
10/.-,+*)(/.'.&%/.0$
876543762410/.54-4,0.+43035.437*5.41)(1*

#%",!"%.&&,'',

'&%4$#",4!4'&%4$#"2



Q>?IB%ABP%J>QFBOBP%

( D^o^`q¦ofpqfnrbp#qb`ekfnrbp}}/}}}}}}}}}}}}}}}}}}}}}//! 0

( Dlkclojfq¦#^ru#klojbp#bq#alkk¦bp#a�bpp^f#}/ffffffffffffff'''''''! 6#

?^V_b]QdY_^c"Ud"bUS_]]Q^TQdY_^c"TU"c�SebYd�kkkkkk(((((((((((((((((((((((((((((((((((((((! -

( Sb`v`i^db///////}}}}}}}}}///''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 2

( Jkcloj^qflkp#ab#p¦`rofq¦}}}}}}}}}}/}}}}}}}}}}}}}}}/! 2

( Sb`ljj^ka^qflkp}///}}}}}}}}}}}}}}}}}}}}}}}}}}/! -,

( Ob#m^p#i^sbo#bk#j^`efkb}}}}}}}}}}}}}}}}}}}}}}}}}/! -#,

?^cdQ\\QdY_^"TU"\Q"]QSXY^Ukkkkkkkkkkkkkkkkkkkkkkkkk(! ((

( Qlpfqflkkbjbkq#ab#i^#j^`efkb}}}}}}}}}}}}}}}}}}}}//////! --

( S^``loabjbkq#a�b^r}}}}}}///''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''! #-.

( Urv^r#a�^oofs¦b#a�b^r}}}}}}}}}}}}}}}}}}}}}}}}}/! -/#

( Urv^r#ab#sfa^kdb}//}}}}}}///'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''! -0

( S^``loabjbkq#¦ib`qofnrb}}}}}fffffffffffffffffff! #-2

( Jkpq^ii^qflk#ab#i^#j^`efkb#plrp#rk#mi^k#ab#qo^s^fi}}}}}}}}}}}}}///# 23

6fQ^d"\Q""`bU]Y�bU""edY\YcQdY_^kkk(kkkkkkkkkkkkkkkkkkkk(# +0

( Jjmloq^k`b#ab#i^#nr^kqfq¦#ab#`^i`^fob#a^kp#i�b^r}}}}}}}}}}}}}}#
( De^odbjbkq#ar#pbi#a^kp#ib#o¦pboslfo#ab#i�^alr`fppbro#a�b^r}}}}}}}}}/#
( C^kab#qbpq#ab#`lkqo°ib#ab#i^#arobq¦#ab#i�b^r}}}}}}}}}}}}}}}}/#

25
25
.,

( S¦di^db#ab#i�^alr`fppbro}}}}}}}}}}}}}}}}}}}}}}}}//# .,

( E¦qbodbkq}}}}}}}}////////////////////////////////////////////////////////////////////////////////// ..

( Sbjmifpp^db#ar#`ljm^oqfjbkq#�#a¦qbodbkq}}}}}}}}}}}}}}}}///# ..

( E¦qbodbkqp#`lj_fk¦p}}}}}}}}}}}}}}}}}}}}}}}}}}/# ..

( Sbjmifpp^db#ar#`ljm^oqfjbkq#�#molarfq#ab#ofk¤^db#bq#o¦di^db#ar#alpbro}}}//# ./

2#



8XQbWU]U^d"Te"\QfU'fQYccU\\Ukkkkkkkkkkkkkkkkkkkkkkk(((! )+

( Brqobp#`e^odbjbkqp#abp#m^kfbopffffffffffffff''''''''''''''''''''''''''''! .1

A\jZi`gk`fe%[\j%gif^iXdd\jrrrrrrrrrrrrrrrrrrrrrrr---! ,.

( Dlkqbkr#abp#moldo^jjbp}}}}}}}}}}}}}}}}}}}}}}//////! 33

;^dbUdYU^"Ud"^Udd_iQWU((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((! *)

( Gfiqobp//}}}}}}}}}}}}}}}}}}}}}}}}}}}}}}}} /.

( Co^p#ab#i^s^db}}}}}}}}}}}}}}}}}}}}}}}}}}}}}# //

( Gfiqob#ar#qrv^r#a�^oofs¦b#a�b^r}}}}}}}}}}}}}}}}}}}}}}/# //

@f[\j%[\%[pj]feZk`fee\d\ek%\k%hl\%]X`i\%\e%ZXj%[\%gXee\kkkkkkkkkk" *+

?^V_b]QdY_^c"`bQdYaeUc"Ud"edY\Uc"kkkkkkkkkkkkkkkkkkkkk((((((# *-

3#

AZNIGVMQP HW RTQKTEOOI IV JQPGVMQPPIOIPV HI NE OEGLMPI kk(((((((((((((((((((((((((((((! )'

( @[QVSVPN_V[Z Ql`Z \][T]NYYR }*******}fffffffffffffffffff# #

( ;ccjaVi^dc YZ egd\gVbbZ }**************************}}}}}}}}}}}}}}}// /-#

/*



4#

,B7D�: ;�JH7L7?B%]XY&
,7D?;H�IKFn H?;KH�7L;9�IKFFEHJIYX^[ _N[[N\ d YRNM N] ]J\\N\
� H7I�FKBLn H?I7J;KH�IKFn H?;KH
,7D?;H�?D<n H?;KH
� H7I�FKBLn H?I7J;KH�?D<n H?;KH
>[^fdWe
,B7GK;�I?=D7Bn J?GK;
,7DD;7K�: ;�9ECC7D: ;
 ?IJH?8KJ;KH�: ;�: n J;H=;DJ�;J�: ;�B?GK?: ;�: ;�H?Dl7=;

,7D?;H�i�9EKL;HJI
- n 9?F?;DJ�: ;�I;B
( EGK;J�: ;�=B?II?m H;�: K�F7D?;H�IKFn H?;KH

� � � 2 FALv �<=�Kv ;@9?=�9;LA>��
� ;�IOIJt C;�E<<H;�: ;�C;?BB;KH;I
F;H<EHC7D9;I�: ;�Iu 9>7=;�FEKH
LEJH;�L7?II;BB;



0

8IXIKQ\n ++ KW]^MZ\[
<I]\M]Z 10+ UU
<I]\M]Z $[IV[
XTIV LM \ZI^IQT%

1-+ UU

>IZOM]Z .(( UU

BZWNWVLM]Z .)( UU
BWQL[ VM\ .0 SO
7TQUMV\I\QWV nTMK\ZQY]M ,,*',.* F'/* <a

BZM[[QWV I] ZWJQVM\
L#IZZQ^nM L#MI]

*&*- ?BI $*&- JIZ%'+ ?BI $+* JIZ%

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



'

Conformité aux normes et aux données de test/
Déclaration de conformité UE
=Z egdYj^i gzedcY Vjm Zm^\ZcXZh YZ idjiZh aZh
Y^gZXi^kZh ZjgdezZccZh Zc  k^\jZjg V^ch^ fj�u idjiZh
aZh cdgbZh ]Vgbdc^hzZh XdggZhedcYVciZh( fj^
egzkd^Zci aZ bVgfjV\Z =?*



(

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

4><P<C;@>

_ 2EQSAIMR CNLONRAMSR ES K"ELBAKKAGE DE UNSQE KAUE&UAIRREKKE
ea`f XSTd[cg�e � bSdf[d VW _Sf�d[Sgj dWUkU^ST^We(
_ 7ER \K\LEMSR EM LASI]QE OKARSIPTE ONQSEMS KER IMRCQIOSINMR
[`fWd`Sf[a`S^We 4 $7H=6 & 7HJ6 & 7HGE6& 7HH6& ((((%
_ 7ER \K\LEMSR EM CAQSNM RNMS FABQIPT\R Y OAQSIQ DE OAOIEQ
dWUkU^� Wf Va[hW`f �fdW V�bae�e VS`e ^We TSUe VW fd[ e�^WUf[X
bd�hge � UWf WXXWf(
_ 8E OAR OKACEQ CER LAS\QIATV DAMR KER BACR Y D\CHESR' 7ER
V�baeWd VS`e g` UW`fdW VW dWUkU^SYW(
_ 2NMSACSEQ KER CEMSQER CNMCEQM\R ONTQ NBSEMIQ DER
[`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)*+

_ ?\QIFIEX PTE KE KAUE&UAIRREKKE N] RNM ELBAKKAGE \XW] EVELOS\
VW fagf Va__SYW( FW V�_SddWl \S_S[e U$SbbSdW[^ \$RU Wef
W`Va__SY� VW cgW^cgW _S`[�dW 5 Ua`fSUfWl ^W eWdh[UW
Sbd�e'hW`fW MN _X][N VJPJ\RW [N_NWMN^[ \R WgLN\\JR[N(
_ 3\BAKKEX KER LAS\QIATV D"ELBAKKAGE CNLLE IMDIPT\ ES
_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 N]
d WR_NJ^& `W baeS`f bSe VW d[ecgW bagd ̂ S e�Ugd[f�(
_ ;QNC\DEX Y K"IMRSAKKASINM ES AT QACCNQDELEMS DE UNSQE KAUE&
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��(



)

_ 8"TSIKIREX PTE KER OI]CER D\SACH\ER D"NQIGIME'

_ 1UAMS ^#[`efS^^Sf[a`& h�d[X[Wl cgW ̂ W ̂ ShW'hS[eeW^^W Wef
V�TdS`UZ�(
_ ?\QIFIEX PTE UNSQE OQIRE \KECSQIPTE ERS CNMFNQLE ATV MNQLER
W` h[YgWgd( >NTR KER BQAMCHELEMSR \KECSQIPTER DNIUEMS
CNQQERONMDQE Sgj hS^Wgde [`V[cg�We egd ̂ S b^ScgW e[Y`S^�f[cgW(

_ >@CBDF8AF 0 U\QIFIEX PTE KE KAUE&UAIRREKKE M"ERS OAR ONR\
egd ̂ W U�T^W V#S^[_W`fSf[a`(

_ 8E BQAMCHEX JALAIR KE KAUE&UAIRREKKE AT LNWEM D"TME
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^^� (
_ 1OQ]R AUNIQ IMRSAKK\ KE KAUE&UAIRREKKE RTQ TM ELOKACELEMS
SV�cgSf& XS[fWe'^W Xa`Uf[a``Wd � h[VW ^ade VW ^S bdW_[�dW
gf[^[eSf[a`(

7J;@> HLFKB=B>E

_ 2E KAUE&UAIRREKKE ERS EVCKTRIUELEMS DERSIM\ Y TM TRAGE
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(

_ 8E LNMSEX OAR% ME UNTR ARREWEX OAR NT ME OKACEX OAR DE
UZSdYW egd ^S badfW aghWdfW Vg ^ShW'hS[eeW^^W 4 [^ bagddS[f eW
dW`hWdeWd(

_ 8E OKACEX JALAIR DAMR KE DIRSQIBTSETQ DE D\SEQGEMS ES DE
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(
_ 7"EAT CNMSEMTE DAMR KA CTUE DE KAUAGE DT KAUE&UAIRREKKE
`#Wef bSe bafST^W( FW ^S TghWl bSe(



*

_ 3T FAIS DT DAMGEQ D"EVOKNRINM% ME OKACEX ATCTM DIRRNKUAMS
UZ[_[cgW ag ea^hS`f VS`e ^W ^ShW'hS[eeW^^W(

_ ?\QIFIEX PTE KER NBJESR NW OKARSIPTE Q\RIRSEMS Y KA CHAKETQ
ShS`f VW ^We ^ShWd W` ^ShW'hS[eeW^^W(
_ 2ES AOOAQEIK OETS ^SQE TSIKIR\ OAQ DER EMFAMSR ZG\R D"AT
_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`(
_ =ETKR KER NBJESR ADAOS\R AT KAUAGE EM KAUE&UAIRREKKE DNIUEMS
�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(
_ 1 CATRE% MNSALLEMS% D"TM D\BNQDELEMS D"EAT CHATDE
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(
_ ;NTQ \UISEQ DE ONRRIBKER ACCIDEMSR% ME KAIRREX OAR KA ONQSE
VW hafdW ̂ ShW'hS[eeW^^W aghWdfW � ̂ #Sdd�f(
_ 6MRSAKKEX KER CNTSEATV ES ATSQER NBJESR ONIMSTR DAMR KE OAMIEQ
� 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 OJK[RLJW]' \XW JPNW] MN \N[_RLN X^ ^W
]NLQWRLRNW Z^JURORg JORW M$g_R]N[ ]X^] MJWPN[)



+

;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�(

_ 1OQ]R KE D\BAKKAGE DT KAUE&UAIRREKKE% UEIKKEX Y SEMIQ KER
_Sf�d[Sgj V#W_TS^^SYW Zade VW badf�W VWe W`XS`fe(
_ 8E KAIRREX OAR KER EMFAMSR JNTEQ AUEC NT LESSQE EM LAQCHE
^W ^ShW'hS[eeW^^W(
_ <AMGEX KER D\SEQGEMSR ES OQNDTISR DE QIM[AGE HNQR DE ONQS\E
VWe W`XS`fe(
_ KW`[d ^We W`XS`fe � ^#�USdf Vg ^ShW'hS[eeW^^W ^adecgt[^ Wef
aghWdf 4 [^ bWgf Ua`fW`[d VWe d�e[Vge VW egTefS`UWe VW
`WffakSYW(
_ ?EIKKEX Y CE PTE UNSQE AMCIEM KAUE&UAIRREKKE ME ONRE ATCTM
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( 
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_ >NTS D\FATS DE FNMCSINMMELEMS DT KAUE&UAIRREKKE DNIS
[_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(
_ 1UAMS D"EFFECSTEQ SNTSE Q\OAQASINM RTQ KE KAUE&UAIRREKKE%
bdW`Wl ea[` VW ^N 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
_ ;NTQ ME OAR GAROIKKEQ K"EAT ES K"\MEQGIE% EMKEUEX KER GQNR
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�)
_ 8"TSIKIREX KE OQNGQALLE DE SQELOAGE PTE RI M\CERRAIQE'

_ 6MRSAKKEX KER NBJESR CQETV SEKR PTE KER BNKR% UEQQER ES ONSR DE
_S`[�dW � UW cg#[^e ea[W`f fagd`�e hWde ̂ W TSe(

_ 6K ERS CNMREIKK\ DE ME OAR RTQCHAQGEQ KE KAUE&UAIRREKKE ES DE
`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> &

_ 2EMDQER DE CIGAQESSER% QERSER DE BNTGIE% CIQAGE% RTBRSAMCER
UZ[_[cgWe& _Sf�d[Sgj � TSeW V#S^^[SYWe XWddWgj(



##

_ 5NTQCHESSER% CTIKK]QER ES CNTSEATV Y LAMCHE NW BNIR% NW
Uad`W ag NW [ha[dW' ag [`Udgef�\ 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(
_ 9BJESR NW OKARSIPTE ME Q\RIRSAMS OAR Y KA CHAKETQ% Q\CIOIEMSR
NW Ug[hdW ag �fS_�e(

