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,QVWLWXW 1DWLRQDO 3RO\WHFKQLTXH GH *UHQREOH

7+(6(

SRXU REWHQLU OH JUDGH GH

'2&7(85 GH O
,13*UHQREOH

6SuHFLDOLWuH � (QHUJuHWLTXH 3K\VLTXH

SUuHSDUuHH DX /DERUDWRLUH GH 7KHUPRK\GUDXOLTXH
GH O
$VVHPEODJH &RPEXVWLEOH �&($ *UHQREOH�

GDQV OH FDGUH GH O
(FROH 'RFWRUDOH 0uHFDQLTXH HW (QHUJuHWLTXH

SUuHVHQWuHH HW VRXWHQXH SXEOLTXHPHQW
SDU

(PPDQXHO -28(7
,QJuHQLHXU GH O
(FROH 1DWLRQDOH 6XSuHULHXUH GH 3K\VLTXH GH *UHQREOH

OH �� RFWREUH ����

0LVH DX SRLQW HW TXDOLnFDWLRQ
G
XQH WHFKQLTXH GH PHVXUH
GX WDX[ GH SUuHVHQFH ORFDO

SDU WRPRJUDSKLH tD UD\RQV ;

'LUHFWHXU GH WKtHVH �
/DXUHQW '(6%$7

-XU\ �

*HRUJHV %(57+28' 3UuHVLGHQW
)UDQzFRLVH 3(<5,1 5DSSRUWHXU
-DFTXHV /(%/21' 5DSSRUWHXU
/DXUHQW '(6%$7 'LUHFWHXU GH WKtHVH
(ULF +(59,(8 5HVSRQVDEOH &($ *UHQREOH
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5HPHUFLHPHQWV

(W YRLOtD� WURLV DQQuHHV VRQW SDVVuHHV HW OD WKtHVH HVW �HQnQ "� nQLH�

8QH WKtHVH HVW G
DERUG XQ WUDYDLO VFLHQWLnTXH� &
HVW FH TXH YRXV SUuHVHQWH FH PuHPRLUH� 0DLV
XQH WKtHVH HVW DXVVL XQH SuHULRGH SOHLQH GH PRPHQWV uHPRXYDQWV� GH VRXYHQLUV LQRXEOLDEOHV� GH
UHQFRQWUHV WUtHV HQULFKLVVDQWHV DYHF GHV SHUVRQQHV IRUPLGDEOHV�

,O HVW GLpFLOH G
H[SULPHU SDU GHV PRWV OHV uHPRWLRQV uHFKDQJuHHV HW GHV VHQWLPHQWV VL IRUWV� PDLV
MH YDLV HVVD\HU GH OH IDLUH� 0DLV GDQV TXHO RUGUH " ,O \ D DXVVL OH ULVTXH G
RXEOLHU XQH SHUVRQQH�
6L F
HVW OH FDV� PLOOH H[FXVHV � LO \ D SHXW�AHWUH GHV RXEOLV VXU OH SDSLHU� PDLV SDV GDQV O
HVSULW �

-H UHPHUFLH G
DERUG 0LFKHO %/$1&� FKHI GX 6(7(;� 3KLOLSSH *8//<� $ODLQ 0(0321�
7(,/ HW -DFTXHV *$51,(5� FKHIV GX /7') HW GX /7$&� SRXU O
LQWuHUAHW TX
LOV RQW SRUWuH tD PD
WKtHVH HW SRXU WRXV OHV uHFKDQJHV TXH QRXV DYRQV HXV� ,O uHWDLW ERQ GH VHQWLU TXH FHWWH WKtHVH QH VH
OLPLWDLW SDV tD XQ QXPuHUR GH FUuHGLW VXU XQH IHXLOOH�

0HUFL tD )UDQzFRLVH 3(<5,1 HW -DFTXHV /(%/21' G
DYRLU DFFHSWuH OD WADFKH GH UDSSRUWHU FH
WUDYDLO�

0LOOH PHUFLV tD *HRUJHV %(57+28'� GLW *HRUJHV� GH P
DYRLU IDLW O
KRQQHXU HW OH SODLVLU
G
DVVXUHU OD SUuHVLGHQFH GX MXU\ GH WKtHVH� -H PH VRXYLHQGUDL WRXMRXUV� HQ SOXV GH YRWUH FRXUV GH
WKHUPRK\GUDXOLTXH GLSKDVLTXH� GHV SURSRV uHFKDQJuHV HQWUH DXWUHV VXU O
(163* HW YRV SRLQWHV
G
KXPRXU� VXUWRXW YRV �YRWH] SRXU PRL� GX PDWLQ�

0HUFL tD WRXV FHX[ TXL VRQW YHQXV P
uHFRXWHU FH �� RFWREUH ����� SDUWLFXOLtHUHPHQW tD FHX[ TXL
VRQW YHQXV GH ORLQ� OHV /\RQQDLVHV� OHV 0DUVHLOODLV G
DGRSWLRQ HW OHV $QJHYLQV�

-H UHPHUFLH OHV SHUVRQQHV TXL RQW SDUWLFLSuH tD OD ORJLVWLTXH GH FHWWH VRXWHQDQFH �

^ SRXU O
HQYRL GHV ��� DYLV GH VRXWHQDQFH� 6uHEDVWLHQ %211(7� -HDQ� SLHUUH &$/9(7 HW
)DEULFH )5$1&z2,6 �

^ SRXU OD JHVWLRQ GX FRFNWDLO� $NWKDP $6)285� )DEULFH )5$1&z2,6 �ELV�� $OLQH /('28;
�HW VHV FDNHV DX MDPERQ�� *LOOHV 0(7(//86 HW PHV SDUHQWV�

0HUFL tD FHX[ TXL RQW UuHSRQGX DX[ LQYLWDWLRQV DYHF GHV PRWV V\PSDWKLTXHV TXL P
RQW EHDX�
FRXS WRXFKuH�

0HUFL tD 3DWULFH &/(0(17� 3KLOLSSH &/(0(17� 1LFROH &2875,6� *uHUDXG &8%,=2//(6�
-HDQ�0DUF '(/+$<(� )DEULFH )5$1&z2,6 �WHU� HW +HUYuH /(0211,(5 SRXU O
LQWuHUAHW TX
LOV
RQW PRQWUuH YLV tD YLV GH PD WKtHVH� SRXU OHXUV SDUWLFLSDWLRQV tD GHV UuHXQLRQV G
DYDQFHPHQW HW SRXU
OHXUV VXJJHVWLRQV DX FRXUV GH FHV UuHXQLRQV�

0D JUDWLWXGH tD WRXV OHV �LQWHUYHQDQWV� VXU 0LQL�720,; SRXU OHXU SURIHVVLRQQDOLVPH HW OHV



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

DPuHOLRUDWLRQV TX
LOV RQW DSSRUWuHHV �

^ -HDQ�3LHUUH &$/9(7 �ELV� SRXU O
DOLJQHPHQW GH OD FRORQQH HW OD UHOHFWXUH G
XQ FKDSLWUH �

^ $OH[DQGUH &+$7(/$,1 SRXU OH SURJUDPPH SHUIRUPDQW G
DFTXLVLWLRQ GH OD VRQGH RS�
WLTXH �

^ 6uHEDVWLHQ %211(7 �ELV� SRXU O
DLGH EuHQuHYROH SRXU DOLJQHU FHWWH VHFWLRQ G
HVVDLV �

^ $OH[DQGUH *,$&20(//,� DX[ GRLJWV GH IuHH� HQWUH DXWUHV SRXU OD VRQGH RSWLTXH� OHV
IDLVFHDX[ GH WXEHV �

^ /LRQHO *2$6*/$6� 0RQVLHXU 5DGLRSURWHFWLRQ� OHV PHVXUHV VDQV FROOLPDWHXU �HQVHPEOH� �

^ 9LQFHQW ,(9$� O
KRPPH DX[ EDVNHWV HW 0RQVLHXU WDSLV� SRXU O
uHOHFWULFLWuH �

^ 'DYLG 0(<(5 SRXU OH GHVVLQ GH OD VHFWLRQ G
HVVDLV �

^ 0LFKHO 1,&2/$6 SDUPL G
DXWUHV SRXU OH EADWL� O
DOLJQHPHQW GH OD FRORQQH �HW FH Q
HVW SDV
XQH SDUWLH GH SODLVLU ��� XQH SRPSH TXL P
D SHUPLV G
DUUAHWHU GH IDLUH GHV DFUREDWLHV VXU XQ
HVFDEHDX XQH FXYHWWH SOHLQH G
HDX HQWUH OHV PDLQV �

^ 0XULHOOH 5,66( SRXU O
uHOHFWURQLTXH HW OH 626 VRXGXUHV SRXU WKuHVDUG HQ GuHWUHVVH �

^ $QGUuH 6$8',1� 0RQVLHXU 6uHFXULWuH HW VHV GRVLPtHWUHV �

^ %UXQR =25=(77,* HQWUH DXWUHV SRXU OHV nQV GH FRXUVH HW GLmuHUHQWV FDSWHXUV�

0HUFL tD 0LQL�720,; HW 720,; SRXU OHV PHVXUHV IRXUQLHV� OH SODLVLU DSSRUWuH ORUV GH OHXUV
PLVHV HQ SODFH HW OHV FULVHV G
DQJRLVVH ORUV GH OHXUV SODQWDJHV�

0LOOH PHUFLV tD (ULF +HUYLHX HW /DXUHQW '(6%$7 SRXU OHXU GLVSRQLELOLWuH� OHV GLmuHUHQWHV
GLVFXVVLRQV� OHXUV LGuHHV SHQGDQW FHWWH WKtHVH� -H YHQDLV YRXV YRLU DYHF GHV SUREOtHPHV� MH UHSDUWDLV
DYHF GHV VROXWLRQV HW XQ PRUDO DX SODIRQG � (W FHOD PDUFKDLW PAHPH DX WuHOuHSKRQH �

/DXUHQW� PHUFL G
DYRLU ODLVVuH XQ SHX YRWUH IDPLOOH FHUWDLQV VRLUV SRXU OD UHOHFWXUH GH FH
GRFXPHQW�

(ULF� PHUFL GH SOXV SRXU DYRLU VDFULnuH XQH SDUWLH GH WHV YDFDQFHV SRXU PRL HW SRXU WRXW FH
TXH QRXV DYRQV IDLW HQ GHKRUV GX &($� 5HPHUFLH DXVVL $XUuHOLD� &uHGULF HW 1LQD�

-H UHPHUFLH &KULVWLDQH +$0(/,1 HW -RVHWWH 0$%(' SRXU OHXUV FRPSuHWHQFHV� OHV GLVFXV�
VLRQV SDUWDJuHHV� OHXU ERQQH KXPHXU HW O
DFFXHLO DYHF OH VRXULUH PAHPH TXDQG MH YHQDLV DYHF GHV
SUREOtHPHV DGPLQLVWUDWLIV�

0HUFL DX[ SHUVRQQHV GX 6(7(; HW VXUWRXW GX /7$& SRXU P
DYRLU VL JHQWLPHQW DFFXHLOOL
SDUPL HX[� SRXU WRXWHV OHV GLVFXVVLRQV� SRXU OHV DFWLYLWuHV RUJDQLVuHHV FRQMRLQWHPHQW �EDUEHFXHV
HW UHSDV GH 1R�HO��

0HUFL tD $QQH�6RSKLH &2+(1� (YHO\QH &21)257� 3LHUUHWWH /(21(� -R�HOOH 0$,//$1'�
-RVHWWH 3$,2 HW )UDQzFRLVH 7(51$< SRXU QRV uHFKDQJHV WRXMRXUV LQWuHUHVVDQWV HW OHV UHSDV
SDUWDJuHV�

8Q UHPHUFLHPHQW SDUWLFXOLHU tD )UDQzFRLVH *,*128; �DYHF TXL QRXV GHYLRQV uHFULUH OH JXLGH
GHV UHVWDXUDQWV �&� &� &�� GH *UHQREOH� PDLV OH WHPSV QRXV D PDQTXuH�� &RULQQH 3$17,*1<�
0DUFHOOH 528//,(5 HW 0DULQHWWH :8567(1� GLW 'RQD 0DULQHWWD� SRXU OHV PAHPHV UDLVRQV�
SRXU O
DLGH SRXU WRXV SUREOtHPHV HW VXUWRXW ORUV GH PHV GRXWHV VXU OD YLH G
XQ WKuHVDUG� )UDQzFRLVH�
MH PH VRXYLHQGUDL WRXMRXUV GH QRV VRUWLHV UHVWDXUDQWV �



5HPHUFLHPHQWV ��

0HUFL tD WRXV OHV VWDJLDLUHV HW DX[ DXWUHV WKuHVDUGV SRXU OD ERQQH DPELDQFH TX
LOV RQW FUuHuHV
DXWRXU GH FHWWH WKtHVH HW OHV GLmuHUHQWHV GLVFXVVLRQV TXH QRXV DYRQV SDUWDJuHHV�

0RKDPPHG $,&+,� GLW 0RPR� MH PH UDSSHOOHUDL WRXMRXUV QRV uHFKDQJHV WHFKQLTXHV HW �/DE�
YLHZVTXHV� WUtHV HQULFKLVVDQWV�

8Q JUDQG PHUFL SDUWLFXOLHU SRXU OHV uHFKDQJHV� OHV DFWLYLWuHV TXH QRXV DYRQV IDLWHV HQ GHKRUV
GX FHQWUH HW SRXU FH OLHQ TXL UHVWH PAHPH DSUtHV QRV GuHSDUWV� tD �

^ &uHFLOH $'$0 �

^ $OH[DQGUH &+$7(/$,1 �ELV� HW OHV VRLUuHHV SDVVuHHV tD IDLUH YLYUH 0LQL�720,; �

^ 6uHEDVWLHQ &+5,6723+(� O
DpFKH �DWWHQWLRQ WKuHVDUG PuHFKDQW� VXU OD FDVHPDWH� OH SDUL�
O
LUUDGLuH YLUWXHO RX FRPPHQW IDLUH UuHDJLU 6tHE HQ PRLQV GH � PLQXWHV �

^ $QQH�/DXUH 08//(5 TXH M
DL GH SOXV PDUW\ULVuH HQ 7UDYDX[ 3UDWLTXHV �

^ 'DYLG 12<(//(6� FDPDUDGH VDXWHXU HW TXL D WURXYuH OH PR\HQ GH P
DVVRFLHU tD -DFTXHV
&KLUDF �

^ %
XQR 5266,1 HW VD FOLPDWLVDWLRQ �

^ $OH[DQGUH 6,021� WHV �WX O
DV YX "�� WHV LGuHHV GH SURPHQDGHV HQ PRQWDJQH TXL P
RQW
IDLW GuHFRXYULU G
DXWUHV PDVVLIV� HW OHV UuHYHLOV TXL P
RQW SHUPLV G
AHWUH tD �K DX &($� PDLV
WX VDLV TXH MH QH W
HQ YHX[ SDV HW TXH WX SHX[ UHYHQLU TXDQG WX YHX[ �

^ 7KRPDV 9(552867� GLW 7RP� OD GuHFRUDWLRQ GH PRQ EXUHDX HW OD GDQVH FHOWLTXH�

'H QRXYHDX PLOOH PHUFLV SRXU O
DPELDQFH� OHV DFWLYLWuHV H[WuHULHXUHV� OHV GLmuHUHQWHV DLGHV� OH
OLHQ TXL UHVWH HW SRXU DYRLU VX UuHSRQGUH tD PHV GRXWHV TXL DSUtHV GLVFXVVLRQ� VHPEODLHQW IDLUH
SDUWLH GH OD YLH G
XQ WKuHVDUG� DX[ WKuHVDUGV VXLYDQWV �

^ &KULVWRSKH '848(112< �

^ *X\�/DXUHQW /$*,(5 �HW VHV PDLOV� HW 6DQGULQH �'( '8� /$*,(5 �QRPPuHH DLQVL
GHSXLV OH �� MXLQ ����� �

^ (WLHQQH 0$121� FDPDUDGH VDXWHXU HW DUFKLWHFWH G
LQWuHULHXU GH OD SLtHFH ��� �

^ -XOLHQ 1$0,(&+ �

^ HW VXUWRXW� DYHF XQH PHQWLRQ SRXU O
DLGH GHV �GHUQLHUV MRXUV�� )DEULFH )5$1&z2,6 ����
GLW 5� )DELR� HW $OLQH /('28;� OH 7UL <DQQ EDQG�

-H SHQVH TXH SRXU TX
XQH WKtHVH VH GuHURXOH ELHQ� LO IDXW TXH O
HQYLURQQHPHQW tD O
LQWuHULHXU GX
FHQWUH VRLW ERQ� PDLV DXVVL HQ GHKRUV�

-H UHPHUFLH DXVVL OHV EuHQuHYROHV GH O
$VVRFLDWLRQ ,QJuHQLHXUV ,13*UHQREOH SRXU OHV DFWLYLWuHV
UuHDOLVuHHV HQ FRPPXQ� OD ERQQH DPELDQFH GDQV ODTXHOOH HOOHV RQW uHWuH UuHDOLVuHHV� OH SODLVLU SULV HQ
FRPPXQ HW OHV FDVTXHWWHV TXH YRXV P
DYH] FRQnuHHV� -H Q
DL PDOKHXUHXVHPHQW SDV OD SODFH GH
WRXV YRXV FLWHU� 8Q UHPHUFLHPHQW SDUWLFXOLHU tD 0LFKtHOH (/2/$ SRXU DYRLU VX IDLUH VDXWHU XQ
GHUQLHU GRXWH� tD )UDQzFRLV 'H /21*8($8 SRXU VD SDWLHQFH HW tD -HDQ�3LHUUH *(5$/' SRXU
P
DYRLU HQYR\uH GHV �FOLHQWV� HW DLQVL P
DYRLU PRQWUuH TXH M
DYDLV XQ UuHVHDX HW TXH MH SRXYDLV HQ
IDLUH SURnWHU OHV DXWUHV�

0HUFL DX[ SHUVRQQHV GH O
,13*UHQREOH DYHF OHVTXHOOHV QRXV DYRQV PLV HQ SODFH FHV DFWLYLWuHV�

6DQV RXEOLHU SRXU WRXV OHV uHFKDQJHV� OHV DFWLYLWuHV� OHV VRLUuHHV &LQuH� OHV VRUWLHV VNL� OHV EDO�
ODGHV HQ PRQWDJQH� OHV JODFHV DX 6SRUWLQJ� OHV UHQGH]�YRXV %DJDWHOOH�UHVWDXUDQW� ��� XQ JUDQG



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

PHUFL DX[ FRSDLQV � $NWKDP $6)285 �ELV�� 3KLOLSSH .(51(/� )DEULFH /$1*/$,6 HW *LOORX
0(7(//86 �ELV��

0LOOH PHUFLV tD PHV VXSSRUWHUV GHSXLV ELHQWARW �� DQV TXL RQW VX PH GRQQHU O
HQYLH GH WUDYDLOOHU�
PH ODLVVHU FKRLVLU PD YRLH PAHPH VL FH FKRL[ P
HPPHQDLW ORLQ G
$QJHUV� VRXOHYHU PHV GRXWHV HW
P
DLGHU SRXU OD ORJLVWLTXH GH OD VRXWHQDQFH� PHV SDUHQWV /XFLHQQH HW 0DUFHO -28(7 �ELV��

(QnQ XQH SHQVuHH SRXU PD JUDQG�PtHUH� 0uHPuH� TXL QRXV D TXLWWuH DX WRXW GuHEXW GH FHWWH
WKtHVH HW TXL� MH SHQVH� DXUDLW DSSUuHFLuH OH WUDYDLO UuHDOLVuH SDU VRQ �SHWLW� SHWLW�nOV�

8Q FKDSLWUH VH nQLW HW XQ QRXYHDX FRPPHQFH���

$ WRXV� PHUFL�



7DEOH GHV PDWLtHUHV

1RPHQFODWXUH ��

� ,QWURGXFWLRQ ��
��� &RQWH[WH GH O
uHWXGH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 2EMHFWLI GH OD WKtHVH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� $XWUHV PHVXUHV GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ; � � � � � � ��
��� 0uHWKRGRORJLH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� $QDO\VH ELEOLRJUDSKLTXH ��
��� ,QWURGXFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� $OJRULWKPHV GH UHFRQVWUXFWLRQ DQDO\WLTXHV � � � � � � � � � � � � � � � � � � � � � ��

����� 0uHWKRGH GH FRQYROXWLRQ GH 5DPDFKDQGUDQ HW /DNVKPLQDUD\DQDQ � � � � ��
����� 5uHWURSURMHFWLRQ nOWUuHH � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 5KR�nOWHUHG /D\HUJUDP 5HFRQVWUXFWLRQ � � � � � � � � � � � � � � � � � � � ��
����� $OJRULWKPH GH )RXULHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� $OJRULWKPHV GH UHFRQVWUXFWLRQ DOJuHEULTXHV � � � � � � � � � � � � � � � � � � � � � ��
����� 4XHOTXHV GuHnQLWLRQV PDWKuHPDWLTXHV � � � � � � � � � � � � � � � � � � � � � ��
����� $OJRULWKPHV SRXU $ V\PuHWULTXH GuHnQLH SRVLWLYH � � � � � � � � � � � � � � ��
����� 3UREOtHPHV V\PuHWULVuHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� $OJRULWKPHV QRQ V\PuHWULVDQWV � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 7HFKQLTXHV G
DFFuHOuHUDWLRQ GH FRQYHUJHQFH � � � � � � � � � � � � � � � � � � ��
����� 5uHJXODULVDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 6FKuHPDV G
uHFKDQWLOORQQDJH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� (FKDQWLOORQQDJH HpFDFH � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 3DVVDJH DX[ PHVXUHV HQ uHYHQWDLO �IDQ�EHDP� � � � � � � � � � � � � � � � � ��

��� 'XUFLVVHPHQW GX IDLVFHDX GH UD\RQV ; � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 'HVFULSWLRQ GX SKuHQRPtHQH � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� (FUDQV HQ VRUWLH GH WXEH tD UD\RQV ; � � � � � � � � � � � � � � � � � � � � � ��
����� )DFWHXU FRUUHFWLI � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� $XWUH PuHWKRGH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� &RQFOXVLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� &RPSDUDLVRQ HW RSWLPLVDWLRQ GHV DOJRULWKPHV ��
��� ,QWURGXFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 3URJUDPPDWLRQ GHV DOJRULWKPHV � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� $OJRULWKPHV GH UHFRQVWUXFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 5RXWLQH GH 9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH � � � � � � � � � � � � � � � � � ��
����� 5RXWLQHV GH UuHVROXWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

����� $OJRULWKPHV GH VLPXODWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� &RPSDUDLVRQ GHV SHUIRUPDQFHV GHV DOJRULWKPHV FODVVLTXHV � � � � � � � � � � � � � ��

����� )DQWARPH XWLOLVuH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� (YROXWLRQ GX UuHVLGX � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 7HPSV GH FDOFXO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� )LGuHOLWuH DYHF O
RULJLQDO � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� /LHQ EUXLW VXU OHV PHVXUHV � HUUHXU VXU OD UHFRQVWUXFWLRQ � � � � � � � � � � ��
����� &RQFOXVLRQ GH OD FRPSDUDLVRQ GHV DOJRULWKPHV � � � � � � � � � � � � � � � ���

��� 5HFRQVWUXFWLRQV GH WDX[ GH YLGH � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� SURnOV VLPXOuHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� 5HFRQVWUXFWLRQV GH FHV SURnOV � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 8WLOLVDWLRQ GHV DOJRULWKPHV VSDWLDOHPHQW DGDSWDWLIV � � � � � � � � � � � � � � � � ���
����� 0uHWKRGH GH 9� /D � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� 0uHWKRGH GH &KDUERQQLHU � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� ,QWURGXFWLRQ G
LQIRUPDWLRQV D SULRUL FRQFHUQDQW OD UuHJXODULVDWLRQ � � � � � ���
����� ,QWURGXFWLRQ G
LQIRUPDWLRQV D SULRUL FRQFHUQDQW OD JuHRPuHWULH � � � � � � � ���

��� &RQFOXVLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

� 'LVSRVLWLI 0LQL�720,; ���
��� ,QWURGXFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� 'HVFULSWLRQ GH 0LQL�720,; � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

����� 'HVFULSWLRQ GX GLVSRVLWLI H[SuHULPHQWDO � � � � � � � � � � � � � � � � � � � ���
����� 'HVFULSWLRQ GH OD VHFWLRQ G
HVVDLV � � � � � � � � � � � � � � � � � � � � � � ���
����� 'HVFULSWLRQ GX V\VWtHPH GH FRQWUAROH�FRPPDQGH GH 0LQL�720,; � � � � � ���

��� 5uHJODJHV GX JuHQuHUDWHXU GH UD\RQ ; � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� &KRL[ GH OD KDXWH WHQVLRQ GX WXEH HW GX nOWUH GX SRUWH�WXEH � � � � � � � ���
����� &KRL[ GH O
LQWHQVLWuH GX WXEH � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� 6WDELOLWuH GX VLJQDO GHV SKRWRPXOWLSOLFDWHXUV � � � � � � � � � � � � � � � � ���
����� 5uHJODJH GHV SKRWRPXOWLSOLFDWHXUV � � � � � � � � � � � � � � � � � � � � � � ���

��� $FTXLVLWLRQ GHV PHVXUHV SRXU OHV FLEOHV HQ 3OH[LJODV � � � � � � � � � � � � � � � � ���
����� &KRL[ GX nOWUH SDVVH�EDV � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� &KRL[ GX QRPEUH GH PHVXUHV � � � � � � � � � � � � � � � � � � � � � � � � ���

��� $FTXLVLWLRQ GHV PHVXUHV SRXU OHV uHFRXOHPHQWV GDQV OD VHFWLRQ G
HVVDLV � � � � � � ���
��� 'XUFLVVHPHQW GX IDLVFHDX � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

����� 0LVH HQ uHYLGHQFH GH FH SKuHQRPtHQH � � � � � � � � � � � � � � � � � � � � � ���
����� 5DSSHO GX GXUFLVVHPHQW GX IDLVFHDX � � � � � � � � � � � � � � � � � � � � � ���
����� 3ULVH HQ FRPSWH GH FH SKuHQRPtHQH � � � � � � � � � � � � � � � � � � � � � � ���

��� &RQFOXVLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

� 0LVH HQ }XYUH GX GLVSRVLWLI 0LQL�720,; ���
��� ,QWURGXFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� 1RPEUH GH SRLQWV QuHFHVVDLUHV SRXU XQH UuHVROXWLRQ GH � PP� � � � � � � � � � � � ���

����� 5HFRQVWUXFWLRQV GH PHVXUHV VLPXOuHHV GX IDQWARPH � � � � � � � � � � � � � � ���
����� 5HFRQVWUXFWLRQV GH PHVXUHV UuHHOOHV GX IDQWARPH � � � � � � � � � � � � � � � ���
����� 5HFRQVWUXFWLRQV GH PHVXUHV UuHHOOHV GX IDQWARPH � � � � � � � � � � � � � � � ���

��� 3URWRFROH H[SuHULPHQWDO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� 3URFuHGXUH GH PHVXUH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� &RUUHFWLRQV GHV PHVXUHV � � � � � � � � � � � � � � � � � � � � � � � � � � � ���



7DEOH GHV PDWLtHUHV ��

��� 0HVXUHV G
uHFRXOHPHQWV QRQ GuHYLuHV � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� 0HVXUH GH OD VHFWLRQ G
HVVDLV YLGH � � � � � � � � � � � � � � � � � � � � � � ���
����� 0HVXUH GH OD VHFWLRQ G
HVVDLV VDQV GuHELW G
DLU � � � � � � � � � � � � � � � � ���
����� 0HVXUH GH OD VHFWLRQ G
HVVDLV DYHF XQ GuHELW G
DLU GH ��� 1O�PLQb� � � � � � ���
����� 0HVXUH GH OD VHFWLRQ G
HVVDLV DYHF XQ GuHELW G
DLU GH ���� 1O�PLQb� � � � � ���
����� 0HVXUH GH OD VHFWLRQ G
HVVDLV DYHF XQ GuHELW G
DLU GH ���� 1O�PLQb� � � � � ���

��� 0HVXUHV G
uHFRXOHPHQWV GuHYLuHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� 0HVXUH GH OD VHFWLRQ G
HVVDLV DYHF XQ GuHELW G
DLU GH ��� 1O�PLQb� � � � � � ���
����� 0HVXUH GH OD VHFWLRQ G
HVVDLV DYHF XQ GuHELW G
DLU GH ���� 1O�PLQb� � � � � ���

��� 0HVXUHV G
uHFRXOHPHQWV DXWRXU GH IDLVFHDX[ GH WXEHV � � � � � � � � � � � � � � � � ���
����� )DLVFHDX[ GH WXEHV FDUUuHV � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� )DLVFHDX[ GH WXEHV F\OLQGULTXHV � � � � � � � � � � � � � � � � � � � � � � � ���
����� )DLVFHDX[ GH WXEHV F\OLQGULTXHV DYHF DUULYuHH G
DLU SDU OHV WXEHV � � � � � � ���

��� &RQFOXVLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

� ([WHQVLRQ tD O
uHFKDQWLOORQQDJH HQ uHYHQWDLO �IDQ�EHDP� ���
��� ,QWURGXFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� 'HVFULSWLRQ GX GLVSRVLWLI 720,; � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� 6LPXODWLRQV GH PHVXUHV HQ uHYHQWDLO � � � � � � � � � � � � � � � � � � � � � � � � � ���

����� 6LPXODWLRQV GHV PHVXUHV GX IDQWARPH � � � � � � � � � � � � � � � � � � � � ���
����� 6LPXODWLRQV GH PHVXUHV GH OD VHFWLRQ G
HVVDLV (XFDO\SWXV � � � � � � � � � ���

��� 0HVXUHV VXU 720,; � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� 0HVXUHV GH IDQWARPHV D[LV\PuHWULTXHV � � � � � � � � � � � � � � � � � � � � ���
����� 0HVXUHV GX IDQWARPH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
����� 0HVXUHV VXU OD VHFWLRQ G
HVVDLV (XFDO\SWXV � � � � � � � � � � � � � � � � � ���

��� &RQFOXVLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

&RQFOXVLRQV HW SHUVSHFWLYHV ���

5uHIuHUHQFHV ELEOLRJUDSKLTXHV ���



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;



1RPHQFODWXUH

/HWWUHV ODWLQHV PLQXVFXOHV

D � GLVWDQFH HQWUH GHX[ SURMHFWLRQV VXFFHVVLYHV
E � IUuHTXHQFH GH FRXSXUH� SURFHVVXV GH OLJQH �S� ���
EM � EDVH GH GLVFUuHWLVDWLRQ
F � SDUDPtHWUH
G � uHSDLVVHXU
H�  �� � � c c c ��W � SUHPLtHUH FRORQQH GH OD PDWULFH ,GHQWLWuH
I � IRQFWLRQ tD GHX[ YDULDEOHV GH OD JUDQGHXU tD UHFRQVWUXLUH
I.1�(� � IRQFWLRQ GuHnQLH S� ��
J � IRQFWLRQ
K � IRQFWLRQ
L � QXPuHUR G
LWuHUDWLRQ� QXPuHUR GH FHOOXOH� L LPDJLQDLUH SXU
M � QXPuHUR GH SURMHFWLRQ� GH PHVXUH
N � QXPuHUR G
LWuHUDWLRQ� QXPuHUR GH SKDVH
O � QXPuHUR G
LWuHUDWLRQ� YDULDEOH
P � QRPEUH WRWDO GH PHVXUHV
Q � QRPEUH GH SL[HOV GH O
LPDJH
SL � YHFWHXU GuHnQL S� ��
T � �GHPL�QRPEUH� GH SURMHFWLRQV
U � GLVWDQFH tD O
RULJLQH HQ JuHRPuHWULH SRODLUH
V � GLVWDQFH
W � YDULDEOH� YDULDEOH GH WHPSV� DEVFLVVH G
XQ SRLQW 0
X � YDULDEOH GX GRPDLQH GH )RXULHU HQ FRRUGRQQuHHV FDUWuHVLHQQHV� YHFWHXU FRORQQH
Y � YDULDEOH GX GRPDLQH GH )RXULHU HQ FRRUGRQQuHHV FDUWuHVLHQQHV� YHFWHXU FRORQQH
Z � YHFWHXU FRORQQH
[ � DEVFLVVH G
XQ SRLQW 0� YDULDEOH
\ � RUGRQQuHH G
XQ SRLQW 0� YDULDEOH

/HWWUHV ODWLQHV PDMXVFXOHV

$ � XQH PDWULFH� DWWuHQXDWLRQ
$Q
N�M� � FRHpFLHQWV GH /DJUDQJH �S� ���

% � XQ YHFWHXU
%L � PDWULFH GH /645 �S� ���
& � SDUDPtHWUH� RSuHUDWHXU GH UuHJXODULVDWLRQ �S� ���
' � GLVWDQFH HQWUH OD VRXUFH HW O
D[H GH URWDWLRQ GX WRPRJUDSKH� GLUHFWLRQ GH GHVFHQWH
( � uHQHUJLH
(�< � � IRQFWLRQ G
HUUHXU �GuHnQLH S� ���



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

) � YHFWHXU FRORQQH GH OD JUDQGHXU tD UHFRQVWUXLUH
) J
G � RSuHUDWHXU GLVFUuHWLVuH G
LQWHUSRODWLRQ VHORQ OD IRQFWLRQ J

+ � PDWULFH VRXV IRUPH +HVVHQEHUJ
, � LQWHQVLWuH GX IDLVFHDX GH UD\RQV ; �HQ SKRWRQV�FPb��Vb��� PDWULFH ,GHQWLWuH
-�) � � IRQFWLRQ GH PDWULFH HW YHFWHXU GuHnQLH S� ��
. � VXSSRUW G
XQH IRQFWLRQ
.N�$�;� � HVSDFH GH .U\ORY GH OD PDWULFH $ HW GX YHFWHXU ; �S� ���
/ � ORQJXHXU RX UDSSRUW GH ORQJXHXUV
0 � QRPEUH GH SURMHFWLRQV
1 � QRPEUH GH URWDWLRQV
3 � YHFWHXU FRORQQH GHV PHVXUHV
3F � PDWULFH GH SUuHFRQGLWLRQQHPHQW
3L � PDWULFH GuHnQLH S� ��
4L � PDWULFH GH OD IDFWRULVDWLRQ 45
5 � PDWULFH GuHFULYDQW O
LQWHUDFWLRQ HQWUH OHV PHVXUHV HW OHV SL[HOV GH O
LPDJH �S� ���
5L � UuHVLGX� PDWULFH GH OD IDFWRULVDWLRQ 45
6�(� � VSHFWUH G
XQ IDLVFHDX GH UD\RQV ;
6: �I� � HVWLPDWLRQ SDU LQWHUSRODWLRQ GH OD IRQFWLRQ I VXLYDQW O
uHFKDQWLOORQQDJH GuHnQL SDU OD

PDWULFH : �S� ���
7 � WHPSV GH PHVXUH
7J � WHPSV GH SUuHVHQFH GH OD SKDVH JD]HXVH
8L � PDWULFH GH /645 �S� ���
9 �w� � IRQFWLRQ GH 9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH �GuHnQLH S� ���
9L � PDWULFH GH /645 HW 55/6 �S� �� HW ���� WHQVLRQ GH OD YRLH L �HQ 9�
: � IHQAHWUH GH nOWUDJH� PDWULFH G
uHFKDQWLOORQQDJH
:L � PDWULFH GuHnQLH S� ��
; � YHFWHXU FRORQQH
;N�0� W� � IRQFWLRQ LQGLFDWULFH GH SKDVH �GuHnQLH S� ���
< � YHFWHXU FRORQQH

/HWWUHV URQGHV

% � RSuHUDWHXU GH UuHWURSURMHFWLRQ
' � RSuHUDWHXU GH GuHULYDWLRQ
) � WUDQVIRUPuHH GH )RXULHU
+ � RSuHUDWHXU GH +LOEHUW
. �$� � FRQGLWLRQQHPHQW GH OD PDWULFH $ �S� ���
5 � RSuHUDWHXU GH SURMHFWLRQ �S� ���

/HWWUHV JUHFTXHV

m � SDV GH GHVFHQWH
m�0� W� � WDX[ GH SUuHVHQFH ORFDO GH OD SKDVH JD]HXVH �GuHnQL S� ���
n � FRHpFLHQW� DQJOH
�. � LQGLFDWULFH GH .
p � IDFWHXU G
uHFKHOOH
� � SDUDPtHWUH GH GuHFURLVVDQFH G
HUUHXU
o � SDUDPtHWUH GX nOWUH GH +DPPLQJ JuHQuHUDOLVuHH �S� ���� IRQFWLRQ GuHnQLH S� ��� DQJOH



1RPHQFODWXUH ��

w � SDUDPtHWUH GH UuHJXODULVDWLRQ
wN �YDOHXU SURSUH GH 5
x � DWWuHQXDWLRQ OLQuHDLUH �HQ FPb��
�1LM� �6LM� �(LM� �2LM � FRHpFLHQWV GuHnQLV S� ��

 � DQJOH GX GRPDLQH GH )RXULHU HQ JuHRPuHWULH SRODLUH
� � IRQFWLRQ GH SRWHQWLHO �S� ���
� � IRQFWLRQ
| � UD\RQ VSHFWUDO G
XQH PDWULFH $ �S� ���
} � DEVFLVVH GX GRPDLQH GH )RXULHU HQ JuHRPuHWULH SRODLUH
~ � YDULDEOH GH WHPSV� SDUDPtHWUH G
DUUAHW
t � DQJOH
� � IUuHTXHQFH
z � YDULDEOH
c � PDWULFH
ct � LQWHUYDOOH GH GLVFUuHWLVDWLRQ DQJXODLUH �HQ UDG�
c�;� � HUUHXU GH PHVXUH VXU OD JUDQGHXU ;
e � PDWULFH
h � FRHpFLHQW GuHnQL S� ��

$XWUHV V\PEROHV

1 � HQVHPEOH GHV HQWLHUV QDWXUHOV
= � HQVHPEOH GHV HQWLHUV UHODWLIV
5 � HQVHPEOH GHV UuHHOV
K;� < L � SURGXLW VFDODLUH GH GHX[ YHFWHXUV ; HW < �S� ���
K;� < L$ � SURGXLW VFDODLUH GH GHX[ YHFWHXUV ; HW < SDU UDSSRUW tD XQH PDWULFH $ �S� ���
N;N � QRUPH GX YHFWHXU ; �S� ���
N;N$ � QRUPH GX YHFWHXU ; VHORQ OD PDWULFH $ �S� ���

,QGLFHV

G � GLVFUuHWLVuH

J � GH OD SKDVH JD]HXVH

PDVTXH � UHODWLI DX PDVTXH

PR\HQ � YDOHXU PR\HQQH

WUDPH � UHODWLI tD OD WUDPH

� � HQ GHX[ GLPHQVLRQV

([SRVDQW
W � WUDQVSRVuHH



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;



&KDSLWUH �

,QWURGXFWLRQ

��� &RQWH[WH GH O
uHWXGH

/HV uHFRXOHPHQWV GLSKDVLTXHV VRQW SUuHVHQWV GDQV EHDXFRXS G
DSSOLFDWLRQV LQGXVWULHOOHV� 1RXV
SRXYRQV FLWHU �

^ O
LQGXVWULH FKLPLTXH �

^ OH VHFWHXU SuHWUROLHU� SRXU OH WUDQVSRUW GX SuHWUROH GDQV OHV ROuHRGXFV �

^ OH VHFWHXU QXFOuHDLUH SRXU OH FLUFXLW SULPDLUH GHV UuHDFWHXUV ERXLOODQWV� OH FLUFXLW VHFRQGDLUH
GHV 5uHDFWHXUV tD (DX VRXV 3UHVVLRQ� OH FLUFXLW SULPDLUH GH FHV PAHPHV UuHDFWHXUV HQ FDV
G
DFFLGHQW�

/HV LQVWDOODWLRQV PHWWDQW HQ MHX GHV uHFRXOHPHQWV GLSKDVLTXHV VRQW VRXYHQW FRPSOH[HV �JuHRPuH�
WULH� GLPHQVLRQQHPHQW� SLORWDJH� ���� HW OHXUV FRQFHSWHXUV SHXYHQW DYRLU EHVRLQ GH FRGHV GH FDOFXO
WKHUPRK\GUDXOLTXH SRXU OHV GLPHQVLRQQHU HW SUuHGLUH OHXUV FRPSRUWHPHQWV�

3RXU FH IDLUH� LOV GLVSRVHQW GH FRGHV GH FDOFXO GH WKHUPRK\GUDXOLTXH PRQRSKDVLTXH HW
GLSKDVLTXH� %HDXFRXS GH FRGHV PRQRSKDVLTXHV VRQW WULGLPHQVLRQQHOV� F
HVW tD GLUH TX
LOV UuHVROYHQW
OHV uHTXDWLRQV ELODQV SURMHWuHHV GDQV OHV WURLV GLPHQVLRQV� 0DLV OHV FRGHV GLSKDVLTXHV VRQW JuHQuHUDOH�
PHQW PRQRGLPHQVLRQQHOV � LOV WUDLWHQW GHV JUDQGHXUV PR\HQQuHHV GDQV XQH VHFWLRQ� 2U SRXU PLHX[
GuHFULUH OHV FRPSRUWHPHQWV GH FHV uHFRXOHPHQWV� LO HVW LQWuHUHVVDQW GH UuHVRXGUH OHV uHTXDWLRQV ELODQV
GDQV OHV WURLV GLPHQVLRQV� F
HVW tD GLUH GH GuHYHORSSHU GHV FRGHV GH WKHUPRK\GUDXOLTXH GLSKDVLTXH
WULGLPHQVLRQQHOV >%HVWLRQ HW DO�� ����@�

3RXU OD PLVH DX SRLQW GH FHV FRGHV� LO IDXW GuHYHORSSHU GHV PRGtHOHV ORFDX[ GuHFULYDQW OHV
SKuHQRPtHQHV TXL JtHUHQW OD WKHUPRK\GUDXOLTXH GLSKDVLTXH HW DYRLU XQH EDQTXH GH GRQQuHHV SRXU
YDOLGHU FHV FRGHV� &HOD HQWUDArQH XQ EHVRLQ HQ LQVWUXPHQWDWLRQ ORFDOH SHUPHWWDQW G
DFFuHGHU�
SRXU GLmuHUHQWV uHFRXOHPHQWV� tD GHV JUDQGHXUV LPSRUWDQWHV WHOOHV TXH YLWHVVHV OLTXLGH HW JD]HXVH�
FRQFHQWUDWLRQ G
DLUH LQWHUIDFLDOH HW WDX[ GH SUuHVHQFH ORFDO�

1RXV FKHUFKHURQV GDQV FHWWH WKtHVH tD PHVXUHU OH WDX[ GH SUuHVHQFH ORFDO GH OD SKDVH
JD]HXVH� VRXYHQW DSSHOuH WDX[ GH YLGH� TXH QRXV DOORQV GuHnQLU >%HUWKRXG� ����� 'HOKD\H�
����@�



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

'uHnQLVVRQV G
DERUG OD IRQFWLRQ LQGLFDWULFH GH SKDVH N �N � 1�� tD FKDTXH LQVWDQW W �W � 5�
HW HQ WRXW SRLQW 0 �0 � 5

�� SDU �

;N�0� W�A 

|

� VL OH SRLQW 0HVW GDQV OD SKDVH N
� VLQRQ

�����

6L QRXV SUHQRQV O
uHFRXOHPHQW GH OD nJXUH ���� QRXV REWLHQGURQV OD IRQFWLRQ LQGLFDWULFH GH OD
SKDVH JD]HXVH GH OD nJXUH ����

-

)LJ� ���� ([HPSOH G
uHFRXOHPHQW GLSKDVLTXH

8
G

�

� T

)LJ� ���� )RQFWLRQ LQGLFDWULFH GH OD SKDVH
JD]HXVH SRXU O
uHFRXOHPHQW GH OD nJXUH ���

/H WDX[ GH SUuHVHQFH ORFDO GH OD SKDVH JD]HXVH HVW SDU GuHnQLWLRQ O
LQWuHJUDOH WHPSRUHOOH VXU
XQH SuHULRGH 7 GH OD IRQFWLRQ LQGLFDWULFH GH OD SKDVH JD]HXVH �

m�0� W� 7 � A 
�

7

W�7

�
=

Wb7

�

;J�0� ~�G~ �����

/H WDX[ GH SUuHVHQFH ORFDO GH OD SKDVH JD]HXVH HVW DORUV OD SURSRUWLRQ GX WHPSV SHQGDQW
ODTXHOOH OH SRLQW 0 HVW GDQV OD SKDVH JD]HXVH GXUDQW OD SuHULRGH G
REVHUYDWLRQ 7 � &
HVW OH
UDSSRUW� VXU OD SuHULRGH GH PHVXUH 7 � GX WHPSV 7J GXUDQW OHTXHO OH SRLQW 0 HVW GDQV OD SKDVH
JD]HXVH SHQGDQW 7 �

m�0� W�  
7J

7
�����

��� 2EMHFWLI GH OD WKtHVH

&H WUDYDLO HVW GuHGLuH tD OD PLVH DX SRLQW G
XQH WHFKQLTXH GH PHVXUH SRXU REWHQLU XQH FDUWH
HQ GHX[ GLPHQVLRQV GX WDX[ GH SUuHVHQFH ORFDO GDQV XQH VHFWLRQ GURLWH G
XQ uHFRXOHPHQW
HQ FRQGXLWH� &HWWH WHFKQLTXH GHYUD IRQFWLRQQHU SRXU GHV UuHJLPHV G
uHFRXOHPHQWV HDX�DLU
TXHOFRQTXHV� OLEUHV RX FKDUJuHV �DYHF GHV VWUXFWXUHV LQWHUQHV�� 1RXV FKHUFKHURQV tD DYRLU
OD PHLOOHXUH SUuHFLVLRQ VXU OHV PHVXUHV GH WDX[ GH SUuHVHQFH ORFDO HW XQH UuHVROXWLRQ PLO�
OLPuHWULTXH� &HV REMHFWLIV IHURQW O
REMHW G
XQH uHYDOXDWLRQ TXDQWLWDWLYH ULJRXUHXVH�

&H WUDYDLO VH SODFH GDQV OH FDGUH G
XQH FROODERUDWLRQ &($�'(1� &($�,361� (')� )UD�
PDWRPH�$13 HW 7,0&�,0$*�

3RXU PHVXUHU OH WDX[ GH SUuHVHQFH ORFDO� SOXVLHXUV PuHWKRGHV SHXYHQW AHWUH PLVHV HQ }XYUH �



&KDSLWUH �� ,QWURGXFWLRQ ��

^ OHV PuHWKRGHV LQWUXVLYHV UHSRVDQW VXU O
XWLOLVDWLRQ GH VRQGHV RSWLTXHV� uHOHFWULTXHV RX WKHU�
PLTXHV �

^ OHV PuHWKRGHV QRQ LQWUXVLYHV� FRPPH OHV PuHWKRGHV G
DWWuHQXDWLRQ SKRWRQLTXH RX OHV PuHWKR�
GHV XOWUDVRQRUHV�

3RXU OH FDV GHV PuHWKRGHV LQWUXVLYHV� XQH VRQGH GRLW AHWUH SODFuHH GDQV O
uHFRXOHPHQW� 6L XQH
FDUWRJUDSKLH HVW GuHVLUuHH� OD VRQGH GRLW AHWUH PXOWLSOLuHH RX GuHSODFuHH GDQV OD VHFWLRQ� &HV VRQGHV SHU�
WXUEHQW O
uHFRXOHPHQW� 6XLYDQW OHV FRQGLWLRQV GH IRQFWLRQQHPHQW GH O
LQVWDOODWLRQ H[SuHULPHQWDOH
�GuHELW� WHPSuHUDWXUH HW VXUWRXW SUHVVLRQ�� O
LQVHUWLRQ G
XQH WHOOH VRQGH DX FRHXU GH O
uHFRXOHPHQW
SHXW V
DYuHUHU WHFKQRORJLTXHPHQW GLpFLOH� YRLUH LPSRVVLEOH� 3DU DLOOHXUV� GHV VRQGHV LQWUXVLYHV
VRQW SHX DGDSWuHHV tD O
H[SORUDWLRQ GH PLOLHX[ FKDUJuHV� FRPPH OHV IDLVFHDX[ GH WXEHV UHQFRQWUuHV
FRXUDPPHQW GDQV OH GRPDLQH QXFOuHDLUH�

3DUPL OHV PuHWKRGHV QRQ LQWUXVLYHV� QRXV SRXYRQV FLWHU �

^ OHV PuHWKRGHV GH YLVXDOLVDWLRQ RSWLTXH � HOOHV VRQW EDVuHHV VXU O
DQDO\VH G
LPDJHV GH O
uHFRXOH�
PHQW� /D IDLEOH SuHQuHWUDWLRQ DX FRHXU GH O
uHFRXOHPHQW HQ SUuHVHQFH GH QRPEUHXVHV EXOOHV
OLPLWH FHWWH WHFKQLTXH tD GHV uHFRXOHPHQWV GLVSHUVuHV WUtHV GLOXuHV�

^ OHV PuHWKRGHV XOWUDVRQRUHV � O
DWWuHQXDWLRQ HW OD YLWHVVH GH SURSDJDWLRQ GHV XOWUDVRQV GuHSHQ�
GHQW GH OD FRPSRVLWLRQ GX PLOLHX WUDYHUVuH� &HV PuHWKRGHV RQW uHWuH YDOLGuHHV HQ uHFRXOHPHQWV
tD SKDVHV GLVSHUVuHHV� HW VRQW GLpFLOHPHQW H[WUDSRODEOHV tD G
DXWUHV UuHJLPHV G
uHFRXOHPHQWV�

^ OHV PuHWKRGHV uHOHFWULTXHV � O
LPSuHGDQFH uHOHFWULTXH PHVXUuHH DX[ ERUQHV GH GHX[ uHOHFWURGHV
HQWUH OHVTXHOOHV V
uHFRXOH XQ uHFRXOHPHQW GLSKDVLTXH GuHSHQG QRWDPPHQW GH OD FRPSRVL�
WLRQ YROXPLTXH GX PLOLHX HW GH OD GLVWULEXWLRQ GHV SKDVHV� /
XWLOLVDWLRQ GH FH SULQFLSH
GDQV OH FDGUH GH OD WRPRJUDSKLH uHOHFWULTXH FRQGXLW tD OD UuHVROXWLRQ G
XQ SUREOtHPH LQYHUVH
QXPuHULTXHPHQW PDO SRVuH GRQW OD UuHVROXWLRQ HVW WUtHV GuHOLFDWH HW IRUWHPHQW LQVWDEOH�

^ OD UuHVRQDQFH PDJQuHWLTXH QXFOuHDLUH � FHWWH PuHWKRGH SRXUUDLW IRXUQLU XQH FDUWH GX WDX[ GH
SUuHVHQFH ORFDO� PDLV HOOH QuHFHVVLWH XQ FKDPS PDJQuHWLTXH XQLIRUPH GH O
RUGUH GH TXHOTXHV
7HVODV VXU XQH ORQJXHXU G
HQYLURQ � P� (OOH HVW DXMRXUG
KXL OLPLWuHH tD GHV uHFRXOHPHQWV GH
TXHOTXHV P�Vb� GDQV GHV FRQGXLWHV GH TXHOTXHV FP GH GLDPtHWUH� /D PLVH HQ }XYUH HVW
DXMRXUG
KXL G
XQH FRPSOH[LWuH HW G
XQ FRAXW GLVVXDVLIV� 'H SOXV� FHWWH PuHWKRGH QH SHUPHW
SDV GH UuHDOLVHU GH PHVXUHV G
uHFRXOHPHQWV DXWRXU GH IDLVFHDX[ GH WXEHV PuHWDOOLTXHV�

^ O
DWWuHQXDWLRQ SKRWRQLTXH � XQ IDLVFHDX GH UD\RQV ; RX o VXELW XQH DWWuHQXDWLRQ TXL GuHSHQG
GHV PDWuHULDX[ WUDYHUVuHV �SDURLV� OLTXLGH HW JD]� HW GH OHXUV uHSDLVVHXUV UHVSHFWLYHV� 6L OH IDLV�
FHDX HVW FROOLPDWuH� OD PHVXUH GH FHWWH DWWuHQXDWLRQ GRQQH DFFtHV DX WDX[ GH SUuHVHQFH OLQuHLTXH�
/D PXOWLSOLFDWLRQ GH FH W\SH GH PHVXUH HQ WUDYHUVDQW O
uHFRXOHPHQW VXLYDQW GLmuHUHQWHV SRVL�
WLRQV HW GLmuHUHQWHV RULHQWDWLRQV SHUPHW G
REWHQLU XQH FDUWH GX WDX[ GH SUuHVHQFH ORFDO JUADFH
tD XQ DOJRULWKPH GH UHFRQVWUXFWLRQ WRPRJUDSKLTXH� &HWWH PuHWKRGH� ODUJHPHQW XWLOLVuHH GDQV
OH GRPDLQH PuHGLFDO� FRQQXH VRXV OH QRP GH VFDQQHU� SHXW AHWUH H[WUDSROuHH DX[ uHFRXOHPHQWV
GLSKDVLTXHV� TXHOOH TXH VRLW OD JuHRPuHWULH GH OD FRQGXLWH RX OD SUuHVHQFH uHYHQWXHOOH GH VWUXF�
WXUHV LQWHUQHV�

1RXV DYRQV UHWHQX FHWWH GHUQLtHUH PuHWKRGH HQ UDLVRQ GH VRQ YDVWH FKDPS G
DSSOLFDWLRQV� $
OD GLmuHUHQFH GHV PuHWKRGHV uHOHFWULTXHV� OHV PuHWKRGHV SKRWRQLTXHV FRQGXLVHQW tD GHV SUREOtHPHV
LQYHUVHV OLQuHDLUHV VHXOHPHQW OuHJtHUHPHQW PDO SRVuHV � O
LQYHUVLRQ QXPuHULTXH HVW UHODWLYHPHQW VWDEOH�
3RXU OHXU SOXV JUDQGH IDFLOLWuH HW VRXSOHVVH G
XWLOLVDWLRQ� OHV UD\RQV ; RQW uHWuH SULYLOuHJLuHV DX
GuHWULPHQW GHV UD\RQV o�

'DQV FH WUDYDLO� QRXV GuHYHORSSHURQV HW TXDOLnHURQV XQH PHVXUH GX WDX[ GH SUuHVHQFH
ORFDO HQ XWLOLVDQW OD PuHWKRGH GH WRPRJUDSKLH tD UD\RQV ;� &H WRPRJUDSKH VHUD LQVWDOOuH
VXU XQH ERXFOH G
HVVDLV GRQW OD UuHDOLVDWLRQ QH IDLW SDV SDUWLH GH FH WUDYDLO�



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

��� $XWUHV PHVXUHV GX WDX[ GH SUuHVHQFH ORFDO SDU WRPR�

JUDSKLH tD UD\RQV ;

1RXV DYRQV FKHUFKuH tD FRQQDArWUH OHV DXWUHV GLVSRVLWLIV GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO
SDU WRPRJUDSKLH tD UD\RQV ;�

&� -HDQGH\ >-HDQGH\� ����@ D FRQVWUXLW XQ WRPRJUDSKH SRXU PHVXUHU GHV uHFRXOHPHQWV HDX�
YDSHXU GDQV XQ WXEH GH �� PP �MXVTX
tD XQH SUHVVLRQ GH ��� EDU HW XQ GuHELW GH �� ���
NJ�Pb��Vb��� ,O XWLOLVH XQ WXEH tD UD\RQV ; DYHF XQH DQWLFDWKRGH HQ 7XQJVWtHQH tD ��� N9 HW
� P$ HW PHVXUH OH oX[ WUDQVPLV JUADFH tD �� FKDPEUHV G
LRQLVDWLRQ� ,O QH IDLW SDV GH URWDWLRQV DX�
WRXU GH OD VHFWLRQ G
HVVDLV� ,O FRQVLGtHUH O
uHFRXOHPHQW D[LV\PPuHWULTXH� FH TXL OXL SHUPHW G
REWHQLU
XQH FDUWH GX WDX[ GH SUuHVHQFH ORFDO HQ XWLOLVDQW XQ DOJRULWKPH GH UHFRQVWUXFWLRQ VLPSOH� &H GLV�
SRVLWLI Q
HVW GRQF SDV DSSOLFDEOH SRXU WRXV UuHJLPHV G
uHFRXOHPHQWV HW VD UuHVROXWLRQ VSDWLDOH HVW
IDLEOH�

$� ,QRXH >,QRXH HW DO�� ����@ PHVXUH O
uHFRXOHPHQW HDX�YDSHXU DXWRXU GH JUDSSHV GDQV OHV
FRQGLWLRQV GH IRQFWLRQQHPHQW G
XQ UuHDFWHXU ERXLOODQW �SUHVVLRQ DOODQW MXVTX
tD �� EDU� GuHELW
MXVTX
tD ���� NJ�Pb��Vb��� 3RXU FH IDLUH� LO XWLOLVH XQ WRPRJUDSKH HQ uHYHQWDLO DYHF � WXEH �DYHF
XQH WHQVLRQ PD[LPDOH GH ��� N9 HW XQ FRXUDQW PD[LPDO GH ��� P$� HW ��� GuHWHFWHXUV� &H
GLVSRVLWLI IDLW O
DFTXLVLWLRQ G
XQH VHFWLRQ GH ��� PP GH GLDPtHWUH HQ �� V� /D GLPHQVLRQ GHV
uHOuHPHQWV GH UHFRQVWUXFWLRQ �SL[HOV� HVW G
HQYLURQ ��� PP� &RPSWH�WHQX GHV HUUHXUV GH PHVXUH
GHV GLmuHUHQWV DSSDUHLOV� OD SUuHFLVLRQ GH OD PHVXUH GX WDX[ GH SUuHVHQFH ORFDO HVW HVWLPuHH tD � ��
/D YDOLGDWLRQ GH FH WRPRJUDSKH Q
HVW SDV GuHFULWH�

'� 6FKPLW] >6FKPLW] HW DO�� ����@ D PLV DX SRLQW XQ WRPRJUDSKH HQ uHYHQWDLO TXL SHUPHW
G
REWHQLU O
LPDJH G
XQH VHFWLRQ G
HVVDLV GH ��� PP GH GLDPtHWUH HQ �� PLQ tD O
DLGH GH ��
SKRWRPXOWLSOLFDWHXUV HW GH �� URWDWLRQV� &RPSWH�WHQX GX QRPEUH GH PHVXUHV� OD UuHVROXWLRQ
DQQRQFuHH GH ��� PP QRXV VHPEOH VXU�HVWLPuHH� ,O XWLOLVH XQ WXEH GH UD\RQV ; tD ��� N9 HW � P$�
6
LQWuHUHVVDQW DX[ UuHDFWHXUV FKLPLTXHV� LO PHVXUH GHV uHFRXOHPHQWV SHUPDQHQWV DLU�HDX VXU XQH
VWUXFWXUH GH ELOOHV HQ FuHUDPLTXH� FH TXL HVW ORLQ GH QRV REMHFWLIV�

.� +RUL >+RUL HW DO�� ����@ D GuHYHORSSuH XQ WRPRJUDSKH HQ uHYHQWDLO DYHF �� WXEHV tD UD\RQV
; tD ��� N9 HW ��� GuHWHFWHXUV tD VHPL�FRQGXFWHXUV &G7H� /HV WXEHV tD UD\RQV ; Q
RQW SDV GHV
VZLWFKV PuHFDQLTXHV� PDLV uHOHFWULTXHV� &HOD SHUPHW G
HQFKDArQHU OHV SULVHV GH YXH DQJXODLUHV SOXV
UDSLGHPHQW HW DLQVL GH IDLUH XQH DFTXLVLWLRQ FRPSOtHWH HQ ��� PV� &H U\WKPH GH � ��� LPDJHV
SDU VHFRQGH OXL SHUPHW G
uHWXGLHU GHV uHFRXOHPHQWV MXVTX
tD XQH YLWHVVH GH � P�V� /H GLDPtHWUH
GH OD VHFWLRQ G
HVVDLV SHXW DOOHU MXVTX
tD ��� PP� &HWWH PDFKLQH HVW FDSDEOH GH YLVXDOLVHU GHV
uHFRXOHPHQWV DYHF GHV WHPSV FDUDFWuHULVWLTXHV WUtHV FRXUWV� (OOH HVW YDOLGuHH VXU OD PHVXUH G
XQ
IDQWARPH HQ 3OH[LJODV� &H IDQWARPH HVW WUDQVODWuH YHUWLFDOHPHQW DX FRHXU GH FH WRPRJUDSKH HW
GHV FRXSHV GH FH IDQWARPH VRQW UHFRQVWUXLWHV� /
HUUHXU UHODWLYH GH SRVLWLRQQHPHQW HVW GH � � HW
O
HUUHXU UHODWLYH GH PHVXUH GH O
DLUH GH YLGH GH �� �� 0DLV +RUL QH FRPSDUH SDV VHV PHVXUHV GH
WDX[ GH YLGH DYHF FHOOHV IRXUQLHV SDU XQ DXWUH V\VWtHPH� &H GLVSRVLWLI D DXVVL O
LQFRQYuHQLHQW G
AHWUH
WUtHV FKHU� &H GLVSRVLWLI HVW WUtHV LQWuHUHVVDQW� PDLV HQ GHKRUV GX EXGJHW TXH QRXV QRXV VRPPHV
DOORXuH�

(QnQ� *UDVVOHU >*UDVVOHU HW :LUWK� ����@ XWLOLVH GHV DFTXLVLWLRQV WRPRJUDSKLTXHV HQ uHYHQWDLO
SRXU IDLUH GHV PHVXUHV GH FRQFHQWUDWLRQ VROLGH ORFDOH PR\HQQuHH GDQV OH WHPSV GDQV GHV uHFRXOH�
PHQWV GH OLWV oXLGLVuHV GDQV GHV WXEHV GH �� FP� 6RQ WRPRJUDSKH HVW uHTXLSuH G
XQ WXEH GH
�� NH9 HW G
XQ GuHWHFWHXU OLQuHDLUH GH � ��� uHOuHPHQWV� 8QH DFTXLVLWLRQ FRPSOtHWH SUHQG �� PL�
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QXWHV� &RPSWH�WHQX GH FHWWH GXUuHH� FHW DSSDUHLO HVW OLPLWuH tD GHV UuHJLPHV SHUPDQHQWV� ,O IDLW ���
URWDWLRQV HW REWLHQW XQH LPDJH GH ��� SL[HOV GH FARWuH� FH TXL GRQQH XQH UuHVROXWLRQ VSDWLDOH GH ���
PP� /H WHVW GX WRPRJUDSKH VXU GHV IDQWARPHV GRQQH GHV UuHVXOWDWV DYHF XQH HUUHXU UHODWLYH GH � �
SDU UDSSRUW DX[ YDOHXUV WKuHRULTXHV� *UDVVOHU HVWLPH TXH O
HUUHXU VXU OD PHVXUH GH OD FRQFHQWUDWLRQ
GH VROLGH HVW LQIuHULHXUH tD �� �� 0DLV DXFXQH YDOLGDWLRQ Q
HVW SUuHVHQWuHH HQ uHFRXOHPHQW GH OLWV oXL�
GLVuHV� &H GLVSRVLWLI SHUPHW GH IDLUH GHV PHVXUHV MXVTX
tD XQH FRQFHQWUDWLRQ YROXPLTXH PR\HQQH
HQ VROLGH GH �� � �OLPLWDWLRQ GXH tD OD SXLVVDQFH GX WXEH tD UD\RQV ;�� /
DSSDUHLO GuHYHORSSuH SDU
*UDVVOHU HVW WUtHV SURFKH GX WRPRJUDSKH TXH QRXV FKHUFKRQV tD UuHDOLVHU�

&HV WRPRJUDSKHV RQW GHV FDUDFWuHULVWLTXHV GLmuHUHQWHV GH FHOXL TXH QRXV FKHUFKRQV tD FRQVWUXLUH
HW VXUWRXW GDQV OD PDMRULWuH� OHXUV PHVXUHV GH WDX[ GH SUuHVHQFH ORFDO Q
RQW SDV uHWuH YDOLGuHHV�

��� 0uHWKRGRORJLH

'DQV FH WUDYDLO� QRXV PHWWURQV DX SRLQW HW YDOLGHURQV XQ GLVSRVLWLI GH PHVXUH GX
WDX[ GH SUuHVHQFH ORFDO G
XQ uHFRXOHPHQW HDX�DLU SHUPDQHQW SDU WRPRJUDSKLH tD UD\RQV ;�

/
DWWuHQXDWLRQ G
XQ IDLVFHDX GH UD\RQV ; WUDYHUVDQW XQ uHFRXOHPHQW GLSKDVLTXH GuHSHQG GHV
uHSDLVVHXUV FXPXOuHHV GH OD SDURL� O
HDX HW O
DLU� HW GH OHXU DWWuHQXDWLRQ UHVSHFWLYH� 6L FHWWH PHVXUH
HVW PXOWLSOLuHH VXLYDQW GLmuHUHQWHV SRVLWLRQV HW GLmuHUHQWV DQJOHV� XQ DOJRULWKPH SHUPHW GH UHFRQV�
WUXLUH XQH FDUWH GH O
DWWuHQXDWLRQ� 'H FHWWH FDUWH� FRQQDLVVDQW O
DWWuHQXDWLRQ GH UuHIuHUHQFH GH O
HDX
HW GH O
DLU� LO HVW IDFLOH G
REWHQLU XQH FDUWH GX WDX[ GH SUuHVHQFH ORFDO�

,O H[LVWH SOXVLHXUV JuHRPuHWULH G
DFTXLVLWLRQ �

^ OD JuHRPuHWULH SDUDOOtHOH �

^ OD JuHRPuHWULH HQ uHYHQWDLO �IDQ�EHDP� �

^ GHV JuHRPuHWULHV KuHOLFR�rGDOHV RX SOXV FRPSOLTXuHHV XWLOLVuHHV H[FOXVLYHPHQW HQ WURLV GLPHQ�
VLRQV�

$±TECTEUR4UBEÅ8

)LJ� ���� 3ULQFLSH GH O
uHFKDQWLOORQQDJH SDUDOOtHOH

3RXU OD JuHRPuHWULH SDUDOOtHOH� OHV IDLVFHDX[ GH UD\RQV ; VRQW SDUDOOtHOHV� /
HQVHPEOH VRXUFH GH
UD\RQV ; HW GuHWHFWHXU HVW GuHSODFuH VXLYDQW GLmuHUHQWHV SRVLWLRQV OLQuHLTXHV� SXLV FHW HQVHPEOH WRXUQH
G
XQ DQJOH GRQQuH DXWRXU GH OD VHFWLRQ G
HVVDLV DYDQW GH FRPPHQFHU tD QRXYHDX OHV SRVLWLRQV
OLQuHLTXHV �nJXUH �����



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

3RXU XQH JuHRPuHWULH HQ uHYHQWDLO �IDQ�EHDP�� OH WXEH tD UD\RQV ; D XQ DQJOH G
uHPLVVLRQ ODUJH
TXL SHUPHW G
LOOXPLQHU OD WRWDOLWuH GH OD VHFWLRQ tD FDUWRJUDSKLHU� 8Q GuHWHFWHXU OLQuHDLUH SHUPHW
G
DFTXuHULU HQ XQH VHXOH LOOXPLQDWLRQ WRXWHV OHV PHVXUHV FRUUHVSRQGDQW tD XQH SRVLWLRQ DQJXODLUH
GH OD VRXUFH� &H GLVSRVLWLI SUuHVHQWH O
DYDQWDJH GH GLPLQXHU OD GXUuHH WRWDOH GH PHVXUH� FDU LO Q
\
D SOXV TX
tD UuHDOLVHU OHV URWDWLRQV DXWRXU GH OD VHFWLRQ G
HVVDLV �nJXUH �����

)LJ� ���� 3ULQFLSH GH O
uHFKDQWLOORQQDJH HQ uHYHQWDLO

/HV DXWUHV JuHRPuHWULHV VRQW VSuHFLnTXHV DX[ UHFRQVWUXFWLRQV HQ WURLV GLPHQVLRQV� GRQF QH
UHQWUHQW SDV GDQV OH FDGUH GH FH WUDYDLO�

/D JuHRPuHWULH SDUDOOtHOH D O
DYDQWDJH G
AHWUH SOXV VLPSOH tD PHWWUH HQ }XYUH� $XVVL� DX GuHEXW GH
FH WUDYDLO� QRXV GLVSRVLRQV GuHMtD G
XQ GLVSRVLWLI GH GuHSODFHPHQW HW GH GuHWHFWHXUV� &
HVW SRXUTXRL
GDQV XQ SUHPLHU WHPSV� QRXV QH IHURQV TXH GHV uHFKDQWLOORQQDJHV SDUDOOtHOHV�

3RXU UuHDOLVHU FH WUDYDLO� QRXV VXLYURQV OH SODQ VXLYDQW�

'DQV OH FKDSLWUH �� QRXV SUuHVHQWHURQV XQH DQDO\VH ELEOLRJUDSKLTXH VXU OHV DOJRULWKPHV GH
UHFRQVWUXFWLRQ� OHV VFKuHPDV G
uHFKDQWLOORQQDJH HW OH SUREOtHPH GH GXUFLVVHPHQW GX IDLVFHDX�

'DQV OH FKDSLWUH �� QRXV WHVWHURQV HW RSWLPLVHURQV OHV DOJRULWKPHV GH UHFRQVWUXFWLRQ UHWHQXV�

1RXV GuHFULURQV OH GLVSRVLWLI H[SuHULPHQWDO 0LQL�720,; HW H[SOLTXHURQV OHV FKRL[ GH VHV
SDUDPtHWUHV GH IRQFWLRQQHPHQW GDQV OH FKDSLWUH ��

1RXV YDOLGHURQV� GDQV OH FKDSLWUH �� QRWUH FKDArQH GH PHVXUH FRPSOtHWH� GLVSRVLWLI GH PHVXUH HW
DOJRULWKPH GH UHFRQVWUXFWLRQ� HQ UuHDOLVDQW GHV PHVXUHV VXU GHV IDQWARPHV HW GLmuHUHQWV uHFRXOHPHQWV�
HW FRPSDUHURQV OHV UuHVXOWDWV REWHQXV DYHF XQH DXWUH PuHWKRGH GH PHVXUH GX WDX[ GH SUuHVHQFH
ORFDO� OD VRQGH RSWLTXH�

(QnQ� GDQV OH FKDSLWUH �� QRXV WHVWHURQV QRWUH DOJRULWKPH GH UHFRQVWUXFWLRQ VXU GHV PHVXUHV
DYHF XQ uHFKDQWLOORQQDJH HQ uHYHQWDLO�



&KDSLWUH �

$QDO\VH ELEOLRJUDSKLTXH

��� ,QWURGXFWLRQ

'DQV FH FKDSLWUH� QRXV SUuHVHQWHURQV GLmuHUHQWV DOJRULWKPHV GH UHFRQVWUXFWLRQ HQ GHX[ GL�
PHQVLRQV� ,OV RQW uHWuH GuHYHORSSuHV SRXU GHV DSSOLFDWLRQV PuHGLFDOHV HW SHXYHQW AHWUH DSSOLTXuHV tD
G
DXWUHV PHVXUHV TXH O
DWWuHQXDWLRQ GHV UD\RQV ;�

1RXV FRPSDUHURQV D SULRUL OHXUV SHUIRUPDQFHV� F
HVW tD GLUH OHXU IDFLOLWuH GH SURJUDPPDWLRQ�
OHXU VWDELOLWuH� OHXU UDSLGLWuH G
H[uHFXWLRQ� OHXU DGDSWDELOLWuH DX[ JuHRPuHWULHV G
DFTXLVLWLRQ HW OHXU
IDLEOH VHQVLELOLWuH DX EUXLW� &HOD QRXV SHUPHWWUD GH FKRLVLU OHV DOJRULWKPHV TXH QRXV GuHYHORSSHURQV
SDU OD VXLWH�

,O IDXW UHPDUTXHU TXH OH SUREOtHPH LQYHUVH HQ UHFRQVWUXFWLRQ HVW XQ SUREOtHPH PDO SRVuH� (Q
HmHW� HQ UDLVRQ GX EUXLW� LO Q
H[LVWH SDV IRUFuHPHQW GH VROXWLRQ HW VXUWRXW SDV GH VROXWLRQ
XQLTXH� (QnQ VL XQH VROXWLRQ XQLTXH SHXW AHWUH GuHnQLH� VRQ FDOFXO HVW LQVWDEOH QXPuHULTXHPHQW
HW QuHFHVVLWH GHV WHFKQLTXHV GH UuHJXODULVDWLRQ�

&HV DOJRULWKPHV SHXYHQW AHWUH FODVVuHV HQ GHX[ JURXSHV �

^ OHV DOJRULWKPHV DQDO\WLTXHV � XQH IRUPXOH DQDO\WLTXH UHOLDQW OD VROXWLRQ tD UHFRQVWUXLUH DYHF
OHV PHVXUHV HVW GLVFUuHWLVuHH �

^ OHV DOJRULWKPHV DOJuHEULTXHV � OD UHODWLRQ HQWUH JUDQGHXU UHFKHUFKuHH HW PHVXUHV HVW uHFULWH
VRXV OD IRUPH G
XQ V\VWtHPH OLQuHDLUH HW OD VROXWLRQ UHFKHUFKuHH HQ HVW FDOFXOuHH HQ XWLOLVDQW
GHV PuHWKRGHV �FODVVLTXHV� GH UuHVROXWLRQ GH V\VWtHPH OLQuHDLUH�

3DU VRXFL G
KRPRJuHQuHLWuH� QRXV SUHQGURQV SRXU OD VXLWH GX GRFXPHQW OHV QRWDWLRQV VXLYDQWHV �

^ VROXWLRQ RX JUDQGHXU tD UHFRQVWUXLUH �SRXU QRXV O
DWWuHQXDWLRQ OLQuHDLUH� � IRQFWLRQ I RX
YHFWHXU ) �

^ HQVHPEOH GHV PHVXUHV �SRXU QRXV O
DWWuHQXDWLRQ OLQuHLTXH� � IRQFWLRQ 5I RX YHFWHXU 3 �

1RXV DSSHOOHURQV �

^ WUDQVODWLRQV RX SURMHFWLRQV� OHV PHVXUHV UuHDOLVuHHV tD XQ DQJOH GRQQuH �

^ URWDWLRQV� OHV GLmuHUHQWHV SRVLWLRQV DQJXODLUHV GH PHVXUH�

1RXV QRWHURQV �

^ 0 � OH QRPEUH GH SURMHFWLRQV �

^ 1 � OH QRPEUH GH URWDWLRQV VXU >�� {>�



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

(QnQ� LO IDXW QRWHU TXH EHDXFRXS G
DUWLFOHV �FRPPH >/HZLWW� ����@� >1DWWHUHU� ����� S ���@

HW >.DN HW 6ODQH\� ����� S ���@� GRQQHQW XQH UtHJOH G
DFTXLVLWLRQ SHUPHWWDQW G
DYRLU GH
ERQQHV UHFRQVWUXFWLRQV �

1 { {

�
0 �����

&HWWH UtHJOH HVW EDVuHH VXU GHV FRQVLGuHUDWLRQV VXU OHV uHFKDQWLOORQQDJHV HW OHV GLVFUuHWLVDWLRQV� (Q
SUDWLTXH� 1 HVW FKRLVL OuHJtHUHPHQW VXSuHULHXU tD { �0 �



&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

��� $OJRULWKPHV GH UHFRQVWUXFWLRQ DQDO\WLTXHV

/D JUDQGHXU TXH QRXV FKHUFKRQV tD UHFRQVWUXLUH� I�[� \�� HVW XQH IRQFWLRQ tD GHX[ YDULDEOHV [
HW \ TXL VRQW O
DEVFLVVH HW O
RUGRQQuHH GX SRLQW FRQVLGuHUuH�

'DQV XQ UHStHUH �2[\�� VRLW OD GURLWH GH SURMHFWLRQ� F
HVW tD GLUH OD GURLWH TXH SDUFRXUW OH
IDLVFHDX GH UD\RQV ; HQWUH OD VRXUFH HW OH GuHWHFWHXU� �'� TXL SDVVH tD XQH GLVWDQFH V GX SRLQW 2
HW IDLW XQ DQJOH t DYHF O
D[H �2[� �YRLU OD nJXUH ����� 6RLW W� O
DEVFLVVH FXUYLOLJQH G
XQ SRLQW GH
OD GURLWH �'�� GRQW O
RULJLQH HVW OH SRLQW 2
�

O
x

s
q

( D )

t

f

O '

)LJ� ���� 3URMHFWLRQ G
XQH JUDQGHXU

/
LQWuHJUDOH GH OD JUDQGHXU I VHORQ OD GURLWH �'� HVW GRQQuHH SDU �

5I�V� t�A 
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=
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I �V FRV t b W VLQ t� V VLQ t � W FRV t� GW �����

&HWWH LQWuHJUDOH FRUUHVSRQG DX[ PHVXUHV G
DWWuHQXDWLRQ OLQuHLTXH� 1RXV DOORQV YRLU FRPPHQW�
tD SDUWLU GH OD FRQQDLVVDQFH GH 5I � QRXV SRXYRQV UHFRQVWUXLUH I �

����� 0uHWKRGH GH FRQYROXWLRQ GH 5DPDFKDQGUDQ HW /DNVKPLQDUD\DQDQ

&HWWH PuHWKRGH HVW H[SRVuHH DYHF O
HQVHPEOH GH VD GuHPRQVWUDWLRQ GDQV >5DPDFKDQGUDQ HW
/DNVKPLQDUD\DQDQ� ����@ HW UHSULVH GDQV >0F'DYLG HW DO�� ����@�

6RLW D� O
HVSDFHPHQW HQWUH GHX[ SURMHFWLRQV VXFFHVVLYHV�

) HW )� VRQW OHV WUDQVIRUPDWLRQV GH )RXULHU VXU XQH HW GHX[ GLPHQVLRQV GuHnQLHV SDU OHV
UHODWLRQV VXLYDQWHV �

^ SRXU XQH IRQFWLRQ K GuHnQLH VXU 5 �

>) K@ �X� A 

��
=

b�

I�[� Hb�{LX[ G[ �����



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

^ SRXU XQH IRQFWLRQ K GuHnQLH VXU 5� HQ FRRUGRQQuHHV FDUWuHVLHQQHV �

>)� K@ �X� Y� A 

==

I�[� \� Hb�{L�X[�Y\� G[ G\ �����

^ SRXU XQH IRQFWLRQ K GuHnQLH VXU 5d >�� �{> HQ FRRUGRQQuHHV SRODLUHV �

>) K@ �}� t� A ) >Kt �V�@ �}� �����

RtX Kt �V�  K �V� t��

/
LPDJH SHXW AHWUH FDOFXOuHH HQ SDVVDQW SDU O
HVSDFH GH )RXULHU �

I�V� t�  )b� >) �5I�@ �V� t�  

{
=

�
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=
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� Hb�{L}V FRV�tb
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,O HVW SRVuH �

K�U� o�  
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M[M ) �5I� �[� o� Hb�{L[UG[ �����

&HOD GRQQH DYHF O
uHTXDWLRQ ����� SRXU O
LPDJH �

I�V� t�  

{
=

�

K >V FRV �t b 
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/D IRQFWLRQ T HVW GuHnQLH FRPPH OD WUDQVIRUPuHH GH )RXULHU LQYHUVH GH M[M �

M[M  ) �T� �[�  
��
=

b�

T�\� H�{L[\ G\ �����

&HOD GRQQH �

)�K�  )�T�)�5I� ������

$ORUV HQ XWLOLVDQW OH WKuHRUtHPH GH OD FRQYROXWLRQ SRXU OH SURGXLW GHV WUDQVIRUPuHHV GH )RXULHU�
K HVW OH SURGXLW GH FRQYROXWLRQ GH 5I HW T �

K�V� t�  

��
=

b�

�5I� �[� t� T�Vb [� G[ ������

0DLQWHQDQW� FKHUFKRQV tD H[SULPHU T �

T�[�  )b� �M\M�  
��
=

b�

M\M Hb�{L[\ G\ ������



&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

2U FHWWH LQWuHJUDOH QH SHXW SDV AHWUH FDOFXOuHH FDU M\M GLYHUJH� 3RXU UuHVRXGUH FH SUREOtHPH� OHV
ERUQHV VRQW UHPSODFuHHV SDU XQ QRPEUH SRVLWLI & �

T�[�  

&
�

=

b

&
�

M\M Hb�{L[\ G\ ������

5DPDFKDQGUDQ HW /DNVKPLQDUD\DQDQ IRQW WHQGUH & YHUV �� HW O
K\SRWKtHVH TXH OHV LQWuHJUDOHV
GRQQHQW OH PAHPH UuHVXOWDW HVW IDLWH� &HOD GRQQH FRPPH UuHVXOWDW SRXU OHV SRLQWV GHV PHVXUHV �
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n
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n

n
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� VL MHVW SDLU
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VL M HVW LPSDLU
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&HOD GRQQH XQH PuHWKRGH HQ GHX[ uHWDSHV �

�� &DOFXO GH OD FRQYROXWLRQ � SRXU WRXWHV OHV SURMHFWLRQV L HW WRXV OHV DQJOHV tM �

K �L� tM�  
�

D

�

�5IG�L�tM
�

b �

{�

;

W LPSDLUH

�5IG� L�W�tM

W�

�

������

�� 6RPPDWLRQ VXU WRXWHV OHV UDLHV SDVVDQW SDU OH SRLQW FRQVLGuHUuH �

I �V� t�  
;

M

K �V FRV�t b tM�� tM�ctM ������

6HORQ OD FRPSDUDLVRQ H[SRVuHH GDQV >5DPDFKDQGUDQ HW /DNVKPLQDUD\DQDQ� ����@ VXU TXHOTXHV
H[HPSOHV� FHWWH PuHWKRGH HVW �� IRLV SOXV UDSLGH HW � tD �� IRLV SOXV nGtHOH tD O
RULJLQDO TXH OD
PuHWKRGH GH )RXULHU �H[SRVuHH GDQV OD VXLWH GH FH FKDSLWUH�� (Q HmHW� HOOH QH IDLW TX
XQH VRPPH
VXU XQH GLPHQVLRQ FRQWUH XQH VRPPH VXU GHX[ GLPHQVLRQV SRXU O
DOJRULWKPH GH )RXULHU�

����� 5uHWURSURMHFWLRQ nOWUuHH

/D UHODWLRQ GH 5DGRQ XWLOLVuHH SDU OD UuHWURSURMHFWLRQ nOWUuHH HVW EDVuHH VXU OH WKuHRUtHPH GH
SURMHFWLRQ OLDQW 5I HW I >+HUPDQ� ����@ �

>) 5I @ �}� 
�  >)� I @ �} FRV
� } VLQ
� ������

'uHnQLVVRQV OHV IRQFWLRQV VXLYDQWHV �

^ RSuHUDWHXUV GH FRQYROXWLRQ �

^ SRXU GHX[ IRQFWLRQV J HW K GuHnQLHV VXU 5 �

>J e K@ �[�� A 
��
=

b�

J�[�I�[� b [�G[ ������



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

^ SRXU GHX[ IRQFWLRQV J HW K GuHnQLHV VXU 5� �FRRUGRQQuHHV FDUWuHVLHQQHV� �

>J e K@ �[�� \�� A 
==

J�[� \�I�[� b [� \� b \�G[ G\ ������

^ SRXU GHX[ IRQFWLRQV J HW K GuHnQLHV VXU 5d >�� �{> �FRRUGRQQuHHV SRODLUHV� �

>J " K@ �V� t� A �Jt e Kt��V� ������

RtX Jt �V�  J �V� t� HW Kt �V�  K �V� t��

^ RSuHUDWHXU GH GuHULYDWLRQ G
XQH IRQFWLRQ K GuHnQLH VXU 5 d >�� �{> SDU UDSSRUW tD V� t uHWDQW
n[uH �

>'K@ �V� t� A OLP
cV��

K �V�cV� t�b K �V� t�

cV
������

^ WUDQVIRUPuHH GH +LOEHUW G
XQH IRQFWLRQ K GuHnQLH VXU 5 �

+K�V� A 
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^ RSuHUDWHXU GH UuHWURSURMHFWLRQ G
XQH IRQFWLRQ K GuHnQLH VXU 5 d >�� �{> �FRRUGRQQuHHV SR�
ODLUHV� �

%K�[� \� A 
{

=

�

K �[ FRV t � \ VLQ t� t� Gt ������

/
RSuHUDWHXU GH UuHWURSURMHFWLRQ VRPPH OHV FRQWULEXWLRQV GH K SDVVDQW SDU OH SRLQW FRQVLGuHUuH
TXHOV TXH VRLHQW OHXUV DQJOHV� F
HVW tD GLUH TX
LO VRPPH OHV PHVXUHV GH WRXV OHV IDLVFHDX[ GH
UD\RQV ; SDVVDQW SDU FH SRLQW TXHO TXH VRLW OHXU DQJOH GH WLU�

&HV RSuHUDWHXUV SHUPHWWHQW� tD SDUWLU GH OD IRUPXOH ������� GH GuHPRQWUHU OD IRUPXOH G
LQYHU�
VLRQ GH 5DGRQ XWLOLVuHH GDQV OD UuHWURSURMHFWLRQ nOWUuHH �XQH GuHPRQVWUDWLRQ GH FHWWH IRUPXOH HVW
SUuHVHQWuHH GDQV >+HUPDQ� ����� S �� tD ��@� �

I�[� \�  b �
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I�[� \�  %)b� >M}M �) �5I��}� 
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RX HQFRUH

I�[� \�  %
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)b��M}M� " �5I� �V� t�
e

�[� \� ������

/HV IRUPXOHV ������ HW ������ VRQW SUuHIuHUuHHV tD OD IRUPXOH ������� FDU HOOHV QH FRQWLHQQHQW SOXV
O
RSuHUDWHXU GH GuHULYDWLRQ WUtHV VHQVLEOH DX[ EUXLWV�

1RWRQV 1 � OH QRPEUH GH URWDWLRQV�

6RLW ct  {�1 � OH SDV GH GLVFUuHWLVDWLRQ DQJXODLUH�



&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

/HV IRUPXOHV ������ HW ������ VRQW HQVXLWH GLVFUuHWLVuHHV �
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DYHF �

^ RSuHUDWHXU GLVFUHW GH FRQYROXWLRQ GH GHX[ IRQFWLRQV J HW K GLVFUtHWHV VXU 5 �

>K eG J@ �N�  
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K�M�J�N b M� ������

/
RSuHUDWHXU GLVFUHW GH FRQYROXWLRQ HQ FRRUGRQQuHHV SRODLUHV K "G J HVW GuHnQLH GH OD PAHPH
IDzFRQ TXH SUuHFuHGHPPHQW �uHTXDWLRQ ��������

^ RSuHUDWHXU GLVFUHW GH UuHWURSURMHFWLRQ G
XQH IRQFWLRQ K GLVFUtHWH GuHnQLH VXU 5 �
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G KM�[� \�  ct

1b�
;

M �

KM �[ FRV �Mct� � \ VLQ �Mct� � Mct� ������

^ RSuHUDWHXU G
LQWHUSRODWLRQ VHORQ OD IRQFWLRQ J �

>) J
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D
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RtX D HVW OD GLVWDQFH HQWUH GHX[ SURMHFWLRQV�

&HW RSuHUDWHXU SHUPHW G
DGDSWHU OD JULOOH GH VRUWLH GH O
RSuHUDWHXU GLVFUuHWLVuH GH WUDQVIRUPuHH
GH )RXULHU DYHF OHV EHVRLQV tD O
HQWUuHH GH O
RSuHUDWHXU GLVFUuHWLVuH GH UuHWURSURMHFWLRQ� F
HVW tD
GLUH XQH IRQFWLRQ FRQWLQXH�

/HV IRUPXOHV ������ HW ������ VRQW HQnQ SURJUDPPuHHV HW XWLOLVuHHV SRXU UHFRQVWUXLUH GHV
GRQQuHHV� 3RXU FH IDLUH� LO UHVWH tD FKRLVLU OD IRQFWLRQ G
LQWHUSRODWLRQ J HW OD IRQFWLRQ XWLOLVuHH tD OD
SODFH GH M}M� TXL SHUPHWWUD GH nOWUHU OHV PHVXUHV�
3RXU IDLUH O
LQWHUSRODWLRQ� J GRLW VDWLVIDLUH OHV FRQGLWLRQV VXLYDQWHV �

^ 6L K HVW tD YDOHXU UuHHOOH� LO IDXW TXH O
LQWHUSRODWLRQ VRLW UuHHOOH� GRQF TXH J VRLW UuHHOOH �

^ J GRLW AHWUH ERUQuHH �

^ 6L K HVW SDLUH� J GRLW AHWUH SDLUH �

^ /D VRPPH GHV YDOHXUV GLVFUtHWHV GRLW AHWUH uHJDOH tD O
LQWuHJUDOH GH OD IRQFWLRQ LQWHUSROuHH� F
HVW
tD GLUH �

��
=
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>) J
G K@ �[� G[  

;
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&HOD LPSOLTXH �
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�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

^ /
LQWHUSRODWLRQ GRLW GRQQHU tD FKDTXH SRLQW OD YDOHXU H[DFWH� F
HVW tD GLUH �M � =� >) J
G K@ �MG�  

K�M�� FH TXL LPSRVH TXH J���  � HW �M � =� M � �� J�M�  ��
+HUPDQ >+HUPDQ� ����@ UDSSHOOH TXH FHV FRQGLWLRQV SHXYHQW VH UDPHQHU tD GHV LQWHUSRODWLRQV

FODVVLTXHV �

^ tD XQH LQWHUSRODWLRQ SDU OHV SURFKHV YRLVLQV VL J HVW XQH IRQFWLRQ SRUWH �

^ tD XQH LQWHUSRODWLRQ OLQuHDLUH VL J HVW XQH IRQFWLRQ FUuHQHDX �

^ tD XQH LQWHUSRODWLRQ GH :KLWWDNHU�6KDQQRQ VL J�[�  VLQ[�[ �

^ tD XQH LQWHUSRODWLRQ GH /DJUDQJH �

KLQWHUSROuH �[� � MD�  
;
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M}M HVW UHPSODFuHH SDU XQH IRQFWLRQ GLVFUuHWLVuHH $ TXL nOWUHUD �PLHX[� OHV GRQQuHHV DnQ G
DXJ�
PHQWHU OD TXDOLWuH GH OD UHFRQVWUXFWLRQ� &H nOWUH FRPSUHQGUD XQH IRQFWLRQ SRUWH TXL uHOLPLQHUD
WRXWHV OHV IUuHTXHQFHV VXSuHULHXUHV tD ���G� >+HUPDQ� ����@ SUuHVHQWH OHV nOWUHV VXLYDQWV �
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RtX 0 HVW OH QRPEUH GH SURMHFWLRQV�

'DQV FHV nOWUHV� OD IRQFWLRQ �SRUWH� D O
LQFRQYuHQLHQW GH FUuHHU GHV RVFLOODWLRQV GDQV O
LPDJH
UHFRQVWUXLWH� (OOH HVW UHPSODFuHH SDU G
DXWUHV IRQFWLRQV TXL RQW GHV FRXSXUHV PRLQV EUXVTXHV HW
GRQF WHQGHQW tD GLPLQXHU OHV RVFLOODWLRQV� PDLV RQW O
LQFRQYuHQLHQW GH OLVVHU O
LPDJH� /HV IRQFWLRQV
VXLYDQWHV VRQW FRXUDPPHQW XWLOLVuHHV �

^ )LOWUH DYHF EDQGH OLPLWuHH �

g
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u
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RtX & HVW OD SURSRUWLRQ GX VSHFWUH GH IUuHTXHQFH LQFOXVH DYDQW OD IUuHTXHQFH GH FRXSXUH
�n[uHH SDU O
XWLOLVDWHXU� �

^ )LOWUH SDVVH�EDV DYHF EDQGH OLPLWuHH �
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&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

^ )LOWUH GH +DPPLQJ JuHQuHUDOLVuH �
�

o � ��b o� FRV
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t

M

0

u
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+HUPDQ FRPSDUH OHV UHFRQVWUXFWLRQV REWHQXHV SDU OHV GLmuHUHQWHV LQWHUSRODWLRQV HW OHV GLmuH�
UHQWV nOWUHV VXU XQH UuHSRQVH LPSXOVLRQQHOOH� VXU GHV GRQQuHHV EUXLWuHHV HW VXU XQ IDQWARPH GH
WAHWH G
KRPPH� 6HV FULWtHUHV GH FKRL[ VRQW OD GLPLQXWLRQ GX EUXLW� OD UuHSRQVH OD SOXV FRQIRUPH tD
O
RULJLQDO HW OD GLPLQXWLRQ GHV RVFLOODWLRQV SURFKHV GHV SDURLV� (Q FRQFOXVLRQ� LO UHFRPPDQGH OHV
nOWUHV VXLYDQWV >+HUPDQ� ����� S �� tD ��@ �

^ LQWHUSRODWLRQ OLQuHDLUH HW nOWUH SDVVH�EDV HQ VLQF DYHF &  � �

^ LQWHUSRODWLRQ OLQuHDLUH HW )LOWUH JuHQuHUDOLVuH GH +DPPLQJ DYHF o  �� ���

����� 5KR�nOWHUHG /D\HUJUDP 5HFRQVWUXFWLRQ

/D UuHWURSURMHFWLRQ nOWUuHH FRPPHQFH SDU nOWUHU OHV PHVXUHV� SXLV OHV UuHWURSURMHWWH� 'DQV FHWWH
PuHWKRGH� O
DOJRULWKPH IDLW O
LQYHUVH � G
DERUG UuHWURSURMHFWLRQ� SXLV nOWUDJH GHV PHVXUHV SDU GHV
WUDQVIRUPuHHV GH )RXULHU HQ GHX[ GLPHQVLRQV� 3DU XQH GuHPRQVWUDWLRQ VHPEODEOH tD FHOOH XWLOLVuHH
GDQV OD SDUWLH ������ GHV IRUPXOHV VHPEODEOHV DX[ IRUPXOHV ������ HW ������ VRQW GuHPRQWUuHHV
>+HUPDQ� ����� S �� tD ��@ �

^ )RUPXOH DQDO\WLTXH �

I  )b�

�
>DEV� �)�% �5I�@ ������

^ )RUPXOH GLVFUuHWLVuHH �
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DEV� �)�G%1
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J
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+HUPDQ >+HUPDQ� ����@ FRQFOXW TXH FHW DOJRULWKPH GRQQH GHV UHFRQVWUXFWLRQV VHPEODEOHV tD
FHOOHV REWHQXHV SDU OD UuHWURSURMHFWLRQ nOWUuHH� 0DLV OH �5KR�nOWHUHG /D\HUJUDP 5HFRQVWUXFWLRQ�
HVW SOXV VHQVLEOH DX[ GLVFRQWLQXLWuHV GHV nOWUHV HW SRVH OD TXHVWLRQ GH WURXYHU XQ ERQ nOWUH HQ
GHX[ GLPHQVLRQV� 6RQ JURV GuHVDYDQWDJH HVW TX
LO QuHFHVVLWH TXDWUH IRLV SOXV GH WHPSV GH
FDOFXO HW G
HVSDFH GH VWRFNDJH TXH OD UuHWURSURMHFWLRQ nOWUuHH�

����� $OJRULWKPH GH )RXULHU

&HW DOJRULWKPH UHFRQVWUXLW O
LPDJH HQ SDVVDQW SDU O
HVSDFH GH )RXULHU �nJXUH ���� >/HZLWW�
����� 1DWWHUHU� ����� 1DWWHUHU� ����@ �

I  )b�
�

�S
�{

) �5I�

w

������

6RLW 0  �T� OH QRPEUH GH SURMHFWLRQV HW 1 � OH QRPEUH GH URWDWLRQV� &HW DOJRULWKPH VH
SURJUDPPH JuHQuHUDOHPHQW HQ WURLV uHWDSHV �

�� &DOFXO GH OD WUDQVIRUPuHH GH )RXULHU GHV PHVXUHV� DQJOH SDU DQJOH� GDQV OH UHStHUH SRODLUH
�V� t� GHV SURMHFWLRQV � SRXU XQ QXPuHUR GH SURMHFWLRQV N DOODQW GH bT tD T HW XQ QXPuHUR
GH URWDWLRQV M DOODQW GH � tD 1 �

)G �KMN�  
�S
�{

�

T

Tb�
;
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�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

)LJ� ���� 3ULQFLSH GH O
DOJRULWKPH GH )RXULHU >/HZLWW� ����@

�� 3RVLWLRQ GDQV OH UHStHUH FDUWuHVLHQ GH O
LPDJH I � SRXU WRXW SRLQW N � =
�� MNM � T� GH OD

JULOOH FDUWuHVLHQQH� OH SRLQW SRODLUH zN GH FRRUGRQQuHHV �
O
T
� tM� SURFKH GH FH SRLQW FDUWuHVLHQ

HVW UHFKHUFKuH �nJXUH ����� HW LO HVW SRVuH �

)G �IN�  
�S
�{

)G �KMO� ������

)G �IN� HVW XQH DSSUR[LPDWLRQ GH ) �I�N�� SDU XQH LQWHUSRODWLRQ GX YRLVLQ OH SOXV SURFKH
GDQV OH UHStHUH SRODLUH�

�� &DOFXO GH OD WUDQVIRUPuHH LQYHUVH GH )RXULHU GHV WHUPHV REWHQXV GDQV OH UHStHUH FDUWuHVLHQ �
SRXU WRXW SRLQW M � =

�� MMM � T� GH OD JULOOH FDUWuHVLHQQH �

IM  
{

�

;

MNM�T

HL{M
N
T)G �IN� ������

/HZLWW >/HZLWW� ����@ SURSRVH� SRXU OH SDVVDJH GH OD JULOOH SRODLUH tD OD JULOOH FDUWuHVLHQQH�
XQH DXWUH VROXWLRQ TXH OD UHFKHUFKH GX SURFKH YRLVLQ H[SRVuHH FL�GHVVXV �UHFKHUFKH GX SRLQW TXL
PLQLPLVH VD GLVWDQFH DX SRLQW SRODLUH�� ,O VXJJtHUH GH IDLUH XQH GRXEOH LQWHUSRODWLRQ VXU OHV TXDWUH
SRLQWV SRODLUHV OHV SOXV SURFKHV GX SRLQW FDUWuHVLHQ RtX XQH DSSUR[LPDWLRQ HVW YRXOXH� (Q HmHW�
F
HVW O
uHWDSH G
LQWHUSRODWLRQ GH OD JULOOH SRODLUH YHUV OD JULOOH FDUWuHVLHQQH TXL FDXVH GHV DUWHIDFWV
GH UHFRQVWUXFWLRQ ORUVTX
HOOH HVW PDO IDLWH�

)� 1DWWHUHU D DQDO\VuH FH SKuHQRPtHQH HW SURSRVH XQH YDULDQWH GH O
DOJRULWKPH GH )RXULHU
GDQV >1DWWHUHU� ����@ HW >1DWWHUHU� ����@ �



&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

)LJ� ���� &KDQJHPHQW GH UHStHUHV GDQV O
DOJRULWKPH GH )RXULHU >1DWWHUHU� ����@

�� &DOFXO GH OD WUDQVIRUPuHH GH )RXULHU GHV PHVXUHV� DQJOH SDU DQJOH� GDQV OH UHStHUH SRODLUH
�V� t� GHV SURMHFWLRQV � SRXU XQ QXPuHUR GH SURMHFWLRQV N DOODQW GH bT tD T HW XQ QXPuHUR
GH URWDWLRQV M DOODQW GH � tD 1 � LO HVW SRVuH �
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Tb�
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�� 3RVLWLRQ GDQV OH UHStHUH FDUWuHVLHQ GH O
LPDJH I � SRXU WRXW SRLQW N � =
�� MNM � T� GH OD JULOOH

FDUWuHVLHQQH� OD GLUHFWLRQ SRODLUH tM SURFKH GH OD GLUHFWLRQ
N
MNM
�GURLWH SDVVDQW SDU O
RULJLQH

HW OH SRLQW N� HVW UHFKHUFKuHH � HW LO HVW SRVuH �
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DYHF OHV IRQFWLRQV VXLYDQWHV �

^ VLQF �[�  VLQ [ [�

^ /� ORQJXHXU n[DQW OH QRPEUH GH SRLQWV SULV HQ FRPSWH SRXU OH FDOFXO GH OD VuHULH� /D
FRQYHUJHQFH WUtHV UDSLGH GH FHWWH VuHULH SHUPHW GH SUHQGUH XQH YDOHXU GH / SHWLWH VDQV
HQWUDArQHU XQH JUDQGH HUUHXU GDQV O
HVWLPDWLRQ GH )G �IN��

^
B
o HVW OD WUDQVIRUPuHH GH )RXULHU LQYHUVH GH o VXU >b�� �@ DYHF �

o �[�  
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n
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� VLQRQ

& FKRLVL WHO TXH
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)G �IN� HVW XQH DSSUR[LPDWLRQ GH ) �I�N�� SDU XQH LQWHUSRODWLRQ GX YRLVLQ OH SOXV SURFKH
HQ FH TXL FRQFHUQH OHV GLUHFWLRQV DQJXODLUHV HW HQ JuHQuHUDOLVDQW O
LQWHUSRODWLRQ SDU VLQF SRXU
OD FRRUGRQQuHH UDGLDOH�



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

�� &DOFXO GH OD WUDQVIRUPuHH LQYHUVH GH )RXULHU GHV WHUPHV REWHQXV GDQV OH UHStHUH FDUWuHVLHQ �
SRXU WRXW SRLQW M � =

�� MMM � T� GH OD JULOOH FDUWuHVLHQQH �

IM  
{
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;

MNM�T

HL{M
N
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/D UHFRQVWUXFWLRQ SHXW AHWUH IRUWHPHQW DPuHOLRUuHH HQ nOWUDQW O
DSSUR[LPDWLRQ REWHQXH tD O
uHWDSH
�� )G �IL� HVW PXOWLSOLuH SDU : �MLM�� RtX OH nOWUH : HVW GuHnQL GH OD IDzFRQ VXLYDQWH �
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n

n
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/HZLWW >/HZLWW� ����@ LQGLTXH TXH O
DOJRULWKPH GH )RXULHU HVW SHX XWLOLVuH GDQV OD WRPR�
JUDSKLH PuHGLFDOH RX LQGXVWULHOOH HW TXH VD SURJUDPPDWLRQ HVW SOXV GLpFLOH TXH FHOOH GH OD
UuHWURSURMHFWLRQ nOWUuHH HQ UDLVRQ GH O
uHWDSH G
LQWHUSRODWLRQ� '
DSUtHV 1DWWHUHU >1DWWHUHU� ����@�
O
DOJRULWKPH GH )RXULHU GRQQH XQH LPDJH WUtHV GLVWRUGXH� PDLV OD YDULDQWH GH FHW DOJRULWKPH
SUuHVHQWuHH FL�GHVVXV SHUPHW G
REWHQLU GHV LPDJHV �VHPEODEOHV tD FHOOHV REWHQXHV SDU OD
UuHWURSURMHFWLRQ nOWUuHH�� WURLV IRLV SOXV YLWH�



&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

��� $OJRULWKPHV GH UHFRQVWUXFWLRQ DOJuHEULTXHV

3RXU FHV DOJRULWKPHV� OH SUREOtHPH GH UHFRQVWUXFWLRQ HVW SURMHWuH GDQV XQH EDVH�

/D IRQFWLRQ tD UHFRQVWUXLUH I HVW GLVFUuHWLVuHH GDQV XQH EDVH EM �

I�[� \�  
Q�
;

M �

IMEM �[� \� ������

/D EDVH EM SHXW AHWUH GH GLmuHUHQWHV IRUPHV� SDU H[HPSOHV �

^ LQGLFDWULFH GX SL[HO M GH O
LPDJH �

^ IRQFWLRQ OLQuHDLUH SDU PRUFHDX TXL D OD YDOHXU � DX QRHXG M GX PDLOODJH� � VLQRQ �

^ IRQFWLRQ VSLQH DX QRHXG M GX PDLOODJH�

6RLW �'L�� OD GURLWH TXH SDUFRXUW OH IDLVFHDX GH UD\RQV ; HQWUH OD VRXUFH HW OH GuHWHFWHXU ORUV
GH OD PHVXUH L�

&RPPH SRXU O
uHTXDWLRQ ������ OD PHVXUH SL FRUUHVSRQGDQW tD OD GURLWH 'L V
uHFULW �

SL  
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I �VL FRV tL b W VLQ tL� VL VLQ tL � W FRV tL� GW ������

(Q LQWURGXLVDQW OD GLVFUuHWLVDWLRQ GH I �IRUPXOH ������� GDQV FHWWH uHTXDWLRQ� SM V
uHFULW �
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(Q SHUPXWDQW O
LQWuHJUDOH HW O
RSuHUDWHXU GH VRPPH� FHWWH uHTXDWLRQ GHYLHQW �
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�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;
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/
uHTXDWLRQ ������ V
uHFULW DORUV VRXV OD IRUPH G
XQ V\VWtHPH OLQuHDLUH �

5)  3 ������

(Q JuHQuHUDO� OD EDVH EL HVW FKRLVLH tD VXSSRUW FRPSDFW� FRPPH SRXU OHV uHOuHPHQWV nQLV� DnQ TXH
EHDXFRXS G
uHOuHPHQWV 5LM VRLHQW QXOV HW TXH OD PDWULFH 5 VRLW FUHXVH�

&KDTXH uHOuHPHQW GH FHWWH PDWULFH� 5LM� UHSUuHVHQWH GRQF O
LQoXHQFH GX SL[HO M GDQV OH FDOFXO
GH OD SURMHFWLRQ L� 6HORQ OD EDVH EM FKRLVLH� FHV uHOuHPHQWV SHXYHQW DYRLU GLmuHUHQWHV H[SUHVVLRQV�
FRPPH SDU H[HPSOHV �YRLU OD nJXUH ���� �

^ OD YDOHXU � VL OD SURMHFWLRQ L SDVVH GDQV OH SL[HO M� � VLQRQ �

^ O
LQYHUVH GH OD GLVWDQFH G HQWUH OH FHQWUH GX SL[HO M HW OD GURLWH GH SURMHFWLRQ L FRQVLGuHUuHH
FRPPH XQ D[H G
uHSDLVVHXU QXOOH �

^ OH UDSSRUW GH O
DLUH G
LQWHUVHFWLRQ GH OD GURLWH GH SURMHFWLRQ L DYHF OH SL[HO M VXU OD VXUIDFH
GX SL[HO M �

^ VL OD GURLWH GH SURMHFWLRQ HVW VXSSRVuHH G
uHSDLVVHXU QXOOH� F
HVW tD GLUH XQ IDLVFHDX GH UD\RQ
; WUtHV nQ� OH UDSSRUW GH OD ORQJXHXU GH OD SRUWLRQ GH OD GURLWH GH SURMHFWLRQ L LQWHUFHSWDQW
OH SL[HO M VXU O
LQGLFDWULFH GX SL[HO M�

D

&AISCEAUÅI

#ELLULEÅJ

)LJ� ���� &DOFXO GHV uHOuHPHQWV 5LM

/H V\VWtHPH OLQuHDLUH 5)  3 QH SHXW SDV AHWUH UuHVROX SDU XQH PuHWKRGH H[DFWH �FRPPH OD
69'� SRXU WURLV UDLVRQV �

^ FRPSWH WHQX GH OD GLPHQVLRQ GH OD JULOOH GH O
LPDJH �SOXV GH ��� SL[HOV SDU FARWuH� HW GX
QRPEUH GH PHVXUHV �SOXV GH �� ����� OD PDWULFH 5 HVW GH WUtHV JUDQGH GLPHQVLRQ �SOXV
GH �� ��� SDU �� ����� FH TXL UHQG OD UuHVROXWLRQ GX V\VWtHPH OLQuHDLUH WUtHV GLpFLOH� YRLUH
LPSRVVLEOH �



&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

^ OD VROXWLRQ GH FH V\VWtHPH Q
H[LVWH SDV IRUFuHPHQW HW VL HOOH H[LVWH� HOOH Q
HVW SDV QuHFHVVDLUH�
PHQW XQLTXH �

^ HQ SUDWLTXH OHV PHVXUHV uHWDQW EUXLWuHHV� OD SUREDELOLWuH G
DYRLU XQH VROXWLRQ XQLTXH HVW QXOOH�

&
HVW SRXUTXRL FH V\VWtHPH HVW UuHVROX DX VHQV GHV PRLQGUHV FDUUuHV� /
DOJRULWKPH GH UuHVROXWLRQ
QH GRQQH SDV QuHFHVVDLUHPHQW XQH VROXWLRQ H[DFWH� PDLV OD VROXWLRQ DSSURFKuHH GH ) TXL PLQLPLVH
O
HUUHXU TXDGUDWLTXH �

N3 b5)N� ������

&H SUREOtHPH D WRXMRXUV DX PRLQV XQH VROXWLRQ�

'DQV OD VXLWH GH FHWWH VHFWLRQ� QRXV H[SRVHURQV GLmuHUHQWV DOJRULWKPHV TXL UuHVROYHQW XQ
V\VWtHPH OLQuHDLUH TXHOFRQTXH $;  % DX VHQV GHV PRLQGUHV FDUUuHV DSUtHV DYRLU GuHnQL FHUWDLQHV
JUDQGHXUV PDWKuHPDWLTXHV� &HV DOJRULWKPHV VRQW XWLOLVuHV SRXU UuHVRXGUH OH V\VWtHPH OLQuHDLUH WR�
PRJUDSKLTXH HQ SRVDQW $  5� ;  ) HW %  3 �

����� 4XHOTXHV GuHnQLWLRQV PDWKuHPDWLTXHV

8QH PDWULFH V\PuHWULTXH $ HVW VHPL�GuHnQLH SRVLWLYH VL �; � 5
Q� ; � �� ;W$; w �� (OOH

HVW GuHnQLH SRVLWLYH VL �; � 5
Q� ; � �� ; W$; ! ��

/H SURGXLW VFDODLUH GH GHX[ YHFWHXUV ; HW < HVW GuHnQL SDU �

K;�< L A 
;

L

;L<L ������

/H SURGXLW VFDODLUH GH GHX[ YHFWHXUV ; HW < SDU UDSSRUW tD XQH PDWULFH $� V\PuHWULTXH�
GuHnQLH SRVLWLYH� HVW GuHnQL SDU �

K;� < L
$
A ; W$<  < W$; ������

/D QRUPH G
XQ YHFWHXU ; HVW DORUV FDOFXOuHH GH OD IDzFRQ VXLYDQWH �

N;N A 
V

;

L

;�

L
������

/D QRUPH G
XQ YHFWHXU ; SDU UDSSRUW tD XQH PDWULFH $ HVW GRQQuHH SDU OD IRUPXOH VXLYDQWH �

N;N
$
A ;W$; ������

6RLHQW $ XQH PDWULFH HW ; XQ YHFWHXU� /H NLtHPH HVSDFH GH .U\ORY GH $ HW ;� .N�$�;��
N � 1

e� HVW O
HVSDFH HQJHQGUuHH SDU OD VXLWH GH YHFWHXUV � ;� $;� $�;� $�;� ��� � $Nb�;�

/H FRQGLWLRQQHPHQW G
XQH PDWULFH V\PuHWULTXH GuHnQLH SRVLWLYH $ HVW �

. �$� A w�
wQ

������

RtX w� HVW OD SOXV JUDQGH YDOHXU SURSUH GH $ HW wQ OD SOXV SHWLWH�



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

8QH PDWULFH HVW GLWH PDO FRQGLWLRQQuHH TXDQG VRQ FRQGLWLRQQHPHQW HVW JUDQG GHYDQW � �FHOD
D SRXU HmHW GH UDOHQWLU IRUWHPHQW OD FRQYHUJHQFH GHV DOJRULWKPHV��

/H UD\RQ VSHFWUDO GH $� V\PuHWULTXH� GuHnQLH SRVLWLYH HVW GuHnQL SDU �

| �$� A PD[
��L�Q

MwLM  w� ������

6RLW $;  %� XQ V\VWtHPH tD UuHVRXGUH� DYHF $ PDWULFH V\PuHWULTXH GuHnQLH SRVLWLYH� ; HVW OD
VROXWLRQ H[DFWH GH FH SUREOtHPH� 3RXU WRXW YHFWHXU < � OD IRQFWLRQ G
HUUHXU HVW GRQQuHH SDU �

( �< � A N< b;N�
$
 �< b;�W$ �< b;� ������

����� $OJRULWKPHV SRXU $ V\PuHWULTXH GuHnQLH SRVLWLYH

*uHQuHUDOLWuHV

&HV DOJRULWKPHV QH V
DSSOLTXHQW TXH GDQV OH FDV RtX $ HVW V\PuHWULTXH� GuHnQLH SRVLWLYH >/DV�
FDX[ HW 7KuHRGRU� ����� /D� ����@� 'DQV FH FDV� LO HVW PRQWUuH TXH $ HVW LQYHUVLEOH HW OD VROXWLRQ
; GH $;  % HVW OH PLQLPXP GH OD IRQFWLRQ �

- �;�  
�

�
; W$; b%W; ������

$ SDUWLU G
XQH LPDJH ;�� HVW FRQVWUXLWH XQH VXLWH G
LPDJHV ;L TXL FRQYHUJH YHUV OD VROXWLRQ
GH QRWUH V\VWtHPH� $ FKDTXH LWuHUDWLRQ L� O
LPDJH ;L HVW FRUULJuHH SDU XQ YHFWHXU GH GHVFHQWH 'L

HW SDU XQ SDV m VHORQ OD UHODWLRQ VXLYDQWH �

;L��  ;L � mL'L ������

'L HVW FKRLVL GH WHOOH VRUWH tD IDLUH GuHFURArWUH OH UuHVLGX �

N% b $ �;L � mL'L�N � N% b $;LN ������

/HV LWuHUDWLRQV VRQW DUUAHWuHHV SDU XQ FULWtHUH G
DUUAHW� SDU H[HPSOH �

N% b $;LN
N% b $;�N

� ~ ������

RtX ~ HVW n[uH SDU O
XWLOLVDWHXU�

&HOD GRQQH OD UHODWLRQ VXLYDQWH �

�;L�� b;�  �, b mL$� �;L b;� ������

/
uHTXDWLRQ ������ HVW YuHULnuHH VHXOHPHQW VL |�, b mL$� � �� FH TXL uHTXLYDXW tD � � mL �
�

w�
�

RtX w� HVW OD SOXV JUDQGH YDOHXU SURSUH GH $� 'DQV FH FDV� ������ HQWUDArQH OD FRQYHUJHQFH GH OD
PuHWKRGH�



&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

1RWRQV wQ� OD SOXV SHWLWH YDOHXU SURSUH GH $� 3OXV OH WHUPH |�, b mL$� VHUD SHWLW� SOXV OD
FRQYHUJHQFH VHUD UDSLGH� /H FKRL[ GX SDV TXL RSWLPLVH OD YLWHVVH GH FRQYHUJHQFH HVW GRQF FHOXL
TXL PLQLPLVH |�, b mL$�� VRLW �

mRSW  
�

w� � wQ

������

&HOD GRQQH GDQV FH FDV �

| �, b mRSW$�  
w� b wQ

w� � wQ

 
. �$�b �
. �$� � � ������

3OXV OH FRQGLWLRQQHPHQW . �$� GH $ HVW SURFKH GH �� SOXV OD FRQYHUJHQFH HVW UDSLGH�

0uHWKRGH GX *UDGLHQW 6LPSOH

'DQV OH FDV GX *UDGLHQW 6LPSOH >*ROXE HW 0HXUDQW� ����� /D� ����� 7KLHUU\� ����@� OD
GLUHFWLRQ GH GHVFHQWH SULVH HVW OD SOXV UDSLGH ORFDOHPHQW� F
HVW tD GLUH O
RSSRVuH GX JUDGLHQW GH OD
IRQFWLRQ - � VRLW � bU-�;L�  % b $;L�

&HW DOJRULWKPH UHYLHQW tD VXLYUH OD SURFuHGXUH VXLYDQWH >%URRNV HW &KLUR� ����� 1XJURKR HW
:X� ����@�

$ O
LWuHUDWLRQ L��� O
LPDJH REWHQXH tD O
LWuHUDWLRQ L HVW SURMHWuHH VHORQ OHV PAHPHV GLUHFWLRQV TXH
OHV PHVXUHV � %L  $;L� &HV YDOHXUV VRQW FRPSDUuHHV DX[ SURMHFWLRQV PHVXUuHHV % HW OD GLmuHUHQFH
HQWUH OHV GHX[� VRLW % b%L  % b$;L  'L� HVW UuHWURSURMHWuHH SRXU FRUULJHU O
LPDJH REWHQXH tD
L� &HOD GRQQH DLQVL O
LPDJH GH O
LWuHUDWLRQ L � � �nJXUH �����

)LJ� ���� 3ULQFLSH GHV PuHWKRGHV LWuHUDWLYHV >%URRNV HW &KLUR� ����@

*UDGLHQW tD SDV FRQVWDQW

m HVW n[uH SDU O
XWLOLVDWHXU�



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

/
DOJRULWKPH HVW OH VXLYDQW �

;� GRQQuHH

5uHSuHWHU
n

n

n

n

n

'L  % b $;L

;L��  ;L � m'L

-XVTX
tD FRQYHUJHQFH

������

*UDGLHQW tD SDV RSWLPDO

$nQ G
DPuHOLRUHU OD FRQYHUJHQFH� OH SDV RSWLPDO HVW FKRLVL tD FKDTXH LWuHUDWLRQ� mL HVW GLW RSWLPDO
V
LO HVW FKRLVL GH IDzFRQ tD PLQLPLVHU OH WHUPH -�;L�mL'L�� 'DQV FH FDV� OH UuHVLGX HVW RUWKRJRQDO
tD OD GLUHFWLRQ GH GHVFHQWH �

K% b $;L��� 'LL  � ������

/
H[SUHVVLRQ GX SDV RSWLPDO HVW DORUV �

mL  
N'LN�

K$'L� 'LL
������

'
DSUtHV ������ HW uHWDQW GRQQuH TXH'L��  %b$;L��� GHX[ GLUHFWLRQV GH GHVFHQWH VXFFHVVLYHV
VRQW RUWKRJRQDOHV �

K'L��� 'LL  � ������

(Q GLPHQVLRQ �� OHV HVWLPuHV VXFFHVVLIV ;L FRQYHUJHQW YHUV OD VROXWLRQ H[DFWH ; HQ IDLVDQW
GHV ]LJ]DJV HQWUH GHX[ GURLWHV FRQFRXUDQWHV HQ ; �YRLU OD nJXUH �����

)LJ� ���� ,QWHUSUuHWDWLRQ JuHRPuHWULTXH GH O
DOJRULWKPH GH JUDGLHQW tD SDV RSWLPDO >/D� ����@

/D GuHFURLVVDQFH GH OD IRQFWLRQ G
HUUHXU HVW GRQQuHH SDU OD UHODWLRQ VXLYDQWH �

( �;L� �
t.�$�b �
.�$� � �

u�L

( �;�� ������



&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

6L QRXV YRXORQV (�;L�
(�;��

� �� LO IDXW �

L w .�$�
�

OQ

t

�

�

u

������

/H QRPEUH G
LWuHUDWLRQV UHTXLV HVW SURSRUWLRQQHO tD .�$�� 3OXV OH FRQGLWLRQQHPHQW .�$� HVW
SHWLW� SOXV OD FRQYHUJHQFH HVW UDSLGH�

/
DOJRULWKPH GX JUDGLHQW tD SDV RSWLPDO HVW OH VXLYDQW �

;� GRQQuHH

5uHSuHWHU
n

n

n

n

n

n

n

n

n

n

'L  % b $;L

mL  
N'LN�

K$'L�'LL
;L��  ;L � mL'L

MXVTX
tD FRQYHUJHQFH

������

0uHWKRGH GX *UDGLHQW &RQMXJXuH

3DU UDSSRUW DX[ PuHWKRGHV GH JUDGLHQW VLPSOH� FHWWH PuHWKRGH SHUPHW G
DFFuHOuHUHU OD FRQYHU�
JHQFH >*ROXE HW 0HXUDQW� ����� %DUUHWW HW DO�� ����� /DVFDX[ HW 7KuHRGRU� ����� 5LGGHOO HW DO��
����� /D� ����� 7KLHUU\� ����@�

&HWWH PuHWKRGH FKHUFKH LFL tD RSWLPLVHU OD GLUHFWLRQ GH GHVFHQWH� 'L HVW PDLQWHQDQW XQH
FRPELQDLVRQ OLQuHDLUH GX UuHVLGX % b $;L HW GH OD GHUQLtHUH GLUHFWLRQ GH GHVFHQWH 'Lb� �

'L  �% b $;L� � nLb�'Lb� ������

/H FRHpFLHQW nLb� HVW FKRLVL GH VRUWH tD PLQLPLVHU O
HUUHXU HQWUH O
HVWLPuH ;L�� HW OD VROXWLRQ
H[DFWH� &HOD HQWUDArQH TXH 'L HW 'Lb� GRLYHQW AHWUH FRQMXJXuHHV� F
HVW tD GLUH TXH 'L$'Lb�  ��

nLb� HVW GRQQuHH SDU OD IRUPXOH GH )OHWFKHU�5HHYHV �

nLb�  
N% b $;LN�

N% b $;Lb�N�
������

/H SDV RSWLPDO HVW FKRLVL �IRUPXOH ��������

/
HVSDFH HQJHQGUuH SDU OHV GLUHFWLRQV GH GHVFHQWH '�� '�� ���� 'L HVW O
HVSDFH GH .U\ORY
.L �$�;��� 'H SOXV� LO HVW PRQWUuH TXH �

- �;L� � - �;� � �; � ;� �.L �$�;��

( �;L� � ( �;� � �; � ;� �.L �$�;��
������

/D PLQLPLVDWLRQ HVW IDLWH JOREDOHPHQW VXU O
HVSDFH HQJHQGUuH SDU OD GLUHFWLRQ FRXUDQWH HW OHV
GLUHFWLRQV SUuHFuHGHQWHV� &
HVW SRXUTXRL OH *UDGLHQW &RQMXJXuH HVW DXWDQW HpFDFH�



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

3RXU WRXW L w �� OD UHODWLRQ GH FRQMXJDLVRQ VXLYDQWH HVW YuHULnuHH �

K'L� $'NL  �� � � � N � Lb � ������

$ O
LWuHUDWLRQ Q� OHV GLUHFWLRQV GH GHVFHQWH '�� '�� ���� 'Qb� VRQW Q YHFWHXUV OLQuHDLUHPHQW
LQGuHSHQGDQWV GH 5Q� GRQF IRUPHQW XQH EDVH GH 5Q�

3RXU WRXW L w �� LO HVW GuHPRQWUuH TXH �

K% b$;L�'NL  ��� � � N � Lb � ������

$ O
LWuHUDWLRQ Q� % b$;Q HVW RUWKRJRQDO tD XQH EDVH GH 5
Q� GRQF HVW QXO � ;Q HVW OD VROXWLRQ

UHFKHUFKuHH� /H *UDGLHQW &RQMXJXuH FRQYHUJH HQ DX SOXV Q LWuHUDWLRQV�

/D YLWHVVH GH FRQYHUJHQFH GH FHW DOJRULWKPH GuHSHQG GH OD UDFLQH FDUUuHH GX FRQGLWLRQQHPHQW
GH $ �

( �;L� � �
�

S

.�$�b �
S

.�$� � �

��L

( �;�� ������

3RXU DYRLU (�;L�
(�;��

� �� LO IDXW �

L w
S

.�$�
�

OQ

t

�

�

u

� � ������

/H QRPEUH G
LWuHUDWLRQV UHTXLV QH GuHSHQG SOXV GH .�$�� PDLV GH VD UDFLQH FDUUuHH �YRLU OHV
IRUPXOHV ������ HW ������� � OH *UDGLHQW &RQMXJXuH D XQH YLWHVVH GH FRQYHUJHQFH SOXV JUDQGH
TXH OHV PuHWKRGHV GH *UDGLHQW 6LPSOH�

(QnQ� O
DOJRULWKPH GX *UDGLHQW &RQMXJXuH SHXW AHWUH GuHFULW GH OD IDzFRQ VXLYDQWH �

;� GRQQuHH

5�  % b $;�

'�  5�

UuHSuHWHU
n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

mL  
N'LN�

K$'L� 'LL
;L��  ;L � mL'L

5L��  5L b mL$'L

nL  
N5L��N�

N5LN�

'L��  5L�� � nL'L

MXVTX
tD FRQYHUJHQFH
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����� 3UREOtHPHV V\PuHWULVuHV

/HV DOJRULWKPHV VXLYDQWV UuHVROYHQW OH V\VWtHPH � $;  %� DYHF XQH PDWULFH TXHOFRQTXH $
GH 5

PdQ� RtX P HVW OH QRPEUH GH PHVXUHV HW Q OH QRPEUH GH SL[HOV GH O
LPDJH� ,OV UHQGHQW OH
V\VWtHPH V\PuHWULTXH DYDQW GH OH UuHVRXGUH�

$OJRULWKPH &*/6 �&RQMXJDWH *UDGLHQW /HDVW 6TXDUHV�

&HW DOJRULWKPH DSSOLTXH OH *UDGLHQW &RQMXJXuH DX V\VWtHPH VXLYDQW >/DVFDX[ HW 7KuHRGRU�
����� /D� ����@ �

$W$;  $W% ������

$W$ HVW V\PuHWULTXH� VHPL�GuHnQLH SRVLWLYH �GuHnQLH SRVLWLYH VL VRQ UDQJ HVW Q� � OH *UDGLHQW
&RQMXJXuH SHXW AHWUH DSSOLTXuH�

$W% DSSDUWLHQW tD O
LPDJH GH $W$ � FH V\VWtHPH DGPHW WRXMRXUV XQH VROXWLRQ�

/
DOJRULWKPH GHYLHQW �

;� GRQQuHH

'�  $W% b $W$;�

5uHSuHWHU
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N'LN�
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'L��  
b

$W% b $W$;L��

c

� nL'L

l

$W% b $W$;L��� 'L
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K'L��� 'LL$W$
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MXVTX
tD FRQYHUJHQFH

������

5uHVRXGUH OH V\VWtHPH ������ UHYLHQW tD PLQLPLVHU OH FULWtHUH GH PRLQGUHV FDUUuHV �

-�;�  N% b $;N� ������

6L ;� DSSDUWLHQW tD O
LPDJH GH $
W �SDU H[HPSOH� ;�  ��� O
DOJRULWKPH FRQYHUJH YHUV OD VROXWLRQ

GHV PRLQGUHV FDUUuHV GH QRUPH PLQLPDOH�

$OJRULWKPH &*1( �&RQMXJDWH *UDGLHQW RQ WKH 1RUPDO HTXDWLRQV WR PLQLPL]H WKH
(UURU�

&HW DOJRULWKPH DSSOLTXH OH *UDGLHQW &RQMXJXuH DX V\VWtHPH VXLYDQW >/D� ����@ �

$$W<  % ������

DYHF

;  $W< ������



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

&H V\VWtHPH Q
D GH VROXWLRQ TXH VL % DSSDUWLHQW tD O
LPDJH GH $� 'DQV OH FDV G
XQH VROXWLRQ�
FHOOH�FL PLQLPLVH � ( �<L�  N<L b < N�

$$W  N;L b;N�� RtX ; V\PEROLVH OD VROXWLRQ H[DFWH HW
ELHQ VAXU � ;  $W< � &HW DOJRULWKPH FRQYHUJH YHUV OD VROXWLRQ GH QRUPH PLQLPDOH�

'DQV OH FDV GH &*/6 HW GH &*1(� OH FRQGLWLRQQHPHQW GH $W$ HW GH $$W HVW OH FDUUuH GH FHOXL
GH $ � OD YLWHVVH GH FRQYHUJHQFH Q
HVW SOXV SURSRUWLRQQHOOH tD

S

.�$� FRPPH SRXU OH *UDGLHQW
&RQMXJXuH� PDLV tD

S

.�$W$�  
S

.�$$W�  .�$�� /D YLWHVVH GH FRQYHUJHQFH HVW GRQF
GuHJUDGuHH SDU UDSSRUW DX *UDGLHQW &RQMXJXuH�

&HV DOJRULWKPHV QuHFHVVLWHQW tD FKDTXH LWuHUDWLRQ GHX[ SURGXLWV PDWULFH�YHFWHXU HQ SOXV SDU
UDSSRUW DX *UDGLHQW &RQMXJXuH� /D GXUuHH GX FDOFXO HQ VHUD GRQF DXJPHQWuHH�

$OJRULWKPH /645 �/HDVW 6TXDUHV 45�

&RPPH &*/6� FHW DOJRULWKPH PLQLPLVH OH FULWtHUH GHV PRLQGUHV FDUUuHV N% b $;N�� ,O Q
HVW
DSSOLFDEOH TXH VL P � Q HW VL OH UDQJ GH $ HVW Q� ,O HVW EDVuH VXU XQH ELGLDJRQDOLVDWLRQ GH $ >3DLJH
HW 6DXQGHUV� ����� /D� ����@�

3RXU FHOD� OD SURFuHGXUH LWuHUDWLYH GH ELGLDJRQDOLVDWLRQ GH *ROXE HW .DKDQ HVW DSSOLTXuHH �

n�X�  % � m�Y�  $WX�
�

nL��XL��  $YL b mLXL

mL��YL��  $WXL�� b nL��XL

������

/HV VFDODLUHV SRVLWLIV mL HW nL VRQW FKRLVLV WHOV TXH NXLN  NYLN  ��
$SUtHV L uHWDSHV� $ HVW GuHFRPSRVuHH �

^ HQ GHX[ PDWULFHV RUWKRJRQDOHV �

^ 8L��  �X�� X�� ���� XL��� �

^ HW 9L  �Y�� Y�� ���� YL� �

^ HW XQH PDWULFH ELGLDJRQDOH GH WDLOOH �L� ��d L � %L  

�

%

%

%

%

%

#

m� �
n� m�

� � � � � �

nL mL

� nL��

�

&

&

&

&

&

$

WHOOHV TXH �

$9L  8L��%L ������

N% b $;N� HVW HQVXLWH PLQLPLVuH GDQV O
HVSDFH GH .U\ORY .L �$
W$�$W;��� ,O HVW GuHPRQWUuH

TXH .L �$
W$�$W;�� HVW O
HVSDFH HQJHQGUuH SDU OHV YHFWHXUV YL HW TXH O
HVWLPuH ;L SHXW V
uHFULUH �

;L  9L<L ������

8Q YHFWHXU 7 HVW GuHnQL SDU OD UHODWLRQ VXLYDQWH �

7
L��  n�H� b%L<L ������
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DYHF OH YHFWHXU FRORQQH H� �

H�  
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'DQV FH FDV� OH UuHVLGX HVW DORUV �

% b$;L  8L��7L�� ������

/D QRUPH GX UuHVLGX HVW GRQF LQIuHULHXUH DX SURGXLW GHV QRUPHV GH 8L�� HW 7L�� �

N% b $;LN � N8L��N � N7L��N �������

/
REMHFWLI HVW GH PLQLPLVHU OD QRUPH GX UuHVLGX� 8L�� HVW XQH PDWULFH ERUQuHH HW RUWKRJRQDOH�
'RQF FHOD UHYLHQW tD PLQLPLVHU OD QRUPH GH 7L��� F
HVW tD GLUH tD UuHVRXGUH OH SUREOtHPH GH PRLQGUHV
FDUUuHV VXLYDQW �

PLQ
<

N%L< b n�H�N �������

&H VRXV�SUREOtHPH HVW UuHVROX SDU XQH GuHFRPSRVLWLRQ 45 GH OD PDWULFH %L �

4L%L  

�

5L

�

�

�������

5L HVW XQH PDWULFH ELGLDJRQDOH VXSuHULHXUH GH WDLOOH L d L� ,O IDXW UHPDUTXHU TXH 4L HVW OH
SURGXLWV GH URWDWLRQV SODQHV VXFFHVVLYHV 4L�L�� FRQVWUXLWHV SRXU uHOLPLQHU OHV WHUPHV n�� n�� n��
���� nL GH %L �

4L  4L�L��4Lb��L4Lb��Lb� � � � 4���4��� �������

/HV PDWULFHV 4L VRQW GuHWHUPLQuHHV SDU XQH UHODWLRQ GH UuHFXUUHQFH VXU OD GHUQLtHUH URWDWLRQ�
FH TXL uHYLWH GH IDLUH OD IDFWRULVDWLRQ 45 tD FKDTXH LWuHUDWLRQ HW SHUPHW GH FDOFXOHU O
HVWLPuH ;L tD
SDUWLU GH ;Lb��

/HV YDULDEOHV VXLYDQWHV VRQW GuHnQLHV SDU �

4L >%L n�H�@  

�

5L *L

� x�L��
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�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

&HOD GRQQH O
H[SUHVVLRQ GH O
HVWLPuH� HQ SRVDQW cL  9L5
b�

L
�

;L  
b

9L5
b�

L

c

*L  cL*L �������

/D PDWULFH cL  
d

'� '� c c c 'L

e

SHXW AHWUH WURXYuHH HQ UuHVROYDQW OH V\VWtHPH VXLYDQW �

5W

L
cW

L
 9 W

L
�������

&HOD GRQQH OD UHODWLRQ GH UuHFXUUHQFH VXLYDQWH �

'�  �

;�  �
�

�

�

'L  
�

|L

�YL b tL'Lb��

;L  ;Lb� � �L'L

�������

/D IDFWRULVDWLRQ 45 HVW GuHWHUPLQuHH SDU OD GHUQLtHUH URWDWLRQ GH 4L� F
HVW tD GLUH FHOOH TXL DJLW
VXU OHV FRORQQHV L HW L� � SRXU uHOLPLQHU nL��� &HOD GRQQH OD UHODWLRQ GH UuHFXUUHQFH VXLYDQWH �

�

FL VL

VL bFL

w �

x|L � x�L

nL�� mL�� �
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|L �L�� �L

� x|L��
x�L��

w

�������

/645 QuHFHVVLWH tD FKDTXH LWuHUDWLRQ� GHX[ SURGXLWV PDWULFLHOV � $YL HW $WXL� /645 HVW
QXPuHULTXHPHQW SOXV UREXVWH TXH &*/6� VXUWRXW VL OH QRPEUH G
LWuHUDWLRQV HVW JUDQG RX
VL $ HVW PDO FRQGLWLRQQuHH� ,O QuHFHVVLWH GH VWRFNHU XQ YHFWHXU HQ SOXV HW GH IDLUH SOXV
G
RSuHUDWLRQV SDU LWuHUDWLRQ� 0DLV VL $ HVW PDO FRQGLWLRQQuHH� FHW DOJRULWKPH UHVWH SOXV UDSLGH
HW SOXV SUuHFLV TXH &*/6 �GHX[ IRLV PRLQV G
LWuHUDWLRQV�� 6L $ HVW ELHQ FRQGLWLRQQuHH� LO Q
\ D
SDV GH GLmuHUHQFH VLJQLnFDWLYH HQWUH FHV GHX[ DOJRULWKPHV� /645 QH SUuHVHUYH SDV OH FDUDFWtHUH
FUHX[ GH OD PDWULFH $�



&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

/
DOJRULWKPH HVW OH VXLYDQW �

,QLWLDOLVDWLRQ
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mL��YL��  $WXL�� b nL��YL

$SSOLFDWLRQ GH OD GHUQLtHUH URWDWLRQ
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x|�
L
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|L

ZL

ZL��  YL�� b
tL��

|L

ZL

MXVTX
tD FRQYHUJHQFH

�������

$OJRULWKPH GH &KHQ � 55/6

&HW DOJRULWKPH VH EDVH VXU XQH ELGLDJRQDOLVDWLRQ GH *ROXE HW .DKDQ GH $ HW VXU OD PuHWKRGH
GH GLPLQXWLRQ GX UuHVLGX G
+RXVHKROGHU >&KHQ� ����� 3DLJH HW 6DXQGHUV� ����@�

&RPPH SRXU /645� OD ELGLDJRQDOLVDWLRQ GuHFRPSRVH $ �

^ HQ GHX[ PDWULFHV RUWKRJRQDOHV �

^ 3L  �S�� S�� ���� SL� �

^ HW 9L  �Y�� Y�� ���� YL� �



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

^ HW XQH PDWULFH ELGLDJRQDOH GH WDLOOH Ld L � %L  

�

%

%

%

%

%

#

|� t�
� |� t� �

� � � � � �

� |Lb� tL

� |L

�

&

&

&

&

&

$

WHOOHV TXH �

$9L  3L%L �������

HQ XWLOLVDQW OHV GHX[ UHODWLRQV GH UuHFXUUHQFH VXLYDQWHV �

t�Y�  $W% � |�S�  $Y�
�

tL��YL��  $WSL b |LYL

|L��SL��  $YL�� b tL��SL

�������

/D PuHWKRGH GH +RXVHKROGHU HVW HQVXLWH XWLOLVuHH �

;L  ;Lb� � wLZL �������

ZL HVW FKRLVL FRPPH XQH FRPELQDLVRQ OLQuHDLUH GHV YHFWHXUV Y�� Y�� ���� YL� 6L:L  �Z�� Z�� ���� ZL��
QRXV REWHQRQV OD UHODWLRQ VXLYDQWH �

:L%L  9L �������

&HOD GRQQH OD UHODWLRQ GH UuHFXUUHQFH VXLYDQWH SRXU REWHQLU ZL �

ZL��  YL�� b
tL��

|L

ZL �������

'DQV FH FDV� wL HVW REWHQX SDU �

wL  SW

L
5L �������

/
DOJRULWKPH GX 55/6 HVW DORUV OH VXLYDQW �

,QLWLDOLVDWLRQ
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Z�  Y�
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&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

3RXU GHV SUREOtHPHV PDO FRQGLWLRQQuHV� FRPPH /645� 55/6 REWLHQW GHPHLOOHXUV UuHVXOWDWV
HQ PRLQV G
LWuHUDWLRQV TXH &*/6� 0DLV LO QuHFHVVLWH GH VWRFNHU SOXV GH YHFWHXUV HW GH IDLUH
SOXV G
RSuHUDWLRQV SDU LWuHUDWLRQ TXH FHV DOJRULWKPHV� 3RXU GHV PDWULFHV WUtHV JUDQGHV RX
SRXU FHUWDLQHV PDWULFHV �VDQV SRXYRLU GuHnQLU GH UtHJOHV SUuHFLVHV�� LO VHPEOH GRQQHU GHV UuHVXOWDWV
PRLQV SUuHFLV� &KHQ >&KHQ� ����@ PHW HQ JDUGH FRQWUH XQH VWDJQDWLRQ GH OD QRUPH GX UuHVLGX
SRXU FHUWDLQV V\VWtHPHV PDO FRQGLWLRQQuHV�

����� $OJRULWKPHV QRQ V\PuHWULVDQWV

'DQV FHWWH VHFWLRQ� QRXV WUDLWRQV GHV DOJRULWKPHV TXL UuHVROYHQW GLUHFWHPHQW OH V\VWtHPH
$;  % VDQV SDVVHU SDU XQH V\PuHWULVDWLRQ GH OD PDWULFH $� ,OV RQW XQH FRQYHUJHQFH SOXV
UDSLGH TXH OHV DOJRULWKPHV GH OD VHFWLRQ SUuHFuHGHQWH�

$OJRULWKPH GH 5LGGHOO

5LGGHOO >5LGGHOO HW DO�� ����� /D� ����@ D GuHYHORSSuH XQ DOJRULWKPH TXL UuHVRXW OH V\VWtHPH
$;  %� DYHF $ LQYHUVLEOH� PDLV SDV QuHFHVVDLUHPHQW V\PuHWULTXH�

/
LGuHH GH FHW DOJRULWKPH HVW GH FRQVWUXLUH XQH VXLWH GH UuHVLGXV % b $;L RUWKRJRQDX[ tD
O
HVSDFH HQJHQGUuH SDU OHV GLUHFWLRQV GH GHVFHQWH 'N� N  �� �� �� ���� Lb �� $ OD QLtHPH LWuHUDWLRQ� OHV
Q GLUHFWLRQV GH GHVFHQWH VRQW SDU FRQVWUXFWLRQ OLQuHDLUHPHQW LQGuHSHQGDQWHV HW IRUPHQW XQH EDVH�
/H UuHVLGX % b $;Q HVW RUWKRJRQDO tD XQH EDVH� GRQF HVW QXO � ;Q HVW OD VROXWLRQ UHFKHUFKuHH� /D
FRQYHUJHQFH D OLHX HQ DX SOXV Q LWuHUDWLRQV�

/D PLVH tD MRXU GH O
HVWLPuH ;L�� HVW WRXMRXUV GRQQuHH SDU �

;L��  ;L � mL'L �������

RtX mL HVW FKRLVL GH WHOOH IDzFRQ TXH % b $;L�� VRLW SHUSHQGLFXODLUH tD 'L�

/D QRXYHOOH GLUHFWLRQ GH GHVFHQWH 'L�� HVW FRQVWUXLWH tD SDUWLU GX UuHVLGX HQ L� � HW GHV
GLUHFWLRQV GH GHVFHQWH SUuHFuHGHQWHV �

'L��  b �% b$;L���b
L

;

N �

nN�L��'N �������

/HV �L � �� FRHpFLHQWV nN�L�� VRQW FKRLVLV WHOV TXH �

K$'L��� 'NL  � � � � N � L �������

&HOD GRQQH XQ V\VWtHPH OLQuHDLUH tD UuHVRXGUH� 6RQ H[SUHVVLRQ HVW OD VXLYDQWH �

�
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�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

,O HVW PRQWUuH TXH OD VXLWH GH UuHVLGXV % b$;L HVW FRQVWUXLWH GH IDzFRQ tD FH TXH OHV GLUHFWLRQV
GH GHVFHQWH 'L VRLHQW OLQuHDLUHPHQW LQGuHSHQGDQWHV� HW TXH K'L��� 'NL  � � � � N � L�

/
DOJRULWKPH HVW OH VXLYDQW �

;� GRQQuHH
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&RPPH SRXU OH *UDGLHQW &RQMXJXuH� XQ VHXO SURGXLW PDWULFH�YHFWHXU $5L�� HVW tD UuHDOLVHU tD
FKDTXH LWuHUDWLRQ� /HV SURGXLWV $'N SRXU O  �� �� ���� L VRQW JDUGuHV HQ PuHPRLUH�

&HW DOJRULWKPH D OH PAHPH WHPSV GH FDOFXO HW XQH FRQYHUJHQFH DXVVL UDSLGH TXH OH
*UDGLHQW &RQMXJXuH� PDLV D XQ SOXV JUDQG EHVRLQ G
HVSDFH PuHPRLUH �LO IDXW VWRFNHU WRXWHV
OHV GLUHFWLRQV GH GHVFHQWH HW OHV YHFWHXUV $'L��

$OJRULWKPH *05(6 �*HQHUDOL]HG 0LQLPXP 5(6LGXDO�

&HW DOJRULWKPH UuHVRXW OH V\VWtHPH $;  %� RtX $ HVW LQYHUVLEOH� PDLV QRQ QuHFHVVDLUHPHQW
V\PuHWULTXH >6DDG HW 6FKXOW]� ����� %DUUHWW HW DO�� ����� /D� ����@�

/D FRQYHUJHQFH HVW WRXMRXUV HQ DX SOXV Q LWuHUDWLRQV� $ FKDTXH LWuHUDWLRQ� O
HVWLPuH ;L HVW
VROXWLRQ GX SUREOtHPH VXLYDQW �

PLQ
;�;��.L�$�;��

N% b $;N� �������

/
HVWLPuH HVW UHFKHUFKuH GDQV O
HVSDFH GH .U\ORY HW GRQQH XQ UuHVLGX GH QRUPH PLQLPDOH�

/D EDVH GHV UuHVLGXV HVW FRQVWUXLWH SDU XQH SURFuHGXUH G
RUWKRJRQDOLVDWLRQ GH *UDP�6FKPLGW
PRGLnuHH� TXL HVW DSSHOuHH SURFuHGuH G
$UQROGL TXDQG HOOH HVW DSSOLTXuHH tD OD FUuHDWLRQ G
XQH EDVH
SRXU .L�$�;���



&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

6RLW 9L� OD PDWULFH IRUPuHH SDU OHV L YHFWHXUV YL GH OD EDVH GH .L�$�;��� &HOD GRQQH OD UHODWLRQ
VXLYDQWH �

;L  ;� � 9L<L �������

RtX OH YHFWHXU <L HVW OD VROXWLRQ GX SUREOtHPH GH PLQLPLVDWLRQ VXLYDQW �

PLQ
< �5L

N5� b $9L< N� �������

RtX 5�  % b$;��

&H VRXV�SUREOtHPH GH PLQLPLVDWLRQ HVW UuHVROX HQ XWLOLVDQW OD SURFuHGXUH G
RUWKRJRQDOLVDWLRQ�
/H SURFuHGuH G
$UQROGL JuHQtHUH GHV PDWULFHV RUWKRJRQDOHV WHOOHV TXH $9L  9L��+L� RtX +L HVW XQH
PDWULFH GH +HVVHQEHUJ VXSuHULHXUH GH WDLOOH �L���dL GRQW OHV uHOuHPHQWV YDOHQW � �+L�NM  �$YN�

WYM
VL N � M � �� � VLQRQ�

/D IRUPXOH ������� GHYLHQW DORUV �

PLQ
< �5L

N9L��>�N% b$;�N H��b+L< @N� �������

RtX H� HVW OD SUHPLtHUH FRORQQH GH OD PDWULFH ,GHQWLWuH GH GLPHQVLRQ �L � ��d �L � ���
8QH PLVH HQ }XYUH SHUIRUPDQWH GH FHWWH QRXYHOOH PLQLPLVDWLRQ UHSRVH VXU XQH IDFWRULVD�

WLRQ 45 LQFUuHPHQWDEOH GH +L� 'tHV ORUV� <L HVW REWHQX SDU OD UuHVROXWLRQ G
XQ V\VWtHPH OLQuHDLUH
WULDQJXODLUH VXSuHULHXU� ;L Q
HVW FDOFXOuHH TXH TXDQG OD QRUPH GX UuHVLGX HVW VXpVDPPHQW SHWLWH
SRXU FRQVLGuHUHU TXH O
DOJRULWKPH D FRQYHUJuH� &HWWH QRUPH HVW FDOFXOuHH VDQV FRQQDArWUH ;L SDU OD
UHODWLRQ VXLYDQWH �

N% b $;LN  �+L�L����
n

nHWL<L

n

n �������

/
DOJRULWKPH HVW OH VXLYDQW �

,QLWLDOLVDWLRQ
;� GRQQuHH
5�  % b $;�
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-XVTX
tD FRQYHUJHQFH
&DOFXO GH O
HVWLPuH
;L  ;� � 9L<L
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/D YLWHVVH GH FRQYHUJHQFH GH *05(6 HVW GuHWHUPLQuHH SDU O
HVSDFH GH .U\ORY .L�$�;��
TXL HVW OH PAHPH HVSDFH TXH GDQV OH FDV GX *UDGLHQW &RQMXJXuH� *05(6 FRQYHUJH GRQF SOXV



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

UDSLGHPHQW TXH OHV DOJRULWKPHV V\PuHWULVDQWV� FRPPH OH &*/6� 0DLV *05(6 UHTXLHUW OH
VWRFNDJH GH OD EDVH GH FHW HVSDFH GH .U\ORY� F
HVW tD GLUH GHV YHFWHXUV YL� /D PuHPRLUH
QuHFHVVDLUH HVW GRQV WUtHV LPSRUWDQWH�

8Q UHPtHGH HVW GH UuHLQLWLDOLVHU O
DOJRULWKPH DSUtHV XQ QRPEUH n[uH G
LWuHUDWLRQV HQ UHSDUWDQW
DYHF OH GHUQLHU HVWLPuH FDOFXOuH� 0DLV VL OH QRPEUH FKRLVL HVW WURS SHWLW� OD FRQYHUJHQFH HVW UDOHQWLH�
YRLUH Q
HVW SOXV DVVXUuHH� 6L FH QRPEUH HVW WURS JUDQG� OHV EHVRLQV HQ FDOFXO HW HQ VWRFNDJH VRQW
JUDQGV � ,O Q
\ D SDV GH UtHJOH SRXU OH FKRL[ GX QRPEUH G
LWuHUDWLRQV � LO IDXW IDLUH GHV HVVDLV
VXFFHVVLIV >%DUUHWW HW DO�� ����@ �

$OJRULWKPH %L�&* �%L�&RQMXJDWH *UDGLHQW�

'DQV OH *UDGLHQW &RQMXJXuH� XQH VXLWH GH UuHVLGXV RUWKRJRQDX[ HVW FRQVWUXLWH JUADFH tD GHV UHOD�
WLRQV GH UuHFXUUHQFH FRXUWHV� *05(6 XWLOLVH GHV UHODWLRQV GH UuHFXUUHQFH ORQJXHV� PDLV D XQ JUDQG
EHVRLQ GH VWRFNDJH� ,FL� %L�&* UHPSODFH FHWWH VXLWH GH UuHVLGXV SDU GHX[ VXLWHV PXWXHOOHPHQW
RUWKRJRQDOHV >%DUUHWW HW DO�� ����� /D� ����@�

'HX[ VXLWHV GH UuHVLGXV 5L HW a5L� HW GHX[ VXLWHV GH GLUHFWLRQV GH GHVFHQWH 'L HW a'L VRQW

FRQVWUXLWHV WHOOHV TXH
'

a5L� 5M

(

 
'

a'L� $'M

(

 � VL L � M�

&HOD GRQQH DORUV OHV TXDWUH UHODWLRQV GH UuHFXUUHQFH VXLYDQWHV �
�

5L��  5L b mL$'L

a5L��  a5L b mL$
W a'L

�������

�

'L  5Lb� � nLb�'Lb�

a'L  a5Lb� � nLb� a'Lb�

�������

/HV FRHpFLHQWV mL HW nL VRQW FDOFXOuHV GH OD IDzFRQ VXLYDQWH �

mL  
K a5Lb��5Lb�L
K a'L�$'LL

nL  
K a5L�5LL

K a5Lb��5Lb�L
�������

/H QRXYHO HVWLPuH HVW WRXMRXUV FDOFXOuH GH OD PAHPH PDQLtHUH TXH SRXU OH *UDGLHQW &RQMXJXuH�
F
HVW tD GLUH SDU OD UHODWLRQ VXLYDQWH �

;L  ;Lb� � mL'L �������

6L $ HVW V\PuHWULTXH� %L�&* JuHQtHUH OHV PAHPHV LWuHUuHV TXH OH *UDGLHQW &RQMXJXuH� PDLV OH WHPSV
SDU LWuHUDWLRQ HVW GRXEOH FDU GHX[ YHFWHXUV GH GHVFHQWH VRQW FDOFXOuHV �

6L $ Q
HVW SDV V\PuHWULTXH� OD FRQYHUJHQFH SHXW AHWUH LQVWDEOH HW O
DOJRULWKPH SHXW SURGXLUH
GHV UuHVXOWDWV LQH[DFWV� ,O HVWPRLQV UDSLGH TXH *05(6 FDU LO H[LJH OH FDOFXO GH GHX[ SURGXLWV
PDWULFH�YHFWHXU �DYHF $ HW DYHF $W�� 0DLV LO QH QuHFHVVLWH SDV DXWDQW GH VWRFNDJH TXH *05(6�

$OJRULWKPH GX 5uHVLGX 0LQLPDO

/H 5uHVLGX 0LQLPDO UuHVRXW LFL OH V\VWtHPH $;  %� RtX $ HVW XQH PDWULFH FDUUuHH� Q
HVW SDV
IRUFuHPHQW LQYHUVLEOH� QL V\PuHWULTXH� PDLV RtX OD SDUWLH V\PuHWULTXH GH $� F
HVW tD GLUH �

�
�$� $W��



&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

HVW GuHnQLH SRVLWLYH >$[HOVVRQ� ����� /DVFDX[ HW 7KuHRGRU� ����� /D� ����@� 9� /D >/D� ����@ FRQ�
VLGtHUH TX
uHWDQW GRQQuH OHV UuHVXOWDWV H[SuHULPHQWDX[� FHWWH FRQGLWLRQ HVW YuHULnuHH� &HW DOJRULWKPH
SHXW AHWUH DSSOLTXuH tD XQ V\VWtHPH $W$;  $W% RtX $ Q
HVW SDV IRUFuHPHQW FDUUuHH�

6L $ HVW LQYHUVLEOH� OD VROXWLRQ HVW XQLTXH� 6LQRQ O
DOJRULWKPH FRQYHUJH YHUV OD VROXWLRQ PLQ�
LPLVDQW N% b $;N� /H 5uHVLGX 0LQLPDO D OD PAHPH YLWHVVH GH FRQYHUJHQFH TXH OH *UDGLHQW
&RQMXJXuH�

$ O
LWuHUDWLRQ L� OH YHFWHXU ;L HW OHV VL GHUQLtHUHV GLUHFWLRQV GH GHVFHQWHV 'LbM� � � M � VL b ��
DYHF ELHQ VAXU VL � VLb���� VRQW XWLOLVuHV� &HV VL GHUQLtHUHV GLUHFWLRQV GH GHVFHQWH VRQW FRQVWUXLWHV
GH IDzFRQ TXH OHV YHFWHXUV $'LbM SRXU � � M � VL b � VRLHQW OLQuHDLUHPHQW LQGuHSHQGDQWV�
3RXU OH *UDGLHQW &RQMXJXuH� OH QRXYHO HVWLPuH HVW GuHWHUPLQuH tD SDUWLU GH OD GHUQLtHUH GLUHFWLRQ GH

GHVFHQWH� 'DQV OH 5uHVLGX 0LQLPDO� LO HVW FDOFXOuH tD SDUWLU GHV VL GHUQLtHUHV GLUHFWLRQV GH GHVFHQWH�
/H QRXYHO HVWLPuH HVW GRQQuH SDU �

;L��  ;L �

VLb�
;

M �

mL
LbM'LbM �������

/HV SDV GH GHVFHQWH mL
LbM VRQW FKRLVLV GH IDzFRQ tD PLQLPLVHU N% b$;L��N�� &HOD FRQGXLW tD OD

FRQGLWLRQ VXLYDQWH �

K% b $;L��� $'LbML  � � � � M � VL b � �������

/HV FRHpFLHQWV mL
LbM VRQW DORUV VROXWLRQ GX V\VWtHPH VXLYDQW tD VL LQFRQQXHV HW tD VL uHTXDWLRQV �

eL
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RtX OD PDWULFH eL HVW OD VXLYDQWH �

eL  

�

%

%

%

%

#

K$'L� $'LL c c c c c c c c c K$'LbVL��� $'LL
c c c c c c K$'LbM� $'LbMb�L c c c c c c
c c c c c c K$'LbM� $'LbML c c c c c c
c c c c c c K$'LbM� $'LbM��L c c c c c c

K$'L� $'LbVL��L c c c c c c c c c K$'LbVL��� $'LbVL��L

�

&

&

&

&

$

�������

/HV YHFWHXUV $'LbM uHWDQW OLQuHDLUHPHQW LQGuHSHQGDQWV� OD PDWULFH eL HVW GuHnQLH SRVLWLYH � OH
V\VWtHPH ������� D XQH VROXWLRQ XQLTXH�

'H OD UHODWLRQ ������� GuHFRXOH OD UHODWLRQ VXLYDQWH VXU OHV UuHVLGXV �

5L��  5L b
VLb�
;

M �

mL
LbM$'LbM �������

/D QRXYHOOH GLUHFWLRQ GH GHVFHQWH HVW GuHWHUPLQuHH GDQV OH SODQ GuHnQL SDU OH QRXYHDX UuHVLGX
5L�� HW OD GHUQLtHUH GLUHFWLRQ GH GHVFHQWH 'L �

'L��  5L�� � nL'L �������



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

/H FRHpFLHQW nL HVW FKRLVL GH WHOOH VRUWH TXH �

K$'L��� $'LL  � �������

/
H[SUHVVLRQ GH nL HVW DORUV �

nL  bK$5L��� $'LL
N$'LN�

�������

/HV YHFWHXUV $'L�� HW $'L QH VRQW SDV OLQuHDLUHPHQW LQGuHSHQGDQWV VL 'L�� � .HU �$�
�YHFWHXUV ; WHOV TXH $;  ��� 6L $ HVW V\PuHWULTXH� FH SUREOtHPH Q
LQWHUYLHQW TXH TXDQG ;L��

HVW VROXWLRQ GX V\VWtHPH� 6L $ Q
HVW SDV V\PuHWULTXH PDLV D VD SDUWLH V\PuHWULTXH GuHnQLH SRVL�
WLYH� FH SUREOtHPH Q
LQWHUYLHQW TXH VL 5L�� HW 'L VRQW FROLQuHDLUHV� 'DQV FH FDV� O
DOJRULWKPH HVW
UuHLQLWLDOLVuH DYHF OH GHUQLHU HVWLPuH WURXYuH�

,O HVW PRQWUuH TXH O
DOJRULWKPH IDLW GuHFURArWUH OD QRUPH GX UuHVLGX G
XQH LWuHUDWLRQ tD O
DXWUH �

N% b $;L��N� � N% b$;LN� �������

5Q HVW SDU FRQVWUXFWLRQ RUWKRJRQDO� VHORQ OD PDWULFH $� DX[ Q GLUHFWLRQV GH GHVFHQWH 'L� &HV
Q GLUHFWLRQV GH GHVFHQWH VRQW OLQuHDLUHPHQW LQGuHSHQGDQWHV VHORQ OD PDWULFH $� GRQF IRUPHQW XQH
EDVH GH 5Q� 5Q HVW GRQF QXO � ;Q HVW OD VROXWLRQ GX V\VWtHPH� &HW DOJRULWKPH FRQYHUJH FRPPH
OH *UDGLHQW &RQMXJXuH� HQ DX SOXV Q LWuHUDWLRQV�

&HW DOJRULWKPH QuHFHVVLWH GH JDUGHU HQ PuHPRLUH OHV GLUHFWLRQV GH GHVFHQWH� 3RXU uHYLWHU G
DYRLU
EHVRLQ G
XQH JUDQGH FDSDFLWuH GH VWRFNDJH� VHXOHV TXHOTXHV�XQHV GHV GHUQLtHUHV GLUHFWLRQV GH GHV�
FHQWH� GH O
RUGUH G
XQH tD WURLV� VRQW FRQVHUYuHHV�

/HV FDV SDUWLFXOLHUV VXLYDQWV GH O
DOJRULWKPH GX 5uHVLGX 0LQLPDO VHURQW uHWXGLuHV �

^ �L�VL  � � mL

L
D O
H[SUHVVLRQ VXLYDQWH �

mL

L
 

K5L� $5LL
N$'LN�

�������

^ �L�VL  � � LO HVW PRQWUuH TXH mL

Lb�  � HW TXH m
L

L
D OD PAHPH H[SUHVVLRQ TX
HQ �������� /H

FDV VL  � VH UDPtHQH DX FDV VL  ��

^ �L�VL  � � GH QRXYHDX mL

Lb�  �� &H FDV VH UDPtHQH DX V\VWtHPH VXLYDQW GH WDLOOH �d � �

t

N$'LN� K$'L� $'Lb�L
K$'Lb�� $'LL N$'Lb�N�

u

�

mL

L

mL

Lb�

�
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K5L� $5LL
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&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

/
DOJRULWKPH FRPSOHW SRXU �L�VL  � HVW OH VXLYDQW �

;� GRQQuHH

5�  % b $;�

'�  5�

4�  $'�

5uHSuHWHU
n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

n

mL  
5W

L
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4W

L
4L

;L��  ;L � mL'L

5L��  5L b mL4L

nL  b�$5L���
W 4L

4W

L
4L

'L��  5L�� � nL'L

4L��  $5L�� � nL4L

MXVTX
tD FRQYHUJHQFH

�������

/H YHFWHXU 4L  $'L D uHWuH LQWURGXLW SRXU QH FDOFXOHU TX
XQ SURGXLW PDWULFH�YHFWHXU SDU
LWuHUDWLRQ� $5L�

6L SRXU V  �� $'L HW $'Lb� VRQW FROLQuHDLUHV� OHV FRHpFLHQWV w
L

L
HW wL

Lb� QH SHXYHQW AHWUH
GuHWHUPLQuHV� 'DQV FH FDV� LO IDXW SDVVHU tD V  �� 3RXU V  �� O
DOJRULWKPH EORTXH VL 5L�� HW 'L

VRQW FROLQuHDLUHV� 3RXU uHYLWHU FHOD� O
DOJRULWKPH HVW UHGuHPDUUuH HQ SDUWDQW GX GHUQLHU HVWLPuH VL
O
DQJOH HQWUH 5L�� HW 'L HVW WURS SHWLW�

3OXV $ HVW DV\PuHWULTXH� SOXV XQ QRPEUH uHOHYuH GH GLUHFWLRQV GH GHVFHQWH HVW QuHFHVVDLUH SRXU
FRQYHUJHU UDSLGHPHQW�

&HW DOJRULWKPH HVW JuHQuHUDOHPHQW PRLQV UDSLGH TXH OH *UDGLHQW &RQMXJXuH� PDLV SRXU FHUWDLQH
PDWULFH $� LO SHXW DYRLU OD PAHPH YLWHVVH GH FRQYHUJHQFH� ,O HVW WRXW GH PAHPH SOXV UDSLGH TXH
&*/6 � OH 5uHVLGX 0LQLPDO QuHFHVVLWH PRLQV G
LWuHUDWLRQV �GH O
RUGUH G
XQH GL]DLQH FRQWUH ��
LWuHUDWLRQV SRXU OH &*/6� SRXU FRQYHUJHU HW VRQ WHPSV GH FDOFXO SDU LWuHUDWLRQ HVW SOXV
IDLEOH �XQH PXOWLSOLFDWLRQ GH $W SDU XQ YHFWHXU HVW uHYLWuHH� OH FRQGLWLRQQHPHQW HVW PHLOOHXU HW
XQ VHXO YHFWHXU 4L HVW VWRFNuH HQ SOXV ��

����� 7HFKQLTXHV G
DFFuHOuHUDWLRQ GH FRQYHUJHQFH

/H V\VWtHPH tD UuHVRXGUH HVW � $;  %� 'HV DOJRULWKPHV OH UuHVROYHQW VRXV VD IRUPH GLUHFWH RX
G
DXWUHV VRXV OD IRUPH � $W$;  $W%�

8Q RSuHUDWHXU 3F HVW DSSOLTXuH tD FH V\VWtHPH GH OD IDzFRQ VXLYDQWH �

3F$;  3F% �������

RX HQFRUH �

3F$
W$;  3F$

W% �������



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

/D YLWHVVH GH FRQYHUJHQFH VHUD DFFUXH VL OH WHUPH 3F$ RX OH WHUPH 3F$
W$ HVW SURFKH GH OD

PDWULFH ,GHQWLWuH� F
HVW tD GLUH VL 3F HVW SURFKH GH $
b� RX �$W$�

b�
HQ VXSSRVDQW TXH $ HW $W$

VRQW LQYHUVLEOHV�

3OXVLHXUV FKRL[ GH O
RSuHUDWHXU 3 VRQW SRVVLEOHV >*ROXE HW 0HXUDQW� ����� /DVFDX[ HW 7KuHRGRU�
����� /D� ����@�

2SuHUDWHXU GLDJRQDO

'DQV OH FDV G
XQ V\VWtHPH UuHVROX VRXV OD IRUPH $W$;  $W%� XQ RSuHUDWHXU GLDJRQDO GRQW OHV
uHOuHPHQWV QRQ QXOV VRQW uHJDX[ tD �

�$W$�
LL

� HVW FKRLVL �

3F  GLDJ

|

�

�$W$�
LL

}

�������

2SuHUDWHXUV GH nOWUDJH

3RXU OD UuHVROXWLRQ GX PAHPH V\VWtHPH� 3F HVW LFL XQ nOWUH SDVVH�KDXW TXL SHUPHW GH GuHFRQYROXHU
O
RSuHUDWHXU GH oRX $W$�

/D IRQFWLRQ GH WUDQVIHUW GH FH nOWUH J HVW GRQQuHH SDU >&OLQWKRUQH HW DO�� ����� /D� ����@ �

)J  
�

)K� F
�������

RtX )K HVW OD WUDQVIRUPuHH GH )RXULHU GH OD IRQFWLRQ GH WUDQVIHUW FRUUHVSRQGDQW tD $W$� /H
SDUDPtHWUH F SHUPHW GH OLPLWHU O
HmHW GX nOWUH TXDQG )K HVW SHWLW�

&HW RSuHUDWHXU 3F SHXW AHWUH FDOFXOuH HQ IDLVDQW O
K\SRWKtHVH G
XQH UuHSRQVH LPSXOVLRQQHOOH K
VSDWLDOHPHQW LQYDULDQWH � OH SL[HO VLWXuH DX FHQWUH GH O
LPDJH HVW SURMHWuH HW OHV SURMHFWLRQV REWHQXHV
VRQW UuHWURSURMHWuHHV�

$XWUH RSuHUDWHXU

/
RSuHUDWHXU GH UuHWURSURMHFWLRQ nOWUuHH SHXW AHWUH DSSOLTXuH DX V\VWtHPH $;  % � G
DERUG XQH
UuHWURSURMHFWLRQ nOWUuHH HVW XWLOLVuHH� SXLV OHV DOJRULWKPHV GH UHFRQVWUXFWLRQV DOJuHEULTXHV�

'
DXWUHV PuHWKRGHV GH SUuHFRQGLWLRQQHPHQW VRQW SUuHVHQWuHHV GDQV >*ROXE HW 0HXUDQW� �����
S ��� tD ���@�

����� 5uHJXODULVDWLRQ

/HV WHFKQLTXHV GH UuHJXODULVDWLRQ SHUPHWWHQW G
DVVXUHU O
H[LVWHQFH� O
XQLFLWuH HW OD VWDELOLWuH GH
OD VROXWLRQ REWHQXH SDU OHV DOJRULWKPHV SUuHFuHGHQWV�

$SSOLFDWLRQ G
XQ nOWUH SDVVH�EDV

/H EUXLW HVW FRQWHQX GDQV OHV FRPSRVDQWHV KDXWHV IUuHTXHQFHV GHV PHVXUHV� /
DSSOLFDWLRQ
G
XQH IHQAHWUH G
DSRGLVDWLRQ : DX[ PHVXUHV % MRXH OH UAROH G
XQ nOWUH SDVVH�EDV >/D� ����@�



&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

/HV IHQAHWUHV G
DSRGLVDWLRQ : OHV SOXV XWLOLVuHHV VRQW OHV VXLYDQWHV �

^ IHQAHWUH UHFWDQJXODLUH� GH IRQFWLRQ GH WUDQVIHUW �
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n
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^ IHQAHWUH GH +DPPLQJ� GH IRQFWLRQ GH WUDQVIHUW �
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^ IHQAHWUH GH +DQQLQJ H[SRQHQWLuHH� GH IRQFWLRQ GH WUDQVIHUW �
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^ IHQAHWUH GH %XWWHUZRUWK� GH IRQFWLRQ GH WUDQVIHUW �
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�
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RtX �F HVW OD IUuHTXHQFH GH FRXSXUH�

/
LPDJH REWHQXH SDU FHWWH PuHWKRGH HVW OLVVuHH SDU UDSSRUW tD O
LPDJH UHFRQVWUXLWH VDQV FH
nOWUH� 6L OD IUuHTXHQFH GH FRXSXUH HVW uHOHYuHH� O
LPDJH REWHQXH D XQH PHLOOHXUH UuHVROXWLRQ� PDLV
HVW SOXV EUXLWuHH� $YHF XQH IUuHTXHQFH SOXV EDVVH� O
LPDJH HVW SOXV OLVVuHH� 6L OD WUDQVLWLRQ tD OD
IUuHTXHQFH GH FRXSXUH HVW IUDQFKH� O
LPDJH SUuHVHQWH GHV RVFLOODWLRQV� PDLV VL OD WUDQVLWLRQ HVW
GRXFH� OD UuHVROXWLRQ HVW SOXV IDLEOH�

&RPSDURQV FHV GLmuHUHQWHV IHQAHWUHV� /D IHQAHWUH UHFWDQJXODLUH GRQQH OD PHLOOHXUH UuHVROXWLRQ
VSDWLDOH� PDLV SURGXLW XQH UuHSRQVH LPSXOVLRQQHOOH WUtHV RVFLOODQWH tD FDXVH GH OD WUDQVLWLRQ EUXWDOH
tD OD IUuHTXHQFH GH FRXSXUH� /D IHQAHWUH GH %XWWHUZRUWK IDYRULVH XQH IRUWH UuHVROXWLRQ VSDWLDOH� /HV
IHQAHWUHV GH +DPPLQJ HW GH +DQQLQJ VRQW SOXWARW XWLOLVuHHV SRXU REWHQLU GHV UuHVXOWDWV OLVVuHV HQ
SUuHVHQFH G
XQ IRUW QLYHDX GH EUXLW�

9� /D >/D� ����@ XWLOLVH FRPPH nOWUH SDVVH�EDV XQH IHQAHWUH GH +DQQLQJ H[SRQHQWLuHH�

5uHJXODULVDWLRQ SDU DUUAHW GHV LWuHUDWLRQV

/HV DOJRULWKPHV GH UuHVROXWLRQ FRPPHQFHQW SDU UHFRQVWUXLUH G
DERUG OHV EDVVHV IUuHTXHQFHV GH
O
LPDJH� SXLV OHV KDXWHV IUuHTXHQFHV� 2U OH EUXLW FRQWHQX GDQV FHV KDXWHV IUuHTXHQFHV HVW DPSOLnuH
SDU O
LQYHUVLRQ �OHV SHWLWHV YDOHXUV VLQJXOLtHUHV FRUUHVSRQGHQW SOXWARW DX[ KDXWHV IUuHTXHQFHV��
/
DOJRULWKPH HVW UuHJXODULVuH HQ O
DUUAHWDQW SUuHPDWXUuHPHQW� DYDQW TXH O
LPDJH UHFRQVWUXLWH QH VRLW
WURS EUXLWuHH HW GLYHUJH�



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

5uHJXODULVDWLRQ SDU LQWURGXFWLRQ G
XQ D SULRUL

/
DSSOLFDWLRQ G
XQ nOWUH SDVVH�EDV Q
HVW SDV VXpVDQWH SRXU VWDELOLVHU OD VROXWLRQ HQ UDLVRQ
GX EUXLW QXPuHULTXH� 0AHPH DYHF XQ nOWUH SDVVH�EDV� OH EUXLW HVW DPSOLnuH tD FKDTXH LWuHUDWLRQ� /HV
WHFKQLTXHV VXLYDQWHV VRQW DORUV XWLOLVuHHV�

5uHJXODULVDWLRQ GH 7LNKRQRY�3KLOOLSV

&HWWH PuHWKRGH DMRXWH XQ WHUPH GH SuHQDOLVDWLRQ VXU O
LPDJH UHFRQVWUXLWH ;� N% b $;N� Q
HVW
SOXV PLQLPLVuH� PDLV O
H[SUHVVLRQ VXLYDQWH >/D� ����@ �

N% b$;N� � w N&;N� �������

RtX �

^ & HVW XQ RSuHUDWHXU GH GLmuHUHQWLDWLRQ �

^ w HVW XQ SDUDPtHWUH GH UuHJXODULVDWLRQ TXL FRQWUAROH OH FRPSURPLV HQWUH XQH VROXWLRQ SURFKH
GHV PHVXUHV HW XQH VROXWLRQ �OLVVuHH��

&HOD UHYLHQW tD UuHVRXGUH OH V\VWtHPH VXLYDQW �
b

$W$� w&W&
c

;  $W% �������

*uHQuHUDOHPHQW� O
RSSRVuH G
XQ RSuHUDWHXU ODSODFLHQ HVW XWLOLVuH SRXU &� & SuHQDOLVH DORUV OHV
YDULDWLRQV �EUXVTXHV� GH O
LPDJH � O
LPDJH REWHQXH HVW OLVVuHH HW OHV GLVFRQWLQXLWuHV VRQW
DGRXFLHV �

& HVW DORUV �
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0DLV LO UHVWH tD GuHWHUPLQHU OH FKRL[ GX SDUDPtHWUH GH UuHJXODULVDWLRQ w�

*ROXE >*ROXE HW DO�� ����@� *LUDUG >*LUDUG� ����@ HW %DUDNDW >%DUDNDW� ����� S �� � ��@ SUR�
SRVHQW G
XWLOLVHU OD 9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH SRXU GuHWHUPLQHU FH SDUDPtHWUH� %DUDNDW
SUuHVHQWH G
DXWUHV PuHWKRGHV TXL VRQW SOXV GLpFLOHV tD XWLOLVHU�

/H SDUDPtHWUH w RSWLPDO HVW FHOXL TXL PLQLPLVH OD IRQFWLRQ VXLYDQWH �

9 �w�  
�

Q
N�, b$ �w��%N�

d

�

Q
WUDFH �, b $ �w��

e�
�������

RtX OD PDWULFH $�w� HVW GuHnQLH SDU �

$ �w�  $
b

$W$� w&W&
c

b�

$W �������

0DLV LO HVW FRPSOLTXuH HW FRAXWHX[ HQ HVSDFH PuHPRLUH HW HQ WHPSV GH FDOFXOHU WUDFH �, b $ �w���
*LUDUG >*LUDUG� ����@ IRXUQLW XQH SURFuHGXUH SRXU FDOFXOHU IDFLOHPHQW FH WHUPH �



&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

�� G
DERUG XQ YHFWHXU Z GH Q YDOHXUV SVHXGR�DOuHDWRLUHV DYHF XQH GLVWULEXWLRQ QRUPDOH HVW
JuHQuHUuH �

�� OH UuHVLGX Z b $�w�Z HVW HQVXLWH FDOFXOuH �

�� w HVW REWHQX SDU �

�

Q
WUDFH �, b $ �w��  

ZW �Z b $ �w�Z�

ZWZ
�������

/H FRAXW GX FDOFXO GH $ �w�Z HVW FHOXL GH OD UuHVROXWLRQ G
XQ V\VWtHPH OLQuHDLUH�

'HV GuHPRQVWUDWLRQV WKuHRULTXHV HW GHV WHVWV RQW SURXYuH TXH FHWWH PuHWKRGH GRQQH XQH WUtHV
ERQQH HVWLPDWLRQ GH WUDFH �, b $ �w���

5uHJXODULVDWLRQ QRQ VWDWLRQQDLUH SURSRVuHH SDU 9� /D

9� /D >/D� ����� S �����@ D UHFKHUFKuH tD PLHX[ UHFRQVWUXLUH O
LPDJH GX FRHXU G
XQ SDWLHQW�
&HWWH LPDJH Q
HVW SDV QHWWH HQ UDLVRQ GX OLVVDJH HQJHQGUuH SDU OD UuHJXODULVDWLRQ�

(OOH SURSRVH GRQF XQH UuHJXODULVDWLRQ VSDWLDOHPHQW DGDSWDWLYH RtX OH WHUPH w HVW UHPSODFuH
SDU XQH PDWULFH GLDJRQDOH e DYHF �

�

eLL  w52, VL OH SL[HO L HVW GDQV OD ]RQH LQWuHUHVVDQWH �OH FRHXU� �

eLL  wH[W VL OH SL[HO L Q
HVW SDV GDQV OD ]RQH LQWuHUHVVDQWH �
�������

'RQF OHV WHUPHV GH OD PDWULFH e SUHQQHQW GLmuHUHQWHV YDOHXUV VXLYDQW TXH OH SL[HO FRQVLGuHUuH
HVW RX Q
HVW SDV GDQV OD ]RQH LQWuHUHVVDQWH� 8QH YDOHXU uHOHYuHH HVW FKRLVLH SRXU O
H[WuHULHXU GH FHWWH
]RQH HW XQH YDOHXU IDLEOH SRXU OHV SL[HOV GDQV FHWWH ]RQH� &HOD SHUPHW GH OLVVHU O
H[WuHULHXU GH OD
]RQH VDQV WURS OLVVHU OD ]RQH FRQVLGuHUuHH HW SHUGUH GHV LQIRUPDWLRQV GDQV FHWWH ]RQH�

9� /D REWLHQW OHV ]RQHV LQWuHUHVVDQWHV HQ VHJPHQWDQW OD SUHPLtHUH LPDJH� (OOH UHFKHUFKH OHV
]RQHV SDU XQ VHXLO VXU O
DWWuHQXDWLRQ UHFRQVWUXLWH �XQ SL[HO HVW GDQV OD ]RQH LQWuHUHVVDQWH VL VRQ
DWWuHQXDWLRQ HVW VXSuHULHXUH tD �� � GH O
DWWuHQXDWLRQ PD[LPDOH� HW HQ FRPSDUDQW FHWWH LPDJH tD
GHV PDVTXHV� (Q HmHW� OD SRVLWLRQ GX FRHXU HVW FRQQXH D SULRUL�

(OOH UuHVRXW O
XQ GHV V\VWtHPHV VXLYDQWV �

b

$W3 W

F3F$� e&
W&
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;  $W3 W

F3F:% �������

RX

b

3F$� e&
W&

c

;  3F:% �������

9� /D YDOLGH VD PuHWKRGH VXU GHV PHVXUHV G
XQ IDQWARPH DQDWRPLTXH �nJXUHV ��� HW ���
G
DSUtHV >/D� ����@��

/HV FRQWRXUV GX FRHXU VRQW SOXV QHWV DYHF OD PuHWKRGH GH 9� /D �nJXUH ���� TX
DYHF XQH
UuHJXODULVDWLRQ XQLIRUPH �nJXUH �����



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

)LJ� ���� 5HFRQVWUXFWLRQ GH PHVXUHV GH
IDQWARPH DQDWRPLTXH DYHF XQH UuHJXODULVDWLRQ
XQLIRUPH >/D� ����@

)LJ� ���� 5HFRQVWUXFWLRQ GH PHVXUHV GH
IDQWARPH DQDWRPLTXH DYHF OD UuHJXODULVDWLRQ
VSDWLDOHPHQW DGDSWDWLYH GH 9� /D >/D� ����@

5uHJXODULVDWLRQ QRQ VWDWLRQQDLUH SURSRVuHH SDU 3� &KDUERQQLHU

3� &KDUERQQLHU >&KDUERQQLHU� ����@ D GuHYHORSSuH XQH PuHWKRGH SRXU SUHQGUH HQ FRPSWH OHV
GLVFRQWLQXLWuHV GDQV OHV UHFRQVWUXFWLRQV G
LPDJHV�

/D UuHJXODULVDWLRQ GH 7LNKRQRY�3KLOOLSV OLVVH GH OD PAHPH PDQLtHUH WRXWH O
LPDJH� 8QH VROXWLRQ
SRXU uHYLWHU FH SKuHQRPtHQH HVW G
DSSOLTXHU XQH UuHJXODULVDWLRQ VSDWLDOHPHQW DGDSWDWLYH�

/D PLQLPLVDWLRQ GH OD IRQFWLRQ VXLYDQWH HVW UHFKHUFKuHH �

-�;�  -��;� � w-��;� �������

RtX �

^ -� HVW XQ WHUPH GRQQDQW O
HUUHXU VXU OHV PHVXUHV �

^ -� HVW XQ WHUPH GH SuHQDOLVDWLRQ�

/H WHUPH GH SuHQDOLVDWLRQ TXL YDULH HQ IRQFWLRQ GH O
LPDJH UHFRQVWUXLWH� HVW >&KDUERQQLHU�
����� /DXUHWWH� ����� /D� ����� 7KLHUU\� ����@ �
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RtX �

^ '[ HW '\ VRQW GHV RSuHUDWHXUV GH GLmuHUHQFLDWLRQ �GuHULYuHH G
RUGUH XQ� �
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DYHF p IDFWHXU G
uHFKHOOH UuHJODQW OD YDOHXU DX�GHOtD GH ODTXHOOH XQH GLVFRQWLQXLWuH HVW GuHWHFWuHH�



&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

^ � HVW XQH IRQFWLRQ GH SRWHQWLHO TXL DPSOLnH RX DWWuHQXH OD YDOHXU GHV GuHULYuHHV SUHPLtHUHV �

^ L HW M VRQW GHV LQGLFHV UHSUuHVHQWDQW OD SRVLWLRQ GX SL[HO FRQVLGuHUuH GDQV O
LPDJH�

/D IRQFWLRQ GH SRWHQWLHO � GRLW DYRLU OHV SURSULuHWuHV VXLYDQWHV �

^ ��W� w ���W � 5 �

^ ����  � �

^ ��W�  ��bW���W � 5 � � GRLW AHWUH SDLUH �

^ � GRLW AHWUH FRQWLQAXPHQW GLmuHUHQWLDEOH �

^ ���W� w ���W � 5
��

� SHUPHW GH UuHJXODULVHU HQ SUuHVHUYDQW OHV GLVFRQWLQXLWuHV VL HOOH YuHULnH HQ SOXV OHV FRQGLWLRQV
VXLYDQWHV �

^ ���W�
�W
HVW FRQWLQXH HW VWULFWHPHQW GuHFURLVVDQW VXU 5� �

^ OLP
W���

���W�
�W
 � �

^ OLP
W���

���W�
�W
 ��

���W�
�W
HVW DSSHOuHH IRQFWLRQ GH SRQGuHUDWLRQ� 3OXV FHWWH IRQFWLRQ GuHFURArW UDSLGHPHQW� SOXV OD WUDQ�

VLWLRQ HQWUH YDOHXUV OLVVuHHV HW YDOHXUV SUuHVHUYuHHV HVW IUDQFKH� 6L W� F
HVW tD GLUH OD GuHULYuHH SUHPLtHUH
GH O
LPDJH� HVW JUDQG� FHWWH IRQFWLRQ D XQH YDOHXU TXL WHQG YHUV � � O
DOJRULWKPH UuHJXODULVH SHX�
3DU FRQWUH VL W HVW WUtHV IDLEOH� SURFKH GH �� FHWWH IRQFWLRQ HVW SURFKH GH � � O
DOJRULWKPH UuHJXODULVH
�FODVVLTXHPHQW��

6XLWH tD O
uHWXGH GHV IRQFWLRQV UuHDOLVuHH SDU 3� &KDUERQQLHU >&KDUERQQLHU� ����@� QRXV DYRQV
UHWHQX GHX[ IRQFWLRQV GH SRWHQWLHO �

^ OD IRQFWLRQ G
+HEHUW HW /HDK\ � �+/�W�  OQ�� � W�� �

^ OD IRQFWLRQ GH *HUPDQ HW 0F&OXUH � �*0�W�  
W�

��W�
�

(Q HmHW� FHV IRQFWLRQV RQW XQH GuHFURLVVDQFH SOXV UDSLGH TXH OHV DXWUHV IRQFWLRQV� /D WUDQVLWLRQ
HQWUH OHV GHX[ uHWDWV� OLVVDJH RX SDV GH OLVVDJH� HVW SOXV IUDQFKH� 3� &KDUERQQLHU UHPDUTXH VXU
GHV HVVDLV TXH FHOD SHUPHW G
DYRLU GHV IURQWV SOXV QHWV�

&HOD GRQQH OHV IRQFWLRQV GH SRQGuHUDWLRQV VXLYDQWHV �

^ SRXU OD IRQFWLRQ G
+HEHUW HW /HDK\ �
�

�

+/
�W�

�W
 �

����W��
�

^ SRXU OD IRQFWLRQ GH *HUPDQ HW 0F&OXUH �
�

�

*0
�W�

�W
 �

>����W��@
� �

8Q FRHpFLHQW D uHWuH DMRXWuH SRXU TXH OHV IRQFWLRQV VRLHQW SURFKHV GH � HQ W  ��

6L O
HUUHXU HVW GRQQuHH SDU � -��;�  N% b$;N�� ������� UHYLHQW DX V\VWtHPH VXLYDQW �
b

$W$ � wcSRQG�;�
c

;  $W% �������

RtX cSRQG�;� HVW VHPEODEOH tD XQ RSuHUDWHXU ODSODFLHQ�

/H FDOFXO GH cSRQG�;� HVW REWHQX HQ FRQYROXDQW O
LPDJH SDU O
RSSRVuH G
XQ PDVTXH ODSODFLHQ
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$X YRLVLQDJH G
XQ FRQWRXU� OH OLVVDJH HVW LQKLEuH GDQV OD GLUHFWLRQ SHUSHQGLFXODLUH DX FRQWRXU�

/D IRQFWLRQ � HVW JuHQuHUDOHPHQW FKRLVLH QRQ TXDGUDWLTXH SRXU QH SDV VXUOLVVHU O
LPDJH � �������
HQ JuHQuHUDO Q
HVW SDV OLQuHDLUH HW GRQF QH SHXW SDV AHWUH UuHVROX SDU OHV WHFKQLTXHV FODVVLTXHV GH
PLQLPLVDWLRQ� 3RXU UuHVRXGUH FH SUREOtHPH� LO HVW IDLW DSSHO DX SULQFLSH GH PLQLPLVDWLRQ VHPL�
TXDGUDWLTXH� &HOD SHUPHW G
DSSOLTXHU GH QRXYHDX OHV DOJRULWKPHV SUuHFuHGHQWV� &H SULQFLSH UHSRVH
VXU XQH PLQLPLVDWLRQ HQ GHX[ uHWDSHV�

3RXU DSSOLTXHU FH SULQFLSH� XQH YDULDEOH E  �E[ � E\� DSSHOuHH SURFHVVXV GH OLJQH HVW XWLOLVuHH�
$ORUV � SHXW V
uHFULUH VRXV OD IRUPH VXLYDQWH �

��W�  PLQ
E

�e�W� E� �������

RtX �e HVW GuHnQLH SDU �

�e�W� E�  EW� � ��E� �������

DYHF � IRQFWLRQ VWULFWHPHQW FRQYH[H HW GuHFURLVVDQWH�

/D YDOHXU Ee TXL PLQLPLVH �e tD W GRQQuH� HVW GRQQuHH SDU �
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�W
�������
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6L E HVW n[uH� -e�;� E� HVW TXDGUDWLTXH HQ ; � OHV WHFKQLTXHV FODVVLTXHV GH PLQLPLVDWLRQ�
FRPPH OHV DOJRULWKPHV SUuHFuHGHQWV� VRQW XWLOLVDEOHV �

&HWWH PuHWKRGH SURFtHGH SDU uHWDSHV GH PLQLPLVDWLRQ DOWHUQuHHV �
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/D GHX[LtHPH uHWDSH GH PLQLPLVDWLRQ� FHOOH GH ; HQ VXSSRVDQW E n[uH� HVW REWHQXH SDU OD
UuHVROXWLRQ GX V\VWtHPH VXLYDQW �
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&HOD SHUPHW OD UuHVROXWLRQ GH FHWWH GHX[LtHPH uHWDSH SDU GHV DOJRULWKPHV FODVVLTXHV FRPPH
FHX[ H[SRVuHV GDQV OHV SDUWLHV SUuHFuHGHQWHV�

&KDUERQQLHU >&KDUERQQLHU� ����@ XWLOLVH FRPPH FULWtHUH G
DUUAHW �

N;Q�� b;QN�

N;QN�
� H� �������

RtX H HVW FKRLVL SDU O
XWLOLVDWHXU�

,O UHVWH tD ELHQ FKRLVLU OHV GHX[ SDUDPtHWUHV w HW p� 6L p HVW FKRLVL WURS SHWLW� O
DOJRULWKPH
YD GuHWHFWHU GHV GLVFRQWLQXLWuHV VXU WRXWH O
LPDJH HW OD VROXWLRQ REWHQXH VHUD WUtHV EUXLWuHH� 6L p
HVW WURS JUDQG� DXFXQH GLVFRQWLQXLWuH QH VHUD GuHWHFWuHH HW O
LPDJH UHFRQVWUXLWH VHUD LGHQWLTXH tD
FHOOH REWHQXH DYHF XQ DOJRULWKPH FODVVLTXH QRQ VSDWLDOHPHQW DGDSWDWLI� 6L OH UDSSRUW w

p
HVW WURS

IDLEOH� OD UuHJXODULVDWLRQ VHUD SHX LPSRUWDQWH HW O
LPDJH UHFRQVWUXLWH VHUD EUXLWuHH�

3� &KDUERQQLHU YDOLGH VD PuHWKRGH VXU GHV PHVXUHV UuHHOOHV G
XQ FHUYHDX �nJXUHV ��� HW ����
G
DSUtHV >&KDUERQQLHU� ����@��

)LJ� ���� 5HFRQVWUXFWLRQ GH PHVXUHV GH
FHUYHDX DYHF OD UuHWURSURMHFWLRQ nOWUuHH >&KDU�
ERQQLHU� ����@

)LJ� ����� 5HFRQVWUXFWLRQ GH PHVXUHV GH
FHUYHDX DYHF OD UuHJXODULVDWLRQ VSDWLDOHPHQW
DGDSWDWLYH GH 3� &KDUERQQLHU >&KDUERQQLHU�
����@

/HV FRQWRXUV GHV GLmuHUHQWHV ]RQHV GX FHUYHDX VRQW SOXV QHWV DYHF OD PuHWKRGH GH 3� &KDU�
ERQQLHU �nJXUH ����� TX
DYHF XQH UuHJXODULVDWLRQ XQLIRUPH �nJXUH �����



&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

&RQFOXVLRQ GH OD UuHJXODULVDWLRQ

6HORQ >/D� ����@� V
LO Q
HVW SDV IDLW G
DSRGLVDWLRQ �nOWUDJH GHV GRQQuHHV SDU XQ nOWUH SDVVH�
EDV�� QL GH UuHJXODULVDWLRQ� O
LPDJH REWHQXH SUuHVHQWH GHV RVFLOODWLRQV HW GHV WUDArQuHHV QRLUHV� /D
UuHJXODULVDWLRQ SHUPHW GH UuHGXLUH OHV WUDArQuHHV QRLUHV� PDLV SDV OHV RVFLOODWLRQV� &HOOHV�FL VRQW
DWWuHQXuHHV SDU O
DSRGLVDWLRQ� 'H SOXV� O
HUUHXU HQWUH O
LPDJH UHFRQVWUXLWH HW O
REMHW WKuHRULTXH
GLYHUJH VDQV UuHJXODULVDWLRQ� PDLV� DYHF UuHJXODULVDWLRQ FRQYHUJH YHUV XQ SDOLHU�



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

��� 6FKuHPDV G
uHFKDQWLOORQQDJH

����� (FKDQWLOORQQDJH HpFDFH

'DQV FHWWH SDUWLH� QRXV HVVD\RQV GH YRLU VL QRXV SRXYRQV WURXYHU GHV uHFKDQWLOORQQDJHV
SDUDOOtHOHV� F
HVW tD GLUH GHV JuHRPuHWULHV G
DFTXLVLWLRQ� PHLOOHXUV TXH O
uHFKDQWLOORQQDJH SDUDOOtHOH
UuHJXOLHU �nJXUH ����� /D GuHPDUFKH TXH QRXV UHSUHQRQV LFL HVW H[SRVuHH GDQV >5DWWH\ HW /LQG�
JUHQ� ����@� GDQV >1DWWHUHU� ����@� GDQV >'HVEDW� ����@� GDQV >'HVEDW HW 7KLHUU\� ����@ HW
GDQV >7KLHUU\� ����@�

1RXV FRQVLGuHURQV OD WUDQVIRUPuHH GH 5DGRQ5I G
XQH IRQFWLRQ I GH EDQGH OLPLWuHH GH IUuHTXHQFH
GH FRXSXUH E� TXH QRXV FKHUFKRQV tD uHFKDQWLOORQQHU�

/HV SRVLWLRQV GH PHVXUHV VRQW GuHnQLHV SDU GHV FRXSOHV �V� t� �nJXUH ����� 'DQV OH FDV G
XQ
uHFKDQWLOORQQDJH VXU XQ UuHVHDX� O
HQVHPEOH GH FHV SRVLWLRQV SHXW HQVXLWH AHWUH GuHFULW SDU XQH EDVH
GH GHX[ YHFWHXUV Z� HW Z�� /HV SRVLWLRQV GH PHVXUHV VRQW DORUV � N�Z� � N�Z�� RtX �N�� N�� � =

��

:  �Z�� Z�� HVW DSSHOuHH PDWULFH GH OD EDVH G
uHFKDQWLOORQQDJH� �{:
bW  �{�ZbW� �ZbW� � HVW

DSSHOuHH PDWULFH GH OD EDVH GX VFKuHPD UuHFLSURTXH�

. HVW OH VXSSRUW HVVHQWLHO GH )�5I�� F
HVW tD GLUH O
HQVHPEOH GHV SRLQWV �X� Y� GH O
HVSDFH GH
)RXULHU SRXU OHVTXHOV M)�5I��}� 
�M� DYHF 
 � =� HVW QRQ QuHJOLJHDEOH �nJXUH ������

)LJ� ����� (QVHPEOH .� VXSSRUW HVVHQWLHO GH )�5I� >'HVEDW� ����@

,O HVW PRQWUuH TXH
5

�}�
� �.

M)�5I��}� 
�M G} G
 HVW QuHJOLJHDEOH�

3RXU ELHQ uHFKDQWLOORQQHU OD WUDQVIRUPuHH GH 5DGRQ� LO QH GRLW SDV \ DYRLU GH UHFRXYUHPHQW
GH VSHFWUH �FRQGLWLRQ GH 6KDQQRQ�� FH TXH QRXV SRXYRQV OLUH GDQV OD IRUPXOH GH 3RLVVRQ �

;
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DXUD SDV GH UHFRXYUHPHQW GH VSHFWUH VL OHV HQVHPEOHV.��{�:b��WO�

O � =
Q� VRQW GHX[ tD GHX[ GLVMRLQWV �FRQGLWLRQ GH 6KDQQRQ��

6XSSRVRQV TXH OD IRQFWLRQ 5I HVW uHFKDQWLOORQQuHH HQ VXLYDQW O
uHFKDQWLOORQQDJH GuHFULW SDU OD
PDWULFH : HW TXH : VDWLVIDLW OD FRQGLWLRQ GH 6KDQQRQ SRXU .� /D IRQFWLRQ 6: �5I��[�  
��{�b�MGHW: M 3

N�=�
5I �:N�) ��.� >:N b [@� DYHF �. O
LQGLFDWULFH GH .� HVW O
LQWHUSRODWLRQ GH

5I tD SDUWLU GH 5I�:N�� N � =
� �JuHQuHUDOLVDWLRQ GH OD VuHULH GH VLQXV FDUGLQDO��



&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

/
HVWLPDWLRQ GH O
HUUHXU HVW GRQQuHH SDU �

M6: �5I�b5I M � �

{

=

z �.

M) �5I� �z�M Gz �������

&RQQDLVVDQW O
HQVHPEOH .� SDUPL OHV PDWULFHV TXL VDWLVIRQW OD FRQGLWLRQ GH 6KDQQRQ . �
�{�:b��WO VDQV UHFRXYUHPHQW� QRXV FKRLVLURQV OD PDWULFH : TXL PD[LPLVH OD �GLVWDQFH� HQWUH
GHX[ SRLQWV GH PHVXUH YRLVLQV� HQ SUDWLTXH TXL PD[LPLVH O
DLUH GH OD PDLOOH uHOuHPHQWDLUH GX
VFKuHPD� &HOD UHYLHQW tD PD[LPLVHU OH GuHWHUPLQDQW GH : � /
RSWLPDOLWuH Q
HVW VLPSOH TXH ORUVTXH
. � �{�:b��WO� O � =

�� HVW XQ SDYDJH GX SODQ GH )RXUULHU�

/D FRPSDUDLVRQ GHV HpFDFLWuHV GH GHX[ uHFKDQWLOORQQDJHV SRXUUD DORUV VH IDLUH SDU OD FRP�
SDUDLVRQ GHV GuHWHUPLQDQWV GHV PDWULFHV �: ��

$ SDUWLU GHV FRQGLWLRQV SUuHFuHGHQWHV� XQ QRXYHO uHFKDQWLOORQQDJH HVW GuHWHUPLQuH � O
uHFKDQWLOORQ�
QDJH HQWUHODFuH �nJXUH ������

)LJ� ����� 6XSSRUWV GH O
uHFKDQWLOORQQDJH VWDQGDUG HW GH O
uHFKDQWLOORQQDJH HQWUHODFuH �
UHSUuHVHQWDWLRQ GDQV O
HVSDFH GH )RXULHU GH OD SuHULRGLVDWLRQ GX VXSSRUW HVVHQWLHO GH OD 7UDQV�
IRUPuHH GH )RXULHU GH OD 7UDQVIRUPuHH GH 5DGRQ G
XQH IRQFWLRQ VXLYDQW OH VFKuHPD UuHFLSURTXH GH
O
uHFKDQWLOORQQDJH VWDQGDUG ��{:bW

6 =
�� HW OH VFKuHPD UuHFLSURTXH GH O
uHFKDQWLOORQQDJH HQWUHODFuH

��{:bW
( =

�� >'HVEDW� ����@

3RXU O
uHFKDQWLOORQQDJH HQWUHODFuH� OHV SURMHFWLRQV GHV URWDWLRQV SDLUHV QH VRQW SDV IDLWHV DX[
PAHPHV SRVLWLRQV WUDQVYHUVDOHV TXH FHOOHV GHV URWDWLRQV LPSDLUHV� /HV PHVXUHV GHV URWDWLRQV
SDLUHV HW LPSDLUHV VRQW GuHFDOuHHV GH D��� F
HVW tD GLUH G
XQ GHPL�SDV GH PHVXUH� 3DU UDSSRUW
tD O
uHFKDQWLOORQQDJH UuHJXOLHU� FHW uHFKDQWLOORQQDJH Q
XWLOLVH TX
XQH SRVLWLRQ VXU GHX[� HW SHUPHW
GRQF GH IDLUH GHX[ IRLV PRLQV GH PHVXUHV� &HOD GRQQH OH VFKuHPD G
uHFKDQWLOORQQDJH GH OD n�
JXUH �����

&RPSDURQV QRV GHX[ uHFKDQWLOORQQDJHV�

'DQV OH FDV G
uHFKDQWLOORQQDJH SDUDOOtHOH UuHJXOLHU� OD PDWULFH :6 D O
H[SUHVVLRQ VXLYDQWH �
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�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;
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)LJ� ����� 6FKuHPDV GH O
uHFKDQWLOORQQDJH VWDQGDUG HW GH O
uHFKDQWLOORQQDJH HQWUHODFuH >'HVEDW�
����@

&HOD GRQQH � GHW�:6�  �{�01 �

/D PDWULFH :( GH O
uHFKDQWLOORQQDJH HQWUHODFuH FRUUHVSRQGDQW HVW �
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t

�{

1
b {

1

� �

0

u
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&HOD GRQQH � GHW�:(�  �{�01 �

/H GuHWHUPLQDQW GH :( HVW OH GRXEOH GH FHOXL GH :6 � O
uHFKDQWLOORQQDJH HQWUHODFuH HVW GHX[
IRLV SOXV HpFDFH TXH O
uHFKDQWLOORQQDJH SDUDOOtHOH UuHJXOLHU�

1RXV UHWURXYRQV FHWWH FRQFOXVLRQ VXU OD nJXUH �����

$YHF VHV PHVXUHV� O
uHFKDQWLOORQQDJH HQWUHODFuH FRXYUH PLHX[ O
HVSDFH GH )RXULHU TXH O
uHFKDQWLO�
ORQQDJH SDUDOOtHOH UuHJXOLHU� /D WUDQVIRUPuHH GH )RXULHU GH OD WUDQVIRUPuHH GH 5DGRQ GH I HVW DORUV
PLHX[ PHVXUuHH�

/
uHFKDQWLOORQQDJH HQWUHODFuH GRQQH GRQF XQH PHLOOHXUH HVWLPDWLRQ GH OD WUDQVIRUPuHH
GH 5DGRQ GH I TXH O
uHFKDQWLOORQQDJH SDUDOOtHOH UuHJXOLHU DYHF GHX[ IRLV PRLQV GH PHVXUHV�

����� 3DVVDJH DX[ PHVXUHV HQ uHYHQWDLO �IDQ�EHDP�

/H GLVSRVLWLI GH PHVXUHV HQ uHYHQWDLO �IDQ�EHDP� HVW FRQVWLWXuH G
XQ IDLVFHDX FROOLPDWuH HQ
QDSSH TXL LUUDGLH OD VHFWLRQ HQWLtHUH GH O
REMHW tD PHVXUHU� HW G
XQ GuHWHFWHXU OLQuHDLUH� 7RXW FHW
HQVHPEOH WRXUQH DXWRXU GH O
REMHW tD PHVXUHU DnQ G
REWHQLU GHV PHVXUHV VXLYDQW GLmuHUHQWV DQJOHV
�nJXUH ������

/HV PHVXUHV HQ uHYHQWDLO �IDQ�EHDP� DSSRUWHQW XQ JUDQG JDLQ GH WHPSV� FDU GDQV FHWWH
FRQnJXUDWLRQ� O
HQVHPEOH GH SURMHFWLRQV tD XQ DQJOH GRQQuH HVW PHVXUuH HQ PAHPH WHPSV HW LO QH
UHVWH SOXV TX
tD IDLUH OHV URWDWLRQV DXWRXU GH O
REMHW�

/HV SDUDJUDSKHV VXLYDQWV GuHFULYHQW FRPPHQW WUDQVSRVHU OHV DOJRULWKPHV GH OD JuHRPuHWULH
SDUDOOtHOH DX[ JuHRPuHWULHV HQ uHYHQWDLO�



&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

)LJ� ����� 3ULQFLSH GH O
uHFKDQWLOORQQDJH HQ uHYHQWDLO

0HVXUHV HQ uHYHQWDLO SRXU OHV DOJRULWKPHV DQDO\WLTXHV

.DN HW 6ODQH\ >.DN HW 6ODQH\� ����� S �� tD ��@ SUuHVHQWHQW GLmuHUHQWHV VROXWLRQV SRXU SDVVHU
HQ uHFKDQWLOORQQDJH HQ uHYHQWDLO DYHF OHV DOJRULWKPHV DQDO\WLTXHV�

5uHRUJDQLVDWLRQ GHV PHVXUHV

/D VROXWLRQ OD SOXV VLPSOH HVW GH UuHRUJDQLVHU OHV PHVXUHV SRXU UDPHQHU tD XQH JuHRPuHWULH
SDUDOOtHOH uHTXLYDOHQWH� $SUtHV� OHV DOJRULWKPHV DQDO\WLTXHV FODVVLTXHV SRXU OHV JuHRPuHWULHV SDUDOOtHOHV
SHXYHQW AHWUH XWLOLVuHV�

5  

'±OM±TRIEÅPARALL°LEÅ±QUIVALENTE

H

X

Y

C
3OURCE

$±TECTEUR

$

)LJ� ����� SULQFLSH GH OD UuHRUJDQLVDWLRQ GHV PHVXUHV



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

&KDTXH PHVXUH HQ uHYHQWDLO DYHF XQ DQJOH GH WLU o tD XQ DQJOH GH URWDWLRQ n FRUUHVSRQG tD XQH
PHVXUH SDUDOOtHOH G
DQJOH GH URWDWLRQ n � o HW GH WUDQVODWLRQ 'VLQ�o� �nJXUH ������

'X IDLW GX WHUPH VLQ�o�� OD JuHRPuHWULH SDUDOOtHOH uHTXLYDOHQWH Q
HVW SDV XQLIRUPuHPHQW uHFKDQWLO�
ORQQuHH� &HOD SHXW AHWUH FRUULJuH SDU GHV LQWHUSRODWLRQV� 0DLV FHOD HQWUDArQH GHV DUWHIDFWV VXU OHV
UHFRQVWUXFWLRQV REWHQXHV�

,QWURGXFWLRQ GH O
LQIRUPDWLRQ GDQV OHV DOJRULWKPHV

3RXU OD JuHRPuHWULH SDUDOOtHOH� OD IRUPXOH GH OD UuHWURSURMHFWLRQ nOWUuHH uHWDLW OD VXLYDQWH �uHTXDWLRQ
������ S ��� �

I  %
d

)b��M}M� " �5I�
e

&DV RtX OHV PHVXUHV VRQW HVSDFuHHV GX PAHPH DQJOH

1RXV FRQVLGuHURQV OH FDV RtX OHV PHVXUHV VRQW HVSDFuHHV GX PAHPH DQJOH GH PHVXUH �nJXUH ������

)LJ� ����� (FKDQWLOORQQDJH HQ uHYHQWDLO DYHF GHV DQJOHV LGHQWLTXHV >.DN HW 6ODQH\� ����@

/D GuHPRQVWUDWLRQ GH OD IRUPXOH GH OD UuHWURSURMHFWLRQ nOWUuHH GRQQH O
uHTXDWLRQ VXLYDQWH �
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RtX �

^ ' HVW OD GLVWDQFH HQWUH OD VRXUFH GH UD\RQV ; HW O
D[H GH URWDWLRQ GX WRPRJUDSKH �



&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

^ o HVW O
DQJOH HQWUH O
D[H VRXUFH � FHQWUH GH URWDWLRQ HW OH IDLVFHDX GH UD\RQV ; �

^ % HVW WRXMRXUV O
RSuHUDWHXU GH UuHWURSURMHFWLRQ� PDLV LO LQWtHJUH VXU >�� �{@ HW OD ORQJXHXU /
HQWUH OD VRXUFH HW OH SRLQW0 SULV HQ FRPSWH LQWHUYLHQW GDQV VRQ H[SUHVVLRQ� 3RXU XQ SRLQW
0 HW XQH IRQFWLRQ K GRQQuHV �

%K �0�  
�{
=

�

�

/�
K �0�n� Gn �������

8QH VRPPDWLRQ VXU WRXWHV OHV GLUHFWLRQV DXWRXU GX SRLQW 0 HVW IDLWH�

&DV RtX OHV GuHWHFWHXUV VRQW HVSDFuHV GH OD PAHPH GLVWDQFH

1RXV FRQVLGuHURQV XQ DXWUH FDV RtX FH VRQW OHV GuHWHFWHXUV TXL VRQW HVSDFuHV GH OD PAHPH GLVWDQFH
�nJXUH ������ 'DQV FH FDV� OHV DQJOHV HQWUH GHX[ PHVXUHV VXFFHVVLYHV QH VRQW SOXV FRQVWDQWV�

)LJ� ����� (FKDQWLOORQQDJH HQ uHYHQWDLO DYHF GHV GuHWHFWHXUV uHJDOHPHQW HVSDFuHV >.DN HW 6ODQH\�
����@

3RXU FH FDV� OD IRUPXOH REWHQXH HVW OD VXLYDQWH �
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RtX �

^ ' HVW OD GLVWDQFH HQWUH OD VRXUFH GH UD\RQV ; HW O
D[H GH URWDWLRQ GX WRPRJUDSKH �

^ V HVW OD GLVWDQFH HQWUH O
D[H GH URWDWLRQ GX WRPRJUDSKH HW OH IDLVFHDX GH UD\RQV ;� PHVXUuHH
VXU XQH GURLWH SDUDOOtHOH tD O
D[H GHV GuHWHFWHXUV �

^ % HVW WRXMRXUV O
RSuHUDWHXU GH UuHWURSURMHFWLRQ� PDLV LO LQWtHJUH VXU >�� �{@ HW QRXV IDLVRQV
LQWHUYHQLU OH UDSSRUW / GH OD ORQJXHXU HQWUH OD VRXUFH HW OH SURMHWuH GX SRLQW 0 SULV HQ
FRPSWH VXU OH IDLVFHDX FHQWUDO� VXU OD GLVWDQFH '� /
uHTXDWLRQ ������� HVW WRXMRXUV YDODEOH�

0HVXUHV HQ uHYHQWDLO SRXU OHV DOJRULWKPHV DOJuHEULTXHV

/HV DOJRULWKPHV DOJuHEULTXHV UuHVROYHQW XQ V\VWtHPH OLQuHDLUH 5)  3 � RtX �



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

^ ) HVW OH YHFWHXU FRORQQH GH O
LPDJH UHFKHUFKuHH �

^ 3 HVW OH YHFWHXU FRORQQH GHV PHVXUHV �

^ 5 HVW XQH PDWULFH FUHXVH TXL VHXOH FRQWLHQW OD JuHRPuHWULH GH PHVXUHV � FHV uHOuHPHQWV VRQW
OD FRQWULEXWLRQ G
XQH PHVXUH� F
HVW tD GLUH G
XQ IDLVFHDX GH UD\RQV ;� VXU OHV SL[HOV GH
O
LPDJH�

$SUtHV OD FRQVWUXFWLRQ GH 5� OH V\VWtHPH HVW UuHVROX SDU OHV PuHWKRGHV GuHFULWHV SUuHFuHGHPPHQW�

3RXU SDVVHU GH O
uHFKDQWLOORQQDJH SDUDOOtHOH tD O
uHFKDQWLOORQQDJH HQ uHYHQWDLO� LO VXpW GH PR�
GLnHU OD PDWULFH 5 SRXU SUHQGUH HQ FRPSWH FH FKDQJHPHQW GH JuHRPuHWULH GH PHVXUHV� /D
UuHVROXWLRQ GX V\VWtHPH OLQuHDLUH UHVWH OH PAHPH�

&HV DOJRULWKPHV SHXYHQW PAHPH SUHQGUH HQ FRPSWH GHV JuHRPuHWULHV GH PHVXUH QRQ UuHJXOLtHUHV�
SDU H[HPSOH XQH JuHRPuHWULH VXU ODTXHOOH TXHOTXHV SRLQWV GH PHVXUH MXJuHV OLWLJLHX[ VRQW uHOLPLQuHV�



&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

��� 'XUFLVVHPHQW GX IDLVFHDX GH UD\RQV ;

����� 'HVFULSWLRQ GX SKuHQRPtHQH

/HV DWWuHQXDWLRQV VRQW GRQQuHHV GDQV OHV WDEOHV SRXU GHV IDLVFHDX[ GH UD\RQV ; PRQRuHQHUJuHWL�
TXHV� 4XDQG O
DWWuHQXDWLRQ G
XQ IDLVFHDX SRO\uHQHUJuHWLTXH GH UD\RQV ; HVW PHVXUuHH� XQH PR\HQQH
GHV DWWuHQXDWLRQV tD FKDTXH uHQHUJLH SRQGuHUuHHV SDU OH oX[ GH SKRWRQV tD FHWWH uHQHUJLH HVW REWHQXH�

2U OHV UD\RQV GH IDLEOHV uHQHUJLHV VRQW SOXV DWWuHQXuHV TXH OHV UD\RQV GH IRUWHV uHQHUJLHV� /D
FRXUEH ���� GRQQH O
uHYROXWLRQ GH O
DWWuHQXDWLRQ PDVVLTXH GH O
HDX HQ IRQFWLRQ GH O
uHQHUJLH >+XEEHOO�
����@� &HOD HQWUDArQH XQH GuHIRUPDWLRQ GX VSHFWUH GHV UD\RQV ;� /
uHQHUJLH PR\HQQH GX IDLV�
FHDX �PR\HQQH GHV uHQHUJLHV SRQGuHUuHHV SDU OH oX[ GH SKRWRQV tD FHWWH uHQHUJLH� DXJPHQWH� &H
SKuHQRPtHQH HVW DSSHOuH �GXUFLVVHPHQW GX IDLVFHDX��
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)LJ� ����� $WWuHQXDWLRQ PDVVLTXH GH O
HDX HQ IRQFWLRQ GH O
uHQHUJLH

3DU H[HPSOH� tD SDUWLU GX VSHFWUH G
uHPLVVLRQ GH QRWUH WXEH DYHF DQWLFDWKRGH HQ &XLYUH
DOLPHQWuH DYHF XQH KDXWH WHQVLRQ GH �� N9� QRXV DYRQV FDOFXOuH OH VSHFWUH GH UD\RQV ; DSUtHV
DWWuHQXDWLRQ SDU � FP G
HDX �YRLU nJXUH ������ /HV FRHpFLHQWV G
DWWuHQXDWLRQ VRQW REWHQXV SDU
LQWHUSRODWLRQ OLQuHDLUH HQWUH OHV FRHpFLHQWV IRXUQLV SDU OHV WDEOHV GDQV >+XEEHOO� ����@� /
uHQHUJLH
PR\HQQH GX VSHFWUH SDVVH GH �� NH9 tD �� NH9 VXU FHW H[HPSOH�

/H GXUFLVVHPHQW GX IDLVFHDX HW OD PRGLnFDWLRQ GX VSHFWUH TX
LO HQWUDArQH� FKDQJH O
DWWuH�
QXDWLRQ PHVXUuHH VXLYDQW O
uHSDLVVHXU GH PDWLtHUH WUDYHUVuHH� FH TXL SHXW SURYRTXHU GHV DUWH�
IDFWV�

����� (FUDQV HQ VRUWLH GH WXEH tD UD\RQV ;

6FKPLW] >6FKPLW] HW DO�� ����@ HW *UDVVOHU >*UDVVOHU HW :LUWK� ����@ XWLOLVHQW GHV uHFUDQV HQ
VRUWLH GX WXEH tD UD\RQV ; SRXU GXUFLU DUWLnFLHOOHPHQW OH IDLVFHDX HW DLQVL OLPLWHU OH SKuHQRPtHQH
GH GXUFLVVHPHQW GDQV OD SLtHFH tD PHVXUHU�



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;
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)LJ� ����� 'HQVLWuH VSHFWUDOH G
XQ IDLVFHDX GH UD\RQV ; DYDQW HW DSUtHV DWWuHQXDWLRQ SDU � FP
G
HDX

6FKPLW] XWLOLVH XQ uHFUDQ GH � PP G
$OXPLQLXP HW GH � PP GH &XLYUH SRXU XQ WXEH tD UD\RQV
; tD ��� N9� *UDVVOHU XQ uHFUDQ GH ��� PP G
$OXPLQLXP SRXU XQ WXEH tD �� N9�

����� )DFWHXU FRUUHFWLI

8Q IDFWHXU FRUUHFWLI SHXW AHWUH LQWURGXLW GDQV OHV FDOFXOV SRXU FRUULJHU OH SKuHQRPtHQH GH GXU�
FLVVHPHQW GX IDLVFHDX >0F'DYLG HW DO�� ����� 6HJDO HW DO�� ����@� /HV PHVXUHV VHURQW PXOWLSOLuHHV
SDU FH IDFWHXU DYDQW G
XWLOLVHU OHV DOJRULWKPHV GH UHFRQVWUXFWLRQV DnQ GH UHYHQLU DX FDV G
XQ
IDLVFHDX GH UD\RQV ; PRQRuHQHUJuHWLTXH uHTXLYDOHQW�

/D GuHWHUPLQDWLRQ GH FH IDFWHXU FRUUHFWLI VH IDLW HQ � uHWDSHV �

�� &DOFXORQV G
DERUG O
uHQHUJLH PR\HQQH GX IDLVFHDX GH UD\RQV ; FRQVLGuHUuH � 6L OH VSHFWUH GX
IDLVFHDX uHPLV HQ IRQFWLRQ GH O
uHQHUJLH ( HVW QRWuH 6�(�� O
LQWHQVLWuH WUDQVPLVH HVW GRQQuHH
SDU �

, �G�  

=

6 �(� Hbx�(�GG(  
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6 �(� G(

u

HbxHm G �������

/
uHQHUJLH PR\HQQH HVW O
uHQHUJLH TXL GRQQH SRXU XQ IDLVFHDX PRQRuHQHUJuHWLTXH O
DWWuHQXD�
WLRQ xHm�

�� 3UHQRQV SOXVLHXUV FDOHV GH GLmuHUHQWHV uHSDLVVHXUV G GX PAHPH PDWuHULDX TXH O
REMHW PHVXUuH �

�� 0HVXURQV O
DWWuHQXDWLRQ GH FH PDWuHULDX SDU OH IDLVFHDX GH UD\RQV ; SRXU OHV GLmuHUHQWHV

uHSDLVVHXUV G GX PDWuHULDX FRQVLGuHUuH � OQ
r

,LQFLGHQW
,WUDQVPLV

s

�

�� 1RXV REWHQRQV OH IDFWHXU FRUUHFWLI VXLYDQW SRXU FKDTXH DWWuHQXDWLRQ PHVXUuHH OQ� ,LQFLGHQW
,WUDQVPLV

� �

xHm G

OQ
r

,LQFLGHQW
,WUDQVPLV

s �������



&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

(QnQ� QRXV UuHDOLVRQV HQVXLWH OHV PHVXUHV WRPRJUDSKLTXHV GH O
REMHW tD FDUWRJUDSKLHU� 8QH
LQWHUSRODWLRQ OLQuHDLUH GH FH IDFWHXU FRUUHFWLI HVW PXOWLSOLuHH tD FKDTXH PHVXUH OQ� ,LQFLGHQW

,WUDQVPLV
��

����� $XWUH PuHWKRGH

8QH DXWUH PuHWKRGH SRXU SUHQGUH HQ FRPSWH OH GXUFLVVHPHQW GX IDLVFHDX HVW SUuHVHQWuHH
GDQV >.DN HW 6ODQH\� ����� S ��� tD ���@�

,O V
DJLW GH FRQVLGuHUHU TXH O
DWWuHQXDWLRQ OLQuHDLUH TXL GuHSHQG GH O
uHQHUJLH HW GH OD SRVLWLRQ
0 � HVW FRPSRVuHH GH GHX[ SDUDPtHWUHV GuHSHQGDQW GH O
uHQHUJLH (� SRQGuHUuHV SDU GHV FRHpFLHQWV
VSDWLDX[� &HOD GRQQH DORUV �

x �0�(�  D� �0� J �(� � D� �0� I.1 �(� �������

J �(� GuHFULW OD FRQWULEXWLRQ GXH tD O
DEVRUSWLRQ SKRWRuHOHFWULTXH� I.1 �(� �IRQFWLRQ GH .OHLQ�
1LVKLQD� OD GLmXVLRQ &RPSWRQ� /D FUuHDWLRQ GH SDLUH uHOHFWURQ�SRVLWURQ Q
HVW ELHQ VAXU SDV SUuHVHQWH�
FDU HOOH Q
LQWHUYLHQW TX
DYHF GHV SKRWRQV G
uHQHUJLH VXSuHULHXUH tD �� ���0H9 �GHX[ IRLV O
uHQHUJLH
GH PDVVH GH O
uHOHFWURQ��

.DN HW 6ODQH\ SUHQQHQW SRXU O
DEVRUSWLRQ SKRWRuHOHFWULTXH OD IRQFWLRQ J VXLYDQWH �
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�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

(Q IDLVDQW OHV PAHPHV PHVXUHV tD GHX[ uHQHUJLHV GLmuHUHQWHV� F
HVW tD GLUH DYHF GHX[ VSHFWUHV
G
uHQHUJLH 6L GLmuHUHQWV� GHX[ uHTXDWLRQV tD GHX[ LQFRQQXHV VRQW REWHQXHV� $ORUV $� HW $� SHXYHQW
AHWUH GuHWHUPLQuHV SRXU WRXWHV OHV SURMHFWLRQV� /HV FRHpFLHQWV $L VRQW OHV PHVXUHV LQWuHJUDOHV GHV
DL� (QVXLWH GHX[ FDUWHV GH FRHpFLHQWV VRQW UHFRQVWUXLWHV SDU XQ DOJRULWKPH GH UHFRQVWUXFWLRQ�
XQH SRXU D� HW XQH DXWUH SRXU D�� (QnQ� LO HQ HVW GuHGXLW XQH FDUWH GX FRHpFLHQW G
DWWuHQXDWLRQ
tD Q
LPSRUWH TXHOOH uHQHUJLH FKRLVLH JUADFH tD OD IRUPXOH ������� �XQH DWWuHQXDWLRQ PRQRuHQHUJuHWLTXH
HVW DORUV FDOFXOuHH��

3RXU DSSOLTXHU FHWWH PuHWKRGH� LO IDXW FDOFXOHU O
LQWuHJUDOHV GHV IRQFWLRQV J HW I.1 � 2U
FHV LQWuHJUDOHV IRQW LQWHUYHQLU OHV GHQVLWuHV VSHFWUDOHV 6L�(� DX[ GHX[ uHQHUJLHV� TX
LO IDXW GRQF
SUuHDODEOHPHQW PHVXUHU� /
XWLOLVDWLRQ GH FHWWH PuHWKRGH HVW FRPSOH[H�



&KDSLWUH �� $QDO\VH ELEOLRJUDSKLTXH ��

��� &RQFOXVLRQ

1RXV DYRQV H[SRVuH GDQV FH FKDSLWUH GLmuHUHQWV DOJRULWKPHV GH UHFRQVWUXFWLRQ TXL RQW GHV
SHUIRUPDQFHV GLmuHUHQWHV� 1RXV OHV DYRQV UHJURXSuHV VXLYDQW GHX[ FDWuHJRULHV�

3DUPL FHV GHX[ FDWuHJRULHV� OHV DOJRULWKPHV DOJuHEULTXHV RQW SOXVLHXUV DYDQWDJHV SDU UDSSRUW
DX[ DOJRULWKPHV DQDO\WLTXHV �

^ LOV VRQW UHODWLYHPHQW VLPSOHV tD SURJUDPPHU �

^ GHV DPuHOLRUDWLRQV SHXYHQW IDFLOHPHQW AHWUH UDMRXWuHHV GDQV FHV DOJRULWKPHV SRXU LQVuHUHU GH
O
LQIRUPDWLRQ D SULRUL �HPSODFHPHQW GH OD SLtHFH tD UHFRQVWUXLUH� HW SUuHVHUYHU OHV IURQWV �TXL
VHURQW SRXU QRXV OD WUDQVLWLRQ SDURL � uHFRXOHPHQW GLSKDVLTXH� �

^ OH SDVVDJH tD OD JuHRPuHWULH HQ uHYHQWDLO HVW DLVuH � LO �VXpW� VHXOHPHQW GH PRGLnHU OD PDWULFH
5 TXL UHSUuHVHQWH OD JuHRPuHWULH GH PHVXUH�

&
HVW SRXUTXRL QRXV QH UHWHQRQV TXH OHV DOJRULWKPHV DOJuHEULTXHV�

'DQV O
HQVHPEOH GHV PuHWKRGHV DOJuHEULTXHV� QRXV UHFKHUFKRQV GHV DOJRULWKPHV �

^ TXL VRLHQW XWLOLVDEOHV DYHF Q
LPSRUWH TXHOOH PDWULFH � QRXV QH FRQQDLVVRQV SDV D SULRUL OD
IRUPH GH OD PDWULFH 5� QRXV VDYRQV VHXOHPHQW TX
HOOH HVW FUHXVH �EHDXFRXS GH YDOHXUV
QXOOHV� �

^ TXL VRLHQW VWDEOHV �

^ TXL QH GHPDQGHQW SDV XQ WHPSV GH FDOFXO HW XQ VWRFNDJH PuHPRLUH uHQRUPHV �OD PDWULFH 5
HVW GH GLPHQVLRQ QRPEUH GH PHVXUHV IRLV OH QRPEUH GH SL[HOV� FH TXL GRQQH XQ QRPEUH
LPSRUWDQW GH YDOHXUV tD VWRFNHU��

1RXV QH UHWHQRQV GRQF TXH OHV DOJRULWKPHV VXLYDQWV �

^ &*/6 �

^ 55/6 �

^ /645 �

^ 5uHVLGX 0LQLPDO�

3RXU uHYLWHU OHV DUWHIDFWV GH UHFRQVWUXFWLRQ� QRXV XWLOLVHURQV OD UuHJXODULVDWLRQ HW GuHWHUPLQH�
URQV OH SDUDPtHWUH GH UuHJXODULVDWLRQ SDU OD PuHWKRGH GH OD 9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH�

1RXV JDUGRQV DXVVL HQ PuHPRLUH OHV PuHWKRGHV GH 9� /D HW GH &KDUERQQLHU TXH QRXV
SRXUURQV XWLOLVHU DnQ GH PLHX[ UHFRQVWUXLUH OD WUDQVLWLRQ SDURL � uHFRXOHPHQW GLSKDVLTXH�

1RXV DOORQV SDU OD VXLWH PHWWUH HQ }XYUH FHV DOJRULWKPHV HW FRPSDUHU OHXUV SHUIRU�
PDQFHV DX FRXUV GH VLPXODWLRQV�

3RXU OHV PHVXUHV� QRXV WHVWHURQV O
uHFKDQWLOORQQDJH HQWUHODFuH HW QRXV QRXV VRXYLHQGURQV
GHV PuHWKRGHV SRXU SUHQGUH HQ FRPSWH OH GXUFLVVHPHQW GX IDLVFHDX GH UD\RQV ;�



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;



&KDSLWUH �

&RPSDUDLVRQ HW RSWLPLVDWLRQ GHV
DOJRULWKPHV

��� ,QWURGXFWLRQ

$ OD VXLWH GH OD V\QWKtHVH ELEOLRJUDSKLTXH� QRXV DYRQV UHWHQX OHV DOJRULWKPHV VXLYDQWV �

^ &*/6 �

^ 55/6 �

^ /645 �

^ 5uHVLGX 0LQLPDO DYHF WURLV YHFWHXUV GH GHVFHQWH�

$SUtHV DYRLU H[SRVuH OD SURJUDPPDWLRQ GH FHV DOJRULWKPHV� QRXV DOORQV FRPSDUHU OHXUV SHU�
IRUPDQFHV �uHYROXWLRQ GX UuHVLGX� UDSLGLWuH� nGuHOLWuH tD O
LPDJH RULJLQDOH HW VHQVLELOLWuH DX EUXLW�� HQ
YHUVLRQV QRUPDOH RX UuHJXODULVuHH�

(Q IRQFWLRQ GH FHV UuHVXOWDWV� QRXV FKRLVLURQV XQ DOJRULWKPH� 1RXV O
XWLOLVHURQV SRXU UHFRQV�
WUXLUH GHV uHFRXOHPHQWV VLPXOuHV�

1RXV PRQWUHURQV FRPPHQW DPuHOLRUHU FHV UHFRQVWUXFWLRQV HQ XWLOLVDQW OHV PuHWKRGHV GH
&KDUERQQLHU >&KDUERQQLHU� ����@ HW GH 9� /D >/D� ����@ RX HQ UDMRXWDQW GH O
LQIRUPDWLRQ
D SULRUL�



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

��� 3URJUDPPDWLRQ GHV DOJRULWKPHV

����� $OJRULWKPHV GH UHFRQVWUXFWLRQ

1RXV XWLOLVRQV XQ DOJRULWKPH GuHYHORSSuH DX 7,0&�,0$* SDU /� '(6%$7 HW SURJUDPPuH HQ
)RUWUDQ�

/HV GLmuHUHQWHV uHWDSHV GH FHW DOJRULWKPH VRQW OHV VXLYDQWHV �V\QRSWLTXH ���� �

$±BUT

3AISIEÅDE

LAÅG±OM±TRIE

#ONSTRUCTIONÅ

DEÅ2

%NTR±EÅOUÅ

RECHERCHEÅDEÅM

2±SOLUTIONÅDUÅ

SYST°MEÅLIN±AIRE

%NREGISTREMENTÅ

DEÅL�IMAGEÅ&

#ALCULÅ

D�UNEÅCOUPE

&IN

,ECTUREÅ

DESÅMESURES

)LJ� ���� 6\QRSWLTXH GH O
DOJRULWKPH GH UHFRQVWUXFWLRQ

�� /HFWXUH GX nFKLHU GH PHVXUHV � OH VFKuHPD G
uHFKDQWLOORQQDJH SHXW AHWUH �

^ SDUDOOtHOH UuHJXOLHU � OH nFKLHU G
HQWUuHH HVW OH WDEOHDX GHV PHVXUHV� FKDTXH OLJQH FRP�
SRUWDQW OHV PHVXUHV tD XQ DQJOH GRQQuH �



&KDSLWUH �� &RPSDUDLVRQ HW RSWLPLVDWLRQ GHV DOJRULWKPHV ��

^ SDUDOOtHOH HQWUHODFuH � OH nFKLHU GHV PHVXUHV HVW XQ YHFWHXU FRORQQH GHV PHVXUHV �

^ RX TXHOFRQTXH �QRXV XWLOLVHURQV FHWWH RSWLRQ SRXU OHV PHVXUHV HQ uHYHQWDLO� � OH nFKLHU
GH PHVXUHV HVW XQH PDWULFH DYHF WURLV FRORQQHV �

^ SUHPLtHUH FRORQQH � O
DQJOH GH PHVXUH t �

^ GHX[LtHPH FRORQQH � OD GLVWDQFH tD O
D[H GH URWDWLRQ V� DYHF V � >b�� �@ �OHV SRVLWLRQV
VRQW DGLPHQVLRQQDOLVuHHV HW GRQF GDQV OH GLVTXH FHQWUuH VXU O
RULJLQH GH UD\RQ ��
nJXUH ���� �

^ WURLVLtHPH FRORQQH � OD PHVXUH �

&KDTXH OLJQH FDUDFWuHULVH XQH DFTXLVLWLRQ�

y

O
x

s
q

F a i s c e a u  X

)LJ� ���� 'uHnQLWLRQV GH V HW GH t

�� &RQVWUXFWLRQ GH OD PDWULFH 5 tD SDUWLU GX VFKuHPD G
uHFKDQWLOORQQDJH � OH IDLVFHDX GH UD\RQV
; HVW VXSSRVuH G
uHSDLVVHXU QXOOH� OH WHUPH 5LM HVW OD ORQJXHXU GX IDLVFHDX L WUDYHUVDQW OD
FHOOXOH M� 'DQV FH FDOFXO� DXFXQH ORQJXHXU GH UuHIuHUHQFH Q
LQWHUYLHQW FDU FH FDOFXO HVW IDLW
GDQV OH GLVTXH GH UD\RQ ��

�� t$ OD GHPDQGH GH O
XWLOLVDWHXU� HQWUuHH PDQXHOOH GX SDUDPtHWUH GH UuHJXODULVDWLRQ RX UHFKHUFKH
GX SDUDPtHWUH GH UuHJXODULVDWLRQ SDU OD 9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH�

�� 5uHVROXWLRQ GX V\VWtHPH OLQuHDLUH SDU OD URXWLQH LPSOuHPHQWuHH �SDUWLH VXU ODTXHOOH QRXV
VRPPHV SULQFLSDOHPHQW LQWHUYHQXV��

�� (QUHJLVWUHPHQW GDQV XQ nFKLHU GHV YDOHXUV GHV SL[HOV GH O
LPDJH� VRXV IRUPH G
XQ WDEOHDX
GH UuHHOV RX G
HQWLHUV FRPSULV HQWUH � HW ���� /H IRUPDW GX nFKLHU GH VRUWLH HVW FRPSDWLEOH
DYHF OH ORJLFLHO GH YLVXDOLVDWLRQ 6S\JODVV TXH QRXV XWLOLVHURQV WRXW DX ORQJ GH FH WUDYDLO�

�� t$ OD GHPDQGH GH O
XWLOLVDWHXU� FDOFXO G
XQH FRXSH�

/D PDWULFH 5 HVW FUHXVH� 3RXU JDJQHU GH OD PuHPRLUH� OHV uHOuHPHQWV QXOV QH VRQW SDV VWRFNuHV
HW OD PDWULFH 5 HVW GuHFULWH SDU GHX[ PDWULFHV �

^ XQH PDWULFH 5VWRFNDJH SRXU OHV YDOHXUV GHV WHUPHV 5LM QRQ QXOV �

^ XQH PDWULFH LQG5VWRFNDJH SRXU OD FRORQQH M GHV WHUPHV 5LM �

WHOOHV TXH� SRXU FKDTXH WHUPH 5LM QRQ QXO �

�5VWRFNDJH�LN  5LM

�LQG5VWRFNDJH�LN  M
�����



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

0 HVW OH QRPEUH GH SURMHFWLRQV� 1 OH QRPEUH GH URWDWLRQV HW Q OH QRPEUH GH SL[HOV VXU XQH
IDFH GH O
LPDJH� $X OLHX GH VWRFNHU XQH PDWULFH 5 GH GLPHQVLRQ �0 d 1� d Q�� QRXV JDUGRQV
HQ PuHPRLUH GHX[ PDWULFHV 5VWRFNDJH HW LQG5VWRFNDJH SOXV SHWLWHV� GH GLPHQVLRQ �0 d1�d �Q�
&H SURJUDPPH HVW FRPSLOuH HW H[uHFXWuH VXU OHV VWDWLRQV $OSKD �&RPSDT� GX 7,0&�,0$*�

����� 5RXWLQH GH 9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH

6L O
XWLOLVDWHXU OH GuHVLUH� O
DOJRULWKPH GuHWHUPLQH DXWRPDWLTXHPHQW OH SDUDPtHWUH GH UuHJXODULVD�
WLRQ HQ XWLOLVDQW OD PuHWKRGH GH OD 9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH �VHFWLRQ �������

6RLW 9 �w�� OD IRQFWLRQ GH 9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH�

/D SURFuHGXUH SURJUDPPuHH HW OD VXLYDQWH �

�� 8Q SDUDPtHWUH w HVW UHFKHUFKuH GH VRUWH TXH 9 �w� ! 9 ��� �

�� 5uHVROXWLRQ DYHF OD URXWLQH LPSOuHPHQWuHH GX V\VWtHPH OLQuHDLUH � �5W5� w&W&�)  3 �

�� &DOFXO GX SURGXLW PDWULFLHO � %  5) �

�� *uHQuHUDWLRQ GH EUXLWV EODQFV GDQV OH YHFWHXU Z �

�� 5uHVROXWLRQ DYHF OD URXWLQH LPSOuHPHQWuHH GX V\VWtHPH OLQuHDLUH � �5W5� w&W&�;  Z �

�� &DOFXO GX SURGXLW PDWULFLHO � <  5; �

�� &DOFXO GH OD IRQFWLRQ 9 �w� SDU �

9 �w�  
�
Q
N3 b%N�

r

�b K<�ZL

NZN�

s�
�����

�� &KRL[ G
XQ QRXYHDX SDUDPtHWUH w SDU XQH GLFKRWRPLH RSWLPLVuHH DnQ GH PLQLPLVHU 9 �w�
HW UHWRXU tD O
uHWDSH �� &H QRXYHDX SDUDPtHWUH HVW GuHWHUPLQuH SDU OD PuHWKRGH GH OD VHFWLRQ
GRUuHH � O
LQWHUYDOOH GH UHFKHUFKH GH w GuHFURArW GDQV XQ UDSSRUW UHODWLI DX QRPEUH G
RU�

����� 5RXWLQHV GH UuHVROXWLRQ

1RXV DYRQV SURJUDPPuH OHV URXWLQHV GH UuHVROXWLRQ VuHOHFWLRQQuHHV tD OD VXLWH GH O
DQDO\VH EL�
EOLRJUDSKLTXH� VDQV HW DYHF UuHJXODULVDWLRQ�

/H FULWtHUH G
DUUAHW GHV LWuHUDWLRQV GH FHV URXWLQHV HVW EDVuH VXU OD QRUPH GX UuHVLGX� F
HVW�tD�GLUH
VXU O
H[DFWLWXGH GH OD UuHVROXWLRQ GX V\VWtHPH OLQuHDLUH� /H FULWtHUH G
DUUAHW HVW OH VXLYDQW �

N3 b5)LN
N3N � ~ �����

~ HVW n[uH SDU O
XWLOLVDWHXU� 1RXV DYRQV SULV � ~  �� ��� &H FKRL[ HVW XQ FRPSURPLV HQWUH
O
H[DFWLWXGH GH OD VROXWLRQ� OH WHPSV GH FRQYHUJHQFH HW OD GuHFURLVVDQFH GH OD QRUPH GX UuHVLGX HQ
IRQFWLRQ GX QRPEUH G
LWuHUDWLRQV�

8Q QRPEUH PD[LPDO G
LWuHUDWLRQV SHUPHW G
DUUAHWHU OHV URXWLQHV GH UuHVROXWLRQ VL OH FULWtHUH
G
DUUAHW Q
HVW SDV DWWHLQW� &H QRPEUH HVW GH �� GDQV OD URXWLQH GH 9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH



&KDSLWUH �� &RPSDUDLVRQ HW RSWLPLVDWLRQ GHV DOJRULWKPHV ��

HW GH ��� SRXU OD UuHVROXWLRQ GX V\VWtHPH OLQuHDLUH� (Q SUDWLTXH� OD FRQYHUJHQFH HVW DWWHLQWH YHUV
�� LWuHUDWLRQV�

&HV URXWLQHV� DYDQW G
AHWUH LQVuHUuHHV GDQV O
DOJRULWKPH GH UHFRQVWUXFWLRQ� RQW G
DERUG uHWuH
WHVWuHHV DYHF OH V\VWtHPH 5)  3 VXLYDQW GRQW OD VROXWLRQ HVW FRQQXH �

^ 0DWULFH 5 � OD PDWULFH ,GHQWLWuH RX OD PDWULFH WULGLDJRQDOH VXLYDQWH �
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/HV URXWLQHV GH UuHVROXWLRQ SURJUDPPuHHV RQW GRQQuH OD VROXWLRQ H[DFWH TXL HVW �
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����� $OJRULWKPHV GH VLPXODWLRQV

3RXU IDLUH GHV VLPXODWLRQV G
DFTXLVLWLRQV� QRXV XWLOLVHURQV O
XQ GHV SURJUDPPHV VXLYDQWV HQ
)RUWUDQ �

^ OH SURJUDPPH )%, TXL FDOFXOH DQDO\WLTXHPHQW OHV DWWuHQXDWLRQV � FH SURJUDPPH QH SHXW
VLPXOHU TXH GHV REMHWV FRQVWUXLWV tD SDUWLU G
LQGLFDWULFHV GH GLVTXHV RX G
HOOLSVHV�

^ XQ SURJUDPPH EDVuH VXU OH FDOFXO PDWULFLHO � 5) � /D PDWULFH 5 HVW FDOFXOuHH tD SDUWLU GH OD
JuHRPuHWULH GH PHVXUHV GHPDQGuHH HW O
LPDJH ) HVW IRXUQLH SDU O
XWLOLVDWHXU� &H SURJUDPPH
SHXW VLPXOHU WRXWH IRUPH G
REMHW � LO VXpW GH OH GuHFULUH GDQV O
LPDJH ) �

8QH URXWLQH /DEYLHZ SHUPHWWUD GH UDMRXWHU GX EUXLW tD FHV PHVXUHV VLPXOuHHV�



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

��� &RPSDUDLVRQ GHV SHUIRUPDQFHV GHV DOJRULWKPHV FODV�

VLTXHV

'DQV FHWWH SDUWLH� QRXV DOORQV FRPSDUHU OHV SHUIRUPDQFHV GHV TXDWUH DOJRULWKPHV VXLYDQWV �
&*/6� 55/6� /645 HW 5uHVLGX 0LQLPDO tD WURLV YHFWHXUV GH GHVFHQWH�

����� )DQWARPH XWLOLVuH

1RXV XWLOLVHURQV GHV PHVXUHV VLPXOuHHV �FUuHuHHV JUADFH tD O
DOJRULWKPH )%,� GX IDQWARPH � �n�
JXUH ���� DYHF �� SURMHFWLRQV� ��� URWDWLRQV HW XQH LPDJH GH ��� SL[HOV GH FARWuH�

��ÅÅ

φ Å�0

φ �

φÅ�5

φÅ2

φ �� φ �

φ �

φ ��

0OSITIONÅDESÅPROFILS

)LJ� ���� 6FKuHPD GX IDQWARPH �

&H IDQWARPH HVW XQ F\OLQGUH GH 3OH[LJODV GH �� PP GH GLDPtHWUH HW GH �� PP G
uHSDLVVHXU� ,O
HVW SHUFuH GH � WURXV GH GLDPtHWUHV GLmuHUHQWV� GH � PP tD �� PP� ,O SUuHVHQWH GHX[ DYDQWDJHV � VRQ
DWWuHQXDWLRQ HVW XQLIRUPH SDU ]RQHV HW VD JuHRPuHWULH HVW FRQQXH SUuHFLVuHPHQW� 3RXU OHV VLPXODWLRQV�
O
DWWuHQXDWLRQ HVW DUELWUDLUHPHQW GH ��

&H IDQWARPH VHUD HQVXLWH XWLOLVuH DX FRXUV GH PHVXUHV VXU OH GLVSRVLWLI 0LQL�720,;�



&KDSLWUH �� &RPSDUDLVRQ HW RSWLPLVDWLRQ GHV DOJRULWKPHV ��

����� (YROXWLRQ GX UuHVLGX

5HJDUGRQV G
DERUG SRXU FKDTXH DOJRULWKPH� GDQV VD YHUVLRQ QRUPDOH RX UuHJXODULVuHH� O
uHYROX�
WLRQ GH OD QRUPH GX UuHVLGX N3 b5)N�
/H SDUDPtHWUH GH UuHJXODULVDWLRQ w HVW GuHWHUPLQuH SDU OD 9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH� 1RXV

ODLVVRQV OHV DOJRULWKPHV IDLUH ��� LWuHUDWLRQV HW tD FKDFXQH G
HOOHV� QRXV HQUHJLVWURQV OH UuHVLGX
�nJXUHV ��� HW �����

&H UuHVLGX HVW XWLOLVuH GDQV OH FULWtHUH G
DUUAHW GH FHV DOJRULWKPHV �uHTXDWLRQ ������ HW UHSUuHVHQWH
�O
H[DFWLWXGH� GH OD UuHVROXWLRQ GX V\VWtHPH�

/HV FRXUEHV GH OD QRUPH GX UuHVLGX SRXU /645 HW 55/6 QRUPDX[ VRQW FRQIRQGXHV�

/D QRUPH GX UuHVLGX SRXU O
DOJRULWKPH &*/6 UuHJXODULVuH GuHFURArW ELHQ SOXV YLWH TXH
SRXU OHV DXWUHV DOJRULWKPHV GtHV OHV SUHPLtHUHV LWuHUDWLRQV� ,O OXL IDXGUD EHDXFRXS PRLQV G
LWuHUDWLRQV
SRXU DUULYHU tD XQ VHXLO GH FULWtHUH G
DUUAHW GRQQuH� $XVVL� O
uHYDOXDWLRQ GH OD QRUPH JDUGH WRXMRXUV OD
PAHPH SHQWH DORUV TXH SRXU OHV DXWUHV DOJRULWKPHV� OD QRUPH VHPEOH FRQYHUJHU YHUV XQH DV\PS�
WRWH� 3RXU &*/6 UuHJXODULVuH� QRXV SRXYRQV IDLUH GuHFURArWUH OH FULWtHUH G
DUUAHW HW AHWUH SOXV H[LJHDQW
VXU O
�H[DFWLWXGH� GH OD VROXWLRQ WURXYuHH� ,O IDXW QuHDQPRLQV QH SDV IDLUH WURS G
LWuHUDWLRQV� /HV DO�
JRULWKPHV LQFRUSRUHQW G
DERUG OHV EDVVHV IUuHTXHQFHV GDQV O
LPDJH UHFRQVWUXLWH SRXU SDVVHU SHWLW
tD SHWLW DX FRXUV GHV LWuHUDWLRQV DX[ KDXWHV IUuHTXHQFHV HW VL QRXV ODLVVRQV LWuHUHU WURS ORQJWHPSV�
OD VROXWLRQ GHYLHQW LQVWDEOH� /D OLPLWDWLRQ GX QRPEUH G
LWuHUDWLRQV HVW XQ PR\HQ GH UuHJXODULVHU�
/H IDLW G
H[KLEHU G
DERUG OHV EDVVHV IUuHTXHQFHV GDQV O
LPDJH H[SOLTXH O
uHJDOLWuH GHV QRUPHV GX
UuHVLGX SRXU OHV DOJRULWKPHV &*/6 VDQV UuHJXODULVDWLRQ HW &*/6 UuHJXODULVuH MXVTX
tD OD VL[LtHPH
LWuHUDWLRQ�

3RXU O
DOJRULWKPH /645 UuHJXODULVuH� OH 5uHVLGX 0LQLPDO VDQV UuHJXODULVDWLRQ HW UuHJXODULVuH� OD
QRUPH GX UuHVLGX FRQYHUJH YHUV XQ SDOLHU DXWRXU GH OD ��tHPH LWuHUDWLRQ� ,O IDXGUD AHWUH PRLQV
H[LJHDQW DYHF FHV DOJRULWKPHV HW LO VHUD LQXWLOH GH IDLUH SOXV GH �� LWuHUDWLRQV�

,O IDXW QRWHU TXH OD UuHJXODULVDWLRQ GDQV OH FDV GX /645 GuHJUDGH OD GuHFURLVVDQFH GH OD QRUPH
GX UuHVLGX � SRXU /645 VDQV UuHJXODULVDWLRQ� HOOH GuHFURArW� SRXU /645 UuHJXODULVuH� HOOH FRQYHUJH
YHUV XQ SDOLHU� 3DU FRQWUH SRXU 55/6� OD UuHJXODULVDWLRQ DXJPHQWH OD YLWHVVH GH GuHFURLVVDQFH GH
OD QRUPH GX UuHVLGX� /645 HW 55/6 QRUPDX[ PRQWUHQW OD PAHPH GuHFURLVVDQFH GH OD QRUPH GX
UuHVLGX�

����� 7HPSV GH FDOFXO

/D nJXUH ��� SUuHVHQWH OHV GXUuHHV GH FDOFXO SDU LWuHUDWLRQ� 3RXU FKDTXH DOJRULWKPH� QRXV
UHFRQVWUXLVRQV OHV PHVXUHV VLPXOuHHV GX IDQWARPH � �nJXUH ���� DYHF ��� URWDWLRQV HW �� SURMHFWLRQV
VXU XQH JULOOH GH ��� SL[HOV GH FARWuH HQ ODLVVDQW O
DOJRULWKPH IDLUH ��� LWuHUDWLRQV� &HV FDOFXOV RQW
OLHX VXU 7,&� XQH VWDWLRQ $OSKD GH 7,0&�,0$*� HW SHUPHWWHQW GH FRPSDUHU OD YLWHVVH GHV
DOJRULWKPHV OHV XQV SDU UDSSRUW DX[ DXWUHV�

1RXV UHPDUTXRQV G
DERUG TXH OH WHPSV GH UuHVROXWLRQ SDU LWuHUDWLRQ HVW SURSRUWLRQQHO DX
QRPEUH GH SURGXLW PDWULFH�YHFWHXU GDQV FKDTXH DOJRULWKPH � XQ SURGXLW PDWULFH�YHFWHXU� TXL
HVW O
RSuHUDWLRQ OD SOXV ORQJXH� SUHQG HQYLURQ �� PV�

3RXU OHV YHUVLRQV UuHJXODULVuHHV� LO \ D HQYLURQ GHX[ IRLV SOXV GH SURGXLWV PDWULFH�YHFWHXU� FDU
XQ SURGXLW YHFWHXU SDU 5 HVW UHPSODFuH SDU GHX[ SURGXLWV PDWULFH�YHFWHXU� XQ SDU 5 HW XQ DXWUH



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;
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)LJ� ���� 'XUuHH GH FDOFXO �HQ V� SDU LWuHUDWLRQ

SDU 5W�

&*/6 HVW OH SOXV UDSLGH� VXLYL GH SUtHV SDU OH 5uHVLGX 0LQLPDO tD WURLV YHFWHXUV GH GHVFHQWH�
55/6� SXLV /645 DUULYHQW HQVXLWH G
DERUG HQ YHUVLRQV FODVVLTXHV� SXLV HQ YHUVLRQV UuHJXODULVuHHV�

����� )LGuHOLWuH DYHF O
RULJLQDO

1RXV FKHUFKRQV GDQV FHWWH SDUWLH tD FRPSDUHU OHV GLmuHUHQWV DOJRULWKPHV VXU OHXU nGuHOLWuH
DYHF O
LPDJH RULJLQDOH� ,FL DXVVL� QRXV XWLOLVRQV GHV PHVXUHV VLPXOuHHV DYHF ��� URWDWLRQV HW ��
SURMHFWLRQV GX IDQWARPH � �nJXUH ���� TXH QRXV UHFRQVWUXLVRQV VXU XQH JULOOH GH ��� SL[HOV GH FARWuH�
3RXU FKDTXH DOJRULWKPH� QRXV DQDO\VRQV O
HUUHXU UHODWLYH HQWUH O
LPDJH UHFRQVWUXLWH HW O
RULJLQDO�
/HV GHX[ FDV VXLYDQWV VRQW uHWXGLuHV �

^ QRXV ODLVVRQV O
DOJRULWKPH FRQYHUJHU �nJXUHV ���� ���� ���� ����� ����� ����� ����� ����� �����
���� HW ����� �

^ QRXV FRPSDURQV OHV LPDJHV REWHQXHV DX ERXW GH �� LWuHUDWLRQV �nJXUHV ����� ���� HW ������

1RXV DYRQV WUDFuH VXU FHV nJXUHV OH SURnO YHUWLFDO GHV LPDJHV REWHQXHV� /D SRVLWLRQ GX SURnO
HVW GuHnQLH VXU OH VFKuHPD ����

/HV SURnOV REWHQXV DYHF OHV DOJRULWKPHV QRQ UuHJXODULVuHV SUuHVHQWHQW GHV RVFLOODWLRQV TXH Q
RQW
SDV OHV SURnOV REWHQXV DYHF OD UuHJXODULVDWLRQ� (Q HmHW� DYHF FHWWH GHUQLtHUH� OHV IRUWHV YDULDWLRQV
G
DWWuHQXDWLRQ GH O
LPDJH VRQW SuHQDOLVuHHV HW XQH VROXWLRQ OLVVuHH HVW IDYRULVuHH� 3RXU WRXV OHV DOJR�
ULWKPHV� OD UuHJXODULVDWLRQ SHUPHW DXVVL GH GLPLQXHU O
HUUHXU SDU UDSSRUW tD O
RULJLQDO� VDXI SRXU
5uHVLGX 0LQLPDO FRQYHUJuH HW /645 FRQYHUJuH RtX OHV JUDQGHV RVFLOODWLRQV GLPLQXHQW O
uHFDUW SDU
UDSSRUW tD O
RULJLQDO HW RtX OD QRUPH GX UuHVLGX FRQYHUJH YHUV XQ SDOLHU�



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

)LJ� ���� ,PDJH REWHQXH SDU &*/6 VDQV
UuHJXODULVDWLRQ SRXU XQH VLPXODWLRQ GX
IDQWARPH � DYHF ��� URWDWLRQV� �� WUDQVODWLRQV
HW XQH LPDJH GH ��� SL[HOV GH FARWuH DX ERXW
GH � LWuHUDWLRQV

)LJ� ���� ,PDJH REWHQXH SDU 55/6 VDQV
UuHJXODULVDWLRQ SRXU XQH VLPXODWLRQ GX
IDQWARPH � DYHF ��� URWDWLRQV� �� WUDQVODWLRQV
HW XQH LPDJH GH ��� SL[HOV GH FARWuH DX ERXW
GH � LWuHUDWLRQV

)LJ� ���� ,PDJH REWHQXH SDU /645 VDQV
UuHJXODULVDWLRQ SRXU XQH VLPXODWLRQ GX
IDQWARPH � DYHF ��� URWDWLRQV� �� WUDQVODWLRQV
HW XQH LPDJH GH ��� SL[HOV GH FARWuH DX ERXW
GH � LWuHUDWLRQV

)LJ� ����� ,PDJH REWHQXH SDU 5uHVLGX 0LQL�
PDO VDQV UuHJXODULVDWLRQ SRXU XQH VLPXODWLRQ
GX IDQWARPH � DYHF ��� URWDWLRQV� �� WUDQVOD�
WLRQV HW XQH LPDJH GH ��� SL[HOV GH FARWuH DX
ERXW GH � LWuHUDWLRQV
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)LJ� ����� ,PDJH REWHQXH SDU &*/6
UuHJXODULVuH SRXU XQH VLPXODWLRQ GX IDQWARPH
� DYHF ��� URWDWLRQV� �� WUDQVODWLRQV HW XQH
LPDJH GH ��� SL[HOV GH FARWuH DX ERXW GH �
LWuHUDWLRQV

)LJ� ����� ,PDJH REWHQXH SDU 55/6 UuHJXODULVuH
SRXU XQH VLPXODWLRQ GX IDQWARPH � DYHF ���
URWDWLRQV� �� WUDQVODWLRQV HW XQH LPDJH GH ���
SL[HOV GH FARWuH DX ERXW GH �� LWuHUDWLRQV

)LJ� ����� ,PDJH REWHQXH SDU /645
UuHJXODULVuH SRXU XQH VLPXODWLRQ GX IDQWARPH
� DYHF ��� URWDWLRQV� �� WUDQVODWLRQV HW XQH
LPDJH GH ��� SL[HOV GH FARWuH DX ERXW GH ��
LWuHUDWLRQV

)LJ� ����� ,PDJH REWHQXH SDU 5uHVLGX 0LQLPDO
UuHJXODULVuH SRXU XQH VLPXODWLRQ GX IDQWARPH
� DYHF ��� URWDWLRQV� �� WUDQVODWLRQV HW XQH
LPDJH GH ��� SL[HOV GH FARWuH DX ERXW GH �
LWuHUDWLRQV



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

-0.5

0

0.5

1

1.5

2

2.5

3

0 40 80 120 160

Numéro de pixel

A
tté

nu
at

io
n 

re
co

ns
tr

ui
te

Théorique

CGLS lambda=0

LSQR lambda=0

RM3 lambda=0

RRLS lambda=0

)LJ� ����� 3URnOV REWHQXV DYHF OHV GLmuHUHQWV DOJRULWKPHV QRQ UuHJXODULVuHV DSUtHV DYRLU DWWHLQW OH
FULWtHUH GH FRQYHUJHQFH

-0.5

0

0.5

1

1.5

2

2.5

3

0 40 80 120 160

Numéro de pixel

A
tté

nu
at

io
n 

re
co

ns
tr

ui
te

Théorique

CGLS régularisé

LSQR régularisé

RM3 régularisé

RRLS régularisé

)LJ� ����� 3URnOV REWHQXV DYHF OHV GLmuHUHQWV DOJRULWKPHV UuHJXODULVuHV DSUtHV DYRLU DWWHLQW OH FULWtHUH
GH FRQYHUJHQFH



&KDSLWUH �� &RPSDUDLVRQ HW RSWLPLVDWLRQ GHV DOJRULWKPHV ��

-0.5

0

0.5

1

1.5

2

2.5

3

0 40 80 120 160

Numéro de pixel

A
tté

nu
at

io
n 

re
co

ns
tr

ui
te

Théorique

CGLS lambda=0

LSQR lambda=0

RM3 lambda=0

RRLS lambda=0

)LJ� ����� 3URnOV REWHQXV DYHF OHV GLmuHUHQWV DOJRULWKPHV QRQ UuHJXODULVuHV DSUtHV �� LWuHUDWLRQV

-0.5

0

0.5

1

1.5

2

2.5

0 40 80 120 160

Numéro de pixel

A
tté

nu
at

io
n 

re
co

ns
tr

ui
te

Théorique

CGLS régularisé

LSQR régularisé

RM3 régularisé

RRLS régularisé

)LJ� ����� 3URnOV REWHQXV DYHF OHV GLmuHUHQWV DOJRULWKPHV UuHJXODULVuHV DSUtHV �� LWuHUDWLRQV



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

0

5

10

15

20

25

30

35

40

45
E

rr
eu

r r
el

at
iv

e 
pa

r r
ap

po
rt 

à 
l'i

m
ag

e 
th

éo
riq

ue
 (

en
 %

)

CGLS
lambda=0

CGLS
régularisé

LSQR
lambda=0

LSQR
régularisé

RM3 lambda=0 RM3 régularisé RRLS
lambda=0

RRLS
régularisé

Sous-routines

)LJ� ����� (UUHXU SDU UDSSRUW tD O
RULJLQDO SRXU FKDTXH DOJRULWKPH DSUtHV DYRLU DWWHLQW OH FULWtHUH
GH FRQYHUJHQFH

0

5

10

15

20

25

30

35

40

45

50

E
rr

eu
r r

el
at

iv
e 

pa
r r

ap
po

rt 
à 

l'i
m

ag
e 

th
éo

riq
ue

 (
en

 %
)

CGLS
lambda=0

CGLS
régularisé

LSQR
lambda=0

LSQR
régularisé

RM3 lambda=0 RM3 régularisé RRLS
lambda=0

RRLS
régularisé

Sous-routines

)LJ� ����� (UUHXU SDU UDSSRUW tD O
RULJLQDO SRXU FKDTXH DOJRULWKPH DSUtHV �� LWuHUDWLRQV



&KDSLWUH �� &RPSDUDLVRQ HW RSWLPLVDWLRQ GHV DOJRULWKPHV ��

/D UuHJXODULVDWLRQ SDUDArW QuHFHVVDLUH SRXU REWHQLU XQH LPDJH VDQV RVFLOODWLRQV� PDLV OD
UuHJXODULVDWLRQ HQWUDArQH XQH SOXV PDXYDLVH UHFRQVWUXFWLRQ GHV IURQWV �

&RPSDURQV PDLQWHQDQW O
�H[DFWLWXGH� GH FKDTXH DOJRULWKPH SDU UDSSRUW tD O
RULJLQDO �n�
JXUHV ���� HW ������ 1RXV PHVXURQV O
HUUHXU UHODWLYH HQWUH O
LPDJH UHFRQVWUXLWH HW O
LPDJH WKuHRULTXH
SDU OD IRUPXOH VXLYDQWH �

3

Q�

M)L b )LWKuHRULTXHM
3

Q�

M)LWKuHRULTXHM
�����

/H SOXV nGtHOH HVW &*/6� VXLYL SDU 55/6� 9LHQW HQVXLWH /645� SXLV HQnQ OH 5uHVLGX
0LQLPDO�

����� /LHQ EUXLW VXU OHV PHVXUHV � HUUHXU VXU OD UHFRQVWUXFWLRQ

/
DOJRULWKPH VuHOHFWLRQQuH VHUYLUD tD UHFRQVWUXLUH GHV PHVXUHV UuHHOOHV� 2U WRXWH PHVXUH UuHHOOH
FRPSRUWH GX EUXLW GH GLmuHUHQWHV RULJLQHV�

5HJDUGRQV TXHOOH HVW O
LQoXHQFH GX EUXLW VXU OHV PHVXUHV VXU O
HUUHXU GH UHFRQVWUXFWLRQ SRXU
OHV DOJRULWKPHV UHWHQXV� HQ YHUVLRQ UuHJXODULVuHH�

3RXU uHWXGLHU FHOD� QRXV SUHQRQV QRV PHVXUHV VLPXOuHHV �DWWuHQXDWLRQV OLQuHLTXHV� GX IDQWARPH �
�nJXUH ���� DX[TXHOOHV QRXV DMRXWRQV GX EUXLW DYHF XQH DPSOLWXGH YDULDEOH �HQ SRXUFHQWDJH GH
O
DPSOLWXGH GHV PHVXUHV�� 1RXV UHFRQVWUXLVRQV OHV LPDJHV VXU XQH JULOOH GH ��� SL[HOV GH FARWuH HW
QRXV FRPSDURQV FHV LPDJHV DYHF O
LPDJH WKuHRULTXH GX IDQWARPH ��

$MRXW GH EUXLW EODQF

/H EUXLW HVW IRXUQL SDU XQ JuHQuHUDWHXU GH QRPEUHV DOuHDWRLUHV� 1RXV WUDzFRQV O
uHYROXWLRQ GH
O
HUUHXU VXU OHV UHFRQVWUXFWLRQV REWHQXHV HQ IRQFWLRQ GX QLYHDX GH EUXLW� SRXU GLmuHUHQWV QRPEUHV
GH PHVXUHV �FRXUEHV ����� ����� ����� ����� ���� HW ������ /
DPSOLWXGH GX EUXLW HVW LPSRVuHH HQ
SRXUFHQWDJH GH O
DPSOLWXGH GHV PHVXUHV�

1RXV REWHQRQV XQ FRPSRUWHPHQW LGHQWLTXH SRXU &*/6 UuHJXODULVuH� /645 UuHJXODULVuH HW 55/6
UuHJXODULVuH� /H 5uHVLGX 0LQLPDO tD WURLV YHFWHXUV GH GHVFHQWH UuHJXODULVuH QRXV GRQQH WRXMRXUV GHV
LPDJHV SOXV uHORLJQuHHV GH O
LPDJH WKuHRULTXH TXH FHOOHV REWHQXHV SDU OHV DXWUHV DOJRULWKPHV� VDXI
SRXU OD nJXUH ���� RtX QRXV DYRQV XQ FURLVHPHQW GHV FRXUEHV�

/HV FRXUEHV RQW JOREDOHPHQW XQH uHYROXWLRQ PRQRWRQH HQ IRQFWLRQ GH OD SURSRUWLRQ GH EUXLW�
/
DMRXW G
XQ EUXLW EODQF MXVTX
tD �� � GH OD JDPPH GHV PHVXUHV FKDQJH SHX OHV LPDJHV REWHQXHV�
(Q HmHW� OH OLVVDJH HQJHQGUuH SDU OD UuHJXODULVDWLRQ DWWuHQXH O
HmHW GH FH EUXLW�

$YHF XQ EUXLW LQIuHULHXU tD �� �� OH EUXLW Q
HVW SDV SUuHSRQGuHUDQW GDQV OHV PHVXUHV HW OD
9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH DUULYH tD GuHWHUPLQHU XQ SDUDPtHWUH GH UuHJXODULVDWLRQ w TXL DWWuHQXH
FH EUXLW� /HV FRXUEHV GHV nJXUHV ���� HW ���� SUuHVHQWHQW XQH IRUWH FURLVVDQFH GH O
HUUHXU tD SDUWLU GH
�� � GH EUXLW EODQF� $X�GHOtD GH FHWWH YDOHXU� OH EUXLW HVW WHOOHPHQW LPSRUWDQW TXH OD 9DOLGDWLRQ
&URLVuHH *uHQuHUDOLVuHH Q
DUULYH SOXV tD GuHWHUPLQHU XQ ERQ SDUDPtHWUH GH UuHJXODULVDWLRQ HW OH OLVVDJH
QH SHXW SOXV FRQWUHEDODQFHU O
HmHW GX EUXLW�



�� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;
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$MRXW GH EUXLW GH IDLEOHV IUuHTXHQFHV

'DQV FH SDUDJUDSKH� QRXV UDMRXWRQV DX[ PHVXUHV VLPXOuHHV GX IDQWARPH � GX EUXLW GH IDLEOH
IUuHTXHQFH� 3RXU JuHQuHUHU FH EUXLW� QRXV XWLOLVRQV XQ JuHQuHUDWHXU GH QRPEUHV DOuHDWRLUHV SRXU DYRLU
XQ EUXLW EODQF� QRXV FDOFXORQV VD WUDQVIRUPuHH GH )RXULHU� QRXV PHWWRQV tD ]uHUR OHV FRQWULEXWLRQV
GHV IUuHTXHQFHV DX�GHVVXV G
XQH YDOHXU FKRLVLH HW HQnQ QRXV FDOFXORQV OD WUDQVIRUPuHH GH )RXULHU
LQYHUVH GH FH VLJQDO� /D IUuHTXHQFH GH FRXSXUH FKRLVLH HVW OD PRLWLuH GH OD IUuHTXHQFH PD[LPDOH�
/D FRXUEH ���� PRQWUH O
DOOXUH GX EUXLW GH IDLEOHV IUuHTXHQFHV REWHQX SRXU ��� URWDWLRQV HW ��
URWDWLRQV�
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1RXV WUDzFRQV O
uHYROXWLRQ GH O
HUUHXU VXU OHV UHFRQVWUXFWLRQV REWHQXHV HQ IRQFWLRQ GX QLYHDX
GH EUXLW� SRXU GLmuHUHQWV QRPEUHV GH PHVXUHV �FRXUEHV ����� ����� ����� ����� ���� HW ������
/
DPSOLWXGH GX EUXLW HVW GRQQuHH HQ SRXUFHQWDJH GH O
DPSOLWXGH GHV PHVXUHV�

7RXWHV OHV FRXUEHV RQW XQH uHYROXWLRQ VHPEODEOH� /
HUUHXU HQWUH OHV UHFRQVWUXFWLRQV HW O
LPDJH
WKuHRULTXH DXJPHQWH HQ IRQFWLRQ GX QLYHDX GH EUXLW� $YHF PRLQV GH �� � GH EUXLW� OH 5uHVLGX
0LQLPDO UuHJXODULVuH GRQQH WRXMRXUV XQH HUUHXU G
HQYLURQ �� � SOXV IDLEOH TXH OHV DXWUHV DOJR�
ULWKPHV�

/
HUUHXU FURArW SOXV IRUWHPHQW TXH SUuHFuHGHPPHQW� ,FL� OH EUXLW HVW GH IDLEOH IUuHTXHQFH� ,O
Q
DMRXWH SOXV XQH YDOHXU DOuHDWRLUH tD FKDTXH PHVXUH� PDLV LO DMRXWH OHV YDOHXUV GH VLQXVR�rGHV
VXU SOXVLHXUV PHVXUHV VXFFHVVLYHV� /H EUXLW HVW GX PAHPH RUGUH IUuHTXHQWLHO TXH OHV PHVXUHV� /D
UuHJXODULVDWLRQ QH SHXW SDV IDLUH OD GLmuHUHQFH HQWUH OH EUXLW HW OHV PHVXUHV� /
DOJRULWKPH OHV
UHFRQVWUXLW GRQF GH OD PAHPH IDzFRQ HW QH OHV DWWuHQXH SDV SDU OH OLVVDJH�

4XDQG OH QRPEUH GH PHVXUHV DXJPHQWH� O
HUUHXU HQWUH OHV UHFRQVWUXFWLRQV HW O
LPDJH WKuHRULTXH
GLPLQXH JOREDOHPHQW� (Q HmHW� OH V\VWtHPH HVW GH PRLQV HQ PRLQV VRXV�GuHWHUPLQuH�
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����� &RQFOXVLRQ GH OD FRPSDUDLVRQ GHV DOJRULWKPHV

1RXV DYRQV YX TXH OD UuHJXODULVDWLRQ uHOLPLQDLW OHV RVFLOODWLRQV GH UHFRQVWUXFWLRQ�

/HV DOJRULWKPHV FRPSDUuHV RQW GHV FRPSRUWHPHQWV WUtHV SURFKHV� 0DLV O
DOJRULWKPH &*/6
FRQYHUJH YHUV XQH VROXWLRQ GRQW OH UuHVLGX HVW GH SOXV IDLEOH QRUPH� HVW SOXV UDSLGH� SOXV SURFKH
GH O
LPDJH WKuHRULTXH HW IDLEOHPHQW LQoXHQFuHH SDU OH EUXLW�

3RXU FHV GHX[ UDLVRQV� QRXV GuHFLGRQV G
XWLOLVHU SDU OD VXLWH O
DOJRULWKPH &*/6 GDQV VD
YHUVLRQ UuHJXODULVuHH�



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

��� 5HFRQVWUXFWLRQV GH WDX[ GH YLGH

$SUtHV DYRLU WHVWuH OHV DOJRULWKPHV VuHOHFWLRQQuHV VXU GHV PHVXUHV VLPXOuHHV GX IDQWARPH �� QRXV
DOORQV PDLQWHQDQW uHWXGLHU OH FRPSRUWHPHQW GH O
DOJRULWKPH &*/6 UuHJXODULVuH GDQV XQH VLWXDWLRQ
SOXV SURFKH GH QRWUH REMHFWLI nQDO� TXL FRQFHUQH OD FDUWRJUDSKLH G
uHFRXOHPHQWV GLSKDVLTXHV�

����� SURnOV VLPXOuHV

1RXV DYRQV VLPXOuH GHX[ SURnOV GH WDX[ GH YLGH W\SLTXHV � XQ SURnO SDUDEROLTXH >)UDQzFRLV�
����@ HW XQ SURnO DYHF GHV SLFV GH WDX[ GH YLGH HQ SDURL >+HUYLHX� ����@ �nJXUHV ���� HW ������
$nQ GH IDFLOLWHU OD VLPXODWLRQ� QRXV DYRQV FRQVLGuHUuH GHV uHFRXOHPHQWV D[LV\PuHWULTXHV GDQV XQH
FRQGXLWH F\OLQGULTXH GH ��� PP GH GLDPtHWUH LQWuHULHXU DYHF XQH SDURL GH 3OH[LJODV GH �� PP
G
uHSDLVVHXU� /
DWWuHQXDWLRQ GHV GLmuHUHQWV PDWuHULDX[ HVW GuHGXLWH GHV WDEOHV GH +XEEHOO >+XEEHOO�
����@� /HV PHVXUHV VRQW SUuHVHQWuHHV GDQV OHV nJXUHV ���� HW �����
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&KDSLWUH �� &RPSDUDLVRQ HW RSWLPLVDWLRQ GHV DOJRULWKPHV ���

����� 5HFRQVWUXFWLRQV GH FHV SURnOV

9LVXDOLVRQV OHV UHFRQVWUXFWLRQV REWHQXHV SDU O
DOJRULWKPH &*/6 UuHJXODULVuH SRXU FHV PHVXUHV
VLPXOuHHV GH WDX[ GH YLGH DYHF ��� URWDWLRQV HW �� WUDQVODWLRQV �nJXUHV ���� HW ������

'DQV OD PRLWLuH FHQWUDOH GH OD FRORQQH� OHV DWWuHQXDWLRQV VRQW ELHQ UHFRQVWUXLWHV DYHF XQ uHFDUW
UHODWLI LQIuHULHXU tD ��� ��

3DU OD UuHJXODULVDWLRQ� O
LPDJH HVW OLVVuHH SRXU uHOLPLQHU OHV RVFLOODWLRQV� &H OLVVDJH D OLHX DXVVL
SUtHV GHV IURQWV� F
HVW tD GLUH tD OD WUDQVLWLRQ SDURL � uHFRXOHPHQW GLSKDVLTXH HW tD OD WUDQVLWLRQ SDURL
� YLGH� &HOD H[SOLTXH OH FRPSRUWHPHQW GHV FRXUEHV DX QLYHDX GHV SDURLV HW HQWUDArQH XQ uHFDUW
HQWUH O
DWWuHQXDWLRQ WKuHRULTXH HW OHV DWWuHQXDWLRQV UHFRQVWUXLWHV GH �� � SRXU OH WDX[ GH YLGH �
HW GH �� � SRXU OH WDX[ GH YLGH �� 3RXU FH GHUQLHU� OHV �SLFV� GH WDX[ GH YLGH VRQW DWWuHQXuHV HW
GuHFDOuHV �

3RXU uHYLWHU FHV SUREOtHPHV OLuHV tD OD SUuHVHQFH GH SDURLV� QRXV FKHUFKRQV tD OHV uHOLPLQHU DUWLn�
FLHOOHPHQW� 1RXV VRXVWUD\RQV O
LPDJH GH OD SDURL VHXOH GH O
LPDJH REWHQXH SRXU O
HQVHPEOH SDURL
� uHFRXOHPHQW GLSKDVLTXH �nJXUHV ���� HW ����� RX QRXV VRXVWUD\RQV OHV PHVXUHV GH OD SDURL VHXOH
GHV PHVXUHV SDURL � uHFRXOHPHQW GLSKDVLTXH DYDQW UHFRQVWUXFWLRQ �nJXUHV ���� HW ������

'DQV OD PRLWLuH FHQWUDOH GH OD FRORQQH� O
uHFDUW HQWUH OHV UHFRQVWUXFWLRQV GHV WDX[ GH YLGH HW
O
DWWuHQXDWLRQ WKuHRULTXH UHVWH LQIuHULHXU tD � ��

3RXU OHV GLmuHUHQFHV G
LPDJHV �nJXUHV ���� HW ������ OH UuHVXOWDW REWHQX SUuHVHQWH XQ uHWDOHPHQW
GHV SDURLV GX IDLW GX OLVVDJH DYHF O
uHFRXOHPHQW� &HOD HQWUDArQH XQ uHFDUW HQWUH O
DWWuHQXDWLRQ
WKuHRULTXH HW O
DWWuHQXDWLRQ UHFRQVWUXLWH GH O
uHFRXOHPHQW GLSKDVLTXH MXVTX
tD �� � VXU XQH ]RQH
DOODQW GHV SDURLV tD HQYLURQ �� � tD �� � GH OD FRORQQH�

3RXU OHV GLmuHUHQFHV GH PHVXUHV �nJXUHV ���� HW ������ OHV SDURLV RQW ELHQ uHWuH uHOLPLQuHHV HW LO
Q
\ D SOXV GH OLVVDJH DYHF OHV SDURLV� PDLV XQ OLVVDJH HQWUH O
uHFRXOHPHQW GLSKDVLTXH HW OH IRQG QXO
TXL LQWHUYLHQW VXU HQYLURQ �� � GH OD FRORQQH� &HOD GRQQH XQH HUUHXU GH �� � VXU O
DWWuHQXDWLRQ
UHFRQVWUXLWH� GRQF XQH HUUHXU LPSRUWDQWH VXU OH WDX[ GH YLGH UHFRQVWUXLW� 3RXU OH WDX[ GH YLGH
�� OHV �SLFV� GH WDX[ GH YLGH GLVSDUDLVVHQW �

'X IDLW GH OD SUuHVHQFH GHV IURQWV DX QLYHDX GHV WUDQVLWLRQV SDURL � uHFRXOHPHQW GLSKDVLTXH
HW SDURL � IRQG� O
LPDJH SUuHVHQWH XQH PDXYDLVH UHFRQVWUXFWLRQ GH O
DWWuHQXDWLRQ GH O
uHFRXOHPHQW
GLSKDVLTXH GDQV FHV ]RQHV� GRQF XQH HUUHXU LPSRUWDQWH VXU OH WDX[ GH YLGH HVWLPuH�

1RXV GHYRQV GRQF LQFOXUH GHV PuHWKRGHV GDQV O
DOJRULWKPH VuHOHFWLRQQuH SRXU SUHQGUH
HQ FRPSWH FHV IURQWV� &
HVW FH TXH QRXV IHURQV GDQV OD SDUWLH VXLYDQWH�



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;
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&KDSLWUH �� &RPSDUDLVRQ HW RSWLPLVDWLRQ GHV DOJRULWKPHV ���

��� 8WLOLVDWLRQ GHV DOJRULWKPHV VSDWLDOHPHQW DGDSWDWLIV

'DQV FHWWH SDUWLH� QRXV DOORQV uHWXGLHU OHV DOJRULWKPHV VSDWLDOHPHQW DGDSWDWLIV�

&HV GHUQLHUV XWLOLVHQW SOXVLHXUV SDUDPtHWUHV� FRPPH XQ SDUDPtHWUH G
uHFKHOOH TXL FRQGLWLRQQH OD
GuHWHFWLRQ GHV GLVFRQWLQXLWuHV� 1RXV DOORQV WHVWHU GLmuHUHQWV FKRL[ GH FHV SDUDPtHWUHV HW GLmuHUHQWHV
FRQGLWLRQV GH IRQFWLRQQHPHQW DnQ G
DVVXUHU XQH PHLOOHXUH UHFRQVWUXFWLRQ GHV IURQWV�

����� 0uHWKRGH GH 9� /D

3RXU FHWWH PuHWKRGH� LO IDXW GuHWHUPLQHU GHX[ SDUDPtHWUHV �VHFWLRQ ������ �

^ OH SDUDPtHWUH G
uHFKHOOH p � VL OH JUDGLHQW HVW VXSuHULHXU tD FH SDUDPtHWUH� XQ IURQW HVW GuHWHFWuH
HW OD UuHJXODULVDWLRQ HVW GLPLQXuHH �

^ OH GLYLVHXU � QRXV GLYLVRQV OH SDUDPtHWUH GH UuHJXODULVDWLRQ SDU FH FRHpFLHQW SRXU OHV SL[HOV
RtX XQ IURQW HVW GuHWHFWuH�

3RXU OD UHFKHUFKH GHV GLVFRQWLQXLWuHV� FHWWH PuHWKRGH UHTXLHUW XQH SUHPLtHUH LPDJH� (OOH HVW IRXUQLH
SDU O
DOJRULWKPH &*/6 UuHJXODULVuH�

1RXV DYRQV YuHULnuH TX
XQ GLYLVHXU GH � RX XQ SDUDPtHWUH p WUtHV JUDQG QRXV GRQQDLW ELHQ OD
PAHPH LPDJH TXH &*/6 UuHJXODULVuH�

'uHWHUPLQDWLRQ GH p HW GX GLYLVHXU VXU OHV PHVXUHV EUXWHV

1RXV HVVD\RQV GH WURXYHU XQ SRLQW GH IRQFWLRQQHPHQW HQ GHX[ uHWDSHV �

^ QRXV n[RQV OH GLYLVHXU HW QRXV FKHUFKRQV OH SDUDPtHWUH p RSWLPDO HQ IDLVDQW SOXVLHXUV HVVDLV �

^ DYHF FH SDUDPtHWUH p� QRXV IDLVRQV YDULHU OH GLYLVHXU� (Q FRPSDUDQW OHV GLmuHUHQWV SUR�
nOV REWHQXV� QRXV FKRLVLVVRQV OH GLYLVHXU SRXU OHTXHO O
DOJRULWKPH UHFRQVWUXLW PLHX[ OHV
GLVFRQWLQXLWuHV�

1RXV SUHQRQV WRXMRXUV OHV PHVXUHV VLPXOuHHV GX IDQWARPH � �nJXUH ���� DYHF ��� URWDWLRQV HW
�� SURMHFWLRQV TXH QRXV UHFRQVWUXLVRQV VXU XQH LPDJH GH ��� SL[HOV GH FARWuH�

1RXV IDLVRQV YDULHU OH GLYLVHXU HQ n[DQW p  �� � �nJXUH ������ &HWWH YDOHXU� OuHJtHUHPHQW
LQIuHULHXUH tD � �GHPL�DPSOLWXGH GH O
DWWuHQXDWLRQ GX 3OH[LJODV GX IDQWARPH ��� GHYUDLW SHUPHWWUH
GH GuHWHFWHU GHV IURQWV�

1RXV uHOLPLQRQV WRXV OHV FDV RtX OHV SURnOV SUuHVHQWHQW GHV RVFLOODWLRQV� /HV YDOHXUV GX GLYLVHXU
���� ��� HW ��� GRQQHQW GHV SURnOV LGHQWLTXHV� 1RXV SUHQRQV OD YDOHXU ��� SRXU GLYLVHXU� $SUtHV
DYRLU IDLW FH FKRL[� QRXV IDLVRQV YDULHU OH SDUDPtHWUH p �nJXUH ������

,O IDXW QRWHU TXH SHQGDQW TXH QRXV IDLVRQV YDULHU p� FHUWDLQV FDV QRXV GRQQDLHQW GHV LPDJHV
DYHF XQH DPSOLWXGH G
DWWuHQXDWLRQ UHFRQVWUXLWH WUtHV JUDQGH �SDU H[HPSOH� GH ���� tD ��� YRLUH
GH ���� tD ����� ,O VHPEOHUDLW TX
XQH PRGLnFDWLRQ IDLEOH GH FH SDUDPtHWUH SXLVVH HQWUDArQHU XQH
GLYHUJHQFH GX UuHVXOWDW �

3RXU p  � HW p  ��� OD PAHPH LPDJH TX
DYHF &*/6 UuHJXODULVuH HVW REWHQXH� 'H WHOV p VRQW DX�
GHVVXV GHV IURQWV WKuHRULTXHV �GRQW O
DPSOLWXGH HVW GH ��� /HV IURQWV QH VRQW SOXV GuHWHFWuHV� 3RXU
p  �� � DXVVL� XQH LPDJH LGHQWLTXH tD FHOOH GH &*/6 UuHJXODULVuH HVW REWHQXH� &H p HVW LQIuHULHXU



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;
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&KDSLWUH �� &RPSDUDLVRQ HW RSWLPLVDWLRQ GHV DOJRULWKPHV ���

DX IURQW� PDLV OH OLVVDJH GAX DX &*/6 UuHJXODULVuH VXU OD SUHPLtHUH LPDJH GLPLQXH O
DPSOLWXGH GHV
IURQWV�

6XU OHV DXWUHV SURnOV� QRXV Q
REVHUYRQV SDV G
DPuHOLRUDWLRQV GH OD UHFRQVWUXFWLRQ GHV
IURQWV SDU UDSSRUW tD &*/6 UuHJXODULVuH�

'uHWHUPLQDWLRQ GH p HW GX GLYLVHXU VXU OHV PHVXUHV EUXLWuHHV

(VVD\RQV GH WURXYHU FHV SDUDPtHWUHV HQ UDMRXWDQW GX EUXLW EODQF DX[ PHVXUHV tD KDXWHXU GH
�� � GH OD JDPPH GHV PHVXUHV� 1RXV n[RQV p  �� � HW IDLVRQV YDULHU OH GLYLVHXU �nJXUH ������
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)LJ� ����� 3URnOV REWHQXV SDU OD PuHWKRGH GH 9� /D SRXU GLmuHUHQWV GLYLVHXUV HW p  �� � DYHF
GHV PHVXUHV EUXLWuHHV

/HV FRXUEHV SRXU OHV YDOHXUV GH GLYLVHXUV ��� �� HW ���� VRQW FRQIRQGXHV HW FRPSRUWHQW
EHDXFRXS G
RVFLOODWLRQV� 3DU FRQWUH� OHV FRXUEHV FRQIRQGXHV SRXU GHV YDOHXUV GH GLYLVHXUV GH ���
HW ����� VRQW SOXV OLVVuHHV� &HV GLmuHUHQFHV YLHQQHQW GX SDUDPtHWUH GH UuHJXODULVDWLRQ GuHWHUPLQuHH
SDU OD 9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH TXL YDULHQW HQ IRQFWLRQ GX GLYLVHXU FKRLVL�

&RPPH SUuHFuHGHPPHQW� QRXV Q
REVHUYRQV SDV G
DPuHOLRUDWLRQ GH OD UHFRQVWUXFWLRQ GHV
IURQWV SDU UDSSRUW tD &*/6 UuHJXODULVuH�

'uHWHUPLQDWLRQ GH p HW GX GLYLVHXU HQ UuHVROYDQW XQ V\VWtHPH VXU�GuHWHUPLQuH

(VVD\RQV GH WURXYHU FHV SDUDPtHWUHV HQ UHFRQVWUXLVDQW VXU XQH LPDJH GH �� SL[HOV tD SDUWLU
GHV GRQQuHHV GX IDQWARPH � QRQ EUXLWuHHV� 1RXV LPSRVRQV OH GLYLVHXU tD �� HW IDLVRQV YDULHU p� 1RXV
uHOLPLQRQV OHV SDUDPtHWUHV p TXL GRQQHQW XQH GLYHUJHQFH HW WUDzFRQV� DSUtHV XQ FRQWUAROH YLVXHO GH
O
LPDJH� O
uHYROXWLRQ HQ IRQFWLRQ GH p GHV GuHULYuHHV SUHPLtHUHV PR\HQQH HW PD[LPDOH �nJXUH ������



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

/D GuHULYuHH PR\HQQH HVW FDOFXOuHH GH OD IDzFRQ VXLYDQWH �
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)LJ� ����� 9DOHXUV GHV GuHULYuHHV SUHPLtHUHV GHV LPDJHV GH �� SL[HOV GH FARWuH REWHQXHV SDU OD
PuHWKRGH GH 9� /D SRXU GLmuHUHQWV p HW XQ GLYLVHXU GH ��

/HV PD[LPD GHV GuHULYuHHV PD[LPDOH HW PR\HQQH VRQW REWHQXV SRXU p DOODQW GH ��� tD ���� 1RXV
SUHQRQV p  �� �� HW IDLVRQV YDULHU OH GLYLVHXU �nJXUHV ���� HW ������

3RXU GHV GLYLVHXUV GH �� HW �� ���� QRXV UHPDUTXRQV XQH DPuHOLRUDWLRQ GH OD UHFRQVWUXF�
WLRQ GHV IURQWV SDU UDSSRUW tD &*/6 UuHJXODULVuH� PDLV OHV SURnOV VRQW OHV PAHPHV TXH FHOXL
REWHQX SDU &*/6 UuHJXODULVuH HQ LPSRVDQW w  �� �����b�� /
DPuHOLRUDWLRQ GHV IURQWV QH YLHQW
SDV GH OD PuHWKRGH GH 9� /D� PDLV FHWWH PuHWKRGH LQoXHQFH OD 9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH
GDQV OD GuHWHUPLQDWLRQ GX SDUDPtHWUH GH UuHJXODULVDWLRQ TXL SDVVH GH �� �����b� tD �� �����b�� /D
UuHJXODULVDWLRQ HVW PRLQV LPSRUWDQWH� GRQF OH OLVVDJH HVW SOXV IDLEOH� FH TXL DPuHOLRUH OD UHFRQV�
WUXFWLRQ GHV IURQWV�

6L QRXV LPSRVRQV w  �� �����b� �nJXUH ������ OHV SURnOV REWHQXV VRQW VHPEODEOHV tD FHOXL
REWHQX SDU &*/6 UuHJXODULVuH DYHF w  �� �����b��

/D PuHWKRGH Q
DSSRUWH GRQF DXFXQH DPuHOLRUDWLRQ GH OD UHFRQVWUXFWLRQ GHV IURQWV SDU
UDSSRUW tD &*/6 UuHJXODULVuH�
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LPDJH GH �� SL[HOV GH FARWuH DYHF XQ SDUDPtHWUH GH UuHJXODULVDWLRQ w LPSRVuH tD �� �����b�



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

$SSOLFDWLRQ GH OD PuHWKRGH GH 9� /D VXU XQH EDQGH

/D UuHJXODULVDWLRQ SuHQDOLVH OHV IRUWHV uHYROXWLRQV HQWUH SURFKHV YRLVLQV�

1RXV HVVD\RQV GH WURXYHU QRV SDUDPtHWUHV HQ PRGLnDQW OD PuHWKRGH GH 9� /D � TXDQG XQ
IURQW HVW GuHWHFWuH� OD UuHJXODULVDWLRQ HVW SOXV IDLEOH DX[ SRLQWV GX IURQW� PDLV DXVVL tD OHXUV � RX ��
SURFKHV YRLVLQV GDQV OHV GHX[ VHQV� GDQV OD GLUHFWLRQ GX IURQW �KRUL]RQWDOHPHQW RX YHUWLFDOHPHQW��
1RXV IDLVRQV WRXMRXUV QRV HVVDLV VXU OHV PHVXUHV VLPXOuHHV GX IDQWARPH � DYHF ��� URWDWLRQV HW ��
URWDWLRQV HW XQH LPDJH GH �� SL[HOV GH FARWuH �nJXUHV ����� ���� HW ������
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)LJ� ����� 3URnOV REWHQXV SDU OD PuHWKRGH GH 9� /D SRXU GLmuHUHQWHV ODUJHXUV GH SL[HOV GH SDUW
HW G
DXWUH GHV IURQWV� XQ GLYLVHXU GH ���� p  �� �� HW XQH LPDJH GH �� SL[HOV GH FARWuH

3RXU OD nJXUH ����� GHV YDOHXUV GH p LQIuHULHXUHV tD ��� QRXV GRQQHQW GHV LPDJHV DYHF XQH
DPSOLWXGH G
DWWuHQXDWLRQV GH ���� tD ���

1RXV UHPDUTXRQV XQH DPuHOLRUDWLRQ GH OD UHFRQVWUXFWLRQ GHV IURQWV� 0DLV FHOD V
H[SOLTXH
HQFRUH SDU OH FKDQJHPHQW GX SDUDPtHWUH GH UuHJXODULVDWLRQ TXL SDVVH GH �� �����b� tD �� �����b��
/HV FRXUEHV REWHQXHV SDU OD PuHWKRGH GH 9� /D VRQW FRQIRQGXHV DYHF FHOOH GH &*/6 UuHJXODULVuH
DYHF OH SDUDPtHWUH GH UuHJXODULVDWLRQ w LPSRVuH tD �� �����b�� /D UuHJXODULVDWLRQ� GRQF OH OLVVDJH� HVW
SOXV IDLEOH�

&RQFOXVLRQ SRXU OD PuHWKRGH GH 9� /D

1RXV Q
DYRQV SDV REWHQX G
DPuHOLRUDWLRQ GH OD UHFRQVWUXFWLRQ GHV IURQWV GDQV QRV
FDV WHVWV JUADFH tD OD PuHWKRGH GH 9� /D� &HWWH PuHWKRGH QH VHUD GRQF SDV UHWHQXH SRXU OD
VXLWH GH FH WUDYDLO�
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��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

����� 0uHWKRGH GH &KDUERQQLHU

0uHWKRGHV XWLOLVuHHV

6XLWH tD O
DQDO\VH ELEOLRJUDSKLTXH �VHFWLRQ ������� QRXV DYRQV UHWHQX GHX[ IRQFWLRQV GH SRQGuH�
UDWLRQ �

^ OD IRQFWLRQ G
+HEHUW HW /HDK\ � �+/�W�  OQ�� � W�� �

^ OD IRQFWLRQ GH *HUPDQ HW 0F&OXUH � �*0�W�  
W�

��W�
�

&HV DOJRULWKPHV QuHFHVVLWHQW OD GuHWHUPLQDWLRQ GH GHX[ SDUDPtHWUHV �

^ OH SDUDPtHWUH GH UuHJXODULVDWLRQ w �

^ OH SDUDPtHWUH G
uHFKHOOH p � VL XQH GuHULYuHH SUHPLtHUH HVW VXSuHULHXUH tD p� XQ IURQW HVW GuHWHFWuH�

w HVW GuHWHUPLQuH DXWRPDWLTXHPHQW SDU OD 9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH� 3RXU OH FKRL[ GH p�
QRXV DYRQV SURFuHGuH HQ GHX[ uHWDSHV �

^ G
DERUG QRXV O
DYRQV GuHWHUPLQuH SDU GLmuHUHQWV HVVDLV � QRXV FKRLVLVVRQV XQ SDUDPtHWUH p�
QRXV UHJDUGRQV VL O
LPDJH REWHQXH HVW WUtHV EUXLWuHH� QRXV PHVXURQV VD GuHULYuHH SUHPLtHUH
PD[LPDOH HW QRXV HVVD\RQV XQ QRXYHDX p� FHFL DnQ GH PD[LPLVHU OD GuHULYuHH SUHPLtHUH
PD[LPDOH�

^ QRXV DYRQV HQVXLWH FKHUFKuH tD SURJUDPPHU XQH UHFKHUFKH DXWRPDWLTXH GH p�

'DQV XQ SUHPLHU WHPSV� QRXV GuHWHUPLQHURQV FHV SDUDPtHWUHV HQ XWLOLVDQW OD IRQFWLRQ GH
*HUPDQ HW 0F&OXUH� 3XLV GDQV XQ VHFRQG WHPSV� QRXV OHV DSSOLTXHURQV tD O
DOJRULWKPH DYHF OD
IRQFWLRQ G
+HEHUW HW /HDK\�

$nQ GH V
DVVXUHU GX ERQ FRPSRUWHPHQW GH O
DOJRULWKPH� QRXV DYRQV YuHULnuH TXH SRXU XQH
YDOHXU GX SDUDPtHWUH G
uHFKHOOH p JUDQG GHYDQW O
DWWuHQXDWLRQ WKuHRULTXH GX IDQWARPH �� VRLW GH ���
O
LPDJH REWHQXH HVW ELHQ OD PAHPH TXH SRXU &*/6 UuHJXODULVuH�

5HFKHUFKH PDQXHOOH GH p

$YDQW G
uHFULUH OD GuHWHUPLQDWLRQ DXWRPDWLTXH GH p� QRXV DYRQV IDLW GHV HVVDLV� HQ FKRLVLVVDQW
SOXVLHXUV YDOHXUV GH p� DYHF OHV PHVXUHV VLPXOuHHV GX IDQWARPH � �VFKuHPD ���� SRXU ��� URWDWLRQV
HW �� WUDQVODWLRQV HW XQH LPDJH GH ��� SL[HOV GH FARWuH �nJXUHV ���� HW ������

3RXU GHV YDOHXUV GX SDUDPtHWUH p GH � HW GH ��� O
LPDJH REWHQXH QH FKDQJH SDV� 3RXU XQ
SDUDPtHWUH p GH �� ��� O
LPDJH REWHQXH SUuHVHQWH GHV RVFLOODWLRQV GRQW O
DPSOLWXGH DWWHLQW �� � GH
OD YDOHXU WKuHRULTXH� &HOD HQWUDArQH XQH DXJPHQWDWLRQ GH O
HUUHXU� (Q HmHW� SRXU XQ SDUDPtHWUH
p WURS SHWLW� FKDTXH SHWLWH YDULDWLRQ HQWUH GHX[ SL[HOV YRLVLQV HVW FRQVLGuHUuHH FRPPH XQ IURQW�
GRQF O
LPDJH HVW WUtHV SHX UuHJXODULVuHH� 8QH LPDJH DYHF GH PHLOOHXUHV UHFRQVWUXFWLRQV GHV IURQWV
HVW REWHQXH DYHF XQ SDUDPtHWUH p GH �� �� tD �� ��� FH TXL FRUUHVSRQG DX PLQLPXP GH O
HUUHXU
UHODWLYH�

5HJDUGRQV FH TXH QRXV GRQQH FH FKRL[ GH p SRXU GHV VLPXODWLRQV GH WDX[ GH YLGH �nJXUHV �����
����� ���� HW ������

/HV FRXUEHV VRQW SURFKHV GX WDX[ GH YLGH WKuHRULTXH DX FHQWUH GH OD FRORQQH� 1RXV UHPDUTXRQV
XQH DXJPHQWDWLRQ GH OD SL[HOLVDWLRQ� 3URFKH GHV SDURLV� QRXV DYRQV WRXMRXUV XQ OLVVDJH HQWUH
OD nQ GH OD SDUWLH uHFRXOHPHQW GLSKDVLTXH HW OH KDXW GX IURQW GH OD SDURL� &H OLVVDJH HVW PRLQV
LPSRUWDQW TXH SRXU &*/6 UuHJXODULVuH� PDLV HQWUDArQH XQH HUUHXU MXVTX
tD �� � VXU O
DWWuHQXDWLRQ
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��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

UHFRQVWUXLWH SURFKH GHV SDURLV � 'H SOXV� GHV RVFLOODWLRQV VH IRUPHQW DX QLYHDX GHV SDURLV� FH
TXL SURYRTXH XQ uHFDUW HQWUH O
DWWuHQXDWLRQ UHFRQVWUXLWH HW O
DWWuHQXDWLRQ WKuHRULTXH MXVTX
tD �� �
SURFKH GHV SDURLV�

'H WHOV SUREOtHPHV SURYLHQQHQW GH OD SUuHVHQFH GHV SDURLV� 1RXV DOORQV GRQF OHV uHOLPLQHU
DUWLnFLHOOHPHQW� 1RXV VRXVWUD\RQV O
LPDJH GH OD SDURL VHXOH GH O
LPDJH REWHQXH SRXU O
HQVHPEOH
SDURL � uHFRXOHPHQW GLSKDVLTXH �nJXUHV ����� ����� ���� HW ����� RX QRXV VRXVWUD\RQV OHV PHVXUHV
GH OD SDURL VHXOH GHV PHVXUHV SDURL � uHFRXOHPHQW GLSKDVLTXH DYDQW UHFRQVWUXFWLRQ �nJXUHV �����
����� ���� HW ������

3RXU WRXWHV FHV FRXUEHV� OH WDX[ GH YLGH UHVWH ELHQ UHFRQVWUXLW DX PLOLHX GH OD FRORQQH�
5HJDUGRQV FH TXL VH SDVVH SUtHV GHV SDURLV�

3RXU OHV GLmuHUHQFHV G
LPDJHV� QRXV DYRQV WRXMRXUV XQ IDLEOH OLVVDJH SURFKH GHV SDURLV HW GHV
RVFLOODWLRQV GXHV tD OD IDLEOH UuHJXODULVDWLRQ SURFKH GHV IURQWV�

3RXU OHV GLmuHUHQFHV GH PHVXUHV� OHV RVFLOODWLRQV RQW GLVSDUX� (Q VRXVWUD\DQW OHV PHVXUHV GH OD
SDURL VHXOH� QRXV REWHQRQV OHV PHVXUHV GH O
uHFRXOHPHQW GLSKDVLTXH VHXO� FH TXL VXSSULPH OH IRUW
FRQWUDVWH G
DWWuHQXDWLRQ SDURL � uHFRXOHPHQW� &HSHQGDQW LO \ D WRXMRXUV XQ IDLEOH OLVVDJH HQWUH
O
uHFRXOHPHQW HW OH IRQG QXO� TXL HQWUDArQH XQH HUUHXU VXU OH WDX[ GH YLGH DX YRLVLQDJH GHV SDURLV�

1RXV UHWURXYRQV FH FRPSRUWHPHQW VXU OHV nJXUHV ����� ����� ����� ����� ����� HW �����

/
HUUHXU PR\HQQH HVW IDLEOH � OH WDX[ GH YLGH HVW UHFRQVWUXLW tD � � SUtHV HQ DEVROX VXU OHV
WURLV�TXDUWV FHQWUDX[ GH OD FRORQQH� 0DLV O
uHFDUW PD[LPDO DEVROX HVW WUtHV LPSRUWDQW �GH � � tD
�� � SRXU XQ WDX[ GH YLGH DXWRXU GH �� ��� &HOD HVW GAX DX OLVVDJH GHV LPDJHV DX YRLVLQDJH GHV
SDURLV� FRPPH QRXV O
DYRQV YX VXU OHV SURnOV� &RPSWH�WHQX GHV REMHFWLIV HQ SUuHFLVLRQ TXH QRXV
QRXV VRPPHV n[uHV� FHV UHFRQVWUXFWLRQV QH VRQW SDV DFFHSWDEOHV�
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��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

5HFKHUFKH GX PD[LPXP GH OD GuHULYuHH PD[LPDOH

$SUtHV FHWWH GuHWHUPLQDWLRQ PDQXHOOH� QRXV FKHUFKRQV tD DXWRPDWLVHU OD GuHWHUPLQDWLRQ GH p�

5HJDUGRQV OD FRXUEHV GHV GuHULYuHHV PR\HQQH HW PD[LPDOH GHV LPDJHV HQ IRQFWLRQ GH p �n�
JXUH ������ 3OXV p GLPLQXH� PHLOOHXUH HVW OD UHFRQVWUXFWLRQ GHV IURQWV� 0DLV VL p HVW WURS SHWLW�
O
LPDJH UHFRQVWUXLWH SUuHVHQWH GHV RVFLOODWLRQV HW OD GuHULYuHH PD[LPDOH HVW VXSuHULHXUH tD �� OD JDPPH
GHV YDOHXUV WKuHRULTXHV GHV SL[HOV� 1RXV UHFKHUFKRQV SDU GLFKRWRPLH OD GuHULYuHH PD[LPDOH OD SOXV
JUDQGH WRXW HQ QH GuHSDVVDQW SDV OD JDPPH GHV YDOHXUV GHV SL[HOV REWHQXH VXU XQH UHFRQVWUXFWLRQ
SDU &*/6 UuHJXODULVuH�
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)LJ� ����� 'uHULYuHHV SUHPLtHUHV PR\HQQH HW PD[LPDOH GHV LPDJHV REWHQXHV SDU OD PuHWKRGH GH
&KDUERQQLHU IRQFWLRQ *0 SRXU GLmuHUHQWV p

1RXV DYRQV SURJUDPPuH GDQV O
DOJRULWKPH XQH UHFKHUFKH DXWRPDWLTXH GH p EDVuHH VXU OD
PuHWKRGH VXLYDQWH �

�� OH V\VWtHPH OLQuHDLUH HVW UuHVROX SDU O
DOJRULWKPH &*/6 UuHJXODULVuH �w HVW GuHWHUPLQuH DXWRPD�
WLTXHPHQW SDU OD 9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH� SRXU DYRLU OD JDPPH GH YDOHXUV GHV
SL[HOV UHFRQVWUXLWV �

�� p HVW SULV uHJDO tD OD PRLWLuH GH OD JDPPH FL�GHVVXV �

�� OD 9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH GuHWHUPLQH OH SDUDPtHWUH GH UuHJXODULVDWLRQ w DVVRFLuH tD FH
p SRXU O
DOJRULWKPH GH &KDUERQQLHU �

�� OH V\VWtHPH OLQuHDLUH HVW UuHVROX SDU O
DOJRULWKPH GH &KDUERQQLHU HQ XWLOLVDQW FHV GHX[
SDUDPtHWUHV p HW w �

�� GDQV O
LPDJH UHFRQVWUXLWH� OD YDOHXU PD[LPDOH GHV GuHULYuHHV SUHPLtHUHV YHUWLFDOHV HW KRUL�
]RQWDOHV HVW GuHWHUPLQuHH �

�� SDU GLFKRWRPLH� XQ DXWUH SDUDPtHWUH p HVW FKRLVL GH IDzFRQ tD PD[LPLVHU OD GuHULYuHH SUHPLtHUH
PD[LPDOH VDQV GuHSDVVHU OD JDPPH GH YDOHXUV GHV SL[HOV GH O
LPDJH �FHOD YRXGUDLW GLUH TXH
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O
LPDJH REWHQXH SUuHVHQWH GHV DUWHIDFWV HW GHV RVFLOODWLRQV WUtHV LPSRUWDQWHV� GRQF Q
HVW SDV
DFFHSWDEOH�� HW QRXV UHSUHQRQV tD O
uHWDSH � MXVTX
tD OD FRQYHUJHQFH HQ p�

1RXV DYRQV DXVVL SHQVuH TX
LO uHWDLW LQWuHUHVVDQW� SRXU OD UHFKHUFKH GH OD GuHULYuHH PD[LPDOH� GH
QH SDV SUHQGUH HQ FRPSWH OHV SL[HOV RtX VRQW OHV IURQWV DnQ GH FKHUFKHU tD UHFRQVWUXLUH XQ IRQG
VDQV RVFLOODWLRQV� 3RXU FHOD� QRXV IRXUQLVVRQV tD O
DOJRULWKPH XQH WUDPH GH PAHPH GLPHQVLRQ TXH
O
LPDJH UHFRQVWUXLWH RtX OHV SL[HOV tD LJQRUHU VRQW tD XQH YDOHXU GLmuHUHQWH GH ��

9R\RQV O
LQoXHQFH VXU OHV GuHULYuHHV SUHPLtHUHV PR\HQQH HW PD[LPDOH G
XQH WUDPH GH ODUJHXU
� HW � SL[HOV GH FKDTXH FARWuH GHV IURQWV �nJXUH ������ 1RXV XWLOLVRQV GH QRXYHDX OHV PHVXUHV
VLPXOuHHV GX IDQWARPH ��
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)LJ� ����� 'uHULYuHHV SUHPLtHUHV PR\HQQH HW PD[LPDOH GHV LPDJHV REWHQXHV SDU OD PuHWKRGH GH
&KDUERQQLHU IRQFWLRQ *0 SRXU GLmuHUHQWV p HW VDQV WUDPH RX DYHF XQH WUDPH GH ODUJHXU � RX �
SL[HOV

(Q QH SUHQDQW SDV HQ FRPSWH OHV ]RQHV GH IURQWV� OHV YDOHXUV GHV GuHULYuHHV SUHPLtHUHV PR\HQQHV
HW PD[LPDOHV GLPLQXHQW� 0DLV OHV FRXUEHV FRQVHUYHQW OD PAHPH DOOXUH � TXDQG p GLPLQXH� OHV
GuHULYuHHV DXJPHQWHQW� HW SRXU p  �� ��� O
LPDJH REWHQXH HVW WRXMRXUV �WUtHV RVFLOODQWH�� FHOD
HQWUDArQH XQH YDOHXU WRXMRXUV JUDQGH GH OD GuHULYuHH SUHPLtHUH PD[LPDOH�

9R\RQV TXHOOH HVW O
LQoXHQFH GH O
LQWURGXFWLRQ GH OD WUDPH GDQV O
DOJRULWKPH VXU OH FKRL[ GH
p HW GH w �WDEOHDX[ ��� HW �����

1RXV UHPDUTXRQV TXH SRXU OHV GHX[ YDULDQWHV GH O
DOJRULWKPH GH &KDUERQQLHU� O
LQWURGXFWLRQ
GH OD WUDPH QH FKDQJH SDV OHV GuHWHUPLQDWLRQV GH p HW GH w�

$YHF FHV SDUDPtHWUHV p HW w� QRXV REWHQRQV OHV nJXUHV ����� ���� HW �����

3RXU OD VLPXODWLRQ GX IDQWARPH � �nJXUH ������ OD IRQFWLRQ *0 SHUPHW XQH ERQQH UHFRQVWUXF�
WLRQ GHV IURQWV HW GHV SDOLHUV� PDLV DYHF OD IRQFWLRQ +/� GHV RVFLOODWLRQV DSSDUDLVVHQW� 3RXU OHV
VLPXODWLRQV GHV WDX[ GH YLGH �nJXUHV ���� HW ������ OHV IURQWV VRQW PLHX[ UHFRQVWUXLWV TXH SDU



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;
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Théorique

)LJ� ����� 3URnOV REWHQXV SDU OD PuHWKRGH GH &KDUERQQLHU DYHF p GuHWHUPLQuH SDU XQH UHFKHUFKH
GX PD[LPXP GH OD GuHULYuHH PD[LPDOH� SRXU GHV PHVXUHV VLPXOuHHV GX IDQWARPH �
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Atténuation théorique

)LJ� ����� 3URnOV REWHQXV SDU OD PuHWKRGH GH &KDUERQQLHU DYHF p GuHWHUPLQuH SDU XQH UHFKHUFKH
GX PD[LPXP GH OD GuHULYuHH PD[LPDOH� SRXU GHV PHVXUHV VLPXOuHHV GX WDX[ GH YLGH �
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Atténuation théorique

)LJ� ����� 3URnOV REWHQXV SDU OD PuHWKRGH GH &KDUERQQLHU DYHF p GuHWHUPLQuH SDU XQH UHFKHUFKH
GX PD[LPXP GH OD GuHULYuHH PD[LPDOH� SRXU GHV PHVXUHV VLPXOuHHV GX WDX[ GH YLGH �



&KDSLWUH �� &RPSDUDLVRQ HW RSWLPLVDWLRQ GHV DOJRULWKPHV ���

6DQV WUDPH $YHF WUDPH
p w 1RPEUH G
uHWDSHV p w 1RPEUH G
uHWDSHV

)DQWARPH � VLPXOuH ����� ����� � ����� ����� �
7DX[ GH YLGH � VLPXOuH ����� ����� � ����� ����� �
7DX[ GH YLGH � VLPXOuH ����� ����� � ����� ����� �

7DE� ���� 'LmuHUHQWV p HW w REWHQXV SDU O
DOJRULWKPH GH GuHWHUPLQDWLRQ DXWRPDWLTXH HQ XWLOLVDQW
RX QRQ XQH WUDPH GH ODUJHXU � SL[HOV DXWRXU GHV IURQWV� SRXU GLmuHUHQWV FDV� DYHF ��� URWDWLRQV
HW �� SURMHFWLRQV� XQH LPDJH GH �� SL[HOV GH FARWuH HW OD IRQFWLRQ *0

6DQV WUDPH $YHF WUDPH
p w 1RPEUH G
uHWDSHV p w 1RPEUH G
uHWDSHV

)DQWARPH � VLPXOuH ����� ����� � ����� ����� �
7DX[ GH YLGH � VLPXOuH ����� ����� � ����� ����� �
7DX[ GH YLGH � VLPXOuH ����� ����� � ����� ����� �

7DE� ���� 'LmuHUHQWV p HW w REWHQXV SDU O
DOJRULWKPH GH GuHWHUPLQDWLRQ DXWRPDWLTXH HQ XWLOLVDQW
RX QRQ XQH WUDPH GH ODUJHXU � SL[HOV DXWRXU GHV IURQWV� SRXU GLmuHUHQWV FDV� DYHF ��� URWDWLRQV
HW �� SURMHFWLRQV� XQH LPDJH GH �� SL[HOV GH FARWuH HW OD IRQFWLRQ +/

&*/6 UuHJXODULVuH� PDLV LO \ D WRXMRXUV XQ OLVVDJH LPSRUWDQW SUtHV GHV SDURLV TXL HQWUDArQH XQ uHFDUW
GH �� � HQWUH OHV DWWuHQXDWLRQV UHFRQVWUXLWHV HW WKuHRULTXHV� 1RXV UHPDUTXRQV DXVVL TXH SRXU OH
WDX[ GH YLGH �� OH �SLF� GH WDX[ GH YLGH SURFKH GHV SDURLV HVW GH QRXYHDX DWWuHQXuH� 1RXV GHYRQV
WURXYHU XQH DXWUH GuHWHUPLQDWLRQ GH p DnQ GH PLHX[ UHFRQVWUXLUH FHV FRXUEHV�

&DV G
XQ V\VWtHPH OLQuHDLUH VXU�GuHWHUPLQuH

5HJDUGRQV OH FDV G
XQ V\VWtHPH OLQuHDLUH VXU�GuHWHUPLQuH� 1RXV FDOFXORQV GH QRXYHDX OHV GuHULYuHHV
PR\HQQH HW PD[LPDOH SRXU OH IDQWARPH � DYHF ��� URWDWLRQV HW �� WUDQVODWLRQV HW XQH LPDJH GH
�� SL[HOV GH FARWuH�

1RXV XWLOLVRQV XQH QRXYHOOH IRUPXOH SRXU OHV GuHULYuHHV� /D GuHULYuHH PR\HQQH HVW GRQQuHH SDU �

�

Q�
WUDPH

V

;

Q
�

WUDPH

b

�)L b )Lb��
� � �)L b )LbQ�

�
c

������

/D GuHULYuHH PD[LPDOH HVW GRQQuHH SDU �

PD[
Q
�

WUDPH

T

�)L b )Lb��
� � �)L b )LbQ�

� ������

'DQV XQ SUHPLHU WHPSV� QRXV ODLVVRQV OD 9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH FKRLVLU OH SDUDPtHWUH
GH UuHJXODULVDWLRQ w� 1RXV REWHQRQV SRXU GLmuHUHQWHV WUDPHV� OHV FRXUEHV GHV GuHULYuHHV PR\HQQH
HW PD[LPDOH HQ IRQFWLRQ GH p GH OD nJXUH �����

/HV FRXUEHV GH GuHULYuHHV PD[LPDOHV VDQV WUDPH HW SRXU XQH WUDPH GH ODUJHXU � VRQW FRQIRQ�
GXHV � OD WUDPH Q
HVW SDV DVVH] ODUJH HW Q
LQFOXW SDV OH SL[HO GH GuHULYuHH PD[LPDOH� &HOD HVW IDLW
DYHF XQH WUDPH GH ODUJHXU ��



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;
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)LJ� ����� 'uHULYuHHV SUHPLtHUHV PR\HQQH HW PD[LPDOH GHV LPDJHV REWHQXHV SDU OD PuHWKRGH GH
&KDUERQQLHU IRQFWLRQ *0 SRXU GLmuHUHQWV p� GLmuHUHQWHV ODUJHXUV GH WUDPH HW �� SL[HOV

&HV FRXUEHV SUuHVHQWHQW GHV PLQLPD SRXU p  �� 2U XQ DXWUH HmHW YLHQW SHUWXUEHU QRWUH
DSSUuHFLDWLRQ � SRXU p  �� OH SDUDPtHWUH GH UuHJXODULVDWLRQ HVW GH �� �� DX OLHX GH �� ���� /
LPDJH
HVW SOXV OLVVuHH� PAHPH DX QLYHDX GHV IURQWV �nJXUH ������

&
HVW SRXUTXRL QRXV GuHFLGRQV GH UHIDLUH QRV PHVXUHV GH GuHULYuHHV PR\HQQH HW PD[LPDOH VXU
OD VLPXODWLRQ GX IDQWARPH � HQ n[DQW OH SDUDPtHWUH GH UuHJXODULVDWLRQ tD OD YDOHXU WURXYuHH SDU
&*/6 UuHJXODULVuH� VRLW w  �� ���� 1RXV REWHQRQV OD nJXUH �����

/HV FRXUEHV GHV GuHULYuHHV PD[LPDOHV VDQV WUDPH HW DYHF XQH WUDPH GH ODUJHXU � SL[HO GH
FKDTXH FARWuH GHV IURQWV WKuHRULTXHV VRQW FRQIRQGXHV� /D WUDPH Q
HVW SDV DVVH] ODUJH SRXU LQFOXUH
OH SL[HO GH GuHULYuHH PD[LPDOH� &HOD H[SOLTXH OHV SLFV VXU OHV GuHULYuHHV PR\HQQHV VDQV WUDPH HW
DYHF XQH WUDPH GH ODUJHXU �� 0AHPH DYHF XQH WUDPH GH ODUJHXU �� XQ SL[HO GH GuHULYuHH PD[LPDOH
VHFRQGDLUH HVW GuHWHFWuH� FH TXL H[SOLTXH O
DOOXUH GH FHWWH FRXUEH� 3DU FRQWUH� OD FRXUEH GH OD GuHULYuHH
PR\HQQH DYHF XQH WUDPH GH ODUJHXU � SUuHVHQWH XQ PLQLPXP� 'DQV FH FDV� OD WUDPH HVW DVVH]
ODUJH SRXU LQFOXUH OHV SL[HOV GH IURQW� &HV SL[HOV QH VRQW SDV SULV HQ FRPSWH GDQV OH FDOFXO GH OD
GuHULYuHH PR\HQQH TXL UHSUuHVHQWH DORUV OH OLVVDJH GX IRQG GH O
LPDJH HW WLHQW FRPSWH GHV uHYHQWXHOOHV
�RVFLOODWLRQV� SUuHVHQWHV GDQV FH IRQG� 6L QRXV REVHUYRQV OHV SURnOV REWHQXV �nJXUH ������ QRXV
UHPDUTXRQV ELHQ OD FR�rQFLGHQFH HQWUH OD SUuHVHQFH G
�RVFLOODWLRQV� GDQV OH IRQG HW OH PLQLPXP
GH OD GuHULYuHH PR\HQQH DYHF XQH WUDPH GH ODUJHXU ��

&
HVW SRXUTXRL QRXV GuHFLGRQV GH GuHWHUPLQHU p HQ UHFKHUFKDQW SDU GLFKRWRPLH OH PLQLPXP
GH OD GuHULYuHH PR\HQQH GH O
LPDJH REWHQXH HQ LJQRUDQW OHV SL[HOV VRXV XQH WUDPH DVVH] ODUJH SRXU
LQFOXUH OHV ]RQHV GH IURQW HW HQ XWLOLVDQW OH SDUDPtHWUH GH UuHJXODULVDWLRQ w GuHWHUPLQuHH SDU &*/6
UuHJXODULVuH�

/
DOJRULWKPH HVW DORUV OH VXLYDQW �

�� OH V\VWtHPH HVW UuHVROX SDU O
DOJRULWKPH GX &*/6 UuHJXODULVuH �w HVW GuHWHUPLQuH DXWRPDWLTXH�



&KDSLWUH �� &RPSDUDLVRQ HW RSWLPLVDWLRQ GHV DOJRULWKPHV ���

)LJ� ����� ,PDJH REWHQXH SRXU XQH VLPXODWLRQ GX IDQWARPH � DYHF ��� URWDWLRQV� �� WUDQVODWLRQV�
XQH LPDJH GH �� SL[HOV GH FARWuH HW p  �
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)LJ� ����� 'uHULYuHHV SUHPLtHUHV PR\HQQH HW PD[LPDOH GHV LPDJHV REWHQXHV SDU OD PuHWKRGH GH
&KDUERQQLHU IRQFWLRQ *0 SRXU GHV PHVXUHV VLPXOuHHV ���� URWDWLRQV HW �� WUDQVODWLRQV� GX
IDQWARPH �� SRXU GLmuHUHQWV p� GLmuHUHQWHV ODUJHXUV GH WUDPH� �� SL[HOV HW w  �� ���



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;
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Théorique

)LJ� ����� 3URnOV REWHQXV SDU &KDUERQQLHU *0 SRXU XQH VLPXODWLRQ GX IDQWARPH � DYHF ���
URWDWLRQV� �� WUDQVODWLRQV� XQH LPDJH GH �� SL[HOV GH FARWuH� GLmuHUHQWV p HW w  �� ���

PHQW SDU OD 9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH� SRXU DYRLU OD GuHULYuHH SUHPLtHUH PR\HQQH TXL
FRUUHVSRQG tD OD OLPLWH KDXWH �SRXU p JUDQG� GH O
uHFDUW GH GLFKRWRPLH �

�� p HVW SULV uHJDO tD OD PRLWLuH GH OD JDPPH GHV YDOHXUV GHV SL[HOV GH O
LPDJH REWHQXH SDU &*/6
UuHJXODULVuH �

�� OH V\VWtHPH OLQuHDLUH HVW UuHVROX SDU O
DOJRULWKPH GH &KDUERQQLHU HQ XWLOLVDQW FH SDUDPtHWUH p
HW OH SDUDPtHWUH w GuHWHUPLQuH DYHF &*/6 UuHJXODULVuH �

�� GDQV O
LPDJH UHFRQVWUXLWH� OD GuHULYuHH SUHPLtHUH PR\HQQH HVW FDOFXOuHH �

�� SDU GLFKRWRPLH� XQ DXWUH SDUDPtHWUH p HVW FKRLVL GH IDzFRQ tD PD[LPLVHU OD GuHULYuHH SUHPLtHUH
PR\HQQH� HW QRXV UHSUHQRQV tD O
uHWDSH � MXVTX
tD OD FRQYHUJHQFH HQ p�

1RXV REWHQRQV OHV UuHVXOWDWV GX WDEOHDX ����

p w 1RPEUH G
uHWDSHV
)DQWARPH � VLPXOuH �� SL[HOV ���� ����� �
)DQWARPH � VLPXOuH ��� SL[HOV ���� ������ �
7DX[ GH YLGH � VLPXOuH �� SL[HOV ���� ����� �
7DX[ GH YLGH � VLPXOuH �� SL[HOV ���� ����� �

7DE� ���� 'LmuHUHQWV p HW w REWHQXV SDU O
DOJRULWKPH GH GuHWHUPLQDWLRQ DXWRPDWLTXH SDU OD
UHFKHUFKH GX PLQLPXP GH OD GuHULYuHH PR\HQQH HQ XWLOLVDQW XQH WUDPH GH ODUJHXU � SL[HOV DXWRXU
GHV IURQWV� SRXU GLmuHUHQWV FDV� DYHF ��� URWDWLRQV HW �� SURMHFWLRQV

1RXV UHPDUTXRQV TXH SRXU OH IDQWARPH �� XQH LPDJH GH ��� SL[HOV HW SRXU OH WDX[ GH
YLGH �� OHV SDUDPtHWUHV p GuHWHUPLQuHV VRQW SURFKHV GH O
DPSOLWXGH GHV YDOHXUV GHV SL[HOV� (Q
HmHW� OHV GLmuHUHQWHV GuHULYuHHV PR\HQQHV FDOFXOuHHV DX FRXUV GHV LWuHUDWLRQV SRXU GuHWHUPLQHU p VRQW



&KDSLWUH �� &RPSDUDLVRQ HW RSWLPLVDWLRQ GHV DOJRULWKPHV ���

VXSuHULHXUHV tD OD GuHULYuHH PR\HQQH GH O
LPDJH REWHQXH SDU &*/6 UuHJXODULVuH� /H SURJUDPPH FRQ�
YHUJH ELHQ YHUV OD GuHULYuHH PR\HQQH PLQLPDOH� FH TXL HQWUDArQH XQ SDUDPtHWUH p JUDQG� 0DLV GDQV
FH FDV� OD SUuHVHUYDWLRQ GHV GLVFRQWLQXLWuHV QH IRQFWLRQQH SOXV� 1RXV DYRQV XQH PuHWKRGH TXL Q
HVW
SDV YDODEOH GDQV WRXV OHV FDV� &H SKuHQRPtHQH V
H[SOLTXH SDU O
DOOXUH GHV FRXUEHV GH GuHULYuHHV
PR\HQQH HW PD[LPDOH SRXU OHV WDX[ GH YLGH � HW � �nJXUHV ���� HW ������ /H PLQLPXP GH OD
GuHULYuHH PR\HQQH HVW REWHQX SRXU p JUDQG� F
HVW tD GLUH XQH LPDJH VHPEODEOH tD FHOOH REWHQXH SDU
&*/6 UuHJXODULVuH�

1RXV HVVD\RQV XQ DXWUH FULWtHUH� /HV FRXUEHV GH GuHULYuHHV PD[LPDOHV VXU OD nJXUH ���� SUuHVHQ�
WHQW XQ SLF GDQV OD PAHPH ]RQH� SRXU p SURFKH GH ���� &HOD FRUUHVSRQG tD OD ]RQH RtX QRXV WURXYRQV
�YLVXHOOHPHQW� OD PHLOOHXUH LPDJH� 1RXV UHFKHUFKRQV p SDU OH PD[LPXP GH OD GuHULYuHH PD[LPDOH�
1RXV REWHQRQV OHV YDOHXUV GX WDEOHDX ���� 1RXV Q
XWLOLVRQV SDV GH WUDPH� FDU QRXV DYRQV LQWuHUAHW
tD UHFKHUFKHU OH SL[HO GH GuHULYuHH PD[LPDOH SDUWRXW GDQV O
LPDJH HW OHV FRXUEHV SUuHVHQWHQW GHV
SLFV SRXU XQ PAHPH p�

p w 1RPEUH G
uHWDSHV
)DQWARPH � VLPXOuH �� SL[HOV ���� ����� �
)DQWARPH � VLPXOuH ��� SL[HOV �� �����b� ������ ��
7DX[ GH YLGH � VLPXOuH �� SL[HOV ���� ����� �
7DX[ GH YLGH � VLPXOuH �� SL[HOV ���� ����� �

7DE� ���� 'LmuHUHQWV p HW w REWHQXV SDU O
DOJRULWKPH GH GuHWHUPLQDWLRQ DXWRPDWLTXH SDU OD
UHFKHUFKH GX PD[LPXP GH OD GuHULYuHH PD[LPDOH VDQV WUDPH� SRXU GLmuHUHQWV FDV� DYHF ��� URWD�
WLRQV HW �� SURMHFWLRQV

/HV SDUDPtHWUHV p REWHQXV SDUDLVVHQW SOXV FRUUHFWV VL QRXV OHV FRPSDURQV tD OD JDPPH GHV
YDOHXUV GHV SL[HOV GHV LPDJHV � LOV VRQW WRXV LQIuHULHXUV tD OD PRLWLuH GH FHWWH JDPPH� &HOXL GuHWHUPLQuH
SRXU OH IDQWARPH � HW XQH LPDJH GH ��� SL[HOV GH FARWuH HVW SHWLW GHYDQW FHWWH YDOHXU�

&RPSDURQV OHV SURnOV REWHQXV DYHF OHV SDUDPtHWUHV p GuHWHUPLQuHV SDU OD UHFKHUFKH GX PLQLPXP
GH OD GuHULYuHH PR\HQQH HW GH OD UHFKHUFKH GX PD[LPXP GH OD GuHULYuHH PD[LPDOH �nJXUHV �����
����� ���� HW ������

1RXV DYRQV XQH WUtHV OuHJtHUH DPuHOLRUDWLRQ GHV IURQWV TXL Q
HVW SDV VLJQLnFDWLYH� DYHF GDQV
FHUWDLQV FDV� GHV SKuHQRPtHQHV RVFLOODWRLUHV�

&RQFOXVLRQ SRXU OD PuHWKRGH GH 3� &KDUERQQLHU

'DQV FHWWH SDUWLH� QRXV DYRQV WHVWuH GLmuHUHQWHV PuHWKRGHV SRXU GuHWHUPLQHU OH SDUDPtHWUH
G
uHFKHOOH p � XQ FKRL[ PDQXHO� �YLVXHO�� TXL HQJHQGUH GHV VROXWLRQV DYHF XQH ERQQH UHFRQVWUXF�
WLRQ GHV IURQWV PDLV WUtHV RVFLOODQWHV� HW XQ FKRL[ DXWRPDWLTXH RtX OH IURQW HVW OuHJtHUHPHQW PLHX[
UHFRQVWUXLW TX
DYHF &*/6 UuHJXODULVuH� 0DLV LO \ D WRXMRXUV XQ OLVVDJH GH OD ]RQH SURFKH GX IURQW�
FH TXL HQWUDArQHUD XQH HUUHXU LPSRUWDQWH VXU OH WDX[ GH YLGH GDQV FHWWH ]RQH�

&
HVW SRXUTXRL FHWWH PuHWKRGH QH VHUD SDV XWLOLVuHH�



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0.001 0.01 0.1 1 10

Delta

D
ér

iv
ée

 m
ax

im
al

e

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

0.009

0.01

D
ér

iv
ée

 m
oy

en
ne

Dérivée maximale sans trame

Dérivée maximale trame l=1

Dérivée maximale trame l=3

Dérivée moyenne sans trame

Dérivée moyenne trame l=1

Dérivée moyenne trame l=3

)LJ� ����� 'uHULYuHHV SUHPLtHUHV PR\HQQH HW PD[LPDOH GHV LPDJHV REWHQXHV SDU OD PuHWKRGH GH
&KDUERQQLHU IRQFWLRQ *0 SRXU GHV PHVXUHV VLPXOuHHV ���� URWDWLRQV HW �� WUDQVODWLRQV� GX WDX[
GH YLGH �� SRXU GLmuHUHQWV p� GLmuHUHQWHV ODUJHXUV GH WUDPH� �� SL[HOV HW w  �� ���

0

0.5

1

1.5

2

2.5

0.001 0.01 0.1 1 10

Delta

D
ér

iv
ée

 m
ax

im
al

e

0

0.001

0.002

0.003

0.004

0.005

0.006

D
ér

iv
ée

 m
oy

en
ne

Dérivée maximale sans trame

Dérivée moyenne sans trame

Dérivée moyenne trame l=1

Dérivée moyenne trame l=3

)LJ� ����� 'uHULYuHHV SUHPLtHUHV PR\HQQH HW PD[LPDOH GHV LPDJHV REWHQXHV SDU OD PuHWKRGH GH
&KDUERQQLHU IRQFWLRQ *0 SRXU GHV PHVXUHV VLPXOuHHV ���� URWDWLRQV HW �� WUDQVODWLRQV� GX WDX[
GH YLGH �� SRXU GLmuHUHQWV p� GLmuHUHQWHV ODUJHXUV GH WUDPH� �� SL[HOV HW w  �� ���



&KDSLWUH �� &RPSDUDLVRQ HW RSWLPLVDWLRQ GHV DOJRULWKPHV ���

-0.5

0

0.5

1

1.5

2

2.5

0 40 80

Numéro du pixel

A
tté

nu
at

io
n 

re
co

ns
tr

ui
te

CGLS rég Ch. GM min moy

CGLS rég Ch. GM max max

CGLS régularisé

Théorique

)LJ� ����� 3URnOV REWHQXV SRXU XQH VLPXODWLRQ GX IDQWARPH � DYHF ��� URWDWLRQV� �� WUDQVODWLRQV�
XQH LPDJH GH �� SL[HOV GH FARWuH SDU &*/6 UuHJXODULVuH� &KDUERQQLHU IRQFWLRQ *0 GuHWHUPLQDWLRQ
GH p SDU OD UHFKHUFKH GX PLQLPXP GH OD GuHULYuHH PR\HQQH HW GX PD[LPXP GH OD GuHULYuHH PD[LPDOH

-0.5

0

0.5

1

1.5

2

2.5

3

0 40 80 120 160

Numéro du pixel

A
tté

nu
at

io
n 

re
co

ns
tr

ui
te

CGLS rég Ch. GM min moy

CGLS rég Ch. GM max max

CGLS régularisé

Théorique

)LJ� ����� 3URnOV REWHQXV SRXU XQH VLPXODWLRQ GX IDQWARPH � DYHF ��� URWDWLRQV� �� WUDQVODWLRQV�
XQH LPDJH GH ��� SL[HOV GH FARWuH SDU &*/6 UuHJXODULVuH� &KDUERQQLHU IRQFWLRQ *0 GuHWHUPLQDWLRQ
GH p SDU OD UHFKHUFKH GX PLQLPXP GH OD GuHULYuHH PR\HQQH HW GX PD[LPXP GH OD GuHULYuHH PD[LPDOH



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

-1

0

1

2

3

4

5

6

0 10 20 30 40 50 60 70 80

Numéro de pixel

A
tté

nu
at

io
n

CGLS rég Ch. GM min moy

CGLS rég Ch. GM max max

CGLS Rég.

Atténuation théorique

)LJ� ����� 3URnOV REWHQXV SRXU XQH VLPXODWLRQ GX WDX[ GH YLGH � DYHF ��� URWDWLRQV� ��
WUDQVODWLRQV� XQH LPDJH GH �� SL[HOV GH FARWuH SDU &*/6 UuHJXODULVuH� &KDUERQQLHU IRQFWLRQ *0
GuHWHUPLQDWLRQ GH p SDU OD UHFKHUFKH GX PLQLPXP GH OD GuHULYuHH PR\HQQH HW GX PD[LPXP GH OD
GuHULYuHH PD[LPDOH

-1

0

1

2

3

4

5

6

7

0 10 20 30 40 50 60 70 80

Numéro de pixel

A
tté

nu
at

io
n

CGLS rég Ch. GM min moy
CGLS rég Ch. GM max max
CGLS Rég.
Atténuation théorique

)LJ� ����� 3URnOV REWHQXV SRXU XQH VLPXODWLRQ GX WDX[ GH YLGH � DYHF ��� URWDWLRQV� ��
WUDQVODWLRQV� XQH LPDJH GH �� SL[HOV GH FARWuH SDU &*/6 UuHJXODULVuH� &KDUERQQLHU IRQFWLRQ *0
GuHWHUPLQDWLRQ GH p SDU OD UHFKHUFKH GX PLQLPXP GH OD GuHULYuHH PR\HQQH HW GX PD[LPXP GH OD
GuHULYuHH PD[LPDOH



&KDSLWUH �� &RPSDUDLVRQ HW RSWLPLVDWLRQ GHV DOJRULWKPHV ���

����� ,QWURGXFWLRQ G
LQIRUPDWLRQV D SULRUL FRQFHUQDQW OD UuHJXODULVDWLRQ

'H O
LQIRUPDWLRQ D SULRUL HVW DSSRUWuHH tD FHW DOJRULWKPH� ,O HVW LQIRUPuH GHV SRLQWV RtX LO GRLW
UuHJXODULVHU SHX�

/RUV GH O
DSSOLFDWLRQ IXWXUH GX WRPRJUDSKH� QRXV FRQQDArWURQV OD JuHRPuHWULH GH OD VHFWLRQ
G
HVVDLV H[SORUuHH� F
HVW tD GLUH OD SRVLWLRQ GHV SDURLV� 1RXV VDXURQV GRQF D SULRUL RtX VHURQW OHV
IURQWV�

(Q SUDWLTXH� DYDQW OD UuHVROXWLRQ GX V\VWtHPH� QRXV IRXUQLVVRQV tD O
DOJRULWKPH XQ nFKLHU
WUDPH� GH PAHPH GLPHQVLRQ TXH O
LPDJH tD UHFRQVWUXLUH� &H nFKLHU FRPSRUWH� SL[HO SDU SL[HO� XQ
GLYLVHXU GX SDUDPtHWUH GH UuHJXODULVDWLRQ� /RUV GH OD UHFRQVWUXFWLRQ� FH GLYLVHXU VHUD DSSOLTXuH
tD FKDTXH SL[HO HW GLPLQXHUD ORFDOHPHQW O
LQoXHQFH GX SDUDPtHWUH GH UuHJXODULVDWLRQ VL VD YDOHXU
HVW VXSuHULHXUH tD �� 8QH YDOHXU GH � HQWUDArQHUD DX FRQWUDLUH XQH UuHJXODULVDWLRQ �QRUPDOH� HQ FH
SRLQW� &HWWH PDWULFH GH GLYLVHXUV HVW SULVH HQ FRPSWH ORUV GH OD GuHWHUPLQDWLRQ DXWRPDWLTXH GX
SDUDPtHWUH GH UuHJXODULVDWLRQ SDU OD 9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH�

1RXV DYRQV WRXW G
DERUG WHVWuH FHW DOJRULWKPH DYHF OH GLYLVHXU LPSRVuH tD � VXU WRXW OH GRPDLQH
tD UHFRQVWUXLUH � QRXV UHWURXYRQV ELHQ O
LPDJH REWHQXH SDU &*/6 UuHJXODULVuH�

1RXV GHYRQV FKRLVLU OH GLYLVHXU SRXU REWHQLU XQH LPDJH DYHF XQ IRQG XQLIRUPH HW GHV IURQWV
ELHQ UHFRQVWUXLWV�

5HFKHUFKH GX GLYLVHXU DYHF w GuHWHUPLQuH SDU OD 9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH

1RXV DOORQV HVVD\HU GH WURXYHU FH GLYLVHXU HQ XWLOLVDQW OHV PHVXUHV VLPXOuHHV GX IDQWARPH �
�nJXUH ���� DYHF ��� URWDWLRQV� �� WUDQVODWLRQV HW XQH LPDJH GH ��� SL[HOV GH FARWuH� /D WUDPH HVW
UuHDOLVuHH tD SDUWLU GH O
LPDJH WKuHRULTXH GX IDQWARPH �� 1RXV SDUFRXURQV WRXWH O
LPDJH WKuHRULTXH�
6L OD GLmuHUHQFH HQWUH GHX[ SL[HOV YRLVLQV HVW VXSuHULHXUH tD XQ VHXLO� YHUWLFDOHPHQW RX KRUL]RQWDOH�
PHQW� QRXV GuHWHFWRQV XQ IURQW HW QRXV DSSOLTXRQV OH GLYLVHXU tD FHV GHX[ SL[HOV�

1RXV WHVWRQV SOXVLHXUV GLYLVHXUV �nJXUHV ���� HW ������ /
HUUHXU UHODWLYH DXJPHQWH SDU UDSSRUW
DX[ LPDJHV REWHQXHV SDU &*/6 UuHJXODULVuH� /
HUUHXU OD SOXV EDVVH HVW REWHQXH DYHF OH GLYLVHXU
� TXL FRUUHVSRQG tD XQH UuHVROXWLRQ DYHF &*/6 UuHJXODULVuH� &HWWH PuHWKRGH HQWUDArQH GRQF XQH
GuHJUDGDWLRQ GH O
LPDJH SDU UDSSRUW tD &*/6 UuHJXODULVuH� 5HJDUGRQV OHV GLmuHUHQWV SURnOV �n�
JXUH ������ 1RXV Q
REVHUYRQV SDV XQH DPuHOLRUDWLRQ GH OD SHQWH DX QLYHDX GHV IURQWV� PDLV
SOXWARW XQH GuHJUDGDWLRQ GH FHV SHQWHV SDU UDSSRUW tD &*/6 UuHJXODULVuH� 3RXU XQ GLYLVHXU GH �
tD �� ���� OH SDUDPtHWUH GH UuHJXODULVDWLRQ HVW GH �� ��� DX OLHX GH �� �����b�� &HOD H[SOLTXH OHV
SURnOV SOXV OLVVuHV� DYHF XQH DPSOLWXGH SOXV IDLEOH TXH &*/6 UuHJXODULVuH�

5HFKHUFKH GX GLYLVHXU DYHF w n[uH� GuHWHUPLQuH DYHF &*/6 UuHJXODULVuH

$nQ GH YRLU O
LQoXHQFH GX GLYLVHXU VHXO� QRXV UHFRQVWUXLVRQV OHV PHVXUHV HQ n[DQW OH SDUDPtH�
WUH GH UuHJXODULVDWLRQ tD �� �����b�� TXL HVW OH SDUDPtHWUH WURXYuH SDU &*/6 UuHJXODULVuH �nJXUHV ����
HW ������

1RXV REWHQRQV OHV PAHPHV WHQGDQFHV TXH SUuHFuHGHPPHQW� /HV SURnOV REWHQXV VRQW WUtHV VHP�
EODEOHV tD FHOXL REWHQX SDU &*/6 UuHJXODULVuH� ,O Q
\ D SDV G
DPuHOLRUDWLRQ GH OD UHFRQVWUXFWLRQ
GHV IURQWV�
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��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

$SSOLFDWLRQ GH OD PuHWKRGH VXU XQH EDQGH

1RXV Q
DYRQV LPSRVuH OH GLYLVHXU TXH VXU OHV GHX[ SL[HOV UHQWUDQW HQ MHX SRXU OH IURQW� 1RXV
uHODUJLVVRQV FHWWH ]RQH GH IDLEOH UuHJXODULVDWLRQ DX[ SURFKHV YRLVLQV GHV SL[HOV GX IURQW�

1RXV UHFRPPHQzFRQV QRV HVVDLV DYHF GLmuHUHQWV GLYLVHXUV HQ IRXUQLVVDQW tD O
DOJRULWKPH XQH
WUDPH RtX OH GLYLVHXU HVW LPSRVuH DX[ SL[HOV GX IURQW� PDLV DXVVL tD XQ FHUWDLQ QRPEUH GH SL[HOV
YRLVLQV GH SDUW HW G
DXWUH GX IURQW GDQV OH VHQV GX IURQW �YHUWLFDOHPHQW RX KRUL]RQWDOHPHQW��
1RXV FRPSDURQV OHV SURnOV REWHQXV �nJXUHV ����� ����� ����� ����� ���� HW ������

3RXU FHV nJXUHV� OHV FRXUEHV DYHF XQ GLYLVHXU �LPSRVuH� RQW uHWuH REWHQXHV HQ n[DQW OH
SDUDPtHWUH GH UuHJXODULVDWLRQ tD �� �����b�� 'DQV OH FDV GH &*/6 UuHJXODULVuH� OD 9DOLGDWLRQ &URLVuHH
*uHQuHUDOLVuHH GRQQH XQ SDUDPtHWUH GH UuHJXODULVDWLRQ GH �� �����b� SRXU ��� SL[HOV GH FARWuH HW GH
�� ���� SRXU �� SL[HOV GH FARWuH�

/
uHODUJLVVHPHQW GH OD ]RQH GH IDLEOH UuHJXODULVDWLRQ HQWUDArQH XQH PRGLnFDWLRQ GHV SURnOV PDLV
SDV XQH DPuHOLRUDWLRQ GH OD SHQWH GHV IURQWV � 3RXU OH FDV G
XQH LPDJH GH �� SL[HOV GH FARWuH HW
XQH ODUJHXU GH � SL[HOV �nJXUH ������ OD ]RQH GH IDLEOH UuHJXODULVDWLRQ FRXYUH SUDWLTXHPHQW WRXWH
OD SLtHFH� &HOD UHYLHQW tD DSSOLTXHU O
DOJRULWKPH &*/6 PDLV DYHF XQ SDUDPtHWUH GH UuHJXODULVDWLRQ
SOXV IDLEOH�

3RXU OHV SURnOV DYHF ��� SL[HOV� QRXV UHPDUTXRQV GHV RVFLOODWLRQV SURFKHV GHV IURQWV� YRLUH
VXU OHV SDOLHUV� &HOD HVW SHXW AHWUH GAX tD O
LQWHUDFWLRQ HQWUH GHX[ HmHWV� '
XQ FARWuH� OD IDLEOH
UuHJXODULVDWLRQ DX[ IURQWV HQFRXUDJH OHV IURQWV IUDQFV HW GH O
DXWUH� OH OLVVDJH VXU OHV DXWUHV SDUWLHV
IDYRULVH GHV SURnOV SODWV�

&RQFOXVLRQ SRXU OD PuHWKRGH

'RQF SRXU FHWWH PuHWKRGH� QRXV Q
DYRQV SDV WURXYuH GH FRQnJXUDWLRQ GH IRQFWLRQ�
QHPHQW VDWLVIDLVDQWH�

����� ,QWURGXFWLRQ G
LQIRUPDWLRQV D SULRUL FRQFHUQDQW OD JuHRPuHWULH

1RXV DYRQV YX TXH OD SUuHVHQFH GH OD SDURL HQWUDArQDLW XQH HUUHXU VXU OD UHFRQVWUXFWLRQ� 0AHPH
HQ VRXVWUD\DQW OHV PHVXUHV GH OD SDURL VHXOH� O
uHFDUW HQWUH OD UHFRQVWUXFWLRQ HW O
LPDJH WKuHRULTXH
uHWDLW LPSRUWDQW GX IDLW GX OLVVDJH HQWUH uHFRXOHPHQW GLSKDVLTXH HW IRQG� 1RXV FKHUFKRQV tD uHOLPLQHU
FHV HmHWV HQ IRXUQLVVDQW tD O
DOJRULWKPH GH O
LQIRUPDWLRQ FRQFHUQDQW OD JuHRPuHWULH GH OD ]RQH tD
UHFRQVWUXLUH� (Q HmHW� GDQV OH FDV GH QRWUH DSSOLFDWLRQ IXWXUH� QRXV FRQQDArWURQV SUuHFLVuHPHQW OD
JuHRPuHWULH GH OD VHFWLRQ G
HVVDLV tD H[SORUHU�

1RXV IRXUQLVVRQV tD O
DOJRULWKPH XQ PDVTXH TXL D SRXU YDOHXU � RtX QRXV VDYRQV TX
LO Q
\ D
SDV GH PDWLtHUH� � DXWUHPHQW� /
DOJRULWKPH PHW tD � OHV SL[HOV FRUUHVSRQGDQW tD XQH YDOHXU QXOOH
GDQV OH PDVTXH HW QH UuHJXODULVH TX
DX QLYHDX GHV SL[HOV TXL RQW OD YDOHXU � GDQV OH PDVTXH� &H
PDVTXH D OD PAHPH GLPHQVLRQ TXH O
LPDJH ) �

1RXV DSSHORQV FHWWH SURFuHGXUH �PuHWKRGH GX PDVTXH��
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��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

3URJUDPPDWLRQ GH FHW DOJRULWKPH

3RXU LQFOXUH FHWWH DPuHOLRUDWLRQ GDQV O
DOJRULWKPH GX &*/6 UuHJXODULVuH� QRXV UuHDOLVRQV WURLV
PRGLnFDWLRQV �

^ OHFWXUH GX nFKLHU FRPSRUWDQW OH PDVTXH � FHOXL�FL HVW FKDUJuH GDQV XQ YHFWHXU FRORQQH < �

^ DYDQW OD UuHVROXWLRQ GX V\VWtHPH OLQuHDLUH� OHV WHUPHV GH OD PDWULFH 5 FRUUHVSRQGDQW DX[
SL[HOV VDQV PDWLtHUH VRQW PLV tD OD YDOHXU � � SRXU FH IDLUH� FKDTXH OLJQH GH 5 HVW PXOWLSOLuHH
uHOuHPHQW SDU uHOuHPHQW SDU OH YHFWHXU < � SRXU WRXW L HW WRXW M� 5PDVTXH�L� M�  5�L� M�< �M� �

^ O
RSuHUDWHXU ODSODFLHQ & GH OD UuHJXODULVDWLRQ HVW FDOFXOuH GH VRUWH tD QH SDV SUHQGUH HQ FRPSWH
OHV SL[HOV VDQV PDWLtHUH � OHV FRHpFLHQWV GH & VRQW OHV VXLYDQWV �

^ SRXU OHV SURFKHV YRLVLQV G
XQ SRLQW GDQV OH PDVTXH �

� b� �
b� � b�
� b� �

������

^ SRXU OHV SURFKHV YRLVLQV G
XQ SRLQW VDQV PDWLtHUH �

� � �
� � �
� � �

������

7HVWV DYHF GHV VLPXODWLRQV GX IDQWARPH �

1RXV XWLOLVRQV OHV PHVXUHV VLPXOuHHV GX IDQWARPH � �VFKuHPD ���� DYHF ��� URWDWLRQV HW ��
SURMHFWLRQV TXH QRXV UHFRQVWUXLVRQV VXU XQH LPDJH GH ��� SL[HOV GH FARWuH� 3RXU GuHnQLU QRWUH
PDVTXH� QRXV DYRQV UHPDUTXuH TXH OD UHFRQVWUXFWLRQ SDU &*/6 UuHJXODULVuH SDVVDLW DX QLYHDX GHV
IURQWV SDU OD PRLWLuH GH OD JDPPH GH YDOHXUV GHV SL[HOV� 1RXV FRQVWUXLVRQV OH PDVTXH HQ VHXLOODQW
tD FH QLYHDX� 1RXV REWHQRQV OH PDVTXH GH OD nJXUH ���� HW O
LPDJH GH OD nJXUH �����

/HV WURXV VRQW ELHQ UHFRQVWUXLWV HW OH IRQG HVW XQLIRUPH DYHF GHV YDOHXUV DOODQW GH ���� tD �����
VRLW XQH YDULDWLRQ GH SOXV RX PRLQV �� DXWRXU GH OD YDOHXU WKuHRULTXH �� /H PDVTXH Q
LQFOXW SDV
OHV WURLV SOXV SHWLWV WURXV� (Q HmHW� OD UHFRQVWUXFWLRQ SDU &*/6 UuHJXODULVuH GRQQH SRXU FHV WURXV
GHV DWWuHQXDWLRQV DX�GHVVXV GX VHXLO tD � HQ UDLVRQ GX OLVVDJH�

8Q VHXLO SOXV EDV HQWUDArQHUDLW XQH UHFRQVWUXFWLRQ GH FHV SHWLWV WURXV� PDLV XQH PRLQV ERQQH
UHFRQVWUXFWLRQ GHV JUDQGV RULnFHV �PDVTXH WURS ODUJH��

&RPSDURQV OH SURnO REWHQX DYHF FHOXL GH &*/6 UuHJXODULVuH �nJXUH ������ HW OHV YDOHXUV GH
GuHULYuHHV �nJXUH �������

3DU OD PuHWKRGH GX PDVTXH� OHV ]RQHV VDQV PDWLtHUH �SL[HOV tD YDOHXU QXOOH� HW OHV IURQWV VRQW
PLHX[ UHFRQVWUXLWV� /HV GuHULYuHHV PR\HQQHV HW PD[LPDOHV DXJPHQWHQW�

(VVDLV DYHF XQ REMHW FDUUuH

0DLQWHQDQW UHJDUGRQV FH TXH QRXV REWLHQGURQV DYHF XQ PDVTXH FDUUuH �nJXUH ������� &H
PDVTXH SHXW AHWUH GuHFULW H[DFWHPHQW DYHF OD JuHRPuHWULH G
LPDJH� F
HVW tD GLUH DYHF GHV SL[HOV



&KDSLWUH �� &RPSDUDLVRQ HW RSWLPLVDWLRQ GHV DOJRULWKPHV ���

)LJ� ����� 0DVTXH REWHQX tD SDUWLU G
XQH UHFRQVWUXFWLRQ SDU &*/6 UuHJXODULVuH SRXU XQH VLPXOD�
WLRQ GX IDQWARPH � DYHF ��� URWDWLRQV� �� WUDQVODWLRQV� XQH LPDJH GH ��� SL[HOV GH FARWuH

)LJ� ����� ,PDJH REWHQXH SRXU XQH VLPXODWLRQ GX IDQWARPH � DYHF ��� URWDWLRQV� �� WUDQVODWLRQV�
XQH LPDJH GH ��� SL[HOV GH FARWuH HW OH PDVTXH GH OD nJXUH ����



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;
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)LJ� ������ 3URnOV REWHQXV HQ XWLOLVDQW XQ PDVTXH SRXU XQH VLPXODWLRQ GX IDQWARPH � DYHF ���
URWDWLRQV HW �� SURMHFWLRQV HW XQH LPDJH GH ��� SL[HOV GH FARWuH

Masque
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)LJ� ������ 'uHULYuHHV GHV LPDJHV GH ��� SL[HOV GH FARWuH REWHQXHV SDU OD PuHWKRGH GX PDVTXH HW
&*/6 UuHJXODULVuH SRXU XQH VLPXODWLRQ GX IDQWARPH � DYHF ��� URWDWLRQV HW �� SURMHFWLRQV



&KDSLWUH �� &RPSDUDLVRQ HW RSWLPLVDWLRQ GHV DOJRULWKPHV ���

0.0 0.2 0.4 0.6 0.8 1.0

)LJ� ������ 0DVTXH FDUUuH GH �� SL[HOV GH FARWuH

0.00 0.30 0.60 0.90 1.20 1.50

)LJ� ������ ,PDJH REWHQXH SRXU XQH VLPXODWLRQ G
XQH VHFWLRQ XQLIRUPH DYHF ��� URWDWLRQV� ��
WUDQVODWLRQV� XQH LPDJH GH �� SL[HOV GH FARWuH HW OD WUDPH GH OD nJXUH �����

)LJ� ������ ,PDJH REWHQXH SRXU XQH VLPXODWLRQ G
XQH VHFWLRQ XQLIRUPH DYHF ��� URWDWLRQV� ��
WUDQVODWLRQV� XQH LPDJH GH �� SL[HOV GH FARWuH� OH PDVTXH GH OD nJXUH ����� HW �� GH EUXLW EODQF



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

FDUUuHV� $ SDUWLU GH OD JuHRPuHWULH GH FH PDVTXH� QRXV JuHQuHURQV GHV PHVXUHV VLPXOuHHV TXH QRXV
UHFRQVWUXLVRQV HQ XWLOLVDQW QRWUH DOJRULWKPH �nJXUH ������� /D YDOHXU WKuHRULTXH GX IRQG HVW GH
����� &HWWH YDOHXU FRUUHVSRQGUD tD OD PHVXUH G
XQ uHFRXOHPHQW GLSKDVLTXH tD �� � GH WDX[ GH
YLGH�

1RXV REWHQRQV SRXU OD nJXUH ������ XQ IRQG XQLIRUPH tD ����� (Q HmHW� OHV PHVXUHV VRQW
FRQVWUXLWHV tD SDUWLU GH OD WUDPH� (OOHV QH FRQWLHQQHQW SDV GH EUXLW� /D UHFRQVWUXFWLRQ REWHQXH
HVW OD VROXWLRQ H[DFWH GX V\VWtHPH OLQuHDLUH� /D 9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH GuHWHUPLQH DORUV
XQ SDUDPtHWUH GH UuHJXODULVDWLRQ w WUtHV JUDQG GH ������ &HOD GRQQH XQ OLVVDJH WUtHV LPSRUWDQW�
(Q HmHW� QRXV Q
DYRQV SOXV LFL OHV IURQWV TXL HQWUDArQDLHQW SRXU &*/6 UuHJXODULVuH XQ SDUDPtHWUH
GH UuHJXODULVDWLRQ EDV � LO QH IDXW SOXV WURXYHU XQ FRPSURPLV HQWUH O
uHOLPLQDWLRQ GX EUXLW HW OD
SUuHVHUYDWLRQ OHV IURQWV �

1RXV UDMRXWRQV DX[ PHVXUHV GX EUXLW EODQF DYHF XQH DPSOLWXGH GH � � GH O
DPSOLWXGH GHV
PHVXUHV� 1RXV REWHQRQV O
LPDJH ������

/D 9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH WURXYH XQ SDUDPtHWUH GH UuHJXODULVDWLRQ w GH ���� 1RXV
REWHQRQV LFL DXVVL XQH LPDJH SDUIDLWHPHQW XQLIRUPH tD ����� 8Q IDLEOH QLYHDX GH EUXLW Q
D SDV
G
LQoXHQFH VXU OD PuHWKRGH GX PDVTXH�

5HFRQVWUXFWLRQ G
XQH JDXVVLHQQH WURQTXuHH

1RXV DYRQV VLPXOuH OHV PHVXUHV G
XQH JDXVVLHQQH WURQTXuHH HW DYRQV UHFRQVWUXLW VRQ LPDJH�
&RPSDUDLVRQV XQ SURnO GH FHWWH LPDJH DYHF OH SURnO WKuHRULTXH �nJXUH �������
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)LJ� ������ 3URnO REWHQX SRXU XQH VLPXODWLRQ G
XQH JDXVVLHQQH WURQTXuHH DYHF ��� URWDWLRQV�
�� WUDQVODWLRQV� XQH LPDJH GH �� SL[HOV GH FARWuH

/H SURnO HVW WUtHV ELHQ UHFRQVWUXLW� 3URFKH GHV ERUGV� O
DWWuHQXDWLRQ SUuHVHQWH XQH GuHIRUPDWLRQ
TXL UHVWH IDLEOH HQ YDOHXU HW TXL HVW SHX uHWDOuHH� /
HUUHXU UHODWLYH JOREDOH HQWUH O
LPDJH UHFRQVWUXLWH
HW O
LPDJH WKuHRULTXH HVW GH ��� ��



&KDSLWUH �� &RPSDUDLVRQ HW RSWLPLVDWLRQ GHV DOJRULWKPHV ���

(mHWV GX PDVTXH

5HJDUGRQV O
HmHW GH O
uHWHQGXH GX PDVTXH VXU OD UHFRQVWUXFWLRQ� 3RXU UHFRQVWUXLUH QRWUH
LPDJH� QRXV DOORQV XWLOLVHU XQ PDVTXH PRLQV ODUJH �nJXUH ������ HW XQ PDVTXH SOXV ODUJH �n�
JXUH ������� GuHERUGDQW GH GHX[ SL[HOV UHVSHFWLYHPHQW tD O
LQWuHULHXU HW tD O
H[WuHULHXU GX GRPDLQH
tD UHFRQVWUXLUH�

6XU O
LPDJH REWHQXH DYHF XQ PDVTXH PRLQV ODUJH �nJXUH ������� QRXV UHPDUTXRQV SUtHV GHV
ERUGV GHV SLFV G
DWWuHQXDWLRQ DOODQW MXVTX
tD XQ uHFDUW GH �� � SDU UDSSRUW tD OD YDOHXU WKuHRULTXH�
(Q HmHW� GDQV OHV PHVXUHV� QRXV DYRQV XQH DWWuHQXDWLRQ WRWDOH TXH QRXV UuHSDUWLVVRQV VXU WURS
SHX GH SL[HOV� &HOD GRQQH FHWWH LPDJH HQ ERVVH FRQYH[H�

6XU O
LPDJH REWHQXH DYHF XQ PDVTXH SOXV ODUJH �nJXUH ������� LO \ D GHV SL[HOV tD XQH YDOHXU
SOXV EDVVH TXH OD YDOHXU WKuHRULTXH HW XQ IRQG tD SHX SUtHV XQLIRUPH� 'DQV FH FDV� O
DOJRULWKPH
SUHQG HQ FRPSWH GHV SL[HOV RtX O
DWWuHQXDWLRQ HVW WKuHRULTXHPHQW QXOOH� /
DOJRULWKPH UuHJXODULVH
O
LPDJH� GRQF OD OLVVH� &HOD GRQQH XQH LPDJH HQ ERVVH FRQFDYH� /H IRQG Q
HVW SDV DXVVL XQLIRUPH
TX
DYHF OH ERQ PDVTXH� FDU OH SDUDPtHWUH GH UuHJXODULVDWLRQ w WURXYuH SDU OD 9DOLGDWLRQ &URLVuHH
*uHQuHUDOLVuHH HVW SOXV SHWLW� GH �� ���� /
LPDJH HVW EHDXFRXS PRLQV OLVVuHH TXH SRXU O
LPDJH ������

&HV GHX[ LPDJHV QRXV SHUPHWWHQW GH FRQFOXUH TX
LO IDXW SUHQGUH XQ PDVTXH DMXVWuH
SDUIDLWHPHQW tD O
REMHW PHVXUuH�

5HFRQVWUXFWLRQV G
REMHWV DYHF GHV WURXV

1RXV DYRQV PDLQWHQDQW XWLOLVuH GHV PDVTXHV FDUUuHV DYHF GHV SDUWLHV uHYLGuHHV� 1RXV UHYHQRQV tD
XQ FDV VHPEODEOH DX[ VLPXODWLRQV GX IDQWARPH � HW DX FDV TXH QRXV SRXUURQV UHQFRQWUHU VL QRXV
PHVXURQV O
uHFRXOHPHQW DXWRXU GH IDLVFHDX[ GH WXEHV� 1RXV REWHQRQV OHV LPDJHV ����� HW ������

'DQV OH FDV G
XQH GuHWHUPLQDWLRQ DXWRPDWLTXH GX SDUDPtHWUH GH UuHJXODULVDWLRQ w� OD 9DOLGDWLRQ
&URLVuHH *uHQuHUDOLVuHH GuHWHUPLQH� FRPPH SUuHFuHGHPPHQW� XQ SDUDPtHWUH WUtHV JUDQG GH ������ FHOD
GRQQH XQ OLVVDJH WUtHV LPSRUWDQW� /HV LPDJHV ����� HW ����� SUuHVHQWHQW GHV VHFWLRQV SDUIDLWHPHQW
XQLIRUPHV tD OD YDOHXU WKuHRULTXH GH ����

5HFRQVWUXFWLRQV G
XQ ORVDQJH HW G
XQ F\OLQGUH

1RXV VLPXORQV PDLQWHQDQW XQ FDUUuH WRXUQuH GH ��p HW XQ F\OLQGUH SOHLQ DYHF XQH DWWuHQXDWLRQ
XQLIRUPH GH YDOHXU � �nJXUHV ����� HW �������

/H SDUDPtHWUH GH UuHJXODULVDWLRQ w GuHWHUPLQuH SDU OD 9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH HVW GH
�� ������� &
HVW SRXUTXRL QRXV REWHQRQV GHV LPDJHV SDUIDLWHPHQW �OLVVHV� tD OD YDOHXU WKuHRULTXH ��

1RXV UDMRXWRQV GX EUXLW GRQW O
DPSOLWXGH HVW GH � �� HW UHJDUGRQV OHV LPDJHV REWHQXHV
�nJXUHV ����� HW �������

/H SDUDPtHWUH GH UuHJXODULVDWLRQ w GuHWHUPLQuH SDU OD 9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH HVW GH
����� SRXU OH FDUUuH WRXUQuH GH ��p HW GH ��� SRXU OH F\OLQGUH SOHLQ� 1RXV DYRQV XQ OLVVDJH
LPSRUWDQW HW QRXV REWHQRQV GHV LPDJHV KRPRJtHQHV tD OD YDOHXU WKuHRULTXH ��

1RXV FUuHRQV GH QRXYHDX OHV PHVXUHV GX F\OLQGUH SOHLQ HQ SUHQDQW ELHQ HQ FRPSWH O
DVSHFW
FLUFXODLUH GH FHW REMHW �PHVXUHV FUuHuHHV SDU O
DOJRULWKPH DQDO\WLTXH�� 1RXV UHFRQVWUXLVRQV O
LPDJH
DYHF OH PDVTXH XWLOLVuH SUuHFuHGHPPHQW �nJXUH �������



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

)LJ� ������ ,PDJH REWHQXH SRXU XQH VLPXODWLRQ G
XQH VHFWLRQ XQLIRUPH DYHF ��� URWDWLRQV� ��
WUDQVODWLRQV� XQH LPDJH GH �� SL[HOV GH FARWuH HW XQ PDVTXH PRLQV ODUJH GH GHX[ SL[HOV

)LJ� ������ ,PDJH REWHQXH SRXU XQH VLPXODWLRQ G
XQH VHFWLRQ XQLIRUPH DYHF ��� URWDWLRQV� ��
WUDQVODWLRQV� XQH LPDJH GH �� SL[HOV GH FARWuH HW XQ PDVTXH SOXV ODUJH GH GHX[ SL[HOV



&KDSLWUH �� &RPSDUDLVRQ HW RSWLPLVDWLRQ GHV DOJRULWKPHV ���

0.00 0.34 0.68 1.02 1.36 1.70

)LJ� ������ ,PDJH REWHQXH SRXU XQH VLPXODWLRQ G
XQH VHFWLRQ XQLIRUPH DYHF O
RULnFH � DYHF ���
URWDWLRQV� �� WUDQVODWLRQV� XQH LPDJH GH �� SL[HOV GH FARWuH HW OH PDVTXH DGuHTXDW

0.00 0.34 0.68 1.02 1.36 1.70

)LJ� ������ ,PDJH REWHQXH SRXU XQH VLPXODWLRQ G
XQH VHFWLRQ XQLIRUPH DYHF O
RULnFH � DYHF ���
URWDWLRQV� �� WUDQVODWLRQV� XQH LPDJH GH �� SL[HOV GH FARWuH HW OH PDVTXH DGuHTXDW



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

)LJ� ������ ,PDJH REWHQXH SRXU XQH VLPXODWLRQ G
XQH VHFWLRQ XQLIRUPH WRXUQuHH GH ��p DYHF ���
URWDWLRQV� �� WUDQVODWLRQV HW XQH LPDJH GH �� SL[HOV GH FARWuH

)LJ� ������ ,PDJH REWHQXH SRXU XQH VLPXODWLRQ G
XQ F\OLQGUH SOHLQ DYHF ��� URWDWLRQV� ��
WUDQVODWLRQV HW XQH LPDJH GH �� SL[HOV GH FARWuH



&KDSLWUH �� &RPSDUDLVRQ HW RSWLPLVDWLRQ GHV DOJRULWKPHV ���

)LJ� ������ ,PDJH REWHQXH SRXU XQH VLPXODWLRQ G
XQH VHFWLRQ XQLIRUPH WRXUQuHH GH ��p DYHF ���
URWDWLRQV� �� WUDQVODWLRQV� XQH LPDJH GH �� SL[HOV GH FARWuH HW � � GH EUXLW EODQF

)LJ� ������ ,PDJH REWHQXH SRXU XQH VLPXODWLRQ G
XQ F\OLQGUH SOHLQ DYHF ��� URWDWLRQV� ��
WUDQVODWLRQV� XQH LPDJH GH �� SL[HOV GH FARWuH HW � � GH EUXLW EODQF

)LJ� ������ ,PDJH REWHQXH SRXU XQH VLPXODWLRQ G
XQ YUDL F\OLQGUH SOHLQ DYHF ��� URWDWLRQV� ��
WUDQVODWLRQV� XQH LPDJH GH �� SL[HOV GH FARWuH



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

&HWWH LPDJH SUuHVHQWH XQ uHFDUW GH �� � SDU UDSSRUW tD OD YDOHXU WKuHRULTXH �� &HV GuHIDXWV VRQW
SUuHVHQWV DX QLYHDX GHV ERUGV GX PDVTXH� 1RXV PRGuHOLVRQV XQ FHUFOH SDU XQ PDVTXH DYHF GHV
SL[HOV FDUUuHV� /H ERUG GX FHUFOH HVW PDO PRGuHOLVuH� FH TXL GRQQH OHV GuHIDXWV YLVLEOHV�

3RXU SUHQGUH HQ FRPSWH GHV REMHWV QRQ VLPXODEOHV SDU GHV SL[HOV FDUUuHV� FRPPH XQ FHUFOH�
LO IDXGUDLW PDLOOHU OH GRPDLQH DYHF GHV SL[HOV QRQ FDUUuHV� /D PDWULFH 5 VHUDLW PRGLnuHH� PDLV OD
UuHVROXWLRQ GX V\VWtHPH OLQuHDLUH UHVWHUDLW OD PAHPH�

&RQFOXVLRQ SRXU FHWWH PuHWKRGH

3RXU OHV PHVXUHV VXU 0LQL�720,;� QRXV XWLOLVHURQV FHW DOJRULWKPH DYHF OD PuHWKRGH GX
VHXLO SRXU FUuHHU OH PDVTXH�



&KDSLWUH �� &RPSDUDLVRQ HW RSWLPLVDWLRQ GHV DOJRULWKPHV ���

��� &RQFOXVLRQ

1RXV DYRQV GDQV FH FKDSLWUH FRPSDUuH OHV TXDWUH DOJRULWKPHV UHWHQXV tD OD VXLWH GH OD V\QWKtHVH
ELEOLRJUDSKLTXH �

^ &*/6 �

^ /645 �

^ 55/6 �

^ 5uHVLGX 0LQLPDO tD WURLV YHFWHXUV GH GHVFHQWH�

1RXV OHV DYRQV uHWXGLuHV GDQV OHXUV YHUVLRQV QRUPDOH HW UuHJXODULVuHH�

1RXV DYRQV FRPSDUuH O
uHYROXWLRQ GX UuHVLGX� OH QRPEUH G
LWuHUDWLRQV SRXU REWHQLU OD FRQYHU�
JHQFH� OH WHPSV SDU LWuHUDWLRQ� OD nGuHOLWuH tD O
LPDJH RULJLQDOH HW OD VHQVLELOLWuH DX EUXLW� 1RXV
HQ DYRQV GuHGXLW OD QuHFHVVLWuH G
XWLOLVHU OD UuHJXODULVDWLRQ HW TXH O
DOJRULWKPH GH &*/6
UuHJXODULVuH� TXL HVW OH SOXV VLPSOH� HVW OH PHLOOHXU SDUPL OHV TXDWUH�

1RXV DYRQV HQVXLWH UHFRQVWUXLW GHV VLPXODWLRQV G
uHFRXOHPHQW DYHF GLmuHUHQWV SURnOV GH WDX[
GH YLGH 8Q OLVVDJH SUtHV GHV IURQWV HQWUDArQH XQH HUUHXU LPSRUWDQWH VXU OH WDX[ GH YLGH UHFRQV�
WUXLW� &
HVW SRXUTXRL QRXV DYRQV HVVD\uH GH WURXYHU GHV ERQQHV FRQnJXUDWLRQV GH IRQFWLRQQHPHQW
�PHLOOHXUH UHFRQVWUXFWLRQ GHV IURQWV� SRXU TXDWUH YDULDQWHV GX &*/6 UuHJXODULVuH �

^ OD PuHWKRGH GH 9� /D �

^ OHV PuHWKRGHV GH &KDUERQQLHU �

^ ,QWURGXFWLRQ G
LQIRUPDWLRQ D SULRUL� LQGLTXDQW RtX UuHJXODULVHU SHX �

^ ,QWURGXFWLRQ G
LQIRUPDWLRQ D SULRUL� LQGLTXDQW RtX VRQW OHV SL[HOV QXOV�

3RXU OHV WURLV SUHPLtHUHV PuHWKRGHV� QRXV Q
DYRQV SDV WURXYuH GH FRQGLWLRQ GH IRQFWLRQQHPHQW
DFFHSWDEOH�

/D GHUQLtHUH PuHWKRGH HVW OD VHXOH TXL DLW GRQQuH XQH ERQQH UHFRQVWUXFWLRQ GX WDX[ GH YLGH
VDQV SUREOtHPH DX QLYHDX GHV IURQWV� (Q HmHW DYHF FHWWH PuHWKRGH� FHV GHUQLHUV VRQW uHOLPLQuHV�
1RXV VRXVWUD\RQV GHV PHVXUHV OHV PHVXUHV tD YLGH� FH TXL uHOLPLQH OD SDUW GH O
DWWuHQXDWLRQ GXH
DX[ SDURLV� 3XLV QRXV LQGLTXRQV tD O
DOJRULWKPH OH GRPDLQH RtX QRXV YRXORQV UHFRQVWUXLUH HW RtX
LO IDXW UuHJXODULVHU� ,O Q
\ D SOXV GH UuHJXODULVDWLRQ� GRQF GH OLVVDJH� HQWUH OD ]RQH LQWuHUHVVDQWH HW
VRQ HQWRXUDJH tD XQH YDOHXU QXOOH�

3RXU OHV UHFRQVWUXFWLRQV GH PHVXUHV UuHHOOHV� QRXV XWLOLVHURQV GRUuHQDYDQW FHW DOJRULWKPH TXH
QRXV DSSHORQV DOJRULWKPH GX PDVTXH�

3RXU FHW DOJRULWKPH� QRXV DYRQV UHPDUTXuH TXH OD GuHWHUPLQDWLRQ GX PDVTXH uHWDLW WUtHV
LPSRUWDQWH � LO IDXW TX
LO QH VRLW QL WURS uHWURLW� QL WURS ODUJH�



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;



&KDSLWUH �

'LVSRVLWLI 0LQL�720,;

��� ,QWURGXFWLRQ

/
REMHW GH FH FKDSLWUH HVW GH GuHFULUH OH GLVSRVLWLI 0LQL�720,; HW GH GuHnQLU OHV PHLOOHXUV
UuHJODJHV GH VHV SDUDPtHWUHV GH IRQFWLRQQHPHQW DnQ G
DYRLU OD PHLOOHXUH UHFRQVWUXFWLRQ SRVVLEOH�

1RXV WUDLWHURQV GHV SDUDPtHWUHV VXLYDQWV �

^ 5uHJODJH GHV SDUDPtHWUHV GX JuHQuHUDWHXU GH UD\RQV ; HW GHV SKRWRPXOWLSOLFDWHXUV �

^ &KRL[ GX nOWUH GX SRUWH�WXEH �

^ &KRL[ GH OD KDXWH�WHQVLRQ GX WXEH �

^ &KRL[ GH O
LQWHQVLWuH GX WXEH �

^ &KRL[ GHV KDXWHV WHQVLRQV GHV SKRWRPXOWLSOLFDWHXUV �

^ 5uHJODJH GHV SDUDPtHWUHV G
DFTXLVLWLRQV �

^ &KRL[ GX nOWUH SDVVH�EDV VXU OHV PHVXUHV �

^ &KRL[ GH OD IUuHTXHQFH G
DFTXLVLWLRQ �

^ &KRL[ GX QRPEUH GH PHVXUHV�

1RXV RSWLPLVHURQV FHV SDUDPtHWUHV SRXU HmHFWXHU GHV PHVXUHV VXU GHV FLEOHV HQ 3OH[LJODV HW
VXU GHV uHFRXOHPHQWV�

$SUtHV DYRLU RSWLPLVuH FHV SDUDPtHWUHV� QRXV WURXYHURQV XQ PR\HQ G
uHOLPLQHU FHUWDLQV HmHWV
SDUDVLWHV�



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

��� 'HVFULSWLRQ GH 0LQL�720,;

&H GLVSRVLWLI H[SuHULPHQWDO D uHWuH PLV HQ SODFH GDQV OH FDGUH GH FH WUDYDLO�

����� 'HVFULSWLRQ GX GLVSRVLWLI H[SuHULPHQWDO

0LQL�720,; VH FRPSRVH G
XQH FKDArQH GH PHVXUH SRXU UD\RQV ;� G
XQH FKDArQH GH PHVXUH
SRXU VRQGH RSWLTXH� G
XQH VHFWLRQ G
HVVDLV HW GH GHX[ EDQFV GH GuHSODFHPHQW �VFKuHPD ���� SKR�
WRJUDSKLHV ��� HW �����

4UBEÅ8

$±TECTEURÅ�

4UBEÅ8

$±TECTEURÅ�

$±TECTEURÅ�

$±TECTEURÅ�

6UEÅDEÅFACE 6UEÅDEÅHAUT

4ABLEÅROTATIVE

$±PLACEMENTÅVERTICAL

$±PLACEMENT

ÅHORIZONTAL

3ONDEÅOPTIQUE

$±PLACEMENTS

ÅHORIZONTAUX

)LJ� ���� 6FKuHPD GH 0LQL�720,;

6XU OH SUHPLHU EDQF� VRQW PRQWuHV XQ WXEH tD UD\RQV ; tD GHX[ IHQAHWUHV HW DQWLFDWKRGH GH
&XLYUH� HW GHX[ SKRWRPXOWLSOLFDWHXUV tD VFLQWLOODWHXUV 1D,�7D�� /
XQ GHV SKRWRPXOWLSOLFDWHXUV HVW
XWLOLVuH SRXU XQH PHVXUH GH UuHIuHUHQFH GH O
LQWHQVLWuH GX IDLVFHDX ; �GuHWHFWHXU � VXU OH VFKuHPD ����
HW O
DXWUH SRXU OD PHVXUH GH O
LQWHQVLWuH GX IDLVFHDX ; DWWuHQXuH SDU O
uHFRXOHPHQW �GuHWHFWHXU � VXU
OH VFKuHPD ����� /HV GHX[ SKRWRPXOWLSOLFDWHXUV RQW uHWuH PRGLnuHV SRXU PHVXUHU OH oX[ GH SKRWRQV
UHzFXV�

/HV GHX[ IHQAHWUHV GX WXEH VRQW FROOLPDWuHV tD ��� PP GH GLDPtHWUH� /H WXEH tD UD\RQV ; HVW
DOLPHQWuH SDU XQ JuHQuHUDWHXU VWDELOLVuH SRXYDQW GuHOLYUHU XQH WHQVLRQ GH �� tD �� N9 HW XQ FRXUDQW
GH � tD �� P$� /D SXLVVDQFH PD[LPDOH DGPLVVLEOH SDU OH WXEH tD UD\RQV ; HVW GH � ��� :� 'HX[
JuHQuHUDWHXUV VWDELOLVuHV DOLPHQWHQW OHV GHX[ SKRWRPXOWLSOLFDWHXUV DYHF XQH WHQVLRQ PD[LPDOH GH
��� N9� &HV WURLV JuHQuHUDWHXUV VRQW FRQWUAROuHV LQGuHSHQGDPPHQW SDU OH 3&�

/H WXEH HW OHV SKRWRPXOWLSOLFDWHXUV VRQW n[uHV VXU OH PAHPH VXSSRUW� 7RXW FHW HQVHPEOH SHXW
VH GuHSODFHU YHUWLFDOHPHQW HW KRUL]RQWDOHPHQW JUADFH tD GHX[ V\VWtHPHV GH YLV VDQV nQ HQWUDArQuHHV
SDU GHV PRWHXUV SDV tD SDV� /H SDV GH GuHSODFHPHQW HVW G
XQ PLFURPtHWUH� /D VHFWLRQ G
HVVDLV HVW
PRQWuHH VXU XQH WDEOH WRXUQDQWH� FH TXL SHUPHW G
REWHQLU OHV YXHV VXLYDQW GLmuHUHQWV DQJOHV� /H
SDV GH URWDWLRQ HVW GH ���� p� 7RXV FHV GuHSODFHPHQWV VRQW PXQLV GH FRQWDFWV GH nQ GH FRXUVH
HW G
XQH GuHWHFWLRQ G
RULJLQH YLD XQ FDSWHXU RSWLTXH� /D UHFKHUFKH G
RULJLQH SHUPHW GH WRXMRXUV



&KDSLWUH �� 'LVSRVLWLI 0LQL�720,; ���

)LJ� ���� 3KRWRJUDSKLH G
HQVHPEOH GH 0LQL�720,;

)LJ� ���� 3KRWRJUDSKLH GH OD VRQGH RSWLTXH GH 0LQL�720,;



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

FRPPHQFHU OHV DFTXLVLWLRQV DYHF XQ GLVSRVLWLI GDQV OD PAHPH SRVLWLRQ� /H 3& FRQWUAROH WRXV FHV
GuHSODFHPHQWV�

8QH VRQGH RSWLTXH SuHQtHWUH GDQV OD VHFWLRQ G
HVVDLV SDU VRQ RULnFH VXSuHULHXU �SKRWRJUD�
SKLH �����

/D SRLQWH WUtHV nQH �GH O
RUGUH G
XQH GL]DLQH GH xP� GH FHWWH VRQGH� REWHQXH SDU O
uHWLUHPHQW
G
XQH nEUH RSWLTXH� HVW SRVLWLRQQuHH GDQV O
uHFRXOHPHQW GLSKDVLTXH� 8Q IDLVFHDX OXPLQHX[ HVW
HQYR\uH GDQV FHWWH nEUH� 6L OD SRLQWH HVW GDQV OD SKDVH OLTXLGH� HQ UDLVRQ GH OD IDLEOH GLmuHUHQFH
G
LQGLFH HQWUH OD nEUH HW O
HDX� OH UD\RQ OXPLQHX[ HVW GLmUDFWuH GDQV OD SKDVH OLTXLGH HW DXFXQ
VLJQDO Q
HVW UuHFXSuHUuH HQ VRUWLH GH nEUH� 6L OD nEUH HVW GDQV OD SKDVH JD]HXVH� OD GLmuHUHQFH
G
LQGLFH HQWUH OH JD] HW OD nEUH SURYRTXH OD UuHoH[LRQ GH OD OXPLtHUH� TXL HVW DORUV UuHFXSuHUuHH
HQ H[WUuHPLWuH GH nEUH� 'HX[ VHXLOV VXU OH VLJQDO GH VRUWLH SHUPHWWHQW GH GuHWHFWHU OHV IURQWV
PRQWDQWV HW GHVFHQGDQWV � OH VLJQDO ELQDLUH DLQVL REWHQX UHSUuHVHQWH OD IRQFWLRQ LQGLFDWULFH GH
SKDVH �VFKuHPD ����� /D PR\HQQH WHPSRUHOOH GH FH VLJQDO GRQQH OH WDX[ GH SUuHVHQFH ORFDO DYHF
XQH LQFHUWLWXGH DEVROXH GH h� ��

DIODEÅ,ASER

COUPLEURÅ�ÅS±PARATEUR

PHOTO
R±CEPTEUR FIBRE�S	

,IQUIDE

'AZ

SIGNAL

,IQUIDE

'AZ

SONDE

)LJ� ���� 3ULQFLSH GH IRQFWLRQQHPHQW GH OD VRQGH RSWLTXH

&HWWH VRQGH HVW GuHSODFuHH GDQV XQ SODQ KRUL]RQWDO JUADFH tD GHX[ PRWHXUV SDV tD SDV� DYHF XQH
SUuHFLVLRQ G
� xP� &HOD SHUPHW G
REWHQLU XQH FDUWH GX WDX[ GH SUuHVHQFH ORFDO DX PAHPH QLYHDX
TXH OD PHVXUH WRPRJUDSKLTXH� 8Q GHX[LtHPH 3& FRQWUAROH OHV GuHSODFHPHQWV HW O
DFTXLVLWLRQ GH OD
VRQGH RSWLTXH�

����� 'HVFULSWLRQ GH OD VHFWLRQ G
HVVDLV

/D VHFWLRQ G
HVVDLV HVW XQH FRORQQH HQ 3OH[LJODV GH VHFWLRQ LQWuHULHXUH FDUUuHH GH �� PP GH
FARWuH �SODQ ����� /HV SDURLV RQW XQH uHSDLVVHXU GH �� PP�



&KDSLWUH �� 'LVSRVLWLI 0LQL�720,; ���
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)LJ� ���� 3ODQ GH OD VHFWLRQ G
HVVDLV (XFDO\SWXV

&HWWH VHFWLRQ HVW UHPSOLH G
HDX GuHPLQuHUDOLVuHH� 8QH DUULYuHH G
DLU tD OD EDVH GH OD FRORQQH
SHUPHW GH JuHQuHUHU XQ uHFRXOHPHQW GLSKDVLTXH� /
DLU WUDYHUVH XQH SODTXH SHUIRUuHH HQ EDV GH OD
FRORQQH� FUuHDQW DLQVL XQ uHFRXOHPHQW tD EXOOHV XQLIRUPH� 8Q GuHoHFWHXU HQ 3OH[LJODV SHXW AHWUH
SRVLWLRQQuH GDQV OD VHFWLRQ DnQ GH GuHYLHU O
uHFRXOHPHQW HW REWHQLU XQ WDX[ GH YLGH QRQ XQLIRUPH�

/H GuHELW G
DLU HVW UuHJODEOH HW PHVXUuH JUADFH tD XQ GuHELWPtHWUH PDVVLTXH WKHUPLTXH� 'DQV XQH
JDPPH GH � tD �� 1O�PLQb�� OD SUuHFLVLRQ HVW GH h ��� ��

&HWWH VHFWLRQ G
HVVDLV HVW SRVLWLRQQuHH VXU OD WDEOH URWDWLYH GH VRUWH TXH VRQ D[H HW O
D[H GH
URWDWLRQ GH OD WDEOH VRLHQW FRQIRQGXV HW YHUWLFDX[� $ O
RULHQWDWLRQ �p� OHV IDFHV GH OD FRORQQH
VRQW SDUDOOtHOHV DX GuHSODFHPHQW HQ WUDQVODWLRQ GH O
HQVHPEOH WXEH HW SKRWRPXOWLSOLFDWHXUV� &HWWH
SRVLWLRQ SHUPHW G
DOLJQHU OD VHFWLRQ G
HVVDLV DYHF OD JULOOH GH UHFRQVWUXFWLRQ�

&HWWH VHFWLRQ G
HVVDLV SRXUUD AHWUH UHPSODFuHH SDU GHV IDQWARPHV HQ 3OH[LJODV TXL VHURQW DXVVL
SRVLWLRQQuHV VXU OD WDEOH GH URWDWLRQ� &HV IDQWARPHV VRQW GHV F\OLQGUHV GH 3OH[LJODV SHUFuHV GH
SOXVLHXUV WURXV �YRLU VHFWLRQ �������



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

����� 'HVFULSWLRQ GX V\VWtHPH GH FRQWUAROH�FRPPDQGH GH0LQL�720,;

1RXV DOORQV GDQV FHWWH SDUWLH GuHFULUH OHV SURFuHGXUHV HW OHV SURJUDPPHV G
DFTXLVLWLRQ VRXV
/DEYLHZ GHV GHX[ 3&�

0HVXUHV WRPRJUDSKLTXHV

&H SURJUDPPH FRQWUAROH O
DFTXLVLWLRQ GH OD SDUWLH WRPRJUDSKLH GH 0LQL�720,; �nJXUH �����

)LJ� ���� ,QWHUIDFH GX SURJUDPPH G
DFTXLVLWLRQ WRPRJUDSKLTXH GH 0LQL�720,;

3RXU FKDTXH SRVLWLRQ GH PHVXUHV� Q YDOHXUV GHV VLJQDX[ 9PHVXUH HW 9UuHIuHUHQFH GHV GHX[ SKRWR�
PXOWLSOLFDWHXUV VRQW DFTXLVHV� /HV YDOHXUV PR\HQQHV 9PHVXUH� PR\HQ HW 9UuHIuHUHQFH� PR\HQ GH FHV VLJQDX[
VRQW HQUHJLVWUuHHV GDQV XQ nFKLHU� $ OD nQ GH O
HQVHPEOH GHV DFTXLVLWLRQV� O
DWWuHQXDWLRQ HVW FDO�
FXOuHH SRXU FKDTXH SRVLWLRQ GH PHVXUHV�

6RLHQW L� OH QXPuHUR GH SURMHFWLRQ HW M OH QXPuHUR GH URWDWLRQ� /H oX[ GH UuHIuHUHQFH� F
HVW tD
GLUH VDQV WUDYHUVHU G
REMHW� HVW REWHQX SDU LQWHUSRODWLRQ OLQuHDLUH HQWUH OD SUHPLtHUH HW GHUQLtHUH
PHVXUHV tD OD SRVLWLRQ DQJXODLUH FRQVLGuHUuHH �

9tD YLGH�L� M�  9PHVXUH� PR\HQ��� M� � �9PHVXUH� PR\HQ�0� M�b 9PHVXUH� PR\HQ��� M��
Lb �
0 b � �����



&KDSLWUH �� 'LVSRVLWLI 0LQL�720,; ���

$ FHV SRVLWLRQV� OHV UD\RQV ; QH WUDYHUVHQW QL OHV IDQWARPHV� QL OD VHFWLRQ G
HVVDLV�

/
DWWuHQXDWLRQ OLQuHLTXH HVW DORUV REWHQXH SDU �

$�L� M�  OQ
9tD YLGH�L� M�

9PHVXUH� PR\HQ�L� M�
�����

3RXU OHV EHVRLQV GX SURJUDPPH G
DFTXLVLWLRQ� DSUtHV FKDTXH DFTXLVLWLRQ� XQ FDOFXO �LQVWDQ�
WDQuH� GH O
DWWuHQXDWLRQ OLQuHLTXH HVW UuHDOLVuH YLD OD PR\HQQH GHV Q DWWuHQXDWLRQV REWHQXHV JUADFH DX[
Q YDOHXUV GH WHQVLRQ GHV GHX[ YRLHV �

$LQVWDQWDQuHH�L� M�  
�

Q

;

Q

�

OQ
9UuHIuHUHQFH�L� M�

9PHVXUH�L� M�

w

�����

8QH uHWXGH D SHUPLV GH GuHPRQWUHU TXH O
uHFDUW HQWUH FHV GHX[ PuHWKRGHV GH FDOFXO GH O
DWWuHQXD�
WLRQ OLQuHLTXH HVW LQIuHULHXU tD ��� � SRXU OHV uHFRXOHPHQWV tD EXOOHV JuHQuHUuHV GDQV OD VHFWLRQ G
HVVDLV
XWLOLVuHH HW REWHQXV DYHF GLmuHUHQWV GuHELWV G
DLU�

/
XWLOLVDWHXU VDLVLW OHV SDUDPtHWUHV VXLYDQWV �

^ UuHJODJH PDQXHO RX DXWRPDWLTXH GHV SDUDPtHWUHV GX WXEH tD UD\RQV ; HW GHV SKRWRPXOWLSOL�
FDWHXUV �

^ GDQV OH FDV G
XQ UuHJODJH PDQXHO� WHQVLRQ HW LQWHQVLWuH GX WXEH HW WHQVLRQV GHV SKRWRPXOWL�
SOLFDWHXUV �

^ QRPEUH GH PHVXUHV HW OD IUuHTXHQFH G
DFTXLVLWLRQ �

^ HQWUuHH PDQXHOOH RX UHFKHUFKH DXWRPDWLTXH GHV SRVLWLRQV H[WUAHPHV GH PHVXUHV SRXU OD
WUDQVODWLRQ �

^ QRPEUH GH SURMHFWLRQV �

^ SRVLWLRQV H[WUAHPHV SRXU OD URWDWLRQ �

^ QRPEUH GH URWDWLRQV PDQXHO RX RSWLPDO �

^ uHFKDQWLOORQQDJH QRUPDO RX HQWUHODFuH �

^ XWLOLVDWLRQ RX QRQ GH OD PHVXUH SDU VRQGH RSWLTXH �

^ QRP GH nFKLHU�

/H SURJUDPPH G
DFTXLVLWLRQ WRPRJUDSKLTXH VXLW OD SURFuHGXUH VXLYDQWH �V\QRSWLTXH ���� �

�� 5HFKHUFKH GHV RULJLQHV SRXU OD WUDQVODWLRQ HW OD URWDWLRQ �

�� 0HVXUH HW HQUHJLVWUHPHQW GX GuHELW G
DLU �

�� 6L O
XWLOLVDWHXU OH GuHVLUH� ODQFHPHQW GH O
DFTXLVLWLRQ GH OD VRQGH RSWLTXH �

�D� URWDWLRQ GH OD VHFWLRQ G
HVVDLV SRXU TX
HOOH VRLW SDUDOOtHOH DX[ GuHSODFHPHQWV GH OD VRQGH
RSWLTXH �

�E� HQYRL GH OD FRPPDQGH GH GuHPDUUDJH G
DFTXLVLWLRQ tD O
DXWUH 3& �

�F� DWWHQWH GH OD UuHSRQVH GH nQ G
DFTXLVLWLRQ GH OD VRQGH RSWLTXH �

�� ,QLWLDOLVDWLRQ GH OD PHVXUH WRPRJUDSKLTXH � VXLYDQW OH FKRL[ GH O
XWLOLVDWHXU �

^ UuHJODJHV PDQXHOV �

�D� UuHJODJH GH OD WHQVLRQ HW GH O
LQWHQVLWuH GX WXEH tD UD\RQV ; �



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;
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)LJ� ���� 6\QRSWLTXH GH O
DFTXLVLWLRQ WRPRJUDSKLTXH GH 0LQL�720,;



&KDSLWUH �� 'LVSRVLWLI 0LQL�720,; ���

�E� FUuHDWLRQ G
XQH PDWULFH FRPSRUWDQW OLJQH SDU OLJQH OHV SRVLWLRQV SRXU FKDTXH
DFTXLVLWLRQ �

^ UuHJODJHV DXWRPDWLTXHV �

�D� 5HFKHUFKH DXWRPDWLTXH GHV ERUGV GH OD SLtHFH HW GH OD SRVLWLRQ GH O
D[H GH URWDWLRQ
GH OD VHFWLRQ G
HVVDLV �

L� 5uHJODJH GH O
DOLPHQWDWLRQ GX WXEH tD �� N9 HW � P$ HW GHV DOLPHQWDWLRQV GHV
SKRWRPXOWLSOLFDWHXUV SRXU TXH OHV VLJQDX[ VRLHQW SURFKHV GH ��� 9 SRXU GHV
IDLVFHDX[ QRQ DWWuHQXuHV �

LL� 3RVLWLRQQHPHQW GH OD WDEOH tD �p �

LLL� (Q SDUWDQW GH OD EXWuHH JDXFKH GH OD WUDQVODWLRQ� SDU SDV GH � PP� UHFKHUFKH
GH OD SRVLWLRQ GX ERUG JDXFKH GH OD VHFWLRQ G
HVVDLV� F
HVW tD GLUH OD SRVLWLRQ
tD SDUWLU GH ODTXHOOH O
DWWuHQXDWLRQ HVW DX�GHVVXV GH ��� �

LY� $ SDUWLU GH FHWWH SRVLWLRQ� UHFKHUFKH SDU GLFKRWRPLH GH OD SRVLWLRQ JDXFKH
SRXU ODTXHOOH O
DWWuHQXDWLRQ HVW GH ��� �

Y� (Q DOODQW GH �p tD ���p SDU SDV GH �p� YuHULnFDWLRQ GH OD SRVLWLRQ GX ERUG
JDXFKH � VL O
DWWuHQXDWLRQ PHVXUuHH HVW VXSuHULHXUH tD ���� FHWWH SRVLWLRQ HVW
UHFXOuHH GH � PP �

YL� $ ���p� HQ SDUWDQW GH OD EXWuHH GURLWH GH OD WUDQVODWLRQ� UHFKHUFKH GH OD PAHPH
IDzFRQ GX ERUG GURLW GH OD VHFWLRQ G
HVVDLV �

YLL� $ ���p� UHFKHUFKH SDU GLFKRWRPLH GH OD SRVLWLRQ GURLWH GRQQDQW XQH DWWuHQXD�
WLRQ GH ��� �

YLLL� (Q DOODQW GH ���p tD �p SDU SDV GH �p� YuHULnFDWLRQ GH OD SRVLWLRQ GX ERUG GURLW �
VL O
DWWuHQXDWLRQ PHVXUuHH HVW VXSuHULHXUH tD ���� FHWWH SRVLWLRQ HVW UHFXOuHH GH
� PP �

L[� &DOFXO GH OD SRVLWLRQ GH O
D[H GH URWDWLRQ GH OD VHFWLRQ G
HVVDLV SDU OD PR\HQQH
GHV GHX[ SRVLWLRQV G
DWWuHQXDWLRQ tD ��� �

[� &UuHDWLRQ G
XQH PDWULFH FRPSRUWDQW OLJQH SDU OLJQH OHV SRVLWLRQV SRXU FKDTXH
DFTXLVLWLRQ GH IDzFRQ tD FH TXH OHV PHVXUHV VRLHQW UuHSDUWLHV V\PuHWULTXHPHQW
DXWRXU GH OD SRVLWLRQ GH O
D[H GH URWDWLRQ GH OD VHFWLRQ G
HVVDLV �

�E� 5uHJODJH GHV WHQVLRQV GHV SKRWRPXOWLSOLFDWHXUV HW GH O
LQWHQVLWuH GX WXEH tD UD\RQV
; �FHWWH SURFuHGXUH VHUD MXVWLnuHH XOWuHULHXUHPHQW� �

L� 5uHJODJH GHV DOLPHQWDWLRQV GHV SKRWRPXOWLSOLFDWHXUV SRXU TXH OHV VLJQDX[
VRLHQW SURFKHV GH ��� 9 SRXU GHV IDLVFHDX[ QRQ DWWuHQXuHV �

LL� 5HFKHUFKH GH OD SRVLWLRQ G
DWWuHQXDWLRQ PD[LPDOH tD �p HW tD ��p �

LLL� $ OD SRVLWLRQ G
DWWuHQXDWLRQ PD[LPDOH� VL OH VLJQDO HVW LQIuHULHXU tD ���� 9�
DXJPHQWDWLRQ GH O
LQWHQVLWuH GX WXEH MXVTX
tD FH TXH OH VLJQDO VRLW VXSuHULHXU tD
��� 9 HW UHWRXU tD O
uHWDSH L�

�� &UuHDWLRQ GX nFKLHU KLVWRULTXH �

�� 3RVLWLRQQHPHQW HQ WUDQVODWLRQ GH O
HQVHPEOH WXEH HW SKRWRPXOWLSOLFDWHXUV HW HQ URWDWLRQ
GH OD WDEOH �

�� $FTXLVLWLRQ GHV VLJQDX[ GHV GHX[ SKRWRPXOWLSOLFDWHXUV �

�� 6L OD VDWXUDWLRQ GH OD FDUWH RX O
DEVHQFH GH UD\RQV ; HVW GuHWHFWuHH YLD GHX[ VHXLOV VXU OHV
VLJQDX[ DFTXLV� OH SURJUDPPH UHYLHQW tD O
uHWDSH � �



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

�� &DOFXO �LQVWDQWDQuH� GH O
DWWuHQXDWLRQ �

��� 6L O
uHFDUW HQWUH O
DWWuHQXDWLRQ FDOFXOuHH HW O
DWWuHQXDWLRQ GH OD SRVLWLRQ SUuHFuHGHQWH HVW VXSuH�
ULHXU tD �� DWWHQWH GH � PLQXWHV �FHWWH SURFuHGXUH VHUD MXVWLnuHH XOWuHULHXUHPHQW� HW UHWRXU tD
O
uHWDSH � �

��� (QUHJLVWUHPHQW GHV SRVLWLRQV HW GHV YDOHXUV PR\HQQHV GHV VLJQDX[ GHV GHX[ SKRWRPXOWL�
SOLFDWHXUV GDQV OHV nFKLHUV PHVXUH HW KLVWRULTXH �

��� -XVTX
tD OD nQ GHV PHVXUHV� UHWRXU tD O
uHWDSH � �

��� $UUAHW GX GLVSRVLWLI H[SuHULPHQWDO �

^ FDOFXO GH O
DWWuHQXDWLRQ tD FKDTXH SRVLWLRQ SRXU O
DOJRULWKPH GH UHFRQVWUXFWLRQ �uHTXD�
WLRQ ������ �

^ FRQVWUXFWLRQ GX nFKLHU SRXU O
DOJRULWKPH GH UHFRQVWUXFWLRQ�

^ UHWRXU tD O
RULJLQH HQ WUDQVODWLRQ HW HQ URWDWLRQ �

^ DUUAHW GX JuHQuHUDWHXU tD UD\RQV ; �

^ PHVXUH GX GuHELW G
DLU �

^ HQUHJLVWUHPHQW GX GuHELW G
DLU HW GH O
KHXUH GDQV OH nFKLHU KLVWRULTXH�

6L XQH HUUHXU HVW GuHWHFWuHH� O
DFTXLVLWLRQ HVW DUUAHWuHH�

$ OD nQ GH O
DFTXLVLWLRQ� OH SURJUDPPH JuHQtHUH WURLV nFKLHUV �

^ XQ nFKLHU KLVWRULTXH FRPSUHQDQW WRXV OHV SDUDPtHWUHV GH UuHJODJHV� OHV GuHELWV G
DLU� OD GDWH
HW O
KHXUH GHV PHVXUHV HW uHYHQWXHOOHPHQW XQ PHVVDJH G
HUUHXU �

^ XQ nFKLHU GH GRQQuHHV FRPSRUWDQW VRXV IRUPH GH FRORQQHV OHV SRVLWLRQV YHUWLFDOHV� HQ URWD�
WLRQ HW KRUL]RQWDOHV HW OHV DWWuHQXDWLRQV PHVXUuHHV� &KDTXH OLJQH FRUUHVSRQG tD XQH PHVXUH
tD XQH SRVLWLRQ GRQQuHH �

^ XQ nFKLHU GHV DWWuHQXDWLRQV PHVXUuHHV IRUPDWuHHV SRXU O
DOJRULWKPH GH UHFRQVWUXFWLRQ�

0HVXUHV GH OD VRQGH RSWLTXH

&H SURJUDPPH FRQWUAROH OH GuHSODFHPHQW GH OD VRQGH RSWLTXH HW VD FDUWH G
DFTXLVLWLRQ �n�
JXUH �����

3RXU FKDTXH SRVLWLRQ GH PHVXUH� OHV uHYuHQHPHQWV �IURQWV PRQWDQWV RX GHVFHQGDQWV� GH OD
IRQFWLRQ LQGLFDWULFH GH SKDVH REWHQXH DSUtHV VHXLOODJH GX VLJQDO GH OD VRQGH RSWLTXH VRQW HQ�
UHJLVWUuHV� &HWWH DFTXLVLWLRQ V
DUUAHWH SDU XQ QRPEUH PD[LPDO G
uHYuHQHPHQWV RX SDU XQH GXUuHH
PD[LPDOH G
DFTXLVLWLRQ� &HWWH GXUuHH PD[LPDOH HVW n[uHH SDU O
XWLOLVDWHXU HW HVW FKRLVLH FRPPH OD
GXUuHH GRQQDQW XQ WDX[ GH SUuHVHQFH ORFDO FRQYHUJuH tD h�� SUtHV HQ UHODWLI DX FHQWUH GH OD FRORQQH�
/
XWLOLVDWHXU VDLVLW OHV SDUDPtHWUHV VXLYDQWV �

^ OHV OLPLWHV SRXU FKDTXH GuHSODFHPHQW �

^ OH QRPEUH GH SRVLWLRQV SRXU FKDTXH GuHSODFHPHQW �

^ VL OH SURJUDPPH IRQFWLRQQH HQ ORFDO RX FRPPDQGuH SDU OH SURJUDPPH G
DFTXLVLWLRQ WRPR�
JUDSKLTXH FL�GHVVXV �

^ XQ QRP GH nFKLHU�

/H SURJUDPPH G
DFTXLVLWLRQ WRPRJUDSKLTXH VXLW OD SURFuHGXUH VXLYDQWH �V\QRSWLTXH ���� �
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)LJ� ���� ,QWHUIDFH GX SURJUDPPH G
DFTXLVLWLRQ GH OD VRQGH RSWLTXH GH 0LQL�720,;

�� 6L OH SURJUDPPH HVW FRPPDQGuH SDU O
DFTXLVLWLRQ WRPRJUDSKLTXH� DWWHQWH GX PHVVDJH GH
GuHPDUUDJH G
DFTXLVLWLRQ �

�� &UuHDWLRQ G
XQH PDWULFH FRPSRUWDQW OHV SRVLWLRQV GH PHVXUHV �

�� 3RVLWLRQQHPHQW GH OD VRQGH RSWLTXH �

�� $FTXLVLWLRQ GH OD IRQFWLRQ LQGLFDWULFH GH SKDVH �HQUHJLVWUHPHQW GHV uHYuHQHPHQWV� �

�� 5HWRXU tD O
uHWDSH � MXVTX
tD OD nQ GHV DFTXLVLWLRQV �

�� 3RVLWLRQQHPHQW GH OD VRQGH RSWLTXH DX FHQWUH GH OD VHFWLRQ G
HVVDLV �

�� (QYRL GX PHVVDJH GH nQ G
DFTXLVLWLRQ DX SURJUDPPH G
DFTXLVLWLRQ WRPRJUDSKLTXH �

�� SRXU FKDTXH SRVLWLRQ� FDOFXO GX WDX[ GH SUuHVHQFH ORFDO �

�� HQUHJLVWUHPHQW GX nFKLHU GH UuHVXOWDWV FRQWHQDQW OD FDUWH GX WDX[ GH SUuHVHQFH ORFDO�

&H GHUQLHU HVW IRUPDWuH DX IRUPDW GX ORJLFLHO GH YLVXDOLVDWLRQ 6S\JODVV� /H nFKLHU G
DFTXLVLWLRQ
GX VLJQDO GH OD VRQGH RSWLTXH SRXU FKDTXH SRVLWLRQ HVW FRQVHUYuH�

6L XQH HUUHXU HVW GuHWHFWuHH� O
DFTXLVLWLRQ HVW DUUAHWuHH�

7uHOuHPHVXUH

8Q WURLVLtHPH SURJUDPPH SHUPHW GH YLVXDOLVHU tD GLVWDQFH O
uHWDW GHV SURJUDPPHV SUuHFuHGHQWV
YLD OH UuHVHDX LQIRUPDWLTXH�



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;
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��� 5uHJODJHV GX JuHQuHUDWHXU GH UD\RQ ;

����� &KRL[ GH OD KDXWH WHQVLRQ GX WXEH HW GX nOWUH GX SRUWH�WXEH

/H WXEH XWLOLVuH SRVVtHGH XQH DQWLFDWKRGH HQ &XLYUH� /H VSHFWUH uHPLV HVW FRPSRVuH GX VSHFWUH
GH IUHLQDJH FRQWLQX HW GHV GHX[ UDLHV .m tD ���� NH9 HW .n tD ���� NH9� 2U O
DWWuHQXDWLRQ PHVXUuHH
HVW OD PR\HQQH GHV DWWuHQXDWLRQV SRXU FKDTXH uHQHUJLH SRQGuHUuHHV SDU OH oX[ GH SKRWRQV tD FHWWH
uHQHUJLH� &HV UDLHV WUtHV LQWHQVHV RQW GHV uHQHUJLHV WUtHV YRLVLQHV� FH TXL ULVTXH GH SURYRTXHU XQH
HUUHXU LPSRUWDQWH VXU OD PHVXUH GH O
DWWuHQXDWLRQ�

,O HVW GRQF LQWuHUHVVDQW GH FKHUFKHU tD VXSSULPHU XQH GHV UDLHV�

/H WXEH tD UD\RQV ; HVW OLYUuH DYHF SOXVLHXUV uHFUDQV TXL SHXYHQW AHWUH GLVSRVuHV GHYDQW OHV
IHQAHWUHV� /H nOWUH 1LFNHO DWWuHQXH SUHVTXH FRPSOtHWHPHQW OD UDLH .n GX &XLYUH� ,O QH UHVWH SOXV
TXH OD UDLH .m� &
HVW OH nOWUH TXL SHUPHW G
AHWUH OH SOXV PRQRFKURPDWLTXH SRVVLEOH SRXU XQH
DQWLFDWKRGH HQ &XLYUH� 1RXV XWLOLVHURQV FH nOWUH�

,O IDXW XQH uHQHUJLH VXpVDQWH SRXU WUDYHUVHU OHV uHSDLVVHXUV GH 3OH[LJODV HW G
HDX FDUDFWuHULVWL�
TXHV GH QRV IDQWARPHV HW GH QRWUH VHFWLRQ G
HVVDLV� /
uHQHUJLH GHV SKRWRQV uHPLV GuHSHQG GH OD
KDXWH WHQVLRQ GX WXEH� 8QH WHQVLRQ GX WXEH LQIuHULHXUH tD �� N9 GRQQH XQ oX[ GH SKRWRQV HQ
VRUWLH GH VHFWLRQV G
HVVDLV WURS IDLEOH SRXU HmHFWXHU XQH PHVXUH SUuHFLVH�

'H SOXV� QRXV DYRQV LQWuHUAHW tD XWLOLVHU XQ IDLVFHDX OH SOXV PRQRFKURPDWLTXH SRVVLEOH� GRQF tD
XWLOLVHU OD UDLH .m GX WXEH� /H FKRL[ GH OD WHQVLRQ GX WXEH HW GX nOWUH GRLW SHUPHWWUH G
uHOLPLQHU
OH SOXV SRVVLEOH OH IRQG FRQWLQX HW WRXWHV OHV UDLHV DSUtHV O
uHQHUJLH GH OD UDLH .m�

6HORQ OHV LQIRUPDWLRQV GRQQuHHV SDU OH IDEULTXDQW GX WXEH HW GDQV >*XLQLHU� ����� S ��@� LO
IDXW IRXUQLU DX[ uHOHFWURQV GX WXEH tD UD\RQV ; XQH uHQHUJLH � tD � IRLV VXSuHULHXUH tD FHOOH GH OD UDLH
TXH QRXV YRXORQV H[FLWHU� 1RWUH WXEH D XQH DQWLFDWKRGH HQ &XLYUH DYHF XQH UDLH .m tD ���� N9�
'RQF� SDU OD VXLWH� SRXU OHV UHFRQVWUXFWLRQV� QRXV XWLOLVHURQV OH nOWUH 1LFNHO HW XQH WHQVLRQ
GH �� N9� &HOD GRQQH OH VSHFWUH GH OD nJXUH ���� PHVXUuH VXU 0LQL�720,; SDU OH 6HUYLFH GH
3URWHFWLRQ FRQWUH OHV 5D\RQQHPHQWV�

����� &KRL[ GH O
LQWHQVLWuH GX WXEH

0HVXURQV O
LQWHQVLWuH SKRWRQLTXH GX IDLVFHDX QRQ nOWUuH SRXU GLmuHUHQWHV WHQVLRQV HW GLmuHUHQWHV
LQWHQVLWuHV GX WXEH tD UD\RQV ; �nJXUH ������ 1RXV UHPDUTXRQV TX
HOOH DXJPHQWH TXDQG QRXV
DXJPHQWRQV OD WHQVLRQ G
DOLPHQWDWLRQ GX WXEH HW VRQ LQWHQVLWuH� 3RXU XQH KDXWH WHQVLRQ GX WXEH
GRQQuHH� O
LQWHQVLWuH PD[LPDOH FRUUHVSRQG tD XQH SXLVVDQFH GH ��� N:� &HWWH SXLVVDQFH PD[LPDOH
HVW LPSRVuHH SDU OH WXEH tD UD\RQV ;�

5HJDUGRQV O
uHYROXWLRQ GH O
DWWuHQXDWLRQ PHVXUuHH DYHF OD WHQVLRQ HW O
LQWHQVLWuH GX WXEH� 1RXV OD
PHVXURQV SRXU GLmuHUHQWHV uHSDLVVHXUV G
HDX� 3RXU FH IDLUH� QRXV XWLOLVRQV XQ WULDQJOH GH 3OH[LJODV
UHPSOL G
HDX GuHPLQuHUDOLVuHH �nJXUH ���� HW SKRWRJUDSKLH ����� TXH QRXV SODzFRQV GDQV OH IDLVFHDX
GH UD\RQ ;� 1RXV PHVXURQV O
DWWuHQXDWLRQ HQ QRXV GuHSODzFDQW SDUDOOtHOHPHQW tD FH WULDQJOH G
HDX�

/
DWWuHQXDWLRQ HVW REWHQXH SDU OD PR\HQQH GH � ��� PHVXUHV DFTXLVHV tD � N+] VDQV nOWUDJH�

1RXV DYRQV IDLW FHV HVVDLV SRXU XQH WHQVLRQ GX WXEH GH �� N9 �nJXUH ������ GH �� N9
�nJXUH ����� HW GH �� N9 �nJXUH ������



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;
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/
DWWuHQXDWLRQ GX IDLVFHDX QH GuHSHQG SDV GH O
LQWHQVLWuH GX WXEH SRXU XQH WHQVLRQ GX WXEH HW
XQH uHSDLVVHXU G
HDX GRQQuHHV� 1RXV PHVXURQV XQH DWWuHQXDWLRQ JOREDOH� F
HVW tD GLUH XQH PR\HQQH
GHV DWWuHQXDWLRQV VXU OH VSHFWUH uHPLV� 'RQF HQ DXJPHQWDQW O
LQWHQVLWuH� QRXV DXJPHQWRQV OH oX[
uHPLV� PDLV QRXV QH GuHIRUPRQV SDV OH VSHFWUH GX IDLVFHDX uHPLV�

0HVXURQV OH UDSSRUW VLJQDO VXU EUXLW SRXU FHV GLmuHUHQWHV WHQVLRQV HW LQWHQVLWuHV GDQV GHX[
FDV �nJXUH ����� �

^ IDLVFHDX QRQ DWWuHQXuH �

^ IDLVFHDX DWWuHQXuH SDU � FP G
HDX HW � FP GH 3OH[LJODV�
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)LJ� ����� 5DSSRUW VLJQDO VXU EUXLW HQ IRQFWLRQ GH O
LQWHQVLWuH GX WXEH VHORQ OD WHQVLRQ GX WXEH
HQ SRVLWLRQV IDLVFHDX GLUHFW HW IDLVFHDX DWWuHQXuH

3RXU FHV PHVXUHV� tD XQH WHQVLRQ HW XQH LQWHQVLWuH GRQQuHHV� O
DOLPHQWDWLRQ KDXWH�WHQVLRQ GHV
SKRWRPXOWLSOLFDWHXUV D uHWuH UuHJOuHH SRXU GRQQHU� HQ IDLVFHDX QRQ DWWuHQXuH� XQ VLJQDO GH O
RUGUH GH
� 9� &H UuHJODJH Q
D SDV uHWuH FKDQJuH SRXU OD PHVXUH GX EUXLW GX IDLVFHDX DWWuHQXuH� &HWWH FRQnJX�
UDWLRQ HVW OD PAHPH TXH FHOOH TXL VHUD XWLOLVuHH SRXU O
DFTXLVLWLRQ GH O
HQVHPEOH GHV SURMHFWLRQV�

/H UDSSRUW VLJQDO VXU EUXLW D uHWuH FDOFXOuH GH OD IDzFRQ VXLYDQWH � UDSSRUW GH OD YDOHXU PR\HQQH
GHV PHVXUHV VXU O
uHFDUW W\SH GHV PHVXUHV� &H FDOFXO HVW IDLW VXU � ��� PHVXUHV DFTXLVHV tD �N+]
VDQV nOWUDJH�

1RXV UHPDUTXRQV TXH JOREDOHPHQW� OH UDSSRUW VLJQDO VXU EUXLW GLPLQXH TXDQG O
LQWHQVLWuH GX
WXEH DXJPHQWH� 'RQF LO IDXGUD UuHJOHU O
LQWHQVLWuH GH VRUWH tD DYRLU HQ SRVLWLRQ G
DWWuHQXD�
WLRQ PD[LPDOH XQ oX[ GH SKRWRQV DVVH] JUDQG SRXU AHWUH �PHVXUDEOH�� GH O
RUGUH GH ��� 9�
PDLV LO QH IDXGUD SDV WURS DXJPHQWHU FHWWH LQWHQVLWuH SRXU uHYLWHU GH IDLUH FKXWHU OH UDSSRUW
VLJQDO VXU EUXLW�



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

����� 6WDELOLWuH GX VLJQDO GHV SKRWRPXOWLSOLFDWHXUV

$nQ GH YuHULnHU OD VWDELOLWuH GHV SKRWRPXOWLSOLFDWHXUV GDQV OH WHPSV� QRXV HQUHJLVWURQV OHXUV
VLJQDX[ HQ IRQFWLRQ GX WHPSV �nJXUH ������ /D WHQVLRQ GX WXEH HVW GH �� N9 HW VRQ LQWHQVLWuH
GH � P$� /D WHQVLRQ GHV SKRWRPXOWLSOLFDWHXUV HVW UuHJOuHH GH VRUWH TXH OHXUV VLJQDX[ VRLHQW GH
O
RUGUH GH ��� 9�
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)LJ� ����� 6LJQDX[ GHV SKRWRPXOWLSOLFDWHXUV HQ IRQFWLRQ GX WHPSV

/HV VLJQDX[ GHV SKRWRPXOWLSOLFDWHXUV SUuHVHQWHQW XQH YDULDWLRQ OHQWH SDU UDSSRUW tD OHXUV
YDOHXUV PR\HQQHV� &
HVW SRXUTXRL O
DWWuHQXDWLRQ HVW FDOFXOuHH HQ SUHQDQW FRPPH oX[ GH UuHIuHUHQFH
XQH LQWHUSRODWLRQ OLQuHDLUH GHV VLJQDX[ PHVXUuHV tD OD SUHPLtHUH HW GHUQLtHUH PHVXUHV tD XQH SRVLWLRQ
DQJXODLUH GRQQuHH �YRLU VHFWLRQ �������

1RXV FKHUFKRQV tD FRQQDArWUH OD VWDELOLWuH GHV SKRWRPXOWLSOLFDWHXUV VXLWH tD XQ uHFKHORQ GH oX[
SKRWRQLTXH� 3RXU FH IDLUH� QRXV HQUHJLVWURQV OHXUV VLJQDX[ ORUV GH OD IHUPHWXUH EUXWDOH RX GH
O
RXYHUWXUH EUXWDOH GHV IHQAHWUHV GX WXEH tD UD\RQV ; �nJXUHV ���� HW ������ 1RXV DYRQV XWLOLVuH OHV
PAHPHV UuHJODJHV TXH SUuHFuHGHPPHQW�

6XLWH tD XQ IURQW PRQWDQW RX GHVFHQGDQW G
DWWuHQXDWLRQ� OHV VLJQDX[ GHV SKRWRPXOWLSOLFDWHXUV
SUuHVHQWHQW GHV uHYROXWLRQV PRQRWRQHV OHQWHV HW RQW XQ WHPSV GH VWDELOLVDWLRQ GH O
RUGUH GH ��
PLQXWHV� $nQ GH PLQLPLVHU O
LQoXHQFH GH FH SKuHQRPtHQH� OH SURJUDPPH G
DFTXLVLWLRQ FDOFXOH
tD FKDTXH SRVLWLRQ O
DWWuHQXDWLRQ HQ XWLOLVDQW OHV GHX[ SKRWRPXOWLSOLFDWHXUV HW VL O
uHFDUW HQWUH
OHV DWWuHQXDWLRQV tD GHX[ SRVLWLRQV VXFFHVVLYHV HVW VXSuHULHXU tD �� LO DWWHQG � PLQ DYDQW GH IDLUH
O
DFTXLVLWLRQ TXL VHUYLUD tD OD GuHWHUPLQDWLRQ GH O
DWWuHQXDWLRQ� &H GuHODL HVW XQ FRPSURPLV HQWUH
OD VWDELOLVDWLRQ GX VLJQDO HW O
DXJPHQWDWLRQ GH OD GXUuHH WRWDOH G
DFTXLVLWLRQ�
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��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

����� 5uHJODJH GHV SKRWRPXOWLSOLFDWHXUV

(WXGLRQV O
LQoXHQFH GH OD KDXWH WHQVLRQ GHV SKRWRPXOWLSOLFDWHXUV VXU OH UDSSRUW VLJQDO VXU
EUXLW �nJXUH ������
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)LJ� ����� 5DSSRUW VLJQDO VXU EUXLW GHV SKRWRPXOWLSOLFDWHXUV HQ IRQFWLRQ GH OHXUV KDXWHV�WHQVLRQV

3OXV OD KDXWH�WHQVLRQ G
DOLPHQWDWLRQ GHV SKRWRPXOWLSOLFDWHXUV HVW JUDQGH� SOXV OH UDSSRUW
VLJQDO VXU EUXLW HVW LPSRUWDQW� 3DU DLOOHXUV� GDQV OD SDUWLH SUuHFuHGHQWH� QRXV DYRQV UHPDUTXuH TXH
FH GHUQLHU GLPLQXH TXDQG O
LQWHQVLWuH GX WXEH DXJPHQWH�

'RQF LO IDXW FKRLVLU XQH LQWHQVLWuH GX WXEH OD SOXV EDVVH SRVVLEOH DYHF XQ oX[ GH
SKRWRQV DVVH] JUDQG SRXU WUDYHUVHU O
REMHW PHVXUuH� HW XQH KDXWH�WHQVLRQ GHV SKRWR�
PXOWLSOLFDWHXUV OD SOXV JUDQGH SRVVLEOH VDQV VDWXUHU OHXUV VRUWLHV� QL OD FDUWH G
DFTXLVLWLRQ�

&HOD MXVWLnH OD SURFuHGXUH XWLOLVuHH SRXU OH UuHJODJH DXWRPDWLTXH GH O
LQWHQVLWuH GX WXEH HW GHV
WHQVLRQV GHV SKRWRPXOWLSOLFDWHXUV� (Q SRVLWLRQ VDQV DWWuHQXDWLRQ� OHV WHQVLRQV G
DOLPHQWDWLRQ
GHV GHX[ SKRWRPXOWLSOLFDWHXUV VRQW UuHJOuHHV DnQ G
DYRLU XQH PHVXUH GH O
RUGUH GH ��� 9� 3XLV
OH SURJUDPPH G
DFTXLVLWLRQ YuHULnH TXH OD PHVXUH HQ SRVLWLRQ G
DWWuHQXDWLRQ PD[LPDOH Q
HVW SDV
WURS IDLEOH �F
HVW tD GLUH LQIuHULHXUH tD ��� 9�� 'DQV FH FDV� LO IDXW DXJPHQWHU O
LQWHQVLWuH GX WXEH tD
UD\RQV ; HW UHFRPPHQFHU OH F\FOH�
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��� $FTXLVLWLRQ GHV PHVXUHV SRXU OHV FLEOHV HQ 3OH[LJODV

1RXV UHFKHUFKRQV OHV PHLOOHXUV UuHJODJHV SRXU O
DFTXLVLWLRQ GHV PHVXUHV� OHXUV nOWUDJHV HW OH
FDOFXO GH O
DWWuHQXDWLRQ GDQV OH FDV GH PHVXUH GH FLEOHV HQ 3OH[LJODV�

����� &KRL[ GX nOWUH SDVVH�EDV

$nQ G
uHOLPLQHU OH EUXLW GX VLJQDO� QRXV FKHUFKRQV tD nOWUHU OHV PHVXUHV SDU XQ nOWUH SDVVH�EDV
GH JDLQ � G%� 1RXV GHYRQV GuHWHUPLQHU OD IUuHTXHQFH GH FRXSXUH GH FH nOWUH SDVVH�EDV�

1RXV PHVXURQV OH UDSSRUW VLJQDO VXU EUXLW �GH OD PAHPH IDzFRQ TXH GDQV OD SDUWLH ������ VXU
XQH DFTXLVLWLRQ GH � ��� PHVXUHV nOWUuHHV SDU FH nOWUH SDVVH�EDV DFTXLVHV tD � N+]� 1RXV uHWXGLRQV
VHV YDULDWLRQV HQ IRQFWLRQ GH OD IUuHTXHQFH GH FRXSXUH� &HV PHVXUHV VRQW UuHDOLVuHHV DYHF XQ IDLVFHDX
QRQ DWWuHQXuH REWHQX DYHF XQH WHQVLRQ GX WXEH GH �� N9 HW XQH LQWHQVLWuH GH � P$ �nJXUH ������
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)LJ� ����� 5DSSRUW VLJQDO VXU EUXLW HQ IRQFWLRQ GH OD IUuHTXHQFH GH FRXSXUH GX nOWUH SDVVH�EDV

3OXV OD IUuHTXHQFH GH FRXSXUH HVW SHWLWH� SOXV OH UDSSRUW VLJQDO VXU EUXLW HVW JUDQG�

0DLV OD GLPLQXWLRQ GH OD IUuHTXHQFH GH FRXSXUH HQWUDArQH O
DXJPHQWDWLRQ GX WHPSV GH PRQWuHH
GX VLJQDO� 3RXU uHYDOXHU FHW HmHW� QRXV DSSOLTXRQV HQ HQWUuHH GX nOWUH XQ uHFKHORQ GH � tD �� 9 HW
PHVXURQV HQ VRUWLH OH WHPSV TXH PHW OH VLJQDO SRXU DUULYHU tD �� 9 �nJXUH ������

1RXV WURXYRQV ELHQ TXH OH WHPSV GH PRQWuHH DXJPHQWH TXDQG OD IUuHTXHQFH GH FRXSXUH
GLPLQXH� 0DLV XQ WHPSV GH PRQWuHH LPSRUWDQW LPSOLTXH XQH GXUuHH G
DWWHQWH JUDQGH DYDQW FKDTXH
DFTXLVLWLRQ� FH TXL DOORQJHUDLW OD GXUuHH WRWDOH G
HVVDL�

$nQ GH GuHWHUPLQHU OD IUuHTXHQFH GH FRXSXUH RSWLPDOH� UHJDUGRQV OH VSHFWUH GX VLJQDO UHzFX
SDU OH SKRWRPXOWLSOLFDWHXU� /D KDXWH�WHQVLRQ GX WXEH tD UD\RQV ; HVW GH �� N9� VRQ LQWHQVLWuH
GH � P$� OD KDXWH�WHQVLRQ GX SKRWRPXOWLSOLFDWHXU GH PHVXUH HVW GH � ��� 9� 1RXV SODzFRQV



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;
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)LJ� ����� 6SHFWUH IUuHTXHQWLHO GX VLJQDO UHzFX SDU OHV SKRWRPXOWLSOLFDWHXUV SRXU XQH FLEOH HQ
3OH[LJODV
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GDQV OH IDLVFHDX OH nOWUH 1LFNHO HW XQ IDQWARPH HQ 3OH[LJODV� 1RXV ODQzFRQV XQH DFTXLVLWLRQ tD
�� N+] GH ��� ��� SRLQWV� /D nJXUH ���� PRQWUH OH VSHFWUH IUuHTXHQWLHO GX VLJQDO GuHOLYUuH SDU OH
SKRWRPXOWLSOLFDWHXU�

1RXV UHPDUTXRQV TX
tD SDUW OD FRPSRVDQWH FRQWLQXH� OHV DXWUHV FRPSRVDQWHV IUuHTXHQWLHOOHV
RQW XQH FRQWULEXWLRQ WUtHV IDLEOH� 1RXV FKRLVLVVRQV XQH IUuHTXHQFH GH FRXSXUH GH �� +] TXL
HVW XQ FRPSURPLV HQWUH OH JDLQ HQ UDSSRUW VLJQDO VXU EUXLW HW OH WHPSV GH PRQWuHH�

8QH IUuHTXHQFH GH FRXSXUH GH �� +] GRQQH XQ WHPSV GH PRQWuHH GH ��� PV� FH TXL HVW
IDLEOH GHYDQW OD GXUuHH G
XQH WUDQVODWLRQ SDU OHV PRWHXUV SDV tD SDV �XQH WUDQVODWLRQ GH � PP
SUHQG HQYLURQ ��� VHFRQGHV�� 1RXV UDMRXWRQV GRQF HQWUH OD nQ GX GuHSODFHPHQW HW OH GuHEXW GH
O
DFTXLVLWLRQ XQH DWWHQWH GH ��� PV DnQ G
AHWUH FHUWDLQV G
DYRLU XQ VLJQDO VWDELOLVuH�

&RPSWH�WHQX GH FHWWH IUuHTXHQFH GH FRXSXUH� QRXV SUHQRQV XQH IUuHTXHQFH G
DFTXLVLWLRQ
GH �� +]�

����� &KRL[ GX QRPEUH GH PHVXUHV

3RXU IDLUH OHV HVVDLV VXLYDQWV� QRXV nOWURQV OH IDLVFHDX DYHF OH nOWUH GH 1LFNHO� /D KDXWH�WHQVLRQ
GX WXEH HVW GH �� N9� O
LQWHQVLWuH GH � P$� OHV PHVXUHV VRQW nOWUuHHV SDU XQ nOWUH SDVVH�EDV GH
IUuHTXHQFH GH FRXSXUH �� +] HW DFTXLVHV tD OD IUuHTXHQFH GH �� +]�

5HJDUGRQV G
DERUG VL OH QRPEUH GH SRLQWV tD DFTXuHULU SRXU OH FDOFXO GH O
DWWuHQXDWLRQ LQoXHQFH
OD YDOHXU GH FHWWH JUDQGHXU� 3RXU FHOD� QRXV FDOFXORQV O
DWWuHQXDWLRQ HQ DXJPHQWDQW OH QRPEUH GH
PHVXUHV DFTXLVHV �nJXUH ������ /H IDLVFHDX GH UD\RQV ; WUDYHUVH � FP G
HDX HW � FP GH 3OH[LJODV�
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)LJ� ����� $WWuHQXDWLRQ FDOFXOuHH HQ IRQFWLRQ GX QRPEUH GH PHVXUHV SRXU XQH FLEOH HQ 3OH[LJODV

1RXV YR\RQV TXH OD FRXUEH WHQG YHUV XQH DWWuHQXDWLRQ OLPLWH� /
uHFDUW GHV YDOHXUV DYHF OD YDOHXU



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

REWHQXH DYHF �� ��� PHVXUHV �QRXV VXSSRVRQV TXH FHWWH YDOHXU HVW OD YDOHXU GH O
DWWuHQXDWLRQ
FRQYHUJuHH� HVW LQIuHULHXU tD �� � �YRLU OD nJXUH ������

0DLV O
DXJPHQWDWLRQ GX QRPEUH GH PHVXUHV DFFURArW OD GXUuHH G
DFTXLVLWLRQ� DLQVL TXH OH UDS�
SRUW VLJQDO VXU EUXLW GH O
DWWuHQXDWLRQ�

/H UDSSRUW VLJQDO VXU EUXLW GH QRV PHVXUHV HVW GH ��� VXU OD YRLH GH UuHIuHUHQFH� ���� VXU
OD YRLH GH PHVXUH �OH UDSSRUW VLJQDO VXU EUXLW HVW FDOFXOuH tD SDUWLU G
XQH DFTXLVLWLRQ GH �� ���
PHVXUHV VDQV FKDQJHU OHV FRQGLWLRQV GH PHVXUHV HW GH OD PAHPH IDzFRQ TXH GDQV OD SDUWLH �������
&H EUXLW SURYLHQW GHV GuHWHFWHXUV HW GH O
LQVWDELOLWuH GH OD VRXUFH GH UD\RQV ; HW HVW WUDQVPLV tD
O
DWWuHQXDWLRQ OLQuHLTXH YLD OD UHODWLRQ ORJDULWKPLTXH GuHFULWH XOWuHULHXUHPHQW�

&DOFXORQV O
LQFHUWLWXGH TXH QRXV REWHQRQV SRXU O
DWWuHQXDWLRQ DYHF FHV UDSSRUWV VLJQDO VXU
EUXLW�

3RXU FKDTXH SRVLWLRQ GH PHVXUHV� Q YDOHXUV GHV VLJQDX[ 9PHVXUH HW 9UuHIuHUHQFH GHV GHX[ SKRWR�
PXOWLSOLFDWHXUV VRQW DFTXLVHV� /HV YDOHXUV PR\HQQHV 9PHVXUH� PR\HQ HW 9UuHIuHUHQFH� PR\HQ GH FHV VLJQDX[
VRQW HQUHJLVWUuHHV GDQV XQ nFKLHU� $ OD nQ GH O
HQVHPEOH GHV DFTXLVLWLRQV� O
DWWuHQXDWLRQ HVW FDO�
FXOuHH SRXU FKDTXH SRVLWLRQ GH PHVXUHV�

/
DWWuHQXDWLRQ HVW REWHQXH SDU �

$�L� M�  OQ
9tD YLGH�L� M�

9PHVXUH� PR\HQ�L� M�
�����

DYHF �

9tD YLGH�L� M�  9PHVXUH� PR\HQ��� M� � �9PHVXUH� PR\HQ�0� M�b 9PHVXUH� PR\HQ��� M��
Lb �
0 b � �����

RtX L HVW OH QXPuHUR GH SURMHFWLRQ� M OH QXPuHUR GH URWDWLRQ HW 0 OH QRPEUH GH SURMHFWLRQV�

1RWRQV O
LQFHUWLWXGH GH OD JUDQGHXU ;� c�;��

/
LQFHUWLWXGH VXU OH VLJQDO tD YLGH HVW �

c9tD YLGH

9tD YLGH

� �S
Q

c9PHVXUH

9PHVXUH

�����

DYHF Q� OH QRPEUH GH YDOHXUV SULVHV HQ FRPSWH SRXU OD PR\HQQH GHV VLJQDX[�

'RQF O
LQFHUWLWXGH DEVROXH VXU O
DWWuHQXDWLRQ $ HVW GRQQuHH SDU �

c$  
c9tD YLGH

9tD YLGH

�
�S
Q

c9PHVXUH

9PHVXUH

� �S
Q

c9PHVXUH

9PHVXUH

�����

&HOD IDLW� SRXU �� ��� SRLQWV HW OHV PHVXUHV SUuHFuHGHQWHV� XQH LQFHUWLWXGH UHODWLYH VXU O
DWWuH�
QXDWLRQ LQIuHULHXUH tD �� ����b� HW� SRXU �� SRLQWV� XQH LQFHUWLWXGH LQIuHULHXUH tD �� ��� �YRLU OD
nJXUH ������ &HWWH LQFHUWLWXGH HVW YUDLPHQW WUtHV IDLEOH SDU UDSSRUW tD O
HUUHXU GXH tD OD FRQYHUJHQFH
GH O
DWWuHQXDWLRQ�

&
HVW OH FRPSURPLV HQWUH FHWWH FRQYHUJHQFH GH O
DWWuHQXDWLRQ� DYHF O
HUUHXU TX
HOOH LPSOLTXH�
HW OD GXUuHH GH PHVXUH TXL GuHWHUPLQHUD OH QRPEUH GH SRLQWV tD SUHQGUH HQ FRPSWH GDQV OH FDOFXO
GH O
DWWuHQXDWLRQ�

$nQ GH OLPLWHU OH WHPSV GH PHVXUH� SRXU OHV FLEOHV HQ 3OH[LJODV� QRXV SUHQGURQV ��� SRLQWV
SRXU OH FDOFXO GH O
DWWuHQXDWLRQ� &HOD GRQQH XQH HUUHXU VXU OHV PHVXUHV GH O
RUGUH GH h �� �
HW XQH GXUuHH WRWDOH G
DFTXLVLWLRQ GH � MRXUV SRXU �� ��� SRVLWLRQV GH PHVXUH HW XQH DFTXLVLWLRQ
tD �� +]�
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)LJ� ����� (FDUW VXU OH FDOFXO GH O
DWWuHQXDWLRQ HQ IRQFWLRQ GX QRPEUH GH PHVXUHV SRXU XQH FLEOH
HQ 3OH[LJODV
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)LJ� ����� ,QFHUWLWXGH UHODWLYH GXH DX EUXLW VXU O
DWWuHQXDWLRQ HQ IRQFWLRQ GX QRPEUH GH PHVXUHV
SRXU XQH FLEOH HQ 3OH[LJODV



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

��� $FTXLVLWLRQ GHV PHVXUHV SRXU OHV uHFRXOHPHQWV GDQV

OD VHFWLRQ G
HVVDLV

/HV UuHJODJHV GH OD KDXWH�WHQVLRQ GX WXEH� O
LQWHQVLWuH GX WXEH HW OD KDXWH�WHQVLRQ GHV SKRWR�
PXOWLSOLFDWHXUV QH FKDQJHQW SDV GDQV OHXUV SULQFLSHV�

5HJDUGRQV VL QRXV SRXYRQV JDUGHU OD PAHPH IUuHTXHQFH GH FRXSXUH GX nOWUH SDVVH�EDV� OD
PAHPH IUuHTXHQFH G
DFTXLVLWLRQ HW OH PAHPH QRPEUH GH SRLQWV�

(WXGLRQV� SRXU GLmuHUHQWV GuHELWV G
DLU� OH VSHFWUH IUuHTXHQWLHO GH OD PHVXUH GX IDLVFHDX GH
UD\RQV ; WUDYHUVDQW OD VHFWLRQ G
HVVDLV DYHF XQ uHFRXOHPHQW GLSKDVLTXH� 1RXV IDLVRQV XQH DFTXL�
VLWLRQ GH ��� ��� SRLQWV tD XQH IUuHTXHQFH GH �� N+] VDQV nOWUH SDVVH�EDV �nJXUH ������
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)LJ� ����� 6SHFWUH IUuHTXHQWLHO GX VLJQDO UHzFX SDU OHV SKRWRPXOWLSOLFDWHXUV SRXU XQ uHFRXOHPHQW
HQ IRQFWLRQ GX GuHELW G
DLU �HQ 1O�PLQb��

&H VSHFWUH QH UuHYtHOH SDV GH FRPSRVDQWH VLJQLnFDWLYH DX�GHOtD GH � +]�

'DQV OD VHFWLRQ (XFDO\SWXV� GHV EXOOHV GH � tD � PP GH GLDPtHWUH VRQW JuHQuHUuHHV� /D YLWHVVH
DVFHQGDQWH GHV EXOOHV HVW G
HQYLURQ �� FP�Vb�� 2U FHW uHFRXOHPHQW tD EXOOHV HVW XQH UuHSDUWLWLRQ
KRPRJtHQH SHUPDQHQWH GH EXOOHV� 1RXV QH PHVXURQV SDV GHV IURQWV GH WDX[ GH SUuHVHQFH ORFDO GXV
DX SDVVDJH GHV EXOOHV� PDLV XQH UuHSDUWLWLRQ FRQWLQXH GH WDX[ GH SUuHVHQFH ORFDO� &HOD H[SOLTXH OH
FRPSRUWHPHQW IUuHTXHQWLHO GX VLJQDO� 'H SOXV� tD XQ GuHELW GH ���� 1O�PLQb�� QRXV REVHUYRQV GHV
UHWRPEuHHV SuHULRGLTXHV GH O
uHFRXOHPHQW HQ SDURL GRQW OD SuHULRGH G
LQWHUPLWWHQFH HVW GH O
RUGUH
GH � tD � V� FH TXL GRQQH XQH IUuHTXHQFH GH ��� +] TXL HVW ELHQ LQIuHULHXUH tD � +]�

1RXV SRXYRQV FRQVHUYHU XQ nOWUH SDVVH�EDV GH IUuHTXHQFH GH FRXSXUH �� +] �QRXV
REWHQRQV DORUV OHV VSHFWUHV GH OD nJXUH ����� HW XQH IUuHTXHQFH G
DFTXLVLWLRQ GH �� +]�

5HJDUGRQV OD FRQYHUJHQFH GX FDOFXO GH O
DWWuHQXDWLRQ� 3RXU XQ GuHELW G
DLU GRQQuH� QRXV SODzFRQV
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)LJ� ����� 6SHFWUH IUuHTXHQWLHO GX VLJQDO nOWUuH SDU OH nOWUH SDVVH�EDV GH �� +] UHzFX SDU OHV
SKRWRPXOWLSOLFDWHXUV SRXU XQ uHFRXOHPHQW HQ IRQFWLRQ GX GuHELW G
DLU �HQ 1O�PLQb��

OH IDLVFHDX GH UD\RQ ; GH IDzFRQ tD WUDYHUVHU OD VHFWLRQ G
HVVDLV HW O
uHFRXOHPHQW GLSKDVLTXH� QRXV
ODQzFRQV XQH DFTXLVLWLRQ GHV GHX[ SKRWRPXOWLSOLFDWHXUV HW FDOFXORQV O
DWWuHQXDWLRQ HQ DXJPHQWDQW
OH QRPEUH GH PHVXUHV SULVHV HQ FRPSWH �nJXUHV ���� HW ������

1RXV UHPDUTXRQV G
DERUG TXH QRXV DYRQV XQH FRQYHUJHQFH PRLQV PRQRWRQH TXH SRXU OD FLEOH
HQ 3OH[LJODV� $ SDUWLU GH �� SRLQWV� O
uHFDUW GH O
DWWuHQXDWLRQ SDU UDSSRUW tD VD YDOHXU FRQYHUJuHH
HVW LQIuHULHXU tD ��� $ SDUWLU GH ���� SRLQWV� FHW uHFDUW HVW LQIuHULHXU tD ���

0DLV QRXV QH SRXYRQV SDV GLPLQXHU FHW uHFDUW SDU O
DXJPHQWDWLRQ GX QRPEUH GH PHVXUHV�
VDXI SRXU OH IDLEOH GuHELW G
DLU tD ���� 1O�PLQb�� 3RXU FH GHUQLHU� QRXV REVHUYRQV XQ uHFRXOHPHQW tD
EXOOHV GLVSHUVuHHV DVFHQGDQWHV� 3RXU OHV DXWUHV GuHELWV� QRXV REWHQRQV XQ uHFRXOHPHQW tD EXOOHV DYHF
GHV LQWHUPLWWHQFHV FRPPH FHOOHV GuHFULWHV FL�GHVVXV� &HV SKuHQRPtHQHV HQWUDArQHQW OHV YDULDWLRQV GH
O
uHFDUW HW OH FRPSRUWHPHQW �QRQ�PRQRWRQH� REVHUYuH�

3RXU OHV PHVXUHV G
uHFRXOHPHQWV� QRXV QH SRXUURQV SDV DPuHOLRUHU OD FRQYHUJHQFH GH
O
DWWuHQXDWLRQ HQ DXJPHQWDQW GX QRPEUH GH PHVXUHV SULV HQ FRPSWH GDQV OH FDOFXO GH OD
PR\HQQH�

0HVXURQV OH UDSSRUW VLJQDO VXU EUXLW� 1RXV ODQzFRQV XQH DFTXLVLWLRQ GH �� ��� SRLQWV tD � N+]
SRXU XQ IDLVFHDX GH UD\RQV ; WUDYHUVDQW OD VHFWLRQ G
HVVDLV nOWUuHV SDU OH nOWUH SDVVH�EDV GH �� +]
DYHF XQ WXEH DOLPHQWuH SDU XQH KDXWH�WHQVLRQ GH �� N9 HW XQH LQWHQVLWuH GH �� P$� /H UDSSRUW
VLJQDO VXU EUXLW UHVWH GX PAHPH RUGUH GH JUDQGHXU �

^ SRXU OD PHVXUH GH UuHIuHUHQFH� ������ �

^ SRXU OH IDLVFHDX DWWuHQXuH �

^ SRXU XQ GuHELW G
DLU GH ���� 1O�PLQb� � ����� �



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;
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)LJ� ����� (FDUW GH O
DWWuHQXDWLRQ FDOFXOuHH HQ IRQFWLRQ GX QRPEUH GH PHVXUHV SRXU XQ uHFRXOHPHQW
HQ IRQFWLRQ GX GuHELW G
DLU �HQ 1O�PLQb��
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^ SRXU XQ GuHELW G
DLU GH ���� 1O�PLQb� � ���� �

^ SRXU XQ GuHELW G
DLU GH ���� 1O�PLQb� � �����

/H UDSSRUW VLJQDO VXU EUXLW UHotHWH OD SUuHVHQFH GH oXFWXDWLRQV GX VLJQDO PHVXUuH SURYHQDQW
GH GHX[ RULJLQHV GLmuHUHQWHV �

^ OD FKDArQH GH PHVXUH �LQVWDELOLWuH GH OD VRXUFH GH UD\RQ ;� EUXLW LQWULQVtHTXH GHV SKRWRPXO�
WLSOLFDWHXUV� �����

^ O
uHFRXOHPHQW OXL�PAHPH� GX IDLW GX SDVVDJH GHV EXOOHV GDQV OH IDLVFHDX ;�

&HV oXFWXDWLRQV GX VLJQDO PHVXUuH VRQW UuHSHUFXWuHHV VXU O
DWWuHQXDWLRQ OLQuHLTXH YLD OD UHODWLRQ
ORJDULWKPLTXH ������

3RXU OHV WURLV GuHELWV H[SORUuHV� OHV WURLV YDOHXUV GLmuHUHQWHV GX UDSSRUW VLJQDO VXU EUXLW V
H[�
SOLTXH SDU OHV FDUDFWuHULVWLTXHV K\GURG\QDPLTXHV GHV WURLV uHFRXOHPHQWV tD EXOOHV JuHQuHUuHV�

/
LQFHUWLWXGH VXU OH FDOFXO GH O
DWWuHQXDWLRQ GXH DX[ UDSSRUWV VLJQDX[ VXU EUXLWV HVW FDOFXOuHH
GH OD PAHPH IDzFRQ TXH SRXU OHV FLEOHV HQ 3OH[LJODV �uHTXDWLRQ �������

&HOD GRQQH� SRXU ��� SRLQWV� OHV LQFHUWLWXGHV VXU O
DWWuHQXDWLRQ PHVXUuHH VXLYDQWHV SRXU QRV
WURLV GuHELWV G
DLU �

^ SRXU XQ GuHELW G
DLU GH ���� 1O�PLQb� � ���� � �

^ SRXU XQ GuHELW G
DLU GH ���� 1O�PLQb� � ��� � �

^ SRXU XQ GuHELW G
DLU GH ���� 1O�PLQb� � ��� ��

&HWWH LQFHUWLWXGH HVW GDQV FH FDV GX PAHPH RUGUH GH JUDQGHXU� YRLUH VXSuHULHXUH tD O
HUUHXU
GXH tD OD FRQYHUJHQFH GH O
DWWuHQXDWLRQ�

1RXV GLPLQXRQV WRXMRXUV FHV HUUHXUV HQ DXJPHQWDQW OH QRPEUH GH SRLQWV SULV HQ FRPSWH
GDQV OH FDOFXO GH O
DWWuHQXDWLRQ� 1RXV JDUGRQV� SRXU FH FDOFXO� ��� PHVXUHV� FH TXL HVW XQ ERQ
FRPSURPLV HQWUH O
HUUHXU VXU O
DWWuHQXDWLRQ HW OD GXUuHH GH PHVXUH�

&HOD GRQQH OHV HUUHXUV GH FRQYHUJHQFH VXLYDQWHV SRXU QRV WURLV GuHELWV G
DLU �

^ SRXU XQ GuHELW G
DLU GH ���� 1O�PLQb� � ���� � �

^ SRXU XQ GuHELW G
DLU GH ���� 1O�PLQb� � ��� � �

^ SRXU XQ GuHELW G
DLU GH ���� 1O�PLQb� � ��� � �O
DWWuHQXDWLRQ HVW SOXV IDLEOH��

1RXV DYRQV DORUV� SRXU ��� PHVXUHV� XQH HUUHXU WRWDOH LQIuHULHXUH tD h ��� ��



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

��� 'XUFLVVHPHQW GX IDLVFHDX

����� 0LVH HQ uHYLGHQFH GH FH SKuHQRPtHQH

3RXU GLmuHUHQWHV uHSDLVVHXUV G
HDX WUDYHUVuHHV� QRXV PHVXURQV O
DWWuHQXDWLRQ GX WULDQJOH G
HDX
�VFKuHPD ���� HW SKRWRJUDSKLH ������ $ SDUWLU GH FHV DWWuHQXDWLRQV� QRXV FDOFXORQV O
DWWuHQXDWLRQ
OLQuHDLUH GH O
HDX SRXU FHV GLmuHUHQWHV ODUJHXUV �FRXUEH ������
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)LJ� ����� $WWuHQXDWLRQ OLQuHDLUH GH O
HDX HQ IRQFWLRQ GH O
uHSDLVVHXU WUDYHUVuHH PHVXUuHH DYHF OH
WULDQJOH G
HDX

/
DWWuHQXDWLRQ FDOFXOuHH Q
HVW SDV FRQVWDQWH HQ IRQFWLRQ GH O
uHSDLVVHXU WUDYHUVuHH� &H SUREOtHPH
SURYLHQW GX GXUFLVVHPHQW GX IDLVFHDX GH UD\RQV ;�

3RXU PLHX[ PHWWUH HQ uHYLGHQFH FH SKuHQRPtHQH� QRXV PHVXURQV O
DWWuHQXDWLRQ G
XQ HVFDOLHU HQ
3OH[LJODV �VFKuHPD ���� HW SKRWRJUDSKLH ������

&HW HVFDOLHU SUuHVHQWH GHV PDUFKHV GH GLmuHUHQWHV uHSDLVVHXUV� $ SDUWLU GH FHV PHVXUHV G
DWWuHQXD�
WLRQ HW FRQQDLVVDQW O
uHSDLVVHXU GHV PDUFKHV� QRXV FDOFXORQV O
DWWuHQXDWLRQ OLQuHDLUH SRXU FKDTXH
PDUFKH �nJXUH ������

/
DWWuHQXDWLRQ OLQuHDLUH YDULH HQ IRQFWLRQ GH OD ODUJHXU GHV PDUFKHV� 8QH DWWuHQXDWLRQ PR\HQQH
VXU WRXW OH VSHFWUH GX IDLVFHDX GH UD\RQV ; HVW PHVXUuHH� 'DQV OHV SUHPLHUV PLOOLPtHWUHV� OHV
SKRWRQV GH IDLEOH uHQHUJLH VRQW IRUWHPHQW DWWuHQXuHV� FH TXL SURYRTXH XQH DWWuHQXDWLRQ GX IDLVFHDX
LPSRUWDQWH� $SUtHV FHV SUHPLHUV PLOOLPtHWUHV� OH IDLVFHDX HVW GXUFL� F
HVW tD GLUH DYHF SHX GH
SKRWRQV GH IDLEOH uHQHUJLH� O
DWWuHQXDWLRQ HVW SOXV IDLEOH� /
DWWuHQXDWLRQ PHVXUuHH HVW OD PR\HQQH
TXL LQFRUSRUH OHV YDOHXUV IRUWHV HQ GuHEXW GH PDUFKH HW FHOOHV SOXV IDLEOHV DSUtHV�

1RXV DOORQV UDSSHOHU FH TX
HVW OH SKuHQRPtHQH GX GXUFLVVHPHQW GH IDLVFHDX� OH VLPXOHU HW
FKHUFKHU XQH VROXWLRQ SRXU OH SUHQGUH HQ FRPSWH RX OH PLQLPLVHU�
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)LJ� ����� $WWuHQXDWLRQ OLQuHDLUH HQ IRQFWLRQ GH O
uHSDLVVHXU WUDYHUVuHH PHVXUuHH DYHF O
HVFDOLHU GH
3OH[LJODV



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

����� 5DSSHO GX GXUFLVVHPHQW GX IDLVFHDX

/D YDOHXU GX FRHpFLHQW G
DWWuHQXDWLRQ OLQuHDLUH G
XQ PDWuHULDX HVW GRQQuHH GDQV OHV WDEOHV SRXU
GHV IDLVFHDX[ GH UD\RQV ; PRQRuHQHUJuHWLTXHV� 4XDQG QRXV PHVXURQV O
DWWuHQXDWLRQ G
XQ IDLVFHDX
SRO\uHQHUJuHWLTXH� QRXV PHVXURQV XQH PR\HQQH GHV DWWuHQXDWLRQV tD FKDTXH uHQHUJLH SRQGuHUuHHV SDU
OH oX[ GH SKRWRQV tD FHWWH uHQHUJLH�

2U OHV UD\RQV GH IDLEOHV uHQHUJLHV VRQW SOXV DWWuHQXuHV TXH OHV UD\RQV GH IRUWHV uHQHUJLHV� &HOD
HQWUDArQH XQH GuHIRUPDWLRQ GX VSHFWUH GHV UD\RQV ; ORUV GH VD WUDYHUVuHH GX PDWuHULDX� /
uHQHUJLH
PR\HQQH GX IDLVFHDX �PR\HQQH GHV uHQHUJLHV SRQGuHUuHHV SDU OH oX[ GH SKRWRQV tD FHWWH uHQHUJLH�
DXJPHQWH� &
HVW FH SKuHQRPtHQH TXH QRXV DSSHORQV �GXUFLVVHPHQW GX IDLVFHDX��

3DU H[HPSOH� tD SDUWLU GX VSHFWUH G
uHPLVVLRQ G
XQ WXEH DYHF DQWLFDWKRGH HQ &XLYUH DOLPHQWuH
DYHF XQH KDXWH WHQVLRQ GH �� N9� QRXV DYRQV FDOFXOuH OH VSHFWUH GH UD\RQV ; DSUtHV OD WUDYHUVuHH
GH ��� FP G
HDX �YRLU nJXUH ������ /HV FRHpFLHQWV G
DWWuHQXDWLRQ VRQW REWHQXV SDU LQWHUSRODWLRQ
OLQuHDLUH HQWUH OHV FRHpFLHQWV IRXUQLV SDU OHV WDEOHV GDQV >+XEEHOO� ����@� /
uHQHUJLH PR\HQQH GX
VSHFWUH SDVVH GH �� NH9 tD �� NH9 VXU FHW H[HPSOH�
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)LJ� ����� 'HQVLWuH VSHFWUDOH G
XQ IDLVFHDX GH UD\RQV ; DYDQW HW DSUtHV ��� FP G
HDX

1RXV FKHUFKRQV XQ PR\HQ SRXU SUHQGUH HQ FRPSWH FH SKuHQRPtHQH RX OH UuHGXLUH �YRLU OD
VHFWLRQ �����

/D SUHPLtHUH VROXWLRQ HVW GH FRUULJHU FHW HmHW�

1RXV SRXYRQV DSSOLTXHU XQ IDFWHXU FRUUHFWLI� PDLV FH SKuHQRPtHQH GH GXUFLVVHPHQW GX IDLVFHDX
YDULH HQ IRQFWLRQ GX PDWuHULDX WUDYHUVuH� 1RXV WUDYHUVRQV WURLV PDWuHULDX[ � O
HDX� O
DLU HW OH
3OH[LJODV� ,O QRXV IDXGUDLW WURLV IDFWHXUV FRUUHFWLIV HW VDYRLU VXUWRXW FRPPHQW OHV DSSOLTXHU�

1RXV SRXYRQV XWLOLVHU OD PuHWKRGH GH FRUUHFWLRQ EL�uHQHUJLH� 0DLV HOOH QuHFHVVLWH GH IDLUH GHV
PHVXUHV tD GHX[ uHQHUJLHV HW GH FRQQDArWUH OHV VSHFWUHV GHV IDLVFHDX[ GH UD\RQV ; SRXU FHV GHX[
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uHQHUJLHV� )DLUH XQH GHX[LtHPH VuHULH GH PHVXUHV HVW WUtHV ORQJ HW FHWWH PuHWKRGH Q
HVW SDV IDFLOHPHQW
WUDQVSRVDEOH VXU XQ DXWUH GLVSRVLWLI GH PHVXUH�

1RXV GuHFLGRQV G
uHOLPLQHU FH SKuHQRPtHQH HQ GXUFLVVDQW DUWLnFLHOOHPHQW OH IDLVFHDX� 1RXV
SODFHURQV HQ VRUWLH GH IDLVFHDX VXU OH WXEH tD UD\RQV ; XQ uHFUDQ SRXU OH GXUFLU DYDQW TX
LO
QH SuHQtHWUH GDQV OD VHFWLRQ G
HVVDLV� 4XDQG OH IDLVFHDX LPSDFWHUD FHWWH GHUQLtHUH� OHV SKRWRQV
GH IDLEOHV uHQHUJLHV DXURQW uHWuH SUuHDODEOHPHQW DWWuHQXuHV SDU FHW uHFUDQ� GRQF OH SKuHQRPtHQH GH
GXUFLVVHPHQW GX IDLVFHDX GDQV OD VHFWLRQ G
HVVDLV VHUD PLQLPLVuH�

����� 3ULVH HQ FRPSWH GH FH SKuHQRPtHQH

1RXV DOORQV FKRLVLU OH PDWuHULDX HW O
uHSDLVVHXU GH O
uHFUDQ�

1RXV UHJDUGRQV G
DERUG O
uHYROXWLRQ GH O
DWWuHQXDWLRQ OLQuHDLUH HQ IRQFWLRQ GH O
uHQHUJLH SRXU
GLmuHUHQWV PDWuHULDX[� JUADFH DX[ WDEOHV GH +XEEHOO >+XEEHOO� ����@ �FRXUEH ������
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)LJ� ����� $WWuHQXDWLRQ OLQuHDLUH GHV UD\RQV ; HQ IRQFWLRQ GH O
uHQHUJLH SRXU GLmuHUHQWV PDWuHULDX[

1RXV FKHUFKRQV XQ PDWuHULDX TXL DWWuHQXH IRUWHPHQW OHV SKRWRQV GH IDLEOHV uHQHUJLHV� F
HVW tD
GLUH HQ GHVVRXV GH �� NH9� PDLV TXL DWWuHQXH WUtHV SHX OHV SKRWRQV G
uHQHUJLHV VXSuHULHXUHV� &HOD
SHUPHWWUD G
uHOLPLQHU OHV SKRWRQV TXL UHQWUHQW HQ MHX GDQV OH GXUFLVVHPHQW GX IDLVFHDX HW G
uHYLWHU
XQH WURS JURVVH SHUWH G
LQWHQVLWuH SRXU OHV KDXWHV uHQHUJLHV�

/H 3ORPE HVW OH PDWuHULDX TXL FRUUHVSRQG OH PLHX[ tD FH FULWtHUH GH FKRL[�

3RXU GLmuHUHQWV PDWuHULDX[ HW GLmuHUHQWHV uHSDLVVHXUV� QRXV PHVXURQV GH QRXYHDX O
DWWuHQXDWLRQ
GH O
HVFDOLHU HQ 3OH[LJODV� 1RXV UHJDUGRQV SRXU FHV uHFUDQV O
uHYROXWLRQ GH O
uHFDUW UHODWLI GH
O
DWWuHQXDWLRQ OLQuHDLUH FDOFXOuHH �WDEOHDX ����� &HW uHFDUW HVW OH UDSSRUW GH OD JDPPH GHV DWWuHQXD�
WLRQV FDOFXOuHHV VXU O
DWWuHQXDWLRQ PR\HQQH VXU WRXW O
HVFDOLHU�

1RXV YRXORQV XQ uHFUDQ TXL GXUFLVVH OH SOXV SRVVLEOH OH IDLVFHDX� GRQF DYHF XQ uHFDUW GH



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

(SDLV� 7HQVLRQ ,QWHQVLWuH 7HQVLRQ 7HQVLRQ $WWuHQ� (FDUW
0DWuHULDX �VHXU WXEH WXEH 30 UuHI� 30 PHV� OLQuHDLUH PD[�

�HQ PP� �HQ N9� �HQ P$� �HQ 9� �HQ 9� �HQ FPb�� �HQ ��
5LHQ � �� � ���� ���� ����� �����
3OH[LJODV �� �� � ����� ���� ����� ����
&XLYUH ��� �� � ����� ���� ����� ����
3OH[LJODV �� �� � ����� ���� ����� ����
$FLHU � �� �� ����� ����� ����� ����
3ORPE ��� �� �� ����� ����� ����� ����
$OXPLQLXP ��� �� � ����� ����� ����� ����
$FLHU � �� �� ����� ����� ����� ����
&XLYUH ��� �� � ����� ����� ����� ����
$OXPLQLXP ��� �� � ����� ����� ����� ����
$OXPLQLXP �� �� � ����� ����� ����� ����
&XLYUH ��� �� � ����� ����� ����� ����
$FLHU ��� �� � ����� ����� ����� ����
3ORPE ��� �� �� ����� ����� ����� ����
3ORPE ��� �� � ����� ����� ����� ���
&XLYUH ��� �� � ����� ����� ����� ���
$OXPLQLXP �� �� �� ����� ����� ����� ���

3ORPE ��� �� � ����� ����� ����� ����
3ORPE ��� �� � ����� ����� ����� ����

7DE� ���� 7DEOHDX GHV PHVXUHV GH O
DWWuHQXDWLRQ OLQuHDLUH tD SDUWLU GH O
HVFDOLHU GH 3OH[LJODV SRXU
GLmuHUHQWV uHFUDQV

O
DWWuHQXDWLRQ OLQuHDLUH OH SOXV IDLEOH SRVVLEOH� PDLV TXL Q
LPSRVH SDV XQH DXJPHQWDWLRQ GH OD
SXLVVDQFH GX WXEH� F
HVW tD GLUH GH O
LQWHQVLWuH� HW GHV KDXWHV WHQVLRQV GHV SKRWRPXOWLSOLFDWHXUV�
&HWWH GHUQLtHUH FRQGLWLRQ SHUPHWWUD GH PHVXUHU XQ REMHW SOXV DWWuHQXDQW�

/HV uHFUDQV GH ��� PP GH &XLYUH HW GH �� PP G
$OXPLQLXP GRQQHQW GH ERQV UuHVXOWDWV� PDLV
SRXU OHV XWLOLVHU� LO IDXW WURS DXJPHQWHU OD KDXWH WHQVLRQ GX WXEH tD UD\RQV ; HW � RX OHV KDXWHV
WHQVLRQV GHV SKRWRPXOWLSOLFDWHXUV�

3DUPL QRV PHVXUHV� OD IHXLOOH GH 3ORPE GH ��� PP DSSDUDArW FRPPH uHWDQW OH PHLOOHXU
SDUPL OHV uHFUDQV WHVWuHV� 1RXV XWLOLVHURQV GRUuHQDYDQW FHW uHFUDQ�

1RXV O
DYRQV HVVD\uH HQ DXJPHQWDQW OD KDXWH WHQVLRQ GX WXEH tD �� N9 HW tD �� N9� &HWWH
PRGLnFDWLRQ Q
DSSRUWH SDV G
DPuHOLRUDWLRQ� 1RXV UHVWHURQV GRQF tD �� N9�

$ SDUWLU GHV WDEOHV GDQV >+XEEHOO� ����@� QRXV VLPXORQV O
HmHW GHV SULQFLSDX[ uHFUDQV VXU OD
PHVXUH GH O
DWWuHQXDWLRQ OLQuHDLUH GuHGXLWH GH O
HVFDOLHU GH 3OH[LJODV �nJXUH ������

&HOD GRQQH OHV uHFDUWV G
DWWuHQXDWLRQ OLQuHDLUH GX WDEOHDX ����

/HV uHFUDQV HQWUDArQHQW� SDU OH GXUFLVVHPHQW DUWLnFLHO GX IDLVFHDX GH UD\RQV ;� XQH GLPLQX�
WLRQ GX GXUFLVVHPHQW GX IDLVFHDX GDQV O
HVFDOLHU HQ 3OH[LJODV HW GRQF XQH EDLVVH GH O
uHFDUW
G
DWWuHQXDWLRQ OLQuHDLUH GuHGXLWH� /HV uHFUDQV GH ��� PP HW ��� PP VRQW SOXV SHUIRUPDQWV� PDLV�
FRPPH QRXV O
DYRQV YX SUuHFuHGHPPHQW� LPSRVHQW GHV SDUDPtHWUHV GH IRQFWLRQQHPHQW �LQWHQVLWuH
GX WXEH HW KDXWHV WHQVLRQV GHV SKRWRPXOWLSOLFDWHXUV� SOXV LPSRUWDQWV� &HOD OLPLWHUDLW OD PDUJH



&KDSLWUH �� 'LVSRVLWLI 0LQL�720,; ���

0

0.1

0.2

0.3

0.4

0 1 2 3 4 5 6 7 8 9 10

Epaisseur (en cm)

A
tt

én
ua

tio
n 

lin
éa

ire
 (

en
 c

m
-1

)

sans durcissement

avec durcissement et écran de Cuivre de 1,4 mm

avec durcissement et écran d'Aluminium de 2 cm

avec durcissement et écran de Plomb de 0,1 mm

avec durcissement et écran de Plomb de 0,2 mm

avec durcissement et écran de Plomb de 0,3 mm

)LJ� ����� 6LPXODWLRQ GH O
uHYROXWLRQ GH O
DWWuHQXDWLRQ OLQuHDLUH GuHGXLWH GH O
HVFDOLHU GH 3OH[LJODV
SRXU GLmuHUHQWV uHFUDQV

(FUDQ (FDUW �HQ ��
6DQV GXUFLVVHPHQW ���
$YHF GXUFLVVHPHQW �����
$YHF GXUFLVVHPHQW HW uHFUDQ GH &XLYUH GH ��� PP ����
$YHF GXUFLVVHPHQW HW uHFUDQ G
$OXPLQLXP GH � FP ���
$YHF GXUFLVVHPHQW HW uHFUDQ GH 3ORPE GH ��� PP ���
$YHF GXUFLVVHPHQW HW uHFUDQ GH 3ORPE GH ��� PP ���
$YHF GXUFLVVHPHQW HW uHFUDQ GH 3ORPE GH ��� PP ���

7DE� ���� 7DEOHDX GHV uHFDUWV GH O
DWWuHQXDWLRQ OLQuHDLUH VLPXOuHH SRXU GLmuHUHQWV uHFUDQV

GH PDQ}XYUH HQ FDV GH PHVXUH G
XQ REMHW SOXV DWWuHQXDQW�

1RXV UHVWRQV DYHF O
uHFUDQ GH ��� PP GH 3ORPE�



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

��� &RQFOXVLRQ

3RXU IDLUH OHV PHVXUHV� QRXV SUHQGURQV OHV UuHJODJHV VXLYDQWV �

^ nOWUDJH GX IDLVFHDX GH UD\RQV ; DYHF OH nOWUH DX 1LFNHO �

^ OD WHQVLRQ GX WXEH HVW GH �� N9 �

^ O
LQWHQVLWuH GX WXEH HW OHV KDXWHV WHQVLRQV GHV SKRWRPXOWLSOLFDWHXUV VRQW UuHJOuHHV GH IDzFRQ tD
DYRLU XQH PHVXUH SURFKH GH ��� 9 VDQV DWWuHQXDWLRQ HW XQH PHVXUH DX�GHVVXV GH ��� 9 HQ
DWWuHQXDWLRQ PD[LPDOH �

^ OHV PHVXUHV VRQW nOWUuHHV SDU XQ nOWUH SDVVH�EDV GH IUuHTXHQFH GH FRXSXUH �� +] �

^ OHV PHVXUHV VRQW DFTXLVHV tD XQH IUuHTXHQFH GH �� +] SRXU OHV GHX[ YRLHV �

^ O
DWWuHQXDWLRQ HVW FDOFXOuHH SDU OD PR\HQQH GH ��� PHVXUHV�

6L QRXV YRXORQV XQH DWWuHQXDWLRQ SOXV SUuHFLVH� QRXV SRXUURQV DXJPHQWHU OH QRPEUH GH SRLQWV
SULV HQ FRPSWH GDQV VRQ FDOFXO� PDLV FHOD DXJPHQWH DXVVL OH WHPSV GH PHVXUH� 3RXU OHV FLEOHV
HQ 3OH[LJODV� QRXV SRXUURQV WRXMRXUV DXJPHQWHU FHWWH SUuHFLVLRQ� 0DLV SRXU OHV PHVXUHV HQ
uHFRXOHPHQW� SRXU XQ GuHELW G
DLU PR\HQ RX IRUW� QRXV DWWHLJQRQV XQH SKDVH RtX O
DWWuHQXDWLRQ
RVFLOOH HQWUH GHX[ YDOHXUV � tD FH PRPHQW� QRXV QH SRXYRQV SOXV DPuHOLRUHU OD SUuHFLVLRQ�

&HV UuHJODJHV GRQQH XQH HUUHXU VXU O
DWWuHQXDWLRQ �

^ SRXU OHV PHVXUHV GH FLEOHV HQ 3OH[LJODV� GH O
RUGUH GH h �� � �

^ SRXU OHV PHVXUHV G
uHFRXOHPHQWV� LQIuHULHXUH tD h ��� ��

1RXV DYRQV PLV HQ uHYLGHQFH OH SKuHQRPtHQH GH GXUFLVVHPHQW GX IDLVFHDX GDQV OH GLVSRVLWLI
H[SuHULPHQWDO 0LQL�720,;� /D VROXWLRQ UHWHQXH HVW GH GXUFLU DUWLnFLHOOHPHQW OH IDLVFHDX
GH UD\RQV ; HQ PHWWDQW� HQ VRUWLH GX WXEH GX FARWuH IDLVFHDX GH PHVXUH HW GX FARWuH IDLVFHDX GH
UuHIuHUHQFH� XQ uHFUDQ GH ��� PP GH 3ORPE�



&KDSLWUH �

0LVH HQ }XYUH GX GLVSRVLWLI
0LQL�720,;

��� ,QWURGXFWLRQ

'DQV FH FKDSLWUH� QRXV PHWWURQV HQ }XYUH OH GLVSRVLWLI 0LQL�720,; HW O
DOJRULWKPH GX
PDVTXH�

'DQV XQ SUHPLHU WHPSV� QRXV FKHUFKHURQV tD REWHQLU XQH UuHVROXWLRQ GH �PP� HQ VLPXODQW HW
HQ PHVXUDQW GHV IDQWARPHV�

'DQV XQ GHX[LtHPH WHPSV� QRXV PHVXUHURQV GHV uHFRXOHPHQWV HDX�DLU GDQV OD VHFWLRQ (XFD�
O\SWXV HW FRPSDUHURQV OHV FDUWHV GH WDX[ GH YLGH UHFRQVWUXLWHV DYHF GHV FDUWHV GH WDX[ GH YLGH
PHVXUuHHV SDU OD VRQGH RSWLTXH�

(QnQ� QRXV WHVWHURQV OD FKDArQH GH PHVXUH HW O
DOJRULWKPH GH UHFRQVWUXFWLRQ VXU GHV uHFRXOH�
PHQWV HQ IDLVFHDX[ GH WXEHV�



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

��� 1RPEUH GH SRLQWV QuHFHVVDLUHV SRXU XQH UuHVROXWLRQ GH

� PP�

/
REMHFWLI GH FHWWH VHFWLRQ HVW GH GuHPRQWUHU TX
XQH UuHVROXWLRQ GH � PP� SHXW AHWUH DWWHLQWH�

1RXV DYRQV SURFuHGuH HQ WURLV uHWDSHV �

�� QRXV UHFRQVWUXLVRQV GHV GRQQuHHV VLPXOuHHV GX IDQWARPH � �SODQ ���� HQ DXJPHQWDQW OH QRP�
EUH GH WUDQVODWLRQV 0 MXVTX
tD GLVWLQJXHU OH WURX G
� PP GH GLDPtHWUH �

�� QRXV UHFRQVWUXLVRQV GHV GRQQuHHV UuHHOOHV GX IDQWARPH � HQ DXJPHQWDQW OH QRPEUH GH WUDQV�
ODWLRQV 0 MXVTX
tD DYRLU OD UuHVROXWLRQ YRXOXH �

�� QRXV UHFRQVWUXLVRQV GHV GRQQuHHV UuHHOOHV GX IDQWARPH � HQ DXJPHQWDQW OH QRPEUH GH WUDQV�
ODWLRQV 0 �

/H QRPEUH GH URWDWLRQ VHUD WRXMRXUV RSWLPDO � 1  { �0 �

/HV LPDJHV DXURQW ��� SL[HOV GH FARWuH� FH TXL GRQQH� FRPSWH WHQX GHV SRVLWLRQV H[WUAHPHV GHV
WUDQVODWLRQV� � SL[HO SRXU XQ FDUUuH GH ��� PP GH FARWuH�

����� 5HFRQVWUXFWLRQV GH PHVXUHV VLPXOuHHV GX IDQWARPH �

1RXV DXJPHQWRQV SURJUHVVLYHPHQW OH QRPEUH GH WUDQVODWLRQV0 SRXU YRLU DSSDUDArWUH OH WURX
GH � PP GH GLDPtHWUH� /D WUDQVLWLRQ D OLHX tD �� URWDWLRQV HW �� WUDQVODWLRQV �LPDJHV ��� HW �����

)LJ� ���� ,PDJH REWHQXH SDU &*/6 UuHJXODULVuH
SRXU XQH VLPXODWLRQ GX IDQWARPH � DYHF
XQ uHFKDQWLOORQQDJH UuHJXOLHU� �� URWDWLRQV� ��
WUDQVODWLRQV HW XQH UHFRQVWUXFWLRQ GH ��� SL�
[HOV GH FARWuH

)LJ� ���� ,PDJH REWHQXH SDU &*/6 UuHJXODULVuH
SRXU XQH VLPXODWLRQ GX IDQWARPH � DYHF XQ
uHFKDQWLOORQQDJH HQWUHODFuH� �� URWDWLRQV� �� �
WUDQVODWLRQV HW XQH UHFRQVWUXFWLRQ GH ��� SL�
[HOV GH FARWuH



&KDSLWUH �� 0LVH HQ }XYUH GX GLVSRVLWLI 0LQL�720,; ���

3RXU OHV GHX[ uHFKDQWLOORQQDJHV� QRXV REWHQRQV OD UuHVROXWLRQ YRXOXH GH � PP� SRXU �� WUDQV�
ODWLRQV� VRLW VXU XQ GuHSODFHPHQW GH � FP� XQH PHVXUH WRXV OHV ��� PP�

����� 5HFRQVWUXFWLRQV GH PHVXUHV UuHHOOHV GX IDQWARPH �

5HJDUGRQV VL QRXV DYRQV OD PAHPH UuHVROXWLRQ VXU GHV PHVXUHV UuHHOOHV DYHF OH PAHPH QRPEUH
GH PHVXUHV �nJXUHV ��� HW �����

1RXV DYRQV GH QRXYHDX OD PAHPH UuHVROXWLRQ SRXU OHV GHX[ uHFKDQWLOORQQDJHV�

/
LPDJH HVW OuHJtHUHPHQW DPuHOLRUuHH VL QRXV DXJPHQWRQV OH QRPEUH GH PHVXUHV �nJXUH �����

����� 5HFRQVWUXFWLRQV GH PHVXUHV UuHHOOHV GX IDQWARPH �

5HJDUGRQV FH TXH QRXV REWHQRQV DYHF GHV PHVXUHV UuHHOOHV GX IDQWARPH �� &H IDQWARPH D GHV
WURXV GH SOXVLHXUV GLDPtHWUHV� HQWUH DXWUHV GH � HW � PP� PDLV LO D OD SDUWLFXODULWuH G
DYRLU GHV
RULnFHV SOXV DX PRLQV uHORLJQuHV �GH �� �� � HW � PP� HW G
DYRLU GHV SHWLWV WURXV SURFKHV GH JUDQGV
WURXV �SODQ �����

4ROUSÅDEÅGÅ�ÅMM

4ROUSÅDEÅGÅ�ÅMM

4ROUÅDEÅGÅ��ÅMM

4ROUÅDEÅGÅ��ÅMM

4ROUSÅDEÅGÅ��ÅMM

)LJ� ���� 6FKuHPD GX IDQWARPH �

9R\RQV TXHOTXHV UHFRQVWUXFWLRQV �nJXUHV ���� ��� HW �����

'tHV �� WUDQVODWLRQV HW �� URWDWLRQV� SRXU OHV GHX[ uHFKDQWLOORQQDJHV� QRXV YR\RQV ELHQ WRXV
OHV WURXV� \ FRPSULV OHV SHWLWV WURXV SURFKHV GHV JUDQGV WURXV HW OHV RULnFHV HVSDFuHV GH � PP�
/
DXJPHQWDWLRQ GX QRPEUH GH PHVXUHV tD ��� URWDWLRQV HW ��� WUDQVODWLRQV DPuHOLRUH OuHJtHUHPHQW
O
LPDJH� PDLV Q
DSSRUWH SDV XQH QHWWHWuH VXSSOuHPHQWDLUH�

'RQF HQ FRQFOXVLRQ� TXHO TXH VRLW O
uHFKDQWLOORQQDJH� UuHJXOLHU RX HQWUHODFuH� XQH WUDQVODWLRQ
WRXV OHV ��� PP HW XQ QRPEUH GH URWDWLRQV RSWLPDO SHUPHWWHQW G
REWHQLU XQH UuHVROXWLRQ
PLOOLPuHWULTXH�



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

)LJ� ���� ,PDJH REWHQXH SDU &*/6 UuHJXODULVuH
SRXU XQH PHVXUH GX IDQWARPH � DYHF XQ
uHFKDQWLOORQQDJH UuHJXOLHU� �� URWDWLRQV� ��
WUDQVODWLRQV HW XQH UHFRQVWUXFWLRQ GH ��� SL�
[HOV GH FARWuH

)LJ� ���� ,PDJH REWHQXH SDU &*/6 UuHJXODULVuH
SRXU XQH PHVXUH GX IDQWARPH � DYHF XQ
uHFKDQWLOORQQDJH HQWUHODFuH� �� URWDWLRQV� �� �
WUDQVODWLRQV HW XQH UHFRQVWUXFWLRQ GH ��� SL�
[HOV GH FARWuH

)LJ� ���� ,PDJH REWHQXH SDU &*/6 UuHJXODULVuH SRXU XQH PHVXUH GX IDQWARPH � DYHF ��� URWDWLRQV�
�� WUDQVODWLRQV HW XQH UHFRQVWUXFWLRQ GH ��� SL[HOV GH FARWuH



&KDSLWUH �� 0LVH HQ }XYUH GX GLVSRVLWLI 0LQL�720,; ���

)LJ� ���� ,PDJH REWHQXH SDU &*/6 UuHJXODULVuH
SRXU XQH VLPXODWLRQ GX IDQWARPH � DYHF
XQ uHFKDQWLOORQQDJH UuHJXOLHU� �� URWDWLRQV� ��
WUDQVODWLRQV HW XQH UHFRQVWUXFWLRQ GH ��� SL�
[HOV GH FARWuH

)LJ� ���� ,PDJH REWHQXH SDU &*/6 UuHJXODULVuH
SRXU XQH VLPXODWLRQ GX IDQWARPH � DYHF XQ
uHFKDQWLOORQQDJH HQWUHODFuH� �� URWDWLRQV� �� �
WUDQVODWLRQV HW XQH UHFRQVWUXFWLRQ GH ��� SL�
[HOV GH FARWuH

)LJ� ���� ,PDJH REWHQXH SDU &*/6 UuHJXODULVuH SRXU XQH PHVXUH GX IDQWARPH � DYHF ��� URWDWLRQV�
��� WUDQVODWLRQV HW XQH UHFRQVWUXFWLRQ GH ��� SL[HOV GH FARWuH



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

��� 3URWRFROH H[SuHULPHQWDO

����� 3URFuHGXUH GH PHVXUH

3RXU UuHDOLVHU OHV HVVDLV GHV SDUWLHV VXLYDQWHV� QRXV VXLYRQV OD SURFuHGXUH VXLYDQWH �

�� /D JuHRPuHWULH G
uHFKDQWLOORQQDJH �QRPEUH GH PHVXUHV HW SRVLWLRQV GHV IDLVFHDX[� HVW GuHWHUPL�
QuHH GH IDzFRQ tD DYRLU XQH PHVXUH WRXV OHV � PP HW tD QH SDV DYRLU GH PHVXUH tD FKHYDO VXU
OHV ERUGV GHV SDURLV DX[ RULHQWDWLRQV �p HW ��p� &H FKRL[ SHUPHW GH OLPLWHU OHV HmHWV GH
YROXPH SDUWLHO �OH IDLVFHDX GH UD\RQV ; HVW FROOLPDWuH tD ��� PP GH GLDPtHWUH�� 1RXV SUHQRQV
�� WUDQVODWLRQV�

�� /H QRPEUH GH URWDWLRQV GRLW AHWUH RSWLPDO� GRQF QRXV FKRLVLVVRQV ��� URWDWLRQV�

�� /
DFTXLVLWLRQ GH OD VHFWLRQ G
HVVDLV YLGH HVW UuHDOLVuHH� 1RXV UHFRQVWUXLVRQV VRQ LPDJH SDU
O
DOJRULWKPH &*/6 UuHJXODULVuH HW HQ GuHGXLVRQV OH PDVTXH SDU XQ VHXLO VXU O
DWWuHQXDWLRQ
�VHFWLRQ �������

�� /
DFTXLVLWLRQ GH OD VHFWLRQ G
HVVDLV SOHLQH G
HDX� VDQV GuHELW G
DLU� HVW UuHDOLVuHH� 1RXV VRXV�
WUD\RQV OHV PHVXUHV GH OD VHFWLRQ YLGH HW UHFRQVWUXLVRQV VRQ LPDJH SDU O
DOJRULWKPH GX
PDVTXH HQ XWLOLVDQW OH PDVTXH FRQVWUXLW tD O
uHWDSH �� 1RXV REWHQRQV OD FDUWH G
DWWuHQXDWLRQ �
xVDQV GuHELW G
DLU�L� M��

�� /
DFTXLVLWLRQ GH OD VHFWLRQ G
HVVDLV DYHF OH GuHELW G
DLU FKRLVL HVW UuHDOLVuHH� 'H PAHPH� QRXV
VRXVWUD\RQV OHV PHVXUHV GH OD VHFWLRQ YLGH HW VRQ LPDJH HVW UHFRQVWUXLWH SDU O
DOJRULWKPH GX
PDVTXH HQ XWLOLVDQW OH PDVTXH FRQVWUXLW tD O
uHWDSH �� 1RXV REWHQRQV OD FDUWH G
DWWuHQXDWLRQ �
xGuHELW FRQVLGuHUuH�L� M��

�� 3RXU FKDTXH SL[HO GH SRVLWLRQ �L� M�� OH WDX[ GH SUuHVHQFH ORFDO HVW REWHQX SDU �

m�L� M�  �b xGuHELW FRQVLGuHUuH�L� M�

xVDQV GuHELW G
DLU�L� M�
�����

(Q HmHW� HQ FRQVLGuHUDQW TXH OH IDLVFHDX GH UD\RQV ; QH VH GXUFLW SDV GDQV OD VHFWLRQ�
O
DWWuHQXDWLRQ GDQV OD VHFWLRQ V
H[SULPH VRXV OD IRUPH VXLYDQWH �

xGuHELW FRQVLGuHUuH�L� M�  m�L� M�xDLU�L� M� � ��b m�L� M��xHDX�L� M� �����

/H WDX[ GH SUuHVHQFH ORFDO Q
HVW SDV SURFKH GH � GDQV QRV HVVDLV� xDLU HVW WUtHV SHWLW GHYDQW
xHDX� GRQF HVW QuHJOLJHDEOH� xHDX HVW REWHQXH SDU OD PHVXUH GH OD VHFWLRQ G
HVVDLV VDQV GuHELW
G
DLU� &HOD SHUPHW GH SUHQGUH HQ FRPSWH OH GXUFLVVHPHQW GX IDLVFHDX GDQV O
uHFUDQ GH
3ORPE� OD UuHSRQVH GH OD FKDArQH GH PHVXUH HW O
DOJRULWKPH GH UHFRQVWUXFWLRQ �TXL UuHDOLVH
XQH DGLPHQVLRQQDOLVDWLRQ GH O
DWWuHQXDWLRQ�� /
DSSOLFDWLRQ GH O
uHTXDWLRQ ����� SHUPHW GH
FRUULJHU GHV DUWHIDFWV TXL VRQW SUuHVHQWV VXU OHV FDUWHV G
DWWuHQXDWLRQ GH OD VHFWLRQ G
HVVDLV
VDQV GuHELW G
DLU HW DYHF GuHELW G
DLU�

&HWWH SURFuHGXUH VHUD DSSOLTXuHH tD GHV uHFKDQWLOORQQDJHV UuHJXOLHUV HW GHV uHFKDQWLOORQQDJHV HQ�
WUHODFuHV� 3RXU FHV GHUQLHUV� ���� WUDQVODWLRQV HW GH ��� URWDWLRQV VRQW UuHDOLVuHHV�

/
uHTXDWLRQ ����� SHUPHW GH FDOFXOHU O
LQFHUWLWXGH VXU OD GuHWHUPLQDWLRQ GX WDX[ GH SUuHVHQFH
ORFDO SDU PHVXUH WRPRJUDSKLTXH �

cm  
xVDQV GuHELW G
DLU � xGuHELW FRQVLGuHUuH

xVDQV GuHELW G
DLU
�

cx �����

/
LQFHUWLWXGH VXU OD GuHWHUPLQDWLRQ GH xGuHELW FRQVLGuHUuH HW GH xVDQV GuHELW G
DLU HVW OD PAHPH� 'DQV OD
VHFWLRQ ���� QRXV DYRQV GuHWHUPLQuH TXH FHWWH LQFHUWLWXGH UHODWLYH uHWDLW GH h ��� ��



&KDSLWUH �� 0LVH HQ }XYUH GX GLVSRVLWLI 0LQL�720,; ���

����� &RUUHFWLRQV GHV PHVXUHV

1RXV DOORQV YLVXDOLVHU OH SURnO GH PHVXUHV tD �p GH OD VHFWLRQ SOHLQH DSUtHV VRXVWUDFWLRQ GHV
PHVXUHV GH OD VHFWLRQ G
HVVDLV YLGH �nJXUH ������
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)LJ� ����� 'LmuHUHQFH HQWUH OHV PHVXUHV tD �p GH OD VHFWLRQ G
HVVDLV SOHLQH G
HDX� VDQV GuHELW G
DLU
HW GH OD VHFWLRQ G
HVVDLV YLGH

/H SURnO GHYUDLW AHWUH SODW� 2U FH SURnO HVW FURLVVDQW HQ IRQFWLRQ GX QXPuHUR GH PHVXUH�
3UuHFuHGHPPHQW� QRXV DYRQV PLV HQ uHYLGHQFH OH FRPSRUWHPHQW GHV SKRWRPXOWLSOLFDWHXUV VXLWH
tD XQ IURQW G
DWWuHQXDWLRQ �VHFWLRQ ������� 1RXV REVHUYRQV GH QRXYHDX FH SKuHQRPtHQH PDOJUuH
O
DWWHQWH GH � PLQ DMRXWuHH GDQV OH SURJUDPPH G
DFTXLVLWLRQ� 'H SOXV� HQ UDLVRQ GH FH SKuHQRPtHQH�
O
DWWuHQXDWLRQ GHV SDURLV Q
HVW SOXV uHJDOH HQWUH OHV PHVXUHV GH OD VHFWLRQ YLGH HW SOHLQH G
HDX�
&HOD H[SOLTXH OHV GHX[ QLYHDX[ GX SURnO�

3RXU FRPSUHQGUH O
LPSRUWDQFH GH FKDFXQ GH FHV GuHIDXWV� QRXV OHV DYRQV UHSURGXLWV JUADFH tD
GHV VLPXODWLRQV GH PHVXUH GH OD VHFWLRQ G
HVVDLV SOHLQH G
HDX�

'DQV XQ SUHPLHU WHPSV� QRXV VLPXORQV OD FURLVVDQFH GHV PHVXUHV HQ DSSOLTXDQW XQ FRHpFLHQW
OLQuHDLUH DX[ SURnOV GH PHVXUHV� SRXU FKDTXH SRVLWLRQ DQJXODLUH �nJXUHV ���� HW ������

&H GuHIDXW HQWUDArQH GHV DUWHIDFWV DYHF XQ uHFDUW PD[LPDO GH h ��� ��

1RXV DOORQV UHJDUGHU O
LQoXHQFH GH OD GLmuHUHQFH GH PHVXUHV GHV SDURLV HQ 3OH[LJODV �n�
JXUHV ���� HW ������

&H GuHIDXW HQWUDArQH XQH VXU�HVWLPDWLRQ GH O
DWWuHQXDWLRQ SURFKH GHV ERUGV GX PDVTXH� 'DQV
FH FDV� OHV PHVXUHV FRQWLHQQHQW O
DWWuHQXDWLRQ GH OD VHFWLRQ G
HVVDLV DYHF XQ �VXSSOuHPHQW�
G
DWWuHQXDWLRQ� /
DOJRULWKPH GH UHFRQVWUXFWLRQ UuHSDUWLW FH VXSSOuHPHQW DX[ ERUGV GH OD WUDPH�
/H OLVVDJH GAX tD OD UuHJXODULVDWLRQ HQWUDArQH FHWWH DOOXUH FRQFDYH� /
DUWHIDFW LQGXLW SURYRTXH XQH
HUUHXU GH ��� ��



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;
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)LJ� ����� 0HVXUHV tD �p HW tD ��p GH OD VLPXOD�
WLRQ GH OD SHQWH DSSOLTXuHH tD OD VHFWLRQ G
HVVDLV
SOHLQH G
HDX

)LJ� ����� ,PDJH REWHQXH SDU O
DOJRULWKPH GX
PDVTXH DYHF OHV PHVXUHV GH OD nJXUH ����
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)LJ� ����� 0HVXUHV tD �p GH OD VLPXODWLRQ GH OD
GLmuHUHQFH G
DWWuHQXDWLRQV GHV SDURLV tD OD VHF�
WLRQ G
HVVDLV SOHLQH G
HDX

)LJ� ����� ,PDJH REWHQXH SDU O
DOJRULWKPH GX
PDVTXH DYHF OHV PHVXUHV GH OD nJXUH ����



&KDSLWUH �� 0LVH HQ }XYUH GX GLVSRVLWLI 0LQL�720,; ���

/
HUUHXU FXPXOuHH GH FHV GuHIDXWV HVW GH h ��� � VXU O
DWWuHQXDWLRQ HW HQWUDArQHUD XQH PDXYDLVH
HVWLPDWLRQ GX WDX[ GH SUuHVHQFH ORFDO�

&
HVW SRXUTXRL QRXV DOORQV FRUULJHU FHW HmHW SDU GHX[ DFWLRQV VXFFHVVLYHV TXH QRXV UuHDOLVHURQV
tD FKDTXH HVVDL �

�� &RUUHFWLRQ GH OD SHQWH � 3RXU FKDTXH SRVLWLRQ DQJXODLUH� QRXV DSSOLTXRQV XQ IDFWHXU
FRUUHFWLI OLQuHDLUH GH SHQWH RSSRVuH tD FHOOH GHV PHVXUHV� 6RLHQW L� OH QXPuHUR GH SURMHFWLRQ
HW M OH QXPuHUR GH URWDWLRQ� 6L OD YDOHXU PR\HQQH GX SUHPLHU SURnO HVW $PR\HQ��� OD SHQWH
GH FH SURnO D� HW VRQ RUGRQQuHH tD O
RULJLQH E�� O
DWWuHQXDWLRQ FRUULJuHH HVW GRQQuHH SDU �

$FRUULJuHH�L� M�  �b
D�

$PR\HQ��

L �
E�

$PR\HQ��

�$PHVXUuHH�L� M� �����

�� (Q FRPSDUDQW OHV SURnOV GH PHVXUHV GH OD VHFWLRQ YLGH HW DX GuHELW G
DLU FRQVLGuHUuH tD
O
DQJOH �p� XQ IDFWHXU KRPRWKuHWLTXH HVW DSSOLTXuH DX[ PHVXUHV GH OD VHFWLRQ YLGH DnQ
TXH OHV DWWuHQXDWLRQV FRUUHVSRQGDQW DX[ SDURLV VRLHQW uHJDOHV �F
HVW tD GLUH HQ XWLOLVDQW
O
uHTXDWLRQ ����� DYHF D�  ���

/H SURnO tD �p REWHQX SRXU OHV PHVXUHV FRUULJuHHV GH OD VHFWLRQ SOHLQH G
HDX� DSUtHV VRXVWUDFWLRQ
GHV PHVXUHV tD YLGH FRUULJuHHV� HVW GRQQuH VXU OD nJXUH �����
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)LJ� ����� 'LmuHUHQFH HQWUH OHV PHVXUHV FRUULJuHHV tD �p GH OD VHFWLRQ G
HVVDLV SOHLQH G
HDX� VDQV
GuHELW G
DLU HW GH OD VHFWLRQ G
HVVDLV YLGH



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

��� 0HVXUHV G
uHFRXOHPHQWV QRQ GuHYLuHV

����� 0HVXUH GH OD VHFWLRQ G
HVVDLV YLGH

1RXV PHVXURQV G
DERUG OD VHFWLRQ G
HVVDLV YLGH� 1RXV UHFRQVWUXLVRQV OHV PHVXUHV DYHF O
DO�
JRULWKPH &*/6 UuHJXODULVuH �nJXUH ������ /H SDUDPtHWUH GH UuHJXODULVDWLRQ w HVW GH �� �����b��

)LJ� ����� 5HFRQVWUXFWLRQ GH OD VHFWLRQ G
HVVDLV YLGH REWHQXH SDU O
DOJRULWKPH &*/6 UuHJXODULVuH
DYHF ��� URWDWLRQV� �� WUDQVODWLRQV HW XQH UHFRQVWUXFWLRQ GH �� SL[HOV GH FARWuH

1RXV HQ GuHGXLVRQV SDU XQ VHXLO tD PL�DPSOLWXGH OH PDVTXH TXL VHUD XWLOLVuH SDU OD VXLWH �n�
JXUH ������

����� 0HVXUH GH OD VHFWLRQ G
HVVDLV VDQV GuHELW G
DLU

1RXV PHVXURQV OD VHFWLRQ G
HVVDLV SOHLQH G
HDX VDQV GuHELW G
DLU �nJXUHV ���� HW ������ /H
SDUDPtHWUH GH UuHJXODULVDWLRQ w HVW GH �����

&HV nJXUHV VHUYLURQW SDU OD VXLWH FRPPH FDUWHV G
DWWuHQXDWLRQ GH O
HDX GH UuHIuHUHQFH SRXU OH
FDOFXO GX WDX[ GH SUuHVHQFH ORFDO� /
DWWuHQXDWLRQ PR\HQQH GHV GHX[ FDUWHV HVW GH ����� /
uHFDUW
UHODWLI PD[LPDO GHV YDOHXUV GHV SL[HOV REWHQXHV HVW GH h ��� ��

����� 0HVXUH GH OD VHFWLRQ G
HVVDLV DYHF XQ GuHELW G
DLU GH ��� 1O�PLQb�

1RXV UuHJORQV OH GuHELW G
DLU tD ��� 1O�PLQb� HW PHVXURQV O
uHFRXOHPHQW REWHQX �nJXUH ������
/
LPDJH HVW UHFRQVWUXLWH HQ XWLOLVDQW OD PuHWKRGH GX PDVTXH HW OH WDX[ GH YLGH HVW GuHWHUPLQuH
HQ XWLOLVDQW OHV FDUWHV G
DWWuHQXDWLRQ GH OD VHFWLRQ SOHLQH G
HDX� VDQV GuHELW G
DLU �nJXUHV ����



&KDSLWUH �� 0LVH HQ }XYUH GX GLVSRVLWLI 0LQL�720,; ���

)LJ� ����� 0DVTXH GH OD VHFWLRQ G
HVVDLV

)LJ� ����� 5HFRQVWUXFWLRQ GH OD VHFWLRQ
G
HVVDLV SOHLQH G
HDX VDQV GuHELW G
DLU
REWHQXH SDU OD PuHWKRGH GX PDVTXH DYHF
XQ uHFKDQWLOORQQDJH UuHJXOLHU� ��� URWDWLRQV�
�� WUDQVODWLRQV HW XQH UHFRQVWUXFWLRQ GH ��
SL[HOV GH FARWuH

)LJ� ����� 5HFRQVWUXFWLRQ GH OD VHFWLRQ
G
HVVDLV SOHLQH G
HDX VDQV GuHELW G
DLU
REWHQXH SDU OD PuHWKRGH GX PDVTXH DYHF
XQ uHFKDQWLOORQQDJH HQWUHODFuH� ��� URWDWLRQV�
�� � WUDQVODWLRQV HW XQH UHFRQVWUXFWLRQ GH ��
SL[HOV GH FARWuH



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

HW ������ /H SDUDPtHWUH GH UuHJXODULVDWLRQ w HVW GH ����� 1RXV REWHQRQV SRXU OH PAHPH GuHELW XQH
FDUWH GX WDX[ GH SUuHVHQFH ORFDO SDU OD VRQGH RSWLTXH �nJXUH ������

1RXV FDOFXORQV OHV PR\HQQHV GHV GLmuHUHQWHV FDUWHV GH WDX[ GH SUuHVHQFH ORFDO� OHV uHFDUWV
DEVROXV PD[LPDX[ GHV YDOHXUV GHV SL[HOV �WDEOHDX �����

0uHWKRGH GH PHVXUH PR\HQQH �HQ �� (FDUW DEVROX PD[LPDO �HQ ��
6RQGH RSWLTXH ���� ����
7RPRJUDSKLH� UuHJXOLHU ���� ����
7RPRJUDSKLH� HQWUHODFuH ���� ����

7DE� ���� 7DEOHDX GHV PR\HQQHV HW GHV uHFDUWV PD[LPDX[ GHV FDUWHV GH WDX[ GH SUuHVHQFH ORFDO
SRXU XQ GuHELW GH ��� 1O�PLQb�

'
DSUtHV OD PHVXUH UuHDOLVuHH SDU OD VRQGH RSWLTXH� OH WDX[ GH YLGH HVW XQLIRUPH GDQV OD VHFWLRQ
G
HVVDLV� /HV FDUWHV GH WDX[ GH SUuHVHQFH ORFDO REWHQXHV SDU WRPRJUDSKLH VRQW UHODWLYHPHQW XQL�
IRUPHV DYHF XQ uHFDUW PD[LPDO LQIuHULHXU tD ��� �� &HV uHFDUWV SURYLHQQHQW GHV IDLEOHV oXFWXDWLRQV
GHV SURnOV GH PHVXUHV TXL UHVWHQW DSUtHV OHV FRUUHFWLRQV� 0DLV OHV YDOHXUV PR\HQQHV GHV FDUWHV
WRPRJUDSKLTXHV VRQW VXSuHULHXUHV GH ���� � GH WDX[ GH SUuHVHQFH ORFDO tD OD YDOHXU PR\HQQH GH
OD FDUWH GH OD VRQGH RSWLTXH�

/H WDEOHDX ��� PRQWUH OHV uHFDUWV DEVROXV TXDGUDWLTXH HW PD[LPDO HQWUH OHV FDUWHV GH WDX[
GH SUuHVHQFH WRPRJUDSKLTXHV HW REWHQX SDU OD VRQGH RSWLTXH� &HV uHFDUWV VRQW FDOFXOuHV SDU OHV
IRUPXOHV VXLYDQWHV �

^ uHFDUW TXDGUDWLTXH DEVROX �

�

QVHFWLRQ
�

V

;

7RXWH OD VHFWLRQ

�mWRPRJUDSKLH �L� M�b mVRQGH RSWLTXH �L� M��
� �����

^ uHFDUW PD[LPDO DEVROX �

PD[
7RXWH OD VHFWLRQ

MmWRPRJUDSKLH �L� M�b mVRQGH RSWLTXH �L� M�M �����

RtX L HW M VRQW OHV SRVLWLRQV G
XQ SL[HO�

0uHWKRGHV GH PHVXUH (FDUW TXDGUDWLTXH (FDUW PD[LPDO
DEVROX �HQ �� DEVROX �HQ ��

7RPRJUDSKLH� UuHJXOLHU ���� ����
7RPRJUDSKLH� HQWUHODFuH ���� ����

7DE� ���� 7DEOHDX GHV uHFDUWV DEVROXV PR\HQV HW PD[LPDX[ GHV FDUWHV GH WDX[ GH SUuHVHQFH ORFDO
WRPRJUDSKLTXHV HW REWHQXH SDU OD VRQGH RSWLTXH SRXU XQ GuHELW GH ��� 1O�PLQb�

SRXU XQ GuHELW GH ��� 1O�PLQb�� OHV LQFHUWLWXGHV VXU OHV PHVXUHV VRQW OHV VXLYDQWHV �

^ SRXU OD VRQGH RSWLTXH � h�� GH WDX[ GH SUuHVHQFH ORFDO �

^ SRXU OHV PHVXUHV WRPRJUDSKLTXH � h�� ��� GH WDX[ GH SUuHVHQFH ORFDO �FDOFXOuH DYHF O
uHTXD�
WLRQ �������

/
uHFDUW TXDGUDWLTXH UHVWH IDLEOH tD ���� �� 1RXV GHYRQV FRPSDUHU O
uHFDUW PD[LPDO DEVROX
����� �� tD O
LQFHUWLWXGH VXU QRV PHVXUHV TXL HVW GH ���� �� &HV uHFDUWV VRQW LQIuHULHXUV tD O
LQFHU�
WLWXGH� GRQF OHV PHVXUHV VRQW HQ DFFRUG�



&KDSLWUH �� 0LVH HQ }XYUH GX GLVSRVLWLI 0LQL�720,; ���

)LJ� ����� 3KRWRJUDSKLH GH O
uHFRXOHPHQW
REWHQX DYHF XQ GuHELW G
DLU GH ��� 1O�PLQb�

)LJ� ����� &DUWH GX WDX[ GH SUuHVHQFH ORFDO
REWHQXH SDU OD VRQGH RSWLTXH DYHF XQ GuHELW
G
DLU GH ��� 1O�PLQb�

)LJ� ����� &DUWH GX WDX[ GH SUuHVHQFH ORFDO
REWHQXH SDU OD PuHWKRGH GX PDVTXH DYHF XQ
uHFKDQWLOORQQDJH UuHJXOLHU� XQ GuHELW G
DLU GH ���
1O�PLQb�� ��� URWDWLRQV� �� WUDQVODWLRQV HW XQH
UHFRQVWUXFWLRQ GH �� SL[HOV GH FARWuH

)LJ� ����� &DUWH GX WDX[ GH SUuHVHQFH ORFDO
REWHQXH SDU OD PuHWKRGH GX PDVTXH DYHF XQ
uHFKDQWLOORQQDJH HQWUHODFuH� XQ GuHELW G
DLU GH
��� 1O�PLQb�� ��� URWDWLRQV� �� � WUDQVODWLRQV
HW XQH UHFRQVWUXFWLRQ GH �� SL[HOV GH FARWuH



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

����� 0HVXUH GH OD VHFWLRQ G
HVVDLV DYHF XQ GuHELW G
DLU GH ���� 1O�PLQb�

1RXV UuHJORQV OH GuHELW G
DLU tD ���� 1O�PLQb� HW PHVXURQV O
uHFRXOHPHQW REWHQX �nJXUH ������
/
LPDJH HVW UHFRQVWUXLWH GH OD PAHPH IDzFRQ TXH SUuHFuHGHPPHQW �nJXUHV ���� HW ������ /H SDUDPtHWUH
GH UuHJXODULVDWLRQ w HVW GH ����� 1RXV REWHQRQV SRXU OH PAHPH GuHELW XQH FDUWH GX WDX[ GH SUuHVHQFH
ORFDO SDU OD VRQGH RSWLTXH �nJXUH ������

1RXV FDOFXORQV OHV PR\HQQHV GHV GLmuHUHQWHV FDUWHV GH WDX[ GH SUuHVHQFH ORFDO� OHV uHFDUWV
DEVROXV PD[LPDX[ GHV YDOHXUV GHV SL[HOV �WDEOHDX �����

0uHWKRGH GH PHVXUH PR\HQQH �HQ �� (FDUW DEVROX PD[LPDO �HQ ��
6RQGH RSWLTXH ����� ����
7RPRJUDSKLH� UuHJXOLHU ����� ����
7RPRJUDSKLH� HQWUHODFuH ����� ����

7DE� ���� 7DEOHDX GHV PR\HQQHV HW GHV uHFDUWV PD[LPDX[ GHV FDUWHV GH WDX[ GH SUuHVHQFH ORFDO
SRXU XQ GuHELW GH ���� 1O�PLQb�

1RXV UHWURXYRQV O
XQLIRUPLWuH GHV FDUWHV GH WDX[ GH SUuHVHQFH ORFDO� /HXUV YDOHXUV PR\HQQHV
VRQW GLmuHUHQWHV GH � � GH WDX[ GH SUuHVHQFH ORFDO� 8QH IDLEOH YDULDWLRQ GH O
DWWuHQXDWLRQ HQWUDArQH
XQH IRUWH YDULDWLRQ GX WDX[ GH SUuHVHQFH ORFDO� &HV uHFDUWV GH YDOHXUV PR\HQQHV V
H[SOLTXHQW
SDU XQH PDXYDLVH HVWLPDWLRQ GH OD PHVXUH GH OD VHFWLRQ G
HVVDLV YLGH GXH tD OD GLYHUJHQFH GHV
SKRWRPXOWLSOLFDWHXUV�

/H WDEOHDX ��� PRQWUH OHV uHFDUWV DEVROXV TXDGUDWLTXH HW PD[LPDO HQWUH OHV FDUWHV GH WDX[ GH
SUuHVHQFH WRPRJUDSKLTXHV HW REWHQX SDU OD VRQGH RSWLTXH�

0uHWKRGHV GH PHVXUH (FDUW TXDGUDWLTXH (FDUW PD[LPDO
DEVROX �HQ �� DEVROX �HQ ��

7RPRJUDSKLH� UuHJXOLHU ���� ����
7RPRJUDSKLH� HQWUHODFuH ���� ����

7DE� ���� 7DEOHDX GHV uHFDUWV DEVROXV PR\HQV HW PD[LPDX[ GHV FDUWHV GH WDX[ GH SUuHVHQFH ORFDO
WRPRJUDSKLTXHV HW REWHQXH SDU OD VRQGH RSWLTXH SRXU XQ GuHELW GH ���� 1O�PLQb�

SRXU XQ GuHELW GH ���� 1O�PLQb�� O
LQFHUWLWXGH VXU OHV PHVXUHV VRQW OHV VXLYDQWHV �

^ SRXU OD VRQGH RSWLTXH � h�� GH WDX[ GH SUuHVHQFH ORFDO �

^ SRXU OHV PHVXUHV WRPRJUDSKLTXH � h�� ��� GH WDX[ GH SUuHVHQFH ORFDO �FDOFXOuH DYHF O
uHTXD�
WLRQ �������

/
uHFDUW PD[LPDO DEVROX HVW JUDQG GHYDQW OD PR\HQQH GX WDX[ GH SUuHVHQFH ORFDO HW HVW OH
GRXEOH GH O
LQFHUWLWXGH� 0DOJUuH OHV FRUUHFWLRQV� OHV SURnOV GH PHVXUHV SUuHVHQWHQW GHV oXFWXD�
WLRQV� &HOOHV�FL RQW XQH LQoXHQFH SOXV IRUWH SRXU FH GuHELW� FDU O
DWWuHQXDWLRQ HVW SOXV IDLEOH TXH
SUuHFuHGHPPHQW� 1RXV UHWURXYRQV TXDQG PAHPH O
RUGUH GH JUDQGHXU GX WDX[ GH SUuHVHQFH
ORFDO HW O
XQLIRUPLWuH GH OD FDUWH�

����� 0HVXUH GH OD VHFWLRQ G
HVVDLV DYHF XQ GuHELW G
DLU GH ���� 1O�PLQb�

1RXV UuHJORQV OH GuHELW G
DLU tD ���� 1O�PLQb� HW PHVXURQV O
uHFRXOHPHQW REWHQX �nJXUH ������
/
LPDJH HVW UHFRQVWUXLWH GH OD PAHPH IDzFRQ TXH SUuHFuHGHPPHQW �nJXUHV ���� HW ������ /H SDUDPtHWUH



&KDSLWUH �� 0LVH HQ }XYUH GX GLVSRVLWLI 0LQL�720,; ���

)LJ� ����� 3KRWRJUDSKLH GH O
uHFRXOHPHQW
REWHQX DYHF XQ GuHELW G
DLU GH ���� 1O�PLQb�

)LJ� ����� &DUWH GX WDX[ GH SUuHVHQFH ORFDO
REWHQXH SDU OD VRQGH RSWLTXH DYHF XQ GuHELW
G
DLU GH ���� 1O�PLQb�

)LJ� ����� &DUWH GX WDX[ GH SUuHVHQFH ORFDO
REWHQXH SDU OD PuHWKRGH GX PDVTXH DYHF XQ
uHFKDQWLOORQQDJH UuHJXOLHU� XQ GuHELW G
DLU GH ����
1O�PLQb�� ��� URWDWLRQV� �� WUDQVODWLRQV HW XQH
UHFRQVWUXFWLRQ GH �� SL[HOV GH FARWuH

)LJ� ����� &DUWH GX WDX[ GH SUuHVHQFH ORFDO
REWHQXH SDU OD PuHWKRGH GX PDVTXH DYHF XQ
uHFKDQWLOORQQDJH HQWUHODFuH� XQ GuHELW G
DLU GH
���� 1O�PLQb�� ��� URWDWLRQV� �� � WUDQVOD�
WLRQV HW XQH UHFRQVWUXFWLRQ GH �� SL[HOV GH
FARWuH



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

GH UuHJXODULVDWLRQ w HVW GH ����� 1RXV REWHQRQV SRXU OH PAHPH GuHELW XQH FDUWH GX WDX[ GH SUuHVHQFH
ORFDO SDU OD VRQGH RSWLTXH �nJXUH ������

/HV FDUWHV GH WDX[ GH SUuHVHQFH ORFDO RQW GHV DOOXUHV GLmuHUHQWHV� /HV FDUWHV WRPRJUDSKLTXHV
VRQW XQLIRUPHV DYHF XQ WDX[ PR\HQ DXWRXU GH �� �� /D FDUWH REWHQXH DYHF OD VRQGH RSWLTXH
SUuHVHQWH XQ WDX[ GH SUuHVHQFH ORFDO IDLEOH HQ SDURL �GH � tD �� �� HW XQ WDX[ LPSRUWDQW DXWRXU
GH �� � DX FHQWUH GH OD VHFWLRQ G
HVVDLV�

/
uHFRXOHPHQW SUuHVHQWH GHV UHFLUFXODWLRQV F\FOLTXHV DYHF GHV UHWRPEuHHV SuHULRGLTXHV DX YRLVL�
QDJH GHV SDURLV DYHF XQH SuHULRGLFLWuH GH O
RUGUH GH � tD � V� 4XDQG FHV SKuHQRPtHQHV RQW OLHX�
FHUWDLQHV EXOOHV Q
RQW SOXV XQ PRXYHPHQW DVFHQGDQW� PDLV GHVFHQGDQW GDQV OD VHFWLRQ G
HVVDLV�
'DQV FH FDV� HOOHV QH VRQW SOXV SHUFuHHV SDU OD SRLQWH GH OD VRQGH RSWLTXH� GRQF HOOHV QH VRQW SDV
FRPSWDELOLVuHHV GDQV OH FDOFXO GX WDX[ GH SUuHVHQFH ORFDO� /D PHVXUH WRPRJUDSKLTXH Q
D SDV
FHW LQFRQYuHQLHQW HW SUHQG HQ FRPSWH WRXWHV OHV EXOOHV� TXHOV TXH VRLHQW OHXUV PRXYHPHQWV�

/
uHFDUW HQWUH OHV GHX[ YDOHXUV GH WDX[ GH SUuHVHQFH ORFDO V
H[SOLTXH FRPPH SUuHFuHGHPPHQW
SDU OD GLmuHUHQFH G
DWWuHQXDWLRQ GH OD VHFWLRQ G
HVVDLV YLGH�



&KDSLWUH �� 0LVH HQ }XYUH GX GLVSRVLWLI 0LQL�720,; ���

)LJ� ����� 3KRWRJUDSKLH GH O
uHFRXOHPHQW
REWHQX DYHF XQ GuHELW G
DLU GH ���� 1O�PLQb�

)LJ� ����� &DUWH GX WDX[ GH SUuHVHQFH ORFDO
REWHQXH SDU OD VRQGH RSWLTXH DYHF XQ GuHELW
G
DLU GH ���� 1O�PLQb�

)LJ� ����� &DUWH GX WDX[ GH SUuHVHQFH ORFDO
REWHQXH SDU OD PuHWKRGH GX PDVTXH DYHF XQ
uHFKDQWLOORQQDJH UuHJXOLHU� XQ GuHELW G
DLU GH ����
1O�PLQb�� ��� URWDWLRQV� �� WUDQVODWLRQV HW XQH
UHFRQVWUXFWLRQ GH �� SL[HOV GH FARWuH

)LJ� ����� &DUWH GX WDX[ GH SUuHVHQFH ORFDO
REWHQXH SDU OD PuHWKRGH GX PDVTXH DYHF XQ
uHFKDQWLOORQQDJH HQWUHODFuH� XQ GuHELW G
DLU GH
���� 1O�PLQb�� ��� URWDWLRQV� �� � WUDQVOD�
WLRQV HW XQH UHFRQVWUXFWLRQ GH �� SL[HOV GH
FARWuH



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

��� 0HVXUHV G
uHFRXOHPHQWV GuHYLuHV

1RXV SODzFRQV XQ GuHoHFWHXU HQ 3OH[LJODV GDQV OD VHFWLRQ G
HVVDLV tD HQYLURQ � FP GX QLYHDX
GHV PHVXUHV WRPRJUDSKLTXH HW GH OD VRQGH RSWLTXH� ,O SHUPHW G
REWHQLU XQ uHFRXOHPHQW QRQ
XQLIRUPH�

����� 0HVXUH GH OD VHFWLRQ G
HVVDLV DYHF XQ GuHELW G
DLU GH ��� 1O�PLQb�

1RXV UuHJORQV OH GuHELW G
DLU tD ��� 1O�PLQb� HW PHVXURQV O
uHFRXOHPHQW REWHQX �nJXUH ������
/
LPDJH HVW UHFRQVWUXLWH GH OD PAHPH IDzFRQ TXH SUuHFuHGHPPHQW �nJXUHV ���� HW ������ /H SDUDPtHWUH
GH UuHJXODULVDWLRQ w HVW GH ����� 1RXV REWHQRQV SRXU OH PAHPH GuHELW XQH FDUWH GX WDX[ GH SUuHVHQFH
ORFDO SDU OD VRQGH RSWLTXH �nJXUH ������

1RXV UHWURXYRQV VXU OHV FDUWHV WRPRJUDSKLTXHV OD IRUPH GX SLF GH WDX[ GH SUuHVHQFH ORFDO
PHVXUuH DYHF OD VRQGH RSWLTXH� /HV WDX[ UHFRQVWUXLWV VRQW GX PAHPH RUGUH GH JUDQGHXU� /HV
FDUWHV WRPRJUDSKLTXHV SUuHVHQWHQW GDQV OHXUV FRLQV LQIuHULHXUV JDXFKHV HW GURLWV GHV DUWHIDFWV TXL
IDXVVHQW O
HVWLPDWLRQ GX WDX[ GDQV FHV ]RQHV�

5HJDUGRQV XQ SURnO PuHGLDQ H[WUDLW GHV FDUWHV GH WDX[ GH SUuHVHQFH ORFDO �nJXUH ������

/HV WURLV SURnOV RQW XQ FRPSRUWHPHQW VHPEODEOH� /HXUV FURLVVDQFHV GuHEXWHQW GDQV OD PAHPH
]RQH� /HXUV SHQWHV VRQW OuHJtHUHPHQW GLmuHUHQWHV� /HXU FRPSRUWHPHQW HVW GLmuHUHQW HQWUH OH SL[HO
�� HW OH SL[HO �� � LOV GuHFURLVVHQW tD SDUWLU G
XQ SL[HO GLmuHUHQW�

/H WDEOHDX ��� PRQWUH OHV uHFDUWV DEVROXV TXDGUDWLTXH HW PD[LPDO HQWUH OHV FDUWHV GH WDX[ GH
SUuHVHQFH WRPRJUDSKLTXHV HW REWHQXH SDU OD VRQGH RSWLTXH�

0uHWKRGHV GH PHVXUH (FDUW TXDGUDWLTXH (FDUW PD[LPDO
DEVROX �HQ �� DEVROX �HQ ��

7RPRJUDSKLH� UuHJXOLHU ���� ����
7RPRJUDSKLH� HQWUHODFuH ���� ����

7DE� ���� 7DEOHDX GHV uHFDUWV DEVROXV PR\HQV HW PD[LPDX[ GHV FDUWHV GH WDX[ GH SUuHVHQFH ORFDO
WRPRJUDSKLTXHV HW REWHQXH SDU OD VRQGH RSWLTXH DYHF XQ GuHoHFWHXU HW XQ GuHELW G
DLU GH ���
1O�PLQb�

SRXU XQ GuHELW GH ��� 1O�PLQb�� OHV LQFHUWLWXGHV VXU OHV PHVXUHV VRQW OHV VXLYDQWHV �

^ SRXU OD VRQGH RSWLTXH � h�� GH WDX[ GH SUuHVHQFH ORFDO �

^ SRXU OHV PHVXUHV WRPRJUDSKLTXH � h�� �� GH WDX[ GH SUuHVHQFH ORFDO �FDOFXOuH DYHF O
uHTXD�
WLRQ �������

/
uHFDUW PD[LPDO DEVROX HVW GH O
RUGUH GH JUDQGHXU GH O
LQFHUWLWXGH� 1RXV DYRQV DFFRUG
HQWUH OHV GHX[ PHVXUHV�

����� 0HVXUH GH OD VHFWLRQ G
HVVDLV DYHF XQ GuHELW G
DLU GH ���� 1O�PLQb�

1RXV UuHJORQV OH GuHELW G
DLU tD ���� 1O�PLQb� HW PHVXURQV O
uHFRXOHPHQW REWHQX �nJXUH ������
/
LPDJH HVW UHFRQVWUXLWH GH OD PAHPH IDzFRQ TXH SUuHFuHGHPPHQW �nJXUHV ���� HW ������ /H SDUDPtHWUH



&KDSLWUH �� 0LVH HQ }XYUH GX GLVSRVLWLI 0LQL�720,; ���

)LJ� ����� 3KRWRJUDSKLH GH O
uHFRXOHPHQW
REWHQX DYHF XQ GuHoHFWHXU HW XQ GuHELW G
DLU
GH ��� 1O�PLQb� )LJ� ����� &DUWH GX WDX[ GH SUuHVHQFH OR�

FDO REWHQXH SDU OD VRQGH RSWLTXH DYHF XQ
GuHoHFWHXU HW XQ GuHELW G
DLU GH ��� 1O�PLQb�

)LJ� ����� &DUWH GX WDX[ GH SUuHVHQFH OR�
FDO REWHQXH SDU OD PuHWKRGH GX PDVTXH DYHF
XQ uHFKDQWLOORQQDJH UuHJXOLHU� XQ GuHoHFWHXU� XQ
GuHELW G
DLU GH ��� 1O�PLQb�� ��� URWDWLRQV� ��
WUDQVODWLRQV HW XQH UHFRQVWUXFWLRQ GH �� SL[HOV
GH FARWuH

)LJ� ����� &DUWH GX WDX[ GH SUuHVHQFH ORFDO
REWHQXH SDU OD PuHWKRGH GX PDVTXH DYHF XQ
uHFKDQWLOORQQDJH HQWUHODFuH� XQ GuHoHFWHXU� XQ
GuHELW G
DLU GH ��� 1O�PLQb�� ��� URWDWLRQV�
�� � WUDQVODWLRQV HW XQH UHFRQVWUXFWLRQ GH ��
SL[HOV GH FARWuH



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;
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)LJ� ����� 3URnOV GHV FDUWHV GH WDX[ GH SUuHVHQFH ORFDO DYHF XQ GuHoHFWHXU HW XQ GuHELW G
DLU GH
��� 1O�PLQb�

GH UuHJXODULVDWLRQ w HVW GH ����� 1RXV REWHQRQV SRXU OH PAHPH GuHELW XQH FDUWH GX WDX[ GH SUuHVHQFH
ORFDO SDU OD VRQGH RSWLTXH �nJXUH ������

&RPPH SUuHFuHGHPPHQW� QRXV UHWURXYRQV VXU OHV FDUWHV WRPRJUDSKLTXHV OD IRUPH GX SLF GH
WDX[ GH SUuHVHQFH ORFDO PHVXUuH DYHF OD VRQGH RSWLTXH DYHF OHV PAHPHV RUGUHV GH JUDQGHXU�

5HJDUGRQV OH SURnO PuHGLDQ H[WUDLW GHV FDUWHV GH WDX[ GH SUuHVHQFH ORFDO �nJXUH ������

/HV WURLV SURnOV RQW XQ FRPSRUWHPHQW VHPEODEOH HW XQH SHQWH LGHQWLTXH� 0DLV DYHF OD WRPR�
JUDSKLH� OH WDX[ DXWRXU GH � � DYDQW OH SL[HO �� Q
HVW SDV UHFRQVWUXLW�

/H WDEOHDX ��� PRQWUH OHV uHFDUWV DEVROXV TXDGUDWLTXH HW PD[LPDO HQWUH OHV FDUWHV GH WDX[ GH
SUuHVHQFH WRPRJUDSKLTXHV HW REWHQX SDU OD VRQGH RSWLTXH�

0uHWKRGHV GH PHVXUH (FDUW TXDGUDWLTXH (FDUW PD[LPDO
DEVROX �HQ �� DEVROX �HQ ��

7RPRJUDSKLH� UuHJXOLHU ���� ����
7RPRJUDSKLH� HQWUHODFuH ���� ����

7DE� ���� 7DEOHDX GHV uHFDUWV DEVROXV PR\HQV HW PD[LPDX[ GHV FDUWHV GH WDX[ GH SUuHVHQFH ORFDO
WRPRJUDSKLTXHV HW REWHQXH SDU OD VRQGH RSWLTXH DYHF XQ GuHoHFWHXU HW XQ GuHELW G
DLU GH ����
1O�PLQb�

SRXU XQ GuHELW GH ���� 1O�PLQb�� OHV LQFHUWLWXGHV VXU OHV PHVXUHV VRQW OHV VXLYDQWHV �

^ SRXU OD VRQGH RSWLTXH � h�� GH WDX[ GH SUuHVHQFH ORFDO �

^ SRXU OHV PHVXUHV WRPRJUDSKLTXH � h�� �� GH WDX[ GH SUuHVHQFH ORFDO �FDOFXOuH DYHF O
uHTXD�
WLRQ �������



&KDSLWUH �� 0LVH HQ }XYUH GX GLVSRVLWLI 0LQL�720,; ���

)LJ� ����� 3KRWRJUDSKLH GH O
uHFRXOHPHQW
REWHQX DYHF XQ GuHoHFWHXU HW XQ GuHELW G
DLU
GH ���� 1O�PLQb� )LJ� ����� &DUWH GX WDX[ GH SUuHVHQFH OR�

FDO REWHQXH SDU OD VRQGH RSWLTXH DYHF XQ
GuHoHFWHXU HW XQ GuHELW G
DLU GH ���� 1O�PLQb�

)LJ� ����� &DUWH GX WDX[ GH SUuHVHQFH OR�
FDO REWHQXH SDU OD PuHWKRGH GX PDVTXH DYHF
XQ uHFKDQWLOORQQDJH UuHJXOLHU� XQ GuHoHFWHXU� XQ
GuHELW G
DLU GH ���� 1O�PLQb�� ��� URWDWLRQV� ��
WUDQVODWLRQV HW XQH UHFRQVWUXFWLRQ GH �� SL[HOV
GH FARWuH

)LJ� ����� &DUWH GX WDX[ GH SUuHVHQFH ORFDO
REWHQXH SDU OD PuHWKRGH GX PDVTXH DYHF XQ
uHFKDQWLOORQQDJH HQWUHODFuH� XQ GuHoHFWHXU� XQ
GuHELW G
DLU GH ���� 1O�PLQb�� ��� URWDWLRQV�
�� � WUDQVODWLRQV HW XQH UHFRQVWUXFWLRQ GH ��
SL[HOV GH FARWuH



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;
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)LJ� ����� 3URnOV GHV FDUWHV GH WDX[ GH SUuHVHQFH ORFDO DYHF XQ GuHoHFWHXU HW XQ GuHELW G
DLU GH
���� 1O�PLQb�

/
uHFDUW PD[LPDO DEVROX HVW GH O
RUGUH GH JUDQGHXU GH O
LQFHUWLWXGH� 1RXV DYRQV DFFRUG
HQWUH OHV GHX[ PHVXUHV�



&KDSLWUH �� 0LVH HQ }XYUH GX GLVSRVLWLI 0LQL�720,; ���

��� 0HVXUHV G
uHFRXOHPHQWV DXWRXU GH IDLVFHDX[ GH WXEHV

'DQV FHWWH VHFWLRQ� QRXV UuHDOLVHURQV GHV PHVXUHV G
uHFRXOHPHQWV DXWRXU GH IDLVFHDX[ GH WXEHV�
FHV IDLVFHDX[ VHURQW LQVuHUuHV GDQV OD VHFWLRQ G
HVVDLV (XFDO\SWXV�

/D WHQVLRQ GX WXEH tD UD\RQV ; HVW GH �� N9� VRQ LQWHQVLWuH GH � P$� OHV PHVXUHV DYHF
�� SURMHFWLRQV HW ��� URWDWLRQV VRQW UHFRQVWUXLWHV VXU GHV LPDJHV GH �� SL[HOV GH FARWuH�

/HV FDUWHV GH WDX[ GH SUuHVHQFH ORFDO VHURQW JuHQuHUuHHV GH OD PAHPH IDzFRQ TXH SUuHFuHGHPPHQW�
3RXU FH IDLUH� LO IDXW XQH PHVXUH tD YLGH� XQH VDQV GuHELW G
DLU HW XQH HQ uHFRXOHPHQW�

$XFXQH PHVXUH SDU VRQGH RSWLTXH QH VHUD PLVH HQ }XYUH� /H EDOD\DJH G
XQ VRXV�FDQDO SDU
XQH WHOOH VRQGH HVW GLpFLOH�

����� )DLVFHDX[ GH WXEHV FDUUuHV

1RXV LQVuHURQV GDQV OD VHFWLRQ G
HVVDLV XQ IDLVFHDX GH � WXEHV FDUUuHV HQ 3OH[LJODV �VFKuHPD ����
HW SKRWRJUDSKLH ������

�
�
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M
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0AROIÅINTERNEÅDE

LAÅSECTIONÅD�ESSAIS

)LJ� ����� 6FKuHPD GX IDLVFHDX GH WXEHV FDUUuHV
)LJ� ����� 3KRWRJUDSKLH GH O
HQVHPEOH VHFWLRQ
G
HVVDLV HW IDLVFHDX GH WXEHV FDUUuHV

1RXV UHFRQVWUXLVRQV OD PHVXUH tD YLGH SDU O
DOJRULWKPH &*/6 UuHJXODULVuH �nJXUH ������ /H
SDUDPtHWUH GH UuHJXODULVDWLRQ HVW GH �� ���

8Q VHXLO tD PL�DPSOLWXGH GRQQH OH PDVTXH GH OD nJXUH �����

1RXV UHFRQVWUXLVRQV OHV PHVXUHV GH OD VHFWLRQ SOHLQH G
HDX HW FHOOHV HQ uHFRXOHPHQW� /H
SDUDPtHWUH GH UuHJXODULVDWLRQ HVW GH ��� �� $ SDUWLU GH FHV LPDJHV� QRXV FDOFXORQV GH OD PAHPH
PDQLtHUH TXH SUuHFuHGHPPHQW� OHV FDUWHV GH WDX[ GH SUuHVHQFH ORFDO �nJXUHV ���� HW ������

1RXV UHWURXYRQV OD JuHRPuHWULH GX IDLVFHDX GH WXEHV� 0DLV OHV FDUWHV SUuHVHQWHQW XQ SLF GH WDX[
GH SUuHVHQFH ORFDO GDQV OHXU SDUWLH EDVVH� &H SLF Q
HVW SDV SUuHVHQW VXU OHV LPDJHV HQ DWWuHQXDWLRQ
GH OD VHFWLRQ YLGH HW SOHLQH G
HDX� ,O QH VHPEOH SDV AHWUH SK\VLTXH� /H V\VWtHPH G
LQMHFWLRQ G
DLU
Q
D SDV uHWuH FKDQJuH HW SUuHFuHGHPPHQW� OD FDUWH GH WDX[ GH SUuHVHQFH ORFDO REWHQXH DYHF OD VRQGH



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

)LJ� ����� 0HVXUH GH OD VHFWLRQ G
HVVDLV YLGH
UHFRQVWUXLWH SDU O
DOJRULWKPH &*/6 UuHJXODULVuH
DYHF ��� URWDWLRQV� �� WUDQVODWLRQV HW XQH UH�
FRQVWUXFWLRQ GH �� SL[HOV GH FARWuH

)LJ� ����� 0DVTXH GH O
HQVHPEOH VHFWLRQ G
HV�
VDLV HW IDLVFHDX GH WXEHV FDUUuHV

)LJ� ����� &DUWH GX WDX[ GH SUuHVHQFH ORFDO
REWHQXH SDU OD PuHWKRGH GX PDVTXH DYHF XQ
uHFKDQWLOORQQDJH UuHJXOLHU� XQ IDLVFHDX GH WXEHV
FDUUuHV� XQ GuHELW G
DLU GH ��� 1O�PLQb�� ��� UR�
WDWLRQV� �� WUDQVODWLRQV HW XQH UHFRQVWUXFWLRQ
GH �� SL[HOV GH FARWuH

)LJ� ����� &DUWH GX WDX[ GH SUuHVHQFH OR�
FDO REWHQXH SDU OD PuHWKRGH GX PDVTXH DYHF
XQ uHFKDQWLOORQQDJH HQWUHODFuH� XQ IDLVFHDX GH
WXEHV FDUUuHV� XQ GuHELW G
DLU GH ��� 1O�PLQb��
��� URWDWLRQV� �� � WUDQVODWLRQV HW XQH UHFRQ�
VWUXFWLRQ GH �� SL[HOV GH FARWuH



&KDSLWUH �� 0LVH HQ }XYUH GX GLVSRVLWLI 0LQL�720,; ���

RSWLTXH uHWDLW XQLIRUPH �nJXUH ������ &HW HmHW SHXW SURYHQLU G
XQH PDXYDLVH HVWLPDWLRQ GH
O
DWWuHQXDWLRQ GHV SDURLV HW GHV WXEHV HQ 3OH[LJODV �GuHULYH GHV SKRWRPXOWLSOLFDWHXUV��

����� )DLVFHDX[ GH WXEHV F\OLQGULTXHV

1RXV LQVuHURQV GDQV OD VHFWLRQ G
HVVDLV XQ IDLVFHDX GH � WXEHV F\OLQGULTXHV HQ 3OH[LJODV
�VFKuHPD ���� HW SKRWRJUDSKLH ������

��ÅMM

��ÅMM
4UBEÅENÅ0LEXIGLAS
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0AROIÅINTERNEÅDE

LAÅSECTIONÅD�ESSAIS

)LJ� ����� 6FKuHPD GX IDLVFHDX GH WXEHV F\OLQ�
GULTXHV )LJ� ����� 3KRWRJUDSKLH GH O
HQVHPEOH VHFWLRQ

G
HVVDLV HW IDLVFHDX GH WXEHV F\OLQGULTXHV

1RXV UHFRQVWUXLVRQV OD PHVXUH tD YLGH SDU O
DOJRULWKPH &*/6 UuHJXODULVuH �nJXUH ������ /H
SDUDPtHWUH GH UuHJXODULVDWLRQ HVW GH �� �����b��

8Q VHXLO tD PL�DPSOLWXGH GHV YDOHXUV GHV SL[HOV FRUUHVSRQGDQW DX[ WXEHV GRQQH OH PDVTXH
GH OD nJXUH �����

1RXV UHPDUTXRQV VXU FHV GHX[ nJXUHV TXH OHV WXEHV QH VRQW SDV DOLJQuHV� /
HQVHPEOH GHV
WXEHV HVW PDLQWHQX SDU GHV VWUXFWXUHV tD OHXUV GHX[ H[WUuHPLWuHV TXL VRQW GLVWDQWHV GH ��� PP�
/D VRXSOHVVH GHV WXEHV HQ 3OH[LJODV SHUPHW G
H[SOLTXHU FH GuHIDXW G
DOLJQHPHQW�

6XU OH PDVTXH� OHV WXEHV VRQW PDO PRGuHOLVuHV� (Q HmHW� FRPPH QRXV O
DYRQV GuHPRQWUuH GDQV
OD VHFWLRQ ������ LO HVW GLpFLOH GH UHFRQVWUXLUH GHV REMHWV FLUFXODLUHV DYHF GHV SL[HOV FDUUuHV�

1RXV UHFRQVWUXLVRQV OHV PHVXUHV GH OD VHFWLRQ SOHLQH G
HDX HW FHOOHV HQ uHFRXOHPHQW� /H
SDUDPtHWUH GH UuHJXODULVDWLRQ HVW GH �� ��� $ SDUWLU GH FHV LPDJHV� QRXV FDOFXORQV GH OD PAHPH
PDQLtHUH TXH SUuHFuHGHPPHQW� OHV FDUWHV GH WDX[ GH SUuHVHQFH ORFDO �nJXUHV ���� HW ������

&HV LPDJHV PRQWUHQW XQ uHFRXOHPHQW HQ GHX[ ]RQHV �

^ XQH FRXURQQH HQWUH OHV WXEHV HW OD SDURL GH OD VHFWLRQ G
HVVDLV RtX OH WDX[ GH SUuHVHQFH ORFDO
HVW FRPSULV HQWUH �� HW �� � �

^ OD ]RQH HQWUH WXEHV RtX OH WDX[ GH SUuHVHQFH ORFDO HVW YRLVLQ GH � ��



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

)LJ� ����� 0HVXUH GH OD VHFWLRQ G
HVVDLV YLGH
UHFRQVWUXLWH SDU O
DOJRULWKPH &*/6 UuHJXODULVuH
DYHF ��� URWDWLRQV� �� WUDQVODWLRQV HW XQH UH�
FRQVWUXFWLRQ GH �� SL[HOV GH FARWuH

)LJ� ����� 0DVTXH GH O
HQVHPEOH VHFWLRQ G
HV�
VDLV HW IDLVFHDX GH WXEHV F\OLQGULTXHV

)LJ� ����� &DUWH GX WDX[ GH SUuHVHQFH ORFDO
REWHQXH SDU OD PuHWKRGH GX PDVTXH DYHF XQ
uHFKDQWLOORQQDJH UuHJXOLHU� XQ IDLVFHDX GH WXEHV
F\OLQGULTXHV� XQ GuHELW G
DLU GH ��� 1O�PLQb��
��� URWDWLRQV� �� WUDQVODWLRQV HW XQH UHFRQ�
VWUXFWLRQ GH �� SL[HOV GH FARWuH

)LJ� ����� &DUWH GX WDX[ GH SUuHVHQFH OR�
FDO REWHQXH SDU OD PuHWKRGH GX PDVTXH DYHF
XQ uHFKDQWLOORQQDJH HQWUHODFuH� XQ IDLVFHDX GH
WXEHV F\OLQGULTXHV� XQ GuHELW G
DLU GH ���
1O�PLQb�� ��� URWDWLRQV� �� � WUDQVODWLRQV HW
XQH UHFRQVWUXFWLRQ GH �� SL[HOV GH FARWuH



&KDSLWUH �� 0LVH HQ }XYUH GX GLVSRVLWLI 0LQL�720,; ���

����� )DLVFHDX[ GH WXEHV F\OLQGULTXHV DYHF DUULYuHH G
DLU SDU OHV WXEHV

/
DLU Q
HVW SOXV LQMHFWuH GDQV OD EDVH GH OD VHFWLRQ G
HVVDLV� PDLV tD O
LQWuHULHXU GHV WXEHV
F\OLQGULTXHV� /
DLU V
uHFKDSSH SDU KXLW WURXV GH ��� PP GH GLDPtHWUH tD OD EDVH GH FKDTXH WXEH
�VFKuHPD ���� HW SKRWRJUDSKLH ������ &HWWH FRQnJXUDWLRQ SHUPHW GH VLPXOHU O
uHEXOOLWLRQ HQ SDURL�

1RXV UHFRQVWUXLVRQV OHV PHVXUHV GH OD VHFWLRQ SOHLQH G
HDX HW FHOOHV HQ uHFRXOHPHQW� /H
SDUDPtHWUH GH UuHJXODULVDWLRQ HVW GH �� ��� 1RXV XWLOLVRQV OH PAHPH PDVTXH TXH SUuHFuHGHPPHQW
�nJXUH ������ $ SDUWLU GH FHV LPDJHV� QRXV FDOFXORQV GH OD PAHPH PDQLtHUH TXH SUuHFuHGHPPHQW�
OHV FDUWHV GH WDX[ GH SUuHVHQFH ORFDO �nJXUHV ���� HW ������

1RXV UHPDUTXRQV GH QRXYHDX XQH UuHSDUWLWLRQ GX WDX[ GH SUuHVHQFH ORFDO HQ GHX[ ]RQHV �

^ OD ]RQH HQWUH OHV WXEHV DYHF XQ WDX[ GH SUuHVHQFH ORFDO HQWUH �� HW �� � �

^ OD ]RQH H[WHUQH DX[ WXEHV DYHF XQ WDX[ GH SUuHVHQFH ORFDO tD � � SURFKH GHV WXEHV HW TXL
GuHFURArW WUtHV UDSLGHPHQW TXDQG QRXV QRXV HQ uHORLJQRQV�

(Q HmHW� OHV EXOOHV VRQW FUuHuHHV DX QLYHDX GH OD SDURL GHV WXEHV� HW HQWUH FHV WXEHV� OHV SDQDFKHV
GH EXOOHV JuHQuHUuHHV VH UHMRLJQHQW�

1RXV UHWURXYRQV GDQV OHV PHVXUHV OH FRPSRUWHPHQW GH O
uHFRXOHPHQW TXH QRXV DYLRQV REVHUYuH
�SKRWRJUDSKLH ������



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

�ÅTROUSÅDEÅGÅ���ÅMM

)NJECTIONÅD�AIR

)LJ� ����� 6FKuHPD GX WXEH F\OLQGULTXH DYHF
DUULYuHH G
DLU SDU OH WXEH

)LJ� ����� 3KRWRJUDSKLH GH O
HQVHPEOH VHFWLRQ
G
HVVDLV HW IDLVFHDX GH WXEHV F\OLQGULTXHV DYHF
DUULYuHH G
DLU SDU OHV WXEHV

)LJ� ����� &DUWH GX WDX[ GH SUuHVHQFH ORFDO
REWHQXH SDU OD PuHWKRGH GX PDVTXH DYHF XQ
uHFKDQWLOORQQDJH UuHJXOLHU� XQ IDLVFHDX GH WXEHV
F\OLQGULTXHV DYHF DUULYuHH G
DLU SDU OHV WXEHV�
XQ GuHELW G
DLU GH ��� 1O�PLQb�� ��� URWDWLRQV�
�� WUDQVODWLRQV HW XQH UHFRQVWUXFWLRQ GH �� SL�
[HOV GH FARWuH

)LJ� ����� &DUWH GX WDX[ GH SUuHVHQFH OR�
FDO REWHQXH SDU OD PuHWKRGH GX PDVTXH DYHF
XQ uHFKDQWLOORQQDJH HQWUHODFuH� XQ IDLVFHDX GH
WXEHV F\OLQGULTXHV DYHF DUULYuHH G
DLU SDU OHV
WXEHV� XQ GuHELW G
DLU GH ��� 1O�PLQb�� ��� UR�
WDWLRQV� �� � WUDQVODWLRQV HW XQH UHFRQVWUXF�
WLRQ GH �� SL[HOV GH FARWuH



&KDSLWUH �� 0LVH HQ }XYUH GX GLVSRVLWLI 0LQL�720,; ���

��� &RQFOXVLRQ

'DQV FH FKDSLWUH� QRXV DYRQV PLV HQ }XYUH OH GLVSRVLWLI H[SuHULPHQWDO 0LQL�720,; HW O
DO�
JRULWKPH GH UHFRQVWUXFWLRQ FKRLVL�

'DQV XQ SUHPLHU WHPSV� QRXV DYRQV VLPXOuH HW PHVXUuH GHV IDQWARPHV GH 3OH[LJODV HQ uHFKDQWLO�
ORQQDJHV UuHJXOLHU HW HQWUHODFuH� &HOD D SHUPLV GH PHWWUH HQ uHYLGHQFH TXH FH GLVSRVLWLI SHUPHW
G
REWHQLU OD UuHVROXWLRQ GH � PP�� FH TXL uHWDLW O
XQ GH QRV REMHFWLIV�

'DQV XQ GHX[LtHPH WHPSV� QRXV DYRQV PHVXUuH GHV uHFRXOHPHQWV GDQV OD VHFWLRQ G
HVVDLV (X�
FDO\SWXV DYHF GLmuHUHQWV GuHELWV G
DLU HW GHX[ FRQnJXUDWLRQV� VDQV HW DYHF GuHoHFWHXU� 1RXV DYRQV
PLV HQ uHYLGHQFH OD QuHFHVVLWuH GH FRUULJHU OHV PHVXUHV� 1RXV DYRQV FRPSDUuH OHV FDUWHV GH WDX[ GH
SUuHVHQFH ORFDO UHFRQVWUXLWHV DYHF OHV PHVXUHV GDQV OHV PAHPHV FRQGLWLRQV GH OD VRQGH RSWLTXH�

8QH ERQQH FRQFRUGDQFH HQWUH OHV FDUWRJUDSKLHV PHVXUuHHV SDU OHV GHX[ WHFKQLTXHV
GH PHVXUH HVW REVHUYuHH� 1RXV DYRQV GuHPRQWUuH TXH OHV uHFDUWV UHOHYuHV VRQW GH O
RUGUH GH
JUDQGHXU GHV LQFHUWLWXGHV GH PHVXUH� &HV uHFDUWV VRQW LPSXWDEOHV DX WHPSV GH UuHSRQVH ORQJ
GHV SKRWRPXOWLSOLFDWHXUV� /
XWLOLVDWLRQ GH GuHWHFWHXUV SOXV SHUIRUPDQWV DPuHOLRUHUD VDQV DXFXQ
GRXWH OD SUuHFLVLRQ GHV PHVXUHV WRPRJUDSKLTXHV�

'H SOXV� QRXV DYRQV UHPDUTXuH TXH OD PHVXUH WRPRJUDSKLTXH SHUPHW GH PHVXUHU OH
WDX[ GH SUuHVHQFH ORFDO GDQV GHV FRQnJXUDWLRQV RtX OD VRQGH RSWLTXH QH SHUPHW SDV
GH IDLUH FHV PHVXUHV �UHFLUFXODWLRQV��

%LHQ TXH QuHFHVVLWDQW GHX[ IRLV PRLQV GH PHVXUHV� O
uHFKDQWLOORQQDJH HQWUHODFuH SHUPHW
uHJDOHPHQW G
DWWHLQGUH OD UuHVROXWLRQ PLOOLPuHWULTXH HW GRQQH OHV PAHPHV UuHVXOWDWV TXH
O
uHFKDQWLOORQQDJH QRUPDO� ,O D GH SOXV WHQGDQFH tD GLPLQXHU O
DPSOLWXGH GH FHUWDLQV DUWHIDFWV
GDQV O
LPDJH�

(QnQ� QRXV DYRQV GuHPRQWUuH TXH FHWWH PuHWKRGH GH PHVXUH SHXW DXVVL AHWUH DSSOLTXuHH DX[
IDLVFHDX[ GH WXEHV�



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;



&KDSLWUH �

([WHQVLRQ tD O
uHFKDQWLOORQQDJH HQ
uHYHQWDLO �IDQ�EHDP�

��� ,QWURGXFWLRQ

/
REMHFWLI GH FH FKDSLWUH HVW G
uHWHQGUH O
DSSOLFDWLRQ GH O
DOJRULWKPH GuHYHORSSuH tD GHV PHVXUHV
UuHDOLVuHHV HQ JuHRPuHWULH uHYHQWDLO� 3RXU FH IDLUH� XQ QRXYHDX GLVSRVLWLI H[SuHULPHQWDO� 720,;� D uHWuH
GuHYHORSSuH� KRUV GX FDGUH GH FHWWH WKtHVH� $SUtHV XQH GHVFULSWLRQ GH FH GLVSRVLWLI� QRXV VLPXOHURQV
GHV PHVXUHV GH IDQWARPHV HW GH VHFWLRQ G
HVVDLV� (QnQ� QRXV H[SORLWHURQV GHV PHVXUHV UuHDOLVuHHV
SDU FH GLVSRVLWLI�

'DQV FH FKDSLWUH� QRXV DOORQV VHXOHPHQW LOOXVWUHU O
XWLOLVDWLRQ GHV DOJRULWKPHV GuHYHORSSuHV
DYHF GHV UHFRQVWUXFWLRQV HQ JuHRPuHWULH uHYHQWDLO GDQV OH EXW GH PRQWUHU TX
LOV VRQW DSSOLFDEOHV
GDQV FHWWH JuHRPuHWULH�



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

��� 'HVFULSWLRQ GX GLVSRVLWLI 720,;

&H GLVSRVLWLI SHUPHW GH UuHDOLVHU GHV PHVXUHV HQ JuHRPuHWULH uHYHQWDLO� ,O VH FRPSRVH G
XQ WXEH
tD UD\RQV ; tD DQWLFDWKRGH GH 7XQJVWtHQH HW G
XQ GuHWHFWHXU OLQuHDLUH GH ���� uHOuHPHQWV� WRWDOLVDQW
XQH ORQJXHXU VHQVLEOH GH ��� PP �VFKuHPD ��� HW SKRWRJUDSKLH �����

/H WXEH SHXW DFFHSWHU XQH WHQVLRQ G
DOLPHQWDWLRQ MXVTX
tD ��� N9 HW XQH LQWHQVLWuH MXVTX
tD
�� P$� 6D SXLVVDQFH PD[LPDOH DGPLVVLEOH HVW GH � N:� (Q VRUWLH GX WXEH� OH IDLVFHDX D XQH
RXYHUWXUH GH ��p� ,O HVW FROOLPDWuH SDU XQH IHQWH GH � PP G
uHSDLVVHXU� &RPPH SRXU 0LQL�720,;�
QRXV DYRQV SODFuH XQ uHFUDQ GH 3ORPE GH ��� PP HQ VRUWLH GX FROOLPDWHXU�

/H GuHWHFWHXU OLQuHDLUH HVW FROOLPDWuH SDU XQH IHQWH GH � PP� $SUtHV DYRLU UuHDOLVuH XQH SURFuHGXUH
GH FDOLEUDJH� LO IRXUQLW XQ SURnO G
LQWHQVLWuH SKRWRQLTXH� /
LQWHQVLWuH UHzFXH SDU FKDTXH SL[HO HVW
FRGuHH VXU �� ELWV�

'DQV OD FRQnJXUDWLRQ DFWXHOOH� OH WXEH HW OH FDSWHXU VRQW n[uHV VXU XQ EADWL �VFKuHPD �����
&RPPH VXU 0LQL�720,;� O
REMHW tD FDUWRJUDSKLHU �IDQWARPH RX VHFWLRQ G
HVVDLV (XFDO\SWXV�
VHUD SODFuH VXU XQH WDEOH URWDWLYH DnQ G
HmHFWXHU OHV PHVXUHV VXLYDQW GLmuHUHQWHV RULHQWDWLRQV�

8Q 3& FRQWUAROH OHV DFTXLVLWLRQV GX GuHWHFWHXU OLQuHDLUH HW OD FRPPDQGH GX PRWHXU SDV tD SDV
GH OD WDEOH URWDWLYH�

/
XWLOLVDWHXU VDLVLW OHV SDUDPtHWUHV VXLYDQWV �

^ OH QRPEUH GH URWDWLRQV �

^ OH QRPEUH GH SURnOV GH PHVXUHV SRXU FKDTXH SRVLWLRQ �

^ XQ QRP GH nFKLHU�

/H SURJUDPPH G
DFTXLVLWLRQ WRPRJUDSKLTXH VXLW OD SURFuHGXUH VXLYDQWH �

�� 5HFKHUFKH GH O
RULJLQH SRXU OD URWDWLRQ �

�� 3RVLWLRQQHPHQW HQ URWDWLRQ GH OD WDEOH �

�� /DQFHPHQW GH O
DFTXLVLWLRQ GX GuHWHFWHXU OLQuHDLUH � SOXVLHXUV SURnOV FRPSRUWDQW OHV YDOHXUV
GHV ���� uHOuHPHQWV VRQW PHVXUuHV �

�� &DOFXO GH OD PR\HQQH GH FHV SURnOV G
DWWuHQXDWLRQ �

�� (QUHJLVWUHPHQW GH OD SRVLWLRQ DQJXODLUH HW GX SURnO PR\HQ GDQV OH nFKLHU GH PHVXUH �

�� -XVTX
tD OD nQ GHV PHVXUHV� UHWRXU tD O
uHWDSH � �

�� 5HFKHUFKH G
RULJLQH SRXU OD URWDWLRQ�

&H SURJUDPPH D uHWuH UuHDOLVuH VRXV /DEYLHZ�

6L XQH HUUHXU HVW GuHWHFWuHH� O
DFTXLVLWLRQ HVW DUUAHWuHH�

$ OD nQ GH O
DFTXLVLWLRQ� OH SURJUDPPH JuHQtHUH XQ nFKLHU FRPSRUWDQW SRXU FKDTXH SRVLWLRQ
DQJXODLUH OHV YDOHXUV PR\HQQHV GHV DWWuHQXDWLRQV GHV ���� uHOuHPHQWV�

8Q SURJUDPPH /DEYLHZ SHUPHW GH UHOLUH FH nFKLHU� G
HQ H[WUDLUH OD SRUWLRQ GHV SURnOV
FRUUHVSRQGDQW tD O
REMHW PHVXUuH� GH QH VuHOHFWLRQQHU GDQV FHV SURnOV TXH FHUWDLQV uHOuHPHQWV� GH
FDOFXOHU O
DWWuHQXDWLRQ HW GH FRQVWUXLUH XQ nFKLHU FRPSDWLEOH DYHF O
DOJRULWKPH GH UHFRQVWUXFWLRQ�

&H SURJUDPPH FDOFXOH O
DWWuHQXDWLRQ GH OD IDzFRQ VXLYDQWH �

$  OQ
,UuHIuHUHQFH
,PHVXUH

�����



&KDSLWUH �� ([WHQVLRQ tD O
uHFKDQWLOORQQDJH HQ uHYHQWDLO �IDQ�EHDP� ���

4UBEÅ¨ÅRAYONSÅ8

$±TECTEURÅLIN±AIRE

4ABLEÅROTATIVE

3ECTIONÅD�ESSAIS

)LJ� ���� 6FKuHPD GH 720,;

)LJ� ���� 3KRWRJUDSKLH GH 720,;



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

,PHVXUH HVW GRQQuH SDU OHV SURnOV PHVXUuHV VXU OH GuHWHFWHXU OLQuHDLUH�

1RXV SUHQRQV �

,UuHIuHUHQFH  ���� �����

&HOD FRUUHVSRQG tD OD YDOHXU HQYR\uHH SDU OH GuHWHFWHXU SRXU XQ IDLVFHDX QRQ DWWuHQXuH DSUtHV FDOL�
EUDJH�



&KDSLWUH �� ([WHQVLRQ tD O
uHFKDQWLOORQQDJH HQ uHYHQWDLO �IDQ�EHDP� ���

��� 6LPXODWLRQV GH PHVXUHV HQ uHYHQWDLO

$YDQW G
XWLOLVHU OH GLVSRVLWLI 720,;� QRXV DOORQV VLPXOHU GHV PHVXUHV HQ uHYHQWDLO GX IDQWARPH
� HW GH VHFWLRQ G
HVVDLV� &HV VLPXODWLRQV VRQW UuHDOLVuHHV JUADFH tD O
DOJRULWKPH EDVuH VXU OH FDOFXO
PDWULFLHO �VHFWLRQ �������

����� 6LPXODWLRQV GHV PHVXUHV GX IDQWARPH �

/D JuHRPuHWULH XWLOLVuHH HVW FHOOH GX GLVSRVLWLI 720,;� 1RXV DYRQV SODFuH OH IDQWARPH � tD ��� PP
GH OD VRXUFH �VFKuHPD �����
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)LJ� ���� 6FKuHPD GH OD VLPXODWLRQ GHV PHVXUHV GX IDQWARPH � VXU 720,;

1RXV QH SUHQRQV HQ FRPSWH TXH �� SL[HOV GX GuHWHFWHXU� HVSDFuHV GH ��� PP� /H QRPEUH GH
URWDWLRQV RSWLPDO HVW GRQQuH SDU �

1 { {0 �����

'RQF QRXV SUHQRQV ��� URWDWLRQV VXU >�� �{>� /HV PHVXUHV VRQW UHFRQVWUXLWHV VXU GHV LPDJHV GH
�� SL[HOV GH FARWuH�

5HFRQVWUXFWLRQ DYHF O
DOJRULWKPH &*/6 UuHJXODULVuH

1RXV UHFRQVWUXLVRQV G
DERUG OHV PHVXUHV VLPXOuHHV GX IDQWARPH � �VHFWLRQ ������ SDU O
DOJR�
ULWKPH &*/6 UuHJXODULVuH �nJXUH ����� /H SDUDPtHWUH GH UuHJXODULVDWLRQ HVW GH ������

/
LPDJH REWHQXH HVW VHPEODEOH tD FHOOH REWHQXH DYHF OD VLPXODWLRQ GHV PHVXUHV GX IDQWARPH �
HQ JuHRPuHWULH SDUDOOtHOH�

5HFRQVWUXFWLRQ DYHF OD PuHWKRGH GX PDVTXH

1RXV UHFRQVWUXLVRQV OHV PHVXUHV VLPXOuHHV GX IDQWARPH � �VHFWLRQ ������ SDU O
DOJRULWKPH GX
PDVTXH HQ XWLOLVDQW FRPPH PDVTXH OH nFKLHU TXL D VHUYL SRXU VLPXOHU FHV PHVXUHV �nJXUH �����



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

)LJ� ���� ,PDJH REWHQXH SRXU XQH VLPXODWLRQ GHV PHVXUHV HQ uHYHQWDLO GX IDQWARPH � DYHF ��
SL[HOV GH GuHWHFWLRQ� ��� URWDWLRQV HW XQH LPDJH GH �� SL[HOV GH FARWuH HQ XWLOLVDQW &*/6 UuHJXODULVuH

)LJ� ���� ,PDJH REWHQXH SRXU XQH VLPXODWLRQ GHV PHVXUHV HQ uHYHQWDLO GX IDQWARPH � DYHF ��
SL[HOV GH GuHWHFWLRQ� ��� URWDWLRQV HW XQH LPDJH GH �� SL[HOV GH FARWuH HQ XWLOLVDQW OD PuHWKRGH GX
PDVTXH



&KDSLWUH �� ([WHQVLRQ tD O
uHFKDQWLOORQQDJH HQ uHYHQWDLO �IDQ�EHDP� ���

/
LPDJH REWHQXH HVW XQLIRUPH tD OD YDOHXU WKuHRULTXH DUELWUDLUH� �� (Q HmHW� OH SDUDPtHWUH
GH UuHJXODULVDWLRQ HVW GH �� ������� /HV PHVXUHV VRQW OH UuHVXOWDW H[DFW GX V\VWtHPH OLQuHDLUH� /D
9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH GuHWHUPLQH GRQF XQ SDUDPtHWUH GH UuHJXODULVDWLRQ WUtHV JUDQG HW
DXWRULVH XQ OLVVDJH WUtHV LPSRUWDQW�

����� 6LPXODWLRQV GH PHVXUHV GH OD VHFWLRQ G
HVVDLV (XFDO\SWXV

1RXV VLPXORQV GH OD PAHPH PDQLtHUH OHV PHVXUHV HQ uHYHQWDLO GH OD VHFWLRQ G
HVVDLV� 1RXV
FRQVHUYRQV OD PAHPH JuHRPuHWULH �VFKuHPD ����� 1RXV SUHQRQV �� SL[HOV GX GuHWHFWHXU HVSDFuHV GH
��� PP HW ��� URWDWLRQV VXU >�� �{>� /
LPDJH UHFRQVWUXLWH D �� SL[HOV GH FARWuH�
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)LJ� ���� 6FKuHPD GH OD VLPXODWLRQ GHV PHVXUHV GX IDQWARPH � VXU 720,;

3URnO XQLIRUPH

1RXV VLPXORQV GDQV XQ SUHPLHU WHPSV XQ SURnO XQLIRUPH G
DWWuHQXDWLRQ� $YHF OD PuHWKRGH
GX PDVTXH� QRXV REWHQRQV O
LPDJH ����

3RXU OD PAHPH UDLVRQ TXH SUuHFuHGHPPHQW� OH SDUDPtHWUH GH UuHJXODULVDWLRQ GuHWHUPLQuH SDU OD
9DOLGDWLRQ &URLVuHH *uHQuHUDOLVuHH HVW GH �� ������� &
HVW SRXUTXRL O
LPDJH HVW XQLIRUPH tD ����� OD
YDOHXU WKuHRULTXH G
DWWuHQXDWLRQ�

3URnO JDXVVLHQ

1RXV VLPXORQV XQ SURnO JDXVVLHQ G
DWWuHQXDWLRQ TXH QRXV UHFRQVWUXLVRQV SDU OD PuHWKRGH GX
PDVTXH �nJXUHV ��� HW ����� /H SDUDPtHWUH GH UuHJXODULVDWLRQ HVW GH �����



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

)LJ� ���� ,PDJH REWHQXH SRXU XQH VLPXODWLRQ GHV PHVXUHV HQ uHYHQWDLO G
XQ SURnO XQLIRUPH DYHF
�� SL[HOV GH GuHWHFWLRQ� ��� URWDWLRQV HW XQH LPDJH GH �� SL[HOV GH FARWuH HQ XWLOLVDQW OD PuHWKRGH
GX PDVTXH

)LJ� ���� ,PDJH REWHQXH SRXU XQH VLPXODWLRQ
GHV PHVXUHV HQ uHYHQWDLO G
XQ SURnO JDXVVLHQ
DYHF �� SL[HOV GH GuHWHFWLRQ� ��� URWDWLRQV HW
XQH LPDJH GH �� SL[HOV GH FARWuH HQ XWLOLVDQW OD
PuHWKRGH GX PDVTXH
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)LJ� ���� 3URnO REWHQX SRXU XQH VLPXODWLRQ
GHV PHVXUHV HQ uHYHQWDLO G
XQ SURnO JDXVVLHQ
DYHF �� SL[HOV GH GuHWHFWLRQ� ��� URWDWLRQV HW
XQH LPDJH GH �� SL[HOV GH FARWuH HQ XWLOLVDQW OD
PuHWKRGH GX PDVTXH



&KDSLWUH �� ([WHQVLRQ tD O
uHFKDQWLOORQQDJH HQ uHYHQWDLO �IDQ�EHDP� ���

1RXV UHWURXYRQV OD JDXVVLHQQH VXU O
LPDJH UHFRQVWUXLWH� 6XU OD nJXUH ���� OH SURnO HVW ELHQ
UHFRQVWUXLW HW HVW nGtHOH DX SURnO WKuHRULTXH�

8Q uHFDUW LQIuHULHXU tD � � HVW SUuHVHQW VXU OHV � GHUQLHUV SL[HOV SURFKHV GHV OLPLWHV GX PDVTXH�
,O SURYLHQW GH OD UuHJXODULVDWLRQ TXL FKHUFKH tD FRQVHUYHU OD SHQWH HQWUH HQVHPEOHV VXFFHVVLIV GH
GHX[ SL[HOV YRLVLQV� /H SL[HO tD OD OLPLWH GX PDVTXH Q
D SDV GH YRLVLQ G
XQ FARWuH� GRQF O
LPDJH
WHQG YHUV XQ JUDGLHQW QXO GDQV FHWWH ]RQH�



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

��� 0HVXUHV VXU 720,;

����� 0HVXUHV GH IDQWARPHV D[LV\PuHWULTXHV

'DQV XQ SUHPLHU WHPSV� QRXV PHVXURQV GHV IDQWARPHV HQ 3OH[LJODV D[LV\PuHWULTXHV VDQV OHV
IDLUH WRXUQHU� /H SURnO PHVXUuH tD �p HVW GXSOLTXuH DnQ G
REWHQLU OH MHX GH SURnOV SRXU WRXWHV
OHV SRVLWLRQV DQJXODLUHV� &HV IDQWARPHV VRQW SODFuHV VXU O
D[H WXEH � GuHWHFWHXU� tD ��� PP GX
GuHWHFWHXU� 1RXV SUHQRQV HQ FRPSWH �� SL[HOV GX GuHWHFWHXU OLQuHDLUH� /H QRPEUH GH URWDWLRQV HVW
RSWLPDO � QRXV SUHQRQV ��� URWDWLRQV VXU >�� �{>� /HV LPDJHV UHFRQVWUXLWHV RQW �� SL[HOV GH FARWuH�

0HVXUHV G
XQ F\OLQGUH GH 3OH[LJODV

1RXV PHVXURQV XQ F\OLQGUH HQ 3OH[LJODV �SKRWRJUDSKLH ������ /D WHQVLRQ GX WXEH HVW GH
��� N9� O
LQWHQVLWuH GH � P$� 1RXV UHFRQVWUXLVRQV OHV PHVXUHV DYHF O
DOJRULWKPH &*/6 UuHJXODULVuH
�nJXUH ������

)LJ� ����� 3KRWRJUDSKLH GX F\OLQGUH GH 3OH[�
LJODV )LJ� ����� ,PDJH REWHQXH SDU O
DOJRULWKPH

&*/6 UuHJXODULVuH DYHF OHV PHVXUHV GX F\OLQ�
GUH GH 3OH[LJODV� �� SL[HOV GH GuHWHFWLRQ� ���
URWDWLRQV HW XQH LPDJH GH �� SL[HOV GH FARWuH

/D JuHRPuHWULH GX F\OLQGUH HVW ELHQ UHFRQVWUXLWH� /D nJXUH ���� PRQWUH XQ SURnO GH O
LPD�
JH �����

&H SURnO Q
HVW SDV SODW� PDLV SUuHVHQWH XQH DOOXUH FRQFDYH DYHF XQH DPSOLWXGH UHODWLYH GH
��� �� &H SKuHQRPtHQH uHWDLW SUuHVHQW GDQV XQH VLPXODWLRQ TXH QRXV DYLRQV UuHDOLVuHH GX GXUFLVVHPHQW
GX IDLVFHDX VXU XQ F\OLQGUH XQLIRUPH� 'RQF O
uHFUDQ XWLOLVuH QH GXUFLW SDV VXpVDPPHQW OH IDLVFHDX
HW OH GXUFLVVHPHQW Q
HVW SOXV QuHJOLJHDEOH SHQGDQW OD PHVXUH�



&KDSLWUH �� ([WHQVLRQ tD O
uHFKDQWLOORQQDJH HQ uHYHQWDLO �IDQ�EHDP� ���
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)LJ� ����� 3URnO REWHQX SDU O
DOJRULWKPH &*/6 UuHJXODULVuH DYHF OHV PHVXUHV GX F\OLQGUH GH
3OH[LJODV� �� SL[HOV GH GuHWHFWLRQ� ��� URWDWLRQV HW XQH LPDJH GH �� SL[HOV GH FARWuH

0HVXUHV G
XQ WXEH HQ 3OH[LJODV

1RXV UHFRQVWUXLVRQV OHV PHVXUHV G
XQ WXEH HQ 3OH[LJODV SDU &*/6 UuHJXODULVuH �nJXUH ������
/D WHQVLRQ GX WXEH tD UD\RQV ; HVW GH �� N9� O
LQWHQVLWuH GH � P$�

1RXV UHWURXYRQV ELHQ OD JuHRPuHWULH GX WXEH� \ FRPSULV OD SURSRUWLRQ uHSDLVVHXU GHV SDURLV �
GLDPtHWUH�

1RXV DYRQV DXVVL UuHDOLVuH GHV PHVXUHV GH FH WXEH tD ��� PP HW ��� PP GX GuHWHFWHXU� /HV
LPDJHV REWHQXHV VRQW VHPEODEOHV tD OD nJXUH �����

����� 0HVXUHV GX IDQWARPH �

1RXV PHVXURQV OH IDQWARPH � �VHFWLRQ ������� /D WHQVLRQ GX WXEH HVW GH �� N9� O
LQWHQVLWuH GH
�� P$� 1RXV UHFRQVWUXLVRQV OHV PHVXUHV DYHF O
DOJRULWKPH &*/6 UuHJXODULVuH VXU XQH LPDJH GH
�� SL[HOV GH FARWuH �nJXUH ������ /H SDUDPtHWUH GH UuHJXODULVDWLRQ HVW GH �� ����

1RXV UHWURXYRQV OH JuHRPuHWULH GX IDQWARPH �� &RPSWH�WHQX GHV PHVXUHV UuHDOLVuHHV� OHV WURXV GH
�� � HW � PP QH VRQW SDV YLVLEOHV�

����� 0HVXUHV VXU OD VHFWLRQ G
HVVDLV (XFDO\SWXV

/D VHFWLRQ G
HVVDLV (XFDO\SWXV HVW SODFuHH VXU OD WDEOH URWDWLYH� SRVLWLRQQuHH VXU O
D[H WXEH �
GuHWHFWHXU OLQuHDLUH GH 720,; tD ��� PP GH OD VRXUFH� 3RXU REWHQLU OD FDUWH GH WDX[ GH SUuHVHQFH



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

)LJ� ����� ,PDJH REWHQXH SDU O
DOJRULWKPH &*/6 UuHJXODULVuH DYHF OHV PHVXUHV GX WXEH HQ 3OH[L�
JODV� �� SL[HOV GH GuHWHFWLRQ� ��� URWDWLRQV HW XQH LPDJH GH �� SL[HOV GH FARWuH

)LJ� ����� ,PDJH REWHQXH SDU O
DOJRULWKPH &*/6 UuHJXODULVuH DYHF OHV PHVXUHV GX IDQWARPH ��
�� SL[HOV GH GuHWHFWLRQ� ��� URWDWLRQV HW XQH LPDJH GH �� SL[HOV GH FARWuH



&KDSLWUH �� ([WHQVLRQ tD O
uHFKDQWLOORQQDJH HQ uHYHQWDLO �IDQ�EHDP� ���

ORFDO� QRXV XWLOLVRQV OD PAHPH SURFuHGXUH TXH SRXU 0LQL�720,; �VHFWLRQ ������� 1RXV DYRQV GRQF
EHVRLQ G
HmHFWXHU XQH PHVXUH tD YLGH� XQ SOHLQH G
HDX VDQV GuHELW G
DLU HW XQH HQ uHFRXOHPHQW�

/D KDXWH�WHQVLRQ GX WXEH HVW GH �� N9� O
LQWHQVLWuH GH �� P$� 1RXV QH FRQVLGuHURQV TXH ��
SL[HOV VXU OH GuHWHFWHXU OLQuHDLUH� /H QRPEUH GH URWDWLRQV HVW RSWLPDO tD ��� VXU >�� �{>� /HV PHVXUHV
VRQW UHFRQVWUXLWHV VXU GHV LPDJHV GH �� SL[HOV GH FARWuH�

0HVXUH GH OD VHFWLRQ G
HVVDLV YLGH

1RXV PHVXURQV G
DERUG OD VHFWLRQ G
HVVDLV YLGH� 1RXV UHFRQVWUXLVRQV OHV PHVXUHV DYHF O
DO�
JRULWKPH &*/6 UuHJXODULVuH �nJXUH ������ /H SDUDPtHWUH GH UuHJXODULVDWLRQ w HVW GH �� ���

&RPPH SUuHFuHGHPPHQW� QRXV HQ GuHGXLVRQV SDU XQ VHXLO tD PL�DPSOLWXGH OH PDVTXH TXL VHUD
XWLOLVuH SDU OD VXLWH �nJXUH ������

)LJ� ����� 5HFRQVWUXFWLRQ GH OD VHFWLRQ G
HV�
VDLV YLGH REWHQXH SDU O
DOJRULWKPH &*/6
UuHJXODULVuH DYHF �� SL[HOV GH GuHWHFWLRQ� ��� UR�
WDWLRQV HW XQH LPDJH GH �� SL[HOV GH FARWuH

)LJ� ����� 0DVTXH GH OD VHFWLRQ G
HVVDLV

0HVXUH GH OD VHFWLRQ G
HVVDLV VDQV GuHELW G
DLU

1RXV PHVXURQV OD VHFWLRQ G
HVVDLV SOHLQH G
HDX VDQV GuHELW G
DLU �nJXUHV ���� HW ������ /H
SDUDPtHWUH GH UuHJXODULVDWLRQ w HVW GH �� �� SRXU &*/6 UuHJXODULVuH HW GH �� �� SRXU OD PuHWKRGH
GX PDVTXH�

6XU OD nJXUH ����� QRXV UHWURXYRQV OD VHFWLRQ FDUUuHH G
(XFDO\SWXV� /D FRXUEH G
DWWuHQXDWLRQ
GH OD nJXUH ���� HVW FRQFDYH DYHF XQH DPSOLWXGH UHODWLYH GH ���� �� &H SKuHQRPtHQH SHXW YHQLU GH
GHX[ HmHWV � XQ PDVTXH WURS uHWURLW RX XQ SKuHQRPtHQH GH GXUFLVVHPHQW GX IDLVFHDX� 2U OHV OLPLWHV
GX PDVTXH VRQW HQ DFFRUG DYHF OD nJXUH ���� REWHQXH DYHF &*/6 UuHJXODULVuH� &HWWH DOOXUH HVW



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

)LJ� ����� 5HFRQVWUXFWLRQ GH OD VHFWLRQ G
HV�
VDLV SOHLQH G
HDX VDQV GuHELW G
DLU REWHQXH SDU
&*/6 UuHJXODULVuH DYHF �� SL[HOV GH GuHWHFWLRQ�
��� URWDWLRQV HW XQH LPDJH GH �� SL[HOV GH FARWuH

)LJ� ����� 5HFRQVWUXFWLRQ GH OD VHFWLRQ G
HV�
VDLV SOHLQH G
HDX VDQV GuHELW G
DLU REWHQXH
SDU OD PuHWKRGH GX PDVTXH DYHF �� SL[HOV GH
GuHWHFWLRQ� ��� URWDWLRQV HW XQH LPDJH GH ��
SL[HOV GH FARWuH

HQ DFFRUG DYHF GHV VLPXODWLRQV GH GXUFLVVHPHQW GX IDLVFHDX TXH QRXV DYLRQV UuHDOLVuH� /
uHFUDQ GH
3ORPE XWLOLVuH Q
HVW GRQF SDV VXpVDQW HW OH SKuHQRPtHQH GH GXUFLVVHPHQW GX IDLVFHDX HVW SUuHVHQW
SHQGDQW OHV PHVXUHV�

0HVXUH GH OD VHFWLRQ G
HVVDLV DYHF XQ GuHELW G
DLU GH ��� 1O�PLQb�

1RXV UuHJORQV OH GuHELW G
DLU tD ��� 1O�PLQb� HW PHVXURQV O
uHFRXOHPHQW REWHQX� /
LPDJH HVW
UHFRQVWUXLWH HQ XWLOLVDQW OD PuHWKRGH GX PDVTXH �nJXUH ������ /H WDX[ GH YLGH HVW GuHWHUPLQuH HQ
XWLOLVDQW OD FDUWH G
DWWuHQXDWLRQ FL�GHVVXV �nJXUH ������ /H SDUDPtHWUH GH UuHJXODULVDWLRQ w HVW GH
����� &RPSWH�WHQX GX GuHELW G
DLU� QRXV SRXYRQV GH QRXYHDX FRPSDUHU FHWWH FDUWH DYHF OD FDUWH
GH WDX[ GH SUuHVHQFH ORFDO REWHQXH SDU OD VRQGH RSWLTXH GDQV OD SDUWLH ����� �nJXUH ������

1RXV UHPDUTXRQV GH QRXYHDX VXU OD nJXUH ���� OD IRUPH FRQFDYH GH OD FRXUEH� 3RXU OD FDUWH
GX WDX[ GH SUuHVHQFH ORFDO� FHWWH FRQFDYLWuH HVW DGRXFLH SDU OH FDOFXO GX WDX[ GH SUuHVHQFH ORFDO
IDLW SL[HO SDU SL[HO �uHTXDWLRQ �������

/
HVWLPDWLRQ GX WDX[ GH SUuHVHQFH YDULH HQWUH ��� HW ��� � DYHF XQH PR\HQQH tD ��� �� /D
PR\HQQH GH OD FDUWH GH WDX[ GH SUuHVHQFH PHVXUuH SDU OD VRQGH RSWLTXH HVW GH ��� �� 'DQV FH FDV�
OHV YDOHXUV VRQW FRPSULVHV HQWUH ��� HW � �� /
uHFDUW PR\HQ HQWUH OHV GHX[ FDUWHV HVW GH �����
GH WDX[ GH SUuHVHQFH ORFDO HW O
uHFDUW PD[LPDO GH ���� � GH WDX[ GH SUuHVHQFH ORFDO�

/
LQFHUWLWXGH VXU OH WDX[ GH SUuHVHQFH ORFDO GuHWHUPLQuH SDU OD VRQGH RSWLTXH HVW GHh�� DEVROX�
PDLV QRXV QH FRQQDLVVRQV SDV O
LQFHUWLWXGH VXU OD PHVXUHV WRPRJUDSKLTXH� &
HVW SRXUTXRL LO Q
HVW
SDV SRVVLEOH GH YDOLGHU OD PuHWKRGH GDQV FH FDV� PDLV OHV GHX[ PHVXUHV GRQQHQW GHV WDX[
GH SUuHVHQFH ORFDX[ DYHF OH PAHPH RUGUH GH JUDQGHXU�



&KDSLWUH �� ([WHQVLRQ tD O
uHFKDQWLOORQQDJH HQ uHYHQWDLO �IDQ�EHDP� ���

)LJ� ����� 5HFRQVWUXFWLRQ GH OD VHFWLRQ G
HVVDLV REWHQXH SDU OD PuHWKRGH GX PDVTXH DYHF XQ
GuHELW G
DLU GH ��� 1O�PLQb�� �� SL[HOV GH GuHWHFWLRQ� ��� URWDWLRQV HW XQH LPDJH GH �� SL[HOV GH
FARWuH

)LJ� ����� &DUWH GX WDX[ GH SUuHVHQFH OR�
FDO REWHQXH SDU OD PuHWKRGH GX PDVTXH DYHF
XQ GuHELW G
DLU GH ��� 1O�PLQb�� �� SL[HOV GH
GuHWHFWLRQ� ��� URWDWLRQV HW XQH LPDJH GH ��
SL[HOV GH FARWuH

)LJ� ����� &DUWH GX WDX[ GH SUuHVHQFH ORFDO
REWHQXH SDU OD VRQGH RSWLTXH DYHF XQ GuHELW
G
DLU GH ��� 1O�PLQb�



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

��� &RQFOXVLRQ

'DQV FH FKDSLWUH� QRXV DYRQV XWLOLVuH O
DOJRULWKPH TXH QRXV DYRQV GuHYHORSSuH GDQV OH FDGUH GH
OD JuHRPuHWULH HQ uHYHQWDLO� $YHF GHV VLPXODWLRQV� QRXV DYRQV YuHULnuH TXH FHW DOJRULWKPH GRQQH OHV
PAHPHV UuHVXOWDWV TX
HQ JuHRPuHWULH SDUDOOtHOH�

1RXV DYRQV UHFRQVWUXLW GHV PHVXUHV UuHDOLVuHHV HQ uHYHQWDLO VXU OH GLVSRVLWLI 720,; HW FDOFXOuH
XQH FDUWH GH WDX[ GH SUuHVHQFH ORFDO�

/HV LPDJHV REWHQXHV VRQW nGtHOHV tD OD JuHRPuHWULH GHV IDQWARPHV HW GH OD VHFWLRQ G
HVVDLV�

0DLV OD UHFRQVWUXFWLRQ GRQQH XQH DWWuHQXDWLRQ GLmuHUHQWH GH FHOOH DWWHQGXH� 1RXV DYRQV GH
QRXYHDX PLV HQ uHYLGHQFH OH SKuHQRPtHQH GH GXUFLVVHPHQW GX IDLVFHDX� &RPPH SRXU OH GLVSRVL�
WLI 0LQL�720,;� O
RSWLPLVDWLRQ GHV SDUDPtHWUHV G
DFTXLVLWLRQ GX GLVSRVLWLI 720,; GRLW AHWUH
UuHDOLVuHH� &H WUDYDLO QH UHQWUH SDV GDQV OH FDGUH GH FHWWH WKtHVH�

1RXV DYRQV SDU FRQWUH GuHPRQWUuH TXH O
DOJRULWKPH GX PDVTXH HVW DSSOLFDEOH SRXU GHV
PHVXUHV HQ JuHRPuHWULH uHYHQWDLO� FH TXL uHWDLW O
REMHFWLI GH FH FKDSLWUH�

'H SOXV� OD FDUWH GH WDX[ GH SUuHVHQFH ORFDO UHFRQVWUXLWH HVW GX PAHPH RUGUH GH
JUDQGHXU TXH OD PHVXUH UuHDOLVuHH SDU OD VRQGH RSWLTXH�



&RQFOXVLRQV HW SHUVSHFWLYHV

/
REMHFWLI GH FH WUDYDLO uHWDLW GH PHWWUH DX SRLQW HW GH TXDOLnHU XQH WHFKQLTXH GH PHVXUH GX
WDX[ GH SUuHVHQFH ORFDO G
XQ uHFRXOHPHQW HDX�DLU SHUPDQHQW SDU WRPRJUDSKLH tD UD\RQ ;� &RPSWH�
WHQX GHV SKuHQRPtHQHV TXH QRXV VRXKDLWLRQV REVHUYHU� QRXV GuHVLULRQV DWWHLQGUH XQH UuHVROXWLRQ GH
� PP��

8QH DQDO\VH ELEOLRJUDSKLTXH D SHUPLV GH VuHOHFWLRQQHU D SULRUL OHV DOJRULWKPHV GH UHFRQV�
WUXFWLRQ OHV SOXV SHUWLQHQWV� 1RXV DYRQV FKRLVL GHV DOJRULWKPHV DOJuHEULTXHV SRXU OHXU IDFLOLWuH
G
XWLOLVDWLRQ HW OD SRVVLELOLWuH GH OHXU DMRXWHU GHV DPuHOLRUDWLRQV� &HV DOJRULWKPHV PRGuHOLVHQW OHV
PHVXUHV VXU OD IRUPH G
XQ V\VWtHPH OLQuHDLUH 5)  3 � RtX 3 FRQWLHQW OHV PHVXUHV� ) OHV SL[HOV GH
O
LPDJH HW 5 O
uHFKDQWLOORQQDJH UuHDOLVuH�

/D FRPSDUDLVRQ GHV DOJRULWKPHV VuHOHFWLRQQuHV VXU GHV VLPXODWLRQV GH IDQWARPHV QRXV D SHUPLV
GH FKRLVLU O
DOJRULWKPH OH SOXV SHUIRUPDQW� &*/6 UuHJXODULVuH� 3DU GHV VLPXODWLRQV GH SURnOV
GH WDX[ GH SUuHVHQFH ORFDO� QRXV DYRQV UHPDUTXuH TXH OD UuHJXODULVDWLRQ OLVVH O
LPDJH DX QLYHDX
GH OD WUDQVLWLRQ HQWUH SDURL HW uHFRXOHPHQW� FH TXL HQWUDArQH XQ uHFDUW LPSRUWDQW VXU OH WDX[ GH
SUuHVHQFH UHFRQVWUXLW� /
DOJRULWKPH &*/6 UuHJXODULVuH D uHWuH RSWLPLVuH DnQ GH SUHQGUH HQ FRPSWH
FH SUREOtHPH� 8QH uHWXGH FRPSDUDWLYH D FRQGXLW tD VuHOHFWLRQQHU O
DOJRULWKPH GX PDVTXH� &H
GHUQLHU QuHFHVVLWH G
HmHFWXHU GHV PHVXUHV tD YLGH HW GHV PHVXUHV HQ uHFRXOHPHQW� &HW DOJRULWKPH
UHFRQVWUXLW OD GLmuHUHQFH GH FHV PHVXUHV HQ QH UuHJXODULVDQW TXH VXU OD SRUWLRQ LQWuHUHVVDQWH GH
O
uHFRXOHPHQW�

(Q FRPSOuHPHQW GH FH WUDYDLO QXPuHULTXH� XQ GLVSRVLWLI H[SuHULPHQWDO D uHWuH PLV DX SRLQW HW
H[SORLWuH� /H EDQF 0LQL�720,; SHUPHW GH UuHDOLVHU GHV PHVXUHV G
DWWuHQXDWLRQ GH UD\RQV ; HQ
uHFKDQWLOORQQDJH SDUDOOtHOH UuHJXOLHU RX HQWUHODFuH� $SUtHV DYRLU RSWLPLVuH VHV SDUDPtHWUHV G
DFTXLVL�
WLRQ� GHV PHVXUHV RQW uHWuH UuHDOLVuHHV VXU GHV IDQWARPHV HW GHV uHFRXOHPHQWV HDX�DLU� 3RXU FHV GHUQLHUV�
XQH FKDArQH GH PHVXUH SDU VRQGH RSWLTXH D uHJDOHPHQW uHWuH XWLOLVuHH� IRXUQLVVDQW GHV FDUWRJUDSKLHV
GH UuHIuHUHQFH GH WDX[ GH SUuHVHQFH ORFDO�

1RXV DYRQV PLV HQ uHYLGHQFH TXH OD FKDArQH GH PHVXUH WRPRJUDSKLTXH SHUPHW G
REWHQLU OD
UuHVROXWLRQ PLOOLPuHWULTXH VRXKDLWuHH HW TX
HOOH IRXUQLW XQH FDUWH GX WDX[ GH SUuHVHQFH
ORFDO GRQW O
uHFDUW DYHF OHV PHVXUHV SDU VRQGH RSWLTXH HVW GH O
RUGUH GHV LQFHUWLWXGHV GH
PHVXUHV� 'H SOXV� HOOH SHUPHW GH UuHDOLVHU GHV PHVXUHV GH WDX[ GH SUuHVHQFH ORFDO GDQV FHUWDLQHV
FRQnJXUDWLRQV RtX OD VRQGH RSWLTXH HVW PLVH HQ GuHIDXW �UHFLUFXODWLRQV DYHF GHV uHFRXOHPHQWV GH
EXOOHV tD FRQWUH�FRXUDQW�� &HWWH FRQFOXVLRQ UHVWH YDODEOH HQ uHFKDQWLOORQQDJH HQWUHODFuH RtX
VHXOHPHQW XQH PHVXUH VXU GHX[ HVW UuHDOLVuHH�

'HV uHFRXOHPHQWV DXWRXU GH IDLVFHDX[ GH WXEHV RQW DXVVL uHWuH FDUWRJUDSKLuHV SDU FHWWH FKDArQH
GH PHVXUH WRPRJUDSKLTXH�

/
LQFHUWLWXGH GH OD FKDArQH GH PHVXUH WRPRJUDSKLTXH HVW DFWXHOOHPHQW LPSRUWDQWH� (OOH
SURYLHQW GH GHX[ RULJLQHV �



��� 0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

^ OH IDLEOH UDSSRUW VLJQDO VXU EUXLW FRQVWDWuH VXU OHV PHVXUHV �

^ O
LPSRUWDQW WHPSV GH UuHSRQVH GHV SKRWRPXOWLSOLFDWHXUV ORUVTX
LOV VRQW VRXPLV tD XQH YD�
ULDWLRQ EUXWDOH G
LQWHQVLWuH SKRWRQLTXH�

/H UHPSODFHPHQW GHV SKRWRPXOWLSOLFDWHXUV DFWXHOV VXSSULPHUDLW FHV GHX[ HmHWV HW DPuHOLRUHUDLW
OD SUuHFLVLRQ GH OD PHVXUH GH WDX[ GH SUuHVHQFH ORFDO�

1RXV DYRQV UHPDUTXuH TXH OH FKRL[ GX PDVTXH uHWDLW WUtHV LPSRUWDQW� &HOXL�FL GRLW AHWUH HQ
DFFRUG SDUIDLW DYHF OD JuHRPuHWULH PHVXUuHH� 'DQV VD FRQnJXUDWLRQ DFWXHOOH� O
DOJRULWKPH GX PDVTXH
QH SHXW SUHQGUH HQ FRPSWH TXH GHV JuHRPuHWULHV GHVFULSWLEOHV DYHF GHV SL[HOV FDUUuHV� GuHFULYDQW
LPSDUIDLWHPHQW XQH JuHRPuHWULH FLUFXODLUH� 8QH VLPXODWLRQ GH UHFRQVWUXFWLRQ G
XQ F\OLQGUH D PLV
HQ uHYLGHQFH FH SUREOtHPH� 8Q PDLOOHXU tD uHOuHPHQWV WULDQJXODLUHV RX TXHOFRQTXHV SHUPHWWUDLW GH
JuHQuHUDOLVHU IDFLOHPHQW FHW DOJRULWKPH tD WRXV W\SHV GH JuHRPuHWULHV �FRQGXLWHV F\OLQGULTXHV� REMHWV
WULDQJXODLUHV� ����� /HV GHVFULSWLRQV GX OLHQ PHVXUHV � LPDJHV �OD PDWULFH 5� HW GH O
LPDJH )
FKDQJHUDLHQW� PDLV SDV OD URXWLQH GH UuHVROXWLRQ GX V\VWtHPH OLQuHDLUH REWHQX�

&HWWH PuHWKRGH HVW WUtHV VHQVLEOH tD OD PRGuHOLVDWLRQ GHV PHVXUHV� (Q HmHW� GDQV OD FRQVWUXFWLRQ
GH OD PDWULFH 5� O
DOJRULWKPH FRQVLGtHUH TXH OHV IDLVFHDX[ GH UD\RQV ; VRQW G
uHSDLVVHXU QXOOH� 2U
VXU OH GLVSRVLWLI 0LQL�720,;� OH IDLVFHDX HVW FROOLPDWuH tD XQ GLDPtHWUH GH ��� PP� /H IDLVFHDX
SDVVH tD WUDYHUV FHUWDLQV SL[HOV DX[TXHOV OD PRGuHOLVDWLRQ GHV PHVXUHV �OD PDWULFH 5� GRQQH XQ
SRLGV QXO� &HWWH HUUHXU GH PRGuHOLVDWLRQ HQWUDArQH GHV DUWHIDFWV� TXL VRQW SULQFLSDOHPHQW YLVLEOHV
DX QLYHDX GHV FRLQV GH O
LPDJH UHFRQVWUXLWH� ,O VHUDLW LQWuHUHVVDQW GH PRGLnHU FHW DOJRULWKPH SRXU
SUHQGUH HQ FRPSWH OD ODUJHXU GX IDLVFHDX GH UD\RQV ; HW DLQVL GH PLQLPLVHU FHV HmHWV GH YROXPHV
SDUWLHOV�

/H GLVSRVLWLI H[SuHULPHQWDO XWLOLVuH QH SHUPHWWDLW GH JuHQuHUHU TXH GHV uHFRXOHPHQWV tD EXOOHV�
,O VHUDLW LQWuHUHVVDQW GH WHVWHU OD PuHWKRGH GuHYHORSSuHH VXU G
DXWUHV FRQnJXUDWLRQV G
uHFRXOHPHQWV
�SRFKHV�ERXFKRQV� DQQXODLUH� �����

(QnQ� OH GLVSRVLWLI 720,; SHUPHW GH PHWWUH HQ }XYUH GHV PHVXUHV HQ uHYHQWDLO �IDQ�EHDP�
G
DWWuHQXDWLRQ GH UD\RQV ;� 3DU GHV VLPXODWLRQV HW GHV PHVXUHV GH IDQWARPHV HW G
uHFRXOHPHQWV
VXU FH GLVSRVLWLI� QRXV DYRQV GuHPRQWUuH TXH O
DOJRULWKPH GX PDVTXH SHXW uHJDOHPHQW AHWUH XWLOLVuH
GDQV OH FDGUH GHV uHFKDQWLOORQQDJHV HQ uHYHQWDLO �IDQ�EHDP�� 0DLV GHX[ GuHYHORSSHPHQWV
UHVWHQW tD IDLUH �

^ SUHQGUH HQ FRPSWH OH SKuHQRPtHQH GH GXUFLVVHPHQW GX IDLVFHDX �

^ RSWLPLVHU OHV SDUDPtHWUHV G
DFTXLVLWLRQ GX GLVSRVLWLI 720,;�

&HV GLVSRVLWLIV SHUPHWWHQW GH IDLUH GHV PHVXUHV HQ � GLPHQVLRQV� PDLV DXVVL HQ � GLPHQ�
VLRQV ���� 3DU FHWWH PuHWKRGH� GHV PHVXUHV SDU WUDQFKHV VXFFHVVLYHV G
XQH FRQGXLWH SHXYHQW AHWUH
UuHDOLVuHHV HW UHFRQVWUXLWHV� &HV UHFRQVWUXFWLRQV SHXYHQW AHWUH UHSRVLWLRQQuHHV OHV XQHV VXU OHV DXWUHV
DnQ G
REWHQLU XQH LPDJH HQ � GLPHQVLRQV� 8QH uHYROXWLRQ GH OD PuHWKRGH GX PDVTXH YHUV GHV
PHVXUHV HQ � GLPHQVLRQV SRXUUDLW AHWUH HQYLVDJuHH� &HWWH uHYROXWLRQ QuHFHVVLWHUDLW SOXVLHXUV uHWDSHV �

^ GH IDLUH XQH DQDO\VH ELEOLRJUDSKLTXH VXU OHV uHFKDQWLOORQQDJHV HpFDFHV HQ � GLPHQVLRQV �

^ GH PRGLnHU OD GHVFULSWLRQ GX OLHQ PHVXUHV � LPDJH� OD PDWULFH 5 �

^ G
DYRLU XQ DOJRULWKPH SHUIRUPDQW SRXU WUDLWHU WRXWHV OHV PHVXUHV �SDUDOOuHOLVPH� �

^ GH PHWWUH HQ SODFH XQ QRXYHDX GLVSRVLWLI GH PHVXUH DYHF XQ WXEH tD UD\RQV ; tD VRUWLH
FRQLTXH HW XQ GuHWHFWHXU PDWULFLHO�



5uHIuHUHQFHV ELEOLRJUDSKLTXHV

>$[HOVVRQ� ����@ 2� $[HOVVRQ� &RQMXJDWH JUDGLHQW W\SH PHWKRGV IRU XQV\PPHWULF DQG LQFRQ�
VLVWHQW V\VWHPV RI OLQHDU HTXDWLRQV� /LQHDU DOJHEUD DQG LWV DSSOLFDWLRQV� �� ��^��� �����

>%DUDNDW� ����@ 9� %DUDNDW� &RQWULEXWLRQ tD OD UHVWDXUDWLRQ G
LPDJHV GuHJUDGuHHV SDU XQ V\VWtHPH
VSDWLDOHPHQW YDULDQW� $SSRUW G
XQ PRGtHOH GH O
LPDJH� 7KtHVH� ,QVWLWXW 1DWLRQDO GHV 6FLHQFHV
$SSOLTXuHHV GH /\RQ� �����

>%DUUHWW HW DO�� ����@ 5� %DUUHWW� 0� %HUU\� 7� &KDQ� -� 'HPPHO� -� 'RQDWR� -� 'RQJDUUD� HW
9� (LMNKRXW 5� 3R]R &� 5RPLQH +� 9DQ GHU +RUVW� 7HPSODWHV IRU WKH VROXWLRQ RI OLQHDU
V\VWHPV � EXLOGLQJ EORFNV IRU LWHUDWLYH PHWKRGV� 6,$0 -� $SSO� 0DWK�� �����

>%HUWKRXG� ����@ *� %HUWKRXG� &RXUV GH 7KHUPRK\GUDXOLTXH 'LSKDVLTXH� (FROH 1DWLRQDOH
6XSuHULHXUH GH 3K\VLTXH GH *UHQREOH �,13*UHQREOH�� �����

>%HVWLRQ HW DO�� ����@ '� %HVWLRQ� 3� &OuHPHQW� -��3� &DPLQDGH� -��0� 'HOKD\H� 3� 'XPD]� -� *DU�
QLHU� '� *UDQG� (� +HUYLHX� 2� /HEDLJXH� +� /HPRQQLHU� &� /KXLOOLHU� 3� 0HUFLHU� -��5� 3DJHV�
,� 7RXPL� HW 0� 9LOODQG� )RUFH G
DQDO\VH VFLHQWLnTXH HW WHFKQLTXH SRXU GH QRXYHOOHV u(WXGHV HQ
WKHUPRK\GUDXOLTXH� UDSSRUW GX �� PDUV ����� 5DSSRUW WHFKQLTXH� &RPPLVVDULDW tD O
(QHUJLH
$WRPLTXH� 'LUHFWLRQ GHV 5uHDFWHXUV 1XFOuHDLUHV� �����
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uHPLVVLRQ PRQR�SKRWRQLTXH� 7KtHVH� ,QVWLWXW 1DWLRQDO 3RO\WHFKQLTXH GH
*UHQREOH� �����
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0LVH DX SRLQW HW TXDOLnFDWLRQ G
XQH WHFKQLTXH GH PHVXUH
GX WDX[ GH SUuHVHQFH ORFDO SDU WRPRJUDSKLH tD UD\RQV ;

5uHVXPuH

&HWWH uHWXGH D SRXU REMHFWLI OH GuHYHORSSHPHQW G
XQ LQVWUXPHQW GH PHVXUH GX WDX[ GH SUuHVHQFH
ORFDO G
XQ uHFRXOHPHQW HDX � DLU SDU WRPRJUDSKLH tD UD\RQV ;�

$SUtHV XQH DQDO\VH ELEOLRJUDSKLTXH H[KDXVWLYH� OHV DOJRULWKPHV GH UHFRQVWUXFWLRQ UHWHQXV VRQW
FRPSDUuHV DnQ GH VuHOHFWLRQQHU OH SOXV HpFDFH� $nQ G
DPuHOLRUHU OD SUuHFLVLRQ GH UHFRQVWUXFWLRQ DX
YRLVLQDJH GHV SDURLV� SOXVLHXUV DPuHOLRUDWLRQV GH FHW DOJRULWKPH VRQW UDMRXWuHHV HW WHVWuHHV�

(Q SDUDOOtHOH� XQ GLVSRVLWLI H[SuHULPHQWDO D uHWuH PLV DX SRLQW HW VHV SDUDPtHWUHV G
DFTXLVLWLRQ
RQW uHWuH RSWLPLVuHV�

/
HQVHPEOH FKDArQH GH PHVXUH HW DOJRULWKPH GH UHFRQVWUXFWLRQ HVW HQVXLWH PLV HQ }XYUH
VXU GHV PHVXUHV HQ JuHRPuHWULH SDUDOOtHOH GH IDQWARPHV HW G
uHFRXOHPHQWV HDX�DLU KRPRJtHQHV� QRQ
KRPRJtHQHV HW DXWRXU GH IDLVFHDX[ GH WXEHV FDUUuHV HW F\OLQGULTXHV� &HV PHVXUHV VRQW UuHDOLVuHHV
DYHF GHX[ VFKuHPDV G
uHFKDQWLOORQQDJH � UuHJXOLHU HW HQWUHODFuH� /D FRPSDUDLVRQ GHV FDUWHV GH WDX[
GH SUuHVHQFH ORFDO WRPRJUDSKLTXHV DYHF OHV FDUWHV REWHQXHV SDU XQH VRQGH RSWLTXH SHUPHW GH
YDOLGHU OD PuHWKRGH GuHYHORSSuHH�

(QnQ� O
H[WHQVLRQ GH OD PuHWKRGH tD OD JuHRPuHWULH HQ uHYHQWDLO �IDQ�EHDP� HVW uHWXGLuHH�

'HYHORSPHQW DQG YDOLGDWLRQ RI D WHFKQLTXH RI
PHDVXUHPHQW RI WKH YRLG IUDFWLRQ E\ ;�UD\ WRPRJUDSK\

$EVWUDFW

7KH DLP RI WKLV VWXG\ LV WR GHYHORS DQ LQVWUXPHQWDWLRQ WR PHDVXUH WKH ORFDO YRLG IUDFWLRQ
PDS LQ DQ DLU � ZDWHU oRZ E\ ;�UD\ WRPRJUDSK\�

$IWHU DQ H[KDXVWLYH OLWHUDWXUH VXUYH\� WKH VHOHFWHG UHFRQVWUXFWLRQ DOJRULWKPV DUH FRPSDUHG
WR FKRRVH WKH PRVW HmHFWLYH� 6HYHUDO LPSURYHPHQWV DUH DGGHG DQG WHVWHG WR HQKDQFH WKH UHFRQV�
WUXFWLRQ DFFXUDF\ LQ WKH YLFLQLW\ RI WKH SLSH ZDOOV�

$Q H[SHULPHQWDO SDUDOOHO EHDP WRPRJUDSKLF EHQFK KDV EHHQ GHYHORSHG DQG LWV RSHUDWLQJ
SDUDPHWHUV KDYH EHHQ RSWLPL]HG�

7KH DFTXLVLWLRQ V\VWHP DQG WKH UHFRQVWUXFWLRQ DOJRULWKP DUH XVHG WR PDS SKDQWRPV� KR�
PRJHQHRXV RU QRQ � KRPRJHQHRXV DLU � ZDWHU EXEEO\ oRZV DQG EXQGOH oRZV ZLWK UHJXODU RU
LQWHUODFHG VDPSOLQJ VFKHPH� 7KH PHWKRG LV YDOLGDWHG E\ FRPSDULQJ ZLWK WKH YRLG IUDFWLRQ PDSV
PHDVXUHG ZLWK DQ RSWLFDO SUREH�

$W WKH HQG� WKH PHWKRG LV H[WHQGHG WR WKH IDQ�EHDP JHRPHWU\�

6SuHFLDOLWuH � (QHUJuHWLTXH 3K\VLTXH

0RWV�FOuHV � (FRXOHPHQWV GLSKDVLTXHV� LQVWUXPHQWDWLRQ� WDX[ GH SUuHVHQFH ORFDO� WRPRJUDSKLH
tD UD\RQV ;� DOJRULWKPH GH UHFRQVWUXFWLRQ

7KtHVH SUuHSDUuHH DX
&RPPLVVDULDW tD O
(QHUJLH $WRPLTXH GH *UHQREOH
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