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&KDSLWUH�� 

&ULWqUH�GH�VpOHFWLRQ�GHV�SDUDPqWUHV

'DQV� FHWWH� SDUWLH�� QRXV� QRXV� SURSRVRQV� G·DSSOLTXHU� O·DOJRULWKPH� JpQpWLTXH� VpOHFWLRQQp� GDQV� OH

&KDSLWUH� �� j� O·DVVLPLODWLRQ� G·XQ� SUHPLHU� MHX� GH� GRQQpHV� LQ� VLWX�� 1RWUH� REMHFWLI� HVW� G·HVWLPHU� OHV

SDUDPqWUHV� FRQWU{ODQW� OHV� IOX[� G·$O� DX� VLWH� (80(/,� ROLJRWURSKH�� /HV� SURSULpWpV� HW� O·LQWpUrW

ELRJpRFKLPLTXHV�GH�FHW�pOpPHQW�VRQW�SUpVHQWpHV�GDQV�OD�VHFWLRQ���������,O�HVW�SULQFLSDOHPHQW�XWLOLVp

FRPPH� WUDFHXU� GH� OD� IUDFWLRQ� OLWKRJpQLTXH� GX� IOX[� GH� PDVVH� �0DULQJ� HW� 'XFH�� ������� %RU\� HW

1HZWRQ�����������F·HVW�XQH�GHV�IUDFWLRQV�GRPLQDQWHV�GDQV�FHWWH�UpJLRQ��VHFWLRQ���������7DEOHDX[���HW

�����&H�WUDYDLO�IDLW�O·REMHW�G·XQ�DUWLFOH��$WKLDV�HW�DO���������TXL�HVW�UHSURGXLW�GDQV�O·$QQH[H���

/H�EXW�GH�FH�FKDSLWUH�HVW�WRXW�G·DERUG�GH�UHGpILQLU�OH�FULWqUH�GH�VpOHFWLRQ�GHV�YHFWHXUV�GH�SDUDPqWUHV

GH�IDoRQ�j�SUHQGUH�HQ�FRPSWH�G·XQH�IDoRQ�JpQpUDOH� OD�VWUXFWXUH�GHV� MHX[�GH�GRQQpHV�UpHOOHV� DLQVL

TXH�O·LQFHUWLWXGH�GHV�PHVXUHV�LQ�VLWX��(QVXLWH��QRXV�GpFULURQV�OHV�GRQQpHV�LQ�VLWX�HW�OHV�LQIRUPDWLRQV�D

SULRUL�VXU�OHV�SDUDPqWUHV�TXH�QRXV�DYRQV�UDVVHPEOpHV�SRXU�UpVRXGUH�QRWUH�SUREOqPH�LQYHUVH�

��� )RUPXODWLRQ�GX�FULWqUH�GH�VpOHFWLRQ

����� ([SUHVVLRQ�JpQpUDOH�GH�OD�IRQFWLRQ�FR�W

'DQV�OD�VHFWLRQ������QRXV�DYRQV�FKRLVL�GH�VpOHFWLRQQHU�OHV�SDUDPqWUHV�GX�PRGqOH�GH�OD�FRORQQH�G·HDX

HQ� IRQFWLRQ� GH� OHXU� FR�W�� F·HVW�j�GLUH� GH� O·pFDUW� HQWUH� OHV� REVHUYDWLRQV� HW� OHV� VLPXODWLRQV� TX·LOV

JpQqUHQW��/·�(T�������HVW�XQH�SUHPLqUH�H[SUHVVLRQ�GH�OD�IRQFWLRQ�FR�W��(OOH�HVW�DGDSWpH�DX�FRQWH[WH

GHV� LQYHUVLRQV�VLPXOpHV�R�� O·RQ�DVVLPLOH�GHV�SVHXGR�GRQQpHV�QRQ�EUXLWpHV� UpJXOLqUHPHQW�UpSDUWLHV

GDQV�OH�WHPSV�HW�VXU�OD�SURIRQGHXU��VHFWLRQ�������E����/·H[SUHVVLRQ�VXLYDQWH�HVW�XQH�JpQpUDOLVDWLRQ�GH

O·(T��������(OOH�HVW�DSSOLFDEOH�j�GHV�MHX[�GH�GRQQpHV�UpHOOHV�GH�VWUXFWXUHV�YDULpHV�HW�SUHQG�HQ�FRPSWH

O·LQFHUWLWXGH�VXU�OHV�PHVXUHV��
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/D� FRQVWDQWH�1 � 
 � GpVLJQH� OH� QRPEUH� GH� YDULDEOHV� G·pWDW� GX� PRGqOH� SRXU� OHVTXHOOHV� RQ� GLVSRVH

G·REVHUYDWLRQV�� �=≤ ��� 11 ��FI��VHFWLRQ���������3RXU�OD� L � ��� �YDULDEOH�G·pWDW�FRQWUDLQWH�� ��1L ≤≤� ��

OHV�REVHUYDWLRQV�VRQW�GLVSRQLEOHV�j�1 �
�
�SURIRQGHXUV��HW�1 �

��
�GpVLJQH�OH�QRPEUH�GH�PHVXUHV�IDLWHV�j�OD

SURIRQGHXU� M� � 1M ≤≤� ���/HV�REVHUYDWLRQV� VRQW�RUGRQQpHV�GDQV� OH� � �×
��
�1 �� YHFWHXU�: � � � �� /HV

VLPXODWLRQV�VRQW�pFKDQWLOORQQpHV�DX[�GDWHV�HW�SURIRQGHXUV�G·pFKDQWLOORQQDJH�UpHOOHV�HW�UDQJpHV�GDQV

OH�� �×
��
�1 ��YHFWHXU�: � � �S���/D��

� 
!

� 
! 11 × ��PDWULFH�& � � � �HVW�O·LQYHUVH�GH�OD�PDWULFH�GH�FRYDULDQFH�GHV

HUUHXUV�VXU�OHV�PHVXUHV�GH�OD�L � ��� �YDULDEOH�G·pWDW�j�OD�SURIRQGHXU� M��1RXV�VXSSRVRQV�TXH�FHV�HUUHXUV
VRQW� GLVWULEXpHV� GH� IDoRQ� JDXVVLHQQH� HW� GpFRUUpOpHV� GDQV� OH� WHPSV�� GDQV� O·HVSDFH� HW� HQWUH� OHV

YDULDEOHV�G·pWDW���& � � � �HVW�XQH�PDWULFH�GLDJRQDOH��&HWWH�DSSUR[LPDWLRQ�HVW�UHODWLYHPHQW�JURVVLqUH���SDU
H[HPSOH��GH�IRUWV�FRXUDQWV�ODWpUDX[�SHXYHQW�ELDLVHU�OD�FROOHFWH�GHV�IOX[�GH�PDWLqUH�SDU�OHV�SLqJHV�VXU

SOXVLHXUV�SpULRGHV�GH� FROOHFWH� �VHFWLRQ�������D����1RXV�QRXV� HQ� FRQWHQWHURQV� FHSHQGDQW�� FDU� QRXV

PDQTXRQV�G·LQIRUPDWLRQ�SRXU�FDOFXOHU�OHV�WHUPHV�GH�FRUUpODWLRQ�WHPSRUHOOH��5DSSHORQV�TXH�PDOJUp

OD�GLYHUVLWp�GHV�YDULDEOHV�G·pWDW��-�HVW�DGLPHQLRQQHOOH�

����� 3ULVH�HQ�FRPSWH�GHV�LQFHUWLWXGHV�GHV�GRQQpHV�LQ�VLWX

�D� 'pILQLWLRQ�GX�GRPDLQH�GHV�VROXWLRQV�DFFHSWDEOHV

/HV� GRQQpHV� UpHOOHV� TXH� QRXV� FKHUFKRQV� j� DMXVWHU� VRQW� WRXWHV� HQWDFKpHV� G·XQH� LQFHUWLWXGH

JpQpUDOHPHQW�pOHYpH�

� VXU�OD�FROOHFWH�LQ�VLWX�GHV�pFKDQWLOORQV��VHFWLRQ���������HW

� VXU�OHV�PHVXUHV�DQDO\WLTXHV�IDLWHV�HQ�ODERUDWRLUH�j�SDUWLU�GH�FHV�pFKDQWLOORQV�

'DQV�FH�PDQXVFULW��QRXV�FRQVLGpURQV�TXH�WRXWH�GRQQpH�SHXW�SUHQGUH�WRXWHV�OHV�YDOHXUV�FRPSULVHV

GDQV�O·LQWHUYDOOH�GH�VD�EDUUH�G·HUUHXU��6XU�OD�EDVH�GH�FHWWH�K\SRWKqVH��WRXV�OHV�YHFWHXUV�GH�SDUDPqWUHV

GRQW� OHV� VLPXODWLRQV�SDVVHQW�SDU� OHV� EDUUHV� G·HUUHXU� GHV� REVHUYDWLRQV� H[SOLTXHQW� FRUUHFWHPHQW� OHV

PHVXUHV�� HW� LOV� VRQW� pTXLYDOHQWV� UHODWLYHPHQW� j� FHV� HUUHXUV�� ,OV� VRQW� GRQF� WRXV� GHV� VROXWLRQV� DX

SUREOqPH�LQYHUVH���QRXV�OHV�TXDOLILRQV�GH�YHFWHXUV�GH�SDUDPqWUHV�DFFHSWDEOHV��)LJXUH�����

(WDQW� GRQQpH� OD� QRUPDOLVDWLRQ� GH� OD� IRQFWLRQ� FR�W� SDU� UDSSRUW� DX� QRPEUH� WRWDO� GH� GRQQpHV

DVVLPLOpHV�HW�DX[�LQFHUWLWXGHV�VXU�OHV�REVHUYDWLRQV��(T�������OHV�YHFWHXUV�GH�SDUDPqWUHV�DFFHSWDEOHV�VH

FDUDFWpULVHQW�SDU�XQ�FR�W�LQIpULHXU�RX�pJDO�j����/HXU�HQVHPEOH�HVW�GRQF�LQFOXV�GDQV�O·HQVHPEOH�GHV

YHFWHXUV�GH�SDUDPqWUHV�YpULILDQW�O·LQpJDOLWp� ��� ≤S- ��RX�GRPDLQH�DFFHSWDEOH��'DQV�OH�FDV�VSpFLILTXH

GHV�SUREOqPHV�LQYHUVHV�IRUWHPHQW�QRQ�OLQpDLUHV��j�FDXVH�GH�OD�FRPSOH[LWp�GHV�IRQFWLRQV�FR�W�TXL�OHXU
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VRQW�DVVRFLpHV��VHFWLRQ�������E����FH�GRPDLQH�SHXW�rWUH�IRUPp�GH�SOXVLHXUV�EDVVLQV�GLVMRLQWV��)LJXUH

�����FKDFXQ�G·HX[�SRXYDQW�QH�SDV�rWUH�FRQYH[HV��0D]]HJD��������

)LJXUH�����,OOXVWUDWLRQ�GX�FULWqUH�GH�VpOHFWLRQ�GHV�YHFWHXUV�GH�SDUDPqWUHV��WRXV�FHX[��WHOV�TXH�S � �HW�S � �
GRQW�OHV�VLPXODWLRQV�GH�OD�YDULDEOH�G·pWDW�;�W��SDVVHQW�SDU�OHV�EDUUHV�G·HUUHXU�GHV�PHVXUHV�OHV

H[SOLTXHQW�FRUUHFWHPHQW��,OV�VRQW�GLWV�DFFHSWDEOHV�

)LJXUH�����6WUXFWXUH�GX�GRPDLQH�DFFHSWDEOH��LO�SHXW�rWUH�IRUPp�GH�SOXVLHXUV�EDVVLQV�GLVMRLQWV�GRQW�OH

FRQWRXU�SHXW�rWUH�FRQYH[H�RX�FRQFDYH��0D]]HJD���������/HV�YHFWHXUV�DSSDUWHQDQW�DX[�EDVVLQV�∆S � �HW

∆S � VRQW�GHV�VROXWLRQV�LQYHUVHV pTXLYDOHQWHV�YLV�j�YLV�GHV�HUUHXUV�VXU�OHV�GRQQpHV�

/D�)LJXUH����PRQWUH�TX·j�SDUWLU�GX�PRPHQW�R�� O·RQ� FRQWUDLQW� OH�PRGqOH�SDU�GHV�GRQQpHV� UpHOOHV

GRQW�OHV�LQFHUWLWXGHV�VRQW�VLJQLILFDWLYHV��OD�QDWXUH�PDWKpPDWLTXH�GX�SUREOqPH�LQYHUVH�Q·HVW�SOXV�FHOOH

TXH�QRXV�DYRQV�GpFULWH�GDQV�OD�VHFWLRQ���������O·HVWLPDWLRQ�GX�VHXO�0*�GH�OD�IRQFWLRQ�FR�W�QH�UpVRXW
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SOXV�FRPSOqWHPHQW� OH�SUREOqPH��5pVRXGUH� OH�SUREOqPH� LQYHUVH�H[LJH�PDLQWHQDQW�GH� ORFDOLVHU�WRXV

OHV� EDVVLQV� GH� YHFWHXUV� DFFHSWDEOHV� j� O·LQWpULHXU� GH� O·HVSDFH� GH� UHFKHUFKH� GHV� SDUDPqWUHV� GH

GLPHQVLRQ�1� � ����'DQV� OHV�GHX[�FKDSLWUHV�VXLYDQWV��QRXV�SURSRVRQV�GHV�VWUDWpJLHV�GH� UpVROXWLRQ

EDVpHV�VXU�O·$*�VpOHFWLRQQp�GDQV�OH�&KDSLWUH���

�E� 'pIRUPDWLRQV�GH�OD�IRQFWLRQ�FR�W�LQGXLWHV�SDU�OHV�HUUHXUV�VXU�OHV�GRQQpHV

'DQV�OD�VHFWLRQ��������QRXV�DYRQV�GpFULW�FRPPHQW�OD�VWUXFWXUH�GX�MHX�GH�GRQQpHV�DVVLPLOp�FRQWU{OH

OD� IRUPH� GH� OD� IRQFWLRQ� FR�W�� HW� SDU� FRQVpTXHQW� OD� SRVVLELOLWp� G·HVWLPHU� OHV� SDUDPqWUHV

FDUDFWpULVWLTXHV� GX� IRQFWLRQQHPHQW� GX� V\VWqPH� UpHO�� /HV� HUUHXUV� VXU� OHV� GRQQpHV� HQWUDvQHQW� HOOHV

DXVVL�GHV�PRGLILFDWLRQV�GHV�YDOHXUV�HW�GH�OD�IRUPH�GX�FR�W��6XSSRVRQV�TXH�O·RQ�GLVSRVH�G·XQ�PRGqOH

TXL� VRLW� FDSDEOH�GH� UHSURGXLUH� H[DFWHPHQW� OD� G\QDPLTXH�GX� V\VWqPH� UpHO��$� FDXVH� GHV� HUUHXUV�GH

PHVXUH��DXFXQH�VLPXODWLRQ�QH�SHXW�rWUH�H[DFWHPHQW�DMXVWpH�j�WRXWHV�OHV�GRQQpHV���OD�YDOHXU�PLQLPDOH

GX�FR�W�HVW�VXSpULHXUH�j����3OXV�JpQpUDOHPHQW��OD�SUpVHQFH�G·HUUHXUV�QRQ�FRUUpOpHV�DYHF�OH�VLJQDO�GHV

GRQQpHV�DXJPHQWH�OD�PR\HQQH�GH�OD�IRQFWLRQ�FR�W�

'·DXWUH� SDUW�� RQ� PRQWUH� TXH� GDQV� OH� FDV� GH� O·DVVLPLODWLRQ� G·XQ� IDLEOH� QRPEUH� GH� GRQQpHV

�UHODWLYHPHQW�DX[�pFKHOOHV�WHPSRUHOOHV�FDUDFWpULVWLTXHV�GX�V\VWqPH�UpHO��FI��VHFWLRQ���������OHV�HUUHXUV

GHV� GRQQpHV� SHXYHQW� LQGXLUH� XQH�PRGLILFDWLRQ� GH� OD� GLVWULEXWLRQ� HW� GH� O·RUGUH� UHODWLI� GHV�PLQLPD

ORFDX[�GX�FR�W��0D]]HJD���������&HWWH�VLWXDWLRQ�VHUD�LOOXVWUpH�GDQV�OD�VHFWLRQ�������D��

��� 'HVFULSWLRQ�GHV�GRQQpHV�LQ�VLWX�GLVSRQLEOHV

1RXV�DYRQV�FRQVWLWXp�XQH�EDVH�GH�GRQQpHV�GpFULYDQW�OHV�IOX[�G·$O�GDQV�OD�FRORQQH�G·HDX�DX�VLWH�2

SHQGDQW�OHV�FDPSDJQHV�(80(/,��'DQV�OH�EXW�G·RSWLPLVHU�OD�GpWHFWLRQ�GHV�SDUDPqWUHV�HW�GH�OLPLWHU

OD�SRVVLELOLWp� GH�GpJpQpUHVFHQFH�GX� FR�W�� QRXV� DYRQV� UDVVHPEOp�GHV�PHVXUHV�GHV�TXDWUH� YDULDEOHV

G·pWDW�GX�PRGqOH�&2/'2�

����� 'RQQpHV�FROOHFWpHV�DX�VLWH�ROLJRWURSKH

/HV�PHVXUHV�G·$O�UpDOLVpHV�DX�VLWH�2�QH�FRQFHUQHQW�TXH�OHV�SKDVHV�GHV�SDUWLFXOHV�SLpJpHV�HW�ILOWUpHV�

�D� (QUHJLVWUHPHQW�GHV�SLqJHV�j�SDUWLFXOHV

/D�VWUDWpJLH�G·pFKDQWLOORQQDJH�GHV�SDUWLFXOHV�SLpJpHV�D�pWp�GpFULWH�GDQV�OD�VHFWLRQ�������D���5DSSHORQV

TXH� VXU� OHV� FLQT� SLqJHV� LPPHUJpV�� VHXOV� OHV� pFKDQWLOORQV� FROOHFWpV� j� ������ ����� HW� �����P� VRQW

H[SORLWDEOHV��/H�IOX[�GH�PDVVH�D�pWp�PHVXUp�DX[�WURLV�SURIRQGHXUV��/H�IOX[�G·$O�Q·D�pWp�PHVXUp�TX·j

SDUWLU�GHV�pFKDQWLOORQV�FROOHFWpV�j������HW������P��/H�SULQFLSH�GHV�PHVXUHV�DQDO\WLTXHV�HVW�GpWDLOOp
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SDU�%RU\���������%RU\�HW�1HZWRQ��������HW�%RU\�HW�DO����������&HV�GRQQpHV�VRQW�UHSUpVHQWpHV�VXU�OD

)LJXUH������HOOHV�RQW�pWp�GpFULWHV�GDQV�OD�VHFWLRQ�������D��

/HV�SURILOV�GX�IOX[�GH�PDVVH��)P��HW�GX�IOX[�G·$O��)H��SHUPHWWDQW�G·LQLWLDOLVHU�OHV�VLPXODWLRQV�RQW�pWp

FDOFXOpV�j�SDUWLU�GHV�PHVXUHV�IDLWHV�SHQGDQW�OD�SpULRGH�DOODQW�GX����IpYULHU�DX���PDUV�������VHORQ�OD

SURFpGXUH� GpFULWH� GDQV� OD� VHFWLRQ� ������� /HV� FRQGLWLRQV� DX[� OLPLWHV� MRXUQDOLqUHV� IRUoDQW� FHV� GHX[

YDULDEOHV�G·pWDW� j� �����P�RQW� pWp� FDOFXOpHV� HQ�XWLOLVDQW� WRXWHV� OHV�PHVXUHV� GLVSRQLEOHV� HQWUH� OH� ��

IpYULHU������HW�OH�� �
�
�GpFHPEUH�������7DEOHDX�����VHFWLRQ���������/HV�IOX[�PHVXUpV�j������HW������P

VRQW�DVVLPLOpV���LOV�GpILQLVVHQW�OHV�PDWULFHV�: � � � �GpFULWHV�FL�GHVVXV��(T������

/H� FDOFXO� GHV� PDWULFHV� & � � � � H[LJH� G·pYDOXHU� OHV� HUUHXUV� GH� FROOHFWH� GHV� SLqJHV� HW� OHV� HUUHXUV� GHV
PHVXUHV�DQDO\WLTXHV��/HV�PHVXUHV�GHV�WUDFHXUV�UDGLR�LVRWRSLTXHV�UpDOLVpHV�j�(80(/,�QH�SHUPHWWHQW

SDV�GH�TXDQWLILHU�O·HIILFDFLWp�GHV�SLqJHV��VHFWLRQ�������D����1RXV�DYRQV�GRQF�DSSOLTXp�OHV�UpVXOWDWV�GH

%DFRQ��������VHORQ�OHVTXHOV�OHV�SLqJHV�VLWXpV�j������HW������P�DXUDLHQW�XQH�SUpFLVLRQ�pJDOH�j�±�����

GH�OD�PR\HQQH�DQQXHOOH�GX�IOX[�GH�PDVVH��&HOD�FRUUHVSRQG�j�XQH�HUUHXU�GH�FROOHFWH�GX�IOX[�GH�PDVVH

GH�����HW�����PJ�P
�
�M�j������HW������P�UHVSHFWLYHPHQW��/HV�HUUHXUV� DQDO\WLTXHV�RQW�pWp� HVWLPpHV

SDU�$��%RU\��FRPPXQLFDWLRQ�SHUVRQQHOOH��������SRXU�OHV�pFKDQWLOORQV�SUpOHYpV�j������P�HW�SRXU�OHV

GHX[� SUHPLHUV� GpSORLHPHQWV� XQLTXHPHQW� �VHFWLRQ� ������D����1RXV� DYRQV� FDOFXOp� TXH� ����� GHV

HUUHXUV� DQDO\WLTXHV� VXU� OH� IOX[� GH�PDVVH� VRQW� LQIpULHXUHV� j� ����PJ�Pñ�M� HW� TXH� ����� GHV� HUUHXUV

DQDO\WLTXHV�VXU�OD�FRQFHQWUDWLRQ�G·$O�VRQW�LQIpULHXUHV�j���������1RXV�DYRQV�XWLOLVp�FHV�GHX[�YDOHXUV

FRPPH� HUUHXU� DQDO\WLTXH� D� SULRUL� SRXU� OH� WURLVLqPH� GpSORLHPHQW�� HW� SRXU� OHV� PHVXUHV� GX� IOX[� GH

PDVVH�j������P�

�E� 0HVXUHV�GHV�SRPSHV�LQ�VLWX

/D�VWUDWpJLH�G·pFKDQWLOORQQDJH�GHV�SDUWLFXOHV�ILOWUpHV�D�pWp�GpFULWH�GDQV�OD�VHFWLRQ�������E����$X�VLWH�2�

OHV�pFKDQWLOORQV�Q·RQW�pWp�SUpOHYpV�TX·HQWUH����HW������P�GH�SURIRQGHXU��7DEOHDX����)LJXUH������/H

SULQFLSH�GH� OD�PHVXUH�DQDO\WLTXH�GH� OD� FRQFHQWUDWLRQ�HQ�$O�SDUWLFXODLUH� HVW� GpWDLOOp�SDU�7DFKLNDZD

������� HW� 7DFKLNDZD� HW� DO�� �������� /D� EDVH� GH� GRQQpHV� (80(/,� QH� IRXUQLW� GRQF� TX·XQH� VHXOH

GRQQpH�j������P�SRXU�FRQWUDLQGUH�OD�FRQFHQWUDWLRQ�HQ�$O�SDUWLFXODLUH��&SH��GDQV�OH�WHPSV�HW�HQWUH

�����HW������P��$ILQ�GH�PLHX[�FRQWUDLQGUH�FHWWH�YDULDEOH�G·pWDW��QRXV�DYRQV�TXDOLWDWLYHPHQW�DQDO\Vp

OH�SURILO�G·$O�SDUWLFXODLUH�PHVXUp�DX�VLWH�0��7DFKLNDZD�HW�DO����������DLQVL�TXH�FHX[�PHVXUpV�SHQGDQW

OD�FDPSDJQH�+DUPDWWDQ��&RSLQ�0RQWpJXW�HW�&RSLQ�0RQWpJXW���������)LJXUH������$X�FRXUV�GH�FHWWH

FDPSDJQH��GRX]H�SURILOV�RQW�pWp�UpDOLVpV�HQ�PDL������HQWUH����HW������P�OH�ORQJ�GH�OD�F{WH�DIULFDLQH

HQWUH� ���1� HW� O·pTXDWHXU� �)LJXUH� ����� &�� &RSLQ�� FRPPXQLFDWLRQ� SHUVRQQHOOH�� �������'·XQH� IDoRQ

JpQpUDOH�� OD� FRQFHQWUDWLRQ� HQ� $O� SDUWLFXODLUH� HVW� FRQVWDQWH� DYHF� OD� SURIRQGHXU�� RX� GLPLQXH

OpJqUHPHQW�HQWUH�����P�HW�OH�IRQG��)LJXUH������3DU�FRQVpTXHQW��QRXV�DYRQV�UHFRQVWLWXp�XQ�SURILO�D

SULRUL�SRXU�OH�VLWH�2�HQ�H[WUDSRODQW�OH�SURILO�H[LVWDQW�HQWUH������HW������P��j�SDUWLU�GH�VRQ�JUDGLHQW

HQWUH�����HW������P��)LJXUH�����
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���

)LJXUH�����'RQQpHV�LQ�VLWX�XWLOLVpHV�SRXU�HVWLPHU�OHV�SDUDPqWUHV�FRQWU{ODQW�OH�WUDQVIHUW�GH�O·$O�GDQV�OD
FRORQQH�G·HDX�DX�VLWH�2��/HV�IOX[�GH�PDVVH��D��HW�G·$O��E��RQW�pWp�PHVXUpV�DX�VLWH�2��%RU\�HW�1HZWRQ�
�������/H�SURILO�G·$O�SDUWLFXODLUH�PHVXUp�DX�VLWH�2��F��7DFKLNDZD�HW�DO���������D�pWp�H[WUDSROp�DSUqV
O·DQDO\VH�GHV�SURILOV�UpDOLVpV�DX�VLWH�0�HW�DX[�VWDWLRQV�+DUPDWWDQ�OHV�SOXV�pORLJQpHV�GH�OD�F{WH

DIULFDLQH��VWDWLRQV�������HW����GH�OD�)LJXUH�����&RSLQ�0RQWpJXW�HW�&RSLQ�0RQWpJXW���������/H�SURILO
G·$O�GLVVRXV��G��D�pWp�PHVXUp�j�OD�VWDWLRQ�,2&�Q����0HDVXUHV��������
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���

&H� SURILO� HVW� G·DERUG� XWLOLVp� SRXU� LQLWLDOLVHU� OHV� VLPXODWLRQV�� 1RXV� QH� GLVSRVRQV� G·DXFXQH

LQIRUPDWLRQ� VXU� OD� YDULDELOLWp� WHPSRUHOOH� GH� O·$O� SDUWLFXODLUH� GDQV� FHWWH� UpJLRQ�� PDLV� 6DUWKRX� HW

-HDQGHO��������PRQWUHQW�TXH�O·$O�SDUWLFXODLUH�D�XQH�WUqV�IDLEOH�YDULDELOLWp�WHPSRUHOOH�GDQV�OD�FRXFKH

SURIRQGH�HQ�0pGLWHUUDQpH��PrPH�VL�GH� IRUWHV�YDULDWLRQV�VRQW�REVHUYpHV�GDQV� OHV� HDX[�GH�VXUIDFH�

1RXV� DYRQV� GRQF� XWLOLVp� OH� SURILO� H[WUDSROp� SRXU� FRQWUDLQGUH�&SH� j� FKDTXH� SDV� GH� WHPSV� HW� GH

SURIRQGHXU� HQWUH� ����� HW� �����P�� (QILQ�� OD� YDOHXU� PHVXUpH� DX� VLWH� 2� j� �����P� �&SH�  

��������PJ�P
�

��VHUW�GH�FRQGLWLRQ�DX[�OLPLWHV�j�FKDTXH�SDV�GH�WHPSV�

)LJXUH�����/RFDOLVDWLRQ�GHV�VWDWLRQV�j�SDUWLU�GHVTXHOOHV�OD�EDVH�GH�GRQQpHV�FRQWUDLJQDQW�OHV�IOX[�G·$O
DX�VLWH�2�D�pWp�FRQVWLWXpH��/HV�URQGV�HW�OHV�WULDQJOHV�URXJHV�UHSUpVHQWHQW�UHVSHFWLYHPHQW�OHV�VWDWLRQV
(80(/,�HW�+DUPDWWDQ��GRQW�OHV�QXPpURV�GH�VWDWLRQV�VRQW�LQGLTXpV��&RSLQ�0RQWpJXW�HW�&RSLQ�

0RQWpJXW���������/H�FDUUp�URXJH�ORFDOLVH�OD�VWDWLRQ�,2&�Q����&&��&RXUDQW�GHV�&DQDULHV��1$6*��*\UH
6XEWURSLFDOH�1RUG�$WODQWLTXH��1(&&��&RQWUH�&RXUDQW�1RUG�(TXDWRULDO��1(&��&RXUDQW�1RUG

(TXDWRULDO��08��8SZHOOLQJ�0DXULWDQLHQ�

/·LQFHUWLWXGH� GH� FROOHFWH� GHV� SRPSHV� LQ� VLWX� SRUWH� VXUWRXW� VXU� O·pYDOXDWLRQ� GX� YROXPH� ILOWUp�� 2Q

HVWLPH�JpQpUDOHPHQW�TX·LO�HVW�FRQQX�DYHF�XQH�SUpFLVLRQ�GH������VHFWLRQ�������E����6HORQ�7DFKLNDZD

HW�DO����������O·LQFHUWLWXGH�VXU�OHV�PHVXUHV�DQDO\WLTXHV�HVW�DXVVL�GH�O·RUGUH�GH�����

����� 'RQQpHV�FRPSOpPHQWDLUHV

/D�EDVH�GH�GRQQpHV�(80(/,�QH�FRQWLHQW�SDV�GH�PHVXUH�GH�OD�FRQFHQWUDWLRQ�HQ�$O�GLVVRXV��3RXU�OD

FRPSOpWHU�� QRXV� DYRQV� HX� UHFRXUV� j� FHOOH� FRQVWLWXpH� GDQV� OH� FDGUH� GH� O·©�,QWHUQDWLRQDO� 2FHDQRJUDSKLF
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���

&RPPLVVLRQ�ª� � �,2&���6RQ�EXW�pWDLW�GH�PHVXUHU� OD�FRQFHQWUDWLRQ�G·XQ�JUDQG�QRPEUH�G·pOpPHQWV�HQ

WUDFH� GDQV� OHV� SULQFLSDOHV� PDVVHV� G·HDX� SURIRQGHV�� &HV� YDOHXUV� GRLYHQW� VHUYLU� GH� UpIpUHQFH� SRXU

TXDQWLILHU� OHV� IOX[� GH� FHV� pOpPHQWV� WUDFHV� OLpV� DX[� DFWLYLWpV� DQWKURSLTXHV�� 'DQV� FH� FDGUH�� TXDWUH

SURILOV�GH�OD�FRQFHQWUDWLRQ�HQ�$O�GLVVRXV�RQW�pWp�UpDOLVpV�OH�ORQJ�GH�OD�F{WH�DIULFDLQH��HQWUH�OHV�PRLV

GH�PDUV�HW�G·DYULO� ����� �0HDVXUHV�� �������(Q�SDUWLFXOLHU� OD� VWDWLRQ�Q��� ����1�� ���:�� HVW� VLWXpH� j

SUR[LPLWp�GH�OD�UpJLRQ�(80(/,��)LJXUH�����

&HSHQGDQW�� OD� FRPSDUDLVRQ� GHV� GLVWULEXWLRQV� GHV� PDVVHV� G·HDX� j� OD� VWDWLRQ� ,2&� HW� j� (80(/,

PRQWUH�GHV�GLIIpUHQFHV�VLJQLILFDWLYHV��2U�FHV�PDVVHV�G·HDX�VRQW�FDUDFWpULVpHV�SDU�GHV�FRQFHQWUDWLRQV

HQ� $O� FRQWUDVWpHV� �0HDVXUHV�� ������� $LQVL�� OHV� HDX[� LQWHUPpGLDLUHV� GH� OD� VWDWLRQ� ,2&� FRPSULVHV

DSSUR[LPDWLYHPHQW�HQWUH�����HW������P�VRQW�FRPSRVpHV�G·HDX�PpGLWHUUDQpHQQH��02:��HW�HOOHV�QH

SRVVqGHQW� DXFXQH� GHV� FDUDFWpULVWLTXHV� GH� O·HDX� DQWDUFWLTXH� LQWHUPpGLDLUH� �6$,:���0HDVXUHV� HW� DO��

�������$�O·RSSRVp��OD�6$,:�HVW�SUpVHQWH�DX[�WURLV�VWDWLRQV�(80(/,��HW�HOOHV�QH�VRQW�SDV�DWWHLQWHV

SDU� OD�02:��)LJXUH�����3LHUUH� HW� DO��� �������&HV�GLIIpUHQFHV� LQIOXHQFHQW� OHV�SURSULpWpV�GHV�PDVVHV

G·HDX�HW�HQ�SDUWLFXOLHU� OHXU�FRQFHQWUDWLRQ�HQ�$O� MXVTX·j������P���F·HVW� OD�SDUWLH�VXSpULHXUH�GH� O·HDX

SURIRQGH�QRUG�DWODQWLTXH��1$':���&HWWH�GHUQLqUH�HVW�UHODWLYHPHQW�KpWpURJqQH��HW�HOOH�Q·D�SDV�pWp

VXIILVDPPHQW� pFKDQWLOORQQpH� ORUV� GHV� FDPSDJQHV� (80(/,� SRXU� SHUPHWWUH� XQH� FRPSDUDLVRQ

ULJRXUHXVH�DYHF�OD�VWDWLRQ�,2&��3DU�FRQWUH��WRXWH�OD�UpJLRQ�GX�SODWHDX�GX�&DS�9HUW�HW�GH�OD�SDUWLH�VXG

GX�%DVVLQ�GHV�&DQDULHV�HVW�RFFXSpH�HQWUH������P�HW�OH�IRQG�SDU�O·HDX�GH�IRQG�DQWDUFWLTXH��$$%:��

(OOH�HVW�FDUDFWpULVpH�SDU�XQH�JUDQGH�KRPRJpQpLWp�VSDWLDOH��0F&DUWQH\�HW�DO����������VHFWLRQ��������

&RPPH�OH�SURILO�,2&�HVW�OH�VHXO�TXH�QRXV�D\RQV�j�QRWUH�GLVSRVLWLRQ��QRXV�DYRQV�XWLOLVp�VD�YDOHXU�j

�����P� �������PJ�P
�

�� SRXU� IRUFHU�&GH� j� FKDTXH� SDV� GH� WHPSV� �)LJXUH� ����� /D� FRPSDUDLVRQ� GHV

PDVVHV�G·HDX�VXJJqUH�TXH�FHWWH�YDOHXU�VXUHVWLPH�OD�FRQFHQWUDWLRQ�HQ�$O�GLVVRXV�j������P�DX�VLWH�2�

1RXV� UHYLHQGURQV� VXU� FH� SRLQW� GDQV� OD� VHFWLRQ� ������� 1RXV� QH� FRQQDLVVRQV� SDV� OD� YDULDELOLWp

WHPSRUHOOH� GH� O·$O� GLVVRXV� j� FHWWH� SURIRQGHXU��PDLV�3LHUUH� HW� DO�� ������� UDSSRUWHQW� TXH� OD� FRXFKH

FRPSULVH�HQWUH�����HW������P�D�XQH�IDLEOH�YDULDELOLWp�WHPSRUHOOH��/H�SURILO�GH�O·,2&�VHUW�pJDOHPHQW�j

LQLWLDOLVHU�OHV�VLPXODWLRQV��&GH�HVW�FRQWUDLQWH�j�WRXV�OHV�SDV�GH�WHPSV�HW�GH�SURIRQGHXU�HQWUH������HW

�����P� SDU� XQ� SURILO� GRQW� OD� YDOHXU� HVW� OD� PR\HQQH� GX� SURILO� GH� O·,2&� VXU� FHWWH� FRXFKH

�������PJ�P
�

��)LJXUH������1RXV�DYRQV�HVWLPp�TXH�OHV�PDVVHV�G·HDX�VLWXpHV�DX�GHVVXV�GH������P�j�OD

VWDWLRQ�,2&�HW�DX[�VWDWLRQV�(80(/,�VRQW�WURS�GLIIpUHQWHV�SRXU�TXH�O·RQ�SXLVVH�DVVLPLOHU�OD�SDUWLH

VXSpULHXUH�GX�SURILO�

6HORQ�0HDVXUHV���������OHV�HUUHXUV�GHV�PHVXUHV�DQDO\WLTXHV�VRQW�GH��������/HV�pFKDQWLOORQV�RQW�pWp

SUpOHYpV�DYHF�GHV�ERXWHLOOHV�*R�)OR���RQ�HVWLPH�JpQpUDOHPHQW�TXH�OHXU�YROXPH�HVW�FRQQX�DYHF�XQH

SUpFLVLRQ�GH�����
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���

��� 0LVH�HQ�±XYUH�GH�O·DVVLPLODWLRQ

����� ,QWpJUDWLRQ�GX�PRGqOH

$�OD�GLIIpUHQFH�GHV�H[SpULHQFHV�G·LQYHUVLRQV�VLPXOpHV�SUpVHQWpHV�GDQV� OD�3DUWLH� ,,�� OHV� H[SpULHQFHV

G·DVVLPLODWLRQ� GHV� GRQQpHV� LQ� VLWX� RQW� WRXWHV� pWp� UpDOLVpHV� DYHF� OD� YHUVLRQ� &2/'2� GX� PRGqOH

�VHFWLRQ�������&HOOH�FL�HVW�LQWpJUpH�SRXU�FKDTXH�pYDOXDWLRQ�GX�FR�W�SDU�O·$*��/·LQWpJUDWLRQ�GpEXWH�SDU

XQ�©�VSLQ�XS�ª�GH�XQ�DQ�j�SDUWLU�GX����IpYULHU�������GRQW�OH�EXW�HVW�GH�OLPLWHU�O·LQIOXHQFH�GHV�HUUHXUV

VXU�OHV�FRQGLWLRQV�LQLWLDOHV��(QVXLWH��OH�PRGqOH�HVW�LQWpJUp�VXU�OD�GXUpH�GH�OD�FDPSDJQH�(80(/,��VRLW

GX����IpYULHU������DX�� �
�
�GpFHPEUH�������/HV�PHVXUHV� LQ� VLWX� VRQW�DVVLPLOpHV�j�SDUWLU�GH� OD� ILQ�GX

VSLQ�XS�

����� &RQILJXUDWLRQ�GH�O·DOJRULWKPH�JpQpWLTXH

3RXU�UpDOLVHU�OHV�H[SpULHQFHV�LQYHUVHV�SUpVHQWpHV�GDQV�OH�&KDSLWUH����QRXV�DYRQV�UHSULV�H[DFWHPHQW�OH

PrPH� DOJRULWKPH� TXH� FHOXL� TXH� QRXV� DYRQV� VpOHFWLRQQp� GDQV� OH� &KDSLWUH� �� �&DUUROO�� ������� (Q

SDUWLFXOLHU�� OHV� SDUDPqWUHV� DOJRULWKPLTXHV� VRQW� LQFKDQJpV� �VHFWLRQ� �������� /D� IRQFWLRQ� FR�W� HVW

PLQLPLVpH�SDU�pWDSHV�GH����JpQpUDWLRQV��1RXV�DYRQV�HPSLULTXHPHQW�FKRLVL�G·DUUrWHU� O·H[SORUDWLRQ

GX�FR�W�DX�PRPHQW�R��XQ�PHLOOHXU�LQGLYLGX�D�VXUYpFX�SHQGDQW�SOXV�GH����JpQpUDWLRQV�

����� 'pOLPLWDWLRQ�GH�O·HVSDFH�GH�UHFKHUFKH

&RPPH�QRXV�O·DYRQV�GpPRQWUp�GDQV�OD�VHFWLRQ�������E���OD�FRPSOH[LWp�GHV�IRQFWLRQV�FR�W�DVVRFLpHV

j� O·HVWLPDWLRQ�GHV�SDUDPqWUHV�GH�&2/'2�H[LJH�GH� WRXV� OHV�RSWLPLVHU�VLPXOWDQpPHQW� �)LJXUH�����

1RXV� DYRQV� UpDOLVp� TXHOTXHV� H[SpULHQFHV� LQYHUVHV� SUpOLPLQDLUHV� HQ� XWLOLVDQW� OHV� LQWHUYDOOHV� GH

UHFKHUFKH� GpFULWV� GDQV� OH� 7DEOHDX� ��� HW� FDOFXOpV� j� SDUWLU� G·XQH� FRPSLODWLRQ� ELEOLRJUDSKLTXH�� (Q

SDUWLFXOLHU�� OD� YDOHXU�PD[LPDOH� GH� OD� YLWHVVH� GH� FKXWH�GHV� SDUWLFXOHV� SLpJpHV� �9� ��� � � �����P�M�� HVW
EDVpH�VXU�O·pYDOXDWLRQ�SURSRVpH�SDU�%RU\�HW�1HZWRQ��������VHORQ�ODTXHOOH�DX�VLWH�2�9� �a����P�M�

1RXV�DYRQV�FRQVWDWp�TXH�O·$*�DYDLW�WHQGDQFH�j�©�VH�FRJQHU�ª�VXU�OD�OLPLWH�VXSpULHXUH�GH�. �
� �HW�9� �

1RXV� DYRQV� DUELWUDLUHPHQW� DXJPHQWp� OD� YDOHXU� PD[LPDOH� GH� . �
� � GH� WHOOH� IDoRQ� TXH

. � � ��� � � �. �
� ��� � � ��������M�� HW� QRXV� DYRQV� IL[p�9� ��� � � j� ����P�M� SRXU� FRXYULU� WRXWH� OD� JDPPH� GHV

YDOHXUV�SRVVLEOHV�GH�FH�SDUDPqWUH��:KLWILHOG�HW�7XUQHU���������/HV�OLPLWHV�GH�O·HVSDFH�GH�UHFKHUFKH

GHV�SDUDPqWUHV��TXL�FRUUHVSRQGHQW�j�O·LQIRUPDWLRQ�D�SULRUL�VXU�OHV�LQFRQQXHV��VRQW�UHSRUWpHV�GDQV�OH

7DEOHDX����
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��� &RQFOXVLRQ�GX�FKDSLWUH

1RXV�DYRQV�FRQVWUXLW�XQH�EDVH�GH�GRQQpHV�SHUPHWWDQW�GH�FRQWUDLQGUH�DX�PLHX[�GDQV� OH� WHPSV�HW

GDQV� O·HVSDFH� WRXWHV� OHV�YDULDEOHV�G·pWDW�GX�PRGqOH�&2/'2�GpFULYDQW� OH� WUDQVIHUW� GH� O·$O�GDQV� OD

FRORQQH� G·HDX� DX� VLWH� 2�� 1RXV� DYRQV� pJDOHPHQW� GpOLPLWp� O·HVSDFH� GH� UHFKHUFKH� GHV� SDUDPqWUHV

FRQWU{ODQW�FH�WUDQVIHUW��j�SDUWLU�GH�YDOHXUV�UHOHYpHV�GDQV�OD�OLWWpUDWXUH�

1RXV� DYRQV� FKRLVL� GH� FRQVLGpUHU� FRPPH� DFFHSWDEOH� WRXW� YHFWHXU� GH� SDUDPqWUHV� JpQpUDQW� GHV

VLPXODWLRQV� SDVVDQW� SDU� OHV� EDUUHV� G·HUUHXU� GHV� GRQQpHV� DVVLPLOpHV�� F·HVW�j�GLUH� GRQW� OH� FR�W� HVW

LQIpULHXU�RX�pJDO�j���
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���

&KDSLWUH�� 

([SpULHQFHV�G·LQYHUVLRQ

$� SDUWLU� GH� OD� EDVH� GH� GRQQpHV� LQ� VLWX� SUpVHQWpH� GDQV� OH� &KDSLWUH� ��� QRXV� DYRQV� UpDOLVp� VL[

H[SpULHQFHV�G·LQYHUVLRQ��GRQW�OHV�REMHFWLIV�VRQW�UDSSHOpV�GDQV�OH�7DEOHDX�����,O�V·DJLW��

� G·LGHQWLILHU�OHV�GRQQpHV�GH�OD�EDVH�TXL�GRLYHQW�rWUH�DVVVLPLOpHV�SRXU�FRQWUDLQGUH��OHV�SDUDPqWUHV

FDUDFWpULVWLTXHV�GHV�IOX[�G·$O�GDQV�OD�FRORQQH�G·HDX�DX�VLWH�(80(/,�ROLJRWURSKH�

� GH� PRQWUHU� FRPPHQW� O·DSSURFKH� LQYHUVH� SHXW� FRQGXLUH� j� FRUULJHU� OHV� pTXDWLRQV� GX� PRGqOH

&2/'2�

� GH�SURSRVHU�GHV�VWUDWpJLHV�SRXU�DPpOLRUHU�OHV�VROXWLRQV�LQYHUVHV�LGHQWLILpHV�SDU�O·$*�VpOHFWLRQQp

GDQV�OH�&KDSLWUH���

/HV�UpVXOWDWV�GHV�VL[�H[SpULHQFHV�VRQW�V\QWKpWLVpV�GDQV�OH�&KDSLWUH���

��� ,GHQWLILFDWLRQ�GH�OD�VWUXFWXUH�GX�MHX�GH�GRQQpHV�j�DVVLPLOHU

����� ([SpULHQFH�$���DVVLPLODWLRQ�GHV�PHVXUHV�GHV�SLqJHV�j�SDUWLFXOHV

3RXU� FHWWH� SUHPLqUH� H[SpULHQFH�� QRXV� Q·DYRQV� DVVLPLOp� TXH� OHV� PHVXUHV� LQ� VLWX� pFKDQWLOORQQpHV

SHQGDQW�OD�FDPSDJQH�(80(/,�DX�VLWH�2��F·HVW�j�GLUH�FHOOHV�GHV�SLqJHV�j�SDUWLFXOHV��)LJXUH���D�E��

/HV� SURILOV� G·$O� SDUWLFXODLUH� HW� GLVVRXV� TXH� QRXV� DYRQV� FDOFXOpV� �VHFWLRQV� ������E�� HW� ������� VRQW

XWLOLVpV�SRXU�pYDOXHU�D�SRVWHULRUL�OHV�VLPXODWLRQV�JpQpUpHV�SDU�OHV�VROXWLRQV�GpWHFWpHV�SDU�O·$*�
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���

)LJXUH�����5HSUpVHQWDWLRQ�GHV�VROXWLRQV�DFFHSWDEOHV�WURXYpHV�ORUV�GHV�H[SV��$��%���&��'�HW�(
�7DEOHDX������$X�FRXUV�GH�FKDTXH�H[SpULHQFH��GpOLPLWpH�SDU�OHV�WUDLWV�pSDLV�YHUWLFDX[�QRLUV���GqV�TXH
O·$*�GpWHFWH�XQ�QRXYHDX�YHFWHXU�GH�SDUDPqWUHV�DFFHSWDEOHV��VHV���FRPSRVDQWHV�VRQW�UHSRUWpHV�SDU
XQ�URQG�FRORUp�VXU�XQH�YHUWLFDOH��LPPpGLDWHPHQW�j�GURLWH�GX�YHFWHXU�SUpFpGHQW��3RXU�FKDTXH

SDUDPqWUH��O·D[H�GHV�RUGRQQpHV�FRUUHVSRQG�j�O·LQWHUYDOOH�GH�VHV�YDOHXUV�SRVVLEOHV��7DEOHDX������/HV
VLPXODWLRQV�JpQpUpHV�SDU�OHV�VROXWLRQV�LQGLTXpHV�SDU���pWRLOHV�GDQV�OHV�SDQQHDX[�GHV�H[SV��$�HW�%�
VRQW�UHSUpVHQWpHV�VXU�OHV�ILJXUHV����HW����UHVSHFWLYHPHQW��3RXU�O·H[S��&��OHV���VROXWLRQV�GpVLJQpHV�SDU
GHV�pWRLOHV�VRQW��GH�JDXFKH�j�GURLWH��OHV�VROXWLRQV�&���&���&��HW�&���7DEOHDX[����HW������/D�VROXWLRQ�&�
JpQqUH�OHV�VLPXODWLRQV�UHSUpVHQWpHV�VXU�OD�)LJXUH�����/HV���OLJQHV�WLUHWpHV�QRLUHV�VHUYHQW�j�FRPSDUHU

OD�VROXWLRQ�&��j�FHOOHV�WURXYpHV�DX�FRXUV�GHV�H[SV��'�HW�(��7DEOHDX�����
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([SpULHQFH $ %�
'RQQpHV�DVVLPLOpHV PHVXUHV�GHV�SLqJHV�j�SDUWLFXOHV�DX�VLWH

(80(/,�2��)LJXUH���D�E�
WRXWHV� OHV� SVHXGR�GRQQpHV� JpQpUpHV
DYHF�&2/'2��)LJXUH����

'RQQpHV�SHUWXUEpHV DXFXQH DXFXQH

0RGqOH�LQWpJUp &2/'2�RULJLQDO��(TV����j��� &2/'2�RULJLQDO��(TV����j���

2EMHFWLIV GpILQLU�OD�VWUXFWXUH�GX�MHX�GH�GRQQpHV�j
DVVLPLOHU� SRXU� FRQWUDLQGUH� OHV� SD�
UDPqWUHV� FRQWU{ODQW� OHV� IOX[� G·$O� DX
VLWH�(80(/,�2

� GpILQLU� OD� VWUXFWXUH� GX� MHX� GH� GRQ�
QpHV� j� DVVLPLOHU� SRXU� FRQWUDLQGUH� OHV
SDUDPqWUHV�FRQWU{ODQW�OHV�IOX[�G·$O�DX
VLWH�(80(/,�2

� pWDEOLU� GHV� UqJOHV� G·LQWHUSUpWDWLRQ
GHV�UpVXOWDWV�GHV�LQYHUVLRQV�UpHOOHV

5HSUpVHQWDWLRQ�GHV�VROXWLRQV )LJXUHV����HW��� )LJXUH���
5HSUpVHQWDWLRQ�GH� VLPXODWLRQV
JpQpUpHV�SDU�OHV�VROXWLRQV

)LJXUH��� )LJXUH���

7DEOHDX�����&DUDFWpULVWLTXHV�GHV�H[SpULHQFHV�G·LQYHUVLRQ�SUpVHQWpHV�GDQV�OH�&KDSLWUH���

([SpULHQFH %� &
'RQQpHV�DVVLPLOpHV WRXWHV�OHV�GRQQpHV�LQ�VLWX��)LJXUH���� WRXWHV�OHV�GRQQpHV�LQ�VLWX��)LJXUH����

'RQQpHV�SHUWXUEpHV DXFXQH DXFXQH

0RGqOH�LQWpJUp &2/'2�RULJLQDO��(TV����j��� &2/'2�DYHF�OD�QRXYHOOH�pTXDWLRQ�GX
IOX[�GH�PDVVH��(TV����j���HW����

2EMHFWLIV � JpQpUHU� GHV� HVWLPDWLRQV� GHV� SD�
UDPqWUHV� FRQWU{ODQW� OHV� IOX[� G·$O� DX
VLWH�(80(/,�2

� pWXGLHU� OD� UREXVWHVVH� GHV� VROXWLRQV
GH�O·H[S��&�YLV�j�YLV�GH�OD�SDUDPpWULVD�
WLRQ�GH�O·DJUpJDWLRQ

JpQpUHU�GHV�HVWLPDWLRQV�GHV�SDUDPqWUHV
FRQWU{ODQW� OHV� IOX[� G·$O� DX� VLWH� (8�
0(/,�2

5HSUpVHQWDWLRQ�GHV�VROXWLRQV )LJXUHV����HW��� )LJXUHV����HW���
5HSUpVHQWDWLRQ�GH� VLPXODWLRQV
JpQpUpHV�SDU�OHV�VROXWLRQV

)LJXUH��� )LJXUHV����j���

7DEOHDX�����VXLWH�

([SpULHQFH ' (
'RQQpHV�DVVLPLOpHV WRXWHV�OHV�GRQQpHV�LQ�VLWX��)LJXUH���� WRXWHV�OHV�GRQQpHV�LQ�VLWX��)LJXUH����

'RQQpHV�SHUWXUEpHV GRQQpHV�LQ�VLWX�DVVLPLOpHV GRQQpHV� LQ� VLWX� XWLOLVpHV� FRPPH
FRQGLWLRQV�DX[�OLPLWHV

0RGqOH�LQWpJUp &2/'2�DYHF�OD�QRXYHOOH�pTXDWLRQ�GX
IOX[�GH�PDVVH��(TV����j���HW����

&2/'2�DYHF�OD�QRXYHOOH�pTXDWLRQ�GX
IOX[�GH�PDVVH��(TV����j���HW����

2EMHFWLIV pWXGLHU� OD� UREXVWHVVH� GHV� VROXWLRQV� GH
O·H[S��&�YLV�j�YLV�GHV�HUUHXUV�GHV�GRQ�
QpHV�LQ�VLWX�DVVLPLOpHV

pWXGLHU� OD� UREXVWHVVH� GHV� VROXWLRQV� GH
O·H[S��&�YLV�j�YLV�GHV�HUUHXUV�GHV�GRQ�
QpHV�LQ�VLWX�XWLOLVpHV�FRPPH�FRQGLWLRQV
DX[�OLPLWHV

5HSUpVHQWDWLRQ�GHV�VROXWLRQV )LJXUHV����HW��� )LJXUHV����HW���
5HSUpVHQWDWLRQ�GH� VLPXODWLRQV
JpQpUpHV�SDU�OHV�VROXWLRQV

� �

7DEOHDX�����VXLWH�
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)LJXUH�����)OX[�GH�PDVVH��D���G·$O��E���$O�SDUWLFXODLUH��F��HW�GLVVRXV��G��VLPXOpV�SDU�OH�YHFWHXU�GH
SDUDPqWUHV�DFFHSWDEOHV�WURXYp�ORUV�GH�O·H[S��$��7DEOHDX�����HW�LQGLTXp�SDU���pWRLOHV�YHUWHV�VXU�OD
)LJXUH�����/HV�VLPXODWLRQV�VRQW�FRPSDUpHV�DX[�PHVXUHV�GHV�SLqJHV�j�SDUWLFXOHV��D�E��TXL�RQW�pWp
DVVLPLOpHV�HW�DX[�SURILOV�FDOFXOpV�GHV�SKDVHV�ILOWUpH�HW�GLVVRXWH��TXL�Q·RQW�SDV�pWp�DVVLPLOpV��/HV

SURILOV�VLPXOpV�GH�&SH�HW�&GH�VRQW�G·DXWDQW�SOXV�UpFHQWV�TX·LOV�VRQW�VRPEUHV�
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/H�FULWqUH�G·DUUrW�GH�OD�PLQLPLVDWLRQ�SDU�O·$*��VHFWLRQ��������D�pWp�DWWHLQW�DSUqV�TXH�����JpQpUDWLRQV

DLHQW�pWp�HVWLPpHV��VRLW������FDOFXOV�GX�FR�W���,O�D�GpWHFWp���YHFWHXUV�GH�SDUDPqWUHV�DFFHSWDEOHV��GRQW

OH�FR�W�YDULH�HQWUH������HW�������� LOV�VRQW�UHSUpVHQWpV�VXU�OD�)LJXUH�����/HV�YDOHXUV�GH�. � � � ��. � � �HW�9�

VHPEOHQW�FRQWUDLQWHV�GH�IDoRQ�XQLTXH�SDU� OHV�GRQQpHV��PDLV�FHOOHV�GHV�DXWUHV�SDUDPqWUHV�VRQW�WUqV

GLVSHUVpHV�� (Q� SDUWLFXOLHU�� . �
� � HW� . � � VHPEOHQW� SRXYRLU� SUHQGUH� GHV� YDOHXUV� DSSDUWHQDQW� j� GHX[

LQWHUYDOOHV�GLVWLQFWV��&HOD�VXJJqUH�TXH�OH�GRPDLQH�DFFHSWDEOH�HVW�FRQVWLWXp�G·DX�PRLQV�GHX[�EDVVLQV

GLVMRLQWV��/D�)LJXUH����UHSUpVHQWH�OHV�VLPXODWLRQV�JpQpUpHV�SDU�O·XQH�GHV�VROXWLRQV��(Q�DFFRUG�DYHF�OH

FULWqUH�GH�VpOHFWLRQ�IRUPXOp�SDU�OD�IRQFWLRQ�FR�W��(T������� OHV�VLPXODWLRQV�VRQW�FRKpUHQWHV�DYHF�OHV

PHVXUHV� GHV� SLqJHV� pWDQW� GRQQpHV� OHXUV� LQFHUWLWXGHV�� /H� PRGqOH� D� WRXW� GH� PrPH� WHQGDQFH� j

VXUHVWLPHU�OD�GpFURLVVDQFH�GX�IOX[�GH�PDVVH�HQWUH������HW������P��DLQVL�TXH� OH�WHPSV�GH�WUDQVIHUW

GHV� pYqQHPHQWV�GH� IOX[� pOHYpV� HQWUH� FHV�SURIRQGHXUV� �)LJXUH� ��D�E���3DU� FRQWUH�� OHV� YDOHXUV� HW� OD

IRUPH�GHV�SURILOV�VLPXOpV�G·$O�SDUWLFXODLUH�HW�GLVVRXV�VRQW�LUUpDOLVWHV��&HWWH�FDUDFWpULVWLTXH�HVW�YDODEOH

SRXU�OHV�VLPXODWLRQV�FDOFXOpHV�j�SDUWLU�GHV���YHFWHXUV�DFFHSWDEOHV�

&HWWH� H[SpULHQFH�PRQWUH� TXH� O·DMXVWHPHQW� GX�PRGqOH� DX[� VHXOHV�PHVXUHV� GHV� SLqJHV� j� SDUWLFXOHV

Q·HVW�SDV�XQ�FULWqUH�VXIILVDQW�SRXU�VpOHFWLRQQHU� OHV�SDUDPqWUHV�H[SOLTXDQW� OD�GLVWULEXWLRQ�GH� O·$O�DX

VLWH�2�

����� $VVLPLODWLRQ�GH�WRXWHV�OHV�GRQQpHV�GLVSRQLEOHV

�D� ([SpULHQFH�%����XQH�LQYHUVLRQ�VLPXOpH�SUpOLPLQDLUH

$YDQW�G·DVVLPLOHU�WRXWHV�OHV�GRQQpHV�GH�OD�EDVH�TXH�QRXV�DYRQV�FRQVWLWXpH��VHFWLRQ�������QRXV�DYRQV

UpDOLVp�XQH�H[SpULHQFH�LQYHUVH�VLPXOpH��GH�IDoRQ�j�GpILQLU�GHV�UqJOHV�G·LQWHUSUpWDWLRQ�GHV�UpVXOWDWV�GHV

H[SpULHQFHV�UpHOOHV�

6\PEROH ,QWHUYDOOH�GH�UHFKHUFKH 9DOHXU�RSWLPDOH 6ROXWLRQ�&�
/LPLWH�LQIpULHXUH /LPLWH�VXSpULHXUH 6RXUFH �H[S��%�� �H[S��&�

3DUDPqWUHV�ELRJpRFKLPLTXHV
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6RXUFHV��� ��� FI�� 7DEOHDX� ����� ��� :KLWILHOG� HW� 7XUQHU� ��������� ��� =DNDUGMLDQ� HW� 3ULHXU� ��������� /�� 3ULHXU�
FRPPXQLFDWLRQ�SHUVRQQHOOH��������

7DEOHDX�����9DOHXUV�GHV�SDUDPqWUHV�GX�PRGqOH�&2/'2�PHQWLRQQpHV�GDQV�OHV�H[SpULHQFHV
G·DVVLPLODWLRQ�GHV�GRQQpHV�LQ�VLWX�GpFULYDQW�OH�WUDQVIHUW�GH�O·$O�DX�VLWH�2��7DEOHDX�����
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)DEULFDWLRQ�G·XQ�MHX�GH�SVHXGR�GRQQpHV

1RXV�DYRQV�JpQpUp�XQ�MHX�GH�SVHXGR�GRQQpHV�j�SDUWLU�GX�PRGqOH�&2/'2��HQ�XWLOLVDQW�OH�YHFWHXU

GH�SDUDPqWUHV�LQGLTXp�GDQV�OH�7DEOHDX�����/HV�SVHXGR�GRQQpHV�VRQW�UHSUpVHQWpHV�VXU�OD�)LJXUH����

/HV�FRQGLWLRQV�LQLWLDOHV�HW�FRQGLWLRQV�DX[�OLPLWHV�VRQW�FHOOHV�TXL�RQW�pWp�GpFULWHV�GDQV�OD�VHFWLRQ�����

/H�PRGqOH�HVW�LQWpJUp�VHORQ�OH�VFKpPD�PHQWLRQQp�GDQV�OD�VHFWLRQ�������

� /HV�VLPXODWLRQV�GH�)P�RQW�pWp�pFKDQWLOORQQpHV�j������HW������P�DX[�GDWHV�G·pFKDQWLOORQQDJH�GH

OD� FDPSDJQH� DX� VLWH� 2� �VHFWLRQ� ������D���� 8Q� SUHPLHU� EUXLW� EODQF� D� pWp� DMRXWp� DX[� GHX[� VpULHV

WHPSRUHOOHV� REWHQXHV� SRXU� VLPXOHU� OHV� HUUHXUV� DQDO\WLTXHV� VXU� OHV� GRQQpHV� UpHOOHV� �PR\HQQH��

����PJ�Pñ�M�� pFDUW� W\SH��� ����PJ�Pñ�M��� $�� %RU\�� FRPPXQLFDWLRQ� SHUVRQQHOOH�� ������� 8Q� VHFRQG

EUXLW� EODQF� D� pWp� DSSOLTXp�� SRXU� UHSURGXLUH� OHV� HUUHXUV� GH� FROOHFWH� GHV� SLqJHV� j� SDUWLFXOHV�� (Q

VXSSRVDQW� TXH� O·LQFHUWLWXGH� GH� OD� FROOHFWH� HVW� pJDOH� j�±������ GX� IOX[� GH�PDVVH�PR\HQ� j� FKDTXH

SURIRQGHXU��%DFRQ���������HOOH�YDXW�����HW�����PJ�Pñ�M�j������HW������P�UHVSHFWLYHPHQW�

� /HV� VLPXODWLRQV� GH� )P)H;H = RQW� pWp� pFKDQWLOORQQpHV� j� �����P� XQLTXHPHQW�� DX[� GDWHV� GH

FROOHFWH� UpHOOHV� �VHFWLRQ�������D����1RXV� DYRQV�SHUWXUEp� OD� VpULH� WHPSRUHOOH� UpVXOWDQWH� SDU� XQ� EUXLW

EODQF� VLPXODQW� OHV� HUUHXUV� DQDO\WLTXHV� �PR\HQQH��� �������� pFDUW� W\SH��� ��������� $�� %RU\�

FRPPXQLFDWLRQ�SHUVRQQHOOH��������

� 3RXU�IDEULTXHU�OH�SVHXGR�SURILO�GH�&SH��QRXV�DYRQV�FDOFXOp�OHV�PR\HQQHV�WHPSRUHOOHV�GH�&SH�]�W�

VXU�OD�GXUpH�GH�OD�FDPSDJQH�(80(/,�SRXU�OHV�YDOHXUV�GH�]�DOODQW�GH������j������P��DYHF�XQ�SDV

YHUWLFDO�G]� �����P��&KDTXH�PR\HQQH�D�pWp�PRGLILpH�GHX[�IRLV�GH�IDoRQ�DOpDWRLUH��DX�PD[LPXP�GH

±������GH�IDoRQ�j�VLPXOHU�O·HIIHW�GHV�HUUHXUV�GH�FROOHFWH�HW�DQDO\WLTXHV��VHFWLRQ�������E���

� /H�SVHXGR�SURILO�GH�&GH�D�pWp�FDOFXOp�GH� OD�PrPH�IDoRQ��PDLV�SRXU�GHV�YDOHXUV�GH�]�DOODQW�GH

�����j������P�XQLTXHPHQW��DYHF�XQ�SDV�YHUWLFDO�G]� �����P��/HV�PR\HQQHV�REWHQXHV�RQW�HOOHV�DXVVL

pWp�SHUWXUEpHV�GHX[�IRLV�GH�IDoRQ�DOpDWRLUH��DX�PD[LPXP�GH�±���HW��������SRXU�VLPXOHU�OHV�HUUHXUV

GH�FROOHFWH�HW�DQDO\WLTXHV�UHVSHFWLYHPHQW��VHFWLRQ��������

$LQVL��OD�UpVROXWLRQ�VSDWLR�WHPSRUHOOH�GX�MHX�GH�SVHXGR�GRQQpHV�HVW�H[DFWHPHQW�LGHQWLTXH�j�FHOOH�GX

MHX�GH�GRQQpHV�UpHOOHV�

$VVLPLODWLRQ�GHV�SVHXGR�GRQQpHV

'DQV� FHWWH� H[SpULHQFH�� WRXWHV� OHV� SVHXGR�GRQQpHV� RQW� pWp� DVVLPLOpHV�� /H� FULWqUH� G·DUUrW� GH

O·H[SORUDWLRQ�GX�FR�W�SDU�O·$*�D�pWp�DWWHLQW�DSUqV�TX·LO�DLW�pYDOXp�����JpQpUDWLRQV��VRLW������YDOHXUV

GX�FR�W���,O�D�GpWHFWp�����VROXWLRQV�DFFHSWDEOHV��GRQW�OH�FR�W�YDULH�HQWUH������HW�������)LJXUH������/D

)LJXUH����PRQWUH�TX·HQ�DFFRUG�DYHF� OH� FULWqUH�GH� VpOHFWLRQ� �VHFWLRQ������� OHV� VLPXODWLRQV� FDOFXOpHV

DYHF�OHV�VROXWLRQV�DFFHSWDEOHV�VRQW�FRKpUHQWHV�DYHF�OHV�SVHXGR�GRQQpHV�pWDQW�GRQQp�OH�EUXLW�TXL�OHXU

D�pWp�DMRXWp��&H�UpVXOWDW�VXJJqUH�TXH�O·HVWLPDWLRQ�GHV�SDUDPqWUHV�FRQWU{ODQW�OH�WUDQVIHUW�G·$O�DX�VLWH

2�H[LJH�G·DVVLPLOHU�O·HQVHPEOH�GHV�GRQQpHV�LQ�VLWX�GLVSRQLEOHV��VHFWLRQ������
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)LJXUH�����)OX[�GH�PDVVH��D���G·$O��E���$O�SDUWLFXODLUH��F��HW�GLVVRXV��G��VLPXOpV�SDU�O·XQ�GHV�YHFWHXUV
GH�SDUDPqWUHV�DFFHSWDEOHV�WURXYp�ORUV�GH�O·LQYHUVLRQ�VLPXOpH�%���7DEOHDX�����)LJXUH������/HV
VLPXODWLRQV�VRQW�FRPSDUpHV�DX[�SVHXGR�GRQQpHV�FDOFXOpHV�SDU�&2/'2�DYHF�OH�YHFWHXU�GH

SDUDPqWUHV�LQGLTXp�GDQV�OH�7DEOHDX�����/HV�SURILOV�VLPXOpV�GH�&SH�HW�&GH�VRQW�G·DXWDQW�SOXV�UpFHQWV
TX·LOV�VRQW�VRPEUHV�
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)LJXUH�����5HSUpVHQWDWLRQ�GHV�VROXWLRQV�DFFHSWDEOHV�DX�IXU�HW�j�PHVXUH�GH�OHXU�GpWHFWLRQ�SDU�O·$*
ORUV�GH�O·LQYHUVLRQ�VLPXOpH�%���7DEOHDX������/HXUV�FRPSRVDQWHV�VRQW�UHSRUWpHV�SDU���SRLQWV�URXJHV
VXU�XQH�YHUWLFDOH�GDQV�OH�FDGUDQ�FRUUHVSRQGDQW�j�FKDTXH�SDUDPqWUH��GRQW�OHV�JDPPHV�GH�YDOHXUV
SRVVLEOHV�VRQW�LQGLTXpHV�VXU�O·D[H�GHV�RUGRQQpHV��/HV���pWRLOHV�QRLUHV�GpVLJQHQW�OH�YHFWHXU�XWLOLVp
SRXU�FDOFXOHU�OHV�VLPXODWLRQV�GH�OD�)LJXUH�����/HV���OLJQHV�QRLUHV�WLUHWpHV�GpVLJQHQW�OHV�SDUDPqWUHV

XWLOLVpV�SRXU�FDOFXOHU�OH�MHX�GH�SVHXGR�GRQQpHV��7DEOHDX�����

&HSHQGDQW�� OD�)LJXUH����PRQWUH�TXH� O·$*�Q·D�SDV�UpXVVL�j� UHWURXYHU� OH� MHX�GH�SDUDPqWUHV�RSWLPDO

�7DEOHDX������0rPH�VL�OHV�YDOHXUV�GH�FHUWDLQV�SDUDPqWUHV��WHOV�TXH�FHOOHV�GH�. � � � ��. � � ��. �
� ��. � � ��9� �HW�. � �

VRQW� SDUIRLV� UHWURXYpHV�� OHV� YHFWHXUV� DFFHSWDEOHV� TXL� OHXU� VRQW� DVVRFLpV� SHXYHQW� rWUH� pORLJQpV� GX

YHFWHXU� RSWLPDO� GDQV� O·HVSDFH� GH� UHFKHUFKH� j� 1� � ��� GLPHQVLRQV�� 3DU� H[HPSOH�� LOV� SHXYHQW� VH

WURXYHU�GDQV�XQ�EDVVLQ�GLVWLQFW�GX�EDVVLQ�G·DWWUDFWLRQ�GX�0*��5DSSHORQV�TXH� ORUV�GH� O·H[SpULHQFH

LQYHUVH� VLPXOpH� GpFULWH� GDQV� OD� VHFWLRQ� ������� O·$*� D� pWp� FDSDEOH� GH� UHWURXYHU� OHV� �� SDUDPqWUHV

RSWLPDX[� XWLOLVpV� SRXU� FDOFXOHU� XQ� MHX� GH� SVHXGR�GRQQpHV� QRQ� EUXLWp�� /H� SUpVHQW� pFKHF� SHXW

V·H[SOLTXHU�GH�WURLV�IDoRQV��

� LO� SHXW� H[LVWHU� GHV� YHFWHXUV� GH� SDUDPqWUHV� FDSDEOHV� GH� JpQpUHU� H[DFWHPHQW� OHV� PrPHV

VLPXODWLRQV�GH�)P��)H��&SH�HW�&GH�TXH�OH�YHFWHXU�RSWLPDO��/·$*�HVW�GRQF�LQFDSDEOH�GH�OHV�GLVWLQJXHU�

/HV� SDUDPqWUHV� GRQW� OHV� YDOHXUV� SHXYHQW� rWUH� PRGLILpHV� VDQV� TXH� FHOD� Q·DIIHFWH� OD� WUDMHFWRLUH� GX

PRGqOH�VRQW�GLWV�QRQ�LGHQWLILDEOHV��:DOWHU�HW�3URQ]DWR��������������

� OD�IRQFWLRQ�FR�W�SHXW�PRQWUHU�GHV�GpJpQpUHVFHQFHV��VHFWLRQ����������LO�H[LVWHUDLW�XQ�HQVHPEOH�GH

YHFWHXUV� GH� SDUDPqWUHV� TXL� JpQqUHQW� GHV� VLPXODWLRQV� GLIIpUHQWHV�� PDLV� TXL� QH� SHXYHQW� SDV� rWUH

GLVWLQJXpHV�DSUqV�O·pFKDQWLOORQQDJH�VSDWLR�WHPSRUHO�

� OH� EUXLW� DMRXWp� DX[�SVHXGR�GRQQpHV�SHXW� DYRLU� LQGXLW� XQH�PRGLILFDWLRQ�GH� OD� GLVWULEXWLRQ� GHV

PLQLPD� GX� FR�W� �VHFWLRQ� ������E���� /D� )LJXUH� ��� UHSUpVHQWH� XQH� FRXSH� ��'� GH� OD� IRQFWLRQ� FR�W
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H[SORUpH�SDU�O·$*��(OOH�GpPRQWUH�TXH�OH�YHFWHXU�GH�SDUDPqWUHV�RSWLPDO�Q·HVW�SOXV�OH�0*��/H�0*�HW

OH�YHFWHXU�RSWLPDO�VHPEOHQW�WRXW�GH�PrPH�DSSDUWHQLU�DX�PrPH�EDVVLQ�DFFHSWDEOH��&HWWH�PLJUDWLRQ

GX�0*�SHXW�DYRLU�OLHX�GDQV�WRXWHV�OHV�GLUHFWLRQV�GH�O·HVSDFH�GH�UHFKHUFKH�

)LJXUH�����&RXSH�GH�OD�IRQFWLRQ�FR�W�DVVRFLpH�DX[�SVHXGR�GRQQpHV�FDOFXOpHV�SRXU�O·LQYHUVLRQ
VLPXOpH�%���7DEOHDX�����HQ�IRQFWLRQ�GH�. � � �HW�9� ��/HV�YDOHXUV�GHV�DXWUHV�SDUDPqWUHV�VRQW�pJDOHV�DX[
YDOHXUV�RSWLPDOHV��7DEOHDX������/D�OLJQH�QRLUH�pSDLVVH�ORFDOLVH�O·LVRFRQWRXU�-�S�� ����/D�FURL[�HW
O·pWRLOH�EOHXHV�LOOXVWUHQW�OD�PLJUDWLRQ�GX�0LQLPXP�*OREDO��0*��G�H�DX�EUXLW�DMRXWp�DX[�SVHXGR�

GRQQpHV�

&HWWH� H[SpULHQFH� LOOXVWUH� FRPPHQW� O·H[LVWHQFH� G·HUUHXUV� VLJQLILFDWLYHV� VXU� OHV� GRQQpHV� DVVLPLOpHV

PRGLILH�OD�QDWXUH�PDWKpPDWLTXH�GX�SUREOqPH�LQYHUVH��/D�GpWHFWLRQ�GX�0*�QH�VLJQLILH�SDV�TXH�O·RQ�D

LGHQWLILp� OHV�SDUDPqWUHV�FDUDFWpULVWLTXHV�GX�IRQFWLRQQHPHQW�GX�V\VWqPH�UpHO��&RPPH�QRXV� O·DYRQV

H[SOLTXp�GDQV�OD�VHFWLRQ�������� OD�VROXWLRQ�DX�SUREOqPH�LQYHUVH�HVW�LQFOXVH�GDQV�FH�TXH�QRXV�DYRQV

DSSHOp� OH� GRPDLQH� DFFHSWDEOH� GpOLPLWp� SDU� O·LVRFRQWRXU� -�S�� ���� ,O� FRQWLHQW� WRXV� OHV� YHFWHXUV� GH

SDUDPqWUHV�TXL�H[SOLTXHQW�FRUUHFWHPHQW�OHV�GRQQpHV� LQ�VLWX�GLVSRQLEOHV��pWDQW�GRQQpHV� OHXUV�EDUUHV

G·HUUHXU�� /D� )LJXUH� ��� GpPRQWUH� TXH� OD� VWUXFWXUH� GX� GRPDLQH� DFFHSWDEOH� HVW� WUqV� FRPSOH[H�

/·LVROLJQH�-�S�� ���HQWRXUH�XQH�UpJLRQ�WUqV�YDVWH� UHODWLYHPHQW�DX[� LQWHUYDOOHV�GHV�YDOHXUV�SRVVLEOHV

GH�. � � �HW�9� ��j�O·LQWpULHXU�GH�ODTXHOOH�VH�WURXYHQW�GH�SHWLWV�GRPDLQHV�QRQ�DFFHSWDEOHV�

2U��O·$*�Q·D�SDV�pWp�FRQoX�SRXU�LGHQWLILHU�FH�W\SH�GH�VROXWLRQV��VHFWLRQ���������,O�QH�SHUPHW�TXH�GH

UHSpUHU� OHV� TXHOTXHV� VROXWLRQV� DFFHSWDEOHV� pYDOXpHV� ORUV� GH� VD� SURJUHVVLRQ� YHUV� OH� 0*�� 3RXU

DPpOLRUHU�OD�VROXWLRQ��GHX[�VWUDWpJLHV�FRPSOpPHQWDLUHV�VRQW�HQYLVDJHDEOHV��,O�V·DJLW��
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� GH�PRGLILHU�O·$*�GH�IDoRQ�j�DXJPHQWHU�OD�SUREDELOLWp�TX·LO�GpWHFWH�GHV�YHFWHXUV�GH�SDUDPqWUHV

DFFHSWDEOHV���QRXV�HQYLVDJHURQV�FHWWH�SRVVLELOLWp�GDQV�OD�VHFWLRQ��������

� GH�UpGXLUH�OD�WDLOOH�GX�GRPDLQH�DFFHSWDEOH��SDU�H[HPSOH�HQ�UDIILQDQW�MXGLFLHXVHPHQW�OH�FULWqUH�GH

VpOHFWLRQ�GpILQL�GDQV�OD�VHFWLRQ�������FHFL�IDLW�O·REMHW�GH�OD�VHFWLRQ�����

5HPDUTXH�j�SURSRV�GX�FDOFXO�GX�FDOFXO�V\VWpPDWLTXH�GH�OD�PDWULFH�+HVVLHQQH�GX�FR�W

$SUqV�O·LQYHUVLRQ�G·XQ�PRGqOH��LO�HVW�IUpTXHQW�GH�YpULILHU�VL�OHV�SDUDPqWUHV�DVVRFLpV�j�©�OD�VROXWLRQ�ª��

HQ�VXSSRVDQW�TX·HOOH�HVW�XQLTXH���VRQW�FRQWUDLQWV�GH�IDoRQ�LQGpSHQGDQWH�SDU�OHV�GRQQpHV�DVVLPLOpHV

�0DWHDU��������9DOOLQR���������/D�PpWKRGH�XWLOLVpH� DSSDUWLHQW� j� OD� WKpRULH� LQYHUVH� OLQpDLUH� �VHFWLRQ

��������,O�V·DJLW�G·pYDOXHU�ORFDOHPHQW�OH�UDQJ�GH�OD�PDWULFH�+HVVLHQQH��
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R��Sγ�GRLW�VH�WURXYHU�GDQV�OH�EDVVLQ�G·DWWUDFWLRQ�GX�0*��&HOD�UHYLHQW�j�UHFKHUFKHU�OHV�GLUHFWLRQV�GHV

GpJpQpUHVFHQFHV�pYHQWXHOOHV�GX�FR�W��/·H[SpULHQFH��H[S���%��PRQWUH�TX·j�SDUWLU�GX�PRPHQW�R��O·RQ

GRLW�SUHQGUH�HQ�FRPSWH�OHV�HUUHXUV�VXU�OHV�GRQQpHV�LQ�VLWX��RQ�QH�GRLW�SOXV�VH�SUpRFFXSHU�GH�OD�IRUPH

GX�FR�W�DXWRXU�GX�0*��OH�0*�Q·D�G·DLOOHXUV�SDV�SOXV�GH�YDOHXU�TXH�OHV�DXWUHV�YHFWHXUV�GH�SDUDPqWUHV

DFFHSWDEOHV���PDLV�GH�FHOOH�GX�FRQWRXU�-�S�� ���DXWRXU�GX�RX�GHV�EDVVLQ�V��DFFHSWDEOH�V���$XWUHPHQW

GLW�� OHV� GpJpQpUHVFHQFHV� GX� FR�W� UHSpUpHV� j� O·LQWpULHXU� GX� GRPDLQH� DFFHSWDEOH� QH� VRQW� SDV

VLJQLILFDWLYHV�pWDQW�GRQQpHV�OHV�HUUHXUV�VXU�OHV�PHVXUHV�DVVLPLOpHV��(Q�RXWUH��GDQV�OH�FDV�QRQ�OLQpDLUH�

LO�HVW�SHX�SUREDEOH�TX·HOOHV�UHIOqWHQW�OD�IRUPH�GX�FRQWRXU�-�S�� �����GDQV� OD�PHVXUH�R��OH�GRPDLQH

DFFHSWDEOH�SHXW�HQJOREHU�SOXVLHXUV�EDVVLQV�G·DWWUDFWLRQ� �)LJXUH������0DLV� OH� FDOFXO� V\VWpPDWLTXH�GH

O·LVRFRQWRXU� -�S�� ��� HVW� XQ�SUREOqPH�PDWKpPDWLTXH� FRPSOH[H�� SRXU� OHTXHO� QRXV� QH� FRQQDLVVRQV

SDV�GH�PpWKRGH�

�E� ([SpULHQFH�%����LQYHUVLRQ�FRQWUDLQWH�SDU�WRXWHV�OHV�GRQQpHV�UpHOOHV

&HWWH� H[SpULHQFH� FRUUHVSRQG� j� O·DVVLPLODWLRQ� GH� WRXWHV� OHV� GRQQpHV� LQ� VLWX� TXH� QRXV� DYRQV

UDVVHPEOpHV�SRXU�FRQWUDLQGUH�OHV�IOX[�G·$O�DX�VLWH�2��VHFWLRQ������)LJXUH�����

/H�FULWqUH�G·DUUrW�GH� O·H[SORUDWLRQ�SDU� O·$*�D�pWp� DWWHLQW� DSUqV� O·pYDOXDWLRQ�GH�����JpQpUDWLRQV� �L�H�

�����FDOFXOV�GX�FR�W���HW�O·$*�D�GpWHFWp�OHV����YHFWHXUV�GH�SDUDPqWUHV�DFFHSWDEOHV�UHSUpVHQWpV�VXU�OD

)LJXUH�����/HXU�FR�W� YDULH� HQWUH� ����� HW� ������/D�)LJXUH� ��� UHSUpVHQWH� OHV� VLPXODWLRQV� FDOFXOpHV� j

SDUWLU�GH�O·XQH�GH�FHV�VROXWLRQV��/H�PRGqOH�D�WRXMRXUV�WHQGDQFH�j�VXUHVWLPHU�OD�GLPLQXWLRQ�GHV�IOX[

GH�PDVVH�HW�G·$O�HQWUH������HW������P��PDLV�OD�VXUHVWLPDWLRQ�GH� OD�GpFURLVVDQFH�GX�IOX[�GH�PDVVH

HQWUH� ����� HW� �����P� HVW�PRLQV� SURQRQFpH� TXH� VXU� OD� )LJXUH� ���� /H� GpFDODJH� WHPSRUHO� HQWUH� OHV

pYqQHPHQWV� GH� IOX[� pOHYpV� j� ����� HW� �����P� HVW� ELHQ� UHSURGXLW��PDLV� OH� GpFDODJH� WHPSRUHO� HQWUH

����� HW� �����P� HVW� WURS� ORQJ�� &RQWUDLUHPHQW� j� O·H[S�� $�� OHV� SURILOV� VLPXOpV� GH�&SH� HW�&GH� VRQW
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UpDOLVWHV��&HWWH�H[SpULHQFH�FRQILUPH�TX·LO�HVW�QpFHVVDLUH�G·DMXVWHU�&2/'2�j�GHV�PHVXUHV�GH�WRXWHV

VHV�YDULDEOHV�G·pWDW�SRXU�WURXYHU�GHV�SDUDPqWUHV�H[SOLTXDQW�OHV�IOX[�G·$O�DX�VLWH�2�

)LJXUH�����)OX[�GH�PDVVH��D���G·$O��E���$O�SDUWLFXODLUH��F��HW�GLVVRXV��G��VLPXOpV�SDU�OH�YHFWHXU�GH
SDUDPqWUHV�DFFHSWDEOHV�WURXYp�ORUV�GH�O·H[S��%���7DEOHDX������HW�LQGLTXp�SDU���pWRLOHV�EOHXHV�VXU�OD
)LJXUH�����,OV�VRQW�FRPSDUpV�DX[�PHVXUHV�GHV�SLqJHV�j�SDUWLFXOHV�HW�DX[�SURILOV�FDOFXOpV�SRXU�OHV

SKDVHV�ILOWUpH�HW�GLVVRXWH�TXL�RQW�WRXV�pWp�DVVLPLOpV��/HV�SURILOV�VLPXOpV�GH�&SH�HW�&GH�VRQW�G·DXWDQW
SOXV�UpFHQWV�TX·LOV�VRQW�VRPEUHV�
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/D�)LJXUH����PRQWUH�TX·DXFXQH�GHV�VROXWLRQV�GH�FHWWH�H[SpULHQFH�QH�FRUUHVSRQG�j�FHOOHV�GH�O·H[S��$�

&HOD� GpPRQWUH� TXH� OHV� HVWLPDWLRQV� GHV� SDUDPqWUHV� GpSHQGHQW� GHV� GRQQpHV� DVVLPLOpHV�� GRQF� GHV

VWUDWpJLHV�GH�PHVXUH�HQ�PHU��'H�SOXV��OH�GRPDLQH�DFFHSWDEOH�DVVRFLp�j�O·DVVLPLODWLRQ�GH�WRXWH�OD�EDVH

GH�GRQQpHV�Q·HVW�SDV�LQFOXV�GDQV�OH�GRPDLQH�DFFHSWDEOH�DVVRFLp�j�O·DVVLPLODWLRQ�GHV�VHXOHV�PHVXUHV

GHV� SLqJHV�� ,O� HVW� GRQF� QpFHVVDLUH� G·DVVLPLOHU� VLPXOWDQpPHQW� �� HW� QRQ� VXFFHVVLYHPHQW� �� WRXWHV� OHV

GRQQpHV�GRQW�RQ�GLVSRVH��3DU�UDSSRUW�j�O·H[S��$��RQ�FRQVWDWH�TXH�OHV�YDOHXUV�GH�. �
� ��. � � �HW�. � �VRQW

PRLQV�GLVSHUVpHV��&HOD�FRQILUPH�TXH�O·DMRXW�GH�PHVXUHV�IDLW�GLVSDUDvWUH�FHUWDLQHV�GpJpQpUHVFHQFHV�GH

OD�IRQFWLRQ�FR�W��VHFWLRQ���������$XFXQH�PHVXUH�GHV�SDUDPqWUHV�Q·H[LVWH�j� ODTXHOOH�QRXV�SRXUULRQV

FRPSDUHU� OHV�YDOHXUV� WURXYpHV��%RU\�HW�1HZWRQ� �������RQW�HVWLPp� OD�YLWHVVH�GH�FKXWH�GHV�JURVVHV

SDUWLFXOHV�j�9� �a�����P�M�j�SDUWLU�GX�GpFDODJH�GHV�VpULHV�WHPSRUHOOHV�GHV�SLqJHV�j������HW������P�

1RV�YDOHXUV�VRQW�EHDXFRXS�SOXV�pOHYpHV���HOOHV�YDULHQW�HQWUH��������HW��������P�M�

1RXV� DYRQV� FDOFXOp� OHV� UDSSRUWV�. � � �. � � ��. � � �. �
� � HW�9� �9� � DVVRFLpV� DX[� VROXWLRQV� DFFHSWDEOHV� GH

O·H[S��%���/HXUV�YDOHXUV�VRQW�UHSRUWpHV�VXU�OD�)LJXUH����HW�GDQV�OH�7DEOHDX�����2Q�FRQVWDWH�TX·HOOHV

VRQW�PLHX[�FRQWUDLQWHV�TXH� OHV�YDOHXUV�GH�FKDTXH�SDUDPqWUH� �)LJXUH������$LQVL��. � � �. � � �YDULH�HQWUH

����� HW� ������ KRUPLV� SRXU� GHX[� VROXWLRQV� SRXU� OHVTXHOOHV� OHV� YDOHXUV� GH�. � � � VRQW� WUqV� pOHYpHV�� /H

UDSSRUW�. � � �. �
� ��HVW�DXVVL�ELHQ�FRQWUDLQW�SXLVTX·LO�YDULH�HQWUH������HW�������/HV�YDOHXUV�GX�UDSSRUW�GHV

YLWHVVHV�9� �9� � VRQW� SOXV� GLVSHUVpHV�� DOODQW� GH� ������ j� �������� 6RXOLJQRQV� TXH� FHV� LQWHUYDOOHV� GH

YDOHXUV�VRQW�WUqV�SUREDEOHPHQW�GLVFRQWLQXV�

��� $PpOLRUDWLRQ�GH�OD�SDUDPpWULVDWLRQ�GHV�SURFHVVXV

����� 3DUDPpWULVDWLRQ�GH�O·DJUpJDWLRQ�GHV�SHWLWHV�SDUWLFXOHV

3DU� FRQVWUXFWLRQ�� O·H[S��%�� IRXUQLW� FHUWDLQHV� GHV� VLPXODWLRQV� GH� &2/'2� OHV�PLHX[� DMXVWpHV� DX[

GRQQpHV� LQ� VLWX� �)LJXUH� �����&HSHQGDQW�� FHV� VLPXODWLRQV� HW� FHOOHV� TXL�RQW� pWp� FDOFXOpHV� j� O·LVVXH�GH

O·H[S��$��)LJXUH�����PHWWHQW�HQ�pYLGHQFH�XQ�GpIDXW�V\VWpPDWLTXH�GH�&2/'2��(Q�HIIHW�� OH�PRGqOH

VXUHVWLPH� WRXMRXUV� OD� GpFURLVVDQFH� GHV� IOX[� GH�PDVVH� HW� G·$O� DYHF� OD� SURIRQGHXU��'·DXWUH� SDUW�� LO

SUpGLW�XQ�GpFDODJH�WHPSRUHO�GH����j����MRXUV�HQWUH�OHV�pYqQHPHQWV�GH�IOX[�pOHYpV�j������HW������P�

DORUV� TXH� OD� SOXSDUW� GH� FHV� pYqQHPHQWV� VH� SURGXLVHQW� VLPXOWDQpPHQW� DX[� GHX[� SURIRQGHXUV

UHODWLYHPHQW�j�OD�SpULRGH�GH�FROOHFWH�GHV�SLqJHV��a���MRXUV��FI��VHFWLRQ�������D����)LJXUH������2U�QRXV

DYRQV�PHQWLRQQp�TXH� OH�PRGqOH�QpJOLJH� O·HIIHW�GH� O·DJUpJDWLRQ�GHV�SDUWLFXOHV�ILOWUpHV�VXU� OH� IOX[�GH

PDVVH��(T�����VHFWLRQ���������/HV�WUDYDX[�UpFHQWV�GH�$UUDHV�0HVFRII��������VXJJqUHQW�TXH�FHW�HIIHW

GRLW�rWUH�SULV�HQ�FRPSWH�
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)LJXUH�����5HSUpVHQWDWLRQ�GHV�UDSSRUWV�. ����� �. � �
�
��. � � �. � � ��. � � �. ��� �HW�9� �9� �DVVRFLpV�DX[�VROXWLRQV

DFFHSWDEOHV�GHV�H[SV��%���&��'�HW�(��7DEOHDX�����)LJXUH������/H�PRGH�GH�UHSUpVHQWDWLRQ�HVW�OH�PrPH
TXH�SRXU�OD�)LJXUH�����SRXU�FKDTXH�H[SpULHQFH��GpOLPLWpH�SDU�OHV�WUDLWV�pSDLV�YHUWLFDX[�QRLUV���j
FKDTXH�IRLV�TXH�O·$*�GpWHFWH�XQH�QRXYHOOH�VROXWLRQ�DFFHSWDEOH��OHV���RX���UDSSRUWV�TXL�OXL�VRQW

DVVRFLpV�VRQW�UHSRUWpV�SDU�DXWDQW�GH�URQGV�VXU�XQH�YHUWLFDOH��GDQV�OH�FDGUDQ�TXL�OHXU�FRUUHVSRQG��/H
SDUDPqWUH�. � �

�
�Q·D�SDV�pWp�GpILQL�SRXU�O·H[S��%���/HV�YDOHXUV�H[WUrPHV�GHV�UDSSRUWV�DVVRFLpHV�j

FKDTXH�H[SpULHQFH�VRQW�UHSRUWpHV�GDQV�OH�7DEOHDX�����/D�VROXWLRQ�GH�O·H[S��%��GpVLJQpH�SDU�OHV
pWRLOHV�EOHXHV�JpQqUH�OHV�VLPXODWLRQV�GH�OD�)LJXUH�����/HV�TXDWUH�VROXWLRQV�GH�O·H[S��&�GpVLJQpHV�SDU

GHV�pWRLOHV�URXJHV�VRQW��GH�JDXFKH�j�GURLWH��OHV�VROXWLRQV�&���&���&��HW�&���7DEOHDX�����

-XVTX·j�SUpVHQW��O·HIIHW�GH�O·DJUpJDWLRQ�GHV�SDUWLFXOHV�ILOWUpHV�VXU�OH�IOX[�GH�PDVVH�Q·pWDLW�SDV�GpFULW�HQ

SDUWLH�SDUFH�TXH�OD�FRQFHQWUDWLRQ�WRWDOH�GHV�SDUWLFXOHV�ILOWUpHV��HQ�PJ�P
�

��HVW�GLIILFLOH�j�PHVXUHU�DYHF

OHV� SRPSHV� LQ� VLWX� XWLOLVpHV� SHQGDQW� OHV� FDPSDJQHV�(80(/,� �VHFWLRQ� ������E����1RXV� SURSRVRQV

G·HVWLPHU� FHWWH� YDULDEOH� DX� FRXUV� GH� O·LQWpJUDWLRQ� GX� PRGqOH� j� SDUWLU� GHV� VLPXODWLRQV� GH� OD

FRQFHQWUDWLRQ� HQ� $O� GDQV� OHV� SDUWLFXOHV� ILOWUpHV� �&SH��� 3HQGDQW� OD� FDPSDJQH� +DUPDWWDQ� GpMj

PHQWLRQQpH�GDQV�OD�VHFWLRQ�������E���GHV�SURILOV�GH�OD�FRQFHQWUDWLRQ�HQ�$O�SDUWLFXODLUH�ILOWUp�HW�GH�OD

FRQFHQWUDWLRQ�WRWDOH�HQ�SDUWLFXOHV�ILOWUpHV�RQW�pWp�UpDOLVpV�VLPXOWDQpPHQW�j�SDUWLU�GH�ERXWHLOOHV�1LVNLQ

�&��&RSLQ��FRPPXQLFDWLRQ�SHUVRQQHOOH���������$�SDUWLU�GH�FHX[�FL��RQ�HQ�GpGXLW�TXH�OD�SURSRUWLRQ

PR\HQQH�HQ�$O�GDQV�FHV�SDUWLFXOHV�HQWUH������P�HW�OH�IRQG��SRXU�OHV�VWDWLRQV�OHV�SOXV�pORLJQpHV�GH�OD

F{WH�YDXW�U � � ��������VWDWLRQV�������HW�����FI��)LJXUH������1RXV�VXSSRVRQV�TXH�FHWWH�SURSRUWLRQ�HVW
UHSUpVHQWDWLYH� GX� VLWH� 2�� HW� TXH� VD� YDULDELOLWp� YHUWLFDOH� HW� WHPSRUHOOH� HVW� QpJOLJHDEOH�� $LQVL�

	UW]&SH ��� HVW�XQH�HVWLPDWLRQ�GH�OD�FRQFHQWUDWLRQ�WRWDOH�HQ�SDUWLFXOHV�ILOWUpHV�j�OD�SURIRQGHXU�]�HW�j

OD�GDWH�W��1RXV�SURSRVRQV�GH�UHPSODFHU�O·pTXDWLRQ�RULJLQDOH�GX�IOX[�GH�PDVVH��(T�����SDU�O·pTXDWLRQ

VXLYDQWH��
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/H� WHUPH� G·DJUpJDWLRQ� HVW� OH� GHUQLHU� WHUPH� GH� GURLWH�� ,O� HVW� QRQ�OLQpDLUH� HW� VLPLODLUH� j� FHOXL� GH

O·pTXDWLRQ�GX�IOX[�G·$O��(T������&H�WHUPH�LQGXLW�OH�FRXSODJH�GH�O·pTXDWLRQ�GX�IOX[�GH�PDVVH�DYHF�OHV

DXWUHV�pTXDWLRQV�GX�PRGqOH��(TV�������

����� ([SpULHQFH�&���LQYHUVLRQ�GH�OD�YHUVLRQ�DPpOLRUpH�GX�PRGqOH�&2/'2

&HWWH�H[SpULHQFH�FRQVLVWH�HQ� O·LQYHUVLRQ�GH� OD�QRXYHOOH�YHUVLRQ�GX�PRGqOH��EDVpH�VXU� OHV�pTXDWLRQV

�����HW�����j������$�SDUW�FHWWH�PRGLILFDWLRQ�GHV�pTXDWLRQV��HOOH�HVW�H[DFWHPHQW�LGHQWLTXH�j�O·H[S��%��

F·HVW�j�GLUH�TXH�WRXWH�OD�EDVH�GH�GRQQpHV�HVW�DVVLPLOpH��/·H[SORUDWLRQ�GH�OD�IRQFWLRQ�FR�W�V·HVW�DUUrWpH

DSUqV� O·pYDOXDWLRQ� GH� ���� JpQpUDWLRQV� �L�H�� ����� FDOFXOV� GX� FR�W��� /·$*� D� GpWHFWp� ��� YHFWHXUV� GH

SDUDPqWUHV�DFFHSWDEOHV��GRQW�OH�FR�W�YDULH�HQWUH������HW�������,OV�VRQW�UHSUpVHQWpV�VXU�OD�)LJXUH����

/D�)LJXUH����UHSUpVHQWH�OHV�VLPXODWLRQV�FDOFXOpHV�SDU�OH�YHFWHXU�GH�SDUDPqWUHV�DFFHSWDEOHV� LQGLTXp

SDU�OHV�pWRLOHV�URXJHV�VXU�OD�)LJXUH�����HW�GRQW�OHV�YDOHXUV�VRQW�GRQQpHV�GDQV�OH�7DEOHDX�����'DQV�OD

VXLWH�� QRXV� OH� GpVLJQHURQV� SDU� ©�VROXWLRQ� &��ª�� 2Q� FRQVWDWH� XQH� DPpOLRUDWLRQ� VLJQLILFDWLYH� GH� OD

VLPXODWLRQ� GX� WUDQVIHUW� GX� IOX[� GH�PDVVH� HQWUH� ����� HW� �����P�� /D� QRXYHOOH� YHUVLRQ� GX�PRGqOH

UHSURGXLW�OD�VLPXOWDQpLWp�GHV�pYqQHPHQWV�GH�IOX[�pOHYpV�j�FHV�GHX[�SURIRQGHXUV��DLQVL�TXH�OD�IDLEOH

GLPLQXWLRQ�GX� IOX[�GH�PDVVH�HQWUH������HW������P�TXL� VRQW�REVHUYpHV�SHQGDQW� OHV�GHX[�GHUQLHUV

GpSORLHPHQWV�GHV�SLqJHV��)LJXUH�����

&HSHQGDQW�� OH�PRGqOH� VRXV�HVWLPH� OD�GLPLQXWLRQ�SOXV� LPSRUWDQWH�GX� IOX[�GH�PDVVH� HQWUH� ����� HW

�����P�REVHUYpH�SHQGDQW�OH�SUHPLHU�GpSORLHPHQW��,O�D�pJDOHPHQW�WHQGDQFH�j�VRXV�HVWLPHU�OH�WHPSV

GH�WUDQVIHUW�GHV�IOX[�GH�PDVVH�HW�G·$O�HQWUH������HW������P��/HXU�GLPLQXWLRQ�HQWUH������HW������P

SHQGDQW�OHV�pYqQHPHQWV�R��OHV�IOX[�VRQW�pOHYpV�HVW�TXDQW�j�HOOH�VXUHVWLPpH��3DU�GpILQLWLRQ��OH�PRGqOH

HVW�LQFDSDEOH�GH�UHSURGXLUH�OD�YDULDELOLWp�WHPSRUHOOH�HW�YHUWLFDOH�GHV�SURFHVVXV��GDQV�OD�PHVXUH�R��OHV

SDUDPqWUHV� FRQWU{ODQW� FHV� SURFHVVXV� VRQW� VXSSRVpV� LQGpSHQGDQWV� GH� OD� SURIRQGHXU� HW� GX� WHPSV

�VHFWLRQ���������(QILQ��OH�PRGqOH�VRXV�HVWLPH�OHV�IOX[�GH�PDVVH�HW�G·$O�j������HW������P�GH�MXLOOHW�j

VHSWHPEUH�������HW�GH�QRYHPEUH�j�GpFHPEUH�������&HOD�V·H[SOLTXH�SDU�OH�VRXV�pFKDQWLOORQQDJH�GX

SLqJH�IL[p�j������P��VHFWLRQ�������D�����LO�LQGXLW�XQH�HUUHXU�GDQV�OHV�FRQGLWLRQV�DX[�OLPLWHV�GH�)P�HW

)H��1RXV�UHYLHQGURQV�VXU�O·LQIOXHQFH�GHV�HUUHXUV�GHV�FRQGLWLRQV�DX[�OLPLWHV�GDQV�OD�VHFWLRQ�������
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)LJXUH�����)OX[�GH�PDVVH��D���G·$O��E���$O�SDUWLFXODLUH��F��HW�GLVVRXV��G��VLPXOpV�SDU�OD�VROXWLRQ
DFFHSWDEOH�&��WURXYpH�ORUV�GH�O·H[S��&��7DEOHDX������HW�LQGLTXpH�SDU���pWRLOHV�URXJHV�VXU�OD�)LJXUH����
/HV�VLPXODWLRQV�VRQW�FRPSDUpHV�DX[�PHVXUHV�GHV�SLqJHV�j�SDUWLFXOHV�HW�DX[�SURILOV�FDOFXOpV�SRXU�OHV
SKDVHV�ILOWUpH�HW�GLVVRXWH�TXL�RQW�WRXV�pWp�DVVLPLOpV��/HV�SURILOV�VLPXOpV�GH�&SH�HW�&GH�VRQW�G·DXWDQW

SOXV�UpFHQWV�TX·LOV�VRQW�VRPEUHV�
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/D�)LJXUH� ���PRQWUH� TXH� OHV� VROXWLRQV� DFFHSWDEOHV� GH� FHWWH� H[SpULHQFH� VRQW� GLIIpUHQWHV� GH� FHOOHV

WURXYpHV�SRXU�O·H[S��%���/HV�YDOHXUV�GH�WRXV�OHV�SDUDPqWUHV��HW�HQ�SDUWLFXOLHU�FHOOHV�GH�. � � ��9� �HW�9�

VRQW� SOXV� GLVSHUVpHV�� &HOD� SHXW� V·H[SOLTXHU� SDU� O·DXJPHQWDWLRQ� GH� OD� FRPSOH[LWp� GX� V\VWqPH

G·pTXDWLRQV��� LO� HVW�PDLQWHQDQW� FRPSOqWHPHQW� FRXSOp� HW� FRPSUHQG� WURLV� WHUPHV� QRQ�OLQpDLUHV��2Q

FRQVWDWH�pJDOHPHQW�TXH� OHV�YDOHXUV�GH�. � � � ��. � � ��. � � �HW�9� �VRQW�SOXV�pOHYpHV�TXH�SRXU� O·H[S��%���/HV

YDOHXUV� GH� 9� � VRQW� SUDWLTXHPHQW� WRXWHV� VXSpULHXUHV� j� ����P�M�� F·HVW�j�GLUH� SOXV� GH� WURLV� IRLV

VXSpULHXUHV�DX[�YDOHXUV�TXH�O·RQ�WURXYH�FODVVLTXHPHQW�GDQV�OD�OLWWpUDWXUH��a����²�����P�M���'HXVHU

HW�DO���������$VSHU�HW�DO���������1HZWRQ�HW�DO����������'HX[�YDOHXUV�SOXV�IDLEOHV�RQW�pWp�WURXYpHV��a���

HW� �a����P�M��� FI�� )LJXUH� �����PDLV� HOOHV� QH� SHUPHWWHQW� SDV� GH� UHSURGXLUH� OD� VLPXOWDQpLWp� GHV� IOX[

�UHODWLYHPHQW�j�OD�SpULRGH�GH�FROOHFWH�GHV�SLqJHV��HQWUH������HW������P��&HUWDLQHV�GH�FHV�VROXWLRQV�QH

VRQW�SOXV�DFFHSWDEOHV�VL�OHV�VLPXODWLRQV�VRQW�FDOFXOpHV�DYHF�OH�PRGqOH�&2/'2�RULJLQDO��(TV����j����

3DU�H[HPSOH��OH�FR�W�GH�OD�VROXWLRQ�&��GDQV�FHV�FRQGLWLRQV�HVW�a�����$LQVL��O·H[S��&�GpPRQWUH�TXH�OD

G\QDPLTXH�GX�PRGqOH�HW�SDU�FRQVpTXHQW�OHV�VROXWLRQV�DX�SUREOqPH�LQYHUVH�VRQW�WUqV�VHQVLEOHV�j�OD

SDUDPpWULVDWLRQ�GH�O·DJUpJDWLRQ��2Q�GLW�TXH�&2/'2�D�XQH�IDLEOH�VWDELOLWp�VWUXFWXUDOH��:LJJLQV��������

/HV�VROXWLRQV�GH�FHWWH�H[SpULHQFH�RQW�HQ�FRPPXQ�OD�YDOHXU�GH�FHUWDLQV�GHV�UDSSRUWV�GH�SDUDPqWUHV

LQWURGXLWV� GDQV� OD� VHFWLRQ� ������E��� /H� UDSSRUW� GHV� FRQVWDQWHV� GH� GLVVROXWLRQ� �. � � �. � � �� SHXW� YDULHU

HQWUH������HW��������PDLV�OD�SOXSDUW�GHV�YDOHXUV�VRQW�FRPSULVHV�HQWUH������HW�������)LJXUH�����7DEOHDX

�����/H�UDSSRUW�. � � �. �
� �YDULH�HQWUH������HW�������/HV�YDOHXUV�GH�FHV�GHX[�UDSSRUWV�VRQW�WUqV�SURFKHV

GH� FHOOHV� WURXYpHV� SRXU� O·H[S�� %��� FH� TXL� VLJQLILH� TX·LOV� VRQW� UHODWLYHPHQW� UREXVWHV� YLV�j�YLV� GH� OD

SDUDPpWULVDWLRQ�GH� O·DJUpJDWLRQ��/H�UDSSRUW�GHV�YLWHVVHV�GH�FKXWH�GHV�SDUWLFXOHV� UHVWH� WUqV�YDULDEOH�

DOODQW�GH�������j�a��������(WDQW�GRQQpH�OD�QRXYHOOH�pTXDWLRQ�GX�IOX[�GH�PDVVH��(T�������QRXV�DYRQV

LQWURGXLW�XQH�SVHXGR�FRQVWDQWH�G·DJUpJDWLRQ�GRQW�O·XQLWp�HVW�OH�M �
�
��VRLW�. � �

�
��GDQV�OH�EXW�GH�FRPSDUHU

O·LPSRUWDQFH�UHODWLYH�GH�O·DJUpJDWLRQ�HW�GH�OD�GpVDJUpJDWLRQ�VXU�OD�YDULDELOLWp�GX�IOX[�GH�PDVVH��

�

��
� �� �

U

&SH
..

�	
⋅= � ����

'DQV�FHWWH�H[SUHVVLRQ�� 
�&SH � �HVW�OD�PR\HQQH�DX�FRXUV�GX�WHPSV�HW�VXU�OD�YHUWLFDOH�GH�&SH�]�W����HOOH

YDXW��������PJ�P
�

��/H�UDSSRUW�. � � � �. � �
�
�GHV� VROXWLRQV�DFFHSWDEOHV�YDULH� HQWUH������HW������ �)LJXUH

����7DEOHDX�����

��� (EDXFKH�G·XQH�DQDO\VH�GH�OD�UREXVWHVVH�GHV�VROXWLRQV

/·H[S��&�D�SHUPLV�GH�WURXYHU�GHV�YHFWHXUV�GH�SDUDPqWUHV�GRQW�OHV�VLPXODWLRQV�H[SOLTXHQW�GH�IDoRQ

VDWLVIDLVDQWH� OHV� IOX[�G·$O� DX� VLWH�(80(/,�2� �)LJXUH������/HV� ILJXUHV����HW� ���PRQWUHQW�TXH� FHV

YHFWHXUV� VRQW� QRPEUHX[�� HW� TXH� FHUWDLQHV� GH� OHXUV� FRPSRVDQWHV� VRQW� PDO� FRQWUDLQWHV� SDU� OHV

GRQQpHV� LQ� VLWX��3RXU� DPpOLRUHU� OD� UpVROXWLRQ�GX�SUREOqPH��QRXV�SURSRVRQV�GH� OLPLWHU� OD� WDLOOH� GX
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GRPDLQH�DFFHSWDEOH�HQ�UDIILQDQW�OH�FULWqUH�GH�VpOHFWLRQ�GHV�VROXWLRQV��(WDQW�GRQQpH�O·LPSRUWDQFH�GH

O·LQFHUWLWXGH�VXU�OD�SDUDPpWULVDWLRQ�GHV�SURFHVVXV�HW�GHV�HUUHXUV�VXU�OHV�PHVXUHV�XWLOLVpHV��QRXV�QRXV

VRPPHV�LQWpUHVVpV�j�OD�UREXVWHVVH�GHV�VROXWLRQV�YLV�j�YLV��

� GH�OD�SDUDPpWULVDWLRQ�GH�O·DJUpJDWLRQ�

� GHV�HUUHXUV�VXU�OHV�GRQQpHV�DVVLPLOpHV�

� HW�GHV�HUUHXUV�VXU�OHV�GRQQpHV�XWLOLVpHV�FRPPH�FRQGLWLRQV�DX[�OLPLWHV�

1RXV�QH�SUpVHQWRQV�LFL�TX·XQH�DQDO\VH�SUpOLPLQDLUH�GH�OD�UREXVWHVVH�GHV�VROXWLRQV�GH�O·H[S��&�

([S��%� ([S��& 6ROXWLRQ�&� ([S��' ([S��(
. � � � �. � �

�
QRQ�GpILQL ����������� ���� ����������� �����������

. � � �. � � ����������� ����������� ���� ����������� �����������

. � � �. �
� ����������� ����������� ���� ����������� �����������

9� �9 � �������������� ��������������� ����� ������������� ��������������

7DEOHDX�����9DOHXUV�H[WUrPHV�GH�FHUWDLQV�UDSSRUWV�GH�SDUDPqWUHV�GH�&2/'2�GpOLPLWpV�SDU�OHV
H[SpULHQFHV�G·LQYHUVLRQ�SUpVHQWpHV�GDQV�OH�&KDSLWUH����7DEOHDX������(WDQW�GRQQpH�OD�QDWXUH

pYHQWXHOOHPHQW�GLVFRQWLQXH�GHV�GRPDLQHV�DFFHSWDEOHV��FHV�LQWHUYDOOHV�SHXYHQW�HX[�PrPHV�rWUH
GLVFRQWLQXV��/HV�UDSSRUWV�DVVRFLpV�j�OD�VROXWLRQ�&���7DEOHDX�����DSSDUWLHQQHQW�DX[�LQWHUYDOOHV

GpOLPLWpV�SDU�OHV�H[SV��'�HW�(�

����� 5REXVWHVVH�GHV�VROXWLRQV�YLV�j�YLV�GH�OD�SDUDPpWULVDWLRQ�GH

O·DJUpJDWLRQ

/D�FRPSDUDLVRQ�GHV�UpVXOWDWV�GHV�H[SV��%��HW�&��7DEOHDX�����VHFWLRQ��������PRQWUH�TX·DXFXQH�GHV

VROXWLRQV�GH� O·H[S��&�Q·HVW� UREXVWH� YLV�j�YLV� GH� OD�SDUDPpWULVDWLRQ�GH� O·DJUpJDWLRQ� �)LJXUH� �����3DU

FRQWUH��OHV�UDSSRUWV�. � � �. � � �HW�. � � �. �
� ��DVVRFLpV�j�FHV�VROXWLRQV�VRQW�UHODWLYHPHQW�UREXVWHV��)LJXUH����

7DEOHDX� ����� 2Q� FRQVWDWH� TXH� OD� VROXWLRQ� &�� HVW� OD� VHXOH� VROXWLRQ� GRQW� OHV� WURLV� UDSSRUWV� GH

SDUDPqWUHV���. � � �. � � ��. � �
�
. �

� �HW�9� �9� ����DSSDUWLHQQHQW�DX[�LQWHUYDOOHV�GH�YDOHXUV�GpOLPLWpV�SDU�O·H[S�

%��

����� 5REXVWHVVH�GHV�VROXWLRQV�YLV�j�YLV�GHV�HUUHXUV�VXU�OHV�GRQQpHV

DVVLPLOpHV

�D� 3HUWXUEDWLRQ�GHV�GRQQpHV

3RXU�DQDO\VHU� OD� UREXVWHVVH�GHV�VROXWLRQV�GH� O·H[S��&�YLV�j�YLV�GHV�HUUHXUV�GHV�GRQQpHV�DVVLPLOpHV�

QRXV�DYRQV�SHUWXUEp�FKDTXH�GRQQpH�GH�IDoRQ�DOpDWRLUH��HW�VXFFHVVLYHPHQW�j� O·LQWpULHXU�GH�VD�EDUUH

G·HUUHXU�GH�FROOHFWH�HW�GH�VD�EDUUH�G·HUUHXU�DQDO\WLTXH��VHFWLRQ�������(QVXLWH��QRXV�DYRQV� LQYHUVp� OD

QRXYHOOH� YHUVLRQ� GH� &2/'2� �(TV�� ���� �� j� ��� HQ� DVVLPLODQW� WRXWH� OD� EDVH� GHV� GRQQpHV� DLQVL

SHUWXUEpHV�
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�E� ([SpULHQFH�'���LQYHUVLRQ�j�SDUWLU�GHV�GRQQpHV�SHUWXUEpHV

/·$*� V·HVW� DUUrWp� DSUqV� DYRLU� pYDOXp� ���� JpQpUDWLRQV� �L�H�� ����� YDOHXUV� GX� FR�W��� ,O� D� LGHQWLILp� ��

YHFWHXUV�GH�SDUDPqWUHV�DFFHSWDEOHV��GRQW�OH�FR�W�YDULH�HQWUH������HW�������/D�)LJXUH����PRQWUH�XQH

QHWWH�UpGXFWLRQ�GH�OD�GLVSHUVLRQ�GHV�YDOHXUV�GHV�SDUDPqWUHV�SDU�UDSSRUW�j�O·H[S��&��,O�VHPEOHUDLW�TXH

O·DMRXW� GH� EUXLW� DX[� GRQQpHV� DVVLPLOpHV� OLVVH� OD� IRQFWLRQ� FR�W�� HW� IDVVH� GLVSDUDvWUH� FHUWDLQV� EDVVLQV

DFFHSWDEOHV��(Q�SDUWLFXOLHU��OHV�YDOHXUV�GH�. � � � ��. � � �HW�. �
� �VRQW�SUDWLTXHPHQW�LGHQWLTXHV�SRXU�WRXWHV�OHV

VROXWLRQV��'DQV�XQH�PRLQGUH�PHVXUH��OD�GLVSHUVLRQ�GH�9� �HW�9� �HVW�pJDOHPHQW�SOXV�IDLEOH�

/·$*� Q·D� UHWURXYp� DXFXQH� GHV� VROXWLRQV� GH� O·H[S�� &�� 1pDPPRLQV�� OHV� YDOHXUV� GHV� SDUDPqWUHV

DSSDUHPPHQW�ELHQ�FRQWUDLQWV��WHOV�TXH�. � � � ��. � � ��. �
� ��HW�. � �VRQW�SURFKHV�GHV�YDOHXUV�GH�FHUWDLQHV�GHV

VROXWLRQV�GH�O·H[S��&��2Q�FRQVWDWH�TXH�OD�VROXWLRQ�&��HVW�WUqV�SURFKH���GDQV� O·HVSDFH�GH�UHFKHUFKH

GHV�SDUDPqWUHV�j�1� � ���GLPHQVLRQV���G·XQ�HQVHPEOH�GH�VROXWLRQV�GH�O·H[S��'��)LJXUH������/D�YDOHXU

GH�. � � �OHV�GLVWLQJXH��PDLV�FH�SDUDPqWUH�HVW�SDUWLFXOLqUHPHQW�PDO�FRQWUDLQW��'H�SOXV��OD�YDOHXU�GH�. � � �GH

OD� VROXWLRQ� &�� DSSDUWLHQW� j� O·LQWHUYDOOH� GHV� YDOHXUV� GpOLPLWp� SDU� O·H[S�� '�� &HV� REVHUYDWLRQV

TXDOLWDWLYHV�VXJJqUHQW�TXH�OD�VROXWLRQ�&��VH�WURXYH�GDQV�XQ�EDVVLQ�DFFHSWDEOH�UREXVWH�YLV�j�YLV�GHV

HUUHXUV�VXU�OHV�GRQQpHV�DVVLPLOpHV�

/HV� UDSSRUWV� . � � � �. � �
�
�� . � � �. � � � HW� . � � �. �

� � � DVVRFLpV� DX[� VROXWLRQV� GH� O·H[S�� '� DSSDUWLHQQHQW� DX[
JDPPHV�GH�YDOHXUV�GpOLPLWpHV�SDU�O·H[S��&��)LJXUH������7DEOHDX������/H�UDSSRUW�. � � � �. � �

�
�YDULH�HQWUH

����� HW� ������ /HV� YDOHXUV� GX� UDSSRUW� GHV� FRQVWDQWHV� GH� GLVVROXWLRQ� UHVWHQW� DVVH]� GLVSHUVpHV

SXLVTX·HOOHV� SHXYHQW� DWWHLQGUH� GHV� YDOHXUV� SURFKHV� GH� ����� PDLV� OD� SOXSDUW� GHV� YDOHXUV� VRQW

FRPSULVHV�HQWUH������HW�������/H�UDSSRUW�. � � �. �
� ��HVW�pJDOHPHQW�ELHQ�FRQVHUYp��DOODQW�GH������HW������

(QILQ��OH�UDSSRUW�GHV�YLWHVVHV�GH�FKXWH�GHV�SDUWLFXOHV�HVW�EHDXFRXS�PRLQV�GLVSHUVp�TXH�SRXU�O·H[S�

&���WRXWHV�OHV�YDOHXUV�VRQW�FRQILQpHV�HQWUH�������HW��������1RWRQV�TXH�FHW�LQWHUYDOOH�HVW�LQFOXV�GDQV

FHOXL�GpILQL�SDU�O·H[S��%��

&HWWH�H[SpULHQFH�PHW�HQ�pYLGHQFH�OD�VHQVLELOLWp�GX�GRPDLQH�DFFHSWDEOH�WURXYp�ORUV�GH�O·H[S��&�YLV�j�

YLV� GHV� HUUHXUV� VXU� OHV� GRQQpHV� DVVLPLOpHV�� &HSHQGDQW�� OHV� UDSSRUWV� GHV� SDUDPqWUHV� V·DYqUHQW

UREXVWHV�� %LHQ� TXH� SUpOLPLQDLUH�� FHWWH� DQDO\VH� VXJJqUH� TXH� OD� VROXWLRQ� &�� SHUPHW� G·LGHQWLILHU� XQ

EDVVLQ�DFFHSWDEOH�UREXVWH�YLV�j�YLV�GHV�HUUHXUV�VXU�OHV�GRQQpHV�DVVLPLOpHV�

����� 5REXVWHVVH�GHV�VROXWLRQV�YLV�j�YLV�GHV�HUUHXUV�VXU�OHV�FRQGLWLRQV�DX[

OLPLWHV

�D� 3HUWXUEDWLRQ�GHV�FRQGLWLRQV�DX[�OLPLWHV

3RXU� DQDO\VHU� OD� UREXVWHVVH�GHV� VROXWLRQV�GH� O·H[S��&�YLV�j�YLV� VXU�GHV� HUUHXUV�GHV� FRQGLWLRQV� DX[

OLPLWHV�� QRXV� DYRQV� SHUWXUEp� OHV� FRQGLWLRQV� DX[� OLPLWHV� j� O·LQWpULHXU� GH� OHXUV� EDUUHV� G·HUUHXUV� HQ

IRQFWLRQ�GH�OHXU�TXDOLWp�D�SULRUL��VHFWLRQ������
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� /HV�PHVXUHV�GX�IOX[�GH�PDVVH�j������P�RQW�pWp�SHUWXUEpHV�DOpDWRLUHPHQW�j� O·LQWpULHXU�GH� OHXU

EDUUH�G·HUUHXU�DQDO\WLTXH��SXLV�j� O·LQWpULHXU�GH� OHXU�EDUUH�G·HUUHXU�GH�FROOHFWH��0rPH�VL�FH�SLqJH�HVW

UHODWLYHPHQW�VXSHUILFLHO��L�H���������P��FI��%DFRQ���������QRXV�DYRQV�VXSSRVp�TXH�VRQ�LQFHUWLWXGH�GH

FROOHFWH�HVW�pJDOH�j�±������GX�IOX[�PR\HQ�j������P��(Q�HIIHW��OH�WUDQVIHUW�YHUWLFDO�GH�OD�PDWLqUH�HQWUH

�����HW������P�HVW�GH� UHODWLYHPHQW�ERQQH�TXDOLWp� �VHFWLRQ�������D����%RU\�HW�1HZWRQ���������&HOD

FRUUHVSRQG� j� XQH� HUUHXU� GH� FROOHFWH� GH� ±�����PJ�Pñ�M�� 3XLVTXH� FH� SLqJH� PRQWUH� SDUIRLV� XQH

WHQGDQFH�DX�VRXV�pFKDQWLOORQQDJH��OHV�SHUWXUEDWLRQV�VRQW�WRXWHV�SRVLWLYHV�

� /HV�PHVXUHV�GH�OD�FRQFHQWUDWLRQ�HQ�$O�GDQV�OHV�SDUWLFXOHV�SLpJpHV�j������P�RQW�pWp�SHUWXUEpHV

DOpDWRLUHPHQW�GDQV�OHXU�EDUUH�G·HUUHXU�DQDO\WLTXH�

� /D�YDOHXU�VHUYDQW�GH�FRQGLWLRQ�DX[�OLPLWHV�SRXU�&SH�D�pWp�DXJPHQWpH�DUELWUDLUHPHQW�GH�������FH

TXL� FRQGXLW� j� &SH������W�� ��������PJ�P
�

�� /D� YDULDELOLWp� WHPSRUHOOH� GH� O·$O� SDUWLFXODLUH� j� FHWWH

SURIRQGHXU�HVW�WRXMRXUV�FRQVLGpUpH�FRPPH�QpJOLJHDEOH�

� 1RXV� DYRQV�PHQWLRQQp� �VHFWLRQ� ������� TXH� OH� SURILO� GH� OD� FRQFHQWUDWLRQ� HQ�$O� GLVVRXV� GH� OD

VWDWLRQ� ,2&� Q��� VXUHVWLPH� WUqV� FHUWDLQHPHQW� OD� FRQFHQWUDWLRQ� j� �����P� DX� VLWH� 2�� (Q� HIIHW�� OD

VWDWLRQ�,2&�HVW�SOXV�SURFKH�GH�OD�F{WH�TXH�OH�VLWH�2��HOOH�UHoRLW�GRQF�SOXV�GH�SRXVVLqUHV�VDKDULHQQHV

ULFKHV�HQ�$O��'·DXWUH�SDUW��HOOH�HVW�RFFXSpH�j������P�SDU�OD�02:��DORUV�TXH�OH�VLWH�2�HVW�RFFXSp�SDU

O·$$,:��2U�OD�FRQFHQWUDWLRQ�HQ�$O�GH�O·$$,:�HVW�VLJQLILFDWLYHPHQW�SOXV�IDLEOH�TXH�FHOOH�GH�OD�02:

�0HDVXUHV���������HW�GH�O·RUGUH�GH���Q0�a�������PJ�P
�

��0HDVXUHV�HW�(GPRQG���������1RXV�DYRQV

XWLOLVp�FRPPH�FRQGLWLRQ�DX[�OLPLWHV�XQH�YDOHXU�LQWHUPpGLDLUH��VRLW�&GH������W�� �������PJ�P
�

��1RXV

QpJOLJHRQV�WRXMRXUV�OD�YDULDELOLWp�WHPSRUHOOH�GH�O·$O�GLVVRXV�j������P�

1RXV� DYRQV� HQVXLWH� UpDOLVp� XQH� LQYHUVLRQ� H[DFWHPHQW� LGHQWLTXH� j� O·H[S�� &�� PLV� j� SDUW� TXH� OHV

FRQGLWLRQV�DX[�OLPLWHV�XWLOLVpHV�SRXU�LQWpJUHU�OH�PRGqOH�VRQW�OHV�FRQGLWLRQV�DX[�OLPLWHV�SHUWXUEpHV�

�E� ([SpULHQFH�(���LQYHUVLRQ�j�SDUWLU�GHV�FRQGLWLRQV�DX[�OLPLWHV�SHUWXUEpHV

/·$*�D�pYDOXp�����JpQpUDWLRQV��L�H�������YDOHXUV�GX�FR�W��DYDQW�GH�V·DUUrWHU��,O�D�LGHQWLILp����YHFWHXUV

GH�SDUDPqWUHV�DFFHSWDEOHV��GRQW�OH�FR�W�YDULH�HQWUH������HW�������)LJXUH������$XFXQ�GH�FHV�YHFWHXUV

QH�FRUUHVSRQG�H[DFWHPHQW�j�FHX[�TXL�RQW�pWp�GpWHFWpV� ORUV�GH� O·H[S��&��&RPPH�SRXU� O·H[S��'��RQ

QRWH�SDU�UDSSRUW�j�O·H[S��&�XQH�GLPLQXWLRQ�GH�OD�GLVSHUVLRQ�GHV�YDOHXUV�GH�. � � � ��. � � ��. �
� �HW�GDQV�XQH

PRLQGUH�PHVXUH�GH�9� ��/HV�YDOHXUV�GH�. � � � ��. �
� ��. � � �HW�. � �GH�FHWWH�H[SpULHQFH�VRQW�WUqV�SURFKHV�GH

FHOOHV�GH�O·H[S��'��,O�VHPEOHUDLW�TXH�FHUWDLQV�EDVVLQV�LGHQWLILpV�SDU�O·H[S��'�DLHQW�pWp�UHWURXYpV�ORUV�GH

O·H[S��(��3DUPLV�FHX[�FL�ILJXUHUDLW� OH�EDVVLQ�GH� OD�VROXWLRQ�&���7DEOHDX������&HOD�VXJJqUH�TXH�FHWWH

VROXWLRQ�DSSDUWLHQW�j�XQ�EDVVLQ�pJDOHPHQW�UREXVWH�YLV�j�YLV�GHV�HUUHXUV�GHV�FRQGLWLRQV�DX[�OLPLWHV�

/HV�UDSSRUWV�. � � � �. � �
�
��. � � �. � � �HW�. � � �. �

� �FDOFXOpV�j�SDUWLU�GHV�VROXWLRQV�GH�O·H[S��(�VH�WURXYHQW�GDQV
OHV�PrPHV�JDPPHV�GH�YDOHXUV�TXH�FHX[�FDOFXOpV�SRXU�O·H[S��&��)LJXUH�����7DEOHDX������/H�UDSSRUW

. � � � �. � �
�
�YDULH�HQWUH������HW�������/HV�YDOHXUV�GH�. � � �. � � �VRQW�EHDXFRXS�PRLQV�GLVSHUVpHV�TXH�SRXU�OHV
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H[SV��&�HW�'�HW�VRQW�FRQILQpHV�HQWUH������HW�������/H�UDSSRUW�. � � �. �
� �HVW�FRPSULV�HQWUH������HW������

/H� UDSSRUW� GHV� YLWHVVHV�9� �9� � YDULH� HQWUH� ������ HW� ��������&HW� LQWHUYDOOH� HVW� FRKpUHQW� DYHF� FHX[

GpOLPLWpV�SDU�OHV�H[SV��%��HW�'��(QILQ�� OHV�TXDWUH�UDSSRUWV�DVVRFLpV�j� OD�VROXWLRQ�&��DSSDUWLHQQHQW

DX[�LQWHUYDOOHV�GpOLPLWpV�SDU�O·H[S��(�

&HWWH�H[SpULHQFH�GpPRQWUH�TXH�OH�GRPDLQH�DFFHSWDEOH�GpOLPLWp�SDU�O·H[S��&�HVW�VHQVLEOH�DX[�HUUHXUV

VXU� OHV� FRQGLWLRQV� DX[� OLPLWHV��2Q�FRQVWDWH� j�QRXYHDX�TXH� OHV� UDSSRUWV� GHV� SDUDPqWUHV� VRQW� SOXV

UREXVWHV�TXH�OHV�YDOHXUV�LQGLYLGXHOOHV�GHV�SDUDPqWUHV��&HWWH�DQDO\VH�GH�UREXVWHVVH�TXDOLWDWLYH�VXJJqUH

TXH�OD�VROXWLRQ�&��DSSDUWLHQW�j�XQ�EDVVLQ�DFFHSWDEOH�UREXVWH�YLV�j�YLV�GHV�HUUHXUV�VXU�OHV�GRQQpHV�LQ

VLWX�DVVLPLOpHV�HW�XWLOLVpHV�FRPPH�FRQGLWLRQV�DX[� OLPLWHV��,O�HVW� LPSRUWDQW�GH�VRXOLJQHU�TXH�VL�FHWWH

VROXWLRQ�SDUDvW�PDUJLQDOH�UHODWLYHPHQW�DX[�DXWUHV�VROXWLRQV�DFFHSWDEOHV�GH�O·H[S��&�VXU�OD�)LJXUH����

HOOH�Q·HQ�HVW�SDV�SRXU�DXWDQW�PRLQV�SUREDEOH��6D�©�PDUJLQDOLWp�ª�DSSDUHQWH�VLJQLILH�VLPSOHPHQW�TXH

O·$*�D�YLVLWp�UDSLGHPHQW�OH�EDVVLQ�DFFHSWDEOH�GDQV�OHTXHO�HOOH�VH�WURXYH�

��� &RQFOXVLRQ�GX�FKDSLWUH

'DQV� FH� FKDSLWUH�� QRXV� DYRQV� SUpVHQWp� VL[� H[SpULHQFHV� G·LQYHUVLRQ� GX� PRGqOH� &2/'2�� DYHF

O·REMHFWLI�G·HVWLPHU� OHV�SDUDPqWUHV�FRQWU{ODQW� OHV�IOX[�G·$O�GDQV� OD�FRORQQH�G·HDX�DX�VLWH�(80(/,

ROLJRWURSKH��1RXV�DYRQV�GpPRQWUp�TXH�O·$*�VpOHFWLRQQp�GDQV�OH�&KDSLWUH���SHUPHW�GH�WURXYHU�GHV

YHFWHXUV� GH� SDUDPqWUHV� TXL� H[SOLTXHQW� FRUUHFWHPHQW� ²� L�H�� UHODWLYHPHQW� DX[� EDUUHV� G·HUUHXU� ²� OHV

PHVXUHV�LQ�VLWX��3RXU�FHOD��LO�HVW�QpFHVVDLUH��

� G·DVVLPLOHU�VLPXOWDQpPHQW�WRXWHV�OHV�GRQQpHV�GH�OD�EDVH�GpFULWH�GDQV�OD�VHFWLRQ�����

� GH�FRUULJHU�OH�PRGqOH�LQLWLDO�GH�IDoRQ�j�GpFULUH�O·LQIOXHQFH�GH�O·DJUpJDWLRQ�GHV�SDUWLFXOHV�ILOWUpHV

VXU�OH�IOX[�GH�PDVVH�

1RXV�DYRQV�PRQWUp�TXH�OHV�VROXWLRQV�DX�SUREOqPH�LQYHUVH�VRQW�QRPEUHXVHV��HW�SURSRVp�GH�UpGXLUH

OHXU� QRPEUH� HQ� UDIILQDQW� OH� FULWqUH� GH� VpOHFWLRQ�� $LQVL�� QRXV� DYRQV� VpOHFWLRQQp� XQ� YHFWHXU� GH

SDUDPqWUHV�SDU�XQH� DQDO\VH�SUpOLPLQDLUH� HW� TXDOLWDWLYH�GH� OD� UREXVWHVVH� GHV� VROXWLRQV� YLV�j�YLV� GHV

HUUHXUV�VXU�OHV�GRQQpHV�LQ�VLWX�

/H� &KDSLWUH� �� FRQVLVWH� HQ� XQH� V\QWKqVH� GHV� UpVXOWDWV� GH� FHV� H[SpULHQFHV�� 1RXV� XWLOLVHURQV� FHV

FRQFOXVLRQV� SRXU� DSSOLTXHU� FHWWH� DSSURFKH� j� O·pWXGH� G·DXWUHV� WUDFHXUV� DX[� VLWHV� (80(/,

ROLJRWURSKH�HW�PpVRWURSKH�GDQV�OD�3DUWLH�,9�
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&KDSLWUH�� 

5pFDSLWXODWLRQ�GHV�UpVXOWDWV

&H�FKDSLWUH� D�SRXU�EXW�GH� V\QWKpWLVHU� OHV� UpVXOWDWV�GHV� H[SpULHQFHV�GpFULWHV�GDQV� OH�&KDSLWUH� ��� ,O

V·DJLW��

� GH�IDLUH�OH�SRLQW�VXU�OH�GpYHORSSHPHQW�GH�OD�PpWKRGH�LQYHUVH�

� G·pWDEOLU�GHV�UqJOHV�G·LQWHUSUpWDWLRQ�GHV�UpVXOWDWV�JpQpUpV�SDU�FHWWH�PpWKRGH�

� HW� GH� UpVXPHU� FH� TXH� QRXV� DYRQV� DSSULV� VXU� OH� F\FOH� RFpDQLTXH� GH� O·$O� DX� VLWH� (80(/,

ROLJRWURSKH�

��� (YDOXDWLRQ�GH�OD�PpWKRGH�LQYHUVH

����� 3HUIRUPDQFHV�HW�OLPLWHV�GH�O·DOJRULWKPH�JpQpWLTXH

/HV�H[SpULHQFHV�GX�&KDSLWUH���GpPRQWUHQW�TXH�QRWUH�PpWKRGH� LQYHUVH�EDVpH� VXU� O·$*�GH�&DUUROO

������� SHUPHW� G·LGHQWLILHU� GHV� YHFWHXUV� GH� SDUDPqWUHV� H[SOLTXDQW� O·pYROXWLRQ� WHPSRUHOOH� GH� OD

GLVWULEXWLRQ�GH�O·$O�DX�VLWH�2��VHORQ�OH�VFKpPD�FRQFHSWXHO�GX�PRGqOH�QRQ�OLQpDLUH�&2/'2��VHFWLRQ

������/·$*�D�WRXMRXUV�UpXVVL�j�WURXYHU�SOXVLHXUV�YHFWHXUV�GH�SDUDPqWUHV��HW�LO�Q·D�MDPDLV�pWp�SLpJp�SDU

XQ�PLQLPXP�ORFDO�QRQ�DFFHSWDEOH��&HOD�FRQILUPH�O·DGpTXDWLRQ�GH�FHW�DOJRULWKPH�SRXU�O·H[SORUDWLRQ

GHV� IRQFWLRQV� FR�W� FRPSOH[HV� DVVRFLpHV� j� QRWUH� SUREOqPH� LQYHUVH�� DLQVL� TXH� OD� UREXVWHVVH� GH� VHV

SDUDPqWUHV�DOJRULWKPLTXHV��VHFWLRQ��������

&HSHQGDQW�� O·DVVLPLODWLRQ�GH�GRQQpHV� LQ� VLWX� FDUDFWpULVpHV�SDU�GHV� LQFHUWLWXGHV� UHODWLYHPHQW�pOHYpHV

IDLW� VXUJLU� GHV� GLIILFXOWpV� TXL� pWDLHQW� LQH[LVWHQWHV� ORUV� GH� O·DVVLPLODWLRQ� GH� SVHXGR�GRQQpHV� QRQ

EUXLWpHV��VHFWLRQ�������/D�UpVROXWLRQ�FRPSOqWH�GX�SUREOqPH�LQYHUVH�H[LJH�GH�WURXYHU�O·HQVHPEOH�GHV

YHFWHXUV� DFFHSWDEOHV�GRQW� OH� FR�W� HVW� LQIpULHXU�RX� pJDO� j� �� �VHFWLRQ�������D����/HV� ILJXUHV� ��� HW� ��

PRQWUHQW� TXH� OHV� GRPDLQHV� DFFHSWDEOHV� DVVRFLpV� DX[� GLIIpUHQWHV� H[SpULHQFHV� LQYHUVHV� VRQW� WUqV
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YDVWHV�UHODWLYHPHQW�DX[�JDPPHV�GHV�YDOHXUV�SRVVLEOHV�GHV�SDUDPqWUHV��7DEOHDX������(Q�RXWUH�� OHXU

VWUXFWXUH�VHPEOH�WUqV�FRPSOH[H���LOV�SDUDLVVHQW�WRXV�rWUH�IRUPpV�GH�SOXVLHXUV�EDVVLQV�GLVMRLQWV��&HOD

LPSOLTXH�TX·j�OD�GLIIpUHQFH�GHV�SUREOqPHV�LQYHUVHV�OLQpDLUHV��LO�Q·HVW�SDV�WRXMRXUV�SRVVLEOH�GH�SDVVHU

GH�IDoRQ�FRQWLQXH�G·XQH�VROXWLRQ�DFFHSWDEOH�j�XQH�DXWUH�

2U�O·$*�D�pWp�FRQoX�SRXU�UDSLGHPHQW�ORFDOLVHU�OH�0*�GH�IRQFWLRQV�GH�SOXVLHXUV�YDULDEOHV�D\DQW�GHV

PLQLPD� ORFDX[�� HW� QRQ� SRXU� GpOLPLWHU� GHV� LVRFRQWRXUV� GH� FHV� IRQFWLRQV�� ,O� Q·D� SDV� QRQ� SOXV� pWp

GpYHORSSp�SRXU�QpFHVVDLUHPHQW�SDVVHU�SDU�GHV�EDVVLQV�DFFHSWDEOHV�ORUV�GH�VRQ�WUDMHW�YHUV�OH�0*��/D

FRQILJXUDWLRQ�GH�FHW�$*�SHUPHW�GRQF�GH�UHSpUHU�XQLTXHPHQW�OHV�TXHOTXHV�YHFWHXUV�GH�SDUDPqWUHV

GpWHFWpV� GH� IDoRQ� TXDVL�DOpDWRLUH� DX� FRXUV� GH� OD�PLQLPLVDWLRQ� GH� OD� IRQFWLRQ� FR�W�� /HXU� QRPEUH

GpSHQG�GX�FULWqUH�G·DUUrW�GH�O·DOJRULWKPH�GpILQL�HPSLULTXHPHQW��VHFWLRQ��������

����� 3HUVSHFWLYHV

$� QRWUH� FRQQDLVVDQFH�� LO� Q·H[LVWH� SDV� G·DOJRULWKPH� SHUPHWWDQW� GH� UpVRXGUH� FRPSOqWHPHQW� OH

SUREOqPH� LQYHUVH� DXTXHO� QRXV� DYRQV� j� IDLUH�� &RPPH� QRXV� O·DYRQV� PHQWLRQQp� j� O·LVVXH� GH

O·H[SpULHQFH� LQYHUVH� VLPXOpH� �H[S�� %��� VHFWLRQ� ������D���� OD� UpVROXWLRQ� GX� SUREOqPH� SHXW� rWUH

DPpOLRUpH�HQ�DSSOLTXDQW�GHX[�VWUDWpJLHV�FRPSOpPHQWDLUHV�

�D� $PpOLRUDWLRQ�GH�O·DOJRULWKPH�JpQpWLTXH

/D�SUHPLqUH�VWUDWpJLH�FRQVLVWH�j�PRGLILHU�O·$*�GH�IDoRQ�j�DXJPHQWHU�OD�SUREDELOLWp�TX·LO�GpWHFWH�GHV

YHFWHXUV�GH�SDUDPqWUHV�DFFHSWDEOHV��'HX[�DPpOLRUDWLRQV�VRQW�HQYLVDJHDEOHV�j�FRXUW�WHUPH��

� O·$*�TXH�QRXV�DYRQV�VpOHFWLRQQp�HVW�EDVp�VXU�O·pYROXWLRQ�G·XQH�VHXOH�SRSXODWLRQ�TXL�FRQYHUJH�OH

SOXV� UDSLGHPHQW� SRVVLEOH� YHUV� OH�0*��'·DXWUHV� $*� VLPXOHQW� OD� QRWLRQ� GH� QLFKH� pFRORJLTXH��� LOV

VXEGLYLVHQW�OD�SRSXODWLRQ�HQ�SOXVLHXUV�VRXV�SRSXODWLRQV��LGpDOHPHQW�XQH�SRXU�FKDTXH�EDVVLQ�PDMHXU

GX� FR�W� �<LQ� HW� *HUPD\�� ������ 0DQ� HW� DO��� ������� /HV� VRXV�SRSXODWLRQV� pYROXHQW� SOXV� RX� PRLV

LQGpSHQGHPPHQW�OHV�XQHV�GHV�DXWUHV��&HWWH�FRQILJXUDWLRQ�IDYRULVH�OD�GLVSHUVLRQ�GH�O·$*�j�O·LQWpULHXU

GH�O·HVSDFH�GH�UHFKHUFKH�HW�OH�UHSpUDJH�GHV�EDVVLQV�DFFHSWDEOHV�

� j� OD� OHFWXUH�GH�QRWUH�SUHPLHU� DUWLFOH�SDUX�GDQV� -RXUQDO� RI�0DULQH�5HVHDUFK� �$WKLDV� HW� DO��� ����E��

$QQH[H�����'��&DUUROO��FRPPXQLFDWLRQ�SHUVRQQHOOH��������QRXV�D�FRQVHLOOp�G·LQFOXUH�OD�SRVVLELOLWp�GH

PXWDWLRQV�VXU� OH�JpQ{PH�GHV�HQIDQWV��)LJXUH������(Q�HIIHW�� FHWWH� FRQILJXUDWLRQ�SHXW�SHUPHWWUH�GH

UpGXLUH�OD�FRQFHQWUDWLRQ�GH�OD�SRSXODWLRQ�SXLVTXH�OHV�PXWDWLRQV�IDYRULVHQW�XQH�H[SORUDWLRQ�j�JUDQGH

pFKHOOH�GX�FR�W��VHFWLRQ��������

$�SOXV� ORQJ�WHUPH��G·DXWUHV�DPpOLRUDWLRQV�VRQW�HQYLVDJHDEOHV�HQ�FROODERUDWLRQ�DYHF� OHV� FKHUFKHXUV

TXL� GpYHORSSHQW� FHV� DOJRULWKPHV�� /HXU� DLGH� QRXV� HVW� LQGLVSHQVDEOH� SRXU� pYDOXHU� OD� FRPSDWLELOLWp

DLQVL�TXH�OHV�DYDQWDJHV�HW�OHV�LQFRQYpQLHQWV�GHV�GLIIpUHQWV�DOJRULWKPHV�pYROXWLIV��%lFN��������%lFN�HW
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6FKZHIHO��������6FKRHQDXHU�HW�0LFKDOHZLF]��������HW�GH�OHXUV�FRQILJXUDWLRQV�YDULpHV��3DU�H[HPSOH��LO

HVW�LPSRVVLEOH�GH�VLPXOHU�OD�QRWLRQ�GH�QLFKH�pFRORJLTXH�DYHF�OHV�DOJRULWKPHV�GH�VWUDWpJLHV�pYROXWLYHV

pYRTXpV�GDQV�OD�VHFWLRQ��������0��6FKRHQDXHU��FRPPXQLFDWLRQ�SHUVRQQHOOH���������&HWWH�QRWLRQ�HVW

DXVVL�LQFRPSDWLEOH�DYHF�OD�FRQILJXUDWLRQ�GX�©�PLFUR�$*�ª�SXLVTX·HOOH�H[LJH�GHV�WDLOOHV�GH�SRSXODWLRQ

FODVVLTXHV��L�H������j�����LQGLYLGXV���'��&DUUROO��FRPPXQLFDWLRQ�SHUVRQQHOOH��������

�E� 5DIILQHPHQW�GX�FULWqUH�GH�VpOHFWLRQ

/·DXWUH� VWUDWpJLH� FRQVLVWH� j� UpGXLUH� OD� WDLOOH� GX�GRPDLQH� DFFHSWDEOH�� HQ� UDIILQDQW� MXGLFLHXVHPHQW� OH

FULWqUH�GH� VpOHFWLRQ�GHV�SDUDPqWUHV��/H�FULWqUH�GH� VpOHFWLRQ�GH�GpSDUW� HVW�EDVp� VXU� O·pFDUW� HQWUH� OHV

PHVXUHV�LQ�VLWX�HW�OHV�VLPXODWLRQV�JpQpUpHV�SDU�&2/'2��VHFWLRQ������

&RXSODJH�j�GHV�PpWKRGHV�UREXVWHV

'DQV�OD�VHFWLRQ������QRXV�DYRQV�SURSRVp�G·DMRXWHU�GHV�FULWqUHV�GH�VpOHFWLRQ�D�SRVWHULRUL�EDVpV�VXU� OD

UREXVWHVVH� GHV� VROXWLRQV� YLV�j�YLV� GHV� LQFHUWLWXGHV� VXU� OH�PRGqOH� HW� VXU� OHV� GRQQpHV��1RXV� DYRQV

DQDO\Vp�GH�IDoRQ�WUqV�SUpOLPLQDLUH� OD� VHQVLELOLWp�GHV�VROXWLRQV� LQYHUVHV�GH� O·H[S��&�SDU� UDSSRUW� j� OD

SDUDPpWULVDWLRQ�GH�O·DJUpJDWLRQ�GHV�SDUWLFXOHV�ILOWUpHV��VHFWLRQ���������/HV�UpVXOWDWV�VXJJqUHQW�TXH� OD

VWDELOLWp�VWUXFWXUDOH�GH�&2/'2�HVW�WURS�IDLEOH�SRXU�TXH�O·RQ�SXLVVH�LGHQWLILHU�GHV�VROXWLRQV�UREXVWHV

YLV�j�YLV�GH�OD�SDUDPpWULVDWLRQ�GHV�SURFHVVXV��/HV�UpVXOWDWV�GH�O·DQDO\VH���WRXMRXUV�SUpOLPLQDLUH���GH�OD

VHQVLEOLWp�GHV�VROXWLRQV�SDU�UDSSRUW�DX[�HUUHXUV�VXU�OHV�GRQQpHV�DVVLPLOpHV��VHFWLRQ��������HW�VXU�OHV

FRQGLWLRQV�DX[�OLPLWHV��VHFWLRQ��������LQGLTXHQW�TXH�FHV�FULWqUHV�GH�UREXVWHVVH�SHUPHWWHQW�GH�UpGXLUH

OH� QRPEUH� GH� VROXWLRQV� DGPLVVLEOHV�� &HWWH� DQDO\VH� D� FRQGXLW� j� LGHQWLILHU� XQH� VROXWLRQ� UREXVWH

GpVLJQpH�SDU�©�VROXWLRQ�&��ª���7DEOHDX������)LJXUH�����

/H�FRXSODJH�GH� O·$*�j�GHV�DQDO\VHV�GH� UREXVWHVVH� VHPEOH�rWUH�XQH�DSSURFKH� WUqV�SURPHWWHXVH��$

O·DYHQLU��GHV�HIIRUWV�GHYURQW�GRQF�rWUH�FRQVDFUpV��

� j�OD�GpILQLWLRQ�GH�FULWqUHV�GH�UREXVWHVVH�DGpTXDWV�HQ�IDLVDQW�DSSHO�j�OD�FRQQDLVVDQFH�D�SULRUL�TXH

OHV�H[SpULPHQWDWHXUV�RQW�GX�V\VWqPH�

� DX� GpYHORSSHPHQW� GH�PpWKRGHV� UREXVWHV�� HQ� V·DSSX\DQW� SDU� H[HPSOH� VXU� OHV� WUDYDX[� UpDOLVpV

GDQV�OH�GRPDLQH�GH�O·DXWRPDWLTXH��:DOWHU�HW�3URQ]DWR��������

$GRSWLRQ�G·XQH�DSSURFKH�©�PXOWL�SUR[LHV�ª

1RXV�PRQWUHURQV�GDQV�OH�&KDSLWUH����TXH�O·RQ�SHXW�UDIILQHU�OH�FULWqUH�GH�VpOHFWLRQ�GHV�SDUDPqWUHV

HQ�DVVLPLODQW�LQGpSHQGHPPHQW�RX�VLPXOWDQpPHQW�OHV�PHVXUHV�LQ�VLWX�GH�SOXVLHXUV�WUDFHXUV�FROOHFWpHV

VXU�XQ�PrPH�VLWH�
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�F� (WXGH�GH�O·LGHQWLILDELOLWp�GHV�SDUDPqWUHV

/D� WDLOOH� GX� GRPDLQH� DFFHSWDEOH� SRXUUDLW� rWUH� UpGXLWH� HQ� DQDO\VDQW� O·LGHQWLILDELOLWp� VWUXFWXUHOOH� GHV

SDUDPqWUHV�ORUV�GX�GpYHORSSHPHQW�GX�PRGqOH��,O�V·DJLW�GH�YpULILHU�TXH�FKDTXH�WUDMHFWRLUH�GX�PRGqOH

QH� SHXW� rWUH� JpQpUpH� TXH� SDU� XQ� VHXO� YHFWHXU� S� �VHFWLRQ� ������D���� /HV�PpWKRGHV� SURSRVpHV� SDU

:DOWHU�HW�3URQ]DWR��������������VRQW�DGDSWpHV�DX[�PRGqOHV�G\QDPLTXHV�EDVpV�VXU�GHV�('2��F·HVW�

j�GLUH�VDQV�GLPHQVLRQ�VSDWLDOH��'HV�HIIRUWV�GHYUDLHQW�pJDOHPHQW�rWUH�FRQVDFUpV�j�O·DGDSWDWLRQ�GH�FHV

PpWKRGHV�DX[�PRGqOHV�EDVpV�VXU�GHV�V\VWqPHV�G·('3�

6\PEROH 6ROXWLRQ�&� 6ROXWLRQ�&� 6ROXWLRQ�&� 6ROXWLRQ�&�

3DUDPqWUHV�ELRJpRFKLPLTXHV

. � � � ���M� ������ ������ ������ ������

. � � ��P
�

�PJ�M� ������ ������ ������ ������
. �

� ���M� ������ ������ ������ ������
. � � ���M� ������ ������ ������ ������
. � � ���M� ������ ������ ������ ������

3DUDPqWUHV�SK\VLTXHV

9� ��P�M� ���� ���� ���� ����
9� ��P�M� ������ ������ ������ ������
. � ��P

�
�M� ����� ����� ����� �����

7DEOHDX�����9DOHXUV�GHV�SDUDPqWUHV�SRXU�TXDWUH�GHV�VROXWLRQV�GH�O·H[S��&��7DEOHDX�����)LJXUHV����HW
����

�G� ([SORLWDWLRQ�GHV�VROXWLRQV�LQYHUVHV

/D�WUqV�IRUWH�VHQVLELOLWp�GH�OD�G\QDPLTXH�GX�PRGqOH�HW�SDU�FRQVpTXHQW�GHV�VROXWLRQV�LQYHUVHV�YLV�j�

YLV�GH� OD�SDUDPpWULVDWLRQ�GHV�SURFHVVXV�²�SDU�GpILQLWLRQ�HPSLULTXH�²� OLPLWHQW� O·XVDJH�GHV�UpVXOWDWV�

3DU� H[HPSOH�� OD� VROXWLRQ� &�� TXH� QRXV� DYRQV� VpOHFWLRQQpH� GDQV� OD� VHFWLRQ� ���� SHXW� JpQpUHU� GHV

VLPXODWLRQV�LUUpDOLVWHV�VL�HOOH�HVW�XWLOLVpH�DYHF�XQ�DXWUH�PRGqOH�TXH�&2/'2��PrPH�VL�OHXUV�pTXDWLRQV

QH� GLIIqUHQW� TXH� OpJqUHPHQW� �VHFWLRQ� �������� ,O� HVW� WUqV� SUREDEOH� pJDOHPHQW� TXH� FHWWH� VROXWLRQ

SURGXLVH�GH�PDXYDLV� UpVXOWDWV� DYHF�XQ�PRGqOH�ELRJpRFKLPLTXH���'�GH� O·RFpDQ� �(YDQV�� �������/D

IDLEOH� VWDELOLWp� VWUXFWXUHOOH� HVW� XQH� FDUDFWpULVWLTXH� WUqV� JpQpUDOH� GHV� PRGqOHV� ELRJpRFKLPLTXHV�

/·LQWpUrW� GHV� VROXWLRQV� LQYHUVHV� SRXUUDLW� rWUH� DFFUX� VL� O·RQ� HQFRXUDJHDLW� OH� GpYHORSSHPHQW� GH

PRGqOHV�VWUXFWXUHOOHPHQW�VWDEOHV��:LJJLQV��������

(WDQW� GRQQpH� OD� IRUWH� YDULDELOLWp� GHV� SURFHVVXV� GDQV� OD� FRORQQH� G·HDX� HQ� IRQFWLRQ� GHV

HQYLURQQHPHQWV� ELRORJLTXHV� HW� SK\VLTXHV� �%LVKRS�� ������� OHV� VROXWLRQV� WHOOHV� TXH� OD� VROXWLRQ� &�

GRLYHQW�rWUH�XWLOLVpHV�DYHF�SUXGHQFH�SRXU�VLPXOHU�OHV�IOX[�G·$O�GDQV�G·DXWUHV�UpJLRQV�GH�O·RFpDQ��3DU

FRQWUH��QRWUH�DSSURFKH�VH�UpYqOH�DGDSWpH�j�OD�TXDQWLILFDWLRQ�GHV�IOX[�DVVRFLpV�j�OD�GLVWULEXWLRQ�G·XQ

WUDFHXU�GRQQp�
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)LJXUH�����'LVWULEXWLRQ�GH�O·$O�GDQV���P � �G·HDX�GH�PHU�j������P�DX�VLWH�(80(/,�ROLJRWURSKH�OH�� ���
GpFHPEUH������FDOFXOpH�SDU�OHV�VROXWLRQV�&���D���&���E���HW�&���F���/HV�TXDQWLWpV�G·$O�pFKDQJpHV�HQWUH
OHV�SKDVHV�DX�FRXUV�GH�GW� ���M�VRQW�LQGLTXpHV�HQ�URXJH��&HOOHV�TXL�VRQW�pFKDQJpHV�DYHF�OD�FRORQQH
G·HDX�VRXV��RX�VXV�MDFHQWH�SDU�PpODQJH�YHUWLFDO�SHQGDQW�GW� ���M�VRQW�LQGLTXpHV�HQ�EOHX��(QILQ��OHV
TXDQWLWpV�G·$O�SDUWLFXODLUH�TXL�RQW�WUDYHUVp�OH�YROXPH�GH���P � �SHQGDQW�FHWWH�PrPH�GXUpH�VRQW
LQGLTXpHV�HQ�PDUURQ��3RXU�OD�FODUWp�GHV�VFKpPDV��OHV�JUDQGHXUV�VRQW�IRXUQLHV�DYHF�GHX[�FKLIIUHV

VLJQLILFDWLIV��/HV�SDUDPqWUHV�DVVRFLpV�j�FKDTXH�VROXWLRQ�VRQW�GRQQpV�GDQV�OH�7DEOHDX����
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)LJXUH�����VXLWH�

��� ([WUDFWLRQ�GHV�UpVXOWDWV�JpRFKLPLTXHV

&HWWH� VHFWLRQ� D� SRXU� EXW� G·LGHQWLILHU� OHV� LQIRUPDWLRQV� DSSRUWpHV� SDU� OHV� H[SpULHQFHV� LQYHUVHV� GX

&KDSLWUH���²�HQ�SDUWLFXOLHU�SDU�O·H[S��&��VHFWLRQ����������VXU�OHV�IOX[�DVVRFLpV�DX�WUDQVIHUW�YHUWLFDO�GH

O·$O�GDQV�OD�FRORQQH�G·HDX�DX�VLWH�2��&HV�LQIRUPDWLRQV�GRLYHQW�rWUH�FRQVLGpUpHV�DYHF�SUpFDXWLRQ��(Q

HIIHW�� HOOHV� VRQW� EDVpHV� VXU� OHV� TXHOTXHV� VROXWLRQV� DFFHSWDEOHV� WURXYpHV� SDU� O·$*� DX� FRXUV� GH� OD

PLQLPLVDWLRQ�GH�OD�IRQFWLRQ�FR�W��(Q�RXWUH��HOOHV�GpSHQGHQW�GHV�K\SRWKqVHV�TXH�QRXV�DYRQV�G��IDLUH

j�FDXVH�GX�PDQTXH�G·LQIRUPDWLRQ�VXU�OHV�FRUUpODWLRQV�WHPSRUHOOHV�HQWUH�OHV�HUUHXUV�VXU�OHV�GRQQpHV

�VHFWLRQ��������DLQVL�TXH�GX�PDQTXH�GH�GRQQpHV�LQ�VLWX��VHFWLRQ������

����� 4XDQWLILFDWLRQ�GHV�IOX[�G·$O�GDQV�OD�FRORQQH�G·HDX�DX�VLWH�ROLJRWURSKH

/·LQWpUrW�PDMHXU�GHV�VROXWLRQV�LQYHUVHV�UpVLGH�GDQV�OD�SRVVLELOLWp�GH�TXDQWLILHU�OHV�IOX[�G·$O�UpVXOWDQW

GH�OD�VpGLPHQWDWLRQ�GHV�SDUWLFXOHV��FHX[�TXL�VRQW�pFKDQJpV�HQWUH�OHV�SKDVHV�GLVVRXWH��ILOWUpH�HW�SLpJpH�

HW�FHX[�TXL�VRQW�OLpV�DX�PpODQJH�YHUWLFDO�GH�OD�FRORQQH�G·HDX��/D�)LJXUH����PRQWUH�OD�GLVWULEXWLRQ�HW

OHV�IOX[�G·$O�j������P�DX�VLWH�2�FDOFXOpV�SDU�WURLV�VROXWLRQV�GH�O·H[S��&�VHPEODQW�DSSDUWHQLU�j�WURLV

EDVVLQV�DFFHSWDEOHV�GLVWLQFWV��)LJXUHV����HW������7DEOHDX������/HV�UpVXOWDWV�VRQW�SUpVHQWpV�GH�IDoRQ

FRPSOpPHQWDLUH�VXU�OHV�ILJXUHV����j����

(Q�DFFRUG�DYHF�OHV�PHVXUHV�DVVLPLOpHV��OH�SULQFLSDO�UpVHUYRLU�G·$O�HVW�OD�SKDVH�GLVVRXWH��)LJXUH�����

/HV�YLWHVVHV�GH�FKXWH�GHV�SDUWLFXOHV�SLpJpHV�DVVRFLpHV�DX[�WURLV�VROXWLRQV��9� � ��������P�M�SRXU�OD

VROXWLRQ� &�� HW�9� � ��������P�M� SRXU� OHV� VROXWLRQV� &�� HW� &��� FI�� 7DEOHDX� ���� LPSOLTXHQW� TXH� OD

FRQFHQWUDWLRQ� HQ� $O� HVW� PLQLPDOH� GDQV� OD� SKDVH� SLpJpH�� /HV� WURLV� VROXWLRQV� PRQWUHQW� OD

SUpGRPLQDQFH� GHV� IOX[� G·$O� UpVXOWDQW� GH� OD� VpGLPHQWDWLRQ� GHV� SDUWLFXOHV� SDU� UDSSRUW� DX[� IOX[

pFKDQJpV� HQWUH� OHV� SKDVHV�� HW� DX� IOX[� OLp� DX�PpODQJH� YHUWLFDO� GH� OD� FRORQQH� G·HDX� �)LJXUH� ����� /D



&KDSLWUH���5pFDSLWXODWLRQ�GHV�UpVXOWDWV

���

VROXWLRQ�&���TXL�VHPEOH�SOXV�UREXVWH�TXH�OHV�GHX[�DXWUHV�YLV�j�YLV�GHV�HUUHXUV�VXU�OHV�GRQQpHV�LQ�VLWX

�VHFWLRQ������SUpGLW�TXH�OHV�SDUWLFXOHV�ILOWUpHV�VRQW�OHV�SULQFLSDOHV�UHVSRQVDEOHV�GX�WUDQVSRUW�GH� O·$O

YHUV� OH� VpGLPHQW�� &H� UpVXOWDW� HVW� FHSHQGDQW� WUqV� VHQVLEOH� j� OD� YDOHXU� GH� 9� � �)LJXUH� ����

9� � ������P�M��9� � ������P�M�HW�9� � ������P�M��SRXU�OHV�VROXWLRQV�&���&��HW�&��UHVSHFWLYHPHQW��FI�

7DEOHDX�����

/HV�ILJXUHV����j����PRQWUHQW�TXH�OHV�HIIHWV�GH�O·DJUpJDWLRQ�HW�GH�OD�GpVDJUpJDWLRQ�VXU�OH�IOX[�GH�PDVVH

VRQW�GX�PrPH�RUGUH�GH�JUDQGHXU�VXU�WRXWH�OD�GXUpH�GH�OD�FDPSDJQH��&H�UpVXOWDW��SUpYLVLEOH�j�SDUWLU

GHV� YDOHXUV� GX� UDSSRUW� . � � � �. � �
�
� DVVRFLpHV� DX[� VROXWLRQV� GH� O·H[S�� &� �)LJXUH� ����� 7DEOHDX� ����

FRQILUPH�D�SRVWHULRUL�OD�QpFHVVLWp�GH�SDUDPpWULVHU�O·LQIOXHQFH�GH�O·DJUpJDWLRQ�GHV�SDUWLFXOHV�ILOWUpHV�VXU

OH�IOX[�GH�PDVVH��VHFWLRQ���������/D�GLPLQXWLRQ�GX�IOX[�GH�PDVVH�DYHF�OD�SURIRQGHXU�VHUDLW� OLpH�j�OD

OpJqUH�VXSpULRULWp�GH�OD�GpVDJUpJDWLRQ�SDU�UDSSRUW�j�O·DJUpJDWLRQ��)LJXUHV����j�����

/D�GLPLQXWLRQ�GX�IOX[�G·$O�UpVXOWHUDLW�SULQFLSDOHPHQW�GH�OD�GpVDJUpJDWLRQ�GHV�SDUWLFXOHV�SLpJpHV��HW

GDQV� XQH� PRLQGUH� PHVXUH� GH� OD� GLVVROXWLRQ� GH� O·$O� SLpJp� �)LJXUHV� ��� j� ��� ��� &H� UpVXOWDW� HVW

FRPSDWLEOH�DYHF�OD�SUpGRPLQDQFH�GH�OD�IUDFWLRQ�OLWKRJpQLTXH�GH�O·$O�SDUWLFXODLUH�GDQV�O·RFpDQ�HW�DYHF

OH� FRPSRUWHPHQW� UpIUDFWDLUH� GH� FHOOH�FL� �-LFNHOOV�� ������ FI�� VHFWLRQ� ��������� /D� )LJXUH� ��� PRQWUH

FHSHQGDQW� TXH� a��� j� ����� GH� O·$O� SLpJp� VH� GLVVRXW�� &HV� YDOHXUV� VRQW� HQ� FRQWUDGLFWLRQ� DYHF� OHV

UpVXOWDWV� H[SpULPHQWDX[� GH� $UUDHV�0HVFRII� HW� DO�� ������� TXL� QH� PRQWUHQW� SDV� GH� GLVVROXWLRQ

VLJQLILFDWLYH� GH� O·$O� IL[p� VXU� OHV� SDUWLFXOHV� PLVHV� j� LQFXEHU�� /HV� pFKDQJHV� G·$O� HQWUH� OHV� SKDVHV

FRQFHUQHQW� HVVHQWLHOOHPHQW� OHV� SKDVHV� GLVVRXWH� HW� ILOWUpH�� /HV� WURLV� VROXWLRQV� PRQWUHQW� TXH� OH

SLpJHDJH�GH� O·$O�SDU� OD�SKDVH� ILOWUpH� VHUDLW� UpYHUVLEOH�� HW� TXH�a��� j� �����GH� O·$O� ILOWUp�SRXUUDLW� VH

GLVVRXGUH��)LJXUH������/HV�IUDFWLRQV�GH�O·$O�ILOWUp�HW�SLpJp�FRUUHVSRQGHQW�D�SULRUL�j�GH�O·$O�ELRJpQLTXH

�0DF.HQ]LH� HW� DO��� ������9DQ�%HXVHNRP�� ������� FI�� VHFWLRQ� ��������SXLVTXH� OHV� H[SpULHQFHV� LQ� YLWUR

PRQWUHQW� TXH� O·$O� OLWKRJpQLTXH� HVW� LQVROXEOH� �$UUDHV�0HVFRII� HW� DO��� ������� &HSHQGDQW�� GH

QRPEUHXVHV�pWXGHV�GH� OD�GLVWULEXWLRQ�GDQV� OD�FRORQQH�G·HDX�G·pOpPHQWV�SHX�VROXEOHV�RX� LQVROXEOHV

PRQWUHQW� TX·HOOH� QH� SHXW� rWUH� H[SOLTXpH� VDQV� IDLUH� O·K\SRWKqVH� G·XQ� pFKDQJH� UpYHUVLEOH� HQWUH� OHV

SKDVHV�GLVVRXWH�HW�ILOWUpH��$LQVL��FHW�pFKDQJH�HVW�QpFHVVDLUH�SRXU�H[SOLTXHU� OHV�SURILOV�GHV�UDSSRUWV

G·DFWLYLWp�GX�
� ���
7K HW�GX�

� � �
7K�HQWUH�OHV�SKDVHV�GLVVRXWH�HW�SDUWLFXODLUH��5R\�%DUPDQ�HW�DO����������,O

SHUPHW� DXVVL� G·LQWHUSUpWHU� OHV� SURILOV� GH� OD� FRPSRVLWLRQ� LVRWRSLTXH� GH� FHV� GHX[� SKDVHV�� HW� OHV

VSHFWUHV�GH�WHUUHV�UDUHV�GHV�SDUWLFXOHV�HQ�VXVSHQVLRQ��7DFKLNDZD��������7DFKLNDZD�HW�DO���������������

/HV� GLVSRVLWLIV� DFWXHOV� GHV� H[SpULHQFHV� LQ� YLWUR� QH� SHUPHWWHQW� SDV� G·LGHQWLILHU� OD� QDWXUH� GH� FH

PpFDQLVPH�G·pFKDQJH�UpYHUVLEOH��/HV�IOX[�G·$O�SDU�DGVRUSWLRQ�VHUDLHQW�H[DFWHPHQW�FRPSHQVpV�SDU�OD

GLVVROXWLRQ�GH�O·$O�SDUWLFXODLUH�ILOWUp��)LJXUHV����j������&HWWH�FRPSHQVDWLRQ�HVW�pJDOHPHQW�GpGXFWLEOH

j�SDUWLU� GHV� YDOHXUV�GX� UDSSRUW�. � � �. �
� � WURXYpHV�SRXU� O·H[S��&� �)LJXUH� �����7DEOHDX������(Q� HIIHW�

. � � �. �
� �a��� HW� O·DVVLPLODWLRQ� PDLQWLHQW� OH� UDSSRUW� &SH�&GH� j� a����� FH� TXL� FRQGXLW� j

������ &GH.&SH. ���� � a���&HWWH�FRPSHQVDWLRQ�HW�OD�IDLEOH�GLVVROXWLRQ�GH�O·$O�SLpJp��)LJXUHV����j����

H[SOLTXHQW�OD�IDLEOH�YDULDELOLWp�WHPSRUHOOH�GHV�SURILOV�VLPXOpV�GH�&GH��)LJXUH�����
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'·DSUqV� OHV� VLPXODWLRQV� TXH� QRXV� DYRQV� IDLWHV� j� ����� HW� �����P� DYHF� OHV� PrPHV� VROXWLRQV

DFFHSWDEOHV��O·LPSRUWDQFH�UHODWLYH�GHV�SKDVHV�HW�GHV�IOX[�G·$O�GpFULWH�FL�GHVVXV�HVW�LQGpSHQGDQWH�GH�OD

SURIRQGHXU�HW�GX�WHPSV�

)LJXUH�����&RQWULEXWLRQV�GHV�WHUPHV�GH�OD�QRXYHOOH�YHUVLRQ�GH�&2/'2��(TV�����HW���j����j�OD
YDULDELOLWp�WHPSRUHOOH�GH�)P��)H��&SH�HW�&GH�j������P�FDOFXOpHV�SDU�OD�VROXWLRQ�&���)LJXUHV����HW�����

7DEOHDX�����
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)LJXUH�����&RQWULEXWLRQV�GHV�WHUPHV�GH�OD�QRXYHOOH�YHUVLRQ�GH�&2/'2��(TV�����HW���j����j�OD
YDULDELOLWp�WHPSRUHOOH�GH�)P��)H��&SH�HW�&GH�j������P�FDOFXOpHV�SDU�OD�VROXWLRQ�&���)LJXUHV����HW�����

7DEOHDX�����
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)LJXUH�����&RQWULEXWLRQV�GHV�WHUPHV�GH�OD�QRXYHOOH�YHUVLRQ�GH�&2/'2��(TV�����HW���j����j�OD
YDULDELOLWp�WHPSRUHOOH�GH�)P��)H��&SH�HW�&GH�j������P�FDOFXOpHV�SDU�OD�VROXWLRQ�&���)LJXUHV����HW�����

7DEOHDX�����

����� ,QWHUSUpWDWLRQ�GH�OD�YLWHVVH�GH�FKXWH�GHV�SDUWLFXOHV�SLpJpHV

/HV�YDOHXUV�GHV�YLWHVVHV�GH�FKXWH�GH�OD�SOXSDUW�GHV�VROXWLRQV�GH�O·H[S��&�VRQW�FRPSULVHV�HQWUH�����HW

����P�M� �)LJXUH� ������ HOOHV� VRQW� SOXV� GH� WURLV� IRLV� VXSpULHXUHV� DX[� YDOHXUV� FODVVLTXHPHQW� DGPLVHV

SRXU�OHV�UpJLRQV�ROLJRWURSKHV��a��������P�M���FI��'HXVHU�HW�DO���������$VSHU�HW�DO���������1HZWRQ�HW

DO��� ������ .KULSRXQRII� HW� DO��� ������ %RU\� HW� 1HZWRQ�� ������� &HV� IRUWHV� YDOHXUV� VRQW� SRXUWDQW
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QpFHVVDLUHV�SRXU�UHSURGXLUH�OD�VLPXOWDQpLWp�²�UHODWLYHPHQW�j�OD�SpULRGH�GH�FROOHFWH�GHV�SLqJHV�²�GHV

pYqQHPHQWV�GH�IOX[�pOHYpV�j������HW������P�j� O·DLGH�GH�&2/'2��)LJXUH������&HOD�V·H[SOLTXH� WUqV

SUREDEOHPHQW�SDU�OH�IDLW�TXH�OH�PRGqOH�QH�GpFULW�SDV�H[SOLFLWHPHQW�O·LQIOXHQFH�GH�OD�GLVVROXWLRQ�GHV

pOpPHQWV�PDMHXUV� VXU� OD� GLPLQXWLRQ� GX� IOX[� GH�PDVVH� DYHF� OD� SURIRQGHXU��0DLV� LO� IDXW� pJDOHPHQW

VRXOLJQHU�TXH�OD�SOXSDUW�GHV�YDOHXUV�UHSRUWpHV�GDQV�OD�OLWWpUDWXUH�VRXV�HVWLPHQW�OHV�YLWHVVHV�GH�FKXWH

UpHOOHV��FDU�HOOHV�VRQW�pYDOXpHV�j�SDUWLU�GX�GpFDODJH�WHPSRUHO�HQWUH�OHV�pYqQHPHQWV�HQUHJLVWUpV�SDU�GHV

SLqJHV� IL[pV� j� GHV� SURIRQGHXUV� GLIIpUHQWHV��&HV� SLqJHV� HQUHJLVWUHQW� OH� IOX[� PR\HQ� VXU� OD� SpULRGH� GH

FROOHFWH�� FHOOH�FL� SRXYDQW� YDULHU� HQWUH� TXHOTXHV� MRXUV� HW� TXHOTXHV� PRLV� �VHFWLRQ� ������D���� 3DU

FRQVpTXHQW��FHV�HVWLPDWLRQV�VRQW�GHV�YDOHXUV�PLQLPDOHV��(Q�RXWUH��GHV�H[SpULHQFHV�LQ�YLWUR��7DNDKDVKL

HW� %p�� ������ HW� GHV� H[SpULHQFHV� GH� PRGpOLVDWLRQ� �%LMPD� HW� DO��� ������ PRQWUHQW� TXH� GHV� WHVWV� GH

IRUDPLQLIqUHV� WHOV� TXH� FHX[� TXH� O·RQ� D� UHWURXYpV� GDQV� OHV� JRGHWV� GHV� SLqJHV� j� (80(/,� �.�

7DFKLNDZD�� FRPPXQLFDWLRQ� SHUVRQQHOOH�� ������ SHXYHQW� VpGLPHQWHU� j� GHV� YLWHVVHV� DOODQW� GH� ���� j

�����P�M�VHORQ�OHXU�WDLOOH�

����� 9DULDELOLWp�VSDWLR�WHPSRUHOOH�GHV�SURFHVVXV�GDQV�OD�FRORQQH�G·HDX

'DQV� OD�PHVXUH�R�� OHV�SDUDPqWUHV�GH�&2/'2�VRQW� LQGpSHQGDQWV�GX� WHPSV�HW�GH� OD�SURIRQGHXU�

O·DVVLPLODWLRQ� DMXVWH� OH� PRGqOH� DX� FRPSRUWHPHQW� GRPLQDQW� GH� OD� FRORQQH� G·HDX� UpIOpWp� SDU� OHV

GRQQpHV� LQ� VLWX�� /D� YDULDELOLWp� WHPSRUHOOH� HW� VSDWLDOH� GH� FHW� DMXVWHPHQW�� TXH� O·RQ� D� GpFULWH� HQ

SDUWLFXOLHU�SRXU�OHV�VLPXODWLRQV�GH� OD�VROXWLRQ�&��GpPRQWUH�TXH� OH�PRGH�GH�IRQFWLRQQHPHQW�GH� OD

FRORQQH�G·HDX��HW�SDU�FRQVpTXHQW�OHV�SDUDPqWUHV��YDULHQW�DYHF�OD�SURIRQGHXU�HW�OH�WHPSV��)LJXUH����

VHFWLRQ���������/D�SULVH�HQ�FRPSWH�GH�FHV�YDULDELOLWpV�GDQV� OH�PRGqOH� UHQGUDLW� OH�SUREOqPH� LQYHUVH

H[WUrPHPHQW� FRPSOH[H�� 'DQV� OD� VHFWLRQ� �������E��� QRXV� PRQWUHURQV� FRPPHQW� FRQWUDLQGUH

LQGLUHFWHPHQW�OD�YDULDELOLWp�WHPSRUHOOH�GHV�SDUDPqWUHV�

��� 6XJJHVWLRQV�GH�VWUDWpJLHV�G·pFKDQWLOORQQDJH�GH�OD�FRORQQH
G·HDX

&RPPH�QRXV� O·DYRQV�PHQWLRQQp�GDQV� OD� VHFWLRQ�������� LO� HVW� GLIILFLOH� GH� TXDQWLILHU� OD� GXUpH� HW� OHV

IUpTXHQFHV� WHPSRUHOOHV� HW� VSDWLDOHV� G·pFKDQWLOORQQDJH� SHUPHWWDQW� G·HVWLPHU� OHV� SDUDPqWUHV� G·XQ

V\VWqPH�QRQ�OLQpDLUH��VXUWRXW�ORUVTX·RQ�GLVSRVH�DX�GpSDUW�GH�SHX�GH�GRQQpHV�LQ�VLWX��,O�Q·HVW�SDV�DLVp

QRQ� SOXV� GH� GpILQLU� OH� QRPEUH� GH� YDULDEOHV� j� PHVXUHU�� &HSHQGDQW�� QRWUH� DSSURFKH� SHUPHW� GH

VXJJpUHU�GHV�VWUDWpJLHV�GH�PHVXUH�SRXU�UDIILQHU�OH�FULWqUH�GH�VpOHFWLRQ��HW�SDU�FRQVpTXHQW�DPpOLRUHU

OHV�VROXWLRQV�LQYHUVHV�

(Q� VXSSRVDQW� TXH� OH� PRGqOH� HVW� FRUUHFW�� OD� FRPSDUDLVRQ� GHV� H[SV�� $� HW� %�� �VHFWLRQV� ������ HW

������E��� PRQWUH� TXH� OH� FRXSODJH� QRQ�OLQpDLUH� HQWUH� OHV� WURLV� SKDVHV� HVW� WURS� IDLEOH� SRXU� TXH

O·pFKDQWLOORQQDJH� GH� O·XQH� G·HQWUH� HOOHV� SHUPHWWH� GH� FRQWUDLQGUH� OHV� GHX[� DXWUHV��&HOD� VLJQLILH� TXH
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O·HVWLPDWLRQ�GHV�SDUDPqWUHV�FRQWU{ODQW�OD�GLVWULEXWLRQ�GDQV�OD�FRORQQH�G·HDX�G·XQ�WUDFHXU�WHO�TXH�O·$O

H[LJH�GH�PHVXUHU� OHV� WURLV�SKDVHV� VXU�XQ�PrPH�VLWH�� j� GHV�GDWHV� HW� j�GHV�SURIRQGHXUV� FRKpUHQWHV

HQWUH� HOOHV�� /HV� IUpTXHQFHV� G·pFKDQWLOORQQDJH� GRLYHQW� rWUH� FRKpUHQWHV� DYHF� OD� YDULDELOLWp� VSDWLR�

WHPSRUHOOH�D� SULRUL� GH� FKDTXH�SKDVH��&HWWH� H[LJHQFH� D�GpMj� pWp� H[SULPpH� j� OD� VXLWH� G·DQDO\VHV�SOXV

TXDOLWDWLYHV�GH�PHVXUHV�LQ�VLWX��HQ�SDUWLFXOLHU�SDU�-HDQGHO�HW�DO���������HW�%DFRQ�HW�DO����������PDLV�HOOH

Q·HVW�HQFRUH�TXH�SHX�DSSOLTXpH�j�O·KHXUH�DFWXHOOH�

/·pFKDQWLOORQQDJH�GHV�SDUWLFXOHV�SLpJpHV�H[LJH�GH�SRVLWLRQQHU�DX�PRLQV�WURLV�SLqJHV�GDQV�OD�FRORQQH

G·HDX��/H�SLqJH�VXSHUILFLHO�SHUPHW�OH�FDOFXO�GHV�FRQGLWLRQV�DX[� OLPLWHV��HW� OHV�GHX[�DXWUHV�VHUYHQW�j

pYDOXHU� OD� FDSDFLWp� GX� PRGqOH� j� UHSURGXLUH� OH� WUDQVIHUW� YHUWLFDO� GH� OD� PDWLqUH�� (Q� RXWUH�� OD

FRQFHQWUDWLRQ�GX�WUDFHXU�FRQVLGpUp�VXU�OHV�SDUWLFXOHV�SLpJpHV�GRLW�rWUH�PHVXUpH�SRXU�WRXV�OHV�SLqJHV�

'DQV� OD� PHVXUH� R�� LO� HVW� QpFHVVDLUH� GH� SUHQGUH� HQ� FRPSWH� O·HIIHW� GH� O·DJUpJDWLRQ� GHV� SDUWLFXOHV

ILOWUpHV� VXU� OH� IOX[� GH� PDVVH� �VHFWLRQ� ������ $UUDHV�0HVFRII�� ������ 5R\�%DUPDQ� HW� DO��� ������

O·pFKDQWLOORQQDJH�GH� OD�SKDVH�ILOWUpH�GRLW� LQFOXUH� OD�PHVXUH�GH� OD�FRQFHQWUDWLRQ� WRWDOH� HQ�SDUWLFXOHV

ILOWUpHV�

/HV� H[SV��%���&��'� HW�(� �7DEOHDX� ����PRQWUHQW� TXH�PrPH� ORUTXH� WRXWH� OD� EDVH� GH� GRQQpHV� HVW

DVVLPLOpH��FHUWDLQV�SDUDPqWUHV�WHOV�TXH�. � � ��9� �HW�9� �VRQW�PDO�FRQWUDLQWV��)LJXUH������/D�UREXVWHVVH

GHV� UDSSRUWV� . � � � �. � �
� �

. � � �. � � � HW� . � � �. �
� � DVVRFLpV� j� OHXUV� VROXWLRQV� LPSOLTXH� O·H[LVWHQFH� GH

GpJpQpUHVFHQFHV� GX� FR�W� UHFWLOLJQHV� �)LJXUH� ����� /D� FRPELQDLVRQ� GHV� UREXVWHVVHV� GHV� UDSSRUWV

. � � �. � � � HW� . � � �. �
� � VXJJqUH� TXH� O·XQH� G·HOOH� FRQFHUQH� �� GHV� 1� � ��� GLPHQVLRQV� GH� O·HVSDFH� GHV

SDUDPqWUHV�� &RPPH� QRXV� O·DYRQV� LQGLTXp� GDQV� OD� VHFWLRQ� ������� OD� GLYHUVLILFDWLRQ� GHV� W\SHV

G·REVHUYDWLRQV��F·HVW�j�GLUH�O·XWLOLVDWLRQ�GH�QRXYHDX[�LQVWUXPHQWV�GH�PHVXUH�SHUPHWWUDLW�GH�UpGXLUH�OD

VRXV�GpWHUPLQDWLRQ�GX�SUREOqPH��3DU�H[HPSOH��OH�SURILOHXU�YLGpR�PDULQ��6WHPPDQ�HW�DO���������HW�OHV

DSSDUHLOV�RSWLTXHV��&ODXVWUH�HW�DO���������DSSRUWHQW�GHV�LQIRUPDWLRQV�VXU�OH�V\VWqPH�SDUWLFXODLUH�TXL

VRQW� FRPSOpPHQWDLUHV� GH� FHOOHV� IRXUQLHV� SDU� OHV� SLqJHV�� OHV� SRPSHV� HW� OHV� ERXWHLOOHV� �VHFWLRQ

������G����3RXU�LOOXVWUHU�FHWWH�UHPDUTXH��OD�)LJXUH����UHSUpVHQWH�OHV�VLPXODWLRQV�FDOFXOpHV�j�SDUWLU�GH�OD

VROXWLRQ�&�� �)LJXUH� ����� 7DEOHDX� ����� (OOHV� VRQW� FRKpUHQWHV� DYHF� OHV� GRQQpHV��PDLV� O·DQDO\VH� GHV

SURILOV�GH�)P�HW�)H�UpYqOH�GHV�VWUXFWXUHV�YHUWLFDOHV�j�SHWLWH�pFKHOOH��a����P��TXL�QH�SHXYHQW�SDV�rWUH

REVHUYpHV�SDU�OHV�SLqJHV�j�SDUWLFXOHV��)LJXUH������GDQV� OH�FDV�SUpVHQW��FHV�VWUXFWXUHV�FRUUHVSRQGHQW

YUDLVHPEODEOHPHQW�j�XQ�DUWHIDFW�OLp�j�OD�PpWKRGH�G·LQWpJUDWLRQ�SXLVTXH�OHXU�GLPHQVLRQ�HVW�pJDOH�DX

SDV�YHUWLFDO�GX�PRGqOH���G]� �����P���3DU�FRQWUH�� OHV�SURILOV�GH�)P�HW�)H� VLPXOpV�SDU� OHV�VROXWLRQV

&���&��HW�&���7DEOHDX�����PRQWUHQW�XQH�IDLEOH�YDULDELOLWp�YHUWLFDOH��/D�UpDOLVDWLRQ�GH�TXHOTXHV�SURILOV

GH�OD�GLVWULEXWLRQ�GHV�SDUWLFXOHV�j�KDXWH�UpVROXWLRQ��SDU�H[HPSOH�DYHF�OH�SURILOHXU�YLGpR�VRXV�PDULQ�

FRPSHQVHUDLW� OD� IDLEOH� UpVROXWLRQ� GHV� SLqJHV� j� SDUWLFXOHV� HW� SHUPHWWUDLW� GH� GLVWLQJXHU� OHV� GHX[

JURXSHV�GH�VROXWLRQV�
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)LJXUH�����)OX[�GH�PDVVH��D���G·$O��E���$O�SDUWLFXODLUH��F��HW�GLVVRXV��G��VLPXOpV�SDU�OD�VROXWLRQ
DFFHSWDEOH�&��WURXYpH�ORUV�GH�O·H[S��&��VHFWLRQ��������7DEOHDX������/HV�VLPXODWLRQV�VRQW�FRPSDUpHV
DX[�PHVXUHV�GHV�SLqJHV�j�SDUWLFXOHV�HW�DX[�SURILOV�FDOFXOpV�SRXU�OHV�SKDVHV�ILOWUpH�HW�GLVVRXWH�TXL�RQW
WRXV�pWp�DVVLPLOpV��/HV�SURILOV�VLPXOpV�GH�&SH�HW�&GH�VRQW�G·DXWDQW�SOXV�UpFHQWV�TX·LOV�VRQW�VRPEUHV�
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)LJXUH�����3URILOV�GHV�IOX[�GH�PDVVH��D��HW�G·$O��E��VLPXOpV�j�SDUWLU�GH�OD�VROXWLRQ�&�
�)LJXUH������7DEOHDX������,OV�PRQWUHQW�GHV�VWUXFWXUHV�YHUWLFDOHV�GH�SHWLWH�pFKHOOH
�a�����P���(OOHV�QH�VRQW�SDV�REVHUYDEOHV�j�SDUWLU�GHV�SLqJHV�j�SDUWLFXOHV��PDLV�LO
VHUDLW�SRVVLEOH�GH�YpULILHU�OHXU�H[LVWHQFH�j�GHV�SURIRQGHXUV�LQIpULHXUHV�j������P�j

SDUWLU�GX�SURILOHXU�YLGpR�VRXV�PDULQ��VHFWLRQ�������G���

/HV�H[SpULHQFHV�GX�&KDSLWUH���GpPRQWUHQW�OD�IRUWH�LQIOXHQFH�GHV�HUUHXUV�GHV�GRQQpHV�LQ�VLWX�VXU�OHV

VROXWLRQV�LQYHUVHV���HOOHV�FRQWU{OHQW�HQ�SDUWLH�OD�WDLOOH�HW�OHV�OLPLWHV�GX�GRPDLQH�DFFHSWDEOH��)LJXUHV

��� HW� �����3DU� FRQVpTXHQW�� LO� HVW� HVVHQWLHO� G·HVWLPHU� DXVVL� SUpFLVpPHQW�TXH� SRVVLEOH� OHV� HUUHXUV�GH

FROOHFWH�DLQVL�TXH�OHV�HUUHXUV�DQDO\WLTXHV��(Q�SDUWLFXOLHU��OHV�VWUDWpJLHV�GH�PHVXUH�GRLYHQW�LQFOXUH�XQH

pYDOXDWLRQ� V\VWpPDWLTXH�GH� O·HIILFDFLWp�GH� WRXV� OHV�SLqJHV� j�SDUWLFXOHV�� j�SDUWLU� GH� O·pFKDQWLOORQQDJH

GHV�FRXSOHV� LVRWRSLTXHV� LQGLTXpV�GDQV� OH�7DEOHDX��� �%DFRQ���������/D�FRQQDLVVDQFH�GH� O·HIILFDFLWp

GHV�SLqJHV�SHUPHWWUDLW�HQ�RXWUH�GH�FRUULJHU�OHV�PHVXUHV�HW�GH�QH�SDV�IRUFHU�OHV�PRGqOHV�j�UHSURGXLUH

OHV�YDULDWLRQV�VSDWLR�WHPSRUHOOHV�GHV�IOX[�UpVXOWDQW�G·DUWHIDFWV��6FKROWHQ�HW�DO����������4X·HOOHV�VRLHQW

VDXYHUJDUGpHV�GDQV�XQH�EDVH�GH�GRQQpHV�RX�SXEOLpHV�� OHV�PHVXUHV�GRLYHQW� V\VWpPDWLTXHPHQW� rWUH

IRXUQLHV� DYHF� OHXUV� EDUUHV� G·HUUHXU�� 8QH� PHLOOHXUH� FRQQDLVVDQFH� GHV� HUUHXUV� VXU� OHV� PHVXUHV

IDFLOLWHUDLW� pJDOHPHQW� OD� GpILQLWLRQ� GHV� WHUPHV� GH� FRUUpODWLRQ� WHPSRUHOOH� HQWUH� OHV� HUUHXUV� GDQV� OD

IRQFWLRQ�FR�W��(T������

/H� FRQWH[WH� OH� SOXV� DSSURSULp� SRXU� DSSOLTXHU� HW� SRXUVXLYUH� OH� GpYHORSSHPHQW� GH� FHWWH� DSSURFKH

LQYHUVH� VHUDLW� XQH� VWDWLRQ� R�� O·DSSUR[LPDWLRQ� XQLGLPHQVLRQQHOOH� HVW� UpDOLVWH� HW� TXL� VHUDLW

pFKDQWLOORQQpH� VXU� OH� ORQJ� WHUPH� �L�H�� SOXVLHXUV� DQQpHV�� SDU� GHV� LQVWUXPHQWV� GH�PHVXUH� YDULpV�� /D

VWDWLRQ�'<)$0('� VLWXpH� HQ�0HU� /LJXUH� HQ� HVW� XQ� WUqV� ERQ� H[HPSOH� �0DUW\�� ������� (Q� HIIHW�

O·DXJPHQWDWLRQ�GH� OD�GXUpH�WRWDOH�G·pFKDQWLOORQQDJH�DFFURvW� OD�UpVROXWLRQ�GX�FR�W�GDQV� O·HVSDFH�GHV

SDUDPqWUHV��VHFWLRQ���������/HV�VWDWLRQV�ORQJXHV�VRQW�SURSLFHV�j�O·pWXGH�GH�O·LQIOXHQFH�GHV�UpVROXWLRQV
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G·pFKDQWLOORQQDJH�VXU�O·HVWLPDWLRQ�GHV�SDUDPqWUHV��(OOHV�IDYRULVHQW�DXVVL�O·DQDO\VH�GHV�UHODWLRQV�HQWUH

OHV� IUpTXHQFHV� G·pFKDQWLOORQQDJH� HW� OHV� pFKHOOHV� GH� WHPSV� FDUDFWpULVWLTXHV� GHV� SULQFLSDX[� IRUoDJHV

H[WHUQHV�� 'HV� H[SpULHQFHV� LQ� YLWUR� PHQpHV� SDUDOOqOHPHQW� j� FHV� pWXGHV� LQ� VLWX� FRQWULEXHUDLHQW� j

DPpOLRUHU�OD�SDUDPpWULVDWLRQ�GHV�SURFHVVXV�

��� &RQFOXVLRQ�GX�FKDSLWUH

/D�V\QWKqVH�GHV�UpVXOWDWV�GHV�H[SpULHQFHV�LQYHUVHV�UpDOLVpHV�GDQV�FHWWH�WURLVLqPH�SDUWLH�PRQWUH�TXH

QRXV�GHYRQV�DPpOLRUHU� O·$*�SRXU� OH� UHQGUH�PLHX[�DGDSWp�j� O·DVVLPLODWLRQ�GHV�GRQQpHV� LQ� VLWX��(Q

SDUDOOqOH��LO�HVW�QpFHVVDLUH�GH�UpGXLUH�OH�QRPEUH�GH�VROXWLRQV�LQYHUVHV�DGPLVVLEOHV��&HFL�H[LJH��

� GH�FRXSOHU�O·$*�j�GHV�DQDO\VHV�GH�UREXVWHVVH�MXGLFLHXVHV�HW�j�GHV�pWXGHV�GH�O·LGHQWLILFDWLRQ�GHV

SDUDPqWUHV�

� G·DGDSWHU� OHV� VWUDWpJLHV� GH� PHVXUH� LQ� VLWX� GH� IDoRQ� j� FRQVWLWXWHU� GHV� EDVHV� GH� GRQQpHV� TXL

SHUPHWWHQW� HIIHFWLYHPHQW� O·HVWLPDWLRQ� GHV� SDUDPqWUHV� G·XQ�PRGqOH� WHO� TXH� &2/'2�� ,O� V·DJLW� HQ

SDUWLFXOLHU�GH�GLYHUVLILHU�OHV�W\SHV�GH�PHVXUHV�LQ�VLWX�HW�G·DPpOLRUHU�O·HVWLPDWLRQ�GHV�EDUUHV�G·HUUHXU�GH

FHV�PHVXUHV�

/HV� DPpOLRUDWLRQV� GH� OD� PpWKRGH� QH� VHURQW� HQYLVDJpHV� TX·j� OD� VXLWH� GX� WUDYDLO� SUpVHQWp� GDQV� FH

PDQXVFULW�

/·LQWpUrW�GHV�VROXWLRQV� LQYHUVHV�UpVLGH�GDQV� OD�SRVVLELOLWp�GH�TXDQWLILHU�GH� O·LPSRUWDQFH�UHODWLYH�GHV

SURFHVVXV�GDQV�OD�FRORQQH�G·HDX��HW�ORUVTX·XQH�VROXWLRQ�SHXW�rWUH�VpOHFWLRQQpH��GDQV�OD�TXDQWLILFDWLRQ

GHV�IOX[�G·XQ�WUDFHXU�GRQQp�GDQV�OD�FRORQQH�G·HDX�HW�HQWUH�OHV�SKDVHV�GLVVRXWH��ILOWUpH�HW�SLpJpH��/D

TXDQWLILFDWLRQ�GHV�IOX[�G·$O�DX�VLWH�(80(/,�ROLJRWURSKH�SUpVHQWpH�GDQV�FH�FKDSLWUH�HVW�FRKpUHQWH

DYHF�OHV�UpVXOWDWV�REWHQXV�DQWpULHXUHPHQW�VXU�OH�FRPSRUWHPHQW�GH�FHW�pOpPHQW�GDQV�O·RFpDQ��VHFWLRQ

��������

'DQV�OD�GHUQLqUH�SDUWLH��QRXV�DOORQV�LQYHUVHU�&2/'2�DYHF�GHV�PHVXUHV�G·DXWUHV�WUDFHXUV�FROOHFWpHV

DX[� VLWHV� (80(/,� ROLJRWURSKH� HW� PpVRWURSKH�� (Q� FRQIURQWDQW� O·HQVHPEOH� GHV� UpVXOWDWV

JpRFKLPLTXHV� REWHQXV�� QRXV� HVVDLHURQV� GH� GpFULUH� HW� FRPSDUHU� OH� IRQFWLRQQHPHQW� GH� OD� FRORQQH

G·HDX�j�FHV�GHX[�VLWHV�
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