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5(680(&HW�DUWLFOH�SUpVHQWH�OD�SUREOpPDWLTXH�VSpFLILTXH�GH�O
RSWLPLVDWLRQ�GHV�JpQpUDWHXUV�GH�YDSHXU�UpFXSpUDWHXUV�j�SOXVLHXUV�QLYHDX[�GH�SUHVVLRQ� XWLOLVpV� SRXU� SURGXLUH� GH� O
pOHFWULFLWp� j� SDUWLU� GHV� JD]� G
pFKDSSHPHQW� G
XQH� WXUELQH� j� JD]�� HW� OHV� VROXWLRQV� TXL� RQW� pWp�GpYHORSSpHV�SRXU� UpVRXGUH� OH� SUREOqPH�SRVp� �PpWKRGH�G
RSWLPLVDWLRQ� V\VWpPLTXH� FRPPH�H[WHQVLRQ�GH� OD�PpWKRGH�GX�SLQFHPHQW���8QH�DSSOLFDWLRQ�DX�FDV�G
XQH�FHQWUDOH�j�F\FOH�FRPELQp�j�JD]pLILFDWLRQ�LQWpJUpH��,*&&��HVW�HQVXLWH�SURSRVpH�
0276�&/(6PRGpOLVDWLRQ�� DQDO\VH� V\VWqPH�� PpWKRGH� GX� SLQFHPHQW�� LQWpJUDWLRQ� WKHUPLTXH�� RSWLPLVDWLRQ� V\VWpPLTXH�� F\FOHV� FRPELQpV�� ,*&&��JpQpUDWHXUV�GH�YDSHXU�
���,1752'8&7,21/HV�H[FHOOHQWV�UHQGHPHQWV�TX
DWWHLJQHQW�DXMRXUG
KXL�OHV�FHQWUDOHV�pOHFWULTXHV�j�F\FOH�FRPELQp�VRQW�OH�UpVXOWDW�GH�O
LQWpJUDWLRQ�HQ�XQH� VHXOH� XQLWp�GH�SURGXFWLRQ�GH�GHX[�WHFKQRORJLHV� FRPSOpPHQWDLUHV� HQ� WHUPH� GH� QLYHDX� GH�WHPSpUDWXUH� �� OHV� WXUELQHV� j� JD]� HW� OHV� FHQWUDOHV� j�YDSHXU��$YHF� O¶DSSDULWLRQ�GH� QRXYHOOHV� JpQpUDWLRQV� GH�FHQWUDOHV� pOHFWULTXHV� j� KDXW� UHQGHPHQW� � HW� IRUWHPHQW�LQWpJUpHV��O¶RSWLPLVDWLRQ�SRXVVpH�GX�GHVLJQ�GHV�UpVHDX[�G¶pFKDQJHXUV� GHYLHQW� XQH� QpFHVVLWp�� /HV� WHFKQLTXHV�G¶RSWLPLVDWLRQ� V\VWpPLTXH�� IRQGpHV� VXU� O¶LQWpJUDWLRQ�WKHUPLTXH�� SHUPHWWHQW� GH� UpSRQGUH� j� FH� SUREOqPH��SDUWLFXOLqUHPHQW� VHQVLEOH� GDQV� OH� FDV� GHV� QRXYHDX[�F\FOHV� ,*&&��&\FOH�FRPELQp�j�JD]pLILFDWLRQ� LQWpJUpH��G¶XQH� JUDQGH� FRPSOH[LWp� SXLVTXH� WRXV� OHV� VRXV�V\VWqPHV� �JD]pLILFDWLRQ�� WUDLWHPHQW� GX� JD]�� VpSDUDWLRQ�G¶DLU�� F\FOH� FRPELQp�� VRQW� FRXSOpV� YLD� OH� UpVHDX� HDX�YDSHXU�/
RSWLPLVDWLRQ� GH� WHOV� F\FOHV� FRPELQpV� UHSRVH� VXU� OD�UpGXFWLRQ�GH�OHXUV� LUUpYHUVLELOLWpV� LQWHUQHV��TXL�SHXYHQW�rWUH� UHJURXSpHV� HQ� WURLV� JUDQGHV� FDWpJRULHV� �� OHV�LUUpYHUVLELOLWpV�G
RULJLQH�PpFDQLTXH��TXL�SUHQQHQW�SODFH�GDQV� OHV� SRPSHV�� FRPSUHVVHXUV� HW� WXUELQHV�� OHV�LUUpYHUVLELOLWpV GH� FRPEXVWLRQ�� HW� OHV� LUUpYHUVLELOLWpV�SXUHPHQW� WKHUPLTXHV�� OLpHV� DX[� pFDUWV� GH� WHPSpUDWXUH�DX�VHLQ�GHV�pFKDQJHXUV�'DQV�FHW�H[SRVp��QRXV�QRXV�LQWpUHVVHURQV�XQLTXHPHQW�j�OD�UpGXFWLRQ�GHV�LUUpYHUVLELOLWpV�WKHUPLTXHV�TXL�H[LVWHQW�DX�VHLQ�GHV�JpQpUDWHXUV�GH�YDSHXU�UpFXSpUDWHXUV��*95��RX� FKDXGLqUHV� GH� UpFXSpUDWLRQ�� HW� TXL� SURYLHQQHQW� GHV�pFDUWV� GH� WHPSpUDWXUH� HQWUH� OHV� SDUWLHV� FKDXGHV� HW� OHV�SDUWLHV� IURLGHV�GX�F\FOH��'DQV�XQ�SUHPLHU� WHPSV��SRXU�ELHQ� IDLUH� FRPSUHQGUH� OD� QDWXUH� GHV� SUREOqPHV� SRVpV��QRXV� pWXGLHURQV� XQ� F\FOH� FRPELQp� VLPSOH�� (QVXLWH��QRXV�SUpVHQWHURQV�OHV�UpVXOWDWV�G
XQH�pWXGH�D�SRVWHULRUL�GX�GHVLJQ�GX�FLUFXLW�HDX�YDSHXU�GH�OD�FHQWUDOH�,*&&�GH�3XHUWROODQR� TXL� D� SHUPLV� G
LGHQWLILHU� OHV� SDUDPqWUHV�FULWLTXHV� GX� F\FOH� HW� GH� SURSRVHU� GHV� PRGLILFDWLRQV�SRXU�RSWLPLVHU� OD�SXLVVDQFH�pOHFWULTXH� IRXUQLH�� WRXW� HQ�UHVSHFWDQW�OHV�FRQWUDLQWHV�H[LVWDQWHV�
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81� &<&/(� &20%,1e�6,03/(�'DQV�XQH�FHQWUDOH�j� F\FOH�FRPELQp� VLPSOH�� OD�YHLQH�GHV�JD]� FKDXGV� TXL� VRUWHQW� GH� OD� WXUELQH� j� JD]� GRLW� rWUH�UHIURLGLH�SDU�O
HDX�TXL�WUDYHUVH�OH�F\FOH�GH�UpFXSpUDWLRQ�j�YDSHXU��'DQV�XQ�F\FOH�j�XQ�VHXO�QLYHDX�GH�SUHVVLRQ��FHWWH�HDX� HQWUH� GDQV� O
pFKDQJHXU� j� O
pWDW� OLTXLGH� j� HQYLURQ� ����&�� DSUqV� DYRLU� pWp� FRPSULPpH� SDU� OHV� SRPSHV�G
DOLPHQWDWLRQ� VLWXpHV� HQ� DYDO� GX� FRQGHQVHXU�� (OOH� HVW�HQVXLWH� pFKDXIIpH� MXVTX
j� OD� WHPSpUDWXUH� G
pEXOOLWLRQ�FRUUHVSRQGDQW� j� VD� SUHVVLRQ� �pFRQRPLVHXU��� SXLV�YDSRULVpH��j� WHPSpUDWXUH�FRQVWDQWH��HW�HQILQ�VXUFKDXIIpH��DYDQW� G
rWUH� GpWHQGXH� GDQV� OD� WXUELQH� j� YDSHXU�� /H�VFKpPD�GH�OD�ILJXUH���UHSUpVHQWH�OH�*95�HW�OHV�pFKDQJHV�GH�FKDOHXU�HQWUH�OHV�JD]�FKDXGV�HW�O
HDX�/H�GLDJUDPPH�HQWKDOSLTXH�GH�GURLWH�PRQWUH�TXH�� VL� O
RQ�V
LPSRVH� SRXU� GHV� UDLVRQV� WHFKQLTXHV� XQH� YDOHXU�PLQLPDOH� GHV� pFDUWV� GH� WHPSpUDWXUH� HQWUH� OHV� GHX[�IOXLGHV�� HQWUH� OHV� SRLQWV� �� HW� �� G
XQH� SDUW�� HW� HQWUH� OHV�SRLQWV���HW����G
DXWUH�SDUW��OHV�pFKDQJHV�GH�FKDOHXU�VH�IRQW�HQ�IDLW�DYHF�GHV�pFDUWV�EHDXFRXS�SOXV�LPSRUWDQWV�GDQV�OD�TXDVL�WRWDOLWp� GH� O
pFKDQJHXU�� &HFL� SURYLHQW� GH� OD�QpFHVVLWp� GH� YDSRULVHU� O
