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/HV�FDOFXODWULFHV�VRQW�LQWHUGLWHV�
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�

/H�VXMHW�FRPSRUWH�FLQT�SDUWLHV�LQGpSHQGDQWHV��

/HV�SDUWLHV�,�HW�,,�SRUWHQW�VXU�O¶RSWLTXH��GH�OD�SDJH���j�OD�SDJH�����

/HV�SDUWLHV�,,,�j�9�SRUWHQW�VXU�O¶pOHFWURPDJQpWLVPH��GH�OD�SDJH����j�OD�SDJH������

�

�

�

/HV�FDOFXODWULFHV�QH�VRQW�SDV�DXWRULVpHV���OHV�DSSOLFDWLRQV�QXPpULTXHV�VRQW�SRXUWDQW�LPSRUWDQWHV�SRXU�

FRQFOXUH�HW�GHYURQW�rWUH�UpDOLVpHV�j�OD�PDLQ��2Q�QH�GHPDQGH�SDV�XQH�YDOHXU�H[DFWH��PDLV�XQH�ERQQH�

YDOHXU�DSSURFKpH��
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�

/HV�SDUWLHV�,�HW�,,�VRQW�LQGpSHQGDQWHV�

�

�

�

3$57,(�,���0(685(�'8�5$<21�'(�&285%85(�'¶81�0,52,5�3$5�81(�0(7+2'(�

,17(5)(5(17,(//(�

�

,����� ,QWHUIpUHQFHV�GH�GHX[�VRXUFHV�SRQFWXHOOHV��

�

/¶HVSDFH� HVW� UDSSRUWp� j� XQ� UHSqUH� RUWKRQRUPp� GLUHFW� � �� �2 [\] 5 � 'HV� LQWHUIpUHQFHV� OXPLQHXVHV�

VRQW� REWHQXHV� j� O¶DLGH� G¶XQ� GLVSRVLWLI� LQWHUIpUHQWLHO� SHUPHWWDQW� GH� FUpHU� GHX[� VRXUFHV� SRQFWXHOOHV�

FRKpUHQWHV� �6 �HW� �6 �j�SDUWLU�G¶XQH�PrPH�VRXUFH�SRQFWXHOOH�PRQRFKURPDWLTXH�GH�ORQJXHXU�G¶RQGH�

GDQV�O¶DLU� �O �/HV�GHX[�VRXUFHV� �6 �HW� �6 ��GLVWDQWHV�GH�D��pPHWWHQW�GHV�RQGHV�OXPLQHXVHV�VSKpULTXHV�

HQ�SKDVH�HW�GH�PrPH�LQWHQVLWp��RX�pFODLUHPHQW�� �, ��/H�PLOLHX�6�GX�VHJPHQW� � �6 6 �HVW�VLWXp�VXU�O¶D[H�

�2[ � /¶pFUDQ� G¶REVHUYDWLRQ� HVW� SODFp� GDQV� OH� SODQ� \2] � j� OD� GLVWDQFH� G� GH� 6�� /H� GLVSRVLWLI�

LQWHUIpUHQWLHO� HVW� SODFp� GDQV� O¶DLU� G¶LQGLFH� ��� ,O� SHUPHW� G¶RULHQWHU� O¶D[H� GHV� VRXUFHV�� VRLW�

SDUDOOqOHPHQW�j�O¶pFUDQ�VHORQ�O¶D[H�2] ��ILJXUH�����VRLW�SHUSHQGLFXODLUHPHQW�j�O¶pFUDQ�VHORQ�O¶D[H�2[ �
�ILJXUH�����

�

�

2 [

]

6

0���\�]�

6
�

6
�

L

G

D

�

2 [

]

6

0���\�]�

6
�

6
�

L

G

D

�

�

�

)LJXUH��� )LJXUH���

�

�

,������ ([SULPHU� O¶LQWHQVLWp� OXPLQHXVH� �RX� O¶pFODLUHPHQW�� � �, 0 � HQ� XQ� SRLQW� � ��� �0 \ ] � GH�

O¶pFUDQ�HQ�IRQFWLRQ�GH�O¶LQWHQVLWp� �, �GH�FKDFXQH�GHV�VRXUFHV�HW�GX�GpSKDVDJH� � �0I' �

DX�SRLQW�0�HQWUH�OHV�GHX[�RQGHV�LVVXHV�GH� �6 �HW� �6 ��

�

,������ 5HOLHU� � �0I' � j� OD�GLIIpUHQFH�GH�PDUFKH�JpRPpWULTXH� � �/ 0' � DX�SRLQW�0� HQWUH� OHV�

GHX[�RQGHV�OXPLQHXVHV�SURYHQDQW�GHV�VRXUFHV� �6 �HW� �6 �HW�DWWHLJQDQW�0��

�
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,������ 2Q� VH� SODFH� GDQV� OH� FDV� R�� O¶D[H� GHV� GHX[� VRXUFHV� HVW� SDUDOOqOH� DX� SODQ� GH� O¶pFUDQ�

�ILJXUH� ��� SDJH� ���� 3RXU� REVHUYHU� GHV� LQWHUIpUHQFHV�� OH� GLVSRVLWLI� LQWHUIpUHQWLHO� HVW�

pFODLUp�DYHF�XQH�VRXUFH�PRQRFKURPDWLTXH�GH�ORQJXHXU�G¶RQGH� ���QPO  �HW�UpJOp�GH�

IDoRQ� j� REWHQLU� XQH� ILJXUH� G¶LQWHUIpUHQFH� GRQW� OHV� GLPHQVLRQV� VRQW� GH� O¶RUGUH� GX�

FHQWLPqWUH��DYHF� ��PP�HW� �P�D G  �

�

,�����D�� (Q� IRQFWLRQ� GHV� UpJODJHV� LPSRVpV� DX� GLVSRVLWLI� LQWHUIpUHQWLHO�� H[SULPHU� OD�

GLIIpUHQFH� GH� PDUFKH� � �/ 0' � HQ� IRQFWLRQ� GH� D�� G� HW� GH� OD� SRVLWLRQ� GX�

SRLQW�0���

�

,�����E�� ([SULPHU� O¶LQWHQVLWp� � �, 0 � VXU� O¶pFUDQ� G¶REVHUYDWLRQ� HQ� IRQFWLRQ� GH� OD�

SRVLWLRQ�GX�SRLQW�0��

�

,�����F��� &DOFXOHU�O¶RUGUH�G¶LQWHUIpUHQFH� �S �DX�SRLQW�2��&RPPHQWHU��

�

,�����G�� 'pFULUH�O¶DOOXUH�GH�OD�ILJXUH�G¶LQWHUIpUHQFH�REVHUYpH�VXU�O¶pFUDQ��'pWHUPLQHU�

HQ� IRQFWLRQ� GH� D�� O � HW� G� OD� GLVWDQFH� LG � HQWUH� GHX[� IUDQJHV� EULOODQWHV�

�LQWHUIUDQJH���

�

,�����H�� $SSOLFDWLRQ� QXPpULTXH��� FDOFXOHU� OD� SRVLWLRQ� GX� SUHPLHU� PD[LPXP�

G¶LQWHQVLWp�OXPLQHXVH�VLWXp�HQ�GHKRUV�GX�FHQWUH�2�GH�O¶pFUDQ���

�

,������ 2Q�VH�SODFH�PDLQWHQDQW�GDQV� OH�FDV�R�� O¶D[H�GHV�GHX[�VRXUFHV�HVW�SHUSHQGLFXODLUH�DX�

SODQ�GH�O¶pFUDQ��ILJXUH����SDJH�����/H�GLVSRVLWLI�LQWHUIpUHQWLHO�HVW�WRXMRXUV�pFODLUp�DYHF�

OD�PrPH� VRXUFH� HW� LO� HVW� UpJOp� GH� IDoRQ� j� REWHQLU� XQH� ILJXUH� G¶LQWHUIpUHQFH� GRQW� OHV�

GLPHQVLRQV�VRQW�GH�O¶RUGUH�GX�FHQWLPqWUH�DYHF� ��PP�HW� �P�D G  �

�

,�����D�� (Q�IRQFWLRQ�GHV�UpJODJHV�LPSRVpV�DX�GLVSRVLWLI�LQWHUIpUHQWLHO��PRQWUHU�TXH�OD�

GLIIpUHQFH�GH�PDUFKH� � �/ 0' �DX�SRLQW�0�V¶H[SULPH�HQ�IRQFWLRQ�GH�D�HW�GH�

O¶DQJOH� L�� IRUPp� HQWUH� OH� VHJPHQW� 60� HW� O¶D[H� 2[ � SDU� OD� UHODWLRQ���

� � FRV �/ 0 D L'  �

,O�VHUD�MXGLFLHX[�G¶XWLOLVHU�O¶pJDOLWp�
� � �

� � �� �6 0 60 66 60 66 � � �6 66 ��

�

,�����E�� '¶DSUqV�OHV�GLPHQVLRQV�GH�OD�ILJXUH�G¶LQWHUIpUHQFH�� O¶DQJOH�L�HVW�YRLVLQ�GH���

HW�RQ�SHXW�XWLOLVHU�OHV�GpYHORSSHPHQWV�OLPLWpV�GH�VLQXV��FRVLQXV�HW�WDQJHQWH�j�

O¶RUGUH����([SULPHU�OD�GLIIpUHQFH�GH�PDUFKH� � �/ 0' �DX�SRLQW�0�HQ�IRQFWLRQ�

GH�G��D�HW�GH�OD�SRVLWLRQ�GX�SRLQW�0��

�

,�����F�� 'RQQHU� O¶H[SUHVVLRQ� GH� O¶LQWHQVLWp� � �, 0 � VXU� O¶pFUDQ� G¶REVHUYDWLRQ� HQ�

IRQFWLRQ�GH�OD�GLVWDQFH� �20U  �

�

,�����G�� $SSOLFDWLRQ� QXPpULTXH��� FDOFXOHU� O¶RUGUH� G¶LQWHUIpUHQFH� �S � DX� SRLQW� 2��

&RPPHQWHU��

�

,�����H�� 5HSUpVHQWHU��HQ�OD�MXVWLILDQW��O¶DOOXUH�GH�OD�ILJXUH�G¶LQWHUIpUHQFH�REVHUYpH�VXU�

O¶pFUDQ��

Téléchargé gratuitement sur www.PrepaMag.fr .

http://www.prepamag.fr/


CCP Physique 2 MP 2014 — Énoncé 4/14

,�����I�� (YDOXHU� DSSUR[LPDWLYHPHQW� OD� SRVLWLRQ� GX� SUHPLHU� PD[LPXP� G¶LQWHQVLWp�

OXPLQHXVH�VLWXp�HQ�GHKRUV�GX�FHQWUH�2�GH�O¶pFUDQ���

�

,������ &RPPHQW� IDXW�LO� PRGLILHU� OH� V\VWqPH� SRXU� REVHUYHU� OHV� ILJXUHV� G¶LQWHUIpUHQFHV�

ORFDOLVpHV�j�O¶LQILQL�"�

�

�

,����'LVSRVLWLI�LQWHUIpUHQWLHO��

�

/H�GLVSRVLWLI� LQWHUIpUHQWLHO�HVW� UHSUpVHQWp� ILJXUH����6RQ�SULQFLSH�GH�IRQFWLRQQHPHQW�HVW� VLPLODLUH�j�

FHOXL�GH�O¶LQWHUIpURPqWUH�GH�0LFKHOVRQ��,O�HVW�FRPSRVp�G¶XQ�VpSDUDWHXU�GH�IDLVFHDX�FRQVWLWXp�GH�GHX[�

SULVPHV� GURLWV� GH� VHFWLRQ� UHFWDQJOH� LVRFqOH� LGHQWLTXHV� DFFROpV� SDU� OHXUV� EDVHV� HW� GH� GHX[�PLURLUV�

SODQV� �0 �HW� �0 ��GH�FHQWUH�UHVSHFWLI� �2 �HW� �2 ��,O�HVW�pFODLUp�SDU�XQH�VRXUFH�SRQFWXHOOH� /6 ��REWHQXH�

JUkFH� j� XQ� IDLVFHDX� GH� OXPLqUH� SDUDOOqOH� PRQRFKURPDWLTXH� GH� ORQJXHXU� G¶RQGH�

����QPO  SURYHQDQW�G¶XQ�ODVHU���OH�IDLVFHDX�ODVHU�HVW�H[SDQVp�JUkFH�j�XQH�OHQWLOOH�GH�IRFDOH�LPDJH�


 �FPI  �SODFpH�HQWUH�OH�IDLVFHDX�ODVHU�HW�OD�IDFH�G¶HQWUpH�GX�VpSDUDWHXU��/H�VpSDUDWHXU�GH�IDLVFHDX�

VH�FRPSRUWH�FRPPH�XQH� ODPH�VpSDUDWULFH� S/ ��XQLTXH��G¶pSDLVVHXU�QXOOH� �IDFH�FRPPXQH�DX[�GHX[�

SULVPHV��TXL�WUDQVPHW������GH�O¶LQWHQVLWp�OXPLQHXVH��O¶DXWUH�SDUWLH�pWDQW�UpIOpFKLH��

2Q�QRWH� ���FP/ S6 2  / S6 2/ S6 2  6 2 �OD�GLVWDQFH�HQWUH�OD�VRXUFH�SRQFWXHOOH� /6 �HW�OH�FHQWUH� S2 �GH�OD�VpSDUDWULFH�

HW� ���FP3/ 2 2  �OD�GLVWDQFH�HQWUH�OD�VpSDUDWULFH�HW�O¶pFUDQ��(���

/HV�GHX[�PLURLUV�VRQW�PRELOHV�HW�SHXYHQW�SLYRWHU�DXWRXU�GH�OHXUV�D[HV� �2 \ �HW� � �2 \ �2Q�QRWH�
�D �HW�

�D � OHV� DQJOHV�GH� URWDWLRQ�GH� FKDFXQ�GHV�PLURLUV�� SULV� UHVSHFWLYHPHQW� HQWUH� � �2 ] � HW� �0 �� HW� � �2 [ �

HW� �0 ���
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,������ 2Q�VH�SODFH�GDQV�OH�FDV�R��OHV�GHX[�PLURLUV� �0 �HW� �0 �VRQW�RUWKRJRQDX[�� �0 �HVW�GDQV�

OH�SODQ�
�\2 ] �HW� �0 �GDQV�OH�SODQ�

�[2 \ ���/HV�SRVLWLRQV�GHV�PLURLUV�VRQW�GRQQpHV�SDU�

OHV�GLVWDQFHV�
� �SG 2 2 �HW�

� �SG 2 2 �DYHF�
� �G Gt ���

�

,�����D���(Q�YRXV�DLGDQW�G¶XQ�VFKpPD�FODLU��GpWHUPLQHU�OHV�FRRUGRQQpHV�GDQV�OH�UHSqUH�

� ��2 [\] � GHV� VRXUFHV� VHFRQGDLUHV� �6 � HW� �6 � FUppHV� SDU� O¶LQWHUIpURPqWUH� HQ�

IRQFWLRQ� GH� �� /�� �G � HW� �G �� �6 � HVW� O¶LPDJH� GH� OD� VRXUFH� /6 � LVVXH� GHV�

UpIOH[LRQV�VXU� S/ �HW� �0 ��� �6 �HVW�O¶LPDJH�GH� /6 �LVVXH�GHV�UpIOH[LRQV�VXU� �0 �

HW� S/ ���

�

,�����E�� (Q�GpGXLUH�OD�GLVWDQFH�D�TXL�VpSDUH�OHV�VRXUFHV� �6 �HW� �6 �HW�OD�GLVWDQFH�G�GH�

OHXU�PLOLHX�6�j�O¶pFUDQ�HQ�IRQFWLRQ�GH� ��/�� �G �HW� �G ��

��

,�����F�� /H�PLURLU� �0 �UpJOp�j� �G  �UHVWDQW�IL[H��OH�PLURLU� �0 �HVW�WUDQVODWp�GH�IDoRQ�

j�REWHQLU�XQ�pFODLUHPHQW�XQLIRUPH�GH�O¶pFUDQ��'RQQHU�GDQV�FHV�FRQGLWLRQV�OD�

YDOHXU�GH�D��
�

,������ $�SDUWLU�GH�OD�SRVLWLRQ�SUpFpGHQWH��OH�PLURLU� �0 �HVW�GpSODFp�SDUDOOqOHPHQW�j�O¶D[H�2]�

G¶XQH�GLVWDQFH�H��WHOOH�TXH� � � �G G H�  ! �DYHF� �H G�� �HW� �H G�� ��

�

,�����D�� 'pFULUH�OD�ILJXUH�G¶LQWHUIpUHQFH�REVHUYpH�VXU�O¶pFUDQ��

�

,�����E�� /H� FHQWUH� GH� OD� ILJXUH� G¶LQWHUIpUHQFH� HVW� EULOODQW�� /D� SUHPLqUH� IUDQJH�

EULOODQWH��KRUV�GH�O¶D[H��HVW�VLWXpH�j����PP�GX�FHQWUH�GH�OD�ILJXUH��&DOFXOHU��j�

SDUWLU�GHV�UpVXOWDWV�REWHQXV�GDQV�OD�SDUWLH�,����OD�GLVWDQFH�H���

�

,�����F�� &DOFXOHU�O¶RUGUH�G¶LQWHUIpUHQFH�DX�FHQWUH�GH�OD�ILJXUH�G¶LQWHUIpUHQFH��
�

,������ $� SDUWLU� GH� OD� SRVLWLRQ� GHV� PLURLUV� REWHQXV� TXHVWLRQ� ,�����F�� RQ� IDLW� VXELU� j� FKDTXH�

PLURLU�XQH�WUqV�IDLEOH�URWDWLRQ��GDQV�OH�PrPH�VHQV�HW�GX�PrPH�DQJOH�D� � �� � �D D D  �

�

,�����D�� 0RQWUHU��HQ�YRXV�DLGDQW�G¶XQ�VFKpPD��TXH� OHV�VRXUFHV�VHFRQGDLUHV�6��HW�6��

FUppHV�SDU�O¶LQWHUIpURPqWUH�VRQW�VLWXpHV�VXU�XQ�D[H�SDUDOOqOH�j� �2] �OH�PLOLHX�6�

GH� � �6 6 �pWDQW�VXU�O¶D[H� �2[ ��

��

,�����E�� 'pWHUPLQHU� OD�GLVWDQFH�D� HQWUH� OHV�GHX[� VRXUFHV� HW� OD�GLVWDQFH�G� GX�PLOLHX�

GHV�VRXUFHV�j�O¶pFUDQ�HQ�IRQFWLRQ�GH� �D � �HW� �G �RX� �G ��

�

,�����F�� 'pFULUH�OD�ILJXUH�G¶LQWHUIpUHQFH�REVHUYpH�VXU�O¶pFUDQ��

�

,�����G�� /D� GLVWDQFH� HQWUH� GHX[� IUDQJHV� EULOODQWHV� FRQVpFXWLYHV� HVW� pJDOH� j�

�PPLG  ��&DOFXOHU��j�SDUWLU�GHV�UpVXOWDWV�REWHQXV�GDQV�OD�SDUWLH�,����O¶DQJOH�

D �HQ�UDGLDQV���
�

,�����H��� &RPPHQW�YDULH�OD�GLVWDQFH�HQWUH�OHV�IUDQJHV�VL�RQ�DXJPHQWH�O¶DQJOH�D �"�
�

�
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�����

,����0HVXUH�GX�UD\RQ�GH�FRXUEXUH�G¶XQ�PLURLU��
�

/¶LQWHUIpURPqWUH� GH� OD� TXHVWLRQ� SUpFpGHQWH� HVW� LQLWLDOHPHQW� UpJOp� HQ� SODoDQW� OHV� GHX[� PLURLUV�

RUWKRJRQDOHPHQW�HW�j�OD�PrPH�GLVWDQFH�GH�OD�VpSDUDWULFH�� � �G G  ���/H�PLURLU� �0 �HVW�XQ�PLURLU�

GH�UpIpUHQFH�SDUIDLWHPHQW�SODQ��/H�PLURLU� �0 �HVW�DORUV�UHPSODFp�SDU�XQ�PLURLU�VSKpULTXH�FRQYH[H�

�
0 ��GRQW�OH�VRPPHW�HVW�SRVLWLRQQp�HQ� �2 �HW�GH�FHQWUH� �& ��ILJXUH�����/¶D[H� S2 ] �HVW�O¶D[H�RSWLTXH�

GX�PLURLU� �
0 �HW� � � �5 2 & �VRQ�UD\RQ��
�
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(FUDQ��(�
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�

)LJXUH�����PHVXUH�GX�UD\RQ�GH�FRXUEXUH�G¶XQ�PLURLU�

�

,������ 'pWHUPLQHU�OD�SRVLWLRQ� � /2 6c �GH� /6 c ��LPDJH�GH� /6 �SDU� �
0 �HQ�O¶DEVHQFH�GX�VpSDUDWHXU�

GH�IDLVFHDX�HQ�IRQFWLRQ�GH� �5 �HW� ��

�

,������ 'pWHUPLQHU�OHV�FRRUGRQQpHV�GDQV�OH�UHSqUH� � ��2 [\] �GHV�VRXUFHV�VHFRQGDLUHV� �6 �HW� �6 �

FUppHV�SDU�O¶LQWHUIpURPqWUH�HQ�IRQFWLRQ�GH� ��/�HW� �5 ���

�

,������ 0RQWUHU�TXH��GDQV�OH�FDV�R�� �5 !! ��OD�GLVWDQFH�D�HQWUH�OHV�GHX[�VRXUFHV�VH�PHW�VRXV�

OD� IRUPH�
�

�

�
D

5
|

�

� HW�TXH� OD�GLVWDQFH�G�GX�PLOLHX�GHV� VRXUFHV�j� O¶pFUDQ� HVW�YRLVLQH�GH�

� �G /| � � �

�

,������ (Q�GpGXLUH�O¶DVSHFW�GH�OD�ILJXUH�G¶LQWHUIpUHQFH�REVHUYpH�VXU�O¶pFUDQ���

�

,������ /H�FHQWUH�GH�OD�ILJXUH�G¶LQWHUIpUHQFH�HVW�XQ�SRLQW�EULOODQW��/D�FLQTXLqPH�IUDQJH�EULOODQWH�

HVW�VLWXpH�j������PP�GX�FHQWUH��&DOFXOHU�OD�YDOHXU�GX�UD\RQ� �5 �GX�PLURLU� �
0 ���
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3$57,(�,,���/(6�7(/(6&23(6�3285�/
2%6(59$7,21�'(�/$�7(55(�

�

6327� HW� OHV� 3OpLDGHV� VRQW� GHV� VDWHOOLWHV� RSWLTXHV� G¶REVHUYDWLRQ� GH� OD� 7HUUH�� /HV� VDWHOOLWHV�

G¶REVHUYDWLRQ�GH�OD�7HUUH�IRXUQLVVHQW�GHV�LPDJHV�QXPpULTXHV�GH�OD�VXUIDFH�GH�OD�7HUUH�FRPSRVpHV�GH�

SL[HOV��/¶LPDJH�QXPpULTXH�HVW�XQH�PDWULFH�GH�/� OLJQHV�HW�&�FRORQQHV�GH�SHWLWV�pOpPHQWV�G¶LPDJHV�

DSSHOpV�SL[HOV��&KDTXH�SL[HO�UHSUpVHQWH�O¶LPDJH�IRUPpH�VXU�XQ�GHV�FDSWHXUV�FDUUpV�GH�F{Wp� &F ��G¶XQH�

SHWLWH�VXUIDFH�WHUUHVWUH�GRQW�OHV�ORQJXHXUV�GHV�F{WpV�VRQW� 7F �HW� 7O ��/D�UpVROXWLRQ�HVW�OD�WDLOOH� 7F �RX� 7O �

DX� QLYHDX� GX� VRO� FRUUHVSRQGDQW� j� XQ� SL[HO� GH� O¶LPDJH� GH� OD� VXUIDFH� WHUUHVWUH�� /¶DFTXLVLWLRQ� GHV�

LPDJHV� VH� IDLW� SDU� OLJQHV� VXFFHVVLYHV� GH� ODUJHXU� DX� VRO� 7/ � JUkFH� j� GHV� FDSWHXUV� MX[WDSRVpV�

OLQpDLUHPHQW�VXU�XQH�EDUUHWWH��/H�GpSODFHPHQW�GX�VDWHOOLWH�DVVXUH�OH�SDVVDJH�G¶XQH�OLJQH�j�O¶DXWUH��

/¶RUELWH�GX�VDWHOOLWH�HVW�FLUFXODLUH�HW�SRODLUH�HW�VRQ�DOWLWXGH�K�GHPHXUH�FRQVWDQWH�ORUV�GHV�SULVHV�GH�

YXHV�� /D� YLWHVVH� OLQpDLUH� GX� VDWHOOLWH� VXU� VRQ� RUELWH� HVW� 6Y � HW� OD� YLWHVVH� 67Y �SDU� UDSSRUW� DX� VRO� GX�

SURMHWp� GX� VDWHOOLWH� 7� VXU� OD� VXUIDFH� WHUUHVWUH� HVW� VHQVLEOHPHQW� SDUDOOqOH� j� XQ� PpULGLHQ� WHUUHVWUH�

�ILJXUH�����
�

�

ÚY 67

VRO

EDUUHWWH�GH�FDSWHXUV
�GpWHFWHXU�

FHQWUH�RSWLTXH�2

WUDFH�DX�VRO�

OLJQH�/

OLJQH�/����

D[H�GH�YLVpH�YHUWLFDO

F
7

O
7

DOWLWXGH�K

ÚY 6

FDSWHXU

/
7

7

DQJOH�GH�YLVpH�

]

�
�
�

�

)LJXUH�����SULQFLSH�GH�O¶DFTXLVLWLRQ�G¶LPDJHV�VDWHOOLWDLUHV�

�
�

,,�����/H� VDWHOOLWH�3OpLDGHV����$�HVW� VLWXp� j�K� �����NP�G¶DOWLWXGH��/H� V\VWqPH�RSWLTXH�GX� VDWHOOLWH�

SHXW�rWUH�DVVLPLOp�j�XQH� OHQWLOOH�PLQFH�GH�GLVWDQFH� IRFDOH� LPDJH� 
I � HW�GH�FHQWUH�RSWLTXH�2��

/¶D[H� RSWLTXH�� DSSHOp� D[H� GH� YLVpH�� HVW� YHUWLFDO� VHORQ� �2] � /H� UD\RQ� GH� OD� 7HUUH� HVW�

� ����NP�75  �

�

E �
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�

,,������ /H�V\VWqPH�RSWLTXH�HVW�LO�FRQYHUJHQW�RX�GLYHUJHQW�"�-XVWLILHU�YRWUH�UpSRQVH��

�

,,������ ([SULPHU�OH�JUDQGLVVHPHQW�WUDQVYHUVDO� W* �GX�V\VWqPH�RSWLTXH�HQ�IRQFWLRQ�GH� 7F �HW� &F ��

SXLV�HQ�IRQFWLRQ�GH� K �HW� 
I ��

�

,,������ /HV�LPDJHV�HQ�QRLU�HW�EODQF��PRGH�SDQFKURPDWLTXH��RQW�XQH�UpVROXWLRQ�j�OD�YHUWLFDOH�GH�

����P�DX�VRO� � �����P7 7F O  ��(OOHV�FRPSRUWHQW��������OLJQHV�HW��������FRORQQHV��/D�

WDLOOH�GH�FKDTXH�FDSWHXU�HVW� �����P&F  ���

�

,,�����D�� &DOFXOHU� OD� GLVWDQFH� IRFDOH� 
I � GX� V\VWqPH� RSWLTXH�� (VW�LO� FRQFHYDEOH� GH�

UpDOLVHU�O¶LQVWUXPHQW�G¶RSWLTXH�DYHF�XQH�VHXOH�OHQWLOOH�"�-XVWLILHU��

�

,,�����E�� &DOFXOHU�OD�ODUJHXU� 7/ �G¶XQH�OLJQH�GH�SULVH�GH�YXH�DX�VRO��

�

,,������ /HV� LPDJHV� HQ� �� FRXOHXUV� �PRGH� PXOWLVSHFWUDO�� FRPSRUWHQW� ������OLJQHV� HW�

������FRORQQHV�� 8QH� VpULH� GH� TXDWUH� FDSWHXUV� IRUPH� XQ� SL[HO�� /HV� FDSWHXUV� VRQW�

UHJURXSpV�SDU��������VXU�XQH�EDUUHWWH�HW�XQ�ILOWUH�LQWHUIpUHQWLHO�VpOHFWLRQQH�OD�ORQJXHXU�

G¶RQGH�� &KDFXQ� GHV� TXDWUH� FDSWHXUV� GH� FKDTXH� FRXOHXU� D� OD�PrPH� JpRPpWULH� TX¶HQ�

PRGH� SDQFKURPDWLTXH�� 4XHOOH� HVW� OD� UpVROXWLRQ� 
7O � DX� VRO� GHV� LPDJHV� HQ� PRGH�

PXOWLVSHFWUDO�GX�VDWHOOLWH�3OpLDGHV����$�"�

�

,,�������'RQQHU� O¶RUGUH�GH�JUDQGHXU�GH� O¶DQJOH�GH� FKDPS�GH�SULVH�GH�YXH� E �G¶XQH� OLJQH��/H�

V\VWqPH� RSWLTXH� GX� VDWHOOLWH� 3OpLDGHV����$� IRQFWLRQQH�W�LO� GDQV� OHV� FRQGLWLRQV� GH�

*DXVV�"�-XVWLILHU��

�

,,�������/D�SpULRGH�GH�UpYROXWLRQ�GX�VDWHOOLWH�3OpLDGHV����$�HVW�  ��K����PLQ�67 ��

�

,,�����D��� &DOFXOHU�OD�YLWHVVH�DX�VRO� 67Y ���

�

,,�����E�� &DOFXOHU�� HQ�PRGH� SDQFKURPDWLTXH�� OD� GXUpH� G¶DFTXLVLWLRQ� W' �G¶XQH� OLJQH�

VDFKDQW�TX¶HQ�YLVpH�YHUWLFDOH� ����P7 7F O  ���

�

,,�����F�� /D� GXUpH� G¶DFTXLVLWLRQ� 
W' � HVW�HOOH� OD� PrPH� HQ� PRGH� PXOWLVSHFWUDO�"� /D�

FDOFXOHU�VDFKDQW�TX¶HQ�YLVpH�YHUWLFDOH� 
 
7 7F O ��

�

�

,,���� /HV�V\VWqPHV�RSWLTXHV�GHV� VDWHOOLWHV�G¶REVHUYDWLRQ�GH� OD�7HUUH�VRQW�FRPSRVpV�GH� WpOHVFRSHV��

/H�WpOHVFRSH�GX�VDWHOOLWH�6327�HVW�GpULYp�GX�WpOHVFRSH�GH�6FKPLGW��,O�HVW�FRPSRVp�G¶XQ�PLURLU�

SODQ� �0 �� G¶XQ� PLURLU� VSKpULTXH� FRQFDYH� �0 � �FHQWUH�
�0

& � HW� VRPPHW�
�0

6 ��� G¶XQ� V\VWqPH�

DIRFDO�GH�FRUUHFWLRQ�G¶RXYHUWXUH�FRPSRVp�GH�GHX[�OHQWLOOHV�PLQFHV�� �/ �HW� �/ ��DXTXHO�V¶DMRXWH�

XQ�PLURLU�RULHQWDEOH�GH� FKDQJHPHQW�GH�YLVpH�SODFp�j� O¶HQWUpH�GX�V\VWqPH�RSWLTXH� �ILJXUH����

SDJH������

�
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�����

PLURLU�VSKpULTXH�0
�

PLURLU�SODQ�
GH�YLVpH�REOLTXH

j�����r�����

�/
�
� �/

�
�

PLURLU�SODQ�0
�

GpWHFWHXU

ÚY 6

VHQV�GH�GpSODFHPHQW
GX�VDWHOOLWH

YHUWLFDOH

D[H�RSWLTXH

'

�
)LJXUH�����LQVWUXPHQW�G¶RSWLTXH�GX�VDWHOOLWH�6327��

�

,,������/D�GLVWDQFH�IRFDOH�GX�PLURLU� �0 �HVW�
�

 � ����PP0I  ��'pWHUPLQHU�VRQ�UD\RQ�

�0
5 ��

�

,,�������/H�VDWHOOLWH�HVW�SODFp�j�O¶DOWLWXGH� ����NPK  �HQ�RUELWH�FLUFXODLUH�DXWRXU�GH�OD�7HUUH��6L�

RQ� FRQVLGqUH� TXH� OHV� UD\RQV� TXL� WRPEHQW� VXU� OH� V\VWqPH� RSWLTXH� VRQW� TXDVLPHQW�

SDUDOOqOHV�j�O¶D[H�GH�YLVpH��FDOFXOHU�OD�SRVLWLRQ�
�0

6 ' �GX�GpWHFWHXU�IRUPp�GH�SOXVLHXUV�

EDUUHWWHV�GH�FDSWHXUV�"�
�

,,�������(Q�YLVpH�YHUWLFDOH��OD�ODUJHXU�DX�VRO�GHV�LPDJHV�GH�6327��TXL�FRPSRUWHQW�������OLJQHV�

HW�������FRORQQHV�GH�SL[HOV�HQ�PRGH�SDQFKURPDWLTXH��HVW� ���NP7/  ��(VWLPHU�OD�WDLOOH�

FF �G¶XQ�FDSWHXU�GX�VDWHOOLWH�6327���

�

,,������ /D�SULVH�GH�YXH� SHXW� FRQFHUQHU�XQH�]RQH�GH� IDLEOH� DOWLWXGH�SURFKH�GH� OD�PHU�RX�XQH�

UpJLRQ� KLPDOD\HQQH� R�� O¶DOWLWXGH� SHXW� DWWHLQGUH� � ����P� � (VWLPHU� OD� YDULDWLRQ� GH� OD�

SRVLWLRQ� GX� GpWHFWHXU�
�0

6 '' �HQ� IRQFWLRQ� GH� OD� YDULDWLRQ� G¶DOWLWXGH� K' � GX� VDWHOOLWH��

/¶LQVWUXPHQW�G¶RSWLTXH�GH�6327�GRLW�LO�GLVSRVHU�G¶XQ�GLVSRVLWLI�GH�PLVH�DX�SRLQW�"�
�

,,������ /H�V\VWqPH�DIRFDO�HVW�IRUPp�SDU�XQH�OHQWLOOH�FRQYHUJHQWH� �/ �GH�FHQWUH� �/
2 ��GH�IR\HUV�

REMHW�
�/

) �HW�LPDJH�
�

/) �HW�G¶XQH�OHQWLOOH�GLYHUJHQWH� �/ �GH�FHQWUH� �/

2 ��GH�IR\HUV�REMHW�

�/
) � HW� LPDJH�

�

/) �� /D� GLVWDQFH� TXL� VpSDUH� OHV� GHX[� FHQWUHV� RSWLTXHV� GHV� OHQWLOOHV�

HVW�
� �/ / /H 2 2 ���

�

,,�����D�� 4XHOOH� UHODWLRQ� H[LVWH�W�LO� HQWUH� OHV� GLVWDQFHV� IRFDOHV� LPDJHV�
�

/I � HW�

�

/I �

GHV�GHX[�OHQWLOOHV��UHVSHFWLYHPHQW� �/ �HW� �/ ��HW�OD�GLVWDQFH� /H �"�

�

,,�����E�� 6LWXHU�VXU�XQ�VFKpPD�OD�SRVLWLRQ�GHV�IR\HUV�GHV�OHQWLOOHV��
�

,,�����F�� 7UDFHU�VXU�OH�PrPH�VFKpPD�OD�PDUFKH�G¶XQ�UD\RQ�SDVVDQW�SDU�
�/

2 �HW�LQFOLQp�

SDU�UDSSRUW�j�O¶D[H�RSWLTXH�GHV�GHX[�OHQWLOOHV��
�

,,�������/¶LQVWUXPHQW�GX�VDWHOOLWH�6327�SRVVqGH�XQ�PLURLU�GH�YLVpH�REOLTXH��4XHO�HVW�O¶LQWpUrW�

G¶XQ�WHO�GLVSRVLWLI�"�
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(/(&7520$*1(7,60(���*60��*�
�

�

'RQQpHV���

��FpOpULWp�GHV�RQGHV�pOHFWURPDJQpWLTXHV�GDQV�OH�YLGH�RX�O¶DLU��� � ����� PVF � ��

��SHUPLWWLYLWp�GLpOHFWULTXH�GX�YLGH�RX�GH�O¶DLU�� �

� �

�
)P �

�� ��
H

S

� �

��SHUPpDELOLWp�PDJQpWLTXH�GX�YLGH�RX�GH�O¶DLU��� � �

� � �� +P �P S � � �

�

�

/HV� WURLV� SDUWLHV� GH� FH� SUREOqPH� VRQW� LQGpSHQGDQWHV�� 7RXWHIRLV�� OD� FRPSUpKHQVLRQ� HW� OD�

UpDOLVDWLRQ� GH� OD� SUHPLqUH� SDUWLH� SHUPHWWHQW� G¶DERUGHU� SOXV� UDSLGHPHQW� OHV� GHX[� GHUQLqUHV�

SDUWLHV��
�

�

2Q�V¶LQWpUHVVH�j�O¶XQ�GHV�GHX[�VWDQGDUGV�GH�WpOpFRPPXQLFDWLRQ��FDQGLGDW�SRXU�OD��H�JpQpUDWLRQ�GH�OD�

WpOpSKRQLH� PRELOH�� ©�/RQJ� 7HUP� (YROXWLRQ� ±� $GYDQFHG�ª�� ,O� HVW� FRQVWLWXp�� HQ� )UDQFH�� GH� GHX[�

EDQGHV� GH� IUpTXHQFHV� GLWHV� ���� 0+]� HW� �� ���� 0+]�� 3DU� OH� GpSORLHPHQW� GH� WHFKQRORJLHV�

SDUWLFXOLqUHV��GHV�GpELWV�VXSpULHXUV�j����0ELWV���VHFRQGH�SRXU�GHV�PRELOHV�HQ�PRXYHPHQW�VRQW�YLVpV��

�

/¶HVSDFH�HVW�GpILQL�SDU�XQ�UHSqUH�RUWKRQRUPp�GLUHFW� � �� � �[ \ ]2 H H H �H H H� ��5 �HW�RQ�FRQVLGqUH�XQ�SRLQW�0�GH�

O¶HVSDFH�UHSpUp�SDU�VHV�FRRUGRQQpHV�FDUWpVLHQQHV� � �� �[ \ ] ��2Q�SRVH�20 U 20 U ��

�

�

3$57,(�,,,���3523$*$7,21�'$16�/¶$,5�

�

�

,,,����3URSDJDWLRQ�

�

,,,������ 'RQQHU�� HQ� OHV�QRPPDQW�� OHV�pTXDWLRQV�GH�0D[ZHOO� VRXV� OHXUV� IRUPHV� ORFDOHV�GDQV�

O¶DLU� HQ� O¶DEVHQFH� GH� VRXUFHV�� 2Q� WUDLWHUD� GHV� FKDPSV� � �W0( �
G

� HW� � �W0% �
G

� FRPPH�

Q¶pWDQW�SDV�QpFHVVDLUHPHQW�FHX[�G¶XQH�2QGH�3ODQH�3URJUHVVLYH�6LQXVRwGDOH��2336���

�

,,,�������(WDEOLU� O¶pTXDWLRQ�GH�SURSDJDWLRQ�HQ�FKDPS�pOHFWULTXH�HW�HQ�GpGXLUH�O¶H[SUHVVLRQ�GH�

OD�YLWHVVH�GH�SURSDJDWLRQ�GH�O¶RQGH��HQ�IRQFWLRQ�GHV�GRQQpHV�GH�O¶pQRQFp��

�

,,,������ 2Q� FRQVLGqUH� j� SUpVHQW� TXH� OH� FKDPS� � �W0( �
G

� HVW� FHOXL� G¶XQH� 2336� SRODULVpH�

UHFWLOLJQHPHQW� SDUDOOqOHPHQW� j� [HH �� VH� SURSDJHDQW� VXLYDQW� OHV� ]� FURLVVDQWV� HW� GRQW� OD�

IRUPXODWLRQ� JpQpUDOH� HVW� GRQQpH� SDU� O¶H[SUHVVLRQ� FRPSOH[H� � �
� �

�
M N U W

P( 0 W ( H
Z� �

 
�W�W�M N U�

( H
UN UUUUUU

� �( 0 W� � ���

NN �HVW� OH� YHFWHXU� G¶RQGH� GH� QRUPH� FRQVWDQWH� N�� Z � HVW� OD� SXOVDWLRQ� HW� P(( � HVW� XQH�

FRQVWDQWH�FRPSOH[H�YHFWRULHOOH��

�

,,,�����D���3UpFLVHU�HW�MXVWLILHU�O
H[SUHVVLRQ�GH� NN �HW�OD�GLUHFWLRQ�GH� �P(( �

�

,,,�����E���'RQQHU�O¶H[SUHVVLRQ�GH� � ��( 0 W� �( 0 W� �HQ�IRQFWLRQ�GHV�FRRUGRQQpHV�GH�0�HW�HQ�

SURMHFWLRQ�GDQV�OD�EDVH�FDUWpVLHQQH�% �DVVRFLpH�j�5 �� �
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������

,,,�����F��([SOLFLWHU�OHV�GHX[�WHUPHV�GH�O¶pTXDWLRQ�GH�SURSDJDWLRQ�HQ�IRQFWLRQ�GH�N��Z�

HW� � �� �( 0 W� �( 0 W� �

�

,,,�����G��(Q�GpGXLUH�OD�UHODWLRQ�GH�GLVSHUVLRQ�GX�PLOLHX��

�

,,,������ 'DQV�O¶K\SRWKqVH�GH�OD�TXHVWLRQ�SUpFpGHQWH��H[SOLFLWHU�OH�FKDPS� � �W0% �
G

�GDQV�OD�EDVH�

FDUWpVLHQQH�% �HQ�IRQFWLRQ�GH� P( ��F��N�HW�Z��

�

,,,������ (Q�QRWDQW� MM
PP H((  ��M �pWDQW�XQH�FRQVWDQWH��H[SOLFLWHU�OHV�FKDPSV�UpHOV� � ��( 0 W� �( 0 W� �

HW� � �� �% 0 W� �% 0 W� �

�

�

,,,����3XLVVDQFH�HW�UD\RQQHPHQW�

�

,,,�������'RQQHU�OD�GpILQLWLRQ�GX�YHFWHXU�GH�3R\QWLQJ� � �W05 �
G

�HQ�IRQFWLRQ�GHV�FKDPSV�HW�VRQ�

LQWHUSUpWDWLRQ�SK\VLTXH��4XHOOH�HVW�VD�GLPHQVLRQ�SK\VLTXH�"�

�

,,,�������0RQWUHU� TXH� OD� YDOHXU� PR\HQQH� WHPSRUHOOH� GH� OD� QRUPH� GH� � �W05 �
G

� SHXW� V¶pFULUH�

�

� P5 F (D H 5 FFF �SRXU�OHV�FKDPSV�GH�O¶2336�GpILQLH�GDQV�OD�SDUWLH�,,,����2Q�GRQQHUD�

OD�YDOHXU�GH�OD�FRQVWDQWH� �D �

�

,,,�������'DQV� OH� FDV� G¶XQH� DQWHQQH� UpHOOH�� O¶K\SRWKqVH� GH� O¶2336� Q¶HVW� YDODEOH� TXH�

ORFDOHPHQW��2Q�VDLW�DORUV�TXH�OD�YDOHXU�GH� 5
G

�GpSHQG�GH�OD�GLVWDQFH�G�j�O¶DQWHQQH��GH�

OD� SXLVVDQFH� D3 � G¶DOLPHQWDWLRQ� HW� GH� VRQ� JDLQ� *�� OHTXHO� GpSHQG� GH� OD� GLUHFWLRQ�

G¶REVHUYDWLRQ�� 2Q� SHXW� DLQVL� pFULUH��� � ��� �DG 5 G 3 *S  � �G� �� � � ([SULPHU� O¶DPSOLWXGH�

P( �GX�FKDPS�HQ�IRQFWLRQ�GH�F�� �H �� D3 ��*�HW�G��

�

,,,����([SRVLWLRQ�

�

,O�HVW�SDUIRLV�QpFHVVDLUH�GH�SULYLOpJLHU�XQ�VHQV�GH�IRQFWLRQQHPHQW�GH�O
DQWHQQH��/¶pQHUJLH�UD\RQQpH�

SDU� XQH� DQWHQQH� HVW� DORUV� UpSDUWLH� GH� PDQLqUH� LQpJDOH� GDQV� O¶HVSDFH� HW� LO� H[LVWH� GHV� GLUHFWLRQV�

SULYLOpJLpHV��DSSHOpHV��OREHV�GH�UD\RQQHPHQW���&HV�GLIIpUHQWHV�GLUHFWLRQV�SHXYHQW�rWUH�YLVXDOLVpHV�j�

O¶DLGH� GX� GLDJUDPPH� GH� UD\RQQHPHQW� UpDOLVp� HQ� WURLV� GLPHQVLRQV�� /H� OREH� OH� SOXV� LPSRUWDQW� HVW�

DSSHOp� �OREH� SULQFLSDO��� ,O� HVW� GLULJp� YHUV� O¶DYDQW� GH� O¶DQWHQQH�� /HV� OREHV� VHFRQGDLUHV�� PRLQV�

LPSRUWDQWV��VRQW�GLULJpV�YHUV�O¶DUULqUH�RX�VXU�OHV�F{WpV�GH�O¶DQWHQQH��

�

/D� QRUPH� VDQLWDLUH� SRXU� FH� W\SH� GH� UD\RQQHPHQW� HVW� DFWXHOOHPHQW� HQ� )UDQFH� PD[ ��9 � P(  ��(OOH�

FRUUHVSRQG� j� XQ� VHXLO� GpILQL� VXU� OD� EDVH� GHV� HIIHWV� WKHUPLTXHV� �pFKDXIIHPHQW�� OLpV� DX� FKDPS�

pOHFWURPDJQpWLTXH�� $� WLWUH� GH� FRPSDUDLVRQ�� OD� QRUPH� HQ� ,WDOLH�� 5XVVLH�� 3RORJQH� HW� &KLQH� HVW� GH�

P�9��  ( ��

�
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