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8^[_W`fSf[a` �^WUfd[cgW ,,*',.* M'/* @l

HdWee[a` Sg daT[`Wf
V#Sdd[h�W V#WSg

*&*- EHS $*&- TSd%'+ EHS $+* TSd%

*;I;<KWIBJKBHL>J K><AEBHL>J



'

Conformité aux normes et aux données de test/
Déclaration de conformité UE
6C MOLBRGQ OWMLKB ?RT CTGECKACP BC QLRQCP ICP
BGOCAQGSCP CROLMWCKKCP CK SGERCRO ?GKPG NR[V QLRQCP
ICP KLOJCP F?OJLKGPWCP ALOOCPMLKB?KQCP% NRG
MOWSLGCKQ IC J?ONR?EC 68'



(

.1-240(6.215 ,6 4,*200(1+(6.215 +,
5U*74.6U

4><P<C;@>

[ .AMO=EIN ?JHKJN=ION AO G"AH>=GG=CA @A QJOMA G=QA%Q=ENNAGGA
ea`f XSTd[cg�e � bSdf[d VW _Sf�d[Sgj dWUkU^ST^We(
[ 3AN XGXHAION AI H=OEYMA KG=NOELPA KJMOAIO GAN EIN?MEKOEJIN
[`fWd`Sf[a`S^We 4 $7H=6 & 7HJ6 & 7HGE6& 7HH6& ((((%
[ 3AN XGXHAION AI ?=MOJI NJIO B=>MELPXN U K=MOEM @A K=KEAM
dWUkU^� Wf Va[hW`f �fdW V�bae�e VS`e ^We TSUe VW fd[ e�^WUf[X
bd�hge � UWf WXXWf(
[ 4A K=N KG=?AM ?AN H=OXME=PR @=IN GAN >=?N U @X?DAON& 3AN
V�baeWd VS`e g` UW`fdW VW dWUkU^SYW(
[ .JIO=?OAM GAN ?AIOMAN ?JI?AMIXN KJPM J>OAIEM @AN
[`Xad_Sf[a`e egd ̂ We _�fZaVWe Wf ba[`fe VW _[eW Sg dWTgf(

.E?FID;KBFEJ => JW<LIBKW

#71 08')/2*.- () 4.20) &//&0)*+

[ ;XMEBEAT LPA GA G=QA%Q=ENNAGGA JY NJI AH>=GG=CA XTSY ARAHKOX
VW fagf Va__SYW( FW V�_SddWl \S_S[e Q$SbbSdW[^ X$NQ Wef
W`Va__SY� VW cgW^cgW _S`[�dW 5 Ua`fSUfWl ^W eWdh[UW
Sbd�e'hW`fW IJ [TYWJ RFLFXNS WJ[JSIJZW XN S`HJXXFNWJ(
[ /X>=GGAT GAN H=OXME=PR @"AH>=GG=CA ?JHHA EI@ELPX AO
_WffWl'^We Sg dWTgf Ua`Xad_�_W`f Sgj d�Y^We Sbb^[UST^We(

$.*-21 *,/.02&-21 /)-(&-2 +!*-12&++&2*.- (3 +&4)"4&*11)++)

[ A`efS^^Wl hafdW ^ShW'hS[eeW^^W VS`e g` W`Vda[f SV�cgSf JY
_ SN[JFZ& `W baeS`f bSe VW d[ecgW bagd ̂ S e�Ugd[f�(
[ 6MJ?X@AT U G"EINO=GG=OEJI AO =P M=??JM@AHAIO @A QJOMA G=QA%
hS[eeW^^W W` eg[hS`f ^We [`efdgUf[a`e(
[ ;W ^ShW'hS[eeW^^W `W Va[f �fdW [`efS^^� Wf d�bSd� cgW bSd g`
eWdh[UW Sbd�e hW`fW SYd��(



)

[ 4"POEGENAT LPA GAN KEY?AN @XO=?DXAN @"JMECEIA&

[ -Q=IO ^#[`efS^^Sf[a`& h�d[X[Wl cgW ̂ W ̂ ShW'hS[eeW^^W Wef
V�TdS`UZ�(
[ ;XMEBEAT LPA QJOMA KMENA XGA?OMELPA ANO ?JIBJMHA =PR IJMHAN
W` h[YgWgd( 9JPN GAN >M=I?DAHAION XGA?OMELPAN @JEQAIO
?JMMANKJI@MA Sgj hS^Wgde [`V[cg�We egd ̂ S b^ScgW e[Y`S^�f[cgW(

[ 9<?>@B5=B , QXMEBEAT LPA GA G=QA%Q=ENNAGGA I"ANO K=N KJNX
egd ̂ W U�T^W V#S^[_W`fSf[a`(

[ 4A >M=I?DAT F=H=EN GA G=QA%Q=ENNAGGA =P HJSAI @"PIA
dS^^a`YW �^WUfd[cgW ag V#g`W bd[eW _g^f[b^W( DS bd[eW Va[f �fdW
XSU[^W_W`f SUUWee[T^W g`W Xa[e ̂ W ̂ ShW'hS[eeW^^W [`efS^^� (
[ -KMYN =QJEM EINO=GGX GA G=QA%Q=ENNAGGA NPM PI AHKG=?AHAIO
SV�cgSf& XS[fWe'^W Xa`Uf[a``Wd � h[VW ^ade VW ^S bdW_[�dW
gf[^[eSf[a`(

7J;@> HLFKB=B>E

[ .A G=QA%Q=ENNAGGA ANO AR?GPNEQAHAIO @ANOEIX U PI PN=CA
Va_Wef[cgW( FW ^#gf[^[eWl � SgUg`W SgfdW X[`( KagfW gf[^[eSf[a`
Vg ̂ ShW'hS[eeW^^W � VWe X[`e Ua__WdU[S^We S``g^W ̂ S YSdS`f[W(

[ 4A HJIOAT K=N$ IA QJPN =NNASAT K=N JP IA KG=?AT K=N @A
UZSdYW egd ^S badfW aghWdfW Vg ^ShW'hS[eeW^^W 4 [^ bagddS[f eW
dW`hWdeWd(

[ 4A KG=?AT F=H=EN @=IN GA @ENOME>POAPM @A @XOAMCAIO AO @A
bdaVg[f VW ^ShSYW VW hafdW ^ShW'hS[eeW^^W V#SgfdWe bdaVg[fe
cgW UWgj eb�U[S^W_W`f Ua`�ge bagd ^W ^ShW'hS[eeW^^W( �
V�XSgf& `afdW eaU[�f� `W eSgdS[f �fdW fW`gW dWeba`eST^W VW
fagf Va__SYW cgW bagddS[f egT[d hafdW ^ShW'hS[eeW^^W(
[ 3"A=P ?JIOAIPA @=IN G= ?PQA @A G=Q=CA @P G=QA%Q=ENNAGGA
`#Wef bSe bafST^W( FW ^S TghWl bSe(



*

[ /P B=EO @P @=ICAM @"ARKGJNEJI$ IA KG=?AT =P?PI @ENNJGQ=IO
UZ[_[cgW ag ea^hS`f VS`e ^W ^ShW'hS[eeW^^W(

[ ;XMEBEAT LPA GAN J>FAON JS KG=NOELPA MXNENOAIO U G= ?D=GAPM
ShS`f VW ^We ^ShWd W` ^ShW'hS[eeW^^W(
[ .AO =KK=MAEG KAPO ZOMA POEGENX K=M @AN AIB=ION VCXN @"=P
_a[`e 2 S`e Wf VWe bWdea``We ShWU VWe USbSU[f�e bZke[cgWe&
eW`ead[W^^We ag _W`fS^We d�Vg[fWe ag eS`e Wjb�d[W`UW `[
Ua``S[eeS`UWe& e#[^e ea`f egbWdh[e�e& a`f dW�g VWe [`efdgUf[a`e
dW^Sf[hWe � ̂ #gf[^[eSf[a` e�Ugd[e�W VW ̂ #SbbSdW[^ Wf Ua_bdW``W`f
^We VS`YWde k SeeaU[�e FW bWd_WffWl bSe � VW \Wg`We
W`XS`fe VW \agWd ShWU ^#SbbSdW[^( DW `WffakSYW Wf
^#W`fdWf[W` bSd ̂ #gf[^[eSfWgd `W Va[hW`f �fdW WXXWUfg�e bSd VWe
W`XS`fe cgW ^adecg#[^e T�`�X[U[W`f V#g`W egbWdh[e[a`(
[ 8APGN GAN J>FAON =@=KOXN =P G=Q=CA AI G=QA%Q=ENNAGGA @JEQAIO
�fdW [`fdaVg[fe VS`e ̂S _SUZ[`W( =` agfdW& ̀ W V�bSeeWl bSe ̂S
USbSU[f� VW UZSdYW_W`f VWe bS`[Wde( � V�XSgf& `afdW
eaU[�f� `W eSgdS[f �fdW fW`gW dWeba`eST^W VW fagfW dSkgdW ag
VW fagfW Xad_Sf[a` VW dag[^^W egd ^S bSda[ [`fWd`W VW hafdW ^ShW'
hS[eeW^^W USge�W bSd VWe _aghW_W`fe Vg bS`[Wd(
[ - ?=PNA$ IJO=HHAIO$ @"PI @X>JM@AHAIO @"A=P ?D=P@A
baee[T^W& `#aghdWl ^S badfW Vg ^ShW'hS[eeW^^W W` SgUg`W
U[dUa`efS`UW bW`VS`f ^W Xa`Uf[a``W_W`f( L` V[ebae[f[X VW
e�Ugd[f� _Wf ^W ^ShW'hS[eeW^^W � ^#Sdd�f W` USe V#aghWdfgdW VW
^S badfW(
[ 6JPM XQEOAM @A KJNNE>GAN =??E@AION$ IA G=ENNAT K=N G= KJMOA
VW hafdW ̂ ShW'hS[eeW^^W aghWdfW � ̂ #Sdd�f(
[ 2INO=GGAT GAN ?JPOA=PR AO =POMAN J>FAON KJEIOPN @=IN GA K=IEAM
� UaghWdf& ba[`fW W` TSe(
J[ ^W UadVa` V#S^[_W`fSf[a` Wef W`Va__SY�& [^ Va[f �fdW
dW_b^SU� bSd ̂ W KFGWNHFSY& XTS FLJSY IJ XJW[NHJ TZ ZS
YJHMSNHNJS VZFQNKN` FKNS I$`[NYJW YTZY IFSLJW(



+

;Wf SbbSdW[^ ̀ #Wef bSe VWef[`�& � �fdW gf[^[e� bSd VWe bWdea``We 
$`afS__W`f VWe W`XS`fe% Va`f ^We USbSU[f�e bZke[cgWe& 
eW`ead[W^^We ag [`fW^^WUfgW^^We ea`f d�Vg[fWe& ag bSd VWe 
bWdea``We _S`cgS`f V#Wjb�d[W`UW ag VW Ua``S[eeS`UWe& � 
_a[`e cgW UW^^We'U[ `W ea[W`f eage egdhW[^^S`UW ag cg#W^^We
S[W`f dW�g VWe [`efdgUf[a`e cgS`f � ^#gf[^[eSf[a` VW ^#SbbSdW[^ 
bSd g`W bWdea``W dWeba`eST^W VW ̂ Wgd e�Ugd[f�(

[ -KMYN GA @X>=GG=CA @P G=QA%Q=ENNAGGA$ QAEGGAT U OAIEM GAN
_Sf�d[Sgj V#W_TS^^SYW Zade VW badf�W VWe W`XS`fe(
[ 4A G=ENNAT K=N GAN AIB=ION FJPAM =QA? JP HAOOMA AI H=M?DA
^W ^ShW'hS[eeW^^W(
[ 7=ICAT GAN @XOAMCAION AO KMJ@PEON @A MEIW=CA DJMN @A KJMOXA
VWe W`XS`fe(
[ KW`[d ^We W`XS`fe � ^#�USdf Vg ^ShW'hS[eeW^^W ^adecgs[^ Wef
aghWdf 4 [^ bWgf Ua`fW`[d VWe d�e[Vge VW egTefS`UWe VW
`WffakSYW(
[ ;AEGGAT U ?A LPA QJOMA =I?EAI G=QA%Q=ENNAGGA IA KJNA =P?PI
d[ecgW � hae W`XS`fe( A^ Wef Sdd[h� cgW VWe W`XS`fe e#W`XWd_W`f

W<LIBKW =>J >E?;EKJ

� ^#[`f�d[Wgd VW ^ShW'hS[eeW^^We geSY�e( Hagd bd�hW`[d UWffW 
e[fgSf[a`& Td[eWl ^W ekef�_W VW hWddag[^^SYW Vg ^ShW'hS[eeW^^W 
Wf SddSUZWl ̂ We U�T^We �^WUfd[cgWe ShS`f eS _[eW Sg dWTgf( 



#"

,E <;J => =PJ?FE<KBFEE>D>EK

[ 9JPO @XB=PO @A BJI?OEJIIAHAIO @P G=QA%Q=ENNAGGA @JEO
[_b�dSf[hW_W`f �fdW d�bSd� bSd g`W bWdea``W cgS^[X[�W( KagfW
d�bSdSf[a` d�S^[e�W bSd g`W bWdea``W SgfdW cg#g` fWUZ`[U[W`
VW eWdh[UW Sbd�e hW`fW SYd�� W`fdS�`WdS ^#S``g^Sf[a` VW ^S
YSdS`f[W(
[ -Q=IO @"ABBA?OPAM OJPOA MXK=M=OEJI NPM GA G=QA%Q=ENNAGGA$
bdW`Wl ea[` VW ^J V�TdS`UZWd Vg d�eWSg �^WUfd[cgW( ;agbWl
^We Xge[T^We ag V�TdS`UZWl ^W ^ShW'hS[eeW^^W( FW bSe f[dWd egd
^W U�T^W bagd V�TdS`UZWd ^W ^ShW'hS[eeW^^W( HdW`Wl ea[` VW
XWd_Wd ̂ #Sdd[h�W V#WSg(
4><FDD;E=;KBFEJ
[ 6JPM IA K=N C=NKEGGAM G"A=P AO G"XIAMCEA$ AIGAQAT GAN CMJN
d�e[Vge V#S^[_W`fe ShS`f VW _WffdW ^S hS[eeW^^W VS`e ^S ^ShW'
hS[eeW^^W( EWffWl ^W ^ShW'hS[eeW^^W W` _SdUZW Sbd�e ^#Sha[d
W`f[�dW_W`f UZSdY�(
[ 4"POEGENAT GA KMJCM=HHA @A OMAHK=CA LPA NE IX?ANN=EMA&

[ 2INO=GGAT GAN J>FAON ?MAPR OAGN LPA GAN >JGN$ QAMMAN AO KJON @A
_S`[�dW � UW cg#[^e ea[W`f fagd`�e hWde ̂ W TSe(

[ 2G ANO ?JINAEGGX @A IA K=N NPM?D=MCAM GA G=QA%Q=ENNAGGA AO @A
`W bSe k [`efS^^Wd VW ̂ S hS[eeW^^W VW ̀ SfgdW V[XX�dW`fW VW UW^^W
[`V[cg�W(

1> G;J C;M>I >E C;M>"M;BJJ>CC> &

[ .AI@MAN @A ?EC=MAOOAN$ MANOAN @A >JPCEA$ ?EM=CA$ NP>NO=I?AN
UZ[_[cgWe& _Sf�d[Sgj � TSeW V#S^^[SYWe XWddWgj(



##

[ 1JPM?DAOOAN$ ?PEGGYMAN AO ?JPOA=PR U H=I?DA JS >JEN$ JS
Uad`W ag JS [ha[dW& ag [`Udgef�X VW ̀ SUdW 5 aT\Wfe Ua^^�e&
bW[`fgdW& Sdf[U^We _SUg^�e VW bdaVg[fe UZ[_[cgWe STdSe[Xe&
SU[VWe ag TSe[cgWe(
[ 5>FAON JS KG=NOELPA IA MXNENO=IO K=N U G= ?D=GAPM$ MX?EKEAION
JS Ug[hdW ag �fS_�e(

[ 5>FAON JS =GPHEIEPH AO JS =MCAIO #EGN KAPQAIO NA @X?JGJMAM
JP eW fWd`[d%(
[ 6JWYFNSX [JWWJX KWFLNQJX& QJX UTWHJQFNSJX TWS`JX IJ RTYNKX
I`HTWFYNKX NRUWNR`X& VZN X$JXYTRUJSY RbRJ FUWaX QJ UWJRNJW
QF[FLJ& HJWYFNSX FWYNHQJX IJ HWNXYFQ& VZN UJWIJSY QJZW
YWFSXUFWJSHJ F[JH QJ YJRUX& QJX HTZ[JWYX HTQQ`X SJ W`XNXYFSY
UFX _ QF HMFQJZW& QJX [JWWJX IJ HWNXYFQ FZ UQTRG ,/'-* #& QJX
UQFSHMJX _ I`HTZUJW& QJX FWYNHQJX KFGWNVZ`X F[JH IJ QF KNGWJ
X\SYM`YNVZJ(
[ 3AN =MOE?GAN =>NJM>=ION OAGN LPA GAN XKJICAN JP GAN OJM?DJIN
`W ea`f bSe ^ShST^We W` ^ShW'hS[eeW^^W(
[ 5BB8=B9>= 3 ?WJSJ] XTNS I$FHMJYJW IJX FWYNHQJX QF[FGQJX
JS QF[J'[FNXXJQQJ _ UFWYNW I$FZOTZWI$MZN(

Hagd [`efS^^Wd hafdW ^ShW'hS[eeW^^W& bdW`Wl ea[` VW UZa[e[d g`
W`Vda[f a� hage bagddWl XSU[^W_W`f UZSdYWd Wf V�UZSdYWd 
hafdW hS[eeW^^W(

=$NSXYFQQJ] UFX [TYWJ QF[J'[FNXXJQQJ IFSX ZS QNJZ Tc QF
YJRU`WFYZWJ FRGNFSYJ UJZY IJXHJSIWJ XTZX * d6(



#$

' 8hS`f VW ^W bae[f[a``Wd& eadfWl ^W ^ShW'hS[eeW^^W VW
ea` W_TS^^SYW W` dWebWUfS`f ^We ShWdf[eeW_W`fe Sbbae�e
egd UW^g['U[(

' Hae[f[a``Wl ^W ^ShW'hS[eeW^^W � bdaj[_[f� V#g`W Sdd[h�W
Wf I$ZSJ �hSUgSf[a` V#WSg( Mage VWhWl [`efS^^Wd hafdW ^ShW'
hS[eeW^^W VW _S`[�dW � `W bSe _aV[X[Wd ^We dSUUadVe g`W
Xa[e UWgj'U[ WXXWUfg�e(

' FW eS[e[eeWl bSe ^W ^ShW'hS[eeW^^W bSd ^S badfW ag bSd
^W bS``WSg VW Ua__S`VW bagd ̂ S V�b^SUWd(

' HdW`Wl ea[` VW ^S[eeWd g` WebSUW Sgfagd Vg ^ShW'hS[eeW^^W
VW _S`[�dW � bagha[d ^W V�b^SUWd XSU[^W_W`f V#ShS`f W`
Sdd[�dW bW`VS`f ̂ W ̀ WffakSYW(

' HdW`Wl ea[` VW `W bSe Ua[`UWd ^We fgkSgj V#Sdd[h�W
V#WSg Wf VW h[VS`YW W` bae[f[a``S`f ^W ^ShW'hS[eeW^^W( =`
agfdW& bdW`Wl ea[` VW `W bSe Ua[`UWd ^W U�T^W �^WUfd[cgW
eage ^W ^ShW'hS[eeW^^W(

' 7XCGAT GAN KEA@N MXCG=>GAN @P G=QA%Q=ENNAGGA IJH=IEYMA U ?A
LP"EG ea[f � `[hWSg Wf T[W` efST^W( DW Ta` bae[f[a``W_W`f Vg
^ShW'hS[eeW^^W Wef WeeW`f[W^ bagd g`W Ta``W aghWdfgdW Wf
XWd_WfgdW VW ^S badfW(

' J[ ^S badfW VW hafdW ^ShW'hS[eeW^^W `W eW XWd_W bSe
UaddWUfW_W`f& h�d[X[Wl cgW Q$FUUFWJNQ Wef � `[hWSg Wf efST^W
egd ^W ea^ 5 VS`e ^W USe Ua`fdS[dW& bae[f[a``Wl ^W ^ShW'hS[eeW^^W
VW _S`[�dW efST^W W` FOZXYFSY ̂ We b[WVe d�Y^ST^We(

4;<<FI=>D>EK =!>;L

M�d[X[Wl cgW ^#[`efS^^SYNTS VW b^a_TWd[W [`f�d[WgdW Ua`h[W`f 
� ^#[`efS^^Sf[a` V#g` ^ShW'hS[eeW^^W( Fage hage 
dWUa__S`Va`e JS TZYWJ I$NSXYFQQJW ZS KNQYWJ _ Q$JSYW`J IJ



"%

[TYWJ ITRNHNQJ& VW _S`[�dW � �h[fWd cg#g`W Ua`fS_[`Sf[a` 
$eST^W& SdY[^W& dag[^^W& WfU(% �hW`fgW^^W_W`f fdS`ebadf�W VS`e 
^W d�eWSg V#WSg ag VS`e ^#[`efS^^Sf[a` VW b^a_TWd[W [`f�d[WgdW 
USgeW fagf Va__SYW Sg ^ShW'hS[eeW^^W& Wf � bd�hW`[d fage 
V�eSYd�_W`fe fW^e cgW ^W \Sg`[eeW_W`f VW ^S hS[eeW^^W ag 
^S Xad_Sf[a` VW V�b�fe Sbd�e ̂ W ̂ ShSYW(

6LP;L =!;IIBMW> =!>;L F#gf[^[eWl \S_S[e ^W
fgkSg V#Sdd[h�W V#WSg VW hafdW S`U[W` 
^ShW'hS[eeW^^W( Lf[^[eWl ^W fgkSg `WgX Xagd`[
ShWU hafdW ^ShW'hS[eeW^^W( 8hS`f VW
dSUUadVWd ^W fgkSg V#Sdd[h�W V#WSg `WgX ag 
^a`YfW_be [`gf[^[e� � hafdW ^ShW'hS[eeW^^W& 
XS[fWe Uag^Wd VW ^#WSg VS`e UW^g['U[ KAI@=IO

PI HJHAIO& 7=??JM@A] U G= H=EI GA fgkSg
V#Sdd[h�W V#WSg V[dWUfW_W`f Sg daT[`Wf 
V#Sdd[h�W( DS bdWee[a` IZ daT[`Wf Va[f �fdW 
Sg _[`[_g_ VW *&*- EbS "%$' )(*# Wf Sg
_Sj[_g_ VW + EbS "&% )(*#( J[ ^S
bdWee[a` V#WSg Wef egb�d[WgdW � + EbS "&%

)(*#& [`efS^^Wl g` V[ebae[f[X d�VgUfWgd VW 
bdWee[a` W`fdW ^W daT[`Wf Wf ^W fgkSg(

L`W Xa[e ^We dSUUadVe WXXWUfg�e& aghdWl ^W daT[`Wf � Xa`V Wf 
h�d[X[Wl ^#�fS`UZ�[f�( Hagd ^S e�Ugd[f� VW hafdW ^ShW'hS[eeW^^W& 
bdW`Wl ea[` VW fag\agde XWd_Wd ^W daT[`Wf V#Sdd[h�W Sbd�e ^S 
X[` VW UZScgW bdaYdS__W(



"&

6LP;L => MB=;E@>

G` bWgf dSUUadVWd ^W fgkSg VW h[VS`YW&
ea[f V[dWUfW_W`f � g`W h[VS`YW X[jW& 
ea[f _ ZS  dSUUadV eb�U[S^ eage ^#�h[Wd( 
8g _akW` V#g` fgkSg UagV� eb�U[S^ 
$e[ V[eba`[T^W%& [TZX UTZ[J]
h[VS`YWd ^J ^ShW'
hS[eeW^^W V[dWUfW_W`f VS`e
^#�h[Wd W` SUUdaUZS`f ^W fgkSg 
UagV� Sg TadV VW ^#�h[Wd( ;W 
dSUUadVW_W`f Va[f eW fdaghWd � Sg 
_a[`e /* U_ Wf Sg b^ge ++* U_ Vg
`[hWSg Vg ea^(



"'

3\LXZPYYLSLTZ 2 Dadecgsg` fgkSg VW h[VS`YW VW b^ge VW
. _ Wef gf[^[e�& ^We gefW`e[^We bWghW`f dWefWd eS^We( <S`e UW 
USe& ̀ afdW eaU[�f� V�U^[`WdS fagfW dWeba`eST[^[f�(



"(

4;<<FI=>D>EK WC><KIBHL>

DS bd[eW ShWU fWddW VW hafdW ̂ShW'hS[eeW^^W Va[f �fdW dSUUadV�W 
� g`W bd[eW ShWU _[eW � ^S fWddW Va`f ^S fW`e[a` Wf ^#[`fW`e[f� 
UaddWeba`VW`f Sgj hS^Wgde bd�hgWe $eg[hS`f ^We `ad_We W` 
h[YgWgd%( J[ hafdW ^aYW_W`f `W Ua_badfW bSe V#[`efS^^Sf[a`
ShWU _[eW � ^S fWddW& XS[fWe d�S^[eWd UW fkbW V#[`efS^^Sf[a` bSd 
g` �^WUfd[U[W` cgS^[X[�( =` USe V#gf[^[eSf[a` eS`e _[eW � ̂S fWddW& 
`afdW eaU[�f� V�YSYWdS fagfW dWeba`eST[^[f� bagd fagfW bWdfW 
V#geSYW cg[ bagddS[f eW bdaVg[dW(

A`fW`e[f� Vg Xge[T^W [`f�d[Wgd 4 +*'+0 8(

MafdW ^ShW'hS[eeW^^W Wef Ua`X[Ygd� bagd Xa`Uf[a``Wd W` 
,,*',.* M( J[ hafdW Va_[U[^W Wef W` ++* M& [`fWdUS^Wl g`
fdS`eXad_SfWgd ++*),,* M ' - *** N( DW ^ShW'hS[eeW^^W Va[f
�fdW V�TdS`UZ� bW`VS`f ̂ W bae[f[a``W_W`f(

Lf[^[eW] W` bWd_S`W`UW ^S bd[eW W`Vg[fW Xagd`[W ShWU ^#SbbSdW[^(

� TSeeW fW`e[a`& ^#WXX[USU[f� VW hafdW ^ShW'hS[eeW^^W Wef 
[`X�d[WgdW(

J[ ̂W U�T^W V#S^[_W`fSf[a` Wef W`Va__SY�& [^ Va[f �fdW dW_b^SU� 
bSd ^W XSTd[US`f& ea` eWdh[UW Sbd�e'hW`fW ag g`W bWdea``W 
VW cgS^[X[USf[a` e[_[^S[dW& SX[` V#�h[fWd YTZY VS`YWd( <S`e ^W
USe Ua`fdS[dW& VWe SUU[VW`fe bWghW`f eW bdaVg[dW(

Hagd VWe dS[ea`e VW e�Ugd[f�& SeegdWl'hage VW fag\agde 
V�TdS`UZWd ̂ S bd[eW � ̂ S X[` Vg bdaYdS__W(

8X[` V#�h[fWd g`W �^WUfdaUgf[a`& �h[fW] VW V�TdS`UZWd ̂ #SbbSdW[^ 
^adecgW hae _S[`e ea`f _ag[^^�We

<�TdS`UZWl fag\agde hafdW ^ShW'hS[eeW^^W bSd ^S bd[eW( FW  
f[dW] OFRFNX ̂ W U�T^W �^WUfd[cgW ̂ g['_�_W(



")

(M>IKBJJ>D>EK & DW egbbadf hWdf[US^ eage ^WcgW^ [TZX
[`eYFQQJ] [afdW ^ShW'hS[eeW^^W W` eadfS`f ea` b^S` VW fdShS[^
"'%&# Va[f �fdW efST^W SX[` V#Wh[fWd fagf V�e�cg[^[TdW(

Hagd dWf[dWd ^W b^S` VW fdShS[^ Vg ^ShW'hS[eeW^^W& V�baeWl ^We 
h[e cg[ QJ _S[`f[W``W`f � ^#Sdd[�dW Vg ^ShW'hS[eeW^^W( 
HageeWl W`eg[fW ^W bS``WSg + U_ VW ^#ShS`f hWde ^#Sdd[�dW 
Wf eag^WhWl'^W(

7XCGAT GAN KEA@N @P G=QA%Q=ENNAGGA AI BJI?OEJI @A G= KAIOA @P

.EJK;CC;KBFE JFLJ LE GC;E => KI;M;BC

J[ hage eagZS[fWl [`efS^^Wd hafdW ^ShW'hS[eeW^^W eage g` b^S`
VW fdShS[^ "&$%#& h�d[X[Wl cgW hage V[ebaeWl V#g` WebSUW 
egXX[eS`f eage ^W b^S` VW fdShS[^ Wf cgW ^#[`efS^^Sf[a`
�^WUfd[cgW Wf ^S b^a_TWd[W hage ^W bWd_WffW`f )(J[ hage
\gYWl cgW ^#WebSUW eage ^W b^S` VW fdShS[^ VW hafdW
Ug[e[`W Wef egXX[eS`f bagd [`efS^^Wd hafdW ^ShW'hS[eeW^^W&
dWf[dWl ^W b^S` VW fdShS[^ Vg ^ShW'hS[eeW^^W Ua__W NSINVZ`
IFSX QF KNLZWJ HN'IJXXTZX(



"*

ea^ Wf Vg `[hWSg % A`efS^^Wl hafdW ^ShW'hS[eeW^^W W` ^J
bageeS`f eage ^W b^S` VW fdShS[^ J Y W` bdW`S`f ea[` VW `W
bSe b^[Wd ag �UdSeWd ̂ We fgkSgj( 

(M>IKBJJ>D>EK & L`W Xa[e ^W b^S` VW fdShS[^ dWf[d�& ^W ^ShW'
hS[eeW^^W Va[f �fdW b^SU� VS`e g` W`Vda[f XWd_� Va`f 
^We V[_W`e[a`e ea`f [`V[cg�We $Ma[d X[Y( %

!



J2

( W¦ofcfbw#nrb#ibp#`^o^`q¦ofpqfnrbp#qb`ekfnrbp#ar#o¦pb^r#¦ib`qofnrb#bq#a�^ifjbkq^qflk#bk#b^r
`loobpmlkabkq#^ru#s^ibrop#fkafnr¦bp#a^kp#ibp#fkpqor`qflkp#a�fkpq^ii^qflk#ab#i^#j^`efkb/

( Sbqfobw#qlrp#ibp#j^q¦of^ru#a�bj_^ii^db#>#i�fkq¦ofbro#ab#i^#j^`efkb/
( S¦dibw#i�^alr`fppbro#a�b^r/
( Bglrqbw#*#hd#ab#pbi#a^kp#ib#`ljm^oqfjbkq#�#pbi#bq#objmifppbw.ib#a�b^r#�#o^p#_loa/
( Sbjmifppbw#ib#`ljm^oqfjbkq#�#molarfq#ab#ofk¤^db/
?]`_bdQ^SU"TU"\Q"aeQ^dYd�"TU"SQ\SQYbU"TQ^c"\mUQe

Qlro#rk#_lk#o¦priq^q-#ib#i^sb.s^fppbiib#alfq#clk`qflkkbo#^sb`#ab#i�b^r#^alr`fb-#5,;#`^i`^fob/#B#a¦c^rq-
abp# o¦pfarp# ab#`^i`^fob#_i^k`p# pb#a¦mlpbolkq# pro# i^# s^fppbiib# bq# �# i�fkq¦ofbro# ab# i^#j^`efkb-# `b# nrf
^ccb`qbo^# k¦d^qfsbjbkq# i^# mbocloj^k`b# ab# i^s^db# bq# ab# ofk¤^db# ab# i^# j^`efkb# bq# ib# _ofii^kq# ab# i^
s^fppbiib/# Rr^ka# i�b^r# qo^sbopb# i�^alr`fppbro-# biib# bpq# a¦_^oo^pp¦b# abp# flkp# obpmlkp^_ibp# ab# p^
arobq¦#bq#^qqbfkq#ib#abdo¦#ab#alr`bro#a¦pfo¦#mlro#l_qbkfo#ib#jbfiibro#o¦priq^q#ab#i^s^db/#Tbilk#ib#abdo¦

ab# arobq¦# ab# i�b^r-# `bp# flkp# p�^``rjribkq# o^mfabjbkq# �# i�fkq¦of"bro# ab# i�^alr`fppbro/# Ji# c^rq# alk`

o¦d¦k¦obo# ib# pvpq¥jb# ^alr`fppbro#^sb`# ar#pbi# mlro# i^sb.s^fppbiib#ab#j^kf¥ob#�# `b# nr�fi# clk`qflkkb"
^rppf# _fbk# ^r# `lrop# ar# i^s^db# prfs^kq/#
8XQbWU]U^d"Te"cU\"TQ^c"\U"b�cUbf_Yb"TU"\mQT_eSYccUeb"TmUQe
Vqfifpbw#ar#pbi#pm¦`fcfnrb#mlro#^alr`fppbro#ab#i^sb.s^fppbiib/#Qlro#jbqqob#ib#pbi#a^kp#ib#o¦pboslfo#ab#

i�^alr`fppbro-# bkibsbw# a�^_loa# ib#
m^kfbo# fkc¦ofbro-# mrfp# a¦sfppbw# ib#
_lr`elk# bk# ib# qlrok^kq# a^kp# ib#
pbkp# fksbopb# abp# ^fdrfiibp# a�rkb#
jlkqob/2#bq#3#=##
7"\Q"`bU]Y~bU"edY\YcQdY_^"Te" \QfU"
fQYccU\\U("bU]`\YccUj"\U"b�cUbf_Yb"

Obqqlvbo# ib# cfibq^db# bq# obsfppbw#
ib#_lr`elk/
Fkibsbw#Y]`�bQdYfU]U^d# ib# pbi#
^v^kq# mr#qlj_bo# �# `lq¦# ar#
o¦pboslfo-# pro# ib#clka#fklu/#Tf#slrp#
kb#c^fqbp#m^p#ab#i^s^db#
fjj¦af^qbjbkq#^mo¥p#^slfo#jfp#
ar# pbi-# jbqqbw# bk# j^o`eb# rk#
moldo^jjb# `lroq# ab# i^s^db#

(<,* ;3, 2(*/03, <0+, (-03 +D?<09,7 +D,3+422(.,7 1D039?70,;7 +; 1(<,#s^fppbiib# )7086;, +, `loolpflk*
bk# o^fplk# ar# a¦_loabjbkq# ab# pbi# a^kp# i�^mm^obfi# ilop# ar# objmifpp^db# ar#o¦pboslfo/#Bfkpf-# ib#
promirp#ab#pbi#pbo^#fjj¦af^qbjbkq#bkibs¦#^r#jljbkq#ab#i�lm¦o^qflk#ab#i^s^db/#

Mlopnrb#slrp#`ljjbk`bw#�#c^fob#clk`qflkkbo#slqob#i^sb.s^fppbiib-#ib#o¦pboslfo#a,#pbi#pb#objmifq#a�b^r/
Qlro# `bqqb# o^fplk-# jbqqbw# ib# pbi# a^kp# ib# o¦pboslfo# ^s^kq# ab# `ljjbk`bo# �# rqfifpbo# slqob# ^mm^obfi#
)`ljjb#fkafnr¦#`f.abpprp*$

Tf# slrp# jbqqbw# ar# pbi# bk# q^_ibqqb# a^kp# ib# o¦pboslfo-# kb# ib# objmifppbw# m^p# bkqf¥objbkq/# Olrp#slrp#
ob`ljj^kalkp#a�rqfifpbo#ar#pbi#bk#do^fkp#lr#bk#mlraob/#
DU" ]UddUj" ZQ]QYc" Te" cU\" TU" dQR\U# a^kp#slqob# i^sb#s^fppbiib/# E^kp# ib#`^p#`lkqo^fob-# i^# clk`qflk ab
i�^alr`fppbro#mbrq#afjfkrbo#^r#cfi#ar#qbjmp/###

Rr^ka#ib#q¦jlfk#fkaf`^qbro#ab#pbi#nrf#pb#qolrsb#pro#ib#m^kkb^r#ab#`ljj^kab#p(^iirjb-#objmifppbw#�#
klrsb^r#ib#o¦pboslfo#ab#pbi/#

6L6DJ"B6"FH;C?;H;"KJ?B?I6J?ED"

QfUS" $" [W" TU" cU\" Ud# S_]`\�dU#

QfUS" TU" \lUQe#4# ZecaelQe" ^YfUQe"
XQed"Te#b�cUbf_Yb/##
Tf# i�bkqlkklfo# 5# # bpq# ifso¦# ^sb`# ib#
i^sb# s^fppbiib-# fi# c^`fifqbo^# ib#
objmifpp^db#ar#pbi/##

0. -,2 4-/4,13



+)

""_^db�\U"TU"\Q"TebUd�"TU"\mUQe""

M�bccf`^`fq¦# ab# i^s^db# ab# slqob# i^sb# s^fppbiib# a¦mbka# ar# abdo¦# ab# arobq¦# ab# i�b^r# ab#
ol_fkbq/#Qlro# `bqqb# o^fplk-# slqob# i^sb$s^fppbiib# bpq# ¦nrfm¦# a�rk# pvpq¥jb# nrf# o¦arfq# i^# arobq¦#
ab# i�b^r##a�^ifjbkq^qflk/#M�bccf`^`fq¦#ar#i^s^db#^rdjbkqbo^#^sb`#rk#_lk#o¦di^db#ar#pvpq¥jb/#

Qlro# `lkk^«qob# ib# kfsb^r# ab# arobq¦# ab# i�b^r# a^kp# slqob# o¦dflk-# `lkq^`qbw# slqob# clrokfppbro#
a�b^r @F 4@?E34E6I =3 >3;C;6 56 G@EC6 4@>>F?6%

,-0/12).2 ( ,= D6 A6FE BF"6? 7;? 56 4H4=6 ="3AA3C6;= 3<@FE6 &' >;?FE6D DFAA=J>6?E3;C6D% +? 7@?4E;@?
5F CJ8=386 56 =3 5FC6EJ 56 ="63F# ="3AA3C6;= A6FE 67764EF6C F?6 CJ8J?JC3E;@? 3FE@>3E;BF6>6?E%



S¦dibw#i�^alr`fppbro#a�b^r#bk#clk`qflk#ar#abdo¦#ab#arobq¦#ab#i�b^r#ar#ol_fkbq/"

Rr^ka#slqob#j^`efkb#bpq#�# i�^oo§q-#^mmrvbw#pro# i^#qlr`eb#ab#p¦ib`qflk#ab#moldo^jjb#
bq#j^fkqbkbw.i^#bkclk`¦b/

Ulrq# bk# j^fkqbk^kq# ^mmrv¦b# i^# qlr`eb# ab# p¦ib`qflk# ab# moldo^jjb-# jbqqbw# slqob#
j^`efkb#plrp#qbkpflk#bk#^mmrv^kq#pro#i^#qlr`eb#"N^o`eb0Boo§q"/

N^fkqbkbw# i^# qlr`eb# ab# p¦ib`qflk# ab# moldo^jjb# bkclk`¦b# grpnr��# `b# nrb# "TM"

afpm^o^fppb#ab#i�¦`o^k/#

#

Sbi¡`ebw# i^# qlr`eb# ab#p¦ib`qflk#ab#moldo^jjb# ^mo¥p# i^#afpm^ofqflk#ab# "TM"# ab
1D?*7(3$

Bmo¥p# ^slfo# ^grpq¦# ib# kfsb^r# ab# arobq¦# a�b^r# )M2# �# M7*-# ^mmrvbw# pro# i^# i^# qlr`eb#
"N^o`eb0Boo§q" mlro#bkobdfpqobo#ibp#m^o^j¥qobp#a^kp#i^#j¦jlfob/#

+

H�W\QWU"TU""\mQT_eSYccUeb"

Wlqob#j^`efkb#^ccf`eb#ib#abokfbo#o¦di^db#ab#arobq¦#p¦ib`qflkk¦/#

M^#arobq¦#a�b^r#mbrq#§qob#^grpq¦b#bk#^mmrv^kq#pro#","#bq#". " �#
i�^ccf`e^db 8,143 1, 9()1,(; +, 7?.1(., +; 30<,(; +, +;7,9? +, 1D,(;$ 4
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.

.

/
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#



JQR\UQe"TUc"b�W\QWUc"U^"V_^SdY_^"TU"\Q"TebUd�"TU"\mUQe"

Tf# ib#abdo¦#ab#arobq¦#bpq#prm¦ofbro#�#;1#aG#)arobq¦#co^k¤^fpb*#lr#pf#slrp#rqfifpbw#ab# i�b^r#ar#mrfq8-
klrp#mo¦`lkfplkp#a�rqfifpbo#rk#cfiqob#bq#rk#afpmlpfqfc#ab#qo^fqbjbkq#ab#i�b^r/#

D7"4"5(7 +?-(;9" 1b#abdo¦#ab#arobq¦#ab#i�b^r#bpq#o¦di¦#^r#kfsb^r#4 bk#rpfkb/

9�dUbWU^d"
Vqfifpbw# rk# a¦qbodbkq# pm¦`f^ibjbkq# `lk¤r# mlro# i^sb.s^fppbiib# aljbpqfnrb/#
Ebp# molarfqp# ab# kbqqlv^db# `lkqbk^kq# abp# melpme^qbp# bq# ar# `eilob# plkq# molmlp¦p# pro# ib# j^o`e¦/#
Qi^`bw#ib#a¦qbodbkq#a^kp#ib#`ljm^oqfjbkq#^s^kq#ab#a¦j^oobo# i^#j^`efkb/#Dlkpbosbw#ibp#a¦qbodbkqp#
a^kp# abp# bkaolfqp# co^fp# bq# pb`p-# elop# ab# mloq¦b# abp# bkc^kqp/##
Nbqqbw#ibp#nr^kqfq¦p#^mmolmof¦bp#^cfk#ab#mo¦pbosbo#i�bksfolkkbjbkq/#Ob#m^p#objmifo#ib#`ljm^oqfjbkq#�#
a¦qbodbkq#mirp#nrb#k¦`bpp^fob-#c^rqb#ab#nrlf#slp#sboobp#mlroo^fbkq#pb#o^vbo#bq# ib#a¦qbodbkq#mlroo^fq#
j^i#pb#afpplraob/

Qlro#ab#mirp#^jmibp#fkcloj^qflkp#pro# ib#a¦qbodbkq#nrb#slrp#rqfifpbw-#^aobppbw.slrp#afob`qbjbkq#^r#
c^_of`^kq#ar#a¦qbodbkq/#

HU]`\YccQWU"Te"S_]`QbdY]U^d"�"T�dUbWU^d#

grpnr��#51#`j
4
#ab#a¦qbodbkq/#Prso+;#i�bj_^ii^db#ab# a¦qbodbkq mlro#i^sb.s^fppbiib#bq#sbopb;#a^kp#ib

do^ka#`ljm^oqfjbkq#mo¦i^s^db 36#`j
4
#ab#a¦qbodbkq# &/ 0( 9(/66+00+ ( ?7? +275+436?+ *(26 0=(44(5+/0

++

Qlrppb; 0b#ilnrbq#mlro#
lrsofo#ib#`ljm^oqfjbkq#�#
a¦qbodbkq#`ljjb#fkafnr¦#
pro#i�fiirpqo^qflk/#!Pk#mbrq#
jbprobo#i^#_lkkb#
nr^kqfq¦#ab#a¦qbodbkq#^r#
jlvbk#abp#ifdkbp#
fkp`ofqbp#a^kp#ib#_^`#�#
a¦qbodbkq/#Mb#_^`#�#
a¦qbodbkq#mbrq#`lkqbkfo#

Ofsb^r#ab#
arobq¦#ab#
i�b^r#

Erobq¦#
co^k¤^fpb#
)aG*#

Jkaf`^qbro#ar#kfsb^r#ab#
arobq¦#

2# 1.;# M2#p�^ccf`eb/#

3# 21.31# M3#p�^ccf`eb/#

4# 32.41# M4#p�^ccf`eb/#

5# 42.51# M5#p�^ccf`eb/#

6# 52.66# M6#p�^ccf`eb/#

7# 67.;1# M7#p�^ccf`eb/#



( Ulrglrop#sbfiibo#�#s¦ofcfbo#ibp#`^o^`q¦ofpqfnrbp#ar#molarfq#nrb#slrp#^iibw#rqfifpbo#bq#p�fi#p�^dfq#a�rk
molarfq#`lj_fk¦/

( W¦ofcfbw#nrb#ib#a¦qbodbkq#rqfifp¦#`lksfbkq#�# i^#arobq¦#ab#i�b^r#ar#o¦pb^r#^rnrbi# i^#j^`efkb#bpq
o^``loa¦b/

( Trfsbw#ibp#fkpqor`qflkp#cfdro^kq#pro#i�bj_^ii^db#ab#`bp#molarfqp/

( Tf#`bp#a¦qbodbkqp#pb#mo¦pbkqbkq#bk#q^_ibqqbp-#kb#ibp#mi^`bw#g^j^fp#a^kp#i^#`rsb#ar#i^sb.s^fppbiib
lr#a^kp#ib#m^kfbo#�#`lrsboqp/#Qi^`bw#qlrglrop#ibp#q^_ibqqbp#a^kp#ib#`ljm^oqfjbkq#ar#afpqof_rqbro
ab#a¦qbodbkq/

( Dbp# a¦qbodbkqp# kb# alkkbkq# ab# _lkp# o¦priq^qp# nrb# mlro# `boq^fkp# qvmbp# a�rqfifp^qflk/# Tf# slrp
rqfifpbw# `b# qvmb# ab# a¦qbodbkqp-# slrp# absbw# `lkq^`qbo# ib# c^_of`^kq# bq# slrp# obkpbfdkbo# pro# ibp
_lkkbp#`lkafqflkp#a�rqfifp^qflk/

( Dlkq^`qbw#ib#c^_of`^kq#ar#a¦qbodbkq#pf#slrp#k�l_qbkbw#m^p#ab#_lkp#o¦priq^qp#ab#i^s^db#)pf#slqob
s^fppbiib# mo¦pbkqb# abp# a¦m°qp# ab# `^i`^fob# lr# pf# biib# obpqb# erjfab*# ^mo¥p# ^slfo# rqfifp¦# abp
a¦qbodbkqp#3#bk#2#lr#4#bk#2/#M^#d^o^kqfb#ab#slqob#j^`efkb#bu`irq# qlrqbp# o¦`i^j^qflkp#arbp#�
i�rqfifp^qflk#ab#`bp#qvmbp#ab#a¦qbodbkqp/

+,

bv|y slz wyvnyhttlz jv|y{zE ps lz{ wy�m�yhisl k�|{pspzly klz k�{lynlu{z lu wv|kyl ws|{�{ 

x|l klz {hisl{{lzG  Zu lmml{E zlsvu slz mhiypjhu{zE slz {hisl{{lz zl kpzzvs}lu{ kpmm�ylttlu{ 

lu mvuj{pvu kl sh {ltw�yh{|yl  l{ sh k|y�l k| j�jsl kl sh}hnl8

qo¥p#ilkdqbjmp-#6/ +00+ `lkqfbkq#abp#o¦pfarp#a�^ifjbkqp#pb`p#38#pf#slrp#^sbw#pro`e^od¦#ib#i^sb.s^fppbiib-#
sbopbw# 6# `j

4
# ab# a¦qbodbkq# a^kp# ib# `ljm^oqfjbkq# ab# mo¦i^s^db# bq# a¦j^oobw# slqob# j^`efkb/

Tbilk# ib# abdo¦# ab# p^ibq¦# ab# slqob# s^fppbiib# bq# i^# arobq¦# ab# i�b^r# a^kp# slqob# o¦dflk"# slrp#
absobw#jlaribo#i^#nr^kqfq¦#ab#a¦qbodbkq#a^kp#slqob#j^`efkb/##

9�dUbWU^dc"S_]RY^�c

Mbp# c^_of`^kqp# ab# a¦qbodbkq# molmlpbkq# ¦d^ibjbkq# abp# a¦qbodbkqp# `lj_fk¦p# a¦kljj¦p# 3# bk# 2-# 4#
bk#2-#6#bk#2#///#

Mbp# a¦qbodbkqp# 3#bk#2# `lkqfbkkbkq# ar#a¦qbodbkq# ,#ar#pbi# _e" ar#molarfq# ab# ofk¤^db/# Fk#rqfifp^kq# ibp#
a¦qbodbkqp#3#bk#2-#fi#c^rq#qbkfo#`ljmqb#abp#clk`qflkp#ab#i^#q^_ibqqb/##

Mbp# ^rqobp# a¦qbodbkqp# bk# q^_ibqqbp# `ljmloqbkq# ar# a¦qbodbkq# ,# ar# molarfq# ab# ofk¤^db# ,# ar# pbi# ,#
afsbopbp#^rqobp#clk`qflkp/#

Eb# #j^kf¥ob# d¦k¦o^ib-# ibp# a¦qbodbkqp# `lj_fk¦p# alkkbkq# abp# o¦priq^kqp# prccfp^kqp# a^kp# `boq^fkbp#
`lkafqflkp#a�rqfifp^qflk#rkfnrbjbkq/#Dbp#a¦qbodbkqp#`lkqfbkkbkq#ar#molarfq#ab#ofk¤^db#bq0lr#ar#pbi#a^kp#
abp#nr^kqfq¦p#mo¦a¦cfkfbp/#

;^"edY\YcQ^d"SU"di`U"TU"`b_TeYdc"

KcQWU"S_^cUY\\�"4#bv|y kl tlpssl|yz y�z|s{h{z lu |{pspzhu{ klz k�{lynlu{z jvtipu�zE tl{{l� x|huk 
t�t#l k| zls l{ k| wyvk|p{ kl ypu�hnl khuz }v{yl thjopul l{ y�nsl� sh k|yl{� kl s�lh| l{ sl kvzl|y kl 
molarfq#ab#ofk¤^db#�#i^#mlpfqflk#i^#mirp#_^ppb/#

6ddU^dY_^ "4"Tf#bk#rqfifp^kq"`b#qvmb#ab#a¦qbodbkq#slrp#obk`lkqobw#rk#mol_i¥jb#nrbi`lknrb#nrb#slrp#
k�#̂ sbw#m^p#obk`lkqo¦#^rm^o^s^kq-#`lkq^`qbw#afob`qbjbkq#ib#c^_of`^kq#ar#a¦qbodbkq/#"

G#eQ^T"f_ec"Qbb�dUj"TmedY\YcUb"TUc"T�dUbWU^dc"S_]RY^�c "

( Sbjmifppbw#ibp#`ljm^oqfjbkqp#�#pbi#bq#�#molarfq#ab#ofk¤^db/

( S¦dibw#i^#arobq¦#ab#i�b^r#� 685#i^#mlpfqflk#i^#mirp#¦ibs¦b#bq#c^fqbp#rk#i^s^db#�#sfab/
( S¦dibw#i^#arobq¦#ab#i�b^r/
( Qol`¦abw#^r#o¦di^db#slrir#ar#alpbro#ab#molarfq#ab#ofk¤^db/



HU]`\YccQWU"Te"S_]`QbdY]U^d"�"`b_TeYd"TU"bY^�QWU"Ud"b�W\QWU"Te"T_cUeb"
Pk#rqfifpb#ar#molarfq#ab#ofk¤^db#mlro#bjm§`ebo#ib#a¦m°q#ab#dlrqqbp#a�b^r#_i^k`e¡qobp-#ab#qo^`bp#

a¦sfppbw#ib#_lr`elk#ar#`ljm^oqfjbkq/2#
Sbjmifppbw# ib#`ljm^oqfjbkq# grpnr��#`b#
nrb#i�fkaf`^qbro#ab#kfsb^r#ab#molarfq#ab#
ofk¤^db# klfo`fppb)3_*/# Sbsfppbw# ib#
`lrsbo`ib# ab# j^kf¥ob# �# `b# nrb# ibp#
mf`lqp# `loobpmlkabkq/# Wlrp# mlrsbw#
s¦ofcfbo#pf#slrp#absbw#^glrqbo#lr#klk#ar#
molarfq# ab# ofk¤^db# a^kp# slqob#j^`efkb#
^r#jlvbk# ab# i�fkaf`^qbro# ab# kfsb^r# ab#
molarfq#ab#ofk¤^db#pfqr¦#pro#ib#afpqof_rqbro#ab#a¦qbodbkq/#Tf#i�fkaf`^qbro#bpq#
klfo#_#ib#`ljm^oqfjbkq#`lkqfbkq#prccfp^jjbkq#ab#molarfq#ab#ofk¤^db-#q^kafp#
nrb#pf#i�fkaf`^qbro#bpq#`i^fo#^#slrp#absbw#^glrqbo#ar#molarfq#ab#ofk¤^db/##
Pk#mbrq# o¦dibo# ib# alpbro#ab#molarfq# ab# ofk¤^db# ab#2# �#7/# Mb# alpbro# bpq#
o¦di¦#�#i^#mlpfqflk L#bk#rpfkb/

L_ec"TUfUj" edY\YcUb"e^" b�W\QWU"`\ec"�\Uf�"cY"TUc" dQSXUc"TlUQe"cU" V_b]U^d"ceb"f_dbU"fQYccU\\U"
Q`b~c"e^"\QfQWU "Ud"e^"b�W\QWU"`\ec"VQYR\U"clY\"bUcdU"e^U"dQSXU"R\UeU"aeQ^T"f_ec"\lUcceiUj" "\Q"
]QY^*/#

6ddU^dY_^"4# O�rqfifpbw# nrb# abp# molarfqp# ab# ofk¤^db# ^a^mq¦p# �# i�rp^db# bk# j^`efkb/# Fk# `^p# ab#
a¦_loabjbkq-#ibp#o¦pfarp#ab#molarfq#ab#ofk¤^db#`o¦bkq#rkb#do^kab#nr^kqfq¦#ab#jlrppb#bq#ibp#o¦priq^qp#
ab#i^s^db#p�bk#qolrsbkq#^ccb`q¦p#<#kbqqlvbw#i�bu`¦abkq#ab#molarfq#ab#ofk¤^db#^sb`#rk#`efcclk/#

8>6H=;C;DJ"9K"B6L;'L6?II;BB;"

Tf#slrp#jbqqbw#`loob`qbjbkq#slqob#s^fppbiib#a^kp# i^#j^`efkb-#slrp#i�rqfifpbobw#ab#i^#jbfiibrob#c^¤lk#
bk# qbojbp# ab# `lkpljj^qflk# a�¦kbodfb# bq# ab# mbocloj^k`b# ab# i^s^db# bq# ab# p¦`e^db/#
Wlqob#j^`efkb#`lkqfbkq# abru#m^kfbop# ab#`e^odbjbkq/# Wlrp# mlrsbw# rqfifpbo# ib# m^kfbo# fkc¦ofbro# mlro#
fkpq^iibo# ibp# rpqbkpfibp# olkap#bq#molclkap# qbip#nrb# ibp#mlqp#�#mlfdk¦bp# ilkdrbp-# ibp#`lrsbo`ibp-# ibp#
^ppfbqqbp-#ibp#`^ppbolibp-#ibp#`lrsboqp/

Mb#m^kfbo# prm¦ofbro#bpq#abpqfk¦#^r#`e^odbjbkq#abp#plr`lrmbp-# abp#^ppfbqqbp# �#abppboq-# abp# _lip-#
abp#q^ppbp#bq#abp#sboobp/#Jk`ifkbw#ibp#sboobp#�#mfba#`lkqob#ib#_loa#ar#m^kfbo-#ibp#dofiibp#jl_fibp-#lr#ib#
dofii^db#ab#j^fkqfbk#abp# sboobp#bq# klk#m^p#`lkqob# ibp#^rqobp#rpqbkpfibp/#Ob#m^p# fk`ifkbo# ibp# sboobp#
e^rqp# ibp# rkp# `lkqob# ibp# ^rqobp# =# fi# kb# pbolkq# m^p# pq^_ibp# bq# mlroolkq# §qob# bkaljj^d¦p/#
Ji# bpq# mo¦c¦o^_ib# a�fkpq^iibo# ibp# l_gbqp# cfkp# bq# ¦qolfqp# a^kp# ibp# m^oqfbp# j¦af^kbp# abp# m^kfbop/##
Wlrp#mlrsbw#mi^`bo#ibp#`rfii¥obp#m^ojf#ibp#^rqobp#`lrsboqp#mlro#ibp#bjm§`ebo#ab#pb#`liibo#ibp#rkbp#
^ru# ^rqobp/# Qlro# rk# jbfiibro# o¦priq^q-# klrp# slrp# `lkpbfiilkp# a�rqfifpbo# i^# dofiib# �# `lrsboqp/##
Qlro#¦sfqbo#qlrqbp#_ibpprobp#¦sbkqrbiibp-#mi^`bw#qlrglrop#ibp#l_gbqp#mlfkqrp#bq#�#ilkd#j^k`eb#qbip#nrb#
ibp# clro`ebqqbp# ab# pbosf`b-# `lrqb^ru# �# m^fk-# bq`/# i^# mlfkqb# bk# _^p# lr# elofwlkq^ibjbkq# a^kp# ibp#
m^kfbop/#

7ddU^dY_^"6#Qi^`bw#slp#`lrsboqp#a^kp#i^#j^`efkb#ab#j^kf¥ob#�#`b#nr�fip#k�bjm§`ebkq#m^p#i^#olq^qflk#
abp#_o^p#ab#i^s^db#fkc¦ofbro#bq#prm¦ofbro/#

ab# `^i`^fob# bq# a�rkb# mbiif`rib# _i^k`eb"# bq# mlro# rk# jbfiibro# ofk¤^db/#
Dlkqo^fobjbkq#�#rkb#l!mfkflk#o¦m^karb-#/i#kb#pboq#m^p#rkfnrbjbkq#�#l_qbkfo#
rkb# s^fppbiib# mirp# _ofii^kqb# j^fp# ¦d^ibjbkq# rkb# s^fppbiib# mirp# p¥`eb/#
D�bpq#mlronrlf#fi#c^rq#sbfiibo#�#j^fkqbkfo#rkb#nr^kqfq¦#prccfp^kqb#ab#molarfq#
ab# ofk¤^db# a^kp# ib# `ljm^oqfjbkq# bq# �# k�rqfifpbo# nrb# abp# molarfqp#
pm¦`f^ibjbkq#`lk¤rp#mlro#i^sb.s^fppbiib/##
Qlro# sbopbo# ib# molarfq# ab# ofk¤^db-#

+-



+.

/

.

FQ^YUb"ce`�bYUe"

Ie``_bd"b�W\QR\U"U^"XQedUeb
Dbp#prmmloqp#plkq#`lk¤rp#mlro#^j¦iflobo#i^#`^m^`fq¦#ar#
m^kfbo# prm¦ofbro/# Wlrp# mlrsbw# jbqqob# slp# sboobp# bq#
q^ppbp# a^kp# ibp# prmmloqp/# Wlrp# mlrsbw# ^grpqbo# i^#
e^rqbro# ab# `bp# prmmloqp/# Ho¡`b# �# `bqqb# clk`qflk-# slrp#
mlrsbw# jbqqob# afcc¦obkqbp# q^fiibp# ab# sboobp# plrp# `bp#
prmmloqp/##
Ho¡`b#^ru#mi^pqfnrbp# o¦di^_ibp#bk# e^rqbro#jlkq¦p#pro#
ib# m^kfbo-# slrp# mlrsbw# rqfifpbo# slp# prmmloqp# $# /
e^rqbrop# afcc¦obkqbp/# Eb# mirp-# slrp# mlrsbw# jbqqob# ab#
ilkdrbp# clro`ebqqbp-# `lrqb^ru# bq# `rfii¥obp# pro# `bp#
prmmloqp#ab#j^kf¥ob#i^q¦o^ib"#ab#ploqb#nr�fip#kb#_ilnrbkq#
m^p#*$#-,/$/),+#&0#%-$.#&'#*$1$('/#

@P^ NZX[L]_TXPY_^ ]LML__LMWP^ [WLNv^ ^`] WP
[LYTP] ^`[v]TP`] ^ZY_ NZYt`^ [Z`] QLNTWT_P] WP
]LYRPXPY_ OP^ R]LYO^ `^_PY^TWP^ _PW^ \`P
WP^ NL^^P]ZWP^& WP^ [ZwWP^& P_N( FPWZY WP NL^&
NSL\`P [L]_TP O` NZX[L]_TXPY_ [P`_ w_]P
[WTvP ^v[L]vXPY_ 5 OP XwXP& aZ`^ [Z`aPe
[WTP] _Z`_P^ WP^ [L]_TP^ PY^PXMWP [Z`] [W`^
O!P^[LNP( &Z`^ [Z`aPe ?.(1,2,39 ]PWPaP] Z`
LMLT^^P] WP^ NZX[L]_TXPY_^ ]LML__LMWP^(



/"! "

"FQ^YUb"Y^V�bYUeb
Ie``_bdc"`\YQ^dc
Mbp# prmmloqp# mif^kqp"# #%(%')' $& nr^qob# m^oqfbp# pfqr¦bp# pro# ib# m^kfbo# fkc¦ofbro# ab# "slqob
j^`efkb"#plkq#`lk¤rp#mlro#slrp#alkkbo#i^#mlppf_fifq¦#a�fkqolarfob#&#$'(%)%*- ab#dolp#l_gbqp#`ljjb
ibp# "mlqp-# "ibp# `^ppbolibp# bq# ^rqobp"/# Fk# `^p# ab# _bplfk-# `e^nrb# m ^oqfb# mbrq §qob# "mif¦b#
afpqfk`qbjbkq-# lr# qlr2)1# �#" i^# clfp" /.30 .&2)-+0 () /,31 *0%-(1 )1/%')1/"# Mbp#"prmmloqp# mif^kqp

mbrsbkq# §qob# rqfifp¦p# b- ,)1 1.3,)4%-2 sbop# ib# e^rq .3 )- ,)1 /,+%-2$

+/

H�W\QWU"TU"\Q"XQedUeb"Te"`Q^YUb"ce`�bYUeb"\_bcaeU"SU\eY'SY"Ucd"`\UY^"

Mb#j¦`^kfpjb#ab#o¦di^db#ab#i^#e^rqbro#ar#m^kfbo#prm¦ofbro#
ab#slqob#j^`efkb#^#¦q¦#`lk¤r#mlro#slrp#alkkbo#i^#mlppf_fifq¦#
a�^grpqbo# i^# e^rqbro# ab#`b# m^kfbo# prm¦ofbro# sbop# ib# e^rq# lr#
sbop# ib#_^p-#p^kp#i�bkibsbo#ab#i^#j^`efkb#ilopnr�]` #bpq mibfk+
#)*& ,)-+)/ ()#`o¦bo XYg#bpm^`bp#d`ig [fUbXg#lr#d`ig dYh]hg
YbhfY `Yg dUb]Yfg gidtf]Yif Yh ]bZtf]Yif/# Mb# m^kfbo# ab slqob
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Wlrp#^sbw#fkqolarfq#ib#a¦qbodbkq#^ilop#nrb#ib#`ljm^oqfjbkq#¦q^fq#erjfab/#%99<8->$=5<9#nrb#ib
`ljm^oqfjbkq#bpq#pb`#^s^kq#ab#jbqqob#i^#ibppfsb/##

?\"bUcdU"TU"\mUQe"�"\mY^d�bYUeb"TU"\#&--&.()*"�"\Q"VY^"Te"`b_WbQ]]U"$

( Mb#qrv^r#ab#sfa^kdb#bpq#_lr`e¦#lr#mif¦/

( Mbp#cfiqobp#fkq¦ofbrop#plkq#5*9;8<?9/
( Mb#moldo^jjb#k�bpq#m^p#bk`lob#qbojfk¦/

B#&--&.()*"cmQbb�dU"`U^TQ^d"e^ '2'*("TU"\QfQWU"$

( Q^kkb#ab#`lro^kq/
( Dlrmrob#a�^oofs¦b#a�b^r/

( Qoldo^jjb#bk#jlab#6)<9-/

9Uc"RbeYdc"TU"fQYccU\\U"Ud"TUc"S_e`c"cU"V_^d"U^dU^TbU"`U^TQ^d"e^ '2'*("TU"\QfQWU"$

( M^#s^fppbiib#k�bpq#m^p#fkpq^ii¦b#`loob`qbjbkq/
( Mb#_o^p#ab#i^s^db#ebroqb#i^#s^fppbiib/

?\"bUcdU"TUc"b�cYTec"TmQ\Y]U^dc"ceb"\Q"fQYccU\\U $

( M^#s^fppbiib#bpq#j^i#fkpq^ii¦b#a^kp#i^#j^`efkb#=#i�b^r#^pmbod¦b#m^o#ibp#_o^p#ab#i^s^db#k�^qqbfkq
m^p#ibp#bkaolfqp#j^i#i^s¦p/

( Mb#m^kfbo#bpq#qolm#`e^od¦/

( M-9 ?2?3-4;9 ,-#s^fppbiib#pb#qlr`eb4;/
( &) 7r^kqfq¦#ab#a¦qbodbkq#-9; fkprccfp^kqb/
( &- 6oldo^jjb#p¦ib`qflkk¦#-9; fk^a^mq¦- 2)#qbjm¦o^qrob#m^p#^ppbw#?2-=?-/
( &- *o^p#ab#i^s^db#-9; _lr`e¦#m^o#abp#o¦pfarp#)213-4;)18-9/
( &-9 .fiqobp#fkq¦ofbrop#954; 5*9;8<?9/
( &-9 .1iqobp#954; j^i#mlpfqflkk¦p/
( &) 6ljmb#ab#sfa^kdb#-9; _lr`e¦b/

01



Fb�cU^SU"TU"dQSXUc"R\Q^SXUc"ceb"\Q"fQYccU\\U "

( /2 >r^kqfq¦#ab#a¦qbodbkq 6@A#fkprccfp^kqb/
( /6 ?¦di^db#ar#alpbro#ab#molarfq#ab#ofk¤^db#6@A qolm#c^f_ib/
( .9 <#D 2 =2@ 56 @69 ?F7F<F?2<A ;^ido¦#ib#cloq#abdo¦#ab#arobq¦#ab#i�b^r/
( /6 ?¦di^db#ab#i�^alr`fppbro 6@A#qolm#c^f_ib/
( /6 4lrsbo`ib#ar#`ljm^oqfjbkq#�#pbi#6@A j^i#cboj¦/

BQ"fQYccU\\U"^U"c�SXU"`Qc "

( /6 =oldo^jjb#p^kp#p¦`e^db#6@A p¦ib`qflkk¦/
( /6 ?¦di^db#ar#alpbro#ab#molarfq#ab#ofk¤^db#6@A qolm#c^f_ib/
( /2 C^fppbiib#2 FAF obqfo¦b#^s^kq#i^#cfk#ar#`v`ib#ab#pF`e^db/#,AA6<56E#nrb#ib#q¦jlfk#irjfkbru#"-8<"

plfq#^iirj¦ ^s^kq#a�lrsofo#i^#mloqb#ar#i^sb.s^fppbiib/

Fb�cU^SU"TU"dQSXUc"TU"b_eY\\U"ceb"\Q"fQYccU\\U "

( /2 C^fppbiib#bk#^`fbo#fkluva^_ib#6@A ab#j^rs^fpb#nr^ifq¦/
( /2 Abkbro#bk#pbi#ab#i�b^r#ab#i^s^db#6@A ¦ibs¦b/
( /6 4lrsbo`ib#ar#`ljm^oqfjbkq#�#pbi#6@A j^i#cboj¦/
( Uolm#ab#pbi#2 FAF fkqolarfq#a^kp#i#2==2?689#^r#jljbkq#ar#objmifpp^db/#Er#pbi#^#a¦_loa¦#a^kp#i^

`rsb/

( /2 ;8pb#�#i^#qboob#6@A a¦cb`qrbrpb/

7``U\Uj"\U"cUbfYSU"Q`b~c"fU^dU"#$ 0*.,$ ("%"-&) ,$0$)#$/, cY"\U"`b_R\~]U"`UbcYcdU"Q`b~c"\Uc
S_^db�\Uc"_e"U^"SQc"TU"d_ed"TicV_^SdY_^^U]U^d"^_^"T�SbYd"SY)TUccec*"

2/ De^nrb#clfp#nrb#slrp#k�rqfifpbw#m^p#slqob#2==2?689#<
( E¦_o^k`ebw#i#2==2?689#bq#`lrmbw#i�b^r/
( M^fppbw#i^#mloqb#i¦d¥objbkq#bkqolrsboqb#mlro#bjm§`ebo#i^#cloj^qflk#a�labrop#a¦p^do¦^_ibp/
( N^fkqbkbw#i�fkq¦ofbro#ab#i^#j^`efkb#molmob/

3/ Fifjfk^qflk#abp#dlrqqbp#a�b^r#pro#i^#s^fppbiib <
( M^sbw#i^#s^fppbiib#^sb`#ib#moldo^jjb#fkqbkpfc/
( Sbqfobw#qlrp#ibp#o¦`fmfbkqp#j¦q^iifnrbp#ab#i^#j^`efkb/
( O�^glrqbw#m^p#ab#a¦qbodbkq/

?D<EHC6J?EDI"FH6J?GK;I";J"KJ?B;I

02

%$ Tf# slrp# mlpfqflkkbw# `loob`qbjbkq# slqob# s^fppbiib# a^kp# i^# j^`efkb-# slrp# i�rqfifpbobw# ^r# jfbru
bk#qbojbp#ab#`lkpljj^qflk#a�¦kbodfb#bq#ab#mbocloj^k`b#ab#i^s^db#bq#ab#p¦`e^db/

&$ Sbqfobw#ibp#dolp#o¦pfarp#^s^kq#a�fkpq^iibo#i^#s^fppbiib#p^ib#a^kp#i^#j^`efkb/

'$ G^fqbp#clk`qflkkbo#i^#j^`efkb#rkb#clfp#nr�biib#bpq#bkqf¥objbkq#mibfkb/

($ O�rqfifpbw#ib#moldo^jjb#al "0?F92C276"#nrb#pf#k¦`bpp^fob/

)$ Dlkpriqbw# ibp# fkcloj^qflkp# pro# ibp# moldo^jjbp# bq# ib# q^_ib^r# abp# s^ibrop# ab# `lkpljj^qflk
jlvbkkbp#nr^ka#slrp#`elfpfppbw#rk#moldo^jjb/

*$ M#2==2?689 #mlrs^kq#^qqbfkaob#abp#qbjm¦o^qrobp#¦ibs¦bp-#fi#bpq#a¦`lkpbfii¦#ab#i�fkpq^iibo#� `°q¦#a�rk
o¦cofd¦o^qbro/

+$ dp s�hwwhylps zl {yv|}l khuz |u lukyvp{ v� sl ypzx|l kl nls l~pz{lE }v|z kl}l� jvtws�{ltlu{ }pkly

sBlh| ylz{�l khuz sh thjopulG [lytl� sl yvipul{ k�hyyp}�l k�lh|E k�iyhujol� sl {|�h| k�hyyp}�l k�lh| l{

C856E 6<A8G?6;6<A slz K {|�h|~ hyyp}�l k�lh| l{ }pkhunlDG Zu96C6E 6<@B8A6 sl mps{yl pu{�ypl|yE l{ �sptpulE 96

ylz{hu{ k�lh| � s�hpkl k�|ul �wvunlG
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6L"Z_TIVSL"HWWVZg"Z\Y" SL"WYVK\P["ZPNUP!L"X\aPS"ZaHNP["Ka\U"
HWWHYLPS"KVU["SL"[YHP[LTLU["LU"[HU["X\L"KgJOL["LZ["ZV\TPZ"e"

SH"YgNSLTLU[H[PVU"YLSH[P]L"H\^"KgJOL[Z"KagX\PWLTLU[Z"gSLJ[YPX\LZ"
L[" gSLJ[YVUPX\LZ" $7888%(" 6L[" HWWHYLPS" UL" WL\[" KVUJ" LU" H\J\U"
JHZ" h[YL" [YHP[g" JVTTL" \U" KgJOL[" TgUHNLY&" L[" KVP[" MHPYL" SaVIQL["
Ka\UL"JVSSLJ[L" ZWgJP!X\L"e"JL" [_WL"KL"KgJOL[Z("7LZ" Z_Z[fTLZ"
KL" YLWYPZL" L[" KL" JVSSLJ[L" ZVU[" TPZ" e" ]V[YL" KPZWVZP[PVU" WHY" SLZ"
JVSSLJ[P]P[gZ"SVJHSLZ"$KgJOf[LYPL%"L["SLZ"KPZ[YPI\[L\YZ("8U"VYPLU[HU["
]V[YL" HWWHYLPS" LU" !U" KL" ]PL" ]LYZ" ZH" !SPfYL" KL" YLJ_JSHNL&" ]V\Z"
JVU[YPI\LYL`" e" WYV[gNLY" SaLU]PYVUULTLU[" L[" LTWhJOLYL`" [V\[L"
JVUZgX\LUJL"U\PZPISL"WV\Y"]V[YL"ZHU[g("
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