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5pVXPp��/¶DUWLFOH� SRUWH� VXU� OD� FRPPDQGH� G
XQ� $OWHUQR�'pPDUUHXU� ,QWpJUp� GH� W\SH� DV\QFKURQH�� 8QH� VLPXODWLRQ� ILQH� GHO¶HQVHPEOH� �PDFKLQH�FRQYHUWLVVHXU�� HVW� SUpVHQWpH�� 'LIIpUHQWHVFRPPDQGHV� VRQW� PRGpOLVpHV� DILQ� G
RSWLPLVHU� OH� IRQFWLRQQHPHQWGX� V\VWqPH�� /HV� SHUWXUEDWLRQV� LQGXLWHV� SDU� OH� FRQYHUWLVVHXU�� VDFRPPDQGH�HW� OH�FDSWHXU�PpFDQLTXH�VRQW�FKLIIUpHV�HQ�FRPSDUDQWOHV�SHUIRUPDQFHV�GH�O
HQVHPEOH��PDFKLQH�FRQYHUWLVVHXU��j�FHOOHVDWWHQGXHV�SDU�XQH�DOLPHQWDWLRQ�LGpDOH��&HWWH�pWXGH�SHXW�DORUV�rWUHPLVH� j� SURILW� SRXU� GpILQLU� XQ� PRGH� GH� SLORWDJH� SUpFLV� WRXW� HQPLQLPLVDQW�OH�UDSSRUW�FR�W���SHUIRUPDQFHV�
0RWV� FOpV±DOWHUQR�GpPDUUHXU�� FRPPDQGH� VFDODLUH�� PDFKLQHDV\QFKURQH�

,��,1752'8&7,21/H� WUDYDLO� SUpVHQWp� V¶LQVFULW� GDQV� XQ� YDVWH� SURJUDPPHG¶pWXGH� G¶XQ� �$OWHUQR�'pPDUUHXU� ,QWpJUp�� �$�'�,��� PHQp� HQFROODERUDWLRQ� HQWUH� OD� VRFLpWp� 9$/(2� HW� OH� /DERUDWRLUHG¶(OHFWURPpFDQLTXH� GH� &RPSLqJQH� �/�(�&��� DX� VHLQ� GHO¶8QLYHUVLWp� GH� 7HFKQRORJLH� GH� &RPSLqJQH� �8�7�&���� ,OFRQWULEXH� SOXV� SDUWLFXOLqUHPHQW�� GDQV� OH� FDGUH� G¶XQH� VROXWLRQGH� W\SH� DV\QFKURQH�� j� O¶RSWLPLVDWLRQ�GX� V\VWqPH�� SDU� OH� ELDLVG¶XQH�VLPXODWLRQ�ILQH�GH�OD�PDFKLQH��GX�FRQYHUWLVVHXU�HW�GH�VDFRPPDQGH�/
LGpH� GH� O
$�'�,�� FRQVLVWH� j� UHPSODFHU� SDU� XQH� VHXOHPDFKLQH�pOHFWULTXH�UpYHUVLEOH�O
DOWHUQDWHXU�HW�OH�GpPDUUHXU�G
XQYpKLFXOH�DXWRPRELOH�HW�j�LQWpJUHU�FHWWH�PDFKLQH�XQLTXH�DX�EORFPRWHXU��/
REMHFWLI�HVW�GH�UpGXLUH�OD�FRQVRPPDWLRQ�GH�FDUEXUDQWHW� OHV� pPLVVLRQV� GH� JD]� SROOXDQWV� JUkFH� j� GHX[� IRQFWLRQVIRQGDPHQWDOHV��x XQH� IRQFWLRQ� GpPDUUHXU� SHUIRUPDQWH� SRXU� GpOLYUHU� XQFRXSOH� pOHYp� �JDUDQWLVVDQW� OD� PLVH� HQ� PDUFKH� PrPHVRXV� WHPSpUDWXUH� WUqV� EDVVH�� HW� UpSpWLWLI� �GDQV� OHVIRQFWLRQQHPHQWV�GX�W\SH��6WRS�DQG�*R���TXL�VXSSRVHQWXQ� GpPDUUDJH� VLOHQFLHX[� HW� UDSLGH� GX� PRWHXU� jFRPEXVWLRQ��� /H� FRXUDQW� G
DSSHO� pWDQW� WUqV� IRUW� HW� ODPDFKLQH�VDWXUpH�� OD�GLIILFXOWp�PDMHXUH�HVW�GH� IRXUQLU� OHFRXSOH� UHTXLV� FRPSWH� WHQX� GHV� FRQWUDLQWHVG¶HQFRPEUHPHQW�� GHV� OLPLWDWLRQV� HQ� WHQVLRQ� HW� HQFRXUDQW� LPSRVpHV� SDU� OD� EDWWHULH� HW� GHV� FKXWHV� GHWHQVLRQ�HQ�OLJQH�HW�GDQV�OH�FRQYHUWLVVHXU��x XQ� PRGH� DOWHUQDWHXU� DYHF� XQH� IRQFWLRQ� �JpQpUDWLRQG
pQHUJLH�pOHFWULTXH��SRXU�j�OD�IRLV�UHFKDUJHU�OD�EDWWHULH

HW� IRXUQLU� O
pQHUJLH� pOHFWULTXH� QpFHVVDLUH� DX[pTXLSHPHQWV�GX�YpKLFXOH��'DQV�FH�FDV�� OD�SHUIRUPDQFHH[LJpH�VH�WUDGXLW�HQ�WHUPH�GH�SUpFLVLRQ�HW�GH�UHQGHPHQW�FDU� FH� IRQFWLRQQHPHQW� HVW� GH� WUqV� ORQJXH� GXUpH�/¶HQWUDvQHPHQW�GH�O¶DOWHUQDWHXU�SDU�OH�PRWHXU�WKHUPLTXHJpQqUH� XQH� IOXFWXDWLRQ� GH� OD� YLWHVVH� LQVWDQWDQpH�DF\FOLVPHV�� TXL� GRLW� rWUH� SULVH� HQ� FRPSWH� GDQV� ODFRPPDQGH�$�FHV� IRQFWLRQV�PLQLPDOHV� V
DMRXWHQW� OH� IUHLQDJH� pOHFWULTXHGX� YpKLFXOH� �DYHF� UpFXSpUDWLRQ� GH� O¶pQHUJLH� GH� IUHLQDJH�JUDWXLWH��� HW� OD� IRQFWLRQ� �GpFROODJH�� �DLGH� DX� GpPDUUDJH� HWDX[�DFFpOpUDWLRQV��1RWUH�pWXGH� FRQFHUQH�XQH� VROXWLRQ�GH� W\SH� DV\QFKURQH�� /HFRQYHUWLVVHXU� GH� SXLVVDQFH� TXL� O¶DOLPHQWH� HVW� XQ� RQGXOHXU� GHWHQVLRQ� j� PRGXODWLRQ� GH� ODUJHXU� G
LPSXOVLRQV� �0�/�,��� TXLSHUPHW� G
DVVHUYLU� OHV� FRXUDQWV� RX� OHV� WHQVLRQV� GH� SKDVH�� /DFRPPDQGH�DFWXHOOHPHQW�pWXGLpH�HVW�GH�W\SH�VFDODLUH��/¶XQ�GHVSUHPLHUV�REMHFWLIV�HVW�GH�YpULILHU�VL�XQH�WHOOH�FRPPDQGH�VXIILWSRXU� IDLUH� IDFH� DX[� UpJLPHV� WUDQVLWRLUHV� JpQpUpV� QRWDPPHQWSDU�OHV�DF\FOLVPHV�
,,��02'(/,6$7,21�'(�/$�0$&+,1(�$6<1&+521(/D� FRQFHSWLRQ� RSWLPDOH� GH� OD� PDFKLQH� HW� OD� YpULILFDWLRQH[SpULPHQWDOH� GH� VHV� SDUDPqWUHV� RQW� pWp� HIIHFWXpHV� SDU� GHVFKHUFKHXUV� GX� /�(�&��� /HXUV� WUDYDX[� QRXV� RQW� FRQGXLWV� jPRGpOLVHU� OH� FRPSRUWHPHQW� GH� OD� PDFKLQH� >�@� >�@� SDU� XQHDSSURFKH�YHFWRULHOOH�FODVVLTXH�HQ�\�DMRXWDQW�XQH�pYROXWLRQ�GHVYDOHXUV� GHV� SDUDPqWUHV� HQ� IRQFWLRQ� GX� QLYHDX� GH� VDWXUDWLRQ� �GXUDQW� OD� VLPXODWLRQ�� j� FKDTXH� SDV� GH� FDOFXO�� O¶pWDW� GHVDWXUDWLRQ�GH� OD�PDFKLQH�HVW� HVWLPp�SDU� OH�PRGXOH�GX�YHFWHXUGH� PDJQpWLVDWLRQ� GX� URWRU� HW� OD� YDOHXU� GHV� SDUDPqWUHV� HVWFRUULJpH� DYDQW� GH� SDVVHU� DX� SDV� VXLYDQW�� /HV� ILJXUHV� �� HW� �UHSUpVHQWHQW�O
pYROXWLRQ�GH�FHV�SDUDPqWUHV��

)LJ��� )LJ���
� -HDQ�0DULH� %LHGLQJHU� �87&�� SRXU� OD� FRQFHSWLRQ�� 6RNKD� /\� �9$/(2�SRXU�OHV�HVVDLV

6LPXODWLRQ�HW�RSWLPLVDWLRQ�GH�OD�FRPPDQGH�G¶XQ�$OWHUQR�'pPDUUHXU�,QWpJUp�DV\QFKURQH
$JQqV�.RQLHF]ND��-HDQ�3DXO�9LODLQ��-HDQ�0DULH� %LHGLQJHU��&pGULF�3ODVVH��6RNKD�/\

&ROODERUDWLRQ�HQWUH�OD�VRFLpWp�9$/(2�HW�OH�/DERUDWRLUH�G
(OHFWURPpFDQLTXH�GH�&RPSLqJQH
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5DSSHORQV� OHV� pTXDWLRQV� YHFWRULHOOHV� UDPHQpHV� DX� VWDWRU� HWEDVpHV�VXU�OD�WUDQVIRUPDWLRQ�GH�&ODUNH�>�@��>�@��
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GpVLJQH�FODVVLTXHPHQW�SDU�© YHFWHXU�FRXUDQW�GH�PDJQpWLVDWLRQGX�URWRU ª��/H�PRGXOH�GH�FH�YHFWHXU�HVW�XQ�LQGLFDWHXU�GH�O¶pWDWGH�VDWXUDWLRQ�GH�OD�PDFKLQH�
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 U5
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&HV� pTXDWLRQV� GLIIpUHQWLHOOHV� YHFWRULHOOHV� VRQW� LQWpJUDEOHVSDU�GHV�PpWKRGHV�GH�W\SH�(XOHU�RX�5XQJH�.XWWD�
,,,��02'(/,6$7,21�'8�',6326,7,) (;3(5,0(17$//D�PDFKLQH�HVW�DOLPHQWpH� © HQ� WHQVLRQ ª�RX�© HQ�FRXUDQW ª�/D� FRPPDQGH� HVW� GH� W\SH� VFDODLUH� �� HOOH� UHSRVH� VXU� OHVpTXDWLRQV� GX� UpJLPH� VWDWLTXH� WUDGXLVDQW� OH� FRPSRUWHPHQW� HQUpJLPH� pWDEOL�� /HV� ORLV� GH� FRPPDQGH� GpILQLVVHQW� GRQF� ODFRQVLJQH� G
DPSOLWXGH� GHV� JUDQGHXUV� G
HQWUpH� �WHQVLRQV� RXFRXUDQWV�� HW� OD� SXOVDWLRQ� GH� JOLVVHPHQW� Z U �� SRXU� XQ� REMHFWLIGH� FRXSOH� �HQ� PRGH� PRWHXU�� RX� GH� SXLVVDQFH� �HQ� PRGHDOWHUQDWHXU�� IL[p�� FHFL� HQ� IRQFWLRQ�GH� OD� YLWHVVH�� GH�PDQLqUH� jREWHQLU� OHV� SHUIRUPDQFHV� VRXKDLWpHV� HQ� UHVSHFWDQW� OHVFRQWUDLQWHV� G
DOLPHQWDWLRQ�� /D� SXOVDWLRQ� VWDWRULTXH� Z6 HVWIL[pH�SDU�O
DXWRSLORWDJH�IUpTXHQWLHO���Z6  ZU � S: ��: pWDQWOD�YLWHVVH�GH�URWDWLRQ�

&RPPH�OD�YLWHVVH�QH�UHVWH�SDV�FRQVWDQWH��F¶HVW�HQ�WHUPH�GHSRVLWLRQ�DQJXODLUH�TX¶LO�IDXW�UDLVRQQHU��
T6  Z6 GW  ZUGW � S:GW³³³  ZU³ GW � STPHF

/¶DUEUH�GH�OD�PDFKLQH�HVW�PXQL�G¶XQ�FDSWHXU� LQFUpPHQWDO�j© 1 S1P ª� SRLQWV� SDU� WRXU�� S� pWDQW� OH� QRPEUH� GH� SDLUHV� GHS{OHV�� &¶HVW� FHWWH� LQIRUPDWLRQ� TXL� HVW� XWLOLVpH� SRXUO¶DXWRSLORWDJH�� /D� ILJXUH� �� UHSUpVHQWH� OH� V\QRSWLTXH� GH� FHWWHFRPPDQGH�SRXU�XQH�DOLPHQWDWLRQ�HQ�WHQVLRQ�

)LJ������6\QRSWLTXH�G
XQH�DOLPHQWDWLRQ�HQ�WHQVLRQ
,9��$5&+,7(&785(�'(�/$�6,08/$7,21

$��6LPXODWLRQ�GH�O
HQVHPEOH��FRPPDQGH�FRQYHUWLVVHXU�PDFKLQH���/H� SURJUDPPH� V
DUWLFXOH� DXWRXU� GH� GLIIpUHQWV� EORFV� TXLSUHQQHQW� HQ� FRPSWH� WRXWHV� OHV� FRPSRVDQWHV� GX� GLVSRVLWLIH[SpULPHQWDO��x OD�PDFKLQH�DV\QFKURQH�HVW�PRGpOLVpH�SDU�VHV�pTXDWLRQVYHFWRULHOOHV� UDPHQpHV� DX� VWDWRU� H[SRVpHVSUpFpGHPPHQW��/HV�JUDQGHXUV�G
HQWUpH�VRQW�OHV�WHQVLRQVLQVWDQWDQpHV� LVVXHV� GH� O
RQGXOHXU�� /HV� JUDQGHXUV� GHVRUWLH�VRQW�OHV�FRXUDQWV��OHV�WHQVLRQV��OHV�IOX[��OH�FRXSOH�HWF«x OH�FDSWHXU�PpFDQLTXH�HVW�VLPXOp�DYHF�XQH�UpVROXWLRQ�GH�S1P��SRLQWV�SDU� WRXU�TXH� O¶RQ� FKRLVLW� j� YRORQWp�� DILQGH� PHWWUH� HQ� pYLGHQFH� O¶HIIHW� VXU� OH� FRPSRUWHPHQWG\QDPLTXH� GH� O¶HQVHPEOH�� /D� YLWHVVH� PpFDQLTXH� HVWXQH� JUDQGHXU� LQWHUPpGLDLUH� FDOFXOpH� TXH� QRXVUpLQMHFWRQV�GDQV�OD�FRPPDQGH��x OD� VRXUFH� FRQWLQXH� TXL� DOLPHQWH� O
RQGXOHXU� HVW� XQHEDWWHULH�FRPSOpWpH�SDU�XQH�OLJQH�HW�XQ�FRQGHQVDWHXU�GHGpFRXSODJH�j�SUR[LPLWp�LPPpGLDWH�GX�FRQYHUWLVVHXU��/HPRGqOH� GH� OD� EDWWHULH� GLIIqUH� VHORQ� TX
HOOH� GpELWH� RXTX
HOOH�UHoRLW�GH�O
pQHUJLH��

%DWWHULH 2QGXOHXU/LJQH 0$6
&RPPDQGH�GHV�LQWHUUXSWHXUV

(TXDWLRQV�GX�UpJLPH�pWDEOL
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X� X�X�� �X�� X��&RQVLJQHV��GH�WHQVLRQV�GH�SKDVH
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&RQVLJQH�GH�9HFWHXU�WHQVLRQ�0RGXOH�HW�SKDVH8V&RQVLJQH�GH�9HFWHXU�WHQVLRQ�0RGXOH�HW�JOLVVHPHQW ZU
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x O
RQGXOHXU� GH� WHQVLRQ� WULSKDVp� HVW� XQH� VWUXFWXUHFODVVLTXH�j�WURLV�EUDV�GH�SRQW�>�@���FKDTXH�EUDV�GH�SRQWHVW� FRQVWLWXp�GH�026)(7V� HW� GH� GLRGHV� GH� URXH� OLEUH�/HV� JUDQGHXUV� G
HQWUpH� GH� FH�PRGXOH� VRQW� OHV� VLJQDX[GH� FRPPDQGH� GHV� WUDQVLVWRUV�� /HV� WHQVLRQV� GH� VRUWLHVRQW�FDOFXOpHV�HQ� OLDLVRQ�DYHF� OD� UpDFWLRQ�GH� OD�FKDUJH�7DQW�TX¶XQ�026)(7�HVW�FRPPDQGp�� LO�HVW�FRQGXFWHXUTXHOTXH�VRLW�OH�VHQV�GX�FRXUDQW��4XDQG�LO�QH�O¶HVW�SOXV�OH�VHQV�GX�FRXUDQW�GDQV�OD�FKDUJH�GpWHUPLQH�OD�GLRGH�GHURXH� OLEUH� HQ� VHUYLFH�� 1RXV� SRXYRQV� DORUV� HVWLPHU� ODYDOHXU� LQVWDQWDQpH� GH� OD� WHQVLRQ� GH� VRUWLH� GX� EUDV� GHSRQW� HQ� SUHQDQW� HQ� FRPSWH� OHV� FKXWHV� GH� WHQVLRQ� GDQVOHV� FRPSRVDQWV� HQ� FRQGXFWLRQ�� 1RXV� FDOFXORQVpJDOHPHQW� OHV� SHUWHV� GDQV� FKDTXH� EUDV� GH� SRQW� HW� OHFRXUDQW� LQVWDQWDQp� DEVRUEp� HQ� HQWUpH� GH� O
RQGXOHXU�DLQVL�TX
HQ�DPRQW�GH�OD�FDSDFLWp�GH�GpFRXSODJH�
%��2SWLRQV�GH�OD�VLPXODWLRQ��(Q� PRGH� PRWHXU�� QRXV� IL[RQV� XQ� REMHFWLI� GH� FRXSOH�� HQPRGH� DOWHUQDWHXU� XQ� REMHFWLI� GH� SXLVVDQFH� pOHFWULTXH�� 'DQVFKDFXQ�GHV�FDV��OHV�ORLV�GH�FRPPDQGH�VRQW�pODERUpHV�GH�IDoRQj�YLVHU�XQ�IRQFWLRQQHPHQW�RSWLPDO�FDOFXOp�GDQV�O¶K\SRWKqVH�R�OHV� IRUPHV� G¶RQGH� VHUDLHQW� SDUIDLWHPHQW� VLQXVRwGDOHV�� /HVJUDQGHXUV�DVVRFLpHV�j�FH�SRLQW�VRQW�GLWHV��WKpRULTXHV���'
DXWUHSDUW��O
HIIHW�GH�O
pFKDQWLOORQQDJH�HVW�PLV�HQ�pYLGHQFH�ORUVTXH�OHVDQJOHV� GH� SRVLWLRQ� DQJXODLUHV� VWDWRULTXH�� URWRULTXH� HWPpFDQLTXH� VRQW� GLVFUpWLVpV� j� 1V�� 1U� HW� 1P� pFKDQWLOORQV� SDUSpULRGH��HFK�7���/D�PDFKLQH�SHXW�rWUH�DOLPHQWpH�HQ�WHQVLRQ�RXHQ�FRXUDQW��VRLW�VRXV�DOLPHQWDWLRQ�LGpDOH��XWRSLTXH���VRLW�VRXVDOLPHQWDWLRQ�FRQFUqWH�YLD�XQ�RQGXOHXU�
4XDWUH�VWUDWpJLHV�G
DOLPHQWDWLRQ�HQ�WHQVLRQ�VRQW�pODERUpHV��x SDU� GHV� WHQVLRQV� SDUIDLWHPHQW� VLQXVRwGDOHV�� &H� W\SHG
DOLPHQWDWLRQ�HVW�GHVWLQp�j�YDOLGHU�OH�PRGqOH�HQ�UpJLPHpWDEOL� HW� YpULILHU� TXH� QRXV� UHWURXYRQV� ELHQ� OHV� YDOHXUVGLWHV�WKpRULTXHV��x SDU�XQ�RQGXOHXU�GH�WHQVLRQ�SOHLQH�RQGH�j�GHX[�QLYHDX[GH�WHQVLRQ��732����x SDU� XQ� RQGXOHXU� GH� WHQVLRQ� j� 0�/�,�� DYHF� GHX[VWUDWpJLHV�SRVVLEOHV��¾ PRGXODWLRQ�GX�YHFWHXU�G
HVSDFH�GH�W\SH�EDU\FHQWULTXH�70/,E��>�@��¾ PRGXODWLRQ� EUDV� SDU� EUDV� HQ� ERXFOH� IHUPpH� DYHFFRPSDUDLVRQ� j� XQH� GHQW� GH� VFLH� �70/,�� OLQpDLUH�70/,O��RX�H[SRQHQWLHOOH��70/,H��
3RXU�XQH�DOLPHQWDWLRQ�HQ�FRXUDQW��GHX[�W\SHV�G
DOLPHQWDWLRQVRQW�VLPXODEOHV��x IRUPHV�G
RQGH�VLQXVRwGDOHV��x RQGXOHXU� GH� WHQVLRQ� j� 0�/�,�� UpJXOp� HQ� FRXUDQW� SDUK\VWpUpVLV�VXU�OHV�WURLV�EUDV�GH�SRQW��,K��/HV�VLPXODWLRQV�YRQW�SHUPHWWUH�G¶DQDO\VHU�OH�FRPSRUWHPHQWGX�V\VWqPH�FRPSWH� WHQX�GX�PRGH�G¶DOLPHQWDWLRQ�FKRLVL� HW�GHOH� FRPSDUHU� DX� IRQFWLRQQHPHQW� WKpRULTXH�� &RPPH� HOOHVV¶DSSXLHQW� VXU� OHV� pTXDWLRQV� GX� UpJLPH� G\QDPLTXH�� HOOHV

SHUPHWWHQW� GH� YLVXDOLVHU� XQ� UpJLPH� WUDQVLWRLUH� RX� XQ� UpJLPHpWDEOL�
9��&203$5$,621�'(6�3(5)250$1&(6��0$&+,1(�&219(57,66(85��68,9$17�/(�7<3(�'(�&200$1'(3RXU� FKDFXQH� GHV� GLIIpUHQWHV� VWUDWpJLHV� GH� FRPPDQGHPRGpOLVpHV�� QRXV� REVHUYRQV� O
pYROXWLRQ� GHV� JUDQGHXUV� HQIRQFWLRQ� GX� WHPSV�� ,O� V
DJLW� GHV� FRXUDQWV� HW� WHQVLRQVVWDWRULTXHV�� GX� FRXSOH� pOHFWURPDJQpWLTXH�� GH� OD� YLWHVVHPpFDQLTXH��GHV�GLIIpUHQWV�DQJOHV�GH�SRVLWLRQ�DQJXODLUHV��GH� ODWHQVLRQ� HW� GX� FRXUDQW� HQ� HQWUpH� GH� O
RQGXOHXU�� 'LIIpUHQWHVJUDQGHXUV�YHFWRULHOOHV� �FRXUDQW� HW� WHQVLRQ� VWDWRULTXHV�� FRXUDQWURWRULTXH�� FRXUDQW�PDJQpWLVDQW� GX� URWRU�� WHQVLRQ� GH� FRQVLJQH�WHQVLRQ�VWDWRULTXH� ILOWUpH��VRQW�DXVVL� UHSUpVHQWpHV�� VRLW�GDQV� OHUHSqUH� VWDWRULTXH�� VRLW� GDQV� FHOXL� GX� FRXUDQW� PDJQpWLVDQW� GXURWRU�� /D� ILJXUH� �� HVW� XQ� H[HPSOH� GH� VLPXODWLRQ� SRXU� XQHDOLPHQWDWLRQ� HQ� FRXUDQW� �,K��� HQ� PRGH� DOWHUQDWHXU� DYHF� OHVFRQGLWLRQV� GX� UpJLPH� pWDEOL� HW� j� IUpTXHQFH� VWDWRULTXHFRQVWDQWH�

)LJ������([WUDLW�G
XQH�VLPXODWLRQ
/D�UpSRQVH�G\QDPLTXH�GX�V\VWqPH�HVW�DLQVL�WUDFpH�HQ�PRGHPRWHXU�RX�HQ�PRGH�DOWHUQDWHXU�DYHF�GLIIpUHQWV�REMHFWLIV�HW�DYHFDXWRSLORWDJH��3RXU�FKDTXH�SRLQW�GH�IRQFWLRQQHPHQW��OHV�YDOHXUVPR\HQQHV� GHV� GLIIpUHQWHV� JUDQGHXUV� GX� GLVSRVLWLI� �FRXUDQWV�WHQVLRQV�� RQGXODWLRQV� GH� FRXSOH�� SXLVVDQFHV�� SHUWHV«�� VRQWFDOFXOpHV� VXU� OD� GHUQLqUH� SpULRGH� GH� OD� VLPXODWLRQ�� /
H[HPSOHG
XQ� WDEOHDX�GH�YDOHXUV� WHO�TX
LO� DSSDUDvW� VXU� OD� VLPXODWLRQ�HVWGRQQp� FL�GHVVRXV� �� LO� V
DJLW� G
XQH� DOLPHQWDWLRQ� HQ� WHQVLRQ� SDUXQ� RQGXOHXU� j� 0�/�,�� �70/,E�� HQ� PRGH� DOWHUQDWHXU� HW� HQUpJLPH�pWDEOL�SRXU�XQ�REMHFWLI�GH�SXLVVDQFH�GH���N:�DYHF�1V�1U�HW�1P�IL[pV�j����HFK�7��
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(Q�SUHPLHU�OLHX��FHV�VLPXODWLRQV�QRXV�RQW�SHUPLV�GH�YDOLGHUQRWUH�PRGqOH� HQ� UpJLPH� pWDEOL�� OHV� HUUHXUV� pWDQW� QpJOLJHDEOHVSRXU� O
DOLPHQWDWLRQ� HQ� WHQVLRQ� SDU� GHV� IRUPHV� G
RQGHSDUIDLWHPHQW�VLQXVRwGDOHV��YRLUH�SUDWLTXHPHQW�QXOOHV�SRXU�XQHDOLPHQWDWLRQ� SDU� GHV� FRXUDQWV� SDUIDLWHPHQW� VLQXVRwGDX[�SXLVTXH�QRXV�DYRQV�XQ�GHJUp�HQ�PRLQV�GDQV�OD�UpVROXWLRQ�GHVpTXDWLRQV�GLIIpUHQWLHOOHV��(Q� FH� TXL� FRQFHUQH� O
DOLPHQWDWLRQ� HQ� WHQVLRQ� SDU� XQRQGXOHXU� j� 0�/�,�� �70/,��� O
XWLOLVDWLRQ� � G
XQH� GHQW� GH� VFLHOLQpDLUH�RX�H[SRQHQWLHOOH�LQIOXH�GH�PDQLqUH�LQILPH�'
DXWUH� SDUW�� GLVFUpWLVHU� OHV� GLIIpUHQWV� DQJOHV� GH� SRVLWLRQDQJXODLUHV� SHUWXUEH� GDYDQWDJH� OH� IRQFWLRQQHPHQW� GX� V\VWqPHTXHOV� TXH� VRLHQW� OH� W\SH� G
DOLPHQWDWLRQ� HW� OH� PRGH� GHIRQFWLRQQHPHQW�� &HWWH� REVHUYDWLRQ� V
DYqUH� IODJUDQWH� DYHFO
DOLPHQWDWLRQ�HQ�WHQVLRQ�SOHLQH�RQGH�732���(OOH�HVW�FHSHQGDQWPRLQV� YLVLEOH� DYHF� OHV� DOLPHQWDWLRQV� HQ� WHQVLRQ� YLD� XQRQGXOHXU� j� 0�/�,�� � �70/,E�� 70/,O� HW� 70/,H�� HQ� � PRGHPRWHXU�(QILQ��FHV�GLIIpUHQWHV�VLPXODWLRQV�UpYqOHQW� OD�VXSpULRULWp�GHOD�PRGXODWLRQ�EDU\FHQWULTXH��70/,E��
9,��52/(�'8�&$37(85�'(�326,7,21�0(&$1,48($ILQ� GH� SUHQGUH� HQ� FRPSWH� O
HIIHW� GX� FDSWHXU� GH� SRVLWLRQPpFDQLTXH��QRXV�DYRQV� IDLW� YDULHU�1P� UpJXOLqUHPHQW� GH� ��� j����HFK�7��DORUV�TXH�1V�HW�1U�VRQW�IL[pV�j�����/D� ILJXUH� �� UHSUpVHQWH� OHV� YDULDWLRQV� GHV� RQGXODWLRQV� GHFRXSOH� PR\HQQHV� SRXU� XQH� DOLPHQWDWLRQ� HQ� WHQVLRQ� SDU� GHVIRUPHV�G
RQGH�VLQXVRwGDOHV��

)LJ������2QGXODWLRQV�GH�FRXSOH�PR\HQQHV�SRXU�XQHDOLPHQWDWLRQ�HQ�WHQVLRQ�SDU�GHV�IRUPHV�G
RQGH�VLQXVRwGDOHV
,O� HVW� LQWpUHVVDQW�GH� FRQVWDWHU� TX
DXJPHQWHU�1P�Q
DPpOLRUHSDV� V\VWpPDWLTXHPHQW� OHV� SHUIRUPDQFHV� GX� GLVSRVLWLI�� 'HVHIIHWV� GH� EDWWHPHQW� VH� SURGXLVHQW� ORUVTXH� OH� QRPEUHG
pFKDQWLOORQV� GHV� GLIIpUHQWV� DQJOHV� GH� SRVLWLRQ� DQJXODLUHVGHYLHQQHQW�SURFKHV�HW�UHQGHQW�DLQVL�OH�V\VWqPH�DV\PpWULTXH�
$ILQ� G
pWXGLHU� FH� SKpQRPqQH�� QRXV� DYRQV� j� QRXYHDXHIIHFWXp� FHV� VLPXODWLRQV�� GDQV� OHV� PrPHV� FRQGLWLRQV�� j� ODGLIIpUHQFH�SUqV�GH�1V�HW�1U�IL[pV�j�SUpVHQW�j������HFK�7��1PYDULH��OXL��GH����j�����HFK�7��&HWWH� pWXGH� PRQWUH� TXH� OH� FDSWHXU� GH� SRVLWLRQ� PpFDQLTXHDIIHFWH� OH� FRPSRUWHPHQW� GX� V\VWqPH�� VXLYDQW� OH� W\SH� GHFRPPDQGH� HW� OH� QRPEUH� G
pFKDQWLOORQV� SDU� SpULRGH�� &HVSHUWXUEDWLRQV�QH�YDULHQW�SDV�GH�OD�PrPH�IDoRQ�VXLYDQW�OH�W\SHG
DOLPHQWDWLRQ�

9,,��&21&/86,217RXW� G
DERUG�� HQ� FRPSDUDQW� OHV� SHUIRUPDQFHV� GH� FKDTXHVWUDWpJLH� GH� FRPPDQGH� pODERUpH� j� FHOOHV� DWWHQGXHV� SDU� XQHDOLPHQWDWLRQ� SDUIDLWHPHQW� LGpDOH�� QRXV� SRXYRQV� PHWWUH� HQpYLGHQFH� FHOOH� TXL� HVW� OD� PLHX[� DGDSWpH� DX� SRLQW� GHIRQFWLRQQHPHQW� RSWLPDO�� -XVTX
j� SUpVHQW�� OHV� VLPXODWLRQVUpYqOHQW�TXH�O
DOLPHQWDWLRQ�SDU�XQ�RQGXOHXU�GH�WHQVLRQ�j�0�/�,�DYHF� OD� VWUDWpJLH� GH�PRGXODWLRQ� SDU� YHFWHXU� G
HVSDFH� GH� W\SHEDU\FHQWULTXH� V
DYqUH� FHOOH� TXL� HQJHQGUH� OH� PRLQV� GHSHUWXUEDWLRQ� VXU� OH� FRPSRUWHPHQW� GX� V\VWqPH�� ,O� QRXV� UHVWH� jSUHQGUH�HQ�FRPSWH� O
HIIHW�GHV�DF\FOLVPHV�SRXU�FRQIRUWHU� FHWWHK\SRWKqVH�� 1RXV� GLVSRVHURQV� DORUV� G
XQ� RXWLO� GH� VLPXODWLRQDYHF�OHTXHO�QRXV�SRXUURQV�H[SORLWHU�OHV�UpVXOWDWV�VXU�XQH�ODUJHJDPPH�G
REMHFWLIV�HQ�PRGH�PRWHXU�HW�HQ�PRGH�DOWHUQDWHXU��WHOOH�IRQFWLRQQHPHQW�GH�O
$�'�,�
5()(5(1&(6>�@ -��0��%LHGLQJHU���(QWUDvQHPHQWV�pOHFWULTXHV�j�YLWHVVH�YDULDEOH��7RPH����0DFKLQHV�$V\QFKURQHV��� SRO\FRSLp� GX� FRXUV� GH�0&�����8QLYHUVLWp� GH7HFKQRORJLH�GH�&RPSLqJQH�������>�@ *�� 6pJXLHU� �� )�� 1RWHOHW�� �(OHFWURWHFKQLTXH� LQGXVWULHOOH��� 7HFKQLTXH� HW'RFXPHQWDWLRQ�������

MAS_étoile_alt:-9N.m_3000tr/min (en régime établi) ; alim en 
tensions sin

0,01

0,02

0,03

0,04

0,05

0,06

0,07

0,08

0,09

0,1

ond Cem_moy (Nm)          

Valeur moyenne sur la dernière période de la simulation pour différents échantillonnages de 
l'angle de position mécanique, les autres étant à 256 échantillons par tour

N.m

24 ech 48 ech 96 ech 144 ech 192 ech 240 ech
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>�@ -��3��&DURQ�±�-��3�� +DXWLHU�� �0RGpOLVDWLRQ� HW�FRPPDQGH�GH� OD�PDFKLQHDV\QFKURQH���0pWKRGHV�HW�3UDWLTXHV�GH�O
,QJpQLHXU�������>�@ &��7��3DQ�DQG�-�-�6KLHK���1HZ�6SDFH�&RQWRO�6WUDWpJLHV�IRU�7KUHH�3KDVH6WHS�8S�'RZQ� $&�'&� &RQYHUWHU��� 7UDQVDFWLRQV� RQ� ,QGXVWULDO(OHFWURQLFV��YRO������Q�����SS���������)HEUXDU\������>�@ *��6pJXLHU���/
pOHFWURQLTXH�GH�SXLVVDQFH���/HV�IRQFWLRQV�GH�EDVH�HW�OHXUVSULQFLSDOHV�DSSOLFDWLRQV���'XQRG�����>�@ &�� /HVEURXVVDUW�� �(WXGH� G
XQH� VWUDWpJLH� GH� PRGXODWLRQ� GH� ODUJHXUG
LPSXOVLRQ�SRXU�XQ�RQGXOHXU�GH�WHQVLRQ�WULSKDVp�j�GHX[�RX�WURLV�QLYHDX[�� OD� 0RGXODWLRQ� 'HOWD� 6LJPD� 9HFWRULHOOH��� /DERUDWRLUHG
(OHFWURPpFDQLTXH��8QLYHUVLWp�GH�7HFKQRORJLH�GH�&RPSLqJQH�������


