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@Y!+'$,&S(*/!'3&$.&!##!#################################################################################################################################################!=M!
V!"#$!%&=&O&\'3'$&3$&4'!)3$%'&3$&#!&*-).'("%.(-)&3$,&3(55$'$).,&,%",.'!.,&Z$)&+-%'*$).!4$[&$)&5-)*.(-)&3$&#!&3%'$$&3$&

#L$55-'.&+-%'&3$,&$6$'*(*$,&3$&%)$&!&.'-(,&/$%'$,#&@Y!+'$,&S(*/!'3&$.&!#!#######################################################################!=B!
V!"#$!%&MO&D'-.-*-#$,&*/$7&#Y!)(1!#!####################################################################################################################################!=E!
V!"#$!%&B&O&D'-.-*-#$,&3$&,%++#$1$).!.(-)&+-)*.%$##$&*/$7&#Y/-11$!###################################################################################!M=!
V!"#$!%&T&O&D'-.-*-#$,&3$&,%++#$1$).!.(-)&2%-.(3($))$&*/$7&#Y/-11$!#################################################################################!B7!
!

!

!

,7==$&%'!>'?!8&EC%'?!

!

!
U(4%'$&"O&C!,*!3$&3Y!*.(8!.(-)&3$&DD]S&ZC#-,$&$.&!#&6H"B[#!##################################################################################################!76!
U(4%'$&6O&G$,&3(55$'$).$,&*!'!*.$'(,.(2%$,&3$,&5("'$,&1%,*%#!('$,&Z>$..!%$'&$.&!##X&6HHB[#!####################################################!7=!
U(4%'$&7&O&@L!+'$,&C/$)$8($'$X&G!&*()9.(2%$&3L-603!.(-)&3$,&#(+(3$,&:&#L$6$'*(*$O&1-39#(,!.(-)&$.&1-3%#!.(-),!########################!7B!
U(4%'$&=&O&Q*/$1!&3$&#L!*.(8!.(-)&3$,&!*(3$,&4'!,&!&#-)4%$,&*/!()$,&$.&3$&#$%'&.'!),+-'.&+!'&#!&*!')(.()$!##############################!7E!
U(4%'$&M&O&Q*/$1!&3$&#!&;W-603!.(-)!#####################################################################################################################################!7E!
U(4%'$&BO&@$,*'(+.(-)&3$&#!&*-1+-,(.(-)&3$,&3(55$'$).,&'$4(1$,&5-%')(&+!'&#L$).'$+'(,$&Q.$+!)!##############################################!BE!
U(4%'$&T&O&V$1+,&1-0$)&3$&*-%',$&3$,&,-%'(,&3!),&#$,&'-%$,&3L!*.(8(.$!###################################################################################!T"!
U(4%'$&P&O&@(,.!)*$&1-0$))$&+!'*-%'%$&+!'&#$,&,-%'(,&3!),&#$,&'-%$,&3L!*.(8(.$!####################################################################!T"!
U(4%'$&E&O&$8-#%.(-)&3$&#!&*-),-11!.(-)&3$&)-%''(.%'$&!%&*-%',&3%&.$1+,!##########################################################################!T6!
U(4%'$&"H&O&$8-#%.(-)&3%&+-(3,&3$,&,-%'(,&!%&*-%',&3%&.$1+,#################################################################################################!T6!
U(4%'$&""&O&V$1+,&3$&1!().($)&!&#Y$+'$%8$&'$*.!)4%#!('$!#######################################################################################################!T7!
U(4%'$&"6&O&@(,.!)*$&,%'&.!+(,&3$&*-%',$&!+'$,&+!,,!4$&3$&#L$+'$%8$&3L$)3%'!)*$!###################################################################!T7!
U(4%'$&"7&O&C-)*$).'!.(-)&,!)4%()$&$)&#!*.!.$&3$,&,-%'(,&,%'&.!+(,&3$&*-%',$&!+'$,&+!,,!4$&3$&#L$+'$%8$&3L$)3%'!)*$!##########!T7!
U(4%'$&"=&O&C-),-11!.(-)&1(.-*/-)3'(!#$&3L\6&3$,&1%,*#$,&4!,.'-*)$1($),!######################################################################!T=!
U(4%'$&"MO&G(+-61!6&3L!+'$,&F'%)X&S-1!()&^&>$'*($'&6H""&Z"76[!########################################################################################!ET!



!

!

!

$$!

^4<D1!91<!3C/;B43D4-8<!
!
Q`QT! Q=?5Z`-Q!91<7?9/-H183<1!5-8H!=7348!
Q`QTI! `-Q!91<7?9/-H183<1!0194.0!=7348!
QT,! Q9;8-<481!94:7-<:73D1!
QU! Q=491!U/3<!
QU`^! Q=491<!U/3<!E!`73o81<!^-8H.1<!
QU`I! Q=491<!U/3<!E!`73o81!I-?1881<!
QUd! Q=491!U/3<!<3D./;!
QI,pQT,pQN,! Q918-<481!0-8-p94pD/4:7-<:73D1!
QN,! Q9;8-<481!D/4:7-<:73D1!
QN,'T! QN,!<?8D73<1!<.C.84D!915D3!
]dQ! ]-B481!<1/.0!35C.0481!
`#"! Q=491!=3:/4F.1!q!3=491<!H/3<!E!=73o81!0-?1881!E!#"!=3/C-81<!
`#(! Q=491!:3504D4F.1!q!3=491<!H/3<!E!=73o81!0-?1881!E!#(!=3/C-81<!r`#(!q"s!

`*! Q=491!=3:/?54F.1!q!3=491<!H/3<!E!=73o81!0-?1881!E!*!=3/C-81<!r`*q"s!
`RRSV,R! `18D/1!R./-:;18!96R8<14H81018DK!91!S1=71/=71!1D!96V88-B3D4-8!18!,7?<4-5-H41!91!

56RL1/=4=1@!
`\! `-8=18D/3D4-8!248351!
`b_! `18D/1!b-<:4D35-Z_84B1/<4D34/1!

`-Q! `-18P?01!Q!
`,N! `3/84D481!:3504D-?5D/38<21/3<1!
`d! `4D/3D1!<?8D73<1!
TR,`! T41D7?5!:?/-=3/C-83D1!
TIda! T401D7?5<.52-L?91!
TNN! T4D74-D7/;4D-5!
R`U! n51=D/-=3/94-H/3001!
R\S! n:/1.B1<!2-8=D4-881551<!/1<:4/3D-4/1<!
\QT! \53B481!3918481!948.=51-D491!

\`! \/;F.18=1!=3/943F.1!
UQ,Tb! U5?=1/35917?91Z%Z:7-<:73D1!91<7?9/-H183<1!
b_d! bh:4D3.L!.84B1/<4D34/1<!91!dD/3<C-./H!
VTb! V<-=4D/3D1!91<7?9/-H183<1!
VI`! V894=1!91!I3<<1!`-/:-/1551!
VNN! V8D18D4-8!91!D/34D1018D!
I`N! I49951!=7348!D/4H5?=1/491!
WQT! W4=-D4830491!3918481!948.=51-D491!
Wb`! W-.B15!7h:4D35!=4B45!
,,QS! ,1/-L?<-01!,/-5421/3D-/ZQ=D4B3D19!S1=1:D-/!
,U`#! ,1/-L4<-01!:/-5421/3D-/Z3=D4B3D19!/1=1:D-/!H3003!=-3=D4B3D-/!#Z35:73!F,`Sq!

F.38D4D3D4B1!:-5?01/3<1!=7348!/13=D4-8!
Sad! S13=D4B1!aL?H18!d:1=41<!
SN! S1B1/<1!D/38<=/4:D3<1!
_WVdNSQ! _84B1/<4D;!91!dD/3<C-./H!
OIQ! O4D1<<1!I3L40351!Q;/-C41!r18![0p7s!
Oa$03L! `-8<-003D4-8!03L40351!96-L?HM81!r18!54D/1<s!
!



!

!

!

$%!

!"#$%&'(#)%"**

!

!"! #$%$&'()&*+,,%-))%,*()&($&./+0123%$-45()&&

^1<!3=491<!H/3<!2-8D!:3/D41!91<!:/48=4:3.L!<.C<D/3D<!;81/H;D4F.1<!.D454<;<!:-./!51!0;D3C-54<01!

;81/H;D4F.1!91<!0.<=51<!<F.151DD4F.1<K!F.1!=1!<-4D!3.!/1:-<!-.!:18938D!561L1/=4=1!:7?<4F.1@!Q48<4K!

56-L?93D4-8!91<!3=491<!H/3<!:1/01D!91!H;8;/1/!.81!F.38D4D;!96QN,!40:-/D38D1!3248!91!/;:-89/1!3.L!

C1<-48<! 5-/<! 91! 53! =-8D/3=D4-8! 0.<=.534/1K! F.1! =1! <-4D! 5-/<! 961L1/=4=1<! :/-5-8H;<! 91! 234C51<K! 91!

0-?1881<! -.! 9673.D1<! 48D18<4D;<@! V5! 1<D! =-88.! F.1! 5630;54-/3D4-8! 91<! =3:3=4D;<! 9.! 0.<=51!

<F.151DD4F.1!E!-L?91/!51<!3=491<!H/3<!:1/01D!9630;54-/1/!51<!=3:3=4D;<!96189./38=1@!!

^1<! H/34<<1<! r54:491<s! <-8D! :/;<18D1<! 18! F.38D4D;! 40:-/D38D1! 938<! 56354018D3D4-8! 91<! :3?<!

-==4918D3.L@!V5<!=-8D418818D!H;8;/351018D!1<<18D41551018D!91<!3=491<!H/3<!E!=73481<!5-8H.1<!r18D/1!

#(!1D!$&!=3/C-81<s!F.4!<-8D!51!:5.<!<-.B18D!<3D./;<@!^-/<F.1!=1<!54:491<!<3D./;<!<-8D!=-8<-00;1<!91!

23t-8! =-8=-04D38D1! 3B1=! 91<! <.=/1<! /32248;<K! 45<! <-8D! 91! 0384M/1! D/M<! 1224=3=1! <D-=[;<! 938<! 51<!

394:-=?D1<K!0;=384<01!E!56-/4H481!96.81!:/4<1!91!:-49<!40:-/D38D1K!01838D!3.L!:/-C5M01<!96-C;<4D;!

1D!3.!9;B15-::1018D!91<!<?89/-01<!0;D3C-54F.1<!r#s@!!

Q!=hD;!91!=1<!3=491<!H/3<!E!=73481!5-8H.1!rQU`^sK!45!18!1L4<D1!E!=73481!0-?1881!rQ`UIs!F.4!<10C518D!

3.!=-8D/34/1!94048.1/!53!:/4<1!91!:-49<!r$K%s@!R8!1221DK!91<!;D.91<!/;354<;1<!=71P!567-001!1D!<./!91<!

/-8H1./<!-8D!0-8D/;!F.1!=1<!Q`UI!489.4<18D!.81!3.H018D3D4-8!91!53!9;:18<1!;81/H;D4F.1!1D!.81!

3.H018D3D4-8!91!56-L?93D4-8!91<! 54:491<!=-0:3/3D4B1018D!E! 56.D454<3D4-8!91<!QU`^@! V5!<618!<.4D!.81!

:1/D1!91!03<<1!H/34<<1.<1!r&K's@!

`71P!51!/3D!45!3!;D;!0-8D/;!F.1!53!B4D1<<1!96-L?93D4-8!91<!Q`UI!1<D!:5.<!/3:491!F.1!=1551!91<!QU`^!1D!

=1=4!938<!D-.<!51<!D4<<.<!r(s@!T38<!F.15F.1<!;D.91<K!45!3!;D;!9;0-8D/;!F.1!56390484<D/3D4-8!=7/-84F.1!



!

!

!

$&!

91<!Q`UI!30;54-/1!53!=3:3=4D;!96189./38=1K!F.1!=1!<-4D!=71P!51<!38403.LK!-.!=71P!567-001!r)u+s@!

T1! :5.<K! 5618D/3481018D! 18! 189./38=1! :1/01DD38D! ;H351018D! 963.H018D1/! 51! 8-0C/1! 91!

04D-=7-89/41<!348<4!F.1!561224=3=4D;!96.D454<3D4-8!91<!3=491<!H/3<K!8-.<!:-.B-8<!;H351018D!:18<1/!F.1!

=-.:51/!.8!18D/3481018D!18!189./38=1!3B1=!.81!354018D3D4-8!18/4=741!18!Q`UI!:-.//34D!3B-4/!91<!

1221D<!<?81/H4F.1<@!!

Q48<4!8-.<!:/-:-<-8<!91!01DD/1!:5.<!=534/1018D!18!;B4918=1!51<!1221D<!:-D18D41551018D!C;8;24F.1<!

91!=1<!Q`UI!<./!53!:1/2-/038=1!18!189./38=1K!E!53!2-4<!=71P!51<!/-8H1./<!034<!<./D-.D!=71P!567-001@!!

6"! 78.+$9:)(&'5&./+;($&'(&/(*9(/*9(&&

W-.<!:-<-8<!567?:-D7M<1!F.1!53!=-8<-003D4-8!963=491<!H/3<!E!=73481!0-?1881!rQ`UIs!5-/<!

96.81!<.::5;018D3D4-8!5-8H.1!:1/01D!963.H018D1/!51<!=3:3=4D;<!96189./38=1!91<!<:-/D42<!H/X=1!E!

.81!30;54-/3D4-8!91<!=3:3=4D;<!-L?93D4B1<!54:494F.1<!91<!0.<=51<!<F.151DD4F.1<@!`1DD1!7?:-D7M<1K!91!

D/38<4D4-8! 0;D3C-54F.1! B1/<! .81! :/-9.=D4-8! :5.<! 1224=3=1! 96QN,! 3.! <148! 91! 53! 04D-=7-89/41K! 1<D!

<.HH;/;1!:3/!51<!<:;=424=4D;<!C4-=7404F.1<!1D!94<D/4C.D4B1<!91!=1<!QU`I@!!

W-.<!1<:;/-8<!9;0-8D/1/!51!/h51!40:-/D38D!91!=1<!3=491<!H/3<!938<!53!:1/2-/038=1!18!189./38=1!1D!

9;0-8D/1/!51!/h51!F.354D3D42!91!=1/D348<!3=491<!H/3<!938<!51!0;D3C-54<01!0.<=.534/1!=71P!567-001@!

,3/! 53!<.4D1!=1!D?:1!91!=-0:5;018D!354018D34/1!:-.//34D!fD/1!;D.94;!938<! 51!=39/1!91!:3D7-5-H41<!

0;D3C-54F.1<@!!

<"! =2$9+'+1+>-(&'(&1%&/(*9(/*9(&&

,-./!53!04<1!18!:53=1!91!=1!:/-D-=-51!91!/1=71/=71!=71P!567-001K!51!D/3B345!<61<D!9;/-.5;!18!D/-4<!

:3/D41<@!^3!:/104M/1!234D!.8!;D3D!91<!541.L!91<!=-8834<<38=1<!1D!91<!D/3B3.L!9;>E!1L;=.D;<@!V5!<63H4D!

35-/<! 91! /1H3/91/! =1! F.4! 1<D! =-88.K! =1! F.4! 561<D!0-48<K! 1D! 9618! D4/1/! 51<! 18<14H81018D<! :-./! 51<!



!

!

!

$'!

/1=71/=71<!2.D./1<@!^1!<1=-89!<63/D4=.51!3.D-./!91!/;<.5D3D<!1L:;/4018D3.L!-CD18.<!=71P!56384035@!R8!

1221DK!3B38D!91!01DD/1!18!:53=1!51!:/-D-=-51!=71P!567-001!1D!3248!91!:-.B-4/!3B38=1/!938<!=1/D3481<!

7?:-D7M<1<! =155.534/1<K! 45! 3! 2355.! =53/4241/! 51<!0;=384<01<! 1D! 51<! 1221D<! =71P! 56384035@! ! RD! 18248! 51<!

/;251L4-8<!8-.<!0M818D!E!53!D/-4<4M01!:3/D41K!F.4!=-8=1/81!53!04<1!18!:53=1!9.!:/-D-=-51!91!/1=71/=71!

=71P!567-001K!9;B15-::;1!18!9;D345<@!!

!

! !



!

!

!

$(!

+,!-$./)0$.*12$#).*3*4#2#*&.5*6).'7*&.5*(%""2)552"(.5*

!

V@! ^1<!3=491<!H/3<!

!"! ?2@-,-$-+,&

!

^1<!D/4H5?=;/491<!/1:/;<18D18D!53!03>1./1!:3/D41!91<!54:491<@!V5<!<-8D!=-8<D4D.;<!96.81!0-5;=.51!

91!H5?=;/-5!1<D;/424;1!:3/!D/-4<!3=491<!H/3<!rQUs@!V5<!=-8<D4D.18D!53!2-/01!:/48=4:351!96;81/H41!<D-=[;1!

938<!51<!394:-=?D1<@!^1<!QU!:/-B418818D!<-4D!91!56354018D3D4-8!<-4D!91!56189-<?8D7M<1@!

!

6"! A1%))-@-*%$-+,)&

!

V5! 1L4<D1! :5.<41./<! =53<<424=3D4-8<! 91<! 3=491<! H/3<@! V5! 1<D! 1<<18D415! 91! 51<! 9;D34551/! =3/! 53!

=53<<424=3D4-8!<./!53F.1551!/1:-<1!51<!/1=-003893D4-8<!8.D/4D4-881551<!1<D!;H351018D!53!:5.<!=-88.1!

:3/!53!:-:.53D4-8@!

!

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

!

^3!=53<<424=3D4-8!-224=41551!91<!3=491<!H/3<!/1:-<1!<./!53!5-8H.1./!91!53!=73481!=3/C-8;1@!R551!

B3/41!H;8;/351018D!96.81!30:54D.91!91!&!E!:5.<!91!$&!=3/C-81<@!^1<!3=491<!H/3<!E!=73481!0-?1881!

rQU`Is! -8D! .8! 8-0C/1! 963D-01<! 91! =3/C-81<! =-0:/4<! 18D/1! &! 1D! #$@! Q! :3/D4/! 91! #$! 3D-01<! 91!

=3/C-81<!-8!:3/51!963=491!H/3<!E!=73o81!5-8H.1!rQU`^s@!R8!91<<-.<!91!&!=3/C-81<!-8!:3/51!963=491<!

H/3<!E!=73o81!=-./D1<@!



!

!

!

$)!

^3! 5-8H.1./! 91! =73o81! 3! 91<! =-8<;F.18=1<! <./! 56;D3D! :7?<4F.1! 1D! <./! 51<! :/-:/4;D;<! C4-Z:7?<4=-Z

=7404F.1<!91!563=491!H/3<@!

^3! 8-018=53D./1! 91<! QU! /1:-<1! <./! 51! 8-0C/1! 963D-01<! 91! =3/C-81! 1D! 51! 8-0C/1! 91! 9-.C51<!

5434<-8<!q!`8!q!L!8Z?!-v!8!/1:/;<18D1!51!8-0C/1!91!=3/C-81<K!L!51!8-0C/1!91!9-.C51<!5434<-8<!1D!8Z?!53!

:-<4D4-8!91!53!9-.C51!5434<-8!53!:5.<!:/-=71!91!561LD/;04D;!0;D7?51@!,3/!1L10:51K!`#*q#!8Z+!1<D!.8!

3=491!H/3<!E!#*!3D-01<!91!=3/C-81!=-0:-/D38D!.81!9-.C51!5434<-8!<4D.;1!E!+!=3/C-81<!91!5w1LD/;04D;!

0;D7?51!r`b%s!q!=w1<D!563=491!-5;4F.1!D/M<!:/;<18D!938<!567.451!96-54B1@!!

!

0"! 1!*+,!*/$'-&*-/'2!*+,!*/$'-

!

^3!=53<<424=3D4-8!53!:5.<!=-88.1!91<!QU!1<D!=1551!F.4!/1:-<1!<./!51./!91H/;!9648<3D./3D4-8K!=61<DZ

EZ94/1! 9.! 8-0C/1! 91! 9-.C51<! 5434<-8<@! ^1<! QU! <-8D! <-4D! 0-8-48<3D./;<! r.81! 9-.C51! 5434<-8s! <-4D!

:-5?48<3D./;<!r:5.<41./<!9-.C51<!5434<-8<s@!^1!91H/;!9648<3D./3D4-8!4825.18=1!91!0384M/1!40:-/D38D1!

51!:-48D!91!2.<4-8!91<!QU@!Q48<4!E!8-0C/1!;H35!91!=3/C-81<!.8!QU!48<3D./;!<1/3!54F.491!E!D10:;/3D./1!

:5.<!234C51!96.8!QU!<3D./;@!

!

!"! B()&%*-'()&>/%)&)%$5/2)&

!

V5<!<-8D!<?8D7;D4<;<!:3/!567-001@!^1./!5-8H.1./!91!=73o81!=3/C-8;1!B3/41!91!&!E!:5.<!91!$"!

=3/C-81<@!^63=491!:3504D4F.1!r`#(q"s!1<D!51!:5.<!48D18<;018D!<?8D7;D4<;!=-001!:/1041/!3=491!H/3<!

:/-9.4D!E!:3/D4/!9.!H5.=-<1!1D!91!5w3=;D3D1@!^1<!QU!E!:5.<! 5-8H.1!=73o81!<-8D!:/-9.4D<!18!0-489/1!

F.38D4D;!938<!51<!D4<<.<!1D!51<!QU!:5.<!=-./D<!<-8D!<?8D7;D4<;<!:3/!53!H53891!030034/1!18!53=D3D4-8K!



!

!

!

$*!

91!0384M/1!<:;=424F.1@!R8!:5.<!91!51./!-/4H481!189-HM81K!51<!QU!<3D./;<!<-8D!3::-/D;<!3C-8930018D!

:3/!5x354018D3D4-8@!

^1!:5.<!=-./D!91<!QU!<3D./;!1<D! 5w3=491!C.D?/4F.1! r`&q"s@!d-8!3=D4-8!:-<4D4B1!3!;D;!9;0-8D/;1!<./!

5w18D/;1! 18! 3:-:D-<1! 91! :5.<41./<! D?:1<! 91! =155.51<! D.0-/351<K! :3/! <-8! 1221D! /;H.53D1./! <./! 51<!

9;3=;D?53<1<!9w74<D-81<!r#"s@!`1=4!=-8<D4D.1!<38<!9-.D1!.81!1L:54=3D4-8!91!<-8!/h51!3B;/;!:/-D1=D1./!

=-8D/1!51!9;B15-::1018D!9.!=38=1/!=-5-/1=D35!r##s@!

!

6"! B()&%*-'()&>/%)&)%$5/2)&

!

!"! CD&3+,+-,)%$5/2)&

!

`61<D!563=491!-5;4F.1!r`#*q#!8Z+s!F.4!1<D!51!:5.<!3C-8938D!938<!51!=-/:<!7.0348K!91!<?8D7M<1!189-HM81!

1D! 963::-/D! 1L-HM81@! ^63=491! :3504D-5;4F.1! r`#(q#! 8Z)s! 1<D! :/;<18D! 18! 482401<! F.38D4D;<@! ^63=491!

-5;4F.1!1<D!.D454<;!=-001!<-./=1!96;81/H41!1D!45!=-0:-<1!51<!D/4H5?=;/491<!91!/;<1/B1!F.645!0348D418D!

E!56;D3D!25.491!E!53!D10:;/3D./1!=-/:-/1551!H/X=1!E!53!0-8-48<3D./3D4-8@!!

!

6"! CD&.+18-,)%$5/2)&

!

a8!D/-.B1!938<!=1DD1!2304551!51<!8Z(!r-0;H3!(s!-.!8Z%!r-0;H3!%s@!V5<!<-8D!4<<.<!91!5w3=491!548-5;4F.1!

r`#*q$!8Z(s!1D!91!5w3=491!yZ548-5;84F.1!r`#*q%!8Z%s@!V5<!<-8D!94D<!4894<:18<3C51<!=3/!8-8!<?8D7;D4<3C51<!

:3/!567-001!-.!56384035@!V5<!51!<-8D!.84F.1018D!:3/!51<!B;H;D3.L@!V5<!:1/01DD18D!53!<?8D7M<1!96QU!

1<<18D415<!3:/M<!9;<3D./3D4-8!1D!;5-8H3D4-8@!

!



!

!

!

$+!

<"! C*-'()&>/%)&-,'-).(,)%01()&

!

`1/D348<! 3=491<! H/3<! rQUs! <-8D! 91<! :/;=./<1./<! 4894<:18<3C51<! r3=491! 548-5;4F.1K! ^Q! `#*!q$! 8Z(! 1D!

35:73Z548-5;84F.1K!Q^Q!`#*!q%!8Z%s!=3/!45<!81!<-8D!:3<!<?8D7;D4<3C51<!:3/!56b-001@!

<"! E/+./-2$2)&'()&%*-'()&>/%)&
!

!"! 3,$4,/5*52-4672/($8(6/%/9+&2-:&2-!(/:&2-;,!2-

!

^1<!:/48=4:351<!:/-:/4;D;<!:7?<4=-Z=7404F.1<! <-8D! /3::15;1<!938<! 51! D3C513.! =4Z=-8D/1@! ^1<!

3=491<!H/3<!E!=73o81!=-./D1!<-8D!<-5.C51<!938<!5613.@!,5.<!53!D34551!91!53!=73o81!=3/C-8;1!3.H018D1K!

