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�/HV�FDOFXODWULFHV�VRQW�LQWHUGLWHV

/H�SUHPLHU�SUREOqPH� WUDLWH�GH� OD�SURSDJDWLRQ�GHV�RQGHV� pOHFWURPDJQpWLTXHV�GDQV� OH�YLGH�� SXLV�GH�

OHXU�UpIOH[LRQ�VXU�XQ�FRQGXFWHXU�SDUIDLW��

/H� GHX[LqPH� SUREOqPH� WUDLWH� GH� OD� GpIOH[LRQ� pOHFWURVWDWLTXH� G¶XQ� IDLVFHDX� G¶pOHFWURQV� GDQV� XQ�

RVFLOORVFRSH�FDWKRGLTXH��

/H� WURLVLqPH� SUREOqPH� DERUGH� OH� SULQFLSH� GH� IRQFWLRQQHPHQW� G¶XQH� SLQFH� DPSqUHPpWULTXH� SDU�

LQGXFWLRQ��

/HV�WURLV�SUREOqPHV�VRQW�LQGpSHQGDQWV�OHV�XQV�GHV�DXWUHV��
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'RQQpHV�QXPpULTXHV�HW�PDWKpPDWLTXHV�XWLOHV�DX[�WURLV�SUREOqPHV�

&RQVWDQWHV�XQLYHUVHOOHV��

��FpOpULWp�GH�OD�OXPLqUH�GDQV�OH�YLGH���F� �������
�
�P�V

��

��SHUPpDELOLWp�PDJQpWLTXH�GX�YLGH������ � �π���−� �6�,�

��SHUPLWWLYLWp�GLpOHFWULTXH�GX�YLGH���0�� �
�

��π����
�6�,�

��PDVVH�GH�O
pOHFWURQ���PH� �������
���
�NJ�

��FKDUJH�pOpPHQWDLUH���H� �������
���

&�

��FKDUJH�GH�O
pOHFWURQ���TH� ���H� ���������
���

&�

��DFFpOpUDWLRQ�GH�OD�SHVDQWHXU���J� �����P�V
���

2SpUDWHXUV�PDWKpPDWLTXHV�HQ�FRRUGRQQpHV�FDUWpVLHQQHV��

GLYHUJHQFH���� � ��

URWDWLRQQHO��� �

ODSODFLHQ�G¶XQ�FKDPS�VFDODLUH��� �

ODSODFLHQ�G¶XQ�FKDPS�YHFWRULHO��� �

5HODWLRQ�FRQFHUQDQW�OHV�RSpUDWHXUV�PDWKpPDWLTXHV�YHFWRULHOV��

�R�� �HVW�XQ�YHFWHXU�HW� =
&

∆ VRQ�ODSODFLHQ��

� �
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�
�FRV��VLQ� EDEDED −++=

1RWDWLRQ�FRPSOH[H�SRXU�XQH�IRQFWLRQ�VFDODLUH�GpSHQGDQW�VLQXVRwGDOHPHQW�GX�WHPSV��

3RXU� XQH� IRQFWLRQ� UpHOOH� �FRV��� ϕω += W;W[ P �� RQ� QRWHUD� OD� IRQFWLRQ� FRPSOH[H� ��W[

FRUUHVSRQGDQWH���

[ ]� � H[S � � M M W M W

P P P[ W ; M W ; H H ; Hϕ ω ωω ϕ= + = =

R�� ���� [5HW[ = �HW�
ϕM

PP H;; = �� P; �UHSUpVHQWH�O¶DPSOLWXGH�FRPSOH[H�GH� [ ��HW � ��M = − ��

2Q�D�GRQF� P P; ;= �HW� DUJ� �P;ϕ = �

� �
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3UHPLHU�SUREOqPH���RQGHV�pOHFWURPDJQpWLTXHV�

'DQV�FH�SUREOqPH��QRXV�QRXV�SURSRVRQV�G¶pWXGLHU��GDQV�XQ�SUHPLHU�WHPSV��OD�SURSDJDWLRQ�GHV�RQGHV�

pOHFWURPDJQpWLTXHV� GDQV� OH� YLGH� SXLV�� GDQV� XQ� GHX[LqPH� WHPSV�� OD� UpIOH[LRQ� G¶XQH� RQGH� SODQH�

SURJUHVVLYH�PRQRFKURPDWLTXH�VXU�XQ�FRQGXFWHXU�SDUIDLW�WHO�TX¶XQ�PLURLU���

3UHPLqUH�SDUWLH���SURSDJDWLRQ�GHV�RQGHV�pOHFWURPDJQpWLTXHV�GDQV�OH�YLGH�

2Q� YHLOOHUD�� GDQV� WRXWH� FHWWH� SDUWLH�� j� XWLOLVHU� OHV� RSpUDWHXUV� YHFWRULHOV� GH� PDQLqUH� ULJRXUHXVH� HW�

FODLUH��

2Q� FRQVLGqUH� XQ� FKDPS� pOHFWURPDJQpWLTXH� � ( �� % �� R�� ( � GpVLJQH� OH� FKDPS� pOHFWULTXH� HW� % � OH�

FKDPS�PDJQpWLTXH��

/¶HVSDFH�HVW�UDSSRUWp�DX�UHSqUH�FDUWpVLHQ�RUWKRQRUPp�GLUHFW��2[\]��DVVRFLp�j�OD�EDVH�� [H
&
�� \H
&
�� ]H
&
���

���(FULUH� OHV�TXDWUH�pTXDWLRQV�GH�0D[ZHOO�HQ�SUpVHQFH�GH�FKDUJHV�HW�GH�FRXUDQWV��4XH�GHYLHQQHQW�

FHV�pTXDWLRQV�GDQV�OH�YLGH�"��

���0RQWUHU�TXH� OHV�pTXDWLRQV�GH�SURSDJDWLRQ�GHV�FKDPSV� ( HW� �%
)&
GDQV�XQH�UpJLRQ�VDQV�FKDUJH�QL�

FRXUDQW��RQW�SRXU�H[SUHVVLRQV�UHVSHFWLYHV���

�
�
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∂
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���2QGH�SODQH�SURJUHVVLYH�PRQRFKURPDWLTXH

2Q�FRQVLGqUH�XQH�RQGH�SODQH�SURJUHVVLYH�PRQRFKURPDWLTXH�GH�SXOVDWLRQ�&��

/HV� H[SUHVVLRQV� GHV� FKDPSV� ( HW� % � DVVRFLpV� j� FHWWH� RQGH� VRQW� GRQQpHV�� HQ� FRRUGRQQpHV�

FDUWpVLHQQHV��SDU�OHV�UHODWLRQV���

»
¼

º
«
¬

ª
¸
¹

·
¨
©

§
−=
F

[
W(W[( ωFRV��� �

��������
HW
����������
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W%W[% ωFRV��� �

R�� �( HW�� VRQW�GHV�YHFWHXUV�FRQVWDQWV��WHOV�TXH� ]]\\ H(H((
&&

��� += �HW� ���� ]]\\ H%H%%
&&

+=

4XHOOH�HVW�OD�GLUHFWLRQ�GH�SURSDJDWLRQ�GH�O¶RQGH�"�

-XVWLILHU�OH�IDLW�TXH�FHWWH�RQGH�HVW�XQH�RQGH�SODQH��SURJUHVVLYH�HW�PRQRFKURPDWLTXH��

� �
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4XH�UHSUpVHQWH�OD�JUDQGHXU�F�GDQV�O¶H[SUHVVLRQ�GHV�FKDPSV�( �HW� % �"��

4XHO�HVW�OH�YHFWHXU�G¶RQGH� N
&
�DVVRFLp�j�FHWWH�RQGH�"�2Q�SUpFLVHUD�FODLUHPHQW�OD�GLUHFWLRQ��OH�VHQV�HW�

OD�QRUPH�GH� �N
&

���9pULILHU�TXH�FHWWH�RQGH�VDWLVIDLW�DX[�pTXDWLRQV�GH�SURSDJDWLRQ�SUpFpGHQWHV�j�FRQGLWLRQ�TXH�F�VRLW�

OLpH�j�0
�
�HW� �

�
SDU�XQH�UHODWLRQ�TXH�O¶RQ�MXVWLILHUD��

���6WUXFWXUH�GH�O¶RQGH�SODQH�SURJUHVVLYH�PRQRFKURPDWLTXH

/¶RQGH�SODQH�SURJUHVVLYH�PRQRFKURPDWLTXH�GpFULWH�SUpFpGHPPHQW�VH�SURSDJH�GDQV�OH�YLGH��

(Q�XWLOLVDQW� OHV� pTXDWLRQV�GH�0D[ZHOO� HW� OHV�GRQQpHV�PDWKpPDWLTXHV� IRXUQLHV� HQ�GpEXW�G¶pQRQFp��

pWDEOLU�OHV�H[SUHVVLRQV�GHV�FRPSRVDQWHV� \% HW ]
% GX�YHFWHXU� %

)&
�HQ�IRQFWLRQ�GH� � \( � � ]

( ��F� ω��W�HW

[��

(Q�GpGXLUH���

��TXH�OH�FKDPS�pOHFWULTXH�(
)&
HW�OH�FKDPS�PDJQpWLTXH�%

)&
�VRQW�SHUSHQGLFXODLUHV�HQWUH�HX[���

��TXH�OHV�QRUPHV�GX�FKDPS�pOHFWULTXH�HW�GX�FKDPS�PDJQpWLTXH�VRQW�WHOOHV�TXH���
(

%
F

=

)&

)&
��

���9HFWHXU�GH�3R\QWLQJ��

����� 5DSSHOHU� O¶H[SUHVVLRQ� GX� YHFWHXU� GH� 3R\QWLQJ� 5
)&
� DVVRFLp� j� XQH� RQGH� pOHFWURPDJQpWLTXH��

�(
&
��%
&
���

4XHOOH�HVW�OD�VLJQLILFDWLRQ�SK\VLTXH�GH�FH�YHFWHXU�"�

3UpFLVHU�OHV�XQLWpV�GH�FH�YHFWHXU��

����� 'pWHUPLQHU� O¶H[SUHVVLRQ� GX� YHFWHXU� GH� 3R\QWLQJ� 5
)&
� UHODWLI� j� O¶RQGH� SODQH� SURJUHVVLYH�

PRQRFKURPDWLTXH� GpFULWH� SUpFpGHPPHQW��2Q� H[SULPHUD� 5
)&
� HQ� IRQFWLRQ� GH� F�� �ε �� �

( �QRUPH� GX�

YHFWHXU� �(
))&
���ω��W��[�HW�G¶XQ�YHFWHXU�XQLWDLUH�TXH�O¶RQ�SUpFLVHUD��

'pWHUPLQHU�O¶H[SUHVVLRQ�GH�OD�YDOHXU�PR\HQQH�WHPSRUHOOH�GX�YHFWHXU�GH�3R\QWLQJ� 5
)&
�HQ�IRQFWLRQ�

GH�F�� �
ε �� �
( �HW�G¶XQ�YHFWHXU�XQLWDLUH�TXH O¶RQ�SUpFLVHUD��

� �
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'HX[LqPH�SDUWLH���UpIOH[LRQ�G¶XQH�RQGH�SODQH�SURJUHVVLYH�PRQRFKURPDWLTXH�VXU�

XQ�FRQGXFWHXU�SDUIDLW�HQ�LQFLGHQFH�QRUPDOH

/¶HVSDFH�HVW�UDSSRUWp�DX�UHSqUH�FDUWpVLHQ�RUWKRQRUPp�GLUHFW��2[\]��DVVRFLp�j�OD�EDVH�� [H
&
�� \H
&
�� ]H
&
���

8QH�RQGH�SODQH�SURJUHVVLYH�PRQRFKURPDWLTXH�SRODULVpH�UHFWLOLJQHPHQW��GH�SXOVDWLRQ�&��GH YHFWHXU�

G¶RQGH� �N
&

VH� SURSDJH� GDQV� OH� YLGH� VXLYDQW� O¶D[H�2[� GDQV� OH� VHQV� GHV� [� FURLVVDQWV�� /H� FKDPS�

pOHFWULTXH� TXL� OXL� HVW� DVVRFLp� V¶pFULW� �� � FRV� �L \( ( W N[ Hω= −
))& ))&

DYHF� �
( FRQVWDQW� HW� N� OD� QRUPH� GX�

YHFWHXU�G¶RQGH� ��

���4XHOOH�HVW�OD�GLUHFWLRQ�GH�SRODULVDWLRQ�GX�FKDPS�pOHFWULTXH�"

(Q�[� ����O¶RQGH�DUULYH�VXU�OD�VXUIDFH�SODQH�G¶XQ�PLURLU�PpWDOOLTXH�SDUIDLWHPHQW�FRQGXFWHXU�WHO�TXH�

OH�PRQWUH�OD�ILJXUH�FL�GHVVRXV��'DQV�XQ�WHO�FRQGXFWHXU��RQ�DGPHW�TXH�OHV�FKDPSV� (
&
HW� %

&
VRQW�QXOV��

/¶RQGH�LQFLGHQWH�GRQQH�DORUV�QDLVVDQFH�j�XQH�RQGH�UpIOpFKLH�VH�SURSDJHDQW�VXLYDQW�O¶D[H�2[�GDQV�OH�

VHQV�GHV�[�GpFURLVVDQWV� 6RQ�FKDPS�pOHFWULTXH� U(
))&

�V¶pFULW�GRQF���

� FRV� ��U U( ( W N[ω= +
))& )))&

)LJXUH���PLURLU�SODQ�SDUIDLWHPHQW�FRQGXFWHXU

� �

2QGH�LQFLGHQWH

2QGH�UpIOpFKLH�

PLURLU

[

\�

]

2



�����

���5HODWLRQV�GH�FRQWLQXLWp

(FULUH�OHV�UHODWLRQV�GH�FRQWLQXLWp��RX�UHODWLRQV�GH�SDVVDJH��TXH�GRLYHQW�YpULILHU�OHV�FKDPSV� (
)&
HW�%

&
j�

O¶LQWHUIDFH�DYHF�OH�FRQGXFWHXU�SDUIDLW�VXU�OH�SODQ�G¶pTXDWLRQ�[� �� HQ�SUpFLVDQW�ELHQ�OD�VLJQLILFDWLRQ�

GH�WRXV�OHV�WHUPHV�LQWHUYHQDQW�GDQV�OHV�pTXDWLRQV��

���'pWHUPLQDWLRQ�GX�FKDPS�pOHFWURPDJQpWLTXH�UpVXOWDQW

�����0RQWUHU��HQ�XWLOLVDQW�OHV�UHODWLRQV�GH�FRQWLQXLWp��TXH�OH�FKDPS�pOHFWULTXH�UpIOpFKL� U(
))&

HVW�SRODULVp�

UHFWLOLJQHPHQW�VXLYDQW�O¶D[H�2\��

(WDEOLU�O¶H[SUHVVLRQ�GH� �U(
)))&

�HQ�IRQFWLRQ�GH� �
( HW�GX�YHFWHXU�XQLWDLUH� \H

&
��

����� /H� FKDPS� PDJQpWLTXH� LQFLGHQW� L%
))&

� HVW� GRQQp� SDU� O¶H[SUHVVLRQ��� � FRV� �L L% % W N[ω= −
))& )))&

�� (Q�

DUULYDQW�VXU�OH�FRQGXFWHXU�SDUIDLW��LO�GRQQH�QDLVVDQFH�j�XQ�FKDPS�PDJQpWLTXH�UpIOpFKL� U%
))&

�WHO�TXH���

(Q�XWLOLVDQW� OHV�pTXDWLRQV�GH�0D[ZHOO��GpWHUPLQHU� OHV�H[SUHVVLRQV�GHV�DPSOLWXGHV� �L%
)))&

�HW� �U%
)))&

�GHV�

FKDPSV� PDJQpWLTXHV� LQFLGHQW� HW� UpIOpFKL� HQ� IRQFWLRQ� GH�(�� �� F� HW� G¶XQ� YHFWHXU� XQLWDLUH� TXH� O¶RQ�

SUpFLVHUD��

�����0RQWUHU�TXH�OHV�H[SUHVVLRQV�GX�FKDPS�pOHFWULTXH� (
)&
�HW�GX�FKDPS�PDJQpWLTXH� �%

&
UpVXOWDQW�GH�OD�

VXSHUSRVLWLRQ�GHV�FKDPSV�LQFLGHQWV�HW�UpIOpFKLV�GDQV�OH�GHPL�HVSDFH�[������VRQW�OHV�VXLYDQWHV���

�����
HW
������

&RPPHQW�QRPPH�W�RQ�FH�W\SH�G¶RQGH�"�

����&KDUJHV�HW�FRXUDQWV�VXUIDFLTXHV

(Q� XWLOLVDQW� OHV� UHODWLRQV� GH� FRQWLQXLWp�� PRQWUHU� TXH� OD� FKDUJH� VXUIDFLTXH� σ � j� OD� VXUIDFH� GX�

FRQGXFWHXU�HVW�QpFHVVDLUHPHQW�QXOOH��

(Q�XWLOLVDQW� OHV� UHODWLRQV�GH�FRQWLQXLWp��PRQWUHU�TX¶LO�H[LVWH�QpFHVVDLUHPHQW�XQH�GHQVLWp�VXUIDFLTXH�

GH�FRXUDQW�VXUIDFLTXH� 6M
))&

�QRQ�QXOOH�j�OD�VXUIDFH�GX�FRQGXFWHXU��

'pWHUPLQHU� O¶H[SUHVVLRQ� GH� 6M
))&

� HQ� IRQFWLRQ� GH�(��� �
ε �� ω �� W�� F� HW� G¶XQ� YHFWHXU� XQLWDLUH� TXH� O¶RQ�

SUpFLVHUD��



�����

����3UHVVLRQ�GH�UDGLDWLRQ

/HV�FKDUJHV�HQ�PRXYHPHQW�j�OD�VXUIDFH�GX�FRQGXFWHXU�VRQW�VRXPLVHV�j�XQH�IRUFH�GH�/DSODFH�GRQQpH�

SDU� O¶H[SUHVVLRQ� �/ 6 LG) M G6 %= ∧
))& ))& ))&

� HQ� FRQVLGpUDQW� OH� FKDPS� LQFLGHQW� GDQV� OH� YLGH� HW� DX� YRLVLQDJH�

LPPpGLDW�GX�PpWDO��

5HPDUTXH���RQ� D�SULV�XQLTXHPHQW� OH�FKDPS�PDJQpWLTXH� LQFLGHQW� L%
))&

�GDQV� OH�FDOFXO�GH� OD� IRUFH�GH�

/DSODFH� HW� SDV� OH� FKDPS�PDJQpWLTXH� UpIOpFKL� U%
))&
�� (Q� HIIHW�� OD� GHQVLWp� VXUIDFLTXH� GH� FRXUDQW� 6M

))&

��

Q¶HVW�SDV�VRXPLVH�j� U%
))&
�SXLVTXH�F¶HVW�FH�FRXUDQW�TXL�FUpH�OH�FKDPS� U%

))&
��

������ 'pWHUPLQHU� O¶H[SUHVVLRQ� GH� OD� IRUFH� GH� /DSODFH� /)
))&
� TXL� V¶DSSOLTXH� VXU� XQH� VXUIDFH� 6� GX�

FRQGXFWHXU�� 2Q� H[SULPHUD� /)
))&
� HQ� IRQFWLRQ� GH�(��� �

ε �� ω �� W�� 6� HW� G¶XQ� YHFWHXU� XQLWDLUH� TXH� O¶RQ�
SUpFLVHUD��

������'pWHUPLQHU� O¶H[SUHVVLRQ� GH� OD� SUHVVLRQ�3� DLQVL� DSSOLTXpH� VXU� OH� FRQGXFWHXU��([SULPHU�3� HQ�

IRQFWLRQ�GH�(���� �
ε ��ω HW�W�

'pWHUPLQHU�O¶H[SUHVVLRQ�GH�OD�YDOHXU�PR\HQQH�WHPSRUHOOH� 3 �GH�OD�SUHVVLRQ�3�

5HPDUTXH���OD�SUHVVLRQ��DLQVL�PLVH�HQ�pYLGHQFH��HVW�DSSHOpH�SUHVVLRQ�GH�UDGLDWLRQ��

����7UDQVSRUW�G¶pQHUJLH

'pWHUPLQHU�O¶H[SUHVVLRQ�GX�YHFWHXU�GH�3R\QWLQJ�4,&�GH�O¶RQGH�UpVXOWDQWH�DLQVL�TXH�VD�YDOHXU�PR\HQQH�

WHPSRUHOOH� 5
)&
��

4XHOV�FRPPHQWDLUHV�SHXW�RQ�IDLUH�SDU�UDSSRUW�j�OD�YDOHXU�WURXYpH�"�



�����

'HX[LqPH�SUREOqPH���O¶RVFLOORVFRSH�FDWKRGLTXH

&H�SUREOqPH�WUDLWH�GH�OD�GpIOH[LRQ�pOHFWURVWDWLTXH�TXL�HVW�OH�SKpQRPqQH�IRQGDPHQWDO�PLV�HQ�°XYUH�

SRXU�pWXGLHU�XQH�WHQVLRQ�YDULDEOH�j�O¶DLGH�G¶XQ�RVFLOORVFRSH�FDWKRGLTXH���

/HV�GHX[�SDUWLHV�GH�FH�SUREOqPH�VRQW�LQGpSHQGDQWHV�

3UHPLqUH�SDUWLH���FUpDWLRQ�HW�DFFpOpUDWLRQ�G¶XQ�IDLVFHDX�G¶pOHFWURQV�

/D�SUHPLqUH�SDUWLH�G¶XQ�RVFLOORVFRSH�FDWKRGLTXH�HVW�FRQVWLWXpH�G¶XQ�FDQRQ�j�pOHFWURQV�GDQV�OHTXHO�

XQ�IDLVFHDX�G¶pOHFWURQV�HVW�FUpp�HW�OHV�pOHFWURQV�VRQW�DFFpOpUpV��

8QH� FDWKRGH�� QRWpH� &�� pPHW� GHV� pOHFWURQV� GH� YLWHVVH� LQLWLDOH� QpJOLJHDEOH�� ,O� HVW� UDSSHOp� TXH� OHV�

pOHFWURQV�RQW�XQH�FKDUJH�pOHFWULTXH�QpJDWLYH�pJDOH�j�±�H��

2Q� pWDEOLW� HQWUH� OD� FDWKRGH� &� HW� XQH� DQRGH�� QRWpH� $�� XQH� GLIIpUHQFH� GH� SRWHQWLHO� QRWpH��

8$&� �9$ ��9&��!����/HV�pOHFWURQV�VRQW�DLQVL�DFFpOpUpV�ORUV�GH�OHXU�SDUFRXUV�HQWUH�&�HW�$��

/¶DQRGH�HVW�FRQVWLWXpH�G¶XQH�SODTXH�PpWDOOLTXH�SHUFpH�G
XQ�WURX�FHQWUp�HQ�2�SHUPHWWDQW�j�XQH�SDUWLH�

GX�IDLVFHDX�G
pOHFWURQV�GH�V
pFKDSSHU�GDQV�OD�GLUHFWLRQ�KRUL]RQWDOH�2]�FRPPH�OH�PRQWUHQW�OD ILJXUH���

HW�OD�ILJXUH����SDJH������

/D�GLVWDQFH�HQWUH�&�HW�$�HVW�QRWpH�G��

/¶HVSDFH�HVW�UDSSRUWp�DX�UHSqUH�FDUWpVLHQ�RUWKRQRUPp�GLUHFW��2[\]��DVVRFLp�j�OD�EDVH�� [H
&
�� \H
&
�� ]H
&
���

/H�SRLQW�2�FRUUHVSRQG�DX�FHQWUH�GH�O¶DQRGH�$��

)LJXUH�����VFKpPD�GH�O¶RVFLOORVFRSH�HQ�SHUVSHFWLYH�

(FUDQ�IOXRUHVFHQW�

\�

[�

]�

&DWKRGH $QRGH�
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4��

3�
/��

3ODTXHV�GH�GpIOH[LRQ�
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)LJXUH�����VFKpPD�GH�O¶RVFLOORVFRSH�HQ�FRXSH�GDQV�OH�SODQ��\2]��

�� 'pWHUPLQHU��HQ�XQ�SRLQW�GH�O¶D[H�GHV�]�VLWXp�HQWUH�OD�FDWKRGH�HW�O¶DQRGH��OD�GLUHFWLRQ�HW�OH�VHQV�GX�

FKDPS�pOHFWULTXH� (
)&
�FUpp�SDU�OD�WHQVLRQ�8$&��2Q�DGPHW�TXH�

$&8
(

G
=

)&
��

��� 'pWHUPLQHU� O
H[SUHVVLRQ� GH� OD� IRUFH� pOHFWURVWDWLTXH� I
)&
� VXELH� SDU� XQ� pOHFWURQ� HQWUH� &� HW� $� HQ�

IRQFWLRQ�GH�8$&��G��H�HW�G¶XQ�YHFWHXU�XQLWDLUH�TXH�O¶RQ�SUpFLVHUD��

���/D�WHQVLRQ�8$&�DSSOLTXpH�HVW�GH�O¶RUGUH�GH���N9��/D�GLVWDQFH�G�HVW�GH�O¶RUGUH�GH�����P��

/H� SRLGV� GHV� pOHFWURQV� SHXW�LO� rWUH� QpJOLJp� GHYDQW� OD� IRUFH� pOHFWURVWDWLTXH� SUpFpGHQWH�"� -XVWLILHU�

TXDQWLWDWLYHPHQW�OD�UpSRQVH�DSSRUWpH��

���(Q�DSSOLTXDQW� OH� WKpRUqPH�GH� O¶pQHUJLH� FLQpWLTXH�� GpWHUPLQHU� O
H[SUHVVLRQ�GH� OD�YLWHVVH�Y�� DYHF�

ODTXHOOH�OHV�pOHFWURQV�DWWHLJQHQW�O¶DQRGH��([SULPHU�Y��HQ�IRQFWLRQ�GH�8$&��PH��HW�H��

'pWHUPLQHU�O¶RUGUH�GH�JUDQGHXU�GH�OD�YDOHXU�QXPpULTXH�GH�OD�YLWHVVH�Y����

]

\�

/��

G�

2 2��2� .�

&DWKRGH $QRGH�

(FUDQ�IOXRUHVFHQW�

[�

'

/���

3ODTXHV�GH�GpIOH[LRQ�



������

'HX[LqPH�SDUWLH���GLVSRVLWLI�GH�GpIOH[LRQ�GX�IDLVFHDX�G¶pOHFWURQV�

/D�GHX[LqPH�SDUWLH�GH�O¶RVFLOORVFRSH�HVW�OH�GLVSRVLWLI�GH�GpIOH[LRQ�GHV�pOHFWURQV��

/HV�pOHFWURQV�SURGXLWV�HW� DFFpOpUpV�GDQV� OH�FDQRQ�j�pOHFWURQV�SpQqWUHQW�HQ�2��� DYHF�XQH�YLWHVVH�Y�
SDUDOOqOHPHQW� j� O
D[H� �2�]��� GDQV� OH� GLVSRVLWLI� GH� GpIOH[LRQ� FRPSRVp� GH� GHX[� SDLUHV� GH� SODTXHV�

SDUDOOqOHV��/HV�GHX[�SODTXHV�3O�HW�3��VRQW�KRUL]RQWDOHV�HW�VRQW�VRXPLVHV�j�XQH�GLIIpUHQFH�GH�SRWHQWLHO�

8<  �93����93��HW�OHV�GHX[�SODTXHV�4��HW�4��VRQW�YHUWLFDOHV�HW�VRXPLVHV�j�XQH�GLIIpUHQFH�GH�SRWHQWLHO�

8;� �94����94���

/HV� pOHFWURQV�� DSUqV� SDVVDJH� GDQV� FH� V\VWqPH� GH� GpIOH[LRQ�� SRXUVXLYHQW� OHXU� WUDMHFWRLUH� MXVTX
j�

IUDSSHU�XQ�pFUDQ�IOXRUHVFHQW�VXU�OHTXHO�OH�SRLQW�G¶LPSDFW�HVW�PDWpULDOLVp�SDU�XQ�VSRW�OXPLQHX[��

/HV�SODTXHV�3O�HW�3��G
XQH�SDUW��HW�OHV�SODTXHV�4��HW�4� G
DXWUH�SDUW��VRQW�V\PpWULTXHV�SDU�UDSSRUW�j�

O
D[H�2]��/
pFDUWHPHQW�HQWUH�OHV�SDLUHV�GH�SODTXHV�HVW�OH�PrPH�HW�QRWp�/���/HV�ORQJXHXUV�GHV�SODTXHV�

SDUDOOqOHPHQW�j�O¶D[H�2�]�VRQW�LGHQWLTXHV�HW�pJDOHV�j�OD�ORQJXHXU�/���

/H� PRXYHPHQW� GHV� pOHFWURQV� GDQV� OH� V\VWqPH� GH� GpIOH[LRQ� VHUD� pWXGLp� GDQV� OH� UHSqUH� �2�[\]���

DVVRFLp�j�OD�EDVH�RUWKRQRUPpH�FDUWpVLHQQH�� [H
&
�� \H
&
�� ]H
&
���

5HPDUTXH��� RQ� DGPHW� TXH� OH� FKDPS� pOHFWULTXH� HVW� QXO� j� O
H[WpULHXU� GX� YROXPH� GpOLPLWp� SDU� OHV�

SODTXHV� HW� TXH� OH� FKDPS� pOHFWULTXH� SURGXLW� SDU� FKDTXH� SDLUH� GH� SODTXHV� HVW� XQLIRUPH� HW�

SHUSHQGLFXODLUH�DX[�SODTXHV�TXL�OH�SURGXLVHQW��

/H�GLVSRVLWLI�HVW�HQIHUPp�GDQV�XQH�DPSRXOH�VFHOOpH��GDQV�ODTXHOOH�UqJQH�XQ�YLGH�SRXVVp��

2Q�QpJOLJH�OH�SRLGV�GHV�pOHFWURQV�GDQV�FHWWH�SDUWLH��

6RLW�.�� OH�FHQWUH�GX�V\VWqPH�GH�GpIOH[LRQ��/H�SRLQW�.�DSSDUWLHQW�DLQVL�j� O¶D[H�2]�HW� HVW�VLWXp�j� OD�

GLVWDQFH� �

�

/
�GX�SRLQW�2���

6RLW�'��OD�GLVWDQFH�HQWUH�OH�FHQWUH�.�GX�V\VWqPH�GH�GpIOH[LRQ�HW�OH�SRLQW�2��TXL�FRUUHVSRQG�DX�FHQWUH�

GH�O
pFUDQ�IOXRUHVFHQW��

/HV�SRLQWV�HW�OHV�GLVWDQFHV�GpILQLV�GDQV�FHWWH�SDUWLH�VRQW�UHSUpVHQWpV�VXU�OHV�ILJXUHV���HW����

��� 2Q� pWDEOLW� HQWUH� OHV� SODTXHV� KRUL]RQWDOHV� 3�� HW� 3�� XQH� GLIIpUHQFH� GH� SRWHQWLHO�8<  �93�� ��93�
FRQVWDQWH�HW�SRVLWLYH��HW�RQ�DSSOLTXH�XQH�GLIIpUHQFH�GH�SRWHQWLHO�QXOOH�HQWUH�OHV�SODTXHV�4��HW�4���

4XHO�HVW�O¶HIIHW�GH�OD�GLIIpUHQFH�GH�SRWHQWLHO�8< VXU�OH�PRXYHPHQW�GHV�pOHFWURQV�"�

(WDEOLU�O
H[SUHVVLRQ�YHFWRULHOOH�GH�OD�IRUFH� 
I
&
�TXL�DJLW�VXU�XQ�pOHFWURQ�VLWXp�HQWUH�OHV�SODTXHV�3��HW�3�

HQ�IRQFWLRQ�GH�H��/���8< HW�G¶XQ�YHFWHXU�XQLWDLUH�TXH�O¶RQ�SUpFLVHUD��

��� 3DU� DSSOLFDWLRQ� GX� SULQFLSH� IRQGDPHQWDO� GH� OD� G\QDPLTXH�� pWDEOLU� O¶H[SUHVVLRQ� YHFWRULHOOH� GH�

O¶DFFpOpUDWLRQ� D
&
� G¶XQ� pOHFWURQ� GDQV� OH� UHSqUH� �2�[\]�� HQ� IRQFWLRQ�PH�� H� /���8< HW� G¶XQ� YHFWHXU�

XQLWDLUH�TXH�O¶RQ�SUpFLVHUD��
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���(Q�SURMHWDQW� OD� UHODWLRQ�YHFWRULHOOH�SUpFpGHQWH��GpWHUPLQHU� OHV�pTXDWLRQV�GLIIpUHQWLHOOHV�YpULILpHV�

SDU�OHV�FRRUGRQQpHV�G¶XQ�pOHFWURQ��

(Q� GpGXLUH�� SDU� LQWpJUDWLRQ�� OHV� pTXDWLRQV� KRUDLUHV� UHODWLYHV� DX�PRXYHPHQW� G¶XQ� pOHFWURQ� GDQV� OH�

UHSqUH��2�[\]���

0RQWUHU� TXH� O¶pTXDWLRQ� FDUWpVLHQQH� GH� OD� WUDMHFWRLUH� G
XQ� pOHFWURQ� GDQV� OH� UHSqUH� �2�[\]�� D� SRXU�

H[SUHVVLRQ���

�

�

� �

�
�

<

H

H8
\ ]

/ Y P
=

���7UDMHFWRLUH�G¶XQ�pOHFWURQ

�����'pWHUPLQHU�OHV�FRRUGRQQpHV�;(�HW�<(�G¶XQ�pOHFWURQ�ORUVTX¶LO�VRUW�GX�V\VWqPH�GH�GpIOH[LRQ��F¶HVW�

j�GLUH��ORUVTXH�VRQ�DEVFLVVH�]�HVW�pJDOH�j�/��GDQV�OH�UHSqUH��2�[\]���

�����&DOFXOHU�OD�SHQWH�S�GH�OD�WDQJHQWH�j�OD�FRXUEH��j�OD�VRUWLH�GX�V\VWqPH�GH�GpIOH[LRQ��

�����-XVWLILHU�OH�IDLW�TX¶DSUqV�rWUH�VRUWL�GX�V\VWqPH�GH�GpIOH[LRQ��OD�WUDMHFWRLUH�G¶XQ�pOHFWURQ�HVW�XQH�

GURLWH��

����� 6DFKDQW� TXH� OD� WUDMHFWRLUH� G¶XQ� pOHFWURQ� HQWUH� OD� VRUWLH� GX� V\VWqPH� GH� GpIOH[LRQ� HW� O¶pFUDQ�

IOXRUHVFHQW�HVW�XQH�GURLWH�GH�SHQWH�S�SDVVDQW�OH�SRLQW�(��GpWHUPLQHU�O¶pTXDWLRQ�GH�FHWWH�GURLWH��

�����0RQWUHU�TXH�OHV�FRRUGRQQpHV�GX�SRLQW�G¶LPSDFW�6��VSRW��GHV�pOHFWURQV�VXU�O
pFUDQ�VRQW�GRQQpHV�

SDU�OHV�H[SUHVVLRQV����
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<
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=

���4XHO�W\SH�GH�UHODWLRQ�PDWKpPDWLTXH�D�W�RQ�HQWUH�<6�HW8<�"�&RPPHQWHU�FH�UpVXOWDW��

� �
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7URLVLqPH�SUREOqPH���SLQFH�DPSqUHPpWULTXH�j�LQGXFWLRQ

2Q� VH� SURSRVH� G¶pWXGLHU� GDQV� FH� SUREOqPH� OH� IRQFWLRQQHPHQW� G¶XQH� SLQFH� DPSqUHPpWULTXH� j�

LQGXFWLRQ��

8QH�SLQFH�DPSqUHPpWULTXH�HVW�XQ�LQVWUXPHQW�GH�PHVXUH�GH�O
LQWHQVLWp�GX�FRXUDQW�pOHFWULTXH�GDQV�XQ�

FRQGXFWHXU��

/D� SLQFH� HVW� GLVSRVpH� DXWRXU� GX� FRQGXFWHXU� SDUFRXUX� SDU� OH� FRXUDQW� GRQW� RQ� VRXKDLWH� PHVXUHU�

O
LQWHQVLWp��/D�SLQFH�DLQVL�SRVLWLRQQpH�SHUPHW�G¶DFFpGHU�j�O
LQWHQVLWp�pWXGLpH���

8QH�SLQFH�DPSqUHPpWULTXH�j�LQGXFWLRQ�HVW�FRQVWLWXpH�G¶XQ�WRUH�GH�VHFWLRQ�FDUUpH�GH�F{Wp�D�G¶D[H�2]

HW�GH�UD\RQ�PR\HQ�
�

�

D
��ILJXUHV���HW����SDJH������VXU�OHTXHO�VRQW�ERELQpHV�UpJXOLqUHPHQW�XQ�JUDQG�

QRPEUH�1�GH�VSLUHV�FDUUpHV�GH�F{Wp�D�GLVSRVpHV�HQ�VpULH��&H�FLUFXLW�GH�UpVLVWDQFH�WRWDOH�5�HVW�IHUPp�

VXU�XQ�DPSqUHPpWUH�GH�UpVLVWDQFH�LQWHUQH�QpJOLJHDEOH��

/¶HVSDFH�HVW�UDSSRUWp�j�OD�EDVH�F\OLQGULTXH� ( )�� ��U ]H H Hθ

)& ))& ))&
��

)LJXUH�����ERELQH�WRULTXH�

/D� SLQFH� HVW� GLVSRVpH� DXWRXU� G
XQ� FRQGXFWHXU� SDUFRXUX� SDU� OH� FRXUDQW� GRQW� RQ� VRXKDLWH� PHVXUHU�

O
LQWHQVLWp���
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UH
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θH
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θ

]H
&

]�

9XH�GH�GHVVXV� &RXSH�WUDQVYHUVDOH
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L�W��
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/H� FRQGXFWHXU� HQVHUUp� SDU� OD� SLQFH� DPSqUHPpWULTXH� HVW� FRQVLGpUp� FRPPH� XQ� ILO� LQILQL�� ,O� HVW�

SDUFRXUX�SDU�XQ�FRXUDQW�G¶LQWHQVLWp� ( )� � FRVP, W , Wω= �GH�SXOVDWLRQ�ω �ILJXUHV���HW����HW�HVW�FRQIRQGX�

DYHF�O¶D[H�2]��

)LJXUH�����ERELQH�WRULTXH�HW�FRQGXFWHXU�pWXGLp�

���-XVWLILHU�O¶H[LVWHQFH�G¶XQ�FRXUDQW�L�W��GDQV�OH�ERELQDJH�WRULTXH�GH�OD�SLQFH�DPSqUHPpWULTXH��

6RLW� ( )� � FRVPL W L Wω ϕ= + � OD� YDOHXU� GH� O¶LQWHQVLWp� GX� FRXUDQW� GDQV� OD� SLQFH� DPSqUHPpWULTXH� HQ�

UpJLPH�VLQXVRwGDO�IRUFp��

6RLW�$,&�OH�FKDPS�PDJQpWLTXH�WRWDO�TXL�UpVXOWH�GX�FKDPS�FUpp�SDU�OH�FRXUDQW�,�W��GDQV�OH�ILO�HW�SDU�OH�

FRXUDQW�L�W��GDQV�OD�SLQFH��

��� (Q� XWLOLVDQW� OHV� SURSULpWpV� GH� V\PpWULH� GH� OD� GLVWULEXWLRQ� GH� FRXUDQW�� PRQWUHU� TXH� OH� FKDPS�

PDJQpWLTXH�HVW�QpFHVVDLUHPHQW�RUWKRUDGLDO��0RQWUHU��JUkFH�j�O¶pWXGH�GHV�LQYDULDQFHV��TXH�FHOXL�FL�VH�

PHW�VRXV�OD�IRUPH���

� � � �% % U ] W Hθ θ=
)& ))&

��

���(Q�DSSOLTXDQW�OH�WKpRUqPH�G¶$PSqUH�j�XQ�FRQWRXU��&��VRLJQHXVHPHQW�FKRLVL�HW�TXH�O¶RQ�SUpFLVHUD��

GpWHUPLQHU� O¶H[SUHVVLRQ� GX� FKDPS�PDJQpWLTXH�$,&� FUpp�SDU� OHV� LQWHQVLWpV� ,�W�� HW� L�W�� HQ�XQ�SRLQW�0�

UHSpUp� HQ� FRRUGRQQpHV� F\OLQGULTXHV� SDU� �U� ��� ]�� HW� VLWXp� j� O¶LQWpULHXU� GX� WRUH� �U ∈� >�D��� �D@� HW��
]�∈�>��D�����D��@���

���(WDEOLU�O¶H[SUHVVLRQ�GX�IOX[�N�GX�FKDPS�PDJQpWLTXH�$,&�j�WUDYHUV�XQH�VSLUH�GX�WRUH�HQ�IRQFWLRQ�GH�

����,�W����L�W���1�HW�D��

(Q�GpGXLUH�OH�IOX[�WRWDO�NWRW�j�WUDYHUV�OHV�1�VSLUHV�GX�WRUH�HQ�IRQFWLRQ�GH�����,�W���L�W���1�HW�D���

,�W��
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��� 5DSSHOHU� OHV� GpILQLWLRQV� UHVSHFWLYHV� GX� FRHIILFLHQW� G¶DXWR�LQGXFWDQFH� /� HW� GX� FRHIILFLHQW� GH�

PXWXHOOH�LQGXFWDQFH�0��

2Q�SHXW�DLQVL�GpGXLUH�GHV�UpVXOWDWV�SUpFpGHQWV�TXH�OHV�H[SUHVVLRQV�GH�/�HW�0�VRQW�OHV�VXLYDQWHV���
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���(WDEOLU�O¶H[SUHVVLRQ�GH�OD�IRUFH�pOHFWURPRWULFH�LQGXLWH�H�W�� LQGXLWH�GDQV�OH�WRUH�HQ�IRQFWLRQ�GH�/��

0��
GL

GW
�HW�
G,

GW
��

���&H�WRUH�GH�UpVLVWDQFH�WRWDOH�5�HVW�IHUPp�VXU�XQ�DPSqUHPpWUH�GH�UpVLVWDQFH�LQWHUQH�QpJOLJHDEOH��

2Q�GpILQLW�OD�IRQFWLRQ�GH�WUDQVIHUW�FRPSOH[H�GH�OD�SLQFH�SDU� �
L

+
,

=

(Q�XWLOLVDQW�OD�QRWDWLRQ�FRPSOH[H��GpWHUPLQHU�O¶H[SUHVVLRQ�GH�OD�IRQFWLRQ�GH�WUDQVIHUW�HQ�IRQFWLRQ�GH�

0��/��& HW�5��

���'pWHUPLQHU�O¶H[SUHVVLRQ�GX�PRGXOH� + �GH�OD�IRQFWLRQ�GH�WUDQVIHUW�HQ�IRQFWLRQ�GH�0��/��& HW�5��

4XH�GHYLHQW�O¶H[SUHVVLRQ�GH� + �j�KDXWH�IUpTXHQFH�"�j�EDVVH�IUpTXHQFH�"�

&H� GLVSRVLWLI� SHUPHW�LO� GH� PHVXUHU� GHV� LQWHQVLWpV� GDQV� WRXWHV� OHV� JDPPHV� GH� IUpTXHQFH�"� HQ�

SDUWLFXOLHU��SHUPHW�LO�GH�PHVXUHU�XQH�LQWHQVLWp�HQ�FRXUDQW�FRQWLQX�"�

���4XHO�HVW�O¶LQWpUrW�G¶XQH�SLQFH�DPSqUHPpWULTXH�SDU�UDSSRUW�j�XQ�DPSqUHPpWUH�FODVVLTXH�"�

)LQ�GH�O¶pQRQFp�
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