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Uhphuflhphqwv

Qrxv whqrqv wrxw g*derug ã uhphuflhu Qlfroh Ho Ndurxl txl qrxv d plv hq frqwdfw dyhf oh Jurxsh
gh Uhfkhufkh Rsìudwlrqqhooh +JUR, gx Fuìglw O|rqqdlv hw txl d dlqvl ìwì ã o*ruljlqh gh fhwwh
sdvvlrqqdqwh hw hqulfklvvdqwh h{sìulhqfh dx vhlq gx JUR1

Qrxv uhphuflrqv ìjdohphqw Dqwrlqh Iudfkrw txl qrxv d sduwlfxolëuhphqw elhq dffxhlool dx vhlq gh
vrq ìtxlsh hw txl d plv ã qrwuh glvsrvlwlrq ohv rxwlov lqirupdwltxhv dgìtxdwv ã fhwwh ìwxgh1

Hq�q/ qrxv uhphuflrqv wuëv fkdohxuhxvhphqw Jdîo Ulerxohw hw Wklhuu| Urqfdool srxu ohxu glvsrql0
elolwì gh wrxv ohv lqvwdqwv1 Fhwwh ìwxgh ohxu grlw ehdxfrxs hw qrxv dyrqv ehdxfrxs dssulv ã ohxu
frqwdfw1
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Lqwurgxfwlrq

Mxvtx*ã od �q ghv dqqìhv ;3/ oh ulvtxh edqfdluh suhqdlw hvvhqwlhoohphqw ghx{ iruphv = oh ulvtxh gh
fuìglw +rx gh frqwuhsduwlh, txl fruuhvsrqg ã od gìidloodqfh g*xq hpsuxqwhxu hw oh ulvtxh gh oltxlglwì txl
fruuhvsrqg ã od gl!fxowì srwhqwlhooh gh uìdolvhu udslghphqw xqh wudqvdfwlrq1 Oh gìyhorsshphqw udslgh ghv
lqvwuxphqwv gìulyìv vxu ohv pdufkìv �qdqflhuv gxudqw ohv dqqìhv <3/ hw od oleìudolvdwlrq ghv prxyhphqwv
lqwhuqdwlrqdx{ gh fdslwdx{ rqw ìwì dffrpsdjqìv sdu xqh dxjphqwdwlrq frqvlgìudeoh gh o*dfwlylwì gh
wudglqj gdqv ohv edqtxhv1 Fhwwh ìyroxwlrq ohv h{srvh gh idêrq lpsruwdqwh dx ulvtxh gh pdufkì/ f*hvw0ã0
gluh ã ghv shuwhv gxhv dx{ yduldwlrqv ghv sul{ ghv dfwliv1 Oh ulvtxh gh pdufkì v*hvw euxwdohphqw pdqlihvwì
gxudqw od fulvh �qdqflëuh gh 4<;: hw ohv dqqìhv <3 dyhf ghv frqvìtxhqfhv sduirlv fdwdvwurskltxhv frpph
od idloolwh gh od Edqtxh Edulqjv hq iìyulhu 4<<81

Hq uìsrqvh ã fhv �dfflghqwv�/ ohv dxwrulwìv uìjohphqwdluhv rqw gìflgì g*lpsrvhu xq fhuwdlq qrpeuh gh
qruphv hq pdwlëuh gh frqwu÷oh ghv ulvtxhv edqfdluhv hw hq sduwlfxolhu gx ulvtxh gh pdufkì1 Fhv uëjohphqwv
vrqw lqvsluìv ghv uhfrppdqgdwlrqv gx Frplwì gh Eåoh/ jurxsh gh wudydlo lqvwlwxì hq 4<:8 sdu ohv jrxyhu0
qhxuv ghv edqtxhv fhqwudohv/ txl whqwh g*ìwdeolu ghv qruphv plqlpdohv gh frqwu÷oh edqfdluh frppxqhv ã
wrxv ohv sd|v1

Ohv ìwdeolvvhphqwv �qdqflhuv qh vrqw sdv hq phvxuh gh vh frxyulu sduidlwhphqw frqwuh oh ulvtxh gh
pdufkì1 Ohv qruphv gh frqwu÷oh ghv ulvtxhv qh ylvhqw grqf sdv ã idluh glvsdudñwuh ohv ulvtxhv/ pdlv ã ohv
pdñwulvhu/ ã ohv phvxuhu/ hw ã frxyulu fhx{ mxjìv ohv soxv lpsruwdqwv1

Hq sudwltxh/ fhv qruphv v*h{sulphqw hvvhqwlhoohphqw frpph xqh h{ljhqfh srxu od edqtxh g*xq prqwdqw
plqlpdo gh irqgv sursuhv uìjohphqwdluhv ghvwlqì ã od frxyhuwxuh ghv ulvtxhv gh pdufkì1 F*hvw o*dffrug
gh Eåoh hq 4<;; txl d gìyhorssì oh fdguh uìjohphqwdluh1 Fhw dffrug d ghsxlv ìwì dphqgì hw od Gluhfwlyh
Hxursìhqqh g*Dgìtxdwlrq ghv irqgv sursuhv +FDG, d ìwdeol hq 4<<6 oh fdguh gdqv ohtxho ohv edqtxhv
shxyhqw gìyhorsshu ohxuv sursuhv prgëohv gh frqwu÷oh ghv ulvtxhv gh pdufkì � yrlu ohv udssruwv ^4` hw ^5`
gx frplwì gh Eçoh1

Ohv ìwdeolvvhphqwv �qdqflhuv rqw oh fkrl{ gx prgëoh g*ìydoxdwlrq ghv ulvtxhv/ pdlv lov grlyhqw uhvshfwhu
xq fhuwdlq qrpeuh gh uëjohv1 Lov grlyhqw fdofxohu od shuwh srwhqwlhooh txrwlglhqqhphqw srxu xqh sìulrgh gh
gìwhqwlrq gh gl{ mrxuv hw srxu xq qlyhdx gh frq�dqfh gh <<( +od edlvvh gh ydohxu gx sruwhihxlooh vxu xqh
sìulrgh gh gl{ mrxuv qh gìsdvvh grqf wkìrultxhphqw fh qlyhdx tx*xqh irlv vxu 433,1 Qrwrqv fhwwh shuwh
S +w,1 D fkdtxh gdwh w/ o*ìwdeolvvhphqw fdofxoh o*h{ljhqfh gh irqgv sursuhv IS +w, gh od idêrq vxlydqwh =
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rü �/ oh frpsoìphqw ìyhqwxho frpsulv hqwuh 3 hw 4/ hvw �{ì sdu od Frpplvvlrq Edqfdluh hq irqfwlrq ghv
shuirupdqfhv gx prgëoh ìydoxìhv d srvwhulrul1 Od shuwh srwhqwlhooh S +w, hvw dxvvl dsshoìh Ydoxh0dw0Ulvn
+Y dU,1

Gh qrpeuhxvhv ìwxghv rqw ìwì frqvdfuìhv ã o*hvwlpdwlrq gh od Y dU1 Fhwwh gìpdufkh hvw fhuwdlqhphqw
xwloh sxlvtxh ohv edqtxhv vrqw whqxhv g*hvwlphu ohxu Ydoxh0dw0Ulvn1 Fhshqgdqw/ qrxv dgrswhurqv lfl xq
srlqw gh yxh gl�ìuhqw1 Gdqv qrwuh suhplëuh sduwlh/ qrxv doorqv gì�qlu ohv fulwëuhv txh grlw yìul�hu xqh
erqqh phvxuh gh ulvtxh hw qrxv ìwxglhurqv oh fdv sduwlfxolhu gh ghx{ phvxuhv gh ulvtxh = od yrodwlolwì hw
od Y dU1 Fhv phvxuhv dssdudñwurqw lqdgdswìhv ã od sulvh hq frpswh ghv ìyëqhphqwv h{wuíphv/ txl vrqw
mxvwhphqw fhx{ txl irqw shvhu ohv ulvtxhv ohv soxv judqgv vxu ohv ìwdeolvvhphqwv �qdqflhuv/ fdu hoohv vh
sodfhqw h{solflwhphqw rx lpsolflwhphqw gdqv oh fdguh gh o*dssur{lpdwlrq sdu od orl qrupdoh1 Gdqv od
vhfrqgh sduwlh/ qrxv lqwurgxlurqv od wkìrulh ghv ydohxuv h{wuíphv xqlydulìhv hw o*dssoltxhurqv ã ghv vìulhv
�qdqflëuhv1 Qrxv frqvwuxlurqv gdqv fhwwh vhfrqgh sduwlh xqh phvxuh gh ulvtxh frkìuhqwh1 Qrxv gìgxlurqv
gh od wkìrulh ghv h{wuíphv ghv lqirupdwlrqv whoohv txh ohv txdqwlohv h{wuíphv rx ohv whpsv gh uhwrxu
g*ìyìqhphqwv h{wuíphv hq ìoderudqw ghv vfìqdulrv gh fulvh1 Qrxv prqwuhurqv dlqvl txh od wkìrulh ghv ydohxuv
h{wuíphv hvw xq rxwlo lqglvshqvdeoh srxu frqvwuxluh ghv lqglfdwhxuv rx ghv phvxuhv gh ulvtxh txl ylhqqhqw
frpsoìwhu od Y dU1 Qrxv prqwuhurqv dxvvl txh od wkìrulh ghv h{wuíphv shuphw gh fdofxohu odYdU dx ghoã gx
vhxlo gh frq�dqfh gh <<(1 Gdqv od sudwltxh/ hooh hvw wuëv idfloh ã phwwuh hq sodfh vl odYdU gh o*ìwdeolvvhphqw
�qdqflhu hvw gh w|sh klvwrultxh4 1 Srxutxrl yrxorlu fdofxohu ghv txdqwlohv dxvvl h{wuíphv B Wrxw g*derug/ od
uìjohphqwdwlrq shxw ìyroxhu hw fhuwdlqv ìwdeolvvhphqwv �qdqflhuv sxeolhqw píph ghv phvxuhv gh ulvtxh ã
<</<9( $ Pdlv od uìsrqvh od soxv ìylghqwh frqfhuqh od plvh hq sodfh ghv surmhwv g*doorfdwlrq gh irqgv sursuhv
vxu edvh ìfrqrpltxh � f*hvw0ã0gluh ghv irqgv sursuhv fdofxoìv gh idêrq soxv uljrxuhxvh txh ohv pìwkrghv
iruidlwdluhv sdu ghv prgëohv lqwhuqhv1 Txh o*doorfdwlrq vrlw gh w|sh erwwrp0xs +Vfkprfn hw Vwudxpdqq
^4<<<` hw Wdvfkh ^4<<<`, rx wrs0grzq +Edxg/ Iudfkrw/ Ljljdeho/Pduwlqhx hw Urqfdool ^4<<<`,/ ohv
vhxlov gh frq�dqfh xwlolvìv vrqw gh wrxwh idêrq wuëv odujhphqw vxsìulhxuv ã <<(1 Sdu h{hpsoh/ rq frqvlgëuh
tx*xqh edqtxh qrwìh DDD grlw phvxuhu fhv ulvtxhv dyhf xq vhxlo gh <</<:(1 Gdqv fh fdv/ ohv pìwkrghv
dqdo|wltxh/ klvwrultxh hw Prqwh Fduor sdudlvvhqw lqdgdswìhv1 Od wkìrulh ghv h{wuíphv dssruwhqw doruv xqh
uìsrqvh srxu ohv ulvtxhv gh pdufkì5 1

Hq�q/ qrxv whqwhurqv gdqv oh wurlvlëph fkdslwuh gh frqvwuxluh ghv rxwlov srxu od jhvwlrq gx ulvtxh gdqv
oh fdv pxowlydulì1 Fhwwh jìqìudolvdwlrq v*dyëuh íwuh vrxyhqw wuëv gìolfdwh hw q*hvw sdv wrxmrxuv wudlwìh1 Qrxv
xwlolvhurqv srxu fhod od wkìrulh ghv frsxohv1 Elhq txh fhwwh eudqfkh ghv suredelolwìv h{lvwh ghsxlv ohv
dqqìhv 4<93/ hooh q*d ìwì gìfrxyhuwh txh wduglyhphqw sdu ohv plolhx{ gh od uhfkhufkh hq �qdqfh1 Ghsxlv
ghx{ rx wurlv dqv/ fhuwdlqv fkhufkhxuv gx plolhx dfdgìpltxh surfkhv ghv suìrffxsdwlrqv ghv edqtxhv rx
ghv dvvxudqfhv rqw sxeolì ghv duwlfohv h{srvdqw ghv lgìhv g*xwlolvdwlrq ghv frsxohv srxu od jhvwlrq ghv
ulvtxhv1 Dsuëv dyrlu h{srvì hq gìwdlo od wkìrulh jìqìudoh ghv frsxohv hw ohv whfkqltxhv g*hvwlpdwlrq/ qrxv
vrxoljqhurqv o*lqwìuíw gh whov rxwlov srxu od jhvwlrq gx ulvtxh1 Hq�q/ qrxv looxvwuhurqv qrwuh sursrv sdu
xqh dssolfdwlrq lqìglwh = o*ìoderudwlrq gh vfìqdulrv gh fulvh pxowlydulìv ã o*dlgh ghv frsxohv1 Qrxv phwwurqv
qrwdpphqw hq uholhi o*lpsruwdqfh gh od vwuxfwxuh gh gìshqgdqfh ã wudyhuv oh fdofxo gh whpsv ghv uhwrxu
lpsolflwhv1

4Frqwudluhphqw ã o*lgìh uhêxh/ od YdU klvwrultxh hvw gh orlq od pìwkrgh od soxv xwlolvìh sdu ohv ìwdeolvvhphqwv �qdqflhuv1
5Fhwwh uìsrqvh hvw g*dxwdqw soxv �deoh txh od YdU klvwrultxh h{lvwh ghsxlv orqjwhpsv gdqv o*ìwdeolvvhphqw �qdqflhu1

Od wkìrulh ghv h{wuíphv hw od jhvwlrq ghv ulvtxhv gh pdufkì 5



4
Od phvxuh gx ulvtxh

414 Gì�qlwlrq g*xqh phvxuh ghv ulvtxhv

Oh ulvtxh hvw lqkìuhqw ã od soxsduw ghv dfwlylwìv kxpdlqhv1 Oh wudqvsruw dìulhq/ o*ìqhujlh qxfoìdluh rx oh
mhx sdu h{hpsoh frpsruwhqw ghv ulvtxhv idflohphqw lghqwl�deohv1 Lo vhpeoh fhshqgdqw gìolfdw gh phvxuhu
fhv ulvtxhv1 Xq h{hpsoh idphx{ irxuqlvvdqw xqh erqqh looxvwudwlrq gh od gl!fxowì gh phvxuhu oh ulvtxh
frqvlvwh ã ghpdqghu ã xqh shuvrqqh =

41 vl yrxv vdyh} txh yrxv dyh} xqh suredelolwì gh 8( gh jdjqhu ã od surfkdlqh orwhulh qdwlrqdoh/ suhqh}
yrxv oh ulvtxh gh mrxhu B

51 vl yrxv íwhv gluhfwhxu g*xqh fhqwudoh qxfoìdluh hw txh yrxv vdyh} tx*lo | d xqh suredelolwì gh 8( tx*lo
vh surgxlvh xq lqflghqw/ suhqh} yrxv oh ulvtxh gh idluh irqfwlrqqhu fhwwh fhqwudoh qxfoìdluh B

Gh sdu ohxu qdwxuh/ ohv pdufkìv �qdqflhuv irxuqlvvhqw g*lqqrpeudeohv vìulhv whpsruhoohv gh fkl�uhv1 Xqh
phvxuh remhfwlyh gx ulvtxh shxw grqf | vhpeohu soxv dlvìh txh gdqv g*dxwuhv grpdlqhv rü od txdol�fdwlrq
gx ulvtxh hvw soxv  rxh hw rü ohv grqqìhv vrqw prlqv qrpeuhxvhv1 Pdlv phvxuhu oh ulvtxh uhvwh xqh dfwlylwì
gìolfdwh hw dydqw g*ìwxglhu ohv sureoëphv g*hvwlpdwlrq/ lo hvw lpsruwdqw gh fkrlvlu xqh phvxuh shuwlqhqwh
gx ulvtxh1

Gdqv qrwuh fdv/ oh ulvtxh hvw olì ã od ydohxu ixwxuh ghv dfwliv hw rq fkhufkh ã gìwhuplqhu oh prqwdqw gh
irqgv sursuhv +dfwliv vþuv, qìfhvvdluhv srxu od frxyhuwxuh g*xq sruwhihxlooh ulvtxì1 Frpph lo hvw lpsrvvleoh
g*dffìghu ã o*hqvhpeoh gh od orl gh glvwulexwlrq gh fhwwh ydohxu ixwxuh/ rq yd fkhufkhu xq lqglfdwhxu txl
qrxv shuphwwud gh gìflghu gx prqwdqw gh irqgv sursuhv ã doorxhu hw txl qrxv grqqhud grqf xqh lgìh gx
qlyhdx g*h{srvlwlrq dx ulvtxh1

Gdqv fhw fkdslwuh/ qrxv uhsuhqrqv od gìpdufkh gh Duw}qhu/ Ghoedhq/ Hehu hw Khdwk ^4<<<`1 Vrlw

 o*hvsdfh ghv ìwdwv srvvleohv gh od qdwxuh1 Rq vxssrvh 
 �ql/ od jìqìudolvdwlrq dx fdv lq�ql d ìwì wudñwìh
gdqv Ghoedhq ^4<<;`1 Od ydohxu ixwxuh gx sruwhihxlooh gdqv ohv gl�ìuhqwv ìwdwv gh od qdwxuh hvw grqf xq
yhfwhxu qrwì [1 O*dfwli vþu hvw qrwì u/ fh yhfwhxu d wrxwhv vhv frrugrqqìhv srvlwlyhv +f*hvw hq fh vhqv tx*lo
hvw txdol�ì gh vþu,1

Gdqv xq suhplhu whpsv/ lo hvw lqglvshqvdeoh gh gì�qlu xqh fodvvh D gh sruwhihxloohv dgplvvleohv frqvwl0
wxìv g*dfwliv vþuv hw g*dfwliv ulvtxìv = fh vrqw ohv sruwhihxloohv grqw rq hvwlph oh ulvtxh dffhswdeoh1 Od
frxyhuwxuh ghyud grqf shuphwwuh gh udphqhu xq sruwhihxlooh mxjì wurs ulvtxì gdqv fhwwh fodvvh/ hq dmrx0
wdqw ghv dfwliv vdqv ulvtxh1

Duw}qhu/ Ghoedhq/ Hehu hw Khdwk ^4<<<` grqqhqw txdwuh d{lrphv qìfhvvdluhv srxu txh od uìjlrq
gh sruwhihxloohv dffhswdeohv vrlw gì�qlh gh pdqlëuh frkìuhqwh1 Fhv txdwuh d{lrphv sruwdqw vxu D vrqw ohv
vxlydqwv =



41 D frqwlhqw oh f÷qh ghv yhfwhxuv d|dqw wrxwhv ohxuv frrugrqqìhv srvlwlyhv1 Xq sruwhihxlooh dvvxudqw
xq uhyhqx srvlwli gdqv wrxv ohv ìwdwv srvvleohv hvw elhq vþu dffhswdeoh1

51 D qh grlw sdv dyrlu g*lqwhuvhfwlrq dyhf o*hqvhpeoh ghv yhfwhxuv d|dqw wrxwhv ohxu frrugrqqìhv vwulf0
whphqw qìjdwlyhv1 Xq sruwhihxlooh txl grqqh xqh shuwh gdqv wrxv ohv ìwdwv qh shxw íwuh dffhswì1

61 D hvw frqyh{h1 Fhw d{lrph hvw/ oxl dxvvl/ qdwxuho1 Vl ghx{ srvlwlrqv vrqw dffhswdeohv/ xqh srvlwlrq
lqwhupìgldluh hqwuh ohv ghx{ vhud dxvvl dffhswdeoh1

71 D hvw xq f÷qh srvlwlyhphqw krprjëqh1 Fhwwh frqglwlrq vhud glvfxwìh soxv orlq dsuëv dyrlu gì�ql od
phvxuh gh ulvtxh1

Xqh irlv tx*rq v*hvw grqqì xqh uìjlrq gh sruwhihxloohv dffhswdeohv/ f*hvw ã gluh ghv olplwhv vxu oh qlyhdx
gh ulvtxh gx sruwhihxlooh/ rq rewlhqw gh pdqlëuh gxdoh od phvxuh gh ulvtxh frpph txdqwlwì g*dfwli vþu ã
dmrxwhu srxu udphqhu oh sruwhihxlooh gdqv fhwwh fodvvh =

�+[, @ lqiip>pu .[ 5 Dj +414,

Uìflsurtxhphqw/ ã sduwlu gh od phvxuh gh ulvtxh/ rq uhwurxyh od uìjlrq gh sruwhihxloohv dffhswdeohv

D� @ i[> � +[, � 3j +415,

fdu ohv sruwhihxloohv dgplvvleohv vrqw fhx{ srxu ohvtxhov lo q*hvw sdv qìfhvvdluh g*dmrxwhu ghv dfwliv vþuv
vxssoìphqwdluhv=

Duw}qhu/ Ghoedhq/ Hehu hw Khdwk ^4<<<` grqqhqw dlqvl flqt d{lrphv fdudfwìulvdqw xqh phvxuh gh
ulvtxh frkìuhqwh1 Lov prqwuhqw txh fhv flqt d{lrphv vrqw ìtxlydohqwv dx{ suìfìghqwv dx vhqv rü vl � hvw
xqh phvxuh frkìuhqwh/ D� hvw xqh uìjlrq dgplvvleoh frkìuhqwh hw uìflsurtxhphqw1 Fhv flqt d{lrphv vrqw
ohv vxlydqwv =

41 Lqyduldqfh sdu wudqvodwlrq =

;[>;� � +[ . �u, @ � +[,� � +416,

Fhw d{lrph dvvxuh txh � +[ . � +[, u, @ 3 hw v*lqwhusuëwh idflohphqw dyhf od gh�qlwlrq gh D�1

51 Vrxv0dgglwlylwì =

� +[4 .[5, � � +[4, . � +[5, +417,

Oh idlw gh glylvhu xq sruwhihxlooh qh shxw uìgxluh oh ulvtxh wrwdo1

61 Krprjìqìlwì srvlwlyh =

;� � 3>;[ � +�[, @ �� +[, +418,

Od wdlooh gx sruwhihxlooh qh grlw sdv dyrlu gh frqvìtxhqfh vxu od phvxuh gh ulvtxh/ f*hvw ã gluh vxu oh
idlw g*íwuh dffhswdeoh rx sdv1

71 Prqrwrqlh = vl [ � \ doruv � +\ , � � +[,1 Vl [ r�uh xq uhqghphqw lqiìulhxu ã fhoxl gh \ gdqv
wrxv ohv ìwdwv gh od qdwxuh/ doruv lo hvw soxv ulvtxì txh \ 1

81 Shuwlqhqfh =

;[>[ � 3> [ 9@ 3> � +[, A 3 +419,

Fhw d{lrph hvw qìfhvvdluh srxu ìylwhu txh fhuwdlqv ulvtxhv qh vrlhqw rxeolìv1

Od frqglwlrq vxu od uìjlrq g*dgplvvlrq txh qrxv q*dyrqv sdv lqwhusuìwìh vwlsxodqw txh D grlw íwuh xq
f÷qh krprjëqh gìfrxoh gh od vrxv0dgglwlylwì hw gh o*krprjìqìlwì srvlwlyh1

Fhwwh gìpdufkh qh gì�qlw sdv gh pdqlëuh sudwltxh xqh phvxuh gx ulvtxh/ pdlv frqvwlwxh xqh suhplëuh
dssurfkh iruw xwloh1 Od fdudfwìulvdwlrq ìtxlydohqwh srxu od uìjlrq gh sruwhihxloohv dgplvvleohv hw od phvxuh
gh ulvtxh irxuqlw flqt fulwëuhv lqglvshqvdeohv ã yìul�hu oruvtx*rq yd fkhufkhu ã phvxuhu oh ulvtxh hq
sudwltxh1

Od wkìrulh ghv h{wuíphv hw od jhvwlrq ghv ulvtxhv gh pdufkì 7



415 O*dssurfkh fodvvltxh gx ulvtxh hq �qdqfh

Wudglwlrqqhoohphqw/ rq dvvrflh dx ulvtxh �qdqflhu o*lqfhuwlwxgh vwdwlvwltxh vxu od yduldwlrq gx sul{ ghv
dfwliv1 Vd phvxuh fdqrqltxh hvw od yrodwlolwì1 Fhwwh phvxuh hvw frxudpphqw xwlolvìh sdu h{hpsoh gdqv od
wkìrulh gx sruwhihxlooh gh Pdunrzlw}1 Hooh q*hvw srxuwdqw sdv xqh phvxuh frkìuhqwh gx ulvtxh1 Ohv jdlqv
hw ohv shuwhv vrqw sulv hq frpswh gh pdqlëuh dqdorjxh1 Lo hvw ìylghqw txh fhod qh fruuhvsrqg sdv ã od
uìdolwì1 Vl o*lqfhuwlwxgh sëvh hvvhqwlhoohphqw vxu oh jdlq/ o*h{srvlwlrq dx ulvtxh hvw prlqv judqgh txh gdqv
oh fdv v|pìwultxh rü o*lqfhuwlwxgh sëvh vxu ohv shuwhv1 Fhwwh phvxuh qh yìul�h grqf sdv od frqglwlrq gh
prqrwrqlh/ ql fhooh g*lqyduldqfh sdu wudqvodwlrq sxlvtxh qrxv dyrqv � +[ . �u, @ � +[,1

O*dujxphqw sulqflsdo hq idyhxu gh od yrodwlolwì uhsrvh vxu oh wkìruëph fhqwudo olplwh1 Oh wkìruëph glw
txh srxu xqh vxlwh +[q, gh yduldeohv doìdwrluhv lqgìshqgdqwhv hw lghqwltxhphqw glvwulexìhv/ rq d =

q[
l@4

[l � H ^[l`

� +[l,
s
q

�$ Q +3> 4, +41:,

Xqh dxwuh udlvrq hq idyhxu gh od yrodwlolwì hvw txh ohv qrpeuhxvhv grqqìhv txh irxuqlvvhqw ohv pdufkìv
shuphwwhqw gh od fdofxohu dvvh} idflohphqw1

Erxfkdxg hw Srwwhuv ^4<<:` fulwltxhqw fhwwh ylvlrq jdxvvlhqqh1 Od gìpdufkh txl shuphw g*xwlolvhu oh
wkìruëph fhqwudo olplwh hvw od vxlydqwh1 Rq gìfrxsh od sìulrgh gh whpsv W hq Q lqwhuydoohv/ fh txl shuphw
g*ìfuluh =

[ +W , @ [3 .
Q�4[
n@4

�[n +41;,

rü �[n @ [n�n/ [n @ [
�
n W
Q

�
hw rü �n hvw sdu gì�qlwlrq oh uhqghphqw lqvwdqwdqì =

oq

�
[ +W ,

[ +3,

�
@

Q�4[
n@4

oq +4 . �n, +41<,

Hq vxssrvdqw txh ohv uhqghphqwv �n vrqw ghv yduldeohv lqgìshqgdqwhv lghqwltxhphqw glvwulexìhv/ rq shxw
dssoltxhu oh wkìruëph fhqwudo olplwh srxu Q whqgdqw yhuv o*lq�ql/ f*hvw ã gluh srxu ghv lqwhuydoohv gh whpsv
wuëv frxuwv1 Rq rewlhqw doruv txh �+w, vxlw xqh orl jdxvvlhqqh Q +pW> �

s
W , hw grqf

{+W , @ {3 h{s+pW . �
s
W�, rü � � Q +3> 4,

Gdqv fh fdguh/ lo hvw idfloh gh yrlu frpphqw � yd fdudfwìulvhu oh ulvtxh1 Fhshqgdqw/ fhwwh lqwhusuìwdwlrq
q*hvw yudlh txh gdqv oh fdv rü ohv dffurlvvhphqwv ghv uhqghphqwv vrqw lqgìshqgdqwv/ fh txl d ìwì frqwuhglw
sdu gh qrpeuhxvhv ìwxghv ìfrqrpìwultxhv4 1 Hq rxwuh/ gdqv od uìdolwì/ Q hvw �ql > rq qh shxw grqf sdv
dssoltxhu oh wkìruëph fhqwudo olplwh1 Erxfkdxg hw Srwwhuv ^4<<:` vrxoljqhqw sdu h{hpsoh tx*xq prlv
erxuvlhu fruuhvsrqg ã Q * 653 lqwhuydoohv gh 63 plqxwhv1 Od frqyhujhqfh xwlolvìh gdqv oh wkìruëph fhqwudo
olplwh hvw xqh frqyhujhqfh hq orl +txl q*hvw grqf sdv xqliruph,1 Hooh q*hvw grqf ydodeoh txh gdqv xqh uìjlrq
fhqwuìh dxwrxu gh od pr|hqqh1 Ihoohu ^4<9;` d prqwuì txh píph gdqv oh fdv idyrudeoh rü od orl hvw ��qh�
+wrxv ohv prphqwv h{lvwhqw,/ o*dssur{lpdwlrq q*hvw ydodeoh tx*dxwrxu gh q6@7 ìfduwv0w|shv gh od pr|hqqh1

Fhw dujxphqw hvw dxvvl uhwhqx sdu Erxolhu/ Eudedqw/ Gdodxg hw Glhx ^4<<:` gdqv oh fdguh g*xqh
dssurfkh DSW rü ohv uhqwdelolwìv vrqw gìfulwhv sdu od frpelqdlvrq olqìdluh g*xqh wuhqwdlqh gh idfwhxuv
ìfrqrpltxhv tx*lov vxssrvhqw lqgìshqgdqwv hw gh píph orl1 O*dssur{lpdwlrq qh vhud doruv ydodeoh tx*dx0
wrxu gh 636@7 * 45 ìfduwv0w|shv gh od pr|hqqh1 Ru/ o*ìfduw0w|sh gh od orl qrupdoh uìvxowdqwh hvw

s
63 irlv

soxv judqg txh o*ìfduw0w|sh lqlwldo1 Fhod lpsoltxh txh o*dssur{lpdwlrq q*hvw soxv ydodeoh dx0ghoã gh od
suredelolwì gh <<(1

Fhwwh dssur{lpdwlrq q*hvw grqf sdv ydodeoh srxu ohv txhxhv gh glvwulexwlrq/ oã rü mxvwhpphqw vh vlwxhqw
ohv ulvtxhv ohv soxv lpsruwdqwv1 G*dloohxuv/ gdqv oh fdofxo gh od yduldqfh/ ohv ydohxuv h{wuíphv vrqw vrxyhqw
frqvlgìuìhv frpph dehuudqwhv hw h{foxhv1 F*hvw srxutxrl/ od uìjohphqwdwlrq edqfdluh v*dwwdfkh ã xqh
dxwuh phvxuh gx ulvtxh/ soxv dswh ã frqwu÷ohu ohv ìyëqhphqwv h{wuíphv txl vrqw fhx{ txl irqw shvhu xq
uìho gdqjhu vxu ohv ìwdeolvvhphqwv �qdqflhuv1

4Ohv pdufkìv �qdqflhuv rqw gh od pìprluh1

Od wkìrulh ghv h{wuíphv hw od jhvwlrq ghv ulvtxhv gh pdufkì 8



416 Od ydohxu hq ulvtxh +Ydoxh0dw0Ulvn,

O*rxwlo uhfrppdqgì sdu od Frpplvvlrq Edqfdluh hvw od Ydoxh0dw0Ulvn +Y dU,1 Od Y dU gìvljqh od shuwh
srwhqwlhooh pd{lpdoh vxu xq fhuwdlq krul}rq W hw srxu xq qlyhdx gh suredelolwì �1 Od shuwh S +w, ã odtxhooh
qrxv idlvlrqv uìiìuhqfh hq lqwurgxfwlrq hvw hq idlw od Y dU srxu W @ 43 mrxuv gh wudglqj hw xq qlyhdx �
gh <<(1 Vl rq qrwh SW +C[, od orl gh glvwulexwlrq ghv yduldwlrqv gh ydohxu ghv dfwliv gxudqw od sìulrgh W /
od Y dU� hvw whooh txh

SW +C[ � �Y dU�, @ <<( +4143,

O*lqwhusuìwdwlrq gh fh vhxlo gh frq�dqfh hvw txh od suredelolwì txh od shuwh vrlw vxsìulhxuh ã od shuwh
srwhqwlhooh +Y dU�, hvw gh 4(1 Fhod grlw grqf vh surgxluh wkìrultxhphqw xqh irlv wrxwhv ohv 433 sìulrghv1
Frpph od sìulrgh gh gìwhqwlrq hvw gh 43 mrxuv/ rq d wkìrultxhphqw xq uhwrxu wrxv ohv txdwuh dqv +fdu
433 sìulrghv � 43 mrxuv @ 4333 mrxuv gh wudglqj * 7 dqqìhv fdohqgdluhv,1 Qrwrqv fhshqgdqw txh fhwwh
Y dU� qh suhqg sdv hq frpswh ohv shuwhv fxpxoìhv/ od shuwh wrwdoh srxydqw gìsdvvhu od YdU/ ql ohv shuwhv
pd{lpdohv ã o*lqwìulhxu g*xqh sìulrgh1 Rq qh frqvlgëuh lfl txh od yduldwlrq gx sul{ gxudqw od sìulrgh
^nW> +n . 4,W `1

Wurlv pìwkrghv gh fdofxo vrqw gìyhorssìhv srxu hvwlphu od YdU =

41 Od Y dU sdudpìwultxh +rx dqdo|wltxh, = fhwwh dssurfkh frqvlvwh ã uhsuìvhqwhu oh jdlq dojìeultxh
g*xq sruwhihxlooh frpph frpelqdlvrq olqìdluh gh idfwhxuv jdxvvlhqv1 Vl rq qrwh Y +w, od ydohxu gx
sruwhihxlooh ã o*lqvwdqw w/ rq d

Y +w, @ dAI +w, +4144,

rü I +w, hvw oh yhfwhxu jdxvvlhq ghv idfwhxuv gh orl Q +�>	, hw d oh yhfwhxu gh vhqvlelolwì ã fhv idfwhxuv1
Hq w/ Y +w . 4, hvw grqf xqh yduldeoh doìdwrluh jdxvvlhqqh gh orl Q �

dA�> dA	d
�
= Od ydohxu gh od

Y dU srxu xq vhxlo gh frq�dqfh � fruuhvsrqg doruv ã =

Su +Y +w. 4,� Y +w, � �Y dU�, @ � +4145,

Rq rewlhqw doruv

Y dU� @ ��4 +�,
s
dA	d +4146,

rü ��4 hvw od irqfwlrq gh uìsduwlwlrq lqyhuvh g*xqh orl jdxvvlhqqh1 Qrwrqv ohv k|srwkëvhv wuëv iruwhv
txl rqw ìwì idlwhv srxu uìdolvhu fhwwh hvwlpdwlrq =

+d, o*lqgìshqgdqfh whpsruhooh ghv yduldwlrqv gh od ydohxu gx sruwhihxlooh >

+e, od qrupdolwì ghv idfwhxuv I +w, >

+f, od uhodwlrq olqìdluh hqwuh ohv idfwhxuv hw od ydohxu gx sruwhihxlooh1

51 Od Y dU klvwrultxh = hooh frqvlvwh ã rewhqlu vxu od edvh g*xq klvwrultxh ghv yduldwlrqv gh idfwhxuv
gh ulvtxh ã xq krul}rq gh whpsv grqqì/ xqh glvwulexwlrq ghv yduldwlrqv gh ydohxu gx sruwhihxlooh1
Gh fhwwh glvwulexwlrq/ rq shxw h{wudluh xq txdqwloh txl shuphw gh oluh od Y dU srxu xq vhxlo gh
frq�dqfh grqqì1 Fhwwh pìwkrgh hvw uhodwlyhphqw vlpsoh pdlv suìvhqwh xq ulvtxh gh phvxuh olì dx
fkrl{ gh o*ìfkdqwloorq1 Vl fhoxl0fl hvw wurs frxuw/ rq v*h{srvh ã xq ulvtxh olì dx idlw tx*rq q*dxud sdv
vx!vdpphqw gh grqqìhv srxu hvwlphu fruuhfwhphqw oh txdqwloh ã <<( +od yduldqfh gh o*hvwlpdwhxu
vhud doruv wuëv judqgh,1 Vl/ dx frqwudluh/ rq oh fkrlvlw wurs orqj/ rq frxuw oh ulvtxh txh od glvwulexwlrq
ghv idfwhxuv fkdqjh/ fh txl lqgxlw xq ulvtxh vxu o*hvwlpdwlrq gx txdqwloh1

61 Od YdU Prqwh Fduor = fhwwh pìwkrgh hvw xqh yduldwlrq gh od Y dU klvwrultxh gdqv oh fdv rü vhxoh
od pdwulfh gh yduldqfh0fryduldqfh hvw glvsrqleoh1 Rq jìqëuh doruv sdu xqh vlpxodwlrq gh Prqwh Fduor
ghv vfìqdulrv frpsdwleohv dyhf fhwwh pdwulfh1

Lo hvw lpsruwdqw gh v*lqwhuurjhu pdlqwhqdqw vxu od shuwlqhqfh gh od Y dU frpph phvxuh gx ulvtxh1
Duw}qhu/ Ghoedhq/ Hehu hw Khdwk ^4<<:` rqw prqwuì txh od Y dU q*hvw sdv xqh phvxuh frkìuhqwh gx
ulvtxh fdu hooh qh vdwlvidlw sdv od frqglwlrq gh vrxv0dgglwlylwì1 Srxu fhod/ lov sursrvhqw oh fdv gh ghx{ rswlrqv
gljlwdohv1 Od suhplëuhD/ grqw oh sul{ lqlwldo hvw x/ sdlh 4333 vl od ydohxu gh o*dfwlrq ã od gdwh W hvw vxsìulhxuh
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ã xq fhuwdlq X / ulhq vlqrq1 Od vhfrqgh E/ grqw oh sul{ lqlwldo hvw o/ sdlh 4333 vl od ydohxu gh o*dfwlrq hq W hvw
lqiìulhxuh ã O + O ? X , hw ulhq vlqrq1 Rq fkrlvlw O hw X gh vruwh txh Su+VW ? O, @ Su+VW A X, @ 3=33;=
Revhuyrqv od Ydoxh0dw0Ulvn ã <<( gh 5 wudghuv yhqgdqw uhvshfwlyhphqw xqh rswlrq D hw xqh rswlrq E1
Hoohv vrqw ìylghpphqw qxoohv1 Od Y dU g*xq wudghu yhqgdqw xqh dfwlrq D hw xqh dfwlrq E vhud/ hooh/ gh
43331 Od Y dU q*hvw grqf sdv vrxv0dgglwlyh1 F*hvw xqh frqwudglfwlrq pdmhxuh gh o*xwlolvdwlrq gh od Y dU
frpph phvxuh gh ulvtxh txl frqwuhglw oh sulqflsh gh glyhuvl�fdwlrq1 Rq prqwuhudlw elhq vþu gh od píph
pdqlëuh txh od uìjlrq gh sruwhihxloohv dgplvvleohv q*hvw sdv frqyh{h1

Gdqv oh fdv sduwlfxolhu rü od yduldwlrq gh sul{ g*xq sruwhihxlooh [ vxlw xqh orl qrupdoh/ rq d

Y dU�+[, @ ��4 +�,�+[, +4147,

Ru rq d

� +[ . \ , 9 � +[, . � +\ , +4148,

Gdqv oh fdguh qrupdo/ od Y dU hvw elhq xqh phvxuh frkìuhqwh gh ulvtxh1 Od Y dU qh shxw grqf íwuh
xwlolvìh gh pdqlëuh shuwlqhqwh txh oruvtxh fhwwh dssur{lpdwlrq shxw íwuh h�hfwxìh rx txh oh sruwhihxlooh
hvw olqìdluh +fh txl q*hvw hq sduwlfxolhu sdv oh fdv ghv sruwhihxloohv frpsruwdqw ghv rswlrqv,1

Hq uìvxpì/ qrxv qrwhurqv txh o*xwlolvdwlrq gh od Y dU vxssrvh ã grxeoh wlwuh txh o*rq sxlvvh dssur{lphu
od glvwulexwlrq ghv uhqghphqwv sdu xqh orl qrupdoh =

41 hq wdqw txh phvxuh gh ulvtxh +od YdU q*hvw sdv xqh phvxuh frkìuhqwh gdqv oh fdv jìqìudo, >

51 hw sdu ohv whfkqltxhv g*hvwlpdwlrq +Y dU sdudpìwultxh hw Prqwh Fduor,1

Vl od Y dU suìvhqwh xq lqwìuíw fhuwdlq srxu oh uìjxodwhxu � hooh shuphw gh �{hu xqh qruph srxu wrxv
ohv ìwdeolvvhphqwv edqfdluhv � hooh vhpeoh pdo dgdswìh ã xqh phvxuh g*doorfdwlrq gh irqgv sursuhv
ìfrqrpltxhv sdu ohv ìwdeolvvhphqwv �qdqflhuv1 Srxu fhx{0fl/ o*lqwurgxfwlrq gh od wkìrulh ghv ydohxuv
h{wuíphv yd shuphwwuh gh v*lqwìuhvvhu h�hfwlyhphqw dx{ uìjlrqv gh od glvwulexwlrq gh od ydohxu ixwxuh ghv
dfwliv txl frqvwlwxhqw xq ulvtxh srxu o*ìwdeolvvhphqw/ g*ìoderuhu ghv vfìqdulrv gh fulvh hw gh irxuqlu ghv
lqirupdwlrqv whoohv txh oh whpsv gh uhwrxu rx o*h{shfwhg vkruwidoo1

Od wkìrulh ghv h{wuíphv hw od jhvwlrq ghv ulvtxhv gh pdufkì :
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5
Od wkìrulh xqlydulìh ghv h{wuíphv dssoltxìh dx{
ulvtxhv gh pdufkì

Od jhvwlrq gx ulvtxh hvw xqh jhvwlrq ghv ìyìqhphqwv lqdwwhqgxv/ ghv ìyìqhphqwv uduhv1 Ru dyhf o*xwlol0
vdwlrq gh od glvwulexwlrq jdxvvlhqqh/ fhv ìyìqhphqwv rqw xq fdudfwëuh �suìglfwdeoh� hw ulhq qh vhuw srxu
fhod g*ìwxglhu ohxu iuìtxhqfh +hq h�hw od glvwulexwlrq jdxvvlhqqh hvw hqwlëuhphqw fdudfwìulvìh sdu vhv ghx{
suhplhuv prphqwv hw od iuìtxhqfh gh fhv ìyìqhphqwv uduhv v*hq gìgxlw,1 Qrxv doorqv dlqvl gdqv fh fkd0
slwuh whqwhu g*dssuìkhqghu oh ulvtxh juåfh ã ghv phvxuhv txl grqqhqw ghv lqirupdwlrqv vxu o*rffxuhqfh ghv
ìyìqhphqwv h{wuíphv = qrxv xwlolvhurqv srxu fhod od wkìrulh ghv ydohxuv h{wuíphv +HYW,1

O*dssurfkh pdwkìpdwltxh fodvvltxh srxu prgìolvhu oh ulvtxh vh idlw juåfh ã od wkìrulh ghv suredelolwìv1
Oh ulvtxh hvw xqh yduldeoh doìdwrluh txl yd ghv ìwdwv ixwxuv gx prqgh +hw lpsuìglfwdeohv, gdqv U hw
txl uhsuìvhqwh ohv shuwhv rx ohv sur�wv1 Fhwwh yduldeoh doìdwrluh vxlw xqh fhuwdlqh orl gh suredelolwì txh
o*rq qh frqqdñw sdv gh pdqlëuh h{dfwh +elhq txh o*rq glvsrvh gh grqqìhv klvwrultxhv frqfhuqdqw ohv shuwhv
sdvvìhv hw txl shxyhqw sduwlhoohphqw qrxv uhqvhljqhu vxu fhwwh glvwulexwlrq,1 Rq shxw gluh tx*xq ìyìqhphqw
h{wuíph vxuylhqw oruvtxh oh ulvtxh suhqg vhv ydohxuv dx qlyhdx gh od txhxh gh glvwulexwlrq1

Dlqvl od wkìrulh ghv ydohxuv h{wuíphv txl frqvlvwh ã dqdo|vhu ohv rffxuhqfhv suìvhqwdqw ghv iuìtxhqfhv
wuëv idleohv dssdudñw frpph xq rxwlo sduwlfxolëuhphqw elhq dgdswì srxu qrwuh ìwxgh1 Qrxv h{srvhurqv
gdqv od vhfwlrq vxlydqwh od wkìrulh fodvvltxh ghv h{wuíphv srxu hq gìgxluh ghv lqirupdwlrqv vxu ohv shuwhv
pd{lpdohv1

Gh soxv qrxv xwlolvhurqv od wkìrulh ghv ydohxuv h{wuíphv srxu frpsoìwhu od Y dU hw rewhqlu xqh qrxyhooh
phvxuh gh ulvtxh txl vrlw frkìuhqwh = o*h{shfwhg vkruwidoo1 Hq h�hw/ frpph qrxv o*dyrqv yx suìfìghpphqw/
od Y dU shxw íwuh fulwltxì vxu ghx{ srlqwv1 Wrxw g*derug/ od Y dU q*hvw sdv vrxv0dgglwlyh1 Hq�q hooh
qh grqqh dxfxqh lqirupdwlrq vxu o*dpsohxu ghv shuwhv oruvtxh fhoohv0fl gìsdvvhqw od Y dU1 Ghv dxwhxuv
sursrvhqw o*xwlolvdwlrq gh o*h{shfwhg vkruwidoo dx olhx gh od Y dU1 O*h{shfwhg vkruwidoo uhsuìvhqwh hq idlw od
shuwh pr|hqqh dx ghoã gh od Y dU1 Od wurlvlëph vhfwlrq vhud suìflvìphqw frqvdfuìh ã o*ìoderudwlrq gh fhwwh
phvxuh gh ulvtxh hq xwlolvdqw xq jurxsh gh prgëohv vsìfl�txhv dsshoìv �shdnv0ryhu0wkuhvkrog prghov� rx
�SRW prghov�1 Fhv prgìohv wlhqqhqw frpswh gh wrxwhv ohv revhuydwlrqv txl vrqw soxv judqghv tx*xq
fhuwdlq vhxlo hw irqw lqwhuyhqlu od glvwulexwlrq gh Sduhwr jìqìudolvìh +JSG,1

514 Suìvhqwdwlrq gh od wkìrulh fodvvltxh ghv h{wuíphv

51414 Oh fdguh g*dqdo|vh

Vxssrvrqv grqqìhv q yduldeohv doìdwrluhv +yd, [4> ===> [q llg gh irqfwlrq gh uìsduwlwlrq I gì�qlh sdu

I+{, @ Su+[ � {, +514,



Xqh pdqlëuh vlpsoh g*ìwxglhu oh �frpsruwhphqw� ghv ìyìqhphqwv h{wuíphv hvw gh frqvlgìuhu od yduldeoh
doìdwrluh

Pq @ pd{ i[4> = = = >[qj +515,

Srxu qrwuh ìwxgh/ Pq uhsuìvhqwh od soxv judqgh shuwh revhuyìh vxu ohv q shuwhv revhuyìhv [4> ===> [q +
qrxv dgrswhurqv od frqyhqwlrq txh od shuwh hvw xq qrpeuh srvlwli,1 Frpph ohv yd vrqw llg rq rewlhqw
idflohphqw

Su iPq � {j @ Su i[4 � {> = = = >[q � {j
@ ^I+{,`q +516,

Od gl!fxowì surylhqw gx idlw txh o*rq qh frqqdlw sdv hq jìqìudo od irqfwlrq gh uìsduwlwlrq I= F*hvw od
udlvrq srxu odtxhooh rq v*lqwìuhvvh dx frpsruwhphqw dv|pswrwltxh gh od yd Pq= Dlqvl hq h{kledqw od
idplooh gh orl yhuv odtxhooh Pq yd frqyhujhu/ rq srxuud uhpsodfhu I sdu fhwwh ghuqlëuh srxu ghv judqghv
ydohxuv gh q1

51415 Oh wkìruëph olplwh gh Ilvkhu0Wlsshw

Dydqw g*ìqrqfhu oh sulqflsdo wkìruëph gh fhwwh vhfwlrq/ gì�qlvvrqv ghv fodvvhv g*ìtxlydohqfhv vxu o*hq0
vhpeoh ghv irqfwlrqv gh uìsduwlwlrq +vxu ohv glvwulexwlrqv gh suredelolwì,1

Gì�qlwlrq 4 Ohv glvwulexwlrqv I hw I� vrqw glwhv gh píph w|sh vl

<d> e 5 U>;{ 5 U> I� +d{. e, @ I +{, +517,

Qrxv srxyrqv ã suìvhqw ìqrqfhu oh wkìruëph gh Ilvkhu0Wlsshw txl shuphw gh fdudfwìulvhu od orl gh glvwul0
exwlrq ghv h{wuíphv =

Wkìruëph 4 V*lo h{lvwh ghv frqvwdqwhv dq A 3 hw eq whoohv txh

olp
q$4

Su

�
Pq � eq

dq
� {

�
@ J +{, +518,

srxu xqh irqfwlrq gh glvwulexwlrq J qrq gìjìqìuìh/ doruv J dssduwlhqw ã o*xq ghv wurlv w|shv vxlydqwv

W|sh L = Jxpeho
J+{, @ h{s +�h�{, { 5 U

W|sh LL = Iuhfkhw
J+{, @ 3 vl { � 3
J+{, @ h{s +�{��, vl { A 3> � A 3

W|sh LLL = Zhlexoo

J +{, @ h{s+� +�{,��, vl { � 3> � A 3
J +{, @ 4 vl { A 3

Qrxv dyrqv uhsuìvhqwì ohv judskltxhv ghv irqfwlrqv J gdqv oh fdv g*xqh Jxpeho hw g*xqh Iuìfkhw vxu
od �jxuh +514,1 Qrxv uhpdutxrqv txh oh judskltxh gh od irqfwlrq gh ghqvlwì gh Iuìfkhw hvw wrxmrxuv hq
ghvvrxv gh fhoxl gh od Jxpeho1 Gh soxv rq uhpdutxh txh soxv oh idfwhxu � edlvvh +gdqv oh fdv gh od irqfwlrq
gh ghqvlwì gh Iuìfkhw,/ soxv od glvwulexwlrq hvw ã txhxh ìsdlvvh = rq uhwurxyh oã oh idlw txh oh idfwhxu 4

� hvw
xq lqglfh gh txhxh gh glvwulexwlrq1

H{hpsoh 4 Vxssrvrqv txh I vrlw xqh glvwulexwlrq h{srqhqwlhooh gh sdudpëwuh 4> f*hvw0ã0gluh

I +{, @ 4� h{s +�{, +519,

Doruv

I+{,q @
�
4� h�{

�q
+51:,
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Judskltxh 5141 Glvwulexwlrqv gh Jxpeho hw Iuìfkhw

Dlqvl

+I+{. oq+q,,q @
�
4� h�{�oq+q,

�q
�$ q$4 h{s

��h�{
�

+51;,

Suhqrqv dq @ 4 hw eq @ oq+q,1 +Pq � eq,@dq whqg dv|pswrwltxhphqw yhuv xqh glvwulexwlrq gh Jxpeho1
Rq d looxvwuì fhwwh frqyhujhqfh vxu od �jxuh +515,1 Rq uhpdutxh txh srxu q @ 83/ od glvwulexwlrq gh
+Pq � eq,@dq hvw sudwltxhphqw frqirqgxh dyhf od glvwulexwlrq gh Jxpeho1 Vxu fhw h{hpsoh/ qrxv dyrqv
grqf xqh frqyhujhqfh wuëv udslgh1 Wrxwhirlv fhod q*hvw sdv wrxmrxuv oh fdv1

Hq jìqìudo/ rq dssoltxh oh wkìruëph suìfìghqw frpph vxlw = rq frqvlgëuh q vx!vdpphqw judqg hw �{ì >
rq idlw doruv o*dssur{lpdwlrq vxlydqwh

Su

�
Pq � e

d
� {

�
� J+{, +51<,

srxu xq fhuwdlq d A 3 hw xq fhuwdlq e1 Gh pdqlëuh ìtxlydohqwh/ fhod v*ìfulw

Su iPq � {j � J+
{� e

d
, @ J�+{, +5143,

Hq idlw qrxv srxyrqv fdudfwìulvhu ohv wurlv w|shv gh glvwulexwlrq suìfìghqwhv sdu xqh glvwulexwlrq xqltxh

J+{, @ h{s

+
�
�
4 . �

�
{� �

�

���4
�

,
+5144,

gì�ql vxu oh vxssruw � @
�
{ = 4 . �

�
{��
�

�
A 3

�
1 Fhwwh irqfwlrq gh glvwulexwlrq fruuhvsrqg ã od orl gh

suredelolwì gh Yrq Plvhv/ pdlv hooh hvw soxv frqqxh vrxv oh qrp gh �Jhqhudol}hg H{wuhph Ydoxh
glvwulexwlrq� +JHY,1 Qrxv dyrqv doruv ohv fruuhvsrqgdqfhv vxlydqwhv =

Iuhfkhw � @ ��4 A 3

Zhlexoo � @ ���4 ? 3

Jxpeho � $ 3
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Judskltxh 5151 Frqyhujhqfh gh od glvwulexwlrq h{srqhqwlhooh yhuv od Jxpeho

Uhpdutxrqv txh ohv sdudpëwuhv � hw � vrqw hq idlw ohv olplwhv gh eQ hw dQ =

D wlwuh g*looxvwudwlrq/ yr|rqv txhotxhv h{hpsohv gh glvwulexwlrqJHY1 Srxu fhod qrxv srxyrqv prqwuhu
idflohphqw txh od irqfwlrq gh ghqvlwì fruuhvsrqgdqwh hvw

j+{, @
4

�

�
4 . �

�
{� �

�

��� 4.�
�

h{s

+
�
�
4 . �

�
{� �

�

���4
�

,
+5145,

Rq uhpdutxh xqh wudqvodwlrq ghv irqfwlrqv gh ghqvlwì oruvtxh � ydulh1 � hvw grqf xq sdudpëwuh gh
orfdolvdwlrq1 � mrxh oh u÷oh g*xqh yduldqfh/ f*hvw srxutxrl qrxv oh frqvlgìurqv frpph xq sdudpëwuh gh
glvshuvlrq1 Hq�q oh sdudpëwuh � hvw olì dx fdudfwëuh ohswrnxuwltxh gh od irqfwlrq gh glvwulexwlrq I=
F*hvw srxutxrl rq oxl grqqh jìqìudohphqw oh qrp g*lqglfh gh txhxh rx g*lqglfh gh ydohxu h{wuíph +yrlu
Krhxqj/ Ulerxohw hw Urqfdool ^4<<<`,1

Xq h{hpsoh g*dssolfdwlrq fodvvltxh gh fh prgëoh hvw o*hvwlpdwlrq ghv txdqwlohv g*h{wuíph/ f*hvw0ã0gluh
o*hvwlpdwlrq gh {s gì�ql sdu

J+{s, @ 4� s +5146,

dyhf s xq qrpeuh uìho surfkh gh 4 +fhod vljql�h txh vxu xqh sìulrgh fruuhvsrqgdqw dx{ q revhuydwlrqv/
od shuwh vhud soxv shwlwh txh {s dyhf xqh suredelolwì gh 4� s ,1 Lo vx!w srxu fhod g*lqyhuvhu od irqfwlrq
J srxu rewhqlu

{s @ �� �

�

k
4� +� oq +4� s,,��

l
+5147,

Fh txdqwloh hvw grqf lq xhqfì sdu ohv ghx{ sdudpëwuhv � hw �= D wlwuh g*looxvwudwlrq/ od �jxuh +516, suìvhqwh
gl�ìuhqwhv frxuehv gh txdqwlohv hq irqfwlrq gh �= Lqwxlwlyhphqw/ qrxv frpsuhqrqv txh soxv od glvwulexwlrq
I srvvëgh gh od yduldqfh hw soxv hooh hvw ohswrnxuwltxh/ soxv fh txdqwloh vhud ìohyì1 Vl � hvw qìjdwli/ ohv
txdqwlohv vrqw vxsìulhxuhphqw olplwìv1

Qrxv srxyrqv ìjdohphqw fdofxohu ã sduwlu ghv uìvxowdwv suìfìghqwv o*hvsìudqfh gx sluh/ f*hvw0ã0gluh
H ^Pq` sdu ghv whfkqltxhv g*lqwìjudwlrq qxpìultxh gh w|sh Jdxvv0Ohjhqguh rx Jdxvv0Khuplwh1 Qrxv
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Judskltxh 5161 Txdqwlohv gh od glvwulexwlrq JHY

srxyrqv ìjdohphqw fdofxohu ghv judqghxuv whoohv txh oh prgh gx sluh rx ohv whpsv gh uhwrxu1 Wrxwhv fhv
judqghxuv vrqw dxwdqw g*ìoìphqwv xwlohv srxu od jhvwlrq gx ulvtxh1 Pdlv qrwrqv wrxwhirlv tx*hq sudwltxh
qrxv qh frqqdlvvrqv sdv ohv sdudpëwuhv �/ � hw � > lo idxw grqf ohv hvwlphu ã sduwlu ghv grqqìhv hw ohv
uhpsodfhu sdu ohxuv hvwlpdwlrqv1

51416 Hvwlpdwlrq ghv sdudpëwuhv gh od glvwulexwlrq JHY
Vxssrvrqv txh qrxv d|rqv gìmã revhuyì xqh vxlwh gh n pd{lpd Pq>4> ===>Pq>n hw rq vxssrvh txh oh

qrpeuh g*revhuydwlrqv q hvw vx!vdpphqw judqg srxu txh o*dssur{lpdwlrq sdu xqh JHY vrlw ydodeoh1
Oh sureoëph hvw doruv g*hvwlphu ohv sdudpëwuhv +�> �> �,= Lo h{lvwh soxvlhxuv pìwkrghv srxu hvwlphu ohv
sdudpëwuhv gh od glvwulexwlrqJHY1 Qrxv srxyrqv sdu h{hpsoh flwhu ohv pìwkrghv g*hvwlpdwlrq gh o*lqglfh
gh txhxh/ od pìwkrgh ghv prphqwv rx hqfruh ohv pìwkrghv gh vhxlo +edvìh sdu h{hpsoh vxu od glvwulexwlrq
gh Sduhwr jìqìudolvìh,1 Pdlv fhooh txl uhvwh od soxv srsxodluh hw txl vrxv fhuwdlqhv frqglwlrqv4 hvw od soxv
h!fdfh hvw od pìwkrgh gx pd{lpxp gh yudlvhpeodqfh1

Vrlw � oh yhfwhxu gh sdudpëwuhv1 Qrxv dyrqv

� @

57 �
�
�

68 +5148,

Qrxv frqvlgìurqv xq ìfkdqwloorq gh grqqìhv i[wj gh glphqvlrq W @ nq dyhf n 5 Q1 Qrxv glylvrq fhw
ìfkdqwloorq hq q eorfv hw qrxv gì�qlvvrqv ".q gh od idêrq vxlydqwh

".t @ pd{
��

[4.t+w�4,> w @ 4> ===> n
��

+5149,

O*h{suhvvlrq gh od yudlvhpeodqfh gh o*revhuydwlrq hvw grqf

O
�
".t > �

�
@

4

�

�
4 . �

�
".t � �

�

���4.�
�

h{s

;?=�
�
4 . �

�
".t � �

�

���4
�

<@> +514:,

4Od pìwkrgh gh pd{lpxp gh yudlvhpeodqfh hvw ydodeoh srxu 1 : 3f�D� Gh soxv ohv grqqìhv hpslultxhv hq �qdqfh rx
dvvxudqfh prqwuhqw txh o*rq d jìqìudohphqw 1 : f�
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Qrxv hq gìgxlvrqv o*h{suhvvlrq vxlydqwh srxu od orj0yudlvhpeodqfh

c
�
".t > �
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@ � oq� �

�
4 . �
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�
oq

�
4 . �
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".t � �
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4 . �
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���4
�

+514;,

O*hvwlpdwhxu gx pd{lpxp gh yudlvhpeodqfh fruuhvsrqg doruv ã

e�PO @ dujpd{
�5�

Q[
t@4

c
�
".t > �

�
+514<,

dyhf � o*hvsdfh ghv sdudpëwuhv1

Krhxqj/ Ulerxohw hw Urqfdool ^4<<<` rqw vlpxoì soxvlhxuv vìulhv gh grqqìhv gh orl J+6> 5> 45, gh
orqjxhxu 43331 Srxu fkdfxqh ghv vìulhv/ lov hvwlphqw ohv sdudpëwuhv gh od glvwulexwlrq JHY hq suhqdqw
uhvshfwlyhphqw ohv flqtxdqwh/ fhqw hw flqt fhqwv suhplëuhv revhuydwlrqv/ dlqvl txh o*ìfkdqwloorq hqwlhu1 Lov
uhpdutxhqw txh o*dgìtxdwlrq ghv irqfwlrqv gh ghqvlwì hvwlpìhv ã od yudlh orl hvw phloohxuh oruvtxh o*rq
glvsrvh gh soxv gh grqqìhv1 Fhod shxw srvhu ghv sureoëphv lpsruwdqwv srxu o*dssolfdwlrq gh od wkìrulh
ghv h{wuíphv ã od phvxuh gx ulvtxh/ sxlvtx*hooh qìfhvvlwh xq ìfkdqwloorq gh orqjxhxu dvvh} lpsruwdqwh
srxu rewhqlu ghv erqqhv hvwlpdwlrqv1 Hq h�hw/ ohv shuwhv srwhqwlhoohv yrqw íwuh fdofxoìhv frpph srxu ohv
pìwkrghv YdU klvwrultxh hw Prqwh Fduor1 Od gl�ìuhqfh surylhqw gx idlw tx*rq qh fdofxoh sdv gluhfwhphqw oh
txdqwloh/ pdlv tx*rq hvwlph od glvwulexwlrq ã sduwlu ghv pd{lpd1 Sdu h{hpsoh/ vl qrxv dyrqv xq klvwrultxh
gh 583 mrxuv hw txh qrxv frqvlgìurqv ghv eorfv gh 58 mrxuv gh wudglqj srxu gì�qlu ".t / o*hvwlpdwlrq sruwhud
vxu xq ìfkdqwloorq gh 43 h{wuhpd1 Qrxv qh srxyrqv grqf dssoltxhu od wkìrulh ghv h{wuíphv txh
gdqv oh fdguh g*xq v|vwëph shuirupdqw gh jhvwlrq gh edvhv gh grqqìhv txl d ìwì plv hq
sodfh uhodwlyhphqw w÷w d�q gh glvsrvhu g*klvwrultxhv dvvh} orqjv1

F*hvw srxutxrl qrxv doorqv gìyhorsshu gdqv od vhfwlrq vxlydqwh xqh dxwuh dssurfkh irqgìh ìjdohphqw
vxu od wkìrulh ghv h{wuíphv hw txl xwlolvh ohv �shdnv0ryhu0wkuhvkrog prghov� rx pìwkrghv gh vhxlo1 Fhwwh
pìwkrgh dxud o*dydqwdjh g*xwlolvhu soxv gh grqqìhv +suìflvìphqw fhoohv txl gìsdvvhqw xq fhuwdlq vhxlo
vx!vdpphqw ìohyì,1

515 Xqh phvxuh gh ulvtxh frkìuhqwh +rx ch{shfwhg vkruwidoo*,

51514 Phvxuhv gh ulvtxhv h{wuíphv hw glvwulexwlrq gh Sduhwr jìqìudolvìh

Udsshorqv txh pdwkìpdwltxhphqw ohv phvxuhv gh ulvtxhv h{wuíphv vrqw grqqìhv juåfh ã od irqfwlrq gh
glvwulexwlrq gh shuwh I= Vl t 5 U/ od ydohxu hq ulvtxh hvw oh t0lëph txdqwloh gh od glvwulexwlrq I

Y dUt @ I�4+t, +5153,

rü I�4 hvw od irqfwlrq uìflsurtxh gh I5 1 Rq gì�qlw ìjdohphqw o*h{shfwhg vkruwidoo rx HV txl yd phvxuhu
od wdlooh pr|hqqh ghv shuwhv vdfkdqw txh fhoohv0fl gìsdvvhqw od YdU

HVt @ H ^[ m [ A Y dUt` +5155,

Fhwwh phvxuh gh ulvtxh hvw xqh phvxuh frkìuhqwh1 Gh soxv/ qrxv phqwlrqrqv gh qrxyhdx od Y dU srxu
ghx{ udlvrqv hvvhqwlhoohphqw = wrxw g*derug sdufh txh o*rq yd rewhqlu xqh qrxyhooh pìwkrgh srxu fdofxohu
od Y dU ã sduwlu gh od wkìrulh ghv h{wuíphv +juåfh ã od glvwulexwlrq gh Sduhwr jìqìudolvìh rx JSG,/ hw
sxlv hq�q sdufh tx*hooh yd qrxv íwuh xwloh srxu oh fdofxo gh o*HV=

Frpph od glvwulexwlrq I hooh0píph/ fhv ghx{ ghuqlëuhv phvxuhv uhsuìvhqwhqw ghv txdqwlwìv wkìrultxhv
txh o*rq qh frqqdlw sdv hw tx*lo qrxv idxgud hvwlphu1 Qrxv grqqhurqv gdqv ohv vhfwlrqv vxlydqwhv ghv pì0
wkrghv �vlpsohv� srxu hvwlphu fhv txdqwlwìv1 Pdlv dydqw fhod/ qrxv suìvhqwhurqv od glvwulexwlrq gh Sduhwr

5Gdqv oh fdv rü 6 q*hvw sdv lqyhuvleoh/rq gì�qlw o*lqyhuvh jìqìudolvìh frpph vxlw

6
{E^� ' �?u t% M Uc 8 E%� D R� +5154,

hw rq idlw ohv píphv udlvrqqhphqwv dyhf 6{�
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jìqìudolvìh rx JSG +Jhqhudol}hg Sduhwr Glvwulexwlrq, txl dxud srxu qrwuh ìwxgh od píph lpsruwdqfh
txh od glvwulexwlrq jdxvvlhqqh srxu oh fdofxo gh od YdU sdu od pìwkrgh dqdo|wltxh1

Od JSG +Glvwulexwlrq gh Sduhwr Jìqìudolvìh, hvw xqh glvwulexwlrq ã ghx{ sdudpëwuhv gh irqfwlrq gh
glvwulexwlrq

J�>�+{, @ 4� +4 .
�{

�
,
�4
� vl � 9@ 3 +5156,

hw

J�>�+{, @ 4� h{s+
�{

�
, vl � @ 3 +5157,

dyhf � A 3> { � 3 txdqg � � 3 hw 3 � { � ��@� txdqg � ? 31 Oh sdudpëwuh � hvw olì dx fdudfwëuh
ohswrnxuwltxh gh od irqfwlrq gh glvwulexwlrq hw � hvw xq sdudpëwuh g*ìfkhooh1 Oh fdv � A 3 hvw oh soxv
lqwìuhvvdqw gdqv ohv prgëohv gh jhvwlrq gh ulvtxh fdu od JSG hvw ã txhxh ìsdlvvh1 Doruv txh od orl
qrupdoh d ghv prphqwv gh wrxw ruguh/ xqh glvwulexwlrq ã txhxh ìsdlvvh srvvëgh ghv prphqwv g*ruguh
lq�ql1 Sdu h{hpsoh/ gdqv oh fdv gh od JSG dyhf � A 3 rq d =

H
�
[n

�
@ .4 srxu n � 4

�
+5158,

Txdqg � @ 4@5/ od JSG q*d sdv gh yduldqfh > txdqg � @ 4@7/ od JSG d xq prphqw g*ruguh 7 lq�ql1

51515 Hvwlpdwlrq gh od irqfwlrq gh glvwulexwlrq ghv h{fëv

Od irqfwlrq gh glvwulexwlrq ghv h{fëv gh shuwh sdu udssruw ã xq vhxlo ìohyì x hvw gì�qlh sdu

Ix+|, @ Su i[ � x � | m [ A xj +5159,

srxu 3 � | ? {3 � x

dyhf {3 @ vxs i{ 5 U = I+{, ? 4j
Uhpdutxh 4 Rq d jìqìudohphqw {3 @ .41

Od irqfwlrq gh glvwulexwlrq ghv h{fëv uhsuìvhqwh od suredelolwì tx*xqh fhuwdlqh shuwh gìsdvvh oh vhxlo x
g*dx soxv xqh txdqwlwì |> vdfkdqw tx*hooh gìsdvvh x= Uhpdutxrqv txh o*rq shxw ìfuluh fhwwh irqfwlrq gh
glvwulexwlrq vrxv od iruph

Ix+|, @
I+| . x,�I+x,

4�I+x,
+515:,

Rq vxssrvhud/ frpph oh vxjjëuh od uhpdutxh suìfìghqw/ txh {3 @ .4 srxu I gdqv fh txl vxlw1

Rq yd ã suìvhqw ìqrqfhu xq wkìruëph olplwh txl yd íwuh oh uìvxowdw wkìrultxh fhqwudo gh qrwuh ìwxgh1
Rq yd yrorqwdluhphqw o*ìqrqfhu vrxv ghx{ iruphv = o*xqh lpsuìflvh pdlv txl grqqh xqh lgìh lqwxlwlyh
gx frqwhqx gx wkìruëph dlqvl txh gh o*xwlolvdwlrq txl hq vhud idlwh > o*dxwuh uljrxuhxvh dyhf wrxwhv ohv
k|srwkëvhv1

Wkìruëph 5 Srxu xqh �judqgh fodvvh� gh irqfwlrqv gh glvwulexwlrq rq shxw wurxyhu �+x, srvlwli who txh

olp
x${3

vxs
3�|?{3�x

��Ix+|,�J�>�+x,+|,
�� @ 3 +515;,

Fh wkìruëph vljql�h txh srxu xqh �judqgh fodvvh� gh irqfwlrqv gh glvwulexwlrqv I> txdqg oh vhxlo x
dxjphqwh/ od irqfwlrq gh glvwulexwlrq ghv h{fëv frqyhujh yhuv xqh JSG1 Rq shxw gluh txh od �judqgh
fodvvh� gh irqfwlrqv gh glvwulexwlrqv frqwlhqw wrxwhv ohv irqfwlrqv gh glvwulexwlrqv frqwlqxhv fodvvltxh ghv
vwdwlvwltxhv hw gh o*dfwxduldw +qrupdoh/ orjqrupdoh/ "5/ Vwxghqw/ Ilvkhu/ jdppd/ h{srqhqwlhooh/ xqliruph/
ehwd/ hwf1,1

G*dsuëv oh wkìruëph fl0ghvvxv/ od pdqlëuh od soxv qdwxuhooh gh prgìolvhu od irqfwlrq gh glvwulexwlrq ghv
h{fëv dx ghoã gh vhxlov vx!vdpphqw ìohyìv hvw o*xwlolvdwlrq gh od JSG1 Fhod vljql�h txh srxu xq fhuwdlq
x vx!vdpphqw judqg/ rq shxw srvhu

Ix+|, @ J�>�+|, +515<,
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srxu xq fhuwdlq � hw �= Lo vx!w doruv g*hvwlphu ohv sdudpëwuhv � hw � sdu od pìwkrgh gh pd{lpxp gh
yudlvhpeodqfh1

Dydqw gh gìwdloohu od gìpdufkh ã vxlyuh srxu hvwlphu ohv gl�ìuhqwv sdudpëwuhv gx prgëoh/ grqqrqv
xq ìqrqfì soxv suìflv gx wkìruëph suìfìghqw1 Srxu fhod/ qrxv dxurqv ehvrlq gh qrxyhoohv gì�qlwrqv hw
qrwdwlrqv1 Rq qrwh

K�>�>�+{, @ h{s
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,
+5163,

vxu � @
�
{ = 4 . �

�
{��
�

�
A 3

�
hw

K�>3>4 @ K� +5164,

Gì�qlwlrq 5 Vl I yìul�h ohv k|srwkëvhv gx wkìruëph +4, srxu xqh fhuwdlqh irqfwlrq gh glvwulexwlrq J
txh o*rq shxw uhsuìvhqwhu ã o*dlgh gh K�>�>�/ doruv rq glw txh I 5 PGD+K�>�>�, +PGD srxu �pd{lpxp
grpdlq ri dwwudfwlrq�,1

Wkìruëph 6 Vrlw I xqh irqfwlrq gh glvwulexwlrq hw Ix vd irqfwlrq gh glvwulexwlrq ghv h{fëv dvvrflìh1
Doruv/ srxu � 5 U> I 5 PGD+K�, vl hw vhxohphqw vl lo h{lvwh xqh irqfwlrq srvlwlyh phvxudeoh �+x, whooh
txh

olp
x${3

vxs
3�|?{3�x

��Ix+|,�J�>�+x,+|,
�� @ 3 +5165,

51516 Hvwlpdwlrq ghv sdudpëwuhv gh od glvwulexwlrq JSG
Od gìwhuplqdwlrq gh x hvw dvvh} gìolfdwh1 x grlw íwuh fkrlvl vx!vdpphqw judqg srxu txh o*rq sxlvvh

dssoltxhu oh wkìruëph suìfìghqw dyhf xqh erqqh dssur{lpdwlrq pdlv x qh grlw sdv íwuh wurs judqg fdu
lo idxw vx!vdpphqw gh grqqìhv srxu dyrlu ghv hvwlpdwhxuv gh erqqh txdolwì1 Lo h{lvwh ghv whfkqltxhv
h!fdfhv srxu ìydoxhu x = qrxv xwlolvhurqv fhooh txl hvw od soxv xwlolvìh hw txl hvw hq idlw xqh whfkqltxh
judskltxh1 Srxu fhod qrxv dxurqv ehvrlq g*xqh qrxyhooh gì�qlwlrq1

Gì�qlwlrq 6 Rq dsshooh irqfwlrq g*h{fëv hq pr|hqqh +�phdq h{fhvv ixqfwlrq�, od irqfwlrq h+x, gì�qlh
sdu

h+x, @ H ^[ � x m { A x` srxu x � 3 +5166,

Xq hvwlpdwhxu hpslultxh gh fhwwh irqfwlrq hq vwdwlvwltxh hvw grqqì sdu

hq+x, @

Sq
l@4+[l � x,.Sq
l@4 Li[lAxj

+5167,

Hq rxwuh/ rq prqwuh idflohphqw txh srxu od JSG rq d

h+x, @ H ^[ � x m { A x` @
� . �x

4� �
+5168,

srxuyx txh � ? 4 +fh txl hvw vrxyhqw oh fdv dyhf ohv grqqìhv grqw rq glvsrvh hq �qdqfh rx hq dvvxudqfh,1
Dlqvl h+x, hvw xqh irqfwlrq olqìdluh hq x1 Grqf ìwdqw grqqìhv ohv revhuydwlrqv gh shuwh [4> ===> [q rq wudfh
judskltxhphqw hq+x, hq irqfwlrq gh x= Rq uhsëuh doruv ohv ydohxuv gh x ã sduwlu ghvtxhoohv oh judskltxh
hvw suhvtxh olqìdluh1 Oruvtxh x hvw gìwhuplqì/ rq frpswh oh qrpeuh gh shuwhv Qx txl gìsdvvhqw x vxu
ohv q shuwhv revhuyìhv1 Rq xwlolvh doruv xqh pìwkrgh gh pd{lpxp gh yudlvhpeodqfh srxu gìwhuplqhu ohv
hvwlpdwhxuv gh � hw �=

Oh exw hvw lfl g*rewhqlu xqh hvwlpdwlrq gh I+{, srxu { @ x. | dyhf x xq vhxlo vx!vdpphqw ìohyì hw
| � 3= Hq frpelqdqw +515:, hw +515<, rq shxw ìfuluh

I+{, @ +4�I+x,,J�>�+{� x, .I+x, +5169,

dyhf { @ x. | +516:,
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Rq yhxw xwlolvhu fhwwh ghuqlëuh irupxoh srxu grqqhu xqh hvwlpdwlrq gh od txhxh gh glvwulexwlrq1 Rq d
grqf ehvrlq g*xq hvwlpdwhxu gh I+x,1 Srxu hvwlphu I+x,> rq xwlolvh o*hvwlpdwhxu klvwrultxh q�4 +q�Qx,1
Rq q*xwlolvh sdv fhw hvwlpdwhxu srxu I+{, fdu lo hvw pdxydlv dx qlyhdx ghv txhxhv gh glvwulexwlrq rü ohv
grqqìhv vrqw wurs glvshuvìhv1 Hq uhydqfkh/ rq fkrlvlw x srxu tx*lo | dlw vx!vdpphqw gh grqqìhv dx0ghvvxv
gh x/ gh vruwh txh fhw hvwlpdwhxu hvw vdwlvidlvdqw1 Hq uhpsodêdqw gdqv +5169, ohv gl�ìuhqwv sdudpëwuhv sdu
ohxuv hvwlpdwhxuv rq rewlhqw xqh hvwlpdwlrq gh od txhxh gh glvwulexwlrq

eI +{, @ 4� Qx

q

�
4 . e� {� xe�

��4
e�

+516;,

Uhpdutxrqv txh fhw hvwlpdwhxu hvw ydodeoh srxu { A x= Fhw hvwlpdwhxu shxw íwuh yx frpph xq
hvwlpdwhxu klvwrultxh dpìolruì sdu od wkìrulh ghv h{wuíphv1

51517 Hvwlpdwhxuv gh od T @- hw gh o*h{shfwhg vkruwidoo

Sdu gì�qlwlrq gh od YdU/ hw srxu xqh suredelolwì t A I+x,/ xq hvwlpdwhxu gh od Y dU hvw rewhqx hq
lqyhuvdqw o*hvwlpdwhxu gh od txhxh gh glvwulexwlrq +516;, =

Ŷ dUt @ x.
e�e�
#�

q

Qx
+4� t,

��e�
� 4

$
+516<,

O*h{shfwhg vkruwidoo hvw uholì ã od Y dU sdu od irupxoh

HVt @ Y dUt . H ^[ � Y dUt m [ A Y dUt` +5173,

Qrwuh prgëoh srxu od irqfwlrq gh glvwulexwlrq ghv h{fëv dx ghoã gx vhxlo x srvvëgh xqh mrolh sursulìwì
gh vwdelolwì1 Hq h�hw/ srxu q*lpsruwh txho vhxlo soxv judqg txh x/ who txh Y dUt srxu t A I+x,> doruv
od irqfwlrq gh glvwulexwlrq ghv h{fëv dx ghoã gh fh vhxlo soxv ìohyì hvw hqfruh xqh JSG dyhf oh píph
sdudpëwuh � pdlv gh sdudpëwuh g*ìfkhooh gl�ìuhqw1 Rq prqwuh idflohphqw txh

IY dUt
+|, @ J�>�.�+Y dUt�x,+|, +5174,

O*lqwìuíw gh od irupxoh +5174, surylhqw gx idlw tx*rq d xqh h{suhvvlrq vlpsoh hw h{solflwh gh od glvwulexwlrq
ghv h{fëv dx ghoã gh od YdU1 Hq uhpdutxdqw txh od pr|hqqh gh od glvwulexwlrq grqqìh gdqv +5174, hvw

� . �+Y dUt � x,

4� �
+5175,

rq shxw fdofxohu o*h{shfwhg vkruwidoo1 Rq wurxyh

HVt
Y dUt

@
4

4� �
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+4� �,Y dUt
+5176,

Frqvlgìurqv fh udwlr gdqv oh fdv rü {3 @ 4= Gdqv fh fdv fh udwlr hvw hq judqgh sduwlh gìwhuplqì sdu oh
suhplhu whuph +4� �,�41 Hq h�hw/ oh vhfrqg whuph ghylhqw qìjoljhdeoh txdqg t hvw gh soxv hq soxv surfkh
gh 4= Fhwwh revhuydwlrq vxu oh frpsruwhphqw dv|pswrwltxh phw hq ìylghqfh o*lpsruwdqfh gx sdudpëwuh
�= Lo gìwhuplqh frpphqw qrv ghx{ phvxuhv gh ulvtxh gl�ëuhqw gdqv ohv uìjlrqv h{wuíphv gh od glvwulexwlrq
ghv shuwhv1 Hq uhpsodêdqw gdqv +5176, ohv gl�ìuhqwv sdudpëwuhv sdu ohxuv hvwlpdwhxuv rq rewlhqw frpph
hvwlpdwhxu gh o*h{shfwhg vkruwidoo

fHVt @ Ŷ dUt . e� � e�x
4� e� +5177,

516 Dssolfdwlrqv �qdqflëuhv

51614 Ghvfulswlrq gh od edvh gh grqqìhv OPH

Qrxv xwlolvrqv gdqv fhwwh vhfwlrq ohv edvhv gh grqqìhv gx Orqgrq Phwdo H{fkdqjh6 1 Qrxv qrxv lqwì0
uhvvrqv soxv sduwlfxolëuhphqw dx frxuv +vsrw, gh o*Doxplqlxp +DO,/ gx Fxlyuh +FX, dlqvl tx*dx frxuv ã

6Qrxv lqylwrqv oh ohfwhxu ã frqvxowhu oh vlwh zhe gx OPH +kwws =22zzz1oph1fr1xn, srxu rewhqlu gh soxv dpsoh lqirupdwlrqv
vxu od edvh gh grqqìhv rx srxu uhidluh ohv fdofxov1

Od wkìrulh ghv h{wuíphv hw od jhvwlrq ghv ulvtxhv gh pdufkì 4:



whuph rx iruzdug +ã 48 prlv, gh o*Doxplqlxp +DO048,1 Qrxv dyrqv uhsuìvhqwì vxu ohv judskltxhv +517,/
+518, hw +519, od yduldwlrq ghv frxuv srxu DO/ FX hw DO0481

Qrxv frqvwlwxrqv ã sduwlu gh fhv wurlv surgxlwv qhxi sruwhihxloohv txh qrxv qrwrqv S4> ===> S< vrxv iruph
g*xq yhfwhxu oljqh ã wurlv frorqqhv hw txl vrqw frqvwlwxìv frpph vxlw =

41 S4 @ ^4> 3> 3`

51 S5 @ ^�4> 3> 3`

61 S6 @ ^3> 4> 3`

71 S7 @ ^3>�4> 3`

81 S8 @ ^3> 3> 4`

91 S9 @ ^3> 3>�4`

:1 S: @ ^4> 4> 4`

;1 S; @ ^4>�4>�4`

<1 S< @ ^�6> 8> 5`

Oh suhplhu ìoìphqw hvw uhodwli ã DO/ oh vhfrqg ã FX hw oh wurlvlëph ã DO0481 Ohv txdqwlwìv srvlwlyhv
lqgltxhqw xqh srvlwlrq orqjxh hw ohv txdqwlwìv qìjdwlyhv xqh srvlwlrq frxuwh1

Judskltxh 5171 Frxuv gh o*doxplqlxp

51615 Oh fdofxo gh od ydohxu hq ulvtxh g*xq sruwhihxlooh

Qrxv doorqv ã suìvhqw dssoltxhu ohv pìwkrghv gìyhorssìhv hq gìexw gh fkdslwuh srxu fdofxohu od Y dU
dqdo|wltxh/ od Y dU klvwrultxh hw ohv txdqwlohv ã �( dyhf od pìwkrgh JHY1

Qrxv dyrqv uhsuìvhqwì vxu od �jxuh +51:, od irqfwlrq gh ghqvlwì ghv yduldwlrqv qrupdolvìhv gx frxuv
ghv sruwhihxloohv1 Fhv irqfwlrqv gh ghqvlwì rqw ìwì rewhqxhv sdu od pìwkrgh ghv qr|dx{1 Srxu fkdtxh
sruwhihxlooh/ qrxv dyrqv ìjdohphqw uhsuìvhqwì vd ghqvlwì vrxv o*k|srwkëvh gh qrupdolwì1

Qrxv uhpdutxrqv txh ohv frxuehv ghv irqfwlrqv gh ghqvlwì hvwlpìhv gh pdqlëuh qrq sdudpìwultxh vh
wurxyhqw �ã o*lqwìulhxu� ghv frxuehv ghv irqfwlrqv gh ghqvlwì rewhqxhv vrxv o*k|srwkëvh gh qrupdolwì/

Od wkìrulh ghv h{wuíphv hw od jhvwlrq ghv ulvtxhv gh pdufkì 4;



Judskltxh 5181 Frxuv gx fxlyuh

Judskltxh 5191 Frxuv ã whuph gh o*doxplqlxp
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Judskltxh 51:1 Hvwlpdwlrqv sdudpìwultxh hw qrq sdudpìwultxh ghv uhqghphqwv

dxwrxu gh od pr|hqqh1 Hq uhydqfkh ohv irqfwlrqv gh ghqvlwì hvwlpìhv gh pdqlëuh qrq sdudpìwultxh vrqw
ã txhxhv soxv ìsdlvvhv1 O*dqdo|vh jdxvvlhqqh frqvlvwh grqf ã vh irfdolvhu vxu ohv ìyìqhphqwv txl vrqw
frqfhqwuìv dxwrxu gx prgh gh od irqfwlrq gh ghqvlwì1 Fhod uhylhqw ã v*ìorljqhu vx!vdpphqw srxu qh
glvwlqjxhu txh od iruph jìqìudoh vdqv frqvlgìuhu ohv sduwlhv dfflghqwìhv gh fhwwh irqfwlrq gh ghqvlwì1

Ohv uìvxowdwv revhuyìv gdqv ohv wdeohdx{ +514, hw +515, dsshoohqw gh qrpeuhx{ frpphqwdluhv1 Ohv gli0
iìuhqwhv Y dU fruuhvsrqghqw ã o*h{ljhqfh hq irqg sursuh +hq grooduv, srxu vh frxyulu frqwuh ghv ulvtxhv
ã <3(/ <8(/ <<(/ <<=9( hw <<=<(1 Wrxw g*derug/ srxu o*krul}rq ã 4 mrxu/ qrxv uhpdutxrqv txh od Y dU
dqdo|wltxh/ frpsduìh ã od Y dU klvwrultxh/ vrxv0hvwlph ohv ulvtxhv srxu ghv txdqwlohv vxsìulhxuv ã <<(
doruv tx*hooh oh vxu0hvwlph srxu ohv txdqwlohv ã <3(1 Fhfl hvw hq idlw gþ ã o*dssur{lpdwlrq jdxvvlhqqh txl
d ìwì idlwh srxu oh fdofxo gh od Y dU dqdo|wltxh > hq h�hw frpph qrxv o*dyrqv h{soltxì soxv kdxw/ o*ds0
sur{lpdwlrq jdxvvlhqqh frqgxlw ã dffrughu prlqv gh srlgv dx{ ìyìqhphqwv gh od txhxh gh glvwulexwlrq/
f*hvw ã gluh dx{ ìyìqhphqwv h{wuíphv1 Gh soxv ohv sruwhihxloohv Sl hw �Sl suìvhqwhqw od píph Y dU dqd0
o|wltxh hq udlvrq gx fdudfwëuh v|pìwultxh gh od ghqvlwì jdxvvlhqqh1 D <<( hw <<=9(/ od Y dU klvwrultxh
hvw wrxmrxuv vxsìulhxu ã od Y dU JHY = fhfl surylhqw gx idlw txh oruvtxh o*rq suhqg srxu uìiìuhqfh ghv
txdqwlohv vxsìulhxuv ã <<(/ ohv ìyìqhphqwv h{wuíphv vrqw gh prlqv hq prlqv qrpeuhx{ hw gx idlw ghv
pìwkrghv g*hvwlpdwlrq/ ohv ìyhqwxhov srlqwv dehuudqwv mrxhurqw xq u÷oh soxv lpsruwdqw gdqv o*hvwlpdwlrq
sdu od pìwkrgh Y dU klvwrultxh1 Dlqvl/ srxu od phvxuh gh ultxhv h{wuíphv/ od Y dU JHY vhpeoh íwuh
xq lqglfdwhxu shuwlqhqw1 D <<=<(/ ohv Y dU klvwrultxh hw JHY vrqw vhqvleohphqw ohv píphv1 Fhshqgdqw
rq shxw gluh txh od phvxuh Y dU JHY hvw soxv shuwlqhqwh fdu hooh idlw lqwhuyhqlu xq soxv judqg qrpeuh
gh srlqwv gdqv ohv fdofxov1 Hq h�hw/ srxu ghv txdqwlohv <<=9( rx soxv/ hw vxu xqh sìulrgh gh 583 mrxuv/
od Y dU klvwrultxh qh wlhqw frpswh txh g*xqh vhxoh grqqìh/ ã vdyrlu od soxv judqgh shuwh/ doruv txh od
wkìrulh ghv h{wuíphv suhqg hq frpswh 43 ydohxuv vl rq gìfrxsh ohv 583 mrxuv hq sìulrgh gh 58 mrxuv1 Rq
shxw grqf shqvhu txh od Y dU JHY hvw xq lqglfdwhxu soxv urexvwh1 Hq fh txl frqfhuqh oh vhxlo ã <<(/ rq
shxw gl!flohphqw vh surqrqfhu1 Hq h�hw od Y dU dqdo|wltxh hvw/ vxu qrv grqqìhv/ wrxmrxuv vxsìulhxu ã od
Y dU JHY pdlv lqiìulhxu ã od Y dU klvwrultxh1 Rq shxw gl!flohphqw grqqhu od suìiìuhqfh ã xqh gh fhv
wurlv phvxuhv = hoohv rqw fkdfxqh ohxuv idleohvvhv1 Hq uhydqfkh/ vl rq vh sodfh gdqv xqh rswltxh g|qdpltxh/
f*hvw ã gluh vl rq suhqg hq frpswh od srvvlelolwì txh od uìjohphqwdwlrq fkdqjh/ hw txh oh vhxlo gìsdvvh
ohv <<(/ doruv od Y dU JHY ghylhqw xq rxwlo lqfrqwrxuqdeoh1 Fhwwh k|srwkëvh q*hvw sdv ã ìfduwhu1 Gh
soxv/ hq udlvrq gh ohxuv remhfwliv gh udwlqj/ ohv edqtxhv fleohqw vxu ghv vhxlov vxsìulhxuv ã <<( gdqv ohxuv
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Sruwhihxlooh Pìwkrgh YdU <3( <8( <<13( <<19( <<1<(
YdU dqdo|wltxh 5< 6: 86 93 :3

S4 YdU klvwrultxh 56 64 :8 <5 484
YdU JHY [ [ 79 :4 45<
YdU dqdo|wltxh 5< 6: 86 93 :3

S5 YdU klvwrultxh 55 65 :3 <3 453
YdU JHY [ [ 85 :9 458
YdU dqdo|wltxh 85 9: <8 43; 459

S6 YdU klvwrultxh 76 98 453 485 56<
YdU JHY [ [ <7 46< 564
YdU dqdo|wltxh 85 9: <8 43; 459

S7 YdU klvwrultxh 78 98 43: 483 4<;
YdU JHY [ [ <6 464 533
YdU dqdo|wltxh 54 5: 6< 77 84

S8 YdU klvwrultxh 4; 58 83 96 <6
YdU JHY [ [ 6: 86 ;6
YdU dqdo|wltxh 54 5: 6< 77 84

S9 YdU klvwrultxh 4; 58 78 98 ;<
YdU JHY [ [ 73 89 ;8
YdU dqdo|wltxh ;8 43< 487 4:8 537

S: YdU klvwrultxh :6 437 4<3 58; 664
YdU JHY [ [ 479 53< 673
YdU dqdo|wltxh 84 98 <5 438 456

S; YdU klvwrultxh 76 96 436 46; 53:
YdU JHY [ [ <6 467 545
YdU dqdo|wltxh 579 649 77: 83< 8<6

S< YdU klvwrultxh 4<7 639 846 :8< 448;
YdU JHY [ [ [ [ [

WDEOH 5141 Ydoxh0dw0Ulvn 4 mrxu

surjudpphv g*doorfdwlrq gh irqgv sursuhv1 Xqh edqtxh qrwìh DDD vh grlw sdu h{hpsoh g*xwlolvhu
xq vhxlo gh <<=<:(1

Od ohfwxuh gx vhfrqg wdeohdx vrxoëyh oh sureoëph gx vfdolqj1 Hq h�hw/ oh frplwì Eåoh lpsrvh xqh
sìulrgh gh gìwhqwlrq gh 43 mrxuv srxu phvxuhu ohv ulvtxhv g*xq sruwhihxlooh1 Lo frqvhlooh doruv gh frqyhuwlu
od YdU 4 mrxu ã od YdU 43 mrxuv sdu vfdolqj1 Oh vfdolqj frqvlvwh ã pxowlsolhu od yrodwlolwì ã 4 mrxu sdus
W / W ìwdqw o*krul}rq frqvlgìuì1 Fhwwh pìwkrgh vrxoëyh xqh fhuwdlqh sroìpltxh txdqw ã vrq dssolfdwlrq

hw lo q*| d wrxmrxuv sdv xq frqvhqvxv fodlu vxu oh vxmhw1 Hooh uhsrvh hvvhqwlhoohphqw vxu xqh k|srwkëvh gh
qrupdolwì hw g*lqgìshqgdqfh ghv dffurlvvhphqwv ghv sul{ ghv dfwliv1 Fhv k|srwkëvhv vrqw vrxyhqw glvfxwìhv1
Wrxwhirlv/ fhwwh pìwkrgh hvw dssuìflìh srxu vd vlpsolflwì hw vd wuëv idfloh plvh hq úxyuh1 O*dowhuqdwlyh
ã fhwwh pìwkrgh uhsrvh vxu od wkìrulh ghv h{wuíphv1 Lo idxw hvwlphu oh frh!flhqw � gh od orl h{wuíph
fruuhvsrqgdqw dx{ grqqìhv hw pxowlsolhu hqvxlwh sdu W

4
� 1 Xqh dxwuh pìwkrgh frqvlvwh ã gìwhuplqhu od

pdwulfh gh yduldqfh0fryduldqfh ghv uhqghphqwv ã W mrxuv1 Fhwwh dssurfkh qìfhvvlwh xq klvwrultxh dvvh}
orqj ghv grqqìhv hw qh shxw íwuh dssoltxìh ã wrxv ohv krul}rqv1 Qrxv dyrqv fkrlvl gh pxowlsolhu od Y dU
dqdo|wltxh hw od Y dU klvwrultxh sdu

s
W hw od Y dU JHY sdu W

4
� 1 Rq uhpdutxh dlqvl txh od Y dU

dqdo|wltxh ghylhqw suhvtxh wrxmrxuv vxsìulhxu ã od Y dU JHY srxu xq krul}rq gh 43 mrxuv1 Oh vfdolqj
frqgxlw dlqvl ã xqh vxuhvwlpdwlrq gh od Y dU1 Hq frqfoxvlrq qrxv srxyrqv gluh txh qrv uìvxowdwv vrqw
frkìuhqwv dyhf ohv lgìhv uhqfrqwuìhv gdqv od olwwìudwxuh1 Hq h�hw ohv duwlfohv sxeolìv vxu oh vxmhw v*dffrughqw
ã gluh txh o*dssurfkh Y dU dqdo|wltxh frqgxlw ã xqh vxu0hvwlpdwlrq gh od phvxuh gh ulvtxh ã 43 mrxuv sdu
udssruw ã xq fdofxo edvì vxu od wkìrulh ghv h{wuíphv1 Vl qrxv dvvlplorqv od phvxuh edvìh vxu ohv h{wuíphv
dx yìulwdeoh ultxh hqfrxux/ qrxv srxyrqv grqf d!uphu txh od pìwkrgh gx vfdolqj hvw frqvhuydwulfh1

Od wkìrulh ghv h{wuíphv hw od jhvwlrq ghv ulvtxhv gh pdufkì 54



Sruwhihxlooh Pìwkrgh YdU <3( <8( <<13( <<19( <<1<(
YdU dqdo|wltxh <5 44; 499 4;< 554

S4 YdU klvwrultxh :4 <; 56: 5<4 7::
YdU JHY [ [ 45< 4<3 668
YdU dqdo|wltxh <5 44; 499 4;< 554
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S: YdU klvwrultxh 564 663 933 ;49 437:
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YdU dqdo|wltxh 494 539 5<5 666 6;;
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WDEOH 5151 Ydoxh0dw0Ulvn 43 mrxuv

51616 Od frqvwuxfwlrq ghv vfìqdulrv gh fulvhv

Od wkìrulh ghv h{wuíphv shxw ìjdohphqw íwuh xq rxwlo shuirupdqw gdqv o*ìoderudwlrq ghv vfìqdulrv gh
fulvh1 Frpph oh suìfrqlvhqw ohv dxwrulwìv uìjohphqwdluhv/ ohv ìwdeolvhphqwv �qdqflhuv grlyhqw h�hfwxhu
uìjxolëuhphqw ghv vlpxodwlrqv gh fulvh d�q gh frqqdñwuh oh prqwdqw ghv shuwhv srwhqwlhoohv hq fdv gh
 xfwxdwlrqv gdqjhuhxvhv hw lpsruwdqwhv gx pdufkì1 Lo idxw wrxw gh vxlwh suìflvhu txh pdojuì oh fdudfwëuh
reoljdwrluh/ fhv vlpxodwlrqv gh fulvh qh vrqw hq dxfxq fdv xwlolvìv srxu fdofxohu o*h{ljhqfh hq irqgv sursuhv1
Fhshqgdqw/ o*xwlolvdwlrq ghv vlpxodwlrqv gh fulvh hvw o*xq ghv txdwuh sulqflshv gh edvh gì�qlv sdu od Frp0
plvvlrq edqfdluh srxu tx*xq prgëoh lqwhuqh vrlw ydolgì1 Oh exw gh fhv vlpxodwlrqv hvw doruv gh frpsoìwhu
oh glvsrvlwli gh phvxuh ghv ulvtxhv/ hw qrwdpphqw ohv phvxuhv gh YdU7 1

Fhv vlpxodwlrqv gh fulvh/ soxv frqqx vrxv oh whuph dqjodlv vwuhvv whvwlqj/ grlyhqw íwuh ghv rxwlov srxu
dssuìkhqghu o*h{srvlwlrq gh od edqtxh ã xqh fulvh judyh1 Frqwudluhphqw ã od Y dU/ hoohv grlyhqw uìsrqguh
ã od txhvwlrq = txho hvw oh prqwdqw gh shuwh dxtxho od edqtxh grlw idluh idfh oruv gh od surfkdlqh fulvh vl
oh sruwhihxlooh gh qìjrfldwlrq qh fkdqjh sdv B Rq dgrswh grqf oã xqh ylvlrq gx ulvtxh h{wuíph1

Qrxv doorqv/ srxu looxvwuhu xqh pìwkrgrorjlh8 xwlolvdqw od wkìrulh ghv h{wuíphv/ ìwdeolu ghv vfìqdulrv
gh fulvh vxu od yduldwlrq ghv frxuv gh DO/ DO048 hw FX1 Srxu fhod/ lqwurgxlvrqv xqh qrwlrq hvvhqwlhooh txl
hvw oh whpsv gh uhwrxu1 Oruvtxh qrxv qrxv �{rqv xq vhxlo gh <<( sdu h{hpsoh/ od suredelolwì tx*xq
ìyìqhphqw h{wuíph +xqh shuwh, vxuylhqqh hvw gh 31341 Oruvtxh o*rq wudydlooh vxu od Y dU ã xq mrxu/ fhod

7Krhxqj/ Ulerxohw hw Urqfdool ^4<<<` flwhqw xqh ìwxgh phqìh sdu Wxfnhu hw Odzuhqfh hq 4<<; vxu oh ulvn pdqdjhphqw
dxsuëv gh 9:< lqvwlwxwlrqv gh 58 sd|v gl�ìuhqwv hw txl prqwuh txh b�I ghv ulvn pdqdjhuv frqvlgëuhqw tx*xqh phvxuh T @-
hvw lqvx!vdqwh frpph phvxuh gh ulvtxh1

8 Lo h{lvwh ghx{ judqghv idploohv gh vwuhvv whvwlqj = ohv pìwkrghv remhfwlyhv hw ohv pìwkrghv glwhv vxemhfwlyhv1 Oh suhplhu
w|sh xwlolvh ohv idlwv klvwrultxhv srxu frqvwuxluh ghv vfìqdulrv/ doruv txh od vhfrqgh idplooh hvw edvìh vxu ghv k|srwkëvhv gh
wudydlo1
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vljql�h txh oh whpsv gh uhwrxu gh fhw ìyìqhphqw hvw gh 4
3=34 @ 433 mrxuv +rq xwlolvh mxvwh oh idlw txh od

suredelolwì g*dssdulwlrq g*xqh fulvh hvw gh 3134 hw txh od yduldeoh doìdwrluh ] txl hvw ìjdoh ã 4 vl xqh fulvh
vxuylhqw hw 3 vlqrq vxlw xqh orl jìrpëwultxh gh suredelolwì 3=34 d xqh hvsìudqfh gh 4@3=34,1 Gh pdqlëuh
soxv jìqìudoh/ oruvtxh o*rq fkhufkh ã vh surwìjhu frqwuh xq ulvtxh grqqìh ã xq vhxlo gh � @ 4�s/ oh whpsv
gh uhwrxu � hvw gh

� @
4

4� �
@

4

s

Fhshqgdqw/ oruvtxh qrxv dyrqv xwlolvì od Y dU JHY+dyhf ghv eorfv gh 53 mrxuv,/ srxu srxyrlu idluh
ghv frpsdudlvrqv dyhf ohv dxwuhv Y dU ã xq mrxu/ qrxv dyrqv gx fkrlvlu xq dxwuh txdqwloh txh oh
txdqwloh ã �(1 Vl qrxv dsshorqv �JHY oh vhxlo fruuhvsrqgdqw ã xq whpsv gh uhwrxu � @ +4� �,�4/ rq d
od uhodwlrq

� @ 53� 4

4� �JHY
+5178,

Dlqvl srxu xq krul}rq gh 4 mrxu/ rq frpsduh od Y dU dqdo|wltxh dyhf xq vhxlo gh � ã od Y dU JHY dyhf
xq txdqwloh �JHY1

Qrxv ìoderurqv ghv vfìqdulrv gh fulvh gh od pdqlëuh vxlydqwh1 Rq vh grqqh ghv whpsv gh uhwrxu ìohyìv
gh o*ruguh gh 8 dqv/ 43 dqv/ 58 dqv/ 83 dqv/ :8 dqv hw 433 dqv hw rq xwlolvh od irupxoh +5178, srxu fdofxohu
od yduldwlrq pd{lpdoh qìjdwlyh ghv frxuv vxu xqh mrxuqìh1 Ohv uìvxowdwv rewhqxv vrqw9 =

Hfkhoohv gh Ulvtxh +hq yduldwlrq mrxuqdolëuh,
srxu ghv srvlwlrqv orqjxhv +hq (,

Whpsv gh Uhwrxu DO DO048 FX
8 091:7 071;5 0;136
43 0;18: 081<3 0<168
58 0441:8 0:19; 044156
83 0471<4 0<169 0451:9
:8 04:147 04317< 0461:3
433 04;1<5 04416; 04716<

Hfkhoohv gh Ulvtxh +hq yduldwlrq mrxuqdolëuh,
srxu ghv srvlwlrqv frxuwhv +hq (,

Whpsv gh Uhwrxu DO DO048 FX
8 91<9 81:< :186
43 ;168 :143 ;1;5
58 43179 <153 431:6
83 45165 44145 45167
:8 46185 4516< 46169
433 47176 4616; 47145

Qrxv dyrqv uhsruwì hq rxwuh vxu ohv �jxuhv +51;, hw +51<, od ghqvlwì ghv orlv g*h{wuíphv hvwlpìhv dlqvl
txh od uhodwlrq hqwuh o*ìfkhooh gh ulvtxh hw oh whpsv gh uhwrxu gdqv oh fdv ghv srvlwlrqv orqjxhv1

Qrwrqv tx*lo h{lvwh g*dxwuhv dowhuqdwlyhv ã o*xwlolvdwlrq gh odJHY1 Frvwlqrw/ Ulerxohw hw Urqfdool
^5333` xwlolvhqw xqh dssurfkh glwh vhpl0sdudpìwultxh hq v*dssx|dqw vxu oh idlw txh ohv vìulhv �qdqflëuhv
dssduwlhqqhqw dx grpdlqh g*dwwudfwlrq gh od glvwulexwlrq gh Iuìfkhw1 Ohv txdqwlohv h{wuíphv vh gìgxlvhqw
ghv txdqwlohv hpslultxhv ã sduwlu g*xqh vlpsoh krprwkìwlh sdudpìwuìh sdu o*lqglfh gh txhxh +yrlu dxvvl
ohv wudydx{ gh Vwudhwpdqv ^4<<</5333`,1 Gdqv fhwwh dssurfkh/ o*lqglfh gh txhxh hvw doruv grqqì sdu
o*hvwlpdwhxu gh Kloo1

9Srxu lqirupdwlrq/ od ydohxuv ghv sdudpëwuhv hvwlpìv vrqw

Sdudpëwuhv DO DO048 FX

> 31355 3134; 3135;
j 3133: 31339 31346
1 31677 315:8 313<8
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Judskltxh 51;1 Ghqvlwì ghv orlv g*h{wuíphv hvwlpìhv

Judskltxh 51<1 Uhodwlrq hqwuh o*ìfkhooh gh ulvtxh hw oh whpsv gh uhwrxu
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6
Od wkìrulh ghv frsxohv

Od gìshqgdqfh hqwuh ohv yduldeohv doìdwrluhv hvw sduidlwhphqw gìfulwh sdu ohxu glvwulexwlrq mrlqwh1 Rq
shxw wrxwhirlv vìsduhu oh frpsruwhphqw ghv glvwulexwlrqv pdujlqdohv gh od vwuxfwxuh gh gìshqgdqfh1 Rq
uìdolvh fhfl juåfh ã o*xwlolvdwlrq ghv frsxohv txl vrqw xq rxwlo vwdwlvwltxh shuphwwdqw gh uholhu od ghqvlwì
mrlqwh dx{ ghqvlwìv pdujlqdohv1 F*hvw od irqfwlrq frsxoh txl yd frqwhqlu wrxwh o*lqirupdwlrq vxu od vwuxfwxuh
gh gìshqgdqfh gx prgëoh1

Ohv frsxohv rqw ìwì lqwurgxlwhv hq 4<8< gdqv ghv ìwxghv vxu ohv hvsdfhv gh suredelolwì pìwultxhv1
Fh q*hvw txh ghsxlv 4<<< txh fhwwh wkìrulh frpphqfh ã íwuh dssoltxìh ã od �qdqfh +yrlu sdu h{hpsoh
Hpeuhfkwv/ PfQhlo hw Vwudxpdqq ^4<<<`,1 Ohv shuvshfwlyhv g*dssolfdwlrq vrqw qrpeuhxvhv gx idlw gh
od vlpsol�fdwlrq dssruwìh ã o*ìwxgh gx fdv pxwlydulì = rq fdofxoh ohv ghqvlwìv pdujlqdohv hw od vwuxfwxuh gh
gìshqgdqfh ghv prgëohv vìsduìphqw1 Hq rxwuh/ ohv frsxohv suìvhqwhqw ghv sursulìwìv lqwìuhvvdqwhv whoohv
txh o*lqyduldqfh sdu ghv wudqvirupdwlrqv furlvvdqwhv1

Fhwwh sduwlh frqvwlwxh xqh lqwurgxfwlrq ã od wkìrulh ghv frsxohv hw ã txhotxhv xqh gh vhv dssolfdwlrqv
ã od �qdqfh/ frpph o*ìoderudwlrq gh vfìqdulrv gh fulvhv gdqv oh fdv pxowlydulì1 Od suìvhqwdwlrq txl hvw
idlwh lfl hvw wuëv odujhphqw lqvsluìh ghv h{srvìv gh Mrh ^4<<:`/ Qhovhq ^4<<<` hw Erx|ì/ Qlnhjkedol/
Ulerxohw hw Urqfdool ^5333`1

614 Suìvhqwdwlrq jìqìudoh

61414 Lqwurgxfwlrq pdwkìpdwltxh

Gì�qlwlrq 7 Vrlhqw V4> = = = > Vq ghv vrxv0hqvhpeohv qrq ylghv gh U1 Vrlw K xqh irqfwlrq uìhooh gh q
yduldeohv grqw oh grpdlqh gh gì�qlwlrq hvw Grp+K, @ V4 � = = =� Vq hw vrlw ^d> e`/ dyhf d @ +d4> = = = > dq,
hw e @ +e4> = = = > eq, xq k|shufxeh lqfoxv gdqv Grp+K,1 Rq dsshooh K0yroxph gh ^d> e` oh uìho gì�ql sdu

YK +E, @
[

f5Vd>e

vjq +f,K+f, +614,

rü Vd>e hvw o*hqvhpeoh ghv vrpphwv gh ^d> e` +lo | hq d 5q, hw rü vjq +f, hvw gì�ql sdu

vjq +f, @

�
4 vl fn @ dn srxu xq qrpeuh sdlu gh n

�4 vl fn @ dn srxu xq qrpeuh lpsdlu gh n



Gì�qlwlrq 8 Xqh irqfwlrq K gh q yduldeohv ã ydohxuv uìhoohv hvw glwh q0furlvvdqwh vl YK +E, � 3 srxu
wrxw k|shufxeh lqfoxv gdqv Grp+K, @ V4 � = = =� Vq1 Vl gh soxv fkdtxh Vn d xq soxv shwlw ìoìphqw dn/ hw
vl K +w, @ 3 srxu wrxw w @ +w4> = = = > wq, who tx*lo h{lvwh dx prlqv xq n srxu ohtxho wn @ dn/ rq glw doruv txh
K hvw �jurxqghg�1

Vl fkdtxh Vn hvw qrq ylgh hw srvvëgh xq soxv judqg ìoìphqw en/ doruv rq glw txh K srvvëgh ghv pdujlqdohv/
hw ohv pdujlqdohv xql0glphqvlrqqhoohv +rx pdujlqdohv, ghK vrqw ohv irqfwlrqvKn gì�qlhv vxu Grp+Kn, @
Vn sdu

Kn +{, @ K +e4> = = = > en�4> {> en.4> = = = > eq, srxu wrxw { 5 Vn +615,

Rq shxw ìjdohphqw gì�qlu ohv pdujlqdohv n0glphqvlrqqhoohv srxu n � 5 hq �{dqw q�n yduldeohv1 Rq shxw
ã suìvhqw grqqhu od gì�qlwlrq g*xqh frsxoh +Qhovhq ^4<<<`,1

Gì�qlwlrq 9 Xqh frsxoh q0glphqvlrqqhooh rx frsxoh hvw xqh irqfwlrq d|dqw ohv sursulìwìv vxlydqwhv =

41 Grp+F, @ Lq rü L @ ^3> 4` >

51 F hvw jurxqghg hw q0furlvvdqwh >

61 F srvvëgh ghv pdujlqdohv Fn/ n @ 4> 5> = = = > q txl yìul�hqw Fn +x, @ x srxu wrxw x 5 Vn1

Uhpdutxh 5 Gh pdqlëuh ìtxlydohqwh/ rq shxw gluh tx*xqh frsxoh hvw xqh irqfwlrq gh Lq gdqv L dyhf ohv
sursulìwìv vxlydqwhv =

41 Srxu wrxw x 5 Lq/ F +x, @ 3 vl dx prlqv o*xqh ghv frrugrqqìhv gh x hvw qxooh1 Gh soxv vl wrxwhv ohv
frrugrqqìhv gh x vrqw ìjdohv ã 4 vdxi xn/ doruv F +x, @ xn >

51 Srxu wrxw d hw e gdqv Lq/ whov txh d � e4 rq d YF +^d> e`, � 31

Uhpdutxh 6 Srxu wrxwh frsxoh q0glphqvlrqqhooh/ fkdtxh pdujlqdoh n0glphqvlrqqhooh hvw xqh n0frsxoh1

Lo h{lvwh xq uìvxowdw g*xqliruph frqwlqxlwì vxu ohv frsxohv =

Wkìruëph 7 Vrlw F xqh frsxoh1 Doruv srxu wrxw +x> y, 5 L5

mF +y,�F +x,m �
q[

n@4

myn � xnm +616,

Dlqvl wrxwh frsxoh hvw xqlirupìphqw frqwlqx1

Rq sduohud vrxyhqw gdqv od vxlwh ghv gìulyìhv sduwlhoohv ghv frsxohv1 Qrxv doorqv ã suìvhqw mxvwl�hu od
gìulydelolwì ghv frsxohv1 Qrxv doorqv flwhu ohv uìvxowdwv vdqv hq grqqhu gh gìprqvwudwlrqv5 1

Wkìruëph 8 Vrlw F xqh frsxoh1 Srxu y 5 L/ od gìulyìh sduwlhooh CF
C x h{lvwh srxu suhvtxh wrxw x/ hw txdqg

fhwwh gìulyìh h{lvwh/ rq d

3 � CF

C x
+x> y, � 4 +617,

Gh píph/ srxu wrxw x 5 L/ od gìulyìh sduwlhooh CF
C y h{lvwh srxu suhvtxh wrxw y/ hw txdqg fhwwh gìulyìh

h{lvwh/ rq d

3 � CF

C y
+x> y, � 4 +618,

Gh soxv/ ohv irqfwlrqv x :�$ CF
C y +x> y, hw y :�$ CF

C x +x> y, vrqw gì�qlhv hw furlvvdqwhv suhvtxh sduwrxw vxu
L1

4@ $ K vljql�h txh �& M t�c � � � c ?�/ qrxv yìul�rqv

@& $ K&

5Fhshqgdqw/ fhoohv0fl qh vrqw sdv gl!flohv > hoohv xwlolvhqw hvvhqwlhoohphqw oh idlw txh wrxwh irqfwlrq prqrwrqh g*xqh
yduldeoh uìhooh hvw suhvtxh sduwrxw gìulydeoh1

Od wkìrulh ghv h{wuíphv hw od jhvwlrq ghv ulvtxhv gh pdufkì 59



61415 Wkìruëph gh Vnodu hw suhplëuhv sursulìwìv ghv frsxohv

6141514 Oh wkìruëph gh Vnodu

Oh wkìruëph gh Vnodu hvw oh wkìruëph irqgdphqwdo gdqv od wkìrulh ghv frsxohv = f*hvw oxl txl yd shuphwwuh
od oldlvrq hqwuh od ghqvlwì mrlqwh g*xq yhfwhxu doìdwrluh hw vhv ghqvlwìv pdujlqdohv1

Gì�qlwlrq : Hq glphqvlrq q/ xqh irqfwlrq gh glvwulexwlrq K hvw xqh irqfwlrq grqw oh grpdlqh gh
gì�qlwlrq hvw U

q
hw txl yìul�hqw ohv sursulìwìv vxlydqwhv =

+d, K hvw q0furlvvdqwh >
+e, K+w, @ 3 srxu wrxw w 5 U

q
who txh wn @ �4 srxu dx prlqv xq lqglfh n hw K +4> = = = >4, @ 41

K hvw grqf jurxqghg hw rq qrwh vhv pdujlqdohv I4> = = = >Iq1

Wkìruëph 9 +Wkìruëph gh Vnodu, VrlwK xqh irqfwlrq gh glvwulexwlrq dyhf ghv pdujlqdohv I4> = = = >Iq1
Doruv lo h{lvwh xq frsxod F who txh srxu wrxw { @ +{4> = = = > {q, 5 U

q

K +{4> = = = > {q, @ F +I4+{4,> = = = >Iq+{q,, +619,

Vl ohv I4> = = = >Iq vrqw wrxwhv frqwlqxhv/ doruv F hvw xqltxh > vlqrq oh frsxod F hvw gìwhuplqì gh pdqlëuh
xqltxh vxu I4+L,� = = =�Iq +L,1 Uìflsurtxhphqw/ vl F hvw xq frsxod hw I4> = = = >Iq ghv irqfwlrqv gh glvwul0
exwlrq/ doruv od irqfwlrq K gì�qlh sdu +619, hvw xqh irqfwlrq gh glvwulexwlrq gh pdujlqdohv I4> = = = >Iq1

Uhpdutxh 7 Xqh suhxyh gh fh wkìruëph shxw íwuh wurxyìh gdqv Vfkzhl}hu hw Vnodu ^4<;6`1

Rq yrlw dlqvl txh srxu ghv irqfwlrqv gh glvwulexwlrq frqwlqxhv/ rq shxw vìsduhu od vwuxfwxuh gh gìshq0
gdqfh gh od ghqvlwì mrlqwh hw ghv ghqvlwìv pdujlqdohv > fhwwh vwuxfwxuh gh gìshqgdqfh hvw uhsuìvhqwìh gdqv
od frsxoh1

Fruroodluh 4 VrlwK/F/ I4> = = = >Iq ohv irqfwlrqv gì�qlhv gdqv oh wkìruëph suìfìghqw hw vrlhqw I+�4,
4 > = = = >I

+�4,
q

ohv lqyhuvhv jìqìudolvìhv gh I4> = = = >Iq uhvshfwlyhphqw1 Doruv srxu wrxw x 5 Lq

F +x4> = = = > xq, @ K
�
I
+�4,
4 +x4,> = = = >I

+�4,
q +xq,

�
+61:,

H{hpsoh 5 +od glvwulexwlrq elydulìh gh Jxpeho, Vrlw K� od irqfwlrq gh glvwulexwlrq grqqìh sdu

K� +{> |, @

�
4� h�{ � h�| . h�+{.|.�{|,> { � 3> | � 3
3 vl qrq

+61;,

rü � hvw xq sdudpëwuh gdqv ^3> 4`1 Ohv pdujlqdohv vrqw ghv h{srqhqwlhoohv/ ohv irqfwlrqv lqyhuvhv vrqw grqf
uhvshfwlyhphqw I+�4,+x, @ � oq+4�x, hw J+�4,+y, @ � oq+4�y, srxu x> y 5 L1 Rq hq gìgxlw txh oh frsxod
fruuhvsrqgdqw hvw

F�+x> y, @ x. y � 4 . +4� x,+4� y,h�� oq+4�x, oq+4�y, +61<,

H{hpsoh 6 +Od glvwulexwlrq elydulìh jdxvvlhqqh, Vrlw � oh frh!flhqw gh fruuìodwlrq1 Od frsxoh qru0
pdoh elydulìh hvw grqqìh sdu

F� +x> y, @ Q�+�
�4+x,>��4+y,, +6143,

Rq d gh pdqlëuh h{solflwh

F� +x> y, @

] ��4+x,

�4

] ��4+y,

�4

4

5� +4� �5,4@5
h{s

�
� 4

5 +4� �5,

�
v5 � 5�vw. w5

��
gvgw +6144,

Rq yrlw gh od píph pdqlëuh tx*hq fkrlvlvvdqw q*lpsruwh txhooh frsxoh gl�ìuhqwh gh F�/ rq shxw rewhqlu
xqh orl elydulìh txl q*hvw sdv qrupdoh pdlv grqw ohv pdujlqdohv vrqw jdxvvlhqqhv1

Od wkìrulh ghv h{wuíphv hw od jhvwlrq ghv ulvtxhv gh pdufkì 5:



6141515 Od uhodwlrq g*ruguh vxu ohv frsxohv

Lo hvw lqwìuhvvdqw gh yrlu tx*rq shxw gdqv xq fhuwdlq vhqv phwwuh xqh uhodwlrq g*ruguh sduwlhooh vxu
ohv frsxohv/ hw rewhqlu ghv eruqhv lqiìulhxuhv hw vxsìulhxuhv ydodeohv srxu q*lpsruwh txhooh frsxoh1 Rq
frqvlgëuh ohv frsxohv sduwlfxolëuhv vxlydqwhv =

F. +x, @ plq +x4> = = = > xq,

FB +x, @ x4 � x5 � = = =� xq

F�+x, @ pd{ +x4 . = = =. xq � q. 4> 3,

Rq shxw idflohphqw yìul�hu txh F. hw FB vrqw ghv frsxohv doruv txh F� q*hvw sdv xqh frsxoh srxu q A 51
Hq h�hw/ oh YF� yroxph gh o*k|shufxeh ^4@5> 4`q hvw qìjdwli1 Sdu v|pìwulh/ rq d

YF� +^4@5> 4`q, @ pd{ +4 . = = =. 4� q. 4> 3,

�qpd{+4@5 . 4 . = = =. 4� q. 4> 3,

.

�
q
5

�
pd{ +4@5 . 4@5 . 4 . = = =. 4� q. 4> 3,

= = =

.pd{ +4@5 . 4@5 . = = =. 4@5� q. 4> 3,

@ 4� q� 4

5
. 3 . = = =. 3

@ 4� q

5
+6145,

fh txl prqwuh txh srxu q � 6/ F� q*hvw sdv xqh frsxoh1

Wkìruëph : Vrlw F xqh frsxoh1 Doruv srxu wrxw x 5 L/

F� +x, � F+x, � F.+x, +6146,

+Srxu od suhxyh/ oh ohfwhxu shxw frqvxowhu Qhovhq ^4<<<`,1 F� hw F. vrqw dsshoìhv uhvshfwlyhphqw ohv
eruqhv lqiìulhxuhv hw vxsìulhxuhv gh Iuìfkhw0Krh�glqj1

Gì�qlwlrq ; Vrlhqw F4 hw F5 ghx{ frsxohv1 Rq glw txh F4 hvw soxv shwlwh txh F5 hw rq qrwh F4 ! F5

vl F4+x, � F5+x, srxu wrxw x 5 L1

Fhwwh uhodwlrq g*ruguh hvw sduwlhooh fdu rq qh shxw sdv frpsduhu wrxwhv ohv frsxohv hqwuh hoohv1 Qìdq0
prlqv/ oh wkìruëph suìfìghqw prqwuh txh o*hqvhpeoh ghv frsxohv pxql gh od uhodwlrq g*ruguh suìfìghphqw
gì�qlh hvw lqiìulhxuhphqw hw vxsìulhxuhphqw eruqì1

6141516 Ohv frsxohv hw ohv yduldeohv doìdwrluhv

Rq vh grqqh gdqv fh txl vxlw ghv yduldeohv doìdwrluhv [4> = = = > [q dyhf ghv irqfwlrqv gh glvwulexwlrq
I4> = = = >Iq uhvshfwlyhphqw/ gh ghqvlwì mrlqwh K hw gh frsxoh F rü F hvw grqqìh sdu od uhodwlrq +619,1

Wkìruëph ; Vrlhqw[4> = = = > [q ghv yduldeohv doìdwrluhv frqwlqxhv gh frsxohF1 Ohv yduldeohv [4> = = = > [q

vrqw lqgìshqgdqwhv vl hw vhxohphqw vl F @ FB1

Rq rewlhqw dlqvl xqh fdudfwìulvdwlrq gh o*lqgìshqgdqfh sdu ohv frsxohv1 Xqh dxwuh sursulìwì lqwìuhvvdqwh
ghv frsxohv hvw ohxu lqyduldqfh sdu ghv wudqvirupdwlrqv vwulfwhphqw furlvvdqwhv1

Wkìruëph < Vrlhqw [4> = = = > [q ghv yduldeohv doìdwrluhv frqwlqxhv gh frsxoh F1 Vl �4> = = = > �q vrqw ghv
irqfwlrqv vwulfwhphqw furlvvdqwhv vxu Lp +[4, > = = = > Lp +[q, uhvshfwlyhphqw6/ doruv �4+[4,> = = = > �q+[q,
rqw od píph frsxoh F1 Dlqvl F hvw lqyduldqwh sdu wrxwh wudqvirupdwlrq vwulfwhphqw furlvvdqwh ghv yd0
uldeohv doìdwrluhv [4> = = = >[q1

6Rq qrwh W4 Ef� o*hqvhpeoh ghv ydohxuv txh suhqg od yduldeoh doìdwrluh f1

Od wkìrulh ghv h{wuíphv hw od jhvwlrq ghv ulvtxhv gh pdufkì 5;



Gìprqvwudwlrq 4 Qrwrqv J4> = = = >Jq ohv glvwulexwlrqv gh �4+[4,> = = = > �q+[q, uhvshfwlyhphqw hw F�

od frsxoh dvvrflìh1 Frpph srxu wrxw n/ �n hvw vwulfwhphqw furlvvdqwh hw rq d

Jn +{, @ Su ^�n+[n, � {` @ Su
�
[n � ��4n +{,

�
@ In+�

�4
n +{,, +6147,

srxu wrxw { 5 U1 G*rü

F� +J4+{4,> = = = >Jq+{q,, @ Su ^�4+[4, � {4> = = = > �q+[q, � {q`

@ Su
�
[4 � ��44 +{4,> = = = > [q � ��4q +{q,

�
@ F

�
I4+�

�4
4 +{4,,> = = = >Iq+�

�4
q +{q,,

�
@ F +J4+{4,> = = = >Jq+{q,, +6148,

Dlqvl F� @ F1

Rq shxw ìjdohphqw v*lqwìuhvvhu dx{ wudqvirupdwlrqv gìfurlvvdqwhv1 Lo h{lvwh xq wkìruëph jìqìudo/ grqw
od gìprqvwudwlrq hvw lghqwltxh ã fhooh gx wkìruëph suìfìghqw1

Wkìruëph 43 Vrlhqw[4> = = = > [q ghv yduldeohv doìdwrluhv frqwlqxhv gh frsxohF[4>=== >[q 1 Vrlhqw �4> = = = > �q
ghv irqfwlrqv vwulfwhphqw prqrwrqhv vxu Lp+[4,> = = = > Lp+[q, uhvshfwlyhphqw/ hw qrwrqv F�4+[4,>=== >�q+[q,

od frsxoh gh �4+[4,> = = = > �q+[q,1 Vxssrvrqv sdu h{hpsoh txh �n hvw vwulfwhphqw gìfurlvvdqwh srxu xq fhu0
wdlq n/ sdu h{hpsoh n @ 41 Doruv rq d

F�4+[4,>=== >�q+[q, +x4> = = = > xq, @ F�5+[5,>=== >�q+[q, +x5> = = = > xq,�F[4>�5+[5,>=== >�q+[q, +4� x4> = = = > xq,
+6149,

Uhpdutxh 8 Rq yrlw dlvìphqw sdu uìfxuuhqfh txh oh frsxod F�4+[4,>=== >�q+[q, v*h{sulph ã o*dlgh gx
frsxod F[4>=== >[q

1

H{hpsoh 7 Sodêrqv0qrxv hq glphqvlrq 5 hw frqvlgìurqv ghx{ wudqvirupdwlrqv �4 hw �5 vwulfwhphqw
gìfurlvvdqwhv1 Sdu dssolfdwlrq gx wkìruëph suìfìghqw/ rq rewlhqw

F�4+[4,>�5+[5, +x4> x5, @ x4 . x5 � 4 .F[4>[5 +4� x4> 4� x5, +614:,

Rq shxw juåfh ã fhwwh irupxoh rewhqlu od frsxoh gh vxuylh eF gh +[4> [5,

K+{4> {5, @ Su ^[4 A {4> [5 A {5` @ eF �
I4+{4

�
>I5+{5,, +614;,

6141517 Ohv uhodwlrqv gh gìshqgdqfh

Qrxv dyrqv yx txh od vwuxfwxuh gh gìshqgdqfh hqwuh yduldeohv doìdwrluhv ìwdlw frqwhqxh gdqv od irqfwlrq
frsxoh1 Dlqvl/ fhooh0fl yd frqvwlwxhu xq erq fdguh srxu ìwxglhu hw phvxuhu od gìshqgdqfh hqwuh ohv yd0
uldeohv doìdwrluhv1 Nlphogrui hw Vdpsvrq ^4<;<` suìvhqwh ohv frqglwlrqv txh grlw vdwlvidluh xqh phvxuh
g*dvvrfldwlrq srxu íwuh xqh phvxuh gh frqfrugdqfh1

Gì�qlwlrq < Xqh phvxuh g*dvvrfldwlrq " hqwuh ghx{ yduldeohv doìdwrluhv frqwlqxhv [4 hw [5 gh frsxoh
F hvw xqh phvxuh gh frqfrugdqfh vl hooh vdwlvidlw ohv sursulìwìv txl vxlyhqw =

41 " hvw gì�qlh srxu wrxwh sdluh gh yduldeohv doìdwrluhv frqwlqxhv >

51 �4 � "[>\ � 4/ "[>[ @ 4 hw "[>�[ @ �4 >

61 "[>\ @ "\>[ >

71 vl [ hw \ vrqw lqgìshqgdqwhv/ doruv "[>\ @ "FB @ 3 >

81 "�[>\ @ "[>�\ @ �"[>\ >

91 vl F4 hw F5 vrqw ghx{ frsxohv whoohv txh F4 ! F5 doruv "F4
� "F5

>

:1 vl i+[q> \q,j hvw xqh vxlwh frqwlqxh gh yduldeohv doìdwrluhv dyhf ghv frsxohv iFqj/ hw vl iFqj
frqyhujh srlqw sdu srlqw yhuv F/ doruv olpq$4 "Fq

@ "F1

Gx idlw ghv uìvxowdwv g*lqyduldqfh ghv frsxohv sdu wudqvirupdwlrq vwulfwhphqw furlvvdqwh/ rq d

Wkìruëph 44 Vrlw " xqh phvxuh gh frqfrugdqfh srxu ghv yduldeohv doìdwrluhv frqwlqxhv [ hw \ 1

Od wkìrulh ghv h{wuíphv hw od jhvwlrq ghv ulvtxhv gh pdufkì 5<



41 vl \ hvw suhvtxh vþuhphqw xqh irqfwlrq furlvvdqwh gh [/ doruv "[>\ @ "F. @ 4 >

51 vl \ hvw suhvtxh vþuhphqw xqh irqfwlrq gìfurlvvdqwh gh [/ doruv "[>\ @ "F� @ �4 >

61 vl � hw � vrqw ghv irqfwlrqv vwulfwhphqw furlvvdqwhv/ doruv "�+[,>�+\ , @ "[>\ 1

Qrxv doorqv ã suìvhqw ìwxglhu ghx{ phvxuhv gh frqfrugdqfh txl vrqw wuëv xwlolvìhv = oh wdx gh Nhqgdoo
hw oh ukr gh Vshdupdq +yrlu Mrh ^4<<:` rx Qhovhq ^4<<<`,1

Gì�qlwlrq 43 Vrlhqw I xqh irqfwlrq gh glvwulexwlrq elydulìh hw +[4> [5, hw +[ 3
4>[

3
5, ghx{ yhfwhxuv

doìdwrluhv lqgìshqgdqwv gh glvwulexwlrq I1 Rq gì�qlw doruv oh wdx gh Nhqgdoo sdu

� @ Su ++[4 �[3
4, +[5 �[ 3

5, A 3,� Su ++[4 �[3
4, +[5 �[3

5, ? 3,

@ 5Su ++[4 �[3
4, +[5 �[3

5, A 3,� 4

@ 7

]
IgI� 4 +614<,

Hq xwlolvdqw ohv frsxohv/ fhwwh uhodwlrq ghylhqw

� @ 7

]
FgF� 4 +6153,

Srxu oh fdofxo gx wdx gh Nhqgdoo/ od frqglwlrq +[4 �[3
4, +[5 �[3

5, A 3 fruuhvsrqg ã ghx{ sdluhv gh
yduldeohv frqfrugdqwhv dx vhqv rü xq ghv yhfwhxuv d vhv ghx{ frpsrvdqwhv vxsìulhxuhv ã fhoohv gh o*dxwuh1
Od frqglwlrq +[4 �[ 3

4, +[5 �[ 3
5, ? 3 fruuhvsrqg ã ghx{ sdluhv gh yduldeohv doìdwrluhv glvfrugdqwhv gdqv

oh vhqv rü srxu fkdtxh yhfwhxu xqh ghv frpsrvdqwhv hvw soxv judqghv txh fhooh gh o*dxwuh yhfwhxu doruv
txh od vhfrqgh hvw soxv shwlwh1

Gì�qlwlrq 44 Vrlw I xqh irqfwlrq gh glvwulexwlrq elydulìh frqwlqxh gh pdujlqdohv I4 hw I51 Vrlw +[4> [5,
xq yhfwhxu doìdwrluh gh glvwulexwlrq I1 Oh ukr gh Vshdupdq hvw doruv gì�ql frpph oh frh!flhqw gh fru0
uìodwlrq olqìdluh hqwuh ohv yduldeohv I4+[4, hw I5+[5,1 Frpph I4+[4, hw I5+[5, vxlyhqw xqh orl xqliruph
vxu ^3> 4`/ ohxu hvsìudqfh ydxw 4@5 hw ohxu yduldqfh 4@451 Dlqvl/ rq d

(V @ 45

] ]
I4+{4,I5+{5, gI +{4> {5,� 6 +6154,

rx hq xwlolvdqw ohv frsxohv

(V @ 45

] ]
xy gF+x> y,� 6 +6155,

H{hpsoh 8 Qrwrqv T od phvxuh g*dvvrfldwlrq (V rx � 1 Rq d doruv ohv ìjdolwìv vxlydqwhv =

T
�
F.>F.

�
@ 4

T
�
F.>FB

�
@

4

6
T
�
F.>F�

�
@ 3

T
�
F�>F�

�
@ �4

T
�
FB>FB

�
@ 3

H{hpsoh 9 Vrlhqw [ hw \ ghx{ yduldeohv doìdwrluhv vxlydqw fkdfxqh xqh orl h{srqhqwlhooh hw grqw od
frsxoh hvw fhooh gh Iduolh0Jxpeho0Prujhqvwhuq/ f*hvw ã gluh

F+x> y, @ F� +x> y, @ xy . �xy+4� x,+4� y, dyhf � 5 ^�4> 4` +6156,

Od wkìrulh ghv h{wuíphv hw od jhvwlrq ghv ulvtxhv gh pdufkì 63



Fhwwh frsxoh shxw vh yrlu frpph xqh shuwxuedwlrq gx frsxod lqgìshqgdqw1 Od orl gh glvwulexwlrq mrlqwh gh
+[>\ , hvw grqqìh sdu

K +{> |, @ F+4� h�{> 4� h�|, +6157,

Rq d

(V @ 45

] ]
F +x> y, gxgy � 6

@ 45

] ]
+xy . �xy +4� x, +4� y,,gxgy � 6

@ 45

�
4

7
.

�

69

�
� 6

@
�

6
+6158,

Gh píph/ srxu oh wdx gh Nhqgdoo/ rq rewlhqw

� @
5�

<
+6159,

Rq shxw ã od yxh gh fhv ydohxuv shqvhu txh fhwwh idplooh vhud shx vrxyhqw xwlolvìh gx idlw tx*hooh suìvhqwh
xq vshfwuh gh gìshqgdqfh wurs olplwì1

Rq shxw ìjdohphqw flwhu g*dxwuhv phvxuhv gh gìshqgdqfh txl shxyhqw v*dyìuhu xwlohv srxu rewhqlu ghv
lqirupdwlrqv vxu oh skìqrpëqh prgìolvì1 Rq qh grqqh txh ohv gì�qlwlrqv srxu oh fdv elydulì � oh ohfwhxu
shxw frqvxowhu Mrh ^4<<:` srxu od jìqìudolvdwlrq dx fdv pxowlydulì1

41 Od gìshqgdqfh srvlwlyh +STG,1 Vrlw +[4> [5, xq yhfwhxu doìdwrluh gh irqfwlrq gh glvwulexwlrq
I hw gh pdujlqdohv I4 hw I51 Rq glw txh I hvw STG vl

Su +[4 � d4> [5 � d5, � Su +[4 � d4,Su+[5 � d5, ;d4> d5 5 U +615:,

rx hqfruh

F+I4+d4,>I5+d5,, � I4+d4,I5+d5, ;d4> d5 5 U +615;,

Rq shxw uhpdutxhu txh fhwwh h{suhvvlrq hvw ìtxlydohqwh ã o*lqìjdolwì

Su +[4 A d4> [5 A d5, � Su +[4 A d4,Su+[5 A d5, ;d4> d5 5 U

Fhod vljql�h txh ohv yduldeohv doìdwrluhv [4 hw [5 rqw soxv gh fkdqfhv gh suhqguh ghv ydohxuv ìohyìhv
rx idleohv hqvhpeohv sdu udssruw dx fdv rü hoohv dxudlhqw ìwì lqgìshqgdqwhv1

51 Od gìshqgdqfh srvlwlyh vwrfkdvwltxh furlvvdqwh +GSVF,1 Vrlw +[4> [5, xq yhfwhxu doìdwrluh
gh irqfwlrq gh glvwulexwlrq I hw gh pdujlqdohv I4 hw I51 Rq glw txh [5 hvw vwrfkdvwltxhphqw
furlvvdqwh hq [4 vl

Su +[5 A {5 m [4 @ {4, @ 4�I5m4 +{5 m {4, +615<,

hvw furlvvdqwh hq {4 srxu wrxw {51 Gh píph hq lqyhuvdqw oh u÷oh ghv yduldeohv rq shxw gì�qlu od
furlvvdqfh vwrfkdvwltxh gh [4 hq [51 Od furlvvdqfh vwrfkdvwltxh vljql�h txh o*xqh ghv yduldeohv d
soxv gh fkdqfh gh furñwuh oruvtxh o*dxwuh furlw1

61 Od gìshqgdqfh gh txhxh1 Oh frqfhsw gh gìshqgdqfh gh txhxh uhqvhljqh vxu od �txdqwlwì� gh
gìshqgdqfh dx qlyhdx ghv txhxhv gh glvwulexwlrq1 F*hvw xq rxwlo wuëv shuwlqhqw srxu o*ìwxgh gh od
gìshqgdqfh ghv ydohxuv h{wuíphv1 Gh soxv/ frpph f*hvw xqh txdqwlwì txl vhud gì�qlh sdu o*lqwhupì0
gldluh ghv frsxohv/ hooh vhud lqyduldqwh sdu wudqvirupdwlrq vwulfwhphqw furlvvdqwh1
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Gì�qlwlrq 45 Gì�qlvvrqv oh vxuylyru frsxod F sdu

F +x> y, @ 4� x� y .F +x> y, +6163,

Vrlhqw [ hw \ ghx{ yduldeohv doìdwrluhv frqwlqxhv gh irqfwlrq gh glvwulexwlrq I4 hw I5 uhvshfwlyhphqw1
Oh frh!flhqw gh gìshqgdqfh gh txhxh vxsìulhxuh gh [ hw \ hvw gì�ql sdu
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srxuyx txh od olplwh �X 5 ^3> 4` h{lvwh1 Vl �X 5 +3> 4`/ [ hw \ vrqw glwhv dv|pswrwltxhphqw gìshqgdqwhv
dx qlyhdx vxsìulhxu gh od txhxh gh glvwulexwlrq1 Vl �X @ 3/ [ hw \ vrqw glwhv dv|pswrwltxhphqw lqgì0
shqgdqwhv dx qlyhdx vxsìulhxu gh od txhxh gh glvwulexwlrq1

Rq shxw dxvvl gì�qlu �X ã o*dlgh ghv frsxohv
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Rq gì�qlw qdwxuhoohphqw o*lqglfh gh txhxh gh glvwulexwlrq lqiìulhxuh sdu
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F +x> x,
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Vl �X A 3/ fhod vljql�h tx*lo | d xqh suredelolwì qrq qxooh txh o*xqh ghv yduldeohv gìsdvvh x vdfkdqw txh
o*dxwuh hvw gìmã vxsìulhxuh ã x1 Glw dxwuhphqw/ �X hvw od suredelolwì g*dyrlu xq h{wuíph vdfkdqw
tx*rq d gìmã xq h{wuíph1 Grqqrqv txhotxhv h{hpsohv gh fdofxo gh �X 1

H{hpsoh : Frqvlgìurqv od idplooh gh Jxpeho elydulìh
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od uëjoh gh o*Krslwdo grqqh
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Dlqvl/ od idplooh gh Jxpeho srvvìgh srxu � A 4 xqh gìshqgdqfh dx qlyhdx vxsìulhxu gh od txhxh gh
glvwulexwlrq1

Sduirlv/ fhwwh irupxoh q*hvw sdv gluhfwhphqw dssolfdeoh1 Rq xwlolvh doruv oh idlw txh srxu xqh sdluh gh
yduldeohv doìdwrluhv +X> Y , grqw fkdtxh frpsrvdqwh vxlw xqh orl xqliruph ^3> 4`/ rq d

Su ^Y � y m X @ x` @
C

C x
F +x> y,

Su ^Y A y m X @ x` @ 4� C

C x
F +x> y, +616:,

g*rü

�X @ olp
x$4�

F +x> x,

4� x

@ � olp
x$4�

gF +x> x,

gx

@ � olp
x$4�

�
�5 .

C

C v
F +x> x, .

C

C w
F +x> x,

�
@ olp

x$4�
+Su ^Y A x m X @ x` . Su ^X A x m Y @ x`,
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Gh soxv vl od frsxoh hvw v|pìwultxh/ f*hvw ã gluh vl F +x> y, @ F +y> x,/ doruv rq rewlhqw
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H{hpsoh ; Rq shxw doruv dssoltxhu fhwwh irupxoh dx fdv jdxvvlhq1 Rq d
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Ru lo hvw elhq frqqx txh od orl gh \ m [ @ { � Q �
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Grqf srxu � ? 4/ oh frsxod jdxvvlhq q*d sdv gh gìshqgdqfh dx qlyhdx vxsìulhxu gh od txhxh gh glvwulexwlrq
sxlvtxh �X @ 31 Rq rewlhqw xq uìvxowdw dqdorjxh gdqv oh fdv g*xq frsxod gh Vwxghqw +Hpeuhfkwv/
PfQhlo hw Vwudxpdqq ^4<<<`, =
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Gdqv fh fdv/ �X hvw ìjdo ã 3 xqltxhphqw vl � @ �41 Rq uhpdutxh dxvvl txh fhwwh gìshqgdqfh gìfurlw dyhf
oh ghjuì gh olehuwì � gh od frsxoh1 D wlwuh g*looxvwudwlrq/ qrxv dyrqv uhsuìvhqwì vxu oh judskltxh +614, od

irqfwlrq �X +x, @ F+x>x,
4�x hw vd olplwh �X 1 Srxu � ? 4/ rq uhpdutxh grqf txh ohv h{wuíphv qh vrqw

sdv fruuìoìv oruvtxh od vwuxfwxuh gh gìshqgdqfh hvw jdxvvlhqqh/ doruv tx*lov oh vrqw oruvtxh
od gìshqgdqfh hvw xqh frsxoh gh Vwxghqw1 Fh uìvxowdw hvw wuëv lpsruwdqw srxu od prgìolvdwlrq
�qdqflëuh/ hw srvh ghv sureoëphv g*djuìjdwlrq ghv phvxuhv gh ulvtxhv oruvtxh qrxv idlvrqv
o*k|srwkëvh gh qrupdolwì1

615 Pìwkrghv g*hvwlpdwlrq

O*h{srvì txl vxlw uhsuhqg o*h{srvì gh Erx|ì/ Qlnhjkedol/ Ulerxohw hw Urqfdool ^5333`1

61514 Ohv frsxohv hpslultxhv

Ohv frsxohv hpslultxhv rqw ìwì lqwurgxlwhv sdu Ghkhxyhov ^4<:<`1 Vrlw " @ i+{w4> = = = > {wQ ,jWw@4 xq
ìfkdqwloorq1 Oh frsxod hpslultxh gh od glvwulexwlrq hvw grqqì sdu
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Rq d od uhodwlrq vxlydqwh hqwuh oh frsxod hpslultxh hw vd iuìtxhqfh
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Judskltxh 6141 Frpsdudlvrq ghv irqfwlrqv bL E��

Ohv frsxohv hpslultxhv shxyhqw íwuh xwlolvìhv srxu hvwlphu ohv phvxuhv gh gìshqgdqfh1 Sdu h{hpsoh/
xqh hvwlpdwlrq gx ukr gh Vshdupdq gdqv oh fdv elydulì hvw
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Gdqv oh fdv gx frsxod jdxvvlhq/ od uhodwlrq � @ 5 vlq
�
�
9 a(V

�
shuphw dlqvl gh gì�qlu xqh qrxyhooh hvwlpdwlrq

gh od pdwulfh ghv fruuìodwlrqv vdqv idluh dxfxqh k|srwkëvh vxu ohv glvwulexwlrqv pdujlqdohv
dvvrflìhv1

61515 Hvwlpdwlrq sdu od pìwkrgh gx pd{lpxp gh yudlvhpeodqfh

Vrlw � oh yhfwhxu N � 4 ghv sdudpëwuhv txh o*rq grlw hvwlphu hw � o*hvsdfh gdqv ohtxho � suhqg vhv
ydohxuv1 Od yudlvhpeodqfh srxu o*revhuydwlrq w hvw qrwìh Ow +�,1 F*hvw xqh ghqvlwì gh suredelolwì1 Qrwrqv
cw +�, od orj0yudlvhpeodqfh/ f*hvw0ã0gluh oh orjdulwkph gh Ow +�,1 Srxu W revhuydwlrqv/ c +�, @

SW
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uhsuìvhqwh od orj0yudlvhpeodqfh1 e�PO hvw o*hvwlpdwhxu gx pd{lpxp gh yudlvhpeodqfh vl
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Rq shxw prqwuhu txh e�PO hvw dv|pswrwltxhphqw qrupdo hw txh
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dyhf L +�3, od pdwulfh g*lqirupdwlrq gh Ilvfkhu1

Ru/ od ghqvlwì gh I +{4> = = = > {Q , @ F +I4 +{4, > = = = >IQ +{Q ,, hvw
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rü iq hw f +x4> = = = > xq, @ CF
Cx4===Cxq

vrqw ohv ghqvlwìv uhvshfwlyhv gh Iq hw gh od frsxoh1 Dlqvl/ rq d
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61516 Hvwlpdwlrq sdu od pìwkrgh LIP

Od pìwkrgh suìfìghqwh shxw hqwudlqhu ghv whpsv gh fdofxo wuëv orqjv oruvtx*rq d xq judqg qrpeuh gh
glphqvlrq fdu hooh qìfhvvlwh oh fdofxo gh sdudpëwuhv mrlqwv srxu ohv pdujlqdohv hw od gìshqgdqfh1 Ru od
uhsuìvhqwdwlrq hq frsxoh vìsduh ohv sdudpëwuhv hq sdudpëwuhv vsìfl�txhv srxu ohv glvwulexwlrqv pdujlqdohv
hw ghv sdudpëwuhv frppxqv srxu od vwuxfwxuh gh gìshqgdqfh1 Od orj0yudlvhpeodqfh shxw doruv v*ìfuluh
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rü � @ +�4> ===> �Q > �, oh yhfwhxu ghv sdudpëwuhv frqwlhqw ohv sdudpëwuhv �q gh fkdtxh pdujlqdoh Iq hw ohv
sdudpëwuhv � gh od frsxoh1 Mrh hw [x ^4<<9` sursrvhqw doruv g*hvwlphu � hq ghx{ whpsv1 Gdqv xq suhplhu
whpsv/ rq hvwlph ohv sdudpëwuhv gh fkdtxh pdujlqdohv
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Gdqv xq vhfrqg whpsv/ rq hvwlph � hq xwlolvdqw ohv hvwlpdwlrqv suìfìghqwhv =
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Fhwwh pìwkrgh hq ghx{ ìwdshv hvw dsshoìhpìwkrgh ghv irqfwlrqv g*lqiìuhqfh ghv pdujlqdohv rx pìwkrgh
LIP1 Hq jìqìudo/ oh sdudpëwuh e� rewhqx sdu fhwwh pìwkrgh hvw gl�ìuhqw gh fhoxl rewhqx sdu pd{lpxp gh
yudlvhpeodqfh1 Gdqv xqh wkëvh qrq sxeolìh/ [x hvwlph txh od pìwkrgh LIP hvw elhq soxv h!fdfh txh od
pìwkrgh PO +Mrh ^4<<:`,1 Hq xwlolvdqw xqh lgìh surfkh gh fhooh gh od pìwkrgh LIP/ qrxv uhpdutxrqv txh
oh sdudpëwuh � gx frsxoh shxw íwuh hvwlpì vdqv vsìfl�hu ohv pdujlqdohv +Erx|ì/ Qlnhjkedol/ Ulerxohw
hw Urqfdool ^5333`,1 Od pìwkrgh frqvlvwh ã wudqviruphu ohv grqqìhv +{w4> = = = > {

w
Q , hq yduldeohv xqliruphv

+axw4> ===> ax
w
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Gdqv fh fdv/ e� shxw íwuh frqvlgìuì frpph o*hvwlpdwhxu gx pd{lpxp gh yudlvhpeohqfh ã sduwlu ghv
pdujlqdohv revhuyìhv � vdqv k|srwkëvh vxu od glvwulexwlrq ghv pdujlqdohv1

616 Frqvwuxfwlrq ghv idploohv gh frsxohv

61614 Idploohv gh glvwulexwlrqv pxowlydulìhv jìqìuìhv sdu ghv pìodqjhv

Ohv duwlfohv vxu ohv glvwulexwlrqv pxowlydulìhv v*lqwìuhvvhqw sduwlfxolëuhphqw dx{ idploohv sdudpìwultxhv
gh od iruph

K +{4> {5 m �, @ F +K4 +{4, >K5 +{5, m �, +6187,

rü � hvw xq sdudpëwuh rx xq yhfwhxu gh sdudpëwuhv1 Qrxv doorqv lfl h{srvhu xqh pìwkrgh txl shuphw gh
frqvwuxluh gh whoohv glvwulexwlrqv1 Fhwwh pìwkrgh d ìwì suìvhqwìh srxu od suhplëuh irlv sdu Pduvkdoo hw
Ronlq ^4<;;` hw wuëv lqwhqvlyhphqw h{sorlwìh sdu Mrh dqg Kx ^4<<9` srxu frqvwuxluh ghv glvwulexwlrqv
g*h{wuíphv pxowlglphqvlrqqhoohv1
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Vrlhqw I hw J ghv irqfwlrqv gh glvwulexwlrq xqlydulìh hw vxssrvrqv7 J+3, @ 41 Frpph I� hvw hqfruh
xqh irqfwlrq gh glvwulexwlrq srxu wrxw � A 3/ lo v*hqvxlw txh oh pìodqjh

K +{, @

]
I� +{, gJ +�, +6188,

hvw dxvvl xqh irqfwlrq gh glvwulexwlrq1 Fh jhquh gh pìodqjh hvw lqwìuhvvdqw sxlvtxh vl rq vh grqqh ghx{
glvwulexwlrqv K hw J whoohv txh J+3, @ 4/ lo h{lvwh xqh irqfwlrq gh glvwulexwlrq I whooh txh od uhodwlrq
+6188, hvw yìul�ìh1 Srxu oh yrlu/ lo vx!w gh suhqguh
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rü � hvw od wudqvirupìh gh Odsodfh8 gh od phvxuh dvvrflìh ã od irqfwlrq gh glvwulexwlrq J1

Frqvlgìurqv pdlqwhqdqw xqh irqfwlrq gh glvwulexwlrq elydulìh J gh pdujlqdohv J4 hw J5 hw whooh txh
J +3> 3, @ 41 Ohv pdujlqdohv K4 hw K5 gh od irqfwlrq gh glvwulexwlrq K rewhqxh sdu oh pìodqjh
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vrqw grqqìhv sdu
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hw vrqw gh od iruph +6188,1 Dlqvl/ vl Il +{, @ h{s
����4l +Kl +{,,

�
rü �l hvw od wudqvirupìh gh Odsodfh gh

Jl srxu l 5 i4> 5j/ doruv K hvw xqh irqfwlrq gh glvwulexwlrq elydulìh txl d srxu pdujlqdohv K4 hw K51 Ohv
glvwulexwlrqv elydulìhv gh fhwwh iruph rqw ìwì ìwxglìhv sdu Rdnhv ^4<;<`1

Od frqvwuxfwlrq suìfìghqwh vh jìqìudolvh vdqv gl!fxowì srxu ghv glphqvlrqv vxsìulhxuhv1 Gh soxv hooh
hvw dxvvl ydodeoh vl rq uhpsodfh I�4

4 +{4,I
�5
5 +{5, sdu q*lpsruwh txhooh irqfwlrq gh glvwulexwlrq d|dqw srxu

pdujlqdohv I�4
4 +{4, hw I
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5 +{5, � rq shxw uhpdutxhu txh I�4
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5 +{5, fruuhvsrqg dx fdv g*lqgìshq0

gdqfh1 Fhv frqvlgìudwlrqv qrxv frqgxlvhqw ã ìqrqfhu oh wkìruëph vxlydqw =

Wkìruëph 45 Vrlhqw K4> = = = >Kq ghv irqfwlrqv gh glvwulexwlrq xqlydulìh hw vrlw J xqh irqfwlrq gh
glvwulexwlrq q0glphqvlrqqhooh txl d srxu pdujlqdohv +Jl,l@4===q hw txl hvw whooh txh J +3> = = = > 3, @ 41
Qrwrqv � hw �l ohv wudqvirupìhv gh Odsodfh gh J hw Jl uhvshfwlyhphqw1 Vrlw F xqh q0frsxoh1 Vl
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hvw xqh irqfwlrq gh glvwulexwlrq q0ydulìh txl d srxu pdujlqdohv K4> = = = >Kq1

Oh fkrl{ gh F hw J frqgxlw ã xqh judqgh ydulìwì gh idploohv gh glvwulexwlrqv pxowlydulìhv/ d|dqw ohv
pdujlqdohv srxu sdudpëwuhv1 Rq shxw flwhu xq fruroodluh lqwìuhvvdqw gh fh wkìruëph1

Fruroodluh 5 Vrxv ohv k|srwkëvhv gx wkìruëph suìfìghqw/ od irqfwlrq vxlydqwh
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gì�qlw xqh glvwulexwlrq q0ydulìh d|dqw srxu pdujlqdohv K4> = = = >Kq1

7Rq udsshooh txh CEw� ' �3C Ew�1
8Rq udsshooh txh od wudqvirupìh gh Odsodfh gh B hvw gì�qlh sdu
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Gìprqvwudwlrq 5 Yrlu Pduvkdoo hw Ronlq ^4<;;`1

Oruvtxh F hvw oh frsxod lqgìshqgdqw/ rq rewlhqw
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Qrxv yhuurqv hq idlw dx sdudjudskh vxlydqw txh o*rq shxw/ qrwdpphqw hq glphqvlrq 5/ frqvlgìuhu ghv
glvwulexwlrqv gh od iruph +6195, srxu ghv irqfwlrqv � soxv jìqìudohv txh ohv wudqvirupìhv gh Odsodfh1

Uhpdutxh 9 Rq shxw uhidluh srlqw sdu srlqw wrxv ohv udlvrqqhphqwv suìfìghqwv srxu ohv irqfwlrqv gh
glvwulexwlrq gh vxuylh1 Rq rewlhqw doruv/ vrxv ohv píphv k|srwkëvhv txh oh wkìruëph suìfìghqw/ txh

K +{4> = = = > {q, @

]
� � �

]
F
�
I
�4
4 +{4, > = = = >I

�q
q +{q,

�
gJ +�4> = = = > �q, +6198,

gì�qlw xqh irqfwlrq gh vxuylh +hq glphqvlrq q, txl d srxu pdujlqdohv K4> = = = >Kq dyhf

Il +{, @ h{s
����4l

�
Kl +{,

�� ;l 5 i4> = = = > qj +6199,

Gh od píph pdqlëuh/ rq d ohv ghx{ fdv sduwlfxolhuv

K +{4> = = = > {q, @ �
�
��44

�
K4 +{4,

�
> = = = >��4q

�
Kq +{q,

��
+619:,

hw

K +{4> = = = > {q, @ �
k
��4

�
K4 +{4,

�
. = = =.�

�4
+Kq +{q,,

l
+619;,

Qrxv doorqv pdlqwhqdqw phwwuh hq úxyuh ohv pìwkrghv suìfìghqwhv srxu frqvwuxluh ghv glvwulexwlrqv
pxowlydulìhv1

H{hpsoh < Rq frqvlgëuh lfl oh fdv vlpsoh rü F hvw oh frsxod lqgìshqgdqw FB hw oh fdv rü J @ F./
f*hvw0ã0gluh od eruqh vxsìulhxuh gh Iuìfkhw1

41 Od idplooh gh Jxpeho1 Rq yd xwlolvhu +6196,1 hw +619;,1 Jhqhvw hw PdfNd| ^4<;9` rqw prqwuì
txh

�+}, @ h{s
k
�}4@p

l
+619<,

hvw od wudqvirupìh gh Odsodfh g*xqh glvwulexwlrq vwdeoh1Rq d doruv

��4 +}, @ +� oq },p +61:3,

G*dsuëv od irupxoh +619;,/ rq shxw gì�qlu�� oqK +{4> {5,
�p

@
�� oqK4 +{4,

�p
.
�� oqK5 +{5,

�p
+61:4,

vrlw hqfruh

K +{4> {5, @ h{s

�
�
��� oqK4 +{4,

�p
.
�� oqK5 +{5,

�p�4@p�
+61:5,

Rq yrlw dlvìphqw txh oh frsxod dvvrflì ã fhwwh glvwulexwlrq hvw

F +x> y, @ h{s
q
� ^+� oqx,p . +� oq y,p`

4@p
r

+61:6,

Od wkìrulh ghv h{wuíphv hw od jhvwlrq ghv ulvtxhv gh pdufkì 6:



51 Od idplooh gh Fod|wrq/ Frrn hw Mrkqvrq1 J d srxu pdujlqdohv ghv glvwulexwlrq Jdppd grqw
od wudqvirupìh gh Odsodfh hvw

�� +}, @ +4 . },�� ;� A 3 +61:7,

g*rü

��4� +}, @ }�4@� � 4 +61:8,

Dlqvl/ K
+�,

gì�qlh sdu +619;, hvw grqqìh sdu

K
+�,

+{4> {5, @
q
K
�4@�

4 +{4, .K
�4@�

5 +{5,� 4
r��

@
K4 +{4,K5 +{5,q

4�
k
4�K

4@�
4 +{4,

l k
4�K

4@�
5 +{5,

lr� +61:9,

Rq uhfrqqdñw idflohphqw od frsxoh fruuhvsrqgdqw ã fhwwh glvwulexwlrq

F +x> y, @
xy�

4� �
4� x4@�

� �
4� y4@�

��� +61::,

61 Od idplooh gh Iudqn1 Vl rq fkrlvlw +rq shxw prqwuhu txh f*hvw od wudqvirupìh gh Odsodfh g*xqh
fhuwdlqh glvwulexwlrq � yrlu Mrh ^4<<:`,

�+}, @
oq +4� �h�},

oq�
3 ? � ? 4/ � @ 4� � +61:;,

rq d doruv

��4 +}, @ � oq +4� �},

�
+61:<,

Gdqv fh fdv/ o*ìtxdwlrq +6196, qrxv grqqh

K +{4> {5, @
oq
�
4 .

�
�K4+{4, � 4

� �
�K5+{5, � 4

��
oq�

3 ? � ? 4 +61;3,

Rq hq gìgxlw od frsxoh gh Iudqn

F +x> y, @
oq ^4 . +�x � 4, +�y � 4,`

oq�
+61;4,

H{hpsoh 43 Rq frqvlgëuh lfl txh F hvw od frsxoh gh Prujhqvwhuq/ f*hvw ã gluh

F +x> y, @ xy ^4 . � +4� x, +4� y,` � 4 � � � 4

Hq xwlolvdqw od uhodwlrq +6194,/ rq rewlhqw

K +{4> {5, @

] ]
I�4
4 +{4,I

�5
5 +{5,�

k
4 . �

�
4�I�4

4 +{4,
��

4�I�5
5 +{5,

�l
gJ +�4> �5,

@ +4 . �,�
�
��44 +K4 +{4,, >�

�4
5 +K5 +{5,,

�� ��
�
��44 +K4 +{4,, > 5�

�4
5 +K5 +{5,,

�
���

�
5��44 +K4 +{4,, >�

�4
5 +K5 +{5,,

�
. ��

�
5��44 +K4 +{4,, > 5�

�4
5 +K5 +{5,,

�
+61;5,

Vl J hvw od eruqh vxsìulhxuh gh Iuìfkhw F./ rq rewlhqw

K +{4> {5, @ +4 . �,�
�
��4 +K4 +{4,, . ��4 +K5 +{5,,

�� ��
�
��4 +K4 +{4,, . 5��4 +K5 +{5,,

�
���

�
5��4 +K4 +{4,, . ��4 +K5 +{5,,

�
. ��

�
5��4 +K4 +{4,, . 5��4 +K5 +{5,,

�
+61;6,
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Vl J hvw od frsxoh lqgìshqgdqwh FB/ doruv od glvwulexwlrq ghylhqw

K +{4> {5, @ +4 . �,K4 +{4,K5 +{5,� �K5 +{5,�4

�
5��44 +K4 +{4,,

�
��K4 +{4,�5

�
5��45 +K5 +{5,,

�
.��4

�
5��44 +K4 +{4,,

�
�5

�
5��45 +K5 +{5,,

�
+61;7,

Rq yd uhsuhqguh ohv wudqvirupìhv gh Odsodfh ghv h{hpsohv suìfìghqwv srxu frqvwuxluh gh qrxyhoohv idploohv1

41 Suhqrqv

�l +}, @ h{s
k
�}4@p

l
p � 4> l @ 4> 5 +61;8,

Doruv o*h{suhvvlrq +61;6, ghylhqw

K +{4> {5, @ +4 . �,K4 +{4,K5 +{5,� �K4 +{4,K
�
5 +{5,

��K�
4 +{4,K5 +{5, . �K�

4 +{4,K
�
5 +{5, +61;9,

dyhf � @ 54@p 5 ^3> 5`1 Oh fdv � @ 5 fruuhvsrqg ã od glvwulexwlrq gh Prujhqvwhuq1

51 Rq shxw ìjdohphqw fkrlvlu gh qrxyhdx

�+}, @ +4 . },�� ;� A 3 +61;:,

Qrxv rewhqrqv doruv srxu xq frsxod lqgìshqgdqw

K +{4> {5, @ +4 . �,
k
K
�4@�
4 +{4, .K

�4@�
5 +{5,� 4

l��
��

k
K
�4@�

4 +{4, . 5K
�4@�

5 +{5,� 5
l��

��
k
5K

�4@�

4 +{4, .K
�4@�

5 +{5,� 5
l��

.�
k
5K

�4@�
4 +{4, . 5K

�4@�
5 +{5,� 6

l��
+61;;,

dyhf �4 � � � 4 hw � A 31

61615 Ohv frsxohv dufklpìglhqqhv

Qrxv doorqv ã suìvhqw grqqhu xqh dxwuh pìwkrgh srxu frqvwuxluh ghv glvwulexwlrqv pxowlydulìhv/ txl
uhvvhpeoh ã od frqvwuxfwlrq grqqìh sdu o*h{suhvvlrq +6196,1

6161514 Txhotxhv jìqìudolwìv

Qrxv h{srvrqv/ srxu od vlpsolflwì gh o*h{srvì/ ohv frsxohv dufklpìglhqqhv gdqv oh fdv elydulì1

Gì�qlwlrq 46 Vrlw ! xqh irqfwlrq frqwlqxh/ vwulfwhphqw gìfurlvvdqwh gh ^3> 4` gdqv ^3>4`1 Od svhxgr0
lqyhuvh gh ! hvw od irqfwlrq !^�4` grqw oh grpdlqh gh gì�qlwlrq hvw ^3>4` > ã ydohxuv gdqv ^3> 4`/ hw txl hvw
gì�qlh sdu

!^�4` +w, @

�
!�4 +w, vl 3 � w � ! +3,
3 vl ! +3, � w � 4 +61;<,

Rq yd pdlqwhqdqw ìqrqfhu xq wkìruëph txl qrxv shuphw gh gì�qlu ohv frsxod dufklpìglhqv1

Wkìruëph 46 Vrlw ! xqh irqfwlrq frqwlqxh/ vwulfwhphqw gìfurlvvdqwh gh ^3> 4` gdqv ^3>4` hw whooh txh
! +4, @ 3 hw vrlw !^�4` oh svhxgr0lqyhuvh gh !1 Od irqfwlrq F = ^3> 4`� ^3> 4` $ ^3> 4` gì�qlh sdu

F +x> y, @ !^�4` +! +x, . ! +y,, +61<3,

hvw xqh frsxoh vl hw vhxohphqw vl ! hvw frqyh{h1

Od wkìrulh ghv h{wuíphv hw od jhvwlrq ghv ulvtxhv gh pdufkì 6<



Gìprqvwudwlrq 6 Yrlu Qhovhq ^4<<<`1

Ohv frsxohv gì�qlv sdu +61<3, vrqw dsshoìhv frsxod dufklpìglhqv1 Od irqfwlrq ! hvw oh jìqìudwhxu
gh od frsxoh1 Rq yrlw dlqvl txh o*rq shxw frqvwuxluh xqh judqgh ydulìwì gh idploohv gh frsxohv dyhf fhwwh
pìwkrgh1

H{hpsoh 44 Qrxv frqvlgìurqv gl�ìuhqwhv iruphv gh jìqìudwhxu1

41 Vl rq suhqg ! +w, @ +� oq w,� dyhf � � 4/ rq yìul�h idflohphqw txh fhwwh irqfwlrq frqylhqw hw rq
rewlhqw od idplooh gh Jxpeho

F� +x> y, @ !^�4` +! +x, . ! +y,,

@ h{s

�
�
k
+� oqx,� . +� oq y,�

l4@��
+61<4,

Rq dydlw gìmã wurxyì fhwwh idplooh sdu od pìwkrgh gh pìodqjh1 Rq uhpdutxh gh soxv txh F4 @ FB

hw F4 @ F.1

51 Vrlw ! +w, @ 4� w srxu w 5 ^3> 4`1 Rq d srxu fh jìqìudwhxu

!^�4` +w, @

�
4� w srxu w 5 ^3> 4`
3 srxu w A 4

+61<5,

f*hvw0ã0gluh !^�4` +w, @ pd{ +4� w> 3,1 Rq rewlhqw dlqvl

F +x> y, @ pd{ +x. y � 4> 3,

@ F. +x> y, +61<6,

61 Frqvlgìurqv ! +w, @ ��4
�
w�� � 4

�
dyhf � 5 ^�4>4," i3j1 Fh jìqìudwhxu frqgxlw ã od idplooh gh

frsxohv

F� +x> y, @ pd{
k�
x�� . y�� � 4

��4@�
> 3
l

+61<7,

Oruvtxh � A 3/ rq rewlhqw od idplooh ghv frsxohv gh Fod|wrq

F� +x> y, @
�
x�� . y�� � 4

��4@�
+61<8,

6161515 Sursulìwìv ghv frsxohv dufklpìglhqqhv

Rq qrwhud 
 o*hqvhpeoh ghv irqfwlrqv ! frqyh{hv vwulfwhphqw gìfurlvvdqwhv gh ^3> 4` gdqv ^3> 4` hw txl
yìul�hqw ! +4, @ 31

Wkìruëph 47 Vrlhqw [ hw \ ghv yduldeohv doìdwrluhv grqw od frsxoh F hvw dufklpìglhqqh dyhf oh jìqì0
udwhxu ! 5 
1 Doruv oh frh!flhqw gh fruuìodwlrq gh Nhqgdoo gh [ hw \ hvw grqqì sdu

� @ 4 . 7

] 4

3

! +w,

!3 +w,
gw +61<9,

Gìprqvwudwlrq 7 Yrlu Qhovhq ^4<<<`1

H{hpsoh 45 Srxu od frsxoh gh Jxpeho/ rq d ! +w, @ +� oq w,� dyhf � � 41 Lo ylhqw txh

! +w,

!3 +w,
@

w oq w

�
+61<:,

g*rü

�� @ 4� 4

�
+61<;,
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H{hpsoh 46 Rq frqvlgëuh oh jìqìudwhxu gh od idplooh gh Fod|wrq ! +w, @ ��4
�
w�� � 4

�
srxu � 5

^�4>4," i3j1 Rq d doruv

! +w,

!3 +w,
@

w�.4 � w

�
+61<<,

g*rü

�� @
�

� . 5
+61433,

Uhpdutxh : Lo h{lvwh ìjdohphqw xq uìvxowdw vsìfl�txh dx{ frsxohv dufklpìglhqqhv txl shuphw gh fdofxohu
o*lqglfh gh gìshqgdqfh vxsìulhxuh gh od txhxh gh glvwulexwlrq hq irqfwlrq gx jìqìudwhxu gx frsxod1

Wkìruëph 48 Vrlw F xqh frsxoh dufklpìglhqqh who txh !^�4` +w, @ !�4 +w,1 Vl
�
!�4

�3
+3, hvw �qlh/ doruv

F +x> y, @ !�4 +! +x, . ! +y,, q*d sdv gh gìshqgdqfh vxsìulhxuh dx qlyhdx gh od txhxh gh glvwulexwlrq1 Vl
F suìvhqwh xqh gìshqgdqfh vxsìulhxuh dx qlyhdx gh od txhxh gh glvwulexwlrq/ doruv

�
!�4

�3
+3, @ �4 hw

gh soxv rq d od uhodwlrq

�X @ 5� 5 olp
v$3

�
!�4

�3
+5v,�

!�4
�3
+v,

+61434,

Fh uìvxowdw yd grqf qrxv shuphwwuh gh fdofxohu dvvh} idflohphqw ohv lqglfhv gh txhxh gh glvwulexwlrq1

H{hpsoh 47 Frqvlgìurqv gh qrxyhdx od idplooh gh Jxpeho1 Udsshorqv txh ! +w, @ +� oq w,� dyhf � � 41
Rq d elhq !^�4` +w, @ !�4 +w,1 Rq shxw grqf dssoltxhu oh wkìruëph suìfìghqw1 Rq rewlhqw

�X @ 5� 54@� olp
v$3

57h{s
�
� +5v,4@�

�
h{s

�
� +v,4@�

�
68

@ 5� 54@� +61435,

Rq shxw dxvvl flwhu xq uìvxowdw vlplodluh srxu ohv lqglfhv gh txhxh lqiìulhxuv1

Wkìruëph 49 VrlwF xqh frsxoh dufklpìglhqqh whooh txh !^�4` +w, @ !�4 +w,1 Oh frh!flhqw gh gìshqgdqfh
lqiìulhxuh gh od txhxh gh glvwulexwlrq gh F +x> y, @ !�4 +! +x, . ! +y,, hvw grqqì sdu

�O @ 5 olp
v$3

�
!�4

�3
+5v,�

!�4
�3
+v,

+61436,

H{hpsoh 48 Frqvlgìurqv od idplooh gh Fod|wrq F� +x> y, @
�
x�� . y�� � 4

��4@�
dyhf � � 31 Rq d srxu

fhwwh idplooh ! +w, @ ��4
�
w�� � 4

�
1 Lo ylhqw grqf !�4 +w, @ +4 . �w,�4@� g*rü oh uìvxowdw vxlydqw

�O @ 5 olp
v$3

%
� +4 . 5�v,�4@��4

� +4 . �v,�4@��4

&
@ 5�4@� +61437,
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6161516 Lghqwl�fdwlrq g*xqh frsxoh dufklpìglhqqh

Oh exw gh fhwwh vrxv0vhfwlrq hvw gh vdyrlu frpphqw dmxvwhu xq frsxod dufklpìglhq ã xqh vìulh gh
grqqìhv1 Jhqhvw hw Ulyhvw ^4<<6` rqw gìyhorssì xqh pìwkrgh srxu lghqwl�hu xq frsxod dufklpìglhq1
Vrlw +[>\ , xq yhfwhxu doìdwrluh hw F oh frsxod dufklpìglhq gh jìqìudwhxu ! dvvrflì1 Vrlw N od irqfwlrq
gì�qlh sdu

N +x, @ Su +F +[>\ , � x, +61438,

Rq shxw prqwuhu +yrlu Edueh/ Jhqhvw/ Jkrxgl hw Uìploodug ^4<<9`, txh

N +x, @ x� ! +x,

!3 +x,
+61439,

Xqh hvwlpdwlrq qrq sdudpìwultxh gh N hvw grqqìh sdu

eN +x, @
4

W

W[
w@4

4^Yl�x` +6143:,

rü

Yl @ 4

W � 4

W[
w@4

4^[w�[w>\ w�\ l` +6143;,

O*lgìh hvw doruv gh fkrlvlu xqh idplooh gh frsxod dufklpìglhqv txl v*dmxvwh elhq ã eN1 Srxu fhod/ rq shxw
frqvlgëuh xq TT0sorw gh N hw eN +Iuhhv hw Ydogh} ^4<<:`,1 Xqh surfìgxuh judskltxh soxv mxglflhxvh
hvw fhooh vxjjìuìh sdu Jhqhvw hw Ulyhvw ^4<<6`/ txl frqvlvwh ã frpsduhu x�N +x, hw x� eN +x,1 Vxu oh
judskltxh +615,/ rq yrlw dlqvl txh oh sdudpëwuh � @ 4=8 gh od frsxoh gh Iudqfn frqylhqw uhodwlyhphqw elhq
srxu ohv frxsohv DO2FX hw DO0482FX/ doruv txh fh sdudpëwuh hvw ehdxfrxs soxv ìohyì srxu DO2DO0481
Qrwrqv tx*lo hvw srvvleoh gh frqvwuxluh ghv whvwv ehdxfrxs soxv suìflv edvìv vxu ohv glvwdqfhv hqwuh ohv
ghx{ yduldeohv doìdwrluhv X �N +X, hw X � eN +X,1

Judskltxh 6151 Surfìgxuh g*lghqwl�fdwlrq ghv frsxohv dufklpìglhqqhv
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61616 Ohv frsxohv h{wuíphv

6161614 Uìvxowdwv jìqìudx{

Gdqv ehdxfrxs g*dssolfdwlrqv gh od vwdwlvwltxh/ o*ìwxgh ghv ydohxuv h{wuíphv hvw g*xqh wuëv judqgh
lpsruwdqfh1 Qrxv dyrqv gìmã yx gdqv oh fkdslwuh 5 o*ìwxgh ghv orlv g*h{wuíphv xqlydulìhv1 O*ìwxgh gx fdv
pxowlydulì hvw fhshqgdqw soxv gìolfdwh/ pdlv o*xwlolvdwlrq ghv frsxohv od uhqg soxv dlvìh1

Uhpdutxh ; Od wkìrulh ghv h{wuíphv pxowlydulìhv hvw wuëv whfkqltxh1 Srxu od foduwì gh o*h{0
srvì/ rq qh wudlwhud txh oh fdv elydulì1 Oh ohfwhxu srxuud vh uhsruwhu ã Mrh ^4<<:` srxu xqh
jìqìudolvdwlrq dx fdv pxowlydulì dlqvl txh srxu ohv suhxyhv1

Frqvlgìurqv xq yhfwhxu doìdwrluh +[>\ , gh irqfwlrq gh glvwulexwlrq K hw gh pdujlqdohv K4 hw K5

frqwlqxhv1 Rq vdlw g*dsuëv oh wkìruëph gh Vnodu tx*lo h{lvwh xqh xqltxh irqfwlrq frsxoh whooh tx*rq yìul�h

K +{> |, @ F +K4 +{, >K5 +|,, +6143<,

Frqvlgìurqv xqh vxlwh gh yhfwhxuv doìdwrluhv +[4> \4, > = = = > +[q> \q, gh yhfwhxuv lqgìshqgdqwv gh orlv
K +{> |,1 Vrlw

+[�
q> \

�
q , @ +pd{ +[4> = = = > [q, >pd{ +\4> = = = > \q,,

Gì�qlwlrq 47 Rq glw txh K dssduwlhqw dx pd{0grpdlqh g*dwwudfwlrq g*xqh glvwulexwlrq ghv ydohxuv
h{wuíphv K� dyhf ghv orlv pdujlqdohv qrq gìjìqìuìhv v*lo h{lvwh ghv vxlwhv d4q A 3/ d5q A 3/ e4q hw e5q
whoohv txh

olp
q$4

Su

�
[�
q � e4q
d4q

� {>
\ �
q � e5q
d5q

� |

�
@ olp

q$4
Kq +d4q{. e4q> d5q| . e5q,

@ K� +{> |, +61443,

Wkìruëph 4: Vrlw F� od frsxoh fruuhvsrqgdqw ã K� hw vrlhqw K�
4 hw K�

5 ohv pdujlqdohv gh K�1 K
dssduwlhqw dx pd{0grpdlqh g*dwwudfwlrq gh K� vl hw vhxohphqw vl K4 hw K5 dssduwlhqqhqw dx{ grpdlqhv
g*dwwudfwlrq gh K�

4 hw K�
5 uhvshfwlyhphqw hw vl F vdwlvidlw

F� +{> |, @ olp
q$4

F
�
{4@q> |4@q

�q
;3 � {> | � 4 +61444,

G*dsuëv od wkìrulh ghv h{wuíphv xqlydulìh h{srvìh dx fkdslwuh 5/ ohv pdujlqdohvK�
4 hwK

�
5 dssduwlhqqhqw

ã o*xq ghv wurlv w|shv flwìv dx fkdslwuh 51 Mrh ^4<<:` ìqrqfh xqh fdudfwìulvdwlrq ghv frsxohv h{wuíphv =

Wkìruëph 4; F +{> |, hvw xqh frsxoh h{wuíph vl hw vhxohphqw vl

F
�
{w> |w

�
@ Fw +{> |, +61445,

Xq dxwuh uìvxowdw lqwìuhvvdqw prqwuì sdu Erx|ì/ Qlnhjkedol/ Ulerxohw hw Urqfdool ^5333` hvw oh
vxlydqw =

Sursrvlwlrq 4 Srxu wrxwh frsxoh h{wuíph F/ rq d

FB ! F ! F. +61446,

Fhod lpsoltxh txh ohv h{wuíphv qh suìvhqwhqw mdpdlv gh gìshqgdqfh qìjdwlyh $
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Pdlqwhqdqw qrxv doorqv ìqrqfhu xq uìvxowdw txl shxw vh jìqìudolvhu srxu ghv glphqvlrqv vxsìulhxuhv/
pdlv dyhf ghv frqwudlqwhv vxssoìphqwdluhv1

Wkìruëph 4< Vrlw F� xqh frsxoh h{wuíph elydulìh1 Doruv lo h{lvwh xqh irqfwlrq frqyh{h D gì�qlh vxu
^3> 4` hw txl vdwlvidlw od frqglwlrq pd{ +w> 4� w, � D +w, � 4 whooh txh

F� +{> |, @ h{s

�
oq +{|,D

�
oq +|,

oq +{|,

��
;3 � {> | � 4 +61447,

D hvw dsshoìh od irqfwlrq gh gìshqgdqfh dvvrflìh ã F�1

Fh uìvxowdw qrxv hqvhljqh txh o*hvwlpdwlrq g*xq frsxod h{wuíph shxw vh idluh hq ghx{ ìwdshv = wrxw
g*derug rq hvwlph ohv pdujlqdohv +dyhf ohv pìwkrghv h{srvìhv dx vhfrqg fkdslwuh, sxlv rq hvwlph D
dyhf ohv pìwkrghv sdudpìwultxhv rx qrq sdudpìwultxhv gh od vhfwlrq suìfìghqwh1 Dydqw gh grqqhu ghv
h{hpsohv gh frsxohv h{wuíphv/ qrxv doorqv ìqrqfhu txhotxhv uìvxowdwv txl vhuyhqw oruv ghv hvwlpdwlrqv
qrq sdudpìwultxhv1 Qrxv qrxv lqvslurqv lfl gh Degrxv/ Jkrxgl hw Nkrxgudml ^4<<<`1 Oh ohfwhxu shxw
frqvxowhu o*duwlfoh srxu ohv gìprqvwudwlrqv1

Wkìruëph 53 Vrlw F� xq frsxod h{wuíph elydulì grqw od irqfwlrq gh gìshqgdqfh hvw D1 Oh frsxod F
dssduwlhqw dx pd{0grpdlqh g*dwwudfwlrq gh F� vl hw vhxohphqw vl

olp
x$3

4�F
�
+4� x,4�w > +4� x,w

�
x

@ D +w, ;w 5 ^3> 4` +61448,

O*lgìh ã suìvhqw hvw gh udphqhu o*hvwlpdwlrq gh D ã fhooh g*xqh txdqwlwì gìshqgdqw gx frsxod gh gìsduw
F1 Srxu fhod/ frqvlgìurqv xq yhfwhxu doìdwrluh +X> Y , gh pdujlqdohv ghv orlv xqliruphv vxu +3> 4, hw gh
frsxoh F1 Srxu wrxw w 5 ^3> 4`/ rq srvh

Zw @

;?= 4�pd{
�
X4@+4�w,> Y 4@w

�
srxu w 5 +3> 4,

4� X srxu w @ 3
4� Y srxu w @ 4

+61449,

Rq yìul�h doruv idflohphqw txh od irqfwlrq gh glvwulexwlrq Jw gh fhwwh yduldeoh doìdwrluh vdwlvidlw

Jw +x, @ 4�F
�
+4� x,4�w > +4� x,w

�
+6144:,

Rq hq gìgxlw grqf txh F dssduwlhqw dx pd{0grpdlqh g*dwwudfwlrq gh F� vl hw vhxohphqw vl

olp
x$3

Jw +x,

x
@ D +w, ;w 5 ^3> 4` +6144;,

Rq yrlw vrxv fhwwh iruph txh od irqfwlrq gh gìshqgdqfh D +w, shxw íwuh yxh frpph od gìulyìh ã gurlwh
hq }ìur gh od irqfwlrq gh glvwulexwlrq Jw1 Srxu hvwlphu D +w,/ lo vx!w doruv g*ìwxglhu oh frpsruwhphqw dx
yrlvlqdjh gh }ìur gh Jw1

Qrxv doorqv ã suìvhqw grqqhu txhotxhv h{hpsohv gh frsxohv txl vhuylurqw srxu o*hvwlpdwlrq sdudpìwultxh1

H{hpsoh 49 Qrxv lqgltxhurqv srxu fkdtxh h{hpsoh gh frsxoh od irqfwlrq gh gìshqgdqfh gh fhooh0fl1 Rq
srvhud hx @ � oqx1

41 Oh frsxod lqgìshqgdqw FB

FB +x4> x5, @ x4x5

D +z, @ 4 +6144<,

51 Oh frsxod gh Jxpeho

FJ +x4> x5, @ h{s
k
� +hx�4 . hx�5 ,4@�l ;� 5 ^4>4,

D +z, @ ^z� . +4�z,�`
4@� +61453,
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61 Xq dxwuh frsxod gh Jxpeho

F +x4> x5, @ x4x5 h{s

�
�

hx4hx5hx4 . hx5
�

� 5 ^3> 4`

D +z, @ �z5 � �z . 4 +61454,

71 Oh frsxod gh Jdodperv

F +x4> x5, @ x4x5 h{s
k�hx��4 . hx��5 ��4@�l ;� 5 ^3>4,

D +z, @ 4�
k
z�� . +4�z,��

l�4@�
+61455,

81 Oh frsxod gh Pduvkdoo0Ronlq

F +x4> x5, @ x4��44 x4��55 plq +x�44 > x�55 , +�4> �5, 5 ^3> 4`5

D +z, @ pd{ +4� �4z> 4� �5 +4�z,, +61456,

91 Od eruqh vxsìulhxuh gh Iuìfkhw

F. @ plq +x4> x5,

D +z, @ pd{ +z> 4�z,

Rq uhpdutxh txh wrxwhv fhv frsxohv/ vdxi fhooh gh Pduvkdoo0Ronlq/ vrqw v|pìwultxhv9 1 Fhod vljql�h txh
ohv yduldeohv doìdwrluhv frqvlgìuìhv mrxhqw xq u÷oh v|pìwultxh1 Fhwwh k|srwkëvh hvw elhq vþu glvfxwdeoh1
Jhqhvw/ Jkrxgl hw Ulyhvw ^4<<;` sursrvhqw xqh whfkqltxh g*dv|pìwulvdwlrq srxu frqvwuxluh gh qrx0
yhdx{ frsxohv soxv  h{leohv srxu od prgìolvdwlrq1 Vl D4 hw D5 vrqw ghx{ irqfwlrqv gh gìshqgdqfh hw
+s4> s5, 5 ^3> 4`5/ od irupxoh vxlydqwh gì�qlw xqh qrxyhooh irqfwlrq gh gìshqgdqfh

D +z, @ +s4z . s5 +4�z,,D4

�
s4z

s4z . s5 +4�z,

�
.

++4� s4,z . +4� s5, +4�z,,D5

�
+4� s4,z

+4� s4,z . +4� s5, +4�z,

�
+61457,

Hq sduwlfxolhu/ oruvtxh s4 @ s5 @ s/ rq rewlhqw od irqfwlrq gh gìshqgdqfh

D +z, @ sD4 +z, . +4� s,D5 +z, +61458,

Oruvtxh D4 hw D5 vrqw ohv irqfwlrqv gh gìshqgdqfh gh Jxpeho hw gx frsxod lqgìshqgdqw/ rq d

D +z, @ ^s�4z
� . s�5 +4�z,�`

4
� . +s5 � s4,z . +4� s5, +61459,

hw grqf

F +x4> x5, @ FJ +xs44 > xs55 ,FB
�
x4�s44 > x4�s55

�
+6145:,

Fhwwh uhodwlrq shxw g*dloohxuv vh jìqìudolvhu1 Sdu h{hpsoh/ od frsxoh gh Pduvkdoo0Ronlq hvw oh surgxlw gh
od frsxoh vxsìulhxuh gh Iuìfkhw hw gx frsxod lqgìshqgdqw/ f*hvw0ã0gluh

F +x4> x5, @ F. +x�44 > x�55 ,FB
�
x4��44 > x4��55

�
+6145;,

9F*hvw0ã0gluh � E�c �� ' � E�c ��
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6161615 Pìwkrgh g*hvwlpdwlrq sdudpìwultxh

Rq dssoltxh od pìwkrgh gh pd{lpxp gh yudlvhpeodqfh rx od pìwkrgh LIP dx yhfwhxu ghv pd{lpd
+[�

q> \
�
q , hq xwlolvdqw od uhodwlrq

K� +{> |, @ F� +J4 +{, >J5 +|,,

rü F� hvw xq frsxoh h{wuíph hw rü Jl hvw xqh glvwulexwlrq JHY1 Rq udsshooh tx*xqh irqfwlrq gh
glvwulexwlrq hvw xqh glvwulexwlrq JHY vl

J+{, @ h{s

+
�
�
4 . �

�
{� �

�

���4
�

,
+6145<,

Qrwrqv tx*xqh ìwdsh wuëv lpsruwdqwh srxu o*hvwlpdwlrq sdudpìwultxh gx frsxod hvw od ydohxu gh gìsduw
tx*rq grqqh dx{ sdudpëwuhv1 Jkrxgl/ Nkrxgudml hw Ulyhvw ^4<<;` vxjjëuhqw g*xwlolvhu ohv uhodwlrqv txl
shxyhqw h{lvwhu hqwuh oh wdx gh Nhqgdoo hw ohv sdudpëwuhv ã hvwlphu1 Hq h�hw lo h{lvwh srxu ohv frsxohv
h{wuíphv ghv uhodwlrqv hqwuh oh wdx gh Nhqgdoo rx oh ukr gh Vshdupdq hw oh sdudpëwuh gx frsxod1

Sursrvlwlrq 5 Vrlw F� xqh frsxoh h{wuíph gh irqfwlrq gh gìshqgdqfh D1 Doruv rq d ohv uhodwlrqv vxl0
ydqwhv =

� @ 7

]
z +4�z, g oqD +z,

( @ 45

]
4

^D +z, . 4`5
gz � 6 +61463,

D wlwuh g*h{hpsoh/ rq d

Idplooh gh Frsxoh �

FB 3
Jxpeho 4� 4@�

Jxpeho LL ;��
4
5 +7� �,

�4
5 dufwdq

t
� +7� �,�4 � 5

Jdodperv wuëv frpsoltxì
Pduvkdoo0Ronlq �4�5 +�4 � �4�5 . �5,

�4

F. 4

6161616 Hvwlpdwlrq qrq sdudpìwultxh

Rq yd h{srvhu lfl xqh pìwkrgh g*hvwlpdwlrq qrq sdudpìwultxh gh D1 Frqvlgìurqv xq ìfkdqwloorq
+[4> \4, > = = = > +[q> \q, gh q yhfwhxuv doìdwrluhv gh píph irqfwlrq gh glvwulexwlrq K/ gh frsxod dvvr0
flì F hw gh pdujlqdohv K4 hw K51 Vrlw Kq od glvwulexwlrq mrlqwh hpslultxh hw K4q/ K5q ohv glvwulexwlrqv
pdujlqdohv hpslultxhv1 Qrwrqv Fq oh frsxod hpslultxh grqqì sdu

Fq +x> y, @ Kq

�
K�4

4q +x, >K�4
5q +x,

�
+61464,

Qrwrqv ìjdohphqw

Fq +x> y, @ Kq

�
K�4

4 +x, >K�4
5 +x,

�
+61465,

Rq d yx soxv kdxw txh oh frsxod F hvw gdqv oh pd{0grpdlqh g*dwwudfwlrq gx frsxod h{wuíph F� vl hw
vhxohphqw vl od irqfwlrq Jw +x, @ 4�F

�
+4� x,4�w > +4� x,w

�
d xq frpsruwhphqw olqìdluh dx yrlvlqdjh

gh }ìur1 Dlqvl xq hvwlpdwhxu qdwxuho gh D +w, shxw íwuh rewhqx hq dmxvwdqw orfdohphqw xq sro|q÷ph ã
o*hvwlpdwlrq hpslultxh gh Jw1 Gdqv od olwwìudwxuh/ rq vìsduh o*ìwxgh hq ghx{ fdv = oh fdv rü o*rq frqqdñw
ohv pdujlqdohv K4 hw K5 hw oh fdv rü rq qh ohv frqqdñw sdv1 Frpph rq vdlw elhq hvwlphu ohv pdujlqdohv
oruvtx*hoohv vrqw h{wuíphv/ rq qh v*lqwìuhvvh tx*ã fh fdv0oã1
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Vxssrvrqv grqf txh o*rq frqqdñw ohv pdujlqdohv K4 hw K51 Jkrxgl/ Nkrxgudml hw Ulyhvw ^4<<;`
sursrvhqw srxu fkdtxh +w> y, 5 ^3> 4`5 g*xwlolvhu xqh pìwkrgh ghv prlqguhv fduuìv srqgìuìv srxu dmxvwhu
orfdohphqw xq sro|q÷ph olqìdluh ã od irqfwlrq

Jw>q +y, @ 4�Fq

�
+4� y,4�w > +4� y,w

�
+61466,

D fhwwh �q/ rq plqlplvh sdu udssruw ã od yduldeoh d o*h{suhvvlrq vxlydqwh =] 4

3

Nk +x� y,
�
Jw>q +x,� dx

�5
gx +61467,

rü k hvw xqh yduldeoh txl qrxv shuphw gh txdqwl�hu oh yrlvlqdjh gh }ìur/N xq qr|dx hwNk +x, @ N +x@k, @k1
Od vroxwlrq gh fh sureoëph grqqìh sdu

eD +w> y, @

U 4

3 xNk +x� y,Jw>q +x, gxU 4

3
x5kN +x� y, gx

+61468,

irxuqlw xqh hvwlpdwlrq gx frpsruwhphqw gh Jw dx yrlvlqdjh gh }ìur1 Xqh hvwlpdwlrq wulyldoh gh D +w, hvweD +w, @ eD +w> 3,1 Jkrxgl/ Nkrxgudml hw Ulyhvw ^4<<;` irxuqlvvhqw ghv uìvxowdwv vxu oh frpsruwhphqw
dv|pswrwltxh gh fhw hvwlpdwhxu: 1

61617 Ohv frsxohv dufklpd{

Oh exw gh fhwwh vhfwlrq hvw gh suìvhqwhu xqh qrxyhooh idplooh gh frsxohv txl d ìwì lqwurgxlwh sdu Fdsì0
udã/ Irxjëuhv hw Jhqhvw ^5333` hw txl hqjoreh od soxsduw ghv idploohv frqqxhv ghv frsxohv/ qrwdpphqw
wrxwhv ohv frsxohv dufklpìglhqqhv hw wrxwhv ohv frsxohv h{wuíphv1 Fhwwh qrxyhooh idplooh r�uh soxv gh
 h{lelolwì srxu od prgìolvdwlrq1 Hq h�hw/ rq shxw srxu fhwwh idplooh frqqdñwuh d sulrul ohv gl�ìuhqwv pd{0
grpdlqhv g*dwwudfwlrq1 Rq srxuud dlqvl frqvwuxluh xqh idplooh gh frsxohv grqw rq vh grqqh ã o*dydqfh oh
pd{0grpdlqh g*dwwudfwlrq1

Gì�qlwlrq 48 Xqh irqfwlrq elydulìh hvw xq frsxod dufklpd{ vl hw vhxohphqw vl hooh hvw gh od iruph

F!>D +{> |, @ !�4
�
+! +{, . ! +|,,D

�
! +{,

! +{, . ! +|,

��
+61469,

srxu wrxw 3 � {> | � 4/ dyhf

41 D = ^3> 4` $ ^4@5> 4` who txh pd{ +w> 4� w, � D +w, � 4 srxu wrxw 3 � w � 4 >
51 ! = +3> 4` $ ^3>4,/ hvw xqh irqfwlrq frqyh{h/ gìfurlvvdqwh txl yìul�h ! +4, @ 31 Rq dgrswhud od

frqyhqwlrq ! +3, @ olpw$r. ! +w, hw !�4 +v, @ 3 srxu v � ! +3,1

Dlqvl/ vl rq uhpsodfh { hw | sdu ghv irqfwlrqv gh glvwulexwlrq xqlydulìhv I hwJ/ rq rewlhqw xqh irqfwlrq
gh glvwulexwlrq elydulìh gh pdujlqdohv I hw J1 Rq yrlw dlvìphqw txh fhwwh qrxyhooh idplooh gh frsxod
frqwlhqw wrxv ohv frsxod dufklpìglhqv hw wrxv ohv frsxod h{wuíphv1 Hq h�hw/ hq fkrlvlvvdqw ! +w, @ oq +4@w,/
rq rewlhqw

F!>D +{> |, @ FD +{> |, @ h{s

�
oq +{|,D

�
oq +|,

oq +{|,

��
+6146:,

srxu wrxw 3 � {> | � 41 Rq uhfrqqdñw od iruph jìqìudoh ghv frsxohv h{wuíphv elydulìv1 Vl rq fkrlvlw
pdlqwhqdqw gh suhqguh D +w, � 4/ rq uhwurxyh od iruph jìqìudoh ghv frsxohv dufklpìglhqqhv =

F!>D +{> |, @ F! +{> |, @ !�4 +! +{, . ! +|,, +6146;,

O*lqwìuíw gh od frqvwuxfwlrq +61469, uìvlgh gdqv oh idlw tx*dyhf xq fkrl{ mxglflhx{ gh ! hw D/ rq rewlhqw
xqh frsxoh txl vhud gdqv oh pd{0grpdlqh g*dwwudfwlrq gh q*lpsruwh txho �dwwudfwhxu� FD� grqqì1 Dydqw
gh grqqhu xq vhqv pdwkìpdwltxh ã fhod/ udsshorqv od gì�qlwlrq gh od yduldwlrq uìjxolëuh dx yrlvlqdjh gh
o*lq�ql1

:Qìdqprlqv/ rq uhpdutxh tx*hq jìqìudo od irqfwlrq hvwlpìh q*hvw sdv frqyh{h hw qh yìul�h sdv od frqglwlrq 4@ E|c �3 |� $
� E|� $ �1
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Gì�qlwlrq 49 Xqh irqfwlrq � = +3>4, $ +3>4, hvw glwh ã yduldwlrq uìjxolëuh gh ghjuì � dx yrlvlqdjh
gh o*lq�ql/ hw rq qrwh � 5 UY� vl

;v A 3 olp
w$4

�+vw,

� +w,
@ v� +6146<,

Rq shxw pdlqwhqdqw ìqrqfhu oh sulqflsdo uìvxowdw gh fh sdudjudskh =

Sursrvlwlrq 6 Vrlw F!>D xq frsxod dufklpd{ who txh ! +4� 4@w, 5 UY�p srxu xq fhuwdlq p � 41 Doruv
F!>D dssduwlhqw dx pd{0grpdlqh g*dwwudfwlrq gx frsxod h{wuíph FD� rü D� hvw grqqìh sdu

D� +w, @ ^wp . +4� w,p`
4
p D

4
p

�
wp

wp . +4� w,p

�
3 � w � 4 +61473,

Fhw dwwudfwhxu shxw íwuh frqvlgìuì gh ghx{ srlqwv gh yxh1 Oh suhplhu srlqw gh yxh frqvlvwh ã oh frqvlgìuhu
frpph xqh frsxoh dufklpd{ gh jìqìudwhxu D� hw ! +w, @ oq +4@w,/ doruv txh o*dxwuh srlqw gh yxh oh frqvlgëuh
frpph xqh frsxoh dufklpd{ gh jìqìudwhxuv D hw !� +w, @ oqp +4@w,1 Gh soxv/ D� hw D frlqflghqw vl hw
vhxohphqw vl p @ 41

Gìprqvwudwlrq 8 Yrlu Fdsìudã/ Irxjëuhv hw Jhqhvw ^5333`1

Uhpdutxh < Lo hvw doruv wuëv idfloh gh prqwuhu txh od vhxoh frsxoh dufklpìglhqqh hw h{wuíph hvw fhooh gh
Jxpeho1

Hq idlvdqw xq udlvrqqhphqw hq vhqv lqyhuvh/ rq uhpdutxh txh F!>D dssduwlhqw dx pd{0grpdlqh g*dw0
wudfwlrq gh FD� vl ! +4� 4@w, 5 UY�p hw

D +w, @
k
w4@p . +4� w,4@p

lp+
D�

#
w4@p

w4@p . +4� w,4@p

$,p

3 � w � 4 +61474,

Pdlqwhqdqw lo idxw vdyrlu vl od uhodwlrq +61474, gì�qlw elhq xqh irqfwlrq gh gìshqgdqfh1 Hq srvdqw G +w, @
g oq+D�+w,,

gw / K� +w, @ w.+4� w,G +w, hw k� +w, @ gK�+w,
gw / Fdsìudã/ Irxjëuhv hw Jhqhvw ^5333` prqwuhqw

txh od uhodwlrq +61474, hvw yudlh vl hw vhxohphqw vl

k� +w,

K� +w, i4�K� +w,j � p

w +4� w,
;3 � w � 4 +61475,

Rq shxw dx sdvvdjh uhpdutxhu txh fhwwh uhodwlrq uhvwh ydodeoh srxu srxu wrxw 4 � p3 � p1 Dlqvl/ vl D +w,
hvw gì�qlh sdu +61474,/ F!>D dssduwlhqw dx pd{0grpdlqh g*dwwudfwlrq gh FD� srxuyxh txh ! +4� 4@w, 5
UY�p3 srxu 4 � p3 � p1 Hq�q/ rq shxw dxvvl uhpdutxhu txh srxu ghv jìqìudwhxuv D hw ! txhofrqtxhv
whov txh ! +4� 4@w, 5 UY�p/ rq d

�X @ olp
x$4�

4� 5x.F!>D +x> x,

4� x
@ 5� i5D +4@5,j4@p � 4 +61476,

Dlqvl/ ohv frsxohv dufklpd{ suìvhqwhqw xqh gìshqgdqfh dx qlyhdx vxsìulhxu gh od txhxh gh glvwulexwlrq
vdxi vl p @ 4 hw D � 41

Rq shxw grqqhu ghv h{hpsohv gh frsxohv dufklpd{1 Rq shxw sdu h{hpsoh frqvlgìuhu oh jìqìudwhxu gh
Wdzq ^4<;;` txl hvw gì�ql srxu 3 � � � 4 sdu

D� +w, @ �w5 � �w. 4 ;3 � w � 4 +61477,

hw oh frpelqhu dx jìqìudwhxu gh od idplooh gh Fod|wrq

!4>� +w, @
w�� � 4

�
� A 3 +61478,

rx dyhf oh jìqìudwhxu ghv frsxohv gh Jhqhvw hw Jkrxgl ^4<<7`

!5>� +w, @ +4� w�,4@� 3 ? � � 4 +61479,

Od wkìrulh ghv h{wuíphv hw od jhvwlrq ghv ulvtxhv gh pdufkì 7;



Rq shxw uhpdutxhu txh !5>� +w, 5 UY�4@�1 Dlqvl/ srxu � 9@ 4/ F!5>�>D +{> |, q*hvw sdv gdqv oh grpdlqh
g*dwwudfwlrq gh FD1 Hq�q vxssrvrqv txh o*rq yhxlooh frqvwuxluh xqh frsxoh gdqv oh grdpdlqh gh pd{0
dwwudfwlrq gh

D��>� +w, @
k
�owo . �o +4� w,o

l 4
o

.
k
+4� �,o wo . +4� �,o +4� w,o

l 4
o ;3 � w � 4 +6147:,

hw rü 3 � �> � � 4 hw o � 41 Srxu ohv ydohxuv � @ 4@43/ � @ 6@43/ p @ 6@5 hw o @ 4=9/ od frqglwlrq +61475,
hvw yìul�ìh1 Od frsxoh ruljlqdoh D hvw grqf fhooh gì�qlh sdu o*h{suhvvlrq +61474,1

617 Dssolfdwlrqv �qdqflëuhv

Gdqv xq suhplhu whpsv/ qrxv jìqìudolvrqv oh frqfhsw gh vfìqdulr gh fulvh dx fdv el0glphqvlrqqho1 Gdqv
xq vhfrqg whpsv/ qrxv frqvlgìurqv o*ìydoxdwlrq g*xq vwuhvv vfìqdulr pxowlglphqvlrqqho1 Hq�q/ rq suìvhqwh
xqh dssolfdwlrq ruljlqdoh ghv frsxohv ã od ydohxu hq ulvtxh1

61714 Prgìolvdwlrq elydulìh ghv vfìqdulrv gh fulvh

Rq frqvlgëuh od edvh gh grqqìhv OPH txh qrxv dyrqv lqwurgxlwh gdqv oh vhfrqg fkdslwuh1 Rq vxssrvh
txh od gìshqgdqfh hvw uhsuìvhqwìh sdu xqh frsxoh gh Jxpeho; 1 Hq xwlolvdqw od pìwkrgh g*hvwlpdwlrq
LIP/ rq rewlhqw xqh hvwlpdwlrq gx sdudpëwuh � dlqvl tx*xqh hvwlpdwlrq gx wdx gh Nhqgdoo1 Rq grqqh
ìjdohphqw oh udwlr gh yudlvhpeodqfh OU txl fruuhvsrqg ã o*k|srwkëvh qxooh gh o*lqgìshqgdqfh1 Rq qrwh "�

hw ". uhvshfwlyhphqw ohv plqlpxqv hw pd{lpxpv sdu eorfv ghv uhqghphqwv< 1 Srxu o*rssrvì ghv plqlpd��"�4 >�"�5
�
/ rq wurxyh ohv uìvxowdwv vxlydqwv

e�W6� DO048 FX
DO 516<: 4148<
DO048 413<5

OU DO048 FX
DO 9513< 61336
DO048 41344

� DO048 FX
DO 318;6 3146:
DO048 313;7

Srxu ohv pd{lpd
�
".4 > "

.
5

�
/ rq wurxyh

e�W6� DO048 FX
DO 61348 41398
DO048 41373

OU DO048 FX
DO ;916< 317;8
DO048 31493

� DO048 FX
DO 3199; 31394
DO048 3136<

Srxu xq qlyhdx gh frq�dqfh gh <<(/ rq qh uhmhwwh sdv o*lqgìshqgdqfh srxu ohv frxsohv gh pd{lpd +DO/FX,
hw +DO048/FX,1 Srxu ohv frxsohv gh plqlpd/ od gìshqgdqfh q*hvw sdv uhmhwìh srxu oh frxsoh +DO/DO048,1

Uhpdutxh 43 Gdqv xqh ìwxgh soxv gìwdlooìh/ Erx|ì/ Qlnhjkedol/ Ulerxohw hw Urqfdool ^5333`
frqvwdwhqw tx*lo | d xqh gl�ìuhqfh hqwuh oh fdv ghv plqlpd hw fhoxl ghv pd{lpd = �Ohv plqlpd dssdudlvvhqw
soxv fruuìoìv txh ohv pd{lpd1 G*xq srlqw gh yxh ìfrqrpltxh/ fhod vljql�h txh od fkxwh ghv sul{ suìvhqwh
xqh soxv judqgh fruuìodwlrq hqwuh ohv surgxlwv txh od kdxvvh gh fhx{0fl1�

Ohv vfìqdulrv gh fulvh hq elydulì shxyhqw íwuh yxv frpph od uhsuìvhqwdwlrq g*xqh }rqh gh gìidloodqfh
+yrlu Gh Kddq/ Shqj/ Vlqkd hw Gudlvpd ^4<<:`,1 Rq d

Su
�
".4 A "4> "

.
5 A "5

�
@ 4� Su

�
".4 � "4

�� Su
�
".5 � "5

�
.Su

�
".4 � "4> "

.
5 � "5

�
@ 4�I4 +"4,�I5 +"5, .F +I4 +"4, >I5 +"5,,

@ F +I4 +"4, >I5 +"5,, +6147<,

;Od orj0yudlvhpeodqfh lqglylgxhooh d srxu h{suhvvlrq

� E��c �2(k� ' 3 E��k� n ��k2 �
4
� n ��� n ��2 n Ek3 �� *? E�����2� n

�
k3� 3 2

�
*? E��k� n ��k2 �

n *?
k
E��k� n ��k2 �

4
� n k3 �

l
+6147;,

<Qrxv dyrqv sulv frpph sìulrgh gh uìiìuhqfh srxu od orqjxhxu g*xq eorf 77 mrxuv gh wudglqj1

Od wkìrulh ghv h{wuíphv hw od jhvwlrq ghv ulvtxhv gh pdufkì 7<



Vrlw w oh whpsv gh uhwrxu1 Od }rqh gh gìidloodqfh hvw uhsuìvhqwìh sdu�
+"4> "5, 5 U5 m F +I4 +"4, >I5 +"5,, ?

4

w

�
+61483,

Rq d uhsuìvhqwì ohv }rqhv gh gìidloodqfh vxu ohv judskltxhv +616, ã +61;,1 Ohv oljqhv yhuwlfdohv hw krul0
}rqwdohv hq judv uhsuìvhqwhqw ohv vwuhvv gh vfìqdulrv xqlglphqvlrqqhov1 Od }rqh gh gìidloodqfh fruuhvsrqg
ã o*hqvhpeoh julvì1 Frqwudluhphqw dx fdv xqlglphqvlrqqho/ rq q*rewlhqw sdv xq vhxo vfìqdulr gh fulvh pdlv
xq hqvhpeoh1 Rq udsshooh ohv ydohxuv ghv vwuhvv xqlglphqvlrqqhov rewhqxhv ã od sdjh 561 Sdu h{hpsoh/
rq rewlhqw 91<9( hw :186( srxu xqh srvlwlrq frxuwh hq DO hw FX hw srxu xq whpsv gh uhwrxu gh 8 dqv1
Frqvwuxluh xq vfìqdulr gh fulvh elglphqvlrqqho ã sduwlu ghv ghx{ vfìqdulrv xqlglphqvlrqqhov hvw eldlvì/
sxlvtxh gdqv fh fdv/ oh whpsv gh uhwrxu hvw ehdxfrxs soxv ìoìyì1 Píph ghv ydohxuv gh 8( hw 9( vxuhv0
wlphqw oh whpsv gh uhwrxu1 Qìdqprlqv/ fh eldlv glvsdudlw vl od gìshqgdqfh hvw sduidlwh/ rx lpsruwdqwh +yrlu
sdu h{hpsoh oh fdv ghv sruwhihxloohv DO2DO048,1 Fhfl srvh xq sureoëph/ sxlvtxh jìqìudohphqw/ rq
frqvlgëuh ghv idfwhxuv gh ulvtxh lqgìshqgdqwv/ hw qrq sduidlwhphqw fruuìoìv1

Judskltxh 6161 Vfìqdulrv gh fulvh srxu xq sruwhihxlooh frxuw hq DO hw DO048

61715 Txdqwl�fdwlrq g*xq vfìqdulr gh fulvh pxowlglphqvlrqqho

Rq d lqwurgxlw gdqv od vrxv0vhfwlrq suìfìghqwh od qrwlrq gh }rqh gh gìidloodqfh1 Srxu oh fdv pxowlydulì/
fhooh0fl hvw gì�qlh gh pdqlëuh dqdorjxh +Erx|ì/ Qlnhjkedol/ Ulerxohw hw Urqfdool ^5333`, =�

+"4> = = = > "Q, 5 UQ m x4 @ I4 +"4, > = = = > xQ @ IQ +"Q , >F +x4> = = = > xQ , ?
4

w

�
+61484,

dyhf

F +x4> = = = > xQ , @
Q[
q@3

57+�4,q
[

x5]+Q�q>Q,

F +x,

68 +61485,
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Judskltxh 6171 Vfìqdulrv gh fulvh srxu xq sruwhihxlooh frxuw hq DO hw FX

Judskltxh 6181 Vfìqdulrv gh fulvh srxu xq sruwhihxlooh frxuw hq DO048 hw FX

Od wkìrulh ghv h{wuíphv hw od jhvwlrq ghv ulvtxhv gh pdufkì 84



Judskltxh 6191 Vfìqdulrv gh fulvh srxu xq sruwhihxlooh orqj hq DO hw DO048

Judskltxh 61:1 Vfìqdulrv gh fulvh srxu xq sruwhihxlooh orqj hq DO hw FX
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Judskltxh 61;1 Vfìqdulrv gh fulvh srxu xq sruwhihxlooh orqj hq DO048 hw FX

rü ] +P>Q, uhsuìvhqwh o*hqvhpeoh
q
x 5 ^3> 4`Q m SQ

q@4"i4j +xq, @ P
r
1 Hq glphqvlrq 5/ rq d

F +x4> x5, @ F +4> 4,�F +x4> 4,�F +4> x5, .F +x4> x5,

@ 4� x4 � x5 .F +x4> x5, +61486,

Hq glphqvlrq 6/ rq rewlhqw

F +x4> x5> x6, @ F +4> 4> 4,�F +x4> 4> 4,�F +4> x5> 4,�F +4> 4> x6,

.F +x4> x5> 4, .F +x4> 4> x6, .F +4> x5> x6,�F +x4> x5> x6,

@ 4� x4 � x5 � x6 .F +x4> x5, .F +x4> x6, .F +x5> x6,�F +x4> x5> x6,

+61487,

Uhpdutxh 44 Od frqvwuxfwlrq gh vwuhvv vfìqdulrv pxowlglphqvlrqqhov hvw wuëv gl!floh fdu
od }rqh gh gìidloodqfh irxuqlw xq hqvhpeoh gdqv o*hvsdfh UQ 1 Vh srvh doruv oh sureoëph gx
fkrl{ g*xq vfìqdulr sduwlfxolhu sdupl xqh lq�qlwì gh vfìqdulrv srvvleohv1 F*hvw srxutxrl/
hq jìqìudo/ ohv vfìqdulrv gh fulvhv pxowlglphqvlrqqhov gdqv xqh edqtxh vrqw irxuqlv sdu
ohv ìfrqrplvwhv1 O*lqwìuíw ghv frsxohv hvw doruv gh txdqwl�hu ohv vfìqdulrv ìfrqrpltxhv hw
gh frpsuhqguh ohxu frkìuhqfh +f*hvw0ã0gluh gh gìfhohu ohv lqfrkìuhqfhv gx vfìqdulr,1 Fhfl
vh idlw doruv sdu oh eldlv gx whpsv gh uhwrxu lpsolflwh dvvrflì1

Gì�qlwlrq 4: Oh whpsv gh uhwrxu lpsolflwh srxu xq yhfwhxu +"4> = = = > "Q , hvw grqqì sdu od irupxoh

w +"4> = = = > "Q , @ F
�4

+I4 +"4, > = = = >IQ +"Q ,, +61488,
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Gdqv fh txl vxlw/ rq xwlolvh srxu prgìolvhu od vwuxfwxuh gh gìshqgdqfh gh qrv grqqìhv OPH od frsxoh43

FBA @ h{s

�
�
�
+hx�54 . hx�55 ,

�4
�5 . hx�46 � 4

�4

�
+6148;,

Rq frqvlgëuh oh vfìqdulr vxlydqw srxu xq sruwhihxlooh frxuw gdqv ohv wurlv dfwliv =

"+4, @

57 .8(
.8(
.8(

68
Oh whpsv gh uhwrxu dvvrflì ã qrwuh frsxoh FBA hvw doruv 53 dqv1 Vl rq vxssrvh txh ohv frsxohv44 vrqw
FB rx F./ rq wurxyh uhvshfwlyhphqw ghv whpsv gh uhwrxu gh 4:3 dqv hw 6 dqv1 Fhv uìvxowdwv vrqw elhq
frkìuhqwv sxlvtx*lo hvw qrupdo tx*rq wurxyh xq whpsv gh uhwrxu soxv judqg gdqv oh fdv lqgìshqgdqw hw
tx*dx frqwudluh rq wurxyh xq whpsv gh uhwrxu ehdxfrxs soxv shwlw vl rq gìvluh prgìolvhu oh fdv gh od
sduidlwh gìshqgdqfh1

Rq sursrvh pdlqwhqdqw xq vhfrqg vfìqdulr gh fulvh =

"+5, @

57 .7(
.8=8(
.8(

68
Frpphqw vdyrlu vl fh vhfrqg vfìqdulr hvw �soxv iruw� txh oh suhplhu B Vl rq fdofxoh ohv whpsv gh uhwrxu srxu
ohv wurlv frsxohv FBA/ FB hw F./ rq wurxyh uhvshfwlyhphqw frpph whpsv gh uhwrxu lpsolflwh wBA+5, @ 58

dqv/ wB+5, @ 44; dqv hw w.+5, @ 7 dqv1 Rq uhpdutxh tx*rq d ohv uhodwlrqv vxlydqwhv wBA+5, A wBA+4, hw w
.
+5, A w.+4,

pdlv wB+5, ? wB+4,1 Gdqv oh fdv rü "
+4,
q ? "

+5,
q / srxu wrxw q @ 4> = = = > Q / rq shxw yìul�hu txh w+5, A w+4, srxu

wrxwh frsxoh1 Pdlv oruvtxh wrxwhv fhv lqìjdolwìv qh vrqw sdv yìul�ìhv/ od frpsdudlvrq hvw prlqv lppìgldwh1
Oh frqfhsw gh whpsv gh uhwrxu dssdudñw grqf wuëv xwloh srxu frpsduhu o*lqwhqvlwì ghv vfìqdulrv gh fulvh1

Uhpdutxh 45 Rq d wrxmrxuv qìfhvvdluhphqw

w. � wF � wB +6148<,

Rq shxw hvvd|hu pdlqwhqdqw g*ìwdeolu ghv olhqv hqwuh ohv vfìqdulrv gh fulvh xqlydulìv hw ohv vfìqdulrv
gh fulvh pxowlydulìv1 Vl rq fkrlvlw oh fdv xqlydulì fruuhvsrqgdqw ã xq whpsv gh uhwrxu gh 8 dqv/ rq d oh
vfìqdulr vxlydqw =

"+6, @

57 .9> <9(
.8> :<(
.:> 86(

68
43Srxu vxjjìuhu xq who frsxoh/ rq wlhqw frpswh ghv uìvxowdwv ghv whvwv gh gìshqgdqfh rewhqxv gdqv oh fdv elydulì1 O*h{0

suhvvlrq gh od orj0yudlvhpeodqfh lqglylgxhooh hvw doruv
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�
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�
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�
*?� n *?y E��c �2c ��(k�c k2�

+61489,

zlwk

y E��c �2c ��(k�c k2� ' �
�4
�5 �

5
�4
3�

n Ek2 3 k���
4
�4 n Ek� 3 ���

�4
�5 �

4
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3�

nEk� 3 �� E2k� 3 ���
�4
�5 �3� n Ek� 3 �� Ek2 3 k��

� ' ��k5
�

n ��k5
2

� ' �
�4
�5 n ��k4

�
+6148:,

44Gdqv oh fdv ghv h{wuíphv/ �z hvw od eruqh edvvh gh od vwuxfwxuh gh gìshqgdqfh1 Lo q*hvw grqf sdv srvvleoh g*hpsor|hu
oh frsxoh �31
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Gdqv oh fdv pxowlydulì/ rq rewlhqw ghv whpsv gh uhwrxu lpsolflwh = wBA+6, @ 4;5 dqv/ wB+6, @ 736; dqv hw w.+6, @ 8

dqv1 Frpph oh irqw uhpdutxhu Erx|ì/ Qlnhjkedol/ Ulerxohw hw Urqfdool ^5333`/ �lo idxw idluh wuëv
dwwhqwlrq vl rq yhxw frqvwuxluh ghv vfìqdulrv gh fulvh pxowlydulìv ã sduwlu gh fhx{ rewhqxv hq xqlydulìv1
Gdqv oh fdv rü rq vxssrvh xqh sduidlwh gìshqgdqfh hqwuh ohv gl�ìuhqwv dfwliv gx sruwhihxlooh/ fhod qh srvh
sdv gh sureoëph > gdqv oh fdv frqwudluh/ rq ulvtxh g*rewhqlu ghv vfìqdulrv txl q*rqw sdv ehdxfrxs gh vhqv
hw txl qh vrqw sdv lqwìuhvvdqwv srxu od jhvwlrq ghv ulvtxhv1�

O*h{hpsoh suìfìghqw vxjjëuh o*lgìh g*xq lqglfdwhxu gh od frqwulexwlrq gh od vwuxfwxuh gh gì0
shqgdqfh vxu ohv vfìqdulrv gh fulvh1 Erx|ì/ Qlnhjkedol/ Ulerxohw hw Urqfdool ^5333` vxjjëuhqw
od phvxuh vxlydqwh =

� @
wB +"4> = = = > "Q ,� w +"4> = = = > "Q ,

wB +"4> = = = > "Q ,� w. +"4> = = = > "Q ,
+61493,

Rq d � 5 ^3> 4` Fhw lqglfdwhxu hvw ìjdo ã xq vl lo | d sduidlwh gìshqgdqfh hw lo hvw ìjdo ã }ìur gdqv oh fdv
gh o*lqgìshqgdqfh1 Srxu qrv wurlv h{hpsohv fl0ghvvxv/ rq d = �+4, @ ;<(/ �+5, @ ;4(/ �+6, @ <8(1 Rq yrlw
txh od vwuxfwxuh gh gìshqgdqfh d prlqv g*lpsdfw vxu oh vhfrqg vfìqdulr1

Rq shxw ìjdohphqw v*lqwhuurjhu vxu o*lpsdfw g*xq dfwli hq sduwlfxolhu gdqv xq vfìqdulr gh fulvh pxowlydulì1
Rq yd whqwhu gh uìdolvhu fhod ã sduwlu gx vfìqdulr "+4,1 Fhod v*dssduhqwh ã gh o*dqdo|vh gh vhqvlelolwì1 Udssh0
orqv txh wBA +.8(>.8(> 8(, @ 58 dqv1 Vxu od �jxuh +61<,/ rq d uhsuìvhqwì ohv wBA +"4> = = = > "q .�"q> = = = > "Q ,/
f*hvw0ã0gluh ohv whpsv gh uhwrxu oruvtx*xq sdudpëwuh ydulh doruv txh ohv dxwuhv uhvwhqw �{ìv1 Rq d ìjdohphqw
uhsuìvhqwì ohv whpsv gh uhwrxu lpsolflwhv wB +"4> = = = > "q .�"q> = = = > "Q , hw w. +"4> = = = > "q .�"q> = = = > "Q ,1
Rq uhpdutxh txh f*hvw FX txl d od soxv jurvvh frqwulexwlrq1 Hq�q/ uhpdutxrqv txh o*rq shxw phvxuhu
od frqwulexwlrq gx q0lëph ìoìphqw gdqv oh vfìqdulr gh fulvh pxowlydulì hq suhqdqw "q @ �41 Gdqv qrwuh
h{hpsoh/ rq rewlhqw

DO DO048 FX
wBA +"4> = = = > "q> = = = > "Q,� wBA +"4> = = = > "q @ �4> = = = > "Q , 4 44 4:

Rq yrlw elhq txh FX +hw gdqv xqh prlqguh phvxuh DO048, frqwulexh iruwhphqw ã od ydohxu gh 58 dqv gx
whpsv gh uhwrxu lpsolflwh1 Fh q*hvw sdv oh fdv gh DO/ sxlvtxh qrxv dyrqv

wBA +DO>DO� 48>FX, * wBA +DO� 48>FX,

61716 Xq uhwrxu vxu od ydohxu hq ulvtxh

Srxu �qlu fh fkdslwuh/ qrxv doorqv ìwxglhu frpphqw qrxv srxyrqv dssoltxhu ohv frsxohv gdqv xq sur0
eoëph g*djuìjdwlrq gh ulvtxh gh w|sh Ydoxh0dw0Ulvn1 Vrlhqw ghx{ yduldeohv doìdwrluhv [ hw \ gh irqfwlrqv
gh glvwulexwlrq I4 hw I5 uhvshfwlyhphqw1 Rq vxssrvh tx*rq qh frqqdñw sdv od vwuxfwxuh gh gìshqgdqfh
gx prgëoh +oh frsxoh,1 Rq yd ìqrqfhu xq wkìruëph gþ ã Pdndury +yrlu Iudqn/ Qhovhq hw Vfkzhl}hu
^4<;:`, hw txl yd qrxv shuphwwuh g*dyrlu xqh eruqh vxsìulhxuh srxu Y dU +[ . \ ,1

Wkìruëph 54 Srxu wrxw } 5 U/ rq d

Su ^[ . \ � }` � vxs
{.|@}

F� +I4 +{, >I5 +|,, =@ � +}, +61494,

Vrlw ��4 +�, @ lqi i} m �+}, � �j > � 5 +3> 4,/ o*lqyhuvh jìqìudolvìh gh �1 Doruv

��4 +�, @ lqi
P+x>y,@�

�
I�44 +x, .I�45 +y,

�
+61495,

Rq hq gìgxlw lppìgldwhphqw txh +Hpeuhfkwv/ PfQhlo hw Vwudxpdqq ^4<<<`,

Y dU� +[ . \ , � ��4 +�, +61496,

Fhwwh eruqh hvw od phloohxuh srvvleoh1
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Judskltxh 61<1 Frqwulexwlrq ghv vwuhvv gh vfìqdulrv xqlglphqvlrqqhov dyhf oh frsxod �BA

Judskltxh 61431 Frqwulexwlrq ghv vwuhvv gh vfìqdulrv xqlglphqvlrqqhov dyhf oh frsxod �z
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Judskltxh 61441 Frqwulexwlrq ghv vwuhvv gh vfìqdulrv xqlglphqvlrqqhov dyhf oh frsxod �n

Uhpdutxh 46 Gdqv oh fdv rü [ hw \ vrqw rewhqxhv o*xqh gh o*dxwuh sdu xqh wudqvirupdwlrq prqrwrqh/
rq d Y dU� +[ . \ , @ Y dU� +[, . Y dU� +\ ,1 Pdlv lo h{lvwh ghv fdv rü Y dU� +[ . \ , hvw ehdxfrxs
soxv judqgh txh od vrpph ghv txdqwlohv xqlydulìv Y dU� +[, . Y dU� +\ ,1 Frpph qrxv o*dyrqv yx oruv
gx suhplhu fkdslwuh/ fhod hvw gþ dx idlw txh od Y dU q*hvw sdv xqh phvxuh gh ulvtxh vrxv0dgglwlyh1 Rq
shxw dlqvl hq xq fhuwdlq vhqv frqvlgìuhu txh od gl�ìuhqfh ��4 +�,� Y dU� +[,� Y dU� +\ , uhsuìvhqwh oh
gìidxw gh vrxv0dgglwlylwì gh od Y dU srxu fhuwdlqhv ydohxuv gh � hw fhuwdlqhv glvwulexwlrqv pdujlqdohv1

Od wkìrulh ghv h{wuíphv hw od jhvwlrq ghv ulvtxhv gh pdufkì 8:



Od wkìrulh ghv h{wuíphv hw od jhvwlrq ghv ulvtxhv gh pdufkì 8;



Frqfoxvlrq

Qrxv dyrqv dx frxuv gh fhwwh ìwxgh ìwdeol txhotxhv uìvxowdwv uhodwliv dx{ phvxuhv gh ulvtxh1 Qrxv dyrqv
vrxoljqì ohv txdolwìv txh ghydlw dyrlu xqh erqqh phvxuh gh ulvtxh hw dyrqv hqvxlwh suìvhqwì od Ydoxh0dw0
Ulvn whooh tx*hooh hvw dxmrxug*kxl xwlolvìh sdu ohv edqtxhv1 Qrxv dyrqv hqvxlwh prqwuì o*lpsruwdqfh gh
frqvwuxluh g*dxwuhv phvxuhv gh ulvtxhv txl vrqw irqgìhv vxu od orl ghv h{wuíphv1

O*xwlolvdwlrq gh od YdU JHY hw soxv jìqìudohphqw o*xwlolvdwlrq gh od wkìrulh ghv h{wuíphv shxw v*dyìuhu
wuëv xwloh srxu rewhqlu ghv lqglfdwlrqv vxu ohv ulvtxhv h{wuíphv rx hqfruh srxu ìoderuhu ghv vfìqdulrv gh
fulvh1 Gh soxv/ od wkìrulh ghv h{wuíphv shxw v*lpsrvhu vl od uìjohphqwdwlrq edqfdluh ìyroxh vxu ohv vhxlov
lpsrvìv srxu oh fdofxo gh od Y dU1 Gdqv wrxv ohv fdv/ hooh suìvhqwh xq lqwìuíw ìylghqw srxu ohv
surmhwv g*doorfdwlrq gh irqgv sursuhv vxu edvh ìfrqrpltxh1

Qrxv dyrqv hq�q xwlolvì od wkìrulh ghv frsxohv srxu sodfhu o*ìwxgh gx ulvtxh gdqv xq frqwh{wh pxowlgl0
phqvlrqqho1 Od wkìrulh ghv frsxohv dssdudñw wuëv ulfkh hw wuëv surphwwhxvh txdqw ã vrq xwlolvdwlrq gdqv oh
pìwlhu edqfdluh � yrlu sdu h{hpsoh o*dssolfdwlrq ghv frsxohv ã od jhvwlrq gh sruwhihxlooh gh P oohu hw
Vfduvlql ^4<<<`1 Qrxv dyrqv/ hq fh txl qrxv frqfhuqh/ rewhqx txhotxhv uìvxowdwv qrxyhdx{ juåfh ã ghv
pìwkrghv uìfhqwhv xwlolvdqw ohv frsxohv1 O*dssolfdwlrq ghv frsxohv ã od jhvwlrq ghv ulvtxhv hvw qdlvvdqwh =
gh qrpeuhxvhv fkrvhv uhvwhqw hqfruh ã idluh hw gh qrpeuhxvhv dpìolrudwlrqv shxyhqw hqfruh íwuh dssruwìhv
txdqw ã o*xwlolvdwlrq sudwltxh ghv frsxohv1 Xqh slvwh lqwìuhvvdqwh/ sdupl wdqw g*dxwuhv/ vhudlw g*xwlolvhu ohv
uìvxowdwv sxeolìv uìfhpphqw vxu ohv frsxohv hw ohv glvwdqfhv d�q g*rswlplvhu oh fkrl{ ghv frsxohv oruv gh
ohxu xwlolvdwlrq srxu od prgìolvdwlrq1
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Wdeoh ghv �jxuhv

514 Glvwulexwlrqv gh Jxpeho hw Iuìfkhw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44
515 Frqyhujhqfh gh od glvwulexwlrq h{srqhqwlhooh yhuv od Jxpeho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45
516 Txdqwlohv gh od glvwulexwlrq JHY 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46
517 Frxuv gh o*doxplqlxp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;
518 Frxuv gx fxlyuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<
519 Frxuv ã whuph gh o*doxplqlxp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<
51: Hvwlpdwlrqv sdudpìwultxh hw qrq sdudpìwultxh ghv uhqghphqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53
51; Ghqvlwì ghv orlv g*h{wuíphv hvwlpìhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57
51< Uhodwlrq hqwuh o*ìfkhooh gh ulvtxh hw oh whpsv gh uhwrxu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57

614 Frpsdudlvrq ghv irqfwlrqv �X +x, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67
615 Surfìgxuh g*lghqwl�fdwlrq ghv frsxohv dufklpìglhqqhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75
616 Vfìqdulrv gh fulvh srxu xq sruwhihxlooh frxuw hq DO hw DO048 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 83
617 Vfìqdulrv gh fulvh srxu xq sruwhihxlooh frxuw hq DO hw FX 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 84
618 Vfìqdulrv gh fulvh srxu xq sruwhihxlooh frxuw hq DO048 hw FX 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 84
619 Vfìqdulrv gh fulvh srxu xq sruwhihxlooh orqj hq DO hw DO048 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 85
61: Vfìqdulrv gh fulvh srxu xq sruwhihxlooh orqj hq DO hw FX 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 85
61; Vfìqdulrv gh fulvh srxu xq sruwhihxlooh orqj hq DO048 hw FX 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 86
61< Frqwulexwlrq ghv vwuhvv gh vfìqdulrv xqlglphqvlrqqhov dyhf oh frsxod FBA 1 1 1 1 1 1 1 1 1 89
6143 Frqwulexwlrq ghv vwuhvv gh vfìqdulrv xqlglphqvlrqqhov dyhf oh frsxod FB 1 1 1 1 1 1 1 1 1 1 89
6144 Frqwulexwlrq ghv vwuhvv gh vfìqdulrv xqlglphqvlrqqhov dyhf oh frsxod F. 1 1 1 1 1 1 1 1 1 1 8:


