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$ERUGHU SUpFLVpPHQW OHV OLHQ®%DRYWO Hp VOXG O THW HW @®@RGpOLVDWLR
QHXURVFLHQFHY QpFHVVLWHUDLW SURVLEXUWRRXRYUDIH VFWOQ®BpPFHYWYV FKH
LQWHUDFWLRQV VRQW QRPEUHXVHWHWP L®WIHWH UV OIPIHZH GRX&D PRGpPpOLVE
DYRQV GRQF G€ IDLUH GHV FKRL[ HWKHUPAKBDXBRYWRBRRDYGPYHQXV j GpFRC
DX[ H[SHUWV GH FHV GRPDLQHV GRPEROHIHV HRORMUHXHYHY LQVHFWHV |
H[HPSOHV FDUDFWpPULVWLTXHV FRPFRRPODGCGIQDMH RB® OFUNV CIHIOD FRQVWU X!
OHV LQWHUDFWLRQV FHUYHDX PDFRREEHERUWHPHR@WWOHY RSKLVWLTXpV
PRXYHPHQW QH SDVVH SOXV SDUWKXWQWGEHWRPPDQGH

PXVFXODLUH HQYR\pH YHUV QRWUH gﬁ*}&VFlgpéngﬁéowF&%v\V/VLHU QH PD
E

SDU OD SHQVpH FH TXL pwDLW GH Oé) }_/IF\}VW/QEU#LEW&R]Q_'%BQ H&FHV GD
DQQPHV  GHYLHQW UpDOLWp /HV FD é‘B"{PS/I%'é GDOV OH
SHUPHWWHQW GTDQDO\WHU OfDFWL Q dwBWY sql

UpSRQVHV DGDSWpHV DX[ GLIIpUH JVQ-I-I[I\OVHgEﬁKIII_'\W Hw
GIDSSUHQGUH &HV WUDYDX[ WURXYHOW OHYVN RS
GDQV OD PLVH DX SRLQW GH QHXDRSURWIKGY

i

UHVWDXUDWLRQ GH OD PDUFKH FKHL QH WFPLVng/ A DL FoRY  Fpsoe
UPFXSPUDWLRQ GH PRXYHPHQWV DSain XQu P FdG VoWl ooLiHQFH KXPI
GHOj GHV DSSOLFDWLRQV FOLQLTXHY, Y{Ue XPr 8RR R oSOk oW SDV WR>
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LOQGLVSHQVDEOH SRXU OfpWXGH GXpWU\?FI#lpF?( C?IB\%VH%LLHHO%U\}JDYIOOXVWUHC
GDQV FH GRVVLHU FRPPHQW GHYV Q%ﬁlf%%_ﬁp%\”ﬁ/ﬂ%%\(gﬂg&bwgv

LQIRUPDWLFLHQV WRXUDQJHDX[ RQW GpYHORSSp XOQ

RXWLO GYDQDO\VH GYLPDJHV REWHQXHYWHY GloV ¥ kKB Oc Q PgU-MPpwh/O HQ HVW
PRGqOHV DQLPDX[ /HV LPDJHV VRQWIBOBWOROPHVGNDQRBDY +LQDXOW HW
SULRUL DQDWRPLTXH /1,$ SHXW pJDBHFEHIWHAWH PRPRHESWRIOW UHQFRQ
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(GLWRULDO

SVI\IFKRORJXHV HW GHV QHXURSK\WRDAGDPWXWHW NMRQGRLYOHM PpULWH VDQV
QDLVVDQFH j OD 6RFLpWp GH 3V\FORSK\OVIDRERQWVH GHWD®BHRQ TXH VXJJIqUt
IHXURVFLHQFHV &RJIJQLWLYHV /H EXB\MQB/HOHFIKH—H[UJ‘FIKEXUSIQGD-IUWLFOH ] QH V

FHWWH 6RFLpWp j VDYRLU cﬁf UpéHQVh%RHMH H[SPULPHQWD(
IRQFWLRQQHPHQW GX FHUYHDX H \HY g oF RPEUHXVHY TXE
FRIQLWLYHV pWDLW GpMj DX F°XU %U I-IPSWFéﬁé rV\RJHGI—FQFRUH SOXV

FKHUFKHXUV HQ . $ TXﬂHOOHV VILQWpPUHVVHQW DX[ HQIDQ'
'DQV OD UXEULTXH QRXYHDXWp ODWSUBKLHOIHQRXSFRXNWY UHOOWWXGH  GHV
GHUQLQUHV GRQQPHV VXU OH WK DEDRSWHWHV VVIHX FWX EHY SURFHVV X
ORQJWHPSV GpODLVVpH FDU FRQVLG/MHUHHBERP PN VAQ G IPHUHQFHV SRXU
UHODLV YHUV OH FRUWH[ /HV SOXV RIpFH QNMH\VSPW KRB HEHAR GWBBIQDWPHYV  VF
TXYHQ UpDOLWp OH WKDODPXV MRXIBROQ'RLONM SRKERWAD QW #JISRXWG GH FH
QH SDV GLUH FHQWUDO + GDQV OHV*RRGHW XRQW VR Q pIIKR\§HYHERHEHQW X
FRIQLWLYHV ODWKLHX :ROIl QRXV H [SHFLRTPRD QXGHD W HRAQK/D @QRRVDP PHQW p WK L
HVW LPSOLTXp QRWDPPHQW GDQV OPSRALPRNBIN OWMVIEGROLERBRWPWLRQV HQ
FRPSRUWHPHQWDOH OD SULVH GHUKBRKHVER® VG DX WDH WLGLHHX VFRODLU}

IRQFWLRQV FODVVLTXHPHQW DVVRFI:L[‘)_QI-J(\(/ Dﬁ(\/FRH}Q/&\L STL%J'_\UE'Q\X)/\BQ /HWW UH

'H PrPH XQ FHUWDLQ QRPEUH GH SI PH\QWBQVQXYLU YRWUH
VRQW DVVRFLpPHV | XQ G\VIRQFWLRJ%QJI-bP va S b OWp pFULWI

7JRXWHV FHV REVHUYDWLRQV GRQQHQW QH D X UH |_ DJH G X
%RQQH OHFWXUH
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/ID SODFH GH OD QHXURSK\VLRORJ
OfLOQWHOOLJHQFH DUWLILFLHOOH

-($1 *$E/ %$5%%$5%

6RUERQQH 8QLYHUVLWpP &156 ,QVHUP ,QVWLWXW GH %LRORJLH 3DULV 6HL
8QLYHUVLWp 1HXURG638 3DULV )UDQFH

3HQGDQW OD 6HFRQGH *XHUUH PRQGLDOH SXLV O
DQQpHYV OH GpYHORSSHPHQW GHV UHFKHUFKH
ULVp SDU OJDVVRFLDWLRQ DVVH] QDWXUHOOH DY}
SV\FKRORJLH GDQV GLIIpUHQWY SD\V HW GDQV Gl
VHU TXDWUH H[HPSOHV GH FRQWH[WHYV SDUDOOQO
HW DX &DQDGD DILQ GH PRQWUHU GDQV FKDTXH
TXYHOOH SXW DSSRUWHU VRLW DX[ GHX[ GRPDLQH
PHQW

'"HSXLV OHV DQQpHV OHV QH FRROORLIKGIFMYW KRIPWWLFLHQ GX &156 /R
SURJUHVVLYHPHQW pWDEOL GHV UHODWBSRQV pQYRLDHY OYHWXGH GHV D
GRPDLQH GH OJLQWHOOLJHQFH DUMWMSRVH®OH HMW HFH FRERHDX KXPDL
FRQVPTXHQFH OD IRQGDWLRQ GIXQ BREPLYPH QGHK URFKXURQHSDUWLH PDW!|
LQWHUGLVFLSOLQDLUH IUXFWXHX[ H@QF RUHIR DF WKH O/RIOP\H @\W 1S P \BIORIQRJXH
GPpYHORSSHPH®WH SURSRVH LFL GpWXGLHW OHWQBEBRWK\VLRORDIOWWU :LOO
GH FH W\SH GH FROODERUDWLRQ j WUDY HUWQ FXDOWHWHHUHP SOXIY LPDJLQQL
FRQFHUQDQW GIDERUG OH IRQGDWHBHFWHRQDT XNVH UQPMELSTXHQ WLV VD JIH

IRUEHWWHU DX[ eWDWV 8GRPSHWQ&WDH OHV IDFXOWpV SVIFKLTX
FROODERUDWLRQ WUqV W{W DYHF GRHW QHXWRGEK\\WYMROOARI DMWWHW SRXU C
:DUUBQ@F&XOORFK 5DIDHO /RYHWQDWEHH BWMLYWH GH VIHQ LQVSEHUHYHDRA

HW :LOOLDP *UH\ :DOWBMWpPOHFWURQLTXHV
H[HPSOH SHUPHW GH PLHX[ FRPSUHQGQH Q fLOHN U DWUREPSUR[HASOH HVW |
TXJLO \ HXW DORUV GH UDSSURFKHU POI@ V& GHQHWE®ID GRQFASW h RQ EBH. W X (
GLVSRVLWLIV LQWHOOLJHQWY GH YQMEHMRROWLE®PUQWE O O LRINQAHD MW G D
DXWRJXLGpV SRXU DEDWWUH GHV DYERQVRRXWHVHMVOHY QWYHEW GH OD
OfpWXGH GH OJLQWHOOLJHQFH KXP DA@HH ORISS B PHTV R \F BSRIMHPQ A Y RUGL
DORUV j OfHQYLVDJHU HQ RSSRVLWLRQ DYHF OD SV\FKRORJLH

EHKDYLRULVWH SDU GHYV PRGqOHV %'E%SNJWK\\Q JA.M IQH\QRWDQW T

FIHVW j GLUH GHV PRGQOHV TXL Sy QL%%%FT'QHUF\?@%\%W%

VWUXFWXUH GH FLUFXLWYV QHXURQDX[ ORFDX[ HW OHV SURSULpWpV GH

SURSDJDWLRQ GH OfLQIOX[ QHUYHX[ $X FRXUV GH OD 6HFRQGH *XHUU!
/IH GHX[LqPH H[HPSOH FRQFHUQH OHP QWKPREBWWILKORIPYPWIHFDLQ GH JpQLFE
IUDQoDLV DRXEWXH TXL VILQWPpUGTVX@HDIXDUDQWDLQH GTDQQpPH IX
GpEXW GHV DQQpHV DX[ PDFKLQHGH MHEKXOKRKYHGMXWROD GpIHQVH DQWI
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UpDOLVDWLRQ GT1XQ GLVSRVLWLI pO HFSAYRQ@PROR FIDTSOHE OLHO GHHY B/U h @ R/pW H V \
OD WUDMHFWRLUH GTXQ DYLRQ RX GDHXHWRSKPHLRQRHPUWHW Q HWRXUQDLHC
GH OfDEDWWUH DYHF XQH EDWWHULHOREMWADYDWHRQELVWWE GXVEBRVYWDRK D
PWDLW FHQVp IDLUH OH FDOFXO H@D $OXSPHW GHNRQHHIVR GIRUXHYV GpY H(
RUGRQQHU XQ WLU GTXQH PDQLgqBRQWXNDVUHVPPHWEBODWHHY GDQV XQ
DXWRPDWLTXH VDQV DFWLRQ KXPDISOUNFK&RORIHDKH GIMOEODHVLRQV FRUWL
UpHOOHV GLIILFXOWpPV j PHWWUH DX YDROLGD WIQR @ HGHE L WEHRNK @ILT XHHW | G H
FRQYDLQFUH VHV VXSpULHXUV GH ODONBRPPEHLOLWpP UDSLGH GH VRQ
SURMHW :LHQHU VH FRQVROD HQ LPDVEQWQWW XpH DURHP ISQWMBWHF :LHQHL
UHSUpVHQWDLW XQH QRXYHOOH PO®XJBBK\8HRORIQVMMRLHW SV\FKLDW
OfLQWHOOLJHQFH 6D FRQFHSWLRQ IRQFWVRIHIH COOCHR G W GBTLpQWADHE®Q UJ HEH\H
DYDLW OfLQWpPUrW GIrWUH LQGpSHQEDQVRIYHVX |& U\PHROWL W XIf LpdY DFORQV W U X
TXYLO VRLW DUWLILFLHO RX YLYDQWPDQVqORUG H: LFHQH X LRQ/Y IpWHIFHDU R Q L T X
TXH VD FRQFHSWLRQ GfXQ FRQWORIHTXHQMWHOQDOXUHQW 'BEV OHXU DUW
FRPSRUWHPHQWY SRXYDLW VI{DSSOLUK&XOQRBKVHWOWURG VR CDOJIJXH 3LWWV
PDFKLQHV PDLV pJDOHPHQW DX FRP $RUWDW WP SRW DBQRD®HHGWLQLU GHV FR
OfpWXGH GH OD FRIJQLWLRQ KXPDLQHQHXURQH GDQV GHV VFKpPDV GH Up\
&THVW DLQVL TXH GqV 'LHQHU IRUPHOXQ &FH®XEp\GHD X[ FRQVWLWXDLHC
GLVFXVVLRQ GDQV OHTXHO LO LQW pJWUTD 68N UGHXWIRGW \ )V GRIRID ¥ WIHYHV GH
DILQ GH PLHX[ FRPSUHQGUH FRPPHQW VN NABRYVHANNH DNNAI allH

GH FRQFHYRLU OfHVSULW KXPDLQ 4 ta w (b) ﬁ
GLVSRVLWLIV DUWLILFLHOV LQWHOOI M‘ ;DU
OHV FRQQDLVVDQFHV OHV SOXV Ujg

VIVWQPH QHUYHX[ 3XLV GH WHOO
SRXUVXLYLUHQW GDQV OH FDGUH G
LQWHUGLVFLSOLQDLUHV GH OD IRQG|
&HV GLVFXVVLRQV DERXWLUHQW | O
SRXYDLW rWUH FRQVLGpUp SDU DQ
FRPPH pWDQW FRPSRVp GITHQWLWpYV
IRQFWLRQV SV\FKRORJLTXHV SUpFLV
OD YLVPH GTXQ REMHW OD UHFRQQDI
GI1XQ SD\WDJH SRXU GpWHFWHU OD SF
VFqQQH &THVW Oj XQH LGpH IRQGDPHC
pPHUJHD DX FRXUV GHV DQQpHV
EHDXFRXS SOXV WDUG SDU H[H
QHXURSK\VWLRORJLTXH GH OD UHFRQ
ODLV DX GpPEXW GHV DQQpHV ofl
PWDLW HQFRUH ODUJHPHQW K\SRWK]|
IRQFWLRQQHOOHV FRPPH OHV DLUHV
FRQQXHV

/IH QHXURSK\VLRORJLVWH DPpULFDLQ
HVSDJQROH GX FpOQEUH JURXSH GH
GHV GHUQLHUV pOqYHV GH 6 5DPyQ ®@ M®.=Mt-1)

_(b) N5(8).=.N,(t—1) v Nyt~ 1)
GHV GLVFXVVLRQV DYHF LHQHU (¢ xig= N1 Ni1)
GILPDJLQHU OHV EDVHV DQDWRPLTX (@ Ny).=Ny(t—1).~Nye—1)

WHOV PRGXOHV HQ FRQVLGpPUDQW VH (°’gs(‘t‘)”j:x‘g:;;';v;‘(‘i{‘l‘f’* a(t-2)
VXU OTDQDWRPLH GHV FLUFXLWY GH () Nym ~Nytot) Nyt —1)v Nyt—1).v. Ny—1)
SURSRVD TXH FHV PRGXOHV IRQFWLR  Nift—1).Nse—1)
VXU GHV © FKDVQHV IHUPpPHV GH QH X x::?j;jv’:’;f‘_‘zf"”““”"”3“'2""”“"2’
FIHVW j GLUH GHV FLUFXLWYV ORFDX[ (@) Nst).=.Nyt—2).~N,—3)
SRXYDLHQW DORUV rWUH YXV FRPPH ®N@®.=Ne-1).N(¢-2)
(1) Ny(t)=1N,(t—1).v. Ny(e—1). (Ex)t—1. N, (x}). Ny(x)
HW GH VWRFNDJH GJLQIRUPDWLRQV
SHWLWV © FHUYHDX[ pOHFWURQLTXH JLIXUH/HV QHXURQHV IRUPHOV GH :DUUHQ OF &

GDQV GHV IXVpHV PLOLWDLUHYV '"fXQ SRLQW GH YXH
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'DQV OH FDV OH SOXV VLPSOH XQ QHXUHQHILOWRYHRWHBLHQW DORUV VXU
TXH VL VHV GHX[ QHXURQHYV SUpV\QDISRQFWHRQDHOO KOD\H WRWWH FHVY VWUXFV
VLPXOWDQpPHQW 2Q SHXW DORUV GWUHVTERLQHGEGWMXWULPRQHWIXGHYV GTRUJL
FRGH SRXU OD IRQFWLRQ ORJLTXH ©OOYHF GDQW OBWEBWXUHDR GHV VpULHV
VRQ HIFLWDWLRQ UHTXLHUW FHOOHV OHY QHXWLWRAHWVIGE® FHHYXYHOHW
&HWWH UplOH[LRQ VH SODoDLW GDQV OD SHUVSHFWLYH
SKLORVRSKLTXH GH OD ORJLTXH £ RECHERCHES QUANTITATIVES

OTDOJQEUH GH %RROH SRXU IRUPDOIlgyp { pycITATION ELECTRIQUE DES NERFS

/IHXU EXW pWDLW GH IDLUH FRPSUHC ]

QHXURQHV SRXYDLHOW HQ SULQFL:S TRAITEE COMME UNE POLARISATION

ORJLTXHV RX GHV RSpUDWLRQV VXU ( (Deuxiéme mémoire.)

GIDFWLRQ GH OD PrPH PDQLQUH
POHFWURQLTXHV TRXWHIRLV OfLG
SRXYDLHQW FRGHU GHV LQIRUPDWLR

OH QHXURSK\WLRORJLVWH 3UL[ 1REF

]
; sation 3 PP,
i On a été amené bien souvent i prononcer le mot de polarisatio? %o
OfDYDLW GpPRQWUp j OD IL de excitation électrique du nerf; mais la notion est restée Vﬂé’““uq

DYHF OH FRGDJH GH OﬂLQWHQVLWpN:nxsr',quienadonnéuneconception basée sur la chimie physigu®
IUpTXHQFH GHV SRWHQWLHOV GTDF\ ) Y

QYHUVHPHQW GHV WUDYDX[ FRPPH r=vi (1- ) ¢

SLWWV DERXWLUHQW j OD FUpDWLRQ JHV SI
GHV UpVHDX[ GH QHXURQHYVY DUWLILF + i

Par M. LOUIS LAPICQUE.

/IRXLV [/DSLFTXH VRQ PRGgOH GF
OTLQWHOOLJHQFH DUWLILFLHOOH

/H QHXURSK\VLRORJLVWH 1UDQoDL Fic. 1.
SURIHVVHXU HQ 6RUERQQH QH SDUWLFL SDXUXHLARG b H 6 MV GIHPXHQGH DX /DSLFTXH
GpYHORSSHPHQW GH OfLQWHOOLJHQFH DUWLILFLHOOH ORUV GH GHX]J
RFFDVLRQV WUQV GLVWDQWHYV &THVV 8Y§W | SUPVH QNS LIFRIXGH GTLPDJLQHL
SXEOLD XQ PRGqOH GH QHXURQH DVVBXVDRWOSXGU WD © ULMFIMq BWHY HPRGqOHV S
GpFKDUJH 2 VHORQ OHTXHO XQ QHXSRUBOSHXOWVpPMMWAWVYRQX®RGgOH GH QI
SRWHQWLHO GIDFWLRQ WRXW RX ULPOLG@q@TIRBIVRBUS RWHDWHWH Y RAHWHV
EDVH DXJPHQWH DX GHOjV GI1XQ FHWWDLEQWHXYXV FIHSWEEQHY GH UpDOL
YLIXUH &H PRGQOH pWDLW E&ERJIMpIODXUBPIHQXWOLQUHQW PDOKHXUF
PpFDQLVPH GH PRGXODWLRQ GH OfHPRMNDREILGIMVHXE XL BIHKQURIDWH GH VWU
HQ IRQFWLRQ GTXQH H[FLWDWLRQ GHLRBAPW rWiHIMV jTEIDKNFOQEO BDHMIM WKp
GH GXUpH LQILQLH ,0 pWDLW SUpPRXIWRDON MWD ERXOYH FHRYARYOWHEH GH
SRWHQWLHO GIDFWLRQ WRXW RX ULH®@MVORFRHOHFBIBW GH SRWHQWLHO GH
UHSRV pWDLHQW HQFRUH WUQV K\SFPBWKpWWWH VFROFODFHRY DWH-ERRQ HQWUH
TXIDXFXQ HQUHILVWUHPHQW pOHFWQQRBEKRXMLIONR SIDNK 15 DWQMW O3V DQQpHYV
QHUIV QIDYDLW SX HQFRUH pWD\HU NMXV FRDIFMHEWXO K OHRRIFHWDRI@/ LILFLHOO
QH PHVXUDLW TXH OfHIIHW GHV VAMDSERXOBM LIKONV TERQWHXVRXL XWLOLVp
SUHVTXTH[FOXVLYHPHQW HQ PHVXPBHOWSHFW QYWHHGWLMUPHEHEIHY UpVHDX]
FRQWUDFWLRQV PXVFXODLUHV LQGXDS8BRY¥ORH FIRSPOU®D WLROWDV\PEROLT)
ODUJHPHQW RXEOLp SXLV LO VHUD URUBHRRYHQWHIOW LIWQSA HV p/ Hs DVDX\F Fq V
OH GpYHORSSHPHQW GH UpVHDX[ GMLBHIXURIHYV GV IOHNL HDO\R p HV |
XWLOLVDQW FH PRGQqOH SRXU JpQPUHBRS@RHHO JERRMAHD EQIMNYFIEH EDVH |
DUWLILFLHOOH QHWZRUNV @ GH 5 )LW]+XJK - 1DJXPR
$X GpEXW GHV DQQpHV IDSLFTXBXERRPHPHOP GWVGH FRQVWUXLUH MXV
GLVFXVVLRQV DYHF OH PDWKpPDWEEUR®LWYDKDOxIDEOHRXEN FRPSRUWHPH
&RXIILJQDO VSpFLDOLVWH GX FDOFXX® RIRIIVT GH VHIX IV DQBBGIEH FDOFXO
PDFKLQHV j FDOFXOHU &H TXL OHV LQWpUHVVD DORUV IXUHQW OHV
DQDORJLHV SRVVLEOHV HQWUH OD VWUXFWXUH GH FHUWDLQHV
PDFKLQHV HW OD VWUXFWXUH PLFURVFRSLTXH GX FHUYHOHW 7RXV



+LVWRLUH GHV 1HXURVFLHQFHYV

/IH SVIFKRORJXH YLVLRQQDLUH .HQQG&LWISR&WWLNYV HVQ WHXOLIJHQWY DUWLIL
WRUWXHY LQWHOOLJHQWHY GX QHXORfWNXERG@GH ODWHRIQQW@LRR® KXPDLQH

*UH\ :DOWHU HW FHUYHDX[ GH OD PrPH PDQLqUH

&HWWH KLVWRLUH FRQFHUQH opvYRGN WRY%””ﬁﬁ DORUV GH FRQVW!
QHXURSK\VLRORJLVWH :LOOLDP ﬂﬂﬂ'%@%ﬁ@ %%ﬁﬂﬂ¥ EWOH*PRXYRLt
j OD ILQ GHV DQQpHYV VHV Fp %%HP\,EM DSDEOHV GfDSS

POHFWURQLTXHV 2 )LIXUH FDSDE&$&%ﬁ1W%VWE*QRYBXP#dQD OTLPSRUW
XQH VRXUFH OXPLQHXVH SKRWRWUR¥PV$ FERD ok QHXURSK
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VWLPXOL FRPPH GpFOHQFKHXU Ve xROVERRY o p e REN GRVTHC &UL
DSSUHQWLVVDHiSDUFRQGLWLRQQ i Mmﬂi%%?% ﬁﬁﬂNT%g WUDJLT?
FHV © DQLPDX[ DUWLILFLHOV @ DSsDUW!S gBW RRpxy¥l :POYY SRXUVXL
OfKLVWRLUH GH OD QHXURSK\VLRORJ Lm wRPHEYLTY HLqiﬁéﬁjR{QWHKUHHVV
GHOﬂLQWHOOLJHQH4DUWLHFLHOOH VR HﬁﬁUP bQQUpRlQ R 8
ELHQ GHV PRGqOHV sK\WLTxHV GxSPRE EWTQ%&TBﬁ JORPHV VHV'DF
SDYORYLHQ DYHF OHTXHO *UH\ :pow R BN WYL WY YBPY6 P 5Lé) é gXYHUW
OHV DQQpHV TXH OD UpDOLVDIWIRGIVLHRAW Q4H B RV CPPRQVWUDWI
5DULV GX &156 GH V.

GLVSRVLWLH/pOHFWURQLTXHVLQWHB%??(ggv
/HV UpDOLVDWLRQV GH *UH\ :DOWH U WU
GLVFXVVLRQV DYHF OH MHXQH SV\[
.HQQHWK &UDLN UHQFRQWUp SRXU
UHFKHUFKH PLOLWDLUH DX FRXUV
PRQGLDOH 7RXV GHX[ pWDLHQW DOR
DXVVL ELHQ SDU OHXUV GRPDLQHV d
TXH SDU OD PLFURPpPFDQLTXH HW Ofp

POHFWURQLTXH FRQVWLWXDLW DORU \
FRXUDQW SRXU FHUWDLQV MHXQHV V

ODLV DXVVL ELHQ SRXU &UDLN TXH
© KREE\ 2 VH PRQWUD ELHQW{W GYTXQ
OHXUV GRPDLQHV GH UHFKHUFKH UHV
DVVH] LODWWHQGXH (Q HIIHW *UH\ :
GDQV OfpWXGH GH OfpOHFWURHQFpS
DQQpHYV HW VHV FRQQDLVVDQFH
OYDYDLHQW LQFLWp j FRQVWUXLUH X
XWLOLVp SRXU OfDQDO\WH GHV pO
&THVW DLQVL TXH VRQ DQDO\VHXU pd
UpDOLVDQW XQH VRUWH GH WUDQVIH
WRXWHV OHV GL[ VHFRQGHV OXL SHU
XQ U\WKPH QRXYHDX TXJLO TXDOLILD
OfHIIRUW GH JXHUUH *UH\ :DOWHU F
FHW DSSDUHLO TXL SRXYDLW rWUH
PLOLWDLUH SDU OfDQDO\VH GHV VRQ
HQQHPLV
&UDLN UHQFRQWUD *UH\ :DOWHU SRX|
VRQ DQDO\WHXU GH IUpTXHQFHV VXU
XQ GLVSRVLWLI GH YLVpH HQUHJILV
GIHUUHXUV GH WLUV GYDUWLOOHXUYV
SV\FKRORJLH DSSOLTXpH DX WLU GDC
pJDOHPHQW VHV WDOHQWYV GH FRQV SSeeSE 2o
FRPSOH[HV (Q PDUJH GH FH WUDVYDIO HW GNDOV XOH

SHUVSHFEWLYH WKpRULTXH HW SKLOE JLIXUH&RXSXUHV GH SUHVVH PRQWUDQW *UH\

WRUWXHY HQ GpSODFHPHQW GDQV VRQ VDORQ
XQ SHWLW OLNKWHRDYWUWXIPH[SOL 5\ cpovwi wXWLRQ GIXQH WRUWXH GH *UH\ :D

H[SOLTXDLW GDQV FHW RSXVFXOH F wWUDQVSDUHQWH SRXU PRQWUHU OD PpFDQLTX
PrPH PRPHQW FRPPHQW OfpWXGH Hw UV FRUVWUAXAFWLRY GUH

GH L
%%&Hﬂﬂ?ﬁﬁY%m5xpDLQHa




+LVWRLUH GHV 1HXURVFLHQFHYV

/IH SURMHW GH WRUWXHV GH *UH\ :DOWEHU GHXW XARXPRYUWEBEHVYLW VXU O
DSSDUWHQLU DX[ DVSHFWV OHV SOXY\ :D®OMFIALD MHYDBURQSUHW URERWYV [
PRQGDLQV GH OD SUHVVH VILQWpUHVEGBRQW VRORUY UHQODG pOHFWURQ
F\EHUQPWLTXH &HSHQGDQW LO HVW&BRONVREDH VG XPDHXY OTLPDJLQDW
FRPSUHQGUH OHV PRWLYDWLRQV SORXLSGRMRIOQGIPD OGH L*OB\SUHVVH VIHQ
:DOWHU HW OD SODFH TXH FHV WRWDXYWH WIWH @ Q HMW WIDL@QW WHWK UR SK\V L
UpIOH[LRQV OLPLWHYV GH WHOV PRGQOHV LO QYHC
*UH\ :DOWHU pWDLW DYDQW WRXW X@RXNXFHROROAIPDXEPUWIOLFIWHOV FRQ\
GIpOHFWURHQFpSKDORJUDSKLH HW HQVWWH\WD GBXURIBK\UDPORVHN HW Of
GHV PpOHFWURHQFpSKDORJUDPPHV BBDVYLVGHV DGRYVSRMVLVBIPISSORLHPHQW GF
POHFWURQLTXHV DXVVL ELHQ HQ QHXWREGRJIQH WXIH G S VIFEREDNWRQW FRPPH
ODLV *UH\ :DOWHU VIpWDLW pJD OHPRHRW HYU RPCHPPHHAFWRORILTXHV  HW
LQWpUHVVp DX FRQGLWLRQOURYH QN \8ERIORMDHQGLVSRVLWLIV DUWLILFLHOV
DYDLW HQ HIIHW pWXGLp HQ O TARIGIGD IGH/ DDYJKNYRMH) VOWU YLYDQW  &H
OYDSSUHQWLVVDJH SDU FRQGLWLRQYMRWQOW ) GSFOPVEUEG QN LIGPHUM EOHPHQW
XQ pOqYH GH 3DYORY ,0 VIpWDLW D QIRWV XTI U HW Kl B W FFKKHUIM. HXF V@ IH O O H V
OD W\SRORJLH GH 3DYORY GHV © WHRS WO E RWHYFHBY WKILHFQWO OH
XWLOLVpH SRXU H[SOLTXHU OHV GLIIpPUHQFHY GDQV OHV UpVXOWDWYV
H[SPULPHQWDX[ &HV DVSHFWV SV\FKRORJLTXHV GDQV OfpWXGH

GX FRQGLWLRQQHPHQW DPHQqUHQW /$l0X¥ BWYWE BEOMN V OWRXURQHYV 2 GH
HQYLVDJHU OD SRVVLELOLWp GIXO\WL\OWVHWW P &1t O EWDRIHG AW OTLQW

SKDORJUDSKLH SRXU REMHFWLYHYe i \GY oBL|RFHQRH b Qo pHY x|
LQGLYLGXHOOHV *UH\ :DOWHU HQYAYBHBHRHBIERESID QR Y%7 RN YRADUDOE pDW.
FRUUPOHU DYHF OHV FDSDFLWpV GIOSSHYQWKYVDIE G ik @D WL OWMxLw G
'DQV  FHWWH SHUVSHFWLYH LO N n BRPSYHRGEKOV VXU OH FR
WKPpRULTXHPHQW FRPPHQW GHV GLIIpEitQFlyxl QA UL QGL YEGE KO OHY L owH o
GIDSSUHQWLVVDJH — SRXYDLHQW = DYRIFY rdRhY%H ARSHPYRPRYWDOoLVWH +HI
POHFWURHQFPSKDORJUDSKLTXHV 3RXY YIHRGFRANMUHLUXEP Ho FDOD:
UpDOLVD XQ PRGQOH WKpPRULTXH QHXURSK\¥kBRRIOIKHXL UpYROXWLR
GIDSSUHQWLVVDJH SDU DVVRFLDWIRG HEPMPXHY XYo SWEKRORIXH FOLC
FRQQDLVVDQFHV ~ UpFHPPHQW  DFTXYH¥pwPBERYV sUPVHW SRvw RspuDwWrF
QHXURSK\VLRORJILVWHYV VXU OHV YRULHY JLKOARARRFBRHWALR AT ¥ PHYH supv
DQQpHV $LQVL LO IXW HQ PHVXUH:-GHSHRAREBY TXTLO pwDLW

HQ SULQFLSH SRVVLEOH GYHISOLIXHY H\wHY pBEVEW XREXQ spwLHQW |
GIDSSUHQWLVVDJIH SDU GHV PHVXUHY SKIMLRABIL BBV HOWKW GHV SHUIRL

,O HVW DORUV SRVVLEOH GH PLHX[ NRPBSUHBSWH T OO BHWXOMHRQ SUp RS
WLHQQHQW OHV WRUWXHV pOHFWURQ@HYXHRREGHOHW \W K oRWHU XGHD\Q \P OhF G HV
GpYHORSSHPHQW GH VHV WUDYDX[ GRSORSXKPHIVRCRIQYXIPWYW RPPRLUH HW
VHPEOH HQ HIIHW TXH *UH\ :DOWHU DH M QURTXKDAL WIH VG REVHWY ROHRQV ,0 OX
IRUPH PDWKpPDWLTXH j VRQ PRGqOH OHK BAAISKMWH RO RIA T XHIDFFHSWDLW S
GYDSSUHQWLVVDJH PDLV TXJLO \ UHRQRJbODHFHUDRDPRY GHERRIPVVHPEOD
PDQTXH GH PDVWULVH GH®LRPADWXH P DBWROXMWNRRY HQ DGRSWDQW GHV PRGQqC
PDWKHPDWLFDO UHSUHWH QMRDWIXRIY BWQRWHOD FDSDFLWp GTRUJDQLVHU OH
:DOWHU UHSUpVHQWDLHQW DORUWaMJV pREYOHPDIEROHY )LIXUH &
PDWKpPDWLTXH PDLV SK\WLTXH FHOROJEYKQP Roa®d IGHPI®PD © VIQDSVH GH
GYDSSUHQWLVVDJH GRQW RQ SRXYD&W PREXOHHGH| VO®D BR/[H/ UBIISYWPVHQWDL
SHUIRUPDQFHYV HW OHV LQGLFHV GH IFREFWLRESHFPHIIW pOIH FAKD v THUPD
2Q FRPSUHQG SDU Oj FRPPHQW OD REHQWIHWGHKHYHWCTOXRNRH PDQLqUH Gy
FRQVWUXFWLRQ GH PDFKLQHV VAHYVRORIBHVEDHPD IR GX ;,;H VLgF(
QHXURSK\WLRORJLH WKpRULTXH j XQMHXRQEH) WHXSy 8D pFRFRQEHVRQ PRGqO
WHOOHYVY UHFKHUFKHYV FRQGLWLRQV SUpFLVHV FRPPH GDC
(Q )UDQFH OfLQJpQLHXU HW MRXUQDORE&NAHORGEKH BW ' BEWREY  'DQV OH PF

GH OD 6RFLpWp IUDQoODLVH G186 RWIFKIEGHXW CHWQIEW\QDSVH pWDEC
UHTXpUDLW OD VLPXOWDQpPLWpP RX SL
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&RQFOXVLRQ

&HYV TXDWUH H[HPSOHV GpPRQWUHQW
GDQV GHYV FRQWH[WHY VSpFLILTXH
SK\WLRORJLVWHY RQW SX VILQWpUHVYV
OD F\EHUQPWLTXH j XQ QRXYHDX PRG
OHTXHO OfpYDOXDWLRQ GHV FDSDFLW
LQWHOOLJHQWY RX GH PRGQgOHV IRUF
WRXWH VD SODFH GDQV OHXUV UHFKHL
&H PRGH GYpYDOXDWLRQ pWDLW HQ |
JLIXUH &H VFKpPD LQGLTXH OHV PRGDOLWRXLEHFWIRHRY cx®ROLFDEOH DX YL
© DVVHPEOPH GH QHXURQHV 2 /D ILJXUH PRJVRIHIBOLVDIRKRY GX YLYDQW RX VD P
QHXURQHV OH JURXSH $ % & HW OH JURXSH 'JH &@R)@‘?‘H[O]@PIX/SHYRQJ“PHV GTRUJDQLV
QHXURQHV VRQW ORFDOLVpV GDQV OH FRUWHb%MQEFtIF_-\{\_IHId—WV F%gggv EEYWPY SBYHCEY PRG

PrPHV DIIpUHQFHVY VHQVRULHOOHV PDLV SDV
VIQDSVHV VRQW UHQIRUFpPHV j OTLQWpULHXU @A*rVKéB&Gé'LPﬁnQ/WLYR@s'ﬂVOSWVOVDRU GH OD
UqJOH VXLYDQWH RQ SUHQG LFL OTH[HPSOSUPAAH QMDMOLR G BXSKH g GX JUDQG SXE

QHXURQH $ H[FLWH OH QHXURQH % DORUV TXH®H @XUSHPG Vophv W X PO HAHSH OD SHC
H[FLWp SDU OfDIIpUHQFH VHQVRULHOOH DORYY, @8%\BWWLFRWXY'5U§#%Q{;%L‘-FR VRQ FKHI

&HWWH UqJOH H[SOLTXH OD FRQQHFWLYLWp

QHXURQH $ % & HW ' () 'DQV FKDTXH DVVHPE!)I'pQ%?MEL%WLKéléﬂQ&L\ﬁI&H TXH OD F\EH!
QHXURQH HQJHQGUH FHOOH GX FLUFXLW WRXVGHQRIRHXY X [0 Ri@H QM HG Ho OMvAV SU L\

DORUV SRVVLEOH TXH OHV GHX] DVVHPEOpHV|D?p)(@V\R|@\Q|1.pQ\/ F@ ERUSR MHX®W OH FRQFH

VI\VWgPH RX XQH VHXOH JUDQGH DVVHPEOpPH Eﬁ\bgb)@éﬁHVG Q@ X(d HVSULW SURJUH\
VILO \ D UHQIRUFHPHQW GHV VI\QDSVHV LPSOLTXDQW QFHV " HOWUH HV

GHX[ JURXSHV GH QHXURQHV TXL VRQW ILJIxUptW H%ﬂ%(?@wfcpcf%%‘qw'bs% %QOOQOH LO |
FUpDWLRQ GH GLVSRVLWLIV DUWLILFL

SHWLWH IHQrWUH GH WHPSV GTXQ LQWDXGUDSQBPOSWLEXNH LIMSGRXSQHUH EH
GpSRODULVDWLRQ SRVW V\QDSWLTXH X&VOMHMW \HRRPSHOUXGIDVBHMMXUH H
XQH VRUWH GH FRQGLWLRQQHPHQW $FRVYPRIYEHQD PVWF BE @RXH CGEAKRHQW GL\
VIQDSVH VL OTRQ LPDJLQH TXTXQHDNNMLW\DDNDR® UMAQ DB IGTXHKVLRQ GX Y
LQFRQGLWLRQQHOOH pWDLW QpFHVEDIQWHO S RYHX URBKXR QDGR HIUH PRIPPH Ol
QHXURQH SRVW VIQDSWLTXH HW TXHO PAW[LFLUWDWLRQ SR PRWEOHN LQIRUP
FRQGLWLRQQHOOH pWDLW UHQIRUFpH RPERUIVWMPRIXQWND Q@ 4 XUPHG BB GLHPUH T
VWLPXOXV FRPPH OD QRXUULWXUH HWQWW NVRRHAW ODHORBKKRURYVFLHQFH\
FKLHQ GH 3DYORY &H VFKpPD GH UH QKR GYMHPHRW O® B SDVUMW XILFLHOOH

GH +HEE HXW HW D HQFRUH XQH SRVWpULWp LQFUR\DEOH FDU LO
GHYLQW GIDXWDQW SOXV SRSXOD
QHXURSK\VLRORJLVWHYV TXfLO DQW
GILQVWDXUDWLRQ GH SRWHQWLDOLVDWLRIPQHWVGH GpSUHVVLRQ j ORQJ
WHUPH GDQV OHVTXHOV RQ UpDOLVH %QuDr9Db\bdPH QW GHURHM - - &KHOC
GHX[ W\SHV GH VWLPXODWLRQ SRXU*R‘E'WH%LDU XQ&BQQ*WU@WPW@WWHFLDO G

GV*WKH 'EDJQRVLV RIFTHXURORJLFLI
VIQDSWLTXH j ORQJ WHUPH YLHZ 6HQVRUV

ODLV DX GpEXW GHV DQQpHV Fidre4b®RPD: 6GHoc sLwwy 3$ IRILFD
UHQIRUFHPHQW LQWPpPUHVVD GHV LQJPRPIOHRWY \LQW UDWRE Y G OVDLY WV\F KTHH %XOOHV
%0 HW TXL WHQWQUHQW GH OYLQVWDQFLHU GYHQ FUpHU XQH
QRXYHOOH LQVWDQFH XQH QRXYHOQUZEHWHYaULY ~ETaY I ERkHI 0 uLY oY
VFKpPDV GH GLVSRVLWLIV DUWLILFLHOWGFHDSSWER®MHMLE HpEWRBNHU GHYV
LQIRUPDWLRQV GDQV OHXU SURMHW GHuUBUPHU: XQ RUGH QDWHXHI (©0DQDWLF
HITHW OHV PRGqOHV GH QHXURQHV GHWAKHEEVRX DVVHPEOpPHYV

GH QHXURKGI® R X QHXURQDICR)DUVQIHLPI-EE(Q)WHN‘%DOWHU e ERQGLWLRQLQI 7KHRULI
SULQFLSH GIDUFKLWHFWXUH GH UpVvHDORT B EHx S REHAVETRU PH VU °

VWRFNDQW GHV LQIRUPDWLRQV VRXV QRgERUBH G oY pyd X &R 1 nkoyLRU
QHXURQHV LQWHUFRQQHFWpPV SRXYDOW B KRRON QW MUSRQY FHUWDLQ

SDWURQ pOHFWULTXH VIQFKURQH +HEE ' 2 $ WH[WERRN RI 3V\FKRORJ\ 3K
% 6DXQGHUV &RPSDOQ\

aNAN H K H () H]
MHDQ JDHO EDUEDUD #VR



/ID IHWWUH GHV 1HXURVFLHQFHV Qf

Sodoeisété

Neurosciences
+LVWRLUH GHV 1HXURVFLHQFHYV

+LVWRLUH GH OD 6RFLpWp GH 3V\I
HW GH 1HXURVFLHQFHV &RJQLWLY

7+20%$6 +,1$8/7+(15,48( 6(48(,5%$85¢e/,( %,'(7 &$8/("
$11( &$&/,10%$5,( *2027137+$/,( *(25*(
0$5,( +e/E1( *,$5' 0$57,1( 7,06,7 %(57+,(5

SPNC

Société de Psychophysiologie
et de Neurosciences Cognitives

8QLYHUVLWpP GH &DHQ 1RUPDQGLH ,QVHUP (3+( 36/ &+5 GH &UHQ -, 5 &\F}
1,0+ &DHQ )UDQFH

8QLYHUVLWp GH /LOOH &156 805 6&$/DE '((3 1THXUR 9LOOHQHXYH GT:
$L[ ODUVHLOOH 8QLY ,QVHUP ,16 ,QVW 1HXURVFL 6\VW ODUVHLOOH )UDQ
8QLYHUVLWp &ODXGH %HUQDUG /\RQ ,16(50 &156 &HQWUH GH 5HFKHUFKI
805 %URQ )UDQFH

8QLYHUVLWpP GH 7RXUV ,16(50 ,PDJLQJ %UDLQ DQG 1HXURSV\FKLDWU\ L%U
6RUERQQH 8QLYHUVLWpPp ,QVWLWXW GX &HUYHDX 3DULV %YUDLQ ,QVWLWXW
+{SLWDO GH OD 3LWLp 6DOSrwWuULqUH 3DULV )UDQFH

5HWUDLWpPH 8QLYHUVLWp &ODXGH %HUQDUG /\RQ ,16(50 &156 &HQWUH (
&51/ 8 805 %URQ )UDQFH

/I DERUDWRLUH GH 3V\FKRSK\VLRORJLH &RJQLWLYH $SSOLTXpH )DFXOWp GH

Z}r Ev] E us pE-

/D 6RFLpWp GH 3V\FKRSK\VLRORJLH HW GH 1HXURYV
DX IRQFWLRQQHPHQW GX FHUYHDX KXPDLQ HQ OLF
DUWLFOH UHWUDFH OH FRQWH[WH HW OHV RULJLQ
MR XUV

'H OT(OHFWURHQFpSKDORJUDSKLH
VLRORJLH

/HV UDFLQHV GH OD 631& UHPRQWHQ
OfpOHFWURHQFpSKDORJUDSKLH ((*
GPpFRXYHUWH HQ SDU OH QHXUR
%HUJHU HW G X WUDLWHPHQW
POHFWURSK\VLRORJLTXHV DYHF GHV
OYDSSOLFDWLRQ GH PpWKRGHV PDWH
VRSKLVWLTXpHV /D 631& D DFFRPS]|
WKpRULTXHV HW PpWKRGRORJLTXHV
TXH OHXUV DSSOLFDWLRQV FOLQLTX]|
30XV SUpFLVpPHQW OHV WUDYDX
SHUVSHFWLYH VFLHQWLILTXH GH OD

SDU $OSKRQVH %DXGRLQ )LIXUH ,00XVWUDWLRQ GIXQ GHV SUHPLHUV pO
JLVFKIJROG -HDQ 6FKHUUHU *UDVV PRGQqOH &

1'/5 /D 6RFLpWp GH 3V\FKRSK\VLRORJLH HW GH 1HXURVFLHQFHV &RJQLWLYHV HVW XQ FOXE |
KWWSV 7Z7ZZ QHXURVFLHQFHY DVVR IU FOXEV VFLHQWLILTXHYV
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$0OIUHG )HVVDUG QHXURSK\\OSRO/RYLWPBM HW RAKKHIHY HW OHXU FF
GH ILOH GHV QHXURSK\VLRORJLVWHVO BSRPRH @ RGHRAD DQHP H\WQ S RW EBRQRIpH
HW OfXQ GHV IRQGDWHXUV GX QRKVHBYWGERPRUGH VEBMV OD SUpVLGHQF
QHXURVFLHQFHVY HW GH Of((* | OD VOXHW B RPEADHOW Bh\H DYDWFpHY TXL VRQW
QRWHU DXVVL TXH )HVVDUG FRQW U L EXMURI VD YOHR + P RQRDQENVPHR/Q VRXV MDFI
SVI\IFKRORJXH IUDQoDLV HW O XQ GRXVHARQIDUWHHNWVOIEW PEBBGXODWLRQV G
SV\FKRORJLH VFLHQWLILTXH HQ )UDGHHFRQIILWURQQHRBQ®VXQ*LOEHUW /I
GLSO{PH QDWLRQDO GH SV\FKRSK\VLBORJHM\VGHW j OD )DFXOWp GH OpGHF
'DQV FH FRQWH[WH OH SUHPLHU RFRQGDYWHX QW HYQHD WQRWPOL6(50 ,0 D
GIpOHFWURHQFpPSKDORJUDSKLH D HXjOSHEFGYWU OHM GOWNWM FXODULWpPV |
DORUV TXH OH GpYHORSSHPHQW GH PHDXWHLQRK Y HO O\W DWBEWQLTRHQVL (
HQ JUDQFH SUHQDLW GX UHWDUG SD QHMBERBRRIMH ®DK$ SHDRY @WDORY GHV WU
VD[RQV *UDQGH %UHWDJQH HW 86%fRS&SRWHWDUBX[H¥RQFHSWLRQV SV\
QRWDPPHQW j PHWWUH HQ UHODWLRLY XDBIKHWF /B DEMQWHWPY QRX 3( VRQW |
OJLQWURGXFWLRQ GHV RUGLQDWH XUWWH\GDQVQDKY S RIUDWP R HVQ GiHY pQHP HC
UHFKHUFKH HQ QHXURVFLHQFHV 7R X W@V RLDQ V& HXH POSIRELRHUD W R LAY j OTpFK |
SLRQQLHUV RQW VX GpSDVVHU FHV GUPSFWO WSHO/X 8 RM X UG/p YRIOR SGH UTXHO T X |
OYXVDJH GH Of((* FHOXL GX SURIHVRHXQLBQWRLMHKGBpPRAG DYHF OHV pV

IRQGDWHXU i 3DULV HQ GXvUDDBRIPHOQRLGH OTLQIRUPDWLRQ HV
GT(OHFWURSK\WWLRORJLH HW GH 1HX8RFK\FERYVRROR $ISFECRTRQMLM/ LY H
(1% HW OH /DERUDWRLUH GH I1IBXURSKIMVROBROXN OH WKgPH FHQWUL

([SPULPHQWDOH HW &OLQLTXH IRQGPOTXMOTIXWVDDRQPYHFHS®OXYFLVHU OTXVI
WDUG SDU OLFKHO -RXYHW SURIHVVHMWDSEpALBOQWW BHGXXWR PRNLORWHQW L
i \RQ SHUPHWWDQW GH GLVWLQ JXQHRW PDBEXR Q
A4XHOTXHV DQQpHV SOXV WDUG HQ FHWK MHQOBHW HQXRQHOHWDQW GH OD
VFLHQWLILTXH LQWHUQDWLRQDO | /GRXEGMNQBLEIRHW \PRYX[FRPSUHQGUH
SUpPVLGHQFH GH :LOOLDP *UH\ :DOWHBR3QRQYQLHKXEBHY (PpFOHQLVPHV FpUp
QHXURSK\VLRORJLVWH EULWDQQLTXMN DFWY&IDAPRIH JEQHWGH RODNVULEXHU
GpFRXYHUWH GHV RQGHV GHOWD U\WXPW HlpQWEWYD @ XWQRD R EVTIHUHMP HW SV
HQWUH HW +] HW WKrwWD U\WKPH BJUGEQMWL REDMLRY HOMMJHPDUTXHX UV
HW+] DVVRFLpHV DX VRPPHLO ,0 pWRIQW A XMWYWREQ QX WDKPW FFHXWLTXHV
FROORTXH GTXQ 3RWHQWLHO (YRTXpHVS(pHVSPARQIWTUOMHWIGDQV OfKLVWR
YDULDWLRQ FRQWLQJHQWH QR QDWLRYBR®UROH BSREW GHV PpWKRGHV GTH[S
1HJDWLYH O9DULREWIHRIYY VXU OHV GPOFIFUWUIRIBHNXPDLQ MXVTXYj FH MRXL
DQWpPULHXUHV HQYLURQ + PV DYQqV O/ §UpHBRIEHWER Q@ UDYDLO HW (
GIXQ VWLPXOXV LPSOLTXDQW OD SURPISD UPRWPISRRY [ QUOHY GWBUGLLR'GIV GHV S
YLIXUH ODQJXH IUPRUWIpVSDU 1LFROH /HVQqYUH
GX /(1$ j Of+{SLWDO GH OD 3LWLp 6|
/TDSSRUW GHV pWXGHV VXU OHV SR_\RﬁéXV\II-'LVHE)Q/Wp\Y%#XW%B/UGHDx[ HW 0DUWL
JURXSH VH UpXQLW UpJXOLqQUHPHQW H
'DQV FH FRQWH[WH OfKLVWRLUH G6WHPOBRKXRFEXWP GERESXOMHELWHU OHV |

YPULWDEOHPHQW HQ j TRXUV DY HFEWX QH WpvX Q O R LERRISKXWIPRIORILH HW

4 s N [ .
Activité sur I'électrode Cz Topographie de la CNV
Présentation

de la cible a détecter électrode Cz

CNV AV JLIXUH,OOXVWUDWLRQ GH OD YD

> FRQWLQJHQWH QpJDWLYH &19 R

e 0 GH OD SUpVHQWDWLRQ GIXQH FL

----- DLQVL TXH OD WRSRJUDSKLH GH

.503("305"'.360 i‘zdo -100 o| 100 200 ms & FRPSRVDQWH /D QpJDWLYLWp HV

+ LPSRUWDQWH ORUV TXH OH VWLF

— cible prédictible SUPVHQWpP j XQ HPSODFHPHQW S

9 --- cible non prédictible )| )] OfpFUDQ TXH QRQ SUpGLFWLEOH
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OHV DYDQFpHV PpWKRGRORJLTXHV m@BHFMRPROLIQNLRIORROKHY 8Q WUQqV
/JHVQYUH D SXEOLp GHV WUDYDX[ P DMHAHRRQIN NOUD W DRIPIVOE W DWRLXFUF HBH 8 H X Y H Q
3( SRXU pWDEOLU OD FKURQRPpPWULHWRSRRISP S RWLRW FWQWLDDHV (* WHOC
HW D SUpFLVp OHV FRUUpPODWYV ((* GNXWBIDRHAHVEXV VEPIVBW HJWQWOJUDWLR
YLVXHOOH -DFTXHV 3DW\ VIHVW LQ@PLGINWRFLH |OpUFPEXDWHR QMQ GLY LG X |
DWWHQWLRQQHOOHY HQ IRQFWLRQ G XOGIFKHDRGE ¥p WEIUO O Bl L @ FIR GBI THROUH Q FiF
FRPSRVDQWH 3 3( SRVLWLI VXUYHQMRXW FHS/D UWREKHEFHKQMYURRQW HVVHQW
PV DSUQV OD SUPVHQWDWLRQ G{XBROWILPXIDWLRYVREDp jSIOXV  SURED|
GpWHFWLRQ GH VWLPXOL LQDWWHQ®¥WKRGRIORJDDXAW. QH VIR YWVFHQWUD
QHXURSV\FKLDWUH D SUpFLVp GXKUWQWHUSOPWDMWSROLPBEWDO GH QR
FRPSRVDQWHYV 3 HW &19 HW OHXUWX®UR\DE LOHW p3 (LQSWHUWP HWWDQW G
LQGLYLGXHOOH VWLPXODWLRQV HW GHV FRQWH[WH\
$X FRXUV GHV SUHPLQUHV UpXQLRQV GHRFAXWRXSHHGRXWOD YBLWSDULWLRQ
OHV FRUUpPODWY pOHFWURSK\VLRORJRT¥FHWWL B VGHINU FRIQPHVLBEY H[SpUL
FRQGLWLRQQHPHQW IXUHQW DERUGPYSDULWWARQWH ©RPU&AB DSUQqV VDWI
IRQFWLRQQHPHQW FRJQLWLI pWDLW PH@QIVMWDHP H QXD D K W. R B DI THXHD GIWKL MLRHQUF
OHV SURFHVVXV PHQWDX[ TXL VXURXHHJOMNYRFLORURQGEN@D &19 DYHF O
VWLPXODWLRQ HW GTXQH UpSRQVH WHHFSRFEDHIGIO HP D/IHYWQ HRL VBHY G X PR\HQ
LQIRUPDWLRQV SHUWLQHQWHVYV VXSFRXWWLRBE GBH W pDQXRYPWWRE GHV WkKFK
GLVWUDFWULFHV SUpSDUDWLRQ GH OPrWXESRQAH OBWM ULDE IR LO/HVL QWU D
SDUDPGQWUHV FRPSRUWHPHQWDX[ QBKQIRMKY® HVY pRX UFHQMW Q H
LQIRUPDWLRQ SOXV OLPLWpH WHPSMzNPPH URSROXH SFOXWRNXKW XQ GHV
GJHUUHXU &HV UpXQLRQV RQW SUpPWPDLOHE JGIROFLIRIHU GHH V VGIREHM HV SV \
VXFFHVVLIV GH WUDLWHPHQW GH OGHQGRE PDQH REHILIDW TOHG pOBWUpXQLR
IRQFWLRQQHOV 2 OH FHUYHDX SHXWD YIRGQDF\VEXRY QEH ODRXWRFLpWp RQW
GLIIpUHQWY W\SHV GH UpJLPHV TXILGLG plVFNOMPYHDRW RO pWVSH OTXWLOLVD
G DWWHQWLRQ G DSSUHQWLVVDJH HWR SXI®DPYPRQV HG H& 8D WILVWHIDWMAY , 0 VI D.

FRUUHVSRQGUDLHQW | GHV RUJD @OMMWLIRQIR QYHXAHR QIO MWW VRFLPpHV |
SDUWLFXOLQUHV UHIOpWpHV SDU O W XOUFR\GLPYYLIOPR/S §(H P H Q WADHOWHWH SV \FK L
DQQpH OH JURXSH IXW WUQV DBEWIXHWUSDQLMPHPVE OMURLXYWLVPH VFK

UHQFRQWUHY FHQWUpPHV VXU OHV GIASOHIQMLP 13U L GHHWIM LW S'p RIHEEL W p V
UpSRQGDLW DX EHVRLQ GH FODULILHARFRXRKDPS GH UHFKHUFKH

HQ SOHLQH H[SDQVLRQ DYHF OfLG&WIUpRDWRAQY R@WELEGHLWSHSURJUHVV
FRPSRVDQWHY WRXMRXUV QRXYHOOMKpR ULXHKGW SO UDGEBRISK\VLRORJILH
GRQQHQW OLHX j TXHOOHV FRPSRVIIQWHY ODXHONURRGAWpWHNVH GHV SL
SURFHVVXV FRJQLWLIV DVVRFLpV © LQDFFHVVLEOHV SDU OJLQWURVSHFW
3DU OD VXLWH UpXQLRQV HXUHQWFEDIDXH IBXVTXMIOPHY FRXPEUDX[ D SHU
GHV VpPLQDLUHV DQQXHOV DERUGPHFQ®QBOXVRERHV VXD QGEHEDSWDWLRQ
WKpPDWLTXHV 7RXW GIDERUG LO WDDURYFWLWQGHX VFRIOWIH[WOHVGHYV H[Sp
DYDQFpHV PpWKRGRORJLTXHV FRQFHWQD @M \O K WHQIVL \M B RHUIGIW SER FHV V X V
VLIQDO HQUHJILVWUpP HQ ((* OD FDUWRMWBGWLREGHW PRWRIQWH. HBIV UpV X0 W
PYRTXpV HW DYHF OD WHFKQLTXK\SRRKYMBYOH RGAHWDDQW OHV EDVH\
PDJQpWRHQFpSKDORJUDSKLH 0(* P ISRWDQM HIOH DHQWWQMW OHXU DVVRFL
PDJQpPWLTXH GH OfJDFWLYLWp QHXURQDOPKQLRONQDIOIABHHQGM DXVVL j pFk
FRPSRVDQWHY SULQFLSDOHV GH OfRPWKQDWWpHGRKILVKOUPMHR @LVHU OH
QRWDPPHQW SHUPLV GH VpSDUHU HWRESRVDRMHY ODDBWYMVWHHY 3( RX SF
FPUPEUDOH GHV DUWHIDFWYV SK\VLROSRIV.TWHYPAQ®LVBHREWWY QQHOHPHQW H
\HX[ DFWLYLWp FDUGLDTXH DLQVL ODXBSGH OGIFR PRS@WHXYWE We DY WRER G R W\
FRQWULEXWLRQV UHVSHFWLYHVY GMRLWGLHApUMHD\GVIILEYDKWPHY SUpFLVHU
FPUPEUDX[ HW 3( SHQGDQW OD U pIROPWDIVRICRIH PGHHO WV IFFRIIL W LI  VDQV U
FRIJQLWLYHV 8QH DXWUH DYDQFpH PpHNWKPGRQW J&EAXHBPOBVMHXARPBWH GH O H|
FRQFHUQpP OfLGHQWLILFDWLRQ GHVLQ®RXUFHWN FpUpPpEUDOHV GH
OYDFWLYLWp PHVXUpH GLWH © SURXODOW AW BQWQHHY WVYBFHYV pYpQHPH
OYREMHFWLI GYDPpOLRUHU OD UpVRAXWRRQV NS DWDLO@KH G4 V/ LRI M X UDHXA D Q C



+LVWRLUH GHV 1HXURVFLHQFHYV

SULQFLSDOHPHQW HX OLHX j 3DULV TPH VHILGCOHEH UR M UNR GIFW L\RQQHOOH SD
(Q SOXV GHV WURLV IRQGDWHXUV GX JBRXSH GH WUDYDLO HOOHV RQW

pWp RUJDQLVpHYV SDU SOXVLHXHY WKHPROMMTXBW WUDLWPHV DX \
OfpOHFWURSK\VLRORJLH IUDQoDLVIBFFRBHUIDHEGN OBTHYFBROEAWLRQ GH QR\
FKHUFKHXU DX &156 HW GLUHFWHXU SSXRFHEVXOD WRIQMHNVGIH HW pPRWLR
1LFROH /HVQYUH D IRUWHPHQW FRQWRQE Wi PXQHPHHOR FPHPHQMO 'DQV FH
GH OfpOHFWURHQFpPSKDORJUDSKLH FRRPPISPpVWRKRG D BXUPDSEDUHWLRQ FRP
FPUPEUDOH HW D pWp XQH SHUVRQQD GIWRE HOXWUBRHY GW LIV RXHSUWHP & MW W D Q W
WUDYBDLOEHUW /HORUG GpMj] FLWp AOMW X@UILFODQLWHU FBHNEUDX[ GHV
UHFKHUFKHVY GDQV OH GRPDLQ@WQ@HO IOFDNW MWK HY/Q RX HQFRUH OH OLH
JUDQORLVH ODFDU FKHUFKHXVH DX &PFSWLRQUVHLOOH HW

JUDQFN 9LGDO SURIHVVHXU j Of18QLYMUVYRORIWP[ 0GHVHLOHORYSHU OD
SUpPFLVp OHV PpPpFDQLVPHV SK\VLRORJpOHW DRNRFLPYDDRIUDSKLH | OC
WUDLWHPHQW HW j OD UHSUPVHEBEONDWLRYHIQWHY SSDWKRORJLTXHY HW VR
*LDUG GLUHFWULFH GH UHFKHUFKH WBEW $UPRG QW i VOXRGWIM GH FHV UpXQLF
OHV EDVHV QHXURSK\VLRORJLTXHV GHUOLRBMWHQWLRQ BRGWWURMWW QRWD
OfLQWpPJUDWLRQ GHV LQIRUPDWLRQWSEOXADWHR QWVWFDXGLWXNWVGEDQSRW ¢
OD SHUFHSWLRQ %HUQDUG &ODYHULH3 SURIVMRIVWERK B WD MNEYHWHNEIO GHOHV |
OfeFROH QDWLRQDOH VXSpULHXUH G FARIEUDMNKTXHSRPaRYGHDRDXWLVPH
PWXGLp OfpOHFWURHQFpPSKDORJUDSKHKW WXQU\EWDIV E RQNE G R O\HU VW HOFHHVQ W V p
PpFDQLVPHV DVVRFLpV [lLGHRY®B UGBS OD VRFLpWpP LQWqJUHQW DXVVL OD
QHXURSK\VLRORJLVWH HW FKHUFKHXO/H FROVBB[WHRXHWW UPKDELOLWDWLRQV
PWXGLp O LQWpPJUDWLRQ DXGLWLYHXBRQWLFBWMWHDRp FIRX@®W GB VRFLpW
GPYHORSSHPHQW QHXURW\SLTXH HW GORLY WpD XBMIW PHHXURVFLHQFHYV  GpY
GILPSRUWDQWY OLHQV DYHF GIDXWUFH
VRFLpWpPV VDYDQWHYV (OOH @MHIUBQWL
2UJDQL]DWLRQ RI 3V\FRBSKUWPR ORI\
/ID VRFLpWp QRPPpH © 6RFLpWp GHUBVUFHRSKOW FHRIUWVHFKHUFKHY HQ SV

/ID FUpDWLRQ GH OD VRFLpWp

FRIQLWLYH & HQ SUHQGUD OT966BO0OQDWIHRI@Q DWW RIBHOOHHQ HW
© 6RFLPpWp GH 3V\FKRSK\VLRORJLH HWS@ PV MHidXURRBIHOG TR FLHW\ IRU &R
&RIQLWLYHV & HQ ORUV GH OD Up¥QHR®@ DYQRQ KM §13PPBHY RFLpWp D SC

FHWWH DSSHOODWLRQ YLVDLW j LQWRMRHWWIHYVYRU QRXKYLDFOGHY GHV
QHXURVFLHQFHV FRJQLWLYHV j WUD¥HNYpBLTHUW G POBNKIRG HV
GILPDJHULH FpUpEUDOH - FHWWH RFEOXNLRQ XQoHV GRXDWRRDWXDQQXHOO
OLHX VXU OfLGpH GIDMRXWHU j OD QfRXUNOQHN HPE\W HOYOHPRV bR QP $OIOFADHVE R Q
© 1HXURVFLHQFHV S$IIHFWLYHV 2 )LQRRVHIFGQMY VIHOOMNWURRPPH &KDPEpL
© 1HXURVFLHQFHV &RJQLWLYHV 2 D pWpHORGEHPHIPWFBRPEKDPSY GIpWXGHt
LQWpJUDQW j OD IRLV OHV SURFHVVXYLMiHQ GRUKHHEQNV DAHHH ©HWVOXYYHORSSI
KDXW QLYHDX HW OHV DVSHFWYV DIIHFNLFK ROFRIGERAQMREGWMMWH SPPRREBH Ofp)
OHV VpPLQDLUHV DQQXHOV RQW FR@W¥PbYXmpHHG S WBAHGHE PRPEWH GH OfLCG
RXYHUWXUH YHUV GIDXWUHV SD\V IYRQFREBKRQUMV %WW[HOQPHWYD SRVLWL
WRXW HQ LPSOLTXDQW GH QRXYHD X[ ROQPFERURIOMHAHOWHRRIODR @FH  RX OfH
BWUDVERXUJ 7RXORXVH /LOOH 6XUFRHQSWRYHINHFEKRRQGRRWIRQ ®POOHY |
VRFLpWp FRQWLQXH GH VXLYUH QWM DPYPFEPHYH GEDQV OH FRQWH
OfpOHFWURHQFpSKDORJUDSKLH FRJIQWSYOHSWRMW /D VIREW D WLIRQW GHV  F
FHOOHV GH OfpOHFWURSK\VLRORJLH QRXVRYoHW PWWKRGRORIAIMHH FRPPH
/IHV 3( UHVWHQW XQH WKpPDWLTXH FHRIMENUR BGERSDTKRIFHQN B PRRRH LQIUD
TXH OHV U\WKPHV FpUpEUDX[ DYHFERQRWARPHQW XQH

HPSKDVH VXU OYDFWLYLWp FpUpEUDOH 1 KDXWH TXHQFH GD\?V

OD EDQGH GLWH JDPPD DX GHOj GH (Q Q/HQ/XE%é)%FO yo31& RXV VHV GL
FRQFHUQHQW pJDOHPHQW O‘ITLPDJHULH O'BEJREE o P>55'WLGFP|¥5'85|§SHPHQW
GX IRQFWLRQQHPHQW FRJQLWLI FR PP cyw |§5 SRARCEL o Pl GH 0D P

LPDJHULH pOHFWURSK\WLRORJLTXH I-R/\'l_| RpLPVRa‘Q(ﬁ(IS/ %II_JX D\)0/|_l|J O%pFHQQLHV
DVVRFLDWLRQV DYHF OD FRPPXQDXW

O



+LVWRLUH GHV 1HXURVFLHQFHYV

OD VRFLpWp IDLVDLW SD WBMWMHNVC KHQULTXH VHTXHL
*DUGHQWJIURXSDQW LQVWLWXWLR DXUHOLH ELGHW E
GIXQ SURJUDPPH VFLHQWLILTXH FR DQQH FDFOLQ
OYRFFDVLRQ GH SOXVLHXUV UpXQLR
GH QRPEUHX[ FROOQJXHV HXURSpH
SUpVHQWHU OHXUV FRQWULEXWLR
FRQWLQXH DLQVL GH FRQWULEXHU PK VWHLQHU#
UHFKHUFKHV HQ SV\FKRSK\VLRORJL WLPVLW EHUWKL
FRIJQLWLYHV GDQV XQ FDGUH WRRMBXUV LQIRUPHO HW DPLFDO

KWWSV _ VSQF IU

PDULH JRPRW#X
QDWKDOLH JHRUJH#VRU

5pIpUHQFHV

& &KpULFL %DUEDUD - * © ((* WURLV O
(
AIRERIE R LG50 P\ WWqUHV GX FHUYHDX @ /D UHYXH SRXU Of+LV\
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$ERUGHU SUpFLVpPHQW OHV OLHQ%DRYWO Hp VOXG O THW HIW @®@RGpOLVDWLR
QHXURVFLHQFHY QpFHVVLWHUDLW SURVLEXUWRRXRYUDIH VFWOQ®BpPFHYWYV FKH
LQWHUDFWLRQV VRQW QRPEUHXVHWHWP L®WIHWHUV OIPIHZH GRX&D PRGpPpOLVE
DYRQV GRQF G€ IDLUH GHV FKRL[ HWKHUPAKBDXBRYWRBRRDYGPYYHQXV j GpFRC
DX[ H[SHUWV GH FHV GRPDLQHV GRPEROHIHV HRORMUHXHYHY LQVHFWHV |
H[HPSOHV FDUDFWpPULVWLTXHV FRPFRRPODGCIQDMH RB® OFUNV CIHIOD FRQVWU X!
OHV LQWHUDFWLRQV FHUYHDX PDFRREEHRUWHPHR@WWOHY RSKLVWLTXpV
PRXYHPHQW QH SDVVH SOXV SDUWNKXWQWGEHWRPPDQGH

PXVFXODLUH HQYR\pH YHUV QRWUH SRYSVERREY MBS OHP XYW v L U oH PD.
SDU OD SHQVpH FH TXL pWDLW GH OD VFLHRFHHLEWY R SERVEPHYE FHv G,
DQQpHV ~ GHYLHQW UpDOLWp /HV FQ%%&WS’&%SPPH?MQ GDQV OH
SHUPHWWHQW GYDQDO\VHU O'ITDFWL\E;L'_}NH.QM&# A LEUEWBWY sol
UpSRQVHV DGDSWpHV DX[ GLIpUHQWHNY, WKEKHY, ~SW o GD GHV F
GIDSSUHQGUH &HV WUDYDX[ WURXJHQ SPRQWERRWLRRAN,  sv\EKE
GDQV OD PLVH DX SRLQW GH QHXDRGYRWKGVH FROWPRROODERUD SR:
UHVWDXUDWLRQ GH OD PDUFKH FKHL QY W W RS QR [N R AR FDSDIé
UpFXSpUDWLRQ GH PRXYHPHQWV DSUav, XQyDFFLERQIVS W oo snorH kKxPr
GHOj GHV DSSOLFDWLRQV FOLQLTXHY, SYXV BovVoSTRow sbv WR»
IRQGDPHQWDO Of,$ GHYLHQW PHRRHBER YW U{gQGHRgﬁX//LgLLLboUHQWHV GL

p P o OXVWUHQ
GDQV FH GRVVLHU FRPPHQW GHV Q%ﬁfawgslj\}‘ﬁv\é%\ﬁg‘%ﬁ/@/

LQIRUPDWLFLHQV WRXUDQJHDX[ RQW GpYHORSSp XQ ORXYH

RXWLO GYDQDO\VH GYLPDJHV REWHQXHYWHY GloV ¥ kK8 Oc Qi PgU-MPpwhO HQ HVW
PRGqOHV DQLPDX[ /HV LPDJHV VRQWIBBWORNOPHVGNDQGRBDY +LQDXOW HW
SULRUL DQDWRPLTXH /1,$ SHXW pJDBHFROHIWHAWH PRPRHESWRIOW UHQFRQ

O "1 G
C
T
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SVI\IFKRORJXHV HW GHV QHXURSK\VDLRIODRIOD/WREV DG @BRIMPRQ TXH VXJIJIqUt
QDLVVDQFH j OD 6RFLpWp GH 3V\FIGRSMKAVOHR 6 RULYHH DHW 8@HDUWLFOH j QH V

IHXURVFLHQFHV &RJQLWLYHV /H E>&3/ HV Fd(HbJF|}_.<II<-||_)|(l5J|§/KﬁHH[SpULPHQWD(
FHWWH 6RFLpWp j VDYRLU RF;D Ud)\g %Y(IORQ %RPEUHXVHV TXH
IRQFWLRQQHPHQW GX FHUYHDX HW (% gﬁf FLWR FRUH SOXV
FRIJQLWLYHV pWDLW GpMj DX F°XU 9?'% ({6 WEBW"BQVV%'& DX[ HOIDO
FKHUFKHXUV HQ . $ SUPFLHXVHV  SRXU OfpWXGH GHV
'DQV OD UXEULTXH QRXYHDXWp ODWGE{HSSRBOQWLR/X\D DH YW GHY SURFHVV X
GHUQLQUHV GRQQPHV VXU OH WK DOHPHNQ WXRXVWIWGBKFWHNPHHQFHY SRXU
ORQJWHPSV GpODLVVpH FDU FRQVLG®LWH WQPBEBDFY VERSOSURJUDPPHV VF
UHODLV YHUV OH FRUWH[ /HV SOXV SRKMWRMHN PNECAKY PRQWHHIUNG GH FH
TXYHQ UpDOLWp OH WKDODPXV MRXHMRXGHWDRHHWPERQWDIRIMSH BERUGHQW X
QH SDV GLUH GBQWWHY IRQFWLRQVUHFPRPPDINMEDWHVR BW QRWDPPHQW pWKL
FRIQLWLYHV ODWKLHX :ROIl QRXV HRSOLITXIHY AXHOMHY WRDODERWDWLRQV HQ
HVW LPSOLTXp QRWDPPHQW GDQV OWHPKPREHWH GIDQVOBIHLELOLWY VFRODLU}

FRPSRUWHPHQWDOH OD SULVH GH F%P L|¥\|7§QL)/ Q/X“?’)PQV%HWWH /HWW U H
IRQFWLRQV FODVVLTXHPHQW DVVRFlD % H[V\PU,};VQ,@&WUP YRWUH

'H PrPH XQ FHUWDLQ QRPEUH GH S L}'<FB8W,P_IVH §\|/_|Q'W1PI-%-I\C¥I-FD BPW PV ¥ D OW |
VRQW DVVRFLpHV | XQ G\VIRQFWLRQQHP DODPLTXH

7RXWHV FHV REVHUYDWLRQV GRQQHQW )Q/Q?I-QQHW)LHFEV\LP@UH G X
WKDODPXV HW VRQ U{OH PpULWH VDQV QXO GRXWH GIrWUH UHYLVLWp

Le neurofeedback : histoire, Interfaces Cerveau- Tester nos théories
usages et deﬁs Machine: Vers une cognitives avec l'Intelligence
Por Cunibly Jounet Kahuey. Gnefioe Symbiose Humain- Artificielle (IA) moderne : le
e Technologie cas du...

Par Emanuelle Reyna P

Neuroprothéses pour Interface cerveau-machine Controle sensorimoteur

restaurer la marche aprés pour la restauration du 'un bras artificiel

une lésion de la moelle mouvement: I'Intelligence e Rugy

épiniére Artificielle au
Par Gu

Par Fabien Wagner

EX X
Ry By |
Y

Modélisation et exploration Les architectes de l'ombre :

de graphes d'IRMs comprendre et modéliser les

cérébrales sans a priori processus de construction...
" Par Gu, eraulaz
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/IH QHXURIHHGEDFN KLVWRLUH X

&$0,//( -(81(7 .(/:$< (0(/,1( 3,(55,($8

8QLY %RUGHDX[ &156 (3+( ,1&,$ 805 ) %RUGHDX]

JQWURGXFWLRQ GH VFLHQWLILTXHY WUDYDLOODQW
/fKLVWRLUH GX QHXURIHHGEDFN Gp&tWh S @PVIRWERS, Y gy ©DUJH UH
HQUHJLVWUH HQ XQH DEWLYLWp pOH %%Lsﬁa 8I¥JL'W(I—PERQ UDVQHPH

OYKXPDLQ SDU OH ELDLV G'npOHFWUFPGIYRFLoD

FXLU FKHYHORMVWH LOQQRYDWLRQ DXMRXU Té

POHFWURHQFpSKDORJUDSKLH ((* O%[ glﬂ| W

U{OH IRQFWLRQQHO GHV DEwWLYLWI* EUHRY 3Hb|QF,LoSD<9p'1=PJL%\H sbu 0
QRWDPPHQW DBBKRMGHVHW OD PRGXJIWEB Wd'HQ DQV ~OH FKDPS GX
OHXU DPSOLWXGH GXUDQW oH VRPPIIIG PBBEEURNNT Qg 5OQ/PpHB\\/vVﬂ’B UD Wl
GH FHUWDLQHV DFWLYLWpV FpUpEUDa/I-T[\IZ;Dd‘ FL)JQ? RGN E & gw%%tcﬁvvu;
'qV OHV DQQpHV OTXVDJH GH 0O1(( LV o NGR/RART

GH UHFKHUFKH YD ODUJHPHQW VH> :iéJp (3)92'45 Ry Wgp VU PIXOHU "D QY

FRPSUPKHQVLRQ GHV OLHQV HQwuUdTREAMEVL %ﬂ;')I:'E'l:J%%WU{OHU XQH |
W

M
FRIQLWLRQ HW FRPSRUWHPHQW VﬂDQSYJwE{EV&L Qg% GHQWLILHU GHV DI
LVV>\/( Q |$-|WV 8||_:|XI_:QI3-\/SHUPHWWDQW

.DPL\D UpXVVLUD j HQWUDVQHU JUKFH ] i Pp PR
VXU OH FROGLWLRQQHPHQW RSpUDQW >’ POR&PEB R
Ho iR XU FRDTXH XWL

GH V\QGURPHV DQ[LHX[ HW GpSUH v

OfDPSOLWXGH GH OHXUV RQGHV DOSEDHLAW P%\?H UH RGP DWLT
VIPSW{PHV FOLQQL PXHAMWHUPDQ UDSSR H WLYLWpV  FpUpl
i OXL OHV HIITHWYV DQWLFRQYXOVLYD&\N/@QCE( W%%Wﬁ PHRBB &AM R P I O XV
U\WWKPHV VHQVRUL RRWMWUWD QDLVYD®FGIDGXXLWH QRXV DERUGHURQV
QHXURIHHGEDFN 1) TXL FRQVLVWIHIURIQFLISDOBESES UG GOMHQWUDVQHPHQ
JUKFH j XQ UHWRXU VHQVRULHO IRGYQEWHYLWHY SKHpWpPEHWD OHY j OTKHXUI
FROQWU{OHU GHV DFWLYLWpV FpUpEQPOWNG H S@ A L IRFHHYLWPRMXW QHXURSK\\
WHQGDQW XQH FDSDFLWp RX KDELOHWRQWU{OARGYDWEDHF PWWRIQ¥FHHW HQI|
TXH OJRQ VRXKDLWH DPpOLRUHU RX WRXWDQXRXW FRQFHQWUHURQV VXU O

30XV WDUG OHV DQQpHYV YRL%%FLQ/%DV&RQ%%%§QN yl(* SDUFH TXH Fl
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OfLQIRUPDWLTXH - 9LGDO LPDJL VORIV RN GEHCTKXL HQ UD
SHUPHWWDQW DX[ KXPDLQV GH FR E}LLHQ’ 'bo‘ﬂ(( HW GHV FR

RUGLQDWHXU XQLTXHPHQW JUKFH j o RXUUbRW I GRWY ERBRESHBH FHY DFWLYI

XQH ,QWHUIDFH &HUYHDX 2UGLQDWHXU ,&2 [/HV ,&2 VRQW
DXMRXUGTKXL GplGRIMHV\FRRPHWTXL PHVXUHQW, FRPPH
OYDFWLYLWp FpUpEUDOH HW OD FRQI;Hl_uD LL\</\{3HQ/W(%|_H|>(8URTg(IP\Y/lLRW'gfLST\é(HV
UpHO HQ RXWSXWV IRQFWLRQQHOV SwL HPSOD

UHVWDXUHU DXJPHQWHU VXSSOpPHQQWAHWD VIQW LR XX QHp SHRIYIRRXR @HHvj DXWR
RXWSXWV QDWXUHOV @&NORRSEVPHBRF CHMW@UPEUDOH HQ YXH GH PRGLILHU XQ FI
VXU OD EDVH GIXQ TXHVWLRQQDLUH CHPY¥BpWPWOEOL SPIHEBWYIWHQFH GITXQt
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GHX[ 8QH WHOOH GpPRQVWUDWLRQD3WRWRMPLYHH UKFPIOLOVHPHQBRL GH FRPP|
PDQLqUH QRQ LQYDVLYH SDU OfYLQWHBLPPOL GIHJU B J®EK W RDWHWJ K CROMMLROQYY G D FV
OD VWLPXODWLRQ PDJQPWLTXH WUDQLWHRUKKUH @GHY BSpPRpW N LPBRUWDQW
VWLPXODWLRQ WUDQVFUKQLHQQH |jSHRRW POW FHD\WOWBRWPOPMAOHVWDGH FH!
VWLPXODWLRQ WUDQVFUKQLHQQH SDWPRPEDMMNEQWWVHIYBH XQ XMDJH HQ )
GHUQLHU FRQVWLWXH DLQVL OMXQLTXID ®@lpWKRXEH GRUMRGXODWRLRIQOLWpP L
HQGRJgQH FYHVW j GLUH VDQV VWLPWPBDWHWR @G H [3WHUIRHM PDEAFHY GH FRQWL
SHXW QpDQPRLQV LQGLUHFWHPHQWD U LBD@LOQ®HPHDILGHYTHQ FRPSUHQG!
PRGXODWLRQV GIDXWUHV DFWLYLWp\GIWH UFRHIOXCHMWMMEOp M HXKWWRSKQVLRBO RJILT
OD UHODWLRQ GH FDXVDOLWp SRXBUTIKWRORQLTIPHWLEBPHURHWSDMLW G{ILC
VIDSSOLTXHU VSpFLILTXHPHQW |j OT0KFWQWIWDy QFF-pRIHE@WD GINV FGEDPHOLRUHU
PDLV SOXW{W j XQ UpVHDX GITDFWLYLOWPKHYUHEVBPH@W RGX QpHMLVWH j O
DYHF OH 1) &H SKpQRPgQH HVW TX®OOOMHLpG B H GREDQIHVL WY VXHYV GIH[Spl
LQGLUHFWH HW UpYqOH OfLPSRUWDQ®HXAJR»MWXGIEHDU XD K\R @ WD QD HVP Bl IQAWOMH H W
JOREDX[ GH OYDFWLYLWp FpUpEUDOHFD@GWQHIHLV HWU @H IFRPOIRMWYGUH Ft
TXH VHXOHYVY OHV PRGXODWLRQV ORFBRPFX®HD WP FFWXKLYR.S\pH @ QUHp BUBOIHV FH
FLEOpH VRQW VRXYHQW UDSSRUWRHMNY BW GpPMIBYXW XQHH HQ FRQVRUWL
GpPRQVWUDWLRQV GH FDXVDOLWp GHRWRFROBDYWDLQGEDSRBKYp GH FROOH
LQWpUrw GH SHUPHWWUH GH GLVVRFEDY I & IF SO @QQEH \DW WHRGCXDO@W L B@ vV V
GIXQH DFWLYLWp FpUpPEUDOH VXUSRYMLEOHYWSRX U YDRAMEFOHW OD ILDEL
FRPSRUWHPHQWDOHYV 3DU H[HPSOH PRPRWUIW WK RW LKDDWMHGEH PpWKRGHV
OYDFWLYLWp EHWD +] DX QLYHDSU@GHWHYJILRID O PRWUOFHWDILW QRWDF
D pWp DVVRFLpH j XQ UDOHQWLVVHPKHW GRpMROKRKGHHQWHBDQWYDVLYHV C
OD PDODGLH GH 3DUNLQVRQ XQH pWREBUWDRERDWOIDNE KIMDIB BX BRXU FRQWU({
QRXV D UpFHPPHQW SHUPLV GH GpPR QWY WD XX H UO® D FRADLUYH.K\Hp YEEHDWDD VW L P X
pPWDLW HQ UpDOLWpPp SUpGLFWLYH GH OD R&HH QEFIRUHN @G TFORVR U UF U HHFAR XQR/Q | GaHH
OD YLWHVVH GX PRXYHPHQW VD UpGWHA®ORY BXH FBHEWDBEIVWELERG/HWR XU GpF
ELHQ GYDFFpOpUHU TXH GH UDOHQWIHUOOK) IJPRMYHP HQW SUHYRQWDQW XQ
OfLQVWUXFWLR®IGR RPQIpH VLIQDO EUXLW HW XQH PRLQGUH VHQ

PPWKRGHYV QpFHVVLWHQW XQH RSpUD

VRQW GRQF DVVRFLpHV j XQ ULVTXH DF
/IH QHXURIHHGEDFN SRXU SHUPHWWYWRWH®WLHOROHPUEWM PRLQGUH /D VHF
GIDSSOLFDWLRQVYV PRGLILHU OH W\SH GH GIDFWLYLWp FL

/H FRQWU{OH GIDSSOLFDWLRQV UHS B BWHRM+ M P FHT KRR wiu VTP LW SE
GHV ,&2 2ULJLQHOOHPHQW O9fREMHFWEWHFS Ow SRX PRI wHRWH P8 HIH QW
SHUVRQQHV GDQV XQ pwDW © ORFNREWRFWERQyRFHD SFNWHRWYLHOV GIHUL

EXP2 (Tache de vitesse)
Slope = -0.013 [-0.062; 0.036), p = 0.615 Fast:0.021 [0.001; 0.041], Siowz-0.050 [-0.092; -
1 p=0.041 0.008], p = 0.022
T =
8 w oo %‘ 1.0
= % 05 2 o5
= = . E
2 10 0
k- o r 25 0 25 50 25 0 25 50
z B power (256 me]“ >0 B power (z-score) B power (z-score)
JLIXUHOOXVWUDWLRQ GHV UpVXOWDWYV GH 8QH DVVRFLDWLRQ VLIJQLILFDWLYH HQWUH WHF

ORUV GTXQH WKFKH GH YLWHVVH HQFDGUp EOHX PDLV SDV ORUV GTXQH WKFKH GH IRUFH HC
PRXYHPHQW HW DFWLYLWp EHWD pWDLW LQYHUVp HQ IRQFWLRQ GH OJLQVWUXFWLRQ GH YLWH
PRXYHPHQWY OHQWVY (Q GIDXWUHV WHUPHV UpGXLUH OfDFWLYLWp EHWD VH WUDGXLVDLW SI
GIDXJPHQWHU RX GH UpGXLUH OD YLWHVVH GHV PRXYHPHQWYV



'RVVLHU

WUDMHFWRLUH RX HQFRUH GYDYRLWXUHERKQW jDX@BL TXSHOPHULFLHQFH
SRXU FRPPXQLTXHU &HV GHX[ W\SH YV S®M & B VAR QW TKXOQ4YpHUD TXHVWLRQ |
GY7,&2 SDVVLYH SDUFH TXH OTJXWLOERDWHKXOHQ Q@ LHAXHEDQ & MW L OLKIDRV L
FRPPDQGH YRORQWDLUH HW UpDFWHPEOH FRQNVW LTWXH UODIRSWLRQ OD S
FRPPDQGH HVW JpQpUpH SDU OD UpSRQVMH X YWPNKQIBIHPHQW SRWHQ\
UHVSHFWLYHPHQW HQ RSSRVLWLRQ DXH ,@H DHFMAFDHNVN &RYERKDPER 6 RRR B I
RQW OfDYDQWDJH GH QpFHVVLWHU GRX BIFRRXUBBV FRU\Q ISUREHW PIRW pW K
XQ WHPSV GIHQWUDVQHPHQW PRLQGUHANO LW\I WLR@W HQ VRFLPHVXH $X GHC
SRXU OHV ,&2 UpDFWLYHV GX PRLQV [SOHD GHWPIRYBSDYANHY ERBYWU{OpV 2 O]
VXSPULHXUHV j FHOOHV GHV ,&2 DFWLOFREMEBWERR GGV | IOFHW L&2HU VD PRGXO
SDVVLYHV QH VRQW SDV HQFRUH WUXW I$IIE(Q)\NVFHLQ/\W\DL.QJ/YD GRQOpPOQLRUDWLRC
QpFHVVLWp GH GPWHFWLRQ GHV pW D
,&2 UpDFWLYHV SHXYHQW TXDQW j HO

o -

JLIXUH3KRWR UHSUpVHQWDQW XQ DWKOgqWH ORUV XQH vpDQ
QHXURIHHGEDFN /IDWKOQWH HVW pTXLSp GXL BROHIHKWW R & W QH AW UVRQQ@H jD\DQW VXEL XQ
PRGXOHU VHV U\WKPHV VHQVRUL PRWHXUV DILQpPAPOPH FIRUHT XHRIXIHRR¥Y PHQRQV GDQV OH
YLVDQW j pYDOXHU OD SHUWLQHQFH G XQH SUR

IRQFWLRQQHOOH SHUVRQQDOLVpPH GX PHPEUH V

HQ WHUPHV GH UpFXSpUDWLRQ PRWULFH HW Gl

/H QHXURIHHGEDFN FRPPH RXWLO SF@T QNW&BEQQF*%%W PRXYHPHQW GH VRQ F
p FPUPEUDOHSVHUD DORUV DQDO\VpH ¢

FRIJQLWLI VHQVRULPRWHXUV DX QLYHDX FRQWURODWpPUDC
QHXURIHHGEDFN VHUD IRXUQL VRXV IRUPH GH P

/ITHQWUDVQHPHQW FRJQLWLI FRQVW L WDUM O BHUjLAQIF E SO0 ORIV GIf GRS AW X GH H v

j OTKHXUH DFWXHOOH 6RQ FKDPS GIRFOLERWRG L VIsMHTE WS Vhovh

OfRSWLPLVDWLRQ GHV SHUIRUPDQFHY FORY@LW WY HHVQIHBWLPRIWULFHYV

FKH] OH VXMHW VDLQ S H[ SLORWH DVV\\//KOqWH = YLRLU )LJ ﬁ D Y UUD VH
UpFXSpUDWLRQ PRWULFH VXLWH %%; % W %W\{'/ g% &RPSUHQGU
FPUPEUDO $9& HW | OD UHPpGLvaL LY g%v

WURXEOH GX GpILFLW GH OTDWWHQW vfh ®>T< \?}}va %YLQ/&)U L
7'$+ &KH] GHV SDWLHQWV VRXII % v W DM
PRWULFHV VXLWH j XQ $9& OTHQWUDY ‘i sg s% |9 %éﬁg BLH K TH
OD UpGXFWLRQ GHV DFWLYLWpV VHQg/R L WvL F|-Lrv o vh %TLPDJHULH
FRUWH[ PRWHXU LSVLOpPVLRQQHO D PRQ 5P IEIB DSSHO | O
FRQVLVWDQWH XQ)H DPp/OLRUDWLRQD ,% é E@( f v TXHO T
FOLQLTXH PRWRHXU)LJ D UpGXFWL H C

WKHWD SDU OfLQWHUPPGLDLUH G{X 5 P % x'y'v (g/v j% é(glﬁ'HWGEDFN HW

—

DQ

DVVRFLpPH j XQH UpGXFWLRQ GHV V\PSWJ—!F\Q/UéEFYV HxJéﬂ ﬁPDHFQGVWHX#WFFEiQ'(‘)V;’
&HSHQGDQW OfLQWpPUrwW GX 1) ?_)“: ‘%??-Rg WR HIILED
TXHVWLRQQp HQ UDLVRQ GH OD GH @QI %Q&ufsél ESS( PHow HsolL
LQKPUHQWH j OTHQWUDVQHPHQW SD Ly W o PHQW QD oLH
PRGXODWLRQ GH OJDFWLYLWp FpUpEUDO % \%’6/5;; 2§Xil_|¥ FPX@{F\?{/DUTM

GIHIIHFWXHU SOXVLHXUV VHVVLRQV G Y U @ BASwW /AT WA
= %O\K/(V._L\;?X[L)J\% p WR QMMQLLIH,

S
-2 <
<X

TXL H[SOLTXH FHV UpVXOWDWYV SRVL&\P

T
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O T
®

H ELHQ DXVV
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f . | FB condition
I 0.8 . * PENDUL
I\ = HAND
" A0 " * HANDsVIB
PENDUL  HAND HAND+VIB PENDUL HAND HAND+VIB 6 2 4 & 83 W
Agency
JLIXUH,OOXVWUDWLRQ GHV UpVXOWDWV GH /H QHXURIHHGEDFN pWDLW SUpPVHQWp VRXV

YLUWXHOOH VHXOH +$1' HW XQH PDLQ YLUWXHOOH DVVRFLpH j GHVY YLEUDWLRQV +$1' 9,%
j XQ VFRUH GYDIJHQWLYLWp HW XQH SHUIRUPDQFH DX QHXURIHHGEDFN SOXV pOHYpV TXH OHV
DYpUpH SRVLWLYHPHQW FRUUpOpH DX VFRUH GYDJHQWLYLWp DX WUDYHUV GHV GLIIpUHQWHYV

TXH OH 1) QH VH UpVXPH SDV | REHDOKWRSOPPHERURXHY DFWLYLWpV FpUpE
VSPFLILIXH DLOOHXUV LO HVW LQWpBBEVNDQW GRRXW PHFURIQGILH | OHV UH
OYDSSUHQWLVVDJH GH PD[LPLQRQ ODXWIMLE LGOHW pHIRHWALPLVHU FH GRXEO|
VSPpFLILTRAY OH FDGUH GIXQH pWXGOIDRHBPHPKHITHIILFLHQFH GX 1) HW C
VXMHWV VDLQV QRXV DYRQV REVHGNP. TROM HUG IWHQWQPEBRMUH GDQV OH"
GYDJHQWLYLWp pWDLW DIIHFWp SDWHQFRUGDWXRIS SE X UJH—HISGEV)IFIQWpV RQV

SUpVHQWp HW LQIOXHQoDLW VLJQLILFDYVA_%LI#E’E}Q\\(\/[LBBR%HHIRLL Eb LILHU o

DX 1) HW OD FDSDFLWp GHV SDUWLFLSQQ iW?,\:/ $§/G DQ\R/[E'\:/WGVwalP UbEU
FPUPEUDOH YYWRLW )LJ &HV UpVXOWDW GDQ\E’ Op
TXYDGDSWHU OHV SURWRFROHV 1) SRXUOﬁ % %%VWN/HEDI-YV,:ﬁ%W% oY R

PRWLYDWLRQ OfTDXWR HIILFDFLWp O“D\NQ"(‘SH(/LVHE; LERRAE H U FUTRRE HHBR
Fi1G OHV IDFWHXUV QRQ VSpFLILTXHY R SHYFHWWYRBYYEkiowuLn
GIDPpOLRUHUVSfRALINGHXE) W p FPUPEUDOHV LPSOLTXpHV GDQV OD

VIPSWRPDWRORJLH GHV WURXEOHYV
&ROFOXVLROQ IHXURSV\FKRORJLH FRQFHYRLU G|

SUHQDQW HQ FRQVLGpUDWLRQ OHV

WLHQ TXYD\DQW GpMj SOXV GH  DQV G%'G'R\é‘{‘ﬁﬁ‘vuHOLSD'V\#)SWWP%"\'/\)’RORJLH Gl
&2 FRQQDLVVHQW XQ GF’YHORSSHPHQWl'ﬁWFQJ%%\HEH8LW\}V'@% UHQIRUFI
30XV GH GHV GRFXPHQWYV UHODWDQW G iy 0P B {EGRGR "Wiv DPpOLRU
GH OfLQQRYDWLRQ GDQV OH GRPDLQH RQW PWR $XEQENY DX FRXUV

GH FHYV GHUQLqUHV DQQpHV a 1 PXFRVEPNGHRRY FRIQLWLYHV  HYV
VFLHQWLILTXHV ~&H GpYHORSSHPHQW Vi R4 | QR TP BHXY SI¥RHUPLODOW
PHLOOHXUH FRPSUPKHQVLRQ GHV OLHQYs&HNHA VHITHESU 1) FROFHY
FRIQLWLRQ HW FRPSRUWHPHQW SHUPLYH,lowaPl & QFHIGREL OdPe HWw b ow
XQH DFFHVVLELOLWp DFFUXHV GHV RXWJOM) G EWPRAMALT FPUPEUDOH

HW LL SDU GHV PpWKRGHV GH PRGPOLVDWLRQ, Gk WHPLYHBHRW E% oD pr
VLIQDO HW GY,$ GH SOXV HQ SOXV URE)%V%WDﬁ[ﬂI-b\kW\ﬁﬂﬂ(E)\}_O@[y@(H_'V VXU
FHV GHX[ D[HV TXH VH FRQFHQWUHQW D)RMRSYETKS &P BRMRWNP cpov o
GHV LQYHVWLVVHPHQWYV GH 1HXUDOLQMQ|QJI-5(\MB\NIQ/>§@\6W¥VD§BHLWIDV 61D
QFOXVLYH%UDLQV OD VWDUW XS ODUVRLQRPLYHoINbLR SHYBRYHU DYHF

JUKFH j VRQ HIRVTXHOHWWH FRQWU{Op %%BL@HQ@'%E&J%%W&QQL%HV SHUIR
/IHEUHJHUH GH SRUWHU OD )ODPPH ZO\PGSpLFTF?%'DHIQ

SODFHOTBKXPDLQ GDQW\OM BRXFWH HOOH VRXYHQW

QpJOLJpH 2U VL OfRQ VRXKDLWH SREYRAUYWWRHAKUEEHD YHE QY TRXUQLW
FDSWHXUV HW GpFRGHU DYHF GH 0 TY#! Sy WQ WPl REQ U YPPEk [T XH GHV DW
GILQWpPUrwW LO HVW QpFHVVDLUH HQVYPRERRIRALEY BRMYRPIHVVIR LW GH (
FDSDEOH GH OHV JpQpUHU (Q UBFBP&Ywp XRVeRREXYHSRXUULRQV FRQ
DSSUHQWLVVDJH HVW PLV HQ MHX IRV ERQW lbrds BN dBUW fXH OH 1]
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SDV DX[ DWWHQWHY pOHYpHV GH OD SR&XMPNLR 1RXW® URPHUNW 7 5RFNVWUR
HQ HITHW GDQV XQH SpULRGH GH IRUWE KXY VHGsL b AM BN G WRW sy Sri
VWLPXOpH SDU OD FRXYHUWXUH PpGLBWLTXH GHV ,&2 TXL ODLVVH

i SHQVHU TXH GHV SHUVRQQHV DYHF G HM &®Q GRER SNYP/AR WIHKXW % L R HIRIL
VPYqQUHV SRXUURQW j QRXYHDX FRPPXQL T3S YW EFH GpSODFHU

GH PDQLgUH QDWXUHOOH HQ WRXWH DH¥WROGRPLH EWRBENYW GRQF GH
QRWUH UHVSRQVDELOLWpPp L GYIDMXVWHQH®RW HMAFRAPX QLFDWLRQ

SRXU pYLWHU GH JpQpUHU GHV DWWHQWIIRWUGpUBW \PR@QBEOHW HW LL
GfRULHQWHU QRWUH UHFKHUFKH DILQD@&WH HREBXN /DV VXU RNDQ@EHG L Q 1HXURO
UpSRQGUH DX[ EHVRLQV HW DWWHQWHV GHVYXWLOMWDWHXUV ILQDX]

3RXU FH IDLUH LO HVW HVVHQWLHO G/qJPLLfHIﬂWWW@HR®@%QWHLL@JLWKDELO

KWWSY ~GRL RU
FHQWUH GH OD ERXFOH HW GfDGRSWHU XQH DSSURFKH FHOQWUpH VXU
OfXWLOLVDWHXU 9(3D|$|_ RUHQ V HWXDO&KLOG $GROHVF 3V\FKLDYV
FDPLOOH MHXQH 7TKLEDXOW 5 7 /LIVKLWE&RUWH] $
-HXQHW & HWBWDRI %UDLQ 5HV GRL
EV SEU

SplpUHQFHYV 'XVVDUG & HW-DEXUDO (QJ GRL

.+ EOHU $ 3URFHHGLQJWRQWHMQDWLRQDO :LQWHU!
&RQIHUHQFH RQ %UDLQ &RPSXWHU ,QWHUIDFHV



/ID I[HWWUH GHV 1HXURVFLHQFHYV Qf

Sodc;isété
Neurosciences
'RVVLHU G .x

, QWHUIDFHY &HUYHDX ODFKLQH S
6\PELRVH +XPDLQ 7THFKQRORJLH

(0$18(//( 5(<1$8"

/IDERUDWRLUH eWXGH GHV OpFDQLVPHV &RJIJQLWLIV 8QLYHUVLWp /XPLgqUH /

/HV ,QWHUIDFHV &HUYHDX ODFREQNM
GIXQH QRXYHOOH LQWHUDFWLRQ

/I MTKLVWRLUH GH OfKXPDQLWpP HVW F
SOXV LQWLPH DYHF OD WHFKQRORJI
SLHUUH WDLOOpH DX[ PDFKLQHV LQ
RUGLQDWHXUV DX[ VPDUWSKRQHV | —

QDWXUHOOHV 0DLV HQ SDUDOOqOHEZ
UpGXLUH WRXMRXUV SOXV OfHIIRUW i g | =
DYHF FHV WHFKQRORJLHV MXVTXYj 5% - =
FRQWUDLQWH (Q HIITHW DXWUHIRLYV )LIXUH6FqQHSGMVRXU YHUV GB YW XU GLDOR
GH VHV PDLQV  FKDTXH RXWLO H[ES&:S(')DH%";’\(SVSX'XWXU HW ODUWL TXL MRXH |
SUHVVLRQ XQ PRXYHPHQW 3XLV YL qgipow 7X YHX[ GLUH TXfLO IDXW VH VHUYLLU
LOQWHUIDFHYV JUDSKLTXHV OHV pFUD(QIDQW dD UHVVHPEOH j XQ MRXHW SRXU EpE
YRFDOH UpGXLVDQW SHX j SHX OfHILIRUW QPFHVVDLU

H SRXU
FRPPXQLTXHU DYHF OD WHFKQRORJLHFRQVDFUDHV WHFKQRORJLH GH OfDC

ot Yan ariviook Uy IS, SERERRE O,
LOWHUIDFHV FHUYHDX PD&HVQBLV,&BCE&/L'I: Q © Q Q ©

YHXOHQW pWDEOLU XQ OLHQ GLUHFW HQWUH OYDFWLYLWp FpUpPEUDOH HW X
V\VWgqPH LQIRUPDWLTXH 30XV EHVRLQ GH OHYLHU GH PDQHWWH
GH ERXWRQ QL PrPH GH FOLF OD S&RNPHOQWHXOQFWXIRRWHL WQH LQWHUIDF

FRPPDQGHU OD PDFKLQH /H OLHQ HQWURk OJKBRUHQWW V& xqQ SuLQFLs
WHFKQRORJLH QH SDVVHUD SOXV SDHoWRR iBFS VY PRPEYHSPUFRR YHUWLU O
SHQVpPH /THIIRUW SK\VLTXH GLVSDURMWHBLW 4RITHORIE SRvY B ixoH PDI
XQH LQWHUDFWLRQ SXUHPHQW PHQWRARHL I BYEY QR IV WVeH ipLw G
OFKXPDLQ LQWpJUDQW SOXV RX PRLQM, PE&Y¥APHANWY PHAHEW GPRPsoH[HYV

&RPPDQGDQW HQ FKHI  GX VIWVWqPHyKXRBEYABONLRYWUHPHQW HW OTLQV
JLIXUH FPUPEUDX]

/H FHUYHDX JpQqUH GHV VLJQDX[ pOH
'H OD VFLHQFH ILFWLRQ j OD UpDOLWELIIpPUHQWYV QLYHDX]
/IRQIJWHPSV UHOpPpJXpHV DX[ UpFLWV GHXVFLMHQFRQILQWDNOYHWHY pOHFWURC
,&0 VRQW DXMRXUGYTKXL HQ SOHLQ HVVRUXUSRRHVEMVF BKQAH OV pOHFWUR

DYDQFpHV HQ QHXURVFLHQFHV HW HQ IRQ\,N&I-bO\H_I_P]II_—I(EBWMWh FLp'_(l)(I)-I(P—'WURGI
D

. $ (Q ob HBH FWURQQRRAV VXUIDFH GX FRUWH[ HJ[ pOHFWLU
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X ,&0 LQYDVLYHYV LPSODQWV LGWHpBRVPPEIQUHEPWHRRQYHUEDOH RX SK\\
GDQV OH FHUYHDX RIIUDQW XQI—DHNUODIF-I\MU\‘ILW[IJVRQ)LXN\ELLH:Q)H FHV LQ\

DFW 58( DYHF OH?’
8QH IRLV FHV VLJQDX] HQUHJLVWUp Bg \z}j:) H %
I% W % %ﬁ" H'V X WH[WH

pOLPLQHU OH EUXLW SXLV DQDO\VpsK i PSO DX[ VI
FDUDFWpPULVWLTXHV SHUWLQHQWHYV \L/J %}e g P\);%'éeHuc
ODFKLQH /HDUQLQJ DSSUHQQHQW HQE/'S'(YS/ G H

LOVWUXFWLRQV H[SORLWDEOHV (QIT&" W g\\zﬂ_‘ QgF}ﬁs\?pEHOVP

WUDQVPLVHV | XQ GLVSRVLWLI H[W
Q JoXQ [ XQ DO VHFRQGH /

RUGLQDWHXU LQWHUIDFH GH FRP g LF )—%(EJQQ P
H[RVTXHOHWWH L J XQ YRFDEXODLULE

pU
&H SULQFLSH HQ DSSDUHQFH VLPS%E'%E XV\? OH[LT\;/(H ISRHQC
EHDXFRXS PRLQV WULYLDOH OHV VLé) PP

V

HITHW WUgV EUXLWpV FKDQJHDQWYV VP%{
LQFRQVLVWDQWY HW XQLTXHV j FKDTQ%H L‘f_Q%
GIDSSUHQWLVVDJH FKDUJpH GYDFFR QZEOJ;
OHV VSpPFLILFLWpV FRJQLWLYHV GH
GPURXOHU DYHF GHV VLJQODX[ SDU QO §§/HV % R U-DbYHF XQ
FRQWUHU FHWWH KpWpURJpQpLWp >& $)|-llJ UH%l-FRQWU{O
GRQQpPHV OHV PRLQV EUXLWpHYV SRVP/LBWIWJ ﬁ\R/UGOREf_ 5p5'R\Hu

GHV DOJRULWKPHV GIDSSUHQWLVVDJH VSpFLILTXHV HW DGDSWpV j

FKDTXH LQGLYLGX BHUVSHFWLYHV GIDYHQLU

CLC=
O
u
CI'_
U

@,

KDPS G¢YD

)I(-| Ig) 8%%%!§H GX GRPDLC
%%% w e o

X 'HV ,&0 SOXV SHUIRUPDQWHYV HW DF
$SSOLFDWLRQV HW EpQplILFHVY FRQFUHWWRHW ,&0

$XWUHIRLY ODERULHX[ OH GpFRGDJIUTEHY ARG UPS&G R/ $ HQ QH
JDJQH DXMRXUGYTKXL HQ IOXLGLWp %B?BNV"IDF%Qg 5 b HY %E%L VHQW SUpVI
ODFKLQH /HDUQLQJ GHV QHXURVFL "VHV PRLQV LQYD?
QHXURLPDJHULH HW GH OD QHXUR LS? Lﬁ%QQG/QWpEoULFﬁL?S'W?H VRQQHV
GHV FDSWHXUV 0D SXLVVDQFH FURLYVYowWH cARDoIRDY WKkPHWRRW OLPI

OfpPHUJHQFH GH GLVSRVLWLIV ELRF R%D%)B\%LL%%W QJZ'Y'LJ'IP(%\';EOLWP /[H U

GpVRUPDLYVY OD YRLH j GHV XVDJHV MYH&Q{WOdWVﬂ\{(&-PH’aé
IDQWDVPpV GHV UpVXOWDWY SDU HVVHQFH LPSDUI

/fXQH GHV DSSOLFDWLRQV OHV sox{V LU'Hﬁth \Afh?\?ﬁvocﬁ-?\?HES'QW GH FDS
FRQFHUQH OHV SHUVRQQHV HQ VLWXOWPR bEW ke e LS| Y BOXY VRS
SURJUQV GDQV FH GRPDLQH rRow pwhp-¥&LF 55)9(5' LUHY D HEPXL FpUpEL

GHV DYDQFpHV TXL SHUPHWWHOW DXMRREEYEx ¥y UQ'Q%HV SHSU
SDUWLH SUpPFLHXVH GH oHxu bDxwrRYRBLH Ry H UDS
QRWDPPHQW | GHV SDWLHQWYV DWW

( b

p ¥ SEY&R VLWLV GH UHFX
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OYDFWLYLWp FpPUPEUDOH GTXQ SDWLI—F% RIRPRuUpRY ©
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'RVVLHU

X $XJPHQWDWLRQ FRJQLWLYH DYHF OHV YRLWXUHY DXWRQRPHV &HC
6L OH GRPDLQH PpGLFDO FRQWLQXHU®GHGFHVUGILX S RPVRWH X BYDW HOQU SUPUHT)
GX GPYHORSSHPHQW GHV ,&0 | SOXV(W RIQ@JLW@QHOPHT XY VB HKQ SOXV ODUJH G
LPDJLQHU GHV ,&0 XWLOLVpV SRXU GERLOLRBRUHQWNPED$HDGEHWPDOLW rWUH C
FRIQLWLYHV HW SK\WLTXHV GHV LQGLYLGXV RXYUDQW DLQVL OD YRLH
DX FRQFHSW GH OTJKXPDLQ DXJPHQWpP DX F°XU GX FRXUDQW
WUDQVKXPDQLVWH /HV WUDYDX[ HQWRRSFPHXVN HRQFH vHGWVY H VIR QWY \PELR
PRGHVWHY HW VXUWRXW VRXPLV JHEKQRPRHVWIRQV GH
QHXUR pWKLTXH SRXU OTLQVWDQW OWRLWROWHMpVHOWHOW OTXQ GHV WR
X ,QWHUDFWLRQV +XPDLQ ODFKLQH &DMHPWYVGXxvithk Y lparPH | OD FURLVp
07.QWHOOLJHOFH $UWLILFLHOOH “GH Of,$ HW GH OD WHFKQRORJLH %LH
'DQV OH VHFWHXU GHV QRXYHOOHV WERHEMEIRYY H @ HX* Y BRWHQWLHO SRXLU
WUDYDX[ pWXGLHQW GHV GLVSRVLWLMREDS®EORHWLER MW uUdHHp¢ ROKEWLVVHP
QRV LQWHUDFWLRQV TXRWLGLHQQHV BR P D MW/ DEXYIH IRLY IBRWPLVLVWH I
GLVSHQVDQW GHV IDVWLGLHX[ PR\HQV PP OMPHY B RWERGHS B\WRPRMWD QW GT
H[LVWDQWY HW UHQGDQW OHV LQW H UDFPLRQV &b $HY ¥BRRIHYH Kl ewH G T1X
IOXLGHV HW LQWXLWLYHV 1DYLJIJXHUWWXAQP PPFKELQFHWOREWHPFRIDBISORUP
FRQWU{OHU VRQ HQYLURQQHPHQW RXBY bl ®YU GH V¢ pk HFX SN HMP QILEOT
OD SHQVpH DXWDQW GYH[HPSOHV GERGRUDHNE[F oRRYP T NHOL BYWREBR XYV RQW
OD 6FLHQFH )LFWLRQ TXL SRXUUDLH®RWI BYHEGH &R %G XQdb SRWBLVVLRQ L
7RXMRXUV j OD IURQWLQUH GH OD 6FLHJFH P RKo MR OWANH Yih X REW @ F LF
GH O0f7,$ DYHF OHV ,&0 SRXUUDLW SRERJIBPHRWWUHQ xWiKH 6KHOSORUHQ\
FRPPXQLFDWLRQ IOXLGH HQWUH OD SSVY\Fit Ok ¥rp EG ¥ QHIWP WWHQDULDW HC
PDFKLQHV YRLUH XQH DQWLFLSDWLRQ FEKRY XRH VRIPGA\H QM UPkW OHV  OLP
LQWHQWLRQV GH OTXWLOLVDWHXU SDUHXKRRYRIAWDOHPMBOMREEBEW p 3 O-My |
FRXSOpH j VRQ XWLOLVDWHXU &HV FRIKEBPLHR vVRBBY H&RW QpERHHU GH PDC
GH UpYROXWLRQQHU GHV GRPDLQHV ERPEPHEOR Y LK R P YVRAELEKHH +XPDLQ

RX OH WUDYDLO FRRSDUDWLRQ HQWUH OD SHQVpH ELRC
FDOFXO DUWLILFLHO IXVLRQQDQW O
x 'pILV pWKLTXHV HW ULVTXHV OfKRPPH HW OD UDSLGLWp GIH[pFXWL

&HV pOpPHQWV SURVSHFWLIV QRXV RRGRHAMWy b HF BRFVEREHHGHYHOQLU OTRX

TXH OH GpYHORSSHPHQW GHV ,&0 &R yRARHWOEARPHRW DoV MDPDLV
VIDFFRPSDJQHU GTXQH UpIOH[LRQ BHSVURIBRAG LK PG WHXUV
LPSOLFDWLRQV pWKLTXHV HW VRFLpWDOHV TXL GRLW rWUH PHQpH

SDU OfHQVHPEOH GHV DFWHXUV FRQFHUQpPV /fpYROXWLRQ GHV

€0 QTHVW SDV VHXOHPHQW XQH D G LI RAeE
QHXURVFLHQWLILTXHYVY PDLV HOOH FRQFHUQH OfHQVHPEOH GH OD
VRFLpWp OD FRPPXQDXWp VFLHQWLILTXH PDLV DXVVL OH

PRQGH SROLWLTXH HW OD VRFLpWp FRYAWHREBRYYHQW VH VDLVLU GH
TXHVWLRQV HVVHQWLHOOHV VXU OH UHA(SHEW BHa0ID YHH SSKLWRIES OD
VRXYHUDLQHWpP FRIQLWLYH HW OTDYHQ4dJGWHO MrG HQipoWarKWKPROL QH /D
TXHVWLRQ GH OD SURWHFWLRQ HW GCHWWSYXWRORVDWLR® GHV GRQQpPHV
FPUPEUDOHYV GDQV XQ FDGUH pWKLTXHFRQWOLEW SUWYEHLWH GHV
SUPRFFXSDWLRQV FURLVVDQWHYV BRHEVQVRRQT MW IWWX2GHY %LRPHG (QJ
VILQWHQVLILHQW j PHVXUH TXH OD UHFRKHIEKKH  MHDGWXYHORSSH DX
VHLQ GTRUJDQLVDWLRQV pWDWLTXHV. RXawSUL ¥pbWwx&RQW OD
WUDQVSDUHQFH UHVWH OLPLWpH /D TXRBYWLRQ GHQPySRYVLELPLWP GH

OD PDQLSXODWLRQ HW GX FRQWU{OH PTQWPQ*&H&WQ\RI%Q(QI?E’%%WFD/H
SRVHU XQH XWLOLVDWLRQ PDOYHLG@DRDOQWH ARG HWI, &0 SROXMRI DLW HOOH

SHUPHWWUH GTKDFNHU OH FHUYHDX “gr{Brd XHV WdRvX 336 ¢ 06 RRH

UHVSRQVDELOLWp SDUWDJpH HQWUH OfbX WikdQ LY DMIbtrh' LYK uOw& @y HV W
pJDOHPHQW IRQGDPHQWDOH FRPPH HOOH VH SRVH DXMRXUGTKXL



/ID IHWWUH GHV 1HXURVFLHQFHV Qf

Sodceisété

Neurosciences
'RVVLHU

/HVWHU QRVY WKpRULHYVY FRJQLWLY
O, QWHOOLJHQFH $UWLILFLHOOH
OH FDV GX *OREDO :RUNVSDFH

58),1 9$158//(1

&HU&R &156 805 8QLYHUVLWpP GH 7TRXORXVH 3DYLOORQ %DXGRW +{SLW

&RPPHQW GH QRXYHDX[ UpVHDX[ GH QUHXWRRIWYVEHBHRQBEWHVWHU H[SpULPI
LQVSLUpVY GH OD WKpRULH FRJIJQLWLDMWVGEKQ DQREHDVO :RERRFNBDFKIDQV  O9fH[HF
QRXV SHUPHWWHQW LOV GH YpULILHUF@ POIDFEFRIDVB WREQ RD\DA H QRABHG B U-\W WWWDHD \
DUFKLWHFWXUH FRPSXWDWLRQQHOOHRUNVSDFH HW FHX[ GTXQH WKpRULH F

GH OT,QIRUPDWLRQ ,QWHYUYHXPRX ,UpV

H[SpPULPHQWDX[ SRXUWDQW QH VXIIL
/ID WKpRULH GX *OREDO :RUNVSDFH LQYDOLGHU OfXQH RRIOHDNY FBDWEfR

/JHV QHXURVFLHQFHV FRJQLWLYHV IRV IWYW B¥Wwikh RA HRRUUHVSRQG

SURPHWWDQW GYTH[SOLTXHU OfpPHUBEMHFR VY SREYRRPFLVTXL VHUDLW |

FRPSOH[HV WHOV TXH OD SHUFHSWLRYKBRUASPRPOH RERRIQLWLRQ

RX PrPH OD FRQVFLHQFH 3UHQRQV OR PHRHINH FEAHHY/IPEPWW R RIRMWH HFHQWUDOH G
GX @WREDO RUNWBIRERVpH SDU % YBRXWVOSRERWPPHQW VDYRLU VL XQH DUF
GpFULUH OD FRJQLWLRQ HW OD FRQFELOOBWY KERNWLOPNGX®HY VSpFLD
DQLPDOH¥Q HQVHPEPRGX® ®WH WUDLWEHRTTPWTXHPHQW j XQH UHSUpVHQWDW
QHXURQDO VSpFLDOLVpY HQWUHQW HRXBESPWLWXRQRUBRKXWHOQIRGEBWHU GH
j XQ HVSDFH GH WUDYDLO JOREDO OWDQRFAOIDREGNVEWFERKXY RLU SURGXL
** &HWWH FRPSpWLWLRQ HVW DUELMMUPOHIDDUKRL WHRMAHMMIW DILQ GH O
DWWHQWLRQQHO WHQDQW FRPSWH GHRPIHIMWAWVGXXOWWePH MW FKH) VTHYHP H C

REMHFWLIV /fLQIRUPDWLRQ TXL HQWWHUFHRWYHOW« *OREDO
"RUNVSDFH HVW HQVXLWH GLIIXVpH j OTHQVHPEOH GHV PRGXOHYV

GRQQDQW OLHX j XQH UHSUpVHQWDWLRQ XQLILpH SRXU OH V\VWqgPH
HQWLHU HHUHR/MG® BiVav ,$ HW DSSUHQWLVVDJH SURIRQG

&RPPHQW VDYRLU VL OH FHUYHDX |IBRFMRXAQ/QB HWUDBHRMQWUBW DQQpHV C
FHWWH PDQRUHUDWLTXH RQ WHVWRWDPRWMIW GHV OTDSSUHQWLGWBHEH
SUPGLFWLRQV H[SPULPHQWDOHV TXL Gid bR R QRQ@W FSFROXWWRXY PRQ@VUHGpILQL
GLUHFWHPHQW2GH OD WKpRULH ,0 IDXW GTRERIHMQSRVW XHIWH TWHPORQLTXH
FRPSRVDQWY VWUXFWXUHV HW SURFUYVQY FRGPXINMDDY[HQWUDLQHU G
UHPSOLVVHQW OHV GLIIpUHQWRMHRGRQBHWIWROQMVHSSRFRRBRUWDQW GHV GL]I
FRPSpWLWLRQ ZRUNVSDFH EURDGPROWKRQYHBW GHIXURKGHY HW MXVTXY,
SURSRVH SDU H[HPSOH OfKABRWKQWF®R@XHFOREDODILQ GH UpVRXGUH XQ
"RUNVSDFH GH 6 'HKDHQH HWO FRIOQ&GIDWW LILHU XQH LPDJH UHFRQQDVWU

&H WHUPH HVW HPSUXQWp DX[ *$1V OHV UpVHDX[ JpQpUDWLIV
DGYHUVDLULHOV TXL DPpOLRUHQW OHXUV SHUIRUPDQFHV HQ RSSRVDQW GHX|
VRXV UpVBBX[H® VD IHHVUDVQpPY FRQMRLQWHPHQW



'RVVLHU

PDVWULVHU XQ MHX YLGPR RX GH VW UHI®/@UEHW P D I P0Q/ VR SpQHQWUVVDIH |
GH WRXWHV SLGFHV XQH LPDJH XQH XSBPRLUPDOLVWH RX XQ

PRUFHDX GH PXVLTXH RX VLPSOHPRAW limnepnciiu i cuy

TXHVWLRQV HW UHTXrWHV IDUIHOXH o

FRPELHQ GH FHV FDSDFLWpVv DxupLw ~ tache: “visite duzoo™
DWWHLQGUH LO \ D VHXOHPHQW D¢

8QH FRQVpPTXHQFH GH FHV DYDQFpH
QHXURVFLHQFHV HVW OD SRVVLELOL
WKpRULHV FRJQLWLYHV VXU GHV V\V'
pFKHOOH HW DLQVL OHV PHWWUH j O

8QH LPSOpPHQWDWLRQ ,$ GX *OREDO

&THVW FH TXH QRXV DYRQV HQWUHSU
GX *OREDO :RUNVBDFHURFpGXUH FR
LQWHUFRQQHFWHU GLIIpUHQWYV UpVH
OH U{OH GHV PRGXOHV VSpFLDOLVWF
GHV HQWUpPHV YLVXHOOHV DXGLR

pJDOHPHQW SURGXLUH GHV LPDJHV

PrPH FRQWU{OHU OHV DFWLRQV GT:

DWWHQWLRQQHO GpGLp GpFLGH GX R?( GHHGFI?(RGXLOO%\%V-I\;V)L(JLDWSLBéU *OR(%DO RUNVS
DFFpGHU DX *: j FKDTXH LQVWDQW HQPéB;QD'ﬁW RRLEdV QTPMPWLGE X HPson PR

V\VWgPH GH VHV REMHFWLIV HW GX FRQWH®XE OHFWIHO GBHEBKR T XHVY PRGXOHV
PRGXOH /RUVTXTXQ PRGXOH HVW VpOHEFWHRGOp'STVWLEED WWHQYWEFRPWLRQ GIL

OH GIDFWLRQV URERWLTXHV RX UHSUpV
LO LPSODQWH VRQ FRQWEQXUGBQ@&BM?&HV G:TTRS UHL?LQGpSHQGDPPHQW G X *:p é

HQFRGHXU VSpFLILTXH GH FKDTXH %Iﬁ,g,)f,@\MLRFQ%Qngh\@LUWSypI@QQWp LEL SHXW |
DFWLYLWp HQ XQH UHSUpVHQWDWLREREPPROPRIPXQOH DXQHHVFRUWHKLGRHUPDWLRQ WL

OLQJIXD IRWOPDIXH YPKLFXODLUH GX BOREDOFHRIQNAPDMWF [GHYLHQW HOOH PrPH DFF
,O VIHQVXLW XQH GLIIXVLRQ GH FHW\R/’?—WPJ'PV PLﬁoG\}(ﬁb\(NYd\RlﬁﬁgL#'ﬁWP%@ R © EURD

SRXUOFEQVWHQ oV RO OKEWD DX *:
j OTHQVHPEOH GHV PRGXOHV DSSRH@J@# P@XE(HB»RQQNFBVDWQVL FRQQDLVVDQFH GH OD
FHOD FKDTXH PRGXOH GLVSRVH pJDOHRHQWR GIADNWQS GPWIRGEW SRXU FH PRGXOH

SRXU UHWUDQVFULUH OH ODQJDJH FRSPRH BXWULFEFOVXYMI 6L OH PRGXOH pV
ODQJDJH SURSUH 2Q YRLW GDQV EBWWVB%VWD%QI&QUWL(‘S’I—R}HXJXQH UpSRQY

PH HEJ oD FDSDFLWp GH FRQWU{OH
ODQJDJHV SURSUHV HW FRPPXQV TXCWD% R@ R P(W)L\RLQVX%%'LRQ GH PDQLQUH IOH[L
FRQVLVWH SULQFLSDOHPHQW HQ XQH IRUPH GH WUDGXFWLRQ

QHXURQDOH $LQVL RQ SHXW IDLUH DSSHO |j GHV RXWLOV
GI{DSSUHQWLVVDJH QRQWUI&SHW‘KR‘QFQHEDIP)U-I—PU-I\QWpVXOWDWV
XWLOLVpV HQ WUDLWHP FB@W UG K QONDUD) RXV DYROV SX FRQILUPHU

HQFRGHXUV HW GpFRGHXUV TXL sﬁ PHWHWé-U) VH U\PE\%E é HXOWLPRGDO‘
OfLQIRUPDWLRQ HQWUH PRGXOHV H\Q;FpQ[%Q YJD§S KL KU, X :: VHXOV

F\IFOH GH WUDGXFWLRQ VXLYLH GHj Up Lh% LR \Iréj Q ODQJDJH
6IDVVXUHU TXTXQ WHO F\FOH UHVWH FR UJ*SB’S%HBV?? \}vﬂJ%HBHPHQ\
HQWUH HX[ OHV HVSDFHV GH UHSUpVH %%(APLV&LLR,% HY S\)ﬁ'b V. GH W

GX *: VvDQV SRXU DXWDQW FRQQDVWUS]-,(F? %qYU LHPDG&EMQSHUPHW
vL WDQW HVW TXJ{HOOH H[LVWH EUH GH SDLUF

OTHQWUDVQHPHQW GYTXQH DUFKLWHF HU IEQO '\j{( DE'EYHDX GH
QPFHVVLWHUD PRLQV GH GRQQpPHV HW rLﬁng IE SN RSwowLrG Py

p
VHLQ GX *: SHUPHW GIDWWHLQGU

U’. :
<Tx
S

/[IDSSUHQWLVVDJH QRQ VXSHUYLVp VIRSSRVH j OTDSSUHQWLVVDJH VXSHUYLVp
Re OfRQ LQGLTXH GLUHFWHPHQW DX V\VWgPH OD VRUWLH GpVLUpH SRXU FKDTXH
HQWUpH



'RVVLHU

SHUIRUPDQFHVY TXDQG RQ OfXWLOLVHDNQ/VSRWXMRIRXH GHYDWRFHKHVSDU DSS
GH FODVVLILFDWLRQ SDU UDSSRUW FRR@ WA®MXY® HD WNDHNQLW RE@Q@HO TXL S
FRQYHQWLRQQHO WHO TXH OH FpOqERKD PRGqgOHWE/H3 GIQEAWERQ 1RXV G

&/,3 &RQWUDVWLYH /DQJXDJH PD(JHHUS/ULRW\ADG_'FQX_@JWHO FRQWU{OHXU St

'H PrPH QRXV DYRQV SX XWLOLVHU OBW&US W’bWV RGGBPQLWpV FHOOHl
SRXU HOQOWUDLQHU XQ DIHQW GﬂDSSUH%V\}V? v'BHﬁé"HU" I—l? IylPIfI-PPLagV\ﬁH UHF

© UHLQIRUFHPHQW OHDUQLQJ @ | FR ILZIVL\J/GL;} QGTRE PD8§P>P LJXDHUEEI
HQYLURQQHPHQW LQGXWWEH H O/ IV LPRp

GJHQWUDLQHPHQW EDVpH VXU OH E Gle'\VV\PG@F? RPSRUWHPHQV
VIDYqUH UREXVWH j GHV FKDQJHPHOWY &hPREYLT R VW%%MHFW,L'V I €
SDU H[HPSOH VL OH V\VwqgPH DssB¥ c,R"LQ LWBbB l{ woT HVVZJ GLUH
FRQWU{OHU OH URERW VXU OD EDVHF(JRWT] MEPDWE R RV Y(Wﬂht' Sbu

GPpFULYDQW VD SRVLWLRQ GDov ofhd\W V}ibRQChéﬁé D WREQ%\U‘JE)(H HW Uy

HQVXLWH JpQpUDOLVHU OD VWUDW gRRHO ICRSBHUL\OHHVORDSDREROV GH. O, $ H

GRQQHUD GHV LPDJHV HQ HQWUpH DB pPROWGHV DQRIRUPEMAIRQY GH OD WK|
QXPpPULTXHV RQ SDUOH GH WUDQVIBQHNVDEWHHRP\DKRWWH BHQUDLW GH YpU
VI\VWgPH pTXLYDOHQW PDLV HQWUDVGRHASRL WBRHQWH GIHH @RV3V\VWqPHV DU

QH GpPRQWUH SDV FHV FDSDFLWpVELH QpjQhH DRI VO WHRDNWHGEDQV OH Ft
UREXVWHVVH DFWXHOOHPHQW GHV GRQQpPHV GfY,50I
PXOWLPRGDOHV LPDJH WH[WH DILQ

FPUPEUDOH j FHOOH GX *: DLQVL TXTj ¢

BHUVSHFWLYHV PXOWLPRGDOH FRPPH &/,3 $X QLYHD

&HV SUHPLHUV pOpPHOQWV FROWULBRAYW WHQYRRHL FETRXROXHU GDQV
OfDUFKLWHFWXUH *: DSSRUWH ELHQXNE RN MY PR B F WA ROWHRGDO G
DX[ VIVWqPHV FRJQLWLIV DUWLILFLEPIPP HRYISRFED oW TEY REHBYLRQYV  F
UpVXOWDWV QpFHVVLWHURQW GYTrwuUNlPFREHTEPN YR VAMIEEERRW Do HY IR
SOXVLHXUV GLUHFWLRQV 7RXW GIFERUNYDPY DrHxw RERYPLERYHUHQRIHQG
GIDXWUHV PRGDOLWpPV GTHQWUpH VRUWRHLPARWRHEHIHYRWLEHP R X $ DU C
SDU H[HPSOH OfDXGLR OB BDURRWY HHHGTDEMAR® OLIOH GH UHFKHUEKH
SURFHVVXV LQWHUQHV FRPPH OfpPRWHR®LROVPRMNIOFMWRISKQY TXOHPV HW pWK
PpPRLUH« $SSUHQGUH j DOLJQHU FHEq@LYFRUVHK PREVALYOS'SHOOH TXH OF
YLD OH *: JUKFH DX[ F\FOHV GH WUD GXEFW LRQ H¥\i P X EW ROEHF DWVRWRULH GH C
UHYLHQGUDLW j DSSUpKHQGHU OHVDRQDO RRIHM GTpUp H BLVNEHQUW K XL FRP
QDWXUHOOHPHQW HQWUH HOOHV HWHFGODIPRYYRWH QF P QRUMUROHSHQVHU
UHSUpVHQWDWLRQV GX PRQGH GDQW O RGO HRAIRMWHVYDYK RQV XQH Upt
LOQWHUQHV | RIDVHQWULTXHPHQW |sSfFRAPQRORILTXH DUWLILFLHOOH?2SL
UHSUpVHQWDWLRQV V\PEROLTXHV 6lHyv QIPWHRIMWY GRERWHYWDLUHY TXH Q
UplpUHQWLHO H[WpULHXU L H GDQVPOINMQYHMNWAWHURHRWH]2Q HX W GHVFH

SHQVHU TXH FTHVW FHW DQFUDJH RKp® IJWR¥XROLMLEPU DYWL RLW
GplDXW DX[ V\VWgPHV Gf,$ DFWXHOV PrPH OHV SOXV

SHUIRUPDQWY FRPPH OHV JUDQGVY PRGQOHV GH ODQJXHYV

/rov Rx /bUJH /pbQIxDJH orRGcHOV s L R 2 e
GX *: SRXUUDLW DXVVL DYRLU GHV FRQVpPTXHQFHV SUDWLTXHYV

HQ ,$ HQ UDSSURFKDQW OHV //0V GH OD FRJQLWLRQ KXPDLQH

HW HQ UpGXLVDQW OHXUV HUUHXUV LQYUDLVHPEODEOHV RX

© KDOOXFLQDWLRQV 2 5plpUHQFHYV

8Q DXWUH D[H GH UHFKHUFKH %L@#&ﬁ&)ﬁq@d’@t\% IS\,‘\VX/HRU\RIFRQVFLR:

PpFDQLVPH GH VPOHFWLRQ DWWHQWLRQDQH XU* 89 PRGXOH SHXW
rWUH VpPpOHFWLRQQp SDUFH TXYLO SRUWH TRUPDWLRQ
LOWULQVqQTXHPHOQW VDLOODQWH RX OHSOO@‘EH WX 6 VHPEOH
EpQpILTXH j XQ LQVWDQW GRQQp RX HOEFRLEH SPHHRCTrxqLo
SDUWLFLSH j XQH VpTXHQFH GYRSpUDWRR®PPHEODQLA¥HHRSIRKKURVFL
UpVRXGUH XQ SUREOQPH FRPSOH[H 'DQV WRXV FHV FDV LO

STos

H
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'"RVVLHU
$UWHW[H 0 HWQ\XSHUYLVHG QHXUDO PDFKLQEDGBURQY GDWWRRFHHGLQJV Rl WKH WK ,QW
WK ,QWHUQDWLRQDO &RQIHUHQFH R@/BHDUQL QR G HSUHDAQR@\WDRKAQE /HDUQLQJ

'"HYLOOHUV % KWW DWDQV 1HXUDO 1HWZ /HDUQ 6%WWOLQ 3 HMWPDQY SUHSULQW DU;LY
GRL 711/6

OD\WLp / HW DMOLQIRUFHPHQW /HDUQLQJ -RXUQDO



/ID I[HWWUH GHV 1HXURVFLHQFHYV Qf

Societé

Neurosciences
'RVVLHU

IHXURSURWKqgQVHV SRXU UHVWL
DSUqV XQH OpVLRQ GH OD PRH!

)$%,(1 :$*1(5

eTXLSH IHXUR'7[ ,QVWLWXW GHV ODODGLHV 1HXURGpPJpQpUDWLYHV &156 8

L, QWURGXFMWHWQHXURSURWKqQVHVY PRWDXWRPDWLTXH HW GILQWHOOLJHQFH

/HV OpVLRQV GH OD PRHOOH pSLQLqUR “Rx Uh thEzFFi/Gﬁ' Yo LAY p QM QWLRQVY
SHUWXUEHQW OD FRPPXQLFDWLRQ [ Y AP QR Ry, o IbUwWL

FLUFXLWV VSLQDX[ TXL FRQWU{OHQW¥ HUYMH%'% W%\Aﬁ?é‘@(/Hﬁju%\%WDFH

OHV UHWRXUV VHQVRULHOV JpQpub8RPNW FRWX5V %o cHvvRrRXV

GX QLYHDX GH OD OpVLRQ /D SHUW')DLQE/DWI—L\RQD@\,MNFGHIIQLIRBKQV\SHD\X/VRQV EU
VRXUFHV DQDWRPLTXHV GX FRQWU{OW\8RW HXH GH\KFHRBWROWK WV PRWUL
GHV DIIpUHQFHY VHQVRULHOOHV DV FpHMHGEBVQM A X HSIHRQF WLRQWIMAMMHH 21 X Q F W
XQH SDUDO\VLH PRWULFH WRWDOH RX $06UWMH OOHV W DP X GHWPRQ HQW AW UL T
3HQGDQW GHV GpFHQQLHV OD UpFXSYSD@LE QFBHE VRQPWOPGM RQ’ 6&6
PRWULFHV DSUQV XQH OpVLRQ PpGXODNH 5 CPKW BQWDXH Mp hVBX VXMHW Y
FRQVLGpUpH FRPPH LPSRVVLEOH HQ UDLVRQ GH O DOWpUDWLRQ

VPYQUH GH FHV YRLHV GH FRPPXQLFDWLRO ELGIYAFWIRGQHOOH 1 1RoFwL

&HV OLPLWDWLRQV RQW PHQp DX, ,GyyH 95885\/ & Bpo%'il ULTXH IRQFW

WHFKQRORJLHYV YLVDQW |j UHVWDXUI—&H_| |D_| ILI?IQ\I/:\W B)?O %WH&)FI#OLSBLTXHPHC
VWLPXODWLRQ pOHFWULTXH GHYV VWB\j(lf I-)l(\yFIhYIpLLﬁ)ﬁ \k/'(/X H%I%%\é\ﬁ LHY P
JpQpPUDWLRQ GX PRXYHPHQW PXVFOI—%UR Lf_IO/HS)E) +J|_l|_§ \V/VVRXKDLWp

PRHOOH pSLQLgQUH RX FHUYHDX HWE VUWHFlé ? J Q OH ELE
XQH DSSOLFDWLRQ VRLW HQ WDQW QI—bS V QF/VIFY)WDR DUOK

QHXURSURWKQVH VRLW FRPPH RXWLSoLﬁ_kgHSLq WQ\Q,&BQS%H@B& HUYH

FDGUH GTXQ SDUFRXUV GH VRLQV XWLOLVDQW GHV pOHFWURGHV QRQ L
/D WRXWH SUHPLQUH QHXURSURWKqVHQRRW U HPH @WpW P SADGW@ WM &HV pO
HQ SDU /LEHUVRQ HW FROOQJXHNRQQBFWpPHM VVDX® GWLE®XODWHXU p
VWLPXODWHXU GX QHUI SpURQLHU S$SpHQUPUDOWMB & WWGHR QWUWD{OMHUMRYMT X |
VIQGURPH GX SLHG WRPEDQW DSUQW&HWN\KWRPSOpBIH VIHLPXODWLRQ SHX
WHUPH QHXURSURWKQVH OXL PrPH DXWLVOL VYW LSRXp UWSRXBRUGBU OD IRUFH
SUHPLQUH IRLV GDQV OD OLWWpUDW XQURP ¥ HHOWLA KDDOW HRQ pOSIRMWWLTXH Q
GpVLJQHU XQ LPSODQW LQWUDVSLQDDV VXV VEHW PEHQWD IGM\O DVKEK DY JHR Q F W
GH OD YHVVLH DSUQV XQH SDUDSOWWLH X ODSKILR/Q OBOMFWIDLTXH IRQFWL!
GpILQLWLRQ GHV QHXURSURWKQVHV WRIWWKQRIK\WRILHIDDBNMOWVPWEH UpG>
PWHQGXH DX[ WHFKQRORJLHV TXL H[MPBPXWEW REVPRRXYPPOGMVN GRQQp RX
PRWULFHV GH VLJQDX[ FpUpPEUDX[ DWIK® U®IS LFR G\WMU PDEDSMWDWLRQ SRXY|
GLVSRVLWLIV H[WHUQHV pJDOHPHQYHXDRSDOYWWL FL@W HUMDFBWY DPpOLRI
FHUYHDX PDFKLQH :EUDLQ PDFKLQH LROQWFAMLIPGHS X WORXEIDQHVVRXV MDFHQW
FH GHUQLHU FDV GHV DOJRULWKPHV GYDSSUHQWLVVDJH
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/D VWLPXODWLRQ pOHFWULTXH IRQFWRRQQFI® @IS Ul \b WQ HX W/EL\OLLR/@ HP pBEXX O O D
FRXUV GHV  GHUQLQUHV DQQpHV SRXW FROOGLUWHY BEHK [WKLIF RIQW PRQW U p
PRWULFHV GHV PHPEUHV VXSpULHXU\W MWFLROQH DX URQWHGEBD OIIXHH LQFRF
OH PDLQWLHQ HQ SRVLWLRQ GHER>3M YV OIDE PHW MK V RULWGIHQ RN PRWUL
G REMHWYV HW OD SUpKHQVLRQ 30 XVQHXWMVW VGNHg DV @ESLWIRRX YPVYDLW UHW
SDU OD 3)RRG DQG 'UXJ $GPLQLVWUDWRIRRIWPBU D XJYMWDWY VWLPXODWLRQ
8QLV RX DYHF XQ PDUTXDJH GH &RQPRUFL®@K YVWPXOHOMIRQ )LIXUH 8Q
&( HQ (XURSH VRQW GpVRUPDLV GLVBRWUEGHY LjF GHW FIRODOqJXHV RQW P
FRPPHUFLDOHV SRXU FHV DSSOLFDWILPRIGKOODLUH DSSOLTXpH DX QLYHDX

&OLQLTXHPHQW OD VWLPXODWLRQ pBﬁng\/LLﬂule( I&%E\Xéi‘%% HCSS(SJ L\H'IPXH\/

SULQFLSDOHPHQW XWLOLVpH SRXU PW&SP\B
DFFLGHQW YDVFXODLUH FpUpEUDO $ P

VWLPXODWHXU GDQV OH VIQGURPH GQ%L U{?\/}% 'E\?y\?%vﬁ%WSDRV&YJ %B

><

H[WHQVLRQ (
W pWp

UppGXFDWLRQ GH 0D PRWULFLWp cx PRPEYY PRERYYL &R OD?\?%%PF’GXOOD
FRQWH[WH GHV OpVLRQV PpGXOODLUN\?QHD"V/%\PLWD\&&BWL% SHF W WHPXY
IRQFWLRQQHOOH D pJDOHPHOW pwp SBVanPHEW R H%l—\‘ Eb FH c\J/H\? O HI

BﬂY HQWUDO SD\

pPWXGHV GH UHFKHUFKH PDLV HOOH E WE HQX%

€I

H
v
XQH SUDWLTXH FOLQLTXH vwbQGDUGHIpR{ WS B H'ﬁ'é’thWX&H"'\y XOWpULH.
VIVWGPHV GH VWLPXODWLRQ poHFERULFYRRAREEW R 8 HF{HQFH GH
UHSUpVHQWHQW OD SULQFLSDOH FOD Eﬁ’@%’%’(u YRew UH\/XBVDQWWHQ”
PWp FOLQLTXHPHQW DFFHSsWpH pDLVLORFYHVY

V\%QéW%M%\éLSDOHPHQw

UpVHUYpV j OD UppGXFDWLRQ SRVW ! 7m
GH QHXURSURWKQVH VRXIIUH G XQH
FDU HOOH UHFUXWH OHV D[RQHV PR
SK\VLRORJLTXH /HV D[RQHV PRWHXU
SURGXLVHQW GHV IRUFHV LPSRUW
UpVLVWDQWY j OD IDWLJXH VRQW H(

SHQGDQW GH ORQJXHV SpULRGHV
OLPLWDWLRQ GHV PpWKRGHV FL §
VHQVRULHOOHYV HW DFWLYDQW OHV | =

%LHQ pWDEOLH FRPPH WUDLWHPHQW A
VWLPXODWLRQ PpGXOODLUH pSLGXUTL
FRXUDQW pOHFWULTXH GDQV OfHVS j_
PSLQLQUH D UpFHPPHQW UHOX XQH —m
SRXU VHV DSSOLFDWLRQV GDQV OH

FR U{OH PRWHXU /D
VWLPXODWLRQ PpGXOODLUH SHXW )H@( '|i| WB{@@EHHVYGWQL@ yYLGX DiDQW .
d
D@ piG FiR
LG

WD LYH G H[WHQ

O@WMP&)WWM YdgckoobLuH H

POHFWURGHYV LPSODQWpHYVY RX SHUF

Qp
|:

FRQWDFWY HW SODFpHV GDQV O HVSDFH pSLGXUDO DX QLYHD
SRVWpPULHXU GH OD PRHOOH pSLQLdGH L&*LPVL%LUPFF\A?UEE‘QQLVﬁ@\APH Ob VA
HQVXLWH FRQQHFWpHV j XQ JpQpuDwWHHF &R §RMNHPY GHRE HQW FRFRPRWHX
fWUH VRLW H[WHUQH VRLW LPSODQV\F[K%"C])HXQ Y/XNHWWQ\PQW XQ¥ @RVLRQ
OD VWLPXODWLRQ PpGXOODLUH psSLERPHBH \é\R? s YL\QEIRB SHb M RUW
PpGLpV SDU O DFWLYDWLRQ GH |LEYJW{7PB?‘B 8 @ H 8ﬁOPLPF¥\9’H D HQW
GLDPqQWUH VLWXpHV GDQV OHV UDMPFRELEMANG T LA FIPY F i TXL V HVW
UHFUXWHQW j OHXU WRXU OHV JURXSHVYHWBRYKRNRXWRERY VG sbv p

VWLPXODWLRQ PpGXOODLUH /D FRPEL
PpPGXOODLUH HW GH OD UpDGDSWDWLF
/D SUHPLQUH REVHUYDWLRQ VHORQ spRT XHQANH pPPD MW LPROOYMKXRY  TxL |
PPGXOODLUH SRXUUDLW rWUH XWLOWWH ¥RERERBHPYBKGROWKIUH sHUPHW

OH VHJPHQW VSLQDO LQQHUYp
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SRVLWLRQ GHERXW LQGpPSHQGDQWHWHPBUQMY UHVSINNWROMPHQW 'H PrPH
G HQWUDVQHPHQW LQWHQVLI FKH] XRQV ENDHIW VD Y HPR GXX®DHD MIpWH RYHQVRULP|
PpGXOODLUH FREPHWYWWHWXGH D UHGFQRW Y BURP GFEHLD SRVLWLRQ DOORQJp
VWLPXODWLRQ PpGXOODLUH SHXW SBXPWWWUHXGHWIPRXY WRKQWQW HW H
YRORQWDLUHV GHV PXVFOHV SDUDOSWpW HYRX WGHR PPMHL DSBOEMYRQ VHPDL
REVHUYp %DURODW HQ "HV  UpV BOMDMWIM WQIRE B QM HW RRWHF OD VWL
HQVXLWH pWp FRQILUPpV FKH] WURLVFBRWUAX STHJ WD B WA FQVVQNWDRRXNWVH V
pPWp XOWpPULHXUHPHQW UHSURGXLWV \J)OD @M RVWDIIQL FUBRRKBOQWW HINV PDUF
86$ 8Q SDUWLFLSDQW D\DQW FRQW IGQOP BXHO D XU BWQEB WDDEHFGIXQ NLQ|
OD VWLPXODWLRQ PpGXOODLUH SHQG%Q%&H&gTéﬁ cP(B¥x[ﬁ§|-de"H ERXUWLC
REVHUYp XQH UpFXSpUDWLRQ SDUW %HDV BRXYH N DX SDUDG
YRORQWDLUHV GH VHV MDPEHYV VDQV v BéBEL\JNl-\‘R\/%Dbﬂ% BIHG 1

SRWHQWLHO GH FHWWH WHFKQLTXEUS'J_Rd(LQLSI_lg( %RS%%D%L&%UV FKH] OH |
PpFDQLVPHY GH QHXURSODVWLFLWD XWLOLVp XQ JpQPUDWHXU GH SXOVHV

OHGWURQLF DYHF GHV FDSDFLWpV GH
SRXU GpYHORSSHU XQ SURWRFROH G
HQWUH OHV SKDVHV GH EDODQFHPHQW
HW GH SURSXOVLRQ DX FRXUV GX F\
IRQFWLRQV RQW pWp FLEOpHV SDU
G pOHFWURGHV VSpPFLILTXHV GpFOHQ
SUpGpPILQL VRLW HQ WHPSV UpHO SDI
UpVLGXHOOHYV &HWWH VWLPXODWI
VSDWLRWHPSRUHOOH D SHUPLV XQH IC

—
RN

Position assise avec
stimulation épidurale

Marche avec stimulation
épidurale continue

<—— spinal cord level

JLIXUH &KDPS GH
SRVWpULHXU GH OD PRHOOH pSLQLqUH ORPE

HW UHFRQVWUXFWLRQ GHV GLUDUWWQH VSY
EOHX IRQEpPXLGH FpSKDOR B DMWLIg®LIHH QU LIVUH. \H
EOHX FODEUQHV SRVWpPpULHXUHYV

pPOHFWURGHY LPSODQWpt

/I fTHVVRU GH OD VWLPXODWLRQ PpGX

8Q MDORQ GDQV O DSSOLFDWLRQ G
EOHVVpVY PpGXOODLUHV D pWp DWW
OD SUHPLQUH IRLV WURLV JURXSH®
8QLV HW HQ 6XLVVH RQW GpPRQWUp
TXH OD VWLPXODWLRQ PpGXOODLUH
LQWHQVLYH SRXYDLW UHVWDXUHL
LQGPSHQGDQWH )LIXUH $X . H
/IRXLVYLOOH 86$% TXDWUH EOHVVp
QLYHDX PRWHXU RQW XWLOLVp XQ
FRQWLQX FYHVW j GLUH VDQV PRGX
VWLPXODWLRQ DX FRXUV GX WHPSV
GH OD SRVLWLRQ GHERXW OD PDU
VRXWLHQ GH SRLGV HW HQILGRXV |
SDUWLFLSDQWY RQW UpXVVL j DWW
DVVLVWpH HW RQW DPpOLRUp OD V
DVVLVH HQ SUpVHQFH GH VWLPXODW! DN
SDUWLFLSDQWY D\DQW XQH OpVLRQ |

Marche avec stimulation
épidurale spatiotemporelle

Position debout avec
stimulation épidurale

' QN v/
JLIXUH $SSOLFDWLRQV GH OD VWLPXODWLRQ P
GH UppGXFDWLRQ PRWULFH DILQ GH IDFLOLWFE

N H\/

R HUYT

HW LQFRPSOgWH VHQVRULHOOH RQ
PDUFKHU DX VRO DYHF VWLPXODWLF

IRQFWLRQQHOOHYV SRVLWLRQ DVVLVH GHERXYV
RX GpDPEXODWHXU

GHV GLVSRVLWLIV G DVVLVWDQFH DScyv

A A A A I [ERA"
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PDUFKH HW XQH UpFXSpUDWLRQ | ORRRQWHKY®HUGBIHY DF RRQEIXIURWLRQV G{p
PRWULFH FKH] WURLV VXMHWY DYHNWL.PKODIVLRQ RPIVE XX LIRXU IDFLOL
LQFRPSOQWH FKURQLTXH &HWWH DSYRURFKBDOHPBOYWLWHDYWRFOH GH *XL
PWHQGXH j XQ WRWDO GH QHXI SDUW BBXIDHQU&W B B QMH WAWR £ M VSIDIWOLIH § WMABH Q
DYHF XQH OpVLRQ PpGXOODLUH PRWVWHR X¥XQRP\SDORY H pGROODQWIRYSDU VD F
DYHF XQH QRXYHOOH PDWULFH G pO HRPW Q RGHY HIEMHE \K pRHj HOD SRVVW HXOHP F
DX[ IRQFWLRQV PRWULFHV GHV MDP EHKNW OHHW BXVWORWFVH VLWXH GRQF | X(
VWLPXODWLRQ PpGXOODLUH D SHUPURPRHY RLHVWDXUHEFXQYRUDWLRQ PR\
VHXOHPHQW OD PDUFKH PDLV pJDOHPSIIMKEDRMBELO&W p GRPWURWFGH UH

DFWXHOOHPHQW YHUV GHV pWXGHV |
$XWUHV DSSOLFDWLRQV HW SHUVSHFQ\/FLPYFW/WUDQW OFHITLFDFLWp GH FHV

DLQVL TXH YHUV OH GpYHORSSHPHQ
‘'DQV O HQVHPEOH FHV UpVXOWDWYV RQWO VXWH Y WWHOQ® YL I TXRWO B rWwLP XOLC
SRXU O LQWpPJUDWLRQ GH OD VWLP XO RM bR FoxHV B 8 HRRHWOWH @ B bQRRUE VW I

GDQV OHV SURWRFROHV GH UppGXF@WldRﬁUB|§@9\z‘>V\P<EQ/HLF®Q\K/LﬂFDQqUH GRQF
PpPGXOODLUH 'f{DXWUHV DSSOLFDWLRQ -
IDELHQ ZDJQHU#X

FRPPH OfXWLOLVDWLRQ GH OD VWLP o _

ORPEDLUH GDQV OD PDODGLH GH 3DUNLQVRQ SRXU UpGXLUH OHV

VIPSW{PHV GH © IUHHILQJ ® IUHHQYREy DLW

FDUDFWpULVpV SDU XQ EORFDJH GH OD P &KIW WHESRUBFMH, HW
Wk VU

6Hix N ODUFKDO &
LQYRORQWDLUH TXL HQWUDVQH GHMv] F v | WipXURH) Q b Mo WDWLRQ 7HF

/YfDSSOLFDWLRQ GH OD VWLPXODWLROVEPEXBOFIDRAWH D DLQVL SHEBPLV
FKH] XQ SUHPLHU SDWLHQW SDUNL®PRRANQ* HHEWPH i XN S KEH RO
© IUHH]LQJ @ GH UpGXLUH FHV WURXE OHY LMWL GHY ISFURSRIRXLPRILAD G 6FH
GpPDUFKH IOXLGH +DUNHPD 6 /DQFHW  +

5pFHPPHQW OD VWLPXODWLRQ GH OBPRHOSOHVI,SXSOLIOH D *
pJDOHPHQW pWp FRXSOpH j XQH LQWHUIPPH/FHY PRDXHPDFKLQH

DILQ TXH OHV SURILOV GH VWLPXODWLRQ )¥RHLMOWXIFRQWH{OpV
GLUHFWHPHQW SDU OHV VLJQDX[ FRUWBRDPIJG 6 RQOQIDQIMGD X SDWLHQW
XQ FRQWU{OH SOXV QDWXUHO HW GDY BMWRIH G R¥WBQERPLH

'DQV FH FDV XQ DOJRULWKPH GT,$ HVW, XWhOL Vi SR G PFR G Hik |
MXVTXTj pWDWV GLVFUHWV OD IOH[LRQVGH OD KDQFKH GX JHQRX

HW GH OD FKHYLOOH GH PDQLqUH ELODWpUDOH DLQVL TXH OYpWDW GH
UHSRV /H UpVXOWDW GH FH GpFRGDJH HVW HQVXLWH XWLOLVp SRXU



/ID IHWWUH GHV 1HXURVFLHQFHV Qf

Sodceisété

Neurosciences
'RVVLHU

'QWHUIDFH FHUYHDX PDFKLQH SR}
GX PRXYHPHQW OY,QWHOOLJHQFF
F°XU GX GPpFRGDJH GH OfDFWLYLW

*8,//$80( &+$59(7 )$%,(1 6$87(5 67$5$&( 7(7,$1$ $.6(129$
8QLYHUVLWpPp *UHQREOH $0OSHV &($ /HWL &OLQDWHF *UHQREOH

L, OQWURGXFWLRQ VWLPXODWHXU pOHFWULTXH GHV PX\

JRUWHV GH SUHPLQUHV SUHXYHV AP P%8HHsw FoLQLTXHV

YDOLGpHVY OHV LQWHUIDFHV FHUWBQHD X @ BRI LQY&EODYRLU OD FDSDFL
FRQVWLWXHQW XQ HVSRLU SRXU GHWpIRQOOfBRPRWLEHWPHBYROEUDOH PHVXI
SRUWHXVHY GTXQ KDQGLFDS PRWH X UL @ pWH@\M LIRV@ \F IGIHR @ RRXHPHRQ WV GTXQ
HIITHW OHV ,&0 PRWULFHV SRUWHQWHIOMAWSRILU GH SIOHAMW DXUXMD 0D GDQV
PRELOLWpP GHV PHPEUHV RIIUDQW DLTXRWLGLSIWHHGM F KD H&DOXNYFHV VLW H
JUDQGH DXWRQRPLH HW XQH DPpOLRWPRPWKRG NV JQH IGHB RGP BHGHUQRXWHY U
TXDOLWp GH YLH SOXVLHXUV PRLV 3RXU FHOD GH QRP

/HV ,80 PRWULFHV SHUPHWWHQW DCEYRCEH Hs i el GTxQYHOOLIHQFH $
VROXWLRQ DOWHUQDWLYH GH FRQWZPOH TS e Py CdRr RE PEYVI X VHVY b
SDWLHQWYV DWWHLQWYV GH KDQGLFDS %WQ?UP3BQSHU|§"'H$5[9HW%GHV GpSH!
OpPVLRQ SDUWLHOOH RX FRPsOqwH GH 'GP PrEBVNYBs L LRy MY POHFWY
WpWUDSOpJLH Hw spubsopiLH  OPPOBAERGREE (Epwpiip¥he POH (&R

DP\RWURSKLTXH RX GIDFFLGHQwawr v Y EXBBI(GHT W FFH, BYY BH OTDSSOLFD

pJDOHPHQW OYDUWLFOH GH )DELHQ (@ISBUWALF®QLAHU GRR XWIHOLVDWLRQ GH
&H FRQFHSW GY1,&0 UHPRQWRUNTXH FRXKMOpH j GHV DOJRULWKPHV G DSSU
FKHUFKHXUV RQW SURSRVp GH FRQW B HWHW V& IG/HH B ¥ FRR\G Mg DFYWHH ®@QH SUPpFL\
GpFRGDQW OfDFWLYLWp FpUpPEUDOH HRRWLFHDWHHW/LPHQ@QM] B RXUHMHHIQWY &I
XQH OLDLVRQ GLUHFWH HQWUH OH FHWYEBXVISWFXWQ YWHV V8 tyRHP HBMW HXV HV S
VXSSOpDQFH IRQFWLRQQHOOH PRWUPRAV S HRLPWHIN WKW OBIMQ \BID \V IXHQW V  HQ
LQGLYLGX GH OH FRQWU{OHU VDQVPRIWAHU &SIHDW DBWYROMqPIHSORUH OHYV
QHUYHX[ SpULSKpPULTXH RX OHV PXVROHED \ELHW VX0 ROYYERH HWHOHXU SRWH
KDQGLFDS PRWHXU QYHVW SDV OLp j X R RELIQ QW p HWKH HSDRAML RR W V

XQ WUDXPDWLVPH GHV QHXURQHV GX FRUWH[ LPSOLTXpV GDQV OH
FRQWU{OH PRWHXU GHV PHPEUHV OfYDFWLYLWp FpUpEUDOH PRWULFH

HVW LOQWDFWH 'H SOXV OH IDLW GTLPIUHBWY RFR PWKFRPUDIKIFK XQH W
OfH[pFXWHU SURYRTXH XQH DFWLYLWHLROHRWRE R XH WY Ip P& DALUARK LpXH

QLYHDX GX FRUWH[ PRWHXU &HWWH (REML YWD RRUP BN RO SHYYW GH pH
DLQVL rWUH PHVXUpH HW DQDOWRK GEBEHoRPAREHYHERYH vxu ofLPs
LQWHQWLRQV GH PRXYHPHQW GH Ofd QMbE 8 HGWHOFkUT o B RAUMBFH Gx F
DLQVL DSUQV UpDOLVDWLRQ GH WkFiRY AHINRIHE SILBERSBWERR ((»

GH PRXYHPHQW FRQWU{OHU XQ HEHFWHIb F REPEK 1SPOH FXLU FKHYH1
HI[HPSOH XQ EUDV URERWLTXH XQ H[RVTXHOHWWH RX XQ
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PHLOOHXUH UpVROXWLRQ VSDWLDOH'HW XUHH R/RUDFEKIHOL Whp G H @ WH Y Q QW ¢
VXU SOXVLHXUV PRLV YRLUH SOXVLH(XﬂJ)MND_(Q)Q}"IBWLRQ GH WHFKQLTXHV GYD

/9((* ELHQ TXH QRQ LQYDVLI LPSRW >§§/ V\’/\Hﬂ:\’\f cw UpGXLUH OD Gy
PDMHXUH OD SRVH G{XQ FDVTXH D 88W R"DTQQW VRYWY Rid OD UREX
HOQWUDVQH XQ WHPSV GﬂLQVWDOODW?ﬂz >§‘(5' IQ({JR/ OB OB SRYPE!
[UPTXHQW GHV PRGQOHV GH GpFRGD! Hi g v bWgly VH GH WU
HPSORL UpJXOLHU - OfRSSRVp OHV" %&H\?F%E\WL KRy 'r95< %'EFIQ HFE OHV HII
GIpOHFWURGHYV LQWUDFRUWLFDOHV TX9F QRS oHY RITUHOW XQH
UpVROXWLRQ H[WUrPHPHQW ILQH SHUPHWWDQW DLQVL GH FROQWU{OHU

GH PDQLgQUH SUpFLVH GHV V\VWgPHYV %gEBW&J\%Ee{ng\éb\(/WPFQd:ﬁUHW pYD

WHO TXTXQ EUDV WHRERWMWPXUHU GHY VH LOWHUIDFH FHUYHDX F

WDFWLOHRX GH IDFLOLWHU OD FRPP QLlF(DWLR

SUpVHQWHQW GHV SUREOQPHV GH VWDELOLWp VLJQDX[ GDQV OH

WHPSV SURYRTXDQW GHV SUREOqPHIW & EROELO MXKY GHWR* RITUHQW

PRGQOHV GH GpFRGDJH QpFHVVLWDG®WRPH WW HVFHI HRM VY OUHFRQWU{OH

IUpTXHQW /T(&R* UHSUpVHQWH GRQEOKXFWRESWRPENURBWRLMH 3DUPL FHYV

FHV GHX[ PPWKRGHV DOOLDQW XQH SOBEILVYLRE YWHERRISEID S\PQWH &($ VIHV

XQH VWDELOLWp DFFUXH GDQV OH WHHHAXYHV GH FRQFHSW FOLQLTXHV PD
WDPPHQW SHUPLV Jfr>>(<'§ SDWLHQW W

/JHV pOHFWURGHV (&R* FDSWHQW OHS/ v 1QBX BQWWUL UH PHBEU MY
JpQpUpPV SDU OHV QHXURQHV j OD VX exp i 0D U
TXL VRQW HQVXLWH WUDLWpV S@Q PL?J'FKHDF%NT § WYHSW SDUDSO

GIDSSUHQWLVVDJH DXWRPDWLTXH EDV[{JV BOGE¥XPQDWWBB'§|8DC§NHXU POHFW
PDFKLQH O HRDAHH K JOHDUUKE®JI] OD VWISJ g DLQVL GH QRXYHOOHYV
P|F

GHV VLJQDX[ (&R* OHV PRGQqOHV GH FL\A\/VLI-h HOOH HW oD «
PRLQV GH SKDVHV GYHQWUDLQHPHQW UpJXODLq IDFLOLW
OH FRQWU{OH HIILFDFH HW SpUHQQH GTHR;&Q/@QWLWKM\G/N\@\PI@PHVM@(@HGLVS

GIXQ XVDJH SDU OHV SDWLHQWYV DX ™MPRWLEHH&H PHVXUH GH VLJIQDX[ FRL
XVXHOOHPHQW SODFp DX GHVVXV GX F

HW SOXV SUpFLVPPHQW VXU OD GXL
/IDSSRUW GH OfLQWHOOLJHQFH DUWLJQ$L O S B\DHYWOHH BpERGDO® FDSDF

GH OYDFWLYLWp FpUpEUDOH OTDFWLYLWp FpUPEUDOH (&R* DYHF X
/1,8 MRXH XQ U{OH HVVHQWLHO GDQVOCWL& LlyE\lGGd—IJHPGPHV M F\%(B’RGHV HW
FPUPEUDX[ FDSWpV SDU o'n(&R*eHHHvs% el '14\55 W LO SHUF

OHDUQRWDPPHQW OHV UpVHDX[ GH L]J RBRG R o L%H%ijfgv gﬂ S'Rji
HW UpFXUUHQWY DLQVLPIXHKOGN © pi E'Q ﬂUQV : \/ SUHPL UH
EDVPHV VXU GHV PRGQOHV UpFXUVLIV '§H FRENU g

DYHF SUPFLVLRQ OHV LOWHQWLRQV PRWYIF |—'|4 WFFCQJN//V MB&BB\? FGDﬂFFLPU vV HQ
D

ﬂ'l'l

XQH ODWHQFH IDLEOH (Q HIIHW SR Ulg(I I:)X HILV

HQ FRQGLWLRQV UpHOOHV oOH sowLN®W oH GRLW SDV SHUFHYRLU GH
GpFDODJH HQWUH VRQ LOQWHQWLRQ GHi WV DXOVRRK QWK PHV G H BpE B WL \FPDXWK IGRHH/
GH FHOXL FL OHDU@IQQNW pWp GpYHORMSISEY GH UpDOL

/HV PpWKRGHV GIDSSUHQWLVVDJH VQ%E%QQ%UQ WHIRX v R GH OfDFW

XWLOLVpHV SRXU HQWUDVQHU 07,80 SROWuU YL S ER G FiHly OTXVD.
GH GPFRGDJH | UHFRQQDvWUH oHV' D SR R QY gRWLEHQWY GD
OYDFWLYLWp QHXURQDOH DVVRFLpHILIREHKR KNH@R/\('E&QGW S RLQVL GpY
PRXYHPHQWY VSpPpFLILTXHV 3DU H[HP. QND%'c? SEWLRG @ xHPYDFWpULVW
"WUH LQYLWp j LPDJLQHU XQ PRXYHPH pd: GD\/&BQV yDLW GH PD
TXH OfYDOJRULWKPH DQDO\VH OHV LSJ\SJD%'TH 8 U \b UDFFRXUFL F
FRUUHVSRQGDQWY HW DMXVWH OHV SV é)%%%qb YVBHH GX PRG

GpFRGDJH SRXU DPpOLRUHU VD FDSD L \R/'G\ﬁps \PGEP\HI':IQ H o RVIWRREAY RQH
HQ WHPSV UpHO qP H H DSDEDH GH GPFRGHU S|

FRQWU{OH HW GHV SpULRGHV GH QRQ |
SHUPHWWDQW DLQVL XQ IRQFWLRQQF

m—how



'RVVLHU

GYDVVLVWDQFH &HV DOJRULWKPHY DHWPHMNIMNHQ W Hp KIDAHALHFOWVGRARWHXUV
UpDOLVHU XQ GpFRGDJH PXOWL PHPEURWpPIDDWLRE S®MHQS/RAD FHH TXRWLGL
FRQWU{OH GHV EUDV HW GHV MDPENRGIORRIQM WIHFHK@HROW HL TROHV DFW X H (
OH FRQWU{OH GX PRXYHPHQW GHV GARP MDHPXWHIWNVIURPHOLRQDWLRQV W D C
VWLPXODWHXU DX QLYHDX GH OD PR&EOWRWPELQEHVHVHAK QXDXOHWPXH GH F
GHV VLJIQDX[ (&R* PHVXUpV JUkFHHW X[ DIFFSCWNDMEY.OLWp SDU OHV SDWLI

1,08*,1( VDQV DXFXQ DUWHIDFW OLpy DXL PRXYHRHRUWM oy GpiLv | UHOH
SHUPHW GIDVVXUHU OD UREXVWHVVH GX GRIESERIL L (QLERBPH FrovwLw
VWDELOLWp GDQV OH WHPSV GHV VLWﬁ(\ﬁmg%v%Lbovoﬁ%gg OHXU SUpS
UREXVWHVVH GHV DOJRULWKPHV SHUPHWWHEWEBH GROVHLY &Y XU p hwwi

PRGqOH GH GpFRGDJH VXU SOXVLHXYY P X rxRWicLHo wHoOOHV T
UHSUPVHQWH XQ FULWQUH LPSRUWDQW, JYDIH GTXQH = &0

GDQV OH FDGUH GH OD YLH TXRWLGLHQQH
O WF§ULHO OH GpYHOF

(QILQ FHWWH WHFKQRORJLH HVW {\EggngRAI;!SDODfMV\;(ap QWM VvEY v R
PDQLqUH DXWRQRPH SDU XQ SDWLHQWGRQY, O FRGEUH, GH P ng

TXRWLGLH@RQHJDQW XQ UHWRXU GﬂH[élngEP\EHVSbJPS OYDFWLY
SRXU LGHQWLILHU HW DQWLFLSHU Ola\q B VKI@J] Eﬁ@&&

IXWXUV GpYHORSSHPHQWYV YLVHURQW. L RGWLELYHY WV
DX TXRWLGLHQ HQ UHQIRUODQW OD $Ug Hgg
GpFRGDJH HQ DPpOLRUDQW OD SRUWDBE

H
VIVWGPH HW HQ JDUDQWLVVDQW XQ XMRJH, %\Z/DIY\)?&
Syasr

o)

=

(924

H VWLPXODWL
o DVEER QY x RV pTxLs
VOFkBREPWER b ut
LK/LL\%'%SQV\{ﬁX%VFLHQ
pla\)LHb%% PLVE
RoV Vs qLprsop
HY R \vwgrPHV FRC

FCTi
0
&
F

SOXVLHXUV DQQpHV &HOD QpFHVYV

GPpYHORSSHPHQW GH PRGQqOHV GH GgFV\%%DE;EDBQQBEgHg( %RPLH HW O

VIDGDSWHU j OfpYROXWLRQ GH OﬂDFCWLYYI-"a‘VRPS%RﬁLI{’ Od-m ?WkHQWVGH

DX FRXUV GX WHPSV DVVXUDQW DLQVGLEES%F—IV\?#I}’JIL% 995 GVHV\V/ E)?IyHV pPOHEW

HW GXUDEOH UpGXLUH OD WDLOOH GHV V\VWqF

A B FRQVRPPDWLRQ pQHUJpWLTXH HW GH
V GLVSRVLWLIV GDQV XQ FDGUH TXRWLC
SDUWLFXOLHU OTXQ GHV GplLVY DGUHV!
HXURSpHQ 1(02 %0, FRRUGRQQpP SDU O

Implants WIMAGINE

L&

(QILQ OYDYHQLU GHV ,&0 QH VH OLPL
IRQFWLRQQHOOH (Q HIIHW HOOHV S
GpWHUPLQDQW HQ QHXUR UpKDELOLWI
PRWULFH JUKFH j GHV VROXWLRQV L
HIITHFWHXUV GH UppGXFDWLRQ PRWULT
PDFKLQH 3RXU UpSRQGUH DX[ EHVRLQ
FUXFLDO GH SURSRVHU GHV HIIHFWHX!
Decocigs Jo } X 4 GIH[RVTXHOHWWHVY RX GH WHFKQR(
corticale || Tl VWLPXODWLRQ GHV PXVFOHV HW GH Ol

JLIXUH7HEKQRORJILH G1,&0 :,08*,1( HW pyDpoxDWRPRIWPo §HxRUHRPLAUHV D.YDQFpHV
,PSODQWYV :,0$*,1( GIHQUHJLVWUHPHQW GH VLQFOREKRUML Eox[LAMyUHVWHQW j UHOHYHU
GpFRGDJH GHV LQWHQWLRQV GH PRXYHPHQW % ROXOWMDRIRY pOULQVDEHOKMEBHQW YLDEOH |

&+8*$ GH FRQWU{OH FpUPEUDO GIXQ H[RVTXHPH WY H/ yRHPEYHY #ESRVHUD QRQ VHXOHPH
(YDOXDWLRQ FOLQLTXH (3)/ &+89 &($ 21:$5'

GIX DFH
HUVHDX PRHOOH bSLOLaUH Shxy 05 Unvwox S B LRV HQ L QWHOOLIHQFH I

SDWLHQW SDUBK®RWRVYXHD%UrFKH -XxOLHWWH 78 HREPAH@LED@H PDLV DXVVL VXU OD FD
5DYLHU (3)/ LQOQRYDWLRQV YHUV OYLQGXVWULH DIl

JUDQGH pFKHOOH HW OHXU DGRSWLRQ

o S

*XLODXPH FKDU

'pILV HW SHUVSHFWLYHYV

J)DELHQ VDXW
/HV ,&0 RQW FRQQX GHV DYDQFpHV P JHWLDOD DNVH
GHX[ GHUQLQUHVY GpFHQQLHV G pP R QU waIEmERv v

OD VXSSOpDQFH IRQFWLRQQHOOH PRWULFH FKH] OHV SDWLHQWYV



'RVVLHU

5pIpUHQFHYV

9LGDO - - $QQX 5HY %LRSK\V %HRHQGRL
DQQXUHY EE

&ROOLQJHU - / /DWW FHW
JOHVKHU 6 1 HeFIDHQFH
'LOOHWW ) 5 HMWVXOH
%HQDELG $ / HWQ@FMHW 1HXURO

%HOOLFKD $ HWIBXUDO (QJ GRL
DGDH 30,

/IRUDFK + HW DODWXUH GRL
\

OHVWDLV & HW,(DO7UDQV 1HXUDO 6\VW 5HK
GRL 7165(

/DUJDEDO & HW DBXUDO (QJ GRL
DF 30,

(OLVH\HY $ HWFRO5HS
ORO\' $ HW D-OLHXUDO (QJ



/ID I[HWWUH GHV 1HXURVFLHQFHYV Qf

Societé

Neurosciences
'RVVLHU

&SRQWU{OH VHQVRULPRWHXU QDWW
DUWLILFLHO

$<0$5 GH 58*<

8QLY %RUGHDX[ &156 ,1&,$ 805 ) %RUGHDX[ )UDQFH

8Q FRQWU{OH QDWXUHO GH SURWKqVHQQ WRQQHRHQWUWNMWXBI® )LIXUH

/RUVTXILOV VRQW HQWUDLQpV VXU GV EROABHY YILYBRERQW B 0ER
ULFKHV OHV UpVHDX[ GH QHXURQHVPDWFIPLELIXVOVV%%WII:—lBgD RBRFHRW |
GH UHSURGXLUH OHV FRPSRUWHPHGEWY REEEHUEY TEIRX Sk yQHW | SDUWL
SUREDEOHV XQH YHUWX TXH FHUW PB?P@%WL?J%@V\%W&BH{RWWU HW Gt
GILQWHOOLJHQFH 1RXV DYRQWX DR D GH OTREMHW TXH FH
LQWHOOLJHQFH DUWLILFLHOOH GH VV\% CHL DlsPERKY FEEH FRQFH
UHSURGXLUH OD FRQILIXUDWLRQ GHY W %%%WL&%\PBBQJFXBEDWH/XH Vi
FKH] XQH SHUVRQQH ppsxwpH cx EuBGPEYNEY ILBEX PPV "DQV OHV V
SHUPHW j FHWWH GHUQLqUH GH vDLWVAP {HWVEIRLYp ﬁ%Pé'QONRFE%V\’/\R)'QHV G
DXVVL IDFLOHPHQW TXIDYHF xQ EUBVTQBWIERYPEYAP % EHY DSSURFKE

a b

Natural arm movements

Movement-based
control

ANN training

Actual shoulder
ANN Estimated Os-FE, B5-AA

Shoulder

o=

Estimated arm

Brin
Bere +
Br-sp

éw-FE

OH-R, OE-FE, OF-sp, OW-FE, BW-RU

J)LIXUH &RQWU{OH j EDVH GH PRXYHPHQWY UpVLGXBOW\WHWRXYHP RQ A LIWLIRW XFRH@W HG W XEHIDO/H
HQUHJLVWUpV VXU GHV SDUWLFLSDQWY LPSOLTXpV GDQV OD SULVH HW OH SED&®Q RHYWDX XQH
GH QHXURQHYV DUWLILFLHOV S$UWLILFLDO 1HXUDO 1HWZRUN $11 HVW HQWUDVQpP VXU FHV PR
RUDQJH j SDUWLU GHV GHJUpV GH OLEHUWp SUR[LPDX[ YHUW HW GHV LQIRUPDWLRQV VXU O
F &RQWU{OH GH SURWKgVH EDOH \SDW OHFRBOVQMP HQOW XWH OD PrPH WKkFKH j O DLGH G XQ EUDV
VHV SURSUHVY PRXYHPHQWY G pSDXOH DQJOHV YHUWY HW HQ XWLOLVDQW OHV SUpGLFWLRQ
RUDQJH 'f{DSUqV

ILGpRKWWSYV 77Z \RXWXEH FRP ZOQWPKS'OH; 358 NSWIDNUZAWMWFE SDQW HITHFWXDQW OD WKkFKH GH SULV
EUDV YDOLGH HQ HQYLURQQHPHQW YLUWXHO HQ WpOpRSpUDWLRQ VLPSOH

ILGPRKWWSV ZZZ \RXWXEH FRP ZDW F[KI'*YS ®W R®HDSDWLHQW DPSXWp WUDQVKXPpUDO HIIHFWXD
GLIILEFXOWp DYHF QRWUH QRXYHDX FRQWU{OH GH SURWKqVH




'RVVLHU

8Q SUHPLHU WHVW HQ URERWLTXH GHOWRHEMR®pUROM/ IORRSpUDWHXU VRXKDLW
/IHURERW KXPDQRwWGH 5HDFK\ GpYHOﬁ'S\éLRégDBUOV\{)LLHZIJ‘é_'[S)J |_Il_I-‘?XIHEB(DMLSFDLUFCRH

3ROOHQ S5RERWLFV SRXU SRXYRLU rw ?R(qz U VHV SUR
ggR G YSTN@
»S“ ¥

pPJRFHQWUp QRXV D SHUPLV GH WHV HHHVWH GX

GH SURWKqVH GDQV OH PRQGH SK\V|§1U>P RIQA GL DX~ GH QF
JLIXUH 9LGpR  OfRSPUDWHXU YR R 3"Hv HPHQWV Q
URERW GRQW OD YXH HVW SURMHWpHPbQD % FH)WT'?(‘%Véh WUpH
YLUWXHOOH TXJLO SRUWH HW DXTXHS bHY YBQ%QW&@S\X/VGCET%%LDOW ELOLW

GX URERW VRQW DVVHUYLV $SUqV DYFF$<LHL] EEMQ%/PLIW OHZ?%QW W[EI??%LSHV H W

a) Experimental Setup

8QH WUDQVIRUPDWLRQ VHQVRULPRWUI

$ORUV TXH OJLQWHQWLRQ GH PRXYHF
DUWLILFLHOOH DLGp GX UHJDUG SHX\
UplpUHQWLHO GH OD WrWH GH OJRSpUL
LOOXVWUp SUPFpGHPPHQW RSqUH GDC
VXU VRQ pSDXOH 6L OH SDVVDJH GYX(
SRVH SDV GH GLIILFXOWp HQ UpDOLWp
OfRQ FRQQDLW SUpPFLVpPHQW OD SRVL
DLQVL TXH OD FKDLQH FLQpPpPDWLTXH
SOXV GLIILFLOH j REWHQLU HQ VLWX
ELRPpFDQLTXH FRPSOH[H GH OD QXT
,QVSLUpH GHV WUDQVIRUPDWLRQV V
FRGDJH VSDWLDO PXOWLVHQVRULHO S
QRXV SURSRVRQV XQH PpWKRG!
WUDQVIRUPDWLRQ WrWH pBIWX®TD G Pt
WHPSV UpHO DX[ PRXYHPHQWV HW

OULILCKEET T

Proximal Target 6D

angles + ; pose By -

MB-PC a | |+ Armroot )
[ S ;}Shoulder F/E| Residual
Distal aneles ,‘ _— — \J Shoulder A/A_|limb angles
@ g [ J‘// - \\ | & Humeral R |
' l ‘ /A i
¢) Control Scheme @.@ ‘ ’;" C 6 s ’,f' [ Prosthesis
, / ox'n;')u o ) J/ | Elbow F/E angles

YLIXUH 7pOpRSPUDWLRQ HQ YLVLRQ pJRFHQ | . V{S‘O“( )/ Wrist P/S

DYHF FRQWU{OH GH SURWKQgVH VXU OHV DUWL ( 3 Wrist LD

D /H SDWLHQW DPSXWp pTXLSp GX FDVTXH HW | \ Target\ f/// @ Wrist F/E_ |

YLUWXHOOH FRPPDQGH OH EUDV GX URERW SFK A
F\OLQGUHY HQ PRXVVH NHDFXH STHUWXELSDQW \\\U

SRVLWLRQ HW OfRULHQWDWLRQ GX F\OLQGUH
YLVLRQ DUWLILFLHOOH DLGpH GH ¥R/@® UHJDU(
UpVHDX GH QHXUR@QARMHPEOMO®®BVHG 3URY WK
0% 3& SUpGLW OHV PRXYHPHQWY GLVWDX[ V
GLPHQVLRQV SRVLWLRQV HW RULHQWDWLI
G{pSDXOH HW DSSOLTXH FHV GHUQLHUV VXU

ILGpRKWWSY 777Z \RXWXEH FRP ZDWFK"Y 28H
BULQFLSH GH FRQWU{OH HW LOOXVWUDWLRQ
YDOLGHY WpOpRSpUDQW OH URERW 5HDFK\

TXYLO GRLW DWWUDSHU LGHQWLILpHYV SDU

JLIXUH7UDQVIRUPDWLRQ GH UplpUHQWLHO GH
3DUWDQW GH OD SRVLWLRQ GH OD PDLQ GLVSF
UplpUHQWLHO GH OD WrWH OD PpWKRGH UHPR
j SDUWLU GH OD FLQpPDWLTXH GH OD SURWKQq\
pSDXOH GDQV XQH FDUWH VSDWLDOH ELR LQVS

ILGpRKWWSY 7Z7Z7Z \RXWXEH FRP ZDWFK"Y 641.
$GDSWDWLRQ GH OD FDUWH VSDWLDOH ELR LQ
GH UplpUHQWLHO GH OD WrWH j OfpSDXOH LOC
HQ YLVLRQ pJRFHQWUp GX URERW 5HDFK\




'RVVLHU

VSPFLILTXH GH FKDTXH SDUWLFLSDQWH & HVRW ¥ HPHQRARG H FSRIRUME FGQHQ p V HW
OD SRVLWLRQ GH OD PDLQ SURWKpPpWLRXQH \ELRSQRE DB YRBAXKHHOYPHIHQ®/ FDV
GDQV OH UplpUHQWLHO GH OD WrWH 1RX\P DQYWR B8 VDR RQWLPH WL Q. FGHO D W L R
OfpSDXOH j SDUWLU GH OD FLQpPPDWIFRXBEBRQ XRHP BB oCH PKR/W K @RHV T XH O H
SURSULRFHSWLRQ DUWLILFLHOOH HW WRBMSOB Q- GIHW I RQ pW HW H LpBvid X I0QV
DLQVL REWHQXH GDQV XQH FDUWH PSVURMLODIHI DG BSWEPMXYRHQEDRY FRPSO
LQVSLUpH )LJXUH HW 9LGpR 8AHR GIX & ULIRHQ EH RFRWUYHPHQWYV FR'RIU G R
SDUWLFLSDQWY YDOLGHV HW DPSXWpWP SIHVQNVXKRRMHQSHVRISDA@HU UpJOD
PRQWUHU OfHIILFDFLWp GH FHWWHQHY»PWKRE\WH BRXQDXPH 6ERQ HW OH G|
IRQFWLRQQHPHQW GH QRWUH FRQWUPAREX GHIP SIQRW KV HV XIILVHQW HQ HIIHW

SURGXLVH VHXO OHV DFWLYLWpV QpF

WUDQVIRUPDWLRQ HQ FRQWLQX GHV
9HUV OfLQWpPJUDWLRQ GHV UpJXODWLRQY Y5d QPP HW @RARLAHHQ FRPPDQ
FRQWU{OH GH EUDV DUWLILFLHO 8Q SUREOQqPH PDMHXU UHVWH FHSHQ

6L OHV GPYHORSSHPHQWV LooxVvwupWREBPRAEHP PHEWFRoWAS AW "2 SH
TXTLO HVW HQ SULQFLSH SRVVLEOH GHEW&RWU FIH dPRBH Y ik g U R BHIPHQY
EUDV SRXU DWWUDSHU GHV REMHWV S8 vSPHAREIWHW VR BY DLWy WMURS, ODU.
DYHF OH PRQGH UHTXLqUHQW VRXS 0NV PEWVWIRENY wiiW v UR  FRPSOH[H

YLV GH SHUWXUEDWLRQV 'DQV FH FROEVFHYWRL VAR LR W EBMH Gt/ JUDGLHQ!
SURSULPWpPV PpFDQLTXHV GX V\VWqP KB EXRHRW X Lilo Wi W@k H GTHISOR
FRPELQpPV DX[ ERXFOHV VHQVRULPRWRYBHYPEBHF EEPESOWVHYK GHV HQIDQW
GDQV OD PRHOOH pSLQLQqUH VRQW H\APYOWWRFSH R Y QRO HuRY xEw KRR WL VY

\ [}

l\]ew: behavior

New pa'[ameters [ ]
- ‘'m

Behavior [feature n
[ ]

5
time (s)

Parameter i Behavior feature m

JLIXUH ORGQOH QHXUR PpFDQLTXH HW SULQFLSH GH GF\RGM B HORXS B X O JATOERD\MEVENA 5 X & D O H
VHQVRULPRWHXU FRPSUHQDQW OHV SULQFLSDX[ PRWRQHXUR Q& V&R PRMDHIUIHVX ¥ RDFHVHN WS (@ HEXW
SDOLHU XWLOLVpHV SRXU FRQWU{OHU OH UpVHDX VHQVRULPRWHXU /HV FRPPDQGHV 6(7 DMX\
UpVHDX GDQV XQ pWDW SUrW j GpFOHQFKHU OH PRXYHPHQW VDQV SURGXLUH OH PRXYHPHQW
FRPPDQGHV 6(7 HW *2 VRQW OHV SDUDPQqWUHYV $04 RUHWKPHH G5 H S SRUDMGVRIOH® *RDO ([SORUD)
XQ QRXYHO REMHFWLI GHPDQGp GDQV OfHVSDFH GHV FRPSRUWHPHQWY FURL[ URXJH O DOJ
UpFXSqUH OHV SDUDPqQWUHV DVVRFLpV j FH FRPSRUWHPHQW HW OHV UHMRXH HQ DSSOLTXDQ
QRXYHDX FRPSRUWHPHQW 'fDSUqV



'RVVLHU

SDU OD ELRORJLH HW OH$ B XWR VFG RGN WWLR Q
YDULDWLRQV DOpPDWRLUHV DSSOLT)%Q_H}SHQDES)é/SUq?ﬂﬁkV'_RP

SDUDPgQWUHV OfDOJRULWKPH LGHQV\QLXIW OQ/H LFi?F\/(?Ho'?)?JE% éV%TJHV\YuLLFFLL
XQH YDULpWp GH FRPSRUWHPHQWV URERWLT
UHSURGXLVDQW XQH WUDMHFWRLUI—F|)J &IHP%F%L\BGTLQ é/BIF%VVLFpKHQVLRQ
PLQLPXP MISWN.PDO GTXQ SRLQW GH_YXH b0HUp WXUHOV HVW LO
DYHF XQ SDWURQ GYDFWLYLWp PXY BWLR%DEﬁBb&BH HOYOwu(oH GY
REVHUYp FKH] OfKRPPHVUHVEKOVREL R F\E\)PD-QWH RXV VRPPHV SHUVXDGpV
SDWWHUQ %UDQFKp HQ SHUPDQHQFHS Upo oL W GH WHVW YLVDOW
H
H

ot
FRPSRUWHPHQW TXfLO SURGXLW FH \\/e{V\ﬁ %DV\OV%BFP\& WS uu cH P
H/

UpSRQGUH DX SOXV YLWH j XQ LPSU \égéiﬁpKP V PpEDQLVPHV

UplIOH[HV VSL®QWXGHYUDLW rWUH FDSD\}E|_P ﬁUL

q,,
<<2

XUHOV
ILGEQOHPHQW OHV UpJXODWLRQV VSLQDOHV HQ UpSRQVH | GHV
SHUWXUEDWLRQV

%LHQ TXH GHV DUWLFXODWLRQV j UI D\PDU GHUXJ\#X E

GHV PXVFOHV DUWLILFLHOV LQWpJUDQW GHV pOpPHQWY pODVWLTXHV
HILVWHQW HQ URERWLT X0 KURFR@WSWLDHY DY HE

OHV RXWLOV FODVVLTXHV GH URERWLTXH UHVWH XQ SUREOQPH

PDMHXU /HV UpFHQWV SURJUqV HQ LOWHSOEIHEEH SuwLiLFLHOOH
IRXUQLVVHQW GHV RXWLOV SHUPHWWDQW'IEY BE¥PERRHTOVHNYHF OHV

QRQ OLQpDULWPV GH FHV V\VWQPHYV PD*BQli@vaQJp“\WH%%([%WHG *HDGWK , QIR
QHXURQHV DUWLILFLHOV SURIRQGYV TXﬂLOV LPSOLTXH W VRQW WuUqV
FRXWHX[ HQ FDOFXO HW HQ pQHUML UNSHRVHEWASW xaon

DSSURFKH © ERLWH QRLUH @ GLIILFLOHPHQW LQAYLAUSYRWREQE HW
JpQPUDOLVDEOH HW VRQW VRXYHQW /HQM 9('?(5Réaw HY ee /hvew

DSSUHQWLVVDJHV  SDU UHQIRUFHPH(%FD H v o
H[WUrPHPHQW JRXUPDQGV HQ H[SpULHQFHV"H ?%‘56 VAl

GIDSSUHQWLVVDJH 1RXV SHQVRQV TXHHLBHU 'éVtJJlI_DaFlIl"§HRV(§|=Fe

FRQWU{OH ELR LQVSLUp LOOXVWUp LFL RAYWMDKOW |HMG R EKRWHQWLHO SRXU
OfLQWpPJUDWLRQ GHV UpJXODWLRQV VSLEQBGWMYLHEY & HV 28BMRSYY pI ¥ VR BH
OfDSSDUHLO PXVFXOR VTXHOHWWLTXH HQPURERWLTXH HW SRXU OHV
LQWHUIDFHV KRPPH URERW & S5LFKWHU HW(D®RERW $XWRP 0Da



/D /THWWUH GHV 1HXURVFLHQFHV Qf .
SodceLéTé
Neurosciences
'RVVLHU -

ORGPpOLVDWLRQ HW H[SORUDWL
FPUpPpEUDD B DEROWRPLTXHYV

$172,1( %285/,(502+$0(' 6/,081( -($1 <9(6 5%$0(A/2',( &+$,//28

,15$( &156 8QLYHUVLWp GH 7RHQLW H8IOWBLBER GH 7RXUV /,)$7
8QLYHUVLWp 6DYRLH ORQW %ODQF /,67,&

L, QWURGXFWLRQ IRQFWLRQ GHVY UHODWLRQV TXL H[LVV

8Q GHV REMHFWLIV GH OfH[SORUDWLRG ERYPBov REPp JhUTRPEHEWHY  OHY

UPVRQDQFH PDIQPWLTXH FpUpEUDOHPMWVG%m BYORRY BTYRIPH JUDSK

FULWQUHV PRUSKRORJILTXHV HW vwUx FWLRE R EROS ILIY g0 HVW
GIXQH SDUWLH GH OfHQFpSKDOH aRXPWIRWIIL P &%L{/p/EUDOO |
PWDSHV DXWRPDWLVpHV GH supwUBOR Wy §HY Hyw/HY Q7XG
GIDPPOLRUHU OD TXDOLWp HW OTLQWRUS v NG FRHDFW
PWDSHV LOFOXHQW QRWDPPHQW OH &REY i OHV
¢ pERS ey
R

<
5

X CUIT
Xo<LB—
Ot~

meL2ck

(@)

T

=

©

O

OD QRUPDOLVDWLRQ HQO LOWHQVLWp S&R
SUPFqGHQW OD VHJPHQWDWLRQ HW OB
GILOWpPUIW 52,V /D VHIPHQWDWLRG’

GHV LQWHQVLWpPY GHV YR[HOV GH-9
FRQQDLVVDQFHV H[SHUWHV SHXxw rwd'y

RX DXWRPDWLTXRPNDOMH OD VHJIPH \%E%T\Qg ég&,R

Bo<
o
=
o< O?f
ﬂé E
= QoI
<I—
S a2
ccTr””G’%<
Tor 1%
e
e
Im

-~
<
0 <
2z

oI L vt %%Wééwmt{,v XQ DXW

HNU OHV ,50V BpSUYERD
PDQXHOOH HOOH HVW H[WUrPHPHQ RYW Y yPWDSHV GH

GpSHQGDQWH GHV RSpUDWHxUV PrpHRARADY Q/Wb@\/éHYgﬁ(UV\WL{—Fg‘ GH JUDSK

QHXURDQDWRPXH OD VHIPHQWDWLRQDXWRPDIWLTY LJHQFH DU

o)
IDXW GLVSRVHU G{DWODYV DQDWRPLF@—T&%{L@VD X[ WHC Lﬁx V\F/{A[J)d" Dszsg
HILVWH SRXU O KK PDIF® TXoD VR X i RQQ Q Q Q Q

TXHOTXHV HVSQFHV QRQ FRQYHQWLR%S&/B%%Q/D&V&BH% IQ\I(DIBd'SV FHOOH FL

AX{HOOH VRLW PDQXHOOH RX DXWR P FUIRAMW W R Vp At KHXUV >
GLULJpH SDUSGIERROWRPLTXHV wbDLOOR M&dlpHPRROXT GH QH QHV FRQY

SRVLWLRQ GHV 52,V VWUXFWXUHY DQDWRPLTXHV WLVVXV HWF HW

H[LJH GRQF GH FRQQDVWUH OﬂDQDWRP%‘65&88\%/%89HG%HV(?—I%%%%%HWLRED D>

PWXGLpH SULRQIDWRPLTXHV

$ SDUWLU Gf,50V FpUpEUDOHV VHIPHQWYgHY 5'|YVU|9§|’—E|E'L%OJ;\4F’\N¥X\'7%HV SUpL

HVW SRVVLEOH GYH[WUDLUH GLIIp gg\y\/HD%R ] 5%'5%W\}§R%8 DOJIRULWK

FDUDFWpULVHU OHV 52,V HW OHV ARPSDHHLRAWLH HAOHY | biow Epvph

PRGPOLVDWLRQ VRXV IRUPH GH JURSKHV DVVRE odLPDIN WHOOHY T

OfLQWHOOLJHQFH DUWLILFLHOOH HV \M(\Q\H,_B ORPELRR SR RRBRPRBH
v

W H
HW H[SORUHU OHV LPDJHYV VHJPH%XP/\HQPD/ X UB§ﬁEVGHVV6)LYHDX[ GH
SHUPHWWHQW GH UHSUpVHQWHU OfRUJDQLVDWLRQ GYREMHWYV HQ
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8Q UpVHDX GH QHXURQHYV FRQYROXWLI RX &RHXWRROXHWWL RDQUDNOL ILHFXHDO DHWAORWMWH HQ DSSUH
&11 HQ DQJODLV HVW XQH DUFKLWHFWXUHPDIHALILTXH GH UpVHDX[ GH



'RVVLHU

'DQV QRWUH GpPDUFKH QRXV DYRMDRFURIWPHORXHQRRUH OfLQWpPUrW G
DOJRULWKPH QDwIl TXL QH UHTXLHUW [SID\R GH D XONBHYDRDYDMLVRQHNp Up E U D (

TXTXQ FULWQUH GIKRPRIPQPLWP HW Gl JDYBON FHR LR BE bl BEuTxH ¢
UpJLRQ OH © VSOLW DQG PHUJH 2 &LWVY]LE?? Ji%w«\q PXHH Ilgé?lf({g\I/LBBQ/HJPHQWD

HQ GHX[ SKDVHV GLVWLQFWHYV GﬂDEB 86 UJ%LQ{S RQH@g( S&OI.XV& aGXJUDS
GX YROXPH HQ FXEHV KRPRJgQHYV XLV XQH IXpV ?QQ

© PHUJH @ SRXU UHJURXSHU FHUWEL"' ~" —v— il
YRLVLQV /RUV GX © VSOLW & O
UpFXUVLYHPHQW OfLPDJH HQ FXEHV
MXVTXYTj] REWHQLU XQH LQWHQVLW
© PHUJH @ OYDOJRULWKPH IXVLRQQH
ORUV TXH OHXU LQWHQVLWp GH VLJIQ
GYKRPRJpQpLWp 3RXU FHW DOJRULW
FULWQUHV | GplLQLU OD WDLOOI
OﬂKRPRJprLWp SRXU OH © VSOLW @)LIJXUH &UpDWLRQ GHV Q°XGV GX JUDSKH &KDT

VHIPHQWpPH j OfLVVXH GH OD VHIJPHQWDWLRQ €
GHX[ FXEHV DGMDFHQWYV SRXU OH © | jpxFKkH UHSUPVHQWH XQ Q°XG GX JUDSKH | GL

GH UPILRQV REWHQXHV GPSHQG GLYFGWST M fi/b it VRO %IDOHPHQY
SDUDPqWUHV GH VHIPHQWDWLRQ )LWUHdBVVLSF%E)\PP HP R IROFWLROC
TXL LPSRVHQW GHV UpJLRQV SOXV KRPRIGQHV pk{ brfqgg(/ HISORUp SOX\
JDXFKH GH OD )LJXUH SURGXLYERQWW I RE ¢ HPEEHY "HV JuDSKHV «
VHIPHQWPHV SOXV SHWLWHV FRPPH FRQ\WHWHP X, Q5Y \PXH§§\/UH HX[ JU
FHUYHOHW /THQVHPEOH GHV UpJLRQY,BERYY VBN WP HYudV ¥y 0-xav |
DORUV rWUH XWLOLVp SRXU PRGPOLYHY QMHQF BSKBAKY VXYL BBR N Ho w

GH JUDSKH GH TXDQWLWp GH VXUIDFH GH FRQWDF

5 OHV VpSDUH )LIXUH $ FH VWDGH
FKRLVLHY SRXU FRQVWUXLUH OHV JUD
VHQV ELRORJLTXH /H FULWQUH GH VHX
FRPSWH GH OJRUJDQLVDWLRQ WLVVXO
HQWUH GHX[ Q°XGV SHXW UHQGUH FR
PRUSKRORJLTXH GH OfHQFpSKDOH (Q
DO TH & Xon 50 FpUREUDOH Gl PRXWRG Yx 8BS v Y PL OBALWBEILQWHQVLWD R
SDUDPGWUHV >KRPRJpQpLWp VSOLW KRPRInOAI Wn DUIITH W aou

PLQLPDOH G{XQ FXEH @ $ GURLWH SDUDF
KRPRJIJpQpLWp PHUJH WDLOOH PLQLPDO

ORGpOLVDWLRQ GH OfTRUJDQLVDYV
IRUPH GH JUDSKH

/ID PRGpOLVDWLRQ GH OYHQFpSKDOH
SUpVHQWH XQH IRUWH IOH[LELOLW
GLIIpPUHQWHY UHSUpVHQWDWLRQV [t =
v
GHV DUrWHV GX JUDSKH HW GH VHV
SHUPHW GYREWHQLU XQH GLYHUVLWp GH UHSUpVHOWDWLRQV TXL
JLJIXUH &UpDWLRQ GHV DUrWHV GX JUDSKH HQ |
UpYqQOHQW GLIIpUHQWY QLYHDX[ G 5 5wHoviwp HO KDXW HW VXU OD GLVWDOQFF
VWUXFWXUHV 'H SOXV OD WKpRUIVHIPHQWpPH PDQXHOOHPHQW SRXU XQH P
GILQWHQVLWpP XQH DUrWH HVW FUppH HQWUH ¢
WHFEKQLTXHV GH DIUDB\WHY SHXYHQW G LQWHQVLWpP HQWUH OHV GHX[ UpJLRQV TXYL
SRXU H[SORUHU HW FRPSDUHU GHV HQ KDXW j JDXFKH RX j HQ KDXW j GURLWE
GLVWDQFH XQH DUrWH HVW FUppH HQWUH GHX|
FODVVHV VSpFLILTXHV GﬂHQFpSKDOUHSUpVHQWHQW VH WRXFKHQW VHXLO GH GLV
SURILOV GH SDOHORYOHRQWHDLQVL rWDH JDXFKH RX VL OD GLVWDQFH HQWUH HOOHV HV

DLOOHXUV  OHV DSSURFKHV GqL CURLWH

/H WHUPH © DUrWHV 2 HVW XWLOLVp ORUVTXH OHV JUDSKHV VRQW GLWV QRQ

GLULJpV OHV FRQQH[LRQV VH IRQW GDQV OHV GHX[ VHQV 3RXU XQ JUDSKH
GLULJp OH WHUPH © DUFV @2 VHUD SULYLOpJLp



'RVVLHU

HIWHUQHYV GH GHX[ Q°XGV OHV JUDSKWW RBWHYXYRYVRQEOW UZN GpYHORSSH!
GLIIpUHQWY HW SHXYHQW PHWWUH UpQY RXGCLUWEHRIARH WkFIWH HSKHVHODVVLILFED
IDFHWWHY GH OfHQFpSKDOH OH PRGH GYpOHYDJH 8Q 9*$( SHUPHW

&HWWH PpWKRGH RXYUH xQ YDvwH sBEREPYH SHEWER DY WV WMRY IFRoR Y S

QRWDPPHQW JUKFH DX FKRL[ GHV DWW L ERWRAKREBEEX W pRXYRLUF
VWRENHU GDQV oHV Q°xGv Hw onWY BIHWIWEMN Woskny

JpQpUpV 3RXU OHV Q°XGV OD SRVLWLR@FDWOWFIXOBFEWLSOUWHY GHWDSKHYV DY

OHXU FHQWUH GH JUDYLWp OH YROXPRYH *9PJSJF‘{E

VROWPE QA ¥y B 'BYEHqun | Le
FDUDFWpULVPH SDU OD VSKpULFLWp YROW TXRA LXHY "SRVMVLELQIWRY 4y o
/HV DUIWHV SHXYHQW VHUYLU | VWRENHU GHY LOIRIEDW, ngﬁHFWHU .
FRQQHILWpP HW SUR[LPLWp HQWUH QpJLROVD ¢ EHYV\BWWYL i ORUV
WRSRORJILTXHV ~ SHXYHQW rWUH DMRXWRYL\GHYp SRWWUEEXWYew R
GILQWHQVLWp GH VLIQDO HW GH GHYRFYLRWHAUW G G-IERBH piIWL wisk
LO HVW HQFRUH SRVVLEOH GTHQULFKLU éwﬂwg Kb HG%E%?F XROW GHY whr
R RXPRH GH sF

FRHIILFLHQW GH FOXVWHULQJ OD Gp
FHQWUD®WWp (Q FUpDQW GHV JUDS

PD[LPXP GH GHVFULSWHXUV OfH[SOR E@,Wh% B EHVERRWUH v
FPUpEUDOH j SDUWLU GTY,50V DQDWRPLI V. [LELQ Wl,}RPE,_QJD(

P
HW QHVW SLORWpH TXH SDU OHV %@R@pu@\%ﬁ&ﬁ\%%vﬁi FHOOHV GH

PHVXUHV HW QRQ SDU OfpWDW GHV ERQQRLWVEREHYHRFYAEERIK Qv oRrFL

GHV RSpUDWHXUV UHVSHFWDQW VD VWUXFWXUH /D FRX
/YDQDO\WH HW OD FRPSDUDLVRQ GHHPIW JEBSRHW SHXYMHENW UH OD WDLOC
HQVXLWH rWUH UpDOLVpHV SDU GHVXQpVHDXY pQ@ HOWDMDLE QVXWREDOH HW U
JUDSKHV *11 TXL SHUPHWWHQW G {H[S@RLMOHP B QW WAHK\F WARKHF IGHW © GHQ
JUDSKHV SRXU GHV WKkFKHV GH FODV\VAURRE URQXRX UDN BSOWEMF\VEHRBO DV VLI
'"HV DXWR HQFRGHXUV YDULDWLRQQHOPENEGLOUD SKHRG XI*WE SDU OHV DXWL
SHXYHQW pJDOHPHQW rWUH XWLOLVPNXSREHVDBEBWHQGUHOGHVEDU H[HPS
UHSUPpVHQWDWLRQV ODWHQWHYV HWGpBlQ@pUjHOD BED VQRXIYFOMHRQ VH FRPS
VWUXFWXUHV GH JUDSKHV FRQYROXWLRQ GHX[ FRXFKHV GH SR
© GHQVHV 2 FRQVWLWXDQW XQ © FODV

FRXUDQW GYDOWHUQHU HQWUH GHV FF

&ODVVLILFDWLRQ HW FRPSDUDLVRQBRKOIISKBEM Q GH SURGXLUH SUR

'DQV QRWUH pWXGH QRXV DYRQV FKRINYFYHWIBUMGHHRO X HRXSOXV FRP
OHV 9*$( SRXU FRPSUHQGUH OfLPSDEW ¥R PREH Uy FRPECIHUYREXVWH DX
VXU OH GpYHORSSHPHQW FpUpPEUDO GHV RYIONY L0 LILHW 10 D nWn
PRQWUp TXH OJYDOODLWHPHQW DUW I ! I ! Q
FPUPEUDOH GHV BIW IRXV FKHUFKRQ siffis 8 8 h -
OfLPSDFW GH VWUDWpPJLHVY GIHQULFKLVVHPHQW PDWHUQDJH
SUPELRWLTXHV PXVLTXH SRXU FRQWUHFDUUHU FHV HIIHWV
GpOpWQqUHV VXU OH GpPYHORSSHPHC A I N N A
HQVHPEOH FHVY FRQQODLVVDQFHV SDUL)LIXUH ([HPSOH GIDUFKLWHFWXUH GH *11 SRXU
GH FODVVLILFDWLRQ /H FODVVLILHXU VH FRPSEF
FRPSUPKHQVLRQ GH OfDGDSWDWLF g GHQVHY @

FRQWUDLQWHY GYfpOHYDJH HW SDU F _ R ) )
ELHQ rWUH (Q UpVXPp O LQWpUrW HVW GH FRPSU

JUDQGH WDLOOH HW GH FUpHU GHV UF

3RXU SURGXLUH HW H[SORLWHU GHVpHhi RFHGHVXx &P (SUfOLPLODLUH QRX
FRQYLHQW GH GLVSRVHU GTXQ MHX6HyJYDEKPY jGBEkRAVI FRQVWUXLWYV
OfDSSUHQWLVVDJIH HW GTXQ MHX GH\JWIHSHIWpARCHPHRXD YOOI Y LWKPH © v

DWWULEXWYV LVVXV GH OD WKpRULHF&g

R FSRBRA Y PE H O&H suR:
g \9\’&’5 WHoxHV cDQV OHV
H

/H FRHIILFLHQW GH FOXVWHULQJ PHVXUH 0D &WUREH EMEIHY P XX UDGHKQ WYROLWp FDSWXUH OD

VRLHQW FRQQHFWpPV VDFKDQW TXfLOV RQW XQPYWRENHTQ HQ FRPPXQ /D GpWHFWLRQ
GH FRPPXQDXWp FRQVLVWH | WURXYHU GHV JURXSHV GH Q°XGV IRUWHPHQW



'RVVLHU

JLIXUHSUFKLWHFWXUH VLPSOLILpH G XQ
GpPpFRGHXU &HOXL FL DSSUHQG j UHSUpYV
XQ YHFWHXU ODWHQW &KDTXH JUDSKH S
YLVXDOLVp FRPPH XQ SRLQW GDQV XQ H\
ODWHQW 'HX[ SRLQWYV SURFKHV GDQV F
UHSUPVHQWHQW GHX[ JUDSKHV TXL VH U]

D SHUPLV GH UpVRXGUH XQH WKkFKIMWGB SODWHIRBBWLRRQUGLKRIH QHU SHXW 1
GH FRQILUPHU OD SHUWLQHQFH GH QWWSHH BHW KRG/HKOWDWY GH VHJIJPHQW
&RPSDUDLVRQ GH JUDSKHV HW R)PﬁMRé’%LvT)B"\'(HEEdAﬁ"{/QXV DYHF VSOLW
9+ ( DOJRULWKPHV GH VHJPHQWDWLRQ
FRXSOpH j XQH ,50 SHUPHW GH FUpHL
/HV 9*$( VRQW XWLOLVpV SRXU FUpHH GIpF HMWPLRHW GH) XWLOLVDQW X
UHSUpVHQWDWLRQV YHFWRULHOV DiHHAPH QWY EQ ARM vO PHWHRUMDS KHV SH)
LQWHUSUpWDEOHV SDU GHV H[SHUWYWY DMXWRHEMHGYY! 88YVCELYRYVRIRFUPD W\
WUDQVIRUPHU OHV JUDSKHV RX OHVFRQWNGVLERY JWDSHWVHFVHPEOHY GH G
GHV SRLQWV GDQV XQ HVSDFH HXFORGUHQ GAHIXWVpW RW PRISORLWpPV SRX!

JUDQGH GLPHQVLRQ SRXU IDFLOLWHBUPKXWHERKIMHIYDEYB S BHPOWLVVDIH S
H[HPSOH GHX[ JUDSKHV VLPLODLUHVRKH&RBQW UHSUpVHQWpPV SDU

GHX[ SRLQWV SURFKHV GDQV OfHVSDEH /HY g/*$gﬂ VRR?va/ X SUBEOGHPPH
l
FRPSRVpPV GTXQ HQFRGHXU HW GT1x®BHERERN GlPY pPrp

/fHQFRGHXU WUDQVIRUPH OH JUDSKH I—WC#/O H TFSERBKHG MR
GPFRGHXU DSSUHQG HOVXLWH j UHFRERWUX PR YH W p &Y SR USIRFHY H
i SDUWLU GH FHWWH UHSUpVHQWDWYRDK PSKROYYg (GTDIQHDX]
SHUPHWWHQW GH FRPSUHVVHU xQ JUBSRH R RY GHEBHAQWEY HW FH GH
GLPHQVLRQ QO WRXW HQ FRQVHUYDQW. OYL = H?\ﬁﬁ'o[ﬁsf/%%FKH QF

UprB®
WKFKH FRPPH GX FOXVWHULQJ GH JuB3KRYv ﬁf%aliﬁyx RYGQLVDWLRQ F

JUDSKHV RX OHV Q°XGV VRQW UHJURXSAHU VIPLobUT Yy p W LQLWLHU - T
FRPSDUDWLYDHS MBRQW [ THW VL GH SO>

GY,50V FpUPEUDOHV GYHVSQqFHV

30DWHIRUPH '%UDLQOLQHU FRQYHQWLRQQHOOHV VRQW GLVSRQ
KWWSV RSHQ ZLQ R[ DF XN 'LJLWDO%

SRXU FUpHU HW YLVXDOLVHU GHV gy®SEipw p@RthcPRAREYRUDWLRQ UHV

GpYHORSSp OD SBUWHERUBWERQLEOHY B®QTXH GH FRQQDLVVDQFHV DQDW
DFFQV OLEUH J)LIKWWVSV _VFP XQLY

WRXUV IU SURMHWVSXEOLFV oLIiDW GREFHoRIHFPPH QRXV DYRQV DSSOLTX
VHIPHOWD\SDRY ©OPWUNUHGHV ,50V GIHQ

GH ERQTRDJHODSKXV HMNW\FGHXKHUI V
7UDJXOXV MBIYWDBUBXWHY PRGpOLVDWL
GH JUDSKHV )LJXUH (Q DSSOLTXD(
9*$( VXU FHV JUDSKHV QRXV HVSpl
PYLGHQFH GHV SDUWLFXODULWpPV GYRL
SRXUUDLHQW rWUH H[DPLQpPHV VR;
FDUDFWpPULVWLTXHY FRPSRUWHPHQWD
DSSURFKH QHXURpPWKRORJLTXH 'H W
FRPSRUWHPHQW RQW GpMj pWp REVH
VWUXFWXUHV VXEVWDQFH JULRK SpU

)LJXUH ,QWHUIDFH GH OD SODWHIRUPH '%UDLQFIRXMOQ B[HR X2 JEPEIHEUDOHY FDLOOHV
GIHQFpPSKDOH GH FHUI VRXULV

Im
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GH JURVVHV FRKRUWHV DQQRWpHV F
TXYHOOH IRQFWLRQQH GH PDQLQUH «
DSSURFKH SRXUUDLW pJDOHPHQW rwu
OfDQDWRPLH GH OJHQFpSKDOH HVW
SRVVLEOH GYXWLOLVH U DF B8R VARSEDRIY
QRPPHU HW RX FRPSUHQGUH OHV ]RQ
VHIPHQWDWLRQV HW JUDSKHYV

DQWRLQH ERXU
HORGLH FKDLQ

MHDQ \YHV UDPHO
PRKDQG VOLPDQH#

5pIpUHQFHV

'DUUDXOW ) HW -D@QDW GRL
MRD

1IRRUL]JDGHK 1 HW 6FQ@ 5HS
JLIXUH6HIJPHQWDWLRQ VSOLW DQG PHUJH smwwg\pp@LRwDW@ﬁQ V R X ]
IRUPH GH JUDSKHV GfXQ HQFpSKDOH GH ERQJR HW GH FHUI VRXULV /HV

UHSUpVHQWDWLRQV VRQW SURGXLWHYV DYHF OHV&RIPHIVHEDUDL gWWKBS O &OLQ OHG 3KW

KRPRJpQPLWpP GX VSOLW KRPRJIpQpPLWpP GXRWYIH grIWULCOH MDEPS Y
PLQLPDOH GHV FXEHV HW OHV JUDSKHV VRQW FRQVWUXLWYV HQ FRQQHFWDQW
GHX[ Q°XGV VL OHV UpJLRQV VRQW DGMDFHQWHVEKL / HW DO)URQW +XP 1HXURVFL GRL
IQKXP
&RQFOXVLRQV HW SHUVSHFWLYHV GHLGOLW] - HW DHOXUR,PDJH *
KWWSV GRL RUJ M QHXURLPDJH

/TH[SORUDWLRQ GHV ,50V BpUPEUDOHY, VORY © s HWiIDWR,PDIH
DQDWRPLTXHV TXH QRXV SURSRVRQWWWS\SRWH RDX GpIDUHMURLPDIH
XQLTXHPHQW VXU OHV LQIRUPDWLRQV FROQW K Q X Ha/F@sD Qx O P D J H GRL
SHUPHWWDQW DLQVL GH VIDIIUDQFKLU GHANRXWH FRQQDLVVDQFH RX
SUpUHTXLY DQDWRPLTXHYVY 'DQV FHWWIRYH peP DiMFKBO'HQ RXMCURELRO *
DYRQV GpYHORSSp XQH PpWKRGH KWHKSYU GRIHRYIH Q W HER HX
DXWRPDWLTXHPHQW GHV LPDJHV ,50 )SERHWRHEL V0O HNYOH V9% UDHVD NWHYH DHIX DR \
PRGPOLVHU VRXV IRUPH GH JUDSKHV 1RXV GYWHORGERRIV QUQ
HQVXLWH GHV DUFKLWHFWXUHV GH UpWHX¥bLGH QHWURQHY VXHRPSbULVRO E
JUDSKHV SRXU DQDO\WHU HW FRPSDSLUSIHDL(QH\X/IRJLU[DCSJOI-\{\MQJ/WVH3EJLREFHQ1GQQGHYR1
DYDQFpPHV UpFHQWHV IDLWHV VXU OHWK*PWWQB\M%\HDQS RQIHUHQFH RQ ¢
SDQHO GH SRVVLELOLWpV GT1DQDo\vHV '50GFaN W30 ﬁ'o%\\P\? CEBWERE™C
GH JUDSKHV HQFpSKDOHV | OD SUPGLFWLRQ GIDUrWH

UHODWLRQV HQ SDVVDQW SDU OD Q&Wﬁ%%\%ﬁ@&%%ﬁLl\%ux R
JUDSKHV SDUWLFXOLHUV 4XDQWJO‘HXWLOLVDWLR GHV 9°$( HOOH

RXYUH GHV RSSRUWXQLWpV GTLQWHUSHPGDELDLWe' VB8V 6V|‘c’;‘r£>f-f\y"v)ﬁ<\?/':%



/ID IHWWUH GHV 1HXURVFLHQFHV Qf
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/IHV DUFKLWHFWHY GH OYfRPEUH |
PRGpOLVHU OHV SURFHVVXV GH FI
FROOHFWLYH GHV QLGYV GYLQVHEFYV

*8< 7+(5%8/%=

&HQWUH GH 5HFKHUFKHYVY VXU OD &RJQLWLRQ $QLPDOH &HQWUH GH %LROR]J
5HFKHUFKH 6FLHQWLILTXH &156 8QLYHUVLWp 3DXO 6DEDWLHU 836 )

'pFU\SWHU OHV PpFDQLVPHV GH FHRREGGCGRWDRGQWHWHXUYV DFWLYLWpPV
DFWLYLWpV FKH] OHV LOQVHFWHY EKWLQGHKXH¥WHY HQ XWLOLVDQW SRXU F

/HV LOQVHFWHV VRFLDX[ WHOV TXH OH{:/VYI&VUWEV I—S‘l\R/V(yIHUV Hdp W §H PPFD
VROW GHV DUFKLWHFWHYV KRUV SDLU " p® WY %@\/@WX?B%%H\PHV w
QLGV FRPSOH[HV GRQW OD WDLOOH sHXW BHRWwdH %%W E88YC rnuwbpLov

FDV SOXVLHXUV PLOOLHUV GH IRLV FB O/ JPH\WU LICHS HYIMG XW VIEKQ WQHID O H P H
FRQVWUXLVHQW HW FHFL VDQV VXSHWYWMVLORMXFHOVEBRQOHV PV WUDFHV ODL
&HV DUFKLWHFWXUHV VRQW SDU DLOQBXU¥\WE DRUPHKX PG MDEWSBQNFH FRP
YLWDOHV GHV FRORQLHV FRPPH OI[RXS ORW HFEADDRRX HAR @GW UFR QWW U X FW LR C
SUPGDWHXUV HW FHUWDLQHV GYHDFMALY LW P GIW V [SHH IY RIQWMWARIWV W L W X H L
pJDOHPHQW OD UpJXODWLRQ WKHUPIRXH GRUQTREMACHVDWRRW GHWYoXHYV
PFKDQJHV JD]HX] GPpFOHQFKHU GHV FRPSRUWHPHQWYV \

&RPPHQW GHV PLOOLHUV GﬂLQGLYLWLEBV (T %V W i o(P jDORUV PR

FRRUGRQQHU OHXUV DFWLRQV SRXU pd Ll(Eﬂ@Féﬁv v AR AR FH
VRSKLVWLTXpHV " &H SKpQRPqQH LQWULTRMW SR \ﬁ:TPﬁ wR RTKHR”  VWLPXC
GHSXLV GHV GpFHQQLHV PDLV FH Qf IR HERe p HEY TxChHV LQVHFWH

OYDQDO\WH FRPSXWDWLRQQHOOH H\/\f%PHS\PEWQ HVY MRRGFTETX By &H S\
SK\WWLTXH VWDWLVWLTXH RQW SHUPLYRE ({US U o AU YWRLIRYy FRQGL
*UKFH DX[ DYDQFpHV HQ YLVLRQ EPPYIRR W CpRf WLYLWp GHV

A
PRGPOLVDWLRQ PDWKpPDWLTXH RQ FP\)T\}VOS%V\)'HRixTNMQQUF %F)??LH GDQV \l
GPpFRGHU OHV LQWHUDFWLRQV FRPSOHTAYPH FRPS

<
o
<X
CIII
5’2

VROW LPSOLTXpHV GDQV 0D FRRUGLQBWI R 'ﬁFQS\’S'\éR 8Ldi< FRQ'
QLG HW | FRPSUHQGUH FRPPHQwW BBBR Q/V b SR |4‘ W Yo HW FDUDFWpUL
VWEP'X 0 XV Up % FDU HOOHV YRQW

FRPSRUWHPHQW GHV JURXSHYV
FRRUGLQDWLRQ GHV FRPSRUWHPHQWYV

/fLQWURGXFWLRQ SDU 3LHUUH 3DXOGHYRNVYDP IR IRRQFGFSHWH®HOD IRUPH G
VWLIJPHPYJaB ILQ GHV DQQpHV FLQTXDQWH D SHUPLV

GYDSSRUWHU XQ SUHPLHU pOpPHQW GH UpSRQVH j FHWWH
TXHVWLRQ 3LHUUH 3DXO *UDVVp /D F REOWW/ XRQF MPLARGE BEX QLG FKH] OHV IF

JRRORJLVWH 1UDQODLY DXWHXU GIXQ. | PSRUWDOW . ptﬁg%g\ng bHY Lowr
JRRORJLH HW pJDOHPHQW GXQ RXYUPIH {Q M} \/ﬁ XWLES'E SV it \o Hog R bR L

OHV WHURUWHWRDRUIUDLW HQFRUH UpJpUHQH, LGlﬂ-P&HX(UG UBLHUV VRQW FR
OH GRPDLQ® pWXGLDQW OD FRQVWUXFWERQ GX QLG FKH]J Y

WHUPLWHV *UbDVVp D GpFRXYHUW TXH FHV LQVHFWHYV



'RVVLHU

XQ FRPSRUWHPHQW GH GpS{W GH ERX(
ULFKHV HQ SKpPURPRQH Re GIDXWUHYV
UpFHPPHQW GpSRVpHV FH TXL FUpH X
SOXV OH QRPEUH GH ERXOHWWHYV GpM
HVW LPSRUWDQW SOXV OHV IRXUPLV
GpSRVHU GIDXWUHV ERXOHWWHV 0DL
FHWWH PrPH SKpURPRQH YD LQKLEHU

ULVH GH ERXOHWWHV GH WHUUH DX F
JLIXUHLG GH OD IRXUPL QRLUH GHYV MDUGLchéDVva

LJH
FRORQLH HQYLURQ FLQT j TXLQ]JH PLOOH LQG 9\/\{3&6% JD?I’—Q(M >§§L|J_|\Nila UPL HVW ULFK
pSLIpH $ GURLWH XQH WRPRJUDSKLH DX[ UD\ @BV ERAQWIbERXOHWWHY UpFHPPHQW C
VWUXFWXUH LQWHUQH GX QLG HVW LPSRUWDQW HW SOXV OD SURE

ERXOHWWH GDQV FHWWH JRQH GLPLQX

GH OfDVVHPEODJH GH ERXOHWWHV G WHWYR WWoRHEH 8 PEPFICHED Hp H
LQWHUQH UHVVHPEOH | FHOOH GTXQW oS ROMWRAXHF %@ FHRGIVSROG DSS
QRPEUH GH FKDPEUHV HQ IRUPH GHoRHGRHXy PHHIGIHTI BRI UsY cHV IRX
LPEULTXpHV OHV XQHV GDQV OHV DXWHHR R 1 0d §UHh k BREANXU HW Gps |
PWXGLHU OfDFWLYLWp GH FRQVWUXKRWHREY BiHWpOREW e HY SEIFS LR 1YV
XWLOLVH XQ GLVSRVLWLI FRQVWLWXpoG 3 b & LW G Hye® Witk FROWHRRR Wr
XQH ILQH FRXFKH GH VDEOH KXPLGLILP,@GRAWRBTXER ¥ REGRIDHD oHxUV I
HQVXLWH XQ JURXSH GH IRXUPLYqp ke B HuSc LU FWHPHQW GH O LQIT
GLVSRVLWLI pWDQW pFODLUp HQ SHYRRRHQK W JTNWD FEEGE EbRRVVRQ FRL
VWLPXOHQW WUqV IRUWHPHQW OfDFWhYLWiRy G FRRY WY XFWHRR SHYw o)

IRXUPLV TXL HVVD\HQW GH FRQVWUXLUH XQ DEUL SRXU VH

SURWpPJHU ODLV FRPPH OD TXDQWLWEREY VEPEBRVGLUIKOLYHH RR@WPOLVP F
OLPLWpH OH SURFHVVXV V{DUUrwHF RMWYX DERY oY WRKWREAOH QF
SUHPLQUHV pWDSHV GH FRQVWUXFWLREPEXFOWE AW RFE/X LRKGREY HW OHV

OD IRUPDWLRQ GH SLOLHUV HW GH PXWMLOpYR@WurPKOW RYEWEpWLUH OHX
UHSUPVHQWDpPHVY SDU GHV DJHQWV TXL

/HV FRPSRUWHPHQWYV GHV IRXUPLV GH\SHMH fVnatk B S0 S ROV Hw oL
ERXOHWWHY GH WHUUH LPSOLTXpV GRRY\QPLARQ VL XKW R HRHYXREFY HY
VRQW PRGXOpV SDU OHV WUDFHV GHy\Q & HY wWATH{ IR E oL IMRWW U X Fw X UK
GDQV OTHQYLURQQHPHQW GH OD PDQraPih VKR XGRWH SAXEY BHBbYFHPHQW
SUpOHYp GHV ERXOHWWHV GH WHUUK WY §F VREIOHY B Wi PEMwHFw:
LPSUQJQHQW GIXQH LSKKQRPREMMVD QRN ypLy  /H GpSODFHPHQW GHV IF
FKLPLTXH DILW FRPPH XQ PHVVDIH HOW&H QWY RIWEILYH SULVH HW GH G
&HOOH FL ORUVTXTHOOH HVW GpWHR\WpHy 5P Q6 bR*¥SRWVw Y WILP X RE Fw L F

JLIXUBLPXODWLRQV GT1XQ PRGgqOH GH FRQVWUXFWLRQ GH QLG GH IRXUPLV /HV © DJHQWYV IR
GpSRVHQW GHV ERXOHWWHYV GH WHUUH HQ VXLYDQW OHV UgJOHV GH FRPSRUWHPHQW FDUDF\
ERXOHWWHY HQ XQ HQGURLW HVW VXIILVDPPHQW pOHYpH FHV JRQHV GHYLHQQHQW GHV JHUF
DX IHHG EDFN SRVLWLI LQGXLW SDU OD SKpURPRQH GH FRQVWUXFWLRQ TXL VWLPXOH OH GpS
JUDQGH OHV IRXUPLV UpDOLVHQW GHV GpS{WV HQ KDXWHXU FH TXL FRQGXLW j OD IRUPDWLR
FKDSLWHDX[ VRQW VXIILVDPPHQW SURFKHV LOV IXVLRQQHQW SRXU IRUPHU XQ SDVVDJH YR€W



'RVVLHU

SDUWLU GH OfDQDO\WH GHV GRQQpRNVF BOS NP HNVHORPE®RHWW HAHHQWD X[ TXL |
VLPXODWLRQV QXPpULTXHV GX PRGBEHPARQWMOQMQX[TKEVBPWHY GH FRRU
FRPELQDLVRQ GHV LQWHUDFWLRQV B8WRDVOHVXLUEBEKUPHY HMUXORHNVXUHV TX
VWUXFWXUHV TXTHOOHV FRQVWUXLV IBGW YHROUG B WAHIOMO & 0B XRUW DY K@ X W
GH SLOLHUV UpJXOLqQUHPHQW HVSDFpV SXLV GH FKDSLWHDX[ DX

GHVVXV GH FHV SLOLHUV GRQW OHV IRUPHV UHSURGXLVHQW
ILGQOHPHQW FHOOHV UpDOLVpHV SDU OHV IRXUPLV GDQV OHV
H[SPULHQFHV )LIJXUH $ '

/ID VLPXODWLRQ GX PRGqQOH GDQV OHTXHO RQW pWp WUDQVSRVpV
OHYV SURFHVVXYV GH FRQVWUXFWLRQ LGHQWLILpV
HI[SpULPHQWDOHPHQW PRQWUH TXH ORUVTXH OD TXDQWLWp GH
ERXOHWWHY HQ XQ HQGURLW HVW VXIILVDPPHQW pOHYpH FHOOHV FL
GHYLHQQHQW GHV JHUPHV j SDUWLU GHVTXHOV OHV IRXUPLV
FRQVWUXLVHQW GHV SLOLHUV )LJXUH % 3DU OD VXLWH ORUVTXH
OD WDLOOH GHV SLOLHUV HVW VXIILVDPPHQW JUDQGH OHV IRXUPLV
FRPPHQFHQW |j UpDOLVHU GHV GpS{WV HQ KDXWHXU TXL
SURGXLVHQW GHV VWUXFWXUHV JOREXODLUHV HW PDVVLYHV HQ
IRUPH GH FKDSLWHDX[ VXUSORPEDQW OHV SLOLHUV )LJXUH &

3XLV ORUVTXH GHX[ FKDSLWHDX[ VRQW VXIILVDPPHQW SURFKHYV

O XQ GH O DXWUH LOV SHXYHQW IXVLRQQHU FUpHU XQ SDVVDJH
YREWP HW SXLV SURJUHVVLYHPHQW XQH FKDPEUH )LIJXUH

/ID FRPSDUDLVRQ GHV VWUXFWXUHV SURGXLWHYV GDQV OH PRGqOH

j FHOOHVY REWHQXHY GDQV OHV H[SpULHQFHYV SHUPHW GH YpULILHU

TXH OHV LOWHUDFWLRQV HW OHV FRPSRUWHPHQWY LGHQWLILpV GDQV
OTH[SPULHQFH HW HQVXLWH LPSOpPHQWpV GDQV OH PRGQOH
UHSURGXLVHQW ILGqQOHPHQW OD G\Q)| jxUH,PSDFW GHV FRQGLWLRQV HQYLURQQHPH

OD IRUPH GHV QLGYVY FRQVWUXLWY SDYLH GH OD SKpURPRQH DMRXWpH SDU OHV IRXUF

FRQVWUXFWLRQ HW VXU OD IRUPH GX QLG /HV
/IH PRGQOH D SHUPLV GH PHWWUH HQpRQWUHQW OHV VWUXFWXUHV FRQVWUXLWHV SI

OD SKpURPRQH DMRXWpH SDU OHV HQ KHXUHVY GDQV GHX[ PLOLHX[ GLIIpUHQWYV /
FRQVWUXFWLRQ GDQV OﬂDGDSWDWLgHWUL XWLOLVpHY GDQV FHV H[SpPULHQFHV HVW

KXPLGH $ OD GXUpH GH YLH GH OD SKpURPRQt
FKDQJHPHQWYV GHV FRQGLWLRQV HQ\IRXUPLV FRQVWUXLVHQW GHV SLOLHUV HW GHV

VHORQ OHV FRQGLWLRQV FOLPDWLT pQv XxQ PLOLHX VHF % OD SKpURPRQH D XQH
GHPL YLH HVW GH OfRUGUH GH SOXV FRXUWH HW OHV IRXUPLYV FRQVWUXLVHQW

HQYLURQQHPHQW KXPLGH V H GpJLVLPXODWLRQV LQIRUPDWLTXHYVY GX PRGqOH GH F

UHSURGXLVHQW OfHIIHW GH OD GXUpH GH YLH C
UDSLGHPHQW FH TXL FRQGXLW OHVGHV VWUXFWXUHV FRQVWUXLWHY SDU OHV IRXU

QRPEUH PRLQV pOHYp GH SLOLHUV ¢ g K HW K GYXQH VLPXODWLRQ ORUVTXH O
VHF /HV FKDPEUHV FRQVWUXLWHY V SKpURPRQH HVW pOHYpH & ' ( HW ORUVTXH OD

JUDQGHV HW OHV IRXUPLV SHXYHQ SKPURPRQH HVW FRXUWH ) * +

QRPEUH FH TXL SHUPHW GH FRQVHL

GLVSRQLEOH JLJXUHV % HW ) + . QuHUVIHBHOW, §HRRPFDH[LWp GHV QL
HQYLURQQHPHQW KXPLGH OD SKpURPRQH SHUVLVWH SOXV
ORQJWHPSV FH TXL FRQGXLW j oD FRB/NIW®HMy LY AW B VorBREYR X[ OHYV

SOXV pOHYp GH SLOLHUV HW | GHYV $5kbBWHRE@WSRY HORPSW HYTDUW GH C
JLIXUHV $ HW & ( QLGV j XQ QLYHDX LQpJDOp GDQV O
FRPSOH[LWp OD WDLOOH PDLV pJDOH

$LQVL OD PRGXODWLRQ GH OD GXUpH, @dhiwY Lid %HO%DE%QFUJEWEQULHXUHV D X
SDU OHV FRQGLWLRQV HQYLURQQHPHIWRARV |RRYFIW SHRFREVHYU oH ¢
DXWRPDWLTXHPHQW OD IRUPH GX QLG VORM SiH iRAM dBX YR YHPHOW Gx

DLHQW EHVRLQ GH FKDQJHU OHXUV UgIQHY, GHi BRRY WX RNLRSD W ¥ ov pon
SURFHVVXV GH FRQVWUXFWLRQ SHUPWWLWFHLQA)J\{_'\QR(@@H@(\;QI—L' RARRAM P HOW H
GH SURGXLUH GHV VWUXFWXUHYV GRQWDO\PDI\RéJCS’FIﬂ YR F rﬁ%Q, WxYUREB® oH XU\

OHV FRQGLWLRQV GH WHPSpUDWXURy YW 5 lF IQ PqSVWLYHV GH SURII
SURFHVVXV SHUPHWWHQW DLQVL XQH pFRQR LH GH FRGDJH GHYV



'RVVLHU

JLIXUH5HFRQVWUXFWLRQ WULGLPHQVLRQQHOOH GTXQ QLG GI$SLFRWHUPHYV ODPDQL j SDUWLL
5pSXEOLTXH GX &RQJR DX VHLQ GXTXHO VRQW UHSUpVHQWpPHY OHV SRVLWLRQV GIXQH UDPS
SOXVLHXUV pWDJHV GX QLG &HV UDPSHV PDWpULDOLVpPHV SDU OHV VSKqUHV URXJHV HW EOH
GLVORFDWLRQV SURGXLWHY DX FRXUV GX UHPRGHODJH GX QLG SDU OHV WHUPLWHY HW TXL F
FKDPEUHV /HV UDPSHV OLQpDLUHY DSSDUDLVVHQW DX QLYHDX GH GLVORFDWLRQV FRLQ TXL

ILJXUH GDQV OD VXFFHVVLRQ UpJXOLqUH GHV SODQFKHUV GX QLG ' /HV UDPSHV KpOLFRWGTE
UpVXOWHQW GTXQ GpVDOLJQHPHQW GHYV SODQFKHUV DXWRXU G XQ SODQ GH JOLVVHPHQW SHI

HW SRXYDQW DWWHLQGUH XQH KDXWHXUGGEH OEKW TEPRA\S BU VYDHRHYW HEKW LV VI
FHQWLPgWUHY OD VXUIDFH GHV QLGW HYM g- BRXKHUMRH \GWMIUSHWH VOWH QLG

RULILFHV HQ IRUPH GH JDUJRXLOOHVHQ/LW%\{(Q)VD\N@R%VIV‘] VPBA(H_OT\;(HV GX F
N WD \Y %

UpIXOLqUHPHQW HVSDFpHV HW TXL  SBUERX IV DPHNEY @BLHD
FLUFRQIPUHQFH H[WHUQH GH OD SDURL RWEV LD R BY WuRBRBYW- W o Fp
OHYV

GIXQH VXFFHVVLRQ GH YDVWHYV FKDIF;E@ \ELV&\?"A%%%VRDLWV U GHV UDPSH
XQHV DX[ DXWUHV HW TXL VRQW GpOLRLWpHV SDULHDG D8§<K$'F9c¥q0H PRC
U DL G
S

SDUDOOQOHV HW UpJXOLqQUHPHQW H é_eF d—WH W HGVH oD E
UDPSHV OLQpDLUHV HW KpOLFRWG%\Pﬁ@ﬂ?O%%Y%’%HQVEXOGPLV% PFDWLRQV $ X

PXQLFDWLRQ HQWUH ORV GLIPUHQWAG pR IHY (Tt W % Q@ WITYW TxH eHV sor

3RXU FRPSUHQGUH OHV SURFHVVXVSOGWHOMLHQPQW/ RUVFIXHOPHOD VH SUR
FRQVWUXFWLRQ GH FHV VWUXFWEHWVSOBQBKWHEXORUH PFRAW GHV © C
FRPSOH[HV QRXV DYRQV WRXW GIRQERHOXFOGHDFWHOQWY BWSDUDLVVHQW
TXDQWLILp OfDUFKLWHFWXUH GHV QLWGHOGHE MO WHPWIDNHYV DE&MNREHQWYV R X
GH WHFKQLTXHV GYLPDJHULH ' WRPFRGJIMISKLMERHQDAR@NY: SODQFKHUV D
&RPPH FKH] OHV IRXUPLV OH FRPSRYVWHMHPOWWTXGHRXUQLVVHQW O D[H
FRQVWUXFWLRQ GHV WHUPLWHV VI{RDSBRUDHVNG QW SRONHDPSHV KpOLFRw
VLIQDX[ ORFDX[ WHOV TXH OD IRUPWH®NVGYWXXFPW WRSR CROMTXHY QH VH
FRQVWUXLWHY HW OD SUpPVHQFH GKLSKpPGRPIRXWPEDQIUKENVEOHPHQW HQ
VWUXFWXUHV HW GRQW OHV FRPSRVEW W PIDALFTYHYXY RQW OHYBRUGDQV OD F
SHX FRQQXV / DUFKLWHFWXUH GX QIUTXLGUF\W B H QAVK DOTHAOH VWVQW WA HV E H D X

OHV HVSDFHV DFFHVVLEOBY IIB)H[QWLI—\Q(UH’\}_GNdﬂp XOWDWV PRQWUHiW TXH OC

WHUPLWHY GDQV OHV GLIIpUHQWHV]Fi:(?2 Y/\%ﬁ)Q_L\A?VG%\H MAH G
WRXU OD FRQFHQWUDWLRQ GH SKpUR(E’ I-bB‘IJﬁH E BWI-IT\IIQVQV\TI%(I!’S\RUHO C
HVW SUpVHQWH HW FHWWH GHUQLqUé—ILl\/HHl\_/'VQWQ/I QO I!’_iH‘bR/\ll:'\PLM SCﬁ_NJ FRP
OH UHPRGHODJH GH O DUFKLWHFWXLI_I?)(SB%(VQIIUCﬁg\}éJU %VHWHHéJ\ﬁLXV I-YGHV s
/IHV RXYULHUV WHUPLWHYV GpWUXLVH%VIYJFflyl—P\y\(/[;(lV X LV(V?‘ I-ng

HOOHV UHFRQVWUXLVHQW GH QRXYHQQIIj \YW%XHFg\Iﬁ(bJﬁNWUMR WI§|H-[J)EI|_I-||QFI-
OH UHPRGHODJH GX QLG HVW SHUPD?TFbQ\pN KW&HDHFB&CYHEQ\/ lHVV. DUWLU Gt
I'H U

=
<
<

cT
S

X
F Y
FRQVWUXLW XQ PRGgqOH PDWKpPDW WGV PQ%/?I—'T' BEE\H_ YQRP\QIK VI'XHV HW
LQWHUDFWLRQV SK\VLTXHV HW ELRO LLIJ§(6| VHQWUH OHV WHUPLWHYV OD
SKpURPRQH GH FRQVWUXFWLRQ VpFUpWpH SDU FHVY GHUQLHUV TXL



'RVVLHU

JLIXUHB6LPXODWLRQV QXPpULTXHV GX
FRQVWUXFWLRQ GH QLG $ % /HV VW
UHSURGXLVHQW OD VWUXFWXUH GHYV
ODPDQL DYHF XQH UDPSH OLQpDLUH |
UDPSHV KpOLFRwGDOHYV LL LLL URXJ
pWDJHV GX QLG 7URLV pWDBWVGEHXFFF
OD IRUPDWLRQ G XQH UDPSH KpOLFRwW
VLPXODWLRQ GX PRGgqOH GH FRQVWU)>

&RQFOXVLRQV SpIpUHQFHYV

JfpPWXGH GHV SURFHVVXV GH FRQVWUXFWRRQ &R OOCIRFWAORHLP K HICO HV)IRQGD WL
LQVHFWHV VRFLDX[ D SHUPLV GYTLGHOWWIAT'ERVEPYFDQLVPHY
UREXVWHY HW HIILFDFHV G J/DXM KR FRIUW DRQVHWO ROQALPDO $SUFKRWREWXRZHRUG 8QLY
GHV QLGV UHSRVH VXU GHV LQWHUDPWYRQV VLPSOHV HQWUH OHYV
LQGLYLGXV HW OHXU HQYLURQQHPHQW FHR QG X L V/IXOW % 0@ $\% EFROX F O H V

GH UpWURDFWLRQ SRVLWLYH HW QpJDWdi%hk /TP BELYER BB H GHV QLGYV
QTHVW SDV ILJpH PDLV HOOH pYROXH Dpf, RRXUV, G WH RSV HQ

IRQFWLRQ GHV EHVRLQOV GH OD FRORQLH HW GHV FRQWUDLQWHYV
HQYLURQQHPHQWDOHV (QILQ 0fDGDSWDHEL LRy ¢ #FBTENV ' YH'ERVH

VXU XQ pTXLOLEUH VXEWLO HQWUH OHVXBRWL RYWEQGLYLEGXHOOHV GH
FROQVWUXFWLRQ HW GH UHPRGHODJH+HHM s OHWBOBR QWUBLQWHV
SKAVLTXHV TXﬂLPSRVHQW OﬂDUFKLVgHI!’:[yYL%Q%WS H\MG)%QH ZUQHQ/L]DWLRQ LQ %LRO
GpSODFHPHQWY GHV LQVHFWHYV &HV3UhhEKWRdE Khd Vo RHWRID QWL YRR QLw\ 3UHVV
VHXOHPHQW GHV SHUVSHFWLYHV IDVFLQPQWHY, $BXYLD;ELRORILH

GH OfpYROXWLRQ HW OD FRJIQLWLRQ FROOHFWLYH PDLV HOOHV LQVSLUHQV

pJIDOHPHQW GHV DSSOLFDWLRQV GDQV %LIQWHéJRE’%q_PC?IQVBWWW\??%W ° ORFIRQE

OD URERWLTXH HQ HVVDLP HW ODUFKLWHFWXUH ELRPLPpWLTXH

JX\ WKHUDXOD]#



/ID IHWWUH GHV 1HXURVFLHQFHV Qf

7TULEXQH /LEUH £ 4XHVWLRQV GI{DFWXDOLWQpP

&RPPHQW PHQHU GHV UHFKHUFKH
HISpULPHQWDOHY HQ PLOLHX VFR

6(%%$67,(1 *28'($80$77+(: -
($67(5%522.0%$5,( 3,(55( )$<$17

&HQWUH GH 5HFKHUFKHV VXU OD &RJQLWLRQ HW
OT$SSUHQWLVVDJH 8QLYHUVLWp GH 3RLWLHUV &156
YUDQFH

8QLYHUVLW\ RI 6XVVH[ )DOPHU 8QLWHG .LQJGRP
/IDERUDWRLUH GH 3V\FKRORJLH 6RFLDOH 8QLYHUVLWp 3DULV
&LWp %RXORJQH %LOODQFRXUW )UDQFH

/IHV UHFKHUFKHY HQ PLOLHX VFRODLUH SHXYHQW
OHV SUDWLTXHYVY TXL VRQW LQ HIILFDFHV SRXU DP
DXJPHQWDWLRQ GHV DFTXLVY DPpOLRUDWLRQ GX E
KDUFgOHPHQW (OOHV DSSRUWHQW pJDOHPHQW G
VRXYHQW LQDFFHVVLEOHY HQ GHKRUV GX FDGUH \
UHODWLRQY DYHF OHV HQVHLIJQDQWY RX HQFRUH

&HV GHUQLQUHV DQQpHV OHV DYDQF{BPUHPHQMMURIAF LBEIDGWVOH FDGUH V
RQW VXVFLWp XQ LQWpUrW FURLVVIFQWLSRRQWOBXY ERYWUWEKXW. RRY SXE
SRWHQWLHOOH j OD FRPSUpPKHQVLR®RXGHDHNpADQDRYY WD QGHRPLVpPY FRQWU
OfDSSUHQWLVVDJH (Q LGHQWLILDQWH OCOHVX S UBREWNY K XYL WR JQWWAHVOHXU p
LPSOLTXpV GDQV OfDWWHQWLRQ ODGPYRROQWH XQDH®RWX YIDDMLHROQU RMYV UHF
HQFRUH OD UpJXODWLRQ GHV pPRWDRQVL GNVHQMXHOGFHW GRHXW pYDOXHL
SHUPHWWHQW GIHQULFKLU OD Upl@GHDQRQ HXU FR®W HF\R B G\ ORIQW JDUD Q
RSWLPDOHV GJHQVHLJQHPHQW &HODFXKHOOBH SURSRV GH FHWWH

WULEXQH QTHVW SDV GH GLVFXWHU G[)%\?V‘QQWBWLV&o%ngE%FKHéJS&? 1DWXL
HQ QHXURVFLHQFHV SRXU OfpFROH i MX UL Fho GREQW 5 QR 8QRWUH H[Sp!
UHQYR\RQV OHV OHFWHXUV LQWpURVYRY 4 PXy gh&HHPH/\NWUH HQ OXPLq

QHXURVFLHQFHV | OfpFROH ORXUVYRRIARELH DFgBYW/ x v gH UHFKHUFKH
VILQWHUURJHU VXU OHV SUpFDXVﬁJLH%%\SPS EEREREFHIEWY TxHY vxu o
QPFHVVDLUHV | 0D PLVH HQ “XYUH'sGH MIFKEYERRAY 1o pexFDWLRO

/HV QHXURVFLHQFHV j OfpFROH OHXU YpULWDEOH DSSRUW SDU (GRXDUG
*HQWD] (G 2 -DFRE



TULEXQH /LEUH * 4XHVWLRQV GIDFWXDOLWpP

SHUPHWWHQW GH VWDWXHU VXU OD SURWRGEFR CHD X ¥ PSpH LPHWQ WDBQVVDQV

JpQqUHQW GX VDYRLU DSSOLFDEOH BKQVEODQOHVGHWO \BMAKGIHV LSRHQNP H 8&/H @/ E
VFRODLUHV TXL GpSDVVHQW OH FRQWH]WHWGER QO $ W WGLHQ FHOX UHR IGHHYW p D Q F
PWKLTXHV &HV UHFRPPDQGDWLRQV P} WKHREWR ORILEMPHQWHFKHUFKH DLQV
IDYRULVHU GHV FROODERUDWLRQV S RWHMV HQHM R FOFL P\H ] pFIR OO LGHWp G|
HQVHLJQDQWYV HW DXWRULWpPV DF D Gp@IRTUADW LRIHQ FIXH QRIXYYV XQ GRFX
QRXV FRQFHQWULRQV SULQFLSDOHPHRPPHQW SWMNVHGWKHUPKIBWXGH OH)
H[SPULPHQWDOHYVY HW TXDVL H[Sp UFLRPAHRMODVOH YS R FGWHVDXKRVXHVWLRQV F
DUJXPHQWYV VRQW pJDOHPHQW SHUW WQHWQW VHIRX W G @ QW W V' W\SHXW DXJP

GH PpWKRGRORJLHV SDU H[HPSOH&ROQWVHQHV\PJ&Q\HWVSSBHQ/WDL(DPWWVQWWK

TXHVWLRQQDLUH RX SDU REVHUYDWLBQ&/KHUFKHV HQ PLOLHX VFRODLUH LP¢

GIXQ FRQVHQWHPHQW SDUHQWDO H][
9DOLGLWp HW UHSURGXFWLELOLWp SRV U HPYHGERWRFRPYY GRLYHQW H
0GXFDWLRQ DX] SDUHQWV FROOHFWHU HW HQUHJI

VXLYUH TXHOV pOgYHV SHXYHQW RX Qf
8Q GHV HQMHX[ IRQGDPHQWDX[ FRQFRWQHVADHY DIMHEEHWD ¢ RWHYQHDWLYH S
TXL DVVXUH TXH OHV HIIHWV REVHUXYpMLYROW ELEQWGXYHDXIQO °XYUH OR
YDULDEOHV PDQLSXOpHV HW QRQ j GHYSIPFVPHOUWDIB[WHPRIHMUW OD SDUWLF

(Q FRQWH[WH VFRODLUH OD SUpVHJFH BH\CRBVHLABWEWIH o YW FKHUFKH!
LOQWHUDFWLRQV HQWUH pOgYHV RX HOFRUH BHY W wibRFRE LBEo SH AW v H
GHV SDUWLFLSDQWYV SHXYHQW ELDLVHOSYRYHQWRIWBR\EHRLIYWRERWHY R’
FHV ELDLV OHV FKHUFKHXUV GRLYHOW YR \OOHGH 1&PFPPERUD WLEQHY Ut
GIXQ SURWRFROH ULJRXUHX[ LQFOXBlQ@®PEYRXOFpERQVVEHY BRQWHIWHV G
FRQWU{OH 'H SOXV OYLPSOLFDWLROXEHOHYQRREYHY QWP Qb Y% (GHV Wk
FRPSUPKHQVLRQ GHV SULQFLSHV H[RPBYPRYIWHXPISYXGKHIWRWLGLHQ OH
MRXHU XQ U{OH GpWHUPLQDQW GDQVX®H DY BY RBVEWMH Uk o BHFVW DX

DXWRPDWLTXHPHQW j OfpWXGH VDXI V
/D YDOLGLWp H[WHUQH TXL SHUPHWsG&ILIPRPHBRALYHYU UMYXV &H PRG
FRQFOXVLRQV j G DXWUHV FRQWH WYy RENFRWA LW p ¢ M w4 H 1DFLOL

UHPLVH HQ TXHVWLRQ VL O H[SpULPH@MAPWLBRVVAP RLHUEWIURS GRYwW Ho
FRQGLWLRQV UpPHOOHV G DLSBHUH Q WA\ Wy 1 v
UHFRPPDQGpP GIHIIHFWXHU GHV PpWXGHV GDQV GHYV

HOQYLURQQHPHQWY VFRODLUHV YDULYRWHRWLE QL GHAGEPORYPHQW GHYV
PFKDQWLOORQV GLYHUVLILpV SRXU BFMSEMy U 0B TPY0eH 0PV E L SR gWU
GHV UpVXOWDWV /D UHSURGXFWLELSBERRIHDRKLINBY p HOMR XbL Y, GH

PDMHXU /HV FRQWUDLQWHY ORJLVWERVHMNIQPRWMroGRLWpYB¥BEYFWHU O
GX WHPSV GLYHUVLWp GHV HQYLURGGMWFGE W \F B BRI FWNGRR GHY GRQQy
UHQGHQW VRXYHQW GLIILFLOH OD UpS®TrFpRRR \REYPWERSHY RWvx A S
/ DGRSWLRQ GH PpWKRGRORJLHV 'JPSPRQUAKVRVYLRRAYVXopULPH RX PRG
WUDQVSDUHQFH GDQV OH SDUWDJH GHW¥RBVHR P HMnvCHURRRFRGHW UPYHU!
VROW HVVHOWLHOOHV SRxU DVVxXUHU S&FbVYVREWvWwRYvAW EH WL GHQWLILP
FRQFOXVLRRNVXPHQWHU FKDTXH pwDSHOXY SURFHWMRAWFHY GH GRQQpHV /
H[SPULPHQWDO HW SXEOLHU OHV MH¥MHEROISop RV oo kEHRWHILDQRWY St

SHXW pJDOHPHQW IDYRULVHU OD UHSUREGRAEHYL WP EXLVDQW OH ULVTXH
SHUPHWWDOW XQH Up LGHQWLILFDYV

SVHXGRQ\PLVDWLRQ HVW DFFHVVLEO

'pILV HW VROXWLRQV j FKDTXH pWDSH SXDILRPHRWKWIILFDFH HW FRQIRUPH
HW UpJOHPHQWDLUHV LO HVW HVV
$YDQW O pWXGH DQWLFLSHU OHV RENWRFARKY, HpHowY VFRODLUHV XQ SUR
S5HFUXWHPHQW HW HQJDJHPHQW GHW GRYGPRHYODUHIXLVHY OH SURFHVYV
/| LPSOLFDWLRQ GHV HQVHLJQDQWYV HDWHQ\GUH QW LH PODMHL VYW HY SHK WHQFRQ
FRQQDLVVDQFH GHV K\SRWKqVHV GBHUIBRRQWHEHIWX\W DIPFLOLWHU OD
FHUWDLQV FDV ELDLVHU OHV UpVXOWOUNNT X\H. FHOO®HH V §/I @B QERDE XU IR X

FRPSRUWHPHQW HQ FODVVH 8QH IRUPTDMIRRDPIUVYDBQEORRQW @H OD FRC
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RUJDQLVDWLRQ IOXLGH HW FRQIRUPHHDXHQH[XNHOHHBHGHFRQGLWLRQV
FRQILGHQWLDOLWpP /ITDSSOLFDWLRQ ULJRXUHXVH GX WUDI

$VVLIQDWLRQ GX WUDLW HECH GW RiE[SERMPLOWHo HYW HVVHQWLHOOH SRXU.
PWKLTXH SHXW VXUYHQLU ORUVTXIXT WEHVwHB g\WVIR\}‘IYVDQ&W r_}J/DOOHV ¢
DPPOLRUHU GHV UpvxowbwVv sRVLWLIV VB LWIWEN FESEHYH RV WULVE
UpGXLUH GHV HITHWV QpJDWLIV HJ PDLUH%OHPEHWUMKNG\WVWW,%V OLp j
HVW HVVHQWLHO GipYLWHU GH SpoDBRVA FLIQL'?\MDFLF%;)\)DE'(?W W&NQV
UHIXVDQW XQ WUDLWHPHQW SRWHQWLRBEHE D ﬂlf‘F)YHID&F Vo HE
SUPRFFXSDWLRQ OpJLWLPH SRXU oﬁ\BQrY%{/{IQLJ D QYLRWoRY EUXLW
LOFLWHU j LQIOXHQFHU ofpvviJopowlR-GW (3;9 eges HIRRSOH XQ
OHV pOQYHV HQ GLIILFXOWp EprlLF?Hé\HO@XH A W

UHIXVHU GH SDUWLFLSHU VL WRXV OV
FH TXL FRPSURPHW OD YDOLGLWp LQWH
LPSRUWDQW GYH[SOLTXHU DX] HQVHL?%

PRQWUHU TXH OfDVVLJQDWLRQ DOpD\I/\Pd:LVYJ

D
R
MXVWH HW LPSDUWLDOH SRXU UpSDUVV\\/YWpCEIP\yV%WV'_'\é( QJVI\—ZHU 5

7TURLY VWUDWPpPJLHVY SHXYHQW rWUH Ié;%? VBG'B/THQ/UR SFMV\FV&

SODFH XQ V\VWgPH GH OLVWH GTD
SDUWLFLSDQWYV GH 0D FRQGLWLRQZEN V\VFL’J\;'HHVDGQ-P HERSR W
WUDLWHPHQW S@MX\0MIMWGXQH DVVLIGHWL R '
XQH YDULDEOH TXDQWLWDWLYH FR O QDFR"{»J'Q:(@-«

SRXU JDUDQWLU TXH FHX[ TXL HQ SRPwW IBL-Q¥HYY
EpQpPpILFLHQW GX W.QFIOXKWMHWR/XV O H YO EEHYD

Q
GDQV OH JURXSH H[SpULPHQWDO YLDG&-"\yVPresVéJq'—bFH% LdJ
Re OHV pOgYHV VRQW H[SRVpV D \)\m’bgﬁ'w\(\yh% $§8¢VHU FRQVLJC

R W
GLIIpUHQWHY FRQGLWLRQV RX YLD GV N AN ﬁ/ BSEUH 0 bRYAWH YRLI
LOWHUURPSXHV R oH wubLwHPHow BVW EEWURELH W D4 BEPEMPxCELFEB S Y

SPULRGH GJREVHUYDWLRQ (QILQ Lo HIRW VRUWHPY W UM ERFPIIE, 6% VWU
TXH OHV FKHUFKHXUV FRQWU{oHQwW PV A5 LY E U wW

L H
MDPDLV OH FULWQUH GH UpsDUWLWLRO Bh¥HE8RVEY GH?SQW OhYy Lo H
SRR 5

FRQGLWLRQV VDXI HQ FDV GH UDQGR Mgy vVXu DLW TXH OD W
FRPSPWHQFHV LQGLYLGXHOOHV HW ¢

3HQGDQW O pWXGH DVVXUHU OD ULBHHANR PPIWMKRORCRILDXWUHYV (QILQ L
6WDELOLWp GH OfDVVLIQB®YLRQOR D [FRRSE W WRHPYWRXWHY OHV VRXUFHV C

IUpTXHQW GDQV OHV pWXGHV H[SpULPHIWBRBANCMRBRWHIFHERHQRWHY HQ
VWDELOLWp GH OfDVVLJQDWLRQ GHW¥pihQ HQYHHW W HXR W Yt S R¥EG RO

&HOOH FL SHXW rWUH FRPSURPLVRYERWMIK RDoWNSHBGWFWLELOLWpP GH
D\DQW GpMj FRPSOpWp OTpWXGH HQ GHSAFQUW HR WWDOGHF FHYDTBQ®HU xQ LI
OfRQW SDV HQFRUH IDLW RX ORUNT®DAOSD MHPRUTXHQW GHYV

XU
OLPLWHU FHV ULVTXHV Lo Hvw HvVEWHEREAELLEBRERY PR WLHC
OfpFROH DILQ GH UHVWUHLQGUH oHVOIYwWHTBEWI RSV LFHHV%(f'qQ(HP\}%H-I"X

pOpPHQW
R \{y|HV OHV
WUH OLPLW

Lw
IBP%JV RRRQWU L P K

IJILR(Q XQ EUHI TX
WVVXUHU OHXU LPSDFW

JPMARIH RV PR HQ

i
D
100
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GLIIDUHQWHV FODVVHV SDU H[HPSOHTﬁ%%I—IQA\é(@\EQIB%WFb QMM BYVURQVHLIQE
GH UpFUPDWLRQ RX GH UHSDV /H PrRBMOW &% 8HE EﬁW.@GRGOﬂVb'[SpULPHQ\A
fWUH VRLJQHXVHPHQW sobpoLiLp 6L BRI SBWE R QY RYW! @Y wheW FKH\
FODVVH LO IDXW VIDVVXUHU TXH OHV A W\P&\?%%Fé&’%@ﬁ%g/ws YRIWXYHQ
OH PDWpULHO GYXQH DXWUH FRQGL % E QYR RP B W | {10 i RQYAHIWH
pFUDQV GH VpSDUDWLRQ VRLW HQ & g\'?vx%lﬁ)\“{??é'épe RL DSUQV >
YLVXHOOHPHQW LGHQWLTXHV 8QH FowWwiRYY RY Ve CEB ] 2 U GaqVv
fWUH GRQQpPH SRXU MXVWLILHU Gﬂp@(ﬁf‘(/\?b?é’o%”vsé'ﬁﬁ?m PRV TWHS FRPP
H[HPSOH © 3RXU pYLWHU oD WULFKHYRJ{Y H’LQUIEEIL—JIQ\Q EV IP(?\XIVSB@ GpEUL
LGHOWLTXHY OTpPWXGH 8QH GLVFXVVERQ GpWDLOO]

HW FRUULJHDQW GYpYHQWXHOV PDOHG
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OHV HIIHWV QpJDWLIV HW GH PDLQW FHQIDUNG AXHYH ODKRW. R S0 XOH WUIRFDEEV
UHVSHFWXHXVHV /RUVTXH FHOD HVWPBFHD@LAPHYWG KIAHVILRGX FHML RHQ pYDO
SRVLWLYH H[ PLVH HQ DYDQW GH OJERPOWMMRY HRHIQQ GE OHW BHRIG HW W H
SHXW pJDOHPHQW UHVWDXUHU Ofp3WBWJBMFXRYRHMTAHY GHYLVLRQV SR
SDUWLFLSDOMWWRPHQW GX GpEULHIIMXU GRIMVGRRQHHY VROLGHV &THVW ¢
VRLIQHXVHPHQW FKRLVL VL DXFXQB8HRP BRQHEDMLHRID HYQWWIHLP SRUWD QW
POgYHV QYHVW SRVVLEOH LO SHXWODNRIH HDH® *XKFRHGLDWHPHQW
DSUGWGEEH VLQRQ LO HYWUUBGRPRODQWGHD G

GPEULHILQJ j XQ PRPHQW SUpFLV HQ FROODERUDWLRQ DYHF
OYDGPLQLVWUDWLRQ VFRODLUH DI VHEDVWLHQ JRXGHD X}
WUDLWHPHQW HQWUH OHV JURXSHYV PMHDVWHUEURRN

BURWHFWLRQ GHY pWBEOLVVHPHQW PDULH SLHUUH 1D\

OD UHVSRQVDELOLWp GH JDUDQWLU OD VpFXULWp GH OHXUV pOqYHV
&HUWDLQHV UHFKHUFKHV HQ FODVVH . Sﬂﬁwgw LPSOLTXHU OD
SURGXFWLRQ GH GRFXPHQWV QpFHVVLW XQH YpULILFDWLR

SRXU LGHQWLILHU GIpYHQWXHOV vwgﬁ%ﬁ'ﬁﬁ‘p@g—b&g Oﬁ“;’@%ﬁ%\,\?@w oW 0.
LQWHQWLRQV GIDXWRPXWLODWLRQ GDQV GHV UpGDFWLRQV ,0 HVW
GRQF FUXFLDO GH SUPYRLU GHV UHVVRXKMFHN VXdILVDQWHV 1ISRXU &RQVWUXF
OUVKUKL FHY SURFpGXUKY KW GToWTEA IS SRR R R SO RS
GpPILQLVVDQW OHV PHVXUHV | SUHQGBH HGBHFDV GH SUREOQPH

FRPSULV OHV SHUVRQQHV j FRQWDFWHUL{MHDD RDQ'—QUjHYG\RQ/W)D\MO/XWK RU W
LQIRUPDWLRQV VHURQW SDUWDJpHvR'Ht;)V*WH ?WK#RSWSF\N%O'@HF\PO ODERUDW

RORJL 6FLHQFH
HQJDJHPHQWY GH FRQILGHQWLDOLWp IDLW

o RQW] + $00DL
DVSHFWV GRLYHQW rWUH DQWLFLSHV, cQ| @JV+L széu'ﬁﬁ Cﬂ_%M%wUXKOO S0

GY{DSSUREDWLRQ pWKLTXH PDLV Qp)FHP\,K\'ﬁt'Wﬂ WFK‘V‘FUXU(H WK|XEUHRGW )' 9D]JLU
UREXVWQHVV DQG UHSURGXFL

DFWLRQ VSpFLILTXH DSUqV OD ILQ G"Ed%ﬁ%@)gh HZ RI SVIFKRORJ\

80X+ g 0 =RRGVPD 0 6DQGEDNNHQ ( 0
S5RFKD & 6DJKHULDQ 'LFNH\ 7 $FDU < * ORVV
&RQFOXVLRQ < 7 +RZ FDQ VRFLDO SV\FKRORJLVWYV EHF

LQ WKHLU UHVHDUFK" $ UHIOHFWLRQ RQ ZRUNLC

/HV UHFKHUFKHV H[SpULPHQWDOHV HY 'PGEXFDWLR JPRIGUHE N GHART WKHP 6RE
SHUVSHFWLYHV SUPFLHXVHV SRXU DPpQLRUHU OHYV SUDWLTIXHV . .

SpGDJRJLTXHV j FRQGLWLRQ G‘HrWUHJer:hQﬁ@(LL]MWH\:QQDLYQHEH@I;J\N-HVMQJV ([SHULP

(Q LQWpJUDQW GqV OD FRQFHSWLRQ @W R@gw@cvgﬁ%rgy;swpg%mwo v, S;?FQKG;

PPWKRGRORJLTXHV DGDSWpHV LO H&/WESBG\éMLg@QﬁuQHW RQFLOL

H[LJHQFHV VFLHQWLILTXHV HW UHVSHEWHGEWY &SPk WALWPY GXieuLmine ex
PLOLHX VFRODLUH &HV UHFKHUFKHWKIORGVATXIFO OHOVI VY RO SR VENHHSIULP HOWD
PHQPHV FRQVWLWXHQW XQ OHYLHU HVRE8WEHY CRRBCLEHGT ST HEBOPH Y

=ZROLQVNL - 'RHV LQFOXVLRQ DIWHU F
SHUVLVWHQFH RI DIITHFWLYH GLVWUHVV" *URXS
DQG 3UDFWLFH



/ID IHWWUH GHV 1HXURVFLHQFHV Qf

I1RXYHDXWpV HQ 1HXURVFLHQFHYV

/IH WKDODPXV FRJQLWLI

0$7+,(8 :21/))

,1&,$ 805 %RUGHDX[ 1HXURFDPSXV

/IHV IRQFWLRQV WKDODPLTXHV IRQW DFWXHOOHPH
ORQIJWHPSV FRQVLGpUp FRPPH XQ VLPSOH UHODL
DFWHXU PDMHXU GRQW OHV IRQFWLRQV LQWpJUDYV
SHWRXU VXU XQ YpULWDEOH FKDQJHPHQW GH SDU

/IH WKDODPXV XQH VWUXFWXUH SOXKDRPWXVRIH G HPAHHU RUGUH HW WKTEL

FRPSOHI[H &HWWH KpWpURJIpQpLWp GX WKDODP X

/H WKDODPXV HVW VRXYHQW FRQVLGIXMHVWERRB XGQH OWUIRWHKQFHODWXUH |
SURIRQGH GRQW OD FRPSOH[LWp VHUEDMWD QRWLIPUL GBYWE RQF UPILIHWF QFRP S U
QRWDPPHQW GIXQH ULFKH FRQQHFW L&LRWJI D QHY DG DKW UHYXUPHLREHN SUH
FPUPEUDOHV HW GH OYJH[LVWHQFH FRBEYV PPXGWQMEHOH B URBRIVK] XQ IRFXV VX
WKDODPLTXHV GpILQLVVDQW DXWD@M \GRUWIDHN SXUWKBROPKYVYHUV OH
3RXUWDQW OHV SULQFLSHV GJ{RUJDWHODWLRIQP HQ WP HSHW D QURHP\E LGHX VHYV P
WKDODPXV VRQW DVVH] VLPSOHV WHUWHPAVQDHYREWVIHBELIS®RXGpILQLHV &R
OfHVVHQWLHO FRQVWLWXp GH QHXRMREUHXVIBW PIOURMEARWMDRAQ SOXV F
JOXWDPDWHUJLTXHV TXL FRQWDFWHECDW USY L QELIE\D\WD HPIH GBW. F IGRIWRPLH &R L
JRQHV SUPFLVHV GX FRUWH[ FpUpEUDGR GHVT L QBYHL VBIOGKH B RDWIHLY H. OL Q1O X H
\ D SHX GILQWHUQHXURQHYV ORFDX[ H¥ OUWHR/S 8 WLIQRFQ B DIOHH & AR X WAMYP HV V H ¢
GILQKLELWLRQ VRQW GRQF&HWWE WHODMPBBXYHRFKH SOXV IRQFWLRQQHOOH
VLPSOLFLWpP D FRQGXLW j ODUJHPHQMD SQDW XO piJ IGHY XOQ H DHYDFRHV HT XL DU U
GHV YRLHV DQDWRPLTXHV GTHQWUpBIHWHKFHVRENXYH GW HG WWHWGIUNLY H F
VWUXFWXUH SRXU HQYLVDJHU VHWITHOWFWGRQOM FBSDEMDGH GpFOHQFKFE
KLVWRORJLTXH LO HVW UHODWLY HP HZDD D LMPHGH L EGI) W H Q61 X OMX. W/ LMOX & X X §
WKDODPXV GLIIpUHQWY UHJURXSHP H@WV VF\BRIG X O DNMRHV RIKW | R UPSI@IMP HQ W
DXWDQW GH QR\DX[ WKDODPLTXHV RRIGX®H b @ H IDLVDFOH YQWYUQHXURQDOH
QRPEUH UHODWLYHPHQW pOHYp TXHD DU p®XROMH F&XBI UV X S-B\R VIpIH pG H QVHRIQ VG
FRPSOH[LWp WKDODPLTXH (Q UpDOHWPWLOHPHI@WLVEHERQRPEUHXVHV F
VLPSOHPHQW GIXQH VWUXFWXUH KpWpBRIFKHMHP ARW WHQVQRUIBYD WNBPLQDLV
SDU XQH FRQQHFWLYLWp IRUWH DYHFA Q&HRUWNWHO Y FREWDVOFHOOXODLUHV

W\SPRGXODMRW QRPEUHXVHV PDLV

PRGHVWH HW LQQHUYHQW OHV SDUWL

GHQGULWLTXH GX QHXURQH FLEOH /D

5D\ *XLOOHU\ HW 0XUUD\ 6KHUPDQ FRC(



IRXYHDXWpV HQ QHXURVEFLHQFHYV

QR\DX[ WKDODPLTXHV HQ IRQFWLR®H\GHREUHRYDIWQRIQVGHEVROXPHQW IR
DIIpUHQFHV GHJLWHIH6L FHWWH RULIDWHHEWW DWWHLQWY GH GpPHQFH Uy
SPULSKpPULTXH LO VYDJLW GH QR\DX[R Q\KPROMPWIRAVGTRIORAMRRONFKURQLTX
FRQVLGpUpPV FRPPH GH SWHAYLHRIZQRUBLFHSRUWH HQ HIIHWHS ¢\ FOOCH ITRHGKH V
&THVW W\SLTXHPHQW OH FDV GHVPDWQHOWWW H @\ DIARXFYIHTQW VG HV WURXEO
VHQVRULHOV ODLV OfRULJLQH GH FHUDSBRpWH RHRW BRARWQWX\G\DIQV OMHKVH W
rWUH FRUWLFDOH FRPPH FYHVW O DRADIVH G\W XAR @HWD Q W\®XPVNV WKH VD]
WKDODPLTXHV GLWNKLGKRUGRARGFOHYPYWKH VDPH VWRULHV « PD\ UHDG WKH
ORUV QH SHXYHQW VH FRQFHYRLU FRPPHQGHR FHREOH V2 IRUOPR XU V «

VHQVRULHOV "DQV WRXV OHV FDV 9N, QRADX] D3 BW, 2% FruuHVsRQG

UHORLYHQW GHV DIIpUHQFHV PRGX%%%EE%&)VGLWI}(%%\(NP J%%GH o LQ,

FRXFKH OD SOXV SURIRQGH GX FRUWI&[R V LQIRUPDWLRQV PDLV .RU

DSUQV OXL SUHQQHQW DXVVL ERQQH
VRXYHQW DFFRPSDJQpH GYXQH DPQpV
JUDGLHQW OHV VRXYHQLUV UpFHQW\
VRXYHQLUV SOXV DQFLHQV SHXYHQW
WDEOHDX FOLQLTXH HQ FH TXL FRQFH
HQ WRXW SRLQW FRQIRUPH j FHOXL T
GpFHQQLHV SOXV WDUG SDU %UHQGD (
TXL GHYLHQGUD OfXQ GHV SOXV IDPH
GH QHXURVFLHQFH PRILYLO|LRHOH FDV
WUqV FODLU HQ FH TXL FRQFHUQH OHV
GH VHV WURXEOHV XQH RSpUDWLRQ Ft
OD IRUPDWLRQ KLSSRFDPSLTXH OXL |
DWWHLQWY GX VI\QGURPH GH .RUVDNR
LQWDFW (Q UpDOLWp FH VRQW GHV O
FDUDFWpPULVHQW FHV SDWLHQWYV
JLIXUH7RXV OHV QR\DX[ WKDODPLTXHV UHoRLYFDQGLSDWmY) l:WH RVRQW VXUWRXW OHA
FRUWLFDOH GH W\SH PRGXODWRU LVVXH GH O@%XbéﬁH\}v% LQ%%kg&&dMVT&&kDy[’—IPEOHQW
WKDODPLTXHV GH W\SH +LJKHU 2UGHU +2 UHJRXY® D wXWb &1V P HH V TXH FH VRQ
LQQHUYDWLRQ FRUWLFDOH GH W\SH GULYHU G@LOpHH:RXFKGX &\-/WKVDI—OCE)I—FU)QVqUBQWpULHXU
SURYLHQW GH OD SpULSKpULH SRXU OHV QR\D%’[\QWWWWLLUFWFBHW D%/VRFLpV DX[ WU
&HWWH QRPHQFODWXUH HVW WRXMRYRWXOW XD XW H RFFXIW VKO O¥HQ HALW F X LW
LVVXH GTXQH UHFKHUFKH SRUWDQW | VRIHQNWPEQH XGWYV FHYQWRJULRQV Gl
PRWHXUV HW SHXW GRQF SHUGUH HG RHWHWISTHEF H LORWDHPHRQ O IR IDPHX
VILQWpPpUHVVH DX[ IRQFWLRQV LQWplOQDWLROWPHQRWRFBQWXYHWRPIPXH OH \
VRQW SDU GpILQLWLRQ PXOWL YRLUKILESREDROIR/ PORUWRR W KFD® PRRW LQJ>
TXH OHV GLIIpUHQWHY QRPHQFODWKRWVYR@EURGRN pHORXYH OTLPSXOVLRQ
IRFDOLVHQW VXU XQH DQDO\WH GHWIHOWWRKHY AW BIH AW IDHQODWRPLTXFE
WKDODPLTXHVY VDQV FRQVLGpUHU ODUHFROVLEYWR DX SRAFQV LR@QFRMIRIH HO
SURSUH DX WKDODPXV FH TXL D FHOWDLQHPHQW ¥RQMROQWMpEXWLRQ DX]
JpQPUDOLVHU OfLGpH FODVVLTXH TX$HREHWOHHT X/MQJ XFHY YNWUKD OIRRKVXOQWpU I
VLPSOH U{OH GH UHODL HQVXLWH HQ UHPHWWDQW HQ TXH
GYfRUJDQLVDWLRQ SXUHPHQW VpULH
VXIILVDPPHQW HQ FRPSWH OfLPSRUW
'X FLUFXLW GH 3DSH] j XQH FRQFHSVSIURM PR IHRIGWH UpHYSURTXHV $X ILQDC
FLUFXLWV GH OD PpPRLUH PpPRLUH VRQW GpVRUPDLV FRQFHSW

'H IDoRQ SDUDGR[DOH OH U{OH LPERYV ROk DAL VEy DYHF GHV
WKDODPXV GDQV OHV IRQFWLRQV EE%\/SpFﬁ@ AL Vi WP BWHHOOHPHQW L
FRIQLWLYHV HVW DSSDUX GH IDoRQ DVVATSYpER¥IH UDYLE Pé( QLYHDX GH
HIIRUW GH UHFKHUFKH TXL VIHvwW IPENORBRAYWOY RRRILNQY

SDUDOOgOH GX WUDYDLO GH QHXURBW\WHROREIKHUBKEN DX ORQWKNFRXUV D
VHQVRUL PRWHXUV 2Q GRLW HQ HIIHGM DXHRWEHHL HQRWBWRERIQFH GHV pO



IRXYHDXWpV HQ QHXURVFLHQFHV

FRPSUHQGUH OHV IRQFWLRQV WKDOD®@LAKRYW QG H HWHFBEWFKK LQWHUQD
DYDQW VRQ LQWpPJUDWLRQ VWUDW pODLDX¥H DX W DR VGAHNLEEXGWYQLqUHV
ODUJHPHQW GLVWULEXpV HW OJLPSRGWDBREIGHRHLQ WKHDOWMLRDDDRKY |
OHV UpJLRQV FRUWLFDOHYV FRQWULEXHU GH IDoRQ VSpPFLILTXH |
IRQFWLRQV GLWHV 'H[pBXRQ YLQW pU H V V
GRQQpPHV VRQW JOREDOHPHQW HQ FRQ
pWp DFFRPSOL FKH] OH URQJHXU HW |
DFFUPGLWH OfLGpH TXH OHV SULQFLS
GDQV OHV FLUFXLWV WKDODPRFRUW
FRQVHUYpV GDQV OH SK\OXP

8Q H[HPSOH TXL LOOXVWUH ELHQ F&
FRPSRUWHPHQWY GLWV © RULHQWpPV

VILQVFULYHQW GDQV OH UHJLVWUH F
JLIXUHORGgOH WULSDUWLWH GH OD FRQVROLGB&WSW/LF@Hvﬂlﬁég%F@féylﬁHV /TLGpH

HW OH WKDODPXV DQWpULHXU FRQWULEXHQW GH IDoRQ_S

LQGPpSHQGDQWH j FH SURFHVVXV PDLV LO\ D F@(&X@UJHQBI@HW L%WpJLFMWdJéQH GH o
QLYHDX FRUWLFDO HQ SOXV GHV LQWHUDFW LRIGRQIRD ?1HQ WIDEXHFPLNH Qv Upx@H[LI HW TXL

FRUWLFDO $GDSWp GIDSUqV YDOHXU FRXUDQWH GX EXW SRXUVXIL
FRPSRUWHPHQWDOHY TXL SHXYHQW
FKH] OH URQJHXU TXH OH SULPDWH K,
'"HV IRQFWLRQV WKDODPLTXHV LQWpJgQ IJJM\'/_'VVVHQW GH PDQLSXOHU OD YDO
%LHQ HQWHQGX DX GHOj GX WKDODPXN GHQG®WFHLIVMHREY DGHSWDWLYH GH\
QRPEUHX[ QR\DX[ WKDODPLTXHV FRQWULEXHQW j GHV
IRQFWLRQV LQWpPJUDWLYHV FRPSOH[HV 3RXU UHSUHQGUH
OYH[HPSOH GH OD PpPRLUH OH U{OH LPSRUWDQW GTXQH UpJLRQ
PpGLDQH HW SURIRQGH GX WKDODPXV OH FRPSOHI[H
UHXQLWHKRPERWGH D pPHUJp FHV GHUQLQUHV DQQpHV
SRXU FH TXL FRQFHUQH WRXW SDUWLFXOLqQUHPHQW OD FDSDFLWp |
IRUPHU GHV VRXYHQLUV VXU OH ORQJ WHUPH FH TXL LPSOLTXH
YUDLVHPEODEOHPHQW XQ WUDQVIHUW DX QLYHDX FRUWLFDO GHV
WUDFHV PQpVLTXHV ,O VHPEOHUDLW TXH FHWWH UpJLRQ
WKDODPLTXH SXLVVH FRQWULEXHU GH IDoR LPSRUWD i FH
% %/ 3&36 WLYH FKH] O

SURFHVVXV GH FROVROLGDWLRQ PQ;%S/]dVF;@ @?R%T_éiﬁf HOW LV DI H

UpJLRQ KLSSRFDPSLTXH j GL'|pUHQWb’V\PF&G@<\/Q_HMVF\/%HFW|LLEDQ<\/{ FWbssxL HQWUH

QRWDPPHQW SUpPIURQWDX] UpFRPSHQVH DOLPHQWDLUH 2 TXL OXL HVW VS
XQ URQJIJHXU RX GLIIpUHQWYV LWHPV YLVXHOV T:
&HWWH FRQQHFWLYLWp FRUWLFDOH uyBmpidHdTRVHE kY WH X QL QPP b QM sHxw Pr

LPSRUWDQW SRXU PLHX[ DERUGHU OHORQRQDFWQ RQ@Y BAMW RHU pHTRBXHQVHYV j YRO
GLIIpUHQWY QR\DX[ WKDODPLTXHV /Pisi/SFU"d*ﬂ_FFE'dJ\P‘OsDM’blYL'J'Q%\/\?B%EH‘VPLQXHU VL R

VXILWH HOQWUH FHV HV & /R
VRQW SDUWLFXOLqUHPHQW FRQQHFWREY RYHE @ H WK SO X BRI ¥ Wi roy

HVW HQ VRL XQ LQGLFDWHXU suRED@WRGHp@/DDQL@;\Nﬁqwlﬂph@wwu@%uwmﬁHw~
GHV IRQFWLRQV WKDODPLTXHV &THWWSRARXVPGCDD YA X OQqRKIRPH-@ VWP DO TR SV
FDV SRXU OH WKDODPXV PpGLRGRUVDPSPEREPWP SARSEYRMHFWLRQV

YHUV OfHQVHPEOH GX FRUWH[ SUPpIURQWIRPENHKQMWYVFRQNQOPHWHVOpPVLRQ
FRPPH XQ FULWQUH FRQVWLWXWLI GHp BB LFRADMM LRUM EROXW DX E W RQMAY S O X
FRQVLGpPUpPHY FRPPH SUpIURQWDOHYR@QM DLQMLV SFHRIPW V FOID PR WU HU QRQ
UHORLYHQW XQH LQQHUYDWLRQ WKDORDPRLWERQH)H SGUR YE R DIQEHOBR XV PpGL
WKDODPXV PpGLRGRUVDO /D SULVHSRXQU FSRASVIV VBEBH DWW WHMHW GTH[SUL
SDUWLFXODULWp DQDWRPLTXH D Q@ODSWHOORPHQW XNERXWKH OHV LQWHE
VXVSHFWHU XQ U{OH WRXW SDUWLBX@EHWH $RXW HP H5 UW KDRODWPXY VRQW D
PPGLRGRUVDO PDLV GIDXWUHV QR\DX[ WKDODPLTXHV VRQW
pJDOHPHQW FRQFHUQpPVY GDQV OHV IRQFWLRQV LQWpJUDWLYHV GH

KDXW QLYHDX TXL VRQW W\SLTXHP HBMS WpMHREW PHWL DXV FRRRHUQWHD OHV HW V\(

SUPIURQWDO FRQWU{OH FRIQLWLI IO LELQLWP EBESBEWHEH QRXIHD X v
DWWHQWLRQ IRFDOLVpPH SULVH GH GRRLVERQE O TEMYE QM P x v ©



IRXYHDXWpV HQ QHXURVEFLHQFHYV

FRIQLWLRQ DYHF GHV IRQFWLRQV LOQWpRQBWLRIQY B/RODW 3BOXNVAHHK BBW W U R X

QRADX[ WKDODPLTXHV TXL VHPEOH(?I—WV |gBR)/\H'J_l?UORGJ|I__|H{/DBBI?IFWDQW OH WKD
FRPSOpPHQWDLUH HQWUH IRQFWLRQBVF\’/%%\(IEL)\(/HV QR/SW_EJQ?%(%%HV PHQWD)
VH UDSSHOHU HW IRQFWLRQV HJ[pF Y, VO S 9 éLEﬂ:l{N GSOUFH“C-H-bUG GHV ¢
FRQWU{OHU I1RXV DYRQV UHVSHFV\b Y\NPHQ:iW( 6 MLgﬁyle %WLRQV PQp
R
L

ULHX U
WKDODPXV DQWpULHXU HW OH WKDODPXV PpGLRGRUVIOQ S mJ\FWLRQv VI
WY &R\KHEwLRO

DERUGHU FHV IRQFWLRQV PDLV LO HV QEOP I5JT [95[96
WKDODPLTXHV FRQWULEXHQW 8Q SRLQW@VVV’%%VMVL\?FLEL}LW TE;( QLH_I!N/V 5% GR

W
\
GH IDoRQ DVVH] V\WWpPDWLTXH HV P%I[JLI-FW QGLTXDQW T X
LOQWHUDFWLRQV IRQFWLRQQHOOHV H I-Y\(Jl{NHDI(_ggI}IQ/XéDW C%[??PJI'LLVHEIH%\(XIDOHV
OHV UpJLRQV FRUWLFDOHV TXL OHéllg| éCéF%Q\ FFP IE?“E\INH_HY\(WE%HVIR FWLRQOQ

LOWHUDFWLRQV GH SDU OHXU FRP%zOIl-|J Lé%[bxl[ 5 ‘]%FIDV'\_/| Wﬁﬁ&ﬁ ‘JYVE(Z)HVWK
OfREMHW GYI1XQH UHFKHUFKH VRXWH % Bpg W EULW

SULQFLSHV IRQFWLRQQHOV HW OHYV PS!)%: @5\\;\, HY w1 Fuc
GRQQpPHV LQGLTXHQW TXH OHV SURM L F,L\PVXVFHSWLE
R

SRXUUDLHQW QRWDPPHQW H[HUFHU XQ FRO Lﬂ%l—b\}L(%RV\éLé Y xcHowy |
PLFURFLUFXLWYV FRUWLFDX[ SHUPHWINDOW, DLQYL P, WEROPEXY Gy~ px
MRXHU XQ U{OH LPSRUWDQW GDQV Q) FRSBRLVRY PH{ERNVToHY ErpPsoHn[HY
IDORQQHU ~ QRV ~ UHSUpVHQWDWLR oTHEWYRPWY wkddbpLTxH /9x0H 6
UHSUPVHQWDWLRQV PHQWDOHV RX RPUWHY FRIQL Y|_I|-|S/W R HpsoH
FRQOXHV FRPPH XQ HVSDFH DEVWJDLY qua% . GHY pOpP HOWY
OTLQIPUHQFH SHXW VH GpYHORSSHU (§X BQ FRE OO & U WLED:

FIHVW XQH FRQGLWLRQ QpFHVVDLUHG‘S O&l 5@%@% I:I-lsv\ssvlu SQYRWL%(%\Q UpG

UDWLRQQHOOHYV j XQ SUREOgPH VT \DX[ WK
FKDQJHDQWHYV RX WRXW VLPSOHPHQé/\(J éJQ/W%IEI)\(H}:KH
K\SRWKgVH IRQFWLRQQHOOH pPHUJI—b(%\&ULI-&DVéVGBQ\I/:
WKDODPXV GYRUGUH pOHYp +2 SR&(II_JAJé)\}.\A{_XL Iﬂ\lfw
IRQGDPHQWDO SRXU IDoRQQHU OHV U &%VMW%_Q/ %
‘LITpPUHQWYV QR\DX][ WKDODPLTXH\W 5!88&,99 \}d
FRQFRXULU GH IDoRQ FRPSOpPHQWDL
WHOOH IRQFWLRQ ,0\ D GRQF YUDLVHP

W
YpULWDEOH V\QHUJLH WKDODPLTXH vé
H
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Rx28Hv ELsrODL
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%UWU{-P UH WURXEC
TEPIFHER T, H o

T

EH Y, ,
kDORPRARD R X B
&b EUH Y 1 sBWEKS RV B HowDb o H
OWH%] GH OD UHFKHUFKH HQ FRX!
2Q SHXW PDLQWHQDQW UHYHQLU j O KRQEHSWHRDLQMWAH i YRIXK PR GFWLRQV WK
SUHPLqQUH SDUWLH GH FHW DUWLFOH j VDYRLU OH U{OH IRQFWLRQQHO
GX WKDODPXV GLW +2 TXL D GRQF SRXU FDUDFWPpPULVWLTXH GH

UHFHYRLU GHV DIIpGHDREBHMYFBHWHE B RQRERPKVLRQV

LQIOXHQWH HVW TXH OHV QR\DX[ +2 $RXMHPLAIQ W AR RRPEWORHY X Do D P LT
OLHQ © WUDQVWKDODPLTXH & SRXUyoSHYPEHWIEEHX FEKBWAABHEW GcH SDI
GLIIpUHQWYV pOpPHQWYV UHSUpPVHQWRYy Pyp L YHDEp (F RYWLFRQy U X Fw XU H
&RQVWUXLUH GHV UHSUpPVHQWDWLRQRLWHIWRR HY 1REESAR Wi 00 H VspF
PODERUPHV QpFHVVLWH HQ HIIHW Gi REWWYH, HERpBHORY SR 4R QRGDO \
JUDQG QRPEUH GYpOpPHQWV TXL VRQW YK WRHS W FPF Yo ®IEVYWULEXpY /1
UHSUpVHQWpPV GDQV GLIIpUHQWHV Rk RQYy WRBY W FRGWY sRRY wubyHUV
UHSUPVHQWDWLRQV FRUWLFDOHV pWHOW,wHGw DV RO H4bo /XY HHEWY Hao
FRPSOH[HV HW PXOWLGLPHQVLRQQHPEHV OJWR xE M MHOBY &fwuLpPHOW
WKDODPXV SRXUUDLW rWUH GH FRPSUR®YGY £& W YFSUYRYRRWRWEB R FrxX O
FRUWLFDOHV SRXU IDFLOLWHU XQH YLy H) Gdip G RFENERRRBOSHEH HWpLvLL

DGDSWpH &HV FRQFHSWV UHVWHQWgjrGpRRQWUHU
IRUPHOOHPHQW PDLV IRUPHQW GqV j SUpVHQW XQ VRFOH IpFRQG
TXL JXLGH XQ HIIRUW GH UHFKHUFKH HQ FH VHQV

PXOWLSOHV FLUFXLWV WKDODPRFRU



IRXYHDXWpV HQ QHXURVFLHQFHV

/H U{OH GHV QR\DX[ WKDODPLTXH\VpDp UHQFHYDUIJHPHQW
DSSUpKHQGpP DX QLYHDX FRUWLFDO GDQV FHW DUWLFOH PDLV LO HVW
FODLU TXfXQH FRQQHFWLYLWpPp VRXV*RPRRMNEFDOHSFWRXW DXVVHQGV 1HXUI
LPSRUWDQWH HVW j FRQVLGpUHU DYHFRQRWDPPHQW HGWRNV FO H RIRYV +
SULYLOpJLpPY DYHF OH V\VWQgPH GHV JDQ@KOUPPQVEGH OBDLEDMH BHW OH 1HXUR
FHUYHOHW $SSUpKHQGHU OHV IRQFWLRQV WKDODPLTXHV DX

QLYHDX GX FHUYHDX HQWLHU HVW GRQRX®PAPEMHX PDMHXYREXOHREHKDY 5H?
UHFKHUFKH TXL VH GpFOLQH GpVRUPDWRDLXJ@VL BA HQ ORKIH ] %O D 7KH -RXUQD

SHUVRQQH KXPDLQH TXIDYHF GH ORPEUIXI"PREGOIRVY *
DQLPDX[ DYHF SRXU SHUVSHFWLYH LPSRYWDREwWH? Oﬁ'bogg?iLPWOGHV IDW SHY 1

DSSURFKHV FRPSXWDWLRQQHOOHV /P %W@L%?/HOFE\&WWH& >§9FL§LQ/§/Y' gi_?Kgﬂ gm
HW OD UPXQLRQ GTXQ JUDQG QRPEUH GH "GLVFLSOLOHV TXL ' .
°XYUDLHQW DXSDUDYDQW GH IDoRQ " UHoDD(WLYDHPHQW Q

LQGPSHQGDQWH RXYUH GH QRXYHOQRYIHSSRUWXJLp 1T PR &rownl bee

VHQV FRQGXLUH XQH UHFKHUFKH, UpVRQXPHQW LU URVEL N
LQWHUGLVFLSOLQDLUH DVVRFLDQW QHXURSK\VLRORJLVWHV HW )
DUOHVLP % PEDUGL 0 * &DOW
VSPFLDOLVWHY GHV VI\WWQGPHV VHOVRUILRRWEXUV, DYHE" OH
QHXURVFLHQFHV FRPSRUWHPHQWDOHVY o &RIQLWLY HY 4 @g\hUQV 5 oW

FRPSXWDWLRQQHOOHY VHPEOH OD GLUHFWLRQ OD SOXV SURPHWWHXVH
SRXU PLHX[ FRPSUHQGUH FH TXfLO FRQ‘%[HIQQNW ELHQ&aGIHDEHIH G HUHOFHQGRQN &

WKDODPXV FRIJQLWLI
9RIW % $ HWI1BXURELRORI\ Rl &LQJIXODW
/LPELF 7KD@GRXWp SDU % $ 9RJIW HW 0 *DEULHC

PDWKLHX ZROII#X



/ID IHWWUH GHV 1HXURVFLHQFHV Qf

+RPPDJH

+RPPDJH DX 3URIHVVHXU ODULH -F

S28&(/<1( &$%2&+( -($1 $172,1( *,5$8/7 3(7(5 9$1+2877( (00$18(/
6</9,( 5(7$8; .$5(1 %5%$0, &+(55,(5 0$5,( /28 .(0(/

&THVW DYHF XQH SURIRQ GEH WWHJ L& IVGIW WHQ IXHLVLRQ LQWpJUpH H
QRXV DYRQV DSSULV OH OXFHVSEHWDHAWMLYH LQFOXDQW OHV S
-R %HVVRQ VXUYHQX OHDGIGAF@AKRQVY OD PDODGLH GH 3DUNL
PDUV i OfkJH GH DQAXQWLQJWRQ

$JUpJpH HQ VFLHQFHV G$IX GMOfLBHGHHY FRQWULEXWLRQV j O
Of8QLYHUVLWp GH 1DQ%HVVWOYDH*XRUp WUQV DFWLYHPHQW ¢
%HVVRQ D UHMRLQW HQ ODD HROPPRWHRWREHM MHXQHV FKHUFKH
GH 1HXURSKDUPDFRORJLHO®WHJ LD pGEDUJPHOH '($ GH 1HXURVFLI
SURIHVVHXU -DFTXHV *OREWRUMIOHDYX &HUYHDX &RJQLWLRQ
FROOQJH GH JUDQFH (OOHXTHOPEXWp KUPHH MRXDQW XQ U{OF
EULOODQWH FDUULQUH GOHERSEHPBQWIKEH OD IRUPDWLRQ HC
FKHUFKHXVH HW \ D DQLPp XQH pTXO®H DXDFBRIMSMNWQPHBHY pWXGLDQWYV
FRQWULEXWLRQV LPSRUWDQWHY | O WRXGRXGM GDVORBDLEDMLBRRXGHUHV F
QHXURWUDQVPHWWHXUV GDQV OHV WRXQMRXBQ\F XEHHODH BHVHUXLYUH OHXL

GRSDPLQH DFpW\OFKROLQH *$%$ 1RPESWRP R g SHY swxcLbowv TXI
PWXGLDQWYV HW VHV FROOQJXHV OD ugchgeégﬁ?%lL\va WHXQB8\I?/P§|BU\9 QQpV
FRPPH XQH ILJXUH PDMHXUH GH FH '5 VAW HH ProRDPLOF
SPULRGH GH JUDQGH HIIHUYHVFHQFHVLJLQI-bQOVKk/Id_\X/LHQ DVVRFLPpHV HW OHX

(Q ODULH -R %HVVRQ HQWUHSPR@W®LRAW HMQBRHQLWLYHV GHV JDQJO

VDEEDWLTXH DX VHLQ GX ODERUDWRLUYH %)?Qoq:eQHDc\,EHL Vo PXUuLgqUH oD
ODVVDFKXVVHW ,QVWLW XWoHR \RW R'@ F IR C GH QRPEU,_?X[ M H X
HIITHFWXH GHV WUDYDX[ SLRQQLHUV VﬁUF?HX@h\(/W\}Jd‘ELﬁWkﬁQU WHOOHF

UpFHSWHXUV GH OD GRSDPLQH HW GI—‘: 8I|__|F3< LW E}%\&BWYD O |_R/\I/-| D ELHQY
FRPSDUWLPHQWY GX VWULDWXP HW OHXUV VWUXFWXUHYVY FLEOHV (OO

UHMRLQW HQVXLWH Of8QLYHUVLWp 3DHDBH WW\LH@WLLHL&’XUL@DJQ\X\X\Q_HRQGH
HQ WDQW TXH 3URIHVVHXUH GH 1HXWREKDUWHPRORIRH RXWH DYHF XQH VS
PRQWH VRQ SURSUH ODERUDWRLUH dHW1NRURFKYPHHCGIQHEWRPEWQUH GRQW
MXVTXYj VD UHWUDLWH HQ PDUTXDQW DLQVL SOXVLHXUV JpQpUDYV

/| HQJDJHPHQW VFLHQWLILTXH HW ODI1&XYVERPYEHIYRIRGHOBDYRAYHQLU GIX
-R %HVVRQ RQW SHUPLV GHV GpFRXYRUMEHYV PHMBXYWHPM HXIVRQSWPVVLRQ HW
LQVSLUp GH QRPEUHXVHV UHFKHUFKRQYXWDRORMGE HQH )G QI Atk Y FLHQWLILTX
OfpWUDQJHU 6RQ RXYHUWXUH G HWSHSPLIWILHWH VDXLEFRULRVQWHQFPp HW I
LQWHOOHFWXHOOH RQW IDFLOLWp OPFPG@pYRWYRBIONPGH W HXIR )R X K H B BIHN/X U
DSSURFKHV GDQV VRQ ODERUDWRLUH: fFRRRH PrIWXNGH BQPPHOW UHFRQ
VLIQDOLVDWLRQ LQWUDFHOOXODLUH HW GH O H[SUHVVLRQ GHV JgQHV
(OOH D SDUWLFLSp j HW FRRUGRQQp GHV SURJUDPPHV

FROODERUDWLIV HXURSpHQV j OHXU MRFHO\QH FDERFKH#VRU{
DLQVL FRQWULEXp GH PDQLqUH GpFLVLYH J OYDYDQFpH H QRV

FRQQDLVVDQFHVY VXU OD SK\WWLRORJLH GHV JDQJOLRQV GH OD

0- %HVVRQ
3DULV



