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SHPHUFLHPHQWYV

7TRXW GIDERUG MH VRXKDLWHUDLYVY UHPHUFLHU OLFKHO ORL
&KLPLH 3DULV SRXU VRQ DFFXHLO DX VHLQ GH FH ODERUD)

&H IXW XQ KRQOQHXUXGHWYW GDQV OHV PHPEUHYV GX MXU\ /DXU
HQ WDQW TXH UDSSRUWHXUV &DWKHULQH %YREFMD®BDHQOND(
TXTH[DPLQDWHXUV DLQVL TXY$]L] 1IHFKDFKH HQ WDQW TXTI

“H WLHQV j UHPHUMHQW RRBIGIAHXHX 8 HPW K GWH P IDFKRH.Q) &IRVQU
OTRSSRUW X QHWQPLG Ur \8 B AVWRHUG QMQ &g MUIH B DATWYIKWISH , ( DLQ
$15 0&(& GH PYDYRLU DLGp VRXWHQX HW GRQQp VD FRQI
SHUVRQGHQHOLWWpPUDLUHY RQW WRXMRXUV pWp HQULFKLVV]

7TRXWH PD JUDWLWXG HHQIDECHMHDMWH Y PHVY AR LH /DLU HW $U
OHXU DLGH VFLHQWLILTXH OHXU GLVSRQLELOLWp OHV GL
DYRQV SDVVp HQVHPEOH

H VXLV WUqV UHFRQQDLVVDQW HQYHUV 9DOpULH $OELQ H
/LX 1DQ =KDR (OLVD *UpSLQ ORULW] %DUWD TXL RQW JU
WUDYDLO WPSp ULPWHFL pJDOHPHQ&MEPOWRY RHMNLQH /XGRY!
&DUUp 6LPRQ +XEHUW HW )ORULDQ 5DIILQ SRXU OHXU DLC
HQVHPEOH DLQVL TXYj /IDXUHQFH -RUGDQ GH OfpTXLSH 06 |
OHV FROODERUDWLRQV VXU OHN SWODDW W PlpE B QLHNKSH/F WY Y Gl

OHUFL j WRXV OHV SDUWHQDLUHYV GH O1%$15 0&(& SRXU OHV

OHUFL j OTHQVHPEOH GH OYpTXLSH , ( DLQVL TXYj O07,5&3 H
UHQFRQWUHU OBV ISHIHRBRPQQYY %RE .HYLQ 'XQJ $EGHO
SHUPDQBMQW®WH\ $XUpOLH 7KRPDV O0OpOLVDQGH -XQVRR -H
$O0LQD :XHMLH 'PLWU\ &\ULO %DRMLH $GgqOHXKBRRWVD
DPELDQFH GH WHUBWDHE IOH R YWHLIDEO®D Q W H

'H IDoRQ JpQpUDOH PHUFL DX SHUVRQQHO GH &KLPLH 3DUI
TXH MH FRQQDLV GHSXLV PDLQWHQDQW DQV 8QH PHQWLF
(VNDQGDUL DLQVL TXYj PH\ MUESLH @D BERXHVEFRIXKIVH3HULY
OLQLHU



OHUFL j WRXV OHV DPLV GH 6DQWLDJR GX &KLOL TXL RQ
SURIHVVLRQQHOOHPHQW TXH SHUVRQQHOOHPHQW HW DX]
PIDYRLU DBEBHSSUPR J(BRBPEXEXFKDYV JUDFLDELPRY QGW/OR UHBR
UHEXHUGRYV LQROYLGDEOHV

OHUFL j WRXV PHV DPLV GH SUpSD GHM KKERLOBDUXFVR DB P
9RXV DYH] pWp j PHV F{WpV HW RUJDQLVp XQHRVRHWPHUEH V
DXVVL j O§8TU&YWHOOH 1DR (ORWVH HW DROSXFLQ K JDXAWU
IXLGJL S5RPDLQ OBRKU*O¥WDQYROIHUEHY VRXYHQLUV

OHUFL j (ORwWVH SRXU WRXW VRQ VRXWLHQ VRQ DLGH SI
UDVVXUDQWH

-H VRXKDLWHUDLV HQILQ UHPHUFLHU PHV FKHUV SDUHQMW
UHFRQQDLVVDQW QRWDPPHQW SRXU OHXU SUpVHQFH j OD
NP DLQVL TXH WRXWH PD IDPLOOH [BYH ®WDNWRIL B HVRXRDHX
SURIHVVLRQQHOOH









(DEOH GHV PDWLQqQUHYV

ILVWH GHV DFURQ\PHV

SUpDPEXOH

, (WDW GH OfDUW

QWURGXFWLRQ

D /HVWRFNDJH GH OTpQHUJLH

E /TK\GURJgQH

F /H GLR[\GH GH FDUERQH

9DORULVDWLRQ GX &2

(OHFWURO\VH

D 3ULQFLSH GTXQ pOHFWURO\VHXU HW G{XQH SL

OH | FRI

E (OHFWURO\VH GH OYHDX

F (OHFWURO\VH GX GLR[p®H GBWURDOOERQH HW FR

H VIRW § &) & 0& (&

D 'HVFULSWLRQ GH OD 0&)&

E /D 0&(&

&RQFOXVLRQV

SpPIPUHQFHYV

,, ODWpULHOV HW OpWKRGHYV

6ROXELOLWp GX &2

ORQWDJH H[SpULPHQWDO HW pWDSHV SUpOLPL

QDLUHYV

OHVXUH GH VROXELOLWp

6\QWKQqQVH GH PDWpPULDX|

/H FRXODJH HQ EDQGH

6\QWKQqVHV

(OHFWURO\WH

&DUDFWpPpULVDWLRQV

(OHFWURFKLPLH

&HOORGCDB gVRH

SpIpUHQFHV

,,, 6ROXELOLGDHQAQFZXO& FDUERQDWHYV IRQGX)\

L QWURGXFWLRQ HW pWDW GH OYDUW

2EMHFWLIV GH FH WUDYDLO

&DOFXOV HIITHFWXpV




D )RUPXOH GH OD VROXELOLWpP

E ,QKRPRJIJpQpLWp GH OD WHPSpUDWXUH

S5pVXOWDW YV

" QIOXHQFH GH OD WHPSpUDWXUH

,QIOXHQFH GH OD WHQHXU HQ OLWKLXP

*UDQGHXUV UpDFWLRQQHOOHYV

Q) My mf ©

$QDO\WH GH OTDGGLWLRQ GTK\GUR[\GHV

&RQFOXVLRQV 3HUVSHFWLYHV

SPIPUHQFHYV

,9 (WXGH pOHFWURFKLPLT X H\@HG NOWWQR W \F

IROGXV LQIOXHQFH GHV K\GUR[\GHV

5DFHOLV R[RDFLGLWpPp HW VI\VWgPH GX &2

6\VWqgPH2GH +

,QIOXHQFH pOHFWURFKLPLTXH GHV K\GUR[\GHV

D /HV K\GUR[\GHV IRQGXYV

E /HV K\GUR[\GHV GDQV OHV 0&)&

2EMHFWLIV GH FH WUDYDLO

(WXGH pOHFWURFKLPLTXH

D 2[\GDWLRQ GHV SURGXLWW®&H UpGXFWLRQ GH

E (IIHW GHV K\GUR[\GHV

&RQFOXVLRQV 3HUVSHFWLYHV

S5pPIpPUHQFHYV

9 2SWLPLVDWLRQ GH OD PDWULFH

/IH FRPSRVDQW

D QWURGXFWLRQ

E 9RLH GH V\QWKqVH

F SHQIRUFHPHQW

2EMHFWLIV GH FH WUDYDLO

(WXGH GHV SDUDPgWUHV GH VI\QWKgVH

$PpOLRUDWLRQ GHV SURSULpWpPV SDU DMRXW G

$7* '6&

$QDO\WH SDU '5;

GUWERD

&2

T1DGGLW

SpVLVWDQFH PpFDQLTXH

OLFURVWUXFWXUH

I O M mf O

SRURVLWDp




&RQFOXVLRQV 3HUVSHFWLYHV

SpIpUHQFHV

9, &4HOOXOH FRPSOQWH 0&)& 0&(&

QWURGXFWLROQ

2EMHFWLIV GH FH WUDYDLO

$QDO\WH WKHUPRG\QDPLTXH

SpVXOWDWY GX EDQF GH WHVW FRXSOp

D &4DOOWURQ HW pWDORQQDJH

E &8HOOXOH FRPSOgWH HW DQDO\VH GHV JD]

&RQFOXVLRQYV 3HUVSHFWLYHV

SpPIPUHQFHYV

&RQFOXVLRQ JpQpUDOH HW SHUVSHFWLYHYV

$QQH[HV
$QQH[H'BDJUDPPH GH SKDVH2GH /L . &2
SQQH[H)WFKHV ,&/'L&GI2 S $0

$QQH[H)RFKHYV WR[LFRORJLTXHYV GH 0¢Y,156 GX WRC

D XgqQH H

$QQH[H2XYHUWXUH DX SURFpGp

$QQH[H3IXEOLFDWLRQV

ILVWH GHV ILIJXUHYV

/ILVWH GHV WDEOHDX]|




ILVWH GHV DFURQ\PHYV

$'(0( $IJHQFH 'H Of(QYLURQQHPHQW HW GH OD ODVWULVH G

$)& $ONDOLQH )XHO &HOO

$/' $WRPLF /D\HU '"HSRVLWLRQ

$15 $IJHQFH 1DWLRQDOH GH OD 5HFKHUFKH
$7* $QDO\WH 7TKHUPR*UDYLPpWULTXH
&&6&DUERQ &DSWXUH DQG 6WRUDJH

&&8 &DUERQ &DSWXUH DQG 8WLOL]DWLRQ

&&9 &DUERQ &DSWXUH DQG 9DORUL]DWLRQ

&(07+,&RQGLWLRQV ([WUrPHV HW ODWpULDX]

&2 55 &2 5HGXFWLRQ 5HDFWLRQ

&9 &\FOLF 9ROWDPPHWU\

'0) 1 1'LPpWK\OIRUPDPLGH

'0)& 'LUHFW 0 HWHIOD &ROO) X

'062 'LPpWK\OVXOIR[\GH

'5; 'LIIUDFWLRQ GHV 5D\RQV ;

'6& 'LIITHUHQWLDO 6FDQQLQJ &DORULPHWU\
(16 (FROH 1RUPDOH 6XSpULHXUH

(6+ (OHFWURGH 6WDQGDUG j +\GURJQqQH
)6 )XOO 6FDOH

*& *DV &KURPDWRJUDSK\

*(6 *D]j (IIHW GH 6HUUH

+(5 +\GURJR@XWLRQ 5HDFWLRQ

+DXWH 7HPS§

, 3&& QWHUJRYHUQPHQWDO 3DQHO RQ &0OLPDWH &KDQJH
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672, QVWLWXW GHV 6FLHQFHV GH OD 7HUUH G 2UOpDQV
/60 /IDQWKDQXP 6WURQWLXP 0DQJDQLWH

/69 /LQHDU 6ZHHS 9ROWDPPHWU\

0&(& OROWHQ &DUERQDWH (OHFWURO\VLV &HOO

0&)& OROWHQ &DUERQDWH )XHO &

0(% OLFURVFRSH (OHFWURQLTXH j %DOD\DJH

1$6$ 1IDWLRQDO $HURQDXWLFV DQG 6SDFH $GPLQLVWUDWLR
1,671DWLRQDO ,QVWLWXWH RI 6WDQGDUGY DQG 7THFKQRORJ
28&32SHQ &LUFXLW 3RWHQWLDO

2(5 2[\JHQ (YROXWLRQ 5HDFWLRQ

3$)& 3KRVSKRULF $FLG )XHO &HOO

3(* 3RIOMK\OgQH JO\FRO

3(0 3RO\PHU (OHFWURO\WH OHPEUDQH

3(0)& 3RO\PHU (OHFWURO\WH OHPEUDQH )XHO &HOO
32&33HUR[LPRQRFDUERQDWH 3DWK

3233HUR[LGH 3DWK

39% 3RO\VEXW\UDO GH YLQ\OH

5:*6 5HYHUVH :DWHU *DV 6KLIW

62(& 6ROLG 2[LGH (OHFWURO\VLV &HOO

62)&6®LG 2[LGH )XHO &HOO

623 6XSHUR[LGH 3DWK

7&' 7KHUPDO &RQGXFWLYLW\ '"HWHFWRU

:*6 :DWHU *DV 6KLIW

<6=<WWULD 6WDELOL]J]HG =LUFRQLD

11
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3UpDPEXOH

ITPQHUJLH HVW XQ HQMHEL YIOW\B OISR X U FOAMIRPHH FRPSWH Q
GX PL[ pQHUJpWQHRXHp P ROGLLAD@V GH JDPIX HR HYWE B W HUYUH

GHPDQGH pQBWWWMLITXHQW PDLQWHQDQW HQYLURQ JLJID

LQpYLWDEOMPRKQMXIIHPHQW FOLPDWLTXH

'‘DQV OH FDWUBQHWIDRQ pQHUJpWLTXH OHV WHFKQLTXHV C
DLQVL TXH OHV pQHUJLHV UHQRXYHODEOHV RQW FRQQX X
UpSRQVH j FHWWH SUREOpPDWLTXH /H GLR[\GH GW FDUER
GLUHFWHPHMWWUB@WRBRPHLRORIJLTXHPHQW RX FKLPLTXHPF

3DUPL OHV YRLHV GH YDORULVDMWQRQGSRVS/QEWD W RE H/OW A X
HOOH SRXUUDLW j OD IRLV SUpVHQ®H Uy DBRUD YV D WWRBQHE XG
DOLPHQWpPH j SDUWLU GfpQHUJLHY UHQRXYHODEMMHM X(OOH
GDQV GHV pOHFWURO\VHXUV IRQGpPV VXU OHV WHFKQRORJI
POHFWURDKNWH GHSR XW UNLIQVL SHUPHWWUH GJREWHQLU GX JI
+ HW GH&BIUWBFWLRQ DSSRUWHUDLW DORUV XQH UpSRQV
YDORULVDWIVR G K Ip&p UDWLRQ GIpQHUJLH 3DU DLOOHXUYV
IRQGXVDHQLEFXOLHU SUpVHQWHQW GH JUDQGV DWRXWV G
LQGXVWULHOOH GX VIVWgPH GpMj FRPPHUFLDOLVp HW GH
GH &2

&HWWH WKgqVH VILQVFULW GDQV O & (BD GXRE RPSUD IS VIR &
RSWLPLVDWLRQ GH Off KDKEWH RVGI\R/ $ip GXWEU H /GID VR G B Y WF |
VRXKDLWp GH FHWWH pOHFWURO\VH pW DQW FX\QU RRREK \DW HE
HVW WUgV LQWpUHVVDQWH \@IWX\G\OHD PHYIMX UW IRH GEWB DR B H/ K
SDUW HXFDIGPL TRHW GIDERUG Of(16 80P D SRIXWDWkFKH
PRGpPOLVDWLRQ G\QDPLTXH PROpEFXODLUH ORQWH &DUOR
DLQVL TXH OD VROXEL/GL WWGHI &Z2 j 2U0OpDQV pWXGLHQW (
HW OD FRPSOH[DWLRQ DYHF GHV PHVXUHV GH 501 HW GH |
3DULV7HFK VILQWpUHVVH DX SURFpGp JOREDO DYHF Gt
OTpOHFW%RGB/GR| GBADGW YLDELOLWp pFRQRPLTXH

&H WUMWDIOA Vp j OFT,QVWLWXW G H BH WHIH ¥ YW H QGAHL 8 B IORHAH 8L
HW OD PLVH HQ FGMBW WGERO BVMH ERHGR DYV OHV FDUERQDWHV IR

13



/H FKDSLWUH , ©fPWMWVHD § WOPNW BB $SUqV DYRLU DERUGp O
GH &2GLYHUVHV YRLHV GH YDORULVDWLRQ H[LVWDQWHYV
OYpOHFWURO\VH j GIWIRHQZFH Q@G B H2 VI\VWGPHV OHV SO
SHY j FRPEXVWLEOH pOHFWURO\WHXUV VRQW GpFULWV DY
FDUERQDWHY IRQGXYV

/H FKDSLWUH ,, GpFULW OHV PDWpULHOV HW GLVSRVLWLI
VIQWKgVH GH FDUDFWpULVIDLVOLRRQMWpGHD € BB QWH GRIQRH R

I TpWXGH GH OD VRORELOHW pFBHEKDDWHY IRQGXV IDLW OfR
LQYHVWLIXpH GDQV SOXVLHXUV HXWHFWLTXHVY HW j GLYH
SUpYLVLRQV WKpRULT BVYVWYM D ERWE CH REM H-WR XATXOYXMH RBIX E
WKH (OHFWURFKHPLFDO 6RFLHW\

/H FKDSLWUH ,9 HVW FRQVDFUp j XQH pWXGH pOHFWURFKLP
HW OD UpR[\GDWLRQ GH VHV SURGXLWV GDQ@WHXQ'HDLMX&H
OYH[LVWHQFH HW OH U{OH GHV K\GUR[\GHV VRQW GpWDLOO
HW GH FRQGXFWLYLWp HVW pWXGLpH 'HX[ DUWLFOHV VXU (
UHYXH VXU OHV K\GUR[\GHOHBWOQRF&HRLVXWHWqPHDXWH W
JURQWLHUV LQ (QHUW\ X5V HFRWAKULEXWLRQ VXU OHV UpVX
FRQGXFWLOHFWGBRBKLPLFD $FWD

/IH FKDSLWUH 9 SRUWH VXU OD V\QWKgVH HW OfRSWLPLV
FRPEXVWLEOH j FDUERQDWHY IRQGXV 0&)& pOHFWURO\VHXU
GH V\QWKgVH DPpOLRUp SDU FRXODJH HQ EDQGH HVW PL
VWUXFWXUDOHPHQW HW HQ WHUPHYV GH UpVLXO\WDWN Ppp D
VRXPLYHUDPLFYV ,QWHUQDWLRQDO

'DQV OH FKDSLWUH 9, GHV VLPXODWLRQV GIpTXLOLEUH WK
SUPVHQWDpPHYV DILQ GYIDQDO\WHU OTHIIHW G fPHFQMI RDODHH V'
UpVXOWDWYV [HESIp BHPOQIWB X QRWDPPHQW DYHF XQH PDWULF
DQDO\WHV SDU FKURPDWRJUDSKLH HQ SKDVH JDJHXVH VRQ
UpVXOWDWY GH,RHVAKDOWLRK BO QRXUQDO Rl +\GURJHQ (QH

(QILQ FH PDMPFKWEFYHWD VSIDPU GHV FRQFOXVLRQV JpQpUDOHYV
IRQGDPHQWDO HW j OfpFKHOOH GX SURFpGp

14



&SKDSLWWDW GH OfDUW
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&KDSLWUH ,

 QWURGXFWLRQ

D/HVWRFNDJH GH OfpQHUJLH

/TPQHUJLH HVW XQH FRPSRVDQMRMHSQ WL BR X Q HDPLHY IGXL \GRW H
GPEXWHGMN.qFOH OD GHPDQGH pQHUJpWLTXH DXJPHQWH H[S
GH SDU DQ (Q GH OD SURGXFWLRQ pQHUJpWLT>
IRVVLOHV > @ $YHF OTQHHJBWLORHW OBIOYVhQYHBOLBY UHQR
SKRWRYROWDWTXH HW OfpROLHQ VRGEW \$uSHV/YVNDWILRY SRRX
ODUJH SHXW rWUH XQ DYDQWDJH VXSSOpPHQWDLUH FDU HO
(Q UHYDQ/FKRIXBAHY VRQW LQWHUPLWWHQWHY HW GpSHQGH
&HOD LQGXLW XQH JUDQGH GLIILFXOWp GILQWpJUDWLRQ D>
SURGXFWLRQ pQHUJpWL TXMUDD Q& HNKUHV O DYEUODEDGIN. I D H\C
SUPVHQWHQW VRXYHQW GHV SVFR+GHD SEREBXE ®/H RED W X$ PR
H[HPSHOH FH TXL FRQFHUQH OH SKRWRYROWDWTXH OfpQHUJ
PLOLHX GH MRXMH QpH ®IORDYC ppE®MSVIRQHM UpVRXGUH FH SUR
GTLQWHUPQ VAW WQFHF HV V D LGIH LMW B P NW W HF & W W H

E /TK\GURJqQH

/TK\GURJqQH HVW XQ pOpPHQW FKLPLTXH GH QXPpUR DWRPL
SPULRGLTXH HW VRRXWRFL TR HFRH PRQW \@H $® XV QIERQGD Q W
'DQV OH UHVWH G XK WSH[R\SH) O®HD W BRI @FH T XOID HPARD p EDQN <
FRQGLWARQ®DUG GH WHPSpUDWXUH HW GH SUHVVLRQ XQ J
©K\GUR3IqBHBU ODGH FRWEERWHRQ'H GH OfHDX

/I TK\GURJqQQH HVW XQH YRLH GH VWRANILYH HBFTIP R FEXW W LSRUR
GDQV OYDLUHBRQ @M GWRFPpPGp HVW GRQF UHVSHFWXHX[ GH
LQW p UMY @MEWMKH YHFWHXU pQHUJpWLTXH GH SDU VD KDXWH
NLORJUDPPH TXL HVW SDU H[HPSOH IRLVY SOXV pOHYpH T
SRXU VWRFNHU GH OYfpQHUJLH GDQV XQ HFGWRLWOXVHWDWC
OH UpVHDX RX GDQV GHV V\VWgPHV PRELOHV FRPPH XQH Y

16



(WDW GH OTDUW

&HSHQGDQW OfYK\GURJgQH HVW DXMRXUGYTKXL PDWRRAXWLWDLL
OD SURGXFWLRQ GTIDPPRQLDF OH WUDLWHPHRW PGGHHNERBE X \
RUJDQLTXH FRPPHINX IRQAWLRQ GH YHFWHXU pQHUJpWLT?
SRXUFHQW GHV XWLOLVDWLRQV GH FH JD] j OfKHXUH DFWX
SUREOgqPHV FRPPH OD VI\QWKqgqWLR QOGHVWRRBDRH HWMH OD GL\

)LJ 8S8WLOLVDWLRQV>@H OJK\GURJqQH

,O HVW VBBgW URXHHU OD BROF WGP HEHV +G D FL. OPU PD@AX U
IDEFLOHPHQW GHV OLDLVRQV $LQVL OJYK\GURJgQH GRLW
PDQUHYV

/IH FUDTXHDDH{HDX FH TXL GHWNWWUI YWY H pDMKR GBY FRPPH (
OTK\GUROWRHUPRO\VH
5
6 \ 6Eg 6
/D JD]pLILFDWLRQ GH OD ELRPDVVH

'LYHUVHV QUp FKWRRTXHVY PHWWDQW HQ HMRRXPHK HYH K\
YDSRUHIRUPDJH ®&®X HOQNFRDNGHOTR[\GDWLRQ SDUWLHOOH

/D YRLH OD SOXV XWLOLVpH DFWXHOOHPHQW HVW OD UpDF
PRLQV FKqUH PDLV XQH GHY V&6 BM SAROGOLXI DX GBI PiLG MIBHR\Q G
GH VHWBIFRPPH OMD&Y OD SHUVSHFWLYH GX GpPYHORSSHPHC
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&KDSLWUH ,

GH OH SURGXLUH JUKFH DX[ pQHUJLHV UHQRXYHODEOHV &H
SUREOQBHNSXLVHPHQW GHV pQHUJLHV IR VRWPLOMN. RAQUD G HW (6
FRQWULEXDQW IRUWHPHQW D% FK\W B JOMPHD @RS R D @ * UXH Q
'"HDOY LiIVHH QG UH O FIOALPP@WYILQ M B WHIGIWG T L F L HW LO HVW FO
D XQ U{OH LPSRUWDQW j MRXHU GDQV FHWWH RSWLTXH

F /H GLR[\GH GH FDUERQH

&RPPH SUpPFPpGHPPHQYKWLSOYDMWILRQ GIpQHUJLHV IRVVLOF
LPSRUWDQW&NVGEHEQLqUHV VH VHOWXHRWD DWW @ B 6@ HERHQ BVQ
UHSUPpVHQWHQW GHV PRLW KR ISTRIHP\R QGHAD'Q 61VS & &

 QWHUJRYHUQPHQWDO 3DD EIR/® LS R E RIH\PW\WHK@&HDIH Up FKD X |
FOLPDWLT&HILQ GIDWWHLQGUH FHW REMHFWLI LO HVW WR
GIDFFpOpPUHU OH GpYHIRSSHPHAW GHRRKYHMHNVEOHY &HSH
WHUPH OHV pQHUJLHV IRVVLOHV IHURQ® VWSRRMRXU® SDWV
SULPRUGLDO GH VWRFNHUpPRYUH GH YDORULVHU OH &2

9DORULVDWLRQ GX &2

,O H[LVWH GLYHULWHY CHWBPBBKYH HW VVERENERIH &S WX U HRI
BWRUDBIIH GH FDSWXUH HW YDOR&RYPERQ RRD SW XFIIHUER G HS WS
&&9 &DUERQ KWDBQX WDORUD|DWIDRBQWUH OHV SUIGHFLSDOFL
YDORULVDWLR @ BXUSIOMX ULWp
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(WDW GH OTDUW

)L 9RLHV GH YDORW@&DWLRQ GX &2

7RXW G{DERSHXV HWBPH YDORULVp WHO TXHO ,0 PFMVXWLO
SUpVERWH SDUWLFXOLQUHPHQW GDQV VRQ pRKLW L\XSIWU F |
OH UHQGDQW LQWpPUHVVDQW GDQV OD UpFXSpUDWLRQ DVV
UplULJpUDQW

'HX[LqQPHPHQW GHV WUDQVIRUPDWLRQV ELRFKLPLQXHNV SHL
SURGXLW GYLQW pU rS\H X& MIGHEOU BHAR DHOWWXXYW GH SKRWRV\QW
PROpPpFXOHV RUJDQLTXHV FRPPH GHV OLSLGHV RX GHV DFLG
>@ /D ELRFDWDO\VH PHVWHW BHEW pIDDRHRHGHW FHIMSDEOH >

(QILQ OH GLR[\GH GH FRUERDHVSHXDNFWLRDW FRLPLTXHV F
FKLPLH RURDHMWX¥Q UpDFWLI XWLOLVp SRXU GHV VIQWKqVH
GH OfXUpH RX GH SRO\FDUERQDWHYV 'HV UpDFWLRQV GTK\G
GHV DOFRRGWHYV K\GURFDVHEXTHMPSOHY VRQW GRQQpV SOXV

6 EU ¢\ 7 E 6

GEVG\ 8Et6
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&KDSLWUH ,

&HV UpDFWLRQV GTK\GURJpQDWLRQ VRQWRWEBQV LRDNNUB WY
GLIILFEXOWpV VXEVLVWHQW FRPPH OH FKRL[ GH FDWDO\VH
GIK\GURJgQH SURSUH

/H &2SHXW rWUH PLQ p U/DAORIFPD W.IDE G @ LV i HERDXUNE RRDREHD J L W
DORUV DYHF GHVORR[GEM BRIPPHOFLXP RX GH PDJQpVLXP TX
GDQV OTLQGXYyWHJRN PTLQGXVWULH GX FLPHQW

6 E \ 7

/JHUHIRUPDJRpWHKD @ X U RIBIXGW V\Q WKIgWH XEIRYWDQJH G TK\C
HW GH PRQR[\GH GH FDUERQH pQHUJpWLTXHPHQWVLQWDPpUF
DOFRROV HW GHV K\GUR FDIWE X WGHWV KD X¥\WBIFWIRKVVHRQV HW
i WLGH GH FDWDO\WWHAXSUM GH. DKW OUPRXVWOMRQ HPSRLVRQ
GHV VXOIXUHV RX GX FDUERQH

6 E g\ t GEt

(QILQ OfpOHFWURO\VH GX GLR[\GH GH FDUERQH HVW XQH
GLVFXWpH SOXV HQ GpWDLO GDQV OD SDUWLH VXLYDQWH

(OHFWURO\VH

D 3ULQFLIX) pOHFWUROSVENKY ARPEGEKX@H EOH

/ID SLOH j FRPEXVWLEOH HVW XQ V\VWqPH pOHFWURFKLPLT
pOHFWUXRMWY ppEWEWQRFKLPLTXH (OOH HVW FRPSRVpH GH
HW XQH FDWKRGH TXL VR @\ GIHVY REY HH \& H5 H pDFGAXLIRMDL\R G TU
GIXQ pOHFWURO\WH TXL OHV VpSDUH &H GHUQLHU HVW XC
HX[ GDQV XQ FLUFXLW H[WpULHXU FH TXL JpQqU®HGH Ofp
FRPEXVWLEOHIHMWHRXUQL HQ
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(WDW GH OTDUW

)L B3ULQFLSH GIfXQHLEO®GH j FRPEXVW

I fpPOHFWURO\WVHXU HVW OXL OH V\XWHWPH QK Y BHWHVKHRQD
AQpOHFWULFLWp XQH UpDFWLRQ pOHFWURFKLPLTXH HVW Urg

,OLMWH GLYHUVHV IDPLOOHV GH SLOHV j FRPEXVWLEOH QR
FRQVLGpPUpPHVY RX OD QDWXUH GH OfpO@BmWBPROOWWY WW WGPF
IRQFWLRQQDQW j E'DVVH W HRRS GBDW XHQMPE @ FRONDOLQH )XHC
&HO@HV 3@Y&WRQ ([FKDQJH OHPEHIBQ B $IRUSKRUQLF $FLG ))
&HOO

$ KDXMWHHP SpUDWXUH GHX[ V\VWgPHV SULQERODE[2VR®NV )HH ¢
&HOBW OHVORO)WHQ &DUERQDMWMN )XHOX&HOOJ GH FH WUDYD
GLVFXWpHV HQ GpWDLO GDQV OD VXLWH

)L) 6FKpPD GHV SULQFLSDX[ W\SHYNORHQ SO MAVH DEEIREXN/ KXW HE®Ht
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&KDSLWUH ,

E (OHFWURO\VH GH OYHDX

'DQV OD SOXSDUW GHV FDV OHV SUWOMHNODNVR/REXWW LNEFHD HYD \F
WDFWLRQ VXLYDQWH GDQV OH VHQV GLUHFW SRXU XQ p
FRPEXVWLEOH

5
6 \ e6Ef 6
8VXHOOHPHQW OHV G HXH LU MIBRWW RQHNVOMO 1B FWAR FBEORQ VXL YL

6 \ cEt “Et? DQRGH

oln

t PEt¥ \ 4 FDWKRGH

/ID UpDFWLRQ GIR[\GDWLR® HH (JRPKXMW 2R PIOFH AW ERQRQ ¢
UpGXFWLRGUYRIHQ (YRDKWILRQ 5

6XLYDQW OYpOHFWURO\WH OD QDWXUHWG X 5 RMHPISX U DAAHX B
WA\SHV GIfpOHFWURO\WVHXUV SHXYHQW rW OH] HHDP>S G R poWH Q I/ U
VXUWHQVLRQV SDU UDSSRUW j OD YDOHXU WKpRULTXH GH

FDWKRGH GpSHQGHQW GH OD WHFKQRORJLH FKRLVLH ,0 IL
SRXU SRXYRLU FRPPHUGLWMHHNUIWWHUGEBRY FOMWAVWHUR XHVWLRQ
SULPRUGLDOH HQ SDUWLFXOLHU SRXU OD UPDFWLRQ 2(5 T

(Q JpQpUDO OHV FDWDO\WHXUV GRLYHQW VDWLVIDLUH XQ F
YLDEOHV ,OWEBHOOGWH®RW SUpVHQWHU XQH VXUWHQVLRQ
SOXV XQH VXUIDFH LPSRUWDQWH DLGH OfDFWREWLWp H D \@ Bl
IOX[ GHV S@RGHXWWRQGXFWLYLWP $RHRY B WHKW JERING roK
VWD ERIOLPLTXH pOHFWURFKLPLTXH HW PpFDQLTXH VRQW FU
GDQV OHV FRQGLWLRQV GIpOHFWURO\VH FKRLVLHV PpOHFW

$ EDVVH WHPSpUDWXUH OHW@0@ V¥ WHIR BG\0HXRY WEH\HWV\ SH X
SUHPLHUV TXL FRQVWLWXHQW OD PDMRULWpP GHV V\VWqgPH?
OLTXLGH DOFDOLQ FRPPH .2+ DYHF GHV K\GUR[\GHV SRUW
QpFHVVLWHQW $HBWORRUGHPHFDOMD OYNHH XUV QREOHYV 3RXU OD
HW 5XRAUDLHQW LGpDX[ PDLV LOV VRQW UDUHV FKHUV HW
$LQVL GH JURV HIIRUWY GH UHFKHUFKHV FHV GHUQLQqUH
DOWHILYQD/ j EDVH GH PpWDX[ GH WUDQVLWLRQ &RPPH FH
FRQGLWLRQV DOFDOLQHV HW DX[ SRWHQWLHOV 2(5 UHTXL
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(WDW GH OTDUW

GH\GUR[\GHV RX GIR[@&\GFHMRRBEWDX{ GH WUDQVLW IRRQNFRPP.
1L &R )H HW 0Q 3RXU OD UpDFWLRQ FDWKRGLTXH +(5 OH\
PYHQWXHOOHPHQW GHV PRGLILFDWLRQV SRXU DXJPHQV
OfTHPSRLVRQQHPHQW

(Q FH TXL FRQFHUQH OHV pOHFWUWXRIOX\OH XER/DEDH IGHHV SWURRQUN
POHFWURO\WH SRO\PqUH /H % WDYWRO PKDXUN RXH \ORHQ WX W K p C
DERQGDQW TXH OfLULGLXP PDLV VH FRUURGH SOXV IDFLOHI
GRQF SOXWDEUH BYWHRQGH PDQLqUH JpQpUDOH OD UpGXFE
PopWDO GDQV OWMBDHANWDXQDHXYVSOXV LPSRUWDQWHY RX GH)
OD FDWKRGHGHBHI POMPEH VW OH SODWLQH PrPH WL GHV P
FRQVLGpUpPY FRPPH GHV VXOIXUHV SKRVSKXUHV FDUEXUH

I fTXWLOLVDWLRQ GH V\VWgQPHV j KDXWH WHPSpUDWDBXH HVW
IDUIXWPHRQWUH OfpYROXWLRQ GH SDUDPgWUHV WKHRWPRG\QL
DWPRVSKpULTXH

)LJ (YROXWLRQ GH OD GHPDQGH pQHUJpW VB PIS @ HPORIY 0 WEIMROR O
DWPRVSKpUL@XH >
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&KDSLWUH ,

OrPH VL OD GHPDQGH pQHUJpWLTXH WRWDOH GH OD UpDFWL
DG H @ H f8D FRP $ROHFQMWHTXH GLPLQXH QHWWHPHQW HW
DXJPHQWH ORJLTXHPHQW &RP PIM D UpGHXBOVLRIE MHRQLLITU H W
PRLQV FKqUH TXH OfpQHUJLH pOHFWULTXH OfRWLGW RWdHH
PRLQV RQpPUHX[ 'H SOXV OD KDXWH WHPSpUDWXUH DPpOLI
OHV VXUWHDWVRQVLQVL SRVVLEOH GH WUDYDLOOHU DYHF C

/JHV WHFKQRORJLHV XWLOLVpHW H KW X RO\ WHXEB) ) R\M S BIHV R
6ROLG 2[LGH (OHFWHMRGD/QW &HODO XV V R P H QWA LHQ HV HXWG!
POHFWURO\WHXUV j R[\GH V:R® L Oh @pRRWQRODWYW IEHWV WUDGL
<WWULD 6WDELGWHGHYL WHPGSPD DWXUHY GH WUDYDLO SHX)
2(5 FODVVLTXH HVW RRQERPERNHL\EH ® BVQWUKRIDHL XGFRR SIB0  F
GIDXWWHWpULDX[ RQW p\@pDSUR SRMPPHPOLRUHU OHV SHUIRUF
$X QLXYBH OD FDWKRGH OD U pdps HIRAHD B WWG XIQOGEHIRAED\G P
GHV PDXpILURYVNLWHYV FRPP I I6 IO\D WEKBRIE GDWEHY RQW pW

> @
/IH FDV GHV 0&)& OI& NVHWP j SDUW HQWIDQQUWHGDQV OD SDUW

/IH WDEOWHDVXPH OHV SULQFLSDX[ V\VWgPHV GYfpOHFWURO)
OfpOHFWURO\WH GX SRUWHXU GH FKDUJH OHV WHPSpUD)
GIpPOHFWURGH HW OHV HIILFDFLWpPV
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(WDW GH OTDUW

7DEOHDXLQF VSW KRG O H FW@ RO\V H

F (OHFWURO\VH GX GLRWGRRGCHVRIRWBE R H

I fpOHFWUROGSMHEBW O&OD FRQYHSVREQEHDAHTXH HQ SURGXLYV
SRLQW GH YXH FKLP L&BE H KIDWP § (GGHHUHIYWW KHRBUBFW B Q8 GDQV OD F

ROHV pPLO/WIBREXUUDLHQW rWUH WHME XCLHV @ ¥p 9 W UFIR & W g QG kb
WHPSV

/ID UpDFWLRQ GH UpRXRVEZUFRQVCGHXLB2ZFLOH j PHWWUH HQ °XY
JUDQGH VWDE IHOL\@p @0 W GHVEBURGXLWY GH OD UpDFWLR
OLHX j GHV SRWHQWLHOV WKHUPRG\QDPQ MKWV YSWRF KNW GK
> @ /HV FDWDO\WHXUV SRXU &2 55 GpSHQGHQW GRQF C
RSpUDWRLUYNVLBORGXLW VRXKDLWG R QH) BNGOETXHHIWVX Up D FW LR
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&KDSLWUH ,

UpGXFWLREWXORKRXU SRWHEWLWE W WOQ ORLDWIGIXLGEY IBBIVLWp (
SURGXLWYVY GH OD &2 55

TDEOHLYHUVHY UpDFWLRQV HOM IBRW N RIDERE G X &2

5pDFWLRQ GH UpGXFWL 3RWHQWDRE & DYWG(6+

&2 + H & 2

&2 + H +&22+

&2 + H &2 2

&2 + H &+2+ 2

&2 + H &+ +2

&2 + H + &2

&2 H &2

&2 + H &+&+ +2

/TPOHEWURODV BWHXPOMRULWDLUHPHQW DQDO\WpH GTIXQ SR
SUpPVHQW $ EDVVH WHPSpUDWXUH EHDXFRXS GH PDWpULD
FRPPH .+&PRWDBRW GHV PpWDX[ /FHQNFAWWRGH OD SOXV SUR
GRXWH OH FXLYUH HQ UDLVRQ. XXXBW GROW U\G ISQRG MIpW V KRE
&2 55 GLIIpPUHQWYV VXU FXLYGK IB®EW GXXPROQRKDIBHH GH FDU
OTpoQH\ HW GHV @OFRAEXVYUH HVW HQ HIIHVSRXIX @ HTHWH @ HC
&2 55 GRQQH j OD IRLV GHV DOFRROV HW GHV K\GURFDUE
UpDFWLRQQHOV VRQW GLIILFLOHV j PHWWUH HQ pYLGHQFH

$YHF GHX[FRPPH 3W 1L )H $O0 *D HW 7L OH &2 HVW OH S|
LOQWHUYLHQW pJDOHPHQW 3RXU XQH SURGXFWLRQ GH &2 V
6Q 3E ,Q HW +J GRQQHOWREDXOWMPM G IBHY DIPFOR BRWBW LjR
FH SURFpGp HQ WHUPHV GH FRPSUpPKHQVLRQ IRQGDPHQW
PDWpULDX[ HW OfRSWLPLVDRLLBRXGHXQB PWUEOWXUH ©FHWH
/D OLWW pUDW X UGl B WLLAMLH 8 URIS R @IV R E O WIRJIRYD ¥[EVRUH G
VWUXFWXXUBRTX@ @ ,0 HVW LQWpUHVVDQW GH QRWHU T
OfpOHFWURO\WH FRQVLGpUp /H GLR[\GH GH FDUERQH QYH\
SRXUTXR VVRIDKMQUMHI RQWVp VFR RKH OH '062Q PRIUM ORI OLTX
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(WDW GH OTDUW

LRQLTX®YV /I UpGXFWURIYWIHK &RRQF FRPSOLTXpH j PHWWUH
WHPSpUDWXUH

'HPDQLqUH WXPEODLGH OTHDX OD KDXWH WHPSpUDWXUH HV
GLR[\GAD®ERQH HQ UDLVRQ GH OD PRLQGUH GHPDQGH GTg
&2 55 HVW pJDOHPHQ@HPB LSDOMHAXIUAK O L g U H PpHOQHVE W WR O WWHHXWY
R[\GH VROLGH HW FH GqV OH PLOLSKXEHYHYQRLEHIHRK QWS DD
ODUVGDQV ®H EXOWR ULVHU OTDWPRVSKJH 1D D HIDBVER WY H R G X UL
GH OTR[\J@QH >

&RPPH FHOD D pWp PLV HQ DYDQW SUpFpGHPPHQW OH IDLW
HQ SRWHQWLHO LQWHUURH BRRDEW @ KDY WD B/MDLADLONHX G FH Y
UHFKHUFKH VXU OHV 62(& WHQG HW OH EXW QfHVW SOXV »
DXVVL GX PpWKDQH RX GX FRQRRBHF BGWH BOMHYERIRE DOHI/F W
VIpFULYHQW

5
6 \ 6Eg 6

5
6\ E< s

ITPYROXWHRBP®HGH pQHUJpWLT X HS p QDINR\RS W& RXKIIDEHE JOXM AV H
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&KDSLWUH ,

)L 'HPDQGH pQHUJpWLTXH GHWp@HFW@RO\VHV GX &2

,O IDXW DXRFEWIBDQLH W HPH (@O WRKIWAAQ TXH GH JD] j OfHDX L
5:*6 5SHYHUVH :DWHU *DV 6KLIW

e6E 66— 6 E

/ITLPSRUWDQFH GH FHWWH UpDFWLRQ GDQV OHV 62(& QYHV
JURXSHV GH UHFKHUFKH SX@WFQHEPEHIMWQTXW URHF K12P HVXWH P H G

@ WDQGLV TXH G{DXWUH HN\X PLYD O WMEDRE BH @R Q\D UDDW XUH G
FDWDO\WHXUV HW OHV FRQGLWLRQV GH WUDYDL®BRXUUDL
RQW PRQWUp GDQV QP BWPIRERLOK H FHR O pOHFWURFKLPLT
OD SHWH IONpH WDD @HHUW GH PDVVH HW GIHD PKHDR&I6EH HS D U
SRURVLWpP RX FRQGXFWLYLWp GH OD FDWKRGH DFFUXH St
UpDFWLRQV 3DU UDSSRUW | X QO-DpRORH W AR Q@ \NUEHHS/RLIP \BEDQIMGHK
FLQPWLTXH XQH UpVLVWDQFIE KN XSRODQY VR @ S PR X IGH
OH GpS{W GH FDUERQH HVW SOXV GLIILFLOH DORUV TXYLO
VHX@ILQ OD FRQWULEXW L\RDE O5LHY @R B'H 6SORX UQUD LGHPD QG|
POHFWULTXH
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(WDW GH OTDUW

/H VIVWgPH 0&)& 0&(&
D "HVFULSWLRQ GH OD 0&)&

/D SLOH j FRPEXVWLE QB X \F DRISIRGIDOWHHQ &DUERQBWW YXQHO
VI\VWGPH IRQFWLRQQDQW j KDXWH W HHPSHQ VWSAMN EDQWHE F
62)& HQ JpQpUDO HQWUH f& HW f& (OOHV PHWWHQW
GH FDUERQDWHYV DOFD.GRQY RBR QIGRUP D'Q W p@LDYMHIW H FW L T X H
DILQ GYDEDLVVHU OHV W\BP\ GRYXUGIFLEHE BMWER®Y X Q H
PDWULFH SRUHXVH HQ DOXPLQDWH GH OLWKLXP &RPPH WR
XQH FDWKRGH HX YRIQW QR HQW UHVSHFWLY HRHZWWEH O
HW GX QLFNHRQHR PBIRADMDWWQHXU HQ FKURPH RX HQ DOXPL

8Q VFKpPD GIG IS DIQBELESEH HVW GRQQp HQ ILIJXUH

)L 6FKpPD GH SUL@F&SH GH OD O
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&KDSLWUH ,

/IH V\VWgqPH VH EDVH VXU OHV UpDFWLRQV VXLYDQWHYV

cE 8\ 4 E GEt¥ DQRGH
2 6E GEt¥\ ¥ FDWKRGH

$LQVL OD UpDFWLRQ JOREDOH GDQV OD 0&)& VIpFULW
6EX 6E o..f-SWis E ifetd

/H VIVWgPH 0&)& SUPpVHQWH X QRN ULED FLW pH O 6 M ULLA DXL I
PrPH rWUH S GXDW MWOHHQEOHFRIpQpUDWLRQ ,0 HVW XWLOLVp
DYHF GHVDSM@RWM HWVOH MRXU HQ (SARBRUSGX 61X 8PS HDXG H U
LQGXVWULHO @D JXH G HWH @@ ) PQ IBWYI\RUPDLY SOXV GIXQH
GIQVWDOODWLRQV GDQV OH PRQGH VXLWH DX GHESWX&H FR
JUBE XQLWp GH 0: VH WH®XRW j H TCBVIBEREF OD WHFKQRO
DWW H LQWWOQB H PDWXULWp

/D 0&)& SUpVHQWH EHDXFRXS GIDYDQWDJHV 7RXW GYIDER
IRQGXVFEHM[FHVVLVBRYW GXU&2VWDEOHV HW QHGIMWH WHH G p
WUDQVIRUPHU HQ R[\GHYV

6 7— 6 E &

'fDSUQV OHV UpDFWLRQV GH IRQBWRRIQWD i HQ AD &K RIEH S RX
R[\JgOQH HW HYWREBHPRX POHFWURGH j K\GURJgQH &HOD U
ERXFOH IHUPpHWHQHEE2QRNFWDX j OD FDWKRGH 'HTEDU OD
IHUD OJREMHW GX FKDSLWQHV)V,WOPHOERL HVQWIDQWHX U HW
$LQVL GHV DSSOLFDWLRQV GH FHSNW W HFK @EEXMBGW G D C
DLQ GH YDORULVHU GHFRQUWHMIDVQ\B/Q GG B2\G UEGIRW B OB W L R
0&)& D pWpHQDIFPO GI1X FHK FUERQU B®WHj JD] QDWXHUBO&HQ GO
(QHUIW[RQORHEQO DYHF SRXU REMHFW LUMGHHWRDSMH O D F H®
> @

6LPLODLUHPHQW DX FDV GHV 62)& OD SUpVHQFH GJHDX HV
FDUERQH TXL SHXW SURY HQ LpD 18 FWILPFORARNDER. @ ¥ GRKELEP L R R HG/X |
> @
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(WDW GH OTDUW

/TPOHFWURO\WH H\GM BOWVYD GRQGHNFWRYUWWpP pOHYpH j WL
/L. PRO | f& SRVVQGH XQH FRQG®F\&HWMWMD TXHH V W LEF
GLVFXWpH pJDOHPHQW GDQV OH FKDSLWUH ,9

&H VA\VWQqPH j KDXWH WHPSpUDW X[W B LSCH.WPH BVX DQXVYWH. DXXQ® HRVH R
XWLOIOMPWY&)& SHXW IRQFWLRQQHU HQ XWLOLVDQW DXVVL G
> @

(Q UHYDQFKHR IF;MW IBIHPHSUHQW SUREOpPPDWLTXHV 7RXW
WHQGDQFH j VH G EDWERGIN 8 ¥ Q V HDHRPRBHRQAR X V

<\ (6> E 67

6? 6?
E ¢\ &

/D GLVVROXWSRRUGHIIHW BH IRUPHFRXGBIGW RYVH LW pPGXLWV H
FH SRVH DORUV GHV SBREBPMY GHPWRXWBEMDXFRXS GH UHHF
PWp G pjGLPWSNWRYIMDTXW L O XQYDRMILR QU G IKD Q R XQ HANKR® HV R L W
SURW KSRV PFRRX U SEHO SUREOqP H

'fXQH SDUW GHV DOWH U QDYWL YHYRRRWPHN/L HRQVLGpUpPHYV [
OH SOXV SURPHWWHXU VIHVWLRRAWR BW @H GRIHNVS KD \UH YVIW H
FHBQGDQWU @W XCHUDKVOUM SDUW HQ WHUPHV GH FRXFKH ¢
VXU OD FDWKRGH 1L2 RQW @W@ BRA U HG phUBOHBAMYURRLAK Y RIOT |
> @SXWWHI IRXISWRPLF /D\HU SHSR&WHW ERQECHAH|GH 7L
&H &K FOQW DLQVL pVWWSWHRGREY pHMH pWXGH UpFNBREHOKQ G
WUQV SUR FO-DW RHIXIKRGIH S PRWQMWPEQW GH PHLOOHXUHV SHLU
PHLOOHXUH @QWDEQOEWHQ TXH GHUTRRXVNHNQMPWWO CPLVH\
FRPPHXSSREWWKHRGH DYHF GH PHLOOHXUHV SHUIRUPDQFF
PPpFDQLTXH GHV WHVWYV | ORQRUIVEHPYPH QTRQW SDV pWp

8Q DXWUH SRLQW pSLQHX[ FRQFHUQH OD X1DB R WILDAY HRQQG |
GH FRQGXFWLYLWp HW GH SHU®RUPDQFH GH OD 0&)& >

(QILQ OD /PBWHVYPHXQ PDWpULDX TXL HVW VXVFHSWLEOH
SURYRTXDQW GHV FURLVHPHQWY GH JD] HOQWURHURYIWBFRP SD
HW GHV SHUWHV GY{pOHFWURO\WH (OOH HVW HQ RXWUH |
0&)& /D TXHVWLRQ GH FH PDWpULDX VHUD GpWDLOOpPH GDQ
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&KDSLWUH ,

E /D 0&(&

/ID0&(& RXROWHQ &DUERQDW HH VO W R ®IDE WLIVR @ QXY | FD L
LQYHUVH GH OD 0&MSBQQWRISHPEVAY GRQQp HQ ILIJXUH

)L 6FKpPD GH SULQFLSH GH OTpOHFWUWRO\VHXU j FDUER

&H V\VWqgqPH D IDLW OfREMDWQ G H KW FKHIKNRKJAUNRDIWFG KPR U G
PR@Up TXH OD 0&)& HVW UpYHUVLEOH HW SHXW IBQFWLRC

'"f{DLOOHXUV LOX ROWHRBEVGHW BSHQWHY GH DX D IF RIAV Wi PG
SUPVHQWH GH PHLO @B XE M\ B FiQL R BIBDIOFASHDFUNRIIRESD X P R G H
SLOH j FRPEXVWLEOH DYHF OHMW R/MHW PWU HIRMQ G W Q BEEIHG V0 &
SURYLHQGUDLW QRWDPPHQW GH PRLQGUHV SHUWHV GH SR
1L2 /HV FLQPWLTXHV UpDFWLRQQMHOW BX RQWHPIXDGH P HIXHKX [f
PRQWUDQW TXH OD UpGXFWLRQ HVW VRXV FRQWU{OH FLQp
TXH OfR[\GDWWRB SVW @HPNVUDQV@HUW GH FKDUJH >

/D GXUDELOLWpP GX V\VWGPH D p\Wy iQ ¥YPRIGH G8H &G K& [ PYOHRLK
HQ DOWHU QRQ& 0BP& OH SUHPLHU BBHVUWGN WHIYHOPRYBPBDF
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(WDW GH OTDUW

REVHUYpHV DSUqV K GH IRQFWLRQQHPHQW DORUV TXH
QRWpH DX ERXW@GH K

(Q UHYDOQ-HFMHUDYDLO GH FH JURXSH GH UHFKHUFKH VIHVW H
$I1LQ GH VIDSSURFKHU GTXQ FRPSRUWH PH@M¥W & HRAEHMIDIDEKYD H
HIITHFWXpHV VXU GHV V¥VWq@HVDGM FHFPDV XOQCHN M WQ OH V
0&)& 0&(& D HQWUDVQpPp XQH DXJPHQWDWLRQ GH OD UpVLVW
FHQWDLQHV GJKHXUHV VHXOHPHQW 'DQV PHD 3 HPDLIHW GV |
OTpYDSRUDWIGRR CSTHD\W E @@ GED\WV HD PRV WEHIRY pOHFWURGH
FHSHQGDQW PRQWUp TXH Ofjp\OH FGAVYR 8 MGILER DOWW Q G BIQTFH
0&(& HW XQH EDLVVH GH SRURVLWp D pW@® UHOHYpH SRXU

$ SUWLU GHV GRQQpPHV H[SPULPHQWDOHN RQWVpPRGHOHQW
SURSRVpPV > @&HXAL RQW SWUHPLGHHY DQDO\WHY GH VHQ\
SDUDPqQWUHV FRPPH OD WHPSpUDWXUH OD FRPSRVLWLRQ
GHQVLWpP GH FRXUDQW

7RXFHV WUGBHK DXD O L VHS\ppULIP\W R WD XQ X PR P\P F R I RVQ G\pX/'U
OYpOHFWURO\VH VLPSOH GH OfHDX (Q UHYDQFKH GX GLRJ\
GDQV OHV DWPRVSKqUHV FRQVLGpPUpHV p OBDF WEHRMMWAM Q G H
+2 VH SRVHOWC TXfWD D pWp QRWp SUPFpGHPPHQW TXH OD G
UpDFWLRQV HVW VLPLODLUH FDWD R WHAHW B BIS h WP BEWER QDQ V
FDWKRGWH VHUDL

6 EU 63...f—§;‘ﬁ¢i?\ 6 E Et 9?
$YHF OD UpDFWLRQ JOREDOH
6 Eu 6:...f—§;‘\Ti GE E GEt 6:f.‘T;t

%LHQ TXH GHV WUBWDIR[Q\E RPRWQM XXM G X EVDIOR/QOGN &DUER Q
IRQGXV H[LXMW HEGMWSR XU OTREW HQ WHERIQ&GH@ERHRXWUDYD X[ (
UHFKHURKIOHYV V\VWRO WVJIOKED OH P HRQMWH EWQRRP VR G R D Q W
SRVVLEL@ DALY ©®TpFDUWDQW VRXYHQW HQ F RHOMI GpHIQWY M/ ST )
@Q UHYDQFKH LO HVW WRWY VI GREOH I AKERQIXH 5:*6
$LQVQTREVHUYDWQRPWAIR O FRHW OD JpQpUDW2 RE® GWH X0 C
VI\VWgPH UpYHUVLEOH 0&)& 0&(& IHUD OJREMHW GX FKDSLW
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&KDSLWUH ,

&RQFOXVLRQ

/HV FSEJO p P DW LG XHYDWYODQOR UL VOM IGRQVEWR BEDIJH GTpQHUJILH
F°XU GX FRQWH[WH pQHUJpWLTXH DFWXHO $ILQ GH UpSRQ!
FRPE XV W MWEORD p\WOHDEU S U p VIHOMPEIGIW \G HV/R QEAGFER0D X HRQW W L R
SUHPLqQUH GH VWRFNDJH HW JpQpUDWLRQ GIpQHUJLH SUR
PDLV BXV®DUSRVVLELOLWp HQ PRGH HQ YOHU Vi GH. WDQW UH.Y b
GILQWpUrW ,0 HVW GH DXWQ W WU SISO B/R@\D LRRH GW GLR[\GH
HW GH OfHDX TXH OHXU FREW pQHUJpWLTXH HVW VLPLODLU

/HV V\VWqP\WMMKIPUMMWXUH SUpVHQWHQW GH SOXV OfDYDQW|
HQ RIIUDQW GH PHLOOHXUHVHWLGHWL HXH\F DUpBWoWBB @ M O
SDUWLFXOLQUHPHQW OHV FRQ FPRODWX ¥ RR G BERIMFEREDMHW U WGX
/D UpGXFWLEHQLE&? RoXX &P pWp PRQWUpH IRQGDPHQWDOHPH
OHV FDUERQDWHOTIR\G KW XBWVTRQW pWp PHQPHV VXU OH P

&H WUDYDDLU (R@®MDO\WVH HW OD fFANVHWHIR O XNWHE GBI D D HFR
FDUERQDWHY IRQGXV V{DUWLFXO I DERMPRYV GH F F KK S\LWW-
GH OT®X WKHWELWUH VXU OHV PRXW UALHXER H@ FOpHV R IRIBSHMY U H
OfpWXGH GH OD VRGK EH\DW WKQ CRIRKRP G\ UY-DCEHR B H VI B/ L RHQ
FKDSLWUH ,9 WX D UMW FPRPIRDWHPHQW pOHHRW WREKRRLIKW
DG GUWLYV L QW GV D@ R/S WA M FIWWHR @\ BFIRER@\D WOHY 1R Q G X
FKDSLWUH 9 SUpVHQWH XQ WUDYDLO VXU OH PDWpULDX GH
WHQXH PpFDQLTXH HW GH Uf®H@W LRV GIHQ DY p\CHMF WEDRIY
0&)& 0&(& DLQVL TXH GHV VLPXODWLRQV WKHUPRG\QDPLTXt}
9,
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(WDW GH OTDUW

5plpUHQFHYV

> @6 = %D\NDUD +\GURJHQ $ EULHIRBKHFWLIRHY RDGLMQYYVR
LPSDFW RQWHRXDWDO RI +\GURJHQ EQHUJ\

> @ (&, (VVHQWLDO &KHPLFDO ,QGXVWU\ HVVHQWLDOFKHPL

> @3 J)ULHGOLQJVWHLQ 0 216XOOLYDQ 0 : -RQHV 5 0 $C
3HWHUV : 3HWHUV FK3RQJHDMXpU® 6LW &DQDGHOO 3
-DFNVRQ 6 $0OLQ /(2 & $UDIJmR $ SUQHWK 9 $SURU
%HQEDWWLQ + & %LWWLJ / %RSS 6 %XOWDQ 1 &KL
(YDQV / )ORUHQWLHDSWHUROVYWHKWHR ' *LOILOODQ
/ *UHJRU 1 *UXEHU , +DUULV . +DUWXQJ 9 +DYHUG
-DLQ ( -RHW]MHU . .DGRQR ( .DWR 9 .LWLGLV -,
/JHIQYUH $ /HQWR®Q /BX/LHORMREMUGR]]L * 0ODUODQG 1
OXQUR - (06 1DEBIODRND < 1LZD . 2f%ULHQ 7 20QR
3LHUURW % 3RXOWHU / B5HVSODQG\ ( 5REHUWVRQ
6plpULDQ , B6NMHOYDQ6XWWRQPLWKD @BKXD 3 3 7DQV
7LOEURRN * YDQ GHU :HUI 1 9XLFKDUG $ 3 :DONHU
:LOOLV $ - :LOWVKLUH : <XDQ ; <XH 6 =DHXDMK *OR
6\WWHP 6FLHQFH 'DWD

> @5 4XDGUHOOL 6 3HWHROVRDW H KK HQMWQIH 5HFHQW
HPLVVLRQMHIOJRRPEXVWLRQ (QHUJ\+3ROLF\

> @6< 3DQ& 3&KLDQJ : 3DQ + .LP $RDDQF IRGIU VI LY
WHFKQRORJLHY &RVWREDB® XMV WDLQDEOH FDUERQ F\FO
(QYRQPHQWDO 6FLHQFH DQG 7HFKQRORJ\

>@+5 +REEV 15 7KRPDV %LRFDWDO\VLV LQ 6XSHUFULW
DQG XQGHUYUHRIO& RIQ&KWR RFD/OV5SHYLHZ

> @2 = 6KDUDI 0) 2UKDQ $Q RYHUYLHZ RI IXHO FHOO \
DSSOLFDWLRDMQ G HIANMPDHQWDEOH (QHUJY®5HYLHZYV

> @) /X 0 =KRX < =KRX 5RZHQDQVUWUWRQ 0G\W NG %0 WE |
2[\JHQ (YROXWLRQ 5HDFWLRQ XQGHU SMMNYODQB &R BDIEC
$GYDQFHV 6PDOO
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&KDSLWUH ,

\Y

@) 0 6DSRXQWIL -0 *UHFLBVVEVWUDWH + 2 $ )UHGULLI
+DQV 1LHPDQWVYHUGWILRW WIOH BWQRBDWDRQVRI K\GU |
VIQWKHVLV JOV(BHRINUBYE® ERPEXVWLRE 6FLHQFH

@0 : &KDVH -316%) 7TKHUPRFKHRVFDWK7BEO -RXUQDO RI 3k
&KHPLFDO SBMADHQ@RKRIUDSK 1R

@6 ' (EEHVHQ 6 + -HQVHQ $ +DXFK 0 % ORJHQVHQ +L
LQ $ONDOLQH &HOOV 6ROLG 3URGVRQ GR @FHOFOWL QRIK & IR
SHYLHZV +

@+ )DQ 0 .HDQH 3 6LQJK 0 +DHUIRUPPDWERFECELYIO
ODQWKDQXP VWURQWLXP FREDOW IHUULWH R[\JHQ HOH
OD\HU IRU UHYHUV LEH®OVRRXGBQIOGR BRIMHUBRXUFHV

@< 7DR - 6KDR - :DQJ : ¥LWOOG6SURKSBUKRIYV RI /D
QD@ HU -RXUQDO RI 3RZHU SRXUFHYV

@< /L * X & 5XDQ 4 =KRX < :DQJ : 'RKHUW\ . L}
FDWKRGH EDVHG RQ GRSHG YDQDGDWH HQKD§®PH® Z LW
HOHEPWUR -RXUQDO RI 3RZHU RXUFHV

@' 7 :KLSS®H$ .HQLV 3URWMIHFOLYDRVILRE YLD 'LUHFW +
(OHFWURFKHPLFDO 5H® RFVEKRWQL FDKCH & RXRIIKMDN U /HW W H |

@0 *DWWUHOO 1 *XSWD $ &R (OHFWURFKHPLEFDO UHG
VWRUH UHQHZDEOH HOHFWULFDOQHQBWXRRRYBUXBRQD
ODQDJHPHQW %

@% .XPDU -3 %ULDQ 9 $WOD 6 . XRDMH - G 6cEKWWHMBD
1HZ WUHQGY LQ WKH GHYHORSPHQW RI KHWBPRIHQHR
UHGXFWLRQ &DWDO\VI¥ 7RGD\

@.3 .XKO (5 &DYH '1 $EUDP 7)) -DUDPLOOR 1}
HOHFWURFKHPLFDOERAGXERLREEFRIS SEHUWDOWIDFHY (QH
(QOYLURQPHQWDO 6FLHQFH

@4 /X - 5RVHQ ) -LDR 1DQRVWUXFWXUHG 'QRWIBGIOLF (
SHGXFWLRQ &KHP&DW&KHP
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(WDW GH OfDUW

@3 +LUXQVRWGWDZD /LPWUDMNKPOWERFKHPLEDO 5HGXFWLI
DQG OHWKDQR @ RVH & RISBHR\V  7KHR U-RRW URD® ,RIV 8 B KWL F
&KHPLVWU\ & +

@6 %DFN 06 <HRP < -XQJ $FWLYBQR.SDHWW\RWGEHH RAIDVG D
&2 (OHFWURUHGXRW GOV IR\ &RV $

@/ | 6QXIILQ /: :KDOH\ / <X &DWDO\WLF (CHFVRORFKHF
JLTXLG (0,0%) &OR IKRIX UIHDFAWURFKHPLFDO BRFLHW\

@. 5 BGGKDU % 7 9DQLPDQ 2[\JHQ SURGXFWHRY RROO D UW
6ROLG 6WDWH ,RQLFV

@& *UDYHV 6 ' (EEHVHQ 0 ORJHQVHQ GWBRFDENERBUI XX
E\ UHF\FOLRQG&2*ZLWK UHQHZDE Q4D HRU\ Q Y6 FHIDHEXED E O H
6XVWDLQDEOH (QHUJ\ EHYLHZV

@: /L + :DQJ < 6KL 1 &DL 3HUIRUPDQFH DQG PHWKDQ
+2+&2 FRHOHFWURO\VLYV LQ VROLG R[L®KDHD HRWUWRDOV |
+\GURJHQ\(QHU +

@$ ODKPRRG 6 %DQR+ -/HH<XIIHFW RI RSHUDWLQJ FRC
SHUIRUPDQFH Rl VROLG HOHFWURO\WH RHHORHERUNNDRHO UH L
-RXUQDO RI OHPEUDQH &FLHQFH

@3 .LPRNRRQWRUQ - %DH (OHFWURFKHPLFDO SHUIRUP
FHOO HOHFWURWHFSKHQOWXWHLIKRHOHFWURORVLGHRI VW
-RXUQDO RI 3BRZHU 6RXWFHYV

@& 6WRRWV - 2T1%ULHQ RI HDHAMOWWHQ@K SWNROMUD W X U
VWXGLHYVY DW WKH ,GDKR 1DRQBQDRXDEBODRWRUVUG URIW I

+

@ /L 6 <L[LDQJ < /XR 1 &DL (OHPHQWDU\ UHDEFWL
HOHFWURO\VQ V| RFRHHOW VRWIKIHWHURJHQHRXV FWHRQNDO H
-RXUQDO RI 3RZHU 6RXUFHV

@< :DQJ 7 /LX [/ /HL ) &KHQ +LJK W HRPFRUDNFNUHR OROLL
IRU VI\QJIJDVL BQRCKHRON3IURFHVVLQJ 7THEKQRORJ)\

37



&KDSLWUH ,

\Y

@ ©)XHO &HOOV )LQDOO\ )LQ® BWXQ@EH b SHEFIW BOR ERHF BQR
(QJLQHHULQJ DQG 6FLHQFH 1HZV KWHF 8 FEKGUBVH FXHOX F
FH QI0Q/DID@IN L OmsHBD U ERG W X U H

@% OHW]'DYLGVRQ + GH &RQLQFN 0 &RRERQ THRMHGH (
&DSWXUH DQG 6WRUDJH ,3&& 6SHFLDO 5HSRUW &DPEU

@0 &DVVLU 6 - OF3KDLO $ ORUHQR 6WUDWHJILHV DQG
PROWHQ FDUER Q\DHPEW XUG IKHDKFHOOV LQ WKGDBDUER
-RXUQDO RI +\GURJHQ (QHUJ\

@-/ :DGH .6 /DFNQHU $ & :HVW 7UDQVSRUW PRGHO
FRQGXFWVBSREO®MHPEUDQH 6ROLG 6WDWH ,RQLFV

@)XHO &HOO (QHUJ\ &DUERQ &DSWXUH ZLWK 'LUHFW ).
KWWS ZZZ VFFV RUJ XN KPIEBRXEHNDHHE V) X HICH O O V
D SGI

@)XHO &HOO (QHUJ\ $QQRXQFHV 1HA WRUBRQ 3RTZFHW XEMD:
KWWS Z7Z7ZZ JOREHQHZVZLUH FRP MXLQ

@6 - OF3KDLO / /HWR 0O 'HOOD 3LHWUD 9 &LJRORWWL
OROWHQ &DUERQDWH )XHO &KWUO®Y VI HEERQRHIRID LW(EW !
VFLHOQOWIGRNVVLHU BO&)&LQWHUQDWLRQDOVWDWXYV SG

@- OLOHZVNL - /HZDQGRZVNLRPSHORHDVWNVNMHYV &8/LQJ D
&DBRQDWH )XHO &HOO ,(5,8B8URFHGLD

@9 /DLU 9 $OELQ $ 5LQJIJXHGpP 0 FADROQMW Y VK HHR S HWMLP
PHDVXUHPHQWY RI WKH HOHFWURRR.O& ERPRG X FIVHLGY LEW \
DGGLWLYHRQDOW-RXQDWO Rl +\GURJHQ+(QHUJ\

@3 7RPF]\N 0&)& YHUVXV ROKIHIDAWHOLVWQOY) GWHFK
SURVSHFWYV -RXUQDO RI 3RZHU 6RXUFHYV

@- 37 9RVVHQ / 30ORPS - +: GH :LW * 5LHWYHOG &R
6WHHO DQG HL ISFEENHRO DY OROWHQ &DUERQDWH -RXUQI
6RFLHW\ *
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(WDW GH OfDUW

@6 )UHQL ) %DURDKH G LYXWROXWRRWBHRER FDWKRGHV
FDUERQDWH | XHRWHHI\WYWHBWDWHRQDO -RXUQDO RI (G

+

@, %ORRP QDJDQ 0 .UXPSHOWKH- /HYSHPQR/KPHGW RI /L)
/JL&R21L2 &DWKRGHV I|IRUERROWHQ )&&HROVYQDO RI WK
(OHFWURFKHPLFDO 6RFLHW)\

@$ 5LQJXHGp $ :LMD\DVLQJKH 9 $OELQ & /DJHUJUF}
BROXELOLW\ DQG HOHFW U RFHRRLED 6 DMKGLLIHON RIIR AL )W B
FDWKRGBVWILRSRXBEQDO RI 3RZHU 6RXUFHYV

@$ :LMD\DVLQJKH % %HUJPDQ ¥R&RAILAUBDW® ULD)®\2 |
OROWHQRWHBRBO &HOO §FDBKIRF®HWL RB® DWG,FKDUDFWHU
JDV GLIIXWKR®HND 6 RQLEEWDWH |

@( 6LPRQHWWL 5/ 3UHVWL &KDUDFWHUL]DWLRQ RI 1L ¢
Rl1 /LOKR 2 -RXUQDO RI 3RZHU 6RXUFHV

@0 + .LP 0 = +R&QJ.LP ( 3DUN + +BH .tP &REDOW DQC
FHULXP FRDWHG 1L SRZGHU DV D QHZ UFDD@BE&E GDWH
(OHFWURFKLPLFD $FWD

@3 *DQHVDQ + &RORQ % +DUDQ % 16 BERRSHRDIWHGRUF
1L2 DV FDWKRGHV |IRU PRIOMMOHY FBRIERQIEWMN | I XRZHU 6 R

+

@0 - (VFXGHUR ;5 1yYRD 7 5RGULJR / 'D]JD ,QIOXHC
TXDOLW\ SURPRWHUO&RL FRPYWMKRIEAH\RIBRZHU 6RXUFHV

@% +XDQJ ; <H46<XD®@J1ILH 4 +X - 6KL . +X 7 :HQ (C
SHUIRUPDQFHLLRI KDWKRGH LQ WKHFPREW@DWAN HXWF
ODWHULDOV 5HVHDUFK %XOOHWLQ

@& 3DROHWWL O &DUHZVND 5/ BHMWWWL) 6=0O]BKBHOIR
DQERDO\WLV RI QHZ FDWKRGH PDWHUHOOV IRRXPQDWHQ &
6RXUFHV +
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&KDSLWUH ,

\Y

@$ 'XUDLUDMD@HWFBBRR® +DUDQ 5 :KLWH % 3RSR"
FKDUDFWH U L ] CHRFR\DX B ID RED Q WF N®18) & V- B WXKIRG RV 3R7
6RXUFHYV +

@/ - &KHQ - -=XRQ&$ 1RYHO 0&)& &DWKRGN WBWHBLDO I
7HFKQLTXH )XHO &HOOV

@6 7 . XN <6 6RQJ 6 6XKLP- KHRRUPDWLRQ RI1IU2&R?2
FDWKRGH IRU D PREWHKH GO UVE\RQDWHOBFWURSODWLQJ
&KHPLVWU\ *

@/ OHQGR]D 9 $OELQ 0 &DVVLU $ *DOWD\ULBV (OHF\
WKLQ QQ\RUGHU WR SURINMHFGN P\RROM K)Q FINHLERQDW H 1 X
-RXURID@HFWURDQDO\WLFDO &KHPLVWU\

@/ OHQGR]D 5 “RPMGGNU 0 &DVVEDPRVZ SMHRIHQ WHXY LGHQ|
WKH IRUPDWLERARILQUORE 1L2 LQ PROWH@ FHYERIQHDEN H
6XUIDFH 6FLHQFH=

@7 3DXSRUWp / OHQGR]D 0 &DVVLU 0 & 7PAPMHIUHUWIMEX U H:
'"HSRVLWLRQ RI &U\VWDOGRMWIBQMNR2RYW DWRY¥ EOWHAWURO'
(OHFWURFKHPLFDO 6RE&HW)\

@/ OHQGR]D $ 5LQJXHGp 0 &DVBMWMUXBWXDOW®WDWRRWHSKR
FKHPLFDO DQG HOHFWURFKHPLFDO DQDO\VLV RI QLFNH(
&R2 LQ PROWHKPDRI2 DW f& -RXUQDO RI (GHKHRPURDQDO\

+

@0 - (VFXGHUR / OHQGR]D 0 &DVVLU 7 *RQ]DOH] [/
FDWKRGH FRDWHG E\ SRWHQWLRVWDWLFDOO\ GHSRV
PRUSKRORJL FLOQO PRHXNBRORIBUER XUQDO Rl 3RZHW 6RXUFH

@& ODQVRXU 7 3DXSRUWp $ 5LQJIJXHGp 9 $OELQ 0 .
0&)& FDWKRGH /RZ WHPSHUDWXUH SRWHQWLRVWDWLF
DTXHRXV PHGLDFRRQHWWDRFUQDO RI 3RZHUBRXUFHYV
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(WDW GH OfDUW

@9 $OELQ / OHQGR]D $ *RX[ $ 5LQJIJXHGp $ %LOOI
ORUSKRORJLFDO VWUXFWXUDO DQG GISHEW WMWRFE HRHLUALT
WLWDQLD FRDWLQBWLRQ 0&3 & LDBB® R1 3RZHUt6RXUFHYV

@$ OHOPRBHEDP BCGRVXDWLRQ GH QRXYHOOHV FRPSRVLWL
UHYrWHPHQWY SURWH FVOHDX B B WKIRERV \& R X B WOXHM M \8 LGOHH V
FDUERQDWHXJRE @HVUDFAV &KLPLH 3DULV7HFK

@ .LP + /L 0+ /HH . .LP 61 /LP -< :RR + +DQ 6
SHUIRUPDQFH DQG WWMPEH 0DW XAURH DRRIOWHQIXHO FHOO
FDWKRGH ZLWK DWRPLF OBRYUUQ GHHER\GRRHE HYU 2

@7 :HMU]JDQRZVNL . &ZLHND - G6NLELQVNL 7 %U\QN 6
'LQJ OHWDOOLF IRDP VXSSRUWHG MOHFWHRGMV 0BRW HR
'"HVLJQ

@%$ . XONDWIOQEGHKH\ ODWHULDOV LVVXHV DQG UHFHQW GHY
IXHO FRDOWOLQDG RI 6ROLG 6WDWH (OHEWURFKHPLVWU\

@. - /HH. 7.LP 6 .RRPVROHH: 3HUIRUPDQFH RI PROWHOQ
FHOO ZIWERQGFRUERQDWH HOHFW U RONWSIHAD W XW H HFR-Q
.RUHDQ -RXUQDO RI &KHPLFDO ¢(QJLQHHULQJ

@/ +X , 5H[HG * /LQGEHUJK & /DJHUJUHQ (OHFWURFK
PROWHQ FDUERQDWRQRIBO RXOQ@NO ,RWHGQRIHQ (QHUJ\

@/ +X * /LQGEHUJK & /DJHUJUHQ (OHFWURGH .LQHWL
+\GURJHQ 3URGXFWLRQ LQ D OROWHQ &DUERQDWH (OHF
(OHFWURFKHPLFDO B6RFEHW\

@/ +X * /LQGEHUJK & /DJHUJUHQ (OHFWURGH NLQHWL
R[\JHQ SURGXFWLRQ LQ WKH PROWHQ FDUERQDWH H
'LVFXVVLRQV *

@/ +X * J/LQGEHUJKUHXY) /BHHULRUPDQFH DQG 'XUDELOL!
&DUERQDWH (OHFWURO\VLV &HOO DQG WKH 5HYHUVLEOI
R1 3K\ VLFDO &KHPLVWU\%&
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&KDSLWUH ,

\Y

@- 3 BPAUXMLOOR %OCOQAFDUGH 'HOOD BLEWH DXEHUDFBIO
HISHULPHQWDO FRPSDULVRQ RI D VLQJOH UHYHUVLEOH
FHOO PRGH DQG HOHFWURO\VLVY PRGH $SSOLHG (QHUJ\

@- 3 3pUH{MLOOR %OWDQFDUGK - OF3KDLO% 0 %'RI\OLRD 31
3UHOLPLQDU\ WKHRUHWLFDO DQG H[SHULPHQWDO DQD
RSHUDWHQHWUQLEOH PRGH $SSOLHG (QHUJ\

@6 )UDQJLQL O 'HOOD 3LHWUD / 'HOOD BHXWLO&R3LC
'HIJUD®DWILBR&)& ODWHULD®BGVQL@H &HEP 2SHUDWHG 8QG
)XB &HOO (OHFWURO\VLY ORGH )URQWLHUV LQ (QHUJ\ &

@/ %DUHOOL * %LGLQL * &LQWL - OLOHZVNL +LJK WH
&DUERQDWE\[OW FYRGHW QRXYWMLQDO Rl +\GURJHQ {QHU J\

@' ORQJHU 5 74lQRARD & %RXDOORX ,QYHWWQRPWERQ R
JHDVLELOLW\ WIRMM(KIDIREZBURFH V VQYSIDWHER Q R VR @ @/HHF W |
JURQWIEBHMINGHVHDUFK

@:+ 9% 3HHOHQ . +HPPHV - #UHGXHFWILWQE&2Q PROWHQ

/L. FDUERQDWH PL[WXUH (OHFWURFKLPLFD $FWD

@+ *URXOW % .DSODQ 6 .RPDED 1 . XPDJ®UPRIQ *XSW

JLWKLXP ,QVHUWLRQ LQWR &DUERQDFHRXV $QRGH 0D\
OROWHQDL&DUERQDWHY -RXUQDO RI WKH (OHEWUREKH

*

@. /H 9DQ + *URXOW ) /DQWHOPH 0 'XERLRPDEPYLJIQD

1 . XPDJDL 6 6LJULVW (OHFWURFKHRZ®WUNRUZPWW LYRDQ)
SRURVLWLHYVY LQ PROWHQ DONDOL FDUER@DWHYV (OHFW

@+ 9 ,MLMH 5 & /DZUHQFH 1 - 6LDPEXQ 6=0 &KRQJ ' $

(OHFGWSRVLWLRL ®IMELRE RI FDUERQWML @ DQ E RPPEREDW/HH (
)DUDGD\ 'LVFXVVLRQV

@+ <LQ ; ODR ' 7DQJ : ;LDR [/ ;LQJ + =KX ' :DQJ '

DQRG HOHFWURFKHPERRDORFRIEHNE LFDQURRQ DQG R[\JHQ
VDOW HOHFWURO\VLV (QHUJ\ (QYBHBWJRQPHQWDO 6FLHQ

42



@

(WDW GH OfDUW

' 7DQJ + <LQ ; ODR : ;LDR '+ :DQJ (IIHFWV RI
WHPSHUDWXUH RQ WKH HOHFW WSRZGHPUV D 0 RSB & B WHWL F
VDOW ZLWK DQ LQHUW DQRGH (OHFWURFKLPLFD $FWD

9 .DSODQ ( :DFKWHO . *DUWVPDQ < )HOGPDQ , /XI
WR &2 E\ (OHFWUROL\WKY X &R 0BRI@DKAHH (O R RW DIRBER |
6RFLHW\ +% %

' &KHU\ 9 /DLU 0 &DVVLUIDROYRWL]DHWWVLRQ &XDOOHQJ
&DUERQDWHY )URQWLHUV LQ (QHUJ\ 5HVHDUFK

' &KHU\ 9 $OELQ 9 /DLU 0 &DVVLU 7KBISPRREDOR ARUF
HOHFWURFKHPLFDO UG GPROWRQ RDUERQDWHYV ,QWHU:
+\GURJHQ (QHUJ\ =

' &KHU\ 9 /DLU 0 HOOHWMAMLURRBRKRHPLFDO UHGXFWLRQ LQ
FDUERQDWHY D WKHUPRZ\ QDMHFWVIYRIFKWPRFD $FWD

' &KHU\ 9 $O0ELQ &HDOBO®PRGHY /DLU 0O &DVVLU OHFK
Rl WKH HOHFWURFKHPLEW® &8 ®XF W LIR® B IHLPHFWURGH |
E\ F\FOLF YROWDRRIQWO\ -RIWGIDQ RV +\GURJIHQ+ (QHUJ\

$ OHOP®&BEHDOORV $ %URX]JRX & &UDSDUW 9 $OE
&KURQRSRWHQWLRPHVHGKBBEERMAR BRDEERQKWHY -R)
(OHFWURFKHPLEDO 6RF Lt W\

6 /LFKW % :DQJ 3% &XR®DU3I&KHPLFDO 3URFHVV WR (Q
*OREDO :DUPLQJ ,, ([SHULPHQWDO 5HVXOWY 7KH -RX!I

+

6 /LFKW (IILFUHQMQ6RQVEKRIY L&D S&DXIUH DQG 'HVDOLQL
6RODU 7KHUPDO (OHFWURFKHPLFDO 3URGXFWLRQ RI
ODWHULDOV %

6 /LFKW % &XL % :DQJ 6({BRH-EDPRXYPFDSWXQWDJIH
&2 8WLOL]DWLR®

3. /RUHQ] * - -DQ] (OHFWURO\VLV RI PROWHQ FDUEI
HYROYLQJ UHDFWLRQV (OHFWWRFKLPLFD $FWD
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&KDSLWUH ,

> @; &KHQ = =KDR - 4X % =KDQJ ; 'LQJ < *HQJ +
(OHFWURRI /)WHHXPROWHQ &DUERQDWHWPLH\&E UGXV WL
(QILQHHULQJ

@.K% . XVKNKRY 01 /LILGRYYRWRY $Ob $GHFHQNRSDFKH
.DUDWVXNRYD (OHFWURFKHPLFDO 3URFHVWHV KQ GHRLUW \
&WERQ 'LR[LGH 2YHUSUHVVXUH 5XVVEDQ OHWDOOXUJ\

\Y

\Y

@; :DQJ * /LFKW ; /LXSBRWLUBRKWORQHJDQW RRD B DVQLR/X R
' QD@RDIIROG PRUSKRORDWUIEP BEHBS®A UBPL

V

@/ +X OROWHQ FDUERQDWH IXHO FHOOV IRU &X@I&HW UR (
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&KDSLWOBWpPULHOV HW 0pW
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&KDSLWUH ,,

/TEMHFWLI GHV PDQLSXODWLRG ¥DGRRWEE pWHKN UGDBIMLUDW pV & R\
&2 GDQV OHV FO0HERRBENKEYMHY FPLLHY 6 HH QGIIR WOIHPDWULFH G
POHFWURFKL P L TUQHEPHQWL RQDVBAHB B HW OTLQIOXHQFH GYIK\GU
FHFQHDLQVL TXH VXU OD FRQGOMMLYR@W H@Q FHYO GO-OH PRPLS
GMWHWMNWDWULFHY VIQWKpWLVpHYV GDQV FH WOBNWN UG O\
VRXKDLWpH

6ROXELOLWpP GX &2
ORQWDJH H[SPpPULPHQWDO HW pWDSHV SUpOLPLQDLUH
/ID VROXELOGUW@VGARRKRN FRQUERY BIWWVGPpWHUPLQpPH SDU XQH Pr
LQVSLUpHHGHDE@ DHYV

/H PRQWDJH HVW FRPSRVp WRXW GIDERUG GTXQ UpDFWHXU
XQH URQGHOOH HW XQ FUHXVHW HQ DOXPLQRQBMLHR LIV K]
K\GUR[\BRIFPHUFLDOLVpVY SDU OHUFN SXUHWp VXSpULHXUH
SRXU OHV K\GUR[\GHV &HV GHUQLHUV VRQW SUpDODEOHP
XWLOLVDWLRQ SXLV OH PpODQJHXG p\DLOH IHRLW jl FOUTRIV K WH V
PRLQV K /H UpDFWHXU HVW IHUPp KHUPpWLTXHPHQW DYHF
SDU XQ FLUFXLW GYHDX 8Q WK HIPRFIR X X DXHOWNVHEHWR@WD UU L
LQVpUpPV GDQV OH GgDBWHXHYDXURRAHBRWULFHY HQ DOXPLQ
SODFp GDQV XQ IRXU WXEXODLUH j WHPSpUDWXUH FRQWU
UDFFRUGpP j OfHQVHPEOH GX FLUFXLW GH JD] TXL LQFOXV
AXLENILW QRRYWRBIYV GLILWDX[ .HOOHU /(; HW /(2 SUPpFLV

HW P00 6 FADXQHPHVXUHQW OD SUHVVLRQ GDQV OH Uj
FDOLEUDWLRQ 3JH3/,SHFWL ®HPHSWRPSH j YLGH $GL[HQ 3DVFI
X8 ERXWHLO®PIHU GHTE2GH 1 SXUHWpP VXSpULHXUH j D
SUHVVLRQ HQU3JIBYWHMW VXUYLH VXU RUGLQDWHXU DYH
&RQWURO&HQWHUBHULHYV

/H FLUFXLW HVW UHOLp SDU GHNWW D XR &8 VDE I HQ W QUR WG DH
GX UHVWH GX V\VWgPH JUKFH | YDQQHV QRPPpHV 9 9 9
HQ ILJXUH HW MOKELAK\WWDRXUBL HQ ILIXUH
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ODWpPULHOV HW OpWKF

)L 3KRWRV GX PDRQWYDEH DIXIDEPRWHXDQQHY HW PDQRPgqWURH?

7X\DX. @
3RPSH j Y
3
&DUERQDWH,Y 3 9ROXPH GH FD
5pDFWHXEH, 9

)L 6FKpPD GX PRQWDJH GH PHVXUH PDQRPpWULTXH GH

8QH IRLVY OH UpDFWHXU HW OHV VHOV GIpWXGH LQVpUpPV HV
WHPSpUDWXUHHD REIXBEMH SRXU OH YLGH HAMXYXEXISHWBPEIDUp S
OHFWXUH GH OD SUHVVLRQ VXU 37 3, HVW VWDEOH K (
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&KDSLWUH ,,

PLQ PDLQWHQXH K DILQ GITpOLPLQHU WRXWH WUDFH GYHD
WWOWLVIDLVDQW DORUV FRPPHQFH OYfpWDSH FUXFLDOH GX G

7URLV F\FOHV IXVLRQ VROLGLILFDWLRQ VRQW HIIHEWXpV V
WHPSpUDWXUH HVW DXHFWRW GHI jOD MHPSpUDWXUH GH IXVL
PDLQWHRIXHXWHY SXLV DEDLVVpH MXVTXT] f& HQ GHoj GX
HITHFWXpH IRLV DX WRWDO VXLWH j ODTXHOOH OHV EFDUE
DORUV SRVWVOEOMHPSpUDWXUH GIpWXGH HROXHE LFARIPP i G KH&J

OHVXUH GH VROXELOLWp
8QH IRLY OD WHPSpUDWXUH GIpWXGH VWWBEHOKHWY3 L KQRIVHH
GDQV OH UpDFWHXU PAWHIEWOLWR®p S/OLY FHDWLRQ GH FHW
RUGLQDWHK WG LPHQR®H | XQH YDOHXU VWDEOH 3

,O0 HVW DORUV SR LEIO Hp G H QFFBHO BESMHD\D FRHQWE WO R G X L W H
Jj OD SUZP{VWDIIR DX BHWIWRUUHVSRQGD QAW ¢ HDDRYUBID \ALRIQ G H
S D UVD IE\W W W HHUMIOCH/WL RRp 8 SD U

L B pERiacy g8 p EGrog PRO

(W HQ VLPSOLILDQW

(I L2125 F 2 B ETAPC PRO

[ I&p

28 HWVRQW OH YROXPH LQWHUQH HW OD WHPSpUDWXUH G
UpDF\8: M B zsFRUUHVSRQGHQW DX YROXPH B\W2;jH@DV RIGIWSp UL
UHVSHFWLYHRRQW DOIMVIDIOWY HW ILQDOHV OXHVIBKU 37 3
SDUIDLWYV

/IH YROXPH GX UpDFWHXU D pWp HVWLPp GH PDQLqUH SOXV

ID FROQFHQWUDW MWRWHGPO OFXOHNKW $DUWLU GBEXUDRPEUW GR\
PROHV REWHQXH GIDWQ Y H YRABMWH GG FD U E B:QMXNOHNY/L 5 O Dp WSHDF
OD SUHVVLR@ G pTXLOLEUH

a
g ®

%, L PRO DWP
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ODWpPULHOV HW OpWKF

/H YROXPH GH\W FHD/WERGWWHBY HQ DSSOLTXDQW OHMVIBOPXO'}
> @Q VXSSRVDQW TXTSRMRXWRQ\® H\D &/HEPEBE R MSEMLW G R ©
WHPSPUDWXUH GH IDPLITR® EW VP B X WHI FVRIOTXKHY FRQVLGpUpV
WDEOHD X

7TDEOH®PXRSULpWpPV GHV SULQFLSDX[ HXWKWWFWLTXHV GH FD

(XWHFWLTX 7HPSpUDWXUH d ODVVH YRON® PT
DYHF 7 HQ .
/L&2 . &2 7
PRO QRW
/L& 2 1D&2 7
PRO QR
1D&2 . &2 7
PRO QRW
/L&2 1D&2 . &2 7
PRO
QRWILD.

&HSHQGDQW XQH VHXO 2 F BXQMHJ G H DSV DIRBID BTHY i LR \O |
VDWXUDWLRQ G D QR EW B R\WHRFOAMIETEOE RVAER DX |$ UHWAR X RFOH Q W p H

j OD ILQ GX SUKMPILH P ¥QHCSUMV/O/M FRX VXSpULHZSMNXWOD SUH
QRXYPAROLOLEUH DWWHRQWH SQRFSEVMXVLROXW rWUH UpSpW
QpPFHVVDLUH MXVTX j FH TXBPRsGlrl (QUSIQBIW XIHH SYOHMDLVRIOR
SUHVVLRQ LQIpULHXUH j PEDU SHQGDQW DX PRIH®DWD KH>
VLIQLILH TXH OD VDWZXYDIWQR G HH \F\B VD VOW HNLRYGWE f OLW p VH
VRPPHLGHRQFHQWUDWLRQV SDUWLHOOHYV

%ELA%ﬁQ PRO DWP
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&KDSLWUH ,,

6\QWKgqVH GH PDWpULDX]
/H FRXODJH HQ EDQGH

/DS SD UH L OX QWDEB S HHASKOH. WR X OD JHI RRQUBRQFBMHI )LD[HO O
FRPSRVp GH GHX[ pDYPEBWXBWLQBEWSHW OD ODPH ,0 SHX!
YHUUH XQH SODTXH GH SRO\SURS\OqQH RX XQ ILOP 0\ODU

/H WRXW HVW VXUpOHYp SDU XQ FKKkVVLV HQ DOXPLQLXP

)L )RUPXOHV FKLPLIRSNO &K DRDDY

&RPPH GLVFXWp SOXV WDUG GDQV OH FKDSLWUH FRQFHUQ
FKRLVL SRXU OHV VIQWKqVHV HVW OH ILOP 0\ODU HW OD OC
XQH KDXWHXU IL[pH j PP /HIF®RXODjMW H®SED Q&N UHY W PEQL D (

)L 3KRWR GPOWWBH DYHF ODPH HW SODTXH SRO\SURS\OqQH HYV
VXEVWUDW
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ODWpPULHOV HW OpWKF

6\QWKqVHV
/HV SURG XLW VGXWALTDLY Y N L\ ORQWD 750 IOL $HEDMS UH GH BDVH
SRXGUH GTDOXPENRLXPGGLAMKLSRO\EXW\UDO GPbh¥YWPDAHIRX 3¢
OHUFMNLDIWSRO\pWK\OqG@H JONUESORX WENHDDW SHUVH 1,1
GLVSHWDOOW\QRO D@WRKVWHA OHV VERORMDIHMWW LVRSURSDQRO
&KHPLFDOV

/HV ILEUHV G®GXWRQW V\QWKpWLVpHV j SDUWLU GH SOD
VXSPULHXUH | VHORQ BW 8@R WRGER FH GRIUXDOIJPHUF X UL
OHUFN ! VRQW GLOXpVGEBIQX /DPS3ODTXH GIDOXPLQLXP HV\
VROXWLRQ SHQGDQW PLQ SXLV UHWLUpH HW ODLVVpH j C
UpFXSpUpPHV HW UHFXLWHV | VIRXSHIL@DQW K j f& PLQ

'"HX[ PDWpULDX[ VR@W ¥HWROPWRLWW IGIH DLQVL TXH OHV IH:
/HV PDWULFHV VDQV DGGLWLIVYRQBIVPWYHQUWYK pWLYUPHY SE
LPHW>@ HW GIDQFLHQQHV H[SpULHQFHV &HWGHE 8 H D O [Rd_Wk
OD PrPH TXH SRXU OD VI\QWKqVH GJpOHFWURO\WH GRQQpH

/IHV PDWULFHY GRSpHYV DOXPLQLXP RQW pWp V\IQW3IHOm@VLVpH)
HW FHOOHYV GRSpHV DYHF GHV ILEUHV G1DOXGHIDD®EK LU OQ OXHP |
SDU FHOOH VRXKDLWpH HQ DOXPLQH

8Q VFKpPD JNVOQWHKQVEHHHMWXIMDEOL HQ
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&KDSLWUH ,,

(3 ) (o) (onor) (omen)

a ) )
%UR' |

| ELC |

[ Lo | (3ODVV*]
) i R L

%UR' |

| ELO

a N
'pJD]C

\_ )
&RX(H | ‘

[ ED J 6pFK ]

)L 3URWRFROH JpQpUPDQGHPY\@MKEH H G H

/IHV SRXGUHV VROYDQWY DGGLRMRXVYVRLWHE@ DD W GDM)\D.
ERXWHLOOH

/TPWDSH LQGLTXpH VXU OH VFKPPPWHREPBHIOLW P W& DXQV EXUR \E
VXU XQ WDSLV WRXUQDQW 6WRYDOO j OD DIYGWEM\OHO RD [HPD
DOXPLQH GLDPQWUH DOPPX SRLGRLGRWDO GHV UpDFWLIV G
$0 %0 8QH SKRWRIGHUR\DWBSAHH GVURXYH HQ ILIJXUH
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ODWpPULHOV HW OpWKF

)L (WDSH GH EUR\DJH j ELOOHYV

$SUQV K GH EUR\DJH OH BO@W WR QIHLEWRHM B HJ BS D QW G H
$ OJLVVXH GHV GHX[ pWDSHV GHR @WRADUH V BH\W® GHH VO § FEL
REWHORXGWID]pHY SHQGDQW PLQXWHYV PD[LPXIPIOHDLBR G

3. & (QVXLWH OHWRRGPHY NREWQGH VXU OH VXEVWU
QpFHVVOLUHOOHPHQW K

'DQV XQ VHFRQG WHPSV DILQ GYREWHQLU XQH PLFURVWU>
HIITHFWXp GDQV XQ EUR\HXU SODQpWDLUHPUEWY WK QRQWHG
ELOOHVY GH PP GH GLDPgWUH )JULWVFK WRXV GHX[ HQ ]LI
PWp HITHFWXK $HQGIBPW SXLV OD GHX[LgRH pW DS SO E
GHUQLQUH FRUUHVSRQG SOXV j XQ PpODQJH

/IH WDEOKPX OBIPWFRPSRVLWLRQV GHV PDWULFHV WHVWpPpHV
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&KDSLWUH ,,

TDEOH®RPSRVLWLRQ GHV PDWULFHV

&RPSRVp JRQFWLRQ ODVVH J
/L$02$0 RX $0 3RXGUH GH EDV
PYHQW XH OSCPH |

39% /LDQW
3(* 30DVWLILD

=HWDVSHU\ "LVIBUVDQW

6XUI\QRO $QWRXVVH

%XWDQRO 6ROYDQW

,VRSURSDQI 6ROYDQW

(OOHV RQW HQ MRXMARL YBH MUWR BV RI-HH XLW GX WDEOHDX
GHV DQDO®\GEV/IRXYV OHR GBUDMNWHY QWY DYMNWYWFGE8HVf ¥ LIRLKV

TDEOH®PXRIJUDPPH GH UHFXLW SRXU OD PDWULFH

3DOLHU f& 7THPSV K

(OHFWURO\WH
/HV ITHXLOOHV G pPHFWWUR Q@ WRMEREW @VPrPH SURFpGXUH TX
WDBBIVWLIQM PpODQJHV GH SRXGUH GH FDUERQDWH VRQW |
VPFKpV K j OTpWXYH | f& DYDQW XWLOLVDWLRQ B6HXOH
GLIIQUHQW 8Q H[HPSOH HVW GRQQp GDQV OH WDEOHDX
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ODWpPULHOV HW OpWKF

7TDEOH®WKgVH GH OfpOHFWURO\WH

&RPSRVp ODVVH J

OpODQJH HXWHFW

'LVSHUVDQW

/LDQW

SODVWLILDQW

$QWRXVVH

BROYDQW

&DUDFWpULVDWLRQV

/IHV DQDO\WHV FULVWDOORJUDSKLTXHV RQW pWp HIITHFWXpF
XQ W@WDFWRPgWUH 3%$1DO\WLFDO ;3(57 3UR DYHF OHV SDUDPq

$QWLFDWKR®&H &X QP
, P$ 9 N9
GHT fj f DYHF XQ SPVYAMVHVVH GHfEDOD\DJH

&HOPHHRQW VHUYL j LGHQWLILHU OHV SKDVHV HQ SUpVHQFH

/HV H[SPULHQFHV GT$7pH6/4&j O @MpL R B R VANWL Y \6H YWIRDDXRV L F
DYHF F\FOHV FKDXIIH UHIURLGLVVRI®PHQfM KWLM S Hf & HH \
f& DYHF XQ PDLQWLHQ SHQGDQW PLOQXWHV SXLV >
f& PLQOOHV RQW pWp HIITHFWXpHV VRXV DLU RX VRXV DUJ

/HV WHVWV PpFDQLTXHV GH UDMHMH® AFVR GRDL BDRWD RQ RIQp BVYH F
OpWDOOXUJL H TESORM HYMOF HY W PR G HOEG OOXOH GH IRUFFH
XQ pFDUW GH PP HW XQH IHWVHNN\BH WELH Q PHPVPRQW SHUPLV
UpVLVWDQFH PpFDQLTXH j OD IOH[LRQ GHV PDWULFHV DSUq

ID PLFURVWUXFWXUH GHV pFKDQWLOORQV D jpWPpOREVYHAHYpl
DYHF XQ pTXHEWWVPHIQRVHQVLRQ GIDFFpOpUDWLRQ N9 [/HV
GHV SRUHV RQW pWp GpWHUPLQpHY SDU DQDO\VH GYLPDJH
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&KDSLWUH ,,

(OHFWURFKLPLH

/IHV PHVXUHV pOHFWURFKLFEFRQFEHW QBRQGEDBHQYMLH\OHPHQ
FDUERQDWHY K\GUR[\GHV HW O ¥ WXGAHX p/AKQ BDRIGUMGOLIRYI dPQ/HY |
VLPLODLUH j FHOXL GHV pWXGHV GH VROXELOLWp /H PRQW
HW GIXQH URQGHOOBPLWRYN H/PD NRQPAKHOH SXLV OH FUHX
VRQW LQVpUpV GDRYPHD B QD FOMHPRKX UOXQYHQV\V (XURWKHUF
HVW IHUPp SDU XQ FRXYHUFOH HQ DFLHU LQR[ UHIURLGL SC
WUREDQV OHVTXHOV VRQW LQVpUBHY @HWHI B D@HW NG DY
WKHUPRFRXSOHV XQ HQ JRQH KDXWH GX IRXU HW OfDXWU'H
POHFWURGH GH WUDYDPOD® FWNIRGHQ FM HIW FORMD \BRYBIY WH |6 H V
VFKpPD GX PRQWDJH VH WURXYH HQ ILJXUH

)LJ 6FKpPD GX PRQWDJH j pOHFWURGHYV

/JHV SRXGUHV XWLOLVpHV VRQW FRPPH SUpFpGHPPHQW IR
FDUERQDWHY VRQW EUR\pV GPRVXX® PRUMRLIHY HWKVDFER QW j
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ODWpPULHOV HW OpWKF

/[HV JD] XWLOLVAV VRKIQW/IOHXKEEH HW pYHQWXHOOHPHQW Oft
SDU EXOODJH GDQV XQ EDOORQ j WHPSpUDWXUH FRQWU{Op!

)L %DQFP BRLSXCWLEQOQHFWEREHWHY pWXGHYV IRQGDPHQYV

/ITPOHFWURGH GH UplpUHQFH FRQWLHQW OH PpODQJH XWLC
TXL VRQW FRQVLGpUpPV FRPPH XQ DG GLIWRE W, QXD BROWD BIIRXX
PpODQJH GILQWpPUrwW XQ VHQ@ GHU¥FXOIDWH G {DUIH FR BRHQ
ILQDOH GH &PMROPNODQJHYV VRQW LQVpUpV GDQV XQH JDLC
GYDUJHQW $076 ERXFKpH BO®XUP XQOME § VRS WD W G
ODWHULDOV /fpOHFWBRGHHVEH WY B H O B QQUHUGCLTHREINH VHIRD L
PYHQWXHOOHPHQW XQ i CGpIMROGWIH>STBHOTXHYV P

/ID FR@@@YHWURGH HVW XQ ILO GYfRU GH PP GH GLDPgWUH

/TpPPWURGH GIW W XRWDEODTXH GJRU RX GH SO DBWLQXU D076
HOBWW SROLH j OJDLGH GH GLVTXHV 6L& 6WUXHUV VXU
FRPSRUWDQW XQ SODWHDX URWDWLI DYHF XEXXUHQ®B M. 6 RBI
VRQW GEBRPPMAMNH GH SOXWRHW SKOXW BWWHQIHEQH IRLV
OYpOHFWURGH SRDKH XB /OB \HR/QW SIVQ/GBIQW PLQXWHYV GD

YROXPIOTOH HVW 1Up T X WRXKMQ VXUGIB@DIGH VRQ LPPH!
FDUERQDWHYV

57



&KDSLWUH ,,

8QH IRLY OH PRQWD HVWURPRQWIHOXQYL WHPSpUDWXUH SDU SDC
OD WHPSpUDWXUH GYpWXGH DYHF OHV JD] GIpWXGH SHQ
PHVXUHV QWLRRWHBD W XWLOLVp HVW XQ $XWRODE 3*67%7 DY

&HWWH pWXGH YLVDQW j pWXGLHU OHV SURSULpWpPV pOHFW
OTHIIHW GHV K\GUR[\GHV OHV WHFKQLTXHV GH XWQWDWPSHW
(Q FH TXL FRQFHUQH OHV PHVXUHNV ©B\Wp FERAEN S EIWLURD/ F R
GILPSPpGDQFH HQ FRQVLGPUDQW XQSORDWHMHKJRAHSDPOBP
FRPPH SUpFpGHPPHQW HVSDFpHV @H XH®F I GHF XIQHED OD\D

SRLQWYVY GpFDGH /HV YDOHXUV RQRMO pWpPSHWHY P9 DR/
PHVXUHV RQW pWp UpSpWpHV DX PRLQV IRLV

&HOOXOH FRPSOqWH

/D FHOOXOH 0&)& 0&(& HVW UpDOLVpH VXU %Qj XIQB SGH WH\
GH FKURPDWRJUDSKLH HQ SKDVH JDJHXVH *& /D FHOOXC
HQJOREH GHV FRGOHBDWH X UYOGHFWGE RRBEM Y OHOHFWURGH j K\(
HW pOHFWURGH j R[\JgQH 1L2 QFP GAP GLIpMSRWWBHEQW W Q WIXU
Rl 6FLHQFH DQG THF POQRIMRFH FP GH GLDPqWUH HW HQYL
GIpSDLVYBEXVYWRY MMHQDHK pWLVpH DX ODERUDWRLURXHW OD It
1D FP GH GLDPQWUHP P VG HIGSDLWR/ HXU WRWDOH V\QWKpW
HPSLOHPHQW HVW HQVXLWH FRPSULPp HQWUH GHX[ WXEH
PpPWDOOLTXHV &KDTXH WXEH HQ DOXPLQH SHUPHW OJHQW!
OD WHPSHIUDWKHMPRFRXSOH 8QH UHSUpVHQWDWMRIFNFKp
HPSLOHPHQW DLQVL TXTXQH SKRWRJUDSKLH VRQW HQ ILJ;
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ODWpPULHOV HW OpWKF

&ROOHFWHXU G

(OHFWURO\\

(OHFWURO\\

(OHFWURO\\

&ROOHFWHXU G

)L ([HPSOH VFKpPDWLTXH GJHPSLOHPHGWRGHRI B D SWpLUH. D X[ ¢

/IH EDQF H[SpULPHQWDO FRPSOHW HVW PRQWUp HQ SKRWR

)L %DQF GH WHVW 0E)®&0&(& DYH
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&KDSLWUH ,,

/HV H[Sp UG H®HAWURFKLPLH VRQW PLVHV HQ RHXYUH j OfDI
3ULQFHWRQ $SSOLHG 5HVHDUFK 3DUVWDW GH O0DWVWRIH I
(QJLQHHULQJ ,QGXVWULDO /WG ,0 V{DJHWS 8O DQENBHDUYRPH Q
GH EDOD\DJH HWPOGHVFKURQRDPSpURPpWULHY FKURQRSRWH

(Q DPRQW GH OD FHOOXOH VH WURXYH XQ FLUFXLW GYTHC
PDVVLTXHV ODVV )ORZ &RQWUROOHU %522.BXULBAULHV |
SURWRFROH 56 /D SUPFLVLRQ6GHW G XELD PW\W UHW HVY W SD
GHV JD] XWLOLYpWWVR @V GLUNPWHERKMYWLOOHY GH JD] $LU
DORUV TXH OfK\GURURQ H p-OHW DREMEHDIX¥6 ZLVVIDYV HW OfHD
REWHQXH SDU EXOODJH GDQV XQ EDOORQ j WHPSpUDWXUH

/H FRXSODJH DYHF OD *& D pWp VSpFLILTXHPHQW GpYHORSS
GIpYDFXDWLRQ GHV JD] TXL SHUPHW HIQW >SIWUIP HOW XAH DA D Q
DX[ JD] GIHQWUpH FRPPHRXH2VRUWLH GX F{Wp +

8Q VFKpPD GX PRQWDJH FRXSOp VH WURXYH HQ ILJXUH

)LJ ORQWDJH FRXSOp DY# E G@WXpHOGHNVAIDQHY FKDXIIpt

/D *& HVW XQ GLVSRG/MHWKHUPRFHVKHU 6FLHQWLILF HW HVW
i OTDSSOLFDWLRQ 0&)& 0&(& 8Q VFKpPD HVW IRXUQL HQ ILJ
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ODWpPULHOV HW OpWKF

)L 6FKpPD GH OD *& DYHF OHV GHX[ FRORQQHYV

/D & FRPSRUWH GHX[ FRORQQHV 5(67(. GDQV XQ IRXU DX]
WHPSpUDWXUH GH f& DLQVL TXH GHX[ YDQQHV GH GpuUL
9,&, &HW LQVWUXPHQW HVW SLORWpP SDU RUGLQDXHXU |
FRQWU{OH OD YDQQH PXOWLYRLH 9,&, HW SURJUDPPH OD
ODQFpH OD FRPPDQGH GH SUpOgqYHPHQW VXU OD SRVLWLRQ
WRXV OHV SURGXLWV LQGpVLUDBCLI\R ISH pMW¥ Q@ WNWH QW H @ILC
GX VI\IWWqPH GIDQDO\VH (QVXLWH OH SUPOgYHPHQW GH C
SRVLWLRQ HQ PrPH WHPSV SRXU SRXYRLU HQDRHVHD TpEKI

IW PP 2' 6L O°F RGFROMYIS D&M &+HW2+GH OTHQVHPEDO
1 2HW &2 &H GHUQLHU PpODQJH LQVpSDUDEOH j f& SDU
FROR@QROHVLHYH $ PP PP 2 'TKILOW RW/P RIRS\DKE O |
VPSDUHU OBNS®ID]/H GpWHFEWHXU XTWKHOLR/DOH ¥ RIQXGX F\&/'LY L W\

8QH IRLY OD FHOOXOH 0&)& 0&(& DVVHPEOpH HOOH HVW VF
OD YDSRULVDWLRQ HW FRPEXVWLRQ GHV VROYDQWYV HW SR
JpOHFWHRONW HWDSH HVW GpWDLOOpH GDQV OH WDEOHDX
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7DEOHONXD SHVFRK G LW L BEHQGIP FRIWOXOH 0&)& 0&(&

(WDS| 7THPSpU] 5DPS[ 7HPSV| *D] "PELW | 'XUp
fé& f& PL P/ PLQ WRWD

DLU

DLU

DLU

DLU

&2

&2

&2

&2

VWDQUQd

$ OD ILQ GX SUpWUDLWHPHQW OH V\VWgPH HWAW \B\WM R E HQMY |
DORUV rWUH HIIHFWXpHV /{D&2PRVSKqUH VWDQBIDHF MY R/C
K\GURJqQH FDWKSRGH 1L HW 2 OfpOHFWURGH j R[\JgQH D
PRGH 0&(& FDWKRGH HW DQRGH pWDQW VW RMWWDWK{HAR 8 QLBER
VRQW PLRGH FKDTXH F{Wp
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ODWpPULHOV HW OpWKF

5plpUHQFHYV

>

@3 &ODHV %- 7MOLBRMXELOLWQ RVKEH 0 RROWHQ 1D

PRO (XWHFWLF OL[MDXUK D RERKW B & +

@7 .RMLPBRDQDJLGD . 7DQLPRWR < 7DPL\D + ODWVXP

6XUIDFH 7HQVLRQ DQG WKH 'HQVLW\ RI OROWHQ %LC
(OHFWURFKHPLVWU\

7 .RMLPD < OL\D]DNL . 1RPXUD . 7DQLPRINMRG 'HQV
(OHFWULFDO &RQGXFWLYLW\ RI 7THUQDHIDOROWHQ &DUE
DQRG OHWKRGV IRU 7TKHLU (VWLPDWLRQ -RXUQDO RI 7KF

) )

* ORXWBHBRWBULpWpPpV pOHFWURFKLPLTXHV GDXQW jJOHV
f& 7KgVH GH 'RFWRUDW 8QLYHUVLWp 3LHUUH HW

4 <DQJ < 'HQJ : +X 6\QWKHVLV Rl DOXPHGDDWHERIL
PHWKRG &HUDPLFV ,QWHYQDWLRQDO

-( .LP . < 3DWQO%-<RRQ BDP % /LP $6 +RQJ + .LP
+ & /LP 8VLQJ DOXRLQXPUWQEQHV WR LUSHIEDRUEH I\RKH
PROWHQ FDUERQDWH IXHO FHOOV ,QWHUQDWLRQDO -R.

' &KHU\ $SSURFKWHLRQQHOOH GH OD YDORUGNOQW IORKY p
FDUERQDWHYV IRQGXV 7KqVH GH 'RFWRUDW 8QLYHUVLW

* 'DQQHU 0 5H\ (ol MQURHG B R XCUHKUDXNWKKH W HRH FW URF
$FWD +

63



64



ESKDSLWWBHROXELOLVGDQX QA
FDUERQDWHY IRQGXYV
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&KDSLWUH ,,,

, QWURGXFWLRQ HW pWDW GH OfDUW

/IHV FDUERQDWHY IRQGXV FRQVWLWXHQW XQ GRPDLQH GH .
VWRFNDIH RIW VD WL RHDX GX K2R S U LKA P\ TXKHAV LIFW VWDELOL
WHPSpUDWXUH VRQW XQ DWRXW UHPDUTXDEOH PLV j SURI
IRQGXV 0&)& DILQ GH SURGXLUH GH OfpQHUJLH &H V\VW
GLR[\GH GH FDUERQH /D GpWHUPLG@D®N FE® \G R LOD HX OHK\EW O
DILQ GH GpYHORSSHU GHV V\WWgPHV HIILFDFHV GH FDSWI
GPpWHUPLQHU SOXV SUpPFLVPPHQW OHV R{F®H IGVHP AN UERIQ M VA
OHV FDUERQDWHV IRQGXV QRWDPPHQW VD UpGXFWLRQ |,
GRQQDQW SRWHQWLHOOHPHQW DFFqV j GHV FRQVWDQWH\
IDUDGLTXHV GIpOHFWQR&DPGXFWLRQ GX &2

/D OLWWDPUDMXPSDUVH VXU OH VXMHW SUpVHQWH GHV U
VROXELOLWEWX @2V SDU G LOHHAUR/I\D R Y WIRROIIBDWY WY OHV PR
GH OD VROXELOLWp VRQW GLYHUV IUDFWLRQ PRODLUH
&HSHQGDQW LO HVW ELHQ DGRANQVXEHYDFDRERBDDWWN |Q X
LPSRUWDQWH TXH GDQV OHV VROYDQWNW PXPHK[T XRU DIHYL DX
VHOV IRQEBXWY H[@P YRV X BIDO L VBD GKRERD Q8 j HWRPSW HV VLR Q
DWPRVSKpPULTXH H¥\W® GEDQWRMHY OLTXLGHYV LRQLTXHV OHYV

PRO PX PLHX[j f& HW SUHVVLRQ DWPRVSKpPpULTXH > @
HVW UHSRUWpPH GPRODDIRUXH XOMWHIDY IRQGXV SUPVHQWHQ\
DXWRXU GHj SPROVLRQ DWPRVSBRBUERRNLG@JIH WURLV PpWK
GH GpWHUPLQDWLRQ GH OD VROXELOX@ p '8 TDQ RO ]JE0RWDXX
FKHUFKHILAYDWRALW OD TXDQWLWp GH JD] GLVVRXWH GDQV (
GH SURSULpWp ORUVTXfLO HVW VDWXUp VRLW RQ HVVDLH
VHO IRQGX SXLV RQ OH TXDQWLILH

/D FUN\RPPWULH HVW XQH P XWKRGWHIUX D HF BRYIOQWWGH FRQJpO
DORUV GHX[ SRYWEEDOLWRUXELOLVDWLRQ GX JD] GDQV OF
GPpSUHVVLRQ GX SRLQW GH FRQJpODWLRQ GX VROYDQW HW
JD] FR@YpPp (Q HIIHW OYDEDLVVHPHQW GH FH SRLQW HVW !
VROXWp 'DQV FH FDV VHXOH OD VROXELOLWpP j FHWWH WE
rWUH GpWHUPLQpPH 3DU DLOOHXUV FHWW K HMVHFRQXEXLID LY
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6ROXELOLWP QX GRY CADME IRQG XV

LQIPULHXWPHRO EHWWH PpWKRGH D pWHWSED DTXQHGSREWHOQ |
VROXELOLWHWRHGDQV OHV QLWUDWHV IRQGXV /D OLPLWDW
PWp REVHUYpH SXLVTXTDXEKX @R GHSUBWVRRQGRH SWpQREVH
2 HW GHSUHVVLRQ DWPRVSKpPULTXH VLJQLILDQW TXH OD VR

PROHV GH JD] SDU PROH GH VROYDQW 8QH DXWUH RS
TXHQFKIEJHEWUIHHURLGLU UDSLGHPHQW OH VHO IRQGX VDW

GpWHUPLQHU OD TXDQWLWW BEW IR|SOVPE § B XK FAH \VAKIRLD HW R
OD VROXEL®@RWPNGBIQV OHV FDUERQDWHYV IRQGXV > @

/TPOXWLRQ HVW X @R QWH FRIGHVIVXHILLTIXG P T B DAQUBDIDAVRHHG IRIIDX W L |
VDWXUpH 2Q SRXUUDLW DLQVL GpMj FRQVLGpPUHU TXH OD
FKHPLQ HQWUH FU\RPpWULH HW pOXWLRQ 8VXHOOHPHQW
PTXWMHLE OTDLGH GYXQ JD] YHFWHXU SXLV OD TXDQWLWp H
FRPPH OD FKURPDWRJUDSKLH HQ SKDVH JDJHXVH RX OD VS
QpFHVVLWH HQ UHYDQFKH XQH VDWXUDWLRQWRPEOGWE GW
PLVH HQ °XYUH UpFHPPHQW GDQV G HW ERMR QHM \G H \E XYMMHH
LPSRUWDQWHY GH VROXELOLWRMRBEWRQXHV GH OfRUGUH G

ITDEVRUSWLRQ HVW TXDQW j HOOH XQH PRDIQRIEG IR H@W W I&
SURSULpWFKISK\VXAR GDQV OH VROYDQW UH®DPMLIZHVX VR
FKDQJHPHQWY SHXYHQW rWUH YROXPpWULTXHV RX PDQRP
JUDYLPPWULTXHV RX pOHFWURFKLPHBXIQ\G BRW UV DBV VRO |
FKDQJHPHQWY GH SURSULpWpV VRLHQW ELHQ GXV j OD VRO;
SDU H[HPSOH OD SUpPVHQFH GILPSXUHWpPV OHV LPSUpELVLF
OD OLWWPpPUDWXUH GpHM HRpWRRGH W RPRGMVQAW WEKHRRRJIUD
PDQRPpWUL®BXHW JUDQG GplL GH FHWWH PpWKRGH HVW GH
IRQGX RIHUKLIDLW WUDGLWLRQQHOOHPHQW SDU SRPSDJH |
F\FOHV VROQIXG/ILIRBDMPBOH SRPSDJH HVW FR Q¥ L @& DG E R PTPX-
GpJD]HU SDU F\FOHV UHYLHQW j QpJOLJHU OD VROXELOLWp
GH WUHPSH &HWWH DSSUR[LPDWLRQ\D p@ p TXE RREWH ERQ Q
POWKROHROWXPpWULTXH WKHUPRJUDYLPpWULTXIBHQW \WWHNP S
KDORJpPQXUHV IRQGXV OHQWLRQQRQV pJDOHPHQW TXH VXU
DYDQWDJHXVH SXLVTXH OD VHXOHXBEIORMMHR PXGXLPBSRUWH DOJ
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&KDSLWUH ,,,

3DUPL OHV GLYHUV VHOV IRQGXV OFOD E D USERXQIFWHEWY BSRADH/\H
VWRFNDJH HW YDORBHLYDWORQEWREDFLWp | Vi\&DWH B HHWWFRU
i SURILW GDQV OHV FHOQXIDHEHD&)RBRXS(& HSYRQW LQWpUHV
&2 GDQV OHV FDUERQDWHY IRQGXV HQ XWLOLVDQW OHV WL
SULQFLSDOHY YDOHXUV REWHQXHV VRQW UHSRUWpPHYV GDQ\

7TDEOHBDXOHXUV GH VRO XEOD®WAWY X P\W U BVAEKWOYIHTRX\EHDY

OpWKR( 6HO THPSpULD 6ROXELOL 5plpUH
fé& DWP/ [
1D. PRO > @
/L1D. > @
P F
$EVRUS /L1D. > @
P H
/L. PRO > @
/L1D. R X > @
P F
/L1D.
P F
/L. PRO
/L1D
/L1D.
P H
/L. PRO
TUHPSI /L1D > @
/L1D.
P H
/L. PRO
/L1D
/L1D.
P F
/L. PRO
(OXWLI] /L1D. > @
PRO

,O UHVVRUW GH OD OLWWpUDWXUH TXH OHV YDOHXUV REWH
SUpVHQWHQW GHV pFDUWYV WUqV LPSRUWDQWY HQWUH HOO
GDQV1DL | f& GHV YDOHXRRO GM P PRO DWW

PRO DWFRQW REWHQXHV SDU WKHUPRJUDYLPpWULH LPSE
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6ROXELOLWP QX GRY CADME IRQG XV

EXOOHV UHVSHFWLYHPHQW &MW RDOQW XWV RMARGUM R 1 UQ QHS
3DU DLOOHXUV OHV YDOHXUV VRQW GLVSHUVpHV GDQV OH
GLII pUHQWHY DYHF GHV PpWKRGHV GLIIpUHQWHVSBHW OHYV
VI\VWpPDWWRBGMPB QW FRPSWH GDQV XQH PrPH pWXGH

,O HVW FHSHQGDQW SRVVLEOH GH QRWHU TXH OD VROXELO
GDQV XQH PrPH VpULH GH PHVXUH &HOD VH YRLW QRWDPPI
HW>Ead Re FHWWH WEVWHOIYPOH BR XYW WR XV QHY WMDYV WHVWp

&ODHND O @ RQW VXJJpUp TXH QW VRO XPSRIUWD QWK SDU UL
JD] GDQV OHV FDUERQDWHY IRQGXV GH SDU OD UPpBWWLY L\
IRUHU GHV LRQV S\WRFDUERQ®WE&WWWH VXSSRVLWIORQ D pW
SDUWHQDLUH $15 (16 GDQW\®HMIRUWHED@IXQGHSBRDQWI GH Y
PRGpOLVDWILS8RQ p @D\ WRNYV LQWHUPPGDRLPUMNG GXUpH GH

&2 &2 -&2

,O D pWp SURSRWpH TBIPWRRQ WHUBGDWY OH VHQV GLUHFW
WHPSpUDWXUH FH TXL H[SOKTRHQHNpTI KB HPH § ROX L O HWS
SHXW H[SOLTXHU TXH OHV YDOHXUV REWHQXHV SDU pOHF!
BHYFLN VRLHQWOSHVXVRIQVEOHRFDUERQDWH VH UpGXLVDQW
GLIIpUH®RMOKPXU OD VROXELOLWp REWHQ®&H QTHQ WLHQGU

$SSOHE\ HW 9DQ 'UXQHQ RQW pJDOHPHQW pWXGLp OD VF
OTpOHFWUROGDI\GXO K2 FDUERQDWHY IRQGX3H VIIRXW UHY SR
OHV YDO®GX RBWXTLXHV

69
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7DEOH®ROXELOLWpP GX &2 GDQV OHV FDUERQDWHYV IR
6ROXEPRIONDWP |

6HO f& f& f& f&

/L1D.

PRO

/L.
PRO
/L1D
PRO
1D.
PRO
/L&2 SXU

/IHV VROXELOLWpPV REWHQXHV VRQRMRDWREDDHP HEHW 6B [DMB
SRXU. jDHQYLUP®DWH (OOHV VRQW HQ HIHW,] FIHHOD HQ | GXL &
GIXQ IDFWHXU &HSHQGDQW FHV VROXELOLWpPV DXJPHQ
WRXV OHV FDUERQDWHY FRQVLGpUpV

'H PDQLqUH VLPLODOL DHpWWY S2URSRVp TXH OH PRQR[\GH GH
FDUERQDWHVRHWOIRW A M GAIVWL TXH GUHERIKRQWH@

&2 &2 - &2
&2 &2 - &2 &2

&HV UpDFWLRQV SHXYHQW DPpOLRUHU OD VRWXEILOHW 5 KXY «
pJDOHPHQW rWUH IDYRULVpHV SDU OTDXJPHQWDWLRQ GH O
FKLPLTXH OHV YDOHXUV VRQW WUqV IDLEOHYV SDU UDSSRU

(QILQ VL OfRQ MmRG\FMELRIGIIMRFEIRO&I VW D XV WY L O /R U W D QAW
OD VROXELBDW HWHG HGORNKA ®HR/IGOHERQDWHY IRQGXV 0DOK
GH WUDYDX[ H[LVWHQW VXU FHV GHX[ JD] 'DQV OH FDV GF
SHUPLV GYREWHQLU 2X G B QAR OB EMWORWEHRB KV+SUHVVLRQ DYH

PD[LPXP GH PDVVLTXH GRQQpPH | f& HWDOJ NEDU GDQ
&D&?2 1R2 HW 0J&2 @ (Q FH TXL FRQFHUQH OfK\G
SUpPpFPGHPPHQW FHWP @RQAQMKEIYW VROXELOLWpPV | f& SRX

GH OTRUGRRIOGBIWRRLW GHV YDOHXUV SURFKHV GH @W GMDH V
PrPH pWXGH
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BROXELOL®WP Q@GX GRRY DADME IRQG XV

2EMHFWLIV GH FH WUDYDLO

$ILQ GH SRXYRLU TXDQWLWDWLYHPHHRQ@W HD&D G BN \LIFP S RHUAA
GH FRQQDvVvWUH VD VROXELOLWp GDQV OHV FDUERQDWHYV IR

)DEFH DX PDQTXH GH GRQQpHVY FODLUHV HW ILDEOHV GH VR
HITHFWXpHVY HW UpSpWpHV DX ODHEREDREEWHRV/ESEUI BKWQH |
PDQRPpWULXXKHRQW OfDYDQWDJH GIrWUH DVVH] VLPSOHV S
&HSHQGDQW SOXVLHXUV PRQWDJHV H[SPULPHQWDX[ DYDLI
D\DQW RX JRQHV GH FKDXIIH $LGH [EDOE R/RH BBHIDMWPWG X
REWHQXH SRXU XQ UpDEWH®UWD QB QW \T XGHH G-H.\D XIDED HXW V SR
/L1D. pWDLHQW WLUpPHV GTXQ UpDFWHXU j VHXOH JRQH GH
PRPHQW GH FH WWRIMDG® FKDOXLH] D] pWp XWLOLVp SRXU OH\
VHLQ GH FH GHUQLHU H[LVWH XQ JUDGLHQW LPSRUWDQW (
VROXELOLWpP REWHQXHYV

3DU DLOOHXUV FRPPH GLWSOXp/ GHD>XQU/V O B UBHRAVHNE R O KK OO
DYDLHQW pWp FRQVLGpUpHV 'DQV FH WUDYDLO XQH VHXC
DSSOLTXpH j WRXWHV OHV PHVXUHV HW XQ FDOFXO FRUUH
OTLQKRPRIpQpLWp G 8K PSPpRHDWXUH @HKK RHHWLX U H

$LQVL WRXWHVY OHV GRQQpPHV GLVSRQLEOHV RQW pWp UHSL
GH PDQLqUH j REWHQLU GHV VROXELOLWpV/BRPSDKDEID HE\H |

PHVXUH HW GH FDOF XD IQ® RHRPVHE WHH TYIK XSERWARKQW HY[SOL T X p H
VXLWH

&DOFXOV HIIHFWXpV
D )RUPXOH GH OD VROXELOLWpP

$ILQ GYH[SOLTXHU OHV FDOFXOV SRXU REWHQLU XQH YDOF
FRUULJHU OTLQKRPRJpQpPLWp GG H QDX QN VG DHF QM XGH O/H F/FKL
PRQWDJH PDQRPpWULTXH YX SUpFpGHPPHQW GDQV OD SDU
ILIXUH
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7X\DX. @
3RPSH j Y
3
&DUERQDWHY 3 9ROXPH GH FD
5pDFWHXZ, 9

)L 6FKpPD GX PRQWDJH GH PHVXUH PDQRPpPpWULTX

&RPPH YX GDQV OD SDUWL O D DVMREOWXEHOW W v YW KGRHGHMW R Q J
OD IRUPXOH VXLYDQWH

os L Ag—— PRO DWP

SDSSHOR@MWVXH YRCKFRLAXHERQDWHY XWLOLVpH SRXU FDO
GH OYRPDDWORQ GIpTXDWLRQV GH OD OLWWpPUDWXUH TXL
SUHPLgQUH LQFHUWLWXGH SURYLHQGUDLW GH FHWWH YDOH:?

/HV PHVXUHV VRQW LWpUpHNVGMXMTIXJY VDMP»QUAHWE R QO DF BHRIHW
LFL GTH[SXOH TGHIWF® GH PDPWRIORKEQUL@pUp GH GHX[ PDQLqU.
ODERUDWRLUH /D GHX[LgPH IDoRQ GH FDOFXOHU UHYLHQW
PTXLYDOHQWH j OD VRPPH GH WRXWHYV OHV FKXWHWN HW | F
OD GHUQLQUH FKXWH GH SUHVVLRQ (Q GIDXWUHV WHUPHV

5 &,
Ryieg PRO DWP

L
GS =z, @\ gqwb
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BROXELOL®WP Q@GX GRRY DADME IRQG XV

&THVW OD SUHPLQqUH EPDV KRG B YHHDRPW® KXMHMQ UDLVRQ GX ID
GHX[LqPH IRUPXOH QH WL H QP X0\ EERHP DMHN & K QIW K XODR V X L
SUHVVLRQ GRQQpPH j XQH SUHVVLRQ TXL QTHVW SDV IRUFp
FDOFXOHU GHV 3V R OROE SOXWHI{W SERQYEHOWHDWLRQV SDUWL]
VHPEOpP SOXV MXGLFLHX[ TXH FDOFXOHU XQ pTXLYDOHQW
GRQQHQW SDV OHV PrPHV UpVXOWDWYV

E ,QKRPRJpQpLWp GH OD WHPSpUDWXUH

/H SUREOQPH SULQFLSQOP®HIRDLMRQILBRHDWLRWLOLVpH GH
GH FKDXIIH HVW TXJLO H[LVWH XQ JUDGLHQW QRQ QpJOL.
UpDFWHXU &HFL j SRXU HIIHW GH IDXVVHU OHV YDRIHXUV G
HVW IR XIUWXWH Q

)L 6FKpPD GX UpDFWHXU GH PHVXUH

8Q SURILO GH WHPSpUDWXUH D pWp pWDEOL GDQV OH UpDF\
HQ ILIXUH
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)L 3URILO GH WHPSpUDWXUH GDQV OH UpDFWHXU j

3RXU KSPHUHHQFH | f& RQ REVHUYH TXH OD WHPSpUDWXU
GX UpDFWHXU FH TXL UHSUpVHQWH XQ pBDLOWGY H GDBHA\Y X IR
FDOFMOSWRILO D pWp GLUHFWHPHQW LQMRQJGH rSVIUH MDX FSpOXK
GHV YDOHXUV H[SPULPHQWDOHYV

(Q UDLVRQ GH OTLQKRPRJIpQpLWp GH OD WHPSpUDWXUH GD
TXDQWLWp GHQERPROXENV.OILYDPQWH

e ] O CBY 24AN]
‘ LV.5F6,§(—YEXN[C

OHDFW—:H?—%(HVW IRUWHPHQW PRGLILp 3RXU FRUULJHU FHWWEF
AD
PRGLILpH SRXU LQWpJUHU OH SURILO GH WHPSpUDWXUH

Znpy o f 2N 4 g Zngsf 5 o
XN L 4 XN[:v;TSL f g XN[:v;TS

SOXVLHXUV SRLQWYV VRQW LPSRUWDQWYV TXDQW j FHWWH W

3UHPLQUHPHQW OH SURILO GH WHPSpUDWXUH SUpVHQWp S
ORUV GTXQH H[SpULHQFHL HXH Y YAISHPRPGIMWH S UpREWWY HW L
FRPSWH p&HFHIDHFWXp HQ FRQVLGpUDQW FRQVWDQWH OD W
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VXU WRXWH OHXU KDXWHXU FH GH LF R 6 GHKKWERIQHGHBU O HV
FDUERG®GDWOIW IDLW TXH OHV FDUERQDWHY VH WURXYHQW V
GDQV XQH JRQH | WHP SROVWOWHW B pMj TXDVL

(QVXLWH SXLVTXH OD WHPSpUDW XU H 01 W VVQ ETXH GDXHHR P
XQH H[SPULHQRHHFRRQVE&GEUIHU OTK\SRWKqVH TXH OD VROXE
FHOOH j f& HW QRQ SRXU XQH W H P/$Ip/U BDDVKELRQ PRAHD QR ® G
HX[ j OD WHPSpUDWXRH) GXWWKBEBLBERQQHO HVW FRQVLGpUp

(QILD p®p FRQVLGpUp TXH OD SUPVHQFH GHV FDUERQDWHYV
GDQV OH UHVWH GX UpDEWHXU 8Q H[HPSOH GH SURILO GH

)LJ 3URILO GH WHPSpUDWXUH | % HQ SUpPVHQFH GH

&HV SURILOV GH WHPSpUDWXUH RQW pWp LQWpJUpV SDU OD
j OYDLGH GI{X@ VFULSW 0DWOD

75



&KDSLWUH ,,,

SpVXOWDWYV
D ,QIOXHQFH GH OD WHPSpUDWXUH

'DQV OH WDEOHDX  OID QR OXEX® LOWHV GXX BAF O WKW BWH V V
PRLQV WURLV WHPSpUDWXUHV ®LXVNUHRRNHNU psH WKEDES I IY RXOH
ILJXUH2Q REVHUYH TXH OD VROXELOLWp DXJPHQWH DYHF
HXWHFWLTXHV FRQFHUQGH |IDo8RQUQRQ/ HOL YRIOUELOLWpV P
REWHQXHV GDQV FHWWH pMDXEW FRUPEYV DRGE HRMW jYMO H X

[ HW [ PRO DWBHVSHFEWLYHPHQW (Q UH.Y®WQRKHQ\DEH
GHV VROXELOLWpV OIDLSBOKV RD®WH WHPSpUDWXUH DV

[ PRO DWPQ FH TXL FRIODFHORH ROXELOLWp \ HVW SUDWL
LQGPpSHQGDPPHQW GH OD WHPSpUDWXUH 3RXUVU WRXV O]
DXJPHQWDWLRQ GH f& HQWUDVQH XQH VROXELOLWp DFF

&HV PHVXUHV D\DQW pWp UpSpWpHV XQH HVWLPDWLRQ DS
pJDOHPHQW IRXUQLH /HV HUUHXUV SURYHQ D QW LSPHUGW B Q W
FRPPH OH PDQRPgQWUH XWLOLVp SRXU PHVXUHU OD SUHVV
WHPSpUDWXUH HW OD EDODQFH GH SHVpH GHV FDUERQDWHF
EDUUHV SUPpVHQWpPHY GDQV OD VXISWH VROMNVGRQR R BW M PX

(QILQ OHV WHPSpPUDWXUHYV pWXGLpHV SRXU FKDTXH HXWHF
VRLHQW IRQGXV HW | XQ pFDUW UDLVRQQDEOH HQ WHPSp!
OTLQWHUIpUHQFH G YD XKV OHRNYBDISRUDRYIORY FRPP

TDEOHDXOHXUVY GH VROXELOLWp REWHQXHYV SRXU OHV HXWH

7HPSpPUDWXU | | | | | | |
(XWHFWLTX 6ROXELOLWpP HRO DWP

1D&2 . &2
PRO

/L&2 1D&2 . &2
PRO

IL&2 1D&2
PRO

IL&2 . &2
PRO
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)L (YROXWLRQ GH OD VROXELOLWp HQ IRQFWLRQ GH

'IDSUQV $GIGWRED HQ/ HRVDDI@PD VROXELGDW . GIRV&DIR QG X
VXLW OD ORL GH +HQU\ &HWWH GHUQLQUH D pJDOHPHQW p\
SUHVVLRQ SDWWLKMD IR GFHHIWUDWLRQ VRQWXVYHRGRQ QYL RQC

6:e; — 6:j;

> 6?)gqqmls-q aGSG PRO /
o LF Ze N- PRO
o L p F N- PRO

UHSUpVHQWH OD FR @\RW DI}WH 3G B O+HHRGH.Q WH@DO F RTROMMVOD € WHE
A)) OTHQWKDOSLH OAZEOHH@M KD O B WA, RO HHQW BWSRIQ GH Up
5 OD FRQVWDQWH GHV JDN} PROIBMWNVY OD WIHPSpUDWXUH HQ

/HV UpVXOWDWY RQW p@pP DROQNH SHpWRIQWWYD QWRKKSGH +HQ
UDSSRUW j OD SUHVVLRQ 7KHUPRG\QDPODXWRE QEL OG S G ¢
GHYUDLW GLPLQXHU DYHF OD WHPSpUDWXUH (Q HIIHW OD
SHUWH GTPAWDEBSHWW QpJDWLYH OD VROXEADHWIWWLRQ
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&KDSLWUH ,,,

pJDOHPHQW QpJDWLYH 3DU FRQVpPTXHQW OfHQWKDOSLH GI
OPDEFWLRQ H[RWKHUPLTXH GRQF LQKLEpH SDU OfDXJPHQWI

JFL FROMPUHIOQW j FH TXL VHUDLW DWW YWHXQ ®X JP B QWRKD XEIOOH W)
OD WHPSpUDWXUH GDQV OHV FDUERQDWHY IRQGXV &H SKp
PHQWLRQQp GDQV OfDQDO\WH GH OD OLWWpBPWRWHKUIGD
GIpTXLOLEUHV FKLPLTXHV G\DW VLPSHOLTTXHPO VQRWDEPHQW [
S\URFDUERQDWH 'H SOXV PrPH VL ORVPHMDOHRXQW WRUHODAE
UpVXOWDWY GH OD OLWWpPUDWXUH WHQ®HORO DKNVVILWjp PIRY
WHPSpWDWRUHO HVW GRQF SRVVLEOH GH FRQYLIGWWHSDVYX |
VHXOHPHQW SK\WLTXH PDLV DXVVL FKLPLTXH $LQVL OD O
IR UP

> 67mr b "@css

R WRXWHY OHV IRUPHYDSRVUHEOFDUERQEIPNHY IRQGXV VRQ\
DMF .1 XQH FRQVWDQMAWDBSDUHQWH GH Up

E ,QIOXHQFH GH OD WHQHXU HQ OLWKLXP

3XLVTXH OD WHPSpUDWXUH GH IXVLRQ GLIIqUHQBRMHAL GHQ B E
FRPSDUDLVRQ SOXV MXVWH HQWUH OHV @& YIY \HXWGE FWLD
WHPSpUDWXUH GH IXVLRQ GH FKDFXQ 'H FHWWH IDoRQ WR
SRLQW LQLWLDO GH VRO WD LFNEOPBIDRIPHBHR 2 XP H R+ QO DL J X L
GPpSHQGDQFH GH OD VROXELOLWp HQ IRQFWLRQ GH OD WHQ
UHPDUTXHU TXH OD VROXELOBGWY\OHN GHX W H R W ISTRUDMW GfH& ||
FODLUHPHQW DYHF /08 SpRSRWWLRB GJHVW SDV OH FDV SR
TXL VRQW PRQWH pR¥ LHOQQHIJXMPMEOHUDLW SDV \ DYRLU GF
HQ GpGXLW MRKABL{OH PDMHXU GDQV OD VWDELOLVDWLRQ
SHURWKWLHQW G YDEVREDBNUOSIWXRTEERE@R W K X b BIGL Q D
RQW SURSRVpP GHV HVSQFHV LQWHUP pGLLIDDL UH\D FRIPRG OHV
H[SOLTXHU OD VROXELOXWp@L PGS RDSUDQYWHSIIE X\ERXQ &/ DMV G
LQWHUPpPGLDLUHYV SRXUUDLW rWUH IDYRULVpH SDU OD SUp\
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BROXELOL®WP Q@GX GRRY DADME IRQG XV

)LJ 'pSHQGDQFH GH OD VROXERODR WHW P DDVWEDHWE2EE L1 D
f& BHVVXVHEBBpODWXUH GH IXVLRQ

'H UpFHQWHYV PHVXUHV GYDEVRUSWLRQ GDQV OHV FDUERQ
pJDOHPHQW UpYpOp TXH OD SUPVHQFH GH OLWKLXP DXJPHQ
&2 > @ .DQWWOW PRQWURUBXH RYGEX\&2LHV W IRLV SOX
JUDQGH TXKTGPXQE2AP@ &H FRPSRUWHPHQW SHXW rWUH H[S
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&KDSLWUH ,,,

GLVVRFLDWLRQ GX FDUERQDWH GH OLWKLXP HQ VRQ R[\GH
GH SRWDVVLXP RXHGHWRGDXPUKQHQFH GH FDUERQDWH GH
GRQQp UHVWUHLQW OH GRPDLQH GYR[RDFLGLWp FH TXL Y
SUHVVLRQV SDUWOB@QMMFHD 8@ p GHODHMVW pJDOHPHQW PR
GH &2 IDLEOH SDU UDSSRPWX FHXXGH WHPSpUDWXUH GRQ
. e >02@s23 SRXU OfpOpPHQW DOFDOLQ 0

7TDEOHMRPDLQH GTR[RPFARAWPFKBTXH FDUERQD®WH DOFDOLQ |

&DUERQD IL& 2 1 D& 2 . &2

S.c

/IHV PpODQJHV R[REDVLTXHV UpVED\SBRW GW GBQFU pNHRWF
VROXELOLVDWLRQ GX GLR[LGH GH FDUERQH VRLW SDU OD L
IRUPDWLRQ GH S\URFDUERQDWHY FRPPH GLVFXWp SUpFpGHF

F *UD@GAEUYV UpDFWLRQQHOOHYV

$ SDUWLU GHV YDOHXUV GH VROXELOLWp H[SpULPHQWDOH'
PQHUJLHV GH VR OGWWMNFD W IGHD CRX)OWAHWIRPPH SUpVHQWpP HQ |

/D ORLD®HW VHARHULW

KA | oA

x| Ei -
(Q FRQVLGpPpUDQW VXU XQpLQV\{,HQMDm—Lm\@wVXMYHF oD
DSSUR[LPDWLRQ GT(O@QLQIKDRVWOD LFKRXYQOUBEH HW VD SHQWH
OHYHUJLHY GH VROYDWDWLRQ

BHXOVHWILD RQW pWp FDWHRWY RFERHNEIHV70 VR QW LTPDV.UH V
5 W UHVSHFWMW HRRAQWQ FRPSRUWMHPBQ B HDWWHQ
SUPVHQWDQW XQH VRO XBUWIOQW p BNHWFXH FRQVWDQWH p
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BROXELOL®WP Q@GX GRRY DADME IRQG XV

)L &RXUEHV GH 9DQ WT+RIIl SHFEROWRHPWOHY HXWHFWL

/ID WDEOHDX SUpVHQWH OHV pQHUJLHYVY GH VROWDWDWLRQ
FRPSDUHV j OD OLWWpUDWXUH

7TDEOHOQHUJILHV GH \WRYYBGMAD WLRKWTLXH V

(XWHFW I (QHUJLH GH VR (QHUJLH GH VROYTL
N- PRO GIDSUgV HWHK@Q
/L.
/L1D

/IHV YDOHXUV RIBEWHENRGRXU. HWI1ID UHVSHFWLYHPHQW VRQ
DYHPGRXUQLHY GDQV @DOORMW W p UDHVXYBHOH X WP rEHW BB XEL(
>@ PRQWUpHV GDQV OH WDEOHDX VRQW DVVH] GLIIpUHQ
VROYDWDWLRQ SURXYH TXH OD WHQGDP Q BHWVRIEP\GxtH DQIHEKNAM W
HQ UHYDQFKH SDV OH FDM. SRXU OfHXWHFWLTXH /L
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&KDSLWUH ,,,

'H FHV YDOHXUV HQ VXSSRVDQW HQFRUH XQH IRLV TXH OD
GIpTXLOLEUH OHV pQHUJLHV OLEUHV GH UPPRAWLRRLNDQIND

pTXDW L RHQW

FA46H &, L Ay) NPRO

Ay) L Ay* F 6A45 NPRO

7TDEOHOQWKDOSLHY OLEUHV HW HQWURSLHV GH VRO

(XWHFW| 7THPSpUDW, A;)) N- PR| As* N- PR A5 - PRO

/L.

/L1D

/JHV HQWURSLHV GH VR OYRWLIWENRGK R EHW WQjX S\ HPR G WW/ LY X H

OHV PROPFXOHV JD]JHXVHV FRPSRUW D QWSROOUWIBEKUXH R U G U
OD VROXELOLWpP HVW QRQ VHXOHPHOWFKRR\SDUT B HVRIL G HD X ¥
DYHF OH SDUWHQDLUH $15 (16 80P XENSHE OWH G 1) R EW FHRALSIWH-
OD UpDFWLYLWp FKLPLTXH SHXW SHUPHWWUH GH TXDQWLIL
HW FKLPLTXH GDQV OD VROXELOLWp JOREDOH 'fDSUQV OH \
OD SDUWLH FKLRPYDRMW SOp BDOM IGH SK\VLTXH

G $QDO\WH GH OY{DGGLWLRQ GYK\GUR[\GHYV

/TXWLOLVDWLRQ GIK\GUR[\GHV R R QWD KXY D\® GHWW IV  F
LQWpPUHVVDQWB HFRWUWR OO HFRGX GLR[\GH GH FDUERQH HW
OTK\GUR[\GH BREYULOFYOHFWURO\WVH pWDQW /L2+ OH OLWI
FRQWULEXHU j DPpOORUWHROBERBRW\IYAXWSGBQXVOHY UpVXOWDW
GH OD WHQHXU HQ /L 3DU DLOOHXUV OHV K\GURUBHWXVRQ
&2 > @ 8QH PHVXUH GH RODXEHPLWRRERXAH/LL2+ D pWp HIIH
f& /D ILFXAHVVRXV PRQWUH OfpYROXOXLRRXGN GH 5DHWR/QRE
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BROXELOL®WP Q@GX GRRY DADME IRQG XV

)L (YROXWLRQ GH OD SUHSRKRQXQDORQpYDD@JIYp/EW H XU

2Q REVHUYH XQH EDLVVH H[WUrPHPHQW IDLEOH GH SUHVVL
HVW wWUqV IDLEOH RX QpJOLJHDEOH GDQV FH PpODQJH PDL
PDQRPpWULTXH

(Q HITHW XQWHWXWYREQ GX UpDFWHXU GH PHVXUH OD UpDFW
/L2 + &2/L&2 +2

/ID WKHUPRG\QDPLTXH YD pJDOHPHQW GDQV FH VHQV OfHQ!
f& pPWDOQWGRAR®D UpDFWLRQ HVW IDYRUDEOH

&HWIDIFWLRQ D SRXU HIITHW GPDERQV AP H G B XO®RY DISHWXVWL | |
QNDWLBUBRVLSDU FHWWH UpDFWLRQ VHXOH FDU OD FRQVR!
SDU OD OLEpUDWLRQ GfXQ DXWUH GDQVGQH FIrPEHRQPMEU B ¢
HIITHW GH SHUWXUEHU OD FRPSRY LOWL B R XH)\M B PWDL HX G HG 6 LA
j HW OD WHPSpPUDWXUH GH IXVLRQ UHTXLV H & \G\W DISQUR| YV V
/JRUHQ] HW@DQWDBQW WUlY SHREKHDOWXUH GIpWXGH GH

SUREDEOHPHQW GHYHQX VRO MGH S® HRRMRBBINEX B DRWQ I DO |
SUHVVLRQ QH GLPLQXH DLQVL SOXV FDU OD VROXELOLWp
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&KDSLWUH ,,,

OLWWmpHYDW®ERHEAOKE HW SDU DLOOHXUV OD SUpVHQFH GH YD
LQGpVLUDEOHY GH OD SUHVVLRQ

&HFL LOOXVWUH XQH OLPLWH GH OD PpWKRGH GH GpWHUPL
QpPFHVVDLUH TXH VHXO OH JD]OG UQ WRW HX IV RLQ JD p& IHMXD ¢
XQH UpDFWLRQ HQWUDVQDQW OD IRUPDWLRQ GH JD] IDXVV#H

&RQFOXVLRQV 3HUVSHFWLYHV

'DQV FH WUDYD LD S BWRRYERPISDYDEOHYV G H @ WOpVEQHRIEMPH G
GDQV XQ PRQWDJH PDQRAPW UADXBIQSRXBRXU GHV WHPSpUD
HQWUH f& HW f& /HV GRQQpPHV EUXWHV RQW pWp WL
JUDGLHQW LPSRUWDQW GH WHPSpUDWXUWEWBIX IMH IO} \G X @B
SOXV SUPFLVHV HW FRKPpUHQWHY SRVVLE@WY/D/HWPWHQWIDX)
i f& GHV VROXELOLWPRG D WHPUEQHUEMVRUW SULQFELSD
VROXELOLWpP DXJPHQW H WY THFHODMDWHHPS H ¥ D VHQUIBYLRVUKLLVXPU D
&HOD SHXW VJH[SOLTXHU SDU OD IDFLOH GLVVRFLDWLRQ G!
TXL SHXW GqV ORUSREDJUPIPPHBHIH®R FDUERQDWH HW SD
GRIWHUPPGLDLUHYV S\URFDUERQDWHY 'HV pQHUJLHV GH VR
YDOHXUV GH VR ®XEHD LQWp AFRQV GIPLOGHWQ W SDV DYHF OD OLWMW
DFFRUG SFHHRWXQWIXMH OHV WHQGDQFHV RIEWIQBY H K E OLKED W LFRR
FHV UpGD@RODWMD O RI WKH (OHFMW URUFK HR)L BRQQ H[RIF L H W\

'HV SHUVSHEWLYHV SRVVLEOHV GH FH WUDY B2 X® QDM LGH V
GH FRQILUPHU OfpYROXWLRQ S$DULPHBERDWW XGOQWKOKPF
POHFWURO\WVH GH PDVWULVHU pJDOHPHXXIOD &R WOEUPG WP
OHV FDUERQDWHVY IRQGXYV
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BROXELOL®WP Q@GX GRRY DADME IRQG XV

5plpUHQFHYV

> @ < .DQEDL . )XNXQDJD . 7HUDVDND 6 )XMLRND O0DV\
VXVSHQGHG PROWHQ VDOW LQ EXEEOH FROXPQ &KHPL

+

> @+ 7HQJ 6 0 ODVXWDQL & 0 .LQRVKLWD LQ&WKHKRKYD @
DQG LWV HIIMAWVRQ@ X2LRQ (QHUJ\ &RQYHUVLRQ DQG

+

>@* +RQJ - -DFTXHPLQ 0 'HHWOHIV & +DUGDFUH 3
BROXELOLW\ Rl FDUERQHGLRQ[LGKU D GL RHONARD OW KXL GV
ELVA WULIOXRURPHWK\O )DXQIR QKD \LIP LG KLODQRERQD

>@ 3 ( )LHOG *DV 6ROXELOLW\ LQ OROWHQ 6DOWV LQ - ¢
(GV $GYDQFHV LQ OROWHQ 6DOW &KHPLVWU\ 6SULQJI

>@ - 3 )UDPH ( 5KRGHV DQG $ 5 8EEHORKGH 6ROXEL
7TUDVDFWLRQV RI WKH )DUDGREB\ 6 RFLHW\

>@ 7 1LVKLQD < ODVXGD DQG , 8FKLGD *D%2DRGXELOLW
LQ PROWHQ DONDOL FDUERQDWHYV LQ 0/ 6DERXQJL +
3URFHHGLQJWRWWKREDDWHESRVLXP RQ PROWHQ VDOW
7KHOHFWURFKHPLFDO SRFLHW\

>@ < .DQDL . 7HUDVDND 6 )XMLRND . )XNXQDJD $EVRU:
7HPSHUDWXUH ZLWK OROWHQ $ONDOL &FWRRQ D RMXULA
&KHPLFDO (QJLQHHULQJ RI -DSDQ

>@ ' %UDWODQG . *UMRWKHLP & .URKQ . ORWRRDVGAMQ 2
DONDOL KDOLGHV $FWD &KHPLFD 6FDQGLQDYLFD

>@ 5 ( $QGUHVHQ 6RONXEDOQIGNEXRIIXVILR[LGH LQ OROWHQ ¢
2[\JHQ DQG &DUERQ 'LR[LGH LQ OROWHQ 6RGLXP &I
(OHFWURFKHPLFDO 6RELHW)\

> @3 &0ODHV % 7KLULRQ - *OKEMWKW FROWERDOILDPRRBI &2
HXWHFWLF PL[WXUH DW f& (OHFWURFKLPD $FWD
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\Y

V

V

V

\Y

@ 3 &ODHV ' OR\DX[ DQG ' 3HHWHUV 6ROXELOLW\ DQG !

OROWHQ M&2 . &2 PROXWHFWLF OL[WXUH DW
([SHULPHQWRORIHDW) -RXUQDO RI ,QRUJDQEF &KHPLVWL

@* + - %URHUV ©6XUYH\ RI %DVLF 5HVHDUFK RQ )XHC

(OHFWURONWHEDO 5HSW &HQWUDDO 7HFKQLVFK ,QV
$SSHOGRRUQ

@$ - SSOHE\ 6ROXELOLWLHV RI 2[\JHQ DQG &DUERQ ORQR

Rl 7KH (OHFWURFKHPLFDO BRFLHW\

@ & < <XK DQG - 5 6HOPDQ 3RODUL]DWLRQ RI WKH OROV

&DWKRGH -RXUQDO RI 7KH (OHFWURFKHPLFDO 6RFLHW\

@$ &DURI &RXGHUW ' &RUUDGLQL ' /HVQLENL ( 'HV

&DARQ VSHFLHV VROYDWHG LQ PROWHQ FRWERRLSB\YH VH
VLPXODWLRQV ,QWHUQDWLRQDO -RXUQDO RI +\GURJHQ

@' &RUUDGLQERXGHUW 5 O9XLOOHXPLHU &DUERQ GLR]

FDOFLXRPWHERFFXUV WKRRVWWKXNVY RHRFKDQLVP YLD D
DQLRQ 1DWXUH &KHRLVWU\

@+ .HSSOHU :DWHU VROXELOLW\ LQ FDUERQDWLWH PH(

+

@' , )RXVWRXNRV % 2 O0\VHQ ZDMBEHWINJWDXNFMK UFHDUER QD

$PHULFDQ OLQHUDORSBLVW

' &KHU\ $SSURFKH SUpYLVLRQQHOOH GH O®GDYRINORMW LL
FDUERQDWHR/gMRIQGH VRBEMNRHDWLWp 3LHUUH HW ODULH &

% HMQJ - 7DQJ ; ODR < 6RQJ + =KX : :LDR '
7KHUPRG\QDPLF &KDUDFWHUL]DWLRQ Rl (QKDQFHG &D!
ZLWK /LWKLERQMDEYLQJ 7HUQDU\ OROWHQ &DUERQDWH
7HFKQRORJ\ +

*- -DQ] 05 /RUHQ] (TXLOLEULXP 'LVVRFLDWLRQ 3l
&DUERQDWH -RXUQDO RI &KHPLFDO+x (QJLQHHULQJ 'DW

86



6ROXELOLWP QX GRY CADME IRQG XV

@ 0 &DVVLU * ORXWLHUV - 'HY\QFN 6WDELOLW\ DQG &l

LQ $ONDHQOKMUERQDWH $ 7KHUPRG\QDPLF DQG (OHFW
RI 7KH (OHFWURFKHPLFDO SRFLHW\

0 &DVVLU % ODOLQRZVND : 3HHOHQ . +HPPHV - + :
HOHFWURFKHPLFDO FKD WRBPAFHGLPOMLBQ@GHG. Q VA X\PH G U
LQ PROWHQ ./&2 -RXUQDO RI (OHFWURDQDO\WLFDO &KF

@0 <RR- 6+D& --HH &DUERQ GLR[LGH FDSWXUH FDSDFL)

DTXHRXV VROXQDLB @RI (QYLDRDPH@W DO @D Q

@* - -DQ] DQG 0 5 /RUKRG BROMK (TXLOLEULD IRU OL[W

6RGLXP DQG 3RWDVVLXP &DUERQDWHY -RXUQDO RI &K

+
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SKDSLWUYWXGH pOHFWURFKLI
VIVWgPHYV HBM2&RDQV OHV FDU!
IRQGXV LQIOXHQFH GHV K
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&KDSLWUH ,9

5DSSHOV R[RDFLGLWp HW VA\VWgPH GX &2

$ILQ GH UpDOWAGH pXAHFWURFKLPLTXH HW GYRENWHHQWLWR QYW
OHXUV SRWHQWLHOBLH®@ AFDMWWUBRSRUVWMHORL. GIHHX GITpWXGH
VRXPLV j OfpTXLOLEUH GY{DXWRGLVVRFLDWLRQ VXLYDQW

6 7— 6 E 6
%3 - E 1

/TPpTXLOLEUH § FRUUHVSRQG j OTBIRNVQLEOHVWVRRWVILRBOR-
DQDORJXHLBRQVVRDXHWKVHY GH FRQVLGpPUHU XQH pFKHOOH G
&HCOQHQTHVW SDV IL[pH SDU UDSSRUW jFBODHWE M LOFR BYX B
GpILQLW DLQVL XQH pFKHOOH GJR[RDFLGLW FDBW HQ XXJ RLIRR
R[\GKQH R[REDWBHSPWOBWH FpGHU XQ LRV W[YGH RFRDNILG ID K
&2 VRQ R[REDVH FRQMXJXpH $ SDUWLU GH FHR[WHBF&LGILWYhW
SHXYHQW rWUH pWDEOLV SDU XDWQDIOR J &H \D GH®IQDLHIDP RBW C
GDQV GHV WUDYDX[ SUpPpFp@HQWYV DX ODERUDWRLUH >

$ SDUWLU GH OfpTXLOLEUH GYDXWRGLVVRFLDWLRQ RQ St
OITDFWLYLWp GHV HVSqFHYV

0 L Q.S T:GS;
_Q.G$;T

I NDFWLYLWp GX VHO pWDQW IL[H RQ FRQVIGqUH DORUV XQ

[N e

L UUf 6 7
/H SDUDPgQWUH G fNQULpUjr WHSV®VH FRQVWDQWH FRQGLWLRQQ
UL FZ% L LFZ% 6 L JEZ% 4

I1RWRQV dXHSEpVHQWH OH GRPDLQH GTR[RDFLGLWpPp DFFHV\
XQH SUHVVURQKBREHOWDLUEHPU HW OD OLPLWH EDVLTXH V
OfR[\GH OH SOXV VWDEOH

(QILQ DX OLHX GH UHSUpVHQWHU FRQYHQWLRQQHOOHPHQ!
IRQFWLRQ GX SRXYRLR@HRDEDEH SUplpUHQERQLEBOHPBI QW H
SUHVVLRQVBEHQE2 XQISBUO FRWOGMW {ODEOH
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(WXGH pOHFWURFKLPLTXHWZHI/DQ\W @ HIFVHWDGEHEH RQDWHY IRQGXV LQIOX

/HV FRXSOHV FRQVLGpUpPV &DQAFH W ED ¥DHW \DRIQXW B SRWH
VRQW GRQQpV SDU UDSSRUMFD K WH Q@@ fi P\ RFEH HAVDD @ RQ AL

/L2 2 FDU OYR[\GH GH OLWKLXP SUpFLSLWH HQ SUHPLHU /F
EDVH GH GRQQ#H$)GX@,6HW OD IRUPXOH XWLOLVpH HVW OD

40 g, 4
pLF

$YHE “OfHQWKDOSLH OLEUH VWD Q¥ DHGQ&REWHD BWh®QFMQ R
) OD FRQVWDQWH @HPFOMWGB\SRWHQ@W GHOQVW D Q G

/IH WDEOHDX UpFDSLWXOH OHV UpDFWLRQV FRQVLGpUpHV
1IHUQVW DVVRFLp HQ UHPSODoDQW OYDFWLYLWp GH OYfLRQ

7TDEOH®RXSOHV FRQVLGpUpV SRXB[EBHIREIBDIJUDPPH SRWH:

&R X S 5pDFWLR( BRWHQWLHO

2 2 67 \ —ts sELF s7s L ‘S‘JS‘Et?’ Z‘%U;ZGG;j_eGLr

&2 &2 SEtf\ E ©? o5 osl 4GS_GSEt?J Z‘%u:: G;GGEt? , ?

&2 & Et¥\ E © esclL 4GSGE¥Z‘%O: 6l ;;E%’ ErJ

&2 & sEVE\ Et ss ol éS_GE%Z‘%o: eiiE%’ ?

t2 4] ¢ Et¥F\ GE ¥ LsL L LSL_Et? 7 %60 66 pEt?J 7 %a: 6;;E$’ U

'‘DQV OH WDBDHNDRXX Fi& HVW OD FRQVWDQWH GHV W0DJDSDUI
WHPSpUDWXUH HQ ) OD FRQVWHQVOHH@®H B WHEDL K @ N VB R
9

8Q GLDJUDPPH UpDOLVp SRXU QR\GLARD GDWIR Q ¥.HE MpHMEXGF
f& HVW SUpPVHQWDp HQ ILIXUH
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)LJ 'LDJUDPPH SR\RBEMAHDp FDOFXOPB@XU EL> @

,O UHVVRUW GH FH GLDHMMDRAMPGXKMLEEHERQ &2 SOXW{W (
R[RDFLGHV VLQRQ LO VH UpGXLW HQ & /D IHQrWUH GH FHW
OD SUHVVLRQ GH &2 HVW IDLEX®H SUHMWMR QREDHR ETXHHHOHD S R
OLHX GDQV SUHVTXH WRXWHV OHV FRQGLWLRQV GIR[RDFLC
OD UpGXFWLHR® &XHH&2 FHOOH GH &2 HQ & FRQGH@WL&RQV R
FRQGLWLRQV R[RERMVTXSHDWWLREXWLHURPHQW SRXU GH KDX!
XQH SUHVVERQ@ G®D GLIIpPUHQFH HVW HQ HIIHW DX PLHX[ GTI

$LQVL XQ PLOLHX R[RDFLGH HVW VRXKDLWDEOH SRXU OfRE
OTREWHQWLRA GPKRGHRUY TXH OJHDX VH UpGXLVH VXU WR
SRWHQWRRODYVVRIMKRGLTXHY HQ FRQGLWLRQV R[RDFLGHV

(Q FH TXL FRQFHUQH O B HM[GP{FRDICRY R3XVERQW pWp PLV HQ p
GIRU@
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(WXGH pOHFWURFKLPLTXHWZHI/DQ\W @ HIFVHWDGEHEH RQDWHY IRQGXV LQIOX

OpFDQLVPH
YWgENX\ %]

t%g - %IE%Y

OpFDQLVPH
YWgEAN\ %g
WEEAN\ %§

% EWNLI- %IE%¥

'H UpFHQWY WUDYDX[ DX ODERUDWRLUH RQW SHUPL& GH ER
VXU pOHFWURGH GH SODWLQH OH PpFDQLVPH HQ SUpVHQF!

(QILQ TXHOTXHV LQIRUPDWLRQV VRQW pJDOHPHQW GLVSRQ
GDQV XQ SUpFpGHQW HK DS W2 15 HXCHHOQRY & RAGPLHDU G D XODQH/V
FDUERQDWHYV IRQGXV > @

%4E %Y§ — %1§°
% 1IE % §° — %187

OrPH VL O$H&® rWUH VRXV IRUAE S\URFOWERSUWETLRQ QD
GXUpH GH YLH GH TXHOTXMXKBRU GT RIS WG XDIWES M PRIO p F X O
> @ /HV R[BEDWHPBEWHHX[ VWDEOHV PrPH @1LDO®DVp0OEMX
VSRQWDQpPPHQW (QUB® FWQ RMFIRSLIHOSHP D QL B MQIVXY Vi XWPH B
TXBTLRQ HOTHR@ VRQW GHV HVS@HVFDFWAN HOWD >V SpFLDWLR
VHUD WUDLWp XOWpPULHXUHPHQW

6\VWQqPH2GH +

$ILQ GH UpDPQM AW URD AMA2-6 HOQBHVWYVVDLUH GH PDVWULVHU
UpDFWLRQQHO GH UpGXFWLRQ GH OfRDpW@DQWXGHY $DU HKGE
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&KDSLWUH ,9

FKHUFKHXUV GDYQMDB [P OR DM WHPBIWHGUIE H\VOM R[\GDWLRQ GH O
> @ 7URLV [SPLRFQBVKHY RQW pWp UHWHQXV SURSRVpV ¢
HW 6 XVNL HW :KLWH HW 7ZDUGRFK

/H SUHBURBSODAPp $QJ HW>6 IHR/MO V

*6sEt/] — t/] F*
| F*E WS\ 1*°E UgE/ EN
| F*E 1*? — *,1E/ EN

8Q DXWUH PpFDQLVPH VEK@XYN@SBHWWHZXOVNL

*sEt] — t/] F*
td F*E WS\ 1*?E %UgE/ E A=
t1*?E%lg — *61 E %%

KLWH HW 7ZDUGRFK > @ VH VROW G WHUHIBXVED MK FRXP
IRQGXVY FDUERQDWHV VXOIDWHYV QLWD.DWHYV f &' DIQO/N ORIGW
REVHUYp VXU XQH pOHFWURGH GTRU OD UpGXFWLRQ GH
YROWDPSpURPpWULH F\FOGURH\GH)V D MBXWIHIRWYWEBUWREVHL
VXU OHV YROWDPPRJUDPPHYV GDQV OHXUV FRQGLWLRQV H
LPSOLTXDQW GHV LQWHUPpPGLDLUHV +&2

*cEtl -t/ F*
td F*E %%\ *%l,°’E /| E A=
t *0l,” — *s1E %%’ E %,

(Q DSSOLTXDQW OH SULQFLSH GH UpYHUVLELOLWpP PLFURVI
GDQV OHV FDUERQDWHYV IRQGXYVY VHUDLW OfTLQYHUVH GH FH

ILVKH@®IRQW pWXGLp OYRGDIDWORBX@HI FWLT&HVMU GLYHUV
POHFWURGHYV PpWDOOLTXHV SDU GHV WHFKQLTXHV GH YR
GILPSpGDQFH HW GH FRXORPpWULH > @ (Q FRQIWRQWDQ
SURSRVpPV GDQV OD OLW\VOIRDWEOWHCRXD & KR ) XYW F RRRFIDGL WXLHR Q
VXLYDHQWpFDQLVPH SURSRVp>SOA -HZXOVNL HW 6XVNL

)UD Q HVOI@W pWXGLp OD Up GXFMXVRIQF @/H TOKPH BOKIGMIRMUHH /L
GMU SRXU GHV WHPSpUDWXUHV >H@VU$ SDUMNL ULHW TDQDO@
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YROWDPSpURPpWULH F\FOLTXH LOV RQW WURXYp TXH SRX
PpFDQLVPH PHW HQ MHX GHV KGHIORJEOR FD U RRXGDE HYS OHV
LQWHUPpPGLDLUHV K\GUR[\GH 'HV SUpYLVLRQV GH FRQFHQ
PRQWUHQW TXH OD FRQFHQWUDWLRQ HQ K\GURJpQRFDUER
IDYHXU GHV K\GUR[\GHV (QILQ OHV WUDNPWK®OMH|:KLVWE& H\
VHPEOH ORJLTXHDILH) WHKRQVLGpUp GHV K\GURJpPQRFDUERQ

'HHZHU D pWXGLp SDU YROWDPSpURPDWADGIVFAEOFLE XMKXOD U
RU HW D REVHUYp TXH OHMVSG K V&G IMH \'\G DK FRGHPGHWSB WHH\QTVX

> @

(Q HITHW OD WKQqVH GH 9 &KIDDXWIVXW FR@ILYUPH RE&DJX YILO \
GIR[\GDWLRQ WU(Q\W YVRFIHYQY REHKRQW pWp VpSDUpPV HQ Q
SRWHQWLHO2GXQFHRXB OH+®DVYRWHVVH GH EDOD\D&2 PDLV T
YDULH EHO HW ELHQ $LQVL OH SLF 8W ®MXYOPOWKRRE L XKt

,QIOXHQFH pOHFWURFKLPLTXH GHV K\GUR[\GHYV

D /HV K\GUR[\GHV IRQGXYV

/HV K\GUR[\GHV IRQGXV WRIQMH XVH ®NSIR YSKNFLITXL SUpVHQW
GH IXVLRQ XVXHOOHPHQW SOXV EDVVHV FRPSDUpHV DX]
FDUERQDWHY IOXRUXUHV > @ 3DU H[HPSOH OHV K\GUR]

f& HW FHW WHIQFROHXWSHXMEDLVVpH HQ IRUPDQW GHV HX
PWp XWLOLVpV SRXU REWHQLU GX VRGLXP RX GX SRWDVVLX
SDU 'DY\ HQ FH TXL D GpERXFKp VXU GHV SURFpGpV LQ
'H SOXV LOV VHUYHQW DXVVL SRXU GHV UpDFWLRQV GH I
FRPSRVpPV GHSXLV GHV YHUUHV RX GHV FpUDPLTX&Y RX ¢
&RPPH H[SOLTXKLS\OHU DOV RQW DXVVL pWpDRR®QLG pQp W 3
TXTpOHEWURO\WHV GDQV GHV V\VWqPHV GH SLOH j FRPEXVV
GH YXH IRQGDPHQWDO HW H[SpPULPHQWDO SRXU OHXUV SU
RX pOHFWURFKLP@T X6 \HYWGIH OSRUMWDQIW IHQ SOXV GIXQ SRL
OHV K\GUR[\GHV IRQGXV RQW GHV FRQGXFWLYLWpV pOHYpH
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GHX[ IRLV SOXV pOHY®pB ApPHIWMHPSpUDWXUH HW&2QYLURQ |
f& > @ /X WBEPWBDQWH TXHOTXHV GRQQpPHV VXU OHV S
IRQGXV

TDEOHRQQpPHV VXU TXHOTXHV K\GUR[\GHV DOFDOLQV IRC

(VSqFH| 3RLQW G ODVVH YRQXPLl &RQGXFWLYL
f& J FP Y FP
1D2+
2+
1D2+2+
PRO f& f&
/L2 +
f& f&

/D UpDFWLYLWp UHGR[ GDQV FHV VHOV $DQVH I CFHRRH®I

GYR[RDFLGLWpP GH /X[PH®@W ORWRLE HYW GHDPBIQLqUH DQDORJX

EDVDQW VXU OfpTXLOLEUH GIDXWRGLVVRFLDWLRQ VXLYDQ
t 2 _ 62 E

/IHV K\GUR[\GHV IRQGXV RQW IDLW OYREMHW GH UHFKHUFKF
IRQGDPHQWDOHPHQW SDU OJH[SORUDWLRQ GH P DWDPQWD X[ ¢
OD SURGXFWLRQ GTK\GURJgQQH > @ /H SULQFLSDO GplL H\
OHV FLQPWLTXHV VRQW PHLOOHXUHV HW OH SRWHQWLHO
LQIPULHXUH FDU OHV K\GUR[\GHV VM XGHMKR B G B W H@W UHHWH Q
PHLOOHXUV FDQGLGDWY FRPPH pOHFWURO\WH VRQW OH /L
KDXWH WHPSpUDWRBNKO&® EBLH QUFD FAWp UHSRUWpPH GDQV /L:
f& > @

%HDXFRXS GH WUDMBRRVKH RRPD GILQ/pV VXU OTXWLOLVDWLR
OHV '&)RV '&)& 'lRMHFW &DUERG@LEHQ &RPBXVWLEOH j & DUER
GHV V\VWGPHV FRQYHUWLVVDQW OfpQHUJLH FKLPLTXH HQ
VROLGRHFRPPEXVWLEOH DYHF XQH HIILFDFLWp WKpRULTXH
SLOHV j FRPEXVWLEOH F@DVBLUXBFWLRQ JOREDOH HVW

E 66— &
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(WXGH pOHFWURFKLPLTXHWZHI/DQ\W @ HIFVHWDGEHEH RQDWHY IRQGXV LQIOX

/D FDWKRGH HVW VRXYHQW XQ FRQWHQDQW PpWDOOLTXH H
OYDQRGH SHXW rWUH GX FDUERQH RX XQH JULOOM BMRXMWEN
SRXU DPpOLRUHU OH WUDQVS8® UWERRGRI[\&J & HH V& DH BDIW JORWGH

)L 6FKpPD GH '&)&

'‘DQV OHVX'W )WDY BEWGUR[\GHYVY IRQGXV OHV pTXDWLRQV pOF

WEVLI*?\ t*1E%WgEVA DQRGH
16Et *g1 EVA \ v1*? FDWKRGH

=HFHMWFP@W REWHQX XQH GHQVLWp GH FRXUD@W KIMPDC
SXLVVDQFH PD[LPDOH HH RS pRIDEPN FHEHQ @DTAWIOXHQFH G
SDUDPQWUHV FRPPH OD WHPSpUDWXUH OD QDWXUH GH O
PDWpULDX[ RQW DXVVL pWp>p@XGQpYHEDQW¥KHD OHWSW RE DV E
K\GUR[\GHV SHXYHQW U pDJIWU FEKK PR I KXHPRHIQW B ¥ BDRH* R B H
HW 7UpPLO@RQ >

UWgEt 1*7\ %87 E *41
%WE x1*?\ %% Eu*gl EVA

/TLQWURG X FHWMR @ p@IPBFMKNHQY HOOH HPSrFKH OD GLVVRF
GRQF OWVRUPWF HWPpPpOLRUMHDXVVL OD FRQGXFWLYLWp LR
YLOBLPLQXWLRQ GH OD FRQFHQWUDWLRQ HQ/KYISYRHNG RY\J|
GDQV OH PLOLHXHSHQGDQW FHW HIIHW GHHVIBBX&QRKHVVL
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SOXV@8QH SUHVVLRRLEBH&HVW pJDOHPHQW SU p pDJDVEIOH. V8
R[RDFLGREMVLIQXHQ LO UHVWH GHV SRLQWV j DPpOXURUHU F
XQH UpDFWLYLWp FEIWLPEEH REGKRIBFEMLBR@\ W H >

E /HV K\GUR[\GHV GDQV OHV 0&)&

/HV K\GUR[\GHV VRQW GHV HVSqFHV TXL FRQQDLVVHQW XQ
OHMVW(gPHV @@BJBHW FRPPH OfHDX HVW XQ JD] GIHQWUp]
VLPLODLUHFHDQWERQRBRWHY GLR[\GH GH RERDER®H R[®EDNH O
SUPFPGHPPHQW LQWURGXLW /HV K\GUR[\SHY B XHDEG W LIRGF
&HOD PRQWUH TXTXQH SUHVVLRQ GTHDX VXIILVDQWH S|
GTK\GURGIBGW OHV FRQGLWLRQV 0&)& OrPH VL FHOD SRXY
UpFHPPHQW TXH OHXU U{OH D pWp PRQWUp GDQV OD OLWWp
OHV LRQV K\GUR[\GH FRQWULEXHQW DX[ SHUIRUPD@FHV 0&
3RXU GHV DWPRVSKqUHV K$RIXMHFHIDEMOQMVY WKV &H FRXUDQ
XWLOLVDW LRI (B &&SHXW IRQFWLRQQHU HQ XWLOLVDQW OF
FKDUJH DYHF OHV ROV EDRO@DRVGIW USHRPVDALGITOKLPY 1D MR IB0RE: X
REWHQXH SDU ELYQ D& H®H FIRMBLYWIHRQV GH FDSWXWEDIBX FDL
FRPSDUpH j OHBXW\D ADD¥FXHOV LOV RQW UHSUpMBWMWPX O WD
HW RQW REVHUYp TXHHOMNXO®DOSOPWLRIEGH &R XU XQH DWPI
/D GLIIpUHQFH pWDLW DXVVL ODUJH SRXU GH KDXWHV G
ULFKHVY HQ HDX (Q UHYDQFKH HOOH pWDLW QpJOLIHDEOH
VILQWQPW HDA[DYDULDWLRQV GT2&3 LOV RQW REVHUYp XQH ¢
1IHUQVW DWWHQGX HQ FRQEH WKXR QW S DXKXK HWK H® &RXWUH S
(QILQ GHV H[SPULHQFHV GH ELODQ GH PDVVH \BDXVDYHD HQ
&2 TXH OD TXDQWLWp GIHDX UHFXHLOOLH HVW SOXV IDLEC
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)LJ 9DULDGHLROQXWLOLWPBWKBEHRQBYLRQ GXSRWX[GEDPBKHQWHYV G
GH FRXUDQWYV WALWPMHWU GHH DK BW GH &2

7RXWHV FHV WHQGDQFHVY LQGLTXHQW TXH OfHDX HVW FRU
DWPRVSKqUHV SD&N BHRWWE X&2 QTHVW DXWUH TXH OJLRQ K\
TXTLO HVW OH SULQF LS PRQLARQVK RQUWDMRQF DG YUPHY QRWDP
SOXV HVWHVE@ RQW DXVVL REVHUYp GX WUDQVSRUW GYTK\GU
HQ DWPRVSKQUHV KXPLGHV /D ILJXUH UpFDSLWXOH OHV U
SRXUGBIHY SRUWHXUV GH FKDUJH SRVVLEOHYV
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)LJ )RQFWLRQQHPHQWH®H BEYMEL@® GH >

$X G DMWRDEW VXLWHXQURBRYPH j GHX[ DQLRQV SRXADONVHX[ G
VRQ IRQFWELR@QHPBYWH FDV OWJ ERX QW VHIEWXE IBADUHFONL V
GLIIpUHQWYV F JWRERD VR AMPH K\GOXVWUpP HQ ILIXUH

)L &LUFXLW pTXLYDOHQW GX IRQFWLRQQHPHQW 0&)& UH

/H U{OH GHV K\GUR[\GHV GDQV OH PpFDQ LM} GLH BXE X F WD

QYHVW SDV OD VHXOH UpDFWLRQ R*DIQW/V OTH X & H& WO D YUR)LDLF

FDWKRGLTXH GH UpGXFWLRQ GH OfR[\JqQH HVW
SIeE%IELA \ s’
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(WXGH pOHFWURFKLPLTXHWZHI/DQ\W @ HIFVHWDGEHEH RQDWHY IRQGXV LQIOX

/H PpFD QL\HPWHWGHH UR D lW LIR@DD \WW pG\W QV 0@ € WWWYp R DW X U HQ:
PpFDQLROMV pWp SORSKNYR[LGE23DWBHHUR[LGH 32BWK W
SRWHQWLBGORPHRQOFD UBRYD WH 3DWK

6 XSHUR[LGH 3DWK

ulg Et 9d® — vi1Z Et %,
12E A\ 1§
1 E t A\ t1%
12 E%le — %Y’

SHUR[LGH 3DWK
16 Et 9% — t 187 Et %,

1 E t A\ t1%
17 E%le — 947

SHUR[LPRQRFDUEKRSFOMKH & D WXH

16 Et % — t % §°
% EtA\ 1 Ew??
12 Eodg — 9d®?

&RPPH OTR[\JqQH PROpPFXODLUH QTHNMV)GSDN FMAD ERpH D@D
LPSOLTXHQW GHV HVSqFHV R[\JpQpHV UpGXLWHV FRPPH OH
PDMRULWpP GHV FDV ORPGRIHXY DR CHKM BRORXSHY GM UHEK]
REVHUYp H[SPULPHQWDOHPHQWLY DW®RXTR FPHI Y DERHP®BH

UpDFWLRQ FDWKRIBVHQFH GH YDSHXU GYHDX GLPLQXH OD U
GX &BW DXJPMWQWBHGBHRADNYVH DSSDUHQW &H FRPSRUWHPHC
FRPPH YX SUpPFpGHPP QWFOIBMHXBVEGLRQV R[\GH OLpH j V
2+ SDUUPDFWLRQ HW SHXW rWUH UpREWHQXH SDU OD
FRH[LVWHQFH GHV UpDFWLRQV LQYHWHGHW LQYHUVE
'DQV XQH 0&)& QP GYWDX j OD FDWKRGH DPpOLRUH ELHQ
SRW HHQW XK)®! GHQVLWp GH SXLVVDQFH SOXV pOHYpV HW XQI
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4XHOTXHV JURXSHVY GH UHFKHUFKHORI® W UREHRP BWEMH & WRISR
YDOOpGXFWLRQ GHV FDUERQDWHY HW GHV K\GUR[\GHV 'DQV
/lL2+ 1D2+ HW .2+ VRQW XWLOLVpV FRPPH DGGLWLIV GDQV ¢

GIK\GURJgQH HW GX JD] G H R \LOQ W VEIEHX REUKNIFREQMIRHND piv >
@ 'DQV FHV pOHFWURO\WHV PL[WHV FDUERQDWHV K\GUR])

SURSRVpPpHV FRPPH VXLW
V1*?E WS EzA \ %L E y1%? SURGXFWLRQ GH PpWKDQ
t 1*7E WS EVA \ %IE*;Ev1®? SURGXFWLRQ GH &2

1RWRQV TXH OD UHDFWLREOHFWRROMWHS 86@X Y ICHXBR IRLV S|
PDLV pFULWH HQ YHUVLRQ RHXKED YWTXHU p9p QHFBWLRIIOAW HD X
LQYHUVH HW LQYHUVH

/TLRQGR{\SHXW DXVVL rWUH R[\Gp
t 157\ 1GEVA
/HVDAWLRQV JOMEDM ARPE®HWER OD UpJpQpUDGBRABRM GH Ofp
YUl Et*s1\ WgEL 14
%WeE*gl\ %IE *6 E 1g

&HV UpDFW LARREDWH B3IV®IW WX Q HP R Q WKHIPWURGHY DYHF XQH EFDW
XQH DQRGH HQ 1L FRPPH PRQWUp HQ ILJXUH SRXU XQH RI
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)LJ 6FKpPD GX V\VWqP K HW pO R F&HS B OV IHU

/ITHITHW GH GLIIpUHQASY SDWOPKHWQBWXWH GH OfpOHFWURDO
FRQVLGpUp SRWHQWLHO GYfpOHFWURO\VH D pWp pWXGLp S
SURGXLW>VRXXDLWp

2EMHFWLIV GH FH wWuDYDLO

/H PpPFDQLVPH UpDFWLRQ QG DQXHOWP/G KB WERQDXH&2IRQG XV I
VIDJLW LFL GH VILQWPpPUHVVHUDL OND XX & H5 0 I {LDpHESEFQWLIR G L
OfRSWLTXH GH OD PLpOHRA®W U R ONWHGEHHBOYFRRWUH FDV  OfHX
FKRLVL.HVW f& HXWHFWLTXH FODVVLTXH GH OD 0&)& TXL ¢
GX &2/fDGGLWLI K\GUR[\GH HVW /L29O BRXW HG KXG UDDN Y R QS
WHPSpUDVWRQMRIBMWO ODMKLXP SHXW DXVVL FRQWWRICEK BB WD
HVW OH SODWLQH GH SDU OD UpSpW D HLXMDWp HOHDW E R M WEML
GDQV OH PLOL&K FRRLV LIS BpMj pWp IDLW SUPpFpGHPPHQW DX
IRQGDPHQWDOHY > @
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/D UpGXFWLRGR®PS DD X FHOPR[\GOWBPRQ GHV SURGXLWV G
OTpYHQWXHOOK\GPRF\EHYLRQW BMRQBEMPNVp &X X IXH IRQGDPH
XQH pOHFWURGH GH SODWLQH (QILQ OTLQIOXKGEMHGSDUK\
VSHFWURVFRSLH GYLPSpGDQFH

(WXGH pOHFWURFKLPLTXH

D 2[\GDWLRQ GHV SURGXLWVH®R+UpGXFWLRQ GH &2

$I1LQ BQWBLILHU GO D LHMERH®W OLpH V2] R W G2FM[ISRQ LGH FH
POHFWURFKLPLTXHV RQW p V8K dlpHD\O LD pH X VE D QRVRUGMWIVREMCPVR
YDULPHV GHHM GOHKQQHUWH $U /HV UpDFWORG®GW GRIOQWH Wi
GRQ Q pBINVVIR X V

*61Et A\ *4 E 17
%IEt A\ %1E 1°°

'DQV XQ SUHPLHU WHP $RQXWHQ DQW RESHLPIOHD QRI®I D+ p W p
FRQVLGpGHREY RWYHINEWORADATR[\GDWLRQ GH OTK\GURJgQ
REVHUYp VXU OD ILJXUH OH YROWDPPRJUDPPH F\FOLTXH
POHFWURGH GH SODWLQH HVW OELDEVHQWH CQOPQKNVHDIKD B
&THVW pJDOHPpPQMFORBEGN) OFHY DQFKH GHX[ SLFV GJR[\GDV
OH EDOD\DJH UHWRX®J XD$SYHWVOTDXW WOHYVHEBY $ &HV
GHX[ SLFV SHXYHQ\W FTR{UGIDIW RQ LEK A K\GURJGQH IRUPp SD
TXL HVW FRKpUHQW DYHF GHV@IWQ\GBOD OXW\WHEPWRWH RX G
@ (Q HIIHW LO QT\ D SDV GIDXWUH UpDFWLI HQ SUpV
9YWJ $J HVW WUR SFRIQ\ELOZ) BRWWHQWXHOOH UpGXFWLRQ
FDUERQDWHY j XQH pOHFWURGH GH SODWLQH > @ 'H SOXV
DXFXQ GpS{W VROLGH QYD pWp REVHUYp VXU OTpOHFWURGF
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)L SROWDPSpURFOLDFRH VXU SRXEDQPRD PRO $U j f&
SLWHKSHVHEDOD\P3HV

)L 9ROWDPSpURROUDPHH\WVXU. IRXGDQVPRY &F& 9LWHVVH GH
EDOD\DJH SIROWHQWLPLWH FDWHRXB™MKH QRYYY $3J
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8Q H[HPSOH GH GpS{W GH FDUERQH TXL D WHQGDQFH j DY
TXL SHXW rWUH REWHQX GDQV WRXV OHV FDV VL OHV SRWH
HVW GRQQp HQ ILJXUHS$ X\XRERWHQWPHO OLBYWHHIDWKRGLT
HVW SRVVLEOH GTREVHUYHU OJLQWHUVHFWLRQ GX EDOD\D.
DYHF XQ SLF LQWHQYI WUV ISEPDW PQSHWRWEI $J$" OH

SLF OH SOXV LQWHQVH QYDSSDUDLVVDQWG$BEWLRRRRATXH
FDWKRGLTXH &H SLF HVW DWWULEXp j OTR[\GDWLRQ GH &
GRXEXDHW $RXUUDGY jr\@UN[ R[\GDWLRQV GLIIpUHQWHV GX
SRO\FU\VWDOOLQH GH OfpCHBWRIRGH GHH 3 M XE MK RS@ MBVH Q W |
GHX[ SLFV FRUUHVSRQGDQW j OfR[\GDWLRQ GH & GLVSDUDL
VRR®WVHUYDEBOMMUY 9Y\WJI $IJHW $HUV 9YWJ $J 'DQV GH
SUpFPGHQWHY pWXGHV HQ FRQGLWLRQV VLPLODLUHV VXU
PWp DWWULEXPNR[\EDWLRQ GH &2 MROAEP[NGHWA RBQ G
DGVRUEp UHVSHFWLYHPHQW > @ &HV V\WVWqPHV DSSDUL
9Y$¥J $J

&RQFHUQDQW OHV SLFV GYR[\GDWLRQ GH OD ILJXUH

FRPSOpPHQWDLUH SDU YROWD P P pG\WWLHF O H@ HIW WV R%6Y KD Gl
FRQILUPHU FHWWH FK\SRMWK o3/RQ QpHIO & B ILIXUH (Q HIIHF
GLUHFWHPHQW GDQV OH VHQV GH OfRVYGIIWSLIRIQ HMHX[ SLFV
9Y$J $J$ DYHF pSDXOORBEGRWMWULH OLQpDLUH VLPLODLUH ¢
RU GRQF OHV SKpQRPgQHV QH VRQW SDV OLpV DX SODWLQ
HQ OYDEVHQFH GIK\GURJgQH DXRKXY® SL S UDPIVHWQW I LY 1EOR
OTLQWHONVEBVRI GHYY HQ IRQFWLRQ GH OD YLWHVVH GH EDOI
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Y)LJ /69VXUSRXU GLIIpUHQWHY YLWHVVHV GIPE®QB\DPRIOVRXY  PF
/D OLJQH GH EDVH HVW REWHRROH2HQ PROEYHQFH GH +
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)L (YROXWLRQ GHV SRWHQWLHOV HW GHQVLWpV GH FRXUDQW
9YV $J $J HW E OH VHFRQWGSHIF $8 YHUV

/HV GHX[ S FeWHRLEWHEDW IOHQWUHPHQW BIYEBHR BDODLWHY VLQGL
WUQV SUR BHEOSHKHIRPY DL GHBVIILQWHQVLWpP GX SUHPLHU
DYHF OD UDFLQH GH OD YLWHVDB RAH EDXGIDEBIDHOHs GX VHFRC
IRQFWLRQ GH OD YLWHVVH G$L@DIODOMI IS UBRFLHHNV SR G | X
SKpPQRPQqQH OLPLWp SDU @G0 BQHXIRYF H\UEOHRVEFRQGIV pW)
QIDWWULEXHQW TXNXOXBLRUYRNVSODWLQH j OJR[\GDWLRQ
FRUUHVSROGHMILAURRWVHUYp LFL@ ,FL GHX[ SLFV \ VRQW
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YDULDWLRQV DYHF OD YLWHVVH GH E® NV\W JOIY RP\G IDTVKIHRQN (
VROXEOH HWFE B OHDRENORA E p

$X YX GHV LQWHQVLW pVXREWWH®KFA\R ODCE O HPEROLMIV GLIILFLOF
VDQVUWPGHKFWLRQ SUpDODBQM HE K QA HDXP IFHR QY GTK\GURJ(q
OfpOHFWURGH /D ILJXUH VXU ODTXHOOH FH SLF HVW SO>

)L %DOD\DJHV UHWRXU GH YROWDPSpURJUDPPHV FRFOWTXHV V
GLYHUV SRXUFHQWDJHWRPRODNPWHD HHFE&ZH OTfDUJRQ

(QILQ XQHQ WX BEHHIDEHW GLYHUVHVDTXW @ W ERXW GH \&D O LV
VPSDUHU OHV SLFWVHGHLEIXUBMW GH@V TXTXQH WL IVM RTOUDEHA
SLFV SHXYHQW rWUH9®®BWLIQD X p&L ¥ KN USH™XIS SOUBLYVD QW |
SRWHQWLHO SOXV DQRGLEXp D&H&G HROEDH SWRDWD DLW

(Q FH TXL FRQFHUQH OH GHX[LqPPROLFGG® PHEIWERDLU TXT
GX DPGVRUEpP YX SUPFpGHPPHQW VARQ WXBEMR XP\RXY GOIH&SLF V
OHV SRWHQWLHOWD BRRGUDXMWVrVEUH G€ j OYXU HOM GRVODQSNL
OTR[\GDWLRQ GH &2 VROXEOH TXL D pJDOHPHQW OLHX ,0 H
OHV GHX[ HVSqFHV SRXU OfDGVRUSWLRQ j OD VXUIDFH GH
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&RPPH OHV SAFWLRTRREVHUPPMWYHEXPN && VRQW WUQV SUR
PWXGHV GHYLHQQHQW FRPSOH[HV HW LO HVW SULPRUGLDO
i OTR[RDFLGLWp SRXU LGHQWLILHU OHV SKpQRPpQBIW X & fiHV
VH VRQW IRFDOQN pWHp/G ¥ RWWROX W REPGDWLRQ GH \BRRW &2
OTR[\GDWLRQ@HHW LO D pWpO RY QWVRIORMDIMP RXWDPPHV F\FC
R[\GDWLRRXGEHH+&2 VRQW LGHQWLTXHV > @

,O IDXW LFL UGILYDHIQLDLP /B BB [RBH QLW ® GHD QB GHXUHRQGLWL
R[RDFLGHV LO HVW SRVNQE&M B3M QUjp G MV USRO/H GWLHOV UH(
IDLEOHV ,0 Q HVW SDV SRVVIVEOH pEX [SWHBLHB THNO O H VH §
G p S H QUEHH\VEBEW F WA WSHUR-H/ABIFR @2 HW X+ VRQW OD SOXSDUW GX W
&HSHQGDQW OHV GHX[ UpDFWLRQV GHYUDLHQW VH SURGXL
SKpQRPRIQHMWLTXHX QMHOPXYHQ QN LG EGRYV VL ERLOHRMW WERD FRH
GX &MHW GX HQ JD] GH V\QWKgVH /HV FRQGLWLRQV R[RD
WKHUPRG\QDPRDKXWPH@WRQGLWLRHV RHREDWPDFWLRQV VR
SRVVLEOHW XRNMDEWUHVVLRQ GH &2Q TD WHREXH WILRGpVLUDE
FDV SRXUUDDWRWWWE O XV

'DQV OHV FRQGLWLRQV VWDQGDUG GH OYDQRGHPR®)& FD\
&2 PRO 2+ OfHDX GHYUDLW VH UpGXLUH WK RUPHRWEG \@DE@Y T X
FH FDV @OH BPGXLW DYDQW VDXI| VL OD SUHVVEBQ GH &2 HV
QTpWDQW SDV LQWURGXLW GDQV OD FHOOXOH LO SDUDVW ¢
GX & RLW GRQF VH SURGXLUH WKHUPRG\QDPLTXHPHQW DY

E (I THW GHV K\GUR[\GHYV

/ID SUpVHQFH GHV K\GUR[\GHVY GDQV OHV 0&)& HW OHXU LPS
LOQWHUPpGLDLUHY GH OD UpGXFWLRQ GH OYfHDX R[REDVH F
,O HVW GRQF SHUWLQHQW p®H MY URWK UMHLVTVHU HW N XU BID HRN
GH OfpOHFWURO\WH
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(WXGH pOHFWURFKLPLTXHWZHI/DQ\W @ HIFVHWDGEHEH RQDWHY IRQGXV LQIOX

)L 9ROWDPSpURJUDPPHV F\FOLTXHV VX2 SWPRO R2 V VRXYV

&RPPHOOXNAWDp ILIXUGHYV PFROWUDHY F\FOLTXHUHWpPORWNYHYV

FRQGLWLRQV SRXU GKNEURP®HW pWH@HXQUW THXH OHV FRXUD
HIDOWpV /D UpGXFWLRQ GH O HDX GRLW HQ HIIHW rWUH ILC

EDLQ $ILQ GH V DVVXUHU TXH \WLL RXD Q\G Q R B\ G- REG®NMDL @ KV
H[SpPULHQFH DH@QWSUYYEB@IPBIB/HVDQV HDX FRPPH SUpVHQWop
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)LJ 9ROWDPSpURJUDPPH F\FOLTXH VXU 3WKVWHRIDE VYRXDMR X
PRO /L2+

/HV GHX[ SLFV GTR[\GDWIHR/QSVAVGEERXEOBQRIqQH DSSDUDL
$ YHUV 9YWJ $J HVW ELHQ OLQpDEH HD D WHEV ©WV HDGEH QED O L
IRUPDWRERQERID H HOD/D W [FHO\K F RIONVG KWELIRRON Q& QH SHXW rWUH
UpGXFWLRQ GHV K\GUR[\GHV SURXYDQW TXfLOV VRQW pOH
GH OfHBPUPVRIQWH GDQV OfDWPRVSKgqUH SRXU TXH OHV K\G!
OD UpDFWLRQHX HIXBDpVHQFH GH &2

(QILQ OYLQIOXHQFH GYDMRXW GJTK\GUR[\GHV VXU OD FRQ
GILPSPpGDQFHDE/RXGV LO D pWp REVHUYp TXH OfDWPRVSKqU
VXU OD FRGGEFW LY [PV HGHVR YW p PROQPRQ 2+ PRO $U
/TpYROXVOIDR ORIENEOWRDIPML RQ GH OD TXDQWLWp GIK\GUR]
ILIXUH
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)L (YROXWLRQ GH OD FRQGXFWLYLWp DYHF OH SRXUF&QWDJIH |

/ID FRQGXFWLYLWp DXJPHQWH ELHQ DYHF OYJDMRXW GH /L2+
GHV LRQV OLWKLXP HW K\GUR[\GH &HWWH YDULDWIHRQ HVW
SOXV pOHYpV (DLXORID G Y KUXHL B MISRBKEMAKIHU OfpYROX\V
OD FRQGXFWLYLWR®BYHF OD WHPSpUDWX

A A~ « %
éL e4is§FE“|,;

$YHFOD FRQGXE@ILTYXAVPS X® IDFWHKIROHRWPHEOTpQHUJLH
GIDFWIENDWERRQOD FRQVWDQWHQGHYR® WSD OID MAWS p UD W X |
8Q H[HPSI®W GRQQp HQ ILIJXUH
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)L ([HPSOH GH GURL®RIXGT$WPHOZGEEYV /L

$ SDUWLU GH QDXORG B $PWQUHUHLHY GIDFWLYDWLRQ RQW pW
HQ ILIXUH

)L (YROXWLRQ GHV pQHUJLHYVY GIDFWLYDWLRQ HEMAXMFRPVLRQ G.
/L.
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(WXGH pOHFWURFKLPLTXHWZHI/DQ\W @ HIFVHWDGEHEH RQDWHY IRQGXV LQIOX

/HV pQHUJLHV GIDFWLYDWLRQ SHXYH®RW® rWWH FRRYLGpU/RR
DMRRWY YDOHXUV HROQWY H RP SHIMMRQW FRKpUHQWHY DYHF
VXU OHV FDUERQDWHY IRQGXV > @ $ GHV WHQHXUV SOXV I
rWUH RENVWHKN pH) PD[LPXRIGHIWWHLQW SRXU PRO /L2+ [/H
FRPSRVp PDMRULWDGUHNPH\WQ V) RBJIKIGKNR[GH FDUERQDWHV 'H
rWUH GLVWLQJXpHV DX[GBLEPR® OMRRRY GOD/ IFRQGXFWLY
i PQHUJLH GYDFWLYDWLRQ FRQVWDQWH DORUV TXH SRXU
FRPPH OMpGMDBEWLYDWLRQ DXJPHQWHQW SOXV IRUWHPHQW
OfHIIHW GH OJDGGLWLRQ GJLRQ OLWKLXP TXL QH FKDQJH
HIITHW GH OfLRQ K\GUR[\GH SOXV JURV VHUBLGY ¥ EWLEDN G
HVW ELHQ SOXV LPSRUWDQWH

,O0 HYW DORUV VRXKDLWDEOH GH OLPLWHRROHVSRBMB XYV SE®
DOW@HHDORQ VLJQLILFDWLYH OH EDLQ GH EPRE TR KWW C
DPpOLRUDQW OMXARIXGXFWIRMEW p PRO GH /L2+ DMRXWpV H
GH OJHDX &HOD RXYUHGQDHFRALH ¢ PIXWOBEWDNRIORYH PL[W!
GDQV OH Way&vgBRH& QREOHPHQW FHW pOHFWURO\WH SHL
SHUIRBWRD®BQV OHV GHX[ PRGHV GH SDU OD FRQGXFWLYLW¢
OD UpGXFWLRQ GH OfHDX HQ VHUDLW IDYRULVpH

&RQFOXVLRQV 3HUVSHFWLYHYV

&H WUDYDLO DGH &R GRX\WY HRE MHW RPSRUWHPHQW pOHFWURFK
GHV K\GHR GDQV /Lf & X)DHFW SRO®GM GBH ,0 UHVVRUW GYIDER!
GH OfHDX QfHVW SDV IDFLOH j YLVXDOLVHU FJHVW SRXUT.
GH UpR[\GDWLRQ /TK\GURJgQH SUpXQOOMMH BXHBELFD GIR H
EDOD\DJH D PRQWUp TXILO VIDJILW GYIK\GURJIGQH GLVVRX)
PLIWHV VRQW FRQVLGpUpHV OH PR @R U B R QGH SFIpWMERMHH B W
SRWHQWLHOV WUQV SURFKHV UGHR *F& DICPLSRILRDD/Q FHS B DR
DWWULEXHU OHV SKpQRPgQHV REVHUYpV

/HV K\GUR[\GHV VRQW XQH HVSqFH WUQV LOQWpPpUHVVDQWH |
UDLBRIQOHXU U{OH HQ WDQW TXJR[REDVH FRQMXJXpH GH O
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RRPPH SRUWHXU GH FKDUJH GH OHXU U{OH GILQWHUPPpPGLI
UpDFWLYLWp FRPPH VRXUFH GIKSGERREULQMW FQLIFHORE BRI RER IV O
GH IXVLRQ SHX pOHYp HW FR QG X& MM RXMNE R @ SRHGWDIDMVWHH VE R

$LQVL OYDMRXW GDQV OH EDLQ GH /L2+ D SRXU HIIHW GfH
GIR[\GDWLRQ SOXV LPSRUWDQWY (Q OfDEVHQFH GYHDX ¢
SURXYDQW OHXU pOHFWURDBWILYWW P PH®LDBESKN\DQQYVORIX W |
(QILQ OYDQDO\WH GH FRQGXFWLYLWp HQ PRQWDJH j GHX]
FHFQHDYHF OJDGGLWLRQ SURJUHVVLYH GH /L2+ -XVTXH
HVW TXDQW | HENO H pRRX@WYDDMMVEH FH FKDSLWUH RQW pWp Y
$QQH[H ( SXDOROWGHQV LQ (KW BI\F BHAMRFIXWPKFD $FWD

IfLQIOXHQFH GHV K\GUR[\GHV WDQW HQ WHUPHV GYpOHF)
SHUVSHFWLYWHE HOQOWpUMHNVYIDUDWLRQ GIXQ pOHFWURO\WH PLJ
GLVSRVLWLIV 0&)& 0&(& /D FRQGXFWLYLWp DPpOLRUpH YD
UHVSRQVDEOH GH OD PDMRULWpPVEHD SHPWHYWRKEBDDXH®H
'"{DXWUHV SHUVSHFWLYHVY FRQVLVWHQW j FRQILUPHU OH P|
DQDO\WHU SOXV ILQHPHQW OfYfLPSRUWDQFH GX UDWLR HD:
K\GUR[\GHV
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5plpUHQFHYV

>

\Y

@

@

' &KHU\ $SSURFKH SOPYYUDRQQWDWHR®Hp OGIFOM R HK/L P
FDUERQDWHYV IRQGXV 7KgVH GH 'RFWRUDW 8QLYHUVLV

' &KHU\ 9 /DLU 0 HOHWVAWMIURRBRKRHPLFDO UHGXFWLRQ LQ
FDUERQDWHYV D WRWURIREG\HMDWPURFRIPLFD $EWD

+ OHVNLQH (OHFWORPLOHHCXFOVUERQDWHY IRQGXV (W
RSWLPLVDWLRQ GHV SHUIRUPDQFHY pOHFWURFKLPLTXH
7KqQVH GH 'RFWRUDW &KLPLH 3DULV7HFK

0: &KDVH -316%) 7TKHUPRFKHPLFDO 7DEOHV WK HG -R
&KHPLFDO SHIHUHQFH 'DWD ORQRJUDSK 1R

+$ 3HHOHQ . +HPPHV - #UHGXWWLWQG&2Q PROWHQ
/L . FDUWERQPL[WXUH (GABPMURFKLPLFD

' &KHU\ 9 $OELQ &SHBEOBHOGRGHY /DLU 0 &DVVLU OHFK
RI WKH HOHFWURFKHPLEWR® &8 X\ W LURE@ BIHKPHFWURGH L
E\ F\FOLF YROWDPPHWU\ S OWHHQDWHR@DO -RXUQDO R

' &KHU\ 9 $OELQ 9 /DLU 0 &DVVLU 7KHUPRG\QDPLF
HOHFWURFKHPLFDO UG GPROW.RQ RDUFERQD®/ HWRXUQWBU |
+\GURJHQ (QHUJ\ =

$ OHOWRBEDOORV $ %URX]JJRX & &UDSDUW 9 $OE
&KQRSRWHQWLRPHWULFHEXFWRIRAK IR] 8ROWHQREDUERQ
7KH (OHFWURFKHPLFDO 6RE&LHW\ +

+ OHVNLQH 9 $OELQ 0 &DVMLU(O$HFSNQRRKBPLBD ODLQY
RQ &2HGXFWLRQ PHFKDQLVP LQ PR QWG DU E R/QRW WL
,QWHR@DWELRXUQDO RI +\GURJHQ+(QHUJ\

@$ &DUR]I &RXGHUW ' &RUUDGLQL ' /HYXQUTOHXRLHHWV

&DUERQ VSHFLHV VROYDWHG LQ PROWHQSKEDRQERS{DMAH
VLPXODWLRQV ,QWHUQDWLRQDO -RXUQDO RI +\GURJHQ
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> @' &RUUDGLQ&ERXGHUW 5 9XLOOHXPLHU &DUBRI@ GLR][
FDOFLXP FDUERQDWH RFERWW KMXMWRHE KD RYR YLD D
DQLRQ 1DWXUH &KHRLVWU\

> @ =KDQJ 7 :X . +XDQJ ,GHQWLILFDWLRQ RI $FWLY
&DUERQDWHWLS\XKL QD PIDQ 6 SHRWWRWMERSLQ)(QHUJ\ 5HVHD

\%

@ )JUDQJLQL & )HOLFL 3 7DUTXLQL $ 1RYHO 3URFHV
%DVHG RQ :DWHU (OHFWURO\VLV LQ $ONDOL OROWHQ &I

+

> @6 + :KLWH 8 0 K7TZIKHGRPHFWURFKHPLFDO EHKDYLRXU
WHUQDU\ DONDOL FDUERQDWH PL[W XDPBWHIPWNOWH Y DIWH
f& (OHFWUWERMKDLPLFD =

> @6 + KLWH 8 0 7ZDUGRRK RIKHDWHKDM) CGRWGEIMOG6ROW
(OHFWURFKHPLFDO 6RFLHW\

> @ 1LVKLQD O 7DNDKDVKL , 8FKLGD *DV HOHFWURGH L
,9 (OHFWURGH .LQHWLFV DQG OHFKDQLVP RAWMHEFEWRFHQ
-RXUQD QORHIFWKIRFKHPLFDO 6 RFLHW\

> @ *3 $QJ $) 6DPPHOOV ,QIOXHQFH RI (OHFWURO\WH &
LQ WKH OROWHQ & D UERWPMWOH RIX WE H HKOWFWURFKHPLFDC

+

> @ -HZXOVXVYNL 6RGHO RI WKH LW PWRORSLE MIMURERHD D/ KV
-RXUQDO RI $SSOLHG (OHFWHRFKHPLVWU\

> @ HHZ6MWXG\ RI HOHFWURFKHPLFDO SURFHVVHV DQG Z!
FDUERQDWH IXHO FHOO DQ&GHOIIMqVH GH 'RFWRUDW

> @ &KDXYDXW (WXGH GH PDWpULDX[ j EDVH GH WLWDQH
FRPPH UHYrWHPHQWY SURWHFWHXUV GHV SODTXHV ELS
] FDUERQDWHYV IRQ G X V8 (VLKYgH/WHV & WHIRSRAWM B UIBD V& X U L H

> @* --DQ) : 'DPSFHB/DNVKPUR\DNDQ/RUHQ] BREBNLIQV
OROWHQ VDOWVx YROXPH HOHFWULFDO FRQGXFWDQF
%XUHDX Rl 6WDQTWAI GV 165'6
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(WXGH pOHFWURFKLPLTXHWZHI/DQ\W O HiFVHWDGE RQDWHY IRQGXV LQIOX

@+ ORU([WUDFWLRQ RI VLOLFRQ GLR[LGH IURP ZDVWH FR
SRWDVVLXP fREUGDPIGGRI ODWHULDOV £FLHQFH

@' :DQJ - &KX - /L 7 4L FDNDQJ L®QWKH SURGXFWLR
GLR[LGHORZUQGH WLWDQLXP VODJ YDDWRHWIPRGE PRRY
7THFKQRORJ\ *

@ M * ) +ROODIMELILFDWLRQ RI D 1HZ 6WISFOQMAIGK P QL
OROWHQ +\GUR[LGHV -RXUQDO RI 6ROLG 6WDWH &KHPL

@0 :X ) :DQJ 0O =KDR 6 <DQJ : 6RQJ OROWHQ K\C

KLHUDUFKLFDO FREDOW R[LGH QDQRVWUXFWXUH DQG L
LRQ EPWWBHEWURFKLPLFD $FWD

@/ :DQJ .) &DL @J< -:D <LQ + /L & : =KRX 3UHSD
FKDUDFWHUL]DW LERIQQPIQRSRAMHRWYEY D P POIWK®A GK\G U
&HUDPLFV ,QWHUQDW+RQDO

@7 OLQDNDZD O .DWR 7 1RWMHPSHURMNUH/RIZAQWKHVLYV
5E %LR2VLQJ PROWHW EBKGVUIRADG& 6XSHUFRQGXFWLYLW\

@7 [/XVLROD ) %RUWRODQL 4 =KDQJ 5 'RUH\ OROW
DOWHUQDWLYH WR PROWHQ VDOWEY \@QHNDKCH VU M HI RFFUH LBJAR
-RXUQDO RI ODWHULDOV GFLHQFH

@* *XQQDUMR®/LPH Rl VRGXPR QDDMBINELQ PROWHQ VF
K\GUR[AKSRUW Rl SURMHFW VXSSRUWHG E\ WEHBF8$6$) (.
5SHVHDUFK DQG GHYHORSPHQW 1f )$

@3 &ODHV - *LOEHUW (MHFWUBSEHPBOIIER QBGWYWV VRLYWWHN OR
/L12 1D2%¥D12 DQG .22 OL[WXUHV -RXUQDO RI WKH (O
6RFLHW\ +

@1 o6 3 &ODHV - *OLEHUW RERKHPLFDO BKKD HICRHXFIV U
K\GUR[LGHV 9,, &KURPLXPKVGEUHERULHWH LQOWVMREILRFKLPLF

+

@' ' :LOOLDPV -$ *UDQG 55 OLOOHU 7KH 5HDFWLRQV
ZLWK 9DULRXRXOHWIKHR PG AIKHPLFDO 6 RFLHW\
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\Y

\Y

\Y

@& ORQHXVRDWVLU & 3LROMWGPDWHYMO&ERXSOLQJ RI OHWK
%DULXP tGHJRW f& $SSOLHG &PWDO\VLV

@$ 9 /DSVKLQ $ 0 *HUPDQVNLL \WLRQ@RIGORURY 1QWHL
OROWHQ BRGLEIP +\®RANRL3IK\VLFV DQG &KHPLVWU\

@/ 6DQJ 0 &DL < =KDR 1 5HQ < X & %XUGD OL[HG P
IRU FRQFHQWUDWLQJ VRODU SRZHU DX DO\ DDAV HIUW R OV&IL
6RODU &HOOV +

@& DXE\ - *OLEHUW 3 &ODHV (OHFWULFDO FRQGXFWL
1D2+2+ HXWHPW[WXUH (OHFWURFKLIPLFD $FWD

@6 =HFPKLWFKLDYRQ * OQWHRFRELIXVLRQ FRIHQIPFRGWMQR
K\GUR[LGHV -RXUQDO Rl (OHFWURD®@DO\WLFDO &KHPLV

@3 &ODHV ) OHUQLHU &RASRVEWIREBHBHQGHQFH RI W
SURSHUWLHY Rl PROWHQ K$GWD[LGHV x(OHFWURFKLPLEFL

@) 6KHU . $XDWD = ,TEDO = -DKDQQKDGFL&KHR\GURJI
SURGXFWLRQ IURP VWHDP HOHFWURO\VL\DBQ HPRARWMQ |
PHWDO HOHFWURGHY ,QWHUQDWLRQDO -RXUQDO RI +\C

@0 + OLQMWRUDWLRQ RI PROWHQ K\GUR[L GHEDMWMHWYU R
DSSOLFDWLRQV -RXUQDO RI $SSOLHG (OHFWURFKHPLV)

@- *RWBHOFWLRQV FKLPLTXHV HW pOHFWUBGEKDBLTXM M QGEC
7TKgVH GH 'RFWRUDIWULQYLYHUVLWp GH

@$ (OXDRQWRERLEXWLRQ j OfpWXGH GHV SURSULpWpV Fl
VROXWLRQ GDQV OHV K\G W[4 &H VG B O RB O IRQU\B\BRUIBEX W H |

@6 LFKW 6 /LX % &XL - /DX [ +X *KBWXDUW. % :DC

&RPSDULVRQ RI $OWHUQDWLYH OROWHQ (OHFWURO\W
+\GURJHQ )XHROI ZRXUYQBPWURFKHPLFDQ® 6##FLHW\

@$ .DFSU4DANUR[LGH HOHFWURO\WH 2GIHRKFRR FRUERKQY LXK
,QWHR@DWELRXUQDO RI (QHUJ\55HVHDUFK
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@6 =HFHYLF ( 0 3DWWBHFW SBDWKPDPLHXHO &HOO :LWK 0
(OHFWURO\WH LQ QG QGW HUD PXHMR @DI® & RO LHHWHF H  (C
7HFRQRJ\ 5RFKHVWHU 1HZ <RUN 86$%

@- *RUMW/UpPBORBQLpWpPYV FKLPLTXHV HW pOHFEWURFKLF
K\GUR[\GHV DOFD®D LQRPISRICXNPHQW pOHF WV RPHRALPX [T X H
XWLOLVpY FRPPHDPWHERMHMN GBWVAWQGRFKLPEFD $FWD

@- *RUWHW/ UpPBORBQLpWpPYV FKLPLTXHV HW pOHFWURFKLF
K\GUR[\GHV DORDQL@RRARBQOBMN R[\GH HW DFWGRWY G}
PpVOROXHV %XOOHWLQ GH OD 6RFLpWp &KLPLTXH GH )U

@. +HPPHV 0 &DVVLU $ 7KHRUHWLFDO 6WXG\ Rl WKH
(OHFWAKRIPLFDO 6\WWHP LQ D 'LUHFW &UDHLE R B O HF L&HHJ
DQG 7HFKQRORJ

@$ .DFSU]DN 5 :aRGDUF]\N ODWHULDOV 6HOHFWLRQ D¢
(QVXULQJ WKH $YDLODELOLW\ DQG 'XUDELOLW\ RI WKH
&DUBRRHO &§HOR)®H+ ODWHULDOV

@- 5RQ 7 *HDU\ $ +LO®™WILBHUEMNHKQER & 6 3HUHLUD /
5% -RKQVRQ & $ LOCGBRDOK +7 $SKHJBOFNKROWWHOROWF
)XHO &HOO 3HUIRUPBQ/AKUHRIWRR 1DWXUDO *DV &RPELQ!
-RXUQDRHRWIUIHRFKHPLFDO 6RFLHW\

@( $XGDVVR % %RVLR ' %RYH ( $UDWR 7 %DUFNKR(
5% *XWLHUUH] / +DQ 7 *HDU\ & :LOOPD®\DFK+LOPL
1HZ 'XPQLRQ OHFKDQLVP |RYDWRO YKHD® &HWER/ :RUNLQJ
&DSWXUH '"HYLRHYKHROOHFMU RFKHPLFDO 6RFLHW\

@$ (YDQV : ;LQJ 7 1RUE\ (OHFWURPRWLYH )RUFH HP
1XPEHUV IRU 1DWLYH DQG )RUHLJQ&PRIER QD WHRD W R & UK
7KH (OHFWURFKHPLFDO )6 R#FLHW\

@$% - $SSOHE\ 6 YW S HGEGXKWORQ@RI R[\IRY DLQYPVOX W KIDXFE R |
PHOW -RXUQDO RI (OHFWURDQD®\WLFDO &KHPLVWU\

@7 1LVKLQD D, -8~ XLEHOND@HFWURGH 5HDFWLRQV LQ O
OHGLD 9 (OHFWURFKHPLFDO $QDO\VLV RI WKH 2[\JHQ
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,PPHUVHG *RORGBHFRXUQDO RI WKH (OHFWUREKHPLFD

> @0 &DVVLU * ORKWLWEANDELOLW)\ DQG &KDUDFWHUL]DWL]
LQ $SONDOL OROWHQ &DUERQDWH $ 7K H UPRIEAK DAROEUDDC
RI WKH (OHFWURFKHPLFDO+*6RFLHW\

> @( $ODWR ( $XGDVV®R PLoROMLEKRHGROULQHWSLF PRGHOOLQJ RI
FDUERQDWH IXHO FHOOV (IIHFWYY IRW HDMXKXRG H RZ2ODWHDUO L
6RXUFHV +

> @7 1LVKLQD 6 2KXFKL . <DWBGDHIJHBWKR®DR[\JHQ UH
PROWHQ /IHXRWHF -RXUQDO RI (OHFWURDQDOYWLFDO «

> @( $XGDVVR / %DUHOOL * %LGIODRIOWH QU&KIVURR ®DW WF)H
SHUIRUPDQFH DQDO\VLV YDU\LQJ FDWKRGH RSHUDWL
DSSLFDWLR@M 3FRXHIDWBRXUFHV*

> @= /L < <X : /L * :DQJ / 3HQJ - /L ' *X ' <XDQ +
HOHFWURO\VLY DQG FDUER®Q USHHKERR/@PA R Q HIGQ PIRGNDHIQ
HOHEWHER 1HZ -RXUQDO RI &KHERLVWU\

> @< /LX ' <XDQ ' -L = /L = =KD®\QBDVDSWRGXEWLRQ
+ &2 UDQJH E\ UHJXOB®WHEOW FROBRI) FWPASHRVY VD FR IUR|
HOHFWURCAWLY PROWMW® VDOWY 56&#BGYDQFHYV

> @ -L = /L : /L ' <XDQ < :DQJ < <X + :X 7KH RSWL
FRPSRVLWLPQGRH @HUDWLRQ FRIDBEWURO\VLY LQ HXWFH
VDOWV RQWBURRWQDO RI +\GURJH@ (QHUJ\

> @+ X ' -L [/ /L " <XDQ < =KX % :DQJ = =KDQJ 6 /L]
IRU (IILFLHQW +LJK <LHOG &DUERQ 'LR[LGH DQG :DWH
(OHFWURO\VLV 1$@&9B0QWH® (6DWNWM- DOV 7THFKQRORJLHYV

> @+ 9 ,MLMH 5 & /DZUHQFH 1 - B6LDPEXQ 6 0 -HRQJ '$
(OHFOWSRVLWLR[L ®IMELRE RI FDUERQWDPGRDUWERD MV & W
)DUDGD\ 'LVEXVVLRQV
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(WXGH pOHFWURFKLPLTXHWZHI/DQ\W O HiFVHWDGE RQDWHY IRQGXV LQIOX

> @ &KHU\ 9 $OELQ &SHBEOBHO®ERDAH)] 0 &DVVLU OHFKDQLVYV
RI WKH HOHFWURFKHPLEWE® & ®X\F W LIRO® & |HEOPHFWHNR G H |
E\ F\FOLF YROWDPPHWU\ ,QOWHUQDWLRQDO -RXUQDO R

> @9 /DLU 9 $OELQ & &SDQVKHG@FKHRUHWLFDO SUHGLFWL
PHDVXUHPHQWY Rl WKH HOHFWUERR.O&ER®G X FWHIGY [EW \
DGGLWLYHV ,QWHUQDWLRQDO -RXUQDO RI +\GURJHQ (C
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&KDSLWUH 9

/IH FRPSRVDQW
D ,QWURGXFWLRQ

/D PDWULFH HVW XQ FRPSRVDQW FROIH & WVXOHPDWX PWLVD X&Y & @
TXL LPPRELOLVH OfpOHFWURO\WH IRQGXRQQU¥H V\MEBWW p §
PDLQWHQDQW OD FRQGXFWLRQ /DR QLITXH pMHQWWHH OHY H[®IR
GIHPSLOHPHQW pOHFWURGH P DWAHH® GRHIFMYDY R B XW & OSRX W/
TXTLO D pWpDMDQWPWRY P HFXLW

)L 6FRPD GTXQ HPSLOHPHQW 0&)& > @

&H PDWpULDX GH SDU VHV GLYHUV U{OHV GRLW UHVSHEW!]
GHV KDXWHV WHPSpUDWXUHY DWWHLQWHY DLQVL TXH GX F
GH VIDVVXUHUFGHPQDXHVGXE LRDWPULDX GDQV OH PLOLHX 3
WHQXH PpFDQLTXH LPSRUWDQWH DILQ GfpYLWHU GHV SURE
PWDQFKpLWp DS[LUB] TREHOWY DWPRVSKqUHV FDWKRGLTXH
SU /D FHOOXOH DXUD DLQVL XQH PHLOOHXUH GXUDELOLW{p
GRLW SUPpVHQWHU X Q) WHIBW DL ®IMW SRURVLWp

/IHV SULQFLSDX[ SUREOgQPHV OLPLWDQW OD GXUpH GH YLH C

/D ILVVRUDPRPRH PHQWLRQQpP S URLFpSHIPWHRWRYBBOO F
UpVLVWDQFH PpFDQLTXH LQVXIILVDQWH PDLV pJDOHP
GYH[SDQVLRQ WKHUPLTXH HQWUH OD PDWULFH HW OfpC
FHV GHX[ PDWWp GHIYXF\GRHV WKHUPLTXHV

/HV SUREOQPHV GH IXLWH GH JD] RX GH FURLVHPHQW C
DQRGLUDVHFURVVRYHU
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2SWLPLVDWLRQ GH OD P

/IHV SHUWHV RKPLTXHV GXHV j OD UpVLVWDQFH LQWI
FRQGXFWLYLWpPp LRQLHXHQ/BIPFDW BRKHW FRPSEWWSHUWHYV

*PQPUDOHPHQW OD PDWULF®2 XKDV BE®DVHHDHOWK D RXW WULJR
GIHVSDF HVWDEOHPSEDDWKXWHHW GH PDVNPA YRDXPILW XTEKH C
SKDVH JDPPD WWWHD B/®IFP JpKDXVXUH HVW GXDDURXSHOGCHHWS I
3 HW GH PDVVH YRGPPLIXBHXW GIfRUHV HW GpMj UHPDUT
PDVVH YRGXRLGHK] IRUPHVY DOORWURSLTXHVLVWD XQLQHK pl!
IRXWH@LILIXUH

)L 6WUXFWXUH FULVWDOOLQH GH OD SKDVH WULJRQDOH DOSKLEL

/D OLWWpUDWXUH HVW DVVH] FRIDVMHUG D HUDMWH Q/SKSIUHBVE URG(IRILG
SDUW OD SKDVH HWX\S PYIEFBQUAN HPH QRWPH VWDEOH j KDXWE
PRQWUI SXDJODPPH GH SKRYMVMQGIDKOBHXUV SRXUTXRL H
DX[ GPEXWYV GHV UHFKHUPRHY @ XU OHV PDWULFHV 0&
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&KDSLWUH 9

)L 'LDJUDPPH GH SKDMW& GH /L$02

(Q UHYDQFKH GHV pWXGHV XOWpULHXUHV RQW PRQWUp TXtI
GDQV OHFPUEGREMWHNHSODYDLW WHQGDQFH $HWOQH DAVQUD QOM |
IRQRYWQHPHQW GH OD$PIRO@XQ® HEDOLWp FHWWH TXHVWLR
GHX[ SKDVHV GpSHQG pJDOHPHQW GHV DMAW FDZBKBBBW BR X
OD SKDVH pWDLW OD SOXV VWDEOH SRKQ &HURWPRY S Ko
HQVXLWH DSSX\p FHW DUJXPHQW @DBLONY FRIMYV GpVDMRRE
OD SKDVH DOSKD TXL VH WUDQVIRUPHYS W QRQVQ Y H® HIQWW F
VHUDLW G€ j XQH PHLO OHKXUH \DXAN B H ¥ WLXRIQ DEHW GUHR S KD V H
j OD SKDVH DOSKD

(Q SUHQDQW HQ FRPSWH OHV DWPRVSKQUHV 0&)& HW OD W+

SKDVH DOSKD VRLW OD SOXV VWDEOH FDU OD WUDQVIRUP

GHNVHPSPUDWXUHYV VXSpULHX@H\&H UpN&X EWDWD QVp &P LFRQILL

7HUDIGWDD@ TXL RQW WWHD/BA DS MDVENVVE N X [D LYORW W RXN &R X

&2 DXFXQH WUDQVIRUPD\S KRY HVHV SKKX/GIL X@p BU R'RXIW B HB H

GHV SDUWLFXOHV HW XQH WUDQ VDRGHK@MWARI \SRIRW URIE/VH Y ¥
fé&

(Q FRPSOBPNOWZD HWUDBHRWWIXH OD WDLOOH GHV SDUWLF
SKDMHPPD HW QRQ SRXU OD. $K D VfHl W OTSKD GED O V pAlH GAHV G H
FDUERQDWHY IRQGXV H[SOLTXH.OD$QR(EHGRWMWY BOX VAP SKLU
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2SWLPLVDWLRQ GH OD P

JDPPD GHYUDLW rWWU B fR@XVHADIFUBEPP X >C@&3 BKDWBD QW L
PDLQWLHQQHQW TXH OD SHKWWH JDPPD MR/XYHLE WDNEO QN XR U
FIGHVVRXV UpVXPH OHXUV Up\HXO ADORPH GRX WP BOVQI KD VE N
SHWLWHV SDUWLFXOHV VRQWRER QWIVGHWDE B HVHCHI RY R U8 G-
PLFURQLY LQGLTXH XQ JURVVLVVHPHQW GHM 8§0QGWIL¥K Yt
WUDQVIRUPDWLRQ GH SKDVH GH L HQ M :; HW 2 FRUUHVSH
SUPpVHQFH GX SKpQRPQqQH

7TDEOHORQGLWLRQV GH WUDQVLWLRQVWIH>X@BPVH HW GH FU

$WPRVS| 3KDV[ 7DLOO ./1L$02 /L$0O2
SDUWL
$LU 6LPS( : 2 2 ;
&2 6LPSC 2 ; 2 ;
&2 OL[WH 3HWLWH 2 ; 2 ;
&2 OL[WH *UDQGH ; ; ; 2
&2 OL[WH .! ; , ; 2
&2 OL[WH I ; 2 ; ;

DQLPRWR@W GLUHFWHPHQW XWLOLVp OD PDWULFH GDQV O
SRXU GHV WHPSVY DOOD@W @OXVRRWN pJDOHPHQW REVHUYp
SKDVH

)XMHWDD@ RQW DQDO\Vp OD SR \DWLEOHS® #IDUDGELWHWR @ BRQ W
SDV WURXYp GH GLIIpUHQFH\SDRWDBQRYVDPBRIGY LN T XWLBQF
GHV SDUWLFXOHV /D QDWXUH GH OJHXWHEWLTXH FRQVLGp
OD VWDELOLWY DV PMHV P BWULBFGHUDLHQW GDQV WRXV OH!

TRPLPDHWWSRAD RQW DQDO\WpPp OTpYROXWLRQ GH PpODQJHYV pTX
WURXYp TXT) WDLOOH GH SDUWLFXOHYV pJDOHYV OD SKDVH L
0&)& PDLV TEBHWBRBRUWLFXOHY GH JDPPD ELHQ SOXV JUDQGF
GHYHQDLW PDMRULWDLUH 'DQV FH FDV OHV SHWLWHYV SDLU
GH GLVVROXWLRQ SUpFLSLWDWLRQ VLPLODLUHBH@WHRQXQ F
DFFRUG DYHF OH WDEOHDX
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&KDSLWUH 9

3RXUWDQMW BEDRRMQDYDQFp TXTXQ PpODQJH pTXLPRODLUH GH
FH UDWLR GDQV OH¥ @R @®UWDRROWHX&)E OHV UHFKHUFKHYV
SKDVH JD@PPHPPH QW FBB@MWRQQWKpWLVp SXUVSWBDWY XQH PLC
FHOOXOH 0&)& .XWMODXBFR@QYH/ISHUWH GH SHUIRUPDQFH QYD
SHQGDQW K PrPH VL FH WHPSV UHVWH UHODWLYHPHQW

PHQWLREFQPGHBBEH@W

OrPH VL FHUWDLQV UpVXOWDWYVY VRQW DVVH] GLYHUJHQWYV
DFWXHOOHPHQW ®iV(\WQ DpYXPp OD SKDIDVISUMIBHKDOWHU BDWYV
WHPSpUDWXRUH DWPRVSKQqUHNWELGBHKWHW O A\GLURIqQH HW OD
LOQYHUVHPHQW j KDXWf& W HPDS\WRIPDWSKW K H \H WD UE.G K MBH B Q& 2

ILJIX WD O XOWSIFHHWILRL QW (Q HIIHW RQ \ REVHUYH OfpYROXW
GHV GHX[ SKDVHW W WXIOMHOpI BOIHS VXLYDQW OHV FRQGLWLR
GH &2D OLJQH HQ SRLQWLOOpPV \ VpSDUH OH GRPDLQH R+ FK

)L (IITHW GH OD WHPSpUDW XU KXW GG-H YDINDE EDHOH IGRHIQSG® WP F X O H

/D OLWWpPUDWXUH FRQVLGQqUHERQMHIRNQ X EH BYFABPWUIUR C
GRLW SUpVHQWHU XQH SRURVLWp HQWUH H\@® %LH\W XOU
LO HRYS\RUWDQW GH WURXYHU XQ FRPSURPLV HQWUH SRURV
WRXWH ILVVXUDWLRQ WRXW HQ PDLQWHQDQW OfpOHFWURDO
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2SWLPLVDWLRQ GH OD P

E 9RLH GH VI\QWKqgVH

/IDPLVH HQGRUPMH PDWULFH VH IDLWP§WKRSSSBRBIBWYWQS D U
RX FORXIH HQ EDQGH &HOD FRQVLVWH j PpODQJHU GH OD S
SODVWLILDQW DLQVL TXH GHV VRO WIRXWVH'MR @A \WSBOWPE D
XMOLV&HWY HVSQFHV VRQW PpODQJpHV SDOREURNHW HHEQGDA
FHUWDLQ WHPSV SRXU REWHQLU GHV HQFUHV YLVTXHXVHYV
VXU XQ VXEVWUDW DYHF XQH ODPH GfXQH pSDLVVHXU GRQ(

3OXVLHXUVY DSSURFKHV RQW pWp SURSRVpHV GDQV@D OLW
RX RUJDQLTXHV FRPPH OH WR@Xg@NM RXU®RODWLR@RQMY HF
SOXV UHVSHFWXHX[ GH OfHQYLURQQHPHQW RQW pWp FRQ)
ODERUDWRLUH

&RQIRUPPPHQW j OD OLWW pUDWeX IHIW S R GB\R O \WQ \@\@®H EXON F R D
FKRLVLV FRPPH OLDQW HW SODVWLILDQW

F SHQIRUFHPHQW

$ILQ GIDPpPOLRUHU OD UpVLVWDQFQFPYBD®XLTXH GH WOIDHPB
DSSURFKHV VH VRQW IRQGpPHV VXU OTXWYQUNTIFWXRP GIHD OB
3DUPL FHV SRMMREBWW DOOLDJHV PpWDOOLTXHV GHV Fp
PRUSKRORJLHVY GHV SDUWLFXOHV ODUJHV GH PpWDX[ HW G

$UHQGW HW &XUUDQ RQW SURSRVp GHV DYBERIHVSOUHW RLFS
SOXVLHXUV PRUSKRORJIPHHW RRXP® H V&I EZ LTWND Q G HWWTRE@W. L P

XWLOLVp XQ ILO JULOODJp GYDFLH® TMQ WDHE R Q RIK HX Q0D PHDNA
OLWWpUDWXUH VUHWOWRIIRW C5MLWY BHH W XS OWMLFXOHV RX GHV IL

(Q FH TXL FRQFHUQH OHV SDUWLFXOGM OO BB WRARKS-SIDV) W X
SURSDJDWLRQ GHV ILVVXUHV /HV FRPSRVpV S$R QFQSDOHPI
VRXUFHWEM X® FRPPRIX/LL2+ 'HX[ EUHYHWYV RQWSHUY &XSRV[
OYREWHQWLRQ GH PDWULFHV VDWLVIDLVDQWHY SDU DMRX
OLWKLXR®> ,0 VIDJLVVDLW GH JURVVHV SDUWLFXOHV GH WL
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&KDSLWUH 9

1RXV DYRQV XWLOLVp GHV SDUSZL¥ XD BY (B FEIXPL Q L XOM DoONX
UpDJLW DYHF OH FDUERQDWH GH OLWKLXP VXLYDQW OD Upl

$0 &2 2: /L$O2 &2

&HFL SHUPHW GH UHIRUPHU OH PDWpULDX GH EDVH GH OD |
QH SDV FRQVRPPHU GH OfpOHFWURO\WH FH TXL UpGXLUDL
0&)& XQH VRXUFH GH OLSZKHWKW DBRMRXWpPHLS/RXU FRPSHQVHU

3DU UDSSRUW DX[HWEHGRWY W/ LHWRE XWLOLVpV GH SDU OH S
GLIIpUHPPHQW GHV SDUWLFXOHV VXU OHOUN QIRYEHARHQWR (&
DWWLUpHVY SDU OHV ILEUHV HW VH SURSDJHQWF&DUWHMO OqC
OfLQWHUIDFH ILEUH PDWULFH DPpOI@GRUH OD UpVLVWDQFH C

,O D pWp DYDQFp TXH poHD/E BLEW N W BEOHSCRD K LEBBE RGN UD LV
GDQV OHV FDUER@DWHVPRQGWXY OTDOXPLQH UpDJLW pJDOF
OTDOXPLQLXP VHORQ OD UpDFWLRQ

$@ /L&2: /L$O2&2

1LUDWDVZ BD@OW XW LICAEWH\EENGDQV XQH. PISWWEPROWLSOLDQW S
OD UpVLVWDQFH PpFDQ IHVH \& W HFLHXQW ®@ WWHHV. DO OH XUV GH
IOH[LRQ H[WUrPHPHQW pOH Y HYQGUWHYDXQF IGHH OMXUPPDWULF |
@Mj WUQV UpVLVWDQWH

F\XBW>D@ RQW XWLOLWXRGEYQVBUMY FEFWREWFRQW REVHUYp I
LPPHUVLRQ GDQV OHV FDUERQDWHY SHQGDR®WRID KHPHQNE T
,O VH SRXUUDLW TXH OBDYKIDNV®I GXHODXSRKGW Hp®HEWLRQV H
PWDALWO20D SKDVH REWHQXH D pWp OD PrPH

5pFHPPHQW XQH DSSURFKH QRXYHOOH HQ XWLO@DQW G
IRXUQLVVDQW GHV UpVXOWDWY WUQgWOURFMWWB X E\H 6 R PP
j OD 10$RXRIQD W W H PG U H NJI

&HSHQGDQW SHX GH UpVXOWDWY FRPSDUDEOHV SRXU GL°
PPpFDQLTXHYV GH GLIIpUHQEHY BN MSBRW PV HRIWDISIMHY BHQ T XH
FM GH WHVWV GH GXUDELOLWRpP
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2SWLPLVDWLRQ GH OD P

2EMHFWLIV GH FH WUDYDLO

3DUPL OHV FRPSRVDQWYV QpFHVVDLUHV j OD PLVH HQ SODF
IRQGXV VHXO OYpOHFWURO\WH pWDLW IDEULTXp DX ODERL
PWp PHRMHFWKpWLVHU OD PDWULFH

/I YNREMHFWLI GH FH WUDYDLO D pWp GH VIQWKpWLVHU XQH P
OfTRSWLPLVHU SRXU SDOOLHU VHV SRVVLEOHV GpIDXWYV

3UHPLqQUHPHQW FHWWH R$@DERWDWILARQDS D B QMIS-THIE RGHAS U F
OHV SDUDPqWUHV GX FRXODJH HQ ED Q6 &DR®QWp pHV pHFWX@ HpS
PHWWUH DX SRLQW XQ SURJUDPPH WKHUPLTXH GH UHFXLW

(QVXLW D GGHRQWVpWp FKRLVLV SRXU BMRXI B R X GLHIRGHHY O X ¥
GHV ILEUHV GTDOXPLQH (Q HIIHW LO BREW IVP®R &R0 DXH) \0
DGGLWLI TXL DPpOLRUH GUDVWLTXHPHQW OHV SURSULpWpV
OD 0&)& ® 3XLVTXH FHV S DIULMAAK ORI PHH B QW KBRS UD LV |
GLUHFWH DYHF DHWW BRNY LETSD FOWP FEWORM OHRBQW G X
UpDJLVVD@WE DYHE /L

'LYHUVHV WHQHXUV HQ SDUWLFXOHV Gf$0 RQW pWp WHVWp
HHFWXpH &HV pFKDQWLOORQV GH PDWULFH RQW pWp V\QW
PDQLqQUH j REVHUYHU OHWYX®IISFILY GX OV B@WWIIMW XS H OD OLV

/HV PDWULFHV RQW pWp HW WD BWIpW MW WMWTRSBRREOMD EQ IOH[L
SRLQWY HW OHXU SRSEBVY LSV PHp 3L ¥ DFRIXIPUHD LV/MQ GH Pl
PHLOOHXUH PDWULFH DFHQ QXQOHNPEWEH U &/(j&H BHD @ X LOWHUD Y X
9,

(WXGH GHVY SDUDPgWUHV GH VI\QWKqgVH

30XV ILHHAHWWHY SRXU XQH PDWULFH V DSQUW DEEGHBWEQDAY D L H
GpWDLOOpHVY GDQV OD SDUWLH ODWpPULHOV HW OpWKRG!
FDUDFWpPULVWLTXHEVRE KD L@/ PO RDCB HO H VLE | GLpW/D FEBI UT
GX VXEVWUDW OTKRPRJpQpLWpRXHUXIXIHOIDFH OH FDUDFV
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SRXU OHV pFKDQWLOORQV DYHF DMRXW GH SDUMWDHXOHV
SURWRFROH D pWp LQVSLUp GH OD OLWWp@DWXUH HW UHS

/H VXEVWUDW GX FRXODJH HQ FO®IIGHH 05 B MHERUHG pAXL P\U K G3
RX ILOP 0\ODU /H SRO\SURS\OqQH HW OKQOWDVR®W SRE
SRO\PqUHV GRQW O H WIRQW XERQ/QR K MP HSTXHVXFRXODULWp HVW
GX ILOP 0\ODU HVWHUMNLPGPLHI2 OfDGKPUHQFH GHV IHXLO
HW IDFLOLWH OHXU GpWDFKHPHQW

)L )RUPXOHV FKLPLTXHV GX SRO\SRS\OgqQH HW GX (

/H 0\ODU VIHVW DY Uy XBAMMAUDKM P B HYORHDXW UL FHEFKRQ WUV p F K
VD VXUIDFH $DpYBXQWH WURLV H[HPSOHV GH PDWULFHV FR
SRO\SURS\OgQH HW 0\ODU ,0 HVW FODLU TXH OH F{Wp GX
KRPRJgGQH GDQV OH FDV GX 0\ODU

)L ODWULFHV FRXOpHV VXU YHUUGH ®MOJBY REKEHOYRQUYV DWW G\O
UHVSHFWLYHPHQW
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2SWLPLVDWLRQ GH OD P

8QH IRLV OH VI EAMDXGEHMR®DLODRH D pWp pWXGLpH ,0 HVW QR
PDWULF&)&BYW XQH pSDLVVHXU GTHQYLURQ RKPIGTKRB QL
>@ 'HV YDOHXUV GH FHW RUGUH RQW pWp REWHQXHV SRXL
UHWHQX SRXU WRXWH OfpWX®BMp HQIHFAWDRQ FIYH G BB ERVIRON & B
'H SUHPLqQUHV PDWULFHY RQW HQ HIIHW pWp REWHQXHV HC
PLQXWH /H EUR\DJH VIHVW DYpUp LQHIILFDFH DYHF FHWWF
VIQWKpWLVPHY j QRXYHDX | @PLIUGH @71)6Q | EWRN\G RN B Q%
VXUIDFHV GH PDWDWQIW BGGLWI2 DSUQV UHFXLW HVW SUpVH

)L ,PDJHV 0(% GI1XREWHHDQUH. ER R\DJH SDU WDSLV WRXUQDQW J
SODQpWDLUH GURLWH

,(AHVW FODLU TXH OTpFKDQWLOORQ VRXPLV DX EUR\HXU SC
SUpVHQWH XQH JUDQXORPpPpWULH SOXV ILQH /HVY WDLOOHYV
VXLWH GX FKDSLWUH VHUD GpGLpH DX[ PDWULFHV REWHQXH
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$PpOLRUDWLRQ GHV SURBEGhAWARpWSDU DMRXW C
D $7*'6&
/HV DQDO\VHV VXU OD PDWULFH 0&)& VH IRQW VXU XQ PDWp
TXTLO SIVQUIDQW OH IRQFWLRQQHPHQW GH ®N W HXRIXO M/ U 4
LPSRUWRQWHWHRUPLQHU XQ SURJUDPPH GH UHFXLW GH OD

FRPSRVpV RUIJDOBBXWNWMREIX SHUWHYV GH PPR§WUHM XDHKXBRXL
GIDQBWKWHH FETXE@H P DWWEEHRNY (DL U

)LJ &RXUGHNQDO\VH WKHUPLTXH VLPX0G/GY®EHDGYXQH FPDRLQL F H
UDPSH GH PRQWpH HQ WHBSpUDWXUH GH f&

2Q REVHSILYAY LPSRUWDQWY VXU OD FRXUEH GH '6& TXL DWV
f& f& HW HXER GOIMQIGHUV VHP®B DIRW HIB\W T PO HPHQV
GHV FKDQJHPHQWY GH SHQWH VXUHWDV PR GOHHY SR QIAH U W H
DWW UL E XDpEUBGIHYDRRP SRVpY SULQFLSDX[ GH OD PDWULFH
i f& WDRBLY¥H FDV GX 39% HVW SOXNW RES GBI GTDBW
PDWULFH VH GpFRPSRVHUDLW OXL HQ S@ X¥LLGI\XIUD W S B 8 W LH
VHUDLW G€ DX 3(* HW OHI SHUXW B XGHJ P D VD/H 38 FVKD CHV WV W
DVVH] SURFKH GH OD YDOHXU REWHQXH SDU FDOFXO GH
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2SWLPLVDWLRQ GH OD P

/H WDEQHDXMRXSH OHV SDRDPRMPH G HE KKDXIIH FRQVLGpUp !
SDOLHUV FRUUHWSRRBHQUNY DKHQ $7* '6& FHWWH WHFKQLT>
OHP PHDWX WHWYSH HVW EHDXFRKXISQSW XYRI@LLEOFR X Y § YLWH U
GHV FRQWUD PQWHYLWKHW RKLWH j OD YRODWHPIS\WY WY H
PD[LPDOH DWW H LQ&VHT ¥ILVWVE®H OD WHPSpUDWXUH SGIDHRjQF)
FRPEXVWLEOH j FDUERQDWHY IRQGXV 3DU DLOOHXUV DOO
OH PDWpULDX FH TXL QTHVW SDV VRXKDLWp DILQ GH PDLQW

7TDEOH®PXRJUDPPH GH UHFXLW SRXU OD PDWULFH
3DOLHU f& THPSV K

'‘DQV OD VXLWH WRXWHV OHV DQDO\WHV VHURQW HIIHFWX|
UHFXVMRWAHWIYHE OH SURJUDPPH GRQQp

E $QDO\VH SDU '5;

'LYHUVHV PDWULFHV R QRNGHW pSW\RSNRKPWILLR/Q ¥ W DM EOHV HC
PDVVH GH SRXGUH WRWDOH RX DYHFDYHFHQX REDQAH /GH L
SRXUFHQWDJH GYDOXPLQH D pWp FDOFXOp $RNUVREW HRH D
UpDFWLRQ GHKHIOMKERWQRQODRQ FRPSRUWDQW $0 /H
SRXUUDLHQW DLQVL UHSUpVHQWHU OfpWDW LQLWLDO DX G

/JRUVTXH GHVY FDUERQDWHY RQW pWp XWLOLVpWHGD TXD
OfDGGLWLI VRLHQW WRWDOHV 'DQV OD VXLWH OHV PDWU
TXDQWLWpP GIDGGLWLI TXYHOOHV FR QWIRQOH@DWQ W DU I$[H K
GRQF DSSHOpH $0
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/HWP DW U L FGIWD BRWW D Q DRV pBIFGR W LI HW &2D GF\H DM R XYWH XGM GLL
TXTLO QY\ DXUD SDV \WDRQp D BWSLLBYQQUHEHWRIL MY DG LITUDFWR JL
GHV TXDQWLWpV YDULDEOHYV GY$0 PpWDO DMRXWpHV &HOD
$ FKDTRIlV OYJLQWHQVLWpP D pWp QRUPDOLVpPH SDU UDSSRU\

)L 'LITUDFWRJIWRPRHEBLIIpUHQWHY SURSRUWLRQV HQ

2Q REVHUYH TXH WRXWHV OHV PDWULFHY FRQWHQDQW GH C
VDQGGQWILSUpVHQWH SDFV W f &HV SLFV FRUUMYSRQIEGN W

HW OD GRXGUH GT$0 TXL D pWp XWLOLVpH &HO
LOQWURGXLW HVW UHVWp VRXV IRUPH PpWDQ@OURXN BWUQ MDD
XQH SLOH j FRPEXVWLEOH j FDUERQDWHY IRQGXV FHV PDW
GpPDUGBJIHD FHOOXOH DYDQW OLWKLDWLRQ

3RXU FRPSDUHU FRQYHQDBGIERPWQ@W DOHW GIDI HPWR/H GTHAD Q W L W
SURGXLWW SDFWLR®DLY HMPOHPHQW OD PrPH SKDVH (Q F
ILEUHV FEHR@WM\WWp UHFXLWHV | $@ f'& VISR QDEMR Wit QGLHU
/IL$ODX ODERUDWRLUH OHV SDUWLFXOHV G4 O¥BEW XLWI
DLU HW OHYQLERIUHHDFBEUWRDQ H P/H ©®/2 @D ILIXUH
PRQWUH OHV GLIIUDFWRJUDPPHV GHV ILEUHV DSUQV UHFXL
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)L 'LITUDFWRXGBJHDW PHAWHYV G DIORX® IGHHODQWR Q@ BWWVRW X WDH. G H U F

2Q REVHUYH TXH ELHMI FDEWSNRVIR@ Wf & DORUV TXTj f& RQ
XQ PDWpULDX SHX FULVWDO®®Vp TXL SRXUUDLW rWUH GH O

(QVXLWH OH GLIIUDFWRJUDPPHVA >FRIFP SFCOUMY UL FH ODXMH 6 H Y EIl
FRPPH SUpFpGHPPHQW GDQV OD ILJXUH
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&KDSLWUH 9

)LJ 'LITUDFWRJUDPPHV GIXQH PB®W WHW H: HW Q IL B UPRHDXH HEDYCHHV

,O HVW SOXV GLIILFLOH GH OLUH FBX GHIXQ G LQ RPIEFUMRG U DL
SKDVH . GH OfDOXPLQH HW GX IDLW TXH FHUMSDREN BXEV V|
H[SOLTXH pJDOHPHQW OHV GLIIpPUHQFHY GILQWHQVLWp UHC
SLFV GH OJDOXPLQH QOWRHOIVMVHQW FHK[ f f HW f
FRUUHVSRQGDQW DX[ SODQV HW GH$® &HFL pWDLW SC
DWWHQGX FDU OYDOXPLQH pWDQW GpMj R[\GpH HW GBQV VI
GHDWLW SDV OD PRGLILHU

$ SULRVIGBIRGIFRRDIWLEQUPYVDEV HQRFHHEBWRIRXY OD PrPH IRUP
DSUqV UHFXLW GH OD PDWULFH

IRUVTXH GHV FDUERQDWHY VRQW SUpVHQW V& 20IDM® XWVK IHI/W |
RQW pWpHND®OHEXWDO TXH OD UpDFWLRQ VRLW TXDQWLWDWLYH
'‘DQV OD OLWWpUDWXUH OD TXDQWLWp GH FDUERQDWHYV DI
GH OTDGGLWLI > @ 2U OHV SHUWHWG hOHFWAU R.®G SRR N
FRPSHQVHU OD FRQVRPPDWLRQ HQJHQGUpH SDU OD UpDFW|I
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2SWLPLVDWLRQ GH OD P
/ID UpDFWLRQ D GRQF pWp GI{DERUG FRQWU{OpH SDU '5; SR

ORQJ SRXU TXYHOOH VRLW TXDQWLWDMWDVPH H\D GIfIOQHP D WR
$O0 AR2SRXU GLYHUV WHPSV GH SDOLHU j fé&

)L 'LITUDFWRJUDPPHYV ; G1X$0p RKDIMWHIFO®IRYHUY SDOLHUV GH
f&

,O HVYW PLV HQ DYDQW GDQV OWDRQ MWV WXl UIDWDXQUMHH VXSIR X LK X Q F

> @ FH TXL QYfHVW FODLUHPHQW SDV OH FDV LFL 8Q WL
HW GX FDUERQDWH GH OLWKLXP OH PRQWUH EI
HQ HQYLURQ XLKVHUD OD GXUpH GH SDOLHU UHWHQXH j f

&HWWH YpULILFDWLRQ SDU '5; D DXVVL pWp HITHFWXpH SR)
GIDOXPLQH FRPPH LOOXVWUp HQ ILIJXUH
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&KDSLWUH 9

)L 'LINTUDFWRJUDPPHYV ; GHV pFEBW WMEUHR/QE TPRXFPRIQW D Q

$ OTLVVXH GX UHFXLW OHV SLFV FDUDFWpPULVWLTXHV GH C
GLVSDUDLVVHQW /D UpDFWLRQ HVW GRQF WRWDOH SRXL
OfDOXPLQDWH GH OLWKLER VRESDVUWH &W SHWMH\WN QYW QOMH YV

/L& 2 HW 230/L&2 TXL RQW OD PrPH TXRQWhM 5 BUWH QLKL D

F SpVLVWDQFH PpFDQLTXH
$ILQ GH FDUDFWpULVHU OD UpVLVWDQFH PpFDQLTXH GHV F
SRLQWYVY RQW pWp HITHFWXpV &HWWH WHFKQLTXH SHUPHW (
OD FRQWUDLQWH HQ IOH[LRQ PD[LPDOH j OD UXSWXUH 7RX
J]GLUH OD IRUFH H[HUFpH VXU OH RDWRXUMHX 8Q H[HPSOH H

142



2SWLPLVDWLRQ GH OD P

)L ([HPSOH GH FRXUEH IRUFH IOqgFRH BRXU OD PDWULFH

$ SDUWLU GH FHWWH YDOHXU OD FRQWUDLQWH HQ IOH[LRC

7¢A
6 RD

éL
$YHFOD FRQWUDLQWH HQ IOH[LRQ PD[LPDOH ) OD FKDUJH P
H OfpSDLVVHXU

/IH WDEOHDX UpFDSLWXOH OHV GLIIpUHQWHYV YDOMHWXUV R

UpVXOWDWY VRQW ORGIFHNPPQ NOBP P
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&KDSLWUH 9

7TDEOH®DXVLVWDQFH j OD IOH[LRQ GHV GLYHUVHV PDYV

(FKDQWLOORQ &RQW HIOGMHR Q NJI F

6DMGGLWLI

$0

$0

$0

$0

ILEUH2/ $0O

$O0 A2

$0 &2

$0 A2

$O0 A2

ILEUHY $/@&2

)LJ 5pVLVWDQFH j OD IOH[LRQ GHV pFKDQWLOORQVR¥QQRQFWLR
GH &R
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2SWLPLVDWLRQ GH OD P

/D FRQWUDLQWH HQ IOH[LRQ PD[LPDOH SRXU XQH[BPBRYWFH
GIDOXPLQLXP OfDXJPHQWH FODLUHPHQW DYHF RX VDQV
PD[LPXP ORFDO HVW REWHQX SRXU  ODMRPW VW DSXAY jGBID
DXJPHQWH DYHF OH SRXUFHQWDJH GYDOXPLQLXP &HWWH W
OLWWpPUDWXUH > @ /D UpDFWLRQ GH OLWKLDWLRQ VHPEOF}
FDUERQDWHY VRQM \5 @ KV QUPNXVM\D FWENMXUV VR®QNHRE W H Q X

$O0 &2 DXWRXU GH FHNIXLPBHSUpVHQWH XQH DPpOLRU
SDU UDSSRUW j OD PDWULFH GH EDVH

)LJ 5pVLVWDQFH j OD IOH[LRQ@HY pFKDQWLOORQV C

/HV ILEUHV GYDOXPLQH DPpPOLRUHQW pJDOHPHQW OD UpVLV
FRPSDUHU OHV PDWULFHY FRASRBIWIQVAFO UHMO/RUW TXTD)
FDUERQDWHY OD UpVLVWDQFH j ODDIBBWRQFHVW O WRYRH V.
SUPVHQWDQW XQH FRQWUDLQAMRIQWQHOH[BWRIG USE D P DNV U IPPH
ILEUHV /YDOXPLQLXP VIDYqUH GRQF rWUH SOXV LQWpUHVYV
SOXV IDFLOH j REMWBHUHW TXH GH
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&KDSLWUH 9
G OLFURVWUXFWXUH
'HV FDUDFWRPRUSRBRRQRQW XBHXVVL pWp HITHFIW® pGE YR & U H UOY( Bl

HITHWV LQGXLWY SDU OHV DGGLWLIV HW OD UpDFWLRQ GH ¢
$0 &2

)L ,PDJBIMWGH OfpFKDQWQOG@RQ
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2SWLPLVDWLRQ GH OD P

/ID PDWULFH SUpVHQWH GHX[ ]JRQHV XQH SDUWLH FRUUHVSH
HW OfDXWUH FRPSRUWDQW GHV IHXLOOHWY GH SDUWLFXOH
GH OD PQWKIMMWDJIHYV GH PDWULFHY SUpVHQWDQW XQH SKD

)L ,PDJHV 0(% GYpFKDQWLOORQV $O0 KDXW $O0 JDXI

2Q REVHUYH HQ HIIHW TXH SOXV RQ DMREDWH 8DOWRUGIL X
IHXLOOHWY DSSDUDLVVHQW $ FHWWH PRGLILFDWLRQ pV
HW OHV SDUWLFXOHVY DPpOLRUHQW GUD@WQ T X®IPHDWP O B W LS
PLFURVWUXFWXUH HVWRSWREDEBD HPMH QW MDXRS DLWE HLQGUH
WHQXH PpFDQLTXH LQWpUHVVDQWH
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&KDSLWUH 9

‘HV LPDJHV GH PDWULFH FRPSRUWDQW GHV ILEUHV VRQW G

)L ,PDJBIMAG TpFKDQWLOORDVIUHQ FROWERGBWH YHF FDUERQDW
GURLWH

/IHV ILEUHV VH SUpVHQWHQW DSUqV UHFXLW VRXV OD IRUPH

OLWKLDWLRQ /HV pFKDQWLOORQV DSSDUDLVVHQW SOXV Gt
DMRXWp

(QILQ XQ H[HPSOH GH POPRWPPPAHOLQEGXVWHUBOWMHVWpH GDQV
PRQWUp HQ ILIJXUH

)L ,PDJHV 0(% GTXQH PDWULFH LQGXVWULHOOH
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2SWLPLVDWLRQ GH OD P

&HWWH PDWULFH SUpVHQWH XQH PLFURVWUXFWXUH JOREL
OfRUGUH GH OD GLINTRL®H LG/ IPQRMURDYYV GRXWH FRPPH UHQI

,O HVW FRQVLGpUp GDQV OD OLWWpPUDWXUH TXH SRXU XQF
DYRLU XQH WDLOOH GH SRUH LQIpULHXUH DX PLFURQ HW L
@ 'H XQXVIJUDQXORPpWULH ILQH IDYRULVH GH SHWLWYV SF

WDLOOH GH SRUHV PR\HQQH GH —P HW XQH WDLOOH GH
FRQYHQDEOH (Q UHYDQFKH FHV YDOHXUV VR®DWQ S OPHWMOH
PWXGH DXWRERBXWHOHV SRUHV HW | —P SRXU OHV SDUWL!

SHXW rWUH SOXV pQHUJpWLTXH DILQ GTREWHQLU XQH JUDQ
VRXV DLU GH K D SX pJIDXHPHQW DRPRIQORMU GEXHV] YOOOOH XU
GHV SDUWLFXOHVY HW GRQF GHV SRUHV HVW SRVVLEOH FRF

H 3BRURVLWpP

/ID SRURVLWp GHV pFKDQWLOORQV D pWp REWHEXH XDU G|
PFKDQWLOORQ HVRQ GRVVLEOH GYREW HRRQYND QRD WX I'DR @
PSDLVVHXU HW ®B ®@D\WRP SRIOHRGHIED SRXGUHLGWEDVH G
3RXU XQH PDDNGAIFMIIDY MRSSRVp TXH OD PDVVH YROXPLTXH
HVW OD PR\HQQH SRQGpUpH GH OD PDVVHHWRGKXPODXHDWYN
YROXPLTXH G$OOR® GICHMHIRXIS®QH PDRUM BB WRPSGH $0 HW
s$Q@

Qf*_rmpgolec:S F<F G{)’?PgISj E (QjE ®?Ejls/

IRUVTXH GHV FDUERQDWHY VRQW SUpVHQWY VHXO OfDOXP
PDVVH YROXPLTXH H\RW IGHUHFEQMHPHWYMW FHOOH GH /L$02

$LQVL SRXU XGRGOPHOMVMHORROXPLTXH VHUD

k

k
OL—Z L—WD:

$YHFOD PDEMHV XU IDFBHLW BXU
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&KDSLWUH 9

(W GRQF VD SRURBWYS@XHH XW rWUH

""‘.(—&SF i

ijrteh _gk|

/IH WDEOHDXPH OHV UpVXOWDWY REWHQXV

TDEOHDPXURREWHQXH GBEM BHRDPEWLOORQV

(FOQWLOORQ 3RURVLWp "

6DQV DGGLWLI

$0

$0

$0

$0

ILEURV $0O

$0 A2

$O0 &2

$O0 A2

$O0 A2

ILEURV 3% 2

2Q FRQVWDWUBGWRMEWNWWRPOERY OHV PDWULFHY SUpVHQWHQW
SRXU OD WHQXH GHRLYPOWHQYGBOFNH RGO W HID MRHK O 1|
GIDOXPLQLXP IDYRULVH SUREDEOHPHQW OfYDSSDULWLRQ
DJJORPpUDWY REVHUYpV DX 0(% 3RXU XQH PrPH TXDQWLWp
FDUERQDWHY DXJPHQWH OD SRURVLWp VDXI GDQV OH FDV
REWHQXH HVW GH SRXU O&RFKDQWLOORQ $O0 /L

'DQV OBH-DYDOXPLQLXP XQ HIIHW GIDXJPHQWDWLRQ GH OT
GHV SRUHV D GpMj pWp REVHUYp > @ FH TXL HVW FRKpU!
OYDOXPLQLXP HW VRQ pYHQWXHO IULWWDJH BWXNIEQWVHC
GIDOXPLQH XQH GLPLQXWLRQ GH OD SRURVLWpP D pWp UHS
4XDQW j OD UpDFWLRQ GH OLWKLDWLRQ HOOH D JOREDOH!
OMHWLWHY SDUWLEXOHV HQWpVXOWDQW HW OHV SRUHV G|
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2SWLPLVDWLRQ GH OD P

3DUPL WRXV OHV PDWpULDX[ VIQWKpWLVpY HW FDUDFWpUL
RIITHUW SDU OD PDW2LFHIQ HII$IA®V HOOH SUpVHQWH OD FRQV
LPSRUWDQWH DYHF Ofp&EXPRUWM OFR@BRYBOLW/L SOXV pOHY|
FH TXL SHXW DPpOLRUHU OHV SHUIRUPDQFHV GH OD FHOO?
VHLQ GH FH V\VWqPH GDQV OH FKDSLWUH 9,

&RQFOXVLRQV 3HUVSHFWLYHV

&H FKDSLWUH SURSRVH WRXW GYDERUGFMNQIIYRQLEHGHDYQQ
LQGPpSHQGDQFH VXU OH PRQWDJH GH FHOOXOH FRPSOqWH |
EDQGH D pWp RSWLPLVp SRXU XQ PDWpULDX VDWLVIDLVDQW
GH EUR\DJH 3XLVTXH GHV SQLRE®IqP MV GGHH | WWHVQOUHD W h R H |
HQJOREp OJXWLOLVDWLRQ GIDGGLWLIV j EDVH GIDOXPLQL
GIDOXPLQLXP DYHF RX VDQV FDUERQDWH GH OLWKLXP SR
FL D\DQW ULWX

$ PDLGH GH GRQQpPHV $7* '6& XQ SURJUDPPH GH UHFXLW D
TXH OD OLWKLDWLRQ VR LW LFR$PSSLOyMW FH VXV B RIWD SH  FAHHOVX E |
'5; HW 0(%FRQW.OUPREWHQWLRQ GHV SKDVHV TKRXKDLLWWD WY | H
UpDFWLRQ DYHF OHV FDUERQDWHV /YDOXPLQLXP IRUPHUDL
ILEUHV HOOHV VH SUpVHQWHQW VRXV OD IRUPH GH FRUDX]
PFKDQWLOORQV H[SULPREWWVRXYWIDHAUPH[GRQ RQW pWp
OHV SDUWLFXOHV GYDOXPLQLXP HW OHV ILEUHV GJfDOXPLQ
FDUERQDWH OYDOXPLQLXP D WHQGDQFH j PLHX[ UHQIRUFH
TXH OHMFRDWWYHF DOXPLQLXP VH ILVVXUHQW DX ODQFHPHC
WHUPHV GH SURSULpPpWpPV PpRIQHVXHWRXW $DXVVLL LQWp!

$0 &2 PDLV FHWWH GHUQLQUH PDW WFH @D QW pObiHMKHDG
VXLYDQW HQ UDLVRQ GH VD PHLOOHXUH SRURVLWB@W GRQ

DUWLFOIFHV VRXGEWMDWRLFYV ,Q WWNVWQSWILRHYXDWp HQ $QQHI[H |

$X YX GHV WDLOOHV GH SDUWURXOB VWHN?P IGGIWS BY HVDREWE R A
SHXW HQFRUH rWUH DPpOLRUp SRXU GHV JUDQXORPpPpWULHYV
SHXYHQW rWUH VRXPLVHV j GHV WHVWYV GH YLHLOOLVVHF
VWUXFWXUDON SRXY GRWQYJIWHPS
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&KDSLWUH 9

5plpUHQFHYV

>

\%

@&: /HH 0 /HH .©QJ - +DQXRRQ 6 : 1DP . % /HH + &

)DEULFDWLRQ DQG 2SHUDWLRQ &KDUDFWHULVWLFV RI
&DWKRGHRORMH@ &DUERQDWH )XHO &HOO3UHFWHR@ D
(QJLQHHULQJ DQG*UDI®XI JAWKQRQR X\

0O &DVVLU & %YHOKRPPH 7HFKQRORJLFDO DSSOLFDWL
PROWHROPWUIHEIXHO FHOO 30D¥PDV ,RQV

6 - +HR % +X 0$ 8G6GDQH $ <+L<OXXKL $& 6XUHQGUDQD
6LQJK 5ROH RI ([SRVXUH $WPRVSKIGUIHDORE 23D D\ FROUPE
RI /L$O2RXUQDO RI WKHGREHMNURFKHPHFDO

-- /HH- +&KRKE 6&\XQ&+,P &KDUDFWHULVWHEQIRUBKHXP L
/ILSOPDWULFHY IRU PROWHQ FDUERMWER XXUHFBIVFHOOV -

+

+ - %\NHOLH]HWOUH]HU 5 $ +RZDOG &DOFXODWLRQ RI
OLWKLXPOfPGRXBH /@2 V\VWRRUQDO RI 3K\VLFDO &K

+

1 7RPLPDWVX + 2K]X < $NDVDND . 1DNDJD@D 3KD
OROWHQ &DUERQDWH -RXUQDO RI WKH (OHFWURFKHPLF

7DDZD $ +DJLZDUD 7KH WUDQUVIRWPDW.WRQXRWMX. 3B
/IL . FR@QPWH -RXUQDO RI 3RZHUt6RXUFHV

< )XMLWD 7 1LVKLPXUD 7 <DJL O ODWVXPXUD 'HJU
OROWHQ &DUERQDWH DPDXHOHEBEWORU\WMHWWKOHFWYRFKHPLYV

( $QWROLQL 7KH VWHEZIGHWY RIQGL$OPHFWURO\WH PD
FDUERQDWH UWRHIPAB®O &YDLPLFV ,QWHYQDWLRQDO

@6 - +HR 5 %DWUD 8 ©b6DRIKDRDNGVWDO ORUSKRORJ\

7UDQVIRUPDWLR QQRREAGOC ([SHIQGP RUWBPOLSOHV 6WXC
-RXUQDO RI 3K\WLFDO &KHPL WU\ &
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2SWLPLVDWLRQ GH OD P

@6 7HUDGD . +LJDNL , 1DJDVKLPD < ,WR 6WDELOLW\
VXSSRUW PDWHULDO |IRWHRORXHQ KD RE BRZWH 6REXOFH'

+

@. 7DQLPRWR 0 <DQDJLGD 7 .RDM/VPRPROMWRDFOND /RQJ
WHUP RSHBDWPDOO VL]HGDWERD@HVHROMWBQFHOOV -R)»
6RXUFHV  #

@- &KHQJIXR 6 ;X 5 =KDQJ 7KH 2SWLPL]DWLRQ RI ODWL
SHUIRUPDQFH 7HVWLQJ JRHOREBQYEQ-REUDPRQDRVHK.KHPLV

+

@5 %DURQ 7 :HMU]JDQRZVNL - OLOHZVNL = )NQEARZVI
ODQXIDFWXUALGD RDWUL[ IRU PROWHQ FDUERQBWH IXH
PLOOLQJ RQIVG® URPWQADO RI +\GURJH@ (QHUJ\

@+ - &KRL< ®KLQ+ 6+\XQ &+ /LP 2SWLPL]DWLRSHESIORR G
3DUWLFOH 5HLQIRUFHG 0&)& ODWULFHVOER I$ WXHR XR/U AIDS
&HUDPLF 6RFLHW¥

@6 -RVHSXUHV6DP VROVDUBMIDHZLYHO & .6RGMILWWRD 6
'KHHQDGD\DODQ 5 &KDQGUDVHNDUDQ 5 3DWWDELUDF
VWUXFWXUHV E\ DTXHRXY WD IQROVWLQJ PHWKRG IRU
FHOOMOOHWLQ RI (OHFWUREKHPLVWU\

@$ 6DPVRBOVDUDBBRVHBKUMY 3UDEKX $QLWKBRODA\DQ
'KHHQDGD\DODQ , $UXO 5DM 5 &KDQGUDVHNDUDQ ¢
YHUVDWLOH PHWKRG RI PDNLQJ IXHO FHO @ X¥XQRPISWQE QR
(OHFWURFKHPLVWU\

@+ & +D®$ +RQIF 2K7 + /LP6: 1DP63 <RR®DQ-/HH
- LP( $ &KR 6 /HH< +D0B < /HHHLQIRUFHG PDWUL[ IRU
FDUERQDWH IXHO FHOO DQG PHWKRG IRU SUHSDULQJ W

@-( .LP . < 3DWLO3 -<RPQ ®DP ¥ /LP $6 +RQJ + .LP
+ & /LP 8VLQJ DOXR2ZSPUWQGEQAHV WR LUSIOIERDWUEH IRKH
PROWHQ FDUERQDWRQPWO-RKOQNMO ,RWHGBGQRBRWH@ (QHUJ\
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&KDSLWUH 9

> @* :X & < <XK&RDWHG VXSSRUW PDWHULDO IRU XVH LQ IDE
PHWKRG RI IRUPLIQYJ VID@MD O L QK H5QJ HAXAJW RQWUJ\ 86
86 $

> @51 $UHQGW - &XUUDNLQIURG HFW LRR CPRVCHW WG UKTFIWBRUH
IXHO FEHQBVUDO 86 FBIWIBLFW $

> @ ( .LP -+ +D<R® B : 1DP 7 + /LPHRKDIQRLFDO SURSHU"
W KW KOLLXP DOXPLQDWH WPHIVQUR [J FRIG @E)VEK PBW DOXRIULIGHIV
$SSOLHG 3K\VLFV+

> @& /| %XVKQHOO / -6BKUMHRIROL(GEGHEF W BPROQN FDREXR-IDWIR U
FHOGOYWKHRQ 7THFE®BRDWHQHW QB 86

> @5 : 9LQH & 5 6FKUROO & $ S5HLVHUWEORAWWHQ FHN HER
DVVHPEO\ PHWKRKRQ 7HF&& RDWHQMHNV 86 $

> @6+ +\XQ &6 &KR$ 6+RQJ B6WUHQJIW KIHHLIQY R UEFSOERR EH U
PDWUL[HV IRU PROWHQ FDUERQDWH IXHO FHOO E\ ODPL
BRFLHW\ +

> @6 + +\XQ+ %DH$ H6RQIUHSDUDWURQORRMFEMHBIDWUL[HV
E\ WKH WDSH FDVWLQJ PHWKRG -RXUQDO RI®WKH .RUHD

> @+ 1LUDVDZD 7 .DZDFKL 7 2JDZD 0 +RUL 1 7RPLPDW
< <DPD]DNL 6WDELOL]JHG PDWUL[ IRU PROWHQ FDUE
BURFHHGLQJV RI WKH VW ,QWHUVRFLHW\@OHUJ\(&RQYF
'DVKLQJWRQ '& 86%

> @0 /HH :&/HH & +DP - +DQ 63 <RRQ . % /HH OHFK
LPSURYHPHQW RI DUH{RUGXEHEDPDMRIOWHQ FDUERQDW!
,QWHR@DWELRXUQDO RI +\GURJHQ+(QHUJ\

> @- - 6HR 67 . XN . .LP 7KHUPDO GHFRPSRVLWLRQ RI 3
LQ WKH PDWUL[ DQG HOHFW U RHWOYV R BR)RFOIVWBHRQE HFWD B RK (

+

> @& $0YDQL ( 5RQFDUL 3UHSDUDWISROQVDQIGVFIKROWM WY K\WM HPU
FDUERQDWH IXHO FHOSVIRURKVIMHPIS\ HUDW XUHV
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2SWLPLVDWLRQ GH OD P

> @ < &KR 6 + +\XQ 6 $ +RQ&G IKDWIDAFDMWLRQOMNN RIQFR V
8VLQJ DQ $TXBRXWLIZQSBURRHWKHRMMHIBGDPLF 6RFLHW

+

> @6' .LP 6+ +\XQ 0< 6KLQ 7+ /LP 6% +RQJ + &
PLFURVWUXFWXUH \L\Q DFFROWWQHY RD/EBOERQDWH IRU P
FHOOV -RXUGRRUFHYRZHH
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&KDSLOWBHOOXOH FRPSOQ
0&)& 0&(&
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&KDSLWUH 9,

 QWURGXFWLRQ

&RPPH SUPFPpGHPPHQW H[SOLTXp GDQV OH FKDSLWUH , LO
FROHFWURO\WW26 H XRONQW SDU VLPXODWLRQ RX GDQV Gl
PWXGHV H[LVWDQWHV VH VRQW IRFDOLVpHV VRLW VXU Ofp
> @ RX DORUV VXU OHIDEEWRMRD\SB @HLY FDUERQDWHV |
SOMRQGDPHQWDOH HW QRQ DX VHLQ BOHRWWRPM 6&GD Q& (@
D HOOH MXVWH pWp PHQWLRQQpH FRPPH pWDQW SRVVLEOH
OD UpGXFWIWRIR SO BQWH > @

8Q GLVSRVLWLI FRX®O6p FHRORSRIHNDRYE X&(& FRQILIJXUDW
IRQFWLRQQDQW HQ PRGH 0&)& RX 0&(& HW XQ DSSDUHLO
*& D pWp PLV HQ SODFH GDQV XQ SUHPLHU WRREBDMORYDE
> @ DYHF GHV SUHKILIPUVXWWY VW pOHV¥ WHRIFRUPDQFHY RE
OHVNLQH > @ D WUDYDLOOp VXU OJRSWLPLVDWLRQ GH FH
FRQILJXUDWLRQ GH VWDFN RSWLPDOH j DGRSWHU HQ PHQ
PLV HQ MHR WM HQVDRIW j OD GXUDELOLWp /D FDOLEUDWL
FROQMRL @GWEHRSRX OD GpWHFWLRQ HW OD TXDQWLILFDWLR
FHOOXOHY WHVWpHYV

2EMHFWLIV GH FH WUDYDLO

&H WUDYDLO VILQVQqUH GDQVXP B H RVQKW V & XE W[ EEIMVOWR VO pl @
+DLWDP OHVNLQH > @ 7RXW GYDERUG XQH pWXGH W
GIpOXFLGHU OHV GLYHUVHV UpDFWLRQV FKLPLTXHV SRXYD
HITHW LPSRUW D QWGGEIN @ DyWHM. DHLQFGH FDUDFWpULVHU OH V
HW VXUWRXW GH PDvWULVHpOGIKFW SR PQRHP YR DLW Y H DO
GHVWpDFWLRQV PGWHVHKQWHRWKDOSLHY OLEUH® BWVHDDNWUR:
j OTpTXLOLEUH D pWp VLPXOpH SRXU GLYHUV FRXUDQWV DS
HW OfpWDORQQDJH GH OD *& RQW pWp SRXUVXLYLV SRXU
VRUWLH (QILQ GHV FHOOXOHV 0&WH UR(&RHR Q IVl LpQV 6 HP RIQW
SHUIRUPDQFHVY HW GHV DQDO\VHV *& RQW pWEPHBWWRD\EH
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&HOOXOH FRPSOQqWH 0&)& C

'LYHUVHV PDWULFHV RQW pWp WHVWpHV GRQW OO PDWULF
GLUH OD PDWULEE V\@WOKV KM HDML VD Q VB OXIQH WHD\HXHY

$QDO\WH WKHUPRG\QDPLTXH

(Q UDLVRQ GX JUDQG QRPEUH GH JD] HQ SUpPVHQFH GDQV
GYRSpPUDWLRQ XQH pWXGH WKHUPRG\QDPLTXH SUpDODEOH
SRVVIUPORWLRQV FKLPLTXHV SRXYDQW VH GpURXOHU DX VH
GDQV OTRSWphDKHFVBBR®OVHR VXU OH G{W pl IO\ &R IGKQRIG HF [GH/ Y
OYDQRGH GH 0&)& (Q HIIHW OHV DWPRVSRqUWRVHRNWE® R[\Jq
QY\ D SDV GH UpDFWLRQ FKLPLTXH HQ SUpPVHQFH GH FH F;
DQRGLTXH HW BDWKRGVVMRHTRX HVW pFDUWp DEHWS P pM B Q W Vo
VRQW &2+2 'H SDU GHV UpDFWLREBF¥WWKRPKIXHVXRYX pG{DXV
SRXUUDLHQW H[LVWHU FRRPNL& O&2V RMpRFWLRQV LPSOLT.
UpSHUWRULpHY HW OHV HQWKDOSLHV OLEUHV VWDQGDUG
FDOFXOpHV HQ SDUWDQW RAHX H\R G@ p)8 PW k@H USPHRVG GQRQ Q p H \
PWp FDOFXOpHYV j . VRLW fa& . VRLW f& SXLV HJ[
DSSUR[LPDWLRQ G (®LOLDHPOpFIHIYMDQW OD YDULDWLRQ G
GH OTHQWDRWLR@GBYHF OD WHPSpUDWXUH VXU XQH JDPPH
f&@
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&KDSLWUH 9,

7TDEOHDPOFWLRQV SURGXLVDQW GX PRQR[\GH GH FDUERQH RX G>
JD] GILQWpUrwW SURGXLW HQ JUDV

# Nom Réaction G a650°C  (H a650°C

(kJ.mol?) (kJ.mol?)
1 9DSRUHIRUP g — &+ +2
PpWKDQH L
2 5HIRUPDJH \  g> L8+ &2
PpWKDQH L(
3| &UDTXDJH GX & — &+
LQYHUVH
4 OpWKDQDW g2 +— &+ +2
- 'G”a 650 °C rH"a650° C
# Nom Reacton (kJ.mol?) (kJ.mol?)
5| 5SpDFWLRQ GH &2 &— &2
LQYHUVH
6 *D]pLILFDWL & 9V —-—82 +
FDUERQH
7 5SpDFWLRQ GX &2 +—8&2 +2
LQYHUVH
PHWKDQH
9 5HIRUPDJH \ &+ 82— &2 +
PpWKDQH

2Q FKHUFKH LFL j VDYRLU VILO HWVWR ISRQWLEORIGTOLN G XRX2 R
FKLPLTXHPHQW *OREDOHPHQW DXFXQH GHV UpDFWLRQV F
GDQV OH FDXHGAH&+UpDFWLRQV SRXYDQW HQ SURGXLUH QH
GHV HQWKDOSLHV OLEUHYVY GH UpDFWLRQ

3RXU OH &2 LO \ QVGIBDYRUpPBBWWROD SURGXFWLRQ GH &2
UHIRUPDJH VHF GX PpWKDQH DYHF GHV HQWKDNO PIRHW OLEU

N- PEAVSHFWLYHPHBIWP PN WWH B MO IOTBK\M KX FKBWW& 1O XL SDV
FRPPHUpPFpGHPPHQW pYRTXp (Q UHYDQFKH HQ FRQVLGP
UpSHUWRULpPHY GDQV OH VHQV LQYHUVH RQ VIDWWHQG j F
OD UpGXFWURRJGWVE2FKLPLTXHPHQW HW VRLW OpJqUHPHQW

ITpYROXVHERWKGWOSLHY OLEUHY GH UpDFWLRQ DYHF OD WHP:
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&HOOXOH FRPSOQqWH 0&)& C

)L (YROXWLRQ GHV HQWKDOSLHSRXULE DH ¥ WRIMXFOVILIR® &GHH & 20
SURGXFWLRYHIWEELSpUDWXUH

$ FH VWDGH OH¥WBE®RUPDWRERYWWR gV TXDOLWDWLGE HW V$IL G
QpFHVVDLUH GH VYLQWPpPUHVVHU DX[ pTXLOLEUHV FKLPLT
FRPSRVLWLRQ GH JD] j OfpTXLOLEUH RQW pWp IDLWHV | O
&HXHV SUPVHQWpPHY GDQV OH VO BWHRX S R pWD B IO HEV DX
VRLWRO+ PRO&2 PRO+2 /HV GpELWV WRWDX[ RQW pWp S
OD WHPSpPUDWXUH j f & HW FRPIPLHU B R @EF BHPRARNY B GFIP |
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&KDSLWUH 9,

PWp VXSSRVp TXH OHV UpDFWLRQV pOHFWURFKLPLTXHV VRC
TXH OH UHQGHPHQW IDUDGLTXH YDXW  $LQVL HQ SDUWDQ
GRQQH XQH FRPSRVLWLRL OBHUYGWL\W BB OGIF DRRLXRID® GW GpOFt
GHUQLQUH VHUW GH EDVH j OD VLPXQDW IORY Lj FQ.HIT X 16 @ LEKIHH

2XWRNXPSX 5HVMBAK VLPXODWLRQV GHX[ FDVGHH ILJX
FDEH OTPOHFWH RJHDX VHXOHpHW WHRPOVHGEHOOTAR X HW
FDUERQH /HV GLIIpUHQFHY HQWUH FHV GHX[ FDV SRXUUDL
POHFWURO\WH HQ FRPSDUDQW DX[ UpVXOWDWYV H[SPULPHQW

'DQV XQ SUHPLHU JHHPRHSMWW\O B FRPGRVLWLRQ pOHFMDURFKL
OD ORL GH )DUDGD\ HQ FRQWLGpPUDQW OH FRXUDQW FRQVW

4 W Q)]

4 UHSUpVHQWH OD FKDUJH HQ & , OH FRXUDQW HQ $ W OH
PFKDQJpV ) OD FRQVWDQWWGHDQBBPUM G R PROBWURQV p

/IHV UpVXOWDWYVY VRQW GRQQpV GDQV OH 7DEOHDX

7DEOH®OKDQIJHPHQWYV GH FRERR\GIWIERIBWIGRY QMPHQW GH OD F

'"HPDQLqUH DWWEHQ G XpiO DAHWRIIRVO\VH GH OfHDX VHXOH GRQQ
FURLVVDQWHYV POHRRIWURXOHNVGIDSHRIPHW GH JpQpUHU pJDOHP
FDV OD TAD@Q@@WLMWPQXH GH IDoRQ SOXV LPSRUWDQWH OR.

p T X D WIDRSGB\H @BHM F L
¢ E ¢Etf\ (E ¢

¢ Eu cEv¥\ (E Et ¢
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&HOOXOH FRPSOQqWH 0&)& C

$SUqQV VLPXODWLRQ WKHUPRG\QDPLTXH OHV UpVXOWDWYV R
VHXOH FRPPH GCDIHDODXHOMWBXGBLR[\GH GH FDUERQH VRQW O
7TDEOHDX

7TDEOH®RPSRVLWLRQ GHV JD] j OfpTXLOLEUH

( WRQQDPPHQW OD JpQpUDWLRQ SUpDODEOH GH &2 HW OH\
GDQV OH FDpV IEFHWO BK®® HHQMW FULHQ j OD FRPSRVLWLRQ j OF
OHV GHQVLWpPV GH FRXUDQW DXJPHQWHQW PRLQV LO \ D G
OD UpDFWLRQ GH JD] j OfHDX LQYHUVH 5:*6 TXL JpQQqUH ¢
POHEFWURHFIQHP ERDQJH ULHQ VILO HVW LQIpULHXU j OD TXDG
\ D SOXV GH &2 pOHFRMURRARKLIPWINRK FHAMHOOHPHQW FRQVRI
SRXU XQH GHQVLWpP GH FRRUDOQW GIHQWL®$ FPH|j&2 EDLVVH

DSUQqQV FDOFXO GH FRPSRVLWLRQ j OfpTXLOLEUH

&HV UpVXOWDWY VRQW FRPSDUDEOHV j OD PRGPOLVDWLRQ
GHV SRXUFHQWDJHVY SURFKHV REWHQXV HW VXUWRXW XQH
GHQVLWpPV GH BERXVUDFWWWH DQDO\WH D pWp IDLWH pJDO
SURSRUWLRBW 2HQHW20HY WHQGDQFHVY VRQW OHV PrPHV |j
POHFWUROMFMVBRO\WH HW GHV TXDQWLWpV GH &2 GLPLQXD
GH FRXUDQ

'"HV WDX[ GIXWLOLVDWLRQ SHXYHQW rWUH FDOFXOpV j OfY!
UHODWLRQ VXLYDQWH

7LV

46A E;>a6VE ;
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&KDSLWUH 9,

AUHSUpPVHQWH OH GpELW PRODLUHOE TKROX UD]QGWR Q QOpH Q@ APERU
PFKDQJpV HW ) OD FRQVWDQWH GH )DUDGD\

3DU H[HPSOH | R Q$RERV L H QW DO WADDAKL REX X5 H SRXU Of
OfHDX HW p G R KW WRDO F\RH

,O HVW LOQWpPUHVVDQW GH QRWHU TXH FKLPLTXHPHQW GH W
REWHQXHV VL FH JD] HVW FRQVLGpUp G D@V XODMDVPX G BIWLLRPC
j 012&3 HQF RAMHSEQS®RY pWKDQH VRQW FRPSDUpV GDQV OH 7D

7TDEOHO®ORPSRVLWLRQ j Of2&3 VLPXOpH HQ WHQDQW FRPSWF

,O GHYUDLW HQ HIIHW j\ ®MV2RI3U 17D\ TGS % Bl PRLW KORMH S B/
GHSXLV OJDFTXLVLWLRQ GH OJHQVHPEOH FRXSOp FHOOXOF
rWUH DX SOXV SUqV GHV REVHUYDWLRQV H[SPULPHQWDOHYV
GHV LQGLFDWHXUV HW QH GRQ QHIOW ¥ X GHM QY0 9 G\ QIFRIW D
OHV FLQPWLTXHV HW OD SUpVHQF®r6HVF U WD X\Y HHUMY CHWQ
GTK\SRWKqVHV GRQQpHV SUpPFpGHPPHQW
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&HOOXOH FRPSOQqWH 0&)& C

SpVXOGVDORBRINQF GH WHVW FRXSOp

D &DOLEUDWLRQ HW pWDORQQDJH

/D FDQIREU BW O fEW DR OHRIHMW pWp SRXUVXLYLV DSUqV OD
> @ SRXU GHV PHVXUHV SOXV TXDQWLWDWLYHV SRXU WR
GIpWDORQQDJHVSRKRIXOBL&RQ ILIXUH

)LJ &RXUEH GYHNGO RQQD

(Q UDLVRQ GH OpJqUHV GpYLDWLRQV SD & LLHB SRRWRB® B (D
OD FRXUEHX®HPRXLG qOH TXDGUDWLTXH D pWp FRQVLGpUp SR
H[SPULPHQWDX[ ODOKHXUHXVHPHRMW CGBRWDSEXY GHHDXREY
OYDEVHQFH GYpWDORQQDJH SRXU OfJHDX HW OH PDQTXH GF
OH SUHPLHU FDV LO \ D GHV SUREOQPHV GH UpSpWDEL®
SRWHQWLHOOHPHQW G&€ D XHMN V8 UKGIX DWW HY P SHYXIW IGU] HDMXX Q
WHPSpUDWXUH FRQWU{OpH DORUV TXH GHV YDULDWLRQV G
OH EDOORQ j OD *& HW DX VHLQ GH OfDSSDUHLO 4XDQW DX
SURFXURNVEHMOB HY pWDORQ GIDXWDQW SOXV SRXU GHV FI
WR[LTXH $LQVL OD GURLWH GTpWDORQQDJH GX &2 XWLOLV
TXH FHOOH SUpFpGHPPHQW FRQVLGpUpH > @

165



&KDSLWUH 9,

)L '"URLWH Q@@pWwh GK

/IH V\VWgPH GH *& SHUPHW DLQVL GYfDQDO\VHU OHV JD] G
K\GURJgQH RX R[\JgQH ,FL OHV DQDO\WVHV RQW V\VWpPDWL

GX FKWPURJIgQH VRLW OD F DOWKRHEAMIME(@ X W LIRD GIHY TXDQW
VIQWKQqVH &2Q H[HPSOH GH FKURPDWRJUDPPH GHV JD] GTH

VgFKHV PROPRO HBW PROHMW GRQQp HQ ILIJXUH

)LJ *D] GTHRW FRHQ GRYBVRIGK H V
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&HOOXOH FRPSOQqWH 0&)& C

/HV SQRYDWLIV SURYLHQQHQW GIXQH GpVWDELOLVDWLRQ
SRVLWLRQ GHV YDQQHV 9 HW 9 GH OD *& TXL VRQW DORU\
VXUSUHVVLRQ HW GRQF OfDSSDULWLRQ GH FHRUSLHFWSREBQ
i PRO GH + PRO GHW.2 PRO /§PWMDORQQDJH HVW YpUL]
SHWLWHV GLIIpUHQFHY HQWUH FHV SRXUFHQWPRBY &2W OD F
HW PRO&HFL LOOXVWUH OD YDDQBEH®OHWW S UR Y pNHDRMWMX B €
GH SHUWHV GH FKDUJH (Q UHYDQFKH LO HVW LPSRUWDQW
FRXSOp HQ SODFH OHV HUUHXUV QH VRQW SOXV TXH GHV
YPULILPHY HQ UpBYWDXQWRBW RHHY BB oj GH PRO

E &HOOXOH FRPSOqWH HW DQDO\VH GHV JD]

/HV H[SPULHQFHVY GH FHOOXOH FRPSOqQWH RQW&p Wi P KO pHAX
XQ FKRL[ FODVOULWAMp GDWXUWHDHW FRKpUHQW SBRBHQIZBRUW
GDQV OH FKDSLWUH ,,, 'X SRLQW GH YXH GH OD FHOOXOH
PHLOOHXUH FRXUEH GH SRODULVDWLRQ REWHQXH DX ODE
VWDQGDUG

)L &RXUEH GH SRODULYVDMNWM\RDCEIFHG O KBHERDWh WIHRQV 0&)& VW
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&KDSLWUH 9,

/112&3 HVW VWDEOH GI{XQH YDOWWWHQUIRFHRUGHIP XIDH WH prRKU

"ol "+ & ELXZ T:L, ;TZS’I o lXZ T:GS, jowjrez]
6J T:L S;&* - 6J T:GS. i=dez]

/D IRUFH pOHFWURPRWULFH VWDQGDUG HVW GRQQpH GDQV
"+é L saytuFtgxvwsr’® > @
(OOH SHXW pJDOHPHQW VH FDOFXOHU DYHF$ AHY S@RQQpPHV \

/D FHOOXOH HE®HE LORQEUPY HRUWIRPPH HQ WpPRLJQH OD FRQW
SRODULVDWLRQ DX YRLVLQDJH GH $LQVL GHV GHQVLW,
IRQFWLRQQHPHQW HQ PRGH 0&)& HW GHV GHQVLWpV GH FR}

&HWWH FHOPXOB SQHVGHQWHWp GH FRXWDXQ@W GHQVLPBpF®H S
GH P: FPYHF XQH GHQVLWp GH SXLVVDBHH P H\P\WD CH ISR
GHV UpVXOWDWY GH OD OLWWpPUDWXUH > @

'H OfpOHFWURO\VH D pWpHPEWB ODQOMXMQHDS BQNTRBWW GLY!
FKURPDWRJUDPPHV *& FRUUHVSRQGDQWY RQW pWp DETXLV

)L &RXUEHV GIpOHFWURO\VH j GLYHBRUSRWIB@WY@DQWHW TXI
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&HOOXOH FRPSOQqWH 0&)& C

)L (YROXWLRQ GX SLF *& GHRSD¥MEPOH SRWHQWLHO

2Q REVHUYH WRXW GYDERUG TXfj O72&3 LO Qf\ D SDV HX
SUPYLVLRQV WKHUPRG\QDPLTXHV (QVXLWH SRXU 9 HW
SRXUFHQWDDWHHFURNY FRXUDQWY GIpOHFWURO\VH SDVVDQV
i 9 OH SRXUFHQWDJH GLPLQXH GH QRXYHDX j ,O HV)
DLW HX JpQpUDWLRQ GH &

3DU PDQTXH GH PDWULFH L Q GX\HW UAHH®MXO H\K IR § WUBDQY R W\ |
XQH DXWUH PDWULFH GLIIpUHQWH PDLVY HOOH DXVVL LQGX
$O0 &2 GpFULWH GDQV OH FKDSLWUH 9

7RXW GIDERUG SRXU FH TXL HVW GH OD FHI® GXO3R ORRIIR/ DM
HQ FRQGLWLRQV VGQFKHVPRBGLWW PRREYW PRQWINXUWHHQ
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&KDSLWUH 9,

)L &RXUEH GH SRODULVDWLRQPHR® FRQ IRV R /IR PK HLV
REWHQXH DYHF OD PDWULFH

,O HQ UHVVRUW TXH OHV SHUIRUPDQFKHHV G/HRQW. W R LGH5 BRIX U I
9 HW P:GH GHQVLWpPp GH SXLVVDQFH

/IRUVTXH OfHDX HVW LQWURGXLWH OHV SHUIRUPDQFHV VR
GH SRODULVDWLRQ GH OD )LJXUH
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&HOOXOH FRPSOQqWH 0&)& C

)L &RXUEH GH SRODULVDWLRYWRRGDWFRVSKqUH 0&]

2Q REWLHQW DORMWGHQPALWR GH FRXED GW GIWW. WpPGRPS XLV VI
9 FH TXL HVW WRXMRXUV LQIpULHXUPHERHNT XD IWLYIDW) pRAHD
EpQpILTXH GH OfHDX VXU OHV SHUIRUPDQFHV YD GDQV OH
SRXUUDLW SURYHQLU GYXQH FRQGXFWLYLWp DXJPHQWDpH

OfpOHFWURGH j R[\JqQH

/I YDQDO\VH GHVDFPKPUHRPDAW RRQWUH HQ UHYDQFKH TXH FHWW
012&3 FH TXL HVW EHDXFRXS SOXV FRKpUHQW WKHUPRG\Q
SUREDEOHPHQW pWp PHLG®KDDOU S\RXW B BIMW B UFRHYGH@QL QHV LP S
EUDQFKHBHQMY SOXV KRPRJqQHVY GDQV OH FRPSDUWLPHQW
IXLWH RX GHV SHUWHYVY GH FKDUJH

/ID OHFWXUH GHV FKURPDWRJUDPPHY DSUqQV pOHFWURO\VH
PRQWUHUWAARYHWRRO\VH GH OTHDX HDX X GHR D GMHX GHH RDOMDA
SURSRUWLRQVREWH&ZY piIHW + (Q HIIHW WKHUPRG\QDPLTXHPHC
SRXUFHQWDJH HQ &2 GHYUDLW GLPLQXHU DYHF OHV GHQVL
rWUH TXH GH SURYHQD @QHHVPY/O REWHBFRKLWPATIXOD ILIXUH
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&KDSLWUH 9,

)L &KURPDWRJIJUDPPHYV I®KY KSH FG& WRE 2¢ H

/IHV SRXUFHQWDJHV REVHUYpV DXJPHQWHQW ELHQ S6BHBVVD!

] SRXU OH &P DRUPBEWHPWGEH &2 GH FH TXL HY
GHV FDOFXOV pOHFWURFKLPLTXHV SRXU OH &2 HW SURF]|
VLPXOpH SR3BXWHGHY FRXUDQWNY ®QHHVW$SGRQF SDV FODLL
VipWDEOLW FRPSOqQWHPHYPWORIXUNRQVSHPHFEOXWKHPHQW j Of2¢
OfpWXGH WKHUPRG\QDPLTXH PHQPMNDRW LOHDWHWW M QD GIRIG
+ ] 0O72&3 QTHVW SDV FRKpUHQW DYHF OHV TXDQWLWpV GTH
(QILQ SBRKXIHFKHOOXOH OHV YDOHXUV REWHQXHV j O12&3 F
FRXSODJH $LQVL LO IDXW FKDTXH IRLV FRQVLGpUHU OHV Y
OHV YDULDWLRQV BD W YHE ®RHYWGHRNQWIp V, G HH ¥ R/ X DD FDHE
SRVVLEOH TXH SRXU GHV WHPSV GI{pOHFWURO\VH VXIILVD
OfpTXLOLEUH WKHUPRG\QDPLTXH HQWUDVQH XQH FKXWH Gt

1IDWXUHOOHPHQW LO HVW DXVVL SRVVLEOH GIHIH RZDJHU ¢
F{Wp K\GURJqQH GDRPWHFWERW\GH OD FR

(QILQ OD PDWULFH GX ODERUDWRLUH P&EDRDR LpVXpd RVHHQMWW [PHH L
IRLYV FHOOH QRQ RSWLPDOH TXL HVW IDEULTXpH j OTDLGH
EURRMB SODQpWDLUH /HV FRXUEHV GH SRODULVDWLRQ HQ
PRO &RW PRROW PRQWUpPpHYVY HQ ILIXUH
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&HOOXOH FRPSOQqWH 0&)& C

)L &RXUEH GH SRODULVDWLRQ SRXU OD FHOQXOWHXERPQRWU WD Q
PpPWKRIBHUR\DIJH FRQVLGpUpH

/HV SHUIRUPDQFHVY VRQW H[WUrPHPHQW IDLEOHV SRXU XQH
DYHF XQH GHQVLWp GH FRXUWHXW H PH@WS ROVIPBOFHPRXW OHV
WURS JURV SURYRTXH@®R®\W/H IKWWH B HJ I B0 ¥BW LIRLD Q R QUK
UpDFWLRQ GHQ OPWXEDWYDQW VRXV R[\JgQH HOOH QYD

SUPFRQGLWLRQQHPHQW GH OD FHOOXRX 1TRLSKIDMVBLMp WD
FRQGXFWULPMUHVYWPSHXWOOH TXHOOH FH TXL BHXMKISWYVHU

$LQVL OD PDWULFH RSWLPDOHK G X\QNKPMWLWIHH YLD SO R\HX
D pWp pJDOHPHQW WHVWpH FHWWH IRLV HQ HAR@WXDQW C
F{Wp K\GURJgQH 8Q 2&3 VWDEOH D pWp REWHQX DYHF GH

P$ FPVIDSSURFKDQW GH FH TXL D pWp REVHUYp DYHF OD
pWp DMRXWpH W DRLGQMHPH § RQ \WHSDOUHRUFRMVOL B Y WYX UMD IPQH
OD WDLOOH GHV SDUWLFXOHV TXH FHOOH GHV SRUHV D SH
XQH LPSUpPJQDWLRQ SOXWKRPWEINRXV RI\SYQW WDDESWUPLV GTj
GIDOXPLQLXP PpWDO
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&KDSLWUH 9,

$SUQV DYRIPpUTKRIQOWMD 0&)& IRQFWLRQQH DYHF FHWWH PDWU|
SRXU DXJPHQWHU OHV SURSRUWLRQV GTHDX H@HG W GR @ | VGl
DX GpWULPHQW GH OfK\GURJQQH XWILOH MWPWREKY U jPRG
+2 PRO&2 PRO+ D pWp FRQVLGpUpH

/112&3 GH OD FHOOXOH GDQV FHV FRQGLWIRPXBHWW SOBRXWR
GH 9 /D FRPSRVLWLRQ j OfpTXLOLEUH WKHUPRG\QDPL"
0712&3 HVW GH2 PRPRP®O+ &2 PRO HW PRO &2

'HV FKURQRDPSpPURPpPWULHY RQW XQH QRXYHOOH IRLV pWp
i P$ FMW OHV JDF{OWp \KRGWRHGgQH DQDO\VpV HW FRPSDUp\
SLFV *& VRQW GRQQpV HQ ILIXUH

)L &KURPDWRJUDPPHVI®KXW¥VIKH FMNVWGE2+ GURLWH

,O HQ UHVVRUW XQH DXJPHQWDWLRQ GHV TXDQWLWpV GT

HW UHVSHFWLYHPHQW 'H OD PrPH PDQLQUH TXH !
FRPSDUHU FBX FDOFRXOVGH FRPSRVLWLRQ HMW X RRRLGWT & H \
SRXU P$SHMYRLW GHV DXJPHQWDWLRQV GW OHV MWOHX!
REWHQXHVY VRQW SURFKHV GX FDOFXO HW LO VHPEOHUDLW
PWDEOL (Q UHYDQFKH OHV YDOHXUV j 0712&3 VRQW HQFRU
VRQW GpWHFWpV Oj Re VHXOHWPRIQWO HVVRIW S PP X XRH QDWW
GH HW GH &2 QH SHXW VJH[SOLTXHU XQLTXHPHQW SDU GHYV
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&HOOXOH FRPSOQqWH 0&)& C

WKHUPRG\QDPRLpMHWWURO\VH D GRQF pJDOHPHQW OLHX SR
PHLOOHXUH FRAAMRWHLB/X R& BIH WUH

/HV PHLOOHXUHY SHUIRUPDQFHV pOHFWURFKLPLTXHV REW!
i GHV FDOFXOV GH DB b VHDVE LGOH. W p VGIXj SR F K HVOXQUH ODU B B R @&/ XV
GH PpWKDQH > @ 8QH SDWUWUHVGIQWiHM FAROFX@N] H

&RQFOXVLRQV 3HUVSHFWLYHV

'DQV FH FKDSLWUH ¥RWAIH M.SFOOGD G M § HUBA UDTDI S0 LEHW MR C
OH V\WVWQqPH 0&)& 0&(& XQH pWXGH WKHUPRG\QDPLTXH SUp
OTpOHFWOURODXH BHOGHEW URDPRH GH OTHDX BW BKD®LRIQ @/
ULHQ j OfpTXLOLEUH ILQDO HW TXH ODDWHXD QMM E HEXHY LoV
FRXUDQWYV HQ PRGH 0&(& &HFL SURYLHQW GH O§pTXILOLEU!
D WHQGDQFH j GRPLQHU HW PrPH j FRQVRPPHU WRXW &2 pO
OfpTXLOLEUH ,0O WQIWIDAOWHERYN QEVOXH GGJH REWHQWLRQ GH

WHPSpUDWXUH &H SRLQW GH YXH QIHWWHWQQWRMBQEWH T
FRQIURQWDp j OTH[SPULHQEH

(QVXIBEMHUVHY FHOOXOHV FRPSRUWDQW SOXWULHXUV PDW|
PDWULFH VIQWKpWLVpH DX ODERUDWRLUH RQW pWp WHVW
PRGHV 0&)& HW 0&(QOHMUFPAM SHUIRUPDQFHY SURYLHQQHQW
PDWOLFBYX®H GHQVLWpP GH FRXUDQW W XQHGIHQVPWFBH S
GH P: FPD BRHFWRR@XHPRLQV OD Jp Qh\QIWKIGR&2 &@H JD] C
PWp REVHWXY pOH ¥ RFMHSRONDHYW O BWR D WEHIOFOH © \OID © DWpHLF 1
RSWLERE®HSLWNXEHUD WHGANW SHUIRUPROBEWDHMVLFOH VXU GHV
GH FH FKDSLW U8 WSNERDIWLEDOWY -RXUQMHMWLGWEHR IHDQHIH |

&H FKDBRWUWLWXH OH SRLQW GH FRQYHUJHQFH GHV Up\
SUPFpGHQWY /H FKDSLWUH ,,, D SHUPLV.GH GFE.QRYU GH P
VROXELOLWWWGRIEBOXYV pOHY pH P/H FA&KDRSE WAHIEHR MAH KF Y8 HH HIDHA/
UpPpGXFWLREW XCHERQW SURFKHNOHFRMIFRODVARHQYLVDJIJHDEC
OTHIIHW EpQpILTXH GH OfHDX HW GH 5QRGRE W KO\BURL OELH
GH OLWKLXP (QILYHO®HPOYDYIFMPGDQV OH &KDSLWUH 9 D
FRPSOHW
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&KDSLWUH 9,

3DUPL OHV GLYHUVHV SHUVSHFWLYHV GH RHWVWHO ¥F/IUR ORR/A
PLIWH FDUERQDWH K\GUR[\GH GRLW rWUH WHVWp OHV SHL
GRLYHQW r'WUH DPpOLRUpHVY SRXU DWWHLQGUH FHOOHV GH
PLHX[ PDYRWUUWMPHIHFWXHU GHV DQDO\WHNORAXM DIYHEXOH XSO
$15 OLQHV 3DULV7HFK DSSURIRQGL DIRWGEPDIOFHIV/L TXW B RFI$

WHPSpUDWXUH GYpOHFWURO\VH
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&HOOXOH FRPSOQqWH 0&)& C

5plpUHQFHYV

>

@/ +X , 5H[HG * /LQGEHUJK & /DJHUJUHQ (OHFWURFK

PROWHQ FDUERQDWH IXHO FHOOV ,QWHUQDWLRQDO -R>

@/ +X * J/LQGEHUJK & /DJHUJUHQ 3HUIRUPDQFH DQ!

&DUERQDWH (OHFWURO\VLV &HOO DQG WKH 5HYHUVLEOI
Rl 3K\ VLFDO &KHPLVWU\t&

/ +X * /LQGEMUHKWJIBHQ (OHFWURGH .LQHWLFV RI WKF
+\GURJHQ 3URGXFWLRQ LQ D OROWHQ &DUERQDWH (OHF
(OHFWURFKHPLFEDO 6RFEHW)\ )

/| +X * JLQGEHUJK & /DJHUJUHKQH (1QH FSARWARGN K IOQHFWLL
R[\JHQ SURGXFWLRQ LQ WKH PROWHQ FDUERQDWH H
'LVEXVVLRQV =

- 3 3HUWMLOOR %O@QFDUGEH 'HOOD 3LHWUD 6 - OF3KE
H[SHULPHQWDO FRASDJOLVEBYRIUVLEOH PROWHQ FDUER
FHOO PRGH DQG HOHFWURO\VLY PRGH $SSOLHG (QHUJ\

+$ 3HHOHQ . +HPPHV - #UHGXHFWLWRQ&2Q PROWHQ
/L. FDUERQDWH PL[WXUH (OHFWHRFKLPLFD $FWD

+ *URXOW % .DSODQ 6 .RPDED 1 .XPDJDL 9 *XSW
JLWKLXP ,QVHUWLRQ LQWR &DUERQDFHRXV $QRGH 0D\
OROWHQDL&DUERQDWHY -RXUQDO RI WKH (OMEWUREKH

*

/H 9DQ + *URXOW ) /DQWHOPH 0 'XERLV ' $YLJQD
1 .XPDJDL 6 6LJULVW (OHFWURFKHRF®WUNR ZPWW LYROQ
SRURVLWLHY LQ PROWHQ DONDOL FDUER@DWHV (OHFW

+9 ,MLMH 5 & /DZUHQFH 1 - 6LDPEXQ 60 -HRQJ '$
(OHFOWSRVLWLR[L ®IMLRE R|I FDUERQWML @ DQ.E RPRIDWHH ¢
)DUDGD\ 'LVEXVVLRQYV
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&KDSLWUH 9,

> @+ <LQ ; ODRJ':7DRQR / ;LQJ + =KX ' :DQJ '5 6DGR.
DQG HOHFWURFKHPLFDORFRIOEWE LROQURR@E D QG R[\IJHQ
VDOW HOHFWURO\VLV (QHUJ\ (QYWMJRQPHQWDO B6FLHQ

> @ 7DQJ + <LQ : ODR ::D@DR(IIHFWV Rl DSSOLHG YF
WHPSHUDWXUH RQ WKH HOHFWURFKHPLFDQQSBR G WKL F
VDOW ZLWK DQ LQHUW DQRGH (OHFWUREKLPLFD $FWD

> @9 .DSODQ ( :DFKWHO . *DUWVPDQ &RQWGWIRD RI/&]
WR &2 E\ (OHFWURO\VLV RI OROWHQ /LWKLXP &DUERQD
6RFLHW\ +% %

> @ &KHU\ 9 /DDLU 0 &DVVLUIDRORUWL]DWLRQ &XDOOHQJ
&DUERQDWHYV )URQWEKUV LQ (QHUJ\ 5HVHDU

> @ &KHU\ 9 $OELQ 9 /DLU 0 &DVVLU 7KHUPRG\QDPLF
HOHFWURFKHPLFDO UG GPAROWLRQ RDUERQDWHYV ,QWHU:
+\GURJHQ (QHUJ\ =

> @' &KHU\ 9 /DVYLO HHPHFWURFKHPLFDO UHGXFWLRQ LQ
FDUERQDWHY D WKHUPRG\QDPLF SRLQW RI&LHZ (OHF\

> @' &KHU\ 9 $OELQ &SHBOBHOPRBHY /DDLU 0 &DVVLU OHEFK
RI WKH HOHFWXR¥FKRQLEBDSER 88 ®W D JROG HOHFWURGH 1
E\ F\FOLF YROWDPPHWU\ ,QWHUQDWLRQDO -RXUQDO R

> @$ OHOpP@BHPOORV $ %URX]JJRX & &UDSDUW 9 $OE
&KURQRSRWHOBURPHKEBLEXF WLRQ LQ OROWHQ &DUERQ
7KH (OHFWURFKHPLFDO 6R&LHW) +

> @6 /LFKW % :DQJ 2$:KR®DU3&KHPLFDO 3URFHVV WR (Q
*OREDO :DUPLQJ ,, ([SHULPHQWDO FBHWYXXM?LVWH\-RX

+

> @6 /LFKW (IILFUHQMQORQMWMKHVLY &DUERQ &DSWXUH DQ
6RODU 7KHUPDO (OHFWURFKHPLFDO 3URGXFWLRQ RI
ODWHULDOV =
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V

V

&HOOXOH FRPSOQqQWH 0&)& C

@6 /LFHW&XL % :DQJ 67(3 HFDUKHREDBELREWXOWGH DQWDJIH
&2 8WLOL]DWLR®

@3 . /RUHQ] * - -DQ] (OHFWURO\VLV RI PROWHQ FDUEH}
HYROYLQJ UHDFWLRQV (OHFWWRFKLPLFD $FWD

@: &KHQ = =KDR - 4X % =KDQJ ; 'LQJ < *HQJ +
(OHFWURO\VLVURIH/DWRMWHPQ &DUERQDWHWP LH\&WE UG X VWL
(QJLQHHULQJ #

@.K% . XVKNKRY 01 /LILGRYYRWRY% $MOAH@NRSDFKHY 5
.DUDWVXNRYD (OHFWURFKHPLFDO 3URFHVVHV LQ ORO\)
&WERQ 'LR[LGH 2YHUSUHVVXUH 5XVVEDQ OHWDOOXUJ\

@: :DQJ * /LFKW :; /LXSBWLBRKWO R QHI D QWERQUR QXA ORIOR
' QDO@RDIIROG PRUSKRORDWUIEP BEBQ UBAL

@/ +X OROWHQ FDUERQDWH IXHO FHOOV IRU HOHFWURO

@/ %DUHOOL * %LGLQL * &LQWL - O0LOQEZWXNVIL QYLIROMH
&DUERQDWH (OHFWQRO\][HRXUMMWHBOQOBWLRIHQ {QHUJ\

@ -3 3pUH{MLOOR %O@QEDYUGHK - OF3KDLO 0 'HOOD 3l
3UHOLPLQDU\ WKHRUHWLFDO DQG H&®HERRIMHDIWHD DX IDQ DX
RSHUDWHQHWUQLEOH PRGH $SSOLHG (QHUJ\

@$ OHOPRBEDPBGRVXDWLRQ GH QRXYHOOHV FRPSRVLWL
UHYrWHPHQWY SURWH FVOHDX B B WKIRERV \& R X B WOXHM M \8 LGOHH V
FDUERQDWHXJRBGGH'RFWRUDW &KLPLH 3DULV7HFK

@+ OHVNLQH (OHFWWRPLOHHXXFOUERQDWHY IRQGXV (W)
RSWLPLVDWLRQ GHV SHUIRUPDQFHY pOHFWURFKLPLTXH
7KqVH GRIUBWW &KLPLH 3DULV7HFK

@0 : &KDVH -316%) 7TKHUPRFKHRVYFDWK7BEO -RXUQDO RI 3k
&KHPLFDO SBMADHQ@PRKRIUDSK 1R
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&KDSLWUH 9,

\Y

@' ORQJHU 5 74lQRARD & %RXDOORX ,QYHWVWQRPWERQ R
JHRELOLW\ RIWGHNW BRDHHU3 UR F H V VQYEIDAHER @ R VOHR @ @/HHF W |
JURQWLHUV LQ (QHUJ\ 5HVHDUFK

\Y

@+ OHVNLQH ( *<UEe] 9 S$SOEHEDSORWOPQ&BYVLU $ 5L
/DLU &POHFWURO\VLV LQ O HUH YADUWEEQBWIRRIXHO F
FKURPDWRJUDSKLF GHWREHQ RRXRIQDD RI W HEDQMIMIQ (QF

+

> @-+ .RK % 6 .DQJ 7KHRUHWLFDO VWXG\ RI D PROWH(
SUHVVXUL]HG RSRODRKLIRID O RV HQBDWL5HVHDUFK

> @- OLOHZVNL 7 :HMU]JDQRZVNL / G6HIHUQEZUNL . 502BIWF
'"HYHORSPHQW RI OROWHQ &DUBR @MW M H)XX\HLON & RO O W KK
(QHUJ\ BURFHGLD =
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&RQFOXVLRQ JpQpUDOH HW SHUVSHFWLYHYV

'DQV OD GRXEOH RSWLTXH GH ADLSQNVX URK Gl M7 BN B D WM. IRV L R TX
FH SURMHW VTHVW IRFDOLVp VXU OHD® B &\WRIOKNMW GIBH FSL2V H F
GDQV OHV FDUERQDWHV IRQGXV

7RXW GIDERUG OD VROXEL®HW IGMEFEHWDID $ IV DPW WE LHp H
HXWHFW [T ®WHL HYIWLFDWOLHYHAHH @YU UDSSRUWD X BRDEKREVHYV PL
SOXV TXH GDQV OfHDX HW IRLV SOXNVTEEX&DRYDQH W VO LD
YDOHXUV GH OPFIR® ®WHPFIHTXL SURXYH ELHQ S XQWiU Al SOM)
GH &20 HVW DXVVL UHPDUTXDEOH GH QRWHU TXH FBWWH VF
FRQIURQWDWLRQ DYHF OHV @WX6 18D RV E pRHUUWLF X\ \G FIHYQDp®IF/H |
HVW FKLPLTXH FRPPH SK\VLTXWUDEKXW LGRRONG PR QWXQ D LERQP
GHV LRQV S\URFDUERQDWH /HV FRQGLWLRQV SRXU XQH VR
XQH WHPSpUDWXUH GH . f& HWRIDITHXWHFWLTXH /L

(QUXLWH OD IDLVPEBHGMWUR GMHOBRORWENVIEQPGXYV D pWy
WKHUPRG\QDPLTXHPHQW HW pOHFWURFKLPLTX8PH @ W XjGHf D
SDU GHV PpWKRGHV pOHFW U RBRIDLIRIIDIPFHHY IS RV (MERDMELHY | X Q
GIREVHUYHU TXH OHR[\SRWBHOWS HRECEMNLEBE GH OJHDX GX
FDUERQH YRLUH GHV FDUERQDWHYV ¥ DQMNVW WiWX S UR FKWVO ¥
K\GUR[\GXJI@UpQV OD OLWWhRYDMX U LEHRWH HW DQDO\Vp
FRQGLWLRQUWHDGHULREW GHV HVSqFHV pOHFWURDFWLYHV

UpGXFWLRQ GH OfJHDX TXL FRQWULEXHQW pJDOHPHQW j DP

$I1LQ GH SRXYRLU PHWWUH HQ SODFH GHV FHOOXOHV 0&)& (
GRLYHQW SRXWRQWKMNVLVpY FRQYHQDEOHPHQW HMQVL X
GIRSWLPAX PWMRQ@LDX GH PDWULFH D pWp SURSRVp 'H SDL
UHVSHFWHIG IBR®IWVpWp FRQVLGpUpPY SRXU OH UHQIRUFHU G|
ILEUHV GYDOXPLQH /HV PDWpULDX[ RQW pWp DQDO\VpV V\
UpVLVWDQFH PpFDQLTXH D pWp TXDQWLILpH SDU WHVW GH |

/L&2 SUpPVHQWH XQH UpVLVWDQFH PD[LPOGH HOW IAQR[MSE
POHYpPH TXTX\OMHQ N DINERFAMIHQ D\DQW XQH SRURVLWp HW PLF
HOOH D pWp UHWHQXH SRXU rWUH WHVWpH HQ FHOOXOH FR
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(QILQ Q@DHFRVURO\VH D pWp DQDO\WpH GLUHFWHRHQW DX
'f{DERUG XQH pWXGH SUpPYLVLRQQHOOH WKHUPRG\QDPLTXH
UDLVRQ GH OfpTXLOLEUH GH UpDFWLRQ GX JD] j OfHDX LQ
&2 HVW FRQWUHEDODQFpH SDU OLFERQMVRRPYWE RQHIDO NLOH
GH OYHBRXHOPOHRFWURO\VH QILQGXLW SDV GH GLIIpUHQFHYV
FRQILYPY OHV UWEDDOXPLQHY 3DULV7HFK 'HV H[SPULHQFHV
0&)& 0&(& RQW UpYBERKpUM @83V SUHPLqUHV SHUIRUPDQEHYV
9 SRXU OD PDWULFH VIQWKpWLVpH DX ODER U DNORIIFWHU RO VVD
D ELHQ OLHX PDLV TXH OfpTXLOLEUH WKHUPRG\QDPLTXH Q
HVW FRPSOMHHOHY GRQQpHY WKHUPRG\QDPLTXHV QH SUHQ
GHV UpDFWLRQV PLVHV HQ MHX TXL UHTXLqQUHQW GHV FDW

&HV UpVXOWDWY DSSRUWHQW XQ JUDQG QRPEUH GH SHU
VRO XELO LBARpU DOML RROMYDHF OT(16 80P SHXW rWUH DSSURIRQ(
OfLPSRUWDQFH GHV S\URFDUERQ BIWHDLNQDXJ VAHIJ ®LM\QR O X WQ

OLWKD@®Y OTHXWHFWLTXH & H FRORKERIIDHNVGI X ORI TWDRIWJUHH
JD] GILQWpUW HRPRBRBA SRXUUDLW rWUH LQYHVWLJXpH

3DU UDSSRUW j OfpOHFWURFKLPLH HW OHV K\GUR[\GHV OF
FRQILUPp HQ REWHQDQW OH QRPEUH GIfpOHFWUR®\NRBKDQ.
GHV SURSRUWERRQ@YGDQV OHV DWPRVSIGQRIHY RO LIGHX® HY
SUpPFLVpHWQWFWB RMAD Y E R @ DAAHRSE X U UDQRQW rWG B QMVLO L
BV V\VWEPHO & (&

/H PDWpULDX GHIY B\W AW LIFRPOLRQ pPEBR\DJH SOXV ORQJ HW X
JpQPUDOH SOXV ILQH 3RXU XQH PHLOOHXUH GpWHUPLQDWL
RX SDU SRURVLP BMUY UD Lj HFPOW FIBIOUHFCHIOLW p V

(QILQ OH FRXSODJH HQWUH OD & F6QRQ WOV U&) & PRO& RHUWY G R>
GH JD] FRPSOqQWHPHQW TXDQWLWDWLYHV HW UHSUpVHQW
VIQWKpWLVpH GRLYHQW DX PRLQV pJDOHU FHOOHV GH OD
OD UpDFWLRQGIMX QD3R LM XX YXH FLQpWLTXH HW FDWDO\W
QHWWH GH &2 HVW VXIILVDQWH HW GTpWXGLHU OHV FRQGL
/IHV UpVXOWDWY GH WRXWHYV FHVY RSWLPLVDWERQWILRQQUBRQW
SDULV7HFK DILQ GH FRQFOXUH VL OD WHFKQRORJLH HVW Y
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$QQH[HYV
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$QQH[HYV

$QQH[H'$§DJUDPPH GH SKDVH @H /L . &2

$' 3HOWRQ & : %DOH 3 /SKIDQY H.OGDFXDDARWLBQERWKHUPRG\QDPLF SURS
UHFLSURFDO WHUQDU\&2\VMBHPP  &FR QWD LXB 2 J. 62 /L2+ 1D2+ DQG .2+
&DQDGLDQ -RXUQDO RI &KHPLVWU\
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$QQH[HV

$QQH[H)RFKHV ,&" /GHO?2 s
$0

185



$QQH[HYV
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$QQH[HYV
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$QQH[HYV
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$QQH[HYV
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$ Q QHHV
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$QQH[HYV
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$QQH[HYV
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$QQH[HYV
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$QQH[HYV
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$QQH[HYV
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$QQH[HYV
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$QQH[HV

$QQH[H)RFKHYVY WR[LFRORJLTXHV GH Of,156 GX W
PHUFXULTXH
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$QQH[HYV
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$QQH[HV

$QQH[H2XYHUWXUH DX SURFpGp

,O VIDJLW LFL GH SURSRVHU XQH EUqYH RXYHUWXUH SDU U
FHOOXOH 0&)& 0&(& GX ODERUDWRLUH GDQV OYRSWLTXH G
GHV UpvXOWDWY GDOMWSHINQMWD GHKUWLFPHU OD IDLVDELOL\
HITHFWXp HQ FROODERUDWLRQ DYHF OH SDUWHQDLUH $15 0

7RXW GYDERUG RQ VH EDVH VXU OHV PHLOOHXUHV SHUIR
SUPpVHQW PRQWUpPHVHRDPRRCGE VBRMUEWDQGDUG GH OD ILJX
9, GHQVLWp j[GH PREHDQW HWPXQH GHQVLWp GH SXLVVDQFt
P: FP GHQVLWp GH SXLVVDQFH PD§RPPRGIqOH HVW: AWRDEOL
30XV j OYDLGH GHpEHYHRDMPHY SRXU VLPXOHU XQH VXFFI
SRXU XQH SXLVVDQFHWRWMDFMURD\VHNO THVW SDV FRQVLGp
FKLPLTXHPHQ®D YLYREAMERHWRBH)M GIDXWUHY WHUPHV OH JD
VRUWIOHR (@& HVW YDORULVp SDU GHV UpDFWLRQV GH PpWKDQ

&2 A &+ +2
&2 + \ &+ + 2

/HV SURSRUWLRQV GH JD] GIHQWUpH RQW pWp RSWLPLVpH
VIQWKgVH LGpDOH SRNO GV PHRAQKED GIHWE R @ +HW &2
HQYLURQ
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$QQH[HYV

6FKpPD GX SURFpGp JOREDO

/IfHIILFDFLWp GX SURFpGp HVW FDOFXOpH SDU

i70on A" pg

DL BRur

$YHA OH GpELW PDV\WREWHQEH X&, VRQ SRXYRXW WRBRN¥CRBULILT
SXLVVDQFH WRWOQQOHOHIRHUQ@HXU GHV FDV OfHIILFDFLWp ¢

TXL HVW FRUUHFW SD$ RDWEBIRWYWXH SURWpPGpV

/D IDLVDELOLWp pFRQRPLTXH D pWp pJISOHSHB ML HYW EDICH
PoWKDQH REWHQX FREWHUDLW HXURV SDU NJ FH TXL
PR\HQ HXURSpPHQ GH HXURV SDU NJ (Q UHYDQFKH HQ \
OD WHFKQRORJLH HW GHV XU [G »S\Dpd G/kB prALLH LV R MFDHOGHWG H
K XQ FREW O0&(&NGHDX OLHX BN: XQ SUL[ GH OfpOHFW
140:K DX OLH¥0GK HWYSDU WRQ@XGH 8% @ PpWKDQH SUR
YDXGUDLW SDUHKURWH SUL[ HVW GpMj LQWpUHVVDQW FED!
GLUHFWHPHQW VXU OH VLWH GI{XWLOLVDWLRQ SRXU V{DII
FRPSWDELOLVpY GDQV OD YDOHXU SUPFpGHPPHQWQBRWYQpH
XWLOLVpPHV SRXU FHV FDOFXOV GDWHQW GTXQH GL]DLQH G
i OD YDORULVOMW VRQWIBY FRQVLGpUpV

ORQJHU 5 74IQRHARD & %RXDOORX ,QYHVRQRPWRR® )RHDW KELDRMKQR W |
OHWKDQH 3URFHVV %DVHG RQ OROWHQ &DUERQDWH (OHFWURO\]JHU )UR
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$QQH[HV

$QQH[H3KEOLFDWLRQV
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$QQH[HYV
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$QQH[HYV
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$QQH[HYV
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$QQH[HYV
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$QQH[HYV
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$QQH[HYV
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$QQH[HYV
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$QQH[HYV
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$QQH[HYV
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$QQH[HYV
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$QQH[HYV
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$QQH[HYV
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$QQH[HYV
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$QQH[HYV
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$QQH[HYV
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$QQH[HYV
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$QQH[HYV
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$QQH[HYV
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ILVWH GHV

ILIXUHV

&KDSLWWDW GH OTDUW

)L SBWLOLVDWLRQV GH OJK\GURJQQH > @
)LJ 9ORLHY GH YDORULWWLRQ GX &2

)LJ BWFLSH GYXQH SLOH j FRPEXVWLEOH

YL 6FKpPD GHV SULQFLSDX[ W\SHVY GH SLOHV ] FRPEXVWLE
)L (YROXWLRQ GH OD GHPDQGH pPQHUJPWLTXH GH OIpOHFW
SUHVVLRQ DWPRVSKpULTXH > @

)LJ HPDQGH pQHUJPWLTXH GHMWP@HFWURD\VHYV G X |&2

)LJ 6FKpPD GH SULQFLSH GH OD 0&)&

)L 6FKpPD GH SULQFLSH GH OJpOHFWURO\VHXU ] FDUERQD
&EKDSLWUWUBDWpPpULHOV HW OpWKRGHYV

)LJ 3KRWRV GX PRQUWYIH DX UpDFWHXU ] JDXFKH YPQQHV t
)L 6FKpPPRBQWDJH GH PHVXUH PDOQRPPWULTXH GH|OD VRO.
)LJ J)RUPXOHV FKLPLTXHV GX SRO\SURS\OQqQH HW GX 0\0DU
)LJ 3KRWR GPDVWWDISH DYHF ODPH HW SODTXH SRO\SURS\0qQH
PrPH VXEVWUDW

)LJ SBURWRFROH JpQpUDO GH VIOWKqVH GH EDQGHV|GH PDW
)L (WDSH GH EUR\DJH | ELOOHV

)L 6FKpPD GX PRQWDJH ] pPOHFWURGHYV

)LJ %DQF GH PDQL BXOPWHRQEFRGEHOHY pWXGHV IRQGDPHQW
)LJ ([HPSOH VFKpPDWLTXH GJHPSLOHPHQW GHV PDWpULDX]
YLJ %DQF GH WHVW 0&)& 0&(& DYHF *&

)LI ORQWDJH FRXSOp DYH FE QIQW XpHOGINWVOIDIQHY FK|DXIIpHV
YLJ G6FKpPD GH OD *& DYHF OHV GHX[ FRORQQHV

&EKDSLWUHROXELOLE@Pp WX &2V FDUERQDWHYV IRQGXYV

YLJ 6FKpPD GX PROQWDJH GH PHVXUH PDOQRPpPWULTXH
YLJ 6FKpPD GX UpDFWHXU GH PHVXUH

YLJ BURILO G MW WU SSoJ®DV OH UpPDFWHXU | &

YLJ B3URILO GH WHPSPUDWXUH ] f& HQO SUpVHQFH GH FDUE
YL (YROXWLRQ GWPOBQ/ RROXEWDRQ GH OD WHPSpUDWXUH
YLJ PpSHQGDQFH GH OD VRO X&2 OL WHpWj JO O DWWEREPBHAM UH © Q/ L1 D

. &2 E f&BXVXV GH OD WHPSpPUDWXUH GH IXVLRIQ

YLJ &RXUEHYV GH 9DQ WYJ+RIl SRXU WRXV OHV HXWHEWLTXH\
YLJ (YROXWLRQ GH OD SUHVVLRQ GDQMDOH UpDFWHXU SRXU
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&KDSLWUH |9
FDUERQDWHY IRQGXYV

(WXGH pOHFWURFKHRMZFSBD G\H

O VYV W

LQIOXHQFH GHV K\GUR[\GH\

)LJ 'LDJUDPPH SRWBDMAIWDp FDOFXOPR®XY /L [& > |@

)L 6FKpPD GH '&)&

)L 9DULDWLRQ GH O JRM\OOUW VD W DRIR GHWE RRX G )G W D HFOWD

GHQVLWpPY GH FRXUDQWY GLYRBUWHY TXDQWLWDpPV GIfHDX HV

)L )RQFWLRQQHPHQW GH OD 0&)& UHWUDFp ] SDUWLU GH :

YLJ &LUFXLW pTXLYDOHQW GX IRQFWLRQQHPHQW 08)& UHW

)LJ 6FKpPD GX VIVWGqPH GJpOHFWURO\VH UHWUDFp|j SDUWI

Y)LI OROWDPSPURJUDPPH F\FOVRXN VXRPRON BRQ VSAL

f& 9LWHVVH GH EDOD\DJH PO V

)L) SOROWDPSpPURJUDPPW BWBPOQVYRKN VXPRQ &2& 9LWHVVH

GH EDOD\DJH 3RMOHQWLHO OLPLWH BRW KMGHIRLU GHV

$J $J

YLJ /69 VXU 3W SRXU G LI EDHODOWHNM WLRNWKHAN V PIRROG Bl +

PRO $U /D OLJQH GH EDVH HVW RERHQXHRRDOSDEVHQFH

Y)LI (YROXWLRQ GHV SRWHQWLHOV $IW \G HOOWHPAV D/ OH SRX P

YHUW YV $ HW E OH VMABQ® SVF$H

Y)LJ %DOD\DJHV UHWRXU GH YROWDPSpPURJUDPPHV |F\FOLTX

+2HW GLYHUV SRXUFHOQWBRPB ORWPL DVHH G R DJDJJIRQ

Y)LJ OROWDPSPURJUDPPHYV F\FOLTXHV VXW3WPRO R®V VRX

)LI OROWDPSPURJUDPPH F\FOLTXH VXU 3WVXVWMHIDJS VEX\D N

GH PRO L2+ |

)LJ (YROXWLRQ GH OD FRQGXFWRODW P D GHIF/ O RPRMMD B
f&

)L ([HPSOH GH GURLWH GJSUUKHQLXV SRXU PRQ GH /L2

YLI (YPXWLRQ GHV pQHUJLHY GJDFWLYDWLRQ HQ IRQFWLR

DMRXWpP.GDQV /L

&EKDSLWRSBSWLPLYVDWLRQ GH OD PDWULFH

YLJ 6FKpPD GJXQ HPSLOHPHQW 0&)& > @

)L) 6WUXFWXUH FULVWDOOLQH GH OD SKDVH WULJRQDOH D

E > @

YLJ 'LDJUDPPH GH SKDV®@® GH /L$02

YLJ (IIHW GH OD WHPSpPUDW XU N XNOGHUDIWER HV VLR R LOM K X

pJDOH > @

)L )RUPXOHV FKLPLTXHV GX SRO\SRS\OqQH HW GX |[0\ODU

Y)LJ ODWULKBWYHARVXU YHUUH SRO\SURS\OQqQH HW 0\ODU G

UHVSHFWLYHPHQW

YLJ ,PDJHV 0(% GYXQH PDWULFH DYHF EUR\DJH SDU|WDSLV |

SODQpWDWBHH GUR

YLJ &RXUEHV GJDQDO\VH WKHUPLTXH VLPXOWDQpPH |GTXQH F

P/ PLQUDPSH GH PRQWpH HQ WHPSPUDWXUH GH & PLQ

255



)L 'LITIUDFWRJUDPPHV ; SRXU GLIIpUHQWHYV SURSR

JWLRQV

)L 'LITUDFWRJUDPPHYV GHV ILEUHV GYDOXPLQH HQ

IRQFWL

DLU

)L 'LITUDFWRJUDPPHYVY GTXQH PHW HW Hz HW Q LIE UARD

HODYCHHV .

OVHUV

YLJ 'LITUDFWRJUDPPHYV ; GIXQ pFEDRWIOORVHUV $¢
j [&

)L 'LITUDFWRJUDPPHV ; GHV pFKDQWLOORQV FRPS

RUWDQV

)L ([HPSOH GH FRXUEH |IRDAMUIOGFRH BIRRU OD

)L 5pVLVWDQFH j OD IOH[LRQ GHV pFKDQWLOORQV|HQ IRQ

RX QRQ&2H /L

Y)LJ G5pVLVWDQFH j OD IOH[LRQ @HV pFKDQWLOORQ

GRSpV

)L ,PDJHV 0(% GH OYpFKDQWPOORQ $O0 /L

)L ,PDJHV 0(% GIpFKDQWLOORQV $O KDXW

$O0 JD

)L ,PDJHV 0(% GIpFKDQWLDUBQV BBQERQPHOPIVHS QD )

FKH HV

FDUBWRHM GURLWH

)L ,PDJHV 0(% GIXQH PDWULFH LQGXVWULHOOH

&KDSLWUEHD,OXOH FRPSOqWH 0&)& 0&(&

)L (YROXWHRXQW&BUWSLHY OLEUHV VWDQGDUG GH Up

DFWLRQ

SURGXFWLRYHFHOOD+ WHPSpUDWXUH

)L &RXUEH GYfpWDORQQDJH GX &2

)L '"URLWH GTpWDORQQDJH GX +

)L *D] GTHRY BFRH) G RYWIVRIGKHV

)L &RXUEH GMHDWWREDWWW GH GHQVLWp GH SXLVVDQH}

H GDQV

> @

)L &RXUEHV GI{pOHFWURO\VH j GLYHUV SRWHQWLH

OV HW T

)L (YROXWLRQ GX SLF *& GH &2 DYHF OH SRWHQWL

HO DSS¢

Y)LJ &RXUEH GH SRODULVDWLRQ HQ FR QGRQOVLEQRR

FKHV

1 REWHQXH DYHF OD PDWULFH O

)L &RXUEH GH SRODULVDWLRQ VRXV DWPRVSKqUH

0&)& VW

)L &KURPDWRJUDPWP IBHIBX¥FKSH HW &2 GURLWH

)L &RXUEH GH SRODULVDWLRQ SRXU OD FHO&RPXOH

FRPSRU

VXLYDQW OD PpWKRGH GH EUR\DJH FRQVLGpUpH

)L &KURPDWRJUDPPHVIJ®X¥IKSHFNW>&2+ GURLWH
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I[ILVWH GHV WDEOHDX]

&KDSLWWDW GH OTDUW

7TDEOH®XLQFLSDX[ V\VWgPHV GfpOHFWURO\VH > @

7TDEOHRXHUVHY UpDFWLRQV FOM SRWKPWILRIQ \G X & D Q

&EKDSLWWUWBWpPpULHOV HW OpWKRGHYV

7TDEOH®XRSULpWpPV GHV SULQFLSDX[ HXWIKWFWLTXHV

TDEOHORPSRVLWLRQ GHV PDWULFHV

TDEOH®PXRIJUDPPH GH UHFXLW SRXU OD PDWULFH

TDEOH®WQWKqVH GH OfpOHFWURO\WH

TDEOHOMXDSHV FRDSUWLRQQHPHQW GH OD FHOOXOH

&EKDSLWUKHROXELOLW@pPp @WVX &2V FDUERQDWHYV |

7TDEOH®DXOHXUV GH VROXELOLWp HI WUDLWHV GH OD

/DEOH®OXOXELOLWpP GX &2 GDQV OHV FDUERQDWHYV |

TDEOHDXOHXUV GH VROXELOLWp REWHQXKEBVHSR XU @&

7TDEOHMmPDLOQH GYR[RPFEARBXWFKSTXH FDUERQDWH D

7TDEOHOQHUJLHVVEGHW.RQYWLUpHY GHV JUDSKLTXHYV

TDEOHOOWKDOSLHVY OLEUHV HW HQWURSLHV GH VRO

&KDSLWUH ,9
FDUERQDWHYV IRQGXYV

(WXGH pOHFWURFKHMNZFSBD @XH

7DEOH®RXSOHYV FRQVLGpUpPY SRXB[BBFAIGDIJWDPPH S

7TDEOHMQQpPHY VXU TXHO TOAHNOK\GW RR\GGIXV D>

&KDSLW2BSWLPLVDWLRQ GH OD PDWULFH

TDEOHORQGLWLRQV GH WUDQVLWLRQV GH SKDVH HV

TDEOHDPXRIJUDPPH GH UHFXLW SRXU OD PDWULFH

TDEOH®DWLVWDQFH j OD IOH[LRQ GHV GLYHUVHV PD

/TDEOHDPXURVLWp REWHQXH SDU SHVpH GHV pFKDQW

&KDSLWUSHDOXOH FRPSOgQWH 0&)& 0&(&

GDUG >

GH FDUI

0&)& 0&

RQGXV

OLWWpl
RQGXV
HV HXWHI
DFDOLQ

~N
-~

YDWDWL

O N\VW

LQIOXHQFH GHV K\GUR[\GH)\

RWHQWI
@

V GH FUI

NULFHV
| OORQV

TDEOHDPODFWLRQV SURGXLVDQW GX PRQR[\GH GH FD

UERQH |

PROH GH JD] GILQWpUrW SURGXLW HQ JUDV

7TDEOH®OKDQJIJHPHQWY GH FRPSRVLWLRQ OLpV DX[ FR

QGLWLR

7TDEOH&®O®RPSRVLWLRQ GHV JD] j OfpTXLOLEUH

7TDEOH®RPSRVLWLRQ j OY2&3 VLPXOpH HQ WHQDQW

FRPSWH
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5e680e

$FWXHO OB FFHRQWF WU R O \VWHWGGERI&RQ JD] GH VIQWKgVH H)
LQWpUrw FURLVVDQW SRXUDIDNVKDRBRILYQWDRQ &K WD
OYDQDO\VH HW OD P LAHH SHIR B8V OGGH/ FDUERQDWHV |
DXWRXU GH D[HV 'Y{DERUG DDPW/R G X&HWIPW ) FOBER D
DWWHLJQDQW MXVTX®jXHIRBDWQ ¥ HOGHD X BN KW OFDH® 2+ &
pWp DQDO\WpH pOHFWURFKLPLTXHPHQW HW WKHUPRG\(
IDLVDQW UNMVIRUWURPVHQFH GITK\GUR[\GHV SHXW D/®PpPL
HQ IRBIHM RSWLRHVOIVWREMHFHOOXOH G IR QAW S RRYRWD Q'
WHVWHU OH FRIREp®HBWHY SHUIRUPDQFHY pOHFWURF
POHFWURO\VH 0&(& GH OD FHOOXOH HDWQ®2L TXH OD Sl

0276 &/eb

&DUERQDWHYV IROYEBRXEROQLWpPp K\GUR[\GHV SLOH j FRP
0&(& PDWULFHHARRURO\VH

$%6758&7

7TKHFRHOHFWURO\VDQGR2+ %R V\QJDV LV DG DMMZDLJIWIRC
DQWKURSRJHDKERYN IRFXVHV RQ DQDO\VLYV DQGSURSE @I
PROWHQ FDUERQDWHY DQG LV VWUXFWXUHG DURR®QA
GHWHUPLQHG FOW FRQ LMY KLY WR WLPHV WKH YDOX
7TKHQVK&2 DQG 2+FRUHGXFADLMAKHUPRG\QDPLFDOO\ DQG
DQDO\KH@KOLJKWLQJ WKDW WKH SUHVHQFH RI K\GUR[KI
VIQWKBQIGY RSWLPL]DWDR/Q LR | PVD MVHHXUH O GF GRID MAWR 0\ V VH
SURSRYIHED W&H SURFHVV ZDV WHVWHG DQG WKH HROHM
VIVWH® IXHORGH 00&)& DQG HOHFWURO\MYVZRR G BIGE.
SURGXFPAMIURIQFRQILUPHG

.(<:25'6

OROWHQ FDUERQYRWHKE¥LQPW\ KRFBUR[HOGHWHOO 0&(& HOF
FRHOHFWURO\VLV