HDX�� TXL� LQGXLW� XQ� �SDOLHU�� WUqV�LPSRUWDQW�j�WHPSpUDWXUH�FRQVWDQWH�/
pFKDQJH� GH� FKDOHXU� LGpDO� FRUUHVSRQGUDLW� DX� FDV� R�� OD�FRXUEH� GH� UHIURLGLVVHPHQW� GHV� JD]� HW� FHOOH�G
pFKDXIIHPHQW� GH� O
HDX� VHUDLHQW� SDUDOOqOHV�� /
pFKDQJHXU�IRQFWLRQQHUDLW�DORUV�j�FRQWUH�FRXUDQW�HW�OHV�LUUpYHUVLELOLWpV�VHUDLHQW� PLQLPDOHV�� &HFL� HVW� PDOKHXUHXVHPHQW�LUUpDOLVDEOH�DYHF�GH�O
HDX��HW�OH�F\FOH�j�XQ�VHXO�QLYHDX�GH�SUHVVLRQ�FRPSRUWH�GH�IRUWHV�LUUpYHUVLELOLWpV�LQWHUQHV���'H�SOXV��FRPPH�OH�PRQWUH�OH�GLDJUDPPH�HQWKDOSLTXH�GH�OD� ILJXUH� ��� SRXU� XQH� SUHVVLRQ� GH� YDSHXU� �HW� GRQF� XQH�WHPSpUDWXUH� GH� SLQFHPHQW� GRQQpH�� HW� SRXU� XQH�WHPSpUDWXUH� PD[LPDOH� GHV� JD]� 74 IL[pH�� OD� WHPSpUDWXUH�GHV�UHMHWV�77 GRLW�rWUH� OD�SOXV�EDVVH�SRVVLEOH�SRXU�TXH�OD�UpFXSpUDWLRQ�G¶pQHUJLH�VRLW�PD[LPDOH��$SSHORQV�7lim OD�WHPSpUDWXUH�OLPLWH�GHV�UHMHWV�FRPSDWLEOH�DYHF� OHV� FRQWUDLQWHV� GH� FRQGHQVDWLRQ� FRUURVLYH�� &HWWH�WHPSpUDWXUH� YDULH� VHORQ� OH� FRPEXVWLEOH� XWLOLVp� �� OHV� SOXV�
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IDLEOHV�YDOHXUV������ �����&��VRQW�REWHQXHV�DYHF�GX�JD]�QDWXUHO���DYHF�GX�ILRXO�OpJHU��RQ�UHFRPPDQGH�����j������&��HW������ �����&�DYHF�GX�ILRXO�ORXUG�2Q� SHXW� TXDOLILHU� OD� UpFXSpUDWLRQ� G¶pQHUJLH� PD[LPDOH�SDU�XQH�HIILFDFLWp� �GpSHQGDQW�XQLTXHPHQW�GH� OD�QDWXUH�GH� O¶HIIOXHQW�� 70 pWDQW� OD� WHPSpUDWXUH� GH�O
HQYLURQQHPHQW��
Hef = �� OLP� 77 77 ��/
HIILFDFLWp� UHODWLYH� GX� UpFXSpUDWHXU� SHXW� TXDQW� j� HOOH�V
pFULUH�
H/Hef = OLP� �� 77 77 ��&RPPH�OH�PRQWUH�OD� ILJXUH����j�74 GRQQp��77 FURvW��HW�GRQF� H�Hef EDLVVH�� ORUVTXH� OH� QLYHDX� GH� SUHVVLRQ� GX�UpVHDX� DXJPHQWH�� /
RSWLPLVDWLRQ� GX� UpVHDX� GH� YDSHXU�QH�SHXW�GRQF�SOXV�VH�IDLUH�LQGpSHQGDPPHQW�GH�FHOOH�GX�*95�/H� F\FOH� YDSHXU� j� XQ� VHXO� QLYHDX� GH� SUHVVLRQ�FRPSRUWDQW� GH� IRUWHV� LUUpYHUVLELOLWpV� LQWHUQHV� HW� QH�SHUPHWWDQW� SDV� GH� UHIURLGLU� FRPSOqWHPHQW� OHV� IXPpHV��RQ� D� UHFRXUV� j� GHV� F\FOHV� GH� UpFXSpUDWLRQ� SOXV�FRPSOH[HV�� PHWWDQW� HQ� MHX� SOXVLHXUV� FLUFXLWV� j� GHV�QLYHDX[� GH� SUHVVLRQV� GLIIpUHQWV� �GHX[�� WURLV� RX� PrPH�TXDWUH���/
RSWLPLVDWLRQ�GH� WHOV� F\FOHV� HVW� XQ�SUREOqPH�GLIILFLOH�FDU��SRXU�REWHQLU�OH�PHLOOHXU�UHIURLGLVVHPHQW�GH�OD�YHLQH�GH� JD]� FKDXGV�� RQ� GLVSRVH� GH� QRPEUHX[� GHJUpV� GH�OLEHUWp� VXU� OHV� QLYHDX[� GH� SUHVVLRQ�� VXU� OHV� GpELWV�FRUUHVSRQGDQW�j�FKDFXQ�G
HQWUH�HX[��HW�VXU�OH�SODFHPHQW�GHV�pFKDQJHXUV��HQ�VpULH�RX�HQ�SDUDOOqOH�&H� JHQUH� GH� SUREOqPH� G
RSWLPLVDWLRQ�� TXL� UHOqYH� GH�O
LQWpJUDWLRQ� V\VWpPLTXH� GHV� F\FOHV�� HVW� WRXW� j� IDLW�QRXYHDX�� ,O�QH�VH�SRVDLW�SDV�GX� WRXW�GDQV� OHV�FHQWUDOHV�pOHFWULTXHV� DQFLHQQHV�� TXL�� SRXU� GHV� UDLVRQV� WHFKQLFR�pFRQRPLTXHV�OLpHV�j� OD�UpVLVWDQFH�WKHUPLTXH�GHV�DFLHUV�GH� OD� FKDXGLqUH� HW� j� OD� WHQHXU� HQ� VRXIUH� GHV� IXPpHV��pWDLHQW� OH� VLqJH� GH� WUqV� JURVVHV� LUUpYHUVLELOLWpV�� ,O�Q
H[LVWH� GRQF� SDV� GH� PpWKRGH� pSURXYpH� SRXU� OH�UpVRXGUH��&
HVW�VDQV�GRXWH�SRXUTXRL�OH�SOXV�DPELWLHX[�SURJUDPPH�pQHUJpWLTXH� DFWXHO�� OH� SURJUDPPH� 9LVLRQ� ��� GX�'pSDUWHPHQW� GH� O
(QHUJLH� GHV� (WDWV� 8QLV� LGHQWLILH�FRPPH� O
XQ� GH� VHV� FLQT� D[HV� SULRULWDLUHV� OH�GpYHORSSHPHQW� GH� PpWKRGHV� DYDQFpHV� G
LQWpJUDWLRQ� HW�G
DQDO\VH� GHV� V\VWqPHV�� 5DSSHORQV� TXH� FH� SURJUDPPH�DIILFKH�GHV�REMHFWLIV�WUqV�pOHYpV�SRXU�O
DQQpH������������� GH� UHQGHPHQW� VXU� 3&6� �SRXYRLU� FDORULILTXH�VXSpULHXU��HQ�JpQpUDWLRQ�pOHFWULTXH�j�SDUWLU�GH�FKDUERQ��HW������VXU�3&,��SRXYRLU�FDORULILTXH�LQIpULHXU��j�SDUWLU�GH� JD]� QDWXUHO�� SURGXFWLRQ� VLPXOWDQpH� G
pOHFWULFLWp�� GH�FKDOHXU� HW� GH� FDUEXUDQWV� GH� V\QWKqVH� RX� G
K\GURJqQH��PRGXODULWp�HW�IOH[LELOLWp���,O�HVW�HQ�HIIHW�j�SHX�SUqV�FHUWDLQ�TXH��GH�SOXV�HQ�SOXV��OHV�pQHUJpWLFLHQV�GHYURQW rWUH�FDSDEOHV�GH�FRQVLGpUHU� OHXUV�WHFKQRORJLHV� FRPPH� GHV� V\VWqPHV� FRPSOH[HV� DX[�IRQFWLRQV�PXOWLSOHV��FHV�V\VWqPHV�pWDQW�HX[�PrPHV�WUqV�SURIRQGpPHQW� LQWpJUpV� HW� FDSDEOHV� GH� V
DGDSWHU� j� GHV�FDKLHUV�GHV�FKDUJHV�YDULDEOHV�ORUV�GX�GLPHQVLRQQHPHQW�HW�pYROXWLIV�SHQGDQW�OHXU�GXUpH�GH�YLH�

)LJXUH ��

)LJXUH� �� 6FKpPD� JpQpUDO� GH� OD� FHQWUDOH� GH�3XHUWROODQR� �� *HQHUDO� VNHWFK� RI� WKH�3XHUWROODQR�SODQW
/HV�FHQWUDOHV�j�F\FOH�FRPELQp�j�JD]pLILFDWLRQ�GH�FKDUERQ��,*&&�� >�@� VRQW� GHV� LQVWDOODWLRQV SDUWLFXOLqUHPHQW�FRPSOH[HV�� FRPSRUWDQW� XQ� JUDQG� QRPEUH� G
pFKDQJHXUV��HW� VXVFHSWLEOHV� GH� IRQFWLRQQHU� DYHF� GHV� FRPEXVWLEOHV�GLIIpUHQWV� VHORQ� OHV� SpULRGHV� GH� OHXU� H[SORLWDWLRQ�� (OOHV�FRPSRUWHQW�W\SLTXHPHQW��ILJXUH����GHV�XQLWpV�SRXU��y OD� SURGXFWLRQ� G¶XQ� JD]� GH� V\QWKqVH� j� IDLEOH� SRXYRLU�FDORULILTXH� DX� VHLQ� G¶XQ� JD]pLILHXU� XWLOLVDQW� GHV�FRPEXVWLEOHV� VROLGHV� WHOV� TXH� �� FKDUERQ�� FRNH� GH�SpWUROH��HWF��y OH� UHIURLGLVVHPHQW� GX� JD]� GH� V\QWKqVH� SDU� XQH�UHFLUFXODWLRQ�GH�JD]�IURLG��JD]�GH�TXHQFK��y OH�ODYDJH�GX�JD]�EUXW��GpSRXVVLpUDJH�HW�WUDLWHPHQW�GX�VRXIUH��y OD�UpFXSpUDWLRQ�SDUWLHOOH�GH�OD�FKDOHXU�VHQVLEOH�GX�JD]�GH�V\QWKqVH�GDQV�OH�*95�y OD�FRPEXVWLRQ�GX�JD]�SURSUH�DYHF�GH�O¶DLU�FRPSULPp�GDQV� OD� FKDPEUH� GH� FRPEXVWLRQ� G¶XQH� WXUELQH� j� JD]�TXL�JpQqUH�GH�O¶pOHFWULFLWp�HW�XQ�IOX[�GH�JD]�FKDXGV�y OD� SURGXFWLRQ� GH� YDSHXUV� KDXWH�� PR\HQQH� HW� EDVVH�SUHVVLRQ� �UHVSHFWLYHPHQW� QRWpHV� +3�� ,3� HW� /3�� SDU�pFKDQJH�DYHF�OHV�JD]�FKDXGV�GDQV�OH�*95�y OD� GpWHQWH� GH� OD� YDSHXU� JpQpUpH� GDQV� GHV� WXUELQHV� j�YDSHXU�UHOLpHV�j�XQ�DOWHUQDWHXU�
/
LQWpJUDWLRQ� G
XQ� WHO� V\VWqPH� HVW� SDUWLFXOLqUHPHQW�FRPSOH[H�� HW� GRLW� SUHQGUH� HQ� FRQVLGpUDWLRQ� GHV�FRQWUDLQWHV� GH� GLPHQVLRQQHPHQW� �WHFKQLTXHV� HW�pFRQRPLTXHV��DXVVL�ELHQ�TXH�G
H[SORLWDWLRQ��
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��� 0e7+2'(� '
,17e*5$7,21�6<67e0,48($X�&HQWUH�G
(QHUJpWLTXH�GH�O
(FROH�GHV�0LQHV�GH�3DULV��QRXV� WUDYDLOORQV� VXU� XQH� PpWKRGH� >��� �@� DSSHOpH�,QWpJUDWLRQ� 6\VWpPLTXH�� TXL� HVW� O
H[WHQVLRQ� DX� FDV� GHV�FHQWUDOHV�GH�SURGXFWLRQ�G
pOHFWULFLWp�RX�GH�FRJpQpUDWLRQ�GH�OD�PpWKRGH�GX�3LQFHPHQW�GpYHORSSpH�GDQV�OH�FDGUH�GX� JpQLH� FKLPLTXH� SRXU� RSWLPLVHU� OD� FRQILJXUDWLRQ� GH�WUqV� JURV� UpVHDX[� G
pFKDQJHXUV� �FRPPH� SDU� H[HPSOH�FHX[�G
XQH�UDIILQHULH��>�@�/HV�DSSURFKHV�FODVVLTXHV�HQ�PDWLqUH�G
RSWLPLVDWLRQ�GHV�V\VWqPHV� WKHUPRG\QDPLTXHV�� YDODEOHV� SRXU� RSWLPLVHU�XQ�SDU�XQ�OHV�GLIIpUHQWV�FRPSRVDQWV�G
XQH�LQVWDOODWLRQ��UHVWHQW� LQVXIILVDQWHV�SRXU�JXLGHU�OH�FRQFHSWHXU�GDQV�OH�FKRL[� GH� OD� PHLOOHXUH� FRQILJXUDWLRQ� GX� V\VWqPH�FRPSOHW�(Q� HIIHW�� FRPPH� O
D� PRQWUp� O
H[HPSOH� GX� F\FOH�FRPELQp� SUpVHQWp� GDQV� FHW� DUWLFOH�� GqV� ORUV� TXH� O
RQ�DVVHPEOH�GHV�pTXLSHPHQWV�GLYHUV� DSSDUDLVVHQW��HQ�VXV�GHV� LUUpYHUVLELOLWpV� FODVVLTXHV� GH� FKDTXH� pOpPHQW�� GHV�LUUpYHUVLELOLWpV� SDUWLFXOLqUHV�� TXH� O
RQ�SHXW� TXDOLILHU� GH�V\VWpPLTXHV�� FDU� HOOHV� GpSHQGHQW� SULQFLSDOHPHQW� GHV�SRVLWLRQQHPHQWV�UHODWLIV�GHV�GLYHUV�FRPSRVDQWV�/¶RSWLPLVDWLRQ� JOREDOH� GH� WHOV� V\VWqPHV� D� IDLW� O¶REMHW�G
XQ�FHUWDLQ�QRPEUH�GH�WUDYDX[�GHSXLV�TXHOTXHV�DQQpHV�>�@��>�@��,OV�V¶DSSXLHQW�JpQpUDOHPHQW�VXU�GHV�PpWKRGHV�WUqV� VRSKLVWLTXpHV� UHOHYDQW� GHV� PDWKpPDWLTXHV�DSSOLTXpHV�� TXL� VH� SUpVHQWHQW� SRXU� OH� SK\VLFLHQ� RX�O¶LQJpQLHXU� FRPPH� GHV� SURFpGXUHV� ORXUGHV� HW�KHUPpWLTXHV�� ODLVVDQW� SHX� GH� SODFH� j� O¶LQWXLWLRQ� RX� DX�VHQV�SK\VLTXH��'H�FH�IDLW��HOOHV�QH�OHXU�SHUPHWWHQW�SDV�GH� WLUHU� WRXW� OH�SDUWL�SRVVLEOH�GH� OHXU�H[SpULHQFH��HW� VH�UpYqOHQW�LQ�ILQH rWUH�GHV�RXWLOV�G¶DLGH�j�OD�FRQFHSWLRQ�GHTXDOLWp�PR\HQQH�3RXU�SDOOLHU�OHV�LQVXIILVDQFHV�GHV�RXWLOV�G¶RSWLPLVDWLRQ�SXUHPHQW� PDWKpPDWLTXHV�� LO� DSSDUDvW� RSSRUWXQ� GH�GpYHORSSHU� GHV� PpWKRGHV� K\EULGHV�� SHUPHWWDQW�G¶H[SORLWHU� DX� PLHX[� OHV� SURSULpWpV� SK\VLTXHV� GHV�V\VWqPHV� FRQVLGpUpV�� 'DQV� FHW� HVSULW�� O
,QWpJUDWLRQ�6\VWpPLTXH� FRQVWLWXH� XQ� RXWLO� SDUWLFXOLqUHPHQW�SXLVVDQW�HW�LQWpUHVVDQW�1RWUH�PpWKRGH��TXL�GLVWLQJXH�OHV�LUUpYHUVLELOLWpV�SURSUHV�DX[� FRPSRVDQWV� GH� FHOOHV� TXL� SURYLHQQHQW� GH� OHXU�DUUDQJHPHQW�DX�VHLQ�GX�V\VWqPH�SURSUHPHQW�GLW��SHUPHW�GH� YLVXDOLVHU� GH� PDQLqUH� SK\VLTXH� WUqV� SDUODQWH� OHV�]RQHV�FULWLTXHV�GX�V\VWqPH��HW�GH�PHWWUH�HQ�pYLGHQFH�OHV�LUUpYHUVLELOLWpV�V\VWpPLTXHV�LUUpPpGLDEOHV�(Q�PHWWDQW�HQ�pYLGHQFH�OHV�SLQFHPHQWV��FHWWH�PpWKRGH�LGHQWLILH� OHV� HQGURLWV� GX� V\VWqPH� GRQW� OD� FRQFHSWLRQ�GRLW� IDLUH� O
REMHW� G
XQ� VRLQ� SDUWLFXOLHU�� (OOH� FRQVWLWXH�SRXU� FHOD� XQ� JXLGH� SUpFLHX[� Oj� R�� DXSDUDYDQW� pWDLHQW�HPSOR\pHV� GHV� PpWKRGHV� KHXULVWLTXHV� QpFHVVLWDQW�SDUIRLV�GH�QRPEUHXVHV�LWpUDWLRQV�(Q� FKLIIUDQW� WUqV� H[DFWHPHQW� OD� YDOHXU� PD[LPDOH� GHV�JDLQV�UpDOLVDEOHV� HOOH�GpILQLW�XQ�REMHFWLI�j�DWWHLQGUH�TXL�SHUPHW� HQVXLWH� GH� TXDQWLILHU� SUpFLVpPHQW� O
pFDUW� HQWUH�O
RSWLPXP� WKpRULTXH� HW� OD� VROXWLRQ� OD� PHLOOHXUH� VXU� OH�SODQ�WHFKQLFR�pFRQRPLTXH�(Q� GLVWLQJXDQW� OHV� LUUpYHUVLELOLWpV� GH� FRPSRVDQWV� GHV�LUUpYHUVLELOLWpV� V\VWpPLTXHV�� HOOH� PRQWUH� R�� VH� VLWXHQW�OHV�GHJUpV�GH� OLEHUWp�G
RULJLQH�V\VWpPLTXH�TXL�SHXYHQW�rWUH�XWLOLVpV�SRXU�FRQWRXUQHU�� VDQV�DXFXQH�SpQDOLWp�VXU�

OH� SODQ� pQHUJpWLTXH�� GHV� FRQWUDLQWHV� WHFKQRORJLTXHV�VLQJXOLqUHV�
6L� O
RQ� IDLW� DEVWUDFWLRQ� GX� VXSSRUW� WKpRULTXH� VXU� OHTXHO�HOOH� UHSRVH�� OD� PLVH� HQ� °XYUH� GH� QRWUH� PpWKRGH�G
RSWLPLVDWLRQ� HVW� UHODWLYHPHQW� VLPSOH� j� H[SOLTXHU�� (OOH�HVW� LPSOpPHQWpH� GDQV� OH� SURJLFLHO� 7+(50237,0��KWWS���ZZZ�WKHUPRSWLP�FRP�� >��� �@�� TXL� IRXUQLW� XQ�HQYLURQQHPHQW� GH� PRGpOLVDWLRQ� R�� OHV� IRQFWLRQV� GH�VLPXODWLRQ� HW� OD� PpWKRGH� G
RSWLPLVDWLRQ� VRQW�SURIRQGpPHQW� LQWHUFRQQHFWpHV�� DILQ� GH� SRXYRLU�IDFLOHPHQW� IDLUH� YDULHU� O
HQVHPEOH� GHV� SDUDPqWUHV�FDUDFWpULVWLTXHV�GX�V\VWqPH�pWXGLp�
(WDQW� GRQQp� TXH� OHV� WHFKQRORJLHV� GH� FRQYHUVLRQ� GH�O
pQHUJLH� VH� SUpVHQWHQW� FRPPH� XQ� DVVHPEODJH� GH�FRPSRVDQWV� UHOLpV� HQWUH� HX[�� O
HQYLURQQHPHQW� GH�PRGpOLVDWLRQ� FRPELQH� DSSURFKH� V\VWpPLTXH� HW� DSSURFKH�DQDO\WLTXH�HW�RX�HPSLULTXH�FODVVLTXH��
� FKDTXH� pOpPHQW� IRQFWLRQQHO� HVW� UHSUpVHQWp� SDU� XQ�W\SH�SULPLWLI�GH�7KHUPRSWLP�DSSURSULp��FRUSV��SRLQW��WUDQVIR�� Q°XG�� pFKDQJHXU�� SRVVpGDQW� GHV�FDUDFWpULVWLTXHV�SURSUHV�PRGLILDEOHV�HW�GHV�YDULDEOHV�GH�FRXSODJH� OH�V\VWqPH�FRPSOHW�HVW�UHSUpVHQWp�SDU�DVVHPEODJH�GH�FHV� W\SHV� JUkFH� j� XQH� LQWHUIDFH� LQWHUDFWLYH��O
XWLOLVDWHXU� Q
D\DQW� SDV� j� HQWUHU� XQH� VHXOH� OLJQH� GH�FRGH� OD� VLPXODWLRQ� GX� V\VWqPH� FRPSOHW� HVW� HQVXLWH� JpUpH�SDU� XQ�PRWHXU� GH� UHFDOFXO� DXWRPDWLTXH�TXL� H[SORLWH�OHV� SURSULpWpV� V\VWpPLTXHV� LPSOLFLWHPHQW� GpFULWHV�ORUV�GH�OD�PRGpOLVDWLRQ�
6XU�OH�SODQ�SUDWLTXH� OD�PLVH�HQ�°XYUH�GH�OD�PpWKRGH�SHXW�rWUH�GpFRPSRVpH�HQ�GHX[�JUDQGHV�SKDVHV��
� OD�SUHPLqUH�SKDVH�FRQVLVWH�j�GpFULUH�OH�V\VWqPH�VDQV�IDLUH�G
K\SRWKqVH�D�SULRUL VXU� OHV�DSSDULHPHQWV�GDQV�OHV� pFKDQJHXUV� �RQ�SDUOH�GH� V\VWqPH�QRQ�FRQWUDLQW���HW� j� FKHUFKHU� j� RSWLPLVHU� O
pQHUJLH� UpFXSpUpH��SXLVVDQFH� pOHFWULTXH� SURGXLWH�� SXLVVDQFH�FRJpQpUpH«�� HQ� V
DVVXUDQW�� JUkFH� DX[� DOJRULWKPHV�G
LQWpJUDWLRQ� WKHUPLTXH�� TX
LO� Q
\� D� SDV�G
LQFRPSDWLELOLWp� GH� WHPSpUDWXUH�� /D� SURFpGXUH��LWpUDWLYH�� FRQVLVWH� j� IDLUH� YDULHU� SDU� VLPXODWLRQ OHV�SDUDPqWUHV� FOpV� GX� V\VWqPH� �GpELWV�� WHPSpUDWXUHV��QLYHDX[� GH� SUHVVLRQ�� HW� j� HQ� RSWLPLVHU� OHV�SHUIRUPDQFHV�� WRXW� HQ� YpULILDQW� SDU� OD� PpWKRGH� GX�SLQFHPHQW� TXH� O
RQ� Q
LQWURGXLW� SDV� GH� EHVRLQV�DGGLWLRQQHOV� GH� FKDOHXU� j� KDXWH� WHPSpUDWXUH� HW� TXH�O
RQ� PLQLPLVH� OHV� UHMHWV� j� EDVVH� WHPSpUDWXUH�� /D�GLVWLQFWLRQ� HQWUH� OHV� LUUpYHUVLELOLWpV� GH� FRPSRVDQWV��VSpFLILTXHV� GH� OHXU� IRQFWLRQQHPHQW� SURSUH�� HW� OHV�LUUpYHUVLELOLWpV� V\VWpPLTXHV� �OLpHV�j� O
DUFKLWHFWXUH�GX�V\VWqPH�� SHUPHW� GH� FRQQDvWUH� OHV� GHJUpV� GH� OLEHUWp�TXL�H[LVWHQW�HQ�PDWLqUH�GH�FRQFHSWLRQ��&
HVW�DX�FRXUV�GH�FHWWH�SKDVH�TXH�SUHQQHQW�SODFH�OHV�DOOHUV�HW�UHWRXUV�HQWUH� OHV� SHUVRQQHV� FKDUJpHV� GH� O
RSWLPLVDWLRQ� HW�FHOOHV� TXL� FRQoRLYHQW� OHV� SURFHVV�� /
XQ� GHV� LQWpUrWV�GH� OD�PpWKRGH� HVW� TX
j� WRXW�PRPHQW�� LO� HVW� SRVVLEOH�GH� VH� IDLUH� XQH� LGpH� GHV� HQMHX[� DVVRFLpV� j�O
RSWLPLVDWLRQ� HW� GHV� OLPLWHV� TXH� O
RQ� SHXW� DWWHLQGUH��
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/HV� RXWLOV� JUDSKLTXHV� FODVVLTXHV� GH� O
LQWpJUDWLRQ�WKHUPLTXH�VRQW�DFFHVVLEOHV��DLQVL�TXH�OD�&RXUEH�GHV�(FDUWV�GH�)DFWHXUV�GH�&DUQRW��&()&���ELHQ�DGDSWpH�DX�SUREOqPH�SRVp�� OD� VHFRQGH� SKDVH�� XQH� IRLV� OH� V\VWqPH� RSWLPLVp��FRQVLVWH�j�FKHUFKHU�XQH�FRQILJXUDWLRQ�G
pFKDQJHXUV�FRPSDWLEOH� �OD� PLVH� HQ� °XYUH� SUpDODEOH� GH� OD�PpWKRGH� G
RSWLPLVDWLRQ� JDUDQWLW� TX
LO� HQ� H[LVWH�XQH��� HQ� DSSDULDQW� MXGLFLHXVHPHQW� OHV� IOXLGHV�H[LVWDQWV� HW� HQ� GLYLVDQW� �HQ� VpULH� RX� HQ� SDUDOOqOH��FHX[� TXL� GRLYHQW� O
rWUH�� 3RXU� FHOD�� 7KHUPRSWLP�SURSRVH� GHV� EORFV� G
pFKDQJHXUV� TXL� SHUPHWWHQW�G
RSpUHU� SDU� pWDSHV� HW� GH� GpILQLU� DLQVL�SURJUHVVLYHPHQW� OH� UpVHDX�� HQ� HIIHFWXDQW�O
DSSDULHPHQW� GHV� IOXLGHV� HQ� SDUWDQW� GHV� ]RQHV� OHV�SOXV�FRQWUDLQWHV���OHV�SLQFHPHQWV��,O�DUULYH�TXH�GHV�FRQWUDLQWHV� WHFKQRORJLTXHV� RX� pFRQRPLTXHV�REOLJHQW� j� FKRLVLU� XQH� FRQILJXUDWLRQ� G
