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$WRPLVDWLRQ�SULPDLUH�HQ�LQMHFWLRQ�GLSKDVLTXH�DVVLVWpH���U{OH�GH�OD�
JpRPpWULH�

�

)DUHV�%(1�5$<$1$��$ODLQ�&$57(//,(5��(PLO�+23),1*(5�

/DERUDWRLUH�GHV�(FRXOHPHQWV�*pRSK\VLTXHV�HW�,QGXVWULHOV�
805�������&156�8-)�,13*��%3�����������*UHQREOH�&HGH[����

5pVXPp���

/·DWRPLVDWLRQ�G·XQ�MHW�OLTXLGH�SDU�XQ�FRXUDQW�GH�JD]�UDSLGH�UpVXOWH�G·DX�PRLQV�GHX[�LQVWDELOLWpV�VXFFHVVLYHV�TXL�FRQWU{OHQW�G·XQH�
SDUW�OD�IUpTXHQFH�GHV�YDJXHV�HW�G·DXWUH�SDUW�OD�VWUXFWXUDWLRQ�WUDQVYHUVH�GH�FHV�GHUQLqUHV�VRXV�IRUPH�GH�OLJDPHQWV��'HV�H[SpULHQFHV�
RQW� pWp�PHQpHV� SRXU� H[DPLQHU� OD� YDOLGLWp� GH� FH� VFpQDULR� ORUVTXH� O·RQ� YDULH� O·pSDLVVHXU� GH� OqYUH� VpSDUDQW� OHV� GHX[� � SKDVHV�� ,O�
DSSDUDvW�TXH�OD�WDLOOH�PR\HQQH�GHV�JRXWWHV�SURGXLWHV�HVW�VHQVLEOH�j�FH�SDUDPqWUH��1RXV�PRQWURQV�SDU�DLOOHXUV�TXH�OHV�VFpQDULRV�
G·LQVWDELOLWpV�UHVWHQW�DSSOLFDEOHV�GX�PRLQV�WDQW�TXH� OD� OqYUH�QH�GHYLHQW�SDV�WURS�pSDLVVH�GHYDQW� OD�FRXFKH�GH�YRUWLFLWp� F{Wp�JD]���
/·RULJLQH�GH�OD�YDULDWLRQ�GH�OD�WDLOOH�GHV�JRXWWHV�SRXUUDLW�UpVLGHU�GDQV�XQH�PRGLILFDWLRQ�GH�OD�GHQVLWp�OLQpLTXH�GH�OLJDPHQWV���FHWWH�
SURSRVLWLRQ�GHYUD�rWUH�WHVWHU��

$EVWUDFW���

7KH�DWRPL]DWLRQ�RI�D�OLTXLG�MHW�E\�D�IDVW�JDV�VWUHDP�UHVXOWV�IURP�DW�OHDVW�WZR�VXFFHVVLYH�LQVWDELOLWLHV�ZKLFK�FRQWURO�RQ�RQH�KDQG�
WKH� IUHTXHQF\� RI� WKH�ZDYHV� DQG� RQ� WKH� RWKHU� KDQG� WKH� WUDQVYHUVH� VSDFLQJ� RI� WKH� OLJDPHQWV��([SHULPHQWV�ZHUH� XQGHUWDNHQ� WR�
H[DPLQH�WKH�YDOLGLW\�RI�WKLV�VFHQDULR�ZKHQ��WKH�WKLFNQHVV�RI�WKH�WZR�SKDVHV�VHSDUDWLQJ�OLS�LV�YDULHG��,W�DSSHDUV�WKDW�WKH�DYHUDJH�
VL]H�RI�WKH�GURSV�LV�VHQVLWLYH�WR�WKLV�SDUDPHWHU��:H�VKRZ�LQ�DGGLWLRQ�WKDW�WKH�VFHQDULRV�UHPDLQ�YDOLG�DW�OHDVW�DV�ORQJ�DV�WKH�OLS�
GRHV�QRW�EHFRPH�WRR�WKLFN�FRPSDUHG�WR�WKH�YRUWLFLW\�OD\HU�RI�VLGH�JDV��

0RWV�FOHIV���

$WRPLVDWLRQ���FRXFKH�GH�PpODQJH�GLSKDVLTXH��,QVWDELOLWpV�GH�.HOYLQ�+HOPKROW]��,QVWDELOLWp�
GH�5D\OHLJK�7D\ORU���WDLOOH�GHV�JRXWWHV��

�� ,QWURGXFWLRQ�

/·DWRPLVDWLRQ�G·XQ�MHW�RX�G·XQH�QDSSH�OLTXLGH�SDU�XQ�MHW�JD]HX[�UDSLGH�HVW�XQH�RSpUDWLRQ�LPSRUWDQWH�SRXU�GH�
QRPEUHX[� V\VWqPHV� LQGXVWULHOV��&·HVW�SDUWLFXOLqUHPHQW� OH� FDV�SRXU� OHV� V\VWqPHV�GH�SURSXOVLRQ� WHOV�TXH� OHV�
WXUERUpDFWHXUV� RX� OHV� PRWHXUV� FU\RWHFKQLTXHV�� SRXU� OHVTXHOV� OD� WDLOOH� GHV� JRXWWHV� FRQGLWLRQQH� OH� ERQ�
IRQFWLRQQHPHQW� HQ� WHUPHV� G·DOOXPDJH�� GH� OLPLWDWLRQ� G·pPLVVLRQV� SROOXDQWHV�� GH� SODJH� GH� IRQFWLRQQHPHQW�
HWF«� 7RXWHIRLV�� HW� PDOJUp� GH� QRPEUHX[� WUDYDX[� VXU� OH� VXMHW� �>��@��� OD� SUpGLFWLRQ� GH� OD� WDLOOH� �HW� SOXV�
JpQpUDOHPHQW� FHOOH� GH� OD� GLVWULEXWLRQ� HQ� WDLOOH�� GHV� JRXWWHV� HQ� VRUWLH� G·LQMHFWHXUV� DVVLVWpV� Q·HVW� SDV�
FRPSOqWHPHQW�PDvWULVpH��3RXU�GHV�LQMHFWHXUV�R��WRXWH�LQVWDELOLWp�GH�W\SH�©�GUDSHDX�ª�HVW�EORTXpH��FH�TXL�HVW�
pTXLYDOHQW� j� XQ� V\VWqPH� GH� ©�SUH�ILOPLQJ�ª��� OHV� VFpQDULL� OHV� SOXV� UpFHQWV� FRQMXJXHQW� DX� PRLQV� GHX[�
LQVWDELOLWpV� VXFFHVVLYHV�� 8QH� SUHPLqUH� LQVWDELOLWp�� GH� W\SH� .HOYLQ�+HOPKROW]� SHUPHW� GH� IDLUH� FURvWUH� GHV�
YDJXHV�GDQV� OD� GLUHFWLRQ� GH� O·pFRXOHPHQW� SULQFLSDO� �>��@�� >��@��� 'HV� VWUXFWXUHV� OLJDPHQWDLUHV� WUDQVYHUVHV� j�
O·pFRXOHPHQW�SULQFLSDO� DSSDUDLVVHQW� HQVXLWH� j� OD� FUrWH�GH�FHV�YDJXHV��SXLV� FHV� VWUXFWXUHV� VH�GpVDJUqJHQW�HQ�
JRXWWHV��/·RULJLQH�GH�FHV�VWUXFWXUHV�WUDQVYHUVHV�D�pWp�DWWULEXpH�j�XQH�LQVWDELOLWp�GH�W\SH�)DUDGD\��>��@���1RXV�
HVWLPRQV� SRXU� QRWUH� SDUW� TX·HOOHV� VRQW� GXHV� j� XQH� LQVWDELOLWp� GH� W\SH� 5D\OHLJK�7D\ORU� LQGXLWH� SDU�
O·DFFpOpUDWLRQ�D[LDOH�VXELH�SDU�OHV�FUrWHV�VRXPLVHV�j�XQ��IRUW��FRXUDQW�JD]HX[��>��@���&H�GHUQLHU�VFpQDULR��TXL�
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V·DSSOLTXH�DXVVL�DX�FDV�G·XQ�LQMHFWHXU�FRD[LDO��>��@���SHUPHW�G·H[SOLTXHU�O·LQFLGHQFH�GH�FHUWDLQHV�PRGLILFDWLRQV�
JpRPpWULTXHV� HW� QRWDPPHQW� OH� U{OH� GH� O·pSDLVVHXU� GH� OD� YHLQH� JD]� +*�� $ILQ� G·H[DPLQHU� SOXV� DYDQW� OD�
UREXVWHVVH� GH� QRWUH� VFpQDULR�� QRXV� QRXV� SURSRVRQV� GH� WHVWHU� LFL� O·LQFLGHQFH� GH� O·pSDLVVHXU� GH� OD� OqYUH�
VpSDUDQW�OHV�GHX[�SKDVHV�HQ�VRUWLH�G·LQMHFWHXU��)LJ������

�� ,QVWDOODWLRQ�H[SpULPHQWDOH�HW�FRQGLWLRQV�GH�PHVXUH�
/HV�H[SpULPHQWDWLRQV�SUpVHQWpHV�FL�DSUqV�RQW�pWp�FRQGXLWHV�VXU�XQ�LQMHFWHXU�HDX�DLU�SODQ�VFKpPDWLVp�VXU� OD�
)LJXUH� ��� 6D� SDUWLH� LQIpULHXUH� HVW� DOLPHQWpH� HQ� HDX� DYHF� XQH� YLWHVVH� GpELWDQWH� 8/� DORUV� TXH� VD� SDUWLH�
VXSpULHXUH� HVW� DOLPHQWpH� HQ� DLU� DYHF� XQH� YLWHVVH� GpELWDQWH�8*�� /HV� SULQFLSDX[� SDUDPqWUHV� HW� OD� SODJH� GH�
IRQFWLRQQHPHQW�GH�O·LQVWDOODWLRQ�VRQW�UpVXPpV�GDQV�OH�7DEOHDX����
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�
7URLV�pSDLVVHXUV�GH�OqYUH�RQW�pWp�FRQVLGpUpHV��/·pSDLVVHXU�H ����P�FRUUHVSRQG�DX[�HVVDLV�DQWpULHXUV��5D\QDO�
�����SXLV�+RQJ�������TXL�VHUYLURQW�LFL�GH�UpIpUHQFH��/·LQVWDOODWLRQ�D�HQVXLWH�pWp�PRGLILpH�DILQ�G·DWWHLQGUH�GHV�
pSDLVVHXUV�GH�����P�HW�GH������P��WRXW�HQ�FRQVHUYDQW�XQ�DQJOH�HQWUH�OHV�pFRXOHPHQWV�G·DLU�HW�G·HDX�LQIpULHXU�
j���������GHJUpV��/HV� FDUDFWpULVWLTXHV� GH� OD� SKDVH�GLVSHUVpH�� HW� QRWDPPHQW� OHV� WDLOOHV� GHV� JRXWWHV�� RQW� pWp�
PHVXUpHV� DX�PR\HQ� G·XQH� VRQGH� RSWLTXH�PRQRILEUH� GpYHORSSpH� DX� /(*,� �>�@�� >�@�� >�@� HW� >�@��� /D� VRQGH�
XWLOLVpH�GDQV�FHV�HVVDLV�D�XQH�ORQJXHXU�VHQVLEOH�/V ���P��HW�GpWHFWH�FRUUHFWHPHQW�OHV�JRXWWHV�DX�GHOj�GH����
�P�HQ�GLDPqWUH� �>�@���/HV� FDUDFWpULVWLTXHV�GHV� LQVWDELOLWpV� WHOOHV�TXH� ORQJXHXU�G·RQGH�� IUpTXHQFH� HW� YLWHVVH�
FRQYHFWLYH�RQW�pWp�PHVXUpHV�SDU�LPDJHULH�VRLW�VWDQGDUG��VRLW�UDSLGH��

�� 5pVXOWDWV�H[SpULPHQWDX[�

���� 7DLOOH�PR\HQQH�GHV�JRXWWHV���
/D�WDLOOH�GHV�JRXWWHV�LVVXHV�GH�O·DWRPLVDWLRQ�SULPDLUH�D�pWp�PHVXUpH�DX�GURLW�GX�GDUG�OLTXLGH��[� �+*��

\� +*��SRXU�0� ����/HV�pYROXWLRQV�GX�GLDPqWUH�GH�6DXWHU�'���DYHF�OD�YLWHVVH�GpELWDQWH�GX�JD]��HW�FH�SRXU�
OHV�GLIIpUHQWHV�pSDLVVHXUV�GH� OqYUH�� VRQW�SUpVHQWpHV�VXU� OD� ILJXUH����&HV� � UpVXOWDWV� IRQW�DSSDUDvWUH�XQH�QHWWH�
FURLVVDQFH�GH�OD�WDLOOH�GHV�JRXWWHV�DYHF�FHWWH�pSDLVVHXU��7RXWHIRLV��OHV�pYROXWLRQV�GX�GLDPqWUH�GH�6DXWHU�DYHF�
OD�YLWHVVH�JD]�VRQW�WUqV�YRLVLQHV��(OOHV�VRQW�G·DLOOHXUV�VHPEODEOHV�j�FHOOHV�REVHUYpHV�SRXU�XQ�LQMHFWHXU�FRD[LDO��

/·DXJPHQWDWLRQ�GH�OD�WDLOOH�GHV�JRXWWHV�DYHF�O·pSDLVVHXU�GH�OD�OqYUH�SHXW�DYRLU�GLYHUVHV�RULJLQHV���HOOH�
SHXW� UpVXOWHU� G·XQ� FKDQJHPHQW� GDQV� OHV�PpFDQLVPHV� G·LQVWDELOLWpV� SULPDLUH�� VHFRQGDLUH� RX� HQFRUH� GDQV� OH�
FRXSODJH�GH�FHV�GHX[�LQVWDELOLWpV��&KDFXQH�GH�FHV�SLVWHV�YD�rWUH�H[SORUpH��
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�� ,QVWDELOLWp�SULPDLUH��

���� 5DSSHO�GX�PRGqOH�GH�5D\QDO��

8QH�QDSSH�OLTXLGH��V·pFRXODQW�j�IDLEOH�YLWHVVH��VRXPLVH�j�XQ�pFRXOHPHQW�GH�JD]�VXIILVDPPHQW�UDSLGH�GHYLHQW�
LQVWDEOH��GH�VRUWH�TXH�OD�GpIRUPDWLRQ�GH�O·LQWHUIDFH�VH�WURXYH�IRUWHPHQW�DPSOLILpH��&HWWH�LQVWDELOLWp�SULPDLUH�
�ILJ�� ��D� HW� ��E�� HVW�JpQpUDOHPHQW� DWWULEXpH� j� XQH� GpVWDELOLVDWLRQ� GH� O·LQWHUIDFH� SDU� OH� ELDLV� GH� OD� SUHVVLRQ��
3OXW{W�TX·XQH�LQVWDELOLWp�GH�.HOYLQ�+HOPKROW]�SXUH��5D\QDO��>��@�HW�>��@��D�PRQWUp�TXH�OD�ORQJXHXU�G·RQGH�OD�

SOXV� DPSOLILpH�λ��� HVW� VpOHFWLRQQpH� SDU� O·pSDLVVHXU� GH� OD� FRXFKH� GH� YRUWLFLWp� GDQV� OD� SKDVH� JD]HXVH�δ*�� HW�
pYDOXpH�HQ�VRUWLH�GH�O·LQMHFWHXU��>��@��>��@��>��@��>��@���3DU�XQH�DQDO\VH�GH�VWDELOLWp�OLQpDLUH��HW�VXU�OD�EDVH�G·XQ�
UDFFRUGHPHQW�OLQpDLUH�GX�SURILO�GH�YLWHVVH���FHV�DXWHXUV�RQW�PRQWUp�TXH���

λ���� �&���δ* �ρ/�ρ*�1/2��� � � � >�@�

&HWWH� DSSURFKH� SUpGLW� XQ� SUpIDFWHXU� &��� pJDO� j� ��� 2U�� OHV� PHVXUHV� UpDOLVpHV� HQ� FRQILJXUDWLRQ� FRD[LDOH�
GRQQHQW�XQ�SUpIDFWHXU�FRPSULV�HQWUH���HW������>��@��>��@���/·pFDUW�HQWUH�FHV�GHX[�REVHUYDWLRQV�UHVWH�j�FH�MRXU�
LQH[SOLTXp�� /·RULJLQH� SRXUUDLW� HQ� rWUH� OD� SUpVHQFH� G·DXWUHV� PRGHV� G·LQVWDELOLWpV� GRQW� OHV� FDUDFWpULVWLTXHV�
GpSHQGHQW�QRQ�VHXOHPHQW�GHV�PDVVHV�YROXPLTXHV�PDLV�DXVVL�GH�OD�WHQVLRQ�GH�VXUIDFH�HW�GHV�YLVFRVLWpV�GHV�
SKDVHV�HQ�SUpVHQFH��>�@��>��@����
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�
�
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���� 5pVXOWDWV�H[SpULPHQWDX[�

/D� ORQJXHXU� G·RQGH� D[LDOH� D� pWp� TXDQWLILpH� SRXU� GLIIpUHQWHV� YDOHXUV� GH� O·pSDLVVHXU� H� HW� SOXVLHXUV� YLWHVVHV�
GpELWDQWHV�JD]��/HV�PHVXUHV�RQW�pWp�UpDOLVpHV�DX�SOXV�SUqV�GH�OD�VHFWLRQ�GH�VRUWLH�GHV�LQMHFWHXUV��VHORQ�GHX[�
PpWKRGHV��� XQH� PHVXUH� GLUHFWH� SDU� LPDJHULH� �FI� ILJ���� HW� XQH� PHVXUH� YLD� OD� IUpTXHQFH� I� HW� OD� YLWHVVH�

FRQYHFWLYH�8&� GHV� YDJXHV� VDFKDQW� TXH�
I

8&=//λ .�&HV�GHX[� WHFKQLTXHV�GRQQHQW�GHV� UpVXOWDWV� WUqV� SURFKHV�

ELHQ�TXH� OpJqUHPHQW�GLVSHUVpV� �ILJ������3RXU�H� �����P�HW������P��QRXV� UHWURXYRQV� OH� UpVXOWDW�pWDEOL�SDU�

),*����²��0pFDQLVPH�GH�EULVXUH�SULPDLUH��D��pFRXOHPHQW�JD]�OLTXLGH�FR�FRXUDQW��E��LQVWDELOLWp�
SULPDLUH��F��LQVWDELOLWp�VHFRQGDLUH�
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),*����²�(YROXWLRQ�GHV�GLDPqWUHV�GHV�JRXWWHV�LVVXHV�GH�O·DWRPLVDWLRQ�SULPDLUH��ILQ�GX�GDUG�OLTXLGH�
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5D\QDO�FRQFHUQDQW�OD�YLWHVVH�FRQYHFWLYH��j�VDYRLU�Uc=(ρL
1/2

UL+ρG
1/2

UG)/(ρL
1/2

+ρG
1/2

). &H�UpVXOWDW�Q·D�SDV�pWp�
WHVWp�SRXU�OD�SOXV�IRUWH�pSDLVVHXU��/HV�ORQJXHXUV�G·RQGHV�PHVXUpHV�VRQW�UHSUpVHQWpHV�VXU�OD�ILJXUH����3RXU�OHV�

GHX[�pSDLVVHXUV�H� ������P�HW������P��OD�GpSHQGDQFH�GH�λ���j�OD�YLWHVVH�GpELWDQWH�JD]�HVW�ELHQ�HQ�UG
-1/2��

&·HVW� OH� UpVXOWDW� SUpYX� SDU� O·pTXDWLRQ� ����� VDFKDQW� TXH�� GDQV� QRV� FRQGLWLRQV� H[SpULPHQWDOHV�� OD� FRXFKH� GH�

YRUWLFLWp� F{Wp� JD]� pYROXH� SURSRUWLRQQHOOHPHQW� j� HG� �UGHG�νG�
-1/2�� (Q� UHYDQFKH�� SRXU� H �����P�� OHV�

PHVXUHV� IRQW� DSSDUDvWUH�XQH�GpFURLVVDQFH�GH�λ��� HQ�UG
-1�� GX�PRLQV�GDQV� OD� JDPPH�GH�YLWHVVH� H[SORUpH� j�

VDYRLU�8*���P�V��&H�UpVXOWDW�WUDGXLW�SUREDEOHPHQW�XQ�FKDQJHPHQW�GDQV�OH�W\SH�GH�VpOHFWLRQ�GH�OD�ORQJXHXU�
G·RQGH��3RXU�OD�VXLWH�GH�OD�GLVFXVVLRQ��QRXV�QRXV�IRFDOLVHURQV�VXU�OHV�FDV�H ����P�HW�����P��/HV�ORQJXHXUV�
G·RQGHV�PHVXUpHV�FRQGXLVHQW�j�XQ�SUpIDFWHXU�&���GH� O·RUGUH������YDOHXU�TXL�VH� WURXYH�HQ�UHODWLYHPHQW�ERQ�
DFFRUG�DYHF�OHV�REVHUYDWLRQV�GLVSRQLEOHV�HQ�JpRPpWULH�D[LV\PpWULTXH��,O�DSSDUDvW�GRQF�TXH�OH�PRGH�D[LDO�HVW�
LGHQWLTXH� HQ� JpRPpWULH� SODQH� HW� HQ� JpRPpWULH� D[LV\PpWULTXH�� 'H� SOXV�� FH� PRGH� Q·HVW� SDV� DIIHFWp� SDU�
O·pSDLVVHXU�GH�OqYUH��GX�WDQW�TXH�FHWWH�GHUQLqUH�pYROXH�GDQV�XQH�JDPPH�DOODQW�GH�����j���IRLV�O·pSDLVVHXU�GH�
YRUWLFLWp�F{Wp�JD]��
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���� 0RGqOH��UDSSHO��

/H�PRGqOH�SURSRVp�SDU�+RQJ�HW�DO��>�@�SRXU�O·DWRPLVDWLRQ�VHFRQGDLUH�HVW�OH�VXLYDQW��'HV�YDJXHV�IRUPpHV�SDU�
O·LQVWDELOLWp�SULPDLUH�SpQqWUHQW�GDQV� OH� MHW�JD]HX[�UDSLGH��&KDTXH�FUrWH�HVW�DLQVL� VRXPLVH�j�XQH� LPSRUWDQWH�
SUHVVLRQ� G\QDPLTXH�� FH� TXL� HQJHQGUH� XQH� IRUWH� DFFpOpUDWLRQ� D[LDOH� �ILJ�� ���� /HV� FUrWHV� GHV� YDJXHV� VH�
GpVWDELOLVHQW�HW�IRUPHQW�GHV�GRLJWV��RX�OLJDPHQWV�VHORQ�GDQV�OHV�GLUHFWLRQV�QRUPDOHV�j�O·pFRXOHPHQW�SULQFLSDO���

/D�ORQJXHXU�G·RQGH�OD�SOXV�DPSOLILpH�SRXU�XQH�LQVWDELOLWp�GX�W\SH�5D\OHLJK�7D\ORU�HVW�GRQQpH�SDU����
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R��O·DFFpOpUDWLRQ�D�GHYDQW�rWUH�SULVH�HQ�FRPSWH�HVW�FHOOH�GH�OD�FUrWH���D�HVW�GLULJpH�GDQV�OH�VHQV�GH�O·pFRXOHPHQW�
SULQFLSDO�HW�UpVXOWH�GH�OD�SUHVVLRQ�G\QDPLTXH�H[HUFpH�SDU�OH�JD]�VRLW���

                     >�@��

1RXV� IDLVRQV� O·K\SRWKqVH� TXH� O·pSDLVVHXU� FDUDFWpULVWLTXH� E� GH� OD� SRUWLRQ� GH� QDSSH� TXL� HVW� DFFpOpUpH� HVW�

SURSRUWLRQQHOOH�j�OD�SpULRGLFLWp�GHV�YDJXHV��VRLW�E�� �α λ����,O�YLHQW�DORUV��  
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(QILQ��FHV�OLJDPHQWV�GLVWULEXpV�WUDQVYHUVDOHPHQW��ILJXUH����VH�URPSHQW�SRXU�GRQQHU�QDLVVDQFH�j�GHV�JRXWWHV��
0DUPRWWDQW��>��@��>��@�HW�>��@��D�PRQWUp�TXH�OD�WDLOOH�PR\HQQH�GHV�JRXWWHV�HVW�SURSRUWLRQQHOOH�DX�YROXPH�GHV�

OLJDPHQWV��RX�HQFRUH�j�OD�ORQJXHXU�G·RQGH�WUDQVYHUVH��2U�GDQV�OD�OLPLWH�8*�8/!!�, λ57�∝�UG
-5/4

 : FHWWH�ORL�
G·pFKHOOH�HVW�HQ�ERQ�DFFRUG�DYHF�OHV�REVHUYDWLRQV�UHSRUWpHV�HQ�ILJXUH���SRXU�OH�GLDPqWUH�GH�6DXWHU���

�
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�
�
�

�� 5pVXOWDWV�H[SpULPHQWDX[�

3RXU� DQDO\VHU� O·LQVWDELOLWp� VHFRQGDLUH� GDQV� OH� FDV� G·XQH� pSDLVVHXU� GH� OqYUH� GH� ����P�� QRXV� DYRQV�

XQLTXHPHQW� PHVXUp� OD� ORQJXHXU� G·RQGH� WUDQVYHUVH� λ57�� /HV� PHVXUHV� RQW� pWp� IDLWHV� SDU� YLVXDOLVDWLRQ� GH�
O·pFRXOHPHQW� j� OD� VRUWLH� GHV� LQMHFWHXUV�� 3RXU� XQH� PrPH� FRQILJXUDWLRQ� G·pFRXOHPHQW�� RQ� REVHUYH�� DYHF�

TXDVLPHQW� OD�PrPH�SUREDELOLWp��GHX[� ORQJXHXUV�G·RQGHV� WUDQVYHUVHV� �ILJ������� OD�SOXV�JUDQGH� �λ57����YDXW���
IRLV� �j�����SUpV�� OD�SOXV�SHWLWH� �λ57−����/HXUV�GpSHQGDQFHV�j� OD�YLWHVVH�JD]�VRQW� LGHQWLTXHV���HOOHV�pYROXHQW�
OLQpDLUHPHQW�DYHF��8*�8&���8*

�����FRPPH�SUpYX�SDU�OH�PRGqOH�SURSRVp�GDQV�O·pTXDWLRQ������/D�PHVXUH�GH�OD�

ORQJXHXU� G·RQGH� WUDQVYHUVH� SHUPHW� G·pYDOXHU� OH� FRHIILFLHQW� α TXL� IL[H� O·pSDLVVHXU� GH� OD� FUrWH� VRXPLVH� j�
O·DFFpOpUDWLRQ� D[LDOH��(Q� VH�GRQQDQW�XQ� FRHIILFLHQW�GH� WUDvQpH�&G� pJDO� j� ��� OH� FRHIILFLHQW�α YDXW� ����������
SRXU� OHV� ORQJXHXUV� G·RQGHV� FRXUWHV�� /D� PrPH� YDOHXU� DYDLW� pWp� REWHQXH� SRXU� XQH� pSDLVVHXU� GH� OqYUH� GH�

����P��+RQJ�HW�DO���������6L�O·RQ�FRQVLGqUH�OHV�ORQJXHXUV�G·RQGH�OHV�SOXV�JUDQGHV��OH�FRHIILFLHQW�α GHYLHQW�
pJDO� j� ����������� /j� HQFRUH�� XQ� UpVXOWDW� VLPLODLUH� DYDLW� pWp� REWHQX� SRXU� XQH� pSDLVVHXU� GH� ����P� >�@�� ,O�
DSSDUDvW�GRQF�TXH�OH�VFpQDULR�GH�GpVWDELOLVDWLRQ�GHV�FUrWHV�SDU�LQVWDELOLWp�GH�5D\OHLJK�7D\ORU�D[LDOH�V·DSSOLTXH�

DX[�GHX[�pSDLVVHXUV�����P�HW�����P��HW�FH�DYHF�OH�PrPH�FRHIILFLHQW�α SLORWDQW�OD�PDVVH�OLTXLGH�GpVWDELOLVpH���
$LQVL��OHV�pFDUWV�REVHUYpV�VXU�OHV�WDLOOHV�GHV�JRXWWHV�QH�SHXYHQW�rWUH�DWWULEXpV�j�O·LQVWDELOLWp�VHFRQGDLUH��

6L�O·RQ�H[DPLQH�PDLQWHQDQW�OH�UDSSRUW�'���λ57��LO�YDXW������SRXU�λ57−��HW������SRXU�λ57
���SRXU�H ����P���/H�

UDSSRUW�'���λ57
−� DYDLW� pWp� WURXYp� DQWpULHXUHPHQW� pJDO� j� �����SRXU� O¶LQMHFWHXU�SODQ� �DYHF� H ����P���3RXU�

O·LQMHFWHXU�FRD[LDO��VD�YDOHXU�HVW�GH�������>��@���6L�O·RUGUH�GH�JUDQGHXU�GX�UDSSRUW�'���λ57�UHVWH�OH�PrPH��OHV�
pFDUWV�HQWUH�YDOHXUV�VRQW�VLJQLILFDWLIV�HW�SHXYHQW�j�HX[�VHXOV�H[SOLTXHU�OHV�YDULDWLRQV�GH�OD�WDLOOH�PR\HQQH�GHV�
JRXWWHV� DYHF� O·pSDLVVHXU� SUpVHQWpV� HQ� )LJXUH� ��� 8QH� PRGLILFDWLRQ� GDQV� OD� G\QDPLTXH� GH� UXSWXUH� GHV�

OLJDPHQWV� HQ� JRXWWHV� HVW� SHX� SUREDEOH�� (Q� UHYDQFKH�� VL� O·RQ� FRQVLGqUH� OD� YDOHXU� λ57−�FRPPH� OH� PRGH�
IRQGDPHQWDO�� LO�DSSDUDvW�TXH�VHXOH�XQH�IUDFWLRQ�GHV� OLJDPHQWV�VH�GpYHORSSHQW��5DSSHORQV�TXH� O·DQDO\VH�GHV�

LPDJHV�WHOOHV�TXH�FHOOH�GH�OD�)LJ���SRXU�H ����P�LQGLTXH�XQH�SUREDELOLWp�pTXLYDOHQWH�G·REVHUYHU�λ57−��RX���

λ57−��2U��DYHF�XQH�GHQVLWp�OLQpLTXH�GH�OLJDPHQWV�PRLQGUH��RQ�V·DWWHQG�j�FH�TXH�OHXU�YROXPH�PR\HQ�DXJPHQWH��
FH�TXL�FRQGXLW�j��XQ�DFFURLVVHPHQW�GH�OD�WDLOOH�GHV�JRXWWHV��%LHQ�TXH�SODXVLEOH��FH�VFpQDULR�QH�SHUPHW�HQFRUH�
SDV� G·H[SOLTXHU� OHV� pFDUWV� REVHUYpV� HQWUH� OHV� pSDLVVHXUV� ����P� HW� ����P�� 3RXU� FHOD�� LO� IDXGUD�PHVXUHU� OD�
SURSRUWLRQ�GH�ORQJXHXUV�G·RQGHV�©�FRXUWHV�ª�HW�©�ORQJXHV�ª�SRXU�XQH�OqYUH�ILQH��
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Résultats antérieurs-Hong

e=450µm, Grande

e=450µm, Petite 1
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λ57��

),*����²�,OOXVWUDWLRQ�GH�OD�VWUXFWXUH�WUDQVYHUVH�
�LQMHFWHXUV�SODQV��8* ��P�V��0 ����H ����P��
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�� &RQFOXVLRQ�

&H� WUDYDLO� FRQVDFUp� j� O·LQIOXHQFH� GH� O·pSDLVVHXU� GH� OD� OqYUH� VpSDUDWULFH� VXU� O·DWRPLVDWLRQ� GDQV� XQH�
FRQILJXUDWLRQ�GH�FRXFKH�GH�PpODQJH�GLSKDVLTXH��D�SHUPLV�GH�FRQIRUWHU�SOXVLHXUV�GHV�LQJUpGLHQWV�GX�PRGqOH�
SUpGLVDQW�OD�WDLOOH�PR\HQQH�GH�JRXWWH��3RXU�GHV�pSDLVVHXUV�GH�OqYUHV�pYROXDQW�HQWUH�����HW���IRLV�O·pSDLVVHXU�GH�
OD� FRXFKH� GH� YRUWLFLWp� F{Wp� JD]�� LO� DSSDUDvW� TXH� OHV�PpFDQLVPHV� GH� GpVWDELOLVDWLRQ� D[LDOH� �GH� W\SH�.HOYLQ�
+HOPKROW]�� HW� WUDQVYHUVH� �GH� W\SH� 5D\OHLJK�7D\ORU�� UHVWHQW� ELHQ� OHV� PrPHV�� /·LQIOXHQFH� REVHUYpH� GH�
O·pSDLVVHXU� VXU� OD� WDLOOH� PR\HQQH� GHV� JRXWWHV�D� GRQF� XQH� DXWUH� RULJLQH�� 7RXV� OHV� OLJDPHQWV� pOLJLEOHV� QH�
FURLVVDQW� SDV�� GHV� HVVDLV� FRPSOpPHQWDLUHV� VRQW� UHTXLV� SRXU� LGHQWLILHU� OHV� SDUDPqWUHV� FRQWU{ODQW� OD� GHQVLWp�
OLQpLTXH�HIIHFWLYH�GHV�OLJDPHQWV��3DU�DLOOHXUV�� OHV�SUHPLHUV�HVVDLV�UpDOLVpV�SRXU�XQH�pSDLVVHXU�ELHQ�SOXV�ODUJH�
TXH�OD�FRXFKH�GH�YRUWLFLWp�F{Wp�JD]��IDFWHXU�����j������PRQWUHQW�TXH�OHV�FDUDFWpULVWLTXHV�GH�O·LQVWDELOLWp�D[LDOH�
VRQW��FHWWH�IRLV��IRUWHPHQW�PRGLILpHV���

5pIpUHQFHV�
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IRU�WKH�PHDVXUHPHQW�RI�WKH�GLVSHUVHG�SKDVH�SDUDPHWHUV�LQ�VSUD\V��,QW��-��0XOWLSKDVH�)ORZ���������������������

>�@� +21*��0���&$57(//,(5��$��DQG�+23),1*(5��(��-��$WRPL]DWLRQ�DQG�PL[LQJ�LQ�FRD[LDO�LQMHFWLRQ��
��������3URF���WK�,QW��&RQI��2Q�/DXQFKHU�7HFKQRORJ\��/LpJH��%HOJLTXH�������'pF���������

>�@� +21*��0��$WRPLVDWLRQ�HW�PpODQJH�GDQV�OHV�MHWV�FRD[LDX[�OLTXLGH�JD]��7KqVH�G·,13*��*UHQREOH��������
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>��@�/$6+(5$6�� -�� &��� DQG� +23),1*(5�� (�� -�� /LTXLG� MHW� LQVWDELOLW\� DQG� DWRPL]DWLRQ� LQ� D� FRD[LDO� JDV�
VWUHDP��$QQXDO�5HY��)OXLG�0HFK�������������������������

>��@�/$6+(5$6��-��&���9,//(50$8;��(��DQG�+23),1*(5��(��-��%UHDN�XS�DQG�DWRPL]DWLRQ�RI�D�URXQG�
ZDWHU�E\�D�KLJK�VSHHG�DQQXODU�DLU�MHW��-��)OXLG�0HFK������������������������

>��@�0$50277$17��3��$WRPLVDWLRQ�G·XQ�OLTXLGH�SDU�XQ�FRXUDQW�JD]HX[��7KqVH�GH�O·,13*��*UHQREOH��������

>��@�0$50277$17�� 3��� DQG� 9,//(50$8;�� (�� 0pFDQLVPHV� G·DWRPLVDWLRQ� SULPDLUH� GDQV� OHV� MHWV�
FRD[LDX[�� &RPEXVWLRQ� GDQV� OHV� PRWHXUV� IXVpV� ²� $FWHV� GX� FROORTXH� GH� V\QWKqVH� GX� JURXSH� GH� UHFKHUFKH�
&1(6�&156�21(5$�6(1(&0$�����������������

>��@�0$50277$17��3���DQG�9,//(50$8;��(��2Q�VSUD\�IRUPDWLRQ��-��)OXLG�0HFK�����������������������

>��@�5$<1$/�� /�� 3XOYpULVDWLRQ� DVVLVWpH� G·XQ� MHW� OLTXLGH� SDU� XQ� MHW� GH� JD]� �� pWXGH� GHV�PpFDQLVPHV� GH� OD�
EULVXUH�SULPDLUH��5DSSRUW�ILQDO�UpI��Q�����������������'*$��������

>��@�5$<1$/�� ,QVWDELOLWp� HW� HQWUDvQHPHQW� j� O·LQWHUIDFH� G·XQH� FRXFKH� GH�PpODQJH� OLTXLGH�JD]�7KqVH�G·8-)��
*UHQREOH��RFWREUH�������
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MHW�E\�D�KLJK�VSHHG�JDV�VWUHDP��-��)OXLG�0HFK������������������������
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