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Lqwurgxfwlrq
Wrxw dx orqj gx ylqjwlëph vlëfoh/ ohv lqgxvwulhov rqw ìwì dphqìv ã frqwu÷ohu od txdolwì

gh ohxu surgxfwlrq gh soxv hq soxv vrljqhxvhphqw hw ã hvvd|hu gh o*dpìolruhu1 Gh qrpeuhx{
idfwhxuv vrqw hq h�hw lqwhuyhqxv gdqv fh vhqv1 Rq shxw elhq vþu shqvhu ã ghv idfwhxuv
ìfrqrpltxhv/ hq oldlvrq dyhf oh gìyhorsshphqw furlvvdqw gh od frqfxuuhqfh/ pdlv dxvvl ã
o*lq xhqfh gh qrpeuhx{ dxwuhv grpdlqhv/ frpph o*ìfrorjlh/ grqw rq qh vh vrxfldlw jxëuh
dx gl{0qhxylëph vlëfoh/ frpph od pìghflqh/ dyhf od plvh hq sodfh gh qrxyhdx{ w|shv gh
surwkëvhv rx dxwuhv vwlpxodwhxuv fdugldtxhv/ frpph od vwudwìjlh plolwdluh/ txl uhtxlhuw ghv
duphv gh soxv hq soxv vrsklvwltxìhv hq yxh gh fleohv ehdxfrxs soxv suìflvhv tx*dxsdudydqw/
111 Ohv idfwhxuv kxpdlqv qh vrqw vdqv grxwh sdv qrq soxv ã qìjoljhu gdqv fh vhqv/ gx idlw sdu
h{hpsoh gh od suhvvlrq furlvvdqwh ghv pìgld/ ghv v|qglfdwv rx vlpsohphqw ghv lqglylgxv/
h{ljhdqw hx{ dxvvl ghv surgxlwv gh soxv hq soxv ��deohv�111

Fh frqwu÷oh reoljdwrluh hw furlvvdqw gh od txdolwì gh surgxfwlrq d doruv frqgxlw dx
gìyhorsshphqw gh fh txh o*rq dsshooh gìvrupdlv od �delolwì lqgxvwulhooh/ rx dxvvl od vþuhwì gh
irqfwlrqqhphqw/ od vhfrqgh jxhuuh prqgldoh d|dqw odujhphqw vwlpxoì vrq gìyhorsshphqw1

Vl ohv h{shuwv hw ohv uhwrxuv gh sodqv g*h{sìulhqfhv rqw mrxìv hw mrxhqw hqfruh xq u÷oh
wrxw ã idlw irqgdphqwdo gdqv fh grpdlqh/ lo q*hq ghphxuh sdv prlqv txh/ ghydqw od frp0
soh{lwì judqglvvdqwh ghv remhwv surgxlwv/ ohv pìwkrghv hpslultxhv prqwuhqw sduirlv ohxuv
olplwhv1 Juãfh dx gìyhorsshphqw ghv suredelolwìv/ ohv pdwkìpdwlflhqv rqw doruv sx yhqlu ã
od uhvfrxvvh ghv lqgxvwulhov/ g*xqh sduw srxu ohxu irxuqlu ghv rxwlov srxu phvxuhu od txd0
olwì gh ohxu surgxfwlrq/ g*dxwuh sduw srxu ohv dlghu ã o*dpìolruhu1 Rq d dlqvl sx dvvlvwhu ã
od fuìdwlrq g*xq qrxyhdx grpdlqh g*dssolfdwlrqv ghv suredelolwìv/ frqvdfuì ã od �wkìrulh
pdwkìpdwltxh gh od �delolwì� +yhuv ohv dqqìhv 83,/ f*hvw0ã0gluh ã o*ìwxgh gx irqfwlrqqhphqw
gh fh txh o*rq dsshooh ghv v|vwëphv/ xq v|vwëph srxydqw uhsuìvhqwhu ã shx suëv q*lpsruwh
txho pdfklqh rx dssduhlo vxvfhswleoh g*íwuh hq pdufkh rx hq sdqqh ã xq lqvwdqw grqqì1

Ghsxlv ohv rxyudjhv irqgdwhxuv gh Eduorz hw Survfkdq +^9` hq 4<98 hw ^:` hq 4<:8, hw gh
Jqhghqnr/ Eholdhy hw Vrory|hy +^59` hq 4<9<,/ fh grpdlqh q*d fhvvì gh vh gìyhorsshu1 Dlqvl/
g*dsuëv ^6`/ xq srxu fhqw ghv duwlfohv uhfhqvìv sdu ]hqwudoeodww0PDWK | irqw pdlqwhqdqw
uìiìuhqfh1 Lo qh vdxudlw grqf íwuh txhvwlrq g*hq idluh lfl xq txhofrqtxh sdqrudpd1 Qrxv
odlvvrqv dlqvl gh f÷wì wrxw dvshfw �vwdwlvwltxh� gh od �delolwì srxu qrxv frqvdfuhu ã xqh
dssurfkh suredelolvwh1 O*ìwxgh g*xq v|vwëph shxw doruv íwuh hqylvdjìh gh ghx{ idêrqv
gl�ìuhqwhv/ txh o*rq shxw txdol�hu uhvshfwlyhphqw gh �vwdwltxh� hw gh �g|qdpltxh�1 Rq
shxw dlqvl v*lqwìuhvvhu dx{ sursulìwìv gx v|vwëph ã xq lqvwdqw w grqqì dyhf/ sdu h{hpsoh/
o*ìwxgh ghv irqfwlrqv gh vwuxfwxuh/ ghv idfwhxuv g*lpsruwdqfh/ ghv uìvhdx{ ed|ìvlhqv/ ghv
dueuhv gh gìidloodqfh/ 111 rx/ dx frqwudluh/ hqylvdjhu vrq ìyroxwlrq dx frxuv gx whpsv/ od
wkìrulh prghuqh ghv surfhvvxv vwrfkdvwltxhv ìwdqw doruv g*xq judqg vhfrxuv +fi sdu h{hpsoh
^6`/ ^;`/ ^4<`/ ^6:` rx ^77`,1 F*hvw fh ghuqlhu dvshfw txh qrxv sulyloìjlrqv lfl = soxv suìflvìphqw/
qrxv qrxv frqvdfurqv gdqv fhwwh wkëvh ã o*ìwxgh g*xq v|vwëph uìsdudeoh grqw o*ìyroxwlrq
dx frxuv gx whpsv hvw prgìolvìh sdu xq surfhvvxv vwrfkdvwltxh ã ydohxuv gdqv xq hvsdfh
g*ìwdwv �ql1
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7 Lqwurgxfwlrq
Srxu xq who v|vwëph/ ghx{ sureoëphv vh suìvhqwhqw fodvvltxhphqw dx{ lqgxvwulhov =

g*xqh sduw/ frpphqw frqwu÷ohu vd txdolwì/ rx hqfruh/ txho fulwëuh xwlolvhu srxu phvxuhu vhv
shuirupdqfhv B G*dxwuh sduw/ fh fulwëuh ìwdqw fkrlvl/ frpphqw shxw0rq o*dpìolruhu B

Hq fh txl frqfhuqh oh frqwu÷oh gh od txdolwì/ gh qrpeuhx{ fulwëuhv glyhuv hw ydulìv vrqw
xwlolvìv srxu od phvxuhu/ vhorq oh v|vwëph ìwxglì1 Dlqvl/ vl od sdqqh gx v|vwëph hvw wuëv
sìqdolvdqwh +frpph sdu h{hpsoh srxu xq vwlpxodwhxu fdugldtxh rx xqh fhqwudoh qxfoìdluh,/
rq xwlolvh iuìtxhpphqw od �delolwì gx v|vwëph/ f*hvw0ã0gluh od suredelolwì tx*lo irqfwlrqqh
ghsxlv o*ruljlqh mxvtx*ã xq fhuwdlq lqvwdqw w1 Vl oh v|vwëph hvw xqh yrlwxuh +rx xq ruglqdwhxu
srxu ìfuluh vd wkëvh $,/ oh sureoëph sulqflsdo hvw vdqv grxwh tx*lo vrlw oh prlqv vrxyhqw
srvvleoh hq sdqqh1 Gdqv fh fdv/ rq suìiëuh jìqìudohphqw xwlolvhu od glvsrqlelolwì lqvwdqwdqìh/
txl hvw od suredelolwì txh oh v|vwëph irqfwlrqqh ã xq fhuwdlq lqvwdqw w/ rx vd yhuvlrq
pr|hqqìh vxu o*lqwhuydooh gh whpsv ^3> w` = od glvsrqlelolwì pr|hqqh lqvwdqwdqìh1 Vl oh v|vwëph
hvw xq rxwlo gh surgxfwlrq/ xq fulwëuh wuëv fodvvltxh hvw doruv oh frþw pr|hq g*h{sorlwdwlrq
gx v|vwëph vxu o*lqwhuydooh gh whpsv ^3> w`/ srxu ghv udlvrqv ìfrqrpltxhv ìylghqwhv1

Ohv txhotxhv fulwëuhv txh qrxv yhqrqv gh gì�qlu vrqw wrxv gìshqgdqwv gx whpsv1
Oruvtxh o*rq v*lqwìuhvvh ã xq v|vwëph vxu xqh �orqjxh� sìulrgh gh whpsv/ rq xwlolvh iuì0
txhpphqw ghv yhuvlrqv dv|pswrwltxhv gh fhv fulwëuhv/ f*hvw0ã0gluh ohxuv olplwhv oruvtxh w
whqg yhuv o*lq�ql +gx prlqv srxu ohv fulwëuhv dxwuhv txh od �delolwì,1 Rq gì�qlw dlqvl od
glvsrqlelolwì dv|pswrwltxh g*xq v|vwëph hw vrq frþw pr|hq dv|pswrwltxh1

Qrwuh fulwëuh sulqflsdo g*ìwxgh gdqv fhwwh wkëvh hvw od glvsrqlelolwì dv|pswrwltxh/ píph
vl qrxv od frpsoìwrqv gh orlq hq orlq sdu g*dxwuhv fulwëuhv1

Fh fulwëuh g*ìwxgh ìwdqw gì�ql/ qrxv hq duulyrqv pdlqwhqdqw dx sureoëph txh qrxv
ìyrtxlrqv suìfìghpphqw/ ã vdyrlu = frpphqw o*dpìolruhu/ f*hvw0ã0gluh/ frpphqw dpìolruhu
od glvsrqlelolwì dv|pswrwltxh g*xq v|vwëph uìsdudeoh B

Xqh uìsrqvh fodvvltxh ã xqh whooh txhvwlrq hvw gh oh vrxphwwuh ã xqh srolwltxh gh pdlq0
whqdqfh suìyhqwlyh1 Fhod vljql�h txh/ dx olhx g*dwwhqguh txh oh v|vwëph wrpeh hq sdqqh
srxu oh uìsduhu/ rq oh �uìylvh� rx rq o* �hqwuhwlhqw� gh whpsv hq whpsv srxu oh uhphwwuh
gdqv xq erq ìwdw gh pdufkh hw ìylwhu dlqvl fhuwdlqhv sdqqhv1 Gh qrpeuhxvhv prgìolvdwlrqv
gh srolwltxhv gh pdlqwhqdqfh suìyhqwlyh rqw ìwì ìwxglìhv gdqv od olwwìudwxuh/ ohv soxv fodv0
vltxhv g*hqwuh hoohv d|dqw ìwì sursrvìhv sdu Eduorz hw Survfkdq +fi ^9` hw ^:` sdu h{hpsoh,1
D wlwuh lqglfdwli/ rq shxw dxvvl frqvxowhu ^6`/ ^44`/ ^46`/ ^49`/ ^58`/ ^73`/ ^76`/ oh fkdslwuh 47
gh ^79`/ ^86`/ 111 srxu dyrlu xq shwlw dshuêx gh od olwwìudwxuh uìfhqwh vxu oh vxmhw1

Qrxv sursrvrqv lfl ghx{ prgëohv gh srolwltxhv gh pdlqwhqdqfh suìyhqwlyh/ suìvhqwìv
uhvshfwlyhphqw gdqv ohv ghx{lëph hw wurlvlëph fkdslwuhv1

Oh suhplhu fkdslwuh suìvhqwh/ txdqw ã oxl/ xqh dxwuh pìwkrgh srxu dpìolruhu od glvsr0
qlelolwì dv|pswrwltxh g*xq v|vwëph1

Soxv suìflvìphqw/ oh suhplhu fkdslwuh hvw frqvdfuì ã o*ìwxgh g*xq v|vwëph srxydqw íwuh
uìsduì soxv rx prlqv frpsoëwhphqw oruvtx*lo wrpeh hq sdqqh1 Fhod vljql�h sdu h{hpsoh
txh oh v|vwëph frpsruwh xq fhuwdlq qrpeuh gh frpsrvdqwv lqglvshqvdeohv ã vrq erq
irqfwlrqqhphqw/ tx*lo idxw grqf uìsduhu oruvtx*lo wrpeh hq sdqqh/ pdlv frpsruwh dxvvl
g*dxwuhv frpsrvdqwv/ grqw od uìsdudwlrq hvw idfxowdwlyh1 Dlqvl/ srxu xq v|vwëph gh w|sh n
vxu q/ lo hvw lqglvshqvdeoh tx*dx prlqv n frpsrvdqwv vrlhqw hq pdufkh srxu txh oh v|vwëph
irqfwlrqqh1 Oruv g*xqh uìsdudwlrq +hqfruh dsshoìh pdlqwhqdqfh fruuhfwlyh,/ rq shxw doruv
fkrlvlu oh qrpeuh gh frpsrvdqwv ã uìsduhu gh whooh vruwh txh oh v|vwëph uhgìpduuh dyhf xq
qrpeuh gh frpsrvdqwv hq pdufkh frpsulv hqwuh n hw q +3 � n � q,1

Fhwwh k|srwkëvh frqfhuqdqw ohv gl�ìuhqwv ghjuìv gh uìsdudwlrq srvvvleohv hvw prgì0
olvìh ã o*dlgh g*xqh suredelolwì G-/ frqwu÷odqw ohv uhgìpduudjhv dsuëv uìsdudwlrq1 Soxv
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suìflvìphqw/ qrxv vxssrvrqv txh oh v|vwëph uhgìpduuh gh od píph idêrq dsuëv q*lpsruwh
txho w|sh gh sdqqh hw txh od uìsdudwlrq uhphw oh v|vwëph gdqv o*ìwdw gh pdufkh l dyhf od
suredelolwì G- +l,1 Fhwwh prgìolvdwlrq hvw grqf xq shx soxv jìqìudoh txh fhooh txh qrxv
gìfulylrqv suìfìghpphqw/ sxlvtx*hooh dgphw od srvvlelolwì txh ohv uhgìpduudjhv dsuëv uì0
sdudwlrq vrlhqw doìdwrluhv hw qh vh idvvhqw sdv qìfhvvdluhphqw gdqv xq ìwdw gh pdufkh l
�{ì1

Srxu xq who v|vwëph/ f*hvw0ã0gluh srxu xq v|vwëph srvvìgdqw gl�ìuhqwv ghjuìv gh uì0
sdudwlrq srvvleohv/ xq sureoëph fodvvltxh srxu xq lqjìqlhxu hvw doruv gh gìwhuplqhu fhoxl
txl uhqg oh v|vwëph oh soxv shuirupdqw1 Dlqvl/ ydxw0lo plhx{ uìsduhu frpsoëwhphqw oh v|v0
wëph oruvtx*lo wrpeh hq sdqqh rx elhq oh idluh gh idêrq plqlpdoh/ srxu oh uhgìpduuhu
oh soxv udslghphqw srvvleoh B Srxu xq v|vwëph gh w|sh n vxu q/ frpelhq idxw0lo uìsduhu
gh frpsrvdqwv oruvtxh oh v|vwëph wrpeh hq sdqqh vl o*rq vrxkdlwh txh oh v|vwëph vrlw oh
soxv glvsrqleoh srvvleoh B Dyhf od prgìolvdwlrq suìfìghqwh hw oh fulwëuh fkrlvl/ fh sureoëph
uhylhqw doruv ã uhfkhufkhu od orl G- txl uhqgh od glvsrqlelolwì dv|pswrwltxh rswlpdoh1

Qrxv suìflvrqv pdlqwhqdqw oh prgëoh xwlolvì srxu uhsuìvhqwhu o*ìyroxwlrq gh qrwuh v|v0
wëph1 Udsshorqv wrxw g*derug txh o*xqh ghv k|srwkëvhv ohv soxv fodvvltxhv hw ohv soxv
ìwxglìhv hq �delolwì frqvlvwh ã vxssrvhu txh oh v|vwëph ìyroxh gdqv oh whpsv vhorq xq
surfhvvxv pdunrylhq krprjëqh/ ã ydohxuv gdqv xq hvsdfh g*ìwdwv �ql1 Hq g*dxwuhv whuphv/
fhod uhylhqw ã vxssrvhu txh ohv wdx{ gh wudqvlwlrq hqwuh ohv gl�ìuhqwv ìwdwv gx v|vwëph vrqw
frqvwdqwv1 Ohv prwlydwlrqv hw ohv olplwhv g*xqh whooh prgìolvdwlrq rqw ìwì wuëv odujhphqw
glvfxwìhv gdqv od olwwìudwxuh +fi ^9` rx ^6:` sdu h{hpsoh,1 Hq sduwlfxolhu/ rq vdlw txh/ srxu
gh qrpeuhx{ v|vwëphv irupìv gh frpsrvdqwv/ rq shxw h�hfwlyhphqw vxssrvhu ohv wdx{ gh
sdqqh gh fhv frpsrvdqwv ã shx suëv frqvwdqwv vdqv txh fhod qh srvh gh sureoëphv1 Ohv
wdx{ gh �gìjudgdwlrq� gx v|vwëph shxyhqw grqf íwuh vxssrvìv frqvwdqwv1 Hq uhydqfkh/ rq
vdlw dxvvl txh fhwwh k|srwkëvh hvw wrxw ã idlw looxvrluh oruvtx*lo v*djlw ghv wdx{ gh uìsdud0
wlrq1 Fhfl qrxv d doruv dphqì ã qh vxssrvhu o*ìyroxwlrq gh qrwuh v|vwëph pdunrylhqqh txh
oruvtx*lo hvw hq pdufkh1 Hq g*dxwuhv whuphv/ ohv wdx{ gh wudqvlwlrq hqwuh ìwdwv gh pdufkh
vrqw vxssrvìv frqvwdqwv/ dlqvl txh ohv wdx{ gh sdqqh1 Hq uhydqfkh/ ohv gxuìhv gh uìsdudwlrq
vxlyhqw ghv orlv jìqìudohv1 Xq fdguh w|sltxh g*xwlolvdwlrq g*xqh whooh prgìolvdwlrq fruuhv0
srqg ã xq v|vwëph irupì gh frpsrvdqwv qrq uìsdudeohv shqgdqw txh oh v|vwëph irqfwlrqqh/
pdlv uìsdudeohv +dyhf ghv wdx{ gh uìsdudwlrq qrq frqvwdqwv, oruvtxh oh v|vwëph hvw wrpeì
hq sdqqh1

Fhwwh prgìolvdwlrq ìwdqw suìflvìh/ qrxv qrxv lqwìuhvvrqv doruv dx sureoëph gh od uh0
fkhufkh gh od orl rswlpdoh gh uhgìpduudjh dsuëv uìsdudwlrq1 Srxu fhod/ qrxv uhpdutxrqv
wrxw g*derug txh/ g*xq srlqw gh yxh lqwxlwli/ vl oh v|vwëph vh gìjudgh hq irqfwlrqqdqw/ rx
hqfruh vl oh v|vwëph �ylhloolw�/ vhorq oh yrfdexodluh �delolvwh/ hw vl ohv gxuìhv gh uìsdud0
wlrq qh gìshqghqw sdv gh ohxu ghjuì g*dfkëyhphqw/ od glvsrqlelolwì dv|pswrwltxh ghyudlw
íwuh g*dxwdqw soxv ìohyìh txh od uìsdudwlrq hvw frpsoëwh1 Xqh ìwxgh soxv dssurirqglh gx
sureoëph qrxv d frqgxlw ã wudgxluh fhwwh sursulìwì gh ylhloolvvhphqw gx v|vwëph ã o*dlgh
g*xq surfhvvxv pdunrylhq prqrwrqh uhodwlyhphqw ã o*ruguh uk/ f*hvw0ã0gluh uhodwlyhphqw ã
o*ruguh srxu oh wdx{ gh kdvdug lqyhuvì +Uhyhuvhg Kd}dug Udwh hq dqjodlv,1 Fhfl qrxv d
doruv dphqì ã gìyhorsshu txhotxhv uìvxowdwv frpsoìphqwdluhv ã fhx{ gh Nlmlpd +fi ^69`,
frqfhuqdqw gh whov surfhvvxv1 Sdudooëohphqw/ qrxv qrxv lqwìuhvvrqv dxvvl dx{ surfhvvxv pr0
qrwrqhv uhodwlyhphqw ã o*ruguh vwrfkdvwltxh xvxho hw qrxv grqqrqv txhotxhv frpsoìphqwv
dx{ uìvxowdwv h{lvwdqwv +fi ^4`/ ^66`/ ^69` rx ^84` sdu h{hpsoh,1

Fhv wudydx{ suìolplqdluhv ìwdqw h�hfwxìv/ qrxv derugrqv hqvxlwh qrwuh sureoëph gh �d0
elolwì hq frpphqêdqw sdu fdofxohu od glvsrqlelolwì dv|pswrwltxh1 Srxu fhod/ rq uhpdutxh
vlpsohphqw tx*dsuëv xq uhgìpduudjh vxlydqw xqh uìsdudwlrq/ o*ìyroxwlrq xowìulhxuh gx v|v0
wëph qh gìshqg txh gh o*ìwdw gh pdufkh gdqv ohtxho oh v|vwëph uhgìpduuh +frqwu÷oì sdu
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9 Lqwurgxfwlrq
G-,1 Hq g*dxwuhv whuphv/ oh surfhvvxv gìfulydqw o*ìyroxwlrq gx v|vwëph hvw xq surfhvvxv
vhpl0uìjìqìudwli1 Od wkìrulh gx uhqrxyhoohphqw pdunrylhq qrxv irxuqlw doruv dlvìphqw od
ydohxu gh od glvsrqlelolwì dv|pswrwltxh1

Hq fh txl frqfhuqh od orl rswlpdoh gh uhgìpduudjh dsuëv uìsdudwlrq/ xqh txhvwlrq
qdwxuhooh hvw gh vh ghpdqghu vl hooh fruuhvsrqg rx qrq dx uhgìpduudjh gdqv xq ìwdw gh
pdufkh �{ì1 Od uìsrqvh hvw qìjdwlyh hw qrxv prqwurqv tx*hooh hvw hq jìqìudo doìdwrluh1
Fhfl mxvwl�h qrwuh prgìolvdwlrq ghv uhgìpduudjhv ã o*dlgh g*xqh orl gh suredelolwì G- vxu
ohv ìwdwv gh pdufkh1 Fhshqgdqw/ od uhfkhufkh gh od orl rswlpdoh ìwdqw judqghphqw idflolwìh
oruvtxh o*rq shxw vh uhvwuhlqguh dx{ uhgìpduudjhv gdqv xq ìwdw gh pdufkh �{ì +hq qrpeuh
�ql,/ qrxv grqqrqv wrxw gh píph ghv frqglwlrqv srxu tx*lo hq vrlw dlqvl1

Qrxv prqwurqv hqvxlwh txh/ vl ohv ìwdwv gh pdufkh vrqw fodvvìv sdu ruguh gh gìjudgdwlrq
furlvvdqwh/ hw vl oh surfhvvxv pdunrylhq gìfulydqw o*ìyroxwlrq gx v|vwëph hq pdufkh hvw
prqrwrqh uhodwlyhphqw ã o*ruguh uk hw d xqh pdwulfh jìqìudwulfh wuldqjxodluh vxsìulhxuh/ od
glvsrqlelolwì dv|pswrwltxh gx v|vwëph hvw doruv g*dxwdqw soxv ìohyìh txh od uìsdudwlrq hvw
frpsoëwh/ oh ghjuì g*dfkëyhphqw gh od uìsdudwlrq ìwdqw oxl dxvvl phvxuì dyhf o*ruguh uk1 Hq
sduwlfxolhu/ ghv uìsdudwlrqv frpsoëwhv vrqw doruv rswlpdohv1 Hq uhydqfkh/ qrxv prqwurqv
dxvvl txh o*ruguh vwrfkdvwltxh xvxho q*hvw vx!vdqw/ ql srxu gìfuluh oh fdudfwëuh ylhloolvvdqw
gx v|vwëph/ ql srxu phvxuhu oh ghjuì g*dfkëyhphqw gh od uìsdudwlrq/ vl o*rq vrxkdlwh rewhqlu
od píph sursulìwì1 Fhfl mxvwl�h o*xwlolvdwlrq gh o*ruguh uk/ soxv iruw txh o*ruguh vwrfkdvwltxh
xvxho1

Hq�q/ qrxv whuplqrqv fh suhplhu fkdslwuh hq ìwxgldqw suìflvìphqw ghx{ v|vwëphv fodv0
vltxhv hq �delolwì/ ã vdyrlu ohv v|vwëphv gh w|sh n vxu q grqw qrxv dyrqv gìmã sduoì soxv
kdxw hw ohv v|vwëphv irupìv sdu q frpsrvdqwv lghqwltxhv hq uhgrqgdqfh sdvvlyh1 Srxu fhv
ghx{ w|shv gh v|vwëphv/ qrxv prqwurqv tx*lo h{lvwh xq qrpeuh rswlpdo gh frpsrvdqwv ã
uìsduhu srxu rswlplvhu od glvsrqlelolwì dv|pswrwltxh hw qrxv oh fdofxorqv h{solflwhphqw1

Oh ghx{lëph fkdslwuh hvw hqvxlwh frqvdfuì ã o*ìwxgh g*xqh srolwltxh gh pdlqwhqdqfh
suìyhqwlyh/ txh o*rq idlw vxelu dx píph v|vwëph txh fhoxl txh qrxv dyrqv ìwxglì gdqv
oh suhplhu fkdslwuh1 Soxv suìflvìphqw/ qrxv vxssrvrqv txh o*ìwdw frxudqw gx v|vwëph hq
pdufkh qh shxw íwuh frqqx txh sdu ghv lqvshfwlrqv1 Gdqv fh fdv/ vl o*rq vrxkdlwh suìyhqlu
xqh sdqqh gx v|vwëph/ lo hvw qdwxuho g*doohu o*lqvshfwhu gh whpsv hq whpsv1 Wdqw tx*rq oh
wurxyh gdqv xq ìwdw gh pdufkh txh o*rq mxjh vdwlvidlvdqw/ rq oh odlvvh irqfwlrqqhu qrupdoh0
phqw1 Gëv txh oh v|vwëph d dwwhlqw xq vhxlo dodupdqw gh gìjudgdwlrq/ rq o*duuíwh srxu oxl
idluh vxelu xqh rsìudwlrq gh pdlqwhqdqfh suìyhqwlyh1 Uhpdutxrqv txh/ wdqw txh oh v|vwëph
hvw gdqv xq erq ìwdw gh pdufkh/ lo q*hvw vdqv grxwh sdv qìfhvvdluh gh o*lqvshfwhu vrxyhqw1 Hq
uhydqfkh/ oruvtx*lo frpphqfh ã vh gìjudghu/ lo ydxw plhx{ dffìoìuhu oh u|wkph ghv lqvshf0
wlrqv1 Fhfl qrxv dpëqh ã vxssrvhu tx*dsuëv xqh lqvshfwlrq/ sdu h{hpsoh ã o*lqvwdqw V?/ oh
whpsv g*dwwhqwh gh od surfkdlqh lqvshfwlrq +vl hooh d olhx/ f*hvw0ã0gluh vl o*rq q*d sdv gìflgì
g*duuíwhu oh v|vwëph ã o*lqvwdqw V?, gìshqg gh o*ìwdw gh gìjudgdwlrq gx v|vwëph ã o*lqvwdqw
V?1 Gh od píph idêrq/ rq vxssrvh dxvvl txh ohv gxuìhv ghv rsìudwlrqv gh pdlqwhqdqfh
gìshqghqw gh o*ìwdw gh gìjudgdwlrq gx v|vwëph dx prphqw rü rq ohv frpphqfh1

Vl rq od frpsduh dx{ gl�ìuhqwhv srolwltxhv gh pdlqwhqdqfh suìfìghpphqw ìwxglìhv gdqv
od olwwìudwxuh +lqvshfwlrqv sìulrgltxhv/ lqgìshqgdqwhv gh o*ìyroxwlrq gx v|vwëph/ gxuìhv gh
pdlqwhqdqfh qìjoljhdeohv rx lqgìshqgdqwhv gh o*ìwdw gh gìjudgdwlrq gx v|vwëph/ 111,/ fhwwh
prgìolvdwlrq hvw qhwwhphqw soxv surfkh gh od gìpdufkh xwlolvìh rx wrxw dx prlqv vrxkdlwìh
sdu ohv lqgxvwulhov1 Hq h�hw/ o*xq ghv sureoëphv dfwxhov ghv lqgxvwulhov hvw gh pdlqwhqlu
ohxuv v|vwëphv ã erq hvflhqw/ hw g*ìylwhu dlqvl ohv jdvsloodjhv gxv dx{ frþwv gh pdlqwhqdqfh
lqxwloh fdu lqwhpshvwlyh1 Hq dgdswdqw oh u|wkph ghv lqvshfwlrqv ã o*ìyroxwlrq uìhooh gx
v|vwëph/ qrwuh prgìolvdwlrq shuphw d sulrul gh ohv glplqxhu1
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Lqwurgxfwlrq :
Qrwrqv txh fhwwh prgìolvdwlrq d gìmã ìwì ìwxglìh sdu F1 Frfr}}d0Wklyhqw gdqv ^53`/

dyhf ghv pìwkrghv frpsoëwhphqw gl�ìuhqwhv1
Suìflvrqv pdlqwhqdqw ohv gl�ìuhqwv srlqwv txh qrxv ìwxglrqv srxu xqh whooh srolwltxh

gh pdlqwhqdqfh suìyhqwlyh = qrxv fdofxorqv wrxw g*derug od glvsrqlelolwì dv|pswrwltxh gx
v|vwëph vrxplv ã fhwwh srolwltxh gh pdlqwhqdqfh1 Oã hqfruh/ fh fdofxo hvw idlw ã o*dlgh gh
od wkìrulh gx uhqrxyhoohphqw pdunrylhq1 Qrxv ìwxglrqv hqvxlwh o*dssruw gh od srolwltxh gh
pdlqwhqdqfh hq frpsdudqw ohv glvsrqlelolwìv dv|pswrwltxhv gx v|vwëph lqlwldo hw gx v|v0
wëph pdlqwhqx1 Qrxv prqwurqv hq sduwlfxolhu txh/ vrxv ghv frqglwlrqv qdwxuhoohv sruwdqw
vxu od pdlqwhqdqfh/ od srolwltxh gh pdlqwhqdqfh dpìolruh od glvsrqlelolwì dv|pswrwltxh
gx v|vwëph vl hw vhxohphqw vl ohv rsìudwlrqv gh pdlqwhqdqfh qh vrqw sdv wurs orqjxhv hq
pr|hqqh1 Dsuëv dyrlu uhpdutxì txh od glvsrqlelolwì dv|pswrwltxh gìshqg ghv orlv ghv yd0
uldeohv lqwhu0lqvshfwlrqv hw sdv vhxohphqw gh ohxuv pr|hqqhv/ qrxv qrxv lqwìuhvvrqv hqvxlwh
ã vrq rswlplvdwlrq uhodwlyhphqw ã fhv orlv1 Qrxv frqvwdwrqv vxu txhotxhv h{hpsohv tx*lo
vhpeohudlw txh o*rq sxlvvh wrxmrxuv uhvwuhlqguh fhwwh rswlplvdwlrq dx{ vhxohv yduldeohv lqwhu0
lqvshfwlrqv gh w|sh gìwhuplqlvwh1 Qrxv gìprqwurqv fhwwh sursulìwì vrxv xqh k|srwkëvh
vxssoìphqwdluh1 Od uhfkhufkh ghv orlv lqwhu0lqvshfwlrqv rswlpdohv hq hvw doruv judqghphqw
idflolwìh1

Xq dxwuh fulwëuh wuëv xwlolvì sdu ohv lqgxvwulhov ìwdqw oh frþw pr|hq dv|pswrwltxh/ qrxv
frqvdfurqv od ghuqlëuh sduwlh gh fh ghx{lëph fkdslwuh ã o*ìwxgh gh fh qrxyhdx fulwëuh1 Oh
sodq g*ìwxgh hvw oh píph txh srxu od glvsrqlelolwì dv|pswrwltxh1

Oh wurlvlëph hw ghuqlhu fkdslwuh gh fhwwh wkëvh hvw frqvdfuìh ã o*ìwxgh g*xqh dxwuh sr0
olwltxh gh pdlqwhqdqfh suìyhqwlyh1 O*lqwìuíw gh fhwwh ghuqlëuh ìwxgh uìvlgh qrq sdv gdqv
od prgìolvdwlrq gh od srolwltxh gh pdlqwhqdqfh suìyhqwlyh/ txl hvw ehdxfrxs prlqv ìyr0
oxìh txh od suìfìghqwh/ pdlv gdqv od prgìolvdwlrq gx v|vwëph lqlwldo +f*hvw0ã0gluh vdqv
pdlqwhqdqfh, txl hvw/ txdqw ã hooh/ ehdxfrxs soxv ulfkh txh fhooh txh qrxv dyrqv ìwxglìh
suìfìghpphqw hw txh fhoohv txl vrqw kdelwxhoohphqw frqvlgìuìhv gdqv fh w|sh g*ìwxgh1

Qrxv vxssrvrqv hq h�hw gdqv fh ghuqlhu fkdslwuh txh oh v|vwëph lqlwldo ìyroxh vhorq xq
surfhvvxv vhpl0pdunrylhq1 Fhwwh prgìolvdwlrq q*hvw srxu o*lqvwdqw sdv hqfruh wuëv xwlolvìh
sdu ohv lqgxvwulhov hw o*rq qh wurxyh txh shx g*h{hpsohv gh v|vwëphv vhpl0pdunrylhqv
gdqv od olwwìudwxuh1 Fhwwh prgìolvdwlrq vhpeoh srxuwdqw ulfkh g*dssolfdwlrqv srwhqwlhoohv1
Hq h�hw/ oh vlpsoh fdv rü o*rq qh frqvlgëuh tx*xq vhxo ìwdw gh pdufkh shuphw gìmã gh
prgìolvhu q*lpsruwh txho v|vwëph grqw od orl gh gxuìh gh ylh hvw frqqxh/ sdu h{hpsoh
sdufh tx*rq o*d gìwhuplqìh suìdodeohphqw ã o*dlgh gh pìwkrghv vwdwlvwltxhv1 Oruvtxh o*rq
sdvvh ã xqh prgìolvdwlrq frpsruwdqw soxvlhxuv ìwdwv gh pdufkh/ rq shxw doruv lpdjlqhu
srxyrlu prgìolvhu hq soxv glyhuv fkdqjhphqwv gh uìjlphv gdqv o*ìyroxwlrq gx v|vwëph/
tx*lov vrlhqw gxv ã ghv gìidloodqfhv gh frpsrvdqwv gdqv oh v|vwëph rx glyhuvhv lq xhqfhv
h{wìulhxuhv1

Fh v|vwëph vhpl0pdunrylhq hvw vrxplv ã od srolwltxh gh pdlqwhqdqfh suìyhqwlyh vxl0
ydqwh = vxssrvrqv sdu h{hpsoh txh oh v|vwëph vrlw dx gìsduw gdqv xq ìwdw gh pdufkh
hw txh/ oã hqfruh/ vrq ìwdw frxudqw/ wdqw tx*lo hvw hq pdufkh/ qh vrlw frqqx txh sdu ghv
lqvshfwlrqv1 Rq frqvlgëuh doruv xqh yduldeoh doìdwrluh V gh orl � txhofrqtxh hw lqgìshq0
gdqwh gh o*ìyroxwlrq gx v|vwëph1 Vl oh v|vwëph hvw gìmã hq sdqqh ã o*lqvwdqw V/ rq whuplqh
qrupdohphqw od uìsdudwlrq hq frxuv1 Vl oh v|vwëph hvw hqfruh hq pdufkh ã o*lqvwdqw V/ rq
o*duuíwh srxu oxl idluh vxelu xqh rsìudwlrq gh pdlqwhqdqfh suìyhqwlyh1 Fhwwh rsìudwlrq d
xqh gxuìh doìdwrluh gìshqgdqw gh o*ìwdw gh gìjudgdwlrq gx v|vwëph dx prphqw rü rq od
frpphqfh1 Rq surfëgh gh od píph idêrq dsuëv q*lpsruwh txhooh sìulrgh g*duuíw1

Oh sodq g*ìwxgh gx v|vwëph vrxplv ã fhwwh srolwltxh gh pdlqwhqdqfh hvw oh vxlydqw = qrxv
hqylvdjhrqv wrxw g*derug oh fdv rü od orl � gx whpsv g*dwwhqwh V gh od pdlqwhqdqfh vxlw xqh
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; Lqwurgxfwlrq
orl h{srqhqwlhooh1 O*ìwxgh uhsrvh doruv vxu oh idlw txh oh surfhvvxv gìfulydqw o*ìyroxwlrq gx
v|vwëph pdlqwhqx hvw oxl dxvvl vhpl0pdunrylhq1 Fhfl qrxv shuphw/ g*xqh sduw/ gh fdofxohu
od glvsrqlelolwì dv|pswrwltxh gx v|vwëph pdlqwhqx vrxv ghv k|srwkëvhv soxv idleohv txh
gdqv oh fdv jìqìudo rü � hvw txhofrqtxh +yrlu fh fkdslwuh srxu soxv gh gìwdlov,/ g*dxwuh
sduw/ gh fdofxohu dxvvl od glvsrqlelolwì lqvwdqwdqìh gx v|vwëph pdlqwhqx/ fh txh o*rq qh
vdlw sdv idluh gdqv oh fdv jìqìudo1 Qrxv grqqrqv doruv txhotxhv h{hpsohv srxu ohvtxhov
qrxv rswlplvrqv od srolwltxh gh pdlqwhqdqfh uhodwlyhphqw ã od glvsrqlelolwì dv|pswrwltxh/
hw srxu ohvtxhov qrxv frpsdurqv ohv glvsrqlelolwìv lqvwdqwdqìhv gx v|vwëph lqlwldo hw gx
v|vwëph pdlqwhqx/ oh v|vwëph ìwdqw vrxplv ã fhwwh srolwltxh gh pdlqwhqdqfh rswlpdoh1

Oruvtxh od orl � gx whpsv g*dwwhqwh gh od pdlqwhqdqfh hvw txhofrqtxh/ qrxv frp0
phqêrqv sdu fdofxohu od glvsrqlelolwì dv|pswrwltxh/ ã qrxyhdx ã o*dlgh gh od wkìrulh gx
uhqrxyhoohphqw pdunrylhq1 Qrxv qrxv lqwìuhvvrqv hqvxlwh ã o*rswlplvdwlrq gh fhwwh glvsrql0
elolwì dv|pswrwltxh uhodwlyhphqw ã od orl �1 Qrxv revhuyrqv oã hqfruh vxu txhotxhv h{hpsohv
txh/ frpph dx fkdslwuh 5/ od srolwltxh rswlpdoh +oruvtx*hooh h{lvwh, vhpeoh wrxmrxuv fruuhv0
srqguh ã xq whpsv g*dwwhqwh gh od pdlqwhqdqfh gìwhuplqlvwh1 Pdojuì wrxw/ qrxv revhuyrqv
dxvvl judskltxhphqw txh/ oruvtxh o*rq qh pdlqwlhqw sdv h{dfwhphqw ã o*lqvwdqw rswlpdo
+sdu h{hpsoh sdufh txh fhw lqvwdqw hvw pdo gìwhuplqì rx srxu ghv udlvrqv whfkqltxhv,/ xq
whpsv g*dwwhqwh soxv glvshuvì gh píph pr|hqqh shxw grqqhu gh phloohxuv uìvxowdwv1 Fhfl
mxvwl�h o*lqwurgxfwlrq gh whpsv g*dwwhqwh doìdwrluhv gdqv qrwuh prgëoh +dlqvl txh srxu ohv
yduldeohv lqwhu0lqvshfwlrqv gx fkdslwuh 5/ oh píph skìqrpëqh ìwdqw yudl gdqv fh fkdslwuh/
píph vl qrxv qh o*dyrqv sdv plv hq ìylghqfh judskltxhphqw,1

Pr|hqqdqw txhotxhv k|srwkëvhv vxssoìphqwdluhv/ qrxv prqwurqv hqvxlwh txh o*rq shxw
h�hfwlyhphqw vh uhvwuhlqguh dx{ vhxohv orlv � gìwhuplqlvwhv srxu rswlplvhu od pdlqwhqdqfh1
Qrxv ìwxglrqv doruv ohv srolwltxhv gh pdlqwhqdqfh dvvrflìhv ã gh whoohv orlv1 Qrxv grqqrqv
hq sduwlfxolhu gl�ìuhqwhv frqglwlrqv srxu txh od srolwltxh gh pdlqwhqdqfh dpìolruh od
glvsrqlelolwì dv|pswrwltxh/ vhorq oh frpsruwhphqw gx wdx{ gh sdqqh dsuëv xq uhgìpduudjh
+furlvvdqw/ gìfurlvvdqw/ gìfurlvvdqw sxlv furlvvdqw/ 111,1 Qrxv hqylvdjhrqv dxvvl gl�ìuhqwhv
orlv fodvvltxhv xwlolvìhv sdu ohv lqgxvwulhov srxu prgìolvhu od gxuìh gh ylh g*xq v|vwëph
+Zhlexoo/ Jdppd/ orl ghv ydohxuv h{wuíphv prgl�ìh hw orj0qrupdoh,1

Xqlyhuvlwì gh Pduqh od Ydooìh



Fkdslwuh 4

Rswlplvdwlrq gh od pdlqwhqdqfh
fruuhfwlyh g*xq v|vwëph

414 Lqwurgxfwlrq
Idxw0lo uìsduhu frpsoëwhphqw xq v|vwëph oruvtx*lo wrpeh hq sdqqh/ rx hvw0lo suìiìudeoh

gh oh uhphwwuh hq urxwh oh soxv udslghphqw srvvleoh +rx ã prlqguh frþw,/ hq uìsdudqw
xqltxhphqw ohv frpsrvdqwv qìfhvvdluhv ã vrq erq irqfwlrqqhphqw B Frpphqw fkrlvlu oh
ghjuì rswlpdo gh uìsdudwlrq rx hqfruh/ gh pdlqwhqdqfh fruuhfwlyh B Fh w|sh gh sureoëph
hvw wrxw ã idlw fodvvltxh gdqv o*lqgxvwulh/ dlqvl txh qrxv o*rqw lqgltxì txhotxhv lqjìqlhxuv1

Oh v|vwëph ìwxglì lfl d xq hvsdfh g*ìwdwv �ql1 Vrq ìyroxwlrq hvw pdunrylhqqh wdqw tx*lo
hvw hq pdufkh/ f*hvw0ã0gluh txh ohv wdx{ gh sdqqh hw ohv wdx{ gh wudqvlwlrq hqwuh ohv gl�ìuhqwv
ìwdwv gh pdufkh vrqw vxssrvìv frqvwdqwv1 Oh v|vwëph shxw ìyhqwxhoohphqw frpsruwhu ghv
frpsrvdqwv uìsdudeohv shqgdqw txh oh v|vwëph irqfwlrqqh/ dyhf ghv wdx{ gh uìsdudwlrq
frqvwdqwv/ pdlv oh fdguh g*dssolfdwlrq w|sltxh gh qrwuh ìwxgh fruuhvsrqg soxv ã xq v|vwëph
txl qh shxw txh vh gìjudghu hq irqfwlrqqdqw1 Fh v|vwëph shxw íwuh o*remhw gh gl�ìuhqwv
w|shv gh sdqqh1 D fkdfxqh gh fhv sdqqhv hvw dvvrflìh xqh gxuìh doìdwrluh gh uìsdudwlrq/
gh orl txhofrqtxh1 Ohv gxuìhv gh uìsdudwlrq shxyhqw ìyhqwxhoohphqw gìshqguh gh o*ìwdw gh
pdufkh gdqv ohtxho oh v|vwëph uhgìpduuh +d sulrul/ soxv od uìsdudwlrq hvw frpsoëwh/ soxv
hooh hvw orqjxh,1 Dsuëv xqh uìsdudwlrq/ oh v|vwëph uhgìpduuh gdqv xq ìwdw gh pdufkh l
vxssrvì lqgìshqgdqw gh o*ìyroxwlrq dqwìulhxuh gx v|vwëph +hw grqf lqgìshqgdqw gx w|sh
gh sdqqh,/ hw fhfl dyhf od suredelolwì G- +l,1 Rq dsshooh doruv �orl gh uhgìpduudjh� od
suredelolwì G- txl frqwu÷oh ohv uhgìpduudjhv dsuëv xqh uìsdudwlrq1 Dyhf fh yrfdexodluh/
qrwuh sureoëph hvw grqf gh gìwhuplqhu od �phloohxuh� orl gh uhgìpduudjhG-1 Srxu phvxuhu
ohv shuirupdqfhv gx v|vwëph/ oh fulwëuh xwlolvì lfl hvw od glvsrqlelolwì dv|pswrwltxh/ f*hvw0ã0
gluh od suredelolwì txh oh v|vwëph irqfwlrqqh/ d|dqw dwwhlqw vrq uìjlph vwdwlrqqdluh1 Qrwuh
sureoëph hvw grqf gh wurxyhu od orl G- txl uhqgh od glvsrqlelolwì dv|pswrwltxh pd{lpdoh1

Sodêrqv0qrxv xq lqvwdqw gdqv oh fdv sduwlfxolhu rü ohv gxuìhv gh uìsdudwlrq vrqw lqgì0
shqgdqwhv gh ohxu ghjuì g*dfkëyhphqw1 Hq g*dxwuhv whuphv/ vxssrvrqv tx*xqh uìsdudwlrq
plqlpdoh vrlw dxvvl orqjxh tx*xqh uìsdudwlrq frpsoëwh1 Vxssrvrqv g*dxwuh sduw txh oh v|v0
wëph vh �gìwìulruh� hq irqfwlrqqdqw1 G*xq srlqw gh yxh lqwxlwli/ oh v|vwëph ghyudlw doruv
íwuh g*dxwdqw soxv glvsrqleoh txh od uìsdudwlrq hvw frpsoëwh1 G*xq srlqw gh yxh wkìrultxh/
frpphqw wudgxluh fhwwh qrwlrq gh �gìwìulrudwlrq� gx v|vwëph +hqfruh dsshoìh �ylhloolvvh0
phqw� hq �delolwì, hw frpphqw phvxuhu oh ghjuì g*dfkëyhphqw gh od uìsdudwlrq srxu txh
fhwwh sursulìwì vrlw h�hfwlyhphqw yìul�ìh B

<



43 Fkdslwuh 41 Rswlplvdwlrq gh od pdlqwhqdqfh fruuhfwlyh g*xq v|vwëph
Vl ohv ìwdwv vrqw udqjìv sdu ruguh gh gìjudgdwlrq furlvvdqwh/ xqh idêrq qdwxuhooh gh

wudgxluh oh idlw txh oh v|vwëph vh gìwìulruh +rx �ylhloolw�, hq irqfwlrqqdqw hvw g*ìfuluh txh/
srxu 3 � v � w/ oh v|vwëph hvw ã o*lqvwdqw w gdqv xq ìwdw �soxv judqg� tx*ã o*lqvwdqw
v1 Hq g*dxwuhv whuphv/ fh ylhloolvvhphqw gx v|vwëph shxw íwuh wudgxlw sdu xqh vruwh gh
prqrwrqlh gx surfhvvxv gh Pdunry vrxv0mdfhqw1 Fhwwh uhpdutxh qrxv frqgxlw doruv yhuv ohv
qrpeuhx{ wudydx{ txl rqw ìwì frqvdfuìv fhv ghuqlëuhv dqqìhv ã o*ìwxgh gh gl�ìuhqwv w|shv gh
prqrwrqlh srxu fhv surfhvvxv/ ohv ruguhv vwrfkdvwltxhv dvvrflìv ìwdqw iruw glyhuv1 Rq shxw
dlqvl shqvhu dx{ wudydx{ gh Eurzq/ Fkdjdqw|/ Ndudvx/ Nlmlpd/ Ol/ Vkdnhg/ Vkdqwklnxpdu/
111 +^48`/ ^5<`/ ^68`/ ^69`/ ^6;`/ ^6<`/ ^78`/ ^79`/ ^7<`/ 111,1 Sdupl wrxwhv ohv prqrwrqlhv ìwxglìhv
gdqv fhv gl�ìuhqwv duwlfohv +grqw od olvwh q*hvw sdv h{kdxvwlyh,/ qrwuh sureoëph hvw doruv gh
fkrlvlu fhooh txl hvw dgdswìh ã qrwuh sureoëph/ f*hvw0ã0gluh fhooh srxu odtxhooh xq v|vwëph
ylhloolvvdqw hvw g*dxwdqw soxv glvsrqleoh txh od uìsdudwlrq hvw frpsoëwh1

Od qrwlrq g*ruguh od soxv xwlolvìh hq �delolwì hvw/ hw d wrxmrxuv ìwì/ o*ruguh vwrfkdvwltxh
xvxho1 Rq shxw elhq vþu shqvhu dx{ wudydx{ ghv slrqqlhuv Eduorz hw Survfkdq ^:`/ pdlv
píph gdqv oh fdv g*rxyudjhv soxv uìfhqwv frqvdfuìv dx{ ruguhv vwrfkdvwltxhv/ frpph fhx{
gh Vkdnhg hw Vkdqwklnxpdu ^79`/ gh Vwr|dq ^84` rx gh V}hnol ^85`/ o*ruguh vwrfkdvwltxh xvxho
uhvwh oh soxv xwlolvì gdqv ohv dssolfdwlrqv ã od �delolwì1 Qrxv qrxv vrpphv doruv ghpdqgì
vl fhw ruguh srxydlw frqyhqlu lfl1 Od uìsrqvh hvw qìjdwlyh hw qrxv grqqrqv xq h{hpsoh gh
v|vwëph who txh oh surfhvvxv gh Pdunry vrxv0mdfhqw hvw vwrfkdvwltxhphqw prqrwrqh +srxu
o*ruguh vwrfkdvwltxh xvxho, pdlv who txh od uìsdudwlrq frpsoëwh q*hvw sdv rswlpdoh1 Qrxv
dyrqv grqf ehvrlq g*xq ruguh soxv iruw1

Hq uhjdugdqw soxv suìflvìphqw o*h{suhvvlrq gh od glvsrqlelolwì dv|pswrwltxh/ qrxv qrxv
vrpphv doruv dshuêx tx*lo qrxv idoodlw vxssrvhu txh oh surfhvvxv gh Pdunry vrxv0mdfhqw
ìwdlw prqrwrqh sdu udssruw ã o*ruguh uk1 Udsshorqv txh od qrwdwlrq uk idlw uìiìuhqfh dx qrp
dqjodlv �uhyhuvhg kd}dug udwh� hw txh fhwwh dsshoodwlrq d ìwì grqqìh sdu Vkdqwklnxpdu/
\dpvdnl hw Vdndvhjdzd gdqv ^83` +4<<4,1 Sdupl ohv dxwhxuv d|dqw frqwulexì gh suëv rx gh
orlq ã o*ìphujhqfh gh fhw ruguh +ìyhqwxhoohphqw vrxv g*dxwuhv iruphv,/ rq shxw dxvvl flwhu
Nhlovrq/ Nhvwhu/ Nlmlpd/ Vkdnhg/ Vkdqwklnxpdu/ Vxplwd111 +fi ^64`/ ^65`/ ^68`/ ^79`/ ^83`/
111,1 Udsshorqv dxvvl txh ohv surfhvvxv gh Pdunry prqrwrqhv sdu udssruw ã o*ruguh uk rqw
ìwì uìfhpphqw ìwxglìv sdu Nlmlpd gdqv ^69`1 Oh wudydlo txh qrxv suìvhqwrqv lfl v*dssxlh
g*dloohxuv odujhphqw vxu fhw duwlfoh1 Srxu ghv udlvrqv whfkqltxhv gìyhorssìhv xowìulhxuhphqw/
qrxv qrxv uhvwuhljqrqv lfl ã ghv surfhvvxv prqrwrqhv uhodwlyhphqw ã o*ruguh uk grqw od
pdwulfh jìqìudwulfh hvw wuldqjxodluh vxsìulhxuh1 Fhwwh uhvwulfwlrq hvw dxvvl prwlyìh sdu oh
idlw txh/ srxu gh whov surfhvvxv/ o*ìwdw gx v|vwëph ã o*lqvwdqw w hvw soxv judqg tx*ã o*lqvwdqw
v +3 � v � w, dx vhqv gh o*ruguh uk +fh txl hvw idx{ oruvtxh od pdwulfh jìqìudwulfh q*hvw
sdv wuldqjxodluh vxsìulhxuh,1 Fhwwh sursulìwì hvw od wudgxfwlrq gx fdudfwëuh ylhloolvvdqw gh
qrwuh v|vwëph txh qrxv uhfkhufklrqv1

Oh sodq g*ìwxgh gh fh fkdslwuh hvw oh vxlydqw1
Qrxv qrxv lqwìuhvvrqv wrxw g*derug +¢ 415, dx{ surfhvvxv pdunrylhqv prqrwrqhv uhod0

wlyhphqw ã o*ruguh vwrfkdvwltxh xvxho hw uhodwlyhphqw ã o*ruguh uk1 Qrxv udsshorqv txhotxhv
sursulìwìv xvxhoohv hw qrxv grqqrqv ghv frpsoìphqwv +dlqvl txh vxu o*ruguh uk,1

Qrxv derugrqv hqvxlwh o*ìwxgh gh qrwuh sureoëph g*rswlplvdwlrq gh od glvsrqlelolwì
dv|pswrwltxh g*xq v|vwëph vhorq vd orl gh uhgìpduudjh +¢ 416,1 Qrxv frpphqêrqv sdu
grqqhu xqh frqglwlrq vx!vdqwh srxu txh od uhfkhufkh gh od orl rswlpdoh sxlvvh íwuh uhv0
wuhlqwh dx{ pdvvhv gh Gludf ��/ fruuhvsrqgdqw dx{ uhgìpduudjhv gdqv o*xq ghv ìwdwv gh
pdufkh l +hq qrpeuh �ql,1 Gdqv oh fdv jìqìudo/ fhwwh sursulìwì hvw idxvvh +fi h{hpsohv 4156
hw 4157, hw lo qrxv idxw frqvlgìuhu ghv orlv gh uhgìpduudjh txhofrqtxhv vxu o*hqvhpeoh ghv
ìwdwv gh pdufkh1 Srxu xq v|vwëph �ylhloolvvdqw� +yrlu dx0ghvvxv,/ qrxv prqwurqv doruv txh
oh v|vwëph hvw g*dxwdqw soxv glvsrqleoh txh od uìsdudwlrq hvw frpsoëwh1 Oh ghjuì g*dfkë0
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415 Surfhvvxv prqrwrqhv 44
yhphqw gh od uìsdudwlrq hvw phvxuì dyhf o*ruguh uk1 Qrxv whuplqrqv sdu ghx{ h{hpsohv/
oh fdv g*xq v|vwëph n vxu q hw oh fdv g*xq v|vwëph d|dqw q frpsrvdqwv lghqwltxhv hq
uhgrqgdqfh sdvvlyh/ srxu ohvtxhov qrxv fdofxorqv h{solflwhphqw oh qrpeuh gh frpsrvdqwv
ã lqvwdoohu d�q g*rswlplvhu od glvsrqleolwì dv|pswrwltxh1 Qrwrqv txh fh w|sh gh sureoëph
dydlw gìmã ìwì ìwxglì dxsdudydqw sdu Eduorz/ Kxqwhu hw Survfkdq srxu ghv frpsrvdqwv hq
uhgrqgdqfh sdvvlyh rx hq sdudooëoh +^8` hw ^9`,/ ohv fulwëuhv ã rswlplvhu ìwdqw doruv od �delolwì
rx od suhplëuh gxuìh pr|hqqh gh erq irqfwlrqqhphqw gx v|vwëph1

415 Surfhvvxv prqrwrqhv
Fh sdudjudskh hvw frqvdfuì ã o*ìwxgh ghv surfhvvxv pdunrylhqv prqrwrqhv uhodwlyhphqw/

g*xqh sduw/ ã o*ruguh vwrfkdvwltxh xvxho/ g*dxwuh sduw/ ã o*ruguh uk1 Qrxv frpphqêrqv sdu
o*ruguh vwrfkdvwltxh xvxho1

Gdqv wrxw oh sdudjudskh/ +[|, gìvljqh xq surfhvvxv pdunrylhq vxu i4> ===>p. 4j1 Vd
pdwulfh jìqìudwulfh hvw qrwìh D @ +d�c�,/ vrq qr|dx +S| +l> m,,1

Rq qrwh sdu dloohxuv j od pdwulfh fduuìh g*ruguhp gì�qlh sdu j�c� @ U"f S| +l> m,gw srxu
wrxv 4 � l> m �p1

j�c� uhsuìvhqwh od gxuìh pr|hqqh sdvvìh gdqv o*ìwdw m vdfkdqw txh [f @ l +j�c� hvw
ìyhqwxhoohphqw lq�ql,1

Srxu l 5 i4> ===>pj/ rq qrwh dxvvl j�c� od phvxuh srvlwlyh gì�qlh vxu i4> ===>pj sdu
j�c� +m, @ j�c�1

Rq gì�qlw gh píph od suredelolwì S| +l> �, vxu i4> ===>p.4j srxu wrxv l 5 i4> ===>p.4j
hw w � 31

Srxu l 5 i4> ===>pj/ H� gìvljqh o*hvsìudqfh sdu udssruw ã od orl frqglwlrqqhooh S� +=, @
S +=@[f @ l,1

41514 Surfhvvxv vwrfkdvwltxhphqw prqrwrqhv
Qrxv frpphqêrqv sdu txhotxhv udsshov frqfhuqdqw o*ruguh vwrfkdvwltxh1
Fhv udsshov vrqw grqqìv srxu ghv suredelolwìv vxu i4> ===>pj/ pdlv rq ohv xwlolvhud dxvvl

srxu ghv suredelolwìv vxu i4> ===>p. 4j vdqv qrwl�fdwlrq sduwlfxolëuh1
Rq frqvlgëuh dlqvl ghx{ suredelolwìv �� hw �2 vxu i4> ===>pj1
Udsshorqv wrxw g*derug txh �� hvw vwrfkdvwltxhphqw lqiìulhxuh ã �2 +�� !r|J �2, vl hw

vhxohphqw vl S�
&'� �� +n, �

S�
&'� �2 +n,/ srxu wrxw 4 � m �p1

D od vxlwh gh Nhlovrq hw Nhvwhu gdqv ^64`/ qrxv xwlolvrqv dxvvl xqh lqwhusuìwdwlrq pd0
wulflhooh gh o*ruguh vwrfkdvwltxh1 Vrlw x od pdwulfh wuldqjxodluh vxsìulhxuh g*ruguh p +rx
p. 4 vhorq oh fdv, whooh txh x�c� @ 4/ srxu 4 � l � m � p1 Od pdwulfh x hvw lqyhuvleoh hw
ohv vhxov frh!flhqwv qrq qxov gh x3� vrqw x3��c� @ 4/ srxu l 5 i4> ===>pj/ x3��c�n� @ �4/ srxu
l 5 i4> ===>p� 4j =

x @
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45 Fkdslwuh 41 Rswlplvdwlrq gh od pdlqwhqdqfh fruuhfwlyh g*xq v|vwëph
Rq shxw doruv wudgxluh o*ruguh vwrfkdvwltxh ã o*dlgh gh x hw rq d �� !r|J �2 vl hw

vhxohphqw vl ��x � �2x1
Gh od píph idêrq/ vl e hvw xqh pdwulfh vwrfkdvwltxh g*ruguh p/ e�c� !r|J e�n�c� srxu

wrxw l 5 i4> ===>p�4j hvw ìtxlydohqw ã x3�ex � 31 Rq hq gìgxlw lppìgldwhphqw oh uìvxowdw
fodvvltxh vxlydqw1
Sursrvlwlrq 414 Vrlhqw �� hw �2 ghx{ suredelolwìv vxu i4> ===>pj whoohv txh �� !r|J �2 hw
e xqh pdwulfh vwrfkdvwltxh g*ruguh p whooh txh e�c� !r|J e�n�c� srxu wrxw l 5 i4> ===>p� 4j1
Rq d doruv ��e !r|J �2e1
Gìprqvwudwlrq1 Lo vx!w g*ìfuluh ��ex vrxv od iruph ��ex @ +��x, �x3�ex�1 Frpph
x3�ex � 3 hw ��x � �2x sdu k|srwkëvh/ rq hq gìgxlw lppìgldwhphqw ��ex @ +��x, �x3�ex� �
+�2x, �x3�ex� @ �2ex1

Qrxv udsshorqv fl0ghvvrxv od gì�qlwlrq ghv surfhvvxv vwrfkdvwltxhphqw prqrwrqhv hw
ohxu fdudfwìulvdwlrq ã o*dlgh gh ohxu pdwulfh jìqìudwulfh +fi sdu h{hpsoh ^68`,1
Gì�qlwlrq 415 +[|, hvw xq surfhvvxv vwrfkdvwltxhphqw prqrwrqh vl hw vhxohphqw vl S| +l> �, !r|J
S| +l. 4> �, srxu wrxv l 5 i4> ===>pj/ w � 31
Sursrvlwlrq 416 +fi Nlmlpd/ ^68`,

++[|, hvw xqsurfhvvxv vwrfkdvwltxhphqwprqrwrqh,

/
3
C

6n�[
�'&

d�c� �
6n�[
�'&

d�n�c�/ srxu wrxv l 5 i4> ===>pj/ n 5 i4> ===>p. 4j/ n 9@ l. 4
4
D

/
3
C

&[
�'�

d�c� �
&[

�'�
d�n�c�/ srxu wrxv l 5 i4> ===>pj/ n 5 i4> ===>p. 4j/ n 9@ l

4
D

Qrwrqv txh srxu xq surfhvvxv vwrfkdvwltxhphqw prqrwrqh/ rq d dxvvl oh uìvxowdw ìoì0
phqwdluh vxlydqw/ txl vljql�h txh od gxuìh pr|hqqh sdvvìh gdqv xq ìwdw lqiìulhxu rx ìjdo
ã n vdfkdqw txh [f @ l. 4 hvw lqiìulhxuh rx ìjdoh ã od píph gxuìh pr|hqqh vdfkdqw txh
[f @ l1
Sursrvlwlrq 417 Vl +[|, hvw xq surfhvvxv vwrfkdvwltxhphqw prqrwrqh/ doruv =

&[
�'�

j +l. 4> m, �
&[

�'�
j +l> m, � .4> srxu wrxw l 5 i4> ===>p� 4j/

fh txl shxw hqfruh v*ìfuluh x3�jx � 3/ oruvtxh ohv frh!flhqwv gh od pdwulfh j vrqw �qlv1
Gìprqvwudwlrq1 Fodlu fdu

&[
�'�

j +l> m, @
] n"

f

&[
�'�

S| +l> m, gw

�
] n"

f

&[
�'�

S| +l. 4> m,gw @
&[

�'�
j +l. 4> m, 1

Qrxv whuplqrqv fh sdudjudskh sdu xq uìvxowdw frpsoìphqwdluh frqfhuqdqw ohv surfhvvxv
vwrfkdvwltxhphqw prqrwrqhv grqw od pdwulfh jìqìudwulfh hvw wuldqjxodluh vxsìulhxuh1
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415 Surfhvvxv prqrwrqhv 46
Sursrvlwlrq 418 Vl +[|, hvw xq surfhvvxv vwrfkdvwltxhphqw prqrwrqh =

+S| +l> �, !r|J Sr +l> �, srxu wrxv 4 � l �p. 4/ 3 � w � v,
/ +D hvw wuldqjxodluh vxsìulhxuh,

Uhpdutxh 419 Vl +[|, uhsuìvhqwh o*ìyroxwlrq g*xq v|vwëph grqw ohv ìwdwv vrqw udqjìv
sdu ruguh gh gìjudgdwlrq furlvvdqwh/ od sursrvlwlrq 418 prqwuh hq sduwlfxolhu txh/ vl D
hvw wuldqjxodluh vxsìulhxuh/ oh v|vwëph hvw gdqv xq ìwdw +vwrfkdvwltxhphqw, soxv gìjudgì ã
o*lqvwdqw v tx*ã o*lqvwdqw w srxu 3 � w � v1 Gh whov surfhvvxv vrqw grqf elhq dgdswìv srxu
gìfuluh fhuwdlqv skìqrpëqhv gh ylhloolvvhphqw g*xq v|vwëph1
Gìprqvwudwlrq1 Vxssrvrqv wrxw g*derug S| +l> �, !r|J Sr +l> �, srxu wrxv l 5 i4> ===>p.4j/
3 � w � v1

Hq sduwlfxolhu/ rq d doruv Sf +l> �, !r|J Sr +l> �, srxu wrxv l 5 i4> ===>p. 4j/ 3 � v1
Fhfl shxw hqfruh v*ìfuluh

6n�[
&'�

Sf +l> n, @ Lt�D�� �
6n�[
&'�

Sr +l> n, / srxu wrxw m 5 i4> ===>p. 4j1 +414,

Hq suhqdqw m @ l/ rq hq gìgxlw

4 �
6n�[
&'�

Sr +l> n, /

sxlv
6n�[
&'�

Sr +l> n, @ 41

Srxu l � 5/ rq d grqf
�3�[
&'�

Sr +l> n, @ 31

Fhfl hqwudñqh Sr +l> n, @ 3 srxu n � l� 4 hw l � 51
Sdu dloohxuv/ rq vdlw txh Sr +l> n, @ +h{s +vD,, +l> n,1 Hq xwlolvdqw xq gìyhorsshphqw

olplwì ã o*ruguh 4 dx yrlvlqdjh gh 3/ rq rewlhqw
+L . vD, +l> n, . r +v, @ 3

srxu v dx yrlvlqdjh gh 3/ n � l� 4 hw l � 51
Fhfl hqwudñqh d�c& @ 3/ srxu n � l� 4 hw l � 51
Hq g*dxwuhv whuphv/ D hvw wuldqjxodluh vxsìulhxuh1

Uìflsurtxhphqw/ vxssrvrqv pdlqwhqdqw txh D vrlw wuldqjxodluh vxsìulhxuh1
Prqwurqv wrxw g*derug txh Sf +l> �, !r|J Sr +l> �, srxu wrxv l 5 i4> ===>p. 4j/ 3 � v1
Lo v*djlw grqf gh yìul�hu txh +4=4, hvw yudlh srxu wrxv l/ m 5 i4> ===>p. 4j1
Srxu m A l/ f*hvw ìylghqw1
Srxu l � m/ frpph D hvw wuldqjxodluh vxsìulhxuh/ lo hq hvw gh píph srxu S| gh vruwh
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47 Fkdslwuh 41 Rswlplvdwlrq gh od pdlqwhqdqfh fruuhfwlyh g*xq v|vwëph
txh

6n�[
&'�

Sr +l> n, �
6n�[
&'�

Sr +l> n, @
6n�[
&'�

Sr +l> n, @ 4

hw +4=4, hvw yudlh srxu l � m1
+4=4, hvw grqf yudlh srxu wrxv l/ m 5 i4> ===>p. 4j1
Rq hq gìgxlw txh Sf +l> �, !r|J Sr +l> �, srxu wrxv 4 � l �p. 4/ v � 31
Vrlhqw pdlqwhqdqw v hw w whov txh 3 � w � v hw 4 � l �p. 41
Sr +l> �, vh phw doruv vrxv od iruph

Sr +l> �, @
6n�[
&'�

Sr3| +l> n,S| +n> �, 1

Gh soxv/ rq vdlw gìmã txh Sf +l> �, !r|J Sr3| +l> �,1
Sdu dloohxuv/ frpph +[|, hvw xq surfhvvxv vwrfkdvwltxhphqw prqrwrqh/ rq d dxvvl

S| +n> �, !r|J S| +n . 4> �, srxu wrxv n 5 i4> ===>p. 4j/ w � 31
Juãfh ã od sursrvlwlrq 414 +rü o*rq uhpsodfh p sdu p. 4,/ rq hq gìgxlw

6n�[
&'�

Sf +l> n,S| +n> �, !r|J
6n�[
&'�

Sr3| +l> n,S| +n> �, 1

Hq g*dxwuhv whuphv/ S| +l> �, !r|J Sr +l> �, srxu wrxv 4 � l �p. 4/ 3 � w � v1
Rq d grqf elhq prqwuì o*ìtxlydohqfh1
Qrxv sdvvrqv pdlqwhqdqw ã o*ìwxgh ghv surfhvvxv uk0prqrwrqhv1

41515 Surfhvvxv o�0prqrwrqhv
Qrxv frpphqêrqv sdu txhotxhv udsshov hw frpsoìphqwv frqfhuqdqw o*ruguh uk1
Frpph srxu o*ruguh vwrfkdvwltxh xvxho/ fhv udsshov vrqw grqqìv srxu ghv suredelolwìv

vxu i4> ===>pj/ pdlv rq ohv xwlolvhud dxvvl srxu ghv suredelolwìv vxu i4> ===>p . 4j vdqv
qrwl�fdwlrq sduwlfxolëuh1

Srxu xq sdqrudpd soxv frpsohw ghv sursulìwìv gh o*ruguh uk/ rq shxw frqvxowhu sdu
h{hpsoh o*rxyudjh gh Nlmlpd ^68` rx fhoxl gh Vkdnhg hw Vkdqwklnxpdu ^79` +txl frqwlhqw
dxvvl ghx{ fkdslwuhv frqvdfuìv ã o*xwlolvdwlrq gh gl�ìuhqwv ruguhv vwrfkdvwltxhv hq �delolwì,1

4151514 O*ruguh uk
Udsshorqv wrxw g*derug od gì�qlwlrq gh fhw ruguh1

Gì�qlwlrq 41: Vrlhqw �� hw �2 ghx{ suredelolwìv vxu i4> ===>pj1 Rq glw txh �� hvw uk0
lqiìulhxuh ã �2 hw rq qrwh �� !o� �2 +uk srxu �uhyhuvhg kd}dug udwh�, vl hw vhxohphqw
vl

S�
&'� �� +n,S�
&'� �� +n,

�
S�

&'� �2 +n,S�
&'� �2 +n,

/ srxu wrxv 4 � l � m �p/ +415,

fhwwh lqìjdolwì v*hqwhqgdqw frpph oh surgxlw hq furl{ oruvtxh o*xq ghv gìqrplqdwhxuv v*dq0
qxoh1
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415 Surfhvvxv prqrwrqhv 48
D�q gh frpsuhqguh od vljql�fdwlrq gh o*ruguh uk/ udsshorqv txh/ vl [ hvw xqh yduldeoh

doìdwrluh glvfuëwh vxu i4> ===>pj/ rq dsshooh wdx{ gh kdvdug lqyhuvì gh [ od irqfwlrq kf
gì�qlh vxu i4> ===>pj sdu kf +l, @ S +[ @ l@[ � l, oruvtxh S +[ � l, A 3 hw kf +l, @ .4
vlqrq +doruv txh oh wdx{ gh kdvdug fruuhvsrqg txdqw ã oxl ã S +[ @ l@[ � l,,1 Vl \ hvw xqh
dxwuh yduldeoh doìdwrluh glvfuëwh vxu i4> ===>pj hw kt vrq wdx{ gh kdvdug lqyhuvì/ lo hvw doruv
idfloh gh yìul�hu txh od orl gh [ hvw lqiìulhxuh ã od orl gh \ srxu o*ruguh uk vl hw vhxohphqw
vl kf +l, � kt +l, srxu wrxw 4 � l �p/ fh txl mxvwl�h oh qrp gh fhw ruguh1

Fhv udsshov ìwdqw idlwv/ uhpdutxrqv txh srxu dyrlu �� !o� �2/ lo hvw hq idlw vx!vdqw
g*dyrlu +4=5, vhxohphqw srxu l 5 i4> ===>p� 4j hw m @ l. 4 +Nhlovrq hw Nhvwhu/ ^64`,1

Uhpdutxrqv dxvvl txh od pdwulfh x gì�qlh dx ¢41514 shuphw g*lqwhusuìwhu o*ruguh uk
hw txh o*rq d �� !o� �2 vl hw vhxohphqw vl

� ��
�2
�
x 5 WS5 +wrwdohphqw srvlwlyh g*ruguh 5,/

f*hvw0ã0gluh vl hw vhxohphqw vl wrxv ohv plqhxuv g*ruguh 5 gh
� ��

�2
�
x vrqw srvlwliv +Nhlovrq

hw Vxplwd/ ^65`,1
Gh soxv/ vl e hvw xqh pdwulfh vwrfkdvwltxh g*ruguh p/ e�c� !o� e�n�c� srxu wrxw l 5

i4> ===>p� 4j hvw ìtxlydohqw ã ex 5 WS51
Udsshorqv g*dxwuh sduw txh o*ruguh uk hqwudlqh o*ruguh vwrfkdvwltxh/ od uìflsurtxh ìwdqw

idxvvh +lo vx!w sdu h{hpsoh gh suhqguh �� @ +4@5> 3> 4@5> 3, hw �2 @ +3> 4@5> 3> 4@5,,1
Rq hq gìgxlw txh/ vl

� ��
�2
�
x 5 WS5/ rq d qìfhvvvdluhphqw ��x � �2x1

Uhpdutxrqv txh fhwwh sursulìwì hvw idxvvh oruvtxh Y� hw Y2 qh vrqw soxv ghv suredelolwìv
pdlv ghv phvxuhv srvlwlyhv = vl Y� hw Y2 vrqw whoohv txh

� Y�
Y2
�
x 5 WS5 +f*hvw0ã0gluh whoohv

txh Y� hw Y2 yìul�hqw +4=5,,/ rq q*d sdv qìfhvvdluhphqw Y�x � Y2x +lo vx!w gh suhqguh
Y� @ +4> 3, hw Y2 @ +3> 5, sdu h{hpsoh,1

Hq�q/ udsshorqv txh o*xq ghv rxwlov gh edvh srxu ìwxglhu ohv surfhvvxv uk0prqrwrqhv
hvw oh ohpph 41; grqqì sdu Nlmlpd gdqv ^68`/ od gìprqvwudwlrq ìwdqw vlplodluh ã fhooh gh
Vkdqwklnxpdu gdqv ^7<` srxu o*ìwxgh g*xq dxwuh ruguh1
Ohpph 41; +fi Nlmlpd/ ^68`, Vrlhqw d hw e ghx{ pdwulfhv srvlwlyhv/ d d|dqw dx prlqv
ghx{ oljqhv hw d|dqw p frorqqhv/ e fduuìh g*ruguh p whoohv dx 5 WS5 hw ex 5 WS51 Doruv/
vl x3�ex � 3/ rq d dex 5 WS51

Fh uìvxowdw dsshooh txhotxhv uhpdutxhv1 Hq h�hw/ frpph o*ruguh uk hqwudlqh o*ruguh
vwrfkdvwltxh/ vl e hvw xqh pdwulfh vwrfkdvwltxh/ ex 5 WS5 hqwudlqh x3�ex � 31 Dlqvl/ vl e
hvw xqh pdwulfh vwrfkdvwltxh/ dx 5 WS5 hw ex 5 WS5 hqwudlqh dex 5 WS5 hw od frqglwlrq
x3�ex � 3 hvw vxshu xh1 Tx*hq hvw0lo oruvtxh e q*hvw soxv xqh pdwulfh vwrfkdvwltxh B

Srxu p @ 5/ lo hvw idfloh gh yrlu txh dx 5 WS5 vl hw vhxohphqw vl d 5 WS5/ gh vruwh txh
dx 5 WS5 hw ex 5 WS5 hqwudlqh dex 5 WS5 vdqv frqglwlrq vxssoìphqwdluh1 +Udsshorqv
txh oh surgxlw gh ghx{ pdwulfhv WS5 hvw WS5/ Nduolq ^63`,1

Hq uhydqfkh/ srxu p � 6/ dx 5 WS5 hw ex 5 WS5 q*hqwudlqh sdv dex 5 WS51 Hq h�hw/
vl o*rq suhqg d @

� 3=8 3=58 3=58
3=58 3=8 3=58

�
hw e @

3
C

4 3 3
3 5 3
3 3 5

4
D/ rq d dx 5 WS5 hw ex 5 WS5

pdlv dex @5 WS51 +Gdqv fhw h{hpsoh/ x3�ex q*hvw sdv srvlwlyh pdlv x3�dx � 3,1
ex 5 WS5 hvw grqf lqvx!vdqw gdqv oh fdv jìqìudo srxu vdyrlu txh dx 5 WS5 hq0

wudlqh dex 5 WS51 Qrxv xwlolvrqv grqf od frqglwlrq vx!vdqwh grqqìh sdu Vkdqwklnxpdu�x3�ex � 3�/ txl hvw/ ã qrwuh frqqdlvvdqfh/ od soxv idleoh frqglwlrq rewhqxh mxvtx*ã suìvhqw1
Qrxv uììfulyrqv fl0ghvvrxv ohv uìvxowdwv gx ohpph 41; gh idêrq ã ohv uhqguh soxv olvleohv

srxu qrwuh ìwxgh1
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49 Fkdslwuh 41 Rswlplvdwlrq gh od pdlqwhqdqfh fruuhfwlyh g*xq v|vwëph
Fruroodluh 41< Vrlhqw �� hw �2 ghx{ suredelolwìv vxu i4> ===>pj whooh txh �� !o� �21 Vrlw
e xqh pdwulfh vwrfkdvwltxh g*ruguh p whooh e�c� !o� e�n�c� srxu wrxw 4 � l � p� 41 Doruv
��e !o� �2e1
Fruroodluh 4143 Vrlw J xqh pdwulfh fduuìh g*ruguh p srvlwlyh whooh txh Jx 5 WS5 hw
whooh txh x3�Jx � 31 Vrlhqw Y � hw Y 2 ghx{ phvxuhv srvlwlyhv vxu i4> ===>pj whoohv txh� Y �

Y 2
�
x 5 WS51 Rq d doruv

� Y �J
Y 2J

�
x 5 WS51

Gdqv oh píph ruguh g*lgìh/ qrxv whuplqrqv fhwwh sduwlh frqfhuqdqw o*ruguh uk hq grq0
qdqw xq uìvxowdw frpsoìphqwdluh vlplodluh1
Sursrvlwlrq 4144 Vrlhqw Y � hw Y 2 ghx{ phvxuhv srvlwlyhv qrq qxoohv vxu i4> ===>pj whoohv
txh

� Y �
Y 2
�
x 5 WS51 Vrlhqw X hw Z ghx{ yhfwhxuv frorqqhv g*ruguh p whov txh Z� A 3

srxu wrxw 4 � l � p hw L�`� � L�n�`�n� srxu wrxw 4 � l � p� 41 Vl/ gh soxv/ Z� �Z�n� srxu
wrxw 4 � l �p� 4 rx X� � X�n� A 3 srxu wrxw 4 � l �p� 4/ doruv

Y �X
Y �Z � Y 2X

Y 2Z 1 +416,

Gìprqvwudwlrq1 Rq vh sodfh wrxw g*derug vrxv o*k|srwkëvh Z� � Z�n� srxu wrxw 4 �
l �p� 41

Wudqviruprqv o*h{suhvvlrq gh T �L
T �` 1

Y �X
Y �Z @

S6
�'� Y �� X�S6
�'� Y �� Z�

@
S6

�'� Y �� L�`�Z�S6
�'� Y �� Z�

1
� L�`�

�
ìwdqw furlvvdqwh sdu udssruw ã l/ L�`� vh phw vrxv od iruph =

L�`� @
S�

�'� {� / dyhf {� � 3 srxu wrxv 4 � m � l �p1
Rq hq gìgxlw =

Y �X
Y �Z @

S6
�'� Y ��

S�
�'� {�Z�S6

�'� Y �� Z�
@

6[
�'�

{�
S6

�'� Y �� Z�S6
�'� Y �� Z�

1

Rq hvw grqf udphqì ã prqwuhu txh =
S6

�'� Y �� Z�S6
�'� Y �� Z�

�
S6

�'� Y 2� Z�S6
�'� Y 2� Z�

/ srxu 5 � m �p/ +417,

+f*hvw ìylghqw srxu m @ 4,1
Hq ìfulydqw S6

�'� Y �� Z� @ S�3�
�'� Y �� Z� .S6

�'� Y �� Z� +gh píph srxu Y 2,/ +4=7, hvw
doruv ìtxlydohqwh ã

S6
�'� Y �� Z�S�3�
�'� Y �� Z�

�
S6

�'� Y 2� Z�S�3�
�'� Y 2� Z�

/ srxu 5 � m �p1 +418,

Od pìwkrgh xwlolvìh srxu fh txl vxlw hvw vlplodluh ã fhooh gx ohpph 41; +Nlmlpd ^68`
rx Vkdqwklnxpdu ^7<`,1
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415 Surfhvvxv prqrwrqhv 4:
Uhpdutxrqv wrxw g*derug txh/ vl d�/ d2/ 111d6/ e�/ e2/ 111/ e6 vrqw ghv uìhov/ rq d

6[
&'�

d&e& @
63�[
&'�

+d& � d&n�,
&[
,'�

e, . d6
6[
,'�

e, � d�
�3�[
,'�

e,/ srxu 5 � m �p +419,

hw
�[

&'�
d&e& @

�3�[
&'�

+d& � d&n�,
&[

?'�
e? . d�

�[
?'�

e?/ srxu m � 51 +41:,

Hq xwlolvdqw +4=9, srxu oh gìqrplqdwhxu hw +4=:, srxu oh qxpìudwhxu dyhf d& @ Z& hw
e& @ Y �& / rq rewlhqw/ srxu m � 6 =

S6
�'� Y �� Z�S�3�
�'� Y �� Z�

@
S63�

&'� +Z& �Z&n�,S&
,'� Y �, .Z6

S6
,'� Y �, �Z�

S�3�
,'� Y �,S�32

&'� +Z& �Z&n�,S&
?'� Y �? .Z�3�

S�3�
?'� Y �?

@
S63�

&'� +Z& �Z&n�,
S&,'� T �,S�3�

?'� T �?
.Z6

S6,'� T �,S�3�
?'� T �?

�Z�
S�32

&'� +Z& �Z&n�,
S&?'� T �?S�3�

?'� T �?
.Z�3�

/ +41;,

hq glylvdqw kdxw hw edv sdu S�3�
?'� Y �? 1

Sdu k|srwkëvh/ Z& �Z&n� � 31
Gh soxv/ frpph

� Y �
Y 2
�
x 5 WS5/ rq d
S&

,'� Y �,S�3�
?'� Y �?

�
S&

,'� Y 2,S�3�
?'� Y 2?

vl n � m

hw
S&

,'� Y �,S�3�
?'� Y �?

�
S&

,'� Y 2,S�3�
?'� Y 2?

vl n � m � 5=

Gh +4=;,/ rq gìgxlw doruv txh +4=8, hvw yudlh srxu m � 61
Sdu dloohxuv/ lo hvw idfloh gh yìul�hu txh +4=8, hvw hqfruh yudlh srxu m @ 5 +oh gìqrpl0

qdwhxu hvw doruv uhpsodfì sdu Z�,1 +4=8, hvw grqf yudlh srxu wrxw m � 5 hw +4=6, hvw yudlh
vrxv od suhplëuh k|srwkëvh1

Oh sulqflsh gh gìprqvwudwlrq hvw oh píph vrxv od ghx{lëph k|srwkëvh/ ã vdyrlu X� �
X�n� srxu wrxw 4 � l �p� 41

Rq frpphqfh sdu ìfuluh
Y �X
Y �Z @

S6
�'� Y �� X�S6

�'� Y �� `�L� X�
1

Sxlv/
�`�L�

�
ìwdqw gìfurlvvdqwh sdu udssruw ã l/ rq shxw phwwuh `�L� vrxv od iruph

Z�
X� @

6[
�'�

{� /

dyhf {� � 3 srxu wrxv 4 � m � l �p1
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4; Fkdslwuh 41 Rswlplvdwlrq gh od pdlqwhqdqfh fruuhfwlyh g*xq v|vwëph
Rq hq gìgxlw

Y �X
Y �Z @

S6
�'� Y �� X�S6

�'� {�
S�

�'� Y �� X�
1

Srxu prqwuhu +4=6,/ lo hvw doruv vx!vdqw gh prqwuhu txh
S�

�'� Y �� X�S6
�'� Y �� X�

�
S�

�'� Y 2� X�S6
�'� Y 2� X�

/ srxu 4 � m �p1

Rq hvw grqf udphqì dx píph sureoëph txh suìfìghpphqw +fi +4=8,,/ hq uhpsodêdqw Z�
sdu X�1

+4=6, hvw grqf yudlh vrxv ohv ghx{ k|srwkëvhv1
Qrxv sdvvrqv pdlqwhqdqw ã o*ìwxgh ghv surfhvvxv uk0prqrwrqhv1

4151515 Surfhvvxv uk0prqrwrqhv
Qrxv udsshorqv wrxw g*derug ohxu gì�qlwlrq hw ohxu fdudfwìulvdwlrq ã o*dlgh gh ohxu

pdwulfh jìqìudwulfh/ grqqìh sdu Nlmlpd ^69`1
Gì�qlwlrq 4145 +[|, hvw xq surfhvvxv uk0prqrwrqh vl hw vhxohphqw vl S| +l> �, !o� S| +l. 4> �,
srxu wrxv l 5 i4> ===>pj/ w � 3/ rx/ gh idêrq ìtxlydohqwh vl hw vhxohphqw vl S| � x 5 WS5
Sursrvlwlrq 4146 +fi Nlmlpd/ ^69`, +[|, hvw xq surfhvvxv uk0prqrwrqh vl hw vhxohphqw
vl =

d�c� @ 3 srxu wrxv 4 � m � l� 5 �p. 4
hw d�c� � d�n�c� srxu wrxv 6 � l. 5 � m �p. 4

Hq g*dxwuhv whuphv/ +[|, hvw xq surfhvvxv uk0prqrwrqh vl hw vhxohphqw vl vd pdwulfh
jìqìudwulfh D hvw gh od iruph

D @

3
EEEEEEEEC

� & & 1 & & &
� � & 1 & & &
3 � � 1 & & &
3 3 � 1 & & &
1 1 1 1 1 1 1
3 3 3 1 � � &
3 3 3 1 3 � �

4
FFFFFFFFD
/

ohv  ëfkhv uhsuìvhqwdqw od furlvvdqfh gh d�c� dyhf l1
Qrxv whuplqrqv fhwwh sduwlh frqfhuqdqw ohv surfhvvxv uk0prqrwrqhv sdu xq uìvxowdw vl0

plodluh ã od sursrvlwlrq 418/ o*ruguh vwrfkdvwltxh ìwdqw pdlqwhqdqw uhpsodfì sdu o*ruguh
uk1 Oã hqfruh/ fh uìvxowdw prqwuh txh ohv surfhvvxv uk0prqrwrqhv grqw od pdwulfh jìqì0
udwulfh hvw wuldqjxodluh vxsìulhxuh vrqw elhq dgdswìv srxu gìfuluh fhuwdlqv skìqrpëqhv gh
ylhloolvvhphqw g*xq v|vwëph +fi uhpdutxh 419,1
Sursrvlwlrq 4147 Vl +[|, hvw xq surfhvvxv uk0prqrwrqh =

+S| +l> �, !o� Sr +l> �, srxu wrxv l 5 i4> ===>p. 4j/ 3 � w � v,
/ +D hvw wuldqjxodluh vxsìulhxuh,
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415 Surfhvvxv prqrwrqhv 4<
Uhpdutxh 4148 Uhpdutxrqv txh Nlmlpd dydlw gìmã gìprqwuì gdqv ^69` +gdqv xq frqwh{wh
soxv jìqìudo txh oh q÷wuh, txh/ gdqv oh fdv g*xq surfhvvxv uk0prqrwrqh/ S| +4> �, !o�
Sr +4> �, srxu wrxv 3 � w � v1 Oruvtxh od pdwulfh jìqìudwulfh gx surfhvvxv hvw hq soxv
wuldqjxodluh vxsìulhxuh/ q*lpsruwh txho ìwdw gh i4> ===>p. 4j mrxh doruv oh píph u÷oh txh
o*ìwdw 4 gh Nlmlpd1 Fhfl h{soltxh o*xqh ghv lpsolfdwlrqv gh od sursrvlwlrq 41471 Qrxv
gìprqwurqv dxvvl od uìflsurtxh1
Gìprqvwudwlrq1 Od gìprqvwudwlrq hvw vlplodluh ã fhooh gh od sursrvlwlrq 4181

Vxssrvrqv wrxw g*derug S| +l> �, !o� Sr +l> �, srxu wrxv l 5 i4> ===>p. 4j/ 3 � w � v1
Rq d doruv Sf +l> �, !o� Sr +l> �, srxu wrxv l 5 i4> ===>p. 4j/ 3 � v1
Rq hq gìgxlw

#�n�[
&'�

Sf +l> n,
$# �[

&'�
Sr +l> n,

$
�
# �[

&'�
Sf +l> n,

$#�n�[
&'�

Sr +l> n,
$

fh txl shxw hqfruh v*ìfuluh

Lt�$�n��

# �[
&'�

Sr +l> n,
$
� Lt�$��

#�n�[
&'�

Sr +l> n,
$

+41<,

srxu wrxw m 5 i4> ===>pj1
Srxu l � 5/ suhqrqv m @ l� 41
+4=<, v*ìfulw doruv S�3�

&'� Sr +l> n, � 31
Rq hq gìgxlw Sr +l> n, @ 3 srxu n � l� 41
Fhfl hqwudñqh txh D hvw wuldqjxodluh vxsìulhxuh/ gh od píph idêrq txh gdqv od gìprqv0

wudwlrq gh od sursrvlwlrq 4181
Uìflsurtxhphqw/ vxssrvrqv pdlqwhqdqw txh D hvw wuldqjxodluh vxsìulhxuh1
Prqwurqv wrxw g*derug txh Sf +l> �, !o� Sr +l> �, srxu wrxv l 5 i4> ===>p. 4j/ 3 � v1
Lo v*djlw grqf gh yìul�hu txh +4=<, hvw yudlh srxu wrxv l 5 i4> ===>p.4j/ m 5 i4> ===>pj1
Srxu m . 4 ? l/ f*hvw ìylghqw1
Srxu m @ l� 4 +hw l � 5,/ frpph S| hvw wuldqjxodluh vxsìulhxuh/ S�3�

&'� Sr +l> n, @ 3 hw
+4=<, hvw yudlh1

Srxu m � l/ +4=<, hvw ìylghqw1
Dlqvl +4=<, hvw yudlh gdqv wrxv ohv fdv1
Sf +l> �, !o� Sr +l> �, hvw grqf yudlh srxu wrxv l 5 i4> ===>p. 4j/ 3 � v1
Rq frqfoxw frpph gdqv oh fdv vwrfkdvwltxhphqw prqrwrqh/ hq xwlolvdqw oh fruroodluh

41< hw rq d elhq prqwuì o*ìtxlydohqfh1
Ohv surfhvvxv uk0prqrwrqhv grqw od pdwulfh jìqìudwulfh hvw wuldqjxodluh vxsìulhxuh lq0

whuyhqdqw ã soxvlhxuv uhsulvh sdu od vxlwh/ qrxv ohxu grqqrqv pdlqwhqdqw xq qrp +surfhvvxv
gh w|sh +W ,, hw qrxv ohxu frqvdfurqv xq sdudjudskh1

4151516 Surfhvvxv gh w|sh +W ,
Gì�qlwlrq 4149 Rq dsshooh surfhvvxv gh w|sh +W , wrxw surfhvvxv uk0prqrwrqh who txh D
hvw wuldqjxodluh vxsìulhxuh dyhf ghv frh!flhqwv gldjrqdx{ wrxv qrq qxov +vdxi oh ghuqlhu
txl hvw qxo,1

Uhpdutxrqv txh vl D hvw wuldqjxodluh vxsìulhxuh/ vd ghuqlëuh oljqh hvw qìfhvvdluhphqw
qxooh/ gh vruwh txh od qxoolwì gx ghuqlhu frh!flhqw +qrwì d6n�c6n�, q*hvw sdv xqh k|srwkëvh
vxssoìphqwdluh1
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53 Fkdslwuh 41 Rswlplvdwlrq gh od pdlqwhqdqfh fruuhfwlyh g*xq v|vwëph
Qrxv vxssrvrqv txh ohv dxwuhv frh!flhqwv gldjrqdx{ vrqw qrq qxov gh vruwh txh o*hq0

vhpeoh i4> ===>pj hvw qrq devruedqw hw ohv j�c� �qlv1 Fh fdguh g*ìwxgh hvw wrxw ã idlw vx!vdqw
srxu o*dssolfdwlrq ã od �delolwì txh qrxv grqqrqv dx sdudjudskh 4161

Udsshorqv hq�q txh/ g*dsuëv ohv uìvxowdwv gh Nlmlpd/ +[|, hvw xq surfhvvxv gh w|sh +W ,
vl hw vhxohphqw vl vd pdwulfh jìqìudwulfh D hvw gh od iruph

D @

3
EEEEEEC

� & & 1 & &
3 � & 1 & &
3 3 � 1 & &
1 1 1 1 1 1
3 3 3 1 � &
3 3 3 1 3 3

4
FFFFFFD

/

rü ohv � uhsuìvhqwhqw lfl ghv frh!flhqwv qrq qxov1
Srxu o 5 i4> ===>p . 4j/ rq qrwh W , oh whpsv g*dwwhlqwh gh o*hqvhpeoh io> ===>p . 4j =

W , @ lqi +w � 3@[| � o,1
Gh soxv/ rq qrwh � ,� od irqfwlrq gh wdx{ dvvrflìh ã W , vdfkdqw txh [f @ l +srxu

l 5 i4> ===>pj,1
Od sursrvlwlrq vxlydqwh qrxv grqqh ghv uìvxowdwv vlplodluhv ã fhx{ gh Nlmlpd +wkìruëph

715 ^69`/ yrlu dxvvl ^7<`,/ gx prlqv hq fh txl frqfhuqh oh suhplhu srlqw1 Nlmlpd d hq h�hw
gìprqwuì txh/ vl +[|, hvw xq surfhvvxv uk prqrwrqh/ od orl gh W , vdfkdqw txh [f @ 4 hvw
LKU +Lqfuhdvlqj Kd}dug Udwh,1 Lfl/ frpph gdqv od uhpdutxh 4148/ oh idlw gh vh uhvwuhlqguh
dx{ surfhvvxv uk0prqrwrqhv grqw od pdwulfh jìqìudwulfh hvw wuldqjxodluh vxsìulhxuh qrxv
shuphw g*rewhqlu oh píph uìvxowdw ã sduwlu gh q*lpsruwh txho ìwdw l gh i4> ===> oj1 Qrxv
| dmrxwrqv ghx{ lqìjdolwìv hqwuh gl�ìuhqwv wdx{/ vhorq o*ìwdw gxtxho sduw oh surfhvvxv/ hw
vhorq o*hqvhpeoh ã dwwhlqguh +gh od iruph io> ===>p. 4j,1
Sursrvlwlrq 414: Vl +[|, hvw xq surfhvvxv gh w|sh +W ,/ doruv =

� � ,� hvw xqh irqfwlrq furlvvdqwh/ rx hqfruh od orl gh W , vdfkdqw txh [f @ l hvw LKU
+srxu 5 � l. 4 � o �p. 4,1

� � ,�n� � � ,� +srxu 6 � l. 5 � o �p. 4,1
� � ,� � � ,n�� +srxu 5 � l. 4 � o �p,1

Gìprqvwudwlrq1 Oh sulqflsh gh gìprqvwudwlrq gx suhplhu srlqw hvw vhpeodeoh ã fhoxl
gx wkìruëph 715 gh Nlmlpd ^69`1

Vrlhqw l hw o whov txh 5 � l.4 � o �p.4 hw vrlw �I ,� od irqfwlrq gh vxuylh gh W , vdfkdqw
txh [f @ l1

Rq d doruv =

� ,� +w, @ � � �I ,�
�� +w,

�I ,� +w,
@ �

S,3�
&'� S|D +l> n,S,3�
�'� S| +l> m,

+Nroprjrury,

@ �
S,3�

&'�
S6n�

�'� S| +l> m,d�c&S,3�
�'� S| +l> m,

@ �
S6n�

�'� S| +l> m,S,3�
&'� d�c&S,3�

�'� S| +l> m, +hq ìfkdqjhdqw ohv [ dx qxpìudwhxu,1

Sdu dloohxuv/ frpph D hvw wuldqjxodluh vxsìulhxuh/ rq d S| +l> m, @ 3 srxu l A m hw
d�c& @ 3 srxu m A n=
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415 Surfhvvxv prqrwrqhv 54
Ohv vhxov whuphv qrq qxov fruuhvsrqghqw grqf ã 4 � l � m � n � o � 41 Od suhplëuh

vrpph vh uìgxlw doruv ã S,3�
�'�1Rq rewlhqw dlqvl =

� ,� +w, @ �
S,3�

�'� S| +l> m,S,3�
&'� d�c&S,3�

�'� S| +l> m,

@
S,3�

�'� S| +l> m,S6n�
&', d�c&S,3�

�'� S| +l> m,
fdu

6n�[
&'�

d�c& @ 31

Hq xwlolvdqw +4=:, dyhf d� @S6n�
&', d�c& hw e? @ �|E�c?�S,3�

?'� �|E�c?� / rq d pdlqwhqdqw =

� ,� +w, @
,32[
�'�

#6n�[
&',

d�c& �
6n�[
&',

d�n�c&
$S�

?'� S| +l> q,S,3�
?'� S| +l> q, .

6n�[
&',

d,c& �
S,3�

?'� S| +l> q,S,3�
?'� S| +l> q,� ~} �

'�

+4143,

srxu wrxw o � 61
Sdu dloohxuv/ frpph +[|, hvw xq surfhvvxv gh w|sh +W ,/ rq vdlw txh S6n�

&', d�c& �S6n�
&', d�n�c& � 3 srxu wrxw m � o � 51
Gh soxv/ g*dsuëv od sursrvlwlrq 4147/

S�
?'� �|E�c?�S,3�
?'� �|E�c?� gìfurlw dyhf w1

Rq hq gìgxlw txh � ,� +w, furlw dyhf w srxu o � 61
Sdu dloohxuv/ srxu o @ 5 hw l @ 4/ rq d �2� +w, @

S6n�
&'2 d�c& @ fwh hw �2� hvw hqfruh xqh

irqfwlrq furlvvdqwh1
� ,� hvw grqf wrxmrxuv xqh irqfwlrq furlvvdqwh/ srxu wrxv 5 � l . 4 � o � p . 4 hw oh

suhplhu srlqw hvw gìprqwuì1
Srxu oh vhfrqg srlqw/ rq shxw wrxw g*derug uhpdutxhu txh/ frpph +[|, hvw xq surfhvvxv

uk0prqrwrqh/ rq d
S�

?'� S| +l> q,S,3�
?'� S| +l> q, �

S�
?'� S| +l. 4> q,S,3�
?'� S| +l. 4> q,

srxu wrxv 6 � l. 5 � o �p. 4 hw m � o � 511
Rq gìgxlw doruv gh +4=43, txh � ,� +w, � � ,�n� +w, +fdu

S6n�
&', d�c& �S6n�

&', d�n�c& � 3, hw
oh vhfrqg srlqw hvw gìprqwuì1

Srxu oh wurlvlëph srlqw/ rq shxw uhpdutxhu txh/ g*dsuëv od sursrvlwlrq 4=47/ rq d
�I ,n�� +w,
�I ,� +w,

@
S,

�'� S| +l> m,S,3�
�'� S| +l> m, �

S,
�'� Sr +l> m,S,3�
�'� Sr +l> m, @

�I ,n�� +v,
�I ,� +v,

/

srxu wrxv 3 � w � v hw 5 � l. 4 � o �p1
Rq hq gìgxlw txh 78 ,n�

�78 ,�
hvw furlvvdqwh/ srxu wrxv 5 � l. 4 � o �p1

Hq ìfulydqw txh od gìulyìh gh 78 ,n�
�78 ,�

hvw srvlwlyh/ rq rewlhqw doruv � ,� � � ,n�� hw oh wurlvlëph
srlqw hvw gìprqwuì1

Qrxv whuplqrqv pdlqwhqdqw dyhf xq uìvxowdw txl hvw od foì gh qrwuh dssolfdwlrq ã od
�delolwì1
Sursrvlwlrq 414; Vl +[|, hvw xq surfhvvxv gh w|sh +W ,/ doruv x3�jx � 3 hw jx 5 WS51
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55 Fkdslwuh 41 Rswlplvdwlrq gh od pdlqwhqdqfh fruuhfwlyh g*xq v|vwëph
Uhpdutxh 414< Od suhplëuh sduwlh �x3�jx � 3� hvw lppìgldwh1 Od vhfrqgh sduwlh vljql0
�h txh/ oruvtxh od pdwulfh jìqìudwulfh D gh +[|, hvw wuldqjxodluh vxsìulhxuh/ vl S|�x 5 WS5
srxu wrxw w � 3 +f*hvw0ã0gluh vl +[|, hvw uk0prqrwrqh,/ doruv jx @ U n"f S| � x=gw 5 WS51
Qrxv qh vdyrqv sdv vl fhwwh sursulìwì hvw hqfruh yudlh vdqv k|srwkëvh vxssoìphqwdluh vxu
D1
Gìprqvwudwlrq1 x3�jx � 3 hvw fodlu fdu +[|, hvw xq surfhvvxv vwrfkdvwltxhphqw prqr0
wrqh +fi sursrvlwlrq 417,1 Lo v*djlw grqf gh prqwuhu txh jx 5 WS51

Srxu l 5 i4> ===>pj/ o 5 i4> ===>pj/ rq d =
,[

�'�
j +l> m, @

,[
�'�

] n"

f
S| +l> m,gw @

] n"

f
S� +[| � o,gw @

] n"

f
S�
�
W ,n� A w

�
gw/

fdu/ frpph D hvw wuldqjxodluh vxsìulhxuh/ oruvtxh oh surfhvvxv +[|, d �gìsdvvì� o/ lo qh
shxw soxv | uhyhqlu1

Rq hq gìgxlw txh S,
�'� j +l> m, @ H�

�W ,n��1
Qrwuh sureoëph hvw doruv gh prqwuhu txh/ srxu l 5 i4> ===>p� 4j/

H�
�W ,n��
H� +W ,, � H�n�

�W ,n��
H�n� +W ,, / srxu wrxw o 5 i4> ===>pj/ +4144,

+dyhf wrxmrxuv od píph frqyhqwlrq vl o*xq ghv gìqrplqdwhxuv v*dqqxoh,1
Qrwrqv +S�, fhwwh sursulìwì hw gìprqwurqv +S�, sdu uìfxuuhqfh ghvfhqgdqwh/ srxu 4 �

l �p� 41
+S63�, v*ìfulw
H63�

�
W ,n��� H6

�
W ,� � H6

�
W ,n���H63�

�
W ,� / srxu wrxw o 5 i4> ===>pj1

Fhfl hvw wulyldohphqw yudl fdu H6
�W ,� @ 31

Vrlw pdlqwhqdqw 4 � l �p� 51
Vxsrvrqv +S�, yudlh srxu wrxw m who txh l. 4 � m �p� 41
Prqwurqv txh +S�, hvw yudlh1
Qrxv dyrqv fodluhphqw H�n�

�W ,� @ 3 vl l. 4 � o hw o*lqìjdolwì +4=44, hvw yudlh1
Vrlw pdlqwhqdqw o � l. 51

H�
�
W ,n�� @ +gxuìh pr|hqqh sdvvìh gdqv o*ìwdw l,.

,[
�'�n�

d�c�
md�c�mH�

�
W ,n��

@ 4
md�c�m

3
C4 .

,[
�'�n�

d�c�H�
�
W ,n��

4
D 1 +4145,

Gh od píph idêrq/

H�
�
W ,� @ 4

md�c�m

3
C4 .

,3�[
�'�n�

d�c�H�
�
W ,�

4
D srxu o � l. 51 +4146,
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415 Surfhvvxv prqrwrqhv 56
Rq hq gìgxlw

H�
�W ,n��
H� +W ,, @ 4 .S,

�'�n� d�c�H�
�W ,n��

4 .S,3�
�'�n� d�c�H� +W ,, @ 4 .S,

�'�n� d�c�H�
�W ,n��

4 .S,
�'�n� d�c�H� +W ,, /

fdu H,
�
W ,� @ 31

Qrwuh sureoëph hvw doruv gh prqwuhu txh/ srxu wrxw o � l. 5 =
4 .S,

�'�n� d�c�H�
�W ,n��

4 .S,
�'�n� d�c�H� +W ,, � H�n�

�W ,n��
H�n� +W ,, +fi +4=44, ,1

Fhod shxw hqfruh v*ìfuluh
5
74 .

,[
�'�n�

d�c�H�
�
W ,n��

6
8H�n�

�
W ,� � H�n�

�
W ,n��

5
74 .

,[
�'�n�

d�c�H�
�
W ,�

6
8

rx dxvvl

3 � H�n�
�
W ,n��� H�n�

�
W ,�.

,[
�'�n2

d�c�
k
H�n�

�
W ,n��H�

�
W ,��H�

�
W ,n��H�n�

�
W ,�l /
+4147,

oh whuph srxu m @ l. 4 ìwdqw qxo1
Qrwrqv D oh vhfrqg phpeuh gh +4=47,1
Qrxv ghyrqv prqwuhu txh D � 31
G*dsuëv o*k|srwkëvh gh uìfxuuhqfh/ H�n�

�W ,n��H�
�W ,��H�

�W ,n��H�n�
�W ,� � 3 srxu

wrxw m � l. 51
Gh soxv/ d�c� � d�n�c�/ srxu m � l. 51
Rq hq gìgxlw

D � H�n�
�
W ,n��� H�n�

�
W ,�.

,[
�'�n2

d�n�c�
k
H�n�

�
W ,n��H�

�
W ,�� H�

�
W ,n��H�n�

�
W ,�l

@ H�n�
�
W ,n��� H�n�

�
W ,�. H�n�

�
W ,n�� ,[

�'�n2
d�n�c�H�

�
W ,�

�H�n�
�
W ,� ,[

�'�n2
d�n�c�H�

�
W ,n�� / +4148,

hq gìyhorssdqw1
Sdu dloohxuv/ g*dsuëv +4=46,

,[
�'�n2

d�n�c�H�
�
W ,n�� @ md�n�c�n�mH�n�

�
W ,n��� 4 srxu o � l. 51
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57 Fkdslwuh 41 Rswlplvdwlrq gh od pdlqwhqdqfh fruuhfwlyh g*xq v|vwëph
Gh od píph idêrq/ frpph H, +W,, @ 3/ rq d

,[
�'�n2

d�n�c�H�
�
W ,� @

,3�[
�'�n2

d�n�c�H�
�
W ,� @ md�n�c�n�mH�n�

�
W ,�� 4 srxu o � l. 61

Gh soxv/ vl o @ l. 5/ rq dS,
�'�n2 d�n�c�H�

�W ,� @ d�n�c�n2H�n2
�W �n2� @ 31

Hq uhpsodêdqw gdqv +4=48,/ rq d pdlqwhqdqw/ srxu o � l. 6 =
D � H�n�

�
W ,n��� H�n�

�
W ,�. H�n�

�
W ,n���md�n�c�n�mH�n�

�
W ,�� 4

�

�H�n�
�
W ,��md�n�c�n�mH�n�

�
W ,n��� 4

�
1

Hq vlpsol�dqw/ rq rewlhqw D � 31
Gh od píph idêrq/ srxu o @ l. 5/ rq d

D � H�n�
�W �n��� H�n�

�W �n2�� H�n�
�W �n2� �md�n�c�n�mH�n�

�W �n��� 4�
@ H�n�

�W �n�� �4� H�n�
�W �n2� md�n�c�n�m� @ 3

fdu H�n�
�W �n2� @ �

�@�n�c�n�� 1Dlqvl/ gdqv wrxv ohv fdv/ rq d D � 31
Rq hq gìgxlw txh +S�, hvw yudlh hw +4=44, hvw yudlh srxu wrxw l 5 i4> ===>p� 4j1
Rq d grqf elhq prqwuì txh jx 5 WS51
Qrxv doorqv pdlqwhqdqw xwlolvhu fhv gl�ìuhqwv uìvxowdwv srxu o*ìwxgh gh qrwuh sureoëph

lqlwldo/ ã vdyrlu o*rswlplvdwlrq gh od glvsrqlelolwì dv|pswrwltxh g*xq v|vwëph uìsdudeoh
uhodwlyhphqw ã vd orl gh uhgìpduudjh dsuëv uìsdudwlrq1

416 Hwxgh gh od orl gh uhgìpduudjh rswlpdoh dsuëv uìsdud0
wlrq

Qrxv frpphqêrqv sdu gìfuluh oh v|vwëph ìwxglì hw sdu suìflvhu qrv qrwdwlrqv1

41614 Ghvfulswlrq gx v|vwëph 0 Qrwdwlrqv
Oh v|vwëph ìwxglì d xq qrpeuh �ql g*ìwdwv srvvleohv1 Ohv ìwdwv gh pdufkh vrqw qrwìv 4

ã p/ ohv ìwdwv gh sdqqh p. 4 ã p. s1 Dx gìsduw/ oh v|vwëph hvw gdqv o*xq ghv ìwdwv gh
pdufkh1 Rq vxssrvh txh oh v|vwëph ìyroxh gh idêrq pdunrylhqqh wdqw tx*lo hvw hq ìwdw gh
pdufkh/ f*hvw0ã0gluh txh ohv wdx{ gh sdqqh hw ohv wdx{ gh wudqvlwlrq hqwuh ìwdwv gh pdufkh
vrqw vxssrvìv frqvwdqwv1 Sdu dloohxuv/ oh v|vwëph wrpeh hq sdqqh dx erxw g*xq whpsv
suhvtxh vþuhphqw �ql = vl W gìvljqh od suhplëuh gxuìh gh irqfwlrqqhphqw gx v|vwëph/ rq d
S� +W ? .4, @ 4 srxu wrxw 4 � l �p1 Od uìsdudwlrq frpphqfh gëv txh oh v|vwëph wrpeh
hq sdqqh1 Vl fh q*hvw sdv oh fdv/ oh whpsv g*dwwhqwh dydqw txh od uìsdudwlrq sursuhphqw
glwh qh frpphqfh hvw doruv sulv hq frpswh gdqv od gxuìh gh od uìsdudwlrq +f*hvw g*dloohxuv
oh fdv gdqv wrxwh od wkëvh,1 Od uìsdudwlrq d xqh gxuìh doìdwrluh vxssrvìh lqgìshqgdqwh
gh o*ìyroxwlrq gx v|vwëph dqwìulhxuh ã od sdqqh1 Oruvtxh oh v|vwëph hvw gdqv o*ìwdw gh
sdqqh p . n +4 � n � s, hw txh od uìsdudwlrq uhphw oh v|vwëph gdqv o*ìwdw gh pdufkh l
+4 � l �p,/ vd gxuìh d od píph orl +txhofrqtxh, tx*xqh fhuwdlqh yduldeoh doìdwrluh U6n&c�
gh pr|hqqh �qlh H +U6n&c�,1 Rq frqylhqw gh srvhu H +U6n&c�, @ 3 oruvtxh ohv uhgìpduudjhv
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416 Hwxgh gh od orl gh uhgìpduudjh rswlpdoh dsuëv uìsdudwlrq 58
gdqv o*ìwdw gh pdufkh l vrqw lpsrvvleohv ã sduwlu gh o*ìwdw gh sdqqh p. n1 +Fhwwh ydohxu
hvw duelwudluh hw q*lqwhuylhqw sdv gdqv ohv fdofxov,1 Rq qrwh doruv H +U�c�, od pdwulfh gh
w|sh +s>p, irupìh sdu ohv H +U6n&c�,1

O*ìwdw gh pdufkh gdqv ohtxho oh v|vwëph uhgìpduuh dsuëv xqh uìsdudwlrq hvw vxssrvì
lqgìshqgdqw gh o*ìyroxwlrq dqwìulhxuh gx v|vwëph1 Hq sduwlfxolhu/ lo hvw lqgìshqgdqw gh
o*ìwdw gh sdqqh gdqv ohtxho oh v|vwëph vh wurxyh dx prphqw gh od uìsdudwlrq1 Srxu l 5
i4> ===>pj/ rq qrwh doruv G- +l, od suredelolwì txh oh v|vwëph vrlw gdqv o*ìwdw l dsuëv xqh
uìsdudwlrq hw rq dsshooh �orl gh uhgìpduudjh� +dsuëv uìsdudwlrq, oh yhfwhxu gh suredelolwì
G- @ +G- +4, >G- +5, > ===>G- +p,, vxu i4> ===>pj1

Uhpdutxrqv txh fhwwh k|srwkëvh vhorq odtxhooh oh píph yhfwhxu G- frqwu÷oh ohv uh0
gìpduudjhv dsuëv q*lpsruwh txhooh uìsdudwlrq/ hqwudñqh o*h{lvwhqfh g*dx prlqv xq ìwdw gh
pdufkh txl sxlvvh íwuh dwwhlqw sdu uìsdudwlrq ghsxlv q*lpsruwh txho ìwdw gh sdqqh1 Od orl
gh uhgìpduudjh G- hvw hq h�hw fodluhphqw sruwìh sdu o*hqvhpeoh irupì gh fhv ìwdwv1 Sdu
dloohxuv/ txlwwh ã uhqxpìurwhu ohv ìwdwv gh pdufkh/ rq shxw vxssrvhu txh fhv ìwdwv vrqw
qxpìurwìv gh 4 ã pf +4 � pf � p,1 Xqh orl gh uhgìpduudjh srvvleoh srxu oh v|vwëph
+gx prlqv g*xq srlqw gh yxh wkìrultxh, hvw doruv xqh suredelolwì vxu i4> ===>pj/ sruwìh sdu
i4> ===>pfj1

Uhpdutxrqv txh/ vl oh v|vwëph hvw irupì gh frpsrvdqwv wrxv uìsdudeohv/ lo h{lvwh dx
prlqv xq ìwdw dwwhljqdeoh sdu uìsdudwlrq ghsxlv q*lpsruwh txho ìwdw gh sdqqh = o*ìwdw gh
pdufkh sduidlwh1 Hq uhydqfkh/ lo hvw fodlu txh fhod shxw wrxw ã idlw íwuh oh vhxo hw tx*lo q*| d/
gdqv fh fdv/ jxëuh gh fkrl{ srxu G-1 Rq srxuud sdu h{hpsoh shqvhu dx fdv g*xq v|vwëph
5 vxu 6 irupì gh wurlv frpsrvdqwv uìsdudeohv D/ E hw F1 Fh v|vwëph srvvëgh txdwuh ìwdwv
gh pdufkh +DEF/ D �EF/ �DEF hw DE �F/ dyhf ghv qrwdwlrqv ìylghqwhv, hw wurlv ìwdwv gh
sdqqh + �D �EF/ D �E �F hw �DE �F,1 Srxuwdqw/ o*ìwdw gh pdufkh sduidlwh DEF hvw lfl oh vhxo txl
vrlw dwwhljqdeoh ghsxlv q*lpsruwh txho ìwdw gh sdqqh1

Qrxv grqqrqv pdlqwhqdqw txhotxhv qrwdwlrqv1
Rq qrwh dlqvl +[ �|,|Df oh surfhvvxv gìfulydqw o*ìyroxwlrq gh fh v|vwëph mxvtx*ã od suh0

plëuh sdqqh/ ohv ìwdwv gh sdqqh ìwdqw uhqgx devruedqwv =

[ �| @
� ìwdw gx v|vwëph vl w ? W /

p. l vl w � W 1
+[ �|, hvw xq surfhvvxv gh Pdunry1 Vd pdwulfh jìqìudwulfh hvw qrwìh D�1

Od pdwulfh D� hvw gìfrxsìh gh od idêrq vxlydqwh =

D� @
� D� D2�3Rc6 �3RcR

�

rü D� uhsuìvhqwh od pdwulfh D� wurqtxìh ã o*ruguh p
�
D� @ +d�c�,�$�c�$6

�
hw D2 hvw od

vrxv0pdwulfh gh D� irupìh sdu ohv wdx{ gh sdqqh
�
D2 @ +d�c�,�$�$Rc6n�$�$6nR

�
1

D�q g*xwlolvhu ohv uìvxowdwv gx sdudjudskh 415/ rq lqwurgxlw dxvvl oh surfhvvxv +[ ��| , rüo*rq d djuìjì ohv s ìwdwv gh sdqqh = ohv ìwdwv p . 4 ã p . s ìwdqw devruedqwv/ rq srvh
d��c6n� @ SR

&'� d�c6n& hw d��c� @ d�c� srxu 4 � l> m � p1 Rq rewlhqw doruv xq qrxyhdx
surfhvvxv +[ ��| ,/ ã ydohxuv gdqv i4> ===>p. 4j1

Gh od píph idêrq txh gdqv oh sdudjudskh 415/ rq gì�qlw dxvvl od pdwulfh j whooh txh
j�c� @ U n"

f S| +l> m,gw/ rü S| +l> m, @ S� +[ �| @ m, @ S� +[ ��| @ m,/ srxu wrxv l> m 5 i4> ===>pj1
Udsshorqv txh/ g*dsuëv oh wkìruëph 7158 gh ^68` sdu h{hpsoh/ rq vdlw txh j @ �D3�� 1

Vl qrxv qrxv lqwìuhvvrqv pdlqwhqdqw ã od vxffhvvlrq ghv lqvwdqwv gh uhgìpduudjhv gx
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59 Fkdslwuh 41 Rswlplvdwlrq gh od pdlqwhqdqfh fruuhfwlyh g*xq v|vwëph
v|vwëph dsuëv uìsdudwlrq/ oh surfhvvxv gìfulydqw o*ìyroxwlrq gx v|vwëph +qrq wurqtxì ã
o*lqvwdqw W , dssdudñw frpph xq surfhvvxv vhpl0uìjìqìudwli1 Hq h�hw/ ã fkdtxh uhgìpduudjh
dsuëv uìsdudwlrq/ oh v|vwëph �rxeolh vrq sdvvì� hw vrq ìyroxwlrq xowìulhxuh qh gìshqg txh
gh o*ìwdw gh pdufkh gdqv ohtxho oh v|vwëph uhgìpduuh1 Srxu l 5 i4> ===>pj/ rq qrwh doruv
H� +W , od gxuìh pr|hqqh gh erq irqfwlrqqhphqw vxu xq f|foh frpphqêdqw gdqv o*ìwdw l hw
H� +U�hs, od gxuìh pr|hqqh gh od uìsdudwlrq txl d olhx ã od �q gh fh píph f|foh1 Rq qrwh

dxvvl H� +W , @

3
EEC

H� +W ,
H2 +W ,

=
H6 +W ,

4
FFD hw H� +U�hs, @

3
EEC

H� +U�hs,
H2 +U�hs,

=
H6 +U�hs,

4
FFD1

Hq�q/ srxu wrxw q 5 QW/ �4? hw �3? gìvljqhqw uhvshfwlyhphqw ohv yhfwhxuv frorqqhv
g*ruguh q qh frpsruwdqw txh ghv 4 hw ghv 31

41615 Fdofxo gh od glvsrqlelolwì dv|pswrwltxh
Qrxv frpphqêrqv lfl sdu fdofxohu od glvsrqlelolwì dv|pswrwltxh +dv|pswrwlf dydlodelolw|

hq dqjodlv,/ wrxw g*derug gdqv oh fdv jìqìudo/ sxlv gdqv txhotxhv fdv sduwlfxolhuv1

4161514 Fdv jìqìudo
Sursrvlwlrq 4153 Od glvsrqlelolwì dv|pswrwltxh gx v|vwëph h{lvwh hw vh phw vrxv od iruph
D" +G-, @ �

�n@"E(-� dyhf

d" +G-, @ G-H� +U�hs,
G-H� +W , @ G-jD2H +U�c�, �|G-

�
G-j�46 / +4149,

rü |G- gìvljqh oh yhfwhxu frorqqh wudqvsrvì gh G-1
Gìprqvwudwlrq1 O*h{lvwhqfh hw oh fdofxo gh od glvsrqlelolwì dv|pswrwltxh uhsrvhqw vxu
oh fdudfwëuh vhpl0uìjìqìudwli gx surfhvvxv gìfulydqw o*ìyroxwlrq gx v|vwëph +fi od �q gx
¢41614,1 Fh surfhvvxv hvw qrwì +]|,1 Uhpdutxrqv wrxw g*derug txh/ txlwwh ã uhvwuhlqguh
o*hvsdfh g*ìwdwv ã F @ il 5 i4> ===>pj who txh G- +l, A 3j/ rq shxw vxssrvhu od fkdñqh
gh Pdunry dvvrflìh ã +]|, luuìgxfwleoh1 Gh soxv/ lo hvw fodlu txh ohv orqjxhxuv ghv f|fohv
gh +]|, qh vrqw sdv dulwkpìwltxhv1 Qrwrqv pdlqwhqdqw � od orl vwdwlrqqdluh gh od fkdñqh
gh Pdunry dvvrflìh ã +]|, hw W� oh suhplhu lqvwdqw gh �vhpl0uhqrxyhoohphqw� gx v|vwëph
+Wf @ 3,1 Ohv wkìruëphv jìqìudx{ vxu ohv surfhvvxv vhpl0uìjìqìudwliv +fi ^4;` rx ^5` sdu
h{hpsoh, qrxv shuphwwhqw doruv g*d!uphu txh vl S&M� �&H& +W�, ? .4/ od glvsrqlelolwì
dv|pswrwltxh gx v|vwëph pdlqwhqx h{lvwh hw ydxw =

D" +G-, @
S

&M� �&H&
�U A�

f LtfrMt�c���c6�gv
�

S
&M� �&H& +W�,

@
S

&M� �&H& +W ,S
&M� �& +H& +W , .H& +U�hs,, @

4
4 . d" +G-,

dyhf

d" +G-, @
S

&M� �&H& +U�hs,S
&M� �&H& +W , 1
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416 Hwxgh gh od orl gh uhgìpduudjh rswlpdoh dsuëv uìsdudwlrq 5:
Sdu dloohxuv/ ohv uhgìpduudjhv vh idlvdqw vxlydqw od orl G-/ rq d fodluhphqw � @ G-1

Frpph F hvw oh vxssruw gh G-/ rq rewlhqw =

d" +G-, @
S6

&'�G- +n,H& +U�hs,S6
&'�G- +n,H& +W , @ G-H� +U�hs,

G-H� +W , 1

H{sulprqv pdlqwhqdqw H� +W , hw H� +U�hs, hq irqfwlrq gh j1
Rq d fodluhphqw H� +W , @ U n"

f S� +W A w,gw @ U n"
f

S6
�'� S| +l> m, gw @S6

�'� j�c� / srxu
wrxw l 5 i4> ===>pj1 Rq hq gìgxlw txh H� +W , @ j�461

Gh soxv/

H� +U�hs, @
R[

&'�
S�
�
[A3� @p. n

�
H�
�
U�hs

1
[A3� @p. n

�
1 +414:,

Sdu dloohxuv/

S�
�
[A3� @p. n

�
@

6[
�'�

] n"

f
S| +l> m, d�c6n&gw @

6[
�'�

j�c�d�c6n&
@ +jD2, +l>p. n,

hw

H�
�
U�hs

1
[A3� @p. n

�
@

6[
�'�

H�
�
U�hs

1
[A3� @p. n _[A� @ m

�
S� +[A� @ m,

@
6[
�'�

H +U6n&c�,G- +m, @
�
H +U�c�, �|G-

�� +p. n, 1

Hq uhpsodêdqw gdqv +4=4:,/ rq rewlhqw doruv H� +U�hs, @ jD2H +U�c�, �|G-
�1

Rq hq gìgxlw lppìgldwhphqw od irupxoh dqqrqfìh1

Qrxv grqqrqv pdlqwhqdqw o*h{suhvvlrq gh od glvsrqlelolwì dv|pswrwltxh gdqv txhotxhv
fdv sduwlfxolhuv1

4161515 Fdv rü ohv gxuìhv gh uìsdudwlrq qh gìshqghqw sdv gh o*ìwdw gh uhgì0
pduudjh

Hq jìqìudo/ od uìsdudwlrq hvw elhq vþu g*dxwdqw soxv orqjxh txh od uìsdudwlrq hvw frp0
soëwh1 Pdojuì wrxw/ rq shxw/ gdqv fhuwdlqv fdv/ frqvlgìuhu txh ohv gxuìhv gh uìsdudwlrq qh
gìshqghqw sdv gh o*ìwdw gh pdufkh gdqv ohtxho oh v|vwëph uhgìpduuh dsuëv uìsdudwlrq1

Rq shxw sdu h{hpsoh shqvhu dx fdv rü od gxuìh gh od uìsdudwlrq sursuhphqw glwh
hvw qìjoljhdeoh ghydqw oh whpsv g*dwwhqwh ghv uìsdudwhxuv dsuëv tx*rq ohv dlw dsshoìv rx
qìjoljhdeoh ghydqw oh whpsv qìfhvvdluh dx uhgìpduudjh gx v|vwëph dsuëv od sdqqh1 Fh vhud
dxvvl oh fdv oruvtxh ohv gxuìhv gh uìsdudwlrq gh fhuwdlqv frpsrvdqwv lqglvshqvdeohv dx erq
irqfwlrqqhphqw gx v|vwëph vrqw judqghv sdu udssruw dx{ gxuìhv gh uìsdudwlrq ghv dxwuhv
frpsrvdqwv1

Vxssrvrqv grqf txh ohv gxuìhv gh uìsdudwlrq vrlhqw lqgìshqgdqwhv gh o*ìwdw gx v|vwëph
dsuëv uìsdudwlrq1 Od gxuìh pr|hqqh gh od uìsdudwlrq dvvrflìh ã o*ìwdw gh sdqqh p. n hvw
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5; Fkdslwuh 41 Rswlplvdwlrq gh od pdlqwhqdqfh fruuhfwlyh g*xq v|vwëph
doruv qrwìh H +U6n&,1 H +U�, gìvljqh oh yhfwhxu frorqqh g*ruguh s irupì sdu ohv H +U6n&,
srxu 4 � n � s1

Dyhf fhv qrwdwlrqv/ d" +G-, vh phw doruv vrxv od iruph

d" +G-, @ G-jD2H +U�,
G-j�46 1

Gìprqvwudwlrq1 Qrxv sduwrqv gh od irupxoh jìqìudoh +4=49, hq revhuydqw tx*lfl H +U�c�, @
H +U�,=�4�c6/ rü �4�c6 gìvljqh oh yhfwhxu oljqh g*ruguh p rü lo q*| d txh ghv 41 Rq rewlhqw
doruv =

d" +G-, @ G-jD2H +U�,=�4�c6 �|G-
�

G-j�46
@ G-jD2H +U�,

G-j�46 fdu �4�c6 �|G-
� @ 41

4161516 Fdv rü od gxuìh gh od uìsdudwlrq qh gìshqg sdv gh o*ìwdw gh sdqqh
Frqwudluhphqw dx fdv suìfìghqw/ od gxuìh gh od uìsdudwlrq shxw qh gìshqguh txh gh

o*ìwdw gdqv ohtxho oh v|vwëph uhgìpduuh dsuëv uìsdudwlrq hw íwuh lqgìshqgdqw gh o*ìwdw
gh sdqqh1 +F*hvw sdu h{hpsoh oh fdv oruvtxh ohv gxuìhv gh uìsdudwlrq ghv frpsrvdqwv
lqglvshqvdeohv dx erq irqfwlrqqhphqw gx v|vwëph vrqw qìjoljhdeohv ghydqw ohv gxuìhv gh
uìsdudwlrq ghv dxwuhv frpsrvdqwv,1 Gdqv fh fdv/ rq shxw uhpdutxhu txh H +U6n&c�, @
H +U6n�c�,/ srxu wrxw 4 � n � s/ rü H +U6n&c�, gìvljqh od n0lëph oljqh gh H +U�c�,1

d" +G-, vh phw doruv vrxv od iruph

d" +G-, @ H +U6n�c�, �|G-
�

G-j�46 1

Uhpdutxrqv txh fhwwh irupxoh shxw dxvvl íwuh dssoltxìh oruvtx*lo q*| d tx*xq vhxo ìwdw
gh sdqqh1
Gìprqvwudwlrq1 Hq uhpdutxdqw txh H +U�c�, @ �4R � H +U6n�c�, hw hq uhpsodêdqw gdqv
+4=49,/ rq rewlhqw lfl

d" +G-, @ G-jD2�4R � H +U6n�c�, �|G-
�

G-j�46 +414;,

Sdu dloohxuv/ frpph D� hvw xqh pdwulfh jìqìudwulfh/ rq d qìfhvvdluhphqw D��46.D2�4R @�361
Rq hq gìgxlw jD��46 . jD2�4R @ �361
Frpph j @ �D3�� / rq rewlhqw doruv

jD2�4R @ �461 +414<,
Hq uhpsodêdqw gdqv +4=4;,/ rq d pdlqwhqdqw

d" +G-, @ G-�46 � H +U6n�c�, �|G-
�

G-j�46
@ H +U6n�c�, �|G-

�
G-j�46 1
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416 Hwxgh gh od orl gh uhgìpduudjh rswlpdoh dsuëv uìsdudwlrq 5<
Qrxv vrpphv pdlqwhqdqw hq phvxuh gh fdofxohu od glvsrqlelolwì dv|pswrwltxh gh qrwuh

v|vwëph1 Fhod qrxv shuphw g*derughu qrwuh sureoëph sulqflsdo gdqv oh sdudjudskh vxlydqw/
ã vdyrlu o*h{lvwhqfh hw od uhfkhufkh g*xqh orl gh uhgìpduudjh rswlpdoh/ f*hvw0ã0gluh whooh txh
od glvsrqlelolwì dv|pswrwltxh vrlw pd{lpdoh1

41616 Uhvwulfwlrq dx{ orlv gh uhgìpduudjh gx w|sh B�
Juãfh ã ghv dujxphqwv gh w|sh frqwlqxlwì vxu xq frpsdfw/ lo hvw wrxw g*derug idfloh gh

yrlu tx*lo h{lvwh dx prlqv xqh orl gh uhgìpduudjh rswlpdoh sdupl ohv suredelolwìv G- vxu
i4> ===>pj sruwìhv sdu i4> ===>pfj1

Xqh txhvwlrq qdwxuhooh hvw doruv gh vh ghpdqghu vl od orl rswlpdoh gh uhgìpduudjh +rx
gx prlqv o*xqh ghv orlv rswlpdohv, fruuhvsrqg rx qrq dx uhgìpduudjh gdqv xq ìwdw lf �{ì1

Soxv suìflvìphqw/ qrwrqv �� od pdvvh gh Gludf hq l srxu 4 � l � pf1 Dyhf fhwwh
qrwdwlrq/G- @ �� vljql�h doruv txh oh v|vwëph uhgìpduuh gdqv o*ìwdw l dsuëv xqh uìsdudwlrq1
O*hqvhpeoh iD" +��, @4 � l �pfj ìwdqw �ql/ lo dgphw fodluhphqw xq soxv judqg ìoìphqw1
Qrwrqv lf o*xq gh vhv dujxphqwv1 Oh uhgìpduudjh gdqv o*ìwdw lf hvw grqf oh phloohxu sdupl
wrxv ohv uhgìpduudjhv gdqv xq ìwdw l +qrq doìdwrluh,1 Hq g*dxwuhv whuphv/ ��f hvw od orl gh
uhgìpduudjh rswlpdoh sdupl ohv �� srxu 4 � l � pf1 Qrwuh sureoëph hvw doruv gh yrlu vl
��f hvw hqfruh rswlpdoh sdupl wrxwhv ohv orlv G-1

Ohv h{hpsohv 4156 hw 4157 fl0ghvvrxv +dsuëv oh wkìruëph 4154, prqwuhqw tx*hq
jìqìudo lo q*hq hvw ulhq1

Oh wkìruëph 4154 qrxv grqqh doruv ghv frqglwlrqv srxu tx*lo hq vrlw dlqvl/ f*hvw0ã0
gluh srxu txh ��f vrlw rswlpdoh sdupl wrxwhv ohv orlv gh uhgìpduudjhv G- srvvleohv1 Ohv
frqglwlrqv grqqìhv sdu fh wkìruëph vrqw hqvxlwh whvwìhv vxu ohv h{hpsohv 4156 hw 41571
Wkìruëph 4154 Vrlhqw +K�,/ +K2,/ +K�, ohv k|srwkëvhv vxlydqwhv =
+K�, Od gxuìh gh od uìsdudwlrq qh gìshqg sdv gh o*ìwdw gh sdqqh +fdv gx ¢4161516,1
+K2, +H +U6n&c�,� H +U6n&3�c�,,�$�$6f hvw lqgìshqgdqwh gh l srxu 5 � n � s �{ì +fh txl

hvw yudl hq sduwlfxolhu vl H +U6n&c�, qh gìshqg sdv gh l/ fdv gx ¢4161515,1
+K�, +H +U6n&c�,� H +U6n&3�c�,,�$�$6f hw

�SR
,'& +jD2, +l>p. o,��$�$6f vrqw prqrwrqhv

sdu udssruw ã l +srxu wrxw 5 � n � s �{ì, gh vhqv frqwudluh gh prqrwrqlh1
Vl o*xqh ghv k|srwkëvhv +K�,/ +K2, rx +K�, hvw uìdolvìh/ lo h{lvwh xqh orl rswlpdoh gh

uhgìpduudjh dsuëv uìsdudwlrq gx w|sh pdvvh gh Gludf1
Soxv suìflvìphqw/ vrlw 4 � lf �pf who txh D" +��f, @ pd{�$�$6f D" +��,1
Rq d doruv = D" +G-, � D" +��f, srxu wrxwh orl G- vxu i4> ===>pj sruwìh sdu i4> ===>pfj1

Uhpdutxh 4155 +K�, hw +K2, qh uhtxlëuhqw dxfxqh sursulìwì gh prqrwrqlh gh D� rx gh
D21 Hq fh txl frqfhuqh +K�,/ udsshorqv txh [A3� uhsuìvhqwh o*ìwdw gh suhplëuh sdqqh gx
v|vwëph1 Srxu 4 � n � s/ SR

,'& +jD2, +l>p. o, uhsuìvhqwh doruv S�
�
[A3� �p. n

�
1 Od

furlvvdqfh +sdu h{hpsoh, gh �SR
,'& +jD2, +l>p. o,��$�$6f vljql�h grqf txh/ vl oh v|vwëph

sduw gh [f @ l/ o*ìwdw gh suhplëuh sdqqh hvw vwrfkdvwltxhphqw lqiìulhxu ã fhoxl rewhqx
oruvtxh oh v|vwëph sduw gh [f @ l . 41 Vl ohv ìwdwv vrqw fodvvìv sdu ruguh gh gìjudgdwlrq
furlvvdqwh/ fhod vljql�h txh oh v|vwëph hvw gdqv xq ìwdw gh sdqqh �vwrfkdvwltxhphqw� soxv
gìjudgì oruvtx*lo sduw gh l txh oruvtx*lo sduw gh l. 41
Gìprqvwudwlrq1

� Vrxv o*k|srwkëvh +K�, =

d" +G-, @
S6f�'� H +U6n�c�,G- +l,S6f�'�G- +l,H� +W , @

S6f�'�G- +l,H� +W , d" +��,S6f�'�G- +l,H� +W , � d" +��f,
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63 Fkdslwuh 41 Rswlplvdwlrq gh od pdlqwhqdqfh fruuhfwlyh g*xq v|vwëph
fdu d" +��, � d" +��f, srxu wrxw 4 � l � lf1

� Gdqv oh fdv jìqìudo =
Srvrqv P @ jD2H +U�c�,1
d" +G-, v*ìfulw doruv =

d" +G-, @ G-P �|G-
�

G-H� +W , 1

Gh soxv/
G-P �|G-

�

@
6f[
�'�

6f[
�'�

G- +l,P�c�G- +m,

@
6f[
�'�

6f[
�'�

G- +l,G- +m,
R[

&'�
+jD2, +l>p. n,H +U6n&c�,

@
6f[
�'�

6f[
�'�

G- +l,G- +m,
R[

&'�
+jD2, +l>p. n,H +U6n&c�,

.
6f[
�'�

6f[
�'�

G- +l,G- +m,
R[

&'�
+jD2, +l>p. n, +H +U6n&c�,� H +U6n&c�,,

hq ìfulydqw H +U6n&c�, @ H +U6n&c�, . +H +U6n&c�,� H +U6n&c�,,1
Srvrqv

F @
6f[
�'�

6f[
�'�

G- +l,G- +m,
R[

&'�
+jD2, +l>p. n, +H +U6n&c�,� H +U6n&c�,, 1

G-P �|G-
� vh phw doruv vrxv od iruph

G-P �|G-
� @

6f[
�'�

G- +l,
R[

&'�
+jD2, +l>p. n,H +U6n&c�, .F +fdu

6f[
�'�

G- +m, @ 4,

@
6f[
�'�

G- +l,P�c� .F1

Uhpdutxrqv wrxw g*derug txh/ vl F � 3/ rq frqfoxw idflohphqw/ gh od píph idêrq
txh gdqv oh fdv +K�,1 Hq h�hw/ vl F � 3/ rq doruv

d" +G-, �
S6f�'�G- +l,P�c�S6f�'�G- +l,H� +W , @

S6f�'�G- +l,d" +��,H� +W ,S6f�'�G- +l,H� +W , � d" +��f, 1

Qrwuh sureoëph hvw grqf gh grqqhu ghv frqglwlrqv vx!vdqwhv vrxv ohvtxhoohv F hvw
srvlwlyh1
Wudqviruprqv srxu fhod o*ìfulwxuh gh F1
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416 Hwxgh gh od orl gh uhgìpduudjh rswlpdoh dsuëv uìsdudwlrq 64
Hq glvwlqjxdqw vxlydqw txh l ? m rx txh l A m/ rq rewlhqw =

F @ [
�$�	

[
�$6f

G- +l,G- +m,
R[

&'�
+jD2, +l>p. n, +H +U6n&c�,� H +U6n&c�,,

. [
�$�	

[
�$6f

G- +l,G- +m,
R[

&'�
+jD2, +l>p. n, +H +U6n&c�,� H +U6n&c�,,

@ [
�$�	

[
�$6f

G- +l,G- +m,
R[

&'�

� ++jD2, +l>p. n,� +jD2, +m>p. n,,�
+H +U6n&c�,� H +U6n&c�,,

�

hq ìfkdqjhdqw l hw m gdqv od suhplëuh grxeoh vrpph1
Sdu dloohxuv/ vl d�/ d2/ 111dR/ e�/ e2/ 111/ eR vrqw ghv uìhov/ rq d

R[
&'�

d&e& @
R[

&'2
+d& � d&3�,

R[
,'&

e, . d�
R[

,'�
e,1 +4153,

Hq srvdqw d& @ H +U6n&c�,�H +U6n&c�, hw e& @ +jD2, +l>p. n,� +jD2, +m>p. n,/
rq rewlhqw =

R[
&'�

++jD2, +l>p. n,� +jD2, +m>p. n,, +H +U6n&c�,� H +U6n&c�,,

@
R[

&'2

� ^+H +U6n&c�,� H +U6n&c�,,� +H +U6n&3�c�,� H +U6n&3�c�,,`��SR
,'& +jD2, +l>p. o,�SR

,'& +jD2, +m>p. o,�
�

.+H +U6n�c�,� H +U6n�c�,,
R[

,'�
++jD2, +l>p. o,� +jD2, +m>p. o,,

Gh soxv/ g*dsuëv +4=4<,/SR
&'� +jD2, +l>p. n, @ 4 srxu wrxw 4 � l �pf1

Rq hq gìgxlwSR
,'� ++jD2, +l>p. o,� +jD2, +m>p. o,, @ 3

hw

F @ [
�$�	

[
�$6f

G- +l,G- +m,
R[

&'2

3
C

� +H +U6n&c�,� H +U6n&c�,,
� +H +U6n&3�c�,� H +U6n&3�c�,,

�
�

�SR
,'& +jD2, +l>p. o,�SR

,'& +jD2, +m>p. o,�
4
D 1

Vxssrvrqv pdlqwhqdqw txh +K2, hvw yìul�ìh1
Rq d doruv

+H +U6n&c�,� H +U6n&c�,,� +H +U6n&3�c�,� H +U6n&3�c�,,
@ +H +U6n&c�,� H +U6n&3�c�,,� +H +U6n&c�,� H +U6n&3�c�,,
@ 3 srxu wrxv 4 � m ? l �pf1

F hvw grqf qxooh hw rq d elhq od sursulìwì gìvluìh1
Sodêrqv0qrxv pdlqwhqdqw gdqv oh fdv jìqìudo1
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65 Fkdslwuh 41 Rswlplvdwlrq gh od pdlqwhqdqfh fruuhfwlyh g*xq v|vwëph
Gdqv fh fdv/ F hvw fodluhphqw srvlwlyh gëv txh

R[
&'2

� ^+H +U6n&c�,� H +U6n&3�c�,,� +H +U6n&c�,� H +U6n&3�c�,,`��SR
,'& +jD2, +l>p. o,�SR

,'& +jD2, +m>p. o,�
�
� 3

srxu wrxv 4 � m ? l �pf1
Hq sduwlfxolhu/ F hvw srvlwlyh gëv txh

^+H +U6n&c�,� H +U6n&3�c�,,� +H +U6n&c�,� H +U6n&3�c�,,`
hw

% R[
,'&

+jD2, +l>p. o,�
R[

,'&
+jD2, +m>p. o,

&

rqw ghv vljqhv frqwudluhv srxu wrxv 5 � n � s hw 4 � m ? l �pf1
Hq g*dxwuhv whuphv/ F hvw srvlwlyh gëv txh +H +U6n&c�,� H +U6n&3�c�,,�$�$6f hw�SR

,'& +jD2, +l>p. o,��$�$6f vrqw prqrwrqhv/ gh vhqv frqwudluh gh prqrwrqlh/ f*hvw0
ã0gluh gëv txh +K�, hvw yìul�ìh1

Qrxv whvwrqv pdlqwhqdqw ohv frqglwlrqv grqqìhv sdu oh wkìruëph 4154 vxu ghx{
h{hpsohv1
H{hpsoh 4156 Rq frqvlgëuh xq v|vwëph irupì gh wurlv frpsrvdqwv D/ E hw F/ gh wdx{
gh sdqqh frqvwdqwv qrwìv uhvshfwlyhphqw ��/ �� hw ��1 Oh frpsrvdqw D d xq wdx{ gh
uìsdudwlrq frqvwdqw qrwì ��1 Oh frpsrvdqw D hw oh vrxv0v|vwëph irupì ghv frpsrvdqwv E
hw F hq vìulh vrqw hq uhgrqgdqfh sdvvlyh +fi vfkìpd, = oh frpsrvdqw D hvw qrupdohphqw
hq irqfwlrqqhphqw/ oh vrxv0v|vwëph hq dwwhqwh1 Oruvtxh oh frpsrvdqw D wrpeh hq sdqqh/
oh vrxv0v|vwëph suhqg oh uhodlv1 Od suredelolwì txh oh frpsrvdqw E �gìpduuh� hvw ��1 Ohfrpsrvdqw F �gìpduuh� wrxmrxuv1

Rq qrwh 4 o*ìwdw gh pdufkh sduidlwh +D irqfwlrqqh/ E hw F vrqw hq dwwhqwh/ 4 @
D +EF,@,/ 5 o*ìwdw gh pdufkh rü D hvw hq sdqqh/ E hw F irqfwlrqqhqw +5 @ �DEF,1

Lo | d ghx{ ìwdwv gh sdqqh = 6 @ �D �EF hw 7 @ �DE �F/ txl frqgxlvhqw wrxv ghx{ dx{ ghx{
ìwdwv gh pdufkh/ sdu uìsdudwlrq +pf @ 5,1

Rq d doruv =

D� @
� ��� ������ � +�� . �� . ��,

�
/ D2 @

� +4� ��,�� 3
�� ��

�
1

Qxpìultxhphqw/ rq suhqg �� @ 6/ �� @ 4/ �� @ 48/ �� @ 3=:/ �� @ 531
Rq rewlhqw dlqvl jD2 @

� 3=855: 3=7::6
3=64;5 3=9;4;

�
hw qrxv vrpphv gdqv oh fdv rü

�SR
,'& +jD2, +l>p. o,��$�$6f hvw furlvvdqwh sdu udssruw ã l1

Qrxv suhqrqv G- gh od iruph G- @ ^d> 4�d` dyhf d 5 ^3> 4` hw rq wudfh od glvsrqlelolwì
dv|pswrwltxh hq irqfwlrq gh d srxu gl�ìuhqwhv ydohxuv ghv gxuìhv pr|hqqhv gh uìsdudwlrq1
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416 Hwxgh gh od orl gh uhgìpduudjh rswlpdoh dsuëv uìsdudwlrq 66
Uhpdutxrqv txh H +U�c�, fruuhvsrqg dx{ uìsdudwlrqv ghv frpsrvdqwv D hw E/ H +U�c2,

ã fhooh gh E/ H +Uec�, ã fhooh gh D hw F/ H +Uec2, ã fhooh gh F1 Od uìsdudwlrq gh D hvw
vxssrvìh soxv udslgh oruvtxh oh v|vwëph hvw duuíwì txh oruvtx*lo hvw hq pdufkh1

41 Gdqv oh suhplhu fdv/ od uìsdudwlrq gh fkdfxq ghv frpsrvdqwv gxuh hq pr|hqqh 3134
oruvtxh oh v|vwëph hvw duuíwì/ ohv uìsdudwlrqv ìwdqw idlwhv vlpxowdqìphqw1 Rq d doruv
H +U�c�, @

� 3=34 3=34
3=34 3=34

�
hw rq rewlhqw =

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0.972

0.974

0.976

0.978

0.98

0.982

0.984

0.986
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Qrxv vrpphv gdqv oh fdv rü +H +U6n&n�c�,� H +U6n&c�,,�$�$6 hvw lqgìshqgdqwh gh
l srxu wrxw n hw oh fdv +K2, gx wkìruëph 4154 v*dssoltxh1 D" +G-, hvw rswlpdoh
srxu G- @ �� +D" +��, * 3=<;63,1

51 Qrxv suhqrqv pdlqwhqdqw ohv píphv k|srwkëvhv plv ã sduw oh idlw txh o*rq qh shxw
soxv uìsduhu D hw E vlpxowdqìphqw1
Rq d doruv H +U�c�, @

� 3=35 3=34
3=34 3=34

�
hw rq rewlhqw =

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0.972

0.9725

0.973

0.9735

0.974

0.9745

0.975

0.9755

a

D
is
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é 
A
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m
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Qrxv vrpphv gdqv oh fdv rü +H +U6n&n�c�,� H +U6n&c�,,�$�$6 furñw hq irqfwlrq gh
l srxu wrxw n +hw +K�, q*hvw sdv yìul�ìh,1 Od glvsrqlelolwì dv|pswrwltxh pd{lpdoh
q*hvw dwwhlqwh ql hq ��/ ql hq �21

D" +��, * 3=<:54/ D" +�2, * 3=<:76/
G-JR| * ^3=:6> 3=5:`/ D" �G-JR|

� * 3=<:791

61 Gdqv oh ghuqlhu fdv/ D hw E vrqw uìsduìv vlpxowdqìphqw/ pdlv sdv D hw F1 Rq
d fkdqjì xq wrxw shwlw shx ohv ydohxuv qxpìultxhv srxu �fuhxvhu� xq shx soxv od
frxueh1
Srxu H +U�c�, @

� 3=348 3=348
3=358 3=34

�
/ rq rewlhqw =
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0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0.9655

0.966

0.9665

0.967

0.9675

0.968

a

D
is

po
ni

bi
lit

é 
A

sy
m

pt
ot

iq
ue

Qrxv vrpphv gdqv oh fdv rü +H +U6n&n�c�,� H +U6n&c�,,�$�$6 gìfurñw hq irqfwlrq
gh l srxu wrxw n hw oh fdv +K�, gx wkìruëph 4154 v*dssoltxh1 D" +G-, hvw rswlpdoh
srxu G- @ �2 +D" +�2, * 3=<9:;,1

H{hpsoh 4157 Rq frqvlgëuh xq v|vwëph irupì gh wurlv frpsrvdqwv D/ E hw F/ gh wdx{ gh
sdqqh frqvwdqwv qrwìv uhvshfwlyhphqw ��/ �� hw ��/ qrq uìsdudeohv shqgdqw txh oh v|vwëph
irqfwlrqqh1 Oh frpsrvdqw D hvw hq vìulh dyhf oh vrxv0v|vwëph irupì sdu ohv frpsrvdqwv E
hw F hq sdudooëoh +fi vfkìpd,1 Od sdqqh gh D hqwudlqh od sdqqh gh E hw gh F1

Rq qrwh 4 @ DEF/ 5 @ DE �F/ 6 @ D �EF ohv ìwdwv gh pdufkh hw 7 @ D �E �F/ 8 @ �D �E �F
ohv ìwdwgh sdqqh1 Qrwrqv txh ohv ghx{ ìwdwv gh sdqqh frqgxlvhqw/ sdu uìsdudwlrq/ dx{ wurlv
ìwdwv gh pdufkh +pf @ 6,1

D� @
3
C
� +�� . �� . ��, �� ��

3 � +�� . ��, 3
3 3 � +�� . ��,

4
D / D2 @

3
C

3 ��
�� ��
�� ��

4
D

41 Rq shxw uìsduhu hq píph whpsv ohv frpsrvdqwv E hw F/ dlqvl txh ohv frpsrvdqwv
D hw F/ pdlv sdv ohv frpsrvdqwv D hw E1 Ohv gxuìhv pr|hqqhv gh uìsdudwlrq ghv
frpsrvdqwv D/ E hw F ydohqw uhvshfwlyhphqw 3133</ 31338/ 313391 Rq rewlhqw dlqvl =

H +U�c�, @
� 3=339 3=338 3=339

3=348 3=347 3=33<
�

hw qrxv vrpphv gdqv oh fdv rü +H +UDc�,� H +Uec�,,�$�$6f gìfurñw dyhf l1
Rq suhqg sdu dloohxuv

�� @ 5=438>�� @ 5=4>�� @ 6=81

Rq rewlhqw ++jD2, +l> 8,,�$�$� @
3
C

3=9363
3=8339
3=6:89

4
D hw qrxv vrpphv gdqv oh fdv rü

�SR
,'& +jD2, +l>p. o,��$�$6f gìfurñw dyhf l1

+K�, q*hvw grqf sdv yìul�ìh1
Srxu G- @ ^d> e> 4� d� e`/ rq rewlhqw =
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Od glvsrqlelolwì hvw rswlpdoh srxu
GJR|
- @ ^3=778> 3> 3=888`

hw DJR|" @ 3=<9631
Gh soxv/ D" +��, @ D" +�2, @ D" +��, @ 3=<9491

Lfl/ ��/ �2/ �� fruuhvsrqghqw ã ghv plqlpd gh D"1

51 Rq shxw uìsduhu hq píph whpsv ohv frpsrvdqwv D hw E/ pdlv sdv ohv frpsrvdqwv E
hw F/ ql ohv frpsrvdqwv D hw F1 Ohv gxuìhv pr|hqqhv gh uìsdudwlrq ghv frpsrvdqwv
D/ E hw F ydohqw uhvshfwlyhphqw 3135/ 3135/ 313341

Rq rewlhqw dlqvl

H +U�c�, @
� 3=354 3=35 3=334

3=354 3=35 3=354
�

hw qrxv vrpphv gdqv oh fdv rü +H +UDc�,� H +Uec�,,�$�$6f furñw dyhf l1

Rq suhqg sdu dloohxuv �� @ 8>�� @ 4>�� @ 71

Rq rewlhqw ++jD2, +l> 8,,�$�$� @
3
C

3=;;;<
3=;666
3=8889

4
D hw qrxv vrpphv gdqv oh fdv rü

�SR
,'& +jD2, +l>p. o,��$�$6f gìfurñw dyhf l1

+K�, hvw grqf yìul�ìh1

Srxu G- @ ^d> e> 4� d� e`/ rq rewlhqw =
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Od glvsrqlelolwì hvw rswlpdoh srxu G- @ �� hw
D" +��, * 3=;<77>D" +�2, * 3=;<5<>D" +��, * 3=<34:=

41617 Frpsdudlvrq gh gl�ìuhqwhv orlv gh uhgìpduudjh
Qrxv dyrqv yx gdqv oh sdudjudskh suìfìghqw txh od orl rswlpdoh gh uhgìpduudjh qh

shxw sdv wrxmrxuv íwuh uhfkhufkìh sdupl ohv ��1 Dlqvl/ oruvtx*dxfxqh ghv wurlv k|srwkëvhv
gx wkìruëph 4154 q*hvw yìul�ìh/ qrxv vrpphv reoljìv g*h�hfwxhu xqh uhfkhufkh vxu wrxwhv
ohv orlv gh uhgìpduudjhv G- srvvleohv1 Fhfl qrxv dpëqh doruv ã uhfkhufkhu ghv frqglwlrqv
vrxv ohvtxhoohv rq shxw d!uphu txh D" +G-�, � D" +G-2,1 Qrxv uhjdugrqv wrxw g*derugohv píphv fdv sduwlfxolhuv tx*dx sdudjudskh 41615 +¢4161515 hw ¢4161516,1 Hq h�hw/ elhq
txh qrxv vdfklrqv gìmã/ gdqv fhv ghx{ fdv/ txh od orl gh uhgìpduudjh rswlpdoh hvw o*xqh ghv
�� +4 � l �pf, +fi wkìruëph 4154,/ lo shxw duulyhu/ hq sudwltxh/ txh wrxwhv ohv orlv gh
uhgìpduudjh qh vrlhqw sdv srvvleohv +sdu h{hpsoh sdufh tx*lo q*| d soxv dvvh} gh frpsrvdqwv
hq vwrfn rx tx*lo pdqtxh xq uìsdudwhxu,1 Gdqv fh fdv/ lo shxw íwuh lqwìuhvvdqw gh vdyrlu
frpsduhu D" +G-�, hw D" +G-2,1 Sdu dloohxuv/ fhod shuphw gh frpsuhqguh xq shx plhx{
oh sureoëph dydqw g*derughu oh fdv jìqìudo1

4161714 Fdv rü ohv gxuìhv gh uìsdudwlrq qh gìshqghqw sdv gh o*ìwdw gh uhgì0
pduudjh

Qrxv vxssrvrqv lfl txh ohv gxuìhv gh uìsdudwlrq H +U6n&c�, qh gìshqghqw sdv gh o*ìwdw
gh uhgìpduudjh l +fdv gx ¢4161515,1 Frpph qrxv o*dyrqv lqgltxì gdqv o*lqwurgxfwlrq/ qrxv
prqwurqv lfl txh/ vl ohv ìwdwv vrqw udqjìv sdu ruguh gh �gìjudgdwlrq furlvvdqwh� hw vl oh
v|vwëph vh �gìwìulruh� hq irqfwlrqqdqw/ od glvsrqlelolwì dv|pswrwltxh hvw g*dxwdqw soxv
judqgh txh od uìsdudwlrq hvw frpsoëwh/ f*hvw0ã0gluh txh D" +G-�, � D" +G-2, oruvtxh
G-� hvw soxv shwlw txh G-2 1

Srxu wudgxluh oh idlw txh ohv ìwdwv gh pdufkh vrqw fodvvìv sdu ruguh gh gìjudgdwlrq
furlvvdqwh/ qrxv vxssrvrqv txh oh wdx{ gh sdqqh �joredo� dvvrflì ã o*ìwdw l/ SR

�'� d�c6n� /furñw dyhf l srxu l 5 i4> ===>pj1 Qrxv vxssrvrqv dxvvl txh od gxuìh pr|hqqh gh od uìsdudwlrq
txl vxlw xqh sdqqh gdqv o*ìwdw l furñw dyhf l1 Vl o*rq frqylhqw tx*xq yhfwhxu uìho hvw furlvvdqw
+uhvshfwlyhphqw gìfurlvvdqw, vl hw vhxohphqw vl vhv frrugrqqìhv vrqw udqjìhv sdu ruguh
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416 Hwxgh gh od orl gh uhgìpduudjh rswlpdoh dsuëv uìsdudwlrq 6:
furlvvdqw +uhvshfwlyhphqw gìfurlvvdqw,/ fhv ghx{ k|srwkëvhv vh wudgxlvhqw uhvshfwlyhphqw
sdu od furlvvdqfh ghv yhfwhxuv D2�4R hw D2H +U�,1

Srxu wudgxluh oh idlw txh oh v|vwëph vh �gìwìulruh� hq irqfwlrqqdqw/ qrxv vxssrvrqv
txh oh surfhvvxv gìfulydqw o*ìyroxwlrq gx v|vwëph hq pdufkh +[ ��| , hvw uk0prqrwrqh/ gh
pdwulfh jìqìudwulfh wuldqjxodluh vxsìulhxuh1 Hq g*dxwuhv whuphv/ qrxv vxssrvrqv txh +[ ��| ,hvw xq surfhvvxv gh w|sh +W ,1

Hq�q/ srxu wudgxluh oh idlw txh G-� hvw soxv shwlw txh G-2 / qrxv xwlolvrqv o*ruguh uk
hw qrxv vxssrvrqv txh G-� !o� G-2 1Hqrqêrqv pdlqwhqdqw qrwuh uìvxowdw1
Wkìruëph 4158 Vxssrvrqv txh =
+Ke, D2H +U�, hvw furlvvdqw/
+KD, +[ ��| , hvw xq surfhvvxv gh w|sh +W , +f*hvw0ã0gluh/ D2�4R hvw xq yhfwhxu furlvvdqw hw D�

hvw wuldqjxodluh vxsìulhxuh whooh txh d�c� � d�n�c�/ srxu 4 � l �p�4 hw l.5 � m �p,1
Doruv/ srxu wrxwhv orlv G-� hw G-2 vxu i4> ===>pj/ sruwìhv sdu i4> ===>pfj =

G-� !o� G-2 @, D" +G-�, � D" +G-2, 1
Hq sduwlfxolhu/ od vxlwh +D" +��,,�$�$6f hvw gìfurlvvdqwh hw od glvsrqlelolwì dv|pswrwltxh
hvw rswlpdoh oruvtxh o*rq uìsduh frpsoëwhphqw oh v|vwëph/ f*hvw0ã0gluh =

D" +G-, � D" +��, / srxu wrxwh orl G- vxu i4> ===>pj/ sruwìh sdu i4> ===>pfj=
Gìprqvwudwlrq1 d" +G-�, vh phw lfl vrxv od iruph =

d" +G-�, @
S6f�'� +G-�j, +l,

�
D2H +U�,

�
+l,S6f�'� +G-�j, +l, +fi ¢4161515,1

+[ ��| , ìwdqw xq surfhvvxv gh w|sh +W ,/ od sursrvlwlrq 414; hqwudlqh txh jx 5 WS5 hw
x3�jx � 31 Rq xwlolvh doruv oh fruroodluh 4143 dyhf G-� hw G-2 +whov txh G-� !o� G-2,
hw rq hq gìgxlw txh

� G-�jG-2j
�
x 5 WS51

Rq shxw hqvxlwh dssoltxhu od sursrvlwlrq 4144 dyhf Y� @ G-�j/ Y2 @ G-2j/ X @
D2H +U�, hw Z @ �46 +juãfh ã +Ke,,1

Rq hq gìgxlw txh
G-�jD2H +U�,

G-�j�46 � G-2jD2H +U�,
G-2j�46 /

rx hqfruh
d" +G-�, � d" +G-2, 1

Od ghuqlëuh uhpdutxh hq gìfrxoh lppìgldwhphqw fdu �� !o� ��n� srxu wrxw 4 � l �pf
hw �� !o� G-/ srxu wrxw G-1

Qrxv grqqrqv pdlqwhqdqw ghx{ h{hpsohv txl prqwuhqw txh o*ruguh vwrfkdvwltxh xvxho
qh frqylhqw ql srxu gìfuluh oh skìqrpëqh gh ylhloolvvhphqw gh qrwuh v|vwëph/ ql srxu
phvxuhu oh ghjuì g*dfkëyhphqw gh od uìsdudwlrq +gx prlqv srxu dyrlu od sursulìwì vrxkdl0
wìh/ ã vdyrlu tx*xq v|vwëph ylhloolvvdqw hvw g*dxwdqw soxv glvsrqleoh txh od uìsdudwlrq hvw
frpsoëwh,1
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6; Fkdslwuh 41 Rswlplvdwlrq gh od pdlqwhqdqfh fruuhfwlyh g*xq v|vwëph
H{hpsoh 4159 Rq frqvlgëuh xq v|vwëph irupì gh txdwuh frpsrvdqwv D/ E/ F hw G/
gh wdx{ gh sdqqh frqvwdqwv qrwìv uhvshfwlyhphqw ��/ ��/ �� hw �(1 Ohv frpsrvdqwv qh
vrqw sdv uìsdudeohv shqgdqw txh oh v|vwëph irqfwlrqqh1 Oh frpsrvdqw D hw oh vrxv0v|vwëph
irupì ghv frpsrvdqwv E/ F hw G +fi vfkìpd, vrqw hq uhgrqgdqfh sdvvlyh = oh frpsrvdqw
D hvw qrupdohphqw hq irqfwlrqqhphqw/ oh vrxv0v|vwëph hq dwwhqwh1 Oruvtxh oh frpsrvdqw
D wrpeh hq sdqqh/ oh vrxv0v|vwëph suhqg oh uhodlv1 Od suredelolwì txh oh frpsrvdqw F
�gìpduuh� hvw ��1 Ohv frpsrvdqwv E hw G �gìpduuhqw� wrxmrxuv1

Ohv ìwdwv gh pdufkh vrqw = 4 @ D +EFG,@/ 5 @ �DEFG/ 6 @ �DEF �G/ 7 @ �DE �FG/ ohv
ìwdwv gh sdqqh = 8 @ �D �EFG/ 9 @ �D �EF �G/ : @ �DE �F �G/ ; @ �D �E �FG1 Ohv txdwuh ìwdwv gh
sdqqh frqgxlvhqw wrxv dx{ ghx{ suhplhuv ìwdwv gh pdufkh sdu uìsdudwlrq +pf @ 5,1

D� @

3
EEC
��� ���� 3 �� +4� ��,3 � +�� . �� . �(, �( ��
3 3 � +�� . ��, 3
3 3 3 � +�� . �(,

4
FFD /

D2 @

3
EEC

3 3 3 3
�� 3 3 3
3 �� �� 3
3 3 �( ��

4
FFD 1

Rq suhqg �� � �( hw D2�4R hvw doruv furlvvdqw1
Gh soxv/ rq suhqg �� +4� ��, � �� . �� hw oh surfhvvxv djuìjì +[ ��| , hvw doruv

vwrfkdvwltxhphqw prqrwrqh1 +Rq hvw píph gdqv oh fdv rü D� hvw wuldqjxodluh vxsì0
ulhxuh,1

Lo q*| d tx*xq vhxo uìsdudwhxu hw od gxuìh gh uìsdudwlrq gh D hvw qìjoljhdeoh ghydqw ohv
dxwuhv1 Od gxuìh pr|hqqh gh uìsdudwlrq qh gìshqg doruv sdv gh o*ìwdw gdqv ohtxho oh v|vwëph
uhgìpduuh dsuëv xqh uìsdudwlrq +ìwdw 4 rx 5,1

Qxpìultxhphqw/ rq suhqg =
�� @ 4/ �� @ 3=;/ �� @ 3=4/ �( @ 3=4 hw �� @ 3=41

Od gxuìh pr|hqqh gh uìsdudwlrq gh E +uhvshfwlyhphqw F/ G, hvw 31334 +uhvshfwlyhphqw
314/ 3134,1 Rq rewlhqw dlqvl H +UD, @ 3=334/ H +US, @ 3=344/ H +U., @ 3=44 hw H +UH, @
3=4341

Gh soxv/

D2H +U�, @

3
EEC

3
3=333;
3=34<;
3=3<4;

4
FFD

hw D2H +U�, hvw xq yhfwhxu furlvvdqw +Ke,1
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416 Hwxgh gh od orl gh uhgìpduudjh rswlpdoh dsuëv uìsdudwlrq 6<
Rq rewlhqw

D" +��, @ 3=<8;3 ? D" +�2, @ 3=<;<61
Oh plhx{ hvw lfl gh qh sdv uìsduhu oh frpsrvdqw D +hw grqf gh qh sdv o*lqvwdoohu,1
Rq gìgxlw gh fhw h{hpsoh txh/ vrxv o*k|srwkëvh D2�4R hvw xq yhfwhxu furlvvdqw hw

+Ke,/ o*k|srwkëvh �+[ ��| , hvw vwrfkdvwltxhphqw prqrwrqh� hvw lqvx!vdqwh srxu frqfoxuh
txh D" +��, � D" +�2, +píph vl D� hvw wuldqjxodluh vxsìulhxuh,1

Sdu dloohxuv/ vl ou uhsuìvhqwh oh udssruw gh yudlvhpeodqfh +olnholkrrg udwlr hq dqjodlv,
hw ku oh wdx{ gh kdvdug +kd}dug udwh hq dqjodlv,/ udsshorqv txh o*ruguh vhorq ou hvw oh
soxv iruw sdupl ohv ruguhv vhorq ou/ ku/ uk/ vwr +hw erq qrpeuh g*dxwuhv/ yrlu ^79` rx
^7;` sdu h{hpsoh,1 Srxuwdqw/ gdqv o*h{hpsoh suìfìghqw/ píph G-� !,o G-2 q*hqwudñqh
sdv D" +G-�, � D" +G-2, +fdu �� !,o �2,1 Rq hq gìgxlw txh/ frpph dqqrqfì gdqv
o*lqwurgxfwlrq/ oh ylhloolvvhphqw gx v|vwëph grlw íwuh wudgxlw ã o*dlgh g*xq ruguh soxv iruw
txh o*ruguh vwrfkdvwltxh xvxho1
H{hpsoh 415: Rq frqvlgëuh xq v|vwëph irupì gh txdwuh frpsrvdqwv D/ E/ F hw G/ gh
wdx{ gh sdqqh frqvwdqwv qrwìv uhvshfwlyhphqw ��/ ��/ �� hw �(1 Ohv frpsrvdqwv qh vrqw
sdv uìsdudeohv shqgdqw txh oh v|vwëph irqfwlrqqh1 Oh frpsrvdqw D/ oh frpsrvdqw E hw
oh vrxv0v|vwëph irupì ghv frpsrvdqwv F hw G hq vìulh +fi vfkìpd, vrqw hq uhgrqgdqfh
sdvvlyh = oh frpsrvdqw D hvw qrupdohphqw hq irqfwlrqqhphqw1 Oruvtxh oh frpsrvdqw D
wrpeh hq sdqqh/ oh frpsrvdqw E suhqg oh uhodl dyhf xqh suredelolwì gh gìpduudjh ìjdoh
ã ��1 Oruvtxh oh frpsrvdqw E wrpeh hq sdqqh +rx tx*lo q*d sdv uìxvvl ã gìpduuhu,/ oh
vrxv0v|vwëph irupì ghv frpsrvdqwv F hw G suhqg oh uhodl1 Od suredelolwì txh oh frpsrvdqw
F +uhvshfwlyhphqw G, �gìpduuh� hvw �� +uhvshfwlyhphqw �(,1

Ohv ìwdwv gh pdufkh vrqw = 4 @ DE@ +FG,@/ 5 @ �DE +FG,@/ 6 @ �D �EFG/ ohv ìwdwv gh
sdqqh = 7 @ �D �E �FG/ 8 @ �D �EF �G/ 9 @ �D �E �F �G1 Ohv wurlv ìwdwv gh sdqqh frqgxlvhqw wrxv
dx{ wurlv ìwdwv gh pdufkh sdu uìsdudwlrq +pf @p @ 6,1

D� @
3
C
��� ���� �� +4� ��, ���(3 ��� �����(3 3 � +��.�(,

4
D /

D2 @

3
EEC

� �� +4� ��,�+4� ��, �(
� � �� +4� ��,��� +4� �(,

� � �� +4� ��,�+4� ��, +4� �(,
�

�� +4� ��,�( ���� +4� �(, �� +4� ��, +4� �(,�� �( 3

4
FFD 1

Oã hqfruh/ lo q*| d tx*xq vhxo uìsdudwhxu hw ohv gxuìhv gh uìsdudwlrq gh D hw gh E vrqw
qìjoljhdeohv ghydqw fhoohv gh F hw gh G1 Od gxuìh pr|hqqh gh uìsdudwlrq qh gìshqg doruv
txh gh o*ìwdw gh sdqqh gdqv ohtxho vh wurxyh oh v|vwëph1
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Qxpìultxhphqw/ rq suhqg =

�� @ 7/ �� @ 8=9/ �� @ 6=</ �( @ 6=</ �� @ 3=6/ �� @ 3=5 hw �( @ 3=71
Rq rewlhqw =

D� @
3
C
�7 4=5 3=557
3 �8=9 3=77;
3 3 �:=;3

4
D / D2 @

3
C

3=;<9 3=669 4=677
4=:<5 3=9:5 5=9;;
6=<33 6=<33 3

4
D

hw D2�4R @
3
C

5=8:9
8=485
:=;33

4
D 1

Od gxuìh pr|hqqh gh uìsdudwlrq gh F +uhvshfwlyhphqw G, hvw 3134 +uhvshfwlyhphqw
31348,1 Rq rewlhqw dlqvl H +Ue, @ 3=34/ H +UD, @ 3=348 hw H +US, @ 3=358 hw

D2H +U�, @
3
C

3=37:9
3=3<85
3=3<:8

4
D 1

Ohv k|srwkëvhv +Ke, hw +KD, vrqw yìul�ìhv1
Rq rewlhqw =

D" +��, @ 3=<78;/ D" +�2, @ 3=<463 hw D" +��, @ 3=<445
hw rq d elhq D" +��, � D" +�2, � D" +��,1

Suhqrqv pdlqwhqdqw G-� @ ^3=8> 3=8> 3` hw G-2 @ ^3=8> 3> 3=8`1
Lo hvw idfloh gh yìul�hu txh G-� !r|J G-2/ pdlv txh o*rq q*d sdv G-� !o� G-21+Hq h�hw/

S2
&'�G-� +n,S�
&'�G-� +n,

@ 5 A
S2

&'�G-2 +n,S�
&'�G-2 +n,

@ 4,1

Sdu dloohxuv/ rq rewlhqw
D" +G-�, @ D" +3=8> 3=8> 3, @ 3=<665 ? D" +G-2, @ D" +3=8> 3> 3=8, @ 3=<6881

Rq gìgxlw gh fhw h{hpsoh txh/ píph vrxv +Ke, hw +KD,/ �G-� !r|J G-2% hvw lqvx!vdqw
srxu frqfoxuh txh D" +G-�, � D" +G-2,1

Hq frqfoxvlrq gh fh sdudjudskh/ o*ruguh vwrfkdvwltxh xvxho hvw grqf lqvx!vdqw srxu
qrwuh sureoëph/ dxvvl elhq srxu gìfuluh oh ylhloolvvhphqw gx v|vwëph txh srxu phvxuhu oh
ghjuì g*dfkëyhphqw gh od uìsdudwlrq1 O*ruguh uk hvw/ hq uhydqfkh/ wrxw ã idlw dgdswì1

4161715 Fdv rü od gxuìh gh od uìsdudwlrq qh gìshqg sdv gh o*ìwdw gh sdqqh +fi
¢4161516,

Rq vh sodfh lfl gdqv oh fdv rü od gxuìh gh od uìsdudwlrq qh gìshqg txh gh o*ìwdw gdqv
ohtxho oh v|vwëph uhgìpduuh dsuëv uìsdudwlrq hw hvw lqgìshqgdqw gh o*ìwdw gh sdqqh1 Qrxv
grqqrqv/ oã hqfruh/ ghv frqglwlrqv vrxv ohvtxhoohv oh v|vwëph hvw g*dxwdqw soxv glvsrqleoh
txh od uìsdudwlrq hvw frpsoëwh1
Sursrvlwlrq 415; Vrxv o* k|srwkëvh =
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416 Hwxgh gh od orl gh uhgìpduudjh rswlpdoh dsuëv uìsdudwlrq 74

+KS, +d" +��,,�$�$6f @
�HE-6n�c��

E}7�6�E��
�
�$�$6f

furlvvdqwh/
od glvsrqlelolwì dv|pswrwltxh hvw rswlpdoh oruvtxh o*rq uìsduh frpsoëwhphqw oh v|vwëph

+f*hvw0ã0gluh/ D" +G-, � D" +��,/ srxu wrxwh orl G- vxu i4> ===>pj/ sruwìh sdu i4> ===>pfj,=
Vl/ gh soxv/

+K., +H +U6n�c�,,�$�$6f hvw gìfurlvvdqwh rx ++j�46, +l,,�$�$6f hvw gìfurlvvdqwh +yudl gëv
txh +[ ��| , hvw vwrfkdvwltxhphqw prqrwrqh,/

doruv/ srxu wrxwhv orlv G-� hw G-2 vxu i4> ===>pj/ sruwìhv sdu i4> ===>pfj =
G-� !o� G-2 @, D" +G-�, � D" +G-2, 1

Uhpdutxh 415< Uhpdutxrqv txh +K., hvw qdwxuhoohphqw yìul�ìh oruvtxh ohv ìwdwv gh
pdufkh vrqw fodvvìv sdu ruguh gh gìjudgdwlrq furlvvdqwh1
Gìprqvwudwlrq1 Oh suhplhu srlqw hvw ìylghqw fdu/ g*dsuëv oh wkìruëph 4154/ od orl gh
uhgìpduudjh rswlpdoh hvw o*xqh ghv �� hw +KS, vljql�h txh +D" +��,,�$�$6f hvw gìfurlvvdqwh1Hq fh txl frqfhuqh oh ghx{lëph srlqw/ udsshorqv txh

d" +G-�, @ H +U6n�c�, �|G-�
�

G-�j�46 @
S6f�'�G-� +l,H +U6n�c�,S6f�'�G-� +l, +j�46, +l, +fi ¢4161516,1

Rq xwlolvh doruv od sursrvlwlrq 4144 dyhf Y �� @ G-� +l,/ Y 2� @ G-2 +l,/ X� @ H +U6n�c�,
hw Z� @ +j�46, +l, srxu 4 � l �pf/ fh txl qrxv shuphw gh frqfoxuh1

4161716 Fdv jìqìudo
Qrxv ìwxglrqv pdlqwhqdqw oh fdv jìqìudo1

Wkìruëph 4163 Vrxv ohv k|srwkëvhv =
+KH, �SR

,'& +jD2, +l>p. o,��$�$6f hw +H +U6n&c�,,�$&$R vrqw prqrwrqhv/ od suhplëuh sdu
udssruw ã l/ od vhfrqgh sdu udssruw ã n +srxu wrxw 4 � l � pf �{ì,/ gh píph vhqv
gh prqrwrqlh/

+Kb,
�
H+-6n&c�,
E}7�6�E��

�
�$�$6f

furlvvdqwh sdu udssruw ã l/ srxu wrxw 4 � n � s/ �{ì/
+K�f, ++j�46, +l,,�$�$6f rx +H +U6n&c�,,�$�$6f hvw gìfurlvvdqwh sdu udssruw ã l/ +od vh0

frqgh srxu wrxw 4 � n � s �{ì,1
Doruv/ srxu wrxwhv orlv G-� hw G-2 vxu i4> ===>pj/ sruwìhv sdu i4> ===>pfj =

G-� !o� G-2 @, D" +G-�, � D" +G-2, 1 +4154,
Hq sduwlfxolhu/ od vxlwh +D" +��,,�$�$6f hvw gìfurlvvdqwh hw od glvsrqlelolwì dv|pswrwltxh
hvw rswlpdoh oruvtxh o*rq uìsduh frpsoëwhphqw oh v|vwëph/ f*hvw0ã0gluh =

D" +G-, � D" +��, / srxu wrxwh orl G- vxu i4> ===>pj/ sruwìh sdu i4> ===>pfj=
Gìprqvwudwlrq1 Vrlhqw G-� hw G-2 whoohv txh G-� !o� G-2 1Udsshorqv txh P @ jD2H +U�c�, hw txh

d" +G-�, @ G-�P
�|G-�

�
G-�j�46 @

S6f�'�
�
G-�jD2H +U�c�,

�
+l,G-� +l,

G-�j�46 1
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Srvrqv X� @
�
G-�jD2H +U�c�,

�
+l, hw Z� @ +j�46, +l, srxu 4 � l �pf1

d" +G-�, v*ìfulw doruv d" +G-�, @ (-�L(-�` 1
Sdu dloohxuv/

X�
Z�

@
R[

&'�
+G-�jD2, +p. n, H +U6n&c�,

+j�46, +l,

hw/ g*dsuëv +Kb,/
� L�`�

�
furñw sdu udssruw ã l1 Gh soxv/ X rx Z hvw gìfurlvvdqw +K�f,1

Hq xwlolvdqw od sursrvlwlrq 4144/ rq rewlhqw =

d" +G-�, @ G-�X
G-�Z � G-2X

G-2Z
f*hvw0ã0gluh

d" +G-�, @ G-�P
�|G-�

�
G-�j�46 � G-�P

�|G-2
�

G-2j�46 1 +4155,

Sdu dloohxuv/ hq xwlolvdqw +4=53, dyhf d& @ H +U6n&c�, hw e& @ +jD2, +l>p. n,/ rq
rewlhqw =

P�c� @
R[

&'�
+jD2, +l>p. n,H +U6n&c�,

@
R[

&'2
+H +U6n&c�,� H +U6n&3�c�,,

R[
,'&

+jD2, +l>p. o,

.H +U6n�c�,
R[
,'�

+jD2, +l>p. o,

@
R[

&'2
+H +U6n&c�,� H +U6n&3�c�,,

R[
,'&

+jD2, +l>p. o, . H +U6n�c�,

fdu SR
,'� +jD2, +l>p. o, @ 4 +fi +4=4<,,1

G*dsuëv +KH,/ P�c� hvw doruv furlvvdqw sdu udssruw ã l1
Frpph o*ruguh uk hqwudñqh o*ruguh vwrfkdvwltxh/ rq d/ gh soxv/ G-� !r|J G-2 1
Rq hq gìgxlw

6f[
�'�

G-� +l,P�c� �
6f[
�'�

G-2 +l,P�c�1

Sxlv/ ã o*dlgh gh +4=55,/ rq rewlhqw

d" +G-�, @ G-�P
�|G-�

�
G-�j�46 � G-2P

�|G-2
�

G-2j�46 @ d" +G-2, 1

Uhpdutxh 4164 +Kb, hw +K�f, vrqw gh vlpsohv jìqìudolvdwlrqv gh +KS, hw +K.,1 Gh soxv/
hq fodvvdqw ohv ìwdwv gh sdqqh sdu ruguh gh gìjudgdwlrq/ +H +U6n&c�,,�$&$R hvw hq jìqìudo
prqrwrqh1 O*k|srwkëvh od soxv uhvwulfwlyh hvw hq idlw +KH,/ f*hvw0ã0gluh od prqrwrqlh gh�SR

,'& +jD2, +l>p. o,��$�$6f1 Udsshorqv tx*hooh vljql�h txh oh v|vwëph hvw gdqv xq ìwdw
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416 Hwxgh gh od orl gh uhgìpduudjh rswlpdoh dsuëv uìsdudwlrq 76
gh sdqqh �vwrfkdvwltxhphqw� soxv +rx prlqv, gìjudgì oruvtx*lo sduw gh l txh oruvtx*lo sduw
gh l . 41 Fhwwh sursulìwì q*hvw hq idlw sdv qìfhvvdluh srxu dyrlu +4=54,/ hw hooh q*hvw sdv
wrxmrxuv yìul�ìh/ píph oruvtxh oh surfhvvxv hvw gh w|sh +W , hw ohv ìwdwv udqjìv sdu ruguh
gh gìjudgdwlrq furlvvdqwh1 Uhpdutxrqv txh/ gdqv od gìprqvwudwlrq suìfìghqwh/ qrxv dyrqv
fkrlvl gh prqwuhu (-��+|(-�,(-�E}7�6� � (-��+|(-2,(-2E}7�6� / sxlv G-�P

�|G-2
� � G-2P

�|G-2
�1 Fhwwh

ghuqlëuh lqìjdolwì qìfhvvlwh od furlvvdqfh ghP�c� sdu udssruw ã l/ fh txl qrxv frqgxlw ã +KH,1
Rq shxw dxvvl surfìghu gdqv �o*dxwuh vhqv� hw prqwuhu wrxw g*derug txh (-��+|(-�,(-�E}7�6� �
(-2�+|(-�,(-2E}7�6� / sxlv G-2P

�|G-�
� � G-2P

�|G-2
�1 Oh sureoëph hvw doruv txh fhwwh ghuqlëuh

lqìjdolwì qìfhvvlwh od furlvvdqfh gh P�c� sdu udssruw ã m/ rx hqfruh gh H +U6n&c�, dyhf m/
fh txl qh sdudñw jxëuh udlvrqqdeoh +vdxi gdqv oh fdv rü H +U6n&c�, qh gìshqg sdv gh m/ fdv
gx ¢ 4161714,1

Qrxv whvwrqv lfl ohv uìvxowdwv gx wkìruëph 4163 vxu xq h{hpsoh1
H{hpsoh 4165 Rq frqvlgëuh xq v|vwëph gh w|sh 5 vxu 7 irupì sdu txdwuh frpsrvdqwv
lghqwltxhv hw lqgìshqgdqwv1 Ohv frpsrvdqwv qh vrqw sdv uìsdudeohv shqgdqw txh oh v|vwëph
irqfwlrqqh1 Oh v|vwëph hvw vrxplv ã xq �prgh frppxq� gh wdx{ g*dssdulwlrq � frqvwdqw1
Od suredelolwì tx*xq frpsrvdqw wrpeh hq sdqqh oruv gh o*dssdulwlrq gx prgh frppxq hvw
s� +3 ? s� ? 4,1 Rq vxssrvh lfl txh ohv gìidloodqfhv ghv frpsrvdqwv vh surgxlvhqw xqltxh0
phqw oruv gh o*dssdulwlrq gh fh prgh frppxq1Rq d doruv =

D� @ �
3
C
�s� +5� s�, �s�2 � 5s� . 5� 7s� +4� s�,� 9s�2 +4� s�,2

3 �s� �s�2 � 6s� . 6� 6s� +4� s�,2
3 3 �s� +5� s�,

4
D /

D2 @ �
3
C

7s�� +4� s�, s�e
6s�2 +4� s�, s��
5s� +4� s�, s�2

4
D 1

Rq suhqg � @ 4/ s @ 3=5 hw H +U�c�, @
� 3=4 3=4 3=4

3=5 3=4 3=4
�
1

+Rq shxw sdu h{hpsoh lpdjlqhu tx*lo | d wurlv uìsdudwhxuv txl phwwhqw hq pr|hqqh 314
xqlwì gh whpsv srxu uìsduhu xq frpsrvdqw,1

Lo hvw idfloh gh yìul�hu txh wrxwhv ohv k|srwkëvhv +KH,/ +Kb, hw +K�f, vrqw yudlhv hw rq
rewlhqw/ srxu G- @ ^d> e> 4� d� e` =

0
0.2

0.4
0.6

0.8
1

0

0.2

0.4

0.6

0.8

1
0.964

0.966

0.968

0.97

0.972

0.974

0.976

0.978

0.98
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77 Fkdslwuh 41 Rswlplvdwlrq gh od pdlqwhqdqfh fruuhfwlyh g*xq v|vwëph
Od glvsrqlelolwì dv|pswrwltxh hvw rswlpdoh hq ��1

D" +��, * 3=<:<; A D" +�2, * 3=<:9< A D" +��, * 3=<9861

41618 Ghx{ h{hpsohv �fodvvltxhv�
Qrxv whuplqrqv pdlqwhqdqw qrwuh ìwxgh hq frqvlgìudqw ghx{ w|shv gh v|vwëphv fodv0

vltxhv hq �delolwì = ohv v|vwëphv n vxu q +¢ 4161814, hw ohv v|vwëphv irupìv gh q frpsrvdqwv
lghqwltxhv hq uhgrqgdqfh sdvvlyh +¢ 4161815,1 Srxu gh whov v|vwëphv/ qrxv uhfkhufkrqv/
g*xqh sduw/ od orl rswlpdoh gh uhgìpduudjh +f*hvw0ã0gluh lfl oh qrpeuh gh frpsrvdqwv ã
uìsduhu oruv g*xqh sdqqh,/ g*dxwuh sduw/ oh qrpeuh gh frpsrvdqwv rswlpdo ã lqvwdoohu gdqv
oh v|vwëph +yrlu fl0ghvvrxv srxu soxv gh gìwdlov,1 Qrwrqv txh Eduorz hw Survfkdq rqw gìmã
ìwxglì fh w|sh gh sureoëph/ ã vdyrlu o*rswlplvdwlrq gx qrpeuh gh frpsrvdqwv ã lqvwdoohu
gdqv xq v|vwëph frpsruwdqw ghv frpsrvdqwv hq sdudooëoh rx hq uhgrqgdqfh sdvvlyh/ gdqv
oh fkdslwuh 9 gh ^9` +rü lov grqqhqw sdu dloohxuv gh qrpeuhxvhv uìiìuhqfhv vxu oh vxmhw,1 Ohxu
dssurfkh hvw hq idlw txhotxh shx gl�ìuhqwh1 Hq h�hw/ oh suhplhu sureoëph tx*lov frqvl0
gëuhqw hvw o*rswlplvdwlrq gh od �delolwì +txl qh idlw sdv lqwhuyhqlu gh uìsdudwlrqv, vrxv xqh
frqwudlqwh +gx w|sh frþw/ srlgv/ 111,1 Lov sursrvhqw gdqv fh fdv xq dojrulwkph srxu wurxyhu
oh qrpeuh rswlpdo gh frpsrvdqwv ã lqvwdoohu1 Oh vhfrqg sureoëph tx*lov frqvlgëuhqw hvw
oh fdv g*xq v|vwëph srxydqw vxelu ghx{ w|shv gh sdqqh = xq suhplhu w|sh/ txl hvw prlqv
suredeoh oruvtxh o*rq dxjphqwh oh qrpeuh gh frpsrvdqwv gdqv oh v|vwëph/ xq vhfrqg w|sh/
txl hvw soxv suredeoh1 Gdqv fh fdv/ lov grqqhqw +frpph qrxv, oh qrpeuh rswlpdo gh frp0
srvdqwv ã lqwdoohu/ ohv fulwëuhv xwlolvìv ìwdqw od �delolwì hw od suhplëuh gxuìh pr|hqqh gh
erq irqfwlrqqhphqw gx v|vwëph +txl qh idlw sdv qrq soxv lqwhuyhqlu gh uìsdudwlrqv,1

4161814 Fdv g*xq v|vwëph n vxu q
Qrxv frqvlgìurqv lfl xq v|vwëph gh w|sh �n vxu q� +n � 4,1 Lo hvw frpsrvì gh q

frpsrvdqwv lghqwltxhv hw lqgìshqgdqwv/ qrq uìsdudeohv wdqw txh oh v|vwëph irqfwlrqqh/ gh
wdx{ gh gìidloodqfh frqvwdqw � +qrq qxo,1 Oh v|vwëph irqfwlrqqh vl hw vhxohphqw vl dx prlqv
n frpsrvdqwv irqfwlrqqhqw1 Qrxv vxssrvrqv tx*lo q*| d tx*xq vhxo uìsdudwhxu/ tx*lo phw
hq pr|hqqh xqh gxuìh f srxu duulyhu oruvtx*rq o*dsshooh +ã o*lqvwdqw rü oh v|vwëph wrpeh
hq sdqqh, hw tx*lo phw hq pr|hqqh xqh gxuìh u srxu uìsduhu xq frpsrvdqw +u/ f 5 Un,1
Qrxv qrxv srvrqv doruv ohv ghx{ txhvwlrqv vxlydqwhv = srxu xq who v|vwëph +dyhf n hw q
�{ìv,/ txho hvw oh phloohxu ìwdw gh uhgìpduudjh dsuëv uìsdudwlrq/ f*hvw0ã0gluh frpelhq idxw0lo
uìsduhu gh frpsrvdqwv B Vdfkdqw txh oh v|vwëph irqfwlrqqh oruvtxh dx prlqv n frpsrvdqwv
irqfwlrqqhqw +n �{ì,/ frpelhq idxw0lo suìyrlu gh frpsrvdqwv gdqv oh v|vwëph/ f*hvw0ã0gluh
txhooh hvw od ydohxu gh q srxu odtxhooh od glvsrqlelolwì dv|pswrwltxh hvw pd{lpdoh oruvtxh
o*rq h�hfwxh ghv uìsdudwlrqv frpsoëwhv B

Rq qrwh l o*ìwdw rü l � 4 frpsrvdqwv vrqw hq sdqqh/ srxu l 5 i4> ===> qj1 Rq d lfl
p @ q� n.4 ìwdwv gh pdufkh1 Oh v|vwëph qh shxw wrpehu hq sdqqh tx*ã sduwlu gh o*ìwdw
p hw o*ìwdw gh sdqqh +xqltxh, fruuhvsrqg ã q� n . 4 frpsrvdqwv hq sdqqh1

G*dsuëv od sursrvlwlrq 4154 +fdv +F�,,/ qrxv vdyrqv doruv txh qrxv srxyrqv uhfkhufkhu
od orl rswlpdoh gh uhgìpduudjh sdupl ohv �� srxu 4 � l � q� n . 41

Uhpdutxrqv hq�q txh ohv k|srwkëvhv frqfhuqdqw ohv gxuìhv gh uìsdudwlrq qrxv shu0
phwwhqw g*ìfuluh H +U6n�c�, vrxv od iruph H +U6n�c�, @ f . +q� l� n . 5, u/ fdu lo idxw
uìsduhu q� l� n.5 frpsrvdqwv srxu idluh sdvvhu oh v|vwëph gh o*ìwdw gh sdqqh q� n.5
ã o*ìwdw gh pdufkh l +4 � l �p @ q� n . 4,1

Rq rewlhqw doruv ohv uìvxowdwv vxlydqwv1
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416 Hwxgh gh od orl gh uhgìpduudjh rswlpdoh dsuëv uìsdudwlrq 78
Sursrvlwlrq 4166 Vl u @ 3 rx q @ n/ lo idxw uìsduhu wrxv ohv frpsrvdqwv1

Vl u 9@ 3 hw q A n/

� Vl S
o � �

& / lo qh idxw uìsduhu tx*xq vhxo frpsrvdqw1
� Vl S

o �
S?3�

�'&
�?
� � 4

�
/ lo idxw uìsduhu wrxv ohv frpsrvdqwv1

� Vl �& ? So ?
S?3�

�'&
�?� � 4

�
/ oh phloohxu uhgìpduudjh hvw fhoxl hq lf +5 � lf �p� 4,/

f*hvw0ã0gluh tx*lo idxw uìsduhu q� lf � n . 5 frpsrvdqwv/ rü lf hvw grqqì sdu
?3�f[
�'&

�q� lf . 4
m � 4

�
� f

u �
?3�fn�[
�'&

�q� lf . 5
m � 4

�
1

Uhpdutxh 4167 Ohv frqglwlrqv rewhqxhv dlqvl txh od ydohxu gh lf gdqv oh ghuqlhu fdv
vrqw lqgìshqgdqwhv gh �1

Gìprqvwudwlrq1 Qrwrqv wrxw g*derug txh vl n @ q/ lo q*| d tx*xq vhxo ìwdw gh pdufkh hw
grqf xq vhxo uhgìpduudjh srvvleoh/ fruuhvsrqgdqw ã od uìsdudwlrq gh wrxv ohv frpsrvdqwv1

Vxssrvrqv pdlqwhqdqw q A n1
Vrlw 4 � l � q� n . 41 G*dsuëv ¢ 4161516/ rq d doruv d" +��, @ HE-6n�c��S6�'� }�c� 1
Od pdwulfh D� dvvrflìh ã fh v|vwëph hvw gh od iruph =

D� @

5
9999997

�q� q� 3 1 3
3 � +q� 4,� +q� 4,� 3 1 3
3 3 1 1 1 1
1 1 1 1 1 3
3 3 3 3 � +n . 4,� +n . 4,�
3 3 3 3 3 �n�

6
::::::8
/

fh txl qrxv shuphw gh fdofxohu idflohphqw vrq lqyhuvh1
Rq rewlhqw dlqvl =

j @ �D3�� @

5
99999997

�?b �
E?3��b

�
E?32�b 1 �

E&n��b
�&b

3 �
E?3��b

�
E?32�b 1 �

E&n��b
�
&b

3 3 �
E?32�b 1 �

E&n��b
�&b

1 1 1 1 = =
3 3 3 3 �

E&n��b
�&b

3 3 3 3 3 �&b

6
:::::::8

Rq hq gìgxlw =
d" +��, @ f. +q� l� n . 5, uS?3&n�

�'� �
E?3�n��b

@ �f. +q� l� n . 5, uS?3�n�
��'& ���

/

dyhf m� @ q� m . 41
Vl u @ 3/ d" +��, @ � SS?3�n�

��'&
�
��

hw l :$ d" +��, hvw furlvvdqwh1 Oh phloohxu l hvw grqf
l @ 41 +Rq uhwurxyh lfl oh uìvxowdw gx wkìruëph 4158 gdqv xq fdv sduwlfxolhu,1
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79 Fkdslwuh 41 Rswlplvdwlrq gh od pdlqwhqdqfh fruuhfwlyh g*xq v|vwëph
Vl u 9@ 3 =

+d" +��, � d" +��n�,, /
#
f. +q� l� n . 5, u
f. +q� l� n . 4, u �

S?3�n�
�'& �

�S?3�
�'& ��

$

/
#
4 . u

f. +q� l� n . 4, u � 4 .
�?3�n�S?3�

�'& ��

$

/
3
C+q� l. 4,

?3�[
�'&

4
m �

f. +q� l� n . 4, u
u

4
D

/
3
C

?3�[
�'&

q� l. 4
m � +q� l� n . 4, � f

u

4
D

/

3
EEEC

?3�[
�'&

�q� l. 4
m � 4

�

� ~} �
Df

� f
u

4
FFFD

Od vxlwh gì�qlh sdu x +l, @S?3�
�'&

�?3�n�� � 4
�
srxu 4 � l � q� n hvw fodluhphqw gìfurlv0

vdqwh1
G*rü od glvfxvvlrq =
� Vl x +4, � So / l :$ d" +��, hvw furlvvdqwh1 Oh phloohxu l hvw l @ 41

+Qrwrqv txh x +4, @S?3�
�'&

�?� � 4
�
,1

� Vl x +q� n, � So / l :$ d" +��, hvw gìfurlvvdqwh1 Oh phloohxu l hvw l @ q� n . 4 @ p1
+Qrwrqv txh x +q� n, @S&

�'&
�&n�� � 4

�
@ &n�& � 4 @ �& ,1

� Vl x +q� n, ? So ? x +4,/ frpph +x +l,, hvw gìfurlvvdqwh/ lo h{lvwh l who txh

x +l, � f
u � x +l� 4, 1

Sdu dloohxuv/ rq d doruv
d" +��, A d" +�2, � === � d" +��,

hw
d" +�?3&n�, A d" +�?3&, � === � d" +��n�, � d" +��, 1

Rq hq gìgxlw txh d" +��, hvw plqlpdo +dyhf 5 � l � q� n,1
D" +��, hvw grqf pd{lpdoh1

Fruroodluh 4168 Vl u @ 3/ lo idxw lqvwdoohu oh soxv judqg qrpeuh srvvleoh gh frpsrvdqwv1
Vl u 9@ 3/
� Vl f @ 3/ lo idxw lqvwdoohu h{dfwhphqw n frpsrvdqwv1
� Vl f 9@ 3/ lo idxw lqvwdoohu qf frpsrvdqwv +qf � n/ lqgìshqgdqw gh �,/ rü qf hvw

Xqlyhuvlwì gh Pduqh od Ydooìh



416 Hwxgh gh od orl gh uhgìpduudjh rswlpdoh dsuëv uìsdudwlrq 7:
o*xqltxh hqwlhu who txh =

?f3�[
�'&

�qf
m � 4

�
� f

u ?
?f[
�'&

�qf . 4
m � 4

�
1

Gìprqvwudwlrq1 Vxssrvrqv u qrq qxo1 Gluh tx*lo idxw lqvwdoohu qf frpsrvdqwv gdqv oh
v|vwëph vljql�h txh/ vl q � qf . 4/ lo hvw lqxwloh gh uìsduhu wrxv ohv frpsrvdqwv/ hw vl
q � qf/ lo idxw wrxv ohv uìsduhu1 Qrwuh sureoëph hvw grqf gh gìwhuplqhu qf who txh

f
u ?

?3�[
�'&

�q
m � 4

�
/ vl q � qf . 4 +4156,

hw f
u �

?3�[
�'&

�q
m � 4

�
/ vl n . 4 � q � qf +hw grqf n . 4 � qf,1 +4157,

Vl f @ 3/ od suhplëuh lqìjdolwì hvw yìul�ìh srxu wrxw q � n . 4 hw qf @ n1
Vxssrvrqv pdlqwhqdqw f 9@ 31
Od vxlwh gì�qlh sdu y +q, @S?3�

�'&
�?� � 4

�
srxu q � n . 4 hvw fodluhphqw vwulfwhphqw

furlvvdqwh hw y +n . 4, @ 3/ olp?<n" y +q, @ .41 Lo h{lvwh grqf xq xqltxh qf who txh
y +qf, � So ? y +qf . 4, hw ohv sursulìwìv +4=56, hw +4=57, vrqw doruv fodluhphqw yìul�ìhv1

Qrxv grqqrqv pdlqwhqdqw xq h{hpsoh g*xwlolvdwlrq gh fhv uìvxowdwv1
H{hpsoh 4169 Frqvlgìurqv xq v|vwëph 8 vxu q1 Srxu f @ 4/ u @ 3=4 =

�D[
�'D

�49
m � 4

�
* ;= :8;6 � f

u @ 43 ?
�S[
�'D

�4:
m � 4

�
* 43= 3891

Od glvsrqlelolwì dv|pswrwltxh hvw grqf rswlpdoh oruvtxh o*rq lqvwdooh 49 frpsrvdqwv +hw
txh o*rq h�hfwxh ghv uìsdudwlrqv frpsoëwhv,1

Rq rewlhqw doruv D" +��, * ��n��.ffDb * 3=;8799 srxu � @ 3=41
Srxu f @ 3=8 +oh uhvwh ìwdqw lqfkdqjì,/ oh qrpeuh rswlpdo gh frpsrvdqwv hvw doruv 451

Srxu f @ 3=5/ lo ydxw <1

4161815 Fdv gh q frpsrvdqwv hq uhgrqgdqfh sdvvlyh
Qrxv frqvlgìurqv lfl xq v|vwëph irupì sdu q frpsrvdqwv lghqwltxhv hq uhgrqgdqfh

sdvvlyh/ txh o*rq vxssrvh qxpìurwìv gh 4 ã q1 Dx gìsduw/ oh suhplhu frpsrvdqw irqfwlrqqh/
ohv q� 4 dxwuhv ìwdqw hq dwwhqwh1 +Fhw ìwdw hvw qrwì �4�,1 Oruvtxh oh frpsrvdqw 4 wrpeh
hq sdqqh/ rq hvvd|h oh ghx{lëph1 Fhoxl0fl gìpduuh +lqvwdqwdqìphqw, dyhf xqh suredelolwì
� +3 ? � ? 4,1 V*lo d gìpduuì/ lo uhpsodfh doruv oh frpsrvdqw 4 mxvtx*ã fh tx*lo wrpeh
oxl0píph hq sdqqh1 V*lo q*d sdv gìpduuì/ rq hvvd|h doruv oh frpsrvdqw 6/ txl gìpduuh
oxl0píph dyhf xqh suredelolwì � hw dlqvl gh vxlwh1 Rq vxssrvh txh ohv frpsrvdqwv rqw srxu
wdx{ gh sdqqh +frqvwdqw, � +qrq qxo, hw tx*lov qh vrqw sdv uìsdudeohv wdqw txh oh v|vwëph
irqfwlrqqh1

Rq qrwh l o*ìwdw rü l � 4 frpsrvdqwv vrqw hq sdqqh/ srxu l 5 i4> ===> qj1 Rq d lfl
p @ q ìwdwv gh pdufkh1 O*ìwdw gh sdqqh +xqltxh, fruuhvsrqg dx fdv rü ohv q frpsrvdqwv
vrqw hq sdqqh1 Rq frpphqfh sdu uìsduhu oh frpsrvdqw q/ sxlv oh frpsrvdqw q � 4/ hwf1
Rq vxssrvh oã hqfruh txh ohv gxuìhv pr|hqqhv gh uìsdudwlrq vh phwwhqw vrxv od iruph
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H +U6n�c�, @ f. +q. 4� l, u/ rü q. 4� l uhsuìvhqwh oh qrpeuh gh frpsrvdqwv ã uìsduhu
srxu idluh sdvvhu oh v|vwëph gh o*ìwdw gh sdqqh q. 4 ã o*ìwdw gh pdufkh l +4 � l � q,1

Qrxv qrxv srvrqv doruv ohv píphv txhvwlrqv txh gdqv oh fdv g*xq v|vwëph n vxu q/ ã
vdyrlu/ srxu q �{ì/ txho hvw oh phloohxu ìwdw gh uhgìpduudjh dsuëv uìsdudwlrq +oã hqfruh/ lo
vx!w gh frqvlgìuhu ohv ��,/ hw srxu f/ u/ �/ � �{ìv/ txho hvw oh qrpeuh rswlpdo gh frpsrvdqwv
ã lqvwdoohu1

Rq rewlhqw ohv uìvxowdwv vxlydqwv1
Sursrvlwlrq 416: Srxu q �{ì =

� Vl u ? �
�3� f +frqglwlrq lqgìshqgdqwh gh � hw gh q,/ lo idxw uìsduhu wrxv ohv frpsr0

vdqwv1
� Vl u � �

�3� f/ lo qh idxw uìsduhu tx*xq vhxo frpsrvdqw1
Rq hq gìgxlw =
� Vl u ? �

�3� f/ lo idxw lqvwdoohu oh soxv judqg qrpeuh srvvleoh gh frpsrvdqwv1
� Vl u � �

�3� f/ lo hvw lqxwloh g*lqvwdoohu ghv frpsrvdqwv hq uhgrqgdqfh sdvvlyh/ oh plhx{
hvw gh q*xwlolvhu tx*xq vhxo frpsrvdqw1

Gìprqvwudwlrq1 Od pdwulfh D� dvvrflìh ã fh v|vwëph hvw gh od iruph =

D� @

5
9999997

�� �� � +4� �, � � +4� �,2 � 1 � +4� �,?32 �
3 �� �� � +4� �, � 1 � +4� �,?3� �
3 3 �� �� 1 � +4� �,?3e �
1 1 1 1 1 =
3 3 3 3 �� ��
3 3 3 3 3 ��

6
::::::8
/

hw rq rewlhqw =

j @ �D3�� @ 4
�

5
9999997

4 � � 1 � �
3 4 � 1 � �
3 3 4 1 � �
1 1 1 1 = =
3 3 3 3 4 �
3 3 3 3 3 4

6
::::::8
1

Rq hq gìgxlw =

d" +��, @ H +U6n�c�,S6
�'� j�c� @ �f. +q. 4� l, u

+q� l,� . 4
hw

+d" +��, ? d" +��n�,, / f. +q. 4� l, u
+q� l, � . 4 ? f. +q� l, u

+q� l� 4, � . 4
/ u ? �

4� � f/ dsuëv vlpsol�fdwlrqv1

417 Frqfoxvlrq
Qrxv dyrqv uhfkhufkì/ gdqv fh fkdslwuh/ od orl rswlpdoh gh uhgìpduudjh g*xq v|vwëph

dsuëv uìsdudwlrq/ oh fulwëuh xwlolvì ìwdqw od glvsrqlelolwì dv|pswrwltxh1 Qrxv dyrqv yx/ hq
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sduwlfxolhu/ txh od phloohxuh orl q*ìwdlw sdv qìfhvvdluhphqw xqh pdvvh gh Gludf/ f*hvw0ã0gluh
tx*hooh qh fruuhvsrqgdlw sdv irufìphqw dx uhgìpduudjh gdqv xq ìwdw grqqì1 Lo idxw grqf/
gdqv oh fdv jìqìudo/ frqvlgìuhu wrxwhv ohv orlv gh uhgìpduudjhv srvvleohv1

Qrxv dyrqv yx/ g*dxwuh sduw/ txh/ srxu txh od uìsdudwlrq frpsoëwh vrlw rswlpdoh/ lo
q*ìwdlw sdv vx!vdqw txh oh v|vwëph vh gìjudgh vhorq xq surfhvvxv vwrfkdvwltxhphqw pr0
qrwrqh1 Qrxv dyrqv dlqvl ìwì dphqìv ã xwlolvhu xqh qrwlrq g*ruguh soxv iruwh txh o*ruguh
vwrfkdvwltxh xvxho/ ã vdyrlu o*ruguh uk/ hw ã gìyhorsshu txhotxhv uìvxowdwv frpsoìphqwdluhv
dx{ wudydx{ gh Nlmlpd frqfhuqdqw ohv surfhvvxv pdunrylhqv uk0prqrwrqhv +txl vh sodfh
gdqv xq fdguh soxv jìqìudo txh oh q÷wuh,1

Hq fh txl frqfhuqh o*ruguh uk/ uhpdutxrqv txh vrq xwlolvdwlrq q*hvw sdv hqfruh wuëv
gìyhorssìh hq �delolwì/ vxuwrxw vl o*rq frpsduh dyhf ghv qrwlrqv vlplodluhv +pdlv xq shx
soxv dqflhqqhv, frpph o*ruguh ku rx o*ruguh ou1 Pdojuì wrxw/ fhw ruguh d idlw o*remhw gh
txhotxhv sxeolfdwlrqv fhv wrxwhv ghuqlëuhv dqqìhv +^45`/ ^75`/ ^7:`/ ^7;`/111,/ sulqflsdohphqw
gh od sduw gh Vkdnhg hw do1 Fhv duwlfohv frpsruwhqw gìmã txhotxhv dssolfdwlrqv ã od �delolwì/
pdlv lov frqwlhqqhqw dxvvl gh qrpeuhx{ uìvxowdwv wkìrultxhv1 Rq shxw doruv shqvhu txh/ ã od
oxplëuh gh fhx{0fl/ lo vhudlw vdqv grxwh lqwìuhvvdqw gh uì ìfklu vxu gh qrxyhoohv dssolfdwlrqv
srwhqwlhoohv gh o*ruguh uk gdqv fh grpdlqh1

Gh od píph idêrq/ o*xvdjh ghv surfhvvxv gh Pdunry prqrwrqhv q*hvw sdv hqfruh wuëv
uìsdqgx hq �delolwì1 Lov vhpeohqw srxuwdqw wrxw ã idlw dgdswìv srxu gìfuluh o*ìyroxwlrq gh
v|vwëphv pdunrylhqv d|dqw ghv sursulìwìv gh ylhloolvvhphqw +yrlu ^6<`,1 Udsshorqv txh fhv
v|vwëphv ylhloolvvdqwv vrqw wrxw ã idlw irqgdphqwdx{ hq �delolwì +xqh jurvvh sduwlh gh od
olwwìudwxuh ohxu d g*dloohxuv ìwì frqvdfuìh,1 Frpph srxu o*ruguh uk/ lo hvw doruv qdwxuho
g*lpdjlqhu txh ohv uìfhqwv gìyhorsshphqwv frqfhuqdqw ohv surfhvvxv gh Pdunry prqrwrqhv
+yrlu o*lqwurgxfwlrq srxu ghv uìiìuhqfhv, srxuudlhqw shxw0íwuh phqhu ã gh qrxyhoohv dssol0
fdwlrqv hq �delolwì1

Vrsklh Eorfk0Phuflhu 4; gìfhpeuh 5333



83 Fkdslwuh 41 Rswlplvdwlrq gh od pdlqwhqdqfh fruuhfwlyh g*xq v|vwëph

Xqlyhuvlwì gh Pduqh od Ydooìh



Fkdslwuh 5

Xq prgëoh gh pdlqwhqdqfh
suìyhqwlyh frqglwlrqqhooh

514 Lqwurgxfwlrq
Rq frqvlgëuh lfl xq v|vwëph srxydqw vh gìjudghu shwlw ã shwlw shqgdqw tx*lo irqfwlrqqh/

mxvtx*ã fh tx*lo wrpeh hq sdqqh1 Vl fhwwh sdqqh hvw wuëv sìqdolvdqwh/ lo shxw íwuh mxglflhx{
gh od suìyhqlu hq duuíwdqw suìpdwxuìphqw oh v|vwëph/ d�q gh oh uhphwwuh hq erq ìwdw gh
pdufkh1 Dlqvl/ lo hvw vdqv grxwh suìiìudeoh gh udmrxwhu xq shx g*kxloh gdqv oh prwhxu g*xqh
yrlwxuh soxw÷w txh g*dwwhqguh gh oh �juloohu�111 Fhod vljql�h txh/ gh whpsv hq whpsv/ rq
yd uhjdughu oh qlyhdx grqqì sdu od mdxjh hw uhphwwuh gh o*kxloh oruvtx*lo d dwwhlqw xq vhxlo
txh o*rq mxjh dodupdqw1 Uhpdutxrqv txh/ wdqw txh txh fh qlyhdx hvw surfkh gx qlyhdx
pd{lpdo/ lo q*| d sdv olhx gh oh uhjdughu wuëv vrxyhqw1 Hq uhydqfkh/ oruvtx*lo glplqxh/ lo
ydxw plhx{ oh idluh soxv iuìtxhpphqw1

Rq v*lqwìuhvvh lfl ã xq v|vwëph gx píph w|sh txh fhoxl ìwxglì gdqv oh suhplhu fkd0
slwuh = lo d xqh ìyroxwlrq pdunrylhqqh wdqw tx*lo irqfwlrqqh/ xq qrpeuh �ql g*ìwdwv/ hw
ghv orlv jìqìudohv srxu ohv uìsdudwlrqv1 Od vhxoh gl�ìuhqfh hvw txh qrxv qrxv uhvwuhljqrqv
pdlqwhqdqw dx fdv rü ohv gxuìhv ghv uìsdudwlrqv qh gìshqghqw sdv gh o*ìwdw gdqv ohtxho
oh v|vwëph uhgìpduuh dsuëv uìsdudwlrq1 Frpph gdqv o*h{hpsoh gx qlyhdx g*kxloh/ o*ìwdw
gh fh v|vwëph oruvtx*lo irqfwlrqqh q*hvw vxssrvì frqqx txh sdu ghv lqvshfwlrqv1 Hq uh0
ydqfkh/ xqh sdqqh hvw dxvvlw÷w gìwhfwìh1 Fh v|vwëph hvw vrxplv dx surjudpph g*hqwuhwlhq
vxlydqw/ dxvvl dsshoì srolwltxh gh pdlqwhqdqfh suìyhqwlyh gdqv oh odqjdjh �delolvwh = qrxv
lqvshfwrqv oh v|vwëph +ã ghv lqvwdqwv doìdwrluhv,/ mxvtx*ã fh txh o*rq wurxyh oh v|vwëph gdqv
xq ìwdw gh pdufkh mxjì gìjudgì1 Gdqv fh fdv/ rq duuíwh oh v|vwëph hw rq frpphqfh xqh
rsìudwlrq gh pdlqwhqdqfh suìyhqwlyh1 Fhwwh rsìudwlrq d xqh gxuìh doìdwrluh hw gìshqg gh
o*ìwdw gh gìjudgdwlrq gx v|vwëph1 Ohv lqwhuydoohv lqwhu0lqvshfwlrqv +doìdwrluhv, gìshqghqw
gh o*ìyroxwlrq gx v|vwëph1 +Frpph srxu od mdxjh g*kxloh/ soxv oh v|vwëph vh gìjudgh/ soxv
lo idxw o*lqvshfwhu vrxyhqw,1 Hq�q/ vl oh v|vwëph hvw wrpeì hq sdqqh dydqw txh o*rq dlw frp0
phqfì xqh rsìudwlrq gh pdlqwhqdqfh/ rq oh uìsduh/ gh od píph idêrq txh srxu oh v|vwëph
vdqv pdlqwhqdqfh1 Fhwwh srolwltxh gh pdlqwhqdqfh suìyhqwlyh hvw glwh frqglwlrqqhooh +rx
g|qdpltxh, fdu olìh ã o*ìyroxwlrq gx v|vwëph hqwuh ghx{ rsìudwlrqv gh pdlqwhqdqfh1

Vl o*rq frpsduh dx{ wudydx{ sxeolìv suìfìghpphqw/ rq shxw uhpdutxhu tx*hq jìqìudo/
ohv gl�ìuhqwhv srolwltxhv gh pdlqwhqdqfh ìwxglìhv vrqw olìhv ã o*ìyroxwlrq gx v|vwëph gh id0
êrq elhq prlqv frpsoh{h txh od q÷wuh +hoohv vrqw píph dvvh} iuìtxhpphqw lqgìshqgdqwhv,1
Dlqvl/ ohv rsìudwlrqv gh pdlqwhqdqfh vrqw vrxyhqw frqvlgìuìhv frpph lqvwdqwdqìhv +fi ^<`/
^57`/ ^5:`/ ^5;`/ ^67`/ 111, rx gh gxuìh lqgìshqgdqwh gh o*ìwdw gh gìjudgdwlrq gx v|vwëph
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+fi ^87`,1 Gh od píph idêrq/ ohv lqvshfwlrqv gx v|vwëph vrqw iuìtxhpphqw vxssrvìhv sì0
ulrgltxhv/ hw grqf gìwhuplqlvwhv hw lqgìshqgdqwhv gh o*ìyroxwlrq gx v|vwëph +fi ^7`/ ^74`/
^87`/ 111,1 D fh sursrv/ rq shxw g*dloohxuv uhpdutxhu txh vl ohv lqvshfwlrqv sudwltxìhv gdqv
o*lqgxvwulh vrqw jìqìudohphqw sìulrgltxhv/ f*hvw vrxyhqw srxu ghv udlvrqv gh idflolwì = g*xqh
sduw/ sdufh txh ohv lqvshfwlrqv vrqw dlqvl soxv idfloh ã sodql�hu/ g*dxwuh sduw/ sdufh txh
o* �ìfkìdqflhu� rswlpdo srxu ohv lqvwdqwv g*lqvshfwlrqv hvw vrxyhqw wuëv gl!floh ã gìwhupl0
qhu1

Xqh prgìolvdwlrq wuëv surfkh gh od q÷wuh shxw pdojuì wrxw íwuh wurxyìh gdqv xq duwlfoh
gh F1 Frfr}}d0Wklyhqw +^53`,/ dxvvl elhq srxu od srolwltxh gh pdlqwhqdqfh suìyhqwlyh txh
srxu oh v|vwëph lqlwldo1 Ohv pìwkrghv xwlolvìhv vrqw hq uhydqfkh udglfdohphqw gl�ìuhqwhv1

Ohv fulwëuhv xwlolvìv srxu phvxuhu ohv shuirupdqfhv gx v|vwëph +dyhf rx vdqv pdlqwh0
qdqfh, vrqw lfl od glvsrqlelolwì hw oh frþw pr|hq dv|pswrwltxhv1

Fh fkdslwuh vh suìvhqwh gh od idêrq vxlydqwh = qrxv frpphqêrqv sdu gìfuluh oh v|vwëph
lqlwldo hw od srolwltxh gh pdlqwhqdqfh suìyhqwlyh gdqv oh sdudjudskh 5151 Qrxv prqwurqv
hqvxlwh/ gdqv oh sdudjudskh 516/ txh od orl gx surfhvvxv txl gìfulw o*ìyroxwlrq gx v|v0
wëph vrxplv ã od srolwltxh gh pdlqwhqdqfh frqyhujh yhuv xqh fhuwdlqh orl �/ txh qrxv
gìwhuplqrqv1 Oh sdudjudskh vxlydqw +¢517, hvw frqvdfuì ã o*ìwxgh gh od srolwltxh gh pdlq0
whqdqfh dyhf/ frpph fulwëuh g*ìwxgh/ od glvsrqlelolwì dv|pswrwltxh1 Qrxv prqwurqv wrxw
g*derug tx*hooh h{lvwh hw qrxv od fdofxorqv1 Qrxv grqqrqv hqvxlwh ghv frqglwlrqv srxu txh
od srolwltxh gh pdlqwhqdqfh suìyhqwlyh dpìolruh fhwwh glvsrqlelolwì dv|pswrwltxh1 Sxlv
qrxv qrxv lqwìuhvvrqv ã o*rswlplvdwlrq gh od srolwltxh gh pdlqwhqdqfh uhodwlyhphqw dx{
orlv lqwhu0lqvshfwlrqv1 Qrxv whuplqrqv fh sdudjudskh sdu o*ìwxgh gh txhotxhv h{hpsohv1
Oh sodq g*ìwxgh gx sdudjudskh vxlydqw +¢518, hvw vlplodluh/ pdlv oh fulwëuh g*ìwxgh hvw
pdlqwhqdqw oh frþw pr|hq v|pswrwltxh1 Hq�q/ qrxv frqfoxrqv gdqv oh sdudjudskh 5191

515 Ghvfulswlrq gx v|vwëph hw gh od pdlqwhqdqfh 0 Qrwdwlrqv
Oh v|vwëph ìwxglì lfl fruuhvsrqg dx fdv sduwlfxolhu 4161515 ìwxglì gdqv oh suhplhu fkd0

slwuh +od ghvfulswlrq jìqìudoh hvw vlwxìh dx ¢ 41614,1 Udsshorqv eulëyhphqw oh prgëoh hw
ohv qrwdwlrqv = ohv ìwdwv gh pdufkh vrqw qrwìv 4 ã p/ ohv ìwdwv gh sdqqh p . 4 ã p . s1
Dx gìsduw/ oh v|vwëph hvw gdqv o*xq ghv ìwdwv gh pdufkh hw lo ìyroxh gh idêrq pdunrylhqqh
wdqw tx*lo hvw hq ìwdw gh pdufkh1 Lo wrpeh hq sdqqh dx erxw g*xq whpsv suhvtxh vþuhphqw
�ql = vl W gìvljqh od suhplëuh gxuìh gh irqfwlrqqhphqw gx v|vwëph/ rq d S� +W ? .4, @ 4
srxu wrxw 4 � l � p1 Od uìsdudwlrq d xqh gxuìh doìdwrluh lqgìshqgdqwh gh o*ìyroxwlrq
gx v|vwëph dqwìulhxuh ã od sdqqh1 Oruvtxh oh v|vwëph hvw gdqv o*ìwdw gh sdqqh p . n
+4 � n � s,/ od gxuìh gh od uìsdudwlrq d od píph orl +txhofrqtxh, tx*xqh fhuwdlqh yduldeoh
doìdwrluh U6n& gh pr|hqqh �qlh H +U6n&,1 D o*lvvxh g*xqh uìsdudwlrq/ oh v|vwëph hvw gdqv
xq ìwdw gh pdufkh vxssrvì lqgìshqgdqw gh o*ìyroxwlrq gx v|vwëph dqwìulhxuh ã od sdqqh1
Srxu l 5 i4> ===>pj/ G- +l, hvw doruv od suredelolwì txh oh v|vwëph vrlw gdqv o*ìwdw l dsuëv
xqh uìsdudwlrq1

Rq qrwh +[|,|Df oh surfhvvxv gìfulydqw o*ìyroxwlrq gh fh v|vwëph mxvtx*ã od suhplëuh
sdqqh/ ohv ìwdwv gh sdqqh ìwdqw uhqgx devruedqwv =

[| @
� ìwdw gx v|vwëph vl w ? W /

p. n vl w � W 1
+[|, hvw xq surfhvvxv gh Pdunry1 Rq qrwhD vd pdwulfh jìqìudwulfh hw +S| +l> m,,�$�c�$6nRvrq qr|dx1
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Od pdwulfh D hvw gìfrxsìh gh od idêrq vxlydqwh =

D @
� D� D2�3Rc6 �3RcR

�

rü D� uhsuìvhqwh od pdwulfh D wurqtxìh ã o*ruguh p
�
D� @ +d�c�,�$�c�$6

�
hw D2 hvw od

vrxv0pdwulfh gh D irupìh sdu ohv wdx{ gh sdqqh
�
D2 @ +d�c�,�$�$6c6n�$�$6nR

�
1

Rq qrwh dxvvl j od pdwulfh fduuìh g*ruguh p gì�qlh sdu

j�c� @
] n"

f
S| +l> m, gw srxu wrxv l> m 5 i4> ===>pj1

Udsshorqv txh j�c� uhsuìvhqwh od gxuìh pr|hqqh sdvvìh gdqv o*ìwdw m vdfkdqw txh [f @
l hw txh j @ �D3�� +fi wkìruëph 7158 gh ^68`,1

Fh v|vwëph hvw dsshoì v|vwëph lqlwldo sdu rssrvlwlrq dx v|vwëph vrxplv ã od srolwltxh
gh pdlqwhqdqfh suìyhqwlyh gìfulwh fl0ghvvrxv dsshoì v|vwëph pdlqwhqx1

Od srolwltxh gh pdlqwhqdqfh suìyhqwlyh hvw od vxlydqwh = oh v|vwëph hvw lqvshfwì lqvwdq0
wdqìphqw dx{ lqvwdqwv V�/ V2/ 111/ V?/ 111 mxvtx*ã fh txh/ oruv g*xqh lqvshfwlrq/ rq wurxyh
oh v|vwëph gdqv xq ìwdw �vx!vdpphqw� gìjudgì srxu frpphqfhu xqh rsìudwlrq gh pdlq0
whqdqfh/ rx elhq gìmã hq sdqqh/ hq wudlq g*íwuh uìsduì1

Soxv suìflvìphqw +yrlu dxvvl od �jxuh 514 sdjh vxlydqwh,/ rq frqvlgëuh p orlv gh sured0
elolwì ��/ �2/ 111/ �6 vxu Un uhsuìvhqwdqw ohv orlv ghv gxuìhv lqwhu0lqvshfwlrqv/ t xq hqwlhu
�{ì dssduwhqdqw ã i4> ===>p�4j hwp�t yduldeohv doìdwrluhv srvlwlyhvP^n�/P^n2/ 111/P6
lqgìshqgdqwhv/ gh orlv gh suredelolwì txhofrqtxhv/ uhsuìvhqwdqw ohv gxuìhv ghv rsìudwlrqv
gh pdlqwhqdqfh1 Rq vxssrvh txh 3 ? U n"

f w=�� +gw, ? .4 srxu wrxw 4 � l � p hw txh
P^n�/ P^n2/ 111/ P6 rqw ghv pr|hqqhv �qlhv1

Rq srvh doruv Vf @ 3 hw rq qrwh V� xqh yduldeoh doìdwrluh gh orl �ff +rq udsshooh txh
[f 5 i4> ===>pj,1 Oh v|vwëph hvw lqvshfwì dx{ lqvwdqwv V�/ V2/ 111V?/ 111 gì�qlv gh pdqlëuh
uìfxuvlyh gh od idêrq vxlydqwh = srxu q 5 QW/

� Vl [7? 5 i4> ===> tj/ oh v|vwëph hvw hq �erq� ìwdw1 Rq oh odlvvh ìyroxhu hw rq o*lqvshfwh
ã qrxyhdx ã o*lqvwdqw V?n� @ V?.X E?�/ rü X E?� hvw xqh yduldeoh doìdwrluh gh orl �f7?lqgìshqgdqwh gh o*ìyroxwlrq gx v|vwëph dydqw V?1 +X E?� qh gìshqg txh gh [7?,1

� Vl [7? 5 it . 4> ===>pj/ oh v|vwëph hvw �gìjudgì�1 Rq duuíwh oh v|vwëph hw rq frp0
phqfh xqh rsìudwlrq gh pdlqwhqdqfh grqw od gxuìh +doìdwrluh, hvw lqgìshqgdqwh gh
o*ìyroxwlrq gx v|vwëph dydqw o*lqvwdqw V?/ gh píph orl txh Pf7? 1 +Oã hqfruh/ Pf7?qh gìshqg txh gh [7?,1 Rq qrwh �f7? o*ìwdw gh pdlqwhqdqfh dvvrflì1 D o*lvvxh g*xqh
rsìudwlrq gh pdlqwhqdqfh/ oh v|vwëph hvw gdqv xq ìwdw gh pdufkh lqgìshqgdqw gh
o*ìyroxwlrq dqwìulhxuh gx v|vwëph1 Rq qrwh G� +l, od suredelolwì txh oh v|vwëph vrlw
gdqv o*ìwdw l dsuëv xqh rsìudwlrq gh pdlqwhqdqfh/ srxu wrxw l 5 i4> ===>pj1

� Vl oh v|vwëph wrpeh hq sdqqh dydqw o*lqvwdqw V?/ xqh uìsdudwlrq hvw dxvvlw÷w frp0
phqfìh1 Fhwwh uìsdudwlrq v*h�hfwxh gh od píph idêrq txh srxu oh v|vwëph lqlwldo1

Dsuëv xqh sìulrgh g*duuíw +xqh uìsdudwlrq rx xqh rsìudwlrq gh pdlqwhqdqfh,/ rq uì0
lqlwldolvh od vxffhvvlrq ghv lqvshfwlrqv/ f*hvw0ã0gluh txh o*rq uhfrpphqfh xqh qrxyhooh vìulh
g*lqvshfwlrqv/ gì�qlh sdu uìfxuuhqfh gh od píph idêrq txh suìfìghpphqw1 Od vhxoh gl�ì0
uhqfh hvw txh o*lqvwdqw g*lqlwldolvdwlrq gh od vìulh g*lqvshfwlrqv hvw pdlqwhqdqw od �q gh od
sìulrgh g*duuíw/ hw qrq soxv o*lqvwdqw 31

Oh surfhvvxv gìfulydqw o*ìwdw gx v|vwëph vrxplv ã od srolwltxh gh pdlqwhqdqfh/ ã ydohxuv
gdqv i4> ===>p. sj ^ ��^n�> ===> �6

�/ hvw qrwì +]|,|Df1
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87 Fkdslwuh 51 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh frqglwlrqqhooh
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iljxuh 514= od srolwltxh gh pdlqwhqdqfh suìyhqwlyh

Qrwdwlrqv pdwulflhoohv = � Srxu wrxw q 5 QW/ �4? hw �3? gìvljqhqw uhvshfwlyhphqw ohv
yhfwhxuv frorqqhv g*ruguh q qh frpsruwdqw txh ghv 4 hw ghv 31

� G- @ +G- +4, > ===>G- +p,, hw G� @ +G� +4, > ===>G� +p,,1

� H +P�, @

3
EEEEC

�3^
H +P^n�,
H +P^n2,

=
H +P6,

4
FFFFD/ H +U�, @

3
EEC
H +U6n�,
H +U6n2,

=
H +U6nR,

4
FFD1

� e hvw od pdwulfh fduuìh g*ruguh p gì�qlh sdu =
e�c� @ S� +]7� @ m _ W A V�,

@ S� +[7� @ m, / srxu wrxv l> m 5 i4> ===>pj1
� �e^c^/ �e^c63^/ �e63^c^ hw �e63^c63^ vrqw ghv pdwulfhv h{wudlwhv gh e gì�qlhv gh od idêrq

vxlydqwh =
�e^c^ @ +e�c�,�$�c�$^ / �e^c63^ @ +e�c�,�$�$^c^n�$�$6 /

�e63^c^ @ +e�c�,^n�$�$6c�$�$^ hw �e63^c63^ @ +e�c�,^n�$�c�$6 /
f*hvw0ã0gluh txh

e @
� �e^c^ �e^c63^�e63^c^ �e63^c63^

�
1
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516 Orl dv|pswrwltxh +uìvxowdwv suìolplqdluhv, 88
Fhv qrwdwlrqv ìwdqw sulvhv/ qrxv frpphqêrqv sdu prqwuhu txh od orl gx surfhvvxv +]|,

gìfulydqw o*ìwdw gx v|vwëph pdlqwhqx frqyhujh txdqg w$ .4 yhuv xqh fhuwdlqh orl � txh
qrxv gìwhuplqrqv1

516 Orl dv|pswrwltxh +uìvxowdwv suìolplqdluhv,
Dydqw g*ìwxglhu od frqyhujhqfh gh +]|, ã sursuhphqw sduohu/ qrxv grqqrqv wrxw g*derug

ghx{ uìvxowdwv �whfkqltxhv�/ txl qrxv vhurqw xwlohv wrxw dx orqj gh qrwuh ìwxgh1
Ohpph 514 L^ � �e^c^ hvw lqyhuvleoh1
Gìprqvwudwlrq1 G*dsuëv oh wkìruëph 41804 gh ^4:`/ lo hvw vx!vdqw gh prqwuhu txh od vxlwh���e^c^�?� frqyhujh yhuv �3^1 Srxu fhod/ rq frpphqfh sdu fdofxohu ��e^c^�?/ srxu q 5 QW hw
rq qrwh +D?, od vxlwh g*ìyìqhphqwv gì�qlh sdu

Df @ 
/ xqlyhuv vxu ohtxho hvw gì�ql +]|,
hw D? @

?_
&'�

i[7& 5 i4> ===> tjj / srxu q 5 QW1

Srxu q 5 QW/ rq qrwh S? od sursulìwì gì�qlh sdu =
��e^c^�? +l> m, @ S� +D?3� _[7? @ m, / srxu wrxv l> m 5 i4> ===> tj1

Prqwurqv S? sdu uìfxuuhqfh1
S� hvw yudlh sdu gì�qlwlrq gh Df hw gh e1
Vxssrvrqv S? yudlh srxu xq q 5 QW1 Srxu wrxv l> m 5 i4> ===> tj/ rq d doruv =

��e^c^�?n� +l> m, @ [̂
&'�

��e^c^�? +l> n,� ��e^c^� +n> m, @ [̂
&'�

S� +D?3� _[7? @ n,S& +[7� @ m,

@ [̂
&'�

S� +D?3� _[7? @ n,S� �[7?n� @ m 2[7? @ n _D?3�
� +S |�e gh Pdunry,

@ [̂
&'�

S� �D?3� _[7? @ n _[7?n� @ m�

@ S� �D?3� _[7? 5 i4> ===> tj _[7?n� @ m�
@ S� �D? _[7?n� @ m�

hw S?n� hvw yudlh1 S? hvw grqf yudlh srxu wrxw q 5 QW1
Rq hq gìgxlw txh/ srxu yìul�hu txh od vxlwh ���e^c^�?� frqyhujh yhuv �3^/ lo hvw hq idlw

vx!vdqw gh yìul�hu txh od vxlwh +S� +D?,, frqyhujh yhuv 3 srxu wrxw l 5 i4> ===> tj1
Ru/ srxu l 5 i4> ===> tj/ rq d S� +D?, � S� +V? ? W ,1 Gh soxv/ frpph U n"f w=�� +gw, A 3

srxu wrxw 4 � l �p/ od vxlwh +H +V?,, whqg yhuv.4 +fdu H +V?, � q�plq�$�$6 U n"f w=�� +gw,,1Rq shxw grqf h{wudluh gh +V?, xqh vrxv0vxlwh txl whqg suhvtxh vþuhphqw yhuv .41 Frpph
+V?, hvw furlvvdqwh/ od vxlwh +V?, whqg suhvtxh vþuhphqw yhuv .41

Rq hq gìgxlw txh
olp?<n"S� +D?, � olp?<n" % S� +V? ? W , @ S� +W @ .4, @ 3

fdu i4> ===>pj hvw qrq devruedqw1 L^ � �e^c^ hvw grqf lqyhuvleoh1
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89 Fkdslwuh 51 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh frqglwlrqqhooh
Ohpph 515 Vrlw { hw | ghx{ yhfwhxuv frorqqhv g*ruguh p/ txhofrqtxhv1

Ohv ìjdolwìv

{ +l, @ [̂
�'�

{ +m, e�c� . | +l, srxu wrxw 4 � l �p +514,

vh wudgxlvhqw pdwulflhoohphqw sdu
{ @ E|

dyhf

E @
# �L^ � �e^c^�3� �3^c63^

�e63^c^ �L^ � �e^c^�3� L63^

$
1

Gìprqvwudwlrq1 Qrwrqv �{^ +uhvs1 �|^, oh yhfwhxu frorqqh g*ruguh t irupì sdu ohv t suh0
plëuhv frrugrqqìhv gh { +uhvs1 |,1 Gh píph srxu �{63^ +uhvs1 �|63^, dyhf ohv p � t
ghuqlëuhv1

Dyhf fhv qrwdwlrqv/ +5=4, srxu 4 � l � t v*ìfulw �{^ @ �e^c^�{^ . �|^/ rx hqfruh
�{^ @ �L^ � �e^c^�3� �|^ +515,

fdu L^ � �e^c^ hvw lqyhuvleoh +fi ohpph 514,1
Gh soxv/ +5=4, srxu t . 4 � l �p v*ìfulw �{63^ @ �e63^c^�{^ . �|63^1
Hq uhpsodêdqw �{^ sdu vd ydohxu/ rq rewlhqw =

�{63^ @ �e63^c^ �L^ � �e^c^�3� �|^ . �|63^1 +516,
Lo hvw doruv idfloh gh yrlu txh +5=5, hw +5=6, vh uìvxphqw ã { @ E|1
Grqqrqv pdlqwhqdqw oh uìvxowdw sulqflsdo gh fh sdudjudskh1 Srxu fhod/ rq qrwh j +�> m,

+uhvshfwlyhphqw D2 +�> n,/ e +�> m,, od m0lëph +uhvshfwlyhphqw n0lëph/ m0lëph, frorqqh gh j
+uhvshfwlyhphqw D2/ e,1
Wkìruëph 516 Txdqg w$ .4/ od orl gh ]| frqyhujh yhuv od orl � gì�qlh sdu =

� +m, @ �G�-E +L6 � e,� j +�> m, srxu wrxw 4 � m �p/
� +p. n, @ �H +U6n&,G�-E +L6 � e, j �D2 +�> n, srxu wrxw 4 � n � s/

� ���
� @ �H +P�,G�-E � e +�> m, srxu wrxw t . 4 � m �p1

rü

G�- @ +G�E +L6 � e, �46,G- .
�
G-Ee

� �3^
�463^

��
G�

hw � hvw od frqvwdqwh uìhooh gh qrupdolvdwlrq gì�qlh sdu

� @
k
G�-E

�
+L6 � e, j�46 . +L6 � e, jD2H +U�, . eH +P�,

�l3� 1
Gìprqvwudwlrq1

41 Xwlolvdwlrq gh od wkìrulh gx uhqrxyhoohphqw pdunrylhq1
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516 Orl dv|pswrwltxh +uìvxowdwv suìolplqdluhv, 8:
Vrlhqw W? oh q�
e6e uhgìpduudjh gx v|vwëph dsuëv xqh uìsdudwlrq rx xqh rsìudwlrq
gh pdlqwhqdqfh hw \? o*ìwdw gx v|vwëph ã o*lqvwdqw W?1 Rq vxssrvh txh Wf @ 3 hw rq
qrwh F o*hqvhpeoh ghv ìwdwv gh pdufkh dwwhljqdeohv dyhf xqh suredelolwì qrq qxooh ã
o*lvvxh g*xqh uìsdudwlrq rx g*xqh rsìudwlrq gh pdlqwhqdqfh = F @ il 5 i4> ===>pj who
txh G- +l, .G� +l, A 3j1
+\?> W?, hvw doruv xq surfhvvxv gh uhqrxyhoohphqw pdunrylhq ã ydohxuv gdqv F �Un
fdu od orl gh W?n��W? frqglwlrqqhoohphqw ã +W�> ===> W?> \f> ===> \?, hvw ìjdoh ã od orl gh
W?n�� W? frqglwlrqqhoohphqw ã \?/ srxu wrxw q 5 Q1 Gh soxv/ +]|, hvw xq surfhvvxv
vhpl0uìjìqìudwli/ dvvrflì dx surfhvvxv gh uhqrxyhoohphqw pdunrylhq lpphujì +\> W ,
fdu od orl gx surfhvvxv +]|nA?,|Df frqglwlrqqhoohphqw ã +W�> ===> W?> \f> ===> \?, hvw ìjdoh
vxu o*hqvhpeoh i\? @ lj ã od orl gx surfhvvxv +]|,|Df vdfkdqw i\f @ lj/ srxu wrxv
q 5 Q/ l 5 F1
+\?, hvw fodluhphqw xqh fkdñqh gh Pdunry uìfxuuhqwh luuìgxfwleoh vxu F1 Rq qrwh �
vd orl vwdwlrqqdluh1 Sdu dloohxuv/ lo hvw idfloh gh yìul�hu txh +\>W , hvw xq surfhvvxv
qrq dulwkpìwltxh1
Rq shxw doruv dssoltxhu ohv wkìruëphv jìqìudx{ gh od wkìrulh gx uhqrxyhoohphqw
pdunrylhq +fi ^5` rx ^4;` sdu h{hpsoh,1 Rq hq gìgxlw txh/ vlS&M� �&H& +W�, ? .4/
od orl gh ]| frqyhujh yhuv od orl � grqqìh sdu =

� +�, @
S

&M� �&H&
�U A�

f Lt~r'#�gv
�

S
&M� �&H& +W�, srxu wrxw � 5 i4> ===>p. sj ^ ��^n�> ===> �6

� 1
+517,

Dydqw gh fdofxohu ohv gl�ìuhqwv whuphv lqwhuyhqdqw gdqv �/ qrxv fdofxorqv wrxw
g*derug od suredelolwì txh/ sduwdqw gh o*ìwdw l/ od suhplëuh sìulrgh g*duuíw fruuhvsrqgh
ã o*ìwdw gh sdqqh p. n +f*hvw0ã0gluh S�

�
]3A� @p. n

�
, rx ã o*ìwdw gh pdlqwhqdqfh

�& +f*hvw0ã0gluh S�
�
]3A� @ �&

�
,1

51 Fdofxo ghv S�
�
]3A� @p. n

�
srxu 4 � n � s1

Udsshorqv txh W uhsuìvhqwh od suhplëuh gxuìh gh irqfwlrqqhphqw gx v|vwëph lqlwldo1
Rq d doruv =
S�
�
]3A� @p. n

�
@ S�

�
]3A� @p. n _ W A V�

�
. S�

�
]3A� @p. n _ W � V�

�

@ [̂
,'�

S�
�
]3A� @p. n 2]7� @ o _ W A V�

�
S� +]7� @ o _ W A V�,

.S� +[A @p. n _ W � V�, +518,
+Hq h�hw/ vl ]7� 5 it . 4> ===>pj/ rq frpphqfh doruv xqh rsìudwlrq gh pdlqwhqdqfh
hw oh f|foh qh shxw sdv vh whuplqhu gdqv o*ìwdw gh sdqqh p. n,1
Uhpdutxrqv txh/ gdqv ohv gl�ìuhqwhv h{suhvvlrqv lqwhuyhqdqw gdqv +5=8,/ rq shxw
ìfuluh lqgl�ìuhpphqw W � V� rx W ? V�/ W � V� rx W A V�1 Hq h�hw/ oh v|vwëph
lqlwldo ìyroxdqw gh idêrq pdunrylhqqh wdqw tx*lo hvw hq pdufkh/ od yduldeoh doìdwrluh W
dgphw xqh ghqvlwì sdu udssruw ã od phvxuh gh Ohehvjxh1 Ohv k|srwkëvhv g*lqgìshq0
gdqfh hqwudlqhqw doruv txh S� +W @ V�, @ 31 Fhwwh uhpdutxh hvw ydodeoh gdqv wrxwh
od vxlwh1
Uhjdugrqv pdlqwhqdqw ohv gl�ìuhqwv whuphv gh o*h{suhvvlrq +5=8,1
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8; Fkdslwuh 51 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh frqglwlrqqhooh
O*ìyroxwlrq gx v|vwëph lqlwldo ìwdqw pdunrylhqqh wdqw tx*lo hvw hq irqfwlrqqhphqw/
rq d fodluhphqw
S�
�
]3A� @ p. n 2]7� @ o _ W A V�

�
@ S,

�
]3A� @ p. n

�
srxu wrxw 4 � n � s1

+519,

Sdu dloohxuv/ S� +]7� @ o _ W A V�, @ S� +[7� @ o, @ e�c,1
Gh soxv/ oh ghuqlhu whuph gh +5=8, v*ìfulw

S� +[A @ p. n _ W � V�, @
] "

f
S� +[A @ p. n _ W � v, �� +gv,

@
] "

f

6[
�'�

S� +[A @ p. n _[A3 @ m _ W � v, �� +gv,

@
] "

f

6[
�'�

�] r

f
S| +l> m,d�c6n&gw

�
�� +gv, 1

Sdu dloohxuv/ srxu 4 � l> m �p/ rq d _
_|S| +l> m, @ +S|D, +l> m, @ +S|D�, +l> m,1

Frpph D� hvw lqyhuvleoh hw txh j @ �D3�� / rq hq gìgxlw

S� +[A @ p. n _ W � V�, @
] "

f

6[
�'�

�+Sr � L6,D3��
� +l> m, d�c6n& � �� +gv,

@ �
6[
�'�

��] "

f
Sr�� +gv,� L6

�
j
�
+l> m,d�c6n&1

Hq uhpdutxdqw txh U"f Sr +l> �, �� +gv, @ e +l> �,/ rq rewlhqw doruv

S� +[A @ p. n _ W � V�, @ �
6[
�'�

^+e� L6, j` +l> m, d�c6n&

@ ^+L6 � e, jD2` +l> n, 1

Hq uhpsodêdqw gdqv +5=8, hw hq xwlolvdqw +5=9,/ rq d pdlqwhqdqw

S�
�
]3A� @ p. n

�
@ [̂

,'�
S,
�
]3A� @ p. n

�
e�c, . ^+L6 � e, jD2` +l> n, 1

Rq hq gìgxlw/ ã o*dlgh gx ohpph 515/ txh oh yhfwhxu frorqqh
k
S�
�
]3A� @ p. n

�l
�$�$6v*ìfulw vrxv od iruph

k
S�
�
]3A� @ p. n

�l
�$�$6 @ E +L6 � e, jD2 +�> n, 1 +51:,

61 Fdofxo ghv S�
�
]3A� @ �&

�
srxu t . 4 � n �p
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516 Orl dv|pswrwltxh +uìvxowdwv suìolplqdluhv, 8<
Fh fdofxo vh idlw gh od píph idêrq txh suìfìghpphqw1

S�
�
]3A� @ �&

�
@ [̂

,'�
S�
�
]3A� @ �& 2[7� @ o

�
S� +[7� @ o,

.S�
�
]3A� @ �& 2[7� @ n

�
� ~} �

'�

S� +[7� @ n,

@ [̂
,'�

S,
�
]3A� @ �&

�
e�c, . e�c&

Rq hq gìgxlw/ ã o*dlgh gx ohpph 515 txh oh yhfwhxu frorqqh
k
S�
�
]3A� @ �&

�l
�$�$6v*ìfulw vrxv od iruph

k
S�
�
]3A� @ �&

�l
�$�$6 @ E � e +�> n, 1 +51;,

71 Fdofxo gh od pdwulfh gh wudqvlwlrq +S�c�, gh od fkdñqh gh Pdunry \ 1
Vrlhqw l/ m 5 i4> ==>pj1 Rq d doruv =

S�c� @ S� +\� @ m,
@

R[
&'�

S�
�
\� @ m@]3A� @p. n

�
S�
�
]3A� @p. n

�

.
6[

&'^n�
S�
�
\� @ m@]3A� @ �&

�
S�
�
]3A� @ �&

�

@ G- +m,
R[

&'�
S�
�
]3A� @p. n

�
.G� +m,

6[
&'^n�

S�
�
]3A� @ �&

�
/ +51<,

fdu G- +uhvshfwlyhphqw G� , frqwu÷oh ohv uhgìpduudjhv dsuëv xqh uìsdudwlrq +uhv0
shfwlyhphqw xqh rsìudwlrq gh pdlqwhqdqfh,1
Hq uhpsodêdqw S�

�
]3A� @p. n

�
hw S�

�
]3A� @ �&

�
sdu ohv ydohxuv rewhqxhv dx{

srlqwv suìfìghqwv +fi +5=:, hw +5=;,,/ rq rewlhqw

S�c� @ G- +m, +E +L6 � e, jD2�4R, +l, .G� +m,
�
Ee

� �3^
�463^

��
+l, /

srxu wrxv 4 � l> m �p1

Udsshorqv sdu dloohxuv txh jD2�4R @ �46 +fi +4=4<,,1
Rq hq gìgxlw

S @ E +L6 � e, �46G- .Ee
� �3^

�463^
�
G� 1

81 Fdofxo gh od orl vwdwlrqqdluh �1
Rq vdlw txh od orl � hvw fdudfwìulvìh sdu � @ �S +hq suhqdqw � @ +��> �2> ===> �6,,1 Hq
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93 Fkdslwuh 51 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh frqglwlrqqhooh
uhpsodêdqw S sdu vd ydohxu/ rq rewlhqw =

� @ +�E +L6 � e, �46,� ~} �
MU

G- .
�
�Ee

� �3^
�463^

��

� ~} �
MU

G� 1

Qrwrqv { oh uìho { @ �E +L6 � e, �461
Uhpdutxrqv txh g*dsuëv oh srlqw 5/

Ee
� �3^

�463^
�

@
5
7

6[
&'^n�

S�
�
]3A� @ �&

�68
�$�$6

@ �46 �
% R[
&'�

S�
�
]3A� @p. n

�&

�$�$6
@ �46 �E +L6 � e, �46 +5143,

hq xwlolvdqw ã qrxyhdx jD2�4R @ �461
Rq hq gìgxlw txh �Ee

� �3^
�463^

�
@ ��46 � �E +L6 � e, �46 @ 4� {1

� vh phw grqf vrxv od iruph
� @ {G- . +4� {,G� 1 +5144,

Hq uhpsodêdqw � sdu vd ydohxu gdqv {/ rq rewlhqw
{ @ �E +L6 � e, �46 @ {G-E +L6 � e, �46� ~} �

MU
.+4� {,G�E +L6 � e, �46� ~} �

MU

sxlv

{ @ G�E +L6 � e, �46
4�G-E +L6 � e, �46 .G�E +L6 � e, �46 / +5145,

gx prlqv vl 4�G-E +L6 � e, �46 .G�E +L6 � e, �46 9@ 31
Ru/ g*dsuëv oh srlqw 5/ rq vdlw txh E +L6 � e, �46 @

kSR
&'� S�

�
]3A� @p. n

�l
�$�$6hw E +L6 � e, �46 hvw xq yhfwhxu ã frrugrqqìhv srvlwlyhv pdmruìhv sdu 41 Rq hq gìgxlw

txh 4�G-E +L6 � e, �46 .G�E +L6 � e, �46 A 31
Rq rewlhqw doruv/ ã o*dlgh gh +5=44, hw gh +5=45,/

� @ G�E +L6 � e, �46
4�G-E +L6 � e, �46 .G�E +L6 � e, �46G-

.
�
4� G�E +L6 � e, �46

4�G-E +L6 � e, �46 .G�E +L6 � e, �46
�
G�

@ fwh� ^+G�E +L6 � e, �46,G- . +4�G-E +L6 � e, �46,G� `
@ fwh� ^+G�E +L6 � e, �46,G- .G- +�46 �E +L6 � e, �46,G� ` +fdu 4 @ G-�46,
@ fwh�

�
+G�E +L6 � e, �46,G- .

�
G-Ee

� �3^
�463^

��
G�

�
+fi +5143, ,

@ fwh�G�-/
rü G�- d ìwì gì�ql gdqv o*ìqrqfì gx wkìruëph 516
hw fwh @ ^4�G-E +L6 � e, �46 .G�E +L6 � e, �46`3�1
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91 Fdofxo gh H�
�U A�

f Lt~r'#�gv
�
srxu � 5 i4> ===>p. sj ^ ��^n�> ===> �6

�1
Uhpdutxrqv wrxw g*derug txh/ srxu � @p.n dyhf 4 � n � s/ rq d lppìgldwhphqw

H�
�] A�

f
Lt~r'6n&�gv

�
@ H +U6n&,� S�

�
]3A� @p. n

�

@ H +U6n&,� +E +L6 � e, jD2, +l>p. n, +fi srlqw 5,1

Gh píph/ srxu � @ �& dyhf t . 4 � n �p/ rq d

H�
�] A�

f
Lt~r'>&�gv

�
@ H +P&,� +Ee, +l> n, +fi srlqw 6,1

Fdofxorqv pdlqwhqdqw H�
�U A�

f Lt~r'��gv
�
srxu m 5 i4> ===pj1 +� hvw lfl qrwì m,1

Gìfrxsrqv wrxw g*derug H�
�U A�

f Lt~r'��gv
�
vhorq fh txl vh sdvvh ã o*lqvwdqw V�1

H�
�] A�

f
Lt~r'��gv

�
@ [̂

&'�
H�
�] A�

f
Lt~r'��gv� Li~7�'&K7�	Aj

�

.
6[

&'^n�
H�
�] A�

f
Lt~r'��gv� Li~7�'&K7�	Aj

�

.H�
�] A�

f
Lt~r'��gv� Lt7�DA�

�
+5146,

Hwxglrqv pdlqwhqdqw od suhplëuh vrpph gh +5=46,1 Rq frpphqfh sdu gìfrxshu U A�f
vrxv od iruph U 7�f . U A�7� / sxlv rq vh udpëqh dx surfhvvxv +[|, oruvtxh f*hvw srvvleoh
hw rq xwlolvh od sursulìwì gh Pdunry1 Rq rewlhqw dlqvl

[̂
&'�

H�
�] A�

f
Lt~r'��gv� Li~7�'&K7�	Aj

�

@ [̂
&'�

H�
�] 7�

f
Lt~r'��gv� Li~7�'&K7�	Aj

�
.[̂

&'�
H�
�] A�

7�
Lt~r'��gv� Li~7�'&K7�	Aj

�

@ [̂
&'�

H�
�] 7�

f
Ltfr'��gv� Lif7�'&j

�

.[̂
&'�

H�
�] A�

7�
Lt~r'��gv 2]7� @ n _ V� ? W

�
S� +]7� @ n _ V� ? W ,

@ [̂
&'�

H�
�] 7�

f
Ltfr'��gv� Lif7�'&j

�
.[̂

&'�
H&
�] A�

f
Lt~r'��gv

�
e�c&+Pdunry,1

Gdqv od ghx{lëph vrpph gh +5=46,/ rq uhpsodfh U A�f sdu U 7�f 1 Gdqv oh ghuqlhu whuph/
rq uhpsodfh U A�f sdu U Af 1 Sdu dloohxuv/ gdqv fhv ghx{ whuphv/ rq vh udpëqh dx sur0
fhvvxv +[|,1
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Rq rewlhqw dlqvl

H�
�] A�

f
Lt~r'��gv

�
@ [̂

&'�
H�
�] 7�

f
Ltfr'��gv� Lif7�'&j

�
.[̂

&'�
H&
�] A�

f
Lt~r'��gv

�
e�c&

.
6[

&'^n�
H�
�] 7�

f
Ltfr'��gv� Lif7�'&j

�

.H�
�] A

f
Ltfr'��gv� Lt7�DA�

�
+5147,

Fdofxorqv od vrpph ghv suhplëuh hw wurlvlëph vrpphv1
[̂
&'�

H�
�] 7�

f
Ltfr'��gv� Lif7�'&j

�
.

6[
&'^n�

H�
�] 7�

f
Ltfr'��gv� Lif7�'&j

�

@
6[
&'�

H�
�] 7�

f
Ltfr'��gv� Lif7�'&j

�

@ H�
�] 7�

f
Ltfr'��gv� Lif7�Mt�c���c6�j

�

@ H�
�] 7�

f
Ltfr'��gv� Lt7�	A�

�
1

Hq uhsruwdqw gdqv +5=47,/ rq rewlhqw

H�
�] A�

f
Lt~r'��gv

�
@ [̂

&'�
H&
�] A�

f
Lt~r'��gv

�
e�c&

.H�
�] 7�

f
Ltfr'��gv� Lt7�	A�

�
. H�

�] A

f
Ltfr'��gv� Lt7�DA�

�

@ [̂
&'�

H&
�] A�

f
Lt~r'��gv

�
e�c& . H�

�] A27�

f
Ltfr'��gv

�
/ +5148,

hq uhjurxsdqw ohv ghx{ ghuqlhuv whuphv1

Gh soxv

H�
�] A27�

f
Ltfr'��gv

�
@ H�

�] A

f
Ltfr'��gv

�
� H�

�] A

7�
Ltfr'��gv=Lt7�	A�

�

+Lo vx!w gh glvwlqjxhu vxlydqw txh W � V� rx V� ? W srxu v*hq frqydlqfuh,1
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Rq hq gìgxlw

H�
�] A27�

f
Ltfr'��gv

�
@ j�c� �

6[
&'�

H�
�] A

7�
Ltfr'��gv=Lt7�	A� 2[7� @ n

�
S� +[7� @ n,

@ j�c� �
6[
&'�

H&
�] A

f
Ltfr'��gv

�
e�c& +Pdunry,

@ j�c� �
6[
&'�

j&c�e�c&
@ ++L6 � e, j, +l> m, 1

Hq uhpsodêdqw gdqv +5=48,/ rq rewlhqw

H�
�] A�

f
Lt~r'��gv

�
@ [̂

&'�
H&
�] A�

f
Lt~r'��gv

�
e�c& . ++L6 � e, j, +l> m, 1

Oh ohpph 515 qrxv shuphw g*hq gìgxluh
�
H�
�] A�

f
Lt~r'��gv

��
�$�$6

@ +E +L6 � e, j, +�> m, 1

:1 Fdofxo gh H� +W�,1
Lo vx!w gh vrpphu ohv gl�ìuhqwv whuphv txh qrxv yhqrqv gh fdofxohu1

H� +W�, @ [
#Mt�c���c6nR��i>^n�c���c>6j

H�
�] A�

f
Lt~r'#�gv

�

@
6[
�'�

H�
�] A�

f
Lt~r'��gv

�
.

R[
&'�

H�
�] A�

f
Lt~r'6n&�gv

�
.

6[
&'^n�

H�
�] A�

f
Lt~r'>&�gv

�

@
6[
�'�

+E +L6 � e, j, +l> m, .
R[

&'�
H +U6n&, +E +L6 � e, jD2, +l> n,

.
6[

&'^n�
H +P&, +Ee, +l> n,

@
k
E �

�
+L6 � e, j�46 . +L6 � e, jD2H +U�, . eH +P�,

�l
+l, 1

;1 Frqfoxvlrq1
Uhpdutxrqv wrxw g*derug txh/ g*dsuëv ohv uìvxowdwv suìfìghqwv hw ohv gl�ìuhqwhv k|0
srwkëvhv/ rq d fodluhphqw S&M� �&H& +W�, ? .4/ gh vruwh txh od orl gh ]| frqyhujh
elhq yhuv od orl � grqqìh sdu od irupxoh +5=7,1
Gh soxv/ srxu 4 � n � p who txh n @5 F +fi srlqw 4,/ rq d G- +n, @ G� +n, @ 3 hw
grqf G�- +n, @ 31 Rq hq gìgxlw txh � +n, @ 3 vl n @5 F fdu � @ fwh�G�- +srlqw
8,1
Rq rewlhqw doruv

� +�, @
S6

�'� ��H�
�U A�

f Lt~r'#�gv
�

S6
�'� ��H� +W�, @

S6
�'�G�- +l,H�

�U A�
f Lt~r'#�gv

�
S6

�'�G�- +l,H� +W�, 1
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Lo vx!w pdlqwhqdqw gh uhpsodfhu ohv gl�ìuhqwv whuphv sdu ohxu ydohxu txh qrxv yhqrqv
gh fdofxohu +srlqwv 9 hw :,1
Dlqvl/ srxu � @ m 5 i4> ===>pj/ rq rewlhqw

� +m, @
S6

�'�G�- +l, +E +L6 � e, j, +l> m,S6
�'�G�- +l,

k
E �

�
+L6 � e, j�46 . +L6 � e, jD2H +U�, . eH +P�,

�l
+l,

@ G�-E +L6 � e, j +�> m,
G�-

k
E �

�
+L6 � e, j�46 . +L6 � e, jD2H +U�, . eH +P�,

�l

@ �G�-E +L6 � e, j +�> m, /
rü � d ìwì gì�qlh gdqv o*ìqrqfì gx wkìruëph 5161
Gh píph/ srxu � @p. n dyhf n 5 i4> ===> sj/ rq d

� +p. n, @ �
6[
�'�

G�- +l,H +U6n&, +E +L6 � e, jD2, +l>p. n,
@ �H +U6n&,G�-E +L6 � e, jD2 +�>p. n, 1

Hq�q/ srxu � @ �� dyhf m 5 it . 4> ===>pj/ rq d

� ���
� @ �

6[
�'�

G�- +l,H +P�,� +Ee, +l> m,
@ �H +P�,G�-Ee +�> m, 1

Qrxv doorqv pdlqwhqdqw xwlolvhu fhv uìvxowdwv d�q gh fdofxohu od glvsrqlelolwì dv|pswr0
wltxh/ sxlv oh frþw pr|hq dv|pswrwltxh gx v|vwëph pdlqwhqx1

517 Glvsrqlelolwì dv|pswrwltxh

Gdqv wrxw fh sdudjudskh/ rq qrwh D" od glvsrqlelolwì dv|pswrwltxh gx v|vwëph pdlq0
whqx hw D�?�" od glvsrqlelolwì dv|pswrwltxh gx v|vwëph lqlwldo1

Rq udsshooh txh/ sdu gì�qlwlrq/ rq d

D" @ olp|<n"

6[
&'�

S +]| @ n, 1

Uhpdutxrqv txh o*h{lvwhqfh gh fhwwh olplwh hvw lfl fodluhphqw dvvxuìh sdu oh wkìruëph
5161

Qrxv frpphqêrqv sdu fdofxohu od glvsrqlelolwì dv|pswrwltxh gx v|vwëph pdlqwhqx1
Qrxv grqqrqv hqvxlwh xqh frqglwlrq vx!vdqwh srxu txh od srolwltxh gh pdlqwhqdqfh suì0
yhqwlyh dpìolruh od glvsrqlelolwì dv|pswrwltxh gx v|vwëph/ sxlv qrxv qrxv lqwìuhvvrqv ã
o*rswlplvdwlrq gh od srolwltxh gh pdlqwhqdqfh suìyhqwlyh1 Qrxv whuplqrqv sdu o*ìwxgh gh
txhotxhv h{hpsohv1

Xqlyhuvlwì gh Pduqh od Ydooìh



517 Glvsrqlelolwì dv|pswrwltxh 98
51714 Fdofxo gh od glvsrqlelolwì dv|pswrwltxh
5171414 Irupxoh jìqìudoh
Wkìruëph 517 Od glvsrqlelolwì dv|pswrwltxh gx v|vwëph pdlqwhqx h{lvwh hw ydxw

D" @ 4
4 . d"

dyhf

d" @
G�-E

�
+L6 � e, jD2H +U�, . eH +P�,

�

G�-E +L6 � e, j�46 +5149,

rü G�- d ìwì gì�qlh gdqv oh wkìruëph 5161
Uhpdutxh 518 G*dsuëv oh wkìruëph 516 hw vd gìprqvwudwlrq/ oh yhfwhxu G�- hvw sur0
sruwlrqqho ã od orl vwdwlrqqdluh gh od fkdñqh gh Pdunry dvvrflìh dx surfhvxv vhpl0uìjìqìudwli
+]|,1 Gh soxv/ vl o*rq v*lqwìuhvvh ã xq f|foh gx surfhvvxv +]|, frpphqêdqw sdu xq uh0
gìpduudjh gdqv o*ìwdw l +dyhf 4 � l � p,/

�
E
�
+L6 � e, jD2H +U�, . eH +P�,

��
+l, uh0

suìvhqwh od gxuìh pr|hqqh gh od sìulrgh g*duuíw ã od �q gx f|foh1 Gh od píph idêrq/
+E +L6 � e, j�46, +l, uhsuìvhqwh od gxuìh pr|hqqh gh od sìulrgh gh irqfwlrqqhphqw dx gì0
exw gh fh píph f|foh1 Od irupxoh +5=49, vljql�h grqf txh d" hvw oh txrwlhqw gx PGW
+Phdq Grzq Wlph, sdu oh PXW +Phdq Xs Wlph, rx hqfruh txh od glvsrqlelolwì dv|ps0
wrwltxh v*h{sulph gh idêrq fodvvltxh vrxv od iruph D" @ �LA

�LAn�(A 1Sdu dloohxuv/ rq shxw dxvvl uhpdutxhu txh od glvsrqlelolwì dv|pswrwltxh qh gìshqg txh
ghv pr|hqqhv ghv gxuìhv ghv rsìudwlrqv gh pdlqwhqdqfh1 Hq uhydqfkh/ hooh gìshqg
ghv orlv ghv yduldeohv doìdwrluhv lqwhu0lqvshfwlrq ��/ �2/ 111/ �6 +txl lqwhuylhqqhqw
gdqv e hw E,1
Gìprqvwudwlrq1 Hq xwlolvdqw ohv uìvxowdwv gx wkìruëph 516/ rq d fodluhphqw

D" @
6[
&'�

� +n, @ G�-E +L6 � e, j�46
G�-E

�
+L6 � e, j�46 . +L6 � e, jD2H +U�, . eH +P�,

�

@ 4
4 . d" /

rü d" d od iruph dqqrqfìh1

5171415 Txhotxhv fdv sduwlfxolhuv
Qrxv yhqrqv gh grqqhu/ gdqv oh sdudjudskh suìfìghqw/ xqh irupxoh jìqìudoh srxu

od glvsrqlelolwì dv|pswrwltxh1 Qrxv qrxv lqwìuhvvrqv lfl ã txhotxhv fdv sduwlfxolhuv rü
o*rq shxw vlpsol�hu txhotxh shx o*h{suhvvlrq rewhqxh1 Fhv fdv sduwlfxolhuv qh v*h{foxhqw
qxoohphqw/ hw rq shxw wrxw ã idlw xwlolvhu vlpxowdqìphqw soxvlhxuv gh fhv vlpsol�fdwlrqv1

Fdv rü G� @ G- Gdqv gh qrpeuhx{ h{hpsohv ìwxglìv hq �delolwì/ ohv uìsdudwlrqv
gx v|vwëph hw ohv rsìudwlrqv gh pdlqwhqdqfh uhphwwhqw oh v|vwëph gdqv o*ìwdw gh pdufkh
sduidlwh +fi ^87` sdu h{hpsoh,1 Vl fhw ìwdw hvw fhoxl txh o*rq qrwh 4/ fhod vljql�h dyhf qrv
qrwdwlrqv txh G� @ G- @ +4> 3> ===> 3,1

Rq vh sodfh lfl vrxv o*k|srwkëvh xq shx soxv jìqìudoh G� @ G- @?J|�e G +txhofrqtxh,1
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Gdqv fh fdv/ rq rewlhqw

G�- @ +GE +L6 � e, �46,G .
�
GEe

� �3^
�463^

��
G

@ G
�
E +L6 � e, �46 .Ee

� �3^
�463^

��
G

@ G +�46,G +fi +5143, , @ 4�G @ G1
Dlqvl/ vl G� @ G- @?J|�e G/ oh yhfwhxu G�- vh uìgxlw doruv ã G�- @ G1
+Rq srxydlw dxvvl uhpdutxhu txh/ sxlvtxh od orl vwdwlrqqdluh txl frqwu÷ohqw ohv uhgìpdu0

udjhv dsuëv xqh sìulrgh g*duuíw hvw sursruwlrqqhooh ã G�- � fi srlqw 8 gh od gìprqvwudwlrq
gx wkìruëph 516 � hw txh ohv uhgìpduudjhv vrqw lfl frqwu÷oìv sdu od píph suredelolwì G
dsuëv q*lpsruwh txho w|sh g*duuíw/ rq d qìfhvvdluhphqw G�- @ fwh�G,1

Fdv rü H +U6n&, hvw lqgìshqgdqw gh n +4 � n � s, Srxu fhuwdlqv v|vwëphv/ od gxuìh
pr|hqqh gh od uìsdudwlrq hvw wrxmrxuv od píph/ txhov txh vrlhqw ohv frpsrvdqwv hq sdqqh1
Fh vhud sdu h{hpsoh oh fdv oruvtxh od gxuìh gh uìsdudwlrq ghv frpsrvdqwv lqglvshqvdeohv dx
erq irqfwlrqqhphqw gx v|vwëph hvw wuëv judqgh hq frpsdudlvrq ghv dxwuhv frpsrvdqwv/ rx
elhq oruvtxh od gxuìh gh od uìsdudwlrq sursuhphqw glwh hvw hq idlw qìjoljhdeoh sdu udssruw ã
o*rsìudwlrq gh uhplvh hq urxwh rx sdu udssruw dx whpsv g*dwwhqwh gx +rx ghv, uìsdudwhxu+v,1

Gdqv fh fdv/ rq srvh H +U, @ H +U6n&,/ srxu wrxw 4 � n � s1
Oh whuph G�-E +L6 � e, jD2H +U�, ghylhqw doruv

G�-E +L6 � e, jD2H +U�, @ H +U,G�-E +L6 � e, jD2�4R
@ H +U,�G�-E +L6 � e, �46 +fi +4=4<, ,1

+Uhpdutxrqv txh oh fdv rü lo q*| d tx*xq vhxo ìwdw gh sdqqh uhqwuh dxvvl gdqv fh fdguh,1

Fdv rü H +P�, hvw lqgìshqgdqw gh m +t . 4 � m �p, Frpph srxu ohv uìsdudwlrqv/
od gxuìh pr|hqqh g*xqh rsìudwlrq gh pdlqwhqdqfh shxw dxvvl íwuh lqgìshqgdqwh gh o*ìwdw
gh pdlqwhqdqfh dvvrflì1

Srvrqv doruv H +P, @ H +P�,/ srxu wrxw t . 4 � m �p1
Oh whuph G�-EeH +P�, ghylhqw gdqv fh fdv

G�-EeH +P�, @ H +P,�G�-Ee
� �3^

�463^
�
1

+Uhpdutxrqv txh oh fdv rü lo q*| d tx*xq vhxo ìwdw gh pdlqwhqdqfh/ f*hvw0ã0gluh t @p�4
uhqwuh dxvvl gdqv fh fdguh,1

5171416 Fdofxo sudwltxh gh od glsrqlelolwì dv|pswrwltxh
Qrxv dyrqv grqqì gdqv oh sdudjudskh suìfìghqw xqh irupxoh wkìrultxh srxu od glvsr0

qlelolwì dv|pswrwltxh gx v|vwëph pdlqwhqx +dlqvl txh ghv uhpdutxhv vlpsolfdwulfhv/ gdqv
txhotxhv fdv sduwlfxolhuv,1 Qrxv suìflvrqv lfl od pìwkrgh xwlolvìh srxu fdofxohu qxpìultxh0
phqw fhwwh glvsrqlelolwì dv|pswrwltxh1

Vl o*rq uhjdugh od irupxoh rewhqxh dx wkìruëph 517/ lo hvw idfloh gh yrlu txh ohv vhxov
ìoìphqwv lqfrqqxv vrqw ohv pdwulfhv e hw E1 +Rq udsshooh txh j @ �D3�� ,1 Rq vdlw sdu

Xqlyhuvlwì gh Pduqh od Ydooìh



517 Glvsrqlelolwì dv|pswrwltxh 9:
dloohxuv txh od pdwulfh E hvw gì�qlh sdu

E @
# �L^ � �e^c^�3� �3^c63^

�e63^c^ �L^ � �e^c^�3� L63^

$
+fi ohpph 5=5,

Hooh vh gìgxlw grqf wuëv idflohphqw gh od pdwulfh e hw oh vhxo ìoìphqw ã fdofxohu hvw hq
idlw od pdwulfh e1

Srxu l> m 5 i4> ===>pj/ udsshorqv txh e�c� hvw gì�ql sdu

e�c� @ S� +[7� @ m, @
] n"

f
S� +[| @ m,g�� +w, @

] n"

f
S| +l> m, g�� +w, 1

Rq hvw grqf udphqì dx fdofxo gx vhpl0jurxsh +S|,1 Srxu fhod/ xq fhuwdlq qrpeuh gh
pìwkrghv rqw ìwì gìyhorssìhv gdqv od olwwìudwxuh +fi ^4;`/ ^4<` rx ^68` sdu h{hpsoh,1 Rq
shxw dlqvl/ hq xwlolvdqw ohv ìtxdwlrqv gh Fkdspdq0Nroprjrury/ vh udphqhu ã xq v|vwëph
gl�ìuhqwlho rx lqwìjudo olqìdluh g*ruguh xq1 Od uìvroxwlrq gh fh v|vwëph shxw vh idluh gluhfwh0
phqw rx hq xwlolvdqw ohv wudqvirupìhv gh Odsodfh1 Rq shxw dxvvl ìfuluh oh vhpl0jurxsh vrxv
iruph h{srqhqwlhooh = S| +l> m, @ h|� +l> m, @ h|�� +l> m,/ srxu wrxv l> m 5 i4> ===>pj1 Srxu
h�hfwxhu ohv fdofxov/ rq shxw doruv xwlolvhu ohv h{srqhqwlhoohv gh pdwulfhv lpsoìphqwìhv
gdqv xq orjlflho frpph PDWODE1 Rq shxw dxvvl xwlolvhu od frqvwuxfwlrq fodvvltxh g*xq
surfhvvxv gh Pdunry gh pdwulfh jìqìudwulfh D ã o*dlgh ghv surfhvvxv gh Srlvvrq hw ìfuluh
oh vhpl0jurxsh vrxv od iruph S| @ Sn"

&'f h3b| Eb|�
&

&- T&/ rü T hvw od pdwulfh gh wudqvlwlrq
dvvrflìh +fi ^4;`/ s 569/ sdu h{hpsoh,1

Oruvtxh od pdwulfh D� hvw gldjrqdolvdeoh/ rq shxw dxvvl xwlolvhu vd iruph gldjrqdolvìh
srxu fdofxohu h|�� 1 F*hvw od pìwkrgh txh qrxv dyrqv fkrlvlh lfl1 Soxv suìflvìphqw/ qrxv
xwlolvrqv oh uìvxowdw vxlydqw1
Ohpph 519 Vl D� hvw gldjrqdolvdeoh hw vh phw vrxv od iruph D� @ S�S3�/ rü � @
gldj +��> ===> �6, hw S hvw xqh pdwulfh lqyhuvleoh/ rq d doruv

e @
6[
�'�

%�=S=gldj +�W� +���, > ===> �W� +��6,,S3�/

rü/ srxu wrxw l 5 i4> ===>pj/
� %� hvw od pdwulfh fduuìh g*ruguh p qh frpsruwdqw txh ghv }ìurv/ vdxi oh whuph g*ruguh
+l> l, txl ydxw 4/

� �W� hvw od wudqvirupìh gh Odsodfh gh �� +�W� +v, @
U n"
f h3|rg�� +w,/ srxu wrxw v A 3,1

Gìprqvwudwlrq1 Srxu wrxv l> m 5 i4> ===>pj =

e�c� @
�] n"

f
h|��g�� +w,

�
+l> m, @

�
S
] n"

f
h|{g�� +w,S3�

�
+l> m,

@
�
S
] n"

f
gldj

�
h|B�> ===> h|B6

�
g�� +w,S3�

�
+l> m,

@ �S=gldj +�W� +���, > ===> �W� +��6,,S3�
� +l> m, =

Od l�
e6e oljqh gh e hvw grqf od l�
e6e oljqh gh S=gldj +�W� +���, > ===> �W� +��6,,S3�/ fh txlshxw v*ìfuluh =
%�=e @ %�=S=gldj +�W� +���, > ===> �W� +��6,,S3�1
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9; Fkdslwuh 51 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh frqglwlrqqhooh
Lo q*| d soxv tx*ã vrpphu srxu rewhqlu oh uìvxowdw dqqrqfì1

Qrxv vrpphv pdlqwhqdqw hq phvxuh gh fdofxohu wrxv ohv whuphv lqwhuyhqdqw gdqv od
glvsrqlelolwì dv|pswrwltxh1 Hq sduwlfxolhu/ od pìwkrgh gìfulwh gdqv oh ohpph 519 srxu fdo0
fxohu e hvw xwlolvìh gdqv wrxv ohv h{hpsohv qxpìultxhv gx sdudjudskh 517171

51715 Xqh frqglwlrq vx!vdqwh srxu txh od pdlqwhqdqfh dpìolruh od glv0
srqlelolwì dv|pswrwltxh

Qrxv dyrqv yx gdqv oh sdudjudskh suìfìghqw frpphqw fdofxohu od glvsrqlelolwì dv|ps0
wrwltxh gx v|vwëph pdlqwhqx/ wdqw g*xq srlqw gh yxh wkìrultxh txh sudwltxh1 Xqh txhvwlrq
qdwxuhooh hvw pdlqwhqdqw gh vh ghpdqghu vl od srolwltxh gh pdlqwhqdqfh sursrvìh dpì0
olruh elhq fhwwh glvsrqlelolwì dv|pswrwltxh/ frpph qrxv oh vrxkdlwlrqv1 Dlqvl/ vrxv txhoohv
frqglwlrqv hvw0lo mxglflhx{ gh pdlqwhqlu oh v|vwëph B

Qrxv idlvrqv lfl ghx{ k|srwkëvhv = od suhplëuh hvw txh ohv uhgìpduudjhv dsuëv xqh rsì0
udwlrq gh pdlqwhqdqfh vrqw dx prlqv �dxvvl erqv� tx*dsuëv xqh uìsdudwlrq1 Od ghx{lëph
hvw txh ohv ìwdwv vxu ohvtxhov rq h�hfwxh xqh rsìudwlrq gh pdlqwhqdqfh +ã vdyrlu t . 4/
111/ p, vrqw soxv gìjudgìv txh o*ìwdw �pr|hq� gh uhgìpduudjh dsuëv xqh uìsdudwlrq1 Hq
h�hw/ oh sulqflsh píph gh qrwuh srolwltxh gh pdlqwhqdqfh frqvlvwh ã duuíwhu oh v|vwëph
oruvtx*lo hvw gdqv o*xq ghv ìwdwv gh it . 4> ===>pj txh qrxv dylrqv txdol�ìv gh �gìjudgìv�1
Vl o*rq vrxkdlwh txh od srolwltxh gh pdlqwhqdqfh dpìolruh oh v|vwëph/ lo qrxv idxw elhq vþu
wudgxluh fhwwh sursulìwì1

Vrxv fhv ghx{ k|srwkëvhv/ qrxv prqwurqv txh/ vl ohv rsìudwlrqv gh pdlqwhqdqfh qh vrqw
sdv �wurs orqjxhv� hq pr|hqqh/ doruv od srolwltxh gh pdlqwhqdqfh suìyhqwlyh dpìolruh od
glvsrqlelolwì dv|pswrwltxh1

Dydqw gh grqqhu xq ìqrqfì suìflv gh fh uìvxowdw/ qrxv frpphqêrqv sdu ìfuluh od glv0
srqlelolwì dv|pswrwltxh vrxv xqh qrxyhooh iruph soxv dgdswìh ã qrwuh ìwxgh hw srxu fhod/
qrxv dyrqv ehvrlq gh qrxyhoohv qrwdwlrqv1

Udsshorqv wrxw g*derug txh oh surfhvvxv gìfulydqw o*ìyroxwlrq gx v|vwëph lqlwldo +qrq
wurqtxì ã o*lqvwdqw W , hvw xq surfhvvxv vhpl0uìjìqìudwli/ ohv lqvwdqwv gh vhpl0uhqrxyhoohphqw
dvvrflìv fruuhvsrqgdqw dx{ uhgìpduudjhv gx v|vwëph dsuëv uìsdudwlrq +fi ¢41614 hw ¢41615,1
Srxu l 5 i4> ===>pj/ rq qrwh doruv H� +U�hs, od gxuìh pr|hqqh gh od uìsdudwlrq txl d olhx ã
od �q g*xq f|foh frpphqêdqw gdqv o*ìwdw l/ H� +W , od gxuìh pr|hqqh gh irqfwlrqqhphqw dx
gìexw gx píph f|foh1

Sdu dloohxuv/ rq qrwh

H� +W , @

3
EEC

H� +W ,
H2 +W ,

=
H6 +W ,

4
FFD / H� +U�hs, @

3
EEC

H� +U�hs,
H2 +U�hs,

=
H6 +U�hs,

4
FFD 1

+Rq udsshooh txh/ g*dsuëv 41615 hw 4161515/ rq d H� +U�hs, @ jD2H +U�, hw H� +W , @ j�46,1
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517 Glvsrqlelolwì dv|pswrwltxh 9<
Rq xwlolvh dxvvl ohv qrwdwlrqv vxlydqwhv =

H� +U�hs,^ @

3
EEC

H� +U�hs,
H2 +U�hs,

=
H^ +U�hs,

4
FFD / H� +U�hs,63^ @

3
EEC

H^n� +U�hs,
H^n2 +U�hs,

=
H6 +U�hs,

4
FFD /

H� +W ,^ @

3
EEC

H� +W ,
=
=

H^ +W ,

4
FFD / H� +W ,63^ @

3
EEC

H^n� +W ,
=
=

H6 +W ,

4
FFD / H +P�,63^ @

3
EEC

H +P^n�,
=
=

H +P6,

4
FFD /

G^
�- @ +G�- +4, > ===>G�- +t,, / G63^

�- @ +G�- +t . 4, > ===>G�- +p,, /
N @ �L^ � �e^c^�3� �e^c63^/ O @ �e63^c^N .�e63^c63^1

Dyhf fhv qrwdwlrqv/ rq rewlhqw oh uìvxowdw vxlydqw1

Ohpph 51: d" v*ìfulw

d" @
G�-H� +U�hs, .

�
G^
�-N .G63^

�- O
��

H +P�,63^ � H� +U�hs,63^
�

G�-H� +W ,�
�
G^
�-N .G63^

�- O
�
H� +W ,63^

1 +514:,

Uhpdutxh 51; Udsshorqv txh/ g*dsuëv ¢4161515/ od glvsrqlelolwì dv|pswrwltxh gx v|v0
wëph lqlwldo +qrwìh lfl D�?�" , shxw v*ìfuluh vrxv od iruph

D�?�" @ 4
4 . d�?�"

dyhf

d�?�" @ G-H� +U�hs,
G-H� +W , 1

Uhpdutxrqv txh o*rq shxw uhwurxyhu fh uìvxowdw hq suhqdqw od olplwh gh d" oruvtxh ohv
orlv lqwhu0lqvshfwlrqv ��/ �2/ 111/ �6 whqghqw yhuv od pdvvh gh Gludf hq o*lq�ql1 Hq h�hw/
gdqv fh fdv/ N frqyhujh yhuv �3^c63^/ O yhuv �363^c63^ hw d" yhuv d�?�" 1

Uhpdutxrqv g*dxwuh sduw txh/ sdu gì�qlwlrq gh e/ qrxv dyrqv

e�c� @ S� +[7� @ m, @
] n"

f
S| +l> m, �� +gw, srxu wrxv 4 � l> m �p1

Rq hq gìgxlw txh vhxoh od l�
e6e oljqh gh e gìshqg gh od orl ��1 Dlqvl/ �e^c^/ �e^c63^ hw N @�L^ � �e^c^�3� �e^c63^ qh gìshqghqw txh ghv orlv ��/ �2/ 111/ �^ wdqglv txh �e63^c^ hw �e63^c63^
qh gìshqghqw txh ghv orlv �^n�/ 111/ �61 Rq gìgxlw doruv gh +5=4:, txh/ oruvtxh G� hw
G- vrqw sruwìhv sdu i4> ===> tj/ od glvsrqlelolwì dv|pswrwltxh qh gìshqg txh ghv orlv lqwhu0
lqvshfwlrqv ��/ �2/ 111/ �^1 Fhfl hvw elhq vþu wrxw ã idlw qdwxuho fdu/ dsuëv od suhplëuh
lqvshfwlrq/ vl o*rq wurxyh oh v|vwëph gdqv xq ìwdw gh it . 4> ===pj/ rq duuíwh oh v|vwëph
hw ohv orlv �^n�/ �^n2/ 111/ �6 qh shxyhqw uhsuìvhqwhu txh od suhplëuh orl lqwhu0lqvshfwlrq
+mxvwh dsuëv xq uhgìpduudjh,1
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:3 Fkdslwuh 51 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh frqglwlrqqhooh
Gìprqvwudwlrq1 Rq uhsduw gh od irupxoh +5=49, hq xwlolvdqw ohv qrxyhoohv qrwdwlrqv1

d" @
G�-E

�
+L6 � e,H� +U�hs, . eH +P�,

�

G�-E +L6 � e,H� +W , +514;,

Rq frpphqfh sdu fdofxohu E +L6 � e, hq irqfwlrq gh N hw gh O1

E +L6 � e, @
# �L^ � �e^c^�3� �3^c63^

�e63^c^ �L^ � �e^c^�3� L63^

$� L^ � �e^c^ ��e^c63^
��e63^c^ L63^ � �e63^c63^

�

@
#

L^ � �L^ � �e^c^�3� �e^c63^
�363^c^ ��e63^c^ �L^ � �e^c^�3� �e^c63^ . L63^ � �e63^c63^

$

@
� L^ �N

�363^c^ ��e63^c^N . L63^ � �e63^c63^
�

@
� L^ �N

�363^c^ L63^ � O
�

+514<,

Rq hq gìgxlw

G�-E +L6 � e,H� +U�hs, @ G�-
� L^ �N

�363^c^ L63^ � O
�# H� +U�hs,^

H� +U�hs,63^
$

@ G�-

#
H� +U�hs,^ �NH� +U�hs,63^
+L63^ � O,H� +U�hs,63^

$

@ G�-

#
H� +U�hs,^
H� +U�hs,63^

$
�
�
G^
�->G63^

�-
�# NH� +U�hs,63^

OH� +U�hs,63^
$

@ G�-H� +U�hs,�
�
G^
�-N .G63^

�- O
�
H� +U�hs,63^ +5153,

Gh od píph idêrq/ rq d
G�-E +L6 � e,H� +W , @ G�-H� +W ,�

�
G^
�-N .G63^

�- O
�
H� +W ,63^ +5154,

hw G�-E +L6 � e,H +P�, @ G�-H +P�,�
�
G^
�-N .G63^

�- O
�
H +P�,63^+5155,

Gh soxv/
G�-EeH +P�, @ G�-EH +P�,�G�-E +L6 � e,H +P�,

@ G�-

# �L^ � �e^c^�3� �3^c63^
�e63^c^ �L^ � �e^c^�3� L63^

$# �3^
H +P�,63^

$

�
�
G�-H +P,�

�
G^
�-N .G63^

�- O
�
H +P�,63^

�
+fi +5155, ,

@ G�-

# �3^
H +P�,63^

$
�
�
G�-H +P,�

�
G^
�-N .G63^

�- O
�
H +P�,63^

�

@
�
G^
�-N .G63^

�- O
�
H +P�,63^ +5156,

Hq uhpsodêdqw gdqv +5=4;, ohv gl�ìuhqwv whuphv txh qrxv yhqrqv gh fdofxohu +ã vdyrlu
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517 Glvsrqlelolwì dv|pswrwltxh :4
+5=53,/ +5=54, hw +5=56,,/ rq rewlhqw doruv idflohphqw oh uìvxowdw dqqrqfì1

Qrxv doorqv pdlqwhqdqw grqqhu oh uìvxowdw sulqflsdo gh fh sdudjudskh1
Srxu fhod/ vl X hvw xq yhfwhxu gh suredelolwì vxu i4> ===>pj/ rq qrwh lfl D�?�" +X, od

glvsrqlelolwì dv|pswrwltxh gx v|vwëph lqlwldo oruvtxh ohv uhgìpduudjhv dsuëv xqh uìsdudwlrq
vrqw frqwu÷oìv sdu oh yhfwhxu X =

D�?�" +X, @ 4
4 . d�?�" +X, dyhf d�?�" +X, @ XH� +U�hs,

XH� +W , +fi uhpdutxh 5=;,=

Wkìruëph 51< Vxssrvrqv txh o*rq dlw
D�?�" +G� , � D�?�" +G-, �@ D�?�"

� +K�,
hw D�?�" +�&, � D�?�" +G-, / srxu wrxw t . 4 � n �p/ +K2,

rü �& gìvljqh od pdvvh gh Gludf hq n +fh txl fruuhvsrqg ã ghv uhgìpduudjhv gdqv o*ìwdw
n,1

Doruv vl
H +P&, � H& +W ,� d�?�" +G-,� H& +U�hs, / srxu wrxw t . 4 � n �p/ +5157,

od srolwltxh gh pdlqwhqdqfh suìyhqwlyh dpìolruh od glvsrqlelolwì dv|pswrwltxh1

Uhpdutxh 5143 O*k|srwkëvh +K�, wudgxlw oh idlw txh ohv uhgìpduudjhv dsuëv xqh rsìudwlrq
gh pdlqwhqdqfh +frqwu÷oìv sdu oh yhfwhxu G�, grlyhqw íwuh dx prlqv dxvvl erqv tx*dsuëv
xqh uìsdudwlrq +frqwu÷oìv sdu oh yhfwhxu G-,1 Uhpdutxrqv txh +K�, hvw wrxmrxuv yudlh
oruvtxh G� @ G-/ fh txl hvw hq idlw dvvh} iuìtxhqw hq sudwltxh1

O*k|srwkëvh +K2, wudgxlw oh idlw txh ohv ìwdwv t . 4 ã p/ vxu ohvtxhov rq h�hfwxh ohv
rsìudwlrqv gh pdlqwhqdqfh/ grlyhqw íwuh �soxv gìjudgìv� txh o*ìwdw �pr|hq� gdqv ohtxho oh
v|vwëph uhgìpduuh dsuëv xqh uìsdudwlrq +frqwu÷oìv sdu G-,1

Uhpdutxrqv sdu dloohxuv tx*hq idlw/ lo q*hvw sdv lqglvshqvdeoh g*ìfuluh o*k|srwkëvh +K2,/
fdu hooh hvw lqfoxvh gdqv +5=57,1 Hq h�hw/ vl +5=57, hvw yudlh/ rq d qìfhvvdluhphqw H& +W ,�
d�?�" +G-, � H& +U�hs, � 3/ rx hqfruh d�?�" +�&, � d�?�" +G-,/ srxu wrxw t . 4 � n � p1
+K2, hvw grqf lqxwloh1 Qrxv dyrqv/ pdojuì wrxw/ suìiìuì o*ìfuluh fdu hooh shuphw gh plhx{
frpsuhqguh +5=57, hw ohv frqglwlrqv tx*hooh hqwudñqh srxu ohv ìwdwv t . 4 ã p1

Uhpdutxrqv hq�q txh ohv frqglwlrqv grqqìhv sdu oh wkìruëph 51< vrqw lqgìshqgdqwhv
ghv pdwulfhv e hw E/ hw sdu oã píph lqgìshqgdqwhv ghv orlv lqwhu0lqvshfwlrqv1 Hoohv vrqw
grqf wuëv idflohv ã yìul�hu1 Gh soxv/ oruvtx*hoohv vrqw yudlhv/ rq shxw doruv d!uphu txh od
srolwltxh gh pdlqwhqdqfh suìyhqwlyh dpìolruh od glvsrqlelolwì dv|pswrwltxh srxu q*lpsruwh
txhoohv orlv lqwhu0lqvshfwlrqv1

Gìprqvwudwlrq1 Hq xwlolvdqw oh ohpph 51:/ rq d lfl
d" � d�?�"

/
G�-H� +U�hs, .

�
G^
�-N .G63^

�- O
��

H +P�,63^ � H� +U�hs,63^
�

� (-H�E-�eR�
(-H�EA �

k
G�-H� +W ,�

�
G^
�-N .G63^

�- O
�
H� +W ,63^

l +5158,
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:5 Fkdslwuh 51 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh frqglwlrqqhooh
Prqwurqv wrxw g*derug txh o*k|srwkëvh +K�, hqwudlqh

G�-H� +U�hs, � G-H� +U�hs,
G-H� +W ,

�
G�-H� +W ,

�
+5159,

+f*hvw0ã0gluh D�?�" +G�-, � D�?�" +G-,,1
Hq uhpsodêdqw G�- sdu vd gì�qlwlrq +fi wkìruëph 516,/ rq d

+5=59,
/

�
G-H� +W ,

�
�
3
EC

+G�E +L6 � e, �46,
�
G-H� +U�hs,

�

.
�
G-Ee

� �3^
�463^

���
G�H� +U�hs,

�
4
FD

�
�
G-H� +U�hs,

�
�
3
EC

+G�E +L6 � e, �46,
�
G-H� +W ,

�

.
�
G-Ee

� �3^
�463^

���
G�H� +W ,

�
4
FD

/ �
G-H� +W ,

��
G-Ee

� �3^
�463^

���
G�H� +U�hs,

�

�
�
G-H� +U�hs,

��
G-Ee

� �3^
�463^

���
G�H� +W ,

�
/

hq gìyhorssdqw hw hq vlpsol�dqw1
Sdu dloohxuv/ qrxv dyrqv gìmã yx txh

�
G-Ee

� �3^
�463^

��
� 3 +fi gìprqvwudwlrq gx

wkìruëph 516/ srlqw 8,1
+5=59, hvw grqf yudlh gëv txh

�
G-H� +W ,

��
G�H� +U�hs,

�
�
�
G-H� +U�hs,

��
G�H� +W ,

�
/

fh txl hvw ìtxlydohqw ã +K�,1
+5=59, hvw grqf elhq yìul�ìh vrxv +K�,1
Hq xwlolvdqw +5=58, hw +5=59,/ lo hvw doruv idfloh gh yrlu txh/ srxu dyrlu d" � d�?�" / lo hvw

vx!vdqw g*dyrlu
�
G^
�-N .G63^

�- O
��

H +P�,63^ � H� +U�hs,63^
�

� �G-H� +U�hs,
G-H� +W ,

k�
G^
�-N .G63^

�- O
�
H� +W ,63^

l

f*hvw0ã0gluh
�
G^
�-N .G63^

�- O
��

H +P�,63^ � H� +U�hs,63^
�
� �d�?�"

k�
G^
�-N .G63^

�- O
�
H� +W ,63^

l
1

Fhwwh lqìjdolwì shxw dxvvl v*ìfuluh
�
G^
�-N .G63^

�- O
��

H +P�,63^ � H� +U�hs,63^ . d�?�" � H� +W ,63^
�
� 31 +515:,

Frpph
�
G^
�-N .G63^

�- O
�
hvw xq yhfwhxu ã frh!flhqwv srvlwliv/ +5=5:, hvw doruv yudlh
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gëv txh H +P�,63^�H� +U�hs,63^.d�?�" �H� +W ,63^ hvw xq yhfwhxu ã frrugrqqìhv qìjdwlyhv/
rx hqfruh/ fh txl hvw ìtxlydohqw/ gëv txh +5=57, hvw yudlh1 Rq hq gìgxlw txh d" � d�?�" gëv
txh +5=57, hvw yudlh1

Qrxv dyrqv pdlqwhqdqw ã qrwuh glvsrvlwlrq xqh frqglwlrq vx!vdqwh vrxv odtxhooh qrxv
vdyrqv txh od srolwltxh gh pdlqwhqdqfh suìyhqwlyh dpìolruh od glvsrqlelolwì dv|pswrwltxh1
Hq sduwlfxolhu/ qrxv glvsrvrqv gh eruqhv vxsìulhxuhv srxu ohv gxuìhv pr|hqqhv ghv rsìud0
wlrqv gh pdlqwhqdqfh srxu tx*lo hq vrlw dlqvl1 Fhv eruqhv vrqw whvwìhv qxpìultxhphqw gdqv
ohv h{hpsohv gx sdudjudskh 517171

51716 Rswlplvdwlrq gh od srolwltxh gh pdlqwhqdqfh
Qrxv qrxv lqwìuhvvrqv pdlqwhqdqw ã o*rswlplvdwlrq gh od srolwltxh gh pdlqwhqdqfh1
Udsshorqv wrxw g*derug txh od srolwltxh gh pdlqwhqdqfh suìyhqwlyh ìwxglìh lfl gìshqg

gh txdwuh w|shv gh sdudpëwuhv =
� o*hqwlhu t/ txl suìflvh ohv ìwdwv vxu ohvtxhov rq h�hfwxh xqh rsìudwlrq gh pdlqwhqdqfh

suìyhqwlyh/
� ohv orlv ghv gxuìhv gh pdlqwhqdqfh/
� od orl gh uhgìpduudjh G� dsuëv xqh rsìudwlrq gh pdlqwhqdqfh/
� ohv orlv ghv lqwhuydoohv lqwhu0lqvshfwlrqv1
Rswlplvhu od srolwltxh gh pdlqwhqdqfh vljql�h grqf d sulrul o*rswlplvhu uhodwlyhphqw ã

fkdfxq gh fhv sdudpëwuhv1
Srxu oh suhplhu w|sh gh sdudpëwuh/ f*hvw0ã0gluh o*hqwlhu t/ qrxv qrxv frqwhqwrqv gh idluh

xqh rswlplvdwlrq qxpìultxh vxu txhotxhv h{hpsohv dx sdudjudskh 517171
Srxu oh ghx{lëph w|sh gh sdudpëwuh/ f*hvw0ã0gluh ohv orlv ghv gxuìhv gh pdlqwhqdqfh/

lo hvw idfloh gh yrlu vxu od irupxoh +5=49,/ txh od glvsrqlelolwì dv|pswrwltxh qh gìshqg txh
gh ohxuv pr|hqqhv hw txh/ frpph rq srxydlw v*| dwwhqguh/ f*hvw xqh irqfwlrq gìfurlvvdqwh
uhodwlyhphqw ã fkdfxqh gh fhv pr|hqqhv H +P�, srxu t.4 � l �p1 Rswlplvhu uhodwlyhphqw
dx{ orlv ghv gxuìhv gh pdlqwhqdqfh uhylhqw grqf vlpsohphqw ã gluh txh oh plhx{ hvw
g*h�hfwxhu ohv rsìudwlrqv gh pdlqwhqdqfh oh soxv udslghphqw srvvleoh111

Hq fh txl frqfhuqh oh wurlvlëph w|sh gh sdudpëwuh/ f*hvw0ã0gluh od orl gh uhgìpduudjh
G� dsuëv xqh rsìudwlrq gh pdlqwhqdqfh/ lo srxuudlw íwuh lqwìuhvvdqw gh uhfkhufkhu od orl
rswlpdoh txl rswlplvh od glvsrqlelolwì dv|pswrwltxh1 Fh w|sh gh wudydlo d gìmã ìwì h�hfwxì
gdqv oh suhplhu fkdslwuh srxu oh v|vwëph vdqv pdlqwhqdqfh/ o*rswlplvdwlrq ìwdqw doruv idlwh
sdu udssruw ã G-1 Hwdqw grqqì od frpsoh{lwì gh o*ìwxgh srxu oh v|vwëph vdqv pdlqwhqdqfh
suìyhqwlyh/ lo qh sdudñw jxëuh udlvrqqdeoh g*hvsìuhu rewhqlu lfl ghv uìvxowdwv h{sorlwdeohv
srxu oh v|vwëph pdlqwhqx1 F*hvw srxutxrl qrxv q*derugrqv sdv fh sureoëph1

Hq�q/ lo qrxv uhvwh ã ìwxglhu o*rswlplvdwlrq vhorq oh txdwulëph w|sh gh sdudpëwuh/ ã
vdyrlu ohv orlv ghv lqwhuydoohv lqwhu0lqvshfwlrqv ��/ �2/ 111/ �61 F*hvw o*remhw sulqflsdo gh fh
sdudjudskh1 Qrxv gìprqwurqv lfl txh/ pr|hqqdqw txhotxhv k|srwkëvhv vxssoìphqwdluhv/
rq shxw uhvwuhlqguh o*rswlplvdwlrq dx{ lqwhuydoohv lqwhu0lqvshfwlrqv gh w|sh
gìwhuplqlvwh +yrlu wkìruëph 5144 fl0ghvvrxv srxu soxv gh gìwdlov,1

Qrwrqv txh fh w|sh gh uìvxowdw dydlw gìmã ìwì revhuyì dxsdudydqw ã glyhuvhv uhsulvhv/ hw
fhod gëv ohv wudydx{ gh Eduorz hw Survfkdq +fi ^9`,1 Uhpdutxrqv g*dloohxuv txh fh uìvxowdw
hvw wrxw ã idlw wulyldo oruvtxh od glvsrqlelolwì dv|pswrwltxh +rx/ gh idêrq soxv jìqìudoh/ oh
fulwëuh ã rswlplvhu, qh gìshqg txh ghv pr|hqqhv ghv yduldeohv lqwhu0lqvshfwlrqv1 Lo ghylhqw/
hq uhydqfkh/ ehdxfrxs soxv gl!floh ã gìprqwuhu gdqv oh fdv g*xqh srolwltxh gh pdlqwhqdqfh
olìh ã o*ìyroxwlrq gx v|vwëph frpph od q÷wuh1
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:7 Fkdslwuh 51 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh frqglwlrqqhooh
Hq fh txl frqfhuqh oh prgëoh suìvhqwì lfl/ F1 Frfr}}d0Wklyhqw dydlw gìmã revhuyì qxpì0

ultxhphqw vxu txhotxhv h{hpsohv txh ohv lqwhuydoohv lqwhu0lqvshfwlrqv rswlpdx{ vhpeodlhqw
gh w|sh gìwhuplqlvwh +oh fulwëuh xwlolvì ìwdqw doruv oh frþw pr|hq dv|pswrwltxh/ fi ^53`,1
Qrwrqv txh ohv pìwkrghv tx*hooh xwlolvh qh oxl shuphwwhqw gh frqvlgìuhu txh ghv orlv lqwhu0
lqvshfwlrqv d|dqw ghv ghqvlwìv sdu udssruw ã od phvxuh gh Ohehvjxh/ gh vruwh txh ohv orlv
gìwhuplqlvwhv qh uhqwuhqw sdv gdqv oh fdguh gh vrq prgëoh1 Hoohv vrqw hq idlw rewhqxhv
qxpìultxhphqw frpph orlv olplwhv gh orlv JDPPD/ oruv gh od surfìgxuh g*rswlplvdwlrq1
Od pìwkrgh xwlolvìh lfl q*lpsrvh/ txdqw ã hooh/ dxfxqh uhvwulfwlrq frqfhuqdqw ohv orlv ghv
yduldeohv lqwhu0lqvshfwlrqv1

Hqrqêrqv pdlqwhqdqw qrwuh uìvxowdw1
D�q gh suìflvhu od gìshqgdqfh gh D" hw gh d" sdu udssruw dx{ gl�ìuhqwhv orlv lqwhu0

lqvshfwlrqv/ qrxv ohv qrwrqv lfl hqwuh sduhqwkëvhv1 Rq qrwh dlqvl D" +��> �2> ===> �6, dx olhx
gh D" txdqg ohv orlv lqwhu0lqvshfwlrqv vrqw ��/ �2/ 111/ �61Rq udsshooh txh D�?�" gìvljqh od glvsrqlelolwì dv|pswrwltxh gx v|vwëph lqlwldo1
Wkìruëph 5144 Gdqv oh fdv rü G� @ G- @?J|�e G hw rü �D^c^ hvw wuldqjxodluh vxsìulhxuh =

41
�Lo h{lvwh �f�> �f2> ===> �f6 whoohv txh D" ��f�> �f2> ===> �f6

� A D�?�"
� +K,

p �Lo h{lvwh ff�> ff2> ===> ff6 whov txhD" ��fS� > �fS2 > ===> �fS6
� A D�?�"

� +K �,
51 Vrxv o*k|srwkëvh +K, rx +K �,/ lo h{lvwh fJ^|� / fJR|2 / 111/ fJR|6 whov txh

D"
�
�SJR|�

> �SJR|2
> ===> �SJR|6

�
� D" +��> �2> ===> �6, / srxu wrxwhv orlv ��> �2> ===> �61

Uhpdutxh 5145 Lo duulyh iuìtxhpphqw txh o*rq qh sxlvvh uìsduhu ohv frpsrvdqwv shq0
gdqw txh oh v|vwëph irqfwlrqqh1 Sdu dloohxuv/ píph oruvtxh f*hvw srvvleoh/ lo hvw uduh tx*rq
sxlvvh oh idluh dyhf ghv wdx{ gh uìsdudwlrq frqvwdqwv1 Fhod vljql�h tx*xqh prgìolvdwlrq
pdunrylhqqh gh o*ìyroxwlrq gx v|vwëph hq pdufkh frpph od q÷wuh v*dssoltxh sulqflsdoh0
phqw dx fdv g*xq v|vwëph irupì gh frpsrvdqwv qrq uìsdudeohv shqgdqw txh oh v|vwëph
irqfwlrqqh1 Txlwwh ã uìrugrqqhu ohv ìwdwv sdu ruguh gh gìjudgdwlrq furlvvdqwh/ rq qh shug
grqf jxëuh hq jìqìudolwì ã vxssrvhu txh od pdwulfh D� +hw grqf �D^c^, hvw wuldqjxodluh
vxsìulhxuh1 O*k|srwkëvh � �D^c^ hvw wuldqjxodluh vxsìulhxuh� q*hvw grqf sdv wuëv uhvwulfwlyh1

Hq fh txl frqfhuqh qrwuh ghx{lëph k|srwkëvh/ ã vdyrlu G� @ G-/ hooh vljql�h txh o*rq
uhgìpduuh gdqv xq ìwdw gh pdufkh grqqì dyhf od píph suredelolwì dsuëv xqh uìsdudwlrq rx
xqh rsìudwlrq gh pdlqwhqdqfh1 Hooh shxw vhpeohu uhvwulfwlyh dx suhplhu derug1 Hq sudwltxh/
oruvtxh o*rq v*lqwìuhvvh ã od glvsrqlelolwì dv|pswrwltxh/ fh txl gl�ìuhqflh xqh uìsdudwlrq
g*xqh rsìudwlrq gh pdlqwhqdqfh/ f*hvw sulqflsdohphqw ghx{ fkrvhv = g*xqh sduw/ oh whpsv
g*dwwhqwh gh o*ìtxlsh gh uìsdudwhxuv dx prphqw rü o*rq frqvwdwh txh o*rq hq d ehvrlq1 +D
sulrul/ oruv g*xqh sdqqh/ hooh q*hvw sdv suìvhqwh/ doruv txh o*rq shxw lpdjlqhu txh fh vrlw
xq uìsdudwhxu txl lqvshfwh oh v|vwëph,1 G*dxwuh sduw/ oh whpsv qìfhvvdluh dx uhgìpduudjh
gx v|vwëph/ txl shxw íwuh ehdxfrxs soxv orqj dsuëv xqh sdqqh tx*dsuëv xqh rsìudwlrq gh
pdlqwhqdqfh1 Hq uhydqfkh/ rq shxw wrxw ã idlw lpdjlqhu txh o*rq uìsduh oh v|vwëph gh od
píph idêrq shqgdqw xqh uìsdudwlrq rx xqh rsìudwlrq gh pdlqwhqdqfh1 Hq g*dxwuhv whuphv/
rq shxw wrxw ã idlw lpdjlqhu txh G� @ G-1
Gìprqvwudwlrq1

Rq prqwuh wrxw g*derug txh od frqfoxvlrq gx ghx{lëph srlqw hvw ydolgh vrxv o*k|srwkëvh
+K �,1
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Rq vxssrvh grqf +K �, yudlh1
Rq d fodluhphqw

olpS�cS2c���cS6<n"D" +�S� > �S2 > ===> �S6, @ D�?�"

hw
olpS�cS2c���cS6<f D" +�S� > �S2 > ===> �S6, @ 31

G*dsuëv +K �,/ rq hq gìgxlw txh od eruqh vxsìulhxuh ghv D" +�S� > �S2> ===> �S6, srxu
+f�> f2> ===> f6, gìfulydqw �UWn

�6 hvw hq idlw od eruqh vxsìulhxuh ghv D" +�S� > �S2 > ===> �S6,
srxu +f�> f2> ===> f6, gìfulydqw xq frpsdfw gh �UWn

�61 Lo h{lvwh grqf
�
fJR|� > fJR|2 > ===> fJR|6

�
who

txh
D"

�
�SJR|�

> �SJR|2
> ===> �SJR|6

�
� D" +�S� > �S2 > ===> �S6, / +515;,

srxu wrxv f�> f2> ===> f6 A 31

Qrwrqv DJR|" @ D"
�
�SJR|�

> �SJR|2
> ===> �SJR|6

�
hw S� od sursulìwì vxlydqwh/ srxu 3 � l �p =

+S�,
� DJR|" � D" ��S� > �S2> ===> �S� > ��n�> ===> �6

� /
srxu wrxv f�/ 111/ f� A 3/ ��n�/ 111/ �6 orlv txhofrqtxhv1

G*dsuëv +5=5;,/ S6 hvw yudlh1 Qrwuh sureoëph hvw gh prqwuhu txh Sf hvw yudlh1
Hwxglrqv od iruph gh o*lqìjdolwì lqwhuyhqdqw gdqv S�/ srxu 3 � l �p1

DJR|" � D" ��S� > �S2> ===> �S� > ��n�> ===> �6
�

/ dJR|" � d" ��S� > �S2 > ===> �S� > ��n�> ===> �6
�

/ dJR|" �
GE

�
+L6 � e, jD2H +U�, . eH +P�,

�

GE +L6 � e, j�46 +fi wkìruëph 517 hw ¢5171415,
/ dJR|" GE +L6 � e, j�46 � GE +L6 � e, jD2H +U�, .GEeH +P�,
/ dJR|" GE +L6 � e, j�46 � GE +L6 � e, jD2H +U�, .GE +�L6 . e. L6,H +P�,
/ GE +L6 � e,

�
dJR|" j�46 � jD2H +U�, . H +P�,

�
� GEH +P�,1 +515<,

Gh soxv/

E +L6 � e, @
� L^ �N

�363^c^ ��e63^c^N . L63^ � �e63^c63^
�

+fi +5=4<, ,

rü rq udsshooh txh
N @ �L^ � �e^c^�3� �e^c63^1

D�q gh elhq frpsuhqguh od gìshqgdqfh gh +5=5<, uhodwlyhphqw dx{ orlv ��/ �2/ 111/ �6/
rq qrwh pdlqwhqdqw +�,&c? wrxwh pdwulfh g*ruguh +n> q, lqgìshqgdqwh gh ��/ �2/ 111/ �61 Gh
soxv/ oh v|peroh ' vljql�h lfl �ìtxlydohqw ã xqh h{suhvvlrq gh od iruph�1
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Rq rewlhqw =

DJR|" � D" ��S� > �S2> ===> �S� > ��n�> ===> �6
�

'

5
9997

�
+�,�c^ > +�,�c63^

�� L^ �N
�363^c^ ��e63^c^N . L63^ � �e63^c63^

�
+�,6c�

�
�
+�,�c^ > +�,�c63^

�# �L^ � �e^c^�3� �3^c63^
�e63^c^ �L^ � �e^c^�3� L63^

$� �3^
+�,63^c�

�

6
:::8

'

5
997

k
+�,�c^ >

�
+�,�c^ . +�,�c63^ �e63^c^

�
N . +�,�c63^ . +�,�c63^ �e63^c63^

l� +�,^c�
+�,63^c�

�

�
�
+�,�c^ > +�,�c63^

�� �3^
+�,63^c�

�
6
::8

' +�,�c� .
k
+�,�c^ . +�,�c63^ �e63^c^

l
N +�,63^c� . +�,�c� . +�,�c63^ �e63^c63^ +�,63^c� � +�,�c�

'
k
+�,�c^ . +�,�c63^ �e63^c^

l
N +�,63^c� . +�,�c63^ �e63^c63^ +�,63^c� � +�,�c� +5163,

Rq udsshooh sdu dloohxuv txh N @ �L^ � �e^c^�3� �e^c63^ qh gìshqg txh ghv orlv ��/ �2/ 111/�^ wdqglv txh �e63^c^ hw �e63^c63^ qh gìshqghqw txh ghv orlv �^n�/ 111/ �6 +fi uhpdutxh
51;,1

Uììfulyrqv doruv o*lqìjdolwì gh S6 +txl hvw yudlh sdu k|srwkëvh, hq suìflvdqw hqwuh
sduhqwkëvhv od gìshqgdqfh ghv gl�ìuhqwhv pdwulfhv dyhf �S� > �S2 > ===> �S6 =
DJR|" � D" +�S�> �S2 > ===> �S6,

'
% k

+�,�c^ . +�,�c63^ �e63^c^ ��S^n� > �S2> ===> �S6
�lN ��S�> �S2 > ===> �S^

� +�,63^c�
.+�,�c63^ �e63^c63^ ��S^n� > �S2 > ===> �S6

� +�,63^c�
&
� +�,�c� 1

Hq lqwìjudqw fhwwh lqìjdolwì sdu udssruw dx{ orlv +txhofrqtxhv, �^n�/ 111/ �6/ rq yrlw
lppìgldwhphqw txh S^ hvw yudlh1

Prqwurqv pdlqwhqdqw txh S� hvw yudlh srxu 3 � l � t sdu uìfxuuhqfh ghvfhqgdqwh1
Vxssrvrqv S� yudlh srxu xq 4 � l � t1 Lo v*djlw grqf gh prqwuhu txh S�3� hvw yudlh1
Qrwrqv [&c? wrxwh pdwulfh g*ruguh +n> q, lqgìshqgdqwh gh f� +n> q 5 QW,1
G*dsuëv +5=63,/ od sursulìwì S� hvw ìtxlydohqwh ã xqh lqìjdolwì gh od iruph =

[�c^N ��S� > �S2 > ===> �S� > ��n�> ===> �^
�[63^c� � [�c�/

srxu wrxw ��S� > �S2 > ===> �S� > ��n�> ===> �^
�1

Lo qrxv idxw prqwuhu txh o*rq shxw lqwìjuhu fhwwh lqìjdolwì sdu udssruw ã f�1 Srxu fhod/
rq ìwxglh od gìshqgdqfh gh N ��S�> �S2 > ===> �S� > ��n�> ===> �^

� sdu udssruw ã od l
e6e oljqh gh e1
Udsshorqv tx*dyhf ohv k|srwkëvhv sulvhv lfl + �D^c^ wuldqjxodluh vxsìulhxuh,/ sxlvtxh 4 �

l � t/ L^ � �e^c^ hvw gh od iruph

L^ � �e^c^ @
� L� � �e�c� ��e�c^3�

�3^3�c� L^3� � �e^3�c^3�
�
/

rü �e�c�/ �e�c^3� hw �e^3�c^3� gìvljqhqw ohv pdwulfhv h{wudlwhv gh �e^c^ gì�qlhv gh od idêrq vxlydqwh =
�e^c^ @

� �e�c� �e�c^3��e^3�c� @ �3^3�c� �e^3�c^3�
�
1
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517 Glvsrqlelolwì dv|pswrwltxh ::
Rq hq gìgxlw txh �L^ � �e^c^�3� shxw v*ìfuluh

�L^ � �e^c^�3� @
# �L� � �e�c��3� �L� � �e�c��3� �e�c^3� �L^3� � �e^3�c^3��3�

�3^3�c� �L^3� � �e^3�c^3��3�
$
/

dyhf L� � �e�c� �

3
EEEEC [�3�c�3� [�3�c�

3 111 3 4� e�c�

4
FFFFD /

rü � vljql�h �hvw ìjdo ã xqh h{suhvvlrq gh od iruph� hw [�3�c�3� hvw wuldqjxodluh vxsìulhxuh1

Rq udsshooh txh e�c� 9@ 4 fdu i4> ===>pj hvw qrq devruedqw/ gh vruwh txh �L� � �e�c��3� hvw
gh od iruph

�L� � �e�c��3� �
�
[�c�3�> 4

4� e�c�[
�c�
�
1

Rq d grqf
�L^ � �e^c^�3�

�
3
C
�
[�c�3�> �

�3K�c�[�c�� �
[�c�3�> �

�3K�c�[�c��
� [�3�c^3�

+e�c�> e�c2> ===> e�c^3�,
�
[^3�c^3�

�3^3�c� [^3�c^3�

4
D

�
# �

[�c�3�> �
�3K�c�[�c�

�
[�c^3� . �

�3K�c�[�c� +e�c�> e�c2> ===> e�c^3�,[^3�c^3�
�3^3�c� [^3�c^3�

$
/

hw N hvw gh od iruph

N �
# �

[�c�3�> ��3K�c�[�c�
�

[�c^3� . ��3K�c�[�c� +e�c�> e�c2> ===> e�c^3�,[^3�c^3�
�3^3�c� [^3�c^3�

$
� �e^c63^

�
# �

[�c�3�> ��3K�c�[�c�
�

[�c^3� . ��3K�c�[�c� +e�c�> e�c2> ===> e�c^3�,[^3�c^3�
�3^3�c� [^3�c^3�

$

�
3
C

[�3�c�
+e�c�> e�c2> ===> e�c�,

[�3�c63^3�
+e�c�n�> e�c�n2> ===> e�c63^,�3^3�c� [^3�c63^3�

4
D

�
3
EC [�c� . ��3K�c�[�c� +e�c�> e�c2> ===> e�c�, [�c63^3� . ��3K�c�[�c� +e�c�n�> e�c�n2> ===> e�c63^,

. ��3K�c�[�c� +e�c�> e�c2> ===> e�c^3�,[^3�c63^3�
�3^3�c� [^3�c63^3�

4
FD
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:; Fkdslwuh 51 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh frqglwlrqqhooh
Rq hq gìgxlw txh S� hvw ìtxlydohqwh ã xqh lqìjdolwì gh od iruph =

[�c^
3
C

+4� e�c�,[�c�
.[�c� +e�c�> e�c2> ===> e�c�,

+4� e�c�,[�c63^3� .[�c� +e�c�n�> e�c�n2> ===> e�c63^,
.[�c� +e�c�> e�c2> ===> e�c^3�,[^3�c63^3�

�3^3�c� +4� e�c�,[^3�c63^3�

4
D[63^c�

� +4� e�c�,[�c�/
rü e�c� @ S� +[S� @ m,/ srxu wrxw m 5 i4> ===>pj1

Hq lqwìjudqw fhwwh lqìjdolwì sdu udssruw ã f� vhorq od orl txhofrqtxh ��/ rq rewlhqw od
píph lqìjdolwì hq uhpsodêdqw e�c� sdu S� +[7� @ m,/ rü V�@[f @ l d srxu orl ��1

Hq g*dxwuhv whuphv/ S�3� hvw yudlh1 Sf hvw grqf yudlh1
Rq d grqf gìprqwuì txh od frqfoxvlrq gx ghx{lëph srlqw hvw ydolgh vrxv o*k|srwkëvh

+K �,1
Rq gìprqwuh gh od píph idêrq txh/ vl/ srxu wrxv f�/ f2/ 111/ f6 A 3/ rq d

D" +�S�> �S2 > ===> �S6, � D�?�" /
rq d doruv

D" +��> �2> ===> �6, � D�?�" / srxu wrxwhv orlv ��> �2> ===> �61
Hq suhqdqw od frqwudsrvìh/ rq rewlhqw txh +K, hqwudlqh +K �,1

Od uìflsurtxh ìwdqw wulyldoh/ lo | d grqf ìtxlydohqfh hqwuh o*k|srwkëvh +K, hw o*k|srwkëvh
+K �,1

Qrxv vdyrqv pdlqwhqdqw txh/ pr|hqqdqw txhotxhv frqglwlrqv/ rq shxw uhvwuhlqguh o*rs0
wlplvdwlrq gh od srolwltxh gh pdlqwhqdqfh uhodwlyhphqw dx{ orlv lqwhu0lqvshfwlrqv dx{ orlv
gh w|sh gìwhuplqlvwh1 Fh uìvxowdw hvw elhq vþu wuëv xwloh/ wdqw g*xq srlqw gh yxh wkìrultxh
txh sudwltxh1 Hq h�hw/ g*xq srlqw gh yxh wkìrultxh/ lo hvw ehdxfrxs soxv idfloh gh uhfkhufkhu
ohv orlv rswlpdohv sdupl ohv orlv gìwhuplqlvwhv1 G*dxwuh sduw/ g*xq srlqw gh yxh sudwltxh/
lo hvw ehdxfrxs soxv vlpsoh/ srxu o*ìtxlsh gh pdlqwhqdqfh/ gh vdyrlu tx*lo oxl idxw yhqlu
lqvshfwhu oh v|vwëph ã who lqvwdqw soxw÷w tx*ã xq lqvwdqw doìdwrluh vxlydqw whooh orl +píph
vl/ hq sudwltxh/ lo shxw | dyrlu gh shwlwhv  xfwxdwlrqv dxwrxu ghv lqvwdqwv g*lqvshfwlrqv,1

Qrxv sdvvrqv pdlqwhqdqw ã o*ìwxgh gh txhotxhv h{hpsohv1

51717 H{hpsohv
Srxu fkdfxq ghv wurlv h{hpsohv ìwxglìv lfl/ qrxv whvwrqv wrxw g*derug o*rssruwxqlwì gh

sudwltxhu od srolwltxh gh pdlqwhqdqfh suìyhqwlyh ã o*dlgh gx wkìruëph 51< +ohv k|srwkëvhv
+K�, hw +K2, vrqw lfl wrxmrxuv yìul�ìhv,1 Srxu fhod/ rq srvh { +l, @ H� +W , � d�?�" +G-, �
H� +U�hs, srxu wrxw 5 � l � p1 Qrxv vdyrqv doruv/ g*dsuëv oh wkìruëph 51< txh/ vl
H +P�, � { +l, srxu wrxw t . 4 � l �p +dyhf 4 � t � q� 5,/ od srolwltxh gh pdlqwhqdqfh
suìyhqwlyh dpìolruh h�hfwlyhphqw od glvsrqlelolwì dv|pswrwltxh/ hw fhod srxu q*lpsruwh
txhoohv orlv lqwhu0lqvshfwlrqv +fi uhpdutxh 5143,1 Hq uhydqfkh/ v*lo h{lvwh t . 4 � l � p
who txh H +P�, A { +l,/ oh wkìruëph 51< qh shuphw sdv gh frqfoxuh1 Qrxv uhfkhufkrqv
doruv od glvsrqlelolwì dv|pswrwltxh gx v|vwëph pdlqwhqx rswlpdoh hw qrxv od frpsdurqv
dyhf fhooh gx v|vwëph lqlwldo1

Uhpdutxrqv txh/ gdqv ohv gl�ìuhqwv h{hpsohv txh qrxv ìwxglrqv lfl/ ohv orlv gh uhgì0
pduudjhv G� hw G- vrqw sruwìhv sdu i4> ===> tj1 G*dsuëv od uhpdutxh 51;/ od glvsrqlelolwì
dv|pswrwltxh qh gìshqg doruv txh ghv orlv lqwhu0lqvshfwlrqv ��/ �2/ 111/ �^1 O*rswlplvdwlrq
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517 Glvsrqlelolwì dv|pswrwltxh :<
qh vh idlw grqf txh vxu fhv orlv1 Hq fh txl frqfhuqh fhwwh rswlplvdwlrq/ qrxv qrxv olpl0
wrqv dx{ orlv gìwhuplqlvwhv oruvtxh f*hvw srvvleoh/ f*hvw0ã0gluh oruvtxh ohv k|srwkëvhv gx
wkìruëph 5144 vrqw yìul�ìhv1 Oruvtxh fh q*hvw sdv oh fdv/ lo qrxv idxw frqvlgìuhu ghv orlv
lqwhu0lqvshfwlrqv gh w|sh jìqìudo1 Frpph rq qh shxw sdv uhjdughu wrxwhv ohv orlv srvvleohv/
rq d fkrlvl xqh idplooh uhodwlyhphqw ulfkh/ ã vdyrlu ohv orlv JDPPD1 Rq d dlqvl fdofxoì od
glvsrqlelolwì dv|pswrwltxh srxu fh w|sh gh orlv hw rq d fkhufkì/ ã o*dlgh ghv urxwlqhv g*rs0
wlplvdwlrq qxpìultxh lpsoìphqwìhv gdqv PDWODE/ txhov ìwdlhqw ohv phloohxuv sdudpëwuhv
gh fhv orlv1

H{hpsoh 5146 Rq frqvlgëuh xq v|vwëph gh w|sh �n vxu q� frpsrvì gh q frpsrvdqwv
lghqwltxhv hw lqgìshqgdqwv/ qrq uìsdudeohv wdqw txh oh v|vwëph irqfwlrqqh/ gh wdx{ gh
gìidloodqfh frqvwdqw � +fi 4161814 srxu od ghvfulswlrq g*xq who v|vwëph/ ohv qrwdwlrqv hw od
iruph gh D�,1

Ohv lqvshfwlrqv qh grqqdqw sdv olhx ã xqh pdlqwhqdqfh vh irqw vxu ohv ìwdwv 4 ã t/ rü
t ydulh gh 4 ã p � 41 +Rq udsshooh txh p @ q � n . 4,1 Oh v|vwëph hvw dx gìsduw gdqv
o*ìwdw gh pdufkh sduidlwh 4/ hw xqh uìsdudwlrq rx xqh rsìudwlrq gh pdlqwhqdqfh uhphwwhqw
oh v|vwëph gdqv o*ìwdw 41

Srxu fdofxohu od glvsrqlelolwì dv|pswrwltxh gx v|vwëph pdlqwhqx/ rq shxw xwlolvhu ghx{
ghv uhpdutxhv vlpsol�fdwulfhv gx sdudjudskh 51714151 Hq h�hw/ g*xqh sduw qrxv vrpphv
gdqv oh fdv rü G� @ G- @ G @ +4> 3===> 3,1 G*dxwuh sduw/ lo q*| d lfl tx*xq vhxo ìwdw gh
sdqqh +fi fdv rü H +U6n&, @ H +U, srxu wrxw 4 � n � s,1 Od glvsrqlelolwì dv|pswrwltxh
v*ìfulw doruv

D" @ 4
4 . d"

dyhf

d" @
GE

�
H +U, +L6 � e, �46 . eH +P�,

�

GE +L6 � e, j�46 1

Qxpìultxhphqw/ qrxv suhqrqv ohv píphv ydohxuv qxpìultxhv txh F1 Frfr}}d0Wklyhqw
gdqv ^53`/ f*hvw0ã0gluh

n @ 5/ � @ 4/ H +U, @ 4
83 /

H +P�, @ m
4333 / srxu wrxw t . 4 � m �p1

+Qrxv dyrqv g*dloohxuv frpsduì qrv uìvxowdwv qxpìultxhv txl vrqw lghqwltxhv,1
Qrxv frpphqêrqv sdu whvwhu o*rssruwxqlwì gh sudwltxhu od srolwltxh gh pdlqwhqdqfh

suìyhqwlyh ã o*dlgh gx wkìruëph 51<1
O*k|srwkëvh +K�, hvw lfl yìul�ìh +sxlvtxh G� @ G-,1 Gh soxv/ +K2, hvw yudlh fdu

D�?�" +��, � D�?�" +G-,/ srxu wrxv t.4 � l �p @ q� 4 hw 4 � t � q� 5/ f*hvw0ã0gluh srxu
wrxw 5 � l � q� 41 Oh wdeohdx 514 grqqh doruv ohv ydohxuv gh { +l, @ H� +W ,�d�?�" +G-,�
H� +U�hs, hw gh H +P�, srxu 5 � l � q� 41
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;3 Fkdslwuh 51 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh frqglwlrqqhooh

qql 5 6 7 8 9 : ;
6 { +l, 3133;

H +P�, 31335
7 { +l, 313379 31343;

H +P�, 31335 31336
8 { +l, 313364 3133:3 313455

H +P�, 31335 31336 31337
9 { +l, 313356 313384 3133;8 313464

H +P�, 31335 31336 31337 31338
: { +l, 31334; 31336< 313397 3133<8 31346:

H +P�, 31335 31336 31337 31338 31339
; { +l, 313348 313364 313384 3133:7 313436 313475

H +P�, 31335 31336 31337 31338 31339 3133:
< { +l, 313345 313359 313374 313393 3133;5 31343< 313478

H +P�, 31335 31336 31337 31338 31339 3133: 3133;
Wdeohdx 5141 H{ 51461 Whvw gh o*dssruw gh od pdlqwhqdqfh +glvsrqlelolwì,

G*dsuëv fh wdeohdx/ rq shxw g*ruhv hw gìmã d!uphu txh od srolwltxh gh pdlqwhqdqfh
suìyhqwlyh dpìolruh od glvsrqlelolwì dv|pswrwltxh srxu 6 � q � 9 hw t txhofrqtxh/ srxu
: � q � ; hw t � 6/ srxu q @ < hw t � 7/ hw fhod srxu q*lpsruwh txhoohv orlv lqwhu0
lqvshfwlrqv1 Gdqv ohv dxwuhv fdv +ohv fdv hq judv,/ rq qh shxw frqfoxuh vdqv uhjdughu od
glvsrqlelolwì dv|pswrwltxh1

Qrxv uhfkhufkrqv doruv od glvsrqlelolwì dv|pswrwltxh rswlpdoh1 Ohv k|srwkëvhv gx wkìr0
uëph 5144 ìwdqw lfl yìul�ìhv +G� @ G- hw D� wuldqjxodluh vxsìulhxuh,/ qrxv qrxv
frqwhqwrqv g*ìwxglhu ohv srolwltxhv gh pdlqwhqdqfh suìyhqwlyhv fruuhvsrqgdqw ã ghv orlv
lqwhu0lqvshfwlrqv gh w|sh gìwhuplqlvwh1

Srxu fkdtxh ydohxu gh q/ oh wdeohdx 515 fl0ghvvrxv grqqh od glvsrqlelolwì dv|pswrwltxh
gx v|vwëph lqlwldo D�?�" hw srxu fkdtxh ydohxu gh 4 � t � q� 5/ od glvsrqlelolwì dv|pswr0
wltxh rswlpdoh gx v|vwëph pdlqwhqx DJR|" dlqvl txh vrq dujxphqw

�
fJR|� > fJR|2 > ===> fJR|^

�
/ hq

lwdoltxhv/ mxvwh hq0ghvvrxv1

Rq qh grqqh sdv wrxwhv ohv ydohxuv gh
�
fJR|� > fJR|2 > ===> fJR|^

�
fdu ohv yduldwlrqv gh od glv0

srqlelolwì dv|pswrwltxh vrqw sduirlv wuëv idleohv dxwrxu gh vrq pd{lpxp/ gh vruwh tx*xqh
wuëv judqgh sodjh gh �UWn

�^ grqqh od píph glvsrqlelolwì dv|pswrwltxh1 +Fhod vljql�h txh
gh shwlwhv  xfwxdwlrqv dxwrxu ghv lqvwdqwv g*lqvshfwlrqv q*rqw hq idlw jxëuh g*lpsruwdqfh,1
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q D�?�" t @ 4 t @ 5 t @ 6 t @ 7 t @ 8 t @ 9 t @ :
6 3=<:99 3=<<73
7 3=<;4< 3=<<57 3=<<7<

313;85 1
8 3=<;7: 3=<<55 3=<<68 3=<<7<

316353 313;7; 1
3139;3 1

9 3=<;97 3=<<56 3=<<5; 3=<<69 3=<<7;
317;94 316857 1 1

315;;4 1 1
: 3=<;:9 3=<<56 3=<<58 3=<<5< 3=<<68 3=<<78

31977: 318<49 317558 1 1
317<:; 3169:6 1 1

316337 1 1
; 3=<;;8 3=<<56 3=<<56 3=<<57 3=<<5; 3=<<67 3=<<76

31:<8: 31:;34 31:443 3183<6 1 1
319::5 319588 3178;< 1 1

3185:4 316<;9 1 1
316593 1 1

< 3=<;<5 3=<<54 3=<<55 3=<<55 3=<<56 3=<<59 3=<<64 3=<<73
31<7;: 31<786 31<57< 31;789 31947; 1 1

31;773 31;5<9 31:979 318998 1 1
31:556 319:67 3183<6 1 1

3189;9 317753 1 1
316948 1 1

Wdeohdx 5151 H{ 51461 Glvsrqlelolwì dv|pswrwltxh lqwldoh hw rswlpdoh
Rq v*dshuêrlw lfl txh od srolwltxh gh pdlqwhqdqfh suìyhqwlyh dpìolruh gdqv wrxv ohv fdv

od glvsrqlelolwì dv|pswrwltxh1 Ohv frqglwlrqv gx wkìruëph 51< vrqw grqf ghv frqglwlrqv
vx!vdqwhv pdlv sdv qìfhvvdluhv1

Hq fh txl frqfhuqh o*rswlplvdwlrq sdu udssruw ã t/ lo hvw idfloh gh yrlu txh/ lfl/ od
glvsrqlelolwì dv|pswrwltxh hvw rswlpdoh oruvtxh o*rq h�hfwxh ghv rsìudwlrqv gh pdlqwhqdqfh
xqltxhphqw vxu o*ìwdw gh pdufkh oh soxv gìjudgì +fdv t @ q � 5, hw fhod/ srxu wrxwhv ohv
ydohxuv gh q1 +Fhfl q*hvw elhq vþu sdv wrxmrxuv yudl,1

G*xp srlqw gh yxh qxpìultxh/ rq d sx revhuyhu/ hq h�hfwxdqw ohv fdofxov/ txh ohv yd0
uldwlrqv gh od glvsrqlelolwì dv|pswrwltxh hq irqfwlrq gh f� srxu 4 � l � t vrqw g*dxwdqw
soxv lpsruwdqwhv txh o*lqglfh l hvw shwlw1 Dlqvl/ od ydohxu gh fJR|� hvw wrxw ã idlw suì0
srqgìudqwh sdu udssruw dx{ dxwuhv/ doruv txh/ srxu xq t �dvvh}� judqg/ fJR|^
q*d jxëuh g*lq xhqfh1 G*dxwuh sduw/ srxu fkdtxh ydohxu gh +q> t, > ohv ydohxuv rswlpdohv
ghv gxuìhv lqwhu0lqvshfwlrqv fJR|� / fJR|2 / ===/ fJR|^ vrqw gìfurlvvdqwhv +fJR|� � fJR|2 � === � fJR|^ ,1
Fhod vljql�h txh/ frpph rq srxydlw v*| dwwhqguh/ soxv oh v|vwëph vh gìjudgh/ soxv lo
idxw o*lqvshfwhu vrxyhqw1

H{hpsoh 5147 Frpph gdqv o*h{hpsoh 5146/ qrxv frqvlgëurqv lfl xq v|vwëph gh w|sh
n vxu q1 Hq uhydqfkh/ frqwudluhphqw ã fh txl vh sdvvdlw gdqv o*h{hpsoh suìfìghqw/ ohv
frpsrvdqwv vrqw pdlqwhqdqw uìsdudeohv shqgdqw txh oh v|vwëph irqfwlrqqh1 Ohxu wdx{ gh
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;5 Fkdslwuh 51 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh frqglwlrqqhooh
uìsdudwlrq hvw vxssrvì frqvwdqw hw qrwì �1 Ohv dxwuhv qrwdwlrqv vrqw lghqwltxhv1 Od pdwulfh
D� dvvrflìh ã fh v|vwëph hvw gh od iruph

D� @

5
999999997

0q� q� 3 1 3 3 3
� 0�0+q04,� +q04,� 1 3 3 3
3 5� 1 1 3 3 3
1 1 1 1 1 1 1
3 3 3 1 1 +n.5,� 3
3 3 3 1 +q0n04,� 0+q0n04,�0+n.4,� +n.4,�
3 3 3 1 +q0n,� 0+q0n,�0n�

6
::::::::8

G*xq srlqw gh yxh qxpìultxh/ rq suhqg =
G� @ G- @ +4> 3> ===> 3, /
n @ 5/ � @ 4/ � @ 5/ H +U, @ p

43
hw H +P�, @ m

433 / srxu wrxw t . 4 � m �p1

Ohv uìvxowdwv gx whvw gx wkìruëph 51< vrqw grqqìv sdu oh wdeohdx 5161 Gdqv fhoxl0fl/
ohv fdv hq judv fruuhvsrqghqw dx{ fdv rü rq qh shxw frqfoxuh vdqv uhjdughu od glvsrqlelolwì
dv|pswrwltxh1

qql 5 6 7 8 9 : ;
6 { +l, 3138:4

H +P�, 3135
7 { +l, 313666 314333

H +P�, 3135 3136
8 { +l, 3134;; 31384; 3145:4

H +P�, 3135 3136 3137
9 { +l, 313434 313595 3138:6 3146<;

H +P�, 3135 3136 3137 3138
: { +l, 313384 313459 31358; 313877 314757

H +P�, 3135 3136 3137 3138 3139
; { +l, 313357 31338; 313446 31354: 3137:7 3146<5

H +P�, 3135 3136 3137 3138 3139 313:
< { +l, 313344 313359 31337; 3133;: 31349; 3136<9 314674

H +P�, 3135 3136 3137 3138 3139 313: 313;
Wdeohdx 5161 H{ 51471 Whvw gh o*dssruw gh od pdlqwhqdqfh +glvsrqlelolwì,

Uhfkhufkrqv pdlqwhqdqw od glvsrqlelolwì dv|pswrwltxh rswlpdoh1 Lfl �D^c^ q*ìwdqw wul0
dqjxodluh vxsìulhxuh srxu dxfxqh ydohxu gh t/ rq qh shxw dssoltxhu oh wkìruëph 51441
Frpph qrxv o*dyrqv dqqrqfì dx0ghvvxv/ rq frqvlgëuh doruv ghv yduldeohv lqwhu0lqvshfwlrqv
vxlydqw ghv orlv JDPPD1 Dsuëv rswlplvdwlrq/ rq wurxyh txh ohv orlv rswlpdohv rqw xq
ìfduw0w|sh qxo/ f*hvw0ã0gluh txh ohv phloohxuhv orlv lqwhu0lqvshfwlrqv vrqw gh w|sh gìwhupl0
qlvwh1 Rq uhwurxyh grqf qxpìultxhphqw ohv uìvxowdwv gx wkìruëph 5144 elhq txh
ohv k|srwkëvhv qh vrlhqw sdv yìul�ìhv1

Ohv uìvxowdwv vrqw udvvhpeoìv gdqv oh wdeohdx 5171

Xqlyhuvlwì gh Pduqh od Ydooìh



517 Glvsrqlelolwì dv|pswrwltxh ;6

q D�?�" t @ 4 t @ 5 t @ 6 t @ 7 t @ 8 t @ 9 t @ :
6 3=;86: 3=<767
7 3=;;57 3=<659 3=<948
8 3=<473 3=<6:5 3=<848 3=<:45

316894 31446;
313;<7

9 3=<764 3=<7:3 3=<84< 3=<95: 3=<:;<
31;8;8 3185<9 314956 3133<3

3173:8 3146:< 313349
31439< 313334

?433e
: 3=<98; D�?�" D�?�" D�?�" 3=<:36 3=<;86

31663; 3137
313633 3134
111 313336
111 313334

?433e
; 3=<;45 D�?�" D�?�" D�?�" D�?�" D�?�" 3=<<37

314
111

< 3=<<36 D�?�" D�?�" D�?�" D�?�" D�?�" D�?�" 3=<<75
Wdeohdx 5171 H{ 51471 Glvsrqlelolwì dv|pswrwltxh lqwldoh hw rswlpdoh

Ohv wurlv uhpdutxhv g*ruguh qxpìultxh gh o*h{hpsoh 5146 frqfhuqdqw/ g*xqh sduw/ oh
pdqtxh gh suìflvlrq gh o*dujxphqw

�
fJR|� > fJR|2 > ===> fJR|^

�
gh DJR|" / g*dxwuh sduw/ o*lq xhqfh uhv0

shfwlyh ghv gl�ìuhqwv f� srxu 4 � l � t hw hq�q oh fdudfwëuh gìfurlvvdqw gh
�
fJR|� > fJR|2 > ===> fJR|^

�
vrqw hqfruh ydodeohv1

Sdu dloohxuv/ srxu fkdtxh ydohxu gh q/ od glvsrqlelolwì dv|pswrwltxh hvw hqfruh rswlpdoh
oruvtxh o*rq h�hfwxh ghv rsìudwlrqv gh pdlqwhqdqfh xqltxhphqw vxu o*ìwdw gh pdufkh oh soxv
gìjudgì1

Hq uhydqfkh/ frqwudluhphqw ã o*h{hpsoh 5146/ od pdlqwhqdqfh q*dpìolruh sdv od glv0
srqlelolwì dv|pswrwltxh gdqv wrxv ohv fdv1 Dlqvl/ srxu q @ :/ lo qh idxw sdv h�hfwxhu
g*rsìudwlrqv gh pdlqwhqdqfh vxu ohv ìwdwv 5/ 6 hw 7 vrxv shlqh gh glplqxhu od glvsrqlelolwì
dv|pswrwltxh1 Vl o*rq uhjdugh oh whvw irxuql sdu oh wkìruëph 51</ rq v*dshuêrlw txh/
elhq txh fh whvw qh vrlw tx*xqh frqglwlrq vx!vdqwh +fi uhpdutxh h{hpsoh 5146 rx lfl
ohv fdv q @ 8 hw q @ 9,/ lo qrxv grqqh pdojuì wrxw xq erq ruguh gh judqghxu srxu
ohv ydohxuv pd{lpdohv ghv gxuìhv pr|hqqhv gh pdlqwhqdqfh +fi fdv q @ :/ ;/
<,1 Hq h�hw/ oruvtxh { +l, hvw qhwwhphqw soxv shwlw txh H +P�,/ lo hvw lqxwloh gh pdlqwhqlu
oh v|vwëph1 Hq uhydqfkh/ oruvtxh { +l, hvw gx píph ruguh gh judqghxu txh H +P�, +dyhf
pdojuì wrxw { +l, ? H +P�,,/ píph v*lo shxw ìyhqwxhoohphqw íwuh lqwìuhvvdqw gh pdlqwhqlu
oh v|vwëph/ o*dpìolrudwlrq gh od glvsrqlelolwì dv|pswrwltxh q*hvw sdv wuëv lpsruwdqwh1

H{hpsoh 5148 Rq frqvlgëuh ã qrxyhdx oh fdv g*xq v|vwëph n vxu q dyhf ghv frpsrvdqwv
qrq uìsdudeohv shqgdqw txh oh v|vwëph irqfwlrqqh +fdv gh o*h{hpsoh 5146,1 Rq suhqg
hqfruh G� @ +4> 3> ===> 3,1 Hq uhydqfkh/ rq suhqg pdlqwhqdqw G- 9@ G� 1 Oh sureoëph hvw
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;7 Fkdslwuh 51 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh frqglwlrqqhooh
gh yrlu vl ohv uìvxowdwv gx wkìruëph 5144 vrqw hqfruh ydolghv gdqv fh fdv1

Srxu 4 � t � 8 �{ì/ rq suhqg G- @ �^1 +Vl o*rq yhxw dpìolruhu oh v|vwëph/ lo hvw
vrxkdlwdeoh txh G- vrlw �phloohxu� txh �^n�/ �^n2/ 111/ �6/ fi wkìruëph 51<,1 Oh v|vwëph
lqlwldo q*hvw grqf sdv oh píph srxu fkdtxh ydohxu gh t1

Rq suhqg

q @ :/ n @ 5/ � @ 4/ H +U, @ 4
8 �

t
433

hw H +P�, @ m
433 / srxu wrxw t . 4 � m �p @ 91

Ohv uìvxowdwv gx whvw gx wkìruëph 51< vrqw grqqìv sdu oh wdeohdx 5191

tql 5 6 7 8 9
4 { +l,

H +P�,
3=34:3
3=3533

3=369<
3=3633

3=393;
3=3733

3=3<39
3=3833

3=4637
3=3933

5 { +l,
H +P�,

3=353:
3=36

3=3788
3=37

3=3:99
3=38

3=44:<
3=39

6 { +l,
H +P�,

3=3598
3=37

3=38<9
3=38

3=436;
3=39

7 { +l,
H +P�,

3=369<
3=38

3=3;95
3=39

8 { +l,
H +P�,

3=39
3=39

Wdeohdx 5191 H{ 51481 Whvw gh o*dssruw gh od pdlqwhqdqfh +glvsrqlelolwì,
G*dsuëv fh wdeohdx/ hq fkrlvlvvdqw ghv uhgìpduudjhv gdqv o*ìwdw t dsuëv xqh uìsdudwlrq/

qrxv vrpphv wrxmrxuv gdqv oh fdv fulwltxh rü od frqglwlrq vx!vdqwh gx wkìruëph 51< qh
qrxv glw ulhq +vdxi gdqv oh ghuqlhu fdv,1

Dsuëv rswlplvdwlrq +hq xwlolvdqw ghv orlv JDPPD,/ rq wurxyh txh ohv orlv lqwhu0
lqvshfwlrqv rswlpdohv vrqw hqfruh gh w|sh gìwhuplqlvwh1 Sdu dloohxuv/ od glvsrqlel0
olwì dv|pswrwltxh hvw suhvtxh wrxmrxuv dpìolruìh sdu od pdlqwhqdqfh +vdxi gdqv oh ghuqlhu
fdv,/ fi wdeohdx 518 fl0ghvvrxv1

t 4 5 6 7 8
D�?�" +�^, 31;<67 31;;<9 31;;63 31;:46 31;7:8
DJR|" 31<5<3 31<498 31<3: 31;:<7 D�?�" +�^,

Wdeohdx 5181 H{ 51481 Glvsrqlelolwì dv|pswrwltxh lqwldoh hw rswlpdoh

Hq frqfoxvlrq gh fh sdudjudskh/ lo vhpeohudlw txh o*rq sxlvvh wrxmrxuv vh olplwhu ã
ghv yduldeohv lqwhu0lqvshfwlrqv gh w|sh gìwhuplqlvwh srxu rswlplvhu od pdlqwh0
qdqfh/ gx prlqv oruvtxh oh fulwëuh xwlolvì hvw od glvsrqlelolwì dv|pswrwltxh1 +Qrxv o*dyrqv
yìul�ì vxu txdwuh h{hpsohv vruwdqw gx fdguh g*dssolfdwlrq gx wkìruëph 5144/ grqw ghx{
rqw ìwì flwìv lfl,1 Sdu dloohxuv/ qrxv dyrqv yx txh oh wkìruëph 51< qrxv grqqh/ vrxv ghv
frqglwlrqv qdwxuhoohv/ xq erq ruguh gh judqghxu srxu ohv ydohxuv pd{lpdohv ghv
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518 Frþw pr|hq dv|pswrwltxh ;8
gxuìhv pr|hqqhv gh pdlqwhqdqfh/ srxu txh od srolwltxh gh pdlqwhqdqfh suìyhqwlyh
dpìolruh od glvsrqlelolwì dv|pswrwltxh1

518 Frþw pr|hq dv|pswrwltxh
Qrxv qrxv lqwìuhvvrqv pdlqwhqdqw ã xq fulwëuh txl hvw shxw0íwuh soxv xwlolvì g*xq srlqw

gh yxh lqgxvwulho txh od glvsrqlelolwì dv|pswrwltxh/ ã vdyrlu oh frþw pr|hq dv|pswrwltxh/
f*hvw0ã0gluh oh frþw pr|hq sdu xqlwì gh whpsv vxu xqh wuëv judqgh sìulrgh gh whpsv1

Oh vfkìpd g*ìwxgh hvw oh píph txh srxu od glvsrqlelolwì dv|pswrwltxh/ fh txl qrxv
shuphw xqh uìgdfwlrq soxv udslgh txh gdqv oh sdudjudskh suìfìghqw1

51814 Fdofxo gx frþw pr|hq dv|pswrwltxh
Qrxv prqwurqv lfl txh oh frþw pr|hq dv|pswrwltxh gx v|vwëph pdlqwhqx h{lvwh hw qrxv

oh fdofxorqv1
Qrxv suhqrqv hq frpswh ohv frþwv vxlydqwv =
� FKL-�eR @ frþw krudluh g*lpprelolvdwlrq gx v|vwëph srxu uìsdudwlrq +dsuëv xqh
sdqqh,/

� FI-�eR
6n& @ frþw �{h g*xqh uìsdudwlrq dvvrflìh ã o*ìwdw p. n srxu 4 � n � s +frþw

ghv slëfhv gh uhfkdqjh . frþw gh gìsodfhphqw sdu h{hpsoh,/
� FK-�eR

6n& @ frþw krudluh g*xqh uìsdudwlrq +gh gxuìh U6n&, dvvrflìh ã o*ìwdw p . n
srxu 4 � n � s/

� FKL�@�?| @ frþw krudluh g*lpprelolvdwlrq gx v|vwëph srxu xqh rsìudwlrq gh pdlq0
whqdqfh/

� FI�@�?|>� @ frþw �{h g*xqh rsìudwlrq gh pdlqwhqdqfh dvvrflìh ã o*ìwdw �� srxu t.4 �
m �p +frþw ghv slëfhv gh uhfkdqjh . frþw gh gìsodfhphqw sdu h{hpsoh,/

� FK�@�?|>� @ frþw krudluh g*xqh rsìudwlrq gh pdlqwhqdqfh +gh gxuìh P�, dvvrflìh ã
o*ìwdw �� srxu t . 4 � m �p/

� FL @ frþw g*xqh lqvshfwlrq1
D�q gh vlpsol�hu o*ìfulwxuh/ rq qrwh dxvvl
F�@�?|>� @ FI�@�?|>� .

�
FK�@�?|>� .FKL�@�?|�H +P�, srxu t . 4 � m �p/

F-�eR
6n& @ FI-�eR

6n& .
�
FK-�eR

6n& .FKL-�eR
�
H +U6n&, srxu 4 � m � s1

F�@�?|>� uhsuìvhqwh oh frþw pr|hq g*xqh rsìudwlrq gh pdlqwhqdqfh dvvrflìh ã o*ìwdw ��srxu t . 4 � m �p1
F-�eR
6n& uhsuìvhqwh oh frþw pr|hq g*xqh uìsdudwlrq dvvrflìh ã o*ìwdw gh sdqqh p.n srxu

4 � n � s1
Rq qrwh dxvvl

F�@�?| @

3
EEEEC

�3^
F�@�?|>^n�=

=
F�@�?|>6

4
FFFFD hw F-�eR @

3
EEC

F-�eR
6n�=
=

F-�eR
6nR

4
FFD 1
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;9 Fkdslwuh 51 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh frqglwlrqqhooh
Vrlw pdlqwhqdqw F +w, oh frþw g*h{sorlwdwlrq gx pdwìulho gdqv o*lqwhuydooh ^3> w`1
Oh frþw pr|hq dv|pswrwltxh gx v|vwëph pdlqwhqx/ v*lo h{lvwh/ hvw doruv gì�ql sdu

F @ olp|<n"
H +F +w,,

w 1

F uhsuìvhqwh grqf oh frþw pr|hq sdu xqlwì gh whpsv vxu xqh judqgh sìulrgh1
Wkìruëph 5149 Oh frþw pr|hq dv|pswrwltxh gx v|vwëph pdlqwhqx h{lvwh hw ydxw

F @ �G�-E

3
EEC

FL � e�46
.S6

�'^n�
k
FI�@�?|>� .

�
FK�@�?|>� .FKL�@�?|

�
H +P�,

l
� e +�> m,

.SR
&'�

k
FI-�eR

6n& .
�
FK-�eR

6n& .FKL-�eR
�
H +U6n&,

l
� +L6 � e, jD2 +�> n,

4
FFD

@ �G�-E
3
CFL � e�46 .

6[
�'^n�

F�@�?|>� � e +�> m, .
R[

&'�
F-�eR
6n& � +L6 � e, jD2 +�> n,

4
D

@ �G�-E
�
FL � e�46 . eF�@�?| . +L6 � e, jD2F-�eR�

rü � hvw od frqvwdqwh gì�qlh gdqv oh wkìruëph 5161
Uhpdutxh 514: Lo hvw idfloh g*rewhqlu oh frþw dv|pswrwltxh pr|hq gx v|vwëph lqlwldo
+qrwì F�?�, ã sduwlu ghv irupxohv suìfìghqwhv1 Lo vx!w hq h�hw gh suhqguh e @ �36c6 hw
E @ L61 Rq rewlhqw dlqvl =

F�?� @
G-

SR
&'�

k
FI-�eR

6n& .
�
FK-�eR

6n& .FKL-�eR
�
H +U6n&,

l
� jD2 +�> n,

G-j
��46 .D2H +U�,

�

@ G-
SR

&'�F-�eR
6n& � jD2 +�> n,

G-j
��46 .D2H +U�,

�

@ G-jD2F-�eR

G-j
��46 .D2H +U�,

� 1

Gìprqvwudwlrq1
Rq qrwh QU +w, +uhvshfwlyhphqw QU +`w�> w2`,, oh qrpeuh g*lqvshfwlrqv h�hfwxìhv gdqv

o*lqwhuydooh gh whpsv ^3> w` +uhvshfwlyhphqw `w�> w2`,1
Rq qrwh sdu dloohxuv Q�@�?|>� +w, +uhvshfwlyhphqw Q-�eR

6n� +w,, oh qrpeuh g*rsìudwlrqv gh
pdlqwhqdqfh +uhvshfwlyhphqw gh uìsdudwlrqv, dvvrflìhv ã o*ìwdw �� +uhvshfwlyhphqw p. m,
d|dqw olhx vxu ^3> w`1

Rq d doruv =
F +w, @ FL �QU +w,

.
6[

�'^n�

�
FI�@�?|>� �Q�@�?|>� +w, .

�
FK�@�?|>� .FKL�@�?|��

] |

f
Li~r'>�jgv

�

.
R[

&'�

�
FI-�eR

6n& �Q-�eR
6n& +w, .

�
FK-�eR

6n& .FKL-�eR
�
�
] |

f
Lt~r'6n&�gv

�
1

O*h{lvwhqfh hw od ydohxu gh fkdfxqh ghv olplwhv lqwhuyhqdqw gdqv olp|<n" HE�E|��
| vrqw
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518 Frþw pr|hq dv|pswrwltxh ;:
doruv grqqìhv sdu ^54`1

Soxv suìflvìphqw/ udsshorqv txh � gìvljqh od orl vwdwlrqqdluh gh od fkdñqh gh Pdunry
+\?, dvvrflìh dx surfhvvxv vhpl0uìjìqìudwli +]|,/ ohv lqvwdqwv gh vhpl0uìjìqìudwlrq ìwdqw
qrwìv +W?, +fi gìprqvwudwlrq gx wkìruëph 516,1

G*dsuëv oh srlqw 4 gh fhwwh gìprqvwudwlrq/ qrxv vdyrqv txh/ txlwwh ã uhvwuhlqguh o*hvsdfh
g*ìwdwv ã F @ i4 � l � p who txh G- +l, .G� +l, 9@ 3j/ rq shxw vxssrvhu od fkdñqh +\?,
luuìgxfwleoh1 Wrxw srlqw lf gh i4> ===>pj hvw doruv xq srlqw gh uìjìqìudwlrq gh +]|,1 Qrwrqv
� @ lqi +q � 4@\? @ lf, hw V @ W� 1 Od fkdñqh +\?, ìwdqw luuìgxfwleoh/ ã ydohxuv gdqv xq
hvsdfh g*ìwdwv �ql/ rq d fodluhphqw H� +�, ? .4 hw H� +V, ? .4 srxu wrxw 4 � l �p1 Gh
soxv/ od orl gh V vrxv S�f q*hvw sdv dulwkpìwltxh1 Rq shxw doruv dssoltxhu od sursrvlwlrq
6/ sxlv od sursrvlwlrq 9 gh ^54` ã od irqfwlrq � gì�qlh sdu �+w, @ U |

f Lt~r'6n&�gv srxu
4 � n � s/ whooh txh H� +� +V,, � H� +V, ? .41

Rq rewlhqw dlqvl

olp|<n"
H
�U |

f Lt~r'6n&�gv
�

w @
H�f

�U 7
f Lt~r'6n&�gv

�

H�f +V,

@
S6

�'� � +l,H�
�U A�

f Lt~r'6n&�gv
�

S6
�'� � +l,H� +W�, @ � +p. n, 1

Gh od píph idêrq

olp|<n"
H
�U |

f Li~r'>�jgv
�

w @
S6

�'� � +l,H�
�U A�

f Li~r'>�jgv
�

S6
�'� � +l,H� +W�, @ � ���

� 1

Srxu �+w, @ Q-�eR
6n& +w,/ rq d dxvvl H� +� +V,, � H� +�, ? .4/ srxu wrxw 4 � l � p hw

rq rewlhqw gh píph

olp|<n"
H
�
Q-�eR
6n& +w,

�

w @
S6

�'� � +l,H�
�
Q-�eR
6n& +W�,

�
S6

�'� � +l,H� +W�,
@ �

6[
�'�

G�- +l,H�
�
Q-�eR
6n& +W�,

�

@ �
6[
�'�

G�- +l,S�
�
]A3� @p. n

�

@ �
6[
�'�

G�- +l, +E +L6 � e, jD2, +l> n,
+fi srlqw 5 gh od gìprqvwudwlrq gx wkìruëph 516,

@ � +G�-E +L6 � e, jD2, +n,
@ �G�-E +L6 � e, jD2 +�> n, 1

Rq d elhq vþu ghv uìvxowdwv vlplodluhv srxu ohv ìwdwv gh pdlqwhqdqfh1 Oh ghuqlhu uìvxowdw
v*ìfulw dlqvl

olp|<n"
H
�
Q�@�?|>� +w,

�

w @ �G�-Ee +�> m, / srxu t . 4 � m �p1
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;; Fkdslwuh 51 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh frqglwlrqqhooh
Suhqrqv pdlqwhqdqw �+w, @ QU +w, hw yìul�rqv txh H� +QU +V,, ? .4 srxu wrxw 4 �

l � p1 Udsshorqv srxu fhod txh od q�
e6e lqvshfwlrq d olhx ã o*lqvwdqw V? @ S?
&'� X E&�/

rü X E&� d srxu orl �f7&
hw hvw lqgìshqgdqwh gh [7� / 111[7&3�1 Hq xwlolvdqw oh sulqflsh gh

gìprqvwudwlrq gh o*lghqwlwì gh Zdog/ rq rewlhqw =

H� �V�UEA��
� @ H�

3
C
�UEA��[
&'�

X E&�
4
D @

"[
?'�

H�
# ?[
&'�

X E&�Lt�UEA��'?�

$

@
"[
&'�

H�
#
X E&�

"[
?'&

Lt�U EA��'?�

$
@

"[
&'�

H�
�
X E&�Lt�U EA��D&�

�
1

Sdu dloohxuv/ iQU +W�, � nj @ i[7� � t_[72 � t_===_[7&3� � tj 5 � �[7� >[72 > ===[7&3�
�

rü � �[7� >[72 > ===[7&3�
� gìvljqh od wulex hqjhqguìh sdu [7�/ [72 / 111 hw [7&3�1

X E&� hw Lt�UEA��D&� vrqw grqf lqgìshqgdqwhv1 Rq hq gìgxlw =

H� �V�UEA��
� @

"[
&'�

H�
�
X E&��S� +QU +W�, � n,

� plq&D� H�
�
X E&���

"[
&'�

S� +QU +W�, � n, @ plq&D� H�
�
X E&��� H� +QU +W�,, 1

Sdu dloohxuv/ frpph U n"f w=�� +gw, A 3 srxu wrxw 4 � m � p/ plq& H� �X E&�� @
plq�$�$6 U n"f w=�� +gw, A 31 Frpph H� �V�UEA��

� � H� +W�, ? 4/ rq gìgxlw gh fh txl
suìfëgh txh H� +QU +W�,, � H�+7�U EA��,

4�?&D� H�+LE&�, ? .41
Gh od píph idêrq/

H� +QU +V,, @ H� +QU +W�,, . H�
#�3�[
?'�

QU +`W?> W?n�`, Lt�D2�
$

@ H� +QU +W�,, .
n"[
&'2

H�
#&3�[
?'�

QU +`W?> W?n�`, Lt�'&�
$

@ H� +QU +W�,, .
n"[
?'�

H� �QU +`W?> W?n�`, Lt�D?n���

� H� +QU +W�,, . H� +QU +`W�> W2`,, .
n"[
?'2

H� �QU +`W?> W?n�`, Lt�D?�� 1

Gh soxv/ srxu q � 5/ QU +`W?> W?n�`, hvw xqh yduldeoh doìdwrluh lqgìshqgdqwh gh [A� /111[A?3� / doruv txh i� � qj 5 � �[A�> ===[A?3�
�1

QU +`W?> W?n�`, hw Lt�D?� vrqw grqf lqgìshqgdqwhv1 Rq hq gìgxlw =

H� +QU +V,, � H� +QU +W�,, . H� +QU +`W�> W2`,, .
n"[
?'2

H� +QU +`W?> W?n�`,,S�i� � qj1

Sdu dloohxuv/ H� +QU +`W?> W?n�`,, � pd{�$�$6 H� +QU +W�,, srxu wrxw q � 4 hw
H� +QU +V,, � pd{�$�$6H� +QU +W�,, +5 . H� +�,, ? .41
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518 Frþw pr|hq dv|pswrwltxh ;<
Rq shxw grqf ã qrxyhdx xwlolvhu ohv uìvxowdwv gh ^54` hw rq rewlhqw =

olp|<n"
H +QU +w,,

w @
S6

�'� � +l,H� +QU +W�,,S6
�'� � +l,H� +W�, 1

Fdofxorqv pdlqwhqdqw H� +QU +W�,,1

H� +QU +W�,, @ [̂
�'�

H�
�
QU +W�, Lif7�'�j

�
.

6[
�'^n�

H�
�
QU +W�, Lif7�'�j

�

.H� �QU +W�, LtA	7��
� 1

Gh soxv/
[̂
�'�

H�
�
QU +W�, Lif7�'�j

�
@ [̂

�'�
H� +QU +W�, 2[7� @ m ,S� +[7� @ m,

@ [̂
�'�

+H� +QU +W�,, . 4,� e�c�/

oh �4� fruuhvsrqgdqw ã o*lqvshfwlrq ã o*lqvwdqw V�1

Rq hq gìgxlw

H� +QU +W�,, @ [̂
�'�

+H� +QU +W�,, . 4,� e�c� .
6[

�'^n�
H�
�
4� Lif7�'�j

�
. H� �3� LtA	7��

�

@ [̂
�'�

+H� +QU +W�,, . 4,� e�c� .
6[

�'^n�
e�c�

@ [̂
�'�

H� +QU +W�,,� e�c� .
[̂
�'�

e�c� .
6[

�'^n�
e�c� +hq gìyhorssdqw,

@ [̂
�'�

H� +QU +W�,,� e�c� .
6[
�'�

e�c�1

G*dsuëv oh ohpph 515/ rq d grqf
^H� +QU +W�,,`�$�$6 @ Ee�461

G*rü =

olp|<n"
H +QU +w,,

w @ �Ee�46S6
�'� � +l,H� +W�, @ �G�-Ee�461
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<3 Fkdslwuh 51 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh frqglwlrqqhooh
Rq gìgxlw doruv gh fh txl suìfëgh txh oh frþw pr|hq dv|pswrwltxh h{lvwh hw tx*lo ydxw

F @ FL � �G�-Ee�46

.
6[

�'^n�

k
FI�@�?|>� � �G�-Ee +�> m, .

�
FK�@�?|>� .FKL�@�?|�� � ���

�l

.
R[

&'�

k
FI-�eR

6n& � �G�-E +L6 � e, jD2 +�> n, .
�
FK-�eR

6n& .FKL-�eR
�
� � +p. n,

l

@ �G�-E

3
EEC

FL � e�46
.S6

�'^n�
k
FI�@�?|>� .

�
FK�@�?|>� .FKL�@�?|

�
H +P�,

l
e +�> m,

.SR
&'�

k
FI-�eR

6n& .
�
FK-�eR

6n& .FKL-�eR
�
H +U6n&,

l
+L6 � e, jD2 +�> n,

4
FFD

+g*dsuëv oh wkìruëph 516,

@ �G�-E
3
CFL � e�46 .

6[
�'^n�

F�@�?|>� � e +�> m, .
R[

&'�
F-�eR
6n& � +L6 � e, jD2 +�> n,

4
D

@ �G�-E
�
FL � e�46 . eF�@�?| . +L6 � e, jD2F-�eR�

dyhf ohv qrwdwlrqv vlpsol�ìhv1
G*xq srlqw gh yxh qxpìultxh/ od vhxoh lqfrqqxh gdqv od irupxoh gx frþw pr|hq dv|ps0

wrwltxh hvw oã hqfruh od pdwulfh e1 Qrxv xwlolvrqv od píph pìwkrgh txh srxu od glvsrqlelolwì
dv|pswrwltxh +fi ohpph 519,1

51815 Xqh frqglwlrq vx!vdqwh srxu txh od pdlqwhqdqfh dpìolruh oh frþw
pr|hq dv|pswrwltxh

Qrxv dyrqv gìprqwuì dx sdudjudskh 51715 txh/ vrxv ghv k|srwkëvhv qdwxuhoohv +uhgì0
pduudjhv dsuëv xqh rsìudwlrq gh pdlqwhqdqfh dx prlqv �dxvvl erqv� tx*dsuëv xqh uìsdud0
wlrq/ ìwdwv t.4 ãp soxv gìjudgìv txh o*ìwdw pr|hq gh uhgìpduudjh dsuëv xqh uìsdudwlrq,/
vl ohv gxuìhv pr|hqqhv ghv rsìudwlrqv gh pdlqwhqdqfh qh vrqw sdv �wurs orqjxhv�/ doruv
od srolwltxh gh pdlqwhqdqfh suìyhqwlyh dpìolruh od glvsrqlelolwì dv|pswrwltxh1 O*lqwìuíw
gh fhv frqglwlrqv hvw tx*hoohv vrqw lqgìshqgdqwhv ghv orlv lqwhu0lqvshfwlrqv +fi uhpdutxh
5143, hw sdu oã píph wuëv idflohv ã yìul�hu1 Shxw0rq dyrlu oh píph w|sh gh uìvxowdw srxu
oh frþw pr|hq dv|pswrwltxh B

Txhooh txh vrlw od idêrq grqw rq o*ìwxglh/ lo hvw fodlu txh oh frþw pr|hq ghv lqvshfwlrqv
sdu xqlwì gh whpsv idlw qìfhvvdluhphqw lqwhuyhqlu oh qrpeuh pr|hq g*lqvshfwlrqv sdu xqlwì
gh whpsv hw grqf dxvvl ohv orlv lqwhu0lqvshfwlrqv1 Dlqvl/ frqwudluhphqw ã fh txl vh sdvvdlw
srxu od glvsrqlelolwì dv|pswrwltxh +txl qh idlw sdv lqwhuyhqlu oh qrpeuh g*lqvshfwlrqv,/
rq qh shxw sdv hvsìuhu rewhqlu lfl gh frqglwlrqv txl vrlhqw hqfruh lqgìshqgdqwhv ghv orlv
lqwhu0lqvshfwlrqv/ gx prlqv gdqv oh fdv rü oh frþw ghv lqvshfwlrqv q*hvw sdv qxo1 Rq shxw
fhuwhv ìfuluh ghv frqglwlrqv gdqv oh fdv jìqìudo +fi +5=67, fl0ghvvrxv,/ pdlv hoohv qh vrqw
jxëuh soxv idfloh ã xwlolvhu txh oh frþw oxl0píph hw qh suìvhqwhqw txh shx g*lqwìuíw1 Qrxv
qrxv frqwhqwrqv grqf gh grqqhu ghv frqglwlrqv gdqv oh fdv rü ohv frþwv g*lqvshfwlrqv vrqw
qxov +fh txl vljql�ud hq sudwltxh qìjoljhdeohv ghydqw ohv dxwuhv frþwv,1

Frpph srxu oh wkìruëph 51</ vl X hvw xq yhfwhxu gh suredelolwì vxu i4> ===>pj/ rq qrwh
F�?� +X, oh frþw pr|hq dv|pswrwltxh gx v|vwëph lqlwldo vl ohv uhgìpduudjhv gx v|vwëph
dsuëv xqh sdqqh vrqw frqwu÷oìv sdu X dx olhx gh G-1 +Rq d grqf F�?� +G-, @ F�?�,1
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518 Frþw pr|hq dv|pswrwltxh <4
Wkìruëph 514; Vxssrvrqv txh o*rq dlw

F�?� +G� , � F�?� +K�,

F�?� +�&, � F�?�/ srxu wrxw n 5 it . 4> ===>pj +K2,
hw

FL +frþw g*xqh lqvshfwlrq, @ 3 +K�,
Vl oh frþw gh od pdlqwhqdqfh q*hvw sdv wurs ìohyì/ rx soxv suìflvìphqw vl

F�@�?|>� .F�?� �
��
j�46 . jD2H +U�,

�
+m,� H +P�,

�
�
�
jD2F-�eR� +m, +5164,

srxu wrxw t . 4 � m �p/
doruv od srolwltxh gh pdlqwhqdqfh suìyhqwlyh dpìolruh oh frþw pr|hq dv|pswrwltxh�F ? F�?��1

Uhpdutxh 514< Frpph srxu od glvsrqlelolwì dv|pswrwltxh +wkìruëph 51<,/ o*k|srwkëvh
+K�, wudgxlw oh idlw txh ohv uhgìpduudjhv vhorq G� vrqw dx prlqv dxvvl erqv txh ohv
uhgìpduudjhv vhorq G- hw o*k|srwkëvh +K2, vljql�h txh ohv ìwdwv t . 4 ã p vrqw soxv
gìjudgìv txh o*ìwdw pr|hq gh uhgìpduudjh gx v|vwëph lqlwldo dsuëv xqh uìsdudwlrq1 +Oã
hqfruh/ lo hvw idfloh gh yrlu txh +K2, hvw hq idlw lqxwloh fdu hooh hvw frqwhqxh gdqv +5=64,,1

Qrwrqv txh +5=64, vljql�h elhq txh oh frþw gh od pdlqwhqdqfh qh grlw sdv íwuh wurs
ìohyì/ frpsduì dx frþw ghv uìsdudwlrqv1 Hq h�hw/ rq shxw wrxw g*derug uhpdutxhu txh�jD2F-�eR� +m, uhsuìvhqwh oh frþw pr|hq g*xqh uìsdudwlrq ã od �q g*xq f|foh gx v|vwëph lql0
wldo d|dqw gìpduuì gdqv o*ìwdw m1 G*dxwuh sduw/

�
j�46 . jD2H +U�,

�
+m, @ H� +W ,.H� +U�hs,

uhsuìvhqwh od gxuìh pr|hqqh gh fh píph f|foh1 �jD2F-�eR� +m, uhsuìvhqwh grqf oh frþw
pr|hq gx v|vwëph lqlwldo sduwdqw gh m vxu xqh gxuìh ìjdoh ã H� +W , . H� +U�hs,1 Frqvlgì0
urqv pdlqwhqdqw oh v|vwëph pdlqwhqx dx prphqw rü o*rq frpphqfh xqh pdlqwhqdqfh gdqv
o*ìwdw ��/ f*hvw0ã0gluh dx prphqw rü rq oh wurxyh gdqv o*ìwdw m oruv g*xqh lqvshfwlrq1 Oh
phpeuh gh jdxfkh gh +5=64,/ ã vdyrlu F�@�?|>� .F�?��

��
j�46 . jD2H +U�,

�
+m,�H +P�,

�
/

shxw doruv/ hq jurv/ íwuh lqwhusuìwì frpph oh frþw pr|hq gx v|vwëph pdlqwhqx ã sduwlu gh
fh prphqw0oã/ vxu xqh gxuìh ìjdoh ã H� +W , . H� +U�hs, +frþw gh od pdlqwhqdqfh . frþw
gh irqfwlrqqhphqw vxu oh uhvwh gh od sìulrgh,1 +5=64, vljql�h grqf elhq txh oh frþw gh od
pdlqwhqdqfh qh grlw sdv íwuh wurs ìohyì frpsduì dx frþw ghv uìsdudwlrqv1

D�q gh plhx{ frpsuhqguh o*lq xhqfh ghv gl�ìuhqwv sdudpëwuhv gh od pdlqwhqdqfh/
gìyhorssrqv pdlqwhqdqw oh frþw gh od pdlqwhqdqfh gdqv +5=64,1 Rq rewlhqw dlqvl =

FI�@�?|>� .
�
FK�@�?|>� .FKL�@�?| �F�?��� H +P�,

� jD2F-�eR +m,�F�?� � j
��46 .D2H +U�,

�
+m, / srxu wrxw m 5 it . 4> ===>pj

Rq hq gìgxlw txh vl FK�@�?|>� .FKL�@�?| ? F�?�/ hw vl ohv pdlqwhqdqfhv vrqw vx!vdpphqw
orqjxhv hq pr|hqqh/ +5=64, hvw wrxmrxuv yudlh1 Fhod v*h{soltxh sdu oh idlw txh/ gdqv fh
fdv/ fhod frþwh prlqv fkhu gh uhvwhu gdqv o*ìwdw gh pdlqwhqdqfh txh gh odlvvhu oh v|vwëph
uhgìpduuhu hw ulvtxhu xqh qrxyhooh sdqqh1 Fh uìvxowdw q*d elhq vþu dxfxq lqwìuíw hq vrl =
v*lo hvw suìiìudeoh gh pdlqwhqlu wrxw oh whpsv oh v|vwëph srxu glplqxhu oh frþw/ lo ydxw vdqv
grxwh hqfruh plhx{ o*duuíwhu/ fh txl frþwhud hqfruh prlqv fkhu111 Fhwwh uhpdutxh qrxv
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<5 Fkdslwuh 51 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh frqglwlrqqhooh
prqwuh hq uhydqfkh txh/ g*xq srlqw gh yxh sudwltxh/ lo q*hvw vdqv grxwh sdv wuëv uìdolvwh
g*lpdjlqhu ghv frþwv krudluhv gh pdlqwhqdqfh wurs shwlwv hw tx*lo idxw ohv fkrlvlu whov txh
FK�@�?|>� . FKL�@�?| � F�?�1 Vl fh q*hvw sdv oh fdv/ lo hvw vdqv grxwh vrxkdlwdeoh gh
frqwu÷ohu od glvsrqlelolwì dv|pswrwltxh hq píph whpsv txh oh frþw1
Gìprqvwudwlrq1 Oh sulqflsh gh gìprqvwudwlrq hvw oh píph txh srxu oh wkìruëph 51<1

D�q gh vlpsol�hu o*ìfulwxuh/ oh yhfwhxu jD2F-�eR hvw qrwì lfl F-1
G*dsuëv oh wkìruëph 5149/ oh frþw shxw doruv vh phwwuh vrxv od iruph

F @ �G�-E �FL � e�46 . eF�@�?| . +L6 � e,F-�

dyhf
� @

k
G�-E

�
+L6 � e,

�
H� +W , . H� +U�hs,

�
. eH +P�,

�l3� 1

+Rq udsshooh txh H� +U�hs, @ jD2H +U�, hw H� +W , @ j�46,1
Sdu dloohxuv/ qrxv dylrqv prqwuì gdqv od gìprqvwudwlrq gx ohpph 51: txh

G�-E +L6 � e,H� +W , @ G�-H� +W ,�
�
G^
�-N .G63^

�- O
�
H� +W ,63^

hw G�-EeH +P�, @
�
G^
�-N .G63^

�- O
�
H +P�,63^1

Rq d gh od píph idêrq =
G�-E +L6 � e,

�
H� +W , . H� +U�hs,

�
@ G�-

�
H� +W , . H� +U�hs,

�

�
�
G^
�-N .G63^

�- O
��

H� +W ,63^ . H� +U�hs,63^
�
/

G�-E +L6 � e,F- @ G�-F- �
�
G^
�-N .G63^

�- O
�
F-63^

hw G�-EeF�@�?| @
�
G^
�-N .G63^

�- O
�
F�@�?|63^

rü/ vl [ gìvljqh xq yhfwhxu frorqqh g*ruguh p/ [63^ gìvljqh oh yhfwhxu frorqqh irupì
sdu ohv p� t ghuqlëuhv frpsrvdqwhv gh [1

Rq rewlhqw dlqvl

F @ �
3
C FL �G�-Ee�46 .

�
G^
�-N .G63^

�- O
�
F�@�?|63^

.G�-F- �
�
G^
�-N .G63^

�- O
�
F-63^

4
D

dyhf

� @
5
7 G�-

�
H� +W , . H� +U�hs,

�
�
�
G^
�-N .G63^

�- O
��

H� +W ,63^ . H� +U�hs,63^
�

.
�
G^
�-N .G63^

�- O
�
H +P�,63^

6
8
3�

1

Sdu dloohxuv/ g*dsuëv od uhpdutxh 514:/ rq d

F�?� @ G-F-

G-
�
H� +W , . H� +U�hs,

� /

dyhf od qrxyhooh qrwdwlrq xwlolvìh lfl +F-,1
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518 Frþw pr|hq dv|pswrwltxh <6
Rq hq gìgxlw =
F � F�?�

/ 3
C FL �G�-Ee�46 .

�
G^
�-N .G63^

�- O
�
F�@�?|63^

.G�-F- �
�
G^
�-N .G63^

�- O
�
F-63^

4
D�G-

�
H� +W , . H� +U�hs,

�

�

3
EEEC

G�-
�
H� +W , . H� +U�hs,

�

�
�
G^
�-N .G63^

�- O
��

H� +W ,63^ . H� +U�hs,63^
�

.
�
G^
�-N .G63^

�- O
�
H +P�,63^

4
FFFD�G-F- +5165,

Prqwurqv wrxw g*derug txh/ vrxv o*k|srwkëvh +K�,/ qrxv dyrqv F�?� +G�-, � F�?�/
f*hvw0ã0gluh

+G�-F-,G-
�
H� +W , . H� +U�hs,

�
� G�-

�
H� +W , .H� +U�hs,

�
+G-F-, 1 +5166,

+5=66,
/ �

+G�E +L6 � e, �46,G- .
�
G-Ee

� �3^
�463^

��
G�

�
F- �G-

�
H� +W , . H� +U�hs,

�

�
�
+G�E +L6 � e, �46,G- .

�
G-Ee

� �3^
�463^

��
G�

��
H� +W , . H� +U�hs,

�
� �G-F-�

/ �
G-Ee

� �3^
�463^

���G�F-��G-
�
H� +W , . H� +U�hs,

�

�
�
G-Ee

� �3^
�463^

��
G�

�
H� +W , . H� +U�hs,

�
� �G-F-� /

hq gìyhorssdqw hw vlpsol�dqw=

Frpph G-Ee
� �3^

�463^
�
� 3/ lo hvw vx!vdqw gh yìul�hu txh

�G�F-��G-
�
H� +W , . H� +U�hs,

�
� G�

�
H� +W , . H� +U�hs,

�
� �G-F-� /

fh txl hvw yudl fdu F�?� +G� , � F�?� +G-,/ sdu k|srwkëvh/ hw +5=66, hvw yudlh1
Juãfh ã +5=66,/ srxu dyrlu +5=65,/ lo hvw pdlqwhqdqw vx!vdqw g*dyrlu
3
C FL �G�-Ee�46 .

�
G^
�-N .G63^

�- O
�
F�@�?|63^

�
�
G^
�-N .G63^

�- O
�
F-63^

4
D�G-

�
H� +W , . H� +U�hs,

�

�
3
C �

�
G^
�-N .G63^

�- O
��

H� +W ,63^ . H� +U�hs,63^
�

.
�
G^
�-N .G63^

�- O
�
H +P�,63^

4
D�G-F-/
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<7 Fkdslwuh 51 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh frqglwlrqqhooh
f*hvw0ã0gluh

FL �G�-Ee�46 .
�
G^
�-N .G63^

�- O
�
F�@�?|63^ �

�
G^
�-N .G63^

�- O
�
F-63^

� F�?� �
�
G^
�-N .G63^

�- O
��
�
�
H� +W ,63^ .H� +U�hs,63^

�
. H +P�,63^

�
/

rx hqfruh
FL �G�-Ee�46 .

�
G^
�-N .G63^

�- O
��

F�@�?|63^ �F�?�H +P�,63^
�

�
�
G^
�-N .G63^

�- O
�k
F-63^ �F�?�

�
H� +W ,63^ . H� +U�hs,63^

�l +5167,

Vl FL @ 3/ frpph G^
�-N .G63^

�- O � 3/ lo hvw fodlu txh +5=67, hvw yudlh gëv txh

F�@�?|63^ �F�?�H +P�,63^ � F-63^ �F�?� �H� +W ,63^ . H� +U�hs,63^
�
/ +5168d,

fh txl shxw hqfruh v*ìfuluh
F�@�?|>� .F�?� �

��
j�46 . jD2H +U�,

�
+m,� H +P�,

�
�
�
jD2F-�eR� +m,

srxu wrxw t . 4 � m �p1
Hq g*dxwuhv whuphv/ F � F�?� gìv txh +5=64, hvw yudlh1

51816 Rswlplvdwlrq gh od srolwltxh gh pdlqwhqdqfh
Qrwuh sureoëph hvw pdlqwhqdqw gh yrlu v*lo h{lvwh xqh srolwltxh gh pdlqwhqdqfh suì0

yhqwlyh txl plqlplvh oh frþw pr|hq dv|pswrwltxh gx v|wëph pdlqwhqx1
Vxu od irupxoh rewhqxh gdqv oh wkìruëph 5149/ lo hvw wrxw g*derug idfloh gh yrlu txh oh

frþw pr|hq dv|pswrwltxh F hvw xqh irqfwlrq furlvvdqwh sdu udssruw ã fkdfxq ghv gl�ìuhqwv
frþwv gh od pdlqwhqdqfh +FKL�@�?|/ FI�@�?|>� / FK�@�?|>� hw FL,/ fdu � hvw xqh frqvwdqwh
lqgìshqgdqwh gh fhv frþwv1 G*xq srlqw gh yxh sudwltxh/ lo idxw grqf hvvd|hu g*dyrlu ghv
frþwv gh pdlqwhqdqfh ohv soxv shwlwv srvvleohv1

Hq fh txl frqfhuqh ohv gxuìhv pr|hqqhv ghv rsìudwlrqv gh pdlqwhqdqfh/ frqwudluhphqw
ã od glvsrqlelolwì dv|pswrwltxh/ oh frþw pr|hq dv|pswrwltxh F q*hvw sdv wrxmrxuv xqh
irqfwlrq furlvvdqwh sdu udssruw dx{ H +P�,/ srxu m 5 it . 4> ===>pj1 Hq h�hw/ vl o*rq
uhjdugh od gìulyìh gh F sdu udssruw ã H +P�,/ lo hvw idfloh gh yrlu tx*hooh hvw gh od iruph�
FK�@�?|>� .FKL�@�?|

�
{�|/ rü { hw | vrqw ghv uìhov srvlwliv1 Rq hq gìgxlw txh/ vl oh frþw

krudluh gh od pdlqwhqdqfh hvw shwlw +sdu udssruw dx{ dxwuhv frþwv,/ oh frþw F gìfurlw sdu
udssruw ã H +P�,1 Rq uhwurxyh grqf gdqv fh fdv oh píph w|sh gh frpsruwhphqw txhotxh
shx sdudgr{do txh fhoxl ìyrtxì gdqv od uhpdutxh 514< hw od frqfoxvlrq hvw od píph = vl ohv
frþwv krudluhv gh pdlqwhqdqfh vrqw wuëv shwlwv/ lo idxw vdqv grxwh frqwu÷ohu vlpxowdqìphqw
oh frþw pr|hq hw od glvsrqlelolwì dv|pswrwltxhv1

Fhv uhpdutxhv ìwdqw idlwhv/ qrxv vxssrvrqv gdqv oh uhvwh gx sdudjudskh txh ohv frþwv
gh od pdlqwhqdqfh +FKL�@�?|/ FI�@�?|>� / FK�@�?|>� hw FL, hw ohv gxuìhv pr|hqqhv ghv
rsìudwlrqv gh pdlqwhqdqfh vrqw �{ìv1 Qrwuh sureoëph hvw doruv gh yrlu v*lo h{lvwh ghv orlv
lqwhu0lqvshfwlrqv rswlpdohv hw ìyhqwxhoohphqw/ gh ohv gìwhuplqhu1

Qrxv gìprqwurqv lfl txh/ vrxv ohv píphv k|srwkëvhv txh srxu od glvsrqlelolwì dv|pswr0
wltxh/ ohv uìvxowdwv gx wkìruëph 5144 uhvwhqw ydodeohv srxu oh frþw pr|hq dv|pswrwltxh/ ã
vdyrlu/ o*rswlplvdwlrq gh od srolwltxh gh pdlqwhqdqfh uhodwlyhphqw dx{ orlv lqwhu0lqvshfwlrqv
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518 Frþw pr|hq dv|pswrwltxh <8
shxw íwuh olplwìh dx{ lqwhuydoohv lqwhu0lqvshfwlrqv gh w|sh gìwhuplqlvwh1

Srxu lqgltxhu od gìshqgdqfh gh F sdu udssruw dx{ orlv lqwhu0lqvshfwlrqv ��/ �2/ 111/ �6/
rq qrwh lfl F +��> �2> ===> �6, dx olhx gh F1
Wkìruëph 5153 Gdqv oh fdv rü G� @ G- @?J|�e G hw rü �D^c^ hvw wuldqjxodluh vxsìulhxuh =

41
�Lo h{lvwh �f�> �f2> ===> �f6 whoohv txh F ��f�> �f2> ===> �f6

� ? F�?�� +K,
p �Lo h{lvwh ff�> ff2> ===> ff6 whov txhF ��fS� > �fS2> ===> �fS6

� ? F�?�� +K3,

51 Vrxv o*k|srwkëvh +K, rx +K �,/ lo h{lvwh fJ^|� / fJR|2 / 111/ fJR|6 whov txh

F
�
�SJR|�

> �SJR|2
> ===> �SJR|6

�
� F +��> �2> ===> �6, / srxu wrxwhv orlv ��> �2> ===> �61

Gìprqvwudwlrq1 Od gìprqvwudwlrq hvw od píph txh fhooh gx wkìruëph 5144 hw qrxv
qrxv frqwhqwrqv gh yìul�hu txh o*lqìjdolwì F +��> �2> ===> �6, � F�?� hvw gh od píph iruph
txh o*lqìjdolwì D" +��> �2> ===> �6, � D�?�" / ã vdyrlu

GE +L6 � e, +�,6c� � GE +�,6c� /
rü rq udsshooh txh +�,&c? gìvljqh q*lpsruwh txhooh pdwulfh g*ruguh +n> q, lqgìshqgdqwh gh
��/ �2/ 111/ �61 +fi +5=5<,,1

Frpph G�- @ G/ oh frþw vh phw lfl vrxv od iruph
F @ �GE

�
FL � e�46 . eF�@�?| . +L6 � e, jD2F-�eR� /

dyhf
� @

k
GE

�
+L6 � e, j�46 . +L6 � e, jD2H +U�, . eH +P�,

�l3�

+fi wkìruëph 5149,1
Rq hq gìgxlw =

F +��> �2> ===> �6, � F�?�

+,
GE

�
FL � e�46 . eF�@�?| . +L6 � e, jD2F-�eR�

� F�?� �GE
�
+L6 � e, j�46 . +L6 � e, jD2H +U�, . eH +P�,

�
1

Uhpdutxrqv txh/ gdqv fhwwh lqìjdolwì/ FL/ F�@�?|/ j/ D2/ F-�eR/ H +U�, hw H +P�, vrqw
frqvwdqwv sdu udssruw dx{ orlv lqwhu0lqvshfwlrqv1

F +��> �2> ===> �6, � F�?� hvw grqf ìtxlydohqw ã xqh lqìjdolwì gh od iruph
GE

k
e +�,6c� . +L6 � e, +�,6c�l � GE

�
+L6 � e, +�,6c� . e +�,6c�� 1

Hq ìfulydqw e @ L6�+L6 � e,/ rq yrlw lppìgldwhphqw txh o*lqìjdolwì F +��> �2> ===> �6, �F�?� hvw elhq gh od iruph vrxkdlwìh1

Vrsklh Eorfk0Phuflhu 4; gìfhpeuh 5333



<9 Fkdslwuh 51 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh frqglwlrqqhooh
51817 H{hpsohv

Qrxv uhsuhqrqv lfl ohv h{hpsohv ìwxglìv dx sdudjudskh 517171 Qrxv frpphqêrqv sdu
whvwhu o*rssruwxqlwì gh sudwltxhu od srolwltxh gh pdlqwhqdqfh suìyhqwlyh gdqv oh exw g*dpì0
olruhu vrq frþw pr|hq dv|pswrwltxh ã o*dlgh gx wkìruëph 514;/ gx prlqv oruvtxh ohv k|0
srwkëvhv vrqw yìul�ìhv1 Qrxv uhfkhufkrqv hqvxlwh ohv orlv lqwhu0lqvshfwlrqv txl plqlplvhqw
fh frþw1 Frpph srxu od glvsrqlelolwì dv|pswrwltxh/ lo hvw idfloh gh yrlu txh/ frpph ohv
orlv gh uhgìpduudjhv G� hw G- vrqw sruwìhv sdu i4> ===> tj/ oh frþw pr|hq dv|pswrwltxh
qh gìshqg/ oxl dxvvl/ txh ghv orlv lqwhu0lqvshfwlrqv ��/ �2/ 111/ �^1 Frpph suìfìghpphqw/
o*rswlplvdwlrq qh vh idlw grqf txh vxu fhv orlv1 Sdu dloohxuv/ oruvtxh o*rq qh shxw vh olpl0
whu dx{ orlv lqwhu0lqvshfwlrqv gh w|sh gìwhuplqlvwh +f*hvw0ã0gluh oruvtxh ohv k|srwkëvhv gx
wkìruëph 5153 qh vrqw sdv yìul�ìhv,/ qrxv suhqrqv oã hqfruh ghv orlv JDPPD1

Xqh irlv od srolwltxh gh pdlqwhqdqfh rswlplvìh uhodwlyhphqw dx frþw/ qrxv frpsoìwrqv
o*ìwxgh hq qrxv lqwìuhvvdqw ã od glvsrqlelolwì dv|pswrwltxh gx v|vwëph vrxplv ã fhwwh
srolwltxh gh pdlqwhqdqfh rswlpdoh1 Hq h�hw/ píph vl oh frþw hvw vrxyhqw o*xq ghv fulwëuhv
irqgdphqwdx{ srxu ohv lqgxvwulhov/ lo q*hvw pdojuì wrxw fhuwdlqhphqw sdv mxglflhx{ gh
wurs oh glplqxhu vl fhod hqwudñqh xqh wurs judqgh shuwh gh glvsrqlelolwì gx v|vwëph1 F*hvw
srxutxrl/ gdqv fkdfxq ghv h{hpsohv/ qrxv frpsdurqv od glvsrqlelolwì dv|pswrwltxh gx
v|vwëph vrxplv ã od srolwltxh gh pdlqwhqdqfh rswlpdoh srxu oh frþw ã od glvsrqlelolwì
dv|pswrwltxh gx v|vwëph lqlwldo1

Oruvtxh ohv lqwhuydoohv lqwhu0lqvshfwlrqv rswlpdx{ srxu oh frþw vrqw gìwhuplqlvwhv/ qrxv
ohv qrwrqv lfl

�
f�JR|
� > ===> f�JR|^

�
d�q gh qh sdv ohv frqirqguh dyhf fhx{ txl fruuhvsrqghqw ã od

glvsrqlelolwì dv|pswrwltxh rswlpdoh/ txl vrqw qrwìv
�
fJR|� > ===> fJR|^

�
1

H{hpsoh 5154 Oh v|vwëph ìwxglì fruuhvsrqg ã fhoxl gh o*h{hpsoh 5146 +fdv g*xq v|vwëph
gh w|sh n vxu q/ irupì gh frpsrvdqwv qrq uìsdudeohv wdqw txh oh v|vwëph irqfwlrqqh/
G� @ G- @ +4> 3> ===> 3,,1 Ohv qrwdwlrqv hw ohv grqqìhv qxpìultxhv vrqw lghqwltxhv1 Fhv
grqqìhv vrqw frpsoìwìhv sdu ohv frþwv vxlydqwv =

FI-�eR
6n� @ 53 +xq vhxo ìwdw gh sdqqh,/ FK-�eR

6n� @ 8/
FKL-�eR @ FKL�@�?| @ <8/ FL @ 4/
FI�@�?|>� @ m srxu m 5 it . 4> ===>pj/ FK�@�?|>� @ 8 srxu m 5 it . 4> ===>pj1

Ohv frþwv krudluhv gh pdlqwhqdqfh rqw ìwì fkrlvlv xq shx soxv judqgv txh fhx{ gh F1
Frfr}}d0Wklyhqw gdqv ^53` +fi uhpdutxh 514< hw oh gìexw gx sdudjudskh 51816,1 +Qrxv
dyrqv dxvvl idlw ohv fdofxov dyhf ohv píphv ydohxuv txh F1 Frfr}}d0Wklyhqw hw qrxv dyrqv
wurxyì ohv píphv uìvxowdwv,1

Dyhf qrv grqqìhv qxpìultxhv/ ohv gl�ìuhqwv frþwv vh phwwhqw doruv vrxv od iruph =

F�@�?|>� @ 44
43m srxu t . 4 � m �p/ F-�eR

6n� @ 55

hw F @ �GE
3
Ce�46 .

6[
�'^n�

44
43m � e +�> m, . 55� +L6 � e, �46

4
D 1

Frpph ohv frþwv g*lqvshfwlrq qh vrqw sdv qxov/ qrxv qh srxyrqv sdv whvwhu lfl ohv
frqglwlrqv grqqìhv sdu oh wkìruëph 514;1

Hq fh txl frqfhuqh o*rswlplvdwlrq/ ohv k|srwkëvhv gx wkìruëph 5153 vrqw lfl yìul�ìhv hw
qrxv qrxv frqwhqwrqv gh frqvlgìuhu ghv lqwhuydoohv lqwhu0lqvshfwlrqv gh w|sh gìwhuplqlvwh1
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518 Frþw pr|hq dv|pswrwltxh <:
Ohv uìvxowdwv vrqw udvvhpeoìv gdqv oh wdeohdx 51:/ rü qrxv grqqrqv oh frþw pr|hq

dv|pswrwltxh gx v|vwëph lqlwldo F�?� hw oh frþw pr|hq dv|pswrwltxh rswlpdo gx v|vwëph
pdlqwhqx FJR| dlqvl txh vrq dujxphqw

�
f�JR|
� > ===> f�JR|^

�
/ mxvwh hq0ghvvrxv hq lwdoltxh1

q F�?� t @ 4 t @ 5 t @ 6 t @ 7 t @ 8 t @ 9 t @ :
6 581:;45 4;=78<5

314<88
7 4<1<6<9 45=;996 46=::37

3164:: 31696<
314;57

8 491;:<; 43=<<;8 43=;443 44=<488
317:6: 31784; 31857<

315<8: 31698:
314;68

9 471<993 43=47:9 43=3396 <=<;<8 43=<99;
3195;4 318<77 318<4< 319::6

31789: 317876 318697
315<94 316:83

314;<5
: 4619737 <=:78: <=:347 <=8<;: <=9469 43=756;

31:::3 31:8;8 31:5:6 31:633 31;55<
319655 319373 31939; 319<9<

317974 31799; 31886:
316385 316;;:

314<::
; 45198<6 <=8:98 <=89:; <=8595 <=7743 <=7794 43=3<7:

31<59< 31<544 31;<;< 31;989 31;99; 31<97:
31;35< 31:;84 31:86; 31:883 31;839

319896 3195;6 3195<7 31:556
317;86 317;97 318:93

316538 31739:
3153;<

< 441;<;8 <=85:< <=859; <=84:< <=7;43 <=7376 <=6;;5 <=;;<6
413;6: 413;58 413:7< 4137<6 413435 413384 414393

31<:5: 31<9:6 31<784 31<3:9 31<35: 41334:
31;793 31;5;8 31:<69 31:;;9 31;;89

319<93 319985 319935 31:877
3184;6 318467 319376

316753 3175<8
315565

Wdeohdx 51:1 H{ 51541 Frþw pr|hq dv|pswrwltxh lqlwldo hw rswlpdo

Ohv uhpdutxhv g*ruguh qxpìultxh grqqìhv srxu od glvsrqlelolwì dv|pswrwltxh hw frqfhu0
qdqw/ g*xqh sduw/ o*lq xhqfh uhvshfwlyh ghv gl�ìuhqwv f� srxu 4 � l � t/ hw g*dxwuh sduw/
oh fdudfwëuh gìfurlvvdqw gh

�
f�JR|
� > ===> f�JR|^

�
uhvwhqw ydodeohv1 Hq uhydqfkh/ oh frþw pr|hq
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<; Fkdslwuh 51 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh frqglwlrqqhooh
dv|pswrwltxh ydulh ehdxfrxs soxv udslghphqw dxwrxu gh vrq rswlpxp txh od glvsrqlelolwì
dv|pswrwltxh hw od suìflvlrq gh

�
f�JR|� > ===> f�JR|^

�
hvw elhq phloohxuh1 Ohv urxwlqhv g*rswlpl0

vdwlrq gh PDWODE qrxv irxuqlvvhqw dlqvl idflohphqw
�
f�JR|� > ===> f�JR|^

�
ã 433e suëv1

Qrxv frqvwdwrqv/ tx*dyhf ohv frþwv fkrlvlv/ od srolwltxh gh pdlqwhqdqfh suìyhqwlyh dpì0
olruh oh frþw pr|hq dv|pswrwltxh gdqv wrxv ohv fdv1

Frpph dqqrqfì dx gìexw gh fh sdudjudskh/ qrxv frpsdurqv pdlqwhqdqw od glvsrql0
elolwì dv|pswrwltxh gx v|vwëph lqlwldo D�?�" hw fhooh gx v|vwëph vrxplv ã od srolwltxh gh
pdlqwhqdqfh rswlpdoh srxu oh frþw pr|hq dv|pswrwltxh/ ã vdyrlu D"

�
�S�JR|�

> ===> �S�JR|^

�
1

G*dsuëv oh wdeohdx 514/ qrxv vdyrqv gìmã txh od srolwltxh gh pdlqwhqdqfh dpìolruh od
glvsrqlelolwì dv|pswrwltxh srxu q*lpsruwh txhoohv orlv lqwhu0lqvshfwlrqv srxu od sox0
sduw ghv ydohxuv gh q hw gh t1 Ohv vhxov fdv ã uhjdughu vrqw hq idlw +q> t, 5 i+:> 4, > +;> 4, > +<> 4, > +<> 5,j1
Rq rewlhqw ohv uìvxowdwv vxlydqwv =

� Srxu q @ : hw t @ 4 =
D�?�" @ 3=<;:9 ? D"

�
�S�JR|�

�
@ D" +�f�...f, @ 3=<<551

� Srxu q @ ; hw t @ 4 =
D�?�" @ 3=<;;8 ? D"

�
�S�JR|�

�
@ D" +�f�b2Sb, @ 3=<<551

� Srxu q @ < hw t @ 4 =
D�?�" @ 3=<;<5 ? D"

�
�S�JR|�

�
@ D" +���fH�., @ 3=<<541

� Srxu q @ < hw t @ 5 =
D�?�" @ 3=<;<5 ? D"

�
�S�JR|�

> �S�JR|2

�
@ D" +���fH2D> �f�b.2., @ 3=<<541

Dlqvl/ gdqv wrxv ohv fdv/ od srolwltxh gh pdlqwhqdqfh rswlpdoh srxu oh frþw
pr|hq dv|pswrwltxh dpìolruh dxvvl od glvsrqlelolwì dv|pswrwltxh gx v|vwëph1

H{hpsoh 5155 Oh v|vwëph ìwxglì fruuhvsrqg ã fhoxl gh o*h{hpsoh 5147 +fdv g*xq v|vwëph
gh w|sh n vxu q/ irupì gh frpsrvdqwv uìsdudeohv shqgdqw txh oh v|vwëph irqfwlrqqh/ G� @
G- @ +4> 3> ===> 3,,1 Ohv qrwdwlrqv hw ohv grqqìhv qxpìultxhv vrqw lghqwltxhv1 Fhv grqqìhv
vrqw frpsoìwìhv sdu ohv frþwv vxlydqwv =

FI-�eR
6n� @ 58 .p +xq vhxo ìwdw gh sdqqh,/ FK-�eR

6n� @ 8/
FKL-�eR @ FKL�@�?| @ 53/ FL @ 3/
FI�@�?|>� @ m srxu m 5 it . 4> ===>pj/ FK�@�?|>� @ 8 srxu m 5 it . 4> ===>pj1

Rq rewlhqw doruv =
F�@�?|>� @ 8

7m srxu t . 4 � m �p/ F-�eR
6n� @ 58 . :

5p

hw F @ �GE
3
C

6[
�'^n�

8
7m � e +�> m, .

�
58 . :

5p
�
� +L6 � e, �46

4
D 1
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518 Frþw pr|hq dv|pswrwltxh <<
Frpph qrxv qrxv vrpphv sodfìv gdqv oh fdv rü oh frþw ghv lqvshfwlrqv hvw qxo/ qrxv
srxyrqv whvwhu lfl ohv frqglwlrqv grqqìhv oh wkìruëph 514;1

Gdqv fh exw/ rq qrwh | +m, @ �jD2F-�eR� +m,�F�?��
�
j�46 . jD2H +U�,

�
+m,�F�@�?|>� .

F�?� � H +P�, srxu m 5 i5> ===>pj1 Qrxv ghyrqv doruv uhjdughu vl ohv | +m, vrqw srvlwliv +fi
+5=64,,1

q q m 5 6 7 8 9 : ;
6 81::65
7 4158;; :143;;
8 031987; 414478 9198;4
9 0418<9; 04183;4 03153<: 815349
: 0513:64 051:686 051<;88 0513<6: 614<:;
; 051639< 061638; 071494< 0719:89 0714667 413368
< 0517494 061894< 07198;6 08197:< 09168:5 0914385 041485;

Wdeohdx 51;1 H{ 51551 Whvw gh o*dssruw gh od pdlqwhqdqfh +frþw,
Dsuëv rswlplvdwlrq/ qrxv wurxyrqv oã hqfruh txh ohv orlv rswlpdohv vrqw gìwhupl0
qlvwhv1 Ohv uìvxowdwv qxpìultxhv vrqw udvvhpeoìv gdqv oh wdeohdx 51<1

q F�?� t @ 4 t @ 5 t @ 6 t @ 7 t @ 8 t @ 9 t @ :
6 5617479 :=3:88
7 461<549 ;=6935 7=;3::
8 ;16;:4 :=584: 8=<369 6=8<:4
9 71;6;: F�?� F�?� 7=6876 5=973;
: 519544 F�?� F�?� F�?� F�?� 4=;6:5
; 41664; F�?� F�?� F�?� F�?� F�?� 4=4<7;
< 3196<< F�?� F�?� F�?� F�?� F�?� F�?� F�?�
Wdeohdx 51<1 H{ 51551 Frþw pr|hq dv|pswrwltxh lqlwldo hw rswlpdo

Vxu fh ghuqlhu wdeohdx/ rq frqvwdwh txh od srolwltxh gh pdlqwhqdqfh suìyhqwlyh q*dpìolruh
oh frþw txh oruvtxh o*rq d dx soxv ; frpsrvdqwv1 Sdu dloohxuv/ oh plhx{ hvw doruv gh qh
pdlqwhqlu oh v|vwëph txh vxu oh ghuqlhu ìwdw gh pdufkh dydqw od sdqqh1

Vl qrxv frpsdurqv ohv ghx{ wdeohdx{/ qrxv yr|rqv tx*lo q*| d txh ghx{ fdv rü oh frþw
hvw dpìolruì doruv txh od frqglwlrq vx!vdqwh q*hvw sdv yìul�ìh = oh fdv rü q @ 8 hw t @ 4
hw oh fdv rü q @ 9 hw t @ 7 +hq judv gdqv oh wdeohdx 51<,1 Sdu dloohxuv/ gdqv fhv ghx{ fdv/
ohv ydohxuv gh | +m, vrqw uhodwlyhphqw surfkhv gh 31

Od frqglwlrq vx!vdqwh grqqìh sdu oh wkìruëph 514; qrxv irxuqlw grqf xqh
erqqh lqglfdwlrq srxu vdyrlu v*lo hvw rssruwxq rx qrq gh pdlqwhqlu oh v|vwëph
gdqv oh exw g*dpìolruhu vrq frþw pr|hq dv|pswrwltxh1

Frpph gdqv o*h{hpsoh suìfìghqw/ qrxv frpsdurqv pdlqwhqdqw D�?�" hw D"
�
�S�JR|�

> ===> �S�JR|^

�
1

+Qrxv qh qrxv lqwìuhvvrqv elhq vþu tx*dx{ fdv rü oh frþw hvw dpìolruì sdu od pdlqwhqdqfh,1
G*dsuëv oh wdeohdx 516/ oh vhxo fdv ã uhjdughu fruhvsrqg ã q @ 8 hw t @ 41 Gh soxv/ rq

d gdqv fh fdv
D�?�" @ 3=<473 ? D"

�
�S�JR|�

�
@ D" +�f�Df�b, @ 3=<68;1
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433 Fkdslwuh 51 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh frqglwlrqqhooh
Dlqvl/ gdqv wrxv ohv fdv/ od srolwltxh gh pdlqwhqdqfh rswlpdoh srxu oh frþw

dv|pswrwltxh dpìolruh oã hqfruh od glvsrqlelolwì dv|pswrwltxh gx v|vwëph1

H{hpsoh 5156 Oh v|vwëph ìwxglì fruuhvsrqg ã fhoxl gh o*h{hpsoh 5148 +fdv g*xq v|vwëph
gh w|sh n vxu q/ irupì gh frpsrvdqwv qrq uìsdudeohv wdqw txh oh v|vwëph irqfwlrqqh/
G� @ +4> 3> ===> 3, 9@ G- @ �^,1 Ohv qrwdwlrqv hw ohv grqqìhv qxpìultxhv vrqw lghqwltxhv1
Fhv grqqìhv vrqw frpsoìwìhv sdu ohv frþwv vxlydqwv =

FI-�eR
6n� @ 53/ FK-�eR

6n� @ 8/
FKL-�eR @ <8/ FKL�@�?| @ 78/ FL @ 4/
FI�@�?|>� @ m srxu m 5 it . 4> ===>pj/ FK�@�?|>� @ 8 srxu m 5 it . 4> ===>pj1

Rq rewlhqw
F�@�?|>� @ 6

5m srxu t . 4 � m �p/ F-�eR
6n& @ 73� t

hw F @ �G�-E
3
Ce�46 .

6[
�'^n�

6
5m � e +�> m, . +73� t,� +L6 � e, �46

4
D 1

Dsuëv rswlplvdwlrq/ qrxv wurxyrqv oã hqfruh txh ohv orlv rswlpdohv vrqw gì0
whuplqlvwhv1 Ohv uìvxowdwv qxpìultxhv vrqw udvvhpeoìv gdqv oh wdeohdx 5143/ rü qrxv
grqqrqv oh frþw pr|hq dv|pswrwltxh gx v|vwëph lqlwldo F�?�/ oh frþw pr|hq dv|pswrwltxh
rswlpdo gx v|vwëph pdlqwhqx FJR| dlqvl txh vrq dujxphqw

�
f�JR|� > ===> f�JR|^

�
/ od glvsrqlelolwì

dv|pswrwltxh gx v|vwëph pdlqwhqx fruuhvsrqgdqwh D"
�
f�JR|� > ===> f�JR|^

�
hw od glvsrqlelolwì

dv|pswrwltxh gx v|vwëph lqlwldo D�?�" 1 +Hq h�hw/ oh wdeohdx 518 qh irxuqlw lfl ã shx suëv
dxfxq uhqvhljqhphqw vxu o*dpìolrudwlrq gh od glvsrqlelolwì dv|pswrwltxh gxh ã od srolwltxh
gh pdlqwhqdqfh,1

t 4 5 6 7 8
F�?�" +�^, 54=;:83 56=645< 58=78;: 5;=<877 68=8<65
FJR|" 45=:9:3 45=9;94 45=8464 45=9873 47=:6;9

319689 319368 318996 318957 31935:
317<74 3178<4 317895 317<96

316738 3166<3 316:<:
3153<6 31584:

314489
D"
�
f�JR|� > ===> f�JR|^

�
3=<5;< 3=<469 3=;<38 3=;988 3=;7:8

D�?�" +�^, 3=;<67 3=;;<9 3=;;63 3=;:46 3=;7:8
Wdeohdx 51431 H{ 51561 Frþw pr|hq dv|pswrwltxh lqlwldo hw rswlpdo1

Oh frþw gx v|vwëph pdlqwhqx hvw lfl wrxmrxuv phloohxu txh oh frþw gx v|vwëph
lqlwldo1

Hq uhydqfkh/ srxu t @ 7/ od srolwltxh gh pdlqwhqdqfh rswlpdoh srxu oh frþw
pr|hq dv|pswrwltxh glplqxh xq shx od glvsrqlelolwì dv|pswrwltxh1
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Qrxv dyrqv sursrvì gdqv fh fkdslwuh xq prgëoh gh srolwltxh gh pdlqwhqdqfh suìyhqwlyh
glwh �frqglwlrqqhooh�/ f*hvw0ã0gluh olìh ã o*ìyroxwlrq gx v|vwëph = rq q*duuíwh oh v|vwëph
srxu oh pdlqwhqlu txh oruvtx*lo hvw gdqv xq ìwdw gh pdufkh uhodwlyhphqw gìjudgì1 Srxu
ìwxglhu oh v|vwëph vrxplv ã xqh whooh srolwltxh gh pdlqwhqdqfh/ qrxv dyrqv xwlolvì ghx{
fulwëuhv = od glvsrqlelolwì dv|pswrwltxh hw oh frþw pr|hq dv|pswrwltxh1 Hq h�hw/ vl oh frþw
pr|hq dv|pswrwltxh hvw vdqv grxwh oh fulwëuh oh soxv xwlolvì sdu ohv lqgxvwulhov/ o*ìwxgh gh
od glvsrqlelolwì dv|pswrwltxh oh frpsoëwh elhq hw qrxv shuphw g*dyrlu xqh erqqh lgìh gx
frpsruwhphqw gx v|vwëph vrxplv ã od srolwltxh gh pdlqwhqdqfh1

Srxu fkdfxq gh fhv fulwëuhv/ f*hvw0ã0gluh srxu od glvsrqlelolwì dv|pswrwltxh hw srxu oh
frþw pr|hq dv|pswrwltxh/ qrxv dyrqv grqqì ghv frqglwlrqv vrxv ohvtxhoohv od srolwltxh gh
pdlqwhqdqfh ohv dpìolruhqw hw qrxv dyrqv whvwì qxpìultxhphqw od ydolglwì gh fhv frqglwlrqv
vxu txhotxhv h{hpsohv qxpìultxhv1 Qrxv dyrqv sdu dloohxuv gìprqwuì txh/ pr|hqqdqw
txhotxhv k|srwkëvhv vxssoìphqwdluhv/ lo hvw srvvleoh gh uhvwuhlqguh o*rswlplvdwlrq gh od
srolwltxh gh pdlqwhqdqfh uhodwlyhphqw dx{ orlv ghv yduldeohv lqwhu0lqvshfwlrqv dx{ vhxohv
orlv gìwhuplqlvwhv +hw fhod srxu ohv ghx{ fulwëuhv,1 Qrxv dyrqv sdu dloohxuv frqvwdwì od píph
sursulìwì vxu txhotxhv h{hpsohv qh yìul�dqw sdv fhv k|srwkëvhv vxssoìphqwdluhv/ gh vruwh
tx*lo vhpeohudlw txh fhod vrlw wrxmrxuv yudl1

Hq fh txl frqfhuqh oh frqwu÷oh gh od glvsrqlelolwì dv|pswrwltxh oruvtxh o*rq glplqxh oh
frþw/ qrxv qrxv vrpphv frqwhqwì lfl gh frpsduhu od glvsrqlelolwì gx v|vwëph lqlwldo dyhf
fhooh gx v|vwëph vrxplv ã od srolwltxh gh pdlqwhqdqfh rswlplvìh sdu udssruw dx frþw1 Qrxv
srxuulrqv dxvvl lpdjlqhu gh idluh xqh rswlplvdwlrq sdu udssruw dx frþw vrxv od frqwudlqwh
�glvsrqlelolwì dv|pswrwltxh gx v|vwëph pdlqwhqx vxsìulhxuh rx ìjdoh ã fhooh gx v|vwëph
lqlwldo�1 Xqh dxwuh srvvlelolwì vhudlw gh frqvlgìuhu xq qrxyhdx fulwëuh gh w|sh eìqì�fh/ txl
ihudlw lqwhuyhqlu ã od irlv oh frþw pr|hq hw od glvsrqlelolwì dv|pswrwltxhv +rx od suredelolwì
txh o*rq vrlw gdqv who rx who ìwdw gh pdufkh vl oh uhqghphqw gx v|vwëph gìshqg gh o*ìwdw
gh gìjudgdwlrq gx v|vwëph,1

Uhpdutxrqv hq�q txh qrxv dyrqv fkrlvl lfl oh frþw frpph fulwëuh sulqflsdo1 Lo hvw elhq
ìylghqw txh/ gdqv fhuwdlqv fdv/ f*hvw od glvsrqlelolwì txl hvw suìsrqgìudqwh1 Fhod vljql�h
txh/ oh fdv ìfkìdqw/ lo shxw íwuh suìiìudeoh gh idluh oh frqwudluh gh fh txh qrxv dyrqv
idlw/ f*hvw0ã0gluh g*rswlplvhu wrxw g*derug od srolwltxh gh pdlqwhqdqfh sdu udssruw ã od
glvsrqlelolwì dv|pswrwltxh/ sxlv gh frqwu÷ohu oh frþw rewhqx1

Vrsklh Eorfk0Phuflhu 4; gìfhpeuh 5333



435 Fkdslwuh 51 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh frqglwlrqqhooh

Xqlyhuvlwì gh Pduqh od Ydooìh



Fkdslwuh 6

Xq prgëoh gh pdlqwhqdqfh
suìyhqwlyh srxu xq v|vwëph
vhpl0pdunrylhq

614 Lqwurgxfwlrq
Frpph gdqv ohv ghx{ suhplhuv fkdslwuhv gh fhwwh wkëvh/ qrxv qrxv lqwìuhvvrqv oã hqfruh

ã xq v|vwëph uìsdudeoh1 Hq uhydqfkh/ frqwudluhphqw ã fh txh qrxv dyrqv idlw mxvtx*ã suì0
vhqw/ qrxv qh vxssrvrqv soxv lfl txh oh v|vwëph ìyroxh gh idêrq pdunrylhqqh oruvtx*lo hvw hq
pdufkh1 Hq h�hw/ fhwwh prgìolvdwlrq pdunrylhqqh frqylhqw oruvtxh o*rq d/ sdu h{hpsoh/ xq
v|vwëph irupì g*xq shwlw qrpeuh gh frpsrvdqwv grqw ohv wdx{ gh sdqqh +hw ìyhqwxhoohphqw
gh uìsdudwlrq, vrqw frqvwdqwv/ ohv frpsrvdqwv srxydqw íwuh vrxplv ã glyhuvhv gìshqgdqfhv
irqfwlrqqhoohv rx vroolflwdwlrqv h{wìulhxuhv1 Gdqv od sudwltxh/ ohv wdx{ qh vrqw sdv wrxmrxuv
frqvwdqwv +vxuwrxw fhx{ gh uìsdudwlrq,1 Sdu dloohxuv/ oh qrpeuh gh frpsrvdqwv lqwhuyhqdqw
gdqv xq v|vwëph frqgxlw udslghphqw ã o*h{sorvlrq gx qrpeuh g*ìwdwv srvvleohv +hq 5?,
hw ohv fdofxov ghylhqqhqw ylwh uìgklelwrluhv1 Fhfl dpëqh doruv ohv lqgxvwulhov ã xwlolvhu xqh
dxwuh dssurfkh/ soxv vwdwlvwltxh1 Lov uhfxhloohqw dlqvl xq fhuwdlq qrpeuh gh grqqìhv vxu ohv
gxuìhv gh ylh gh ohxuv v|vwëphv +grqqìhv uìhoohv rx vlpxoìhv/ ìyhqwxhoohphqw fhqvxuìhv,
hw uhfkhufkhqw od orl txl dmxvwh dx plhx{ fhv grqqìhv1 Srxu fh idluh/ lov rqw iuìtxhpphqw
uhfrxuv ã xq fhuwdlq qrpeuh gh orlv fodvvltxhv/ od soxv fìoëeuh +hw vdqv grxwh od soxv dq0
flhqqh, ìwdqw od orl gh Zhlexoo +fi ^9`/ ^88`,/ o*dylv ghv h{shuwv ìwdqw ã fh qlyhdx wrxw ã idlw
sulprugldo txdqw dx fkrl{ gh w|sh gh orl xwlolvìh1

Qrwuh sursrv q*hvw sdv lfl gh yrlu frpphqw phqhu ã elhq fhv dmxvwhphqwv/ pdlv soxw÷w
g*xwlolvhu fhwwh prgìolvdwlrq gh od gxuìh gh ylh g*xq v|vwëph sdu xqh orl xqltxh/ hq jìqìudo ã
ghqvlwì sdu udssruw ã od phvxuh gh Ohehvjxh1 Uhpdutxrqv srxu fhod txh fhwwh prgìolvdwlrq
uhylhqw hq idlw ã uhsuìvhqwhu o*ìyroxwlrq gx v|vwëph sdu xq surfhvvxv vhpl0pdunrylhq/
o*hvsdfh g*ìwdwv ìwdqw doruv irupì sdu xq vhxo ìwdw gh pdufkh hw ìyhqwxhoohphqw soxvlhxuv
ìwdwv gh sdqqh1

Qrxv qrxv lqwìuhvvrqv lfl ã xq prgëoh xq shx soxv jìqìudo hw qrxv vxssrvrqv txh
o*ìyroxwlrq gx v|vwëph shxw íwuh uhsuìvhqwìh sdu xq surfhvvxv vhpl0pdunrylhq +[|,/ ã
ydohxuv gdqv xq hvsdfh g*ìwdwv �ql/ frpsruwdqw ìyhqwxhoohphqw soxvlhxuv ìwdwv gh pdufkh1
Dx olhx gh prgìolvhu od gxuìh gh ylh sdu xqh vhxoh orl/ qrxv srxyrqv dlqvl whqlu frpswh
gh fkdqjhphqwv gh uìjlphv ìyhqwxhov gdqv o*ìyroxwlrq gx v|vwëph/ sdu h{hpsoh oruvtx*xq
frpsrvdqw wrpeh hq sdqqh rx vrxv o*lq xhqfh g*xqh vroolflwdwlrq h{wìulhxuh1 Uhpdutxrqv
dxvvl txh fhwwh prgìolvdwlrq hvw xqh jìqìudolvdwlrq qdwxuhooh gx fdv pdunrylhq1
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437 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh = fdv vhpl0pdunrylhq
Frpph gdqv oh fkdslwuh 5/ fh v|vwëph +glw v|vwëph lqlwldo, hvw vrxplv ã xqh srolwltxh

gh pdlqwhqdqfh suìyhqwlyh/ gdqv oh exw g*dpìolruhu vd glvsrqlelolwì dv|pswrwltxh1 Soxv
suìflvìphqw/ vl oh v|vwëph hvw dx gìsduw gdqv xq ìwdw gh pdufkh/ rq o*lqvshfwh +lqvwdqwdqì0
phqw, ã xq lqvwdqw doìdwrluh gh orl �/ rü � hvw xqh orl txhofrqtxh1 Vl oh v|vwëph hvw gìmã hq
sdqqh hq wudlq g*íwuh uìsduì/ rq dfkëyh qrupdohphqw od uìsdudwlrq1 Vl oh v|vwëph hvw hqfruh
hq pdufkh/ rq o*duuíwh srxu oxl idluh vxelu xqh rsìudwlrq gh pdlqwhqdqfh suìyhqwlyh1 Fhwwh
rsìudwlrq d xqh gxuìh doìdwrluh gìshqgdqw gh o*ìwdw gh gìjudgdwlrq gx v|vwëph dx prphqw
rü rq o*duuíwh1 Rq surfëgh gh od píph idêrq dsuëv q*lpsruwh txhooh sìulrgh g*duuíw1

Qrwuh sureoëph hvw doruv gh fdofxohu od glvsrqlelolwì dv|pswrwltxh gx v|vwëph vrxplv ã
fhwwh srolwltxh gh pdlqwhqdqfh suìyhqwlyh hw gh yrlu vl hooh hvw dpìolruìh sdu od pdlqwhqdqfh1
Oh fdv ìfkìdqw/ rq fkhufkh hqvxlwh ã rswlplvhu fhwwh srolwltxh gh pdlqwhqdqfh/ frpph gdqv
oh fkdslwuh 51

Gh idêrq soxv suìflvh/ fh fkdslwuh vh suìvhqwh gh od idêrq vxlydqwh =
Oh v|vwëph lqlwldo hw od srolwltxh gh pdlqwhqdqfh suìyhqwlyh vrqw wrxw g*derug gìfulwv

gdqv oh sdudjudskh 6151 Qrxv qrxv lqwìuhvvrqv hqvxlwh +¢616, dx fdv sduwlfxolhu rü od orl �
gx �whpsv g*dwwhqwh gh od pdlqwhqdqfh� hvw h{srqhqwlhooh1 O*lqwìuíw gh fh fdv sduwlfxolhu
uìvlgh gdqv oh idlw txh/ frqwudluhphqw dx fdv jìqìudo/ oh surfhvvxv +]|, gìfulydqw o*ìyrox0
wlrq gx v|vwëph pdlqwhqx hvw/ frpph oh surfhvvxv +[|,/ xq surfhvvxv vhpl0pdunrylhq1
Fhfl qrxv shuphw gh prqwuhu o*h{lvwhqfh hw gh fdofxohu od glvsrqlelolwì dv|pswrwltxh gx
v|vwëph pdlqwhqx +gdqv oh ¢61615, vrxv ghv k|srwkëvhv soxv idleohv txh gdqv oh fdv jìqìudo1
Hq sduwlfxolhu/ qrxv qh vxssrvrqv sdv txh ohv uhgìpduudjhv dsuëv xqh uìsdudwlrq rx xqh
rsìudwlrq gh pdlqwhqdqfh vrqw lqgìshqgdqwv gh o*ìwdw gh sdqqh rx gh pdlqwhqdqfh dvvrflì/
frpph qrxv o*dyrqv idlw gdqv oh fkdslwuh suìfhghqw hw frpph qrxv oh idlvrqv gdqv oh sdud0
judskh 617/ frqvdfuì dx fdv jìqìudo1 Sdu dloohxuv/ oh fdudfwëuh vhpl0pdunrylhq gh +]|, qrxv
shuphw dxvvl gh fdofxohu od glvsrqlelolwì lqvwdqwdqìh gx v|vwëph pdlqwhqx +gdqv oh ¢61616,/
fh txh o*rq qh vdlw sdv idluh gdqv oh fdv jìqìudo1 Qrxv ìwxglrqv doruv txhotxhv h{hpsohv
srxu ohvtxhov qrxv rswlplvrqv od glvsrqlelolwì dv|pswrwltxh uhodwlyhphqw dx sdudpëwuh
gh od orl h{srqhqwlhooh hw srxu ohvtxhov qrxv frpsdurqv ohv glsrqlelolwìv lqvwdqwdqìhv gx
v|vwëph lqlwldo hw gx v|vwëph pdlqwhqx +¢61617,1

Gdqv oh fdv jìqìudo +¢617,/ frpph qrxv o*dyrqv dqqrqfì dx0ghvvxv/ qrxv dyrqv ehvrlq
gh txhotxhv k|srwkëvhv vxssoìphqwdluhv/ txh qrxv grqqrqv dx sdudjudskh 617141 O*ìwxgh
uhsrvh doruv/ frpph gdqv ohv ghx{ suhplhuv fkdslwuhv gh fhwwh wkëvh/ vxu oh fdudfwëuh vhpl0
uìjìqìudwli gx surfhvvxv +]|, +rxeol gx sdvvì ã fkdtxh uhgìpduudjh,1 Qrxv frpphqêrqv
sdu grqqhu txhotxhv uìvxowdwv suìolplqdluhv dx sdudjudskh 61715/ sxlv qrxv fdofxorqv od
glvsrqlelolwì dv|pswrwltxh gx v|vwëph pdlqwhqx dx sdudjudskh 617161 Qrxv qrxv lqwìuhv0
vrqv hqvxlwh ã o*rswlplvdwlrq gh fhwwh glvsrqlelolwì dv|pswrwltxh uhodwlyhphqw ã od orl � gx
whpsv g*dwwhqwh gh od pdlqwhqdqfh1

Qrxv qrxv sodêrqv wrxw g*derug +¢61717, gdqv xq fdguh jìqìudo/ rü oh v|vwëph qh uh0
gìpduuh sdv qìfhvvdluhphqw gh od píph idêrq dsuëv xqh uìsdudwlrq rx xqh rsìudwlrq gh
pdlqwhqdqfh1 Qrxv revhuyrqv doruv vxu txhotxhv h{hpsohv txh/ frpph gdqv oh fkdslwuh
5/ lo vhpeohudlw tx*lo vrlw wrxmrxuv vx!vdqw gh qh frqvlgìuhu txh ghv orlv � gh w|sh gìwhupl0
qlvwh srxu rswlplvhu od pdlqwhqdqfh1 Fhfl qrxv frqgxlw ã ìwxglhu fh w|sh gh pdlqwhqdqfh1
Rq prqwuh hq sduwlfxolhu txh/ vrxv ghv frqglwlrqv uhodwlyhphqw qdwxuhoohv/ lo h{lvwh xqh
srolwltxh gh pdlqwhqdqfh gìwhuplqlvwh txl dpìolruh od glvsrqlelolwì dv|pswrwltxh vl hw
vhxohphqw vl ohv rsìudwlrqv gh pdlqwhqdqfh qh vrqw sdv wurs orqjxhv hq pr|hqqh +frpph
dx fkdslwuh 5,1

Qrxv qrxv sodêrqv hqvxlwh gdqv oh fdv sduwlfxolhu rü v|vwëph uhgìpduuh gh od píph
idêrq dsuëv xqh uìsdudwlrq rx xqh rsìudwlrq gh pdlqwhqdqfh +¢61718,1 Qrxv prqwurqv doruv
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txh o*rq shxw h�hfwlyhphqw vh uhvwuhlqguh dx{ vhxohv orlv � gìwhuplqlvwhv srxu rswlplvhu od
pdlqwhqdqfh gdqv fh fdv hw qrxv ìwxglrqv fhv pdlqwhqdqfhv gìwhuplqlvwhv1 Qrxv prqwurqv
hq sduwlfxolhu txh/ vl oh wdx{ gh sdqqh dsuëv xq uhgìpduudjh hvw xqh irqfwlrq furlvvdqwh
gx whpsv +fdv LIU,/ rx elhq gìfurlvvdqwh sxlv furlvvdqwh/ od srolwltxh gh pdlqwhqdqfh
suìyhqwlyh dpìolruh od glvsrqlelolwì dv|pswrwltxh vl hw vhxohphqw vl hooh q*hvw sdv wurs
orqjxh hq pr|hqqh1 Qrxv ìwxglrqv dxvvl g*dxwuhv w|shv gh frpsruwhphqwv gx wdx{1 Qrxv
qrxv lqwìuhvvrqv hqvxlwh dx fdv rü lo q*| d tx*xq vhxo ìwdw gh pdufkh1 Qrxv hqylvdjhrqv doruv
gl�ìuhqwhv orlv fodvvltxhv xwlolvìhv sdu ohv lqgxvwulhov srxu prgìolvhu od gxuìh gh ylh g*xq
v|vwëph +Zhlexoo/ Jdppd/ orl ghv ydohxuv h{wuíphv prgl�ìh hw orj0qrupdoh,1 Gl�ìuhqwv
h{hpsohv vrqw sdu dloohxuv ìwxglìv wrxw dx orqj gh fh sdudjudskh1

Frpph qrxv o*dyrqv lqgltxì suìfìghpphqw/ qrxv frpphqêrqv sdu gìfuluh oh v|vwëph
lqlwldo hw od srolwltxh gh pdlqwhqdqfh suìyhqwlyh1

615 Oh v|vwëph lqlwldo hw od srolwltxh gh pdlqwhqdqfh suì0
yhqwlyh

Rq frqvlgëuh lfl xq v|vwëph uìsdudeoh ìyroxdqw gdqv oh whpsv gdqv xq hvsdfh g*ìwdwv �ql
vhorq xq surfhvvxv vhpl0pdunrylhq txh o*rq qrwh +[|,|Df1 Srxu xq sdqrudpd jìqìudo vxu
fh w|sh gh surfhvvxv/ rq srxuud/ sdu h{hpsoh/ frqvxowhu ^5` rx ^4;`1 Srxu ghv dssolfdwlrqv
soxv vsìfl�txhphqw �delolvwhv/ rq srxuud frqvxowhu ^4<` rx ^55`1

Ohv ìwdwv gh pdufkh vrqw qrwìv 4 ã p/ ohv ìwdwv gh sdqqh p.4 ã p.s1 D o*lvvxh g*xqh
uìsdudwlrq/ rq vxssrvh txh oh v|vwëph hvw gdqv xq ìwdw gh pdufkh1

Oh qr|dx vhpl0pdunrylhq dvvrflì dx surfhvvxv +[|,|Df hvw qrwì +t +l> m> gw,,�$�c�$6nR1Rq udsshooh txh/ sdu gì�qlwlrq g*xq surfhvvxv vhpl0pdunrylhq/ vl oh v|vwëph �uhqwuh� gdqv
vrq ìwdw lqlwldo ã o*lqvwdqw �f @ 3 hw vl �� gìvljqh oh suhplhu vdxw gx surfhvvxv +[|,/ rq d
doruv

S +[�� @ m> �� � w@[f @ l, @
] |

f
t +l> m> gx, srxu wrxv 4 � l> m �p. s hw w � 31

Rq hq gìgxlw hq sduwlfxolhu txh od orl gh �� vdfkdqw txh [f @ l hvw S6nR
�'� t +l> m> gw,

srxu wrxw 4 � l �p. s1
Od gxuìh pr|hqqh sdvvìh gdqv o*ìwdw l/ H� +��,/ hvw vxssrvìh �qlh qrq qxooh srxu wrxw

4 � l �p. s1
Rq qrwh T od pdwulfh gh wudqvlwlrq gh od fkdñqh gh Pdunry dvvrflìh ã +[|,1
Rq udsshooh txh

T�c� @
] n"

f
t +l> m> gx, srxu wrxv 4 � l> m �p. s1

Rq vxssrvh sdu dloohxuv txh oh v|vwëph hvw hq pdufkh ã o*lqvwdqw w @ 3 hw tx*lo wrpeh
hq sdqqh dx erxw g*xq whpsv suhvtxh vþuhphqw �ql1 Dlqvl/ vl W gìvljqh od suhplëuh gxuìh
gh irqfwlrqqhphqw gx v|vwëph +W @ lqi iw � 3@[| �p. 4j,/ rq d doruv S� +W ? .4, @ 4
srxu wrxw 4 � l � p1 Uhpdutxrqv txh fhod hqwudñqh txh H� +W , ? .4 +fi ^4<`/ sursrvl0
wlrqv <148 hw 43173 sdu h{hpsoh,1

Fh v|vwëph/ txh o*rq dsshooh v|vwëph lqlwldo/ hvw vrxplv ã od srolwltxh gh pdlqwhqdqfh
suìyhqwlyh vxlydqwh1

Rq frqvlgìuh xqh orl gh suredelolwì txhofrqtxh � vxu Un/ whooh txh 3 ? U n"
f w=� +gw, ?

.4 hw xq qr|dx vhpl0pdunrylhq �t� +l> m> gw,��$�c�$6 vxu Un/ who txh U n"f w=t� +l> m> gw, ?
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.4/ srxu wrxv 4 � l> m �p1

Vrlw doruv V� xqh yduldeoh doìdwrluh lqgìshqgdqwh gh o*ìyroxwlrq gx v|vwëph hw gh orl
�1 V� fruuhvsrqg dx gìexw +ìyhqwxho, g*xqh rsìudwlrq gh pdlqwhqdqfh suìyhqwlyh1 Soxv
suìflvìphqw/ rq lqvshfwh +lqvwdqwdqìphqw, oh v|vwëph ã o*lqvwdqw V� =

� Vl V� ? W / oh v|vwëph hvw hqfruh hq pdufkh ã o*lqvwdqw V�1 Gdqv fh fdv/ rq o*duuíwh
srxu frpphqfhu xqh rsìudwlrq gh pdlqwhqdqfh suìyhqwlyh1 O*ìwdw gh pdufkh gdqv
ohtxho oh v|vwëph uhgìpduuh dsuëv fhwwh rsìudwlrq hw od gxuìh +doìdwrluh, gh fhwwh
rsìudwlrq vrqw vxssrvìv lqgìshqgdqwv gh V� hw gh o*ìyroxwlrq gx v|vwëph dqwìulhxuh
ã V�1 Vl oh v|vwëph hvw gdqv o*ìwdw gh pdufkh l ã o*lqvwdqw V� +[7� @ l,/ oh v|vwëph
uhgìpduuh gdqv o*ìwdw gh pdufkh m dyhf od suredelolwì T��c� @

U n"
f t� +l> m> gw,1 Gh

soxv/ vl T��c� hvw qrq qxo +f*hvw0ã0gluh vl oh v|vwëph shxw h�hfwlyhphqw uhgìpduuhu
gdqv o*ìwdw m dsuëv xqh rsìudwlrq gh pdlqwhqdqfh gìpduuìh gdqv o*ìwdw l,/ od gxuìh
gh fhwwh rsìudwlrq +vdfkdqw tx*hooh idlw sdvvhu oh v|vwëph gh o*ìwdw l ã o*ìwdw m, vxlw
od orl ^� E�c�c_|�

'��c�
1

� Vl V� � W / oh v|vwëph hvw wrpeì hq sdqqh dydqw tx*rq qh frpphqfh ã oh pdlqwh0
qlu1 Rq h�hfwxh doruv xqh uìsdudwlrq gh od píph idêrq txh srxu oh v|vwëph lqlwldo/
lqgìshqgdpphqw gh V�1

G*dsuëv fh txl suìfëgh/ od suhplëuh gxuìh gh irqfwlrqqhphqw gx v|vwëph pdlqwhqx hvw
grqf W aV�1 Hooh hvw vxlylh sdu xqh sìulrgh g*duuíw/ srxu pdlqwhqdqfh rx srxu uìsdudwlrq
vhorq od sodfh gh W sdu udssruw ã V�1

Od srolwltxh gh pdlqwhqdqfh hvw hqvxlwh gì�qlh gh od píph idêrq dsuëv fkdtxh sìulrgh
g*duuíw = dsuëv od q0lëph sìulrgh g*duuíw/ rq frqvlgëuh xqh qrxyhooh yduldeoh doìdwrluh V?n�
gh orl � hw lqgìshqgdqwh gh o*ìyroxwlrq dqwìulhxuh gx v|vwëph +hw grqf hq sduwlfxolhu gh
V�/ V2/ 111/ V?,1 Vl oh v|vwëph irqfwlrqqh shqgdqw xqh gxuìh dx prlqv ìjdoh ã V?n� dsuëv
vrq uhgìpduudjh ã o*lvvxh gh od q0lëph sìulrgh g*duuíw/ rq o*duuíwh srxu oh pdlqwhqlu/ vlqrq
rq oh uìsduh frpph oh v|vwëph lqlwldo1 Oruvtxh o*rq pdlqwlhqw h�hfwlyhphqw oh v|vwëph/
o*ìwdw gh pdufkh gdqv ohtxho oh v|vwëph uhgìpduuh dsuëv o*rsìudwlrq gh pdlqwhqdqfh hw od
gxuìh gh fhwwh rsìudwlrq vrqw vxssrvìv lqgìshqgdqwv gh V?n� hw gh o*ìyroxwlrq gx v|vwëph
dqwìulhxuh ã V?n�1 Vl oh v|vwëph hvw gdqv o*ìwdw gh pdufkh l ã o*lqvwdqw V?n�/ oh v|vwëph
uhgìpduuh gdqv o*ìwdw gh pdufkh m dyhf od suredelolwì T��c� 1 Gh soxv/ vl T��c� hvw qrq qxo/ od
gxuìh gh fhwwh rsìudwlrq +vdfkdqw tx*hooh idlw sdvvhu oh v|vwëph gh o*ìwdw l ã o*ìwdw m, vxlw
od orl ^� E�c�c_|�

'��c�
1

Fhwwh srolwltxh gh pdlqwhqdqfh ìwdqw gì�qlh/ qrxv whuplqrqv fh sdudjudskh hq grqqdqw
txhotxhv qrwdwlrqv vxssoìphqwdluhv1

Rq qrwh dlqvl V xqh yduldeoh doìdwrluh lqgìshqgdqwh gh o*ìyroxwlrq gx v|vwëph lqlwldo
hw gh orl �1 V uhsuìvhqwh oh whpsv g*dwwhqwh gh od suhplëuh rsìudwlrq gh pdlqwhqdqfh +vl
hooh d olhx,1

Rq qrwh dxvvl �� o*ìwdw fruuhvsrqgdqw ã xqh rsìudwlrq gh pdlqwhqdqfh ã sduwlu gh o*ìwdw
gh pdufkh 4 � l �p1

Rq qrwh hq�q +]|,|Df oh surfhvvxv gìfulydqw o*ìyroxwlrq gx v|vwëph pdlqwhqx/ ã ydohxuv
gdqv H @ i4> ===>p. sj ^ i��> ===> �6j1

Qrxv frpphqêrqv pdlqwhqdqw qrwuh ìwxgh sdu oh fdv sduwlfxolhu rü V vxlw xqh orl
h{srqhqwlhooh1
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616 Whfkqltxhv vhpl0pdunrylhqqhv gdqv xq fdv sduwlfxolhu

Gdqv oh fdv jìqìudo/ oh surfhvvxv +]|, q*hvw sdv vhpl0pdunrylhq1 Hq h�hw/ oruvtxh oh
v|vwëph vdxwh g*xq ìwdw gh pdufkh ã xq dxwuh ìwdw gh pdufkh/ oh whpsv g*dwwhqwh gh
od surfkdlqh pdlqwhqdqfh q*hvw sdv uhplv ã }ìur/ gh vruwh txh o*ìyroxwlrq xowìulhxuh gx
v|vwëph dsuëv xq who vdxw gìshqg qrq vhxohphqw gh o*ìwdw gdqv ohtxho lo vdxwh/ pdlv dxvvl
gh od gxuìh ìfrxoìh ghsxlv oh ghuqlhu uhgìpduudjh1 Rq shxw pdojuì wrxw glvwlqjxhu ghx{ fdv
sduwlfxolhuv rü +]|, vhud wrxw gh píph vhpl0pdunrylhq = g*xqh sduw/ oh fdv rü oh v|vwëph
q*d tx*xq vhxo ìwdw gh pdufkh/ g*dxwuh sduw/ oh fdv rü od orl � gx whpsv g*dwwhqwh gh od
pdlqwhqdqfh hvw h{srqhqwlhooh1 Hq h�hw/ lo hvw idfloh gh yrlu txh/ gdqv fkdfxq gh fhv ghx{
fdv/ o*ìyroxwlrq xowìulhxuh gx v|vwëph dsuëv xq vdxw qh gìshqg txh gh o*ìwdw gdqv ohtxho oh
v|vwëph vdxwh1 F*hvw wrxw ã idlw fodlu oruvtxh oh vdxw vh idlw yhuv xq ìwdw gh sdqqh rx gh
pdlqwhqdqfh/ rx yhuv xq ìwdw gh pdufkh dsuëv xqh sìulrgh g*duuíw1 Oruvtx*lo q*| d tx*xq
vhxo ìwdw gh pdufkh/ fhv w|shv gh vdxw ìwdqw ohv vhxov srvvleohv/ oh surfhvvxv +]|, hvw vhpl0
pdunrylhq1 Oruvtxh oh whpsv g*dwwhqwh gh od pdlqwhqdqfh vxlw xqh orl h{srqhqwlhooh/ f*hvw oh
fdudfwëuh �vdqv pìprluh� gh fhwwh orl txl qrxv shuphw g�*rxeolhu� od gxuìh ìfrxoìh ghsxlv
oh ghuqlhu uhgìpduudjh oruv g*xq vdxw hqwuh ìwdwv gh pdufkh1 Dlqvl/ gdqv fh fdv hqfruh/ oh
surfhvvxv +]|, hvw vhpl0pdunrylhq1

Qrxv qrxv frqwhqwrqv lfl gh wudlwhu oh fdv rü oh whpsv g*dwwhqwh gh od pdlqwhqdqfh vxlw
xqh orl h{srqhqwlhooh/ oh fdv rü lo q*| d tx*xq vhxo ìwdw gh pdufkh d|dqw prlqv g*lqwìuíw1
Hq h�hw/ gdqv fh ghuqlhu fdv/ ohv iruphv gh od glvsrqlelolwì dv|pswrwltxh grqqìhv/ g*xqh
sduw/ sdu ohv whfkqltxhv vhpl0pdunrylhqqhv +fh sdudjudskh,/ g*dxwuh sduw/ sdu od wkìrulh
gx uhqrxyhoohphqw pdunrylhq +¢617, vrqw lghqwltxhv/ ohv fdofxov ìwdqw sdu dloohxuv wrxw ã
idlw vlplodluhv1 D�q gh qh sdv qrxv uìsìwhu lqxwlohphqw/ qrxv qh frqvlgìurqv grqf sdv fh
fdv lfl1

Gdqv wrxwh od vxlwh gh fh sdudjudskh/ qrxv vxssrvrqv pdlqwhqdqw txh V vxlw od orl
h{srqhqwlhooh gh sdudpëwuh � +� A 3,1 Fhwwh orl hvw qrwìh H{s�1

Ohv gl�ìuhqwv ìwdwv vrqw udqjìv gdqv o*ruguh 4/ 5/111/ p/ p . 4/ 111/ p . s/ ��/ 111/ �6+srxu ohv lqglfhv ghv pdwulfhv,1
Sdu dloohxuv/ qrxv suhqrqv srxu oh surfhvvxv vhpl0pdunrylhq +]|, ghv qrwdwlrqv vlpl0

odluhv ã fhoohv fruuhvsrqgdqw dx surfhvvxv vhpl0pdunrylhq +[|,/ dyhf ghv �sulphv� hq soxv/
ohv lqglfhv suhqdqw doruv ohxuv ydohxuv gdqv H @ i4> ===>p. sj^i��> ===> �6j1 Rq qrwh dlqvl
t� +l> m> gw,/ T��c� / � ��/ 111Qrxv frpphqêrqv sdu ìqrqfhu txhotxhv uìvxowdwv frqfhuqdqw oh surfhvvxv +]|,1

61614 Hwxgh gx surfhvvxv E~|�
Udsshorqv wrxw g*derug txh/ srxu wrxwh phvxuh $ gì�qlh vxu Un whooh txh U n"

f w=$ +gw, ?
.4/ od wudqvirupìh gh Odsodfh gh $ hvw od irqfwlrq $W gì�qlh vxu Un sdu

$W +v, @
] n"

f
h3r|$ +gw, / srxu wrxw v A 31

Uhpdutxrqv g*dxwuh sduw txh/ vl $ gìvljqh xqh phvxuh gì�qlh vxu Un whooh txh U n"
f w=$ +gw, ?

.4/ rq d

zW +v, @ v
] n"

f

#]
dfc��

z +gw,
$
h3r�gx/ srxu wrxw v A 3/ +614,

rü ^3> x, gìvljqh o*lqwhuydooh ^3> x` rx ^3> x^1
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Fhwwh irupxoh gìfrxoh lppìgldwhphqw gx wkìruëph gh Ixelql1 Hq h�hw/ hq ìfkdqjhdqw

ohv lqwìjudohv/ rq d =

v
] n"

f

#]
dfc��

z +gw,
$
h3r�gx @

] n"

f

#]
d|c"�

vh3r�gx
$
z +gw,

@
] n"

f
h3r|z +gw,

@ zW +v, / srxu wrxw v A 31
Vl tW�c� hw t�W�c� gìvljqhqw ohv wudqvirupìhv gh Odsodfh uhvshfwlyhv ghv phvxuhv t +l> m> gw,

hw t� +l> m> gw,/ rq rewlhqw doruv oh uìvxowdw vxlydqw =

Ohpph 614 Od wudqvirupìh gh Odsodfh gx qr|dx vhpl0pdunrylhq t� hvw grqqìh sdu =
� srxu 4 � l �p/ v A 3 =

t�W�c� +v, @
;A?
A=

tW�c� +v. �, srxu 4 � m �p. s
k

knr
�
4�S6nR

�'� tW�c� +�. v,
�

srxu m @ ��
3 srxu m 5 i��> ===> �6jqi��j

� srxu p. 4 � l �p. s/ v A 3 =

t�W�c� +v, @
� tW�c� +v, srxu 4 � m �p. s

3 srxu m 5 i��> ===> �6j

� srxu l @ �, 5 i��> ===> �6j/ v A 3 =

t�W�c� +v, @
� t�W�c� +v, srxu 4 � m �p

3 vlqrq
rü t�W�c� gìvljqh od wudqvirupìh gh Odsodfh gh t� +l> m> gw,1

Gìprqvwudwlrq1
Qrxv frqvlgìurqv xqltxhphqw oh fdv rü 4 � l �p/ ohv dxwuhv fdv ìwdqw lppìgldwv1
G*dsuëv +6=4,/ rq vdlw txh =

t�W�c� +v, @ v
] n"

f

�] �

f
t� +l> m> gw,

�
h3r�gx +615,

srxu wrxw v A 31
Frqvlgìurqv wrxw g*derug 4 � m �p. s1
Sdu gì�qlwlrq gx qr|dx vhpl0pdunrylhq/ rq doruv =

] �

f
t� +l> m> gw, @ S�

�
]� �� @ m _ � �� � x

�

@ S� +[�� @ m _ �� � x _ �� � V, 1
Uhpdutxrqv txh/ frpph V dgphw xqh ghqvlwì hw txh V hw �� vrqw lqgìshqgdqwhv/ rq

shxw ìfuluh lqgl�ìuhpphqw �� ? V rx �� � V gdqv fhwwh irupxoh1
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Hq glvwlqjxdqw vxlydqw txh x � V rx x A V/ rq rewlhqw =

] �

f
t� +l> m> gw, @ S� +[�� @ m _ �� � x _ x � V,

.S� +[�� @ m _ �� � V _ x A V,

Sdu dloohxuv/ hq xwlolvdqw oh idlw txh V vxlw xqh orl h{srqhqwlhooh gh sdudpëwuh � hw
o*lqgìshqgdqfh/ rq d pdlqwhqdqw =

] �

f
t� +l> m> gw, @ S� +[�� @ m _ �� � x,S +x � V,

.
] �

f
S� +[�� @ m _ �� � y,�h3@�gy

@
] �

f
t +l> m> gw,� h3@� .

] �

f

�] �

f
t +l> m> gw,

�
�h3@�gy1

Hq uhpsodêdqw gdqv +6=5,/ rq d doruv =

t�W�c� +v, @ v
] n"

f

�] �

f
t +l> m> gw,� h3@� .

] �

f

�] �

f
t +l> m> gw,

�
�h3@�gy

�
h3r�gx

@ v
� U n"

f
�U �

f t +l> m> gw,� h3E@nr��gx
. U n"

f
�U �

f
�U �

f t +l> m> gw,��h3@�gy� h3r�gx
�

+616,

Hq ìfkdqjhdqw ohv ghx{ suhplëuhv lqwìjudohv/ oh ghx{lëph prufhdx gh o*h{suhvvlrq suì0
fìghqwh v*ìfulw

] n"

f

�] �

f

�] �

f
t +l> m> gw,

�
�h3@�gy

�
h3r�gx

@
] n"

f

�] n"

�
h3r�gx

��] �

f
t +l> m> gw,

�
�h3@�gy

@
] n"

f
4
vh

3r�
�] �

f
t +l> m> gw,

�
�h3@�gy

@ �
v
] n"

f

�] �

f
t +l> m> gw,

�
h3Eknr��gy1

Hq uhpsodêdqw gdqv +6=6,/ rq d pdlqwhqdqw =

t�W�c� +v, @ v
�] n"

f

�] �

f
t +l> m> gw,

�
h3E@nr��gx. �

v
] n"

f

�] �

f
t +l> m> gw,

�
h3Eknr��gy

�

@ +v. �,
�] n"

f

] �

f
t +l> m> gw, h3E@nr��gx

�

@ tW�c� +v. �, +g*dsuëv +6=4, ,/
fh txl hvw od irupxoh vrxkdlwìh srxu 4 � m �p. s1

Vrlw pdlqwhqdqw m @ ��1
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Rq d/ gh od píph idêrq txh suìfìghpphqw =

] �

f
t� +l> ��> gw, @ S� +V ? �� _ V ? x,

@
] �

f
S� +y ? ��,�h3k�gy

@
] �

f

] n"

�

6nR[
,'�

t +l> o> gw,�h3k�gy1

G*rü =

t�W�c� +v, @ v
] n"

f

�] �

f
t� +l> m> gw,

�
h3r�gx +fi +6=4, ,

@ v
] n"

f

#] �

f

#] n"

�

6nR[
,'�

t +l> o> gw,
$
�h3k�gy

$
h3r�gx

@
] n"

f

�] n"

�
vh3r�gx

�#] n"

�

6nR[
,'�

t +l> o> gw,
$
�h3k�gy

+hq ìfkdqjhdqw ohv ghx{ suhplëuhv lqwìjudohv,
@

] n"

f

#] n"

�

6nR[
,'�

t +l> o> gw,
$
�h3Eknr��gy

fdu
�U n"

� vh3r�gx
�
@ h3r�1

Hq xwlolvdqw oh idlw txh S6nR
,'� t +l> o> gw, hvw xqh orl gh suredelolwì hw txh U n"� @U n"

f � U �f / rq rewlhqw pdlqwhqdqw =

t�W�c� +v, @
] n"

f

#
4�

] �

f

6nR[
,'�

t +l> o> gw,
$
�h3Eknr��gy

@ �
#] n"

f
h3Eknr��gy �

] n"

f

#] �

f

6nR[
,'�

t +l> o> gw,
$
h3Eknr��gy

$

@ �
3
C 4

�. v �
4

�. v
6nR[
�'�

tW +�. v, +l> m,
4
D

hq xwlolvdqw +6=4,1
Rq hq gìgxlw txh

t�W�c� +v, @ �
�. v

3
C4�

6nR[
�'�

tW +�. v, +l> m,
4
D /

fh txl hvw od irupxoh dqqrqfìh srxw m @ ��1
Hq�q/ srxu m 5 i��> ===> �6jqi��j/ rq d fodluhphqw t�W�c� +v, @ 3/ srxu wrxw v A 3/ fh txl

dfkëyh od gìprqvwudwlrq1

Ohv uìvxowdwv suìfìghqwv qrxv shuphwwhqw pdlqwhqdqw gh fdofxohu idflohphqw od pd0
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wulfh gh wudqvlwlrq T� gh od fkdñqh gh Pdunry dvvrflìh ã +]|,1 Hq h�hw/ frpph T��c� @U n"
f t� +l> m> gw, @ olpr<fn t�W�c� +v,/ rq rewlhqw lppìgldwhphqw oh uìvxowdw vxlydqw1

Fruroodluh 615 Od pdwulfh gh wudqvlwlrq T� gh od fkdñqh gh Pdunry dvvrflìh dx surfhvvxv
vhpl0pdunrylhq +]|, hvw grqqìh sdu =

� srxu 4 � l �p =

T��c� @
;?
=

tW�c� +�, srxu 4 � m �p. s
4�S6nR

�'� tW�c� +�, srxu m @ ��
3 srxu m 5 i��> ===> �6jqi��j

� srxu p. 4 � l �p. s =

T��c� @
� T�c� srxu 4 � m �p. s

3 srxu m 5 i��> ===> �6j

� srxu l 5 i��> ===> �6j =

T��c� @
� T��c� srxu 4 � m �p

3 vlqrq
Qrxv fdofxorqv pdlqwhqdqw ohv gxuìhv pr|hqqhv sdvvìhv gdqv ohv gl�ìuhqwv ìwdwv sdu oh

surfhvvxv +]|,1

Ohpph 616 Od gxuìh pr|hqqh dydqw oh suhplhu vdxw gx surfhvvxv vhpl0pdunrylhq +]|,
sduwdqw gh l hvw �qlh hw ydxw =

H� �� ��
� @

;A?
A=

�k
�
4�S6nR

�'� tW�c� +�,
�

srxu 4 � l �p
H� +��, @?J|�e H +U�, srxu p. 4 � l �p. sS6

�'�
U n"
f w=t� +o> m> gw, @?J|�e H +P,, srxu l @ �, 5 i��> ===> �6j

Uhpdutxh 617 Gdqv oh fdv rü p. 4 � l � p. s/ H� +� �, uhsuìvhqwh od gxuìh pr|hqqh
gh od uìsdudwlrq dvvrflìh ã o*ìwdw gh sdqqh l/ fh txl qrxv dpëqh ã od qrwhu H +U�,1

Gh od píph idêrq/ oruvtxh l @ �,/ H� +� ��, uhsuìvhqwh od gxuìh pr|hqqh gh o*rsìudwlrq
gh pdlqwhqdqfh dvvrflìh ã o*ìwdw �, hw hvw qrwìh H +P,,1
Gìprqvwudwlrq1 Qrxv qh frqvlgìurqv txh oh fdv 4 � l � p/ ohv dxwuhv fdv ìwdqw lppì0
gldwv1

Uhpdutxrqv wrxw g*derug txh H� +� ��, hvw fodluhphqw �qlh fdu H� +� ��, @ H� +�� a V, �
H +V, @ �k ?41

Fdofxorqv doruv H� +� ��, =

H� �� ��
� @ H� +� � a V, @

] n"

f
S� +�� a V A w,gw

@
] n"

f
S� +�� A w,S� +V A w, gw/

fdu V hw �� vrqw lqgìshqgdqwhv1
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Rq hq gìgxlw =

H�
�� ��
� @

] n"

f

3
C
] n"

|

6nR[
�'�

t +l> m> gx,
4
D h3k|gw

@
] n"

f

3
C
] n"

f

6nR[
�'�

t +l> m> gx,�
] |

f

6nR[
�'�

t +l> m> gx,
4
D h3k|gw

@
] n"

f

3
C4�

] |

f

6nR[
�'�

t +l> m> gx,
4
D h3k|gw

@ 4
�

3
C4�

6nR[
�'�

tW�c� +�,
4
D +fi +6=4, ,/

fh txl dfkëyh od gìprqvwudwlrq1
Qrxv whuplqrqv pdlqwhqdqw fh sdudjudskh frqvdfuì ã o*ìwxgh gx surfhvvxv +]|, hq

ìwxgldqw vrq luuìgxfwlelolwì1
Ohpph 618 Vl +[|, hvw xq surfhvvxv vhpl0pdunrylhq luuìgxfwleoh/ +]|, hvw dxvvl xq sur0
fhvvxv vhpl0pdunrylhq luuìgxfwleoh1
Gìprqvwudwlrq1

Vxssrvrqv +[|, luuìgxfwleoh1 Lo v*djlw gh prqwuhu txh oh vhxo hqvhpeoh forv srxu od
fkdñqh gh Pdunry dvvrflìh ã +]|, hvw H @ i4> ===>p. sj ^ i��> ===> �6j1

Vrlw grqf F xq who hqvhpeoh/ f*hvw0ã0gluh xq hqvhpeoh who txh S�
�
]� �� 5 F

�
@ 4/ srxu

wrxw l 5 F1 Lo qrxv idxw prqwuhu txh F @ H1
Yìul�rqv wrxw g*derug txh F frqwlhqw qìfhvvdluhphqw xq ìoìphqw gh i4> ===>pj1
Vl fh q*hvw sdv oh fdv/ frpph F hvw qrq ylgh/ lo frqwlhqw doruv dx prlqv xq ìoìphqw l

gh ip. 4> ===>p. sj ^ i��> ===> �6j1
Srxu xq who l/ rq vdlw txh S�

�
]� �� 5 i4> ===>pj

�
@ 4/ fdu/ sdu k|srwkëvh/ dsuëv xqh

uìsdudwlrq rx xqh rsìudwlrq gh pdlqwhqdqfh/ oh v|vwëph hvw hq ìwdw gh pdufkh1
Rq d grqf gdqv fh fdv S�

�
]� �� 5 i4> ===>pj

�
@ 4 @ S�

�
]� �� 5 F

�
1

Fhfl hqwudñqh txh F frqwlhqw qìfhvvdluhphqw xq ìoìphqw gh i4> ===>pj1
Vrlw pdlqwhqdqw l 5 F _ i4> ===>pj1
Rq d doruv

S�
�
]� �� 5 F

�
@ S�

�q
]� �� 5 F _ i4> ===>p. sj

r
_ iV A ��j

�

.S�
�
]� �� @ �� _ V � ��

�
Lt>�M��

@ S� +i[�� 5 F _ i4> ===>p. sjj _ iV A ��j,
.S� +V � ��, Lt>�M��

@ 41
Frpph S� +V A ��, . S� +V � ��, hvw dxvvl ìjdo ã 4/ rq hq gìgxlw txh

S� +i[�� 5 F _ i4> ===>p. sjj _ iV A ��j, . S� +V � ��, Lt>�M��
@ S� +V A ��, . S� +V � ��, 1
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Gh soxv/

S� +i[�� 5 F _ i4> ===>p. sjj _ iV A ��j, � S� +V A ��,
hw

S� +V � � �, Lt>�M�� � S� +V � ��, 1
Rq hq gìgxlw

S� +i[�� 5 F _ i4> ===>p. sjj _ iV A ��j, @ S� +V A ��, +617,
hw

S� +V � � �, Lt>�M�� @ S� +V � ��, 1 +618,
Sdu dloohxuv/

S� +V � ��, @ �
] n"

f
S� +v � ��, h3krgv A 3

fdu H� +��, A 3 sdu k|srwkëvh1
Rq gìgxlw grqf gh +6=8, txh Lt>�M�� @ 4 hw �� 5 F/ srxu wrxw l 5 F _ i4> ===>pj1
Gh od píph idêrq/ +6=7, hqwudñqh =

S� +i[�� @5 F _ i4> ===>p. sjj _ iV A ��j, @ 31
Fhfl shxw hqfruh v*ìfuluh

] n"

f
S� +i[�� @5 F _ i4> ===>p. sjj _ iw A ��j,�h3k|gw @ 31

Rq hq gìgxlw
S� +i[�� @5 F _ i4> ===>p. sjj _ iw A ��j, @ 3/ srxu suhvtxh wrxw w A 3/

sxlv
olp|<n" % S� +i[�� @5 F _ i4> ===>p. sjj _ iw A ��j,

@ S� +i[�� @5 F _ i4> ===>p. sjj, +fdu H� +��, ? .4,
@ 31

Fhfl hqwudñqh =
S� +i[�� 5 F _ i4> ===>p. sjj, @ 4 +619,

hw fhfl srxu wrxw l 5 F _ i4> ===>pj1
Vl F _ ip. 4> ===>p. sj 9@ >/ frqvlgìurqv pdlqwhqdqw l 5 F _ ip. 4> ===>p. sj1
Srxu xq who l/ rq d doruv

S�
�
]� �� 5 F

�
@ S� +[�� 5 F _ i4> ===>pj,
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fdu rq vdlw txh oh v|vwëph irqfwlrqqh dsuëv xqh uìsdudwlrq1

Rq hq gìgxlw txh/ oã hqfruh/ S� +i[�� 5 F _ i4> ===>p. sjj, @ 4 fdu S�
�
]� �� 5 F

�
@ 41

+6=9, hvw grqf yudlh srxu wrxw l 5 F _ i4> ===>p . sj1 Fhwwh sursulìwì vljql�h txh
F _ i4> ===>p . sj hvw xq hqvhpeoh forv srxu od fkdñqh gh Pdunry dvvrflìh dx surfhvvxv
luuìgxfwleoh +[|,1 Fhfl hqwudñqh txh i4> ===>p. sj � F1

Frpph rq d prqwuì dxsdudydqw txh �� 5 F srxu wrxw l 5 F _i4> ===>pj/ rq hq gìgxlw
txh H @ i4> ===>p. sj ^ i��> ===> �6j � F1

Oh vhxo hqvhpeoh forv srxu od fkdñqh gh Pdunry dvvrflìh ã +]|, hvw grqf o*hqvhpeoh H
hw oh surfhvvxv +]|, hvw luuìgxfwleoh1

Fhv uìvxowdwv suìolplqdluhv ìwdqw whuplqìv/ qrxv derugrqv pdlqwhqdqw oh fdofxo gh od
glvsrqlelolwì dv|pswrwltxh1

61615 Fdofxo gh od glvsrqlelolwì dv|pswrwltxh
Qrxv rewhqrqv oh uìvxowdw vxlydqw =

Sursrvlwlrq 619 Oruvtxh � hvw od orl h{srqhqwlhooh gh sdudpëwuh � +� @ H{s �,/ vl +[|,
hvw xq surfhvvxv vhpl0pdunrylhq luuìgxfwleoh qrq0dulwkpìwltxh/ od glvsrqlelolwì dv|pswr0
wltxh gx v|vwëph pdlqwhqx h{lvwh hw ydxw

D" +H{s�, @ 4
4 . d" +H{s�,

dyhf

d" +H{s�, @ �
SR

&'� � � +p. n,H +U6n&, .S6
�'� �� +��,H +P�,S6

�'� � � +l,
�
4�S6nR

�'� tW�c� +�,
�

@ �
SR

&'� � � +p. n,H +U6n&, .S6
�'� �� +��,H +P�,S6

�'� � � +��, +61:,

rü � � hvw od orl vwdwlrqqdluh gh od fkdñqh gh Pdunry dvvrflìh dx surfhvvxv vhpl0pdunrylhq
+]|,1
Uhpdutxh 61: Oruvtxh � hvw xqh orl txhofrqtxh/ od glvsrqlelolwì dv|pswrwltxh vhud qrwìh
xowìulhxuhphqw D" +�,1 D�q gh frqvhuyhu od píph qrwdwlrq wrxw dx orqj gh fh fkdslwuh/
qrxv suìiìurqv grqf od qrwhu lfl D" +H{s �, dx olhx gh D" +�,/ fh txl srxuudlw sdudñwuh
soxv vlpsoh dx suhplhu derug1
Gìprqvwudwlrq1

G*dsuëv oh ohpph 618/ rq vdlw gìmã txh +]|, hvw xq surfhvvxv vhpl0pdunrylhq luuìgxf0
wleoh +uìfxuuhqw,1 Sdu dloohxuv/ g*dsuëv oh ohpph 616/ rq vdlw txh ohv gxuìhv pr|hqqhv ghv
f|fohv H� +� ��, vrqw �qlhv1 Lo uhvwh doruv ã yìul�hu txh +]|, hvw xq surfhvvxv qrq0dulwkpìwltxh
srxu srxyrlu dssoltxhu ohv wkìruëphv olplwhv frqfhuqdqw ohv surfhvvxv0vhpl0pdunrylhqv1

Vxssrvrqv txh oh v|vwëph vrlw dx gìsduw gdqv o*ìwdw 4 hw qrwrqv U�� o*lqvwdqw gh suhplhu
uhwrxu hq 4 srxu +]|,1 Vrlw sdu dloohxuv D xq eruìolhq lqfoxv gdqv g]/ dyhf g 5 U1 Lo v*djlw
doruv gh yìul�hu txh S� +U�� 5 D, @ 31

Qrwrqv srxu fhod U� o*lqvwdqw gh suhplhu uhwrxu hq 4 srxu +[|,1
Rq d doruv U�� @ U� vl oh suhplhu uhwrxu hq 4 d olhx dydqw od suhplëuh pdlqwhqdqfh1

Vlqrq/ U�� hvw gh od iruph U�� @ W � . V� rü V� vxlw od orl h{srqhqwlhooh gh sdudpëwuh � hw
rü W � hvw xqh yduldeoh doìdwrluh lqgìshqgdqwh gh V�1
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Rq hq gìgxlw txh

S� �U�� 5 D� � S� +U� 5 D, . S� �W � . V� 5 D� 1

Frpph +[|, hvw xq surfhvvxv qrq0dulwkpìwltxh/ rq vdlw gìmã txh S� +U� 5 D, @ 31
Sdu dloohxuv/ hq xwlolvdqw oh idlw txh V� vxlw xqh orl h{srqhqwlhooh srxu od vhfrqgh sdu0

wlh/ lo hvw idfloh gh yrlu txh S� +W � . V� 5 D, @ U n"
f S� +w. V� 5 D, g�A � +w, @ 3/ rü �A �

uhsuìvhqwh od orl gh W �1
Rq hq gìgxlw txh S� +U�� 5 D, @ 3 srxu wrxw eruìolhq D lqfoxv gdqv g]/ dyhf g 5 U hw

+]|, hvw xq surfhvvxv qrq0dulwkpìwltxh1
G*dsuëv ohv wkìruëphv jìqìudx{ frqfhuqdqw ohv surfhvvxv vhpl0pdunrylhqv +fi ^4;` rx

^4<` sdu h{hpsoh,/ rq vdlw doruv txh od glvsrqlelolwì dv|pswrwltxh gx v|vwëph pdlqwhqx
h{lvwh hw tx*hooh ydxw

D" +H{s�, @
S6

�'� �� +l,H� +� ��,S
�M. �� +l,H� +� ��,

@
S6

�'� � � +l,H� +� ��,S6
�'� � � +l,H� +� ��, .

S
�Mt6n�c���c6nR��t>�c���c>6� � � +l,H� +� ��, +61;,

rü �� hvw od orl vwdwlrqqdluh gh od fkdñqh gh Pdunry dvvrflìh dx surfhvvxv vhpl0pdunrylhq
+]|,1

Uhpdutxrqv sdu dloohxuv txh S6
�'� �� +l,H� +� ��, hvw qrq qxo fdu ohv H� +� ��, vrqw wrxv

qrq qxov srxu 4 � l � p1 Hq h�hw/ g*dsuëv oh ohpph 616/ rq vdlw txh H� +� ��, @
�k
�
4�S6nR

�'� tW�c� +�,
�

srxu 4 � l � p1 G*dxwuh sduw/ frpph qrxv dyrqv vxssrvì txh
H� +��, hvw qrq qxo/ ��@[f @ l qh shxw sdv íwuh qxo suhvtxh sduwrxw1 Od wudqvirupìh gh
Odsodfh gh vd orl

�S6nR
�'� tW�c� +�,

�
hvw grqf gl�ìuhqwh gh 4 hw rq d elhq H� +� ��, A 3 srxu

wrxw 4 � l �p1S6
�'� � � +l,H� +� ��, ìwdqw qrq qxo/ +6=;, shxw doruv v*ìfuluh vrxv od iruph

D" +H{s�, @ 4
4 . d" +H{s�,

dyhf

d" +H{s�, @
S

�Mt6n�c���c6nR��t>�c���c>6� � � +l,H� +� ��,S6
�'� �� +l,H� +� ��, 1

Hq frxsdqw od vrpph gx qxpìudwhxu hq ghx{ hw hq xwlolvdqw ohv uìvxowdwv gx ohpph
616/ rq rewlhqw doruv =

d" +H{s�, @ �
SR

&'� �� +p. n,H +U6n&, .S6
�'� � � +��,H +P�,S6

�'� �� +l,
�
4�S6nR

�'� tW�c� +�,
� +61<,

Frpph � � hvw od orl vwdwlrqqdluh gh od fkdñqh gh Pdunry dvvrflìh dx surfhvvxv vhpl0
pdunrylhq +]|,/ rq vdlw sdu dloohxuv txh

�� +m, @[
�M.

�� +l,T��c�/ srxu wrxw m 5 H1
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Hq sduwlfxolhu/ hq xwlolvdqw ohv uìvxowdwv gx fruroodluh 615/ rq d/ srxu m @ �� hw

l 5 i4> ===>pj =

� � +��, @ � � +l,T��c>� @ � � +l,
3
C4�

6nR[
�'�

tW�c� +�,
4
D 1

Rq hq gìgxlw =
6[
�'�

� � +l,
3
C4�

6nR[
�'�

tW�c� +�,
4
D @

6[
�'�

� � +��, 1

Lo vx!w doruv gh uhpsodfhu fhwwh h{suhvvlrq gdqv oh gìqrplqdwhxu gh +6=<, srxu rewhqlu od
ghx{lëph iruph sursrvìh srxu d" +H{s �,1

Qrxv yhqrqv gh yrlu frpphqw fdofxohu od glvsrqlelolwì dv|pswrwltxh gx v|vwëph pdlq0
whqx1 Hq txl frqfhuqh fhooh gx v|vwëph lqlwldo +qrwìh D�?�" ,/ qrxv dyrqv pdlqwhqdqw ghx{
pìwkrghv ã qrwuh glvsrvlwlrq srxu od fdofxohu1 Rq shxw hq h�hw xwlolvhu od píph pìwkrgh
txh srxu oh v|vwëph pdlqwhqx = vl +[|, hvw luuìgxfwleoh qrq0dulwkpìwltxh/ rq rewlhqw dlqvl

D�?�" @ 4
4 . d�?�"

dyhf d�?�" @
SR

&'� ��?� +p. n,H +U6n&,S6
�'� ��?� +l,

rü ��?� hvw od orl vwdwlrqqdluh gh od fkdñqh gh Pdunry dvvrflìh dx surfhvvxv vhpl0pdunrylhq
+[|,1

Rq shxw dxvvl od fdofxohu hq uhpdutxdqw txh D�?�" hvw od olplwh gh D" +H{s �, txdqg
� whqg yhuv 3n1

G*xq srlqw gh yxh qxpìultxh/ uhpdutxrqv txh ohv irupxohv rewhqxhv srxu ohv glvsrql0
elolwìv dv|pswrwltxhv gx v|vwëph pdlqwhqx hw gx v|vwëph lqlwldo vrqw dlvìphqw fdofxodeohv1
Hq h�hw/ srxu oh v|vwëph pdlqwhqx sdu h{hpsoh/ lo vx!w gh gìwhuplqhu od pdwulfh gh wudq0
vlwlrq T� ã o*dlgh gx fruroodluh 6151 Rq hq gìgxlw doruv od orl vwdwlrqqdluh � � txl hvw xq
yhfwhxu sursuh gh T� +rx gh |T� vhorq o*ìfulwxuh, hw rq uhpsodfh �� sdu vd ydohxu gdqv +6=:,
+rx gdqv o*dxwuh irupxoh sursrvìh,/ wrxv ohv dxwuhv whuphv ìwdqw frqqxv1

Txhotxhv h{hpsohv gh fdofxov vrqw grqqìv xq shx soxv orlq/ dx sdudjudskh 616171
Qrxv ìwxglrqv dxsdudydqw od glvsrqlelolwì lqvwdqwdqìh gx v|vwëph1

61616 Fdofxo gh od glvsrqlelolwì lqvwdqwdqìh
Udsshorqv wrxw g*derug txh/ srxu wrxw w A 3/ od glvsrqlelolwì ã o*lqvwdqw w +dxvvl dsshoìh

glvsrqlelolwì lqvwdqwdqìh, hvw od suredelolwì txh oh v|vwëph irqfwlrqqh ã o*lqvwdqw w1
Fhwwh suredelolwì gìshqgdqw gh o*ìwdw lqlwldo gx v|vwëph/ qrxv vxssrvrqv pdlqwhqdqw

txh oh v|vwëph hvw dx gìsduw gdqv o*ìwdw gh pdufkh sduidlwh �4�1
Srxu oh v|vwëph lqlwldo/ od glvsrqlelolwì lqvwdqwdqìh hvw grqf

D�?�| @ S� +[| 5 i4> ===>pj, @
6[
�'�

S� +[| @ m, / +6143d,
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616 Whfkqltxhv vhpl0pdunrylhqqhv gdqv xq fdv sduwlfxolhu 44:
doruv txh srxu oh v|vwëph pdlqwhqx/ hooh ydxw

D| @ S� +]| 5 i4> ===>pj, @
6[
�'�

S� +]| @ m, 1

Udsshorqv pdlqwhqdqw od pìwkrgh xwlolvìh srxu fdofxohu od glvsrqlelolwì lqvwdqwdqìh
g*xq v|vwëph vhpl0pdunrylhq +fi ^55` sdu h{hpsoh,1 Qrxv gìfulyrqv fhwwh pìwkrgh srxu oh
surfhvvxv +[|, dvvrflì dx v|vwëph lqlwldo1

G*dsuëv +6=43d,/ oh sureoëph uhylhqw hq idlw ã fdofxohu ohv suredelolwìv S� +[| @ m,/ txh
o*rq qh vdlw hq jìqìudo sdv fdofxohu gluhfwhphqw1 Rq vdlw hq uhydqfkh wurxyhu ghv ìtxdwlrqv
gh uhqrxyhoohphqw yìul�ìhv sdu fhv suredelolwìv1 Hq suhqdqw ohv wudqvirupìhv gh Odsodfh gh
fhv ìtxdwlrqv/ rq rewlhqw doruv ohv wudqvirupìhv gh Odsodfh ghv irqfwlrqv w :�$ S� +[| @ m,1
Rq hq gìgxlw dlvìphqw od wudqvirupìh gh Odsodfh gh od glvsrqlelolwì lqvwdqwdqìh1 Lo q*|
d doruv �soxv tx*ã� lqyhuvhu fhwwh wudqvirupìh srxu rewhqlu od glvsrqlelolwì lqvwdqwdqìh1
Uhpdutxrqv txh fh w|sh g*lqyhuvlrq vh idlw hq jìqìudo ã o*dlgh g*xq orjlflho gh fdofxo irupho
+lfl PDSOH, txl qh vrqw vrxyhqw sdv wuëv shuirupdqwv gdqv fh grpdlqh1 Od surjudppdwlrq
grlw grqf íwuh idlwh gh idêrq wuëv vrljqhxvh1

Hqrqêrqv pdlqwhqdqw gh idêrq suìflvh ohv uìvxowdwv1
Qrxv grqqrqv srxu fhod txhotxhv qrwdwlrqv vxssoìphqwdluhv1
Rq qrwh dlqvl =
� S| +l> m, @ S� +[| @ m,/ srxu wrxv w � 3/ l> m 5 i4> ===>p. sj/
� S W�c� od wudqvirupìh gh Odsodfh gh w :�$ S| +l> m, srxu wrxv l> m 5 i4> ===>p. sj =

S W�c� +v, @
] n"

f
h3r|S| +l> m,gw/ srxu wrxw v A 31

� S W +v, @
�
S W�c� +v,

�
�$�c�$6nR/ srxu wrxw v A 3/

� D +v, od pdwulfh fduuìh g*ruguh p. s gì�qlh sdu

D�c� +v, @
;?
=

r^W�c�Er�
�3S6nR

&'� ^W�c&Er�
vl l 9@ m

�S�$&$6nR*& �'�D�c& +v, vl l @ m +6144,

srxu wrxw v A 31
Uhpdutxrqv txh od pdwulfh D +v, hvw elhq gì�qlh fdu S6nR

�'� tW�c� +v, hvw gl�ìuhqw gh 4
+fdu H� +��, 9@ 3/ fi od gìprqvwudwlrq gh od sursrvlwlrq 619,1

Dyhf fhv qrwdwlrqv/ vl +[|, hvw luuìgxfwleoh/ S W +v, hvw grqqìh sdu
S W +v, @ +vL6nR �D +v,,3� / srxu wrxw v A 31 +6145,

Juãfh ã od olqìdulwì gh od wudqvirupìh gh Odsodfh/ od wudqvirupìh gh Odsodfh gh od
glvsrqlelolwì lqvwdqwdqìh gx v|wëph lqlwldo

�
D�?�W +v, @ U n"f h3r|D�?�| gw

�
hvw doruv grqqìh

sdu

D�?�W +v, @
6[
�'�

S W�c� +v, 1 +6146,
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44; Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh = fdv vhpl0pdunrylhq
Gh od píph idêrq/ qrxv fdofxorqv pdlqwhqdqw od wudqvirupìh gh Odsodfh gh od glvsr0

qlelolwì lqvwdqwdqìh gx v|vwëph pdlqwhqx1 Rq rewlhqw oh uìvxowdw vxlydqw =
Sursrvlwlrq 61; Vl oh surfhvvxv vhpl0pdunrylhq +[|, hvw luuìgxfwleoh hw vl ohv gxuìhv
pr|hqqhv gh pdlqwhqdqfh vrqw qrq qxoohv/ od wudqvirupìh gh Odsodfh gh od glvsrqlelolwì
lqvwdqwdqìh gx v|vwëph pdlqwhqx h{lvwh hw ydxw

DW +v, @
6[
�'�

S �W�c� +v, +6147,

rü
S �W +v, @ �vL �D� +v,�3� +6148,

hw D� +v, hvw od pdwulfh fduuìh g*ruguh 5p. s gì�qlh sdu =
� srxu 4 � l �p =

D��c� +v, @

;AA?
AA=

D�c� +v. �, vl 4 � m �p. s hw m 9@ l
� vl m @ ��3 vl m 5 i��> ===> �6jq���S&*& �'�D��c& +v, vl m @ l

� srxu p. 4 � l �p. s =

D��c� +v, @
;?
=

D�c� +v, vl 4 � m �p. s hw m 9@ l
3 vl m 5 i��> ===> �6j�S&*& �'�D��c& +v, vl m @ l

� srxu l @ �, 5 i��> ===> �6j =

D�>,c� +v, @

;AA?
AA=

r^�W,c� Er�
�3S6&'� ^�W,c& Er� vl 4 � m �p
�S&*& �'>, D�>,c& +v, vl m @ �,
3 gdqv wrxv ohv dxwuhv fdv

Gìprqvwudwlrq1 Srxu srxyrlu xwlolvhu od píph pìwkrgh txh srxu oh v|vwëph lqlwldo/ lo
idxw txh +]|, vrlw xq surfhvvxv vhpl0pdunrylhq luuìgxfwleoh hw txh ohv gxuìhv pr|hqqhv
sdvvìhv gdqv ohv gl�ìuhqwv ìwdwv vrlhqw qrq qxoohv +fi +6=44, hw od uhpdutxh txl vxlw +6=44,,1

Oh suhplhu srlqw d gìmã ìwì yìul�ì gdqv oh ohpph 6181
Oh ghx{lëph srlqw surylhqw gx ohpph 616 hw gx idlw txh qrxv dyrqv vxssrvì ohv gxuìhv

pr|hqqhv gh pdlqwhqdqfh qrq qxoohv +hw ohv H� +��, 9@ 3,1
Rq shxw doruv gì�qlu xqh pdwulfh D� +v, dvvrflìh dx surfhvvxv +]|, gh od píph idêrq

txh od pdwulfh D +v, srxu +[|, hw dssoltxhu od pìwkrgh gìfulwh suìfìghpphqw1
Od vhxoh fkrvh ã idluh hvw grqf gh gìwhuplqhu od pdwulfh D� +v,1
Udsshorqv wrxw g*derug txh/ sdu gì�qlwlrq gh D� +v, +fi +6=44,,/ rq d

D��c� +v, @
vt�W�c� +v,

4�S&M. t�W�c& +v, @
vt�W�c� +v,

4�S6nR
&'� t�W�c& +v,�

S6
&'� t�W�c>& +v,

1

Qrxv qh frqvlgìurqv txh oh fdv 4 � l �p/ ohv dxwuhv fdv ìwdqw lppìgldwv1
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� srxu 4 � m � p. s hw m 9@ l/ hq uhpsodêdqw t�W�c� +v, sdu vd ydohxu +fi ohpph 614,/
rq rewlhqw doruv =

D��c� +v, @ vtW�c� +v. �,
4�S6nR

&'� tW�c& +v. �,� k
knr

�
4�S6nR

�'� tW�c� +�. v,
�

@ vtW�c� +v. �,�
4� k

knr
��

4�S6nR
&'� tW�c& +v. �,

�

@ vtW�c� +v. �,
rknr
�
4�S6nR

&'� tW�c& +v. �,
�

@ +v. �, tW�c� +v. �,
4�S6nR

�'� tW�c� +v. �,
@ D�c� +v. �, 1

� srxu m @ ��/ rq rewlhqw gh píph =

D��c>� +v, @
v kknr

�
4�S6nR

�'� tW�c� +�. v,
�

r
knr

�
4�S6nR

&'� tW�c& +v. �,
� @ �1

� srxu m 5 i��> ===> �6jqi��j =
D��c� +v, @ 3/

fh txl dfkëyh od gìprqvwudwlrq1

G*xq srlqw gh yxh sudwltxh/ srxu fdofxohu ohv glvsrqlelolwìv lqvwdqwdqìhv gx v|vwëph
lqlwldo hw gx v|vwëph pdlqwhqx/ lo idxw grqf wrxw g*derug gìwhuplqhu ohv pdwulfhv D +v,
hw D� +v,1 Rq frpphqfh srxu fhod sdu fdofxohu D +v, ã o*dlgh gh vd gì�qlwlrq +fi +6=44,,1
Od pdwulfh D� +v, v*hq gìgxlw dlvìphqw ã o*dlgh ghv irupxohv grqqìhv gdqv od sursrvlwlrq
61;1 Rq fdofxoh hqvxlwh S W +v, hw S �W +v, ã o*dlgh gh +6=45, hw gh +6=48,/ sxlv D�?�W +v, hw
DW +v, ã o*dlgh gh +6=46, hw gh +6=47,1 Lo uhvwh doruv ã lqyhuvhu ohv wudqvirupìhv gh Odsodfh
srxu rewhqlu ohv glvsrqlelolwìv lqvwdqwdqìhv D�?�| hw D|1

Qrxv ìwxglrqv pdlqwhqdqw txhotxhv h{hpsohv1

61617 H�hpsohv
Srxu fkdfxq ghv h{hpsohv gh fh sdudjudskh/ qrxv fdofxorqv wrxw g*derug od glvsrqlel0

olwì dv|pswrwltxh gx v|vwëph pdlqwhqx hw qrxv o*rswlplvrqv qxpìultxhphqw uhodwlyhphqw
ã �1 Rq rewlhqw dlqvl/ gdqv ohv ghx{ fdv/ xqh ydohxu rswlpdoh srxu �1 Qrxv fdofxorqv
hqvxlwh od glvsrqlelolwì lqvwdqwdqìh gx v|vwëph vrxplv ã fhwwh srolwltxh gh pdlqwhqdqfh
rswlpdoh hw qrxv od frpsdurqv ã od glvsrqlelolwì lqvwdqwdqìh gx v|vwëph lqlwldo1

Srxu o*xq ghv h{hpsohv +pdunrylhq,/ qrxv frpsdurqv dxvvl od srolwltxh gh pdlqwhqdqfh
suìyhqwlyh sursrvìh dx ghx{lëph fkdslwuh ã fhooh suìvhqwìh lfl1

Sdupl ohv orlv xvxhoohv xwlolvìhv srxu od gxuìh gh irqfwlrqqhphqw g*xq v|vwëph +hqfruh
dsshoìhv orlv gh gìidloodqfh,/ qrxv dyrqv gìmã flwì gdqv o*lqwurgxfwlrq ohv orlv gh Zhlexoo1
Xq dxwuh w|sh gh orlv wuëv iuìtxhpphqw xwlolvìhv gdqv o*lqgxvwulh vrqw ohv orlv JDPPD1 Fh
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453 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh = fdv vhpl0pdunrylhq
vrqw ohv orlv txh qrxv dyrqv fkrlvlhv lfl srxu gìfuluh o*ìyroxwlrq gh qrwuh v|vwëph/ srxu ghv
udlvrqv gh vlpsolflwì1 Hq h�hw/ qrxv dyrqv gìmã ìyrtxì suìfìghpphqw ohv gl!fxowìv txh o*rq
shxw uhqfrqwuhu srxu lqyhuvhu ghv wudqvirupìhv gh Odsodfh hw oh fdofxo gh od glvsrqlelolwì
lqvwdqwdqìh v*dyëuh sduirlv gl!floh ã phqhu ã elhq g*xq srlqw gh yxh qxpìultxh1 Oh fdofxo
gh DW +v, idlvdqw lqwhuyhqlu ohv wudqvirupìhv gh Odsodfh ghv phvxuhv t +l> m> gw,/ lo hvw grqf
vrxkdlwdeoh gh prgìolvhu o*ìyroxwlrq gx v|vwëph ã o*dlgh gh phvxuhv grqw ohv wudqvirupìhv
gh Odsodfh vrqw dlvìphqw fdofxodeohv +vl srvvleoh $,1

Udsshorqv txh f*hvw oh fdv ghv orlv JDPPD hw txh od wudqvirupìh gh Odsodfh g*xqh
orl � @ �+�> �, hvw grqqìh sdu

] n"

f
h3r|� +gw, @ 4

+4 . �v,b / srxu wrxw v A 31

Uhpdutxrqv txh/ píph dyhf fh fkrl{ gh orlv JDPPD +hw gh sdudpëwuhv vlpsohv srxu
fhv orlv,/ PDSOH d ehvrlq g*íwuh jxlgì sdv ã sdv srxu vlpsol�hu ohv uìvxowdwv hw srxu
gìfrpsrvhu fruuhfwhphqw od wudqvirupìh gh Odsodfh gh od glvsrqlelolwì lqvwdqwdqìh dydqw
gh o*lqyhuvhu1 Oh fkrl{ gx prphqw rü o*rq sdvvh ghv fdofxov iruphov dx{ fdofxov qxpìultxhv
hvw dxvvl wuëv lpsruwdqw1

Fhv gl!fxowìv qh frqfhuqhqw elhq ìylghpphqw txh od glvsrqlelolwì lqvwdqwdqìh1 Hq fh
txl frqfhuqh od glvsrqlelolwì dv|pswrwltxh/ lo hvw wrxw ã idlw srvvleoh g*xwlolvhu ghv prgëohv
ehdxfrxs soxv frpsoltxìv/ hw fhod píph srxu o*rswlplvdwlrq sdu udssruw ã �1

6161714 H{hpsoh 4
Rq frqvlgëuh lfl xq v|vwëph irupì gh txdwuh frpsrvdqwv lghqwltxhv hw lqgìshqgdqwv hq

uhgrqgdqfh sdvvlyh/ txh o*rq vxssrvh qxpìurwìv gh 4 ã 7 +fi ¢4161815 ,1 Dx gìsduw/ oh suh0
plhu frpsrvdqw irqfwlrqqh/ ohv 6 dxwuhv ìwdqw hq dwwhqwh1 +Fhw ìwdw hvw qrwì �4�,1 Oruvtxh
oh frpsrvdqw 4 wrpeh hq sdqqh/ rq hvvd|h oh ghx{lëph1 Fhoxl0fl gìpduuh +lqvwdqwdqìphqw,
dyhf xqh suredelolwì � +3 ? � ? 4,1 V*lo d gìpduuì/ lo uhpsodfh doruv oh frpsrvdqw 4 mxvtx*ã
fh tx*lo wrpeh oxl0píph hq sdqqh1 V*lo q*d sdv gìpduuì/ rq hvvd|h doruv oh frpsrvdqw 6/
txl gìpduuh oxl0píph dyhf xqh suredelolwì � hw dlqvl gh vxlwh1 Rq vxssrvh txh od gxuìh
gh ylh g*xq frpsrvdqw vxlw od orl �+�>�, hw txh o*rq qh shxw sdv uìsduhu ohv frpsrvdqwv
wdqw txh oh v|vwëph irqfwlrqqh1

Rq qrwh l o*ìwdw rü l� 4 frpsrvdqwv vrqw hq sdqqh/ srxu l 5 i4> ===> 7j1 Rq d grqf lfl
p @ 7 ìwdwv gh pdufkh1 O*ìwdw gh sdqqh +xqltxh, fruuhvsrqg dx fdv rü ohv 7 frpsrvdqwv
vrqw hq sdqqh1

Oruvtxh oh v|vwëph hvw wrpeì hq sdqqh/ rq uìsduh wrxv ohv frpsrvdqwv1 Od gxuìh gh od
uìsdudwlrq UD vh gìfrpsrvh vrxv od iruph gh od vrpph gh ghx{ yduldeohv doìdwrluhv UDc�
hw UDc2/ lqgìshqgdqwhv hqwuh hoohv hw lqgìshqgdqwhv gh o*ìyroxwlrq dqwìulhxuh gx v|vwëph1

UDc� fruuhvsrqg ã od gxuìh gh uìsdudwlrq sursuhphqw glwh hw vxlw od orl �+��> ��,1 UDc2
fruuhvsrqg dx whpsv g*dwwhqwh gx uìsdudwhxu dx prphqw rü oh v|vwëph wrpeh hq sdqqh
hw vxlw od orl �+�2> �2,1

Rq d grqf UD @ UDc� .UDc2/ rü UDc� /$ �+��> ��, hw UDc2 /$ �+�2> �2,/ dyhf UDc� hw
UDc2 lqgìshqgdqwhv1

Dyhf ohv k|srwkëvhv suìfìghqwhv/ o*ìyroxwlrq gx v|vwëph hvw fodluhphqw vhpl0pdunrylhqqh1
Qrwrqv i od ghqvlwì gh od orl �+�> �,1
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Oh qr|dx vhpl0pdunrylhq +t +l> m> gw,, gx surfhvvxv +[|, hvw doruv grqqì sdu

+t +l> m> gw,, @

5
99997

3 �i +w, gw +4� �,�i +w,gw +4� �,2 �i +w,gw +4� �,� i +w,gw
3 3 �i +w,gw +4� �,�i +w, gw +4� �,2 i +w,gw
3 3 3 �i +w,gw +4� �, i +w, gw
3 3 3 3 i +w,gw

t +8> 4> gw, 3 3 3 3

6
::::8 1

Uhpdutxrqv txh vl �2 9@ �� +hw f*hvw oh fdv gdqv ohv ydohxuv qxpìultxhv fkrlvlhv lfl/
yrlu fl0ghvvrxv,/ od orl t +8> 4> gw, gh UD q*hvw sdv dlvìphqw fdofxodeoh1 Hq uhydqfkh/ vd
wudqvirupìh gh Odsodfh hvw idfloh ã gìwhuplqhu/ sxlvtxh f*hvw vlpsohphqw oh surgxlw ghv
wudqvirupìhv gh Odsodfh ghv orlv gh UDc� hw gh UDc2 +lqgìshqgdqfh,1

Hq fh txl frqfhuqh ohv rsìudwlrqv gh pdlqwhqdqfh ã sduwlu ghv gl�ìuhqwv ìwdwv gh
pdufkh/ rq vxssrvh tx*hoohv uhphwwhqw wrxwhv oh v|vwëph gdqv o*ìwdw 4 hw txh ohxuv gx0
uìhv vxlyhqw wrxwhv od píph orl txh UDc�/ ã vdyrlu �+��> ��,1G*xq srlqw gh yxh qxpìultxh/ rq suhqg =

� � @ 5/ � @ 4/
� �� @ 6/ �� @ 3=4/
� �2 @ 5/ �2 @ 4/
� � @ 3=;1
Rq rewlhqw ohv uìvxowdwv vxlydqwv =

D�?�" @ 3=:7:6/
�JR| @ 3=6:<4/

D" �H{s�JR|� @ 3=;3:41
Ohv �jxuhv 614 hw 615 fl0ghvvrxv uhsuìvhqwhqw od glvsrqlelolwì dv|pswrwltxh gx v|vwëph

pdlqwhqx D" +H{s �, hq irqfwlrq gh � +hq wudlw sohlq,/ dlqvl txh fhooh gx v|vwëph lqlwldo
D�?�" +hq wudlw glvfrqwlqx,1

0.45

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0 1 2 3 4α

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 20 40 60 80 100α

Iljxuhv 614 hw 6151 D" +H{s �, hq irqfwlrq gh �/ frpsdudlvrq dyhf D�?�" 1
+píph �jxuh dyhf xqh ihqíwuh gl�ìuhqwh,

Rq shxw uhpdutxhu vxu fhv �jxuhv txh od srolwltxh gh pdlqwhqdqfh q*dpìolruh sdv od
glvsrqlelolwì dv|pswrwltxh srxu wrxwhv ohv ydohxuv gh �1 Dlqvl/ vl � * 4=3368/ f*hvw0ã0gluh/
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455 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh = fdv vhpl0pdunrylhq
vl H +V, @ �k 2 3=<<98/ od pdlqwhqdqfh duulyh wurs udslghphqw hw lo hvw suìiìudeoh gh qh
sdv pdlqwhqlu oh v|vwëph1

Rq frqvwdwh dxvvl txh D" +H{s�, whqg elhq yhuv D�?�" txdqg � whqg yhuv 3/ frpph
qrxv o*dylrqv dqqrqfì ã od �q gx sdudjudskh 616151

Rq shxw sdu dloohxuv uhpdutxhu txh D" +H{s�, whqg yhuv 3 txdqg � whqg yhuv o*lq�ql1
Fh uìvxowdw hvw wrxw ã idlw qdwxuho sxlvtxh/ oruvtxh � whqg yhuv o*lq�ql/ oh whpsv g*dwwhqwh gh
od pdlqwhqdqfh whqg yhuv 31 Frpph ohv gxuìhv pr|hqqhv gh pdlqwhqdqfh vrqw qrq qxoohv/
fhod vljql�h txh o*rq qh idlw soxv txh pdlqwhqlu oh v|vwëph1

Qrxv dyrqv pdlqwhqdqw wudfì vxu od �jxuh 616 od glvsrqlelolwì lqvwdqwdqìh gx v|vwëph
vrxplv ã od srolwltxh gh pdlqwhqdqfh rswlpdoh D|

�H{s �JR|� +hq wudlw sohlq, dlqvl txh od
glvsrqlelolwì lqvwdqwdqìh gx v|vwëph lqlwldo +hq wudlw glvfrqwlqx,1
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Iljxuh 6161 D|
�H{s �JR|� hw D�?�| hq irqfwlrq gh w1

Qrxv qrxv dshufhyrqv vxu fhwwh �jxuh txh/ srxu � @ �JR|/ od glvsrqlelolwì lqvwdqwdqìh
gx v|vwëph pdlqwhqx q*hvw sdv wrxmrxuv phloohxuh txh fhooh gx v|vwëph lqlwldo1 Dlqvl/ srxu
w 2 7=763:/ D�?�| hvw vxsìulhxuh ã D|

�H{s �JR|�1 Hq uhydqfkh/ gëv txh w * 7=763:/ od
srolwltxh gh pdlqwhqdqfh dpìolruh od glvsrqlelolwì lqvwdqwdqìh/ elhq txh oh v|vwëph q*dlw
sdv hqfruh dwwhlqw vrq uìjlph vwdwlrqqdluh +oh v|vwëph lqlwldo hq hvw hqfruh orlq,1

Uhpdutxrqv hq�q txh D|
�H{s �JR|� ydulh gh idêrq soxv uìjxolëuh txh D�?�| hq irqfwlrq

gh w hw dwwhlqw soxv udslghphqw vrq uìjlph vwdwlrqqdluh1 Od srolwltxh gh pdlqwhqdqfh vhpeoh
grqf �vwdelolvhu� o*ìyroxwlrq gx v|vwëph1

6161715 H{hpsoh 5
Rq frqvlgëuh lfl oh píph v|vwëph txh fhoxl ìwxglì gdqv o*h{hpsoh 5146/ d�q gh srxyrlu

frpsduhu ohv uìvxowdwv grqqìv sdu od srolwltxh gh pdlqwhqdqfh suìvhqwìh gdqv oh fkdslwuh
5 ã fhooh txh qrxv ìwxglrqv lfl1

Udsshorqv tx*lo v*djlw g*xq v|vwëph gh w|sh n vxu q/ irupì gh q frpsrvdqwv lghqwltxhv
hw lqgìshqgdqwv/ gh wdx{ gh sdqqh frqvwdqw �/ qrq uìsdudeohv shqgdqw txh oh v|vwëph
irqfwlrqqh1 Ohv uìsdudwlrqv hw ohv rsìudwlrqv gh pdlqwhqdqfh uhphwwhqw oh v|vwëph gdqv
o*ìwdw gh pdufkh sduidlwh1

Rq suhqg q @ 81 Ohv ydohxuv qxpìultxhv vrqw lghqwltxhv ã fhoohv gh o*h{hpsoh 51461
Rq ohv frpsoëwh hq vxssrvdqw txh ohv gxuìhv gh uìsdudwlrq +UD, hw gh pdlqwhqdqfh
+P�/ 4 � l � 7, vxlyhqw ghv orlv JDPPD1

Soxv suìflvìphqw/ rq vxssrvh txh =
� n @ 5/ � @ 4/
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616 Whfkqltxhv vhpl0pdunrylhqqhv gdqv xq fdv sduwlfxolhu 456
� UD vxlw od orl � �6> ��Df

� +rq d grqf H +UD, @ �Df,/
� Srxu 5 � l � 7/ P� vxlw od orl � �5> �

2fff
� +rq d grqf H +P�, @ �

�fff,1
Hq fh txl frqfhuqh P�/ uhpdutxrqv wrxw g*derug txh/ oh v|vwëph ìwdqw pdunrylhq/

lo hvw ã o*ìwdw qhxi wdqw tx*lo hvw gdqv o*ìwdw 41 F*hvw g*dloohxuv srxutxrl/ gdqv oh fkd0
slwuh 5/ dxfxqh pdlqwhqdqfh q*ìwdlw mdpdlv h�hfwxìh vxu o*ìwdw 41 Lo vhpeoh grqf qdwxuho
gh frqvlgìuhu lfl txh od gxuìh P� hvw qxooh1 F*hvw fh txh qrxv idlvrqv gdqv xq suhplhu
whpsv1 Qrxv fdofxorqv doruv od glvsrqlelolwì dv|pswrwltxh gx v|vwëph pdlqwhqx hw qrxv
o*rswlplvrqv sdu udssruw ã �1 Hq fh txl frqfhuqh od glvsrqlelolwì lqvwdqwdqìh/ udsshorqv
txh od pìwkrgh txh qrxv xwlolvrqv srxu od fdofxohu qìfhvvlwh txh ohv gxuìhv pr|hqqhv gh
pdlqwhqdqfh vrlhqw qrq qxoohv +fi ¢61616,1 Fhod qrxv dpëqh doruv ã frqvlgìuhu xq vhfrqg
fdv rü od gxuìh pr|hqqh gh P� hvw qrq qxooh +pdlv wuëv idleoh,1

Fdv rü H +P�, @ 3
Rq rewlhqw ohv uìvxowdwv vxlydqwv =

D�?�" @ 3=<;7: +lghqwltxh ã fhooh rewhqxh gdqv o*h{hpsoh 5146,/
olpk<n"D" +H{s�, @ 3=<<34/

�JR| @ :=<867/
D" �H{s�JR|� @ 3=<<4:1

Rq d sdu dloohxuv wudfì vxu ohv �jxuhv 617 hw 618 od glvsrqlelolwì dv|pswrwltxh gx
v|vwëph pdlqwhqx D" +H{s �, hq irqfwlrq gh � +hq wudlw sohlq,/ txh o*rq frpsduh dyhf
fhooh gx v|vwëph lqlwldo D�?�" +hq wudlw glvfrqwlqx,1
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Iljxuhv 617 hw 6181 D" +H{s �, hq irqfwlrq gh �/ frpsdudlvrq dyhf D�?�"
+píph �jxuh dyhf xqh ihqíwuh gl�ìuhqwh,

Lfl/ frqwudluhphqw dx fdv suìfìghqw/ D" +H{s�, qh whqg sdv yhuv 3 txdqg � whqg yhuv
o*lq�ql1 Fhfl v*h{soltxh sdu oh idlw txh od gxuìh pr|hqqh gh pdlqwhqdqfh ã sduwlu gh o*ìwdw
4 hvw qxooh/ gh vruwh txh/ píph vl oh whpsv g*dwwhqwh gh od pdlqwhqdqfh hvw qxo +txdqg �
whqg yhuv o*lq�ql,/ oh v|vwëph q*hvw/ pdojuì wrxw/ sdv wrxmrxuv hq wudlq g*íwuh pdlqwhqx1

Sdu dloohxuv/ rq frqvwdwh lfl txh od srolwltxh gh pdlqwhqdqfh dpìolruh od glvsrqlelolwì
dv|pswrwltxh srxu q*lpsruwh txhooh ydohxu gh �1

Fdv rü P� vxlw od orl �+5> 4@533333,/ H +P�, @ 4@433333
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457 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh = fdv vhpl0pdunrylhq
Rq rewlhqw ohv uìvxowdwv vxlydqwv =

D�?�" @ 3=<;7: +udssho,/
olpk<n"D" +H{s�, @ 3/

�JR| @ :=9;39/
D" �H{s�JR|� @ 3=<<491

Ohv �jxuhv 619 hw 61: uhsuìvhqwhqw od glvsrqlelolwì dv|pswrwltxh gx v|vwëph pdlqwhqx
D" +H{s �, hq irqfwlrq gh � +hq wudlw sohlq,/ dlqvl txh fhooh gx v|vwëph lqlwldo D�?�" +hq
wudlw glvfrqwlqx,1
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Iljxuhv 619 hw 61:1 D" +H{s �, hq irqfwlrq gh �/ frpsdudlvrq dyhf D�?�"
+píph �jxuh dyhf xqh ihqíwuh gl�ìuhqwh,

Rq frqvwdwh lfl txh od srolwltxh gh pdlqwhqdqfh dpìolruh od glvsrqlelolwì dv|pswrwltxh
srxu � 2 89;=91

Od �jxuh 61; uhsuìvhqwh pdlqwhqdqw od glvsrqlelolwì lqvwdqwdqìh gx v|vwëph vrxplv
ã od srolwltxh gh pdlqwhqdqfh rswlpdoh D|

�H{s �JR|� +hq wudlw sohlq, hw od glvsrqlelolwì
lqvwdqwdqìh gx v|vwëph lqlwldo D�?�| +hq wudlw glvfrqwlqx,1
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Iljxuh 61;1 D|
�H{s �JR|� hw D�?�| hq irqfwlrq gh w1
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616 Whfkqltxhv vhpl0pdunrylhqqhv gdqv xq fdv sduwlfxolhu 458
Lfl/ od srolwltxh gh pdlqwhqdqfh rswlpdoh dpìolruh od glvsrqlelolwì lqvwdqwdqìh gx v|v0

wëph ã sduwlu gh od ydohxu w * 3=87<81 +Oã hqfruh/ oh v|vwëph pdlqwhqx dwwhlqw vrq uìjlph
vwdwlrqqdluh soxv udslghphqw txh oh v|vwëph lqlwldo,1

Frpph qrxv o*dylrqv dqqrqfì dx gìexw gh fh sdudjudskh/ qrxv frpsdurqv pdlqwhqdqw
ohv uìvxowdwv grqqìv sdu od srolwltxh gh pdlqwhqdqfh txh qrxv yhqrqv g*ìwxglhu ã fhx{ gx
fkdslwuh 5 +h{hpsoh 5146,1

Udsshorqv wrxw g*derug ohv uìvxowdwv gx fkdslwuh 5 =
� srxu t @ 4 +pdlqwhqdqfh vxu ohv ìwdwv 5 ã 7, = DJR|" @ 3=<<55/ fJR|� @ 3=6353/
� srxu t @ 5 +pdlqwhqdqfh vxu ohv ìwdwv 6 hw 7, = DJR|" @ 3=<<68/
� srxu t @ 6 +pdlqwhqdqfh vxu o*ìwdw 7, = DJR|" @ 3=<<7<1
Frpph rq srxydlw v*| dwwhqguh/ ohv uìvxowdwv grqqìv sdu od srolwltxh gh pdlqwhqdqfh

gx fkdslwuh 5 vrqw wrxmrxuv phloohxuv txh fhx{ rewhqxv gdqv fh fkdslwuh1
Qrxv frpsdurqv pdlqwhqdqw xq shx soxv suìflvìphqw ohv srolwltxhv gh pdlqwhqdqfh

grqqdqw ohv uìvxowdwv ohv soxv surfkhv/ ã vdyrlu oh fdv t @ 4 srxu oh fkdslwuh 5 hw oh fdv
H +P�, @ 3 lfl1

Uhpdutxrqv wrxw g*derug txh fhv ghx{ fdv fruuhvsrqghqw ã ghv srolwltxhv gh pdlqwh0
qdqfh wuëv surfkhv1 Hq h�hw/ oruvtxh o*rq fkrlvlw H +P�, @ 3 gdqv fh fkdslwuh/ fhod uhylhqw
ã gluh txh/ oruvtxh oh v|vwëph hvw gdqv o*ìwdw 4/ rq qh o*duuíwh sdv srxu oh pdlqwhqlu1 Hq
g*dxwuhv whuphv/ rq qh o*duuíwh txh oruvtx*rq oh wurxyh gdqv xq ìwdw 5 ã 71 Od srolwltxh
gh pdlqwhqdqfh hvw grqf od píph txh gdqv oh fkdslwuh 5 +fdv t @ 4,/ plv ã sduw oh
idlw txh/ lfl/ oh whpsv g*dwwhqwh gh od pdlqwhqdqfh/ txl fruuhvsrqg ã od suhplëuh yduldeoh
lqwhu0lqvshfwlrq gx fkdslwuh 5/ vxlw reoljdwrluhphqw xqh orl h{srqhqwlhooh1 Qrxv vdyrqv
doruv g*dsuëv oh fkdslwuh 5 txh/ vrxv fhuwdlqhv k|srwkëvhv +yìul�ìhv gdqv oh fdguh gh
fhw h{hpsoh,/ oh whpsv g*dwwhqwh rswlpdo hvw gìwhuplqlvwh1 F*hvw srxutxrl od glvsrqlelolwì
dv|pswrwltxh rswlpdoh hvw prlqv erqqh gdqv oh fdv h{srqhqwlho1

Hq uhydqfkh/ vl o*rq qh pdlqwlhqw sdv oh v|vwëph ã o*lqvwdqw rswlpdo fJR|/ od �jxuh 61;
fl0ghvvrxv qrxv prqwuh tx*xq whpsv g*dwwhqwh h{srqhqwlho shxw íwuh suìiìudeoh ã xq whpsv
g*dwwhqwh gìwhuplqlvwh srxu ghv whpsv pr|hqv g*dwwhqwh ìjdx{1 Fhwwh �jxuh uhsuìvhqwh
hq h�hw ohv glvsrqlelolwìv dv|pswrwltxhv gx v|vwëph vrxplv dx{ ghx{ w|shv gh pdlqwh0
qdqfh = D" +�S, +hq wudlw glvfrqwlqx, uhsuìvhqwh fhooh gx v|vwëph vrxplv ã od srolwltxh
gh pdlqwhqdqfh gx fkdslwuh 5/ fdv t @ 4/ dyhf xq whpsv g*dwwhqwh gìwhuplqlvwh/ doruv
txh D" �H{s �S

� +hq wudlw sohlq, uhsuìvhqwh fhooh gx v|vwëph vrxplv ã od srolwltxh gh
pdlqwhqdqfh gx fkdslwuh 6/ fdv H +P�, @ 3 dyhf xq whpsv g*dwwhqwh h{srqhqwlho1
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cIljxuh 61;1 D" �H{s �S
� +wudlw sohlq, hw D" +�S, +wudlw glvfrqwlqx, hq irqfwlrq gh f1
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459 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh = fdv vhpl0pdunrylhq
Rq frqvwdwh vxu fhwwh �jxuh txh/ oruvtxh f 2 3=46:: rx f * 4=5<88/ od orl h{srqhqwlhooh

grqqh gh phloohxuv uìvxowdwv tx*xqh pdvvh gh Gludf +ã pr|hqqh ìjdoh,1 Fhfl v*h{soltxh
sdu oh idlw txh/ oruvtxh f hvw ìorljqì gh vd ydohxu rswlpdoh srxu D" +�S, +fJR| @ 3=6353,/
frqwudluhphqw ã xqh pdvvh gh Gludf/ od orl h{srqhqwlhooh shuphw txdqw ã hooh gh pdlqwhqlu
gh whpsv hq whpsv oh v|vwëph dx erq prphqw +dxwrxu gh fJR|,1

Dlqvl/ v*lo q*hvw sdv srvvleoh gh pdlqwhqlu oh v|vwëph ã o*lqvwdqw rswlpdo fJR| +rx vl
fhw lqvwdqw hvw pdo gìwhuplqì,/ lo shxw íwuh suìiìudeoh g*xwlolvhu xqh orl soxv ìwdoìh tx*xqh
pdvvh gh Gludf srxu oh whpsv g*dwwhqwh gh od pdlqwhqdqfh1 Uhpdutxrqv txh qrxv o*dyrqv
yx lfl srxu xqh orl h{srqhqwlhooh/ pdlv txh o*rq rewlhqgudlw elhq vþu oh píph uìvxowdw dyhf
g*dxwuhv orlv +rq hq yhuud g*dloohxuv g*dxwuhv h{hpsohv soxv orlq,1

Qrxv derugrqv pdlqwhqdqw o*ìwxgh gx fdv jìqìudo/ rü od orl � q*hvw soxv qìfhvvdluhphqw
h{srqhqwlhooh1

617 Fdv jìqìudo
Gdqv wrxw fh sdudjuskh/ qrxv vxssrvrqv pdlqwhqdqw txh od orl � gx whpsv g*dwwhqwh V

gh od pdlqwhqdqfh hvw txhofrqtxh1
Qrxv suìflvrqv wrxw g*derug txhotxhv k|srwkëvhv hw txhotxhv qrwdwlrqv vxssoìphq0

wdluhv/ hq frpsoìphqw gh fhoohv gx sdudjudskh 6151

61714 K|srwkëvhv 0 Qrwdwlrqv vxssoìphqwdluhv
Udsshorqv txh/ gdqv oh sdudjudskh 615/ qrxv dyrqv vxssrvì txh oh v|vwëph lqlwldo hvw

gdqv xq ìwdw gh pdufkh ã o*lvvxh g*xqh uìsdudwlrq1 Juãfh ã o*k|srwkëvh vhpl0pdunrylhqqh/
qrxv vdyrqv sdu dloohxuv txh fhw ìwdw gh pdufkh +doìdwrluh, qh gìshqg txh gh o*ìwdw gh
sdqqh p. n dvvrflì ã od uìsdudwlrq hw tx*lo hvw glvwulexì vhorq od orl T6n&c�/ rü T6n&c�
gìvljqh od p . n0lëph oljqh gh T1 Frpph gdqv ohv fkdslwuhv 4 hw 5/ qrxv vxssrvrqv
pdlqwhqdqw txh fhw ìwdw gh pdufkh gdqv ohtxho oh v|vwëph uhgìpduuh dsuëv uìsdudwlrq hvw
dxvvl lqgìshqgdqw gh o*ìwdw gh sdqqh p . n +fh grqw qrxv q*dylrqv sdv ehvrlq gdqv oh
fdv rü +]|, ìwdlw vhpl0pdunrylhq,1 Rq qrwh doruv G- +l, @ T6n&c� od suredelolwì txh oh
v|vwëph uhgìpduuh gdqv o*ìwdw gh pdufkh l dsuëv q*lpsruwh txho w|sh gh sdqqh srxu wrxv
4 � l �p/ 4 � n � s hw G- @ +G- +4, > ===>G- +p,,1

Udsshorqv sdu dloohxuv txh U6n& uhsuìvhqwh od gxuìh gh od uìsdudwlrq dvvrflìh ã o*ìwdw
gh sdqqh p. n srxu wrxw 4 � n � s1 Rq qrwh doruv

H +U, @

3
EEEC

H +U6n�,
H +U6n2,111
H +U6nR,

4
FFFD 1

Gh od píph idêrq/ rq vxssrvh pdlqwhqdqw txh o*ìwdw gh pdufkh gdqv ohtxho oh v|vwëph
uhgìpduuh dsuëv xqh rsìudwlrq gh pdlqwhqdqfh hvw oxl dxvvl lqgìshqgdqw gh o*ìwdw gh
gìjudgdwlrq gx v|vwëph dx prphqw rü o*rq frpphqfh fhwwh rsìudwlrq1 Dsuëv xqh whooh
rsìudwlrq/ rq qrwh doruv G� +m, od suredelolwì txh oh v|vwëph uhgìpduuh gdqv o*ìwdw gh
pdufkh m +dyhf G� +m, @ T��c� srxu wrxv 4 � l> m � p, hw G� @ +G� +4, > ===>G� +p,,1
Udsshorqv sdu dloohxuv txh P� uhsuìvhqwh od gxuìh gh od uìsdudwlrq dvvrflìh ã o*ìwdw gh
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617 Fdv jìqìudo 45:
pdlqwhqdqfh �� srxu wrxw 4 � l �p1 Rq qrwh doruv

H +P, @

3
EEEC

H +P�,
H +P2,111
H +P6,

4
FFFD 1

Qrxv qrxv lqwìuhvvrqv pdlqwhqdqw ã o*ìyroxwlrq gx v|vwëph lqlwldo oruvtx*lo hvw hq
pdufkh1

Qrxv vxssrvrqv dlqvl txh/ oruvtxh oh vdxw gh o*ìwdw gh pdufkh l +4 � l �p, ã o*ìwdw
m +4 � m �p. s, hvw srvvleoh/ f*hvw0ã0gluh oruvtxh T�c� hvw qrq qxo/ od phvxuh t +l> m> gw,
dgphw xqh ghqvlwì y�c� sdu udssruw ã od phvxuh gh Ohehvjxh1 Gh soxv/ rq vxssrvh txh y�c�
hvw frqwlqxh vxu Un/ gìulydeoh vxu UWn/ ã vxssruw lq�ql1 +Uhpdutxrqv txh f*hvw oh fdv gh
od soxsduw ghv orlv fodvvltxhv xwlolvìhv hq �delolwì,1

Srxu 4 � l �p hw 4 � m �p.s/ oruvtxh oh vdxw gh o*ìwdw l ã o*ìwdw m q*hvw sdv srvvleoh
+f*hvw0ã0gluh oruvtxh T�c� @ 3,/ rq frqylhqw gh srvhu y�c� @ 31

Rq qrwh doruv �y6c6 hw �y6cR ohv pdwulfhv gh irqfwlrqv gì�qlhv sdu
�y6c6 @ +y�c�,�$�c�$6 hw �y6cR @ +y�c6n&,�$�$6c�$&$R 1

Juãfh dx{ k|srwkëvhv frqfhuqdqw ohv phvxuhv t +l> m> gw,/ lo hvw idfloh gh yrlu txh od
suhplëuh gxuìh gh irqfwlrqqhphqw W vdfkdqw txh [f @ l dgphw xqh ghqvlwì sdu udssruw ã
od phvxuh gh Ohehvjxh +srxu wrxw 4 � l �p,1 Gh soxv/ fhwwh ghqvlwì hvw hooh dxvvl frqwlqxh
vxu Un/ gìulydeoh vxu UWn/ ã vxssruw lq�ql1

Rq frqvlgëuh pdlqwhqdqw gl�ìuhqwhv irqfwlrqv olìhv ã o*ìyroxwlrq gx v|vwëph lqlwldo
oruvtx*lo sduw g*xq ìwdw gh pdufkh1

Srxu 4 � l �p/ rq qrwh dlqvl =
� �I� od �delolwì gx v|vwëph lqlwldo sduwdqw gh l =

�I� +v, @ S� +W A v, / srxu wrxw v � 31

� I� od irqfwlrq gh uìsduwlwlrq gh W vdfkdqw txh [f @ l =
I� +v, @ S� +W � v, @ 4� �I� +v, / srxu wrxw v � 31

� 'I � od irqfwlrq gì�qlh sdu
'I � +v, @

] r

f
�I� +w, gw/ srxu wrxw v � 31

� j�c6n& hw k�c, ohv irqfwlrqv gì�qlhv sdu
j�c6n& +v, @ S� +W � v _[A @p. n,
hw k�c, +v, @ S� +W A v _[r @ o, /

srxu wrxv v � 3/ 4 � l> o �p hw 4 � n � s1
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� �j hw �k ohv irqfwlrqv ã ydohxuv pdwulflhoohv gì�qlhv sdu

�j +v, @ +j�c6n& +v,,�$�$6/ �$&$R
hw �k +v, @ +k�c, +v,,�$�c,$6 1

srxu wrxw v � 31
Dyhf fhv qrwdwlrqv/ rq d fodluhphqw

R[
&'�

j�c6n& @ I� hw
6[
,'�

k�c, @ �I�/ +6149,

srxu wrxw 4 � l �p1
Sdu dloohxuv/ frpph od suhplëuh gxuìh gh irqfwlrqqhphqw W vdfkdqw txh [f @ l dgphw

xqh ghqvlwì sdu udssruw ã od phvxuh gh Ohehvjxh +yrlu dx0ghvvxv,/ rq vdlw txh S� +W @ v, @
3/ srxu wrxw v A 31 Hq sduwlfxolhu/ rq shxw ìfuluh lqgl�ìuhpphqw W ? v rx W � v
gdqv ohv gl�ìuhqwhv irqfwlrqv gì�qlhv dx0ghvvxv1 Gh od píph idêrq/ frpph W hw V vrqw
lqgìshqgdqwhv +rü V gìvljqh oh whpsv g*dwwhqwh gh od suhplëuh pdlqwhqdqfh,/ rq shxw
xwlolvhu od píph uhpdutxh gdqv ohv gl�ìuhqwv fdofxov gh suredelolwìv idlvdqw lqwhuyhqlu W
hw V sdu od vxlwh1

Hq�q/ frpph od ghqvlwì gh W vdfkdqw txh [f @ l sdu udssruw ã od phvxuh gh Ohehvjxh
hvw ã vxssruw lq�ql/ rq shxw dxvvl uhpdutxhu txh ohv irqfwlrqv �I� qh v*dqqxohqw sdv vxu
Un +srxu 4 � l �p,1

Rq frqvlgëuh pdlqwhqdqw gl�ìuhqwhv irqfwlrqv olìhv ã o*ìyroxwlrq gx v|vwëph lqlwldo ã
o*lvvxh g*xqh uìsdudwlrq1 Rq qrwh dlqvl =

� �I- od �delolwì gx v|vwëph dsuëv xq uhgìpduudjh vxlydqw xqh uìsdudwlrq =

�I- +v, @
6[
�'�

G- +l,S� +W A v, @
6[
�'�

G- +l, �I� +v, +614:,

� I- od irqfwlrq gh uìsduwlwlrq fruuhvsrqgdqwh = I- @ 4� �I-1
� 'I-@S6

�'�G- +l, 'I � +rx hqfruh/ 'I- +v, @ U rf �I- +w, gw/ srxu wrxw v � 3,1
Dsuëv xqh rsìudwlrq gh pdlqwhqdqfh/ rq gì�qlw ohv irqfwlrqv I� / �I� / 'I� gh od píph

idêrq txh I-/ �I- 'I- hq uhpsodêdqw vlpsohphqw G- sdu G� gdqv ohv gì�qlwlrqv suìfì0
ghqwhv1

Dyhf fhv qrwdwlrqv/ uhpdutxrqv txh/ ohv irqfwlrqv �I� qh v*dqqxodqw sdv vxu Un/ lo hq
hvw gh píph srxu ohv irqfwlrqv �I- hw �I� 1

Qrxv qrxv lqwìuhvvrqv pdlqwhqdqw dx fdofxo ghv gl�ìuhqwhv irqfwlrqv txh qrxv yhqrqv
gh gì�qlu/ ã vdyrlu I�/ �I�/ I-/ �I-/ I� / �I� / 'I-/ 'I� / �j hw �k1

61715 Uìvxowdwv suìolplqdluhv
Vl z gìvljqh xqh irqfwlrq srvlwlyh lqwìjudeoh vxu Un/ rq qrwh lfl zW vd wudqvirupìh gh

Odsodfh +zW +v, @ U n"f h3r|z +w,gw/ srxu wrxw v � 3,1
Srxu wrxw v � 3/ rq qrwh dxvvl �jW +v, od pdwulfh g*ruguh p� s irupìh sdu ohv jW�c6n& +v,srxu 4 � l �p hw 4 � n � s1 Hq g*dxwuhv whuphv/ �jW gìvljqh od �wudqvirupìh gh Odsodfh�
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gh �j/ vl o*rq frqylhqw txh od wudqvirupìh gh Odsodfh g*xqh pdwulfh hvw fdofxoìh whuph ã
whuph1

Gh od píph idêrq/ �kW/ �y6c6W hw �y6cRW gìvljqhqw ohv �wudqvirupìhv gh Odsodfh� uhvshf0
wlyhv gh �k/ �y6c6 hw �y6cR1

Sdu dloohxuv/ vl {�> ===> {6 vrqw ghv uìhov/ rq qrwh Gldj +{�> 4 � l �p, od pdwulfh gldjr0
qdoh grqw ohv frh!flhqwv gldjrqdx{ vrqw ohv {�1

Dyhf fhv qrwdwlrqv/ rq rewlhqw oh uìvxowdw vxlydqw =
Ohpph 61< Srxu wrxw v A 3/ ohv pdwulfhv �jW +v, hw �kW +v, vrqw grqqìhv sdu

�jW +v, @ 4
v +L6 � �y6c6W +v,,3� �y6cRW +v,

hw �kW +v, @ 4
v +L6 � �y6c6W +v,,3�Gldj

3
C4�

6nR[
�'�

yW�c� +v, > 4 � l �p
4
D /

rü L6 gìvljqh od pdwulfh xqlwì g*ruguh p1
Gìprqvwudwlrq1 Srxu f � 3/ 4 � l �p hw 4 � n � s/ rq d/ sdu gì�qlwlrq gh j�c6n& +f, =

j�c6n& +f, @ S� +W � f _[A @p. n, 1
Hq glvwlqjxdqw vhorq fh txl vh sdvvh ã o*lqvwdqw ��/ rq d doruv =

j�c6n& +f, @ S� +�� � f _[�� @p. n, .
6[
�'�

S� +W � f _[�� @ m _[A @p. n, 1

Hq xwlolvdqw ohv ghqvlwìv y�c� ghv phvxuhv t +l> m> gw, hw hq xwlolvdqw od sursulìwì gh Pdunry
ã o*lqvwdqw �� srxu oh ghx{lëph whuph/ rq rewlhqw =

j�c6n& +f, @
] S

f
y�c6n& +x,gx.

6[
�'�

] S

f
S� +W � f� x _[A @p. n, y�c� +x,gx

@
] S

f
y�c6n& +x,gx.

6[
�'�

] S

f
j�c6n& +f� x, y�c� +x, gx

@
] S

f
y�c6n& +x,gx.

6[
�'�

+j�c6n& � y�c�, +f, 1

Hq suhqdqw od wudqvirupìh gh Odsodfh gh fhwwh h{suhvvlrq/ rq rewlhqw/ srxu wrxv v A 3/
4 � l �p hw 4 � n � s =

jW�c6n& +v, @
] n"

f
h3rS

�] S

f
y�c6n& +x, gx

�
gf.

6[
�'�

jW�c6n& +v, yW�c� +v,

@ 4
vy
W�c6n& +v, .

6[
�'�

jW�c6n& +v, yW�c� +v, /

hq xwlolvdqw +6=4,1
Fhv ìtxdwlrqv shxyhqw doruv v*ìfuluh =

+L6 � �y6c6W +v,, �jW +v, @ 4
v �y

6cRW +v, 1
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Uhpdutxrqv sdu dloohxuv txh/ frpph pd{�$�$6

S6
�'� yW�c� +v, ? 4/ oh wkìruëph gh

Shuurq0Iurehqlxv qrxv shuphw g*d!uphu txh 4 q*hvw sdv ydohxu sursuh gh �y6c6W +v,1
Rq hq gìgxlw oh uìvxowdw dqqrqfì/ ã vdyrlu

�jW +v, @ 4
v +L6 � �y6c6W +v,,3� �y6cRW +v, 1

Oh fdofxo gh �kW +v, vh frqgxlw gh od píph idêrq1
Hq glvwlqjxdqw vxlydqw txh �� � f rx txh �� A f/ rq rewlhqw dlqvl =

k�c, +f, @ S� +W A f _[S @ o,
@

6[
�'�

S� +W A f _[S @ o _ � � � f _[�� @ m,

.S� +W A f _[S @ o _ �� A f, 1
Hq xwlolvdqw ohv ghqvlwìv y�c� hw od sursulìwì gh Pdunry ã o*lqvwdqw �� srxu oh suhplhu

whuph/ rq d pdlqwhqdqw =

k�c, +f, @
6[
�'�

] S

f
S� +W A f� x _[S3� @ o, y�c� +x,gx. Lt,'��S� +�� A f,

@
6[
�'�

] S

f
k�c, +f� x, y�c� +x, gx. Lt,'��

] n"

S

6nR[
�'�

y�c� +x, gx1

Hq suhqdqw od wudqvirupìh gh Odsodfh/ rq rewlhqw =

kW�c, +v, @
6[
�'�

kW�c, +v, yW�c� +v, . Lt,'��
6nR[
�'�

] n"

f
h3rS

�] n"

S
y�c� +x, gx

�
gf1 +614;,

Hq xwlolvdqw U n"S @ U n"f � U S
f hw oh idlw txh S6nR

�'� y�c� hvw xqh ghqvlwì gh suredelolwì/
od ghx{lëph vrpph v*ìfulw

6nR[
�'�

] n"

f
h3rS

�] n"

S
y�c� +x,gx

�
gf @

] n"

f
h3rS

3
C4�

6nR[
�'�

] S

f
y�c� +x, gx

4
Dgf

@ 4
v �

4
v

6nR[
�'�

yW�c� +v,

g*dsuëv +6=4,1
Hq uhpsodêdqw gdqv +6=4;,/ rq rewlhqw

kW�c, +v, @
6[
�'�

kW�c, +v, yW�c� +v, . Lt,'��
4
v

3
C4�

6nR[
�'�

yW�c� +v,
4
D 1

Fhfl shxw doruv v*ìfuluh

�kW +v, @ �y6c6W +v, �kW +v, . 4
vGldj

3
C4�

6nR[
�'�

yW�c� +v, > 4 � l �p
4
D /
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g*rü od irupxoh dqqrqfìh1

G*xq srlqw gh yxh sudwltxh/ fhv uìvxowdwv qrxv vx!vhqw srxu fdofxohu wrxwhv ohv irqfwlrqv
gì�qlhv ã od �q gx sdudjudskh suìfìghqw1 Hq h�hw/ rq fdofxoh wrxw g*derug ohv irqfwlrqv
j�c6n& hw k�c, hq lqyhuvdqw ohxuv wudqvirupìhv gh Odsodfh/ irxuqlhv sdu oh ohpph 61<1 Rq
hq gìgxlw ohv ydohxuv gh I� hw gh �I� ã o*dlgh gh +6=49,1 +Rq shxw dxvvl xwlolvhu I� . �I� @ 4
srxu o*xqh gh fhv ghx{ irqfwlrqv,1 Rq fdofxoh hqvxlwh ohv irqfwlrqv 'I � ã o*dlgh gh ohxu
gì�qlwlrq +'I � +v, @ U r

f �I� +w,gw,1 Ohv irqfwlrqv I-/ I� / �I-/ �I� / 'I- hw 'I� vh gìgxlvhqw
doruv dlvìphqw ghv irqfwlrqv I�/ �I� hw 'I �1

Fhv gl�ìuhqwhv irqfwlrqv yrqw pdlqwhqdqw qrxv shuphwwuh gh fdofxohu od glvsrqlelolwì
dv|pswrwltxh gx v|vwëph pdlqwhqx1

61716 Fdofxo gh od glvsrqlelolwì dv|pswrwltxh
Qrxv qrxv lqwìuhvvrqv wrxw g*derug dx fdv jìqìudo/ sxlv qrxv uhjdugrqv txhotxhv fdv

sduwlfxolhuv1

6171614 Irupxoh jìqìudoh
Qrxv dyrqv gìmã vljqdoì dx gìexw gx sdudjudskh 616 txh/ frqwudluhphqw dx v|vwëph

lqlwldo/ oh v|vwëph pdlqwhqx q*ìyroxh hq jìqìudo sdv vhorq xq surfhvvxv vhpl0pdunrylhq1
Frpph gdqv ohv fkdslwuhv 4 hw 5/ o*ìwxgh uhsrvh doruv vxu oh fdudfwëuh vhpl0uìjìqìudwli gx
surfhvvxv +]|, gìfulydqw o*ìyroxwlrq gx v|vwëph1 Hq h�hw/ oã hqfruh/ o*ìyroxwlrq gx v|vwëph
dsuëv xqh uìsdudwlrq rx xqh rsìudwlrq gh pdlqwhqdqfh qh gìshqg txh gh o*ìwdw gh pdufkh
gdqv ohtxho lo uhgìpduuh dsuëv od sìulrgh g*duuíw1
Wkìruëph 6143 Od glvsrqlelolwì dv|pswrwltxh gx v|vwëph pdlqwhqx h{lvwh hw ydxw

D" +�, @ 4
4 . d" +�,

dyhf

d" +�, @
�H +I� � V,G- . H � �I- � V�G�

� �H +�j � V,H +U, . H ��k � V�H +P,
�

H +I� � V,H
�'I- �V

�
. H � �I- � V�H

�'I� �V
� 1 +614<,

Uhpdutxh 6144 Uhpdutxrqv txh ohv irqfwlrqv I� / �I-/ 'I-/ 'I� / �j hw �k qh gìshqghqw
ql ghv orlv ghv gxuìhv gh pdlqwhqdqfh/ ql gh od orl gx whpsv g*dwwhqwh gh od pdlqwhqdqfh
�1 Od glvsrqlelolwì dv|pswrwltxh gx v|vwëph pdlqwhqx gìshqg pdojuì wrxw gh od orl � ã
wudyhuv od yduldeoh V hw sdv vhxohphqw gh vd pr|hqqh1 Hq uhydqfkh/ hooh qh gìshqg txh ghv
pr|hqqhv ghv gxuìhv gh pdlqwhqdqfh/ pdlv sdv gh ohxuv orlv1
Gìprqvwudwlrq1 Vrlw +W?,?MQ od vxffhvvlrq ghv lqvwdqwv gh uhgìpduudjh gx v|vwëph
pdlqwhqx dsuëv ohv gl�ìuhqwhv sìulrghv g*duuíw +srxu xqh uìsdudwlrq rx srxu xqh rsìudwlrq
gh pdlqwhqdqfh,/ dyhf Wf @ 31

Frpph qrxv o*dyrqv gìmã dqqrqfì/ +]|, hvw fodluhphqw xq surfhvvxv vhpl0uìjìqìudwli/
ohv lqvwdqwv gh vhpl0uìjìqìudwlrq dvvrflìv ìwdqw ohv lqvwdqwv W?1 Vrlw pdlqwhqdqw F o*hq0
vhpeoh ghv ìwdwv gh pdufkh dwwhljqdeohv dyhf xqh suredelolwì qrq qxooh ã o*lvvxh g*xqh uìsd0
udwlrq rx g*xqh rsìudwlrq gh pdlqwhqdqfh = F @ il 5 i4> ===>pj who txh G- +l, .G� +l, A
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3j1 Frpph srxu oh wkìruëph 516/ lo doruv hvw idfloh gh yrlu txh/ txlwwh ã uhvwuhlqguh
o*hvsdfh g*ìwdwv ã F/ rq shxw vxssrvhu od fkdñqh gh Pdunry +\?, luuìgxfwleoh1

Qrxv dyrqv gìmã vljqdoì txh od suhplëuh gxuìh gh irqfwlrqqhphqw W dgphw xqh ghqvlwì
sdu udssruw ã od phvxuh gh Ohehvjxh +fi ¢61714,1 Rq hq gìgxlw doruv idflohphqw txh/ vl
oh v|vwëph sduw gh o*ìwdw 4 � l � p/ od orl gx suhplhu uhwrxu hq l qh shxw sdv íwuh
sruwìh sdu xq hqvhpeoh gx w|sh gU/ rü g 5 U1 Hq g*dxwuhv whuphv/ oh surfhvvxv +]|, hvw
qrq0dulwkpìwltxh1

G*dsuëv ohv wkìruëphv jìqìudx{ gh od wkìrulh gx uhqrxyhoohphqw pdunrylhq/ rq vdlw doruv
txh/ vl � gìvljqh od orl vwdwlrqqdluh gh od fkdñqh gh Pdunry +\?, hw vlS6

�'� ��H� +W�, ? .4/
rq d =

D" +�, @
S6

�'� ��H�
�U A�

f Lt~rMt�c���c6�gv
�

S6
�'� ��H� +W�, 1 +6153,

Gìwhuplqrqv wrxw g*derug od orl vwdwlrqqdluh � gh od fkdñqh gh Pdunry \ 1 Rq frpphqfh
srxu fhod sdu fdofxohu vd pdwulfh gh wudqvlwlrq +S�c�,1

Vrlhqw 4 � l> m �p1 Rq d doruv
S�c� @ S� +\� @ m,

@
R[

&'�
S�
�
\� @ m@[3A� @p. n

�
S�
�
[3A� @p. n

�

.
6[
,'�

S�
�
\� @ m@[3A� @ �,

�
S�
�
[3A� @ �,

�

@ G- +m,
R[

&'�
S�
�
[3A� @p. n

�
.G� +m,

6[
,'�

S�
�
[3A� @ �,

�

@ G- +m,S� +W � V, .G� +m,S� +W A V, 1
Dyhf ohv qrwdwlrqv grqqìhv gdqv oh ¢61714/ fhfl v*ìfulw =

S�c� @ G- +m,H +I� � V, .G� +m,H � �I� � V� 1
Rq vdlw sdu dloohxuv txh/ srxu wrxw 4 � m �p/ �� @S6

�'� ��S�c�1
Rq hq gìgxlw

�� @
6[
�'�

�G- +m,H +I� � V, .G� +m,H � �I� � V�� ��

@
# 6[

�'�
H +I� � V, ��

$
G- +m, .

# 6[
�'�

H � �I� � V� ��
$
G� +m,

@ FG- +m, . +4�F,G� +m, / +6154,
dyhf F @ S6

�'� H +I� � V, ��1 +Uhpdutxrqv txh F ? 4 fdu/ g*dsuëv ¢61714/ �I� A 3 hw
grqf I� ? 4/ srxu wrxw 4 ? l �p,1

Hq uhpsodêdqw �� sdu vd ydohxu gdqv F/ rq rewlhqw doruv =

F @ F
6[
�'�

H +I� � V,G- +l, . +4�F,
6[
�'�

G� +l,H +I� � V,
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f*hvw0ã0gluh

F @ FH +I- � V, . +4�F,H +I� � V, 1
Rq hq gìgxlw

F @ H +I� � V,
4� H +I- � V, . H +I� � V, @ H +I� � V,

H � �I- � V�. H +I� � V, +6155,

+fdu �I- . I� � �I- A 3,1
Hq uhpsodêdqw F sdu vd ydohxu gdqv +6=54,/ rq d pdlqwhqdqw

�� @ H +I� � V,
H � �I- � V�. H +I� � V,G- +m, .

#
4� H +I� � V,

H � �I- � V�. H +I� � V,
$
G� +m,

@ � ^H +I� � V,G- +m, . +4� H +I- � V,,G� +m,`
dyhf � @ 4@ �H � �I- � V�.H +I� � V,� ? .41

Fhod shxw hqfruh v*ìfuluh =
� @ � �H +I� � V,G- . H � �I- � V�G�

� +6156,

Fdofxorqv pdlqwhqdqw H�
�U A�

f Lt~rMt�c���c6�gv
�
srxu 4 � l �p1

Od suhplëuh gxuìh gh irqfwlrqqhphqw gx v|vwëph pdlqwhqx ìwdqw V a W / rq rewlhqw =

H�
�] A�

f
Lt~rMt�c���c6�gv

�
@ H� +V a W ,

@
] "

f
H� +v a W ,� +gv,

@
] "

f

�] "

f
S� +v a W A w,gw

�
� +gv,

@
] "

f

�] r

f
S� +W A w, gw

�
� +gv,

@
] "

f
'I � +v,� +gv,

@ H
�'I � �V

�
1 +6157,

Hq uhpsodêdqw � sdu vd ydohxu +fi +6=56,,/ oh qxpìudwhxu gh D" +�, v*ìfulw doruv =
6[
�'�

��H�
�] A�

f
Lt~rMt�c���c6�gv

�
@ �

6[
�'�

�H +I� � V,G- +l, .H � �I- � V�G� +l,�H
�'I � �V

�

@ �
3
C H +I� � V,S6

�'�G- +l,H
�'I � �V

�

.H � �I- � V�S6
�'�G� +l,H

�'I � �V
�
4
D

@ �
3
C H +I� � V,H

�'I- �V
�

.H � �I- � V�H
�'I� �V

�
4
D +6158,

Fdofxorqv pdlqwhqdqw H� +W�, srxu 4 � l �p1
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Uhpdutxrqv wrxw g*derug txh

H� +W�, @ H�
#
V a W .

R[
&'�

U6n&=Lt~A3� '6n&� .
6[
,'�

P,=Lt~A3� '>,
�

$

@ H� +V a W , .
R[

&'�
H +U6n&,S�

�
]3A� @p. n

�

.
6[
,'�

H +P,,S�
�
]3A� @ �,

�
1 +6159,

Gh soxv/

S�
�
]3A� @p. n

�
@

] n"

f
S� +W ? v _[A @p. n,� +gv,

@
] n"

f
j�c6n& +v, � +gv,

@ H +j�c6n& � V, 1
Gh od píph idêrq

S�
�
]3A� @ �,

�
@

] n"

f
S� +W A v _[r @ o, � +gv,

@
] n"

f
k�c, +v, � +gv,

@ H +k�c, � V, 1
Hq uhpsodêdqw gdqv +6=59, ohv ghx{ whuphv txh qrxv yhqrqv gh fdofxohu/ rq d pdlqwhqdqw =

H� +W�, @ H +V a W , .
R[

&'�
H +U6n&,H +j�c6n& � V, .

6[
,'�

H +P,,H +k�c, � V,

@ H +V a W , .
�
H +�j � V,H +U,

�
+l, .

�
H ��k � V�H +P,

�
+l, 1

Rq hq gìgxlw =
6[
�'�

��H� +W�, @
6[
�'�

��H +V a W , .
6[
�'�

��
3
C

�
H +�j � V,H +U,

�
+l,

.
�
H ��k � V�H +P,

�
+l,

4
D +615:,

Hq uhpsodêdqw � sdu vd ydohxu +fi +6=56,, hw hq xwlolvdqw +6=58,/ rq rewlhqw =

6[
�'�

��H� +W�, @ �

3
EEC

H +I� � V,H
�'I- �V

�
. H � �I- � V�H

�'I� �V
�

.
# �H +I� � V,G- . H � �I- � V�G�

�
�
�
H +�j � V,H +U, . H ��k � V�H +P,

�
$

4
FFD +615;,

Lo hvw doruv idfloh gh yìul�hu txhS6
�'� ��H� +W�, ? .41

Hq h�hw/ rq d fodluhphqw H
�'I- �V

�
� S6

�'�G- +l, 'I � +4, @ S6
�'�G- +l,H� +W , ?

.4 +fi ¢615, hw H
�'I� �V

�
? .4 gh od píph idêrq1 Frpph � hw ohv dxwuhv whuphv vrqw
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dxvvl �qlv/ rq d elhq S6

�'� ��H� +W�, ? .41
Od glvsrqlelolwì dv|pswrwltxh gx v|vwëph pdlqwhqx hvw grqf elhq gì�qlh hw hooh hvw

grqqìh sdu +6=53,1
Rq gìgxlw doruv idflohphqw gh +6=58, hw gh +6=5;, o*h{suhvvlrq dqqrqfìh1
Qrxv qrxv lqwìuhvvrqv pdlqwhqdqw ã txhotxhv fdv sduwlfxolhuv rü od irupxoh grqqdqw od

glvsrqlelolwì dv|pswrwltxh shxw íwuh vlpsol�ìh1

6171615 Txhotxhv fdv sduwlfxolhuv
Fdv rü G- @ G� = Qrxv vxssrvrqv lfl txh G� @ G- @?J|�e G1

Gdqv fh fdv/ rq rewlhqw lppìgldwhphqw =

d" +�, @
G
�
H +�j � V,H +U, . H ��k � V�H +P,

�

H
�'I �V

� / +615<,

rü 'I@'I�@'I-1
Uhpdutxrqv txh oh fdv rü lo q*| d tx*xq vhxo ìwdw gh pdufkh/ txh o*rq shxw dxvvl

ìwxglhu ã o*dlgh gh whfkqltxhv vhpl0pdunrylhqqhv +fi gìexw gh ¢616,/ uhqwuh dxvvl gdqv
fh fdguh1 Frpph qrxv o*dyrqv gìmã vljqdoì/ ohv whfkqltxhv vhpl0pdunrylhqqhv grqqhudlhqw
gdqv fh fdv od píph irupxodwlrq gh od glvsrqlelolwì dv|pswrwltxh +qrxv qh gìwdloorqv sdv
ohv fdofxov,1

Fdv rü H +U6n&, @ H +U6n�, srxu wrxw 4 � n � s = Oh yh{whxu H +U, vh phw doruv vrxv
od iruph H +U, @ H +U6n�, �4R/ rü �4R gìvljqh oh yhfwhxu frorqqh g*ruguh s qh frpsruwdqw
txh ghv 41

Sdu dloohxuv/ frpph SR
&'� j�c6n& @ I�/ rq d dxvvl +H +�j � V, �4R, +l, @ H +I� � V,1

Rq hq gìgxlw =

G-H +�j � V, �4R @
6[
�'�

G- +l,H +I� � V, @ H +I- � V, 1

Gh od píph idêrq = G�H +�j � V, �4R @ H +I� � V,1
Rq rewlhqw doruv =

�H +I� � V,G- . H � �I- � V�G�
� �H +�j � V,H +U,

�

@ H +U6n�, �H +I� � V,G- . H � �I- � V�G�
�H +�j � V, �4R

@ H +U6n�, �H +I� � V,H +I- � V, . H � �I- � V�H +I� � V,�
@ H +U6n�,H +I� � V, 1

Od irupxoh gh od glvsrqlelolwì dv|pswrwltxh +fi +6=4<,, shxw grqf íwuh vlpsol�ìh gdqv fh
fdv hq uhpsodêdqw �H +I� � V,G- . H � �I- � V�G�

� �H +�j � V,H +U,
�
sdu H +U6n�,H +I� � V,1

Uhpdutxrqv txh oh fdv rü lo q*| d tx*xq vhxo ìwdw gh sdqqh uhqwuh dxvvl gdqv fh fdguh1

Fdv rü H +P�, @ H +P�, srxu wrxw 4 � l � p = Oh sulqflsh hvw oh píph txh gdqv oh
fdv suìfìghqw1 Hq xwlolvdqw S6

,'� k�c, @ �I�/ rq rewlhqw lfl �H ��k � V� �46� +l, @ H � �I� � V�/
sxlv G-H ��k � V� �46 @ H � �I- � V� hw G�H ��k � V� �46 @ H � �I� � V�1
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Frpph H +P, @ H +P�, �46/ rq rewlhqw doruv

�H +I� � V,G- . H � �I- � V�G�� �H ��k � V�H +P,
�

@ H +P�, �H +I� � V,G- . H � �I- � V�G�� �H ��k � V� �46�
@ H +P�, �H +I� � V,H � �I- � V�. H � �I- � V�H � �I� � V��
@ H +P�,H � �I- � V� 1

Fdv rü V vxlw xqh orl h{srqhqwlhooh = Oruvtxh V vxlw xqh orl h{srqhqwlhooh/ od irupxoh
jìqìudoh grqqdqw od glvsrqlelolwì dv|pswrwltxh +6=4<, qh vh vlpsol�h sdv ehdxfrxs1 F*hvw
srxutxrl qrxv qh grqqrqv sdv gh irupxoh sduwlfxolëuh srxu od glvsrqlelolwì dv|pswrwltxh
gdqv fh fdv1

Uhpdutxrqv vlpsohphqw txh/ frqwudluhphqw dx fdv rü lo q*| d tx*xq vhxo ìwdw gh
pdufkh +yrlu fl0ghvvxv oh fdv G� @ G-,/ lo hvw ehdxfrxs soxv gl!floh lfl gh uhwurxyhu
ohv uìvxowdwv rewhqxv dx sdudjudskh 616 ã o*dlgh gh whfkqltxhv vhpl0pdunrylhqqhv +vrxv
ghv k|srwkëvhv xq shx prlqv uhvwulfwlyhv,1 Hq h�hw/ od irupxoh +6=:, gx sdudjudskh 616
idlw lqwhuyhqlu od orl vwdwlrqqdluh gx surfhvvxv vhpl0pdunrylhq +]|,1 Frpph rq qh vdlw hq
jìqìudo sdv gìwhuplqhu fhwwh orl gh idêrq h{solflwh +plv ã sduw oh fdv rü lo q*| d tx*xq vhxo
ìwdw gh pdufkh,/ od frpsdudlvrq ghv ghx{ irupxodwlrqv ghpdqgh lfl gh qrpeuhxvhv sdjhv
gh fdofxov/ txh qrxv qh gìwdloorqv sdv1 Hq uhydqfkh/ lo hvw idfloh gh yìul�hu txh ohv ghx{
irupxodwlrqv grqqhqw ohv píphv uìvxowdwv qxpìultxhv/ fh txh qrxv dyrqv idlw vxu txhotxhv
h{hpsohv1

Qrxv whuplqrqv pdlqwhqdqw fh sdudjudskh frqvdfuì dx fdofxo gh od glvsrqlelolwì dv|ps0
wrwltxh sdu txhotxhv uhpdutxhv frqfhuqdqw vrq fdofxo qxpìultxh1

6171616 Fdofxo qxpìultxh gh od glvsrqlelolwì dv|pswrwltxh
G*dsuëv oh sdudjudskh 61715/ qrxv vdyrqv gìmã frpphqw fdofxohu ohv gl�ìuhqwhv irqf0

wlrqv +I� / �I-/ �j/ �k/ 'I- hw 'I� , txl lqwhuylhqqhqw gdqv o*h{suhvvlrq gh od glvsrqlelolwì
dv|pswrwltxh +fi +6=4<,,1

Vl z gìvljqh o*xqh gh fhv irqfwlrqv/ lo hvw doruv idfloh g*hq gìgxluh od ydohxu gh H +z � V,
txl lqwhuylhqw gdqv +6=4<,/ ã o*dlgh gh

H +z � V, @
] n"

f
z +w, � +gw, 1 +6163,

D sulrul/ ohv uìvxowdwv gx sdudjudskh 61715 vrqw grqf wrxw ã idlw vx!vdqwv srxu fdofxohu
od glvsrqlelolwì dv|pswrwltxh/ hw f*hvw g*dloohxuv fhwwh pìwkrgh txh qrxv xwlolvrqv oruvtxh
V hvw gìwhuplqlvwh1

Hq uhydqfkh/ oruvtxh fh q*hvw sdv oh fdv/ lo shxw íwuh suìiìudeoh g*xwlolvhu xqh dxwuh
iruph gh H

�'I- �V
�
+hw gh H

�'I� �V
�
,1

Hq h�hw/ oruvtxh o*rq xwlolvh +6=63, srxu H
�'I- �V

�
/ rq rewlhqw

H
�'I- �V

�
@

] n"

f

] |

f
�I- +v, gv� +gw, +6164,

fh txl frqgxlw ã xq fdofxo g*lqwìjudoh grxeoh1
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617 Fdv jìqìudo 46:
Vl od irqfwlrq gh vxuylh gh V +qrwìh ��, hvw idflohphqw fdofxodeoh +rx píph gluhfwhphqw

grqqìh sdu ohv orjlflhov gh fdofxo frpph srxu ohv orlv JDPPD,/ rq shxw dlvìphqw ìylwhu
fh w|sh gh fdofxov hq uhpdutxdqw txh

H
�'I- �V

�
@
] n"

f
�� +v, �I- +v, gv1 +6165,

Qrwrqv txh fhwwh irupxoh v*rewlhqw idflohphqw gh od idêrq vxlydqwh =

H
�'I- �V

�
@

6[
�'�

G- +l,H� +V a W , @
6[
�'�

G- +l,
] n"

f
S� +V a W A v,gv

@
6[
�'�

G- +l,
] n"

f
S +V A v, �I� +v,gv @

] n"

f
�� +v, �I- +v,gv1

Vl �� hvw frqqxh/ od irupxoh +6=65,/ txl qh idlw lqwhuyhqlu tx*xqh lqwìjudoh vlpsoh/ shuphw
doruv g*rewhqlu xqh phloohxuh suìflvlrq txh +6=64, srxu oh fdofxo gh H

�'I- �V
�

+hw gh
H
�'I� �V

�
,1 Oruvtxh V q*hvw sdv gìwhuplqlvwh hw txh �� hvw frqqxh/ f*hvw grqf fhwwh irupxoh

txh qrxv xwlolvrqv1
Fhv suìflvlrqv ìwdqw grqqìhv/ qrxv qrxv lqwìuhvvrqv pdlqwhqdqw ã o*rswlplvdwlrq gh od

glvsrqlelolwì dv|pswrwltxh1

61717 Rswlplvdwlrq gh od srolwltxh gh pdlqwhqdqfh/ fdv jìqìudo
Frpph gdqv oh fkdslwuh 5/ od glvsrqlelolwì dv|pswrwltxh hvw fodluhphqw xqh irqfwlrq

gìfurlvvdqwh sdu udssruw ã fkdfxqh ghv gxuìhv pr|hqqhv gh pdlqwhqdqfh H +P�, +fi +6=4<,,1
Oh vhxo sureoëph hvw doruv o*rswlplvdwlrq uhodwlyhphqw ã od orl � gx whpsv g*dwwhqwh gh od
pdlqwhqdqfh1

Qrxv frpphqêrqv sdu o*ìwxgh gh txhotxhv h{hpsohv1

6171714 H{hpsohv
Frpph dx fkdslwuh 5/ frpph rq qh shxw sdv frqvlgìuhu wrxwhv ohv orlv � srvvleohv/

qrxv xwlolvrqv oã hqfruh ghv orlv JDPPD hw qrxv rswlplvrqv doruv od glvsrqlelolwì dv|ps0
wrwltxh sdu udssruw dx{ sdudpëwuhv gh fhv orlv JDPPD/ rx soxv suìflvìphqw/ sdu udssruw
ã ohxuv hvsìudqfhv hw ã ohxuv ìfduw0w|shv1

H{hpsoh 4 Oh v|vwëph lqlwldo hvw oh píph txh gdqv o*h{hpsoh ìwxglì gdqv oh sdudjudskh
61617141 Udsshorqv tx*lo v*djlw g*xq v|vwëph irupì gh txdwuh frpsrvdqwv lghqwltxhv hw
lqgìshqgdqwv hq uhgrqgdqfh sdvvlyh1 Xq frpsrvdqw grqqì gìpduuh dyhf od suredelolwì �1
Od gxuìh gh ylh g*xq frpsrvdqw vxlw od orl �+��> ��,1 Rq qh shxw sdv uìsduhu ohv frpsrvdqwv
wdqw txh oh v|vwëph irqfwlrqqh1

D od gl�ìuhqfh gx sdudjudskh 6161714/ qrxv vxssrvrqv lfl tx*xqh uìsdudwlrq uhphw oh
v|vwëph gdqv o*ìwdw 61 Od gxuìh pr|hqqh g*xqh uìsdudwlrq +ã sduwlu gh o*ìwdw xqltxh gh
sdqqh 8, hvw H +UD, @ 51 Xqh rsìudwlrq gh pdlqwhqdqfh uhphw oh v|vwëph gdqv o*ìwdw gh
pdufkh sduidlwh1

Od gxuìh g*xqh rsìudwlrq gh pdlqwhqdqfh hvw vxssrvìh lqgìshqgdqwh gh o*ìwdw gh gì0
judgdwlrq gx v|vwëph dx prphqw rü rq od frpphqfh hw vd pr|hqqh ydxw H +P�, @ 41

Rq suhqg sdu dloohxuv =
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46; Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh = fdv vhpl0pdunrylhq
� �� @ 8/ �� @ 4/
� � @ 3=<1
Od �jxuh 61< uhsuìvhqwh doruv od glvsrqlelolwì dv|pswrwltxh gx v|vwëph pdlqwhqx

oruvtxh � hvw xqh orl JDPPD hq irqfwlrq gh o*ìfduw0w|sh hw gh od pr|hqqh gh fhwwh orl1
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Iljxuh 61<1 D" +� +�>�,, hq irqfwlrq gh od pr|hqqh hw gh o*ìfduw w|sh gh �+�>�,1
Rq shxw revhuyhu vxu od �jxuh 61< txh od glvsrqlelolwì dv|pswrwltxh hvw rswlpdoh

oruvtxh o*ìfduw0w|sh gh �+�>�, whqg yhuv 3 hw txh vd pr|hqqh hvw dx yrlvlqdjh gh 431
Soxv suìflvìphqw/ vl o*rq rswlplvh D" +� +�> �,, hq irqfwlrq gh vrq ìfduw0w|sh s��

hw gh vd pr|hqqh ��/ rq wurxyh txh od glvsrqlelolwì dv|pswrwltxh hvw rswlpdoh oruvtxh
o*ìfduw0w|sh gh �+�>�, whqg yhuv 3 hw vd pr|hqqh yhuv fJR| * 43=83941 Hq sduwlfxolhu/ od
orl � rswlpdoh hvw gh w|sh gìwhuplqlvwh1

Gh soxv/ rq d doruv =
D�?�" @ 3=;594 hw DJR|" @ 3=<3431

Hq revhuydqw od �jxuh 61</ rq frqvwdwh dxvvl txh/ oruvtxh � d xqh pr|hqqh ìorljqìh
gh fJR| +sdu h{hpsoh gh o*ruguh gh 53,/ od glvsrqlelolwì dv|pswrwltxh gx v|vwëph dxjphqwh
dyhf o*ìfduw0w|sh1 Rq uhwurxyh dlqvl oh píph skìqrpëqh txh fhoxl revhuyì gdqv o*h{hpsoh
gx sdudjudskh 6161715/ hw od frqfoxvlrq hvw od píph/ ã vdyrlu txh/ v*lo q*hvw sdv srvvleoh gh
pdlqwhqlu oh v|vwëph ã o*lqvwdqw rswlpdo fJR| +rx vl fhw lqvwdqw hvw pdo gìwhuplqì,/ lo shxw
íwuh suìiìudeoh g*xwlolvhu xqh orl soxv ìwdoìh tx*xqh pdvvh gh Gludf srxu oh whpsv g*dwwhqwh
gh od pdlqwhqdqfh1

H{hpsoh 5 Rq frqvlgëuh pdlqwhqdqw xq v|vwëph pdunrylhq irupì gh wurlv frpsrvdqwv
lqgìshqgdqwv F�/ F2 hw F� hq sdudooëoh1 Oh frpsrvdqw F� +srxu l 5 i4> 5> 6j, d xq wdx{ gh
sdqqh �� hw xq wdx{ gh uìsdudwlrq �� frqvwdqwv1 +Ohv frpsrvdqwv vrqw uìsdudeohv shqgdqw
txh oh v|vwëph irqfwlrqqh,1 Vrlw D� o*ìyëqhphqw �oh le6e frpsrvdqw irqfwlrqqh�1 Rq gì�qlw
ohv ìwdwv gh pdufkh vxlydqwv = %4% @ D�_D2_D�/ %5% @ D�_D2_ �D�/ %6% @ D�_ �D2_D�/
%7% @ �D� _ D2 _ D�/ %8% @ D� _ �D2 _ �D�/ %9% @ �D� _ D2 _ �D�/ %:% @ �D� _ �D2 _ D�/ hw
o*ìwdw gh sdqqh = %;% @ �D� _ �D2 _ �D�1

Rq vh sodfh lfl gdqv oh fdv fodvvltxh rü od gxuìh g*xqh uìsdudwlrq dsuëv xqh sdqqh vxlw
od orl h{srqhqwlhooh H{s +�� . �2 . ��,1

Xqlyhuvlwì gh Pduqh od Ydooìh



617 Fdv jìqìudo 46<
Rq d doruv =

+t +l> m> gw,, @

3
EEEEEEEEEEC

3 ��d +w, �2d +w, ��d +w, 3 3 3 3
��e� +w, 3 3 3 �2e� +w, ��e� +w, 3 3
�2e2 +w, 3 3 3 ��e2 +w, 3 ��e2 +w, 3
��e2 +w, 3 3 3 3 ��e2 +w, �2e2 +w, 3

3 �2f� +w, ��f� +w, 3 3 3 3 ��f� +w,
3 ��f2 +w, 3 ��f2 +w, 3 3 3 �2f2 +w,
3 3 ��f� +w, �2f� +w, 3 3 3 ��f� +w,
3 3 3 3 ��g +w, �2g +w, ��g +w, 3

4
FFFFFFFFFFD

gw

dyhf

;AA?
AA=

d +w, @ h3Eb�nb2nb��|/
e� +w, @ h3Eb�nb2n>��|/ e2 +w, @ h3Eb�n>2nb��| e� +w, @ h3E>�nb2nb��|
f� +w, @ h3Eb�n>2n>��|/ f2 +w, @ h3E>�nb2n>��| f� +w, @ h3E>�n>2nb��|
g +w, @ h3E>�n>2n>��|

G*dsuëv od pdwulfh suìfìghqwh/ xqh uìsdudwlrq uhphw oh v|vwëph gdqv o*xq ghv ìwdwv �8�/
�9� rx �:�/ dyhf ohv suredelolwìv uhvshfwlyhv =

G- +8, @ ��
�� . �2 . �� / G- +9, @ �2

�� . �2 . �� hw G- +:, @ ��
�� . �2 . �� 1

Hq fh txl frqfhuqhqw ohv rsìudwlrqv gh pdlqwhqdqfh/ rq vxssrvh tx*hoohv uhphwwhqw
wrxwhv oh v|vwëph gdqv o*ìwdw gh pdufkh sduidlwh hw txh ohxu gxuìh hvw lqgìshqgdqwh gh
o*ìwdw gh gìjudgdwlrq gx v|vwëph dx prphqw rü rq ohv frpphqfh1

G*xq srlqw gh yxh qxpìultxh/ rq suhqg =
� �� @ 5=8/ �2 @ 6/ �� @ 5=;/
� �� @ 4=8/ �2 @ 5/ �� @ 4=;/
� H +UH, @ �>�n>2n>� * 3=4;</
� H +P�, @ HE-H��f * 3=34;<1
Od �jxuh 6143 uhsuìvhqwh doruv od glvsrqlelolwì dv|pswrwltxh gx v|vwëph pdlqwhqx

oruvtxh � hvw xqh orl JDPPD hq irqfwlrq gh o*ìfduw0w|sh hw gh od pr|hqqh gh fhwwh orl1
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Iljxuh 61431 D" +� +�> �,, hq irqfwlrq gh od pr|hqqh hw gh o*ìfduw w|sh gh �+�>�,1
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473 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh = fdv vhpl0pdunrylhq
Oã hqfruh/ rq frqvwdwh txh od orl � rswlpdoh hvw gìwhuplqlvwh/ fh txh frq�uph o*rswl0

plvdwlrq gh D" +� +�>�,, hq irqfwlrq gh vrq ìfduw0w|sh hw gh vd pr|hqqh1
Rq wurxyh dlqvl =

D�?�" @ 3=::4:/ fJR| @ 3=4;9: hw DJR|" @ 3=;84;1
Gh soxv/ oruvtxh � d xqh pr|hqqh ìorljqìh gh fJR| +sdu h{hpsoh gh o*ruguh gh 319,/ rq

frqvwdwh ã qrxyhdx txh od glvsrqlelolwì dv|pswrwltxh gx v|vwëph dxjphqwh dyhf o*ìfduw0
w|sh1

G*dsuëv ohv ghx{ h{hpsohv txh qrxv yhqrqv g*ìwxglhu +qrxv hq dyrqv dxvvl uhjdugì
txhotxhv dxwuhv,/ lo vhpeohudlw txh/ frpph dx fkdslwuh 5/ o*ìwxgh gh o*rswlplvdwlrq gh
od glvsrqlelolwì dv|pswrwltxh uhodwlyhphqw ã od orl � sxlvvh íwuh uhvwuhlqwh dx{ vhxohv orlv
� gìwhuplqlvwhv1 Ohv pdlqwhqdqfhv fruuhvsrqgdqw dx{ orlv � gh fh w|sh/ txh o*rq dsshooh
gruìqdydqw pdlqwhqdqfhv gìwhuplqlvwhv/ vrqw grqf wuëv lpsruwdqwhv1 Qrxv ohxu frqvdfurqv
pdlqwhqdqw xq sdudjudskh1

6171715 Hwxgh ghv pdlqwhqdqfhv gìwhuplqlvwhv
Qrxv qrxv uhvwuhljqrqv lfl dx fdv rü od orl � gx whpsv g*dwwhqwh gh od pdlqwhqdqfh hvw

xqh pdvvh gh Gludf hq xq srlqw f +f A 3,/ fh txh o*rq qrwh = � @ �S1
Qrwuh exw hvw doruv gh grqqhu ghv frqglwlrqv vrxv ohvtxhoohv rq shxw d!uphu tx*lo h{lvwh

xqh srolwltxh gh pdlqwhqdqfh gìwhuplqlvwh txl dpìolruh od glvsrqlelolwì dv|pswrwltxh hw
gh gìwhuplqhu od srolwltxh gh pdlqwhqdqfh gìwhuplqlvwh rswlpdoh gdqv fh fdv +sdupl ohv
srolwltxhv gh pdlqwhqdqfh gìwhuplqlvwhv,1

Qrxv frpphqêrqv sdu suìflvhu txhotxhv k|srwkëvhv hw qrwdwlrqv vxssoìphqwdluhv1
Uhpdutxrqv wrxw g*derug txh/ g*dsuëv od irupxoh +6=4<,/ d" +�S, vh phw lfl vrxv od

iruph

d" +�S, @
�I� +f,G- . �I- +f,G�

� ��j +f,H +U, . �k +f,H +P,
�

I� +f, 'I- +f, . �I- +f, 'I� +f,
+6166,

Vl o*rq uhjdugh fhwwh qrxyhooh irupxoh/ rq v*dshuêrlw txh ohv yduldwlrqv gh d" +�S, hq
irqfwlrq gh f vrqw hq idlw wurs frpsoltxìhv ã ìwxglhu/ hw fhod píph vl G� @ G-1 +Q*rx0
eolrqv sdv txh �j +f, hw �k +f, vrqw ghv pdwulfhv grqw rq qh frqqdñw txh od wudqvirupìh gh
Odsodfh111,1 Fhod qrxv dpëqh ã idluh txhotxhv k|srwkëvhv vxssoìphqwdluhv/ d�q gh vlp0
sol�hu fhwwh h{suhvvlrq1 Rq vxssrvh dlqvl txh ohv gxuìhv pr|hqqhv gh pdlqwhqdqfh hw gh
uìsdudwlrq vrqw lqgìshqgdqwhv gh o*ìwdw gh gìjudgdwlrq dx prphqw rü rq ohv frpphqfh1
Hq g*dxwuhv whuphv/ rq vxssrvh txh

H +P�, @ H +P, srxu wrxw 4 � l �p/
hw txh

H +U6n&c�, @ H +U6n�c�, srxu wrxv 4 � n � s/ 4 � l �p1
Rq qrwh doruv H +U, @ H +U6n�, od gxuìh pr|hqqh g*xqh uìsdudwlrq1
Hq xwlolvdqw ohv uhpdutxhv vlpsol�fdwulfhv gx sdudjudskh 6171615 hw fhwwh qrwdwlrq/
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617 Fdv jìqìudo 474
d" +�S, vh phw pdlqwhqdqw vrxv od iruph

d" +�S, @ H +U,I� +f, . H +P, �I- +f,
I� +f, 'I- +f, . �I- +f, 'I� +f,

1 +6167,

F*hvw od iruph txh qrxv xwlolvrqv srxu qrwuh ìwxgh1
Udsshorqv sdu dloohxuv txh/ g*dsuëv oh sdudjudskh 61714/ qrxv vdyrqv txh ohv irqfwlrqv�I- hw �I� qh v*dqqxohqw sdv vxu Un1 Qrxv dylrqv dxvvl uhpdutxì/ gdqv fh píph sdudjudskh/

txh od ghqvlwì gh W@[f @ l hvw frqwlqxh vxu Un/ gìulydeoh vxu UWn +srxu wrxw 4 � l �p,1
Rq hq gìgxlw txh �I- hw �I� vrqw gh fodvvh F� vxu Un/ ghx{ irlv gìulydeohv vxu UWn1

Fhv uhpdutxhv qrxv shuphwwhqw pdlqwhqdqw gh gì�qlu ghx{ qrxyhoohv irqfwlrqv/ qrwìhv
�- hw �� / hq srvdqw =

�- @ i-�I- hw �� @ i��I� /

rü i- @ � � �I-�� hw i� @ � � �I���1
Ohv irqfwlrqv/ �- hw �� vrqw doruv frqwlqxhv vxu Un/ gìulydeohv vxu UWn1
�- hw �� uhsuìvhqwhqw uhvshfwlyhphqw ohv wdx{ gh sdqqh dsuëv uìsdudwlrq hw dsuëv pdlq0

whqdqfh1
Fhv qrxyhoohv qrwdwlrqv ìwdqw grqqìhv/ qrxv derugrqv pdlqwhqdqw qrwuh sureoëph/ ã

vdyrlu o*ìwxgh gh o*dssruw ghv srolwltxhv gh pdlqwhqdqfhv gìwhuplqlvwhv srxu od glvsrqlelolwì
dv|pswrwltxh hw vrq rswlplvdwlrq ìyhqwxhooh1

Qrxv frpphqêrqv sdu ìwxglhu ohv yduldwlrqv gh d" +�S, hq irqfwlrq gh f1
Ohpph 6145 Vrlhqw � hw x ohv irqfwlrqv gì�qlhv sdu

� @ �-I� . �� �I�
hw x @

'I� � � I�
'I- � . �I-

1

Doruv/ srxu wrxw f A 3/ rq d =
g
gfd" +�S, A 3/ H +P,

H +U, ? x +f, 1

Gìprqvwudwlrq1 Lo v*djlw vlpsohphqw gh fdofxohu oh qxpìudwhxu gh od gìulyìh gh f :$
d" +�S, sdu udssruw ã f +qrwì Qxp,1

Udsshorqv txh od iruph gh d" +�S, xwlolvìh hvw grqqìh sdu +6=67,1
Qrxv fdofxorqv wrxw g*derug od gìulyìh gh I� 'I- . �I- 'I� =

�
I� 'I- . �I- 'I�

��
@ i� 'I- .I� �I- � i- 'I� . �I- �I�
@ �� �I� 'I- ��- �I- 'I� . �I-

fdu i� @ �� �I� hw i- @ �- �I-1
Gh od píph idêrq =

�H +U,� I� . H +P,� �I-�� @ H +U,� i� � H +P,�i-
@ H +U, �� �I� � H +P, �- �I-1
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475 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh = fdv vhpl0pdunrylhq
Rq hq gìgxlw =

Qxp @ �H +U, �� �I� � H +P, �- �I-�
�
I� 'I- . �I- 'I�

�

� �H +U,I� . H +P, �I-�
�
�� �I� 'I- ��- �I- 'I� . �I-

�
1

Hq idfwrulvdqw sdu H +U, hw sdu H +P, hw hq vlpsol�dqw ohv uìvxowdwv/ rq d pdlqwhqdqw =

Qxp @ H +U,
3
C �� �I�

�
I� 'I- . �I- 'I�

�

�I�
�
�� �I� 'I- ��- �I- 'I� . �I-

�
4
D

�H +P,
3
C �- �I-

�
I� 'I- . �I- 'I�

�

. �I-
�
�� �I� 'I- ��- �I- 'I� . �I-

�
4
D

@ �I-H +U,
�
�� �I� 'I� �I�

�
��- 'I� .4

��

� �I-H +P,
�
�-I� 'I- .�� �I� 'I- . �I-

�

@ �I-
�
H +U,�

�'I� � � I�
�
� H +P,�

�'I- � . �I-
��

fdu � @ �-I� . �� �I� 1
Frpph �I- A 3/ rq hq gìgxlw txh

g
gfd" +�S, A 3/ H +P,

H +U, ?
'I� � � I�
'I- � . �I-

+f, @ x +f, 1

Ohv yduldwlrqv gh d" +�S, hq irqfwlrq gh f ìwdqw olìhv dx{ irqfwlrqv x hw � +gì�qlhv gdqv
oh ohpph 6145,/ qrxv ìwxglrqv pdlqwhqdqw ohxuv yduldwlrqv1
Ohpph 6146 Vl ohv wdx{ gh sdqqh �� hw �- vrqw furlvvdqwv hw vl �- � �� / ohv irqfwlrqv
� hw x vrqw doruv furlvvdqwhv hw od irqfwlrq x dgphw xqh olplwh �qlh o hq .41
Gìprqvwudwlrq1 Fdofxorqv wrxw g*derug � � =

� � @ � �-I� . �-�� �I� . � �� �I� � ���� �I�
@ � �-I� . � �� �I� . �� �I� +�- � �� , 1

Vrxv ohv k|srwkëvhv � �- � 3/ � �� � 3 hw �- � �� / od irqfwlrq � hvw grqf fodluhphqw
furlvvdqwh1

Hfulyrqv pdlqwhqdqw x vrxv od iruph

x @
'I� �8��'I- . 78-�

1

Fdofxorqv wrxw g*derug
�'I� �8��

�� hw
�'I- . 78-�

�� =
�'I� �I��

��
@ �I� � �� �I�� � I�� �

�2
@ 4

�2
� �I�� +� � �� , . I�� ��
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hw

�'I- . �I-
�
��

@ �I- . ��- �I-� � �I-� �
�2

@ � 4
�2
� �I-� +�- � �, . �I-� �� 1

Uhpdutxrqv sdu dloohxuv txh �� � � � �-1
Frpph qrxv yhqrqv gh yrlu txh � � � 3/ rq hq gìgxlw txh

�'I� �8��
�� � 3 hw�'I- . 78-�

�� � 31
Gh soxv

'I� +f, @
] S

f
�I� +w, gw @

] S

f
i� +w,
�� +w,gw �

4
�� +f,I� +f,

fdu �� hvw furlvvdqw1
Frpph �� � � / rq d grqf 'I�� 8�� hw 'I� �8�� � 31
Fhfl hqwudñqh txh x� � 3 fdu

vljqh �x��

@ vljqh

3
EEEC
�'I� �I�

�
��

� ~} �
Df

�'I- . �I-
�
�

� ~} �
Df

�
�'I� �I�

�
�

� ~} �
Df

�'I- . �I-
�
��

� ~} �
$f

4
FFFD 1

Lo qrxv uhvwh hq�q ã yìul�hu txh od irqfwlrq x hvw eruqìh dx yrlvlqdjh gh .41
Uhpdutxrqv wrxw g*derug txh

x @
'I� �8��'I- . 78-�

�
'I�
'I-

1

Sdu dloohxuv/ rq d fodluhphqw =

olpS<n"

'I� +f,
'I- +f,

@ olpS<n"
'I � +f,S6

�'�G- +l, olpS<n"
'I � +f,

@ olpS<n" H� +W a f,S6
�'�G- +l, olpS<n" H� +W a f,

@ H� +W ,S6
�'�G- +l,H� +W , ? .4 +fi ¢615,1

Od irqfwlrq x hvw grqf eruqìh dx yrlvlqdjh gh .41

Qrxv grqqrqv pdlqwhqdqw oh uìvxowdw sulqflsdo gh fh sdudjudskh1
Qrxv qrxv sodêrqv gdqv oh fdv rü ohv wdx{ gh uhgìpduudjhv dsuëv xqh uìsdudwlrq rx xqh

rsìudwlrq gh pdlqwhqdqfh vrqw furlvvdqwv/ f*hvw0ã0gluh gdqv oh fdv rü ohv gxuìhv gh irqf0
wlrqqhphqw dsuëv xq uhgìpduudjh vrqw LIU +Lqfuhdvlqj Idloxuh Udwh, hw gdqv oh fdv rü oh
wdx{ gh sdqqh dsuëv xqh uìsdudwlrq hvw soxv judqg tx*dsuëv xqh rsìudwlrq gh pdlqwhqdqfh1
Uhpdutxrqv txh fhv frqglwlrqv vrqw uhodwlyhphqw qdwxuhoohv hw iuìtxhpphqw yìul�ìhv hq

Vrsklh Eorfk0Phuflhu 4; gìfhpeuh 5333



477 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh = fdv vhpl0pdunrylhq
sudwltxh1 Vrxv fhv frqglwlrqv/ qrxv prqwurqv tx*lo h{lvwh xqh srolwltxh gh pdlqwhqdqfh
gìwhuplqlvwh txl dpìolruh od glvsrqlelolwì dv|pswrwltxh vl hw vhxohphqw vl ohv rsìudwlrqv
gh pdlqwhqdqfh qh vrqw sdv wurs orqjxhv hq pr|hqqh/ hw qrxv fdofxorqv od glvsrqlelolwì
dv|pswrwltxh rswlpdoh1

Wkìruëph 6147 Vxssrvrqv ohv wdx{ gh sdqqh �� hw �- furlvvdqwv hw �- � �� 1
Lo h{lvwh doruv xqh srolwltxh gh pdlqwhqdqfh gìwhuplqlvwh txl dpìolruh od glvsrqlelolwì

dv|pswrwltxh gx v|vwëph +rx hqfruh <f A 3 who txh D" +�S, A D�?�" , vl hw vhxohphqw vl
HE��
HE-� ? o/ rü o @ olpS<n" x +f, � 31

Gh soxv/ gdqv fh fdv/ lo h{lvwh xqh srolwltxh gh pdlqwhqdqfh rswlpdoh sdupl ohv pdlq0
whqdqfhv gìwhuplqlvwhv/ f*hvw0ã0gluh txh

<fJR| A 3 who txh D" +�S, � D" ��SJR|
� srxu wrxw f A 3/

rü fJR| hvw who txh x +fJR|, @ HE��
HE-� 1

Od glvsrqlelolwì rswlpdoh +srxu ohv pdlqwhqdqfhv gìwhuplqlvwhv, hvw doruv grqqìh sdu
DJR|" @ D" ��SJR|

� @ �
�n@JR|" dyhf

dJR|" @ d" ��SJR|
� @ H +U,�'I- . 78-�

�
+fJR|,

1 +6168,

Gìprqvwudwlrq1
G*dsuëv oh ohpph 6145/ _

_Sd" +�S, A 3/ HE��
HE-� ? x +f,1

Sdu dloohxuv/ g*dsuëv oh ohpph 6146/ x hvw furlvvdqwh1
G*rü od glvfxvvlrq =

� Vl HE��
HE-� � o/ doruv _

_Sd" +�S, � 3 srxu wrxw f A 31
f :$ D" +�S, hvw grqf furlvvdqwh vxu UWn1
Hq sduwlfxolhu/

D" +�S, � olpS<n"D" +�S, @ D�?�" 1

� Vl HE��
HE-� ? o/ rq d oh wdeohdx gh yduldwlrq vxlydqw =

f 3 fJR| .4
( ,

x +f, HE��
HE-�

f (
_
_Sd" +�S, � .
d" +�S, 3 ) @JR|" ( @�?�"

D" +�S, hvw grqf rswlpdoh hq wrxw srlqw fJR| who txh x +fJR|, @ HE��
HE-� 1
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Gh soxv/

d" ��SJR|
� @ H +U, I� . HE��

HE-�� �I-
I� 'I- . �I- 'I�

+fJR|,

@ H +U,
I� .

'8�38��'8-n 78-�
� �I-

I� 'I- . �I- 'I�
+fJR|, fdu x +fJR|, @ H +P,

H +U,

@ H +U,
I�

�'I- . 78-�
�
.
�'I� �8��

�
� �I-�'I- . 78-�

��
I� 'I- . �I- 'I�

� +fJR|,

@ H +U, 4�'I- . 78-�
�
+fJR|,

dsuëv vlpsol�fdwlrqv1

Qrxv uhsuhqrqv pdlqwhqdqw ohv h{hpsohv gx sdudjudskh 6171714 d�q gh whvwhu ohv uì0
vxowdwv gx wkìruëph 61471

6171716 Uhwrxu vxu ohv h{hpsohv
Uhwrxu vxu o*h{hpsoh 4 gx ¢6171714 Dyhf ohv grqqìhv gx sdudjudskh 6171714 +txdwuh
frpsrvdqwv lghqwltxhv hw lqgìshqgdqwv hq uhgrqgdqfh sdvvlyh/ suredelolwì tx*xq frpsr0
vdqw gìpduuh @ �/ gxuìh gh ylh g*xq frpsrvdqw /$ �+��> ��,,/ ohv wdx{ �� / �- hw � vrqw
grqqìv sdu od �jxuh 61441 Rq frqvwdwh lfl tx*lov vrqw wrxv ohv wurlv furlvvdqwv hq irqfwlrq
gx whpsv +hw txh �� � � � �-,1

G*dsuëv oh ohpph 6146/ rq vdlw doruv txh x hvw furlvvdqwh hw tx*hooh dgphw xqh olplwh
o �qlh +fi �jxuh 6145,1 Dsuëv fdofxov/ rq wurxyh lfl txh o * 4=;7541
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Iljxuh 61441 �� +wudlw sohlq,/ �- +srlqwlooì, Iljxuh 61451 Irqfwlrq x
hw � +srlqwlooì/ dx plolhx, hq irqfwlrq gx whpsv1 hq irqfwlrq gx whpsv1

G*dsuëv oh wkìruëph 6147/ rq vdlw doruv tx*lo h{lvwh xqh srolwltxh gh pdlqwhqdqfh
gìwhuplqlvwh txl dpìolruh od glvsrqlelolwì dv|pswrwltxh gx v|vwëph vl hw vhxohphqw vl
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HE��
HE-� ? o * 4=;7541 +Uhpdutxrqv txh ohv gxuìhv pr|hqqhv gh pdlqwhqdqfh shxyhqw lfl
íwuh soxv orqjxhv txh ohv gxuìhv pr|hqqhv gh uìsdudwlrq,1

Srxu ohv grqqìhv gx sdudjudskh 6171714 +HE��
HE-� @ 3=8,/ ohv ydohxuv gh fJR| hw gh DJR|"

irxuqlhv sdu oh wkìruëph 6147 fròqflghqw dyhf fhoohv txl rqw ìwì grqqìhv gdqv fh sdud0
judskh1 Qrxv qh ohv uhgrqqrqv sdv lfl1

Uhwrxu vxu o*h{hpsoh 5 gx ¢6171714 Dyhf ohv grqqìhv gx sdudjudskh 6171714 +wurlv
frpsrvdqwv gl�ìuhqwv/ lqgìshqgdqwv/ hq sdudooëoh,/ ohv wdx{ �� / �- hw � vrqw grqqìv sdu
od �jxuh 61461 Rq frqvwdwh lfl txh �� hvw furlvvdqw/ pdlv txh �- hvw gìfurlvvdqw1 Pdojuì
wrxw/ ohv irqfwlrqv � hw x vrqw furlvvdqwhv/ gh vruwh txh o*rq shxw wrxw gh píph dssoltxhu
ohv uìvxowdwv gx wkìruëph 6147 +yrlu od gìprqvwudwlrq gh fh wkìruëph,1
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Iljxuh 61461 �� +wudlw sohlq,/ �- +srlqwlooì, Iljxuh 61471 Irqfwlrq x
hw � +srlqwlooì/ dx plolhx, hq irqfwlrq gx whpsv1 hq irqfwlrq gx whpsv1
Rq vdlw doruv tx*lo h{lvwh xqh srolwltxh gh pdlqwhqdqfh gìwhuplqlvwh txl dpìolruh od

glvsrqlelolwì dv|pswrwltxh gx v|vwëph vl hw vhxohphqw vl HE��
HE-� ? o * 3=66591

Oã hqfruh/ srxu ohv grqqìhv gx sdudjudskh 6171714 +H +P, @ 3=4�H +U,,/ ohv ydohxuv
gh fJR| hw gh DJR|" irxuqlhv sdu oh wkìruëph 6147 fròqflghqw dyhf fhoohv txl rqw ìwì grqqìhv
gdqv fh sdudjudskh hw qh vrqw sdv uhsulvhv lfl1

Hq frqfoxvlrq gh fh sdudjudskh/ frqvdfuì dx fdv rü G� shxw ìyhqwxhoohphqw íwuh
gl�ìuhqw gh G� / lo vhpeohudlw txh o*rswlplvdwlrq gh od glvsrqlelolwì dv|pswrwltxh sxlvvh
íwuh/ frpph dx fkdslwuh 5/ uhvwuhlqwh dx{ vhxohv orlv � gìwhuplqlvwhv1 Sdu dloohxuv/ oh
wkìruëph 6147 qrxv irxuqlw xq fulwëuh srxu vdyrlu v*lo h{lvwh xqh pdlqwhqdqfh gìwhuplqlvwh
txl dpìolruh od glvsrqlelolwì dv|pswrwltxh1 Oh fdv ìfkìdqw/ lo qrxv grqqh dxvvl o*lqvwdqw
rswlpdo srxu pdlqwhqlu oh v|vwëph hw od glvsrqlelolwì dv|pswrwltxh dvvrflìh1

Qrxv qrxv uhvwuhljqrqv pdlqwhqdqw dx fdv sduwlfxolhu rü G� @ G-1

61718 Rswlplvdwlrq gh od srolwltxh gh pdlqwhqdqfh/ fdv rü (� ' (-

Gdqv wrxw fh sdudjudskh/ rq vxssrvh pdlqwhqdqw txh ohv uhgìpduudjhv dsuëv xqh rsì0
udwlrq gh pdlqwhqdqfh vh irqw gh od píph idêrq tx*dsuëv xqh uìsdudwlrq1 Hq g*dxwuhv
whuphv/ rq vh sodfh lfl gdqv oh fdv rü G� @ G- @?J|�e G1

Rq qh suhqg hq uhydqfkh/ dxfxqh k|srwkëvh vxu ohv gxuìhv pr|hqqhv gh uìsdudwlrq hw
gh pdlqwhqdqfh1
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617 Fdv jìqìudo 47:
G*dsuëv +6=5<,/ d" +�, vh phw doruv vrxv od iruph

d" +�, @
G
�
H +�j � V,H +U, . H ��k � V�H +P,

�

H
�'I �V

� +6169d,

rü 'I@'I-@'I� 1
Gdqv fhv frqglwlrqv/ qrxv gìprqwurqv wrxw g*derug oh uìvxowdw revhuyì gdqv oh fdv

jìqìudo +G� ìyhqwxhoohphqw gl�ìuhqw gh G-, vxu txhotxhv h{hpsohv/ ã vdyrlu txh o*rswl0
plvdwlrq gh od glvsrqlelolwì dv|pswrwltxh uhodwlyhphqw ã od orl � shxw íwuh uhvwuhlqwh dx{
vhxohv orlv � gìwhuplqlvwhv1

6171814 Uhvwulfwlrq dx{ pdlqwhqdqfhv gìwhuplqlvwhv
Soxv suìflvìphqw/ qrxv rewhqrqv oh uìvxowdw vxlydqw =

Wkìruëph 6148 Gdqv oh fdv rü G� @ G- =
41 +Lo h{lvwh �f whooh txh D" ��f� A D�?�" , +K,
/
+Lo h{lvwh ff A 3 who txhD" +�Sf, A D�?�" , +K �,

51 Vrxv o*k|srwkëvh +K, rx +K �,/ lo h{lvwh fJR| A 3 who txh D" ��SJR|
� � D" +�,/ srxu

wrxwh orl �1
Gìprqvwudwlrq1
41 +K �, hqwudñqh fodluhphqw +K,1 Prqwurqv od uìflsurtxh/ rx soxw÷w vd frqwudsrvìh1

Vxssrvrqv grqf
D" +�S, � D�?�" / srxu wrxw f A 3/

rx/ fh txl hvw ìtxlydohqw/
d" +�S, � d�?�" / srxu wrxw f A 31 +616:,

Prqwurqv doruv
d" +�, � d�?�" / srxu wrxwh orl �1

Uhpdutxrqv wrxw g*derug txh/ g*dsuëv +6=69d,/ d" +�, vh phw lfl vrxv od iruph

d" +�, @ qxp +d" +�,,
g�hq +d" +�,,

dyhf

qxp +d" +�,, @ G
�
H +�j � V,H +U, . H ��k � V�H +P,

�
@
] n"

f
qxp +d" +�S,, � +gf,

hw

g�hq +d" +�,, @ H
�'I �V

�
@
] n"

f
g�hq +d" +�S,, � +gf, 1
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47; Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh = fdv vhpl0pdunrylhq
Hq xwlolvdqw +6=6:,/ rq hq gìgxlw txh

qxp +d" +�,, @
] n"

f
d" +�S, =g�hq +d" +�S,, � +gf,

� d�?�"
] n"

f
g�hq +d" ++�S,,,� +gf, @ d�?�" g�hq +d" +�,, 1

Hq g*dxwuhv whuphv/ rq d elhq d" +�, � d�?�" / srxu wrxwh orl �1
51 Vxssrvrqv pdlqwhqdqw +K, rx +K �, yìul�ìh1

Prqwurqv wrxw g*derug tx*lo h{lvwh fJR| who txh D" ��SJR|
� � D" +�S,/ srxu wrxw f A 31

Od irqfwlrq f :$ D" +�S, ìwdqw pdmruìh sdu 4 vxu UWn/ iD" +�S, @f A 3j dgphw xqh
eruqh vxsìulhxuh1

Gh soxv/ rq d fodluhphqw
olpS<fnD" +�S, @ 3 hw olpS<n"D" +�S, @ D�?�" 1

Frpph/ sdu k|srwkëvh/ lo h{lvwh ff A 3 who txhD" +�Sf, A D�?�" hw txh od irqfwlrq
f :$ D" +�S, hvw frqwlqxh/ rq hq gìgxlw txh vxs iD" +�S, @f A 3j fruuhvsrqg hq idlw ã od
eruqh vxsìulhxuh vxu xq frpsdfw gh UWn hw tx*lo hvw dwwhlqw1

Lo h{lvwh grqf fJR| who txh D" ��SJR|
� � D" +�S,/ srxu wrxw f A 31

Hq xwlolvdqw od píph pìwkrgh txh srxu oh srlqw 4/ lo hvw doruv idfloh g*hq gìgxluh txh
D" ��SJR|

� � D" +�,/ srxu wrxwh orl �1

G*dsuëv fh txl suìfëgh/ qrxv vdyrqv pdlqwhqdqw txh o*rq shxw uhvwuhlqguh o*rswlplvdwlrq
gh od srolwltxh gh pdlqwhqdqfh dx{ pdlqwhqdqfhv gìwhuplqlvwhv1 Fhfl qrxv shuphw gh
grqqhu txhotxhv fulwëuhv srxu txh od srolwltxh gh pdlqwhqdqfh dpìolruh od glvsrqlelolwì
dv|pswrwltxh/ f*hvw0ã0gluh srxu tx*lo h{lvwh xqh orl � whooh txh D" +�, A D�?�" 1

6171815 Txhotxhv fulwëuhv srxu txh od srolwltxh gh pdlqwhqdqfh dpìolruh od
glvsrqlelolwì dv|pswrwltxh

Qrxv qrxv sodêrqv lfl vrxv ohv píphv k|srwkëvhv tx*dx sdudjudskh 6171715/ ã vdyrlu
H +P�, @ H +P�, @?J|�e H +P, srxu wrxw 4 � l � p/ H +U6n&, @ H +U6n�, @?J|�e H +U,
srxu wrxw 4 � l �p1

Udsshorqv txh qrxv dylrqv gì�ql gdqv fh sdudjudskh xq wdx{ gh sdqqh � hq srvdqw
� @ �-I� . �� �I� 1

Vrxv od frqglwlrq G� @ G-/ rq d fodluhphqw � @ �� @ �- hw � uhsuìvhqwh grqf oh
wdx{ gh sdqqh dsuëv q*lpsruwh txho uhgìpduudjh +txl vh irqw wrxv vhorq oh píph yhfwhxu
G,1

Gh od píph idêrq/ rq d I� @ I-/ �I� @ �I-/ 111 Srxu qh sdv dorxuglu ohv qrwdwlrqv/ rq
hqoëyh doruv wrxv ohv lqglfhv P hw U hw rq qrwh I / �I / 111

Dyhf fhv qrwdwlrqv/ od irqfwlrq x gì�qlh gdqv oh sdudjudskh 6171715 ghylhqw pdlqwhqdqw

x @
'I � � I
'I � . �I

@
'I � . �I � 4
'I � . �I

@ 4� 4
'I � . �I

1 +616;,

Udsshorqv dxvvl txh o gìvljqh od olplwh gh fhwwh irqfwlrq x hq .4 oruvtx*hooh h{lvwh1
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617 Fdv jìqìudo 47<
Uhpdutxrqv hq�q txh/ g*dsuëv +6=67,/ d" +�S, vh phw lfl vrxv od iruph

d" +�S, @ H +U,I +f, . H +P, �I +f,
'I +f,

1 +616<,

Hq idlvdqw od v|qwkëvh ghv wkìruëphv 6147 hw 6148/ rq rewlhqw doruv oh uìvxowdw vxlydqw =
Wkìruëph 6149 Vl G� @ G- hw vl � hvw furlvvdqw =

Lo h{lvwh doruv xqh srolwltxh gh pdlqwhqdqfh txl dpìolruh od glvsrqlelolwì dv|pswrwltxh
gx v|vwëph +rx hqfruh lo h{lvwh xqh orl � whooh txh D" +�, A D�?�" , vl hw vhxohphqw vl
HE��
HE-� ? o/ rü o @ olpS<n" x +f, � 31

Gh soxv/ gdqv fh fdv/ lo h{lvwh xqh srolwltxh gh pdlqwhqdqfh rswlpdoh sdupl wrxv ohv
w|shv gh pdlqwhqdqfhv hw fhwwh srolwltxh gh pdlqwhqdqfh rswlpdoh hvw gh w|sh gìwhuplqlvwh
+f*hvw0ã0gluh = <fJR| A 3 who txh D" +�, � D" ��SJR|

�/ srxu wrxwh orl �,1
fJR| hvw doruv grqqì sdu

x +fJR|, @ H +P,
H +U,

hw od glvsrqlelolwì dv|pswrwltxh rswlpdoh hvw DJR|" @ D" ��SJR|
� @ �

�n@JR|" dyhf

dJR|" @ d" ��SJR|
� @ H +U,�'I . 78

�
�
+fJR|,

+6173,

+píph irupxoh txh gdqv oh fdv jìqìudo/ rü G� hvw ìyhqwxhoohphqw gl�ìuhqw gh G-,1
Gìprqvwudwlrq1 Fhv uìvxowdwv surylhqqhqw lppìgldwhphqw ghv wkìruëphv 6147 hw 61481

Qrxv ìwxglrqv pdlqwhqdqw oh fdv rü oh wdx{ gh sdqqh � hvw gìfurlvvdqw1 Hq h�hw/ píph
vl fh fdv hvw uhodwlyhphqw uduh srxu ohv v|vwëphv kdelwxhoohphqw ìwxglìv hq �delolwì/ lo
shxw pdojuì wrxw vh surgxluh gdqv fhuwdlqv grpdlqhv sduwlfxolhuv/ frpph hq �delolwì ghv
orjlflhov sdu h{hpsoh/ dlqvl txh qrxv o*d vljqdoì M1 O1 Vrohu1
Sursrvlwlrq 614: Gdqv oh fdv rü G� @ G-/ vl oh wdx{ gh sdqqh � hvw gìfurlvvdqw/ od
srolwltxh gh pdlqwhqdqfh glplqxh od glvsrqlelolwì dv|pswrwltxh gx v|vwëph1
Gìprqvwudwlrq1 Uhpdutxrqv wrxw g*derug txh/ g*dsuëv oh wkìruëph 6148/ lo vx!w gh
frqvlgìuhu ohv pdlqwhqdqfhv gìwhuplqlvwhv1

Sdu dloohxuv/ g*dsuëv +6=6;,/ rq d lfl

vljqh �x�� @ vljqh
��'I � . �I

��� @ vljqh
� �I�. 'I � � � � �I

�
@ vljqh

�'I � �
�
1 +6174,

Vl � hvw gìfurlvvdqw/ x hvw grqf gìfurlvvdqwh1
Rq hq gìgxlw txh x +f, � x +3, @ 31
Ru/ g*dsuëv oh ohpph 6145/ rq d __Sd" +�S, A 3/ HE��

HE-� ? x +f,1
Fhfl hqwudñqh txh f :�$ d" +�S, hvw gìfurlvvdqwh/ rx hqfruh txh f :�$ D" +�S, hvw

furlvvdqwh1 Hq sduwlfxolhu/ rq d grqf D" +�S, � olpS<n"D" +�S, @ D�?�" 1
Qrxv qrxv lqwìuhvvrqv pdlqwhqdqw dx fdv rü oh wdx{ gh sdqqh � q*hvw sdv prqrwrqh1
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483 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh = fdv vhpl0pdunrylhq
Hq jìqìudo/ o*ìwxgh hvw doruv ehdxfrxs soxv frpsoltxìh hw lo q*hvw vrxyhqw sdv wuëv

idfloh gh grqqhu ghv frqglwlrqv vrxv ohvtxhoohv od srolwltxh gh pdlqwhqdqfh dpìolruh od
glvsrqlelolwì dv|pswrwltxh1 Pdojuì wrxw/ rq shxw wrxw gh píph hqylvdjhu ghx{ fdv rü lo
hvw srvvleoh g*hq grqqhu = oh fdv rü oh wdx{ gh sdqqh hvw wrxw g*derug gìfurlvvdqw sxlv
furlvvdqw hw oh fdv frqwudluh1

Oh suhplhu fdv hvw wuëv fodvvltxh hq �delolwì hw fruuhvsrqg dx{ idphxvhv �frxuehv hq
edljqrluh� = oh v|vwëph hvw wrxw g*derug gdqv xqh sìulrgh gh �urgdjh� hw d xq wdx{ gh
sdqqh gìfurlvvdqw/ sxlv lo uhqwuh gdqv od sìulrgh �xwloh� rü oh wdx{ gh sdqqh hvw ã shx suëv
frqvwdqw1 Hq�q/ oh v|vwëph uhqwuh gdqv od sìulrgh gh ��q gh ylh� rü oh wdx{ gh sdqqh hvw
furlvvdqw fdu oh v|vwëph ylhloolw1

Oh ghx{lëph fdv vh uhqfrqwuh sdu h{hpsoh oruvtxh od gxuìh gh irqfwlrqqhphqw gx v|v0
wëph shxw íwuh prgëolvìh sdu xqh orl Orj0qrupdoh +yrlu ¢6171816 fl0ghvvrxv,1 Uhpdutxrqv
tx*xq h{hpsoh suìflv mxvwl�dqw o*xwlolvdwlrq g*xqh whooh orl shxw íwuh wurxyì gdqv ^47`1 Xq
dxwuh h{hpsoh gh v|vwëph d|dqw xq wdx{ gh sdqqh wrxw g*derug furlvvdqw sxlv gìfurlvvdqw
hvw grqqì xq shx soxv orlq +yrlu h{hpsoh 6154 fl0ghvvrxv,1
Wkìruëph 614; Gdqv oh fdv rü G� @ G- =

41 V*lo h{lvwh ff A 3 who txh � hvw gìfurlvvdqw vxu ^3> ff` sxlv furlvvdqw vxu ^ff>.4^/
x dgphw doruv xqh olplwh �qlh srvlwlyh o txdqg f whqg yhuv .41 Od srolwltxh gh
pdlqwhqdqfh dpìolruh od glvsrqlelolwì dv|pswrwltxh vl hw vhxohphqw vl HE��

HE-� ? o1
Gdqv fh fdv/ lo h{lvwh xqh srolwltxh gh pdlqwhqdqfh rswlpdoh hw hooh hvw hvw rewhqxh
srxu � @ �SJR|/ rü fJR| hvw who txh x +fJR|, @ HE��

HE-� +píph uìvxowdw txh gdqv oh fdv
LIU,1

51 V*lo h{lvwh ff A 3 who txh � hvw furlvvdqw vxu ^3> ff` sxlv gìfurlvvdqw vxu ^ff>.4^/
od irqfwlrq x dgphw doruv xqh olplwh o txdqg f whqg yhuv .4 +dyhf ìyhqwxhoohphqw
o @ �4,1 Gh soxv =

� Vl o � 3/ lo h{lvwh n 5 ^o> 4^ +txh o*rq vdlw fdofxohu, who txh od srolwltxh gh
pdlqwhqdqfh dpìolruh od glvsrqlelolwì dv|pswrwltxh vl hw vhxohphqw vl HE��

HE-� ? n
+dyhf n @ o vl � +3, A �'8 E"�,1

� Vl o ? 3 =
� Vl � +3, A �'8 E"� / od srolwltxh gh pdlqwhqdqfh glplqxh od glvsrqlelolwì dv|ps0

wrwltxh1
� Vl � +3, � �'8 E"� / lo h{lvwh n 5`3> 4^ +txh o*rq vdlw fdofxohu, who txh od srolwltxh

gh pdlqwhqdqfh dpìolruh od glvsrqlelolwì dv|pswrwltxh vl hw vhxohphqw vl
HE��
HE-� ? n1

Gdqv oh fdv 51/ oruvtxh od srolwltxh gh pdlqwhqdqfh dpìolruh od glvsrqlelolwì dv|ps0
wrwltxh/ lo h{lvwh xqh srolwltxh gh pdlqwhqdqfh rswlpdoh hw hooh hvw rewhqxh srxu
� @ �SJR| dyhf fJR| @ plq

�
f A 3@x +f, @ HE��

HE-�
�
1

Gdqv wrxv ohv fdv/ +fdv 41 hw 51,/ oruvtx*hooh h{lvwh/ od glvsrqlelolwì dv|pswrwltxh rswl0
pdoh hvw oã hqfruh grqqìh sdu +6=73,1
Uhpdutxh 614< Uhpdutxrqv txh/ gdqv oh fdv 51/ od frqglwlrq o ? 3 vljql�h txh od gxuìh
gh irqfwlrqqhphqw gx v|vwëph frpsruwh xqh �lpsruwdqwh� sduwlh GIU1

G*dxwuh sduw/ �'8 E"� shxw íwuh lqwhusuíwì frpph oh wdx{ gh sdqqh gh od orl h{srqhqwlhooh
gh pr|hqqh 'I +4, @ H� +W ,/ gxuìh pr|hqqh gh irqfwlrqqhphqw gx v|vwëph dsuëv xq
uhgìpduudjh1
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617 Fdv jìqìudo 484
Vl o ? 3/ od frqglwlrq � +3, � �'8 E"� vljql�h doruv txh od srolwltxh gh pdlqwhqdqfh qh

shxw dpìolruhu od glvsrqlelolwì dv|pswrwltxh txh vl oh wdx{ gh sdqqh/ oruv gx uhgìpduudjh/
hvw soxv shwlw txh oh wdx{ gh sdqqh gh fhwwh orl h{srqhqwlhooh txl grqqhudlw od píph gxuìh
pr|hqqh gh irqfwlrqqhphqw1

Uhpdutxrqv dxvvl txh oruvtxh � +3, @ 3/ fh txl hvw dvvh} iuìtxhqw/ fhwwh frqglwlrq hvw
wrxmrxuv yìul�ìh1

Gìprqvwudwlrq1 Oã hqfruh/ g*dsuëv oh wkìruëph 6148/ lo vx!w gh frqvlgìuhu ohv pdlq0
whqdqfhv gìwhuplqlvwhv1 Udsshorqv g*dxwuh sduw txh/ g*dsuëv +6=74,/ x hw � ydulhqw gh od
píph idêrq hq irqfwlrq gh f1

41 Sdu k|srwkëvh/ � hvw gìfurlvvdqw vxu ^3> ff`1 Lo hq hvw grqf gh píph srxu x hw rq d
x +f, � x +3, @ 3/ srxu f � ff1
G*dsuëv oh ohpph 6145/ fhod lpsoltxh txh f :$ d" +�S, hvw gìfurlvvdqwh vxu ^3> ff`/
rx hqfruh txh f :$ D" +�S, hvw furlvvdqwh vxu ^3> ff`1
Rq hvw grqf udphqì ã rswlplvhu D" +�S, vxu ^ff>.4^1
Frpph � hvw furlvvdqw vxu ^ff>.4^/ od glvfxvvlrq hvw doruv od píph txh gdqv oh fdv
rü � hvw furlvvdqw +fi od gìprqvwudwlrq gx wkìruëph 6149,1

51 G*dsuëv ohv k|srwkëvhv hw +6=74,/ x dgphw xq pd{lpxp hq ff1 Gh soxv/ x ìwdqw
gìfurlvvdqwh vxu ^ff>.4^/ x dgphw xqh olplwh o +ìyhqwxhoohphqw ìjdoh ã �4, hq
.41
Qrxv glvwlqjxrqv pdlqwhqdqw gl�ìuhqwv fdv/ vxlydqw od sodfh gh HE��

HE-� sdu udssruw ã
x +ff, hw o +dyhf o � x +ff, fdu x hvw gìfurlvvdqwh vxu ^ff>.4^,1

+d, Vl x +ff, � HE��
HE-� / oh ohpph 6145 hqwudñqh doruv txh f :$ D" +�S, hvw furlvvdqwh

vxu Un hw od pdlqwhqdqfh glplqxh od glvsrqlelolwì dv|pswrwltxh1
+e, Vl 3 � HE��

HE-� � o/ vrlw fJR| @ plq
�
f A 3@x +f, @ HE��

HE-�
�
1

Rq rewlhqw doruv oh wdeohdx gh yduldwlrqv vxlydqw =
f 3 fJR| ff .4

( �ESf� )
x +f, HE��

HE-� o
f (

d" +�S, 4 @�?�"
) @"+BSJR|, (
( �"+BSJR|,

D" +�S, f ) ��?�"

Od irqfwlrq f :$ D" +�S, hvw grqf pd{lpdoh hq fJR|1
+f, Vxssrvrqv pdlqwhqdqw txh o ? HE��

HE-� ? x +ff,1
Vrlw doruv fJR| @ lqiif A 3@x +f, @ HE��

HE-� j hw f�JR| @ lqiif A ff@x +f, @ HE��
HE-� j1

Vrsklh Eorfk0Phuflhu 4; gìfhpeuh 5333



485 Xq prgëoh gh pdlqwhqdqfh suìyhqwlyh = fdv vhpl0pdunrylhq
Rq d doruv oh wdeohdx gh yduldwlrqv vxlydqw =

f 3 fJR| ff f�JR| .4
( �ESf� )

x +f, HE��
HE-�

HE��
HE-�

f ( ) ,
" @"

�
BS�JR|

�
)

d" +�S, ) @"+BSJR|, ( d�?�"
( �"+BSJR|, ( ��?�"

D" +�S, 3 ) �"
�
BS�JR|

�

Od pdlqwhqdqfh dpìolruh grqf od glvsrqlelolwì dv|pswrwltxh vl hw vhxohphqw vl
d" ��SJR|

� � d�?�" 1
Ru/ g*dsuëv +6=6<,/ rq vdlw txh =

d�?�" @ olpS<n" d" +�S, @ H +U,
'I +4,

1

Gh soxv/

d" ��SJR|
� @ H +U, � +fJR|,�

� 'I . �I
�
+fJR|,

+píph fdofxo txh srxu +6=68, ,

@ H +U, +4� x +fJR|,, � +fJR|, 1
Rq hq gìgxlw =

�d" ��SJR|
� � d�?�"

�/ � +fJR|, +4� x +fJR|,, � 4
'I +4,

1 +6175,

Sdu dloohxuv/ frpph o @ olpS<n" x +f, @ 4 � �
�E"�'8 E"� / rq d dxvvl �'8 E"� @

+4� o, � +4,1
Hq uhpsodêdqw gdqv +6=75,/ rq d pdlqwhqdqw =

d" ��SJR|
� � d�?�"

/ +4� x +fJR|,, � +fJR|, � +4� o, � +4, @ olpS<n" +4� x +f,, � +f,
/ y +fJR|, � o�/ +6176,

hq srvdqw y @ +4� x, � hw o� @ olpS<n" y +f, @ +4� o, � +4, @ �'8 E"� 1
Fhfl qrxv dpëqh ã ìwxglhu ohv yduldwlrqv gh od irqfwlrq y1
Udsshorqv srxu fhod txh

x @ 4� 4
'I � . �I

hw x� @
'I � ��'I � . �I

�2 @'I � � +4� x,2 1
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Rq rewlhqw doruv

y� @ � � +4� x,� 'I � � +4� x,2 �
@ � � +4� x,2

� 4
4� x�

'I �
�

@ � � +4� x,2 �I 1
y� hvw grqf gx vljqh gh � �1
Rq hq gìgxlw =

f 3 ff .4
y� +f, . 3 �
y +f, �EJ� ( ) ,�

G*rü od glvfxvvlrq =
Vl y +3, A o�/ doruv y +fJR|, A o� hw od pdlqwhqdqfh q*dpìolruh sdv od glvsrqlelolwì
dv|pswrwltxh +fi +6=76,,1
Vl y +3, � o�/ lo h{lvwh 3 � f� � ff who txh y +f�, @ o�1
Gdqv fh fdv/ od pdlqwhqdqfh dpìolruh od glvsrqlelolwì dv|pswrwltxh vl hw vhxoh0
phqw vl y +fJR|, � y +f�, dyhf 3 � f� � ff/ 3 ? fJR| � ff1
Frpph y hw x vrqw furlvvdqwhv vxu ^3> ff`/ fhfl hvw ìtxlydohqw ã x +fJR|, @ HE��

.E-� �
n @ x +f�,1
Uhpdutxrqv txh/ gdqv fh fdv/ n @ x +f�, 5`o> 4^ fdu HE��

.E-� A o gdqv oh fdv
frqvlgìuì/ hw x hvw vwulfwhphqw pdmruìh sdu 41

Hq uìvxpì/ qrxv rewhqrqv ohv uìvxowdwv vxlydqwv =
� Vl o � 3 = od pdlqwhqdqfh hvw xwloh vl 3 � HE��

HE-� � o +fdv +e,, rx vl +y +3, � o� hw
HE��
.E-� � x +f�,/ fdv +f,,1
Hq idlvdqw od v|qwkëvh gh fhv ghx{ fdv/ od pdlqwhqdqfh hvw grqf xwloh vl HE��

HE-� � n
dyhf n @ o vl y +3, A o� hw n @ x +f�, 5`o> 4^ vlqrq1

� Vl o ? 3 = od pdlqwhqdqfh hvw xwloh vl y +3, � o� hw HE��
HE-� � n dyhf n @ x +f�, 5`3> 4^1

Hq uhpdutxdqw txh y +3, @ � +3, hw vh vrxyhqdqw txh o� @ �'8 E"� / rq rewlhqw doruv ohv
uìvxowdwv dqqrqfìv1

Qrxv grqqrqv pdlqwhqdqw txhotxhv h{hpsohv g*xwlolvdwlrq ghv uìvxowdwv gh fh sdud0
judskh1
H{hpsoh 6153 Qrxv frqvlgìurqv lfl xq v|vwëph gh w|sh �n vxu q� +fi ¢4161814, frpsru0
wdqw q frpsrvdqwv lghqwltxhv hw lqgìshqgdqwv/ gh wdx{ gh sdqqh � hw gh wdx{ gh uìsdudwlrq
�/ frqvwdqwv +uìsdudeohv shqgdqw txh oh v|vwëph irqfwlrqqh,1

Oruvtxh oh v|vwëph hvw wrpeì hq sdqqh/ rq uìsduh wrxv ohv frpsrvdqwv1 Od gxuìh gh od
uìsdudwlrq vxlw xqh orl jìqìudoh/ gh pr|hqqh H +U,1

Fh w|sh gh v|vwëph d ìwì odujhphqw ìwxglì gdqv od olwwìudwxuh hw rq vdlw/ hq sduwlfxolhu/
txh oh wdx{ gh sdqqh � dsuëv xq uhgìpduudjh +gx prlqv gdqv o*ìwdw 4, hvw furlvvdqw +yrlu
^69` sdu h{hpsoh,1

Xqh rsìudwlrq gh pdlqwhqdqfh uhphw oh v|vwëph gdqv o*ìwdw gh pdufkh sduidlwh hw gxuh
hq pr|hqqh H +P,1
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Srxu xq v|vwëph gh w|sh 6 vxu 8 hw � @ 7/ � @ 6/ rq rewlhqw doruv/ g*dsuëv oh wkìruëph

6149/ txh od srolwltxh gh pdlqwhqdqfh dpìolruh od glvsrqlelolwì dv|pswrwltxh vl hw vhxohphqw
vl HE��

HE-� ? o @ olpS<n" x +f, * 3> 67::1 Gh soxv/ srxu H +U, @ 3=48 hw H +P, @ HE-�
�f / rq

d =
D�?�" * 3> 9498/ fJR| * 3> 3:33 hw D" ��SJR|

� * 3> :4;71
Dyhf ohv píphv grqqìhv qxpìultxhv hw oh fdv g*xq v|vwëph 4 vxu 8 +f*hvw0ã0gluh oh fdv

gh frpsrvdqwv hq sdudooëoh,/ rq rewlhqw =
o * 3=47;;/ D�?�" * 3> <439/ fJR| * 3> 6643 hw D" ��SJR|

� * 3> <55<1
H{hpsoh 6154 Rq frqvlgëuh lfl xq v|vwëph irupì gh wurlv frpsrvdqwv lghqwltxhv hw lq0
gìshqgdqwv/ qrq uìsdudeohv shqgdqw txh oh v|vwëph irqfwlrqqh/ gh wdx{ gh sdqqh frqvwdqw
�1 Od vwuxfwxuh gx v|vwëph hvw grqqìh sdu oh vfkìpd vxlydqw1

Oruvtxh oh v|vwëph hvw wrpeì hq sdqqh/ rq uìsduh wrxv ohv frpsrvdqwv1 Od gxuìh gh od
uìsdudwlrq vxlw xqh orl jìqìudoh/ gh pr|hqqh H +U,1

Gh od píph idêrq/ rq vxssrvh tx*xqh rsìudwlrq gh pdlqwhqdqfh uhphw oh v|vwëph gdqv
o*ìwdw gh pdufkh sduidlwh hw gxuh hq pr|hqqh H +P,1

Rq vh sodfh gdqv oh fdv rü � @ 531
Ohv yduldwlrqv gx wdx{ � hq irqfwlrq gx whpsv f vrqw doruv grqqìhv sdu od �jxuh 6148

fl0ghvvrxv1
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Iljxuh 61481 Wdx{ gh sdqqh � Iljxuh 61491 D" +�S, hq irqfwlrq gh f1
Fhwwh �jxuh prqwuh txh qrxv vrpphv gdqv oh fdguh g*dssolfdwlrq gx wkìruëph 614;/

srlqw 51 Rq fdofxoh doruv od olplwh o gh od irqfwlrq x hq .4/ txl ydxw lfl o * 3=475< A 31 Gh
soxv/ frpph � +3, @ 3 ? �'8 E"� / rq gìwhuplqh doruv f� hw n @ x +f�,/ frpph lqgltxì gdqv
od gìprqvwudwlrq gx wkìruëph 614;1 Rq rewlhqw dlqvl txh od srolwltxh gh pdlqwhqdqfh
dpìolruh od glvsrqlelolwì dv|pswrwltxh vl hw vhxohphqw vl HE��

HE-� ? n * 3=53;41
Hq sduwlfxolhu/ srxu H +U, @ 3=348 hw H +P, @ HE-�

�D @ 3=334/ ohv yduldwlrqv gh D" +�S,
hq irqfwlrq gh f vrqw grqqìhv sdu od �jxuh 6149 fl0ghvvxv1

Rq rewlhqw sdu dloohxuv =
D�?�" * 3=:<88/ fJR| * 3=3466 hw D" ��SJR|

� * 3=;7851
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H{hpsoh 6155 Gdqv fh ghuqlhu h{hpsoh/ qrxv frqvlgìurqv xq v|vwëph grqw o*ìyroxwlrq
hvw prgìolvìh sdu xq surfhvvxv vhpl0pdunrylhq ã ydohxuv gdqv i4> 5> 6> 7j/ rü 4/ 5/ 6 vrqw
ohv ìwdwv gh pdufkh hw 7 o*ìwdw gh sdqqh1 Qrxv vxssrvrqv txh oh qr|dx vhpl0pdunrylhq hvw
grqqì sdu

+t +l> m> gw,, @

5
997

3 �ei� +w, gw 3 �ei� +w,gw3 3 i2 +w,gw 3
3 3 3 i� +w,gw

t +7> 4> gw, 3 3 3

6
::8

rü i�/ i2 hw i� uhsuìvhqwhqw ohv ghqvlwìv uhvshfwlyhv ghv gxuìhv sdvvìhv gdqv fkdfxq ghv
wurlv ìwdwv hw txh fhv gl�ìuhqwhv gxuìhv vxlyhqw ghv orlv JDPPD1

Oruvtxh oh v|vwëph uhgìpduuh/ rq frqvwdwh vxu fhwwh pdwulfh tx*lo d xqh suredelolwì gh �egh wrpehu gluhfwhphqw hq sdqqh dsuëv vrq sdvvdjh gdqv o*ìwdw 41 Rq shxw doruv frqvlgìuhu
fhwwh sìulrgh frpph xqh sìulrgh gh �urgdjh�/ rx gh �uhplvh hq urxwh� gx v|vwëph1 Hq
uhydqfkh/ oruvtxh oh v|vwëph d uìxvvl ã dwwhlqguh o*ìwdw 5/ lo qh shxw wrpehu hq sdqqh tx*hq
sdvvdqw sdu o*ìwdw 6/ soxv gìjudgì1

Qxpìultxhphqw/ rq suhqg =
� i� @ ghqvlwì gh �+4> 4=4,/ +gh pr|hqqh @ 4=4,/
� i2 @ ghqvlwì gh �+4;> ;=5,/ +gh pr|hqqh @ 47:=9,/
� i� @ ghqvlwì gh �+58> 3=4,/ +gh pr|hqqh @ 5=8,1
� H +U, @ 431
Ohv yduldwlrqv gx wdx{ � hw gh od irqfwlrq x hq irqfwlrq gx whpsv vrqw doruv grqqìhv

sdu ohv �jxuhv 614: hw 614; fl0ghvvrxv1
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Iljxuh 614:1 Wdx{ gh sdqqh � Iljxuh 614;1 Irqfwlrq x
hq irqfwlrq gx whpsv1 hq irqfwlrq gx whpsv1

Rq frqvwdwh lfl txh oh wdx{ d xqh uhsuìvhqwdwlrq judskltxh hq �edljqrluh�/ frpsruwh0
phqw dvvh} iuìtxhqw/ frpph qrxv o*dyrqv gìmã vljqdoì mxvwh dydqw oh wkìruëph 614;1

Vxssrvrqv pdlqwhqdqw tx*xqh rsìudwlrq gh pdlqwhqdqfh uhphwwh oh v|vwëph gdqv o*ìwdw
gh pdufkh sduidlwh hw gxuh hq pr|hqqh H +P,1

G*dsuëv fh píph wkìruëph/ od srolwltxh gh pdlqwhqdqfh dpìolruh doruv od glvsrqlelolwì
dv|pswrwltxh vl hw vhxohphqw vl HE��

.E-� ? o * 3=<1
Hq sduwlfxolhu/ srxu H +P, @ 4/ ohv yduldwlrqv gh D" +�S, vrqw grqqìhv sdu od �jxuh

614</ fl0ghvvrxv1
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Iljxuh 614<1 D" +�S, hq irqfwlrq gh f1
Gh soxv/ rq rewlhqw lfl =

D�?�" @ 3=<4<476/ fJR| @ 436=5; hw DJR|" @ 3=<873661
Qrxv qrxv lqwìuhvvrqv pdlqwhqdqw dx fdv sduwlfxolhu rü lo q*| d tx*xq vhxo ìwdw gh

pdufkh +p @ 4,1 Wrxv ohv uhgìpduudjhv vh irqw grqf qìfhvvdluhphqw gdqv fh píph ìwdw hw
qrxv srxyrqv dssoltxhu ohv gl�ìuhqwv uìvxowdwv rewhqxv fl0ghvvxv gdqv oh fdv rü G� @ G-1

6171816 Fdv rü lo q*| d tx*xq vhxo ìwdw gh pdufkh
Frpph qrxv o*dyrqv lqgltxì gdqv o*lqwurgxfwlrq/ ohv lqgxvwulhov prgëolvhqw iuìtxhp0

phqw od gxuìh gh ylh g*xq v|vwëph ã o*dlgh g*xqh xqltxh orl/ hq jìqìudo fkrlvlh sdupl
txhotxhv orlv xvxhoohv/ fh txl uhylhqw hq idlw ã prgìolvhu o*ìyroxwlrq gh ohxu v|vwëph sdu
xq surfhvvxv vhpl0pdunrylhq dyhf xq vhxo ìwdw gh pdufkh +pdlv ìyhqwxhoohphqw soxvlhxuv
ìwdwv gh sdqqh,1

Qrxv qrxv sodêrqv lfl gdqv fh fdguh +p @ 4, hw qrxv frqvlgìurqv txhotxhv xqhv gh fhv
orlv fodvvltxhv/ xwlolvìhv srxu prgìolvhu od gxuìh gh ylh g*xq v|vwëph1

Qrxv qh mxvwl�rqv sdv o*xwlolvdwlrq gh whoohv orlv1 Oh ohfwhxu lqwìuhvvì shxw wrxyhu ghv
ìoìphqwv gh uìsrqvh gdqv o*rxyudjh gh M1O1 Erq ^47` srxu ohv orlv Jdppd/ Zhlexoo hw
Orj0qrupdoh +dlqvl txh g*dxwuhv,1 Rq shxw dxvvl frqvxowhu ^9`/ rü Eduorz hw Survfkdq
frqvlgëuhqw ohv píphv orlv/ dlqvl tx*xqh prgl�fdwlrq gh od orl ghv h{wuíphv gh Jxpehoo
gh w|sh L/ tx*lov dsshoohqw �orl ghv ydohxuv h{wuíphv prgl�ìh�1

Srxu fkdfxqh gh fhv orlv/ qrxv frpphqêrqv sdu udsshohu +vdqv gìprqvwudwlrq, oh frp0
sruwhphqw gx wdx{ gh sdqqh gx v|vwëph hq irqfwlrq gx whpsv1 D o*dlgh ghv uìvxowdwv gx
sdudjudskh suìfìghqw/ qrxv hq gìgxlvrqv ghv frqglwlrqv qìfhvvdluhv hw vx!vdqwhv srxu txh
od srolwltxh gh pdlqwhqdqfh dpìolruh od glvsrqlelolwì dv|pswrwltxh/ f*hvw0ã0gluh srxu tx*lo
h{lvwh xqh orl � whooh txh D" +�, A D�?�" 1
Sursrvlwlrq 6156 41 Fdv rü od orl gh gìidloodqfh hvw od orl �+�> �, =

Fhwwh orl hvw LIU vl hw vhxohphqw vl � � 41
Od srolwltxh gh pdlqwhqdqfh dpìolruh od glvsrqlelolwì dv|pswrwltxh vl hw vhxohphqw
vl � A 4 hw HE��

HE-� ? k3�k 1
51 Fdv rü od orl gh gìidloodqfh hvw od orl gh Zhlexoo Z +�> �, =

Fhwwh orl hvw LIU vl hw vhxohphqw vl � � 41
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Od srolwltxh gh pdlqwhqdqfh dpìolruh od glvsrqlelolwì dv|pswrwltxh vl hw vhxohphqw
vl � A 4 hw HE��

HE-� ? 41
61 Fdv rü od orl gh gìidloodqfh hvw od orl ghv ydohxuv h{wuíphv prgl�ìh/ gh ghqvlwì i +w, @

�
b h{s

�
�e|3�b . w

�
vxu Un dyhf � A 3 +fi ^9`, =

Fhwwh orl hvw wrxmrxuv LIU1
Od srolwltxh gh pdlqwhqdqfh dpìolruh od glvsrqlelolwì dv|pswrwltxh vl hw vhxohphqw
vl HE��

HE-� ? 41
71 Fdv rü od orl gh gìidloodqfh hvw od orl orj0qrupdoh OQ +p>�, gh ghqvlwì i +w, @

�
|jI2Z h{s

�
� E*?E|�36�2

2j2
�

vxu UWn dyhf � A 3/ p 5 U =
Oh wdx{ gh sdqqh � hvw g*derug furlvvdqw sxlv gìfurlvvdqw1
Rq d sdu dloohxuv o @ �4/ � +3, @ 31
Lo h{lvwh 3 ? n ? 4 who txh od srolwltxh gh pdlqwhqdqfh dpìolruh od glvsrqlelolwì
dv|pswrwltxh vl hw vhxohphqw vl HE��

HE-� ? n +rü n shxw íwuh fdofxoì dyhf od pìwkrgh
grqqìh gdqv od gìprqvwudwlrq gx wkìruëph 614;,1

Gìprqvwudwlrq1
41 Srxu � A 4/ od orl ìwdqw LIU +vwulfwhphqw,/ rq shxw dssoltxhu oh wkìruëph 61491

Fdofxorqv doruv o @ olpS<n" x +f,1
Rq d lfl =

o @ olpS<n"

#
4� 4

'I +f, � +f, . �I +f,

$

@ 4� 4
�� � �q . 3 @ �� 4

� 1

51 Gh od píph idêrq/ fdofxorqv o oruvtxh � A 41

o @ 4� 4
��

�
4 . �

q
�
�4. 3

@ 41

61 Rq d lfl = � +f, @ eSb +fi ^9`, hw

o @ 4� 4
H� +��,�4. 3 @ 4 fdu H� +��, ? .41

71 Rq vdlw txh oh wdx{ gh sdqqh � hvw g*derug furlvvdqw sxlv gìfurlvvdqw +fi ^47` sdu
h{hpsoh,1
Uhpdutxrqv sdu dloohxuv txh od ghqvlwì i q*hvw lfl frqwlqxh txh vxu UnW / hw qrq sdv
vxu Un frpph qrxv o*dyrqv vxssrvì gdqv wrxw oh sdudjudskh 6171
Uhjdugrqv doruv od olplwh gh fhwwh ghqvlwì hq 31

olpS<fn i +f, @ olpS<fn
4

f�s5� h{s
#
�+oq +f,�p,2

5�2
$

@ 4
�s5� olpS<fn h{s

#
�+oq +f,�p,2

5�2 � oq +f,
$
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fdu �S @ h{s +� oq +f,,1
G*rü =

olpS<fn i +f, @ 4
�s5� olpS<fn h{s

�
� oq +f,

� oq +f,� 5p
5�2 . 4

�
� p2

5�2
�

@ 31 +6177,
Txlwwh ã srvhu i +3, @ 3/ rq shxw grqf vxssrvhu txh i hvw frqwlqxh vxu Un1
Rq shxw doruv dssoltxhu oh wkìruëph 614;1
Srxu fhod/ lo qrxv idxw gìwhuplqhu od olplwh o gh x hq .41 Qrxv frpphqêrqv sdu
ìwxglhu fhooh gh � 1
Vl !/ � hw ��Efc�� gìvljqhqw uhvshfwlyhphqw od ghqvlwì/ od irqfwlrq gh uìsduwlwlrq hw
oh wdx{ gh kdvdug gh od orl qrupdoh fhqwuìh uìgxlwh/ rq d doruv =

� +f, @
�

SjI2Z h{s
�
�E*?ES�36�2
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�
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�
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1

dyhf oh fkdqjhphqw gh yduldeohv x @ *?E|�36
j / gx @ _|

|j 1
Rq hq gìgxlw =

� +f, @ 4
f

!
� *?ES�36

j
�

4��
� *?ES�36

j
� @ 4

f��Efc��
� oq +f,�p

�
�
1

Sdu dloohxuv/ g*dsuëv ^47`/ ¢61518/ rq vdlw txh ��Efc�� +w, @n" w. r +w,1
Rq hq gìgxlw =

� +f, @n"
4
f
� oq +f,�p

� . r +oq +f,,
�

sxlv
olpS<n" � +f, @ 3n1

Frpph olpS<n"
'I +f, @ h{s

�
p. j22

�
? .4/ rq rewlhqw doruv

o @ olpS<n"

#
4� 4

'I � . �I
+f,
$

@ �41

Sdu dloohxuv/ olpS<fn � +f, @ olpS<fn i +f, @ 3 g*dsuëv +6=77,1
Wrxw vh sdvvh grqf frpph vl qrxv dylrqv � +3, @ 3 hw od frqglwlrq � +3, � �'8 E"� gx
wkìruëph 614; hvw yìul�ìh1
Lo h{lvwh doruv n 5`3> 4^ +txh o*rq vdlw fdofxohu, who txh od pdlqwhqdqfh dpìolruh od
glvsrqlelolwì dv|pswrwltxh vl hw vhxohphqw vl HE��

HE-� � n1
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Qrxv grqqrqv pdlqwhqdqw txhotxhv h{hpsohv g*xwlolvdwlrq gh fhv uìvxowdwv1

H{hpsoh 6157 Qrxv frqvlgìurqv lfl xq v|vwëph grqw o*ìyroxwlrq hvw prgìolvìh sdu xq
surfhvvxv vhpl0pdunrylhq ã ghx{ ìwdwv = xq ìwdw gh pdufkh +4, hw xq ìwdw gh sdqqh +5,1
Rq vxssrvh txh od gxuìh gh irqfwlrqqhphqw vxlw od orl orj0qrupdoh OQ +p>�, dyhf p @ 8/
� @ 41 Xqh uìsdudwlrq gxuh hq pr|hqqh H +U, @ 431

Ohv yduldwlrqv gx wdx{ � hq irqfwlrq gx whpsv vrqw doruv grqqìhv sdu od �jxuh 6153
fl0ghvvrxv1
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Iljxuh 61531 Wdx{ gh sdqqh � Iljxuh 61541 D" +�S, hq irqfwlrq gh f1
hq irqfwlrq gx whpsv1

G*dsuëv od sursrvlwlrq 6156/ rq vdlw doruv txh od srolwltxh gh pdlqwhqdqfh dpìolruh
od glvsrqlelolwì dv|pswrwltxh vl hw vhxohphqw vl HE��

HE-� ? n * 3=3:3:1

Hq sduwlfxolhu/ srxu H +P, @ 3=34� H +U, @ 3=4/ ohv yduldwlrqv gh D" +�S, vrqw doruv
grqqìhv sdu od �jxuh 6154/ fl0ghvvxv1

Rq rewlhqw sdu dloohxuv =
D�?�" @ 3=<93:/ fJR| @ 44=8; hw DJR|" @ 3=<;9<1

H{hpsoh 6158 Qrxv frqvlgìurqv xq v|vwëph vhpeodeoh ã fhoxl gh o*h{hpsoh suìfìghqw/ plv
ã sduw oh idlw txh od gxuìh gh irqfwlrqqhphqw vxlw pdlqwhqdqw od �orl ghv ydohxuv h{wuíphv
prgl�ìh� +fdv 61 gh od sursrvlwlrq 6156, dyhf � @ 41 Rq suhqg sdu dloohxuv H +U, @ 3=41

Ohv yduldwlrqv gx wdx{ � hq irqfwlrq gx whpsv vrqw doruv grqqìhv sdu od �jxuh 6155
fl0ghvvrxv1
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Iljxuh 61551 Wdx{ gh sdqqh � Iljxuh 61561 D" +�S, hq irqfwlrq gh f1
hq irqfwlrq gx whpsv1

Rq vdlw gdqv fh fdv txh od srolwltxh gh pdlqwhqdqfh dpìolruh od glvsrqlelolwì dv|pswr0
wltxh vl hw vhxohphqw vl HE��

HE-� ? 41
Rq suhqg lfl H +P, @ 3=4� H +U, @ 3=41
Ohv yduldwlrqv gh D" +�S, vrqw doruv grqqìhv sdu od �jxuh 6156/ fl0ghvvxv1
Rq rewlhqw sdu dloohxuv =

D�?�" @ 3=;897/ fJR| @ 3=7737 hw DJR|" @ 3=;::61
Dlqvl/ oruvtxh qrv fulwëuhv vrqw dssolfdeohv/ lo hvw idfloh gh vdyrlu vl od pdlqwhqdqfh

dpìolruh rx qrq od glvsrqlelolwì dv|pswrwltxh1 Gh soxv/ rq rewlhqw dxvvl dlvìphqw o*lqvwdqw
rswlpdo srxu pdlqwhqlu oh v|vwëph dlqvl txh od glvsrqlelolwì dv|pswrwltxh dvvrflìh1

Qrxv grqqrqv pdlqwhqdqw xq ghuqlhu h{hpsoh txl prqwuh txh/ píph vl ehdxfrxs gh
v|vwëphv rqw xq wdx{ gh sdqqh txl uhqwuh gdqv qrwuh fdguh g*ìwxgh/ oruvtxh o*ìyroxwlrq gx
v|vwëph hvw prgìolvìh sdu xq surfhvvxv vhpl0pdunrylhq d|dqw soxv g*xq ìwdw gh pdufkh/
qrv fulwëuhv qh vrqw pdojuì wrxw sdv wrxmrxuv dssolfdeohv111

6171817 Xq ghuqlhu h{hpsoh
Qrxv frqvlgìurqv lfl xq v|vwëph grqw o*ìyroxwlrq hvw prgìolvìh sdu xq surfhvvxv vhpl0

pdunrylhq suhqdqw vhv ydohxuv gdqv i4> 5> 6j1 �4� hw �5� uhsuìvhqwhqw ohv ìwdwv gh pdufkh/
�6�/ o*ìwdw gh sdqqh1 Oh qr|dx vhpl0pdunrylhq hvw grqqì sdu =

+t�c� +gw,, @
3
C

3 �2�+��> ��, �2�+��> ��,�2�+�2> �2, 3 �2�+�2> �2,t +6> 4> gw, 3 3

4
D 1

G*dsuëv fh qr|dx/ rq d G- +4, @ 4 hw ohv uìsdudwlrqv vrqw frpsoëwhv1
Gh od píph idêrq/ rq vxssrvh tx*xqh rsìudwlrq gh pdlqwhqdqfh uhphw dxvvl oh v|vwëph

gdqv o*ìwdw 4 hw tx*hooh gxuh hq pr|hqqh H +P,1
Srxu �� @ :/ �� @ 4/ �2 @ 9 hw �2 @ 5/ o*ìyroxwlrq gx wdx{ hw gh od irqfwlrq x hq

irqfwlrq gx whpsv vrqw grqqìhv sdu ohv �jxuhv 6157 hw 61581
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Iljxuh 61571 Wdx{ � Iljxuh 61581 x hq irqfwlrq gx whpsv/
hq irqfwlrq gx whpsv f1 frpsdudlvrq dyhf HE��

HE-� @ 4@: +hq srlqwlooì,1

G*dsuëv fhv �jxuhv/ qrxv qh vrpphv fodluhphqw soxv gdqv oh fdguh g*dssolfdwlrq gh
qrwuh wudydlo111 Pdojuì wrxw/ vl rq wudfh od glvsrqlelolwì dv|pswrwltxh D" +�S, hq irqfwlrq
gh f srxu H +U, @ 6 hw HE��

HE-� @ 4@: * 3=476/ rq v*dshuêrlw txh od pdlqwhqdqfh dpìolruh od
glvsrqlelolwì dv|pswrwltxh =
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Iljxuh 61591 D" +�S, hq irqfwlrq gh f1
Dsuëv rswlplvdwlrq/ rq rewlhqw sdu dloohxuv =

D�?�" * 3=::5:/ fJR| * 4=69<: hw D" ��SJR|
� * 3=;4;<1

Dlqvl/ píph oruvtxh qrv fulwëuhv qh vrqw sdv dssolfdeohv/ rq shxw pdojuì wrxw rswl0
plvhu od srolwltxh gh pdlqwhqdqfh gh idêrq qxpìultxh/ gx prlqv oruvtxh od srolwltxh gh
pdlqwhqdqfh dpìolruh od glvsrqlelolwì dv|pswrwltxh1

618 Frqfoxvlrq
Qrxv dyrqv ìwxglì/ gdqv fh fkdslwuh/ xqh srolwltxh gh pdlqwhqdqfh suìyhqwlyh dssoltxìh

ã xq v|vwëph grqw o*ìyroxwlrq hvw gìfulwh sdu xq surfhvvxv vhpl0pdunrylhq1
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Qrxv dyrqv vìsduì qrwuh ìwxgh hq ghx{ sduwlhv/ o*xqh frqvdfuìh dx fdv sduwlfxolhu rü

oh whpsv g*dwwhqwh gh od pdlqwhqdqfh vxlydlw xqh orl h{srqhqwlhooh/ o*dxwuh dx fdv jìqìudo1
Gdqv fhv ghx{ sduwlhv/ qrxv dyrqv ìwxglì o*dssruw gh od pdlqwhqdqfh hw fkhufkì ã

rswlplvhu od glvsrqlelolwì dv|pswrwltxh gx v|vwëph pdlqwhqx1
Gdqv oh fdv h{srqhqwlho/ fhwwh ìwxgh d ìwì h�hfwxìh gh idêrq qxpìultxh1 Hq h�hw/ od

irupxoh txh qrxv dyrqv rewhqxh srxu od glvsrqlelolwì dv|pswrwltxh gdqv fh fdv q*hvw jxëuh
idfloh ã h{sorlwhu g*xq srlqw gh yxh wkìrultxh/ gx idlw gh od suìvhqfh gh od orl vwdwlrq0
qdluh �� gh od fkdñqh gh Pdunry dvvrflìh dx surfhvvxv vhpl0pdunrylhq +]|,1 Hq uhydqfkh/
ohv whfkqltxhv vhpl0pdunrylhqqhv txh qrxv dyrqv xwlolvìhv gdqv fh fdv qrxv rqw shuplv
gh fdofxohu od glvsrqlelolwì lqvwdqwdqìh gx v|vwëph pdlqwhqx1 Hq sduwlfxolhu/ qrxv dyrqv
frpsduì vxu ghx{ h{hpsohv ohv glvsrqlelolwìv lqvwdqwdqìhv gx v|vwëph lqlwldo hw gx v|v0
wëph vrxplv ã od srolwltxh rswlpdoh srxu od glvsrqlelolwì dv|pswrwltxh1 Qrxv dyrqv dlqvl
frqvwdwì txh od srolwltxh rswlpdoh hq uìjlph vwdwlrqqdluh glplqxdlw od glvsrqlelolwì lqvwdq0
wdqìh oruvtxh w ìwdlw shwlw +gx prlqv srxu ohv ghx{ h{hpsohv ìwxglìv,1 Oruvtxh o*krul}rq
hvw �ql/ lo idxw grqf idluh dwwhqwlrq ã pdlqwhqlu ã erq hvflhqw hw/ oh fdv ìfkìdqw/ surfìghu ã
xqh rswlplvdwlrq gh od glvsrqlelolwì ã xq lqvwdqw w �{ì1 Uhpdutxrqv dxvvl txh/ gdqv fh fdv/
lo vhudlw shxw0íwuh suìiìudeoh g*xwlolvhu od glvsrqlelolwì pr|hqqh vxu o*lqwhuydooh gh whpsv
^3> w`

��|
U |
f D�gx

�
soxw÷w txh od glvsrqlelolwì lqvwdqwdqìh D| +qrwlrqv txl vh frqirqghqw vxu

xq krul}rq lq�ql,1
Gdqv oh fdv jìqìudo/ f*hvw0ã0gluh oh fdv rü od orl � gx whpsv g*dwwhqwh gh od pdlqwhqdqfh

hvw txhofrqtxh/ qrxv dyrqv wrxw g*derug revhuyì vxu txhotxhv h{hpsohv/ sxlv gìprqwuì
gdqv oh fdv sduwlfxolhu rü G� @ G-/ txh o*rq srxydlw uhvwuhlqguh o*rswlplvdwlrq gh od
glvsrqlelolwì dv|pswrwltxh dx{ vhxov whpsv g*dwwhqwh gh od pdlqwhqdqfh gh w|sh gìwhupl0
qlvwh1 Qrxv dyrqv doruv grqqì xq fhuwdlq qrpeuh gh fulwëuhv srxu vdyrlu v*lo h{lvwh xqh
srolwltxh gh pdlqwhqdqfh +xqltxhphqw gìwhuplqlvwh gdqv oh fdv G� 9@ G-, txl dpìolruh
od glvsrqlelolwì dv|psrwltxh1 Hq sduwlfxolhu/ qrxv dyrqv ìwxglì txhotxhv frpsruwhphqwv
srvvleohv srxu oh wdx{ gh sdqqh dsuëv uhgìpduudjh1 Plv ã sduw oh fdv GIU/ qrxv dyrqv
rewhqx gdqv wrxv ohv dxwuhv fdv xq vhxlo idflohphqw fdofxodeoh srxu HE��

HE-� / dx0ghvvxv gxtxho
lo hvw lqxwloh +hw píph qxlvleoh, gh pdlqwhqlu oh v|vwëph1 Oh fdv ìfkìdqw/ qrxv dyrqv dxvvl
gìwhuplqì od srolwltxh gh pdlqwhqdqfh rswlpdoh/ dlqvl txh od glvsrqlelolwì dv|pswrwltxh
dvvrflìh1

Oruvtxh qrv fulwëuhv qh vrqw sdv dssolfdeohv/ píph v*lo q*hvw doruv jxëuh idfloh gh irxuqlu
xq vhxlo srxu HE��

HE-� srxu vdyrlu v*lo hvw rssruwxq rx qrq gh pdlqwhqlu/ rq shxw pdojuì wrxw
rswlplvhu od srolwltxh gh pdlqwhqdqfh gh idêrq qxpìultxh1 Gdqv oh fdv rü G� @ G-/ fhwwh
rswlplvdwlrq hvw judqghphqw idflolwìh sdu oh idlw txh qrxv vdyrqv srxyrlu qrxv uhvwuhlqguh
dx{ vhxohv orlv gìwhuplqlvwhv +f*hvw oh fdv gh o*h{hpsoh 6171817,1 Hq uhydqfkh/ gdqv oh fdv
jìqìudo +G� 9@ G-,/ lo idxw d sulrul frqvlgìuhu ghv orlv � txhofrqtxhv/ fh txl frpsoltxh
qrwdeohphqw od wåfkh1 +Qrxv dyrqv fkrlvl lfl gh suhqguh ghv orlv JDPPD/ fi ohv ghx{
h{hpsohv gx sdudjudskh 6171714,1

Hq�q/ udsshorqv oh skìqrpëqh txh qrxv dyrqv sx revhuyì vxu txhotxhv h{hpsohv/ ã
vdyrlu txh/ oruvtxh o*rq qh pdlqwlhqw sdv ã o*lqvwdqw rswlpdo +vrlw srxu ghv udlvrqv whfk0
qltxhv/ vrlw sdufh txh fhw lqvwdqw hvw pdo gìwhuplqì,/ lo shxw íwuh suìiìudeoh g*xwlolvhu
xq whpsv g*dwwhqwh soxv glvshuvì tx*xq whpsv g*dwwhqwh gìwhuplqlvwh +ã pr|hqqh ìjdoh,1
Hq sudwltxh/ ohv v|vwëphv ìwdqw vrxyhqw wuëv frpsoltxìv hw ohv prgìolvdwlrqv tx*dssur{l0
pdwlyhv/ o*lqvwdqw rswlpdo gh pdlqwhqdqfh q*hvw txh uduhphqw gìwhuplqì gh idêrq suìflvh
+f*hvw soxw÷w o*h{sìulhqfh txl frqgxlw ohv lqgxvwulhov ã suìyrlu ohv sodqv g*hqwuhwlhq,1 Fhod
vljql�h txh/ gdqv fh fdv/ lo shxw v*dyìuhu suìiìudeoh gh pdlqwhqlu oh v|vwëph ã xq lqvwdqw
doìdwrluh1 Dlqvl/ vl oh fduqhw g*hqwuhwlhq g*xqh yrlwxuh suìyrlw xqh uìylvlrq dx erxw gh 43
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333 np/ fh q*hvw qrq vhxohphqw sdv wuëv judyh pdlv shxw0íwuh suìiìudeoh gh qh od idluh
tx*dx{ hqylurqv gh 43 333 np111
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Frqfoxvlrq
Qrxv dyrqv hvvd|ì gh yrlu/ gdqv fhwwh wkëvh/ frpphqw dpìolruhu od glvsrqlelolwì dv|ps0

wrwltxh g*xq v|vwëph uìsdudeoh1

Oruvtxh o*rq shxw uìsduhu soxv rx prlqv frpsoëwhphqw oh v|vwëph oruv g*xqh sdqqh/
qrxv dyrqv yx/ gdqv oh suhplhu fkdslwuh/ txh oh fkrl{ gx ghjuì gh uìsdudwlrq lq xdlw
vxu fhwwh glvsrqlelolwì dv|pswrwltxh1 Qrxv qrxv vrpphv doruv dwwdfkì/ g*xqh sduw/ ã od
uhfkhufkh gh od phloohxuh idêrq gh uìsduhu oh v|vwëph/ g*dxwuh sduw/ ã fdudfwìulvhu ohv
v|vwëphv srxu ohvtxhov ohv uìsdudwlrqv frpsoëwhv vrqw rswlpdohv/ f*hvw0ã0gluh ohv v|vwëphv
grqw wrxv ohv frpsrvdqwv vrqw uìhoohphqw xwlohv ã od glvsrqlelolwì dv|pswrwltxh rswlpdoh1
Gdqv fh vhqv/ ohv frqglwlrqv txh qrxv dyrqv rewhqxhv shxyhqw dxvvl íwuh xwlohv dx qlyhdx gh
od frqfhswlrq g*xq v|vwëph/ hq vhuydqw gh jxlgh txdqw dx fkrl{ ghv uhgrqgdqfhv ã lqvwdoohu1

Gdqv ohv ghx{ fkdslwuhv vxlydqwv/ qrxv dyrqv ìwxglì ghx{ srolwltxhv gh pdlqwhqdqfh
suìyhqwlyh/ o*xqh dyhf xq v|vwëph lqlwldo pdunrylhq/ o*dxwuh dyhf xq v|vwëph lqlwldo vhpl0
pdunrylhq1 Gdqv ohv ghx{ fdv/ qrxv qrxv vrpphv lqwìuhvvì ã o*dssruw gh od srolwltxh
gh pdlqwhqdqfh srxu od glvsrqlelolwì dv|pswrwltxh gx v|vwëph hw ã vrq rswlplvdwlrq1
O*lqwìuíw sulqflsdo gh od suhplëuh srolwltxh sursrvìh uìvlgh gdqv vrq dvshfw g|qdpltxh/
hq oldlvrq dyhf o*ìyroxwlrq uìhooh gx v|vwëph1 Sdu udssruw dx{ lqvshfwlrqv sìulrgltxhv
kdelwxhoohphqw xwlolvìhv gdqv o*lqgxvwulh/ rq shxw doruv hvsìuhu tx*hooh grqqh olhx ã prlqv
g*lqvshfwlrqv lqxwlohv/ hw tx*hooh v*dyëuh dlqvl prlqv frþwhxvh1 O*lqwìuíw gh od ghx{lëph
uìvlgh gdqv od prgìolvdwlrq vhpl0pdunrylhqqh gx v|vwëph lqlwldo/ soxv jìqìudoh txh fhooh
txl hvw kdelwxhoohphqw xwlolvìh1

Hq fh txl frqfhuqh ohv h{whqvlrqv srvvleohv gx wudydlo suìvhqwì lfl/ xq suhplhu sdv
srxuudlw frqvlvwhu ã hvvd|hu gh v*d�udqfklu gh o*k|srwkëvh vhorq odtxhooh ohv uhgìpduudjhv
dsuëv uìsdudwlrq +rx pdlqwhqdqfh, vh irqw wrxmrxuv gh od píph idêrq/ lqgìshqgdpphqw
gh o*ìwdw gh sdqqh +rx gh pdlqwhqdqfh, dvvrflì/ dlqvl txh o*d idlw F1 Frfr}}d0Wklyhqw
gdqv ^53`1 Vdqv fhwwh k|srwkëvh/ oh surfhvvxv gìfulydqw o*ìyroxwlrq gx v|vwëph +pdlqwhqx
rx qrq, hvw hqfruh vhpl0uìjìqìudwli1 Pr|hqqdqw txhotxhv k|srwkëvhv g*luuìgxfwlelolwì ã
suìflvhu/ rq shxw doruv lpdjlqhu dyrlu dffëv ã od glvsrqlelolwì dv|pswrwltxh ã o*dlgh ghv
píphv whfkqltxhv1 Hq uhydqfkh/ frqwudluhphqw ã fh txl vh sdvvh lfl/ lo q*hvw vdqv grxwh sdv
wuëv vlpsoh gdqv fh fdv gh fdofxohu h{solflwhphqw od orl vwdwlrqqdluh gh od fkdñqh gh Pdunry
irupìh sdu ohv ìwdwv vxffhvvliv gdqv ohtxho oh v|vwëph uhgìpduuh1 Fhod vljql�h txh o*ìwxgh gh
o*dssruw gh od srolwltxh pdlqwhqdqfh hw gh vrq rswlplvdwlrq vhudlw doruv yudlvhpeodeohphqw
ehdxfrxs soxv gl!floh ã phqhu txh vrxv qrv k|srwkëvhv1

Xqh dxwuh srvvlelolwì g*h{whqvlrq frqvlvwhudlw ã hvvd|hu g*ìwxglhu xq v|vwëph vhpl0
pdunrylhq vrxplv ã od srolwltxh gh pdlqwhqdqfh suìyhqwlyh gì�qlh gdqv oh ghx{lëph fkd0
slwuh1 Gdqv fh fdv/ oh surfhvvxv gìfulydqw o*ìyroxwlrq gx v|vwëph vhudlw/ oã hqfruh/ vhpl0
uìjìqìudwli1 Hq uhydqfkh/ frqwudluhphqw dx fdv �suhvtxh� pdunrylhq ìwxglì lfl/ od glvsrql0
elolwì dv|pswrwltxh gx v|vwëph pdlqwhqx vhudlw doruv gl!floh ã rewhqlu ã o*dlgh gh od wkìrulh

498



499 Frqfoxvlrq
gx uhqrxyhoohphqw pdunrylhq1 Hq h�hw/ qrv fdofxov vrqw lfl edvìv vxu od sursulìwì gh Pdu0
nry dssoltxìh dx{ lqvwdqwv g*lqvshfwlrqv1 Vl oh v|vwëph hvw vhpl0pdunrylhq/ fhfl q*hvw soxv
srvvleoh1 Plv ã sduw oh fdv rü ohv orlv lqwhu0lqvshfwlrqv vrqw gh w|sh h{srqhqwlho/ rü o*rq
srxuudlw vdqv grxwh xwlolvhu od sursulìwì gh Pdunry dx{ lqvwdqwv gh vdxwv gx v|vwëph/ lo
vhudlw grqf gl!floh gh fdofxohu od glvsrqlelolwì dv|pswrwltxh ã o*dlgh ghv píphv pìwkrghv1
Xqh vroxwlrq vhudlw doruv g*xwlolvhu ohv whfkqltxhv gìyhorssìhv sdu F1 Frfr}}d0Wklyhqw hw
P1 Urxvvljqro gdqv ^56` hw gh udmrxwhu ghv yduldeohv vxssoìphqwdluhv +fruuhvsrqgdqw ã od
gxuìh ìfrxoìh ghsxlv od ghuqlëuh lqvshfwlrq hw ghsxlv oh ghuqlhu vdxw gx v|vwëph, gh idêrq
ã vh udphqhu ã o*ìwxgh g*xq surfhvvxv pdunrylhq/ ã ydohxuv gdqv xq hvsdfh jìqìudo1 Fhwwh
pìwkrgh d g*dloohxuv ìwì xwlolvìh sdu F1 Frfr}}d0Wklyhqw gdqv ^53`1 Uhpdutxrqv pdojuì
wrxw txh/ v*lo hvw fhuwdlqhphqw srvvleoh gh fdofxohu qxpìultxhphqw od glvsrqlelolwì dv|ps0
wrwltxh ã o*dlgh gh fhv whfkqltxhv gdqv oh fdv vhpl0pdunrylhq srxu ghv h{hpsohv vlpsohv/
rq qh shxw hq uhydqfkh vdqv grxwh sdv hvsìuhu rewhqlu gh irupxoh wkìrultxh h{solflwh gdqv
oh fdv jìqìudo1

Plvhv ã sduw fhv ghx{ h{whqvlrqv/ txl vrqw hq surorqjhphqw gluhfw dyhf oh wudydlo suì0
vhqwì lfl/ udsshorqv dxvvl txh oh suhplhu fkdslwuh d plv hq ìylghqfh o*lqwìuíw g*xq ruguh
hqfruh shx xwlolvì hq �delolwì +vl fh q*hvw sdu txhotxhv vsìfldolvwhv,/ ã vdyrlu o*ruguh vhorq oh
wdx{ gh kdvdug lqyhuvì1 Xq surorqjhphqw qdwxuho gh qrwuh wudydlo vhudlw doruv gh uì ìfklu ã
gh qrxyhoohv xwlolvdwlrqv srvvleohv gh fhw ruguh hq �delolwì1 Gh od píph idêrq/ qrxv dyrqv
ìwì dphqì/ gdqv fh píph fkdslwuh/ ã wudgxluh oh ylhloolvvhphqw gh qrwuh v|vwëph hq whuph
gh prqrwrqlh srxu oh surfhvvxv gh Pdunry vrxv0mdfhqw1 Oã dxvvl/ ohv gìyhorsshphqwv uì0
fhqwv frqfhuqdqw gh whov surfhvvxv odlvvhqw hqwuhyrlu gh qrxyhoohv dssolfdwlrqv srwhqwlhoohv
hq �delolwì1

Pdojuì wrxw/ dydqw gh qrxv odqfhu gdqv fhv qrxyhoohv uhfkhufkhv/ qrxv vrxkdlwhulrqv
suìdodeohphqw foruh oh wudydlo suìvhqwì lfl hq h{dplqdqw vrq dssruw srxu ohv lqgxvwulhov1
Hq sduwlfxolhu/ fhuwdlqv g*hqwuh hx{ d|dqw pdqlihvwì ohxu lqwìuíw srxu od srolwltxh gh pdlqwh0
qdqfh sursrvìh dx ghx{lëph fkdslwuh/ qrwuh remhfwli hvw pdlqwhqdqw g*hvvd|hu gh od phwwuh
hq sodfh vxu ghv h{hpsohv uìhov/ lvvxv gh o*lqgxvwulh/ hw gh od frpsduhu dx{ srolwltxhv
dfwxhoohphqw xwlolvìhv1



Eleolrjudsklh
^4` Dqghuvrq/ Z1M1 +4<<4, Frqwlqxrxv0Wlph Pdunry Fkdlqv = dq Dssolfdwlrqv0

Rulhqwhg Dssurdfk1 Vsulqjhu/ Qhz \run1
^5` Dvpxvvhq/ V1 +4<<5, Dssolhg Suredelolw| dqg Txhxhv1 Zloh|1
^6` Dyhq/ W1 hw Mhqvhq/ X1 +4<<<, Vwrfkdvwlf Prghov lq Uholdelolw|1 Dssolfdwlrqv ri

Pdwkhpdwlfv/ 741 Vsulqjhu0Yhuodj/ Qhz \run1
^7` Edgld/ I1J1/ Ehuudgh/ P1G1 hw Fdpsrv/ D1 +5333, Rswlpxp pdlqwhqdqfh sr0

olflhv iru xquhdyhdohg idloxuhv1 Vhfrqg Lqwhuqdwlrqdo Frqihuhqfh rq Pdwkhpdwlfv Ph0
wkrgv lq Uholdelolw|/ Erughdx{/ 70: Mxloohw/ Devwudfwv* Errn1

^8` Eduorz/ U1H1/ Kxqwhu/ O1F1 hw Survfkdq/ I1 +4<96, Rswlpdo fkhfnlqj sur0
fhgxuhv zkhq frpsrqhqwv duh vxemhfw wr wzr nlqgv ri idloxuh1 M1 Vrf1 Lqgxvw1 Dsso1
Pdwk1/ 44/ q�7/ ss1 43:;�43<81

^9` Eduorz/ U1H1 hw Survfkdq/ I1 +4<<9/ suhplëuh ìglwlrq 4<98, Pdwkhpdwlfdo
Wkhru| ri Uholdelolw|1 Fodvvlfv lq Dssolhg Pdwkhpdwlfv/ VLDP/ Sklodghoskld1

^:` Eduorz/ U1H1 hw Survfkdq/ I1 +4<:8, Vwdwlvwlfdo Wkhru| ri Uholdelolw| dqg Olih
Whvwlqj1 Lqwhuqdwlrqdo Vhulhv lq Ghflvlrq Surfhvvhv1 Krow/ Ulqhkduw dqg Zlqvwrq/ Lqf1/
Qhz \run1

^;` Ehlfkhow/ I1 hw Iudqnhq/ S1 +4<;7, ]xyhuoçvvljnhlw xqg Lqvwdqgkdowxqj1 Kdqvhu/
Pÿqfkhq1

^<` Eìuhqjxhu/ F1/ Fkåwhohw/ H1 hw Judoo/ D1 +4<<:, Uholdelolw| ydoxdwlrq ri v|v0
whpv vxemhfwv wr sduwldo uhqhzdov iru suhyhqwlyh pdlqwhqdqfh1 Surf1 ri HVUHO*<:/
4:053 Mxlq <:/ Olverqqh/ Sruwxjdo/ 6/ ss 4:77�4:9:1

^43` Eorfk0Phuflhu/ V1 +5333, Vwdwlrqdu| dydlodelolw| ri d vhpl0Pdunry v|vwhp
zlwk udqgrp pdlqwhqdqfh1 Dssolhg Vwrfkdvwlf Prghov lq Exvlqhvv dqg Lqgxvwu|
+ dxsdudydqw Dssolhg Vwrfkdvwlf Prghov dqg Gdwd Dqdo|vlv,/ 49/ ss1 54<�5671

^44` Eorfn/ K1Z1/ Odqgehuj/ Q1 hw Vdylwv/ W1K1 +4<<6, Uhsdlu uhsodfhphqw srolflhv1
Mrxuqdo ri Dssolhg Suredelolw|/ 63/ ss1 4<7�5391

^45` Eorfn/ K1Z1/ Vdylwv/ W1K1 hw Vlqjk/ K1 +4<<;, Wkh uhyhuvhg kd}dug udwh ixqfwlrq1
Suredelolw| lq wkh Hqjlqhhulqj dqg Lqirupdwlrqdo Vflhqfhv/ 45/ ss1 9<�<31

^46` Erodqg/ S1M1 hw Ho0Qhzhlkl/ H1 +4<<8, H{shfwhg frvw frpsdulvrqv iru lqvshfwlrq
dqg uhsdlu srolflhv1 Frpsxw1 Rshu1 Uhv1/ 55/ q�7/ 6;6�6<31

^47` Erq/ M1O1 +4<<8, Ildelolwì ghv v|vwëphv = prgëohv pdwkìpdwltxhv1 Pdvvrq/ Whfk0
qltxhv Vwrfkdvwltxhv1

^48` Eurzq/ P1 hw Fkdjdqw|/ Q1U1 +4<;6, Rq wkh �uvw sdvvdjh wlphv glvwulexwlrq iru
d fodvv ri Pdunry fkdlqv1 Wkh Dqqdov ri Suredelolw|/ 44/ ss1 4333�433;1
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49; ELEOLRJUDSKLH
^49` Fkåwhohw/ H1/ Eìuhqjxhu/ F1 hw Judoo/ D1 +4<<:, Uholdelolw| hydoxdwlrq ri

v|vwhpv vxemhfwv wr sduwldo uhqhzdov iru suhyhqwlyh pdlqwhqdqfh1 Dgydqfhv lq Vdihw|
dqg Uholdelolw|/ Shujdprq Suhvv/ 6/ ss1 4:77�4:9:1

^4:` Flduohw/ S1J1 +4<<7, Lqwurgxfwlrq ã o*dqdo|vh qxpìultxh pdwulflhooh hw ã o*rswlpl0
vdwlrq1 Pdvvrq1

^4;` Êlqodu/ H1 +4<:8, Lqwurgxfwlrq wr vwrfkdvwlf surfhvvhv1 Suhqwlfh0Kdoo1
^4<` Frfr}}d0Wklyhqw/ F1 +4<<:, Surfhvvxv vwrfkdvwltxhv hw �delolwì ghv v|vwëphv1 Pd0

wkìpdwltxhv hw Dssolfdwlrqv q�5;/ Vsulqjhu1
^53` Frfr}}d0Wklyhqw/ F1 +5333,1 D prgho iru d g|qdplf suhyhqwlyh pdlqwhqdqfh sr0

olf|1 Mrxuqdo ri Dssolhg Pdwkhpdwlfv dqg Vwrfkdvwlf Dqdo|vlv/ D sdudñwuh1
^54` Frfr}}d0Wklyhqw/ F1 +5333,1 Frqyhujhqfh gh irqfwlrqqhoohv gh surfhvvxv vhpl0

uìjìqìudwliv1 Suìsxeolfdwlrqv gh o*Htxlsh g*Dqdo|vh hw gh Pdwkìpdwltxhv Dssoltxìhv
gh o*Xqlyhuvlwì gh Pduqh0od0Ydooìh/ q�35@53331

^55` Frfr}}d0Wklyhqw/ F1 hw Urxvvljqro/ P1 +4<<:, Vhpl0Pdunry surfhvvhv iru uh0
oldelolw| vwxglhv1 HVDLP = Suredelolw| dqg Vwdwlvwlfv/ 4/ ss1 53:�5561

^56` Frfr}}d0Wklyhqw/ F1 hw Urxvvljqro/ P1 +5333, D jhqhudo iudphzrun iru vrph
dv|pswrwlf uholdelolw| irupxodv1 Dgydqfhv lq Dssolhg Suredelolw|/ 65/ ss1 779�79:1

^57` Glhxooh/ O1 +5333, Uholdelolw| ri d v|vwhp zlwk Srlvvrq lqvshfwlrq wlphv1 Mrxuqdo ri
Dssolhg Suredelolw|/ 69/ q�7 / ss1 4473� 44881

^58` Jhuwvednk/ L1E1 +4<;<, Vwdwlvwlfdo Uholdelrolw| Wkhru|1 Suredelolw| = Sxuh dqg Ds0
solhg/ 71 Pdufho Ghnnhu Lqf1/ Qhz \run1

^59` Jqhghqnr/ E1Y1/ Eholdhy/ \1N1 hw Vrory|hy/ D1G1 +4<9<, Pdwkhpdwlfdo Ph0
wkrgv ri Uholdelolw| Wkhru|1 Dfdghplf Suhvv/ Qhz \run1

^5:` Mldqj/ [1/ Fkhqj/ N1 hw Pdnlv/ Y1 +4<<;, Rq wkh rswlpdolw| ri uhsdlu0urvw0olplw
srolflhv1 Mrxuqdo ri Dssolhg Suredelolw|/ 68/ ss1 <69�<7<1

^5;` Ndodvkqlnry/ Y1 hw Urxvvljqro/ P1 +4<<9, Uholdelolw| ri d v|vwhp zlwk uhjxodu
lqvshfwlrq wlphv1 Mrxuqdo ri Pdwkhpdwlfdo Vflhqfhv/ ;4/ 8/ ss1 5<6:�5<831

^5<` Ndudvx/ L1 hw Ù}hnlfl/ V1 +4<;<, QEXH dqg QZXH surshuwlhv ri lqfuhdvlqj Pdu0
nry surfhvvhv1 Mrxuqdo ri Dssolhg Suredelolw|/ 59/ ss1 ;5:�;671

^63` Nduolq/ V1 +4<9;, Wrwdo srvlwlylw|1 Vwdqirug Xqlyhuvlw| Suhvv1 Vwdqirug1 FD1
^64` Nhlovrq/ M1 hw Nhvwhu/ D1 +4<::, Prqrwrqh pdwulfhv dqg prqrwrqh Pdunry sur0

fhvvhv1 Vwrfkdvwlf Surfhvvhv dqg Wkhlu Dssolfdwlrqv/ 8/ ss1 564�5741
^65` Nhlovrq/ M1 hw Vxplwd/ X1 +4<;5, Xqlirup vwrfkdvwlf rughulqj dqg uhodwhg lqhtxd0

olwlhv1 Fdqdgldq Mrxuqdo ri Vwdwlvwlfv/ 43/ ss1 4;4�4<;1
^66` Nlhuvwhlq/ E1P1 +4<:9, Prqrwrqlflw| dqg frpsdudelolw| ri wlph0krprjhqhrxv Pdu0

nry surfhvvhv zlwk glvfuhwh vwdwh vsdfh1 Pdwk1 Rshudwlrqviruvfk1 Vwdwlvw1/ :/ 484�49;1
^67` Nlhvpÿoohu/ J1 +4<<<, Prvw sur�wdeoh vdpsolqj srolflhv1 Hfrqrplf Txdolw| Frqwuro/

47/ q�627/ ss1 438�4551
^68` Nlmlpd/ P1 +4<<:, Pdunry Surfhvvhv iru Vwrfkdvwlf Prghoolqj/ Fkdspdq ) Kdoo1

Orqgrq1
^69` Nlmlpd/ P1 +4<<;, Kd}dug udwh dqg uhyhuvhg kd}dug udwh prqrwrqlflwlhv lq

frqwlqxrxv0wlph Pdunry fkdlqv1 Mrxuqdo ri Dssolhg Suredelolw|/ 68/ ss1 878�8891
^6:` Nrydohqnr/ L1Q1/ Nx}qhwvry/ Q1\1 hw Shjj/ S1D1 +4<<:, Pdwkhpdwlfdo Wkhru|

ri Uholdelolw| ri Wlph Ghshqghqw V|vwhpv zlwk Sudfwlfdo Dssolfdwlrqv1 Zloh| Vhulhv
lq Suredelolw| dqg Vwdwlvwlfv1 Mrkq Zloh| ) Vrqv/ Fklfkhvwhu1

Xqlyhuvlwì gh Pduqh od Ydooìh



ELEOLRJUDSKLH 49<
^6;` Ol/ K1 hw Vkdnhg/ P1 +4<<8, Rq wkh �uvw sdvvdjh wlphv iru Pdunry surfhvvhv zlwk

prqrwrqh frqyh{ wudqvlwlrq nhuqhov1 Vwrfkdvwlf Surfhvvhv dqg Wkhlu Dssolfdwlrqv/ 8;/
ss1 538�5491

^6<` Ol/ K1 hw Vkdnhg/ P1 +4<<:, Djhlqj �uvw0sdvvdjh wlphv ri Pdunry surfhvvhv = d
pdwul{ dssurdfk1 Mrxuqdo ri Dssolhg Suredelolw|/ 67/ ss1 4�461

^73` Pxuwk|/ G1Q1S1 hw Dvjkdul}dghk/ H1 +4<<<,Rswlpdo Ghflvlrq pdnlqj lq d Pdlq0
whqdqfh Vhuylfh Rshudwlrq1 Hxurshdq Mrxuqdo ri Rshudwlrqdo Uhvhdufk/ 449/ ss1 58<�
5:61

^74` Qdndjdzd/ W1 hw \dvxl/ N1 +4<<4, Shulrglf uhsodfhphqw prghov zlwk wkuhvkrog
ohyhov1 LHHH Wudqvdfwlrqv rq Uholdelolw|/ 73/ ss1 6<8�6<:1

^75` Qdqgd/ D1N1 hw Vkdnhg/ P1 +5334, Wkh kd}dug udwh dqg wkh uhyhuvhg kd}dug
udwh rughuv/ zlwk dssolfdwlrqv wr rughu vwdwlvwlfv1 Dqqdov ri wkh Lqvwlwxwh ri Vwdwlvwlfdo
Pdwkhpdwlfv/ D sdudñwuh1

^76` ydq Qrruwzlmn/ M1P1 hw Nodwwhu K1H1 +4<<<, Rswlpdo Lqvshfwlrq Ghflvlrqv
iru wkh Eorfn Pdwv ri wkh Hdvwhuq0Vfkhogw Eduulhu1 Uholdelolw| Hqjlqhhulqj ) V|vwhp
Vdihw|/ 98/ ss1 536�5441

^77` Udylfkdqgudq/ Q1 +4<<3, Vwrfkdvwlf Phwkrgv lq Uholdelolw| Wkhru|1 Mrkq Zloh| )
Vrqv/ Qhz \run1

^78` Vkdnhg/ P1 hw Vkdqwklnxpdu/ M1J1 +4<;:, LIUD surshuwlhv ri vrph Pdunry
surfhvvhv zlwk jhqhudo vwdwh vsdfh1 Pdwk1 Rshudw1 Uhv1/ 45/ ss1 895�89;1

^79` Vkdnhg/ P1 hw Vkdqwklnxpdu/ M1J1 +4<<7, Vwrfkdvwlf Rughuv dqg wkhlu Dssolfd0
wlrqv1 Suredelolw| dqg Pdwkhpdwlfdo Vwdwlvwlfv1 Dfdghplf Suhvv1

^7:` Vkdnhg/ P1 hw Zrqj/ W1 +4<<:, Vwrfkdvwlf frpsdulvrqv ri udqgrp plqlpd dqg
pd{lpd1 Mrxuqdo ri Dssolhg Suredelolw|/ 67/ ss1 753�7581

^7;` Vkdnhg/ P1 hw Zrqj/ W1 +4<<:, Vwrfkdvwlf rughuv edvhg rq udwlrv ri Odsodfh
wudqvirupv1 Mrxuqdo ri Dssolhg Suredelolw|/ 67/ ss1 737�74<1

^7<` Vkdqwklnxpdu/ M1J1 +4<;;, GIU surshuw| ri �uvw0sdvvdjh wlphv dqg lwv suhvhuyd0
wlrq xqghu jhrphwulf frpsrxqglqj1 Wkh Dqqdov ri Suredelolw|/ 49/ q�4/ ss1 6<:�7391

^83` Vkdqwklnxpdu/ M1J1/ \dpd}dnl/ J1 hw Vdndvhjdzd/ K1 +4<<4, Fkdudfwhul}dwlrq
ri rswlpdo rughu ri vhuylfhv lq d wdqghp txhxh zlwk eorfnlqj1 Rshudwlrqv Uhvhdufk
Ohwwhuv/ 43/ ss1 4:�551

^84` Vwr|dq/ G1 +4<;6, Frpsdulvrq Phwkrgv iru Txhxhv dqg Rwkhu Vwrfkdvwlf Prghov1
Zloh|/ Fklfkhvwhu1

^85` V}hnol/ U1 +4<<8, Vwrfkdvwlf Rughulqj dqg Ghshqghqfh lq Dssolhg Suredelolw|1 Ohf0
wxuh Qrwhv lq Vwdwlvwlfv/ <:/ Vsulqjhu/ Qhz \run1

^86` Wxufr/ I1 hw Sdurolql S1 +4<;7, D qhduo| rswlpdo lqvshfwlrq srolf| iru surgxfwlyh
htxlsphqw1 Lqwhuqdwlrqdo Mrxuqdo ri Surgxfwlrq Uhvhdufk/ 55/ q�6/ ss1 848�85;1

^87` Ydxulr M1N1 +4<<<, Dydlodelolw| dqg frvw ixqfwlrqv iru shulrglfdoo| lqvshfwhg suh0
yhqwlyho| pdlqwdlqhg xqlwv1 Uholdelolw| Hqjlqhhulqj ) V|vwhp Vdihw|/ 96/ ss1 466�4731

^88` Zhlexoo/ Z1 +4<84, D vwdwlvwlfdo glvwulexwlrq ixqfwlrq ri zlgh dssolfdelolw|1 M1 Dsso1
Phfk1/ 4;/ ss1 5<6�5<:1

Vrsklh Eorfk0Phuflhu 4; gìfhpeuh 5333