_ 9BJESR NW AKTLIMITL ES NW AQGEMS #IKR OETUEMS RE D\CNKNQEQ
NT eW fWd`[d%(
_ 9N[]JRW\ _N[[N\ O[JPRUN\' UN\ YX[LNUJRWN\ X[WgN\ MN VX]RO\
MgLX[J]RO\ RVY[RVg\' Z^R \$N\]XVYNW] ViVN JY[h\ UN Y[NVRN[
UJ_JPN' LN[]JRW\ J[]RLUN\ MN L[R\]JU' Z^R YN[MNW] UN^[
][JW\YJ[NWLN J_NL UN ]NVY\' UN\ LX^_N[]\ LXUUg\ WN [g\R\]JW]
YJ\ d UJ LQJUN^[' UN\ _N[[N\ MN L[R\]JU J^ YUXVK -0(.+ #' UN\
YUJWLQN\ d MgLX^YN[' UN\ J[]RLUN\ OJK[RZ^g\ J_NL MN UJ ORK[N
\aW]Qg]RZ^N)
_ 7ER AQSICKER ABRNQBAMSR SEKR PTE KER \ONMGER NT KER SNQCHNMR
`W ea`f bSe ^ShST^We W` ^ShW'hS[eeW^^W(
_ 8FF<AF>BA 5 C[NWNb \XRW M$JLQN]N[ MN\ J[]RLUN\ UJ_JKUN\
NW UJ_N(_JR\\NUUN d YJ[]R[ M$J^SX^[M$Q^R)

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(

A$RW\]JUUNb YJ\ _X][N UJ_N(_JR\\NUUN MJW\ ^W URN^ Xj UJ
]NVYg[J]^[N JVKRJW]N YN^] MN\LNWM[N \X^\ + k9)
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( 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 M$^WN �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(

( <\GKEX KER OIEDR Q\GKABKER DT KAUE&UAIRREKKE MN LAMI]QE Y CE
PT"IK 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 U$JYYJ[NRU 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` JS^\]JW] ̂ We b[WVe d�Y^ST^We(

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

M�d[X[Wl cgW ^#[`efS^^S]RXW 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 NW X^][N M$RW\]JUUN[ ^W ORU][N d U$NW][gN MN



"%

_X][N MXVRLRUN' 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[ OEMDAMS

TM LNLEMS' <ACCNQDEb Y KA LAIM KE fgkSg
V#Sdd[h�W V#WSg V[dWUfW_W`f Sg daT[`Wf 
V#Sdd[h�W( DS bdWee[a` M^ daT[`Wf Va[f �fdW 
Sg _[`[_g_ VW *&*- EbS #(%+ BAQ$ Wf Sg
_Sj[_g_ VW + EbS #)( BAQ$( J[ ^S
bdWee[a` V#WSg Wef egb�d[WgdW � + EbS #)(

BAQ$& [`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 d ^W  dSUUadV eb�U[S^ eage ^#�h[Wd( 
8g _akW` V#g` fgkSg UagV� eb�U[S^ 
$e[ V[eba`[T^W%& _X^\ YX^_Nb
h[VS`YWd ^N ^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 Dadecgtg` 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[^[eWb 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 ]X^] 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[fWb 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[dWb SJVJR\ ̂ W U�T^W �^WUfd[cgW ̂ g['_�_W(



")
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ea^ Wf Vg `[hWSg % A`efS^^Wl hafdW ^ShW'hS[eeW^^W W` ^N
bageeS`f eage ^W b^S` VW fdShS[^ N ] 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( %

!



J5

( 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#f i�fkq¦ofbro#ab#i^#j^`efkb/
(

( 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-#\Qa `^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^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^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¦ f̀cfnrb#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#=##3#=##
>%cX%gi\d`�i\%lk`c`jXk`fe%[l%cXm\%
mX`jj\cc\+%i\dgc`jj\q%c\%i�j\imf`i%

Obqqlvbo# ib# cfibq^db# bq# obsfppbw#
ib#_lr`elk/
Fkibsbw#`dg�iXk`m\d\ek 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#

MbQO aZQ YMOTUZQ bUPQ MRUZ PpibU`Q^ PpQZP[YYMSQ^ XpUZ`i^UQa^ Pa XMbQ(s^fppbiib# )^U_]aQ PQ `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#aQ#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/#
K\% d\kk\q% aXdX`j% [l% j\c% [\% kXYc\ a^kp# slqob# i^sb(s^fppbiib/# E^kp# ib# `^p#`lkqo^fob-# i^# clk`qflk abab
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

Xm\Z% % b^% [\% j\c% \kb^% [\% j\c% \k Zfdgc�k\I
Xm\Z%[\% cu\Xl 44 aljhluXl%e`m\Xl%
_Xlk%[l i�j\imf`i/##
Tf# i�bkqlkklfo# 5# bpq# ifso¦# ^sb`# ib#
i^sb# s^fppbiib-# fi# c^`fifqbo^# ib#
objmifpp^db#ar#pbi/##

;6 42A X48X2=B



"_^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# aa# 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 IO
F= G=ELEA @A PINLA ?IGGOHA&

+)

K�[`U[Y X< @#7;BG9?EE<GD ;#YUi

=]U[fUaaY XY f�[`U[Y Xi XY[f� XY XifYh� XY `#YUi*

;RT_k QR
Qb_Rak
QR Y"RNb

;RT_k
S_N[jNV` QR
Qb_Rak 5 Q=

@[QVPNaRb_ QR YN Qb_Rak QR YwRNb

, +(4 A, R`a cV`VOYR h YwkP_N[)

- ,+(-+ A- R`a cV`VOYR h YwkP_N[)

. -,(.+ A. R`a cV`VOYR h YwkP_N[)

/ .,(/+ A/ R`a cV`VOYR h YwkP_N[)

0 /,(00 A0 R`a cV`VOYR h YwkP_N[)

1 01(4+ A1 R`a cV`VOYR h YwkP_N[)



+*#

GRY\[ YR [VcRNb' _kTYRf YN Qb_Rak QR YwRNb QR YN ZNPUV[R R[ `bVcN[a YR` V[QV(PNaV\[` PV(QR``\b`)

q A\_`^bR YN ZNPUV[R R`a h YwN__ma' N]]beRf `b_ YR O\ba\[ QR ]_\T_NZZR` $.% AN G=EHNAHAR%FA
AHBIH?T&

q .J]beRf `b_ YR O\ba\[ BN_PUR*7__ma $-% ]\b_ ZRaa_R YN ZNPUV[R R[ ZN_PUR AN G=EHNAHAR%FA
AHBIH?T JAH@=HN =O GIEHM , MA?IH@AM NION AH G=EHNAH=HN FR O\ba\[ QR ]_\T_NZZR` $.% RHBIH?T
MEGOFN=HTGAHN)

q GV YR _kTYNTR QR YN Qb_Rak QR YwRNb R`a _RP\[[b' s GA t ẁNSSVPUR ]R[QN[a - `RP\[QR`)

q FRYiPURf YR 8\ba\[ QR ]_\T_NZZR` $.%) AR QR_[VR_ [VcRNb QR _kTYNTR `wNSSVPUR)

q 7]]beRf `b_ YR O\ba\[ QR ]_\T_NZZR` $.% ]\b_ _kTYR_ YR [VcRNb `\bUNVak) AR [VcRNb QR Qb_Rak NbT(
ZR[aR PUN^bR S\V` ^bR c\b` N]]beRf `b_ YR O\ba\[ QR ]_\T_NZZR )̀ AR [VcRNb QR Qb_Rak _Ra\b_[R
h , Y\_`^bR c\b` NaaRVT[Rf YR [VcRNb 1)

q J\b` ]\bcRf N]]beR_ `b_ YR O\ba\[ BN_PUR*7__ma $-% ]\b_ P\b]R_ YwNYVZR[aNaV\[ QR YN ZNPUV[R Ra
`NbcRTN_QR_ YR QR_[VR_ [VcRNb QR Qb_Rak `kYRPaV\[[k)

q 9O>KMBLL>F>GM 6 <[ PN` QR Qk]YNPRZR[a' VY R`a VZ]\_aN[a QR _kTYR_ YR [VcRNb QR Qb_Rak QR YwRNb
R[ S\[PaV\[ QR YN Qb_Rak QR YwRNb QR YN f\[R \o c\b` c\b` _R[QRf NSV[ QR TN_N[aV_ YR` ZRVYYRb_R`
]R_S\_ZN[PR` QR YNcNTR)

. -



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#D=D= bkaolfq#co^fp#bq#pb`-#elop#ab#mloq¦b#abp#bkc^kqp/##
Nbqqbw#ibp#nr^kqfq¦p#^mmolmof¦bp#^cfk#ab#mo¦pbosbo#i�bksfolkkbjbkq/#Ob#A4<?;8BB4H#?0B#;4
`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"

Qlrppbo#ib#ilnrbq#$ % mlro#lrsofo#ib#`ljm^oqfjbkq#�#a¦qbodbkq#
`ljjb#fkafnr¦#pro#i�fiirpqo^qflk//>DB#?>DE4H jbprobo#i^#
_lkkb#nr^kqfq¦#ab#a¦qbodbkq#^r#jlvbk#abp#ifdkbp#fkp`ofqbp#
a^kp#ib#_^`#�#a¦qbodbkq/#Mb#_^`#�#a¦qbodbkq#mbrq#`lkqbkfo#
grpnr��#51#`j

4
ab#a¦qbodbkq/#

Prso4H4H i�bj_^ii^db#ab#

a¦qbodbkq#mlro#i^sb.s^fppbiib#bq#sbopbH a^kp#ib#do^ka#
`ljm^oqfjbkq#mo¦i^s^db $8%8% 36#`j

4
ab#a¦qbodbkq#pf#slqob

s^fppbiib#bpq#qo¥p#p^ib&lr#26#`j
4

pf#biib#mbr#p^ib/#$&% Tf#
slqob#s^fppbiib#bpq#obpq¦b#p¥`eb#mbka^kq#qo¥p#ilkdqbjmp-#
pf#biib#`lkqfbkq#abp#o¦pfarp#a�^ifjbkqp#pb`p#bq#pf#slrp#
^sbw#pro`e^od¦#ib#i^sb.s^fppbiib-#sbopbw#6#`j4 ab#
a¦qbodbkq#a^kp#ib#`ljm^oqfjbkq#ab#mo¦i^s^db#$ % 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#absbw#09DBC4A 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# lr 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"4"
( /KA8584H#C>D9>DAB 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 fkpq r`qflkp c dr ^kq pro i�bj_^ii^db ab `bp m larfqp/

( Tf `bp a¦ b dbkqp pb m ¦ bkqbkq bk q^_ibq bp- kb ibp mi^`bw g^j^fp a^kp i^ `rsb ar i^sb.
s^fppbiib lr a^kp ib m^kfbo � `lrsb qp/ Qi^`bw qlrglr p ibp q^_ibq bp a^kp ib `ljm^ qfjbkq
ar afpq _rqbro ab a¦ b dbkq

( Dbp a¦ b dbkqp kb alkkbkq ab _lkp ¦ riq^qp nrb mlro `b q^fkp qvmbp a�rqfifp^qflk/ Tf slrp
rqfifpbw `b qvmb ab a¦ b dbkqp- slrp absbw `lkq^`qbo ib c^_of`^kq bq slrp bkpbfdkbo 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 q̂flkp
arbp#�#i�rqfifp^qflk#ab#`bp#qvmbp#ab#a¦qbodbkqp/

KcQWU"S_^cUY\\�"4#Qlro#ab#jbfiibrop#o¦priq^qp#bk#rqfifp^kq#abp#a¦qbodbkqp#`lj_fk¦p-#jbqqbw#
nr^ka#j§jb#ar#pbi#bq#ar#molarfq#ab#ofk¤^db#a^kp#slqob#j^`efkb#bq#o¦dibw#i^#arobq¦#ab#i�b^r#bq#
ib#alpbro#ab#molarfq#ab#ofk¤^db#�#i^#mlpfqflk#i^#mirp#_^ppb/#

Qlro#ibp#moldo^jjbp#`lroqp-#fi#bpq#mo¦c¦o^_ib#a�rqfifpbo#abp#a¦qbodbkqp#bk#mlraob#mirq°q#
nrb#abp#q^_ibqqbp/#Fk#bccbq-#pbilk#ibp#c^_of`^kqp-#ibp#q^_ibqqbp#pb#afpplisbkq#afcc¦objjbkq#

bk#clk`qflk#ab#i^#qbjm¦o^qrob#bq#i^#aro¦b#ar#`v`ib#ab#i^s^db/#
6ddU^dY_^"4"TfTf&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/#

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

HU]`\ ccQWU Te S_]`QbdY]U^d � `b_TeYd TU bY �QWU Ud b�W\QWU Te T_cUeb

. /. /
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<A9K@>F>GM => OHMK> E9O>)O9BLL>EE>
H^SUWl UaddWUfW_W`f ^S hS[eeW^^W VS`e "̂SbbSdW[^)
NafdW ^ShW(hS[eeW^^W Wef Vaf� VW VWgj bS`[Wde e�bSd�e VWef[`�e Sg UZSdYW_W`f VW ^S hS[eeW^^W) DW bS`[Wd [`X�d[Wgd 
R`a QR`aV[k Nbd N``VRaaR` _\[QR` Ra P_Rb`R`' aN[QV` ^bR YR ]N[VR_ `b]k_VRb_ R`a _k`R_ck Nbd N``VRaaR` x[R` Ra QR
bWf[fW fS[^^W) Hagd g` _W[^^Wgd d�eg^fSf' [^ hage Wef dWUa__S`V� V"gf[^[eWd ^W badfW(UaghWdfe)
Hagd �h[fWd fagfW T^WeegdW' b^SUWl ^We gefW`e[^We � ^a`Y _S`UZW Wf ba[`fge egd ^We bS`[Wde' ShWU ^Wgde ba[`fWe 
fagd`�We hWde ^W TSe ag b^SU�We Zad[la`fS^W_W`f)
9jYfh]ggYaYbh 6 H^SUWl hafdW hS[eeW^^W VS`e hafdW ^ShW(hS[eeW^^W VW eadfW cg"W^^W `"W_b�UZW bSe ^We TdSe 
bg^h�d[eSfWgde egb�d[Wgde Wf [`X�d[Wgde VW fagd`Wd)

�[cihhc]f � jU]ggY``Y

Nage baghWl b^SUWd VWe hWddWe VW V[XX�dW`fWe fS[^^We VS`e UWe �Yagffa[de 
Yd�UW � ^Wgd Xa`Uf[a``S^[f� d�Y^ST^W W` ZSgfWgd) Nage baghWl d�Y^Wd ^We 
�Yagffa[de � - ZSgfWgde V[XX�dW`fWe)

<`UmYhhYg d`]UV`Yg

DWe U^SkWffWe b^[ST^We e[fg�We Sg(VWeege Vg bS`[Wd egb�d[Wgd a`f �f� 
Ua`�gWe VS`e ^W Tgf VW XSU[^[fWd ^S V[ebae[f[a` VW b^ge YdS`Ve aT\Wfe fW^e
cgW ^We USeeWda^We' ^We ba�^We' WfU) K[ TWea[`' UZScgW bSdf[W bWgf �fdW b^[�W 
e�bSd�_W`f' ag fagfWe � ^S Xa[e' bagd b^ge VwWebSUW) Hagd d�Y^Wd ^We
U^SkWffWe b^[ST^We' [^ Ua`h[W`f VW ^We f[dWd hWde ^W ZSgf ag VW ^We dWb^[Wd)

K�[`U[Y Yb \UihYif Xi dUb]Yf gid�f]Yif `cfgeiY WY`i])W] Ygh d`Y]b

DW _�US`[e_W VW d�Y^SYW VW ^S ZSgfWgd Vg bS`[Wd egb�d[Wgd VW hafdW _SUZ[`W S �f� Ua`�g bagd hage Va``Wd 
^S baee[T[^[f� VwS\gefWd ^S ZSgfWgd VW UW bS`[Wd hWde ^W ZSgf ag hWde ^W TSe' eS`e ^wW`^WhWd VW ^S _SUZ[`W 
^adecgw[^ Wef b^W[`) 4QXM \Q^YQ` S[`e[ PQ O^iQ^ VWe WebSUWe b^ge YdS`Ve ag b^ge bWf[fe W`fdW ^We bS`[Wde egb�d[Wgd 
Wf [`X�d[Wgd) DW bS`[Wd VW hafdW _SUZ[`W S �f� d�Y^� _a^ ^S bae[f[a` egb�d[WgdW W` d�Y^SYW Vwge[`W) 
B[a^ ^WhWd hafdW bS`[Wd' fW`Wl(^W VWe VWgj U�f�e Wf f[dWl(^W hWde ^W ZSgf) B[a^ XW TS[eeWd' fW`Wl(^W � `aghWSg VWe 
VWgj U�f�e' f[dWe hWde ^W ZSgf Wf ^�UZWe ^W`fW_W`f) <S`e ^W _�US`[e_W VW d�Y^SYW Vg bS`[Wd UZSdY�' SeegdWl(
hage cgW ^We VWgj U�f�e eW fdaghW`f Sg _�_W `[hWSg)

- .

.

-

IUb]Yf ]bZ�f]Yif 
<`UmYhhYg d`]UV`Yg

DWe U^SkWffWe b^[ST^We PUbU_iQ_ QZ cgSfdW bSdf[We a`f �f� Ua`�gWe VS`e ^W Tgf VW XSU[^[fWd ^S V[ebae[f[a` VW b^ge 
YdS`Ve aT\Wfe fW^e cgW ^We USeeWda^We' ^We ba�^We' WfU) � ^S VW_S`VW' UZScgW bSdf[W bWgf �fdW b^[�W 
e�bSd�_W`f SX[` V"aTfW`[d b^ge V"WebSUW)



6edbUc"SXQbWU]U^dc"TUc"`Q^YUbc"

FQ^YUb"Y^V�bYUeb"

FQ^YUb"
MOKQLHEOL

. 1



. 2

CQefQYc"SXQbWU]U^dc"
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B_\T_NZZR_ B, B- B.

D_kYNcNTR 6c\^Q__ .+ ZV[ HQ^^Q

HRZ]k_Nab_R` ( /+ p9 /+ p9

He]R_ QR _k V̀Qb_ NYVZR[aNV_R_ HMU__QXXQ \Qa

`NYR' PNSk' YNVa' aUk

9NSk' YNVa' aUk'
cVN[QR` S_\VQR`'

9NSk' YNVa' aUk'
cVN[QR` S_\VQR`'

;RT_k QR `NYRak =NVOYR 8N` B\eR[

EbN[aVak QR QkaR_TR[a 8 5
-0 PZ.*,0 PZ. 7 5 0 PZ.

6=M @A JLI@OEN 9 7 & 8

ANcNTR h .0 p9 ANcNTR h /+p9 D_kYNcNTR

FV[jNTR h PUNbQ FV[jNTR h S_\VQ ANcNTR h /+p9

=V[ FV[jNTR h PUNbQ FV[jNTR h S_\VQ

=V[ FV[jNTR h PUNbQ

GkPUNTR

=V[

;b_kR Qb ]_\T_NZZR #ZV[$
,+ .+ 2/

9\[`\ZZNaV\[ Qwk[R_TVR

#XK*U$
+'/0 +'4+ +'40

9\[`\ZZNaV\[ QwRNb
#YVa_R`$

2'2 ,-'/ ,0'2

GV c\b` baVYV`Rf YM R[ZO`U[Z QRZV(PUN_TR' YR` cNYRb_` `\[a YR` `bVcN[aR` 5

;b_kR Qb ]_\T_NZZR #ZV[$
,3 .+ 11

9\[`\ZZNaV\[ Qwk[R_TVR

#XK*U$
+'/0 +'4+ +'4.

9\[`\ZZNaV\[ QwRNb
#YVa_R`$

2'2 ,-'/ ,,'0

9O>KMBLL>F>GM 6 AR` ]_\T_NZZR` P\b_a` [R P\Z]\_aR[a ]N` YwkaN]R QR `kPUNTR) AR` cNYRb_`
V[QV^bkR` PV(QR``b` \[a kak \OaR[bR` QN[` QR` P\[QVaV\[` QR YNO\_Na\V_R P\[S\_ZkZR[a Nbd [\_ZR` R[
cVTbRb_) 9R` cNYRb_` ]RbcR[a cN_VR_ R[ S\[PaV\[ QR YwbaVYV`NaV\[ Qb ]_\QbVa Ra QR YwR[cV_\[[RZR[a #aR[`V\[
QR `RPaRb_' ]_R` V̀\[ QR YwRNb' aRZ]k_Nab_R QwRNb QwR[a_kR Ra aRZ]k_Nab_R NZOVN[aR$)

