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LA MODULATION PAR IMPULSION ET CODAGE EN TELEPHONIE  

INTRODUCTION  
/D�0RGXODWLRQ�SDU�,PSXOVLRQ�HW�&RGDJH��0,&��HVW�O¶RSpUDWLRQ�TXL�GpFRPSRVH�XQ�VLJQDO

DQDORJLTXH�� LFL� HQ� O¶RFFXUUHQFH� XQ� VLJQDO� GH� SDUROHV�� HQ� XQH� VpULH� G¶LPSXOVLRQV� pOHFWULTXHV

IRUPDQW�XQ�VLJQDO�QXPpULTXH��(OOH�VH�FRPSRVH�GH�WURLV�pWDSHV�HVVHQWLHOOHV���O
pFKDQWLOORQQDJH��OD

TXDQWLILFDWLRQ� HW� OH� WUDQVFRGDJH�� DLQVL� TXH� GH� OHXU� UpFLSURTXH�� 2Q� Q¶pWXGLHUD� SDV� LFL

O¶pFKDQWLOORQQDJH�GX�VLJQDO��TXL�SRXUUDLW�IDLUH�j�OXL�VHXO�O
REMHW�G
XQ�DXWUH�GRVVLHU���RQ�VH�OLPLWHUD

GRQF� j� O¶pWXGH� GH� OD� TXDQWLILFDWLRQ� HW� GX� WUDQVFRGDJH� DLQVL� TX
j� OD� UHFRPSRVLWLRQ� GX� VLJQDO

DQDORJLTXH�

/D�WUDQVPLVVLRQ�QXPpULTXH�HVW�WUqV�LQWpUHVVDQWH�GDQV�OH�GRPDLQH�GHV�WpOpFRPPXQLFDWLRQV�

FDU� HOOH�SHUPHW�GH�SURSDJHU�XQ� VLJQDO� VXU�GH� WUqV� ORQJXHV�GLVWDQFHV� VDQV� DXFXQH� DOWpUDWLRQ��(Q

HIIHW�� TXHO� TXH� VRLW� OH� VXSSRUW� �ILEUH� RSWLTXH�� FkEOH� FRD[LDO«��� OD� GLVSHUVLRQ� pOHFWULTXH� HW

O
DSSDULWLRQ�GH�EUXLW�VRQW�LQpYLWDEOHV��,O�GHYLHQW�DORUV�QpFHVVDLUH�GH�UpJpQpUHU�OH�VLJQDO�DILQ�GH�OH

SURSDJHU�MXVTX
j�VRQ�EXW�VDQV�PRGLILFDWLRQV�UpGKLELWRLUHV��2U��FHWWH�UpJpQpUDWLRQ�HVW� LPSRVVLEOH

VXU�XQ�VLJQDO�DQDORJLTXH��TXL�VH�GLVSHUVH�LUUpPpGLDEOHPHQW�GDQV�OH�WHPSV��SXLVTX
RQ�QH�FRQQDvW

DXFXQH� LQIRUPDWLRQ� VXU� OD� WHQVLRQ� G
RULJLQH�� 3DU� FRQWUH�� GDQV� OD� WUDQVPLVVLRQ� QXPpULTXH� GHV

GRQQpHV�� OHV� FDUDFWpULVWLTXHV� HVVHQWLHOOHV� GX� VLJQDO� VRQW� FRQQXHV� �� WUDQVLWLRQ� GH� QLYHDX[� j� GHV

LQVWDQWV� V\QFKURQHV� DYHF� O
KRUORJH�� WHQVLRQ� FRQVWDQWH� HQ� GHKRUV� GHV� WUDQVLWLRQV�� /H� VLJQDO

QXPpULTXH�DOWpUp�FRQVHUYH�DORUV�VXIILVDPPHQW�G
LQIRUPDWLRQV�SRXU�rWUH�UHFRQVWLWXp�j�O
LGHQWLTXH

GX�VLJQDO�SURGXLW�SDU�OD�VRXUFH��DYHF�SRXU�VHXO�LQFRQYpQLHQW�XQ�LQILPH�UHWDUG��G��j�OD�UpJpQpUDWLRQ

GX�VLJQDO��TXL�Q
H[FqGH�SDV�OD�SpULRGH�G
XQ�ELW��GH�O
RUGUH�GH�����QV�GDQV�OH�UpVHDX�WpOpSKRQLTXH

ORFDO��

)LJXUH�����UpJpQpUDWLRQ�G
XQ�VLJQDO�QXPpULTXH�
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8Q�DXWUH�DYDQWDJH�GH�OD�WUDQVPLVVLRQ�QXPpULTXH�HVW�OD�GpWHFWLRQ�G
HUUHXUV��(Q�HIIHW��VRXV

O
LQIOXHQFH�G
XQ�IRUW�EUXLW�VXU�OD�OLJQH��G��SULQFLSDOHPHQW�DX[�SHUWXUEDWLRQV�pOHFWULTXHV�GLYHUVHV��

LO�VH�SHXW�TX
XQH�YDOHXU�VRLW�PRGLILpH�HW�LQWURGXLVH�DORUV�XQH�HUUHXU�GDQV�OH�VLJQDO��0DLV��LO�H[LVWH

GHV�FRGDJHV�QXPpULTXHV�TXL�SHUPHWWHQW�GH�GpWHFWHU�OHV�HUUHXUV�HW�GH�OHV�pOLPLQHU��/D�WUDQVPLVVLRQ

HQ�HVW�G
DXWDQW�SOXV�ILDEOH�

8Q�GHUQLHU�SRLQW�IRUW�GH�OD�WUDQVPLVVLRQ�QXPpULTXH�HVW�GH�SRXYRLU�DSSOLTXHU�GHV�PpWKRGHV

GH�FRPSUHVVLRQ��FKRVH�TXDVLPHQW�LQDSSOLFDEOH�j�XQ�VLJQDO�DQDORJLTXH�

,O� H[LVWH� SOXVLHXUV� W\SHV� GH� PDWpULHOV� 0,&�� 2Q� OHV� DSSHOOH� GHV� 7HUPLQDX[� 1XPpULTXH

G¶([WUpPLWp� �71(��� ,OV�XWLOLVHQW�SOXVLHXUV�QRUPHV�TXL�RQW�pYROXp�DX� ILO�GHV�SURJUqV� WHFKQLTXHV�

QRWDPPHQW� GH� OD� PLQLDWXULVDWLRQ� GHV� FRPSRVDQWV�� &HV� QRUPHV� VRQW� OH� 71��� 71�D�� 71�E�� HW

DFWXHOOHPHQW��OH�71���*��GHX[LqPH�JpQpUDWLRQ��

,O� HVW� j� QRWHU� TXH� WRXWHV� OHV� RSpUDWLRQV� SUDWLTXpHV� GDQV� OH� 0,&� VRQW� VRXPLVHV� j� GHV

FRQWUDLQWHV� WHPSRUHOOHV�� GXHV� DX�GpELW� LPSRVp� HW� j� OD�EDQGH�SDVVDQWH� FKRLVLH��&HV�YDOHXUV� VRQW

FRPPXQHV�j�WRXWHV�OHV�QRUPHV��

±� /D� EDQGH� SDVVDQWH� GX� WpOpSKRQH� HVW� ���� j� ����� +]�� FH� TXL� SHUPHW� �WKpRUqPH� GH

6KDQQRQ�� 1\TXLVW�� XQH� IUpTXHQFH� G
pFKDQWLOORQQDJH� )H� GH� ����� +]�� VRLW� XQH� SpULRGH

7H� ������V�

±�/D� WUDQVPLVVLRQ� ORFDOH� VH� IDLW� VXU� XQH� OLDLVRQ�PXOWLSOH[pH� j� ��� YRLHV� �F
HVW� j� GLUH� ��

YRLHV��PpODQJpHV��FLUFXODQW�HQ�PrPH�WHPSV�GDQV�OH�PrPH�ILO���&RPPH�LO�IDXW�WUDQVPHWWUH

XQH�GRQQpH��XQ�RFWHW��SDU�YRLH�WRXWHV�OHV������V��FKDTXH�YRLH�EpQpILFLH�GH������V�WRXWHV

OHV������V�SRXU�WUDQVPHWWUH�XQ�RFWHW��OD�SpULRGH�G
XQ�ELW�HVW�GRQF�7E� �����QV�

/HV�V\VWqPHV�pOHFWULTXHV�VRQW�SDU�FRQVpTXHQW�VRXPLV�j�XQH�FRQWUDLQWH�GH�WUqV�JUDQGH�UDSLGLWp��FH

TXL��QRXV�OH�YHUURQV��pOLPLQH�GHV�VROXWLRQV�TXL�SRXUWDQW�V
DYqUHQW�SOXV�VLPSOHV�j�PHWWUH�HQ�°XYUH

HW�PRLQV�FR�WHXVHV�
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1). LA QUANTIFICATION  

������3ULQFLSH�

2Q�VXSSRVH�DX�SUpDODEOH�TXH�O
RQ�GLVSRVH�G
XQ�VLJQDO�GH�SDUROH�DQDORJLTXH�pFKDQWLOORQQp�j

OD�IUpTXHQFH�GH������+]��F
HVW�j�GLUH�TXH�O
RQ�D�XQH�VpULH�GH�YDOHXUV�SULVHV�WRXWHV�OHV������V�VXU�OH

VLJQDO��&H�VRQW�OHV�SRLQWV�QRLUV�VXU�OD�FRXUEH�GH�OD�ILJXUH���

/H�EXW�GH�OD�TXDQWLILFDWLRQ�HVW�GH�OLPLWHU�OH�QRPEUH�GH�YDOHXUV�TXH�SHXW�SUHQGUH�OH�VLJQDO�

&
HVW�HQ�HIIHW�LQGLVSHQVDEOH��FDU�OH�QRPEUH�GH�YDOHXUV�TXH�SHXW�SUHQGUH�FKDTXH�pFKDQWLOORQ�GRLW

rWUH� ILQL�� SXLVTX
RQ� XWLOLVH� XQ� WUDLWHPHQW� QXPpULTXH�� LQFRPSDWLEOH� DYHF� O
LQILQL�� ,O� IDXW� GRQF� VH

GRQQHU� XQ� QRPEUH� GH� ELWV� PD[LPXP� SRXU� FKDTXH� YDOHXU�� FRPSDWLEOH� DYHF� OHV� GRQQpHV� j

WUDQVPHWWUH� HW� OH� GpELW� YRXOX�� 'DQV� OH� V\VWqPH� 0,&�� OH� FRGDJH� VH� IHUD� VXU� �� ELWV�� FH� TXL

FRUUHVSRQG�DX�GpELW�LGpDO�WKpRULTXH�GH�OD�OLJQH������NELWV�V
��
��2Q�YD�DLQVL�FRQVWLWXHU�����SODJHV�GH

YDOHXUV� ��
�
��� pWDJpHV� HQWUH� �9VDW� HW� �9VDW�� DX[TXHOOHV� RQ� DVVRFLHUD� OH�PrPH� FRGH� ELQDLUH�� 3DU

FRQVpTXHQW�� WRXV� OHV� pFKDQWLOORQV� D\DQW� XQH� DPSOLWXGH� FRPSULVH� GDQV� XQH� PrPH� SODJH� VHURQW

FRGpHV�GH�OD�PrPH�PDQLqUH��&HWWH�PHVXUH�HVW�FHOOH�GX�QLYHDX�LQIpULHXU�GH�OD�SODJH��WHQVLRQ�VHXLO��

)LJXUH�����/H�SULQFLSH�GH�OD�TXDQWLILFDWLRQ�

��������8Q�SUHPLHU�SUREOqPH�

&HSHQGDQW��RQ�YRLW�UDSLGHPHQW�DSSDUDvWUH�XQ�SUHPLHU�SUREOqPH���ORUV�GH�OD�UHVWLWXWLRQ�GX

VLJQDO��XQ�EUXLW�LPSRUWDQW�HVW�SURGXLW��,O�HVW�PDWpULDOLVp�SDU�OD�GLIIpUHQFH�HQWUH�OD�YDOHXU�UHWHQXH

SRXU� OH� FRGDJH� HW� OD� YDOHXU� HIIHFWLYHPHQW� pFKDQWLOORQQpH�� &H� EUXLW� HVW� QRPPp� EUXLW� GH

TXDQWLILFDWLRQ�� 6
LO� HVW� WURS� pOHYp�� OH� VLJQDO� G
LQIRUPDWLRQ� �OD� SDUROH�� VHUD� LQDXGLEOH�� 3RXU� OH

UpGXLUH��RQ�SHXW�DXJPHQWHU�OH�QRPEUH�GH�QLYHDX[��PDLV�RQ�VH�OLPLWH�HQ�WpOpSKRQLH�j�����pFKHORQV

�FRGDJH�VXU���ELWV���VRLW�����SDU�SRODULWp��SXLVTXH�OD�OLJQH�ORFDOH�GH�O
XWLOLVDWHXU�QH�VXSSRUWH�SDV

GHV�GpELWV�SOXV�pOHYpV�TXH�FHX[�DFWXHOOHPHQW�XWLOLVpV�HQ�57&��UpVHDX�WpOpSKRQLTXH�FRPPXWp���FH

GHUQLHU�pWDQW�LPSRVp�SDU�GHV�QRUPHV�LQWHUQDWLRQDOHV�

2Q� DPpOLRUH� IDFLOHPHQW� FH� GpIDXW� HQ� HIIHFWXDQW� FH� TXH� O
RQ� DSSHOOH� XQH� TXDQWLILFDWLRQ

OLQpDLUH��$X� OLHX�GH� UHVWLWXHU� OD�YDOHXU� GH� VHXLO� GH� OD� SODJH�� RQ� DXJPHQWH� FHWWH� YDOHXU� G
XQ�GHPL

pFKHORQ��YRLU�ILJXUH�����/H�EUXLW�GH�TXDQWLILFDWLRQ�HVW�DORUV�OLPLWp�DX�SOXV�j�(����R��(�HVW�O¶LQWHUYDOOH

GH�WHQVLRQ�HQWUH�OD�YDOHXU�VHXLO�HW�OD�YDOHXU�PD[LPDOH�G¶XQ�pFKHORQ�GRQQp�
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(FKHORQ

9DOHXU�UHVWLWXpH

9DOHXU�TXDQWLILpH

9DOHXU�UpHOOH
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/H�UDSSRUW�VLJQDO�EUXLW�FDUDFWpULVH�OH�GHJUp�G
DXGLELOLWp�GH�O
LQIRUPDWLRQ��2Q�UDSSHOOH�TXH

SOXV� LO� HVW� pOHYp�� PHLOOHXUH� HVW� OD� UHVWLWXWLRQ� VRQRUH�� 3RXU� UpIpUHQFH�� OH� UDSSRUW� 6�%� G
XQ� ERQ

PDWpULHO�+L�)L�HVW�G
HQYLURQ����j����G%��FHOXL�G
XQ�SRVWH�UDGLR�)0�HVW�G
HQYLURQ����G%�

2EVHUYRQV�PDLQWHQDQW�OH�UDSSRUW�VLJQDO�EUXLW�VL�RQ�XWLOLVH�OD�TXDQWLILFDWLRQ�OLQpDLUH��'DQV

OH�SLUH�GHV�FDV��EUXLW�PD[LPDO���RQ�D��

±�3RXU�OH�SUHPLHU�pFKHORQ��� G%
(

(

%

6
�

��
ORJ�� =⋅= �

±�3RXU�OH�QLqPH�pFKHORQ��� G%Q
(

(Q

%

6
�ORJ��

��
ORJ�� +⋅=⋅⋅=

2Q� FRQVWDWH� GRQF� LFL� TXH� 6�%� Q
HVW� SDV� FRQVWDQW�� LO� DXJPHQWH� DYHF� OD� WHQVLRQ

pFKDQWLOORQQpH�� HW� TX
LO� HVW� WURS� IDLEOH� SRXU� OHV� VLJQDX[� GH� SHWLWH� YDOHXU�� &HFL� QH� IDYRULVH� SDV

O
LQWHOOLJLELOLWp�GH�O
LQIRUPDWLRQ��FDU�LO�H[LVWH�XQ�GpVpTXLOLEUH�HQWUH�OHV�IDLEOHV�HW�OHV�IRUWV�QLYHDX[�

FHV�GHUQLHUV�UHVVRUWDQW�H[DJpUpPHQW��'H�SOXV�OD�WURS�JUDQGH�IDLEOHVVH�GX�UDSSRUW�VLJQDO�EUXLW�DX[

IDLEOHV�QLYHDX[�HQWUDvQH�XQH�WRWDOH�LQLQWHOOLJLELOLWp�GH�O
LQIRUPDWLRQ�j�FHV�QLYHDX[��,O�DSSDUDvW�SDU

FRQVpTXHQW�XQ�GHX[LqPH�SUREOqPH�j�UpVRXGUH��VLQRQ�OD�FRPPXQLFDWLRQ�VHUD�LPSUDWLFDEOH�

��������8Q�VHFRQG�SUREOqPH�

,O� HVW� LPSpUDWLI� GH� FRUULJHU� FH� GpIDXW�� HQ� WURXYDQW� XQH� IRQFWLRQ� GH� TXDQWLILFDWLRQ� TXL�

WRXMRXUV� pWDJpH� VXU� ���� pFKHORQV�� YD� SHUPHWWUH� GH� UHQGUH� OH� UDSSRUW� VLJQDO�EUXLW� FRQVWDQW�� 2U�

DXJPHQWHU� OH� UDSSRUW� VLJQDO�EUXLW� DX[� IDLEOHV� WHQVLRQV� UHYLHQW� j� DXJPHQWHU� OD� SUpFLVLRQ� GH

TXDQWLILFDWLRQ�DX[�IDLEOHV�QLYHDX[��SXLVTX
LO�IDXW�UpGXLUH�O
HUUHXU��'H�SOXV��OH�UDSSRUW�VLJQDO�EUXLW

pWDQW�WUqV�LPSRUWDQW�SRXU�OHV�IRUWHV�WHQVLRQV��RQ�SHXW�VH�SHUPHWWUH�GH�OH�UpGXLUH�SRXU�OHV�QLYHDX[

KDXWV��2Q�YD�GRQF�XWLOLVHU�XQH�FRXUEH�j�DOOXUH�ORJDULWKPLTXH��TXL�RIIUH�XQ�SDV�GH�TXDQWLILFDWLRQ

UpGXLW�DX[�IDLEOHV�WHQVLRQV��HW�SOXV�LPSRUWDQW�DX[�IRUWV�QLYHDX[��3RXU�FHOD��RQ�D�FRQoX�OD�ORL�$�

LOOXVWUpH�ILJXUH����(OOH�HVW�XWLOLVpH�GDQV�WRXV�OHV�V\VWqPHV�0,&�

)LJXUH�����OD�ORL�SVHXGR�ORJDULWKPLTXH�

/D� FRXUEH� HVW� FRPSRVpH� GH� �� VHJPHQWV� GH� GURLWH�� VXU� OHVTXHOV� RQ� SUDWLTXH� XQH

TXDQWLILFDWLRQ�OLQpDLUH�j����SODJHV��(QWUH���HW����P9��XQ�pFKHORQ�YDXW�GRQF�����P9���HW�HQWUH�����

HW������P9��LO�YDXW����P9�

(IIHFWLYHPHQW�� OH� GpIDXW� TXH� SRVVpGDLW� OD� TXDQWLILFDWLRQ� OLQpDLUH� VHPEOH� FRUULJp�� 6L� RQ

PHVXUH�OH�UDSSRUW�VLJQDO�EUXLW��LO�HVW�TXDVLPHQW�FRQVWDQW�VDXI�SRXU�OHV�WRXWHV�SUHPLqUHV�SODJHV�GX

SUHPLHU�VHJPHQW�

2Q�OH�FDOFXOH�HQ�G%�DX�QLYHDX� { }�������−∈Q DYHF�OD�IRUPXOH���
����

��
ORJ����

Q(

QX
Q

%

6 ⋅= �

R��(�Q��HVW�O¶DPSOLWXGH�G
XQ�pFKHORQ�DX�QLYHDX�Q��HW�X�Q��OD�WHQVLRQ�VHXLO�GX�QLYHDX�Q�
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)LJXUH�����OH�UDSSRUW�VLJQDO�EUXLW�GX�V\VWqPH�0,&�

/H� UpVXOWDW� HVW� XQH� PHLOOHXUH� LQWHOOLJLELOLWp� GH� O
LQIRUPDWLRQ� FRQWHQXH� GDQV� OH� VLJQDO�

SXLVTXH� OHV� EDV� QLYHDX[� QH� VRQW� SOXV� PDVTXpV� SDU� XQ� EUXLW� WURS� LPSRUWDQW� HW�� OH� UDSSRUW

VLJQDO�EUXLW�pWDQW�j�SHX�SUqV�FRQVWDQW��DXFXQ�QLYHDX�Q
HVW�GpPHVXUpPHQW�IDYRULVp�SDU�UDSSRUW�DX[

DXWUHV�� ,O� HQ� UpVXOWH� XQH�PHLOOHXUH� KRPRJpQpLWp� GH� OD� SDUROH�� &
HVW� ELHQ� V�U� FHWWH�PpWKRGH� GH

TXDQWLILFDWLRQ� TXH� QRXV� DOORQV� UHWHQLU�� SXLVTXH� F
HVW� FHOOH� XWLOLVpH� FRXUDPPHQW� HQ

WpOpFRPPXQLFDWLRQV�

������0LVH�HQ�±XYUH��SULQFLSDX[�FRGHXUV

��������/H�FRGHXU�j�SHQWH�

1RXV�DOORQV� IDLUH� LFL� O
pWXGH�GpWDLOOpH�GX�FRGHXU�j�SHQWH��&
HVW�XQ�V\VWqPH� WUqV� VLPSOH�j

PHWWUH�HQ�°XYUH��PDLV�TXL�Q¶HVW�SOXV�XWLOLVp�HQ�SUDWLTXH��FDU�WURS�OHQW�HQ�FRPSDUDLVRQ�DX[�WHPSV

DXTXHO�GRLW�VH�IDLUH�OD�FRQYHUVLRQ��TXHOTXHV��V���9RLFL�VRQ�VFKpPD�pOHFWULTXH��

)LJXUH�����6FKpPD�GX�FRGHXU�j�SHQWH�
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/H�SULQFLSH�GH�FH�FRGHXU�HVW�GH�FRQYHUWLU�OD�WHQVLRQ�j�TXDQWLILHU�HQ�XQH�WHQVLRQ�GH�YDOHXU

FRQVWDQWH�SHQGDQW�XQ�WHPSV�SURSRUWLRQQHO�j� OD�YDOHXU�GH�O
pFKDQWLOORQ��HW�QXOOH�HQVXLWH��Y����2Q

GpQRPEUH� DORUV� OH� QRPEUH� HQWLHU� GH� SpULRGHV� G
KRUORJH� LPPpGLDWHPHQW� LQIpULHXU� j� OD� GXUpH� GH

FHWWH�WHQVLRQ��Y����&HFL�SHUPHW�GH�TXDQWLILHU�FKDTXH�YDOHXU�pFKDQWLOORQQpH�

&H�V\VWqPH�FRUUHVSRQG�j� OD�QRUPH�71���TXL�XWLOLVH�FRQVpFXWLYHPHQW���FRGHXUV�j�SHQWH�

/H� FRGDJH� pWDQW� OLQpDLUH�� ��� ELWV� VRQW� QpFHVVDLUHV� SRXU� FRGHU� OHV� IDLEOHV� QLYHDX[� DYHF

VXIILVDPPHQW� GH� SUpFLVLRQ�� 2Q� SUDWLTXH� HQVXLWH� XQH� FRPSUHVVLRQ� SRXU� UHWURXYHU� OD� ORL

ORJDULWKPLTXH�VXU���ELWV�XWLOLVpH�GDQV�OH�V\VWqPH�0,&��/H�FRGDJH�V¶HIIHFWXH�HQ�GHX[�WHPSV��

±�7RXW�G
DERUG��RQ�GpWHUPLQH�VXU�TXHO�pFKHORQ�SDUPL����HQWUH�±9PD[�HW�9PD[�VH�WURXYH

O
pFKDQWLOORQ�DYHF�XQ�SUHPLHU�FRGHXU�j�SHQWH����SUHPLHUV�ELWV��

±�'DQV�XQ�GHX[LqPH�WHPSV��RQ�GpFRXSH�O
pFKHORQ�SUpFpGHQW�HQ����HW�RQ�FKHUFKH�VXU�TXHO

QRXYHO�pFKHORQ�VH�WURXYH�O
pFKDQWLOORQ�DYHF�XQ�GHX[LqPH�FRGHXU�j�SHQWH�

3RXU�FH�FRGHXU��OHV�HQWUpHV�VRQW��YRLU�OH�VFKpPD��ILJXUH�����Y��HVW�OD�WHQVLRQ�j�TXDQWLILHU�

XF�HVW�XQ�VLJQDO�G
KRUORJH��j�XQH�IUpTXHQFH�FRQQXH�

D���(WXGH�GH� �������� WYIWY = �

2Q�FRQQDvW�LFL�Y��W���TXL�HVW�OD�WHQVLRQ�j�TXDQWLILHU��(OOH�HVW�PDLQWHQXH�FRQVWDQWH�SHQGDQW

WRXWH�OD�GXUpH�GH�OD�TXDQWLILFDWLRQ�SDU�XQ�pFKDQWLOORQQHXU�EORTXHXU�QRQ�pWXGLp�LFL�

±�$�W� �WR
�
��.��HVW�IHUPp��GRQF�X�� ���

±�$�W� �WR
�
��F
HVW�OH�GpEXW�GH�OD�FRQYHUVLRQ��RQ�RXYUH�.��

2Q�D��� GW
&R

,
WXR

W

WR∫=�� ��RU�,�HVW�FRQVWDQW��JpQpUDWHXU�GH�FRXUDQW���G
R�� $WRW
&R

,
WXR +−⋅= ���� ��HW

$� ���FDU�RQ�SUHQG� ��� == WRWXR ��'RQF�� ���� WRW
&R

,
WXR −⋅= �

±�/
$2��HVW�PRQWp�HQ�FRPSDUDWHXU��GRQF��
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)LJXUH�����LOOXVWUDWLRQ�GH�Y��W��HQ�IRQFWLRQ�GH�Y��W��

E���(WXGH�GH� �������� WYIWY = �

/
DPSOLILFDWHXU�RSpUDWLRQQHO���HVW�XQ�VXLYHXU�

±�+\SRWKqVH���'��HVW�SDVVDQWH��GRQF�Y�� ����&RQGLWLRQ�GH�YDOLGLWp��� ���
�

� <⇔>−= Y
5

Y
L �

±�+\SRWKqVH���'��EORTXDQWH��GRQF�L�� ����2U�� �
�

� =−=
5

YX$
L ��GRQF�X$� �Y���G
R��Y�� �Y��

&RQGLWLRQ�GH�YDOLGLWp����X$� �Y��!���

±�Y��HVW�GRQF�OD�SDUWLH�SRVLWLYH�GH�Y����
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F���*pQpUDWHXU�GX�VLJQDO�G
KRUORJH�X+�
X+�HVW�XQH�WHQVLRQ�HQ�FUpQHDX[�YDULDQW�HQWUH���HW�9VDW��G¶XQH�SpULRGH�7+�ELHQ�GpWHUPLQpH�

(Q�YXH�G
XQ�FRGDJH�VXU����ELWV��VRLW����ELWV�SDU�SRODULWp��RQ�YD�XWLOLVHU� 7+7H ⋅= ���� �

�

� G���5HFKHUFKH�GH� ����������� WX+WYIWY = �

±�+\SRWKqVH���'��HW�'+�SDVVDQWHV��DORUV�QpFHVVDLUHPHQW��Y�� �X+� �Y��HW�
�

�
9VDW

Y < ��2U�

Y��HW�Y+�VRQW�j�YDOHXUV�GDQV�^���9VDW`��GRQF�Y�� �X+� �Y�� ���

±� +\SRWKqVH� �� '�� HW� '+� EORTXpHV�� DORUV� OH� FRXUDQW� GDQV� 5� HVW� QXO�� GRQF�
�

�
9VDW

Y = �

/
K\SRWKqVH�HVW�YDOLGH�VL�Y��!�Y��HW�X+�!�Y���GRQF�Y�� �X+� ����
�

�
9VDW

Y = �

±�+\SRWKqVH���'��EORTXpH��'+�SDVVDQWH��DORUV�Y�� �Y+��+\SRWKqVH�YDOLGH�VL�Y��!�Y+�HW

�

9VDW
Y+ < ��'RQF�Y�� �X+� ����Y�� �9VDW�

±�+\SRWKqVH� ��'�� SDVVDQWH��'+�EORTXpH�� 3DU� V\PpWULH�� RQ� SHXW� FRQFOXUH� Y��  � Y�� � ��

Y+� �9VDW�

2Q�SHXW�UpFDSLWXOHU�FHV�UpVXOWDWV�GDQV�XQ�WDEOHDX��

X+ Y� Y�

� � �

� 9VDW �

9VDW � �

9VDW 9VDW 9VDW��

)LJXUH����LOOXVWUDWLRQ�GH�Y��W��HQ�IRQFWLRQ�GH�Y��W��HW�Y+�W��

)LQDOHPHQW�� OH� FRPSWHXU� ELQDLUH� GpQRPEUH� OH� QRPEUH� G
LPSXOVLRQV� GH� Y��W�� HQWUH� WR� HW

WR���7H��,O�QH�UHVWH�SOXV�TX
j�WUDQVPHWWUH�FH�FRGH�j�XQ�UHJLVWUH�PpPRLUH��2Q�D�DORUV�REWHQX�OHV��

SUHPLHUV�ELWV�GH� OD�YDOHXU�j�TXDQWLILHU��2Q�UHFRPPHQFH� OD�PrPH�RSpUDWLRQ�SRXU� OHV���GHUQLHUV

ELWV��GpWHUPLQDQW�DLQVL�OD�ILQ�GX�FRGH�ELQDLUH��2Q�SUDWLTXH�HQVXLWH�XQH�FRPSUHVVLRQ�GH�FHV����ELWV

SRXU� UHVSHFWHU� OD� ORL� ORJDULWKPLTXH� j� �� ELWV��� LO� QH� UHVWH� SOXV� TX
j� WUDQVPHWWUH� OD� YDOHXU� j� XQ

UHJLVWUH�j�GpFDODJH�TXL�GpOLYUH�OH�FRGH�HQ�OLJQH��/D�FRQYHUVLRQ�HVW�DFKHYpH�



�

��������/H�FRGHXU�SRWHQWLRPpWULTXH�RX�j�UpVLVWDQFHV�

&H�W\SH�GH�FRGDJH�HVW�EDVp�VXU�OH�SULQFLSH�GH�OD�GLFKRWRPLH��(Q�HIIHW��RQ�YD�FRPSDUHU�OH

WHQVLRQ� j� TXDQWLILHU� VXFFHVVLYHPHQW� j� GLIIpUHQWHV� WHQVLRQV� GH� UpIpUHQFH�� GRQW� OH� FKRL[� HVW

FRQGLWLRQQp�SDU� OH� UpVXOWDW�GHV� WHVWV�SUpFpGHQWV��&KDFXQ�GHV� UpVXOWDWV�HVW� VWRFNp�GDQV�XQH� ]RQH

PpPRLUH���j�OD�ILQ�GHV�FRPSDUDLVRQV��DX�QRPEUH�GH����FKDFXQ�GHV�UHJLVWUHV�FRQWLHQW�O
XQ�GHV���ELWV

GH�OD�YDOHXU�DLQVL�TXDQWLILpH��,O�QH�UHVWH�SOXV�TX
DORUV�j�YLGHU�OHV�UHJLVWUHV�O
XQ�DSUqV�O
DXWUH�DYHF

XQH�IUpTXHQFH�FRQQXH�SRXU�IRUPHU�OH�PRW�ELQDLUH�

&H�FRGHXU�� XWLOLVp�GDQV� OHV�QRUPHV�71�D� HW�71�E�� HIIHFWXH�XQ� FRGDJH�SRWHQWLRPpWULTXH

W\SH� VpULH�� 'DQV� FH� V\VWqPH�� OHV� GLIIpUHQWHV� WHQVLRQV� VRQW� REWHQXHV� JUkFH� j� GHV� UpVLVWDQFHV

FDOLEUpHV� HW� j� GHV� LQMHFWHXUV� GH� FRXUDQW� SRQGpUp� �,&3��� /H� GpFOHQFKHPHQW� GHV� WHQVLRQV� GH

UpIpUHQFH�QpFHVVDLUHV�SRXU� OHV�FRPSDUDLVRQV�HW� O
LQVFULSWLRQ�GHV� UpVXOWDWV�GDQV� OHV�UHJLVWUHV�VRQW

JpUpV�SDU�XQH�ORJLTXH�GH�FRPPDQGH�TXH�QRXV�Q
pWXGLHURQV�SDV�LFL�

&RPPH� SRXU� OH� FRGHXU� j� SHQWH�� RQ� GRLW� PDLQWHQLU� OD� WHQVLRQ� j� TXDQWLILHU� FRQVWDQWH

SHQGDQW� WRXWH� OD� GXUpH� GX� SURFHVVXV� DX� PR\HQ� G
XQ� pFKDQWLOORQQHXU�EORTXHXU�� ,O� QH� VHUD

FHSHQGDQW�SDV�QpFHVVDLUH�GH�SUDWLTXHU�XQH�FRPSUHVVLRQ�DSUqV� OD�TXDQWLILFDWLRQ�� FDU� FH�SULQFLSH

G
LVROHPHQW�GH�O
pFKHORQ�FRUUHVSRQGDQW�j�O
pFKHORQ�SDU�GLFKRWRPLH�VH�SUrWH�SDUWLFXOLqUHPHQW�ELHQ

j� OD� FRPSUHVVLRQ� GLUHFWH�� (Q� HIIHW�� LO� HVW� WUqV� IDFLOH� GH� VXLYUH� GqV� OH� GpEXW� GX� SURFHVVXV� OD� ORL

ORJDULWKPLTXH�YXH�HQ��������

/HV�RSpUDWLRQV�GH�FRGDJH�VH�GpURXOHQW�HQ���SKDVHV��±�GpWHUPLQDWLRQ�GX�VLJQH����ELW��

±�GpWHUPLQDWLRQ�GX�VHJPHQW����ELWV��

±� GpWHUPLQDWLRQ� GX� � QLYHDX� GDQV� OH

VHJPHQW����ELWV��

2Q�UHSUpVHQWH�OH�PRW�ELQDLUH�SDU�OD�VpTXHQFH�$�%&'�()*+��DYHF�$�OH�ELW�GH�VLJQH��HW�%

OH�ELW�GH�SRLGV�OH�SOXV�IRUW��HWF«

/H�VLJQH��FRQQX�SDU�XQ�FRPSDUDWHXU�j�OD�PDVVH��HVW�PpPRULVp�GDQV�OH�UHJLVWUH�$��2Q�QH

V
RFFXSH� HQVXLWH� SOXV� TXH� GHV� YDOHXUV� SRVLWLYHV� SRXU� OD� WKpRULH�� FDU� OD� ORJLTXH� GH� FRPPDQGH

LQYHUVH�DXWRPDWLTXHPHQW�OHV�WHQVLRQV�HQ�IRQFWLRQ�GX�FRQWHQX�GX�UHJLVWUH�$�

/D�GpWHUPLQDWLRQ�GX�ELW�GH�SRLGV�IRUW�%�VH�IDLW

VLPXOWDQpPHQW� DYHF� OD� GpWHUPLQDWLRQ� GX� VLJQH�� &
HVW

SRXUTXRL�� HOOH� XWLOLVH� OH� FRPSDUDWHXU� UHSUpVHQWp� FL�

FRQWUH��TXL�FRPSDUH�GHV�WHQVLRQV�HQ�YDOHXU�DEVROXH��/D

YDOHXU� GH� FH� ELW� HVW� WUqV� LPSRUWDQWH�� FDU� HOOH� YD

FRQGLWLRQQHU� OH� FKRL[� GH� WRXWHV� OHV� WHQVLRQV� GH

UpIpUHQFH�� (Q� HIIHW�� O
pFKDQWLOORQ� SDVVH� j� O
HQWUpH� GX

FLUFXLW� FRGHXU� SDU� XQ� DPSOLILFDWHXU� j� JDLQ

FRPPXWDEOH��TXL�SHXW�SUHQGUH�OHV�YDOHXUV���HW�����6XLYDQW� OH�FRQWHQX�GH�%��RQ�YD�FRPPXWHU� OH

JDLQ� GH� FHW� DPSOLILFDWHXU�� ,QLWLDOHPHQW�� OH� JDLQ� GH� O
DPSOLILFDWHXU� G
HQWUpH� HVW� IRUFp� j� ���� 2Q

FRPSDUH�OD�WHQVLRQ�j�VD�VRUWLH�j�9PD[��FH�TXL�UHYLHQW�j�FRPSDUHU�O
pFKDQWLOORQ��9H��j�9PD[����

6L� OH� UpVXOWDW� GH� FHWWH� FRPSDUDLVRQ� HVW� %�  � ��� F
HVW�j�GLUH� ��PD[�99H > �� OH� JDLQ� GH

O
DPSOLILFDWHXU�G
HQWUpH�HVW�GpILQLWLYHPHQW�EDVFXOp�j����GDQV�OH�FDV�FRQWUDLUH�� LO�HVW�EORTXp�j����

&HWWH� PXOWLSOLFDWLRQ� GH� OD� WHQVLRQ� G
HQWUpH� SDU� ��� SRXU� OHV� IDLEOHV� WHQVLRQV� SHUPHW� GH� UpGXLUH� OH

QRPEUH�G
LQMHFWHXUV�GH�FRXUDQW�SRQGpUp��,&3��QpFHVVDLUHV�SRXU�HIIHFWXHU�WRXWHV�OHV�FRPSDUDLVRQV���

DX�OLHX�GH�����

3RXU�OHV�FRPSDUDLVRQV�GHV�ELWV�&'�()*+��RQ�XWLOLVH�OH�PrPH�FRPSDUDWHXU�TXH�SRXU�OH�ELW�$�

2U�� FH� GHUQLHU� FRPSDUH� OHV� WHQVLRQV� j� OD�PDVVH�� 3DU� FRQVpTXHQW�� RQ� QH� FRPSDUH� SDV� GLUHFWHPHQW

O
pFKDQWLOORQ� j� OD� WHQVLRQ� GH� UpIpUHQFH�� 2Q� IDLW� OD� GLIIpUHQFH� GH� FHV� GHX[� WHQVLRQ� �OD� ORJLTXH� GH

FRPPDQGH� EDVFXOH� OH� VLJQH� GH� OD� WHQVLRQ� GH� UpIpUHQFH� SRXU� TX
LO� VRLW� RSSRVp� DX� VLJQH� GH

O
pFKDQWLOORQ���HW�RQ�FRPSDUH�OH�UpVXOWDW�j�OD�PDVVH��2Q��REWLHQW�DLQVL�O
HIIHW�UHFKHUFKp�



��

9RLFL� HQ� GpWDLO� OD� ORL� ORJDULWKPLTXH� GH� FRPSUHVVLRQ� WHQDQW� FRPSWH� GH� O
DPSOLILFDWLRQ� GHV

IDLEOHV�WHQVLRQV��

)LJXUH� �� �� /HV� FRXUEHV� GH� FRGDJH� VXLYDQW� TXH� OH� JDLQ� GH� O
DPSOLILFDWHXU� HVW� j� �� RX� ����� OHV
VpTXHQFHV�ELQDLUHV�FRUUHVSRQGHQW�j�OD�VpTXHQFH�%&'�

6L�O
DPSOLILFDWHXU�G
HQWUpH�HVW�FRPPXWp�j����RQ�VH�EDVHUD�VXU�OD�FRXUEH�*��SRXU�UDLVRQQHU�

'DQV�OH�FDV�FRQWUDLUH��RQ�XWLOLVHUD�OD�FRXUEH�*���

2Q�SHXW� UHPDUTXHU� TXH� VXU� OD� FRXUEH�*��� OD� FRPSDUDLVRQ� GH�9H� j�9PD[���� GpWHUPLQH

ELHQ� OH� ELW� GH� SRLGV� IRUW�� HQ� UHJDUGDQW� OHV� VpTXHQFHV� ELQDLUHV� GH� �� ELWV� ILJXUDQW� VXU� FKDTXH

VHJPHQW��FH�TXL�FRUUHVSRQG�ELHQ�j�O
HIIHW�GpVLUp�

)LJXUH�����RUJDQLVDWLRQ�GHV�FRPSDUDLVRQV�

/H�VFKpPD�FL�GHVVXV�PRQWUH� O
RUJDQLVDWLRQ�GHV� WHVWV� VXLYDQW� OH� UpVXOWDW� REWHQX�j� FKDTXH

FRPSDUDLVRQ��$X� VWDGH� R�� RQ� HQ� HVW�� OHV� ELWV�$� HW� %� VRQW� GpMj� GpWHUPLQpV��2Q� YD�PDLQWHQDQW

GpWHUPLQHU� OH�ELW�&��6L�RQ� V
LQWpUHVVH�j� OD� FRXUEH� ILJXUH���� RQ� V
DSHUoRLW� TXH�GDQV� OHV�GHX[�FDV

���*DLQ��� ���*DLQ��
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� � � �� � � �
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'pWHUPLQDWLRQ�GX�VLJQH

&RPSDUDLVRQ�GH���9H�j�9PD[

(FKDQWLOORQ��9H�

�
HU
�ELW��$�� �VLJQH

�
qPH
�ELW��%�

�
qPH
�ELW��&���6HJPHQW

�
qPH
�ELW��'�

�
qPH
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�
qPH
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��������(FKHORQ

�
qPH
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�
qPH
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�JDLQ� �� HW� ����� OD� OLPLWH� HQWUH� OH� ELW�&� j� �� HW� j� �� HVW� ���P9�� VRLW� H[DFWHPHQW�9PD[���� FH� TXL

FRUUHVSRQG� j� OD� YDOHXU� GRQQpH� ILJXUH� ��� 3DU� FRQVpTXHQW�� VL� OD� WHQVLRQ� GH� O
pFKDQWLOORQ� HVW

VXSpULHXUH�j�����P9��RQ�PHW�&�j�����VLQRQ�j����2Q�GpWHUPLQH�OH�ELW�'�GH�OD�PrPH�PDQLqUH��HQ

XWLOLVDQW�OHV�YDOHXUV�LQGLTXpHV�ILJXUH���VXLYDQW�OH�UpVXOWDW�GHV�WHVWV�SUpFpGHQWV�

$LQVL��SDU�H[HPSOH��SRXU�TXDQWLILHU�OD�YDOHXU�9H� �����P9��RQ�D���$� ����SRVLWLI���%� ��

���9H!9���&� ��� �9H!9���� HW�'� ��� �9H�9�����2Q� D� GRQF� VXU� FHW� H[HPSOH� OH� GpEXW� GX� FRGH

ELQDLUH��$�%&'� �������

$� FH� VWDGH�� RQ� FRQQDvW� OH� VLJQH� GH� OD� WHQVLRQ� j� TXDQWLILHU�� HW� OH� VHJPHQW� VXU� OHTXHO� VH

WURXYH� O
pFKDQWLOORQ��2Q�YD�GRQF�PDLQWHQDQW�GpWHUPLQHU�TXHO� pFKHORQ�SDUPL� OHV����GX� VHJPHQW

FRQFHUQp� FRUUHVSRQG� OH� PLHX[� j� O
pFKDQWLOORQ�� -XVTX
j� SUpVHQW�� RQ� D� FRPSDUp� OD� WHQVLRQ� j

TXDQWLILHU�j�XQH�WHQVLRQ�GH�UpIpUHQFH��0DLV�SRXU�OLPLWHU�OH�QRPEUH�G
,&3��RQ�YD�LFL�SOXW{W�VRPPHU

GLIIpUHQWHV� WHQVLRQV��7RXW�G
DERUG��RQ�YD�XWLOLVHU�� SRXU� WRXW� OH� WHPSV�GH� OD�GpWHUPLQDWLRQ�GHV��

GHUQLHUV�ELWV��XQ�WHQVLRQ�SLpGHVWDO�GX�VHJPHQW�FRQFHUQp��(OOH�FRUUHVSRQG�j�OD�WHQVLRQ�PLQLPDOH�GX

VHJPHQW��9RLFL�XQ�WDEOHDX�TXL�LQGLTXH�FHWWH�WHQVLRQ�VXLYDQW�OD�YDOHXU�GH�%&'��TXL��UDSSHORQV�OH�

GpWHUPLQH�OH�VHJPHQW���

%&'
9DOHXU�GX�SLpGHVWDO�GX

VHJPHQW

��� 9��

��� 9��

��� 9��
*�

��� 9���

��� 9��

��� 9��

��� 9��
*��

��� �

$�FHWWH�WHQVLRQ�SLpGHVWDO��RQ�YD�VRPPHU�GLIIpUHQWHV�WHQVLRQV�LQGLTXpHV�ILJXUH����$�FKDTXH�IRLV�

RQ�FRPSDUH�FHWWH�VRPPH�GH�WHQVLRQV�j�OD� WHQVLRQ�j�TXDQWLILHU��6L� OD� WHQVLRQ�GH� O
pFKDQWLOORQ�HVW

SOXV�IDLEOH�TXH�OD�VRPPH�GHV�WHQVLRQV�GH�UpIpUHQFH��RQ�UHWLUH�OD�GHUQLqUH�WHQVLRQ�DMRXWpH��F
HVW�j

GLUH� TX
RQ� pWHLQW� O
LQMHFWHXU� FRUUHVSRQGDQW�� /D� YDOHXU� GX� ELW� DVVRFLp� HVW�PLVH� j� ���'DQV� OH� FDV

FRQWUDLUH�� RQ� PDLQWLHQW� O
LQMHFWHXU� HW� RQ� PHW� OH� ELW� j� ��� 2Q� FRQWLQXH� HQVXLWH� DYHF� OD� WHQVLRQ

VXLYDQWH�LQGLTXpH�j�OD�ILJXUH���HQ�DSSOLTXDQW�OH�PrPH�SURFHVVXV��HW�DLQVL�GH�VXLWH�

2Q� HVW� V�U� SDU� FHWWH� PpWKRGH� G
DUULYHU� j� TXDQWLILHU� OD� WHQVLRQ�� FDU� RQ� XWLOLVH� XQH

DSSUR[LPDWLRQ� SDU� GLFKRWRPLH�� SXLVTX
RQ� UHPDUTXHUD� TXH� OHV� GLIIpUHQWHV� WHQVLRQV� XWLOLVpHV� LFL

VRQW��SRXU�OD�SUHPLqUH��OD�PRLWLp�GH�O
DPSOLWXGH�GX�VHJPHQW��OD�GHX[LqPH��OH�TXDUW�GX�VHJPHQW��HW

DLQVL�GH�VXLWH��OD�GHUQLqUH�FRUUHVSRQGDQW�j�O
DPSOLWXGH�G
XQ�pFKHORQ�VXU�OH�VHJPHQW��DPSOLWXGH�TXL

YDULH�VHORQ�OH�VHJPHQW��

5HSUHQRQV�O
H[HPSOH�SUpFpGHQW�G
XQ�pFKDQWLOORQ�GH�����P9��/H�VHJPHQW�HVW�%&'� �����

GRQF�OH�SLpGHVWDO�HVW�9���

±� /H� SUHPLHU� WHVW� HVW� GRQF�9�����9��� � �����P9�!� ����P9�� GRQF� (�  � ��� RQ� GpVDFWLYH

O
LQMHFWHXU�9���

±�'HX[LqPH�WHVW���9�����9���� �����P9�!�����P9��GRQF�)� ����RQ�GpVDFWLYH�O
LQMHFWHXU

9����

±�7URLVLqPH�WHVW���9�����9���� �����P9�������P9��GRQF�*� ����RQ�JDUGH�O
LQMHFWHXU�9���

DFWLI�

±�'HUQLHU�WHVW���9�����9������9���� �����P9�!�����P9��GRQF�+� ���

2Q� SRVVqGH� PDLQWHQDQW� OH� FRGH� GH� OD� YDOHXU� ���� P9�� F
HVW� j� GLUH� TX
RQ� D� TXDQWLILp� FHW

pFKDQWLOORQ���$�%&'�()*+� �������������,O�QH�UHVWH�SOXV�TX
j�YLGHU�OHV�UHJLVWUHV�XQ�j�XQ��GDQV

O
RUGUH��SRXU�IRUPHU�XQH�WHQVLRQ�HQ�FUpQHDX[��LH��XQ�VLJQDO�ELQDLUH�

&H� W\SH� GH� FRGHXU� SUpVHQWH� O
LQFRQYpQLHQW� G
DYRLU� KXLW� RSpUDWLRQV� j� HIIHFWXHU� OHV� XQHV

DSUqV�OHV�DXWUH��LPSRVDQW�TXH�OD�YDOHXU�GH�O
pFKDQWLOORQ�VRLW�PDLQWHQXH�SHQGDQW�WRXWH�OD�GXUpH�GX

FRGDJH��2Q�D�GRQF��JUkFH�j�OD�PHLOOHXUH�LQWpJUDWLRQ�GHV�FLUFXLWV��FRQoX�XQH�QRXYHOOH�JpQpUDWLRQ

GH�FRGHXUV�
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��������/H�FRGHXU�VpULH�SDUDOOqOH�VDQV�PDLQWLHQ�

,O�V
DJLW�GX�FRGHXU�XWLOLVp�GDQV�OD�QRUPH�GX�71���*��GHX[LqPH�JpQpUDWLRQ���&RPPH�SRXU

OH�FRGHXU�XWLOLVp�GDQV�OH�0,&�71�D�HW�71�E��LO�XWLOLVH�OD�ORL�ORJDULWKPLTXH�j���ELWV�SUpVHQWpH�HQ

��������/D�GXUpH�GX�FRGDJH�HVW�GH������V�

/H�FRGDJH�VH�IDLW�HQ�WURLV�pWDSHV��

����/D�SUHPLqUH�pWDSH�HVW�SUHVTXH�OD�PrPH�TXH�SRXU�OH�FRGHXU�SRWHQWLRPpWULTXH������������

3HQGDQW�OD�GXUpH�GHV���SUHPLHUV�ELWV��������V���OH�JDLQ�GH�O
DPSOLILFDWHXU�j�JDLQ�FRPPXWDEOH�HVW

IL[p�j����6L� �PD[�99H < ��OH�JDLQ�UHVWH�j����6LQRQ��LO�HVW�FRPPXWp�j����$�OD�ILQ�GH�FHWWH�SKDVH��OH

ELW�GH�VLJQH���$��HW�OH�JDLQ�VRQW�PpPRULVpV�GDQV�OD�ORJLTXH�GH�FRPPDQGH�

����3HQGDQW�OD�GXUpH�GHV�ELWV�()��RQ�GpWHUPLQH�OD�YDOHXU�GX�VHJPHQW�%&'��3RXU�FHOD��RQ

DSSOLTXH� O
pFKDQWLOORQ�9H�j�XQ�EORF�GH����FRPSDUDWHXUV� �)LJXUH������GRQW� OHV�GHX[� WHQVLRQV�GH

UpIpUHQFH�9+�HW�9%�VRQW� IL[pHV� UHVSHFWLYHPHQW�j���HW�9PD[�RX� �9PD[� �VHORQ� OH� VLJQH��SDU� OD

ORJLTXH�GH�FRPPDQGH��3RXU�FHWWH�pWDSH��WRXV�OHV�FRPSDUDWHXUV�QH�VRQW�SDV�XWLOLVpV���VL�OH�JDLQ�HVW

j����RQ�XWLOLVH�OHV�FRPSDUDWHXUV������HW����GHSXLV�OD�JDXFKH���FRUUHVSRQGDQW�DX[�WHQVLRQV�9����9��

HW�9���UHVSHFWLYHPHQW��6L�OH�JDLQ�HVW�j����RQ�XWLOLVH�OHV�FRPSDUDWHXUV���������HW����FRUUHVSRQGDQW

UHVSHFWLYHPHQW�DX[�WHQVLRQV�9�����9����9���HW�9���

6XLYDQW�OH�UpVXOWDW�GRQQp�SDU�FKDFXQ�GHV�FRPSDUDWHXUV��RQ�FRQQDvW�OH�VHJPHQW�VXU�OHTXHO

VH�WURXYH�O
pFKDQWLOORQ��,O�QH�UHVWH�SOXV�TX
j�FRQYHUWLU�OH�QXPpUR�GH�FH�VHJPHQW�HQ�ELQDLUH��/HV�ELWV

%&'�VRQW�PpPRULVpV�GDQV�OD�ORJLTXH�GH�FRPPDQGH�

)LJXUH������OD�UDPSH�GH����FRPSDUDWHXUV�

����'HUQLqUH�pWDSH��SHQGDQW�OD�GXUpH�GHV�ELWV�*+��RQ�PDLQWLHQW�OD�YDOHXU�GH�O
pFKDQWLOORQ

DX[� ERUQHV� GH� FH�PrPH� EORF� FRPSDUDWHXU�� HW� RQ�PHW�9+� HW� 9%� UHVSHFWLYHPHQW� DX[� WHQVLRQV

EDVVHV�HW�KDXWHV�GX�VHJPHQW�LGHQWLILp�SUpFpGHPPHQW��%LHQ�HQWHQGX��FRPPH�OHV�UpVLVWDQFHV�VRQW

WRXWHV�pJDOHV�HW�TX
LO�\�D����FRPSDUDWHXUV��RQ�SHXW�FRQQDvWUH�VXU�TXHO�pFKHORQ��WRXV�pJDX[�VXU�OH

VHJPHQW��VH�WURXYH�O
pFKDQWLOORQ���VL�O
pFKDQWLOORQ�HVW�VXSpULHXU�j�Q�WHQVLRQV��SDU�H[HPSOH�VXU�OHV

FRPSDUDWHXUV���j�����LO�VH�WURXYH�VXU�OH�QLqPH�pFKHORQ���OD�YDOHXU�GHV�ELWV�()*+�HVW�DORUV�Q���HQ

ELQDLUH��pFKHORQ����FRGH������VXU�O
H[HPSOH��

/H�QLqPH�FRPSDUDWHXU�D�ELHQ�SRXU�WHQVLRQ�GH�UpIpUHQFH�OD�WHQVLRQ�VHXLO�GX�QLqPH�pFKHORQ

GX�VHJPHQW��(Q�HIIHW��OD�WHQVLRQ�GH�UpIpUHQFH�GX�QLqPH�FRPSDUDWHXU�HVW�
��

����� 9+9%Q
9+

−⋅−+ �

FH�TXL�FRUUHVSRQG�ELHQ�DX�SLpGHVWDO�GX�QLqPH�pFKHORQ�GX�VHJPHQW�FRQFHUQp��DYHF [ ][ ]����∈Q ��2Q

D�GRQF�XQ�PR\HQ�GH�GLVWLQJXHU�OHV����pFKHORQV�GX�VHJPHQW��/H�FRGH�FRUUHVSRQGDQW�j�O
pFKHORQ�HVW

OH�QXPpUR�HQ�ELQDLUH��GH���j�����GX�FRPSDUDWHXU�DVVRFLp�j�FH�GHUQLHU�

$� OD� ILQ� GX� FRGDJH�� RQ� WUDQVPHW� OH� FRGH� DLQVL� pODERUp� GDQV� XQ� UHJLVWUH� j� GpFDODJH�� TXL

FRQVWUXLW�OH�VLJQDO�pOHFWULTXH�QXPpULTXH�

������6LPXODWLRQ�GH�OD�FDUWH�FRGHXU�

/H�EXW�GH�FHWWH�SDUWLH�HVW�GH�FRQFHYRLU�HQ�&�XQH�IRQFWLRQ�G
pPXODWLRQ�GH�OD�FDUWH�FRGHXU�

/H�FRGHXU�j�OD�QRUPH�71���*�HVW�GLIILFLOH�j�VLPXOHU�j�FDXVH�GHV�FRPSDUDWHXUV�HQ�SDUDOOqOH��1RXV

DOORQV�GRQF�UHSURGXLUH�OH�FRGHXU�j�OD�QRUPH�71�D�71�E�TXL�VH�SUrWH�SDUWLFXOLqUHPHQW�ELHQ�j�FHW

H[HUFLFH�

&HWWH�IRQFWLRQ�GRLW�SUHQGUH�HQ�DUJXPHQW�XQH�YDOHXU�TXHOFRQTXH��IORDW���TXL�UHSUpVHQWH�OD

WHQVLRQ�pFKDQWLOORQQpH�j�TXDQWLILHU��/D�VRUWLH�VHUD�XQ�
LQW
�UHSUpVHQWDQW�OHV���pOpPHQWV��GRQF�XQ�LQW

FRPSULV� HQWUH� �� HW� ������ ,O� VXIILW�� SRXU� FRGHU� O
pFKDQWLOORQ�� GH� VXLYUH� O
RUGUH� GHV� FRPSDUDLVRQV

pWDEOL�HQ���������HW�G
HQYLVDJHU�WRXV�OHV�FDV�



��

2Q� FRPPHQFH� SDU� GpILQLU� OHV� YDULDEOHV� VWDWLTXHV�� F
HVW� j� GLUH� WRXWHV� OHV� WHQVLRQV� GH

UpIpUHQFH��(OOHV�VRQW�VXSSRVpHV�LQWpJUpHV�j�OD�ORJLTXH�GH�FRPPDQGH��2Q�XWLOLVH�GHV�YDULDEOHV�GH

W\SH�LQW>@>@��R��OH�QLqPH�pOpPHQW�FRUUHVSRQG�DX[�WHQVLRQV�GH�UpIpUHQFH�j�XWLOLVHU�VL�RQ�D�%&'� �Q

�RQ�UDSSHOOH�TXH�OH�FRGH�ILQDO�HVW�$�%&'�()*+���2Q�UHWURXYH�DLQVL�IDFLOHPHQW�WRXWHV�OHV�GRQQpHV

FRUUHVSRQGDQW�j�FKDTXH�FDV�

���7DEOH�GHV�GLIIpUHQWHV�FRPSDUDLVRQV�VXLYDQW�OD�YDOHXU�GH��%&'�

VWDWLF�LQW�OJFBUHI>�@>�@� �^^9PD[�����9PD[�����9PD[�����9PD[����`�
��������������������^9PD[�����9PD[�����9PD[�����9PD[����`�
��������������������^9PD[����9PD[�����9PD[�����9PD[���`�
��������������������^9PD[����9PD[����9PD[�����9PD[���`�
��������������������^9PD[�����9PD[�����9PD[������9PD[����`�
��������������������^9PD[�����9PD[�����9PD[�����9PD[����`�
��������������������^9PD[����9PD[�����9PD[�����9PD[���`�
��������������������^9PD[����9PD[����9PD[�����9PD[���``�

���WDEOH�GHV�SLHGHVWDX[�VXLYDQW�%&'

VWDWLF� LQW� OJFBEDVH>�@�  � ^��� 9PD[���� 9PD[���� 9PD[���� 9PD[����
9PD[����9PD[����9PD[��`�

8QH�IRLV�FHV�YDULDEOHV�GpILQLHV��RQ�SHXW�pFULUH� OH�FRGHXU� OXL�PrPH��TXL�GLVSRVH��SDU�K\SRWKqVH�

GDQV�XQH� ]RQH�PpPRLUH� GH� OD� ORJLTXH� GH� FRPPDQGH� GHV� WDEOHV� GH� FRPSDUDLVRQV� GpILQLHV� SOXV

KDXW��/HV�YDULDEOHV�FRPPHQoDQW�SDU�OJF�VRQW�GHV�UHJLVWUHV�GH�OD�ORJLTXH�GH�FRPPDQGH��

LQW�FRGH��LQW�YDO�
^
�����LQW�$��%��&��'��(��)��*��+�����/HV���UHJLVWUHV
�����LQW�OJFBJDLQ� �����OJFBVLJQH��UHIHU��VHJPHQW�
��������'pWHUPLQDWLRQ�GH�$�HW�%�VLPXOWDQpPHQW

�����$� ��YDO�! ����
�����%� ��OJFBJDLQ��YDO�! �9PD[�__�OJFBJDLQ��YDO�� ��9PD[��
��������*HVWLRQ�GX�JDLQ�GX�VLJQH�GDQV�OD�ORJLTXH�GH�FRPPDQGH

�����OJFBJDLQ� ��%�  ����"��������
�����OJFBVLJQH� ��$�  ����"��������
��������'pWHUPLQDWLRQ�GH�&

�����UHIHU� �9PD[�����
�����&� ��OJFBJDLQ��OJFBVLJQH��YDO�! �UHIHU��
��������'pWHUPLQDWLRQ�GH�'

�����UHIHU� ��&�  ����"�9PD[�����9PD[���
�����'� ��OJFBJDLQ��OJFBVLJQH��YDO�! �UHIHU��
��������1XPpUR�GX�VHJPHQW��������

�����VHJPHQW� ��%����������&���������'�
��������,QLWLDOLVDWLRQ�GX�SLHGHVWDO

�����UHIHU� �OJFBEDVH>VHJPHQW@�
��������'pWHUPLQDWLRQ�GX�VHJPHQW

�����LI��OJFBJDLQ��OJFBVLJQH��YDO�! �UHIHU���OJFBUHI>VHJPHQW@>�@�
�����^
����������UHIHU�� �OJFBUHI>VHJPHQW@>�@�
����������(� ���
�����`�HOVH�(� ���
�����LI��OJFBJDLQ��OJFBVLJQH��YDO�! �UHIHU���OJFBUHI>VHJPHQW@>�@�
�����^
����������UHIHU�� �OJFBUHI>VHJPHQW@>�@�
����������)� ���
�����`�HOVH�)� ���
�����LI��OJFBJDLQ��OJFBVLJQH��YDO�! �UHIHU���OJFBUHI>VHJPHQW@>�@�
�����^
����������UHIHU�� �OJFBUHI>VHJPHQW@>�@�
����������*� ���
�����`�HOVH�*� ���
�����+� ��OJFBJDLQ�OJFBVLJQH��YDO�! �UHIHU���OJFBUHI>VHJPHQW@>�@��
�����UHWXUQ��$������%������&������'������(������)������*������+��
`



��

&H� VLPXODWHXU� UHSUHQG� H[DFWHPHQW� OHV� pWDSHV� GX� FRGHXU� SRWHQWLRPpWULTXH�� YDO� HVW

O
pFKDQWLOORQ� SDVVp� HQ� DUJXPHQW� j� FHWWH� IRQFWLRQ�� /HV� YDULDEOHV� GH� ORJLTXH� GH� FRPPDQGH� VRQW

SRXU�OHV�YDULDEOHV�VWDWLTXHV��OJFBEDVH�HW�OJFBUHI��/D�ORJLTXH�SRVVqGH�GHX[�DXWUHV�YDULDEOHV�PLVHV

j�MRXU�j�FKDTXH�RSpUDWLRQ�GH�GpFRPSRVLWLRQ�HW�FRGDJH���FH�VRQW�OJFBVLJQH��TXL�PpPRULVH�OH�VLJQH

GH� O
pFKDQWLOORQ� HW� OJFBJDLQ� TXL� UHSUpVHQWH� OD� EDVFXOH� GH� JDLQ� GH� O
DPSOLILFDWHXU� G
HQWUpH

�FRPPDQGp�SDU�OD�ORJLTXH���/H�VLPXODWHXU�GLVSRVH�DXVVL�GH�KXLW�UHJLVWUHV�$��%��&��'��(��)��*�HW

+��TXH�OD�FRPPDQGH�SHXW�LQWHUURJHU�j�YRORQWp���FHV�UHJLVWUHV�FRQWLHQQHQW�OHV�ELWV�FRUUHVSRQGDQW�j

OD�YDOHXU�GH�O
pFKDQWLOORQ��/D�YDULDEOH�UHIHU�HVW�XQH�YDULDEOH�WHPSRUDLUH�FRQWHQDQW�j�FKDTXH�LQVWDQW

GH�OD�FRQYHUVLRQ�OD�WHQVLRQ�GH�UpIpUHQFH�SRXU�OD�FRPSDUDLVRQ�VXLYDQWH��(OOH�VLPXOH�OD�VRPPH�GHV

LQMHFWHXUV�GH�FRXUDQW��(QILQ��VHJPHQW�HVW�XQH�YDULDEOH�FUpH�DSUqV�OD�GpWHUPLQDWLRQ�GHV���SUHPLHUV

ELWV�FRQWHQDQW�OH�QXPpUR�G
LGHQWLILFDWLRQ�GX�VHJPHQW�



��

2). LE TRANSCODAGE  

������3UpOLPLQDLUHV�

��������&RQWUDLQWHV�GH�WUDQVPLVVLRQ�

2Q�YD�V
DSHUFHYRLU�TXH�OH�VLJQDO�QXPpULTXH�WHO�TXHO�QH�VH�SUrWH�SDV�j�OD�WUDQVPLVVLRQ�HQ

OLJQH�� ,O� IDXW� OH�PRGLILHU�SRXU�SRXYRLU� OH� WUDQVPHWWUH��2Q�YD�GRQF�SUDWLTXHU�XQ� WUDQVFRGDJH�GX

VLJQDO�� TXL� D�SRXU�EXW�G
DGDSWHU� OH� VSHFWUH�GH�SXLVVDQFH�GX� VLJQDO�QXPpULTXH� DX� FRQWUDLQWHV� GH

WUDQVPLVVLRQ�HQ�PRGLILDQW�OD�UHSUpVHQWDWLRQ�pOHFWULTXH�GX�VLJQDO�ELQDLUH��,O�IDXW�UHVSHFWHU�TXHOTXHV

FULWqUHV��

±�/H�VSHFWUH�GH�SXLVVDQFH�QH�GRLW�SDV�DYRLU�GH�FRPSRVDQWH�FRQWLQXH���OD�YDOHXU�PR\HQQH

GX�VLJQDO�GRLW�rWUH�QXOOH��2Q�D�EHVRLQ�GH�FHWWH�SURSULpWp�FDU�LO�HVW�LPSRVVLEOH�GH�FRQFHYRLU

XQ�FDQDO�GH�WUDQVPLVVLRQ�VDQV�DXFXQ�WUDLWHPHQW�pOHFWURQLTXH��/D�OLJQH�GH�)UDQFH�7pOpFRP

FRPSRUWH� HQ� HIIHW� SOXVLHXUV� WUDQVIRUPDWHXUV� TXL� QH� WUDQVPHWWHQW� SDV� OD� FRPSRVDQWH

FRQWLQXH�j�FDXVH�GX�SKpQRPqQH�G
LQGXFWLRQ�

±� /H� VSHFWUH� GRLW� DYRLU� XQ� VXSSRUW� OH� SOXV� pWURLW� SRVVLEOH�� (Q� HIIHW�� WRXW� V\VWqPH� GH

WUDLWHPHQW�SRVVqGH�XQH�IUpTXHQFH�GH�FRXSXUH�EDVVH�HW�XQH�IUpTXHQFH�GH�FRXSXUH�KDXWH�DX

GHOj�GHVTXHOOHV�LO�QH�IRQFWLRQQH�SDV�FRUUHFWHPHQW��7RXWH�LQIRUPDWLRQ�VH�WURXYDQW�KRUV�GH

OD�EDQGH�GH�IRQFWLRQQHPHQW�GX�PDWpULHO�HVW�DORUV�SHUGXH�

±�/H�VLJQDO�GRLW�SRVVpGHU�XQH�UDLH�G
pQHUJLH�j�OD�IUpTXHQFH�G
KRUORJH��RX�IUpTXHQFH�GH�ELW

�)E���SRXU�SHUPHWWUH�OD�UpJpQpUDWLRQ�GX�VLJQDO�

6L�FHV�FULWqUHV�VRQW�UHVSHFWpV��OH�VLJQDO�YD�SRXYRLU�rWUH�SURSDJp��UpJpQpUp��HW�UpFXSpUp��/D

FRPPXQLFDWLRQ�HVW�GRQF�SRVVLEOH��2Q�YD�DXVVL�FKHUFKHU�XQ�FRGDJH�YpULILDQW�FHV�FULWqUHV�TXL�VRLW

OH�SOXV�VLPSOH�SRVVLEOH��/D�FRQYHUVLRQ�HQ�VHUD�SOXV�UDSLGH��HW�SDU�YRLH�GH�FRQVpTXHQFH��OH�GpELW

SOXV�pOHYp�

��������4XHOTXHV�RXWLOV�GH�FDOFXO�

$X� FRXUV� GH� FHWWH� SDUWLH�� QRXV� VHURQV� DPHQpV� j� FDOFXOHU� GHV� VSHFWUHV� GH� SXLVVDQFH� GH

GLIIpUHQWV�VLJQDX[�QXPpULTXHV��1RXV�DYRQV�GRQF�EHVRLQ�G
XQH�IRQFWLRQ�SHUPHWWDQW�GH�FDOFXOHU�OH

VSHFWUH� GH� SXLVVDQFH� G
XQ� VLJQDO� pFKDQWLOORQQp�� &HWWH� IRQFWLRQ� HVW� OD� GHQVLWp� VSHFWUDOH� GH

SXLVVDQFH��'63���TXL�VH�FDOFXOH�DYHF�XQH�IRUPXOH�VLPSOH���6RLW�[�W��OH�VLJQDO�WHPSRUHO��SRVVpGDQW

XQH�WUDQVIRUPpH�GH�)RXULHU�;�I���RQ�GpILQLW�OD�'63�SDU���
�
�������� I;I;I;I6 [[ =⋅= �

2Q� XWLOLVH� OD� WUDQVIRUPpH� GH� )RXULHU� GLVFUqWH� �7)'��� GRQQpH� SDU��
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'X� SRLQW� GH� YXH� DOJRULWKPLTXH�� QRXV� DOORQV� LPSOpPHQWHU� HQ�&� O
DOJRULWKPH� GH� OD� ))7�

F
HVW�j�GLUH�O
DOJRULWKPH�GH�&RROH\�HW�7XFNH\��&
HVW�XQ�DOJRULWKPH�IRQFWLRQQDQW�VXU�XQ�SULQFLSH

VLPSOH� �� LO� VXIILW� GH� UHPDUTXHU� TXH� ������
�
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��j�FRQGLWLRQ�TXH� O
RQ�DLW�1�SDLU��HW�HQ�SRVDQW� P1 ⋅= � ��2Q

UHPDUTXH� TXH� 3�I�� HW� ,�I�� VRQW� GHX[� WUDQVIRUPpHV� GH� )RXULHU� G
RUGUH�PRLWLp�� &HW� DOJRULWKPH� D

FHSHQGDQW�XQ�LQFRQYpQLHQW���LO�IDXW��TX
DX�GpSDUW��1�VRLW�XQH�SXLVVDQFH�GH���SRXU�SRXYRLU�PHQHU�j

ELHQ�WRXV�OHV�FDOFXOV�



��

/H�IRUPDW�GHV�QRPEUHV�FRPSOH[HV�HW�OHV�SURWRW\SHV�GHV�RSpUDWLRQV�GDQV�&��

W\SHGHI�VWUXFW
^
�����IORDW�UH��LP�
`�FSO[�

FSO[�]F��������/H�]pUR
FSO[�PXOF��FSO[��FSO[������0XOWLSOLFDWLRQ
FSO[�DGGF��FSO[��FSO[������$GGLWLRQ
FSO[�VRXVF��FSO[��FSO[������6RXVWUDFWLRQ
FSO[�GLYFU��FSO[��IORDW������'LYLVLRQ�SDU�XQ�UpHO
FSO[�FRQM��FSO[������&RQMXJDLVRQ
IORDW�PRGXOH��FSO[�����0RGXOH

/
DOJRULWKPH� GH� OD� ))7� UpFXUVLYH� SUHQG� HQ� DUJXPHQW� H�� OH� YHFWHXU� GHV� pFKDQWLOORQV� DX

IRUPDW�FSO[�GpILQLW�SOXV�KDXW��GH�ORQJXHXU�XQH�SXLVVDQFH�GH����

LQW�IIW��FSO[�H��ORQJ�Q�
^
�����FSO[�S��L��Z��ZN��[��\�
�����LQW�P� �Q������N�
�����LI��Q�  ����UHWXUQ�����ILQ�GH�UpFXUVLYLWp���IIW�>D@�� �>D@
�����LI�����P�� �Q��UHWXUQ���
�����L� ��FSO[���FDOORF��P��VL]HRI��FSO[���
�����S� ��FSO[���FDOORF��P��VL]HRI��FSO[���
��������'pFRXSDJH�GH�OD�VpULH�GH�GRQQpHV�SDLUV�LPSDLUV
�����IRU��N� ����N�� �P������N���
�����^

�S�N�� ��H��N��
�L�N�� ��H��N������

�����`
�����LI��IIW��S��P��  ����UHWXUQ���
�����LI��IIW��L��P��  ����UHWXUQ���
�����ZN�UH� ����ZN�LP� ���
�����Z�UH� �FRV�����3,����IORDW�Q��
�����Z�LP� ���VLQ�����3,����IORDW�Q��
��������&RPELQDLVRQ�GH�OD�IIW�GHV�SDLUV�LPSDLUV
�����IRU��N� ����N�� �P������N���
�����^

[� ��S�N���\� �PXOF��ZN���L�N���
��� �H�N�� �GLYFU��DGGF��[��\������

�H�N�P�� �GLYFU��VRXVF��[��\������
ZN� �PXOF��ZN��Z��

�����`
�����IUHH��L���IUHH��S��
�����UHWXUQ���
`

$X� IXU� HW� j�PHVXUH��RQ�GpILQLUD� OHV�JpQpUDWHXUV� DOpDWRLUHV�GH�FKDFXQ�GHV�FRGHV�ELQDLUHV

WHVWpV��DILQ�GH�FDOFXOHU�XQH�PR\HQQH�VWDWLVWLTXH�GH�OD�'63�GH�FKDFXQ�GH�FHV�FRGHV��SRXU�SRXYRLU

UDLVRQQHU�VXU�OHXUV�DYDQWDJHV�HW�LQFRQYpQLHQWV��&HV�JpQpUDWHXUV�GHYURQW�UHQGUH�XQH�VpULH�DOpDWRLUH

GH�ORQJXHXU�XQH�SXLVVDQFH�GH����HW�XWLOLVDQW�OH�IRUPDW�
FSO[�
��SRXU�SRXYRLU�H[SORLWHU�OHV�UpVXOWDWV

DYHF�O
DOJRULWKPH�IIW�GpFULW�SOXV�KDXW�
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������(WXGH�GH�GLIIpUHQWV�FRGHV�ELQDLUHV�SRVVLEOHV�

��������/H�FRGH�ELQDLUH�EUXW��RX�15=�

&H�FRGH�ELQDLUH�HVW�FHOXL�TXH�O
RQ�YRLW�XVXHOOHPHQW��/HV�LPSXOVLRQV�GXUHQW�WRXW�OH�WHPSV

LPSDUWLW�SRXU�XQ�ELW��VRLW�����QV��&
HVW�SRXU�FHOD�TX
LO�V
DSSHOOH�15=���1RQ�5HWRXU�j�=pUR��9RLFL

XQ�H[HPSOH�TXH�QRXV�UHWURXYHURQV�SRXU�FKDFXQ�GHV�DXWUHV�FRGDJHV��LO�V
DJLW�GX�VLJQDO�pOHFWULTXH

FRUUHVSRQGDQW�j�OD�VpTXHQFH���������������������������

/H�JpQpUDWHXU�DOpDWRLUH�HVW� LFL�VDQV�JUDQG�LQWpUrW��SXLVTX
XQ�VLPSOH�WLUDJH�j�YDOHXUV�GDQV

^����`�VDQV�FDOFXO�GH�SRODULWp�VXIILW��9RLFL�VRQ�FRGH�VRXUFH�HQ�&��

LQW�QU]��FSO[�H��ORQJ�Q�
^

LQW�L�
IRU��L� ����L���Q��L���
^

�� ��H���L����UH� �)���UDQG��	���
�� ��H���L����LP� ���

�������H���L����� ��H���L���
�� �H���L����� ��H���L���
���������H���L����� ��H���L���
���������H���L����� ��H���L���
���������H���L����� ��H���L���
���������H���L����� ��H���L���
���������H���L����� ��H���L���

`
UHWXUQ���

`

/HV�DUJXPHQWV�GH�FHWWH�IRQFWLRQ�VRQW��� ±�Q�OH�QRPEUHV�GH�ELWV�GH�O
pFKDQWLOORQ�

±�I�XQ�IDFWHXU�DPSOLILFDWHXU�GX�VLJQDO�

/H�SURJUDPPH�HQWUH���IRLV�OD�PrPH�YDOHXU��$LQVL��RQ�REWLHQW�O
pFKDQWLOORQQDJH�G
XQ�VLJQDO

HQ�FUpQHDX[�DOpDWRLUH���IRLV�SDU�SpULRGH�G
XQ�ELW��F
HVW�j�GLUH��� IRLV� WRXWHV� OHV�����QV��&H�FKRL[

Q
HVW�SDV� LQQRFHQW� FDU� LO� VXIILW� DORUV�GH� UHQWUHU� HQ� DUJXPHQW� 
Q
� XQH�YDOHXU�SXLVVDQFH�GH���SRXU

REWHQLU�XQ�UpVXOWDW�GH�GLPHQVLRQ�XQH�SXLVVDQFH�GH����'H�SOXV��FHOD�SHUPHW�G
REWHQLU�XQ�VSHFWUH�GH

SXLVVDQFH� ILDEOH� MXVTX
j� �� IRLV� OD� IUpTXHQFH� ELQDLUH�� (Q� HIIHW�� DX� GHOj� GH� FHWWH� IUpTXHQFH�� RQ

UHWURXYH�OH�V\PpWULTXH�GX�VSHFWUH��SpULRGLVp�GX�IDLW�GH�O
pFKDQWLOORQQDJH���OH�UpVXOWDW�GHYLHQW�DORUV

IDX[� SRXU� OHV� KDXWHV� IUpTXHQFHV�� (Q� UpVXPp�� RQ� VLPXOH� LFL� XQ� pFKDQWLOORQQDJH� DYHF

0+])E)H ��� =⋅= �

2Q�XWLOLVH�FH�JpQpUDWHXU�DOpDWRLUH�HW�OD�IRQFWLRQ�
IIW
�GpILQLH�DX���������2Q�REWLHQW�DLQVL�XQ

YHFWHXU�FRQWHQDQW� OD�'63�GH�FH� VLJQDO�� DYHF�XQ�SDV�GH� IUpTXHQFH�GpSHQGDQW�GH� OD� ORQJXHXU�GH

O
pFKDQWLOORQ�FKRLVL��(Q�HIIHW��OH�SDV�HVW�GpILQLW�SDU� ��� Q)H ⋅ ��R��Q�HVW�OH�QRPEUH�GH�ELWV�

2Q�RSqUH�XQH�PR\HQQH�VXU�XQ�FHUWDLQ�QRPEUH�GH�'63�GH�GLIIpUHQWHV�VpULHV�DOpDWRLUHV�GH

PrPH� ORQJXHXU� SRXU� REWHQLU� XQH�PHLOOHXUH� SUpFLVLRQ� GX� VSHFWUH�� FDU� G
XQH� SDUW�� OH� JpQpUDWHXU

Q
HVW�TXH�SVHXGR�DOpDWRLUH��HW�G
DXWUH�SDUW��O
pFKDQWLOORQ�QH�SHXW�SDV�rWUH�LQILQL��/H�JUDSKH�VXLYDQW

DLQVL�TXH�WRXV�OHV�DXWUHV�JUDSKHV�GH�'63�j�VXLYUH�VRQW�IDLWV�j�SDUWLU�G
XQH�PR\HQQH�GH����VpULHV

GH�����ELWV��VRLW������pFKDQWLOORQV���2Q�REWLHQW�XQH�UpVROXWLRQ�VXIILVDQWH��HW�XQH�PR\HQQH�GH���

VpULHV�GRQQH�GHV�UpVXOWDWV�FRUUHFWV���DXJPHQWHU�OH�QRPEUH�GH�VpULHV�Q
DSSRUWH�DXFXQH�LQIRUPDWLRQ

VXSSOpPHQWDLUH�
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9RLFL�OH�JUDSKH�GH�OD�'63�GX�FRGDJH�15=��

2Q�REVHUYH�GHX[�LQFRQYpQLHQWV�PDMHXUV��

±�,O�H[LVWH�XQH�LPSRUWDQWH�WHQVLRQ�FRQWLQXH��DX[�EDVVHV�IUpTXHQFHV���TXL�HPSrFKH�OH�SDVVDJH

GX� VLJQDO�SDU�GHV� WUDQVIRUPDWHXUV��&H�GpIDXW� HVW�G��j� OD�YDOHXU�PR\HQQH�GX� VLJQDO� TXL� Q
HVW� SDV

QXOOH��9PD[����

±�/H�VLJQDO�Q
D�DXFXQH�pQHUJLH�j�OD�IUpTXHQFH�ELQDLUH�)E��2Q�HVW�GRQF�GDQV�O
LPSRVVLELOLWp

GH�UpFXSpUHU�OH�VLJQDO�G
KRUORJH�

6L�RQ�REVHUYH�OH�VLJQDO�15=��RQ�V
DSHUoRLW�TXH�OH�PDQTXH�G
pQHUJLH�j�OD�IUpTXHQFH�ELQDLUH�

GRQF�OD�SHUWH�GX�VLJQDO�G
KRUORJH��HVW�HQ�SDUWLH�G��DX[�ORQJXHV�VpULHV�GH����(Q�HIIHW�� ORUVTXH� OH

VLJQDO�FRPSRUWH�XQH�LPSRUWDQWH�VpULH�GH����LO�Q
\�D�SOXV�GH�WUDQVLWLRQ�GH�QLYHDX[��RQ�D�XQH�WHQVLRQ

FRQVWDQWH�pJDOH�j�9PD[��2Q�D�SDU�FRQVpTXHQW�FRQoX�XQ�DXWUH�FRGDJH�TXL�FRUULJH�FH�GpIDXW��F
HVW

OH�5=�����

��������3UHPLqUH�DPpOLRUDWLRQ��OH�5=�����

&H�FRGDJH�HVW�WUqV�VLPLODLUH�DX�15=��0DLV�DX�OLHX�GH�PDLQWHQLU�OD�WHQVLRQ�SHQGDQW�WRXWH�OD

GXUpH�G
XQ�ELW��RQ�QH�OD�PDLQWLHQW�TXH�VXU�OD�PRLWLp�GH�OD�SpULRGH�ELQDLUH�7E��VRLW�����QV��'H�Oj

YLHQW�VRQ�QRP���5HWRXU�j�=pUR�j������(Q�LOOXVWUDWLRQ��YRLFL�OH�VLJQDO�DVVRFLp�j�OD�PrPH�VpTXHQFH

ELQDLUH�TXH�SUpFpGHPPHQW��

6XLW�VRQ�JpQpUDWHXU�DOpDWRLUH��WRXMRXUV�HQ�&��

LQW�U]��FSO[�H��ORQJ�Q�
^

LQW�L�
IRU��L� ����L���Q��L���
^

����������H���L����UH� �)���UDQG��	���
����������H���L����LP� ���
���������H���L����� ��H���L���
���������H���L����� ��H���L���
���������H���L����� ��H���L���
���������H���L����� �]F���
���������H���L����� �]F���
���������H���L����� �]F���
���������H���L����� �]F���

`
UHWXUQ���

`

2Q� SHXW� VXSSRVHU� TX
RQ� QH� SHUG� SOXV� OH� VLJQDO� G
KRUORJH� DYHF� FH� FRGDJH�� SXLVTXH� OHV

ORQJXHV�VpULHV�GH���QH�SURGXLVHQW�SOXV�XQH� WHQVLRQ�FRQVWDQWH��PDLV�XQH� WHQVLRQ�HQ�FUpQHDX[�GH

SpULRGH�7E��VRLW�H[DFWHPHQW�OD�SpULRGH�G
KRUORJH�
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(IIHFWLYHPHQW��YRLFL�VD�'63��

2Q� SHXW� GRQF� ELHQ�� DYHF� FH� FRGDJH�� UpFXSpUHU� O
KRUORJH��0DLV� LO� VXEVLVWH� WRXMRXUV� XQH

LPSRUWDQWH� FRPSRVDQWH� FRQWLQXH�� &H� W\SH� GH� VLJQDO� Q
HVW� SDU� FRQVpTXHQW� SDV� WUDQVPLVVLEOH� HQ

OLJQH���XQH�JUDQGH�SDUWLH�GH�O
LQIRUPDWLRQ�VHUDLW�SHUGXH�

&HSHQGDQW��VL�RQ�REVHUYH�DWWHQWLYHPHQW�XQ� WHO�VLJQDO��RQ�UHPDUTXH�DLVpPHQW�VDQV�FDOFXO

TXH�VD�YDOHXU�PR\HQQH�HVW�9PD[����VDFKDQW�TXH�OHV�YDOHXUV���RX���VRQW�pTXLSUREDEOHV��2Q�YHXW

GRQF�UDPHQHU�FHWWH�YDOHXU�PR\HQQH�j����8Q�VLJQDO�SXUHPHQW�ELQDLUH��j�YDOHXUV�GDQV�^����`��QH

VXIILW�SDV��2Q�YD�GRQF�pODUJLU�O
HQVHPEOH�GHV�YDOHXUV�TXH�SHXW�SUHQGUH�OH�VLJQDO��HQ�UDMRXWDQW�XQH

YDOHXU�QpJDWLYH��&
HVW�OH�U{OH�GX�FRGDJH�$0,�

��������8QH�pYROXWLRQ�VLJQLILFDWLYH��OH�FRGDJH�$0,�

'DQV� FH� FRGDJH�� OH�$OWHUQDWHG�0DUN� ,QYHUWHG��2Q� QH�PDLQWLHQW� OD� WHQVLRQ� TXH� SHQGDQW

7E����VRLW�����QV��FRPPH�SRXU�OH�5=������&HSHQGDQW��VL�OHV���UHVWHQW�WRXMRXUV�DX�QLYHDX��9��OHV

��VRQW�PDLQWHQDQW�DOWHUQpV�GDQV�^�9��9`��2Q�D�GRQF�XQ�VLJQDO�WULYDOHQW��9RLFL�OD�PrPH�VpTXHQFH

ELQDLUH�UHSUpVHQWpH�SDU�VRQ�VLJQDO�$0,��

9RLFL�PDLQWHQDQW�VRQ�JpQpUDWHXU�DOpDWRLUH��

LQW�DPL��FSO[�H��ORQJ�Q�
^

LQW�L��VLJQH� ���
IRU��L� ����L���Q��L���
^

��H���L����UH� �VLJQH��)���UDQG��	���
����������H���L����LP� ���

�H���L����� ��H���L���
���������H���L����� ��H���L���
���������H���L����� ��H���L���
���������H���L����� �]F���
���������H���L����� �]F���
���������H���L����� �]F���
���������H���L����� �]F���
��������VLJQH� ����H���L����UH�� ����"��������

`
UHWXUQ���

`
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9RLFL�VD�'63��FDOFXOpH�j�O
DLGH�GH�FH�JpQpUDWHXU��

8Q�WHO�PHVVDJH�QH�FRPSRUWH�SOXV�GH�FRPSRVDQWH�FRQWLQXH��2Q�SHXW�GRQF�OH�WUDQVPHWWUH�HQ

OLJQH��&HSHQGDQW��OD�UDLH�G
pQHUJLH�Q
HVW�SOXV�SUpVHQWH�j�OD�IUpTXHQFH�ELQDLUH��0DLV�HQ�IDLW��FH�Q
HVW

SDV�JUDYH��HQ�HIIHW��VL�RQ�UHGUHVVH�FH�VLJQDO��RQ�UHWURXYH�H[DFWHPHQW�XQ�VLJQDO�5=�����

'H�SOXV��XQ�DXWUH�DYDQWDJH�HVW�TXH�HQYLURQ�����GH�O
pQHUJLH�GH�FH�VLJQDO�VH�WURXYH�j�XQH

IUpTXHQFH�LQIpULHXUH�j�)E����SLF�j������)E���2Q�SHXW�GRQF�ILOWUHU�OH�VLJQDO�SRXU�QH�FRQVHUYHU�TXH

OD�EDQGH�GH�IUpTXHQFH�>���)E��@�VDQV�SHUWH�G
LQIRUPDWLRQ�UpGKLELWRLUH��&HFL�SHUPHWWUD�HQVXLWH�GH

PRGXOHU�SOXVLHXUV�VLJQDX[�HQ�IUpTXHQFH�SRXU�DXJPHQWHU�OH�GpELW�ELQDLUH�WKpRULTXH�GH�OD�OLJQH�

&HSHQGDQW�� FH� VLJQDO� SRVVqGH� XQ� LQFRQYpQLHQW� �� XQH� ORQJXH� VpTXHQFH� GH� �� ULVTXH

G
HQWUDvQHU�OD�SHUWH�GH�OD�UDLH�G
pQHUJLH�j�)E��GRQF�XQH�GpV\QFKURQLVDWLRQ�GX�VLJQDO�G
KRUORJH��,O

IDXW� GRQF�PDLQWHQLU� XQH� GHQVLWp� ELQDLUH� VXIILVDQWH� SRXU� pYLWHU� FH� SKpQRPqQH�� &
HVW� OH� U{OH� GX

FRGDJH�+'%��

��������8Q�FRGDJH�YpULILDQW�WRXV�OHV�FULWqUH��OH�+'%��

+'%�� VLJQLILH� +DXWH� 'HQVLWp� %LSRODLUH� G
RUGUH� ��� &
HVW� XQ� FDV� SDUWLFXOLHU� GX� FRGDJH

+'%Q��R��RQ�V
DUUDQJH�SRXU�TX
LO�Q
\�DLW�MDPDLV�SOXV�GH�Q�ELWV�QXOV�FRQVpFXWLIV�

&RPPH�SRXU�OH�$0,��OHV���UHVSHFWHQW�OD�ELSRODULWp�HQWUH�HX[��3RXU�TX
LO�Q
\�DLW�SDV�TXDWUH

��FRQVpFXWLIV��RQ�UHPSODFH�OH�TXDWULqPH���SDU�XQ����3RXU�OH�GLVWLQJXHU�GHV�YpULWDEOHV����RQ�O
LQVqUH

HQ�YLRO�GH�ELSRODULWp��F
HVW�j�GLUH�VHORQ� OD�PrPH�SRODULWp�TXH� OH���SUpFpGHQW��&HOD�SHUPHWWUD�GH

UHFRQQDvWUH�TXH�F
HVW�XQ���ORUV�GH�OD�UHVWLWXWLRQ��&
HVW�GRQF�XQ�ELW�GH��YLRO��

&HSHQGDQW��FHOD�ULVTXH�G
LQWURGXLUH�XQH�FRPSRVDQWH�FRQWLQXH��'RQF�RQ�LQWURGXLW�XQ�ELW�GLW

GH��ERXUUDJH��VHORQ�XQH�UqJOH�ELHQ�SUpFLVH�TXL�D�SRXU�EXW�GH�IDLUH�UHVSHFWHU�OD�ELSRODULWp�HQWUH�OHV

ELWV�GH�YLRO��$LQVL��VL�OH�QRPEUH�GH���VpSDUDQW�GHX[�VXLWHV�GH�TXDWUH���HVW�QXO�RX�SDLU��RQ�UHPSODFH

OH�SUHPLHU�ELW�GH�OD�GHX[LqPH�VpTXHQFH�GH�TXDWUH�ELWV�SDU�XQ����TXL�D�FHWWH�IRLV� OH�PrPH�VWDWXW

TX
XQ�YpULWDEOH����F
HVW�j�GLUH�TX
LO�UHVSHFWH�OD�ELSRODULWp�GHV����2Q�SHXW�LOOXVWUHU�FH�FRGDJH�SDU�OD

PrPH�VpTXHQFH�TXH�SUpFpGHPPHQW��

6RQ�JpQpUDWHXU�HVW�SOXV�FRPSOLTXp��FDU�LO�IDXW�HQWUHWHQLU�XQ�FRPSWHXU�TXL�GpWHUPLQH�VL�OH�QRPEUH

GH� �� VpSDUDQW� GHX[� VpTXHQFHV� GH� TXDWUH� �� HVW� SDLU�� HW� LQWURGXLUH� OH� ELW� GH� ERXUUDJH

UpWURDFWLYHPHQW��
LQW�KGE���FSO[�H��ORQJ�Q�
^

LQW�L��VLJQH� ����F�� ����F�� ���
�� FSO[�YDO�

IRU��L� ����L���Q��L���
�����^

YDO�UH� �VLJQH��)���UDQG��	���
��� YDO�LP� ���

LI��YDO�UH�� ���
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�H���L��� �YDO�
F�� ���
F��� ���
VLJQH� ����

��������`
HOVH

��������^
F��� ���
VZLWFK��F��

��� ^
��������������FDVH�����LI���F�	���  ���
��������������������^
�������������������� ���ELW�GH�ERXUUDJH��UHWURDFWLI�

��H����L�������UH� �)��VLJQH�
�H����L�������� ��H����L������
�H����L�������� ��H����L������

�������������������� �H����L�������� ��H����L������
VLJQH� ����

��������������������`
��H���L����UH� ���VLJQH���)�����ELW�GH�YLRO
F�� ����F�� ���

��������������������EUHDN�
GHIDXOW����H���L��� �YDO�

���������������`
��������`

�H���L����� ��H���L���
�� �H���L����� ��H���L���
���������H���L����� ��H���L���
���������H���L����� �]F���
���������H���L����� �]F���
���������H���L����� �]F���
���������H���L����� �]F���

`
UHWXUQ���

`

&H� FRGH� EpQpILFLH� GHV� PrPHV� DYDQWDJHV� TXH� OH� $0,�� PDLV� HQ� SOXV�� LO� PDLQWLHQW� XQH

GHQVLWp�ELQDLUH�EHDXFRXS�SOXV�pOHYpH���LO�Q
H[LVWH�SDV�GDQV�FH�W\SH�GH�FRGDJH�GHV�VpTXHQFHV�QXOOHV

GH�SOXV�GH���ELWV��2Q�pOLPLQH�GRQF�OH�ULVTXH�GH�SHUGUH�OD�V\QFKURQLVDWLRQ�GH�O
KRUORJH��'H�SOXV��OD

IRUWH�GHQVLWp�GHV���SHUPHW�DSUqV�UHGUHVVHPHQW�GX�VLJQDO�G
DYRLU�XQ�FUpQHDX�TXDVLPHQW�FRPSOHW�

SXLVTX
LO�Q
H[LVWH�SDV�GH�VXLWH�GH���SURORQJpH�

&H�VLJQDO�D�XQ�DXWUH�DYDQWDJH�GH�WDLOOH���WRXW�YLRO�GH�ELSRODULWp�DXWUH�TXH�FHX[�LQWURGXLWV

SDU� OH� FRGDJH� VRQW� GpWHFWpV� FRPPH� GHV� HUUHXUV� �� RQ� SHXW� GRQF� DXJPHQWHU� OD� ILDELOLWp� GH� OD

WUDQVPLVVLRQ�VDQV�SRXU�DXWDQW�LQWURGXLUH�GHV�FRGHV�FRUUHFWHXUV�G
HUUHXU�WUqV�pYROXpV�

(Q�LOOXVWUDWLRQ��YRLFL�VD�'63��

\

\�]<^

_

_>]<^

`

`@]<^

a

bDc d�bDc e�bDc



��

TABLE DES MATIERES  

INTRODUCTION................................................................................2

1). LA QUANTIFICATION ...................................................................4
������3ULQFLSH� ������������������������������������������������������������������������������������������������������ �

��������8Q�SUHPLHU�SUREOqPH� ��������������������������������������������������������������������� �
��������8Q�VHFRQG�SUREOqPH����������������������������������������������������������������������� �

������0LVH�HQ�±XYUH��SULQFLSDX[�FRGHXUV ������������������������������������������������������ �
��������/H�FRGHXU�j�SHQWH��������������������������������������������������������������������������� �
��������/H�FRGHXU�SRWHQWLRPpWULTXH�RX�j�UpVLVWDQFHV� ���������������������������� �
��������/H�FRGHXU�VpULH�SDUDOOqOH�VDQV�PDLQWLHQ� ������������������������������������ ��

������6LPXODWLRQ�GH�OD�FDUWH�FRGHXU� ������������������������������������������������������������� ��

2). LE TRANSCODAGE ....................................................................15
������3UpOLPLQDLUHV���������������������������������������������������������������������������������������������� ��

��������&RQWUDLQWHV�GH�WUDQVPLVVLRQ� ��������������������������������������������������������� ��
��������4XHOTXHV�RXWLOV�GH�FDOFXO� ������������������������������������������������������������ ��

������(WXGH�GH�GLIIpUHQWV�FRGHV�ELQDLUHV�SRVVLEOHV� ������������������������������������� ��
��������/H�FRGH�ELQDLUH�EUXW��RX�15=� ������������������������������������������������������� ��
��������3UHPLqUH�DPpOLRUDWLRQ��OH�5=����� ������������������������������������������������ ��
��������8QH�pYROXWLRQ�VLJQLILFDWLYH��OH�FRGDJH�$0,� ������������������������������� ��
��������8Q�FRGDJH�YpULILDQW�WRXV�OHV�FULWqUH��OH�+'%������������������������������� ��

TABLE DES MATIÈRES .......................................................................22


