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/D�SDUWLH�0pFDQLTXH�GX�VXMHW�FRPSRUWH�GHX[�H[HUFLFHV�LQGpSHQGDQWV��
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2Q�V¶LQWpUHVVH�DX�PRXYHPHQW�G¶XQ�SRLQW�PDWpULHO� �3 �GH�PDVVH� �P �SODFp�GDQV�OH�FKDPS�QHZWRQLHQ�

HQJHQGUp�SDU�XQH�PDVVH� P0 !! ��&HWWH�GHUQLqUH�PDVVH�VH�VLWXH�j�O¶RULJLQH�G¶XQ�UHSqUH�2[\] ��HOOH�

VHUD�FRQVLGpUpH�FRPPH�LPPRELOH�GDQV�OH�UpIpUHQWLHO�JDOLOpHQ�DVVRFLp�DX�UHSqUH� �2[\] �/¶DWWUDFWLRQ�

GH�OD�PDVVH�0 �VXU�OH�SRLQW� 3 �V¶pFULW�
�

P0*
23

U
� 23 �R��* �HVW�OD�FRQVWDQWH�GH�OD�JUDYLWDWLRQ��WHOOH�TXH�

�� � �������� 1�P �NJ �* � � � 23U  ��

�

,��� 0RQWUHU�TXH�OH�PRXYHPHQW�GH�3 �HVW�SODQ��

�

,��� 2Q�VXSSRVH�DORUV�TXH�OH�PRXYHPHQW�GH� 3 �VH�VLWXH�GDQV�OH�SODQ� [2\ �HW�RQ�UHSqUH�OD�SRVLWLRQ�

GH� 3 � SDU� VHV� FRRUGRQQpHV�SRODLUHV� 23U  � HW� T � � DQJOH� VLWXp� HQWUH� 2[ � HW� �2323 �2Q�QRWH�

U
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� 0RQWUHU�TXH�O¶pTXDWLRQ�SRODLUH�GH�OD�WUDMHFWRLUH�V¶pFULW�VRXV�OD�IRUPH�
� ��� � �FRV

