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�
/HV�FDOFXODWULFHV�VRQW�DXWRULVpHV�

�

/H�GRFXPHQW�UpSRQVH�GLVWULEXp�DYHF�OH�VXMHW�GRLW�rWUH�MRLQW�j�OD�FRSLH��

�
/HV� SDUWLHV�$� HW�%� VRQW� LQGpSHQGDQWHV� HW� GDQV� FKDFXQH� G¶HOOHV�� FHUWDLQHV� TXHVWLRQV� SHXYHQW�

rWUH�WUDLWpHV�VpSDUpPHQW��

7RXWH�GpPRQVWUDWLRQ�LOOLVLEOH�RX�LQFRPSUpKHQVLEOH�VHUD�FRQVLGpUpH�FRPPH�IDXVVH��

�

3DUWLH�$���O¶pOHFWURQ�HQ�FKLPLH��GH�O
DWRPH�DX�PpWDO��

&HWWH� SDUWLH� FRPSRUWH� TXDWUH� VRXV�SDUWLHV� ODUJHPHQW� LQGpSHQGDQWHV�� 'DQV� FKDTXH� VRXV�SDUWLH��

FHUWDLQHV� TXHVWLRQV� SHXYHQW� rWUH� WUDLWpHV� LQGpSHQGDPPHQW� GHV� SUpFpGHQWHV�� /D� VRXV�SDUWLH� $��

V¶LQWpUHVVH� j� OD� FODVVLILFDWLRQ� SpULRGLTXH� HW� DX[� FRQILJXUDWLRQV� pOHFWURQLTXHV� GHV� DWRPHV� HW�

PROpFXOHV���/D�VRXV�SDUWLH�$��WUDLWH�GH�O¶REVHUYDWLRQ��HQ�WHPSV�UpHO��GH�O¶pOHFWURQ�HW�GH�VD�UpDFWLYLWp��

/D�VRXV�SDUWLH�$��V¶LQWpUHVVH�DX[�SKpQRPqQHV�GH�WUDQVIHUW�GHV�pOHFWURQV�HW��HQ�SDUWLFXOLHU��DX[�SLOHV�

j�FRPEXVWLEOH��(QILQ��O¶pWXGH�G¶XQ�PpWDO�HW�G¶XQ�DOOLDJH�HVW�OH�VXMHW�GH�OD�GHUQLqUH�VRXV�SDUWLH�$���

�

3DUWLH�%���V\QWKqVH�GH�OD�FLWUpRYLULGLQH�

3RXU�O¶pFULWXUH�GHV�PpFDQLVPHV��j�FKDTXH�IRLV�TX¶LO�OH�MXJH�QpFHVVDLUH��OH�FDQGLGDW�SRXUUD�XWLOLVHU�GHV�

QRWDWLRQV�VLPSOLILpHV�GHV�PROpFXOHV�OXL�SHUPHWWDQW�GH�VH�FRQFHQWUHU�VXU�OHV�IRQFWLRQV�UpDFWLYHV��/HV�

GRQQpHV�VSHFWUDOHV�VRQW�PHQWLRQQpHV�HQ�ILQ�GH�VXMHW��
�

� �

Téléchargé gratuitement sur www.Doc-Solus.fr .

http://www.doc-solus.fr/


CCP Chimie 2 PC 2013 — Énoncé 2/16

3DUWLH�$��/¶pOHFWURQ�HQ�FKLPLH��GH�O
DWRPH�DX�PpWDO�
�

'RQQpHV����

1RPEUH�G¶$YRJDGUR�1$� �������[���
���PRO����

�
1XPpURV�DWRPLTXHV���
(OpPHQW� +� )� 3� 6�
=� �� �� ��� ���

�

1LYHDX[�pQHUJpWLTXHV�GH�GLIIpUHQWHV�RUELWDOHV�DWRPLTXHV��2$��GH�O¶K\GURJqQH�HW�GX�IOXRU����

(�V�+�� ��������H9� (�V�)�� ��������H9� (�S�)�� ��������H9��

�
&RHIILFLHQW�G¶DEVRUSWLRQ�PRODLUH�GH�O¶pOHFWURQ�GDQV�O¶DPPRQLDF�j�����QP��j�����&����

� �������/ PRO FPH
� �

 � � ��
�
0DVVH�PRODLUH�DWRPLTXH�GH�O¶K\GURJqQH��� �0�+� ��J PRO� � ��

&RQVWDQWH�GH�)DUDGD\��� �) �������& PRO� ���
&RQVWDQWH�G¶pWDW�GHV�JD]�SDUIDLWV�� � �5 ������- PRO .� �

 � � ��
(QWKDOSLH�PRODLUH�VWDQGDUG�GH�IRUPDWLRQ�GH�+�2�O��j�����.���ûI�+��+�2�O��� ���������N-�PRO

����
(QWURSLHV�PRODLUHV�VWDQGDUGV�j�����.����

FRPSRVp� 2��J�� +��J�� +�2�O��
� �

P6 �- . PRO �� � �
� � � ���� ���� ���

�
�
�

$���'H�O¶DWRPH�j�OD�PROpFXOH�
�
$���� eFULUH� OD� FRQILJXUDWLRQ� pOHFWURQLTXH� GHV� DWRPHV� GH� SKRVSKRUH� HW� GH� VRXIUH� GDQV� OHXU� pWDW�
IRQGDPHQWDO��'RQQHU��SRXU�FKDFXQ�G
HX[��OHXU�QRPEUH�G¶pOHFWURQV�GH�YDOHQFH��¬�TXHOOHV�FRORQQHV�GH�
OD�FODVVLILFDWLRQ�SpULRGLTXH�DSSDUWLHQQHQW�OHV�pOpPHQWV�SKRVSKRUH�HW�VRXIUH�"�
�
$���� 4X¶HVW�FH� TXH� O¶pQHUJLH� GH� SUHPLqUH� LRQLVDWLRQ�"� &RPPHQW� pYROXH�W�HOOH� GDQV� OD�
FODVVLILFDWLRQ� SpULRGLTXH�"� ([SOLTXHU� OH� IDLW� TXH� O¶pQHUJLH� GH� SUHPLqUH� LRQLVDWLRQ� GX� SKRVSKRUH�
�������N-�PRO����VRLW�OpJqUHPHQW�VXSpULHXUH�j�FHOOH�GX�VRXIUH��������N-�PRO�������
�
'DQV� WRXW� FH� TXL� VXLW�� 2$� HW� 20� FRUUHVSRQGHQW� UHVSHFWLYHPHQW� j� RUELWDOH� DWRPLTXH� HW� RUELWDOH�
PROpFXODLUH��2Q�V¶LQWpUHVVH�j�OD�UpSDUWLWLRQ�GHV�pOHFWURQV�GDQV�OD�PROpFXOH�GH�IOXRUXUH�G
K\GURJqQH�
+)���
�
$���� eFULUH� OD� FRQILJXUDWLRQ� pOHFWURQLTXH� GHV� DWRPHV� G¶K\GURJqQH� HW� GH� IOXRU� GDQV� OHXU� pWDW�
IRQGDPHQWDO���
�
2Q� VH� SURSRVH� GH� WUDFHU� OH� GLDJUDPPH� GHV�20� GH� OD�PROpFXOH� GH� IOXRUXUH� G
K\GURJqQH�+)��2Q�
SURFqGH�SDU�FRPELQDLVRQ�GHV�2$�HQ�VH�OLPLWDQW�DX[�2$�GHV�pOHFWURQV�GH�YDOHQFH��2Q�FKRLVLW�O¶D[H�]�
FRPPH�D[H�GH�OD�PROpFXOH���
�
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�����

$���� ([SOLTXHU�OHV�UqJOHV�GH�FRQVWUXFWLRQ�GHV�20�G
XQH�PROpFXOH�GLDWRPLTXH��2Q�SUpFLVH�TXH�OHV�
UqJOHV� XWLOLVpHV� SRXU� FRQVWUXLUH� OHV� GLDJUDPPHV� G¶20� GHV� PROpFXOHV� KRPRQXFOpDLUHV� VRQW�
JpQpUDOLVDEOHV�DX[�PROpFXOHV�KpWpURQXFOpDLUHV��
�
-XVWLILHU� OH� IDLW� TXH� O¶LQWHUDFWLRQ� HQWUH� O¶RUELWDOH� �V� GH� O¶DWRPH� G¶K\GURJqQH� HW� O¶RUELWDOH� �V� GH�
O¶DWRPH� GH� IOXRU� SXLVVH� rWUH� QpJOLJpH�� 4XHOOHV� VRQW� DORUV� OHV� LQWHUDFWLRQV� HQWUH� 2$� GH� O¶DWRPH�
G¶K\GURJqQH�HW�2$�GH�O¶DWRPH�GH�IOXRU�j�SUHQGUH�HQ�FRPSWH�"��
�

$���� 5HSUpVHQWHU�� VXU�XQ�GLDJUDPPH�G¶pQHUJLH�� OHV�GLIIpUHQWHV�20�GH�+)��3UpFLVHU� OH� FDUDFWqUH�
OLDQW��QRQ�OLDQW�RX�DQWLOLDQW�GH�FKDTXH�20��2Q�SUpFLVH�LFL�TX¶XQH�2$�TXL�QH�SHXW�SDV�LQWHUDJLU�DYHF�
XQH�DXWUH�2$�FRQGXLW�j�XQH�20�QRQ�OLDQWH��
�

$���� 3ODFHU�OHV�pOHFWURQV�GDQV�OHV�20�UHSUpVHQWpHV�j�OD�TXHVWLRQ�$������
�

$���� 4XHO�HVW�O¶LQGLFH�GH�OLDLVRQ�GH�+)�"�(VW�LO�FRPSDWLEOH�DYHF�FH�TXL�HVW�DWWHQGX�HQ�XWLOLVDQW�OH�
PRGqOH�GH�/HZLV�"��
�

$���/¶pOHFWURQ�VROYDWp�GDQV�O¶DPPRQLDF�

�
/RUVTX¶RQ�DMRXWH�GX� VRGLXP�GDQV�GH� O¶DPPRQLDF� OLTXLGH��RQ�REWLHQW�XQH� VROXWLRQ�GRQW� OD� FRXOHXU�
GHYLHQW�EOHX�IRQFp��/D�PHVXUH�GH�OD�FRQGXFWLYLWp�GH�FHWWH�VROXWLRQ�PRQWUH�TX¶LO�H[LVWH�GHV�HVSqFHV�
LRQLTXHV� HQ� VROXWLRQ�� 3OXV� SUpFLVpPHQW�� RQ� REVHUYH� OD� IRUPDWLRQ� G¶pOHFWURQV� VROYDWpV� GDQV�
O¶DPPRQLDF���
�

$���� eFULUH� O¶pTXDWLRQ�GH� OD�UpDFWLRQ�GH�IRUPDWLRQ��HQ�SUpVHQFH�GH�VRGLXP��GH� O¶pOHFWURQ�VROYDWp�

GDQV�O¶DPPRQLDF��2Q�V\PEROLVHUD�SDU� �

DPH �O¶pOHFWURQ�VROYDWp�GDQV�O¶DPPRQLDF���

�
$���� ([SpULPHQWDOHPHQW��RQ�IRUPH� O¶pOHFWURQ�VROYDWp�GDQV� O¶DPPRQLDF� OLTXLGH�j�XQH�GDWH� W� �����
SXLV� RQ� pWXGLH� VD� FLQpWLTXH� GH� GLVSDULWLRQ�� HQ� PHVXUDQW�� HQ� IRQFWLRQ� GX� WHPSV�� O¶pYROXWLRQ� GH�
O¶DEVRUEDQFH�GH� OD�VROXWLRQ�SODFpH�GDQV�XQH�FHOOXOH�GH���FP�G
pSDLVVHXU�j�XQH� ORQJXHXU�G
RQGH�GH�
����QP���
/HV� pYROXWLRQV� GH� O¶DEVRUEDQFH� $�� PHVXUpH� j� ���� QP�� DLQVL� TXH� GH� O¶RSSRVp� GH� OD� GpULYpH� GH�
O¶DEVRUEDQFH�SDU�UDSSRUW�DX�WHPSV��VRQW�GRQQpHV�GDQV�OH�WDEOHDX�FL�GHVVRXV��2Q�FRQVLGqUH�TXH�FHWWH�
DEVRUEDQFH�HVW�XQLTXHPHQW�GXH�j�OD�SUpVHQFH�GH�O¶pOHFWURQ�VROYDWp�GDQV�OD�VROXWLRQ����
�

7HPSV���V�� $EVRUEDQFH�$�� ��G$�GW������V����
�� ������ �
���� ������ ������
���� ������ ������
���� ������ ������
���� ������ ������
���� ������ ������
���� ������ ������
���� ������ ������
���� ������ ������
���� ������ ������
���� ������ ������
���� ������ ������
���� ������ ������
���� ������ ������
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�

'pWHUPLQHU�OD�YDOHXU�GH�OD�FRQFHQWUDWLRQ�PRODLUH�HQ�pOHFWURQ�VROYDWp�j�O¶LQVWDQW�W� �����

�

$���� (Q� pWXGLDQW� OHV� GRQQpHV� UHODWLYHV� j� O
LQWHUYDOOH� GH� WHPSV� >�� �V� �� �� �V@� HW� HQ� XWLOLVDQW� OD�

PpWKRGH�LQWpJUDOH��PRQWUHU�TXH�OD�UpDFWLRQ�GH�GLVSDULWLRQ�GH�O¶pOHFWURQ�VXLW�XQH�ORL�GH�YLWHVVH�G¶RUGUH�

��GXUDQW�OD�SUHPLqUH�PLFURVHFRQGH��(Q�GpGXLUH�OD�YDOHXU�GH�VD�FRQVWDQWH�GH�YLWHVVH���

�

$���� 2Q� SHXW� VXSSRVHU� TXH� O¶pOHFWURQ� GLVSDUDvW� SDU� UpDFWLRQ� DYHF� XQH� DXWUH� HVSqFH� TXL� D� XQH�

FRQFHQWUDWLRQ�PRODLUH� LGHQWLTXH� j� FHOOH� GH� O¶pOHFWURQ�� /D� FRQVWDQWH� GH� YLWHVVH� SDUWLFXODLUH�� GLII �N ��

OLPLWpH�SDU�OD�GLIIXVLRQ�GH�FHV�GHX[�HVSqFHV��SHXW�rWUH�FDOFXOpH�JUkFH�j�O¶H[SUHVVLRQ�VXLYDQWH���

GLIIN � U'S ��

R�� U� UHSUpVHQWH� OD� GLVWDQFH� G¶DSSURFKH� GHV� GHX[� HVSqFHV� HW�'� HVW� OD� VRPPH� GHV� FRHIILFLHQWV� GH�

GLIIXVLRQ�GH�FHV�HVSqFHV�GDQV�O¶DPPRQLDF��2Q�SUHQGUD�LFL�U� ������QP�HW�
� � �' ����[��� FP V� �

 � ���

�

&DOFXOHU�OD�FRQVWDQWH�GH�YLWHVVH�PRODLUH�OLPLWpH�SDU�OD�GLIIXVLRQ�HQ�XWLOLVDQW�OHV�XQLWpV�/��PRO�HW�V��

&RPSDUHU�OH�UpVXOWDW�DYHF�OD�YDOHXU�H[SpULPHQWDOH�REWHQXH�GDQV�OD�TXHVWLRQ�SUpFpGHQWH��&RPPHQWHU���

�

$���� 2Q�V¶LQWpUHVVH�GpVRUPDLV�j�OD�WRWDOLWp�GH�OD�FRXUEH�GH�GLVSDULWLRQ�GH�O¶pOHFWURQ�VROYDWp���

�

� $������0RQWUHU� TXH� O¶K\SRWKqVH� G¶XQ� RUGUH� �� Q¶HVW� SOXV� VDWLVIDLWH� SRXU� O¶HQVHPEOH� GHV�

GRQQpHV�UHODWLYHV�j�O
LQWHUYDOOH�GH�WHPSV�>���V��������V@���

�

� $������0RQWUHU�DORUV�TXH� OD� WRWDOLWp�GH� OD�FRXUEH�SHXW�rWUH� LQWHUSUpWpH�SDU�XQH�FRPSpWLWLRQ�

HQWUH� XQ�PpFDQLVPH� G¶RUGUH� �� HW� XQ�PpFDQLVPH� G¶RUGUH� ��� 3RXU� FHOD�� RQ� SRXUUD� H[SULPHU�

�� G$ � GW �HQ�IRQFWLRQ�GH�$�HW�GH�$����
�

� $������(Q� XWLOLVDQW� OD� IRQFWLRQ�
�

� [
G$

GW $

� �� GpWHUPLQHU� OHV� GHX[� FRQVWDQWHV� GH� YLWHVVH�

DVVRFLpHV�DX[�PpFDQLVPHV�G¶RUGUH���HW�G¶RUGUH����VDQV�XWLOLVHU� OD�YDOHXU�GH� OD�FRQVWDQWH�GH�

YLWHVVH�WURXYpH�j�OD�TXHVWLRQ�$������

�

�

$���5pDFWLRQV�GH�WUDQVIHUW�G¶pOHFWURQV���O¶H[HPSOH�GHV�SLOHV�j�FRPEXVWLEOH�
�

�

2Q�FRQVLGqUH�LFL�XQH�FHOOXOH�JDOYDQLTXH�GH�IRUFH�pOHFWURPRWULFH��WHQVLRQ�j�YLGH��H��/D�WHPSpUDWXUH�

HVW�QRWpH�7���

2Q�HQYLVDJH�XQH�WUDQVIRUPDWLRQ�pOpPHQWDLUH��VXSSRVpH�UpYHUVLEOH��ORUV�GX�IRQFWLRQQHPHQW�GH�OD�SLOH���

�

$���� ([SULPHU� OH� WUDYDLO� pOHFWULTXH� pOpPHQWDLUH�/:H� WUDQVIpUp� SDU� OD� SLOH� DX�PLOLHX� H[WpULHXU� HQ�

IRQFWLRQ� GH� OD� IRUFH� pOHFWURPRWULFH� H�� GX� QRPEUH� Q� G�� G¶pOHFWURQV� WUDQVIpUpV� SRXU� O¶DYDQFHPHQW�

pOpPHQWDLUH�G��DVVRFLp�j�OD�UpDFWLRQ�PRGpOLVDQW�OH�IRQFWLRQQHPHQW�GH�OD�SLOH���

�

$���� (Q�XWLOLVDQW� OH�SUHPLHU�HW� OH�VHFRQG�SULQFLSH�GH�OD� WKHUPRG\QDPLTXH��H[SULPHU� OD�YDULDWLRQ�

pOpPHQWDLUH�G*�GH� O¶HQWKDOSLH� OLEUH�HQ� IRQFWLRQ��HQWUH�DXWUH��GX� WUDYDLO� pOHFWULTXH�pOpPHQWDLUH�/:H�

WUDQVIpUp�SDU� OD�SLOH�DX�PLOLHX�H[WpULHXU��0RQWUHU�DORUV�TXH�UU*� ���Q)H ��R��UU*�HVW� O¶HQWKDOSLH�

OLEUH�GH�OD�UpDFWLRQ���

�
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$���� ([SULP

Q��H��7�HW�
§
¨
©

�
2Q� V¶LQWpUHVV
JDOYDQLTXH�
OD� SLOH� j� GLK\GU
GDQV� XQH� EDW
�PHPEUDQH�SR
�

$���� 4XHO�V
�

$���� 2Q�FR
RX�j�GLK\GURJq
�
eFULUH� OHV� GH
PRGpOLVDQW�OD�
�
/H�VFKpPD�
SLOH�VXU� OH�
UpDFWLRQV�DX
6HXOV�OHV�LRQV
�

�

�

([SULPHU�O¶HQWURS

S�

H

7 [

w§ ·
¨ ¸w© ¹

���

Q� V¶LQWpUHVVH� GDQV� FH�
DOYDQLTXH�DOLPHQWpH�HQ�
D� SLOH� j� GLK\GURJqQH�GLR[\Jq
DQV� XQH� EDWWHULH�� OD� SL
�PHPEUDQH�SRO\PqUH�

4XHO�V��HVW��VRQW��

2Q�FRQVLGqUH�OHV�
GLK\GURJqQH�DLU���+

FULUH� OHV� GHPL�pTXDWLR
RGpOLVDQW�OD�WUDQVIRUPD

H�VFKpPD��FL�GHVVRXV��
�GRFXPHQW�
DX[�pOHFWURGHV

HXOV�OHV�LRQV�+��VHURQW�F

6FKpPD�G

GLK\GU

ULPHU�O¶HQWURSLH�HW�O¶HQWK

VVH� GDQV� FH� TXL� VXLW� DX
DOLPHQWpH�HQ�FRQWLQX�
\GURJqQH�GLR[\JqQH� RX�
DWWHULH�� OD� SLOH� j� FRPE
SRO\PqUH���

O�V��HVW��VRQW��O¶�OHV��DYDQ

QVLGqUH�OHV�FRXSOHV�G¶R[\GRU
��+��DT��+��J�

pTXDWLRQV� pOHFWURQ
WUDQVIRUPDWLRQ�GX�V\VW

GHVVRXV��GH�OD�SLOH�
�UpSRQVH�HQ�LQG

[�pOHFWURGHV�HW�OH�VHQV�G
VHURQW�FRQVLGpUpV�G

6FKpPD�GH�OD�SLOH�j�G

�

GLK\GURJqQH�

URSLH�HW�O¶HQWKDOSLH�GH�OD�Up

� TXL� VXLW� DX[� SLOHV� j� F
�HQ�UpGXFWHXU�H

GLR[\JqQH� RX� j� GLK\GURJq
SLOH� j� FRPEXVWLEOH� HVW�

W��O¶�OHV��DYDQWDJH�V��G¶X

V�FRXSOHV�G¶R[\GRUpGXF
�J��HW�2��J��+�

LRQV� pOHFWURQLTXHV� SRXU
DWLRQ�GX�V\VWqPH�TXDQG�O

GH�OD�SLOH�HVW�GRQQp�GD
HQ�LQGLTXDQW�QRW

HW�OH�VHQV�GH�FLUFXODWLR
W�FRQVLGpUpV�GDQV�O¶pOHFWUR

D�GH�OD�SLOH�j�GLK\GURJq

$QRGH�

0RWHX

WKDOSLH�GH�OD�UpDFWLRQ��UH

DX[� SLOHV� j� FRPEXVWLEOH
Q�UpGXFWHXU�HW�HQ�R[\GD

GLK\GURJqQH�DLU��&
EXVWLEOH� HVW� FRQVWLWXpH

DQWDJH�V��G¶XQH�SLOH�j�FR

G¶R[\GRUpGXFWLRQ�PLV�HQ�
2�O����

URQLTXHV� SRXU� FKDTXH� F
\VWqPH�TXDQG�OD�SLOH�GpE

p�GDQV�OH�GRFXP
QGLTXDQW�QRWDPPHQW�OD�
�GH�FLUFXODWLRQ�GHV�SRUWH
�GDQV�O¶pOHFWURO\WH����

�j�GLK\GURJqQH�GLR[\Jq

(OHFWURO\WH

RWHXU�

D�UpDFWLRQ��UHVSHFWLYHPH

� FRPEXVWLEOH�� /D� SLOH�
R[\GDQW��8Q�H[HP

K\GURJqQH�DLU��&RPPH�GDQV
VW� FRQVWLWXpH� GH� GHX[� p

¶XQH�SLOH�j�FRPEXVWLEOH�S

GXFWLRQ�PLV�HQ�MHX�GDQV�

XU� FKDTXH� FRXSOH�� eFU
QG�OD�SLOH�GpELWH���

GDQV�OH�GRFXPHQW�UpSRQ
RWDPPHQW�OD�SRODULWp�GH
LRQ�GHV�SRUWHXUV�GH�FKDUJ

�

RJqQH�GLR[\JqQH�RX�j�GL

G

&DWKRGH
O\WH�

�UHVSHFWLYHPHQW�UU6�HW�

OH�� /D� SLOH� j� FRPEXVWL
GDQW��8Q�H[HPSOH�GH�SLO
&RPPH�GDQV� XQH� SLOH�
H� GH� GHX[� pOHFWURGHV�

FRPEXVWLEOH�SDU�UDSSRUW�

GDQV�OD�SLOH�j�GLK\

FRXSOH�� eFULUH� O¶pTXDW

UpSRQVH��&RPSOp
D�SRODULWp�GHV�pOHFWURGHV
UWHXUV�GH�FKDUJH�GRQW�RQ�

R[\JqQH�RX�j�GLK\GURJqQH

GLR[\JqQH�RX�DL

&DWKRGH�

HW�UU+��HQ�IRQF

� j� FRPEXVWLEOH� HVW� XQH
HPSOH�GH�SLOH�j�FRPEXV
XQH� SLOH� pOHFWURFKLP

� pOHFWURGHV� HW� G¶XQ� pOH

H�SDU�UDSSRUW�j�XQH�EDWWH

OD�SLOH�j�GLK\GURJqQH�GL

FULUH� O¶pTXDWLRQ� GH� OD�

��&RPSOpWHU�OH�VFKpP
HV�pOHFWURGHV�� OHV�pTXDW
DUJH�GRQW�RQ�SUpFLVHUD�OD

LK\GURJqQH�DLU�

�

RX�DLU�

��HQ�IRQFWLRQ�GH�

WLEOH� HVW� XQH� FHOOXOH�
LOH�j�FRPEXVWLEOH�HVW�
H� pOHFWURFKLPLTXH� RX�
� HW� G¶XQ� pOHFWURO\WH

UW�j�XQH�EDWWHULH�"��

K\GURJqQH�GLR[\JqQH�

DWLRQ� GH� OD� UpDFWLRQ�

OH�VFKpPD�GH�OD�
OHV�pTXDWLRQV�GHV�

Q�SUpFLVHUD�OD�QDWXUH��

RQFWLRQ�GH�

QH� FHOOXOH�
XVWLEOH�HVW�
LPLTXH� RX�
OHFWURO\WH�

GLR[\JqQH�

� UpDFWLRQ�

GH�OD�
GHV�

�OD�QDWXUH��
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$���� /H�UHQGHPHQW�pQHUJpWLTXH���G¶XQH�SLOH�HVW�GpILQL�FRPPH�OH�UDSSRUW�HQWUH�O¶pQHUJLH�pOHFWULTXH�

IRXUQLH�HW�O¶pQHUJLH�WKHUPLTXH�WUDQVIpUpH�SDU�OH�V\VWqPH�SHQGDQW�OD�UpDFWLRQ��3RXU�XQ�IRQFWLRQQHPHQW�

UpYHUVLEOH�� VXSSRVp� LVRWKHUPH� HW� LVREDUH�� H[SULPHU� FH� UHQGHPHQW� HQ� IRQFWLRQ� GHV� JUDQGHXUV�

WKHUPRG\QDPLTXHV�UU*� HW�UU+� FDUDFWpULVWLTXHV�GH� OD� UpDFWLRQ�GH� IRQFWLRQQHPHQW� GH� OD� SLOH��2Q�

SRXUUD�XWLOLVHU�OHV�UpSRQVHV�j�OD�TXHVWLRQ�$������

�

'DQV�WRXW�FH�TXL�VXLW��OH�GLK\GURJqQH�HW�OH�GLR[\JqQH�DOLPHQWDQW�OD�SLOH�j�FRPEXVWLEOH�VRQW�VXSSRVpV�

SXUV��OHXU�SUHVVLRQ�pWDQW�pJDOH�j�3�� ���EDU���

�

$���� 'pWHUPLQHU� OD� YDOHXU� GX� UHQGHPHQW� GH� OD� SLOH� HQ� IRQFWLRQQHPHQW� j� ����.��&RPPHQWHU� VD�

YDOHXU���

�

$���� 'pWHUPLQHU�OD�YDOHXU�GH�OD�IRUFH�pOHFWURPRWULFH�GH�OD�SLOH�j�����.���

�

$���� 'RQQHU�O
H[SUHVVLRQ�GH�O¶pYROXWLRQ�GH�OD�IRUFH�pOHFWURPRWULFH�H�HQ�IRQFWLRQ�GH�OD�WHPSpUDWXUH�

7�� 2Q� VXSSRVHUD� TXH� OHV� HQWKDOSLHV� HW� HQWURSLHV� PRODLUHV� VWDQGDUGV� QH� YDULHQW� SDV� DYHF� OD�

WHPSpUDWXUH��GDQV�OD�JDPPH�GH�WHPSpUDWXUHV�FRQVLGpUpHV���

�

$����� /D�WHQVLRQ�IRXUQLH�SDU�OD�SLOH�HVW�GH�����9�j�����.��&RPPHQW�H[SOLTXHU�OD�GLIIpUHQFH�HQWUH�

FHWWH�YDOHXU�HW�OD�YDOHXU�FDOFXOpH�"��

�

$����� 'DQV�FHV�FRQGLWLRQV��SRXU�XQH�LQWHQVLWp�GH�����$��OHV�SLOHV�VRQW�JURXSpHV�HQ�VpULH�GH�����DILQ�

G¶REWHQLU� XQH� SXLVVDQFH� VXIILVDQWH� SRXU� IDLUH� IRQFWLRQQHU� XQ�PRWHXU� pOHFWULTXH�� 4XHOOH�PDVVH� GH�

GLK\GURJqQH�VHUD�FRQVRPPpH�SDU�FHV����SLOHV�DSUqV�����K�GH�IRQFWLRQQHPHQW�"�
�

�

$���/HV�PpWDX[�

�

�

$���� &RPPHQW� VH� FRPSRUWHQW� OHV� pOHFWURQV� GDQV� XQ� PpWDO�"� 4XHOOHV� VRQW� OHV� SURSULpWpV� GHV�

PpWDX[�"�

�

'DQV� FH� TXL� VXLW�� RQ� pWXGLHUD� OH�PpWDO� DUJHQW�� DLQVL� TX¶XQ� DOOLDJH� RU�DUJHQW�� /
DUJHQW� D� XQ� UD\RQ�

DWRPLTXH� 5�  � ���� SP�� ,O� FULVWDOOLVH� VHORQ� XQH� PDLOOH� FXELTXH� j� IDFHV� FHQWUpHV� �FIF��� /D� PDVVH�

PRODLUH�GH�O¶DUJHQW�HVW�GH�����J�PRO
��
���

�

$���� &DOFXOHU�OD�PDVVH�YROXPLTXH�GH�O¶DUJHQW����

�

$���� /
DUJHQW�HW�O
RU�FULVWDOOLVHQW�HQ�IRUPDQW�XQ�DOOLDJH��&HW�DOOLDJH�SHXW�rWUH�XQ�DOOLDJH�G¶LQVHUWLRQ�

RX� GH� VXEVWLWXWLRQ�� � /H� UD\RQ� DWRPLTXH� GH� O
RU� D� SRXU� YDOHXU�5
�  � ���� SP� HW� VD� PDVVH� PRODLUH�

YDXW�0� �����J�PRO
��
��

�

$���������'pILQLU�FHV�GHX[�W\SHV�G¶DOOLDJH��

�

$���������5HSUpVHQWHU�OHV�GHX[�W\SHV�GH�VLWHV�LQWHUVWLWLHOV�DSUqV�OHV�DYRLU�GpILQLV���

�

$��������&DOFXOHU�OH�UD\RQ�52�G¶XQ�VLWH�RFWDpGULTXH��&DOFXOHU�pJDOHPHQW�OH�UD\RQ�57�G¶XQ�VLWH�

WpWUDpGULTXH���

�

$���������/¶DOOLDJH�RU�DUJHQW�HVW�LO�XQ�DOOLDJH�G¶LQVHUWLRQ�RX�GH�VXEVWLWXWLRQ�"�-XVWLILHU���

� �
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$���� /H� GLDJUDPPH� ELQDLUH� VROLGH�OLTXLGH� GH� O
DOOLDJH� DUJHQW�RU� VRXV� XQH� SUHVVLRQ� GH� �� EDU� HVW�

UHSUpVHQWp�FL�GHVVRXV��/D�IUDFWLRQ�PRODLUH�HQ�DUJHQW�HVW�UHSUpVHQWpH�HQ�DEVFLVVH��

�

'LDJUDPPH�ELQDLUH�VROLGH�OLTXLGH�GH�O
DOOLDJH�DUJHQW�RU�

�
$�������4XHOV�VRQW�OHV�QRPV�GHV�FRXUEHV�����HW�����GH�FH�GLDJUDPPH�"�$�TXRL�FRUUHVSRQGHQW�

HOOHV�"��

�

$�������/
DUJHQW�HW�O
RU�VRQW�LOV�PLVFLEOHV�j�O¶pWDW�VROLGH�"�-XVWLILHU��

�

$�������7UDFHU�OD�FRXUEH�G¶DQDO\VH�WKHUPLTXH�SRXU�OH�UHIURLGLVVHPHQW�LVREDUH�G¶XQ�PpODQJH�

LQLWLDOHPHQW�OLTXLGH��GH�IUDFWLRQ�PRODLUH�HQ�DUJHQW�pJDOH�j������&RPPHQWHU���

�

$�������8Q�PpODQJH� LQLWLDOHPHQW� VROLGH� GH� IUDFWLRQ�PRODLUH� [$J�  � ���� FRQWHQDQW� ���PROHV�

G
DUJHQW�HW�G
RU�HVW�SRUWp�j�OD�WHPSpUDWXUH�GH��������&�VRXV���EDU���

�

4XHOOH�TXDQWLWp�G
DUJHQW��H[SULPpH�HQ�PRO��VH�WURXYH�VRXV�IRUPH�OLTXLGH�"��

�

4XHOOH�TXDQWLWp�G
RU��H[SULPpH�HQ�PRO��UHVWH�W�LO�GDQV�OH�VROLGH�"�

�

�
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3DUWLH�%��6\QWKqVH�GH�OD�FLWUpRYLULGLQH�

�
�

3OXV� GH� ���� HVSqFHV� GH�PRLVLVVXUHV� SURGXLVHQW� GHV� DJHQWV� G
LQWR[LFDWLRQ� DOLPHQWDLUH�� ,O� V¶DJLW� GH�

P\FRWR[LQHV� GRQW� OHV�PDQLIHVWDWLRQV� VRQW� QRPEUHXVHV�� FHUWDLQHV� pWDQW�PXWDJqQHV� HW� FDQFpULJqQHV��

G
DXWUHV�HQGRPPDJHDQW�GHV�RUJDQHV�SDUWLFXOLHUV��IRLH��UHLQV��V\VWqPH�QHUYHX[«���(OOHV�VRQW�VRXYHQW�

SURGXLWHV� VXU�GHV�FpUpDOHV�PRLVLHV� FRPPH� OHV�DIODWR[LQHV� VXU� WRXWHV� OHV� FpUpDOHV�ROpDJLQHXVHV�� OHV�

RFKUDWR[LQHV� VXU� OH� PDwV�� OH� VHLJOH� HW� O¶RUJH�� RX� HQFRUH� OD� FLWUpRYLULGLQH� VXU� OH� UL]� HW� O¶RUJH�� /D�

VWUXFWXUH�GH�FKDFXQ�GH�FHV�FRPSRVpV�HVW�SURSRVpH�FL�GHVVRXV����

�

�

�

�

/H�U{OH�GHV�PRLVLVVXUHV�GDQV�OHV�WR[L�LQIHFWLRQV�Q
D�DWWLUp�O
DWWHQWLRQ�GHV�FKHUFKHXUV�TXH�GHSXLV�XQH�

WUHQWDLQH�G
DQQpHV��j�OD�VXLWH�GH�O
LQWR[LFDWLRQ�PDVVLYH�GH�PLOOLHUV�GH�YRODLOOHV�HQ�$QJOHWHUUH��'DQV�FH�

SUREOqPH��QRXV�QRXV�SURSRVRQV�G¶pWXGLHU�OD�V\QWKqVH�DV\PpWULTXH�GH�OD�FLWUpRYLULGLQH�GpFULWH�SDU�OH�

JURXSH� GH� :LOOLDPV� �7KH� -RXUQDO� RI� 2UJDQLF� &KHPLVWU\� ������ ���� ����±������ j� SDUWLU� GH�

OD����EHQ]\OR[\�EXWDQRQH�FKLUDOH���YLD�OHV�LQWHUPpGLDLUHV���HW�����VFKpPD������

�

�
�

6FKpPD���

�

�

2

+2 2+

FLWUpRYLULGLQH

2

20H

2

2 2

2

2

20H

2

DIODWR[LQH�%�

1
+

2

2+

&O

22

RFKUDWR[LQH�$

+2�&
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�����

%���6\QWKqVH�GH�O¶LQWHUPpGLDLUH���
�

/D� V\QWKqVH� GH� O¶LQWHUPpGLDLUH� �� XWLOLVH� OD� ���EHQ]\OR[\�EXWDQRQH� FKLUDOH� �� FRPPH� FRPSRVp� GH�
GpSDUW��/HV�SUHPLqUHV�pWDSHV�GH�OD�V\QWKqVH�VRQW�GRQQpHV�FL�DSUqV��VFKpPD������
�

�

�

6FKpPD���

�
%���� 5HSUpVHQWHU� OHV� GHX[� LVRPqUHV� GX� FRPSRVp� �� TXL� SHXYHQW� VH� IRUPHU� j� SDUWLU� GH� OD�
���EHQ]\OR[\�EXWDQRQH�FKLUDOH����4XHOOH�UHODWLRQ�G¶LVRPpULH�OLH�FHV�LVRPqUHV�"��
�
%���� (Q�SUDWLTXH��OHV�DXWHXUV�Q¶REWLHQQHQW�TXH�O¶LVRPqUH�GX�FRPSRVp���GH�FRQILJXUDWLRQ��5�5���/H�
GHVVLQHU�HQ�FRQYHQWLRQ�VSDWLDOH�GH�&UDP�HQ�MXVWLILDQW�OD�UHSUpVHQWDWLRQ��
�
%���� 5HSUpVHQWHU� OH� FRPSRVp� ��� eFULUH� O¶pTXDWLRQ� GH� OD� UpDFWLRQ� GH� IRUPDWLRQ� GX� FRPSRVp� �� j�
SDUWLU� GH� O¶LVRPqUH� GX� SURGXLW� �� GH� FRQILJXUDWLRQ� �5�5�� HQ� SUpFLVDQW� ELHQ� OH� U{OH� GH� OD�
GLLVRSURS\OpWK\ODPLQH���0H�&+��1(W���1RPPHU�OH�PpFDQLVPH�GH�FHWWH�UpDFWLRQ��
�
%���� 3URSRVHU�XQH�VpTXHQFH�UpDFWLRQQHOOH�SRXU�OD�IRUPDWLRQ�GH�O¶DOGpK\GH����j�SDUWLU�GX�FRPSRVp�
���GX�PpWKDQDO��+�&2��pWDQW�REWHQX�FRPPH�DXWUH�SURGXLW�GH�OD�UpDFWLRQ��
�
/¶DOGpK\GH���HVW�HQVXLWH�PLV�HQ�UpDFWLRQ�DYHF�O¶RUJDQRPDJQpVLHQ����UpDFWLI�GH�*ULJQDUG��SUpSDUp�j�
SDUWLU�GX�EURPp�YLQ\OLTXH����VFKpPD������
�

�
�

6FKpPD���

�
%���� 'RQQHU�XQ�UpDFWLI�HW�OHV�SUpFDXWLRQV�RSpUDWRLUHV�SRXU�SUpSDUHU�O¶RUJDQRPDJQpVLHQ���j�SDUWLU�
GX�EURPp�YLQ\OLTXH����eFULUH�OHV�pTXDWLRQV�GHV�UpDFWLRQV�VHFRQGDLUHV�j�pYLWHU��
�

%���� eFULUH�OH�PpFDQLVPH�GH�OD�UpDFWLRQ�GX�FRPSRVp���DYHF�O¶RUJDQRPDJQpVLHQ����$�TXRL�VHUW�OD�
FKURPDWRJUDSKLH�VpSDUDWLYH�VXU�VLOLFH�GDQV�FH�SURWRFROH�"�
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%���� 1RPPHU�OHV�JURXSHV�FDUDFWpULVWLTXHV��IRQFWLRQV��SUpVHQWV�GDQV�OH�FRPSRVp����
�
/D� V\QWKqVH� VH� SRXUVXLW� SDU� XQH� F\FOLVDWLRQ� HIIHFWXpH� SDU� UpDFWLRQ� G¶LRGR�pWKpULILFDWLRQ� VXU� OH�
FRPSRVp����&HWWH�UpDFWLRQ�SDVVH�O¶LQWHUPpGLDLUH�F\FOLTXH���FRPPH�GpFULW�FL�DSUqV��VFKpPD������
�

�
�

6FKpPD���

�
%���� 3URSRVHU� XQ� PpFDQLVPH� UpDFWLRQQHO� SRXU� UHQGUH� FRPSWH� GH� FHWWH� WUDQVIRUPDWLRQ� �RQ� QH�
V¶LQWpUHVVHUD�SDV�j�OD�VWpUpRVpOHFWLYLWp�GH�OD�UpDFWLRQ����
�

�

%���6\QWKqVH�GH�O¶LQWHUPpGLDLUH����
�

/D�V\QWKqVH�GH�O¶LQWHUPpGLDLUH����HVW�HQVXLWH�HIIHFWXpH�j�SDUWLU�GX�FRPSRVp���HQ�VL[�pWDSHV�GpFULWHV�
FL�GHVVRXV��VFKpPD�������
�

���
6FKpPD���

�

%���� /H� FRPSRVp� �� UpDJLW� DYHF� OH� FKORUXUH� GH� EHQ]\OR[\PpWKDQR\OH� ��� HQ� SUpVHQFH� GH�
WULpWK\ODPLQH��(W�1��HW�FRQGXLW�j�OD�IRUPDWLRQ�GX�SURGXLW�����eFULUH�OH�PpFDQLVPH�UpDFWLRQQHO�GH�OD�
IRUPDWLRQ�GX�SURGXLW������
�
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%���� ¬� TXH
3URSRVHU�XQ�Up
�

%���� (Q� O¶D
FRPSRVp��
�

%���� 3URSRV
PpWKRGH�GH�SUp
�

%���� 3URSRV
FRPSRVLWLRQ
REWHQX�ORUV�GH
�
%���� 4XHOOH
�
%���� /HV�DX
FRXFKH�PLQFH
VSHFWURVFRSLH
�

%��

�

�

%��

�

¬� TXHO� PpFDQLVP
URSRVHU�XQ�UpDFWLI�SRXU�

(Q� O¶DEVHQFH� G¶R]
����

3URSRVHU�XQ�UpDFW
pWKRGH�GH�SUpSDUDWLRQ�

3URSRVHU� XQ� UpDF
RPSRVLWLRQ�GH�FH�UpDFWL

ORUV�GH�FHWWH�UpDFW

4XHOOH�HVW�OD�SURS

/HV�DXWHXUV� LVROH
RXFKH�PLQFH� �&&0��� V
SHFWURVFRSLH�LQIUDURXJH�

�����/¶DQDO\VH�
GpSRVDQW�V
GH� O¶LQWHUP
PpODQJH�
UpYpODWLRQ
FKURPDWRJ

¬�O¶DLGH�G
O¶LQWHUPpG
���HW�j�O¶LQ

�����/¶DQDO\VH�
HQ�FRPSDUD
GDQV� OH�
VLJQDX[�
HQ�SSP
FRUUHVSRQG

PpFDQLVPH� FRUUHVS
�UpDFWLI�SRXU�HIIHFWXHU�

¶DEVHQFH� G¶R]RQH�� LQGLTXH

RVHU�XQ�UpDFWLI�SRXU�OD�
�SUpSDUDWLRQ�GH�FH�UpDFWLI

RVHU� XQ� UpDFWLI� SRXU
GH�FH�UpDFWLI��5HSUpVHQ

UpDFWLRQ��

SURSULpWp�GH�OD�GRXE

DXWHXUV� LVROHQW� O¶LQWHUPp
FH� �&&0��� VSHFWURVFRSL
LH�LQIUDURXJH��,5���

\VH� FKURPDWRJ
GpSRVDQW�VXU�XQH�PrP
GH� O¶LQWHUPpGLDLUH�
PpODQJH� WpWUDK\GURI
UpYpODWLRQ� DYHF� XQ
FKURPDWRJUDSKLTXH�R

¬�O¶DLGH�GH�OD�ILJXUH�
O¶LQWHUPpGLDLUH����

HW�j�O¶LQWHUPpGLDLUH

/¶DQDO\VH�GH�OD�SXUHW
HQ�FRPSDUDQW�OHV�VSHF
GDQV� OH� FKORURIRUPH
VLJQDX[� FDUDFWpULVWL

SSP� �SDUWLH� SDU�
FRUUHVSRQGDQW�VRQW�GRQQ

FRUUHVSRQG� OD� WUD
HIIHFWXHU�FHWWH�WUDQVIRUP

�� LQGLTXHU� XQH� P

FWLI�SRXU�OD�IRUPDWLRQ�GX�
GH�FH�UpDFWLI��

DFWLI� SRXU� REWHQLU� O¶LQW
WLI��5HSUpVHQWHU�OH�SURG

GH�OD�GRXEOH�OLDLV

O¶LQWHUPpGLDLUH����
� VSHFWURVFRSLH� GH� UpVRQ

H� FKURPDWRJUDSKLTXH� G
W�VXU�XQH�PrPH�SODTXH�G
UPpGLDLUH� ��� HQ� VROXWLR
WpWUDK\GURIXUDQQH�GLFK
Q� DYHF� XQH� VROXWLRQ
RJUDSKLTXH�REWHQXH�HVW�O

�GH�OD�ILJXUH����FDOFXOHU�
��-XVWLILHU�OD�SR

¶LQWHUPpGLDLUH����HQ�UDSS

H�GH�OD�SXUHWp�GH�O¶LQWHUP
OHV�VSHFWUHV�GX�FRP

FKORURIRUPH� GHXWpUp� �
FDUDFWpULVWLTXHV� GRQW
SDUWLH� SDU� PLOOLRQ�

RQGDQW�VRQW�GRQQpV�SDJH�

������

VSRQG� OD� WUDQVIRUPDWLRQ�
WUDQVIRUPDWLRQ���

QGLTXHU� XQH� PpWKRGH� GH�

IRUPDWLRQ�GX�FRPSRVp�

REWHQLU� O¶LQWHUPpGLDLUH�
HQWHU�OH�SURGXLW�VHFRQGD

�GRXEOH�OLDLVRQ�GH�O¶LQWH

���GRQW� OD�SXUH
SLH� GH� UpVRQDQFH�PDJQ

RJUDSKLTXH� GH� OD� SXUHWp
rPH�SODTXH�GH�JHO�GH�VL

HQ� VROXWLRQ� GDQV� OH�
IXUDQQH�GLFKORURPpWKDQ
XQH� VROXWLRQ� GH� SHUP
�REWHQXH�HVW�OD�VXLYDQWH��I

�

)LJXUH�

�
��FDOFXOHU�OHV�UDSSRUW

-XVWLILHU�OD�SRVLWLRQ�UHODW
HQ�UDSSHODQW�VXFFL

UHWp�GH�O¶LQWHUPpGLDLUH�
GX�FRPSRVp���

H� GHXWpUp� �&'&O����
GRQW� OHV�

DU� PLOOLRQ��� OHV� PXOW
SDJH�VXLYDQWH�

UDQVIRUPDWLRQ� GX� GpULYp
����

PpWKRGH� GH� IRUPDWLRQ�

RQ�GX�FRPSRVp����j�SDUWLU�

QWHUPpGLDLUH� ��� j� SDUWL
VHFRQGDLUH�GH�IRUP

GH�O¶LQWHUPpGLDLUH�

GRQW� OD�SXUHWp�HVW� DQDO
QDQFH�PDJQpWLTXH� QXFO

� GH� OD� SXUHWp� GH� O¶LQWHUP
�GH�JHO�GH�VLOLFH�XQH�SH
WLRQ� GDQV� OH� GLFKORURPp
FKORURPpWKDQH� �SURSRUW
RQ� GH� SHUPDQJDQDWH�
W�OD�VXLYDQWH��ILJXUH��

)LJXUH���

UDSSRUWV�IURQWDX[
SRVLWLRQ�UHODWLYH�GHV�WDFK
SSHODQW�VXFFLQFWHPHQW�OH

UPpGLDLUH����SDU�VSHFWUR
��HW�GH�O¶LQWHUP
� &HV� VSHFWUHV

� GpSODFHPHQWV
OHV� PXOWLSOLFLWpV� H

H�VXLYDQWH��

RQ� GX� GpULYp� LRGp�

GH� IRUPDWLRQ� GH� O¶DOGpK\

j�SDUWLU�GH�O¶DOGpK\

j� SDUWLU� GX� FRPS
GH�IRUPXOH�EUXWH�&

WHUPpGLDLUH����"�

UHWp� HVW� DQDO\VpH�SDU
QpWLTXH� QXFOpDLUH� GX� SUR

Wp� GH� O¶LQWHUPpGLDLUH�
VLOLFH�XQH�SHWLWH�TXDQWLWp
H� GLFKORURPpWKDQH�� $SUq
DQH� �SURSRUWLRQ� YROXP
HUPDQJDQDWH� GH� SRWD

�����

�

X[�QRWpV�5I�
DWLYH�GHV�WDFKHV�FRUUHVS
FLQFWHPHQW�OH�SULQFLSH�G

SDU�VSHFWURVFRSLH�50
GH�O¶LQWHUPpGLDLUH����

SHFWUHV� SUpVHQWHQ
GpSODFHPHQWV� FKLPL
OWLSOLFLWpV� HW� OH� QRP

LYp� LRGp� ��� HQ� FRPSR

RQ� GH� O¶DOGpK\GH� ����

LU�GH�O¶DOGpK\GH�����'RQQH

GX� FRPSRVp� ����
PXOH�EUXWH�&��+��2�

SDU� FKURPDWRJUD
FOpDLUH� GX� SURWRQ� �501

HUPpGLDLUH� ��� HVW� HIIHF
HWLWH�TXDQWLWp�GX�FRPSR
pWKDQH�� $SUqV� pOXWLRQ�
UWLRQ� YROXPLTXH�  � ��
H� GH� SRWDVVLXP�� OD�

�

�SRXU�OH�FRPSR
FKHV�FRUUHVSRQGDQW�DX�F
�OH�SULQFLSH�GH�OD�&&0�

WURVFRSLH�501��+�HVW�H
���REWHQXV�

HV� SUpVHQWHQW�� HQWUH� DX
WV� FKLPLTXHV� G�
HW� OH� QRPEUH� G¶K\G

HQ� FRPSRVp� ���"�

� j� SDUWLU� GX�

'RQQHU�XQH�

� 'RQQHU� OD�
��pJDOHPHQW�

FKURPDWRJUDSKLH� VXU�
SURWRQ� �501� �+�� HW�

HVW� HIIHFWXpH� HQ�
LWp�GX�FRPSRVp����HW
SUqV� pOXWLRQ� DYHF� XQ�
PLTXH�  � ����� SXLV�
WDVVLXP�� OD� SODTXH�

RXU�OH�FRPSRVp����HW�
SRQGDQW�DX�FRPSRVp�
�GH�OD�&&0��

+�HVW�HIIHFWXpH�
REWHQXV�j�����0+]�
QW�� HQWUH� DXWUH�� GHV�

� �H[SULPpV�
PEUH� G¶K\GURJqQHV�

"�

� SDUWLU� GX�

RQQHU�XQH�

RQQHU� OD�
pJDOHPHQW�

UDSKLH� VXU�
+�� HW�

HFWXpH� HQ�
HW�

� DYHF� XQ�
����� SXLV�
D� SODTXH�

HW�
X�FRPSRVp�

�HIIHFWXpH�
�����0+]�

�� GHV�
H[SULPpV�
\GURJqQHV�
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&RPSRVp�����������SSP���VLQJXOHW����+���
,QWHUPpGLDLUH�����������SSP��VLQJXOHW����+��HW������SSP��VLQJXOHW����+���

�

3URSRVHU� XQH� DWWULEXWLRQ� GH� FKDFXQ� GHV� VLJQDX[� j� XQ� SURWRQ� FDUDFWpULVWLTXH� GX�
FRPSRVp����HW�GH�O¶LQWHUPpGLDLUH����HQ�501��+���

�

%������/¶DQDO\VH� GH� OD� SXUHWp� GH� O¶LQWHUPpGLDLUH� ��� SDU� VSHFWURVFRSLH� ,5� HVW� HIIHFWXpH� HQ�
FRPSDUDQW� OHV� VSHFWUHV� G¶DEVRUSWLRQ� GX� FRPSRVp� ��� HW� GH� O¶LQWHUPpGLDLUH� ���� &HV�
VSHFWUHV� SUpVHQWHQW�� HQWUH� DXWUH�� GHV� EDQGHV� G¶DEVRUSWLRQ� FDUDFWpULVWLTXHV� GRQW� OHV�
QRPEUHV�G¶RQGH��H[SULPpV�HQ�FP±���HW�OHV�DOOXUHV�VRQW�GRQQpV�FL�GHVVRXV���

�
&RPSRVp������������FP±���LQWHQVH�HW�ODUJH���
,QWHUPpGLDLUH������������FP±���LQWHQVH�HW�ODUJH��HW�������FP±���LQWHQVH���
�
3URSRVHU�XQH�DWWULEXWLRQ�GH�FKDFXQH�GHV�EDQGHV�G¶DEVRUSWLRQ�j�XQ��RX�GHV��JURXSH�V��
FDUDFWpULVWLTXH�V��SUpVHQW�V��GDQV�OH�FRPSRVp����HW�GDQV�O¶LQWHUPpGLDLUH������

�
�

%���$FFqV�j�OD�FLWUpRYLULGLQH�

�

/D� V\QWKqVH� GH� OD� FLWUpRYLULGLQH� VH� SRXUVXLW�� /¶LQWHUPpGLDLUH� ��� HVW� WRXW� G¶DERUG� WUDQVIRUPp� HQ�
FRPSRVp����FRPPH�VXLW��VFKpPD�������
�

�
�

6FKpPD���

�

%���� /D�UpDFWLRQ�GX�FRPSRVp����DYHF�O¶\OXUH�GH�SKRVSKRUH����FRQGXLW�j�XQ�XQLTXH�FRPSRVp����
GRQW� WRXWHV� OHV�GRXEOHV� OLDLVRQV�RQW�XQH�FRQILJXUDWLRQ��(���'HVVLQHU� OH�FRPSRVp����HQ�FRQYHQWLRQ�
VSDWLDOH�GH�&UDP�HQ�MXVWLILDQW�OD�UHSUpVHQWDWLRQ���
�
%���� 5HSUpVHQWHU� OH� SURGXLW� ��� HQ� FRQYHQWLRQ� VSDWLDOH� GH� &UDP�� ¬� TXHO� W\SH� GH� UpDFWLRQ�
FRUUHVSRQG�VD�IRUPDWLRQ�j�SDUWLU�GX�FRPSRVp����"�

�
� �
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%���� /D�VXLWH�GH�OD�V\QWKqVH�QpFHVVLWH�OD�SUpSDUDWLRQ�GH�O¶HVSqFH�RUJDQRPpWDOOLTXH�>��@�SDU�DFWLRQ�
GX�GLLVRSURS\ODPLGXUH�GH�OLWKLXP��/'$��VXU�OD�S\UDQQRQH�����VFKpPD������
�

�

�

6FKpPD���

�
%�������'RQQHU� XQ� UpDFWLI� SHUPHWWDQW� GH� SUpSDUHU� OH� /'$� j� SDUWLU� GH� OD� GLLVRSURS\ODPLQH�

��0H�&+��1+���4XHOOHV�VRQW�OHV�SURSULpWpV�GX�/'$�"�
�
%������eFULUH�O¶pTXDWLRQ�GH�OD�UpDFWLRQ�GH�IRUPDWLRQ�GH�O¶RUJDQRPpWDOOLTXH�>��@�j�SDUWLU�GH�OD�

S\UDQQRQH�����
�
%������eFULUH� WRXWHV� OHV� IRUPHV� PpVRPqUHV� OLPLWHV� UHVSHFWDQW� OD� UqJOH� GH� O¶RFWHW� SRXU� OD�

SDUWLH� DQLRQLTXH� GH� O¶RUJDQRPpWDOOLTXH� >��@�� -XVWLILHU� SRXUTXRL� OD� GpSURWRQDWLRQ� GH�
O¶DXWUH�JURXSHPHQW�PpWK\OH�SRUWp�SDU�OH�F\FOH�GH�OD�S\UDQQRQH����Q¶HVW�SDV�REVHUYpH��

�
/¶DFFqV�j�OD�FLWUpRYLULGLQH�HVW�HQVXLWH�HIIHFWXp�HQ�WURLV�pWDSHV�j�SDUWLU�GX�FRPSRVp����FRPPH�GpFULW�
FL�GHVVRXV��VFKpPD������
�

�
�

6FKpPD���

�
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%���� /H�JURXSH�WRV\ODWH��ILJXUH����HVW�XQ�H[FHOOHQW�JURXSH�SDUWDQW�WUqV�XWLOLVp�HQ�V\QWKqVH�

RUJDQLTXH���

�

�
�

)LJXUH���

�

%������-XVWLILHU�SRXUTXRL�OH�JURXSH�WRV\ODWH�HVW�XQ�H[FHOOHQW�JURXSH�SDUWDQW���

�

%������1RUPDOHPHQW��OH�FRPSRVp�REWHQX�SDU�UpDFWLRQ�HQWUH�XQ�DOFRRO�HW�OH�FKORUXUH�GH�WRV\OH�

��� HVW� VWDEOH�� -XVWLILHU�SRXUTXRL�� ORUV�GH� FHWWH� V\QWKqVH�� O¶LQWHUPpGLDLUH� >��@� REWHQX�

SDU�UpDFWLRQ�GX�FRPSRVp����DYHF�OH�FKORUXUH�GH�WRV\OH����Q¶HVW�SDV�VWDEOH�HW�FRQGXLW�

GLUHFWHPHQW�j�OD�IRUPDWLRQ�GH�OD�FLWUpRYLULGLQH��

�
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�

'RQQpHV�VSHFWUDOHV���
�

501�
�
+���JDPPH�GH�GpSODFHPHQWV�FKLPLTXHV�

�

3URWRQV� GGGG��SSP��

±&+±&+ &+±� ����������

�

����������

5±&2�±&+±� ����������
±&+±1±� ����������
±&+±2±� ����������

5&+ &+5¶� ����������

�

����������

�

�����������

�

�

,QIUDURXJH���QRPEUH�G¶RQGH�GH�YLEUDWLRQ�GH�TXHOTXHV�JURXSHV�IRQFWLRQQHOV�

�

*URXSH�IRQFWLRQQHO� XXXX��FP
±�
�� ,QWHQVLWp�

2±+�DOFRRO� �������������� )RUWH�HW�ODUJH�

2±+�DFLGH� �������������� )RUWH�HW�ODUJH�

& 2�HVWHU�VDWXUp� �������������� )RUWH�

& 2�HVWHU�FRQMXJXp� �������������� )RUWH�

& 2�DOGpK\GH�VDWXUp� �������������� )RUWH�

& 2�DOGpK\GH�FRQMXJXp� �������������� )RUWH�

& 2�FpWRQH� �������������� )RUWH�

& 2�FpWRQH�FRQMXJXpH� �������������� )RUWH�

& 2�DFLGH� �������������� )RUWH�

& 2�FDUEDPDWH��52&215¶�� �������������� )RUWH�

& &�DOFqQH� �������������� )DLEOH�

& &�DOFqQH�FRQMXJXp� �������������� )DLEOH�

�

�

�

)LQ�GH�O
pQRQFp�

�

5

2

+
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Compléter le schéma de la pile c

équations des réactions aux élect

précisera la nature. Seuls les ions H

Schéma de la pile

2/2 

 la pile ci-dessous en indiquant notamment la polari

aux électrodes et le sens de circulation des porteur

 les ions H
+
 seront considérés dans l�électrolyte. 

 de la pile à dihydrogène/dioxygène ou à dihydrogèn

 la polarité des électrodes, les 

s porteurs de charge dont on 

ihydrogène/air
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