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LFH DQG XUDQ\O QLWUDWH KH[DK\GUDWH ZHUH DFFXUDWHO\ GHILQHG� $ QHZ K\GUDWH ZLWK �� PROHFXOHV RI

ZDWHU GHFRPSRVHV DW −��R& DFFRUGLQJ WR WKH SHULWHFWR�G UHDFWLRQ
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$ FRPSOHWH FDOFXODWLRQ RI WKH ELQDU\ V\VWHP ZDV FDUULHG RXW ZLWK D JOREDO LRQLF K\GUDWLRQ

QXPEHU K HTXDO WR � LQ WKH DTXHRXV VROXWLRQV� ,W DOORZHG WR WKH PHOWLQJ HQWKDOSLHV RI XUDQ\O QLWUDWH

K\GUDWHV�

.H\ZRUGV� OLTXLGXV FXUYH PRGHOOLQJ� SKDVH GLDJUDP� TXDVL LGHDO PRGHO� XUDQ\O QLWUDWH

,QWURGXFWLRQ

/H QLWUDWH G¶XUDQ\OH 82��12��� HVW XQ SURGXLW GH EDVH GH OD V\QWKþVH GHV R[\GHV
G¶XUDQLXP GH SXUHWp QXFOpDLUH TXH O¶RQ SHXW REWHQLU IDFLOHPHQW SDU GpFRPSRVLWLRQ
WKHUPLTXH GHV SHUR[\GHV G¶XUDQLXP K\GUDWpV 82�⋅Q+�2� &HV FRPSRVpV LQWHU�
PpGLDLUHV� DVVH] PDO FRQQXV� FULVWDOOLVHQW GDQV OHV VROXWLRQV QLWULTXHV GH SHUR[\GH
G¶K\GURJþQH HW GH QLWUDWH G¶XUDQ\OH� /D GpWHUPLQDWLRQ GHV FRQGLWLRQV UDWLRQQHOOHV GH
OHXU SUpFLSLWDWLRQ QpFHVVLWH OD FRQQDLVVDQFH GHV pTXLOLEUHV VROLGH−OLTXLGH GX V\VWþPH
TXDWHUQDLUH UpFLSURTXH +�2−82��12���� +�2��82�� ��+12���

$X GHVVXV GH OD WHPSpUDWXUH DPELDQWH� OHV VROXWLRQV DTXHXVHV GH SHUR[\GH G¶K\�
GURJþQH HW G¶DFLGH QLWULTXH QH IRUPHQW SDV GH SKDVHV VROLGHV HW OH SHUR[\GH G¶XUD�
QLXP DQK\GUH� TXL Q¶D MDPDLV pWp LVROp� HVW WUþV SHX VROXEOH GDQV O¶HDX� /H V\VWþPH
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ELQDLUH +�2−82��12��� SUpVHQWH HQ UHYDQFKH GHV pTXLOLEUHV VROLGH−OLTXLGH GDQV OH
GRPDLQH GH WHPSpUDWXUH H[SORLWDEOH� 6RQ pWXGH D pWp UHSULVH HQWUH −�� HW ���R& HW
O¶HQVHPEOH GHV UpVXOWDWV H[SpULPHQWDX[ D pWp VRXPLV � XQH DQDO\VH FULWLTXH SDU
PRGpOLVDWLRQ GHV pTXLOLEUHV HQWUH SKDVHV�

$QDO\VH�ELEOLRJUDSKLTXH

/H ELQDLUH +�2−82��12��� D IDLW O¶REMHW G¶XQ JUDQG QRPEUH GH SXEOLFDWLRQV� UH�
JURXSpHV HW DQDO\VpHV SDU 6DORPRQ >�@� TXL D DLQVL SURSRVp XQ GLDJUDPPH SRO\WKHU�
PLTXH GH FH V\VWþPH GH −�� � ���R&� /HV WHPSpUDWXUHV HW OHV FRPSRVLWLRQV GHV
SKDVHV OLTXLGHV HQ pTXLOLEUH SRXU FKDFXQH GHV WUDQVIRUPDWLRQV LQYDULDQWHV LVREDUHV
VRQW UHJURXSpHV GDQV OH 7DEOHDX �� /H GLDJUDPPH PRQWUH O¶H[LVWHQFH GH TXDWUH K\�
GUDWHV WKHUPRG\QDPLTXHPHQW VWDEOHV�

82��12���⋅+�2� 82��12���⋅�+�2� 82��12���⋅�+�2 HW 82��12���⋅�+�2

3DU DLOOHXUV OD IRUPDWLRQ G¶XQ K\GUDWH � �� PROpFXOHV G¶HDX D pWp VLJQDOpH >�@
PDLV FHWWH HVSþFH Q¶D MDPDLV pWp LVROpH� &HW K\GUDWH VHUDLW VXVFHSWLEOH G¶DSSDUDvWUH
VSRQWDQpPHQW YHUV −��R& SXLV GH VH GpFRPSRVHU � −��R&�

/HV GL� HW WULK\GUDWH GX QLWUDWH G¶XUDQ\OH VH IRUPHQW SDU VLPSOH GpVK\GUDWDWLRQ �

O¶DLU GX QLWUDWH G¶XUDQ\OH KH[DK\GUDWp PDLV OH VHO DQK\GUH HW OH PRQRK\GUDWH QH SHX�
YHQW 
WUH REWHQXV TXH SDU YRLH FKLPLTXH LQGLUHFWH RX SDU GpVK\GUDWDWLRQ VRXV SUHV�
VLRQ UpGXLWH�

6RXV OD SUHVVLRQ DWPRVSKpULTXH� OHV GRPDLQHV GH FULVWDOOLVDWLRQ GX VHO DQK\GUH HW
GX PRQRK\GUDWH Q¶RQW SDV pWp GpILQLV� FDU XQH GpFRPSRVLWLRQ QLWUHXVH VH SURGXLW GþV
���R&� 7RXWHIRLV FHV GHX[ FRPSRVpV RQW pWp LVROpV HW LGHQWLILpV� &HWWH GpFRPSRVL�
WLRQ� REVHUYpH SDUDOOþOHPHQW � OD GpVK\GUDWDWLRQ� SHXW 
WUH H[SOLTXpH SDU OD VWUXFWXUH
FULVWDOOLQH GHV K\GUDWHV GX QLWUDWH G¶XUDQ\OH� /HV GHX[ JURXSHPHQWV QLWUDWH HW GHX[

7DEOHDX � 7UDQVIRUPDWLRQV LQYDULDQWHV LVREDUHV GX V\VWþPH +�2−82��12���

7�.
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GHV VL[ PROpFXOHV G¶HDX GX QLWUDWH G¶XUDQ\OH KH[DK\GUDWp VRQW OLpV GH PDQLþUH FRYD�
OHQWH >�� �@ � O¶DWRPH G¶XUDQLXP SDU O¶LQWHUPpGLDLUH GH OHXUV DWRPHV G¶R[\JþQH
�)LJ� ��� FH TXL MXVWLILH OD IRUPXOH VHPL�GpYHORSSpH >82��12���⋅�+�2��@⋅�+�2� /HV
TXDWUH GHUQLþUHV PROpFXOHV G¶HDX Q¶HQWUHQW SDV GDQV OD VSKþUH GH FRRUGLQDWLRQ GH
O¶XUDQLXP HW VRQW UHOLpHV SDU GHV OLDLVRQV K\GURJþQH� /HV WUL� HW GLK\GUDWH GX QLWUDWH
G¶XUDQ\OH >�−�@ FRQVHUYHQW OH PRWLI GH EDVH HW VRQW GRQF IDFLOHPHQW REWHQXV SDU VLP�
SOH GpVK\GUDWDWLRQ� /¶pOLPLQDWLRQ GHV GHX[ GHUQLþUHV PROpFXOHV SDU FKDXIIDJH SHU�
WXUEH IRUWHPHQW O¶HQYLURQQHPHQW GH O¶DWRPH G¶XUDQLXP HW HQWUDvQH OD GpFRPSRVLWLRQ�

'HV WUDYDX[ UpFHQWV VXU OH QLWUDWH G¶XUDQ\OH PRQRK\GUDWp >�� �@� SDU VSHFWUR�
VFRSLH ,5 HW 501� VXJJþUHQW TXH OHV JURXSHPHQWV QLWUDWHV UHVWHQW ELGHQWpV � O¶DWRPH
G¶XUDQLXP HW TXH OD PROpFXOH G¶HDX HVW OLpH SDU XQH IRUWH OLDLVRQ K\GURJþQH DX[
DWRPHV G¶R[\JþQH WHUPLQDX[ GHV JURXSHPHQWV QLWUDWH VHORQ OH PRGþOH GH OD )LJ� ��

0pWKRGHV�H[SpULPHQWDOHV

/HV PHVXUHV GH VROXELOLWp GX QLWUDWH G¶XUDQ\OH KH[DK\GUDWp RQW pWp HIIHFWXpHV �
O¶DLGH G¶XQH PpWKRGH V\QWKpWLTXH >�−��@ TXL FRQVLVWH � DMRXWHU SURJUHVVLYHPHQW GH
O¶HDX � XQ PpODQJH VDWXUp HQ VHO HW � VXLYUH� LQ VLWX� O¶pYROXWLRQ G¶XQH SURSULpWp SK\�
VLTXH GH OD VROXWLRQ� 'HX[ WHFKQLTXHV RQW pWp XWLOLVpHV � OD S+ PpWULH HW OD FRQGXF�
WLPpWULH DXWRPDWLVpH >��@� /H S+ HW OD UpVLVWLYLWp VRQW FRQVWDQWV GDQV OH GRPDLQH
GLSKDVp� /H SDOLHU DLQVL REWHQX HVW VXLYL G¶XQH FRXUEH QRQ OLQpDLUH TXL FRUUHVSRQG �
OD GLOXWLRQ GH OD VROXWLRQ VDWXUpH� /D OLPLWH GH FHV GHX[ GRPDLQHV GpILQLW OD YDOHXU GH
OD VROXELOLWp�

$ILQ GH FDUDFWpULVHU OHV WUDQVIRUPDWLRQV LQYDULDQWHV LVREDUHV GX V\VWþPH� GHV PH�
VXUHV G¶DQDO\VH WKHUPLTXH GLUHFW RQW pWp HIIHFWXpHV � O¶DLGH G¶XQ HQWKDOSLPþWUH � IOX[
FRQWU{Op >��@� � KDXW SRXYRLU GH UpVROXWLRQ� /HV HQWKDOSLHV GH FKDQJHPHQW GH SKDVHV
RQW pWp GpWHUPLQpHV SDU FDORULPpWULH GLIIpUHQWLHOOH DYHF XQ DSSDUHLO 6HWDUDP
'6& ����

)LJ� � 0RWLI GH EDVH 82��12����+�2�� GX QLWUDWH G¶XUDQ\OH KH[DK\GUDWp

)LJ� � 6WUXFWXUH RFWDpGULTXH GpIRUPpH GX QLWUDWH G¶XUDQ\OH PRQRK\GUDWp
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/HV SURGXLWV XWLOLVpV VRQW O¶HDX ELGLVWLOOpH HW OH QLWUDWH G¶XUDQ\OH KH[DK\GUDWp
µ0HUFN SRXU DQDO\VH¶� /H WULK\GUDWH D pWp REWHQX DX ODERUDWRLUH� SDU GpVK\GUDWDWLRQ
SDUWLHOOH GH O¶KH[DK\GUDWH� /HV GLIIpUHQWHV SKDVHV VROLGHV RQW pWp FRQWU{OpHV SDU $7*
�6HWDUDP W\SH %��� HW VSHFWURPpWULH G¶pPLVVLRQ SODVPD �DSSDUHLO GH W\SH 6SHF�
WUDVSDQ ,9��

5pVXOWDWV�H[SpULPHQWDX[

/HV FRXUEHV GH OLTXLGXV GX WULK\GUDWH HW GH O¶KH[DK\GUDWH GX QLWUDWH G¶XUDQ\OH RQW
G¶DERUG pWp SUpFLVpHV SDU GHV PHVXUHV GH VROXELOLWp LVRWKHUPHV HQWUH � HW ���R&�
-XVTX¶� ��R& OHV GpWHUPLQDWLRQV RQW pWp HIIHFWXpHV SDU DQDO\VH S+ PpWULTXH� $X GHO�
GH FHWWH WHPSpUDWXUH O¶pOHFWURGH GRXEOH µ7DFXVVHO¶ XWLOLVpH Q¶HVW SOXV ILDEOH HW OHV PH�
VXUHV RQW pWp FRQGXLWHV SDU FRQGXFWLPpWULH DXWRPDWLVpH� /HV UpVXOWDWV REWHQXV� TXL
FRQILUPHQW HW FRPSOþWHQW OHV GRQQpHV ELEOLRJUDSKLTXHV� VRQW UHJURXSpV GDQV OH 7DE�
OHDX ��

/H GRPDLQH GH FRPSRVLWLRQ FRPSULV HQWUH O¶HDX SXUH HW O¶KH[DK\GUDWH D IDLW O¶RE�
MHW G¶XQH pWXGH V\VWpPDWLTXH SDU DQDO\VH WKHUPLTXH � IOX[ FRQWU{Op �7DEOHDX ��� /D
WHPSpUDWXUH HXWHFWLTXH� DQQRQFpH SDU OD SOXSDUW GHV DXWHXUV � −����R&� D pWp GpILQLH
� −����±� � �R&� /D FRPSRVLWLRQ GX OLTXLGH HXWHFWLTXH D pWp GpWHUPLQpH SDU XQ GLD�
JUDPPH GH 7DPPDQQ GH OD WUDQVIRUPDWLRQ �)LJ� �� TXL FRQGXLW � XQ SRXUFHQWDJH
PDVVLTXH GH ���� HQ QLWUDWH G¶XUDQ\OH�

7DEOHDX � 6\VWþPH +�2−82��12����UpVXOWDWV H[SpULPHQWDX[
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3DU DLOOHXUV� XQ VHFRQG SDOLHU GH WHPSpUDWXUH HVW DSSDUX � −����R& DX YRLVLQDJH
GH OD FRPSRVLWLRQ pTXLPDVVLTXH� /H GLDJUDPPH GH 7DPPDQQ FRUUHVSRQGDQW HVW FR�
KpUHQW DYHF XQH GpFRPSRVLWLRQ SpULWHFWR�GH G¶XQ K\GUDWH � �� PROpFXOHV G¶HDX VHORQ
OD UpDFWLRQ�

�82��12���⋅��+�2! →← �82��12���⋅�+�2! � ���+�2!

/¶HQWKDOSLH GH FHWWH WUDQVIRUPDWLRQ LQYDULDQWH� GpWHUPLQpH SDU FDORULPpWULH GLI�
IpUHQWLHOOH� D SRXU YDOHXU ���� - J−��

(QILQ� OD GpVK\GUDWDWLRQ GH O¶KH[DK\GUDWH D pWp VXLYLH SDU DQDO\VH WKHUPR�
JUDYLPpWULTXH �)LJ� ��� 7URLV H[SpULHQFHV� UpDOLVpHV VRXV EDOD\DJH G¶DUJRQ VHF RX KX�
PLGH � GHV YLWHVVHV GH FKDXIIH GH ��� HW � . PLQ−�� RQW SHUPLV GH GpILQLU GHV SDOLHUV
GH PDVVH ELHQ GLVWLQFWV UHODWLIV UHVSHFWLYHPHQW DX[ WUL�� GL� HW PRQRK\GUDWH� /H QL�
WUDWH G¶XUDQ\OH DQK\GUH D pJDOHPHQW pWp UHSpUp VDQV DPELJX�Wp� PDLV FRPPH OH PRQ�

7DEOHDX � $QDO\VH SDU HQWKDOSLPpWULH � IOX[ FRQWU{Op GX V\VWþPH +�2−82��12���

PDVV �82��12����� 7HPSpUDWXUH GHV SKpQRPþQH REVHUYpV�
R
&

J � SDOLHU SDOLHU HXWHFWLTXH IXVLRQ

���� ±���� ±���

���� ±���� ±���

���� ±���� ±���� ±����

���� ±���� ±����

���� ±���� ±����

���� ±���� ±����� ±���

���� ±���� ±����

���� ±���� ±����

)LJ� � 'LDJUDPPH GH 7DPPDQQ GHV SDOLHUV G¶LQYDULDQFH � −���� HW −��R& GDQV OH V\VWþPH
+�2−82��12���
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WUH OH 7DEOHDX �� OHV SHUWHV GH PDVVHV HQUHJLVWUpHV VRQW QRWDEOHPHQW VXSpULHXUHV DX[
YDOHXUV WKpRULTXHV� /D GpFRPSRVLWLRQ SDUWLHOOH GX FRPSRVp D pWp FRQILUPpH SDU XQ
OpJHU GpJDJHPHQW JD]HX[�

7RXV OHV UpVXOWDWV H[SpULPHQWDX[ UHODWLIV DX[ pTXLOLEUHV HQWUH SKDVHV RQW pWp UH�
SRUWpV VXU OD )LJ� ��

0RGpOLVDWLRQ

'HSXLV XQH GRX]DLQH G¶DQQpHV� XQH pWXGH WKpRULTXH GHV pTXLOLEUHV HQWUH SKDVHV D
pWp GpYHORSSpH DX ODERUDWRLUH� (OOH D FRQGXLW SURJUHVVLYHPHQW � OD PLVH DX SRLQW GX
PRGþOH TXDVL�LGpDO >��±��@ GRQW OHV UHODWLRQV WUþV JpQpUDOHV RQW pWp DSSOLTXpHV DYHF
VXFFþV � O¶pWXGH GH OD VROYDWDWLRQ GHV VHOV RX HQFRUH � FHOOH GHV DVVRFLDWLRQV GDQV OHV
VHOV IRQGXV >��@� &H PRGþOH V¶DSSXLH VXU GHX[ LGpHV GLUHFWULFHV�

• O¶LQWpJUDWLRQ GH O¶pTXDWLRQ GH 9DQ¶W +RII� pWDEOLH VWULFWHPHQW SRXU OHV pTXLOLEUHV
HQWUH SKDVHV LGpDOHV�

)LJ� � $QDO\VH WKHUPRJUDYLPpWULTXH GX FRPSRVp 82��12���⋅�+�2

7DEOHDX � $QDO\VH WKHUPRJUDYLPpWULTXH GH OD FRPSRVLWLRQ GH O¶KH[DK\GUDWH GX QLWUDWH
G¶XUDQ\OH

7UDQVIRUPDWLRQV HQYLVDJpHV

18 82��12���

3HUWH GH PDVVH UHODWLYH (FDUW�

�WKpRULTXH PR\HQQH H[SpULP�

�18⋅�+�2!
→← �18⋅�+�2!���+�2� ����� ����� ����

�18⋅�+�2!
→← �18⋅�+�2!���+�2� ����� ����� ����

�18⋅�+�2!
→← �18⋅+�2!���+�2� ����� ����� ���

�18⋅�+�2!
→← �18!���+�2� ����� ����� ���

�� 7(18 HW DO�� +�2t82��12���
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• OD GpILQLWLRQ G¶XQ PRGþOH GH VROXWLRQ EDVp VXU GHV FRQFHSWV G¶LQWHUDFWLRQV �

FRXUWH GLVWDQFH HW QH IDLVDQW LQWHUYHQLU DXFXQ SDUDPþWUH G¶DMXVWHPHQW VDQV VLJQLILFD�
WLRQ SK\VLTXH�

'pWHUPLQDWLRQ GHV SDUDPþWUHV SK\VLFR�FKLPLTXHV

/RUVTXH OD SKDVH VROLGH HVW VWRHFKLRPpWULTXH� OD FDSDFLWp GX FRPSRVp VXELW XQH
YDULDWLRQ ∆&S � VD WHPSpUDWXUH GH IXVLRQ VWDEOH RX PpWDVWDEOH 7IXVLRQ� 'DQV XQ GR�
PDLQH GH WHPSpUDWXUH OLPLWp� O¶pYROXWLRQ GH FHWWH JUDQGHXU SHXW 
WUH QpJOLJpH HW
O¶pTXDWLRQ GX OLTXLGXV SUHQG OD IRUPH VLPSOLILpH�

)LJ� � 'LDJUDPPH GHV pTXLOLEUHV VROLGH−OLTXLGH GX V\VWþPH +�2−82��12��� �7UDQVIRUPD�
WLRQV HXWHFWLTXH HW SpULWHFWR�GH�

7(18 HW DO�� +�2t82��12��� ��
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/HV JUDQGHXUV [L HW [L
R VRQW UHVSHFWLYHPHQW OHV IUDFWLRQV PRODLUHV GX FRQVWLWXDQW L

GDQV OHV SKDVHV OLTXLGH HW VROLGH HQ pTXLOLEUH� ∆+IXVLRQ
R HVW O¶HQWKDOSLH GH IXVLRQ GX

FRPSRVp � OD WHPSpUDWXUH 7IXVLRQ HW υL HVW OH FRHIILFLHQW VWRHFKLRPpWULTXH GX FRQVL�
WXDQW L GDQV OH FRPSRVp� /D UHODWLRQ ���� XQLTXHPHQW IRQFWLRQ GH OD WHPSpUDWXUH� SHXW
VH PHWWUH VRXV OD IRUPH�
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/¶DSSOLFDWLRQ GH FHV UHODWLRQV LPSOLTXH OD FRQQDLVVDQFH GHV GLIIpUHQWV FRQVWL�
WXDQWV L GH OD VROXWLRQ� 8QH pWXGH ELEOLRJUDSKLTXH >��@ PRQWUH TX¶LO VH IRUPH HQ VR�
OXWLRQ WUþV GLOXpH XQ JUDQG QRPEUH G¶HVSþFHV HQJDJpHV GDQV GHV pTXLOLEUHV
FKLPLTXHV� /HXUV FRQVWDQWHV� GpWHUPLQpHV � ��R&� UpYþOHQW TXH FHV HVSþFHV
FKLPLTXHV Q¶H[LVWHQW TX¶HQ WUþV IDLEOHV TXDQWLWpV� /HV VROXWLRQV DTXHXVHV GH QLWUDWH
G¶XUDQ\OH FRQFHQWUpHV VRQW WRXWHIRLV OpJþUHPHQW DFLGHV� LQGLTXDQW OD SUpVHQFH GH
SURWRQV K\GUDWpV� 1RXV DYRQV ILQDOHPHQW UHWHQX OHV LRQV 82�

�+� 82�2+
�� +�2

�� +�2
HW 12�

− VROYDWpV VHORQ O¶pTXLOLEUH JOREDO�

((82�
�+)) + �((12�

−)) + K((+�2)) →← ((82�2+
+DT)) + ((+�2

+DT)) + �((12�
−DT)) ���

&HWWH UpDFWLRQ HVW FRKpUHQWH DYHF O¶H[LVWHQFH� GDQV OD VWUXFWXUH FULVWDOOLQH GHV WURLV
K\GUDWHV� G¶XQ PRWLI GH EDVH WUþV VWDEOH 82��12���⋅�+�2��� /HV SKpQRPþQHV GH GLV�
VROXWLRQ VH WUDGXLVHQW SDU OD OLEpUDWLRQ GHV JURXSHPHQWV QLWUDWH HW OH UpDUUDQJHPHQW
GHV DWRPHV GHV GHX[ PROpFXOHV G¶HDX VHORQ�

�82��12���⋅�+�2��!���+�2��! →← ��82�2+
�DT�� � ��+�2

�DT������12�
− DT��

/D SUHPLþUH pWDSH GH O¶pWXGH D pWp FRQVDFUpH � O¶DQDO\VH GX QRPEUH GH VROYDWDWLRQ
JOREDO K � SDUWLU GX OLTXLGXV GH OD JODFH� 'DQV FH FDV HQ HIIHW OD IRQFWLRQ Θ(7) HVW FDO�
FXODEOH DYHF OHV JUDQGHXUV WKHUPRG\QDPLTXHV GH IXVLRQ GH OD JODFH�

∆+IXVLRQ
R = ���� - PRO−�� ∆&S = ����� - .−� PRO−� HW 7IXVLRQ ������ .

/D YDOHXU GH K HVW REWHQXH HQ IRQFWLRQ GH OD IUDFWLRQ PRODLUH JOREDOH [ GX QLWUDWH
G¶XUDQ\OH VHORQ OD UHODWLRQ ����

K =
� − Θ − (� + Θ)[

(� − Θ)[
���

�� 7(18 HW DO�� +�2t82��12���

-� 7KHUP� $QDO� &DO�� ��� ����



/H FDOFXO D pWp HIIHFWXp � SDUWLU GHV GRQQpHV GH VROXELOLWp H[SpULPHQWDOHV� 'DQV OH
GRPDLQH GHV IDLEOHV FRQFHQWUDWLRQV HQ QLWUDWH G¶XUDQ\OH GHV YDOHXUV SHX VLJQLILFD�
WLYHV VRQW G¶DERUG REWHQXHV FRQIRUPpPHQW � O¶REVHUYDWLRQ JpQpUDOH� /RUVTXH OD IUDF�
WLRQ PRODLUH HQ VHO DXJPHQWH OHV UpVXOWDWV VH VWDELOLVHQW SURJUHVVLYHPHQW HW FRQGXLV�
HQW � XQH YDOHXU JOREDOH GH � PROpFXOHV G¶HDX DX YRLVLQDJH GH OD FRPSRVLWLRQ HXWHF�
WLTXH�

/¶pYROXWLRQ HQ IRQFWLRQ GH OD WHPSpUDWXUH GH OD FRQVWDQWH G¶pTXLOLEUH . GH OD
UpDFWLRQ ��� D GRQF pWp GpWHUPLQpH SRXU K �� /¶DSSOLFDWLRQ GH OD UHODWLRQ ��� DX[ GRQ�
QpHV H[SpULPHQWDOHV FRQGXLW � XQH HQWKDOSLH GH UpDFWLRQ GH ∆U+=−���� N- PRO−� HW �
O¶H[SUHVVLRQ�

OQ. = ������

7
− ������

���

([SORLWDWLRQ GX PRGþOH

/HV UpVXOWDWV REWHQXV RQW pWp XWLOLVpV SRXU FDUDFWpULVHU OHV pTXLOLEUHV
VROLGH−OLTXLGH GX V\VWþPH � VROYDWDWLRQ GHV LRQV GHV VROXWLRQV VDWXUpHV� HQWKDOSLHV GH
FKDQJHPHQW GH SKDVH HW FDOFXO GX GLDJUDPPH GHV pTXLOLEUHV HQWUH SKDVHV�

/D GLVWULEXWLRQ GHV LRQV XUDQ\OH GDQV OD VROXWLRQ HVW UHSUpVHQWpH �)LJ� �� HQ IRQF�
WLRQ GH OD WHPSpUDWXUH HW GH OD FRPSRVLWLRQ VRXV OD IRUPH G¶XQ DEDTXH� /D SURSRUWLRQ
G¶LRQV 82�

�+ OLEUHV HVW IDLEOH � EDVVH WHPSpUDWXUH HQ VROXWLRQ GLOXpH� (OOH DXJPHQWH
UpJXOLþUHPHQW DYHF OD WHPSpUDWXUH HW UDSLGHPHQW DYHF OD FRQFHQWUDWLRQ�

)LJ� � 6\VWþPH +�2−82��12���� 'LVWULEXWLRQ GHV LRQV XUDQ\OH VROYDWpV HW QRQ VROYDWpV GDQV
OD SKDVH OLTXLGH

7(18 HW DO�� +�2t82��12��� ��

-� 7KHUP� $QDO� &DO�� ��� ����



/HV SDUDPþWUHV GHV FRXUEHV GH OLTXLGXV �7DEOHDX �� RQW pWp FDOFXOpV SDU UpJUHV�
VLRQ OLQpDLUH � SDUWLU GHV GRQQpHV H[SpULPHQWDOHV� /HV HQWKDOSLHV GH IXVLRQ FRUUH�
VSRQGDQWHV VRQW UHJURXSpHV GDQV OH 7DEOHDX ��

/D YDOHXU GH O¶HQWKDOSLH GH IXVLRQ PpWDVWDEOH GH O¶KH[DK\GUDWH D pWp FRQILUPpH
SDU XQH GpWHUPLQDWLRQ FDORULPpWULTXH GLUHFWH� /D IXVLRQ FRQJUXHQWH GHV GL� HW WULK\�
GUDWH Q¶pWDQW SDV REVHUYpH� OHV HQWKDOSLHV FRUUHVSRQGDQWHV RQW pWp HVWLPpHV � SDUWLU
GHV HQWKDOSLHV VWDQGDUG GH IRUPDWLRQ GHV FRPSRVpV VROLGHV� GpWHUPLQpHV SDU &RUG�
IXQNH >��@ �7DEOHDX ���

/HV HQWKDOSLHV VWDQGDUG GH IRUPDWLRQ GHV K\GUDWHV � O¶pWDW OLTXLGH� � ��R& VRXV
� EDU� RQW pWp FDOFXOpHV � O¶DLGH GX PRGþOH TXDVL�LGpDO�

• HQWKDOSLH GH IXVLRQ GH O¶KH[DK\GUDWH �18� 82��12���⋅�+�2� � ��
R&�

�82��12���⋅�+�2! →← ��82��12���⋅�+�2�� ∆+������
R >18�@ ����� N- PRO−�

• HQWKDOSLHV GH VROXWLRQ � ��R&�

7DEOHDX � 3DUDPþWUHV GHV FRXUEHV GH OLTXLGXV

/LTXLGXV 7IXVLRQ�. $�. %

*ODFH ������ ����� �����

82��12���⋅�+�2 ������ ±������� ±������

82��12���⋅�+�2 ������ ±������ ±������

82��12���⋅�+�2 ������ ±������ ±�����

7DEOHDX � (QWKDOSLHV VWDQGDUG GH IRUPDWLRQ

(VSþFHV FKLPLTXHV ∆I+������
R

�N- PRO
±�

�82��12��⋅�+�2! ±������

�82��12��⋅�+�2! ±������

�82��12��⋅�+�2! ±������

��+�2�� ±������

7DEOHDX � &RPSDUDLVRQ GHV HQWKDOSLHV GH IXVLRQ GHV K\GUDWHV GX QLWUDWH G¶XUDQ\OH FDOFXOpHV
VRLW � SDUWLU GX PRGþOH TXDVL�LGpDO� VRLW � SDUWLU GH GpWHUPLQDWLRQV FDORULPpWULTXHV

3KDVH VROLGH
&DORULPpWULH

∆+IXVLRQ
R

�N- PRO
±�

0RGþOH TXDVL�LGpDO

∆+IXVLRQ
R

�N- PRO
±� ∆&S IXVLRQ

R
�- .±� PRO

±�

82��12��⋅�+�2 ����� ����� ±������

82��12��⋅�+�2 ���� ���� ±������

82��12��⋅�+�2 ���� ���� ±�����
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��82��12���⋅�+�2�� � ���+�2�� →← ��82��12���⋅�+�2��

∆+������
R >�−�@  −���� N- PRO−�

��82��12���⋅�+�2�� � ���+�2�� →← ��82��12���⋅�+�2��

∆+������
R >�−�@ −����� N- PRO−�

• HQWKDOSLHV VWDQGDUG GH IRUPDWLRQ � O¶pWDW OLTXLGH�

∆I+������
R >((18�))@ = ∆I+������

R ><18�>@ + ∆+������
R >18�@

∆I+������
R >((18�))@ = ∆I+������

R >((18�))@ − �∆I+������
R >((+�2))@ + ∆+������

R >�−�@

∆I+������
R >((18�))@ = ∆I+������

R >((18�))@ − �∆I+������
R >((+�2))@ + ∆+������

R >�−�@

�18�  82��12���⋅�+�2 HW 18�  82��12���⋅�+�2�

/HV HQWKDOSLHV GH IXVLRQ GHV WUL� HW GLK\GUDWHV GX QLWUDWH G¶XUDQ\OH RQW HQVXLWH pWp
FDOFXOpHV � OHXUV WHPSpUDWXUHV G¶pTXLOLEUH�

∆+IXVLRQ
R >18�@ = ∆I+������

R >((18�))@ − ∆I+������
R ><18�>@ + ∫∆

������

7
IXVLRQ

(18�)

&S>18�@G7

∆+IXVLRQ
R >18�@ = ∆I+������

R >((18�))@ − ∆I+������
R ><18�>@ + ∫∆

������

7
IXVLRQ

(18�)

&S>18�@G7

)LJ� � 'LDJUDPPH GHV pTXLOLEUHV VROLGH−OLTXLGH GX V\VWþPH +�2−82��12��� VRXV � EDU�
FDOFXOp � O¶DLGH GX PRGþOH TXDVL�LGpDO� K\SRWKþVH GH VROXWLRQ �
�82��

��
� ��12��

±
� �+�2  82��2+�DT

�
� �+DT�

�
� ��12�DT�

±
� ± ELEOLRJUDSKLH
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-� 7KHUP� $QDO� &DO�� ��� ����



/HV UpVXOWDWV REWHQXV VRQW UDVVHPEOpV GDQV OH 7DEOHDX �� 3RXU OH WULK\GUDWH�
FRPPH SRXU O¶KH[DK\GUDWH� OD YDOHXU GH O¶HQWKDOSLH GH IXVLRQ HVW FRQILUPpH� &HOOH GX
GLK\GUDWH� DQRUPDOHPHQW IDLEOH� SHXW V¶H[SOLTXHU SDU VD WHPSpUDWXUH GH IXVLRQ pOHYpH
HW XQH FRQQDLVVDQFH LQVXIILVDQWH GHV FDSDFLWpV WKHUPLTXHV GHV SKDVHV VROLGH HW
OLTXLGH�

/H GLDJUDPPH GHV pTXLOLEUHV VROLGH−OLTXLGH UHFDOFXOp HVW SUpVHQWp GDQV OD )LJ� �
TXL UHJURXSH pJDOHPHQW OHV GRQQpHV H[SpULPHQWDOHV� /D FRKpUHQFH� TXL HVW H[FHO�
OHQWH� YDOLGH OHV UpVXOWDWV GX FDOFXO GDQV XQ ODUJH GRPDLQH GH WHPSpUDWXUH HW GH FRP�
SRVLWLRQ� /D TXDOLWp GX PRGþOH HVW SUpFLVpH SDU XQH FRPSDUDLVRQ QXPpULTXH �7DE�
OHDX �� GHV FRRUGRQQpHV GHV SRLQWV LQYDULDQWV�

&RQFOXVLRQV

/H ELQDLUH +�2−82��12���� � OD EDVH G¶XQH pWXGH SOXV JpQpUDOH GX V\VWþPH
TXDWHUQDLUH +�2−82��12���� +�2��82�� ��+12��� D IDLW O¶REMHW G¶XQH H[SpULPHQ�
WDWLRQ OLPLWpH HQWUH −�� HW ���R&� /H OLTXLGXV GH O¶KH[DK\GUDWH GX QLWUDWH G¶XUDQ\OH
HW OHV FRRUGRQQpHV GH OD WUDQVIRUPDWLRQ HXWHFWLTXH RQW DLQVL pWp SUpFLVpV� 'HV DQDO\�
VHV FRPSOpPHQWDLUHV SDU DQDO\VH WKHUPLTXH � IOX[ FRQWU{Op RQW SHUPLV GH GpILQLU XQH
QRXYHOOH WUDQVIRUPDWLRQ LQYDULDQWH LVREDUH � −��R& FRUUHVSRQGDQW � OD GpFRPSRVL�
WLRQ SpULWHFWR�GH�

�82��12���⋅��+�2! →← �82��12���⋅�+�2! � ���+�2!

8QH PRGpOLVDWLRQ FRPSOþWH GX V\VWþPH D pJDOHPHQW pWp HIIHFWXpH � O¶DLGH GX
PRGþOH TXDVL�LGpDO� 'DQV O¶K\SRWKþVH G¶XQH VROYDWDWLRQ JOREDOH GHV LRQV XUDQ\OH HW
QLWUDWH � � PROpFXOHV G¶HDX VHORQ OD UpDFWLRQ�

7DEOHDX � 7HPSpUDWXUHV LQYDULDQWHV GX V\VWþPH ELQDLUH +�2−82��12���

7UDQVIRUPDWLRQV

18  82��12���

7HPSpUDWXUH�
R
&

/LWWpUDWXUH ([SpULPHQWDOH 0RGpOLVDWLRQ 6DORPRQ >�@

(XWH[LH

JODFH ± 18⋅�+�2
±������±����� ±���� ±����� ±�����

3pULWH[LH

18⋅�+�2�18⋅�+�2
����������� ����� ����� �����

)XVLRQ PpWDVWDEOH GH

18⋅�+�2
����� ����� ����� �����

3pULWH[LH

18⋅�+�2�18⋅�+�2
����� ����� ������ ������

)XVLRQ PpWDVWDEOH GH

18⋅�+�2
����� ����� ������ ������

)XVLRQ FRQJUXHQWH GH

18⋅�+�2
�����±����� ������ ������
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((82�
�+))+�((12�

−))+�((+�2)) →← ((82�2+
+DT))+((+�2

+DT))+�((12�
−DT))

OHV FRXUEHV GH OLTXLGXV RQW pWp HQWLþUHPHQW UHFDOFXOpHV�
2XWUH XQH H[FHOOHQWH FRQFRUGDQFH DYHF OHV GRQQpHV ELEOLRJUDSKLTXHV� OD YDOLGLWp

GX PRGþOH HVW FRQILUPpH SDU�

• OD FRQIRUPLWp GHV HVSþFHV HQ VROXWLRQ DYHF OD OLWWpUDWXUH�
• OD YDOHXU GH O¶HQWKDOSLH GH IXVLRQ GH O¶KH[DK\GUDWH GX QLWUDWH G¶XUDQ\OH� WUþV

YRLVLQH GH OD GpWHUPLQDWLRQ FDORULPpWULTXH�
• OD GpWHUPLQDWLRQ GH O¶HQWKDOSLH GH IXVLRQ GX WULK\GUDWH GX QLWUDWH G¶XUDQ\OH� GX

P
PH RUGUH GH JUDQGHXU TXH FHOOH FDOFXOpH � SDUWLU GHV HQWKDOSLHV VWDQGDUG GH IRUPD�
WLRQ�

5pIpUHQFHV�ELEOLRJUDSKLTXHV

� 0� 6DORPRQ HW 6� 6LHNHUVNL� 6ROXELOLW\ GDWD VpULHV GH O¶,83$&� � SDUDvWUH�
� )� (� *HUPDQ� -� $P� &KHP� 6RF�� �� ������ �����
� -� *� $OOSUHVV HW $� 1� +DPEO\� $XVWU� -� &KHP�� �� ������ ����
� *� &KRWWDUG� -� )UDLVVDUG HW %� ,PHOLN� %XOO� 6RF� &KLP� )U�� �� ������ �����
� -� &� 7D\ORU HW 0� +� 0XOOHU� $FWD &U\VW�� �� ������ ����
� *� &KRWWDUG� 7KþVH 'RF� 6FL� 3K\V�� 8QLY 3DULV� �'HF� ������
� 6� %RXUGLQHDXG HW %RUGþUH� 7KþVH 'RF� 6FL� 3K\V�� 8QLY� GH 3URYHQFH� $L[ 0DUVHLOOH� �6HSW�
������

� 5� 7HQX HW -� -� &RXQLRX[� %XOO� 6RF� &KLP� )U�� �±� ������ ����
� -� %HUWKHW� '�(�6� /\RQ� ������ Q

R
���

�� -� %HUWKHW HW -� -� &RXQLRX[� 7KHUPRFKLP� $FWD� ��� ������ ����
�� 6� *HQWLO� 7KþVH 'RF�� 8QLY� /\RQ �)pY� ������ Q

R
�����

�� -� %HUWKHW HW -� -� &RXQLRX[� %UHYHW )�� ������
�� -� -� &RXQLRX[ HW 5� 7HQX� -� &KLP� 3K\V�� �� ������ ����
�� -� -� &RXQLRX[ HW 5� 7HQX� -� &KLP� 3K\V�� �� ������ ����
�� 5� 7HQX� -� -� &RXQLRX[ HW 5� &RKHQ�$GDG� (LJKW ,QWHUQDWLRQDO &RGDWD &RQIHUHQFH�

-DFKUDQFND�=HJU\QFN �3RORJQH�� �2FWREUH ������
�� -� -� &RXQLRX[ HW 5� 7HQX� -� &KLP� 3K\V�� �� ������ ���
�� -� -� &RXQLRX[ HW 5� 7HQX� )LUVW ,QWHUQDWLRQDO 6\PSRVLXP RQ 6ROXELOLW\ 3KHQRPHQD� /RQGRQ�

�$R&W ������
�� 7K� &KDXVVDGHQW� 5� 7HQX HW -� -� &RXQLRX[� ��

þPH
-(3� %RUGHDX[� �0DUV ������

�� (� +� 3� &RUGIXQNH� 7KHUPRG\Q� 3URF� 6\PS�� ����� S� ����

7(18 HW DO�� +�2t82��12��� ���
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