S
U

HH T T
 
ª º� �¬ ¼

�

R�� �!S �� �!H �HW� �T �VRQW�WURLV�FRQVWDQWHV� � �� �H  r �([SULPHU� S �HQ�IRQFWLRQ�GH� �& 0 HW� �* �

�

,��� 3RXU� ��H � �RQ�SDUOH�GH�WUDMHFWRLUHV�OLpHV���LO�V¶DJLW�G¶HOOLSVHV�GRQW�RQ�H[SULPHUD�OH�GHPL�JUDQG�

D[H� D �HQ�IRQFWLRQ�GH� S �HW�GH� H �� H �HVW�O¶H[FHQWULFLWp�GH�O¶HOOLSVH���

�

,��� 'RQQHU� O¶H[SUHVVLRQ� GH� O¶pQHUJLH� SRWHQWLHOOH� S( � GX� SRLQW� 3 �PR\HQQDQW� O¶K\SRWKqVH� TXH�

FHOOH�FL�V¶DQQXOH�j�O¶LQILQL��

�

,��� F( � GpVLJQDQW� O¶pQHUJLH� FLQpWLTXH� GX� SRLQW� �3 � RQ� DSSHOOH� F S( ( ( � � O¶pQHUJLH� WRWDOH� �RX�

PpFDQLTXH��GH� �3 �'RQQHU�O¶H[SUHVVLRQ�GH� ( �HQ�IRQFWLRQ�GH� � �P 0 * �HW� �D �

�

,��� 'RQQHU�O¶H[SUHVVLRQ�GH�7��OD�GXUpH�G¶XQH�UpYROXWLRQ�HQ�IRQFWLRQ�GH� �D 0 HW� �* �

�

,��� /HV�UpVXOWDWV�REWHQXV�YRQW�rWUH�DSSOLTXpV�DX�V\VWqPH�VRODLUH�SRXU�OHTXHO�RQ�SUpFLVH�OHV�PDVVHV�

GX� 6ROHLO�� GH� OD� 7HUUH� HW� GH� 0DUV�� UHVSHFWLYHPHQW� �������� NJ60  �� �������� NJ�7P  
��������� NJ0P  ���

� /HV�WUDMHFWRLUHV�GH�OD�7HUUH�HW�GH�0DUV�VRQW�VXSSRVpHV����

� �� FLUFXODLUHV���

� �� GH� FHQWUH� OH� 6ROHLO� HW� GH� UD\RQV� UHVSHFWLIV� ����7U 8$ �� ����0U 8$ �

� � ���� ������� P8$  ��

� ��� VLWXpHV�GDQV�OH�PrPH�SODQ���

� &DOFXOHU�OHV�YLWHVVHV�RUELWDOHV� 7Y �HW� 0Y �GH�OD�7HUUH�HW�GH�0DUV��

�

,��� 8QH�VRQGH�GH�PDVVH�
��� NJP  �HVW�HQ�RUELWH�DXWRXU�GH�OD�7HUUH�j�XQH�GLVWDQFH�GX�FHQWUH�GH�

FHOOH�FL��QpJOLJHDEOH�GHYDQW� 7U ��$�O¶LQVWDQW� ��W  �RQ�DMXVWH�OD�YLWHVVH�GH�OD�VRQGH�GH�WHOOH�IDoRQ�

TXH� OD� VRQGH� YD� GHYHQLU� XQ� VDWHOOLWH� GX� 6ROHLO�� 'DQV� FHWWH� TXHVWLRQ� HW� GDQV� OD� VXLYDQWH�� RQ�

QpJOLJHUD�GRQF� O¶DWWUDFWLRQ�GH� OD�7HUUH� HW� GH�0DUV� VXU� OD� VRQGH� �YRLU� ILJXUH� ,���� SDJH�����$�

��W  � SYY �HVW�SHUSHQGLFXODLUH�j� O¶D[H�6ROHLO�7HUUH� ��RQ�YHXW�TXH� O¶HOOLSVH�GpFULWH�SDU� OD�VXLWH�

YLHQQH�WDQJHQWHU�OD�WUDMHFWRLUH�GH�0DUV�DX�SRLQW� �$ ��

� 4XHOOH� HVW� OD� YDOHXU� GX� JUDQG� D[H� GH� O¶HOOLSVH� GpFULWH�"� &RQQDLVVDQW� O¶pQHUJLH� SRWHQWLHOOH� j�

� W �DLQVL�TXH�O¶pQHUJLH�WRWDOH�VXU�OD�WUDMHFWRLUH�HOOLSWLTXH��GpWHUPLQHU�OD�YDOHXU�GH� �SYY �

�
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�����

,���� 3DU� DMXVWHPHQW� GH� OD� YLWHVVH� DX� SRLQW� �$ � OD� VRQGH� HVW� SODFpH� HQ� RUELWH� FLUFXODLUH� DXWRXU� GH�

0DUV��j�XQH�GLVWDQFH� �U �GX�FHQWUH�GH�FHWWH�GHUQLqUH��$�SDUWLU�GH�Oj��O¶DWWUDFWLRQ�GH�OD�7HUUH�HW�

FHOOH�GX�6ROHLO� VXU� OD�VRQGH�VHURQW�FRQVLGpUpHV�FRPPH�QpJOLJHDEOHV��/D�VRQGH�QH�SUpVHQWDQW�

SDV�GH�V\PpWULH�VSKpULTXH��RQ�OD�PRGpOLVH�FRPPH�O¶DVVHPEODJH�GH�GHX[�PRGXOHV�VSKpULTXHV�

GH� PDVVHV�
�

P
�� GH� EDU\FHQWUHV� �3 � HW� � �3 � DVVHPEOpV� SDU� XQH� OLDLVRQ� GH� PDVVH� QpJOLJHDEOH�

GHYDQW� �P �&¶HVW�GRQF�OH�EDU\FHQWUH� * �GH�FHW�HQVHPEOH�TXL�GpFULW�OD�WUDMHFWRLUH�FLUFXODLUH�GH�

UD\RQ� �U �DXWRXU�GH�0DUV���RQ�SRVH� � � �*3 *3 K  �'H�SOXV��RQ�YD�FRQVLGpUHU�XQ�PRXYHPHQW�

SDUWLFXOLHU�SRXU�OHTXHO� OHV�SRLQWV� �3 �� �* � �3 �GHPHXUHQW�DOLJQpV�DYHF�OH�FHQWUH�GH�0DUV��YRLU�

ILJXUH�,�����'RQQHU�O¶H[SUHVVLRQ�GH�OD�YLWHVVH�GH�URWDWLRQ�Z �GH�OD�VRQGH�DXWRXU�GH�0DUV��HQ�

IRQFWLRQ�GH� ��0P U �HW� �* �$SSOLFDWLRQ�QXPpULTXH�SRXU� �
� ������ P�U  �

�

�
)LJXUH�,�����PRGpOLVDWLRQ�GH�OD�VRQGH�

�

,���� 3HQGDQW�OD�GXUpH�GH�OD�PLVVLRQ�DXWRXU�GH�0DUV��OH�UpIpUHQWLHO�OLp�j�0DUV�VHUD�FRQVLGpUp�FRPPH�

SUDWLTXHPHQW� JDOLOpHQ�� /H� PRXYHPHQW� GX� PRGXOH� GH� EDU\FHQWUH� �3 � V¶HIIHFWXH� GRQF� VRXV�

O¶DFWLRQ� GH� OD� IRUFH� G¶DWWUDFWLRQ� GH�0DUV� HW� VRXV� O¶DFWLRQ� G¶XQH� IRUFH� � � GXH� j� O¶DFWLRQ� GX�

VHFRQG� PRGXOH� HW� WUDQVPLVH� SDU� OD� ©�OLDLVRQ�ª�� &HWWH� IRUFH� HVW� FROLQpDLUH� j� � � �3333 � VRLW�

� � �
�

33

K
�  �

3�3�
�  �

3
�(WDEOLU� O¶H[SUHVVLRQ� GH� � � HQ� IRQFWLRQ� GH� �� � �0P P * U � HW� �K � 6LPSOLILHU� FHWWH�

H[SUHVVLRQ�HQ�VXSSRVDQW� ��K U�� �&DOFXOHU�OD�YDOHXU�GH�� �SRXU� ��P�K  ��YRXV�DOOH]�WURXYHU�

XQH�YDOHXU�IDLEOH�PRQWUDQW�TXH�OD�VWUXFWXUH�GH�OD�VRQGH�Q¶HVW�SDV�PLVH�HQ�SpULO�SDU�O¶H[LVWHQFH�

GH�FHWWH�IRUFH���

� �
�

&HQWUH�0DUV

3�

3�

*

2UELWH�GH�3�� UD\RQ�U����K

2UELWH�GH�*��UD\RQ�U�

2UELWH�GH�3���UD\RQ�U��� K
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2Q� VXSSRVH� O¶H[LVWHQFH� G¶XQ� UpIpUHQWLHO� JDOLOpHQ� DXTXHO� HVW� DVVRFLp� OH� UHSqUH� RUWKRQRUPp� GLUHFW�

�2[\] �OHV�YHFWHXUV�XQLWDLUHV�DVVRFLpV�DX[�D[HV�pWDQW� � � �[ \ ]H H HH H H �XQ�GLVSRVLWLI�GH�WUDQVSRUW�GH�FKDUJH�

SDU�FkEOH�SRUWHXU�HVW�FRQVWLWXp�GHV�VROLGHV�VXLYDQWV��YRLU�ILJXUH�,,������

�6 ��� XQH�URXH�GH�PDVVH� �P �GH�FHQWUH�GH�PDVVH� ��& �GH�PRPHQW�G¶LQHUWLH� M ��UHODWLYHPHQW�j�XQ�

D[H� SDVVDQW� SDU� �& � HW� SHUSHQGLFXODLUH� DX� SODQ� GH� OD� URXH��� &HWWH� URXH� FRPSRUWH� XQH�

JRUJH�SpULSKpULTXH��OD�GLVWDQFH�VLWXpH�HQWUH�OH�IRQG�GH�JRUJH�HW�OH�SRLQW� �& ��RX� �& ��VHUD�

QRWpH� �U �

�6 ��� XQH�VHFRQGH�URXH�LGHQWLTXH�j�OD�SUHPLqUH��GH�FHQWUH�GH�PDVVH� ��& �

�6 ��� XQH�SODWHIRUPH�GH�OLDLVRQ�GH�PDVVH� 
�P �GH�FHQWUH�GH�PDVVH� ��& �VXSSRVp�FRwQFLGHU�DYHF�

OH�PLOLHX�GH� �& ��& �

�6 ��� OH�SRUWH�FKDUJH��HW�OD�FKDUJH��GH�PDVVH� �0 �GH�FHQWUH�GH�PDVVH� ��& �GH�PRPHQW�G¶LQHUWLH�

- ��UHODWLYHPHQW�j�XQ�D[H�SDVVDQW�SDU� �& �HW�SHUSHQGLFXODLUH�DX�SODQ�YHUWLFDO�GH�V\PpWULH�

��2[\ �

��

�
�

�

)LJXUH�,,�����GLVSRVLWLI�G¶HQVHPEOH�UHSUpVHQWp�DYHF� � �& & �YHUWLFDO�

�
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/HV�URXHV�UHSRVHQW�VXU�XQ�FkEOH�SRUWHXU�LQFOLQp�G¶XQ�DQJOH�D �SDU�UDSSRUW�j�O¶KRUL]RQWDOH��/HV�VROLGHV�

�6 �6 �6 �6 � SUpVHQWHQW� WRXV� OH� PrPH� SODQ� PR\HQ� GH� V\PpWULH��� OHV� VFKpPDV� GRQQpV� VHURQW� WRXV�

VLWXpV�GDQV�FH�SODQ�YHUWLFDO��

�6 �HVW�VRXPLV�j�O¶DFWLRQ�G¶XQH�IRUFH� �)) �GXH�j�XQ�FkEOH�WUDFWHXU��GH�OLJQH�G¶DFWLRQ�SDUDOOqOH�DX�FkEOH�

SRUWHXU��G¶LQWHQVLWp� �) �GH�SRLQW�G¶DSSOLFDWLRQ� + � �YRLU� ILJXUH�,,����SDJH�����2Q�QRWH� �K & + � OD�

GLVWDQFH� VpSDUDQW� OH� SRLQW�+� GH� OD� OLJQH� �& ��& �2Q� DSSHOOH� & � OH� FHQWUH� GH�PDVVH� GH� O¶HQVHPEOH�

� � � ��6 6 6 6� � � �/HV�SRLQWV�GH�FRQWDFW�GHV�URXHV�VXU�OH�FkEOH�VRQW�QRWpV�UHVSHFWLYHPHQW� �, �HW� �, ��

&H�VRQW�pJDOHPHQW�OHV�SRLQWV�G¶DSSOLFDWLRQ�GHV�UpDFWLRQV�GX�FkEOH�VXU�OHV�URXHV��UpDFWLRQV�VXSSRVpHV�

SRXYDQW�V¶pFULUH�FRPPH�VXLW��� � � �[ \7 H 1 H�  � 1 H�  �7 H �HW� � � � �[ \7 H 1 H�  � 1 H�  7 H �2Q�QRWH� J �O¶DFFpOpUDWLRQ�GXH�

j�OD�SHVDQWHXU���SRXU�OHV�DSSOLFDWLRQV��RQ�SRXUUD�SUHQGUH� ��� P�V �J �| �

�

2Q� GRQQH� �� �� �D  q � �� NJ�P  � 
 �� NJ�P  � ��� NJ�0  � � � � � ���� P�& & & &   � �&� �& & & &� � �

��� P�U  � ��� P�K  � ���� NJ�P �M  � ���� NJ�P �-  � � ��� P�& &  �

'DQV� OD� VXLWH� GH� O¶H[HUFLFH�� OHV� URXHV� YRQW� URXOHU� VDQV� JOLVVHU� VXU� OH� FkEOH� SRUWHXU� HW� RQ� QRWHUD�

� � � �& & & [9 9 9 Y H   9 9 9 Y H9 99 9 �OD�YLWHVVH�LQVWDQWDQpH�GHV�SRLQWV� �& �� �& �RX� ��& �

�

,,��� 'pWHUPLQHU� OD�SRVLWLRQ�GH� & �HQ�FDOFXODQW� �&& G ���RQ�SRXUUD�XWLOLVHU� OD�QRWDWLRQ� 7P �SRXU�

GpVLJQHU�OD�PDVVH�WRWDOH�GH�O¶HQVHPEOH� � � � ��6 6 6 6� � � �

�

,,��� /HV� YLWHVVHV� GH� URWDWLRQ� LQVWDQWDQpH� GHV� URXHV� V¶pFULYDQW� ]HZ Z HZ ZH �� (WDEOLU� SRXU� FKDFXQH� OD�

UHODWLRQ�GH�QRQ�JOLVVHPHQW�GRQQDQW�Z �HQ�IRQFWLRQ�GH� Y �HW�GH� �U �
�

,,��� 3DU� DSSOLFDWLRQ� GX� WKpRUqPH� GX� PRPHQW� FLQpWLTXH� DSSOLTXp� j� �6 � �RX� �6 ��� WURXYHU� OHV�

H[SUHVVLRQV�GH� �7 �HW� �7 �HQ�IRQFWLRQ�GH� � �HW� �M Y U�Y�HW��HW� �

�

,,��� 3RXU� OHV� TXHVWLRQV� ,,��� j� ,,���� RQ� VXSSRVH� XQH� YLWHVVH� Y � SRVLWLYH� HW� FRQVWDQWH��2Q� VXSSRVH�

pJDOHPHQW� TXH� �6 � HVW� DX� UHSRV� UHODWLYHPHQW� j� ��6 � OHV� SRLQWV� � �& � �& � �& � VH� VLWXDQW� VXU� OD�

PrPH�YHUWLFDOH��'DQV�FHV�FRQGLWLRQV��GRQQHU�OD�YDOHXU�GH� �7 �RX� ��7 �

� (Q�XWLOLVDQW�OH�WKpRUqPH�GH�OD�UpVXOWDQWH�FLQpWLTXH��pWDEOLU�OHV�H[SUHVVLRQV�GH� �) � � �1 1� �HQ�

IRQFWLRQ�GH� �7P � J �HW� �D �

�

,,��� &RQVLGpUDQW�O¶HQVHPEOH� � � ��6 6 6� � pWDEOLU�XQH�VHFRQGH�UHODWLRQ�OLDQW� �1 �HW� ��1 �

�

,,��� '¶DSUqV�OHV�UpVXOWDWV�REWHQXV��H[SULPHU� ��1 �1 �HQ�IRQFWLRQ�GH� � � � 7K PD� � 7P� � 77 �HW� �J �

�

,,��� 4XHOOH�HVW�OD�FRQGLWLRQ�SRUWDQW�VXU�K�QpFHVVDLUH�SRXU�DVVXUHU�OH�FRQWDFW�GHV�URXHV�VXU�OH�FkEOH�"�

�DSSOLFDWLRQ�QXPpULTXH�GHPDQGpH���

�

,,��� 6L� �6 �HIIHFWXH�GH�SHWLWHV�RVFLOODWLRQV�DXWRXU�GH�OD�YHUWLFDOH��H[SULPHU�SXLV�FDOFXOHU�OD�SXOVDWLRQ�

GH�FHOOHV�FL��

�

,,��� 2Q� FRQVLGqUH� PDLQWHQDQW� XQ� PRXYHPHQW� XQLIRUPpPHQW� UHWDUGp� �VRLW� �FRQVWDQWH� �Y  �FRQVWDY  FRQVWD ���

'DQV�FHWWH� VLWXDWLRQ�� �6 �RFFXSH�XQH�SRVLWLRQ� UHSpUpH�SDU� O¶DQJOH� �E � DQJOH�FRPSULV�HQWUH� OD�
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YHUWLFDOH�HW� �& �& ��YRLU�ILJXUH�,,����� �6 �HVW�VRXPLV�j�VRQ�SRLGV�SURSUH�HW�j�XQH�UpDFWLRQ�G¶D[H�

DSSOLTXpH� HQ� ��& � D\DQW� SRXU� RULJLQH� O¶DUWLFXODWLRQ� �6 B �6 � HW� QRWpH� �[ \7H 1H� � 1H� 7H �

'pWHUPLQHU�7 �HW� 1 �HQ�IRQFWLRQ�GH� � �0 J D �HW� �Y�Y �

�

�
�

�

)LJXUH�,,�����PRXYHPHQW�XQLIRUPpPHQW�UHWDUGp�

�

�

,,����'pWHUPLQHU�O¶H[SUHVVLRQ�GH� �WDQ� DE � �HQ�IRQFWLRQ�GH�D �HW�
Y

J

Y
���

� )DLUH�O¶DSSOLFDWLRQ�QXPpULTXH�SRXU� ����
Y

J
 �� �

Y
 � ��

�

,,����([SULPHU�) �HQ�IRQFWLRQ�GH� � � � �7P J Y MD Y M� �HW� �U ��

� )DLUH�O¶DSSOLFDWLRQ�QXPpULTXH�SRXU� ����
Y

J
 �� �

Y
 � ��

�

,,����'pWHUPLQHU�OHV�H[SUHVVLRQV�GH� �1 �HW� ��1 �

�

�

�

D

,�

,�

&�

&�

&�

&�

2

[

\

&kEOH�SRUWHXU

JJ

E

�
))

+
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�����

7+(502'<1$0,48(���*(27+(50,(�
�

�

/D� UDUpIDFWLRQ� GHV� UHVVRXUFHV� G¶pQHUJLH�PDMRULWDLUHPHQW� XWLOLVpHV� GH� QRV� MRXUV� �pQHUJLHV� IRVVLOHV��

SRVH� OD� TXHVWLRQ� GH� OD� UHFKHUFKH� GH� QRXYHOOHV� VRXUFHV� G¶pQHUJLH�� SDUPL� OHVTXHOOHV� ILJXUH� OD�

JpRWKHUPLH�� /D� JpRWKHUPLH� HVW� OD� VFLHQFH� TXL� pWXGLH� OHV� WUDQVIHUWV� WKHUPLTXHV� DX� VHLQ� GX� JOREH�

WHUUHVWUH�HW��SDU�H[WHQVLRQ��GpVLJQH�OHV�SURFpGpV�PLV�HQ�°XYUH�SRXU�OHV�H[SORLWHU���

�

&H�VXMHW�LOOXVWUH�O¶DSSRUW�GH�OD�JpRWKHUPLH�VXU�OH�IRQFWLRQQHPHQW�G¶XQH�SRPSH�j�FKDOHXU�GRPHVWLTXH���

�

'DQV�XQ�SUHPLHU�H[HUFLFH��QRXV�pWXGLHURQV�OH�FKDPS�GH�WHPSpUDWXUH�GDQV�OD�FRXFKH�VXSHUILFLHOOH�GX�

VRO�WHUUHVWUH��/H�GHX[LqPH�H[HUFLFH�DERUGH�O¶pWXGH�G¶XQH�SRPSH�j�FKDOHXU�JpRWKHUPLTXH��/HV�GHX[�

H[HUFLFHV�VRQW�WUqV�ODUJHPHQW�LQGpSHQGDQWV��
�

�

(;(5&,&(�,,,���21'(�7+(50,48(�

�

/¶REMHW� GH� FHWWH� SDUWLH� HVW� G¶pWXGLHU� O¶DPRUWLVVHPHQW� GDQV� OH� VRO� GHV� YDULDWLRQV� TXRWLGLHQQHV� HW�

DQQXHOOHV� GH� WHPSpUDWXUH�� HQ� YXH� GH� O¶HQIRXLVVHPHQW� G¶XQH� FDQDOLVDWLRQ� G¶XQH� LQVWDOODWLRQ�

JpRWKHUPLTXH��

�

2Q�VH�SODFH�HQ�UHSqUH�FDUWpVLHQ��/D�VXUIDFH�GX�VRO��VXSSRVpH�SODQH�HW�G¶H[WHQVLRQ�LQILQLH��FRwQFLGH�

DYHF� OH�SODQ� � �2[\ ��YRLU� ILJXUH� ,,,�����/D� WHPSpUDWXUH� DX�QLYHDX�GH� FHWWH� VXUIDFH��QRWpH� � ���7 W ��

YDULH� VLQXVRwGDOHPHQW� HQ� IRQFWLRQ� GX� WHPSV� W � DYHF� OD� SXOVDWLRQ� Z � DXWRXU� G¶XQH� PR\HQQH� �7 ���

� � � ���� FRV �7 W 7 WD Z � � R�� D � HVW� XQH� FRQVWDQWH�� 6RLW� XQ� SRLQW� 0 � GDQV� OH� VRO� UHSpUp� SDU� VHV�

FRRUGRQQpHV� � �� � �[ \ ] �DYHF� ��] t �2Q�FKHUFKH�j�GpWHUPLQHU�OH�FKDPS�GH�WHPSpUDWXUH�HQ� �0 �QRWp

� �� �7 0 W �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

)LJXUH�,,,�����UHSpUDJH�DGRSWp�SRXU�O¶pWXGH�GH�O¶RQGH�WKHUPLTXH�
�

�

,,,��� -XVWLILHU�TXH� � ��7 0 W �QH�GpSHQG�QL�GH� [ �QL�GH� �\ �2Q�QRWHUD�GDQV�OD�VXLWH��� � � � �� � �7 0 W 7 ] W �

�

�

,,,���'RQQHU�O¶H[SUHVVLRQ�GH�OD�ORL�GH�)RXULHU�UHODWLYH�j�OD�FRQGXFWLRQ�WKHUPLTXH��HQ�UDSSHODQW�OHV�

JUDQGHXUV�LQWHUYHQDQW�GDQV�FHWWH�ORL��2Q�QRWHUD� O �OD�FRQGXFWLYLWp�WKHUPLTXH�GX�VRO��VXSSRVpH�
FRQVWDQWH��&LWHU�XQH�ORL�SK\VLTXH�DQDORJXH�j�OD�ORL�GH�)RXULHU��

[

]

\ �

6RO�

6XUIDFH�GX�VRO� � �� ] �

� � � �W7W7 ZD FRV�� � � 2 �
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2Q� WUDYDLOOH� DYHF� O¶pFDUW� GH� WHPSpUDWXUH� SDU� UDSSRUW� j� �7 � HQ� SRVDQW��� � � � � �� �] W 7 ] W 7T  � �� 7RXW�

DXWUH�SKpQRPqQH�TXH�OD�FRQGXFWLRQ�WKHUPLTXH�HVW�QpJOLJp��2Q�GRQQH��GDQV�OH�FDGUH�GH�QRWUH�PRGqOH��

O¶pTXDWLRQ�GH�OD�FKDOHXU���
� � � ��

�

� �] W ] W
F

W ]

T T
U O

w w
 

w w
��R�� U �HW� F �GpVLJQHQW�UHVSHFWLYHPHQW�OD�PDVVH�

YROXPLTXH�HW�OD�FDSDFLWp�WKHUPLTXH�PDVVLTXH�GX�VRO��&HV�GHX[�SDUDPqWUHV�VRQW�VXSSRVpV�FRQVWDQWV��

�

2Q�FKHUFKH�OD�VROXWLRQ�GH�O¶pTXDWLRQ�GH�OD�FKDOHXU�HQ�UpJLPH�VLQXVRwGDO�SHUPDQHQW��$�FHW�HIIHW��RQ�

LQWURGXLW� OD� YDULDEOH� FRPSOH[H� �� � � � �� M W] W I ] H ZT  �� DYHF� � �M  � � HW� � �I ] � XQH� IRQFWLRQ� GH� �] �

/¶LQFRQQXH� � ��] WT �HVW�DORUV�GRQQpH�SDU��� � � � �� �� 5H �] W ] WT T ��R��5H �GpVLJQH�OD�SDUWLH�UpHOOH���

�
�

,,,���'pWHUPLQHU� O¶pTXDWLRQ� GLIIpUHQWLHOOH� YpULILpH� SDU� � ��I ] � 2Q� IHUD� LQWHUYHQLU� OD� GLIIXVLYLWp�

WKHUPLTXH�GX�VRO�GRQQpH�SDU���'
F

O
U

 ���

�
�

,,,��� ([SULPHU� OD� VROXWLRQ� JpQpUDOH� GH� FHWWH� pTXDWLRQ�� HQ� IDLVDQW� LQWHUYHQLU� GHX[� FRQVWDQWHV�

G¶LQWpJUDWLRQ�QRWpHV� $ �HW� �% �3DU�XQ�DUJXPHQW�SK\VLTXH�j�SUpFLVHU��PRQWUHU�TXH�O¶XQH�GH�FHV�
FRQVWDQWHV�HVW�QXOOH��

�

,,,��� 0RQWUHU� TXH� � ��] WT � VH� PHW� VRXV� OD� IRUPH��� � ��
]] M W

] W H H
Z

GGT D
§ ·�� ¨ ¸
© ¹ u �� R�� G � HVW� XQH�

JUDQGHXU�j�H[SULPHU�HQ�IRQFWLRQ�GH�Z �HW�GH� �' ��
�
�

,,,��� ([SULPHU� � ��7 ] W �j�O¶DLGH�GHV�SDUDPqWUHV��� �7 �� �G � �D �Z �HW�GHV�YDULDEOHV� ] �HW� �W �,QWHUSUpWHU�
SK\VLTXHPHQW�O¶H[SUHVVLRQ�REWHQXH��,QWHUSUpWHU�SK\VLTXHPHQW�OH�SDUDPqWUH� �G �

�
�

,,,��� ([SULPHU� OD�SURIRQGHXU� ��/ �SRXU� ODTXHOOH� O¶DPSOLWXGH�GHV�YDULDWLRQV�GH� WHPSpUDWXUH�GDQV� OH�

VRO�HVW�DWWpQXpH�G¶XQ�IDFWHXU��� �SDU�UDSSRUW�j�FHOOH�GH�OD�VXUIDFH�GX�VRO���
�
�

,,,��� 2Q�GRQQH�SRXU�XQ�VRO�KXPLGH���
� � ������ �� P �V' � � u ��&DOFXOHU�QXPpULTXHPHQW� ��/ �GDQV�

OHV�GHX[�FDV�VXLYDQWV���

�

x� &DV�Q������YDULDWLRQ�TXRWLGLHQQH�GH�WHPSpUDWXUH���
x� &DV�Q������YDULDWLRQ�DQQXHOOH�GH�WHPSpUDWXUH��

�

$� TXHOOH� SURIRQGHXU� SUpFRQLVHULH]�YRXV� G¶HQIRXLU� OD� FDQDOLVDWLRQ� GH� O¶LQVWDOODWLRQ�

JpRWKHUPLTXH�"�
�
�

,,,��� &DOFXOHU� OLWWpUDOHPHQW� SXLV� QXPpULTXHPHQW� OH� GpFDODJH� WHPSRUHO� W' � HQWUH� � ����7 ] / W � HW�

� ���7 W �GDQV�OHV�GHX[�FDV�GH�OD�TXHVWLRQ�,,,����

�
�

,,,���� /H�PRGqOH�GpYHORSSp�YRXV�SDUDvW�LO�SHUWLQHQW�"�4XHOV�SKpQRPqQHV�QRQ�SULV�HQ�FRPSWH�GDQV�

OH�PRGqOH�SHXYHQW�LQWHUYHQLU�"�5pSRQGUH�VXFFLQFWHPHQW��

�

�
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������

(;(5&,&(�,9���3203(�$�&+$/(85�*(27+(50,48(�

�

&HWWH�SDUWLH�WUDLWH�GX�IRQFWLRQQHPHQW�G¶XQH�SRPSH�j�FKDOHXU��3$&��JpRWKHUPLTXH��$SUqV�TXHOTXHV�

UDSSHOV�HW�JpQpUDOLWpV��QRXV�DERUGHURQV�O¶pWXGH�GpWDLOOpH�G¶XQH�3$&�JpRWKHUPLTXH��

�

/H� IOXLGH� FDORSRUWHXU� XWLOLVp� GDQV� OD� 3$&� HVW� OH� ��������WpWUDIOXRURpWKDQH�� GH� QRP� FRPPHUFLDO�

���5 D� �� ,O� VHUD�GpVLJQp�SOXV� VLPSOHPHQW� �IOXLGH��GDQV� OD� VXLWH��/RUVTX¶LO� HVW� j� O¶pWDW� JD]HX[�� OH�

IOXLGH�HVW�VXSSRVp�VXLYUH�OD�ORL�GHV�JD]�SDUIDLWV��2Q�GRQQH�OD�YDOHXU�QXPpULTXH�GH�OD�FRQVWDQWH�GHV�

JD]� SDUIDLWV��� � ����� -�PRO �.5 � � �� /RUVTX¶LO� HVW� j� O¶pWDW� OLTXLGH�� OH� IOXLGH� HVW� VXSSRVp� rWUH�

LQGLODWDEOH�HW�LQFRPSUHVVLEOH��
�

2Q�QRWH���

x� ������ J�PRO0 � �OD�PDVVH�PRODLUH�GX�IOXLGH���

x� 9F �OD�FDSDFLWp�WKHUPLTXH�PDVVLTXH�j�YROXPH�FRQVWDQW�GX�IOXLGH�j�O¶pWDW�JD]HX[���

x� 3F �OD�FDSDFLWp�WKHUPLTXH�PDVVLTXH�j�SUHVVLRQ�FRQVWDQWH�GX�IOXLGH�j�O¶pWDW�JD]HX[���

x� ����3

9

F

F
J   �OH�UDSSRUW�GHV�FDSDFLWpV�WKHUPLTXHV�PDVVLTXHV�j�SUHVVLRQ�HW�j�YROXPH�FRQVWDQW����

x� � �9O 7 �O¶HQWKDOSLH�PDVVLTXH�GH�YDSRULVDWLRQ�GX�IOXLGH�j�OD�WHPSpUDWXUH�7 ���

x� � �9K 7 �O¶HQWKDOSLH�PDVVLTXH�GH�OD�YDSHXU�VDWXUDQWH�j�OD�WHPSpUDWXUH�7 ���

x� � �/K 7 �O¶HQWKDOSLH�PDVVLTXH�GX�OLTXLGH�VDWXUDQW�j�OD�WHPSpUDWXUH�7 ����

x� /D�WHPSpUDWXUH�GX�SRLQW�FULWLTXH�GX�IOXLGH�YDXW��� ��� �FULW7 . �

�

/HV�GRQQpHV�QXPpULTXHV�XWLOHV�VRQW�UDVVHPEOpHV�GDQV�OH�WDEOHDX�FL�GHVVRXV���
�

�

�

�

�

�
�

7DEOHDX�����'RQQpHV�WKHUPRG\QDPLTXHV�UHODWLYHV�DX�IOXLGH�pWXGLp���

VDWS �HVW�OD�SUHVVLRQ�GH�YDSHXU�VDWXUDQWH�GX�IOXLGH�j�OD�WHPSpUDWXUH�GRQQpH��

�

5DSSHOV�HW�JpQpUDOLWpV�

�

,9��� 'HVVLQHU�O¶DOOXUH�GX�GLDJUDPPH�GH�&ODSH\URQ�G¶XQ�IOXLGH��2Q�UDSSHOOH�TXH�OH�GLDJUDPPH�GH�

&ODSH\URQ� SRUWH� HQ� DEVFLVVH� OH� YROXPH�PDVVLTXH� Y � HW� HQ� RUGRQQpH� OD� SUHVVLRQ� S � SRXU� OHV�

GLIIpUHQWV�pWDWV�GH�OD�PDWLqUH�G¶XQ�FRUSV��2Q�VH�UHVWUHLQGUD�LFL�DX[�pWDWV�OLTXLGH�HW�JD]��3ODFHU�

OHV� GRPDLQHV��� OLTXLGH�� JD]��PpODQJH� OLTXLGH�±� JD]��'pILQLU� HW� SODFHU� VXU� FH� GLDJUDPPH��� OD�

FRXUEH�GH�URVpH��OD�FRXUEH�G¶pEXOOLWLRQ��OH�SRLQW�FULWLTXH��'HVVLQHU�O¶DOOXUH�GH�WURLV�LVRWKHUPHV�

GH� WHPSpUDWXUHV� � �D FULW E7 7 7 � DYHF� �� D FULW E7 7 7� � �� R�� RQ� UDSSHOOH� TXH� FULW7 � GpVLJQH� OD�

WHPSpUDWXUH�GX�IOXLGH�j�O¶pWDW�FULWLTXH���
�

�

,9��� D�� 5DSSHOHU�OD�UHODWLRQ�HQWUH� � �9O 7 �� � �9K 7 �HW� � �/K 7 ���
�

� E��5DSSHOHU�OD�UHODWLRQ�HQWUH� � �3F 5 0 �HW� �J �
�

� F�� 5DSSHOHU� O¶H[SUHVVLRQ� GH� O¶HQWKDOSLH� PDVVLTXH� G¶XQ� JD]� SDUIDLW� j� O¶pTXLOLEUH�

WKHUPRG\QDPLTXH�j�OD�WHPSpUDWXUH�7 �HQ�IRQFWLRQ�GH� �0 � �J �5 �HW�GH� �7 �

7 � �. � VDWS � �EDU � � �9K 7 � ��N-�NJ� � � �/K 7 � ��N-�NJ� �

��� � ���� � ����� � ����� �

��� � ���� � ����� � ����� �
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������

,9��� 2Q� FRQVLGqUH� XQH� 3$&� IRQFWLRQQDQW� HQWUH� GHX[� WKHUPRVWDWV� LGpDX[�� F¶HVW�j�GLUH� GRQW� OD�

WHPSpUDWXUH�GHPHXUH�FRQVWDQWH�DX�FRXUV�GX�IRQFWLRQQHPHQW�GH�OD�3$&��6RLHQW� F7 �HW� �I F7 7� �

OHV�YDOHXUV�GH�WHPSpUDWXUH�GH�FKDFXQ�GH�FHV�WKHUPRVWDWV��2Q�QRWH� �Z � FT �HW� IT �OHV�WUDQVIHUWV�

G¶pQHUJLH� SDU� XQLWp� GH� PDVVH� DOJpEULTXHPHQW� pFKDQJpV� SDU� OH� IOXLGH� DX� FRXUV� G¶XQ� F\FOH�

UHVSHFWLYHPHQW�VRXV�IRUPH�GH���

x� WUDYDLO���

x� WUDQVIHUW�WKHUPLTXH�DYHF�OH�WKHUPRVWDW�j�OD�WHPSpUDWXUH� F7 ���

x� WUDQVIHUW�WKHUPLTXH�DYHF�OH�WKHUPRVWDW�j�OD�WHPSpUDWXUH� �I7 ��

�

D�� 5DSSHOHU�OH�VLJQH�GH� �Z � FT �HW� �IT �5DSSHOHU�OD�GpILQLWLRQ�GH�O¶HIILFDFLWp�GH�OD�3$&��QRWpH�

�H �HQ�IRQFWLRQ�GH�Z �HW� �FT �4XHO�HVW�OH�GRPDLQH�GH�GpILQLWLRQ�GH�H �"�
�

E��0RQWUHU�TXH�OD�YDOHXU�GH� H �HVW�PDMRUpH�SDU� �F
&

F I

7
H

7 7
 

�
�DSSHOpH�HIILFDFLWp�GH�&DUQRW�GH�

OD�3$&��

'DQV�TXHO�FDV�D�W�RQ� &H H �"�

�

�

(WXGH�G¶XQH�3$&�

�

2Q�FRQVLGqUH�XQH�3$&�GHVWLQpH�j�FKDXIIHU�O¶LQWpULHXU�G¶XQH�PDLVRQ�HQ�KLYHU��/H�IOXLGH�GH�OD�3$&�

VXELW�OH�F\FOH�WKHUPRG\QDPLTXH�VXLYDQW���
�

x� (WDSH� � � � �� �o ���j�SDUWLU�G¶XQ�pWDW�GH�YDSHXU�VDWXUDQWH� � �� �j�OD�WHPSpUDWXUH� ���I7 . �HW�

OD�SUHVVLRQ �IS �OH�IOXLGH�VXELW�XQH�FRPSUHVVLRQ�DGLDEDWLTXH�VXSSRVpH�UpYHUVLEOH�TXL�O¶DPqQH�

j�XQ�pWDW� � �� � �YDSHXU�VqFKH�j�OD�SUHVVLRQ� FS �HW�j�OD�WHPSpUDWXUH� ��7 ��

�

x� (WDSH� � � � �� �o ���OH�IOXLGH�HVW�PLV�HQ�FRQWDFW�DYHF�XQ�SUHPLHU�WKHUPRVWDW�j�OD�WHPSpUDWXUH

��� �F7 . �FH�TXL�D�SRXU�HIIHW�GH�OH�UHIURLGLU�GH�IDoRQ�LVREDUH�j�O¶pWDW�GH�YDSHXU�VDWXUDQWH�j�

OD� WHPSpUDWXUH� F7 � SXLV� GH� OH� OLTXpILHU� HQWLqUHPHQW�� 2Q� QRWH� � �� � O¶pWDW� ILQDO� GH� FHWWH�
WUDQVIRUPDWLRQ��R��OH�IOXLGH�HVW�j�O¶pWDW�GH�OLTXLGH�VDWXUDQW���

�

x� (WDSH� � � � �� �o ���OH�IOXLGH�SDVVH�GDQV�XQ�URELQHW�j�ODPLQDJH��FH�TXL�OXL�IDLW�VXELU�XQH�GpWHQWH�

GH�-RXOH�.HOYLQ��$�O¶pWDW�ILQDO��QRWp� � �� � �OH�IOXLGH�GLSKDVp�HVW�j�OD�SUHVVLRQ� IS �HW�SRVVqGH�

XQ�WLWUH�PDVVLTXH�HQ�YDSHXU�QRWp� �[ �
�

x� (WDSH� � � � �� �o ���OH�IOXLGH�GDQV�O¶pWDW� � �� �HVW�PLV�HQ�FRQWDFW�DYHF�OH�VHFRQG�WKHUPRVWDW�j�OD�

WHPSpUDWXUH� �I7 �FH�TXL�D�SRXU�HIIHW�GH�OH�UDPHQHU�j�O¶pWDW� � �� � �

�

3RXU�XQH�3$&�WUDGLWLRQQHOOH��GLWH�DLU�DLU��OH�U{OH�GX�WKHUPRVWDW�j�OD�WHPSpUDWXUH� I7 �HVW�MRXp�SDU�O¶DLU�

H[WpULHXU�j�OD�PDLVRQ���

'DQV�XQH�3$&�JpRWKHUPLTXH��FH�PrPH�WKHUPRVWDW�HVW�FRQVWLWXp�SDU�XQ�IOXLGH�IULJRULJqQH��HQ�JpQpUDO�

GH�O¶HDX�JO\FROpH��F¶HVW�j�GLUH�XQ�PpODQJH�G¶HDX�HW�G¶pWKDQH�����GLRO��/¶HDX�JO\FROpH�HVW�HQ�FRQWDFW�

WKHUPLTXH�YLD�XQ�pFKDQJHXU� WKHUPLTXH�DYHF� O¶HDX�G¶XQH�QDSSH� VRXWHUUDLQH��� RQ�SDUOH�GH�3$&�VXU�

DTXLIqUH���

Téléchargé gratuitement sur www.PrepaMag.fr .

http://www.prepamag.fr/


CCP Physique 1 MP 2014 — Énoncé 13/13

������

,9��� $OOXUH�GX�F\FOH��

� D�� 'HVVLQHU�OH�F\FOH�WKHUPRG\QDPLTXH�GpFULW�SDU�OH� IOXLGH�GH�OD�3$&�GDQV�OH�GLDJUDPPH�GH�

&ODSH\URQ��2Q�IHUD�ILJXUHU�OHV�LVRWKHUPHV� F7 �HW� �I7 �DLQVL�TXH�OHV�SRLQWV�UHSUpVHQWDWLIV�GHV�

pWDWV� � � � � � �� � � � � �HW� � �� � �
�

� E���3UpFLVHU� ORUV� GH� TXHOOH�V�� pWDSH�V�� OH� WUDQVIHUW� WKHUPLTXH� FT � HVW� UpDOLVp��0rPH� TXHVWLRQ�

SRXU� �IT �
�

� F�� 3UpFLVHU��ORUV�GH�O¶pWDSH� � � � �� � �o �FH�TXL�FRQFUqWHPHQW�MRXH�OH�U{OH�GX�WKHUPRVWDW��
�

�

,9��� ,QWpUrW�G¶XQH�3$&�VXU�DTXLIqUH��

� D�� 3DU�TXRL�HVW�UHSUpVHQWp�OH�WUDYDLO�Z �VXU�OH�GLDJUDPPH�GH�&ODSH\URQ�"��
�

� E��0RQWUHU�TX¶HQ�DXJPHQWDQW� �I7 � F7 �pWDQW�IL[pH�SDU�DLOOHXUV��RQ�DXJPHQWH�O¶HIILFDFLWp�GH�OD�

3$&��2Q�GHPDQGH�GH�UDLVRQQHU�GH�IDoRQ�TXDOLWDWLYH�VXU�O¶HIILFDFLWp�GH�OD�3$&��GRQF�VXU�OHV�

pFKDQJHV�G¶pQHUJLH�HW�QRQ�VXU�O¶HIILFDFLWp�GH�&DUQRW�GH�OD�3$&���
�

� F�� -XVWLILHU�O¶DYDQWDJH�G¶XQH�3$&�VXU�DTXLIqUH�SDU�UDSSRUW�j�XQH�3$&�DLU�DLU��
�

�

,9��� 'pWHUPLQDWLRQ�GH� �FT �

� D�� 'pWHUPLQHU� OD� WHPSpUDWXUH� DX� SRLQW� � �� � � � �7 � HQ� IRQFWLRQ� GH� � �I I7 SJ � HW� �FS � &DOFXOHU�

QXPpULTXHPHQW� ��7 �
�

� E��'pWHUPLQHU� FT � HQ� IRQFWLRQ� GH� � � �5 0J � GH� OD� GLIIpUHQFH� GH� WHPSpUDWXUH� �F7 7� � HW� GH�

� ��9 FO 7 �&DOFXOHU�QXPpULTXHPHQW� �FT �
�

� F�� &RPSDUHU� QXPpULTXHPHQW� OHV� GHX[� WHUPHV� LQWHUYHQDQW� GDQV� O¶H[SUHVVLRQ� GH� �FT �

&RPPHQWHU��
�

�

,9��� 'pWHUPLQDWLRQ�GX�WLWUH�HQ�YDSHXU�j�O¶pWDW� � �� � �

� D�� /RUV� GH� O¶pWDSH � � � �� � �o � OH� IOXLGH� VXELW� XQH� GpWHQWH� GH� -RXOH�.HOYLQ�� &LWHU� OD� IRQFWLRQ�

G¶pWDW�FRQVHUYpH�ORUV�G¶XQH�WHOOH�GpWHQWH��DXFXQH�GpPRQVWUDWLRQ�Q¶HVW�GHPDQGpH����
�

� E��$�O¶DLGH�GHV�GRQQpHV�GX�WDEOHDX����SDJH������GpWHUPLQHU�OLWWpUDOHPHQW�SXLV�QXPpULTXHPHQW�

OH�WLWUH�HQ�YDSHXU�j�O¶pWDW� � �� � �QRWp� �[ �
�

�

,9��� 'pWHUPLQHU� IT �HQ�IRQFWLRQ�GH� [ �HW� � ��9 IO 7 �&DOFXOHU�QXPpULTXHPHQW� �IT �

�

�

,9��� ([SULPHU�OLWWpUDOHPHQW�SXLV�FDOFXOHU�QXPpULTXHPHQW� �Z �
�

�

,9���� (IILFDFLWp�GH�OD�3$&��

� D�� ([SULPHU�OLWWpUDOHPHQW�SXLV�FDOFXOHU�QXPpULTXHPHQW�O¶HIILFDFLWp� H �GH�OD�3$&���
�

� E�� ([SULPHU� OLWWpUDOHPHQW� SXLV� FDOFXOHU� QXPpULTXHPHQW� O¶HIILFDFLWp� GH� &DUQRW�� �&H � $�W�RQ�

&H H �"� ([SOLTXHU� ORUV� GH� TXHOOH�V�� pWDSH�V�� LO� \� D� LUUpYHUVLELOLWp�� DLQVL� TXH� O¶RULJLQH�

SK\VLTXH�SUpFLVH�GH�FHOOH�FL��

)LQ�GH�O¶pQRQFp��
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