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/H�3RLQW�VXU�OD�5HFKHUFKH�HQ�(GXFDWLRQ
2FWREUH�����

/H�&5(0�HVW�HQJDJp�GHSXLV�XQH�DQQpH�GDQV�XQH�UHFKHUFKH�GRQW�O
LQWLWXOp�JpQpUDO�HVW
3UDWLTXHU�OD�JpRPpWULH��GpYHORSSHPHQW�G
RXWLOV�SpGDJRJLTXHV�SRXU�XQ�HQVHLJQHPHQW�GH�OD�JpRPpWULH�DF�
FHVVLEOH�j�WRXV��&HWWH�UHFKHUFKH�FRPSRUWHUD�GHX[�YROHWV���O
XQ�HVW�UHODWLI�j�O
LGpH�GH�OLQpD�
ULWp�GDQV� O
HQVHLJQHPHQW�GH� OD� JpRPpWULH�� HW� O
DXWUH�� GRQW� QRXV� WUDLWHURQV� XOWpULHXUH�
PHQW��V
LQWLWXOHUD�9HUV�XQH�JpRPpWULH�QDWXUHOOH��1RWUH�UHFKHUFKH�VXU�OD�OLQpDULWp�HVW�HQFRUH
HQ�FRXUV��PDLV�LO�QRXV�HVW�SRVVLEOH�GH�GRQQHU�GpMj�XQH�LGpH�GH�VHV�REMHFWLIV�HW�GH�VD
SRUWpH�HQ�RIIUDQW� DX[� OHFWHXUV�GH� FHWWH� UHYXH�GHV� pOpPHQWV� VLJQLILFDWLIV� WLUpV�GH� VRQ
LQWURGXFWLRQ�� � 2Q� OH� YHUUD�� FHWWH� UHFKHUFKH� FRQILUPH� OD� WUDGLWLRQ� GX� &5(0� TXL
FRQVLVWH� j� V
RFFXSHU� GH� O
DSSUHQWLVVDJH� GHV�PDWKpPDWLTXHV� GDQV� VD� FRQWLQXLWp� GH� OD
PDWHUQHOOH�MXVTX
j�O
kJH�DGXOWH� 
�
/HV� DXWHXUV� GH� OD� UHFKHUFKH� VRQW�0LFKHO� %DOOLHX�� 0DULH�)UDQFH� *XLVVDUG�� /XF� /LV�
PRQW��1LFRODV�5RXFKH��7KDwV�6DQGHU��3KLOLSSH�7LOOHXLO��eULF�9DQGHUDYHURHW��)UDQoRLVH
9DQ�'LHUHQ�HW��0DULH�)UDQoRLVH�9DQ�7URH\H�

/HV�PDWKpPDWLTXHV�TXH� O
RQ�DSSUHQG�GH� O
pFROH�PDWHUQHOOH� MXVTX
j� ���DQV� �HW�SDUIRLV� � DX�
GHOj��QH� VRQW�SDV�XQ� DPRQFHOOHPHQW� GH� UpVXOWDWV� KpWpURFOLWHV��/HV� GLYHUVHV�PDWLqUHV� TXL� FRQVWL�
WXHQW�OD�JpRPpWULH���O
DULWKPpWLTXH��O
DOJqEUH��O
DQDO\VH�DLQVL�TXH�OD�VWDWLVWLTXH�HW�OHV�SUREDELOLWpV�VH
UpSRQGHQW�HQWUH�HOOHV��V
DSSXLHQW�VRXYHQW�OHV�XQHV�VXU�OHV�DXWUHV�GH�GLYHUVHV�IDoRQV���,O�HVW�LPSRU�
WDQW�TXH�OHV�HQVHLJQDQWV�FRQQDLVVHQW�FHV�OLHQV��FDU�FH�VRQW�HX[�TXL�DVVXUHQW��OD�PRELOLWp�GH�OD�SHQ�
VpH�HW�OD�FUpDWLYLWp���TXL��IRXUQLVVHQW�OHV�SULQFLSDX[�PR\HQV�GH�UpVROXWLRQ�GHV�SUREOqPHV��8QH�SHQ�
VpH�IUDJPHQWpH�HW�FORLVRQQpH�HVW�DX�FRQWUDLUH�FRQGDPQpH�j�GHPHXUHU�VWpULOH�
��

/
REMHFWLI�GH�FHWWH�pWXGH�HVW�GH�PHWWUH�HQ�pYLGHQFH�HW�G
H[SOLTXHU�XQ�ILO�FRQGXFWHXU�TXL�WUD�
YHUVH�WRXWHV�OHV�PDWKpPDWLTXHV�HW�TXH�O
RQ�SHXW�GpVLJQHU��TXRLTX
LFL�GH�PDQLqUH�HQFRUH�JpQpUDOH�HW
YDJXH��VRXV�OH�QRP�GH�OLQpDULWp��RX�SDU�O
H[SUHVVLRQ�GH�VWUXFWXUH�OLQpDLUH��7RXWH�QRWUH�pWXGH�FRQVLVWHUD
j�GpYHORSSHU�FH�WKqPH�HW�j��PRQWUHU�VD�SODFH�GDQV�O
DSSUHQWLVVDJH�GHV�PDWKpPDWLTXHV��0DLV��SRXU
TXH�OH�OHFWHXU�YRLH�GqV�PDLQWHQDQW��j�SHX�SUqV�R��QRXV�DOORQV�HW�SDU�TXHOOHV�pWDSHV��HVVD\RQV�GH
GLUH�VLPSOHPHQW��VDQV�HQWUHU�GDQV�WURS�GH�GpWDLOV���FH�TXH�QRXV�HQWHQGRQV�SDU�OLQpDULWp�

�� 8Q�H[HPSOH

3UHVTXH� WRXV� OHV�PDWpULDX[�GRQW� VRQW� IDLWV� OHV� REMHWV� XVXHOV� SHXYHQW� QRXV� DLGHU� j�PRQWUHU�
VDQV�UHFRXULU�j�GHV�PDWKpPDWLTXHV�FRPSOLTXpHV���XQ�H[HPSOH�GH�FH�TX
HVW�OD�OLQpDULWp��3RXU�IL[HU�OHV
LGpHV��FRQVLGpURQV�O
DOXPLQLXP�
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/H�3RLQW�VXU�OD�5HFKHUFKH�HQ�(GXFDWLRQ
2FWREUH�����

����8QH�IRQFWLRQ���&KDTXH�REMHW�HQ�DOXPLQLXP��FKDTXH�PRUFHDX�G
DOXPLQLXP��SRVVqGH�XQ�YROXPH
HW�XQ�SRLGV���(W�G
DLOOHXUV��j�XQ�PrPH�YROXPH�FRUUHVSRQG�WRXMRXUV� OH�PrPH�SRLGV��/H�SRLGV�Gp�
SHQG�GX� YROXPH��2Q�SHXW� DLQVL� � FRQVLGpUHU� OD� IRQFWLRQ� TXL� j� FKDTXH� YROXPH� G
DOXPLQLXP� IDLW
FRUUHVSRQGUH� VRQ�SRLGV�� 6L�RQ� VH�GRQQH�XQ�YROXPH�� LO� VXIILW� GH� OH�SHVHU�SRXU� DYRLU� VRQ�SRLGV�
5pFLSURTXHPHQW��j�WRXW�SRLGV�GRQQp�G
DOXPLQLXP�FRUUHVSRQG�VRQ�YROXPH�

�����'HX[�DGGLWLRQV��2Q�SHXW�DGGLWLRQQHU�OHV�YROXPHV���SDU�H[HPSOH�UDVVHPEOHU���GP��HW���GP��
2Q�SHXW�DXVVL�DGGLWLRQQHU�OHV�SRLGV���SDU�H[HPSOH�DMRXWHU���NJ�j����NJ��$LQVL�OD�IRQFWLRQ�HQ�TXHV�
WLRQ�IDLW�FRUUHVSRQGUH�XQH�JUDQGHXU�PXQLH�G
XQH�VRPPH��OH�YROXPH��j�XQH�DXWUH�JUDQGHXU�PXQLH
HOOH�DXVVL�G
XQH�VRPPH��OH�SRLGV��

�����/
LPDJH�GH�OD�VRPPH�YDXW�OD�VRPPH�GHV�LPDJHV��0HWWRQV�HQ�UHJDUG�GHX[�YROXPHV�HW�OHV
SRLGV�FRUUHVSRQGDQWV��GH�OD�PDQLqUH�VXLYDQWH��

                                                          
1 Nous ne distinguons pas ici le poids de la masse, car dans le présent exposé cette distinction n'a pas de raison
d'être.

��GP� ��GP�

����NJ ����NJ

/D�VRPPH�GHV�YROXPHV�D�SRXU�SRLGV�OD�VRPPH�GHV�SRLGV��VL�ELHQ�TXH�QRXV�SRXYRQV�FRPSOpWHU
QRWUH�WDEOHDX�FRPPH�FHFL��

��GP� ��GP� ��GP�

����NJ ����NJ �����NJ

�����/D�SURSRUWLRQQDOLWp��'HX[�YROXPHV�TXHOFRQTXHV��VRQW�HQWUH�HX[�FRPPH�OHV�SRLGV�FRUUHV�
SRQGDQWV��3DU�H[HPSOH����GP��HVW�j����GP��FRPPH�����NJ�HVW�j����NJ��2Q�H[SULPH�VRXYHQW�FHOD�HQ
DEUpJp�VRXV�OD�IRUPH

���� �eJDOLWp�GHV� UDSSRUWV� LQWHUQHV��2Q�H[SULPH� DXVVL� FHWWH�SURSULpWp� DXWUHPHQW�� j� VDYRLU� � HQ
SDUODQW�GH�UDSSRUWV�LQWHUQHV��2Q�SDVVH�GH���j���GP���HQ�PXOWLSOLDQW���GP��SDU�����RX������/H�UDSSRUW
HVW�OH�PrPH�HQWUH�OHV�SRLGV��FRUUHVSRQGDQWV���RQ�SDVVH�GH�����NJ�j�����NJ�HQ�PXOWLSOLDQW�����NJ�SDU
����RX�����

�����/D�UqJOH�GH�WURLV��/D�UqJOH�GH�WURLV�HVW�XQH�H[SUHVVLRQ�FDOFXODWRLUH�GH�OD�PrPH�VLWXDWLRQ��6L
��GP��SqVHQW�����NJ��DORUV���GP��SqVH���IRLV�PRLQV��F
HVW�j�GLUH�����NJ��0DLV�DORUV���GP��SqVHQW��
IRLV�SOXV��F
HVW�j�GLUH�����NJ�

1,8

4,5

3

2 =
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/H�3RLQW�VXU�OD�5HFKHUFKH�HQ�(GXFDWLRQ
2FWREUH�����

�����/H�UDSSRUW�H[WHUQH��'DQV�QRWUH�H[HPSOH��FH�TXH�O
RQ�GpVLJQH�GX�QRP�GH�UDSSRUW�H[WHUQH�HVW�OH
SRLGV� VSpFLILTXH�� TXL� HVW� GH� ���� NJ�GP��� 2Q� SDVVH� G
XQ� YROXPH� TXHOFRQTXH� DX� SRLGV� FRUUHV�
SRQGDQW�HQ�PXOWLSOLDQW�OH�YROXPH��SDU�OH�SRLGV�VSpFLILTXH��3DU�H[HPSOH��

��GP��×�����NJ�GP�� �����NJ�

�����8Q�JUDSKLTXH�HQ�OLJQH�GURLWH���6L�RQ�SRUWH�OHV�SRLGV�HQ�IRQFWLRQ�GHV�YROXPHV�GDQV�XQ�V\V�
WqPH�G
D[HV�JUDGXpV�UpJXOLqUHPHQW��RQ�REWLHQW�XQ�JUDSKLTXH�HQ�OLJQH�GURLWH�

�����8QH�SHQWH�FRQVWDQWH���&H�JUDSKLTXH�PRQWH�DYHF�XQH�SHQWH�FRQVWDQWH��&HWWH�SHQWH�SHXW�rWUH
LGHQWLILpH�DX�SRLGV�VSpFLILTXH�

������8QH�IRUPXOH��XQH�IRQFWLRQ�GX�SUHPLHU�GHJUp���/H�SRLGV�S�V
H[SULPH�HQ�IRQFWLRQ�GX�YR�
OXPH�Y�SDU� OD� IRUPXOH�S� �DY��GDQV� ODTXHOOH�D� UHSUpVHQWH� OH�SRLGV�VSpFLILTXH��/D�IRQFWLRQ�TXL�VH
WURXYH�DX�VHFRQG�PHPEUH�GH�FHWWH�pJDOLWp�HVW�GX�SUHPLHU�GHJUp�

&H�VRQW�Oj��GL[�IDFHWWHV�GH�OD�OLQpDULWp��REVHUYpHV�VXU�XQ�H[HPSOH�SDUWLFXOLHU�HW�j�XQ�QLYHDX�G
DEV�
WUDFWLRQ�PRGpUp��(OOHV��QRXV�VHUYLURQW�GH�UpIpUHQFH�²�SDU�DQDORJLH�HW�FRQWUDVWH�²�SRXU�SDUOHU�FL�
DSUqV�GH�OD�OLQpDULWp�j�G
DXWUHV�QLYHDX[��SOXV�pOpPHQWDLUHV�RX�SOXV�DYDQFpV�

����'H�������j����DQV�HQYLURQ

/RUVTX
XQ�HQIDQW�FRQVWUXLW�XQ�WUDLQ�HQ�PHWWDQW�GHV�EkWRQV�ERXW�j�ERXW��RQ�SHXW�G
XQ�FHUWDLQ
SRLQW�GH�YXH�GLUH�TX
LO��DGGLWLRQQH�GHV�ORQJXHXUV��7HO�Q
HVW�pYLGHPPHQW�SDV�VRQ�SUHPLHU�REMHFWLI�
TXL�HVW�GH�IDLUH�XQ�WUDLQ��GH�IDLUH�YR\DJHU�FHOXL�FL��GH�O
DPHQHU�HQ�JDUH��G
HPEDUTXHU�GHV�YR\DJHXUV�
HW�ELHQ�G
DXWUHV�FKRVHV�HQFRUH�TXH�VRQ�LPDJLQDWLRQ�OXL�VXJJqUH��,O�Q
HPSrFKH�TXH�VDQV�OH�VDYRLU��LO
H[SpULPHQWH�O
DGGLWLRQ�GHV�ORQJXHXUV��8Q�MRXU�LO�DSSUHQG�j�UHSRUWHU�XQ�pWDORQ�GH�ORQJXHXU��F
HVW�j�
GLUH�j�O
DGGLWLRQQHU�j�OXL�PrPH�SOXVLHXUV�IRLV��SRXU�PHVXUHU�XQH�ORQJXHXU��(Q�FH�IDLVDQW��LO�FRQV�
WUXLW�XQH�IRQFWLRQ�TXL��j�WRXW�EkWRQ��SHUFKH�RX�REMHW�DQDORJXH�IDLW�FRUUHVSRQGUH�OD�PHVXUH�GH�VD
ORQJXHXU�� H[SULPpH�GDQV� O
XQLWp� HQ�TXHVWLRQ��&HWWH�PHVXUH� HVW� XQ�QRPEUH��2U� OHV�PHVXUHV� �OHV
QRPEUHV��SHXYHQW�DXVVL�V
DGGLWLRQQHU��2Q�HVW�GRQF�HQ�SUpVHQFH�G
XQ�HQVHPEOH�GH�ORQJXHXUV��UH�
SUpVHQWpHV� SDU� GHV� REMHWV� DOORQJpV��� TXL� SHXYHQW� rWUH� DGGLWLRQQpHV� �RQ� PHW� OHV� EkWRQV� ERXW� j
ERXW��� HW� GH� O
HQVHPEOH� GH� OHXUV�PHVXUHV� GDQV� XQH� XQLWp� GRQQpH�� (W� GH� SOXV�� OD�PHVXUH� G
XQH
VRPPH�GH�GHX[� ORQJXHXUV� HVW� OD� VRPPH�GHV�PHVXUHV��1RXV� UHWURXYRQV� GRQF�ELHQ� LFL� OHV� WURLV
SUHPLqUHV�IDFHWWHV�GH�OD�OLQpDULWp��WHOOHV�TXH�QRXV�OHV�DYRQV�UHOHYpHV�FL�GHVVXV�

/RUVTX
XQ�HQIDQW�YD�IDLUH� OHV�FRXUVHV�DYHF�VD�PqUH�� LO�DSSUHQG�G
DERUG�TXH� WRXW�D�XQ�SUL[�HW
TXH�FHUWDLQHV�PDUFKDQGLVHV�VH�PHVXUHQW��3UHQRQV� O
H[HPSOH�G
XQH�PDUFKDQGLVH� �TXL� VH�YHQG�DX
SRLGV��,FL�DXVVL�QRXV�VRPPHV�HQ�SUpVHQFH�GH�GHX[�HQVHPEOHV��XQ�HQVHPEOH�GH�SRLGV�GH�PDUFKDQ�
GLVHV�HW�O
HQVHPEOH�GHV�SUL[�FRUUHVSRQGDQWV��/H�SUL[�j�SD\HU�HVW�IRQFWLRQ�GX�SRLGV�TXH�O
RQ�DFKqWH�
/
HQIDQW�DSSUHQG�TXH�SOXV�RQ�HQ�DFKqWH���SOXV�LO�IDXW�SD\HU��(W�PrPH�SOXV�SUpFLVpPHQW��TXH�VL�RQ
HQ�DFKqWH�GHX[�RX�WURLV�IRLV�SOXV��LO�IDXW�SD\HU�GHX[�RX�WURLV�IRLV�SOXV��VDXI�ELHQ�HQWHQGX�VL�OH�PD�
JDVLQ�RIIUH�XQH�UpGXFWLRQ�j�SDUWLU�G
XQH�FHUWDLQH�TXDQWLWp��/H�UDSSRUW�GHV�SUL[�HVW�GRQF�KDELWXHO�
OHPHQW� pJDO� DX� UDSSRUW� GHV� SRLGV��1RXV� UHWURXYRQV� LFL� O
pJDOLWp� GHV� UDSSRUWV� LQWHUQHV� �YRLU� FL�
GHVVXV�OD�FLQTXLqPH�IDFHWWH�GH�OD�OLQpDULWp���0DLV�QRXV�GpFRXYURQV�DXVVL�XQ�UDSSRUW�H[WHUQH��j�VD�
YRLU�OH�SUL[�j�O
XQLWp�GH�SRLGV��TXL�V
H[SULPH�SDU�H[HPSOH�HQ�IUDQFV�SDU�NLOR�

8QH�VLWXDWLRQ�DQDORJXH�HVW�FHOOH�GHV�PRXYHPHQWV�OHV�SOXV�VLPSOHV��FHX[�TXH�O
RQ�IDLW�j�YLWHVVH
FRQVWDQWH��3UHQRQV�O
H[HPSOH�G
XQ�PDUFKHXU�TXL�DYDQFH�G
XQ�SDV�UpJXOLHU��1RXV�SRXYRQV�FRQVL�
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/H�3RLQW�VXU�OD�5HFKHUFKH�HQ�(GXFDWLRQ
2FWREUH�����

GpUHU�O
HQVHPEOH�GHV�WHPSV�SHQGDQW�OHVTXHOV�LO�PDUFKH��HW�O
HQVHPEOH�GHV�GLVWDQFHV�TX
LO�SDUFRXUW�

$�FKDTXH�WHPSV�FRUUHVSRQG�XQH�GLVWDQFH��(W�GDQV�XQ�WHPSV�GHX[�RX�WURLV�IRLV�SOXV� ORQJ�� OH
PDUFKHXU�FRXYUH�XQH�GLVWDQFH�GHX[�RX�WURLV�IRLV�SOXV�ORQJXH��/HV�UDSSRUWV�LQWHUQHV�VRQW�SUpVHQWV
LFL�DXVVL��HW�pJDX[�GH�SDUW�HW�G
DXWUH��/H�UDSSRUW�H[WHUQH�HVW�OD�YLWHVVH��SDU�H[HPSOH�GDQV�OH�FDV�SUp�
VHQW���NP�K�

7UqV�W{W�OHV�HQIDQWV�MRXHQW�DYHF�GHV�REMHWV�RX�GHV�SHUVRQQDJHV�HQ�UpGXFWLRQ��3UHQRQV�O
H[HP�
SOH�G
XQ�SHWLW�pOpSKDQW�UHSUpVHQWDQW�ILGqOHPHQW�XQ�pOpSKDQW�YUDL��6XU�OH�PRGqOH��RQ�SHXW��PHVXUHU
WRXW�FH�TX
RQ�YHXW���OD�ORQJXHXU�WRWDOH�GH�OD�ErWH��VD�ODUJHXU��OD�KDXWHXU�GH�VHV�SDWWHV��OD�ORQJXHXU
GH� VHV�GpIHQVHV�� HWF��(W�RQ�SHXW�DXVVL� IDLUH� OHV�PrPHV�PHVXUHV� VXU� O
pOpSKDQW�YLYDQW���FKDTXH
PHVXUH�VXU�OH�PRGqOH�FRUUHVSRQG�XQH�PHVXUH�VXU�O
DQLPDO�YUDL��(W�LFL�DXVVL��OHV�UDSSRUWV�LQWHUQHV
VRQW�FRQVHUYpV��3DU�H[HPSOH��VL�OD�ODUJHXU�GX�SHWLW�pOpSKDQW�YDXW�OD�PRLWLp�GH�VD�ORQJXHXU��LO�HQ�LUD
GH�PrPH�SRXU�OH�JUDQG��6L�OD�TXHXH�GX�SHWLW�D�SRXU�ORQJXHXU�OHV�GHX[�WLHUV�GH�OD�ORQJXHXU�G
XQH�GH
VHV�SDWWHV�� LO�HQ� LUD�GH�PrPH�SRXU� OH�JUDQG��2Q�UHWURXYH� � LFL�DXVVL� OH� UDSSRUW�H[WHUQH��6L�FH�TXL
PHVXUH���FP�VXU�OH�SHWLW�PHVXUH�����FP�VXU�OH�JUDQG��FH�UDSSRUW�YDXW������2Q�FRQVLGqUH�VRXYHQW
FH�UDSSRUW�HQ�VHQV�LQYHUVH�HW�RQ�O
DSSHOOH�DORUV�O
pFKHOOH���RQ�GLW�TXH�OH�SHWLW�pOpSKDQW�UHSUpVHQWH�OH
JUDQG�j�O
pFKHOOH��������/HV�SODQV�G
DUFKLWHFWH�UHSUpVHQWHQW�HQ�JpQpUDO�OD�VLWXDWLRQ�VXU�OH�WHUUDLQ��j
O
pFKHOOH�������/HV�FDUWHV�GH�JpRJUDSKLH�XWLOLVHQW�GHV�pFKHOOHV�EHDXFRXS�SOXV�SHWLWHV�
5HPDUTXRQV� TXH� GDQV� O
H[HPSOH� GHV� SUL[� GH� PDUFKDQGLVHV�� OHV� GHX[� HQVHPEOHV� � HQ� SUpVHQFH
pWDLHQW�GH�QDWXUHV�GLIIpUHQWHV���G
XQH�SDUW�OHV�SRLGV��HW�GH�O
DXWUH�OHV�SUL[��,O�HQ�DOODLW�GH�PrPH�SRXU
OH�PDUFKHXU���G
XQH�SDUW� OHV�WHPSV�GH�PDUFKH��HW�G
DXWUH�SDUW� OHV�GLVWDQFHV��'DQV� OH�FDV�GH� O
pOp�
SKDQW�HQ�UpGXFWLRQ��LO�V
DJLVVDLW�GH�GHX[�HQVHPEOHV�GH�ORQJXHXUV����FHOOHV�PHVXUpHV�VXU�OH�SHWLW�HW
FHOOHV�PHVXUpHV�VXU�OH�JUDQG�

7RXWHV� FHV� � FKRVHV� TXH�QRXV� YHQRQV� G
pYRTXHU� Q
RQW� j� SUHPLqUH� YXH� ULHQ�GH� FRPPXQ��2Q
SRXUUDLW��WLUHU�GH�Oj�XQH�FXULHXVH�GHYLQHWWH���TX
HVW�FH�TXL�IDLW�OD�UHVVHPEODQFH�HQWUH��XQ�WUDLQ�IRU�
Pp�GH�EDJXHWWHV�DOLJQpHV��GHV�DFKDWV�GDQV�XQ�PDJDVLQ��XQ�KRPPH�TXL�VH�SURPqQH�HW�XQ�pOpSKDQW
HQ�PLQLDWXUH�"�5LHQ�SRXU�XQ
HQIDQW��HW�F
HVW�WUqV�ELHQ�DLQVL��,O�QH�IDXW�VXUWRXW�SDV�HVVD\HU�GH�OXL�LQFXOTXHU�WURS�W{W�GHV�FRQFHSWV
DEVWUDLWV��0DLV�WRXWHV�FHV�VLWXDWLRQV� OH�PHWWHQW�HQ�FRQWDFW�DYHF�GHV�UpDOLVDWLRQV�GH� OD� OLQpDULWp��HW
FHOOH�FL��FRPPH�QRXV�HVVD\HURQV�GH�OH�PRQWUHU�GDQV�FH�WUDYDLO��HVW�XQ��ILO�FRQGXFWHXU�GH�O
DSSUHQ�
WLVVDJH�GHV�PDWKpPDWLTXHV��,O�QRXV�VHPEOH�LPSRUWDQW�TXH�OHV�HQIDQWV�YLYHQW�SOHLQHPHQW��GDQV� OH
UHJLVWUH�G
LQWpUrW�TXL�HVW�OH�OHXU�HW�DYHF�OHV�PR\HQV�G
H[SUHVVLRQ�GRQW�LOV�GLVSRVHQW�j�FKDTXH�kJH�
GHV�VLWXDWLRQV�TXL� VHURQW�SRUWHXVHV�G
DSSUHQWLVVDJHV�PDMHXUV�GDQV� OD� VXLWH�GH� OHXU�SDUFRXUV� VFR�
ODLUH�

5HYHQRQV�j�QRWUH�GHUQLHU�H[HPSOH��FHOXL�GHV�PRGqOHV�UpGXLWV��2Q�VDLW�TXH� OHV�HQIDQWV�UHFRQ�
QDLVVHQW�DVVH]�W{W�OHV�PRGqOHV�ILGqOHV��FHX[�TXL�UHSURGXLVHQW�VDQV�IDXWH�JURVVLqUH�OD�IRUPH�GH�O
RUL�
JLQDO��,OV�GLURQW�VSRQWDQpPHQW��GHYDQW�GHV�UHSUpVHQWDWLRQV� LQILGqOHV��GHV�FKRVHV�FRPPH��� LO�D�GH
WURS�JUDQGHV�RUHLOOHV��RX�LO�Q
D�SDV�XQH�VL�ORQJXH�TXHXH��,OV�SHUoRLYHQW�GRQF�DVVH]�ELHQ�OH�UHVSHFW
GH�OD�IRUPH��2U�FH�UHVSHFW�HVW�XQ�HIIHW�GH�OD�OLQpDULWp��/D�IRUPH�HVW�UHVSHFWpH�TXDQG�OHV�UDSSRUWV
HQWUH�OHV�SDUWLHV�VRQW�UHVSHFWpV��/H�FRQFHSW��GH�OLQpDULWp�HVW�GRQF�VDLVL�GDQV�FHUWDLQV�GH�VHV�HIIHWV
IDPLOLHUV�ELHQ�DYDQW�G
rWUH�DQDO\Vp��ELHQ�DYDQW�TX
DSSDUDLVVH�XQH�WKpRULH�H[SOLTXDQW�FHV�HIIHWV�

                                                          
2 Même si nous avons parlé aussi de largeur et de hauteur : nous voulons dire qu'il s'agissait toujours de me-

sures faites avec un mètre.
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/H�3RLQW�VXU�OD�5HFKHUFKH�HQ�(GXFDWLRQ
2FWREUH�����

����'H����j����RX����DQV

$X�GpEXW� GH� O
pFROH� VHFRQGDLUH�� OHV� pOqYHV� DSSURIRQGLVVHQW� SOXVLHXUV� GHV�PDWLqUHV� TX
LOV� RQW
UHQFRQWUpHV�j�O
pFROH�SULPDLUH��7HO�HVW�OH�FDV�HQWUH�DXWUHV�SRXU�OHV��PHVXUHV��TXHOOHV�TX
HOOHV�VRLHQW��
ORQJXHXUV��DLUHV��YROXPHV��PDVVHV��HW�ELHQW{W�SUHVVLRQV��FRXUDQWV�pOHFWULTXHV�� WHQVLRQV��HWF�� �8QH
PHVXUH�HVW�OH�UDSSRUW�G
XQH�JUDQGHXU�GRQQpH�j�XQ�pWDORQ�GH�FHWWH�JUDQGHXU���O
pFROH�SULPDLUH��RQ
V
HVW� FRQWHQWp� G
pWXGLHU� GHV�PHVXUHV� VLPSOHV�� � O
pFROH� VHFRQGDLUH�� RQ� DSSUHQG� j� H[SULPHU� GHV
PHVXUHV� SOXV� FRPSOLTXpHV�� IUDFWLRQQDLUHV� HW� GpFLPDOHV�� DLQVL� TX
j� DGGLWLRQQHU� HW� PXOWLSOLHU� FHV
PHVXUHV�SOXV�SUpFLVHV��/D�PHVXUH�pWDQW��FRPPH�QRXV�O
DYRQV�YX��XQH�GHV�UpDOLVDWLRQV�GH�OD�OLQpD�
ULWp��RQ�DSSURIRQGLW�HQ�FH�IDLVDQW�OD�FRQQDLVVDQFH�GH�FHOOH�FL�

/HV�pOqYHV�pWHQGHQW�DXVVL� OHXU�FRQQDLVVDQFH�GHV� LVRPpWULHV�HW�GHV�VLPLOLWXGHV��HVVHQWLHOOHPHQW
GDQV�OH�SODQ��,OV�HQ�pWXGLHQW�GHV�FDV�SOXV�YDULpV��HW�VRQW�DPHQpV�j�UHFRQQDvWUH�HW�j�XWLOLVHU��VHORQ�OH
FDV��OD�FRQVHUYDWLRQ�GHV�UDSSRUWV�LQWHUQHV�RX�O
H[LVWHQFH�G
XQ�UDSSRUW�H[WHUQH��XQH�pFKHOOH����SHU�
PHWWDQW�GH�SDVVHU�G
XQH�ILJXUH�j�XQH�DXWUH�

,OV�pWXGLHQW�DXVVL�OHV�RPEUHV�DX�VROHLO�HW�OHV�SURMHFWLRQV�SDUDOOqOHV��/H�WKpRUqPH�GH�7KDOqV�OHXU
PRQWUH�SRXUTXRL��ORUVTX
RQ�SURMHWWH�XQH�GURLWH�VXU�XQH�DXWUH�SDUDOOqOHPHQW�j�XQH�GLUHFWLRQ�GRQ�
QpH�� OHV� UDSSRUWV�GH� ORQJXHXUV�PHVXUpHV�VXU�XQH�GHV�GHX[�GURLWHV� VRQW� WRXMRXUV�pJDX[�DX[�UDS�
SRUWV�GHV�ORQJXHXUV�FRUUHVSRQGDQWHV�PHVXUpHV�VXU�O
DXWUH��8Q�DXWUH�HIIHW��SHXW�rWUH�SOXV�IDFLOH�j
LPDJLQHU�� GH� OD� SURMHFWLRQ� SDUDOOqOH�� HVW� TXH� WRXWH� JUDGXDWLRQ� UpJXOLqUH� G
XQH� GHV� GHX[� GURLWHV
GRQQH�SDU�SURMHFWLRQ�XQH�JUDGXDWLRQ�UpJXOLqUH�VXU�O
DXWUH��/RUVTX
RQ�SURMHWWH�XQ�REMHW�j�WURLV�GL�
PHQVLRQV�VXU�XQ�SODQ��FRPPH�RQ�OH�IDLW�SRXU�REWHQLU�XQH�SHUVSHFWLYH�FDYDOLqUH��RQ�REVHUYH�TXH
OHV�UDSSRUWV�GH�ORQJXHXUV�QH�VRQW�SOXV�FRQVHUYpV�HQ�JpQpUDO��PDLV�TX
LOV��OH�VRQW�ORUVTXH�OHV�ORQ�
JXHXUV�FRQVLGpUpHV�VRQW�PHVXUpHV�GDQV�XQH�PrPH�GLUHFWLRQ��&H�VRQW�Oj�j�QRXYHDX��GHV�PDQLIHV�
WDWLRQV�GLYHUVHV�GH�OD�OLQpDULWp�

0DLV�XQ��FKDQJHPHQW�ELHQ�SOXV�UDGLFDO�DSSDUDvW�j�O
pFROH�VHFRQGDLUH��DYHF�O
pWXGH�GHV�QRPEUHV
UHODWLIV���/HV�PHVXUHV�GH�JUDQGHXUV� �SDU�H[HPSOH� OHV�PHVXUHV�GH� ORQJXHXUV�UHSUpVHQWpHV�SDU�GHV
VHJPHQWV�GH�GURLWH��VRQW�WRXMRXUV�GHV�QRPEUHV�SRVLWLIV��0DLV�SDU�GHOj�OHV�VHJPHQWV��RQ�LQWURGXLW
DXVVL��OHV�GpSODFHPHQWV�SRVVLEOHV�G
XQ�SRLQW�VXU�XQH�GURLWH��TXH�O
RQ��FODVVH�SDUIRLV�GDQV�OD�FDWpJR�
ULH�GHV�JUDQGHXUV�RULHQWpHV��2Q�DGGLWLRQQH�GH�WHOV�GpSODFHPHQWV�HQ�OHV�HQFKDvQDQW��2Q�OHV�PHVXUH�j
O
DLGH�GH�QRPEUHV�UHODWLIV��SRVLWLYHPHQW�VL�OH�GpSODFHPHQW�VH�IDLW�GDQV�XQ�VHQV��HW�QpJDWLYHPHQW�V
LO
VH�IDLW�GDQV�O
DXWUH��2Q�DSSUHQG�SDU�DLOOHXUV�j�DGGLWLRQQHU�OHV�QRPEUHV�UHODWLIV��(W�LO�VH�IDLW�TX
HQ�FH
TXL�FRQFHUQH�OHV�GpSODFHPHQWV�G
XQ�SRLQW�VXU�XQH�GURLWH��OD�SURSULpWp�TXH�OD�PHVXUH�G
XQH�VRPPH
GH�WHOV�GpSODFHPHQWV�HVW�OD�VRPPH�GH�OHXUV�PHVXUHV�UHVWH�YUDLH�

2Q�GpILQLW�HQVXLWH�OD�PXOWLSOLFDWLRQ�HW�OD�GLYLVLRQ�GHV�QRPEUHV�UHODWLIV��FH�TXL�SHUPHW�G
H[SUL�
PHU�OH�UDSSRUW�GH�GHX[�GpSODFHPHQWV�VXU�XQH�GURLWH��(W�FH�UDSSRUW�SHXW�rWUH�QpJDWLI��8QH�QRXYHOOH
QRWLRQ�GH�UDSSRUW�DSSDUDvW�GRQF��HQWUDvQDQW�XQH�JpQpUDOLVDWLRQ�GH�OD��QRWLRQ�GH�SURSRUWLRQQDOLWp�

4XL�SOXV�HVW�� OHV�QRPEUHV�UHODWLIV�SHUPHWWHQW�GH�UHSpUHU� OHV�SRLQWV�G
DERUG�VXU�XQH�GURLWH��HW
HQVXLWH�GDQV�OH�SODQ�HW�GDQV�O
HVSDFH��/HXU�DFTXLVLWLRQ�GDQV�O
HQVHLJQHPHQW�DFFRPSDJQH�FHOOH�GHV
SUHPLqUHV�QRWLRQV�G
DOJqEUH��(W�GRQF�RQ�YRLW� DSSDUDvWUH�� DX�GpEXW�GX� VHFRQGDLUH�� OHV�SUHPLqUHV
UHSUpVHQWDWLRQV� JUDSKLTXHV� GH� IRQFWLRQV�� /HV� JUDSKLTXHV� OHV� SOXV� FRPPXQV� HW� OHV� SOXV� VLPSOHV
H[SULPHQW�JpRPpWULTXHPHQW�OHV�SURSULpWpV�GHV�IRQFWLRQV��OHV�SOXV�VLPSOHV�HOOHV�DXVVL��j�VDYRLU�OHV
IRQFWLRQV�OLQpDLUHV�HW�DIILQHV�

                                                          
3 Nous utilisons cette dénomination de nombres relatifs pour ne pas avoir à faire, à ce moment de notre expo-

sé, la distinction entre entiers, rationnels et réels, qui n'a rien à voir avec notre propos.
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/H�3RLQW�VXU�OD�5HFKHUFKH�HQ�(GXFDWLRQ
2FWREUH�����

&RPPH�QRXV�O
DYRQV�YX�GDQV�QRWUH�H[HPSOH�GHV�YROXPHV�HW�GHV�SRLGV�G
DOXPLQLXP�j�OD�VHF�
WLRQ����OD�OLQpDULWp�HVW�XQH�FRQVWUXFWLRQ�LQWHOOHFWXHOOH�TXL�V
DSSXLH�VXU�OHV�QRWLRQV�GH�VRPPH�HW�GH
UDSSRUW��2U�OD�OLQpDULWp�QH�GLVSDUDvW�SDV�ORUVTX
RQ�SDVVH�GHV�JUDQGHXUV�HW�GHV�QRPEUH�SRVLWLIV�DX[
JUDQGHXUV�RULHQWpHV�HW�DX[��QRPEUHV�UHODWLIV��0DLV��O
DGGLWLRQ�HW�OHV�UDSSRUWV�D\DQW�FKDQJp�ORUV�GH
FHWWH�WUDQVLWLRQ��RQ�QH�V
pWRQQHUD�SDV�TXH�OD�OLQpDULWp���SUHQQH�DORUV�XQ�QRXYHDX�YLVDJH�

����'H����j����DQV

/HV�YHFWHXUV�DSSDUDLVVHQW�YHUV�OD�ILQ�GX�VHFRQGDLUH��,OV�VHUYHQW�j�pWXGLHU�OHV�GpSODFHPHQWV�G
XQ
SRLQW���FHWWH�IRLV�FL�QRQ�SOXV�VXU�XQH�GURLWH��PDLV�GDQV�OH�SODQ�RX�O
HVSDFH��,OV�UHSUpVHQWHQW�DXVVL
OHV�WUDQVODWLRQV��OHV�IRUFHV��OHV�YLWHVVHV��,OV�FRQGXLVHQW�j�XQH�DGGLWLRQ�G
XQ�QRXYHDX�W\SH��SOXV�Jp�
QpUDOH�TXH�FHOOHV�pWXGLpHV�MXVTX
DORUV�

,OV�V
DFFRPSDJQHQW�HQ�RXWUH�G
XQH�PXWDWLRQ�GH�O
LGpH�GH�UDSSRUW��5HJDUGRQV�HQ�HIIHW�FH�TX
HVW
XQ�UDSSRUW�GDQV� O
XQLYHUV�GHV�QRPEUHV��2Q�SHXW�GLUH�� HQ� V
H[SULPDQW� VRPPDLUHPHQW��TXH�GHX[
QRPEUHV�VRQW�GDQV�XQ�UDSSRUW�GpWHUPLQp�VL��HQ�PXOWLSOLDQW�OH�VHFRQG�SDU�OH�UDSSRUW��RQ�UHWURXYH
OH�SUHPLHU��'HX[�QRPEUHV��VXSSRVpV�QRQ�QXOV�LFL�SRXU�VLPSOLILHU��RQW�WRXMRXUV�XQ�UDSSRUW��/RUV�
TX
RQ�HQ�DUULYH�DX[�YHFWHXUV��RQ�GpILQLW�XQH�QRXYHOOH�PXOWLSOLFDWLRQ��j�VDYRLU�FHOOH�G
XQ�YHFWHXU�SDU
XQ�VFDODLUH��RX�DXWUHPHQW�GLW�SDU�XQ�QRPEUH���2Q�SHXW�GLUH��HQ�JURV��TXH�GHX[�YHFWHXUV�SDUDOOqOHV�

�QRQ�QXOV��RQW�XQ�UDSSRUW��DX�VHQV�R��LO�H[LVWH�WRXMRXUV�XQ�VFDODLUH�WHO�TXH��VL�RQ�PXOWLSOLH�OH�SUH�
PLHU�YHFWHXU�SDU�FH�VFDODLUH��RQ�UHWURXYH�OH�VHFRQG��0DLV�VL�OHV�GHX[�YHFWHXUV�QH�VRQW�SDV�SDUDOOq�
OHV��LOV�Q
RQW�SDV�GH�UDSSRUW�DX�VHQV�TXH�QRXV�YHQRQV�G
pYRTXHU��,QXWLOH�GRQF�G
HVVD\HU�GH�SDVVHU
GH�O
XQ�j�O
DXWUH�SDU�XQH�PXOWLSOLFDWLRQ�SDU�XQ�VFDODLUH��3DU�FRQWUH�LO�DUULYHUD�TXH�O
RQ�SXLVVH�SDVVHU
GH�SOXVLHXUV�YHFWHXUV�j�XQ�DXWUH�YHFWHXU�GRQQp�SDU�FH�TXH�O
RQ�DSSHOOH�XQH�FRPELQDLVRQ�OLQpDLUH�GHV
SUHPLHUV���(W�HQ�FH�VHQV��RQ�SHXW�GLUH�TXH�OD�QRWLRQ�GH�FRPELQDLVRQ�OLQpDLUH�JpQpUDOLVH��GDQV�O
XQL�
YHUV�GHV�YHFWHXUV��OD�QRWLRQ��GH�UDSSRUW�QpH�GDQV�O
XQLYHUV�GHV�JUDQGHXUV�HW�GHV�QRPEUHV�

/D�OLQpDULWp�SDVVH�OH�FDS�GH�FHWWH�QRXYHOOH�WUDQVLWLRQ��FHOOH�TXL�YD�GHV�JUDQGHXUV�HW�GHV�QRPEUHV
YHUV�OHV�YHFWHXUV��2Q�QH�V
pWRQQHUD�SDV�SOXV�LFL�TXH�FL�GHVVXV�TXH��OD�VRPPH�HW� OH�UDSSRUW�D\DQW
SULV�FH�QRXYHDX�YLVDJH��OD�OLQpDULWp�VXELVVH�OD�PXWDWLRQ�FRUUHVSRQGDQWH��TXL�V
DYqUH�HQ�IDLW�rWUH�XQH
JpQpUDOLVDWLRQ�

0DLV� O
HQVHLJQHPHQW� �GH� O
DQDO\VH�j� OD�ILQ�GX�VHFRQGDLUH�IDLW�YRLU�XQH�QRXYHOOH�IDFHWWH� LPSRU�
WDQWH�GH�OD�OLQpDULWp��(Q�HIIHW��OHV�pOqYHV�pWXGLHQW�G
DQQpH�HQ�DQQpH�GHV�IRQFWLRQV�GH�SOXV�HQ�SOXV
YDULpHV��GRQW�EHDXFRXS�QH� VRQW�SOXV�QL� OLQpDLUHV��QL� DIILQHV��/HV�JUDSKLTXHV�FRXUEHV�GHYLHQQHQW
IUpTXHQWV��HW�LOV�QH�VRQW�SDV�HQ�JpQpUDO�G
XQ�DERUG�IDFLOH��'
R��FHWWH�LGpH���TXL�HVW�j�OD�EDVH�GX�FDO�
FXO�GLIIpUHQWLHO��G
pWXGLHU�FHV�IRQFWLRQV�ORFDOHPHQW��F
HVW�j�GLUH�VXU�GH�WUqV�SHWLWV�LQWHUYDOOHV��SDUFH
TX
DORUV�HOOHV�UHVVHPEOHQW�WUqV�IRUW�j�GHV�IRQFWLRQV� OLQpDLUHV�RX�DIILQHV��/HV�GpULYpHV�HW� OHV�GLIIp�
UHQWLHOOHV�QH�VRQW�SDV�DXWUH�FKRVH�TXH�GHV�LQVWUXPHQWV�TXL�SHUPHWWHQW�GH�UDPHQHU� ORFDOHPHQW� OH
QRQ�OLQpDLUH�DX�OLQpDLUH��(W�FRPPH�OHV�GpULYpHV�VHUYHQW�j�pWXGLHU�OHV�WDQJHQWHV��OHV�WDX[�GH�YDULD�
WLRQ��OHV�SHQWHV��OHV�YLWHVVHV��«��F
HVW�DXVVL�GDQV�WRXV�FHV�GRPDLQHV�TXH�O
LGpH�OLQpDLUH�PRQWUH�VRQ
SRXYRLU�pFODLUDQW��(Q�UpDOLWp��PrPH�VL�©�OH�OLQpDLUH�ª�Q
HVW�SDV�WRXMRXUV�IDFLOH��RQ�SHXW�GLUH�TX
LO�HVW
HQ�JpQpUDO�SOXV�IDFLOH�TXH�©�OH�QRQ�OLQpDLUH�ª��/D�OLQpDULWp�DLQVL�FRPSULVH�HVW�HQ�TXHOTXH��VRUWH�XQH
IRUPH�GH��SHQVpH�

                                                          
4 Seules des droites peuvent être qualifiées de parallèles. On espère que le lecteur nous pardonnera cet abus

de langage.
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/H�3RLQW�VXU�OD�5HFKHUFKH�HQ�(GXFDWLRQ
2FWREUH�����

����/H�FRQFUHW�HW�O
DEVWUDLW

1RXV�O
DYRQV�YX�DX�ILO�GH�O
DQDO\VH�FL�GHVVXV�� OD�OLQpDULWp�HVW�XQH�LGpH�TXL�V
DSSOLTXH�j�GHV�GR�
PDLQHV�H[WUrPHPHQW�GLYHUV��DOODQW�GHV�JUDQGHXUV�GH�WRXWHV�VRUWHV�HW�GH�OHXU�PHVXUH�YHUV�OHV�WDX[
GH�FURLVVDQFH�HW�OHV�YLWHVVHV�HQ�SDVVDQW�SDU�OHV�PDWpULDX[�KRPRJqQHV��OHV�DFKDWV�GH�PDUFKDQGLVHV�
OHV�PRGqOHV�UpGXLWV��OHV�FLUFXLWV�pOHFWULTXHV��OD�SHUVSHFWLYH�FDYDOLqUH��OHV�FRPELQDLVRQV�GH�IRUFHV�HW
OHV�FHQWUHV�G
LQHUWLH��(W�FHWWH�OLVWH�Q
HVW�FHUWDLQHPHQW�SDV�H[KDXVWLYH�

1RXV�DYRQV�HVTXLVVp�DX[�VHFWLRQV���j���FL�GHVVXV�OHV�FDUDFWqUHV�FRPPXQV�j�WRXV�FHV�GRPDLQHV�
0RQWURQV�PDLQWHQDQW�GH�TXHOOH�IDoRQ��HQ�UHFRXUDQW�j�TXHOTXHV�V\PEROHV�PDWKpPDWLTXHV��LO�QRXV
VHUD�SRVVLEOH�GDQV�OD�VXLWH�G
H[SULPHU�SUpFLVpPHQW�FHV�FDUDFWqUHV�FRPPXQV�

(W�WRXW�G
DERUG�UHYHQRQV�YHUV�O
pFROH�PDWHUQHOOH��'pVLJQRQV�SDU�D�HW�E�GHX[�EDJXHWWHV��HW�SDU�D
��E�OHV�GHX[�EDJXHWWHV�PLVHV��ERXW�j�ERXW�SDU�XQ�HQIDQW�SRXU�IDLUH�XQ�WUDLQ��6L�O
HQIDQW�YHXW�IDLUH
XQ�WUDLQ�GHX[�IRLV�SOXV�ORQJ���LO�SHXW�DOLJQHU�GHX[�IRLV�OD�EDJXHWWH�D��FH�TXL�GRQQH��D��HW�GHX[�IRLV
OD�EDJXHWWH�E��FH�TXL�GRQQH��E���,O�REWLHQW�DLQVL��D����E��0DLV�XQH�DXWUH�IDoRQ�G
REWHQLU�XQ�WUDLQ
GHX[�IRLV�SOXV�ORQJ�HVW�GH�UHSURGXLUH�OD�FRQILJXUDWLRQ��D���E��FH�TXL�V
pFULW����D���E����$LQVL��VL�RQ
QH�V
LQWpUHVVH�TX
j�OD�ORQJXHXU�GX�WUDLQ��FH�TXL�²�UpSpWRQV�OH�²��Q
HVW�SDV�VRXYHQW�OD�VHXOH�SUpRFFX�
SDWLRQ�GH�O
HQIDQW��RQ�SHXW�pFULUH

�D����E� ���D���E���������������������������������������������������������������������

&HWWH�pJDOLWp�H[SULPH�XQH�SURSULpWp�FRQQXH�VRXV�OH�QRP�GH�GLVWULEXWLYLWp��2U��FKRVH�UHPDUTXD�
EOH��OD�PrPH�pJDOLWp�SHXW�rWUH�DSSOLTXpH�DX�FDV�R���DX�OLHX�GH�UHSUpVHQWHU�GHX[�JUDQGHXUV��OHV�OHW�
WUHV�D� HW�E� UHSUpVHQWHQW�GHV�PHVXUHV�GH�JUDQGHXUV��RX�GHV�PHVXUHV�GH�JUDQGHXUV�RULHQWpHV� �GHV
QRPEUHV� UHODWLIV���RX�GHV�YHFWHXUV�� ,O� IDXW�DXVVL�ELHQ�HQWHQGX� LQWHUSUpWHU� OH� VLJQH���GH�PDQLqUH
DSSURSULpH��F
HVW�j�GLUH�FRPPH�UHSUpVHQWDQW��VHORQ�OH�FDV�� OD�VRPPH�GH�GHX[�JUDQGHXUV��RX�FHOOH
GH�GHX[�QRPEUHV�SRVLWLIV��RX�FHOOH�GH�GHX[�QRPEUHV�UHODWLIV��RX�FHOOH�GH�GHX[�YHFWHXUV��4XL�SOXV
HVW��O
pJDOLWp�GHPHXUH�DSSOLFDEOH�VL�RQ�\�UHPSODFH�OH�IDFWHXU���SDU�XQ�QRPEUH�UpHO�TXHOFRQTXH��8QH
pJDOLWp�WHOOH�TXH�����H[SULPH�FH�TXH� O
RQ�DSSHOOH�XQH�SURSULpWp�GH�VWUXFWXUH��(OOH�HVW�DEVWUDLWH�DX
VHQV�R��RQ�Q
\�YRLW�SOXV�DSSDUDvWUH� OHV�FKRVHV�SDUWLFXOLqUHV�TXL� OXL�RQW�GRQQp�QDLVVDQFH� �� � JUDQ�
GHXUV��QRPEUHV�GLYHUV��YHFWHXUV��(W�GRQF��FKDTXH�IRLV�TXH�O
RQ�YHXW�V
HQ�VHUYLU��LO�IDXW�OD�UpLQWHU�
SUpWHU�

&RQVLGpURQV�XQ�GHX[LqPH�H[HPSOH��HQ�UHSDUWDQW�j�QRXYHDX�GH�O
pFROH�PDWHUQHOOH��6L�QRWUH�HQ�
IDQW�GH� WRXW�j� O
KHXUH�IDLW�PDLQWHQDQW�XQ� WUDLQ�GH� WURLV�EDJXHWWHV�D��E�HW� F�� LO�REWLHQW�XQ� WUDLQ�GH
PrPH�ORQJXHXU�V
LO�FRPPHQFH�SDU�DOLJQHU�D�HW�E�SRXU�FRQVWLWXHU�D���E�HW�TX
HQVXLWH�LO�DMRXWH�F��FH
TXL�DX�WRWDO�GRQQH��D���E����F��RX�VL�DX�FRQWUDLUH�LO�FRPPHQFH�SDU�PHWWUH�E�HW�F�ERXW�j�ERXW�HW�HQ�
VXLWH�SODFH�D�GHYDQW��&HWWH�REVHUYDWLRQ�HVW�UpVXPpH�SDU�O
pJDOLWp

�D���E����F� �D����E���F�����������������������������������������������������������������

TXL�H[SULPH�OD�SURSULpWp�FRQQXH�VRXV�OH�QRP�G
DVVRFLDWLYLWp�GH�O
DGGLWLRQ��,FL�FRPPH�FL�GHVVXV��FHWWH
SURSULpWp�GH�VWUXFWXUH�HVW�SDUWDJpH�SDU�OHV�JUDQGHXUV��OHV�QRPEUHV�GH�GLIIpUHQWHV�VRUWHV�HW�OHV�YHF�
WHXUV��j�FRQGLWLRQ�TXH�O
RQ�LQWHUSUqWH�OH�VLJQH���GDQV�FKDTXH�FDV�GH�PDQLqUH�DSSURSULpH�

3RXU�FDUDFWpULVHU�OD�OLQpDULWp�� LO�IDXW�IDLUH�DSSHO�j�G
DXWUHV�SURSULpWpV�GH�VWUXFWXUH��FRPPH�SDU
H[HPSOH�O
H[LVWHQFH�GH�FHUWDLQV�pOpPHQWV�QHXWUHV��G
pOpPHQWV�V\PpWULTXHV��HWF��1RXV�Q
DYRQV�SDV
VRXKDLWp��IDLUH�LFL�XQ�H[SRVp�FRPSOHW��PDLV�VHXOHPHQW�GRQQHU�XQH�LGpH�GH�FH�TX
HVW�XQH�SURSULpWp
GH�VWUXFWXUH�
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/H�3RLQW�VXU�OD�5HFKHUFKH�HQ�(GXFDWLRQ
2FWREUH�����

(VTXLVVRQV�PDLQWHQDQW� XQH� QRXYHOOH� YXH� G
HQVHPEOH� GH� O
HQVHLJQHPHQW� GHV�PDWKpPDWLTXHV�
1RXV�VRPPHV�HQWRXUpV�GH�JUDQGHXUV�GH�WRXWHV�VRUWHV��ORQJXHXUV��DLUHV��YROXPHV��SRLGV��HWF���GR�
WpHV�GH�SURSULpWpV�FRPPXQHV��&HOOHV�FL�VRQW�YpFXHV�SDU�OHV�SHWLWV�HQIDQWV��VDQV�TXH�O
RQ�V
HIIRUFH
GH�OHV�OHXU�LQFXOTXHU�VRXV�XQH�IRUPH�DEVWUDLWH��F
HVW�j�GLUH�GLVVRFLpHV�GHV�FRQWH[WHV�R��HOOHV�DSSD�
UDLVVHQW��/HV�PHVXUHV�GH�JUDQGHXUV�HQJHQGUHQW�OHV�QRPEUHV�SRVLWLIV��TXH�O
RQ�pWXGLH�DXVVL�G
DERUG
GDQV�GHV�FRQWH[WHV��HW�SXLV�SHWLW�j�SHWLW��pJDOHPHQW�SRXU�HX[�PrPHV�� ,O�HQ�YD�GH�PrPH�HQVXLWH
SRXU�OHV�QRPEUHV�UHODWLIV��HW�HQVXLWH�YHUV�OD�ILQ�GX�VHFRQGDLUH�SRXU�OHV�YHFWHXUV��/HV�PDWKpPDWL�
TXHV� HQ� FRQVWUXFWLRQ� WRXW� DX� ORQJ�GX�SDUFRXUV� VFRODLUH� REpLVVHQW� DLQVL� j� XQH�GRXEOH� WHQGDQFH�
'
XQH�SDUW��HOOHV�H[SULPHQW�OHV�SURSULpWpV�G
XQ�QRPEUH�FURLVVDQW�G
REMHWV�HW�GH�VLWXDWLRQV�OHV�SOXV
GLYHUV��(W�G
DXWUH�SDUW��GX� IDLW�PrPH�GH� OHXU� FKDPS�G
DSSOLFDWLRQ�GH�SOXV� HQ�SOXV� pWHQGX�� HOOHV
VRQW�REOLJpHV�G
DGRSWHU�GHV�IRUPHV�G
H[SUHVVLRQ�LQGpSHQGDQWHV�GH�WRXV�FHV�FRQWH[WHV��/H�FDUDF�
WqUH�DEVWUDLW�GHV�IRUPXODWLRQV�Q
HVW�SDV�G
DERUG�XQH�WULVWH�IDWDOLWp�GH�OD�SHQVpH�PDWKpPDWLTXH��LO�HVW
DYDQW�WRXW�OD�FRQGLWLRQ�GH�VRQ�DSSOLFDELOLWp�WUqV�pWHQGXH�

/HV�VWUXFWXUHV�WRXW�j�IDLW�DEVWUDLWHV��F
HVW�j�GLUH�FHOOHV�TXL�RQW�URPSX�WRXW�OLHQ�DYHF�OHV�FRQWH[�
WHV�²�PDWKpPDWLTXHV�RX�DXWUHV�²�R��RQ�SHXW� OHV�DSSOLTXHU�� HW�TXH�SRXU�FHWWH� UDLVRQ�RQ�DSSHOOH
VRXYHQW�VWUXFWXUHV�IRUPHOOHV��QH�VRQW�HQ�JpQpUDO�SDV�HQVHLJQpHV�j�O
pFROH�VHFRQGDLUH��,O�V
DJLW�SULQ�
FLSDOHPHQW��GDQV�OH�GRPDLQH�TXL�QRXV�RFFXSH�LFL��GHV�VWUXFWXUHV�DSSHOpHV�JURXSH��FRUSV�HW�HVSDFH�YHFWR�
ULHO���(OOHV�MRXHQW�OHV�U{OHV�SULQFLSDX[�GDQV�OD�WKpRULH�PDWKpPDWLTXH�DSSHOpH�DOJqEUH�OLQpDLUH���&HWWH
WKpRULH�HVW�O
XQ�GHV�SLOLHUV�GH�O
HQVHLJQHPHQW�VXSpULHXU��TXH�FH�VRLW�GDQV�OHV�pWXGHV�GH�PDWKpPDWL�
TXHV�RX�GDQV�FHOOHV�TXL��WHOOHV�OHV�VFLHQFHV�GH�OD�QDWXUH�HW�O
pFRQRPLH��SUHQQHQW�DSSXL�VXU�OHV�PD�
WKpPDWLTXHV�
/H�JUDQG�GpIL�GH�O
HQVHLJQHPHQW�PDWKpPDWLTXH�GH�OD�PDWHUQHOOH�MXVTX
j����DQV�HVW�TXH�OHV�WKpR�

ULHV�pPHUJHQW�SURJUHVVLYHPHQW��SRXU�GHV�UDLVRQV�SODXVLEOHV�HW�DFFHVVLEOHV�DX[�pOqYHV��GHV�PXOWLSOHV
FRQWH[WHV�TXL�RQW�YRFDWLRQ�GH�OHXU�GRQQHU�QDLVVDQFH��&
HVW� � OD�FRQGLWLRQ�SRXU�TXH�FHW�HQVHLJQH�
PHQW�VH�SUDWLTXH�GDQV�XQ�XQLYHUV�GH�VHQV��,O�HVW�QpFHVVDLUH�TXH�O
DEVWUDFWLRQ�²� O
RSpUDWLRQ�G
DEV�
WUDLUH�²�DLW��FKDTXH�IRLV�TX
RQ�OD�SUDWLTXH��XQH�UDLVRQ�G
rWUH�HW��TXH�OHV�pOqYHV�DSSUHQQHQW�j�MRXHU
FHWWH�VRUWH�GH�FRQWUHSRLQW�TXL��IDLVDQW�SDVVHU�GHV�FRQWH[WHV�HW�GHV�TXHVWLRQV�j� OD�WKpRULH�HW� UpFL�
SURTXHPHQW��DVVXUH�O
HIILFDFLWp�GH�OD�SHQVpH��4XL�SOXV�HVW��WRXW�TXL�D�H[SpULPHQWp�FH�PRXYHPHQW
GH�OD�SHQVpH�HQ�UHFKHUFKH�VDLW�FRPELHQ�LO�HVW�VRXUFH�GH�MRLHV�

5HYHQRQV�SRXU�XQ�PRPHQW�j�OD�SHQVpH�OLQpDLUH��1RXV�DYRQV�WHQWp�GH�PRQWUHU�FRPPHQW�HOOH�VH
GpYHORSSH�DX�ILO�GH�OD�VFRODULWp��FRPPHQW�HOOH�VH�JpQpUDOLVH��VH�FRPSOH[LILH�HW�pWHQG�OH�FKDPS�GH
VHV�DSSOLFDWLRQV��/D�OLQpDULWp�FRQVWLWXH���FRPPH�QRXV�O
DYRQV�GLW��XQ�ILO�FRQGXFWHXU�TXL�PRQWUH�OD
FRKpUHQFH�GHV�PDWKpPDWLTXHV��/
HQVHLJQHPHQW�GH�FHWWH�GLVFLSOLQH�QH�YD�GRQF�SDV�Q
LPSRUWH�R�
SDU�Q
LPSRUWH�TXHO�FKHPLQ��DX�JUp�GHV�SUREOqPHV�TXH�O
RQ�YHXW�HW�SHXW�UpVRXGUH�j�FKDTXH�kJH��/HV
HQVHLJQDQWV� GHV� SHWLWHV� FODVVHV� VH� GHPDQGHQW� VRXYHQW� j� TXRL� LOV� SUpSDUHQW� OHXUV� pOqYHV� HW� VL� FH
TX
LOV�HQVHLJQHQW�VHUYLUD�YUDLPHQW�HW�FRPPHQW�FHOD�VHUYLUD��1RXV�VRXKDLWRQV�GDQV�FH�WUDYDLO� OHXU
GRQQHU�GHV�pOpPHQWV�GH�UpSRQVH�j�FHV�LQWHUURJDWLRQV�LPSRUWDQWHV��'
XQ�DXWUH�F{Wp��OHV�HQVHLJQDQWV
GHV� FODVVHV�SOXV� DYDQFpHV� VH� GHPDQGHQW� VRXYHQW� TXHOOHV� FRQQDLVVDQFHV� SUpDODEOHV�� LQWXLWLYHV� RX
WKpRULTXHV�� OHXUV�pOqYHV�RQW�RX�GHYUDLHQW�DYRLU�DVVLPLOpHV�SRXU�FRQVWUXLUH�GH�QRXYHOOHV�FRQQDLV�
VDQFHV�VXU�XQ�WHUUDLQ�GH�VHQV�ELHQ�SUpSDUp��1RXV�HVSpURQV�pJDOHPHQW�TXH�QRWUH�WUDYDLO�FRQWULEXH�
UD�j�pFODLUHU�FHV�HQVHLJQDQWV��(Q�EUHI��LO�HVW�LPSRUWDQW��R��TXH�O
RQ�VRLW��GH�VDYRLU�G
R��RQ�YLHQW�HW
YHUV�R��O
RQ�YD�

                                                          
5 Parmi d'autres certes, mais l'objet de notre étude se limite ici à la linéarité.


