.'*,)$,"-*!$*6!%"L'!"*!$!5*",!.'117!@*!O"25)'!x!(-,0!,3+'%!-4!"*,')%,","$1!%",'%!"*!$!(-63B

.'*,)'6!.5(".!5*",!.'11!$)'!"115%,)$,'67!@*!+$),".51$);!"*!,0'!.$%'!-4!(..!&',$1;!,0'!*5&(')!-4!A!%",'%!"%!



!

! tv!

HJ!+')!5*",!.'11;!$*6!,0'!*5&(')!-4!<!%",'%!,-,$1%!tU!+')!5*",!.'117!A0'!*5&(')!-4!"*,')%,".'%!"%!1-:')!

"*!,0'!4..!.)3%,$1!%,)5.,5)'!$*6!*$&'13!U!A!%",'%!$*6!tw!<!%",'%!+')!5*",!.'117!A0'!0"20')!+')&'$("1",3!

-4!036)-2'*! ,0)-520!(..!&',$1%! "%! $%.)"('6!*$&'13! ,-! ,0'!0"20')!$&-5*,!-4! $/$"1$(1'! $(%-)+,"-*!

%",'%7!?-)'-/');! "*!$!(..!&',$1! 1$,,".';! ,0'!%"L'!-4!<! "*,')%,".'%!Q)'1$,"/'!,-! ,0'!)$6"5%!-4! ,0'!&',$1!

$,-&%E!"%!%&$11')!,0$*!,0'!%"L'!-4!A!"*,')%,".'%;!:0"1'!,0'!-++-%",'!"%!,)5'!"*!4..!&',$1%!QA$(1'!wE!zU{7!

!

!

! !

>*5+%.(J=(811!-.,$0'6)$1!Q"*!)'6!.-1-5)E!$*6!,',)$0'6)$1!%",'%!Q"*!2)'3!.-1-5)E!"*!$!(..!5*",!.'11D!,0')'!

"%!-*'!<!%",'!-*!'$.0!-4!,0'!%">!(..!.'11!4$.'%!Q|;!|;!yE!$*6!-*'!-*!'$.0!-4!,0'!,:'1/'!.'11!'62'%!Q|;!y;!

yEZ!,0'!A!%",'%!$)'!4-5)!-*!'$.0!-4!,0'!%">!.'11!4$.'%!Q|;!};!yE7(

6&"3.(C=(f"L'!-4!A!$*6!<!%",'%!"*!(..!$*6!4..!$11-3%!zU{7(

f,)5.,5)'!

A',)$0'6)$1!%",'%! <.,$0'6)$1!%",'%!

f"L'!-4!,0'!$(%-)+,"-*!%",'%!)'1$,"/'!,-!?!$,-&!)$6"5%!

(..! y7Hvt! y7txx!

4..! y7HHx! y7Jtt!

!
!

A0'! %",'%! +)'4')'*.'! "*! $! 2"/'*! &',$1! "%! '%%'*,"$1! 4-)! .0$)$.,')"%$,"-*! -4! =B&',$1! %3%,'&%! $%! ",!

6',')&"*'%!/$)"-5%!&".)-B!$*6!&$.)-%.-+".!+)-+'),"'%!%5.0!$%!+0$%'!$*6!&'.0$*".$1!%,$("1",3;!=H!

%-15("1",3!$*6!6"445%"/",3!zHy{7!I-&&-*!('1"'/'!"%!,0$,!"*!(..!.)3%,$1!%,)5.,5)'%!=!-..5+"'%!A!%",'%;!

:0"1'!<!"*,')%,".'%!$)'!4$/-5)'6!"*!4..!&',$1%!zHt;HH;Hw{7!8*30-:;!,0'!$/$"1$(1'!%,56"'%!-4!/$*$6"5&!

$)'! 5%5$113! $,! 1-:! ,'&+')$,5)'%;! :0')'! +0$%'! ,)$*%","-*%! -..5);! $*6! ,0'3! $)'! *-,! .-*.15%"/'!

:0',0')!=!$,-&%!-..5+3!,',)$0'6)$1!-)!-.,$0'6)$1!%",'%!"*!,0'!(..!+0$%'!zHJ;Hx;Hu;Hn;HU{7!M0'*!",!

.-&'%!,-!$11-3%!,0'!C5'%,"-*!('.-&'%!'/'*!&-)'!.-*,)-/')%"$17!f-15,'!'1'&'*,%!$1,')!,0'!/-15&'!"*!

,0'!F!(..!5*",!.'11!$*6!"*415'*.'!,0'!%",'%!'*')23!"*!,0'!1$,,".'7!r',,')!5*6')%,$*6"*2!-4!,0'!=B&',$1!

"*,')$.,"-*%! "*! ,0'! FBG"BA"! %3%,'&! .-516! +)-/"6'! $*! $*%:')! ,-! ,0'! $4-)'&'*,"-*'6! C5'%,"-*! $*6!

,0')'(3! 4$."1",$,'! ,0'! 6'%"2*! $*6! -+,"&"%$,"-*! -4! 1-:! .-%,! 6'*%'! &'&()$*'%! 4-)! =H! %'+$)$,"-*7!

!"#$%&$#'(&

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

12#$+",*$%&-.#"&/1&-.#"0&

12#$+",*$%&-.#"&.3&#+"&2"3#*"&'4&#+"&4$2"&

/1&-.#"&2"3#*"0&



!

! Hy!

=-:'/');! ,0'!)'%'$).0!-*!FB($%'6!%-1"6!%-15,"-*%! "%! 1"&",'6!$*6!&-%,13!'>+')"&'*,$17!A-!$6/$*.'!

,0'!9*-:1'62'!-4!"*,')$.,"-*%!$,!$,-&".!%.$1';!'&+1-3&'*,!-4!%+'."$1!"*/'%,"2$,"-*!&',0-6%!%5.0!$%!

4")%,B+)"*."+1'%!.-&+5,$,"-*%!-)!6"44)$.,"-*!%,563!"%!)'C5")'67!

!

;:C(S+&,$+/(/.'D&,*'#(&,4(4.,#*$A(7+,'$*-,&3($D.-%A(

X*6')%,$*6"*2! ,0'! +)-+'),"'%! -4! &$,')"$1%! $,! 45*6$&'*,$1! 1'/'1! )'C5")'%! 9*-:1'62'! -4! ,0'!

('0$/"-5)! -4! $,-&".! $*6! %5($,-&".! +$),".1'%7! 8,! %5.0! ,"*3! %.$1'! ,0'! :$/'B+$),".1'! 65$1",3! "%!

-(%')/'6! $*6! G':,-*V%! 1$:%! ,0$,! $++13! "*! ,0'!&$.)-%.-+".!:-)16! *''6! ,-! ('! )'.-*%"6')'67! A0'!

%."'*.'! .-*.')*'6!:",0! 6'%.)"+,"-*! -4!&$,,')! $,! ,0'! 1'/'1! -4! "*6"/"65$1! $,-&%! "%! .$11'6! C5$*,5&!

&'.0$*".%! Q]?E7! I-)'! 'C5$,"-*! -4! ]?;! $*$1-25'! ,-! G':,-*V%! %'.-*6! 1$:! Q8a%#E;! "%! ,0'!

f.0)�6"*2')!'C5$,"-*7!A0"%!'C5$,"-*!.-/')%!$*3!+)-(1'&!"*!,0'!'1'.,)-*!%,$,'%!-4!&$,,')!"*.156"*2!

,0'! ,"&'7! @*! &-%,! .$%'%;! 0-:'/');! -*'! "%! .-*.')*'6! :",0! $,-&%! $*6! &-1'.51'%! :",0-5,! ,"&'B

6'+'*6'*,! "*,')$.,"-*%! zHv{7! A0'! ,"&'B"*6'+'*6'*,;! *-*)'1$,"/"%,".! Q"*! ,0'! r-)*B<++'*0'"&')!

$++)->"&$,"-*E!4-)&!-4!,0'!f.0)�6"*2')!'C5$,"-*!"%D!

G�!�!!�;! Qt7tE!

:0')'!G!"%!,0'!=$&"1,-*"$*!-+')$,-);!�!"%!,0'!'1'.,)-*".!:$/'!45*.,"-*!-)!$!%',!-4!�'"2'*%,$,'%�!$*6!

!! "%! ,0'!'1'.,)-*".!'*')23!�'"2'*/$15'�! zwy{7!A0'!'"2'*%,$,'!�*! 4-)!$*3! "*,'2')!:! "%!$!%-15,"-*!,0$,!

0$%!$*!$%%-."$,'6!'"2'*/$15'!!:;!:0".0!%$,"%4"'%!'C5$,"-*!Qt7tE7!A0'!1-:'%,!'*')23!/$15'!"%!9*-:*!$%!

,0'! 2)-5*6! %,$,'! -4! ,0'! '1'.,)-*! %3%,'&7! A0'! =$&"1,-*"$*! "%! 6'4"*'6! "*! )'%+'.,! ,-! ,0'! +03%".$1!

%3%,'&!('"*2!6'%.)"('67!O-)!$!GB'1'.,)-*!%3%,'&!",!0$%!,0'!4-)&D!

! ! !
!
!

!!
!!
!

!

!!!

! ! ! !! ! ! !! ! !!

!!!

!

!!!

!

!

!!!

! Qt7HE!

A0'!4")%,!,')&!-*!,0'!)"20,B0$*6!%"6'!6'4"*'%!,0'!9"*',".!'*')23!-4!'$.0!'1'.,)-*!"*!,0'!%3%,'&7!=')'!

%!"%!,0'!'1'.,)-*!&$%%;!@!~!,0'!\1$*.9!.-*%,$*,!$*6!!H!~!,0'!W$+1$."$*7!A0'!9"*',".!'*')23!-4!*5.1'"!

"%! '>.156'6!65'! ,-! ,0'!r-)*B<++'*0'"&')! $++)->"&$,"-*! ,0$,! )'%,%! -*! ,0'! 4$.,! ,0$,! *5.1'"!&-/'!

&5.0! %1-:')! ,0$*! '1'.,)-*%;! -:*"*2! ,-! ,0'! 2)'$,')!&$%%! -4! *5.1'"! "*! .-&+$)"%-*! ,-! ,0'!&$%%! -4!

'1'.,)-*%7!I-*%'C5'*,13;!*5.1'$)!9"*',".!'*')23!.$*!('!.-*%"6')'6!'C5$1! ,-!L')-!$*6!,0'!+-,'*,"$1!

'*')23! 65'! ,-! *5.1'"! "%! &')'13! $! .-*%,$*,7! A0'! %'.-*6! ,')&! "*! RC7! Qt7HE! 2"/'%! ,0'! $,,)$.,"/'!

"*,')$.,"-*! '*')23! (',:''*! '$.0! '1'.,)-*! $*6! ,0'! .-11'.,"-*! -4! $,-&".! *5.1'"7! A0'! 1$%,! ,')&!

6'%.)"('%! ,0'! '1'.,)-*B'1'.,)-*! )'+51%"/'! "*,')$.,"-*7! O-)! %5.0! %3%,'&! :",0! G! '1'.,)-*%;! �! "%! $!

45*.,"-*!-4!'$.0!-4! ,0'!,0)''!%+$,"$1!.--)6"*$,'%!$*6!,0'!%+"*!-4!'$.0!'1'.,)-*;! "7'7!�!�!�Q%t;!(C;!%H;!

(D;�;!%G;!(bE7!A0"%!&'$*%!,0$,!4-)!$!%"*21'!GH!&-1'.51'!QG!�!tJE!�!"%!$!xuB6"&'*%"-*$1!45*.,"-*!QJH!"4!

,0'!%+"*!"%!*'21'.,'6E7!@,!"%!+)-/'*!,0$,!,0'!,-,$1!:$/'!45*.,"-*!-4!$!%3%,'&!.$*!('!$++)->"&$,'6!$%!$!

+)-65.,!-4!,0'!"*6"/"65$1!'1'.,)-*!:$/'!45*.,"-*%;!:0".0!"%!9*-:*!$%!$!=$),)''!+)-65.,!$*6!"%!2"/'*!



!

! Ht!

(3! �! �! �tQ%;! (E�HQ%;! (E;�;! �GQ%;! (E! (5,! ,0"%! 6-'%*V,! )'65.'! ,0'! *5&(')! -4! /$)"$(1'%! "*! ,0'!

&$,0'&$,".$1!+)-(1'&7!

8%!:'!%$:!"*!,0'!+)'/"-5%!+$)$2)$+0%;!,0'!f.0)�6"*2')!'C5$,"-*!"%!$!&$*3B(-63!+)-(1'&7!@,!.$*V,!

('! %-1/'6!$*$13,".$113!:0'*! ,0'!*5&(')!-4!'1'.,)-*%!'>.''6%!w7!A0')'4-)';!-/')! ,0'!+$%,! .'*,5)3;!

%'/')$1!$++)->"&$,'6!&',0-6%!Q%5.0!$%!,0'!=$),)''BO-.9!&',0-6E!0$/'!(''*!6'/'1-+'6!"*!-)6')!,-!

4"*6! $! %-15,"-*! -4! ,0"%! 45*6$&'*,$1! 'C5$,"-*7! @*! ,0"%! 4)$&';! ,0'! "*2'*"-5%! $++)->"&$,"-*! ,0$,!

N'*%",3! O5*.,"-*$1! A0'-)3! QNOAE! 5%'%! "*! -)6')! ,-! %-1/'! ,0'! f.0)�6"*2')! 'C5$,"-*! )'%,%! -*! ,:-!

,0'-)'&%!+)-/'6!(3!s-0*!$*6!=-0'*(')2!$*6!-*!$!%',!-4!'C5$,"-*%!6')"/'6!(3!s-0*!$*6!f0$&!"*!

,0'!tvuy%7!A0'!4")%,!,0'-)'&!%,$,'%!,0$,!4@')'E4'+:#>)5,4':46#>)c;!=)6();4,)\64@6:)#)?,:(4#:4=)#)9:6L9')

*9:?46,:#>),*)S;!=d).6:?'[)6:)49+:)c;!=)*6E'()G[)\')('')4@#4)4@')*9>>)%#:7)5#+46?>')&+,9:1)(4#4')6()#)9:6L9')

*9:?46,:#>),*)S;!=)zwt{7! @*! -,0')!:-)6%;! ,0'! 2)-5*6B%,$,'! '*')23! .$*! ('! '>+)'%%'6! $%! $! 45*.,"-*$1!

Q45*.,"-*!-4!$!45*.,"-*E!-4!,0'!'1'.,)-*!6'*%",3;!!)�!!zS;!={;!2"/'*!(3D!

! ! ! ! ! ! ! ! !" ! !!! ! !!! Qt7wE!

A0'! 4")%,! ,')&! -*! ,0'! )"20,B0$*6! %"6'! 6'%.)"('%! ,0'! '1'.,)-*B*5.1'"! +-,'*,"$1! '*')23;! :0')'! ,0'!

'>+)'%%"-*!4-)!,0'!'>,')*$1!+-,'*,"$1!c;!=!$.,"*2!-*!,0'!'1'.,)-*%!65'!,-!*5.1'"!-4!.0$)2'%!eA!0$%!,0'!

4-)&D!

! ! ! !
!!

!!
!

!! Qt7JE!

A0'!%'.-*6!,')&!"*!RC7!Qt7wE!$..-5*,%!4-)!,0'!'1'.,)-*B'1'.,)-*!"*,')$.,"-*%!$*6!:"11!('!6"%.5%%'6!

('1-:7!O)-&!,0"%! ,0'-)'&! 4-11-:%! ,0$,! ,0'!+)-+'),"'%!-4!$!&$*3B+$),".1'%!'1'.,)-*!%3%,'&!.$*!('!

6'%.)"('6!$%!$!45*.,"-*!-4!,0)''!/$)"$(1'%!~!,0'!.--)6"*$,'%!-4!,0'!'1'.,)-*!6'*%",3;!ρ;!=;!"*%,'$6!-4!

JG!/$)"$(1'%!~!,0'!.--)6"*$,'%!-4!'$.0!'1'.,)-*!,0$,!6'4"*'!,0'!:$/'!45*.,"-*;!�7!@*!,0"%!:$3!,0'!xuB

6"&'*%"-*$1! 45*.,"-*! 4-)! GH! -)! 4-)! $*3! -,0')! &-1'.51$)! %3%,'&! "%! )'65.'6! ,-! $! +)-(1'&! :",0! w!

6"&'*%"-*%7!A0'!%'.-*6!,0'-)'&;!+)-/'*!(3!s-0*!$*6!f0$&;!6'4"*'%!$*!"&+-),$*,!+)-+'),3!-4!,0'!

45*.,"-*$1!4)-&!,0'!4")%,!,0'-)'&!$*6!*$&'13!,0$,!,0'!'1'.,)-*!6'*%",3!,0$,!&"*"&"L'%!,0'!'*')23!-4!

,0$,!45*.,"-*$1!"%!,0'!,)5'!'1'.,)-*!6'*%",37!=-:'/');!,0'!,:-!%."'*,"%,%!)'&$)9'6D!M@')%#W,+)5#+4),*)

4@')?,%5>'E646'(),*)4@')%#:7^'>'?4+,:)5+,">'%()6()#((,?6#4'1)\64@)4@')1'4'+%6:#46,:),*)4@')9:62'+(#>)

*9:?46,:#>)8fSg7!81,0-520!,0'!'>$.,!45*.,"-*$1!:$%!*-,!2"/'*!(3!s-0*!$*6!=-0'*(')2;!,0'3!6'4"*'6!",!

"*!$!2'*')$1!:$3!$%D!

! ! ! ! !!!! ! ! ! ! ! ! !! Qt7xE!

:0')'!M.zS;!={! "%!,0'!9"*',".!'*')23!-4!$*!"%-B'1'.,)-*".!*-*B"*,')$.,"*2!%3%,'&;!$*6!hzS;!={! "%!,0'!

,-,$1! '1'.,)-*B'1'.,)-*! "*,')$.,"-*%! +-,'*,"$17! A0'! 1$,,')! %5&%! ,0'! .1$%%".$1! I-51-&(! )'+51%"-*!

'*')23!$*6!,0'!'>.0$*2'B.-))'1$,"-*!'*')23!(',:''*!'1'.,)-*%D!



!

! HH!

! ! ! ! !!"#$ ! ! ! !!" ! ! !! Qt7uE!

:",0D!

!!" ! ! ! !!! ! ! ! !!! ! !! ! !! ! ! ! !!"#$!! ! !!!! Qt7nE!

A0'! '>.0$*2'B.-))'1$,"-*! +-,'*,"$1;! $%! 6'%.)"('6! (3! RC7! Qt7nE;! ,$9'%! "*,-! $..-5*,! ,0'! 6"44')'*.'!

(',:''*!,0'!9"*',".!'*')2"'%!-4!$!*-*B"*,')$.,"*2!%3%,'&!M.zS;!={!$*6!-4!,0'!)'$1!"*,')$.,"*2!%3%,'&!

MzS;!={7! ?-)'-/');! hE?zS;!={! 6'%.)"('%! ,0'! *-*B.1$%%".$1! +$),! -4! ,0'! '1'.,)-*B'1'.,)-*! "*,')$.,"-*!

'*')23;! '>+)'%%'6!$%! ,0'!6"44')'*.'!(',:''*! ,0'! ,-,$1! '1'.,)-*B'1'.,)-*! )'+51%"-*!'*')23!$*6! ,0'!

.1$%%".$1!I-51-&(!'1'.,)-*B'1'.,)-*!)'+51%"-*!'*')237!

O-11-:"*2!4)-&!,0"%!:-)9;!s-0*!$1-*2!:",0!f0$&!6')"/'6!$!%',!-4!'C5$,"-*%!"*!:0".0!'$.0!'C5$,"-*!

,)'$,%!-*13!$!%"*21'!'1'.,)-*!4)-&!,0'!C5$*,5&!%3%,'&!$*6!6'+'*6%!-*!,0)''!%+$,"$1!/$)"$(1'%!zwH{7!

R$.0!'C5$,"-*!4)-&!,0"%!%',!0$%!,0'!4-11-:"*2!4-)&D!

!
!

!!
!
!
! !! ! ! !!"#$!!! ! !!" ! !! ! ! !!!! ! !! Qt7UE!

A0'!%5&!-4!,0'!%"*21'B'1'.,)-*!:$/'!45*.,"-*%!�9Q%E!6'4"*'%!,0'!'1'.,)-*!6'*%",3D!

! ! ! !! !
!

!

!!!

!! Qt7vE!

A0'!-*'B'1'.,)-*!'C5$,"-*!Qt7UE!.$*!('!:)",,'*!"*!$!4-)&!,0$,!)'%'&(1'%!,0'!f.0)�6"*2')!'C5$,"-*!

Qt7tED!

!!
!"!! ! ! !!!! ! !! Qt7tyE!

=')';!!!
!"!"%!,0'!s-0*Bf0$&!-*'B'1'.,)-*!-+')$,-)D!

!!
!"
! !

!
!

!!
!
!
! !! ! ! !!"#$!!! ! !!" ! !! Qt7ttE!

A0'! ,')&%! -*! ,0'! )"20,! 0$*6! %"6'! "*! RC7! Qt7ttE! 6'4"*';! "*! -)6');! ,0'! 9"*',".! '*')23! -4! $! %"*21'!

'1'.,)-*Z! ,0'!I-51-&(! "*,')$.,"-*!(',:''*!-*'! '1'.,)-*! $*6! ,0'! .-11'.,"-*!-4! *5.1'"Z! ,0'!=$),)''!

+-,'*,"$1!,0$,!6'%.)"('%!,0'!.1$%%".$1!I-51-&(!)'+51%"-*!(',:''*!,0'!'1'.,)-*!('"*2!.-*%"6')'6!$*6!

,0'! ,-,$1! '1'.,)-*! 6'*%",3! 6'4"*'6! (3! $11! '1'.,)-*%! "*! ,0'! %3%,'&Z! $*6! 4"*$113! ,0'! '>.0$*2'B

.-))'1$,"-*!+-,'*,"$1!-4!,0'!%"*21'!'1'.,)-*!:",0!,0'!)'%,!-4!,0'!'1'.,)-*%;!:0".0!6'4"*'!,0'!'1'.,)-*!

6'*%",37!

A0'%'!s-0*Bf0$&!'C5$,"-*%!-44')!$!+)$.,".$1!.-&+5,$,"-*$1!%.0'&'!,-!4"*6!,0'!2)-5*6B%,$,'!'*')23!

$*6! ,0'! '1'.,)-*! 6'*%",3! -4! $! &$*3B'1'.,)-*! %3%,'&7! A0'! +)-.'65)'! "%! ",')$,"/'! $*6! 4-11-:%! $*!

$12-)",0&;!:0')'!$! ,)"$1!'1'.,)-*!6'*%",3!SQ%E! "%!6'4"*'6!$*6! ,0'!%',!-4!sf!'C5$,"-*%!QRC7! Qt7UEE! "%!

%-1/'6!:",0! ,0"%! $)(",)$)3!6'*%",3! ,-! 4"*6! ,0'! %"*21'B+$),".1'!:$/'! 45*.,"-*%!�9Q%E7!G'>,;!:",0! ,0'!



!

! Hw!

-(,$"*'6!�9Q%E;!,0'!'1'.,)-*!6'*%",3!"%!'/$15$,'6!5%"*2!RC7!Qt7vE7!A0'!.$1.51$,'6!'1'.,)-*!6'*%",3!"%!

.-&+$)'6! ,-! ,0'! "*","$1! ,)"$1! 6'*%",37! @4! ,0'! ,:-! 6'*%","'%! $)'! 'C5$1;! ,0'*! ,0"%! "%! ,0'! 2)-5*6B%,$,'!

6'*%",3!$*6!",!$11-:%!4-)!.-&+5,"*2!,0'!,-,$1!'*')237!@4!,0'!6'*%","'%!6"44');!,0'*!,0'!,)"$1!6'*%",3!"%!

5+6$,'6! $*6! ,0'! 5+6$,'6! 6'*%",3! "%! 5%'6! ,-! %-1/'! ,0'! sf! 'C5$,"-*%7! =')'!:'! 6"6*V,! %+'."43! 0-:!

.1-%'!,0'!,:-!'1'.,)-*!6'*%","'%!0$/'!,-!('!4-)!.-*%"6')"*2!,0'&!'C5$1!$*6!"*!:0".0!:$3!,0'!,)"$1!

6'*%",3!"%!5+6$,'67!=-:'/');!,0'!6'%.)"('6!&',0-6!%0-:%!,0$,!,0'!,-,$1!'*')23!-4!,0'!%3%,'&!.$*!

('!.$1.51$,'6!(3!%-1/"*2!,0'!sf!%',!-4!'C5$,"-*%!"*!$*!",')$,"/'!&$**')7!

<*'!-4!,0'!6"44".51,"'%!,-:$)6%!$++13"*2!,0'!N'*%",3!O5*.,"-*$1!A0'-)3!"%!,0'!'>.0$*2'B.-))'1$,"-*!

+-,'*,"$1!,0$,!$++'$)%!"*!,0'!$(-/'!'C5$,"-*%7!N'4"*"*2!hE?!"%!$!/')3!6"44".51,!,$%9!$*6!,0'!,)5'!4-)&!

-4!,0"%!+-,'*,"$1!"%!*-,!9*-:*7!@*!$*!'44-),!,-!4"*6!,0"%!45*.,"-*$1;!:0".0!'>"%,'*.'!"%!+)-/'*!(3!,0'!

4")%,! ,0'-)'&!-4!=-0'*(')2!$*6!s-0*;!&$*3!$++)->"&$,'6!'>.0$*2'B.-))'1$,"-*! 45*.,"-*$1%!0$/'!

(''*!6'/'1-+'6!-/')! ,0'!3'$)%;!$11-:"*2! 4-)!$++1".$,"-*!-4!NOA! "*!]?!.$1.51$,"-*%7!A0'! ,:-!&-%,!

5%'6! $++)->"&$,"-*%! $)'! ,0'! 1-.$1! 6'*%",3! $++)->"&$,"-*! QWN8E! $*6! ,0'! 2'*')$1"L'6! 2)$6"'*,!

$++)->"&$,"-*!Q##8E7!A0'%'!$)'!"&+1'&'*,'6!"*!%,$*6$)6!%-4,:$)'!+$.9$2'%7!I0--%"*2!$!45*.,"-*$1!

"%!$*!"&+-),$*,!+$),!-4!,0'!:-)9!:0'*!+')4-)&"*2!NOA!.$1.51$,"-*%7!

8*-,0')!.)5."$1!+$),!"%!,0'!.0-".'!-4!$!($%"%!%',;!"7'7!-4!%',!-4!$,-&".!-)(",$1%;!5%'6!,-!6'%.)"('!'$.0!

&-1'.51$)!-)(",$1!-4!,0'!C5$*,5&!%3%,'&;!:0".0!"*!,5)*!6'%.)"('!,0'!'1'.,)-*!6'*%",3!-4!,0'!%3%,'&;!

$..-)6"*2!,-!RC7!Qt7vE7!8,-&".!-)(",$1%!$)'!+)-+-),"-*$1! ,-!,0'!'>+QB)E7!A0'3!$)'!.$11'6!f1$,')B,3+'!

-)(",$1%! QfA<E7! =-:'/');! ,0"%! 9"*6! -4! 45*.,"-*%! &$9'%! ,0'! &$,0'&$,".$1! +)-(1'&! ,--! .-&+1'>7!

@*%,'$6;! #$5%%"$*! ,3+'! -)(",$1%! Q#A<E! $)'! &$,0'&$,".$113! '$%')! ,-! ,)'$,! (5,;! 65'! ,-! ,0'")!

+)-+-),"-*$1",3! ,-! '>+QB)HE;! ,0'3! 6-! *-,! '>0"(",! ,0'! %$&'! ,)'*6! -4! $! f1$,')B,3+'! $,-&".! -)(",$17!

I-*%'C5'*,13;! 1"*'$)! .-&("*$,"-*%!-4!#A<%!$)'!5%'6! "*!-)6')! ,-! "*.)'$%'! ,0'")! )'1"$("1",3!$%!($%"%!

45*.,"-*%7!8!%"*21'!#$5%%"$*!45*.,"-*!"%!$1%-!9*-:*!$%!+)"&","/'!45*.,"-*7!A0'!*5&(')!-4!+)"&","/'!

45*.,"-*%!5%'6! "*! $! 1"*'$)! .-&("*$,"-*! "*.)'$%'%! ,0'! $..5)$.3!-4! ,0'! .$1.51$,"-*!(5,;! $,! ,0'! %$&'!

,"&';! ,0'! .-&+5,$,"-*$1! ,"&'! "*.)'$%'%7! @4! $*! $,-&".!-)(",$1! "%! )'+)'%'*,'6!(3!-*13!-*'!+)"&","/'!

45*.,"-*;! ",! "%! .$11'6! %"*21'B�7! @4! &-)'! +)"&","/'%! $)'! 5%'6! ,-! 6'%.)"('! -*'! $,-&".! -)(",$1;! ,0'!

&-6'1"*2!$..5)$.3!"%!"&+)-/'67!@*!,0"%!.$%'!,0'!$,-&".!-)(",$1!"%!.$11'6!&51,"+1'B�7!="20')!$..5)$.3!

"%!$.0"'/'6!$1%-!"4!,0'!+)"&","/'%!$)'!+$),","-*'6!"*,-!&-)'!45*.,"-*%7!=')';!$*!'>$&+1'!"%!2"/'*!:",0!

,0'! uBwtt#! ($%"%! %',%;! :0".0! 0$/'! (''*! 5%'6! "*! ,0"%! :-)97! A0'! *$&'! -4! ,0"%! ($%"%! %',! "%! %'14B

'>+1$*$,-)37!A0'!6"2",!u!('4-)'!,0'!6$%0!"*6".$,'%!,0'!*5&(')!-4!+)"&","/'!45*.,"-*%!,0$,!$)'!5%'6!

"*!$!1"*'$)!.-&("*$,"-*!4-)!,0'!.-)'!$,-&".!-)(",$1%7!A0'!,0)''!6"2",%!$4,')!,0'!6$%0!QwttE!%0-:!,0$,!

,0'! ($%"%! 45*.,"-*%;! :0".0! $)'! 5%'6! ,-! $++)->"&$,'! ,0'! /$1'*.'! $,-&".! -)(",$1%;! $)'! ,0)''7! R$.0!

($%"%!45*.,"-*!"%!.-&+-%'6!(3!$!6"44')'*,!*5&(')!-4!+)"&","/'!45*.,"-*%;!'>+)'%%'6!(3!,0'!/$15'!-4!

,0'! .-))'%+-*6"*2! 6"2",7! A0'! 4")%,! -*'! "%! )'+)'%'*,'6! (3! w! 45*.,"-*%! Qw! "%! ,0'! 4")%,! 6"2",! $4,')! ,0'!

6$%0E7! A0'! %'.-*6! -*'! "%! .-&+-%'6! (3! $! %"*21'! 45*.,"-*! Q6'*-,'6! (3! ,0'! %'.-*6! 6"2",! $4,')! ,0'!

6$%0E7!A0'!,0")6!"%!$1%-!'>+)'%%'6!(3!$!%"*21'!45*.,"-*!Q1$%,!6"2",E7!811! 45*.,"-*%!$)'!#$5%%"$*B,3+';!



!

! HJ!

:0".0! "%! "*6".$,'6! (3! ,0'! 1',,')! #! $,! ,0'! '*6! -4! ,0'! *$&'! -4! ,0"%! ($%"%! %',7! O5),0')&-)';! %-&'!

%+'."4".! ($%"%! 45*.,"-*%! %5.0! $%! +-1$)"L$,"-*! $*6i-)! 6"445%"-*! .$*! ('! $66'6! ,-! "*.)'$%'! ,0'!

)'1"$("1",3!4-)!,0'!"*/'%,"2$,"-*!-4!%-&'!+$),".51$)!$,-&".!%3%,'&%7!

@*!.-*.15%"-*!-4! ,0"%!+$),;! ",! %0-516!('!*-,'6! ,0$,!$! 1$)2'!*5&(')!-4!NOA!%,56"'%!+)-/'6! ,0$,! ,0"%!

,0'-)3!"%!$(1'!,-!$..5)$,'13!6'%.)"('!,0'!,-,$1!'*')23!-4!/$)"-5%!$,-&%!$*6!&-1'.51'%7!@*!+)"*."+1';!",!

.$*!('!5%'6!4-)!$11!'1'&'*,%!4)-&!,0'!+')"-6".!,$(1'7!@*!,0'!4-11-:"*2!.0$+,')%;!NOA!.$1.51$,"-*%!$)'!

$++1"'6!,-!FG"!$*6!FG"A"!$11-3%!,-!2$"*!"*4-)&$,"-*!-*!,0'!$(%-)+,"-*!%",'%!+)'4')'*.'!(3!036)-2'*!

$,-&%!$*6!,0'!.-))'%+-*6"*2!("*6"*2!'*')2"'%!$%!45*.,"-*!-4!$11-3!.-&+-%","-*7!

!

Q(M.$D-4-3-5A(

Q:;(8-/@+$&$*-,&3(@%-'.4+%.(

G-),0:'%,!I-&+5,$,"-*$1!I0'&"%,)3!\$.9$2'! QGMI0'&E! zww{!:$%!5%'6! 4-)! ,0'! ,-,$1! '*')23!NOA!

%"&51$,"-*%!"*!,0"%!:-)97!\)'1"&"*$)3!.$1.51$,"-*%!:')'!.$))"'6!-5,!-*!=\!THty!I?A!M-)9%,$,"-*!

$*6! "*! ,0'! .-5)%'! -4! :-)9! I@GRI8! %5+').-&+5,')%! 0$/'! (''*! 5,"1"%'6! ,-! $.0"'/'! %$,"%4$.,-)3!

.$1.51$,"-*! '44"."'*.37! 811! .$1.51$,"-*%! "*! ,0"%! %,563!:')'! +')4-)&'6! 4-)! .1-%'6B%0'11! %3%,'&%;! "7'7!

'$.0! &-1'.51$)! -)(",$1! "%! -..5+"'6! (3! ,:-! '1'.,)-*%! :",0! ,0'! -++-%",'! %+"*7! A0'! .-*/')2'*.'!

,-1')$*.'!:$%!H7n!�!tyBx!'F!4-)!,0'!'*')23!$*6!x7J!�!tyBJ!'F!4-)!,0'!)--,!&'$*!%C5$)'!-4!,0'!'1'.,)-*!

6'*%",37! A'%,%! 5%"*2! 6"44')'*,! 45*.,"-*$1%! Q%5.0! $%! ,0'! 2)$6"'*,B.-))'.,'6! rW�\! $*6! rwW�\E! $*6!

($%"%! %',%! Qf,5,,2$),! SfI! tvvn! RI\! $*6! W8GWHNT! 4-)! &',$1! $,-&%Z! uBwtt#��! $*6! uBwtt#! 4-)!

036)-2'*E!:')'!.$))"'6!-5,!,-!%',!5+!$!.-&+5,$,"-*$1!+)-.'65)'!,0$,!+)-/"6'%!$*!$..'+,$(1'!,)$6'B

-44! (',:''*! $..5)$.3! $*6! .-&+5,$,"-*$1! ,"&'7! f-&'! -4! ,0'! )'%51,%! $)'! %5&&$)"L'6! "*! A$(1'! J7!

f544"."'*,13! .-*/')2'6! )'%51,%! :')'! *-,! -(,$"*'6! :",0! ,0'! 2)$6"'*,! .-))'.,'6! 45*.,"-*$1! rW�\7!

A0')'4-)'! ,0'! 03()"6! r'.9';! wB+$)$&',');! W''B�$*2B\$))! QrwW�\E! 2'*')$1"L'6! 2)$6"'*,!

$++)->"&$,"-*!Q##8E!45*.,"-*$1!:$%!.0-%'*!,-!6'%.)"('!,0'!'1'.,)-*!'>.0$*2'!.-))'1$,"-*!zwJ{7!8!

.-&+$)"%-*!(',:''*!,:-!($%"%!%',%!~!W8GWHNT!$*6!f,5,,2$),!SfI!tvvn;!$++1"'6!4-)!,0'!,)$*%","-*!

&',$1%;!%0-:'6!,0$,!:",0!,0'!1$,,')!.-*/')2'*.'!"%!)'$.0'6!"*!1'%%!'>+'*%'!-4!.-&+5,$,"-*$1!,"&'7!

8%!$!)'%51,;!"*","$1!.$1.51$,"-*%!,-!"6'*,"43!,0'!6"%+-%","-*!-4!$!+$")!-4!036)-2'*!$,-&%!"*!,0'!("*$)3!

$11-3!FUJ7HG"tx7U!0$/'!(''*!+')4-)&'6!:",0!,0'!#$5%%"$*B,3+'!($%"%!%',%!f,5,,2$),!SfI!tvvn!RI\!$*6!

uBwtt#��!:",0-5,!$!1'/'1!%0"4,7!A0'!'1'.,)-*!.-)'!+-,'*,"$1;!f,5,,2$),!SfI!tvvn!RI\;!:$%!'&+1-3'6!

,-!6'%.)"('!,0'!.-)'!'1'.,)-*%!-4!F;!G"!$*6!A"7!@*!$11!%5(%'C5'*,!.$1.51$,"-*%!,0'!%$&'!'1'.,)-*!.-)'!

+-,'*,"$1!$*6!($%"%!%',!:')'!5%'6!,-!6'%.)"('!,0'!$,-&".!-)(",$1%!-4!&',$1!$,-&%;!:0"1'!,0'!uBwtt#!

($%"%! %',! 0$/'! (''*! '&+1-3'6! 4-)! ,0'! 036)-2'*! $,-&%7! r'%"6'%;! $! 1'/'1! %0"4,! :$%! "*.156'6! ,-!

"&+)-/'! .-*/')2'*.'! -4! ,0'! .$1.51$,"-*%7! @*! +$),".51$);! 1'/'1B%0"4,"*2! -4! wy! 'F!:$%! $++1"'6! ,-! ,0'!

6"$2-*$1!'1'&'*,%!-4! ,0'!5*-..5+"'6!(1-.9!-4! ,0'!O-.9B&$,)">!:0'*! ,0'!2$+!(',:''*! ,0'!0"20'%,!

-..5+"'6!$*6!,0'!1-:'%,!5*-..5+"'6!-)(",$1%!Q=<?<BWX?<!2$+E!"%!1'%%!,0$*!x7J!'F7!



!

! Hx!

6&"3.(R=(I-&+$)"%-*!-4!6"44')'*,!45*.,"-*$1%!$*6!($%"%!%',%!"*!)'%+'.,!,-!,0'!.-&+5,$,"-*$1!,"&'!4-)!

)'$.0"*2! .-*/')2'*.'7! A0'! .$1.51$,"-*%! :')'! .$))"'6! -5,! 4-)! $! tvB$,-&".! FG"! .15%,')! :",0! ,:-!

'&('66'6!=!$,-&%!$,!,',)$0'6)$1!"*,')%,".'%7!

>+,'$*-,&3( I&#*#(#.$( 9$.%&$*-,#($-('-,B.%5.( 6*/.T@%-'.##-%(U#V(

rwW�\! f,5,,2$),!SfI!tvvn! Jyy! Uw;ywJ7t!

rwW�\! W8GWHNT! Uvv! tyH;nwH7u!

rW�\! f,5,,2$),!SfI!tvvn! G-,!.-*/')2"*2!

rW�\! W8GWHNT! G-,!.-*/')2"*2!

!

!

Q:Q(!$-/*'(/-4.3#(

@*! ,0'! .5))'*,! %,563;! (..! FG"! Q5%'6! $%! $! ('*.0&$)9! &$,')"$1E! $*6! FG"A"! $11-3%! -4! 6"44')'*,!

.-&+-%","-*!:')'!)'+)'%'*,'6!$6-+,"*2!.15%,')!&-6'1%!-4!,0'!1$,,".'!%,)5.,5)'7!O)-&!.-&+5,$,"-*$1!

,"&'! .-*%"6')$,"-*%! ",! "%! "&+-),$*,! ,-! 5%'! .15%,')%! :",0! $! 1"&",'6! *5&(')! -4! $,-&%! :",0-5,!

.-&+)-&"%"*2! ,0'! $..5)$,'! 6'%.)"+,"-*! -4! ,0'! ,$)2',! &$,')"$17! <*! ,0'! -,0')! 0$*6;! "*! -)6')! ,-!

"*/'%,"2$,'! /$)"-5%! $11-3! .-&+-%","-*%;! ,0'! *5&(')! -4! $,-&%! "*! ,0'! 2'*')$,'6! .15%,')%! %0-516! ('!

0"20! '*-520! ,-! '*$(1'! /$)"$,"-*! -4! ,0'! &',$1! )$,"-7! A$9"*2! (-,0! .-*%"6')$,"-*%! "*,-! $..-5*,;!

%5+').'11%! .-*%"%,"*2! -4! tv!&',$1! $,-&%! Qw! (..! 5*",! .'11%E;! %0-:*! "*! O"25)'! u;! 0$/'! (''*! 5%'6! ,-!

+')4-)&!,0'!0')'"*B)'+-),'6!NOA!.$1.51$,"-*%7!

(



!

! Hu!

>*5+%.(W=!I15%,')%!Q%5+').'11%E!5%'6!4-)!6"44')'*,!=B=!6"%+-%","-*%!Qf''!f'.,"-*!H7wE!$E!,0'!FUJ7HG"tx7U!

.15%,')!4-)!.H$!6"%+-%","-*Z!(E!,0'!FUJ7HG"tx7U!.15%,')!4-)!.t!$*6!.H-!6"%+-%","-*%7!

@*!+)"*."+1';! 1$,,".'!+$)$&',')%!-4!&',$1!$11-3%!.$*!('!'%,"&$,'6!(3!,0'!F'2$)6V%!1$:;!:0".0!%,$,'%!

,0$,! $! +)-+'),3! /$15'! -4! $*! $11-3! .$*! ('! 6',')&"*'6! 4)-&! $! 1"*'$)! "*,')+-1$,"-*! -4! ,0'! +)-+'),3!

/$15'%!-4! ",%!.-*%,",5'*,!'1'&'*,%!zwx{7!8..-)6"*213;! ,0'! 1$,,".'!.-*%,$*,!-4!$!("*$)3!$11-3!:",0!,0'!

2'*')$1!.0'&".$1!4-)&51$!8QtB>Er>!"%!.$1.51$,'6!(3D!

!

! #0;C^E=UE!a!;C^E=!�!#0)i)E)�!#Ud! QH7tE!

!

N'%+",'!-4!,0$,;!",!0$%!(''*!'%,$(1"%0'6!,0$,!,0'!+)-+'),"'%!-4!&-%,!%-1"6!%-15,"-*%!$)'!*-,!$..5)$,'13!

+)'6".,'6!(3!,0"%!'&+")".$1!)51'!zwu{7!O-)!'>$&+1';!"*!.$%'!-4!-('6"'*.'!,-!F'2$)6V%!1$:;!,0'!1$,,".'!

+$)$&',')!-4!$!("*$)3!$11-3!.-*%"%,"*2!-4!Ux!$,7�!F!Q#F�!w7yJ!�E!$*6!tx!$,7�!G"!Q#G"!�!w7xH!�E!%0-516!

('! w7ttHy! �7! =-:'/');! ,0'! )'+-),'6! "*! ,0'! 1",')$,5)'! '>+')"&'*,$1! /$15'! 4-)! ,0'! $11-3! FUxG"tx! "%!

w7yyvw! �! y7yyyw! �! ztU{7! A0')'4-)';! ",! .$*! ('! '>+'.,'6! ,0$,! +)'6".,"-*! -4! ,0'! 1$,,".'! .-*%,$*,%! -4!

,')*$)3! $11-3%! "*! %5.0! $/')$2'! &$**')! :"11! )'%51,! "*! %"2*"4".$*,! 6'/"$,"-*! 4)-&! ,0'! )'$1! /$15'%7!

W$,,".'! +$)$&',')%! .$*! ('! '/$15$,'6! $1%-! /"$! ]?! .$1.51$,"-*%! (5,! ,0'%'! )'C5")'! .-*%"6')$(1'!

.-&+5,$,"-*$1!,"&'7!

@*! ,0"%! %,563;! ,0'! .15%,')! .-&+-%","-*%! :')'! .0-%'*! ,-! ('! $%! .1-%'! $%! +-%%"(1'! ,-! $1)'$63!

'>+')"&'*,$113! "*/'%,"2$,'6! $11-3%! ztU{;! :0".0! 0$/'! (''*! 5%'6! $%! $! +03%".$1! )'4')'*.'! ,-! ,0'!

.-*65.,'6!,0'-)',".$1!%,5637!A0"%!%,)$,'23!$11-:'6!%$/"*2!-4!.-&+5,$,"-*$1!)'%-5).'%!(3!$6-+,"*2!

'>+')"&'*,$1!1$,,".'!+$)$&',')%!-4!,0'!)'$1!%-1"6!%-15,"-*%!4-)!,0'!.-))'%+-*6"*2!.15%,')!&-6'1%;!$%!

2"/'*!"*!A$(1'!x7!@*!,0'!.$%'!-4!FG"A";!,0'!+)"&$)3!(..!+0$%'!Q)'4'))'6!,-!$%!�+0$%'!.-&+-%","-*�E!

:$%!.-*%"6')'67!@,!"%!:-),0!*-,"*2!,0$,!,0'!*-&"*$1!.-&+-%","-*!-4!,0'!'>+')"&'*,$1!,')*$)3!$11-3%!

a) b) 



!

! Hn!

"%! 6"44')'*,! 4)-&! ,0'! .-&+-%","-*! -4! ,0'! +)"&$)3! +0$%';! 65'! ,-! 4-)&$,"-*! -4! :'$913! $(%-)("*2!

.-&+-5*6%!Q%''!@*,)-65.,"-*E7!O-)!'>$&+1'!F!$11-3'6!:",0!G"!$*6!A"!"*!,0'!$,-&".!)$,"-!-4!nxDtxDty!

)'%+'.,"/'13;!)'%51,%!"*!&51,"B+0$%'!&".)-%,)5.,5)'7!A0'!+)'6-&"*$*,!FB)".0!+0$%'!QvJ7n!�!/-15&'!

4)$.,"-*E!0$%!$!(..! .)3%,$1! ,-+-1-23! Q%+$.'!2)-5+! @&Bw&;!G5&(')!HHvE!$*6!.-&+-%","-*!'C5$1! ,-!

FUw7JG"n7UA"U7U;!$%!)'+-),'6!"*!ztU{7!A:-!-,0')!+0$%'%!$)'!4-)&'6!~!$!%"&+1'!.5(".!+0$%'!Q%+$.'!2)-5+!

\&Bw&;!G5&(')!HHtE!:",0!.-&+-%","-*!FtH7vG"JH7yA"Jx7t!$*6!$!4$.'B.'*,)'6!.5(".!+0$%'!Q%+$.'!2)-5+!

O6Bw&;! G5&(')! HHnE! :",0! .-&+-%","-*! Ftx7xG"xJ7JA"wy7t7! G-*',0'1'%%;! ,0'! ,-,$1! /-15&'! 4)$.,"-*! -4!

,0'%'!,:-!+0$%'%!"%!1'%%!,0$*!x7x!�!$*6!,0'3!:')'!*-,!,$9'*!"*,-!$..-5*,!"*!,0'!.5))'*,!%,5637!

6&"3.(J=(R>+')"&'*,$1!$11-3!.-&+-%","-*%!ztU{!$*6!.-))'%+-*6"*2!.15%,')!.-&+-%","-*%7!

X-/*,&3(
8-/@-#*$*-,(

<D&#.(
8-/@-#*$*-,((

83+#$.%(
8-/@-#*$*-,(

Y(!$-/#(*,(83+#$.%(

"Z#U[V(

Y(\( Y(X*( Y(6*(

FUxG"tx! FUxG"tx! FUJ7HG"tx7U! tu! w! y! w7yyvw!

FnxG"txA"ty! FUw7JG"n7UA"U7U! FUJ7HG"x7wA"ty7x! tu! t! H! w7ywwt!

FUyG"txA"x! FUt7vG"tJ7yA"J7t! FUJ7HG"ty7xA"x7w! tu! H! t! w7yyUx!

FxxG"txA"wy! Fuw7UG"u7vA"Hv7w! Fuw7tG"x7wA"wt7u! tH! t! u! w7yvvU!

P#)"%!,0'!1$,,".'!+$)$&',')!-4!,0'!(..!+0$%'!

811!.15%,')%!:')'!.-*%,)5.,'6!5%"*2!$!+)'B!$*6!+-%,B+)-.'%%"*2!+)-2)$&!4-)!6"%+1$3"*2!?<W'.51$)!

NRG%",3!~!?-16'*7!A0'!%-4,:$)'!$11-:%!4-)!(5"16"*2!-4!&-1'.51$)!%,)5.,5)'%!/"$!,0'!"*.-)+-)$,'6!TB

&$,)">! '6",-)! $*6! %5++-),%! $! *5&(')! -4! -5,+5,! 4-)&$,%7! ?-)'-/');! ?-16'*! )'$6%! -5,+5,%! 4)-&!

/$)"-5%!#")6:646,!+$.9$2'%!"*.156"*2!GMI0'&7!@*!$66","-*;!,0'!?').5)3!+)-2)$&!(3!,0'!I$&()"62'!

I)3%,$11-2)$+0".!N$,$!I'*,)'!QIINIE!0$%!(''*!5%'6!$%!$!/"%5$1"L$,"-*!,--1!65'!,-!,0'!41'>"(1'!6"%+1$3!

%',,"*2%!4-)!,0)''B6"&'*%"-*$1!%,)5.,5)'%7!

!

Q:C(PA4%-5.,(-''+@&$*-,(

811! .$1.51$,"-*%;! "*/-1/"*2! "*,')%,","$1! 036)-2'*;! :')'! .$))"'6! -5,! .-*%"6')"*2! $! +$")! -4! =! $,-&%!

Q)'+)'%'*,"*2! $! 6"%%-."$,'6! 036)-2'*! &-1'.51'E! '&('66'6! "*! ,0'! 2'*')$,'6! tvB$,-&".! &',$1!

.15%,')%;! :0".0! &-6'11'6! ,0'! .)3%,$1! 1$,,".'! -4! ,0'! ,$)2',! $11-3%7! A0"%! .-))'%+-*6%! ,-! t7t! $,7�!

036)-2'*7!X%"*2!,:-!=!$,-&%!0$%!%'*%'!"*!)'%+'.,!-4!,0'!'&+1-3'6!.15%,')!$++)-$.0!$%!",!+)-&-,'%!

,0'!%3&&',)3!-4!,0'!$,-&".!&-6'1%7!O5),0')&-)';!"*4-)&$,"-*!*-,!-*13!-*!=B&',$1!"*,')$.,"-*%!(5,!

$1%-!-*!=B=!.--)6"*$,"-*!:",0"*!,0'!1$,,".'!"%!-(,$"*'67!



!

! HU!

A0'! +)'4')'*.'! -4! $! +$")! -4! 036)-2'*! $,-&%! 4-)! %+'."4".! $(%-)+,"-*! %",'%! $%! 45*.,"-*! -4! $11-3!

.-&+-%","-*!:$%!6'%.)"('6! ,0)-520! ,0'!("*6"*2!'*')23! Q!"E! '>+)'%%'6!$%! ,0'!6"44')'*.'!(',:''*!

,0'! ,-,$1! '*')23!-4! ,0'!&',$1! .15%,')!:",0!'&('66'6!036)-2'*! Q!DTj/>9(4'+E! $*6! ,0'!'*')2"'%!-4! ,0'!

.15%,')!:",0-5,!"*,')%,","$1!036)-2'*!Q!/>9(4'+E!$*6!-4!$!*-*B"*,')$.,"*2!036)-2'*!&-1'.51'!Q!TDED!

!

! !")a)!DTj/>9(4'+)k)!/>9(4'+)k)!TD7! QH7HE!

!

M",0! ,0"%! 6'4"*","-*;! *'2$,"/'! '*')2"'%! )'+)'%'*,! ("*6"*2! %,$,'%! ,0$,! $)'! '*')2',".$113! +)'4'))'6!

)'1$,"/'!,-!2$%'-5%!036)-2'*7!

8,! ,0'! 4")%,! %,$2'! -4! ,0'! )'%'$).0;! ,0'! 4$/-5)$(1'! 6"%+-%","-*%! -4! $*! "*6"/"65$1! =! $,-&! ,-:$)6%!

$*-,0')! =! $,-&! :",0"*! ,0'! FB($%'6! 1$,,".'! 0$/'! (''*! '>+1-)'67! A0'! ("*6"*2! '*')23! "*! %">! *-*B

'C5"/$1'*,! A! +-%","-*%! "*! ,0'! ("*$)3! FUJ7HG"tx7U! .15%,')! :')'! .$1.51$,'67! A0)''! +-%%"(1'!

.-*4"25)$,"-*%!:')'!"6'*,"4"'6D!

• r-,0! =! $,-&%! -..5+3"*2! "*,')%,","$1! %",'%! $,! ,0'! %$&'! 4$.'! -4! ,0'! (..! 5*",! .'11! ~!

.-*4"25)$,"-*!t!Q6'*-,'6!$%!.tEZ!

• A0'! +$")! -4! =! $,-&%! -..5+3"*2! %",'%! $,! $6K$.'*,! 4$.'%! -4! ,0'! 5*",! .'11! ~! .-*4"25)$,"-*! H!

$6K$.'*,!Q6'*-,'6!$%!.H$EZ!

• A0'! +$")! -4! =! $,-&%! -..5+3"*2! %",'%! $,! -++-%",'! 4$.'%! -4! ,0'! 5*",! .'11! ~! .-*4"25)$,"-*! H!

-++-%",'!Q6'*-,'6!$%!.H-E7!

O-)!'$.0!-4! ,0'%'! .-*4"25)$,"-*%! ,:-!*-*B'C5"/$1'*,! .$%'%!0$/'!(''*!.-*%"6')'6~!$! %&$11! %+$,"$1!

6"%,$*.'!$*6!$! 1$)2'! %+$,"$1!6"%,$*.'!(',:''*! ,0'! ,:-!=!$,-&%7!I-*%'C5'*,13;! ,0'!*5&(')!-4! ,0'!

"*/'%,"2$,'6!*-*B'C5"/$1'*,!,',)$0'6)$1!.-*4"25)$,"-*%!"*!,0'!FUJ7HG"tx7U!$11-3!"%!%">! "*!,-,$1!QO"25)'!

nE7!?$*3!.$%'%!$)'!$!)'+',","-*!-4!-*'!-4!,0'%'!%">!6"%+-%","-*%;!"7'7!,0'3!$)'!'C5"/$1'*,!('.$5%'!,0'!

'*/")-*&'*,! $)-5*6! ,0'! +$")! -4!=! $,-&%! Q"*! ,')&%! -4! ,3+'! -4! *'"20(-5)"*2! *5.1'"! $*6! 6"%,$*.'%!

(',:''*! (-,0! =B=! $*6! =B&',$1! $,-&%E! "%! "6'*,".$17! 8%! $! .-*%'C5'*.';! ,0'! '>,')*$1! +-,'*,"$1;!

6'4"*'6! "*! f'.,"-*!t7w! QRC7! t7JE;! "%! "6'*,".$1! 4-)! ,0'%'! .-*4"25)$,"-*%! $*6! ,0'")! ,-,$1! '*')23! "%! ,0'!

%$&'7! =-:'/');! ",! &5%,! ('! *-,'6! ,0$,! *-,! $11! *-*B'C5"/$1'*,! 6"%+-%","-*%! -4! ,0'! 036)-2'*!

-..5+$,"-*!:')'!%,56"'6!"*!,0"%!:-)97!<*13!$!4"*",'!*5&(')!-4!6"%+-%","-*%!:')'!'>$&"*'6!"*!-)6')!

,-! 5*6')%,$*6! $*6! "6'*,"43! ,)'*6%! "*! ,0'! 036)-2'*! $))$*2'&'*,! $*6! $(%-)+,"-*! $44"*",3! "*! ,0'!

,$)2',!FB($%'6!$11-3%7!!

!

O5),0');!!"!"*!$!)$*2'!-4!*-*B'C5"/$1'*,!-.,$0'6)$1!+-%","-*%;!"6'*,"4"'6!"*!,0'!%$&'!&$**')!$%!,0'!

*-*B'C5"/$1'*,!A! %",'%! Q:",0-5,! .-*%"6')"*2! ,0'! .-*4"25)$,"-*! .H$E;!:')'! .$1.51$,'6! 4-)! $! ,')*$)3!

.15%,')!&-6'1!:",0!.-&+-%","-*!FUJ7HG"ty7xA"x7w!A0'%'!+-%","-*%!$)'!%0-:*!"*!O"25)'!8!t!"*!8++'*6">7!

O"*$113!,0'!%",'%!+)'4')'*.'!-4!$!+$")!-4!=!$,-&%!"*!$11-3%!:",0!6"44')'*,!.-&+-%","-*%!:$%!'>+1-)'67!

=')';!$!("*$)3!FUJ7HG"tx7U!$11-3!$*6!,0)''!,')*$)3!FG"A"!$11-3%!:",0!6"44')'*,!&',$1!$,-&".!)$,"-!Q$%!



!

! Hv!

)'+-),'6! "*! A$(1'! xE! 0$/'! (''*! "*/'%,"2$,'67! @*! ,0'%'! NOA! .$1.51$,"-*%;! 4-)! )'$%-*%! '>+1$"*'6! "*!

I0$+,')!w;!-*13!,0'!.H-!=B=!.--)6"*$,"-*!:$%!.-*%"6')'67!@,!0$%!,-!('!*-,'6!,0$,!,0'!%3&&',)3!-4!

,0'! 2'*')$,'6! .15%,')! :",0! .-&+-%","-*! Fuw7tG"x7wA"wt7u! +)-/"6'%! ,:-! ,3+'%! -4! A! $*6! <! $(%-)+,"-*!

%",'%!~!*'$)!$!A"!%-15,'!$,-&!$*6!$:$3!4)-&!",7!r-,0!.$%'%!:')'!,$9'*!"*,-!$..-5*,7(

!

!

>*5+%.(]=(A0'!"*/'%,"2$,'6!*-*B'C5"/$1'*,!=!,',)$0'6)$1!.-*4"25)$,"-*%!-4!$!+$")!-4!=!$,-&%!$!FG"!

5*",!.'11D!1'4,!~!.t;!&"661'!~!.H$;!)"20,!~!.H-Z!,-+!~!%&$11!=B=!6"%,$*.';!(-,,-&!~!1$)2'!=B=!6"%,$*.'7!

!

C().#+3$#(&,4(4*#'+##*-,(

A0'!("*6"*2!'*')23!-4! ,:-!=!$,-&%!'&('66'6! "*! ,0'! %">! "*/'%,"2$,'6!*-*B'C5"/$1'*,! ,',)$0'6)$1!

.-*4"25)$,"-*%! Q.t;! .H-! $*6! .H$! :",0! %&$11! $*6! 1$)2'! =B=! 6"%,$*.'E! "*! ,0'! FUJ7HG"tx7U! .15%,')%!

Q"115%,)$,'6!"*!O"25)'!uE;!%0-:'6!,0$,!"*,')%,","$1!=!$,-&%!+)'4')!,-!-..5+3!+-%","-*%!$:$3!4)-&!-*'!

$*-,0')7!A0'!)'%51,%;! %5&&$)"L'6! "*!A$(1'!u;! "*6".$,'6! ,0$,! ,0'! 4$/-5)$(1'!036)-2'*!6"%+-%","-*%!

$)'!:0'*!,0'!+$")!-4!=!$,-&%!%",%!$,!,0'!$6K$.'*,!4$.'%!$*6!$,!,0'!-++-%",'!4$.'%!-4!$!(..!5*",!.'11!

:",0! 1$)2'!=B=!6"%,$*.'%7!f"&51,$*'-5%!-..5+$,"-*!-4! ,:-!$(%-)+,"-*!%",'%!$,!-*'! 4$.'!-4! ,0'!5*",!

.'11! "%! '>.156'67! A0"%! &'$*%! ,0$,! =! $,-&%! $)'! 5*1"9'13! ,-! .15%,')! "*! ,0'! (519! &',$17! !"! 4-)! ,0'!

,',)$0'6)$1! .-*4"25)$,"-*! .H-B1$)2'! "%! 0"20')! QBy7yw! 'FE! ,0$*! 4-)! .H$B1$)2'! QBy7wu! 'FE7! =-:'/');!

4)-&!%3&&',)3!.-*%"6')$,"-*%!Q"7'7!'$.0!=!$,-&!&5%,!0$/'!'C5$1!.0'&".$1!'*/")-*&'*,E;!,0'!,-,$1!

'*')23! .$1.51$,"-*%! -4! ,0'! .H$! 6"%+-%","-*%! :')'! +')4-)&'6! :",0! $! 6"44')'*,! .15%,')! ,0$*! ,0'!

%5+').'11! '&+1-3'6! 4-)! .t! $*6! .H-! .-*4"25)$,"-*%7! A0'! 4-)&')! .15%,')! 0$%! 1-:')! %3&&',)3! "*!

.-&+$)"%-*! ,-! ,0'! 1$,,');! )'%51,"*2! "*! %1-:! .-*/')2'*.'! -4! ,0'! .$1.51$,"-*%7!?-)'-/');!&-6'11"*2!



!

! wy!

6"44')'*,!&',$1!.-&+-%","-*%!5%"*2!,0"%!.15%,')!.$5%'!$66","-*$1!$%3&&',)37!A0')'4-)'!,0'!%'.-*6!

4$/-5)$(1'!6"%+-%","-*;!.H-;!:$%!5%'6!45),0')!"*!,0"%!%,5637!

6&"3.( W=( r"*6"*2! '*')2"'%! -4! $! +$")! -4! =! $,-&%! "*! *-*B'C5"/$1'*,! ,',)$0'6)$1! +-%","-*%! "*! ,0'!

FUJ7HG"tx7U!.15%,')!&-6'17(

83+#$.%! P('-,7*5+%&$*-,! P?P(4*#$&,'.(U[V! $%(U.\V!

FUJ7HG"tx7U!

A!.tB%&$11! t7yuJx! t7tJ!

A!.tB1$)2'! t7xyxt! y7wx!

A!.H$B%&$11! t7yuwu! y7ux!

A!.H$B1$)2'! w7tvHH! By7wu!

A!.H-B%&$11! w7yyvw! y7tJ!

A!.H-B1$)2'! w7wuJn! By7yw!

!

A0'! NOA! .$1.51$,"-*%! -*! -.,$0'6)$1! 036)-2'*! -..5+$,"-*! "*! ,0'! ,')*$)3! $11-3! FUJ7HG"ty7xA"x7w!

.-*4")&'6! ,0'! '>+'.,'6! +)'4')'*.'! -4! ,:-! =! $,-&%! ,-! -..5+3! "*,')%,".'%! :",0! $! 1$)2'! %+$,"$1!

6"%,$*.';!$%!%0-:*!"*!A$(1'!n!$*6!O"25)'!U7!!

6&"3.( ]=(r"*6"*2!'*')2"'%!-4!$!+$")!-4!=!$,-&%! "*!*-*B'C5"/$1'*,!-.,$0'6)$1!+-%","-*%!$*6! "*! ,0'!

4$/-5)$(1'!,',)$0'6)$1!.-*4"25)$,"-*!"*!,0'!FUJ7HG"ty7xA"x7w!.15%,')!&-6'17(

83+#$.%! P(@-#*$*-,! N*#$&,'.(P?P(U[V! $%(U.\V!

FUJ7HG"ty7xA"x7w!

<!.'*,)'! w7yyUx! H7vH!

<!.tB%&$11! H7tHnw! y7yu!

<!.tB1$)2'! w7yyUx! y7Jt!

<!.H-B%&$11! w7yyUx! y7xu!

<!.H-B1$)2'! J7HxJn! By7yn!

A!.H-B%&$11! w7yyUx! y7Hu!

A!.H-B1$)2'! w7wuwu! By7tU!

!



!

! wt!

A0'!6"%,$*.'!(',:''*!,0'!=!$,-&%!'&('66'6!"*!,0'!-.,$0'6)$1!%",'%!"*!,0'!.-*4"25)$,"-*%!.t!:",0!

1$)2'!=B=! 6"%,$*.'! $*6! .H-!:",0! %&$11!=B=! 6"%,$*.';! "%! 'C5$1! Qw7yyUx!�E7! =-:'/');! ,0'! .0'&".$1!

'*/")-*&'*,!$)-5*6!,0'!=!$,-&%!"*!,0'%'!,:-!.-*4"25)$,"-*%!"%!*-,!,0'!%$&'!$*6!,0')'4-)'!,0')'!"%!

$! %1"20,!6'/"$,"-*!(',:''*! ,0'")!("*6"*2!'*')23!/$15'%! Q!"!�!y7Jt!'F! 4-)!.tB1$)2';!!"�!y7xu!'F! 4-)!

.H-B%&$11E7!�',;!$1,0-520!$!+$")!-4!=!$,-&%!'&('66'6!"*!,0'!<!%",'%!.'*,)'!$*6!$1%-!"*!A!.H-B%&$11!

%",'%!$)'!%+$,"$113!%'+$)$,'6!4)-&!'$.0!-,0')!$2$"*!(3!w7yyUx!�;!,0'!6"44')'*.'!(',:''*!,0'!("*6"*2!

'*')23! "*! ,0'%'! %",'%! "%! .-*%"6')$(1'! Q!"! �! H7vH! 'F! 4-)! .tB1$)2';!!"�! y7Hu! 'F! 4-)! .H-B%&$11E7! A0"%!

6"44')'*.'!"*!!";!6'%+",'!,0'!'C5$1!=B=!%+$,"$1!%'+$)$,"-*;!"%!65'!,-!,0'!6"44')'*,!%",'!%3&&',)3!QA;!<!

$*6! <! .'*,)'! $)'! $(%-)+,"-*! %",'%! -4! 6"44')'*,! ,3+'! $%! '>+1$"*'6! "*! t7HE7! A0"%! .-*4")&%! ,0$,! %",'%!

+)'4')'*.'! 6-'%*V,! 6'+'*6! -*13! -*! ,0'! 2'-&',)3! -4! ,0'! %3%,'&! (5,! ",V%! $! &-)'! .-&+1'>!

+0'*-&'*-*7!='*.';!,0'!-(%')/$,"-*!,0$,!,:-!=!$,-&%!+)'4')'*,"$113!,$9'!+-%","-*%!$:$3!4)-&!-*'!

$*-,0')! "%!$++1".$(1'!:0'*!.-*%"6')"*2! "*,')%,".'%!-4! "6'*,".$1!%3&&',)3;! "7'7!.-*%"6')"*2!A!$*6!<!

%",'%! %'+$)$,'137! =-:'/');! '1'.,)-*! .-*4"25)$,"-*! 0$%! 0"20')! "&+$.,! ,0$*! 2'-&',)".$1! 4$.,-)%7! @*!

4$.,;!'/'*!"4! ,0'!6"%,$*.'!(',:''*!=!$,-&%!:",0!<!.--)6"*$,"-*!-4!,3+'!.H-!"%! 1$)2')!,0$*!,0'!=B=!

6"%,$*.'! "*! A! %",'%! :",0! ,0'! %$&'! .--)6"*$,"-*;! A! -..5+$,"-*! "%! '*')2',".$113! +)'4'))'6! "*!

FUJ7HG"ty7xA"x7w7!

!

>*5+%.( G=( r"*6"*2! '*')2"'%! -4! $! +$")! -4! 036)-2'*! $,-&%! "*! FUJ7HG"ty7xA"x7w! "*! )'%+'.,! -4! ,0'! =B=!

6"%,$*.'7(

R>+1-","*2!,0'!-(,$"*'6!)'%51,%! 4-)!,0'!+)'4'))'6!=B=!.-*4"25)$,"-*!"*!,0'!FB($%'6!&',$1! 1$,,".';! ",!

:$%!"&+-),$*,!,-!'>+1-)'!"4!A!%",'%!$)'!$1:$3%!4$/-5)'6!-/')!<!%",'%!"*!FG"QA"E!(..!%-1"6!%-15,"-*%!

:",0! 6"44')'*,! +0$%'! .-&+-%","-*7! A0'! C5$*,5&! &'.0$*".%! .$1.51$,"-*%! -*! ,',)$0'6)$1! $*6!

-.,$0'6)$1!-..5+$*.3!"*!4-5)!%5.0!$11-3%!:",0!/$)"'6!&',$1!$,-&".!)$,"-%;!2$/'!6"44')'*.'!(',:''*!

!"#$%

"%

"#$%

&%

&#$%

'%

'#$%

(%

'#"% '#$% (#"% (#$% )#"% )#$%

E
b
 [e

V
] 

Distance H-H [Å]  

O centre 

O c2o small 
O c1 large 
T c2o small 

O c2o large 

O c1 small 

T c2o large 



!

! wH!

,0'! 1-:'%,! $*6! ,0'! 0"20'%,! !"! "*! A! $*6! <! %",'%! 5%5$113! 1'%%! ,0$*! H! 'F! QO"25)'! vE7! A0'! 1$)2'%,!

.$1.51$,'6!'*')23!6"44')'*.'!Qw7t!'FE! "%!(',:''*!,0'!("*6"*2!'*')2"'%!)'1$,'6!,-!A!%",'%!$*6!,0'!<!

%",'%!"*!,0'!.'*,)'!-4!,0'!4$.'!4-)!,0'!FUJ7HG"ty7xA"x7w!$11-37!A0'%'!)'%51,%!%522'%,!,0$,;!6'%+",'!-4!,0'!

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

,0'! =! 5+,$9'! "*! FG"A"! $11-3%7! f5)+)"%"*213! ,0'! "*,')%,","$1! $(%-)+,"-*! %",'%!:",0! 1-:'%,! 036)-2'*!

("*6"*2! '*')23! $)'! 6"44')'*,! 4-)! '$.0! -4! ,0'! &-6'11'6! $11-3%;! "*6".$,"*2! ,0$,! %",'%! -..5+$*.3!

6'+'*6%!%"2*"4".$*,13!-*!,0'!+)'%'*.'!-4!%-15,'!$,-&%7!I-*%'C5'*,13!&$.)-%.-+".!+)-+'),"'%!%5.0!

$%! =H! %-15("1",3! $)'! "*415'*.'67! I$1.51$,"-*%! -*! ,0'! !"! "*! .15%,')%! :",0! /$)"'6! G"DA"! )$,"-;! :0"1'!

9''+"*2! ,0'! .-*.'*,)$,"-*!-4! /$*$6"5&!.-*%,$*,;! %0-:'6! %,$("1"%$,"-*!-4!=! $,-&%!:",0!0"20')!A"!

.-*,'*,! $,! ,0'! '>+'*%'! -4! G"7! A0"%! ,0'-)',".$1! -(%')/$,"-*! "%! "*! $2)''&'*,! :",0! ,0'! 1",')$,5)'!

zJ;u;tJ;wn{7!?-)'-/');!"4!,0'!$&-5*,!-4!F!"%!6'.)'$%'6!$,!,0'!'>+'*%'!-4!A";!"7'7!,0'!A"!.-*.'*,)$,"-*!

"*.)'$%'%!('3-*6!.'),$"*! 1"&",;!:",0-5,!.0$*2"*2! ,0'!.-*.'*,)$,"-*!-4!G";! ,0'!036)-2'*!$44"*",3!-4!

,0'!$11-3!6'.)'$%'%!QFuw7tG"x7wA"wt7uE7!

A0'!.$1.51$,'6!("*6"*2!'*')2"'%!.$*!('!.-))'1$,'6!,-!,0'!$("1",3!-4!,0'!$11-3%!,-!6"%%-1/'!036)-2'*!

zHU{7!@4!:'!$%%5&'!,0$,!,0'!.-*,)"(5,"-*!-4!,0'!/"()$,"-*%!$*6!'*,)-+3!/$)"$,"-*!$)'!%"&"1$)!4-)!'$.0!

-4! ,0'! "*/'%,"2$,'6! &',$1! $11-3%;! ,0'*! :'! .$*! '%,$(1"%0! $! )'1$,"-*%0"+! (',:''*! ,0'! *$*-%.$1'!

+)-+'),3!!"!$*6!,0'!&$.)-%.$1'!+)-+'),3!%-15("1",37!8&-*2!,0'!%-1"6!%-15,"-*%!%.)''*'6!0')',-4-)';!

,:-!$11-3%!0$6!%",'%!:",0!*'2$,"/'!!"!/$15'%7!8!+-%","/'!("*6"*2!'*')23!"&+1"'%!,0$,!,0'!'C5"1"()"5&!

(',:''*! 2$%! $*6! $(%-)('6! +0$%'! "%! %0"4,'6! ,-:$)6%! ,0'! 2$%'-5%! +0$%';! ,05%! 0"20! +)'%%5)'! "%!

*''6'6! 4-)! 6"%%-1/"*2! 2$%'-5%! 036)-2'*! "*! ,0'! 2"/'*! "*,')%,","$1! %",'7! M",0"*! ,0'! "*/'%,"2$,'6!

.-&+-%","-*$1! )$*2'!FUJ7HG"x7wA"ty7x! '>0"(",'6! ,0'! 1-:'%,!!"! Q$,!A! %",'E;! "7'7! ,0'!0"20'%,!=! %-15("1",37!

\)-($(13! 65'! ,-! %"L'! '44'.,%! QA"! 0$%! $! 1$)2')! $,-&".! )$6"5%! ,0$*! F! zwU{E! 45),0')! "*.)'$%'! -4! ,0'!

$&-5*,!-4!%5(%,",5,"-*$1!A"!5+!,-!$(-5,!wy!$,7�!Q,0'!.-&+-%","-*!Fuw7tG"x7wA"wt7uE;!(3!%"&51,$*'-5%!

6'.)'$%'!-4!,0'!F!.-*.'*,)$,"-*;!1-:')'6!,0'!$(%-)+,"-*!$44"*",3!-4!,0'!%-1"6!%-15,"-*!"*!.-&+$)"%-*!

:",0!,0'!$11-3!:",0!ty7x!$,7�!A"7!='*.'!,0')'!"%!$!&$>"&5&!/$15'!4-)!,0'!-+,"&$1!.-*.'*,)$,"-*!-4!A"!

%-15,'%! "*! FB($%'6! $11-3%;! :0".0! .-))'%+-*6%! ,-! ,0'! 0"20'%,! %-15("1",3! /$15'7! A0"%! .-*.'*,)$,"-*!

$++'$)%! ,-! ('! (',:''*! ty! $,7�! $*6! wy! $,7�!A"7! A0'! 1-:')'6! %-15("1",3! -4! ,0'!Fuw7tG"x7wA"wt7u! $11-3!

&"20,! ('! $,,)"(5,'6! ,-! ,0'! )'65.'6! F! .-*,'*,! "*! ,0'! +)"&$)3! +0$%'! :",0! $(-5,! Hy! $,7�! "*!

.-&+$)"%-*! ,-! ,0'! -,0')! ,:-! ,')*$)3! $11-3%7! @*! %5&&$)3;! "*! -)6')! ,-! $.0"'/'! %,$("1"%$,"-*! -4!

036)-2'*!$,-&%!$*6!,-!$52&'*,!,0'!%-15("1",3!-4! ,0'!$11-3;! ,0'!.-*.'*,)$,"-*!-4!/$*$6"5&!%0-516!

)'&$"*!0"20;!:0"1'!/$)3"*2!,0'!)$,"-!(',:''*!A"!$*6!G"7!=-:'/');!&-)'!$11-3!.-&+-%","-*%!0$/'!,-!

('!.-*%"6')'6!"*!-)6')!,-!/$1"6$,'!,0"%!,0'-)',".$1!4"*6"*27!

@4!,0'!("*6"*2!'*')23!.$*!('!)'1$,'6!,-!,0'!$("1",3!-4!,0'!$11-3!,-!6"%%-1/'!036)-2'*;!,0'!.-))'1$,"-*!

-4!!"!:",0!,0'!)$,'!-4!&-/'&'*,!-4!=!$,-&%!:",0"*!,0'!.)3%,$1! 1$,,".'!Q6"445%"-*!.-'44"."'*,E! "%!*-,!

%,)$"20,4-):$)67!=-:'/');! (-,0! 6"445%"-*! $*6! %-15("1",3! $)'! "&+-),$*,! $%! '$.0! -4! ,0'%'! ,)$*%+-),!

+)-+'),"'%! .-*,)"(5,'%! ,-! ,0'! +')&'$("1",37! A0'! .5))'*,! /"':! $(-5,! ,)$*%+-),! -4! 036)-2'*! "*! $!



!

! ww!

&',$1!1$,,".'!"%!,0$,!",!0-+%!4)-&!<!%",'!,-!A!%",'!$*6!/".'!/')%$7!R/'*!"4!,0'!'C5"1"()"5&!-..5+$*.3!"*!

$!2"/'*!&',$1!-)!$11-3!"%!,',)$0'6)$1;!:",0-5,!"*6".$,"-*%!-4!%,$(1'!-.,$0'6)$1!-..5+$,"-*;!036)-2'*!

0-+%!4)-&!A!,-!A!%",'%!/"$!<!"*,')%,".'%!zwv{7!N")'.,!K5&+%!4)-&!<!,-!<!-)!4)-&!A!,-!A!%",'%!$)'!*-,!

,0')&-63*$&".$113!4'$%"(1'7!A-!+)'6".,!,0'!6"445%"/",3!+)-+'),"'%!-4!,0'!$11-3%!-4!"*,')'%,;!,0'!)$,'!-4!

,0')&$113! $.,"/$,'6! K5&+%! 0$%! ,-! ('! '/$15$,'67! A0"%! .$*! ('! 6-*'! (3! .$1.51$,"*2! /"()$,"-*$1!

4)'C5'*."'%!-4!=!$,-&%!"*!,0'!$(%-)+,"-*!%",'%!$*6!,0'!K5&+!$.,"/$,"-*!'*')2"'%;!:0".0!$)'!6'4"*'6!

$%!,0'!6"44')'*.'!(',:''*!,0'!'*')2"'%!-4!=!$,-&%!"*!"*,')%,","$1!%",'%!$*6!"*!,)$*%","-*!%,$,'%7!f5.0!

.$1.51$,"-*%!0$/'*V,!(''*!+')4-)&'6! "*! ,0"%!%,5637!=-:'/');!$*$13%"*2!-4! ,0'!'>+')"&'*,$1! 1$,,".'!

+$)$&',')%! -4! ,0'! 0')',-B"*/'%,"2$,'6! $11-3%;!:'! .$*! $%%5&'! ,0$,! ,0'! 6"445%"/",3! -4! FUJ7HG"ty7xA"x7w!!!!

Q#! �! w7yyUx! �E! "%! 0"20')! ,0$*! ,0'! 6"445%"/",3! -4! FUJ7HG"x7wA"ty7x! Q#! �! w7ywwt! �E! $*6! Fuw7tG"x7wA"wt7u!!!!!!!!!!!

Q#! �! w7yvvU! �E7! A0"%! +)'6".,"-*! "%! ($%'6! -*! ,0'! 4$.,! ,0$,! $! 1$)2')! 1$,,".'! +$)$&',')! 1'$6%! ,-! $*!

"*.)'$%'! "*! ,0'! 6"%,$*.'! (',:''*! "*,')%,","$1! %",'%! $*6! ,05%! ,-! $! 1$)2')! 0-++"*2! 6"%,$*.'! 4-)! ,0'!

$(%-)('6!036)-2'*!$,-&%!zJ;Jy{7!8%!$!)'%51,!036)-2'*!6"445%'%!:",0!2)'$,')!6"44".51,3!"*!$11-3%!:",0!

1$)2')!1$,,".'!.-*%,$*,%!"*!.-&+$)"%-*!,-!$11-3%!:",0!%&$11')!1$,,".'!.-*%,$*,%7!A0'!-(,$"*'6!)'%51,%!

.$*!('!5%'6!$%!25"6'1"*'%!4-)!,$"1-)"*2!&$,')"$1%!4-)!=HB%'1'.,"/'!&'&()$*'%7!



!

!

!

!"#$%&' ()' "#$%&'()! *+)$+)'! ()(%'+(,! -!".! /&%! 0! 10+%! &/! "! 02&3,! 1405($! +)! 26(! 7! 0)$! 8! ,+2(,! +)! /&9%! 044&#! /&%39402+&),:! ;<=>?@+AB><!-#! C! D>EEFD! G.H!

;<=>?@+AE>B7+B>D!-#!C!D>EE<B!G.H!;<=>?@+B>D7+AE>B!-#!C!D>EDDA!G.!0)$!;ID>A@+B>D7+DA>I!-#!C!D>EFF<!G.>'

0.3423 

-0.1812 

0.5298 

1.4671 

-0.0718 

0.7987 

0.2660 

2.9225 

-0.7151 

1.1530 

0.4321 

0.1204 
0.1688 

0.0825 

-1.0 

-0.5 

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

V84.2Ni15.8 V84.2Ni10.5Ti5.3 V84.2Ni5.3Ti10.5 V63.1Ni5.3Ti31.6 Alloy 

E
b
 [

e
V

] 
T site 

O site 

O site centre 

T site near Ti 

T away from Ti 

O site near Ti 

O away from Ti 



!

! "#!

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

$%&'&! ())*+! ,-,./(0-1! (/-! 2/*,&1&03! 4(05&5(6-1! 7*/! 89! 1-2(/(6&*0! (22)&4(6&*01:! (05! (0!
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UMV! E?!B7-&)-/:!N))*+!2<+1&41:!M16!S5?:!E?!B7-&)-/!HS5?L:!E-&0<-&,:!W-/,(0+G!E&)-+=$X8:!9JJY?!

U9V! N?!Z&-[0(:!Z?A?!E*[4&-4<*C1D&:!\-6()!];/7(4-!S)-46/*0!B<+1&41:!M16!S5?:!FP7*/5:!^ZG!S)1->&-/!

]4&-04-:!M__T?!

U"V! %?N?! N)=\;7(4<&:! %?$?! `--1:! `?! ]6-&0.-/3-/=E&)D-01:! 8+5/*3-0! 1-)-46&>-! ,-,./(0-1G! (!

/->&-C!*7!2())(5&;,=.(1-5!5-01-!,-6()!,-,./(0-1:!`-0-C(.)-!(05!];16(&0(.)-!S0-/3+!`->&-C1:!

>*)?!OY:!#OJ=##M:!9JM#?!

UOV! \?$?! \;0514<(;:! 8+5/*3-0! 1-2(/(6&*0! ;1&03! 5-01-! 4*,2*1&6-! ,-,./(0-1:! &0G! Q0*/3(0&4!

,-,./(0-1! 7*/! -0-/3+! (05! -0>&/*0,-06()! (22)&4(6&*01:! N?X?! a*1-! HS5?L:! %-C! b*/D:! %b:! ^]NG!

]2/&03-/:!9JJ_?!

U#V! ]?!Z(03:!]?!8(*:!@?]?!]<*)):!^1&03!A&/16=2/&04&2)-1!\*5-)1! 6*!N5>(04-!@->-)*2,-06!*7!\-6()!

\-,./(0-1! 7*/!8&3<!'-,2-/(6;/-!8+5/*3-0!B;/&7&4(6&*0:! &0G! Q0*/3(0&4:!B*)+,-/&4!(05!X*,2*1&6-!

\-,./(0-1?! ]6/;46;/-:! A;046&*0! (05! F6<-/! X*//-)(6&*01:! ]?'?! F+(,(:! ]?\?! ]6(33=E&))&(,1! HS51?L:!

N,16-/5(,:!'<-!%-6<-/)(051G!S)1->&-/:!9JMM:!"J_=""9?!

UTV! \?!@*)(0:!W?!]*03:!@?!c&(03:!\?!S?!Z-))(,:!@?!X<(05/(:!d?8?!c(,.:!8+5/*3-0!6/(012*/6!6</*;3<!

$I#%&MJ\#!())*+!,-,./(0-1:!d*;/0()!*7!\-,./(0-!]4&-04-:!>*)?!"Y":!MO=M_:!9JMM?!

UYV! S?!FR5*3(0:!d?!E&)4*P:!Q0>-16&3(6&*0!*7!89!(05!89]!(51*/26&*0!*0!0&*.&;,=(05!4*22-/=5*2-5!

2())(5&;,!1;/7(4-1:!'<-!d*;/0()!*7!B<+1&4()!X<-,&16/+!a:!>*)?!MMO:!0*?!OJ:!M9I#M=M9I#I:!9JMJ?!

UIV! \?@?! @*)(0:! %*0=B5! aXX! ())*+! ,-,./(0-1! 7*/! &05;16/&()! <+5/*3-0! 1-2(/(6&*0:! d*;/0()! *7!

\-,./(0-!]4&-04-:!>*)?!"T9:!M9=9I:!9JMJ?!

U_V! B?! d&(03:! b?! b;:! W?! ]*03:! @?! c&(03:! \?! Z())-,:! \?! @*)(0:! S77-46! *7! <-(6! 6/-(6,-06! *0!

,&4/*16/;46;/-:!<(/50-11!(05!/*))(.&)&6+!*7!$##'&"J%&M#!())*+!,-,./(0-1:!\(6-/&()1!(05!@-1&30:!>*)?!

T":!M"T=MOM:!9JMO?!

UMJV! N?X?!\(D/&5-1:!\?N?!E/&3<6:!@?%?!d-C-66:!]-2(/(6&*0!*7!8+5/*3-0!.+!B-/,-(6&*0:!":"#J:IOT:!

%*>!Y:!M_TY?!

UMMV! ]?N?! ]6-C(/5:! `->&-C! *7! <+5/*3-0! &1*6*2-! 2-/,-(.&)&6+! 6</*;3<! ,-6()1:! ^]! %(6&*0()!

c(.*/(6*/+:!^X`c=#"OOM!M_I"?!

UM9V! \?$?!\;0514<(;:!e?!e&-:!X?`?!S>-01*0:!];2-/2-/,-(.)-!<+5/*3-0!6/(012*/6!,-,./(0-1:!&0:!

%*02*/*;1! &0*/3(0&4! ,-,./(0-1:! \?$?! \;0514<(;! N?A?! ](,,-))1! HS51?L:! E-&0<-&,:! W-/,(0+G!

E&)-+=$X8:!MJY=M"I?!



!

! "Y!

UM"V! Z?! c--:!\?! b;(0:! d?!E&)4*P:!^05-/16(05&03!5->&(6&*01! &0! <+5/*3-0! 1*);.&)&6+! 2/-5&46&*01! &0!

6/(01&6&*0!,-6()1!6</*;3<!7&/16=2/&04&2)-1!4()4;)(6&*01:!'<-!d*;/0()!*7!B<+1&4()!X<-,&16/+!X:!>*)?!MM_:!

0*?!"O:!M_TO9=M_T#":!9JM#?!

UMOV! X?! %&1<&,;/(:! \?! Z*,(D&:! \?! N,(0*:! 8+5/*3-0! 2-/,-(6&*0! 4<(/(46-/&16&41! *7! >(0(5&;,=

0&4D-)!())*+1:!\(6-/&()1!'/(01(46&*01:!>*)?!"9:!0*?!#:!#JM=#JY:!M__M?!

UM#V! \?@?! @*)(0:! Z?W?! \4c-00(0:! d?@?! E(+:! @&77;1&*0! *7! (6*,&4! <+5/*3-0! 6</*;3<! $=%&! ())*+!

,-,./(0-1! ;05-/! 0*05&);6-! 4*05&6&*01:! d*;/0()! *7! B<+1&4()! X<-,&16/+! X:! >*)?! MMT:! M#M9=M#MI:!

9JM9?!

UMTV! \?@?! @*)(0:! W?! ]*03:! Z?W?! \4c-00(0:! \?S?! Z-))(,:! @?! c&(03:! '<-! -77-46! *7! '&! *0! 6<-!

,&4/*16/;46;/-:!<+5/*3-0!(.1*/26&*0!(05!5&77;1&>&6+!*7!$=%&!())*+!,-,./(0-1:!d*;/0()!*7!\-,./(0-!

]4&-04-:!>*)?!OM#=OMT:!"9J="9Y:!9JM9?!

UMYV! \?@?! @*)(0:! Z?W?! \4c-00(0:! W?! ]*03:! @?! c&(03:! \?S?! Z-))(,:! '<-! -77-46! *7! '&! *0! <+5/*3-0!

(.1*/26&*0! (05! 5&77;1&>&6+! &0! $f'&fN)! ())*+! ,-,./(0-1:! d*;/0()! *7! \-,./(0-! ]4&-04-:! >*)?! OOT:!

OJ#fOJ_:!9JM"?!

UMIV! W?! ]*03:! \?@?! @*)(0:! \?S?! Z-))(,:! @?! c&(03:! ]?! g(,.-))&:! $f%&f'&! ,;)6&=2<(1-! ())*+!

,-,./(0-1! 7*/! <+5/*3-0! 2;/&7&4(6&*0:! d*;/0()! *7! N))*+1! (05! X*,2*;051:! >*)?! #J_:! _"99=_"9I:!

9JMM?!

UM_V! \?@?!@*)(0:!\?N?!Z*4<(0-D:!X<?%?!\;00&031:!Z?W?!\4c-00(0:!8+5/&5-!2<(1-!-h;&)&./&(!&0!$=

'&=%&!())*+!,-,./(0-1:!d*;/0()!*7!N))*+1!(05!X*,2*;051:!>*)?!T99:!9YT=9IM:!9JM#?!

U9JV! N?!\(4<&5(:!8?!](&6*<:!8?!];3&,*6*:!'?!8(66*/&:!N?!](0*=A;/;D(C(:!%?!S05*:!b?!Z(6(+(,(:!`?!

Q&R;D(:!'?!](6*:!\?!\(61;*:!]?!F/&,*:!Z?!N*D&:!]&6-!*44;2(04+!*7!&06-/16&6&()!5-;6-/&;,!(6*,1!&0!7(4-=

4-06/-5!4;.&4!&/*0:!%(6;/-!X*,,;0&4(6&*01:!>*)?!#:!9JMO?!

U9MV! d?! 8(;4D:! ]6/;46;/()! `-)(6&*01! .-6C--0! $(0(5&;,:! %&*.&;,:! '(06();,! 8+5/&5-1! (05!

@-;6-/&5-1:!N46(!X/+16())*3/(2<&4(:!>*)?!N"O:!"I_="__:!M_YI?!

U99V! 8?! E&27:! @&77;1&*0! *7! <+5/*3-0! &0! ,-6()1:! &0G! 8+5/*3-0! &0! ,-6()1! QQQ:! '*2&41! &0! (22)&-5!

2<+1&41:!8?!E&27!HS5?L:!a-/)&0:!W-/,(0+G!]2/&03-/:!M__Y:!>*)?!Y":!#Mf_M?!

U9"V! N?c?!X*,2(0&*0:!A?!c&;:!@?B?!F0C**5:!F0! 6<-! )*4(6&*0!*7!(!<+5/*3-0!(6*,! &0!.*5+=4-06/-5!

4;.&4!"5!6/(01&6&*0!,-6()!)(66&4-1:!d*;/0()!*7!6<-!c-11=X*,,*0!\-6()1:!>*)?!MJY:!M"M=M"I:!M_I#?!

U9OV! E?`?! W/(+:! @?W?! E-16)(D-:! ]?'?! F4D-/1:! S)-46/&4()! /-1&16&>&6+! *7! $=8! ())*+1:! \-6());/3&4()!

'/(01(46&*01:!>*)?!M:!M"TM=M"TO:!\(+!M_YJ?!

U9#V! d?!E(0(3-)1:! ]?c?! ](11:!a?E?!a(66-/,(0:!'<-!*/5-/&03!*7! <+5/*3-0! &0!i=$(0(5&;,!8+5/&5-:!

B<+1&4(!]6(6;1!]*)&5&!H(L:!>*)?!MJ:!0*?!M:!O_=#Y:!M_Y9?!

U9TV! 8?! N1(0*:! \?! 8&/(.(+(1<&:! c*C=6-,2-/(6;/-! 2<(1-! 6/(01&6&*0! 0-(/! $"89:! B<+1&4(! ]6(6;1!

]*)&5&!H(L:!>*)?!MT:!0*?!M:!T_=Y9:!M_Y"?!

U9YV! \?Q?!@(/.+:!\?%?!`-(5:!S0-/3+!*7!<+5/*3-0! &0!a?X?X?! 6/(01&6&*0!,-6()1:! d*;/0()!*7! 6<-!c-11=

X*,,*0!\-6()1:!>*)?!_M:!9J_=9M#:!M_I"?!



!

! "I!

U9IV! ]?! N.*;5:! d?!E&)4*P:! N! 5-01&6+! 7;046&*0()! 6<-*/+! 16;5+! *7! 6<-! 4<(/3-! 16(6-! *7! <+5/*3-0! &0!

,-6()!<+5/&5-1:!'<-!d*;/0()!*7!B<+1&4()!X<-,&16/+!X:!>*)?!MMO:!0*?!9O:!MJ_YI=MJ_I#:!9JMJ?!

U9_V! `?W?! B(//:!E?! b(03:! @-01&6+=A;046&*0()! '<-*/+! *7! (6*,1! (05!,*)-4;)-1:! d?a?! W**50*;3<:! d?!

8()2-/0:!d?]?!`*C)&01*0!`?!a/-1)*C!HS51?L:!FP7*/5!^0&>-/1&6+!B/-11:!M_I_?!

U"JV! @?]?!]<*)):!d?!]6-4D-):!@-01&6+!A;046&*0()!'<-*/+G!N!2/(46&4()!&06/*5;46&*0?!8*.*D-0:!%d:!^]NG!

d*<0!E&)-+!j!1*01:!9JJ_?!

U"MV! B?!8*<-0.-/3:!E?!Z*<0:!Q0<*,*3-0-*;1!-)-46/*0!3(1:!B<+1&4()!`->&-C:!>*)?!M"T:!0*?!"a:!ITO=

IYM:!%*>?!M_TO?!

U"9V! E?! Z*<0:! c?d?! ]<(,:! ]-)7=4*01&16-06! -h;(6&*01! &04);5&03! -P4<(03-! (05! 4*//-)(6&*0! -77-461:!

B<+1&4()!`->&-C:!>*)?!MOJ:!0*?!ON:!MM""=MM"I:!%*>?!M_T#?!

U""V! \?! $()&->:! S?d?! a+)(1D(:! %?! W*>&05:! Z?! Z*C()1D&:! '?B?! ]6/((61,(:! 8?d?d?! >(0! @(,:! @?!E(03:! d?!

%&-2)*4<(:!S?!N2/(:!'?c?!E&05;1:!E?N?!5-!d*03:!%EX<-,G!(!4*,2/-<-01&>-!(05!14()(.)-!*2-0=1*;/4-!

1*);6&*0!7*/!)(/3-!14()-!,*)-4;)(/!1&,;)(6&*01:!X*,2;6-/!B<+1&41!X*,,;0&4(6&*01:!0*?!MIM:!MOYYf

MOI_:!9JMJ?!

U"OV! N?@?!a-4D-:!@-01&6+=7;046&*0()! 6<-/,*4<-,&16/+?! QQQ?!'<-!/*)-!*7!-P(46!-P4<(03-:! d*;/0()!*7!

X<-,&4()!B<+1&41:!>*)?!_I:!#TOI=#T#9:!M__"?!

U"#V! c?!$-3(/5:!@&-!Z*016&6;6&*0!5-/!\&14<D/&16())-!;05!5&-!`(;,7k));03!5-/!N6*,-:!g-&614</&76!

7k/!B<+1&D:!>*)?!#:!0*?!M:!MY=9T:!M_9M?!

U"TV! ]?'?! \;/2<+:! N?! X</*0-*1:! X?! d&(03:! ^?! ]4<C&03-014<)l3):! `?E?! W/&,-1:! @->&(6&*01! 7/*,!

$-3(/5m1!)(C!&0!6-/0(/+!QQQ=$!())*+1:!B<+1&4()!`->&-C!a:!>*)?!I9:!JY"9JMM=JY"9JMO:!9JMJ?!

U"YV! b?=]?!c--:!X?!F;+(03:!d?=b?!];<:!S?!A)-;/+:!b?!E<(0!X<*:!d?=8?!]<&,:!`*)-!*7!())*+&03!-)-,-061!&0!

>(0(5&;,=.(1-5!.&0(/+!())*+!,-,./(0-1! 7*/!<+5/*3-0! 1-2(/(6&*0:! d*;/0()!*7!\-,./(0-!]4&-04-:!

>*)?!O9"=O9O:!""9f"OM:!9JM9?!

U"IV! F?%?!]-0D*>:!@?a?!\&/(4)-:!S77-46!*7! 6<-!(6*,&4! 1&R-!5&16/&.;6&*0!*0!3)(11! 7*/,&03!(.&)&6+!*7!

(,*/2<*;1!,-6())&4!())*+1:!\(6-/&()1!`-1-(/4<!a;))-6&0:!>*)?!"T:!9MI"=9M_I:!9JJM?!

U"_V! Z?W?! \4c-00(0:! S?! \(4N?! W/(+:! d?A?! @*.1*0:! @-;6-/&;,! *44;2(6&*0! *7! 6-6/(<-5/()! 1&6-1! &0!

2())(5&;,:!B<+1&4()!`->&-C!a:!>*)?!YI:!0*?!JMOMJO:!M=I:!9JJI?!

UOJV! d?!$l)D):!W?!N)-7-)5:!@&77;1&*0!*7!<+5/*3-0!&0!,-6()1:!&0!8+5/*3-0!&0!,-6()1:!W?!N)-7-)5:!d?!$l)D):!

HS51?L:!a-/)&0:!W-/,(0+G!]2/&03-/=$-/)(3:!M_YI:!>*)?!9I:!"9M="OI?!



!

! "_!

3/.4"55"

3.67*&4*86"9$76')":$."416"*76/'")6'6&4*8*42"$:"&.2)4/''*%6"0$.$()"

9/46.*/')"

"

;(99/.2"

(%)*$+,#-./+$'%0#Q0! 6<&1! 2(/6! *7! 6<-! 6<-1&1:! 2/-5&46&>-!,*5-)1! 7*/! 6<-! &5-()! 1-)-46&>&6+! *7! 4/+16())&0-!

2*/*;1!,(6-/&()1!6*C(/51!)&3<6!3(1-1!(/-!5->-)*2-5!(05!(0()+1-5?!Q0!6<-!7&/16!4<(26-/:!(0!*>-/>&-C!

*7! R-*)&6-1! (05! \FA1:! 5&14;11&03! 6<-&/! 16/;46;/()! 7-(6;/-1! (05! 1*,-! (22)&4(6&*01:! &1! 3&>-0?! '<-!

1-4*05!4<(26-/!*7!6<&1!2(/6!&06/*5;4-1!6<-!5-/&>(6&*0!*7!(0()+6&4()!-h;(6&*01!7*/!->();(6&03!6<-!&5-()!

1-)-46&>&6+! *7! R-*6+2-!,-,./(0-!,(6-/&()1! (1! (! 7;046&*0! *7! 1&03)-=4*,2*0-06! 1*/26&*0! 5(6(! (05!

*2-/(6&*0!4*05&6&*01?!'<-!,*5-)!2(/(,-6-/1!(/-!7;/6<-/!5&14;11-5!(05!6<-&/!>();-1:!;1-5!6*!2/-5&46!

6<-! 1-)-46&>&6+! *7! 4<*1-0! R-*6+2-! (51*/.-061:! (/-! 1;,,(/&1-5?! \*/-*>-/:! -P2-/&,-06()!

,-(1;/-,-061! 7*/! >()&5(6&*0! *7! 6<-! 6<-*/-6&4()! /-1;)61! (/-! 5-14/&.-5?! Q0! 6<-! )(16! 4<(26-/:! 6<-!

6<-*/-6&4()! (05! 6<-! -P2-/&,-06()! &5-()! 1-)-46&>&6&-1! *7! R-*6+2-! ,(6-/&()1! (/-! 4*,2(/-5! (05!

(0()+1-5?#

!

1&!*$!%#-./+$'%0!Q0!h;-16(!1-R&*0-!5-))(!6-1&:!1*0*!16(6&!1>&);22(6&!-5!(0()&RR(6&!,*5-))&!2/-5&66&>&!2-/!

*66-0-/-! &! 7(66*/&! 5&! 1-2(/(R&*0&! &5-()&! 5&! ,(6-/&()&! 4/&16())&0*=2*/*1&! >-/1*! 3(1! (! .(11*! 2-1*!

,*)-4*)(/-?! ^0(! 2(0*/(,&4(! 5-))-! R-*)&6&! -! 5-&! \FA! 4*0! ;0m(0()&1&! 1;))-! )*/*! 4(/(66-/&16&4<-!

16/;66;/()&! -5! ()4;0-! )*/*! (22)&4(R&*0&! n! 2/-1-06(6(! 0-)! 1;44-11&>*! 4(2&6*)*?! Q)! 1-4*05*! 4(2&6*)*!

2/-1-06(:! &0>-4-:! )(! 5-/&>(R&*0-! 5-))-! -h;(R&*0&! 5&! )(>*/*! H-h;(R&*0&! ,*5-))*L! 2-/! )(! 16&,(! 5-&!

7(66*/&! 5&! 1-2(/(R&*0&! &5-()&! 5&! ,(6-/&()&! 5&! 6&2*! R-*)&6&4*! &0! 7;0R&*0-! 5&! 2(/(,-6/&:! h;()&! h;-))&!

*66-0&.&)&!5())-!&1*6-/,-!5m(51*/.&,-06*!5&!;0!1&03*)*!3(1:!-!5())-!4*05&R&*0&!*2-/(6&>-?!Q!2(/(,-6/&!

5-)! ,*5-))*! 1*0*! 5&14;11&! &01&-,-! (&! >()*/&! ;1(6&! 2-/! 2/-5&/-! )(! 1-)-66&>&6o?! p;&05&! )-! ,&1;/-!

12-/&,-06()&! ;1(6-! 2-/! )(! >()&5(R&*0-! 5-&! /&1;)6(6&! 6-*/&4&! 1*0*! 16(6-! 2/-1-06(6-! -5! (0()&RR(6-?!

%-))m;)6&,*!4(2&6*)*:! &07&0-:! &!>()*/&! 6-*/&4&!-!12-/&,-06()&!5-))-!1-)-66&>&6o! &5-()&!1*0*!4*07/*06(6&!-!

5&14;11&?!

#

23!%$+,# -./+$'%0! S0! -16(! 2(/6-! 5-! )(! 6-1&1! 1-! (0()&R(0! +! 5-1(//*))(0! ,*5-)*1! 2/-5&46&>*1! 2(/(! )(!

1-)-46&>&5(5!&5-()!5-!,(6-/&()-1!4/&16()&0*1!2*/*1*1!4*0!3(1-1!)&3-/*1?!S0!-)!1&3;&-06-!4(2q6;)*!1-!5(!

;0(!>&1&r0!3-0-/()!5-!)(1!R-*)&6(1!+!)*1!\FA1:!5&14;6&-05*!1;1!4(/(46-/q16&4(1!-16/;46;/()-1!+!()3;0(1!



!

! OJ!

1;1! (2)&4(4&*0-1! 2/&04&2()-1?! S)! 1-3;05*! 4(2q6;)*! 5-! -16(! 2(/6-! 2/-1-06(! )(! 5-/&>(6&R(4&r0! 5-!

-4;(4&*0-1!(0()q6&4(1!2(/(!)(!->();(4&r0!5-!)(!1-)-46&>&5(5!&5-()!5-!,(6-/&()-1!R-*)q6&4*1!-0!7;04&r0!

5-! 2(/s,-6/*1! 7s4&),-06-! *.6-0&.)-1?! ]-! 5&14;6-0! )*1! 2(/s,-6/*1! ;1(5*1! -0! )*1! ,*5-)*1! +! 1-!

/-1;,-0! )*1!>()*/-1!(2)&4(5*1!2(/(!2/-5-4&/! )(!1-)-46&>&5(5!5-! )(1!R-*)&6(1!(51*/.-06-1!;6&)&R(5(1?!

N5-,s1:!1-!5-14/&.-0!)(1!,-5&5(1!-P2-/&,-06()-1!2(/(!)(!>()&5(4&r0!5-!)*1!/-1;)6(5*1!6-r/&4*1?!S0!

-)! t)6&,*! 4(2q6;)*! 1-! (0()&R(0! +! 4*,2(/(0! )(! 1-)-46&>&5(5-1! &5-()=6-r/&4(! +! -P2-/&,-06()! 5-! )*1!

,(6-/&()-1!R-*)q6&4*1!4*0!)*1!h;-!1-!<(!6/(.([(5*?!

#

4/.%5,# -./+$'%0#@(01! 4-66-! 2(/6&-! 5-! )(! 6<n1-:! 5-1! ,*5n)-1! 2/u5&46&71! 5-! )(! 1u)-46&>&6u! &5u()-! 5-1!

,(6u/&(;P!2*/-;P!4/&16())&01!-0>-/1!)-1!3(R!)u3-/1!1*06!5u>-)*22u1!-6!(0()+1u1?!c-!2/-,&-/!4<(2&6/-!

2/u1-06-! ;0-! >;-! 5m-01-,.)-! 1;/! )-1! Ru*)&6<-1! -6! )-1! \FA1:! -0! 5&14;6(06! )-;/1! 4(/(46u/&16&h;-1!

16/;46;/()-1!-6!h;-)h;-1!(22)&4(6&*01?!c-!5-;P&n,-!4<(2&6/-!2/u1-06-!)(!4*016/;46&*0!5-1!uh;(6&*01!

(0()+6&h;-1!;6&)&1u-1!2*;/!u>();-/! )(! 1u)-46&>&6u! &5u()-!5-1!,(6u/&(;P!Ru*)&6<&h;-1!-0! 7*046&*0!5-1!

5*00u-1! 5-! 1*/26&*0! 5-! 3(R! 2;/1! -6! 5-1! 4*05&6&*01! *2u/(6*&/-1?! c-1! 2(/(,n6/-1! 5;!,*5n)-! 1*06!

-01;&6-! 5&14;6u1! -6! )-1! >()-;/1! ;6&)&1u-1! 2*;/! 2/u5&/-! )(! 1u)-46&>&6u! 5-1! (51*/.(061! Ru*)&6<&h;-1!

1u)-46&*00u1! 1*06! /u1;,u-1?! S0! *;6/-! )-1! ,-1;/-1! -P2u/&,-06()-1! 2-/,-66(06! 5-! >()&5-/! )-1!

/u1;)6(61! 6<u*/&h;-1! 1*06! 5u4/&6-1?! c-! 5-/0&-/! 4<(2&6/-! 2-/,-6! 5-! 4*,2(/-/! -6! 5m(0()+1-/! )-1!

1u)-46&>&6u1!&5u()-1!6<u*/&h;-1!-6!-P2u/&,-06()-1!5-1!,-,./(0-1!Ru*)&6<&h;-1?!

!

<"=16$.64*&/'",/&>-.$(%7"

<?@"=./%)0$.4"96&1/%*)9)"*%"9*&.$0$.$()"&.2)4/''*%6"9/46.*/')"

'<-! 4(2(.&)&6+! *7! 4/+16())&0-! 2*/*;1!,-,./(0-1! 6*! 1-2(/(6-! )&3<6! 3(1-1! 5-2-051! 16/*03)+! *0! 6<-!

,(6-/&()m1! 7/(,-C*/D! (05! 2*/-! 1&R-1?! 8*C->-/:! &6! &1! C*/6<! 0*6&03! 6<(6! 0-&6<-/! 6<-! 2*/*;1!

7/(,-C*/D! 0*/! 6<-!,*)-4;)-1! (/-! /&3&5! 16/;46;/-1! UMV?! Q0! 7(46:! 6<-! 2/*.(.&)&6+! *7! -)-46/*0! 5-01&6+!

5&16/&.;6&*0! &0!(6*,1!/-(4<-1!R-/*!(6! &07&0&6+?! Q0!(0+!4(1-:! (22/*P&,(6-5!>();-1! 7*/! 6<-!(6*,!1&R-!

4(0! .-! 3&>-0! .-4(;1-! 6<-! -)-46/*0! 5-01&6+! 7())1! *77! /(2&5)+! &0! 1<*/6! 5&16(04-! 7/*,! 6<-! 0;4)-;1?!

A;/6<-/,*/-:! 5-14/&.&03! (! ,*)-4;)-! (1! (! 12<-/-! C&6<! (! 2(/6&4;)(/! 5&(,-6-/! &1! (0! (44-26-5!

*>-/1&,2)&7&4(6&*0?!'<-!D&0-6&4!5&(,-6-/!*7! (!,*)-4;)-! H67L! &1! (! /-7)-46&*0!*7! &61! 1,())-16! -77-46&>-!

5&,-01&*0?! %*0-6<-)-11:! 5&=! (05! ,;)6&=(6*,&4! ,*)-4;)-1! 2*11-11! /(6<-/! 4+)&05/&4()! 1<(2-!

4<(/(46-/&1-5! .+! (! 1-4*05! 5&,-01&*0! -P4-26! 6<-! D&0-6&4! 5&(,-6-/! (05! 6<&1! &1! 6<-! -77-46&>-! )-036<!

H87L?!'<-!>&./(6&*0!*7! 6<-! 4/+16())&0-! )(66&4-! (05!2*11&.)-!5&16*/6&*01!*7!.*6<!,*)-4;)-! (05!2*/*;1!

,(6-/&()!C<-0!6<-+!(/-!&0!4*06(46!,(D-!&6!->-0!,*/-!5&77&4;)6!6*!5-7&0-!(!2/-4&1-!5&(,-6-/!*7!-&6<-/!

*7! 6<-,?!`-3(/5)-11! 6<-!(.*>-=,-06&*0-5! 7(461:! 6<-! /(6&*!*7! 6<-!(22/*P&,(6-5!2*/-!5&(,-6-/! H63L!

*>-/! 6<-! D&0-6&4! ,*)-4;)(/! 5&(,-6-/! *7! 6<-! 2-/,-(6&03! 3(1-1! H9# v# 63:67L! &1! 4*,,*0)+! ;1-5! (1!

4<(/(46-/&16&4! 5-14/&26*/! 7*/! 2/-5&46&03! 6<-! 1-2(/(6&*0! .-<(>&*;/! *7! 2*/*;1! ,-5&(! 6*C(/51!



!

! OM!

2(/6&4;)(/!3(1-1?!a-)*C!&1!5&14;11-5!6<-!4<(/(46-/&1(6&*0!*7!6/(012*/6!,-4<(0&1,1!2/*2*1-5!.+!N?d?!

a;/33/((7! U9V! .;6! *6<-/! (;6<*/1:! (,*03!C<*,! d?! e&(*! (05! d?!E-&:! 3&>-! 1&,&)(/! 4)(11&7&4(6&*01! UMV?!

c*3&4())+! &7!9! ww!M?J:! &?-?! &7!63! &1!,;4<! 1,())-/! 6<(0!67:! 6<-!,*)-4;)-! -P2-/&-04-1! 16/*03! /-2;)1&>-!

7*/4-!7/*,!6<-!2*/*;1!0-6C*/D!(05!&6!&1!-P4);5-5!5;-!6*!1&R-!1&->&03?!Q7!63!(05!67!(/-!*7!4*,2(/(.)-!

1&R-:! 9! x! M?J:! 6<-! ,-4<(0&1,! &1! 5--,-5! (1! 4*07&3;/(6&*0()! 5&77;1&*0?! 8-/-:! 7*))*C&03! 7/*,! 6<-!

2/->&*;1!5&14;11&*0:! &7! 6<-!2*/*;1! 4<(00-)1! (05!C&05*C1!(/-! 1)&3<6)+! 1,())-/! 6<(0! 6<-!,*)-4;)(/!

5&(,-6-/:! 6<-! ,*)-4;)-! 16&))! ,&3<6! -06-/! 6<-! ,(6-/&()?! '<&1! &1! -12-4&())+! >()&5! 7*/! ,-6()! */3(0&4!

7/(,-C*/D1:!5;-!6*!6<-!/-)(6&>-)+!<&3<!7)-P&.&)&6+!*7!6<-!0-6C*/D:!4*,2(/-5!6*!R-*)&6-1?!Q6!1<*;)5!.-!

/-,(/D-5!6<(6! &0!6<-!4(1-!*7!4*07&3;/(6&*0()!5&77;1&*0:!(!,*)-4;)-! &1!0*6!.*05-5!(1!16/*03)+!(1!.+!

1*);6&*0=5&77;1&*0!,-4<(0&1,!6<(6!*44;/1!C<-0!(6*,1!-06-/!&06-/16&6&()!1&6-1!&0!(!1*)&5!1*);6&*0:!-?3?!

&0! 6<-! 4(1-! *7! <+5/*3-0! (.1*/26&*0! &0! 5-01-!,-6()!,-,./(0-1! H]--! B(/6! QL?! Q0! 6<-! 7/(,-! *7! 6<-!

4)(11&7&4(6&*0! 2/*>&5-5! .+! a;/33/((7:! &0! 6<-! /(03-! M?J! y! 9! y! M?9O! 6<-! 6-/,! 1;/7(4-! 5&77;1&*0! &1!

-16(.)&1<-5?!\(PC-))=]6-7(0!H\]L!,*5-)!&1!4)(&,-5!6*!(44;/(6-)+!5-14/&.-!.*6<!4*07&3;/(6&*0()!(05!

1;/7(4-!5&77;1&*0!U9V?!'<&1!,*5-)! &1!/-2*/6-5)+!0*6!1;&6(.)-! 7*/!4(1-1!C<-/-!3(1! 6/(01)(6&*0()! HW'L!

5&77;1&*0!HM?9O!y!9!y!"?JL!&1!6<-!4*06/*))&03!6/(012*/6!,-4<(0&1,?!Q016-(5:!W'!/-3&,-!&1!4*>-/-5!.+!

6<-!(46&>(6-5!Z0;51-0!,*5-):! &0!C<&4<!3(1!,*)-4;)-1!(/-!4*01&5-/-5!6*!,*>-!.-6C--0!4(3-1! &0!(!

6/(01)(6&*0()!,*5-!.+!*>-/4*,&03!*.16/;46&*01!7*/,-5!.+!6<-!1,())!4<(00-)1!4*00-46&03!(5[(4-06!

1*/26&*0!1&6-1?!8-/-:!6<-!5&77;1&*0()!(46&>(6&*0!-0-/3+!&1!4*01&5-/-5!6*!.-!6<-!5&77-/-04-!.-6C--0!6<-!

2*6-06&()!-0-/3+!*7!(!,*)-4;)-! /-1&5&03! &0! 6<-!4<(00-)!(05!*0-!/-1&5&03!(6! 6<-! &06-/1-46&*0!*7! 6<-!

4/+16())&0-!7/(,-C*/D?!Q6!1<*;)5!.-!/-,(/D-5!6<(6!a;/33/((7!;1-!6<-!6-/,!4*07&3;/(6&*0()!5&77;1&*0!

7*/! /(6&*1! .-6C--0! 6<-! 2*/-! 1&R-! (05! 6<-! ,*)-4;)(/! 1&R-! 6<(6! (/-! 1,())-/! 6<(0! 6<-! /(6&*1! C<-/-!

1;/7(4-!5&77;1&*0!*44;/1:! &?-?!9;5'%8$)</!&$'%!*#6$88<+$'%=#w!9;+</8!5.#6$88<+$'%=#w#9;)!+#&/!%+*!&$'%!*#

6$88<+$'%=?! Q0! 4*06/(16:! e&(*! (05!E-&! ;1-! 6<-! 6-/,! 4*07&3;/(6&*0()! 5&77;1&*0! 6*! 4*))&3(6-! 6<-! 6-/,1!

1;/7(4-!5&77;1&*0! H6<(6!(46;())+! &0! 6<-&/!C*/D!(22-(/1!;05-/! 6<-!0(,-!1*)&5!>&./(6&*0!,*5-)L!(05!

3(1! 6/(01)(6&*0()! 5&77;1&*0?! @;-! 6*! 6<&1! 4*06/(5&46&*0! &0! 6<-! 6-/,&0*)*3+:! &0! 6<&1! 6<-1&1! 6<-!

5-0*,&0(6&*0!4*07&3;/(6&*0()!5&77;1&*0!&1!(>*&5-5!(05!6<-!-P2/-11&*01!1;/7(4-!(05!3(1!6/(01)(6&*0()!

5&77;1&*0!(/-!;1-5?!

'<-!C-))=5-7&0-5!7/(,-C*/D!*7!R-*)&6-1!(05!\FA1:!4<(/(46-/&1-5!.+!6<-!,&4/*2*/*;1!6*2*)*3+!C&6<!

2*/-!*2-0&031!*7!;0&7*/,!5&,-01&*01:! 2/-4*05&6&*01! 6<-! 1;&6(.&)&6+!*7! 6<-*/-6&4()!,*5-)1! 1;4<!(1!

6<-! \(PC-))=]6-7(0! !%+!&>! (05! 6<-! (46&>(6-5! Z0;51-0! 7*/,;)(6&*0! 6*! 5-14/&.-! 6<-! 6/(012*/6!

2/*2-/6&-1!*7!3(1!,*)-4;)-1! &01&5-!6<-1-!,(6-/&()1?! Q0!4*06/(16:!2/*4-11-1! &0!(,*/2<*;1!,(6-/&()1!

(/-!,*/-!5&77&4;)6! 6*!,*5-)?! Q0!6<&1!6<-1&1!C-!(/-! &06-/-16-5!&0!1-2(/(6&*0!*7!3(1-1!C&6<!,*)-4;)(/!

5&(,-6-/! &0! 6<-! /(03-! 9?#!z! f! O!z:! (05! 6<-/-7*/-! &0! 1,())=2*/-! 4/+16())&0-! 1*)&51! 6<(6! (/-! (.)-! 6*!

5&14/&,&0(6-! (,*03! 1;4<! 3(1-*;1! ,*)-4;)-1! (05! 6*! 1-2(/(6-! 5-1&/(.)-! 4*,2*0-061?! '<;1:!

(44*/5&03! 6*! 6<-! 4)(11&7&4(6&*0! 5&14;11-5! (.*>-:! 7*/! 3(1! ,*)-4;)-1! (.)-! 6*! .-! (51*/.-5:! 1;/7(4-!

5&77;1&*0!C&6<!6<-!4*//-12*05&03!\]!,*5-)!4(0!5-14/&.-!C-))!6<-!6/(012*/6!,-4<(0&1,!*7!6<-!6(/3-6!

1*/.(6-=1*/.-06!1+16-,1?!



!

! O9!

'<-!\(PC-))=]6-7(0!7*/,;)(6&*0!C(1!5->-)*2-5!&05-2-05-06)+!.+!d(,-1!X)-/D!\(PC-))!&0!MITT!U"V!

(05!.+!d*1-7!]6-7(0!&0!MIYM!UOV?!'<-!5/&>&03!7*/4-!7*/!,*)-4;)(/!,*>-,-06!&0!6<&1!2<-0*,-0*)*3&4()!

,*5-)! &1! 6<-!4<-,&4()!2*6-06&()! U#V?!X*,2*0-061!,*>&03!C&6<!5&77-/-06!>-)*4&6&-1!-P-/6!(!5/(3!*0!

-(4<! *6<-/:! -h;()! 6*! 6<-! 5&77-/-04-! .-6C--0! 6<-&/! >-)*4&6&-1! 5&>&5-5! .+! (! 2/*2*/6&*0()&6+! 7(46*/:!

C<&4<! &1! 5-7&0-5! (1! 6<-! .&0(/+! \]! 5&77;1&>&6+?! '<-/-7*/-! 6<&1! (22/*(4<! &1! 4*,,*0)+! (22)&-5! 7*/!

,;)6&4*,2*0-06! 1+16-,1! 2*&06&03! 6*! 6<-! 7;05(,-06())+! ,;)6&4*,2*0-06! 0(6;/-! *7! 5&77;1&*0?!

8*C->-/:! &6! <(1! .--0! 1<*C0! &0! 6<-! 2(16! 6<(6! 6<-! 7*/,;)(6&*0! 4(0! .-! /-5;4-5! 6*! 5-14/&.-! 1&03)-=

4*,2*0-06! 5&77;1&*0! &0! R-*6+2-!,(6-/&()1:! C&6<*;6! 4*06/(5&46&03! 6<-!,;)6&4*,2*0-06! 4*04-26! *7!

5&77;1&*0!UTV?!Q0!7(46:!->-0!C<-0!4*01&5-/&03!(!1&03)-=3(1!7);P!6</*;3<!(!R-*)&6-!*/!\FA!)(+-/:!C-!(/-!

6/-(6&03! (! ,;)6&4*,2*0-06! 1+16-,! 4*,2/&1-5! *7! 6<-! 5&77;1&03! 3(1! (05! 6<-! 4/+16())&0-! 2*/*;1!

,(6-/&()?!b-6:!6<-!\(PC-))=]6-7(0!!%+!&>!5-7&0-1!5&77;1&>-!7);P-1!.+!.()(04&03!7*/4-1!1*!6<(6!6<-!6*6()!

5&77;1&>-! 7);P! >(0&1<-1?! N! 7&P-5! (51*/.-06! 4(00*6! 1(6&17+! 6<-! 4*05&6&*0! 6*! .()(04-! 6<-! 7);P! *7! 6<-!

2-/,-(6&03! 4*,2*0-06?! X*01&5-/&03! >(4(06! (51*/26&*0! 1&6-1! (1! 5&77;1&03! 21-;5*=12-4&-1!

4&/4;,>-061!6<&1!&11;-?!'<-!4*04-26!&1!.(1-5!*0!6<-!/-()&R(6&*0!6<(6!C<-0->-/!(!,*)-4;)-![;,21:!(!

>(4(04+!,(D-1!(!4*;06-/![;,2?!'<-!(51*/26&*0!(6!>(4(04&-1!4(0!.-!4*01&5-/-5!(1!(!D&05!*7!7/&46&*0!

(3(&016! 6<-! ,*>-,-06! *7! 6<-! 5&77;1&03! 4*,2*0-06?! Sh;(6&*01! 7*/! 1&03)-=4*,2*0-06! 5&77;1&*0!

6</*;3<!2*/*;1!,(6-/&()1!&0!(44*/5!C&6<!6<-!>(4(04+=.(1-5!\(PC-))=]6-7(0!(22/*(4<!4(0!.-!7*;05!

&0!6<-!)&6-/(6;/-!UYV?!8*C->-/:!6<-+!(/-!,*16)+!;1-5!6*!6<-*/-6&4())+!4*//-)(6-!5&77;1&*0!4*-77&4&-061!

1;4<!(1!A&4D&(0!6/(012*/6!5&77;1&>&6+!(05!\(PC-))=]6-7(0!1;/7(4-!5&77;1&>&6+?!B/(46&4()!(22)&4(6&*01!*7!

1;4<! 1&,2)-! ,*5-)1! 6*! 5-14/&.-! 6<-! 2-/,-(6&*0! .-<(>&*/! *7! R-*)&6-=3;-16! 1+16-,1! (/-! 0*6! C-))!

-P2)*/-5?!'<;1:!&0!6<&1!16;5+:!C-!7*4;1-5!*0!6<-!1-2(/(6&*0!2/*2-/6&-1!*7!R-*)&6-!)(+-/1!(5*26&03!6<-!

(7*/-,-06&*0-5! 2<-0*,-0*)*3+?! Q0! 2(/6&4;)(/:! C-! 5->-)*2-5! 6C*!,*5-)1! 7*/! ->();(6&03! 6<-! 3(1!

1-)-46&>&6+! *7! 4/+16())&0-! 2*/*;1! ,(6-/&()1! ;05-/! 5&77-/-06! (11;,26&*01! 7*/! 6<-! 5&77;1&>&6+!

5-2-05-04+! *0! )*(5&03?! '<-! 5-/&>(6&*0! *7! 6<-! ,*5-)1! &1! 1<*C0! &0! 5-6(&)1! &0! ]-46&*0! T?M?!

N55&6&*0())+:! 6<-! (46&>(6-5! Z0;51-0!,*5-):! C<&4<! &1! 4*01&5-/-5! (1! 1;&6(.)-! 7*/! 2/-5&46&*0! *7! 6<-!

6/(012*/6! (05! 1-2(/(6&*0! 2/*2-/6&-1! *7! R-*)&6-1! (05! \FA1! C&6<! )(/3-/! 2*/-1! */{(05! (6! <&3<!

6-,2-/(6;/-:!&1!5&14;11-5?!

!

<?A"B6$'*46)"/%7"CDE)"

g-*)&6-1! (/-! 4/+16())&0-! &0*/3(0&4! H();,&0*1&)&4(6-L! ,(6-/&()1! C&6<! *2-0! ,&4/*2*/*;1! 16/;46;/-1?!

'<-&/! 7/(,-C*/D1!(/-!.(1-5!4*,,*0)+!*0!'FO! 6-6/(<-5/*01!C&6<!'!.-&03!(!1&)&4*0!*/!();,&0&;,!

(6*,?!'+2&4())+! 6<-! 4*,2*1&6&*0!*7! (! R-*)&6-! 4(0!.-! -P2/-11-5!C&6<! 6<-! 3-0-/()! 4<-,&4()! 7*/,;)(!

\?:%UHN)F9L?H]&F9L+V>89F:! C<-/-! \! &1! (! ,-6()! 4(6&*0:! 6<(6! 4*;06-/.()(04-1! 6<-! 4<(/3-! *7! 6<-!

7/(,-C*/D!C<-0!(0!N)"|=&*0!/-2)(4-1!(!]&O|=&*0:!(05!%!&1!6<-!>()-04-!*7!6<-!4(6&*0!UIV?!N))!N)!(05!]&!

(6*,1! (/-! 1;//*;05-5! .+! *P+3-0! (6*,1! &0! 6<-! 6-6/(<-5/*01! (05! (/-! 0*6! -P2*1-5! 6*! 6<-! 1;/7(4-?!

8-04-:!6<-!*P+3-0!(6*,1!(05!6<-!4(6&*01!7*/,!6<-!1;/7(4-?!E(6-/!&1!/-,*>-5!7/*,!6<-!16/;46;/-!.+!



!

! O"!

<-(6&03?!N);,&0&;,!/&4<!R-*)&6-1!H-?3?!R-*)&6-1!N!(05!eL!<(>-!]&{N)!/(6&*1!(22/*(4<&03!M:!.;6!()C(+1!

<&3<-/!6<(0!M?!'<&1!&1!-P2)(&0-5!.+!6<-!clC-016-&0m1!(>*&5(04-!/;)-!6<(6!2-/,&61!*0)+!]&=F=N)!(05!]&=

F=]&! )&0D(3-1?!N)=F=N)! )&0D(3-1!(/-!2/*>-0! 6*!.-! &016(.)-! U_V?!'<-! 4(6&*01! 6<(6!,(&06(&0! 16/;46;/()!

4<(/3-!.()(04-!(/-!0*6!2(/6!*7! 6<-! 7/(,-C*/D?!'<-+!(/-! )**1-)+!<-)5!(05! 6<-/-7*/-!-P4<(03-(.)-?!

B;/-!1&)&4(!1+06<-6&4!7*/,1!()1*!-P&16:!-?3?!5-4(5*5-4(1&)!"`!H@@"`L!(05!1&)&4()&6-=M?!'<-!(.1-04-!*7!

();,&0&;,!&,2)&-1!6<(6!6<-!0-6C*/D!&1!7/--!*7!-P6/(=7/(,-C*/D!4(6&*01?!

g-*)&6-1!4(0!.-!4)(11&7&-5!&0!3/*;21!(44*/5&03!6*!6<-!0;,.-/!*7!*P+3-0!(6*,1!6<(6!7*/,!(!2*/-!UMJV?!

]*5()&6-! H]F@L! &1! 4<(/(46-/&1-5! .+! -P6/(=1,())! 2*/-! 7/(,-C*/D! C&6<! (2-/6;/-1! *7! T=,-,.-/-5!

*P+3-0!/&031?!]*5()&6-!4(3-1!(/-!4*016/;46&>-!./&4D1!*7!,*16!*7!6<-!R-*)&6-1!(05!]F@!&1!()1*!;1-5!7*/!

7(./&4(6&*0!*7!,-,./(0-1!UMMV?!],())!2*/-!R-*)&6-1!2*11-11!I=*P+3-0=/&03!*2-0&031:!-?3?!X8N:!c'N:!

@@`! UM9V?! Q06-/,-5&(6-! 2*/-! R-*)&6-1:! 1;4<! (1!\AQ! (05!\Sc:! <(>-! MJ=*P+3-0! (6*,1! (/*;05! -(4<!

2*/-! *2-0&03?! '<-! R-*)&6-1!C&6<!M9=*P+3-0=/&031! (/-!5-7&0-5! (1! )(/3-!2*/-! 7/(,-C*/D1:! -?3?! AN^:!

\F`?! SP6/(=)(/3-! 6*2*)*3&-1! <(>-! 2*/-1! 5-)&,&6-5! .+! MO! */! ,*/-! *P+3-0! (6*,1! H-?3?! N)BFO=IL?!

g-*)&6-!,(6-/&()1! (/-! ;1-5! (1! 2*C5-/1:! 6<&0! 7&),1!*/!,-,./(0-1! (05! 7&05! >(/&*;1! (22)&4(6&*01! &0!

4(6()+1&1:! 1*/26&*0:! &*0! -P4<(03-! (05! 1-2(/(6&*0! 2/*4-11-1! 5;-! 6*! 6<-&/! 4(2(.&)&6+! 7*/! ,*)-4;)(/!

/-4*30&6&*0! (6! 0(0*14()-! UM"V?! \-,./(0-1! -,2)*+&03! 6<-1-! ,(6-/&()1! (/-! 4<-,&4())+! (05!

,-4<(0&4())+!/*.;16!(05!4(0!.-!;1-5!*>-/!(!C&5-!/(03-!*7!*2-/(6&*0!4*05&6&*01!UMOV?!Q0!,(0+!)&3<6!

3(1! 1-2(/(6&*01! 6<-+! *;62-/7*/,! 2*)+,-/&4! ,-,./(0-1! &0! 6-/,1! *7! 1-)-46&>&6+! (05! 2-/,-(04-?!

'<-/-7*/-!,(0+!/-1-(/4<!-77*/61!(/-!5->*6-5!6*!5->-)*2!(05!(0()+1-!R-*)&6-!,-,./(0-1!UM#V?!

F0-!*7!6<-!-P6-01&>-)+!16;5&-5!();,&0*1&)&4(6-1!&1!R-*)&6-!N:!C<&4<!&1!()1*!0(,-5!c&05-!6+2-!N?!Q6!&1!

(../->&(6-5! (1! c'N! (76-/! 6<-! 6</--=)-66-/! 4*5-1! -16(.)&1<-5! .+! 6<-! Q^BNX!X*,,&11&*0! *0! g-*)&6-!

%*,-04)(6;/-?!'<-!6</--=5&,-01&*0()!c'N=6+2-!7/(,-C*/D!4*01&161!*7!1*5()&6-!4(3-1!(//(03-5!&0!(!

4;.&4!,(00-/:! /-1;)6&03! &0! I=*P+3-0=/&03! 2*/-! *2-0&031:! (1! &));16/(6-5! &0! A&3;/-! MJ?! '<-! 1*5()&6-!

4(3-1!(/-!)&0D-5!.-6C--0!-(4<!*6<-/!6</*;3<!5*;.)-!O!*P+3-0=/&031?!'<-!]&{N)!(6*,&4!/(6&*!*7!6<-!

7/(,-C*/D!&1!;1;())+!-h;()!6*!M!.;6!4(0!.-!()1*!<&3<-/!6<(0!M?!

! !



!

! OO!

!

!

E*-(.6" @FG" ]4<-,(6&4! /-2/-1-06(6&*0! *7! (L! (! c'N! ;0&6! 4-))}! .L! (! I=*P+3-0=/&03! 7*/,&03! 6<-! 2*/-!

-06/(04-!*7!c'N?!17!).+#8/'7#UMTV?!

'<-!-P4<(03-(.)-!4(6&*01!&0!c'N:!C<&4<!1-/>-!6*!*771-6!6<-!HN)F9Lf!3/*;21:!(/-!6<-!(51*/26&*0!1&6-1!

7*/!3(1!,*)-4;)-1?!'<-+!1&6!0-(/!6<-!4-06/-1!*7!6<-!T=,-,.-/-5!*P+3-0!/&03!*7!6<-!1*5()&6-!.;&)5&03!

.)*4D!(05!())!*7!6<-,!(/-!(44-11&.)-!6*!3(1!,*)-4;)-1?!c'N!&1!D0*C0!&0!7-C!5&77-/-06!7*/,1!(44*/5&03!

6*!6+2-!*7!-P6/(=7/(,-C*/D!4(6&*01!&0!(!;0&6!4-))!(05!6<-!/-12-46&>-!5&(,-6-/!*7!6<-!2*/-1?!'<-!,*16!

4*,,*0!/-2/-1-06(6&>-1!(/-!"N! H6<-!2*6(11&;,! 7*/,!Z=c'N!C&6<!0*,&0()!5&(,-6-/!*7!"?J!zL:!ON!

H6<-!1*5&;,!7*/,!%(=c'N!C&6<!2*/-!5&(,-6-/!*7!"?_!z:!/-2*/6-5!;1;())+!C&6<!&61!0*,&0()!5&(,-6-/!

*7!O!zL!(05!#N!H6<-!4()4&;,!7*/,!X(=c'N!C&6<!,-(1;/-5!2*/-!1&R-!*7!O?"!z!(05!0*,&0()!5&(,-6-/!

-h;()! 6*!#!zL! UIV?!]6/;46;/()!2/*2-/6&-1!*7! 6<-1-!,*)-4;)(/!1&->-1!(/-!1;,,(/&R-5! &0!'(.)-!I?!'<-!

*0)+! 4*,,-/4&()&1-5!,-,./(0-! 6+2-! &1! %(=c'N! H*/! 1<*/6)+! %(NL! C&6<! 6<-! 7&/16! 4*,,-/4&()! ;0&6!

/-()&1-5!*0!6<-!,(/D-6!&0!M___!.+!\&61;&!S03&0--/&03!j!]<&2.;&)5&03!X*?!c65!UMYV?!a-&03!0&6/*3-0=

1-)-46&>-:! &0!4*06/(16!6*!6<-!4<&-7)+!*P+3-0=1-)-46&>-!2*)+,-/&4!(05!4(/.*0!,-,./(0-1!UMIV:!c&05-!

6+2-!N! R-*)&6-1! (/-!*7! &06-/-16! 7*/!2/*5;46&*0!*7!*P+3-0=-0/&4<-5!(&/?!`-2*/6-5)+!%(N!<(1!(!3/-(6!

2*6-06&()!()1*!7*/!/-,*>()!*7!89F!7/*,!A&14<-/='/*214<!2/*5;46!16/-(,1!4*06(&0&03!XF:!89!(05!X8O!

&0!*/5-/!6*!&0<&.&6!6<-!*P&5(6&*0!H4(;1-5!.+!C(6-/L!*7!6<-!4(6()+16!(05!6*!2/*,*6-!6<-!/-(46&*0!/(6-?!

];4<! )&3<6! 3(1! 1-2(/(6&*01! (/-! 3*>-/0-5! .+! 6<-! &06-/(46&*0! *7! 3(1! ,*)-4;)-1! C&6<! 6<-! 4<(/3-=

4*,2-01(6&03!4(6&*01?!8*C->-/:! 6<-!*0)+!/-()&R-5! &05;16/&()!(22)&4(6&*0!*7!c'N!,-,./(0-1! &1! 7*/!

*/3(0&41!5-<+5/(6&*0?!N!7-C!+-(/1!(3*:!Q'p=9_:!(!2;/-!1&)&4(!7*/,!H*/!1*,-6&,-1!3-/,(0*1&)&4(6-L!*7!

R-*)&6-!N:!C(1!5&14*>-/-5!UM_V?!

!

a) b) 



!

! O#!

=/,'6"HG"%*,-04)(6;/-!(05!16/;46;/()!2/*2-/6&-1!*7!6<-!,*16!4*,,*0!c&05-!6+2-!N!R-*)&6-1?!

'+2-! "N! ON! #N!

F6<-/!0(,-1! ZN:!Z=c'N! %(N:!%(=c'N! X(N:!X(=c'N!

X<-,&4()!7*/,;)(~! ZY?9%(O?IUHN)F9LM9H]&F9LM9V! %(M9UHN)F9LM9H]&F9LM9V! X(O?#%("UHN)F9LM9H]&F9LM9V!

X<(00-)!1+16-,! "=5&,-01&*0()!

^0&6!4-))! X;.&4!H12(4-!3/*;2!A,="4L!

%*,&0()!2*/-!1&R-!

UzV!
"! O! #!

\-(1;/-5!2*/-!1&R-!

UzV!!
"?"!UIV! "?_!UIV!f!O?M!UMTV! O?"!UIV!

~'<-!4<-,&4()!7*/,;)(!&1!1<*C0!(1!/-2*/6-5!&0!`-7?!U9JV!C&6<*;6!6<-!C(6-/!4*06-06?!

N0*6<-/! C-))=D0*C0! R-*)&6-! 16/;46;/-! &1! 7(;[(1&6-! HAN^L:! 1<*C0! &0! A&3;/-! MM?! E&6<! 6<-! M9=

,-,.-/-5!/&03!2*/-!*2-0&031:!AN^=6+2-!R-*)&6-1!.-)*03!6*!6<-!)(/3-!2*/-!7/(,-C*/D1?!@-2-05&03!

*0! 6<-! ]&{N)! /(6&*:! 1+06<-6&4! 7(;[(1&6-=6+2-! R-*)&6-1! (/-! 5&>&5-5! &06*! 6C*! 4)(11-1! f! e! (05! b?! '<-!

1&)&4*0=6*=();,&0&;,!(6*,&4!/(6&*!&0!e!&1!.-6C--0!M!(05!M?#:!C<&)-!&0!b!&6!&1!.-6C--0!M?#!(05!"!U9MV?!

g-*)&6-!e!&1!4())-5!)*C=1&)&4(!e!Hc]eL!C<-0!6<&1!/(6&*!&1!M?!

!

E*-(.6"@@G"]4<-,(6&4!/-2/-1-06(6&*0!*7!(L!(!AN^!;0&6!4-))}!.L!(!M9!*P+3-0=/&03!7*/,&03!6<-!2*/-!*7!

AN^?!17!).+#8/'7#UMTV?"

a) b) 



!

! OT!

N1!&0!6<-!4(1-!*7!R-*)&6-!N:!6<-!-P6/(=7/(,-C*/D!4(6&*01!4*,2-01(6&03!6<-!4<(/3-!7*/!-(4<!N)!(6*,!

(/-!4*,,*0)+!,*0*>()-06!H-?3?!Z|:!%(|:!c&|L!*/!5&>()-06!H1;4<!(1!X(9|:!\39|:!a(9|L:!C<-/-!6<-!>()-04-!

5-6-/,&0-1! 6<-&/! 0;,.-/?! '<-! 7*/,;)(! *7! (! 6+2&4()!%(e!;0&6! 4-))! &1!%(ITUHN)F9LITH]&F9LMJTV:! (05! *7!

X(e! &6! &1! X(OJ%(TUHN)F9LITH]&F9LMJTV! U99V?! Q0! 4*06/(16! 6*! c'N:! &0! AN^! 0*6! ())! 4(6&*01! (/-! (44-11&.)-!

(51*/26&*0!1&6-1?!X(6&*01! &0!1;2-/4(3-1! H(6!1&6-1! QQ!(05! QQQL!(/-!(44-11&.)-! 7*/!3(1!,*)-4;)-1:!C<&)-!

6<-1-!(6!2*1&6&*01!&0!<-P(3*0()!2/&1,1!(05!4;.**46(<-5/*01!H1&6-1!Q:!Qm!(05!QQmL!(/-!4*01&5-/-5!6*!.-!

&0(44-11&.)-!U9"V?!]&6-1!Q!HQmL:! QQ!HQQmL!(05!QQQ!(/-!&05&4(6-5!&0!A&3;/-!M9?!Q6! &1!/-2*/6-5!6<(6!C<-0!6<-!

4*06-06!*7!1*5&;,!&*01!&0!AN^!R-*)&6-!&1!)*C:!())!4(6&*01!(/-!)*4(6-5!&0!<&55-0!1&6-1:!+&-)5&03!(!>-/+!

)*C!(51*/26&*0!(77&0&6+!U9OV?!'<-/-7*/-!<&3<!();,&0&;,!4*06-06:!(05!6<;1!<&3<-/!4(6&*0!0;,.-/!(05!

4<(/3-! 5-01&6+:! &1! 5-1&/-5! 7*/! -0<(04-5! (51*/26&*0! 1-)-46&>&6+?! F0! 6<-! 4*06/(/+:! 16/;46;/-1! C&6<!

<&3<-/!]&{N)!/(6&*!(/-!2/*>-0!6*!.-!,*/-!16(.)-!&0!<&3<!6-,2-/(6;/-1!(05!6*!4<-,&4()!)-(4<&03?!'<-!

(44-11!C&05*C!5&(,-6-/1! ()1*!5-2-05!*0! 6<-! -P4<(03-(.)-! &*01! (05! 7*/!%(e! 6<-! (2-/6;/-!*7! 6<-!

)(/3-16!4<(00-)1!&1!(22/*P&,(6-)+!Y?O!z:!(05!7*/!X(e!6<&1!>();-!&1!&04/-(1-5!6*!MJ!z!U9#V?!

!

!

E*-(.6"@AG"B*1&6&*01!*7!6<-!2*6-06&()!4<(/3-=4*,2-01(6&03!4(6&*01!&0!(!AN^!1;2-/4(3-?!17!).#8/'7#

@2A#B6-!U9TV?!

F76-0! 4*01&5-/-5! (1! 1&,&)(/! */! 4*,2)-,-06(/+! 6*! R-*)&6-1! (/-! 6<-! ,-6()=*/3(0&4! 7/(,-C*/D!

,(6-/&()1?! '<-+! 2*11-11! <+./&5! 2*/*;1! 16/;46;/-1! C&6<! */3(0&4! 2(/6:! 0(,-)+! */3(0&4! )&0D-/1:!

4**/5&0(6&03!6<-!,-6()!&*01?!\FA1!(66/(46-5!(!3/-(6!5-()!*7!(66-06&*0!&0!6<-!)(16!+-(/1!5;-!6*!6<-&/!

>-/+! <&3<! 12-4&7&4! 1;/7(4-! (/-(1! (05! 6;0-(.)-! 2*/-! 1&R-1! U9YV?! g-*)&6&4! &,&5(R*)(6-! 7/(,-C*/D1!

HgQA1L! (/-! (! 1;.3/*;2! *7!\FA1?! '<-!,(6-/&()1! *7! 6<&1! 4)(11! 4*01&16! *7! 6-6/(<-5/()! 4);16-/1! *7!\%O!

C&6<!\!v!X*:!X;:!g0:!-64?:!)&0D-5!.+!1&,2)-!&,&5(R*)(6-!)&3(051!U9IV?!!



!

! OY!

@;-! 6*! 6<-! -P4-26&*0())+! <&3<! 6<-/,():! 4<-,&4()! (05!,*&16;/-! 16(.&)&6+:! gQA=I! &1! *0-! *7! 6<-!,*16!

-P6-01&>-)+! 16;5&-5!,(6-/&()1! 7/*,! 6<&1! 1;.3/*;2! U9_V?! Q61! 4<-,&4()! 7*/,;)(! &1!XI8M9%Og0!.;6! 6<-!

0*6(6&*0! g0H\-Q\L9:! C<-/-! \-Q\! 16(051! 7*/! ,-6<+)&,&5(R*)(6-:! &1! 4*,,*0?! '<-! 2*/-! )&,&6&03!

5&(,-6-/!*7!gQA=I!&1!"?O!z:!C<&4<!&1!7*/!-P(,2)-!)-11!6<(0!6<-!D&0-6&4!5&(,-6-/!*7!X8O:!.;6!*C0&03!6*!

6<-!7/(,-C*/Dm1!7)-P&.&)&6+!U"JV:!6<-!C&05*C!*7!6<-!7/(,-C*/D!())*C1!X8O!6*!5&77;1-!&06*!6<-!2*/-1:!

()*03!C&6<!XF9!(05!%9?!

a*6<! 4)(11-1! *7! 4/+16())&0-! ,(6-/&()1! 5&14;11-5! <-/-:! R-*)&6-1! (05! \FA1:! (/-! (.)-! 6*! 1-2(/(6-!

,*)-4;)-1! .+! 6<-! -77-46! *7! 4*,2-6&6&>-! (51*/26&*0:! 5&77-/-04-1! &0! 5&77;1&*0! D&0-6&41! (05{*/!

,*)-4;)(/! 1&->&03! U"MV?! '<;1:! ;05-/16(05&03! 6<-! 1-2(/(6&*0! ,-4<(0&1,! *7! 1;4<! ,-,./(0-!

,(6-/&()1!&1!0*6!(!6/&>&()!,(66-/?!

!

<?I"#/0/,*'*4*6)"/%7"'*9*4/4*$%)"$:"0.67*&4*86"9$76')"

Q6!&1!0-4-11(/+!6*!/-,(/D!6<(6!6<-!<-/-6*=2/*2*1-5!,*5-)1!(/-!1;&6-5!6*!2/*>&5-!&07*/,(6&*0!*0!6<-!

&5-()!1-2(/(6&*0!.-<(>&*;/!*7!4/+16())&0-!2*/*;1!,(6-/&()1!;1-5!7*/!3(1!1-)-46&>-!,-,./(0-1?!]&04-!

1&03)-=3(1!5(6(! &02;61!(/-!;6&)&R-5:!4*,2-6&6&*0()!2-/,-(6&*0!*7!,*)-4;)-1!C<-0! &0!,&P6;/-! &1!0*6!

6(D-0! &06*! (44*;06?! \&P6;/-! 1-)-46&>&6&-1! *76-0! 5&77-/! 1&30&7&4(06)+! 7/*,! 6<-! &5-()! >();-1! (05!

&,2)&4(6&*01!7*/!6<-!6/(012*/6!,-4<(0&1,!(05!7*/!6<-!3(1=3(1!(05!3(1=(51*/.-06!&06-/(46&*01!4(0!.-!

-P6/(46-5! 7/*,! 6<-! 5->&(6&*0?! A*/! -P(,2)-:! (! XF9! ,*)-4;)-! <(1! (! )(/3-/!,*)-4;)(/! 5&(,-6-/! (05!

,*)-4;)(/!C-&3<6! 4*,2(/-5! 6*!%9?! '<-!Z0;51-0! 1-2(/(6&*0! 7(46*/! 7*/! XF9! >-/1;1!%9! -h;()1! J?YI?!

8*C->-/:!/->-/1-5!XF9{%9!1-)-46&>&6&-1!(/-!/-2*/6-5!7*/!(!/(03-!*7!4/+16())&0-!2*/*;1!,(6-/&()1!H(1!

@@`!U"9V:!c'N!U"9V:!AN^!U"":"O:"#V:!gQA=I!U"T:"YV!(05!]Q\=M!U9YV:!6*!)&16!1*,-!*7!6<-,L!C&6<!<&3<-/!

,&P6;/-!1-)-46&>&6+!>();-1!4*,2(/-5!6*!6<-!&5-()!1-)-46&>&6&-1?!'<&1!&05&4(6-1!2/-7-/-06&()!(51*/26&*0!

*7!XF9!(05!/-5;4-5!5&77;1&*0!*7!%9:!&?-?!%9!D&0-6&41!(/-!1)*C-5!5*C0!&0!6<-!2/-1-04-!*7!XF9?!

\*/-*>-/:!6<-!-P2-/&,-06()!/-1;)61!*.6(&0-5!C&6<!,-,./(0-1!,(5-!*7!(!3&>-0!,(6-/&()!5-2-05!*0!

6<-! 1+06<-1&1! 2/*4-11-1! (05! ,-(1;/&03! 6-4<0&h;-1{4*05&6&*01?! N! 1&,2)-! -P(,2)-! &1! %(N! R-*)&6-!

;1-5! (1!,-,./(0-!,(6-/&()?!@&77-/-06! 1+06<-1&1!,-6<*5! (22)&-5! 6*!2/-2(/-!%(N!,-,./(0-1! 4(0!

)-(5!6*!89!2-/,-(04-!>();-1!&0!(!C&5-!/(03-:!-?3?!7/*,!J?TO!�!MJ=I!U"IV!6*!9M"!�!MJ=I!,*)!,=9!1=M!B(=M!

U"_V?!8*C->-/:!6<-!89{%9!1-2(/(6&*0!7(46*/1!/-2*/6-5!&0!6<-1-!6C*!4(1-1!(/-!O?T!7*/!6<-!7*/,-/!(05!

#?T! 7*/! 6<-! )(66-/:! &05&4(6&03! 6<(6! ,(6-/&()! 1-)-46&>&6+! &1! 4*,2(/(.)-?! N05! C<&)-! 6<-1-! 1-)-46&>&6+!

>();-1! (3/--! /(6<-/! C-)):! &6! &1! 0*6! ;04*,,*0! 7*/! 14&-06&7&4! 5*4;,-061! 6*! 4)(&,! 6<(6!,-,./(0-1!

.(1-5!*0!6<-!1(,-!4*/-!,(6-/&()!-P<&.&6!1-)-46&>&6&-1!C&6<&0!(!C&5-!,(/3&0?!'<-1-!5&77-/-04-1!(/-!(0!

&05&4(6&*0!7*/!6<-!3/-(6!/-1-(/4<!-77*/61!6*C(/51!5->-)*2,-06!*7!.-66-/!2-/7*/,&03:!/-2/*5;4&.)-:!

5-7-46=7/--!,(6-/&()1!UOJV?!Q0!6<&1!7/(,-:!6<-*/-6&4()!1-)-46&>&6+!>();-1!1-6!(!0--5-5!.-04<,(/D!6<(6!

4(0! 2/*>&5-! 3;&5-)&0-1! 7*/! 5-1&30! (05! *26&,&1(6&*0! *7! 4/+16())&0-! 2*/*;1! ,-,./(0-! ,(6-/&()1:!

&04);5&03! 1-)-46&*0! *7! 7&))-/! ,(6-/&()1! 7*/! \\\1?! Q0! (0+! 4(1-:! h;(06&6(6&>-! ,*5-))&03! *7! 6<-!

1-)-46&>&6+!*7!,-,./(0-1!/-h;&/-1!,(0+!7(46*/1!6*!.-!6(D-0!&06*!(44*;06!(05!*76-0!-(4<!,-,./(0-!



!

! OI!

4*07&3;/(6&*0! ,;16! .-! &0>-16&3(6-5! 1-2(/(6-)+:! -?3?! &6! &1! (! 5&77&4;)6! 6(1D! C&6<! <(/5! 6*! &,2*11&.)-!

6/(017-/(.&)&6+!6*!*6<-/!4(1-1?!

!

J"C641$7$'$-2"

J?@"C$76'"7686'$096%4"

'<-!6/(012*/6!-h;(6&*0!5-14/&.&03!6<-!7);P!*7!4*,2*0-061!6</*;3<!(!,(6-/&()!>(/+!&0!/-12-46!*7!6<-!

5&77;1&*0!,-4<(0&1,:!C<&4<!&0!6;/0:!&0!6<-!4(1-!*7!2*/*;1!,-5&(:!5-2-051!*0!6<-!/(6&*!.-6C--0!6<-!

1&R-! *7! 6<-! )&,&6&03! 2*/-1! (05! 6<-!,*)-4;)(/! 5&(,-6-/?! g-*)&6-1! (05!\FA1! .-)*03! 6*! 6<-! 3/*;2! *7!

4/+16())&0-! 2*/*;1! ,(6-/&()1! C&6<! 5&77;1&*0! ,-4<(0&1,! ,(&0)+! 5*,&0(6-5! .+! 1;/7(4-! 5&77;1&*0:!

5-14/&.-5!.+!6<-!\(PC-))=]6-7(0!,*5-)!(05!&0!1*,-!4(1-1!H<&3<!6-,2-/(6;/-:!)(/3-!2*/-!,*)-4;)(/!

1&->-!(05!1,())!0*02*)(/!3(1!,*)-4;)-1L!.+!3(1!6/(01)(6&*0()!5&77;1&*0!(05!&61!-h;&>()-06!(46&>(6-5!

Z0;51-0!,*5-):!(1!;05-/)&0-5!&0!]-46&*0!#?M?!

N44*/5&03! 6*! 6<-! \]! ,*5-)! (1! 5->-)*2-5! 7*/! 5&77;1&*0! &0! R-*)&6-=3;-16! 1+16-,1:! 6<-! 7);P! *7! (!

4*,2*0-06!$!6</*;3<!6<-!,-,./(0-!2-/!;0&6!4/*11=1-46&*0()!(/-(!&1!5-7&0-5!(1!UOMVG!

!!"!! ! !!!!!"#!!!!"!!
!!!!

!"
!!! !! HT?ML!

Q0!6<&1!-h;(6&*0!C!&1!6<-!.;)D!5-01&6+!*7!6<-!,(6-/&()!(05!DE2F$!&1!6<-!1&03)-=4*,2*0-06!\(P-))=]6-7(0!

5&77;1&>&6+!6<(6!/-7)-461!&06-/(46&*01!.-6C--0!6<-!(51*/.-5!12-4&-1!(05!6<-!>(4(04+!(51*/26&*0!1&6-1!

H&0! 7(46! &7! (! ,*)-4;)-! [;,21! (! >(4(04+! ,(D-1! (! 4*;06-/[;,2L?# G! &1! 6<-! 7/(46&*0()! *44;2(04+!

H)*(5&03L:!5-7&0-5!(1!G! v!H{H+!&! y!M:!C<-/-!H! &1! 6<-!0;,.-/!*7! (51*/.-5!,*)-4;)-1!(05!H+!&F$! &1! 6<-!

,(P&,;,! 1*/26&*0! 4(2(4&6+! *7! 4*,2*0-06! $! H1(6;/(6&*0! )&,&6L?! '<-! 3/(5&-06! *7! 6<-! 4<-,&4()!

2*6-06&()!*>-/!6<-!6<&4D0-11!*7!6<-!1&->&03!,(6-/&():!!I$:!5&>&5-5!6*!6<-!;0&>-/1()!3(1!4*016(06!@!(05!

6<-!6-,2-/(6;/-!':!4(0!.-!-P2/-11-5!(1G!

!

!"
!!! ! !

!

!!!!

!!!!!! !! HT?9L!

C<-/-!�!&1!(!6<-/,*5+0(,&4!4*//-46&*0!7(46*/!6<(6!4*0>-/61!6<-!4<-,&4()!2*6-06&()!3/(5&-06!&06*!(!

3/(5&-06! *7! 6<-! *44;2(04+?! a+! &01-/6&*0! *7! Sh?! HT?9L! &06*! Sh?! HT?ML:! 6<-! 7*))*C&03! -P2/-11&*0! &1!

*.6(&0-5! 7*/! (! ,*0*=5&,-01&*0()! 1+16-,! H6<-! 5&77-/-06&()! *2-/(6*/! &1! 6/(017*/,-5! &06*! (! 1&03)-!

5-/&>(6&>-LG!

!!"!! ! !!!!!"#!!!!"!!!
!!!!!

!"
!! HT?"L!

C&6<!6<-!6<-/,*5+0(,&4!4*//-46&*0!5-7&0-5!(1G!

! ! !!!!

!"#!!!!

!!!!!

!! HT?OL!



!

! O_!

'C*! 4*,,*0! (22/*(4<-1! (/-! /-2*/6-5! &0! 6<-! )&6-/(6;/-! 7*/! 6<-! )*(5&03! 5-2-05-04+! *7! 1&03)-=

4*,2*0-06! 5&77;1&*0! &0! R-*)&6-1! UMV?! '<-! 7&/16! *0-! &1! 7*/! 4*04-06/(6&*0=&05-2-05-06! 5&77;1&>&6+!

U9:#:O9V?! '<&1! (11;,26&*0! &1! /-2*/6-5)+! 6/;-! 7*/! 3(1=(51*/.-06! 1+16-,1! C&6<! /-)(6&>-)+! C-(D!

4*07&0-,-06! UTV?!'<-! 1-4*05!(22/*(4<!4*//-)(6-1! 6<-!5&77;1&*0! /(6-!*7!,*)-4;)-1! 7/*,!1&6-! 6*! 1&6-!

C&6<&0! 6<-! 7/(,-C*/D!C&6<! 6<-! 2/*.(.&)&6+! 6*! 7&05! (! >(4(06! 1&6-! 7*/! (! [;,2! UM:9V?! A*))*C&03! 6<&1!

(22/*(4<:!5&77-/-06!/-)(6&*01<&21!7*/!4*//-46&03!6<-!5&77;1&*0!4*-77&4&-06:!DE2F$:!7*/!&61!5-2-05-04+!*0!

6<-!)*(5&03:!<(>-!.--0!2/*2*1-5!UO"V?!F0-!*7!6<-1-!&1!3&>-0!.+!DE2;G=#J#DE2#;K=;L#−#G=:!C&6<!DE2#;K=!

.-&03!6<-!5&77;1&*0!4*-77&4&-06!(6!R-/*!)*(5&03!*/!1-)7=5&77;1&>&6+?!

A&/16)+:! C-! 6(D-! &06*! 4*01&5-/(6&*0! 6<-! (11;,26&*0! 6<(6! 6<-! 1&03)-=4*,2*0-06! \(PC-))=]6-7(0!

5&77;1&>&6+!&1!&05-2-05-06!*0!6<-!)*(5&03G!

!!"!! ! ! !!!! !! HT?#L!

Q0! 6<&1!4(1-:!*0-!4(0!()1*!C/&6-!DE2;G=#J#DE2#;K=?! Q06-3/(6&*0!*7!Sh?! HT?"L! &1!2-/7*/,-5!.-6C--0!6<-!

7--5!H?!v!JL!(05!6<-!2-/,-(6-!1&5-!H?!v!cL!*7!6<-!(51*/.-06!H1--!()1*!A&3;/-!a!M!&0!N22-05&P!aLG!

!!"!!

!"

!

!

! !!!!!"#!!!!"!!!!! !!!!!! !

!!

!!

! HT?TL!

'<-0:! (!,*5-)! 6<(6! 5-14/&.-1! 6<-! /-)(6&*01<&2! .-6C--0! 6<-! *44;2(04+! (05! 6<-! 2/-11;/-! 7*/! 2;/-!

4*,2*0-061! &1! -,2)*+-5?! '<-! (22)&4(.&)&6+! (05! )&,&6(6&*01! *7! 6<-! c(03,;&/&(0! 5-14/&26&*0! *7!

(51*/26&*0!&0!R-*)&6-!<(>-!.--0!5&14;11-5!&0!6<-!2(16!(05!()6<*;3<!,(0+!(;6<*/1!2/*2*1-!5&77-/-06!

&1*6<-/,! -h;(6&*01! 1;4<! (1! '*6<:! A/-;05)&4<:! c(03,;&/=A/-;05)&4<:! ^0&)(0:! `(5D-=B/(;10&6R:!

\(6<-C1=E-.-/:! $*),-/! (05! 1*! *0! UOOV:! 6<-! c(03,;&/=6+2-! &1*6<-/,! &1! 7/-h;-06)+! (5*26-5! &0!

(51*/26&*0! 16;5&-1! 5;-! 6*! &61! 1&,2)&4&6+! (05! 6<-/,*5+0(,&4! 4*01&16-04+! U#V?! '<-! ;1-! *7! 6<-!

c(03,;&/!&1*6<-/,!&,2)&-1!6<(6!6<-!2-/,-(06!4*04-06/(6&*01!(6!6<-!7--5!(05!6<-!2-/,-(6-!1&5-!(/-!

4)*1-!6*!-h;&)&./&;,?!`-2*/6-5)+:!,*/-!4*,2)&4(6-5!(51*/26&*0!,*5-)1!0*6!*0)+!/-h;&/-!->();(6&*0!

*7!,*/-!2(/(,-6-/1!.;6!()1*!&,2)+!(!<&3<-/!;04-/6(&06+!*7!6<-!5-6-/,&0-5!2(/(,-6-/!>();-1!UO#V?!

];.16&6;6&*0!*7!6<-!-P2/-11&*0!7*/!6<-!6<-/,*5+0(,&4!4*//-46&*0!7(46*/:!�!HSh?!HT?OLL:!&0!6<-!&06-3/()!

HSh?!HT?TLL:!+&-)51G!

!!"!! ! !!
!

!
!!"#!!!!"!!!!! !!!!

!"#!!!!

!!!!!

!!!!! !

!!

!!

! HT?YL!

c(03,;&/=6+2-! &1*6<-/,! &1! ;1-5! 6*! 6/(017*/,! 7;/6<-/! 6<-! 7;046&*0! ;05-/! 6<-! &06-3/()?! '<-! C-))=

D0*C0!/-)(6&*01<&2!6<(6!5-14/&.-1!c(03,;&/!,*0*)(+-/!(51*/26&*0!&1G!

!!

!!"#!!
! !!!! !

!!!!!!

! ! !!!!!!

!! HT?IL!

8-/-!"$! &1! 6<-!(51*/26&*0!-h;&)&./&;,!4*016(06?! Q6! &05&4(6-1! 6<-!(51*/26&*0! 16/-036<!*7! (!,*)-4;)-!

*06*!(!1;/7(4-!UOTV?!]&,2)-!6/(017*/,(6&*0!6*!-P2/-11!6<-!2/-11;/-!(1!7;046&*0!*7!G!/-1;)61!&0G!



!

! #J!

!!!! !
!!!!

! ! !!!!

!
!

!!

! HT?_L!

]&04-!&0!Sh?!HT?YL!6<-!5&77-/-06&()!*7!6<-!)*3(/&6<,!*7!2/-11;/-!&1!0--5-5:!(76-/!1&,2)-!()3-./(:!�*%M$FN!

&1!-P2/-11-5G!

!"!!!! ! !"!!!! ! !" ! ! !!!! ! !"!! ! !"#!!!! !
!

!!!! ! ! !!!!

!!!!! !! HT?MJL!

`-2)(4&03!6<-!-P2/-11&*0!7*/!�*%M$FN!&0!Sh?!HT?YL:!3&>-1G!

!!"!! ! !!
!

!
!!"#!!!!"!!!!! !!!!

!

!!!! ! ! !!!!

!!!!!

!!!!!

!!!!! !

!!

!!

! HT?MML!

Q0!6<-!0-P6!1-/&-1!*7!-h;(6&*01!HT?M9!f!T?MOL:!Sh?!HT?MML!&1!6/(017*/,-5!.+!4/*11&03!*77!6<-!&6-,1!6<(6!

(/-!/-2-(6-5!&0!6<-!0;,-/(6*/!(05!5-0*,&0(6*/!(05!&06-3/(6&03!&0!6<-!&06-/>()!UG4F#GMVG!

!!"!! ! !
!

!
!!"#!!!!"!!!!! !

!

! ! !!!!

!!!!!

!!

!!

!! HT?M9L!

!

!!"!! ! !
!

!
!!"#!!!!"!!!!! !"!!! ! !!!!!

!!

!!
!! HT?M"L!

!

!!"!! ! !
!

!
!!"#!!!!"!!!!!!"

! ! !!!!

! ! !!!!

!! HT?MOL!

SP2/-11&03!6<-!)*(5&03!7/*,!6<-!c(03,;&/=6+2-!&1*6<-/,!HSh?!HT?ILL!+&-)51G!

!!"!! ! !
!

!
!!"#!!!!"!!!!!!"

! !
!!!!!!

! ! !!!!!!

! !
!!!!!!

! ! !!!!!!

!! HT?M#L!

C<&4<!7&0())+!3&>-1G!

!!"!! ! !
!

!
!!"#!!!!"!!!!!!"

! ! !!!!!!

! ! !!!!!!

!! HT?MTL!

'<-! &5-()! 3(1! 1-2(/(6&*0! 7(46*/! HOPL:! ()1*! 4())-5! 2-/,1-)-46&>&6+:! &1! 5-7&0-5! (1! /(6&*! *7! 1&03)-=

4*,2*0-06!2-/,-(04-1!(11;,&03!-h;()!4*05&6&*01!7*/!6<-!3(1!7);P-1G!

!!!!
!

! !
!!

!!

!! HT?MYL!

'<-!2-/,-(04-!*7!(!3(1!&1!5-7&0-5!(1!6<-!1&03)-=4*,2*0-06!7);P!5&>&5-5!6*!6<-!2/-11;/-!5&77-/-04-!

.-6C--0!7--5!(05!2-/,-(6-!1&5-G!

!! ! !
!!

!!!

!! HT?MIL!



!

! #M!

Q01-/6&*0! *7! 6<-! 6/(012*/6! -h;(6&*0! 5-/&>-5! (.*>-! HSh?! HT?MTLL! &06*! 6<-! -P2/-11&*0! 7*/! 6<-! &5-()!

1-)-46&>&6+:!&?-?!Sh?!HT?MYL:!+&-)51G!

!!!!
!

! !
!!!

!!!

!

!
!!"#!!!!"!!!!!!"

! ! !!!!!!

! ! !!!!!!

!

!
!!"#!!!!"!!!!!!"

! ! !!!!!!

! ! !!!!!!

!! HT?M_L!

a+! 4*0>-06&*0:! 6<-! 16/*03-/! (51*/.-5! 4*,2*0-06! &1! 4<*1-0! 6*! .-! 4*,2*0-06!B!C<-/-(1! )-66-/!Q!

&05&4(6-1!6<-!C-(D-/!(51*/.-5!,*)-4;)-?!'<-!.;)D!5-01&6+!(05!6<-!6<&4D0-11!*7!6<-!1-)-46&>-!)(+-/!*7!

6<-! ,-,./(0-! 4*&04&5-! (05! 6<-/-7*/-! 4(0! .-! 4/*11-5! *77?! X*01&5-/&03! RM$! -h;()! 7*/! .*6<! 1&03)-!

3(1-1:!6<-!1-)-46&>&6+!.*&)1!5*C0!6*!6<-!/(6&*!.-6C--0!1&03)-=4*,2*0-06!7);P-1G!

!!!!
!

!
!!"!!!!!

!!"!!!!!

!!"#!!

!!"#!!
!

!"
! ! !!!!!!

! ! !!!!!!

!"
! ! !!!!!!

! ! !!!!!!

!! HT?9JL!

Q0! 6<-! 7*))*C&03:! 6<-!C*/D! -h;(6&*0! HT?9JL! &1! /-7-//-5! 6*! (1!,*5-)! HLL! (05! &6! -P2/-11-1! 6<-! &5-()!

1-2(/(6&*0!7(46*/!;05-/!6<-!(11;,26&*0!6<(6!DE2!(/-!&05-2-05-06!*0!6<-!)*(5&03?!c**D&03!(6!,*5-)!

HLL:! &6! &1! &016/;46&>-! 6*!4*01&5-/!.*6<! 6<-!(51*/26&*0!1-)-46&>&6+!HOPB6+L!(05!6<-!5&77;1&*0!1-)-46&>&6+!

HOPD$88L! &0! */5-/! 6*! ;05-/16(05! 6<-! ;05-/)+&03! 7-(6;/-1! 4*06/&.;6&03! 6*! 6<-! 2-/,1-)-46&>&6+! *7!

,(6-/&()1?!Q0!7(46:!&6!&1!&,2*/6(06!6*!-,2<(1&R-!6<(6!6<-!7*/,!*7!,*5-)!HLL!())*C1!7*/!5&16&03;&1<&03!

.-6C--0!6<-1-!7(46*/1?!'<-!7&/16!6-/,!*0!6<-!/&3<6=<(05!1&5-!&0!Sh?!HT?9JL!&1!6<-!/(6&*!.-6C--0!6<-!

5&77;1&*0! 4*-77&4&-061! (6! R-/*! )*(5&03! *7! 6<-! 6C*! 4*,2*0-061! (05! &6! <(1! 6<-!,-(0&03! *7!OPD$88S! '<-!

6-/,!(76-/!6<-!/(6&*!DE2FB{DE2FQ!5-7&0-1!OPB6+?!

N1!16(6-5!(.*>-:!6<-!\(PC-))=]6-7(0!5&77;1&>&6+!4(0!()1*!-P<&.&6!(!)*(5&03!5-2-05-04-:!3&>-0!.+G!

!!"!! ! ! !!"!! ! ! ! !!!! !! HT?9ML!

8-/-!DE2F$HJL!&1!6<-!5&77;1&>&6+!(6!R-/*!4*>-/(3-!(05!&6!&1!*76-0!-h;(6-5!6*!6<-!1-)7=5&77;1&>&6+!D2F$!*7!(!

1&03)-!4*,2*0-06?!SP2/-11&03!DE2F$HGL!6</*;3<!Sh?!HT?9ML!&0!Sh?!HT?"L!/-1;)61!&0G!

!!"!! ! !!!!!"#!! !!"!! ! ! ! !!!! !
!!!!!

!"
!! HT?99L!

Q0!6<&1!4(1-:!6<-!&06-3/(6&*0!2/*4-5;/-!&1!2-/7*/,-5!(1G!

!!"!!!"

!

!

! !!!!!"#!!!!"!!!!! ! ! !!!!! !!!!! !

!!

!!

! HT?9"L!

Q0! 6<-! 7*))*C&03! 1-6! *7! -h;(6&*01! HT?9OfT?9_L:! Sh?! HT?9"L! &1! 6/(017*/,-5! (05! 6<-! 5-7&0&6-! &06-3/()!

*>-/!6<-!&06-/>()!C&6<!)&,&61!?!v!J:!G#vG4!(05!?!v!T:!G#v#GM!&1!7*;05G!

!!"!!!"

!

!

! !!!!!"#!!!!"!! ! !!!!!! ! !!!!!!!!!!

!!

!!

!!

!!

!! HT?9OL!



!

! #9!

^1&03! 6<-! 3-0-/()! -P2/-11&*0! 7*/! 6<-! 6<-/,*5+0(,&4! 4*//-46&*0! 7(46*/:! Sh?! HT?OL! &0! Sh?! HT?9OL:!

+&-)51G!

!!"!!!"

!

!

! !!!!!"#!!!!"!! ! !!!!

!"#!!!!

!!!!!

!!!!! ! !!!!!!!!

!"#!!!!

!!!!!

!!!!!

!!

!!

!!

!!

!! HT?9#L!

S,2)*+&03!6<-!c(03,;&/=6+2-!7;046&*0!6*!/-)(6-!6<-!2/-11;/-!6*!6<-!)*(5&03!HSh1?!HT?_L!(05!HT?MJL:!

3&>-1G!

!!"!!!"

!

!

! !!!!!"#!!!!"!! !
!

! ! !!!!

!!!!! ! !!!!

!

! ! !!!!

!!!!!

!!

!!

!!

!!

!! HT?9TL!

!

!!"!!!"

!

!

! !!!!!"#!!!!"!!!!!
!

! ! !!!!

! !!!!

!

! ! !!!!

!!!!! !

!!

!!

! HT?9YL!

!

!!"!!!"

!

!

! !!!!!"#!!!!"!!!!! !!!!! !

!!

!!

! HT?9IL!

!

!!"!!! ! !!!!"#!!!!"!! ! !! ! !! !! HT?9_L!

!

A&0())+:! (1! &0! ,*5-)! HLL:! 6<-! 7/(46&*0()! *44;2(04+! &1! 5-14/&.-5! >&(! (! c(03,;&/=6+2-! &1*6<-/,:!

/-1;)6&03!&0!(!6/(012*/6!-h;(6&*0!&0!6<-!7*/,G!

!!"!! ! !
!

!
!!"#!!!!"!! !

!!!!!!

! ! !!!!!!

!
!!!!!!

! ! !!!!!!

!! HT?"JL!

Q01-/6&*0! *7! Sh?! HT?"JL! &0! 6<-! -P2/-11&*0! 7*/! 6<-! &5-()! 1-)-46&>&6+! HSh?! HT?MYLL:! 4*,.&0-5!C&6<! 6<-!

5-7&0&6&*0!*7!2-/,-(04-!HSh?!HT?MILL:!+&-)51G!

!!!!
!

! !
!!!

!!!

!

!
!!"#!!!!"!!!!!

!!!!!!

! ! !!!!!!
!

!!!!!!

! ! !!!!!!

!

!
!!"#!!!!"!!!!!

!!!!!!

! ! !!!!!!
!

!!!!!!

! ! !!!!!!

!! HT?"ML!

\(D&03! 6<-! 1(,-! (//(03-,-061! (1! 7*/!,*5-)! HLL:! (05! 0(,-)+! 6<(6! 4*,2*0-06!B! &1! 6<-! 16/*03-/!

(51*/.-5!4*,2*0-06!&0!/-12-46!6*!4*,2*0-06!Q!(05!6<(6!RM$!&1!-h;()!7*/!$!v!B!(05!$!v!Q:!6<-!,*5-)!

(11;,&03!6<(6!DE2!(/-!)*(5&03!5-2-05-06!6(D-1!6<-!7*/,G!
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!! HT?"9L!



!

! #"!

'<-!C*/D!-h;(6&*0!HT?"9L!&1!0(,-5!<-/-!,*5-)!HUL!(05![;16!(1!,*5-)!HLL:!&6!4(0!.-!5&>&5-5!&06*!6C*!

2(/61:!4*//-12*05&03!6*!6<-!6C*!7(46*/1!6<(6!5&46(6-!6<-!2-/,1-)-46&>&6+!*7!(!3&>-0!2*/*;1!,(6-/&()!

6*C(/51!3(1-1!B!(05!Q?!'<-!/(6&*!*7! 6<-!5&77;1&>&6&-1!-P2/-11-1!6<-!5&77;1&*0!.-<(>&*;/1:!C<&)-!6<-!

/(6&*! *7! 6<-! 1(6;/(6&*0! )&,&61! 6*3-6<-/!C&6<! 6<-! 6-/,! 6<(6! &04*/2*/(6-1! 6<-! -h;&)&./&;,! 4*016(061!

2/*>&5-1! 5-14/&26&*0! *7! 6<-! (51*/26&*0! 1-)-46&>&6+?! '<;1:! -(4<! *7! 6<-! 4*06/&.;6&*01! 6*! 6<-!

2-/,-(.&)&6+! 4(0! .-! 1-2(/(6-)+! ,(0&2;)(6-5?! '<&1! 5*46*/(6-! C*/D! 7*4;1-1! *0! 6<-! (51*/26&*0!

1-2(/(6&*0!7(46*/?!

'<-! 6-,2-/(6;/-! 5-2-05-04-! *7! 6<-! 1-)-46&>&6+! &1! 6(D-0! &06*! (44*;06! &0! .*6<! ,*5-)1! >&(! 6<-!

6-,2-/(6;/-!5-2-05-06!-h;&)&./&;,!4*016(061?!'<-!5-2-05-04-!*7!6<-!c(03,;&/!2(/(,-6-/1!*0!6<-!

6-,2-/(6;/-!&1!5-14/&.-5!>&(!6<-!$(0m6!8*77!-h;(6&*0G!

!"#$!

!
!

!

!
!!"#!!

!
!! HT?""L!

C<-/-!VB6+F$!&1!6<-!<-(6!*7!(51*/26&*0?!

Q6! &1!C*/6<!0*6&03! 6<(6! 6<-!<-/-6*=5-/&>-5!,*5-)1!(/-!.(1-5!*0!(11;,26&*01! 6<(6!(/-!(22/*2/&(6-!

7*/! )&,&6-5! 1+16-,1:! &?-?! 7*/! 1*/.(6-=1*/.-06! 1+16-,1:!C<-/-! 1;/7(4-! 5&77;1&*0! *44;/1?! A*/! R-*)&6-1!

(05!\FA1!C&6<!)(/3-/!/(6&*1!.-6C--0!2*/-!(05!,*)-4;)-!1&R-:!3(1!6/(01)(6&*0()!5&77;1&*0!,-4<(0&1,!

5*,&0(6-1!6<-!,(11!6/(012*/6!6</*;3<!6<-!,-,./(0-!,(6-/&()?!Q0!6<&1!4(1-:!6<-!(46&>(6-5!Z0;51-0!

,*5-)!&1!4*01&5-/-5!6*!.-!,*/-!1;&6(.)-!6*!2/-5&46!6<-!&5-()!1-2(/(6&*0!7(46*/!6*C(/51!)&3<6!3(1-1?!

'<&1!,*5-)!5-14/&.-1! 6<-!W'! 7);P!*7! (! 4*,2*0-06! &0! /-12-46!*7! &61!,*)-4;)(/!C-&3<6! HE$L! (05! 6<-!

(46&>(6&*0!-0-/3+!7*/!5&77;1&*0!H(DF$L?!'<-!7);P!*7!(!1&03)-=4*,2*0-06!&1!5-14/&.-5!.+!UOYVG!
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!! HT?"OL!

C<-/-!W$! &1! 6<-!5&77;1&*0()! H[;,2L! )-036<! (05! &6! &1! *76-0! /-)(6-5! 6*! 6<-!5&16(04-!.-6C--0! (5[(4-06!

(51*/26&*0!1&6-1! UMV?!'<-! 7(46*/!>! &1!4())-5!2/*.(.&)&6+! 7(46*/!(05! &6m1! &0>-/1-! &0!Sh?! HT?"OL!-01;/-1!

6<(6!*0)+!6<*1-!,*)-4;)-1!,*>&03!&0!6<-!5&/-46&*0!;05-/!4*01&5-/(6&*0:!P:!4*06/&.;6-!6*!6<-!5&77;1&>-!

7)*C?!Q06-3/(6&*0!(4/*11!(!,-,./(0-!*7!6<&4D0-11!T!&1!2-/7*/,-5!(1!7*))*C1G!
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!
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!!"

!!!
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8-04-:! ;1&03! Sh1?! HT?MYL! f! HT?MIL! (05! Sh?! HT?"TL:! *0-! 4(0! 5-7&0-! 6<-! &5-()! 1-2(/(6&*0! 7(46*/! *7! (!

R-*6+2-!,(6-/&():!&0!6<-!4(1-!*7!3(1!6/(01)(6&*0()!5&77;1&*0G!



!

! #O!

!!!!
!

! !
!!!

!!!

!!

!"

!!"

!!!
!
!
!!!!

!" !!!! ! !!!!
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!! HT?"YL!

`-()&R&03!6<(6!W$!5-2-051!*0!6<-!4/+16())&0-!,(6-/&():!4*01-h;-06)+#WB!v!WQ:!(05!(11;,&03!&5-06&4()!

-P2-/&,-06()!4*05&6&*01!7*/!6<-!7);P-1!*7!4*,2*0-061!N!(05!a:!6<-!,*5-)!&1!/-5;4-5!6*G!
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!! HT?"IL!

'<&1!,*5-)!5-0*6-5!(1!,*5-)!HXL!<(1![;16!6C*!2(/(,-6-/1!E$!(05!(DF$?!'<-!(46&>(6&*0!-0-/3+:!(DF$:!&1!

3&>-0!.+!6<-!5&77-/-04-!.-6C--0!6<-!2*6-06&()!-0-/3+!*7!(!,*)-4;)-!6<(6!/-1&5-1!*0!6<-!2*/-!C())1!

(05!*0-!6<(6!&1!5-1*/.-5!7/*,!6<-!&06-/0()!1;/7(4-!&06*!6<-!3(1-*;1!2<(1-!&0!6<-!2*/-!1+16-,?!'<&1!

-0-/3+! &1! 7;046&*0!*7! 6<-!,*)-4;)(/!(05!2*/-!5&(,-6-/1?!X*01&5-/&03!(!3&>-0!2*/*;1!,(6-/&():!(DF$!

&04/-(1-1! C&6<! &04/-(1&03! ,*)-4;)(/! 1&R-! U9V?! 8*C->-/:! 6<&1! 1&,2)-! ,*5-)! HXL! <(1! (0! *.>&*;1!

5*C01&5-:! C<&4<! &1! 6<-! )(4D! *7! -P2)&4&6! 4*//-)(6&*0! 6*! *6<-/! *2-/(6&*0! 4*05&6&*01! 6<(0! 6<-!

-P2*0-06&()!5-2-05-04-!*0!6-,2-/(6;/-?!

Q0! '(.)-! _:! (! )&16! *7! )&3<6! 3(1-1! &1! 3&>-0:! C&6<! 6<-&/! D&0-6&4! 5&(,-6-/1! (05! -77-46&>-! )-036<1! &0!

N0316/*,1!(05!6<-!,*)-4;)(/!C-&3<61!&0!3!,*)=M?!'<-!>();-1!(/-!6(D-0!7/*,!6<-!)&6-/(6;/-?!8*C->-/:!

6<-1-!>();-1!>(/+!&0!5&77-/-06!/-7-/-04-1!(05!/(6<-/!1<*;)5!.-!6(D-0!(1!*/&-06(6&*0?!!

=/,'6"KG"Z&0-6&4!5&(,-6-/:!-77-46&>-!)-036<!(05!,*)-4;)(/!C-&3<6!*7!1*,-!)&3<6!3(1-1?!

W(1! 67!UzV! 87!UzV! \E!U3!,*)=MV!

8-)&;,!H8-L! 9?9I!UOMV! 9?9I!UOMV! O!

N/3*0!HN/L! "?O9!UOMV! "?O9!UOMV! "_?_O!

8+5/*3-0!H89L! 9?I!UOMV! 9?I!UOMV! 9?J9!

FP+3-0!HF9L! "?J"!UOMV! O?9_!UOMV! "9!

%&6/*3-0!H%9L! "?"9!UOMV! O?O9!UOMV! 9I?J9!

X(/.*0!*P&5-!HXFL! "?J"!UOMV! O?J9!UOMV! 9I?JM!

X(/.*0!5&*P&5-!HXF9L! "?J"!UOMV! #?"#!UOMV! OO?MJ!

\-6<(0-!HX8OL!~! "?Y9!UOMV}!"?__!UOIV}! "?Y9!UOMV}!"?__!UOIV! MT?JO!

~'<-!;05-/)&0-5!5&,-01&*0!&1!;1-5!(1!(!/-7-/-04-!7*/!6<-!>();-1!/-2*/6-5!&0!'(.)-!MJ?!



!

! ##!

'<-!,*)-4;)(/!5&(,-6-/1!)&16-5!&0!'(.)-!_!C-/-!;1-5!6*!4()4;)(6-!(22/*P&,(6-!>();-1!7*/!6<-!/(6&*!

H9L! *7! 6<-! 2*/-! 1&R-! *7! 1-)-46-5! 4/+16())&0-! 2*/*;1! ,(6-/&()1! 6*! 6<-! ,*)-4;)(/! 1&R-! *7! 6<-!

4*//-12*05&03! 3(1-1?! 8-/-! (3(&0:! 6<-! 2*/-! 5&(,-6-/! *7! 6<-! R-*)&6-1! (05! gQA=I! ,-6()! */3(0&4!

7/(,-C*/D!4(0!>(/+! &0!5&77-/-06! &07*/,(6&*0!1*;/4-1?!'<-!9!>();-1!(/-!1<*C0! &0!'(.)-!MJ:!C<-/-!

/-5!4*)*;/!&1!;1-5!6*!,(/D!6<-!7(46*/!9!C<-0!&6!&1!)-11!6<(0!M?J?!'<&1!>();-!&05&4(6-1!16/*03!/-2;)1&*0!

2*6-06&()! *7! 6<-!,*)-4;)-! 7/*,! 6<-! 2*/-?! $();-1! .-6C--0! M?J! (05! M?9O! (/-!,(/D-5! &0! 3/--0! (05!

4*//-12*05!6*!1;/7(4-!5&77;1&*0!,-4<(0&1,!H5-14/&.-5!.+!6<-!\(PC-))=]6-7(0!7*/,;)(6&*0L?!c(16)+!

>();-1! &0! 6<-! &06-/>()! M?9#! (05! "?J! (/-! &05&4(6-5! &0! .);-! (05! 7*/! 6<-1-! 3(1=R-*)&6-! 2(&/1! 3(1!

6/(01)(6&*0()!5&77;1&*0!&1!4*01&5-/-5!6*!.-!6<-!>()&5!6/(012*/6!,-4<(0&1,?!

=/,'6"@FG"`(6&*1!*7!6<-!2*/-!1&R-!*7!1*,-!4/+16())&0-!2*/*;1!,(6-/&()!6*!6<-!,*)-4;)(/!5&(,-6-/1!*7!

>(/&*;1!3(1-1G!/-5!4*)*/!f!9#w!M}!3/--0!4*)*/!f!9#v!M=M?9O!H\]L}!.);-!4*)*/!f!9#v!M?9#="?J!HW'L?!

C/46.*/'" 63!UzV!

"!L!#$%#&"

M6" N." MA" DA" OA" #D" #DA" #M!"

;DP" 9?I!UO_V! M?9"! J?I9! M! J?_9! J?IO! J?_9! J?_9! J?Y#!

#MN" "?I!UO_V! M?TY! M?MM! M?"T! M?9#! M?MO! M?9#! M?9#! M?J9!

Q=N" O?M!UIV! M?Y_! M?9J! M?OT! M?"#! M?9"! M?"#! M?"#! M?MJ!

PPR" O?O!UO_V! M?_"! M?9_! M?#Y! M?O#! M?""! M?O#! M?O#! M?MI!

CE5S"B;CT<" #?T!UO_V! 9?OT! M?TO! 9! M?I#! M?T_! M?I#! M?I#! M?#M!

ENU" Y?O!UO_V! "?9#! 9?MT! 9?TO! 9?OO! 9?9"! 9?OO! 9?OO! M?__!

B5ETH" "?O!U"YV! M?O_! J?__! M?9M! M?M9! M?J9! M?M9! M?M9! J?_M!

!
!

'<-1-! >();-1! &05&4(6-! 6<(6:! &7! 6<-! 4)(11&7&4(6&*0! 3&>-0! .+! a;/33/((7! U9V! &1! 4*01&5-/-5:! ,(0+! 3(1!

1-2(/(6&*01! 1<*;)5!.-!,*5-)-5!;1&03! 6<-! 1&,2)-!,*5-)! ;X=?!%->-/6<-)-11:! (! )**D!(6! 6<-! )&6-/(6;/-!

1<*C1! 6<(6! -h;(6&*01! .(1-5! *0! 6<-!\(PC-))=]6-7(0! 7*/,;)(6&*0! (/-! C&5-)+! ;1-5! 6*! 5-14/&.-! 6<-!

6/(012*/6!2/*2-/6&-1!*7!3(1=R-*)&6-!1+16-,1!C&6<!9!�!M?9O?!N0!-P(,2)-!&1!6<-!(22)&4(6&*0!*7!\(PC-))=

]6-7(0! -h;(6&*01! 7*/! 5-14/&26&*0! *7! ,;)6&4*,2*0-06! 2-/,-(6&*0! *7! )&3<6! 3(1-1! (4/*11! \AQ!

,-,./(0-1! U#:#J:#MV?! '<-! 6/(012*/6! *7! 3(1-*;1! ,*)-4;)-1! 6/*;3<! \AQ! 4(0! .-! 5-14/&.-5! (1! (!

4*,.&0(6&*0! *7! 1;/7(4-! (05! W'! 5&77;1&*0:! C<-/-! 6<-! 4*06/&.;6&*0! *7! 6<-! )(66-/! &1! &,2*/6(06! 7*/!

-)->(6-5!6-,2-/(6;/-1!UOYV?!Q0!7(46:!6<-!6/(01&6&*0!.-6C--0!1;/7(4-!5&77;1&*0!.(1-5!2-/,-(6&*0!(05!

3(1! 6/(01)(6&*0()!,-4<(0&1,! &1! 0*6! 1<(/2?! N44*/5&03! 6*! e&(*! (05!E-&! UMV! &6! 5-2-051! *0! R-*6+2-:!



!

! #T!

,*)-4;)(/!1<(2-!(05!6-,2-/(6;/-?!Q0!6<-!2/-1-04-!*7!-P6/(=7/(,-C*/D!4(6&*01:!(1!&0!6<-!4(1-!*7!c'N!

(05!AN^!R-*)&6-1:!2/-5*,&0(06!,-4<(0&1,!&1!1;/7(4-!5&77;1&*0:!5;-!6*!6<-!16/*03!(66/(46&>-!7&-)5!*7!

6<-1-!4(6&*01!6<(6!(461!*0!6<-!3(1!,*)-4;)-1?!

\*/-*>-/:!(1!./&-7)+!,-06&*0-5! &0!]-46&*0!#?9:! 1-2(/(6&*0!*7!3(1-1! &0!2*/*;1!,-5&(! &1!(77-46-5!.+!

6</--!7(46*/1!U9#VG!

• ]&R-!*/!16-/&4!-P4);1&*0:!C<-/-!)(/3-!,*)-4;)-1!4(00*6!-06-/!6<-!2*/-1}!

• '<-/,*5+0(,&4! 1-)-46&>&6+:! C<-/-! 1*,-! 4*,2*0-061! (/-! 2/-7-/-06&())+! (51*/.-5! *>-/!

*6<-/1}!

• Z&0-6&4!1-)-46&>&6+:!C<-/-!4-/6(&0!,*)-4;)-1!-06-/!(05!5&77;1-!6</*;3<!6<-!2*/-1!7(16-/!6<(0!

*6<-/1?!

'<;1:!3&>&03!6**!,;4<!&,2*/6(04-!6*!6<-!3-*,-6/&4()!7(46*/!()*0-!&1!(!0(�>-!4*04-26?!

!

J?A"C$76'"0/./9646.)"

'<-!,*5-)1! HLL! (05! HUL! 7*/! ->();(6&*0! *7! 6<-! &5-()! 1-)-46&>&6+! *7! 4/+16())&0-! 2*/*;1!,(6-/&()1:! (1!

5-/&>-5!&0!]-46&*0!T?M:!-,2)*+!1&03)-=4*,2*0-06!2(/(,-6-/1G!1(6;/(6&*0!)&,&6:!c(03,;&/!4*-77&4&-06:!

&1*16-/&4! <-(6! *7! (51*/26&*0! (05! \(PC-))=]6-7(0! 1&03)-=4*,2*0-06! 5&77;1&>&6+?! \*/-*>-/:! 6<-+!

4*//-)(6-! 6<-! 1-2(/(6&*0! 7(46*/!C&6<! 6<-! *2-/(6&*0! 4*05&6&*01! 1;4<! (1! 2/-11;/-! (05! 6-,2-/(6;/-?!

'<-! (7*/-,-06&*0-5! ,*5-)! 2(/(,-6-/1! 4(0! .-! *.6(&0-5! (1! -P2-/&,-06())+! (1! C-))! (1! .+! ;1&03!

4*,2;6(6&*0()!,-6<*51:!-?3?!,*)-4;)(/!5+0(,&41!*/!h;(06;,!,-4<(0&41!4()4;)(6&*01?!S>();(6&*0!*7!

6<-! 2(/(,-6-/1! &1! .-+*05! 6<-! 14*2-! *7! 6<&1! 6<-1&1?! '<;1:! &0! */5-/! 6*! &,2)-,-06! 6<-! 5->-)*2-5!

,*5-)1:!C-!;1-5!>();-1!7*/!6<-1-!2(/(,-6-/1!,(&0)+!7/*,!6<-!)&6-/(6;/-?!

%*0-6<-)-11:! &6! &1! C*/6<! 0*6&03! 6<(6! &0! ,(0+! 4(1-1! 6<-! 6</--! ,*5-)! 2(/(,-6-/1! 5-14/&.&03! 6<-!

(51*/26&*0!*7!3(1-1!&0!4/+16())&0-!1*)&51!4(0!.-!*.6(&0-5!7/*,!(51*/26&*0!&1*6<-/,1:!C<&4<!&0!6;/0!

4(0! .-!,-(1;/-5! -P2-/&,-06())+! H-?3?! >&(! >*);,-6/&4! */! 3/(>&,-6/&4! ,-6<*51L! */! 4*,2;6-5! H>&(!

W/(05!X(0*0&4()!\*06-!X(/)*!1&,;)(6&*01!7*/!-P(,2)-L?!]2-4&7&4())+:!6<-!1(6;/(6&*0!)&,&6!H+!&!4(0!.-!

(22/*P&,(6-5! 7/*,! 6<-! 2)(6-(;! *7! 6<-! c(03,;&/! &1*6<-/,?! '<-! c(03,;&/! 4*016(06! "$! 4(0! .-!

->();(6-5!;1&03!6<-!/-)(6&*01<&2G!

!! !
!!

!!"#
!! HT?"_L!

C<-/-!YZ!&1!6<-!8-0/+!4*016(06!(05!H+!&!&1!6<-!1(6;/(6&*0!)&,&6?!

c(16)+:! 6<-! &1*16-/&4! <-(6! *7! (51*/26&*0:! &?-?! 6<-! ,*)(/! -06<()2+! *7! (51*/26&*0! (6! 7&P-5! 1;/7(4-!

4*>-/(3-:! 4(0! .-! 5-6-/,&0-5:! 7*/! 6<-! 4(1-! *7! R-/*! 4*>-/(3-! )&,&6:! 7/*,! &1*6<-/,1! ,-(1;/-5! (6!

5&77-/-06!6-,2-/(6;/-1:!(22)+&03!6<-!X)(;1&;1=X)(2-+/*0!-h;(6&*0!U#9VG!

!!"# ! !
!"#$

!!!!!!
!! HT?OJL!



!

! #Y!

N!2)*6!*7!*%3!(3(&016!M{[!3&>-1!(!16/(&3<6!)&0-!C&6<!1)*2-!*7!VB6+{@?!N)6<*;3<!6<-!*.6(&0-5!VB6+!>();-!

&1!6-,2-/(6;/-!5-2-05-06:!&6! &1!C&5-)+!(44-26-5!6<(6!6<-!>(/&(6&*0!*7!6<-!-06<()2+!*7!(51*/26&*0!&1!

1,())! -0*;3<! &0! (! 3&>-0! 6-,2-/(6;/-! /(03-:! 1*! 6<(6! 6<-! &1*16-/&4!<-(6! (05!<-(6!*7! (51*/26&*0!(/-!

(11;,-5!-h;()!UOT:#9V?!

Q0!4*06/(16!6*!(51*/26&*0:!5&77;1&*0!5(6(!&1!1*,-<*C!,*/-!4*06/*>-/1&()?!@&77;1&*0!4*-77&4&-061!4(0!

.-!,-(1;/-5!-P2-/&,-06())+!;1&03!,(4/*14*2&4!,-6<*51! 1;4<! (1! 4</*,(6*3/(2<+!(05! 7/-h;-04+!

/-12*01-! ,-6<*5! */! ,&4/*14*2&4! 6-4<0&h;-1! 1;4<! (1! 2;)1-5=7&-)5! 3/(5&-06! %\`! HBAW=%\`L! */!

h;(1&=-)(16&4!0-;6/*0!14(66-/&03!Hp^S%]L!U#"V?!]*,-!1+16-,1!1<*C!1(6&17(46*/+!(3/--,-06!.-6C--0!

5&77-/-06! 6+2-1! *7!,-(1;/-,-06! .;6! *6<-/! 1+16-,1! 1<*C! )(/3-! 5&77-/-04-! .-6C--0! 6<-! 5&77;1&>&6+!

>();-1!U#OV?!'<-!5&14/-2(04&-1!(/-!(14/&.-5!6*!6<-!5-7-46!16/;46;/-!*7!/-()!R-*)&6-!4/+16()1?!N0!&5-(!

(.*;6!6<-!5&77&4;)6&-1!(11*4&(6-5!C&6<!->();(6&*0!*7!5&77;1&*0!4*-77&4&-061!4(0!.-!*.6(&0-5!<(>&03!(!

)**D!(6! 6<-! 6&6)-1!*7!(/6&4)-1!*0!6<-! 6*2&4:!1;4<!(1!�\-(1;/-,-06!*7!@&77;1&*0! &0!g-*)&6-1!f!N!%->-/!

S05&03!X<())-03-��!.+!d?!Z�/3-/!H9JJ"L!U##V:!(05!�@&77;1&*0!&0!R-*)&6-1!f!(!4*06&0;&03!1(3(�!.+!@?\?!

`;6<>-0!H9JMJL!U#OV?!@&77;1&>&6&-1!4(0!.-!()1*!4*,2;6-5!;1&03!,*)-4;)(/!5+0(,&41!1&,;)(6&*01!.;6!

(3(&0!6<-!/-1;)61!5&77-/!&0!/-12-46!6*!6<-!(5*26-5!7*/4-!7&-)5!(05!6<-!;6&)&R-5!(22/*(4<!H-h;&)&./&;,!

*/!0*0=-h;&)&./&;,!\@:!(11;,26&*0!*7!7)-P&.)-!*/!/&3&5!7/(,-C*/D!-64?L?!

8-/-:!C-!7&/16)+!-P2)*/-5!6<-!%9{F9!(51*/26&*0!1-)-46&>&6+!*7!c'N!R-*)&6-?!'<-!1-2(/(6&*0!2/*4-11!&1!

3*>-/0-5!.+!6<-!&06-/(46&*01!*7!6<-!3(1!,*)-4;)-1!C&6<!6<-!-P4<(03-(.)-!4(6&*01!6<(6!(/-!2(/6!*7!6<-!

R-*)&6-! 7/(,-C*/D! U9"V?! B/-7-/-06&()! (51*/26&*0! *7! 0&6/*3-0! *>-/! *P+3-0! &1! 5;-! 6*! 6<-! 16/*03-/!

h;(5/;2*)(/!,*,-06!*7!%9!HM?#9!�!MJ9T!-1;�!4,9:!&0!4*,2(/&1*0!C&6<!6<&1!*7!F9:!.-&03!J?"_!�!MJ9T!-1;!

4,9!U9#VL:!C<&4<!&06-/(46!C&6<!6<-!-)-46/&4!7&-)5!3/(5&-06:!(11*4&(6-5!C&6<!6<-!4(6&*01?!'<-/-7*/-:!6<-!

0;,.-/:!4<(/3-!5-01&6+!(05!(44-11&.&)&6+!*7!6<-!-P6/(=7/(,-C*/D!4(6&*01!(/-!&,2*/6(06!7(46*/1!7*/!

6<-!1-)-46&>&6+!*7!6<-!,(6-/&()?!'<&1!7(46!)-5!6*!,(0+!/-1-(/4<!16;5&-1!6<(6!(/-!7*4;1-5!*0!()6-/&03!6<-!

1-2(/(6&*0!2/*2-/6&-1!*7!c&05-!6+2-!N!R-*)&6-!.+!&*0!-P4<(03-?!F0!6<-!*6<-/!<(05:!%9!,*)-4;)-1!(/-!

1)&3<6)+! )(/3-/:!C<&4<! &1! )-(5&03! 6*! D&0-6&4! 1-)-46&>&6+! &0! 7(>*/! *7! F9! U#TV?! W?$?! a(/*0! -6! ()?! HM__"L!

16;5&-5!(51*/26&*0!-h;&)&./&(!*7!)&3<6!3(1-1!*0!c'N!R-*)&6-!U#YV?!Q0!6<&1!C*/D:!8-0/+!4*016(061!HYZL:!

<-(61! *7! (51*/26&*0! (05! ,&4/*2*/-! 5&77;1&>&6&-1! *0! 5-<+5/(6-5! 1(,2)-1! *7! %(N! (05! X(N! C-/-!

5-6-/,&0-5! .+! (! 4</*,(6*3/(2<&4! ,-6<*5?! W?! @-! c;4(! -6! ()?! H9JJ9L! ()1*! /-2*/6! 6<-! (51*/26&*0!

2/*2-/6&-1!*7!X(N!6*C(/51!*P+3-0!(05!0&6/*3-0:!*.6(&0-5!.+!,-(01!*7!@-01&6+!A;046&*0()!'<-*/+!

4()4;)(6&*01! U#9V?! ]&04-! 1(6;/(6&*0! )*(5&031! C-/-! 0*6! /-2*/6-5! &0! 0-&6<-/! *7! 6<-1-! 16;5&-1:! (05!

4*0>-/6&03! 8-0/+�1! 4*016(061! 6*! c(03,;&/! 2(/(,-6-/1! /-h;&/-1! 6<-! H+!&:! 6<-! >();-1! 1<*;)5! .-!

6/-(6-5!C&6<!4(;6&*0?!E-!-P2)*&6-5!6<-!2/*>&5-5!(51*/26&*0!5(6(!7*/!%9!(05!F9!&0!6<-1-!6C*!C*/D1:!

6/(017*/,&03!6<-!-h;&)&./&;,!4*016(06!>&(!1(6;/(6&*0!)*(5&031!7/*,!6<-!)&6-/(6;/-?!Q0!/-7-/-04-!U9#V!

6<-!*P+3-0!(05!0&6/*3-0!1(6;/(6&*0!4(2(4&6&-1!*0!c'N!(/-!/-2*/6-5!-h;()! 6*!M?OM!,*){D3! 7*/!.*6<!

3(1-1?!'<&1!>();-!4*//-12*051!6*!7;))!*44;2(6&*0!*7!())!(51*/26&*0!1&6-1!(>(&)(.)-!&0!6<-!7/(,-C*/D?!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
�!-)-46/*16(6&4!;0&6!*7!4<(/3-!



!

! #I!

'<-!&5-06&4()!1(6;/(6&*0!4(2(4&6&-1!*7!6<-1-!6C*!3(1-1!*0!6<-!6(/3-6!,(6-/&()!<(>-!.--0!4*07&/,-5!

.+!B?\?!\(6<&(1!-6!()?!U#IV?!'<-!1*/26&*0!2(/(,-6-/1!;1-5!7*/!->();(6&*0!*7!OPB6+!*7!%(N!>&(!,*5-)1!

;L=!(05!;U=!(/-!1<*C0!&0!'(.)-!MM:!C<&)-!6<-1-!4*04-/0&03!X(N!(/-!1;,,(/&R-5!&0!'(.)-!M9?!

=/,'6"@@G"\*5-)!2(/(,-6-/1!7*/!%9!(05!F9!*0!%(N!R-*)&6-!(6!9_I!Z?"

g-*)&6-! W(1!
H+!&!U9#V!

U,*)!D3=MV!

YZ!

UMJ=T!,*)!D3=M!B(=MV!

"$!

UMJ="!DB(=MV!

VB6+!

UDd!,*)=MV!

%(N!U#YV!

%9! M?OM! 9?#"! M?Y_! MI?M!

F9! M?OM! J?I9! J?#I! M9?#!

!

=/,'6"@AG"\*5-)!2(/(,-6-/1!7*/!%9!(05!F9!*0!X(N!R-*)&6-!(6!9_I!Z?"

g-*)&6-! W(1!
H+!&!U9#V!

U,*)!D3=MV!

YZ!

UMJ=T!,*)!D3=M!B(=MV!

"$!

UMJ="!DB(=MV!

VB6+!

UDd!,*)=MV!

X(N!U#9V!

%9! M?OM! MJ?O! Y?"I! "J?#O!

F9! M?OM! M?Y! M?9M! MI?I"!

X(N!U#YV!

%9! M?OM! _?9O! T?##! 9I?J!

F9! M?OM! M?#Y! M?MM! 9J?I!

!

A;/6<-/,*/-:!6<-!,&4/*2*/-!1-)7=5&77;1&>&6&-1!(6!9_I!Z:!/-2*/6-5!.+!W?$?!a(/*0!-6!()?:!C-/-!;1-5!6*!

(0()+R-!6<-!-77-46!*7!6<-!5&77;1&>&6+!*0!6<-!2-/,1-)-46&>&6+?!'<-!>();-1!(/-!J?JMO!�!MJ=M9!,9{1!7*/!%9!

(05!J?9O!�!MJ=M9!,9{1!7*/!F9!&0!%(N:!(05!M?#!�!MJ=M9!,9{1!7*/!%9!(05!#?J!�!MJ=M9!,9{1!7*/!F9!&0!X(N?!
!

A;/6<-/:!1&04-!&0!/-4-06!+-(/1!,-6()!*/3(0&4!7/(,-C*/D1!16*)-!6<-!12*6)&3<6!7/*,!R-*)&6-1:!C-!6-16-5!

<*C!6<-!2/-5&46&>-!,*5-)1!2-/7*/,:!C<-0!;1-5!6*!2/-5&46!6<-!1-)-46&>&6+!*7!*0-!\FA!,(6-/&()!HgQA=IL?!

8-0/+�1! 4*016(06! >();-1! (05! 1(6;/(6&*0! )&,&61! 7*/! XF9! (05! X8O! C-/-! 5-5;4-5! 7/*,! -P2-/&,-06()!

2;/-=4*,2*0-06! (51*/26&*0! &1*6<-/,1:! 3&>-0! &0! A&3;/-! M"?! '<-! -h;&)&./&;,! 5(6(! 7&6! (! 6+2-=Q!

&1*6<-/,!4*//-12*05&03!6*!c(03,;&/!,*5-):!C<&4<!&1!&0!(3/--,-06!C&6<!6<-!(11;,26&*01!,(5-!6*!

*.6(&0!6<-!2/*2*1-5!1-)-46&>&6+!-h;(6&*01?!'<-!&1*6<-/,1!*7!.*6<!3(1-1!(/-!4*01&5-/-5!6*!.-!4)*1-!6*!



!

! #_!

1(6;/(6&*0?! '<-! &1*16-/&4! <-(61! *7! (51*/26&*0! C-/-! 6(D-0! 7/*,! 6<-! )&6-/(6;/-! U#_V?! '<-! 1*/26&*0!

2(/(,-6-/1!(/-!3&>-0!&0!'(.)-!M"?!

!

!

"

E*-(.6"@IG"N51*/26&*0!&1*6<-/,1!*7!(L!2;/-!XF9!(05!.L!2;/-!X8O!*0!gQA=I!(6!"J"!Z?!D!&!#3/'-$6.6#

"\#D!-$6#4!//<++.%)#;1@A(T\'%=?!

" !

J!

#J!

MJJ!

M#J!

9JJ!

9#J!

J! #JJ! MJJJ! M#JJ! 9JJJ! 9#JJ! "JJJ! "#JJ!

$
!U
4,

" !
3=
M V
!!

B!UDB(V!

XF9!

"J"!Z!

J!

MJ!

9J!

"J!

OJ!

#J!

TJ!

YJ!

IJ!

_J!

MJJ!

J! #JJ! MJJJ! M#JJ! 9JJJ! 9#JJ! "JJJ! "#JJ!

$
!U
4,

" !
3=
M!
V!

B!UDB(V!

"J"!Z!

X8O!



!

! TJ!

"

=/,'6"@IG"\*5-)!2(/(,-6-/1!7*/!XF9!(05!X8O!*0!gQA=I!(6!"J"!Z?"

\(6-/&()! W(1!
H+!&!

U,*)!D3=MV!

YZ!

UMJ=T!,*)!D3=M!B(=MV!

"$!

UMJ=O!DB(=MV!

VB6+!U#_V!

UDd!,*)=MV!!

gQA=I!

XF9! I?YT! T?9T! Y?M#! M#?_"!

X8O! O?J#! 9?#9! T?99! M9?OO!

!

!

J?I";6'6&4*8*42"96/)(.696%4)"

Q0! */5-/! 6*! >()&5(6-! 6<-! 2/-5&46&>-! 4(2(.&)&6&-1! *7! 6<-! 5->-)*2-5! ,*5-)1:! C-! ->();(6-5!

-P2-/&,-06())+! 6<-! &5-()! 1-)-46&>&6+! *7! 6;.;)(/! %(N! (05! &*0=-P4<(03-5! X(N! ,-,./(0-1! (05!

4*,2(/-5!6<-!/-1;)61!C&6<!6<-!6<-*/-6&4()!>();-1?!

'C*! 6;.;)(/!%(N!,-,./(0-1! *0! 2*/*;1! �=();,&0(! 1;22*/6:! 2/*>&5-5! .+! 6<-!W/(5;(6-! ]4<**)! *7!

]4&-04-! (05! S03&0--/&03! (6! b(,(3;4<&! ^0&>-/1&6+! Hd(2(0L:! C-/-! 6-16-5?! '<-! 2/-2(/(6&*0! *7! 6<-!

*/&3&0()! ON! ,-,./(0-1! .+! <+5/*6<-/,()! 1+06<-1&1! &1! 5-14/&.-5! &0! /-7-/-04-! UTJV?! A;/6<-/! X(N!

R-*)&6-!,-,./(0-1!C-/-!,*5&7&-5!.+!&*0!-P4<(03-!*7!6<-!%(N!,-,./(0-1?!Q0!*/5-/!6*!-16(.)&1<!6<-!

4*05&6&*01! 7*/! &*0! -P4<(03-:! C-! 2/-)&,&0(/+! 6-16-5! 6<-! 2/*4-5;/-! ;1&03! ON! R-*)&6-! 2*C5-/?! '<-!

&0&6&()!X(X)9!1*);6&*0!(05!6<-!,*6<-/!)&h;*/!(76-/!&*0!-P4<(03-!C-/-!(0()+1-5!.+!S@'N!6&6/(6&*0?!'<-!

%(N!(05!X(N!2*C5-/! 1(,2)-1!C-/-! 4<(/(46-/&R-5!.+!e=/(+!5&77/(46&*0! He`@L! 6*! 4*07&/,! 6<(6! 6<-!

4/+16()! 16/;46;/-! 4*//-12*051! 6*! c'N! R-*)&6-?! \*/-*>-/:! 6-/,*3/(>&,-6/&4! (0()+1&1! H'WNL! C(1!

4(//&-5!*;6!7*/!-(4<!*7!6<-!c&05-!N!6+2-1!H%(N!(05!X(NL!&0!*/5-/!6*!,*0&6*/!6<-!,(11!)*11!5;-!6*!

C(6-/! /-,*>()!(1! 7;046&*0!*7! 6-,2-/(6;/-!(05! 6*!-16(.)&1<!(!2/*2-/!2/-=6/-(6,-06!2/*4-5;/-! 7*/!

6<-! ,-,./(0-1! 2/&*/! 2-/,-(6&*0! 6-16&03?! '<-! &*0! -P4<(03-! 6-16! 2/*4-5;/-:! 6<-! 6&6/(6&*0!

-P2-/&,-06:!6<-!e`@!2(66-/01!(05!6<-!'WN!4;/>-1!4(0!.-!7*;05!&0!N22-05&P!a?!'<-!/-1;)61!7/*,!6<-!

&*0! -P4<(03-! 6-16! 1<*C-5! 6<(6! TI! K! &*0! -P4<(03-! C(1! (4<&->-5?! '<;1:! (5(26&03! 6<-! 1(,-!

2/*4-5;/-:! -(4<! ON!,-,./(0-! C(1! &,,-/1-5! &0! J?9#! \! (h;-*;1! 1*);6&*0! *7! X(X)9! (6! #J! �X! 7*/!!!!!!!!!!

"!<*;/1:!6<-0!6<*/*;3<)+!C(1<-5!C&6<!5&16&))-5!C(6-/!(05!5/&-5!(6!MJJ!�X?!

'<-!1&03)-!3(1!2-/,-(6&*01!*7!0&6/*3-0!(05!*P+3-0!6</*;3<!6<-!%(N!(05!6<-!X(N!,-,./(0-1!C-/-!

,-(1;/-5! 6*! 5-6-/,&0-! 6<-! &5-()! %9{F9! 1-)-46&>&6+?! B/-)&,&0(/+! 6<-! 6-16&03! ,-,./(0-! C(1!

*;63(11-5! ;05-/! >(4;;,! (6! 9JJ! �X! *>-/0&3<6! 6*! /-,*>-! (0+! (51*/.-5! &,2;/&6&-1?! '-,2-/(6;/-1!

*>-/!9JJ!�X!C-/-!0*6!(22)&-5!5;-!6*!6<-!5&77-/-06!6<-/,()!-P2(01&*0!*7!6<-!1;22*/6!(05!6<-!R-*)&6-!

)(+-/:! C<&4<! 4(0! 4(;1-! (! ,-,./(0-! 7(&);/-! &0! 6-/,1! *7! 2*/-! 4*))(21&03! (05! 4/(4D1?! A*/! 6<-!



!

! TM!

2-/,-(6&*0!-P2-/&,-061!6<-!,-,./(0-!C(1!1-()-5!C&6<!F=/&031!&0!(!16(&0)-11=16--)!,*5;)-!(05!6<-!

,*5;)-!C(1!2)(4-5!&0!(!3(1!4</*,(6*3/(2<&4!*>-0?!'<-!-P2-/&,-06()!1-6;2!&1!&));16/(6-5!&0!A&3;/-!MO?!

B/-=6/-(6,-06!(05!(46&>(6&*0!*7!6<-!,-,./(0-!C-/-!4(//&-5!*;6!C&6<!8-!7)*C!(6!M"J!�X!.-6C--0!O!

(05!I! <*;/1! 2/&*/! 0-C!-P2-/&,-06()! 1-/&-1?! `-3-0-/(6&*0!.-6C--0! 3(1! 4<(03-1!C(1! *2-/(6-5!.+!

1&,;)6(0-*;1!2;/3&03!C&6<!8-!16/-(,!(05!<-(6&03!(6!M"J!�X! 7*/!(6! )-(16!9!<*;/1?!'<-!2-/,-(6&*0!

-P2-/&,-061!C-/-! 4*05;46-5!(6!"#! �X?!'<-! 6-16&03!3(1!C(1! 7-5! 6*! 6<-!*;6-/=1;/7(4-! HR-*)&6-! )(+-/!

1&5-L! *7! 6<-! ,-,./(0-! (6! #J! 4,"H]'BL{,&0?! X*;06-/=4;//-06! (/3*0! 1C--2! 3(1! 16/-(,! *7! IJ!

4,"H]'BL{,&0! C(1! -,2)*+-5! 6*! ,(&06(&0! (! 6*6()! 2/-11;/-! 5/*2! *7! MJ?#! DB(?! '<-! 2-/,-(6-!

4*,2*1&6&*0!C(1! (0()+1-5!;1&03!\&4/*WX!N3&)-06!"JJJN!3(1! 4</*,(6*3/(2<?!Sh;&)&./(6&*0!*7! 6<-!

1&03)-=4*,2*0-06!2-/,-(6&*0!6</*;3<!6<-!6-16-5!,-,./(0-1!6**D!;2!6*!M#!<*;/1?!

!

!

E*-(.6"@!G"]4<-,(6&4!&));16/(6&*0!*7!6<-!-h;&2,-06!;1-5!7*/!1&03)-=3(1!2-/,-(04-!,-(1;/-,-061!*7!

c'N!,-,./(0-1?!1**<+&/!&$'%#5'</&.+\#'8#4./%!%6'#A!5,'?!

B-/,-(04-!>();-1!C-/-!4()4;)(6-5!&0!,*)!,=9!1=M!B(=M!(44*/5&03!6<-!7*))*C&03!-h;(6&*0G!

!! ! !
!!!!

!!!!!!"#$

!! HT?OML!

C<-/-!6<-!)*3(/&6<,&4!,-(0!2(/6&()!2/-11;/-!&1!5-7&0-5!(1G!



!

! T9!

!!!!!"#$ ! !
!!!! ! !!!!! ! !!!!!!!!!

!"
!!

!!!!!!!!!!!

!!! HT?O9L!

'<-!%9!(05!F9!2-/,-(04-!4;/>-1!*.6(&0-5!C&6<!6<-!6C*!%(N!,-,./(0-1!(05!6<-&/!&*0=-P4<(03-5!

-h;&>()-061!(/-!1<*C0!&0!A&3;/-!M#!6*!A&3;/-!MI?!Q5-()!1-)-46&>&6&-1!C-/-!4()4;)(6-5!(1!6<-!/(6&*!*7!

6<-!-h;&)&./(6-5!2-/,-(04-!>();-1?!
!

!

!

!

E*-(.6"@<G"]&03)-!3(1!2-/,-(04-1!*7!(L!%9!(05!.L!F9!6</*;3<!%(N!f!\-,./(0-!M!(6!"JI!Z!(05!MJ?#!DB(!

2/-11;/-!5/*2?!'<-!P=(P&1!4*//-12*051!6*!6<-!WX!,-(1;/-,-061!*7!6<-!2-/,-(6-!4*,2*1&6&*0!6<(6!

C-/-!/-4*/5-5!*>-/!6&,-!C&6<!16-21!.-6C--0!O!,&0!6*!M#!,&0?"

9?JS=J_!

"?JS=J_!

O?JS=J_!

#?JS=J_!

T?JS=J_!

Y?JS=J_!

J! MJ! 9J! "J! OJ! #J! TJ! YJ! IJ!

B
-/
,
-(
6&
*0
!U
,
*)
!,

=9
! 1
=M
! B
(=
M V
!

�!\-(1;/-,-06!(L!

%(N!=!\-,./(0-!M!
"JI!Z:!MJ?#!DBN!

2;/-!%9!

M?JS=J_!

M?9S=J_!

M?OS=J_!

M?TS=J_!

M?IS=J_!

9?JS=J_!

9?9S=J_!

9?OS=J_!

J! MJ! 9J! "J! OJ! #J! TJ! YJ! IJ! _J!

!B
-/
,
-(
6&
*0
!U
,
*)
!,

=9
! 1
=M
! B
(=
M V
!

�!\-(1;/-,-06".L!

%(N!=!\-,./(0-!M!
"JI!Z:!MJ?#!DB(!

2;/-!F9!



!

! T"!

!

!

!

!

E*-(.6"@JG"]&03)-!3(1!2-/,-(04-1!*7!(L!%9!(05!.L!F9!6</*;3<!%(N!f!\-,./(0-!9!(6!"JI!Z!(05!MJ?#!DB(!

2/-11;/-!5/*2?!'<-!P=(P&1!4*//-12*051!6*!6<-!WX!,-(1;/-,-061!*7!6<-!2-/,-(6-!4*,2*1&6&*0!6<(6!

C-/-!/-4*/5-5!*>-/!6&,-!C&6<!16-21!.-6C--0!O!,&0!6*!M#!,&0?"

M?JS=MJ!

T?JS=MJ!

M?MS=J_!

M?TS=J_!

9?MS=J_!

9?TS=J_!

"?MS=J_!

"?TS=J_!

O?MS=J_!

J! MJ! 9J! "J! OJ! #J! TJ! YJ! IJ! _J! MJJ!

!B
-/
,
-(
6&
*0
!U
,
*)
!,

=9
! 1
=M
! B
(=
M V
"

�!\-(1;/-,-06!

2;/-!%9!

%(N!=!\-,./(0-!9!
"JI!Z:!MJ?#!DB(!

(L!

9?JS=MJ!

"?JS=MJ!

O?JS=MJ!

#?JS=MJ!

T?JS=MJ!

Y?JS=MJ!

I?JS=MJ!

_?JS=MJ!

M?JS=J_!

J! MJ! 9J! "J! OJ! #J! TJ! YJ! IJ! _J! MJJ! MMJ! M9J!

!B
-/
,
-(
6&
*0
!U
,
*)
!,

=9
! 1
=M
! B
(=
M V
"

�!\-(1;/-,-06"

%(N!=!\-,./(0-!9:!
"JI!Z:!MJ?#!DB(!

2;/-!F9!

.L!



!

! TO!

!

!

!

E*-(.6"@VG"]&03)-!3(1!2-/,-(04-1!*7!(L!%9!(05!.L!F9!6</*;3<!X(N!f!\-,./(0-!M!(6!"JI!Z!(05!MJ?#!DB(!

2/-11;/-!5/*2?!'<-!P=(P&1!4*//-12*051!6*!6<-!WX!,-(1;/-,-061!*7!6<-!2-/,-(6-!4*,2*1&6&*0!6<(6!

C-/-!/-4*/5-5!*>-/!6&,-!C&6<!16-21!.-6C--0!O!,&0!6*!M#!,&0?"

!

M?JS=J_!

M?MS=J_!

M?9S=J_!

M?"S=J_!

M?OS=J_!

M?#S=J_!

M?TS=J_!

M?YS=J_!

J! MJ! 9J! "J! OJ! #J! TJ!

!B
-/
,
-(
6&
*0
!U
,
*)
!,

=9
! 1
=M
! B
(=
M V
"

�!\-(1;/-,-06!

2;/-!%9!

X(N!=!\-,./(0-!M!
"JI!Z:!MJ?#!DB(!

(L!

"?JS=MJ!

O?JS=MJ!

#?JS=MJ!

T?JS=MJ!

Y?JS=MJ!

J! MJ! 9J! "J! OJ! #J! TJ! YJ! IJ! _J!

!B
-/
,
-(
6&
*0
!U
,
*)
!,

=9
! 1
=M
! B
(=
M V
"

�!\-(1;/-,-06"

X(N!=!\-,./(0-!M!
"JI!Z:!MJ?#!DB(!

2;/-!F9!

.L!



!

! T#!

!

!

!

E*-(.6"@HG"]&03)-!3(1!2-/,-(04-1!*7!(L!%9!(05!.L!F9!6</*;3<!X(N!f!\-,./(0-!9!(6!"JI!Z!(05!MJ?#!DB(!

2/-11;/-!5/*2?!'<-!P=(P&1!4*//-12*051!6*!6<-!WX!,-(1;/-,-061!*7!6<-!2-/,-(6-!4*,2*1&6&*0!6<(6!

C-/-!/-4*/5-5!*>-/!6&,-!C&6<!16-21!.-6C--0!O!,&0!6*!M#!,&0?!

!
A;/6<-/:! -P2-/&,-06()! &5-()! 1-)-46&>&6&-1! *7! &07&)6/(6-5! gQA=I!,-,./(0-1!C-/-! ->();(6-5! 7/*,! 6<-!

1&03)-=3(1!2-/,-(04-1?! Q0! 6<-!;6&)&R-5!,-,./(0-1:! 6<-!gQA=I!,(6-/&()! &1! 7;))+! 4*07&0-5!C&6<&0! 6<-!

,(4/*2*/-1! *7! 6<-! 4-/(,&4! 6;.;)(/! 1;22*/6?! '<-! 2/-2(/(6&*0! (05! 4<(/(46-/&R(6&*0! *7! 6<-!

1+06<-6&R-5!,-,./(0-1! &1! /-2*/6-5! &0!/-7-/-04-! UT9V?!'<-!1&03)-=3(1!2-/,-(04-1!C-/-!,-(1;/-5!

.+! (! .;..)-! 7)*C,-6-/! 4*00-46-5! 6*! 6<-! (6,*12<-/-?! `-3-0-/(6&*0! 6/-(6,-06! &0! >(4;;,! C(1!

9?JS=MJ!

9?#S=MJ!

"?JS=MJ!

"?#S=MJ!

O?JS=MJ!

O?#S=MJ!

#?JS=MJ!

J! MJ! 9J! "J! OJ! #J! TJ! YJ! IJ! _J! MJJ!

!B
-/
,
-(
6&
*0
!U
,
*)
!,

=9
! 1
=M
! B
(=
M V
"

�!\-(1;/-,-06"

2;/-!%9!

X(N:!\-,./(0-!9!
"JI!Z:!MJ?#!DB(!

(L!

M?JS=MJ!

M?9S=MJ!

M?OS=MJ!

M?TS=MJ!

M?IS=MJ!

9?JS=MJ!

9?9S=MJ!

J! MJ! 9J! "J! OJ! #J! TJ! YJ! IJ! _J! MJJ! MMJ! M9J!

B
-/
,
-(
6&
*0
!U
,
*)
!,

=9
! 1
=M
! B
(=
M V
"

�!\-(1;/-,-06"

2;/-!F9!

X(N:!\-,./(0-!9!
"JI!Z:!MJ?#!DB(!

.L!



!

! TT!

4(//&-5!*;6!7*/!"J!,&0!C<-0!4<(03&03!6<-!6-16&03!3(1-1?!'<-!-P2-/&,-061!C-/-!4*05;46-5!(6!6</--!

5&77-/-06!6-,2-/(6;/-1!H9J!�X:!OY!�X!(05!YY!�XL!(05!6/(01,-,./(0-!2/-11;/-!&0!6<-!/(03-!#J=9JJ!

DB(!HA&3;/-!M_!f!A&3;/-!9ML?!

!

!

E*-(.6"@KG"B-/,-(04-!*7!2;/-!X8O!(05!2;/-!XF9! 6</*;3<!gQA=I!4*07&0-5!,-,./(0-!(6!9_"!Z!(05!

2/-11;/-!5/*2!&0!6<-!/(03-!#J!f!9JJ!DB(?"

!

!

E*-(.6"AFG"B-/,-(04-!*7!2;/-!X8O!(05!2;/-!XF9! 6</*;3<!gQA=I!4*07&0-5!,-,./(0-!(6!"9J!Z!(05!

2/-11;/-!5/*2!&0!6<-!/(03-!#J!f!9JJ!DB(?"

J?JS|JJ!

#?JS=J_!

M?JS=JI!

M?#S=JI!

9?JS=JI!

9?#S=JI!

J! #J! MJJ! M#J! 9JJ! 9#J!

B
-/
,
-(
0
4-
!U
,
*)
!,

=9
?! 1
=M
! B
(=
M V
!

'/(01,-,./(0-!B/-11;/-!UDB(V!

B-/,-(04-!X8O!

B-/,-(04-!XF9!

gQA=I!,-,./(0-!
9_"!Z!

J?JS|JJ!

#?JS=J_!

M?JS=JI!

M?#S=JI!

9?JS=JI!

9?#S=JI!

J! #J! MJJ! M#J! 9JJ! 9#J!

B
-/
,
-(
0
4-
!U
,
*)
!,

=9
?! 1
=M
! B
(=
M V
"

'/(01,-,./(0-!B/-11;/-!UDB(V"

B-/,-(04-!X8O!

B-/,-(04-!XF9!

gQA=I!\-,./(0-!
"9J!Z!



!

! TY!

!

!

E*-(.6"A@G"B-/,-(04-!*7!2;/-!X8O!(05!2;/-!XF9! 6</*;3<!gQA=I!4*07&0-5!,-,./(0-!(6!"#J!Z!(05!

2/-11;/-!5/*2!&0!6<-!/(03-!#J!f!9JJ!DB(?"

!

V"R6)('4)"/%7"7*)&())*$%"

'<-!%9{F9!1-)-46&>&6+!*7!%(N!R-*)&6-!(1!7;046&*0!*7!6-,2-/(6;/-!C(1!2/-5&46-5!(44*/5&03!,*5-)1!HLL!

(05! HUL:! ;1&03! 6<-! -h;&)&./&;,! 5(6(! /-2*/6-5! &0! U#YV! H1--! '(.)-! MML:! (1! 1<*C0! &0! A&3;/-! 99?! '<-!

2/-11;/-!5/*2:!4<*1-0!6*!&,2)-,-06!6<-!,*5-)!&1!MJ?#!DB(!C&6<!M"O?#!DB(!7--5!2/-11;/-!(05!M9O?J!

DB(!2-/,-(6-!2/-11;/-?!'<-!(51*/26&*0!1-)-46&>&6+:!->();(6-5!>&(!6<-!,*5-)!6<(6!(11;,-1!5&77;1&>&6+!

&05-2-05-04-! *0! 6<-! )*(5&03:! 5-4/-(1-1! 4*06&0;*;1)+!C&6<! &04/-(1&03! 6-,2-/(6;/-?! F0! 6<-! *6<-/!

<(05:!6<-!,*5-)!5-/&>-5!;05-/!6<-!(11;,26&*0!6<(6!DE2;G=#J#DE2#;K=;L#−#G=:!2/-5&461!(!,(P&,;,!*7!

6<-!4;/>-!OPB6+!>-/1;1!'?!\*/-*>-/:! 6<-! 7*/,-/!,*5-)! 7*/-4(161!<&3<-/!>();-1!*7!OPB6+! &0!/-12-46! 6*!

6<-!)(66-/!,*5-)?!
!

J?JS|JJ!

#?JS=J_!

M?JS=JI!

M?#S=JI!

9?JS=JI!

J! #J! MJJ! M#J! 9JJ! 9#J!

B
-/
,
-(
0
4-
!U
,
*)
!,

=9
?! 1
=M
! B
(=
M V
"

'/(01,-,./(0-!B/-11;/-!UDB(V"

B-/,-(04-!X8O!

B-/,-(04-!XF9!

gQA=I!\-,./(0-!
"#J!Z!



!

! TI!

!

E*-(.6" AAG"N51*/26&*0! 1-)-46&>&6+! *7!%(N!,*5-))-5! (1! 7;046&*0! *7! 6-,2-/(6;/-! (6! �B! v! MJ?#! DB(?!

OP;L=!(05!OP;U=!16(05!7*/!6<-!>();-1!*.6(&0-5!.+!,*5-)!HLL!(05!HUL!/-12-46&>-)+?!

!
A;/6<-/,*/-:! 6<-! (51*/26&*0! 1-)-46&>&6+! *7! %(N! 7*/! %9! *>-/! F9! C(1! 2/-5&46-5! (1! 7;046&*0! *7! 7--5!

2/-11;/-:!2-/,-(6-!2/-11;/-!(05!6-,2-/(6;/-:!;1&03!,*5-)1!HLL!(05!HUL?!'<-!/-1;)61:!*.6(&0-5!.+!

>(/&(6&*0! *7! 6<-! 7--5! 2/-11;/-! &0! 6<-! &06-/>()! M9O?#=M_O?#! DB(! (05! 4*016(06! 2-/,-(6-! 2/-11;/-!!!!!!

HBB!v!M9O!DB(L:!(/-!3&>-0! &0!A&3;/-!9":!'(.)-!MO!(05!'(.)-!M#?!'<-+! &05&4(6-! 6<(6! &04/-(1&03! 7--5!

2/-11;/-!(05! /-12-46&>-)+!(;3,-06&03!2/-11;/-!5/*2! )*C-/1! 6<-! 1-)-46&>&6+?!'<-!2/-5&46-5!>();-1!

7*/! >(/&(6&*0! *7! 6<-! 2-/,-(6-! 2/-11;/-! &0! 6<-! &06-/>()! M9O=M_O! DB(! .+! 4*016(06! 7--5! 2/-11;/-!!!!!!!!!!!!!!!!

HBA! v! M_O?#! DB(L:! (/-! 1<*C0! &0! A&3;/-! 9O:! '(.)-! MT! (05! '(.)-! MY?! Q0! 6<&1! 4(1-:! C&6<! &04/-(1&03!

2-/,-(6-!2/-11;/-:!6<-!2/-11;/-!5/*2!5&,&0&1<-1!(05!6<-!1-)-46&>&6+!()1*!5-4/-(1-1?!'<-!4<(03-!&0!

6<-!1-)-46&>&6+!C&6<!>(/&(6&*0!*7! 6<-! 7--5!(05!2-/,-(6-!2/-11;/-1! &1!,*/-!16/*03)+!2/*0*;04-5!(6!

)*C!6-,2-/(6;/-1?"

J?JJ!

J?#J!

M?JJ!

M?#J!

9?JJ!

9?#J!

"?JJ!

"?#J!

9Y"! 9I"! 9_"! "J"! "M"! "9"! """! "O"! "#"! "T"!

O
P B
6
+#

'!UZV!

α*(1) Baron et al., 1993 

α*(2) Baron et al., 1993 

NaA 

∆P = 10.5 kPa 



!

! T_!

!

!

!

E*-(.6"AIG"N51*/26&*0!1-)-46&>&6+!*7!%(N!4()4;)(6-5!.+!(L!,*5-)!HLL!(05!.L!,*5-)!HUL#(1!7;046&*0!*7!

6-,2-/(6;/-! (05! 2/-11;/-?! A--5! 2/-11;/-! &1! >(/&-5:! C<&)-! 2-/,-(6-! 2/-11;/-! &1! 4*016(06!!!!!!!!!!!!!!!!!

HBB!v!M9O!DB(L?!

! !

!"#$%&

!##$%&

!'#$%&

!(#$%&

!"#$%

&"$$%

&"&$%

&"'$%

&"($%

&"#$%

)"$$%

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

3%/42%

&"#$5)"$$%

&"($5&"#$%

&"'$5&"($%

&"&$5&"'$%

&"$$5&"&$%

!"#$5&"$$%

!"#$%&

!##$%&

!'#$%&

!(#$%&

!"#$%

&"$$%

&"&$%

&"'$%

&"($%

&"#$%

)"$$%

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

- .
%/
0-
12
%

!
"
#
$
%
&

3%/42%

&"&$5&"'$%

&"$$5&"&$%

!"#$5&"$$%

(L!

.L!



!

! YJ!

!
=/,'6" @!G! $();-1! 7*/! 6<-! 2/-5&46-5! (51*/26&*0! 1-)-46&>&6+! *7! %(N:! 4()4;)(6-5! .+! ,*5-)! HLL:! (1!

7;046&*0!*7!6-,2-/(6;/-!(05!2/-11;/-?!A--5!2/-11;/-!&1!>(/&-5:!C<&)-!2-/,-(6-!2/-11;/-!&1!4*016(06!

HBB!v!M9O!DB(L?"

'!UZV!
BA!UDB(V!

M9O?#! M"O?#! MOO?#! M#O?#! MTO?#! MYO?#! MIO?#! M_O?#!

9Y"! 9?_#! 9?_9! 9?_J! 9?II! 9?IT! 9?IO! 9?I9! 9?IJ!

9I"! 9?IY! 9?I#! 9?I"! 9?IM! 9?IJ! 9?YI! 9?YT! 9?Y#!

9_"! 9?YT! 9?Y#! 9?Y"! 9?Y9! 9?YM! 9?T_! 9?TI! 9?TY!

9_I! 9?YM! 9?T_! 9?TI! 9?TY! 9?TT! 9?T#! 9?T"! 9?T9!

"J"! 9?T#! 9?TO! 9?T"! 9?T9! 9?TJ! 9?#_! 9?#I! 9?#I!

"JI! 9?#_! 9?#I! 9?#Y! 9?#T! 9?##! 9?#O! 9?#"! 9?#9!

"M"! 9?#"! 9?#9! 9?#M! 9?#J! 9?#J! 9?O_! 9?OI! 9?OY!

"9"! 9?OM! 9?OM! 9?OJ! 9?"_! 9?"_! 9?"I! 9?"Y! 9?"Y!

"""! 9?"J! 9?9_! 9?9_! 9?9I! 9?9I! 9?9Y! 9?9Y! 9?9Y!

"O"! 9?M_! 9?M_! 9?MI! 9?MI! 9?MI! 9?MY! 9?MY! 9?MY!

"#"! 9?J_! 9?J_! 9?J_! 9?JI! 9?JI! 9?JI! 9?JY! 9?JY!

"T"! 9?JJ! 9?JJ! M?__! M?__! M?__! M?__! M?_I! M?_I!

!

!

=/,'6" @<G! $();-1! 7*/! 6<-! 2/-5&46-5! (51*/26&*0! 1-)-46&>&6+! *7! %(N:! 4()4;)(6-5! .+! ,*5-)! HUL:! (1!

7;046&*0!*7!6-,2-/(6;/-!(05!2/-11;/-?!A--5!2/-11;/-!&1!>(/&-5:!C<&)-!2-/,-(6-!2/-11;/-!&1!4*016(06!

HBB!v!M9O!DB(L?"

'!UZV!
BA!UDB(V!

M9O?#! M"O?#! MOO?#! M#O?#! MTO?#! MYO?#! MIO?#! M_O?#!

9Y"! 9?9#! 9?9#! 9?99! 9?M_! 9?M#! 9?M9! 9?MJ! 9?JY!

9I"! 9?""! 9?""! 9?"J! 9?9Y! 9?9#! 9?99! 9?9J! 9?MY!

9_"! 9?"#! 9?"#! 9?""! 9?"M! 9?9_! 9?9T! 9?9O! 9?99!

9_I! 9?"#! 9?"#! 9?""! 9?"M! 9?9_! 9?9Y! 9?9#! 9?9"!

"J"! 9?"O! 9?"O! 9?"9! 9?"J! 9?9I! 9?9Y! 9?9#! 9?9"!

"JI! 9?"9! 9?"9! 9?"J! 9?9_! 9?9Y! 9?9#! 9?9O! 9?99!

"M"! 9?9_! 9?9_! 9?9I! 9?9T! 9?9#! 9?9O! 9?99! 9?9M!

"9"! 9?9"! 9?9"! 9?99! 9?9M! 9?9J! 9?M_! 9?MI! 9?MY!

"""! 9?MT! 9?MT! 9?M#! 9?MO! 9?MO! 9?M"! 9?M9! 9?MM!

"O"! 9?J_! 9?J_! 9?JI! 9?JY! 9?JY! 9?JT! 9?J#! 9?J#!

"#"! 9?JM! 9?JM! 9?JM! 9?JJ! M?__! M?__! M?_I! M?_I!

"T"! M?_O! M?_O! M?_"! M?_"! M?_9! M?_9! M?_M! M?_M!



!

! YM!

!

!

E*-(.6"A!G"N51*/26&*0!1-)-46&>&6+!*7!%(N!4()4;)(6-5!.+!(L!,*5-)!HLL!(05!.L!,*5-)!HUL#(1!7;046&*0!*7!

6-,2-/(6;/-! (05!2/-11;/-?! A--5!2/-11;/-! &1! 4*016(06! HBA! v! M_O?#! DB(L! (05!2-/,-(6-! 2/-11;/-! &1!

>(/&-5?!
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&"($4&"#$%
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&"$$4&"&$%

!"#$4&"$$%
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!%#$

!&#$

!"#$%

&"$$%

&"&$%

&"'$%

&"($%

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

- -
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/-
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"
#
$
%
&

2%.31%

&"&$4&"'$%

&"$$4&"&$%

!"#$4&"$$%

(L!

.L!



!

! Y9!

=/,'6" @JG" $();-1! 7*/! 6<-! 2/-5&46-5! (51*/26&*0! 1-)-46&>&6+! *7! %(N:! 4()4;)(6-5! .+! ,*5-)! HLL:! (1!

7;046&*0! *7! 6-,2-/(6;/-! (05! 2/-11;/-?! A--5! 2/-11;/-! &1! 4*016(06! HBA! v! M_O?#! DB(L! (05! 2-/,-(6-!

2/-11;/-!&1!>(/&-5?"

'!UZV!
BB!UDB(V!

M9O! M"O! MOO! M#O! MTO! MYO! MIO! M_O!

9Y"! 9?IJ! 9?YI! 9?YT! 9?YO! 9?Y9! 9?YJ! 9?TI! 9?TT!

9I"! 9?Y#! 9?Y"! 9?YM! 9?YJ! 9?TI! 9?TY! 9?T#! 9?TO!

9_"! 9?TY! 9?TT! 9?TO! 9?T"! 9?T9! 9?TM! 9?#_! 9?#I!

9_I! 9?T9! 9?TM! 9?TJ! 9?#_! 9?#I! 9?#Y! 9?#T! 9?##!

"J"! 9?#I! 9?#T! 9?##! 9?#O! 9?#O! 9?#"! 9?#9! 9?#M!

"JI! 9?#9! 9?#9! 9?#M! 9?#J! 9?O_! 9?OI! 9?OY! 9?OT!

"M"! 9?OY! 9?OY! 9?OT! 9?O#! 9?OO! 9?O"! 9?O"! 9?O9!

"9"! 9?"Y! 9?"T! 9?"T! 9?"#! 9?"O! 9?"O! 9?""! 9?""!

"""! 9?9Y! 9?9T! 9?9T! 9?9#! 9?9#! 9?9O! 9?9O! 9?9"!

"O"! 9?MY! 9?MT! 9?MT! 9?MT! 9?M#! 9?M#! 9?MO! 9?MO!

"#"! 9?JY! 9?JY! 9?JY! 9?JT! 9?JT! 9?JT! 9?J#! 9?J#!

"T"! M?_I! M?_I! M?_I! M?_I! M?_Y! M?_Y! M?_Y! M?_Y!

!

!

=/,'6" @VG" $();-1! 7*/! 6<-! 2/-5&46-5! (51*/26&*0! 1-)-46&>&6+! *7! %(N:! 4()4;)(6-5! .+! ,*5-)! HUL:! (1!

7;046&*0! *7! 6-,2-/(6;/-! (05! 2/-11;/-?! A--5! 2/-11;/-! &1! 4*016(06! HBA! v! M_O?#! DB(L! (05! 2-/,-(6-!

2/-11;/-!&1!>(/&-5?"

'!UZV!
BB!UDB(V!

M9O! M"O! MOO! M#O! MTO! MYO! MIO! M_O!

9Y"! 9?JY! 9?JO! 9?JJ! M?_I! M?_#! M?_9! M?I_! M?IY!

9I"! 9?MY! 9?M#! 9?M9! 9?J_! 9?JY! 9?JO! 9?J9! 9?JJ!

9_"! 9?99! 9?9J! 9?MI! 9?MT! 9?MO! 9?M9! 9?MJ! 9?JI!

9_I! 9?9"! 9?9M! 9?M_! 9?MY! 9?M#! 9?MO! 9?M9! 9?MJ!

"J"! 9?9"! 9?9M! 9?9J! 9?MI! 9?MT! 9?M#! 9?M"! 9?MM!

"JI! 9?99! 9?9M! 9?M_! 9?MI! 9?MT! 9?M#! 9?M"! 9?M9!

"M"! 9?9M! 9?9J! 9?MI! 9?MY! 9?M#! 9?MO! 9?M"! 9?M9!

"9"! 9?MY! 9?MT! 9?MO! 9?M"! 9?M9! 9?MM! 9?MJ! 9?J_!

"""! 9?MM! 9?MJ! 9?J_! 9?JI! 9?JI! 9?JY! 9?JT! 9?J#!

"O"! 9?J#! 9?JO! 9?J"! 9?J"! 9?J9! 9?JM! 9?JM! 9?JJ!

"#"! M?_I! M?_Y! M?_Y! M?_T! M?_T! M?_#! M?_#! M?_O!

"T"! M?_M! M?_M! M?_J! M?_J! M?I_! M?I_! M?II! M?II!

! !



!

! Y"!

'<-!%9{F9! (51*/26&*0!1-)-46&>&6+!*7! 6<-!X(=7*/,!*7!c'N!R-*)&6-!<(1!.--0!()1*!2/-5&46-5?!'<&1! 6&,-!

6<-!,*5-)!2(/(,-6-/1!H1;,,(/&R-5!&0!'(.)-!M9L!C-/-!-P6/(46-5!7/*,!6C*!&05-2-05-06! )&6-/(6;/-!

1*;/4-1!f!-P2-/&,-06()! U#YV!(05! 6<-*/-6&4()! 16;5+! U#9V?! Q0&6&())+! 6<-!2/-11;/-!5&77-/-04-!C(1!D-26!

-h;()! 6*! 6<-! >();-!;1-5! 7*/!%(N! 1&,;)(6&*01! HMJ?#! DB(L! (05!OPB6+! (1! 7;046&*0! *7! 6-,2-/(6;/-!C(1!

2/-5&46-5! >&(! ,*5-)1! HLL! (05! HUL?! '<-! 4*//-)(6&*0! 1-)-46&>&6+=>-/1;1=6-,2-/(6;/-! &1! 2)*66-5! &0!

A&3;/-! 9#?! 8-/-:! 6<-! ,(P&,;,! *7! 6<-! 4;/>-:! C<&4<! C(1! 2/->&*;1)+! *.1-/>-5! 7*/! %(N! (44*/5&03!

,*5-)!HUL:!C(1!*.6(&0-5!C&6<!.*6<!(0()+6&4()!7*/,;)(-?!F0-!-P2)(0(6&*0!7*/!6<-!*.1-/>-5!,(P&,;,!

4*;)5! .-! 6<-! 5&77-/-04-! &0! 6<-! &1*16-/&4! <-(61! *7! (51*/26&*0! *7! 6<-! 6C*! 3(1-1?! '<-! >();-! *7!V+&! &1!

<&3<-/! 7*/! %9! &0! 4*,2(/&1*0! 6*! F9?! '<&1! (51*/26&*0! 2(/(,-6-/! 5-6-/,&0-1! 6<-! 6-,2-/(6;/-!

5-2-05-04+! *7! 6<-! -h;&)&./&;,! 4*016(06:! "$?! N1! (! 4*01-h;-04-! 6<-! /(6-! *7! 4<(03-! *7! "$! C&6<! 6<-!

6-,2-/(6;/-!&1!5&77-/-06!7*/!0&6/*3-0!(05!*P+3-0?!

N0*6<-/!*.1-/>(6&*0!6<(6!4(0!.-!5/(C0!7/*,!A&3;/-!9#!&1!6<(6!6<-!5&77-/-04-!.-6C--0!6<-!1-)-46&>&6+!

>();-1!2/-5&46-5!.+!6<-!6C*!,*5-)1!&1!h;&6-!)(/3-!(6!)*C!6-,2-/(6;/-1!(05!(),*16!>(0&1<-1!(6!<&3<!

6-,2-/(6;/-1?! \*/-*>-/:! 6<-! 4;/>-1! *.6(&0-5! C&6<! 6<-*/-6&4()! H@A'L! (05! -P2-/&,-06()! ,*5-)!

2(/(,-6-/1! 5*0m6! 4*&04&5-?! Q0! 7(46:! 6<-! >();-1! 2/-5&46-5! .+! ;1-! *7! 6<-! (51*/26&*0! 2(/(,-6-/1!

/-2*/6-5! 7/*,! 6<-! @A'! 4()4;)(6&*01! (05! 7/*,! 6<-! 4</*,(6*3/(2<&4! 16;5+! (/-! 1&,&)(/! (6! )*C!

6-,2-/(6;/-1!.;6!(6!<&3<!6-,2-/(6;/-1!6<-/-!(/-!16/*03!5->&(6&*01?!N1! 7;/6<-/!,(66-/:! 6<-!/-1;)61!

*.6(&0-5!C&6<!,*5-)!HUL!(05!6<-!-P2-/&,-06()!2(/(,-6-/1!5&5!1<*C!)-11!2/*0*;04-5!,(P&,;,?!

!

!

E*-(.6" A<G" N51*/26&*0! 1-)-46&>&6+! *7! X(N!,*5-))-5! (1! 7;046&*0! *7! 6-,2-/(6;/-! (6! �B! v! MJ?#! DB(!

(44*/5&03! 6*! (51*/26&*0! 2(/(,-6-/1! *.6(&0-5! -P2-/&,-06())+! Ha(/*0! -6! ()?:! M__"! U#YVL! (05!

6<-*/-6&4())+!H@-!c;4(!-6!()?:!9JJ9!U#9VL?!OPHLL!(05!OPHUL!16(05!7*/!6<-!>();-1!*.6(&0-5!.+!,*5-)!HLL!

(05!HUL!/-12-46&>-)+?!

J?JJ!

J?#J!

M?JJ!

M?#J!

9?JJ!

9?#J!

"?JJ!

"?#J!

O?JJ!

9Y"! 9I"! 9_"! "J"! "M"! "9"! """! "O"! "#"! "T"!

O
P B
6
+"

'!UZV"

α*(1) Baron et al., 1993 

α*(2) Baron et al., 1993 

α*(1) De Luca et al., 2002 

α*(2) De Luca et al., 2002 

CaA 

∆P = 10.5 kPa  

 



!

! YO!

'<-!%9{F9!(51*/26&*0!1-)-46&>&6+!*7!X(N!(1!7;046&*0!*7!BA:!BB!(05!'!C(1!2/-5&46-5!>&(!,*5-)1!HLL!(05!

HUL!C&6<!6<-!,*5-)!2(/(,-6-/1!6(D-0!7/*,!W?!@-!c;4(!-6!()!H9JJ9L?!'<-!/-1;)61:!*.6(&0-5!(6!4*016(06!

2-/,-(6-!2/-11;/-!HBB!v!M9O!DB(L!(05!7--5!2/-11;/-!&0!6<-!&06-/>()!M9O?#=M_O?#!DB(:!(/-!1<*C0!&0!

A&3;/-!9T?!'<-!>();-1!*.6(&0-5!C&6<!6<-!6C*!,*5-)1!(/-!3&>-0!()1*!&0!'(.)-!MI!H*.6(&0-5!>&(!,*5-)!

HLLL! (05! '(.)-! M_! H*.6(&0-5! >&(! ,*5-)! HULL?! '<-! 2/-5&46-5! >();-1! 7*/! >(/&(6&*0! *7! 6<-! 2-/,-(6-!

2/-11;/-! &0! 6<-! &06-/>()! M9O=M_O! DB(! .+! 4*016(06! 7--5! 2/-11;/-! HBA! v! M_O?#! DB(L:! (/-! 1<*C0! &0!

A&3;/-!9Y:!'(.)-!9J!(05!'(.)-!9M?!'<-!4*04);1&*01!C-!5/(C!/-,(&0!6<-!1(,-!(1!&0!6<-!4(1-!*7!%(N!

R-*)&6-!(05!0(,-)+!6<(6!6<-!1-)-46&>&6+!5-2-05-04+!*0!6<-!2/-11;/-!&1!,*/-!16/*03)+!2/*0*;04-5!(6!

)*C!6-,2-/(6;/-1!(05!0-3)&3&.)-!(6!<&3<!6-,2-/(6;/-1?!Q04/-(1&03!7--5!2/-11;/-!HBB!v!4*016L!)-(51!

6*! 5-4/-(1-! &0! 6<-! 1-)-46&>&6+?! A*/! -P(,2)-:! (6! 9_Y! Z! ,*5-)! HLL! 2/-5&461! 6<(6! 6<-! 1-)-46&>&6+! &1!

5-4/-(1-5! 7/*,! "?"O! (6! BA! v! M9O?#! DB(! 6*! 9?_I! (6! BA! v! M_O?#! DB(:!C<&)-! (6! "T"! Z! 6<-! 2/-5&46&*0!

&05&4(6-1! 1-)-46&>&6+! 5/*2! 7/*,!9?"M! (6! BA! v! M9O?#! DB(! 6*! 9?9_! (6! BA! v! M_O?#! DB(?! ]&,&)(/! 6/-05! &1!

*.6(&0-5! C<-0! 6<-! 2-/,-(6-! 2/-11;/-! &1! >(/&-5?! Q04/-(1&03! 2-/,-(6-! 2/-11;/-! (6! 4*016(06! 7--5!

2/-11;/-!()1*!)*C-/1!6<-!1-)-46&>&6+!5;-!6*!6<-!7(46!6<(6!6<-!2/-11;/-!5/*2!5-4/-(1-1?! !



!

! Y#!

!

!

!

!

E*-(.6"AJG"N51*/26&*0!1-)-46&>&6+!*7!X(N!4()4;)(6-5!.+!(L!,*5-)!HLL!(05!.L!,*5-)!HUL!(1!7;046&*0!*7!

6-,2-/(6;/-!(05!2/-11;/-?!A--5!2/-11;/-!&1!>(/&-5:!C<&)-!2-/,-(6-!2/-11;/-!&1!4*016(06!HBB!v!M9O?J!

DB(L?! !

!"#$%&

!##$%&

!'#$%&

!(#$%&

!"##$

!"!#$

!"%#$

!"&#$

!"'#$

("##$

("!#$

("%#$

("&#$

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

- .
$/
0-
12
$

!
"
#
$
%
&

3$/42$

("&#5(")#$

("%#5("&#$

("!#5("%#$

("##5("!#$

!"'#5("##$

!"&#5!"'#$

!"%#5!"&#$

!"!#5!"%#$

!"##5!"!#$

!"#$%&

!##$%&

!'#$%&

!(#$%&

!$))&

!$")&

!$#)&

!$')&

!$()&

"$))&

"$")&

"$#)&

"$')&

"$()&

*$))&

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

-
-
&.
/
-
0
1&

!
"
#
$
%
&

2&.31&

"$')4"$()&

"$#)4"$')&

"$")4"$#)&

"$))4"$")&

!$()4"$))&

!$')4!$()&

!$#)4!$')&

!$")4!$#)&

!$))4!$")&

(L!

.L!



!

! YT!

=/,'6" @HG! $();-1! 7*/! 6<-! 2/-5&46-5! (51*/26&*0! 1-)-46&>&6+! *7! X(N:! 4()4;)(6-5! .+! ,*5-)! HLL:! (1!

7;046&*0!*7!6-,2-/(6;/-!(05!2/-11;/-?!A--5!2/-11;/-!&1!>(/&-5:!C<&)-!2-/,-(6-!2/-11;/-!&1!4*016(06!

HBB!v!M9O?J!DB(L?"

'!UZV!
BA!UDB(V!

M9O?#! M"O?#! MOO?#! M#O?#! MTO?#! MYO?#! MIO?#! M_O?#!

9Y"! "?"O! "?9Y! "?99! "?MT! "?MM! "?JT! "?J9! 9?_I!

9I"! "?#I! "?#9! "?OT! "?OM! "?"T! "?"M! "?9Y! "?9"!

9_"! "?TY! "?T9! "?#Y! "?#"! "?O_! "?OO! "?OM! "?"Y!

9_I! "?TT! "?T9! "?#I! "?#O! "?#J! "?OT! "?O"! "?"_!

"J"! "?T"! "?#_! "?##! "?#9! "?OI! "?O#! "?O9! "?"I!

"JI! "?#T! "?#"! "?#J! "?OY! "?OO! "?OM! "?"I! "?"#!

"M"! "?OI! "?O#! "?O9! "?OJ! "?"Y! "?"#! "?"9! "?"J!

"9"! "?9Y! "?9#! "?9"! "?9M! "?M_! "?MY! "?M#! "?MO!

"""! "?J9! "?JM! "?JJ! 9?_I! 9?_Y! 9?_T! 9?_O! 9?_"!

"O"! 9?YY! 9?YT! 9?YT! 9?Y#! 9?YO! 9?Y"! 9?Y9! 9?YM!

"#"! 9?#"! 9?#"! 9?#9! 9?#9! 9?#M! 9?#M! 9?#J! 9?O_!

"T"! 9?"M! 9?"M! 9?"M! 9?"J! 9?"J! 9?9_! 9?9_! 9?9_!

!

!

=/,'6" @KG" $();-1! 7*/! 6<-! 2/-5&46-5! (51*/26&*0! 1-)-46&>&6+! *7! X(N:! 4()4;)(6-5! .+! ,*5-)! HUL:! (1!

7;046&*0!*7!6-,2-/(6;/-!(05!2/-11;/-?!A--5!2/-11;/-!&1!>(/&-5:!C<&)-!2-/,-(6-!2/-11;/-!&1!4*016(06!

HBB!v!M9O?J!DB(L?"

'!UZV!
BA!UDB(V!

M9O?#! M"O?#! MOO?#! M#O?#! MTO?#! MYO?#! MIO?#! M_O?#!

9Y"! M?9I! M?9"! M?M_! M?M#! M?M9! M?JI! M?J#! M?J"!

9I"! M?YT! M?YM! M?T#! M?TM! M?#T! M?#9! M?OI! M?O#!

9_"! 9?9J! 9?MO! 9?J_! 9?JO! M?__! M?_O! M?_J! M?IT!

9_I! 9?"I! 9?"9! 9?9Y! 9?99! 9?MY! 9?M"! 9?JI! 9?J#!

"J"! 9?#9! 9?OY! 9?O9! 9?"Y! 9?"9! 9?9I! 9?9O! 9?9J!

"JI! 9?T9! 9?#I! 9?#"! 9?OI! 9?OO! 9?OJ! 9?"T! 9?""!

"M"! 9?T_! 9?T#! 9?TJ! 9?#T! 9?#"! 9?O_! 9?O#! 9?O9!

"9"! 9?Y"! 9?T_! 9?TT! 9?T"! 9?TJ! 9?#Y! 9?#O! 9?#M!

"""! 9?TT! 9?TO! 9?TM! 9?#_! 9?#Y! 9?##! 9?#"! 9?#M!

"O"! 9?#"! 9?#9! 9?#J! 9?O_! 9?OY! 9?OT! 9?OO! 9?O"!

"#"! 9?"I! 9?"Y! 9?"T! 9?"O! 9?""! 9?"9! 9?"M! 9?"J!

"T"! 9?9M! 9?9J! 9?9J! 9?M_! 9?MI! 9?MY! 9?MY! 9?MT!

!

! !



!

! YY!

!

!

!

!

E*-(.6"AVG"N51*/26&*0!1-)-46&>&6+!*7!X(N!4()4;)(6-5!.+!(L!,*5-)!HLL!(05!.L!,*5-)!HUL!(1!7;046&*0!*7!

6-,2-/(6;/-! (05!2/-11;/-?! A--5!2/-11;/-! &1! 4*016(06! HBA! v! M_O?#! DB(L! (05!2-/,-(6-! 2/-11;/-! &1!

>(/&-5?! !

!"#$

!##$

!%#$

!&#$

!"##$

!"!#$

!"%#$

!"&#$

!"'#$
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("&#$

!)($!'($!*($ !*'$ (#($ (#'$ (+($ (!($ ((($ (%($ (,($ (&($
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01
$

!
"
#
$
%
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2$.31$

("!#4("%#$

("##4("!#$

!"'#4("##$

!"&#4!"'#$

!"%#4!"&#$

!"!#4!"%#$

!"##4!"!#$

!"#$

!##$

!%#$

!&#$

'(&'$

!()'$

!(&'$

"()'$

"(&'$

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

-
-
$.
/
-
0
1$

!
"
#
$
%
&

2$.31$

"()'4"(&'$

!(&'4"()'$

!()'4!(&'$

'(&'4!()'$

(L!

.L!



!

! YI!

=/,'6" AFG" $();-1! 7*/! 6<-! 2/-5&46-5! (51*/26&*0! 1-)-46&>&6+! *7! X(N:! 4()4;)(6-5! .+! ,*5-)! HLL:! (1!

7;046&*0! *7! 6-,2-/(6;/-! (05! 2/-11;/-?! A--5! 2/-11;/-! &1! 4*016(06! HBA! v! M_O?#! DB(L! (05! 2-/,-(6-!

2/-11;/-!&1!>(/&-5?"

'!UZV!
BB!UDB(V!

M9O! M"O! MOO! M#O! MTO! MYO! MIO! M_O!

9Y"! 9?_I! 9?_"! 9?II! 9?I"! 9?Y_! 9?Y#! 9?YM! 9?TI!

9I"! "?9"! "?MI! "?M"! "?J_! "?J#! "?JM! 9?_Y! 9?_"!

9_"! "?"Y! "?"9! "?9I! "?9O! "?9M! "?MY! "?MO! "?MJ!

9_I! "?"_! "?"#! "?"M! "?9I! "?9O! "?9M! "?MI! "?M#!

"J"! "?"I! "?"#! "?"9! "?9I! "?9#! "?99! "?M_! "?MY!

"JI! "?"#! "?"9! "?9_! "?9T! "?9O! "?9M! "?MI! "?MT!

"M"! "?"J! "?9Y! "?9#! "?99! "?9J! "?MY! "?M#! "?M"!

"9"! "?MO! "?M9! "?MJ! "?JI! "?JT! "?J#! "?J"! "?JM!

"""! 9?_"! 9?_9! 9?_M! 9?I_! 9?II! 9?IY! 9?IT! 9?I#!

"O"! 9?YM! 9?YJ! 9?YJ! 9?T_! 9?TI! 9?TY! 9?TT! 9?T#!

"#"! 9?O_! 9?O_! 9?OI! 9?OI! 9?OY! 9?OY! 9?OT! 9?O#!

"T"! 9?9_! 9?9I! 9?9I! 9?9Y! 9?9Y! 9?9Y! 9?9T! 9?9T!

!

!

=/,'6" A@G" $();-1! 7*/! 6<-! 2/-5&46-5! (51*/26&*0! 1-)-46&>&6+! *7! X(N:! 4()4;)(6-5! .+! ,*5-)! HUL:! (1!

7;046&*0! *7! 6-,2-/(6;/-! (05! 2/-11;/-?! A--5! 2/-11;/-! &1! 4*016(06! HBA! v! M_O?#! DB(L! (05! 2-/,-(6-!

2/-11;/-!&1!>(/&-5?"

'!UZV!
BB!UDB(V!

M9O! M"O! MOO! M#O! MTO! MYO! MIO! M_O!

9Y"! M?J"! J?__! J?_#! J?_9! J?_J! J?IY! J?I#! J?I9!

9I"! M?O#! M?OJ! M?"T! M?"9! M?9I! M?9#! M?99! M?M_!

9_"! M?IT! M?IM! M?YY! M?Y9! M?TI! M?TO! M?TM! M?#Y!

9_I! 9?J#! 9?JJ! M?_#! M?_M! M?IY! M?I"! M?Y_! M?YT!

"J"! 9?9J! 9?M#! 9?MM! 9?JY! 9?J"! M?__! M?_T! M?_9!

"JI! 9?""! 9?9I! 9?9O! 9?9J! 9?MY! 9?M"! 9?MJ! 9?JT!

"M"! 9?O9! 9?"I! 9?"O! 9?"M! 9?9Y! 9?9O! 9?9M! 9?MI!

"9"! 9?#M! 9?OI! 9?O#! 9?O"! 9?OJ! 9?"Y! 9?"#! 9?"9!

"""! 9?#M! 9?OI! 9?OT! 9?OO! 9?O9! 9?OJ! 9?"I! 9?"T!

"O"! 9?O"! 9?OM! 9?"_! 9?"I! 9?"T! 9?"#! 9?""! 9?"9!

"#"! 9?"J! 9?9_! 9?9I! 9?9Y! 9?9T! 9?9#! 9?9O! 9?9"!

"T"! 9?MT! 9?M#! 9?MO! 9?MO! 9?M"! 9?M9! 9?M9! 9?MM!

!

! !



!

! Y_!

'<-! 6<-*/-6&4()! /-1;)61! 6(D-! &06*!(44*;06!*0)+! 6<-!(51*/26&*0!2(/6!*7! 1-2(/(6&*0:!(1!;05-/)&0-5! &0!

]-46&*0!T?9?!8*C->-/:!1-2(/(6&*0!*7!0&6/*3-0!(05!*P+3-0!.+!c'N!R-*)&6-1! &1! &0! 7(46!(0!(51*/26&*0=

4*06/*))-5! 2/*4-11?! '<&1! 16(6-,-06! &1! >()&5(6-5! .+! 6<-! &5-()! 2-/,1-)-46&>&6&-1! *7! %(N! (05! X(N!

,-,./(0-1! 6<(6!C-/-!*.6(&0-5!>&(! -P2-/&,-06()! 6-4<0&h;-1?!'<-! 1&03)-=3(1!2-/,-(04-1! 6</*;3<!

6<-! 6C*! 6-16-5! ON!,-,./(0-1! (05! 6<-&/! X(9|=-P4<(03-5! -h;&>()-061! (6! "JI! Z! (05! MJ?#! DB(! (/-!

/-2*/6-5! &0! '(.)-! 99?! N)6<*;3<! #N! 2*/-1! (/-! )(/3-/! 6<(0! 6<*1-! 4*//-12*05&03! 6*! ON:! 6<-! &*0=

-P4<(03-5!1(,2)-1!1<*C-5!)*C-/!2-/,-(04-!>();-1:!2-/<(21!5;-!6*!6<-!5-2*1&6&*0!*7!1()61!*0!6<-!

,-,./(0-! 2*/-1?! ];/2/&1&03)+! 6<-! -P2-/&,-06()! 1-)-46&>&6&-1! *7! 6<-!,-,./(0-1! &0! 6<-&/! 1*5&;,=

7*/,!C-/-!<&3<-/!6<(0!6<*1-!*7!6<-!X(=-P4<(03-5!,-,./(0-1?!'<&1!4(0!.-!(66/&.;6-5!6*!&01;77&4&-06!

&*0=-P4<(03-!2/*4-5;/-!.;6!C-!4(0m6!5/(C!4)-(/!4*04);1&*01!<-/-:!1&04-!6<-!,-,./(0-1!C-/-!0*6!

(0()+1-5! >&(! -0-/3+! 5&12-/1&>-! e=/(+! 12-46/*14*2+! */! (0*6<-/! 1;&6(.)-! 2/*4-5;/-! 6<(6! C*;)5!

2/*>&5-!,*/-!&07*/,(6&*0!(.*;6!6<-!4*,2*1&6&*0!*7!6<-!R-*)&6-!)(+-/!.-7*/-!(05!(76-/!&*0!-P4<(03-?!

F;/!,*5-)1!(05! )&6-/(6;/-!5(6(!1<*C!5&77-/-06!6/-05!(05!0(,-)+!6<(6!#N!,*)-4;)(/!1&->-!-P<&.&61!

3/-(6-/!1-2(/(6&*0!(.&)&6+! 6<(0!ON?!'<&1! &1!-P2)(&0-5!.+! 6<-! 7(46! 6<(6! 6<-!,(&0!(51*/26&*0! 7*/4-!*7!

c'N=6+2-!R-*)&6-1!&1!6<-!-)-46/*16(6&4!&06-/(46&*0!.-6C--0!6<-!-P6/(=7/(,-C*/D!4(6&*01!(05!6<-!3(1!

,*)-4;)-1:! (1! *;6)&0-5! &0! ]-46&*0! #?9?! '<-! 2*)(/&R(6&*0! 2*C-/! *7! X(9|! &1! <&3<-/! 6<(0! 6<(6! *7! %(|:!

C<&4<! ,-(01! 6<(6! 6<-! &06-/(46&*0! .-6C--0! X(9|=&*01! (05! %9! H6<-! ,*)-4;)-1! C&6<! 16/*03-/!

h;(5/;2*)-!,*,-06L!&1!*7!3/-(6-/!2*C-/!UT9V?!

=/,'6" AAG" SP2-/&,-06()! 1&03)-=3(1! 2-/,-(04-1! 6</*;3<! %(N! (05! X(N!,-,./(0-1! (6! "JI! Z! (05!

MJ?#!DB(!(05!6<-!4*//-12*05&03!&5-()!2-/,1-)-46&>&6&-1?"

\-,./(0-!

B-/,-(04-!U,*)!,=9!1=M!B(=MV"

OPM./7!%9{F9!

%9! F9!

%(N!f!\-,./(0-!M! #?YM!�!MJ=_! M?"O!�!MJ=_! O?9Y!

%(N!f!\-,./(0-!9! "?TM!�!MJ=_! I?MI!�!MJ=MJ! O?O9!

X(N!f!\-,./(0-!M! M?#Y!�!MJ=_! O?YI!�!MJ=MJ! "?9I!

X(N!f!\-,./(0-!9! O?"9!�!MJ=MJ! M?#Y!�!MJ=MJ! 9?Y#!

!

'<-! 2/-5&46-5! 1-)-46&>&6+! *7! %(N! (6! "JI! Z! (05! MJ?#! DB(! &1! 9?#I! (44*/5&03! ,*5-)! HLL:! (05! 9?"9!

(44*/5&03! ,*5-)! HUL?! '<-! -P2-/&,-06())+! 5-6-/,&0-5! 2-/,1-)-46&>&6&-1:! *.6(&0-5! .+! &5-06&4()!

*2-/(6&*0!4*05&6&*01:!(/-!O?9Y!(05!O?O9!C&6<!,-,./(0-1!M!(05!9:!/-12-46&>-)+:!&?-?!<&3<-/!6<(0!6<-!

6<-*/-6&4()! >();-1?! Q0! 6<-! 4(1-! *7! X(N:! 6<-! 1-)-46&>&6&-1!,*5-))-5! >&(! 6<-! 6C*! /-)(6&*01<&21:! (6! 6<-!

1(,-! 6-,2-/(6;/-!(05!2/-11;/-!5/*2:!(/-!"?Y#!(05!"?#"! HC&6<!,*5-)!2(/(,-6-/1!-,2)*+-5! 7/*,!



!

! IJ!

U#YV!(05!U#9V!/-12-46&>-)+L:!C<-0!DE2F$#�!8;GL!&1!(11;,-5:!(05!9?T9!(05!9?#I!H,*5-)!2(/(,-6-/1!(1!

(7*/-,-06&*0-5L:!C<-0!6<-!(11;,26&*0!&1!6<(6!DE2F$#v!8;GL?!Q0!4*,2(/&1*0:!6<-!>();-1!4()4;)(6-5!7/*,!

6<-!,-(1;/-5!1&03)-=3(1!2-/,-(04-1! 6</*;3<!6<-!ON!,-,./(0-1!(/-!"?9I!(05!9?Y#?!'<-1-!>();-1!

(/-!1;,,(/&R-5!&0!'(.)-!9"?!

=/,'6" AIG" X*,2(/&1*0! *7! 6<-! 2/-5&46-5! (51*/26&*0! 1-)-46&>&6&-1! (05! 6<-! -P2-/&,-06()!

2-/,1-)-46&>&6&-1!*7!%(N!(05!X(N!(6!"JI!Z!(05!MJ?#!DB(?"

@(6(!]*;/4-! g-*)&6-!

'(
)#*!
WO

A
XD

A
Y!

'!v!"JI!Z:!�B!v!MJ?#!DB(!

'(
+,-&

!WO
A
XD

A
Y!

'!v!"JI!Z:!�B!v!MJ?#!DB(!

D
E2F$
#�!8;GL! D

E2F$
#v!8;GL! \-,./(0-!M! \-,./(0-!9!

X</*,(6*3/(2<&4!

]6;5+!U#YV!
%(N! 9?#_! 9?"9! O?9Y! O?O9!

X</*,(6*3/(2<&4!

]6;5+!U#YV!
X(N!

"?#"! 9?#I!

"?9I! 9?Y#!

@A'!]6;5+!U#9V! "?Y#! 9?T9!

!

Q0! (55&6&*0:! 6<-! 2/-5&46-5! OPB6+! >();-1! C-/-! 4*,2(/-5! 6*! 6<-! 2;/-=4*,2*0-06! (51*/26&*0!

1-)-46&>&6&-1!*7!%(N!(05!X(N!6*C(/51!%9!(05!F9!*.6(&0-5!-P2-/&,-06())+!.+!b?!]<(03!-6!()?! H9JJ_L!

UT9V?!`-2*/6-5)+:!%(N!-P<&.&61!(51*/26&*0!1-)-46&>&6+!*7!9?I:!C<&)-!OPB6+!*7!X(N! &1!"?9:!(6!9_I!Z!(05!

MM"!DB(!7--5!2/-11;/-?!^1&03!&5-06&4()!*2-/(6&*0!4*05&6&*01:!,*5-)!HLL!+&-)51!(51*/26&*0!1-)-46&>&6+!

*7!%(N!-h;()!6*!9?Y":!(05!,*5-)!HUL!+&-)51!9?O9?!'<-!6<-*/-6&4()!/-1;)6!7*/!X(N!>&(!,*5-)!HLL!&1!"?IM:!

(05!>&(!,*5-)!HUL!&6! &1!9?OT!H2(/(,-6-/1!7/*,!W?$?!a(/*0!-6!()?L?!'<-!/-1;)61!*.6(&0-5!.+!;1&03!6<-!

,*5-)!2(/(,-6-/1!4()4;)(6-5!.+!W?!@-!c;4(!-6!()?:!3(>-!1&,&)(/!/-1;)61:!(1!1<*C0!&0!'(.)-!9O?!

N)6<*;3<!*;/!2/-5&46-5!&5-()!1-)-46&>&6&-1!5&77-/! &0!(!1<*/6!/(03-!5-2-05&03!*0!6<-!(5*26-5!,*5-)!

2(/(,-6-/1:! 6<-! 4*04);1&*01! (/-! &0! (3/--,-06! C&6<! .*6<! -P2-/&,-06()! (05! )&6-/(6;/-! >();-1?!

8*C->-/:!6<-!,*5-)!5-/&>-5!;05-/!6<-!(11;,26&*0!6<(6!6<-!\(PC-))=]6-7(0!5&77;1&>&6&-1!5-2-05!*0!

6<-!*44;2(04+!2/-5&461!6**!)*C!>();-1!7*/!6<-!&5-()!1-2(/(6&*0!7(46*/?!

! !



!

! IM!

=/,'6"A!G"X*,2(/&1*0!*7!6<-!2/-5&46-5!(05!-P2-/&,-06()!(51*/26&*0!*7!%(N!(05!X(N!(6!9_I!Z!(05!

MM"!DB(!7--5!2/-11;/-?"

@(6(!]*;/4-! g-*)&6-!

'()#*!WOAXDAY!

'!v!9_I!Z:!BA!v!MM"!DB(! '()#*!WOAXDAY!

'!v!9_I!Z:!BA!v!MM"!DB(!UT9V!
DE2F$#�!8;GL! DE2F$#v!8;GL!

X</*,(6*3/(2<&4!

]6;5+!U#YV!
%(N! 9?Y"! 9?O9! 9?I!

X</*,(6*3/(2<&4!

]6;5+!U#YV!
X(N!

"?IM! 9?OT!

"?9!

@A'!]6;5+!U#9V! "?YY! 9?#9!

!

@-12&6-!6<-!(3/--,-06!*7!6<-!,*5-))-5!(51*/26&*0!1-)-46&>&6&-1!C&6<!6<-!,-(1;/-5!2-/,1-)-46&>&6&-1!

-P<&.&6-5! .+! c'N=6+2-! ,-,./(0-1:! *;/! (66-,26! 6*! 4()4;)(6-! 6<-! 2-/,1-)-46&>&6&-1! 6(D&03! &06*!

(44*;06!6<-!5&77;1&>&6+!4*-77&4&-061!C(1!;01;44-117;)?!%9!&1!2/-7-/-06&())+!(51*/.-5!*0!c&05-!6+2-!N!

R-*)&6-!.;6!<(1!)*C-/!5&77;1&>&6+!&0!/-12-46!6*!*P+3-0?!'<&1!)-(51!6*!>-/+!)*C!5&77;1&>&6+!4*-77&4&-06!*7!

%9! 4*,2(/-5! 6*! 6<(6! *7!F9?! Q0! 6<-!<-/-6*=5-/&>-5!2/-5&46&>-!,*5-)1:! 6<-! &07);-04-! -P-/6-5!.+! 6<-!

5&77;1&>&6+!*0!6<-!2-/,1-)-46&>&6+! &1!-P2/-11-5!(1!/(6&*!*7!5&77;1&>&6+!4*-77&4&-061!(05!6<-!&,2(46!*7!

6<-1-! 2(/(,-6-/1! *0! 6<-! /-1;)61! &1! 16/*03?! '*! &));16/(6-! 6<&1! 16(6-,-06! C-! ,;16! /-2*/6! 6<(6!

-,2)*+&03!6<-!/-2*/6-5!D2!>();-1!*7!J?JMO!�!MJ=M9!,9{1!7*/!%9!(05!J?9O!�!MJ=M9!,9{1!(6!9_I!Z!7*/!F9!

5&77;1&03!6</*;3<!%(N:!/-1;)61!&0!%9{F9!2-/,1-)-46&>&6&-1!&0!6<-!*/5-/!*7!J?MT:!&?-?!/->-/1-!1-)-46&>&6+!

HF9{%9L?!Q0!6<-!4(1-!*7!X(N:!6<-!5&77;1&>&6+!4*-77&4&-061!*7!6<-!6C*!3(1-1!;05-/!4*01&5-/(6&*0!-P<&.&6!

,*/-!1&,&)(/!>();-1!HM?#!�!MJ=M9!,9{1!7*/!%9!(05!#?J!�!MJ=M9!,9{1!7*/!F9L!(05!6<-!2/-5&46-5!OPM./7! &1!

(22/*P&,(6-)+! xM! (6! 9_I! Z! (1! 4()4;)(6-5! >&(! 6<-! 7&/16! ,*5-):! (05! )*C-/! (44*/5&03! 6<-! >();-1!

*.6(&0-5! >&(! ,*5-)! HUL?! '<-1-! >();-1! (/-! &0! 4*06/(5&46&*0! 6*! 6<-! 2-/,1-)-46&>&6&-1! *.6(&0-5!

-P2-/&,-06())+! C&6<! %(N! (05! X(N! ,-,./(0-1?! Q016-(5:! 6<-! /(6&*! *7! 6<-! ,-(1;/-5! 1&03)-=3(1!

2-/,-(04-1!&1!&0!(!3**5!(3/--,-06!C&6<!6<-!2/-5&46-5!(51*/26&*0!1-)-46&>&6&-1!C&6<*;6!6(D&03!&06*!

(44*;06! 6<-! 5&77;1&*0! 4*-77&4&-061?! '<&1! 7(46! 1;33-161! 6<(6! (51*/26&*0! -77-461! 4*06/*)! 6<-! %9{F9!

1-2(/(6&*0!.+!c'N=6+2-!,-,./(0-1?!

!

'*! 7;/6<-/! -P2)*/-! 6<-1-! (12-461:! C-! ;1-5! .*6<!,*5-)1! 6*! ->();(6-! 6<-! &5-()! 1-)-46&>&6+! *7! gQA=I!

,-6()!*/3(0&4!7/(,-C*/D!7*/!XF9!*>-/!X8O?!'<-!/-1;)61!7*/!6<-!(51*/26&*0!1-)-46&>&6&-1!&0!(!9Y"!f!"T"!Z!

6-,2-/(6;/-!12(0!(05!#J!DB(!2/-11;/-!5/*2!HBA!v!M#J!DB(:!BB!v!MJJ!DB(L:!*.6(&0-5!.+!;6&)&R&03!6<-!

,*5-)! 2(/(,-6-/1! 3&>-0! &0! '(.)-! M":! (/-! /-2*/6-5! &0! A&3;/-! 9I?! '<-!,*5-)1! 4*//-46)+! 2/-5&46-5!

2/-7-/-06&()!(51*/26&*0!*7!XF9!&0!/-12-46!6*!X8O?!N44*/5&03!)&6-/(6;/-!5(6(:!6<&1!(51*/26&*0!6/-05!&1!



!

! I9!

>()&5! ()1*! 7*/! XF9{X8O! ,&P6;/-1! UT"V?! '<-! (51*/26&*0! 1-)-46&>&6&-1:! 2/-5&46-5! .+! 6<-! 6C*!,*5-)1:!

4*&04&5-!(6!<&3<!6-,2-/(6;/-1?!'<-!6<-*/-6&4()!>();-1!7*/!6<-!(51*/26&*0!1-)-46&>&6+!C-/-!4*,2(/-5!

6*! -P2-/&,-06()! &5-()! 2-/,1-)-46&>&6&-1! *7! 4*07&0-5! gQA=I!,-,./(0-:! ()1*! /-2*/6-5! &0! A&3;/-! 9I?!

'<-!,-(1;/-5!1-)-46&>&6&-1!5-4/-(1-!C<-0!6-,2-/(6;/-!&04/-(1-1?!'<&1!6/-05!C(1!/-2/*5;4-5!C-))!

C&6<!.*6<!,*5-)1?!\*/-*>-/:!6<-!2/-5&46-5!OPB6+!>();-1!(05!6<-!-P2-/&,-06()!2-/,1-)-46&>&6&-1!(/-!

&0! 4)*1-! ,(/3&01:! C<-/-! 6<-! 6<-*/-6&4()! (51*/26&*0! 1-)-46&>&6&-1! H/-7-//&03! 6*! 6<-! &5-()! 4(1-:! &?-?!

6/-(6&03! 1&03)-=4*,2*0-06! 5(6(L! (/-! )*C-/! 6<(0! 6<-! ,-(1;/-5! &5-()! 2-/,1-)-46&>&6&-1?! '<-!

5&77-/-04-!.-6C--0!6<-,!&1!(14/&.-5!6*!6<-!5&77;1&>&6+!4*06/&.;6&*0:!C<&4<!(3(&0!1<*;)5!.-!&0!7(>*;/!

*7!XF9!UT"V?!

!

E*-(.6"AHG"XF9{X8O!(51*/26&*0!1-)-46&>&6+!*7!gQA=I!,*5-))-5!(1!7;046&*0!*7!6-,2-/(6;/-!(6!�B!v!#J!

DB(?! OPB6+;L=! (05! OPB6+;U=! 16(05! 7*/! 6<-! >();-1! *.6(&0-5! .+! ,*5-)! HLL! (05! HUL?! OP(?3! &05&4(6-1! 6<-!

-P2-/&,-06()!2-/,1-)-46&>&6+!>();-1!C&6<!&5-06&4()!*2-/(6&03!4*05&6&*01?!

8*C->-/:!(1! &0! 6<-!4(1-!*7!c'N!R-*)&6-:!h;(06&6(6&>-! 7*/-4(16!*7! 6<-!2-/,1-)-46&>&6&-1!4*;)5!0*6!.-!

*.6(&0-5! .-4(;1-! /-)&(.)-! >();-1! 7*/!DE2! (/-! )(4D&03?! '*! 2/*2*1-! (0()+6&4()! /-)(6&*01<&21! 7*/! 6<-!

4*06/&.;6&*0!*7!6<-!5&77;1&>&6+!4*-77&4&-061!(1!(!7;046&*0!*7!*6<-/!2(/(,-6-/1!3*-1!.-+*05!6<-!14*2-!

*7! 6<&1! C*/D?! '<-! 5&14/-2(04+! (,*03! 1-)7=5&77;1&*0! 4*-77&4&-061! )&16-5! &0! 6<-! )&6-/(6;/-! )-(51! 6*!

5&77-/-04-!&0!6<-!/-1;)61!7*/!OPM./7#C&6<!(!7(46*/!*7!#J?!Q0!*/5-/!6*!4)(/&7+!6<-!;6&)&6+!*7!6<-!2/*2*1-5!

,*5-)1!6*!5-14/&.-!6<-!1-2(/(6&*0!2-/7*/,(04-!*7!,-6()!*/3(0&4!7/(,-C*/D1:!,-(1;/-,-061!*7!6<-!

(51*/26&*0! 1-)-46&>&6+! *7! gQA=I!,-,./(0-1! */!,-,./(0-1!,(5-!C&6<! (0*6<-/!\FA!,(6-/&()! (/-!

/-h;&/-5?!'<-0!5&/-46! 4*,2(/&1*0!.-6C--0!.*6<! 6<-! 6<-*/-6&4()! (05!-P2-/&,-06()! >();-1! 7*/!OPB6+!

4(0! >-/&7+! 6<-! /-)&(.&)&6+! *7! ,*5-)1! HLL! (05! HUL! 7*/! 6<&1! 4)(11! *7! 4/+16())&0-! 2*/*;1! ,(6-/&()1?! Q0!

(55&6&*0:!-16(.)&1<&03!(!2/*4-5;/-!7*/!(11-11,-06!*7!DE2! &1!-11-06&()!7*/!(!3**5!-P2)*&6(6&*0!*7!6<-!

,*5-)1! 7*/! 2/-5&46&03! 6<-! 1-2(/(6&*0! 2/*2-/6&-1! *7! \FA=.(1-5! ,-,./(0-1! &0! 6-/,1! *7! .*6<!

(51*/26&*0!(05!5&77;1&*0!1-)-46&>&6&-1?!

J!

9!

O!

T!

9Y"! 9_"! "M"! """! "#"!

O
P#

'!UZV!

��N51HML!

��N51H9L!

��SP2!



!

! I"!

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

Q,2)-,-06(6&*0! *7! 6<-! 5-/&>-5! ,*5-)1:! .(1-5! *0! \(PC-))=]6-7(0! 6<-*/+:! 1<*C-5! 6<(6! 6<-!

(51*/26&*0! 1-)-46&>&6&-1! *7! 4/+16())&0-! 2*/*;1!,(6-/&()1! 4(0! .-! 2/-5&46-5!C&6<! [;16! 7-C! 1&03)-=3(1!

2(/(,-6-/1! *.6(&0-5! -P2-/&,-06())+! */! 4*,2;6(6&*0())+?! '<-1-!,*5-)1:! 4*,.&0-5! C&6<! (44;/(6-!

4*,2;6(6&*0()!6-4<0&h;-1!4(0!2)(+!(0!&,2*/6(06!/*)-!(6!6<-!2/*4-11!5-1&30!16(3-!&0!6<-!1-)-46&*0!*7!

R-*)&6-!*/!\FA!,(6-/&()1! 7*/!2/-2(/(6&*0!*7!,-,./(0-1!.+!2/*>&5&03!2/-5&46&*01!*7! 6<-!-P2-46-5!

H&5-()L!.-<(>&*;/!&0!6<-!(.1-04-!*7!,-,./(0-!5-7-461?!^6&)&R&03![;16!7-C!2(/(,-6-/1:!6<-!2/*2*1-5!

,*5-)1!(/-!1&,2)-!(05!6<-&/!3*()!&1!6*!2/*>&5-G!

&L 6<-! */5-/! *7!,(30&6;5-! *7! 6<-! (51*/26&*0! 1-)-46&>&6+! *7!,(6-/&()1! ;1-5! 7*/!,-,./(0-!

2/-2(/(6&*0}!

&&L 6<-!6/-05!*7!6<-!(51*/26&*0!1-)-46&>&6+!C&6<!/-12-46!6*!6-,2-/(6;/-!(05!2/-11;/-?!

'<-1-!*.[-46&>-1!C-/-!(4<&->-5?!\*5-))&03!6<-!1-2(/(6&*0!7(46*/1!7*/!3(1!,&P6;/-1!(05!6(D&03!&06*!

(44*;06!5-7-461! &0!(!/-()!,-,./(0-!C(1!0*6!2;/1;-5?! Q0! 7(46:! 6<&1!C*;)5!/-h;&/-!4*,2)-P!,*5-)1!

C&6<!<(/5)+!*.6(&0(.)-!2(/(,-6-/1?!'<-!/-1;)61!2/*>&5-5!.+!6<-!<-/-6*=2/*2*1-5!,*5-)1!,;16!.-!

4*01&5-/-5! (1! &5-()! H.*;05(/+L! >();-1?! '<-&/! &,2)-,-06(6&*0! (6! -(/)+! /-1-(/4<! 16(3-! &1! (&,-5! 6*!

/-4*,,-05! 1;&6(.)-! 4(05&5(6-! ,(6-/&()1! 7*/! ,-,./(0-! 7(./&4(6&*0! (05! 6*! ())->&(6-! 6<-!

-P2-/&,-06()!C*/D)*(5!.+!-P4);1&*0!*7!2**/!2-/7*/,&03!,(6-/&()1!7*/!6(/3-6!1-2(/(6&*01?"

A&0())+:!&6!1<*;)5!.-!2*&06-5!*;6!6<(6!6<-!5&77;1&*0!4*-77&4&-061!C-/-!0*6!6<-!1;.[-46!*7!6<&1!16;5+!(05!

-P2/-11&*0!*7!6<-!/(6&*!*7!6<-!5&77;1&*0!4*-77&4&-061!&0!(0!(0()+6&4()!7*/,!3*-1!.-+*05!6<-!14*2-!*7!

6<&1! 6<-1&1?! F0)+! 6<-! 2/-5&46-5! (51*/26&*0! 1-)-46&>&6&-1! (/-! 4*,2(/-5!C&6<! -P2-/&,-06()! 5(6(! (05!

6<-! /-1;)61! (/-! 5&14;11-5! h;()&6(6&>-)+! 6*! >-/&7+! &7! (! 2<+1&4()! 1-01-! -P&161! C&6<! /-12-46! 6*! 6<-!

,-(1;/-5!2-/,1-)-46&>&6&-1?! !



!

! IO!

!

+*,'*$-./012"

!

UMV! d?! e&(*:! d?! E-&:! @&77;1&*0! ,-4<(0&1,! *7! <+5/*4(/.*01! &0! R-*)&6-1! f! Q?! '<-*/+:! X<-,&4()!

S03&0--/&03!]4&-04-:!>*)?!OY:!0*?!#:!MM9"=MMOM:!M__9?!

U9V! N?d?!a;/33/((7:!]&03)-!3(1!2-/,-(6&*0!*7!6<&0!R-*)&6-!H\AQL!,-,./(0-1G!6<-*/+!(05!(0()+1&1!

*7!-P2-/&,-06()!*.1-/>(6&*01:!d*;/0()!*7!\-,./(0-!]4&-04-:!>*)?!M##:!O#=T#:!M___?!

U"V! d?X?! \(PC-)):! F0! 6<-! 5+0(,&4()! 6<-*/+! *7! 3(1-1:! &0G! '<-! ]4&-06&7&4! B(2-/1! *7! d?X?! \(PC-)):!

M_T#:!9TfYI?!

UOV! d?!]6-7(0:!�.-/!5(1!W)-&4<3-C&4<6!;05!a-C-3;03:!&01.-1*05-/-!5&-!@&77;1&*0!>*0!W-,&14<-0:!

]&6R;031.-/&4<6-!5-/!Z(&1-/)&4<-0!ND(5-,&-!5-/!E&11-014<(76-0:!E&-0:!T":!M_YM?!

U#V! A?!Z(26-&[0:!E?d?E?!a(DD-/:!W?!g<-03:! d?N?!\*;)&[0:!'-,2-/(6;/-=!(05!*44;2(04+=5-2-05-06!

5&77;1&*0! *7! 0=.;6(0-! 6</*;3<! (! 1&)&4()&6-=M! ,-,./(0-:! \&4/*2*/*;1! \(6-/&()1:! >*)?! ":! 99Y=9"O:!

M__O?!

UTV! d?!Z�/3-/:!]?!$(1-0D*>:!]?\?!N;-/.(4<:!@&77;1&*0!&0!g-*)&6-1:! &0G!8(05.**D!*7!R-*)&6-!14&-04-!

(05! 6-4<0*)*3+:!]?\?!N;-/.(4<:!Z?N?!X(//(5*:!B?!@;66(! HS51?L:!%-C!b*/D:!^]NG!\(/4-)!@-DD-/:! Q04?:!

9JJ"?!

UYV! \?$?! \;0514<(;:! 8+5/*3-0! 1-2(/(6&*0! ;1&03! 5-01-! 4*,2*1&6-! ,-,./(0-1:! &0G! Q0*/3(0&4!

,-,./(0-1! 7*/! -0-/3+! (05! -0>&/*0,-06()! (22)&4(6&*01:! N?X?! a*1-! HS5?L:! %-C! b*/D:! %b:! ^]NG!

]2/&03-/:!9JJ_?!

UIV! ]?! \*D<(6(.:! E?N?! B*-:! d?b?! \(/D:! X<(26-/! Y! =! %(6;/()! 3(1! 5-<+5/(6&*0:! &0G! 8(05.**D! *7!

0(6;/()! 3(1! 6/(01,&11&*0! (05! 2/*4-11&03G! B/&04&2)-1! (05! 2/(46&4-1:! "/5! S5?! N,16-/5(,:! '<-!

%-6<-/)(051G!S)1->&-/:!9JM#:!99"=9T"?!

U_V! B?!Z/*D&5(1:!S?@?!]D*;/(1:!$?!%&D*)(D&1:!$?�?!a;/3(0*1:!]&,;)(6&*0!*7!1*/26&*0!(05!6/(012*/6!

&0! 7(;[(1&6-1! 7*/! 3(1! 1-2(/(6&*0! 6(&)*/&03:! &0G! O6<! X*07-/-04-! *0! S03&0--/&03! C&6<! \-,./(0-1:!

N)3(/>-:!9JJI?!

UMJV! 8?! >(0! a-DD;,:! S?\?! A)(0&3-0:! B?N?! d(4*.1:! d?X?! d(01-0:! ]6;5&-1! &0! ];/7(4-! ]4&-04-! (05!

X(6()+1&1G! Q06/*5;46&*0! 6*! R-*)&6-! 14&-04-! (05! 2/(46&4-:! 905! -5?:! a?! @-),*0:! d?'?! b(6-1! HS51?L:!

N,16-/5(,:!'<-!%-6<-/)(051G!S)1->&-/:!>*)?!M"Y:!9JJM?!

UMMV! ]?=`?! c--:! b?=8?! ]*0:! N?! d;).-:! d?=8?! X<*+:! $(4;;,! 1--5&03! (05! 1-4*05(/+! 3/*C6<! /*;6-! 6*!

1*5()&6-!,-,./(0-:!'<&0!]*)&5!A&),1:!>*)?!O_#:!_9=_T:!9JJT?!

UM9V! d?! X-[D(:!8?! >(0!a-DD;,! HS51?L:! g-*)&6-1! (05!*/5-/-5!,-1*2*/*;1!,(6-/&()1G! B/*3/-11! (05!

2/*12-461:!M16!S5?:!N,16-/5(,:!'<-!%-6<-/)(051G!S)1->&-/:!>*)?!M#Y:!9JJ#?!



!

! I#!

UM"V! \?!'1(2(61&1:!\*)-4;)(/!1&->-1!&0!6<-!0(0*6-4<0*)*3+!-/(:!NQX<S!d*;/0():!>*)?!OI:!0*?!O:!T#O=

TTJ:!9JJ9?!

UMOV! X<?!Wk06-/:!8?!`&4<6-/:!Q?!$*&36:!g-*)&6-!,-,./(0-1!7*/!<+5/*3-0!(05!C(6-/!1-2(/(6&*0!;05-/!

<(/1<!4*05&6&*01:!X<-,&4()!S03&0--/&03!'/(01(46&*01:!>*)?!"9:!9JM"?!

UM#V! d?!W(14*0:!A?!Z(26-&[0:!a?!g*/0*R(:!$?!]-.(16&s0:!X?!X(1(5*:! d?!X*/*0(1:!B/(46&4()!(22/*(4<!6*!

R-*)&6&4!,-,./(0-1!(05!4*(6&031G!16(6-!*7!6<-!(/6:!*22*/6;0&6&-1:!.(//&-/1:!(05!7;6;/-!2-/12-46&>-1:!

X<-,&16/+!*7!\(6-/&()1:!>*)?!9O:!9I9_=9IOO:!9JM#?!

UMTV! X<?! a(-/)*4<-/:! c?a?!\4X;1D-/:! N6)(1! *7! R-*)&6-! 7/(,-C*/D! 6+2-1:! T6<! S5?:! @?8?!F)1*0! HS5?L!

N,16-/5(,:!'<-!%-6<-/)(051G!S)1->&-/:!9JJY?!

UMYV! E?!b(03:!b?!c&:!g-*)&6-!,-,./(0-1:! &0!Q0*/3(0&4!,-,./(0-1!7*/!-0-/3+!(05!-0>&/*0,-06()!

(22)&4(6&*01:!N?!X?!a*1-!HS5?L:!%-C!b*/D:!%b:!^]NG!]2/&03-/:!9JJ_:!9Y#=9I#?!

UMIV! W?!W;(0:!Z?!Z;1(D(.-:!]?!\*/**D(:!]-2(/(6&*0!*7!%9!7/*,!F9!(05!*6<-/!3(1-1!;1&03!AN^=6+2-!

R-*)&6-!,-,./(0-1:!d*;/0()!*7!X<-,&4()!S03&0--/&03!*7!d(2(0:!>*)?!"O:!0*?!I:!__J=__Y:!9JJM?!

UM_V! N?!X*/,(:!A?!`-+:!d?!`&;1:!\?d?!](.(6-/:!]?!$()-04&(:!];2/(,*)-4;)(/!1-)7=(11-,.)-5!,*)-4;)-1!

(1!*/3(0&4!5&/-46&03!(3-06!7*/!1+06<-1&1!*7!R-*)&6-1:!%(6;/-:!>*)?!O"M:!9IY=9_J:!9JJO?!

U9JV! <662G{{CCC?hR<;&+&03?40:!F46*.-/!9JM#!

U9MV! `?'?! b(03:! W(1! 1-2(/(6&*0! .+! (51*/26&*0! 2/*4-11-1?! a*16*0:! ^]NG! a;66-/C*/6<! B;.)&1<-/1:!

M_IT?!

U99V! E?d?! '<*,(1:! a?! X/&66-05-0:! N51*/26&*0! 6-4<0*)*3+! (05! 5-1&30:! M16! S5?:! FP7*/5:! ^ZG!

a;66-/C*/6<=8-&0-,(00:!M__I?!

U9"V! d?N?!\(/6-01:!@?!W<+1:!\?!$(0!5-!$**/5-:!8?!$-/-)16:!W?!a(/*0:!B?N?!d(4*.1:!X</*,(6*3/(2<&4!

16;5+!*7! 6<-!(51*/26&*0!*7!F9:!%9:!N/!(05!X8O! &0! 4(6&*0!-P4<(03-5!N:!e!(05!b!R-*)&6-1:! ]-2(/(6&*0!

'-4<0*)*3+:!IM_=I9I:!M__O?!

U9OV! `?d?!%-55-0/&-2:!]*5&;,!4(6&*0!(51*/26&*0!1&6-1!&0!R-*)&6-!6+2-1!e!(05!b:!d*;/0()!*7!X*))*&5!

(05!Q06-/7(4-!]4&-04-:!>*)?!9I:!0*?!9:!9_"="JO:!M_TI?!

U9#V! ]?! ]&/4(/:! N?c?! \+-/1:! W(1! ]-2(/(6&*0! .+! g-*)&6-1:! &0! 8(05.**D! *7! R-*)&6-! 14&-04-! (05!

6-4<0*)*3+:!]?\?!N;-/.(4<:!Z?N?!X(//(5*:!B?Z?!@;66(!HS51?L:!%-C!b*/D:!%b:!^]NG!\(/4-)!@-DD-/:!Q04?:!

9JJ"?!

U9TV! %?! a;/D-:! d?! g<(03:! ]?! 8;(03:! ]?! c&,5:! b?! g<;-! b?! b(03:! Q07);-04-! *7! 4<(/3-! 4*,2-01(6&03!

4(6&*01! *0! 2/*2(0-! (51*/26&*0! &0! e! R-*)&6-1G! -P2-/&,-06()! ,-(1;/-,-06! (05! ,(6<-,(6&4()!

,*5-)&03:!`*+()!]*4&-6+!*7!X<-,&16/+!N5>(04-1:!>*)?!O:!Y9Y_fY9IY:!9JMO?!

U9YV! X<?=8?!%&4*)(1:!$?!\*&R(0=a(1)-:!X?!%&-6*:!8?!N,/*;4<-:!%?!a(61:!%?!N;5-./(05:!@?!A(//;11-03!

]?!N3;(5*:!A(4&)-!1+06<-1&1!*7!(0!;)6/(,&4/*2*/*;1!\FA!6;.;)(/!,-,./(0-!C&6<!1-)-46&>&6+!6*C(/51!

XF9:!%-C!d*;/0()!*7!X<-,&16/+:!>*)?!"#:!OM=OO:!9JMM?!

U9IV! 8?! E;:! E?! g<*;:! '?! b&)5&/&,:! 8+5/*3-0! 16*/(3-! &0! (! 2/*6*6+2&4()! R-*)&6&4! &,&5(R*)(6-!

7/(,-C*/D=I:!d*;/0()!*7!6<-!N,-/&4(0!X<-,&4()!]*4&-6+:!>*)?!M9_:!#"MO=#"M#:!9JJY?!



!

! IT!

U9_V! b?=]?! c&:! A?=b?! c&(03:! 8?! a;P:! N?! A-)5<*77:! E?=]?! b(03:! d?! X(/*:! \*)-4;)(/! 1&->-! ,-,./(0-G!

1;22*/6-5! ,-6()f*/3(0&4! 7/(,-C*/D! C&6<! <&3<! <+5/*3-0! 1-)-46&>&6+:! N03-C(056-! X<-,&-!

Q06-/0(6&*0()!S5&6&*0:!>*)?!O_:!#OI!f##M:!9JMJ?!

U"JV! %?!!"#$%&%:!N?!W()>-:!X?!`;.&*:!X?!!"##$%&' (?!X*/*0(1:!XNA�gQA=IG!F0-=16-2!-04(21;)(6&*0!*7!

4(77-&0-!&0!\FA:!NX]!N22)&-5!\(6-/&()1!(05!Q06-/7(4-1:!>*)?!O:!0*?!_:!#JMT=#J9M:!9JM9?!

U"MV! N?! X(/(>-))(:! B?A?! g&6*:! N?! a/;0-66&:! S?! @/&*)&:! W?! a(/.&-/&:! N51*/26&*0! 2/*2-/6&-1! (05!

2-/,-(6&*0!2-/7*/,(04-!*7!@@"`!R-*)&6-!,-,./(0-1:!X<-,&4()!S03&0--/&03!'/(01(46&*01:!>*)?!O":!

MJY#=MJIJ:!9JM#?!

U"9V! a?!c&;:!a?!],&6:!X*,2(/(6&>-!,*)-4;)(/!1&,;)(6&*0!16;5+!*7!XF9{%9!(05!X8O{%9!1-2(/(6&*0!&0!

R-*)&6-1!(05!,-6()=*/3(0&4!7/(,-C*/D1:!c(03,;&/:!>*)?!9#:!0*?!MJ:!#_MI=#_9T:!9JJI?!

U""V! '?! ]-&D-:! \?! \(61;5(:! \?! \&+(D-:! B/-2(/(6&*0! *7! AN^! 6+2-! R-*)&6-! ,-,./(0-1! .+!

-)-46/*2<*/-6&4!5-2*1&6&*0!(05!6<-&/!1-2(/(6&*0!2/*2-/6&-1:!d*;/0()!*7!\(6-/&()1!X<-,&16/+:!>*)?!M9:!

"TTf"TI:!9JJ9?!

U"OV! Z?!Z;1(D(.-:!'?!Z;/*5(:!Z?!^4<&0*:!b?!8(1-3(C(:!]?!\*/**D(:!W(1!2-/,-(6&*0!2/*2-/6&-1!*7!

&*0=-P4<(03-5!7(;[(1&6-=6+2-!R-*)&6-!,-,./(0-1:!NQX<S!d*;/0():!>*)?!O#:!0*?!T:!M99J=M99T:!M___?!

U"#V! Z?!Z;1(D(.-:!'?!Z;/*5(:!]?!\*/**D(:!]-2(/(6&*0!*7!4(/.*0!5&*P&5-!7/*,!0&6/*3-0!;1&03!&*0=

-P4<(03-5!7(;[(1&6-=6+2-!R-*)&6-!,-,./(0-1!7*/,-5!*0!2*/*;1!1;22*/6!6;.-1:!d*;/0()!*7!\-,./(0-!

]4&-04-:!>*)?!MOI:!M"=9":!M__I?!

U"TV! N?!a(66&16&:!]?!'(&*)&:!W?!W(/.-/*3)&*:!g-*)&6&4!&,&5(R*)(6-!7/(,-C*/D1!7*/!1-2(/(6&*0!*7!.&0(/+!

,&P6;/-1! *7! XF9:! X8O:! %9! (05! 89G! N! 4*,2;6-/! 1&,;)(6&*0! &0>-16&3(6&*0:! \&4/*2*/*;1! (05!

\-1*2*/*;1!\(6-/&()1:!>*)?!MO":!OTf#":!9JMM?!

U"YV! A?! X(4<*=a(&)*:! ]?! X(6()(0=N3;&//-:! \?! S6P-.-//&(=a-0(>&5-1:! F?! Z(/>(0:! $?! ]-.(16&(0:! X?!

'-))-R:! d?! X*/*0(1:!\-6()=*/3(0&4! 7/(,-C*/D!,-,./(0-1! *0! 6<-! &00-/=1&5-! *7! (! 2*)+,-/&4! <*))*C!

7&.-/!.+!,&4/*7);&5&4!1+06<-1&1:!d*;/0()!*7!\-,./(0-!]4&-04-:!>*)?!OYT:!9YY=9I#:!9JM#?!

U"IV! Z?!N*D&:!Z?!Z;1(D(.-:! ]?!\*/**D(:!W(1!2-/,-(6&*0!2/*2-/6&-1! *7!N=6+2-! R-*)&6-!,-,./(0-!

7*/,-5! *0! 2*/*;1! 1;.16/(6-! .+! <+5/*6<-/,()! 1+06<-1&1:! d*;/0()! *7! \-,./(0-! ]4&-04-:! >*)?! MOM:!

M_Y=9J#:!M__I?!

U"_V! e?! e;:! E?! b(03:! d?! c&;:! c?! c&0:! ]+06<-1&1! *7! (! <&3<=2-/,-(04-! %(N! R-*)&6-! ,-,./(0-! .+!

,&4/*C(>-!<-(6&03:!N5>(04-5!\(6-/&()1:!>*)?!M9:!M_#=M_I:!9JJJ?!

UOJV! N?! %(>([(1:! `?! \())(5(:! X?! 'u))-R:! d?! X*/*0(1:! \?! \-0u05-R:! d?! ](06(,(/q(:! ]6;5+! *0! 6<-!

/-2/*5;4&.&)&6+! *7! ,*/5-0&6-! 6;.;)(/! ,-,./(0-1! ;1-5! &0! 5-<+5/(6&*0! *7! -6<(0*):! d*;/0()! *7!

\-,./(0-!14&-04-:!>*)?!9__:!0*?!M:!MTT=MY":!9JJY?!

UOMV! d?c?! A()4*0-/:! `?@?! %*.)-:! `?! Z/&1<0(! ]?! c&:! Q06-/2/-6&03! ;0(/+:! .&0(/+! (05! 6-/0(/+!,&P6;/-!

2-/,-(6&*0!(4/*11!(!]NBF="O!,-,./(0-!C&6<!)*(5&03=5-2-05-06!\(PC-))=]6-7(0!5&77;1&>&6&-1:!'<-!

d*;/0()!*7!B<+1&4()!X<-,&16/+!X:!>*)?!MMM:!#JY#=#JI9:!9JJY?!

UO9V! c?!`&-D-/6:!]*/26&*0:!5&77;1&*0:!(05!4(6()+6&4!/-(46&*0! &0!R-*)&6-1:!N5>(04-1! &0!X(6()+1&1:!>*)?!

9M:!9IM="9M:!M_YJ?!



!

! IY!

UO"V! d?!Z�/3-/:!8?!B7-&7-/:!%?,?/?!1-)7=5&77;1&*0!16;5&-1!&0!R-*)&6-!14&-04-!(05!6-4<0*)*3+:!g-*)&6-1:!

>*)?!Y:!_J=MJY:!M_IY?!

UOOV! %?N?!N)=a(3<)&:!Z?A?!c*;3<)&0:!N51*/26&*0!*7!\-6<(0-:!S6<(0-:!(05!S6<+)-0-!*0!'&6(0*1&)&4(6-!

S']=MJ!g-*)&6-:!d*;/0()!*7!X<-,&4()!(05!S03&0--/&03!@(6(:!>*)?!#J:!IO"=IOI:!9JJ#?!

UO#V! N?! X(/(>-))(:! B?A?! g&6*:! N?! a/;0-66&:! S?! @/&*)&:! W?! a(/.&-/&:! S>();(6&*0! *7! 2;/-=4*,2*0-06!

(51*/26&*0!2/*2-/6&-1!*7!@@"`!.(1-5!*0! 6<-!c(03,;&/! (05!]&21!,*5-)1:! d*;/0()!*7!X<-,&4()! (05!

S03&0--/&03!@(6(:!>*)?!TJ:!9"O"�9"##:!9JM#?!

UOTV! N?! X(/(>-))(:! B?A?! g&6*:! N?! a/;0-66&:! W?! a(/.&-/&:! S?! @/&*)&:! S>();(6&*0! *7! 2;/-=4*,2*0-06!

(51*/26&*0!2/*2-/6&-1! *7! 1&)&4()&6-! .(1-5!*0! 6<-! c(03,;&/! (05! ]&21!,*5-)1:! N,-/&4(0! Q016&6;6-! *7!

X<-,&4()!S03&0--/1!d*;/0():!9JM#?!

UOYV! c?d?B?! >(0! 5-0! a/*-D-:! A?! Z(26-&[0:! d?N?! \*;)&[0:! '/(012*/6! (05! 1-2(/(6&*0! 2/*2-/6&-1! *7! (!

1&)&4()&6-=M!,-,./(0-!f! QQ?!$(/&(.)-!1-2(/(6&*0! 7(46*/:!X<-,&4()!S03&0--/&03!]4&-04-:!>*)?!#O:!9#T=

9T_:!M___?!

UOIV! g?! \(*:! ]?a?! ]&00*66:! ]-2(/(6&*0! *7! */3(0&4! ,*)-4;)(/! ,&P6;/-1! &0! 4(/.*0! 0(0*6;.-1! (05!

.;05)-1G! ,*)-4;)(/! 5+0(,&41! 1&,;)(6&*01:! d*;/0()! *7! B<+1&4()! X<-,&16/+! a:! >*)?! MJ#:! T_MT=T_9O:!

9JJM?!

UO_V! N?! d;).-:!g-*)&6-!,-,./(0-1!f!1+06<-1&1:! 4<(/(46-/&R(6&*0!(05!(22)&4(6&*0:! &0G! Q06/*5;46&*0!

6*! R-*)&6-!,*)-4;)(/! 1&->-1:! "/5!S5?:! d?! X-[D(:!8?! >(0!a-DD;,:!N?! X*/,(:! A?! ]4<k6<! HS51?L:! S)1->&-/:!

9JJY:!MIM=9M_?!

U#JV! `?!Z/&1<0(:!`?!a(;/:!N0()+6&4!1*);6&*0!*7!6<-!\(PC-))=]6-7(0!-h;(6&*01!7*/!,;)6&4*,2*0-06!

2-/,-(6&*0!(4/*11!(!R-*)&6-!,-,./(0-:!X<-,&4()!S03&0--/&03!d*;/0():!>*)?!_Y:!"Y=O#:!9JJO?!

U#MV! A?!Z(26-&[0:! d?N?!\*;)&[0:!`?!Z/&1<0(:!'<-!3-0-/()&R-5!\(PC-))=]6-7(0!,*5-)! 7*/!5&77;1&*0! &0!

R-*)&6-1G! 1*/.(6-!,*)-4;)-1!C&6<! 5&77-/-06! 1(6;/(6&*0! )*(5&031:! X<-,&4()! S03&0--/&03! ]4&-04-:! >*)?!

##:!9_9"=9_"J:!9JJJ?!

U#9V! W?!@-!c;4(:!B?!B;));,.&:!%?!`;11*:!@-01&6+!7;046&*0()!6<-*/+!4()4;)(6&*01!*7!8-0/+�1!4*016(06!

7*/!%9:!F9!(05!N/!&0!X(=N!(05!X(=c]e!R-*)&6-1:!]6;5&-1!&0!];/7(4-!(05!X(6()+1&1:!>*)?!MO9:!9JJ"=9JMJ:!

9JJ9?!

U#"V! N?Q?!]D*;)&5(1:!@?]?!]<*)):!@&/-46!6-161!*7!6<-!@(/D-0!(22/*P&,(6&*0!7*/!,*)-4;)(/!5&77;1&*0!&0!

R-*)&6-1!;1&03!-h;&)&./&;,!,*)-4;)(/!5+0(,&41:!'<-! d*;/0()!*7!B<+1&4()!X<-,&16/+!a:!>*)?!MJ#:!0*?!

MT:!"M#M="M#O:!9JJM?!

U#OV! @?\?!`;6<>-0:!@&77;1&*0!&0!R-*)&6-1!f!(!4*06&0;&03!1(3(:!N51*/26&*0:!>*)?!MT:!#MMf#MO:!9JMJ?!

U##V! d?! Z�/3-/:!\-(1;/-,-06! *7!@&77;1&*0! &0! g-*)&6-1! f!N!%->-/! S05&03! X<())-03-�:! N51*/26&*0:!

>*)?!_:!9_f"#:!9JJ"?!

U#TV! 8?N?!a*0&7(4-:!@?\?!`;6<>-0:!]-)-46&>&6+!*7!1*,-!R-*)&6-1!7*/!(51*/26&*0!(6,*12<-/&4!3(1-1:!

W(1!]-2(/(6&*0!(05!B;/&7&4(6&*0:!>*)?!Y:!0*?!":!MI"=MIO:!M__"?!



!

! II!

U#YV! W?$?! a(/*0:! \?! $(0! 5-! $**/5-:! d?! \(/6-01:! B?! d(4*.1:! @&77;1&*0! &0! R-*)&6-! (51*/.-061G!

,-(1;/-,-06:!,*5-))&03!(05!16/;46;/-!f!2-/7*/,(04-!/-)(6&*0:!&0G!A;05(,-06()1!*7!N51*/26&*0:!\?!

];R;D&!HS5?L:!Z+*6*:!d(2(0G!S)1->&-/:!M__":!>*)?!IJ:!O#=O_?!

U#IV! B?\?! \(6<&(1:! `?! Z;,(/:! d?@?! \*+-/:! d?\?! ]4<*/D:! ]?`?! ]/&0&>(1(0:! ]?`?! N;>&):! F?! '();:!

X*//-)(6&*0! *7! ,;)6&4*,2*0-06! 3(1! (51*/26&*0! .+! 6<-! 5;()=1&6-! c(03,;&/! ,*5-)?! N22)&4(6&*0! 6*!

0&6/*3-0{*P+3-0!(51*/26&*0!*0!#N=R-*)&6-:!Q05;16/&()!(05!S03&0--/&03!X<-,&16/+!`-1-(/4<:!>*)?!"#:!

9OYY=9OI":!M__T?!

U#_V! d?!B-/-R=B-))&6-/*:!8?!N,/*;4<-:!A?`?!]&2-/16-&0:!W?!B&/03/;.-/:!X?!%&-6*=@/(3<&:!W?!X<(2)(&1:!!

N?!]&,*0=\(11-/*0:!@?!a(R-/=a(4<&:!@?!B-/()6(:!%?!a(61:!N51*/26&*0!*7!XF9:!X8O:! (05!%9! *0!R-*)&6&4!

&,&5(R*)(6-! 7/(,-C*/D1G! -P2-/&,-061! (05! 1&,;)(6&*01:! X<-,&16/+G! N! S;/*2-(0! d*;/0():! >*)?! MT:!

M#TJ=M#YM:!9JMJ?!

UTJV! 8?!Z&6(:!Z?!8*/&&:!b?!F<6*1<&:!Z?!'(0(D(:!Z?=Q?!FD(,*6*:!]+06<-1&1!*7!(!R-*)&6-!%(N!,-,./(0-!

7*/!2-/>(2*/(6&*0!*7!C(6-/{*/3(0&4!)&h;&5!,&P6;/-1:!d*;/0()!*7!\(6-/&()1!]4&-04-!c-66-/1:!>*)?!MO:!0*?!

":!9JT=9JI:!M__#?!

UTMV! \?! @/*.-D:! \?! a-4<-)(0+:! X?! $())&4(/&:! N?N?! X<((+(:! X<?! X<(/,-66-:! X?! ]()>(5*/=c->-<(03:!!!!

B<?!\&-)-:! N?! d;).-:! N0! &00*>(6&>-! (22/*(4<! 7*/! 6<-! 2/-2(/(6&*0! *7! 4*07&0-5! gQA=I!,-,./(0-1! .+!

4*0>-/1&*0!*7!g0F!Nc@!)(+-/1:!d*;/0()!*7!\-,./(0-!]4&-04-:!>*)?!OY#:!"_fOT:!9JM#?!

UT9V! b?! ]<(03:! d?! g<;:! b?!E(03:! X?! \-03:! ]6;5+! *0! (51*/26&*0! *7! %9! (05! F9! .+!,(30-1&;,HQQL=

-P4<(03-5!R-*)&6-!N:!d*;/0()!*7!N))*+1!(05!X*,2*;051:!>*)?!OYI:!M#=MY:!9JJ_?!

UT"V! X<?!X<,-)&D:!d?!>(0!a(6-0:!`?!Z/&1<0(:!8&05-/&03!-77-461!&0!5&77;1&*0!*7!XF9{X8O!,&P6;/-1!&0!

gQA=I!4/+16()1:!d*;/0()!*7!\-,./(0-!]4&-04-:!>*)?!"_Y="_I:!IYf_M:!9JM9?!



!

! I_!

;&*6%4*:*&"/&4*8*4*6)" "

5%)4*4(4*$%)"/%7"C$,*'*42"06.*$7)"

M$96"(%*86.)*42"

^0&>-/1&6+!*7!X()(./&(!H^%QXNcLG! M!%*>-,.-/!9JM9!f!9I!A-./;(/+!9JM"!HMT!,*06<1L!

! M!]-26-,.-/!9JM#!f!"M!F46*.-/!9JM#!H9!,*06<1L!

! M!\(+!9JM#!f!"M!F46*.-/!9JM#!HT!,*06<1L!

B&# ]^1ABT# &,.# /.+.!/5,# ,!+# "..%# 5'%6<5&.6# !&# &,.# D.3!/&7.%&# '8# (%-$/'%7.%&!*# !%6# A,.7$5!*#

(%)$%../$%)#;D1B[1A=#$%#5''3./!&$'%#_$&,#&,.#1%+&$&<&.#'%#E.7"/!%.#[.5,%'*')\#;1[E`A^@=S#

!

M$)4"(%*86.)*4*6)"

^0&>-/1&6+!*7!g(/(3*R(!H^%QgN`LG! M!\(/4<!9JMO!f!"M!N;3;16!9JMO!HT!,*06<1L!

^0&>-/1&6+!*7!\*062-))&-/!H^\LG! M!%*>-,.-/!9JMO!f!"J!N2/&)!9JM#!HT!,*06<1L!

[,.#/.+.!/5,#!&#]^1aB@#_!+#5!//$.6#'<&#!&#&,.#A,.7$5!*#b#(%-$/'%7.%&!*#(%)$%../$%)#D.3!/&7.%&#b#

^!%'+5$.%5.#1%+&$&<&.#'8#B/!)'%#;1^B=S#[,.#_'/c#!&#]E#_!+#<%6./&!c.%#!&#&,.#1%+&$&<&#(</'3d.%#6.+#

E.7"/!%.+#;1(E=S#

"
Z[&1/%-6"36.*$7"/)"\*)*4*%-")&*6%4*)4"

X*,,*0C-()6<!]4&-06&7&4!j!Q05;16/&()!`-1-(/4<!F/3(0&1(6&*0!HX]Q`FLG!

! M"!d;)+!9JM#!f!M"!N;3;16!9JM#!HM!,*06<L!

!
!

#$(.)6)"/%7"]$.>)1$0)"

\-,./(0-!4*;/1-:!*/3(0&R-5!.+!Q'\=X%`!H`-05-:!Q6()+L:!d(0;(/+!f!\(/4<!9JM"!H9J!<*;/1L?!

!

9_6<!S\]!];,,-/!]4<**)!*0!�\-,./(0-1!7*/!)&h;&5!1-2(/(6&*01!7/*,!(0!&05;16/&()!j!(4(5-,&4!2*&06!

*7!>&-Cm:!*/3(0&R-5!.+!^0&>-/1&6�6!@;&1.;/3=S11-0!HS11-0:!W-/,(0+L:!99!f!9T!d;)+!9JM"?!

!

eeeQ!S\]!];,,-/14<**)!*0!�Q00*>(6&>-!\-,./(0-!]+16-,1m:!*/3(0&R-5!.+!Q'\=X%`:!X-6/(/*:!Q6()+:!

9I!]-26-,.-/!f!"!F46*.-/!9JMO?!

!



!

! _J!

N5>(04-5! \(/D*>! \*5-)&03:! */3(0&R-5! .+! S4*)-! @*46*/()-! Q9]! H\*062-))&-/:! A/(04-L:! A-./;(/+!

9JM#!HMY!<*;/1L?!

!

A/(0�(&1! c(03;-! �6/(03n/-! HAcSL:! */3(0&R-5! .+! X*))n3-! @*46*/()! c(03;-5*4! `*;11&))*0!

H\*062-))&-/:!A/(04-L:!A-./;(/+!f!\(+!9JM#!H9I!<*;/1L?!

!

eeeQQ!S\]!];,,-/!\-,./(0-!]4<**)! �Q06-3/(6-5!(05!S)-46/*,-,./(0-!2/*4-11-1m:!*/3(0&R-5!.+!

6<-!XR-4<!\-,./(0-!B)(67*/,!H]6/s�!2*5!`()1D-,!{!c&.-/-4:!XR-4<!`-2;.)&4L:!9M!f!9T!d;0-!9JM#?!

!

O6<! \]N! E*/D1<*2! j! %-6C*/D&03G! X<-/(,&4! .(1-5! ,-,./(0-1! 7*/! 3(1! 1-2(/(6&*0! (22)&4(6&*01:!

*/3(0&R-5!.+!p;--01)(05!^0&>-/1&6+!Ha/&1.(0-:!N;16/()&(L:!JY?!N;3;16!9JM#!

!

a;1&0-11!,*5-)!(05!.;1&0-11!2)(0:!*/3(0&R-5!.+!'(22(!A*/,(6&>(!HX*1-0R(:!Q6()+L:!%*>-,.-/!9JM#!

HI!<*;/1L?!

!
!

#$%:6.6%&6"3$)46."3.6)6%4/4*$%)"

�B/-5&46&>-! (.=&0&6&*! 16;5+! *7! 6<-! 1-)-46&>&6+! *7! 4/+16())&0-! 0(0*=2*/*;1!,(6-/&()1! C&6<! /-12-46! 6*!

)&3<6!3(1-1m:!d?!S>6&,*>(:!W?!@-!c;4(:!d?!X*/*0(1:!S?!@/&*)&?!MJ6<!Q06-/0(6&*0()!X*07-/-04-!*0!\-,./(0-!

(05!\-,./(0-!B/*4-11-1:!];R<*;:!X<&0(:!9J!f!9#!d;)+!9JMO?!

!!

�8+5/*3-0!6/(22&03!&0!,-6()!())*+1!;1-5!&0!3(1!1-2(/(6&*0!,-,./(0-1m:!W?!@-!c;4(:!d?!S>6&,*>(:!S?!

@/&*)&?! MJ6<! Q06-/0(6&*0()! X*07-/-04-! *0! \-,./(0-! (05! \-,./(0-! B/*4-11-1:! ];R<*;:! X<&0(:!!!!!!!!!!

9J!f!9#!d;)+!9JMO?!

!

�N!16;5+!*7!6<-!1-)-46&>&6+!*7!4/+16())&0-!0(0*=2*/*;1!,(6-/&()1!(05!*0!0*0=B5!,-6()!())*+1!;1-5!&0!

3(1! 1-2(/(6&*0! ,-,./(0-1m:! d?! S>6&,*>(:! W?! @-! c;4(:! d?! X*/*0(1:! S?! @/&*)&?! S\]! ];,,-/14<**):!

X-6/(/*:!Q6()+:!9I!]-26-,.-/!f!"!F46*.-/!9JMO?!

!

�N! 5-01&6+! 7;046&*0()! 6<-*/+! 16;5+! *7! $=.(1-5!,-6()! ())*+1! 7*/! <+5/*3-0! 1-2(/(6&*0!,-,./(0-1m:!!!!!!

d?! S>6&,*>(:! W?! @-! c;4(:! S0/&4*!@/&*)&?! S\]! ];,,-/14<**):! B/(3;-:! XR-4<!`-2;.)&4:! 9M! f! 9T! d;0-!

9JM#?!

!!

�A&/16=2/&04&2)-1!]4/--0&03!*7!$%&'&!())*+1!;1-5!&0!<+5/*3-0!1-2(/(6&*0!,-,./(0-1m:!d?!S>6&,*>(:!W?!

@-! c;4(:! S?! @/&*)&?! S;/*,-,./(0-! 4*07-/-04-! <*16-5! .+! `E'8:! N(4<-0:! W-/,(0+:!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

T!f!MJ!]-26-,.-/!9JM#?!



!

! _M!

!

�'<-*/-6&4()! ,*5-)1! 7*/! 2/-5&46&03! 6<-! &5-()! 3(1! 1-)-46&>&6&-1! *7! 4/+16())&0-! 2*/*;1! ,(6-/&()1m:!!!!!!!!!!!!!!

d?! S>6&,*>(:!\?! @/*.-D:! A?! X(4<*=a(&)*:! N?! d;).-:! d?! X*/*0(1:! S?! @/&*)&:! W?! @-! c;4(?! S;/*,-,./(0-!

4*07-/-04-!<*16-5!.+!`E'8:!N(4<-0:!W-/,(0+:!T!f!MJ!]-26-,.-/!9JM#?!!

"

D./'"3.6)6%4/4*$%)"

#$%:6.6%&6"D./'"3.6)6%4/4*$%)"

�]4/--0&03! %*0=B5! \-6()! N))*+1! (05! X/+16())&0-! B*/*;1! \(6-/&()1! ;1-5! &0! W(1! ]-2(/(6&*0!

\-,./(0-1�:! d?! S>6&,*>(:! W?! @-! c;4(:! \?! @/*.-D:! N?! d;).-:! S?! @/&*)&?! B/-1-06-5! (6! �'<-! X<-,&4()!

a/*C1-/�:!E*/D1<*2!S%]X\=\*062-))&-/:!A/(04-:!9Y!f!9I!N2/&)!9JM#?!

!

�N! 5-01&6+! 7;046&*0()! 6<-*/+! 16;5+! *7! $%&'&! ())*+1! ;1-5! &0! <+5/*3-0! 1-2(/(6&*0! ,-,./(0-1m:! d?!

S>6&,*>(:! W?! @-! c;4(:! S?! @/&*)&?! B&64<! 2/-1-06(6&*0! (6! 6<-! S;/*,-,./(0-! 4*07-/-04-! <*16-5! .+!

`E'8:!N(4<-0:!W-/,(0+:!T!f!MJ!]-26-,.-/!9JM#?!

"

D./'"3.6)6%4/4*$%)"/4";&*6%4*:*&"Z86%4)"

�'<-*/-6&4()! (05! -P2-/&,-06()! 16;5+! *7! R-*)&6-1! (05! ,-6()! ())*+1! ;1-5! &0! ,-,./(0-1! 7*/! 3(1!

1-2(/(6&*0m:! d?! S>6&,*>(:! W?! @-! c;4(:! S?! @/&*)&?! B/-1-06-5! (6! 6<-! Q%@QWF! j! S^@Q\S! E*/D1<*2:!

Z^cS^$S%:!c-;>-0:!a-)3&;,:!MY!f!9J!]-26-,.-/!9JM"?!

!

T=,*06<1:! M=+-(/:! 9=+-(/1! (05! 7&0()! 2/*3/-11! /-2*/61! 2/-1-06-5! (6! ]-,&0(/1! 4+4)-! ee$QQQ:!

@&2(/6&,-06*! 5&! Q03-30-/&(! 2-/! )mN,.&-06-! -! &)! '-//&6*/&*! -! Q03-30-/&(! X<&,&4(! ^0&>-/1&6o! 5-))(!

X()(./&(:!`-05-:!Q6()+:!9JM"!f!9JM#?!

!!

�]6;5+! *7! 6<-! 1-)-46&>&6+! *7! 4/+16())&0-! 0(0*=2*/*;1! ,(6-/&()1! (05! ,-6()! ())*+1! ;1-5! &0! 3(1!

1-2(/(6&*0! ,-,./(0-1m:! d?! S>6&,*>(:! W?! @-! c;4(:! S?! @/&*)&:! Q! Z;,(D&/&:! 8?! Z&6(:! A?! X(4<*=a(&)*:!!!!!!!!!!!!!

X?!'-))-R:! d?!X*/*0(1?!B/-1-06-5!(6!6<-!d*&06!E*/D1<*2!S^@Q\S=S\"S:!<*16-5!.+!QS\:!\*062-))&-/:!

A/(04-:!9=O!]-26-,.-/!9JMO?!

!

m]6;5+! *7! <+5/*3-0! *44;2(6&*0! &0! $%&=.(1-5! ())*+1m:! d?! S>6&,*>(?! B/-1-06-5! (6! X]Q`F! (05! ^p:!

a/&1.(0-:!N;16/()&(:!MJ!N;3;16!9JM#?!

!!



!

! _9!

�]6;5+! *0! $=.(1-5! ())*+1! (05! 4/+16())&0-! 2*/*;1! ,(6-/&()1! 7*/! 3(1! 1-2(/(6&*0! ,-,./(0-1m?! d?!

S>6&,*>(?!B/-1-06-5!(6!6<-!O6<!]4&-06&7&4!N00;()!\--6&03!*7!6<-!S^@Q\S!@*46*/(6-!]4<**):!<*16-5!.+!

Q'\=X%`:!`-05-:!Q6()+:!M!f!"!F46*.-/!9JM#?"

!

3(,'*&/4*$%)"

d?!S>6&,*>(:!S?!@/&*)&:!W?!@-!c;4(:!�N!5-01&6+!7;046&*0()!6<-*/+!16;5+!*7!<+5/*3-0!*44;2(6&*0!&0!$%&'&!

())*+1!;1-5!7*/!5-01-!,-6()!,-,./(0-1m:!d*;/0()!*7!N))*+1!(05!X*,2*;051:!1;.,&66-5!H\(0;14/&26!

%;,.-/G!dNcXF\=@=M#=JYITTL?!

!

d?!S>6&,*>(:!\?!@/*.-D:!N?! d;).-:! d?!X*/*0(1:!S?!@/&*)&:!W?!@-!c;4(:! �'<-*/-6&4()!,*5-)!7*/!2/-5&46&03!

6<-!&5-()!1-)-46&>&6+!*7!4/+16())&0-!2*/*;1!,-,./(0-!,(6-/&()1!6*C(/51!)&3<6!3(1-1m:!&0!2/-2(/(6&*0?!

!



!

! _"!

N006%7*["N"

!

!

E*-(.6" N" @G" %*0=-h;&>()-06! 8! 4*07&3;/(6&*01! *7! (! 2(&/! *7! 8! (6*,1! &0! 6<-! ;6&)&R-5! $IO?9%&MJ?#'&#?"!

4);16-/?"

Eb = 0.06 eV 

Eb = 0.26 eV !
"#
$#%&'&(#)*#Eb = 0.56 eV 

Eb = 0.41 eV 

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

Eb = 2.92 eV 

3.0085 Å 3.0085 Å 2.1273 Å 

3.0085 Å 4.2547 Å 3.0085 Å 3.3636 Å 

2.12

4.

O centre O c1 small 

O c2o small T c2o small 

O c1 large 

O c2o large T c2o large 





!

! _#!

N006%7*["+"

+?@"C$76')",$(%7/.2"&$%7*4*$%)"

N!14<-,(6&4!/-2/-1-06(6&*0!*7!(!3(1!1-2(/(6&*0!5->&4-!6<(6!;6&)&R-1!(!R-*)&6-!,-,./(0-!&1!1<*C0!&0!

A&3;/-! a! M?! '<-! 1;22*/6! )(+-/! &1! 1;22*1-5! 6*! <(>-! 1;77&4&-06)+! )(/3-! 2*/-! 1&R-1! (05! 6<-/-7*/-! 6*!

2/*>&5-!(!0-3)&3&.)-!-77-46!6*!,(11!6/(017-/!)&,&6(6&*0?!

!

"
"

E*-(.6"+"@G!]4<-,(6&4!/-2/-1-06(6&*0!*7!(!R-*)&6-!,-,./(0-!1-2(/(6&*0!5->&4-!(05!6<-!.*;05(/+!

4*05&6&*01!4*01&5-/-5!7*/!,*5-))&03!16;5&-1!*7!6<-!R-*)&6-!)(+-/?" !

Retentate Permeate 
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!

! _T!

+?A"3.$&67(.6":$."#/A^"*$%"6[&1/%-6"$:"O/N"0$]76.")/90'6)"

;$(.&6"9/46.*/')G"

• @&16&))-5!C(6-/}!

• X()4&;,!4<)*/&5-G!X(X)9�989F!HMOY?M!3{,*)L}!

• ON!R-*)&6-!2*C5-/G!%(9FGN)9F"G9]&F9!H9IO!3{,*):!9J!C6K!,*&16;/-L?!

"

5$%"6[&1/%-6"0.$&67(.6G!!

HNL J?9#!\!(h;-*;1!1*);6&*0!*7!X(X)9!C(1!2/-2(/-5!.+!5&11*)>&03!O?M#!3!4()4&;,!4<)*/&5-!&0!MM#!,c!

5&16&))-5!C(6-/}!6<&1!4*//-12*051!6*!9I?9M!,,*)}!

HaL #!3!R-*)&6-!2*C5-/!C-/-!(55-5!6*!HNL!(05!6<-!1*);6&*0!C(1!,&P-5!*0!,(30-6&4!16&//-/!7*/!9!<!(6!

#J!�X}!

HXL UHaLV!C(1!7&)6-/-5!6*!/-4*>-/!1*)&51}!

H@L '<-!2/*5;46!C(1!C(1<-5!C&6<!5&16&))-5!C(6-/!;06&)! 7&)6/(6-! 4*05;46&>&6+!C(1!.-)*C!9!,]{4,!

(05!6<-0!5/&-5!*0!7&)6-/!2(2-/!(05!C(64<!3)(11!(6!MJJ!�X!*>-/!0&3<6?!

'<-! (,*;06! *7! %(|! &0! 6<-! 1*);6&*0! 4*//-12*051! 6*! MO?JI! ,,*)?! '<-/-7*/-! Y?JO! ,,*)! (/-!

16*&4<&*,-6/&4())+!0--5-5!7*/!MJJ!K!&*0!-P4<(03-?!'<-!(,*;06!*7!X(9|!&0!6<-!1*);6&*0!4*//-12*051!

6*!9I?9M!,,*):!C<&4<!&1!&0!OJJ!K!-P4-11!7/*,!6<-!16*&4<&*,-6/&4())+!0--5-5!(,*;06?!

"

+?I"#1/./&46.*_/4*$%"$:"416"0$]76.")/90'6)"

+?I?@"=*4./4*$%"

S6<+)-0-5&(,&0-6-6/((4-6&4! (4&5! HS@'NL! 6&6/(6&*0! *7! 6<-! &0&6&()! 1*);6&*0! *7! X(X)9! (05! 6<-! ,*6<-/!

)&h;*/!*.6(&0-5!(76-/!&*0!-P4<(03-!C(1!2-/7*/,-5!(1!7*))*C1G!

HNL M!,c!%8"!(05!�MJ!3/(,!%8OX)F9!C-/-!(55-5!6*!MJ!,)!*7!6<-!&0&6&()!1*);6&*0{,*6<-/!)&h;*/!&0!

(0!S/)-0,-+-/!7)(1D!(05!5&);6-5!C&6<!5&16&))-5!C(6-/}!

HaL M!&05&4(6*/!.;77-/!6(.)-6!H\-/4D:!4*)*;/G!*)&>-!3/--0L!C(1!5&11*)>-5!&0!UHNLV}!

HXL J?M!\!S@'N!1*);6&*0!C(1!7&))-5!&0!(!>*);,-6/&4!7)(1D}!

H@L UHaLV!C(1!6&6/(6-5!C&6<!UHXLV!;06&)!4*)*;/!4<(03-!7/*,!3/--0!6*!+-))*C?!

!

'<-!X(9|!4*04-06/(6&*0!5-6-/,&0-5!&0!&0&6&()!1*);6&*0!.+!6&6/(6&*0!C(1!J?9JY!\:!C<&)-!&0!6<-!,*6<-/!

)&h;*/!&6!C(1!/-5;4-5!6*!J?MT#!\?!'<&1!&05&4(6-1!6<(6!O?I"!,,*)!C-/-!&*0!-P4<(03-5:!4*//-12*05&03!

6*!TI!K!&*0!-P4<(03-?!



!

! _Y!

"

+?I?A"`T./2"0$]76."7*::./&4*$%"

e=/(+!5&77/(46&*0!He`@L!2(66-/01!*7!6<-!&0&6&()!%(N!(05!6<-!&*0=-P4<(03-5!X(N!2*C5-/!1(,2)-1!C-/-!

/-4*/5-5!*0!@=\(P!`&3(D;!5&77/(46*,-6-/!*2-/(6-5!(6!OJ!D$!(05!IJ!,N:!;1&03!X;!Z�!H�!v!M?#OMI!zL!

/(5&(6&*0?!'<-!2(66-/01!C-/-!4*))-46-5!&0!(!/(03-!*7!9G! 7/*,!O�!6*!OJ�!(6!(!16-2!*7!J?J"�?!'<-!e`@!

12-46/(!4*07&/,!6<(6!6<-!2*C5-/!1(,2)-1!<(>-!c'N!4/+16()!16/;46;/-!HC&6<!4<(/(46-/&16&4!2-(D1!(6!

9G! v! Y?9J}! MJ?M_}! M9?O_}! MO?OJ}! MT?MM}! MY?T#}! 9"?__}! "M?YJ}! "9?#O}! "O?MI! (05! ""?"YML! (1! 4(0! .-!

*.1-/>-5! .+! 4*,2(/&03! 6<-! &5-()! 4/+16())*3/(2<&4! 16/;46;/-! 2(66-/01! (05! 6<-! -P2-/&,-06()! 5(6(?!

'<-! c'N! 16/;46;/-! /-,(&01! -11-06&())+! ;04<(03-5! (76-/! 1;.16&6;6&*0! *7! %(|! C&6<! X(9|?! '<-/-! (/-!

1*,-!5&77-/-04-1!&0!6<-!2-(D!&06-01&6&-1!5;-!6*!6<-!5&77-/-06!14(66-/&03!2*C-/!*7!6<-!4(6&*01?!

!

!

E*-(.6"+"AG!]&,;)(6-5!e=/(+!5&77/(46&*0!2(66-/0!4*//-12*05&03!6*!6<-!c'N=6+2-!16/;46;/-?!

]*;/4-0#ESESeS# [/.!5\F# eSQS# Z$))$%+# ;(6+S=F# A'**.5&$'%# '8# +$7<*!&.6# f@D# 3'_6./# 3!&&./%+# 8'/# >.'*$&.+F#

(*+.-$./F#UKKL?!

"

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
M!\?\?d?!'/-(4+:!d?a?!8&33&01!HS5+?L:!X*))-46&*0!*7!1&,;)(6-5!e`@!2*C5-/!2(66-/01!7*/!R-*)&6-1:!S)1->&-/:!9JJM?!
!



!

! _I!

"

E*-(.6"+"IG"e=/(+!5&77/(46&*0!2(66-/0!*7!6<-!%(N!2*C5-/!;1-5!7*/!&*0!-P4<(03-?"

!

!

E*-(.6"+"!G"e=/(+!5&77/(46&*0!2(66-/0!*7!6<-!&*0!-P4<(03-5!X(N!2*C5-/?!

! !

J!

9JJJ!

OJJJ!

TJJJ!

IJJJ!

MJJJJ!

O! _! MO! M_! 9O! 9_! "O! "_!

Q0
6-
0
1&
6+
!

9!6<-6(!U�V!

O/N"0$]76."

J!

9JJJ!

OJJJ!

TJJJ!

IJJJ!

MJJJJ!

M9JJJ!

O! _! MO! M_! 9O! 9_! "O! "_!

Q0
6-
0
1&
6+
!

9!6<-6(!U�V!!

#/N"0$]76."



!

! __!

+?I?A"=16.9$-./8*964.*&"/%/'2)*)"

B*C5-/! 1(,2)-1! 7/*,! 6<-! %(N! R-*)&6-! (05! 6<-! &*0=-P4<(03-5! X(N! 1(,2)-! C-/-! (0()+1-5! *0! (!

\-66)-/! '*)-5*! '<-/,*3/(>&,-6/&4! H'WL! (05! 5&77-/-06&()! 6<-/,()! (0()+1&1! H@'NL! -h;&2,-06! 6*!

5-6-/,&0-!6<-!5-<+5/(6&*0!5+0(,&41!*7!ON!(05!#N!R-*)&6-1?!'<-!1(,2)-1!C-/-!<-(6-5! &0!0&6/*3-0!

(6,*12<-/-! 7/*,! 9#! �X! 6*! I#J! �X! (6! (! /(6-! *7! MJ! �X! ,&0=M?! Q6! &1! >&1&.)-! 7/*,! A&3;/-! a! #! 6<(6!

6-,2-/(6;/-1! *>-/! M#J! �X! 7*/! %(N! (05! 9JJ! �X! 7*/! X(N! (/-! 1;77&4&-06! 7*/! 5-<;,&5&7&4(6&*0! *7! 6<-!

R-*)&6-!(1!2/-=6/-(6,-06!.-7*/-!2-/,-(6&*0!,-(1;/-,-061?!
!

!

!

E*-(.6" +" <G" 'WN! 4;/>-1! *7! %(N! (05! X(N! 2*C5-/1G! (L! S>*);6&*0! *7! 1(,2)-! ,(11! 2-/! 4-06! (1! (!

7;046&*0!*7!6-,2-/(6;/-}!.L!4*//-12*05&03!C-&3<6!)*11!/(6-!(1!7;046&*0!*7!6-,2-/(6;/-?"
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