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7KLEDXG 0(1$17

OpPRLUH SUpVHQWpP HQ YXH GH OTREWHQWLF
grade de Docteur de I'Université d'Angers
VRXV OH VFHDX GH OY8QLYHUVLWp %UHWDJQH /R

eFROH GRFW®RUDOH

'LVFLSOR®H, (

6SPFLD @AW, ( 3+<6,48(

8QLWp GH UHBKWBUFKHO02/7(&+ $1-28

6RXWHQXH OH VHSWHPEUH

&RQWU{OH GH OD IRQFWLRQQDOL\
VHOV GH GLD]JRQLXP YLD OH SLp

-85<
3UpVLGHQW ODUF 6%$//BURIHVVHXU 8QLYHUVLWpP GT1$QJIJHUV
5DSSRUWHXUV 6DELQH 6=813BURAHVBXYHUVLWpP GH /LOOH

'DQLHO % (/$1*YBRIHVVHXU 8QLYHUVLWpP GX 4XpEHF j ORQWUpDO

(IDPLQDWHXUV -HDQ 3,162WRIHVVHXU 8QLYHUVLWp 3DULV 'LGHURW
YUPGPULF %$56DBWUH GH &RQIp UBHQHW VA Wp GH 5HQQHYV

'"LUHFWHXU GH 7KgVRQ\ %5(72DVvWUH GH &RQ@IPBEDFHVYVLWpP GTI$QIHUV

&RHQFDGUDQWYV GBDAKOYKH '0PVWUH GH &RQIPUHQFHV 8QLYHUVLWp GI$QJIHUV
6\OYLH '$%26 6(,*&XKIDUJpH GH 5HFKHUFKH 8QLYHUVLWp GI$QJHUV






©, bP DQG DOzZD\V ZLOO EH WKH RSWLPLVW
DQG WKH GUHDPHU RI LPSURED

'RFWRU :KR
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-H WLHQV WRXW GYDERUG j UHPHUFLHU OHV PHPEUHV C
wuDYDLO UpDOLVp SHQGDQW FHWWH WKgqVH -H UHPHUFLH ¢
GH OY8QLYHUVLWp GH /LOOH HW OH SURIHVVHXU 'DQLHC
ORQWUpDO SRXU DYRLU DFFHSWp GIrWUH OHV UDSSRUWHX!
OH SURIHVVHXU -HDQ 3LQVRQ GH OT18QLYHUVLWp 3DULV 'LG
GH FRQIpUHQFHV j O18QLYHUVLWpPp GH 5HQQHYV SRXU DYI
WKqVH -{DGUHVVH pJDOHPHQW PHV UHPHUFLHPHQW DX S
GI$QJHUV SRXU DYRLU DFFHSWp GIrWUH SUpVLGHQW GX M

&H WUDYDLO GH WKgVH D pWp UpDOLVp DX ODERUDWR
UHPHUFLHU XQH VHFRQGH IRLVY OH SURIHVVHXU ODUF 6DOO
DFFXHLOOL DX VHLQ GH VRQ ODERUDWRLUH

-H WLHQV WRXW SDUWLFXOLqQUHPHQW j UHPHUFLHU eULF
SRXU PITDYRLU DFFXHLOOL DX VHLQ GH VRQ pTXLSH DLQVL
GRFWHXU &KULVWHOOH *DXWLHU OH GRFWHXU 20LYLHU $C
OHXU ERQQH KXPHXU HW OYDLGH SUpFLHXVH TXYLOV PYRQW

/D UpDOLVDWLRQ HW OYDERXWLVVHPHQW GH FH WUDYDL
GH PRQ GLUHFWHXU GH WKgVH -f{DGUHVVH GRQF PHV SOXYV
%UHWRQ PDLWUH GH FRQIPUHQFHYV j OT8QLYHUVLWp GT$QJ
SRXU VRQ LQYHVWLVVHPHQW VXU OD WKgqVH VRQ HQFDGUH
RITHUW SHQGDQW FHV WURLV DQQpHYV

-H WLHQV DXVVL j UHPHUFLHU OH GRFWHXU ODU\OgqQH "l
DLGH SUpFLHXVH HQ FKLPLH RUJDQLTXH -H UHPHUFLH pJDC
FRHQFDGUDQWH GH WKgVH SRXU VRQ DLGH SUpFLHXVH HW V
] GLVFXWHU?2© VFLHQFHYV

'H SOXV MH VRXKDLWH UHPHUFLHU FRUGLDOHPHQW ¢
OT8QLYHUVLWp GH &DQWHUEXU\ 1= SRXU PYDYRLU DFEXH
ORUV GH PD SUHPLqQUH DQQpH GH WKqVH -YDVVRFLH j FH U
DLQVL TXH WRXV OHV PHPEUHVY GH OfpTXLSH SRXU WRXW]
VPMRXU



-H UHPHUFLH pJDOHPHQW ODwWWHQD 20DIUDLQ GLUHF
O8QLYHUVLWpP GY$QIJHUV SRXU PIDYRLU SHUPLV GTH[HUF}
O098)5 6FLHQFH GY1$QJHUV

-TH[SULPH pJDOHPHQW PD SURIRQGH JUDWLWXGH j WRX
FRXUV GH PD WKqgVH

“H WLHQV SDUWLFXOLqUHPHQW j UHPHUFLHU B6LKDPH ¢
EXUHDX 6DQV HX[ FHWWH WKqVH DXUDLW pWp ELHQ GLIIpUF
OHV MRXUV GHSXLV WURLV DQV PR#PMWLNVHQNHPQHBWWHSRDNW jH(
-pUpPLH SRXU WRXV OHV ERQV PRPHQWY TXJRQ D SDVVpV
SHQGDQW QRWUH WKgqVH MH OXL VRXKDLWH WRXW OH PHLC

(QILQ MH WLHQV j UHPHUFLHU PD IDPLOOH SRXU PYDYRL
HQ SDUWLFXOLHU j PHVY SDUHQWY GYDYRLU WRXMRXUV p
FRQWLQXHOOHPHQW VRXWHQX HW DLGp GDQV PHV FKRL[ O

DQV HW SRXU FH TXH YRXV FRQWLQXHUH] j IDLUH -H YRX
WRXW FHOD QfDXUDLW pWp SRVVLEOH

3RXU ILQLU MH UHPHUFLH FHOOH TXL PYD OH PLHX[ FR
DSDLVDQWY SRXU TXH MH FRQWLQXH HW WHUPLQH FH WUD
ODWKLOGH MIDL pQRUPpPHQW G6W FKDQFH GH WIDYRLU j Pt
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, QWURGXFWLRQ %LEOLRJUDSKLTXH

/D

IRQFWLRQQDOLVDWLRQ GH VXUIDFH

JROQFWLRQQDOLVDWLRQ SDU DGVRUSWLRQ SK

VLTXH F

(OHFWURSRO\PpULVDWLROQ

/HV ILOPV GH /DQJPXLU %YORGJHWW

/HV PRORFRXFKHV DXWR DVVHPEOpPHV 6%

VXU V.

JRQFWLRQQDOLVDMMRQ GLWHY FRYDOHQW

ORORFRXFKH VXU VXEVWUDW GH YHUUH

JROFWLROODOLVDWLRO FRYDOHOWH pOHF

WUR LQ

JROFWLROODOLVDWLROQ FRYDOHOWH QRO

pOHFWU

&RQFOXVLRQ VXU OHV PpWKRGHV GH IRQFWLRQQDOL\

/[HV VHOV GH GLD]JRQLXP OHXU V\QWKqgVH OHXU

SDUWLF

6\QWKgVH GHV VHOV GYDU\OGLD]JRQLXP

/D GPpGLD]JRWDWLRQ

/D

PRGLILFDWLRQ GH VXUIDFH SDU UpGXFWLRQ GH VHOV

/IHV GLIIpUHQWHV PpWKRGHV SHUPHWWDQW O

H JUHIIDC

*UHIIDJH pOHEFWUR LOGXLW

*UHIIDJH VSROWDODp

/[HV GLIIlpUHQWV VXEVWUDWYV XWLOLVpV

/HV GLIIpUHQWYV SUpFXUVHXUV GLDJRQLXP XW

LOLVpV

‘HV ILOPV RUJDQLTXHV UREXVWHYV

JRUPDWLRQ GH PXOWLFRXFKHV

/D SRVW IRQFWLRQQDOLVDWLRQ

6WUDWpJLHVY GH FRQWU{OH GX JUHIIDJH

&RQWU{OH GH OD FKDUJH pFKDQJpH

&RQWU{OH SDU FOLYDJH GH SRO\PqUH

&RQWU{OH

SDU DXJPHOQWDWLRQ GH OD JrQH V

WpULTX

&RQWU{OH GH OD TXDQWLWp GH SUpFXUVHXU

V GLD]R

&RQFOXVLROQ

S5pIpUHQFHV

&+$3,75( ,,

ODWpULHOV OpWKRGHYV

/HV WHFKQLTXHV GH FDUDFWpULVDWLRQ pOHFW

JRFKLPL

/ID VSHFWURVFRSLH GYLPSpGDQFH pOHFWURFKLPLTXH

/ID YROWDPSpURPpWULH GH FRXUDQW DOWHUQDWLI

$

/IHV WHFKQLTXHV GH FDUDFWpULVDWLRQ JUDYLPA

PWULTX

/D PLFUREDODQFH j FULVWDO GH TXDUW] 4&0

HW (48&

/YIDSSDUHLOODJH

/HV WHFKQLTXHV GH FDUDFWpULVDWLRQ VSHFW

JRVFRSL

/ID VSHFWURVFRSLH GH SKRWRpOHFWURQV ; ;

36

SULQFLSH




&ROGLWLROQV H[SpULPHOWDOHYV

/IHV WHFKQLTXHV GH FDUDFWpULVDWLRQ PLFURVFRSLTX

/D PLFURVFRSLH j IRUFH DWRPLTXH

SULOFLSH

/H PRGH GH IRQOFWLROOHPHOQW

/HV $)0 XWLOLVpV

/ID POPWKRGH GH © VFUDWFKLQJ 2

/D SRLOWH GH VFUDWEFEKLOJ

/HV VXUIDFHV GH 33)

S5pIpUHQFHV

&+$3,75( ,,, OLVH DX 3RLOW GIXOH 6WUDWpPJLUH GH ¢

5pGXFWLRQ GH 6HOV GH 'LD]JRQLXP

SUpVHOQWDWLRQ GH OTDSSURFKH OH SLpJHDJH |[UDGLFD

eWXGH GH UpDFWLYLWp FKRL|] GX SLpJHXU

eWXGH pOHFWURFKLPLTXH

(l1I1HW GH OD SUpVHQFH GH SLpJHXUV VXU OD PQDWXUH

eWXGH GX JUHIIDJH HQ SUpVHQFH GH '33+

(WXGH FLQPWLTXH GX GpS{W

,PSDFW GH OD SUpVHOFH GH '33+

OLVH HQ pYLGHQFH GX SLpJHDJH UDGLFDODLYH YDO

eOHFWURO\VH SURORQOJpH | SRWHOWLHO FRQWU({C

L, GHOWLILFDWLRO GX SURGXLW GH FRXSODJH

&DUDFWpULVDWLRQ GX ILOP RUJDQLTXH JUHIIp HQ SUpV

&DUDFWpULVDWLRQV pOHFWURFKLPLTXHV

(WXGH GH OfJHIIHW SDVVLYDOW GHV FRXFKHV RUJ

eWXGH LPSpGDOQFHPpWULTXH GH OD FRXFKH RUJD

SpSROVH pOHFWURFKLPLTXH GX ILOP

(WXGH WRSRJUDSKLTXH

&DUDFWpPpULVWLTXHYVY PRUSKRORJLTXHV GH OD FRX

&RPSRVLWLRQ FKLPLTXH GHV FRXFKHV

%LODQ [CERCER GO (O CERCER GO (O (O CER AR (O (O GO CER GO (O (AR CER GO (O (O COR R GO (O (R CER GO (QR (¢

SpIpUHQFHV

&

+$3,75(,9 7UDQVSRVLWLRQ GX &RQWU{OH DX|*UHIID.

&RQWH[WH

'pPILQLWLRQ GX SURWRFROH RSpUDWRLUH

/H WHPSV GH JUHIIDJH

&DUDFWpULVDWLRQ GX ILOP RUJDQLTXH JUHIIp HQ SUpV

&DUDFWpULVDWLRQ pOHFWURFKLPLTXH

(WXGH GH OD UpSROVH pOHFWURFKLPLTXH GX ILO

(1T HW GHV FROFHOWUDWLROV DEVROXHV HQ 1%’

(WXGH GH OD SDVVLYDWLROQ LOGXLWH SDWU OH ILO

(WXGH LPSpGDQFHPpWULTXH GX ILOP RUJDQLTXH

&DUDFWpULVDWLRO GHV VXUIDFHV IROFWLROQRDOLVpl

:36
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S5pIpUHQFHV




&+$3,75( 9

(IHTHW GHV VXEVWLWXDQWYV VXU OfH

ITLFDFL

SUpVHOWDWLRO GH OfIDSSURFKH LPSDFW GH O

VXEVW

JUHIIDJH

*UHIIDJH GHV SUpFXUVHXUV HQ SUpVHQFH GH S|

pJHXUV

&RPSRUWHPHQW YROWDPSpURPpWULTXH ORU

/ GX JUFL

&RQILUPDWLRQ GX FRQWU{OH UDGLFDODLUH

6XLYL JUDYLPpWULTXH LQ VLWX GX JUHIIDJH

SDU (4&

(WXGH GH OYLPSDFW GX VXEVWLWXDQW VXU OH

ILOP RU

| (WXGH PRUSKRORJLTXH

ORGLILFDWLRQ GHV VXUIDFHV GH 33)

(WXGH GH OfpSDLVVHXU GHV ILOPV JUHIIp

Vv

| /H U{OH GH OD VXEVWLWXWLRQ GHV SUpFXUYV

A XUV VX

/H FDV GHV S120 FHINGYH XUV '

/H FDV GX SEBEBPFXUVHXU '

/H FDV GX SEpERUVHXU '

/H FDV GX SPRFXUVHXU '

(WXGH FRPSOpPHOWDLUH

%LODQ VXU OYHIITHW GHV VXEVWLWXDQWV VX|\

/[LPLWH GH OD PpWKRGH GH FRQWU{OH GX JUH

S5pIpUHQFHV

&+$3,75( 9,

(ODERUDWLRQ GTXQH SODWHIRUPH

&RQWH[WH

'HVFULSWLRQ GH OYDSSURFKH

/D IROFWLRQQDOLVDWLRQ HQ GHX[ WHPSV
/D VROGH pOHFWURFKLPLTXH FKRLVLH

(ODERUDWLRQ GH OD FRXFKH IRQFWLRQQHOOH

*UHIIDJH GX ILOP GH QLWURSKpQ\OH

3RVW IRQFWLRQQDOLVDWLRQ SDU OH 7(032

[ /H FRXSODJH KpWpURJQQH
[ 2SWLPLVDWLRO GX WHPSV GH FRXSODJH
[ (WXGH GX VLJQDO pOHFWURFKLPLTXH GX 7(03
(WXGH GX WUDQVIHUW pOHFWUROQLTXH
(OHFWURDFWLYLWp GHV PDWpULDX]
&DUDFWpULVDWLRQ GX ILOP SDU PLFURVFRSL
(WXGH GH OD FRPSRVLWLRQ FKLPLTXH GX ILO

,PSDFW GH OfpSDLVVHXU GH OD FRXFKH IRQFWL

| (IlLEDFLWp pOHFWURFDWDO\WLTXH

%LODQ LG (O GO CER R CER (O CER CER G GO (AR (O COR GO COR GO (O (R GO CER GO (O (O COR GO (O (O (R (R (4

5pIpUHQFHV

) OD FUF

i11DJH

ORQRF

(OHFWURUpPGXFWLRQ GHV IRQFWLRQV QLWURSKpQ\OH

2 LPPRE

Hj FKDF
P
RQQHOO

&+$3,75( 9,,

9DOLGDWLROQ GH OYDSSURFKH YL

D OTRS

GITXQ VXSHUFRQGHQVDWHXU

"PILOLWLROQ HW IRQFWLRQOHPHQW GJXQ VXSHUF

/H FDUERQH DFWLYp XQ PDWpULDX GYpOHFW

RQGHQV
URGH G|

SURWRFROH GH OYfpWXGH




&DUDFWpULVDWLRQ GX PDWpULDX FDUERQpP IRQH

FWLRQQ!

$QDO\WH WKHUPRJUDYLPpWULTXH GHV SRXGU

HV PRGL

&RPSRVLWLRQ pOpPHQWDLUH GHV SRXGUHV P

RGLILpH

,PSDFW GX FRQWU{OH GX JUHIIDJH VXU OD VX

UIDFH G

OLVH HQ °XYUH GDQV XQ VXSHUFRQGHQVDWHXU

&DUDFWpULVDWLRQ pOHFWURFKLPLTXH

(WXGH SDU VSHFWURVFRSLH GYLPSpGDQFH pd

HFWURF

6WDELOLWp DX F\FODJH

%LODQ [CEE SO CER GO CER CER COR (O CER R GO (AR (O CER R CER GO (O (R G GO GO (O (O GO GO O (O (AR (R (¢

5pIpUHQFHV

&21&/86,21 *(1(5$/(

$11(;(6

$QQH[HV GX FKDSLWUH ,,,

,GHOQWLILFDWLRQ GX SURGXLW GH FRXSODJH

6SHFEFWUH 03$/',

6SHFWUH 501

6SHFWU& 501

$57,8&/(6 6&,(17,),48(6
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&H WUDYDLO GH WKgqVH SRUWH VXU OD IRQFWLRQQDOLYV
GH SUPFXUVHXUV DU\OGLD]RQLXP 'pFRXYHUW GDQV OHV DC
SDU 3LQVRQ HQ FHWWH PpWKRGH HIILFDFH VXVFLWH
TXLQ]DLQH GIDQQpHV (OOH SHUPHW GYXQH SDUW GH WL
VRLHQW FRQGXFWHXUV RX VHPL FRQGXFWHXUV HW GIDXW!
GHV VXEVWUDWV FDUERQpV FRQIpUDQW XQH WUQV ERQQ!
PDWpULDX &HSHQGDQW OD PpWKRGH D VRXYHQW pWp XWI
QRPEUHX[ GRPDLQHV GYDSSOLFDWLRQV FKLPLH ELRORJL
IRUPDWLRQ SHX UHSURGXFWLEOH GH VWUXFWXUHV PXOW
OfLQWHUPpPGLDLUH UpDFWLRQQHO UDGLFDODLUH &H PDQT
SXLVTXTLO QH SHUPHW SDV XQH FRPSUpKHQVLRQ DSSURIR
PDWpULDX[ pODERUpV ,0 DSSDUDLW GRQF QpFHVVDLUH GH
YHXW DSSOLTXHU OD WHFKQLTXH GH IRQFWLRQQDOLVDWLR
VWUXFWXUH SURSULpWpP PDVWULVpPHY FDSWHXU FKLPLTXH |
RUJDQLTXH HWF «

$ FHWWH ILQ GLIIpPUHQWHY pTXLSHVY GH UHFKHUFKH RQ!
OLPLWHU OD FURLVVDQFH GHV ILOPV RUJDQLTXHV /HV VW
SUPFXUVHXUV j IRUW HQFRPEUHPHQW VWpULTXH RX j FRQW
SURGXLWY j OTLQWHUIDFH pOHFWURGH VROXWLRQ 0DOJU|
UHVWHQW FRQWUDLJQDQWHY HQ WHUPHV GH V\QWKqVH HW
WKqVH QRXV DYRQV HQWUHSULV GH GpYHORSSHU XQH PpW
OLHX GH PRGXOHU OD VWUXFWXUH PROpPFXODLUH GHV SUpF
OH PpFDQLVPH SDU OJLQWHUPpPGLDLUH GH SLpJHXUV GH UD
OLHX j OfLQWHUIDFH pOHFWURGH VROXWLRQ LO HVW SURE
VRLW SOXV UDSLGH TXH OH SURFHVVXV GH SRO\PpULVDWLR
SURSRVRQV GRQF GTH[SORLWHU FHWWH GLIIpUHQFH GH FLQ
GIDJLU VXU OH PpFDQLVPH GH SRO\PpULVDWLRQ VDQV LG
ITDFFHVVLRQ j OD PRQRFRXFKH HVW OYREMHFWLI XOWLPF
LQWHUDFWLRQV DYHF OH VXEVWUDW HW OJRUJDQLVDWLRC
JRXYHUQHQW OJH[SUHVVLRQ GH VHV SURSULpWpV



$SUgV XQH SUpVHQWDWLRQ ELEOLRJUDSKLTXH TXL SRVL
FHWWH WKqVH VHURQW GLYLVpV HQ FLQT FKDSLWUHV

OH SUHPLHU GHYB GHESIHPOHQW GH O D WWUDQVHUIHH I B HE
POHFWUR LQGXLW $SUqV VPOHFWLRQ GX SLpJHXU G|
DSSURFKH OD IRQFWLRQQDOLVDWLRQ G{XQH VXUID
GLD]JRQLXP GH UplpUHQFH OH QLWUREHQ]gQHGLD]R
SLpJHXU SRXU pWXGLHU OfLPSDFW GH VRQ XWLOLVD\
JUHIIpV VHURQW FDUDFWpPpULVpV DILQ GTREWHQLU G
OHXU FRPSRVLWLRQ FKLPLTXH HW OHXU pOHFWURDF
OH VHFRQG 6RQUFFMHYVQSRMLWLRQ GH OD PpWKRGH GH |
XQH IRQFWLRQQDOLVERMWRG WRREWDPHQAIBLW SDV DS
pPOHFWURFKLPLTXH HW SHUPHW GRQF GH IRQFWLRQQ
OD SRXGUH GH FDUERQH 'H PDQLqUH VLPLODLUH D>
SURGXLWY SDU OfXWLOLVDWLRQ GH SLpJHXUV GH UD
pWXGLpV
GIWURLVLgPH DXUD SRXQYRHBMWF QG XX R BTLHHX D QW
VWUXFWXUH GLD]RWpH VXU OH FRQWU{OH GX JUHIIDJ
FURLVVDQFH GHV ILOPV RUJDQLTXHV SHUPHWWUD G
JUHIIDJH HW IRXUQLUD GH QRXYHOOHY LQIRUPDWLRC
FURLVVDQFH GHV ILOPV RUJDQLTXHV
HQ H[SORLWDQW OHV LQIRUPDWLRQV DFTXLVHV ORU\
TXDWULqPH SIpIVHRWDHMIIRQ FRQWU{OpH GIXQH SOD
IRQFWLRQUIMDQACGH GH FRPSRVpV FRPPHUFLDX[ HW VDC
DSSURFKH VHUDITERERIRQW. R QP FODVVLTXH TXL FRQC
PXOWLFRXFKHVY /HVY GHX[ SODWHIRUPHVY VHURQW ILQ
SRVVpGDQW GHV SURSULpWpPV VSpFLILTXH DILQ GfpW
VWUXFWXUH GH OD SODWHIRUPH VXU OD UpDFWLYLW
GDQV OH GHUQLHU FKDSLWUH OD PpWKRGH GH FRQW
DILQ GTREVHUYHU OH JDLQ TXY{DSSRUWH OH FRQWU({C
VXSHUFRQGHRNOMWHXUSDUWLU GH PDWpULDX[ FDUERC



L, OQWURGXFWLRQ %LEOLRJ

&H FKDSLWOB DA HQEMW OD IRQFWLRQQDOLVDWLRQ SDU
SDUPL OHV QRPEUHXVHV WHEFKQLTXHV GpYHORSSpHV | FH
VXUIDFHV 1RXV GpWDLOOHURQV OHV SULQFLSDX[ SURWRFR
GH JUHIIDJH GH FHV VHOV DLQVL TXH OHV PpFDQLVPHV LPS
OHV PpWKRGHV UpFHPPHQW GpYHORSSpHV SRXU FRQWU{O
DWWHLQGUH GHV VWUXFWXUHV PRQRFRXFKHV






/D IRQFWLRQQDOLVDWLRQ GH VXUIDFH

/D IRQFWLRQQDOLVDWLRQ GH VXUIDFH FRQVLVWH j PRG
FRQIpUHU GHYV FDUDFWpULXM IHW HRWX EKRORTXHXH\G LSIK\WH QW
SUPVHQWH j OfRULJLQH &HWWH PRGLILFDWLRQ SHXW rwut
YXH GH PRGLILHU XQH ODUJH JDPPH GH FD U DPW QUILMWH TXH
VXUIDFH ELRFRPSRXWDDBDLOpWBPWLYLWp GH VXUIDFH

/ID TXDQWLWp LPSRUWDQWH GH EUHYHWYV FRQRHUQWDH W
OfLPSRUWDQW SRWHQWLHO GH FHWWH DSSURFKH SRXU OD
GIDSSOLFDWLRQ HVW ODUJH DOODQW GH OD UpDOLVDWLE
GIHQRUBD FUpDWLRQ GH QRXYHDX[ FLUFXLWV pOHFWURQI
PLFURPOHFWURQLTXH

'LIlTPUHQWHYV PpWKRGHV SHUPHWWHQW GH PRGLILHU OD
SRVVqQGHQW FKDFXQH OHXUV VSpFLILFLWpV 1RXV DOORQV
OTDUW GHV SULQFLSDOHV PpWKRGHV HW GH OHXU GRPDLQF

JRQFWLRQQDOLVDWLRQ SDU DGVRUSWLRQ SK\VLTXH RX F
(OHFWURSRO\PpULVDWLRQ

JTPOHFWURSRO\PpULVDWLRQ HVW XQ RXWLO SXLVVDQ
FRQGXFWULFHV $SSDUXH BPHAWOHYHDWIRKYLTXH WUqV PR
SHXW rWUH XWLOLVpH VXU GLIIpUHQWY W\SHV GH PDWpULD
QDWXUH GX PRQRP[QUH |pWDQW YDULpH )LJXUH HOOH S
RUJDQLTXH REWHQX

NH,
“— O 0 O
N S

H

acétyléene pyrrole thiophéne aniline

JLIXUH ([HPSOHV GH PRQRPQUHYVY pOHFWURSRO\PF

'LIlIpUHQWY PpFDQLVPHV RQW pWp GpFULWV GDQV OD O
UpDFWLRQ GTpOHFWIRSRAPHWIRNDWORR[\GDWLRQ GHV PR(
FDWLRQV DU\OHV VWDELOLVPVTXRUVH pFRQDMHGW )H OXNWHH H
GLPqUH )LEXW@HY GLPqQUHV VRQW j OHXU WRXU R[\BKV HW S



DYHF XQ PRQRPqUH R[\Gp &H SURFHVVXV VH UpSqWH j FKDT
HW HQJHQGUH OD IRUPDWLRQ GH FKDVQHV SRO\PPULTXHV T
GH OfpOHFWURGHH)ILWXRIRRUIJDQLTXH REWHQX SRVVQGH XQF
TXL SHXW rWUH PRGXOpH HQ FRQWU{ODQW OD TXDQWLWp
pJDOHPHQW XQH ERQQH VWDELOLWpP FKLPLTXH

JLIXUH *DXFKH OpFDQLVPH GH OfpOHFWURSRO\PpULVDWLRQ GX
GH OTpOHFWURSRO\PpULVDWLRQ GX S\UROH UHSULYV (

&HWWH YRLH GH PRGLILFDWLRQ GH VXUIDFH HVW SDUWL
VXEVWUDWYV /HRQGXEHWHXWWY PRGLILpY SDU GHV SRO\PqUHV
GH QRPEUHXVHV DSSOLFDWLRQV DR®WLTXKN EWQYOBHWWR
OTPOHFWURQLTXH2XVROWFROODIGUHILFXOWp GH IRQFWLRQQD
FRQGXFWULFHV OD PLVH HQ °XYUH GH FHWWH PpWKRGH HYV
SRWHQWLHO UHTXLV SRXU R[\GHU OH PRQRPgQUH HVW VRXY!
PopWDOOLTXHYV GpIDYRULVDQW IRUWHPHQW OD UpDFWLRQ G

/IHV ILOPV GH /IDQJPXLU %YORGJHWW

&HWWH WHFKQLTXH LQWURGXLWSXHW FRPSOpW, pH LSJU/ DI
%YORGIJHWW HQ FRQVLVWH j WUDQVIpUHU SDU LPPHUVLR
SUpVHQWH j OD VXUIDFH GTXQ OLTXLGH VXU XQ VXEVWUDW



Queue hydrophobe T

Téte polaire f l
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d) e)
YJLIXUH 5HSUpVHQWDWLRQ GH OD UpDOLVDWLRQ GYXQ ILOF

RX OEV\OOD\HU H

/IHV PROpFXOHV XWLOLVpHVY SRXU FH W\SH GH IRQFWLRC(
SRVVgGHQW X QHNSDHIW K I O D MUHKH HATSXW RVEFK@RW HGH ORQJ X H
K\GURFDUERQpHVY FRPPH OH PRQWUH OTH[HPSOH VXU OD IL.
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JLIXUH *DXFKH 6WUXFWXUH GIXQH PROpPpFXOH DPSKLSKLOF

IDQJPXLU %ORGJHWW 1 Q RFWDGHF\OIHUURFHQFDUER[DPLGH
PRGLILp UHSULV GH OD UplpUHQFH

&HWWH PpWKRGH pOpJDQWH SHUPHW GH UpDOLVHU GHYV
HW G pSDLVVHXU SDUIDLWHPHQW FRQWU{O$IHQBD GFR® WHGGIH
PRQWUH OD ILJXUH GHV ILOPV SRVVpGDQW GHV PRWLIV
GY,72 2Q FRQVWDWH LFL XQ pFDUW SLF j SLF pOHYp WUDG
QRPEUH LPSRUWDQW GH FRXFKHY LPPRELOLVpHV VXI



0DOJUp XQH WUQV ERQQH RUJDQLVDWLRQ OHV ILOPV RUJ
UpVLVWDQFHYV DX[ WHPBQVD WX UBIX[ FR-OWYWHNLQWHY PpFDQL]

IHV PRQRFRXFKHYVY DXWR DVVHPEOpHV 6%$0 VXU VXEVWU

3DU GpILQLWLRQ XQH PRQRFRXFKH DXWR DVVHPEOpPH H
KDXW GHJUp GYfRUJDQLVDWLRQ &HW pGLILFH UpVXOWH G
RUJDQLTXH DYHF XQ VXEVWUDW SRXU OHTXHO HOOH SRVV(

J)LIXUH 5pDOLVDWLRQ GI1XQH PRQRFRXFKH DXWR DVV

&HWWH WHEKQLTXH LQWURGXLWHYXHGHE RWWGHVGDQY p
SRXU UpDOLVHU GLIIpUHQWYV GDASR\YWIWOHPHWOWFWDAQLGX
ODERUDWRLUHVY GH UHFKHUFKHV DILQ GH PHQHU GHV pWXC
POHFWURFDWRA\¥$H0 SHXW rWUH VFKpPDWLVpH GH OD PDQL

Il

J)LXUH 6FKpPDWLVDWLRQ GTXQH 6%0

3RXU SHUPHWWUH OYDXWR DVVHPEODJH OHV PROpPFXO

FRQVWLWXpHV GH GLIIpUHQWHY HQWLWpV HMW IR QHWIRRXF VB
FKLPLTXH SHUPHWWDQW O DGVRUSWLRQ GX PRWLHWAXU Ot
JpQPUDOHPHQW XQH FKDVQH DON\OH LO SHUPHW O RUJDQI

GILQWHUDFWLRQV GX WHASBHURXS HPHI) WD DRQFWLRQEBN® )LJ:
OTHQWLWp TXL UpJLW OHV SURSULpWpPV SK\VLFRFKLPLTXH\
GRPDLQH GYDSSOLFDWLRQ YLVp HNHW X B VRDYWIVD GLHI XWUHD Q V L
XQH DIILQLWp VSpPpFLILTXH HQYHUV OD IRQFWLRQ GYDFFU
)LIXUH



J)LIXUH 5HSUpVHQWDWLRQ GTXQH PRQRFRXFKH DXWR DV

(Q HITHW O RU QH SRVVQGH SDV G R[\GHV GH VXUIDFH
IRUPH SRXU OD UpDOLVDWLRQ GH ILOPV PLQFHV FY{HVW
IRQFWLRQQDOLVDWLRQ /H VRXIUH SRVVpGDQW XQH IRUWH
O RUOHV PROpPFXOHV VRXIUpHV FRPPH OHV WKLROV VXO
VRQW GH SDUIDLWV FDQGLGDWV SRXNVOJWEQDER UBKY IPRD G
SRVVpPGDQW j OD IRLV XQH IRQFWLRQ WKLRO HW XQH IRQF\
RUJDQLTXHV pOHFWURDFWLIV VXU VXUIDFHV GYRU )LJXUH
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Au
Alcanethiol Alcanesulfure Alcanedisulfure

JLIXUH *DXFKH OROpFXOHV SHUPHWWDQW OD UpDOLVDW
'"URLWH 9ROWDPSpURJUDPPH GTXQH 6$0 )HUURFHQ\(

/D IRQFWLRQQDOLVDWLRQ VH IDLW YLD XQH OLDLVRQ GH

N- PROVRLW XQH pQHUJLH QHWWHPHQW LQIpULBXUH j F

N- PR&HWWH IDLEOH pQHUJLH GH OLDLVRQ HVW j OD IR
IRQFWLRQQDOLVDWLRQ (Q HIIHW OH FDUDFWQqUH ODELOH
PROpPpFXOHV LQGXLVDQW OfDXWR DVVHPEODJH PDLV LO D p
GH OD FRXFKH TXL SHXW VH GpVRUEHU GgqV ORUV TXTHOO
WHPSRURHO®PHUIpWLTXH



JROQFWLRQQDOLVDWLRQ GLWHV FRYDOHQWHYV
ORQRFRXFKH VXU VXEVWUDW GH YHUUH

(Q SDUDOOQOH GX GpYHORSSHPHQW GHV PRQRFRXFKHYV
GH PRQRFRXFKHV VXU YHUUH j O DLGH GH PROpPFXOHV SRV
&HWWH WHFKQLTXH YLVH j HIIHFWXHU GDQV XQ SUHPLHU W]

D SXLV j UpDOLVHU XQH UpDFYL RY W XWQH &R QA HD@\OLW L
PROpFXOH SRVVpGDQW JpQpUDOHPHQW XQH IRQFWLRQ WUL!
VXUIDFH GH YHUUH )LJXUH E

OH OH OH HO-Si-OH O O O
AR oH | |

\
Si0, —_— Si0, —_— Si0,

a) b)
JLIXUH 5pDOLVDWLRQ GIXQH PRQRFRXFKH VXU VXEVW!

/JHV ILOPV IRUPpPV j SDUWLU GTRUJDQRVLODQHV SUpVHQ!
FM[ TXL VRQW UpDOLVpY DYHF GHV WKLROV VXU RU (Q HII
FRYDOHQWHY DYMNF P®OVXUIDFH HW OHV PROPFXOHV YRLVL
WULGLPHQVLRQQHO SOXV UREXVWH &HSHQGDQW OH FDUD
GX VXEVWUDW GH YHUUH UHSUpPpVHQWHQW XQ LQFRQYpPQLHC
FDUDFWpULVDWLRQV GH VXUIDFHV FRPPH HQ pOHFWURFKLF
GH FRXFKHV QDQRPpPWULTXHV GH YHUUH VXU VXEVWUDW
POHFWURFKLPLTXHV GHV FRXFKHV RUJDQLTXHV 'DQV FH FI
UDOHQWLVVHPHQW GHV YLWHVVHV GH WUDQVIHUW pOHFW.L
VXUIDFH PRGLILpH SDU GHV PRWLIV IHUURFqQH D pWp pWXC

J)LIXUH S9ROWDPSpURJUDPPH GYXQ ILOP RUJDQLTXH FRPSRYV
VXUIDFH GH VLOLFLXP GRSpH S UHFRXYHUW GTXQH FRXFKH GTI
UplpUHQFH



JRQFWLRQQDOLVDWLRQ FRYDOHQWH pOHFWUR LQGXLWH

™ 3DU YRLH R[\GDQWH

(Q %DUELHU MXNSSRYWRW TXH OJR[\GDWLRQ GTXQH I
SHXW FRQGXLUH j OD IRUPDWLRQ GTXQH OLDLVRQ FRYDOHQ
FDUERQp )LJXUH
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JLIXUH ORGLILFDWLRQ GT1XQ VXEVWUDW FDUERQpP SDU R[\GDWLF
F\FOH GX YROWDPSpURJUDPPH F\FOLTXH GH JUHIIDJH E U

/JHV pWXGHY YROWDPSpURPpPWULTXHYV UpDOLVpPHV HQ PL(
G R[\GDWLRQ QRQ UpYHUVLEOH TXL WHQG j GLVSDUDVWUH C
FHWWH YDJXH j O R\GDWLRQ GH O DPLQH SULPDLUH HQ UDC
H[SOLTXpH SDU XQ SKpQRPgQH GH SDVVLYDWLRQ G€ j OD ¢
VXUIDFH GH OfpOHFWURGH ,0 D pWp pJDOHPHQW UDSSRUW
HW TXH OHV DPLQHVY WHUWLDLUHYV QH FRQGXLVHQW j DXFXQ
GH UpDFWLYLWp D pWp H[SOLTXp SDU OD SUpVHQFH GTXQ H
OYDFFqV DX[ VLWHV DFWLIV GH OD VXUIDFH

4XHOTXHV DQQpHV SOXV WIDSMEREDWHR®IWLAWWERQOG H
FDUERQpPVY SDU R[\GDWLRQ GIDFpWDWH GIfDU\OH /H PpFDQL
GH .ROETR[\GDWLRQ GX FDUER[\ODWH FRHG X LOD jl ®Y P D WRIR;
UDGLFDO EHQJ\OH )LJXUHDK XH®X[ \VSROWHRRABIERQ OH UD
SUpFpGHPPHQW IRUPp SHXW pJDOHPHQW rWUH R[\Gp SRXU |
FDUERFDWLRQV UpDJLVVHQW DYHF OD VXUIDFH SRXU IRUPF
VXU OD VXUIDFH
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J)LIXUH ORGLILFDWLRQ GI1XQ VXEVWUDW FDUERQpPp SDU R[\GD

8QH PpWKRGH DOWHUQDWLYH D pJDOHPHQW pWp GpFUL
SUpVHQFH GIXQ QXFOpRERROH HY VRUXMRARQWDERUDWHXUV
JUHIIDJH GIfDOFRROV DOLSKDWLTXHV & BBPHRERXRQJ\GBEQWH |
EDVp VXU OTR[\GDWLRQ GIDPLQH OHV DXWHXUV RQW FRQV
OD SUpVHQFH GYfXQH FRXFKH RUJDQLTXH j OD VXUIDFH GX \
FUpDWLRQ GH UDGLFDX[ DURPDWLTXHY ORUV GH OfR[\GDWL
XQH DWWDTXH QXFOpRSKLOH GH OD IRQFWLRQ DOFRRO SH
OfHIILFDFLWp GH FHWWH PpWKRGH HOOH UHVWH OLPLWPH
LQFRPSDWLEOH DYHF GH QRPEUHX[ PRWLIV pOHFWURDFWI
SUpFRFH GX ILOP RUJDQLTXH JUHIIp

R-OH

au0qJed
+
au0qJed

1M H,SO0, b)

a)

J)LIXUH ORGLILFDWLRQ GT1XQ VXEVWUDW FDUERQpPp SDU R[\GDW
YROWDPSpURJUDPPH GH WUDLWHPHQW DQRGLTXH GTXQH pOHFYV
GHFWDQRO E UHSULV GH OD UplpUHQFH

&H SUREOgPH SHXW r'WUH FRQWRXUQpPp HQ XWLOLVDQW G
SDU YRLHV UpGXFWULFHVY TXL SHUPHWWHQW OD PRGLILFDW



™ 3DU YRLH UpGXFWULFH

'DQV OHV DQQpHV OH JURXSH GH /pFD\RQ SURSRVH
OfpOHFWURSRO\PPpULVDWLRQ TXH QR 2ZWVDWR QPVp W R\GHHQ MR
UpGXLUH XQ GpULYp YLQ\OLTXH SUpDODEOHPHQW DGVRUEp
REWHQX VXLWH j FHWWH UpGXFWLRQ UpDJLW DYHF OD VXL
SUHPLqUH PROpPEXOH /D FURLVVDQFH GH OD FRXFKH VH IDL
OHV PRWLIV SUPVHQWYV H@&NROEWLRRL VY DOEH SHXW rWUH F
SUPFLVPPHQW OD FRQFHQWUDWLRQ GH PRQRPqUHV ORUV G

Ri~ R
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adsorption dolymerisation
J anionique
b)
JLIXUH ORGLILFDWLRQ GTXQ VXEVWUDW FDUERQpPp SDU UpGX

FRXUDQW GJpOHFWURO\VH HQ IRQFWLRQ GX SRWHQWLHO LPSRV
UHSULV GH OD UplpUHQFH

oboJUp VRQ HIILFDFLWp FHWWH PpWKRGH UHVWH FRQW
GUDVWLTXHV PLOLHX DQK\GUH DEVHQFH G R[\JgQH

(Q 3LQVRQ HW VHV SFROQUDERH DWHIKKYLTXH SHU!
OYLPPRELOLVDWLRQ GH QRPEUHX[ PRWLIV pOHFWURDFWLI

PPWKRGH FRQVLVWH j JpQpUHU XQ UDGLFDO DU\OH SDU L
DU\OGLD]RQLXP )LJXUH
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JLIXUH ORGLILFDWLRQ GTXQ VXEVWUDW FDUERQpP SDU UpGXFV

&HWWH WHFKQLTXH HVW pJDOHPHQW XWLOLVDEQH HQ D
HITHW OH FDUDFWqUH LQWULQVgQTXHPHQW GRQQHXU GTpOF
SHUPHW OD UpGXFWLRQ GHV FDWLRQV DU\OGLD]RQLXP HW
GpYHORSSHURQV SOXV HQ GpWDLOV FHWWH PpWKRGH GDQV

30XV UpFHPPHQW OH JDREBHVEAWELPRGHWRXYHOOH W
OfDQDORJXH LQYHUVH GH OD PRGLILFDWLRQ GH VXUIDFH ¢
FRQVLVWH j LPSRVHU XQ SRWHQWLHO QpJDWLI j OfpOHF\
/TLPSRVLWLRQ GX SRWHQWLHO QpJDWLI JpQqUH GHV FKDUJ}
DORUV XQ FDUDFWqUH QXFOpPRSKLOH TXL SHUPHW XQH DV
SRVVPGDQW XQH IRQFWLRQ KDORJpQpH )LIXUH D /HV I
UpGXFWLRQ YHUV GHV SRWHQWLHOV SOXV QpJDWLXQ ORUYV
FKDQJHPHQW GH VWUXFWXUH GH OD VXUIDEH GXH | OfL

JLIXUH E /YLPPRELOLNMDWDR®LORYPREFDQMHXQH pOHFEW
FDUDFWpPULVWLTXH D SHUPLV DX[ DXWHXUV GIpWXGLHU OD
YLIXUH F 'H IRUWV WDX[ GH PRDFRRQWHRMIQPWREV HU Y |

H[SOLTXpV SDU XQH LPSRUWDQWH PRGLILFDWLRQ GH OD VX
SURYRTXHUDLHQW XQH H[SDQVLRQ GH OD PDWLgQUH FDUERQ
JUHIIDEOH
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JLIXUH ORGLILFDWLRQ GTXQ VXEVWUDW FDUERQpP SDU UpGX
KDORJpQp : IRQFWLRQ KDORJpQpH D YROWDPSRUREUDPPH G|

YROWDPSpURJUDPPH GH OD PROpFXOH 77)6 & LPPRELOLVpPH VXU

JRQFWLRQQDOLVDWLRQ FRYDOHQWH QRQ pOHFWUR LQG

$ILQ GH SHUPHWWUH OD IRQFWLRQQDOLVDWLRQ GH PDW
FDUERQH RX OHV QDQRSDUWLFXOHV GHV PpWKRGHV QH Q
RQW pWp GpYHORSSpHYV

%XWWU\ HW VHV FROODERUDWHXUV VEGDQ W ROG1LV LFWDMPLLRHQ
ILEUH GH FDUERQH SDU VLPSOH LPPHUVLRQ GDQV XQH VRO
RQW REVHUYp XQH PRGLILFDWLRQ GH OD ILEUH DYHF GHV D
RQW pJDOHPHQW FRQVWDWp XQH UpDFWLRQ IDYRULVpH Gq
GIXQ DFLGH HQ TXDQWLWp FDWDO\WLTXH FH TXL OHV D |
© UpDFWLRQ GH OLFKDHERX SEXUHHHWMUIEKHKOWH VXEVWUDW HYV

$LQVL OHV DXWHXUV UDSSRUWHQW OfYLPPRELOLVDWLF
FDUERQH SDU WUHPSDJH GDQV XQH VROXWLRQ GH GLPpW
MRXUV XQH FRQFHQWUDWLRQ GHR U XRWPHSWp GH @ Y DIQUR Q (
FRXYHUWXUH PRQRFRXFKH D pWp REWHQXH
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b)
JLIXUH ORGLILFDWLRQ VSRQWDQpH GYXQ VXEVWUDW FDUER

HW XQH DPLQH D YROWDPSpURJUDPPH GYfXQH ILEUH GH FDUER
UHSULV GH OD UplpUHQFH

/ pTXLSH GH *DOODUGR D UpFHPPHQW UHSUPWLFH PR
FRQWUDLUHPHQW j OfDSSURFKH GH OfpTXLSH GH %XWWU\
WUHPSDJH GDQV XQH VROXWLRQ GYDPLQH j WHPSpUDWXUF
DYHF GHV DPLQHV VHFRQGDLUHV HW WHUWLDLUHV pWDLHQ)\
SHUPLV XQH IRQFWLRQQDOLVDWLRQ /HV DXWHXUV SURSRV
HVW VLPLODLUH j FHOXL SURSRVp SDU %XWWU\ )LJXUH
VXU GHV IRQFWLRQV R[\GpHV GX VXEVWUDW 'HV WD

[ PRO APQW pWp REVHUYpPV SRXU XQ WHPSV GILPPHUVL
GH FDUERQH YLWUHX[ GDQV XQH VROXWLRQ GH QLWUREHC
GHX[ IRLV SOXV LPSRUWDQWH TXH FHOOH REVHUYpH SUpFp
LQIpULHXU

'IDXWUHV JURXSHV FRPPHRBMOREVEH IRXU R XWLOLVDW
DILQ GH UpDOLVHU OD IRQFWLRQQDOLVDWLRQ /H SROLVYV
SUpVHQFH GYDPPRQLDTXH HQJHQGUH OD IRUPDWLRQ GH JU
FL (Q HIITHW OYDEUDVLRQ GH OD VXUIDFH JpQgqUH GHV SRLC(
SHXW UpDJLU $LQVL OH JURXSHPHQW DPLQR IRUPp SHXW
SHUPHWWDQW OfYLPPRELOLVDWLRQ GIXQ PRWHN GPRWMWPUT\
IHUURFgQH RQW pWp LPPRELOLVpPV VXU GHV VXUIDFHV GH F



ILOP RUJDQLTXH IRUPp /HV DXWHXUV UDPBEGBRWWRIQW CHI KW
VXSpULHXUHWYRO [FBH OfRUGUH GH FHOOHYVY REVHUYpHV SDL
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J)LIXUH ORGLILFDWLRQ VSRQWDQpH GTXQ VXEVWUDW FDUERQp S
SXLV FRXSODJH SHSWLGLTXH D YROWDPSpURJUDWRRD 6 FXQH VX
UHSULV GH OD UplpUHQEH

'HV VWUDWDPJLHV GH JUHIIDJH VSRQWDQp SOXV H[RWLTX
OLWWpPUDWXUH &HUWDLQHVY VRQW PLVHV HQ °XYUH JUKFI
GIDOF\QHV RX QIDRBHDHMDXWUHV VIHIIHFWXHQW SDU UpD
RX GHVY FDUSYPBUDEOHPHQW JpQpUpV SDU LUUDGLDWLRQ 8
YLIXUH E ,0 HVW pJDOHPHQW SRVVLEOH GH UpDOLVH
VWUXFWXUH DURPDWLTXH GIXQ VXEVWUDW FDUERQpP HW X
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JLIXUH $XWUHV VWUDWPpPJLHV GH JUHIIDJH VSRQWDQp VXl
&RQFOXVLRQ VXU OHV PpWKRGHV GH IRQFWLRQQDOLVDW

auogied

$X ELODQ RQ FRQVWDWH TXJLO HVW GLIILFLOH GH WU
FRQIpUHU XQH WUQV ERQQH VWDELOLWp DX[ ILOPV RUJDQ
VXEVWUDWY FRQGXFWHXUV RX QRQ HW UpDOLVDEOH
OfLPPRELOLVDWLRQ GH PRWLIV GILQWpPUrwY VHQVLEOHV ¢
RUJDQLVDWLRQ GHV FRXFKHV OHV ILOPV GH /DQJPXLU %O
SRO\PqQUHV pOHFWUR IRUPpV GTXQH DEVHQFH GH OLHQ FRY
/HV IRQFWLRQQDOLVDWLRQV FRYDOHQWHY SHUPHWWHQW F
UREXVWHV PDLV VRXYHQW GpVWUXFWXUpV GLIILFLOHPHQYV
QpFHVVDLUHV j OHXU UpDOLVDWLRQ /D IRQFWLRQQDOLVD\
GLD]JRWpV SUPpVHQWH FHSHQGDQW FHUWDLQV DYDQWDJHYV
TXH GH IDoRQ pOHFWUR LQGXLWH HOOH SHUPHW OfLPPREL
OD IRQFWLRQQDOLVDWLRQ GIXQ JUDQG QRPEUH GH VXEVWL
DOORQV GRQF PDLQWHQDQW QRXV LQWpPUHVVHU SOXV HQ G
FRPPHQODQW SDU GpRUH W IS DS VYLQWIKYVHSpFLILTXHY GHV Vi



/IHV VHOV GH GLD]RQLXP OHXU VIQWKgqVH OHXU ¢

/JHV VHOV GH GLD]J]RQLXP VRQW GHV FRPSRMPW LRV YR
OD SOXSDUW GX WHPSV IRUPpV SDU QLWURVD\WLRUY G REOH |
GIXQ F\FOH DURPDWLTXH pWDQW QpFHVVDLUH j OD VW
GIDU\OGLD]RQLXP SHXYHQW rWUH LVROpPV &HV VRI@QW GpF
ORQJWHPSV pWp XWLOLVpV FRPPH LQWHUPpPGLDLUHV GH V
SURFpGpV LQGXVWULHOV QRWDPPHQW GDQWDOD @PWKKBYH [
JUDQGH pFKHOOH GH FHV FRPSRVpV D GpPEXWp GqV HQ $
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YLIXUH D 6FKpPD UpDFWLRQQHO G XQ FRXSODJH D]JRwWTXH
FRORUDQW ( © 6XQVHW <HOORZ 2

/JHV VHOV GH GLD]JRQLXP VRQW pJDOHPHQW XWLOLVpV GL
RUJDQLTXHV LQWpJUDQW XQ SRQW D]JRWTXH FRPPH O
YLIXUH XWLOLVpH HQ SKDUPDFRORJLH

NaNO
X R 2
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NH,

JLIXUH 6FKpPD GH VIQWKgVH GH OD &LQQROL(

/JHV FDWLRQV GLD]JRQLXP pWDQW GH WUQqV ERQV JURXSHF
PLV HQ MHX GDQV GLYHUVHV UpDEWLRQV GH VXEVWLWX
6DQGPH\HWXUH D OD UpDFWLRQ GHJXRRE H U JE% DFIX RO
GH 6FKLHPDOQUH F RX HQFRUH OD)UFRBWLRQGH OHHU:
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YLIXUH 5pDFWLRQV IDLVDQW LQWHUYHQLU XQ FDW

6\QWKgVH GHV VHOV GTDU\OGLD]JRQLXP

/ID VIQWKgVH GH FHVY VHOV HVW JpQpUDOHPHQW REWHQ
DURPDWLTXH DQLOLQH RX GpULYp DYHF XQH VRXUFH GH Q

(Q PLOLHX DTXHX[ OH QLWULWH GH VRGLXP HQ PLOLH
J)LIXUH /H FKRL[ GH OfJDFLGH HVW LPSRUWDQWG@RXQ LO G
GX VHO REWHQX /HV DFLGHV WpWUDIOXRURERULTXH HW KH
OHV LROIW3BRQGXLVHQW j XQH ERQQH VWDELOLWp GX VHO
&OHW &@RQW j SURVFULUH HQ UDLVRQ GH OJLQVWDELOLWp

R
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NH2 N2+ _BF4

J)LIXUH JRUPDWLRQ GX VHO GH GLD]RQLXP HQ PLC



$XGHOj GX IDLW GIDSSRUWHU XQ FRQWUH DQLRQ OD ¢
IRUPDWLRQ GH OfLRQ QLONTRLY RQIRPU HUMKWHGIDXIJPHQWHU
UpDFWLRQ B JXUH
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JLIXUH JRUPDWLRQ GH OfLRQ QLWURVRQLXP D HW IRUP

(Q PLOLHX RUJDQLTXH OH VHO GH GLD]RQLXP HVW IRU
GIKDORJIJpQXUH ®RX GHWYIRVUQWWHY GIDON\OHV FRPPH OH WH
/IH FRQWUH HYMRQP®BPUDOHPHQW DSSRUWpP SDU GX WULIOXF

R
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JLIXUH )RUPDWLRQ GH OfLRQ DU\OGLD]RQLXP HQ PLOL

/D GpGLD]RWDWLRQ
&RPPH QRXV DYRQV SX OH GpFULUH SUpFpGHPPHQW OH
POHFWURDWWUDFWHXU FH TXL IDLW GH OXL XQ WUqV E

GpGLD]RWDWLRQ TXL FRQVLVWH HRV®WDGCRHUIFWM KE TPERHS \RRDAP,
IDYRULVpP

&HWWH GpGLD]RWDWLRQ SHXW VH SURGXLUH VXLYDQW (
HQJHQGUH OD IRUPDWLRQ G 1XQOMMW WRIH IHWN® KK RRBOUW LT Xt



UDGLFDO DU\OH )JDIXRUHH PRWULFH GH FHV GHX[ PpFDQLVP
OD OLEpUDWLRQ GTXQH PROpFXOH GH GLD]JRWH 'H FH IDLW
PpFDQLVPHV HW LO HVW SDUIRLYV GLIILFLOH GH VDYRLU O}

GpGLD]JRWDWLRQ
+
o

-N
~
-

NEN + ©+ © + N=N

JLIXUH 'pGLD]RWDWLRQ D KpWpURO\WLTXH HW E KRPRO\WLT

3OXVLHXUV PpWKRGHYV SHUPHWWDQW GYHIIHFWXHU FHW
OLWWpUDWXUH

OD UpGXFWLRQ GX FDWLRQ DU\OGLD]RQLXP j XQH pO|
OD UpGXFWLRQ GX FDWLRQ DU\OGLD]RQLXP j OfDLG
1D % +R X 3+2

OfLUUDGLDWLRQ 89 GIXQ FRPSOH[H GH WUDQVIHUW ¢
OH VHO GH GLD]RQLXP HW XQ DUqQH ULFKH HQ pOHF\
OTXWLOLVDWLRQ G XQ DQLRQ FRPPH OfLRGXUH DIL
SHUPHWWDQW OD GpGLD]RWDWLRQ )LIJXUH

+ I — © + Ny + |

YJLIXUH JRUPDWLRQ GfXQ UDGLFDO DU\OH SDU WUDQVIHUW C
DQLRQ LRGXUH

N,*

&HWWH FDSDFLWp j JpQpUHU XQ UDGLFDO DU\OH SDU SH
GH GLD]J]RQLXP GHV SUpFXUVHXUV GH FKRL[ SRXU OD PRGLII



/ID PRGLILFDWLRQ GH VXUIDFH SDU UpGXFWLRQ GI

/IRUV GTXQH pWXGH HIPFRXYWHRIORGUHPLqQUH UpDFWLR
GpFRXODQW GH OD UpGXFWLRQ GTXQ VHO GH GLD]J]RQLXP HQ
/IRUV GH FHWWH pWXGH GHX[ YDJXHV VRQW REVHUYpHV /
PRQR pOHFWURQLTXH HW OD VHFRQGH j XQ SURFHVVXV LPS
IRUPDWLRQ GH SKpQ\OHK\GUD]LQH /YDXWHXU D pJDOHPHQ
SKPpQ\OHPHUFXUH HW GH GLSKpQ\OHPHUFXUH HXYRU® DWW U
DYHF OH PHUFXUH

(Q 3DUNHU HW VHV FROODERUDWHXUV UHSRUWHQW
FRXFKH SDVVLYDQWH ORUV GH OD UpGXFWLRQ GH VHOV GY
,OV FRQFOXHQW GH FHWWH pWXGH TXH OHV UDGLFDX[ DU\
GLD]RQLXP FRQGXLVHQW j XQH SDVVLYDWLRQ GH OfpOHFW
LQGXLW FH EORFDJH &H QTHVW TXH GDQV OHV DQQpHV
UpGXFWLRQ GH FDWLRQ DU\OGLD]JRQLXP FRQGXLW j OD IRL
GIXQH UpDFWLRQ HQWUH OHV UDGLFDX[ DU\OHV SURGXLWYV

'"HSXLV OD SXEOLFDWLRQ GH FHW DUWLFOH OD WHFKQL
IRLV HW GLIIpUHQWHY PpWKRGHV RQW pWp H[SORLWpHV DI
VXUIDFH

/IHV GLIIpUHQWHY PpWKRGHY SHUPHWWDQW OH JUHIIDJH
*UHIIDIJH pOHFWUR LQGXLW

&HWWH PpWKRGH FRQVLVWH j SURGXLUH OH UDGLFDO
DU\OGLD]RQLXP /D UpGXFWLRQ SHXW rWUH HIIHFWXpH SDU
HITHFWXpH SDU YRIOPA\BEREJERPPpWDQV XQH VROXWLF
JLIXUH 2Q REVHUYH FODVVLTXHPHQW XQH ODUJH YDJX
FRUUHVSRQGDQW j OD UpGXFWLRQ GX FDWLRQ DU\OGLD]R!
VXLYDQWY RQ FRQVWDWH XQH GLVSDULWLRQ GX VLIQDO G
RUJDQLTXH JUHIIpH
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JLIXUH 9ROWDPSpURPpWULH F\FOLTXH W\SLTXH GH OD UpGXFW
PpFDQLVPH GH JUHIIDJH E UHSULV GH OD UplpUHQI

a)

JRUV GH FHWWH YROWDPSpURPpPWULH F\FOLTXH GH JUF
OLWWpPUDWXUH OJREVHUYDWLRQ GH GHX[ YDJXHV GH UpGX
GH OD ILJXUH FL GHVVXV 30XVLHXUV LQWHUSUpWDWLRQ\
VHFRQGDLUH
7RXW GYDERUG 3LQVRQ HW $QGULHX[ RQW PRQWUp TXTj G|
DUVOH SHXW j VRQ WRXU r WS&HWWpHE XIp\G XHFW DRQ RH DD LAHW U |
GTXQ IDLEOH SLF GH UpGXFWLRQ j XQ SRWHQWLHO LQIpULH
&HSHQGDQW OYREVHUYDWLRQ GX VHFRQG SLF j GH SOXV IC
DYHF FHWWH SURSRVLWLRQ &OLQH HW VRQ pTXLSH RQW p
FH VHFRQG SLF SRXU GHV JUHIIDJHVOM RQW SV RSRVYXTUX B FF
SLF VRLW G€ j OD SUpVHQFH GH VLWHV GIDGVRUSWLRQ HW
FRUUHVSRQGUDLW DX JUHIIDJH VXU XQ W\SH SUpFLV GH VL
VLWHV GLIIpUHQWY &HWWH SURSRVLWLRQ D pWp FRPSOpW
TXL DSUQV XQH pWXGH GX JUHIIDJH GH VHOV GH GLD]RQLXHF
GH FH VHFRQEVILFAQGFH GH SOXVLHXUV VLWHWKW¥ULWVAKMP G B QG
OfpTXLSH GH 'RZQDUG D FKHUFKp j FRPSOpWHU OD SURSR
QRXYHOOHV /§RQYPWYRIUHIIDIH DX SUHPLHU SLF SXLV D)
RUJDQLTXHV IRUPpPVY RQW pWp ILQHPHQW pWXGLpV /HV DXW
JUHIIDJH FRXUDPPHQW XWLOLVpHVY OD UpGXFWLRQ GX FI
LQWHUDFEFWLRQ DYHF OD VXUIDFH GH OfpOHEFWURGH VHUDLW
FRUUHVSRQGUDLW j OD UpGXFWLRQ SXLV j XQ JUHIIDJH V
FRQWUDGLFWLRQ DYHF OHV SUPpFpGHQWHY SXLVTXJHOOH V
OD UpGXFWLRQ GX FDWLRQ GLD]JRQLXP DFFRPSDJQpH GfXQ
VHFRQG SLF \ FRUUHVSRQG &HSHQGDQW DX YX GHV Up'
SURSRVLWLRQ VHPEOH rWUH DXMRXUGYKXL OD SOXV SODXYV



*UHIIDJH VSRQWDQp
™ SWLOLVDWLRQ GIXQ VXEVWUDW UpGXFWHXU

/ID UpGXFWLRQ GHV VHOV GH GLD]RQLXP HVW DLVpH GX I|
GH 9,0V SHXYHQW GDQV OH FDV Re OH VXEVWUDW SRV
VSRQWDQPPHQW UpGKLEHWW K DNGHFOXE TXUHHWAHVW WUDGLWLRC
SDU VLPSOH WUHPSDJH GX VXEVWUDW GDQV XQH VROXWLR(

)LIXUH *UHIIDJH VSRQWDQp j OTDLGH GI1XQ VXEVWUDW UpGXF

'DQV OH EXW GIpWXGLHU FH JUHIIDJH VSRQWDQp GHV \
LPPHUJpV GDQV XQH VROXWLRQ GfLROQ@VHQQR YUNFRUEAIDN Y R QG |
VSRQWDQpH GIX®MRBXFKW GYDNVBQWHY VXUIDFHV /D FDU
SDU pOHFWURFKLPLH ;36 HW $)0 PRQWUHQW TXJfHOOHV SF
OHV ILOPV JUHIIpV pOHFWURFKLPLTXHPHQW PDLV TXJHOOI
EHDXFRXS SOXV OHQWHPHQW

™ 8WLOLVDWLRQ GTXQ DIHQW UpGXFWHXU

'‘DQV OH FDV R OH VXEVWUDW QYHVW SDV DVVH] UpGXF
GLD]RQLXP LO HVW SRVVLEOH G{fXWLOLVHU GHV DJHQWYV F
3DUPL OHV UpGXFWHXUV XWLOLVpV RQ BHXWIFDNSHHUPC TN FC
IRQFWLRQQDOLVDWLRQV GH VXUIGHHSRO\BgXIEW HHGH GRHD W
LQRUJDQLTXHYV FRPPH OHW SRXIGFHVGEHHWHDUFHIDOHPHQW ¢
PRGLILFDWLRQ GH VXUIDFHDERWHUXH RKDGHGH IMWVRHRUELT X
VXUIDFHV GTRU

™ 8WLOLVDWLRQ GH OD SKRWRFKLPLH

ORLQV FODVVLTXH RQ SHXW QRWHU DXVVL OTXWLOLVD\
WUDQVIHUW GH FKDUJH SKRWR LQGXLW HQWUH XQ FRPSRYV
J)LIXUH &H WUDQVIHUW GH FKDUJH HQJHQGUH OD SURGX
PRGLILFDWLRQ GX VXEVWUDW &HWWH PpWKRGH D SHUPLYV
QRPEUHX[ VXEVWUDWV@PHPWDOOYXKHEFHY VXUIDFHV GTY,72



J)LIXUH ORGLILFDWLRQ GTXQH VXUIDFH SDU UpGXFWLRQ SKR
OD UplpUHQFH

/IHV GLIIpUHQWY VXEVWUDWY XWLOLVpYV

JHV VXUIDFHV GH FDUERQH YLWUHX[ RQW pWp OHV SUHP|
GH SUpFXUVHXUYD&NDGRIGXXR GH QRPEUHX[ DXWUHV W\SHV
FRQGXFWHXUV RX QRQ RQW pWp IRQFWLRQQDOLVpV

/D OLWWpUDWXUH UDSSRUWH OD PRGLILFDWLRQ GH G
Y)LIXUH FRBPH #2JKO\ 2UGHUHG 3\URO\WLF *UDSKLW
QDQR UXEDQ GH 3WDSKJREL]HG 3KRWROUBVXNVEHLPPUERQH

VSKqQUHEUHW QDQR ILEUH SRXFEIUE RBGHFDQBRAGWXEHV G
FDUERQHGLDPDQWWQRILOV GH.BYDPEEYWUDWY FDUERQpPV V
DGDSWpV j OD PRGLILFDWLRQ SDU UpGXFWLRQ GH SUpFXU
OYpWDEOLVVHPHQW GTXQH OLDLNQ® FIR YOIHOVQEWHV & BBW H WN O
JUHIlp &HSHQGDQW FHUWDLQV GH FHV PDWpULDX[ FRPPH
VRQW GLIILFLOHV j IRQFWLRQQDOLVHU (Q HIIHW Oj Rs Gt
OYREWHQWLRQ GH WDX[ GH UHFR R YRFHPHI\Q WXE YMQNLWR @ H [S
SDV GIDWWHLQGUH GHV WDX[ GH UHFRXYUHPHQW VLPLOD
SUpPVHQFH GH SODQV SHX UpDFWLIVHWXXQ®&HM WKW LERRHM
SULQFLSDOHPHQW ORFDOLVpH VXU HOWM W ER DGHVERKW SEHDWQ @ [
FDUERQH

a) b) c) d) e) f)

J)LIXUH 'LIlTPUHQWHYV IRUPHY GH VXEVWUDWY FDUERQpPpV L
YLWUHX[ G 1DQRWXEH GH FDUERQH H 3RXGUH GH FD



/D UpGXFWLRQ GH SUpPFXUVHXUV GLD]RQLXP D pJDOHPH
GH VLOLFL®M QDQRSDUWLFXOHV HW VXUIPPHV PXWDIO QAL
IRQFWLRQQDOLVDWLRQ GH VXUIDBHV6@PHAZ GBGLZP 7LQ 2[L

3DU DLOOHXUV FHUWDLQV PDWpULDX[ QR FRQOIRXF W H X
HW GHV VXEVWUDWY LQRURDR®LJFXHYHPRRPH X r'WvUHJRRGLIL

/IHV GLIITpUHQWY SUpFXUVHXUV GLD]J]RQLXP XWLOLVpV

'H QRPEUHX[ VHOV GH GLD]JRQLXP RQW pWp LPPRELOLYV
SURSULpWpPVY DYDQFpHYVY SHUPHWWDQW GH UpSRQGUH j GLII|
GDQV GLIIpUHQWHY FDWpJRULHYV

FHUWDLQV VHOV SRVVpGDQW GHV IRQFWLRQV FDUDF
XQH IRQFWLRQ QLWUpH D VRQW XWLOLVpV FRPPF
IRQGDPHQWDOHV SRXU PLHX[ FRPSUHQGUH OTfLPPR
FRXFKHV RUJDQLTXHV VXU OH VXEVWUDW

GIDXWUHV VHOV VRQW XWLOLVpV SRXU OHXUV IRQF\
GX VHO GH FDUER[\EA®RLq(OHGRPPYRQUUXPPRELOLVDWL
PRWLIV GJLQWpPUrwY HW GX VHO IGAXLD®HQREWQ
OfLPPRELOLVDWLRQ GH ELRPROpPFXOHYV

SRXU ILQLU FHUWDLQV VHOV VRQW XWLOLVpV GDQV

VHO GH WULIOXRURIEMHQ]JQKBHO]JRBUXPDWRPHV GH

GIDFFURVWUH OJK\GURSKRELFLWp GX VXEVWUDW VXI|

6HOV G

GLDIROL 1RPV 5plpUHQFH
NO,

D QLWUREHQ]qQH(
N,*
Br

E [? EURPREHQ]qQHG

No*
COOH

F FDUER[\EHQ]qQH!

No*



G O‘O GLR[R GLK\@W

5o GLD]RQLXP

H © EHQ]qQHGLD]RC
| © WULIOXRUREHQ]c
J © FKORUREHQ]qQH
K © F\ADQREHQ]qQHG

L @ DPLQREHQ]qQHG
M © LRGREHQ]gQHGL

7 D HBOH /ILVWH GHV SUpFXUVHXUV GLD]JRQLXP FRXUDPPHQW UH
FDUDFWpUWIOARU JDHM-TXHV JUHIIpV
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o
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3DUPL FHV VHOV OH QLWUREHQ]gQHGLD]RQLXP D pWg
IRQFWLRQ QLWUR HVW pOHFWURDFWLYH HOOH SHUPHW G
OYpOHFWURGH HQ REVHUYDQW OD YDJXH GH UpQXBWUWRQ G

D &HWWH IRQFWLRQ SRVVQGGH pJDOHPHQW GHYV

HW FP FRUUHVSRQGDQWYVY DX[ pORQJDWLRQV V\PpWULT
12 HW XQ VLIQDOHB6FDUDFWpPULVWLTXH GX GHJUp GTRI[\G
SHUPHWWHQW XQH pWXGH GpWDLOOpPH GX ILOWRWRUG&BI@LTXF
DWRXWVY IRQW GH FH SUpPFXUVHXU OH PRWLI GH FKRL[ SRX
UpGXFWLRQ GH VHOV GH GLD]RQLXP



b)

J)LIXUH 6LIQDX[ FDUDFWpPULVWLTXHYVY GH OD IRQFWLRQ QLW

VXUIDFH GH FDUERQH YLWUHX[ PREGVE pHWUSHFWGBRVFRBWHIVQUW W

PROpFXOH GH QLWURWROXqQH HW F VSHFWURVFRSLH ;36
SDU GHV PRWLIV QLWURSKpQ\OHV

'HV ILOPV RUJDQLTXHV UREXVWHYV

/IIXQ GHVY DYDQWDJHVY PDMHXUV GH FHWWH PpWKRGH Gt
OLDLVRQ FKLPLTXH UREXVWH HQWUH OH VXEVWUDW FDUEF
RUJDQLTXH FH TXL DVVXUH XQH WUqV ERQQH VWDELOLWpP I

/IRUV GH OYpWXGH GfXQH VXUIDFH FDUERQpH PRGLILpPH
PTXLSH RQW FRQVWDWp TXYLO HVW H[WUrPHRHQWHG RIUMAL(
TXI{DSUqV GH QRPEUHX[ ULQoOoDJHV VRXV XOWUDVRQV GI
GLFKORURPpWKDQH DFpWRQH « OD UpSRQVH pOHFWURFKL
pJDOHPHQW XQH VWDELOLWpP GX ILOP DSUqV XQH H[SRVLWL
ODERUDWRLUH HW DMRXWHQW TXH VHXOH OfXWLOLVDW
HITLFDFHPHQW OD VXUIDFH

$ILQ GIDYRLU XQ DSHUoX GH OfXWLOLWp GHV FDUERQH\
FRQGLWLRQV LPSOLTXDQW GHV WHPSpUDWXUHY pOHYpHV



PWp pWXOGDRIBEH GIXQH DQDO\WH WKHUPRJUDYLPpWULTXH F
JLIXUH  /fpWXGH D UpYpOp XQH VWDELOLWp GHV ILOPV
WHPSpUDWXUHV GH f& SXLV XQH GpJUDGDWLRQ GgV ORL
VXSpULHXUH

J)LIXUH $7* HBH$T7* 06 f& GIXQH VXUIDFH GH FDUERQH QDWL"®
SDU GHV PRWLIV QLWURSKpQ\OHV UHSULV GH OD U

/ID VWDELOLWpPp pOHFWURFKLPLTXH GHV FRXFKHV RUJDQ
"fT$PRXUV HW %pODQJHU RQW pWXGLp OD VWDELOLWpPp GH I
JDPPH GH SRWHQWLHOV QpJDWLIW HWHYRFHWXUWHVF RBYLPE QG
POHFWURFKLPLTXHV HW ;36 RQW PRQWUp TXH OHV ILOPV R
XWLOLVpY GDQV XQH IHQr'WUH GH SRWHQWLHO DOODQW GH
VXELVVH XQH DOWpUDWLRQ PDMHXUH )LJXUH &HFL FR
DXWR DVVHPEOpHYV VXU VXEVWUDW GYfRU TXL SHXYHQW rW
UpGXFWLRQ pOHFWURFKLPLTXH



JLIXUH 6SHFWUHYV ;36 1 V GTXQH VXUIDFH GH FDUERQH YLWU
QLWURDEBPMA® VXEL GHV SRODULVDWLRQV YDULpHV DSUqV PRG

/I THQVHPEOH GH FHV WHVWYV TX{LOV VRLHQW WKHUPL
GpPRQWUHQW OD VWDELOLWpP GHV ILOPV RUJDQLTXHV HW
VXEVWUDW

JRUPDWLRQ GH PXOWLFRXFKHV

JTHIILFDFLWp GH FHWWH PpWKRGH GH JUHIIDJHHMSRVH
SURGXLWV j OfLQWHUIDFH VXEVWUDW VROXWLRQ &HSHQGTE
OD JpQpUDWLRQ GH FRXFKHV SRO\DU\OHV QRQ VWUXFW
HQWHW QP

™8Q PpFDQLVPH UDGLFDODLUH

$ILQ GIH[SOLTXHU FHWWH FURLVVDQFH HQWURSLTXH X
OD OLWWpUDWXUH FIRIXUIHVWH HQ OD UpGXFWLRQ PRQR pO
GLD]RQLXP SURGXLVDQW XQ UDGLFDO DU\OH &H UDGLFDO L
FRYDOHQWH /D IRUWH UpDFWLYLWp GHV UDGLFDX[ DXWR
LPPRELOLVpV SRXU IRUPHU XQH VWUXFWXUH ELSKpQ\OH Gf



JLIXUH OpFDQLVPH GH IRUPDWLRQ GH OD PXOWLFRXFKH S
UplpUHQFH

™ 8Q PpFDQLVPH SDU DWWDTXH GX FDWLRQ GLD]RQLXHF

6XLWH j XQH pWXGH ;36 BARWGAULPANVSEDUERY A RWLIV
JLIXUH %pODQJHU HW VRQ pTXLSH UHSRUWHQW OfRE\
DWWULEXHQW j OD SUpVHQFH GH OLHQ 1 1 VLWXpV j OfLQ)

JLIXUH 6SHFWUH ;36 1 V GTXQH VXUIDFH FDUE RIQpH PRIGLILp]
GH OD UplpUHQFH

3bu OD VXLWH FH SLF D pJDOHPHQW pWp REVHUYp OR
PRGLILPpV GHHMXGHUSEQAOQWLQHBLQVRQ HW VRQ pTXLSH SURXY|



OLHQV D]JRWTXHV j OYDLGH GTXQH H[SPULHQFH 72) 6,06 L
IUDJPHQWY WHOV TXH $U BXLWW BEHWMWMH pWXGH XQ VHFF
JUHIIDJH D pWp SURSRVp )LOMWMVDTXH,G JRQFDWWRQHRQU\O
VXUIDFH RX VXU GHV PRWLIV GpMj LPPRELOLVpV SURGX
LQFRUSRUDQW GHV SRQWYV DJRWTXHV

R

R e

J)LIXUH OpFDQLVPH GH IRUPDWLRQ GH OD PXOWLFRXFKH SDU DW

/[HV ILOPV RUJDQLTXHV pWDQW GpVRUJDQLVpV HW OHXU
HQFRUH GLIILFLOH GH ORFDOLVHU DYHF SUpFLVLRQ OHV VW

™ 8Q PpFDQLVPH FDWLRQLTXH

8Q WURLVLgPH PpFDQLVPH LPSOLTXDQW OD GpGLD]RWD\
HQ FDWLRQ DU\OH D pWp/i8VRSRWVHXWPFRBPMHQMWD OLVp GHV Jl
OYH[SRVLWLRQ j OD OXPLgqUH OD WHPSpUDWXUH DLQVL TXI
XQ SUHPLHU WHPSV FRQVWDWp XQ JUHIIDJH PRLQV LPSRUYV
GH OXPLqUH (Q VIDSSX\DQW VXU OD GpFRPSRVLWLRQ SKR\
DU\OH UDSSRUWp GOO@W RN\ LAWWRSRINVW XX XQ PpFDQLVPH G
XQ U{OH GDQV OD FURLVVDQFH GH OD FRXFKH 'DQV OfLGp!
S+ VXU OH JUHIIDJH D pWp pWXGLp /HV DXWHXUV RQW FR(
JUHIIDJH HVW LPSRUWDQW /HV VHOV GH GLD]JRQLXP pWDQW
VROXWLRQWIBDWMIHERQQpPH SODLGH SRXU XQ PpFDQLVPH GI
GpGLD]JRWDWLRQ KpWpURO\WLTXH GX FDWLRQ GLD]JRQLXP
WRXWHV OHV SUpFDXWLRQV QpFHVVDLUHYV DILQ GfpYLWHU
WRXW XQ JUHIIDJH D WRXMRXUV pWp REVHUYp &HWWH L
PpFDQLVPH FDWLRQLTXH GDQV OH JUHIIDJH QTHVW TXH SDL



&H PpFDQLVPH GH JUHIIDJH SDU YRLH FDWLRQLTXH D pW

J)LIXUH OpFDQLVPH GH IRUPDWLRQ GH OD PXOWLFRXFKH SD
GLD]RQLXP

$X YXH GH FHV PpFDQLVPHY LO DSSDUDLW GLIILFLOH Gt
FKLPLTXHPHQW KRPRJgQHV SXLVTXH GLIIpUHQWYVY W\SHV GfY
JUHIIDJH )LJXUH

J)LIXUH OpFDQLVPH JOREDOH GH IRUPDWLRQ GH OI

/D SRVW IRQFWLRQQDOLVDWLRQ

/IDVI\IQWKqQVH HW OfLVROHPHQW GHV VHOV GH GLD]RQLXP
SDUIRLYVY GLIILFLOHV YRLUH QRQ UpDOLVDEOHV FH TXL L
JUHIIDJH $I1LQ GH SHUPHWWUH OfLPPRELOLVDWLRQ GH FH)\
SOXVLHXUV pWDSHV HVW FRXUDPPHQW XWLOLVpH

/ID SUHPLgQUH pWDSH FRQVLVWH |j LPPRELOLVIU XQH FF

SHUPHWWDQW ORUV GH OD VHFRQGH pVWDS8MKU fH VEKEEMOU Y
XQ FRXSODJH FKLPLTXH
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agent de couplage

J)LIXUH 6FKpPDWLVDWLRQ GTXQH SRVW IRQFWLR
™ /H FRXSODJH SHSWLGLTXH

'LIIpDUHQWHY UpDFWLRQV GH FRXSODJH SHXYHQW rWUH
PWDSH /D SOXV FRPPXQpPHQW UHQFRQWUpH HVW XQH Upl
IRQFWLRQ DPLQH HW XQ JURXSHPHGWW\I H BRHFOKLJ IXTHX H U DX
OYLPPRELOLVDWLRQ GH QRPEUHX[ PRWLIV SXLVTXYLO HVW
UpDOLVHU XQH FRXFKH GIDFFURFKH SRVVpGDQW OD IRQFW
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YLUIXUH 3RVW IR Q F WIPRRXBIDMLIWD SHRQLGILDT X H

$ILQ GH IDYRULVHU OD UpDFWLRQ OH JURXSHPHQW FLC
FKORUXUH GIDNLGKEDQV OH EXW GYpWXGLHU GHV SURSULP
RUJDQLTXHV FRPSRVpV GH PRWLIV [HUURFgQH RQW pWp Up
PpPWKRGH )LJXUH /IHV DXWHXUV UDSSRUWHQW OfREW
GH [ ] [ PRO FPVXSpULHXU j OD YDOHXU WKpPRULTXH
H[SOLTXHQW FHWWH GLIIpUHQFH SDU XQH UXJRVLWp LPS
OITDXJPHQWDWLRQ GH OD VXUIDFH VSpFLILTXH SDU UDSSRU



JLIXUH ,PPRELOLVDWLRQ GH PRWLIV I[HUURFgqQH VXU XQ VXI
SDU FRXSODJH SHSWLGLTXH UHSULV GH OD UplpUH

™ /D UpDFWLRQ GH OLFKDHO

,O HVYW pJDOHPHQW SRVVLEOH GYHIIHFWXHU FHWWH pWD

/H PRWLI FDWpFKRO VH SUrWH WRXW SDUWLFEXOLQUHPH

FPWRQH JpQpUpHV SHQGDQW OfR[\GDWLRQ GX PRWLI SHUP

SRVVPGDQW XQH IRQFWLRQ DPLQH &RXJQRQ HW DO RQW S.

IHUURFQQH VXU XQH V/XUWIRH EBHUERPRKYUHPHQW REWHQX

LQIpPULHXU j FHX[ REVHUYpVY DYHF OHV DXWUHV PpWKRGHV
QpDQPRLQV SHUPUWVR@H HIM XY HU
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YW XUH ,PPRELOLVDWLRQ GH PRWLIV IHUURFgQH VXU VXEVWL
DGGLWLRQ GH OLFKDHO UHSULV GH OD UplpUHQFF

™ /D FOLFN FKHPLVWU\

8QH UpDFWLRQ GH © FOLFN FKHPLVWU\ @8 HQWUH XQH
pJDOHPHQW rWUH PLVH | S&URRPW SRIXUBH FRXSODJH SHS'
SRVVLEOH GILPPRELOLVHU VXU 9RLWX OID FRIQ M& L R/Q0N JRBWX Q
PRWLIV IHUURFqQH RQW pWp LPPRELOLVpPpV VXU GHV VXEVWL
REWHQXHYVY RQW SHUPLV GYREVHUYHU GHV WDXHRE&HFPHFRXY
DWWHVWDQW GH OD ERQQH UpDOLVDWLRQ GX FRXSODJH
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J)LIXUH ,PPRELOLVDWLRQ GH PRWLIV IHUURFgqQH VXU VXEVW
FOLFN FKHPLVWU\ UHSULV GH OD UplpUHQFH

3RXU UpVXPHU FHWWH DSSURFKH HQ GHX[ pWDSHV SHU
PRWLIV GILQWpUrW GRQW OH VHO GH GLD]J]RQLXP HVW LQVW
i GH QRPEUHX[ GRPDLQHV GYDSSOLFDWLRQ OD IRQFWLRQ
SUPFXUVHXUV DU\OHGLD]RQLXP

0DOJUp WRXV FHV GpYHORSSHPHQWY OD SRVW IRQFWL
SKWLVVHQW GIXQ PDQTXH GH FRQWU{OH ORUV GH OHXU Up
FRXFKHV RUJDQLVpHV HW GYfpSDLVVHXUV FRQWU{OpHV &
DSOLFDWLRQV (Q HIIHW FH VRQW VRXYHQW OHV LQWHUDI
PROpPpFXOHV DX VHLQ GX PDWpULDX TXL JRXYHUQHQW Of
POHFWURQLTXH OXPLQHVFHQFH UpDEWLYLWp FKLPLTXH
QpFHVVDLUH DILQ GH SDUYHQLU j OTREWHQWLRQ GH FRXFK



6WUDWpPIJLHVY GH FRQWU{OH GX JUHIIDJH

$ILQ GH UHQGUH OD PpWKRGH GH JUHIIDJH FRPSDWLEO
IRUPDWLRQV GH W\SH PRQRFRXFKH VWUXFWXUHOOHPHQW
PYROXHU FHWWH PpWKRGH HQ \ LQWpJUDQW XQH VWUDWQpJL

&RQWU{OH GH OD FKDUJH pFKDQJpH

/ID VWUXFEWXUH HW OfpSDLVVHXU GHV FRXFKHV JUH
POHFWURFKLPLTXHVY XWLOLVpV SRXU OD MREBW pL. BDW & R § WRWQ
OLWWPpPUDWXUH TXH OHV ILOPV PXOWLFRXFKHV VRQW REW
GpSDVVH XQH YDOHMUCFLPLWMD QW ©D FKDUJH j XQHAYWOH X U
SRVVLEOH GYREWHQLU GHV ILOPV RUJDDIFQEMHYDGH RO RAQG L
FRQFHQWUDWLRQ GHV UDGLFDX[ HQWUDVQH XQ JUHIIDJH ¢
RUJDQLTXH GHQVH

&RQWU{OH SDU FOLYDJH GH SRO\PqUH

&HWWH PpWKRGH HVW OD SUHPLqUH © YUDL 2 VWUDWQPpJI
SDU UpGXFWLRQ GH SUpFXUVHXUV GLD]JRQLXP HOOH YLVH
GqV ORUV TXYfHOOH HVW VRXPLVH j XQ SRWHQWLHO GH UpG

'HX[ pWDSHV VRQW QpFHVVDLUHV j OD PLVH HQ °XYUH G|
i LPPRELOLVHU VXU OH VXEVWUDW XQ SUpFXUVHXU GLD]RQL
IRUPpPV SHQGDQW OD UpGXFWLRQ GX FDWLRQ GLD]JRQLXP pV
SRO\PpULVDWLRQ UDGLFDODLUH TXL PqQH j XQH IRUPDWLR (
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JLIXUH 2EWHQWLRQ GTXQH PRQRFRXWKMXS DY UWFHOLYDJH GH



/ID VHFRQGH pWDSH FRQVLVWH j UpGXLUH OH ILOP RUJDC
OHV SRQWV GLVXOIXUHV (Q PRGXODQW FHWWH UpGXFWLR(
FRQWU{OHU OYpSDLVVHXU GH OD FRXFKH HW GYREWHQLU X

&RQWU{OH SDU DXJPHQWDWLRQ GH OD JrQH VWpULTXH

/ID UpDFWLRQ GH SRO\PpULVDWLRQ UDGLFDODLUH PHQEL
QLYHDX GHV SRVLWLRQV HW GX PRWLI JUHIIp OfYLGpH H
WRXWHV SRVVLELOLWpV GH UpDFWLRQ HW GRQF GH IRUPDW

R
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a) D@R D O R —> Multicouche

QL0
b) D4€% 4, D_Cé Monocouche O:groupementéfortencombrementstrérique

JLIXUH D *UHIIDJH j OTDLGH GTXQ SE @RXUMHXU] @RQ LSRR EHPIR SU
SURWpJp

8QH GH FHV VWUDWPpPJLHV FRQVLVWH j IRQFWLRQQDOLVH
JURXSHPHQWYVY j IRUW HQFRPEUHPHQW VWpULTXH FRPPH OH
/JHV DXWHXUV UDSSRUWHQW OYDEVHQF WAB H USOPVY\RIQY R/ ER Q ¢
YLIXUH E /D FDUDFWpPULVDWLRQ SDU HOOLSVRPpWULH
OD SUpVHQFH GH ILOPV RUJDQLTXHV GH WUQV IDLEOHV pS|
GTRU GH FXLYUH HW GH VLOLFXP
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JLIXUH D 2EWHQWLRQ GTXQH PRQRFRXFKH SDU EORFDJH GH\
JURXSHPHQWYV WHUW EXW\OH E 9ROWDPSpURJUDPPH GH JUF

$ILQ GH OD UHQGUH SOXV YHUVDWLOH OD VWUDWpJLH
SURWISHWRHEXMH WDLOOH TXL SHXW rWUH {Wp X QHVI BIXWE B URC
VH VRQW RULHQWpPV YHUV OfXWLOLVDWLRQ GYIXQ JUF
SRVLWLRQ SHUPHWWDQW GH EORTXHU OHY SHRW LTKLRNX W
rWUH {WHU j OJDLGH G1$BX& GIBIURWPIHU XQ DO QW XQHW
FRXSODJH SDU FOLFN FKHPLVWU\ )LJXUH
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JLIXUH D WULLVRSURS\OVLO\O H\EK)\\W DS I HoQH] H6 IS G RDMR WX R
JUHIIDJH GXFMRED¥VWURQWQDOLVDWLRQ FKLPLTXH GH OD FRXFKH S
UpIpUHQFH



/IHV FDUDFWpULVDWLRQV SDU PROWRNRQBLHP p XD B SR
PRWLIV HW OHV pWXGHNQWD HPRWWRFHK OTXIHT XOHODV FRXFKH RUJELC
FDUDFWpPpULVWLTXHY DWWHQGXHV SRXU XQH PRQRFRXFKH

&RQWU{OH GH OD TXDQWLWp GH SUpFXUVHXUYV GLD]JRQLX

ID TXDQWLWp GH PROpFXOHV JUHIIpHVY VXU OH VXEVWL
SUpFXUVHXUV GLD]RQLXP SUpVHQWH j OfLQWHUIDFH pOHF\
TXDQWLWpPp GH SUpFXUVHXUV SRXU FRQWU{OHU OD FURLVVD

'HX[ DSSURFKHV RQW pWp SURSRVpHV /D SUHPLqUH EFRQ
GHV OLTXLGHV LRQLTXHV DILQ GH OLPLWHU OD @®LIIXVLRQ

&HWWH VWUDWpPJLH HVW WUqV LQWpUHVVDQWH FDU H(
DSSOLFDEOH j WRXV W\SHV GH VWUXFWXUH GLD]RWpPH /{IXW
TXH OH WDX[ GH UHFRXYUHPHQW HQ HVSqgqFHV JUHIIpMNW HVW
TXTRQ SHXW DFFpGHU j OD PRQRFRXFKH SRXU GHV YLVFRVL
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a) liquide ionique : [EMIM][TFSI] b)

J)LIXUH D *UHIIDJH pOHFWURFKLPLTXH HQ &EUpWRIOEWMLERTX Q XOWDXL
UHFRXYUHPHQW pOHFWURFKLPLTXH HQ IRQFWLRQ GH OD YLVFR'

/TXWLOLVDWLRQ GHV OLTXLGHV LRQLTXHV D pWp pWHC
GLD]JRQLXP JpQpUpV LQ VLWX SDU %pODQJHU HW DO )LJIXU

JLIXUH 6FKpPDWLVDWLRQ GX JUHIIDJH pOHFWUR LQGXLW F
GTXQ VHO GH GLD]RQLXP JpQpUp LQ VLWX j SDUWLU GH VRQ DPLC

/IHV DXWHXUV UDSSRUWHQW TXH OD PRGLILFDWLRQ GH V
FKORURSKpQ\OH HW QLWURSKpQ\OH SHXW rWUH UpDOLVp



GX VHO GH GLD]RQLXP JpQpUp LQ VLWX GDQV XQ OLTXLG!
FRPSRVp GH | FRXFKHV GH PRWLIV QLWURSKpPQ\OHV D p

/ID VHFRQGH PpWKRGH FRQVLVWH j JpQpUHU LQ VLWX
GLDIRQ OTLQWHUIDFH &HMWWH DSSURFKH VH GpFRPSRVH H
SDUWLU GIXQ VHO GH GLD]J]RQLXP SURWpPJp

R\GDWLRQ GTXQ PRWLI GLSKpQ\OK\GUD]JLQH SUpPVHQ
SURWRQV QpFHVVDLUHV j OD GpPSURWHFWLRQ LQ VLW
UpGXFWLRQ GX VHO GH GLD]JRQLXP JpQpUp FRQGXL)\
VXEVPTXHQW GH OD PROpPFXOH VXU OH VXEVWUDW

N

i Rt
Q NI *NH{E?
_NH / U
2H*

*N
) ©

1ére étape, déprotecttion . 2éme étape, greffage
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J)LIXUH 6WUDWpJLH GH FRQWU{OH GX JUHIIDJH SDU SURWHF

/JHV pWDSHV GH GpSURWHFWLRQ HW GH JUHIIDJH SR
YROWDPSpURPpPWULTXH OHV DXWHXUV RQW GpPRQWUp TXT
ILOP RUJDQLTXH HQ IRQFWLRQ GX QRPEUH GH F\FOHV )LJXL
PSDLVVHXUV RQW pWp UpDOLVpHV GH PDQLqQUH FRQWU{OpH

J)LIXUH 7TDX[ GH UHFRXYUHPHQW pOHFWURFKLPLTXH HW pSDI
F\FOHV GH JUHIIDJH UHSULV GH OD UplpUHQFH



&RQFOXVLRQ

'HSXLV OD UpDOLVDWLRQ GHV SUHPLHUV ILOPV GH /LC
IRQFWLRQQDOLVDWLRQ GH VXUIDFHV QYfRQW FHVVp GIpYR
SHUPLV GH UpDOLVHU DLVpPHQW OD FRXYHUWXUH GTXQH VX
&HW DWRXW OXL D YDOX GI{rWUH IRUWHPHQW XWLOLVpH GD
GLVSRVLWLIV SRXU OfpOHFWURQLTXH RUJDQLTXH /HV PRQI
SHUPLV GYpODERUHU GHV ILOPV RUJDQLTXHV PRQRFRXFK}
QRPEUHXVHYVY pWXGHYV IRQGDPHQWDOHYV

/D GpFRXYHUWH GH OD IRQFWLRQQDOLVDWLRQ GH VXUIC
VIHVW UpYpOpH rWUH XQH PpWKRGH WUQqV SURPHWWHXVH C
GIpYROXWLRQ &RPSDWLEOH DYHF GH QRPEUHX[ VXEVW!
FRQGXFWHXUV RX PrPH VHPLFRQGXFWHXUV UpDOLVDEOH
VLPSOH WUHPSDJH WUDQVSRVDEOH j GHV PRWLIVHIUDJLO
POWKRGH HVW GHYHQXH GHSXLV DQV XQ SURFpGp SKDUH
PLVH HQ SODFH GH VWUDWpPJLH GH FRQWU{OH GX JUHIIDJH |
GH OD PRQRFRXFKH &HSHQGDQW GH QRPEUHXVH TXHVWI
FKLPLTXH GHV FRXFKHV JpQpUpHV DX[ UHJDUGV GHV GLIIpl
/H WURS IDLEOH QRPEUH G{pWXGHV IRQGDPHQWDOHV P
FRPSUpPKHQVLRQ DYDQFpH GH FHV VWUDWpPJLH GH JUHIIDJH



S5pIpUHQFHYV

OpYHOOHF 9 B5RXVVHO 6 7HVVLHU / &KDQFRORQ - 0D\
3 3DODFLQ 6 *UDIWLQJ 3RO\PHUV RQ 6XUIDFHV $ 1HZ 3RZHUI
2QH 6WHS 3URFHVV L&KSPLNVRXM RH GDOVHULDOV

X /| &KHQ : OXOFKDQGDQL $ <DQ < G5HYHUVLEOH &RC
JLOPV IURP 6XSHUK\GURSKRES® JWRDECMHY KAIGRMRISK LQWHUQDWLR

$ULPD < ,ZDWD + (IIHFW Rl :HWWDELOLW\ DQG 6XUIDI
$GVRUSWLRQ DQG &HOO $GKHVLRQ 8VLQJ :HOO 'HAL@R G VOH [H® GY

0D 0 +LOO 5 0 6XSHUK\GMEBKRELRIXUIROHVQ &ROORL
6FLHQFH

%DXHU 6 B6FKPXNL 3 YRQ GHU ODUN . 3DUN - (QJL
6XUIDFHV 3DUW , 0DVWHWRUNGIV\D QG 6XWIHWFIHNOV 6 FLHQFH
)DXFKHX[ 1 6FKZHLVV 5 /[/+W]JRZ . :HUQHU & *URWK 7
ZLWK 'LIIHUHQW 7HUPLQDWLQJ *URXSV DV OR GHICRBERPEWHUUDWW V ||
'RZQDUG $ - B5RGGLFN $ ' %RQG $ 0 &RYDOHQW ORGLI
9ROWDPPHWULF 'LIIHUHQWLDWLRQ $®D 8 SDIPED & KLPE Y BRWBLF $F
%HOPRQW - $ 3URFHVV IRU 3UHSDULQJ &DUERQ ODWHULTL
&DUERQ 3URGXFWV *RRJOH 3DWHQWYV
*ODVVPDQ - ODQXIDFWXUH RI 3LJPHQWV *RRJOH 3DWHQW\

%XUHDX & )RUPDWLRQ RI 2UJDQLF (OHFWUR *UDIWHG )L
&RQGXFWLYH RU 6HPL &RQGXFWLYH 6XUIDFHV *RRJOH 3DWHQWYV

'LD] $ ) .DQD]DZD . . *DUGLQL * 3 (OHFWURFKHPLFI
-RXUQDO RI WKH &KHPLFDO 6RFLHW\ &KHPLFDO &RPPXQLFDWLRQ

/L & %DL + 6KL * &RQGXFWLQJ 3RO\PHU 1DQRPDWHULDC
&KHPLFDO 6RFLHW\ 5HYLHZV

6DGNL 6 6FKRWWODQG 3 %URGLH 1 6DERXUDXG *
(OHFWURSRO&KHWPLPMOLBRRFLHW\ 5HYLHZV

=KRX O +HLQ]H - (OHFWURSRO\PHUL]DWLRQ Rl 3\UURC
3RO\S\UUROH (YLGHQFH IRU 6WUXPWRUWDRFKYRUNDVBFWD3RO\S
OF&XOORXJK 5 ' 7KH &KHPLVWU\ RI$&RQ QKHAWYW LORIWIHRI\MK\L
J)DEUH % /IRSLQVNL * 3 :D\QHU ' " 0 SKRWRHOHF

(OHFWURQLFDOO\ &RQGXFWLQJ 3RO\PHU %DVHG +\EUH GRXXQFMNAL R
RI 3K\ VLFDO &KHPLVWU\ %

*DWWUHOO 0 .LUN ' : $ 6WXG\ RI (OHFWURGH 3DVVL
(OHFWURGAWQNMO Rl 7KH (OHFWURFKHPLFDO 6RFLHW\

,RWRY 3 , .DOFKHYD 6 9 OHFKDQLVWLF $SSURDFK W
30DWLQXP *ROG (OHFWURGBMKU@MDOQR$ KOG PWGEROMDO\WLFDO &KHP

IDQJPXLU , 7KH &RQVWLWXWLRQ DQG )XQGDPHQWDO 3URSH
-RXUQDO RI WKH $PHULFDQ &KHPLFDO BRFLHW\

%ORGJHWW . % /DQJPXLU , %XLOW XS )LOPV RI %DULXP
3K\WLFDO 5HYLHZ

1IDNDKDUD + .DWRK 7 6DWR 0 )XNXGD . /DQJPXLU ¢
'HULYDWLYHV RI )HUURFHQH %LIHUUREBQRONG )2[@BY]HG )HUULT

=DVDG]JLQVNL - 9LVZDQDWKDQ 5 ODGVHQ / *DUQDHV -

JLORFLHQFH



&HUQXLNH 7TDPXOHYLFLXV 6 BURV\FHYDV 3XLVR -
JRUPDWLRQ RI OHWDORRUJDQLF OXOWLOD\HU 6W URCEFWQXUAH WR IE\
ODWHULDOV 6FLHQFH

1X]]JR 5 * $00ODUD " / $GVRUSWLRQ RI %LIXQFWLRQDO 2
-RXUQDO RI WKH $PHULFDQ &KHPLFDO 6RFLHW\

IHW]HU / 6DJLY - $ 1HZ $SSURDFK WR &RQVWUXFWLRQ
-RXUQDO RI WKH $PHULFDQ &KHPLFDO 6RFLHW\
ODUDFDV * 1 'ZRUVN\ / 1 *RURQNLQ + 7RELQ . 3URF

(PLVVLRQ 'HYLFH *RRJOH 3DWHQWYV
JXNXVKLPD + 7DPDNL 7 ©6XOIXU &RPSRXQG &RQWDLQLQJ

JUH\ 0 + 1JX\HQ . 3 OLFURIDEULFDWLRQ 8VLQJ 3DWWHUC
ORQROD\HUV *RRJOH 3DWHQWYV
JOLQN 6 YDQ 9HJJHO ) & - 0 OS5HLQKRXGW ' 1 6HOI $V

$SSOLFDWLRQV LQ &KBNRRD/OSGEOWH J

.D]JDNHYLPLHQ; % 9DOLQFLXV * 1LDXUD * 7DODLN\Wj
30DXELQDLWLY ' 7HL&HUVNLHQ; $ /LVDXVNDV 9 OHGLDW!
+RPRORJRXV 6HULHV Rl YJHUURFHQH 7HUPLRQWHG BHOI $VVHPEOHI

BHODGML ) $OpYrTXH 2 *DXWLHU & 'LDV 0 %UHWRC
1DQRVFDOH 2UJDQL]DWLRQ RI 1LWUR[\O OL[HG 6HOI $VVHPEOHG
%HKDY&RXP3IK\VE&KHP

%DUHPDQ - 3 .OHLQ 0 / &ROOHFWLYH 7LOW %HKDYL
ORQROD\HUV RI /RQJ &KDLQ OROHFXOHV 7 H R®XEXQMIU R \ QIKR VE
&KHPLVWU\

BHOOHUV + B8OPDQ $ 6KQLGPDQ < (LOHUV - ( B6WUXFV
*ROG DQG 6LOYHU 6XUIDFHV ,PSOLFDWLRRXUIRDOGBROD WKH I$PEOC
&KHPLFDO 6RFLHW\

1X]]JR 5 * =HJDUVNL % 5 'XERLV / + )XQGDPHQWDO 6
2UJDQRVXOIXU &RPSRXQGV RQ *ROG ,PSOLFDWLRQV IRU ORO
-RXUQDO RI WKH $PHULFDQ &KHPLFDO 6RFLHW\

'LOOH\ 7 0 O9DQFH $ / YDQ %XXUHQ 7 %RVWHGW & 7F
'HJUDGDWLRQ RI $ONDQHWKLRO %DVHG 6HOI $VVHPEOHG ORQR(
&RQGLWXBIDPWH 6FLHQFH

'DJQHU $ - &DUOR 6 5 O9HFLWLV & )DLUEURWKHU ' +
&KHPLFDO DQG 3K\VLFDO 3URSHUWLHV RI D 6 H/PIQOPORIULQDWHG 61

6DJLY - 2UJDQL]JHG ORQROD\HUV E\ $GVRUSWLRQ YRUP
OL[HG ORQROD\HUV R OQRKRI@LDDO 6KIUWMKAHS¥PHULFDQ &KHPLFDO 6RFLHY

$LHOOR 9 -RR 1 %XFNOH\ - 1RQJODWRQ * 'XFODLURLLI
0 &KHYDOLHU 1 'H 6DOYR % B5HGR[ %HKDYLRU RI D )HUURF!
&OLFN &RBOSWIDEH 6FLHQFH

%DUELHU % 3LQVRQ - 'HVDUPRW * B6DQFKH] 0 (OHFV
&DUERQ )LEHU 6XUIDFHV WRBRY\GE PBIRYIUGEBODUERDKH (OHFWUR
BRFLHW)\

'RZQDUG $ - (OHFWURFKHPLFDOO\ $VVLVWHG &RYDOHQW
(OHFWURDQDO\VLV
$QGULHX[ & 3 *RQ]JDOH] ) 6DYpDQW - 0O 'HULYDWL]DW

2[LGDWLRQ RI $UNODFHWDWHY (OHFWURFKHRKED® O [RQ V8K ® $WHB
&KHPLFDO BRFLHW\

.ROEH + B8QWHUVXFKXQJHQ hEHU 'LH (OHNWWRRVVH REUDQ
$QQDOHQ GHU &KHPLH

ODHGD + <DPDXFKL < +RVRH 0 /L 7 ; <DPDJXFKL (
'LUHFW &RYDOHQW ORGLILFDWLRQ RI *ODVV\ &DUERQ 6XUIDFH
2[LGDVWKRI@BLFDO SKDUPDFHXWLFDO EXOOHWLQ



ODHGD + /L 7 : +RVRH 0 ,WDPL 0 <DPDXFKL < 2K
3HUIRUPDQFH RI D *ODVV\ &DUERQ (O$IFWNU\RGHK 3@ RBELHQFEHY 2F

IHFD\RQ * %RXL]HP < /IH *UHVVXV & 5H\QDXG & %RL]
*URZLQJ OHFKDQLVPV RI 3BRO\PHULVHG 2UJRRHPLED® \3 R\Y WHRV O/HHW

S3DODFLQ 6 %XUHDX & &KDUOLHU - '"HQLDMRHWDOIR XD Q
%RQGYV (OHFWURJUDIWLQJ 3RO\BKHV3KQVERGQGEBXFWLQJ 6XUIDFHV
'HODPDU O +LWPL 5 3LQVRQ - 6DYHDQW - 0 &RYDOH

E\ *UDIWLQJ Rl )XQFWLRQDOL]HG $U\O 5DGLFDOV 3URGXFHG IURF
6DOWXUQDO RI WKH $PHULFDQ &KHPLFDO 6RFLHW\

$GHQLHU $ &DEHW 'HOLU\ ( &KDXVVp $ *ULYHDX 6 OH
*UDIWLQJ Rl ILWURSKHQ\O *URXSV RQ &DUERQ DQG OHWDOOLF 6
&KHPLVWU\ RI ODWHULDOV

/JHKU - :LOOLDPVRQ % ( )ODYHO % 6 'RZQDUG $ - !
'LDJRQLXP 6DOWYV LQ $FLGLF 6ROXMWLRIP PO 2SHQ &LUFXLW 3RWH

JHKU - :LOOLDPVRQ % ( 'RZQDUG $ - 6SRQWDQHRXV ’
30DQDU *ODVV\ &DUERQ 6XEVWUDWHAKH ¥REHQP® IRIU3KRIRLFEDOK K

6LPRQV % 0 /HKU - *DUUHWW ' - 'RZQDUG $ - )RUPD
IURP $PLQREHQ]JHQHGLD]RQLXP ,RQ LQ WKB GIEWH®FH Rl D 5HGXF

/IRUF\ " 6KLQ . 6 *XHUUR 0O G6LPRQHW - 'RQRU /D\HU
E\ (OHFWURFKHPLFDO OHDQV B5HGXFWLRQ@®RHFWRERROMN\BD7 $ NI

%XWWU\ ' $ 3HQJ - & 0 'RQQHW - % G5HERXLOODW 6
JLEHU 6 X&DLERQ

*DOODUGR , 3LQVRQ - 9LOj 1 6SRQWDQHRXV $WWDFKP
6XUIDFKH -RXUQDO RI 3K\WLFDO &KHPLVWU\ %

$QQH $ %ODQF % ORLURX[ - 6DYpDQW - 0 )DFLOH
6XUIDFHV E\ 1 +\GUR[\WXFFLQLPLGH (VWHUV LDQIPKZWRI $WWDFK

$QQH $ ORLURX[ - 4XDQWLWDWLYH &KDUDFWHUL]DWLRQ |
&KDLQV $WWDFKHG WR D *@©ODPMVR RREDQUHERXD HYHFWURGH

6VHQ\DQJH 6 $QDULED ) %RFLDQ ' ) OF&UHHU\ 5 [/ &
$ON\QH 5HDIJHQWYV WR *UDSKQWLXLEDUERQ 6XUIDFHYV

$EDERX *LUDUG 6 6RODO ) J)DEUH % $OLEDUW ) *RGI
OROHFXODU &KDLQV RQ $PRUEBKRRXWVD & RJUEIR@ SXUMF BIOOLQH 6ROL

'RQWKD 1 1RZDOO : % .XKU : * *HQHUDWLRQ RI %LRW
ZLWK ODVNOHVV 3 KRW R OW WKIRD FIXSIH\L VW U\

1RZDOO : % 'RQWKD 1 .XKU : * (OHFWURQ 7UDQVIHU .L
*ODVV\ &DUER® (BMAWVYRGW DQG %LRHOHFWURQLFV

4XLQWDQD O 6S\URX . *UJHOF]DN 0 %URZQH : 5
)XQFWLRQDOL]DWLRQ Rl *UDSKHQH$&BEDIDQR.SRODU &\FORDGGLWL

%DO] * 6FKLHPDQQ * $URPDWLF )OXRULQH &RPSRXQG\
3UHSDWIKWMPRYFKH %HULFKWH

+HLQHV 6 9 3HWHU *ULHVV2'LVFRRKUEBDORR |L®OK R RLEMIR K&

=ROOLQJHU + ) UQRV OIOMPUHMWH QP &+ 9HUODJ *PE+ &R . *

BWRHUPHU 5 )LQFNH + (LQH 1HXH 69%QNULHKAY BlRG®H LG R\
FKHPLVFKHQ *HVHOOVFKDIW

$UUL]D - / &KDSGHODLQH 0 &KULVWLDQ ( &RPSRVpV &
'H /D 6FKL]RSKUpPQLH *RRJOH 3DWHQWYV



6DQGPH\HU 7 8HEHU 'LH (UVHW]XQJ '"HU $PLGJUXSSH 'XUI
6XEVWDIHUOQFKWH GHU GHXWVFKHQ FKHPLVFKHQ *HVHOOVFKDIW

*RPEHUJ 0 %DFKPDQQ : ( 7KH 6\QWKHVLV Rl %LDU\O &R
SHDFWRRQQDO RI WKH $PHULFDQ &KHPLFDO 6RFLHW\

OHHUZHLQ + %sFKQHU ( YDQ (PVWHU . hEHU 'LH
'LDJRYHUELQGXQJHQ $XI 0 ¢ 8QJHVIWWRXW 8 D&D U-ER Q@ UDWHUILELRKG

'XQNHU 0 ) : B6WDUNH\ ( % -HQNLQV * / 7KH 3UHSDUD
IURP 'LD]RQLXP % RRIRUQRRPURIGWKH $PHULFDQ &KHPLFDO 6RFLHW\

%DUDQWRQ 6 %pODQJHU ' (OHFWURFKHPLFDO 'HULYDWL]
LQ 6LWX *HQHUDWHG 7KB]RRXUQ@BD®WLRRWLFDO &KHPLVWU\ %

'R\OH 0 3 %RVFK 5 - B6HLWHV 3 * $ON\O ILWULWH OHW

,Q 6LWX *HQHUDWLRQ RI 1LWURV\O +DOLGHV (IIHFWLYH 3URGXFYV
RI 3ULPDU\ $OLSKDWLF $PLQHV L/KH 1IRXPQWHE \RIRUPDRLEKKHPLYV

%DUDQWRQ 6 %pODQJHU ' ,Q 6LWX *HQHUDWLRQ RI 'LD]R
(OHFWURFKHPLFDO ORGLILFDWIMHEW BR F& HFMADRSHVEOX U 1D FH

*DOOL & 5DGLFDO 5HDFWLRQV RI $UHQHGLD]JRQLXP ,RQV {
$U\O 5D&KHAPOFDO 5HYLHZV

(ORIVRQ 5 0 7KH 3RODURJUDSKLF 5HGXFWLBBYRH 'LD]R
FDQDGLHQQH GH FKLPLH

(ORIVRQ 5 0 *DGDOODK ) ) B6XEVWLWXHQW (IITHFWV LQ W
6DOMW -RXUQDO RI 2UJDQLF &KHPLVWU\

OLFKHO ' 5DFKLG + -HDQ 3 OLFKHO 6 - &RYDOHQW 0
*UDIWLQJ RI )XQFWLRQDOL]JHG $U\O 5DGLFDOV 3URGXFHG IURP
6DOWXUQDO RI WKH $PHULFDQ &KHPLFDO 6RFLHW\

%DKU - / 7TRXU - O +LIJKO\ )XQFWLRQDOL]J]HG &DUERQ 1
'LDIRQLXP &RREKRPQEWU\ RI ODWHULDOV
7TRXSLQ 0 %HODQJHU ' G6SRQWDQHRXV )XQFWLRQDOL]DWL

ILWURSKHQ\OGLD]|BQILRRLZDWLRQYV
%RXULJD 0 &KHKLPL 0 0O &RPEHOODV & 'HFRUVH 3 .D
- 6HQVLWL]HG 3KRWRJUDIWLQJ RI '« RHPQVXWUE RO WD VEN OLMOKFOH

%XVVRQ O %HULVKD $ &RPEHOODV & .DQRXIL ) 3LQ)Y
'LDIRQLXP 6DOWVKRRBLEBDWDEARWPPXQLFDWLRQV

:DWHUV : $ &RPPHQWY RQ WKH OHFKDQRXPYDRI RR WIKG®G
&KHPLFDO 6RFLHW\
$KOEHUJ ( +HOJpH % 3DUNHU 9 ' 7KH 5HDFWLRQ RI $U

$FWD &KLPLFD 60RY%HQLFD

'HODPDU 0 'pVDUPRW * )DJHEDXPH 2 +LWPL 5 3LQVRQ
RI & DUERQ )LEHU 6XUIDFHV E\ (OHFWURFKHPLFDO 5HGXFWLRQ RI
(SR[\ &RP S R\DIVERWD

$GHQLHU $ %HUQDUG 0O & &KHKLPL 0 0 &DEHW 'HOLU)
3LQVRQ - 3RGYRULFD ) &RYDOHQW ORGLILFDWLRQ RI ,URQ 6
$U\OGLD]RQLRRUSDPIMWR| WKH $PHULFDQ &KHPLFDO 6RFLHW\

$QGULHX[ & 3 3LQVRQ - 7KH 6WDQGDUG 5HGR[ 3BRWHQWL
-RXUQDO RI WKH $PHULFDQ &KHPLFDO BRFLHW\

&OLQH . . %D[WHU / /RENZRRG ' 6D\ORU 5 6WDO]HL
SHGXFWLRQ Rl 'LD]JRQLXP ,RQV ZLWKRXW ,VRODWLRQ WR ORGL
(OHFWURJUDIWLERX BRQRM®BG RWBBFWURDQDO\WLFDO &KHPLVWU\

%HQHGHWWR $ %DORJ 0 9LHO 3 /H 'HUI ) 6DOOp O
'LDJRQLXP 6DOWYV RQ *ROG :K\ 'R :HOMEWHILRFAK OXIOADL $FHDIN V "



JHH /  %URRNVE\ 3 $ +DSLRW 3 'RZQDUG $ -
1ILWUREHQ]HQHGLD]RQLXP ,RQ DW &DUERQ (OHFWURGHV &DWDC
/IDQJPXLU

&RPEHOODV & 'HODPDU 0 .DQRXIL ) 3LQVRQ - 3RGYR
L,JURQ 6XUIDFHV E\ 5HGXFWLRQ RI $U\OGLD]JRQLXP 6DOWV LQ $FLG
WR WKH 3URWHFWLRQ R&KBRQVDNDL @ V WDERHIULOAR Q

&RPEHOODV & .DQRXIL ) 3LQVRRI)OLJRRGHHRRRGEOGDY\ ,RQ
6SHFWURVFRS\ & KDUDFWHUL]DWLRQ Rl WKH &RYDOHQW %RQGLQ.

/IDQJPXLU
'LOGJRRVH * * /[/HYHQWLV + & 'DYLHV , - &URVVOH\ $
7 * - &RPSWRQ 5 * *UDSKLWH 3RZGHU 'HULYDWLVHG ZLWK 3|

&KHPLVWU\ D 1RYHO ODWHULDO IRU WKRXUWODDFRILERDWRHIULtBDY\ &

ODVKHWHU $ 7 :LOGJRRVH * * &URVVOH\ $ -RQHV - +
RI ORGLI\LQJ *UDSKLWH 3RZGHU ZLWK $PLOQREKHQIO*BRXBWHQL
&KHPLVWU\

+HDOG & * 5 :LOGJRRVH * * -LDQJ / -RQHV 7 * -
'"HULYDWLVDWLRQ RI OXOWLZDOOHG &DUERRHPB®RVMZKEHY 8VLQJ

%XUHDX & 3LQVRQ - B8WLOLVDWLRQ 'XQ 6HO 'H 'LD]JRQLX
'H 6 XUIDFHV ,VRODQWHYV 2X 6HPL &RQGXFWULFHV (W 3URGXLWYV
OHVQDJH $ (VQRXI 6 -pJRX 3 'HQLDX * 3DODFLQ 6 8
3RO\PHU *UDIWLQJ 3URFHVV $ 'XDQK&FLWWH\6RIOXIWLRQLHP@INO\V L

.RVI\QNLQ ' %RFNPDQ 7 0 .RFKL - . 7KHUPDO ,RGLGF
7UDQVIHU &DWDO\VLV LQ %LDU\O 6\QWKHVLV 9L DRMNIRPIDW RF WHKH
$PHULFDQ &KHPLFDO 6RFLHW\

=KDR : 7RQJ % 3DQ < 6KHQ - =KL - B6KL - 'RQJ <
DQG 2SWRHOHFWURQLE\ AJRSHWUWEMVWRVHGHRIQ 3KWKDORF\DQLQI
7JULUXWKHQLXP 'RGHFDFDUERQ\O %ULGIGITGPELU « %LS\ULGLQH DV

3DQ < 7RQJ % 6KL - =KDR : 6KHQ - =KL - 'RQJ <
DQG 2SWRHOHFWURQLE\3D\RISH PVOIPHN %R0 VIIDEHRQ 7HUS\ULGLQH OR
5XWKHQLXP7KH -FRQM)DO RI 3K\WVLFDO &KHPLVWU\ &

.DULXNL - . OF"THUPRWW 0 7 IXFOHDWLRQ DQG *URZWK
*UDSKLWH (CCHFWXRGHV

5D\ . OF&UHHU\ 5 / 6SDWLDOO\ 5HVROYHG 5DPDQ 6SH
6XUIDFHV x 2EVHUYDWLRQV RI 6WUXBYRODWLBPOG BEKHPL7¥WO\+HW

6KDUPD 5 %DLN - + SHUHUD & - 6WUDQR 0 6 S$QRPI
*UDSKHQH /D\HUV DQG (GJHV WRZDUGL DOQRFMAWRNHUWYDQVIHU &KHP

IRPHGD - 5 '"R\OH & ' .RVI\QNLQ " 9 +ZDQJ : ) 7R

)XQFWLRQDOL]DWLRQ RI 6XUIDFWDQW :UDSSHG -RKHBDRD RO \ W&RH
$PHULFDQ &KHPLFDO 6RFLHW\

=KX < +LJIJLQERWKDP $ / 7RXU - 0 &RYDOHQW )XQFWL
*UDSKHQH 1D@RHPEEWRQ@V Rl ODWHULDOV

5DQJDQDWKDQ 6 OF&UHHU\ 5 0ODMM e HU LY H® DSCORME RD | B
OLFURHOHFWURPHFKDQLFDO 6\WWHPV DROGJ QOIDF RIU RK K HPHFDAOU R
BRFLHW)\

6DE\ & 2UWL] % &KDPSDJQH * < %pODQJHU ' (OHFWL
&DUERQ (OHFWURGH 8VLQJ $URPDWLF 'LDJRQLXP 6DOWV % O
&DUER[\SKHQVD @ URXISWY

'HLQKDPPHU 5 6 7LQJ ( < 3RUWHU 0 ' (OHFWURFI

&KURPDWRJUDSK\ (POF $ 1HZ $SSURDFK WR-RXDGDBQWI (C
(OHFWURDQDO\WLFDO &KHPLVWU\



%DUURVR %XMDQV ) )JLHUUR - / * B5RMDV 6 6iQFKH]
ODQFKDGR 0 $ 'HJUHH Rl )XQFWLRQDOL]DWLRQ RI &DUERQ 1DQ
DQ $FLG OBDBUERQ

/\WVNDZD - *URQGHLQ $ %pODQJHU ' &KHPLFDO ORGLIL
$PLQRSKHQ\O DQG &\DQRSKHQ\O *URXSV&DQERNQB6WXG\ Rl 7TKHLU &

6PLWK 5 ' / 3LFNXS 3 * OROWDPPHWULF 4XDQWLILFDYV
ORGLILFDWLRQ RI &DUERQ % ODFNEWUWRFRQPKPD&RKWDLQJ

/L = 'DL 6 6XUIDFH )XQFWLRQDOL]DWLRQ DQG 3RUH 6L]H
BWUXRWKEHVWU\ Rl ODWHULDOV

%DKU - / <DQJ - .RV\QNLQ ' 9 9%URQLNRZVNL 0 -
)XQFWLRQDOL]DWLRQ RI &DUERQ 1DQRWXEHV E\ (OHFWURFKHPL
% XFN\ 3DSHU -FOHFQMURBHWKH $PHULFDQ &KHPLFDO 6RFLHW\

ODUFRX[ 3 5 +DSLRW 3 %DWDLO 3 3LQVRQ - (OHFWUR
JLOPV *URZWK RI $U\O &KDLQV RQ 6LQHZH- RXQQD® &KD WREKRP LI\DWLE

. XR 7 & OF&UHHU\ 5 / 6ZDLQ * 0 (OHFWHBBRBKHPLFDO
&KHPLFDO 9DSRU 'HSRVLWHG 'LDPRQG 6XUIDFHVOHPMWK R RK D@
DQG 6ROLG 6WDWH /HWWHUYV

<DQJ : %DNHU 6 ( %XWOHU - ( /HH & V 5XVVHOO -
- (OHFWULFDOO\ $GGUHVVDEOH %LRPROHFXODU )XQFWLRQDOL]
7KLQ )I&GKAMWLVWU\ Rl ODWHULDOV

<DQJ 1 B8HWVXND + 1HEHO & ( %LRIXQFWLRQDOL]DWI
1DQRZIBGHWQFHG )XQFWLRQDO ODWHULDOV

*HRUJDNLODV 9 2W\HSND 0 %RXUOLQRV $ % &KDQGUD

=ERULO 5 .LP . 6 )XQFWLRQDOL]DWLRQ RI *UDSKHQH &RY]
'"HULYDWLYHV DQ&KS$IPSE DODNHRGNZ V

5DSSLFK - +LQULFKV . ,Q 6LWX BWXG\ Rl 1LWUREHQ]HQH
,QIUDUHG 6SHFWURVFRSEW (RPKSVWRPWWWUERPPXQLFDWLRQV

GH 9LOOHQHXYH & + 3LQVRQ - %HUQDUG 0 & $OORQJ
&ORVH 3DFNHG 3KHQ\O7KMHHBXWREDOLRI 3K\WLFDO &KHPLVWU\ %

-DQLQ 0 *KLODQH - 5DQGULDPDKD]DND + /DFURL[ -

WKURXJK WKH 5HGXFWLRQ RI $U\O 'LD]JRQLXP DQG 7KHLU 8VH L
6HFROHFWURFKHPLVWU\ &RPPXQLFDWLRQV
%YHUQDUG 0 & &KDXVVp $ &DEHW '"HOLU\ ( &KHKLPL C
IDXWULQ 80 & 2UJDQLF /D\HUV %RQGHG WR ,QGXVWULDO
(OHFWURFKHPLFDO 5HGXFWL&RQHRIL$ WAD\GR D DRGLHKWPL BDOW V
ODOGRQDGR 6 6PLWK 7 - :LooLbPV 5 ' ORULQ 6 %D
ORGLILFDWLRQ RI ,QGLXP 7LQ 2[LGH 9LD (OHFWURFKBQUPRDU5SHG X

$GHQLHU $ %DUUp 1 &DEHW 'HOLU\ ( &KDXVVp $ *U
9DXWULQ 80 & 6WXG\ Rl WKH 6SRQWDQHRXV )RUPDWLRQ RI 2UJ
IURP 'LD]JRQL&PUBDPMBSFLHQFH

OHUVRQ $ 'LWWULFK 7 =LGRQ < G5DSSLFK - 6KDSLUD
$GVRUEHG %HQ]HQH 'LD|RRNIXPHEGRPISRAGEVOHWWHUV

&RPEHOODV & .DQRXIL ) OD]JRX]JL ' 7KLpEDXOW $ %F
ORGLILFDWLRQ Rl +DORJHQDWHG 3RO\PHUYV )XQFWLRQDOLVDW
'LD]R QL X P3RDORHW

5XELQVWHLQ , O9ROWDPPHWULF 6WXG\ Rl 1LWUREHQ]HQF

(OHFWURGHYV LQ S$TXRRXQYDOROCRNIWIBRBFWURDQDO\WLFDO &KHPL
(OHFWURFKHPLVWU\

/ILX < & OF&UHHU\ 5 / S5HDFWLRQV RI 2UJDQLF ORQROD\I
ZLWK 8QHQKDQFHG 5DPRRUQIHFRURKHRSPHULFDQ &KHPLFDO 6RF



$OORQJXH 3 'HODPDU 0 'HVEDW % )DJHEDXPH 2 +LW
&RYDOHQW ORGLILFDWLRQ RI &DUERQ 6XUIDFHV E\ $U\O 5DGLF]
SHGXFWLRQ RI 'LDRXQIQCPO6DIOWKH $PHULFDQ &KHPLFDO 6RFLHW\

2UWL] % 6DE\ & &KDPSDJQH * < %pODQJHU ' (OHFWU]
(OHFWURGH 8VLQJ $URPDWLF 'LD]JRQLXP 6DOWYV (OHFWURFKH
&DUERQ (OHFWURGHV-RRUWQJDXBG RAMOHBWDRDQDO\WLFDO &KHPLVW

<DQJ + + OF&UHHU\ 5 / (IIHFWV RI 6XUIDFH ORQROD\HUYV
DQG $GVRUSWLRQ RI OHWK\O 9LRORJHQ DQG 3KHQRWKLD]JLQH 't
$QDO\WLFDO FKHPLVWU\

%DWK % ' ODUWLQ + % :LJKWPDQ 5 0 $QGHUVRQ 0 5
ORGLILHG &DUERQ )LE®GUPKQRMWFWURGHYV

+DUQLVFK - $ *D]JGD ' % $QGHUHJIJ - : 3RUWHU 0
&DUERQDFHRXV 6WDWLRQDU\ 3KDVHV E$@IX®\\EHBXG WIKRIE LRI W LD |

7DQJ = J/LX 6 'RQJ 6 :DQJ ( (OHFWURFKHPLFDO 6\Q\
YXQFWLRQDO &DIFRIDBOURDKFBWFWURDQDO\VWLFDO &KHPLVWU\

+DUWLJ 3 'LWWULFK 7 5DSSLFK - 6XUIDFH 'LSROH
5SHFRPELQDWLRQ DW 3 6L 6XUIDFHV 'XULQJ (OHFRNXBBORIPREDC
(OHFWURDQDO\WLFDOt&KHPLVWU\

.QH] 0 6XPVHU 0 %LWWQHU $ 0 :HJH & -HVNH + .RI
(OHFWURFKHPLFDO ORGLILFDWLRQRKIUQD®L RUGOCCHF VW D R B QRIEM ML

3DQGXUDQJDSSD 0 /DZUHQFH 1 6 &RPSWRQ 5 * +RPRJ
RI &DUERQ 3DUWLFOHV $ 1RYHO OHWKRG $@DOWQ@WLRQDOLVLQJ

'\NH & $ 7RXU - 0 B6ROYHQW )UHH )XQFWRRQQDQ]RW WK®
$PHULFDQ &KHPLFDO 6RFLHW\

3pUH] 3 *OREDO DQG /RFDO (OHFWURSKLOLFLW\ 3DWWHUQ
WRZDUG 1XFOKHRSEKXOGNO RI 2UJDQLF &KHPLVWU\

%URRNVE\ 3 $ 'RZQDUG $ - (OHFWURFKHPLFDO DQG $\
&DUERQ 6XUIDFH ORGLILFDWLRQ 9LD 'LD]JRQLXP 5HGXFWLRQ LOQ
/IDQJPXLU

&RPEHOODV & .DQRXIL ) 3LQVRRI)OCLJRRGHHRRREOGDY\ ,RQJ
6SHFWURVFRS\ & KDUDFWHUL]DWLRQ Rl WKH &RYDOHQW %RQGLQ.
/IDQJPXLU

'\NH & $ 7RXU - 0 2YHUFRPLQJ WKH ,QVROXELOLW\ RI
'"HIJUHHV RI 6LGHZD O O&KHFEIMWMRUODO $ | WIRRSHDQ -RXUQDO

&RXORQ ( 3LQVRQ - %RXU]JDW - ' &RPPHUORQ $ 3.
$WWDFKPHQW RI 2UJDQLF *URXAQWRXEDUERQ )HOW 6XUIDFHV

&RXORQ ( 3LQVRQ - %RXU]JDW - ' &RPPHUORQ $ 3XOLF
JHOWV x 3RVVLEOH 6XSSRUWYV AW &RREDRODWR ULZDID @ KF RIKWHPWLV

.XOODSHUH O .R]JORYD - ODWLVHQ / 6DPPHOVHOJ 9 Ol
Yo 7TDPPHYHVNL . (OHFWURFKHPLFDO 3URSHUWULHYWQRD $RINO
(OHFWURDQDO\WLFDO &KHPLVWU\

5R\ $ *DR - %LOEUH\ - $ +XGGOHVWRQ 1 ( /RFNOLQ
RlI 1L ,L *HQHUDWHY 5HDFWLYH ORQROD\HUV IRUDERI@MXUDWHG 3F

.KRVKURR O 5RVWDPL $ $ &KDUDFWHUL]DWLRQ RI WKH
6XUIDFH E\ WKH (OHFWURFKHPLFDORXHWIMOLRQ (BIHAW DR@LOCPO 6\ O

6DUDSXX $ O9DLN . B6FKLIIULQ ' - 7DPPHYHVNL . (OHF\
RQ $QWKUDTXLQRQH ORGLILHG *ODVV\ &DUERQ-ROLGW/@REBHV
(OHFWURDQDO\WLFDO &KHPLVWU\



. XOODSHUH 0 -+UPDQQ * 7HQQR 7 7 3DSURWQ\ - -
2[\JHQ (OHFWURUHGXFWLRQ RQ &KHPLFDOO\ ORGLILHG *ODVV\ &
-RXUQDO RI (OHFWURDQDO\WLFDO &KHPLVWU\

+RQJ + * 3RUWHU 0 ' 6LJQDO (QKDQFHPHQW IRU (OHF
&DUERQ (OHFWURGH ORGLHFRX® DWW KR B KB BKW UIRBID O\WLFDO &KH|

8VUH\ 0 / J/LSSPDQQ ( 6 6WUDQR O 6 (YLGHQFH IR
(OHFWURQLFDOO\ 6HOHFWLYH 6LQJOH-RXQQB® &KD WERD $PPIHUR WX @ |
6RFLHW\

/\VNDZD - %pODQJHU ' 'LUHFW ORGLILFDWLRQ RI D *ROG
E\ (OHFWURFKHPLFDO 5HGXFWLRQ RI LQ 6LWX *H Q HRUKMKF HGWSPL QF
RI ODWHULDOV

/H ; 7 'RDQ 1 ' 'HTXLYUH 7 9LHO 3 3DODFLQ 6 &RY
BWDLQOHVV 6WHHO WKURXJK $U\O$3LED PRSGIONLR 6 HROD VBIG WK IHVQ Y H LI\

&KDXVVp $ &KHKLPL 0 0 .DUVL 1 3LQVRQ - 3RGYR
(OHFWURFKHPLFDO 5HGXFWLRQ RI 'LD]JRQLXP 6DOWV RQ ,URQ (
%RQGHG 2UJDQLF /D\HUV DQG ZKHIPL\WHEW IRIDWRUUR®NVR Q

<X 6 6 & 7DQ ( 6 4 -DQH 5 7 'RZQDUG $ - $Q (OHF
SHGXFWLRQ RI 1LWURSKHQ\O )LOPV &RYDOHQW@IPHYUMIWHG WR 3

7RXSLQ 0 %pODQJHU ' 7KHUPDO 6WDELOLW\ 6WXG\ RI $U
*HQHUDWHG 'LD]IROLRXBQDW RI 3K\WLFDO &KHPLVWU\ &

' $PRXU 0 %pODQJHU ' B6WDELOLW\ RI 6XEVWLWXWHG 3KF
DW &DUERQ (OHFWHRGBNKUBXNODRH3K\VLFDO &KHPLVWU\ %

JLQONOHD + 2 %DUG $ - S5XELQVWHLGV, 'HONMFWURBD AU

+XUOH\ % [/ OF&UHHU\ 5 / &ERYDOHQW %RQGLQJ RI 2UJD

7 6XUIDFHV 9LD 'LDIJIRQL-&XUR@ G HAXAWLRQHFWURFKHPLFDO |
%

%XUHDX & J/HY\ ( 9LHO 3 OHWKRG IRU *UDIWLQJ DQG *U
D 6XUIDFH *RRJOH 3DWHQWYV

'RSSHOW 3 +DOODLYV * B3LQVRQ - BRGYRULFD ) 9H U
&RQGXFWLQJ 6XEVWUDWHYV ([LVWHQFH RI $]R %RQGV LQ WKH 6
'LD]RQLXP&EKHOWWWU\ RI ODWHULDOV

OHVQDJH $ J/HIgQYUH ; -pJRX 3 'HQLDX * 3DODFLQ
'LD]JRQLXP 6DOWYV &KHPLFDO OHFKD@UWPKXIRD OHWDOOLF 6XUIDFH\
6 - &DQQLQJ 3 OF&UXGGHQ . ODVNLOO + 6H[WRQ %

7KHUPDO 6ROYRO\WLF '"HFRPSRVLWRRQOPIO$RH QHGILRKR®LXP QRER
7UDQVDFWLRQV

&URVVOH\ 0 / .LHQOH 5 + %HQEURRN & + &KHPLFDC
3KHQ\OGLD]RQLXP &KORULGH DQG ,WARXBRQRO6 RE WWKLHN XRHUA FB QL
BRFLHW\

1RsO - 0 B6M|EHUJ % ODUVDF 5 =LJDK ' %HUJDPLQL -
3 /DJURVW & )OH[LEOH 6WUDWHJ\ IRU ,PPRELOL]LQJ 5HGR[ $F\
RI 'LD]JRQLXP 6DOWYV ,QYHVWLJDWLRQV Rl WKH % O/PFNIPXLWDQG ¢

JHH / /HURX[ < 5 +DSLRW 3 'RZQDUG $ - $PLQH 7HUF
3UHSDUDWLRQ &KDUDFWHUL]DWRREXDWG &RXSOLQJ 5SHDFWLRQV
1JX\HQ 1 + (VQDXOW & *RKLHU ) %pODQJHU ' &RX.

5SHDFWLYLW\ Rl 6XUIDFH &RQILQHG &DWHFKRO *URXSV 'HULYHG |
OLFKDHO $GGLWLRQ DW WHKBQERPXILE /LTXLG ,QWHUIDFH

/JHURX[ < 5 )HL + 1RsO - 0 B5RX[ & +DSLRW 3 (IILFL
&DUERQ 6XUIDFH 8VH RI D 6LO\O 3URWHFWLRYXUQRRSRW R/ KR UFP B Q
&KHPLFDO 6RFLHW\



IHH / %URRNVE\ 3 $ /HURX[ < 5 +DSLRW 3 'RZQDUG
Y)LOPV 9LD 6HTXHQWLDO (OHFWURJUDIWLQJ IURP $U\DDWIPXRWQLXP

&RDWHYV O (ODPDUL + *LUDUG & *ULYHDX 6 I1\RNRQJ
%DVHG (OHFWURSRO\PHU DV D %XLOGLQJ %ORFN FHRXUKXRQBWRIRQ!
(OHFWURDQDO\WLFDO &KHPLVWU\

$OORQIXH 3 +HQU\ GH 9LOOHQHXYH & &KHURXYULHU *

ID\HUV RQ +x6L E\ (OHFWURFKHPLFDO 5HGXFWLRQ RI 'LD]JRQL?
JRUPDWRRWQYQDO RI (OHFWURDQDO\WLFDO &KHPLVWU\
BHWVXND + 6KLQ ' 7RNXGD 1 6DHNL . 1IHEHO & ( (C

'RSHG 6LQJOH &U\WWDOOLQH &KHPLFDO 9DSRU '"HSRYQWDLRQ@ 'LDPF

1LHOVHQ [ 7 9DVH . + 'RQJ O %HVHQEDFKHU ) 3H
(OHFWURFKHPLFDO $SSURDFK IRU &RQVWUXFWLQJ D ORQROD\HU
RI 'LDU\O '"LVRKOUR®KWVRI WKH $PHULFDQ &KHPLFDO 6RFLHW\

&RPEHOODV & .DQRXIL ) 3LQVRQ - SRGYRULFD ) , 6
IRU WKH *UDIWLQJ RI D ORXQUR@DOHRJ RMKIOHSWBONFDQ &KHPLFDO 6RI

JHH / %URRNVE\ 3 $ J/HURX[ < 5 +DSLRW 3 'RZQDUG
J)LOPV 9LD 6HTXHQWLDO (OHFWURJUDIWLQJ IURP $U\DDEWIPXRWYLXP

JHURX[ < 5 +@®&L-)0 1BRX[ & P 'RZQDUG $ - +DSLRW 3
%LQDU\ )LOP RQWR &DUERQ 6XUIDFH 8VIIQ@JPOJRQLXP (OHFWUR

*KLODQH - ODUWLQ 3 )RQWDLQH 2 /DFURL[ - & 5DOQ
&DUERQ (OHFWURGH LQ ,RQLF /LTXLG WKURXJK WKH 5HGXFWLRQ
(YLGHQFH LQ ,RIHFWURXKGBPLVWU\ &RPPXQLFDWLRQV
6KXO * 5XL] & $ & BS5RFKHIRUW ' %URRNVE\ 3 $ ¢
)XQFWLRQDOL]DWLRQ RI *ODVV\ &DUERQ (OHFWURGH E\ 5HGXFW
ILTXCGHFWURFKLPLFD $FWD
.RQJVIHOW 0 9LQWKHU - ODOPRV . &HFFDWR 0 7RUE
9 3HGHUVHQ 6 8 'DDVEMHUJ . &RPELQLQJ $U\OWULD]JHQH
'HOO 'HILQHG $U\O 7THWKHUHG )LORX D@03 R WWHIH @ F HRIQ X Q | DK Hi






ODWpUIOHW@NKRGHYV

&H FKDSLWUH SUpVHQWH XQH EUgYH GHVFULSWLRQ GH |
XWLOLVpHYVY GDQV FH WUDYDLO GH WKgVH DLQVL TXH OHV G






/IHV WHFKQLTXHVY GH FDUDFWpULVDWLRQ pOHFWUI

ID VSHFWURVFRSLH GLPSpGDQFH pOHFWURFKLPLTXH ,(

&HWWH PpWKRGH GIDQDO\VH SHUPHW GfpYDOXHU OD U
GIXQH VXUIDFH (PROMGKERNMLVAWMH j VXULPSRVHU XQ SRWHQWI|
WULDQJXODLUH FODVVLTXH HW j REVHUYHU OD UpSRQVH HC

/IHV LQIRUPDWLRQV UHFXHLOOLHY ORUV GH OD PHVXUH \
SDUDPgQWUHV GI1XQ FLUFXLW pOHFWULTXH pTXLYDOHQW T
H[SpULPHQWDX[ 'DQV QRWUH FDV OH PRGQqOH GH 5DQGOHYV
GTXQH pOHFWURGH SUpVHQWDQW XQH GLIIXVLRQ VXU XQH F
SUpVHQWH FH FLUFXLW pTXLYDOHQW TXL HVW FRPSRVp

GIXQH UpVILD'WWQEEXPH j OD FKXWH RKPLTXH

GIXQH UpsiD/\WWQEEXpH j OD UpVLVWDQFH GH WUDQV
HW OD VROXWLRQ

GIXQH FOSDWIMWMPLEXpH j OD FDSDFLWp GH GRXEOH FF
GIXQ PRGXOH GYLPSpGDQFH GH :DUEXUJ © : 2 SHUPH
DX VHLQ GX V\VWqgPH

/ID UpVLVWDQFH GH WUDQVIHUW GH FKDUJH pWDQW GpSFH
pWDW GH VXUIDFH QRXV H[SORLWHURQV FH SDUDPqQWUH DI
GTXQH FRXFKH LVRODQWH UHFRXYUDQW OD VXUIDFH

7UDQVIHUW 7UDQVIHU
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J)LIXUH *DXFKH &LUFXLW pTXLYDOHQW PRGQgOH GH 5DQGC
FRUUHVSRQGDQW DX PRGgqOH GH 5DQGOHYV

/IH GLDJUDPPH GYLPSpGDQFH pOHFWURFKLPLTXH SHXW r)
GDQV OH SODQ FRPSOH[H GH 1I\TXLVW HQ SODo®@WHHV YD



RUGRQQpH )LJIXUH GURLWH &H GLDJUDPPH QRXV GRQC
5 DEVFLVVH | ODTXHOOH FRPPHQFH OH GHPL FHUFOH H\
57 FRUUHVSRQGDQW DX GLDPgWUH GX GHPL FHUFOH

/ID YROWDPSpURPpWULH GH FRXUDQW DOWHUQDWLI $&9

/D YROWDPSpURPpPWULH j FRXUDQW DOWHUQDWLI FRQVL
OD WHQVLRQ GIXQH WHFKQLTXH GH YROWDPSpURPpPWULH F\
VLQXVRWGDOH P9 HVW FRQVLGpUpH IDLEOH FRPSDUpH j

JLIXUH6LJQDO (1 W LPSRVp HQ YROWDPSpPURPpPWULH GH |

/JHV WUDYDX|[ GRQW HWXMRULVp OH GpPYHORSSHPHQW G1»
GpWHUPLQHU OD FRQVWDQWH GH Y LWL \GIHW WRID @I XQ
PTXLYDOHQW ORUVTXH OD FRXFKH HVW EORTXDQWH RX SDV
GHX[ UpVLVWH®PQFRRGHOLVDQW UHVSHFWLYHPHQW OD UpVl
UpVLVWDQFH GH WUDQVIHUW G H.A-KIPRG p@/L & B QAWM XHNSO G ¥
OD FDSDFLWp GH GRXEOH FRXFKH HW j OD SVHXGR FDSDFL
VHR2OHVW FRQQX SRXU XQ WDX[ GH UHFRXYUHPHQW GRQQ
FRQVLGpUpH FRPPH QpJOLJHDEOH $LQVL OH VAMWQPH FRPS
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JLIXUH &LUFXLWYV pTXLYDOHQWY ORUVTXH OD FRXFKH H



&HWWH PpWKRGH SUHQG HQ FRPSWH OH UDWLR WKpRUL
SDVVDQWH RX EORTXDQWH

,PSpGDQFH ORUVTXH OD FRXFKH HVW EORTXDQWH
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/ID PPWKRGH H[SORLW#kbkHQYXQW HH [ ULBV@ER IGH YROWLE
FRXUDQW DOWHUQDMERUUBXSIRQG WIXXMRXUDQW RDDIXPXP G X
FRXUDQW PLQLPXP REWHQX VXUHolDHVALDQH OB BRWH H&EXUY
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