:5.<! 51./! <-5.C454D;! 94048.1! =1! F.4! 3! 91<! 1221D<! C4-5-H4F.1<! 0.5D4:51<! 5-/<! 9.! D/38<:-/D! 91! =1<!

8.D/4018D<@!!

!
!"#$%"&'()'*+,-.,/"$%0'/+1/+,2320'/450,.16.4,7,8&%0'9&':;'%3'9&':(<'

! FG&>'!<$H%9B&IC'!<J! FG&>'!H$B=&@&IC'!<KL!

M7%=CB'! <!/"#0$! <"#/%$0$!

2'=HN%$@C%'!>'!8C?&7O! KL!P!KQR<! LSR<!

,7BCA&B&@N! T3LJEU;!>$O?!BV'$C! +O?7BCAB'!

#$??'!*7BC=&IC'! T3W!EUG=&%! T3JX!EUG=&%!

!

0"! 3,$4,/5*52-0/$)$;/9+&2-:&2-!(/:&2-;,!2-

!

^1!C-5!354018D34/1!1<D!03>-/4D34/1018D!=-0:-<;!91!D/4H5?=;/491<!F.4!<-8D!=-8<D4D.;<!96.81!

0-5;=.51!91!H5?=;/-5!1<D;/424;1!:3/!D/-4<!QU@!^3!94H1<D4-8!:1/01DK!H/X=1!3.L!54:3<1<K!91!54C;/1/!51<!QU!

54C/1<!:-./!51<!/;Z1<D7;/4241/!18!D/4H5?=;/491<!3248!91!51<!D/38<:-/D1/!<-.<!2-/01!91!=7?5-04=/-8<!938<!

51!<?<DM01!5?0:73D4F.1!:.4<!B1481.L!B1/<!51<!-/H381<!=4C51<@!̂ 63C<-/:D4-8!94/1=D1!938<!53!B1481!:-/D1K!

048-/4D34/1K!:/189!<:;=424F.1018D!18!=73/H1!51<!QU!54C/1<!E!=73o81!0-?1881K!=x1<DZEZ94/1!=-0:-/D38D!



!

!

!

%"!

0-48<! 91! 9-.P1! 3D-01<! 91! =3/C-81@! ^63C<-/:D4-8! :1.D! fD/1! :/-:/1! E! 56QU! =-8=1/8;!q! :/-:/4;D;<!

:7?<4F.1<! :3/! 1L10:51! r5-8H.1./! 91! =73o81K! :-48D! 91! 2.<4-8K! :-53/4D;K! <-5.C454D;! 91! <1<! <15<!

94B3518D<@@@sK! E! 53! 83D./1! 9.! k! B1=D1./! m! rD/4H5?=;/491K! :7-<:7-54:491K! 1<D1/! 91! =7-51<D;/-5@@@sK! E! 53!

5-=354<3D4-8! :/;=4<1! <./! 51! H5?=;/-5@! R551! :1.D! ;H351018D! 9;=-.51/! 91<! :3/D4=.53/4D;<! 91! 564894B49.!

=-8=1/8;! =-0:D1! D18.! 91! <-8! <D3D.D! 18! 18P?01<! 54:-5?D4F.1<K! D/38<:-/D1./<! 94B1/<! 1D!

3:-54:-:/-D;481<@! T1! 0f01K! 5618<10C51! 91<! =-8<D4D.38D<! 9.! C-5! 354018D34/1! =-8D/4C.1! E!

56;0.5<424=3D4-8!91<!54:491<!354018D34/1<K!E!53!B4D1<<1!91!54:-5?<1K!E!53!83D./1!91<!54:491<!/1<?8D7;D4<;<K!

E!53!9./;1!91!53!:;/4-91!:-<DZ:/3894351K!1D=K!3B1=!D/M<!:/-C3C51018D!91<!48=4918=1<!:7?<4-5-H4F.1<!

18=-/1!035!;B35.;1<!E!5w71./1!3=D.1551!r#$K#%s@!

!

^1<!3=491<!H/3<!E!=73o81!0-?1881!r`(q"!3=491!=3:/-zF.1K!̀ *q"!3=491!=3:/?54F.1K!̀ #"q"!3=491!=3:/4F.1s!!

=-8<D4D.18D!.8!H/-.:1!:3/D4=.541/!1D!48D;/1<<38D@!T1:.4<!51./!=53<<424=3D4-8K!45!3!;D;!<.HH;/;!1D!;D.94;!

91!8-0C/1.<1<! 3::54=3D4-8<!0;94=351<! 1D! 8.D/4D4-881551<! r#&K#'s@! R8! 1221DK! .81!91! 51./! :/48=4:351!

=3/3=D;/4<D4F.1!1<D!51!234D!F.1!:3/!/3::-/D!3.L!QU`^!45<!<-8D!3C<-/C;<!94/1=D1018D!1D!/3:491018D!938<!

53! B1481!:-/D1! r#&s! -v! 45<! :1.B18D! fD/1!94/1=D1018D!-L?9;<! 234<38D!9w1.L!91! /3:491<!:-./B-?1./<!

96;81/H41!r#&sK!D3894<!F.1! 51<!QU`^!10:/.8D18D! 51!=4/=.4D! 5?0:73D4F.1!:.4<! 53!=4/=.53D4-8!H;8;/351!

3:/M<!48D;H/3D4-8!938<!51<!=7?5-04=/-8<K!=1!F.4!51./!9-881!53!:-<<4C454D;!91!<1!9;:-<1/!938<!51!D4<<.<!

394:1.L!1D!938<!.81!0-489/1!:-<<4C454D;!96fD/1!=3D3C-54<;!938<!51!2-41!r#(s@!`1=4!<10C51!1L:54F.1/!51!

/h51!81.D/1!91<!QU`I!B-4/1!:5.DhD!:/-D1=D1./!=-8D/1!56394:-<4D;!=71P!56384035!1D!56b-001!r+K#)s@!_81!

1L:54=3D4-8! =-0:5;018D34/1! 1<D! :/-C3C51018D! 561221D! 4874C4D1./! 91! 563=491! =3:/?54F.1! r`*s! <./! 53!

<?8D7M<1! 7;:3D4F.1! 91! 563:-54:-:/-D;481! ]! 8;=1<<34/1! E! 53! <;=/;D4-8! 91<! O^T^<! rB1/?! 5-e!918<4D?!

54:-:/-D148<s! 7;:3D4F.1<! r#*s@! T1! :5.<K! =-8D/34/1018D! E! =1/D348<! QU`^! r53./4F.1K! 0?/4<D4F.1! 1D!

:3504D4F.1s! 51<!QU`I!86-8D!3.=.8!1221D!7?:1/=7-51<D;/-5;0438D! r#+K$"s@! V5<!81! <-8D!:3<!8-8!:5.<!

3<<-=4;<!E!.8!<./Z/4<F.1!=3/94-B3<=.534/1!r$#s@!!



!

!

!

%#!

a8!/15MB1!;H351018D!F.1!=-8D/34/1018D!3.L!QU`^!F.4!2-/018D!91<!=7?5-04=/-8<K!51<!Q`UI!<-8D!54;<!

E!5635C.0481!5-/<F.645<!<-8D!D/38<:-/D;<!938<!51!=-0:3/D4018D!<38H.48!1D!81!/1F.4M/18D!9-8=!:3<!91!

D/38<:-/D1./!<:;=424F.1@!Q48<4K!=1<!QU`I!:3<<18D!23=451018D!51<!010C/381<!1D!/18D/18D!54C/1018D!

938<! 51<! =155.51<@!_81! 3.D/1! 91! 51./! :/48=4:351! =3/3=D;/4<D4F.1! 1<D! 91! D/3B1/<1/! :5.<! 23=451018D! 53!

010C/381! 04D-=7-89/4351! 1LD1/81! =3/! 45<! 81! <-8D! :3<! 9;:18938D<! 91! 563=D4B4D;! 91! 53! =3/84D481!

D/38<21/3<1!=1!F.4!234D!961.L!.81!<-./=1!96;81/H41!:5.<!/3:491018D!94<:-84C51!r#&K$$s@!

!

T1! 8-0C/1.<1<! ;D.91<! -8D! 0-8D/;! .81! =48;D4F.1! :53<03D4F.1! 9422;/18D1! <15-8! 53! 5-8H.1./! 91<!

=73481<!91!=3/C-81!r$%s@!V5!<10C51!F.1!563.H018D3D4-8!91!53!=-8<-003D4-8!91<!Q`UI!3.H018D1!53!

=-8=18D/3D4-8!963=491<!H/3<!54C/1<!:53<03D4F.1<K!348<4!F.1!53!F.38D4D;!91!=1<!3=491<!H/3<!<D-=[;<!938<!

51<! 24C/1<! 91<! 0.<=51<! <F.151DD4F.1<@! `153! :1/01D! 96;=-8-04<1/! 51<! <D-=[<! 91! H5?=-HM81!

48D/30.<=.534/1<! 3.! /1:-<! 1D! 9./38D! 561L1/=4=1! r$&s@! ^1<! QU`^K! F.4! <-8D! 51<! :5.<! 3C-8938D<! 938<!

56354018D3D4-8K! 3<<./18D! 51<! /;<1/B1<!;81/H;D4F.1<!394:-=?D34/1<!:/48=4:351<@! V5<! <-8D! =-8B1/D4<!:3/!

9;<3D./3D4-8!18!QU!0-8-!48<3D./;<!034<!3B1=!.81!1224=3=4D;!9;=/-4<<38D1!<.4B38D!53!D34551!91!53!=73481!

=3/C-8;1@! ^63=491! :3504D4F.1! 1<D! 51! :5.<! <?8D7;D4<;! :3/! 567-001! 1D! 51! :5.<! 3C-8938D! 938<!

56354018D3D4-8!q!=61<D!3.<<4!=15.4!9-8D!563==.0.53D4-8!1<D!03L40351!938<!51<!D4<<.<@!

!

`-8=1/838D!51<!0;=384<01<!48D/3=155.534/1<K!.81!;D.91!3!0-8D/;!F.1!51<!Q`UI!E!#"!=3/C-81<!r`#"s!

<D40.518D!51!/;=1:D1./!,,QS915D3@!̀ 15.4Z=4!1<D!=-88.!:-./!=1<!1221D<!<./!51<!393:D3D4-8<!0;D3C-54F.1<!

48D/3=155.534/1<K!=1!F.4!/1:/;<18D1!9-8=!.8!0;=384<01!0-5;=.534/1!1L:54F.38D!51<!30;54-/3D4-8<!9.!

0;D3C-54<01!04D-=7-89/435! 1D! 9-8=! 51<! 1221D<! C;8;24F.1<! <./! 51<! =3:3=4D;<! 96189./38=1! =71P! 51<!

38403.L! 348<4! F.1! =71P! 567-001! r$'K$(s@! W;380-48<! =1<! /;<.5D3D<! 9-4B18D! fD/1! =-824/0;<! 938<!

963.D/1<! 0-9M51<! 1D! 3B1=! 963.D/1<! Q`UI@! R8! 1221DK! 51<! 91/841/<! /;<.5D3D<! ;D.9438D! 51! 9;24=4D! 18!

7?9/3D1<! 91! =3/C-81<! 01D! 18! ;B4918=1! :5.<41./<! B-41<! 3C-.D4<<38D! E! 91! 0.5D4:51<! /;:-8<1<!



%$

04D-=7-89/4351<!D1551<!F.1!563.H018D3D4-8!91!53!{Z-L?93D4-8!r$)u$+s@!T38<!=1DD1!=3<=391!53!:53=1!91<!

,,QS<!r24H./1!#s!1<D!=18D/351!:-./!:1/01DD/1!.81!3.H018D3D4-8!91!53!{Z-L?93D4-8K!3.<<4!C418!938<!

51<!0-9M51<!:7?<4-5-H4F.1<!F.1!:3D7-5-H4F.1<!r%"s@

=,>&+%'()':"0."9%'9?".3,@"3,1-'9%'**AB C:$10%'%3'"$'DE(<FG

VV@ ]4-;81/H;D4F.1

!" ?2@-,-$-+,

^1!0;D3C-54<01!;81/H;D4F.1!1<D!53!=3:3=4D;!9.!=-/:<!E!/;354<1/!.81!D/38<9.=D4-8!96;81/H41K!=61<DZEZ

94/1! D/38<2-/01/!.81! <-./=1!96;81/H41! 1LD;/41./1! r-/H384F.1!:-./! 567-001s! 18! <-./=1!96;81/H41!

.D451@



!

!

!

%%!

6"! F-+)8,$9:)(&

!

^3! C4-<?8D7M<1! 938<! 56-/H384<01! 7.0348! 3C-.D4D! 51! :5.<! <-.B18D! E! 53! :/-9.=D4-8! 96QN,@!

^67?9/-5?<1!91!56QN,!18!QT,!1D!,4!:1/01D!91!:/-9.4/1!Z)@%![=35@0-51Z#@!^6QN,!1<D!<?8D7;D4<;1!H/X=1!E!

56-L?93D4-8!:7-<:7-/?538D1!04D-=7-89/4351@!^3!:1/D1!9x;51=D/-8<!<.==1<<4B1!489.4D1!:3/!56-L?93D4-8!

r56-L?93D4-8!1<D!.81!:1/D1!96;51=D/-8s!<63==-0:3H81!96.81!B3/43D4-8!96;81/H41!54C/1@!^1!:-/D1./!91!

=1DD1!D/38<9.=D4-8!1<D!563D-01!967?9/-HM81!=71P!567-001@!

^67-001!.D454<1! 53!03D4M/1!-/H384F.1!=-001!<.C<D/3D@!,3/04! 51<! 2-/=1<!91!=-7;<4-8!91! 53!

03D4M/1K! =61<D! 56;81/H41! 96-L?9-/;9.=D4-8! =-8D18.1! 938<! 51<! 3D-01<! 967?9/-HM81! F.1! 8-.<!

1L:5-4D-8<@! ^1<! -L?9-/;9.=D4-8<! <.==1<<4B1<! <-8D! /;354<;1<! :3/! 9422;/18D1<! 9;<7?9/-H;83<1<! :-./!

2-./84/!91<!;F.4B3518D<!/;9.4D<!WQTb!1D!\QTb<@!`1!91/841/!:/-9.4D!/1:/;<18D1!51!<.C<D/3D!:/48=4:35!

91!53!=73o81!91!/1<:4/3D4-8!04D-=7-89/4351!:-./!53!<?8D7M<1!96QN,@!^6-L?HM81!861<D!.D451!F.618!D-.D1!

248!91!=3<=391!18P?03D4F.1!r=?D-=7/-01!-L?93<1s@!

!

<"! B%&3-$+*9+,'/-(&
!

!"! <5./'/*/$'-

!

^3!04D-=7-89/41!1<D!.8!-/H384D1!48D/3=155.534/1!4894<:18<3C51!E!53!:/-9.=D4-8!96QN,!E!D/3B1/<!

53!{Z-L?93D4-8K!51!=?=51!91!|/1C<!1D!53!=73o81!/1<:4/3D-4/1@!R551!8-.<!:1/01D!961L:5-4D1/!51!:-D18D415!

/19-L!91<!354018D<@!

!

0"! =$'(*/$'-

_81!91<!:/48=4:351<!2-8=D4-8<!91!53!04D-=7-89/41!1<D!91!2-./84/!91!56;81/H41!E!53!=155.51K!18!

23C/4F.38D!91!56QN,!E!:3/D4/!96QT,@!R551<!<-8D!/1D/-.B;1<!938<!:/1<F.1!D-.D1<!51<!=155.51<!1.=3/?-D1<!

r<3.2! 51<! H5-C.51<! /-.H1<! F.4! 9;:18918D! .84F.1018D! 9.! H5.=-<1! 1D! -8D! .8! D/38<:-/D1./! U^_N!

<:;=424F.1s! 1D! <-8D! <;:3/;1<! 9.! =?D-:53<01! :3/! 91.L!010C/381<! 91! =-0:-<4D4-8! 9422;/18D1@! ^3!



%&

010C/381!1LD1/81!1<D!=-0:-<;1 91 :-/481<!1D!91!D/38<5-=3<1<!:1/01DD38D!51!:3<<3H1!91!0-5;=.51<@!

^3!010C/381!48D1/81!:/;<18D1 91<!48B3H483D4-8<!:-./!3.H018D1/!<3!<./23=1@!R551!:-<<M91 ;H351018D

91<! D/38<:-/D1./<!034<! <./D-.D! =48F! =-0:51L1<! :/-D;4F.1< 2-/038D! 53! =73o81 /1<:4/3D-4/1! F.4! 1<D

/1<:-8<3C51!91!53!2-/03D4-8!96QN,!938<!53!=155.51@! ,-./!53!:/-9.=D4-8!96QN,K!53!=73o81 /1<:4/3D-4/1

1<D!563==1:D1./!24835 96;51=D/-8 E :3/D4/!91!53!/;9.=D4-8 248351!91!WQTb!1D!91!\QTb!@!R551!:1/01D!348<4

53!:7-<:7-/?53D4-8!-L?93D4B1@ R8!563C<18=1!91!=73o81!04D-=7-89/4351K!=1<!:-D18D415<!/19-L!<-8D!91<!

9;=71D<! r3=491! 53=D4F.1s@!d-8! /h51!1<D!9-8=!=18D/35!:-./! 53!:/-9.=D4-8!96;81/H41 =3/!=1<! <.C<D/3D<!

2483.L! :/-B418818D! 91<! 9422;/18D1< B-41<! =3D3C-54F.1<! 91! 56-/H384<01@! `61<D! 938<! 53! 03D/4=1!

04D-=7-89/4351!F.1!<1! D/-.B18D! 51<!18P?01<! 40:54F.;1< 938<! 53!{Z-L?93D4-8!348<4!F.1! 51!=?=51!91!

|/1C<@!

=,>&+%'D)'H%0'9,II2+%-3%0'."+".32+,03,8&%0'9%0'I,#+%0'7&0.&$",+%0'CJ%33"&%+'%3'"$GK'DEE<FG'

(" >/*$6$,%&2/2-&*-)/4$6$,%&2/2

!" G$/())&($&38+.%$9-(&3-$+*9+,'/-%1(

T38<!91!8-0C/1.<1<!0353941<!=7/-84F.1<!1D!0;D3C-54F.1<!D1551<!F.1!51!943CMD1K!5648<.224<38=1!

=3/943F.1K!56-C;<4D;K!51<!5404D3D4-8<!91!53 =3:3=4D; E!/;354<1/!.8!122-/D!-8D!<-.B18D!;D;!04<1<!18!/3::-/D!

3B1=!.81!5404D3D4-8!=3/94-B3<=.534/1@!V5!1<D!=1:18938D!0348D1838D!;D3C54!F.1!53!5404D3D4-8!E!/;354<1/!

.8! 122-/D! 1<D! <-.B18D! 04LD1! 3B1=! .81! 5404D3D4-8! :;/4:7;/4F.1! 91<! 0.<=51<! <F.151DD4F.1<@! ^1<!



!

!

!

%'!
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  L’oxydation des acides gras permet de générer une importante quantité d’ATP afin de répondre 

aux besoins lors de la contraction musculaire, que ce soit lors d’exercices prolongés de faibles, 

moyennes ou hautes intensités. La séquence de réactions dans laquelle ils sont impliqués débute par 

une hydrolyse enzymatique par les lipases qui libèrent le glycérol et les acides gras. L’hydrolyse se 

fait en deux étapes. La première activité hydrolytique, catalysée par la triglycéride lipase, libère un 2- 

monoacylglycérol et deux acides gras. La seconde activité lipase libère le dernier acide gras et le 

glycérol. Dans les tissus, les acides gras sont dégradés au cours de la ß-oxydation (Figure 5), avec 
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transformation des acides gras en acétyl-CoA qui alimentent ensuite le cycle tricarboxylique. Pour être 

oxydés les AGCL doivent d'abord être activés (Figure 4). L’activation se fait dans l’espace inter-

membranaire de la mitochondrie par une acyl-CoA synthétase liée à la face interne de la membrane 

mitochondriale externe. Sous la forme d’acyl-CoA, les acides gras à longues chaines ne peuvent 

traverser la membrane mitochondriale interne. Le radical acyl est alors transporté dans la matrice par 

le système carnitine, la réaction est catalysée par l'acyl-carnitine transférase. L’acyl-CoA reconstitué 

devient alors le substrat des réactions qui vont se dérouler dans la matrice mitochondriale. Cependant, 

les acides gras à courtes et moyennes chaînes peuvent être transportés directement dans la matrice 

mitochondriale pour y être activés.  

L’acyl-CoA, une fois présent dans la matrice, va subir les différentes étapes de la ß-oxydation. Celle-

ci se déroule en quatre étapes, appelée tour (hélice de Lynen). Pour un acide gras à 2n carbones, n-1 

tours seront nécessaires pour son oxydation complète en n acétyl-CoA. Elle va premièrement être 

soumise à une étape de déshydrogénation, catalysée par l’acyl-CoA déshydrogénase (flavoprotéine à 

FAD) qui va créer une double liaison entre les carbones 2 et 3. Il s’en suit une étape d’hydratation de 

cette double liaison, catalysée par l’énoyl-CoA hydratase qui fixera un radical OH au carbone 3, 

formant ainsi une molécule de 3-hydroxyacyl-CoA. La troisième étape correspond à une seconde 

déshydrogénation oxydant la fonction alcool et donnant ainsi une fonction cétone, catalysée par la 3-

hydroxyacyl-CoA. L’accepteur des hydrogènes sera le NAD+ et le composé obtenu sera le 3-cétoacyl-

CoA. Enfin la dernière étape de la ß-oxydation correspond au clivage de l’acide gras par la ß-

cétothiolase. Elle se fera en présence d’un HSCoA et donnera lieu à la libération d’un acétyl-CoA, un 

FADH2 et un NADH, H+ ainsi qu’à la reformation d’un acyl-CoA dont la chaîne sera privée de deux 

carbones et qui servira de substrat pour le tour suivant. Les acétyl-CoA formés seront ensuite 

complètement oxydés en CO2 dans le cycle de Krebs. Ils sont également des précurseurs dans la 

synthèse des acides gras ou des lipides, cholestérols et des corps cétoniques via la cétogenèse.  
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'0,;>F>;>-,'!H><;P>=>I*)'!)-!.>'-+>H*->6)'!.)!;)'!LMNOR!k<*S<*+'!0%+!;)'!0+<0+>,-,'/!.K%*-+)'!

=<.>F>;%-><&'! )&! 0%+%((T()! '<&-! %--)&.*)'/! ;<==)! *&)! %*J=)&-%-><&! .)! (%! ;,-<&,=>)! .)!

+)0<'/!*&)!H%>'')!.)'!=%+I*)*+'!.>+);-'!.)!(%!J(7;<(7')!8(%;-%-,=>):!.)!F>&!.K)FF<+-R!!
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d<*'!*->(>')+<&'!.)'!'*S)-'!'0<+->F'/!I*>!'K)&-+%>&)&-!)&-+)!D!)-!#!F<>'!0%+!')=%>&)!)-!I*>!<&-!

(KP%H>-*.)!.)!;<*+>+!*&)!,0+)*6)!.)!14[=!)&-+)!#_!)-!__!=>&*-)'!0<*+! ()'!P<==)'!)-!_4!

=>&*-)'!)-!"4!=>&*-)'!0<*+!()'!F)==)'R!

d<*'! )'0,+<&'! .,=<&-+)+! ()! +W()! >=0<+-%&-! .)! ;)'! %;>.)'! J+%'! .%&'! (%! 0)+F<+=%&;)! )&!

)&.*+%&;)! )-! .,=<&-+)+! ()! +W()! I*%(>-%->F! .)! ;)+-%>&'! %;>.)'! J+%'! .%&'! ()! =,-%H<(>'=)!

=*';*(%>+)!;P)\!(KP<==)R!g%+!(%!'*>-)!;)!-70)!.)!;<=0(,=)&-!%(>=)&-%>+)!0<*++%>-!U-+)!,-*.>,!

.%&'!()!;%.+)!.)!0%-P<(<J>)'!=,-%H<(>I*)'!8.>%HT-)!.)!-70)!D/!'7&.+<=)!=,-%H<(>I*):R!
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5BR! CHS);->F'!G!

!

6"! 74-*8-%,&/9/

!

QK<HS);->F! 0+>&;>0%(! .)! ;)! 0+<-<;<()! )'-! .)! .,=<&-+)+! I*)! 3! ')=%>&)'! .)!

'*00(,=)&-%-><&!0%+!6<>)!<+%()!%6);!*&!%;>.)!J+%'!?!;P%>&)!=<7)&&)!8daCjaa!32_:/!%=,(><+)!

()'!;%0%;>-,'!.K)&.*+%&;)!.)!'*S)-'!'0<+->F'R!N)'!;%0%;>-,'!.K)&.*+%&;)!'<&-!=)'*+,)'! (<+'!

.K*&)!,0+)*6)!.K)FF<+-!'*+!-%0>'!+<*(%&-R!Q)!;+>-T+)!0+>&;>0%(!=)'*+,!(<+'!.)!;)--)!,0+)*6)!')+%!

(%!.>'-%&;)!0%+;<*+*)/!I*>!.)6+%>-!U-+)!%*J=)&-,)!%0+T'!()'!3!')=%>&)'!.)!'*00(,=)&-%-><&R!

l;>)&->F>I*)=)&-/! ;)(%! 0)+=)--+%! .)!=)--+)! )&! ,6>.)&;)! (K>=0<+-%&;)! .)'! %;>.)'! J+%'! (<+'!

.K)FF<+-'!)FF);-*,'!?!P%*-)!>&-)&'>-,!)-!.)!.,=<&-+)+!I*)!(%!I*%(>-,!.)'!%;>.)'!J+%'!>&J,+,'!

0)*-!0)+=)--+)!.)'!%.%0-><&'/!&<-%==)&-!=*';*(%>+)'/!>=0<+-%&-)'R!L*!&>6)%*!;(>&>I*)/!;)!

-70)!.)!0+)*6)!)E0,+>=)&-%()!0<*++%>-!,J%()=)&-!0)+=)--+)/!0%+!(%!'*>-)/!.)!.,6)(<00)+!.)'!

'-+%-,J>)'!-P,+%0)*->I*)'!?!(K%>.)!.)!;)'!%;>.)'!J+%'!0<*+!%=,(><+)+!()!-+%>-)=)&-!.)!.>FF,+)&-'!

-70)'!.)!0%-P<(<J>)'!;P+<&>I*)'R!
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!"! #)8.*1,-4)5/9/

!

d<*'! %6<&'! 0<*+! <HS);->F! ');<&.%>+)! .)! =)--+)! )&! ,6>.)&;)! ()'! )FF)-'! .)! ;)--)!

'*00(,=)&-%-><&!'*+!(%!+,0%+->-><&!.)'!J+%>'')'!;<+0<+)(()'!%>&'>!I*)!J(<H%()=)&-!'*+!(%!=%'')!

;<+0<+)(()R!a&!)FF)-/!>(!')!0<*++%>-!I*)!()'!'*S)-'!0)+.)&-!.*!0<>.'!8)&-+)!4/_!)-!1![J:!J+};)!?!

*&)! .>=>&*-><&! .*! '-<;[%J)! .)'! (>0>.)'! %*! &>6)%*! .)'! %.>0<;7-)'! 8112/1D4:R! 5(! ')! 0<*++%>-!

,J%()=)&-!I*)!(%!0)+-)!.)!0<>.'!'<>-!(>,)!?!(%!0%+-!;,-<JT&)!.*!+,J>=)!81D1:!<*!=U=)!?!*&)!

H%>'')!.)!(%!'%->,-,!81DD/1D9:R!g%+!%>(()*+'!()'!,-*.)'!;<=0%+%&-!()'!LMNO!%*E!LMNQ!=<&-+)&-!

0+,F,+)&->)(()=)&-!*&)!<E7.%-><&!.)'!%;>.)'!J+%'!0(*'! >=0<+-%&-)!.%&'! ()'!J+<*0)'!LMNO!

81D#/1D_:R!

d<*'!%6<&'!,J%()=)&-!0<*+!<HS);->F!.)!=)--+)!)&!,6>.)&;)!.)'!)FF)-'!0<'>->F'!'*+!.>FF,+)&-'!

0%+%=T-+)'!=)'*+,'!(<+'!.)!(K,0+)*6)!.K)&.*+%&;)!G! (%!;%0%;>-,!?!*->(>')+! ()'!%;>.)'!J+%'/! (%!

=)'*+)!.*!'-+)''!<E7.%&-!%*!&>6)%*!.K*&)!J<*--)!.)!'%&J/!()'!;>&,->I*)'!.)!;<&'<==%-><&!

.K<E7JT&)!%>&'>!I*)!()!+)&.)=)&-!,&)+J,->I*)!(<+'!.)!(K,0+)*6)!.K)&.*+%&;)R!

 

BR! O%-,+>)(!)-!=,-P<.)'!

 

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

 

Q)'!'*S)-'!,-*.>,'!'<&-!.)'!'0<+->F'!'%>&'!}J,'!.)!D4!?!_4!%&'!%7%&-!*&!-)=0'!.)!+,F,+)&;)!

8.%-%&-!.)!=<>&'!.)!.)*E!%&':!'*+!*&)!;<=0,->-><&!.)!14![=!;<=0+>'!)&-+)!#_!=>&!)-!__!=>&!

0<*+!()'!P<==)'!)-!)&-+)!_4!=>&!)-!"4!=>&!;P)\!()'!F)==)'R!
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."! 51/671*%()4/-+0&%/,-(

!

^! l*S)-'!=%';*(>&'!)-!F,=>&>&'!}J,'!.)!D4!?!_4!%&'R!

^! d<&^F*=)*+'!.)0*>'!%*!=<>&'!_!%&'R!

^! l*S)-'!'0<+->F'!'%>&'!%7%&-!*&!-)=0'!.)!+,F,+)&;)!8.%-%&-!.)!=<>&'!.)!.)*E!%&':!'*+!

*&)!;<=0,->-><&!.)!14[=!;<=0+>'!)&-+)!#4=>&!)-!__!=>&!0<*+!()'!P<==)'!)-!)&-+)!

#_!=>&!)-!1P!;P)\!()'!F)==)'R!

^! 5&.>;)!.)!=%'')!;<+0<+)(()!)&-+)!D4!)-!94![J]=!R!

^! LFF>(>%-><&!%*!+,J>=)!.)!0+<-);-><&!'<;>%()!.K%''*+%&;)!=%(%.>)R!

^! l>J&%-*+)!.w*&!F<+=*(%>+)!.)!;<&')&-)=)&-!,;(%>+,R!

 

!"! 51/671*%()*(-,-8/-+0&%/,-((

!

^! o)==)!)&;)>&-)!<*!%((%>-%&-)R!

^! 5=0<''>H>(>-,!.)!;<=0+)&.+)!()'!>&F<+=%-><&'!,;(%>+,)'!8'*S)-!)&!'>-*%-><&!.K*+J)&;)/!

.>FF>;*(-,'!.)!;<=0+,P)&'><&!.*!'*S)-/!~:R!

^! l*S)-!'<*'!'%*6)J%+.)!.)!S*'->;)/!'<*'!-*-)(()!<*!'<*'!;*+%-)(()R!

^! g%-P<(<J>)'!=*';*(%>+)'/!=*';*(<^'I*)()-->I*)!)-!%+->;*(%>+)!.)'!=)=H+)'!>&F,+>)*+'R!

^! g%-P<(<J>)!;P+<&>I*)!+)'0>+%-<>+)/!;%+.><6%';*(%>+)!<*!=,-%H<(>I*)R!

^! k+%>-)=)&-!=,.>;%=)&-)*E!)&!;<*+'!)-! >=0<''>H>(>-,!.)! ()! '-<00)+!@! S<*+'!%6%&-! ()!

.,H*-!80%+!)E)=0()!G!%&->^>&F(%==%-<>+)'/!;<+->;<�.)':R!

^! N<&'<==%-><&!.)!'*H'-%&;)'!+,;+,%->6)'!<*!.<0%&-)'R!
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+"! #*+1&6*'*-6((

 

QK,-*.)! )'-! =<&<;)&-+>I*)! ?! l-+%'H<*+J! %*! ')+6>;)! .K)E0(<+%-><&! 0P7'><(<J>I*)! )-! .)!

=,.);>&)!.*!'0<+-!.*!d<*6)(!�<0>-%(!N>6>(! 8d�N:R!Q)'!'*S)-'!'0<+->F'!'<&-!+);+*-,'!.%&'! ()'!
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.)! N3! 0)&.%&-! 3! ')=%>&)'! -%&.>'! I*)! ()! .)*E>T=)! J+<*0)/! N1"/! H,&,F>;>)! .K*&)!

'*00(,=)&-%-><&!0%+!0(%;)H<! 8*&!=,(%&J)!.K%;>.)'!J+%'!?!;P%>&)'! (<&J*)'!N1":!0)&.%&-!3!

')=%>&)'! ,J%()=)&-R! Q)! 0<>&-! .>';+>=>&%&-! .)'! .)*E! J+<*0)'! )'-! .<&;! (%! ;<=0<'>-><&! .*!

;<=0(,=)&-!%(>=)&-%>+)R!

 

2"! <.(%&'()*+/,&-()*+,-4)//

 

d<*'!*->(>')+<&'!()!0+<.*>-!)E0,+>=)&-%(!daCjaa!32_/!I*>!)'-!*&!;<=0(,=)&-!%(>=)&-%>+)!)-!
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0%'!'*+!*&!0+<.*>-!=)&-><&&,!?! (K%+->;()!QR_911^1!.*!;<.)!.)!(%!'%&-,!0*H(>I*)!8Nlg:/!&<*'!

(K%00)(()+<&'!y!)''%>!�<+'!g+<.*>-'!.)!l%&-,!zR!
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;<&'->-*,)!.)!2_A!.K%;>.)'!J+%'!?!3!;%+H<&)'!)-!_A!.K%;>.)'!J+%'!?!14!;%+H<&)'R!daCjaa!32_!

')!-+<*6)!'*+!()!=%+;P,!'<*'!()!&<=!y!.K<;-%&)!;,+,H+%(!zR!

N)!0+<.*>-!)'-!F%H+>I*,!0%+!lkagLd!.%&'!()*+!0+<0+)!*'>&)!%*E!elLR!

NP>=>I*)=)&-/!()'!%;>.)'!J+%'!;<&'>'-)&-!)&!*&)!;P%>&)!.)!;%+H<&)!%--%;P,)!?!*&!J+<*0)=)&-!
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?!;P%>&)!=<7)&&)R!
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*->(>','! 0<*+! 0+<.*>+)! ()'! LMNO! ?! 3! ;%+H<&)'! )&! *->(>'%&-! *&! 0+<;)''*'! .)! 0+<.*;-><&!

%(>=)&-%>+)!'-%&.%+.R!lkagLd!*->(>')!*&)!-);P&<(<J>)!'>=>(%>+)!0<*+!0+<.*>+)!()'!LMNO!0<*+!

()'!0+,0%+%-><&'!0<*+!&<*++>''<&'/!)-!;)!0+<;)''*'!.)!0+<.*;-><&!&)!0<')!%*;*&!0+<H(T=)!.)!

',;*+>-,R!$)0*>'! ()'!%&&,)'!12_4/! ()'!LMNO!<&-!,-,! >&-+<.*>-'! ;<==)!'<*+;)!,&)+J,->I*)!

'0,;>%()!%6);!*&)!%00(>;%-><&!;(>&>I*)!.%&'!()!;P%=0!.)!(%!&*-+>-><&R!N)*E^;>!<&-!&<-%==)&-!
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(K*->(>'%-><&!.)!LMNO!.%&'!()'!0+<.*>-'!%(>=)&-%>+)'!)'-!+);<&&*)!;<==)!'�+)!8'-%-*-!McLl:!

0%+!(%!y!el!o<<.!%&.!$+*J!L.=>&>'-+%-><&!zR!e&)!+)6*)!;<=0(T-)!.,-%>(()!,J%()=)&-!()'!)FF)-'!

.)! ;)'! LNMO! ;P)\! (KP<==)! 81D":R! 5('! )E0(>I*)&-! I*K>(! %! ,-,! .,=<&-+,! .%&'! *&! &<=H+)!
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>=0<+-%&-!.K)''%>'!;P)\!(KP<==)!I*)!(K*->(>'%-><&!.)'!LMNO!)'-!'%&'!%*;*&!.%&J)+!S*'I*K?!(%!

0<'<(<J>)!.)!1J][JR!

!

$%&'!&<-+)!,-*.)/!()'!'*S)-'!;<&'<==)+<&-!"J!.)!0<*.+)!.)!N3!8daCjaa!32_:!;P%I*)!S<*+!

0)&.%&-!3!')=%>&)'/!'<*'!F<+=)!.)!;%0'*()'!.)!1JR!N<&;)+&%&-!()!0(%;)H</!()!daCjaa!32_!
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'<S%R!N)!;<=0(,=)&-!%(>=)&-%>+)!')+%!>&J,+,!(<+'!.)!(%!0+>')!.*!0)->-!.,S)*&)+!)-!+)0+,')&-)!

*&)!F%>H()!.<')/!0*>'I*K>(!)'-!+);<&&*!I*)!'%!0+>')!)'-!-+T'!H>)&!-<(,+,)!S*'I*K?!D4J!)&!*&)!

')*()!0+>')/!J,&,+%()=)&-!%*!=<=)&-!.*!+)0%'R!

!

Q)!;<=0(,=)&-!%(>=)&-%>+)!')+%!.>+);-)=)&-!.,(>6+,!0%+!lkagLd!'<*'!F<+=)!.)!J,(*()R!Q)'!

0+<.*>-'! ')+<&-! 0+<.*>-'/! ;<&.>-><&&,'/! )'-%=0>((,'! %6);! *&! &*=,+<! *&>I*)! 0%+! (<-! )-! 0%+!

'*S)-R!lkagLd!.,(>6+)+%!%(<+'!()!;)+->F>;%-!.)!(>H,+%-><&!I*>!')+%!+)=>'!%>&'>!I*)!()'!0+<.*>-'!?!

(%!0P%+=%;>)!.)'!�el!'>-*,)!%*!d�NR!

!

&6! 7"%).1."%%*+*%1(

!

Q)! ;<&.>-><&&)=)&-! ')+%! +,%(>',! 0%+! (K>&.*'-+>)(/! lkagLd/! I*>! 0)+=)-! ()*+! F%H+>;%-><&R! Q)!

;<&.>-><&&)=)&-! ')+%! +,%(>',! '<*'! F<+=)! .)! J,(*()'! '<*0()'! >.)&->I*)'! 0<*+! ()'! .)*E!

;<=0(,=)&-'R!

!

!

!
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86! 91.5#*1&:*()*/(0$")#.1/(

!

QK,->I*)-%J)! ')+%! +,%(>',! 0%+! lkagLd! ;<&F<+=,=)&-! ?! (%! +TJ()=)&-%-><&! )&! 6>J*)*+R! e&!

&*=,+<!.)!(<-!')+%!%--+>H*,/!(<+'!.)!(%!+%&.<=>'%-><&/!?!;P%I*)!0%->)&-!0%+!()!=,-P<.<(<J>'-)!

%F>&!.K%''*+)+!(%!.<*H()!%6)*J()R!

!

-6! ;<0,).1."%(*1(:*/1."%()*/(0$")#.1/(

!

Q)'!)E0,.>-><&'!'<&-!0+>')'!)&!;P%+J)!0%+!lkagLd/!(K)&')=H()!.)'!;<=0(,=)&-'!%(>=)&-%>+)'!

0<*+!(K)''%>!')+%!)&6<7,!%*!d�N!)&!*&)!')*()!F<>'R!

!

)6! =./0*%/&1."%()*/(0$")#.1/(
!
!
Q%!.>'0)&'%-><&!)-! (%!.,(>6+%&;)!'<&-!+,%(>',)'!0%+! (%!0P%+=%;>)!.*!d�N!%6);! (%I*)(()!&<*'!

'<==)'!)&!0+<=<-><&!)E-)+&)R!a(()!')!+,%(>')!)&!*&)!<*!.)*E!F<>'/!')(<&!()!'<*P%>-!.*!'*S)-!

.)!+,;*0,+)+!(K>&-,J+%(>-,!.)'!J,(*()'!)&!*&)!F<>'!<*!)&!.)*E!F<>'R!Q%!.,(>6+%&;)!)'-!'*0)+6>',)!

0%+!O=)!�ekk/!0P%+=%;>)&&)!.*!')+6>;)!)''%>'!;(>&>I*)'!.)!(%!0P%+=%;>)!.*!d�NR!QK%6)*J()!

)'-!=%>&-)&*)!0%+!(K%''<;>%-><&!.*!&*=,+<!.)!(<-!%*!&*=,+<!.)!+%&.<=>'%-><&!.*!'*S)-!.<&-!

')*(!()!=,-P<.<(<J>'-)!%!;<&&%>''%&;)R!

L*!-<-%(/!()!'*S)-!+,;*0T+)!)&!*&)!<*!.)*E!F<>'!'<&!(<-!.)!J,(*()'!;<++)'0<&.%&-!?!'<&!&*=,+<!

.)!+%&.<=>'%-><&!?!(%!0P%+=%;>)!.*!d�NR!

!

!



!

!
!

!

33!

*6! >1"-?&:*(

!

Q)! '-<;[%J)! %*+%! (>)*! .%&'! ()'! (<;%*E! .*! d�N/! ?! 0+<E>=>-,! .)! (K*&>-,! F<&;-><&&)(()! .)!

0P7'><(<J>)!<X!')+<&-!+,%(>','!()'!-)'-'!'*+!()'!'*S)-'R!5(!&K7!%!0%'!.)!0+,;%*-><&'!0%+->;*(>T+)'!

.)!;<&')+6%-><&!.)'!0+<.*>-'R!

!

36! @*1"#$(*1()*/1$#-1."%()*/(0$")#.1/(%"%(#1.'./,/((

!

Q)'!0+<.*>-'!&<&!*->(>','!')+<&-!+)-<*+&,'!%*!;)&-+)!.)!.>'0)&'%-><&!80P%+=%;>)!.)'!�el!%*!

d�N:R!Q)*+!.)'-+*;-><&!%*+%!%(<+'!(>)*!%0+T'!6,+>F>;%-><&!)-!;<=0-%H>(>-,!.)'!'-<;['R!!

!

:6! A&'&%-*(8,%,3.-*B$./5#*/((

!

1R! c>'I*)'!)&;<*+*'!

!
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