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&RQVHUYDWRLUH�QDWLRQDO�GHV�DUWV�HW�PpWLHUV������UXH�VDLQW�0DUWLQ�������3DULV�FHGH[ ��5(680(/H�FRQWH[WH�pQHUJpWLTXH�HW�HQYLURQQHPHQWDO�GH�FH�GpEXW�GH���qPH VLqFOH� LPSRVH�j� O¶LQJpQLHXU�pQHUJpWLFLHQ�G
RSWLPLVHU�VDQV�UHOkFKH� OHV�UHQGHPHQWV�GHV�PRWHXUV�HW�PDFKLQHV� WKHUPLTXHV�HQ�UpGXLVDQW�GH�PDQLqUH�GUDVWLTXH� OHXUV�VRXUFHV�GH�QXLVDQFHV�
/¶DSSOLFDWLRQ� GX� FRQFHSW� GH� YDORULVDWLRQ� GHV� UHMHWV� WKHUPLTXHV� HVW� LOOXVWUp� SDU� TXHOTXHV� H[HPSOHV� UHSUpVHQWDWLIV� GH�FRJpQpUDWLRQ�SDU�WXUELQH�j�JD]�HW�PRWHXU�'LHVHO��2Q�SUpVHQWH�HQVXLWH�OHV�UpVXOWDWV�GpWDLOOpV�G
XQH�PRGpOLVDWLRQ�GH�F\FOHV�WKHUPRG\QDPLTXHV�FRPELQpV�HQ�YXH�GH�PD[LPLVHU�O¶HIILFDFLWp�GH�OD�FRQYHUVLRQ�G¶pQHUJLH�
/H�FDOFXO�PRQWUH�TXH�FHV�F\FOHV�D�SULRUL�UpDOLVDEOHV� LQGXVWULHOOHPHQW�SHXYHQW�JpQpUHU�XQH�DPpOLRUDWLRQ�SRWHQWLHOOH�GH�O
RUGUH�GH����j�����GH�O¶HIILFDFLWp�pQHUJpWLTXH��,OV�HQJHQGUHQW�pYLGHPPHQW�XQH�FRPSOH[LWp�WHFKQRORJLTXH�HW�OH�VXUFR�W�FRPSOpPHQWDLUH� UHVWH� j� FKLIIUHU�� 2Q� FRQFOXW� HQ� LQVLVWDQW� VXU� O¶LQWpUrW� GH� UHQIRUFHU� OD� V\QHUJLH� TXL� H[LVWH� HQWUH� OHV�WXUERPDFKLQHV�HW�OHV�PRWHXUV�DOWHUQDWLIV�0276�&/(6��WXUELQH�j�JD]��PRWHXUV�j�FRPEXVWLRQ�LQWHUQH��FRJpQpUDWLRQ��UHQGHPHQW��F\FOHV�WKHUPRG\QDPLTXHV

02'(//,1*�2)�(1(5*<�5(&29(5<�32:(5�81,76:,7+�*$6�785%,1(6�$1'�7+(50$/�(1*,1(6$%675$&77KH� FXUUHQW� HQYLURQPHQWDO� FRQWH[W� GLFWDWHV� WR� UHGXFH� WKH� SROOXWLRQ� HPLVVLRQV� E\� LPSURYLQJ� WKHUPDO� HIILFLHQF\� RI� WKH�HQHUJHWLF� XQLWV� SURGXFWLRQ��7KH� DXWKRUV� SUHVHQW� VRPH� H[DPSOHV� RI� FRJHQHUDWLRQ� DSSOLFDWLRQV� XVLQJ� JDV� WXUELQHV� DQG�WKHUPDO� HQJLQHV��7KH�RQ�JRLQJ� UHVHDUFK�FRQFHUQV�D�GHWDLOHG� VWXG\�RI�D� WKHUPRG\QDPLF�PRGHOOLQJ�F\FOHV�ZLWK�HQHUJ\�UHFRYHU\�
7KHVH� FRPELQHG� F\FOHV� ZLWK� JDV� WXUELQH� DQG� ,&(� FDQ� JHQHUDWH� D� SRWHQWLDO� LQFUHDVH� DERXW� ���� RI� WKH� HQHUJHWLF�HIILFLHQF\��7KH\�JHQHUDWH�D�WHFKQRORJLFDO�FRPSOH[LW\�DQG�WKH�RYHU�FKDUJH�VWD\V�WR�HVWLPDWH��,Q�ODVW��WKH�DXWKRUV�LQVLVW�RQ�WKH�QHFHVVDU\�V\QHUJ\�EHWZHHQ�JDV�WXUELQHV�DQG�WKHUPDO�HQJLQHV�.H\�ZRUGV��JDV�WXUELQH��LQWHUQDO�FRPEXVWLRQ�HQJLQH��FRJHQHUDWLRQ��HIILFLHQF\��HQHUJ\�UHFRYHU\��F\FOHV
,1752'8&7,21/H� UHQGHPHQW� G¶XQH�PDFKLQH� WKHUPLTXH� V¶H[SULPH� SDU�OH� UDSSRUW� GH� O¶pQHUJLH� PpFDQLTXH� Z� SURGXLWH� HW� GH�O¶pQHUJLH�WKHUPLTXH�T�UHoXH��/¶H[HUJLH�([ GH�FH�IOX[�GH�FKDOHXU� T� j� XQ� QLYHDX� GH� WHPSpUDWXUH�7� FRUUHVSRQG� DX�WUDYDLO�Z�UpFXSpUDEOH�VXU�O¶DUEUH�
'DQV�OH�FDV�G¶XQH�VXFFHVVLRQ�G¶pYROXWLRQV�LGpDOLVpHV��OH�UHQGHPHQW� PD[LPDO� GH� OD� WUDQVIRUPDWLRQ� HVW� pJDO� DX�UHQGHPHQW� GH� &DUQRW� KF� �UHODWLRQ� ���� /H� WUDYDLO�PpFDQLTXH� Z� DVVRFLp� j� FHWWH� TXDQWLWp� GH� FKDOHXU� T�UpSRQG� j� O¶pJDOLWp� ���� R�� 7� HW� 7� LGHQWLILHQW� OHV�WHPSpUDWXUHV�UHVSHFWLYHV�GH�O¶pPHWWHXU�HW�GX�UpFHSWHXU�

F 77K  �� � ���
»¼º«¬ª � 77TZ �� ���

/HV� FRQWUDLQWHV� WHFKQRORJLTXHV� PLQRUHQW� GH� PDQLqUH�PDUTXpH� OH� UHQGHPHQW� KJ GX� PRWHXU� H[SULPp� VHORQ� OD�UHODWLRQ�����R��:DUEUH� LGHQWLILH�OD�SXLVVDQFH�PpFDQLTXH�

SURGXLWH�� P� �&[+\�� OH� GpELW�PDVVH� GH� FDUEXUDQW�� 3FL� OH�SRXYRLU�FDORULILTXH�LQIpULHXU�
3FL+&P :

\[ DUEUHJ ���� � K ���
&HWWH� UHODWLRQ� WUDGXLW� O¶LQDSWLWXGH� GH� OD� PDFKLQH�WKHUPLTXH� j� WUDQVIRUPHU� LQWpJUDOHPHQW� O¶pQHUJLH�FKLPLTXH� FRQWHQXH� GDQV� OH� FDUEXUDQW� HQ� pQHUJLH�PpFDQLTXH�UpFXSpUDEOH�VXU� O¶DUEUH��8QH�SDUW� LPSRUWDQWH�GH� O¶pQHUJLH� GX� FRPEXVWLEOH� HVW� HQ� HIIHW� UHMHWpH� j�O¶DWPRVSKqUH� VRXV� IRUPH� G¶pQHUJLH� WKHUPLTXH�� /H�PpODQJH� UpDFWLI� HVW� WUDQVIRUPp� HQ� FKDOHXU� j� KDXWH�WHPSpUDWXUH�DX�PRPHQW�GH�OD�UpDFWLRQ�GH�FRPEXVWLRQ�
&HWWH� pQHUJLH� WKHUPLTXH� HVW� HQVXLWH� FRQYHUWLH�SDUWLHOOHPHQW�HQ WUDYDLO�PpFDQLTXH�VXU�O¶DUEUH��O¶pQHUJLH�WKHUPLTXH� UHVWDQWH� pWDQW� UHMHWpH� j� O¶DWPRVSKqUH� TXL�FRQVWLWXH� OH� UpFHSWHXU� XVXHO�� /H� ELODQ� GH� FRQVHUYDWLRQ�G¶pQHUJLH� UpSRQG� j� OD� UHODWLRQ� ���� H[SULPpH� HQ� UpJLPH�VWDWLRQQDLUH��K�HVW�O¶HQWKDOSLH�VWDWLTXH��Y�OD�YLWHVVH��P� OH�
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GpELW� PDVVH� GX� PpODQJH� JD]HX[�� :DUEUH� OD� SXLVVDQFH�SURGXLWH� VXU� O¶DUEUH�� 4N� OD� SXLVVDQFH� WKHUPLTXH�pFKDQJpH� SDU� FKDFXQ� GHV� N� VRXV�HQVHPEOHV� GX� PRWHXU�DYHF� O¶H[WpULHXU�� OHV� LQGLFHV� �� HW� �� LGHQWLILDQW� OHV� pWDWV�pQHUJpWLTXHV� UHVSHFWLIV� j� O¶HQWUpH� HW� j� OD� VRUWLH� GH� OD�PDFKLQH�WKHUPLTXH� ¦��»¼º«¬ª ��»¼º«¬ª � N NDUEUH 4:PYKPYK ���� �������� ���
���

/H� ELODQ� G
pYROXWLRQ� G
HQWURSLH� UHVWUHLQW� DX[� WUDQVIHUWV�WKHUPLTXHV�UpSRQG�j�OD�UHODWLRQ�����GDQV�ODTXHOOH�4�HVW�OD�TXDQWLWp�GH�FKDOHXU�pFKDQJpH�DYHF�O¶H[WpULHXU�DX�QLYHDX�GH�WHPSpUDWXUH�7��GI�UHSUpVHQWH�OD�GLVVLSDWLRQ�G¶pQHUJLH�XWLOLVDEOH�HQ�FKDOHXU� I47G6 GG � ���
/
DSSOLFDWLRQ�GHV�ELODQV�>�@�j�>�@�HVW�j�OD�EDVH�GX�VFKpPD�GH�PRGpOLVDWLRQ� TXL� HVW� GpYHORSSp� GDQV� OD� VXLWH� GH� FHW�DUWLFOH�� 2Q� DERXWLW� j� XQ� HQVHPEOH� GH� SUpFRQLVDWLRQV�GHVWLQpHV� j� SURPRXYRLU� XQH� XWLOLVDWLRQ� FRQMRLQWH� GHV�WXUERPDFKLQHV�WKHUPLTXHV�HW�GHV�PRWHXUV�DOWHUQDWLIV�
&21&(37� '(� 5(&83(5$7,21�'¶(1(5*,(
/¶DQDO\VH� GX� ELODQ� pQHUJpWLTXH� G¶XQH� PDFKLQH�WKHUPLTXH� PRQWUH� TXH� GH� O¶RUGUH� GH� �� j� ���� GH�O¶pQHUJLH�WKHUPLTXH GpJDJpH�ORUV�GH�OD�FRPEXVWLRQ�VRQW�pYDFXpV� VRXV� OD� IRUPH� GH� UHMHWV� WKHUPLTXHV� VHORQ� TX¶LO�V¶DJLW�G¶XQ�PRWHXU�GH����FP� GH�PRWRF\FOHWWH�RX�G¶XQH�LQVWDOODWLRQ�pQHUJpWLTXH�GRQW�O¶XQLWp�GH�SXLVVDQFH�HVW�GH�O¶RUGUH�GX�0:�RX�GDYDQWDJH�
/D� SODJH� XVXHOOH� GH� FRQYHUVLRQ� G
pQHUJLH� FKLPLTXH� HQ�pQHUJLH�PpFDQLTXH�UHFXHLOOLH�VXU�O¶DUEUH�G¶XQ�PRWHXU�GH�FHQWUDOH�pOHFWULTXH�pYROXH�FODVVLTXHPHQW�GDQV�XQH�SODJH�GH����j�����VHORQ�OH�QLYHDX�GH�SXLVVDQFH�SURGXLW��,O�HVW�GRQF� QDWXUHO� GH� YDORULVHU� OHV� UHMHWV� WKHUPLTXHV� DILQ� GH�PLHX[� XWLOLVHU� O¶pQHUJLH� SULPDLUH�� 8Q� FDV� XVXHO�G¶DSSOLFDWLRQ� FRQFHUQH� OD� SURGXFWLRQ� VLPXOWDQpH�G¶pOHFWULFLWp� HW� G¶pQHUJLH� WKHUPLTXH� VRXV� OD� IRUPH� GH�FKDOHXU�RX�GH�IURLG�>����@�
/D� ILJXUH� �� LOOXVWUH� OHV� GRPDLQHV� GH� SUpGLOHFWLRQ� GHV�PRWHXUV� HW� GHV� WXUERPDFKLQHV� WKHUPLTXHV� HW� O¶RQ�FRQVWDWH� TXH� GDQV� OD� SODJH� GHV� SXLVVDQFHV� PRGpUpHV��O¶HIILFDFLWp�GH�OD�FRQYHUVLRQ�G¶pQHUJLH�GX�PRWHXU�'LHVHO�HVW� SUpSRQGpUDQWH� WDQGLV� TXH� OD� WHQGDQFH� V¶LQYHUVH�QHWWHPHQW� DX� GHOj� G¶XQ� QLYHDX� GH� SXLVVDQFH� GH� O¶RUGUH�GH���0:�>�@�
7XUELQH�j�JD]/D� ILJXUH� �� LOOXVWUH� OH� FDV� G¶XQH� LQVWDOODWLRQ� FRJpQpUpH�SDU� WXUELQH� j� JD]� VXU� VRQ� SRLQW� QRPLQDO� GH�IRQFWLRQQHPHQW�� /D� SXLVVDQFH� PpFDQLTXH� SURGXLWH� DX[�ERUQHV�GH�O¶DOWHUQDWHXU�HVW�GH������N:��/H�GpELW�GH�JD]�j� O¶pFKDSSHPHQW� HVW� pJDO� j� ����� NJ�V� HW OD� SXLVVDQFH�

WKHUPLTXH� UpFXSpUpH� HVW� pJDOH� j� ����� N:� HQ�UHIURLGLVVDQW�OHV�JD]�G¶pFKDSSHPHQW�GH������j�����&�
/H�GpELW�G¶HDX�FKDXGH�HVW�pJDO�j�������NJ�K�WDQGLV�TXH�OD�SURGXFWLRQ�GH�YDSHXU� VDWXUpH�j���E�HVW�GH� O¶RUGUH�GH������� NJ�K�� /¶HIILFDFLWp� pQHUJpWLTXH� GH� OD� FRQYHUVLRQ�G¶pQHUJLH� SULPDLUH� HQ� pQHUJLH� PpFDQLTXH� HW� WKHUPLTXH�HVW�DLQVL�GH�O¶RUGUH�GH�����

)LJXUH� ��� &RPSDUDWLYH� HQHUJ\� UHFRYHU\�DSSOLFDWLRQ�

)LJXUH� ��� (QHUJ\� UHFRYHU\� ZLWKLQ� D� JDV�WXUELQH�
0RWHXU�'LHVHO/D� ILJXUH� �� LOOXVWUH� OH� FDV� G¶XQH� XQLWp� FRJpQpUpH� SDU�PRWHXU� 'LHVHO� WXUERVXUDOLPHQWp� � SRXU� OD� SURGXFWLRQ�G¶pOHFWULFLWp�HW�G¶HDX�FKDXGH�G¶XQH�FLWp�XUEDLQH�>�@��/HV�GHX[�PRWHXUV� ��� F\OLQGUHV� VRQW� DOLPHQWpV� SDU� XQ� ILRXO�ORXUG�GRQW� OD� YLVFRVLWp� HVW� GH� ���� FHQWLVWRNH� j� ���&�HW�GRQW� OD� WHQHXU� HQ� VRXIUH� HVW� LQIpULHXUH� j� ������ /D�SXLVVDQFH� pOHFWULTXH� GpYHORSSpH� SDU� O¶HQVHPEOH� GHV�GHX[�DOWHUQDWHXUV�HVW�GH������0:H��
/H� SURFpGp� GH� UpFXSpUDWLRQ� SHUPHW� GH� UpDOLVHU� XQH�SURGXFWLRQ�VLPXOWDQpH�G¶HDX�FKDXGH�SUHVVXULVpH�j�����&�TXL� FRUUHVSRQG� j� XQH� SXLVVDQFH� GH� ��0:�GHVWLQpH� DX�FKDXIIDJH� XUEDLQ�� ���� GH� O¶pQHUJLH� SULPDLUH� GX�FRPEXVWLEOH�VRQW�DLQVL�XWLOLVpV�HW�FHFL�FRUUHVSRQG�j�XQH�pFRQRPLH� DQQXHOOH� GH� O¶RUGUH� GH� ������ 7(3� HQ�FRPSDUDLVRQ�DYHF�XQH�XQLWp�QRQ�FRJpQpUpH�
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)LJXUH����(QHUJ\�UHFRYHU\�ZLWKLQ�D�WKHU PDO�HQJLQH���[���0:��
(IILFDFLWp�pQHUJpWLTXH�FRPSDUpH/¶HIILFDFLWp� GH� OD� FRQYHUVLRQ� G¶pQHUJLH� SULPDLUH� GX�FDUEXUDQW�HVW�GDQV�FHV�GHX[�H[HPSOHV�GH�O¶RUGUH�GH������2Q� REVHUYH� QpDQPRLQV� TXH� OH� UDSSRUW� GH� O¶pQHUJLH�PpFDQLTXH� SURGXLWH� VXU� O¶DUEUH� GX� PRWHXU� 'LHVHO� j�O¶pQHUJLH�WKHUPLTXH�UpFXSpUDEOH�HVW�UpGXLW�SDU�UDSSRUW�j�FHOXL�G¶XQH�WXUELQH�j�JD]�>�@�
/¶XWLOLVDWHXU� GH� UpFXSpUDWLRQ� G¶pQHUJLH� WKHUPLTXH� DX[�ERUQHV� G¶XQ� PRWHXU� 'LHVHO� GRLW� HQ� HIIHW� DFFHSWHU� j� OD�IRLV� OH� QLYHDX� GH� WHPSpUDWXUH� 7� GH� FHWWH� pQHUJLH� HW� OH�UDSSRUW� GH� OD� SXLVVDQFH� WKHUPLTXH� j� OD� SXLVVDQFH�PpFDQLTXH� LPSRVp�SDU� OH�PRWHXU��2U�� FHV� GHX[�YDOHXUV�SHXYHQW�rWUH� WUqV�GLIIpUHQWHV�G¶XQH� LQGXVWULH�j� O¶DXWUH�HW�HOOHV�SHXYHQW�YDULHU� DX�FRXUV� GHV� VDLVRQV�RX�PrPH�GHV�MRXUQpHV�
8Q� DYDQWDJH�PDMHXU� GH� OD� WXUELQH� j� JD]� VXU� OH�PRWHXU�DOWHUQDWLI� UpVLGH� GDQV� VD� FDSDFLWp� G¶DGDSWDWLRQ� j�UpSRQGUH� DX[� EHVRLQV� YDULpV� G¶pQHUJLH� WKHUPLTXH� HQ�IRQFWLRQ� GH� OD� ILQDOLWp� GH� O¶XQLWp� GH� SURGXFWLRQ�G¶pQHUJLH�� /D� WXUELQH� j� JD]� SHXW� SURSRVHU� XQH� ODUJH�SODJH�GH�QLYHDX[�GH�WHPSpUDWXUH�HW�GH�IOX[�WKHUPLTXH�j�O
pFKDSSHPHQW��8QH�DGDSWDWLRQ�UDSLGH�j� OD�GHPDQGH�HVW�SRVVLEOH� HQ� DJLVVDQW� VXU� XQH� VLPSOH� GpULYDWLRQ� VXU� OH�FLUFXLW�GHV�pFKDQJHXUV�HW�GHV�UDGLDWHXUV�
&HWWH� DGDSWDWLRQ� GHV� QLYHDX[� UHVSHFWLIV� G¶H[HUJLH� HW�G¶DQHUJLH�G¶XQH� WXUELQH�j�JD]�SHUPHW�G¶pODUJLU� OD�SODJH�GH� VRQ� UHQGHPHQW� GH� FRJpQpUDWLRQ� (F H[SULPp� SDU� OH�UDSSRUW� GH� O¶pQHUJLH� WKHUPLTXH� (WK UpFXSpUDEOH� HW� GH�O¶pQHUJLH�PpFDQLTXH�(P �UHODWLRQ����

((( PWKF  ���
&H� UHQGHPHQW� pYROXH� SRXU� OD� WXUELQH� j� JD]� GDQV� XQH�SODJH� GH �� j �� HW� LO� HVW� GRQF� VHQVLEOHPHQW� VXSpULHXU� j�

FHOXL� SOXV� UHVWUHLQW� G¶XQ�PRWHXU� j� SLVWRQV� DX� GpWULPHQW�QpDQPRLQV� GH� OD� FRQVRPPDWLRQ� G¶pQHUJLH� SULPDLUH� >����@�/HV� UHMHWV� WKHUPLTXHV� G¶XQH� WXUELQH� j� JD]� VRQW� SDU�DLOOHXUV� FRQFHQWUpV� j� O¶pFKDSSHPHQW� GH� OD� PDFKLQH�FRQWUDLUHPHQW� DX� FDV� GX� PRWHXU� DOWHUQDWLI� R�� OHV�SRVVLELOLWpV� GH� UpFXSpUDWLRQ� FRQFHUQHQW� OHV� FLUFXLWV�G¶pFKDSSHPHQW� HW� GH� UHIURLGLVVHPHQW� G¶HDX�� G¶KXLOH� HW�G¶DLU� GH� VXUDOLPHQWDWLRQ� �ILJXUH� ���� &HFL� VH� WUDGXLW� SDU�XQH� FRPSOH[LWp� WHFKQRORJLTXH� DFFUXH� DLQVL� TX¶XQ�VXUFR�W�GH�PLVH�HQ�°XYUH�SRXU�OH�PRWHXU�DOWHUQDWLI�

)LJXUH� ��� 'LDJUDP� RI� UHFRYHU\� HQHUJ\� RQ�DWKHUPDO�HQJLQH�
7XUELQHV�DpURQDXWLTXHV/D� WXUELQH� j� JD]� HVW� JpQpUDOLVpH� SRXU� OD� SURSXOVLRQ�DpURQDXWLTXH� GHV� DYLRQV� FLYLOV� VXEVRQLTXHV�� (OOH�WUDQVIRUPH� XQH� IUDFWLRQ� GH� O¶RUGUH� GH� ���� GHV� MRXOHV�WKHUPLTXHV�LQWURGXLWV�GDQV�OH�IR\HU�SDU�OD�FRPEXVWLRQ�GX�NpURVqQH�HQ�pQHUJLH�FLQpWLTXH�GDQV�OHV�MHWV�SURSXOVLIV��,O�UHVWH�GRQF�VRXV�IRUPH�WKHUPLTXH�����GHV�MRXOHV�pPLV�HW�PDOJUp� OHV� SURWHVWDWLRQV� GHV� pFRORJLVWHV�� RQ� YRLW� PDO�FRPPHQW� UpFXSpUHU� FHV� MRXOHV� WKHUPLTXHV� GDQV� FH� FDV�G
DSSOLFDWLRQ�
7XUELQHV�j�JD]�WHUUHVWUHV/D� VLWXDWLRQ� HVW� WRXW� DXWUH� GDQV� OH� FDV� GHV� DSSOLFDWLRQV�WHUUHVWUHV� R�� OHV� PRWHXUV� 'LHVHO� HW� OHV� WXUELQHV� j� JD]�GRQW� OHV� F\FOHV� VRQW� JOREDOHPHQW� pTXLYDOHQWV� RQW� SRXU�REMHFWLI�FRPPXQ�GH�WUDQVIRUPHU�OHV�MRXOHV�DSSRUWpV�VRXV�IRUPH� WKHUPLTXH� HQ� pQHUJLH� PpFDQLTXH�� pOHFWULTXH� RX�FLQpWLTXH�
2Q� REVHUYH� WRXWHIRLV� TXH� GDQV� OH� FDV� GX� PRWHXU�DOWHUQDWLI�� OD� FRPSUHVVLRQ� GX� IOXLGH� FRPSUHVVLEOH� HVW�UpFKDXIIpH�SDU�OHV�SDURLV�TXL�VRQW�SOXV�FKDXGHV�TXH�O
DLU�DGPLV� WDQGLV� TXH� OD� GpWHQWH� HVW� UHIURLGLH� SDU� OHV� SDURLV�TXL�VRQW�SOXV�IURLGHV�TXH�OHV�JD]�GpWHQGXV�>����@�
/H� F\FOH� GH� &DUQRW� LPSRVH� GHV� SURFHVVXV� LVRWKHUPHV�SRXU�OHV�DSSRUWV�HW�OHV�UHWUDLWV�G¶pQHUJLH�WKHUPLTXH��&HV�

mailto:descombe@cnam.fr
mailto:descombe@cnam.fr


*��'HVFRPEHV��GHVFRPEH#FQDP�IU ��

pYROXWLRQV� VRQW� LVREDUHV� GDQV� XQH� WXUELQH� j� JD]� DORUV�TX¶HOOHV�VRQW�LVRFKRUHV�HW�LVREDUHV�VXU�XQ�PRWHXU�'LHVHO��/H�F\FOH�GH�OD�WXUELQH�j�JD]�SHXW�GRQF�VH�UDSSURFKHU�GX�F\FOH� GH� &DUQRW� HQ� UHIURLGLVVDQW� OD� FRPSUHVVLRQ� HW� HQ�UpFKDXIIDQW� OD� GpWHQWH�� /H PRWHXU� 'LHVHO� Q¶D� SDV� FHV�SRVVLELOLWpV� HW� OH� UHIURLGLVVHPHQW� GH� OD� FXODVVH� HW� GHV�F\OLQGUHV� D� DX� FRQWUDLUH� WHQGDQFH� j� pFKDXIIHU� OD�FRPSUHVVLRQ�GH�O¶DLU�HW�j�UHIURLGLU�OD�GpWHQWH�GHV�JD]�02'(/,6$7,21�'(6�&<&/(6
$ILQ� GH� VRXOLJQHU� OHV� GLYHUVHV� SRVVLELOLWpV� G
DGDSWDWLRQ�GH�OD�WXUELQH�j�JD]�j�OD�FRJpQpUDWLRQ��XQH�VpULH�GH�F\FOHV�GpULYpV� GX� F\FOH� WKpRULTXH� GH� EDVH� HVW� PRGpOLVpH�� &HV�F\FOHV� VRQW� D� SULRUL� UpDOLVDEOHV� LQGXVWULHOOHPHQW� DYHF� OD�FRPSOH[LWp� HW� OHV� LQpYLWDEOHV� DOpDV� TXL� SHXYHQW� HQ�UpVXOWHU�/H� F\FOH�GH� EDVH� G¶XQH� WXUELQH� j� JD]� LGpDOH� XWLOLVH� GHV�pYROXWLRQV� LVHQWURSLTXHV� SRXU� OD� FRPSUHVVLRQ� HW� OD�GpWHQWH� DLQVL� TXH� GHV� pYROXWLRQV� LVREDUHV� SRXU� OHV�DSSRUWV� HW� OHV� UHWUDLWV� G¶pQHUJLH� WKHUPLTXH�� /HV�IURWWHPHQWV� LPSRVHQW� GHV� FUpDWLRQV� SDUDVLWHV� G¶HQWURSLH�GDQV�OHV�F\FOHV�UpHOV�
&\FOHV�FRPELQpV2Q�SHXW�GpULYHU�GH�QRPEUHX[�F\FOHV�GHVWLQpV�j� OD�PLVH�HQ�°XYUH�GHV�SURFHVVXV�UDSSHOpV�FL�DSUqV�

�� /HV� pFKDQJHXUV� QRWpV� �(�� SUpOqYHQW� DGLDEDWLTXHPHQW�O¶pQHUJLH�WKHUPLTXH�YHUV�OH�IOXLGH�UpIULJpUDQW���/HV�UDGLDWHXUV��U��UHIURLGLVVHQW�O
DLU�GH�VXUDOLPHQWDWLRQ�SDU�XQ�IOXLGH�H[WpULHXU�DX�PR\HQ�G
DLU�RX�G
HDX��� /D� VXU�GpWHQWH� �6�� GpWHQG� OHV� JD]� DX�GHVVRXV� GH� OD�SUHVVLRQ� DPELDQWH�� &HV� JD]� VRXV�GpWHQGXV� VRQW� HQVXLWH�UHIURLGLV� SDU� XQ� pFKDQJHXU� �F\FOH� 6(�� RX� SDU� XQ�UDGLDWHXU� �F\FOH� 6(U�� HW� UDPHQpV� HQVXLWH� j� SUHVVLRQ�DPELDQWH��� /D� UHFKDXIIH� �5�� DSSRUWH� GHV� MRXOHV� WKHUPLTXHV� DX�IOXLGH�FRPSUHVVLEOH�HQ�FRXUV�GH�GpWHQWH���/H�F\FOH�LQYHUVH��&,��DSSRUWH�XQH�pQHUJLH�WKHUPLTXH�j�OD� SUHVVLRQ� DPELDQWH� VDQV� FRPSUHVVLRQ� SUpDODEOH�� /D�GpWHQWH�GHV�JD]�FKDXGV�SUpFqGH�OD�UHFRPSUHVVLRQ�GH�FHV�JD]� UHIURLGLV� SDU� XQ� pFKDQJHXU� �&,(�� VXLYL�pYHQWXHOOHPHQW�SDU�XQ�RX�SOXVLHXUV�UDGLDWHXUV��&�(U���� /H� F\FOH� j� pFKDQJHXUV� LQWHUPpGLDLUHV� �(LQ�� LQWHUYLHQW�HQ�FRXUV�GH�GpWHQWH�DYHF�GpWHQWH�GHV�JD]�UHIURLGLV�SDU XQ�pFKDQJHXU�
5pVXOWDWV/D�ILJXUH���SUpVHQWH�OH�F\FOH�GH�EDVH�HW�GH�TXHOTXHV�XQV�GHV�F\FOHV�GpULYpV��/HV�SURFHVVXV�GH�FRPSUHVVLRQ�HW�GH�GpWHQWH� VRQW� VXSSRVpV� LVHQWURSLTXHV� DILQ� GH� IDFLOLWHU� OD�OLVLELOLWp� GHV� GLDJUDPPHV�� /HV� pFKDQJHXUV� HW� OHV�UDGLDWHXUV� VRQW� VXSSRVpV� VDQV� SHUWH� GH� FKDUJH� HW�G
HIILFDFLWp�pJDOH�j�O
XQLWp�

)LJXUH����(QWURSLF�GLDJUDPV�
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/HV� F\FOHV� GpULYpV� GX� F\FOH� WKpRULTXH� G¶XQH� WXUELQH� j�JD]�FRQFHUQHQW�VXFFHVVLYHPHQW�OH�F\FOH�DYHF�pFKDQJHXU��j� VXU�GpWHQWH�� j� FRPSUHVVLRQ� UHIURLGLH�� SXLV� jFRPSUHVVLRQ� UHIURLGLH� DYHF� pFKDQJHXUV� HW� HQILQ� DYHF�VXU�GpWHQWH��2Q�SRXUVXLW�SDU� OH�F\FOH�DYHF� UHFKDXIIH�GH�EDVH��SXLV�DYHF�FRPSUHVVLRQ�UHIURLGLH�HW�FRPSOpWp�HQILQ�SDU�pFKDQJHXU�
/D� ILJXUH� �� UpWDEOLW� OHV� SHUIRUPDQFHV� FDOFXOpHV� GH� FHV�F\FOHV� SRXU� OHVTXHOV OHV� GLVVLSDWLRQV� G¶pQHUJLH� VRQW�SULVHV� HQ� FRPSWH�� /HV� pFKDQJHXUV� HW� OHV� UDGLDWHXUV� RQW�GHV� HIILFDFLWpV� GH� ���� HW� OD� SODJH� GH� SHUWHV� GH� FKDUJH�pYROXH�GH���j����VHORQ�OH�FDV�pWXGLp��2Q�GLVWLQJXH�GHX[�FODVVHV�SULQFLSDOHV�GH�SXLVVDQFH�

)LJXUH����&RPSDUDWLYH� HIILFLHQF\�UDWLR�DV�D�IXQFWLRQ�RI�WKH�F\FOH�
/HV� SXLVVDQFHV� VXSpULHXUHV� j� ����N:� SHXYHQW� XWLOLVHU�GHV� DXEHV� GH� WXUELQH� UHIURLGLHV� HW� WROqUHQW� DLQVL� GHV�QLYHDX[� GH� WHPSpUDWXUHV� PD[LPDOHV� GH� ����.�� &HV�SXLVVDQFHV� TXL� QpFHVVLWHQW� GHV� GpELWV� VXSpULHXUV� j� ��NJ�V� DXWRULVHQW� GHV� UDSSRUWV� GH� SUHVVLRQ� pOHYpV� HW�LPSRVHQW� O
XWLOLVDWLRQ� G
pFRXOHPHQWV� D[LDX[� HQ�FRPSUHVVLRQ�HW�HQ�GpWHQWH�DX[TXHOV�RQ�SHXW�DXMRXUG
KXL�DVVRFLHU�GHV�UHQGHPHQWV�SRO\WURSLTXHV�GH�O
RUGUH�GH�����
/HV�SXLVVDQFHV� LQIpULHXUHV�j�����N:�QH� WROqUHQW�SDV� OH�UHIURLGLVVHPHQW� GHV� DXEHV� GH� WXUELQH�� FH� TXL� OLPLWH� j�����.� OHV� WHPSpUDWXUHV� PD[LPDOHV� DGPLVVLEOHV��&RUUpODWLYHPHQW�� OHV� pFRXOHPHQWV� FHQWULIXJHV� HQ�FRPSUHVVLRQ�HW�FHQWULSqWHV�HQ�GpWHQWH�QH�SHXYHQW�JXqUH�GpSDVVHU� ����� SRXU� OHV� UHQGHPHQWV� SRO\WURSLTXHV�� 3DU�DLOOHXUV�� OHV�GpELWV�PRGpUpV�QH�WROqUHQW�SDV�GHV�UDSSRUWV�

GH� SUHVVLRQ� pOHYpV�� FH� TXL� H[FOXW� OHV� F\FOHV� IRUWHPHQW�FRPSULPpV�
/D� ILJXUH� �� PRQWUH� j� WLWUH� G
H[HPSOH� OH� F\FOH� (LQ j�pFKDQJHXU�LQWHUPpGLDLUH��2Q�FRQVWDWH�TXH�O
RQ�SHXW�IDLUH�pYROXHU� OHV SHUIRUPDQFHV� G
XQH� PrPH� PDFKLQH� SDU�VLPSOH� GRVDJH� GH� O
DLU� WUDYHUVDQW� O
pFKDQJHXU�� /HV�UpVXOWDWV� GH� FDOFXO� FRQGXLVHQW� j� XQH� DXJPHQWDWLRQ�SRWHQWLHOOH�GH�����GX�UHQGHPHQW�HQ�OH�SRUWDQW�GH�����j�������� /H� UDSSRUW� GH� O¶pQHUJLH� WKHUPLTXH� UpFXSpUpH� j�O¶pQHUJLH�PpFDQLTXH�SURGXLWH�DXJPHQWH�GH�����ORUVTXH�OHV�QLYHDX[�GH�WHPSpUDWXUH�SURJUHVVHQW�GH�����j����.�

)LJXUH� ��� 5HYHUVH� F\FOH� ZLWK� LQWHUPHGLDWH�H[FKDQJHU�&2*(1(5$7,21�,19(56(
/D�FRJpQpUDWLRQ� UpFXSqUH�j�XVDJH� WKHUPLTXH�GHV� MRXOHV�WKHUPLTXHV�� $� O
LQYHUVH�� RQ� SHXW� XWLOLVHU� JUkFH� j� OD�FRPEXVWLRQ� H[WHUQH� G
XQH� WXUELQH� j� JD]� OHV� MRXOHV�WKHUPLTXHV�pPLV�SDU�OD�FRPEXVWLRQ�GHV�GpFKHWV�WHOV�TXH�OHV�RUGXUHV�PpQDJqUHV�� OHV�KXLOHV�GH�YLGDQJH�� OHV�SQHXV�XVDJHUV�RX�OHV�VFLXUHV�GH�ERLV�>��@�
&HUWHV�� OD� WXUELQH� j� YDSHXU� UpDOLVH� FHWWH� FRJpQpUDWLRQ�LQYHUVH� SRXU� OHV� RUGXUHV� PpQDJqUHV�� PDLV�SUpIpUHQWLHOOHPHQW� VXU� GHV� IRUWHV� SXLVVDQFHV� UpVHUYpHV�DX[� JUDQGHV� DJJORPpUDWLRQV�� /D� WXUELQH� j� JD]� HVW�FDSDEOH�GH�V
DGDSWHU�j�WRXWHV�OHV�SXLVVDQFHV�HW�j�WRXV�OHV�IR\HUV��FH�TXL�OXL�SHUPHW�G
rWUH�LQVWDOOpH�j�SUR[LPLWp�GHV�VRXUFHV� GH� GpFKHWV� HW� G¶XWLOLVDWLRQ� GH� O¶pQHUJLH�WKHUPLTXH�
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&2*(1(5$7,21�02%,/(1RXV� DYRQV� VRXOLJQp� TXH� OD� FRJpQpUDWLRQ� HVW�SUDWLTXHPHQW� LPSRVVLEOH� SRXU� OHV� WXUERUpDFWHXUV�� (Q�SURSXOVLRQ�PDULQH� DX� FRQWUDLUH�� HOOH� HVW� XVXHOOH�� TXH� OD�SURSXOVLRQ� VRLW� FRQILpH� j� XQ� PRWHXU� 'LHVHO� RX� j� XQH�WXUELQH� j� JD]�� $LQVL�� OD� SURGXFWLRQ� G¶pOHFWULFLWp� SDU�GpWHQWH� GH� YDSHXU� DX� VHLQ� G¶XQ� WXUERDOWHUQDWHXU�FRQVWLWXH�HOOH� XQH� VROXWLRQ� UHWHQXH� VXU� FHUWDLQV� QDYLUHV�GRQW� OD� SODJH� GH� SXLVVDQFH� HVW� GH� O¶RUGUH� GH� ��� j� ���0:�
/D�FRJpQpUDWLRQ�VXU�OH�FLUFXLW�G¶pFKDSSHPHQW�SHUPHW�GH�SURGXLUH� GH� OD� YDSHXU� TXL� HVW� GpWHQGX� DX� VHLQ� G¶XQ�WXUERDOWHUQDWHXU�� /¶pOHFWULFLWp� SURGXLWH� SRXU� OHV� EHVRLQV�GX� ERUG� SHXW� FRQVWLWXHU� pJDOHPHQW� XQH� pQHUJLH�DGGLWLRQQHOOH�GH�O¶RUGUH�GH���j����WUDQVPLVH�VXU�O¶DUEUH�G¶KpOLFH� GH� SURSXOVLRQ� SDU� O¶LQWHUPpGLDLUH� GH�O¶DOWHUQDWHXU� XWLOLVp� DORUV� HQ� PRWHXU� pOHFWULTXH�� /D�UpFXSpUDWLRQ� G¶pQHUJLH� WKHUPLTXH� VXU� OHV� FLUFXLWV� GH�UpIULJpUDWLRQ� GX� PRWHXU� HVW� GHVWLQpH� j� OD� SURGXFWLRQ�G¶HDX�FKDXGH�SRXU OHV�EHVRLQV�GH�O¶pTXLSDJH�
3RXU� OHV� YpKLFXOHV� GH� WUDQVSRUW� WHUUHVWUH�� OD�VXUDOLPHQWDWLRQ� TXL� HVW� JpQpUDOLVpH� VXU� OHV� PRWHXUV�'LHVHO� HVW� XQ�KRPPDJH� UHQGX� j� OD� WXUELQH� j� JD]��0DLV�RQ� GRLW� DOOHU� SOXV� ORLQ� GDQV� O
LQWpJUDWLRQ� GH� FHV� GHX[�PDFKLQHV� WKHUPLTXHV� j O
LQVWDU� GH� OD� FKLPLH� HW� GH� OD�ELRORJLH� TXL� VH� VRQW� XQLHV� SRXU� IRQGHU� OD� WUqV�SHUIRUPDQWH�ELRFKLPLH�>������@�
$� WLWUH� G
H[HPSOH�� RQ� DSSOLTXH� OH� F\FOH� j� VXU�GpWHQWH� j�O
pFKDSSHPHQW� G
XQ� PRWHXU� GRQW� OH� QLYHDX� GH�WHPSpUDWXUH� HVW� GH� O¶RUGUH� GH� ����.� �ILJXUH� ���� /H�FDOFXO�ODLVVH�HVSpUHU�XQH�UpFXSpUDWLRQ�GH�O
RUGUH�GH����j����� GH� OD� SXLVVDQFH� GX� PRWHXU� GH� EDVH� �FRXUEHV� HQ�SRLQWLOOp��� 6XU� XQ�PRWHXU�'LHVHO� WHUUHVWUH� SOXV� SXLVVDQW��FRXUEHV� HQ� WUDLW� SOHLQ��� RQ� SRXUUDLW� UpFXSpUHU� MXVTX¶j�����GH�OD�SXLVVDQFH�GH�EDVH�
/H� FRQFHSW� GH� VXUDOLPHQWDWLRQ� SDU� WXUERFRPSUHVVHXU�FRQVWLWXH� XQH� SUDWLTXH� pSURXYpH� HW� UHFRQQXH� GDQV�O¶DXJPHQWDWLRQ� VXEVWDQWLHOOH� GX� FRXSOH� HW� GH� OD�SXLVVDQFH�G¶XQ�PRWHXU�G¶DXWRPRELOH��6
LO�QH�V
DJLW�SDV�j�SURSUHPHQW�SDUOHU�GH�FRJpQpUDWLRQ�� LO�Q
HQ�GHPHXUH�SDV�PRLQV� TXH� OD� WXUELQH� GH� VXUDOLPHQWDWLRQ� SUpOqYH�O
pQHUJLH� WKHUPLTXH� UHMHWpH� j� O
pFKDSSHPHQW� GX� PRWHXU�SRXU� SURGXLUH� XQH� pQHUJLH� PpFDQLTXH� GHVWLQpH� j�O
HQWUDvQHPHQW�GX�FRPSUHVVHXU�>��@�
2Q� SHXW� LPDJLQHU� pJDOHPHQW� GHV� GLVSRVLWLIV� GH�FRQYHUVLRQ�G¶pQHUJLH�WKHUPLTXH�HQ�pQHUJLH�pOHFWULTXH�RX�IULJRULILTXH� TXL� SHUPHWWUDLHQW� GH� PLHX[� UpSRQGUH� DX[�H[LJHQFHV� G¶XWLOLVDWLRQ� UDWLRQQHOOH� GH� O¶pQHUJLH� HW� GH�UpGXFWLRQ�GHV�QXLVDQFHV�2Q�REVHUYH� QpDQPRLQV� TXH� O¶LPSRUWDQWH� YDULDELOLWp� GHV�GpELWV�HQWKDOSLTXHV�GHV�PRWHXUV G¶DXWRPRELOH�FRQVWLWXH�XQH�FRQWUDLQWH�VXSSOpPHQWDLUH��/H�PRWHXU�IRQFWLRQQH�HQ�HIIHW� OH� SOXV� VRXYHQW� HQ� FKDUJHV� SDUWLHOOHV� GDQV� XQH�SODJH� GH� GpELW� PDVVH� PRGpUp� GH� O¶RUGUH� GH� TXHOTXHV�GL]DLQHV�GH�J�V�

)LJXUH����2YHU�H[SDQVLRQ�F\FOH�
&21&/86,21
3DU� FHWWH DSRORJLH� GH� OD� WXUELQH� j� JD]�� O¶LQWHQWLRQ� GHV�DXWHXUV�Q
HVW�SDV�GH�O
RSSRVHU�DX�PRWHXU�'LHVHO�GDQV�OHV�XWLOLVDWLRQV� SRXU� OHVTXHOOHV� LO� VDWLVIDLW� OD� GHPDQGH�� ,O�V¶DJLW� SOXW{W� G¶RULHQWHU� YHUV� OD� FRJpQpUDWLRQ� GHV�XWLOLVDWHXUV� SOXV� H[LJHDQWV� VXU� OH� UDSSRUW�:WKHUPLTXH�:PpFDQLTXH HW� VXU� OD� WHPSpUDWXUH� GHV� MRXOHV�WKHUPLTXHV�XWLOLVpV�VRXV�FHWWH�IRUPH�JUkFH�j�OD�WXUELQH�j�JD]�� 1RXV� DYRQV� pJDOHPHQW� VXJJpUp� XQH� YpULWDEOH�LQWpJUDWLRQ�GHV�PRWHXUV�DOWHUQDWLIV�HW�GHV�WXUELQHV�j�JD]�HW�LQVLVWp�VXU�OD�VRXSOHVVH�GH�OD�FRPEXVWLRQ�H[WHUQH�GH�OD�WXUELQH�j�JD]�%,%/,2*5$3+,(
>�@� 6LQDWRY�� 6W������� 7XUERFKDUJLQJ� KHOSV� WR� 'LHVHO�HQJLQH� LQ� FRJHQHUDWLRQ� DQG� FRPELQHG� F\FOHV��,QWHUQDWLRQDO� FRXQFLO� RQ� FRPEXVWLRQ� HQJLQHV�� ��QG&,0$&�� &RSHQKDJHQ�� ������ PD\� ������ 9RO�� ��� SS������������>�@� +DXVKDOWHU�� -��� ������ /D� FRJpQpUDWLRQ� SDU� PRWHXUV�DOWHUQDWLIV�� 5HYXH� JpQpUDOH� GH� WKHUPLTXH� Q�� �����QRYHPEUH������>�@� *URQH�� 2�� DQG� /DXVFK�� :��� ������ 3ULPH� PRYHU�V\VWHPV� IRU� 'LHVHO� SRZHU� SODQWV�� ,QWHUQDWLRQDO� FRXQFLO�RQ�FRPEXVWLRQ�HQJLQHV����QG &,0$&��&RSHQKDJHQ��������PD\�������9RO�����SS������������>�@� 0DJQHW�� -�/��� ������ ,QWHUQDWLRQDO� EXVLQHVV�FRQIHUHQFH�RQ�FRJHQHUDWLRQ��QRWH�6HPW�3LHOVWLFN��5LR�GH�-DQHLUR�������
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>�@�'XFORV��$���������/D�FRJpQpUDWLRQ�HQ�)UDQFH��pWDW�GH�O¶DUW�� 5HYXH� JpQpUDOH� GH� WKHUPLTXH� Q������ QRYHPEUH������>�@�%LGDXG��0���������/HV�WUDQVIHUWV�WKHUPLTXHV�GDQV�OH�ELODQ�pQHUJpWLTXH�GHV�PRWHXUV�'LHVHO��6RFLpWp� IUDQoDLVH�GHV�WKHUPLFLHQV��-RXUQpH�G¶pWXGHV�GX���PDL������>�@� &KDUOHW�� $��� +LJHOLQ�� 3��� $QGU]HMHZVNL�� -��� ������0RWHXUV�'LHVHO�DGLDEDWLTXHV��XWRSLH�RX�UpDOLWp��(QWURSLH�Q�����������>�@� 5DVLKKDQ�� <��� ������ )XUWKHU� GHYHORSPHQWV� LQ�SHUIRUPDQFH� SUHGLFWLRQ� WHFKQLTXHV� RI� DGLDEDWLF� 'LHVHO�HQJLQHV��7KHVLV�3K�'�RI�%DWK�8QLYHUVLW\��8�.��������>�@�.DZDPXUD��+���+LJDVKLQR��$��� 6HNL\DPD��6�� ������&RPEXVWLRQ� DQG� FRPEXVWLRQ� FKDPEHU� IRU� D� ORZ� KHDW�UHMHFWLRQ�HQJLQH��6$(�3DSHU��������������

>��@�0DUTXH��0���������3URGXFWLRQ�FRPELQpH�GH� IRUFH��FKDOHXU� HW� IURLG�� UDSSRUW� GH� O¶DVVRFLDWLRQ� WHFKQLTXH� GH�O¶LQGXVWULH�GX�JD]�HQ�)UDQFH�������>��@� 7HQQDQW� '�� :�� +��� :DOVKDP�� %�� (��� ������ 7KH�WXUERFRPSRXQG�'LHVHO�HQJLQH��6$(�3DSHU�������>��@� 'HVFRPEHV�� *��� 'XDQ�� 5��� -XOOLHQ�� -��� 3LFKRXURQ��-�)��� ������ $� QHZ� FRPSXWHU� PRGHOOLQJ� IRU� YDULDEOH�QR]]OH� RQ� DQ� DGYDQFHG� VXSHUFKDUJLQJ� � HQJLQH�� $60(�FRQJUHVV�� ,QWHUQDWLRQDO�&HQWUH� RI� KHDW�	�PDVV� WUDQVIHU��+HDW�WUDQVIHU�LQ�JDV�WXUELQH�V\VWHPV��������DXJXVW�������&HVPH��7XUNH\�>��@�7RXVVDLQW��0���'HVFRPEHV��*���3OXYLRVH��0���������5HVHDUFK� LQWR� YDULDEOH� JHRPHWU\� WXUERFKDUJHUV�ZLWKRXW�ZDVWHJDWHV�� ,0HFK(�� �UG (XURSHDQ� FRQIHUHQFH� RQ�WXUERPDFKLQHU\�� IOXLG� G\QDPLFV� DQG� WKHUPRG\QDPLFV������ PDUFK� ������ /RQGRQ�� SS�� ��������� ,661� ����������
02'(//,1*�2)�(1(5*<�5(&29(5<�32:(5�81,76:,7+�*$6�785%,1(6�$1'�7+(50$/�(1*,1(6

(1(5*<�5(&29(5<7KH� HQHUJHWLF� HIILFLHQF\� K RI� D� WKHUPDO� PDFKLQH� LV�JLYHQ� E\� UHODWLRQ� ���� ZKHUH� 7� DQG� 7� DUH� WKH� KRW� DQG�FROG� WHPSHUDWXUHV� RI� WKH� KHDW� UHVSHFWLYHV� VRXUFHV�� 7KH�KHDW�IOX[�T�LV�SURGXFHG�E\�WKH�FRPEXVWLRQ�UHDFWLRQ��'L6�LV� WKH�HQWURS\�SURGXFWLRQ�GXH� WR� WKH� ORVVHV�ZLWKLQ�HDFK�VXE�EORFN�RI�WKH�PDFKLQH�
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7KH� H[HUJ\� ([ RI� WKH� KHDW� IOX[� T� DW� WHPSHUDWXUH� 7� LV�HTXLYDOHQW� WR� WKH� PHFKDQLFDO� ZRUN� Z� SURGXFHG� RQ� WKH�FUDQNVKDIW�RI�WKH�HQJLQH� 6777T( L[ '�»¼º«¬ª � ��� ���
7KH�JOREDO� HQHUJ\�EDODQFH� VKRZV� WKDW� D�PDMRU� UDWLR�$QRI� FKHPLFDO� HQHUJ\� (Q LV� ORVWHG� DW� DWPRVSKHUH��1HYHUWKHOHVV��D�IUDFWLRQ�RI�WKHVH�DQHUJ\�$Q FDQ�EH�XVHG�SDUWLDOO\�IRU�HQHUJ\�UHFRYHU\�DSSOLFDWLRQV��ILJXUH����$(( Q[Q � ���
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