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*UDQ�SDUW�GH�OHV�OLPLWDFLRQV�HQ�OD�FRPSUHQVLy�GHOV�ELRILOPV�V¶KDQ�SURGXwW�SHU�OD�PDQFD�GH�WqFQLTXHV�DGHTXDGHV�SHU�DO�VHX�HVWXGL�

+LVWzULFDPHQW��O¶DQjOLVL�GHOV�ELRILOPV�KD�QHFHVVLWDW�GH�O¶HYROXFLy�GH�UHDFWRUV�SHO�VHX�FXOWLX�VRWD�FRQGLFLRQV�FRQWURODGHV��DL[t�FRP

GHO� GHVHQYROXSDPHQW� GH� PqWRGHV� DQDOtWLFV� SHU� DYDOXDU� OD� SUHVqQFLD� PLFURELDQD�� *UDQ� SDUW� GH� OD� PHWRGRORJLD� XWLOLW]DGD� KD

UHTXHULW� HO� PRVWUHLJ� GHVWUXFWLX� GHO� ELRILOP�� VHQVH� SURSRUFLRQDU� LQIRUPDFLy� GH� O¶HVWUXFWXUD� HVSDFLDO� L� GH� OHV� KHWHURJHQHwWDWV

ILVLROzJLTXHV�GLQV�GHOV�ELRILOPV��'¶DOWUD�EDQGD��HOV�PqWRGHV�PLFURELROzJLFV�FOjVVLFV�QR�SRGHQ�REYLDU�HO�IHW�TXH�PROWV�GHOV�EDFWHULV

SRGHQ� HQWUDU� HQ� XQ� HVWDW� ILVLROzJLF� YLDEOH� SHUz� QR� FXOWLYDEOH� �5R]DN� 	� &ROZHOO� ������� $� PpV�� HOV� PqWRGHV� FOjVVLFV� VyQ

HVSHFLDOPHQW� LQDGHTXDWV� SHU� D� O¶HVWXGL� GHOV� ELRILOPV� VRWPHVRV� D� GHVLQIHFFLy�� SHUTXq� HOV� UHFRPSWHV� GH� YLDEOHV� HQ� SODFD

VREUHHVWLPHQ�O¶HILFjFLD�GH�O¶DFWLYLWDW�ELRFLGD��0F)HWHUV�HW�DO������E��

/¶HVWXGL� GHOV� ELRILOPV� UHTXHUHL[� XQ� VLVWHPD� DGHTXDW� SHU� DO� VHX� GHVHQYROXSDPHQW�� 8Q� GHOV� SULPHUV� VLVWHPHV� XWLOLW]DWV� DPE

DTXHVWD�ILQDOLWDW�YD�VHU�O¶DSDUHOO�GH�5REELQV��/DSSLQ�6FRWW�	�&RVWHUWRQ��������XQ�UHDFWRU�WXEXODU�DPE�XQD�VqULH�GH�PRVWUHMDGRUV

RQ�pV�SRVVLEOH�VLWXDU�GLIHUHQWV�VXSHUItFLHV�H[SRVDGHV�D�XQ�PHGL�GH�FXOWLX�FLUFXODQW�DPE�DOJXQ�RUJDQLVPH��$TXHVW�DSDUHOO�HV�YD

XWLOLW]DU�SHU�HVWDEOLU� O¶HILFjFLD�GH� WUDFWDPHQWV�DPE�ELRFLGHV�HQ�HO�FRQWURO�GH� OD�FRORQLW]DFLy�PLFURELDQD�GH�VXSHUItFLHV��/¶q[LW�GH

O¶DSDUHOO�GH�5REELQV�YD�HVWLPXODU�HO�GHVHQYROXSDPHQW�GH�GLIHUHQWV�GLVVHQ\V�L�YDULDQWV�GH�UHDFWRUV�SHU�DO�GHVHQYROXSDPHQW�GHOV

ELRILOPV��(QWUH�G¶DOWUHV�� V¶KDQ�XWLOLW]DW� UHDFWRUV�GH� OOLW� HPSDFDW� L� ILOWUHV� GH� SHUFRODFLy�� UHDFWRUV� GH� OOLW� IOXLGLW]DW�� UHDFWRUV� GH� IOX[

FRQWLQX�HQ�DJLWDFLy� �3H\WRQ�	�&KDUDFNOLV�������� UHDFWRUV�GH� IOX[� UDGLDO� L� UHDFWRUV�GH� URWDFLy�DQXODU� R� URWR�WRUTXH� �*MDOWHPD�	

*ULHEH���������UHDFWRUV�GH�FDQDO�REHUW��3H\WRQ�	�&KDUDFNOLV�������L�FRQWDFWRUV�ELROzJLFV�URWDFLRQDOV���*LOEHUW�	�$OOLVRQ�������

������ 7qFQLTXHV�GH�PRQLWRULW]DFLy�GH�ELRILOPV

8QD�YHJDGD�HV�GLVSRVD�GH�OD�TXDQWLWDW�GH�ELRILOP�QHFHVVjULD�V¶LPSRVD�O¶HOHFFLy�G¶XQ�PqWRGH�SHU�SRUWDU�D�WHUPH�HO�VHX�VHJXLPHQW�

(Q�SULQFLSL��OD�JUDQ�YDULHWDW�GH�WqFQLTXHV�L�VLVWHPHV�H[SHULPHQWDOV�XWLOLW]DWV�L�OD�PDQFD�G¶HVWDQGDUGLW]DFLy�KDQ�GLILFXOWDW�HO�SRGHU

H[WUHXUH�FRQFOXVLRQV�L�FRPSDUDU�HQWUH�HOV�GLIHUHQWV�UHVXOWDWV�REWLQJXWV�

(O�GHVHQYROXSDPHQW�GHOV�ELRILOPV�HQ�OHV�VHYHV�HWDSHV�LQLFLDOV�V¶KD�HVWXGLDW�XWLOLW]DQW�FHOÂOHV�GH�IOX[��0LWWHOPDQ�HW�DO��������� OHV

TXDOV�SHUPHWHQ�O¶REVHUYDFLy�PLFURVFzSLFD�GLUHFWD�GHO�VXEVWUDW��$TXHVWV�DSDUHOOV�SURSRUFLRQHQ�OD�IjFLO�YLVXDOLW]DFLy�GH�OD�IRUPDFLy

GHOV�ELRILOPV�FRQWURODQW�DOKRUD�OHV�FRQGLFLRQV�KLGURGLQjPLTXHV�GHO�PHGL��%U\HUV�������

$OJXQV� PqWRGHV� LPSOLTXHQ� O¶H[WUDFFLy� GHO� ELRILOP� GH� OD� VXSHUItFLH� SHU� PRQLWRULW]DU� GLIHUHQWV� SDUjPHWUHV� HVSHFtILFV�� $L[t� V¶KD

DQDOLW]DW�O¶KHWHURJHQHwWDW��GHWHUPLQDQW�O¶H[LVWqQFLD�GH�JUDGLHQWV�HQ�OD�FRQFHQWUDFLy�GH�FqOÂOXOHV�WRWDOV��OD�FRQFHQWUDFLy�G¶HVSqFLHV

LQGLYLGXDOV�L�OD�FRQFHQWUDFLy�ORFDO�GH�GLIHUHQWV�QXWULHQWV�GLVVROWV��%U\HUV�������

8Q�GHOV�PqWRGHV�PpV�XWLOLW]DWV�DFWXDOPHQW�pV�OD�WLQFLy�GHOV�FRPSRQHQWV�GHO�ELRILOP�DPE�IOXRURFURPV�HVSHFtILFV��.HSQHU�	�3UDWW

������0F)HWHUV�HW�DO������D���6¶KDQ�XWLOLW]DW�GLIHUHQWV�FRORUDQWV�SHO�UHFRPSWH�GH�FqOÂOXOHV�WRWDOV�L�FqOÂOXOHV�YLDEOHV��0F)HWHUV�HW�DO�

����D�� L� REVHUYDFLy� DPE� PLFURVFzSLD� G¶HSLIOXRUHVFqQFLD� �6FKDXOH� HW� DO�� ������ <X� 	� 0F)HWHUV� ������ +XDQJ� HW� DO�� ������

FLWRPHWULD�GH�IOX[��3RUWHU�HW�DO��������1HEH�YRQ�&DURQ�HW�DO�������� L�GHWHUPLQDFLy�GH� O¶DFWLYLWDW�HQ]LPjWLFD��<DPDJXFKL�	�1DVX

�������/¶DSOLFDFLy�GH�FRORUDQWV� IOXRURJqQLFV�HVSHFtILFV�FRQMXQWDPHQW�DPE� OD�PLFURVFzSLD�G¶HSLIOXRUHVFqQFLD�HV�SRW�XWLOLW]DU�SHU

YLVXDOLW]DU�HOV�ELRILOPV�GLUHFWDPHQW�VREUH�HO�VXEVWUDW� L�DQDOLW]DU� O¶KHWHURJHQHwWDW� ILVLROzJLFD��<X�	�0F)HWHUV��������HVSHFLDOPHQW

TXDQ�HV� WUDFWD�GH�ELRILOPV�SULPV��3HU�ELRILOPV�PpV�JUXL[XWV�HV�SRW� UHFyUUHU� D� OD� VHYD�FRQJHODFLy� �FULRLQFOXVLy�� L� D� OD� SRVWHULRU

UHDOLW]DFLy�GH�VHFFLRQV�ILQHV�GHOV�PDWHL[RV��FULRVHFFLy���IHW�TXH�SHUPHW�PDQWHQLU�OD�VHYD�LQWHJULWDW�HVWUXFWXUDO��+XDQJ�HW�DO�������

DOKRUD�TXH�V¶XWLOLW]HQ�OHV�WLQFLRQV�KDELWXDOV�

(QWUH� OHV�GLIHUHQWV� WqFQLTXHV� LPPXQROzJLTXHV�FDO�GHVWDFDU� OD� WLQFLy�DPE�DQWLFRVVRV�PRQRFORQDOV�PDUFDWV�DPE� LVRWLRFLDQDW�GH

IOXRUHVFHwQD� R� ),7&� �6WHZDUW� HW� DO�� ������� 0DOJUDW� OD� JUDQ� HVSHFLILFLWDW� G¶DTXHVWD� WqFQLFD�� OD� SUHSDUDFLy� GHOV� DQWLFRVVRV

PRQRFORQDOV�UHTXHUHL[�O¶DwOODPHQW�SUHYL�GHO�PLFURRUJDQLVPH��HO�VHX�FXOWLX�SXU�L�OD�LPPXQLW]DFLy�G¶XQ�DQLPDO�



&DStWRO�� &DUDFWHULW]DFLy�GH�ELRILOPV�PLWMDQoDQW�WqFQLTXHV�GH�PLFURVFzSLD ���

/D�XWLOLW]DFLy�GH�WqFQLTXHV�LQYDVRUHV�SHUz�QR�GHVWUXFWLYHV�V¶KD�FHQWUDW�HQ�OHV�SURYHV�TXtPLTXHV�DPE�PLFURVHQVRUV��OHV�TXDOV

SHUPHWHQ�DQDOLW]DU�HOV�SHUILOV�GH�FRQFHQWUDFLy�GH�GLIHUHQWV�VROXWV�GLQV�GHO�ELRILOP��/HZDQGRZVNL�HW�DO���������6¶KDQ�GHVHQYROXSDW

PLFURVHQVRUV��JUDQGjULD�GH�OD�SXQWD�������P��SHU�D�O¶R[LJHQ�GLVVROW��JOXFRVD��S+��DPRQL��HWF�

$OWUHV�PqWRGHV�QR�UHTXHUHL[HQ�OD�GHVWUXFFLy�GH�O¶HVWUXFWXUD�GHOV�ELRILOPV��FRP�HQ�HO�FDV�GH�OD�FRQGXFWjQFLD�GH�0DOWKXV��)OLQW�HW

DO�� ������� HO� PDUFDWJH� DPE� VXEVWUDFWHV� UDGLRDFWLXV� L� SRVWHULRU� YLVXDOLW]DFLy� DPE� PLFURDXWRUDGLRJUDILD�� WqFQLFD� TXH� SHUPHW

GHWHUPLQDU� HOV�JUXSV�GH� FqOÂOXOHV�TXH�FUHL[HQ�DFWLYDPHQW� �3ROODUG�HW� DO�� ������ L� HO� UHFRPSWH� GLUHFWH� GH� YLDEOHV� LQ� VLWX� �LQ� VLWX

'9&��� $TXHVW� ~OWLP� PqWRGH� GHWHUPLQD� OD� YLDELOLWDW� GHOV� EDFWHULV� LQGLYLGXDOV� HQ� EDVH� D� O¶HORQJDFLy� FHOÂOXODU� HQ� XQ� PHGL� GH

FUHL[HPHQW�DGHTXDW�TXH�FRQWp�XQ�DQWLELzWLF�GHO�JUXS�GH�OHV�TXLQRORQHV��JHQHUDOPHQW�O¶jFLG�QDOLGt[LF��.RJXUH�HW�DO��������<X�HW�DO�

������

1R� REVWDQW�� HOV� DYHQoRV�PpV� LPSRUWDQWV� HQ� O¶HVWXGL� GHOV� ELRILOPV� V¶KDQ� UHDOLW]DW� HQ� O¶jUHD� GH� OD�GLDJQRVL� QR� LQYDVRUD� L� QR

GHVWUXFWLYD��/D�UHVVRQjQFLD�PDJQqWLFD�QXFOHDU�L�OD�YHORFLPHWULD�G¶LPDWJHV�GH�SDUWtFXOHV��3,9��KDQ�SHUPqV�YLVXDOLW]DU�HO�SHUILO�GH

YHORFLWDWV� G¶XQ� IOX[� ODPLQDU� HQ� XQ� VLVWHPD� DUWLILFLDO� RQ� V¶KDYLD� GHVHQYROXSDW� XQ� ELRILOP�� HVWLPDQW� OHV� YHORFLWDWV� ORFDOV� GHO� IOXLG

�/HZDQGRZVNL�HW�DO���������/HV�GHWHUPLQDFLRQV�UHDOLW]DGHV�PRVWUHQ�FRP�OD�YHORFLWDW�QR�DUULED�D�]HUR�D�OD�VXSHUItFLH�GHO�ELRILOP�L�

D�PpV��HV�SRW�GHWHFWDU�IOX[�FRQYHFWLX�D�O¶LQWHULRU�GHOV�SURSLV�ELRILOPV��GLQV�GHOV�FDQDOV�G¶DLJXD��/HZDQGRZVNL�HW�DO��������������

'¶DOWUD� EDQGD�� OHV� FDUDFWHUtVWLTXHV� TXtPLTXHV� D� QLYHOO� PROHFXODU� GH� OD� LQWHUIDVH� HQWUH� OHV� FqOÂOXOHV� L� HO� VXEVWUDW� V¶KDQ� SRJXW

GHWHUPLQDU�DPE�OD�WqFQLFD�GH�OD�UHIOHFWjQFLD�DWHQXDGD�WRWDO��$75��L�HVSHFWURVFzSLD�G¶LQIUDURLJ�DPE�WUDQVIRUPDGD�GH�)RXULHU��)7�

,5�� �%UHPHU� 	� *HHVH\� ������� $� PpV�� PHVXUHV� HOHFWURTXtPLTXHV� DPE� XQ� HOqFWURGH� YLEUDGRU� GH� UDVWUHLJ� �69(�� KDQ� SHUPqV

PDSHMDU�O¶HOHFWURTXtPLFD�GH�FHUWHV�VXSHUItFLHV�PHWjOÂOLTXHV��(OV�SULPHUV�HVWXGLV�VHPEOHQ�LQGLFDU�TXH�OHV�]RQHV�FRORQLW]DGHV�VyQ

DQzGLTXHV�� PHQWUH� TXH� OHV� ]RQHV� OOLXUHV� FRUUHVSRQGULHQ� D� ]RQHV� FDWzGLTXHV�� $TXHVWHV� GLIHUqQFLHV� SRGHQ� FRQVWLWXLU� XQ

PHFDQLVPH�TXH�IDFLOLWDULD�OD�FRUURVLy�LQIOXwGD�SHU�PLFURRUJDQLVPHV��&RVWHUWRQ�HW�DO��������

6HQV�GXEWH��OD�WqFQLFD�PpV�XWLOLW]DGD�DFWXDOPHQW�pV�O¶REVHUYDFLy�GLUHFWH�GHOV�ELRILOPV�DPE�PLFURVFzSLD�FRQIRFDO�OjVHU�GH�UDVWUHLJ

�&6/0�� L� WLQFLy� DPE� IOXRURFURPV� �/DZUHQFH� HW� DO�� ������� $PE� DTXHVW� PLFURVFRSL� HV� SRGHQ� UHDOLW]DU� VHFFLRQV� zSWLTXHV� ±

KRULW]RQWDOV�R� VDJLWDOV�� GH�ELRILOPV� YLXV� SOHQDPHQW� KLGUDWDWV� L� LQWDFWHV�� OHV� TXDOV� SHUPHWHQ� UHFRQVWUXLU� O¶HVWUXFWXUD� HQ� �'� GHOV

PDWHL[RV�ELRILOPV�� $� OD�QDWXUDOHVD�HSLVFzSLFD�GH� OD�PLFURVFzSLD� FRQIRFDO� TXH� SHUPHW� H[DPLQDU� ELRILOPV� FXOWLYDWV� HQ� GLIHUHQWV

PDWHULDOV�� V¶KD� G¶DIHJLU� OD� VHYD� FDSDFLWDW� SHU� HOLPLQDU� OHV� jUHHV� IRUD� GH� IRFXV� GH� FDGD� SOD�� 8WLOLW]DW� FRQMXQWDPHQW� DPE� OHV

GLIHUHQWV� VRQGHV� IOXRUHVFHQWV� PROHFXODUV� SRW� SURSRUFLRQDU� LQIRUPDFLy� GHWDOODGD� GH� OD� PRUIRORJLD�� ILORJqQLD� L� PHWDEROLVPH

FHOÂOXODU��DL[t�FRP�GH�O¶DUTXLWHFWXUD�ItVLFD�L�TXtPLFD�GH�OD�PDWULX�GHO�ELRILOP�L�GHOV�SROtPHUV�DVVRFLDWV��&RVWHUWRQ�HW�DO��������

/¶DGYHQLPHQW�GH�GLIHUHQWV�VRQGHV�FHOÂOXODUV� L�PROHFXODUV�KDQ�FRPSOHWDW� OD�YHUVDWLOLWDW�GH� OD�PLFURVFzSLD� FRQIRFDO�� IHW�TXH�HVWj

VXSRVDQW�XQ� LPSDFWH�FRQVLGHUDEOH�HQ�HO� FRQHL[HPHQW�GH� O¶HFRORJLD�GHOV�ELRILOPV��&DO�GHVWDFDU� OD�KLEULGDFLy� IOXRUHVFHQW� LQ�VLWX

�),6+��DPE���6�U51$��TXH�SHUPHW�OD�LGHQWLILFDFLy�ILORJHQqWLFD�GH�OHV�FqOÂOXOHV�TXH�IRUPHQ�HO�ELRILOP��$PDQQ�HW�DO�������������

5RELQVRQ� HW� DO�� ������ %R\H� HW� DO�� ������� $TXHVWHV� VRQGHV�PROHFXODUV�� HQ� FRQMXQFLy� DPE� OD�PLFURVFzSLD� FRQIRFDO� HV� SRGHQ

XWLOLW]DU�SHU�FDWDORJDU�±�HQ�DOJXQV�FDVRV�ILQV�D�QLYHOO�GH�VXEHVSqFLH����OD�ELRGLYHUVLWDW�JHQqWLFD�TXH�H[LVWHL[�DOV�ELRILOPV�



���� 0DWHULDO�L�0qWRGHV���

����� 0DWHULDO�L�0qWRGHV

������ 7LQFLy�GLUHFWD�GH�ELRILOPV

6¶KDQ� UHDOLW]DW� GLIHUHQWV� SURYHV� SHU� WDO� G¶RSWLPLW]DU� OD� WLQFLy� GLUHFWD� GHOV� ELRILOPV� DPE� PLFURVFzSLD� GH� IOXRUHVFqQFLD�� 6¶KDQ

HVFROOLW��SURYDW�L�RSWLPLW]DW�WUHV�WLSXV�GH�WLQFLRQV�GLIHUHQWV�SHU�DSOLFDU�HQ�ELRILOPV�GHVHQYROXSDWV�D�OD�VXSHUItFLH�G¶HVIHUHV�GH�YLGUH

���PP�GH�GLjPHWUH���$� OD�GLILFXOWDW� LQWUtQVHFD�GH�OD�WLQFLy� L� O¶REVHUYDFLy�PLFURVFzSLFD�GHOV�ELRILOPV�QDWXUDOV��HQ�DTXHVW�FDV�V¶KD

DIHJLW� OD� ODERULRVLWDW� GHO� WUHEDOO� DPE� OD� VXSHUItFLH� GH� FRORQLW]DFLy� HVFROOLGD�� /D� 7DXOD� ���� UHVXPHL[� OHV� SULQFLSDOV� WLQFLRQV

XWLOLW]DGHV�SHU�D�O¶REVHUYDFLy�GH�PRVWUHV�GH�ELRILOP�

7DXOD������3ULQFLSDOV�WLQFLRQV�XWLOLW]DGHV�SHU�O¶REVHUYDFLy�GLUHFWD�GH�ELRILOPV�
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7LQFLy� DPE� WDURQMD� G·DFULGLQD�� $TXHVWD� WLQFLy� V¶KD� XWLOLW]DW� WDQW� SHU� D� O¶REVHUYDFLy� GLUHFWD� GHOV� ELRILOPV� DPE� HO� PLFURVFRSL

G¶HSLIOXRUHVFqQFLD� FRP� DPE� HO�PLFURVFRSL� FRQIRFDO�� /HV� HVIHUHV� SUqYLDPHQW� FRORQLW]DGHV� L� DPE� ELRILOP� D� OD� VHYD� VXSHUItFLH�

V¶KDQ�WHQ\LW�GLUHFWDPHQW�GXUDQW���PLQXWV�DPE�XQD�VROXFLy�DO�������GH�WDURQMD�G¶DFULGLQD��+REELH�HW�DO��������(DWRQ�HW�DO�������

YHXUH�317����D�O¶DQQH[���'HVSUpV�GH�WUHXUH�O¶H[FpV�GH�FRORUDQW�HV�IDQ�GRV�UHQWDWV�DPE�WDPSy�IRVIDW������P/�G¶DLJXD�GHVWLOÂODGD

HVWqULO�������J�GH�.+�32���� L� ILQDOPHQW�XQ� UHQWDW�DPE�DLJXD�GHVWLOÂODGD�HVWqULO��3HU�SRGHU�REVHUYDU�DO�PLFURVFRSL� OD�PRVWUD�HV

SRVDYD� GLQV� G¶XQD� FHOÂOD� GH� SROLFDUERQDW� �YHXUH� )LJXUD� ������ V¶DIHJLD� ROL� G¶LPPHUVLy� L� XQ� FREUHREMHFWHV� DO� VHX� GDPXQW�

/¶REVHUYDFLy�HV�UHDOLW]DYD�SHU�PLFURVFzSLD�G¶HSLIOXRUHVFqQFLD��XWLOLW]DQW�XQ�PLFURVFRSL�1LNRQ�/DERSKRW��,]DVD�5HJR��%DUFHORQD�

HTXLSDW�DPE�XQ�ILOWUH�JURF��1LNRQ�%��$��YHXUH�7DXOD������L�XQD�OjPSDGD�GH�PHUFXUL�GH�����Z�

&ULRLQFOXVLy��7LQFLy�DPE�'$3,�&7&�L�&ULRVHFFLy��8QD�GH� OHV� WqFQLTXHV�XWLOLW]DGHV�SHU�D� O¶HVWXGL� L�REVHUYDFLy�GH�ELRILOPV�KD

HVWDW� OD� FULRLQFOXVLy� L� FULRVHFFLy�� WHQ\LQW� GH� IRUPD� VLPXOWjQLD� DPE�'$3,� L�&7&� �5RGUtJXH]� HW� DO�� ������ <X� 	�0F)HWHUV� �����

+XDQJ�HW�DO���������������������(Q�SULPHU�OORF��HV�SURFHGLD�D�WHQ\LU�OD�PRVWUD�DPE�&7&�DO�������GXUDQW���KRUHV�D�WHPSHUDWXUD

DPELHQW��DJLWDQW�VXDXPHQW�D�OD�IRVFRU��+XDQJ�HW�DO��������L�GHVSUpV�HV�IL[DYD�DPE�IRUPDOGqKLG�DO����GXUDQW���PLQ��/HV�HVIHUHV

WUDFWDGHV� GHVSUpV� GH� OD� WLQFLy� DPE�&7&� L� OD� IL[DFLy�� HV� SRVDYHQ� D� VREUH� G¶XQ� EORF� GH� QHX� FDUEzQLFD� L� HV� UHDOLW]DYD� OD� VHYD

LQFOXVLy�DPE�PHGL�7LVVXH�7HN�2&7��0LOHV�,QFRUSRUDWHG�������(ONKDUW��86$���SURFXUDQW�FREULU�QRPpV�XQD�PHLWDW�GH�O¶HVIHUD�

4XDQ�O¶DJHQW�2&7�HV�WRUQDYD�FRPSOHWDPHQW�EODQF�±�VHQ\DO�GH�TXH�V¶KDYLD�FRQJHODW����HV�WUHLD�OD�PRVWUD�VHQFHUD�L��DPE�O¶DMXGD

G¶XQ�SXQ[y�±�DPE�PROWD�SDFLqQFLD�L�DOJXQV�UHQHFV���V¶DFRQVHJXLD�VHSDUDU�O¶HVIHUD�GHO�PHGL�G¶LQFOXVLy��'¶DTXHVWD�IRUPD�HO�ELRILOP

TXHGDYD�VHSDUDW�GHO�PHGL�GH�VXSRUW� L�QRPpV�TXHGDYD�DIHJLU�PpV�PHGL�7LVVXH�7HN�2&7�D�OD�SDUW�H[SRVDGD�GHO�ELRILOP��YHXUH

)LJXUD������L�HVSHUDU�D�OD�VHYD�FRQJHODFLy��'HVSUpV�GH�PDUFDU�OD�PRVWUD�SHU�VDEHU�O¶RULHQWDFLy�GHO�ELRILOP�L�OD�FDUD�PpV�SURSHUD�D

OD�VXSHUItFLH�GHO�VXEVWUDFWH��HV�SRGLHQ�JXDUGDU�D�±���&��R�HV�SRGLD�SURFHGLU�D�OD�VHYD�FULRVHFFLy�



&DStWRO�� &DUDFWHULW]DFLy�GH�ELRILOPV�PLWMDQoDQW�WqFQLTXHV�GH�PLFURVFzSLD ���

)LJXUD������&ULRLQFOXVLy�L�FULRVHFFLy�GH�ELRILOPV�SUHVHQWV�D�OD�VXSHUItFLH�G¶HVIHUHV�GH�YLGUH�

(OV�ELRILOPV� LQFORVRV�GLQV�GHO�PHGL�2&7�HV� WDOODYHQ�HQ� VHFFLRQV�GH����P�GH�JUXL[�DPE� O¶DMXGD�G¶XQ� FULRWRP�/HLFD�&0�����

�/HLFD�0LFURV\VWHPV��'HHUILHOG��86$����L�HV�UHDOLW]DYD�HO�VHX�PXQWDWJH�HQ�SRUWHV�GH�YLGUH�DPE�OD�VXSHUItFLH�WUDFWDGD��6XSHUIURVW�

3OXV�0LFURVFRSH�6OLGHV��)LVKHUEUDQG������������86$���)LQDOPHQW��V¶DIHJLD�'$3,�D�OD�FRQFHQWUDFLy�KDELWXDO�����J�P/��GXUDQW��

PLQ�� HV� WUHLD� O¶H[FpV� GH� FRORUDQW� L� V¶DVVHFDYHQ� OHV�PRVWUHV� D� O¶DLUH�� /¶REVHUYDFLy� HV� YD� UHDOLW]DU� DPE� O¶DMXGD� G¶XQ�PLFURVFRSL

1LNRQ�(FOLSVH�(�����DPE�XQ�FRV�GH�ILOWUHV�SHO�&7&�L�XQ�DOWUH�SHO�'$3,��YHXUH7DXOD������

2ª capa de
Medi OCT

Biofilm sobre
l’esfera

Medi OCT

Bloc de neu carbònica

Bloc de neu carbònica

Bloc de neu carbònica

CRIOINCLUSIÓ

CRIOSECCIÓ

Seccions de 5 µm



���� 0DWHULDO�L�0qWRGHV���

7LQFLy�DPE�/LYH�'HDG��3HU� D� O¶REVHUYDFLy�GLUHFWD�GHOV�ELRILOPV�DPE�HO�PLFURVFRSL� FRQIRFDO� V¶KD�XWLOLW]DW� EjVLFDPHQW� OD� WLQFLy

/LYH�'HDG�%DF/LJKW��.RUEHU�HW�DO���������'HVSUpV�GH�YjULHV�SURYHV�V¶KD�PRGLILFDW� OOHXJHUDPHQW�HO�SURWRFRO�XWLOLW]DW�SHU�PRVWUHV

SODQFWzQLTXHV� �YHXUH� ������ L� 317���� D� O¶DQQH[��� /HV� HVIHUHV� SUqYLDPHQW� FRORQLW]DGHV� L� DPE� ELRILOP� D� OD� VHYD� VXSHUItFLH�� HV

WHQ\LHQ�GLUHFWDPHQW�DPE� OD� VXILFLHQW� TXDQWLWDW� GH� OD� VROXFLy� VWRFN� GH� FRORUDQW��'HVSUpV� GH� ���PLQ� G¶LQFXEDFLy� D� WHPSHUDWXUD

DPELHQW�L�D�OD�IRVFRU��HV�WUHLD�O¶H[FpV�GH�FRORUDQW��UHDOLW]DQW�XQ�UHQWDW�DPE�WDPSy�IRVIDW���SRVDQW�OD�PRVWUD�GLQV�G¶XQD�FHOÂOD�GH

SROLFDUERQDW��YHXUH�)LJXUD�������3HU�SRGHU�REVHUYDU�DO�PLFURVFRSL�V¶DIHJLD�ROL�G¶LPPHUVLy�D�OD�PRVWUD�L�XQ�FREUHREMHFWHV�DO�VHX

GDPXQW��/¶REVHUYDFLy�HV�UHDOLW]DYD�XWLOLW]DQW�PLFURVFzSLD�FRQIRFDO��YHXUH��������

������ 0LFURVFzSLD�GH�OHV�PRVWUHV

/D� UHDOLW]DFLy�GH�SDUW� GHO� WUHEDOO� H[SHULPHQWDO� HQ� WUHV� FHQWUHV�EHQ�GLIHUHQWV�� HO�&HQWHU� IRU� %LRILOP�(QJLQHHULQJ� GH� OD�0RQWDQD

6WDWH� 8QLYHUVLW\�� HO� /DERUDWRUL� GH�0LFURELRORJLD� GHO� 'HSW�� G¶ÑSWLFD� L� 2SWRPHWULD� GH� OD� 8QLYHUVLWDW� 3ROLWqFQLFD� GH� &DWDOXQ\D� L�

ILQDOPHQW��HO�/DERUDWRUL�GH�)LVLRORJLD�$PELHQWDO�GHO�'HSW��GH�*HQqWLFD�L�0LFURELRORJLD�GH�OD�8QLYHUVLWDW�$XWzQRPD�GH�%DUFHORQD�

KD�REOLJDW�D�XWLOLW]DU�GLIHUHQW�HTXLSDPHQW�PLFURVFzSLF��3HU�DTXHVW�PRWLX��HV�GHWDOOHQ�D�FRQWLQXDFLy�OHV�SULQFLSDOV�FDUDFWHUtVWLTXHV�

OD�XWLOLW]DFLy�GRQDGD�L�OD�FRQILJXUDFLy�SULQFLSDO�SHU�D�FDGD�XQ�G¶DTXHVWV�DSDUHOOV�XWLOLW]DWV�

0LFURVFzSLD�G·HSLIOXRUHVFqQFLD�GH�PRVWUHV�SODQFWzQLTXHV� L�GH�ELRILOP��*UDQ�SDUW�GHO� WUHEDOO� H[SHULPHQWDO� KD� FRQVLVWLW� HQ

O¶REVHUYDFLy� L� TXDQWLILFDFLy� GH�PRVWUHV� SODQFWzQLTXHV�� SURYLQHQWV� GH� PRVWUHV� G¶DLJXD� R� GH� ELRILOPV� VHSDUDWV� GHO� PDWHULDO� GH

VXSRUW�L�GLVJUHJDWV��3DUW�GHOV�H[SHULPHQWV�L��HVSHFLDOPHQW��OD�JUDQ�PDMRULD�GH�UHFRPSWHV�GH�PRVWUHV�SODQFWzQLTXHV�DPE�WDURQMD

G¶DFULGLQD�±� WDQW� GH�ELRILOP� FRP�G¶DLJXD� �� V¶KDQ� UHDOLW]DW� DO� /DERUDWRUL� GH�0LFURELRORJLD� GHO�'HSW�� G¶ÑSWLFD� L�2SWRPHWULD� GH� OD

8QLYHUVLWDW� 3ROLWqFQLFD� GH�&DWDOXQ\D�� DPE� XQ�PLFURVFRSL� G¶HSLIOXRUHVFqQFLD�1LNRQ� /DERSKRW� �,]DVD�5HJR�� %DUFHORQD�� HTXLSDW

DPE�XQ� ILOWUH�JURF� �1LNRQ�%��$�� YHXUH�7DXOD������ L� XQD� OjPSDGD�GH�PHUFXUL� GH� ����Z��(O�PDWHL[�PLFURVFRSL� V¶KD� XWLOLW]DW� SHU

UHFRPSWHV�DPE�OD�WLQFLy�/LYH�'HDG��0ROHFXODU�3UREHV�����D��L�/LYH�%DFOLJKW��0ROHFXODU�3UREHV�����E���4XDQ�KD�FDOJXW�XWLOLW]DU

ROL�G¶LPPHUVLy�V¶KD�XWLOLW]DW�O¶ROL�2O\PSXV�SHU�IOXRUHVFqQFLD��QG ���������&��

$OV�ODERUDWRULV�GHO�&HQWHU�IRU�%LRILOP�(QJLQHHULQJ��0RQWDQD�6WDWH�8QLYHUVLW\��HV�YD�UHDOLW]DU�JUDQ�SDUW�GHO�WUHEDOO�GH�SRVWD�D�SXQW�L

RSWLPLW]DFLy�GH�OHV�WqFQLTXHV�GH�WLQFLy�GLUHFWD�GH�ELRILOPV��DL[t�FRP�WDPEp�UHFRPSWHV�GH�PRVWUHV�SODQFWzQLTXHV�DPE�GLIHUHQWV

IOXRURFURPV�� (Q� DTXHVW� FHQWUH� HV� YD� XWLOLW]DU� HO� PLFURVFRSL� 2O\PSXV� %+���� HTXLSDW� DPE� ILOWUHV� 2O\PSXV� WLSXV� 8�� %� L� *� SHOV

UHFRPSWHV�DPE�'$3,��/LYH�'HDG�L�/LYH�%DFOLJKW��PHQWUH�TXH�HO�PLFURVFRSL�1LNRQ�(FOLSVH�(�����DPE���WLSXV�GH�ILOWUHV�GLIHUHQWV�

SHU� IOXRUHVFHwQD��&7&��'$3,� L� WDURQMD� G¶DFULGLQD� HV� YD� XWLOLW]DU� SHU� OHV� REVHUYDFLRQV� GH� FULRVHFFLRQV� GH� ELRILOPV� WHQ\LWV� DPE

'$3,�&7&��YHXUH�7DXOD������

7DXOD�������&RQILJXUDFLy�GHOV�PLFURVFRSLV�G¶HSLIOXRUHVFqQFLD�XWLOLW]DWV�

0LFURVFRSL 7LSXV�GH�ILOWUH )LOWUH��([FLWDFLy 0LUDOO�GLFURLF )LOWUH�%DUUHUD

1LNRQ�/DERSKRW 1LNRQ�%��$ ������� '0���� %$����

1LNRQ�(FOLSVH�(���� 1LNRQ�%��$��$2� ������� '0���� %$����

1LNRQ�%��(�&��),7&� ������� '0���� %$��������

1LNRQ�89��(�&��'$3,� ������� '0���� %$��������

&7& ������� '0���� �������

2O\PSXV�%+�� 2O\PSXV�8 8*�� '0���� /����

2O\PSXV�% %3���� '0���� $)&���2����

2O\PSXV�* %3���� '0���� 2����



&DStWRO�� &DUDFWHULW]DFLy�GH�ELRILOPV�PLWMDQoDQW�WqFQLTXHV�GH�PLFURVFzSLD ���

2EVHUYDFLy�L�$QjOLVL�GH�ELRILOPV�SHU�PLFURVFzSLD�FRQIRFDO��&/60���6¶KDQ�UHDOLW]DW�REVHUYDFLRQV�DO�PLFURVFRSL�FRQIRFDO�GH

GLIHUHQWV�PRVWUHV�GH�ELRILOPV�REWLQJXGHV�D�FDGD�HVWDFLy�H[SHULPHQWDO��$�SDUWLU�GH�OHV�VHFFLRQV�zSWLTXHV�GHOV�ELRILOPV�SUHVHQWV�D

OD�VXSHUItFLH�GHO�PDWHULDO�GH�VXSRUW��V¶KD�REWLQJXW�LQIRUPDFLy�WULGLPHQVLRQDO�GH�O¶HVWUXFWXUD�GHOV�PDWHL[RV��(Q�DTXHVW�VHQWLW��V¶KDQ

UHFRQVWUXwW� LPDWJHV� HVWHUHRVFzSLTXHV�� LPDWJHV� HQ� ��'� L� V¶KDQ� FDUDFWHULW]DW� HOV� SULQFLSDOV� SDUjPHWUHV� GH� OD� WRSRJUDILD� GH� OD

VXSHUItFLH��FRP�HV�GHWDOODUj�PpV�HQGDYDQW�

/HV� PRVWUHV� HVFROOLGHV� SHU� D� O¶REVHUYDFLy� HV� SURFHVVDYHQ� GH� OD� IRUPD� KDELWXDO�� (Q� SULPHU� OORF�� HV� SURFHGLD� D� VHSDUDU� HOV

PLFURRUJDQLVPHV�SODQFWzQLFV�TXH�QR�HVWDYHQ�DGKHULWV�GH�IRUPD�LUUHYHUVLEOH�DO�PDWHULDO�GH�VXSRUW�� L�GHVSUpV�HV� WHQ\LHQ�DPE�HO

FRORUDQW�DGHTXDW��'HVSUpV�GH�UHDOLW]DU�YjULHV�SURYHV�DPE�FRORUDQWV�FRP�HO�WDURQMD�G¶DFULGLQD��HV�YD�RSWDU�SHU�XWLOLW]DU�GH�IRUPD

UXWLQjULD� OD� WLQFLy� /LYH�'HDG� %DFOLJKW� �YHXUH� �������� 6¶KD� FRQVLGHUDW� XQD� ERQD� DOWHUQDWLYD�PDOJUDW� OD� SRFD� LQIRUPDFLy� H[LVWHQW�

HVSHFLDOPHQW�SHO�TXH�ID�D�OD�VHYD�XWLOLW]DFLy�HQ�OD�PLFURVFzSLD�FRQIRFDO�GH�ELRILOPV��7RW�L�WHQLU�SUHVHQW�TXH�HV�WUDFWD�G¶XQD�WLQFLy

GLVVHQ\DGD�RULJLQDOPHQW�SHU�D�PRVWUHV�SODQFWzQLTXHV��KD�SUHVHQWDW�SRFV�SUREOHPHV�GH�WLQFLy�LQHVSHFtILFD�GHO�IRQV�GH�OD�PRVWUD�L�

D�PpV��KD�SHUPqV�UHDOLW]DU�DOKRUD�HO�UHFRPSWH�GHO�WRWDO�GH�FqOÂOXOHV�L�GH�OHV�FqOÂOXOHV�YLDEOHV�

/¶REVHUYDFLy� GHO�PDWHULDO� GH� VXSRUW� HPSUDW�� OHV� HVIHUHV� GH� YLGUH� SODQWHMDYD� XQD� SUREOHPjWLFD� HVSHFtILFD�� TXH� V¶KD� KDJXW� GH

UHVROGUH�GLVVHQ\DQW�XQD�FHOÂOD�GH�SROLFDUERQDW�WUDQVSDUHQW�GH�OHV�GLPHQVLRQV�G¶XQ�SRUWDREMHFWHV�SHUz�DPE���PP�GH�JUXL[� L�XQ

IRUDW� D� OD� VHYD� SDUW� FHQWUDO� �YHXUH� )LJXUD� ������ $TXHVW� RULILFL� SHUPHW� DJXDQWDU� L� PDQWHQLU� FDGD� XQD� GH� OHV� HVIHUHV� GH� YLGUH

VHOHFFLRQDGHV�DPE�OD�VHYD�VXSHUItFLH�FRORQLW]DGD�SHO�ELRILOP��OOHVWD�SHU�D�OD�VHYD�REVHUYDFLy�DO�PLFURVFRSL�

/D�PDMRULD�G¶REMHFWLXV�XWLOLW]DWV�D�OD�PLFURVFzSLD�FRQIRFDO�VyQ�REMHFWLXV�G¶LPPHUVLy��DPE�ROL��3HU�DL[z��V¶DIHJLD�ROL�G¶LPPHUVLy�D

VREUH�GH� OD�PRVWUD��GHVSUpV�HV�SRVDYD�XQ�FREUHREMHFWHV�D� OD�SDUW�VXSHULRU� L�� ILQDOPHQW��V¶DIHJLD�PpV�ROL� G¶LPPHUVLy�D� OD�SDUW

