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,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ

� ,1752'8&7,21
/H�SULQFLSH�GH�OD�VLVPLTXH��UpIUDFWLRQ�HVW�O
pWXGH�GHV�RQGHV�GH�FRPSUHVVLRQ�3�TXL�DUULYHQW�OHV�SUHPLqUHV�HW�VRQW�UpIUDFWpHV�SDU�OHV�LQWHUIDFHV�GHV�WHUUDLQV�HQSURIRQGHXU��/D�ORL�GH�6QHOO�H[SOLTXH�OD�GLUHFWLRQ�GHV�UD\RQV6LQ6LQ 9LWHVVH9LWHVVHDE  �� 5pIUDFWLRQ�WRWDOH��6LQ 9LWHVVH9LWHVVHD  ��

9LWHVVH��
9LWHVVH��

D
E D 5pIUDFWLRQ�WRWDOH

��� $FTXLVLWLRQ�GHV�GRQQpHV
6XU�OH�WHUUDLQ��OHV�RQGHV�VLVPLTXHV�SHXYHQW�rWUH�SURGXLWHV�
�� j� O
DLGH� G
XQ� PDUWHDX� HQ� IUDSSDQW� VXU� XQH� SODTXH� G
DOXPLQLXP� �SHXSHUIRUPDQW� VXU� GHV� WHUUDLQV� PHXEOHV�� RX� GLUHFWHPHQW� VXU� O
DVSKDOWH�VRXYHQW� WUqV�ERQ���/H�PDUWHDX�FRQVWLWXH�XQH�VRXUFH�G
pQHUJLH�GH�ERQQHIUpTXHQFH�HW�IDFLOH�j�PHWWUH�HQ�RHXYUH��� DYHF�XQ��IXVLO�� WLUDQW�XQH�FDUWRXFKH�GH�FKDVVH�FDOLEUH����j�EODQF�GDQV� OHVRO��&HWWH�PpWKRGH�HVW�ERQQH�HQ�WHUUDLQ�PHXEOH�VL�OH�WLU�HVW�HIIHFWXp�j�XQHSURIRQGHXU�VXIILVDQWH��HQYLURQ����FP���� DYHF� GHV� DPRUFHV� H[SORVLYHV� HQFOHQFKpHV� pOHFWULTXHPHQW� �V\VWqPH%(76<��� j�O
DLGH GH�FKDUJHV�H[SORVLYHV������j������J���HQWHUUpHV�DX�PR\HQ�G
XQHSHUIRUDWULFH��W\SH�&REUD�G
$WODV�&RSFR���&H�IDLVDQW��RQ�PLQLPLVH�OHV�GpJkWVHW�OH�EUXLW�WRXW�HQ�DPpOLRUDQW�VHQVLEOHPHQW�OD�WUDQVPLVVLRQ�GH�O
pQHUJLH��HQUHPSOLVVDQW�OH�WURX�DYHF�GH�O
HDX�VL�QpFHVVDLUH��&HWWH�PpWKRGH�SHUPHW�XQHLQYHVWLJDWLRQ�SURIRQGH��PDLV�HVW�ORXUGH�j�PHWWUH�HQ�RHXYUH��VDQV�FRPSWHUOHV�SUREOqPHV�OpJDX[�UHODWLIV�j�O
XVDJH�GH�O
H[SORVLI�
/HV�HQUHJLVWUHPHQWV�VRQW�UpDOLVpV�j�O
DLGH�GH�VLVPRJUDSKHV�GLJLWDX[�
x (6������GH�(*	*�UHOLpV�j�XQ�RUGLQDWHXU�W\SH�3&�FRPSDWLEOHx (6������GH�(*	*����FDQDX[x 6WUDWD9LHZ�GH�(*	*��GH����j����FDQDX[x %LVRQ�����������x $%(0�7(55$/2&
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,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ
3DU�VpFXULWp�� OHV�GRQQpHV�GHVWLUV� VRQW� WRXW� G
DERUGLPSULPpHV� VXU� SDSLHU�� SXLVVWRFNpHV� VXU� GHV� GLVTXHWWHV���� WUDFHV� RFFXSDQW� XQ� SHXSOXV�GH��� .RFWHWV����� WUDFHVMXVTX
j� ��0RFWHWV� �� RX� VXU� OHGLVTXH� GXU�� &KDTXH� VRLU�� OHFRQWHQX� GH� FHOXL�FL� HVWWUDQVIpUp� VXU� XQH� EDQGHPDJQpWLTXH� �6WUHDPHU� W\SH&RORUDGR�RX�DXWUH��

3UHPLqUHV�DUULYpHV)LJ�����(QUHJLVWUHPHQW�G©XQ�� ILOP ��VLVPLTXH

�
��

�

� �
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,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ
���� *pRPpWULH�GHV�GLVSRVLWLIV�GH�VLVPLTXH�UpIUDFWLRQ

8Q�GLVSRVLWLI�FODVVLTXH�FRPSRUWH�XQH�RX�GHX[��IO�WHV��WRWDOLVDQW�GH�����j����PqWUHV�FRPSUHQDQW�FKDFXQH����RX����JpRSKRQHV�UpJXOLqUHPHQW�HVSDFpV����j���P���2Q�HIIHFWXH�
x 'HX[�WLUV�HQ�ERXW�GH�OLJQH�j�XQH�GHPL�GLVWDQFH�GH�JpRSKRQH�x 8Q� WLU� DX� FHQWUH�� DX� PLOLHX� GX� GLVSRVLWLI� HQWUH� OHV� GHX[� IO�WHVJpQpUDOHPHQW�x 'HX[�RIIVHWV�j�XQH�GLVWDQFH�YDULDQW�HQ� IRQFWLRQ�GH� OD�SURIRQGHXU�GHVXEVWUDWXP�HW�VRXYHQW�pJDOH�j�OD�PRLWLp�GH�OD�ORQJXHXU�GX�GLVSRVLWLI�x 'HV�WLUV�j�O
LQWpULHXU�GH�OD�IO�WH�

/HV� WLUV� VXSSOpPHQWDLUHV� j� O
LQWpULHXU� GX� GLVSRVLWLI� HQWUH� GHX[� JpRSKRQHVSHUPHWWHQW� G
DPpOLRUHU� FRQVLGpUDEOHPHQW� OD� TXDOLWp� GH� O
LQWHUSUpWDWLRQ�� PDLVDXJPHQWHQW� OH� WHPSV� G
DFTXLVLWLRQ� VXU� OH� WHUUDLQ� HW� FHOXL� GH� O
LQWHUSUpWDWLRQ�'DQV�GHV�UpJLRQV�GLIILFLOHV�FRPPH�F
HVW�JpQpUDOHPHQW�OH�FDV�GDQV�OHV�PDVVLIVDOSLQV����j����WLUV�VRQW�SDUIRLV�QpFHVVDLUHV�SRXU�XQH�ERQQH�FRPSUpKHQVLRQ�GHOD�JpRPpWULH�GHV�FRXFKHV�

)LJ����� 6FKpPD�G
XQ�GLVSRVLWLI�GH�VLVPLTXH�UpIUDFWLRQ

2QGHGLUHFWH

=

7HPSV��PV�

'LVWDQFH�;

'LVWDQFHFULWLTXH

,QWHUFHSW�WLPH

7LU *pRSKRQHV

3HQWH ���9�

9�

6LQ DD  9��9�
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9LWHVVH��
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,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ

��� ,17(535(7$7,21
��� *pQpUDOLWpV

/
LQWHUSUpWDWLRQ� GHV� GRQQpHV� DFTXLVHV� VXU� OH� WHUUDLQ� D� pWp� IDLWH� j� O
DLGH� GHORJLFLHOV� GpYHORSSpV� SDU�*pRORJLH�*pRSK\VLTXH� �SURJUDPPH�:LQ6LVP VRXV:LQGRZV���&H�ORJLFLHO�SHUPHW�GH�SRLQWHU� OHV��ILOPV��j� O
pFUDQ��G
DVVHPEOHU� OHVGURPRFKURQLTXHV� DLQVL� TXH� G
HIIHFWXHU� JUDSKLTXHPHQW� WRXWHV� OHV� RSpUDWLRQVXVXHOOHV�� 7UDQVODWLRQV� GH� WUDFHV�� FDOFXO� GHV� LQWHUFHSWV� WLPHV�� FDOFXO� GHVpSDLVVHXUV�HW�WUDFp�GX�SURILO�VLVPLTXH�
���� 3RLQWDJH�GHV��ILOPV�

/D� PpWKRGH� GH� OD� VLVPLTXH� UpIUDFWLRQ� VH� EDVH� VXU� OH� WHPSV� G
DUULYpH� GHVRQGHV�3�TXH�O
RQ�SHXW�GpWHUPLQHU�VXU� OHV��ILOPV��HQUHJLVWUpV�VXU�OH�WHUUDLQ��RXVXU� O
pFUDQ� GH� O
RUGLQDWHXU�� &HWWH� GHUQLqUH� PpWKRGH� SHUPHW� G
DXJPHQWHUO
DPSOLWXGH�GH�OD�WUDFH��WUDFH�VL]H��RX�G
DIILFKHU�VHXOHPHQW�XQH�SDUWLH�GX�WHPSVHQUHJLVWUp��8Q� ERQ� �SRLQWDJH�� GHV� ILOPV� FRQGLWLRQQH� XQH� LQWHUSUpWDWLRQFRUUHFWH�

)LJ�������)LOP�VLVPLTXH�HW�VRQ�SRLQWDJH
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,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ
���� $VVHPEODJH�G
XQH�GURPRFKURQLTXH

$\DQW� SRLQWp� WRXV� OHV� WLUV� G
XQ� GLVSRVLWLI�� RQ� DVVHPEOH� DORUV� ODGURPRFKURQLTXH�� GLDJUDPPH� GLVWDQFH�WHPSV� �7UDYHO� 7LPH� &XUYH��� &HGLDJUDPPH�VHUW�GH�EDVH�j� WRXWH� O
LQWHUSUpWDWLRQ��/HV�GLVWDQFHV� �PqWUHV�� VRQWUHSRUWpHV�HQ�DEVFLVVH�HW�OHV�WHPSV��PLOOLVHFRQGHV��HQ�RUGRQQpH��)LJ�������
���� 9LVXDOLVDWLRQ��FRUUHFWLRQ�G
XQH�GURPRFKURQLTXH

/H�ILFKLHU�GURPRFKURQLTXH�FUpp�HVW�LPSULPp�RX�WUDFp�VXU�SORWWHU�DILQ�GH�YpULILHUOD� GURPRFKURQLTXH�� /HV� HUUHXUV� GH� SRLQWDJH� TXL� DSSDUDLVVHQW� VRQW� DORUVFRUULJpHV�HQ�YpULILDQW�OHV�HQUHJLVWUHPHQWV�GH�WHUUDLQV�

)LJ����� 'URPRFKURQLTXH
'LVWDQFHV�HQ�PqWUHV
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,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ
��� &DOFXO�GHV�YLWHVVHV�HW�LQWHUFHSW�WLPHV

/D�YLWHVVH�HQ�P�V�FRUUHVSRQG�j�O
LQYHUVH�GH�OD�SHQWH GH�OD�GURPRFKURQLTXH�7LPH�GLVWDQFH�FXUYHV��FDU�LO�V
DJLW�Oj�G
XQ�GLDJUDPPH�GLVWDQFHV���WHPSV�
/HV�SURJUDPPHV�FDOFXOHQW�OD�YLWHVVH�SDU�UpJUHVVLRQ�OLQpDLUH�HW�O
LQWHUFHSW�WLPHVXU� XQ� WLU� VpOHFWLRQQp� VXU� OD� SRUWLRQ� GH� GURPRFKURQLTXH� GpVLUpH�� /D� GURLWHV
DIILFKH�j�O
pFUDQ�DLQVL�TXH�O
pFDUW�W\SH�

'LVWDQFH�HQ�P)LJ���� $IILFKDJH�GH�OD�YLWHVVH��GH�O
LQWHUFHSW�HW�RSWLRQ�GHVDXYHJDUGH

3HQWH� �����9LWHVVH
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,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ
��� 'pWHUPLQDWLRQ�GH�OD�YLWHVVH�YUDLH

/D�SHQWH�G
XQH�GURPRFKURQLTXH�FRUUHVSRQG�j�O
LQYHUVH�GH�OD�YLWHVVH�GX�WHUUDLQWUDYHUVp��6L�OH�VXEVWUDWXP�HVW�LQFOLQp��OD�SHQWH�GX�WLU�RIIVHW�QRUPDO�QH�VHUD�SDVpJDOHV� j� FHOOH� GX� WLU� RIIVHW� LQYHUVH�� 3RXU� GpWHUPLQHU� OD� YLWHVVH� YUDLH� G
XQWHUUDLQ��RQ��FRQMXJXH��DORUV�OHV�GHX[�WLUV�
3UDWLTXHPHQW�� RQ� UHSRUWH� �&'�� OD� PRLWLp� GH� O
pFDUW� GH� WHPSV� �$%�� HQWUH� OHVSUHPLqUHV�DUULYpHV�GHV�GHX[�WLUV�RIIVHWV�SRXU�XQ�PrPH�JpRSKRQH�SDU�UDSSRUWj� XQH� OLJQH� GH� UpIpUHQFH� WHPSV� DUELWUDLUH� �77
��� 2Q� REWLHQW�� ORUVTXH� O
RQ� DSURFpGp�DLQVL�SRXU� WRXV� OHV�JpRSKRQHV��VL� OH�VXEVWUDWXP�HVW�KRPRJqQH�HW�VLO
HQUHJLVWUHPHQW�GH�O
RQGH�GHV�RIIVHWV�QH�WRXFKH�TXH�OH�VXEVWUDWXP��GHV�SRLQWVDOLJQpV� DYHF� XQH� SHQWH� FRUUHVSRQGDQW� j� O
LQYHUVH� GH� OD� YLWHVVH� UpHOOH� GXVXEVWUDWXP� �OLJQH� 99
��� &H� SURFpGp� SHUPHW� GH� VXSSULPHU� OHV� HIIHWV� GXV� jO
LQFOLQDLVRQ�HW�DX[�RQGXODWLRQV�GX�VXEVWUDWXP��6L�OHV�SRLQWV�QH�V
DOLJQHQW�SDV�LO� IDXW�YpULILHU�VL� OHV�SUHPLqUHV�DUULYpHV�QH�SURYLHQQHQW�SDV�G
XQ�DXWUH� WHUUDLQRX� UHYRLU� OH� �SRLQWDJH�� GHV� SUHPLqUHV� DUULYpHV�� 8QH� SHQWH� SOXV� IRUWH� HQWUHGHX[�VHJPHQWV�GH�GURLWH�SHX�LQFOLQpV�SHXW�rWUH�GXH�j�XQH�]RQH�OHQWH��IUDFWXUH�DXWUH�WHUUDLQ���2Q�SHXW�pYLGHPPHQW�FRQMXJXHU�OHV�SDUWLHV�FRUUHVSRQGDQW�j�XQPrPH�WHUUDLQ�GH�Q
LPSRUWH�TXHOV�WLUV�

)LJ���� &RQMXJDLVRQ�GH�GHX[�RIIVHWV
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3HQWH �����9LWHVVH�UpIUDFWHXU
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,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ

7'�� � =9 &RV�� D �� ; = 7DQ = 7DQ9 =9 &RV' '� � ��
� �
D D D

7'�� � =9 &RV�� D �� � � 
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�
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D D�
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;9
> /HV�RQGHV�GRLYHQW�rWUH�UpIUDFWpHV�VXU�OH�PrPH�WHUUDLQ�

Temps total Tt

Temps d'arrivée de SP1
Temps d'arrivée de SP2

T
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X

1 / V1

Z2Z1
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ZD SP2

A

B
C

D

E F
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Vitesse 1

Vitesse 2
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,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ
���� 7UDFHV�IDQW{PHV

,O� HVW� VRXYHQW� WUqV� XWLOH� GH� SRXYRLU� VXSHUSRVHU� GHX[� WLUV�� SRXU� YpULILHU� ODFRUUHVSRQGDQFH�HQWUH�GHX[�SDUWLHV�GH�GURPRFKURQLTXHV��/H�FDV�OH�SOXV�XVXHOHVW�GH�IDLUH�FRwQFLGHU�DXVVL�ELHQ�TXH�SRVVLEOH�OD�SDUWLH�GLVWDOH�GX�WLU�RIIVHW�VXUOH�WLU�HQ�ERXW�SRXU�GpWHUPLQHU�TXHOOH�SRUWLRQ�GX�WLU�HQ�ERXW�SHXW�FRUUHVSRQGUHDX�VXEVWUDWXP�
/
RUGLQDWHXU� SHUPHW� GH�GpSODFHU� UDSLGHPHQW� Q
LPSRUWH� TXHO� WLU� HW� GH� O
DMXVWHUVXU� XQ� WLU� SUpDODEOHPHQW� FKRLVL�� /D� GURPRFKURQLTXH� SHXW� rWUH� PRQWpH� RXGHVFHQGXH��SOXV�RX�PRLQV�UDSLGHPHQW��/
DMXVWDJH�HIIHFWXp��VH�SRVLWLRQQHU�VXUO
LQWHUFHSW�WLPH�REWHQX��F
HVW�j�GLUH�O
HQGURLW�R��OD�WUDFH�WUDQVODWpH�UHFRXSH�O
D[HGX� WLU�QRQ�GpSODFp� �3RLQW� ,7�VXU� OD� ILJ�������HW�VDXYHU�FHWWH�YDOHXU�TXL� VHUYLUDSRXU� OHV� FDOFXOV� G
pSDLVVHXU�� 2Q� SHXW� GpGXLUH� GH� OD� ILJXUH� ���� TXH� OHVSUHPLqUHV�DUULYpHV�GX� WLU�HQ�ERXW�SURYLHQQHQW�GX�VXEVWUDWXP�GX�JpRSKRQH��DX�JpRSKRQH����RX����

)LJ������2IIVHW�VXSHUSRVp�j�XQ�WLU�DX�ERXW�

2IIVHW
2IIVHW�WUDQVODWp7LU�HQ�ERXW

,QWHUFHSW�WLPH
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,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ
���� ,QWHUFHSW�WLPHV�DX[�JpRSKRQHV�RX�PpWKRGH�GHV�GpODLV�

$YHF� FHWWH� PpWKRGH� RQ� SHXW� FDOFXOHU� OD� SURIRQGHXU� GX� VXEVWUDWXP� VRXVFKDTXH� JpRSKRQH�� /
RUGLQDWHXU� SHXW� HIIHFWXHU� OHV� GLYHUVHV� RSpUDWLRQV� GHWUDQVODWLRQ� GH� GURPRFKURQLTXHV� HW� OHV� FDOFXOV� QpFHVVDLUHV� SRXU� REWHQLUO
LQWHUFHSW� HW� OHV� SURIRQGHXUV� j� FKDTXH� JpRSKRQH�� /D� YDOHXU� GHV� LQWHUFHSWWLPHV� DX[� JpRSKRQHV� GRQQH� LPPpGLDWHPHQW� XQH� LGpH� GH� OD� SURIRQGHXUUHODWLYH�GX�VXEVWUDWXP�VRXV�OHV�JpRSKRQHV�
*UDSKLTXHPHQW��HQ�WUDQVODWDQW�O
RIIVHW���VXU�O
H[WUpPLWp�GX�WLU�HQ�ERXW���RQ�SHXWUHFRQVWLWXHU� OHV� DUULYpHV� �IDQW{PHV�� VXU� OH� WLU� HQ� ERXW�� /H� PrPH� SURFpGpV
DSSOLTXH�j�O
RIIVHW����HW�DX�WLU�HQ�ERXW�����2Q�REWLHQW�GHX[�GURPRFKURQLTXHVGHV�WLUV�HQ�ERXW�DYHF�OD�YLWHVVH�GX�VXEVWUDWXP�VHXOHPHQW�
/H�WHPSV�WRWDO��7W��HVW�OH�WHPSV�TXH�PHW�O
RQGH�3�SRXU�DOOHU�G
XQH�H[WUpPLWp�jO
DXWUH� G
XQ� GLVSRVLWLI� VLVPLTXH�� ,O� VH� GpWHUPLQH� IDFLOHPHQW� VXU� ODGURPRFKURQLTXH�DLQVL�WUDFpH��/H�WHPSV�WRWDO�GX�WLU�QRUPDO�GRLW� WKpRULTXHPHQWrWUH�OH�PrPH�TXH�FHOXL�GX�WLU�LQYHUVH��7UDMHW�$%)*� �*)%$��
/H� WHPSV�GH�GpODL�j�XQ�JpRSKRQH� �7'��FRUUHVSRQG�j� OD�PRLWLp�GX� WHPSV�GXWUDMHW� '&%$���'()*�DXTXHO� RQ� UHWUDQFKH� OH� WHPSV� WRWDO� �7UDMHW� $%)*���&HWHPSV�HVW�pJDO�j�&'���9����&'
��9���)LJ������$

�% �&
�'

( )
�*

9LWHVVH��
9LWHVVH��

=
'

α

)LJ��������6FKpPD�GH�O
LQWHUFHSW�DX�JpRSKRQH



6LVPLTXH�UHIUDFWLRQ�GRF �� ��������

,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ
'pILQLWLRQ�GX�WHPSV�GH�GpODL
7 &'9 &'9'  �� �
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O©pTXLYDOHQFH�HQWUH�XQ�WHPSV�GH�GpODL�HW�XQ�WHPSV�G©LQWHUFHSW�HVW�pYLGHQWH�
3RXU�WURXYHU�OH�WHPSV�GH�GpODL��ORUVTXH�Z HVW�LQFRQQX��FRQVLGpURQV�G©XQH�SDUWOH�WHPSV�GH�WUDMHW�DCBA HW�DEFG G©DXWUH�SDUW
7HPSV�DCBA  '&9 &%9 %$9� � �� �
pTXLYDOHQW�DX�WHPSV� $'9 7$ 7'� � �
TA  �WHPSV�GH�GpODL�HQ�A
TD  �WHPSV�GH�GpODL�HQ�D
TG  �WHPSV�GH�GpODL�HQ�G
7HPSV�DEFG  � '(9 ()9 )*9� � �� �
pTXLYDOHQW�j� '*9 7' 7*� � �
)DLVRQV�OD�VRPPH�GHV�WHPSV�DCBA ��DEFG

$'9 '*9 7$ 7* 7'� � �� � � �



6LVPLTXH�UHIUDFWLRQ�GRF �� ��������

,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ
2Q�REWLHQW� $*9 7$ 7* 7'� �� � �
&RQVLGpURQV�OH�WHPSV�WRWDO�G©XQ�WUDMHW�ABFG  = 

$%9 %)9 )*9� � �� �
=
$*9 7$ 7*� � �5HWUDQFKRQV�FH�WHPSV�WRWDOABFG GH�OD�VRPPH�DCBA + DEFG, RQ�REWLHQW�
$*9 7$ 7* 7' $*9 7$ 7* 7'� �� �� � �§©̈ ·¹̧ � � �§©̈ ·¹̧  7HPSV�G©LQWHUFHSW



6LVPLTXH�UHIUDFWLRQ�GRF �� ��������

,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ
��� &DOFXO�GH�SURIRQGHXU�VRXV�OHV�JpRSKRQHV

$SUqV� DYRLU� GpWHUPLQp� OHV�'HOD\� WLPHV�� RQ� SHXW� FDOFXOHU� OD� SURIRQGHXU� VRXVFKDTXH� JpRSKRQH� SRXU� XQ�� GHX[�� RX� WURLV� WHUUDLQV� SOXV� OH� VXEVWUDWXP�� 3RXUFHOD�� LO� IDXW� FRQQDvWUH� OD� YLWHVVH�GHV�GLIIpUHQWV� WHUUDLQV� HW� OHV�LQWHUFHSW� WLPHV�,7��SRXU�FKDTXH�JpRSKRQH�
'DQV� OH� FDV� G
XQ� VHXO� WHUUDLQ� VXU� XQ� VXEVWUDWXP�� OD� SURIRQGHXU� VRXV� XQJpRSKRQH��='��SHXW�VH�FDOFXOHU�DYHF�OD�IRUPXOH�

='� ���� 7'���
����9�
Cos �Sin�� 9� ��9��

/HV� pSDLVVHXUV� �= � =��=��� VRXV� XQ� JpRSKRQH� VRQW� FDOFXOpHV� j� O©DLGH� GHVLQWHUFHSW�WLPH�HW�DYHF�OHV�IRUPXOHV�XWLOLVpHV�SRXU�OH�FDOFXO�GHV�pSDLVVHXUV�DX[SRLQWV�GH�WLU��FI��3DJHV�VXLYDQWHV��

)LJ������,QWHUFHSW�WLPHV�DX[�JpRSKRQHV



6LVPLTXH�UHIUDFWLRQ�GRF �� ��������

,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ
���� &DOFXO�GHV�pSDLVVHXUV

/H� FDOFXO� GHV� pSDLVVHXUV� VH� IDLW� VHORQ� OD� PpWKRGH� FODVVLTXH� GHV�LQWHUFHSWWLPHV�RX�FHOOH�GHV�SRLQWV�GH�EULVXUH�
3RXU� FDOFXOHU� OHV� pSDLVVHXUV� DYHF� OD� PpWKRGH� GHV� LQWHUFHSW� WLPHV�� LO� IDXWFRQQDvWUH�OH�QRPEUH�GH�WHUUDLQV��OD�SURIRQGHXU�GX�WLU�VL�O
RQ�HQWHUUH�OHV�FKDUJHVH[SORVLYHV�� SXLV�� OHV� YLWHVVHV� $PRQW� �� $YDO� HQ� PqWUHV�VHFRQGH� HW� HQILQ� OHV,QWHUFHSW�WLPHV HQ�PLOOLVHFRQGHV��OHV�IRUPXOHV�XWLOLVpHV�ILJXUHQW�FL�DSUqV�

/D�IRUPXOH�XWLOLVpH�SRXU�OH�FDOFXO�G
pSDLVVHXU��=��DYHF�OHV�GLVWDQFHV�FULWLTXHV�GL�
&HWWH�GHUQLqUH�PpWKRGH�HVW�YDODEOH�VHXOHPHQW�SRXU�GHV�FRXFKHV�KRUL]RQWDOHV�

=�  �����(SDLVVHXU�WHUUDLQ�����9�  �9LWHVVH�WHUUDLQ����HQ�P�V,7�  ����,QWHUFHSW�WLPH�������������9�  �9LWHVVH�WHUUDLQ����HQ�P�V3URI� ���3URIRQGHXU�GX�WLU��SRXU�OHV�FKDUJHV�HQWHUUpHV�
=� �������� �,7����[�9� �����3URI��Cos ��Sin �� 9� ��9� ������������

=�  �GL������
�645��9� ��9������9� ��9���
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,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ
/RL�GH�6QHOO 5pIUDFWLRQ�WRWDOH
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,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ
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,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ
)RUPXOHV�GH�FDOFXO�GHV�pSDLVVHXUV��=�

FDV�GH�FRXFKHV�SHQWpHV= 7 9&RV L� � �
� �� §©̈ ·¹̧
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6LVPLTXH�UHIUDFWLRQ�GRF �� ��������

,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ
���� 7UDFp�GX�SURILO�VLVPLTXH

$SUqV� DYRLU� FDOFXOp� O
pSDLVVHXU� SRXU� WRXV� OHV� WLUV� �RIIVHWV� H[FHSWpV� ELHQpYLGHPPHQW���RQ� UHSUpVHQWH� OH� UpVXOWDW�HQ�GHX[�GLPHQVLRQV�j� O
pFUDQ�RX�VXUSDSLHU�� 'HV� DUFV� GH� FHUFOHV� GH� UD\RQV� SURSRUWLRQQHOV� DX[� SURIRQGHXUV� GHVGLYHUV�WHUUDLQV�VRQW�WUDFpV�WRXW�G
DERUG�DYHF� OHV�YLWHVVHV�FRUUHVSRQGDQWHV��6LO
RQ�FRQQDvW�O
DOWLWXGH�GHV�WLUV�HW�RX�GHV�JpRSKRQHV��OH�UHOLHI�SHXW�rWUH�UHVWLWXp�/
LQWHUSUpWDWHXU� GRLW� DORUV� UHOLHU� OHV� DUFV� GH� FHUFOHV�� VHORQ� GHV� FULWqUHVJpRPpWULTXHV� HW� JpRORJLTXHV�� ,O� QH� IDXW� MDPDLV� RXEOLHU� TXH� OD� SURIRQGHXUFDOFXOpH�HVW�OD�GLVWDQFH�OD�SOXV�FRXUWH�j�XQ�WHUUDLQ��HW�QRQ�OD�GLVWDQFH�YHUWLFDOH�&HFL�HVW�SDUWLFXOLqUHPHQW�LPSRUWDQW�GDQV�OHV�$OSHV�R��OHV�SHQWHV�SHXYHQW�rWUHIRUWHV��FI��DQQH[H���

300-500 m/s Sol, recouvrement

800-900 m/s Remblais

2200-2700 m/s Roche altérée

4300-4700 Roche saine

Tir 2

Tir 3
Tir 4 Tir 5 Tir 6

Tir 7

Tir 8Surface topographique

40 m

120 m

)LJ������ 3URILO�VLVPLTXH



6LVPLTXH�UHIUDFWLRQ�GRF �� ��������

,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ

� &21&/86,216
/
LQJpQLHXU� HVW� VRXYHQW� LQWpUHVVp� j� FRQQDvWUH� OD� SURIRQGHXU� GX� VXEVWUDWXPURFKHX[��RU�FHOXL�FL�SUpVHQWH�OH�SOXV�VRXYHQW�XQ�FRQWUDVWH�GH�YLWHVVH�LPSRUWDQWDYHF� OH� UHFRXYUHPHQW�� FH� TXL� IDYRULVH� VD� GpWHFWLRQ� SDU� VLVPLTXH� UpIUDFWLRQ�/HV� YLWHVVHV� VLVPLTXHV� UHQVHLJQHQW� ELHQ� VXU� OD� QDWXUH� GHV� WHUUDLQV� GHUHFRXYUHPHQW�HW� GX� VXEVWUDWXP��3DU� H[SpULHQFH�� OD� SUpFLVLRQ�GHV� FDOFXOV�GHSURIRQGHXU� SDU� VLVPLTXH� UpIUDFWLRQ� HVW� G
HQYLURQ� ����� VL� OD� TXDOLWp� GHVHQUHJLVWUHPHQWV�HVW�VDWLVIDLVDQWH�
/D�PpWKRGH�GH�VLVPLTXH�UpIUDFWLRQ�SUpVHQWH�TXHOTXHV�OLPLWDWLRQV�LQpYLWDEOHV�
x /D�YLWHVVH�GHV�WHUUDLQV�GRLW�DXJPHQWHU�GH�OD�VXUIDFH�YHUV�OD�SURIRQGHXU��8QWHUUDLQ�VXSHUILFLHO�UDSLGH��FRPPH�XQH�FUR�WH�FDOFDLUH��FDOLFKH�RX�FDS�URFN�DPqQHUD�WRXMRXUV�SOXV�UDSLGHPHQW�OHV�RQGHV�GLUHFWHV�DX[�JpRSKRQHV�TXHOHV�RQGHV�UpIUDFWpHV�HQ�SURIRQGHXU��
x 'DQV� XQH� YDOOpH� WUqV� HQFDLVVpH�� O
RQGH� SHXW� DUULYHU� SDU� OHV� IODQFV� GH� ODYDOOpH� SOXW{W� TXH� SDU� OH� IRQG� GH� FHOOH�FL�� VL� OD� SURIRQGHXU� HVW� SOXVLPSRUWDQWH�TXH�OD�SOXV�FRXUWH�GLVWDQFH�j�XQ�IODQF��)LJ��������'DQV�FH�FDV��ODSURIRQGHXU�VHUD�REWHQXH�SDU�GpIDXW�

)LJ���� 6LVPLTXH�UpIUDFWLRQ�GDQV�XQH�YDOOpH�HQFDLVVpH



6LVPLTXH�UHIUDFWLRQ�GRF �� ��������

,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ
$QQH[H�� 9LWHVVH�VLVPLTXH�HW�ULSDELOLWp

/D� UHODWLRQ� HQWUH� OD� YLWHVVH� VLVPLTXH� HW� OH� PRGXOH� G
pODVWLFLWp� DLQVL� TXH� OHFRHIILFLHQW� GH� 3RLVVRQ� H[SOLTXH� TXH� O
RQ� SXLVVH� pWDEOLU� XQH� UHODWLRQ� HQWUH� ODULSDELOLWp� HW� OHV� YLWHVVHV� VLVPLTXHV�� ,O� IDXW� WRXWHIRLV� LQWHUSUpWHU� FHV� WDEOHV� HQIRQFWLRQ� GHV� FRQGLWLRQV� ORFDOHV�� (Q� HIIHW� GHV� PRUDLQHV�� pERXOLV� RX� URFKHVGRQQpV� SRXU� �DLVpPHQW� ULSDEOHV�� G
DSUqV� OHV� WDEOHV� SHXYHQW� UHQIHUPHU� GHVEORFV�GH�SOXVLHXUV�P� QRQ� ULSDEOHV��QpFHVVLWDQW� O
HPSORL�G
H[SORVLIV�SRXU� OHXUIUDJPHQWDWLRQ�
9LWHVVHV�VLVPLTXHV�HQ�PqWUHV�VHFRQGH ���

���
���
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����
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����

����7HUUDLQV�VXSHUILFLHOV$UJLOHV0RUDLQH5RFKHV�LJQpHV*UDQLWH%DVDOWH5RFKHV�VpGLPHQWDLUHV6KDOH*UqV6LOVWRQH$UJLOLWHV&RQJORPpUDWV%UrFKHV&UR�WH�FDOFDLUH&DOFDLUH5RFKHV�PpWDPRUSKLTXHV6FKLVWHV�FULVWDOOLQV$UGRLVHV0LQpUDX[���PDW��SUHPLqUHV&KDUERQ0LQHUDL�GH�IHU nn nn nn5LSDEOH����������0DUJLQDO�����1RQ�ULSDEOH([WUDLWV�GH�� &DWHUSLOODU�PDWpULHOV�HW�PpWKRGH��pGLWLRQ����



6LVPLTXH�UHIUDFWLRQ�GRF �� ��������

,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ
$QQH[H�� 0HVXUHV�GH�SURIRQGHXU

&KDTXH�SURILO� IDLW� O
REMHW�G
XQH�FRXSH� LQWHUSUpWDWLYH�VXU� ODTXHOOH� OHV�GLIIpUHQWVWHUUDLQV�VRQW�FDUDFWpULVpV�SDU�OD�YLWHVVH�GH�SURSDJDWLRQ�GH�O
RQGH�VLVPLTXH�
/HV�RQGHV�OHV�SOXV�UDSLGHV��DUULYDQW�OHV�SUHPLqUHV�DX[�FDSWHXUV��VRQW�XWLOLVpHVSRXU�O
LQWHUSUpWDWLRQ��&HFL�LPSOLTXH�TXH�FHV�RQGHV�DLHQW�SDUFRXUX�OH�FKHPLQ�OHSOXV�FRXUW�HQWUH�OH�SRLQW�G
pPLVVLRQ��SRLQW�GH�WLU��HW�OHV�GLIIpUHQWV�FDSWHXUV�
3DU�OH�FDOFXO�RQ�REWLHQW� OD�GLVWDQFH�'��)LJ��$�����HQWUH�XQ�SRLQW�GH�OD�VXUIDFHGX�VRO�HW�O
LQWHUIDFH�GHV�WHUUDLQV��&HWWH�GLVWDQFH�HVW�HQ�SUHPLqUH�DSSUR[LPDWLRQSHUSHQGLFXODLUH�DX[� LQWHUIDFHV��(OOH�HVW�VLWXpH�VXU�XQH�VSKqUH�FHQWUpH�VXU� OHSRLQW�FRQVLGpUp��,O�HQ�GpFRXOH�TXH��JpQpUDOHPHQW��j�OD�YHUWLFDOH�G
XQ�SRLQW��OHVSURIRQGHXUV�+�DX�VXEVWUDWXP� URFKHX[�FRUUHVSRQGHQW�j� FHOOHV�GHVVLQpHV�VXUOHV�SURILOV�H[pFXWpV�VHORQ�OD�OLJQH�GH�SOXV�IRUWH�SHQWH��SURILOV�YHUWLFDX[���PDLVSHXYHQW� rWUH� QHWWHPHQW� SOXV� pOHYpHV� TXH� FHOOHV� TXL� VRQW� GHVVLQpHV� VXU� OHVSURILOV�KRUL]RQWDX[�

)LJ�$���
/D�GLVWDQFH�'�HQWUH� OD�VXUIDFH�GX�VRO�HW� OD�VXUIDFH�GH�VpSDUDWLRQ�HQWUH�GHX[WHUUDLQV�HVW�FHOOH�FDOFXOpH�HW�UHSRUWpH�VXU�OHV�SURILOV��3RXU�REWHQLU�OD�SURIRQGHXUYHUWLFDOH� +�� LO� IDXW� GLYLVHU� '� SDU� OH� FRVLQXV�D VL� O
RQ� DVVLPLOH� OD� VXUIDFH� GHVpSDUDWLRQ�j�XQ�SODQ�



6LVPLTXH�UHIUDFWLRQ�GRF �� ��������

,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ
$QQH[H�� 9LWHVVHV�VLVPLTXHV�HW�SURSULpWpV�GH�OD�PDWLqUH

0DWpULHO 9LWHVVH�HQ�P�V
$LU�����P�V

����������������������������
7HUUDLQ�GH�VXUIDFH�DpUpV
(ERXOLV
*UDYLHUV��VDEOH�VHF
$OOXYLRQV�KXPLGHV
9DVH�����������P�V
*ODFH�������P�V�
(DX�������P�V�
0RUDLQH
0RODVVH
&DOFDLUH
*QHLVV��TXDUW]LWH
*UDQLWH
5RFKHV�PpWDPRUSKLTXHV

9LWHVVHV�VLVPLTXHV�SRXU�TXHOTXHV�WHUUDLQV�IUpTXHQWV
/D� YLWHVVH� G
XQH� URFKH� GLPLQXH� WUqV� UDSLGHPHQW� VL� FHOOH�FL� HVW� DOWpUpH� RXIUDFWXUpH�� 6L� O
RQ� GpWHUPLQH� XQH� YLWHVVH� VLVPLTXH� IDLEOH� SRXU� XQH� URFKHDSSDUHPPHQW� FRPSDFWH� HQ� VXUIDFH�� LO� IDXGUD� HQYLVDJHU� DYRLU� DIIDLUH� j� XQHPDVVH� JOLVVpH� RX� j� GHV� IUDFWXUHV� HQ� SURIRQGHXU�� &HFL� HVW� SDUWLFXOLqUHPHQWLQWpUHVVDQW�SRXU�O
pWXGH�GHV�PDVVLIV�URFKHX[�VXU�GHV�VLWHV�GH�EDUUDJHV�RX�GHWXQQHOV�
/RUVTX
RQ� SURYRTXH� XQ� pEUDQOHPHQW� HQ� VXUIDFH�� OH� PRXYHPHQW� LQLWLDO� VHSURSDJH� HQ� SURIRQGHXU� VRXV� IRUPH� G
RQGHV� pODVWLTXHV� RX� VLVPLTXHV�� /HVYLWHVVHV� GH� SURSDJDWLRQ� ORQJLWXGLQDOH� HW� WUDQVYHUVDOH� VRQW� GRQQpHV� SDU� OHVIRUPXOHV�

9
9

S

W

 (��� �G �� � ��� � � �
 (G

VV V
Vu �� �� �

( �0RGXOH�G
pODVWLFLWp�GH�<RXQJ��G GHQVLWp��VV �&RHIILFLHQW�GH�3RLVVRQ
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,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ
9S 9LWHVVH�ORQJLWXGLQDOH����9W 9LWHVVH�WUDQVYHUVDOH
2Q� YRLW� VXU� FHV� IRUPXOHV� TXH� OD� YLWHVVH� HVW� OLpH� DX[� FDUDFWpULVWLTXHVPpFDQLTXHV� GH� OD� URFKH�� HQ� SDUWLFXOLHU� j� VRQ� pWDW� GH� FRPSDFLWp� RX� GHIUDFWXUDWLRQ� HQ� SODFH�� &HV� IRUPXOHV� VRQW� YDODEOHV� HQ� PLOLHX� LVRWURSH� HWSDUIDLWHPHQW�pODVWLTXH�
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,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ
$QQH[H�� ,QWHUSUpWDWLRQ�HQ�IRQFWLRQ�GX�QRPEUH�GH�WLUV

,QWURGXFWLRQ8Q�GLVSRVLWLI��GH�VLVPLTXH�UpIUDFWLRQ�FODVVLTXH�FRPSRUWH����JpRSKRQHV�HW�XQ�QRPEUHYDULDEOH�GH�WLUV��/H�QRPEUH�GH�WLU�GRLW�rWUH�DGDSWp�j�OD�FRPSOH[LWp�GX�WHUUDLQ��6L�SRXUGHV�FRXFKHV�KRUL]RQWDOHV�XQ�PLQLPXP�GH�WLU�SHXW�V
DYpUHU�VXIILVDQW��GDQV� OD�SOXSDUWGHV� FDV� XQ� PLQLPXP� GH� �� WLUV� HVW� QpFHVVDLUH�� 6RXYHQW� SOXV� GH� WLUV� V
DYqUHQWLQGLVSHQVDEOHV�VL�OHV�FRQGLWLRQV�JpRORJLTXHV�VRQW�FRPSOH[HV�
([HPSOH�G
LQWHUSUpWDWLRQ�G
XQ�GLVSRVLWLI�DYHF�XQ�VHXO�WLU /H� GLVSRVLWLI� OH� SOXVVLPSOH� QH� FRPSRUWHTX
XQ� WLU� HQ� ERXW�� LOHVW� WUqV� UDSLGH� jH[pFXWHU� PDLV� QHGRQQH� GH UpVXOWDWVFRUUHFWV� TXH� ORUVTXHOHV� FRXFKHV� VRQWSODQHV�� KRPRJqQHVHW� SDUDOOqOHV� j� ODVXUIDFH�GX�VRO��,O�SHXWrWUH� XWLOLVp� HQSpGRORJLH� SRXUPHVXUHU� O©pSDLVVHXU

GX�VRO�HQ�PLOLHX�DOOXYLRQQDLUH��'DQV�OHV�DXWUHV�FDV��GH�ORLQ�OHV�SOXV�IUpTXHQWV��LO�SHXWFRQGXLUH�j�GHV�HUUHXUV�G
LQWHUSUpWDWLRQ�WUqV�LPSRUWDQWHV�
([HPSOH�G
LQWHUSUpWDWLRQ�G
XQ�GLVSRVLWLI�DYHF�GHX[�WLUV

&H� GLVSRVLWLI� FRPSRUWHXQ� WLU� j� FKDTXHH[WUpPLWp� GHV� �IO�WHV��'DQV� OHV� FDVIDYRUDEOHV�� LO� HVWSRVVLEOH�GH�FDOFXOHU� OHVYLWHVVHV� SDUFRQMXJDLVRQ� GHV� WLUVDPRQW�HW�DYDO�DLQVL�TXHOHV� LQWHUFHSW� WLPHV DX[JpRSKRQHV� GDQV� ODSDUWLH� FHQWUDOH�� WRXWFRPPH� OD� YLWHVVH� YUDLHGX�VXEVWUDWXP�SDU�FRQMXJDLVRQ�
8QH� LQWHUSUpWDWLRQ�HQ� WURLV� WHUUDLQV�D�SX�rWUH�HIIHFWXpH�� OHV�YLWHVVHV�HW� OHV� LQWHUFHSWWLPHV�FRQQXV�� OH�FDOFXO�GHV�pSDLVVHXUV�HVW�SRVVLEOH��/HV� WHPSV�GHV� LQWHUFHSWV DX[JpRSKRQHV� VRQW� HQ� FRQWUDGLFWLRQ� DYHF� OHV� LQWHUFHSWV DX[� SRLQWV� GH� WLU� HW� FHODGpPRQWUH�TXH�OHV�FRQGLWLRQV�G
DSSOLFDWLRQ�GH�OD�PpWKRGH�QH�VRQW�SDV�UHPSOLHV�

1 /V3

1/V2

1/V1

IT2

IT1

1.8 m à 250 m/s

17.6 m à 1600 m/s

Substatum à 4900 m/s
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,QWHUSUpWDWLRQ�GH�OD�VLVPVLTXH�UpIUDFWLRQ
([HPSOH�G
LQWHUSUpWDWLRQ�G
XQ�GLVSRVLWLI�FODVVLTXH�DYHF���WLUV

&H� GLVSRVLWLI� FODVVLTXHGRQQH� GH� ERQVUpVXOWDWV� ORUVTXH� OHVFRXFKHV� YDULHQWOHQWHPHQW� HWUpJXOLqUHPHQW� HQYLWHVVH� RX�HW� HQpSDLVVHXU�� 3DUWUDQVODWLRQ�GHV�RIIVHWV�RQ� GpWHUPLQH� OHVWHPSV� G
LQWHUFHSW� DX[SRLQWV� GH� WLU� HW� VRXVWRXV� OHV� JpRSKRQHV�FHFL�SHUPHWWDQW�GH�FDOFXOHU�OD�SURIRQGHXU�GX�EHG�URFN�VRXV�FKDTXH�JpRSKRQH��6HORQO
LQWHUSUpWDWLRQ�� OD� SURIRQGHXU� GX� VXEVWUDWXP� SHXW� YDULHU� GX� VLPSOH� DX� GRXEOH�� HQSDUWLFXOLHU� VL� RQ� Q
DYDLW� SDV� OH� WLU� DX� FHQWUH� SRXU� QRXV� LQGLTXHU� OD� SUpVHQFH� G
XQVHFRQG�WHUUDLQ�pSDLV�HW�j�����P�V�
$YHF�FHV���WLUV�� O
LQWHUSUpWDWLRQ�GHYLHQW�SOXV�pODERUpH�SDU� UDSSRUW�DX[� LQWHUSUpWDWLRQVSUpFpGHQWHV�� 2Q� SHXW� PHWWUH� HQ� pYLGHQFH� DLQVL� OD� SUpVHQFH� G
XQ� EHG� URFNKpWpURJqQH��DYHF�XQH�]RQH�OHQWH�DX�FHQWUH�GX�GLVSRVLWLI�
([HPSOH�G
LQWHUSUpWDWLRQ�G
XQ�GLVSRVLWLI�DYHF�SOXV�GH���WLUV

'DQV� OHV� VLWHV� GHPRQWDJQHV�� QRWUHH[SpULHQFH� PRQWUHTXH� OHV� YLWHVVHV� RXOHV�pSDLVVHXUV�YDULHQWWUqV� UDSLGHPHQW�� LOIDXW�DORUV�GLVSRVHU�GHWLUV� UDSSURFKpV� SRXUSRXYRLU� FDOFXOHU� SRXUFKDTXH� WLU�� SDUFRQMXJDLVRQ� GHV� WLUVDPRQW� HW� DYDO�� OHVYLWHVVHV�GHV�SUHPLHUVWHUUDLQV� HW� REWHQLUXQH�ERQQH�GpWHUPLQDWLRQ�GHV�SURIRQGHXUV�
/D� UpDOLVDWLRQ� GH� GLVSRVLWLIV� DYHF� XQ� JUDQG� QRPEUH� GH� WLUV� SHUPHW� G
REWHQLU� GHVLQWHUSUpWDWLRQV�SUpFLVHV�PDLV�OH�WHPSV�QpFHVVDLUH�j� O
DFTXLVLWLRQ�GHV�GRQQpHV�VXU� OHWHUUDLQ� DXJPHQWH� SURSRUWLRQQHOOHPHQW�� /
LQWHUSUpWDWLRQ� GHPDQGH� pJDOHPHQWEHDXFRXS�SOXV�GH�WHPSV��HW�XQ�FRPSURPLV�GRLW�rWUH�WURXYp�HQWUH�O
REMHFWLI�GH�O
pWXGHOLp�j�OD�FRPSOH[LWp�GX�VLWH�HW�OHV�FRQWLQJHQFHV�pFRQRPLTXHV�
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