pFKDQJHXUV�GLIIpUHQWH� GH� FHOOH� TXL� SHUPHWWUDLW� G
DWWHLQGUH� OHV�SHUIRUPDQFHV� RSWLPDOHV�� &
HVW� DX� FRXUV� GH� FHWWH�pWDSH�TXH�O
RQ�V
HQ�DSHUoRLW�
&HWWH� PpWKRGH� D� pWp� PLVH� HQ� DSSOLFDWLRQ� j� OD� '5'�G
(')��DYHF�GHV�GpYHORSSHPHQWV�GDQV�GHX[�GLUHFWLRQV���O
RSWLPLVDWLRQ� GH� FHQWUDOHV� j� F\FOH� FRPELQp� j�JD]pLILFDWLRQ� GH� FKDUERQ�� HW� O
RSWLPLVDWLRQ� G
XQLWpV� GH�FRJpQpUDWLRQ��
���$SSOLFDWLRQ�j�OD�FHQWUDOH�GH�3XHUWROODQR/D�FHQWUDOH�GH�3XHUWROODQR�V¶LQVFULW�GDQV� OH�FDGUH�G¶XQ�SURMHW� HXURSpHQ� H[SORLWp� SDU� OH� FRQVRUWLXP� (OFRJDV��ILOLDOH� GH� (1'(6$�� (OHFWULFLWp� GH� )UDQFH�� ,EHUGUROD��6HYLOODQD� GH� (OHFWULFLGDG�� +LGURHOHFWULFR� GHO�&DQWDEULFR��1DWLRQDO�3RZHU�HW�(1(/�6D� SULQFLSDOH� SDUWLFXODULWp� HVW� VRQ� KDXW� QLYHDX�G¶LQWpJUDWLRQ�� YLVDQW� j� DWWHLQGUH� GH� KDXWV� UHQGHPHQWV��&RPPH�OH�PRQWUHQW�OHV�ILJXUHV���HW����HOOH�VH�WUDGXLW�SDU�O¶pFKDQJH� G¶XQ� QRPEUH� LPSRUWDQW� GH� IOX[� GH� GLYHUV�IOXLGHV� HQWUH OHV� GLIIpUHQWV� vORWV� JD]pLILFDWLRQ�� F\FOH�

FRPELQp� HW� VpSDUDWLRQ� G
DLU� �$68��� 'H� SOXV�� HOOH� SHXW�IRQFWLRQQHU�VHORQ�GHX[�PRGHV��VRLW�HQ�,*&&��VRLW�DX�JD]�QDWXUHO��FH�TXL� LQGXLW�FHUWDLQHV�FRQWUDLQWHV��6D�SXLVVDQFH�pOHFWULTXH�QHWWH� HQ�PRGH� ,*&&�HVW� pJDOH�j�����0:��HW�VRQ�UHQGHPHQW�VXU�3&,�j��������/H� VFKpPD� GH� OD� ILJXUH� �� GRQQH� XQH� GHVFULSWLRQ� DVVH]�SUpFLVH�GH�O¶HQVHPEOH�GX�F\FOH�FRPELQp�FRUUHVSRQGDQW�j�OD�SDUWLH�VXSpULHXUH�GURLWH�GH�OD�ILJXUH����HQ�LQVLVWDQW�VXU�O¶DVSHFW� LQWpJUDWLRQ� GH� O¶HQVHPEOH� GHV� IOX[� G¶HDX� HW� GH�YDSHXU�� /HV� REMHFWLIV� GX� WUDYDLO� HIIHFWXp pWDLHQW� OHV�VXLYDQWV��x REWHQLU� XQ� PRGqOH� GLW� GH� UpIpUHQFH� TXL�UHFRXSH� OHV� GRQQpHV� GH� GHVLJQ HW� VXSSRUWH�GHV�YDULDWLRQV�SDUDPpWULTXHV�x pWXGLHU� GHV� YDULDQWHV� GH� FH� PRGqOH� GH�UpIpUHQFH� SRXU� HVVD\HU� G¶DPpOLRUHU� OH�UHQGHPHQW�JOREDO�GH�O¶LQVWDOODWLRQ�
����0RGpOLVDWLRQ�GH�OD�FHQWUDOH,O�V
DJLW�G
XQ�SUREOqPH�JOREDO�GH�PRGpOLVDWLRQ�QpFHVVLWDQW�XQH� DSSURFKH� UHODWLYHPHQW� QRXYHOOH� SXLVTX¶DXFXQ�PRGqOH� GLVSRQLEOH� Q
pWDLW� FDSDEOH� GH� UpSRQGUH� j� FHV�LPSpUDWLIV�� /H� FKRL[� V
HVW� ILQDOHPHQW� SRUWp� VXU� OH�SURJLFLHO� 7KHUPRSWLP�� TXL� FRPELQH� XQ� PRWHXU� GH�UHFDOFXO� SXLVVDQW� HW� GHV� RXWLOV� G¶LQWpJUDWLRQ� WKHUPLTXH�SRXU�O¶RSWLPLVDWLRQ��
&RQWUDLUHPHQW�j�QRPEUH�G¶DXWUHV�RXWLOV�GH�PRGpOLVDWLRQ��LO� VH� FDUDFWpULVH� SDU� XQH� PpWKRGH� GH� UpVROXWLRQ� GHV�pTXDWLRQV� VpTXHQWLHOOH� HW� QRQ� PDWULFLHOOH��&HWWH� GHUQLqUH�HVW� FHUWHV� SOXV� VRXSOH� j� FHUWDLQV� pJDUGV�PDLV� QH� PDUFKH�TXH� VL� VRQW� UpVROXHV� OHV� WUqV� QRPEUHXVHV� GLIILFXOWpV� GH�FRQYHUJHQFH� TXL� H[LVWHQW� SRXU� XQH� FHQWUDOH� DXVVL�FRPSOH[H��'HV�pWXGHV�PHQpHV�HQ�SDUDOOqOH�GH�OD�Q{WUH�VXU�OH�PrPH�F\FOH�GH�3XHUWROODQR�VRXV�O¶HQYLURQQHPHQW�/HJR�RQW�pWp�FRQIURQWpHV�j�FH�SUREOqPH�

)LJXUH���6FKpPD�GX�F\FOH�FRPELQp���6NHWFK�RI�WKH�FRPELQHG�F\FOH
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$X� FRQWUDLUH�� OH� FDOFXO� VpTXHQWLHO� SHUPHW� XQ� PHLOOHXU�FRQWU{OH� GH� O¶XWLOLVDWHXU� VXU� VHV� DFWLRQV� HW�� PR\HQQDQW�XQH�ERQQH�PRGpOLVDWLRQ��JDUDQWLW�GH�WRXMRXUV�FROOHU�j�OD�UpDOLWp�� 'H� PDQLqUH� j� DVVXUHU� XQH� ERQQH� PDvWULVH� GX�UHFDOFXO� IDFH�DX[�YDULDWLRQV�SDUDPpWULTXHV�� LO�QpFHVVLWH�HQ�UHYDQFKH�XQ�FHUWDLQ�QRPEUH�GH�SUpFDXWLRQV�/H�PRGqOH�LPSOpPHQWp�FRUUHVSRQG�DX�FDV�GH�GHVLJQ�OH�SOXV�SUREDEOH��j�VDYRLU� OHV�GRQQpHV�DX�SRLQW�GH�FKDUJH�0&�������� FRUUHVSRQGDQW� DX� IRQFWLRQ�QHPHQW� DX� JD]�GH� V\QWKqVH� j� ���� �� GH� OD� FKDUJH� QRPLQDOH�� /HV�FRQGLWLRQV�DPELDQWHV�UHWHQXHV�SRXU�FHWWH�FRQILJXUDWLRQ�VRQW �� WHPSpUDWXUH� H[WpULHXUH� GH� ���&�� SUHVVLRQ� GH��������EDU��KXPLGLWp�UHODWLYH�GH������/HV�GRQQpHV�VRQW�H[WUDLWHV� G
XQ� +HDW� )ORZ� 'LDJUDP� GX� FRQVWUXFWHXU�6LHPHQV�� 'HV� GRQQpHV� FRPSOpPHQWDLUHV� RQW� pWp�IRXUQLHV�SDU� OHV�3URFHVV�)ORZ�'LDJUDP�G
(OFRJDV�SRXU�OH� F\FOH�FRPELQp� �VHFWLRQ�GH�FRQGLWLRQQHPHQW�GHV�JD]�QRWDPPHQW��� 3RXU� OHV� DXWUHV� VHFWLRQV�� OHV� VRXUFHV� GH�GRQQpHV� PDQTXDQWHV� RQW� pWp� OH� UDSSRUW� GH� V\QWKqVH�WHFKQRORJLTXH� G
(')� HW� OHV� GRFXPHQWV� GHV� DXWUHV�IRXUQLVVHXUV�4XHOTXHV�FKLIIUHV� UHQGHQW�FRPSWH�GH� OD�FRPSOH[LWp�GX�PRGqOH� GH� UpIpUHQFH� REWHQX� LQ� ILQH �� DSUqV� LQWpJUDWLRQ�GHV� GLYHUV� PRGXOHV� HW� UDMRXW� GHV� QRHXGV SHUWLQHQWV�� LO�HVW�FRQVWLWXp�GH�SOXV�GH�����SRLQWV������ WUDQVIRV HW����Q°XGV��HW�LO�FRQGXLW�j�OD�SUpFLVLRQ�VXLYDQWH �� ������VXU�OD�SXLVVDQFH�pOHFWULTXH�WRWDOH �� ������ VXU� OHV� SXLVVDQFHV� pFKDQJpHV� GX� F{Wp� GHV�IOXLGHV�FKDXGV��JD]�HQ�PDMRULWp� �� ������ VXU� OHV� SXLVVDQFHV� pFKDQJpHV� GX� F{Wp� GHV�IOXLGHV�IURLGV��HDX�YDSHXU�HQ�PDMRULWp��*OREDOHPHQW��j�O¶LVVXH�GH�OD�SKDVH�GH�PRGpOLVDWLRQ��RQ�UHWURXYH�OHV�YDOHXUV�GH�GHVLJQ�j�PRLQV�GH������SUqV��FH�TXL� HVW� WUqV� UDVVXUDQW� TXDQW� j� OD� SHUIRUPDQFH� GX�VLPXODWHXU� GH� 7KHUPRSWLP� HW� SHUPHW� GH� JDUDQWLU� OD�UHSUpVHQWDWLYLWp�GX�PRGqOH�pWDEOL�,O� V¶DJLW� Oj� G¶XQH� PRGpOLVDWLRQ� WUqV� VDWLVIDLVDQWH� HX�pJDUG� DX[� FULWqUHV� UHFKHUFKpV� PDLV� ELHQ� pYLGHPPHQW�

HOOH� Q¶HVW� SDV� OD� VHXOH� UHSUpVHQWDWLYH� HW� G¶DXWUHV� FKRL[�DXUDLHQW�SX�rWUH� IDLWV��5LHQ�QH�VDXUDLW�HQ�HIIHW�JDUDQWLU�j�DXFXQ�PRPHQW�TXH�FHWWH�PRGpOLVDWLRQ�VRLW�OD�PHLOOHXUH�QL�OD�SOXV�FRQFLVH�����2SWLPLVDWLRQ3RXU�PD[LPLVHU�OD�SURGXFWLRQ�G¶pOHFWULFLWp��GHX[�JUDQGHV�YRLHV�G¶RSWLPLVDWLRQ VRQW�HQYLVDJHDEOHV �
� DEDLVVHU�OD�WHPSpUDWXUH�GH�UHMHW�GHV�IXPpHV��F
HVW�j�GLUH�pSXLVHU� OH� IOXLGH� FKDXG� SULQFLSDO� DX� PD[LPXP�� VDFKDQW�TXH�OD�WHPSpUDWXUH�HQ�VRUWLH�GH�FKHPLQpH�GHYUDLW�SRXYRLU�rWUH�DEDLVVpH�MXVTX
j�HQYLURQ����&��� PD[LPLVHU�OD�UpFXSpUDWLRQ�G¶H[HUJLH
(Q�O¶DEVHQFH�GH�GRQQpHV�H[DFWHV�VXU�OH�SRLQW�GH�URVpH�GHV�JD]� G¶pFKDSSHPHQW� GH� OD� FHQWUDOH� GH� 3XHUWROODQR�� RQ� D�FKRLVL� GDQV� XQ� SUHPLHU� WHPSV� GH� SULYLOpJLHU� OD� VHFRQGH�YRLH��HW�GH�FRPSDUHU�DLQVL�GHV�YDUDLDQWHV�TXL�QH�GLIIqUHQW�TXH�SDU�OHXU�GHJUp�G
LQWpJUDWLRQ�/
pWXGH� GHV� FRXUEHV� FRPSRVLWHV� �ILJXUH� ��� PRQWUH� TX
LO�H[LVWH� XQ� SLQFHPHQW� j� WUqV� EDVVH� WHPSpUDWXUH� HW� GHV�LUUpYHUVLELOLWpV� UHODWLYHPHQW� JUDQGHV� DX�GHVVXV� GH� FHOXL�FL�� 6XU� FHWWH� ILJXUH�� OH� OLHX� GHV� SLQFHPHQWV� PLQLPDX[�/30� UHSUpVHQWH� OHV� YDOHXUV� GHV� LUUpYHUVLELOLWpV� GH�FRPSRVDQWV� DX� QLYHDX� GHV� pFKDQJHXUV� >���@�� 3RXU�DXJPHQWHU�OD�SURGXFWLRQ�G¶H[HUJLH��QRXV�DYRQV�FKHUFKp�j�UDSSURFKHU� OHV�GHX[�FRPSRVLWHV�GDQV� OD�]RQH�GHV�KDXWHV�WHPSpUDWXUHV HQ� MRXDQW� HQ� SULRULWp� VXU� OH� GpELW� HW� OD�SUHVVLRQ�GX�UpVHDX�+3��3RXU�GLYHUVHV�UDLVRQV��IRXUQLWXUH�GHV� XWLOLWpV� HW� DFFHVVRLUHPHQW�� SUpVHQFH� GH� VpSDUDWHXUV�QRQ�SURWpJpV���OD�SUHVVLRQ�/3�Q
D�SDV�pWp�PRGLILpH��,Q� ILQH� GHV� JDLQV� VHQVLEOHV� RQW� pWp� REWHQXV� HQ� IDLVDQW�YDULHU� OHV� SUHVVLRQV� HW� GpELWV� GDQV� OH� UpVHDX� +3� HW� HQ�PRGLILDQW� OpJqUHPHQW� OD� FRQILJXUDWLRQ� �� ����0:�HQYLURQ�� VRLW� HQYLURQ� ���� �� G
DXJPHQWDWLRQ� GH� OD�SXLVVDQFH�QHWWH�GH�OD�FHQWUDOH�

)LJXUH���&RXUEHV�FRPSRVLWHV�H[HUJpWLTXHV���([HUJ\�FRPSRVLWH�FX UYHV
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����/LPLWDWLRQV�GX�WUDYDLO�HIIHFWXp,O� H[LVWH� ELHQ� pYLGHPPHQW� GHV� OLPLWHV� LQKpUHQWHV� DX�PRGqOH� HW� j� OD� PRGpOLVDWLRQ� GDQV� O¶HQYLURQQHPHQW�7KHUPRSWLP�� 'H� PrPH�� OH� WHPSV� LPSDUWL� SRXU� FHWWH�pWXGH�Q¶D�SDV�SHUPLV�G
H[DPLQHU�WRXWHV�OHV�SRVVLELOLWpV ��OHV� HVVDLV� PHQpV� QH� VRQW� SDV� H[KDXVWLIV� HW� LO� UHVWH�SUREDEOHPHQW� HQFRUH� XQ� SHWLW� PDQTXH� j� JDJQHU�� PDLV�PRLQV� LPSRUWDQW� HW� GRQF� SOXV� GLIILFLOH� j� PHWWUH� HQ�pYLGHQFH�
'DQV�OH�GRPDLQH�TXL�QRXV�LQWpUHVVH��LO�Q¶H[LVWH�HQ�HIIHW�SDV� GH� FRQWUDLQWH� WHFKQLTXH� SXUH� �� WRXWH DPpOLRUDWLRQ�WHFKQRORJLTXH�VH�WUDGXLW�SDU�XQ�FR�W�TX¶LO�IDXW�SHVHU�SDU�UDSSRUW�DX[�EpQpILFHV�HQYLVDJpV�&HV� FRQWUDLQWHV� VH� PDQLIHVWHQW� j� SOXVLHXUV� VWDGHV�� j�FRPPHQFHU�SDU�FHOXL�GH�OD�YDULDWLRQ�SDUDPpWULTXH ��OHV�DPpOLRUDWLRQV�SURSRVpHV�VRQW�HOOHV�UpDOLVWHV��QRWDPPHQW�FHOOHV�VXU�OHV�SUHVVLRQV "(QVXLWH�� OD� YDOHXU� GH� ����0:� PLVH� HQ� pYLGHQFH� Q¶HVW�TX¶XQ� REMHFWLI� TXH� VHXO� XQ� DJHQFHPHQW� RSWLPDO� GHV�pFKDQJHXUV� SHUPHW� G¶DWWHLQGUH�� /D� SURFpGXUH� GH�SODFHPHQW�GHV�pFKDQJHXUV�TXL�GRLW�VXLYUH�GHYUD�VH�IDLUH�HQ� SUHQDQW� HQ� FRPSWH� OHV� FRQWUDLQWHV� pYHQWXHOOHV�G¶DSSDULHPHQW�GHV�IOXLGHV�GXHV�DX�SURFHVV��2Q�GRLW�DXVVL�ELHQ�DYRLU�FRQVFLHQFH�TXH�O¶RSWLPLVDWLRQ�Q¶D� pWp� PHQpH� TXH� VXU� XQ� VHXO� FDV� GH� GHVLJQ� HW� TX¶LO�FRQYLHQGUDLW� G¶pWXGLHU� O¶HIIHW� GHV� DPpOLRUDWLRQV�SURSRVpHV� GDQV� G¶DXWUHV� FDV�� QRWDPPHQW� ORUV� G¶XQ�IRQFWLRQQHPHQW� DX� JD]� QDWXUHO�� /D� YDSHXU� HVW� DORUV�HQWLqUHPHQW�SURGXLWH�GDQV�OH�*95�HW�FHOD�VH�WUDGXLW�SDU�XQH�DOOXUH� WRXW� DXWUH�GHV�FRXUEHV�GH� IDFWHXU�GH�&DUQRW�TXL�PpULWHUDLW�SHXW�rWUH�XQH�DWWHQWLRQ�SDUWLFXOLqUH�&RPPH�O
LQGLTXH�OH�SURJUDPPH�9LVLRQ�����³ 8QH�KDXWH�HIILFDFLWp� WKHUPLTXH� UHTXLHUW� XQH� LQWpJUDWLRQ� ³ VHUUpH ´�GHV� VRXV�V\VWqPHV� GH� IDoRQ� j� PD[LPLVHU� OD�UpFXSpUDWLRQ� GH� FKDOHXU� HW� O¶XWLOLVDWLRQ� GHV� PDWLqUHV�SUHPLqUHV�PDLV�DXVVL�j�PLQLPLVHU�OD�TXDQWLWp�GH�GpFKHWV�SURGXLWV� ´�&¶HVW�FH�TXH�QRXV�DYRQV�UpXVVL�j�GpPRQWUHU�HQ�SDUYHQDQW�j�DXJPHQWHU�OD�SXLVVDQFH�SURGXLWH�GH�SUqV�GH��������³ (Q�UHYDQFKH��XQH�WHOOH�LQWpJUDWLRQ�FRQGXLW�j�GHV� LQWHUGpSHQGDQFHV�FRPSOH[HV�HQWUH� OHV�GLYHUV�VRXV�V\VWqPHV� HW� SDU� Oj� PrPH� j� GH� VpULHX[� SUREOqPHV� GH�GpPDUUDJH��GH�FRQWU{OH�HW�GH�ILDELOLWp� ´�,O� IDXGUDLW� pWXGLHU� OHV� FRQVpTXHQFHV� GX� SODFHPHQW� GHV�pFKDQJHXUV�VXU�O¶LQWpJUDWLRQ�GX�V\VWqPH��/D�FHQWUDOH�GH�3XHUWROODQR� HVW� GpMj� ODUJHPHQW� LQWpJUpH�� FH� TXL�FRPSOLTXH� FRQVLGpUDEOHPHQW� XQ� FHUWDLQ� QRPEUH� GH�FKRVHV �� OH� FRQWU{OH�FRPPDQGH�� OHV� ERXFOHV� GH�UpJXODWLRQ� RX� HQFRUH� OHV� UpJLPHV� WUDQVLWRLUHV� SRXU�DWWHLQGUH�OHV�SRLQWV�GH�IRQFWLRQQHPHQW����&21&/86,21/H� WUDYDLO� PHQp� DX� FRXUV� GH� FHWWH� pWXGH� DXUD� GDQV� XQ�SUHPLHU�WHPSV�SHUPLV�G¶REWHQLU�XQ�PRGqOH�JOREDO�GH�OD�FHQWUDOH� ,*&&� GH� 3XHUWROODQR� UHFRXSDQW� GH� PDQLqUH�WUqV�VDWLVIDLVDQWH�OHV�GRQQpHV�GX�GHVLJQ�DYHF�GHV�HUUHXUV�JOREDOHV�GH�O¶RUGUH�GH������

'H�SOXV�� O¶RSWLPLVDWLRQ�VDQV�FRQWUDLQWHV�PHQpH�D�PLV�HQ�pYLGHQFH� GHV� PDUJHV� GH� PDQRHXYUH� FHUWDLQHV� VH�WUDGXLVDQW� SDU� GHV� JDLQV� SRWHQWLHOV� DVVH]� pOHYpV�� (Q�O¶RFFXUUHQFH�� OH� PHLOOHXU� FDV� D� FRQGXLW� j� XQ� JDLQ� GH�SXLVVDQFH�pOHFWULTXH�GH�����0:H�VRLW�SUqV�GH��������HW�HQFRUH� Q¶D�W�RQ� SDV� pSXLVp� OD� WRWDOLWp� GHV� YDULDWLRQV�SDUDPpWULTXHV�HQYLVDJHDEOHV�
&HUWHV��FHV�EpQpILFHV�WKpRULTXHV�GHYUDLHQW�rWUH�DIILQpV�SDU�LQWHUDFWLRQ�EHDXFRXS�SOXV�VRXWHQXH�DYHF�GHV�VSpFLDOLVWHV�GX� SURFHVV�� 'DQV� O
pWXGH� SUpVHQWpH� LFL� FHV� EpQpILFHV� QH�WLHQQHQW� HQ� HIIHW� SDV� FRPSWH� GHV� FRQWUDLQWHV�WHFKQRORJLTXHV�VXU� OH�FLUFXLW�HDX�YDSHXU���SDU�DLOOHXUV� LOV�GHYUDLHQW� rWUH� YDOLGpV� GDQV� OHV� DXWUHV� FDV� GH� GHVLJQ��IRQFWLRQQHPHQW� DX� JD]� QDWXUHO� QRWDPPHQW��� HWF��� � PDLV�OHV�JDLQV�PLV�HQ�pYLGHQFH�PRQWUHQW�G¶RUHV�HW�GpMj�TXH�OHV�SRWHQWLDOLWpV� GH� O¶LQWpJUDWLRQ� PHQWLRQQpHV� SDU� OH�SURJUDPPH� 9LVLRQ� ��� QH� VRQW� SDV� XQ� YDLQ� PRW�� /HV�LUUpYHUVLELOLWpV�RQW� YpULWDEOHPHQW� XQ�FR�W� HW� OD� UpGXFWLRQ�GH� FHOOHV�FL� GDQV� OH� FDV� GH� OD� FHQWUDOH� GH� 3XHUWROODQR�FRPPH� GH� PDQLqUH� SOXV� JpQpUDOH� VHPEOHQW� MXVWLILHU� XQH�pWXGH�SOXV�SRXVVpH�
���5()(5(1&(6
>�@ ./$(</(� 0LFKHO� HW� 1$1'-((� )pULG� �������7HFKQRORJLH� GH� JD]pLILFDWLRQ� LQWpJUpH� j� XQ� F\FOH�FRPELQp�� 7HFKQLTXHV� GH� O¶LQJpQLHXU�� WUDLWp� *pQLH�pQHUJpWLTXH��GRFXPHQWV�%�������HW�%������>�@�*,&48(/��5���0pWKRGH� G¶RSWLPLVDWLRQ� V\VWpPLTXH�EDVpH� VXU� O¶LQWpJUDWLRQ� WKHUPLTXH� SDU� H[WHQVLRQ� GH� OD�PpWKRGH� GX� SLQFHPHQW� �� DSSOLFDWLRQ� j� OD� FRJpQpUDWLRQ�DYHF� SURGXFWLRQ� GH� YDSHXU�� 5HYXH� *pQpUDOH� GH�7KHUPLTXH��WRPH�����Q�������RFWREUH������>�@� *,&48(/� 5��� 02',&6�� *pQpUDOLVDWLRQ� GH� OD�PpWKRGH� G¶RSWLPLVDWLRQ� V\VWpPLTXH� DX[� V\VWqPHV�WKHUPLTXHV�DYHF�pFKDQJHXUV�LPSRVpV� 5HYXH�*pQpUDOH�GH�7KHUPLTXH��WRPH�����S����������������>�@� /,11+2))� %�� 8VH� SLQFK� DQDO\VLV� WR� NQRFN� GRZQ�FDSLWDO� FRVWV� DQG� HPLVVLRQV�� &KHPLFDO� (QJLQHHULQJ�3URJUHVV��DXJXVW�������SS������ ��>�@� *52660$11� �,���� 6$5*(17� �5��� 2SWLPXP�GHVLJQ� RI� KHDW� H[FKDQJHU� QHWZRUNV�� &RPSXWHUV� DQG�FKHPLFDO�HQJLQHHULQJ��3HUJDPRQ�3UHVV��������9RO����SS����� ��>�@� )/28'$6� �&���� *52660$11� �,��� 6\QWKHVLV� RI�IOH[LEOH� KHDW� H[FKDQJHU� QHWZRUNV� IRU� PXOWLSHULRG�RSHUDWLRQ�� &RPSXWHUV� DQG� FKHPLFDO� HQJLQHHULQJ��3HUJDPRQ�3UHVV��������9RO�����Q�����SS������� ����>�@� *,&48(/�� 5��� �6\VWqPHV� (QHUJpWLTXHV�� 7RPH� �� ��PpWKRGRORJLH� G
DQDO\VH�� EDVHV� GH� WKHUPRG\QD�PLTXH��7KHUPRSWLP��� 3UHVVHV� GH� O
(FROH� GHV� 0LQHV� GH� 3DULV��IpYULHU������>�@�*,&48(/��5���/HV�$LGHV�/RJLFLHOOHV�3pGDJRJLTXHV���XQH� UpSRQVH� DX[� QRXYHDX[�GpILV� SRVpV� j� O
HQVHLJQHPHQW�GH� OD� � WKHUPRG\QDPLTXH� DSSOLTXpH�� ([HPSOH� GH� OD�IDPLOOH� 7+(50237,0� &ROORTXH� ,QWHUQDWLRQDO� 7,&(�������87&�GH�7UR\HV��������RFWREUH������

mailto:renaud.gicquel@cenerg.ensmp.fr
mailto:renaud.gicquel@cenerg.ensmp.fr


5��*LFTXHO��UHQDXG�JLFTXHO#FHQHUJ�HQVPS�IU ���

237,0,=$7,21�2)�7+(�:$7(5�67($0�&<&/(�2)�$1�,*&&�32:(5�3/$17
,Q� FRPELQHG� F\FOHV�� D� NH\� FRPSRQHQW� LV� WKH� KHDW�UHFRYHU\�VWHDP�JHQHUDWRU��+56*���ZKLFK�FRQYHUWV�LQWR�VWHDP� WKH� KHDW� IURP� WKH� WXUELQH� H[KDXVW� JDVHV�� ,Q� D�+56*�� VWHDP� LV� SURGXFHG� DW� �� WR� �� SUHVVXUH� OHYHOV��ZKLFK� FDQ� EH� IUHHO\� FKRVHQ� ZLWKLQ� FHUWDLQ� OLPLWV�� 7KH�VWHDP� SURSHUWLHV� DUH� VWURQJO\� QRQ� OLQHDU� IXQFWLRQV� RI�WHPSHUDWXUH� DQG� SUHVVXUH�� WKH� VWHDP� IORZ� UDWHV� PD\�YDU\� GHSHQGLQJ� RQ� WKH� RSHUDWLQJ� FRQGLWLRQV�� DQG� WKH�KHDW� H[FKDQJHU� PDWFKLQJ� SRVVLELOLWLHV� DUH� QXPHURXV��ZKLFK�PDNHV�WKH�RSWLPL]DWLRQ�SURFHVV�UDWKHU�FRPSOH[��)XUWKHUPRUH�� ZKHUHDV� FODVVLFDO� ERLOHUV� DUH� VWDFN�FRQWUROOHG� DQG� WKHUHIRUH� GR� QRW� UHTXLUH� LQ�GHSWK�RSWLPL]DWLRQ�� FRPELQHG� F\FOH� +56*V� DUH� SLQFK�FRQWUROOHG�� VR� WKDW� WKHLU� RSWLPL]DWLRQ� UHTXLUHV� WR� WDNH�LQWR�DFFRXQW�DW� WKH� VDPH� WLPH� WKH� VWHDP�F\FOH�DQG� WKHKHDW�H[FKDQJH�ZLWK�WKH�IOXH�JDV�7KH� PHWKRG� SUHVHQWHG� LQ� WKLV� SDSHU� LV� D� YDULDQW� RI�/LQQKRII
V� SLQFK� PHWKRG� ZKLFK� DOORZV� WR� GLVWLQJXLVK�EHWZHHQ�V\VWHPLF�DQG�FRPSRQHQW�LUUHYHUVLELOLWLHV��$V�LW�QDPHV� LPSOLHV�� SURFHVV� LQWHJUDWLRQ� KDV� EHHQ� LQLWLDOO\�GHYHORSHG LQ� WKH� ILHOG� RI� FKHPLFDO� HQJLQHHULQJ�ZLWK� D�YLHZ� WR� RSWLPL]H� ODUJH� KHDW� H[FKDQJHU� QHWZRUNV�� 7KH�PDLQ� IHDWXUHV� RI� 7KHUPRSWLP
V� RSWLPL]DWLRQ� PHWKRG�FDQ�EH�VXPPDUL]HG�DV�IROORZV�� LW� FDQ� EH� FRQVLGHUHG� DV� D� YDULDQW� RI� WKH� SLQFK�PHWKRG�VWUHVVLQJ� WKH�DQDO\VLV�RI WKH�&DUQRW� IDFWRU�GLIIHUHQFH� FXUYH� �&)'&��� ZKLFK� LV� REWDLQHG� E\�VXEVWUDFWLQJ� WKH� FROG� FRPSRVLWH� IURP� WKH� KRW�FRPSRVLWH�� WKXV� SXWWLQJ� LQWR� HYLGHQFH� WKH�LUUHYHUVLELOLWLHV�RI�WKH�V\VWHP�� WKH� &)'&� DOORZV� WR� YLVXDOO\� VHSDUDWH� WKH�WKHUPRG\QDPLF� ORVVHV� VWHPPLQJ� IURP� WZR�VHSDUDWH� VRXUFHV�� WKH� ILUVW� RQHV�� FDOOHG� FRPSRQHQW�LUUHYHUVLELOLWLHV�� DUH� SURSHU� WR� FRPSRQHQW�RSHUDWLRQ�� ZKHUHDV� WKH� VHFRQG� RQHV�� FDOOHG�V\VWHPLF� LUUHYHUVLELOLWLHV�� DUH� VROHO\� GXH� WR� WKH�V\VWHP�DUFKLWHFWXUH�� WKH� FRPSRVLWH� FXUYHV� DQG� WKH�&)'&� DOORZ WR� SXW�LQWR� HYLGHQFH� WHPSHUDWXUH� SLQFKHV�� DQG� WKXV�YLVXDOL]H� LQ� D� SK\VLFDOO\� PHDQLQJIXO� PDQQHU� WKH�FULWLFDO�]RQHV�RI�WKH�V\VWHP�ZKRVH�GHVLJQ�KDV�WR�EH�VXEMHFW� WR� SDUWLFXODU� FDUH�� )RU� WKLV� SXUSRVH� LW�

FRQVWLWXHV�D�YDOXDEOH�JXLGH�ZKHUH�SUHYLRXVO\�RQO\�KHXULVWLF�PHWKRGV�ZHUH�HPSOR\HG�� E\� TXDQWLI\LQJ� WKH� PD[LPDO� YDOXH� RI� DFKLHYDEOH�JDLQV��WKH�PHWKRG�GHILQHV�D�WDUJHW�WKDW�DOORZV�WKHQ�WR� SUHFLVHO\� LGHQWLI\� WKH� GLIIHUHQFH� EHWZHHQ� WKH�WKHRUHWLFDO� RSWLPXP� DQG� WKH� EHVW� VROXWLRQ� DW� WKH�WHFKQLFR�HFRQRPLF�OHYHO�� E\�GLVWLQJXLVKLQJ�FRPSRQHQW� LUUHYHUVLELOLWLHV� IURP�V\VWHPLF� LUUHYHUVLELOLWLHV�� LW� VKRZV�ZKHUH�V\VWHPLF�GHJUHHV�RI�IUHHGRP�DUH�ORFDWHG��WKDW�FDQ�EH�XVHG�WR�E\SDVV� VLQJXODU� WHFKQRORJLFDO� FRQVWUDLQWV� ZLWKRXW�SHQDOL]LQJ�WKH�HQHUJ\�EDODQFH�7KLV�PHWKRG�KDV�EHHQ�DSSOLHG�WR�WKH�RSWLPL]DWLRQ�RI�WKH�VWHDP�F\FOH�RI�WKH�3XHUWROODQR�,QWHJUDWHG�*DVHLILFDWLRQ�&RPELQHG�&\FOH��,*&&���$Q� ,*&&� LV� D� YHU\� FRPSOH[� SRZHU� SODQW� W\SLFDOO\�FRPSULVHG�RI��� D� JDVLILHU� LQ� ZKLFK� D� V\QWKHWLF� JDV� LV� SURGXFHG�IURP�VROLG�RU�ZDVWH�IXHOV�VXFK�DV�FRDO��RLO�FRNH���� D�XQLW�ZKHUH�WKH�V\QWKHWLF�JDV�LV�TXHQFKHG� D�ZDVKLQJ�XQLW� D�JDV�WXUELQH�EXUQLQJ�WKH�V\QWKHWLF�JDV�WR�SURGXFH�HOHFWULFLW\�� D� +56*�� SURGXFLQJ� VWHDP� DW� YDULRXV� SUHVVXUH�OHYHOV� D�VWHDP�ERWWRPLQJ�F\FOH�SURGXFLQJ�HOHFWULFLW\�
,QWHJUDWLQJ�VXFK�D�FRPSOLFDWHG�F\FOH�LV�D�YHU\�GLIILFXOW�WDVN� ZKLFK� UHTXLUHV� VSHFLILF� PHWKRGV� VXFK� DV� WKRVH�SUHVHQWHG�DERYH�
7KH�PRGHO�RI�WKH�SODQW�ZKLFK�KDV�EHHQ�VHW�XS�ZDV�TXLWH�DFFXUDWH�� GLIIHUHQFHV� RI� DERXW� ���� �� ZLWK� WKH� GHVLJQ�YDOXHV�ZHUH�REWDLQHG��7KH�RSWLPL]DWLRQ�KDV�VKRZQ�WKDW�LW�ZDV�SRVVLEOH�WR�VLJQLILFDQWO\�LPSURYH�WKH�GHVLJQ��WKH�EHVW� FDVH� VWXGLHG� SURYLGHG� DQ� LQFUHDVH� RI� WKH� HOHFWULF�RXWSXW� HTXDO� WR�����0ZH�� L�H�� DERXW�������RI� WKH� WRWDO�FDSDFLW\�� 7KHVH� WKHURUHWLFDO� LPSURYHPHQWV� KRZHYHU�VWLOO�KDYH�WR�EH�GLVFXVVHG ZLWK�WKH�SURFHVV�HQJLQHHUV��LQ�RUGHU� WR� PDNH� VXUH� WKDW� WKH\� DUH� FRPSDWLEOH� ZLWK�WHFKQRORJLFDO� FRQVWUDLQWV�� LQ� SDUWLFXODU� DW� YDULRXV�RSHUDWLQJ�FRQGLWLRQV�
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