VXSHULRU�GHO�FREUHREMHFWHV��YHXUH�)LJXUD�������PDQWHQLQW�HO�PDWHL[�OtTXLG��QG �������D�WRWHV�OHV�SDUWV�GHO�PXQWDWJH�

Objectiu

Cobreobjectes

Esfera amb biofilm

Portaobjectes

Base del Microscopi

)LJXUD������(VTXHPD�GHO�PXQWDWJH�SHU�IDFLOLWDU�O¶REVHUYDFLy�DO�PLFURVFRSL�FRQIRFDO�GHOV�ELRILOPV�GHVHQYROXSDWV�HQ�HVIHUHV�GH
YLGUH�� RQ� FDO� GHVWDFDU� HO� SRUWDREMHFWHV� GH� SROLFDUERQDW�� GLVVHQ\DW� SHU� VXEMHFWDU� HO� PDWHULDO� GH� VXSRUW� �HVIHUHV� GH� YLGUH�
FRORQLW]DW�SHO�ELRILOP�



���� 0DWHULDO�L�0qWRGHV���

/¶RSWLPLW]DFLy�GH�OD�PHWRGRORJLD�L�O¶HVWXGL�G¶DOJXQHV�GH�OHV�PRVWUHV��HQYLDGHV�SHU�PLVVDWJHULD�XUJHQW��HV�YD�UHDOLW]DU�DO�&HQWHU�IRU

%LRILOP�(QJLQHHULQJ�GH� OD� �0RQWDQD�6WDWH�8QLYHUVLW\��(Q�DTXHVW� FHQWUH�HV�GLVSRVDYD�G¶XQ�PLFURVFRSL� FRQIRFDO� /HLFD�7&6�17

�/HLFD�0LFURV\VWHPV��'HHUILHOG��86$���IRUPDW�SHU�XQ�PLFURVFRSL�/HLFD�'05��DPE�HOV�REMHFWLXV�+&�3/�)OXRWDU����[��$1 ������

+&�3/�$32����[��$1 ��������1�3ODQ����[��$1 ��������3/�)OXRWDU����[��$1 ��������3/�)OXRWDU�/����[��$1 ��������3/�$32����[

�$1 ���� 2,/�� L� 3/� $32� ���� [� �$1 ���� 2,/��� (O� VLVWHPD� HVWDYD� FRQWURODW� SHU� XQD� XQLWDW� SURFHVVDGRUD� 0RWRUROD� ������

HQFDUUHJDGD�GHO�FRQWURO�GH�WRWHV�OHV�IXQFLRQV��/D�XQLWDW�SUHVHQWDYD���WLSXV�GH�OjVHUV��XQ�OjVHU�G¶DUJy�NULSWy�RSHUDQW�D�����QP��XQ

OjVHU�G¶DUJy�RSHUDQW�D�����QP�L�XQ�OjVHU�G¶KHOL�QHy�RSHUDQW�D�����QP�

/D�UHVWD�GH�OHV�PRVWUHV�HV�YD�HVWXGLDU�DO�6HUYHL�GH�0LFURVFzSLD�(OHFWUzQLFD�GH�OD�8QLYHUVLWDW�$XWzQRPD�GH�%DUFHORQD��RQ�V¶KD

WUHEDOODW�DPE�XQ�PLFURVFRSL�FRQIRFDO�/HLFD�7&6��/HLFD�0LFURV\VWHPV��%DUFHORQD���IRUPDW�SHU�XQ�PLFURVFRSL�/HLFD�'05��DPE�HOV

REMHFWLXV� 3/� )OXRWDU� ��� [� �$1 � �������� 2,/��� 3/� $32� ��� [� �$1 ���� 2,/�� L� 3/� )OXRWDU� ���� [� �$1 �������� 2,/��� /D� XQLWDW

SUHVHQWDYD�XQ�OjVHU�G¶DUJy�NULSWy�RSHUDQW�HQ�WUHV�OtQLHV�D����������L�����QP�

/HV�PRVWUHV�HV�YDQ�DQDOLW]DU�DWHQHQW�D�OD�IOXRUHVFqQFLD�GH�OHV�FqOÂOXOHV�GHO�ELRILOP��'HVSUpV�GH�VHOHFFLRQDU�O¶REMHFWLX�D�XWLOLW]DU�L

OD�JUDQGjULD�GHO�³SLQKROH´�FRUUHVSRQHQW�SHU�WDO�G¶DFRQVHJXLU�OD�Pj[LPD�FRQIRFDOLWDW��HV�YDQ�UHDOLW]DU�VHFFLRQV�zSWLTXHV�GHO�ELRILOP

HQ�HO�SOD�IRFDO�KRULW]RQWDO��[�\���3HU�IHU�KR��HV�EXVFDYD�HQ�SULPHU� OORF� OD� LPDWJH�REWLQJXGD�SHU� OD� IOXRUHVFqQFLD�GH� OHV�FROzQLHV

SUHVHQWV� D� OD� SDUW� PpV� H[WHUQD� GHO� VXSRUW� L�� SRVWHULRUPHQW�� V¶DQDYD� SURIXQGLW]DQW� FDS� D� O¶LQWHULRU� GHO� ELRILOP� ILQV� TXH� QR

V¶REVHUYDYD� FDS� VHQ\DO� �YHXUH� )LJXUD� ������ '¶DTXHVWD� IRUPD�� KD� HVWDW� SRVVLEOH� FRQqL[HU� OD� SURIXQGLWDW� R� JUXL[� GHO� ELRILOP

GHVHQYROXSDW� DO�PDWHULDO� GH� VXSRUW��'HVSUpV� G¶HVWDEOLU� HO� QRPEUH� GH� VHFFLRQV� zSWLTXHV� D� DGTXLULU� L� O¶LQWHUYDO� HQWUH� HOOHV�� V¶KD

UHDOLW]DW�OD�UHFRQVWUXFFLy�GH�OD�PRUIRORJLD�HVWUXFWXUDO�GHO�ELRILOP��DL[t�FRP�OD�VHYD�WRSRJUDILD��7DPEp�HV�YDQ�REWHQLU�LPDWJHV�GHO

ELRILOP�D�SDUWLU�GH�VHFFLRQV�HIHFWXDGHV�HQ�HO�SOD�YHUWLFDO�[�]�

/HV�LPDWJHV�HV�YDQ�DGTXLULU�JHQHUDOPHQW�DPE�GRV�FDQDOV��SURSRUFLRQDQW�LPDWJHV�GH�O¶HPLVVLy�GH�IOXRUHVFqQFLD�YHUGD�L�YHUPHOOD

GHO�PDWHL[�FDPS�PLFURVFzSLF��R�WUHV�FDQDOV�TXDQ�V¶DIHJLD�OD�DXWR�IOXRUHVFqQFLD�EODYD�GH�FHUWV�PDWHULDOV�GHO�IRQV�GH�OHV�PRVWUHV�

/HV�LPDWJHV�REWLQJXGHV�D�FDGD�FDQDO�V¶KDQ�FRPELQDW�GLJLWDOPHQW�SHU�UHDOLW]DU�OHV�PHVXUHV�RSRUWXQHV�HQ�FDGD�FDV�

)LJXUD������0LFURVFRSL�FRQIRFDO�GH�UDVWUHLJ��(VTXHPD�GH�OD�UHDOLW]DFLy�GH�VHFFLRQV�zSWLTXHV�HQ�HO�SOD�IRFDO�KRULW]RQWDO�[�\�
SHU�D�OD�FDUDFWHULW]DFLy�GHOV�ELRILOPV�D�OD�VXSHUItFLH�GHO�PHGL�GH�VXSRUW��HVIHUHV�GH�YLGUH��

]

[

\

7RS

%RWWRP



&DStWRO�� &DUDFWHULW]DFLy�GH�ELRILOPV�PLWMDQoDQW�WqFQLTXHV�GH�PLFURVFzSLD ���

$�SDUWLU�GH�OD�LQIRUPDFLy�REWLQJXGD�HQ�OD�VqULH�GH�VHFFLRQV�zSWLTXHV�V¶REWp�XQD�LPDWJH�WRSROzJLFD�TXH�UHSUHVHQWD�OD�LQIRUPDFLy

G¶DOoDGD�VHJRQV�XQ�FRGL�GH�FRORUV��DL[t�FRP� LPDWJHV�HVWHUHRVFzSLTXHV��(Q�DTXHVW�~OWLP�FDV�HO�VRIWZDUH�FDOFXOD�GXHV� LPDWJHV

GLIHUHQWV� URWDQW� OOHXJHUDPHQW�HQ�XQ�FHUW�DQJOH� OD�GLUHFFLy�GH�YLVXDOLW]DFLy��3UHVHQWDQW�SHU�D�FDGD�XOO�XQD� LPDWJH� OOHXJHUDPHQW

GLIHUHQW��XOO�GUHW�LPDWJH�YHUGD��XOO�HVTXHUUD�LPDWJH�YHUPHOOD���SHUPHW�TXH�HO�FHUYHOO�OHV�LQWHUSUHWL�GH�IRUPD�WULGLPHQVLRQDO�

$OJXQHV�GH� OHV�PRVWUHV�REVHUYDGHV�DPE�PLFURVFzSLD� FRQIRFDO�V¶KDQ�HVWXGLDW�DO�PDWHL[� WHPSV�DPE�XQ�QRX�SHUILOzPHWUH�zSWLF

FRQIRFDO�GHVHQYROXSDW�DO�&HQWUH�SHO�'HVHQYROXSDPHQW�GH�6HQVRUV�� ,QVWUXPHQWV� L�6LVWHPHV� �&'���GHO�'HSDUWDPHQW�G¶ÑSWLFD� L

2SWRPHWULD� GH� OD� 8QLYHUVLWDW� 3ROLWqFQLFD� GH�&DWDOXQ\D� �/DJXDUWD� HW� DO�� ������ $UWLJDV� HW� DO�� ������� $TXHVW�PLFURVFRSL� SHUPHW

REWHQLU�XQD�WRSRJUDILD�GH�OD�VXSHUItFLH�GHO�ELRILOP�DPE�XQD�UHVROXFLy�HVSDFLDO�PHQRU�GH������P��XWLOLW]DQW�SHU�UHDOLW]DU�HO�UDVWUHLJ

GH� OD�PRVWUD� XQ� SDWUy� G¶HVFOHW[HV� HQ� FRPSWHV� GHO� WtSLF� ³SLQKROH´�� $L[t�� FDGD� YDORU� LQGLYLGXDO� GH� OD� WRSRJUDILD� GH� OD� VXSHUItFLH

V¶DGTXLUHL[�TXDQ�XQ�SXQW�GRQDW�GH� OD�VXSHUItFLH� FRLQFLGHL[�GH� IRUPD�SUHFLVD�DPE� OD�SRVLFLy�GHO�SOD�RQ�HO�SDWUy�G¶HVFOHW[HV�HV

YLVXDOLW]D��/HV�PRVWUHV�V¶KDQ�LOÂOXPLQDW�DPE�OOXP�EODQFD�L�V¶KDQ�XWLOLW]DW�HOV�VHJ�HQWV�REMHFWLXV�1LNRQ�GH�V~SHU�OODUJXHV�GLVWjQFLHV

GH�WUHEDOO��1LNRQ���[�6/:'��$1�����������[�6/:'��$1�����������[�6/:'��$1������������[�6/:'��$1���������/D�OOXP�GLIXVD�R

UHIOHFWLGD� V¶REVHUYD� DPE� XQD� FDPEUD� &&'� L� HV� SURFHVVD� DPE� XQ� DOJRULWPH� GH� IRFXV�� MD� VLJXL� HO� FOjVVLF� DOJRULWPH� FRQIRFDO

G¶LQWHQVLWDW��:LOVRQ��������R�Ep�O¶DOJRULWPH�GH�JUDGLHQW��)LHJXWK�	�6WDHOLQ��������(OV�ELRILOPV�V¶KDQ�REVHUYDW�GLUHFWDPHQW�GHVSUpV

GHO�VHX�SURFHVVDW�QRUPDO�GH�QHWHMD�

2EVHUYDFLy� L�$QjOLVL� GH� ELRILOPV� DPE�(6(0�� )LQDOPHQW�� DOJXQHV� GH� OHV�PRVWUHV� WDPEp� V¶KDQ� HVWXGLDW� DPE� XQ�PLFURVFRSL

HOHFWUzQLF�DPELHQWDO�GH�UDVWUHLJ��(6(0���$TXHVW�PLFURVFRSL�Wp�WRWV�HOV�DYDQWDWJHV�GHOV�PLFURVFRSLV�GH�UDVWUHLJ�QRUPDOV��6(0��

SHUz�DO�PDWHL[�WHPSV�HO�VHX�GHWHFWRU�pV�FDSDo�G¶REWHQLU�LPDWJHV�G¶DOWD�UHVROXFLy�DPE�SUHVVLRQV�G¶HQWUH��������7RUU��$L[z��SHUPHW

O¶H[DPHQ�G¶HVWUXFWXUHV�KLGUDWDGHV�FRP�HOV�ELRILOPV��/LWWOH�HW�DO��������-RKQVRQ�$VVRF��������

'HVSUpV�GHO�SURFHVVDW�QRUPDO�GH�QHWHMD�SHU�VHSDUDU�HOV�PLFURRUJDQLVPHV�QR�DGKHULWV��HOV�ELRILOPV�V¶KDQ�VRWPqV�GLUHFWDPHQW�D�OD

FDPEUD�GHO�PLFURVFRSL�(OHFWURVFDQ�������3KLOLSV�(OHFWURQ�2SWLFV��(LQGKRYHQ��7KH�1HWKHUODQGV��GHO�/DERUDWRUL�GH�0LFURVFzSLD

(OHFWUzQLFD� GHO� 'HSDUWDPHQW� GH�&LqQFLD� GHOV�0DWHULDOV� L� (QJLQ\HULD�0HWDOÂO~UJLFD� GH� OD� 8QLYHUVLWDW� 3ROLWqFQLFD� GH� &DWDOXQ\D�

6¶KDQ�EXVFDW�OHV�FRQGLFLRQV�LGzQLHV�GH�FDUD�D�QR�GHVKLGUDWDU�HO�ELRILOP��YDULDQW�OD�WHPSHUDWXUD�L�OD�SUHVVLy�

7HzULFDPHQW��SHU�PDQWHQLU� O¶HVWDW�SOHQDPHQW�KLGUDWDW�GH� OHV�PRVWUHV�V¶KDQ�GH�PDQWHQLU�D���&�JUjFLHV�D� OD� FDPEUD�3HOWLHU� GHO

PLFURVFRSL��L�V¶KDQ�G¶REVHUYDU�DPE�XQD�SUHVVLy�GH�YDSRU�VDWXUDGD�GH������7RUU��6XWWRQ�HW�DO���������(O�PLFURVFRSL�(6(0�HV�YD

RSHUDU�D����NHY�XWLOLW]DQW�HO�GHWHFWRU�G¶HOHFWURQV�VHFXQGDULV��(6'���SHU�REWHQLU�LPDWJHV�DPE�OD�PLOORU�UHVROXFLy�

$QjOLVL� L� WUDFWDPHQW� GH� OHV� LPDWJHV�� /HV� LPDWJHV� REWLQJXGHV� DO� ODERUDWRUL� GHO� &HQWHU� IRU� %LRILOP� (QJLQHHULQJ� DPE� HOV� GRV

PLFURVFRSLV�FLWDWV�DQWHULRUPHQW�V¶KDQ�GLJLWDOLW]DW�JUjFLHV�D�XQD�FDPEUD�&&'�GLJLWDO�GH�FRORU�L�UHIULJHUDGD�2SWURQLFV�2SGH����7�

DPE�XQ�[LS�6RQ\�,&;���$.�GH����´� L�XQD�UHVROXFLy�GH�����+��[�����9��SL[HOV��/HV�LPDWJHV�TXH�V¶KDQ�YLVXDOLW]DW�JUjFLHV�D�XQ

PRQLWRU� 5*%� HQ� FRORU� 6RQ\� 69390����� G¶DOWD� UHVROXFLy�� V¶KDQ� SURFHVVDW� DPE� XQD� WDUMD� G¶DGTXLVLFLy� 7DUJD� ���� $'&

�7UXHYLVLRQ��,QF���86$���L�HO�VRIWZDUH�,PDJH�3UR�3OXV������0HGLD�&\EHUQHWLFV���/HV�LPDWJHV�V¶KDQ�DU[LYDW�HQ�IRUPDW�7,))�L����ELWV

HQ�FRORU�

/HV�LPDWJHV�REWLQJXGHV�V¶KDQ�WUDFWDW�DPE�O¶DMXGD�GHO�SURJUDPD�GH�GRPLQL�S~EOLF�,PDJH-��,PDJH-��Y��������1DWLRQDO�,QVWLWXWHV�RI

+HDOWK��86$��� HO� TXDO� SHUPHW� REULU� L� WUDFWDU� OHV� SLOHV� �³VWDFNV´�� G¶LPDWJHV� DGTXLULGHV� D� SDUWLU� GHO�PLFURVFRSL� FRQIRFDO�� $� SDUWLU

G¶DOJXQHV�GH�OHV�VqULHV�G¶LPDWJHV�V¶KD�UHDOLW]DW�XQD�SURMHFFLy�]��JUjFLHV�D�O¶DOJRULWPH�G¶LQWHQVLWDW�Pj[LPD�



���� 0DWHULDO�L�0qWRGHV���

������ $QjOLVL�GH�O¶HVWUXFWXUD�WULGLPHQVLRQDO�GHOV�ELRILOPV

$� SDUWLU� GH� OHV� LPDWJHV� REWLQJXGHV� DPE� HO� PLFURVFRSL� FRQIRFDO� GH� UDVWUHLJ� V¶KD� UHDOLW]DW� XQ� VHJXLPHQW� GH� OD� FRORQLW]DFLy

PLFURELDQD�GHO�PDWHULDO�GH�VXSRUW��3HU�XQ�FDQWy��OHV�GDGHV�REWLQJXGHV�DPE�OD�PLFURVFzSLD�FRQIRFDO�KDQ�SHUPqV�GHWHUPLQDU�HO

JUXL[�GHO�ELRILOP��DQDOLW]DQW�OHV�REVHUYDFLRQV�UHDOLW]DGHV�HQ�HO�SOD�YHUWLFDO��[�]���R�Ep�UHDOLW]DQW�YjULHV�VHFFLRQV�zSWLTXHV�HQ�HO�SOD

IRFDO�KRULW]RQWDO��[�\��L�FRQHL[HQW�OHV�FRRUGHQDGHV�GH�OD�VHFFLy�VXSHULRU��7RS��L�OD�LQIHULRU��%RWWRP���(Q�DTXHVW�~OWLP�FDV��HO�JUXL[

PLWMj�V¶KD�GHWHUPLQDW�JUjFLHV�DO�PzGXO�G¶DQjOLVL�GH�VXSHUItFLHV�GHO�SURSL�VRIWZDUH�GHO�PLFURVFRSL� �/HLFD�7&6���TXH�GHWHUPLQD� L

UHSUHVHQWD�OD�LPDWJH�WRSROzJLFD�GH�OD�VXSHUItFLH��REWLQJXGD�D�SDUWLU�GH�OHV�GLIHUHQWV�VHFFLRQV�zSWLTXHV�[�\�

'¶DOWUD�EDQGD��HO�SURSL�VRIWZDUH�GHO�FRQIRFDO�SUHVHQWD�XQ�PzGXO�G¶DQjOLVL�GH�VXSHUItFLHV��D�SDUWLU�GHO�TXDO�V¶KDQ�GHWHUPLQDW�DOWUHV

SDUjPHWUHV� LPSRUWDQWV� FRP� OD� UXJRVLWDW� �YHXUH� 7DXOD� ������ $TXHVWV� SDUjPHWUHV� KDQ� DMXGDW� D� FDUDFWHULW]DU� OD� VXSHUItFLH� GHO

PDWHULDO�GH�VXSRUW�L��DOKRUD��KDQ�SHUPqV�UHDOLW]DU�XQ�VHJXLPHQW�GH�OD�FRORQLW]DFLy�PLFURELDQD�

'HVSUpV� G¶HVWDU� XQ� WHPSV� SUHGHWHUPLQDW� HQ� FRQWDFWH� DPE� O¶DLJXD� VXEWHUUjQLD� L� GH� IHU� HO� UHQWDW� LQLFLDO� SHU� VHSDUDU� HOV

PLFURRUJDQLVPHV�SODQFWzQLFV�QR�DGKHULWV��YHXUH���������HV�YDQ�WUDQVIHULU�SDUW�GH�OHV�HVIHUHV��DSUR[LPDGDPHQW�����HQ�XQ�UHFLSLHQW

GH� SOjVWLF� HVWqULO� SOH� DPE� VROXFLy� VDOLQD� �1D&O� ������ HVWqULO�� (O� SURFpV� HV� YD� UHDOLW]DU� D� OHV� WUHV� ]RQHV� GH�PRVWUHLJ�� DJDIDQW

PRVWUHV�GHOV�UHDFWRUV�DPE�HVIHUHV�GH�YLGUH�H[SRVDGHV�D�O¶DLJXD�IUHjWLFD�GHO�SRX�G¶$OIRQV�HO�0DJQjQLP��6DQW�0DUWt�%HVyV��L�GH�OD

PLQD�GH�5LEDWDOODGD��&$66$��6DEDGHOO���DL[t�FRP�GH�O¶DLJXD�SRWDEOH�GHO�/DE��GH�0LFURELRORJLD�D�7HUUDVVD��/HV�PRVWUHV�GHO�PHGL

GH�VXSRUW�GHOV� UHDFWRUV� �HVIHUHV�GH�YLGUH��REWLQJXGHV�HV�YDQ� WHQ\LU�GH� OD� IRUPD�KDELWXDO� �YHXUH�������� L� HV� YDQ�REVHUYDU� DPE

PLFURVFzSLD�FRQIRFDO��YHXUH��������SHU�HVWXGLDU�O¶HVWUXFWXUD�GHOV�ELRILOPV�IRUPDWV�

7DXOD������3ULQFLSDOV�SDUjPHWUHV�XWLOLW]DWV�SHU�D�O¶HVWXGL�GH�OD�VXSHUItFLH�GHO�PDWHULDO�GH�VXSRUW�SHU�PLFURVFzSLD�FRQIRFDO�

6XSHUItFLH�7RWDO
7RWDO�GH�OD�VXSHUItFLH�GLQV�GH
O¶jUHD�G¶LQWHUqV

Sup.tot = Ai
i =1

i= 3

∑

5DWLR�GH�6XSHUItFLH
3URSRUFLRQD�HO�JUDX�GH�IUDFWXUD
GH�OD�VXSHUItFLH

(V�GLYLGHL[�OD�VXSHUItFLH�WRWDO�SHU�O¶jUHD�GH�OD�UHJLy�G¶LQWHUqV�

5W

0j[LPD�SURIXQGLWDW�GH�UXJRVLWDW�
'LVWjQFLD�HQWUH�HO�SXQW�PpV�DOW�L
HO�SXQW�PpV�EDL[�G¶XQ�SHUILO�

5D��UXJRVLWDW�PLWMDQD�

0LWMDQD�DULWPqWLFD�GHOV�YDORUV�<
TXH�V¶DSDUWHQ�GH�OD�OtQLD�PLWMD�DO
OODUJ�GH�OD�VXSHUItFLH�GH�PRVWUHLJ�

Ra =
1

Im

y
x = 0

x= Im

∫ dx

5T

5HSUHVHQWD�OD�GLVSHUVLy�GHOV
YDORUV�G¶DPSOLWXG�DO�YROWDQW�GH�OD
OtQLD�]HUR�

Rq =
1

Im

y2 (x)dx
0

Im

∫

6N
0HVXUD�HO�ELDL[�R�O¶DVLPHWULD�GH�OD
GLVWULEXFLy�GH�OHV�DPSOLWXGV��WDQW
YDORUV�SRVLWLXV�FRP�QHJDWLXV�

Sk =
1

Rq
3 ⋅

1

n
⋅ Yi − Y( )3

i =1

i =n

∑



&DStWRO�� &DUDFWHULW]DFLy�GH�ELRILOPV�PLWMDQoDQW�WqFQLTXHV�GH�PLFURVFzSLD ���

����� 5HVXOWDWV�D�OD�]RQD�GH�PRVWUHLJ�,��6DQW�0DUWt��%HVyV�

������ 0LFURVFzSLD�GHOV�ELRILOPV

2EVHUYDFLRQV� DPE� 0LFURVFzSLD� &RQIRFDO�� 7DO� FRP� V¶KD� FRPHQWDW� DQWHULRUPHQW� HV� YD� XWLOLW]DU� HO� PLFURVFRSL� FRQIRFDO� SHU

REWHQLU� LPDWJHV� GHOV� ELRILOPV� GHVHQYROXSDWV� D� OD� VXSHUItFLH� GH� OHV� HVIHUHV� GH� YLGUH�� $� OHV� VHJ�HQWV� WUHV� ILJXUHV� HV� PRVWUD

O¶HYROXFLy�GH�OD�FRORQLW]DFLy�GHO�PDWHULDO�GH�VXSRUW��HVIHUHV�GH�YLGUH��GHVSUpV�GH�����)LJXUD�����������)LJXUD������L����GLHV��)LJXUD

�����G¶H[SRVLFLy�D�O¶DLJXD�IUHjWLFD�

(O�PDWHULDO� GH� VXSRUW� GHOV� UHDFWRUV� GH� OOLW� HPSDFDW� YD� VHU� UjSLGDPHQW� FRORQLW]DW�� ,QLFLDOPHQW� HV� YD� IRUPDU� XQD�PRQRFDSD� GH

FqOÂOXOHV� EDFWHULDQHV� GLVSHUVHV� SHU� OD� VXSHUItFLH�� DPE� XQD� JUDQ� SUHVqQFLD� G¶jPSOLHV� ]RQHV� VHQVH� FRORQLW]DU�� /D�PDMRULD� GHOV

PLFURRUJDQLVPHV�SUHVHQWDYHQ� IRUPD�GH�EDFLOV� LQGLYLGXDOV�R�DVVRFLDWV� IRUPDQW� FDGHQHV�FXUWHV�GH����� FqOÂOXOHV� FRP�D�Pj[LP�

7RWHV�DTXHVWHV�FDUDFWHUtVWLTXHV�V¶KDQ�DSUHFLDW�DPE�GHWDOO�HQ�OHV�REVHUYDFLRQV�GHO�ELRILOP�IRUPDW�DOV����GLHV�G¶H[SRVLFLy�D�O¶DLJXD

GH�GUHQDWJH��)LJXUD�������(Q�DTXHVWD�HWDSD��HO�ELRILOP�KD�SUHVHQWDW�XQ�JUXL[�PLWMj�SURSHU�D� OHV������P�� WDO�FRP�V¶DSUHFLD�D� OD

7DXOD�����L�D�OD�)LJXUD�������1R�REVWDQW��HQ�DTXHVW�SHUtRGH�DEXQGHQ�OHV�]RQHV�VHQVH�SUHVqQFLD�GH�PLFURRUJDQLVPHV��FRP�HV�SRW

YHXUH�DPE�GHWDOO�HQ�OHV�VHFFLRQV�VDJLWDOV��WDOOV�[�]���RQ�HV�GLIHUHQFLHQ�OHV�]RQHV�FRORQLW]DGHV�L�UHFREHUWHV�SHU�XQD�SULPD�FDSD�GH

FqOÂOXOHV�GH�OHV�UHJLRQV�VHQVH�FRORQLW]DU��YHXUH�)LJXUD����E��

6HJRQV�OD�PRUIRORJLD�L�OHV�JUDQGjULHV�FHOÂOXODUV�KDELWXDOV�OD�PDMRULD�GHOV�PLFURRUJDQLVPHV�SUHVHQWV�KDQ�HVWDW�HOV�EDFWHULV� L��HQ

FRQFUHW��HOV�TXH�KDQ�SUHVHQWDW� IRUPD�EDFLOÂODU� �YHXUH�)LJXUD����D���'XUDQW�DTXHVW�SHUtRGH�HOV�EDFLOV�KDQ�SUHGRPLQDW�GH� IRUPD

DwOODGD�R� IRUPDQW�FDGHQHV�FXUWHV��GH�����FqOÂOXOHV� �YHXUH�)LJXUD����D�I���0pV� UDUDPHQW�� V¶KDQ�REVHUYDW� DOJXQHV�FDGHQHV�PpV

OODUJXHV�� FRP� OHV�REVHUYDGHV�DPE� OD� WLQFLy�/LYH�'HDG�D� OD�)LJXUD����H��$� SDUW� GH� EDFLOV� WDPEp� V¶KDQ� REVHUYDW� FqOÂOXOHV� DPE

IRUPD�GH�FRF��OHV�TXDOV�KDQ�SUHVHQWDW�HQ�JHQHUDO�XQD�PDMRU�WHQGqQFLD�D�IRUPDU�SHWLWV�DJUHJDWV��YHXUH�)LJXUD����G���1R�REVWDQW�

QR�V¶KD�SRJXW�DSUHFLDU�FDS�DJUHJDW� LPSRUWDQW�D�FDS�GH� OHV�PRVWUHV�REVHUYDGHV��(OV�PpV�JUDQV�HV�PRVWUHQ�D� OD�)LJXUD����H� L

)LJXUD����I��SHUz�HQ�FDS�FDV�KDQ�VXSHUDW�OHV����FqOÂOXOHV�SHU�DJUHJDW�

$�OD�PDMRULD�GH�OHV�PRVWUHV�REVHUYDGHV�DOV����GLHV�G¶H[SRVLFLy�V¶KD�SRJXW�DSUHFLDU�XQD�FDSD�EDVDO�GH�FqOÂOXOHV�DPE�XQ�JUXL[

PLWMj�GH����P��YHXUH�)LJXUD����D��7DXOD�����L�)LJXUD��������$�OD�PDWHL[D�)LJXUD����D�HV�PRVWUHQ���VHFFLRQV�VDJLWDOV��[�]��RQ�OD

PDMRU�SDUW�GHO�PDWHULDO�GH�VXSRUW�KD�HVWDW�FRORQLW]DW�SUHVHQWDQW�XQ�UHFREULPHQW�TXDVL�FRPSOHUW�GH�OD�VXSHUItFLH��$�OHV�LPDWJHV�HQ

SURMHFFLy�]�V¶DSUHFLD�FRP�HO�ELRILOP�KD�FREHUW�SUjFWLFDPHQW�HO�WRWDO�GHO�PDWHULDO�GH�VXSRUW��)LJXUD����F�H���(Q�FDQYL��OD�SUHVqQFLD

GH�FqOÂOXOHV�KD�HVWDW�IRUoD�PpV�UHVWULQJLGD��HQFDUD�TXH�V¶KD�DSUHFLDW�XQ�DXJPHQW�VLJQLILFDWLX�UHVSHFWH�GHO�SHUtRGH�DQWHULRU��'¶DOWUD

EDQGD� L� FRP�HV�SRW� YHXUH�D� OD�)LJXUD����H�� HOV� DJUHJDWV� IRUPDWV�KDQ�HVWDW� IRUoD�PpV�JUDQV� L�� HQ�EDVWDQWV� FDVRV�� MD� QR� V¶KD

DSUHFLDW�DPE�GHWDOO�OD�PRUIRORJLD�FHOÂOXODU�GHJXW�D�OD�SURGXFFLy�G¶(36��YHXUH�OD�)LJXUD����F�L�)LJXUD����H��

)LQDOPHQW�� GXUDQW� DTXHVW� SHUtRGH� V¶KDQ� REVHUYDW� PDMRULWjULDPHQW� EDFWHULV�� WDQW� FRFV� FRP� EDFLOV� �YHXUH� )LJXUD� ���E��

GHVHQYROXSDQW�DTXHVWV�~OWLPV�OODUJXHV�FDGHQHV�HQ�DOJXQ�FDV��YHXUH�)LJXUD����E���$�PpV��V¶KDQ�REVHUYDW�PRUIRORJLHV�FHOÂOXODUV

GLIHUHQWV� TXH� LQFORXHQ� DOWUHV� JUXSV� GH� PLFURRUJDQLVPHV� D� PpV� GHOV� EDFWHULV�� FRP� IRQJV� ILODPHQWRVRV� �YHXUH� )LJXUD� ���G��

SURWR]RXV�L��ILQV�L�WRW��QHPjWRGHV��YHXUH�)LJXUD����D��

$�PHVXUD�TXH�HO�ELRILOP�KD�PDGXUDW�KD�HVWDW�SRVVLEOH�GLIHUHQFLDU�PROWV�PpV�DJUHJDWV�FHOÂOXODUV��DUULEDQW�D�FREULU�HO�FUHL[HPHQW

EDFWHULj�OD�PDMRULD�GH�OHV�jUHHV�SUqYLDPHQW�QR�FRORQLW]DGHV��$�SDUWLU�GHOV����GLHV�L�ILQV�DO�ILQDO�GHO�WHPSV�G¶H[SRVLFLy�D�O¶DLJXD�GH

GUHQDWJH������GLHV���V¶KD�REVHUYDW�XQ�DOWUH�LQFUHPHQW�HQ�HO�JUXL[�PLWMj�GHO�ELRILOP��VLWXDQW�VH�OD�FDSD�EDVDO�HQ�������P�L�]RQHV

DPE� DOoDGHV�Pj[LPHV� GH� ����P� �YHXUH�)LJXUD� ����� L� 7DXOD� ������ (Q� DTXHVWD� HWDSD� GH�PDGXUHVD� GHO� ELRILOP� V¶KDQ� DSUHFLDW

YjULHV�]RQHV�RQ�HO�FUHL[HPHQW�V¶KD�SURGXwW�HQ�IRUPD�G¶DJUXSDFLRQV�FHOÂOXODUV�R�DJUHJDWV�LPSRUWDQWV�



��� 5HVXOWDWV�D�OD�]RQD�GH�PRVWUHLJ�,��6DQW�0DUWt��%HVyV����

D

�

E

F G

H I

)LJXUD������2EVHUYDFLRQV�DPE�HO�PLFURVFRSL�FRQIRFDO�GHOV�ELRILOPV�GHVHQYROXSDWV�DOV����GLHV�G¶H[SRVLFLy�D�O¶DLJXD�GH�GUHQDWJH
�2EMHFWLX����[����2LO�3/$32��EDUUD�HTXLYDOHQW�D�����P����D��6HFFLRQV�[�\��WLQFLy�DPE�WDURQMD�G¶DFULGLQD���E��6HFFLRQV�VDJLWDOV
�[�]����F��0XQWDWJH�G¶XQ�VWDFN�FRPSOHUW�G¶LPDWJHV��DPE�OHV�GLIHUHQWV�VHFFLRQV�[�\�L���G��GHWDOO�G¶XQD�GH�OHV�VHFFLRQV��OD�FHQWUDO��
�H��6HFFLy�[�\��WLQFLy�DPE�/LYH�'HDG���I��3URMHFFLy�]�G¶XQ�VWDFN�G¶LPDWJHV��XWLOLW]DQW�O¶DOJRULWPH�G¶LQWHQVLWDW�Pj[LPD�



&DStWRO�� &DUDFWHULW]DFLy�GH�ELRILOPV�PLWMDQoDQW�WqFQLTXHV�GH�PLFURVFzSLD ���

�

D

E F

G H

)LJXUD� �����2EVHUYDFLRQV� DPE� HO� PLFURVFRSL� FRQIRFDO� GHOV� ELRILOPV� GHVHQYROXSDWV� DOV� ��� GLHV� G¶H[SRVLFLy� D� O¶DLJXD� GH
GUHQDWJH� �2EMHFWLX� ���[����2LO�3/$32�� EDUUD� HTXLYDOHQW� D� ����P��� �D��6HFFLRQV� VDJLWDOV� �[�]��� �E��6HFFLy� [�\�� WLQFLy� DPE
WDURQMD�G¶DFULGLQD���F��H��3URMHFFLy�]�G¶XQ�VWDFN�G¶LPDWJHV��XWLOLW]DQW�O¶DOJRULWPH�G¶LQWHQVLWDW�Pj[LPD���G��HVWHUHRJUDPD�



��� 5HVXOWDWV�D�OD�]RQD�GH�PRVWUHLJ�,��6DQW�0DUWt��%HVyV����

D

E F

G H

)LJXUD� �����2EVHUYDFLRQV� DPE� HO� PLFURVFRSL� FRQIRFDO� GHOV� ELRILOPV� GHVHQYROXSDWV� DOV� ��� GLHV� G¶H[SRVLFLy� D� O¶DLJXD� GH
GUHQDWJH� �2EMHFWLX� ���[����2LO�3/$32�� EDUUD� HTXLYDOHQW� D� ����P��� �D��0XQWDWJH� G¶XQ� VWDFN� FRPSOHUW� G¶LPDWJHV�� DPE� OHV
GLIHUHQWV� VHFFLRQV� [�\�� WLQFLy� WDURQMD� G¶DFULGLQD�� �E�� GHWDOO� G¶XQD� GH� OHV� VHFFLRQV� �VHFFLy� ���� �F�� 3URMHFFLy� ]� G¶XQ� VWDFN
G¶LPDWJHV��XWLOLW]DQW�O¶DOJRULWPH�G¶LQWHQVLWDW�Pj[LPD���G��(VWHUHRJUDPD���H��6HFFLRQV�VDJLWDOV��[�]��



&DStWRO�� &DUDFWHULW]DFLy�GH�ELRILOPV�PLWMDQoDQW�WqFQLTXHV�GH�PLFURVFzSLD ���

7DQPDWHL[��OD�PDMRULD�GH�OHV�jUHHV�GHO�PDWHULDO�GH�VXSRUW�KDQ�DSDUHJXW�WRWDOPHQW�FRORQLW]DGHV��YHXUH�)LJXUD����F�L�)LJXUD����G��

&RPSDUDQW�DPE�O¶HWDSD�DQWHULRU��QR�V¶KDQ�DSUHFLDW�FDQYLV�UDGLFDOV�HQ�UHIHUqQFLD�D�OHV�PRUIRORJLHV�PpV�DEXQGDQWV��$L[t�� WDPEp

V¶KDQ�LGHQWLILFDW�DOWUHV�JUXSV�GH�PLFURRUJDQLVPHV�D�PpV�GHOV�EDFWHULV��FRP�IRQJV�ILODPHQWRVRV��SURWR]RXV�L�QHPjWRGHV�

/D�)LJXUD����D�PRVWUD�XQD�VqULH�G¶LPDWJHV�GHVSUpV�GH����GLHV�G¶H[SRVLFLy�D�O¶DLJXD�IUHjWLFD��GHV�GH�OD�SDUW�LQIHULRU�RQ�HV�WURED�OD

VXSHUItFLH�GHO�ELRILOP��LPDWJH����)LJXUD����D��ILQV�D�OD�SDUW�VXSHULRU��&DO�GHVWDFDU�OD�SUHVqQFLD�G¶XQ�JUDQ�QRPEUH�GH�FqOÂOXOHV�HQ

DOJXQHV�GH� OHV� LPDWJHV�REWLQJXGHV��(Q�FRQFUHW�� OHV� VHFFLRQV��� �LPDWJH�DPSOLDGD�D� OD�)LJXUD����E��� �� L� ��� KDQ� SUHVHQWDW� XQD

HOHYDGD�GHQVLWDW�FHOÂOXODU��(Q�DTXHVWHV�PDWHL[HV� LPDWJHV�VHPEOD�HYLGHQW� OD�SUHVqQFLD�GH� ]RQHV�RQ�QR�V¶DSUHFLD�FDS� WLSXV�GH

FqOÂOXOD�� TXH� SRGLHQ� FRUUHVSRQGUH� D� ]RQHV� GH� FDQDOV� R� HVSDLV� EXLWV�� 7RW� DL[z� HV� SRW� REVHUYDU� LJXDOPHQW� HQ� OD� SURMHFFLy� ]

REWLQJXGD�D� SDUWLU� GH� OD� UHFRQVWUXFFLy� GH� OD� VqULH� FRPSOHUWD� GH� VHFFLRQV� [�\�� XWLOLW]DQW� O¶DOJRULWPH� G¶LQWHQVLWDW�Pj[LPD� �)LJXUD

���F���'H� IHW�� O¶REVHUYDFLy� GHOV� WDOOV� VDJLWDOV� �)LJXUD� ���H�� KD�PRVWUDW� O¶H[LVWqQFLD� GH� ELRILOPV� SOHQDPHQW� GHVHQYROXSDWV�� DPE

SUHVqQFLD�G¶XQD�FDSD�EDVDO�G¶DSUR[LPDGDPHQW�������P��$�SDUW��V¶KDQ�DSUHFLDW�GHWHUPLQDGHV�]RQHV�RQ�HO�ELRILOP�KD�VREUHVRUWLW

GH�OD�FDSD�EDVDO��IRUPDQW�XQHV�SLOHV�R�³VWDFNV´�GH�FqOÂOXOHV�FDUDFWHUtVWLTXHV��$TXHVWHV�DJUXSDFLRQV�FHOÂOXODUV�KDQ�IHW�DXJPHQWDU

GH�IRUPD�FRQVLGHUDEOH�HO�JUXL[�GHO�ELRILOP�ORFDO�HQ�GHWHUPLQDGHV�]RQHV�GHO�PDWHULDO�GH�VXSRUW��7DQPDWHL[��O¶REVHUYDFLy�G¶DOJXQD

GH�OHV�VHFFLRQV�VDJLWDOV�DPE�PpV�JUXL[�VHPEOD�LQGLFDU�TXH��HQ�DOJXQV�FDV��OD�WLQFLy�QR�KD�SRJXW�DVVROLU�OHV�FDSHV�PpV�SURIXQGHV

GHO�ELRILOP�

D E

F G

)LJXUD������2EVHUYDFLRQV�DPE�PLFURVFzSLD�FRQIRFDO�GHOV�ELRILOPV�GHVHQYROXSDWV�D�SDUWLU�GH�O¶DLJXD�IUHjWLFD�GHO
SRX�G¶$OIRQV�HO�0DJQjQLP��6DQW�0DUWt����2EMHFWLX����[����2LO�3/$32����D��1HPjWRGH���E��%DFLOV�HQ�FDGHQHV����F�
)RQJ�ILODPHQWyV�L��G��,PDWJH�WRSROzJLFD��DPE�LQIRUPDFLy�GH�OD�SURIXQGLWDW�


