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5pVXPp²�1RXV�SUpVHQWRQV�HW�MXVWLILRQV�GDQV�FHW�DUWLFOH�XQPRGqOH�j�© FRQVWDQWHV�ORFDOLVpHV ª�G¶DFFXPXODWHXUV�1L�0+�&H� PRGqOH� XWLOLVH� GLIIpUHQWV� FLUFXLWV� pOHFWULTXHVpOpPHQWDLUHV�SRXU�UHSUpVHQWHU�OHV�SKpQRPqQHV�VWDWLTXHV�HWG\QDPLTXHV�SUpVHQWV�DX�F°XU�GH�O¶DFFXPXODWHXU�/¶RULJLQDOLWp� GH� QRV� WUDYDX[� UpVLGH� GDQV� O¶HPSORL� GHGpULYpHV� QRQ� HQWLqUHV� SRXU� PRGpOLVHU� O¶LPSpGDQFH� GH:DUEXUJ�DVVRFLpH�DX[�SKpQRPqQHV�GH�GLIIXVLRQ�$� WHUPH�� QRWUH� pWXGH� SHUPHWWUD� G¶RSWLPLVHU� OHV� ORLV� GHFRPPDQGH� G
XQH� FKDvQH� GH� WUDFWLRQ �� $FFXPXODWHXU�0RWHXU�(OHFWULTXH�/HV� YDOLGDWLRQV� SURSRVpHV� V
DSSXLHURQW� j� OD� IRLV� VXU� GHVHVVDLV� HIIHFWXpV� VXU� EDQF� GH� F\FODJH� HW� VXU� XQH� FKDvQH� GHWUDFWLRQ�

,� ,1752'8&7,21
/HV� SUREOqPHV� GH� PRGpOLVDWLRQ� GH� EDWWHULHV� SHXYHQW� rWUHDERUGpV�GH�GHX[�IDoRQV�GLIIpUHQWHV�8QH� SUHPLqUH�PpWKRGH� FRQVLVWH� j� FRQVLGpUHU� OHV� SKpQRPqQHVpOHFWURFKLPLTXHV�GX�SRLQW�GH�YXH�PDWKpPDWLTXH��(Q�FH�FDV� OHV\VWqPH� pWXGLp� HVW�PLV� VRXV� IRUPH� G¶pTXDWLRQV� GLIIpUHQWLHOOHVQRQ� OLQpDLUHV� GRQW� OHV� FRQGLWLRQV� DX[� OLPLWHV� GpSHQGHQW� GHQRPEUHX[�SDUDPqWUHV�H[SpULPHQWDX[��SUHVVLRQ��GLPHQVLRQV�GHO¶DFFXPXODWHXU��FRQFHQWUDWLRQV�GHV�HVSqFHV��>�@��/¶DFFqV�j�FHVSDUDPqWUHV� pWDQW� GLIILFLOH�� O¶DSSURFKH�PDWKpPDWLTXH� V¶DGUHVVHSOXV�DX[�VSpFLDOLVWHV�GX�GRPDLQH�TX¶DX[�pOHFWURWHFKQLFLHQV�

8QH�DXWUH�PpWKRGH�FRQVLVWH�j�GpYHORSSHU�XQ�FLUFXLW�pOHFWULTXHpTXLYDOHQW� GRQW� OHV� GLIIpUHQWV� pOpPHQWV� UHIOqWHQW� OHVSKpQRPqQHV� pOHFWURFKLPLTXHV� HQ� SUpVHQFH� >�@�� >�@�/¶LGHQWLILFDWLRQ� GH� FHV� pOpPHQWV� VH� IDLW� j� SDUWLU� GH� PHVXUHVH[SpULPHQWDOHV� DSSURSULpHV�� &HWWH� DSSURFKH� D� pWp� VRXYHQW
(��.XKQ��'RFWRUDQW�5pJLRQ�GH�3LFDUGLH&��)RUJH]��0DvWUH�GH�FRQIpUHQFHV*��)ULHGULFK��3URIHVVHXU/DERUDWRLUH�(OHFWURPpFDQLTXH�GH�&RPSLqJQH��($������%3�������������&203,(*1(�&('(;KWWS���ZZZ�XWF�IU�OHF

XWLOLVpH� SRXU� OD� PRGpOLVDWLRQ� G¶DFFXPXODWHXUV� DX� SORPE� >�@�>�@�HW�SHX�SRXU�OHV�DFFXPXODWHXUV�1L0+�&HWWH�GHUQLqUH�IRUPXODWLRQ�SUpVHQWH�OH�GRXEOH�LQWpUrW�GH�UHVWHUSURFKH� GH� OD� SK\VLTXH� �FKDTXH� pOpPHQW� HVW� O
LPDJH� G
XQSKpQRPqQH� SUpFLV�� HW� HVW� FODVVLTXH� GDQV� OH� GRPLQH� GX�*pQLH(OHFWULTXH�1RXV� SUpVHQWRQV� HW� MXVWLILRQV� GDQV� FHW� DUWLFOH� XQ� PRGqOHpOHFWULTXH� JpQpUDO� GH� FHOOXOH� 1L0+� HW� VHV� GLIIpUHQWHVpYROXWLRQV�DILQ�GH�SRXYRLU�rWUH�XWLOLVp�GDQV�XQ�HQYLURQQHPHQWV\VWqPH�� $SUqV� XQH� MXVWLILFDWLRQ� GX� FKRL[� GHV� PRGqOHV�GpULYpHV�QRQ�HQWLqUHV��HW�GH�O
LGHQWLILFDWLRQ�FRUUHVSRQGDQWH�GHVSDUDPqWUHV�DVVRFLpV��QRXV�YDOLGHURQV�FH�PRGqOH�SDU�GHV�HVVDLVVXU�EDQF�GH�F\FODJH�HW�VXU�FKDvQH�GH�WUDFWLRQ�
,,� &+2,;�'8�&,5&8,7�(/(&75,48(�(48,9$/(17�$&2167$17(6�/2&$/,6((6

(Q� UHSUHQDQW� OHV� WUDYDX[� GH� 1277(1� >�@� UHODWLIV� j� XQDFFXPXODWHXU� 1L&G�� QRXV� VRPPHV� SDUYHQXV� DX� VFKpPDpOHFWULTXH�pTXLYDOHQW�GH�OD�ILJXUH�)LJ�����>�@�

)LJ�����0RGqOH�GH�O¶DFFXPXODWHXU�1L0+�(1LHT HW�(0HT UHSUpVHQWHQW�OHV�SRWHQWLHOV�G¶pTXLOLEUH�UHVSHFWLIVGHV�pOHFWURGHV�GH�1LFNHO�HW�GH�0pWDO�51L� HW� 50 UHSUpVHQWHQW� OHV� UpVLVWDQFHV� GH� FRQQHFWLTXH� GHFKDFXQH�GHV�pOHFWURGHV�5H�FRUUHVSRQG�j�OD�UpVLVWDQFH�GH�O¶pOHFWURO\WH�&GO1L HW�&GO0 UHSUpVHQWHQW�OHV�FDSDFLWpV�GH�GRXEOH�FRXFKH�/HV� GLRGHV� PRQWpHV� HQ� DQWL�SDUDOOqOH� FRUUHVSRQGHQW� DX[SKpQRPqQHV�GH�WUDQVIHUW�GH�FKDUJH�/HV� UpVHDX[� �5GLII1L�� &GLII1L�� HW� �5GLII0�� &GLII0�V¶DSSDUHQWHQW�DX[�SKpQRPqQHV�GH�GLIIXVLRQ�&H�PRGqOH�SHUPHW�XQH�DQDO\VH� ILQH� GHV� SKpQRPqQHV� SUpVHQWVVXU� FKDFXQHV� GHV� pOHFWURGHV� PDLV� VH� KHXUWH� j� GHV� SUREOqPHVG
LGHQWLILFDWLRQ�� 2XWUH� OHV� SKpQRPqQHV� QRQ� OLQpDLUHV� GHGLIIXVLRQ� �&GLII� HW� 5� GLII��� OD� VpSDUDWLRQ� GHV� GHX[� pOHFWURGHV

0RGqOH�GH�EDWWHULHV�1L�0+�DGDSWpH�DX*pQLH�(OHFWULTXHGHVFULSWLRQ�HW�YDOLGDWLRQ�H[SpULPHQWDOH
(PPDQXHO�.8+1��&KULVWRSKH�)25*(=��*X\�)5,('5,&+
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�0� HW� 1L�� QpFHVVLWH� XQ� GLVSRVLWLI� H[SpULPHQWDO� SDUWLFXOLHU�WURLVLqPH�pOHFWURGH�FRQVWLWXDQW�XQH�UpIpUHQFH���/
DMRXW�GH�FHWWHWURLVLqPH� pOHFWURGH�� WRXW� j� IDLW� SRVVLEOH� HW� UpDOLVp� GDQV� XQODERUDWRLUH� G
pOHFWURFKLPLH� SDUWHQDLUH�� VHPEOH� GpOLFDW� GDQV� OHGRPDLQH�GX�*pQLH�(OHFWULTXH�8QH�SUHPLqUH�pYROXWLRQ�GH�FH�VFKpPD�FRQVLVWH�j�UHJURXSHU�OHVSKpQRPqQHV�pOHFWURFKLPLTXHV�G
XQH�PDQLqUH�JOREDOH��)LJ�����(R�FRUUHVSRQG�DX�SRWHQWLHO�G
pTXLOLEUH�WRWDO�GH�OD�FHOOXOH�5: FRUUHVSRQG� DX[� UHVLVWDQFHV� GH� FRQQHFWLTXH� HW� j� OD�UHVLVWDQFH�pTXLYDOHQWH��GH�O
pOHFWURO\WH�&GO��FDSDFLWp�GRXEOH�FRXFKH�pTXLYDOHQWH�DX[�GHX[�pOHFWURGHV�5WF��SKpQRPqQH�GH�WUDQVIHUW�GH�FKDUJH�OLQpDULVp�=ZDUEXUJ�� ,PSpGDQFH�PRGpOLVDQW� OH� SKpQRPqQH� GH� GLIIXVLRQVXU� OHV� �� pOHFWURGHV��&H�SKpQRPqQH�� QRQ� OLQpDLUH� FRQVWLWXH� ODSDUWLH�OD�SOXV�GpOLFDWH�GH�OD�PRGpOLVDWLRQ�&H� QRXYHDX� VFKpPD� pTXLYDOHQW� HVW� SDUIRLV� FLWp� GDQV� ODOLWWpUDWXUH�VRXV�OH�QRP�GH��VFKpPD�GH�5DQGOHV�>�@�

)LJ�����6FKpPD�pOHFWULTXH�pTXLYDOHQW�GH�5DQGOHV�'DQV� OH� W\SH� G¶DFFXPXODWHXU� FRQVLGpUp�� OHV� FRQVWDQWHV� GHWHPSV� W 5WF&GO� SURSUHV� DX[� SKpQRPqQHV� GH� WUDQVIHUW� GHFKDUJH�VRQW� LQIpULHXUHV�j� FHOOHV�GHV�SKpQRPqQHV�GH�GLIIXVLRQ�GH� IDLW�� QRXV� SRXYRQV� VLPSOLILHU� OH� PRGqOH� GH� 5DQGOHV� HQUDPHQDQW� OD� FDSDFLWp� GH� GRXEOH� FRXFKH� DX[� ERUQHV� GH� ODUpVLVWDQFH�GH�WUDQVIHUW�GH�FKDUJH�)LJ����

)LJ�����6FKpPD�GH�5DQGOHV�PRGLILp�DYHF�&GO�FRQQHFWpH�j�5WF�/RUVTXH� QRXV� QRXV� SODoRQV� GDQV� OH� FDGUH� GHV� UpJLPHVVLQXVRwGDX[�� QRXV� SRXYRQV� H[SULPHU� QRWUH� PRGqOH� VRXV� ODIRUPH� G¶XQH� LPSpGDQFH� pTXLYDOHQWH� =7�V�� GRQW� O¶H[SUHVVLRQHVW �
����� V=ZV5WF&GO5WF5V=7 ���: ���

=Z�V�� FRUUHVSRQG�DX[�SKpQRPqQHV�GH�GLIIXVLRQ� DX� VHLQ� GH� ODEDWWHULH��HW� VH�QRWH� LPSpGDQFH�GH�:DUEXUJ��1RXV�GpWDLOOHURQVVD�VWUXFWXUH�GDQV�OD�VHFWLRQ�VXLYDQWH�

,,,� -867,),&$7,21�'(�/
(03/2,�'(6�'(5,9((6121�(17,(5(6�(7�,'(17,),&$7,21�'(63$5$0(75(68QH�WHFKQLTXH�GH�FDUDFWpULVDWLRQ�FODVVLTXH�HQ�pOHFWURFKLPLH�HVWO
LPSpGDQFHPpWULH�TXL�FRQVLVWH�HQ�XQH�VLPSOH�DQDO\VHKDUPRQLTXH�GH�OD�FHOOXOH$��3UpVHQWDWLRQ�GH�OD�WHFKQLTXH�G¶LPSpGDQFHPpWULH(OOH�HVW�JpQpUDOHPHQW�XWLOLVpH�FRPPH�XQ� LQGLFDWHXU�GH� O¶pWDWGH� FKDUJH� >�@� HW� SOXV� UDUHPHQW� SRXU� GHV� FDUDFWpULVDWLRQVG\QDPLTXHV�/H�SULQFLSH�GH�FHWWH�PpWKRGH�HVW�OH�VXLYDQW �(Q�PRGH� SRWHQWLRVWDWLTXH�� j� XQH� IUpTXHQFH� GRQQpH� SZ� I �QRXV�VXSHUSRVRQV�DX�SRWHQWLHO�G¶pTXLOLEUH�(R�GH�OD�FHOOXOH�XQHWHQVLRQ� VLQXVRwGDOH� Y�W� 9PD[�VLQ�ZW�� GH� IDLEOH� DPSOLWXGH�9PD[���P9��1RXV� SRXYRQV� DORUV� H[SULPHU� O¶LPSpGDQFH� FRPSOH[H� GH� ODFHOOXOH�=7 VRXV�OD�IRUPH �� �H[S�PD[PD[�� MM,9V7=  �
$YHF� M OH� GpSKDVDJH� HQWUH� OD� WHQVLRQ� LQVWDQWDQpH� Y�W�� HW� OHFRXUDQW�L�W��FLUFXODQW�j�WUDYHUV�OD�FHOOXOH�(Q� UpLWpUDQW� FHWWH� RSpUDWLRQ� VXU� XQH� ]RQH� GH� IUpTXHQFHVGRQQpHV�� QRXV� REWHQRQV� XQ� HQVHPEOH� GH� PHVXUHV� GRQW� ODUHSUpVHQWDWLRQ�WKpRULTXH�GDQV�OH�SODQ�GH�1\TXLVW�HVW�FHOOH�GH�OD)LJ����

)LJ�����7UDFp�GH�1\TXLVW�LGpDO�G¶XQ�DFFXPXODWHXU�j�XQ�pWDW�GH�FKDUJH�GRQQp�&RPPH� QRXV� SRXYRQV� OH� FRQVWDWHU�� OH� WUDFp� GH�1\TXLVW� GH� ODILJXUH�)LJ�����HVW�FRQVWLWXp�GH�GHX[�]RQHV�ELHQ�GLVWLQFWHV�'DQV�OHV�KDXWHV�IUpTXHQFHV��QRXV�DYRQV�XQ�GHPL�DUF�GH�FHUFOHFRUUHVSRQGDQW�DX[�SKpQRPqQHV�GH�WUDQVIHUW�GH�FKDUJH�/H� SUHPLHU� SRLQW� GH� FH� GHPL�DUF� HVW� XQH� UpVLVWDQFH� 5:FRUUHVSRQGDQW�j�OD�UpVLVWDQFH�LQWHUQH�GH�O¶DFFXPXODWHXU�/¶DUF� GH� FHUFOH� HVW� W\SLTXH� G¶XQH� UpVLVWDQFH� 5WF� HQ� SDUDOOqOHDYHF�XQH�FDSDFLWp�&GO�5WF�FRUUHVSRQG�j�OD�UpVLVWDQFH�GH�WUDQVIHUW�GH�FKDUJH��HW�&GO�jOD�FDSDFLWp�GH�GRXEOH�FRXFKH�>��@�
'DQV� OHV� EDVVHV� IUpTXHQFHV�� QRXV� DYRQV� XQH� GURLWH� GRQW� ODSHQWH� GDQV� OH� FDV� WKpRULTXH� HVW� GH� ����� &HWWH� GURLWH� HVW� ODUHSUpVHQWDWLRQ� GDQV� OH� SODQ� GH� 1\TXLVW� GHV� SKpQRPqQHV� GHGLIIXVLRQ� TXL� V¶H[SULPHQW� VRXV� OD� IRUPH� G¶XQH� LPSpGDQFHpTXLYDOHQWH�DSSHOpH�LPSpGDQFH�GH�:DUEXUJ��HW�QRWpH�=Z�>��@�

&GO
=ZDUEXUJ5WF5: =I

=7
$ %(R

%&GO
5WF5:

=7
$ =Z(R

5H�=7�
5WF��

5: 5WF =Z
=RQH�GHGLIIXVLRQ

=RQH�GHWUDQVIHUW�GHFKDUJH�,P�=7�



!�()������ �
%��0RGpOLVDWLRQ�GH�O¶LPSpGDQFH�GH�:DUEXUJ�j�O¶DLGH�GHGpULYpHV�QRQ�HQWLqUHV�/D� UHSUpVHQWDWLRQ� GH� O¶LPSpGDQFH� GH� :DUEXUJ� SDU� XQHIRQFWLRQ�GH�WUDQVIHUW�GRQQpH�GpSHQG�GHV�FRQGLWLRQV�DX[�OLPLWHVGX�V\VWqPH�pOHFWURFKLPLTXH�pWXGLp�$LQVL�GDQV� OH�FDV�G¶XQH�GLIIXVLRQ�VHPL�LQILQLH� O¶LPSpGDQFH�GH:DUEXUJ�DGPHW�SRXU�H[SUHVVLRQ >��@�

�������� MM=Z �� VZZ ���
RX� V HVW� XQ� SDUDPqWUH� GpSHQGDQW� GHV� GLYHUV� SKpQRPqQHVpOHFWURFKLPLTXHV�SUpVHQWV�1H�FRQQDLVVDQW�SDV�j�SULRUL�OHV�FRQGLWLRQV�DX[�OLPLWHV�GH�QRWUHV\VWqPH�� QRXV� DYRQV� WUDFp� OH� %RGH� GH� O¶DFFXPXODWHXU� jGLIIpUHQWV�pWDWV�GH�FKDUJH�DILQ�G¶pWDEOLU�OD�VWUXFWXUH�JpQpUDOH�GH=Z�V��

)LJ�����7UDFp�GH�%RGH�GX�*DLQ�GH�=Z�(WDW�GH�FKDUJH�GH�OD�EDWWHULH��6R&������&RPPH� OH� PRQWUH� OD� ILJXUH� )LJ�� ��� OH� JDLQ� GDQV� OD� ]RQH� GHGLIIXVLRQ� SHXW� rWUH� DSSURFKp� SDU� XQH� IRQFWLRQ� GH� WUDQVIHUW=Z�V��HQ�SXLVVDQFHV�QRQ�HQWLqUHV�GH�OD�YDULDEOH�GH�/DSODFH�V�/¶H[SUHVVLRQ�ILQDOH�UHWHQXH�SRXU�O¶LPSpGDQFH�GH�:DUEXUJ�HVW �
��� ����� ��� V QV QV=Z WW� ���

W���W��VRQW�OHV�FRQVWDQWHV�GH�WHPSV�GH�=Z�V��Q���Q��GHX[�UpHOV�WHOV�TXH��Q��Q���� @���>�/D�SUpVHQFH�GH�SXLVVDQFHV�QRQ�HQWLqUHV�GH� V�GDQV� OH�GRPDLQHIUpTXHQWLHO�V¶DSSDUHQWH�j�XQ�V\VWqPH�FRQVWLWXp�GH�GpULYpHV�QRQHQWLqUHV�GDQV�OH�GRPDLQH�WHPSRUHO�>��@��>��@�/D�VWUXFWXUH�GH�=Z�V��pWDQW�GpILQLH�j�XQ�pWDW�GH�FKDUJH�GRQQp�QRXV� SRXYRQV� GpWHUPLQHU� OD� FRQWULEXWLRQ� HQ� WHQVLRQ� Z�W�� GHO¶LPSpGDQFH�:DUEXUJ�SRXU�WRXW�FRXUDQW�L�W��SXLVTXH �

���� ��������� �
�� Q

QV V,V/WZ WW� � ���
OD�VWUXFWXUH�GH�=Z�V��pWDQW�GpWHUPLQpH��QRXV�SRXYRQV�FDOFXOHUOD�UpSRQVH�HQ�WHQVLRQ�9�W��GX�PRGqOH�j�XQ�pFKHORQ�TXHOFRQTXHGH�FRXUDQW�,�W��&RPSWH�WHQX�GH�����������HW�����QRXV�DYRQV �

���� ���������������� �
��� Q
Q5WF&GOW V V,V/W,H5WFW,5(RW9 WW����:� �� ���

&��,GHQWLILFDWLRQ�GHV�SDUDPqWUHV/¶LGHQWLILFDWLRQ� GHV� GLIIpUHQWV� SDUDPqWUHV� V¶HIIHFWXH� VRXVFHUWDLQHV�K\SRWKqVHV �
x /HV�UpDFWLRQV�VHFRQGDLUHV�VRQW�QpJOLJpHV�x /¶DFFXPXODWHXU�1L0+� HVW� FRQVLGpUp� FRPPH� OLQpDLUH>��@�x /HV� SDUDPqWUHV� VRQW� LQGpSHQGDQWV� GH� O¶pYROXWLRQ� GXFRXUDQW�HW�GH�OD�WHPSpUDWXUH��,OV�QH�GpSHQGHQW�TXH�GHO¶pWDW�GH�FKDUJH�GH�OD�EDWWHULH�

$X[� pWDWV� GH� FKDUJH� ����� ����� ����� ����� ����� QRXVEDOD\RQV� SDU� LPSpGDQFHPpWULH� 1� IUpTXHQFHV� WHOOHV� TXH+]I+] ����� ��� ��/HV�SDUDPqWUHV�5WF��&GO� �Q���Q���W���W�VRQW� HQVXLWH� LGHQWLILpV� j� O¶DLGH� G¶XQ� DOJRULWKPH� GHPLQLPL]DWLRQ�DX�VHQV�GHV�PRLQGUHV�FDUUpV�>�@�/H�SRWHQWLHO�G¶pTXLOLEUH�GH�OD�EDWWHULH�(R�DLQVL�TXH�OD�UpVLVWDQFHLQWHUQH�5: VRQW�TXDQW�j�HX[�LGHQWLILpV�HQ�UpJLPH�FRQWLQX�/D� SHUWLQHQFH� GHV� SDUDPqWUHV� REWHQXV� SDU� FHWWH� PpWKRGHG¶LGHQWLILFDWLRQ�D�pWp�V\VWpPDWLTXHPHQW�pYDOXpH�HQ�VXSHUSRVDQWDX[� pWDWV� GH� FKDUJH� FRQVLGpUpV� OHV� WUDFpV� GH� 1\TXLVWH[SpULPHQWDX[�HW�FHX[�UHFRQVWUXLWV�j�O¶DLGH�GHV�SDUDPqWUHV��FI)LJ�����

)LJ�����7UDFp�GH�1\TXLVW�GH�OD�EDWWHULH�HW�GH�VRQ�PRGqOH�j�6R&�����
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,9� 9$/,'$7,21�(;3(5,0(17$/($� 6XU�EDQF�GH�F\FODJH

$ILQ� G¶HVWLPHU� OD� SUpFLVLRQ� GX� PRGqOH� pWDEOL� HQ� SHWLWVVLJQDX[�QRXV�SDUWRQV�G¶XQ�pWDW�GH�FKDUJH�GRQQp�HW�LPSRVRQV�jOD�FHOOXOH�GHV�SURILOV�GH�FRXUDQW�W\SH�)LJ����/D� YDULDWLRQ� GH� O¶pWDW� GH� FKDUJH� GH� O¶DFFXPXODWHXU� DX� FRXUVG¶XQ� F\FOH� FRPSOHW� GH� VLPXODWLRQ�� Q¶H[FqGH� SDV� ���� /HVUpSRQVHV� HQ� WHQVLRQ� GX� PRGqOH� HW� GH� OD� FHOOXOH� VRQW� HQVXLWHFRPSDUpHV�)LJ�����HW�H[SULPpHV�HQ�HUUHXU�DEVROXH�)LJ����

)LJ�����3URILO�GH�FRXUDQW�GH�_��$_�PD[�LPSRVp�j�OD�EDWWHULH�HQ�SDUWDQW�GH�6R&����

)LJ�� ��� 6XSHUSRVLWLRQ� GHV� UpSRQVHV� HQ� WHQVLRQ� GH� OD� EDWWHULH� HW� GX�PRGqOH� jSDUDPqWUHV�SHWLWV�VLJQDX[�SRXU�XQ�SURILO�GH�FRXUDQW�GH�_��$_�PD[�

)LJ�����(UUHXU�DEVROXH�HQ���HQWUH�OD�WHQVLRQ�FDOFXOpH�SDU�OH�PRGqOH�jSDUDPqWUHV�SHWLWV�VLJQDX[�HW�OD�WHQVLRQ�GH�OD�FHOOXOH�SRXU�XQ�SURILO�GH�FRXUDQWGH�_��$_�PD[�/HV� HUUHXUV� DEVROXHV� PD[LPDOHV� HQWUH� OH� PRGqOH� SHWLWVVLJQDX[�HW�OD�EDWWHULH�VRQW�UHSRUWpHV�GDQV�OH�7DEOHDX���
&HOOXOH���9��& ����$� _,PD[_ �$ _,PD[_ ��$6R&�GH�GpSDUW�����(UUHXU�PD[ ���� ����
6R&�GH�GpSDUW����(UUHXU�PD[ ���� ����
6R&�GH�GpSDUW����(UUHXU�PD[ ���� ����
7DEOHDX� ��� (UUHXUV�PD[LPDOHV� HQWUH� OHV� UpSRQVHV� HQ� WHQVLRQ� GH� OD� FHOOXOH� HWFHOOHV�GX�PRGqOH�j�SDUDPqWUHV�SHWLWV�VLJQDX[�/HV� HUUHXUV� UHOHYpHV� UHVWHQW� HQ� GHVVRXV� GH� ��� SRXU� GHVFRXUDQWV� G¶DPSOLWXGH� �����$� DWWHVWDQW� DLQVL� OD� YDOLGLWp� GXPRGqOH�SHWLWV�VLJQDX[�HQ�JUDQGV�VLJQDX[�&HV�UpVXOWDWV�UHPDUTXDEOHV�PHWWHQW�HQ�pYLGHQFH�OD� OLQpDULWp�GHO¶DFFXPXODWHXU�1L0+�FRQVLGpUp�
%� 6XU�FKDvQH�GH�WUDFWLRQ8QH�PDFKLQH�pOHFWULTXH� ���9���N:��D�pWp�FRXSOpH�DX�EDQFGH� FKDUJH� GX� ODERUDWRLUH� �)LJ�� ����� &H� GHUQLHU� SHUPHWG
LPSRVHU� GHV� SURILOV� GH� FKDUJH� UHSUpVHQWDWLIV� G
XQ� YpKLFXOHpOHFWULTXH�� /D� FRQVLJQH� GH� FRXSOH� DSSOLTXpH� DX� PRWHXUpOHFWULTXH�FRUUHVSRQG�j�GHV�ORLV�GH�FRQWU{OH�RSWLPDOHV��TXL�QHVHURQW�SDV�H[SRVpHV�GDQV�OH�FDGUH�GH�FHW�DUWLFOH�PDLV�TXL�YLVHQWj�PDLQWHQLU�XQ�62&�FRQVWDQW�ORUV�GH�F\FOHV�FDUDFWpULVWLTXHV�GHFRQGXLWH� XUEDLQH�� /H� OHFWHXU� LQWpUHVVp� SRXUUD� VH� UHSRUWHU� jO
DUWLFOH� >��@� SRXU� OD� SUpVHQWDWLRQ� GHV� ORLV� GH� SLORWDJH� HQFRQVLGpUDQW� OD�EDWWHULH�FRPPH�SDUIDLWH�HW� O
DUWLFOH�>��@�SRXU� ODSULVH�HQ�FRPSWH�GHV�SHUWHV�GDQV�OD�EDWWHULH�
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)LJ������9DOLGDWLRQ�VXU�FKDvQH�GH�WUDFWLRQ
/HV�ILJXUHV�)LJ������HW�)LJ������SUpVHQWHQW�OH�SURILO�GHFRXUDQW�LQMHFWp�GDQV�OD�EDWWHULH�HW�O
pYROXWLRQ�GH�OD�WHQVLRQFRUUHVSRQGDQWH�

)LJ������3URILO�GH�FRXUDQW�LQMHFWp/D� ILJXUH� )LJ�� ���� SUpVHQWH� OH� UpVXOWDW� GHV� ORLV� GH� FRQWU{OHRSWLPDOH��&RPPH�SUpFpGHPPHQW�GpFULW�� FHV� ORLV� FRQGXLVHQW� jXQH�YDULDWLRQ�QXOOH�GX�62&�VXU�XQ�F\FOH�GH�FRQGXLWH��FRXUDQWGH�FKDUJH� �FRXUDQW�GH�GpFKDUJH���/HV�RQGXODWLRQV�GH�FRXUDQWDSSDUDLVVDQW�VXU�OHV�PHVXUHV�VRQW�GXHV�DX�FRQYHUWLVVHXU�3:0QRQ�PRGpOLVp�GDQV�OD�VLPXODWLRQ�
/D� ILJXUH� )LJ�� ���� SUpVHQWH� OD� UpSRQVH� HQ� WHQVLRQ� FDOFXOpHSDU� OH� PRGqOH� ORUVTXH� O
RQ� LQMHFWH� OH� FRXUDQW� PHVXUp� VXU� OHEDQF�/HV� GLIIpUHQWHV� FRQGLWLRQV� GH� O
HVVDLV� HW� OHV� SDUDPqWUHVFRUUHVSRQGDQWV�VRQW�UHSURGXLWV�HQ�DSSHQGLFH�

)LJ������&RPSDUDLVRQ�GH�OD�WHQVLRQ�UpHOOH�HW�VLPXOpH�SRXU�OH�SURILO�GH�FRXUDQWGpFULW�ILJXUH���/
DQDO\VH�GH� OD� ILJXUH�)LJ������SHUPHW�GH�YDOLGHU� OH�PRGqOHSURSRVp�WDQW�HQ�WHUPH�G
DPSOLWXGH�TXH�GH�IUpTXHQFH��2Q�QRWHUDWRXW� SDUWLFXOLqUHPHQW� OD� SUpFLVLRQ� GH� OD� UpSRQVH� G\QDPLTXHSHUPHWWDQW� XQH� ERQQH� SULVH� HQ� FRPSWH� GX� FRXSODJH� HQWUH� OHFRQYHUWLVVHXU�HW�O
DFFXPXODWHXU�1L�0+�/D� ILJXUH� )LJ�� ���� TXL� HIIHFWXH� XQ� ]RRP� HQWUH� �� HW� �VHFRQGHV�FRQILUPH�OHV�UHPDUTXHV�SUpFpGHQWHV�

)LJ������=RRP�HQWUH���HW���VHFRQGHV�GH�O
HVVDL�SUpVHQWp�ILJXUH����
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/
DUWLFOH�D�SURSRVp�HW�MXVWLIp�XQ�PRGqOH�GH�EDWWHULHV�1L�0+EDVp�VXU�XQ�VFKpPD�j�FRQVWDQWHV�ORFDOLVpHV�FRUUHVSRQGDQW�j�GHVSKpQRPqQHV� pOHFWURFKLPLTXHV� FODLUHPHQW� LGHQWLILpV�� /HVpOpPHQWV� GH� FH� VFKpPD� RQW� pWp� GpWHUPLQpV� j� SDUWLU� G
XQHDQDO\VH�KDUPRQLTXH�SHWLWV� VLJQDX[��8QH� VpULH� GH� YpULILFDWLRQVH[SpULPHQWDOHV� �VXU� EDQF� GH� F\FODJH� HW� FKDvQH� GH� WUDFWLRQ��FDUDFWpULVWLTXHV� G
XQH� XWLOLVDWLRQ� UpHOOH�� D� SHUPLV� GH� PRQWUHUXQH� ERQQH� SUpFLVLRQ�� WRXW� SDUWLFXOLqUHPHQW� SRXU� OHV� UpSRQVHVG\QDPLTXHV��2Q�QRWHUD� QpDQPRLQV�� TXH� ELHQ� TXH� SHUIRUPDQW�HQ�WHUPH�GH�PRGpOLVDWLRQ�G\QDPLTXH��FHWWH�DSSURFKH�GHPHXUHPDO� DGDSWpH� j� XQH� DSSURFKH� pQHUJpWLTXH� j� FDXVH� GH� ODPRGpOLVDWLRQ�XWLOLVpH�SRXU�O
LPSpGDQFH�GH�:DUEXUJ��/H�OHFWHXULQWpUHVVp� SDU� FHW� DVSHFW� SRXUUD� XWLOHPHQW� VH� UHSRUWHU� j� ODSXEOLFDWLRQ�>��@�
$33(1',&(6(WDW�GH�FKDUJH�GH�OD�EDWWHULH�DX�PRPHQW�GH�O
HVVDL�VXU�ODFKDLQH�GH�WUDFWLRQ���6R&����3DUDPqWUHV�XWLOLVpV�SDU�OH�PRGqOH�HQ�GpULYpHV�QRQ�HQWLqUHV�j6R&�����(HT� �����95LQWHUQH� ������� ���� :�5WF  ������ ���� :� &GO� �������)�Q�  �������� �W  ������� ��� V�Q�� �������� �W  �������V�
5(0(5&,(0(176/HV� DXWHXUV� UHPHUFLHQW� OD� 5pJLRQ� GH� 3LFDUGLH� SRXU� VRQVRXWLHQ�ILQDQFLHU�DX�WUDYHUV�GX�S{OH�GH�UHFKHUFKH�',9$��
%,%/,2*5$3+,(>�@(�� .DUGHQ�� 3�� 0DXUDFKHU�� )�� 6FKRSH�� ´(OHFWURFKHPLFDO� PRGHOOLQJ� RIOHDG�DFLG�EDWWHULHV� XQGHU�RSHUDWLQJ� FRQGLWLRQV�RI� HOHFWULF� YHKLFOHV ´��-RXUQDORI�SRZHU�VRXUFHV ��YRO������SS����������������>�@6�� %DUVDOL�� 0�� &HUDROR�� ´ '\QDPLFDO� PRGHOV� RI� OHDG�DFLG� EDWWHULHV �LPSOHPHQWDWLRQ� LVVXHV ´�� ,(((� 7UDQVDFWLRQ� RQ� HQHUJ\� FRQYHUVLRQ �� YRO�� ���Q����SS���������0DUFK������>�@0�� &HUDROR�� ´'\QDPLFDO� PRGHOV� RI� OHDG�DFLG� EDWWHULHV� ´ �� ,(((7UDQVDFWLRQ�RQ�SRZHU�V\VWHPV ��YRO������Q����SS�������������1RYHPEHU������>�@(�� .DUGHQ�� ´'\QDPLF�PRGHOOLQJ� RI� OHDG� DFLG� EDWWHULHV� XVLQJ� LPSHGDQFHVSHFWURVFRS\� IRU� SDUDPHWHU� LGHQWLILFDWLRQ´�� -RXUQDO� RI� 3RZHU� VRXUFHV �� YRO�����SS��������������>�@5�� *LJOLROL�� $�� %XRQDUDWD�� 3�� 0HQJD�� DQG� 0�� &HUDROR�� ´&KDUJH� DQGGLVFKDUJH�IRXUWK�RUGHU�G\QDPLF�PRGHO�RI�WKH�OHDG�DFLG�EDWWHU\´��(96������>�@3+/��1RWWHQ�� ´(OHFWURQLF�QHWZRUN�PRGHOOLQJ�RI� UHFKDUJHDEOH�1L�&G FHOOVDQG�LWV�DSSOLFDWLRQ�WR�WKH�GHVLJQ�RI�EDWWHU\�PDQDJHPHQW�V\VWHPV´�� -RXUQDO�RISRZHU�VRXUFHV ��YRO������SS����������������>�@(��.XKQ��&��)RUJH]�� DQG�*��)ULHGULFK �� ¶¶0RGqOH�SRXU� DFFXPXODWHXUV�1 L�0+� HQ� YXH� G¶XQH� DSSOLFDWLRQ� SRXU� YpKLFXOH� K\EULGH� pOHFWULTXH¶¶�� (3)�1RYHPEUH������>�@-��0DFGRQDOG��,PSHGDQFH�6SHFWURVFRS\ �:LOH\�,QWHUVFLHQFH�������

>�@)��+XHW�´$� UHYLHZ� RI� LPSHGDQFH�PHDVXUHPHQWV� IRU� GHWHUPLQDWLRQ� RI� WKHVWDWH� RI� FKDUJH� RU� VWDWH� RI� KHDOWK� RI� VHFRQGDU\� EDWWHULHV´�� -RXUQDO� RI� SRZHUVRXUFHV��YRO������SS��������������>��@ $��%DUG��(OHFWURFKHPLFDO�PHWKRGV��)XQGDPHQWDOV� DQG�DSSOLFDWLRQ�� -�:LOH\�DQG�6RQV���QG HGLWLRQ�������>��@ '�� /DQGROW�� &RUURVLRQ� HW� FKLPLH� GH� VXUIDFH� GHV� PpWDX[� 7UDLWp� GHVPDWpULDX[��3UHVVHV�3RO\WHFKQLTXHV�HW�8QLYHUVLWDLUHV�5RPDQGHV�������>��@ $��2XVWDORXS��/D�GpULYDWLRQ�QRQ�HQWLqUH� +HUPqV�������>��@ $�� 2XVWDORXS�� 6\VWqPHV� DVVHUYLV� OLQpDLUHV� G¶RUGUH IUDFWLRQQDLUH�0DVVRQ�������>��@ (PPDQXHO� .XKQ�� &KULVWRSKH� )RUJH]�� *X\� )ULHGULFK�� 0RGqOH� GH%DWWHULH�1L0+�SRXU�YpKLFXOH�K\EULGH�SDUDOOqOH�YDOLGDWLRQ�HQ�JUDQGV�VLJQDX[�5,*(�j�SDUDvWUH�>��@ &KULVWRSKH� )RUJH]�� *X\� )ULHGULFK�� -HDQ�0DULH� %LHGLQJHU�� 0HWKRG� WRILQG� WKH� K\EULGL]DWLRQ� UDWH� IRU� D� SDUDOOHO� K\EULG� HOHFWULFDO� YHKLFOH�&RQJUpV�(96�����0RQWUpDO�2FWREUH������>��@ (PPDQXHO .XKQ�� &KULVWRSKH� )RUJH]�� *X\� )ULHGULFK��� (OHFWULF(TXLYDOHQW� &LUFXLW� RI� D� 1L0+� &HOO�� 0HWKRGV� DQG� 5HVXOWV�� (96� ���� /RQJ%HDFK���QRYHPEUH������
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