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5pVXPp

1RXV SURSRVRQV XQ PRGqOH GX UpVHDX GH QHXURQHV j O©RULJLQH GHV U\WKPHV FKH] O©HPEU\RQ GH

SRXOHW� &©HVW FHUWDLQHPHQW j SDUWLU GH FH UpVHDX TXH VH FRQVWLWXHQW HQVXLWH OHV IXWXUV UpVHDX[

U\WKPRJqQHV GRQW FHOXL GH OD UHVSLUDWLRQ� 1RXV DYRQV PRGpOLVp FH UpVHDX DILQ GH YpULILHU FHUWDLQHV

K\SRWKqVHV SRXU PLHX[ FRPSUHQGUH VRQ IRQFWLRQQHPHQW� FRPPHQW LO JpQqUH XQH DFWLYLWp U\WKPLTXH

HW TXHOV VRQW OHV U{OHV UHVSHFWLIV GHV GLIIpUHQWV W\SHV QHXURQDX[� /H PRGqOH PLQLPDO GpYHORSSp HVW

FRPSRVp GH WURLV W\SHV QHXURQDX[ GLVWLQFWV PRGpOLVpV HQ XWLOLVDQW OH IRUPDOLVPH G©+RGJNLQ HW

+X[OH\� 3RXU SRXYRLU FRUUHFWHPHQW UHSURGXLUH OHV GRQQpHV H[SpULPHQWDOHV� LO D pWp QpFHVVDLUH

G©LQWURGXLUH XQ FRXUDQW FDOFLTXH j EDV VHXLO �,FD7�� XQ FRXUDQW SRWDVVLTXH FDOFLXP�GpSHQGDQW �,$+3��

DLQVL TX©XQH QHXURPRGXODWLRQ ELSKDVLTXH� &HFL D SHUPLV G©REWHQLU XQ pSLVRGH G©DFWLYLWp VLPLODLUH

DX[ REVHUYDWLRQV� PDLV XQLTXH� /D U\WKPLFLWp GX UpVHDX Q©HVW REWHQXH TXH VL O©RQ LQWURGXLW GDQV OH

UpVHDX XQH KpWpURJpQpLWp GDQV XQ W\SH QHXURQDO� /H PRGqOH VLPXOp PRQWUH DLQVL XQH ERQQH

DGpTXDWLRQ DX[ GRQQpHV H[SpULPHQWDOHV� ,O D SHUPLV GH FRQILUPHU FHUWDLQHV K\SRWKqVHV� G©HQ

SURSRVHU GH QRXYHOOHV �j YDOLGHU H[SpULPHQWDOHPHQW�� HW G©H[SOLTXHU OHV SULQFLSDX[ PpFDQLVPHV j

O©RULJLQH GH FHWWH DFWLYLWp U\WKPLTXH�
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/D UHVSLUDWLRQ HVW XQH DFWLYLWp PRWULFH U\WKPLTXH VRXV OD GpSHQGDQFH G©XQ JpQpUDWHXU GH U\WKPH� TXL DSSDUDvW

FKH] OH I£WXV HW DFTXLHUW� pYLGHPPHQW� XQH LPSRUWDQFH YLWDOH j OD QDLVVDQFH� 2Q VDLW GHSXLV ���� �/XPVGHQ �����

TXH OH WURQF FpUpEUDO HVW OH VLqJH GH OD JHQqVH GH FH U\WKPH� /D ORFDOLVDWLRQ GHV FHQWUHV UHVSLUDWRLUHV D IDLW O
REMHW

GH QRPEUHX[ WUDYDX[ GDQV OHV DQQpHV ������ SDU HQUHJLVWUHPHQW �%HUWUDQG HW DO ���� � 9LEHUW HW DO ����D�E�

������ OpVLRQ �&DLOOH HW DO ����� RX HQ XWLOLVDQW GHV GURJXHV �&DLOOH HW DO ������ ,OV RQW pWp ORFDOLVpV GDQV OH WURQF

FpUpEUDO� DYHF GH QRPEUHXVHV FHOOXOHV SUpVHQWDQW XQH PRGXODWLRQ UHVSLUDWRLUH HQUHJLVWUpHV DX QLYHDX GH OD

IRUPDWLRQ UpWLFXOpH EXOER�SRQWLQH �%HUWUDQG HW DO ���� � 9LEHUW HW DO ����D��

/HV PpFDQLVPHV SUpVLGDQW j OD JHQqVH GHV U\WKPHV VRQW HQFRUH PDO FRQQXV� HW LO Q©D SDV HQFRUH SX rWUH pWDEOL

VL FHV U\WKPLFLWpV UpVXOWDLHQW GHV VHXOHV SURSULpWpV LQWULQVqTXHV GH FHUWDLQV QHXURQHV� RX VL HOOHV FRQVWLWXDLHQW XQH

SURSULpWp pPHUJHQWH G©XQ UpVHDX GX WURQF FpUpEUDO� )HOGPDQ HW &OHODQG ������� SXLV 6PLWK HW DO� ������ RQW

VXJJpUp TX©XQH DFWLYLWp GH W\SH SDFHPDNHU SRXUUDLW rWUH UHVSRQVDEOH GH FHV RVFLOODWLRQV� 3DU RSSRVLWLRQ� G©DXWUHV

DXWHXUV �%DOLV HW DO� ���� � 9LEHUW HW $]P\ ���� � 5XELR ����� RQW SURSRVp GH FRQVLGpUHU FHV U\WKPHV FRPPH OH

UpVXOWDW G©LQWHUDFWLRQV LQKLELWULFHV UpFLSURTXHV HQWUH GLIIpUHQWV W\SHV GH QHXURQHV �F©HVW�j�GLUH XQH DFWLYLWp GH

UpVHDX�� '©XQ SRLQW GH YXH H[SpULPHQWDO� SOXVLHXUV pWXGHV RQW PLV HQ pYLGHQFH O©LPSRUWDQFH GH FHUWDLQV FDQDX[

LRQLTXHV PHPEUDQDLUHV GDQV OH FRQWU{OH GX GpPDUUDJH HW GH O©RUJDQLVDWLRQ GHV GpFKDUJHV QHXURQDOHV

�&KDPSDJQDW HW 5LFKWHU ���� � 0LIIOLQ HW DO� ������ &HV UpVXOWDWV� ELHQ TX©LOV GpPRQWUHQW O©LPSRUWDQFH GHV

SURSULpWpV LQWULQVqTXHV GH FHUWDLQV QHXURQHV GDQV OD JHQqVH GHV U\WKPHV UHVSLUDWRLUHV� Q©LPSOLTXHQW FHSHQGDQW SDV

TXH FHV SURSULpWpV GpWHUPLQHQW j HOOHV VHXOHV OHV U\WKPLFLWpV REVHUYpHV�

'HV pWXGHV HIIHFWXpHV FKH] OHV PDPPLIqUHV QRXYHDX�QpV RX DGXOWHV RQW PLV HQ pYLGHQFH TXH OD FDSDFLWp GHV

UpVHDX[ QHXURQDX[ FHQWUDX[ j SURGXLUH XQH FRPPDQGH PRWULFH HQ UHODWLRQ DYHF OD UHVSLUDWLRQ HVW XQH

FDUDFWpULVWLTXH GH OD IRUPDWLRQ UpWLFXOpH GX WURQF FpUpEUDO �)RUWLQ HW DO� ���� � $GULDQ HW %X\HQGLMN ������ 'H

PrPH� DX FRXUV GX GpYHORSSHPHQW� GHV PRXYHPHQWV U\WKPLTXHV SUpILJXUDQW OD UHVSLUDWLRQ VRQW SDUPL OHV

SUHPLqUHV DFWLYLWpV GpWHFWDEOHV FKH] OH I£WXV KXPDLQ �'H9ULHV HW DO� ���� � -DQVHQ HW &KHUQLFN ������ ,O DSSDUDvW

GRQF TXH OH UpVHDX U\WKPRJqQH UHVSLUDWRLUH HVW SUpVHQW ELHQ DYDQW OD QDLVVDQFH�

'HV DXWHXUV �&KDPSDJQDW HW )RUWLQ ���� � /H0HWD\HU ���� � )RUWLQ HW DO� ����� pWXGLDQW OHV UpVHDX[

HPEU\RQQDLUHV GDQV OH FHUYHDX SRVWpULHXU GH O©HPEU\RQ GH SRXOHW RQW PLV HQ pYLGHQFH O©H[LVWHQFH G©XQ UpVHDX

U\WKPLTXH FRPSRVp G©XQ QRPEUH OLPLWp GH W\SHV QHXURQDX[� &H UpVHDX VHPEOH rWUH OH SUHPLHU PLV HQ SODFH FKH]

O©HPEU\RQ� HW JpQqUH VSRQWDQpPHQW LQ YLWUR �DSUqV LVROHPHQW� XQH DFWLYLWp RUJDQLVpH VXU WRXV OHV QHUIV PRWHXUV HQ

SURYHQDQFH GX WURQF FpUpEUDO� &HV DXWHXUV VXJJqUHQW TXH FH UpVHDX SXLVVH FRQVWLWXHU XQH RUJDQLVDWLRQ SULPRUGLDOH

j SDUWLU GH ODTXHOOH V©pWDEOLURQW� DX FRXUV GH OD YLH I£WDOH� OHV UpVHDX[ QHXURQDX[ DGXOWHV D\DQW FKDFXQ OHXU

VSpFLILFLWp GX SRLQW GH YXH GH OHXU IRQFWLRQ� &H UpVHDX VHUDLW HQ SDUWLFXOLHU j O©RULJLQH GH FHOXL TXL JpQpUHUD OH

U\WKPH UHVSLUDWRLUH FKH] O©DGXOWH� &©HVW DYHF FHV DXWHXUV� HW j SDUWLU GH OHXUV GRQQpHV� TXH QRXV DYRQV PRGpOLVp FH

UpVHDX DILQ GH YpULILHU FHUWDLQHV K\SRWKqVHV SRXU PLHX[ FRPSUHQGUH VRQ IRQFWLRQQHPHQW� FRPPHQW LO JpQqUH XQH

DFWLYLWp U\WKPLTXH HW TXHOV VRQW OHV U{OHV UHVSHFWLIV GHV GLIIpUHQWV W\SHV QHXURQDX[�

/HV GLIIpUHQWV PRGqOHV GX UpVHDX GH QHXURQHV UHVSRQVDEOHV GHV U\WKPHV UHVSLUDWRLUHV GpFULWV GDQV OD OLWWpUDWXUH

VRQW EDVpV VXU GHV PRGqOHV UHODWLYHPHQW VLPSOHV GH QHXURQHV �%RWURV HW %UXFH ���� � 'XIILQ ���� � 3KDP HW

DO������ RX VXU GHV PRGqOHV SOXV FRPSOH[HV HW SOXV UpDOLVWHV V©LQWpUHVVDQW DX[ SURSULpWpV LQWULQVqTXHV GHV

QHXURQHV �5\EDN HW DO� ����D� ����E� ����F�� 1RXV DYRQV FKRLVL GH PRGpOLVHU OHV QHXURQHV DYHF OHXUV SURSULpWpV

LQWULQVqTXHV DLQVL TXH O©HQVHPEOH GX UpVHDX� /©RULJLQDOLWp GH FHWWH pWXGH HVW TXH OH UpVHDX PRGpOLVp HVW

HPEU\RQQDLUH� 'H SOXV� LO HVW FRPSRVp G©XQ QRPEUH OLPLWp GH W\SHV QHXURQDX[ GLVWLQFWV� ,O HVW GRQF UHODWLYHPHQW

VLPSOH� HW SRXUWDQW VDQV GRXWH j O©RULJLQH GH U\WKPHV LPSRUWDQWV WHO TXH OD PRWULFLWp HW OD UHVSLUDWLRQ� &HWWH

VLPSOLFLWp HVW SHXW rWUH DXVVL XQ JDJH GH UREXVWHVVH�

/©REMHFWLI GH FHWWH pWXGH HVW GRQF G©XWLOLVHU XQH DSSURFKH GH QHXURELRORJLH QXPpULTXH SRXU OD VLPXODWLRQ GHV

QHXURQHV ELRORJLTXHV �+XJXHQDUG HW 0F&RUPLFN ����� ���� � 9LEHUW HW DO� ����� DILQ GH SUpVHQWHU XQ PRGqOH GX

UpVHDX GH QHXURQHV j O©RULJLQH GHV U\WKPHV FKH] O©HPEU\RQ GH SRXOHW�
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/H UpVHDX pWXGLp LFL SRVVqGH� LQ YLWUR� XQ XQLTXH PRGH GH IRQFWLRQQHPHQW VSRQWDQp � OH PRGH U\WKPLTXH� &HFL

SHXW rWUH REVHUYp YLD O©DFWLYLWp GX QHUI HIIpUHQW j FH UpVHDX� TXH QRXV DYRQV UHSUpVHQWp VXU OD ILJXUH �� (OOH VH

FRPSRVH G©pSLVRGHV UpSpWpV j LQWHUYDOOH GH WHPSV UpJXOLHU� FKDFXQ GH FHV pSLVRGHV pWDQW FRPSRVp GH SOXVLHXUV

ERXIIpHV GH SRWHQWLHOV G©DFWLRQ�

$ILQ GH GLVFULPLQHU OHV GLIIpUHQWV W\SHV GH QHXURQHV SUpVHQWV GDQV FH UpVHDX� WURLV QLYHDX[ G©REVHUYDWLRQ RQW

pWp DGRSWpV SDU OH ELRORJLVWH � PRUSKRORJLTXH� pOHFWURSK\VLRORJLTXH HW SKDUPDFRORJLTXH� /©REVHUYDWLRQ

PRUSKRORJLTXH GHV FHOOXOHV GX UpVHDX D SHUPLV GH GLVWLQJXHU GHX[ W\SHV PRUSKRORJLTXHV GLVWLQFWV � OHV

PRWRQHXURQHV �QHXURQHV SURMHWDQW YHUV OD SpULSKpULH� TXL FRQVWLWXHQW OD VRUWLH GX UpVHDX� HW OHV LQWHUQHXURQHV

UpWLFXODLUHV SURMHWDQW DX VHLQ GX UpVHDX� 'DQV OHV FRQGLWLRQV LQ YLWUR� OHV ILEUHV DIIpUHQWHV VRQW VXSSULPpHV� 1RXV

QH QRXV LQWpUHVVHURQV TX©j OD PRGpOLVDWLRQ GHV LQWHUQHXURQHV UpWLFXODLUHV�

/©REVHUYDWLRQ GH O©DFWLYLWp pOHFWURSK\VLRORJLTXH GHV FHOOXOHV D FRQGXLW D GLVWLQJXHU GHX[ VRXV�SRSXODWLRQV

QHXURQDOHV DX VHLQ GX UpVHDX� DVVRFLpHV j GHX[ PRGHV GH GpFKDUJHV GLVWLQFWV �YRLU LQIUD�� /©pWXGH

SKDUPDFRORJLTXH GHV DFWLYLWpV V\QDSWLTXHV� HQILQ� D SHUPLV GH FDUDFWpULVHU WURLV W\SHV GH FRQQH[LRQV

LQWHUQHXURQDOHV HQWUH OHV FHOOXOHV GX UpVHDX� ,O V©DJLW GHV V\VWqPHV *$%$ �LQKLELWHXU�� *OXWDPDWH �H[FLWDWHXU� HW

G©XQ V\VWqPH QHXURPRGXODWHXU�

6XU OD EDVH GH FHV UpVXOWDWV �GHX[ W\SHV G©DFWLYLWp HW WURLV W\SHV GH V\QDSVHV�� &KDPSDJQDW HW )RUWLQ �������

/H0HWD\HU ������ RQW SURSRVp XQ PRGqOH GX UpVHDX DLQVL TX©XQ HQVHPEOH GH PpFDQLVPHV SHUPHWWDQW G©H[SOLTXHU

O©DFWLYLWp JOREDOH REVHUYpH� &H PRGqOH PHW HQ MHX WURLV W\SHV GH QHXURQHV �

�� GHV QHXURQHV GH W\SH , VH FRPSRUWDQW� GX SRLQW GH YXH GH OHXU GpFKDUJH �ILJXUH ��D�� FRPPH GHV

PRWRQHXURQHV �GpFKDUJH HQ UHODWLRQ GH SKDVH DYHF FHOOH GHV QHUIV PRWHXUV� HW OLEpUDQW XQ

QHXURWUDQVPHWWHXU H[FLWDWHXU �*OXWDPDWH� �

�� GHV QHXURQHV GH W\SH ,, HQ WRXV SRLQWV FRPSDUDEOHV DX[ QHXURQHV GH W\SH , GX SRLQW GH YXH GH OHXU

GpFKDUJH �ILJXUH ��D�� PDLV OLEpUDQW XQ QHXURWUDQVPHWWHXU LQKLELWHXU �*$%$� �

�� GHV QHXURQHV GH W\SH ,,, GpFKDUJHDQW HQ RSSRVLWLRQ GH SKDVH DYHF OH QHUI �ILJXUH ��E� HW VXVFHSWLEOHV GH

OLEpUHU XQ QHXURPRGXODWHXU ELSKDVLTXH H[FLWDWHXU HW LQKLELWHXU �DYHF GHV GpODLV G©DFWLYDWLRQ GLIIpUHQWV��

/D QHXURPRGXODWLRQ H[FLWDWULFH �1P�� D XQ WHPSV GH PRQWpH GH � VHFRQGHV HW XQ WHPSV GH GHVFHQWH GH

�� VHFRQGHV� DORUV TXH OD QHXURPRGXODWLRQ LQKLELWULFH �1P�� HVW EHDXFRXS SOXV ORQJXH� DYHF XQ WHPSV GH

PRQWpH GH � PLQXWH HW XQ WHPSV GH GHVFHQWH GH SOXV GH � PLQXWHV�

/HV QHXURQHV GH W\SH , HW ,, RQW OHV PrPHV SURSULpWpV pOHFWURSK\VLRORJLTXHV �ILJXUH �� � DX FRXUV GH FKDTXH

pSLVRGH� OHXU SRWHQWLHO GH PHPEUDQH HVW GpFULW XQH RQGH GH GpSRODULVDWLRQ OHQWH� VXU ODTXHOOH VH GpYHORSSHQW GHV

GpSRODULVDWLRQV WUDQVLWRLUHV GH SOXV JUDQGHV DPSOLWXGH �ERXIIpHV�� VXUPRQWpHV GH SRWHQWLHOV G©DFWLRQ� /HV pSLVRGHV

VRQW VpSDUpV SDU XQH ORQJXH LQKLELWLRQ� /H FRXUDQW FDOFLTXH j EDV VHXLO ,&D7 LQWHUYLHQW GDQV FHV QHXURQHV HW

SDUWLFLSH j OD JHQqVH GHV ERXIIpHV� /HV QHXURQHV GH W\SH ,,,� SDUWLFXOLqUHPHQW QRPEUHX[� SUpVHQWHQW OD

FDUDFWpULVWLTXH GH VH GpSRODULVHU j OD VXLWH G
XQH LQKLELWLRQ � SURGXLVDQW DLQVL GHV � UHERQGV SRVW�LQKLELWHXUV �� /HV

ELRORJLVWHV VXSSRVHQW TXH WRXV OHV QHXURQHV VRQW LQWHUFRQQHFWpV� VDXI OHV QHXURQHV GH W\SH ,, D\DQW SRXU FLEOH

VSpFLILTXH OHV QHXURQHV GH W\SH ,,, �YRLU 0DWpULHOV HW 0pWKRGHV � 'HVFULSWLRQ GX UpVHDX��

/D PRGpOLVDWLRQ HVW XQH GHV YRLHV SRVVLEOHV YHUV OD FRPSUpKHQVLRQ GH O©pYROXWLRQ GHV FRPSRUWHPHQWV GHV

UpVHDX[ GH QHXURQHV DX FRXUV GX GpYHORSSHPHQW GH O©HPEU\RQ GH SRXOHW� 3RXU FHOD� LO HVW QpFHVVDLUH GH

FRPSUHQGUH OD JHQqVH GHV U\WKPHV REVHUYpV LQ YLWUR� OHXU PRGH GH IRQFWLRQQHPHQW� HW pYHQWXHOOHPHQW GH

GpWHUPLQHU OHV SDUDPqWUHV OHV SOXV VHQVLEOHV GDQV FHWWH DFWLYLWp�
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)LJXUH � � $FWLYLWp U\WKPLTXH GX QHUI� &HWWH DFWLYLWp FRQVLVWH HQ OD UpLWpUDWLRQ SpULRGLTXH G©XQ pSLVRGH G©DFWLYLWp FRQVWLWXp G©XQH

GpFKDUJH GH ERXIIpHV GH SRWHQWLHOV G©DFWLRQ� 6XU FHWWH ILJXUH� O©pSLVRGH FRPSUHQG FLQT ERXIIpHV HW HVW UHSURGXLW SpULRGLTXHPHQW WRXWHV OHV ���

PLQXWHV�

)LJXUH � � 3RWHQWLHO GH PHPEUDQH GHV QHXURQHV GH W\SH , HW ,,� /©pYROXWLRQ GX SRWHQWLHO GH PHPEUDQH GH FHV QHXURQHV HVW FDUDFWpULVWLTXH�

IRUPDQW XQH RQGH OHQWH GH GpSRODULVDWLRQ UHFRXYHUWH GH GpSRODULVDWLRQV WUDQVLWRLUHV� SXLV XQH ORQJXH LQKLELWLRQ� 8Q pSLVRGH HVW UHSUpVHQWp�

/©HQUHJLVWUHPHQW REVHUYp GXUH HQYLURQ � PLQXWHV� $EVFLVVH � WHPSV HQ PLQXWHV� 2UGRQQpH � 3RWHQWLHO GH PHPEUDQH HQ PLOOLYROWV�

)LJXUH � � 'pFKDUJH GHV QHXURQHV DX FRXUV GX WRXW GpEXW G©XQ pSLVRGH �EDUUH KRUL]RQWDOH HQ ILJXUH ��� 9LVXDOLVDWLRQ GHV ERXIIpHV � D� GH

W\SHV , HW ,, � E� GH W\SH ,,,� D� /HV QHXURQHV GH W\SH , HW ,, GpFKDUJHQW HQ SKDVH DYHF OH QHUI �UHFWDQJOHV�� E� /HV QHXURQHV GH W\SH ,,,

GpFKDUJHQW HQ RSSRVLWLRQ GH SKDVH DYHF OH QHUI �UHFWDQJOHV�� /©HQUHJLVWUHPHQW REVHUYp GXUH HQYLURQ �� VHFRQGHV� $EVFLVVH � WHPSV HQ

VHFRQGHV� 2UGRQQpH � 3RWHQWLHO GH PHPEUDQH HQ PLOOLYROWV�
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&KDFXQ GHV WURLV W\SHV QHXURQDX[ SUpVHQWpV SUpFpGHPPHQW D pWp PRGpOLVp SDU XQ PRGHO PRQR�

FRPSDUWLPHQWDO� HW HVW UHSUpVHQWp SDU XQ V\VWqPH G©pTXDWLRQV GLIIpUHQWLHOOHV GpULYp GX IRUPDOLVPH G©+RGJNLQ HW

+X[OH\ ������� 1RXV DOORQV WRXW G©DERUG EULqYHPHQW UDSSHOHU FH IRUPDOLVPH � HQVXLWH� QRXV DOORQV SUpFLVHU OHV

GLIIpUHQWV FRXUDQWV PHPEUDQDLUHV XWLOLVpV� SXLV GpILQLU OH PRGqOH GX UpVHDX�

0RGqOH�GH�+RGJNLQ�HW�+X[OH\

/HV QHXURELRORJLVWHV $� /� +RGJNLQ HW $� )� +X[OH\ RQW SURSRVp� HQ ����� OH SUHPLHU PRGqOH FLQpWLTXH GHV

PpFDQLVPHV PHPEUDQDLUHV VXUYHQDQW DX FRXUV G©XQ SRWHQWLHO G©DFWLRQ� &H IRUPDOLVPH FRQVWLWXH� DXMRXUG©KXL

HQFRUH� XQ SDUDGLJPH SRXU OD PRGpOLVDWLRQ GH O©DFWLYLWp pOHFWULTXH GHV QHXURQHV� /D SOXSDUW GHV PRGqOHV j

FRQGXFWDQFHV HQ VRQW GpULYpV�

/H SRWHQWLHO GH PHPEUDQH GX QHXURQH HVW GpWHUPLQp� j FKDTXH LQVWDQW� SDU O©LQWHQVLWp GH VHV FRXUDQWV

PHPEUDQDLUHV� &HFL VH WUDGXLW SDU OH IRUPDOLVPH VXLYDQW �

V6\QDSWLTXHHV,QWULQVqTXP ,,
GW

G9
& ¦�¦� u

2� 9 HVW OH SRWHQWLHO GH PHPEUDQH GX QHXURQH� &
P
HVW OD FDSDFLWp VSpFLILTXH GH OD PHPEUDQH� HV,QWULQVqTX,¦ HW

V6\QDSWLTXH,¦ OD VRPPH GHV LQWHQVLWpV GHV FRXUDQWV WUDQVPHPEUDQDLUHV LQWULQVqTXHV HW V\QDSWLTXHV� HW W OH WHPSV�

/©LQWHQVLWp GH FKDFXQ GHV FRXUDQWV LRQLTXHV HVW IRQFWLRQ ��� GH O©RXYHUWXUH GHV FDQDX[ PHPEUDQDLUHV

VSpFLILTXHV� ��� GX SRWHQWLHO G©pTXLOLEUH GHV HVSqFHV LRQLTXHV UHSUpVHQWpHV GDQV FH FRXUDQW� /©H[SUHVVLRQ

JpQpULTXH GH O©LQWHQVLWp G©XQ FRXUDQW HVW GpULYp GH OD ORL G
2KP� HW HVW �

�� (9J, �u4u 

2� , HVW O©LQWHQVLWp GX FRXUDQW� CJ XQH FRQVWDQWH FDUDFWpULVWLTXH GH OD FHOOXOH UHSUpVHQWDQW VD FRQGXFWDQFH

PD[LPDOH SRXU OH FRXUDQW FRQVLGpUp� HW ( OH SRWHQWLHO GH UpYHUVLRQ GH FH FRXUDQW �F©HVW�j�GLUH OD YDOHXU YHUV

ODTXHOOH OH FRXUDQW WHQG j VWDELOLVHU OH SRWHQWLHO GH PHPEUDQH�� 4 HVW XQ IDFWHXU YDULDEOH� GpWHUPLQp GH IDoRQ QRQ

OLQpDLUH HQ IRQFWLRQ GH 9� HW TXL UHSUpVHQWH O©RXYHUWXUH GHV FDQDX[ VSpFLILTXHV DX FRXUDQW FRQVLGpUp�

3RXU H[SOLTXHU 4� +RGJNLQ HW +X[OH\ RQW GpILQL OD QRWLRQ GH SDUWLFXOH� 8QH SDUWLFXOH HVW XQH PROpFXOH

FKDUJpH RX SRODLUH D\DQW XQH LQIOXHQFH VXU XQH PHPEUDQH FRPSRVpH GH PROpFXOHV QHXWUHV� &©HVW OD SRVLWLRQ GH

FHV SDUWLFXOHV FKDUJpHV TXL SHUPHWWUDLW RX HPSrFKHUDLW OHV LRQV GH SDVVHU j WUDYHUV OH FDQDO� /D GpSHQGDQFH DX

WHPSV HW DX SRWHQWLHO HVW GRQF UHOLpH j OD FLQpWLTXH GH FKDQJHPHQW G©pWDW GH FHV SDUWLFXOHV� 2Q VH OLPLWH LFL j GHV

FLQpWLTXHV G©RUGUH ��

&KDTXH FDQDO HVW FRQVWLWXp GH 0 SDUWLFXOHV DFWLYDWULFHV HW 1 SDUWLFXOHV LQDFWLYDWULFHV� P UHSUpVHQWH OD

SUREDELOLWp TX©XQH SDUWLFXOH DFWLYDWULFH VRLW HQ pWDW SHUPLVVLI� HW K OD SUREDELOLWp TX©XQH SDUWLFXOH LQDFWLYDWULFH VRLW

� VLOHQFLHXVH � �HW GRQF SHUPHWWH OH SDVVDJH GX FRXUDQW�� &HV SUREDELOLWpV VRQW IRQFWLRQ GX SRWHQWLHO GH

PHPEUDQH� &©HVW OD YDULDWLRQ LQLWLDOH GH FHOXL�FL TXL� HQ PRGLILDQW OD SHUPpDELOLWp LRQLTXH YD HQWUDvQHU GHV

YDULDWLRQV VHFRQGDLUHV GH SRWHQWLHO GH PHPEUDQH� HW GRQF� SDUIRLV GHV SRWHQWLHOV G©DFWLRQ�

0RGqOHV�GHV�QHXURQHV

1HXURQHV�GH�W\SH�,�

/H SRWHQWLHO GH PHPEUDQH HVW GpWHUPLQp j FKDTXH LQVWDQW SDU O©pTXDWLRQ GLIIpUHQWLHOOH VXLYDQWH �
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2� 9 HVW OH SRWHQWLHO GH PHPEUDQH GX QHXURQH� HW &
P
OD FDSDFLWp VSpFLILTXH GH OD PHPEUDQH�

&D7
, HVW OH

FRXUDQW FDOFLTXH j EDV VHXLO �DXVVL DSSHOp FRXUDQW FDOFLTXH WUDQVLWRLUH� �5LFKWHU HW DO� ������
$+3
, HVW XQ FRXUDQW

SRWDVVLTXH GRQW O©DFWLYDWLRQ GpSHQG GH OD FRQFHQWUDWLRQ LQWUDFHOOXODLUH HQ FDOFLXP �0LIIOLQ HW DO� ���� �

:DOOHQVWHLQ ������
1D
, HW

.
, VRQW UHVSHFWLYHPHQW OHV FRXUDQWV VRGLTXH HW SRWDVVLTXH UHVSRQVDEOHV GHV

SRWHQWLHOV G©DFWLRQ UDSLGHV�
1D/
, HW

1/
, VRQW OHV FRXUDQWV GH IXLWH OLpV DX[ FDQDX[ VRGLTXHV HW QRQ�VSpFLILTXH�

/HV FRXUDQWV
,,,

1P
,

�
�

,,,

1P
,

�
� HW

,

*OX
,

�

VRQW OHV GLIIpUHQWV FRXUDQWV V\QDSWLTXHV�
,,,

1P
,

�
HW

,,,

1P
,

�
VRQW OHV FRXUDQWV

V\QDSWLTXHV GpSRODULVDQW ��� HW K\SHUSRODULVDQW ��� UpVXOWDQW GH OD QHXURPRGXODWLRQ SURYRTXpH SDU OHV QHXURQHV GH

W\SH ,,,� (W
,

*OX
,

�

HVW OH FRXUDQW V\QDSWLTXH GpSRODULVDQW SURGXLW ORUV GH OD IL[DWLRQ GH QHXURWUDQVPHWWHXU JOXWDPDWH

�pPLV ORUV GHV GpFKDUJHV GHV DXWUHV QHXURQHV GH W\SH ,� VXU OHV UpFHSWHXUV $03$�

/HV QHXURPRGXODWHXUV PRGLILHQW OD SHUPpDELOLWp GH OD PHPEUDQH GH OD FHOOXOH QHUYHXVH FLEOH G©XQH PDQLqUH

EHDXFRXS SOXV GXUDEOH TXH OHV QHXURWUDQVPHWWHXUV FODVVLTXHV �*OXWDPDWH� *$%$����� �0F&RUPLFN ������

1HXURQHV�GH�W\SH�,,�

/HV FRXUDQWV PHPEUDQDLUHV SUpVHQWV GDQV OHV QHXURQHV GH W\SHV ,, VRQW GX PrPH W\SH TXH FHX[ GHV QHXURQHV

GH W\SH ,� /H SRWHQWLHO GH PHPEUDQH GHV QHXURQHV GH W\SH ,, HVW GRQF UpJLV SDU XQH pTXDWLRQ LGHQWLTXH j ����

3RXU OHV QHXURQHV GH W\SH , HW ,,� LO HVW QpFHVVDLUH GH FDOFXOHU OD FRQFHQWUDWLRQ LQWUDFHOOXODLUH HQ FDOFLXP �FDU

O©LQWHQVLWp GX FRXUDQW ,$+3 GpSHQG GH FHWWH YDOHXU�� 8Q PRGqOH GH OD JHVWLRQ LQWUDFHOOXODLUH GH FDOFLXP �GpULYp GH

:DOOHQVWHLQ ����� D GRQF pWp UDMRXWp GDQV OHV QHXURQHV GH W\SH , HW ,,�

1HXURQHV�GH�W\SH�,,,�

/H SRWHQWLHO GH PHPEUDQH HVW GpWHUPLQp j FKDTXH LQVWDQW SDU O©pTXDWLRQ GLIIpUHQWLHOOH VXLYDQWH �
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2� 9 HVW OH SRWHQWLHO GH PHPEUDQH GX QHXURQH� HW &P OD FDSDFLWp VSpFLILTXH GH OD PHPEUDQH�
&D7
, HVW OH

FRXUDQW FDOFLTXH j EDV VHXLO�
1D
, HW

.
, VRQW UHVSHFWLYHPHQW OHV FRXUDQWV VRGLTXH HW SRWDVVLTXH UHVSRQVDEOHV GHV

SRWHQWLHOV G©DFWLRQ UDSLGHV� HW
1/
, HVW OH FRXUDQW GH IXLWH QRQ�VSpFLILTXH� /HV FRXUDQWV

,,,

1P
,

�
�

,,,

1P
,

�
�

,

*OX
,

�

� HW

,,

*$%$
, VRQW OHV GLIIpUHQWV FRXUDQWV V\QDSWLTXHV�

,,,

1P
,

�
HW

,,,

1P
,

�
VRQW OHV FRXUDQWV V\QDSWLTXHV GpSRODULVDQW ��� HW

K\SHUSRODULVDQW ��� UpVXOWDQW GH O©LQWHUFRQQH[LRQ GHV QHXURQHV GH W\SH ,,,�
,

*OX
,

�

HVW OH FRXUDQW V\QDSWLTXH SURGXLW

ORUV GH OD IL[DWLRQ GH QHXURWUDQVPHWWHXU JOXWDPDWH �pPLV ORUV GHV GpFKDUJHV GHV DXWUHV QHXURQHV GH W\SH ,� VXU OHV

UpFHSWHXUV $03$� HW
,,

*$%$
, HVW OH FRXUDQW V\QDSWLTXH K\SHUSRODULVDQW SURGXLW ORUV GH OD IL[DWLRQ GH

QHXURWUDQVPHWWHXU *$%$ �pPLV ORUV GHV GpFKDUJHV GHV QHXURQHV GH W\SH ,,��
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&KDFXQ GHV FRXUDQWV SUpFpGHQWV D GRQF pWp PRGpOLVp SDU �
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2� CJL HVW OD FRQGXFWDQFH PD[LPDOH GX FRXUDQW , L � PL HW KL VRQW OHV YDULDEOHV UHSUpVHQWDQW UHVSHFWLYHPHQW OHV

SDUWLFXOHV G©DFWLYDWLRQ HW G©LQDFWLYDWLRQ� ( L UHSUpVHQWH OH SRWHQWLHO GH UpYHUVLRQ �YDOHXU YHUV ODTXHOOH OH FRXUDQW

WHQG j VWDELOLVHU OH SRWHQWLHO GH PHPEUDQH� GH O©LRQ L� (&D7 HVW FDOFXOp j SDUWLU GH O©pTXDWLRQ GH 1HUQVW� /HV DXWUHV

SRWHQWLHOV GH UpYHUVLRQ VRQW GHV GRQQpHV LVVXHV GH OD OLWWpUDWXUH �/H0HWD\HU ���� � +DPPRQG HW 7ULVFK ������

/HV SKpQRPqQHV PLV HQ MHX GDQV FHWWH pWXGH VRQ WUqV OHQWV� /HV GpSRODULVDWLRQV WUDQVLWRLUHV REVHUYpHV GDQV OHV

SRWHQWLHOV GH PHPEUDQH GHV QHXURQHV GH W\SH , HW ,, GXUHQW HQYLURQ �� V� HW VRQW UHFRXYHUWHV GH SRWHQWLHOV

G©DFWLRQ VRGLTXHV HPEU\RQQDLUHV GXUDQW �� PV FKDFXQ� 1RXV QRXV VRPPHV DORUV GHPDQGpV V©LO pWDLW QpFHVVDLUH GH

PRGpOLVHU FHV FRXUDQWV UDSLGHV �VRGLTXH HW SRWDVVLTXH�� ,O D pWp SURXYp �*RORPE HW DO� ����� TXH� GDQV FHUWDLQV

FDV� OD PRGpOLVDWLRQ GHV SRWHQWLHOV G©DFWLRQ VRGLTXHV Q©pWDLW SDV QpFHVVDLUH� HW TXH OHV FDUDFWpULVWLTXHV

ELRORJLTXHPHQW REVHUYpHV pWDLHQW REWHQXHV SDU VLPXODWLRQ GX PRGqOH VDQV LQFRUSRUHU FHV FRXUDQWV UDSLGHV� 1RXV

DYRQV GRQF HIIHFWXp GHV VLPXODWLRQV DYHF� SXLV VDQV OHV FRXUDQWV VRGLTXH HW SRWDVVLTXH� /HV UpVXOWDWV QRXV RQW

SHUPLV GH YpULILHU TXH FHV FRXUDQWV UDSLGHV Q©LQWHUYHQDLHQW SDV GDQV OHV GLIIpUHQWHV FDUDFWpULVWLTXHV REVHUYpHV LQ

YLWUR� 1RV PRGqOHV GH QHXURQH RQW GRQF pWp VLPSOLILpV� 'DQV OH UHVWH GH FH UDSSRUW� OHV FRXUDQWV VRGLTXH HW

SRWDVVLTXH UDSLGHV QH VHURQW GRQF SDV PRGpOLVpV�

/H SUREOqPH GH OD WUDQVPLVVLRQ V\QDSWLTXH V©HVW DORUV SRVp � FRPPHQW HIIHFWXHU OH ODUJDJH GHV

QHXURWUDQVPHWWHXUV VDQV SRWHQWLHOV G©DFWLRQ " /D GpFKDUJH GHV QHXURQHV VH IHUD ORUVTXH OH SRWHQWLHO GH PHPEUDQH

GpSDVVHUD XQ VHXLO� 1RXV DYRQV GpWHUPLQp XQ VHXLO IL[H� FRPPXQ DX[ WURLV W\SHV QHXURQDX[ pJDO j ¤�� P9� &©HVW

ORUVTXH FH VHXLO HVW GpSDVVp TXH OHV QHXURWUDQVPHWWHXUV VRQW OLEpUpV DX ERXW GH O©D[RQH GH FHWWH FHOOXOH DYHF XQ

WHPSV GH FRQGXFWLRQ YDULDQW VHORQ OD FHOOXOH�

'H QRPEUHX[ PRGqOHV GH WUDQVPLVVLRQ V\QDSWLTXH RQW pWp GpYHORSSpV �*RORPE HW DO� ���� � 'HVWH[KH HW DO�

���� � 5\EDN HW DO� ����D�� 1RXV DYRQV FKRLVL GH QRXV LQVSLUHU GX PRGqOH XWLOLVp GDQV OH ORJLFLHO ;1%& �9LEHUW

HW DO� ���� � 9LEHUW HW DO� ����� SRXU VRQ HIILFDFLWp HW VD VLPSOLFLWp� ,O FRQVLVWH j GpFULUH OD SURSRUWLRQ GH FDQDX[

V\QDSWLTXHV RXYHUWV DX FRXUV GX WHPSV SDU GHV IRQFWLRQV DOSKD PRGLILpHV�

/HV PRGqOHV GH EUXLW XWLOLVpV SDU OD VXLWH VRQW ��� XQ EUXLW *DXVVLHQ G©pFDUW�W\SH V d �� ��� XQ EUXLW FRORUp

G©pFDUW�W\SH V d � SURSRVp SDU .RKQ �������

'HVFULSWLRQ�GX�UpVHDX

/H UpVHDX VLPXOp HVW FRPSRVp GH �� QHXURQHV UpSDUWLV GH OD PDQLqUH VXLYDQWH � � QHXURQHV GH W\SH ,� �

QHXURQHV GH W\SH ,,� HW �� QHXURQHV GH W\SH ,,,� ,O HVW VFKpPDWLVp GDQV OD ILJXUH ��
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*OX�
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*OX�
*OX�

*$%$

1P�

1P�

1P�

1P�

1P�

1P�

�*OXWDPDHUJLTXH�

�*$%$HUJLTXH��1PHUJLTXH�

/pJHQGH �

/H QHXURQH $ H[FLWH OH QHXURQH %

�&RQQH[LRQ H[FLWDWULFH�

$ %

$ %
/H QHXURQH $ LQKLEH OH QHXURQH %

�&RQQH[LRQ LQKLELWULFH�

)LJXUH � � 5pVHDX PRGpOLVp� &KDTXH FHUFOH UHSUpVHQWH XQH SRSXODWLRQ GH QHXURQH� /H PRWRQHXURQH HVW HQWUH FURFKHWV FDU LO Q©D SDV pWp

PRGpOLVp� /HV QHXURWUDQVPHWWHXUV OLEpUpV SDU OHV QHXURQHV VRQW SUpFLVpV DX ERXW GH FKDTXH FRQQH[LRQ HQWUH � QHXURQHV� /H WHPSV GH

FRQGXFWLRQ HVW DORUV SUpFLVp DX PLOLHX GH FHWWH PrPH FRQQH[LRQ� *OX� � *OXWDPDWH � 1P� � 1HXURPRGXODWLRQ H[FLWDWULFH � 1P� �

1HXURPRGXODWLRQ LQKLELWULFH�

,PSOpPHQWDWLRQ

/©XWLOLVDWLRQ GX ORJLFLHO ;1%&� GRQW OH PRGXOH *B1HXURQ SHUPHW GH GpILQLU GHV PRGqOHV j FRQGXFWDQFHV GH

QHXURQHV� QRXV D SHUPLV G©REWHQLU QRV SUHPLHUV UpVXOWDWV� &HSHQGDQW� LO QRXV HVW SDUXW QpFHVVDLUH GH PRGLILHU

FHUWDLQV PRGqOHV �JHVWLRQ GX FDOFLXP LQWUDFHOOXODLUH� FRXUDQWV GH IXLWHV PXOWLSOHV� HWF���� /H ORJLFLHO ;1%& QH

SHUPHWWDQW SDV HQFRUH FHV PRGLILFDWLRQV� XQ SURJUDPPH VSpFLILTXH D pWp GpYHORSSp� /HV PRGqOHV GpYHORSSpV j

FHWWH RFFDVLRQ VHURQW LQFOXV GDQV OD SURFKDLQH YHUVLRQ GH ;1%&�

/HV pTXDWLRQV GX PRGqOH RQW pWp LQWpJUpHV HQ XWLOLVDQW XQH PpWKRGH SURSRVpH SDU 0DF*UHJRU ������ DYHF XQ

SDV GH ��� PV� /HV UpVXOWDWV RQW pWp YDOLGpV SDU OD PpWKRGH G©(XOHU DYHF XQ SDV GH ���� PV� /HV SURJUDPPHV RQW

pWp pFULWV HQ /DQJDJH & $16, HW FRPSLOpV VXU 'LJLWDO 8QL[� ,OV RQW pWp H[pFXWpV VXU $OSKD 6WDWLRQ ��� �����

�'LJLWDO 8QL[ ����� 8QH VLPXODWLRQ GH 1 �� QHXURQHV GXUDQW �� VHFRQGHV VLPXOpHV �VDQV O©LPSOpPHQWDWLRQ GHV

SRWHQWLHOV G
DFWLRQ VRGLTXH HW SRWDVVLTXH UDSLGHV� DYHF OD PpWKRGH SURSRVpH SDU 0DF*UHJRU GXUH �� PLQXWHV�



���
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&RPSRUWHPHQW�GX�UpVHDX

8Q UpVHDX PLQLPXP FRQVWLWXp G©XQ QHXURQH GH FKDTXH W\SH� HQ VXLYDQW OH PRGH GH FRQQH[LRQ GpFULW GDQV OD

ILJXUH �� D pWp VLPXOp� (Q O©DEVHQFH GH VWLPXODWLRQ H[WpULHXUH� OH UpVHDX UHVWH VLOHQFLHX[� /RUVTX©XQH VWLPXODWLRQ

HVW DSSOLTXpH DX QHXURQH GH W\SH ,� XQH DFWLYLWp GH UpVHDX HVW REWHQXH� &HOOH�FL FRQVLVWH HQ XQ pSLVRGH FRPSRVp GH

SOXVLHXUV ERXIIpHV�

8Q UpVHDX GH 1 QHXURQHV FRQVWLWXp GH QHXURQHV GH W\SH , �UHVS� ,, HW ,,,� GDQV OHV SURSRUWLRQV Ø �UHVS� Ø HW ×�

QH PRQWUH SDV QRQ SOXV G©DFWLYLWp HQ O©DEVHQFH GH VWLPXODWLRQ H[WpULHXUH� /D VWLPXODWLRQ GH O©HQVHPEOH GH OD

SRSXODWLRQ GHV QHXURQHV GH W\SH , SHUPHW G©REWHQLU XQ pSLVRGH� /D ILJXUH � PRQWUH TXH OD VWLPXODWLRQ LQLWLDOH G©XQ

XQLTXH QHXURQH GH W\SH , HVW PrPH VXIILVDQWH SRXU JpQpUHU XQ pSLVRGH� &HWWH VWLPXODWLRQ XQLWDLUH SHUPHW

O©DFWLYDWLRQ GH O©HQVHPEOH GX UpVHDX SDU OH ELDLV GHV FRQQH[LRQV H[FLWDWULFHV pPLVHV SDU OHV QHXURQHV GH W\SH ,�

/©DFWLYLWp GX UpVHDX Q©HVW FHSHQGDQW SDV DXWR�HQWUHWHQXH � LO Q©\ D SOXV G©DFWLYLWp DSUqV O©pSLVRGH LQLWLDO� &H UpVHDX

QH SRVVqGH GRQF SDV OD SURSULpWp GH GpPDUUDJH VSRQWDQp GHV pSLVRGHV�

/©DMRXW GH EUXLW V\QDSWLTXH �EUXLW JDXVVLHQ G©pFDUW�W\SH d� RX EUXLW FRORUp GH PrPH pFDUW�W\SH� VXU OD

SRSXODWLRQ GHV QHXURQHV GH W\SH , QH SHUPHW SDV OH GpPDUUDJH VSRQWDQp GH O©DFWLYLWp� (Q UHYDQFKH� XQH

PRGLILFDWLRQ GH OD ]RQH G©DFWLYDWLRQ GX FRXUDQW FDOFLTXH SRXU XQH SDUWLH GHV QHXURQHV GH W\SH , SHUPHW OD

SURGXFWLRQ G©XQH DFWLYLWp VSRQWDQpH GX UpVHDX� 1RXV DSSHOOHURQV GDQV OD VXLWH FHV QHXURQHV PRGLILpV � W\SH ,0 ��

/©DMRXW G©XQ VHXO QHXURQH GH W\SH ,0 SHUPHW� HQ O©DEVHQFH GH WRXWH VWLPXODWLRQ H[WpULHXUH� OD JHQqVH G©XQ pSLVRGH

HW O©HQWUHWLHQ GH O©DFWLYLWp U\WKPLTXH GX UpVHDX� /D ILJXUH � GpFULW O©DFWLYLWp G©XQ WHO UpVHDX VXU ��� VHFRQGHV �

O©pSLVRGH LQLWLDO HVW VXLYL G©XQ pSLVRGH VLPLODLUH DSUqV XQ WHPSV GH VLOHQFH GX UpVHDX� /HV SRWHQWLHOV GH PHPEUDQH

PR\HQV GHV QHXURQHV GH W\SH ,� ,0 HW ,, VRQW SUpVHQWpV GDQV OD ILJXUH ��D HW FHX[ GHV QHXURQHV GH W\SH ,,, GDQV OD

ILJXUH ��E� /HV QHXURQHV GH W\SH ,� ,0 HW ,, SUpVHQWHQW XQH RQGH OHQWH GH GpSRODULVDWLRQ UHFRXYHUWH GH SOXVLHXUV

GpSRODULVDWLRQV WUDQVLWRLUHV VXU OHVTXHOV VH JUHIIHQW GHV SRWHQWLHOV G©DFWLRQV �QRQ UHSUpVHQWpV LFL�� /HV QHXURQHV GH

W\SH ,,, VRQW OH VLqJH GH UHERQGV SRVW�LQKLELWHXUV� /HV GpFKDUJHV GHV QHXURQHV GH W\SH ,,, VRQW HQ RSSRVLWLRQ GH

SKDVH DYHF OHV GpFKDUJHV GHV QHXURQHV GH W\SH ,� ,0 HW ,,�

,VROpPHQW� OHV QHXURQHV GH W\SH ,0 SUpVHQWHQW XQH DFWLYLWp GH W\SH SDFHPDNHU � LOV GpFKDUJHQW VSRQWDQpPHQW� HW

GH PDQLqUH UpJXOLqUH VDQV VWLPXODWLRQ H[WpULHXUH �ILJXUH ��� &HSHQGDQW� ORUVTX©LOV VRQW FRQQHFWpV DX VHLQ GX

UpVHDX� HW VXELVVHQW DORUV OHV PrPHV LQIOXHQFHV TXH WRXV OHV QHXURQHV GH W\SH ,� FHV QHXURQHV Q¨H[SULPHQW SOXV

FHWWH DFWLYLWp SDFHPDNHU � LOV FRQQDLVVHQW XQH SpULRGH GH VLOHQFH GpWHUPLQpH SDU OD QHXURPRGXODWLRQ� HW GpFULYHQW

XQH DFWLYLWp U\WKPLTXH �O©pSLVRGH� GRQW OD IUpTXHQFH Q©HVW SDV OHXU IUpTXHQFH SURSUH�
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6 WLPXODWLRQ LQLWLDOH

)LJXUH � � 5pVHDX QH SUpVHQWDQW SDV G©DFWLYLWp U\WKPLTXH VSRQWDQpH� 8QH VWLPXODWLRQ HVW DSSOLTXpH j XQ VHXO QHXURQH GH W\SH ,� 1RXV

SRXYRQV YLVXDOLVHU XQ pSLVRGH FRPSRVp GH � ERXIIpHV� /H UpVHDX QH SRVVqGH SDV� LFL� OD SURSULpWp GH UHGpPDUUDJH DSUqV OD SpULRGH GH VLOHQFH�

LO HVW GRQF LQFDSDEOH GH JpQpUHU XQH DFWLYLWp U\WKPLTXH� /D OLJQH KRUL]RQWDOH UHSUpVHQWH OH VHXLO GH GpFKDUJH GHV QHXURQHV� /D VLPXODWLRQ HVW

HIIHFWXpH VXU XQH GXUpH GH ��� VHFRQGHV� $EVFLVVH � WHPSV HQ VHFRQGHV� 2UGRQQpH � SRWHQWLHO GH PHPEUDQH PR\HQ �PR\HQQH DULWKPpWLTXH

GHV SRWHQWLHOV GH PHPEUDQH� GHV QHXURQHV GH W\SH , HQ PLOOLYROWV�
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)LJXUH � � (YROXWLRQ GHV SRWHQWLHOV GH PHPEUDQH PR\HQV DX FRXUV GX WHPSV� D� 1HXURQHV GH W\SH ,� ,0 HW ,,� /©RQGH OHQWH HVW SUpVHQWH�

UHFRXYHUWH GH GpSRODULVDWLRQV WUDQVLWRLUHV� HW VXLYLH G©XQH LQKLELWLRQ� E� 1HXURQHV GH W\SH ,,,� 2Q SHXW YLVXDOLVHU XQH VXLWH GH UHERQGV SRVW�

LQKLELWHXUV� VXLYLH SDU XQH LQKLELWLRQ� &HV ILJXUHV VRQW OH UpVXOWDW G©XQH VLPXODWLRQ GH ��� VHFRQGHV PHWWDQW HQ pYLGHQFH � pSLVRGHV

FRPSRVpV GH � ERXIIpHV FKDFXQ� HW VpSDUpV GH � PLQ HQYLURQ� /D OLJQH KRUL]RQWDOH UHSUpVHQWH OH VHXLO GH GpFKDUJH GHV QHXURQHV� $EVFLVVH �

WHPSV HQ VHFRQGHV� 2UGRQQpH � SRWHQWLHO GH PHPEUDQH PR\HQ HQ PLOOLYROWV�
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)LJXUH � � $FWLYLWp GH W\SH SDFHPDNHU G©XQ QHXURQH GH W\SH ,0 REVHUYp KRUV UpVHDX� /D OLJQH KRUL]RQWDOH UHSUpVHQWH OH VHXLO GH GpFKDUJH�

6LPXODWLRQ G©XQH GXUpH GH �� VHFRQGHV� $EVFLVVH � WHPSV HQ VHFRQGHV� 2UGRQQpH � SRWHQWLHO GH PHPEUDQH G©XQ QHXURQH GH W\SH ,0� HQ

PLOOLYROWV�
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$QDO\VH�GX�UpVHDX�j�DFWLYLWp�U\WKPLTXH�DXWR�HQWUHWHQXH

/©DQDO\VH GH O©DFWLYLWp U\WKPLTXH GX UpVHDX SDVVH SDU O©pWXGH GHV WURLV SKDVHV TXL OD FRPSRVHQW � ��� OD JHQqVH

GHV ERXIIpHV UHVSRQVDEOH GH O©DFWLYLWp GX QHUI � ��� O©DUUrW GH O©pSLVRGH HW ��� OD SpULRGH GH VLOHQFH�

*HQqVH GHV ERXIIpHV

/HV ERXIIpHV VRQW SURGXLWHV SDU OHV QHXURQHV GH W\SH ,� ,0 HW ,,� /D QHXURPRGXODWLRQ JpQpUpH SDU OHV QHXURQHV

GH W\SH ,,, GpSRODULVH OHQWHPHQW OHV QHXURQHV GH W\SH ,� ,0 HW ,, �ILJXUH ��D�� &HWWH GpSRODULVDWLRQ HQWUDvQH XQH

DFWLYDWLRQ GHV FDQDX[ FDOFLTXHV ,&D7� FRPPH GpWDLOOp HQ ILJXUH ��E� HW GRQF XQH HQWUpH PDVVLYH GH FDOFLXP GDQV OD

FHOOXOH� /D GpSRODULVDWLRQ UpVXOWDQWH HQWUDvQH OH SRWHQWLHO GH PHPEUDQH MXVTX
DX VHXLO GH OLEpUDWLRQ GHV

QHXURWUDQVPHWWHXUV� /©DFWLYLWp HVW DORUV WUDQVPLVH YLD OHV V\QDSVHV� 6XLWH j XQH ERXIIpH� OD UHSRODULVDWLRQ GH OD

PHPEUDQH HVW DVVXUpH SDU OH FRXUDQW SRWDVVLTXH FDOFLXP�GpSHQGDQW ,$+3� 'XUDQW OD UHSRODULVDWLRQ� OHV QHXURQHV GH

W\SH ,,, SUpVHQWHQW XQ UHERQG SRVW�LQKLELWHXU VXLWH j O©LQKLELWLRQ *$%$� HW GpFKDUJHQW HQ OLEpUDQW XQ

QHXURPRGXODWHXU ELSKDVLTXH� /©pSLVRGH V©DUUrWH GDQV QRV VLPXODWLRQV DSUqV XQ QRPEUH OLPLWp GH ERXIIpHV�

$UUrW GH O©pSLVRGH

/©pSLVRGH FHVVH ORUVTXH OH UpVHDX Q©HVW SOXV HQ FRQGLWLRQ GH SURGXLUH XQH QRXYHOOH ERXIIpH� /D SURGXFWLRQ

G©XQH ERXIIpH UpVXOWH� FRPPH GLW SOXV KDXW� GH O©LQWHUYHQWLRQ V\QHUJLTXH GH OD QHXURPRGXODWLRQ H[FLWDWULFH HW GH

O©DFWLYDWLRQ GX FRXUDQW FDOFLTXH� /©DUUrW GH O©pSLVRGH YD UpVXOWHU� ��� GH O©LQKLELWLRQ OHQWH HW SHUVLVWDQWH SURYHQDQW

GHV QHXURQHV GH W\SH ,,, TXL V©RSSRVH j OD QHXURPRGXODWLRQ H[FLWDWULFH HW GLPLQXH DLQVL O©DPSOLWXGH G©XQH

pYHQWXHOOH ERXIIpH� ��� GH O©LQDFWLYDWLRQ GX FRXUDQW FDOFLTXH� FRPPH GpFULW HQ ILJXUH ��E� /D ILQ GH O©pSLVRGH HVW

PDUTXpH SDU XQH GHUQLqUH GpSRODULVDWLRQ� GH IDLEOH DPSOLWXGH� TXL Q©DWWHLQW SDV OH VHXLO GH GpFKDUJH GX QHXURQH�

3pULRGH GH VLOHQFH GX UpVHDX

/D ILJXUH � PRQWUH O©HIIHW GH OD FRQVWDQWH GH WHPSV GH OD QHXURPRGXODWLRQ LQKLELWULFH� /D FRPSDUDLVRQ GH

GHX[ VLPXODWLRQV HIIHFWXpHV j SDUWLU GH UpVHDX[ D\DQW GHV FRQVWDQWHV GH WHPSV GLIIpUHQWHV SRXU OD

QHXURPRGXODWLRQ LQKLELWULFH PRQWUH TXH FHWWH FRQVWDQWH SHXW GpWHUPLQHU GH IDoRQ FULWLTXH OD GXUpH GH OD SpULRGH

GH VLOHQFH HQWUH OHV pSLVRGHV� &H UpVXOWDW VXJJqUH TXH OD SpULRGH GH VLOHQFH UpVXOWH GH O©LQKLELWLRQ GH O©HQVHPEOH

GX UpVHDX SDU OD QHXURPRGXODWLRQ JpQpUpH SDU OHV QHXURQHV GH W\SH ,,,� &HOOH�FL VH WUDGXLW SDU XQ FRXUDQW

LQKLELWHXU SHUVLVWDQW� FRPPH RQ O©REVHUYH VXU OD ILJXUH ��D� &HWWH ORQJXH QHXURPRGXODWLRQ SHUPHW DX UpVHDX GH

GLVSHQVHU XQH DFWLYLWp U\WKPLTXH VXU OHV PRWRQHXURQHV� HW GRQF VXU OH QHUI�
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)LJXUH � � 0pFDQLVPH GH OD JHQqVH GHV ERXIIpHV� 6LPXODWLRQ G©XQH GXUpH GH ��� VHFRQGHV� D� 3ULQFLSDX[ FRXUDQWV PLV HQ MHX GDQV OHV

QHXURQHV GH W\SH ,� /H FRXUDQW V\QDSWLTXH H[FLWDWHXU HVW UHODWLYHPHQW LPSRUWDQW� HW SHUPHW O©DFWLYDWLRQ GX FRXUDQW FDOFLTXH � OH FRXUDQW

SRWDVVLTXH FDOFLXP�GpSHQGDQW SHUPHW GH UHSRODULVHU OD PHPEUDQH VXLWH j O©HQWUpH PDVVLYH GX FDOFLXP GDQV OH PLOLHX LQWUDFHOOXODLUH � OH

FRXUDQW V\QDSWLTXH LQKLELWHXU QH FHVVH G©DXJPHQWHU� LQWHUYHQDQW GDQV OH GpFRXUV GH O©pSLVRGH� E� 3DUWLFXOHV G©DFWLYDWLRQ P HW G©LQDFWLYDWLRQ K

GX FRXUDQW FDOFLTXH GDQV OHV QHXURQHV GH W\SH ,� &HV FRXUEHV GHV SDUWLFXOHV G©DFWLYDWLRQ HW G©LQDFWLYDWLRQ GX FRXUDQW FDOFLTXH VRQW

FDUDFWpULVWLTXHV � GDQV XQ SUHPLHU WHPSV� OH FRXUDQW V©DFWLYH �P HVW PD[LPXP� � SXLV OD PHPEUDQH VH GpSRODULVH� DWWHLJQDQW OH VHXLO

G©LQDFWLYDWLRQ GX FRXUDQW �K HVW PD[LPXP�� , &D7 � FRXUDQW FDOFLTXH j EDV VHXLO � , $+3 � FRXUDQW SRWDVVLTXH FDOFLXP GpSHQGDQW � , 6\Q� �

FRXUDQW V\QDSWLTXH GpSRODULVDQW �VRPPH GHV FRXUDQWV V\QDSWLTXHV H[FLWDWHXUV� � , 6\Q� � FRXUDQW V\QDSWLTXH K\SHUSRODULVDQW �VRPPH GHV

FRXUDQWV V\QDSWLTXHV LQKLELWHXUV�� P � SDUWLFXOH G©DFWLYDWLRQ GX FRXUDQW FDOFLTXH � K � SDUWLFXOH G©LQDFWLYDWLRQ GX FRXUDQW FDOFLTXH� D�

$EVFLVVH � WHPSV HQ VHFRQGHV� 2UGRQQpH � LQWHQVLWp HQ QDQR�DPSqUHV� E� $EVFLVVH � WHPSV HQ VHFRQGHV� 2UGRQQpH � SUREDELOLWp TXH OD

SDUWLFXOH �P RX K� VRLW j O©pWDW SHUPLVVLI�
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)LJXUH � � &RPSDUDLVRQ GH GHX[ UpVHDX[� /HV FRQVWDQWHV GH WHPSV GH OD QHXURPRGXODWLRQ LQKLELWULFH� JpQpUpH SDU OHV QHXURQHV GH W\SH ,,,

GH FHV GHX[ UpVHDX[ VRQW GLIIpUHQWHV� /H WHPSV GH GHVFHQWH GH FHWWH QHXURPRGXODWLRQ HVW EHDXFRXS SOXV LPSRUWDQW GDQV OH UpVHDX Q��� /D

VLPXODWLRQ GXUH ��� VHFRQGHV� /D FRXUEH UHODWLYH DX UpVHDX Q�� HVW FRPSRVpH GH � pSLVRGHV GH � ERXIIpHV FKDFXQ � DORUV TXH OD FRXUEH

UHODWLYH DX UpVHDX Q�� Q©HVW FRPSRVpH TXH GH � pSLVRGHV GH � ERXIIpHV� /H QRPEUH G©pSLVRGH HVW PRLQV LPSRUWDQW GDQV OH UpVHDX D\DQW OD

FRQVWDQWH GH WHPSV OD SOXV pOHYpH� /D GXUpH GH OD QHXURPRGXODWLRQ LQKLELWULFH HVW GRQF XQ SDUDPqWUH VHQVLEOH GDQV OD GpWHUPLQDWLRQ GH OD

SpULRGH LQWHU�pSLVRGH� $EVFLVVH � WHPSV HQ VHFRQGHV� 2UGRQQpH � SRWHQWLHO GH PHPEUDQH PR\HQ GHV QHXURQHV GH W\SH ,� ,0 HW ,, HQ PLOOLYROWV�
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(WXGH�GX�QRPEUH�GH�ERXIIpHV�SDU�pSLVRGH

/H FRXUDQW V\QDSWLTXH UpVXOWDQW GH OD IL[DWLRQ GH *$%$ GDQV OHV QHXURQHV GH W\SH ,,, MRXH XQ U{OH LPSRUWDQW

GDQV OD GpWHUPLQDWLRQ GX QRPEUH GH ERXIIpHV SDU pSLVRGH� /D ILJXUH �� PRQWUH O©DFWLYLWp G©XQ UpVHDX SRXU TXDWUH

YDOHXUV GX SRLGV V\QDSWLTXH GH OD FRQQH[LRQ *$%$� /RUVTXH FH SRLGV V\QDSWLTXH HVW QXO �FH TXL UHYLHQW j

VXSSULPHU OD FRQQH[LRQ *$%$�� O©pSLVRGH HVW DYRUWp HW QH FRPSRUWH TX©XQH VHXOH ERXIIpH� 8QH DXJPHQWDWLRQ GX

SRLGV V\QDSWLTXH V©DFFRPSDJQH G©XQH DXJPHQWDWLRQ UpJXOLqUH GX QRPEUH GH ERXIIpHV� ,O H[LVWH FHSHQGDQW XQH

YDOHXU VHXLO GX SRLGV V\QDSWLTXH� SRXU ODTXHOOH OH QRPEUH GH ERXIIpHV HVW PD[LPDO�

&HFL SHXW rWUH H[SOLTXp GH OD PDQLqUH VXLYDQWH� /D IRUPH GX UHERQG SRVW�LQKLELWHXU GHV QHXURQHV GH W\SH ,,,

GpSHQG ��� GH OD FRQQH[LRQ LQKLELWULFH *$%$HUJLTXH GHV QHXURQHV GH W\SH ,, YHUV FHX[ GH W\SH ,,, HW ��� GH

O©LQWHUFRQQH[LRQ GHV QHXURQHV GH W\SH ,,,� &HWWH LQWHUFRQQH[LRQ HVW H[FLWDWULFH HW LQKLELWULFH� HOOH UHQG GRQF OD

PHPEUDQH PRLQV VHQVLEOH DX[ VWLPXODWLRQV H[WpULHXUHV� HW HQ SDUWLFXOLHU DX[ K\SHUSRODULVDWLRQV GXHV DX *$%$

OLEpUp SDU OHV QHXURQHV GH W\SH ,,� /©DPSOLWXGH GX UHERQG SRVW�LQKLELWHXU VXLYDQW HVW� SDU FRQVpTXHQW� SOXV IDLEOH�

6L FH UHERQG GpSDVVH OH VHXLO GH GpFKDUJH GH FHV QHXURQHV DORUV OH QHXURPRGXODWHXU H[FLWDWHXU HVW OLEpUp HW SHXW

pYHQWXHOOHPHQW SURGXLUH XQH QRXYHOOH ERXIIpH GDQV OHV QHXURQHV GH W\SH ,� ,0 HW ,, �YRLU $UUrW GH O©pSLVRGH� �

VLQRQ� O©pSLVRGH V©DUUrWH�

/H QRPEUH GH ERXIIpHV SDU pSLVRGH HVW GRQF GLUHFWHPHQW OLp DX QRPEUH GH UHERQGV SRVW�LQKLELWHXUV GDQV OHV

QHXURQHV GH W\SH ,,,� /D GXUpH LQWHU�pSLVRGH HVW GpSHQGDQWH GH OD QHXURPRGXODWLRQ LQKLELWULFH � SOXV OH QRPEUH GH

GpFKDUJH GHV QHXURQHV GH W\SH ,,, HVW LPSRUWDQW� SOXV OD QHXURPRGXODWLRQ GXUH� HW SOXV OD IUpTXHQFH GHV pSLVRGHV

HVW IDLEOH� /©DXJPHQWDWLRQ GX QRPEUH GH ERXIIpHV SDU pSLVRGH VHUDLW GRQF GX j XQH DXJPHQWDWLRQ GH OD GHQVLWp

GHV FRQQH[LRQV *$%$HUJLTXHV HQWUH OHV QHXURQHV GH W\SH ,, HW ,,,�
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)LJXUH �� � ,QIOXHQFH GHV SRLGV V\QDSWLTXHV GH OD FRQQH[LRQ *$%$HUJLTXH VXU OH QRPEUH GH ERXIIpHV SDU pSLVRGH� &HV FRXUEHV VRQW OH

UpVXOWDW GH TXDWUH VLPXODWLRQV G©XQH GXUpH GH ��� VHFRQGHV� 'H D� j G� OD FRQGXFWDQFH V\QDSWLTXH *$%$HUJLTXH GHV QHXURQHV GH W\SH ,,, QH

FHVVH G©DXJPHQWHU� D� FRQGXFWDQFH V\QDSWLTXH QXOOH� E� FRQGXFWDQFH V\QDSWLTXH pJDOH j ����� F� FRQGXFWDQFH V\QDSWLTXH pJDOH j ����� G�

FRQGXFWDQFH V\QDSWLTXH pJDOH j ����� /D FRQGXFWDQFH V\QDSWLTXH XWLOLVpH SDU GpIDXW GDQV OH PRGqOH HVW pJDOH j ���� $EVFLVVH � WHPSV HQ

VHFRQGHV� 2UGRQQpH � SRWHQWLHO GH PHPEUDQH PR\HQ GHV QHXURQHV GH W\SH , HQ PLOOLYROWV�
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'DQV FHWWH pWXGH� QRXV DYRQV GpILQL� SXLV DQDO\Vp XQ PRGqOH GX UpVHDX j O©RULJLQH GHV U\WKPHV FKH] O©HPEU\RQ

GH SRXOHW� $ILQ GH UpSRQGUH DX[ EHVRLQV GHV ELRORJLVWHV� FH PRGqOH D pWp FRQoX GDQV XQ VRXFL GH � SDUFLPRQLH � �

Q©\ RQW pWp LQFOXV TXH OHV W\SHV FHOOXODLUHV HW OHV FRQQH[LRQV QpFHVVDLUHV SRXU UHSURGXLUH O©DFWLYLWp U\WKPLTXH

REVHUYpH LQ YLWUR� 1RV UpVXOWDWV PRQWUHQW TXH� FRQIRUPpPHQW DX VFKpPD SURSRVp SDU OH ELRORJLVWH� O©LQWHUDFWLRQ GH

WURLV W\SHV GH QHXURQHV �,� ,, HW ,,,�� YLD WURLV W\SHV GH FRQQH[LRQV GLVWLQFWV� SHUPHW GH UHQGUH FRPSWH GH FHWWH

DFWLYLWp� 1RXV DYRQV FHSHQGDQW pWp FRQGXLWV j pPHWWUH SOXVLHXUV K\SRWKqVHV FRQFHUQDQW OHV SURSULpWpV LQWULQVqTXHV

GHV QHXURQHV�

/©XQH GHV SULQFLSDOHV SURSULpWpV GRQW QRXV DYRQV HX j UHQGUH FRPSWH HVW OH GpPDUUDJH VSRQWDQp GHV pSLVRGHV�

/HV UpVXOWDWV H[SpULPHQWDX[ LQGLTXHQW TXH FH GpPDUUDJH HVW LQLWLp GDQV OHV QHXURQHV GH W\SH ,� 3OXV SUpFLVpPHQW

VHXOH XQH SHWLWH SDUWLH GH FHV QHXURQHV SUpVHQWH XQH DFWLYLWp VSRQWDQpH� ODTXHOOH VH SURSDJH HQVXLWH j O©HQVHPEOH

GHV QHXURQHV GH W\SH , SXLV j OD WRWDOLWp GX UpVHDX� YLD OHV FRQQH[LRQV H[FLWDWULFHV JOXWDPDHUJLTXHV� 'HV GRQQpHV

GH OD OLWWpUDWXUH ELRORJLTXH HW GH PRGpOLVDWLRQ LQGLTXHQW TXH O©H[LVWHQFH G©XQ EUXLW V\QDSWLTXH DX VHLQ G©XQ UpVHDX

GH QHXURQHV SHXW LQGXLUH O©DSSDULWLRQ G©XQH DFWLYLWp VSRQWDQpH GDQV FH UpVHDX �3KDP HW DO� ����D�E�� 1RV UpVXOWDWV

PRQWUHQW TXH OH EUXLW VHXO QH VXIILW SDV j SURGXLUH XQH DFWLYLWp VSRQWDQpH GDQV FH W\SH GH UpVHDX ORUVTXH OD

SRSXODWLRQ GHV QHXURQHV GH W\SH , HVW KRPRJqQH� 1RXV DYRQV LQWURGXLW XQH KpWpURJpQpLWp GDQV OD SRSXODWLRQ GHV

QHXURQHV GH W\SH ,� /©DMRXW GH QHXURQHV GH W\SH ,0 GDQV OH UpVHDX LQLWLDOHPHQW GpFULW SHUPHW G©REWHQLU XQH DFWLYLWp

U\WKPLTXH DXWR�HQWUHWHQXH� /©H[SpULPHQWDWLRQ Q©D MXVTX©j SUpVHQW SDV HQUHJLVWUp GH QHXURQHV D\DQW XQH DFWLYLWp

VSRQWDQpH GDQV OH WURQF FpUpEUDO GH O©HPEU\RQ GH SRXOHW �&KDPSDJQDW HW )RUWLQ ������ &HSHQGDQW� OHV

VLPXODWLRQV PRQWUHQW TXH FHV QHXURQHV� XQH IRLV FRQQHFWpV HQ UpVHDX� VRQW LQGLVFHUQDEOHV GHV DXWUHV� /HXU

GpWHFWLRQ VHUDLW GRQF GLIILFLOH� G©DXWDQW SOXV TX©XQ SHWLW QRPEUH HVW VXIILVDQW SRXU GRQQHU OD SURSULpWp GH

UHGpPDUUDJH�

1RXV DYRQV pPLV XQH K\SRWKqVH UHODWLYH DX[ FRXUDQWV PLV HQ MHX� ,O D pWp QpFHVVDLUH GH UDMRXWHU XQ FRXUDQW

SRWDVVLTXH GDQV OHV QHXURQHV GH W\SH ,� ,0 HW ,, DILQ GH UHSRODULVHU OHXU PHPEUDQH� 1RXV DYRQV DMRXWp OH FRXUDQW

SRWDVVLTXH FDOFLXP�GpSHQGDQW� %LHQ TXH QRQ HQFRUH YDOLGp H[SpULPHQWDOHPHQW FDU QRQ UHFKHUFKp� FH FRXUDQW D

GpMj pWp HQYLVDJp GDQV OHV QHXURQHV UHVSLUDWRLUHV DGXOWHV �0LIIOLQ HW DO� ������ 'H SOXV� OH FRXUDQW FDOFLTXH HVW WUqV

LPSRUWDQW GDQV FHV W\SHV QHXURQDX[� HW MRXH GH QRPEUHX[ U{OHV �HQ SDUWLFXOLHU GDQV OD JHQqVH GHV ERXIIpHV�� ,O HVW

GRQF UDLVRQQDEOH GH VXSSRVHU TX©XQ FRXUDQW SRWDVVLTXH GpSHQGDQW GH OD FRQFHQWUDWLRQ LQWUDFHOOXODLUH HQ FDOFLXP

LQWHUYLHQQH GDQV OHV QHXURQHV GH W\SH ,� ,0 HW ,,�

/©H[SpULPHQWDWLRQ D SURXYp TXH OD VXSSUHVVLRQ GHV FRQQH[LRQV *$%$HUJLTXHV HQWUDvQDLW XQH PRGLILFDWLRQ

GHV pSLVRGHV� TXL Q©pWDLW DORUV SOXV FRPSRVp TXH G©XQH ERXIIpH� 1RWUH PRGqOH SHUPHW GH UHQGUH FRPSWH GH FHWWH

REVHUYDWLRQ �ILJXUH ���D�� 'H SOXV� OD PRGLILFDWLRQ GX SRLGV V\QDSWLTXH GH OD FRQQH[LRQ *$%$HUJLTXH GDQV QRWUH

PRGqOH� PRQWUH XQH DXJPHQWDWLRQ UpJXOLqUH GX QRPEUH GH ERXIIpHV SDU pSLVRGH �ILJXUH ���E� F� G�� &HWWH

PRGLILFDWLRQ GH O©DFWLYLWp D DXVVL pWp REVHUYpH GDQV OH UpVHDX ELRORJLTXH DX FRXUV GH O©HPEU\RJHQqVH GX SRXOHW� ,O

VHPEOH GRQF TXH OD PRGLILFDWLRQ GHV FRQQH[LRQV �TXL VRQW UHQIRUFpHV RX GpWUXLWHV� VRLW XQH GHV FDUDFWpULVWLTXHV

LPSRUWDQWH GH O©HPEU\RJHQqVH�

/HV UpVXOWDWV REWHQXV SDU VLPXODWLRQ FRUUHVSRQGHQW DX[ REVHUYDWLRQV ELRORJLTXHV� ,OV QRXV RQW GRQF SHUPLV

G©pPHWWUH GHV K\SRWKqVHV UHODWLYHV DX[ PpFDQLVPHV PLV HQ MHX GDQV OHV GLIIpUHQWHV SKDVHV GH O©DFWLYLWp�

&HSHQGDQW� QRWUH PRGqOH QH SHUPHW SDV GH UHQGUH FRPSWH GH WRXV OHV SKpQRPqQHV REVHUYpV LQ YLWUR� /RUV GH

O©pYROXWLRQ HPEU\RQQDLUH� O©DFWLYLWp GX UpVHDX VH GpYHORSSH� $X FRXUV GH FH GpYHORSSHPHQW� OH QRPEUH GH

ERXIIpHV SDU pSLVRGH DXJPHQWH� DLQVL TXH OD SpULRGH LQWHU�pSLVRGH �ILJXUHV � HW ���� PDLV OHV HQUHJLVWUHPHQWV

pOHFWURSK\VLRORJLTXHV PRQWUHQW DXVVL XQH GLPLQXWLRQ FRQMRLQWH GH OD GXUpH ERXIIpH� QRQ REVHUYpHV GDQV OHV

VLPXODWLRQV� ,O VHPEOHUDLW TXH FHWWH GLIIpUHQFH VRLW GXH j OD PDQLqUH GRQW OD QHXURPRGXODWLRQ �0F&RUPLFN �����

D pWp PRGpOLVpH� SUREDEOHPHQW WURS VLPSOHPHQW GX IDLW GHV GRQQpHV ELRORJLTXHV QRQ HQFRUH GLVSRQLEOHV�

/D YDOLGDWLRQ GX PRGqOH HVW UpDOLVpH SDU OD FRPSDUDLVRQ TXDOLWDWLYH HQWUH OH FRPSRUWHPHQW GX UpVHDX HW OHV

REVHUYDWLRQV ELRORJLTXHV� &HSHQGDQW� OHV HQUHJLVWUHPHQWV pOHFWURSK\VLRORJLTXHV� UpDOLVpV LQ YLWUR� SRUWHQW VXU OH

FRPSRUWHPHQW G©XQ UpVHDX HW QRQ VXU GHV QHXURQHV LVROpV� 3RXUWDQW� OD PRGpOLVDWLRQ QpFHVVLWH OD GHVFULSWLRQ

LQGLYLGXHOOH GHV QHXURQHV� HW OD YDOLGLWp GHV SDUDPqWUHV FKRLVLV QH SHXW rWUH LFL YpULILpH TXH SDU O©REVHUYDWLRQ GX

FRPSRUWHPHQW JOREDO GX UpVHDX�



���

&21&/86,21

'DQV FHWWH pWXGH� QRXV DYRQV PRGpOLVp� SXLV DQDO\Vp OH UpVHDX GH QHXURQHV j O©RULJLQH GHV U\WKPHV FKH]

O
HPEU\RQ GH SRXOHW� 1RXV DYRQV SX FRQILUPHU FHUWDLQHV K\SRWKqVHV UHODWLYHV DX IRQFWLRQQHPHQW GX UpVHDX HW GH

VRQ DFWLYLWp U\WKPLTXH� /
DQDO\VH GHV VLPXODWLRQV HIIHFWXpHV j SDUWLU GX PRGqOH GpYHORSSp QRXV RQW DSSRUWp OHV

LQIRUPDWLRQV VXLYDQWHV�

/H UpVHDX OH SOXV SDUFLPRQLHX[ HVW FRPSRVp GH WURLV W\SHV QHXURQDX[� &HFL HVW QpFHVVDLUH HW VXIILVDQW SRXU

GpFULUH OHV DFWLYLWpV U\WKPLTXHV REVHUYpHV� 'H SOXV� OD FRQWULEXWLRQ GH FKDFXQ GH FHV W\SHV QHXURQDX[ j OD JHQqVH

GH O©DFWLYLWp HVW pWDEOLH� HW OD FRQQHFWLYLWp SURSRVpH SRXU OH UpVHDX D pWp YDOLGpH� 1pDQPRLQV� LO D IDOOXW DGMRLQGUH

DX[ PRGqOHV GHV PRGLILFDWLRQV QRQ SUpYXV ORUV GH O
DQDO\VH SUpOLPLQDLUH�

/
DFWLYLWp GX UpVHDX HVW PLHX[ FRPSULVH JUkFH j OD PLVH HQ DYDQW GHV GLIIpUHQWV FRXUDQWV TXL HQ VRQW

UHVSRQVDEOHV� (Q SDUWLFXOLHU� OH FRXUDQW FDOFLTXH TXL HVW IRUWHPHQW SUpVHQW GDQV FKDFXQ GHV WURLV W\SHV QHXURQDX[

SXLVTX
LO MRXH XQ U{OH LPSRUWDQW GDQV OD JHQqVH GHV ERXIIpHV pPLVHV SDU OHV QHXURQHV GH W\SH ,� ,0 HW ,, �GRQF GDQV

O
DFWLYLWp U\WKPLTXH�� HW TX
LO HVW UHVSRQVDEOH GHV UHERQGV SRVW�LQKLELWHXUV GDQV OHV QHXURQHV GH W\SH ,,,� ,O IDXW

QRWHU TXH OH FRXUDQW SRWDVVLTXH DFWLYp SDU OH FDOFLXP HVW QpFHVVDLUH GDQV OHV QHXURQHV GH W\SH ,� ,0 HW ,, SRXU OD

JHQqVH GHV ERXIIpHV� 'H SOXV� WRXV OHV FRXUDQWV V\QDSWLTXHV LQWHUYLHQQHQW GDQV OHV GLIIpUHQWHV FRPSRVDQWHV GH

O
DFWLYLWp U\WKPLTXH�

/H FDUDFWqUH U\WKPRJqQH QH UHSRVH SDV VXU O©LQWpJUDOLWp GX WURQF FpUpEUDO� $X FRQWUDLUH� FH FDUDFWqUH HVW UpLWpUp

GH O©DYDQW j O©DUULqUH GX WURQF FpUpEUDO DX VHLQ GH VHJPHQWV �LVRODEOHV FKLUXUJLFDOHPHQW�� HQ FRUUHVSRQGDQFH DYHF

OHV QR\DX[ FRQWHQDQW OHV GLIIpUHQWHV SRSXODWLRQV GH PRWRQHXURQHV � GRQF� HQ FRUUHVSRQGDQFH DYHF OHV VRUWLHV GX

UpVHDX� 1RXV QRXV VRPPHV LQWpUHVVpV� DX FRXUV GH FHWWH pWXGH� j OD PRGpOLVDWLRQ G©XQ GH FHV VHJPHQWV� /HV

GLIIpUHQWV VHJPHQWV JpQqUHQW GHV DFWLYLWpV U\WKPLTXHV GLVWLQFWHV ORUVTX©LOV VRQW LVROpV OHV XQV GHV DXWUHV� 8QH

LQWpJUDWLRQ GH FHV GLIIpUHQWHV DFWLYLWpV HVW QRUPDOHPHQW HIIHFWXpH SDU OH ELDLV GHV QHXURQHV UpWLFXODLUHV� TXL UHOLHQW

FHV GLIIpUHQWV pWDJHV� &HFL FRQGXLW j XQH DFWLYLWp U\WKPLTXH JOREDOH� FRPPXQH j WRXV� /H WUDYDLO IXWXU YD FRQVLVWHU

j LQWHUFRQQHFWHU KXLW UpVHDX[ LGHQWLTXHV j FHOXL pWXGLp GDQV FH UDSSRUW� j YDOLGHU FHV FRQQH[LRQV� SXLV j PRGLILHU

FHUWDLQV SDUDPqWUHV DILQ GH PLHX[ FRPSUHQGUH OD IDoRQ GRQW V
RSqUH OD VSpFLDOLVDWLRQ GHV SURSULpWpV U\WKPRJqQHV

GDQV OH WURQF FpUpEUDO DX FRXUV GH O
HPEU\RJHQqVH� /©REMHFWLI HVW GRQF G©pWXGLHU O©pYROXWLRQ GH FH UpVHDX

SULPRUGLDO DILQ GH GpWHUPLQHU OHV FDXVHV VXVFHSWLEOHV G©DOWpUHU OH IRQFWLRQQHPHQW GH O©DSSDUHLO UHVSLUDWRLUH FKH]

O©DGXOWH�

5pIpUHQFHV�ELEOLRJUDSKLTXHV��

$GULDQ� (� '� DQG %X\HQGLMN� )� -� -� ������� 3RWHQWLDO FKDQJHV LQ WKH LVRODWHG EUDLQVWHP RI JROGILVK� -� 3K\VLRO��

�����������

%DOLV� 8� -�� 0RUULV� .� )�� .ROHVNL� -� DQG /LQGVH\� %� *� ������� 6LPXODWLRQV RI D YHQWURODWHUDO PHGXOODU\ QHXUDO

QHWZRUN IRU UHVSLUDWRU\ UK\WKPRJHQHVLV LQIHUUHG VSLNH WUDLQ FURVV�FRUUHODWLRQ� %LRO� &\EHUQ�� �����������

%HUWUDQG� )�� +XJHOLQ� $� DQG 9LEHUW� -��)� ������� 4XDQWLWDWLYH VWXG\ RI DQDWRPLFDO GLVWULEXWLRQ RI UHVSLUDWLRQ

UHODWHG QHXURQV LQ WKH SRQV� ([S� %UDLQ 5HV�� �����������

%HUWUDQG� )�� +XJHOLQ� $� DQG 9LEHUW� -��)� ������� $ VWHUHRORJLF PRGHO RI SQHXPRWD[LF RVFLOODWRU EDVHG RQ VSDWLDO

DQG WHPSRUDO GLVWULEXWLRQ RI QHXURQDO EXUVWV� -� 1HXURSK\VLRO�� ����������

%RWURV� 6� 0� DQG %UXFH� (� 1� ������� 1HXUDO QHWZRUN LPSOHPHQWDWLRQ RI WKH WKUHH�SKDVH PRGHO RI UHVSLUDWRU\

UK\WKP JHQHUDWLRQ� %LRO� &\EHUQ�� �����������

&DLOOH� '�� 9LEHUW� -��)�� %HUWUDQG� )�� *URP\V]� +� DQG +XJHOLQ� $� ������� 3HQWREDUELWRQH HIIHFWV RQ UHVSLUDWLRQ

UHODWHG XQLWV � VHOHFWLYH GHSUHVVLRQ RI EXOERSRQWLQH UHWLFXODU QHXURQHV� 5HVSLU� 3K\VLRO�� �����������

&DLOOH� '�� 9LEHUW� -��)� DQG +XJHOLQ� $� ������� $SQHXVLV DQG DSQHD DIWHU SDUDEUDFKLDO RU .ROOLNHU )XVH 1� OHVLRQ

� LQIOXHQFH RI ZDNHIXOQHVV� 5HVSLU� 3K\VLRO�� ���������

&KDPSDJQDW� - DQG )RUWLQ� *� ������� 3ULPRUGLDO UHVSLUDWRU\�OLNH UK\WKP JHQHUDWLRQ LQ WKH YHUWHEUDWH HPEU\R�

7UHQGV 1HXURVFL�� �����������



���

&KDPSDJQDW� -� DQG 5LFKWHU� '� :� ������� 7KH UROHV RI . FRQGXFWDQFH LQ H[SLUDWRU\ SDWWHUQ JHQHUDWLRQ LQ

DQDHVWKHWL]HG FDWV� -� 3K\VLRO� /RQG�� ������������

'HVWH[KH� $�� 0F&RUPLFN� '� $� DQG 6HMQRZVNL� 7� -� ������� $ PRGHO IRU ���� +] VSLQGOLQJ LQ LQWHUFRQQHFWHG

WKDODPLF UHOD\ DQG UHWLFXODULV QHXURQV� %LRSK\V� -�� �������������

'H9ULHV� -� ,� 3�� 9LVVHU� *� +� $� DQG 3UHFKWO� +� )� 5� ������� 7KH HPHUJHQFH RI EHKDYLRU� ,� 4XDOLWDWLYH DVSHFWV�

(DUO\ +XP� 'HY�� ����������

'XIILQ� -� ������� $ PRGHO RI UHVSLUDWRU\ UK\WKP JHQHUDWLRQ� 1HXUR5HSRUW� ����������

)HOGPDQ� -� /� DQG &OHODQG� &� /� ������� 3RVVLEOH UROHV RI SDFHPDNHU QHXURQV LQ PDPPDOLDQ UHVSLUDWRU\

UK\WKPRJHQHVLV� ,Q � &HOOXODU 3DFHPDNHUV� HGLWHG E\ '� 2� &DUSHQWHU� 1HZ�<RUN � :LOH\� YRO� �� S� ����

����

)RUWLQ� *�� &KDPSDJQDW� -� DQG /XPVGHQ� $� ������� 2QVHW DQG PDWXUDWLRQ RI EUDQFKLRPRWRU DFWLYLWLHV LQ WKH

FKLFN KLQGEUDLQ� 1HXUR5HSRUW� ������������

)RUWLQ� *�� .DWR� )�� /XPVGHQ� $� DQG &KDPSDJQDW� -� ������� 5K\WKP JHQHUDWLRQ LQ WKH VHJPHQWHG KLQGEUDLQ RI

FKLFN HPEU\RV� -� 3K\VLRO�� ������������

*RORPE� '�� :DQJ� ;� -� DQG 5LQ]HO� -� ������� 3URSDJDWLRQ RI VSLQGOH ZDYHV LQ D WKDODPLF VOLFH PRGHO� -�

1HXURSK\VLRO�� �����������

+DPPRQG� &� DQG 7ULVK� '� ������� 1HXURELRORJLH &HOOXODLUH� 'RLQ� 3DULV� )UDQFH�

+RGJNLQ� $� /� DQG +X[OH\� $� )� ������� $ TXDQWLWDWLYH GHVFULSWLRQ RI PHPEUDQH FXUUHQW DQG LWV DSSOLFDWLRQ WR

FRQGXFWLRQ DQG H[FLWDWLRQ LQ QHUYH� -� 3K\VLRO� /RQG�� ������������

+XJXHQDUG� -� 5� DQG 0F&RUPLFN� '� $� ������� 9FODPS DQG &FODPS� $ FRPSXWDWLRQDO VLPXODWLRQ RI VLQJOH

WKDODPLF UHOD\ DQG FRUWLFDO S\UDPLGDO QHXURQV� 1HXUDO VLPXODWLRQ LQVWUXFWLRQ PDQXDO � 6WDQIRUG� &$ �

6WDQIRUG 8QLY�

+XJXHQDUG� -� 5� DQG 0F&RUPLFN� '� $� ������� 6LPXODWLRQ RI WKH FXUUHQWV LQYROYHG LQ UK\WKP RVFLOODWLRQV LQ

WKDODPLF UHOD\ QHXURQV� -� 1HXURSK\VLRO�� �������������

-DQVHQ� $� +� DQG &KHUQLFN� 9� ������� 'HYHORSHPHQW RI UHVSLUDWRU\ FRQWURO� 3K\VLRORJLFDO 5HYLHZV� �����������

.RKQ� )� ������� &RPSXWHU VLPXODWLRQ RI QRLVH UHVXOWLQJ IURP UDQGRP V\QDSWLF DFWLYLWLHV� &RPSXW� %LRO� 0HG��

�����������

/H0HWD\HU� $� ������� $FWLYLWp U\WKPLTXH SULPRUGLDOH GDQV OH WURQF FpUpEUDO LVROp HPEU\RQQDLUH GH SRXOHW�

5DSSRUW GH '($ GH 1HXURVFLHQFHV� )U� �� S�

/XPVGHQ� 7� ������� 2EVHUYDWLRQV RQ WKH UHVSLUDWRU\ FHQWHUV LQ WKH FDW� -� 3K\VLRO� /RQG�� �����������

0DF*UHJRU� 5� -� ������� 1HXUDO DQG %UDLQ 0RGHOLQJ� $FDGHPLF 3UHVV� 6DQ 'LHJR�

0F&RUPLFN� '�$� ������� 1HXURWUDQVPLWWHU DFWLRQV LQ WKH WKDODPXV DQG FHUHEUDO FRUWH[ DQG WKHLU UROH LQ

QHXURPRGXODWLRQ RI WKDODPRFRUWLFDO DFWLYLW\� 3URJ� 1HXURELRO� �2[IRUG�� �����������

0LIIOLQ� 6�� %DOODQW\QH� '�� %DFNPDQ� 6� DQG 5LFKWHU� '� :� ������� (YLGHQFH IRU D FDOFLXP�DFWLYDWHG SRWDVVLXP

FRQGXFWDQFH LQ PHGXOODU\ UHVSLUDWRU\ QHXURQV� ,Q � 1HXURJHQHVLV RI &HQWUDO 5HVSLUDWRU\ 5K\WKP� HGLWHG

E\ $� 0� %LDQFKL DQG 0� 'HQDYLW�6DXELp� /DQFDVWHU� 8. � 073� S� ��������

3KDP� -�� 3DNGDPDQ� .�� &KDPSDJQDW� -� DQG 9LEHUW� -��)� �����D�� 6SRQWDQHRXV $FWLYLW\ LQ 6SDUVHO\ &RQQHFWHG

([FLWDWRU\ 1HXUDO 1HWZRUNV� (IIHFW RI &RQQHFWLYLW\� 1HXUDO 1HWZRUNV� ����������

3KDP� -�� 3DNGDPDQ� .� DQG 9LEHUW� -��)� ������� 6LPXODWLRQ RI VSRQWDQHRXV DFWLYLW\ JHQHUDWLRQ LQ DQ H[FLWDWRU\

QHWZRUN LQYROYHG LQ WKH FRQWURO RI WKH UHVSLUDWRU\ UK\WKP � ,Q � &RPSXWDWLRQDO 1HXURVFLHQFHV� 7UHQGV LQ

5HVHDUFK� HGLWHG E\ -� %RZHU� 1HZ�<RUN � 3OHQXP� S� ��������

Pham, J., Pakdaman, K and Vibert, J.-F. (1998b). Noise-induced coherent oscillations in randomly connected
neural networks. Physical Review E, Accepté.

5LFKWHU� '� :�� &KDPSDJQDW� -�� -DFTXLQ� 7� DQG %HQDFND� 5� ������� &DOFLXP FXUUHQWV DQG FDOFLXP�GHSHQGHQW

SRWDVVLXP FXUUHQWV LQ PDPPDOLDQ PHGXOODU\ UHVSLUDWRU\ QHXURQV� -� 3K\VLRO� /RQG�� ����������

5XELR� -� (� ������� $ QHZ PDWKHPDWLFDO PRGHO RI WKH UHVSLUDWRU\ FHQWHU� %XOO� 0DWK� %LRSK\V�� �����������



���

5\EDN� ,� $�� 3DWRQ� -� )� 5� DQG 6FKZDEHU� -� 6� �����D�� 0RGHOLQJ QHXUDO PHFKDQLVPV IRU JHQHVLV RI UHVSLUDWRU\

UK\WKP DQG SDWWHUQ� ,� 0RGHOV RI UHVSLUDWRU\ QHXURQV� -� 1HXURSK\VLRO�� �������������

5\EDN� ,� $�� 3DWRQ� -� )� 5� DQG 6FKZDEHU� -� 6� �����E�� 0RGHOLQJ QHXUDO PHFKDQLVPV IRU JHQHVLV RI UHVSLUDWRU\

UK\WKP DQG SDWWHUQ� ,,� 1HWZRUN PRGHOV RI WKH FHQWUDO UHVSLUDWRU\ SDWWHUQ JHQHUDWRU� -� 1HXURSK\VLRO��

�������������

5\EDN� ,� $�� 3DWRQ� -� )� 5� DQG 6FKZDEHU� -� 6� �����F�� 0RGHOLQJ QHXUDO PHFKDQLVPV IRU JHQHVLV RI UHVSLUDWRU\

UK\WKP DQG SDWWHUQ� ,,,� &RPSDULVRQ RI PRGHO SHUIRUPDQFHV GXULQJ DIIHUHQW QHUYH VWLPXODWLRQ� -�

1HXURSK\VLRO�� �������������

6PLWK� -� &�� (OOHQEHUJHU� +�� %DOODQ\L� .�� 5LFKWHU� '� :� DQG )HOGPDQ� -� /� ������� 3UH�%|W]LQJHU FRPSOH[ � D

EUDLQ VWHP UHJLRQ WKDW PD\ JHQHUDWH UHVSLUDWRU\ UK\WKP LQ PDPPDOV� 6FLHQFH :DVK� '& ������������

9LEHUW� -��)� DQG $]P\� 1� ������� 6LPXODWLRQ GH OD JHQqVH G©XQ U\WKPH ELRORJLTXH SDU GHV UpVHDX[

LQWHUFRQQHFWpV� ,Q � 1HXUDO QHWZRUNV DQG WKHLU DSSOLFDWLRQV� HGLWHG E\ -� +pUDXOW� 3DULV � (&�� S� ��������

9LEHUW� -��)�� %HUWUDQG� )�� 'HQDYLW�6DXELp� 0� DQG +XJHOLQ� $� �����D�� 'LVFKDUJH SDWWHUQV RI EXOER�SRQWLQH

UHVSLUDWRU\ XQLW SRSXODWLRQV LQ FDW� %UDLQ 5HV�� ������������

9LEHUW� -��)�� %HUWUDQG� )�� 'HQDYLW�6DXELp� 0� DQG +XJHOLQ� $� �����E�� 7KUHH GLPHQVLRQDO UHSUHVHQWDWLRQ RI

EXOER�SRQWLQH UHVSLUDWRU\ QHWZRUNV DUFKLWHFWXUH IURP XQLW GHQVLW\ PDSV� %UDLQ 5HV�� ������������

9LEHUW� -��)�� &DLOOH� '�� %HUWUDQG� )�� *URP\V]� +� DQG +XJHOLQ� $� ������� $VFHQGLQJ SURMHFWLRQ IURP WKH

UHVSLUDWRU\ FHQWUH WR PHVHQFHSKDORQ DQG GLHQFHSKDORQ� 1HXURVFL� /HWW�� ���������

9LEHUW� -��)�� 3DNGDPDQ� .�� %RXVVDUG� (� DQG $Y�5RQ� (� ������� &RPSXWDWLRQDO QHXURVFLHQFH DQG QHXURORJ\�

1DWXUH�0HGHFLQH� ������������

9LEHUW� -��)�� 3DNGDPDQ� .�� %RXVVDUG� (� DQG $Y�5RQ� (� ������� ;1%&� $ VLPXODWLRQ WRRO� $SSOLFDWLRQ WR WKH

VWXG\ RI QHXUDO FRGLQJ XVLQJ K\EULG QHWZRUNV� %LR6\VWHPV� �����������

9LEHUW� -��)�� 3DNGDPDQ� .�� 3KDP� -�� /DPEROH]� '� DQG $]P\� 1� ������� ;1%& � 6WDWLRQ GH VLPXODWLRQ SRXU OH

QHXURELRORJLVWH� %LRPpWULH HW LQWHOOLJHQFH DUWLILFLHOOH� ���������

:DOOHQVWHLQ� *� 9� ������� $ PRGHO RI WKH HOHFWURSK\VLRORJLFDO SURSHUWLHV RI QXFOHXV UHWLFXODULV WKDODPL QHXURQV�

%LRSK\V� -�� �����������


