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/·REMHFWLI�OLp�j�OD�VLPXODWLRQ�QXPpULTXH�HVW�PXOWLSOH��(OOH�SHUPHW�HQWUH�DXWUH �x GH�FRPSUHQGUH�OHV�SKpQRPqQHV�PLV�HQ�MHX�x G·DLGHU�DX�GLPHQVLRQQHPHQW�x G·DLGHU�DX�FKRL[�WHFKQRORJLTXH��pFRQRPLTXH��pQHUJpWLTXH����x G
H[SORUHU� GHV� FKDPSV� G·LQYHVWLJDWLRQ� TXH� UHQGUDLW� XQH� DSSURFKH� H[SpULPHQWDOHWURS�ORQJXH�HW�FR�WHXVH�3DU� UDSSRUW� j� XQH� PpWKRGH� GH� UpVROXWLRQ� WUDGLWLRQQHOOH� �DQDO\WLTXH��� OD� VLPXODWLRQ� QXPpULTXH� HVWJpQpUDOHPHQW�SOXV�UDSLGH�HW�TXDVLPHQW�VDQV�OLPLWHV�TXDQW�j�OD�FRPSOH[LWp�GX�SUREOqPH�/HV�WHUPHV�VRXYHQW�XWLOLVpV�ORUV�GH�OD�PLVH�HQ�±XYUH�GH�WHOV�RXWLOV�VRQW�OHV�VXLYDQWV �
0RGpOLVDWLRQ ��WUDQVIRUPDWLRQ�G·XQ�RX�GH�SOXVLHXUV�SKpQRPqQHV�SK\VLTXHV��FRXSOpV�RX� LQGpSHQGDQWV��HQH[SUHVVLRQV� �PRGqOHV�� VHQVpHV� OHV� UHSUpVHQWHU�� &·HVW� OD� PLVH� HQ� pTXDWLRQ� PDWKpPDWLTXH� �JpQpUDOHPHQWGLIIpUHQWLHOOH� RX� DX[�GpULYpHV� SDUWLHOOHV�� GHV� SURFHVVXV�� (OOH� V·DFFRPSDJQH� G·K\SRWKqVHV�� GH� FRQGLWLRQV� DX[OLPLWHV��HVSDFH��HW�GH�FRQGLWLRQV�LQLWLDOHV��WHPSV��
'LVFUpWLVDWLRQ� QXPpULTXH �� 'DQV� OD� PHVXUH� R�� OH� FKRL[� GH� OD� UpVROXWLRQ� VH� SRUWH� VXU� XQH� DSSURFKHQXPpULTXH��OD�UHSUpVHQWDWLRQ�GX�RX�GHV�SKpQRPqQHV�Q·HVW�GRQF�SDV�FRQWLQXH�PDLV�GLVFUqWH��(Q�G·DXWUHV�WHUPHV�OD�UpVROXWLRQ�GHV�pTXDWLRQV�QH�SRXUUD�VH�IDLUH�TXH�SRXU�GHV�YDOHXUV�GpILQLHV�LQLWLDOHPHQW��3DU�H[HPSOH�SRXU�GHVYDOHXUV�GH�WHPSV�HW�RX�G·HVSDFH�GRQQpHV��/
pFULWXUH�GX��GHV��PRGqOH�V��SRXU�FKDFXQH�GH�FHV�YDOHXUV�V
DSSHOOHOD�GLVFUpWLVDWLRQ�
5pVROXWLRQ� QXPpULTXH� HW� VLPXODWLRQ �� 3RXU� UpVRXGUH� FHV� pTXDWLRQV�� SOXVLHXUV� PpWKRGHV� H[LVWHQW� HWGRQQHQW� GHV� UpVXOWDWV� SOXV� RX� PRLQV� ILDEOHV� HW� SOXV� RX� PRLQV� UDSLGHV� VHORQ� OD� QDWXUH� GX� SUREOqPH�� (QILQ�O·REWHQWLRQ� GHV� UpVXOWDWV� HVW� HQVXLWH� WUDLWpH� �JpQpUDOHPHQW� JUDSKLTXHPHQW��� SRXU� DQDO\VH� SK\VLTXH� GH� ODUpSRQVH�DX�SUREOqPH�SRVp�
9DOLGDWLRQ �� /
XQ� GHV� DYDQWDJHV GX� FDOFXO� QXPpULTXH� HVW� TX
LO� GRQQH� WRXMRXUV GHV� UpVXOWDWV�� /
XQ� GHVLQFRQYpQLHQWV GX�FDOFXO�QXPpULTXH�HVW�TX
LO�GRQQH� WRXMRXUV GHV�UpVXOWDWV��$XVVL��GRLW�RQ�DQDO\VHU�GH�IDoRQ�WUqVFULWLTXH�FH�TXH�GRQQH�OD�VLPXODWLRQ �x $L�MH�SULV�OHV�ERQQHV�pTXDWLRQV��PRGqOHV��DX�GpSDUW "x 6XLV�MH�GDQV�OHV�ERQQHV�K\SRWKqVHV�GDQV�OHVTXHOOHV�FHV�pTXDWLRQV�VRQW�YDOLGHV "x $L�MH�SULV�HQ�FRPSWH�WRXV�OHV�SURFHVVXV�TXL�LQWHUDJLVVHQW�GDQV�PRQ�SUREOqPH "x $L�MH�ELHQ�FKRLVL�OD�PpWKRGH�GH�GLVFUpWLVDWLRQ "x $L�MH�ELHQ�FKRLVL�OD�PpWKRGH�GH�UpVROXWLRQ "6DQV�FRPSWHU�VXU�OHV�HUUHXUV�G·pFULWXUH�GX�SURJUDPPH�GH�FDOFXO�D\DQW�SHUPLV�OD�UpVROXWLRQ�
,O�HVW�GRQF�QpFHVVDLUH�GH�FRQIURQWHU�FHV�UpVXOWDWV�DYHF�GHV�pWDORQV�SRXU�V·DVVXUHU�GH�OD�YDOLGLWp�GH�VRQWUDYDLO��&HWWH�FRQIURQWDWLRQ�SHXW�rWUH�IDLWH��VRLW�SDU�UDSSRUW�j�XQ�DXWUH�PRGqOH��GRQW� OD�YDOLGLWp�Q·D�SDV�pWpPLVH� HQ� GpIDXW�� VRLW� SDU� UDSSRUW� j� XQ�PRQWDJH� H[SpULPHQWDO�� R�� HVW� UpDOLVp� OH� SUREOqPH� SRVp� HW� PXQLV� GHVXIILVDPPHQW�GH�SRLQWV�GH�PHVXUH�SRXU�DVVXUHU�XQH�FRPSDUDLVRQ�REMHFWLYH�1pDQPRLQV��VL�FHWWH�FRPSDUDLVRQ�FRQGXLW�j�GHV�pFDUWV�DFFHSWDEOHV�� OD�VLPXODWLRQ�HIIHFWXpH�Q·HQ� UHVWHSDV�PRLQV�UHODWLYH�j�XQ�FDV�SDUWLFXOLHU�GRQQp�LQLWLDOHPHQW��/H�PRGqOH�QH�VHUD�FRPSOqWHPHQW�YDOLGp�TXH�ORUVTX
LODXUD�pWp�FRQIURQWp�DYHF�VXFFqV�DYHF�XQ�QRPEUH�VXIILVDQW�G·pWDORQV�'qV�ORUV��O·RXWLO�FUpp�SHXW�DORUV�VHUYLU�OHV�REMHFWLIV�SRXU�OHVTXHOV�LO�D�pWp�FRQoX�
(WXGH� GH� VHQVLELOLWp� SDUDPpWULTXH �� OH� PRGqOH� YDOLGp� SHXW� GHYHQLU� XQ� RXWLO� G·LQYHVWLJDWLRQ�� G·DLGH� DXFKRL[����&HWWH�RSpUDWLRQ�FRQVLVWH�j�UpSRQGUH�j�OD�TXHVWLRQ ��4XH�VHUDLHQW�OHV�UpVXOWDWV�VL�DX�OLHX�GH�OD�YDOHXU�;�M·DYDLV�<�SRXU�WHO�SDUDPqWUH��PDVVH��VXUIDFH��SUHVVLRQ��WHPSpUDWXUH��GX�PRGqOH "
(Q� FRQFOXVLRQ�� RQ� SDUW� GH� OD� SK\VLTXH� SRXU� DERXWLU� j� OD� SK\VLTXH�� O
DVVRFLDWLRQPRGpOLVDWLRQ�GLVFUpWLVDWLRQ�UpVROXWLRQ� QH� UHSUpVHQWDQW� TXH� O
RXWLO� SHUPHWWDQW� GH� UpSRQGUH� DX� SUREOqPHSRVp�
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6pDQFH�Q��
(WXGH� GH� OD� UpSDUWLWLRQ� D[LDOH� GHV� WHPSpUDWXUHV� GDQV� XQ� pFKDQJHXU� j� WXEHV� FR�D[LDX[�� &DV� GHO
pFKDQJHXU�FR�FRXUDQW�IDLVDQW�LQWHUYHQLU�GHX[�IOXLGHV�VDQV�FKDQJHPHQW�GH�SKDVH�HQ�UpJLPH�SHUPDQHQW�
+\SRWKqVHV �x OHV� YDULDEOHV� �WHPSpUDWXUHV� GH� IOXLGH�� VRQW� SULQFLSDOHPHQW� GpSHQGDQWHV� GH� OHXUVSRVLWLRQV�D[LDOHV ��SDV�GH�YDULDWLRQ�DYHF�O·DQJOH��QL�DYHF�OH�UD\RQ�x /HV�YDULDWLRQV�GH�SUHVVLRQ�VRQW�QpJOLJpHV�x OHV�YDULDWLRQV�G·pQHUJLH�FLQpWLTXHV�HW�SRWHQWLHOOHV�VRQW�QpJOLJpHV�x /HV� FDSDFLWpV� FDORULILTXHV� GHV� GHX[� IOXLGHV� VRQW� FRQVWDQWHV� DX� FRXUV� GH� ODWUDQVIRUPDWLRQ�x /HV�pFKDQJHV�WKHUPLTXHV�QH�VRQW�TXH�G·RULJLQH�FRQYHFWLYH�x /HV�FRHIILFLHQWV�G·pFKDQJH�FRQYHFWLI�VRQW�FRQVWDQWV�x /·pFKDQJH�FRQGXFWLI�DX�VHLQ�GH�OD�SDURL�HVW�QpJOLJp�x /·pFKDQJHXU�HVW�LVROp�WKHUPLTXHPHQW�GH�O·H[WpULHXU�
02'(/,6$7,21
/D�UHSUpVHQWDWLRQ�GH�O·pFKDQJHXU�HVW�OD�VXLYDQWH �

VF7
I7V

7HF
7HI

)LJXUH�����5HSUpVHQWDWLRQ�VFKpPDWLTXH�GH�O
pFKDQJHXU�
/·HVSDFH��SRVLWLRQ�D[LDOH��HVW�GLVFUpWLVp�HQ�pOpPHQWV�LQILQLWpVLPDX[�GH�ORQJXHXU� G[��2Q�VXSSRVH�HQVXLWHTXH� OHV� YROXPHV� HQJHQGUpV� SDU� FHV� pOpPHQWV� VRQW� VXIILVDPPHQW� SHWLWV� SRXU� TXH� OD� WHPSpUDWXUH� GHV� GHX[IOXLGHV�\�VRLW�FRQVWDQWH�
6D�UHSUpVHQWDWLRQ�HVW�OD�VXLYDQWH �

[G[
�

$[H�GH�UpYROXWLRQ
3DURL��VXUIDFH�G
pFKDQJH�

3DURL��DGLDEDWLTXH�

)LJXUH�����6pSDUDWLRQ�GH�O
pFKDQJHXU�HQ�pOpPHQWV�GH�YROXPH
/D�UHSUpVHQWDWLRQ�VFKpPDWLTXH�GHV�pFKDQJHV�DX�VHLQ�G·XQH�WUDQFKH�G·pFKDQJHXU�HVW�OD�VXLYDQWH �
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G[
GpELW�IOXLGH�FKDXG��P F�

�GpELW�IOXLGH�IURLG��P I�

� 7F
7I

7HPSpUDWXUH�GH�SDURL��7S�

)LJXUH�����7UDQFKH�pOpPHQWDLUH�G
pFKDQJHXU�
/H�SUHPLHU�SULQFLSH�DSSOLTXp�j�O·pOpPHQW�GH�YROXPH�IURLG�GH�VXUIDFH�G·pFKDQJH� G6I V·pFULW ��KK�P4�GWG8 VH ��G  ��
O·HQWKDOSLH�YDULDQW�GH� GK�DX�FRXUV�GH�VD�WUDYHUVpH�GX�YROXPH��RQ�D ��KV KH�GK�3DU�DLOOHXUV��RQ�D� �77�G6.4 SIII � G � HW�GK� �&SI�G7I/H�SUHPLHU�SULQFLSH�V·pFULW�DORUV��� �G7&SP�77�G6. IIISIII  �� �
$YHF . ��FRHIILFLHQW�G·pFKDQJH�FRQYHFWLI��:�P ��.��G6 ��6XUIDFH�G·pFKDQJH�pOpPHQWDLUH��P ����P ��'pELW�PDVVLTXH�GH�IOXLGH��.J�V��&S ��&DSDFLWp�FDORULILTXH�GX�IOXLGH��-�.J�.��7I �7HPSpUDWXUH�GX�IOXLGH�IURLG��YDULDEOH����&��7F ��7HPSpUDWXUH�GX�IOXLGH�FKDXG��YDULDEOH����&��7S �7HPSpUDWXUH�GH�SDURL���&��
/D�PrPH�GpPDUFKH�DSSOLTXpH�DX�IOXLGH�FKDXG�FRQGXLW�j. G6 7 7 P &S G7F F F S F F F� � �� �  �
3RXU�DYRLU�XQH�UHODWLRQ�GLUHFWH�DYHF�[��SRVRQV� G6 6�G[�R��6 UHSUpVHQWH�OD�VXUIDFH�OLQpLTXH��P ��P���'H�ODVRUWH��O·pTXDWLRQ�LQLWLDOH�SHUPHWWUD�GH�WUDLWHU�LQGLIIpUHPPHQW�OH�FDV�GH�WXEHV�GH�VHFWLRQV�GLIIpUHQWHV��DYHF�RXVDQV�DLOHWWHV��XQ�WXEH�URQG�GH�GLDPqWUH�'�D�XQ� 6 GH�S'��XQ�WXEH�FDUUp�GH�FRWp�D��XQ� 6 GH��D�«�
/H�V\VWqPH�GHYLHQW�DORUV �� � �

� � �
P &S G7G[ . 7 7
P &S G7G[ . 7 7

I I I I I S I
F F F F F S F

 ¦ �
 ¦ �

­®°°°̄° >$@
&KHUFKRQV�j�pOLPLQHU� 7S GH�QRWUH�H[SUHVVLRQ�
&RPPH�LO�\�D�FRQVHUYDWLRQ�GH�O·pQHUJLH��SUHPLHU�SULQFLSH�DSSOLTXp�DX�V\VWqPH�JOREDO���RQ�SHXW�pFULUH �> @ � �IFJ 77.�G[G �¦ I >%@TXL�QH�IDLW�SOXV�LQWHUYHQLU� 7S PDLV�ELHQ�7F HW�7I DLQVL�TXH�OH�IDFWHXU� > @¦. J FDUDFWpULVDQW�O·pFKDQJH�JOREDOHQWUH�OHV�GHX[�IOXLGHV�
&H�IOX[�SHXW�HQFRUH�V·pFULUH�SRXU�FKDFXQ�GHV�IOXLGHV �
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IIIFFF G7&SPG7&SPG ��  � I >&@VRLW�HQFRUH �77�.G[�77�.G[G FSFFISII �¦� �¦ I >'@
([SULPRQV�OHV�pFDUWV�GH�WHPSpUDWXUH�VXU�FKDFXQ�GHV�IOXLGHV �

IIIS
FFSF

.G[ G�77� .G[ G�77�
¦I � ¦I � >(@

(Q�VRPPDQW�FHV�GHX[�H[SUHVVLRQV�RQ�REWLHQW �
»¼º«¬ª ¦�¦I ¦I�¦I � IIFFIIFFIF .G[ �.G[ �G.G[ G.G[ G�77�

3DU�LGHQWLILFDWLRQ�DYHF�>%@�RQ�D�GRQF �� > @¦  
¦ � ¦ª¬« º¼»

.
. .J

F F I I
�� �

HW�DORUV�OH�V\VWqPH�GHYLHQW �
> @> @� � �

� � �
P &S G7G[ . 7 7
P &S G7G[ . 7 7

I I I J F I
F F F J I F

 ¦ �
 ¦ �

­®°°°̄° >)@
$UULYp�HQ�FH�SRLQW��OD�PRGpOLVDWLRQ�GX�V\VWqPH�HVW�WHUPLQpH�
',6&5(7,6$7,21
/HV�GHX[�pTXDWLRQV�pWDQW�GX�PrPH�W\SH��OD�GLVFUpWLVDWLRQ�TXL�VXLW�HVW�YDODEOH�SRXU�OHV�GHX[�IOXLGHV�/D�GLVFUpWLVDWLRQ�GDQV�O·HVSDFH�V·HIIHFWXH�SDU�H[HPSOH�HQ�FKRLVLVVDQW�XQ�SDV�G·HVSDFH�FRQVWDQW�TXL�GRQFLPSOLTXH�OD�FRQQDLVVDQFH�GHV�SRVLWLRQV�[ L GHV�GLIIpUHQWV�YROXPHV�G7G[ UHSUpVHQWH�OD�GpULYpH�GH�OD�IRQFWLRQ�7�DX�SRLQW�[��6D�YDOHXU�HVW�SDU�FRQVpTXHQW�pJDOH�j�OD�SHQWH�GH�ODWDQJHQWH�GH�OD�FRXUEH�7�HQ�[�'DQV�OD�PHVXUH�R��OH�V\VWqPH�HVW�GLVFUpWLVp�HQ�HVSDFH��O·DFFqV�j�OD�YDOHXU�GH�OD�GpULYpH�Q·HVW�DFFHVVLEOHTXH�SRXU�OHV�YDOHXUV�[ L�

7

[

WDQJHQ
WH�YUDL

H
WDQJHQ

WH�j�JD
XFKH

WDQJHQWH�
j�GURLWH

[L
[L��[ L��

)LJXUH�����6LJQLILFDWLRQ�JpRPpWULTXH�GHV�WDQJHQWHV�j�JDXFKH�HW�j�GURLWH�
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/D�PpWKRGH�G·(XOHU�FRQVLVWH�j�pFULUH�TXH� G7G[ 7 7[ [L L LL L ������2Q�QRWHUD�TXH�FHWWH�pFULWXUH�QH�IDLW�LQWHUYHQLU�SRXU�OD�GpULYpH�FDOFXOpH�HQ�L�TXH�GHV�WHUPHV�HQ�L�HW�L��GRQF�j�GURLWH�GX�SRLQW�FRQVLGpUp��2Q�SDUOH�DORUV�G·XQH�GLVFUpWLVDWLRQ�VHORQ�XQ� VFKpPD�DYDO�� /·XWLOLVDWLRQ�G·XQVFKpPD�DPRQW��GRQF�j�JDXFKH��FRQVLVWH�j�pFULUH � G7G[ 7 7[ [L L LL L ������8QH� WURLVLqPH� SRVVLELOLWp� UHYLHQW� j� FRPELQHU� FKDFXQH� GHV� GHX[� IRUPXODWLRQV� DYHF� XQ� FRHIILFLHQWSRQGpUDWHXU�H �� G7G[ 7 7[ [ 7 7[ [L L LL L L LL L �� � � ���� ��H H�� ���� �
/RUVTXH�FH�GHUQLHU�HVW�pJDO� j������ RQ�SDUOH� DORUV�GH� VFKpPD�FHQWUp� RX�GH� OD�PpWKRGH�GH� OD� WDQJHQWHDPpOLRUpH�2Q�UHPDUTXHUD�HQILQ�TXH�FHWWH�GHUQLqUH�H[SUHVVLRQ�SHUPHW�G·HQYLVDJHU�WRXV�OHV�FDV�SUpFpGHQWV��

H  � ��VFKpPD�DPRQW�H  ��� ��VFKpPD�FHQWUp�H  � ��VFKpPD�DYDO�
2Q�YRLW�GRQF�TXH�IDFH�j�XQ�REMHFWLI��LO�H[LVWH�SOXVLHXUV�SRVVLELOLWpV�GH�O·DERUGHU�
2Q� YRLW� DXVVL� VXU� OH� VFKpPD� SUpFpGHQW� �ILJXUH� ���� O·RULJLQH� GH� O·HUUHXU� GXH� j� OD� GLVFUpWLVDWLRQ� �GLIIpUHQFH�HQWUH�GpULYpH�YUDLH�HQ�[��VL�RQ�pWDLW�FDSDEOH�GH�OD�FDOFXOHU��HW�FHOOH�FDOFXOpH�DSUqV�GLVFUpWLVDWLRQ��jFHUWDLQHV�SRVLWLRQV�[ L VHXOHPHQW��HW�TXH�FHWWH�HUUHXU�HVW�G·DXWDQW�SOXV�JUDQGH�TXH� G[�HVW�JUDQG�
%LHQ�pYLGHPHQW�FHWWH�HUUHXU�GLPLQXH�DYHF� G[� �DXJPHQWDWLRQ�GX�QRPEUH�GH�SRLQWV�GH�FDOFXO�� SXLVTX
RQWHQG�YHUV�OD�YDOHXU�YUDLH��,O�\�D�GRQF�XQ�FRPSURPLV�HQWUH�OD�SUpFLVLRQ�TXH�O·RQ�UHFKHUFKH�HW�OH�WHPSV�GH�FDOFXOGLUHFWHPHQW�SURSRUWLRQQHO�DX�QRPEUH�GH�SRLQWV�j�WUDLWHU�
6L�RQ�DSSOLTXH�j�QRWUH�FDV�XQH�GLVFUpWLVDWLRQ�GH� W\SH�(XOHU� DYHF�XQ� VFKpPD�DYDO�� O·pTXDWLRQ�GH�GpSDUW

V·pFULW�GpVRUPDLV �� > @7 7[ [ .P &S 7 7LI LIL L JI I LF LI�� ��  ¦ ��� � � �
5(62/87,21
3XLVTXH� OH� V\VWqPH� HVW� D[L�V\PpWULTXH� FHWWH� pTXDWLRQ� HVW� YDODEOH� TXHOOH� TXH� VRLW� OD� YDOHXU� GH� L� GRQFTXHOOH�TXH�VRLW� OD�SRVLWLRQ�GX�YROXPH�GDQV� O·pFKDQJHXU��(OOH� O·HVW�GRQF�SRXU� OH�SUHPLHU�SRLQW� �[ ���  !� L ���TXLV·pFULW� > @7 7[ [ .P &S 7 7I I JI I F I� �� � � ���  ¦ �� � � >*@
&HWWH�H[SUHVVLRQ� IDLW� DSSDUDvWUH� OHV� YDOHXUV� 7I F� �HW�7 TXL� UHSUpVHQWHQW� OHV� WHPSpUDWXUHV�G·HQWUpH�GHVIOXLGHV�GDQV�O·pFKDQJHXU��GRQF�IDLVDQW�SDUWLH�GHV�GRQQpHV�GX�SUREOqPH��/·pTXDWLRQ�QH�IDLW�SOXV�LQWHUYHQLU�DORUVTXH�OD�VHXOH�LQFRQQXH� 7I� TXH�O·RQ�SHXW�FDOFXOHU�/D� PrPH� GpPDUFKH� VXU� O·DXWUH� IOXLGH� SHUPHW� GH� FRQQDvWUH� OHV� GHX[� YDOHXUV� GH� WHPSpUDWXUH� GDQV� OHSUHPLHU�YROXPH�� 7I� HW� 7F� ��/RUVTXH�FHWWH�RSpUDWLRQ�HVW�HIIHFWXpH�PDLQWHQDQW�VXU�OH�YROXPH�Q����RQ�VH�UHWURXYH�GDQV�OH�PrPH�FDVTXH�SUpFpGHPPHQW� �XQH�pTXDWLRQ��XQH� LQFRQQXH��HW�RQ�SHXW�DLQVL��GH�SURFKH�HQ�SURFKH�� FDOFXOHU� OH� SURILO�GHWHPSpUDWXUH�GHV�GHX[�IOXLGHV�SRXU�OD�WRWDOLWp�GH�O·pFKDQJHXU�'HYDQW�OD�VLPSOLFLWp�GHV�pTXDWLRQV�PLVHV�HQ�MHX��OD�UpVROXWLRQ�QXPpULTXH�HVW�WULYLDOH�HW�SHXW�rWUH�PHQpHDYHF�XQ�WDEOHXU�
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6,08/$7,21
/HV�UpVXOWDWV�TXH�O·RQ�REWLHQW�VRQW�SDU�H[HPSOH�FHX[�SUpVHQWpV�GDQV�OD�FRXUEH�VXLYDQWH��ILJXUH����
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)LJXUH����([HPSOH�GH�UpVXOWDWV�GH�VLPXODWLRQ��pYROXWLRQ�GHV�WHPSpUDWXUHV�GH�IOXLGH�
'DQV�OD�PHVXUH�R��RQ�D�FDOFXOp�OD�WHPSpUDWXUH�GH�FKDFXQ�GHV�IOXLGHV�HQ�VRUWLH�G·pFKDQJHXU��RQ�SHXW�GRQFFDOFXOHU� OHV� SXLVVDQFHV� PLVHV� HQ� MHX� SDU� O·pFKDQJHXU� SRXU� FKDFXQ� GHV� IOXLGHV� �ILJXUH� ��� HW� V
DVVXUHU� DLQVLTXHOOHV�VRQW�ELHQ�pJDOHV�DX�FRXUV�GH�OHXU�WUDYHUVpH��YpULILFDWLRQ�PRGqOH��

3XLVVDQFHV��N:�
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3XLVV�FKDXG3XLVV�IURLG
[��P�

)LJXUH����(YROXWLRQ�GHV�SXLVVDQFHV�pFKDQJpHV�DX�FRXUV�GH�OD�WUDYHUVpH�GH�O
pFKDQJHXU�
8Q�PDXYDLV�FKRL[�GH�OD�YDOHXU�GH� G[�SHXW�FRQGXLUH�j�GHV�LQVWDELOLWpV�QXPpULTXHV��GXHV�j�XQH�HUUHXU�GHGLVFUpWLVDWLRQ�WURS�LPSRUWDQWH��TXL�DPqQH�OH�V\VWqPH�j�GLYHUJHU�'DQV�OHV�ILJXUHV�TXL�VXLYHQW����HW�����SRXU�XQ�PrPH�pFKDQJHXU��OD�YDOHXU�GH� G[�GDQV�OH�SUHPLHU�FDV�HVWGH���FP� ����SRLQWV�GH�FDOFXO�� HW�GDQV� OH�GHX[LqPH�FDV�GH�����FP� ���� SRLQWV�GH� FDOFXO���'DQV� OD� ILJXUH� �� OHV\VWqPH�FRPPHQFH�j�GLYHUJHU�SXLV�VH�VWDELOLVH�DORUV�TXH�GDQV� OH�VHFRQG�FDV�� LO�UHVWH�VWDEOH�WRXW�DX� ORQJ�GHO·pFKDQJHXU�
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)LJXUH�����,OOXVWUDWLRQ�GH�OD�GLYHUJHQFH�QXPpULTXH�
6L� RQ� SRXUVXLW� HW� TXH� O·RQ� DWWULEXH� OD� YDOHXU� GH� ��� FP� j� G[� ���� SRLQWV� GH� FDOFXO�� RQ� REWLHQW� DORUV� XQV\VWqPH�WRWDOHPHQW�GLYHUJHQW�DYHF�GHV�YDOHXUV�GH�WHPSpUDWXUH�VDQV�DXFXQH�VLJQLILFDWLRQ�
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)LJXUH����6\VWqPH�QXPpULTXH�LQVWDEOH��YRLUH�FKDRWLTXH�
(;(03/(�'
(78'(�'(�6(16,%,/,7(�3$5$0(75,48(
,O� HVW� FODLU� �FI� FRXUV� 7UDQVIHUW� 7KHUPLTXH�� TXH� OH� FDOFXO� GHV� FRHIILFLHQWV� G·pFKDQJH� GpSHQGV� GHVFRQGLWLRQV� G·pFRXOHPHQW� �YLWHVVH� GRQF� GpELW�� QDWXUH� GX� IOXLGH�� WHPSpUDWXUH�� GLPHQVLRQV� JpRPpWULTXHV� GHO·pFKDQJHXU������HW�TXH�O·RQ�FDOFXOH�SDU�OH�ELDLV�GHV�QRPEUHV� DGLPHQVLRQQHOV�GH�5H\QROGV�� 3UDQWO�HW�1XVVHOW�
1pDQPRLQV�GDQV�GHV�FRQGLWLRQV�W\SLTXHV�GH�SURGXFWLRQ�GH�IURLG�RQ�SHXW�UHWHQLU�OHV�RUGUHV�GH�JUDQGHXUVVXLYDQWV �

)OXLGH &KDQJHPHQW�GH�SKDVH�FRQGHQVDWLRQ�pYDSRUDWLRQ� (DXRX�HDX�JO\FROpH *D]��DLU�
&RHIILFLHQWG·pFKDQJH�:�P��.�

3OXVLHXUV�PLOOLHUV 3OXVLHXUV�FHQWDLQHV�jTXHOTXHV�PLOOLHUV 4XHOTXHV�GL]DLQHV
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6XSSRVRQV� TXH� O·XQ� GHV� IOXLGHV� VRLW� GH� O·DLU� �. F ��� :�P��.��� 5HJDUGRQV� O·LQIOXHQFH� GH� OD� TXDOLWp� GHO·pFKDQJH� GH� O·DXWUH� IOXLGH� VXU� OH� FRPSRUWHPHQW� GH� O·pFKDQJHXU��2Q� REWLHQW� OHV� UpVXOWDWV� VXLYDQWV� SRXU� GHVYDOHXUV�GH�����������HW������:�P ��.�FRQFHUQDQW�.I
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����:�Pï.�����:�Pï.�����:�Pï.

7���&�

[��P�
)LJXUH����(WXGH�GH�OD�VHQVLELOLWp�SDUDPpWULTXH�GX�FRHIILFLHQW�G
pFKDQJH�OH�SOXV�JUDQG

2Q�YRLW�DX�WUDYHUV�GH�FHW�H[HPSOH�TXH�VL� O·RQ�YHXW�DXJPHQWHU� OHV�SHUIRUPDQFHV�GH� O·pFKDQJHXU�� LO� HVWLQXWLOH�G·DJLU�VXU�OH�IOXLGH�SRVVpGDQW�OHV�PHLOOHXUHV�TXDOLWpV�GH�WUDQVIHUW�
'DQV� OD� PHVXUH� R�� OH� FRHIILFLHQW� G·pFKDQJH� LQWHUYLHQW� WRXMRXUV� HQ� IDFWHXU� GH� OD� VXUIDFH� GDQV� OHVpTXDWLRQV�� LO� HVW� SDU� FRQVpTXHQW� LQXWLOH� GH� FKHUFKHU� j� DXJPHQWHU� FHOOH� GX� FRWp� GX� IOXLGH� TXL� SRVVqGH� OHVSURSULpWpV� GH� WUDQVIHUW� OHV� SOXV� LQWpUHVVDQWHV�� (Q� UHYDQFKH� FHOD� PRQWUH� TX·LO� IDXW� DX� FRQWUDLUH� SULYLOpJLHUO·DXWUH� IOXLGH�� &·HVW� OD� UDLVRQ� SRXU� ODTXHOOH�� TXDQG� XQ� pFKDQJHXU� IDLW� LQWHUYHQLU� GH� O·DLU� FRPPH� IOXLGH�� F·HVWWRXMRXUV�FH�F{Wp�TXL�HVW�PXQL�G·DLOHWWHV��UDGLDWHXU�VXU�XQH�YRLWXUH�� DpURUpIULJpUDQW�����
7RXMRXUV� DYHF� OH� PrPH� H[HPSOH� �. F ���:�P��.�� HW� HQ� SUHQDQW� XQH� YDOHXU� GH� �����:�P ��.� SRXU� .I�VXSSRVRQV� TXH� O·DGMRQFWLRQ� G·DLOHWWHV� PXOWLSOLH� SDU� XQ� IDFWHXU� ��� OD� VXUIDFH� RIIHUWH� j� O·DLU�� OD� FRPSDUDLVRQSUHQG�DORUV�OD�IRUPH�VXLYDQWH �
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2Q�SRXUUDLW�FRPPH�FHOD�PXOWLSOLHU�OHV�HQVHLJQHPHQWV�TXH�O·RQ�SRXUUDLW�WLUHU�GH�O·RXWLO�TXL�D�pWp�FUpp�
9RLFL�SDU�H[HPSOH�TXHOTXHV�LGpHV�SRXU�FRPSOpWHU�FH�WUDYDLO��

x ,QWpJUHU�GDQV�OH�PRGqOH�OH�FDOFXO�GHV�FRHIILFLHQWV�G·pFKDQJH�HQ�IRQFWLRQ�GX�GpELW�HW�GH�YRWUHW\SH�GH�YHLQH�IOXLGH�x 3UHQGUH�HQ�FRPSWH�OHV�WUDQVIHUWV�GH�FKDOHXU�GH�O·pFKDQJHXU�DYHF�O·DPELDQFHx 3UHQGUH�HQ�FRPSWH�OH�WUDQVIHUW�WKHUPLTXH�GDQV�OD�SDURL�G·pFKDQJH�x 6LPXOHU�XQ�pFKDQJHXU�IRQFWLRQQDQW�j�FRQWUH�FRXUDQW�x 6LPXOHU� XQ� pFKDQJHXU� R�� LQWHUYLHQQHQW� j� OD� VXLWH� GLIIpUHQWHV� FRQGLWLRQV� G·pFRXOHPHQW�GpVXUFKDXIIH��FRQGHQVDWLRQ�HW�VRXV�UHIURLGLVVHPHQW��GDQV�XQ�FRQGHQVHXU�SDU�H[HPSOH�x ���
8QH�FRSLH�LQIRUPDWLTXH�GX�GRFXPHQW�GH�FRXUV�HVW�WpOpFKDUJHDEOH�VXU� KWWS���MF�FDVWDLQJ�IUHH�IU�/H�ILFKLHU�H[FHO�GH�FHWWH�VpDQFH�HVW�GLVSRQLEOH�DX�WpOpFKDUJHPHQW�j�OD�PrPH�DGUHVVH�
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6pDQFH�Q��
$ILQ�GH�FRPSOpWHU�OH�SUHPLHU�WUDYDLO�HIIHFWXp�VXU�XQ�pFKDQJHXU�VLPSOH��VpDQFH�Q����QRXV�DOORQV�pWXGLHUOD�UpSDUWLWLRQ�VSDWLDOH�GHV�WHPSpUDWXUHV�GDQV�XQ�pFKDQJHXU�FR�FRXUDQW�IDLVDQW� LQWHUYHQLU�GHX[�IOXLGHV�GRQWO·XQ�VXELW�XQ�FKDQJHPHQW�GH�SKDVH�3RXU� FRQFUpWLVHU� FHW� REMHFWLI�� FKRLVLVVRQV� XQ� FRQGHQVHXU� GDQV� OHTXHO� V·HIIHFWXH� WRXW� G·DERUG� XQHGpVXUFKDXIIH�GHV�YDSHXUV�LVVXHV�GX�FRPSUHVVHXU�MXVTX·j�OD�WHPSpUDWXUH�GH�VDWXUDWLRQ��SXLV�XQ�FKDQJHPHQW�GHSKDVH��FRQGHQVDWLRQ ��SDVVDJH�GH�YDSHXU�VDWXUpH�j�OLTXLGH�VDWXUp��HW�HQILQ�OH�VRXV�UHIURLGLVVHPHQW�GX�OLTXLGH�&RQFHUQDQW�OHV�GHX[�© H[WUpPLWpV ª��VRXV�UHIURLGLVVHPHQW�HW�GpVXUFKDXIIH���OD�PpWKRGH�D�GpMj�pWp�YXHOD�IRLV�SUpFpGHQWH�HW�QH�FRQVWLWXH�GRQF�SDV�XQ�SUREOqPH�1RXV�SUHQGURQV�SDU��K\SRWKqVH�TXH��x /H�FKDQJHPHQW�GH�SKDVH�V·HIIHFWXH�j�WHPSpUDWXUH�FRQVWDQWH�x /H�WLWUH�HQ�YDSHXU��RX�HQ�OLTXLGH��pYROXH�OH�ORQJ�GH�O·pFKDQJHXU�

7UDYDLO�j�HIIHFWXHU �
x (WDEOLU�O·pTXDWLRQ�GLIIpUHQWLHOOH�WUDGXLVDQW�OH�FKDQJHPHQW�GH�SKDVHx 5pVRXGUH�VXFFHVVLYHPHQW�OHV�WURLV�pFKDQJHV�GDQV�OHV�FRQGLWLRQV�VXLYDQWHV �
&RQGLWLRQV�GH�IRQFWLRQQHPHQW �x )OXLGH�IULJRSRUWHXU HDXx 7HPSpUDWXUH�G·HQWUpH ���&x 'pELW ����NJ�V
x )OXLGH�IULJRULJqQH 5��x 7HPSpUDWXUH�GH�FRQGHQVDWLRQ ���&x 7HPSpUDWXUH�GH�UHIRXOHPHQW�GX�FRPSUHVVHXU ����&x 'pELW �����NJ�Vx &KDOHXU�ODWHQWH�GH�YDSRULVDWLRQ�j����& �������-�NJx &DSDFLWp�FDORULILTXH��&S��j����& *D] ������-�NJ�.x /LTXLGH �������-�NJ�.
&RQGLWLRQV�UHODWLYHV�DX[�pFKDQJHV�GH�FKDOHXUx (DX ����:�P��.x 5���SKDVH�YDSHXU ���:�P��.x 5���FRQGHQVDWLRQ �����:�P��.x 5���SKDVH�OLTXLGH ����:�P��.
3URSULpWpV�JpRPpWULTXHV�GH�O·pFKDQJHXU �x 6XUIDFH�VSpFLILTXH�FRWp�HDX ����P��Px 6XUIDFH�VSpFLILTXH�FRWp�5�� ����P��P

5pSRQGH]�DX[�TXHVWLRQV�VXLYDQWHV �
� 4XHOOH�HVW�OD�YDOHXU�GX�VRXV�UHIURLGLVVHPHQW�DYHF�XQ H�ORQJXHXU�G·pFKDQJHXU�GH���P�� 4XHOOHV� SURSRUWLRQV� GH� O·pFKDQJHXU� FRQFHUQHQW �OD� GpVXUFKDXIIH�� OD� FRQGHQVDWLRQ� HW� OH� VRXV�UHIURLGLVVHPHQW�� &DOFXOHU�OD�UpSDUWLWLRQ�GHV�SXLVVDQFHV�pFKDQJpHV�GDQV�FHV�WURLV�]RQHV�OH�ORQJ�GH�O·pFKDQJHXU�� 4XH� GHYLHQQHQW� FHV� UpVXOWDWV� ORUVTXH� OD� WHPSpUDWXUH� G·HQWUpH� GH� O·HDX� GHYLHQW� ���&� SXLV� ��� �&�FRQGLWLRQV�G·pWp�� &RQFOXVLRQV
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� 4XH� VH� SDVVH� W·LO� VL� O·RQ� HQYLVDJH� G·HIIHFWXHU� XQ� FKDQJHPHQW� GH� IOXLGH� HQ� UHPSODoDQW� OH� 5��� SDU� GX5���D "x &KDOHXU�ODWHQWH�GH�YDSRULVDWLRQ�j����& �������-�NJx &DSDFLWp�FDORULILTXH��&S��j����& *D] �����-�NJ�.x /LTXLGH ������-�NJ�.
8QH�FRSLH�LQIRUPDWLTXH�GX�GRFXPHQW�HVW�WpOpFKDUJHDEOH�VXU� KWWS���MF�FDVWDLQJ�IUHH�IU�
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6pDQFH�Q��'HV�GHQUpHV�SpULVVDEOHV�VRQW�LQWURGXLWHV�GDQV�XQ�FRQWHQHXU�PXQL�G·XQ�V\VWqPH�GH�SURGXFWLRQ�GH�IURLGG·XQH�SXLVVDQFH�3��&H�FRQWHQHXU�HVW�HQVXLWH�YpKLFXOp�SHQGDQW�SOXVLHXUV�MRXUV�GDQV�GHV�SD\V�R��OHV�DPELDQFHVVRQW� WRWDOHPHQW� GLIIpUHQWHV�� /·REMHFWLI� HVW� GH� UpDOLVHU� XQ� RXWLO� GH� VLPXODWLRQ� SHUPHWWDQW� G·RSWLPLVHU� OHFRXSODJH�HQWUH�OH�FRQWHQHXU�HW�OH�JURXSH�GH�SURGXFWLRQ�GH�IURLG�IDFH�j�XQ�EXW�IL[p�
+\SRWKqVHV�HW�GRQQpHV�'LPHQVLRQV�FRQWHQHXU � �P�[��P�[��P0DVVH�GHQUpHV � �������NJ&DSDFLWp�pTXLYDOHQWH�GHQUpHV � ����-�NJ�.7HPSpUDWXUH�LQLWLDOH�GHQUpHV�HW�FRQWHQHXU � ����&&RHIILFLHQW�G·pFKDQJH�FRQYHFWLI�H[WHUQH � ���:�P��.&RHIILFLHQW�G·pFKDQJH�FRQYHFWLI�LQWHUQH � ���:�P��.
/·pSDLVVHXU�GH�O·LVRODQW�Q·LQWHUYLHQW�SDV�GDQV�OD�VXUIDFH�G·pFKDQJH�� 6LQWa6H[W�/H�FRQWHQHXU�Q·LQWHUYLHQW�SDV�GDQV�O·pYROXWLRQ�GX�V\VWqPH��PDVVH�QpJOLJHDEOH�
7UDYDLO�j�HIIHFWXHU �x 'pPRQWUHU�TXH�O·pTXDWLRQ�GLIIpUHQWLHOOH�SHUPHWWDQW�GH�UHQGUH�FRPSWH�GH�O·pYROXWLRQ�GHV�GHQUpHV�DXFRXUV�GX�WHPSV�HVW�GH�OD�IRUPH � > @ � �0& G7GW 3 .6 7 7S J DPE � � �x 6LPXOHU�OH�FRPSRUWHPHQW�GX�V\VWqPH�HW�UpSRQGUH�DX[�TXHVWLRQV�VXLYDQWHV �x 4XHOOH� VHUDLW� OD� SXLVVDQFH�GH�SURGXFWLRQ�GH�IURLG�j� LQVWDOOHU�SRXU� FRQVHUYHU� OHV� GHQUpHV� j� ����&�GDQV�XQ�FRQWHQHXU�QRQ�LVROp��SODFp�GDQV�XQH�DPELDQFH�j����&�x 4XH�GHYLHQGUDLW�FHWWH�SXLVVDQFH�VL�RQ�PHW�HQ�±XYUH�VXFFHVVLYHPHQW�XQH� LVRODWLRQ�GH���FP���FP�HW����FP�GH�ODLQH�GH�YHUUH��FRQGXFWLYLWp �������:�P�.�x 'pWHUPLQHU� OD� SXLVVDQFH� PLQLPDOH� j� LQVWDOOHU� SRXU� TXH� OHV� GHQUpHV� QH� GpSDVVHQW� SDV� ODWHPSpUDWXUH� FULWLTXH� GH� ����&� GDQV� XQH� DPELDQFH� GRQW� OD� WHPSpUDWXUH� YDULH� FRPPH� VXLW� HWDYHF� XQ� FRQWHQHXU� SUpVHQWDQW� XQH� LVRODWLRQ� GH� ��� FP� GH� ODLQH� GH� YHUUH� �FRQGXFWLYLWp �� ����:�P�.��HW�LQLWLDOHPHQW�j�����&�

7���&� 7���&�MRXU�Q�� �� MRXU�Q�� ��QXLW�Q�� �� QXLW�Q�� ��MRXU�Q�� �� MRXU�Q�� ��QXLW�Q�� �� QXLW�Q�� ��MRXU�Q�� �� MRXU�Q�� ��QXLW�Q�� �� QXLW�Q�� ��MRXU�Q�� �� MRXU�Q�� ��QXLW�Q�� �� QXLW�Q�� ��MRXU�Q�� �� MRXU�Q��� ��QXLW�Q�� �� QXLW�Q��� ��
x 9RXV� FKRLVLVVH]� GH� SUHQGUH� XQH� PDUJH� GH� VpFXULWp� HW� VXUGLPHQVLRQQH]� YRWUH� SXLVVDQFH� GHSURGXFWLRQ�GH�IURLG�GH�������4XHOOH�HVW� O·pYROXWLRQ�GH� OD�WHPSpUDWXUH�GHV�GHQUpHV�GDQV�FHVFRQGLWLRQV "x (WDEOLVVH]�OD�UpJXODWLRQ��7RXW�RX�5LHQ��GX�V\VWqPH�SRXU�PDLQWHQLU�OD�WHPSpUDWXUH�GHV�GHQUpHVj�XQH�FRQVLJQH�GRQQpH�x $�PLQXLW�GX��LqPH MRXU��YRWUH�JURXSH�WRPEH�HQ�SDQQH��'H�FRPELHQ�GH�WHPSV�GLVSRVH]�YRXV�SRXUOH�UHPHWWUH�HQ�PDUFKH�DYDQW�TXH�YRXV�QH�GpSDVVLH]�OD�WHPSpUDWXUH�FULWLTXH�GH�����&�
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