XkTbZR` ^bV Z#[Z`

\M_ _iOTi
XkTbZR` ^bV Z#[Z`
\M_ _iOTi
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78E6D=CF=BAE 7-4 CDB;D4@@84

B_\T_NZZR_ B/ #FkSk_R[PR$ B0 B1

64A DM\UPQ 0+ ZV[) ;Z`QZ_UR

HRZ]k_Nab_R` 0+p9 10 p9 10 p9

He]Rs QR _k`VQbs
NYVZR[aNV_Rs

9NSk' YNVa' aUk'
cVN[QR` S_\VQR '̀

G\b]R '̀ `NbPR`'
]iaV``R_VR`' vbS`'
]VYNS' ]\ZZR` QR
aR__R' XiSaYQ_ SN_PV`'
S_VaR`)))

G\b]R`' `NbPR`'
]iaV``R_VR`' vbS`'
]VYNS' ]\ZZR` QR
aR__R' XiSaYQ_
RM^OU_' S_VaR`)))

;RT_k QR `NYRak B\eR[ B\eR[ gYRck

EbN[aVak QR QkaR_TR[a 8 5
-0 PZ.*,0 PZ. 7 5 0 PZ.

7 & 8 7 & 8 7 & 8

D_kYNcNTR ANcNTR h 10p9 ANcNTR h /0p9

ANcNTR h 0+p9 FV[jNTR
V[aR_ZkQVNV_R

ANcNTR h 10p9

FV[jNTR h PUNbQ FV[jNTR h PUNbQ FV[jNTR h S_\VQ

GkPUNTR =V[ FV[jNTR h PUNbQ

=V[ GkPUNTR

=V[

;b_kR Qb
]_\T_NZZR #ZV[$ ,2, 0+ ,,2

9\[`\ZZNaV\[
Qwk[R_TVR #XK*U$ +'4* ,'.0 ,'1,

9\[`\ZZNaV\[
QwRNb #YVa_R`$ 4'+ ,-'2 ,2'-

GV c\b` baVYV`Rf YM R[ZO`U[Z QRZV(PUN_TR' YR` cNYRb_` `\[a YR` `bVcN[aR` 5

;b_kR Qb
]_\T_NZZR #ZV[$ ,// /1 41

9\[`\ZZNaV\[
Qwk[R_TVR #XK*U$ +'32 ,'-- ,'/+

9\[`\ZZNaV\[
QwRNb #YVa_R`$ 4'+ ,-'2 ,-'-

9O>KMBLL>F>GM 6 AR` ]_\T_NZZR` P\b_a` [R P\Z]\_aR[a ]N` YwkaN]R QR `kPUNTR) AR` cNYRb_`
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3\\adQe _b_ YR O\ba\[ BN_PUR*7__ma $0% ]\b_
ZRaa_R Y#M\\M^QUX _[a_ `QZ_U[Z) AR c\eN[a
BN_PUR*7__ma _R`aR NYYbZk aN[a ^bR X#M\\M^QUX
R à R[ _[a_ `QZ_U[Z) 7]]beRf
_aOOQ__UbQYQZ` `b_ YR O\ba\[ B_\T_NZZR $1%
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7]]beRf `b_ YR O\ba\[ 5i\M^`*DNb`R $2%
]\b_ XMZOQ^ XQ PiYM^^MSQ Pa \^[S^MYYQ) ;l`
^bR YR ]_\T_NZZR `kYRPaV\[[k R à YN[Pk' YR
c\eN[a QR YNcNTR `wNYYbZR Ra YN Qb_kR Qb
]_\T_NZZR `wNSSVPUR) GV c\b` \bc_Rf YN ]\_aR
QR YN ZNPUV[R NY\_` ^bR YR ]_\T_NZZR R`a R[
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NYaR_[R[a `b_ YwkP_N[)
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ZRVcJPN N\ MhJ]\ZN[ LWUXW[JV\[%)

3\\adQe _aOOQ__UbQYQZ` _a^ XQ
N[a`[Z "A\`U[Z_" $(% \[a^ MO`UbQ^

X#[\`U[Z _[aTMU`iQ $_U O[Y\M`UNXQ MbQO XQ
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( AwV[QVPNaRb_ QR _RZ]YV``NTR QR `RY $5%
`wNYYbZR `wVY e N ]V ZN[^bR QR `RY) ;N[` PR PN`'
cRbVYYRf _RZ]YV_ YR _k`R_c\V_ QR `RY) DNXWZ\Na(^W][
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`b]]YkZR[aNV_R f b [ ` ^ Q QR_[VR_
]_\T_NZZR QR YNcNTR' PRYYR(PV `R_N QZO[^Q
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QR `kPUNTR)
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7]]beRf `b_ YR O\ba\[ 8dXJZ\*
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AR c\eN[a QR SV[ PYVT[\aR ]R[QN[a
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ZNPUV[R kcNPbR YwRNb ^bwRYYR P\[aVR[a
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( Vkb#fkpq^ii^qflk#fk`loob`qb#ar#cfiqob#afjfkrbo^#i�bccf`^`fq¦#ab
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