
6\VWqPH�IORX�GH�VXSHUYLVLRQ�GHV�PRGHV�GH�IRQFWLRQQHPHQWG
XQ�YpKLFXOH�K\EULGH�pOHFWULTXH�SDUDOOqOH
&�)RUJH]��*�)ULHGULFK��-�0��%LHGLQJHU
8QLYHUVLWp�GH�7HFKQRORJLH�GH�&RPSLqJQH/DERUDWRLUH�G
(OHFWURPpFDQLTXH%3�����������&203,(*1(�&HGH[H�PDLO��FKULVWRSKH�IRUJH]#XWF�IU

5pVXPp� �� &HW� DUWLFOH� SUpVHQWH� XQH� PpWKRGH� GH� JHVWLRQ� GHVPRGHV�GH�IRQFWLRQQHPHQW�G
XQ�YpKLFXOH�K\EULGH�pOHFWULTXH�SDUDOOqOH�'HV� UDSSHOV� FRQFHUQDQW� OD� VWUXFWXUH� SDUDOOqOH� K\EULGH� VRQWSUpVHQWpV� HQ� GpEXW� G
DUWLFOH�� (WDQW� GRQQpHV� OHV� QRPEUHXVHVGLIILFXOWpV� OLpHV�j� O
XWLOLVDWLRQ�G
XQH� WHOOH�VWUXFWXUH��QRXV�SURSRVRQVXQH�PpWKRGH� SHUPHWWDQW� GH� GpWHUPLQHU�� GH�PDQLqUH� LQWXLWLYH�� TXHOPRGH� GH� WUDFWLRQ� �pOHFWULTXH�� K\EULGH� RX� WKHUPLTXH�� DGRSWp� HQIRQFWLRQ�GH� O
HQYLURQQHPHQW� WUDYHUVp�SDU� OH�YpKLFXOH�HW�HQ� IRQFWLRQGH� O
pWDW� GH� FKDUJH� GHV� EDWWHULHV�� /HV� UqJOHV� LQWXLWLYHV� VRQWIRUPDOLVpHV� DX� WUDYHUV� G
LQIpUHQFHV� IORXHV�� 'HV� VLPXODWLRQVSUpVHQWHQW� OH� IRQFWLRQQHPHQW� G
XQ� WHO� VXSHUYLVHXU� SRXU� GLIIpUHQWHVFRQILJXUDWLRQV�0RWV� FOpV� �� YpKLFXOH� K\EULGH� pOHFWULTXH�� JHVWLRQ� GHV� PRGHV� GHIRQFWLRQQHPHQW��ORJLTXH�IORXH
,�,1752'8&7,21

/
LQGLYLGXDOLVDWLRQ� GHV� WUDQVSRUWV� URXWLHUV� FRQMXJXp� DXGpYHORSSHPHQW� GHV� LQIUDVWUXFWXUHV� HW� j� OD� FRQFHQWUDWLRQ� GHVJUDQGHV�DJJORPpUDWLRQV��RQW�FRQGXLW�GDQV�OHV�GHX[�GHUQLqUHVGpFHQQLHV� j� O
DXJPHQWDWLRQ� QRWDEOH� GH� OD� SROOXWLRQDWPRVSKpULTXH� FDXVpH� SDU� OHV� UHMHWV� GH� JD]� GHV� YpKLFXOHVWKHUPLTXHV�� %LHQ� TXH� OD� PRWRULVDWLRQ� pOHFWULTXH� VRLW� XQHUpDOLWp��HW�TX
HOOH�SHUPHW�G
DQQXOHU�FHV�UHMHWV�GH�JD]�SROOXDQWV�FHOOH�FL� QH� VHPEOH� SRXUWDQW� SDV� rWUH� SOpELVFLWpH� SDU� OHVDXWRPRELOLVWHV� HQ� UDLVRQ� G
XQH� DXWRQRPLH� UHVWUHLQWH�� G
XQHUHFKDUJH� FRQWUDLJQDQWH� HW� LQDGDSWpH� j� OHXUV� EHVRLQV�� &
HVWSRXUTXRL� GH� QRPEUHX[� FRQVWUXFWHXUV� V
RULHQWHQW� YHUV� XQHK\EULGDWLRQ�DILQ�GH�FRPELQHU�OHV�DYDQWDJHV�GH�OD�PRWRULVDWLRQWKHUPLTXH� HW� GH� OD� PRWRULVDWLRQ� pOHFWULTXH�� /
REMHFWLI� GHO
K\EULGDWLRQ�UpVLGH�GDQV�OD�PLQLPLVDWLRQ�GH�OD�FRQVRPPDWLRQGH� FDUEXUDQW� HW� SDU� FRQVpTXHQW� FRQGXLW� j� OD� UpGXFWLRQ� GHVUHMHWV�GH�JD]�SROOXDQWV�>�@>�@�
/D� VWUXFWXUH� VXU� ODTXHOOH� QRXV� WUDYDLOORQV� HVW� FRPSRVpHG
XQH� PDFKLQH� pOHFWULTXH� SODFpH� VXU� O
DUEUH� GH� PRWRULVDWLRQSULQFLSDO� >�@�� 'HV� WUDYDX[� PHQpV� DX� /DERUDWRLUHG
(OHFWURPpFDQLTXH� GH� &RPSLqJQH� RQW� GpMj� PRQWUp� ODSRVVLELOLWp�G
DGRSWHU�FHWWH�VWUXFWXUH�SRXU�OD�IRQFWLRQ�G
DOWHUQR�GpPDUUHXU� HW�� VH� VRQW� FRQFUpWLVpV� SDU� OD� UpDOLVDWLRQ� G
XQSURWRW\SH�HQ�FROODERUDWLRQ�DYHF�XQ�pTXLSHPHQWLHU�DXWRPRELOH>�@��$YHF�OD�VWUXFWXUH�K\EULGH�WURLV�PRGHV�GH�IRQFWLRQQHPHQWVRQW� DORUV� SRVVLEOHV�� OH� PRGH� WRXW� pOHFWULTXH� �SUpFRQLVp� HQYLOOH�RX�HQ�ERXFKRQ���OH�PRGH�K\EULGH��OD�WUDFWLRQ�pOHFWULTXHV
DMRXWH�RX�VH�VXEVWLWXH�HQ�SDUWLH�j�OD�WUDFWLRQ�WKHUPLTXH��HW�OHPRGH� WKHUPLTXH� �VHXOH� OD� PDFKLQH� WKHUPLTXH� VHUW� j� ODPRWRULVDWLRQ��� /D� UHFKDUJH� GHV� EDWWHULHV�� RX� GH� OHXUV

VXSHUFDSDFLWpV� pYHQWXHOOHPHQW� DVVRFLpHV� GDQV� OHV� YpKLFXOHVK\EULGHV� pOHFWULTXHV� SDUDOOqOHV� V
HIIHFWXH� GH� PDQLqUHDXWRQRPH� VRLW� j� OD� O
DLGH� GX� PRWHXU� WKHUPLTXH�� VRLW� SDU� OHELDLV� GH� O
pQHUJLH� FLQpWLTXH� UpFXSpUpH� HW� FRQYHUWLH� ORUV� GHVSKDVHV�GH�IUHLQDJH�
/
XQH� GHV� GLIILFXOWpV� SULQFLSDOHV� OLpHV� j� OD� VWUXFWXUHK\EULGH� HVW� OD� JHVWLRQ� GHV� IOX[� G
pQHUJLH�� DXWUHPHQW� GLW� �&RPPHQW� JpUHU� DX� PLHX[� HW� GH� PDQLqUH� DXWRQRPHO
pQHUJLH� pOHFWULTXH� HPEDUTXpH� HW� GH�PDQLqUH� WRXW� j� IDLWWUDQVSDUHQWH� SRXU� OH� FRQGXFWHXU� "� ,O� HVW� H[WUrPHPHQWGLIILFLOH�GH�UpSRQGUH�j�FHWWH�TXHVWLRQ�GH�SDU�OD�FRQFHSWLRQ�GXV\VWqPH�� 6D� UpVROXWLRQ� HVW� HQ� HIIHW� DVVXMHWWLH� j� GLYHUVHVFRQWUDLQWHV�� (WDQW� GRQQp� OD� FRPSOH[LWp� GX� SUREOqPH�� QRXVSURSRVRQV� GH� GpILQLU� XQH� VWUDWpJLH� EDVpH� VXU� XQH� DQDO\VHLQWXLWLYH�GX�SUREOqPH�GH�JHVWLRQ�GHV�IOX[�G
pQHUJLH�
'DQV�XQ�SUHPLHU� WHPSV�QRXV�DOORQV� UHGpILQLU� OD�VWUXFWXUHK\EULGH� DLQVL� TXH� OH� U{OH� GX� VXSHUYLVHXU�� (QVXLWH� QRXVSURSRVHURQV�XQH�JHVWLRQ�IORXH�GHV�IOX[�G
pQHUJLH�HQ�IRQFWLRQGH�O
HQYLURQQHPHQW�GDQV�OHTXHO�FLUFXOH�OH�YpKLFXOH�HW��GH�O
pWDWGH� FKDUJH� GHV� EDWWHULHV�� 'HV� VLPXODWLRQV� HIIHFWXpHV� VXU� OHVEDVHV�G
XQ�YpKLFXOH�K\EULGH� pOHFWULTXH�SDUDOOqOH� GH� WRXULVPHVRQW�SURSRVpHV�DILQ�GH�YLVXDOLVHU�OHV�EDVFXOHPHQWV�G
XQ�PRGHj�O
DXWUH�

,,�683(59,6,21
2Q�VH�SURSRVH�GDQV�FH�SDUDJUDSKH�GH�GpILQLU�XQH�VWUDWpJLHEDVpH�VXU�XQH�DQDO\VH�LQWXLWLYH�GX�SUREOqPH�GH�JHVWLRQ�HW�TXLHQJOREH� GLIIpUHQWHV� VRXV� VWUDWpJLHV� �� LO� IDXW� HQ� HIIHW� GpILQLUTXHO�PRGH�GH� WUDFWLRQ�RQ�XWLOLVH� �WRXW� pOHFWULTXH��K\EULGH�RXWRXW� WKHUPLTXH���GDQV�TXHOOHV�SURSRUWLRQV��HW� FRPPHQW� JpUHUOD�UHFKDUJH��$LQVL��QRXV�GpFRPSRVRQV�QRWUH�VWUDWpJLH�HQ�WURLVQLYHDX[��

±�OH�SUHPLHU�QLYHDX�SHUPHW�GH�FDOFXOHU �XQ�GHJUp�G
LQWpUrW�jXWLOLVHU�OH�PRGH�WRXW�pOHFWULTXH��SRXU�OD�WUDFWLRQ�GX�YpKLFXOH
±� OH� VHFRQG� QLYHDX� GpFLGH j� SDUWLU� GX� UpVXOWDW� GX� �GHJUpG
LQWpUrW� j� XWLOLVHU� OH� PRGH� WRXW� pOHFWULTXH�� TXHO� PRGHDGRSWHU�SRXU�OD�WUDFWLRQ��pOHFWULTXH��K\EULGH�RX�WKHUPLTXH�
±� OH� WURLVLqPH� QLYHDX� TXDQWLILH OD� YDOHXU� GHV� FRXSOHVpOHFWURPpFDQLTXHV�VHORQ�OHV�GLIIpUHQWV�FDV��PRGH�WUDFWLRQ�RXPRGH�UHFKDUJH��



6XSHUYLVHXU

0RGH�pOHFWULTXH 0RGH�K\EULGH 0RGH�WKHUPLTXH

(QYLURQQHPHQWGH�FLUFXODWLRQ��9,7(66( 1LYHDX�GH�FKDUJHGHV�EDWWHULHV
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)LJXUH����6FKpPD�GpFLVLRQQHO
&H� GHUQLHU� QLYHDX� UHTXLHUW� XQH� ORL� GH� FRPPDQGH� SRXU� ODPDFKLQH� pOHFWULTXH� DLQVL� TXH� SRXU� OH� PRWHXU� WKHUPLTXH� HWFHFL� SRXU� FKDTXH� PRGH� �pOHFWULTXH�� K\EULGH� RX� WKHUPLTXH�FKRLVL�/HV� ORLV�GH�FRPPDQGH�SRXU� OHV�PRGHV� WKHUPLTXH�HW� WRXWpOHFWULTXH�GpFRXOHQW�GX�ERQ� VHQV� ��RQ�D� OH�FRXSOH� WKHUPLTXHpJDO� DX� FRXSOH� GpVLUp� HW� OH� FRXSOH� pOHFWURPpFDQLTXH� QXO� HQUpJLPH�WKHUPLTXH��3DU�FRQWUH�RQ�D�OH�FRXSOH�WKHUPLTXH�QXO�HWOH�FRXSOH�pOHFWURPpFDQLTXH�pJDO� DX�FRXSOH�GpVLUp�HQ� UpJLPHpOHFWULTXH(Q�FH�TXL�FRQFHUQH�OD�ORL�GH�FRPPDQGH�GX�PRGH�K\EULGH�GLIIpUHQWHV�VWUDWpJLHV�VRQW�SURSRVpHV�DILQ�GH�WHQLU�FRPSWH�GXF\FOH� GH� IRQFWLRQQHPHQW� HW� GHV� UHQGHPHQWV� GHV� PRWHXUVWKHUPLTXHV�HW�pOHFWULTXHV�>�@>�@��1RXV�QH�WUDLWHURQV�SDV�GDQVFHW� DUWLFOH� GH� OD� ORL� GH� FRPPDQGH� HQ� PRGH� K\EULGH�� 1RXVIRFDOLVRQV� WRXWH� QRWUH� DWWHQWLRQ� VXU� OHV� QLYHDX[� �� HW� �� GXVXSHUYLVHXU� HQ� VXSSRVDQW� TXH� WRXWHV� OHV� ORLV� GH� FRPPDQGHVRLHQW�GpWHUPLQpHV�

,,,�683(59,6,21�)/28(
/H�FKRL[�GX�PRGH�GH� WUDFWLRQ�GpSHQG�HVVHQWLHOOHPHQW�GHO
HQYLURQQHPHQW�GDQV� OHTXHO� pYROXH� OH� YpKLFXOH�DLQVL�TXH�GHO
pWDW�GH�FKDUJH�GHV�EDWWHULHV�1RXV� DYRQV� GRQF� D[p� QRWUH� JHVWLRQ� VXU� O
DQDO\VH� GH� ODYLWHVVH�GX�YpKLFXOH�9YpK� FH�TXL� QRXV� UHQVHLJQH� VXU� OH� W\SHG
HQYLURQQHPHQW� WUDYHUVp� HW�� VXU� O
DQDO\VH� GH� OD� TXDQWLWpG
pQHUJLH� pOHFWULTXH� GLVSRQLEOH� 4GLVSR�� /
LGpH� HVW� GHSULYLOpJLHU�SOXW{W�OH�PRGH�pOHFWULTXH�HQ�YLOOH��DILQ�GH�UpGXLUHOHV�pPLVVLRQV� GH�JD]�SROOXDQWV�� HW� SOXW{W� OH�PRGH� WKHUPLTXHVXU� DXWRURXWH�� R�� OH� PRWHXU� WKHUPLTXH� SRXUUD� VHUYLUpYHQWXHOOHPHQW� j� OD� UHFKDUJH� GHV� EDWWHULHV�� &HSHQGDQW�� OHFKRL[�GX�PRGH� WRXW� pOHFWULTXH�YD�GpSHQGUH� pJDOHPHQW� GH� ODTXDQWLWp� G
pQHUJLH� pOHFWULTXH� GLVSRQLEOH�� ,O� HVW� pYLGHQW� TX
LOHVW� ULGLFXOH� GH� YRXORLU� LPSRVHU� OH� PRGH� WRXW� pOHFWULTXH� �RXPrPH�K\EULGH�� VL� OD�TXDQWLWp�G
pQHUJLH�pOHFWULTXH�GLVSRQLEOHHVW� QXOOH� RX� LQVXIILVDQWH� SRXU� DVVXUHU� OHV� EHVRLQV� GpVLUpV�1RXV� SRXYRQV� WUDGXLUH� OHV� FKRL[� SRVVLEOHV� HQ� IRQFWLRQ� GHVGLYHUVHV�VLWXDWLRQV�DX�PR\HQ�G
LQIpUHQFHV�IORXHV��/H�SULQFLSDOLQWpUrW�GX�IORX�HVW�GH�TXDQWLILHU�GHV�QRWLRQV�TXL�QH�OH�VRQW�SDV>�@��$LQVL��QRXV�DOORQV�XWLOLVHU�FHWWH�SURSULpWp�DILQ�GH�GpILQLUGHV�HQVHPEOHV�GH�FRXSOH�YLWHVVH�pWDW�GH�FKDUJH�GHV�EDWWHULHV�jSDUWLU�GHVTXHOV�QRXV�DOORQV�GpILQLU�TXHO�PRGH�DGRSWHU�

$��)X]]\ILFDWLRQ
1RXV�GpFRPSRVRQV�DORUV�OHV�YDULDEOHV�YLWHVVH�GX�YpKLFXOH9YpK HW� pWDW� GH� FKDUJH� GHV� EDWWHULHV� 4GLVSR HQ� VRXVHQVHPEOHV� IORXV� GRQW� OH� GpFRXSDJH� Q
HVW� ELHQ� V�U� SDVH[KDXVWLI�� 3RXU� OD� YDULDEOH� YLWHVVH� GX� YpKLFXOH� QRXVGLVWLQJXRQV� TXDWUH� VRXV� HQVHPEOHV� UHSUpVHQWDQW� FKDFXQ� XQHQYLURQQHPHQW� �� % %RXFKRQ�� 9 9LOOH�� 5 5RXWH� HW$5 $XWR5RXWH�� 1RXV� GpFRPSRVRQV� OD� YDULDEOH� 
pWDW� GHFKDUJH
� HQ� TXDWUH� VRXV� HQVHPEOHV� �� 1 1XO�� ) )DLEOH�00R\HQ��6 6XSHU�

)LJXUH����(QVHPEOHV�IORXV�GHV�YDULDEOHV�YLWHVVH�YpKLFXOH�HWpWDW�GH�FKDUJH�GHV�EDWWHULHV
&KDTXH� HQVHPEOH� HVW� GpILQL� DX� WUDYHUV� G
XQH� IRQFWLRQG
DSSDUWHQDQFH�WULDQJXODLUH�RX�WUDSp]RwGDOH��ERUQpH�HQWUH���HW��� HW� TXL� WUDGXLW� OH� GHJUp� G
DSSDUWHQDQFH� G
XQH� YDOHXU� G
XQHYDULDEOH� G
DSSDUWHQLU� j� XQ� HQVHPEOH� FRQFHUQp�� /HFKHYDXFKHPHQW� GHV� IRQFWLRQV� G
DSSDUWHQDQFH� SHUPHWG
DWWULEXHU�j�XQH�YDOHXU�SDUWLFXOLqUH�SOXVLHXUV�HQVHPEOHV�DYHFGHV�GHJUpV�G
DSSDUWHQDQFH�GLIIpUHQWV��FHFL�SHUPHW�G
pYLWHU�XQHDSSDUWHQDQFH� VWULFWH� G
XQH� YDOHXU� SDUWLFXOLqUH� j� XQ� VHXOHQVHPEOH�FRPPH�HQ�ORJLTXH�ELQDLUH��2Q�WUDQVIRUPH�DLQVL�XQHQRWLRQ� TXDQWLILDEOH� SDU� XQH� QRWLRQ� G
HQVHPEOH� TXL� HVW� SDUFRQVpTXHQW� QRQ� TXDQWLILDEOH�� &KDTXH� HQVHPEOH� UHSUpVHQWHXQH� VLWXDWLRQ�� FH� TXL� QRXV� SHUPHW� GH� GpILQLU� GHV� UqJOHV� jDGRSWHU�VHORQ�FKDFXQH�GHV�VLWXDWLRQV�UHQFRQWUpHV�

%��'pILQLWLRQ�GHV�UqJOHV
$� SDUWLU� GH� FHV� GHX[� YDULDEOHV�� RQ� GpILQLW� XQH� WDEOH� GHUqJOHV�TXL� WUDGXLW�GH�PDQLqUH� LQWXLWLYH� O
LQWpUrW� GH� FKRLVLU� HQWUDFWLRQ� SOXW{W� XQ� PRGH� WRXW� pOHFWULTXH�(�� SOXW{W� XQ� PRGHK\EULGH�+ RX�WKHUPLTXH�VHXO�7 HQ�IRQFWLRQ�GH�O
pWDW�GH�FKDUJHGHV� EDWWHULHV� HW� GH� O
HQYLURQQHPHQW� GDQV� OHTXHO� pYROXH� OHYpKLFXOH�

1 ) 0 6% 7 + ( (9 7 + + (5 7 7 7 +$5 7 7 7 7
7DEOH�����7DEOH�GHV�UqJOHV�IORXHV�SHUPHWWDQW�GH�GpWHUPLQHUOH�GHJUp�G
LQWpUrW�j�XWLOLVHU�OD�PDFKLQH�pOHFWULTXH

0 �� �������� ) 61
4GLVSR�����

$55 ����������� 9%�
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1RXV�FRQVWDWRQV�G
DSUqV�OD�WDEOH���TXH�OH�IRQFWLRQQHPHQWHQ�PRGH� WRXW� pOHFWULTXH� HVW� DXWRULVp� HQ� YLOOH�� VRLW� SRXU� XQHYLWHVVH�PR\HQQH�GH����NP�K��1RXV�GHYRQV�QRXV�DVVXUHU�TXHOD� SXLVVDQFH� GH� OD� PDFKLQH� pOHFWULTXH� VHXOH� HVW� DORUVVXIILVDQWH�SRXU�JDUDQWLU�OHV�PrPHV�SHUIRUPDQFHV�TX
HQ�PRGHWRXW� WKHUPLTXH� GDQV� FHWWH� SODJH� GH� IRQFWLRQQHPHQW�� 1RXVDYRQV�GRQF�GpFULW� VXU� OD� ILJXUH� �� XQH� FRXUEH� G
LVRSXLVVDQFHGH���N:�GDQV�OH�UHSqUH�YLWHVVH�DFFpOpUDWLRQ�HQ�WHQDQW�FRPSWHGX� PRGqOH� PpFDQLTXH� GX� YpKLFXOH� pWXGLp�� &HWWH� SXLVVDQFHFRUUHVSRQG�j�FHOOH�SUpFRQLVpH�SRXU�OD�PDFKLQH�pOHFWULTXH�DILQTXH�FHOOH�FL�SHUPHWWH�j�HOOH�VHXOH�XQH�DFFpOpUDWLRQ�PD[LPDOHGH� ���� P�Vð� �DFFpOpUDWLRQ� PD[LPDOH� UHOHYpH� VXU� F\FOH(8523(� 1)� 5� �������� DX� PRLQV� MXVTX
j� XQH� YLWHVVH� GH�� NP�K�� DLQVL� OHV� SHUIRUPDQFHV� GX� YpKLFXOH� HQ� PRGH� WRXWpOHFWULTXH� VRQW� VLPLODLUHV� DX[� SHUIRUPDQFHV� HVSpUpHV� HQPRGH�WKHUPLTXH�SXU�MXVTX
j���NP�K��3DU�FHWWH�UHPDUTXH�QRXVDWWLURQV� O
DWWHQWLRQ� SDU� OH� IDLW� TXH� OD� FRPPDQGH� GH� QRWUHV\VWqPH��LFL�OD�VXSHUYLVLRQ�GHV�PRGHV�GH�IRQFWLRQQHPHQW��HVWLQWLPHPHQW�OLp�DX�GLPHQVLRQQHPHQW�GX�PDWpULHO�SLORWp�
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)LJXUH����'RPDLQH�GH�SHUIRUPDQFH�DWWHLQW�SDU�OH�YpKLFXOHDYHF�XQH�SXLVVDQFH�LQIpULHXUH�j����N:
&��'pIX]]\ILFDWLRQ

/D� GpIX]]\ILFDWLRQ� HVW� O
RSpUDWLRQ� LQYHUVH� GH� ODIX]]\ILFDWLRQ�� RQ� FKHUFKH� XQH� YDOHXU� H[DFWH� j� SDUWLU� GHVHQVHPEOHV� LVVXV� GH� OD� WDEOH� GH� UqJOHV�� $LQVL�� SRXU� FKDTXHFRXSOH�GH�YDOHXUV�9YpK HW�4GLVSR��QRXV�DOORQV�GpILQLU�j�SDUWLUGH� OD� WDEOH����TXHOOHV� VRQW� OHV� UqJOHV�FRQFHUQpHV��SXLV�SDU� OHELDLV�G
XQ�FDOFXO�EDU\FHQWULTXH�GHV�UqJOHV��QRXV�HQ�GpGXLVRQVXQH�YDOHXU�SRXU�OD�YDULDEOH�GH�VRUWLH�/D�ILJXUH���UHSUpVHQWH�OH�UpVXOWDW�GH�OD�GpIX]]\ILFDWLRQ�GHVUqJOHV�GH�OD�WDEOH���HQ�IRQFWLRQ�GHV�HQVHPEOHV�IORXV�SUpVHQWpVILJXUH����&HWWH�IRQFWLRQ�UHSUpVHQWH�OH�GHJUp�G
LQWpUrW�j�XWLOLVHUOH� PRGH� pOHFWULTXH�� 3OXV� FH� GHJUp� HVW� pOHYp�� SOXV� O
LQWpUrW� jXWLOLVHU�OH�PRGH�WRXW�pOHFWULTXH�HVW�JUDQG��HW�LQYHUVHPHQW�(QVXLWH�� DILQ� GH� VpOHFWLRQQHU� OH� PRGH� WRXW� pOHFWULTXH�K\EULGH�RX�WKHUPLTXH��QRXV�FRPSDURQV�OD�YDOHXU�GRQQpH�SDUFHWWH� IRQFWLRQ� 
GHJUp� G
LQWpUrW
� SDU� UDSSRUW� j� GHV� VHXLOVSUpGpILQLV�� ,O� HVW� ELHQ� V�U� QpFHVVDLUH� GH� SODFHU� XQ�K\VWHUHVLVDX� QLYHDX� GH� FKDTXH� VHXLO� DILQ� G
pYLWHU� GHV� EDVFXOHPHQWVLQWHPSHVWLIV�G
XQ�PRGH�GH�IRQFWLRQQHPHQW�j� O
DXWUH�GXV�j�GHIDLEOHV� YDULDWLRQV� GH� YLWHVVHV� RX� GH� PHVXUHV� GH� O
pWDW� GHFKDUJH�GHV�EDWWHULHV�

�
�� ��

��
��

��� � �� �� �� �� �� �� �� �� �� ���

��
��
��
��
��
��
��
��
��
��

9LWHVVH�.P�K
(WDW�GH�FKDUJH�GHVEDWWHULHV��

'HJUp�G�LQWpUrW�j�XWLOLVHU�OHPRGH�WRXW�pOHFWULTXH��

)LJXUH����'HJUp�G
LQWpUrW�HQYHUV�O
pOHFWULTXH�HQ�IRQFWLRQ�GHO
pWDW�GH�FKDUJH�HW�GH�O
HQYLURQQHPHQW
/H�QLYHDX�GH�EDVFXOHPHQW�GX�PRGH� WRXW�pOHFWULTXH�DX�PRGHK\EULGH� HVW� pYDOXp� VHORQ� SOXVLHXUV� FULWqUHV�� 3DU� H[HPSOH�� HQIRQFWLRQ� GX� FRXSOH� PLQLPXP� TXH� SHXW� IRXUQLU� OH� PRWHXUWKHUPLTXH�� FHFL� DILQ� G
pYLWHU� GH� VH� SODFHU� GDQV� ODFRQILJXUDWLRQ�K\EULGH�HW�G
rWUH�FRQIURQWp�j�GHYRLU�LPSRVHU�DXPRWHXU�WKHUPLTXH�XQ�FRXSOH�LQIpULHXU�j�VRQ�FRXSOH�PLQLPXP�2Q�SRXUUDLW�pJDOHPHQW�UpJOHU�OH�VHXLO�GH�EDVFXOHPHQW�G
XQPRGH� j� O
DXWUH�� HQ� IRQFWLRQ� GH� YDULDEOHV� VXSSOpPHQWDLUHVSHUPHWWDQW�DLQVL�GH�SUHQGUH�HQ�FRPSWH� O
DQDO\VH�GHV�EHVRLQVPRPHQWDQpV�GX� FRQGXFWHXU��&HFL� SHUPHWWUDLW� GH� GLVFULPLQHUOHV�EHVRLQV�H[FHSWLRQQHOV�GHV�EHVRLQV�KDELWXHOV�HW�SHUPHWWUDLWG
DQWLFLSHU�OD�JHVWLRQ�GH�O
pQHUJLH�&H� PRGqOH� IORX� �QRQ� H[KDXVWLI�� GX� 
GHJUp� G
LQWpUrW� jXWLOLVHU� OH�PRGH�pOHFWULTXH
�SHUPHWWUD�GH�GpWHUPLQHU� TXHO� HVWOH�PRGH�GH� WUDFWLRQ� OH�SOXV� MXGLFLHX[�j�XWLOLVHU�GDQV� O
LQVWDQWSUpVHQW�� ,O� UHVWH� PDLQWHQDQW� j� GpILQLU� FRPPHQW� OD� PDFKLQHpOHFWULTXH� GRLW� rWUH� XWLOLVpH�� F
HVW� j� GLUH� VL� RQ� O
XWLOLVH� SRXUWUDFWHU�RX�SRXU�UHFKDUJHU�OHV�EDWWHULHV�

,9�6,08/$7,216
1RXV� DYRQV� WHVWp� FHWWH� JHVWLRQ� IORXH� GH� O
pQHUJLH� SRXUGLIIpUHQWHV� TXDQWLWpV� G
pQHUJLH� VWRFNpH�� 1RXV� SRXYRQV� DLQVLYpULILHU�TXH� OH�FRQWU{OHXU� IORX�IRQFWLRQQH�VHORQ�QRV�DWWHQWHV�/HV� FRXSOHV� pOHFWULTXHV� HW� WKHUPLTXHV� SUpVHQWpV� VXU� OHVILJXUHV���j���VRQW�UDPHQpV�DX[�FRXSOHV�GLVSRQLEOHV�DX[�URXHV�6XU� FKDFXQH� GHV� ILJXUHV�� O
pQHUJLH� pOHFWULTXH� HW� WKHUPLTXHVRQW� SUpVHQWpHV�� /RUVTXH� O
pQHUJLH� HVW� QRWpH� SRVLWLYHPHQW�QRXV� OD� FRQVLGpURQV�FRPPH�pQHUJLH�FRQVRPPpH�HW� QpJDWLYHORUVTX
HOOH�HVW�UpFXSpUpH�/HV�GLIIpUHQWV�HVVDLV�VRQW�EDVpV� VXU�XQ�F\FOH�pOpPHQWDLUHGH�YLWHVVH�WHO�TXH�±�GH���j���V�RQ�LPSRVH�XQH�DFFpOpUDWLRQ�GH�����P�Vð±�GH����j���V�RQ�LPSRVH�XQH�DFFpOpUDWLRQ�QXOOH±�GH����j���V�RQ�LPSRVH�XQH�GpFpOpUDWLRQ�GH������P�Vð

&H� F\FOH� QRXV� SHUPHW� G
DWWHLQGUH� XQH� YLWHVVH� PD[LPDOH� TXLSHUPHW� GH� SRVLWLRQQHU� OH� V\VWqPH� GDQV� OHV� WURLV� PRGHV�pOHFWULTXH�� K\EULGH� HW� WKHUPLTXH�� VHORQ� O
pWDW� GH� FKDUJH� GHVEDWWHULHV��2Q� VXSSRVH� TXH� OD�PHVXUH� GH� O
pWDW� GH� FKDUJH� HVWUpDOLVpH�GH�PDQLqUH�LQGpSHQGDQWH�GH�OD�JHVWLRQ�GHV�PRGHV�
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)LJXUH����*HVWLRQ�GH�O
pQHUJLH�pOHFWULTXH�VXU�XQF\FOH�pOpPHQWDLUH��4GLVSR ���
1RXV� UHQYR\RQV� OH� OHFWHXU� DX[� WUDYDX[� VXLYDQWV� HQ� FH� TXLFRQFHUQH�OD�PHVXUH�GH�O
pWDW�GH�FKDUJH�>�@�2Q� VXSSRVHUD� LQYDULDQWH� OD� TXDQWLWp� G
pQHUJLH� pOHFWULTXHVWRFNpH� GXUDQW� OH� F\FOH�� /HV� ILJXUHV� �� �� �� UHSUpVHQWHQWO
pYROXWLRQ� GHV� FRXSOHV� WKHUPLTXHV� HW� pOHFWULTXHV� SRXU� XQF\FOH� pOpPHQWDLUH� GH� YLWHVVH� HW� SRXU� GLIIpUHQWHVFRQILJXUDWLRQV�

2Q� FRQVWDWH� TX
DYHF� XQH� TXDQWLWp� G
pQHUJLH� GLVSRQLEOHWURS� IDLEOH� �4GLVSR ����� OH� VXSHUYLVHXU� Q
DXWRULVH� SDV� ODPDFKLQH� pOHFWULTXH� j� IRXUQLU� XQ� FRXSOH� PRWHXU�� PDLV� TX
LODXWRULVH� VRQ� IRQFWLRQQHPHQW� HQ� PRGH� JpQpUDWULFH� SRXU� ODUpFXSpUDWLRQ� pQHUJpWLTXH� DX� FRXUV� GX� IUHLQDJH�� &HFLV
H[SOLTXH�SDU�OH�IDLW�TXH�ORUV�GX�IUHLQDJH�PDOJUp�TXH�OH�PRGHGH� WUDFWLRQ� VpOHFWLRQQp� VRLW� OH� PRGH� WKHUPLTXH�� OH� IUHLQDJHDGRSWp�SDU� OH�VXSHUYLVHXU�HVW�GDQV�XQ�SUHPLHU� WHPSV�DVVXUHUSDU�OD�PDFKLQH�pOHFWULTXH�
/D�VLPXODWLRQ�ILJXUH���PRQWUH�SDU�UDSSRUW�j�FHOOH�ILJXUH��TX
HQ� DXJPHQWDQW� OD� TXDQWLWp� G
pQHUJLH� GLVSRQLEOH�� OHVXSHUYLVHXU�DXWRULVH� O
XWLOLVDWLRQ�GH� OD�PDFKLQH�pOHFWULTXH�HQWUDFWLRQ�HQ�PRGH�K\EULGH�XQLTXHPHQW�HW�VHXOHPHQW�SRXU�GHVYLWHVVHV�IDLEOHV��2Q�UHPDUTXH�TXH�GDQV�FHWWH�FRQILJXUDWLRQ��OHIUHLQDJH�QH�SHUPHW�SDV�GH�UpFXSpUHU�DXWDQW�G
pQHUJLH�TX
LO�Q
DpWp�GpSHQVp��&HFL�V
H[SOLTXH�SDU�OH�IDLW�TX
HQ�GpEXW�GH�F\FOH�OH�PRGH�pOHFWULTXH�D�pWp�HQFOHQFKp�� OH�GpILFLW�pQHUJpWLTXH�HQILQ�GH�F\FOH�FRUUHVSRQG�GRQF�j�FHWWH�SKDVH�
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/D GHUQLqUH� VLPXODWLRQ� LOOXVWUH� OD� SRVVLELOLWp� TX
RIIUH� OHVXSHUYLVHXU�GH�JpUHU�OHV�PRGHV�GH�IRQFWLRQQHPHQW�HQ�WUDFWLRQWRXW� pOHFWULTXH�� K\EULGH� HW� WKHUPLTXH� VHXO� DLQVL� TXH� JpUHU� ODUHFKDUJH�� 7RXWHIRLV� RQ� FRQVWDWH� XQ� GpILFLW� pQHUJpWLTXH� OLp� jXQH� XWLOLVDWLRQ� SOXV� ORQJXH� GX�PRGH� pOHFWULTXH� HQ� GpEXW� GHF\FOH� SDU� UDSSRUW� j� OD� FRQILJXUDWLRQ� SUpFpGHQWH�� /DSURORQJDWLRQ� GH� O
XWLOLVDWLRQ� GX� PRGH� pOHFWULTXH� HQJHQGUHELHQ� pYLGHPPHQW� XQH� GpSHQVH� G
pQHUJLH� pOHFWULTXH� SOXVLPSRUWDQWH�� SDU� FRQVpTXHQW� LO� FRQYLHQW� GH� UHPDUTXHU� jQRXYHDX�TXH�OH�GLPHQVLRQQHPHQW�GH�OD�FRQILJXUDWLRQ�K\EULGHHVW�OLp�j�OD�FRPPDQGH�GH�FHOOH�FL�
9�&21&/86,21

/
pWXGH� PHQpH� GDQV� FHW� DUWLFOH� Q
D� SDV� OD� SUpWHQWLRQ� GHGRQQHU� XQH� VHXOH� FRQILJXUDWLRQ� XQLTXH� GH� VXSHUYLVHXU� G
XQYpKLFXOH� K\EULGH�� PDLV� H[SRVH� XQH� PpWKRGH� EDVpH� VXU� XQUDLVRQQHPHQW�LQWXLWLI�PLV�HQ�pTXDWLRQ�DX�WUDYHUV�G
LQIpUHQFHVIORXHV��/
LQWpUrW�GH�OD�ORJLTXH�IORXH�SHUPHW�LFL�G
DSSUpKHQGHUXQ� SUREOqPH� FRPSOH[H� GH� SDU� OHV� QRQ� OLQpDULWpV� HW� QRQVWDWLRQQDULWpV� LQKpUHQWHV� j� OD� VWUXFWXUH� K\EULGH� HW� jO
XWLOLVDWLRQ�GH�FHOOH�FL�&HSHQGDQW�� DILQ� G
pYLWHU� OHV� FRQIOLWV� RX� OHV� LQFRKpUHQFHVG
XQ� WHO� V\VWqPH�� OLpV� j� OD� FRQFHQWUDWLRQ� GHV� IRQFWLRQV� GH� ODPDFKLQH� pOHFWULTXH�� LO� DSSDUDvW� TX
XQH� RSWLPLVDWLRQ� GH� ODJHVWLRQ�GHV� UHVVRXUFHV� HVW� OD� FOp� G
XQH� FRQFHQWUDWLRQ� UpXVVLHGHV� IRQFWLRQV� UpDOLVpHV� SDU� OD� PDFKLQH� pOHFWULTXH� HW�� SDVVHLQpYLWDEOHPHQW� SDU� XQ� GLPHQVLRQQHPHQW� RSWLPDO� GH� ODVWUXFWXUH�K\EULGH��&HSHQGDQW��j�FHWWH�ILQ��LO�HVW�SULPRUGLDO�GHFRQQDvWUH� RX� G
pYDOXHU� OHV� SHUIRUPDQFHV� DWWHQGXHV� SDU� OHVDXWRPRELOLVWHV�SRXU�XQ�WHO�YpKLFXOH�

5()(5(1&(6
>�@�
+\EULG�YHKLFOH�RSHUDWLQJ�VWUDWHJLHV
��-��6HLOHU��'��6FKU|GHU��,QWHUQDWLRQDO(OHFWULF�9HKLFOH�6\PSRVLXP�DQG�([KLELWLRQ��VHSWHPEUH������� %UXVVHOV�
>�@� 
,PSURYHPHQW�RI� WHVWLQJ� WHFKQRORJ\� IRU� K\EULG� HOHFWULF� YHKLFOH�PRWRUV
�+�� 6XJD�� <�� .DZDEDWD�� ,QWHUQDWLRQDO� (OHFWULF� 9HKLFOH� 6\PSRVLXP� DQG([KLELWLRQ��VHSWHPEUH�������%UXVVHOV�
>�@� 
1HZ� FODVVLILFDWLRQ� RQ� HOHFWULF�WKHUPDO� K\EULG� YHKLFOHV
�� -�%HUHWWD��,QWHUQDWLRQDO� (OHFWULF� 9HKLFOH� 6\PSRVLXP� DQG� ([KLELWLRQ�VHSWHPEUH�������%UXVVHOV�
>�@� 
'HVLJQ� RI� DQ� LQWHJUDWHG� VWDUWHU�JHQHUDWRU�� &RPSDULVRQ� RI� DQ� LQGXFWLRQPDFKLQH� DQG� D� ZRXQG� URWRU� V\QFKURQRXV� PDFKLQH
�� -�0�� %LHGLQJHU� �� *)ULHGULFK��-�3�9LODLQ��-RXUQpH�6((��(16�&DFKDQ���IpYULHU������
>�@�
&RQFHSWLRQ�DQG�FRQWURO�RI� SDUDOOHO�K\EULG�FDU�SRZHUWUDLQ
��*��3DJDQHOOL�-�-�� 6DWLQ�� 7� 0�� *XHUUD�� $�� 1RsO�� 0�� 'HOKRP�� (�� &RPEHV�� -� (� *X\�,QWHUQDWLRQDO�(OHFWULF�9HKLFOH�6\PSRVLXP�DQG�([KLELWLRQ�� VHSWHPEUH������%UXVVHOV�
>�@�
)X]]\�VHWV
��/��$��=DGHK��,QIRUPDWLRQ�DQG�&RQWURO��1HZ�<RUN�$FDGHPLF�������YRO���SS���������
>�@� 
'pWHUPLQDWLRQ� GH� O
pWDW� GH� FKDUJH� G
XQH� EDWWHULH� S ORPE�DFLGH� HQXWLOLVDWLRQ� YpKLFXOH� pOHFWULTXH
�� 2�� &$80217�� 7KqVH� GH� 'RFWRUDW� GHO
8QLYHUVLWp�GH�/LOOH����867/���Q��������QRYHPEUH������


