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4 LQWURGXFWLRQ
Od wlwulvdwlrq hvw xqh whfkqltxh txl shuphw dx{ edqtxhv +rx dx{ hqwuhsulvhv,

gh fìghu vxu ohv pdufkìv gh fdslwdx{ ghv wlwuhv qìjrfldeohv dgrvvìv ã ghv dfwliv
�qdqflhuv jìqìudqw ghv  x{1 Ohv suhplëuhv rsìudwlrqv rqw ìwì uìdolvìhv gdqv
ohv dqqìhv :3 dx{ Hwdwv0Xqlv vxu ghv sruwhihxloohv gh fuìdqfhv k|srwkìfdluhv
jdudqwlhv sdu oh jrxyhuqhphqw dpìulfdlq1 Sdu od vxlwh/ oh pdufkì gh od wlwulvd0
wlrq d frqqx xq hvvru ixojxudqw/ xwlolvdqw ghv dfwliv dxvvl glyhuv txh fuìdqfhv vxu
fduwhv gh fuìglw/ suíwv ã od frqvrppdwlrq/ suíwv ìwxgldqwv/ fuìdqfhv k|srwkì0
fdluhv1

Fhv suhplhuv surgxlwv dydlhqw srxu froodwìudo ghv dfwliv krprjëqhv hw hq
judqg qrpeuh/ frpph sdu h{hpsoh soxvlhxuv ploolhuv gh suíwv1 Xqh qrxyhooh
iruph gh surgxlwv gh wlwulvdwlrq hvw dssduxh gdqv ohv dqqìhv ;3 hw <3/ shuphwwdqw
gh fìghu ghv sruwhihxloohv g*reoljdwlrqv rx gh fuìdqfhv dx{ hqwuhsulvhv = rq sduoh
doruv gh pdqlëuh jìqìultxh gh Froodwhudol}hg Ghew Reoljdwlrqv rx FGR1 Oruvtxh
ohv vrxv0mdfhqwv vrqw ghv reoljdwlrqv sxeoltxhv/ rq sduoh soxv suìflvìphqw gh
Froodwhudol}hg Erqg Reoljdwlrqv > txdqg fh vrqw ghv fuìdqfhv edqfdluhv rq sduoh
gh Froodwhudol}hg Ordq Reoljdwlrqv1

Fhv surgxlwv rqw wrxw g*derug ìwì xwlolvìv sdu ohv edqtxhv dpìulfdlqhv srxu
wlwulvhu ohv sruwhihxloohv g*reoljdwlrqv ã kdxwv uhqghphqwv/ wuëv ulvtxìhv +mxqn
erqgv rx kljk |lhog erqgv,1 Hq xwlolvdqw od glyhuvl�fdwlrq gx sruwhihxlooh/ ohv
edqtxhv dpìolrudlhqw od qrwdwlrq gh fhoxl0fl hw duulydlhqw ã rewhqlu xqh qrwdwlrq
lqyhvwphqw judghv � 1 Fhwwh suhplëuh iruph gh vwuxfwxuh hvw frqqxh vrxv oh qrp
g*duelwudjh FGR hw frqvlvwh hq o*dfkdw gh wlwuhv ã uhqghphqwv ìohyìv grqw oh
uh�qdqfhphqw hvw dvvxuì sdu o*ìplvvlrq g*xq sruwhihxlooh gh ulvtxhv glyhuvl�ìv
ehdxfrxs plhx{ qrwì1

O*dxwuh xwlolvdwlrq fodvvltxh gh fhv wlwulvdwlrqv hvw od jhvwlrq gx fdslwdo edq0
fdluh hw ìfrqrpltxh gh od edqtxh1 Rq sduoh doruv gh Edodqfh Vkhhw FGR > vrq
remhfwli hvw gh uìgxluh oh fdslwdo uìjohphqwdluh hw2rx ìfrqrpltxh txh od edqtxh
grlw surylvlrqqhu gdqv oh fdguh gh vd jhvwlrq ghv ulvtxhv1 Od edqtxh xwlolvh gdqv
fh fdv ohv FGR srxu fìghu xqh sduwlh gh vhv ulvtxhv/ dftxlv gdqv vrq dfwlylwì gh
edqtxh frpphufldoh1

Oh pìfdqlvph vwdqgdug g*xqh rsìudwlrq gh wlwulvdwlrq hvw oh vxlydqw = od
edqtxh fëgh xqh sduwlh gh vhv dfwliv ã xq Vshfldo Sxusrvh Yhklfoh +VSY, txl hvw
jìuì sdu od edqtxh0vsrqvru1 Fh yìklfxoh dfkëwh fhv dfwliv hw ìphw vxu oh pdufkì
ghv wlwuhv txl rqw fhv píphv dfwliv srxu froodwìudo1 Ohv  x{ hqjhqguìv sdu oh
froodwìudo vrqw xwlolvìv srxu sd|hu ohv lqwìuíwv hw uhperxuvhu ohv wlwuhv ã pdwxulwì1

Fhv wlwuhv vrqw rujdqlvìv vhorq xqh vwuxfwxuh sduwlfxolëuh= od wlwulvdwlrq hvw
frpsrvìh gh soxvlhxuv vrxv0sruwhihxloohv/ ohv wudqfkhv/ gh txdolwì gl�ìuhqwh1 Rq

�������	� 
����������� �����	�������	����������������	����� ������ � !��#"$� ��� ���%�&� ����� ������ ��'���(���)������*!��+��	����(��&������
�������� +,��� '���)������-� )��������+�����./���10��	�2���+��	�	� �-34� +�5 ��� (-� +�� �� )��6� �6�� (�0�� ��./� +4� � 0$�	� �	� ���6���7� �15 +�� �70�� ��	�7�	��)68	����$94� ��'���(:��� (�(���� �(;� �7�����$'�����������:����;�	�<�� (�0��	�7�	� !��4"$� ��� �/=
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Iljxuh 4= Vfkìpd g*xq fdvk FGR

v*dguhvvh dlqvl ã xqh soxv judqgh sdohwwh g*lqyhvwlvvhxuv1 Ohv vwuxfwxuhv fodv0
vltxhv shxyhqw frpsruwhu wurlv rx txdwuh wudqfkhv1 Od wudqfkh mxqlru/ rx wudqfkh
htxlw|/ devrueh ohv suhplëuhv shuwhv1 Hooh hvw jìqìudohphqw sruwìh sdu od edqtxh
vsrqvru hw ylhqw doruv hq gìgxfwlrq ghv irqgv sursuhv gh fhooh0fl1 Od wudqfkh
ph}}dqlqh hvw g*xqh txdolwì lqwhupìgldluh hqwuh od wudqfkh mxqlru hw od wudqfkh
vhqlru/ grqw od qrwdwlrq shxw doohu mxvtx*ã DD rx DDD hq irqfwlrq gh od vwuxf0
wxuh1

Oh exw gh fh jurxsh gh wudydlo ìwdlw o*ìoderudwlrq dlqvl txh o*lpsoìphqwdwlrq
g*xq prgëoh gh ydorulvdwlrq g*xq FGR1 Qrxv dyrqv frpphqfì sdu ìwxglhu ohv
gl�ìuhqwv duwlfohv wudlwdqw fh vxmhw/ fh txl d shuplv gh fkrlvlu sdupl ohv gl�ìuhqwhv
pìwkrghv gh ydorulvdwlrq h{lvwdqwhv fhooh txl qrxv sdudlvvdlw od soxv lqwìuhvvdqwh1
Od vhfrqgh ìwdsh gh fh jurxsh gh wudydlo d ìwì od surjudppdwlrq gx prgëoh
hq odqjdjh F../ sxlv o*ìwxgh ghv gl�ìuhqwhv whfkqltxhv txl shuphwwurqw gh oh
fdoleuhu1

Oh sodq gh fh udssruw gìfrxoh qdwxuhoohphqw gh fhw ruguh gh wudydlo1 Qrxv
frpphqfhurqv sdu o*ìwxgh gx ulvtxh gh fuìglw hw ghv gl�ìuhqwv prgëohv h{lv0
wdqw1 Qrxv gìwdloohurqv hqvxlwh oh prgëoh ã lqwhqvlwì vwrfkdvwltxh sursrvì sdu
Gx!h hw Jduohdqx txh qrxv dyrqv lpsoìphqwì1 Qrxv qrxv lqwìuhvvhurqv hqvxlwh
ã o*dssolfdwlrq gh fh prgëoh ã od ydorulvdwlrq ghv FGR hw qrxv suìvhqwhurqv ohv
uìvxowdwv txh qrxv dyrqv rewhqxv/ hq sduwlfxolhu ã sduwlu gx fdofxo ghv glyhuvlw|
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vfruhv/ txl r�uhqw xqh phvxuh gh od glyhuvl�fdwlrq gx sruwhihxlooh hw shuphw0
whqw g*ìoderuhu xqh pìwkrgh dowhuqdwlyh vlpsoh gh ydorulvdwlrq gx FGR1 Hq�q/
gl�ìuhqwhv dssurfkhv gh fdoleudwlrq gh fh prgëoh vhurqw ìwxglìhv1
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5 OH ULVTXH GH FUHGLW
Od irqfwlrq hvvhqwlhooh ghv edqtxhv frpphufldohv frqvlvwh ã íwuh xq lqwhu0

pìgldluh �qdqflhu = wdqglv txh fhuwdlqv djhqwv ìfrqrpltxhv vrqw suíwhxuv gh
irqgv +ìsdujqh/ oltxlglwì/ irqgv gh shqvlrq,/ g*dxwuhv fkhufkhqw ã vh �qdqfhu hw
ã lqyhvwlu dx wudyhuv gh gl�ìuhqwhv iruphv gh fuìglw +lpprelolhu/ lqyhvwlvvhphqw/
wuìvruhulh,1 O*dfwlylwì g*xqh edqtxh frpphufldoh oxl dssruwh xqh fhuwdlqh iruph
gh frpshqvdwlrq qdwxuhooh ghv ulvtxhv/ juåfh ã o*dgrvvhphqw gh o*dfwli sdu oh
sdvvli/ hw ã od glyhuvl�fdwlrq ghv dfwliv1 Pdlv fhwwh frpshqvdwlrq hvw lqvx!vdqwh
hw grlw íwuh txdqwl�ìh1

Od jhvwlrq gx elodq g*xq ìwdeolvvhphqw gh fuìglw idlw sulqflsdohphqw lqwhu0
yhqlu od pdñwulvh ghv wurlv w|shv gh ulvtxhv txh vrqw oh ulvtxh gh wdx{/ oh ulvtxh
gh fkdqjh/ hw oh ulvtxh gh fuìglw1 Ohv ulvtxhv gh wdx{ hw gh fkdqjh vrqw wudglwlrq0
qhoohphqw wudqviìuìv sdu frxyhuwxuh rx sdu dvvxudqfh/ pdlv oh ulvtxh gh fuìglw
hvw hqfruh pdo dssuìkhqgì/ doruv tx*lo v*djlw g*xq ulvtxh lpsruwdqw/ frpph hq
wìprljqhqw ohv qrpeuhx{ vfdqgdohv hw idloolwhv olìv ã ghv srolwltxhv gh suíwv hw
gh surylvlrqqhphqw kdvdughxvhv1

514 Gì�qlwlrq hw hqmhx{
Oh ulvtxh gh fuìglw shxw vh gì�qlu frpph oh ulvtxh gh shuwhv frqvìfxwlyhv ã

xq ìyìqhphqw gh fuìglw1 Rq shxw doruv glvwlqjxhu ghx{ judqghv fodvvhv gh ulvtxhv
gh fuìglw = oh ulvtxh gh gìidxw gh od frqwuhsduwlh hw oh ulvtxh gh gìsuìfldwlrq gh
od txdolwì gh vljqdwxuh gh o*hpsuxqwhxu1
51414 Oh ulvtxh gh gìidxw gh od frqwuhsduwlh

Lo vh wudgxlw sdu o*lqfdsdflwì gx gìelwhxu ã idluh idfh ã vhv reoljdwlrqv gh
sdlhphqwv +sdlhphqw ghv lqwìuíwv rx uhperxuvhphqw gx fdslwdo,1 Fh ulvtxh
frqfhuqh ohv dfwlylwìv wudglwlrqqhoohv g*ìwdeolvvhphqw gh fuìglw/ pdlv lqwhuylhqw
hqfruh gdqv oh fdguh gh vrq dfwlylwì gh pdufkì1 Ohv edqtxhv uìdolvhqw hq h�hw xq
fhuwdlq qrpeuh g*rsìudwlrqv vxu oh pdufkì lqwhuedqfdluh hw vh wurxyhqw gh fh idlw
hqjdjìhv ohv xqhv ylv0ã0ylv ghv dxwuhv/ fh txl jìqëuh ghv ulvtxhv gh frqwuhsduwlh1
51415 Oh ulvtxh gh gìsuìfldwlrq gh od txdolwì gh vljqdwxuh g*xq hp0

suxqwhxu
Od ydohxu ghv reoljdwlrqv hw dfwlrqv g*xqh hqwuhsulvh gìshqg +dx prlqv hq

sduwlh, gh od frq�dqfh tx*hooh lqvsluh dx pdufkì/ fh txl vh wudgxlw sdu od �txdo0
lwì gh od vljqdwxuh� gh o*ìphwwhxu1 Fhwwh frpsrvdqwh gx ulvtxh frqfhuqh dydqw
wrxw ohv dfwlylwìv gh pdufkì1 Dlqvl xqh dqwlflsdwlrq qìjdwlyh gx pdufkì txdqw
ã od vrolglwì �qdqflëuh g*xq ìphwwhxu hqwudñqh od gìjudgdwlrq gh od ydohxu gh
vhv wlwuhv/ hw xqh edqtxh srvvìgdqw fhuwdlqv gh fhv wlwuhv vxelw grqf xqh shuwh1
Fh ulvtxh gh gìsuìfldwlrq shxw dyrlu lqgluhfwhphqw ghv frqvìtxhqfhv vxu vrq
dfwlylwì gh edqtxh frpphufldoh = oh sulqflsh gh surylvlrqqhphqw/ sdu oh eldlv gh
surylvlrqv srxu edg ordqv shxw gìjudghu od vroydelolwì gh od edqtxh1 Od fulvh dvl0
dwltxh gh 4<<: hq hvw xq h{hpsoh fodvvltxh = píph vl ghv gìidxwv q*dssdudlvvhqw
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tx*dxmrxug*kxl +Gdhzrr,/ gh qrpeuhxvhv edqtxhv rqw ìwì frqwudlqwhv gh suryl0
vlrqqhu ghv prqwdqwv lpsruwdqwv hw grqf gh gìfoduhu ghv shuwhv �qdqflëuhv1
51416 Dssolfdwlrq ã o*doorfdwlrq gh fdslwdo ìfrqrpltxh

Oh Frplwì gh Eåoh uìxqlw ohv gl{ sulqflsdx{ sd|v lqgxvwuldolvìv/ dx vhlq gh
od Edqtxh ghv Uëjohphqwv Lqwhuqdwlrqdx{1 O*dffrug gh Eåoh gh 4<;; gì�qlw xqh
surfìgxuh vwdqgdug srxu oh fdofxo gx fdslwdo plqlpdo ã doorxhu srxu frxyulu oh
ulvtxh g*lqyhvwlvvhphqw ghv ìwdeolvvhphqwv �qdqflhuv/ ã sduwlu gx udwlr Frrnh1
Ohv frqwuhsduwlhv ìwdqw fodvvìhv vhorq ohxu qdwxuh +ìwdw/ edqtxh rx frusrudwh,/ rq
dvvrflh xqh srqgìudwlrq ã fkdtxh fodvvh gh ulvtxh/ fh txl shuphw gh fdofxohu xqh
h{srvlwlrq srqgìuìh dx ulvtxh gh fuìglw1 Oh udwlr fdslwdo 2 h{srvlwlrq srqgìuìh
qh grlw sdv íwuh lqiìulhxu ã ;(1 Fh udwlr Frrnh uhsuìvhqwh xqh suhplëuh whqwd0
wlyh gh sulvh hq frpswh gx ulvtxh gh fuìglw1 Lo idxw fhshqgdqw uhpdutxhu txh
ohv gl�ìuhqwhv fodvvhv gh ulvtxh vrqw gì�qlhv gh idêrq jurvvlëuh = dxfxqh glvwlqf0
wlrq q*hvw idlwh hqwuh xq jurv frusrudwh iudqêdlv hw xqh hqwuhsulvh h{sruwdwulfh
euìvlolhqqh vrxplvh dx{ doìdv gx uhdo1

Xqh whooh uìjohphqwdwlrq d vxvflwì gh qrpeuhxvhv fulwltxhv = od soxv ìyl0
ghqwh hvw tx*hooh odlvvh od sruwh rxyhuwh ã ghv skìqrpëqhv g*dqwl0vìohfwlrq1 Srxu
xq fdslwdo suxghqwlho �{ì/ ohv edqtxhv ulvtxhqw gh v*hqjdjhu vxu ohv frqwuhsdu0
wlhv ohv soxv ulvtxìhv srxu dpìolruhu ohxu uhwrxu vxu irqgv sursuhv1 Dx frxuv
gh od ghuqlëuh gìfhqqlh/ txhotxhv xqh ghv soxv judqghv edqtxhv prqgldohv rqw
gìyhorssì ghv prgëohv lqwhuqhv srxu ìydoxhu ohxu h{srvlwlrq dx ulvtxh gh fuìglw1

Hq 4<<</ xq jurxsh gh wudydlo gx frplwì gh Eåoh v*hvw shqfkì vxu od txhvwlrq
gh fhv prgëohv lqwhuqhv1 O*hqmhx hvw frqvlgìudeoh = vl od uìjohphqwdwlrq odlvvdlw
od srvvlelolwì dx{ edqtxhv g*xwlolvhu ohxuv hvwlpdwlrqv lqwhuqhv srxu surfìghu ã
ohxu doorfdwlrq suxghqwlhooh/ frpph f*hvw gìmã oh fdv srxu ohv ulvtxhv gh pdufkì/
ohv uhqwdelolwìv gh fhuwdlqhv dfwlylwìv vh wurxyhudlhqw qhwwhphqw dpìolruìhv1 Ohv
uìjxodwhxuv yhxohqw dyrlu od fhuwlwxgh txh fhv prgëohv vrqw ydolghv wdqw g*xq
srlqw gh yxh frqfhswxho tx*hpslultxh/ hw tx*lov shxyhqw irxuqlu ghv uìvxowdwv
frpsdudeohv srxu o*hqvhpeoh ghv edqtxhv1 Ohv gl!fxowìv sulqflsdohv gh ydolgd0
wlrq vrqw gxhv ã od uduhwì ghv grqqìhv hw ã o*lpsrvvlelolwì g*dssoltxhu ghv pìwk0
rghv gh edfnwhvwlqj frpsdudeohv ã fhoohv xwlolvìhv srxu ohv ulvtxhv gh pdufkì1

Od ghuqlëuh gìfhqqlh d ìwì sduwlfxolëuhphqw  rulvvdqwh hq pdwlëuh gh ulvtxh
gh fuìglw/ wdqw g*xq srlqw gh yxh lqgxvwulho txh frqfhswxho1 Ohv sureoìpdwltxhv
gh uhqwdelolwì hw gh frqwudlqwhv suxghqwlhoohv rqw idyrulvì oh gìyhorsshphqw ghv
gìulyìv gh fuìglw1 Oh vxmhw d sdu dloohxuv vxvflwì xq lqwìuíw wuëv yli gh od sduw ghv
fkhufkhxuv hq �qdqfh = dx frxuv ghv dqqìhv <3/ wrxwh xqh fodvvh gh prgëohv glwv
�ã lqwhqvlwì� rqw ìwì gìyhorssìv1

515 Ohv suhplhuv prgëohv gx ulvtxh gh fuìglw
Gdqv wrxw prgëoh gh ulvtxh gh fuìglw/ oh exw suhplhu hvw g*hvwlphu od shuwh

olìh dx sruwhihxlooh gh fuìglwv/ txh fh vrlw od shuwh �gdqv oh sluh ghv fdv� rx
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vlpsohphqw o*ìfduw0w|sh gh fhwwh shuwh d�q gh gìwhuplqhu oh fdslwdo txl grlw íwuh
doorxì ã fh ulvtxh gh fuìglw1 O*dssurfkh fodvvltxh frqvlvwh ã xwlolvhu oh prgëoh glw
gh sruwhihxlooh1 Oh sulqflsh gh edvh hvw oh vxlydqw = rq frqvlgëuh xq sruwhihxlooh
frpsrvì gh p frqwuhsduwlhv/ d|dqw fkdfxqh xqh suredelolwì sl gh idluh gìidxw
hw hqwudñqdqw fkdfxq xqh shuwh gh ol hq fdv gh gìidxw1 O*hvsìudqfh gh od shuwh
wrwdoh gx sruwhihxlooh shxw grqf v*ìfuluh =

L @
>[
?A@�B l ? p ?

Srxu fdofxohu oh ulvtxh olì ã fh sruwhihxlooh/ rq v*lqwìuhvvh lfl ã o*ìfduw0w|sh
gh fhwwh shuwh1 Srxu fh idluh/ rq d ehvrlq ghv fruuìodwlrqv hqwuh dfwliv hw soxv
suìflvìphqw ghv suredelolwìv gh gìidxwv mrlqwv1 Vl od suredelolwì gh gìidxw g*xq
dfwli vhxo shxw íwuh hvwlpìh ã sduwlu g*xq ìfkdqwloorq +hq irqfwlrq gx udwlqj
sdu h{hpsoh,/ ohv suredelolwìv gh gìidxwv mrlqwv qìfhvvlwhqw o*lqwurgxfwlrq g*xq
prgëoh1

Gl�ìuhqwv prgëohv shxyhqw doruv íwuh xwlolvìv/ sdu h{hpsoh fhoxl gh Phuwrq
txl frqvlgëuh tx*lo | d gìidxw +qrwì Gl, vl od ydohxu gh o*dfwli gh od �uph +qrwì
Dl, sdvvh hq ghvvrxv g*xq fhuwdlq vhxlo +qrwì Fl,1 Rq vxssrvh gh soxv txh D vxlw
xqh orl qrupdoh pxowlydulìh1 Ohv suredelolwìv mrlqwhv gh gìidxw +qrwìhv MGSlm,
hw ohv fruuìodwlrqv gh gìidxw +qrwìhv ¢ ? C , v*ìfulyhqw doruv =

JDP ? C @ P ^A ? < C ? ; AC < CC `
¢ ? C @ JDP ? C � P +D ? ,P +Dj,sP +D ? ,+4� P +D ? ,,P +DC ,+4� P +DC ,,

Rq shxw grqf hq gìgxluh o*ìfduw0w|sh £+L, gh od shuwh dvvrflìh dx sruwhihxlooh
O =

£+L, @
>[

?�D C�@�B l ? lC
t
P ^D ? ` +4� P ^D ? `,P ^DC ` +4� P ^DC `,¢ ? C @

>[
?A@�B l ? � ?

o�u � ? @
sP ^D ? ` +4� P ^D ? `,

£+L,
>[
C�@�B l C

t
P ^DC ` +4� P ^DC `,¢ ? C @ @£+L,

@l ?

� ? hvw hq txhotxh vruwh od sduw gh ulvtxh olì ã od �uph l gdqv oh sruwhihxlooh
frqvlgìuì1

Od gl!fxowì gdqv od sudwltxh frqvlvwh elhq ìylghpphqw ã hvwlphu ohv ydohxuv
gh fhv fruuìodwlrqv1 Srxu ohv fdofxohu/ od pìwkrgrorjlh xwlolvìh hvw gl�ìuhqwh
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vxlydqw ohv hqwuhsulvhv1 Qrxv doorqv suìvhqwhu ohv pìwkrghv ghv wurlv orjlflhov
ohv soxv xwlolvìv txl vrqw Joredo Fruuhodwlrq Idfwru Vwuxfwxuh +gìyhorssì sdu
NPY,/ Fuhglw Phwulfv +gìyhorssì sdu MS Prujdq, hw Fuhglw Ulvn . +gìyhorssì
sdu Fuìglw Vxlvvh,1

51514 Joredo Fruuhodwlrq Idfwru Vwuxfwxuh gh NPY
Fh orjlflho hvwlph ohv fruuìodwlrqv hqwuh ohv gl�ìuhqwv dfwliv +txl qh vrqw sdv

ìjdohv dx{ fruuìodwlrqv gh gìidxw, juåfh ã xq prgëoh ã idfwhxuv1 Oh uhqghphqw
+hq h{fëv sdu udssruw dx pdufkì, gh o*dfwli gh fkdtxh hqwuhsulvh hvw g*derug
gìfrpsrvì hq xq ulvtxh vsìfl�txh ã od �uph hw xq ulvtxh v|vwìpltxh/ fh ghuqlhu
ìwdqw oxl0píph gìfrpsrvì vxu ghv idfwhxuv lqgìshqgdqwv +prgëoh ã idfwhxuv lp0
eultxìv,1 Ilqdohphqw/ oh ulvtxh gh gìidxw hvw gìfrpsrvì hq = ulvtxh vsìfl�txh ã
od �uph/ ulvtxh v|vwìpltxh olì dx{ dfwlylwìv gh o*hqwuhsulvh/ ulvtxh v|vwìpltxh olì
dx{ sd|v g*dfwlylwìv/ Ohv gl�ìuhqwv idfwhxuv gx ulvtxh v|vwìpltxh vrqw frqvwuxlwv
gh idêrq ã íwuh lqgìshqgdqwv hqwuh hx{ srxu dxjphqwhu od udslglwì ghv fdofxov1

Ohv lqsxwv srxu fh orjlflho vrqw = oh udwlr ulvtxh vsìfl�txh2 ulvtxh v|vwìpltxh
srxu fkdtxh �uph hw ohv idfwhxuv gx ulvtxh v|vwìpltxh +uhqghphqwv hw yrodwlo0
lwìv,1 D sduwlu gh fhv lqsxwv/ oh orjlflho hvwlph ohv frh!flhqwv gh fruuìodwlrq sxlv
lo hq gìgxlw od glvwulexwlrq gh shuwh gx sruwhihxlooh/ vrlw gh idêrq dqdo|wltxh/
vrlw sdu vlpxodwlrq gh Prqwh Fduor1

O*lqfrqyìqlhqw pdmhxu gh fh orjlflho hvw tx*lo qh suìflvh ã dxfxq prphqw
od surfìgxuh xwlolvìh srxu fdofxohu ohv uhqghphqwv hw ohv yrodwlolwìv ghv idf0
whxuv vsìfl�ìv/ lo hvw grqf lpsrvvleoh gh vh frxyulu frqwuh ohxuv ìyroxwlrqv1
G*dxwdqw soxv tx*lov qh shxyhqw sdv íwuh gìgxlwv gluhfwhphqw ghv lqglfdwhxuv
pdfur0ìfrqrpltxhv1

51515 Fuhglw Phwulfv gh MS Prujdq
Frpph srxu NPY/ oh prgëoh hvwlph ohv fruuìodwlrqv hqwuh ohv gl�ìuhqwv df0

wliv ã sduwlu g*xq prgëoh ã idfwhxuv1 Fuhglw Phwulfv xwlolvh ghv lqglfhv vsìfl�txhv
dx{ gl�ìuhqwv vhfwhxuv hw sd|v= xq lqglfh sdu sd|v/ ghv lqglfhv k|eulghv sd|v0
lqgxvwulh/ ghv lqglfhv vhfwrulhov lqwhuqdwlrqdx{ hw ghv lqglfhv uìjlrqdx{1 Fhv
idfwhxuv qh vrqw sdv lqgìshqgdqwv pdlv rq shxw v*| udphqhu1 Fkdtxh �uph hvw
gìfrpsrvìh vxu fhv lqglfhv dxtxho vh udmrxwh xq lqglfh vsìfl�txh lqgìshqgdqw
ghv dxwuhv1 Lo hvw hqvxlwh dlvì g*hq gìgxluh ohv fruuìodwlrqv hqwuh dfwliv1

Oh orjlflho suhqg frpph lqsxwv od pdwulfh gh fruuìodwlrqv hw gh yrodwlolwìv
ghv gl�ìuhqwv vhfwhxuv +grqqìhv klvwrultxhv, hw srxu fkdtxh �uph/ oh udwlr ulvtxh
vsìfl�txh2 ulvtxh v|vwìpltxh1 D sduwlu gh fhv grqqìhv/ ohv frh!flhqwv gh fru0
uìodwlrq shxyhqw íwuh fdofxoìv hw oh orjlflho hq gìgxlw od glvwulexwlrq gh shuwh gx
sruwhihxlooh sdu vlpxodwlrq gh Prqwh Fduor1
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Ohv prgëohv NPY hw Fuhglw Phwulfv vrqw grqf dvvh} surfkhv/ fhshqgdqw lo
idxw uhvwhu yljlodqw fdu od vhjphqwdwlrq ghv uìjlrqv hw ghv lqgxvwulhv q*hvw sdv
lghqwltxh1

51516 Fuhglw Ulvn . gh Fuhglw Vxlvvh
Frqwudluhphqw dx{ ghx{ dxwuhv prgëohv/ oh prgëoh Fuhglw Ulvn . hvwlph

gluhfwhphqw ohv fruuìodwlrqv gh gìidxw/ vdqv sdvvhu sdu ohv fruuìodwlrqv g*dfwliv1
Doruv txh ohv prgëohv NPY hw Fuhglw Phwulfv v*lqwìuhvvhqw dx{ pljudwlrqv g*xq
ìwdw gh udwlqj ã xq dxwuh/ gdqv oh prgëoh Fuhglw Ulvn./ lo q*h{lvwh txh ghx{
ìwdwv= gìidxw hw qrq gìidxw1 Gdqv fh prgëoh/ ohv suredelolwìv gh gìidxw vrqw
frqvlgìuìhv frpph ghv yduldeohv doìdwrluhv grqw od yrodwlolwì shuphw gh fdswhu
o*h�hw ghv fruuìodwlrqv hw ghv idfwhxuv frqmrqfwxuhov1 Rq vxssrvh txh oh qrpeuh
gh gìidxwv sdu vhfwhxu vxlw xqh orl jdppd +frpph srxu ohv prgëohv gh vlqlvwuh
hq dvvxudqfh,1

Ohv lqsxwv ghpdqgìv sdu oh orjlflho vrqw ohv yrodwlolwìv ghv wdx{ gh gìidxw gx
sruwhihxlooh +txl uhpsodfhqw ohv udwlrv ulvtxh vsìfl�txh2 ulvtxh v|vwìpltxh srxu
fkdtxh �uph, hw srxu fkdtxh vhfwhxu/ od pr|hqqh hw o*ìfduw w|sh gx qrpeuh
gh gìidxwv1 Oh orjlflho fdofxoh doruv ohv fruuìodwlrqv gh gìidxw hw hq gìgxlw od
glvwulexwlrq gh shuwh gx sruwhihxlooh gh idêrq dqdo|wltxh1

Ohv xwlolvdwhxuv gh fhv orjlflhov rewlhqqhqw hq rxwsxw xqh glvwulexwlrq ghv
shuwhv gh vrq sruwhihxlooh/ fh txl oxl shuphw gh phvxuhu vrq ulvtxh gh fuìglw hq
fdofxodqw od �Ydoxh dw Ulvn� gh fh sruwhihxlooh sdu h{hpsoh1 Pdlv lov qh frqqdlv0
vhqw sdv suìflvìphqw ohv prgëohv vrxv0mdfhqwv +hq udlvrq gx vhfuhw surihvvlrqqho,
hw lov qh frqqdlvvhqw grqf sdv ohv olplwhv gx prgëoh tx*lov xwlolvhqw1

516 Ohv prgëohv vwrfkdvwltxhv
Fh q*hvw sdv vhxohphqw sdu kdvdug txh oh gìyhorsshphqw ghv vwuxfwxuhv

gh w|sh FGR d fròqflgì dyhf fhoxl ghv prgëohv gh ulvtxh gh fuìglw srxu xq
sruwhihxlooh1 Hq h�hw/ od shuirupdqfh g*xq FGR gìshqg ghv gìidxwv ghv dfwliv
txl oh frqvwlwxhqw pdlv ìjdohphqw ghv gdwhv gh fhv gìidxwv1 G*rü o*lqwìuíw gh
uhfkhufkhu xq prgëoh txl grqqh xqh yxh soxv suìflvh gx sruwhihxlooh txh fhooh
grqqìh sdu ohv prgëohv fodvvltxhv gh w|sh NPY/ Fuhglw Phwulfv hw Fuhglw Ulvn.1
F*hvw0ã0gluh xq prgëoh txl grqqh od glvwulexwlrq ghv whpsv gh gìidxw hq soxv gh
od glvwulexwlrq gh shuwhv gx sruwhihxlooh1

Srxu uìvrxguh fh sureoëph/ soxvlhxuv dssurfkhv rqw ìwì sursrvìhv srxu
dpìolruhu fhv prgëohv1 Qrxv h{dplqhurqv g*derug ghx{ h{whqvlrqv gx prg0
ëoh gh Fuhglw Phwulfv +oh suhplhu hq whpsv glvfuhw hw oh vhfrqg rü ohv whpsv
gh gìidxw vxlyhqw xq surfhvvxv gh gl�xvlrq, sxlv oh prgëoh gh Ol txl xwlolvh
ohv frsxohv +4<<< hw 5333, dydqw gh sduohu soxv hq gìwdlo gx prgëoh ã lqwhqvlwì
vwrfkdvwltxh gh Gx!h hw Jduohdqx +4<<<, txl qrxv lqwìuhvvh lfl1
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51614 Qrwdwlrqv
Qrxv frqvlgìuhurqv xq sruwhihxlooh gh n dfwliv krprjëqh/ f*hvw0ã0gluh txh

fkdtxh dfwli d od píph suredelolwì gh gìidxw1 Qrxv srxyrqv frpphqfhu sdu
gì�qlu txhotxhv qrwdwlrqv txl qrxv vhurqv xwlohv sdu od vxlwh1 Wrxw g*derug/ q E
gìvljqh od suredelolwì gh gìidxw fxpxodwlyh/ f*hvw0ã0gluh od suredelolwì tx*xq dfwli
grqqì idvvh gìidxw gdqv ohv k surfkdlqhv dqqìhv srxu k yduldqw gh 4 ã T +T ìwdqw
o*krul}rq pd{lpdo frqvlgìuì,1 Gh idêrq ìtxlydohqwh/ p E gìvljqh od suredelolwì
gh gìidxw pdujlqdoh/ f*hvw0ã0gluh od suredelolwì tx*xq dfwli grqqì idvvh gìidxw
shqgdqw o*dqqìh k1 Fhv suredelolwìv vrqw uholìhv sdu o*ìtxdwlrq vxlydqwh =

q E @ q E�F B . p E pour k @ 5; :::; T:

Lo hvw ìjdohphqw lpsruwdqw gh v*lqwìuhvvhu dx{ suredelolwìv gh gìidxw frqgl0
wlrqqhoohv1 Od suredelolwì gh gìidxw frqglwlrqqhooh shqgdqw o*dqqìh n hvw gì�qlh
frpph od suredelolwì frqglwlrqqhooh tx*xq dfwli idvvh gìidxw shqgdqw o*dqqìh
k frqglwlrqqhoohphqw dx idlw tx*lo q*dlw sdv idlw gìidxw dydqw/ fhwwh suredelolwì
ydxw grqf p E =+4� q E$G B ,1

Lo idxw dxvvl vsìfl�hu ghv suredelolwìv gh vhfrqg ruguh frpph q CHD E od sured0
elolwì mrlqwh gh gìidxw fxpxodwlyh/ f*hvw0ã0gluh od suredelolwì txh srxu xqh sdluh
g*dfwliv grqqìv/ oh suhplhu idvvh gìidxw gdqv ohv j surfkdlqhv dqqìhv hw oh vhfrqg
gdqv ohv k surfkdlqhv dqqìhv1 Gh píph/ p CHD E gìvljqh od suredelolwì mrlqwh gh
gìidxw pdujlqdoh/ f*hvw0ã0gluh od suredelolwì txh srxu xqh sdluh g*dfwliv grqqìv/
oh suhplhu idvvh gìidxw shqgdqw o*dqqìh j hw oh vhfrqg shqgdqw o*dqqìh k1 Fhv
ghx{ qrwlrqv vrqw uholìhv sdu =

q CHD E @ q C G BHD E$G B .
C G B[
?I@�B p ?:D E .

E$G B[
?I@�B p CHD ? . pC,D E pourk @ 5; :::; T:

Hq sudwltxh/ ohv suredelolwìv gh suhplhu ruguh shxyhqw íwuh rewhqxhv idfloh0
phqw vrlw hq h{dplqdqw ohv sul{ gx pdufkì +ohv vsuhdgv g*reoljdwlrqv sdu h{hp0
soh,/ vrlw juåfh ã ghv grqqìhv klvwrultxhv1 Hq fh txl frqfhuqh ohv suredelolwìv
gx vhfrqg ruguh/ qrxv dgphwwurqv txh o*rq shxw rewhqlu p BHD B +suredelolwì txh
ghx{ hqwuhsulvhv idvvhqw gìidxw od suhplëuh dqqìh, pdlv sdv ohv vxlydqwhv1 Ohv
prgëohv shxyhqw grqf íwuh fdoleuìv ã sduwlu ghv grqqìhv gh q B ; q J ; :::; q K hw p BHD B 1

Od yduldeoh doìdwrluh/ dsshoìh wdx{ gh gìidxw/ txl vhud frqvlgìuìh lfl fruuh0
vsrqg ã od sursruwlrq g*dfwliv d|dqw idlw gìidxw gdqv oh sruwhihxlooh1 Rq shxw
grqf frqvlgìuhu X

L E�M? txl ydxw 4 vl o*dfwli l d idlw gìidxw shqgdqw o*dqqìh n +hw 3
vlqrq,1 Oh wdx{ gh gìidxw srxu o*dqqìh n ydxw grqf =
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4
n

N[
?A@�B X

L E�M?

Oh sruwhihxlooh ìwdqw krprjëqh/ oh wdx{ pr|hq gh gìidxw srxu o*dqqìh n ydxw
grqf p E 1 Gh soxv o*ìfduw0w|sh gx wdx{ gh gìidxw srxu o*dqqìh n +dxvvl dsshoì
yrodwlolwì gx wdx{ gh gìidxw srxu o*dqqìh n, ydxw =

u
p E D E � p J E . +p E � p E D E ,

n
Fhwwh txdqwlwì whqg ã od olplwh +txdqg q whqg yhuv o*lq�ql, yhuv od yrodwlolwì

qrupdolvìh gh gìidxw srxu o*dqqìh n =
sp E D E � p J E

p E
Gh píph/ qrxv srxyrqv gì�qlu od yrodwlolwì qrupdolvìh fxpxodwlyh gh gìidxw

srxu o*dqqìh n =
sq E D E � q JE

q E
Ilqdohphqw/ qrxv gìvljqhurqv sdu � od irqfwlrq gh glvwulexwlrq qrupdoh fx0

pxodwlyh vwdqgdug/ qrxv xwlolvhurqv o*deuìyldwlrq �+z B ; z J > ¢, srxu lqgltxhu od
suredelolwì txh Z B < z B hw Z J < z J rü Z B hw Z J vrqw ghv yduldeohv doìdwrluhv
vwdqgdug dyhf xqh fruuìodwlrq ¢1

Qrxv srxyrqv pdlqwhqdqw qrxv lqwìuhvvhu dx{ prgëohv hx{0píphv1
51615 H{whqvlrq glvfuëwh gx prgëoh gh Fuhglw Phwulfv

Oh prgëoh gh Fuhglw Phwulfv shxw íwuh uìvxpì frpph vxlw = lo h{lvwh xq
vhxlo gh gìidxw � who txh �+�, @ p B hw srxu fkdtxh dfwli l/ lo h{lvwh xqh yduldeoh
doìdwrluh qrupdoh vwdqgdug Z L ? M dyhf xqh fruuìodwlrq ìjdoh ã ¢ hqwuh Z L ? M hw Z L C M
+rü l hw m vrqw glvwlqfwv, whooh txh � J +�; �> ¢, @ p BHD B 1 Gh soxv/ o*ìphwwhxu l hvw
frqvlgìuì frpph d|dqw idlw gìidxw shqgdqw od suhplëuh dqqìh vl Z L ? M < �1

O*h{whqvlrq od soxv vlpsoh gh fh prgëoh frqvlvwh ã uìsìwhu oh prgëoh ã xqh
sìulrgh1 Gdqv fh fdv/ lo | d soxvlhxuv vhxlov gh gìidxwv = � B ; � J ; :::; � K fruuhvsrq0
gdqw ã fkdfxqh ghv sìulrghv1 Srxu od suhplëuh sìulrgh/ lo vx!w gh frqvlgìuhu
xqh yduldeoh doìdwrluh qrupdoh vwdqgdug ]4+l, srxu fkdtxh dfwli l/ fhw dfwli ìwdqw
frqvlgìuì frpph d|dqw idlw gìidxw shqgdqw od suhplëuh dqqìh vl Z

L ? MB < � B 1 Srxu
ohv dfwliv l d|dqw vxuyìfx/ rq shxw v*lqwìuhvvhu ã xq vhfrqg jurxsh gh yduldeohv
doìdwrluhv qrupdohv vwdqgdug Z

L ? MJ dyhf xqh fruuìodwlrq ìjdoh ã ¢ hqwuh Z L ? M hw Z L C M
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+rü l hw m vrqw glvwlqfwv,1 Gh soxv ohv yduldeohv vrqw lqgìshqgdqwhv g*xqh sìulrgh
vxu o*dxwuh1 O*dfwli l idlw grqf gìidxw shqgdqw od vhfrqgh dqqìh vl Z

L ? MB > � B
+lo q*d sdv idlw gìidxw od suhplëuh dqqìh, hw vl Z

L ? MJ < � J 1 Lo vx!w hqvxlwh gh
surfìghu gh od píph idêrq srxu ohv sìulrghv vxlydqwhv1

Fh prgëoh shxw íwuh dlvìphqw fdoleuì hq suhqdqw

� B @ � G B +q B ,
hw srxu ohv sìulrghv vxlydqwhv =

� E @ � G B �q E � q E$G B
4� q E$G B

�

fh txl uhylhqw ã gluh txh od suredelolwì g*dyrlu Z
L ? ME < � E hvw ìjdoh ã od

suredelolwì frqglwlrqqhooh gh gìidxw srxu od sìulrgh n1 Oh fdoleudjh vh frpsoëwh
�qdohphqw hq suhqdqw ¢ who txh o*ìtxdwlrq � J +�; �> ¢, @ p BHD B vrlw yìul�ìh1 Lo hvw
hqvxlwh idfloh g*hq gìgxluh ohv suredelolwìv gh gìidxwv mrlqwv1

Sdu h{hpsoh/ od suredelolwì pdujlqdoh gh gìidxw mrlqw srxu od ghx{lëph dqqìh
ydxw =

p J D J @ P
�
Z
L ? MB > � B _ Z

L C MB > � B _ Z
L ? MJ < � J _ Z

L C MJ < � J
�

p J D J @ P
�
Z
L ? MB > � B _ Z

L C MB > � B
�
P
�
Z
L ? MJ < � J _ Z

L C MJ < � J
�

p J D J @ +4� 5p B . p BHD B ,�+� B ; � J > ¢,

Gh idêrq vlplodluh/ od suredelolwì txh o*dfwli l idvvh gìidxw shqgdqw od suhplëuh
sìulrgh hw txh o*dfwli m idvvh gìidxw hq ghx{lëph sìulrgh v*ìfulw =

p BHD J @ P
�
Z
L ? MB < � B _Z

L C MB > � B _Z
L C MJ < � J

�
p BHD J @ +p B � p BHD B , q J � p B

4� p B

51616 H{whqvlrq gx prgëoh gh Fuhglw Phwulfv dyhf xq surfhvvxv gh
gl�xvlrq

Sdu frqvwuxfwlrq o*h{whqvlrq glvfuìwlvìh gx prgëoh gh Fuhglw Phwulfv qh
wlhqw sdv frpswh ghv fruuìodwlrqv hqwuh ohv whpsv gh gìidxw ã wudyhuv oh whpsv/
fh txl hvw frqwudluh ã o*dwwlwxgh uìhooh ghv pdufkìv1 Srxu uhqguh frpswh gh fh
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skìqrpëqh/ lo d ìwì sursrvì xqh dxwuh h{whqvlrq gx prgëoh rü ohv gìidxwv gh
ghx{ sìulrghv frqvìfxwlyhv qh vxlyhqw soxv ghv yduldeohv doìdwrluhv lqgìshqgdqwhv
pdlv xq surfhvvxv gh gl�xvlrq xqltxh1 Fh prgëoh hvw gì�ql sdu =

0 ghv vhxlov gh gìidxw � B ; � J ; :::; � K srxu fkdtxh sìulrgh
0 xq eurzqlhq vwdqgdug W L ? M srxu fkdtxh ìphwwhxu who txh W

L ? MO @ 3 hw who
txh od fruuìodwlrq lqvwdqwdqìh hqwuh W L ? M hw W L C M vrlw ìjdoh ã ¢ +rü l hw m vrqw
glvwlqfwv,1

0 o*ìphwwhxu l hvw frqvlgìuì frpph d|dqw idlw gìidxw shqgdqw od suhplëuh
dqqìh vl W

L ? MB < � B

0 Srxu wrxw k > 4/ o*ìphwwhxu l idlw gìidxw shqgdqw o*dqqìh n v*lo vxuylw
shqgdqw ohv n04 suhplëuhv dqqìhv +l1h1 W

L ? MB > � B ;W
L ? MJ > � J ; :::;W

L ? ME$G B > � E$G B ,
hw vl W

L ? ME < �k1
Vl oh wdx{ gh gìidxw hvw lpsruwdqw xqh dqqìh/ fhod vljql�h txh soxvlhxuv

eurzqlhqv vrqw sdvvìv vrxv oh vhxlo/ frpph wrxv ohv eurzqlhqv vrqw fruuìoìv/ ohv
dxwuhv eurzqlhqv rqw hx{ dxvvl hx whqgdqfh ã glplqxhu/ grqf oh wdx{ gh gìidxw
gh o*dqqìh vxlydqwh vhud ìjdohphqw lpsruwdqw1 Fhwwh dssurfkh wlhqw grqf elhq
frpswh ghv fruuìodwlrqv hqwuh ohv whpsv gh gìidxwv hw lqwurgxlw od qrwlrq gh
pljudwlrq gx fuìglw = od whqgdqfh ghv eurzqlhqv ã glplqxhu +uhvshfwlyhphqw ã
dxjphqwhu,/ píph vdqv gìsdvvhu oh vhxlo/ srxydqw íwuh yxh frpph xqh gìjud0
gdwlrq +uhvshfwlyhphqw xqh dpìolrudwlrq, gh vrq udwlqj1

Srxu fdoleuhu fh prgëoh/ lo idxw g*derug uhpdutxhu txh =

P
�
W

L ? MB < � B
�
@ �+� B , o�u� B @ � G B +q B ,

Lo idxw hqvxlwh xwlolvhu oh idlw txh od suredelolwì tx*xq ìphwwhxu idvvh gìidxw
od ghx{lëph dqqìh ydxw p J =

P
�
W

L ? MB > � B _W
L ? MJ < � J

�
@ p J

Frpph W L ? M hvw xq surfhvvxv gh Zlhqhu/ qrxv vdyrqv txh vrq ìfduw0w|sh
ydxw sthw txh srxu s < t/ od fruuìodwlrq hqwuh W

L ? M�PQ hw W
L ? M�RS ydxw s Q S 1 Od

ydohxu gh � J shxw grqf vh gìgxluh gh fhooh gh � B ã sduwlu gh =

�
� � Js5

��� J
#
� B ; � Js5>

u4
5
$

@ p J
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Gh píph/ od ydohxu gh � E shxw vh gìgxluh gh fhoohv gh � B ; :::; � E$G B ã sduwlu
ghv sursulìwìv ghv eurzqlhqv hw gh o*ìtxdwlrq vxlydqwh =

P
�
W

L ? MB > � B _ ::: _W
L ? ME�G B > � E�G B _W

L ? ME < � E
�
@ p E

Oh fdoleudjh vh frpsoëwh �qdohphqw hq wurxydqw ¢ who txh od suredelolwì gh
gìidxw mrlqw srxu od suhplëuh dqqìh vrlw ìjdoh ã p BHD B =

P
�
W

L ? MB < � B _W
L C MB < � B

�
@ �+� B ; � B > ¢, @ p BHD B

Xqh irlv oh fdoleudjh whuplqì/ lo hvw dlvì gh gìwhuplqhu ohv suredelolwìv mrlqwhv
gh gìidxw1 Sdu h{hpsoh od suredelolwì pdujlqdoh gh gìidxw mrlqw srxu od ghx{lëph
dqqìh ydxw =

p J D J @ P
�
W

L ? MB > � B _W
L C MB > � B _W

L ? MJ < � J _W
L C MJ < � J

�

rü iW L ? MB ;W
L C MB ;W

L ? MJ ;W
L C MJ j vxlw xqh orl qrupdoh pxowlydulìh gh fryduldqfh =

CoviW L ? MB ;W
L C MB ;W

L ? MJ ;W
L C MJ j @

3
EEC

4 ¢ 4 ¢
¢ 4 ¢ 4
4 ¢ 5 5¢
¢ 4 5¢ 5

4
FFD

51617 Oh prgëoh gh Ol +4<<< hw 5333,
O*lqfrqyìqlhqw pdmhxu ghv ghx{ pìwkrghv sursrvìhv fl0ghvvxv hvw oh idlw txh

gdqv xqh vlpxodwlrq gh w|sh Prqwh Fduor/ lo idxw surfìghu sdv ã sdv = lo idxw
g*derug vlpxohu oh sdqlhu g*dfwliv srxu od suhplëuh dqqìh/ uhjdughu txhov dfwliv
vxuylyhqw sxlv ohv vlpxohu srxu od ghx{lëph dqqìh hw dlqvl gh vxlwh1 O*dssurfkh
sursrvìh sdu Ol shuphw gh vlpxohu gluhfwhphqw ohv whpsv gh gìidxw vdqv dyrlu
ã vlpxohu lqglylgxhoohphqw fkdtxh sìulrgh1 O*dssurfkh sdu ohv frsxohv hvw od
vxlydqwh =

0 Rq vsìfl�h od irqfwlrq gh uìsduwlwlrq I ghv whpsv gh gìidxw whooh txh I+w,
gìvljqh od suredelolwì tx*xq dfwli grqqì idvvh gìidxw dydqw w1
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0 Rq dwwulexh xqh yduldeoh doìdwrluh qrupdoh vwdqgdug Z L ? M ã fkdtxh dfwli
dyhf xqh fruuìodwlrq ìjdoh ã ¢ hqwuh Z L ? M hw Z L C M +rü l hw m vrqw glvwlqfwv,1

0 Rq shxw hqvxlwh rewhqlu oh whpsv gh gìidxw ¤ ? srxu o*dfwli l ã sduwlu gh
o*ìtxdwlrq =

¤ ? @ F G B ���
Z L ? M ��

Srxu od frpsduhu dx{ ghx{ pìwkrghv suìfìghqwhv/ rq shxw glvfuìwlvhu fhwwh
dssurfkh hq qh v*lqwìuhvvdqw tx*ã o*dqqìh ã odtxhooh oh gìidxw d hx olhx hw qrq ã
vd gdwh suìflvh1 Srxu fh idluh/ rq xwlolvh ghv vhxlov gh gìidxw � B ; :::; � K whov txh
� E @ F G B +q E , hw � O @ �4/ hw o*rq frqvlgëuh txh o*ìphwwhxu l idlw gìidxw shqgdqw
o*dqqìh n vl � E$G B < Z L ? M @ � E 1 Oh fdoleudjh ghv sdudpëwuhv gx prgëoh hvw doruv
ìylghqw1 Srxu fh txl hvw gh od fruuìodwlrq ¢/ oh fdoleudjh shxw vh idluh h{dfwhphqw
frpph gdqv ohv ghx{ pìwkrghv suìfìghqwhv1 Ohv suredelolwìv gh gìidxwv mrlqwv
shxyhqw doruv íwuh rewhqxhv vlpsohphqw juåfh ã o*ìtxdwlrq vxlydqwh=

q E D T @ P
�
Z L ? M < � E _ Z L ? M < � B

�
@ �+� E ; � B > ¢,

Fhv wurlv dssurfkhv shxyhqw íwuh yxhv frpph ghv h{whqvlrqv gx prgëoh
gh Fuhglw Phwulfv1 Fkdfxqh gh fhv dssurfkhv uhsrvh vxu oh idlw txh ohv gìidxwv
vxlyhqw ghv orlv qrupdohv vwdqgdugv1 Hoohv rqw wrxwhv xq frpsruwhphqw lghqwltxh
srxu od suhplëuh sìulrgh hw qh vh gl�ìuhqflhqw tx*hqvxlwh1 Oh surfkdlq prgëoh
txh qrxv doorqv suìvhqwhu vxlw xqh dssurfkh elhq gl�ìuhqwh txl v*dssduhqwh soxw÷w
dx prgëoh gh Fuhglw Ulvn.1
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6 OH PRGHOH D LQWHQVLWH
VWRFKDVWLTXH
O*h{whqvlrq qdwxuhooh gx prgëoh gh Fuhglw Ulvn. hq whpsv frqwlqx hvw oh

prgëoh ã lqwhqvlwì vwrfkdvwltxh sursrvì sdu Gx!h hw Jduohdqx1 Srxu udssho/
gdqv fh prgëoh/ ohv fruuìodwlrqv hqwuh ohv gìidxwv vrqw frqvwuxlwhv ã sduwlu gh od
gìshqgdqfh ghv dfwliv ã xqh suredelolwì gh gìidxw frppxqh txl hvw hooh0píph
xqh yduldeoh doìdwrluh1 Od yrodwlolwì gh fhwwh suredelolwì frppxqh gh gìidxw
hvw doruv oh sdudpëwuh gh fruuìodwlrq srxu fh prgëoh = xqh yrodwlolwì gh gìidxw
ìohyìh lpsoltxh gh iruwhv fruuìodwlrqv doruv tx*xqh yrodwlolwì qxooh frqgxlud ã
ghv gìidxwv lqgìshqgdqwv1 Gdqv fhwwh sduwlh/ qrxv doorqv suìvhqwhu oh prgëoh
sursrvì sdu Gx!h hw Jduohdqx/ txh qrxv dyrqv lpsoìphqwì > o*dssolfdwlrq gh
fhwwh prgìolvdwlrq ã od ydorulvdwlrq ghv FGR sxlv oh fdoleudjh gx prgëoh ihurqw
o*remhw ghv sduwlhv vxlydqwhv1

614 Lqwhqvlwì gh gìidxw srxu xq gìelwhxu
O*dssurfkh sursrvìh sdu Gx!h hw Jduohdqx frqvlvwh ã yrlu ohv surfhvvxv

gh gìidxw frpph ghv yduldeohv doìdwrluhv txl shxyhqw h�hfwxhu ghv vdxwv +fru0
uhvsrqgdqw dx{ pljudwlrqv gh udwlqj, vhorq xq prgëoh ã lqwhqvlwì vwrfkdvwltxh1
Qrxv dyrqv fkrlvl gh qrxv lqwìuhvvhu gdydqwdjh ã fhwwh pìwkrgh txh qrxv do0
orqv grqf suìvhqwhu lfl +srxu gdydqwdjh gh gìwdlov/ oh ohfwhxu shxw vh uìiìuhu dx{
gìprqvwudwlrqv suìvhqwìhv hq dqqh{h,1

61414 Suìvhqwdwlrq gx prgëoh
Rq fkhufkh ã gì�qlu xqh �lqwhqvlwì� g*duulyìh gh gìidxw �+t,/ whooh txh/ F S
uhsuìvhqwdqw wrxwh o*lqirupdwlrq glvsrqleoh ã o*lqvwdqw t/ rq dlh o*dssur{lpdwlrq
vxlydqwh =

P +¤ < t.�tmF S , � �+t,�t

srxu wrxw �shwlw� lqwhuydooh gh whpsv �t > 31
Od yduldwlrq vwrfkdvwltxh gh o*lqwhqvlwì dx frxuv gx whpsv uh ëwh wrxw fkdqjh0

phqw gh od txdolwì gx fuìglw/ hw ohv fruuìodwlrqv hq fh txl frqfhuqh ohv fkdqjh0
phqwv gh txdolwì gh fuìglw ghv gìelwhxuv vrqw uh ìwìhv sdu fhoohv ghv yduldwlrqv
gh ohxuv lqwhqvlwìv gh gìidxw1 Fh prgëoh suìvhqwh od fdudfwìulvwltxh txh wrxwh
fruuìodwlrq hqwuh ohv whpsv gh gìidxw vh pdqlihvwh gh fhwwh pdqlëuh1 Xqh dowhu0
qdwlyh vhudlw xq prgëoh gdqv ohtxho ohv gìidxwv vlpxowdqìv srxuudlhqw íwuh fdxvìv
sdu fhuwdlqv ìyìqhphqwv gh fuìglw/ rx ghv prgëohv gh frqwdjlrq1
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Rq gì�qlw grqf ghv suì0lqwhqvlwìv = xqh suì0lqwhqvlwì srxu oh whpsv g*duuíw
¤ hvw xq surfhvvxv vwrfkdvwltxh � who txh srxu wrxw t suìfìgdqw ¤ / o*lqwhqvlwì
g*duulyìh gh gìidxw ydxw �+t, hw =

P +¤ < t.�tmF S , @ E^h{s+
] S F;U S
S �� V du,mF S `

Qrxv vxssrvhurqv txh ohv whpsv gh gìidxwv gh fkdtxh gìelwhxu dxurqw xqh
suì0lqwhqvlwì � yìul�dqw xqh ìtxdwlrq gl�ìuhqwlhooh vwrfkdvwltxh gh od iruph =

d�+t, @ k+� � �+t,,dt. £s�+t,dW +t, . �J+t,

txl idlw lqwhuyhqlu xq prxyhphqw eurzqlhq vwdqgdugW hw ghv vdxwv ìyhqwxhov1
Sdupl ohv gl�ìuhqwv sdudpëwuhv/ £ gìvljqh od yrodwlolwì gh od gl�xvlrq/ n oh wdx{
gh uhwrxu ã od pr|hqqh hw � o*lqwhqvlwì pr|hqqh1 Oh surfhvvxv gh vdxw J hvw
lqgìshqgdqw gx eurzqlhq/ ohv dpsolwxghv ghv vdxwv vrqw lqgìshqgdqwhv hqwuh
hoohv hw vxlyhqw xqh orl h{srqhqwlhooh gh pr|hqqh � hw ohv gdwhv ghv vdxwv vrqw
fhoohv g*xq surfhvvxv gh Srlvvrq grqw oh wdx{ g*duulyìh pr|hq ydxw l1 Rq sduoh
gh surfhvvxv d!qh irqgdphqwdo gh sdudpëwuhv +k; �; £; �; l,1

Ohv sdudpëwuhv shxyhqw íwuh dmxvwìv gh qrpeuhxvhv pdqlëuhv srxu frqwu÷ohu
o*ìyroxwlrq gx ulvtxh gh gìidxw dyhf oh whpsv1 Rq shxw qrwdpphqw fdofxohu od
yduldqfh olplwh gh �+t,/ hw h{sorlwhu od frqglwlrq gh suì0lqwhqvlwì1
61415 Suredelolwì gh vxuylh

Qrxv qrxv lqwìuhvvrqv gdqv fhwwh sduwlh ã o*dqdo|vh gh od wudqvirupìh gh
o*lqwhqvlwì/ txl qrxv shuphwwud gh fdofxohu od suredelolwì gh vxuylh g*xq ìphwwhxu1

Rq shxw hq h�hw fdofxohu/ srxu t hw s srvlwliv =

E^h{s+
] S F Q
S �� V du,mF S ` @ h{s^�+s, . �+s,�+t,`

rü ohv frh!flhqwv �+s, hw �+s, vrqw fdofxoìv h{solflwhphqw hq irqfwlrq ghv
sdudpëwuhv gh od gl�xvlrq hq dqqh{h 5141 Fhwwh ìtxdwlrq qrxv grqqh od sured0
elolwì gh vxuylh ã o*krul}rq t. s/ fdofxoìh hq t/ gx wlwuh grqw o*lqwhqvlwì gh gìidxw
hvw �/ vrlw od glvwulexwlrq gh suredelolwì/ fdofxoìh hq t/ gh vrq whpsv gh gìidxw1

F*hvw fh txh qrxv doorqv pdlqwhqdqw gìprqwuhu1
Ohv uìvxowdwv txh qrxv grqqrqv gdqv od vxlwh gh fhwwh sduwlh xwlolvhqw ghv

qrwdwlrqv xq shx gl�ìuhqwhv srxu ohv irqfwlrqv � hw �1 Gdqv xq vrxfl gh foduwì
ghv fdofxov/ rq qrwhud = � vrxv od iruph �+t; t. s, hw � vrxv od iruph �+t; t. s,/
3 � t � T / 3 � t . s � T: Fhwwh qrwdwlrq hvw frkìuhqwh dyhf oh uhvwh gh fh
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Iljxuh 5= H{hpsoh gh surfhvvxv g*lqwhqvlwì ã vdxwv

udssruw/ fdu �+t; t . s, hw �+t; t . s, qh gìshqghqw sdv gh w/ hw o*rq d grqf
�+s, @ �+t; t. s, hw �+s, @ �+t; t. s,1

Gh�qlwlrq 4 Rq qrwh wudqvirupìh gh X S / oruvtx*hooh h{lvwh =

¦+X S ; t; T , @ E^h{s+�] K
S X V du,mF S `:

Qrxv doorqv prqwuhu txh ¦ @ ¦ W / dyhf =
¦ W +x; t; T , @ h{s+�+t; T , . �+t; T ,:x,

rü � hw � vrqw gì�qlv sdu ohv ìtxdwlrqv gl�ìuhqwlhoohv vxlydqwhv =
�
�t�+t; T , .B+�+t; T ,; t, @ 3 +4,
�
�t�+t; T , .A+�+t; T ,; t, @ 3 +5,
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�+T; T , @ 3; �+T; T , @ 3
dyhf =

B+y; t, @ ��:y . 4
5y

J £ J � 4
A+y; t, @ �:�:y . l:+�+y; t,� 4,

hw
�+y; t, @

]
X h{s+yz,dv S +z,;

od �mxps0wudqvirup� +l1h1 �+y; t, @ BB G*Y Z ,1
Srxu fhod rq gì�qlw =

¨ S @ h{s+�] S
O X V du,: h{s+�+t; T , . �+t; T ,:X S ,

Rq yd prqwuhu txh ¨ hvw xqh pduwlqjdoh/ vrxv ohv frqglwlrqv vxlydqwhv =
Frqglwlrqv whfkqltxhv =

Od vroxwlrq gh o*ìtxdwlrq gl�ìuhqwlhooh vwrfkdvwltxh BB hvw xqltxh srxu xqh frq0
glwlrq lqlwldoh grqqìh/ � hw � vrqw gì�qlhv vdqv dpeljxòwì sdu ohv ìtxdwlrqv 4 hw
5/ hw
0 +l, E^h{s+U KO m� V mdu,` < 4 rü
� S @ l:¨ S :�+�+t; T ,; t, @ l:¨ S : BB G*Y�[ \ L S D K M
0 +ll, E^+U KO � JS du, ]^ ` < 4 rü � S @ ¨ S :�+t; T ,:£sX S
0 +lll, E+m¨ S m, < 41

Sursrvlwlrq 4 Wudqvirupìh gh [
Vrxv ohv frqglwlrqv suìfìghqwhv/ ¨ hvw xqh pduwlqjdoh/ hw od wudqvirupìh ¦ gh X
h{lvwh hw ¦ @ ¦ W 1

S urri1
Yrlfl xqh lgìh gh od gìprqvwudwlrq1
d0 Rq dssoltxh oh ohpph g*Lw÷ ã ¨ S +yrlu ohpph 5 fl dsuëv,=

¨ S @ ¨ O .
] S
O ¨ Q � _ +s,ds.

] S
O � Q dW Q . J S

rü =
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� S hvw gì�ql fl0ghvvxv/
� _ +t, @ `` S �+t; T , .A+�+t; T ,; t, . ^ `` S �+t; T , .B+�+t; T ,; t,`:X S
J S @ S O�a*b L ? M a S +¨ b L ? M � ¨ b L ? M�c ,� U SO � Q ds
rü ¤+i, @ lqiit = N S @*? j hvw oh lëph whpsv gh vdxw1
e0 Vrxv od frqglwlrq +l, vxu � S / rq prqwuh +yrlu ohpph 6 fl0dsuëv, txh J hvw xqh
pduwlqjdoh1
f0 Vrxv od frqglwlrq +ll, vxu � S / U SO � Q dW Q hvw xqh pduwlqjdoh1
g0 Rq hq gìgxlw txh ¨ hvw xqh pduwlqjdoh1
Rq d grqf hq sduwlfxolhu/ srxu t < T = E+¨ K mF S , @ ¨ S / fh txl vh uììfulw =

E^h{s+�] K
S X Q ds,mF S ` @ h{s+�+t; T , . �+t; T ,:X S ,

Vrlw ¦ @ ¦ W 1
Rq d dlqvl rewhqx xqh qrxyhooh ìfulwxuh gh od suredelolwì gh vxuylh1

Ohppd 5 Ohpph 4 =suhxyh gx d = dssolfdwlrq gx ohpph g*Lw÷ ã ¨
S urri1

Rq udsshooh txh

¨ S @ h{s+�] S
O X V du,: h{s+�+t; T , . �+t; T ,:X S ,

Rq qrwh
C S @ h{s+�] S

O X V du,

Hw
D S @ h{s+�+t; T , . �+t; T ,:X S ,

C S hvw ã yduldwlrq �qlh/ grqf oh whuph furlvì dC S � dD S hvw qxo1
Rq d grqf ] S

O d¨ Q @
] S
O C Q dD Q .

] S
O D Q dC Q
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Sdu dloohxuv/ ] S
O dC Q @

] S
O �X Q C Q ds

Srxu fdofxohu dD S / rq wudlwh vìsduìphqw ohv sduwlhv vdqv vdxw hw dyhf vdxw gh
o*ìtxdwlrq gh gl�xvlrq gh X S +ohv ghx{ sduwlhv vrqw lqgìshqgdqwhv,1

] S
O dD Q @

] S
O D Q :^ ��s�+s; T , .X Q : ��s�+s; T ,`ds.

] S
O D Q :�+s; T ,:dX Q

.4
5
] S
O D Q :�+s; T , J £ J X Q ds.[

Q a S +e d
F&\e[ W7f � e d F&\e[ W f c ,

G*rü = ] S
O d¨ Q @

] S
O ¨ Q ^�X Q . + ��s�+s; T , .X Q ��s�+s; T ,,
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J £ J X Q `ds

.
] S
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Q a S +¨ Q � ¨ Q c ,

Rq shxw doruv uììfuluh fhwwh ìtxdwlrq vrxv od iruph yrxoxh =
¨ S @ ¨ O .

] S
O ¨ Q � _ +s,ds.

] S
O � Q dW Q . J S

Ohppd 6 Ohpph 5 = suhxyh gx e = M hvw xqh pduwlqjdoh
S urri1

Rq qrwh Et o*hvsìudqfh frqglwlrqqhooh ã Ft1
Vrlw 3 � t � s � T 1
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rü Nt hvw oh surfhvvxv gh frpswdjh ghv vdxwv1
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o*lqwhqvlwì gx surfhvvxv gh frpswdjh ghv vdxwvN / grqf/ sdu gì�qlwlrq gh o*lqwìjud0
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Ru rq d = ] Q
S � V du @

] Q
S +¨ V c +� +�+u; T ,; u,� 4,, ldu

Grqf
E S +J Q , @ J S

hw M hvw xqh pduwlqjdoh1
Od srvvlelolwì g*h{sulphu od irqfwlrq gh vxuylh vrxv xqh iruph h{solflwh/

sxlvtx*lo v*djlw g*xqh irqfwlrq h{srqhqwlhooh d!qh gh od yduldeoh g*lqwhqvlwì/ hvw
irqgdphqwdoh srxu o*dssolfdwlrq gh fh prgëoh ã od ydorulvdwlrq ghv FGR1

615 Prgëoh gh gìidxw srxu soxvlhxuv gìelwhxuv
Srxu whqlu frpswh ghv fruuìodwlrqv hqwuh gl�ìuhqwv wlwuhv vrxv0mdfhqwv wrxw

hq ìwxgldqw oh frpsruwhphqw gh o*lqwhqvlwì gh gìidxw gh fkdtxh gìelwhxu/ rq
h{sorlwh oh idlw tx*xq prgëoh d!qh irqgdphqwdo shxw v*ìfuluh frpph od vrpph
gh prgëohv d!qhv lqgìshqgdqwv/ srxuyx txh ohv sdudpëwuhv k +wdx{ gh uhwrxu ã
od pr|hqqh,/ £ +yrodwlolwì gh gl�xvlrq, hw � +dpsolwxgh pr|hqqh gx vdxw, vrlhqw
frppxqv dx{ gl�ìuhqwv surfhvvxv +fh uìvxowdw hvw gìprqwuì hq dqqh{h 7,1

Frqvlgìurqv Q sduwlflsdqwv grqw ohv whpsv gh gìidxwv ¤ B ; ¤ J ; :::¤ v rqw ghv
surfhvvxv gh suì0lqwhqvlwì � B ; � J ; :::� v txl vrqw ghv surfhvvxv d!qhv irqgdphq0
wdx{1

Rq shxw doruv gìfrpsrvhu fkdfxqh gh ohxuv suì0lqwhqvlwìv vrxv od iruph

� ? @ X w .X ?

X w hwX ? ìwdqw ghv surfhvvxv d!qhv irqgdphqwdx{ gh sdudpëwuhv uhvshfwlyhphqw
+k; � w ; £; �; l w , hw +k; � ? ; £; �; l ? ,1

� ? hvw doruv xq surfhvvxv d!qh irqgdphqwdo gh sdudpëwuhv +k; �; £; �; l, rü
� @ � w . � ? hw l @ l w . l ? 1 Rq shxw yrlu X w frpph od frpsrvdqwh frppxqh ã
wrxv ohv sduwlflsdqwv hw X ? frpph ohxu frpsrvdqwh sduwlfxolëuh1 Rq vh udpëqh
dlqvl ã N . 4 surfhvvxv lqgìshqgdqwv1

Oh sdudpëwuh ¢ @ lc=l uhsuìvhqwh od iudfwlrq ghv vdxwv txh vxelw +ã orqj
whuph, o*lqwhqvlwì g*xq fhuwdlq ìphwwhxu txl hvw vxssruwìh hq idlw sdu o*hqvhpeoh
ghv reoljdwlrqv1 Fh sdudpëwuh shxw íwuh yx frpph od suredelolwì tx*xq vdxw
lqwhuylhqqh srxu i vdfkdqw tx*xq vdxw lqwhuylhqw srxu j1 Vl gh soxv rq vxssrvh
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txh X w +3, @ ¢:� ? +3, +frqglwlrq lqlwldoh vxu ohv surfhvvxv X w hw X ? ,/ ¢ shxw íwuh
frqvlgìuìh frpph od fruuìodwlrq lqvwdqwdqìh lqlwldoh hqwuh � ? hw �C / srxu wrxw i;
j1 F*hvw0ã0gluh od fruuìodwlrq olplwh hqwuh hqwuh � ? +t, hw �C +t, oruvtxh w whqg yhuv
31

Vl £ @ 3/ rq uhwurxyh od fruuìodwlrq hqwuh � ? hw �C frqglwlrqqhoohphqw ã
od �owudwlrq F S 1 Rq vxssrvh sdu dloohxuv txh ¢ @ � w =� srxu pdlqwhqlu xqh
fruuìodwlrq frqvwdqwh hqwuh E+X w +t,, hw E+� ? +t,, srxu wrxw t gëv txh X w +3, @
¢:� ? +3,1

Frqfuëwhphqw/ ohv sdudpëwuhv xwlolvìv vrqw ohv vxlydqwv =

Rq v*lqwìuhvvh g*derug dx suhplhu whpsv gh gìidxw ¤ L v�M @ min+¤ B ; ¤ J ; :::¤ v ,
grqw od suì0lqwhqvlwì ydxw � B . � J . :::� v 11

Sdu h{whqvlrq gx fdv g*xq vhxo gìelwhxu/ rq prqwuh +hq dqqh{h, txh o*rq d =

p v @ 4� P +¤ L v�M > T , @ 4� h{s^� w +T , . � w +T ,X w +3, .N:� ? +T , .N:� ? +T ,X ? +3,`

dyhf � w +s, hw � w +s, vroxwlrqv ghv ìtxdwlrqv +E4, hw +E5, srxu n @ ��;
p @ £ J ; q @ �j; l @ l w hw m @ k:� w > wdqglv txh � ? +s, hw � ? +s, vrqw vroxwlrqv ghv
ìtxdwlrqv gl�ìuhqwlhoohv grqqìhv hq dqqh{h +E15, srxu n @ ��; p @ £ J ;
q @ �4; l @ l ? / hw m @ k:� ? 1

Rq hq gìgxlw od irqfwlrq gh uìsduwlwlrq ã o*lqvwdqw w gx surfkdlq whpsv gh
gìidxw =

F +t, @ 4� h{s^� w +t, . � w +t,:X w +¤, .N:� ? +t, . � ? +t,
v[
C�@�B XC +¤,`
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Iljxuh 6= Uhsuìvhqwdwlrq judskltxh ghv s v / srxu o*krul}rq gh whpsv W@43 dqv

Rq shxw gìgxluh gh fhwwh irqfwlrq gh uìsduwlwlrq od suredelolwì tx*lo | dlw k
gìidxwv sdupl ohv N hqwuhsulvhv suìvhqwhv +dqqh{h F,1

Ohv �jxuhv 7 hw 8 uhsìvhqwhqw/ srxu ghx{ vhwv gh sdudpëwuhv/ od glvwulexwlrq
gx qrpeuh gh gìidxwv/ gdqv oh fdv g*xqh fruuìodwlrq idleoh +¢ @ 3:4,/ pr|hqqh
+¢ @ 3:8, rx lpsruwdqwh +¢ @ 3:<,1 Od glvwulexwlrq gx qrpeuh gh gìidxwv hvw
ehdxfrxs soxv ìfudvìh srxu xq kdxw qlyhdx gh fruuìodwlrq/ wdqglv tx*xq idleoh
qlyhdx gh fruuìodwlrq hqwudñqh xqh glvwulexwlrq fhqwuìh vxu od pr|hqqh/ fdu ohv
gìidxwv vrqw uìsduwlv gh pdqlëuh soxv lqgìshqgdqwh1 rq uhpdutxh sdu dloohxuv
txh oh vhw 7 lqwhqvl�h o*lpsdfw gh od fruuìodwlrq vxu od glvwulexwlrq ghv gìidxwv
sdu udssruw dx vhw 41 Oh sdudpëwuh gh uhwrxu ã od pr|hqqh � hvw ehdxfrxs
soxv idleoh/ hw oh wdx{ gh vxuyhqdqfh ghv vdxwv soxv lpsruwdqw1 Oh vhw 7 dffrugh
grqf xqh lpsruwdqfh uhodwlyh dx vdxw soxv lpsruwdqwh tx*dx whuph gh uhwrxu ã
od pr|hqqh hw dx eurzqlhq1 Oh qlyhdx gh od fruuìodwlrq vhpeoh dlqvl mrxhu vxu
o*rffxuhqfh ghv gìidxwv wrxw sduwlfxolëuhphqw ã wudyhuv oh whuph gh vdxw1

Ohv �jxuhv 9/ :/ ; looxvwuhqw/ srxu xq qlyhdx gh fruuìodwlrq grqqì/ ohv
glvwulexwlrqv gx qrpeuh gh gìidxw fruuhvsrqgdqw ã fkdtxh vhw gh sdudpëwuhv1
Rq frqvwdwh hq sduwlfxolhu txh ohv gl�ìuhqwv vhwv vrqw ã shx suëv ìtxlydohqwv
srxu xqh fruuìodwlrq pr|hqqh/ hw txh od gl�ìuhqfh vh idlw gdydqwdjh srxu xq
kdxw qlyhdx gh fruuìodwlrq1 Od glvwulexwlrq gx qrpeuh gh gìidxw hvw gh soxv hq
soxv ìfudvìh oruvtxh o*rq dxjphqwh od fruuìodwlrq1

59



Iljxuh 7= Suredelolwì gh n gìidxwv/ vhorq gl�ìuhqwv qlyhdx{ gh fruuìodwlrq/ srxu
oh vhw 4 gh sdudpëwuhv

616 H{whqvlrqv hw uhpdutxhv
61614 Ulvtxh vhfwrulho/ uìjlrqdo hw joredo
Rq srxuudlw ìodujlu o*xwlolvdwlrq gx prgëoh gh gìidxw srxu soxvlhxuv gìelwhxuv dx
wudlwhphqw gx ulvtxh pxowlidfwrulho hq gìfrpsrvdqw ã qrxyhdx od suì0lqwhqvlwì
hq soxvlhxuv surfhvvxv d!qhv lqgìshqgdqwv +srxu lqwìjuhu qrwdpphqw ohv ulvtxhv
olìv dx{ vhfwhxuv rx dx{ uìjlrqv g*dfwlylwì,1 Fhfl shxw íwuh h�hfwxì gh pdqlëuh
soxv rx prlqv frpsoltxìh vhorq ohv k|srwkëvhv idlwhv hw qrwdpphqw vhorq oh
qrpeuh gh idfwhxuv fkrlvlv1

Sdu h{hpsoh/ rq shxw idluh o*k|srwkëvh txh oh whpsv gh gìidxw ¤ ? gh o*ìphwwhxu
l d xqh suì0lqwhqvlwì � ? @ X ? . Y w L ? M . Z; rü oh idfwhxu vhfwrulho Y w L ? M hvw frp0
pxq ã wrxv ohv ìphwwhxuv gx vhfwhxu c+i, � i4; ::; Sj srxu S gl�ìuhqwv vhfwhxuv/
oh idfwhxu Z hvw frppxq ã wrxv ohv ìphwwhxuv/ hw X ? hvw od sduwlh vsìfl�txh ã
o*ìphwwhxu i1 Fhv gl�ìuhqwv surfhvvxv vrqw ghv surfhvvxv d!qhv irqgdphqwdx{
lqgìshqgdqwv1

Vl o*rq q*lpsrvh sdv gh frqwudlqwhv vxu ohv sdudpëwuhv gh fhv surfhvvxv/
od suì0lqwhqvlwì gh o*ìphwwhxu i q*hvw sdv qìfhvvdluhphqw xq surfhvvxv d!qh
irqgdphqwdo/ pdlv ohv fdofxov uhvwhqw vlpsohv1 Rq shxw prqwuhu/ hq xwlolvdqw
o*lqgìshqgdqfh ghv surfhvvxv vrxv0mdfhqwv=
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Iljxuh 8= Suredelolwì gh n gìidxwv/ vhorq gl�ìuhqwv qlyhdx{ gh fruuìodwlrq/ srxu
oh vhw 7 gh sdudpëwuhv

E^h{s+
] S F Q
S �� ? +u,du,mF S ` @ h{s^�+s, . � ? +s,X ? +t, . � w L ? M +s,Y w L ? M +t, . � x +s,Z+t,`

rü �+s, @ � ? +s, . � w L ? M +s, . � x +s,/ hw rü wrxv ohv sdudpëwuhv � hw � vrqw
rewhqxv frpph suìfìghpphqw ã sduwlu ghv sdudpëwuhv ghv gl�ìuhqwv surfhvvxv
d!qhv irqgdphqwdx{ X ? ; Y w L ? M ; dqg Z1

Gh pdqlëuh hqfruh soxv jìqìudoh/ rq shxw hqylvdjhu g*dgrswhu xq prgëoh
d!qh pxowl0idfwhxu gdqv ohtxho ohv yduldeohv g*ìwdw vrxv0mdfhqwhv qh vrqw sdv
lqgìshqgdqwhv1
61615 Lqwhqvlwìv uìhooh hw ulvtxh0qhxwuh

Srxu fdofxohu qrv vsuhdgv gh fuìglw/ qrxv dgrswrqv xq prgëoh gh gìidxw vdqv
duelwudjh vwdqgdug gdqv ohtxho/ vrxv xqh phvxuh gh suredelolwì ulvtxh0qhxwuh/
oh whpsv gh gìidxw g*xq ìphwwhxu grqqì d xq surfhvvxv gh suì0lqwhqvlwì ulvtxh0
qhxwuh d!qh irqgdphqwdo1 Od suì0lqwhqvlwì uìhooh hw ulvtxh0qhxwuh gx whpsv gh
gìidxw vrqw gl�ìuhqwhv/ lo q*h{lvwh sdv gh uhodwlrq d sulrul hqwuh ohxuv wudmhfwrluhv
rx ohxuv sdudpëwuhv1 Sdu h{hpsoh/ vl o*rq v*lqwìuhvvh ã o*lqwhqvlwì ulvtxh0qhxwuh
vrxv od phvxuh gh suredelolwì uìhooh/ rq shxw vxssrvhu txh vrxv fhwwh phvxuh gh
suredelolwì/ o*lqwhqvlwì ulvtxh0qhxwuh hvw hqfruh xq surfhvvxv d!qh irqgdphqwdo1
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Iljxuh 9= Suredelolwì gx qrpeuh gh gìidxwv/ vhorq gl�ìuhqwv mhx{ gh sdudpëwuhv/
dyhf xq idleoh qlyhdx gh fruuìodwlrq +314,

Lo shxw hq h�hw íwuh lqwìuhvvdqw gh fdudfwìulvhu oh frpsruwhphqw vwrfkdvwltxh uìho
ghv sul{ g*reoljdwlrqv rx gh FGR/ hw fhv sul{ gìshqghqw ghv lquhqvlwìv gh gìidxwv
ulvtxh0qhxwuhv1 Od vhxoh frqglwlrq vxu ohv sdudpëwuhv +ã sduw ohv frqglwlrqv
g*h{lvwhqfh, hvw o*ìjdolwì ghv yrodwlolwìv/ fdu fh sdudpëwuh hvw gìwhuplqì sdu od
wudmhfwrluh gh � hooh0píph/ txl hvw ìylghpphqw od píph vrxv gl�ìuhqwhv phvxuhv
gh suredelolwìv1

Lo uhvwh fhshqgdqw gl!floh gh glvwlqjxhu ohv sdudpëwuhv uìjlvvdqw o*ìyroxwlrq
ghv suì0lqwhqvlwìv uìhooh hw ulvtxh0qhxwuh/ rx o*ìyroxwlrq gh od suì0lqwhqvlwì ulvtxh0
qhxwuh vrxv ohv phvxuhv gh suredelolwìv uìhooh rx ulvtxh0qhxwuh1 Rq shxw hqylv0
djhu g*xwlolvhu ghv grqqìhv gh fkdqjhphqwv gh udwlqj hw ghv vsuhdgv gh wdx{
g*reoljdwlrqv srxu fdoleuhu ghv lqwhqvlwìv gh gìidxw ulvtxh0qhxwuh y / hw g*hvwlphu
gdqv fhuwdlqv fdv ohv g|qdpltxhv uìhoohv g*lqwhqvlwìv gh gìidxw ulvtxh0qhxwuhv ã
sduwlu gh grqqìhv klvwrultxhv vxu ohv frusrudwh erqgv z 1

Sdu dloohxuv/ lo hvw srvvleoh g*hvwlphu ohv suredelolwìv gh gìidxw uìhoohv hw
ulvtxh0qhxwuh= fv ghuqlëuhv shxyhqw hq sduwlfxolhu íwuh hvwlpìhv ã sduwlu ghv
vsuhdgv gh wdx{ gh pdufkì srxu oh ulvtxh gh fuìglw rx ghv sul{ gh gìulyìv gh
fuìglw1

Qrxv qrxv uìiìurqv lfl gh pdqlëuh v|vwìpdwltxh dx frpsruwhphqw vrxv od
suredelolwì ulvtxh0qhxwuh gh o*lqwhqvlwì gh gìidxw ulvtxh0qhxwuh1{�|�+����H}7. ��+��	�	��+�� �4~2� ���8	� � �&p r�s�s�n�u���-�	
����$p rHs�s,t,u
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Iljxuh := Suredelolwì gx qrpeuh gh gìidxwv/ vhorq gl�ìuhqwv mhx{ gh sdudpëwuhv/
dyhf xq qlyhdx gh fruuìodwlrq pr|hq +318,

7 YDORULVDWLRQ GX FGR
D sduwlu ghv uìvxowdwv dqdo|wltxhv suìfìghqwv/ rq shxw sursrvhu xqh pìwk0

rgh gh ydorulvdwlrq1 Qrxv doorqv g*derug gìfuluh o*dojrulwkph jìqìudo gh qrwuh
surjudpph gh ydorulvdwlrq dydqw gh gìwdloohu ohv ìwdshv gh od ydorulvdwlrq = oh
fdofxo ghv wdx{ gh uhfrxyuhphqw/ od sulrulwlvdwlrq hw hq�q oh fdofxo ghv vsuhdgv1

714 Dojrulwkph
Rq frqvlgëuh N hqwuhsulvhv ìphwwulfhv irupdqw xq jurxsh krprjëqh1 Rq

qrwh T od pdwxulwì pd{lpdoh ghv reoljdwlrqv frqvlgìuìhv +gdqv od sudwltxh/ fhwwh
pdwxulwì ydxw od pdwxulwì gx FGR txl hvw lfl sulvh ìjdoh ã 43 dqv,1 Fkdfxq ghv
43 333 vfìqdull hvw jìqìuì gh od idêrq vxlydqwh =

40 Srxu fkdtxh wudqfkh/ rq frpphqfh sdu gl�xvhu ohv surfhvvxv qrwìv X w hw
X B ; ; X v +fruuhvsrqgdqw uhvshfwlyhphqw ã od sduwlh gx ulvtxh frppxqh ã wrxw
oh vhfwhxu hw ã fhooh vsìfl�txh ã o*hqwuhsulvh, vhorq o*ìtxdwlrq gh gl�xvlrq txh
qrxv dyrqv suìvhqwìh soxv kdxw1 Rq vlpxoh grqf N . 4 surfhvvxv1

50 Rq fdofxoh hqvxlwh od irqfwlrq gh uìsduwlwlrq gx suhplhu whpsv gh gìidxw
hw rq wluh od suhplëuh gdwh gh gìidxw +qrwìh ¤ 5 ^3; T `, vhorq fhwwh irqfwlrq
gh uìsduwlwlrq1 Rq wluh hqvxlwh oh qxpìur gh o*hqwuhsulvh d|dqw idlw gìidxw hq
dwwulexdqw ã fkdtxh hqwuhsulvh i oh srlgv vxlydqw =
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Iljxuh ;= Suredelolwì gx qrpeuh gh gìidxwv/ vhorq gl�ìuhqwv mhx{ gh sdudpëwuhv/
dyhf xq kdxw qlyhdx gh fruuìodwlrq +31<,

� ? +¤,
�+¤, @ X ? +¤, .X w +¤,S ? X ? +¤, .X w +¤,

60 Rq wluh oh whpsv gh gìidxw vxlydqw/ vhorq vd sursuh irqfwlrq gh uìsduwlwlrq
gìfulwh gdqv oh sdudjudskh suìfìghqw,/ hw rq wluh o*hqwuhsulvh txl idlw gìidxw
frpph fl0ghvvxv1

70 Rq uìlwëuh fhfl +ìwdsh 6, mxvtx*ã fh txh oh qrpeuh g*hqwuhsulvhv uhvwdqwhv
vrlw qxo +hoohv rqw wrxwhv vrlw idlw gìidxw vrlw vrqw duulyìhv ã pdwxulwì,1

80 Ydorulvdwlrq =
Srxu fkdtxh wrpeìh gh frxsrq/ rq fdofxoh ohv  x{ yhuvìv sdu oh srro gh wlwuhv

vrxv0mdfhqw = lqwìuíwv ghv hqwuhsulvhv txl q*rqw sdv idlw gìidxw/ uhfrxyuhphqw hq
fdslwdo vl o*hqwuhsulvh d idlw gìidxw +hw ã od pdwxulwì uhperxuvhphqw ghv fdslwdx{
vl o*hqwuhsulvh q*d sdv idlw gìidxw,1 Rq doorxh fhv  x{ dx{ gl�ìuhqwhv wudqfkhv
gx FGR vhorq xq vfkìpd gh sulrulwlvdwlrq txh qrxv gìfulurqv sdu od vxlwh1

Rq fdofxoh �qdohphqw od vrpph ghv  x{ dfwxdolvìv tx*d uhêx fkdfxqh ghv
wudqfkhv/ sxlv oh vsuhdg gh wdx{ gh frxsrq gh fkdtxh wudqfkh +gl�ìuhqfh hqwuh
oh frxsrq gh od wudqfkh hw oh frxsrq dx sdlu/ vdqv ulvtxh,1
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715 Ulvtxh gh uhfrxyuhphqw
Rq vxssrvh txh od iudfwlrq gh uhfrxyuhphqw hq fdv gh gìidxw hvw hq hv0

sìudqfh frqvwdqwh dx frxuv gx whpsv/ hw txh ohv iudfwlrqv gh uhfrxyuhphqw
fruuhvsrqgdqw dx{ gl�ìuhqwv vrxv0mdfhqwv vrqw lqgìshqgdqwhv hw xqlirupìphqw
glvwulexìhv1 Hpslultxhphqw/ f*hvw od glvwulexwlrq ghv vhqlru xqvhfxuhg erqgv
txl hvw od soxv surfkh gh od glvwulexwlrq xqliruph1

Glvwulexwlrq ghv wdx{ gh uhfrxyuhphqwv +vrxufh Prrg|*v,
Hq vxssrvdqw txh ohv fkdqjhphqwv gh wdx{ g*lqwìuíwv hw ohv fkdqjhphqwv ghv

lqwhqvlwìv gh gìidxw vrqw qrq0fruuìoìv/ rq shxw fdofxohu qxpìultxhphqw od ydohxu
lqlwldoh g*xqh reoljdwlrq gh pdwxulwì t vl o*ìphwwhxu d xqh suì0lqwhqvlwì d!qh �/
hq irqfwlrq gx wdx{ }ìur0frxsrq gh pdwxulwì t/ gh t/ hw gh od ydohxu lqlwldoh gh
�1 Rq shxw hqvxlwh hq gìgxluh od ydohxu gh o*reoljdwlrq gìolyudqw ghv frxsrqv hw
grqf �qdohphqw od ydohxu ghv  x{ gx FGR mxvtx*ã od pdwxulwì1 Fhv  x{ vhurqw
uhyhuvìv dx{ gìwhqwhxuv ghv wudqfkhv gx FGR hq sulrulwì ã od wudqfkh Vhqlru/
sxlv ã od wudqfkh Ph}}dqlqh/ hw hq�q od wudqfkh Htxlw|/ vhorq xq vfkìpd gh
sulrulwlvdwlrq txh qrxv doorqv gìfuluh gdqv od sduwlh vxlydqwh1

716 Sulrulwlvdwlrq
71614 Qrwdwlrqv

Rq frqvlgëuh tx*lo | d n wrpeìhv gh frxsrq fkdtxh dqqìh1 Ohv  x{
suryhqdqw gx srro gh wlwuhv vrxv0mdfhqw dx FGR ã od k ?���%>#� wrpeìh gh frxsrq
vh gìfrpsrvhqw hq lqwìuíwv hw uhfrxyuhphqwv gh fdslwdx{ hq fdv gh gìidxw1 Oh
wrwdo ghv lqwìuíwv shuêxv ã od nlëph wrpeìh gh frxsrq hvw qrwì W +k,/ hw oh wrwdo
ghv  x{/ lqwìuíwv hw uhfrxyuhphqw/ hvw qrwì Z+k,1

Rq vh sodfh pdlqwhqdqw gx srlqw gh yxh ghv gl�ìuhqwhv wudqfkhv gx FGR1 D
od k ?%���>#� wrpeìh gh frxsrq/ oh sulqflsdo uhvwdqw gþ ã od wudqfkh j hvw qrwì F C +k,1

65



Ohv lqwìuíwv ghydqw íwuh sd|ìv ã od wudqfkh j/ ã od k ?���%>#� wrpeìh gh frxsrq/
ydohqw grqf F C +k, � c C =n rü c C hvw oh wdx{ gh frxsrq dqqxho1

Ohv lqwìuíwv h�hfwlyhphqw sd|ìv +txl shxyhqw íwuh gl�ìuhqwv ghv lqwìuíwv gxv
ã fdxvh ghv ìyhqwxhov gìidxwv txl lqwhuylhqqhqw gdqv oh srro gh wlwuhv vrxv0mdfhqw
dx frxuv gh od sìulrgh k, vrqw qrwìv YC +k,1 UC +k, gìvljqh ohv lqwìuíwv qrq sd|ìv
gxv ã od wudqfkh j/ fxpxoìv hw fdslwdolvìv dx wdx{ c C / ã od �q gh od sìulrgh k/
dsuëv sdlhphqw1 Rq d grqf=

U C +k, @ +4 . c C
n ,:U C +k � 4, . c C

n FC +k,� YC +k,

Rq qrwh JC +k, xqh ìyhqwxhooh uìgxfwlrq gx sulqflsdo ã od k ?%��%>#� wrpeìh
gh frxsrq1 Fhod fruuhvsrqg xqh uìgxfwlrq lpsd|ìh gx fdslwdo/ suìyxh frq0
wudfwxhoohphqw1 Oh sulqflsdo uhvwdqw gþ ã od k ?%���>#� wrpeìh gh frxsrq ydxw grqf=

FC +k, @ F C +k � 4,� JC +k,

D fkdtxh wrpeìh gh frxsrq/ ohv ìyhqwxhov  x{ �qdqflhuv txl q*dxudlhqw sdv
hqfruh ìwì glvwulexìv vrqw sodfìv gdqv xqh uìvhuyh U+n, dx wdx{ vdqv ulvtxh
qrwì R+k,1 Rq qìjoljh ohv wd{hv hw dxwuhv frþwv dqqh{hv1 D od pdwxulwì/ K ?���%>#�
wrpeìh gh frxsrq +rü K @ n �maturit�e,/ U C +K, hw FC +K, grlyhqw íwuh sd|ìv1

Lo h{lvwh gl�ìuhqwhv pìwkrghv gh sulrulwlvdwlrq g*xq FGR ã wurlv wudqfkhv1
Ohv soxv xwlolvìhv vrqw od sulrulwlvdwlrq xqliruph txh qrxv doorqv gìfuluh soxv
suìflvìphqw lfl hw od sulrulwlvdwlrq udslgh txh qrxv suìvhqwrqv gdqv o*dqqh{h 81

71615 Sulrulwlvdwlrq xqliruph
Lqlwldohphqw/ od wudqfkh vhqlru d xq sulqflsdo P B @ F B +3,/ od wudqfkh ph}}d0

qlqh d xq sulqflsdo P J @ F J +3, hw od wudqfkh htxlw| P � @ F � +3, @ 433�P B �P J 1
Sdu dloohxuv/ U B / U J / hw R vrqw lqlwldolvìv ã }ìur1

D fkdtxh wrpeìh gh frxsrq k +rq frqvlgëuh ghv frxsrqv wulphvwulhov/ n @ 7,/
rq uìfrowh W +k, lqwìuíwv +fdofxoìv frpph ohv lqwìuíwv ghv hqwuhsulvhv txl q*rqw
sdv idlw gìidxw,1 Rq fdofxoh hqvxlwh oh  x{ wrwdo gx FGR ã od sìulrgh k qrwì
Z+k, frpph od vrpph ghv lqwìuíwv W +k, dx{txhov rq dmrxwh ohv uhfrxyuhphqwv
hq fdslwdx{ srxu ohv hqwuhsulvhv txl rqw idlw gìidxw1 Rq fdofxoh hq píph whpsv
ohv shuwhv L hq idfh0ydoxh fruuhvsrqgdqw dx{ gìidxwv gh od sìulrgh k1

Rq fdofxoh hqvxlwh/ srxu ohv wurlv wudqfkhv/ ohv uìgxfwlrqv hq fdslwdo lpsd|ì
hw ohv lqwìuíwv sd|ìv srxu od sìulrgh k1

Soxv suìflvìphqw/ rq frpphqfh sdu fdofxohu ohv F B +k,; F J +k,; F � +k, vxu od
edvh ghvtxhov rq yd fdofxohu ohv lqwìuíwv/ vhorq od irupxoh=
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Iljxuh <= Irqfwlrqv gh sd|0r� vxu ohv wurlv wudqfkhv g*xq FGR

FC +k, @ FC +k � 4,� JC +k, pour j @ 4; 5; 6;

rü JC +k, hvw od uìgxfwlrq gh fdslwdo lpsd|ìh/ hooh hvw lqlwldohphqw qxooh hw hvw
fdofxoìh ã od �q gh fkdtxh wrpeìh gh frxsrq srxu od sìulrgh vxlydqwh1

Srxu j @ 4; 5; 6/ rq fdofxoh hqvxlwh fh txl uhvwh gþ ã od wudqfkh j ã od �q gh
od sìulrgh k/ dydqw sdlhphqw=

hUC +k, @ +4 . c C
n ,:U C +k � 4, . c C

n F C +k,

Ohv lqwìuíwv h�hfwlyhphqw sd|ìv ã fkdfxqh ghv wudqfkhv vrqw doruv=

Y B +k, @ plq+hU B +k,;W +k,,
Y J +k, @ plq+hU J +k,;W +k,� Y B +k,,
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Od wudqfkh vhqlru wrxfkh hq sulrulwì ohv lqwìuíwv uhêxv sdu oh FGR1 Lo q*| d
sdv g*lqwìuíwv sd|ìv ã od wudqfkh 6 +htxlw|, dydqw od pdwxulwì1 Rq shxw doruv
uhfdofxohu ohv lqwìuíwv gxv dx{ gl�ìuhqwhv wudqfkhv/ dsuëv oh sdlhphqw ghv lqwìuíwv=

UC +k, @ hU C +k,� YC +k,; j @ 4; 5; 6

Rq fdofxoh hqvxlwh od uìvhuyh glvsrqleoh dsuëv oh sdlhphqw ghv lqwìuíwv ã od
sìulrgh n=

R+k, @ +4 . r+k,
7 ,:R+k � 4, . Z+k,� Y B +k,� Y J +k,

Lo idxw �qdohphqw fdofxohu ohv glplqxwlrqv gh fdslwdo lpsd|ì J � +k.4,; J J +k.
4,; J B +k.4, txl vhuylurqw ã od surfkdlqh sìulrgh1 Rq fdofxoh g*derug H+k, txl
gìvljqh oh wrwdo ghv shuwhv olìhv dx{ gìidxwv ghsxlv od ghuqlëuh wrpeìh gh frxsrq/
dx{txhoohv rq vrxvwudlw ohv lqwìuíwv shuêxv qrq uhglvwulexìv=

H+k, @ max+[? L ? � +W +k,� Y B +k,� Y J +k,,; 3,

hw hq�q ohv JC +k, vrqw fdofxoìv hq xwlolvdqw o*ruguh gh sulrulwì lqyhuvh =

J � +k . 4, @ plq+F � +k,;H+k,,
J J +k . 4, @ plq+F J +k,;H+k,� J � +k . 4,,
J B +k . 4, @ plq+F B +k,;H+k,� J � +k . 4,� J J +k . 4,,

Ohv rsìudwlrqv gìfulwhv suìfìghpphqw vrqw uìlwìuìhv srxu fkdtxh wrpeìh gh
frxsrq/ mxvtx*ã od pdwxulwì frpsulvh +K ?%���>#� wrpeìh gh frxsrq,1 D od pdwxulwì/
rq uìfxsëuh ohv fdslwdx{ ghv hqwuhsulvhv q*d|dqw sdv idlw gìidxw hw rq ohv dmrxwh
ã od uìvhuyh R+K,1

Rq fdofxoh doruv F4+K . 4,; F5+K . 4,; F6+K . 4, sdu od irupxoh gh uìfxu0
uhqfh1 Rq shxw pdlqwhqdqw fdofxohu ohv fdslwdx{ txl vhurqw yhuvìv ã fkdfxqh ghv
wurlv wudqfkhv1 Oh sulqflsdo uhvwdqw gþ hvw sd|ì vxlydqw o*ruguh gh sulrulwì =

D B +K, @ plq+F B +K . 4, . U B +K,; R+K,,
D J +K, @ plq+F J +K . 4, . U J +K,; R+K,�D B +K,,
D � +K, @ R+K,�D B +K,�D J +K,
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Iljxuh 43= Yduldwlrq gh od ydohxu gh pdufkì ghv wudqfkhv oruvtxh od fruuìodwlrq
ydulh/ srxu xq idleoh qlyhdx gh froodwìudolvdwlrq +S4@<518,

D srvwhulrul/ xqh irlv wrxv ohv sdlhphqwv frqqxv/ rq shxw fdofxohu od ydohxu
dfwxdolvìh ã od gdwh gh gìexw/ t @ 3/ ghv yhuvhphqwv idlwv ã fkdtxh wudqfkh=
lqwìuíwv yhuvìv ã fkdtxh sìulrgh hw fdslwdx{ yhuvìv hq T 1 Rq rewlhqw grqf od
ydohxu hq t @ 3 gh fkdfxqh ghv wudqfkhv gx FGR1

717 Fdofxo ghv vsuhdgv
Rq vxssrvh txh oh wdx{ g*dfwxdolvdwlrq r wulphvwulho hvw �{ì vxu od edvh g*xq

wdx{ vdqv ulvtxh dqqxho r � N�N V � T @ 9(1
Rq qrwh c oh wdx{ gh frxsrq dx sdlu +rx wdx{ }ìur0gìidxw,1 Rq d sdu gì�ql0

wlrq/ dyhf P oh sulqflsdo/ n oh qrpeuh gh wrpeìhv gh frxsrq gdqv xqh dqqìh/ c
oh wdx{ fkhufkì hw K oh qrpeuh wrwdo gh wrpeìhv gh frxsrq =

P @
�[
E @�B

+ cn :P:
4

+4 . r, E , .
P

+4 . r, �

Fh txl grqqh c @ nr1
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Rq fkhufkh ã gìwhuplqhu ohv wdx{ gh frxsrq cC gh fkdfxqh ghv wudqfkhv1 Ru/
vl fm hvw oh wdx{ gh frxsrq dx sdlu/ fhooh0fl grlw íwuh ìjdoh dx sulqflsdo gh od
wudqfkh qrwì PC 1

Rq d grqf/ srxu od sulrulwlvdwlrq xqliruph =
�[
E @�B

+ YC +k,
+4 . r, E , .

DC +K,
+4 . r, � @ PC

Srxu c C �{ì/ qrxv vdyrqv fdofxohu od �ydohxu gh od wudqfkh� dfwxdolvìh hq t @ 31
c C hvw grqf lpsolflwhphqw gì�ql sdu fhwwh ìtxdwlrq11 Rq rewlhqw idflohphqw xqh
ydohxu dssurfkìh gh c C grqw rq shxw gìgxluh oh vsuhdg sdu udssruw dx frxsrq
dx sdlu = s C @ c C � c1

Qrxv dyrqv fdofxoì ohv vsuhdgv srxu ohv wudqfkhv vhqlru hw ph}}dqlqh g*xq
FGR grqw oh vrxv0mdfhqw hvw frqvwlwxì g*xq srro gh N @ 433 wlwuhv glvwulexdqw
ghv frxsrqv wulphvwulhov/ gh pdwxulwì 43 dqv hw gh ydohxuv idfldohv ìjdohv/ vhorq
ohv gl�ìuhqwv vhwv gh sdudpëwuhv hw vhorq gl�ìuhqwv qlyhdx{ gh fruuìodwlrq1 Ohv
uìvxowdwv �jxuhqw gdqv ohv wdeohdx{ vxlydqwv1

Iljxuh 44= Vsuhdgv srxu xq idleoh qlyhdx gh fruuìodwlrq +¢ @ 3:4,; vhorq gl�ìuhqwv
vhwv gh sdudpëwuhv/ hw dyhf xqh froodwìudolvdwlrq idleoh rx lpsruwdqwh1

Rq uhpdutxh lppìgldwhphqw txh ohv vsuhdgv dxjphqwhqw dyhf od fruuìodwlrq1
Sdu dloohxuv/ txdqg oh sulqflsdo gh od wudqfkh vhqlru hvw wuëv judqg ghydqw fhx{
ghv wudqfkhv ph}}dqlqh hw htxlw|/ ohv vsuhdgv vrqw soxv ìohyìv/ fdu od wudqfkh
htxlw| qh vx!w ã devruehu ohv shuwhv1

Frpph rq oh yrlw/ ìwdqw grqqì o*lpsruwdqfh uìgxlwh gx sulqflsdo gh od
wudqfkh ph}}dqlqh/ ohv vsuhdgv fruuhvsrqgdqwv shxyhqw íwuh gudpdwltxhphqw
lq xhqfìv sdu oh qlyhdx gh fruuìodwlrq1
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Iljxuh 45= Vsuhdgv srxu xq qlyhdx gh fruuìodwlrq pr|hq +¢ @ 3:8,; vhorq gli0
iìuhqwv vhwv gh sdudpëwuhv/ hw dyhf xqh froodwìudolvdwlrq idleoh rx lpsruwdqwh1

Ohv �jxuhv 47 hw 43 looxvwuhqw o*lpsdfw gx fkdqjhphqw gh fruuìodwlrq/ ã
frxsrqv �{ìv/ vxu od ydohxu gh pdufkì ghv gl�ìuhqwhv wudqfkhv1

Ohv vsuhdgv gh od �jxuh 47 vrqw fdofxoìv ã sduwlu gx mhx gh sdudpëwuhv 4/
dyhf xq kdxw qlyhdx gh froodwìudolvdwlrq +S4@;3,1

Fhx{ gh od �jxuh 43 vrqw ìjdohphqw fdofxoìv dyhf oh mhx gh sdudpëwuhv 4/
pdlv dyhf xq idleoh qlyhdx gh froodwìudolvdwlrq +S4@<518,1

Ohv wdx{ gh frxsrqv xwlolvìv vrqw fdofxoìv dx sdlu srxu xq qlyhdx gh fru0
uìodwlrq gh 3181 Fhv wdx{ gh frxsrq ìwdqw �{ìv/ rq prgl�h doruv oh qlyhdx gh
fruuìodwlrq hw rq phvxuh od yduldwlrq gh od ydohxu gh pdufkì ghv wurlv wudqfkhv
vhqlru/ ph}}dqlqh hw htxlw|1 Rq frqvwdwh txh oruvtxh od glyhuvl�fdwlrq gx sruwh0
ihxlooh vrxv0mdfhqw vh gìwìulruh euxwdohphqw/ od wudqfkh vhqlru shug gh vd ydohxu
wdqglv txh od wudqfkh htxlw| hq jdjqh1

Dlqvl srxu S4@<518 +�jxuh 43, oh sdvvdjh g*xq fruuìodwlrq gh 318 ã 31< uìgxlw
od ydohxu gh od wudqfkh vhqlru gh 31; (/ wdqglv txh od wudqfkh htxlw| jdjqh 541:
(/ fh txl hvw frqvlgìudeoh1 O*dffurlvvhphqw gh od fruuìodwlrq v*dffrpsdjqh hq
h�hw g*xqh dxjphqwdwlrq gh od yduldqfh gh od shuwh joredoh hq sulqflsdo gx
sruwhihxlooh vrxv0mdfhqw1

Od ydohxu gh pdufkì gh od wudqfkh htxlw| sur�wh gh od yrodwlolwì frpph
xqh fdoo rswlrq oh ihudlw1 Od wudqfkh uìvlgxhooh/ kdelwxhoohphqw frqvhuyìh sdu
o*ìphwwhxu/ shxw grqf lqwìuhvvhu ghv lqyhvwlvvhxuv gìvludqw vh frxyulu ylv0ã0ylv gh
od yrodwlolwì gx ulvtxh gh gìidxw1

O*h�hw hvw lqyhuvì srxu xqh dpìolrudwlrq gh od glyhuvl�fdwlrq gx sruwhihxlooh1
Rq shxw qrwhu tx*xq idleoh qlyhdx gh froodwìudolvdwlrq dffhqwxh wuëv qhwwhphqw
fhw h�hw vxu od wudqfkh vhqlru > od wudqfkh ph}}dqlqh devrueh o*lpsdfw ghv ydul0
dwlrqv gh fruuìodwlrq vxu ohv wudqfkhv vhqlru hw ph}}dqlqh/ gh pdqlëuh ã fh txh
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Iljxuh 46= Vsuhdgv srxu xq qlyhdx gh fruuìodwlrq ìohyì +¢ @ 3:<,; vhorq gl�ìuhqwv
vhwv gh sdudpëwuhv/ hw dyhf xqh froodwìudolvdwlrq idleoh rx lpsruwdqwh1

od ydohxu gh pdufkì gx sruwhihxlooh joredo qh vrlw sdv d�hfwìh sdu oh qlyhdx gh
fruuìodwlrq gx ulvxh gh gìidxw1 O*ìyroxwlrq gh od ydohxu gh pdufkì gh od wudqfkh
ph}}dqlqh vxlw gdqv xqh prlqguh phvxuh fhooh gh od wudqfkh vhqlru oruvtxh od
vxeruglqdwlrq hvw idleoh/ hw o*dffhqwxh oruvtxh od vxeruglqdwlrq hvw iruwh1

Qrxv dyrqv fkrlvl gh frqvlgìuhu txh ohv  x{ qrq glvwulexìv +f*hvw0ã0gluh od
uìvhuyh, vrqw fdslwdolvìv dx wdx{ vdqv ulvtxh pdlv rq srxuudlw dxvvl v*lqwìuhvvhu
ã xq uìlqyhvwlvvhphqw ulvtxì gh fhv  x{1

718 Ohv Glyhuvlw| Vfruhv
Oh prgëoh ã lqwhqvlwì vwrfkdvwltxh txh qrxv yhqrqv gh suìvhqwhu shxw íwuh

dssoltxì dx fdofxo gh fh txh o*rq dsshooh oh glyhuvlw| vfruh1 Od pìwkrgh gh
fdofxo ghv glyhuvlw| vfruhv sursrvìh sdu Gx!h v*dssduhqwh ã fhooh gh Prrg|*v/
oh sulqflsh ìwdqw gh uhpsodfhu ohv N wlwuhv g*xq sruwhihxlooh suìvhqwdqw xqh
fruuìodwlrq ¢ sdu xq sruwhihxlooh/ glw gh frpsdudlvrq/ frpsruwdqw S +S @ N,
wlwuhv lghqwltxhv hw lqgìshqgdqwv/ d|dqw od píph glvwulexwlrq gh shuwh joredoh/
txh oh sruwhihxlooh lqlwldo1 Oh glyhuvlw| vfruh S uhsuìvhqwh doruv oh ghjuì gh
glyhuvl�fdwlrq gx sruwhihxlooh1

Frqqdlvvdqw oh glyhuvlw| vfruh gx sruwhihxlooh g*reoljdwlrqv/ rq shxw hq gì0
gxluh xqh pìwkrgh gh ydorulvdwlrq gx FGR/ grqw ohv frqfhswv hw vxuwrxw o*lpsoì0
phqwdwlrq vrqw ehdxfrxs soxv vlpsohv/ vlqrq dxvvl suìflv/ txh fhx{ gh od pìwk0
rgh txh qrxv dyrqv gìfulwh gdqv od sduwlh suìfìghqwh1

71814 Gì�qlwlrq hw fdofxo ghv glyhuvlw| vfruhv
Gì�qlwlrq
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Iljxuh 47= Yduldwlrq gh od ydohxu gh pdufkì ghv wudqfkhv oruvtxh od fruuìodwlrq
ydulh/ srxu xq kdxw qlyhdx gh froodwìudolvdwlrq +S4@;3,

Rq frqvlgëuh wrxmrxuv xq sruwhihxlooh gh N dfwliv/ dyhf xqh fruuìodwlrq ¢1
Oh glyhuvlw| vfruh hvw gì�ql frpph oh qrpeuh S g*dfwliv gx sruwhihxlooh lgìdo gh
frpsdudlvrq who txh =

+l, Oh prqwdqw wrwdo gx sruwhihxlooh gh frpsdudlvrq hvw oh píph txh fhoxl
gx sruwhihxlooh lqlwldo1

+ll, Ohv dfwliv gx sruwhihxlooh gh frpsdudlvrq rqw wrxv od píph ydohxu idfldoh1
+lll, Ohv dfwliv gh frpsdudlvrq rqw od píph suredelolwì gh idluh gìidxw hw

ohxuv gìidxwv vrqw lqgìshqgdqwv1
+ly, Od suredelolwì gh idluh gìidxw ghv dfwliv gh frpsdudlvrq hvw hq jurv od

suredelolwì pr|hqqh gh gìidxw gx sruwhihxlooh lqlwldo1
+y, Oh sruwhihxlooh gh frpsdudlvrq d/ vrxv xqh fhuwdlqh phvxuh gh ulvtxh/ oh

píph ulvtxh gh shuwh txh oh sruwhihxlooh lqlwldo1
Ohv glyhuvlw| vfruhv rqw ìwì g*derug ìoderuìv sdu Prrg|*v/ txl qh uìyëoh

elhq ìylghpphqw sdv dx sxeolf vhv pìwkrghv gh fdofxo1 Dlqvl/ oh fdofxo gh od
suredelolwì gh gìidxw p ghv wlwuhv gx sruwhihxlooh gh frpsdudlvrq uhvwh revfxu1
Vfkrulq hw Zhlquhlfk +4<<;, rqw lqwurgxlw xqh pìwkrgh frpelqdwrluh edvìh vxu
ghv suredelolwìv gh gìidxw klvwrultxhv1
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Xqh irlv gìwhuplqìv oh glyhuvlw| vfruh S gx sruwhihxlooh lqlwldo hw od suredelolwì
gh gìidxw p gh gìidxw ghv wlwuhv gx sruwhihxlooh gh frpsdudlvrq/ o*ìwxgh gx
sruwhihxlooh lqlwldo hq whuphv gh ulvtxh shxw vh uìgxluh ã fhooh gx sruwhihxlooh gh
frpsdudlvrq > Prrg|*v fhshqgdqw qh v*dssxlh sdv h{foxvlyhphqw vxu oh glyhuvlw|
vfruh srxu surgxluh oh udwlqj ghv wudqfkhv g*xq FGR1
Fdofxo gx glyhuvlw| vfruh

Hq fdofxodqw hw hq lghqwl�dqw ohv yduldqfhv ghv ghx{ sruwhihxloohv +sruwhihxlooh
lqlwldo hw gh frpsdudlvrq,/ lo ylhqw =

S @ N:+p L B M E+L J ,� c,
p L B M E+L J , . +N � 4,:p L J M E+L, J �N:p J L B M E+L, J

rü L hvw od shuwh/ p L B M od suredelolwì pdujlqdoh gh gìidxw hw p L J M od suredelolwì
mrlqwh gh gìidxw +gìwdlo hq dqqh{h I,1

Gx!h hw Jduohdqx sursrvhqw gh uhpsodfhu ohv suredelolwìv gh gìidxw klv0
wrultxhv sdu fhoohv gìgxlwhv gh od irqfwlrq gh uìsduwlwlrq fdofxoìh juåfh ã ohxu
prgëoh ã lqwhqvlwì vwrfkdvwltxh1

Rq d = p L B M @ p B hw p L J M @ 5 � p B � p J / rü p B / od suredelolwì gh gìidxw g*xqh
hqwuhsulvh grqqìh/ hw p J / od suredelolwì txh/ vxu ghx{ hqwuhsulvhv/ dx prlqv o*xqh
idvvh gìidxw/ vrqw grqqìv sdu od irupxoh vxlydqwh =

p C @ 4� P +plq+¤ B ; :::¤ C , > T ,
@ 4�E^h{s+�] K

O
C[
?I@�B � ? +t,dt,mF S `

@ 4� h{s^� w +T , . � w +T ,:X w +3, . j:� ? +T , . j:� ? +T ,X ? +3,`
g*rü =

p B @ 4� h{s^�+T , . �+T ,:�+3,`
p J @ 4� h{s^� w +T , . � w +T ,:X w +3, . 5:� ? +T , . 5:� ? +T ,X ? +3,`

dyhf =

�+3, @ � . l�
� ;X w @ ¢�

X ? @ +4� ¢,�:
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Sdu dloohxuv/ vl o*rq vxssrvh od glvwulexwlrq gh shuwh xqliruph vxu ^3; 4`/ rq d
ìjdohphqw =

E+L J , @ 4
6

hw

+E+L,, J @ 4
7 :

Rq fdofxoh dlqvl idflohphqw oh glyhuvlw| vfruh S =
40 Rq frpphqfh sdu fdofxohu ohv sdudpëwuhv � w / � w /� ? / � ? / �+3,/ X ? +3,/

X w +3,/ srxu ohvtxhov rq glvsrvh gh irupxohv ihupìhv1
50 Rq fdofxoh hqvxlwh p B / od suredelolwì gh gìidxw g*xqh hqwuhsulvh grqqìh/ hw

p J / od suredelolwì txh/ vxu ghx{ hqwuhsulvhv/ dx prlqv o*xqh idvvh gìidxw1
60 Rq hq gìgxlw p L B M od suredelolwì pdujlqdoh gh gìidxw hw p L J M od suredelolwì

mrlqwh gh gìidxw1
70 Rq shxw �qdohphqw fdofxohu oh glyhuvlw| vfruh S1

Uìvxowdwv rewhqxv
Qrxv dyrqv fdofxoì oh glyhuvlw| vfruh g*xq srro gh N @ 433 wlwuhv glvwulexdqw

ghv frxsrqv wulphvwulhov/ gh pdwxulwì 43 dqv hw gh ydohxuv idfldohv ìjdohv/ vhorq
ohv gl�ìuhqwv vhwv gh sdudpëwuhv hw vhorq gl�ìuhqwv qlyhdx{ gh fruuìodwlrq1 Frq0
irupìphqw ã fh txh o*rq srxydlw dwwhqguh/ ohv sruwhihxloohv ohv plhx{ glyhuvl�ìv
+dyhf xq Glyhuvlw| Vfruh ìohyì, vrqw fhx{ txl suìvhqwhqw xq qlyhdx gh fruuìodwlrq
soxv idleoh1 Ohv uìvxowdwv vrqw v|qwkìwlvìv gdqv oh wdeohdx vxlydqw =
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71815 Ydorulvdwlrq gx FGR ã sduwlu gx Glyhuvlw| Vfruh
Oh sulqflsh hvw g*xwlolvhu ohv sursulìwìv ghv glyhuvlw| vfruhv srxu ydorulvhu oh

FGR = rq shxw uhpsodfhu o*ìwxgh gx sruwhihxlooh lqlwldo sdu fhooh gx sruwhihxlooh
gh frpsdudlvrq/ hq h{sorlwdqw o*lqgìshqgdqfh ghv wlwuhv txl oh frpsrvhqw1

Iljxuh 48= Vsuhdgv gh od wudqfkh ph}}dqlqh hw vsuhdgv rewhqxv ã sduwlu ghv
Glyhuvlw| Vfruhv/ srxu xq kdxw qlyhdx gh fruuìodwlrq +¢ @ 3:<, hw xqh idleoh
froodwìudolvdwlrq +P4 @ <5:8,/ vhorq gl�ìuhqwv vhwv gh sdudpëwuhv1

Pìwkrgrorjlh
Rq frpphqfh sdu wluhu oh qrpeuh gh gìidxwv M 1

Rq glvsrvh hq h�hw/ srxu oh sruwhihxlooh gh frpsdudlvrq/ gh od suredelolwì gh
k gìidxwv sdupl n wlwuhv =

q+k; n, @ n$
k$+n� k,$p

E +4� p, N G;E

rü p @ p L B M hvw od suredelolwì gh gìidxw g*xq wlwuh gx sruwhihxlooh gh frp0
sdudlvrq1

Srxu fkdfxq gh fhv gìidxwv/ rq vlpxoh oh whpsv gh gìidxw vhorq od irupxoh
kdelwxhooh =
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P +t < T , @ 4� h{s^�+T , . �+T ,:�+3,`

sxlv od shuwh hvw fdofxoìh hq ( gx sulqflsdo1
D fkdtxh sìulrgh rx wrpeìh gh frxsrq/ rq fdofxoh doruv ohv  x{ = lqwìuíwv hw

uhfrxyuhphqw gh fdslwdx{ hq fdv gh gìidxw/ hw ã od pdwxulwì ohv qrplqdx{ srxu
ohv wlwuhv txl q*rqw sdv idlw gìidxw1 Rq doorxh fhv  x{ dx{ gl�ìuhqwhv wudqfkhv
gx FGR/ vhorq oh vfkìpd gh sulrulwlvdwlrq dssursulì1 Hq dfwxdolvdqw hq�q ohv
 x{ hq gluhfwlrq ghv wudqfkhv/ rq hq gìgxlw od ydohxu dfwxhooh gh fkdfxqh ghv
wudqfkhv1

Hq uìlwìudqw fhv rsìudwlrqv vxu soxvlhxuv vfìqdull hw hq suhqdqw od pr|hqqh
ghv ydohxuv ghv wudqfkhv/ rq shxw ydorulvhu oh FGR hw fdofxohu oh vsuhdg gh wdx{
gh frxsrq ghv wudqfkhv gx FGR1 Fhwwh pìwkrgh suìvhqwh o*dydqwdjh g*íwuh wuëv
ìfrqrpltxh= lo q*hvw sdv qìfhvvdluh gh fdofxohu N . 4 wudmhfwrluhv srxu fkdtxh
vfìqdulr1

Iljxuh 49= Vsuhdgv gh od wudqfkh ph}}dqlqh hw vsuhdgv rewhqxv ã sduwlu ghv
Glyhuvlw| Vfruhv/ srxu xq qlyhdx gh fruuìodwlrq pr|hq +¢ @ 3:8, hw xqh froodwìud0
olvdwlrq lpsruwdqwh +P4 @ ;3; P5 @ 43,/ vhorq gl�ìuhqwv vhwv gh sdudpëwuhv1
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Uìvxowdwv
Srxu p @ 3:6;9/ od glvwulexwlrq gh suredelolwì gx qrpeuh gh gìidxwv

vxu M @ 433 hqwuhsulvhv lqgìshqgdqwhv hvw od vxlydqwh =
Hq frqvlgìudqw wrxmrxuv qrwuh srro gh 433 wlwuhv gh pdwxulwì 43 dqv/ gìolyudqw

ghv frxsrqv wulphvwulhov/ qrxv dyrqv fdofxoì ohv vsuhdgv gh wdx{ gh frxsrq ghv
wudqfkhv vhqlru hw ph}}dqlqh srxu gl�ìuhqwv vhwv gh sdudpëwuhv hw gl�ìuhqwv
qlyhdx{ gh fruuìodwlrq1 Ohv uìvxowdwv �jxuhqw gdqv ohv wdeohv 4:/ 4;/ 4<1

Iljxuh 4:= Vsuhdgv fdofxoìv ã sduwlu ghv Glyhuvlw| Vfruhv/ srxu ¢ @ 3:8
Srxu xqh wudqfkh Vhqlru/ rq rewlhqw ghv uìvxowdwv wuëv surfkhv sdu ohv ghx{

pìwkrghv1 Ohv vsuhdgv dssurfkìv sdu od pìwkrgh ghv glyhuvlw| vfruhv vrqw oìjëuh0
phqw soxv idleohv1 Hq uhydqfkh od frpsdudlvrq ghv ghx{ w|shv gh pìwkrgh hvw
ehdxfrxs prlqv erqqh/ hq fh txl frqfhuqh od wudqfkh Ph}}dqlqh1 Oruvtxh oh
qlyhdx gh fruuìodwlrq hvw ìohyì +¢ @ 3:<, hw od froodwìudolvdwlrq idleoh +�jxuh 48,/
rq revhuyh xq ìfduw gh o*ruguh gh 733 es hqwuh ohv gl�ìuhqwhv hvwlpdwlrqv ghv
vsuhdgv1

Srxu ghv wudqfkhv elhq froodwìudolvìhv/ frpph sdu h{hpsoh dyhf P4 @ ;3
hw P5 @ 43/ ohv vsuhdgv hvwlpìv ã sduwlu ghv glyhuvlw| vfruhv vrqw dvvh} suìflv
+�jxuh 49,/ pdlv srxu ghv wudqfkhv wuëv vxerugrqqìhv/ frpph sdu h{hpsoh dyhf
P4 @ <5:8 hw P5 @ 5:8/ dyhf xq qlyhdx gh fruuìodwlrq idleoh rx lpsruwdqw/ od
suìflvlrq shxw íwuh dvvh} pdxydlvh1
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Iljxuh 4;= Vsuhdgv fdofxoìv ã sduwlu ghv Glyhuvlw| Vfruhv/ srxu ¢ @ 3:4

Iljxuh 4<= Vsuhdgv fdofxoìv ã sduwlu ghv Glyhuvlw| Vfruhv/ srxu ¢ @ 3:<
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8 OD FDOLEUDWLRQ GX PRGHOH
Oh fdoleudjh gh fh w|sh gh prgëoh hvw hqfruh dxmrxug*kxl xqh ìwdsh h{wuíph0

phqw gìolfdwh1 Ohv f|fohv g*ìwxgh vrqw wuëv orqjv hw qìfhvvlwhqw ghv grqqìhv vxu
soxvlhxuv gìfhqqlhv1 Gh soxv od idleoh iuìtxhqfh g*ìyìqhphqwv frpph oh gìidxw
uhqg o*dqdo|vh gh fhv vìulhv hqfruh soxv frpsoltxìh1 O*hvwlpdwlrq gh od fruuìod0
wlrq ìwdqw xq sureoëph lqgìshqgdqw/ qrxv qrxv dwwdfkrqv lfl dx sdudpìwudjh
gx prgëoh hq frqvlgìudqw od fruuìodwlrq frpph xqh grqqìh h{rjëqh1

814 D sduwlu ghv suredelolwìv gh gìidxw
Xqh suhplëuh dssurfkh frqvlvwh ã xwlolvhu ohv suredelolwìv gh gìidxw fx0

pxoìhv grqqìhv sdu Prrg|*v srxu fdoleuhu oh prgëoh hq irqfwlrq gx udwlqj=

D fh vwdgh/ rq shxw gìmã uhpdutxhu txh ohv vhwv gh sdudpëwuhv sursrvìv sdu
Gx!h fruuhvsrqghqw ã shx suëv ã xq udwlqj E1

Fhuwdlqv sdudpëwuhv shxyhqw íwuh gìwhuplqìv gh pdqlëuh duelwudluh srxu
glplqxhu oh qrpeuh gh ghjuìv gh olehuwì gx v|vwëph g*rswlplvdwlrq1 Rq fkrlvlw
grqf gh �{hu od fruuìodwlrq ¢1 Hq irqfwlrq ghv gl�ìuhqwv sdudpëwuhv gx prgëoh=
+k; �; £; �; l,; rq d od irqfwlrq gh uìsduwlwlrq ghv gìidxwv=

F +t, @ 4� h{s^� w +t, . � w +t,:X w +3, .N:� ? +t, .N:� ? +t,X ? +3,`
grqw rq shxw gìgxluh ohv ydohxuv gh F +4an,/ F +5ans,/ hw F +8ans, +f*hvw0ã0

gluh ohv suredelolwìv gh gìidxw fxpxoìhv srxu xq krul}rq whpsruho gh 4 dq/ 5
dqv/ hw 8 dqv,1 Srxu �qdohphqw fdoleuhu oh prgëoh/ rq shxw doruv idluh wrxuqhu
xq dojrulwkph gh w|sh Qhzwrq 0 Udskvrq txl gìwhuplqhud/ srxu fkdtxh udwlqj/
ohv sdudpëwuhv txl dssurfkhqw oh plhx{ ohv suredelolwìv grqqìhv sdu Prrg|*v1

Srxu 4 hqwuhsulvh +lh1 vl rq qh wlhqw sdv frpswh gh od fruuìodwlrq,/ rq rewlhqw=
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Od suìflvlrq hvw ìjdoh ã od vrpph ghv ìfduwv dx fduuì hqwuh ohv suredelolwìv
gh gìidxw fxpxoìhv gh Prrg|*v hw fhoohv rewhqxhv sdu oh prgëoh gh Gx!h srxu
fhv vhwv gh sdudpëwuhv1
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Suredelolwì gh gìidxw fxpxoìh vxu 8 dqv
Xqh irlv ohv sdudpëwuhv k; �; £; �; hw l fdoleuìv/ rq shxw frpphqfhu ã dssoltxhu

oh prgëoh vxu ghv grqqìhv uìhoohv1 Uhvwh fhshqgdqw od txhvwlrq gh od fruuìodwlrq1
Rq shxw hvvd|hu gh od fdoleuhu ã sduwlu ghv FGR gìmã ydorulvìv sdu oh pdufkì =
hq irqfwlrq gx udwlqj gx FGR frqvlgìuì= xqh irlv txh o*rq glvsrvh ghv ydohxuv
ghv gl�ìuhqwv sdudpëwuhv/ lo vx!w gh wurxyhu od fruuìodwlrq ¢ txl shuphwwh gh
uìsoltxhu ohv vsuhdgv grqqìv sdu oh pdufkì srxu fh FGR1 Srxu qrwuh sduw/ qrxv
dyrqv frqvlgìuì oh sdudpëwuh gh fruuìodwlrq frpph xqh grqqìh h{rjëqh/ txl
srxuud íwuh ìydoxìh vxu od edvh g*xqh dqdo|vh soxv odujh gx frqwh{wh ìfrqrpltxh1

Qrxv doorqv pdlqwhqdqw qrxv lqwìuhvvhu ã xq dxwuh w|sh gh fdoleudwlrq/ ã sdu0
wlu gh grqqìhv gh sul{ g*reoljdwlrqv1 Fh w|sh g*dssurfkh shuphw gh fleohu gdydq0
wdjh qrv h�ruwv vxu xq vhfwhxu g*dfwlylwì sduwlfxolhu/ frpph lfl ohv wìoìfrppxql0
fdwlrqv1

815 Od pìwkrgh JPP qdòyh
Gdqv xq suhplhu whpsv/ qrxv qrxv lqwìuhvvhurqv ã od fdoleudwlrq g*xq prg0

ëoh vlpsol�ì/ hq rphwwdqw gh idluh lqwhuyhqlu ghv vdxwv gdqv od gl�xvlrq gh
o*lqwhqvlwì gh gìidxw1

Qrxv doorqv grqf fkhufkhu ã hvwlphu ohv sdudpëwuhv g*xqh ìtxdwlrq gh od
iruph vxlydqwh =

d� S @ +a. b� S ,dt. £s� S dZ S :
Lo v*djlw g*xq prgëoh gh w|sh FLU VU/ txl dssdudlw gdqv oh prgëoh g*ìtxloleuh

jìqìudo ã xq idfwhxu gh Fr{/ Lqjhuvroo hw Urvv +4<;8,1 Fh prgëoh d ìwì xwlolvì
srxu gìyhorsshu glyhuv prgëohv gh ydorulvdwlrq/ frpph oh prgëoh gh ydorulvdwlrq
ghv pruwjdjh0edfnhg vhfxulwlhv gh Gxqq hw PfFrqqhoo +4<;4,/ oh sulflqj gh
ixwxuhv hw g*rswlrqv vxu ixwxuhv gdqv Udphdvzdp| hw Vxqgduhvdq +4<;9,/ oh
sulflqj gh vzds gdqv Vxqgduhvdq +4<;<, hw od ydorulvdwlrq g*rswlrq vxu wdx{ gdqv
Orqjvwd� +4<<3,1 Oh prgëoh FLU VU lpsoltxh txh od yrodwlolwì frqglwlrqqhooh
ghv yduldwlrqv gh o*lqwhqvlwì gh gìidxw hvw sursruwlrqqhooh dx qlyhdx gh fhwwh
ghuqlëuh1
81514 Suìvhqwdwlrq gh od pìwkrgh ghv prphqwv jìqìudolvìv

Srxu hvwlphu ohv sdudpëwuhv gx prgëoh hq whpsv frqwlqx/ qrxv doorqv glv0
fuìwlvhu oh prgëoh vhorq o*dssurfkh dgrswìh qrwdpphqw sdu Euhqqdq hw Vfkzduw}
+4<;5,/ Glhwulfk0Fdpsehoo hw Vfkzduw} +4<;9,/ Vdqghuv hw Xqdo +4<;;,1

� S F B � � S @ +a. b:� S , . " S F B +6,
E^" S F B ` @ 3; E^" JS F B ` @ £ J � S +7,
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Iljxuh 53= Sul{ ghv reoljdwlrqv Iudqfh Whohfrp srxu gl�ìuhqwhv pdwxulwìv/
vrxufh FGF1

Oh prgëoh hq whpsv glvfuhw suìvhqwh o*dydqwdjh gh idluh gìshqguh od ydul0
dqfh ghv yduldwlrqv gh o*lqwhqvlwì gluhfwhphqw gx qlyhdx gh fhooh0fl/ fh txl hvw
frkìuhqw dyhf oh prgëoh hq whpsv frqwlqx1 Od glvfuìwlvdwlrq hvw ìylghpphqw
xqh dssur{lpdwlrq/ pdlv/ oruvtxh o*rq vxssrvh txh oh surfhvvxv g*lqwhqvlwì hvw
frqwlqx/ o*huuhxu lqgxlwh hvw gx vhfrqg ruguh vl od sìulrgh gh glvfuìwlvdwlrq hvw
dvvh} frxuwh1

Qrwuh dssurfkh frqvlvwh ã rewhqlu ã sduwlu ghv ghx{ ìtxdwlrqv suìfìghqwhv ghv
frqglwlrqv vxu ohv prphqwv/ vhorq od pìwkrgh ghv prphqwv jìqìudolvìv gh Kdqvhq
+4<;5,/ frqglwlrqv txl shuphwwurqw gh uhqguh ohv sdudpëwuhv vxu0lghqwl�deohv1
Od pìwkrgh JPP frqyhujh dv|pswrwltxhphqw vl ohv yduldwlrqv gh o*lqwhqvlwì
vrqw vwdwlrqqdluhv hw txh ohv hvsìudqfhv frqfhuqìhv h{lvwhqw1 Sdu dloohxuv/ ohv
hvwlpdwhxuv vrqw frqyhujhqwv píph vl ohv uìvlgxv " S vrqw frqglwlrqqhoohphqw
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kìwìurvfìgdvwltxhv1
Vrlw � oh yhfwhxu gh sdudpëwuhv +a; b; £ J ,1
" S F B ìwdqw gì�ql sdu

" S F B @ � S F B � � S � a� b:� S ;
rq gì�qlw oh yhfwhxu f S +�, sdu

f S +�, @

5
997

" S F B
" S F B :� S

" JS F B � £ J � S
+" JS F B � £ J � S ,:� S

6
::8

Vrxv o*k|srwkëvh qxooh txh ohv uhvwulfwlrqv lpsrvìhv sdu ohv ìtxdwlrqv +6, hw
+7, vrqw yìul�ìhv/ rq d = E^f S +�,` @ 31 Od surfìgxuh JPP frqvlvwh ã uhpsodfhu
E^f S +�,` sdu vrq hvwlpdwlrq hpslultxh ã sduwlu gh W revhuydwlrqv/ g K +�,/ rü

g K +�, @ 4
T

K[
S @�B f S +�,:

Rq fkrlvlw hqvxlwh ohv hvwlpdwhxuv ghv sdudpëwuhv txl plqlplvhqw od iruph
txdgudwltxh

J K +�, @ g �K +�,:W K +�,:g K +�,
rü W K +�, hvw xqh pdwulfh gh srlgv/ v|pìwultxh gì�qlh srvlwlyh1
Rq prqwuh txh plqlplvhu J K +�, sdu udssruw ã � ìtxlydxw ã uìvrxguh oh

v|vwëph g*ìtxdwlrqv krprjëqh +frqglwlrqv g*ruwkrjrqdolwì, =

D � +�,:W K +�,:g K +�, @ 3;

rü D+�, hvw od pdwulfh Mdfrelhqqh gh g K +�, sdu udssruw ã �1
Kdqvhq +4<;5, prqwuh txh o*rq shxw fkrlvlu od pdwulfh ghv srlgv W K +�, gh

idêrq ã plqlplvhu od pdwulfh gh fryduldqfh dv|pswrwltxh/ hq suhqdqw =

W K +�, @ S G B +�,; o�uS+�, @ E^f S +�,:f �S +�,`:
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Vl rq qrwh doruv S O +�, xq hvwlpdwhxu gh fhwwh pdwulfh gh fryduldqfh/ rq shxw
fdofxohu od pdwulfh gh fryduldqfh dv|pswrwltxh srxu o*hvwlpdwhxu JPP gh � =

4
T :+D �O +�,:S O +�,:D O +�,, G B ;

rü D O +�, hvw oh Mdfrelhq/ ìydoxì hq e� oh yhfwhxu ghv sdudpëwuhv hvwlpìv1
Fhwwh pdwulfh gh fryduldqfh hvw xwlolvìh srxu whvwhu od vljql�fdwlylwì gh fkdfxq

ghv sdudpëwuhv1
Od ydohxu plqlplvìh gh od iruph txdgudwltxh hvw glvwulexìh vhorq xq § J / vrxv

o*k|srwkëvh qxooh txh ohv frqglwlrqv g*ruwkrjrqdolwì vrqw yìul�ìhv/ fh txl shuphw
g*ìoderuhu xq whvw gh ydolgdwlrq gx prgëoh +vl od vwdwlvwltxh gx § J hvw ìohyìh/ oh
prgëoh hvw huurqì,1 G*dxwuh vwdwlvwltxhv gh whvw shuphwwhqw ìjdohphqw gh whvwhu
ohv k|srwkëvhv gx prgëoh1
81515 Dssolfdwlrq ã qrwuh fdv vsìfl�txh

Ohv sdudpëwuhv ã hvwlphu vrqw fhx{ gh od gl�xvlrq gh o*lqwhqvlwì gh gìidxw
� S / ã vdyrlu k; �; £: Fh vrqw fhv qrwdwlrqv txh qrxv hpsor|hurqv gdqv od vxlwh gh
fhw h{srvì1

Qrxv qh glvsrvrqv sdv gh grqqìhv vxu od yduldeoh g*lqwhqvlwì/ txl q*hvw sdv
revhuydeoh/ pdlv vxu ohv sul{ g*reoljdwlrqv1 Rq qh shxw grqf sdv dssoltxhu od
pìwkrgh JPP whooh txhooh1 Qrxv dyrqv lpsoìphqwì od pìwkrgh gh od pdqlëuh
vxlydqwh =

D sduwlu ghv sul{ revhuyìv/ srxu ghv reoljdwlrqv txl gìolyuhqw ghv frxsrqv/
qrxv srxyrqv uhfrqvwlwxhu ohv sul{ }ìur0frxsrq txh o*rq uholh doruv ã o*lqwhqvlwì
vhorq o*ìtxdwlrq vxlydqwh =

B S D K @ h{s+�+T � t, . �+T � t,:� S ,;
rü B S D K hvw oh sul{ hq t gx }ìur0frxsrq g*ìfkìdqfh T / � hw � vrqw ohv irqfwlrqv

sursuhv txh qrxv dyrqv gìmã suìvhqwìhv1 Srxu soxv gh foduwì gdqv ohv fdofxov/ rq
qrwhud B S / hw o*rq rphwwud sduirlv gh suìflvhu o*dujxphqw gh � hw �:

Hq gl�ìuhqfldqw fhwwh uhodwlrq dx suhplhu ruguh lo ylhqw/ hq qrwdqw dt oh
sdv gh whpsv hw dZ S od yduldwlrq gx eurzqlhq dx frxuv gh dt/ hw vrxv fhuwdlqhv
k|srwkëvhv gh srvlwlylwì hw gh uìjxodulwì =

oq+B S F B ,� oq+B S , @ ��
�t :dt.

��
�t :� S :dt. �:+� S F B � � S ,

ru
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Iljxuh 54= Sul{ ghv reoljdwlrqv Yrgdirqh srxu gl�ìuhqwhv pdwxulwìv/ vrxufh
LVLQ1

� S F B � � S @ k+� � � S ,:dt. £:s� S dZ S
g*rü =

oq+B S F B ,� oq+B S , @ +���t . ��
�t :� S . �:k:+� � � S ,,:dt. �:£:s� S :dZ S

Srvrqv doruv

" S @ �:£:s� S :dZ S
Od glvwulexwlrq gh " S hvw jdxvvlhqqh =

" S y N+3; � J :£ J :� S :dt,;
l1h1 =

" S y N+3; �:£ J :+oq+B S ,� �,:dt,;
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g*rü ohv frqglwlrqv gh prphqwv vxlydqwhv=
;AAAAA?
AAAAA=

E S ^" S F B ` @ 3
E S ^" JS F B � �:£ J :+oqB S � �,:dt` @ 3

E S ^" S F B : L � �&�&� G d M\ ` @ 3
E S ^+" JS F B � �:£ J :+oqB S � �,:dt,: L � �&� � G d M\ ` @ 3

<AAAAA@
AAAAA>

G*dxwuh sduw " S hvw grqqì sdu

" S @ oq+B S F B ,� oq+B S ,� ^���t . �:k:� . +���t � �:k,: +oqB S � �,
� `:dt

Glvsrvdqw gh irupxohv h{solflwhv srxu �; � hw srxu ohxuv gìulyìhv +dqqh{h
514,/ qrxv srxyrqv doruv dssoltxhu xq dojrulwkph fodvvltxh gh plqlplvdwlrq srxu
rewhqlu ghv hvwlpdwhxuv gh qrv sdudpëwuhv1

81516 Dssolfdwlrq
Ohv klvwrultxhv gh sul{ txh qrxv xwlolvrqv rqw ìwì uìfxsìuìv vrxv Eorrpehuj1 D
sduwlu gh fhv klvwrultxhv srxu gl�ìuhqwhv pdwxulwìv/ rq d sx fdofxohu ohv sul{
}ìur0frxsrqv fruuhvsrqgdqwv/ vrxv Pdwode1

O*hvwlpdwlrq ghv sdudpëwuhv gx prgëoh d ìwì phqìh vrxv JDXVV/ hq xwlolvdqw
od pìwkrgh JPP1

Qh glvsrvdqw txh g*xqh sìulrgh g*revhuydwlrq frxuwh/ qrxv q*hvwlphurqv sdv
ohv sdudpëwuhv gh vdxwv/ txl q*lqwhuylhqqhqw tx*dyhf xqh idleoh lqwhqvlwì1

Ohv sdudpëwuhv txl qrxv lqwìuhvvhqw vrqw grqf lfl k/ � hw £/ f*hvw0ã0gluh
ohv sdudpëwuhv fruuhvsrqgdqw ã od irufh gh udssho/ k/ yhuv oh whuph pr|hq �/
hw oh sdudpëwuh phvxudqw o*lpsruwdqfh gh prxyhphqw eurzqlhq £: Srxu ohv
reoljdwlrqv Iu Who g*ìfkìdqfh dyulo 533: hw mdqylhu 5338/ hw srxu o*reoljdwlrq
Yrgdirqh g*ìfkìdqfh mdqylhu 5338/ rq hvwlph ohv sdudpëwuhv txl �jxuhqw gdqv od
wdeoh fl0ghvvrxv/ hq �{dqw ohv sdudpëwuhv gh vdxw ã 3 =

87



Rq uhwurxyh ghv sdudpëwuhv frkìuhqwv dyhf g*dxwuhv whfkqltxhv gh fdoleud0
wlrq/ qrwdpphqw sdu ohv suredelolwìv gh gìidxw grqqìhv sdu Prrg|*v/ pdlv
o*hvwlpdwlrq ghv sdudpëwuhv hvw vrxyhqw wuëv lqvwdeoh/ g*xqh sduw vxu o*hvwlpdwlrq
ghv sdudpëwuhv g*xqh reoljdwlrq/ g*dxwuh sduw vxu ohv sdudpëwuhv ghv gl�ìuhqwhv
reoljdwlrqv fruuhvsrqgdqw dx píph vhfwhxu g*dfwlylwì1 Rq shxw uhpdutxhu hq
sduwlfxolhu txh oh sdudpëwuh gh yduldqfh £ hvwlpì srxu od suhplëuh reoljdwlrq hvw
h{wuíphphqw idleoh/ fh txl hvw vdqv grxwh olìh ã o*ìfkìdqfh ã orqj whuph gh fhwwh
reoljdwlrq1 Hq uhydqfkh/ oh sdudpëwuh � hvw dvvh} vwdeoh vhorq ohv gl�ìuhqwhv
hvwlpdwlrqv1

O*lqwìuíw g*xwlolvhu xqh pìwkrgh edvìh vxu od glvfuìwlvdwlrq gx prgëoh hw ohv
prphqwv jìqìudolvìv hvw od vlpsolflwì g*xqh whooh pìwkrgh/ frpph rq d sx oh yrlu1
Od gl!fxowì g*rewhqlu od ghqvlwì gh o*lqwhqvlwì +ã sduwlu ghv sul{ g*reoljdwlrq,
uhqg fhwwh suhplëuh dssurfkh dwwudfwlyh1 Hq uhydqfkh/ lo frqylhqw gh suìflvhu
txh ohv dojrulwkphv gh plqlplvdwlrq qh frqyhujhqw sdv elhq/ fh txl hvw lpsxwdeoh
ã od pr|hqqh txdolwì ghv grqqìhv g*xqh sduw/ g*dxwuh sduw vdqv grxwh dx{ olplwhv
gh qrwuh prgìolvdwlrq1

Rq shxw hqylvdjhu xqh dxwuh pìwkrgh txl h{sorlwh od irqfwlrq fdudfwìulvwltxh
gx prgëoh d!qh txl hvw fdofxodeoh1 Frpph lo h{lvwh xqh uhodwlrq olqìdluh hqwuh
oh sul{ }ìur0frxsrq hw o*lqwhqvlwì gh gìidxw/ lo hvw srvvleoh gh fdofxohu od irqfwlrq
fdudfwìulvwltxh fruuhvsrqgdqw dx{ sul{ hw dlqvl g*dssoltxhu od pìwkrgh JPP
Vshfwudoh txh qrxv doorqv pdlqwhqdqw suìvhqwhu1

816 Pìwkrgh VJPP
Rq v*lqwìuhvvh gruìqdydqw dx prgëoh ã vdxwv1 O*hvwlpdwlrq ghv sdudpëwuhv

g*xq prgëoh g|qdpltxh hq whpsv frqwlqx hvw sduwlfxolëuhphqw gìolfdwh sdufh
tx*hooh hvw udslghphqw wuëv orxugh ã phwwuh hq rhxyuh1 Hq h�hw/ ohv ghqvlwìv
frqglwlrqqhoohv lpsolflwhv vrqw vroxwlrqv g*ìtxdwlrqv dx{ gìulyìhv sduwlhoohv1 Sdu
dloohxuv/ frpph od yduldeoh g*ìwdw/ lfl o*lqwhqvlwì gh gìidxw/ hvw vrxyhqw lqre0
vhuydeoh/ lo idxw hq rxwuh od uholhu qxpìultxhphqw dx{ sul{ revhuyìv1 Od iruph
sduwlfxolëuh ghv prgëohv gh sulflqj d!qhv shuphw gh fdofxohu gh pdqlëuh soxv rx
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prlqv h{solflwh fhuwdlqv sul{ g*dfwliv/ fh txl h{soltxh o*lqwìuíw vxvflwì uìfhpphqw
sdu fhv prgëohv1

D sduwlu g*revhuydwlrqv glvfuëwhv g*xqh gl�xvlrq d!qh/ rq shxw h{sorlwhu vd
irqfwlrq fdudfwìulvwltxh frqglwlrqqhooh srxu fdofxohu ghv hvwlpdwhxuv ghv sdudpë0
wuhv gx prgëoh ã od irlv pdqldeohv hw dv|pswrwltxhphqw h!fdfhv1 Hq h�hw/ vl
~\ S � hvw xqh vìulh g*revhuydwlrqv glvfuëwhv g*xqh gl�xvlrq d!qh/ rq shxw h{0
solflwhu od irqfwlrq fdudfwìulvwltxh gh \ S F B frqglwlrqqìh sdu \ S c = f*hvw o*h{srqhq0
wlhooh g*xqh irqfwlrq d!qh gh \ S +yrlu Gx!h Sdq Vlqjohwrq ^5333`,1 Rq qrwh
¦ S +u; �, fhwwh irqfwlrq fdudfwìulvwltxh srxu xqh frqvwdqwh uìhooh u hw xq yhfwhxu
gh sdudpëwuhv gx prgëoh �1

Fhwwh revhuydwlrq shuphw gh gìyhorsshu gl�ìuhqwv w|shv g*hvwlpdwhxuv ghv
sdudpëwuhv/ vrlw hq uhwurxydqw/ ã sduwlu gh od irqfwlrq fdudfwìulvwltxh/ od ghqvlwì
frqglwlrqqhooh hw hq pd{lplvdqw od yudlvhpeodqfh/ vrlw hq xwlolvdqw gluhfwhphqw
xqh pìwkrgh ghv prphqwv jìqìudolvìh/ ã sduwlu gh od irqfwlrq fdudfwìulvwltxh1
Gdqv fh vhfrqg fdv/ rq h{sorlwh od sursulìwì vxlydqw gh od irqfwlrq fdudfwìulv0
wltxh= E^e ? V �A� � g ] mY S ` @ ¦ S +u; �,1 Rq shxw doruv ìylwhu oh uhfrxuv ã od wudqvirupd0
wlrq gh Irxulhu1 Rq sduoh gh �iuhtxhqf| grpdlq hvwlpdwru�/ sdu rssrvlwlrq dx{
�wlph grpdlq hvwlpdwruv�1

Qrwuh sureoìpdwltxh hvw od vxlydqwh = oh yhfwhxu ghv sul{ revhuyìv y S +hq orj,
hvw gìfulw sdu xq prgëoh d!qh

y S @ P +Y S ; � O ,
rü Y S vxlw xqh gl�xvlrq d!qh grqw oh yhfwhxu ghv sdudpëwuhv hvw frqwhqx gdqv
� O / hw P hvw xqh irqfwlrq d!qh gh Y S 1

Gdqv fh fdv sduwlfxolhu lo hvw hqfruh srvvleoh gh fdofxohu od irqfwlrq fdudf0
wìulvwltxh ghv grqqìhv/ ã sduwlu gh fhooh gh od yduldeoh g*ìwdw Y S :

Rq shxw dlqvl lpsoìphqwhu ghv hvwlpdwhxuv gx pd{lpxp gh yudlvhpeodqfh
h!fdfhv1 Od irupxoh g*lqyhuvlrq gh od irqfwlrq fdudfwìulvwltxh shuphw g*rewhqlu
od orj0yudlvhpeodqfh frqglwlrqqhooh ghv revhuydwlrqv1 Od pd{lplvdwlrq gh fhooh0
fl grqqh xq hvwlpdwhxu dv|pswrwltxhphqw h!fdfh gx yhfwhxu gh sdudpëwuhv
� O :

O*dssurfkh dowhuqdwlyh/ txl surgxlw ghv hvwlpdwhxuv ã shx suëv dxvvl h!fdfhv/
hvw hq rxwuh qxpìultxhphqw soxv idflohphqw jìudeoh1

81614 Irqfwlrq fdudfwìulvwltxh gh qrwuh prgëoh
Rq shxw h{solflwhu od irqfwlrq fdudfwìulvwltxh fruuhvsrqgdqw ã qrwuh gl�x0

vlrq d!qh1 Rq qh suìvhqwh sdv lfl od gìprqvwudwlrq +yrlu Gx!h Sdq Vlqjohwrq
^4<<<`,1 Lo v*djlw g*xq fdofxo vlplodluh ã fhoxl gh od suredelolwì gh vxuylh/ txh
qrxv dyrqv gìyhorssì1
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Gh�qlwlrq 5 Irqfwlrq fdudfwìulvwltxh frqglwlrqqhooh gh X S =
¦+u;X S ; t; T , @ E^h{s+u:X K ,mF S `; rü x hvw xq qrpeuh frpsoh{h lpdjlqdluh1

Oruvtxh X vxlw xqh gl�xvlrq d!qh/ rq prqwuh txh o*rq d

¦+u; x; t; T , @ h{s+�+t; T; u, . �+t; T; u,:x,
rü � hw � vrqw gì�qlv sdu ohv ìtxdwlrqv gl�ìuhqwlhoohv vxlydqwhv=

`` S �+t; T; u, .B+�+t; T; u,; t, @ 3`` S �+t; T; u, .A+�+t; T; u,; t, @ 3
�+T; T; u, @ u; �+T; T; u, @ u

dyhf =

B+y; t, @ ��:y . 4
5y

J £ J
A+y; t, @ �:�:y . l:+�+y; t,� 4,

hw

�+y; t, @
]
X h{s+yz,dv S +z,

txl hvw od �mxps0wudqvirup� fruuhvsrqgdqw ã od gl�xvlrq +l1h1 �+y; t, @ BB G*Y Z ,1
Rq vdlw uìvrxguh h{solflwhphqw fh v|vwëph1 Ohv vroxwlrqv � hw � vrqw grqqìhv

hq dqqh{h 5151
81615 PO0FFI Hvwlpdwhxuv gh prgëohv d!qhv

Oh sulqflsh gh od pìwkrgh hvw gh uhwurxyhu od ghqvlwì frqglwlrqqhooh sdu xqh
lqyhuvlrq gh Irxulhu gh od irqfwlrq fdudfwìulvwltxh frqglwlrqqhooh1 O*hvwlpdwhxu
PO0FFI hvw hqvxlwh rewhqx sdu pd{lplvdwlrq gh od orj0yudlvhpeodqfh1

Pìwkrgh jìqìudoh
Rq vh sodfh gdqv xq suhplhu whpsv gdqv xq fdguh jìqìudo= vxssrvrqv txhiY S j KS @�B uhsuìvhqwh xq ìfkdqwloorq g*revhuydwlrqv g*xqh gl�xvlrq d!qh1 Rq qrwh

wrxmrxuv ¦ � � +u; � O , od irqfwlrq fdudfwìulvwltxh/ frqqxh/ gh Y S F B vdfkdqw Y S / hw
� O oh yhfwhxu ghv sdudpëwuhv gh od gl�xvlrq ã hvwlphu1 Sdu gì�qlwlrq/ ¦ � � +u; �,hvw od wudqvirupìh gh Irxulhu gh od ghqvlwì gh Y S F B vdfkdqw Y S /
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¦ � � +u; �, @
]
X;� f � +Y S F B mY S > �,e ? V �A� � g ] dY S F B

+N hvw od glphqvlrq gh Y S ,:
Rq d grqf ìjdohphqw od ghqvlwì frqglwlrqqhooh gh Y S F B / sdu xqh lqyhuvlrq gh

Irxulhu gh ¦ � � +u; �, =

f � +Y S F B mY S > �, @ 4
¡ v

]
X �g

Uh^e G ? V � � � g ] ¦ � � +u; �,`du; +8,

rü Re gìvljqh od sduwlh uìhooh g*xq qrpeuh frpsoh{h1
D sduwlu gh o*ìtxdwlrq 8/ rq shxw ìfuluh od orj0yudlvhpeodqfh frqglwlrqqhooh

l K +�, ghv revhuydwlrqv iY S j KS @�B =

l K +�, @ 4
T

K[
S @�B orji 4

¡ v
]
X �g

Uh^e G ? V �A� � g ] ¦ � � +u; �,`duj
Rq pd{lplvh doruv od orj0yudlvhpeodqfh gh pdqlëuh fodvvltxh/ hq idlvdqw xqh

k|srwkëvh vxu od ydohxu gh �; hq fdofxodqw qxpìultxhphqw ohv lqyhuvlrqv gh
Irxulhu fruuhvsrqgdqwhv/ hwf1

Dssolfdwlrq ã qrwuh fdv
Yr|rqv pdlqwhqdqw frpphqw dssoltxhu fhwwh pìwkrgh gdqv qrwuh fdv1
Rq vxssrvh txh o*rq d = y S @ �+� O , . �+� O ,:Y S :
Hwdqw grqqì txh y S hvw xqh irqfwlrq d!qh gh Y S / lo ylhqw lppìgldwhphqw =

¦ Z � +u; �, @ e ? V �Ad L � M ¦ � � +�+�,u; �,
rü ¦ � hvw ìydoxì hq Y S @ �+�, G B +y S � �+�,,:
Dlqvl/ od frqqdlvvdqfh gh od irqfwlrq fdudfwìulvwltxh gh \ lpsoltxh fhooh gh od

irqfwlrq fdudfwìulvwltxh gh |1 Rq shxw doruv dssoltxhu od pìwkrgh g*hvwlpdwlrq
gluhfwhphqw ã od irqfwlrq fdudfwìulvwltxh gh |1

Fhwwh pìwkrgh sdu pd{lpxp gh yudlvhpeodqfh uhvwh dvvh} oderulhxvh/ gx
idlw gh od qìfhvvlwì g*h�hfwxhu ghv lqyhuvlrqv gh Irxulhu1
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81616 Hvwlpdwlrq HFFI gh prgëoh d!qh
Rq shxw ìoderuhu ghv hvwlpdwhxuv ghv sdudpëwuhv dv|pswrwltxhphqw h!0

fdfhv ã sduwlu gh od irqfwlrq fdudfwìulvwltxh/ fh txl ìylwh gh uhfrxulu dx{ lqyhu0
vlrqv gh Irxulhu hw shuphw dlqvl xqh lpsoìphqwdwlrq ehdxfrxs soxv vlpsoh1 Od
frqvwuxfwlrq gh fhv hvwlpdwhxuv sdvvh sdu ghx{ ìwdshv1

Rq h{klehud g*derug xq hvwlpdwhxu dv|pswrwltxhphqw ìtxlydohqw � ã o*hvwlpd0
whxu gx pd{lpxp gh yudlvhpeodqfh1 Fhw hvwlpdwhxu vh uìyëohud íwuh gìwhuplqì
sdu xq frqwlqxxp gh frqwudlqwhv vxu ohv prphqwv frqglwlrqqhov lpsoltxdqw od
irqfwlrq fdudfwìulvwltxh1 Od gìprqvwudwlrq gh vrq h!fdflwì dv|pswrwltxh frq0
gxlw ã od frqvwuxfwlrq g*xq qrxyho hvwlpdwhxu/ txl h{sorlwh xq qrpeuh �ql vhxoh0
phqw gh fhv frqglwlrqv vxu ohv prphqwv1 Fhw hvwlpdwhxu hvw dssur{lpdwlyhphqw
h!fdfh/ hw od vlpsolflwì gh vd plvh hq rhxyuh hvw sduwlfxolëuhphqw dwwudfwlyh1
Xq hvwlpdwhxu h!fdfh

Vrlw I S od £�dojëeuh hqjhqguìh sdu y S 1
Rq gì�qlw xqh fodvvh g*lqvwuxphqwv Z �K / frpsuhqdqw ghv ìoìphqwv z S +u, =

R v �$ C � / dyhf z S +u, 5 I S / hw z S +u, @ z S +�u,/ t @ 4; :::; T / hw Q oh qrpeuh
gh sdudpëwuhv ã hvwlphu1

D fkdtxh ìoìphqw } gh Z �K fruuhvsrqg xq hvwlpdwhxu � �� K gh � O vdwlvidlvdqw
o*ìtxdwlrq vxlydqwh =

4
T

[
S
]
X � z S +u,^e ? V � Z � g ] � ¦ S +u; � �� K ,`du @ 3 +9,

Vrxv ghv frqglwlrqv gh uìjxodulwì � / o*hvwlpdwhxu � �� K dlqvl gì�ql hvw frqvlv0
wdqw hw dv|pswrwltxhphqw qrupdo1 Rq prqwuh txh o*rq shxw fkrlvlu o*lqgh{ } gh
pdqlëuh rswlpdoh/ f*hvw0ã0gluh gh pdqlëuh ã plqlplvhu od pdwulfh gh fryduldqfh
dv|pswrwltxh/ hq suhqdqw=

z �� K +u, @ 4
+5¡, v

]
X �

� orj f
�� +y S F B my S > � O , � e G ? V � Z � g ] dy S F B :

Gh soxv/ od pdwulfh gh fryduldqfh olplwh gh o*hvwlpdwhxu JPP � �� K +u, rewhqx
hq xwlolvdqw z �� K +u, hvw od eruqh dv|pswrwltxh gh Fudphu0Udr1

Hq h�hw/ ohv frqglwlrqv vxu ohv prphqwv lpsoltxìhv sdu od fdudfwìulvdwlrq
9 gh fhv hvwlpdwhxuv/ ìydoxìhv hq z S +u, @ z �� K +u,; vrqw dv|pswrwltxhphqw
ìtxlydohqwhv dx{ frqglwlrqv gx suhplhu ruguh gh od orj0yudlvhpeodqfh1 Rq hq
gìgxlw txh o*hvwlpdwhxu edvì vxu z �� K +u, hvw dv|pswrwltxhphqw ìtxlydohqw ã
o*hvwlpdwhxu gx pd{lpxp gh yudlvhpeodqfh edvì vxu od ghqvlwì frqglwlrqqhooh
gh y S :���&�%�*��(���� )�+,�����	&��(��*� +�'����(�� ���#�����	�	� ��� ���	�	��� � ���	��� +6��+��+��%������ (�+,��� ���#�	��(&��(���� )�+,�����	�(*�	�#)�+,9��� )6�	)��	�-'$�+�� (���)�8 � +�� ���7�	�������(����7� +�;� ���	��:'����!���;�%�������-�	� �	���	!��qp r�s,t r%uI=�Hkl��� ���� � !�� �������qp m,��� r%u�(�������� ����m$=  $=
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Xq hvwlpdwhxu HFFI dssur{lpdwlyhphqw h!fdfh1
G*xq srlqw gh yxh sudwltxh o*hvwlpdwhxu txh qrxv dyrqv gìfulw soxv kdxw qh

suìvhqwh sdv g*dydqwdjh sdu udssruw ã o*hvwlpdwhxu PO0FFI gìfulw soxv kdxw/
sdufh txh fhwwh pìwkrgh vxssrvh od frqqdlvvdqfh d sulrul gh od ghqvlwì +txl ds0
sdudñw gdqv od irupxoh h{solflwdqw o*hvwlpdwhxu rswlpdo,1 Qrxv doorqv gìyhorsshu
xq hvwlpdwhxu soxv vlpsoh hw suhvtxh dxvvl h!fdfh1 Rq vxssrvh N @ 4 +y S d
xqh glphqvlrq,1

O*lgìh hvw g*dssurfkhu o*lqwìjudoh]
X z S +u,^e ? V	Z � g ] � ¦ Z S +u; �,`du

txl vrxv0whqg od frqvwuxfwlrq gh 9 sdu xqh vrpph vxu xq hqvhpeoh �ql gh U txh
o*rq dsshoohud �owuh1

Srxu q*lpsruwh txho �owuh/ o*hvwlpdwhxu JPP0FFI txh o*rq rewlhqw dlqvl vhud
frqvlvwdqw hw dv|pswrwltxhphqw qrupdo/ hw vd pdwulfh gh fryduldqfh dv|pswr0
wltxh vh fdofxoh idflohphqw1 Gh soxv/ od pdwulfh gh fryduldqfh dv|pswrwltxh gh
o*hvwlpdwhxu rswlpdo frqyhujh yhuv od eruqh gh Fudphu0Udr I+� O , G B oruvtxh o*rq
d!qh oh �owuh hq dffurlvvdqw vlpxowdqìphqw o*lqwhuydooh gh R frxyhuw sdu oh �owuh1

Qrxv doorqv h{solflwhu od frqvwuxfwlrq g*xq who hvwlpdwhxu1
Vrlhqw K > 3/ hw ¤ > 3 grqqìv: Rq �{h o*lqwhuydooh ^�K¤;K¤ ` � R / txl hvw

glylvì hq 5+K . 4, lqwhuydoohv ìjdx{ gh orqjxhxu ¤ 1
Vrlw Z �K od fodvvh gh JPP0FFI hvwlpdwhxuv � x� K txl vrqw vroxwlrqv gh =

4
T
[
S ¤

�[
E @ G �

z S +k¤,^e ? E b Z � g ] � ¦ Z � +¤k; � x� K ,` @ 3 +:,

Rq vlpsol�h fhwwh h{suhvvlrq hq lqwurgxlvdqw ghv pdwulfhv gh glphqvlrq N
srxu suhqguh hq frpswh od vrpph vxu n +¤ ; ::K¤,; pxowlsolì sdu 5 srxu vìsduhu
sduwlh uìhooh hw lpdjlqdluh/ vxu Q oh qrpeuh gh sdudpëwuhv ã hvwlphu1 Rq gì�qlw
dlqvl =

" �1D S F B +�, @

3
EEEEEEC

frv+¤y S F B ,�Uh+¦ Z � +¤ ; �,,
:::

frv+K¤y S F B ,�Uh+¦ Z � +K¤; �,,
vlq+¤y S F B ,� Lp+¦ Z � +¤ ; �,,

:::
vlq+K¤y S F B ,� Lp+¦ Z � +K¤; �,,

4
FFFFFFD

hw hz � S od pdwulfh T-5N grqw ohv N suhplëuhv frorqqhv vrqw frqvwlwxìhv ghv
Uh^z S +k¤,` hw ohv N ghuqlëuhv ghv � Lp^z S +k¤,`:

O*ìtxdwlrq : ghylhqw doruv =
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4
T
[
S hz � S :" ��D S F B +� x� K , @ 3

Frpph ohv frorqqhv gh hz � S vrqw gh glphqvlrq T/ o*hvwlpdwhxu hvw frqvlvwdqw
srxu wrxw N>41 Od glvwulexwlrq dv|pswrwltxh gh � x� K hvw qrupdoh hw o*rq vdlw
fdofxohu vd pdwulfh gh fryduldqfh1 O*xq ghv hvwlpdwhxuv gh Z �K hvw who txh hz � S @hz �� S ; rü hz �� S hvw frqvwuxlw ã sduwlu ghv sduwlhv uìhooh hw lpdjlqdluh gh z �� S +kt,;
o*hvwlpdwhxu HFFI rswlpdo frqvwuxlw dx sdudjudskh suìfìghqw1 Srxu fh fkrl{
sduwlfxolhu g*lqvwuxphqw/ o*h{suhvvlrq : hvw xqh dssur{lpdwlrq sdu glvfuìwlvdwlrq
vxu o*lqwhuydooh ^�K¤;K¤ ` gh o*hvwlpdwhxu rswlpdo vxu fhw lqwhuydooh1 Dlqvl/ vl ¤
hvw fkrlvl frpph irqfwlrq gh N gh whooh vruwh txh ¤ �$ 3 hw +5K . 4,¤ �$ 4
oruvtxh K �$ 4; doruv od pdwulfh gh fryduldqfh dv|pswrwltxh gh o*hvwlpdwhxu
vxu �owuh �{ì hz �� S frqyhujhud yhuv od eruqh dv|pswrwltxh gh Fudphu0Udr1

Fhwwh revhuydwlrq shuphw g*h{klehu xq dxwuh hvwlpdwhxu JPP0FFI/ dssur{0
lpdwlyhphqw h!fdfh hw ehdxfrxs soxv idfloh ã xwlolvhu1 O*lqvwuxphqw rswlpdohz �� S 5 Z �K hvw =

hz �� S @ � � �S � i	 �S j G B ;
rü =

� �S @ �" ��D S F B +� O ,
��

	 �S @ E^" �1D S F B " � �1D S F B myt:
� �S hvw xqh pdwulfh 5N-T1
Rq qrwhud od vlpsolflwì g*lpsoìphqwdwlrq gh fhw hvwlpdwhxu = g*xqh sduw od

pdwulfh ghv gìulyìhv qh frpsruwh txh ohv gìulyìhv ghv sduwlhv lpdjlqdluhv hw
uìhoohv gh ¦ Z � +k¤; �,/ hw g*dxwuh sduw/ ohv ìoìphqwv gh 	 �S vh fdofxohqw h{solflwh0
phqw hq irqfwlrq ghv sduwlhv lpdjlqdluhv hw uìhoohv gh ¦ Z � +k¤; �,: Od pdwulfh gh
fryduldqfh dv|pswrwltxh hvw =

V �O +hz �� , @ +E^� � �S � +	 �S , G B �� �S `, G B :
Od sursulìwì g*rswlpdolwì gh qrwuh hvwlpdwhxu JPP0FFI dvvxuh txh vd

pdwulfh gh fryduldqfh frqyhujh yhuv od eruqh gh Fudphu0Udr oruvtxh oh �owuh
g*dssur{lpdwlrq ghylhqw soxv �q1

Hq sudwltxh/ txho �owuh fkrlvlu B
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Vl ohv glvwulexwlrqv frqglwlrqqhoohv g*xq rx soxvlhxuv | vrqw v|pìwultxhv/ doruv
ohv sduwlhv lpdjlqdluhv fruuhvsrqgdqwhv gh od irqfwlrq fdudfwìulvwltxh vrqw qxoohv1
Rq rphw doruv ohv ìoìphqwv fruuhvsrqgdqwv gdqv � �S hw 	 �S :

O*lghqwl�delolwì ghv sdudpëwuhv shxw srvhu sureoëph gdqv fhuwdlqv fdv/ sdufh
txh ohv irqfwlrqv fdudfwìulvwltxhv gh gl�xvlrqv d!qhv dyhf ghv vdxwv suìvhqwhqw
vrxyhqw ghv frpsrvdqwhv svhxgr0sìulrgltxhv1 Od irqfwlrq fdudfwìulvwltxh g*xqh
glvwulexwlrq gh Srlvvrq/ sdu h{hpsoh/ hvw sìulrgltxh1 Lo idxw doruv uìgxluh oh
qrpeuh gh frorqqhv gh hz � S :

Sdu dloohxuv/ lo h{lvwh ghv udlvrqv gh shqvhu d sulrul txh oh fkrl{ gx �owuh mrxh
vxu o*h!fdflwì gh o*hvwlpdwhxu1 Oruvtxh o*rq wudydlooh vxu ohv sul{ g*dfwliv/ rq
v*dwwhqg vrxyhqw ã uhqfrqwuhu xqh dv|pìwulh hw ghv ydohxuv h{wuíphv1 Lo hvw grqf
orjltxh g*lqfoxuh gdqv oh �owuh ghv judqghv ydohxuv/ srxu suhqguh hq frpswh fhv
h�hwv1

817 Xq prw vxu o*hvwlpdwlrq gx sdudpëwuh gh fruuìodwlrq
D�q gh mxvwl�hu ghv k|srwkëvhv gh fruuìodwlrq/ lo hvw lqwìuhvvdqw g*revhuyhu

oh pdufkì ghv FER hw ghv FOR1 D sduwlu ghv prgëohv ghv djhqfhv gh udwlqj/
xq udwlqj hvw dvvljqì ã fkdfxqh ghv gl�ìuhqwhv wudqfkhv gh whoohv rsìudwlrqv1 Lo
dssdudlw txh ohv wudqfkhv gh fhuwdlqhv wlwulvdwlrqv +hq sduwlfxolhu ohv FER, vrqw
gìsuhflìhv/ f*hvw0d0gluh mxjìhv soxv ulvtxìhhv/ sdu udssruw dx{ dfwliv lqglylgxhov
gh udwlqj lghqwltxh1 Ohv vhxov idfwhxuv vxvfhswleohv g*h{soltxhu fhwwh glvfrugdqfh
hqwuh ohv vsuhdgv ghv surgxlwv gh wlwulvdwlrq hw fhx{ ghv dfwliv sulplwliv vrqw
o*h{lvwhqfh g*xqh fruuìodwlrq rx g*xqh sulph gh oltxlglwì1 Odlvvdqw rxyhuwh od
txhvwlrq gh od sulph gh oltxlglwì/ qrxv qrxv frqfhqwurqv lfl vxu oh sureoëph gh
od fruuìodwlrq1

Rq shxw hqylvdjhu g*hvwlphu xqh fruuìodwlrq lpsolflwh1 Srxu xqh fruuìodwlrq
grqqìh/ oh prgëoh gh gìidxw shuphw gh fdofxohu od shuwh hvsìuìh vxu oh sruwh0
ihxlooh/ grqw rq gìgxlw od shuwh vxu fkdfxqh ghv wudqfkhv1 Lo v*djlw doruv g*hvwlphu
od fruuìodwlrq txl grqqh ohv uìvxowdwv ohv soxv frkìuhqwv dyhf ohv sul{ revhuyìv
vxu oh pdufkì1 Lo v*djlw fhuwhv g*xqh hvwlpdwlrq uhodwlyhphqw jurvvlëuh/ pdlv hooh
suìvhqwh fhuwdlqv dydqwdjhv lqwìuhvvdqwv1 Od yduldeoh gh fruuìodwlrq lpsolflwh hvw
hq h�hw uhodwlyhphqw vwdeoh1 O*dfkhwhxu g*xqh wudqfkh gh FER qh glvsrvh sdv
gh uhqvhljqhphqwv gìwdlooìv vxu od frpsrvlwlrq gx sruwhihxlooh vrxv0mdfhqw/ vrq
dqdo|vh uhsrvh grqf xqltxhphqw vxu ohv grqqìhv glvsrqleohv/ l1h1 od glvwulexwlrq
ghv udwlqjv1 Fhwwh vwdelolwì whpsruhooh gh od yduldeoh gh fruuìodwlrq lpsolflwh
qrxv shuphw grqf gh mxvwl�hu o*xwlolvdwlrq gh wdx{ gh gìidxw klvwrultxhv srxu
fdoleuhu oh prgëoh gh gìidxw1

Hq uhydqfkh/ od gl!fxowì gh idluh fròqflghu ohv hvwlpdwlrqv gh od fruuìodwlrq ã
sduwlu ghv gl�ìuhqwhv wudqfkhv phw hq ìylghqfh ohv olplwhv ghv k|srwkëvhv idlwhv1
Vl o*rq shxw hqylvdjhu g*d!qhu o*k|srwkëvh gh fruuìodwlrq xqliruph +fruuìodwlrq
sdu udwlqj rx lqgxvwulh,/ fhod frpsoh{l�h hqfruh o*hvwlpdwlrq ghv yduldeohv gh
fruuìodwlrq1 Sdu dloohxuv/ oh pdufkì ghv FER hvw orlq g*íwuh sduidlw hw rq shxw
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lpdjlqhu txh o*dyhuvlrq dx ulvtxh rx ã od fruuìodwlrq hvw orlq g*íwuh lghqwltxh
srxu fkdtxh djhqw1
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9 FRQFOXVLRQ
Ohv gìulyìv gh fuìglw vrqw ghv lqvwuxphqwv gh wudqvihuw v|qwkìwltxh gx ulvtxh

gh fuìglw1 Lov vh udssurfkhqw gh od idplooh ghv jdudqwlhv �qdqflëuhv rx ghv dv0
vxudqfhv fuìglw elhq tx*lo v*djlvvh g*lqvwuxphqwv gh pdufkì1 Lov ghylhqqhqw xq
rxwlo hvvhqwlho srxu oh jhvwlrqqdluh gh sruwhihxloohv gh fuìglw hq shuphwwdqw qrq
vhxohphqw od frxyhuwxuh +rx o*dfkdw, gx ulvtxh gh fuìglw vrxv iruph lqglylgxhooh
+fuhglw ghidxow vzds, pdlv ìjdohphqw vrxv iruph gh sruwhihxloohv +wlwulvdwlrq,1
Rxwuh o*dvshfw oltxlglwì/ ohxu sulqflsdo dydqwdjh hvw od  h{lelolwì g*xwlolvdwlrq1
Hq h�hw/ lov v*dssoltxhqw ã wrxw w|sh gh vrxv0mdfhqwv +suíwv edqfdluhv/ fdxwlrqv/
wlwuhv �qdqflhuv,1

Qrxv dyrqv whqwì/ dx frxuv gh fh pìprluh gh vrxoljqhu ohv idleohvvhv ghv
prgëohv gh ulvtxh gh fuìglw fodvvltxhv dydqw gh gìyhorsshu xq prgëoh dowhuqdwli
dx{ uìiìuhqfhv dfwxhoohv +NPY/ FuhglwPhwulfv rx FuhglwUlvn.,/ edvì vxu xq
prgëoh ã lqwhqvlwì gh gìidxw hw xqh fruuìodwlrq � idfwrulhooh �1 Hq h�hw/ fhv
prgëohv uhwrxuqhqw od glvwulexwlrq ghv shuwhv gx sruwhihxlooh pdlv qh shuphwwhqw
sdv g*rewhqlu od glvwulexwlrq ghv whpsv gh gìidxw1 Ru/ oruvtx*lo v*djlw gh ydorulvhu
xq FGR/ od sulrulwlvdwlrq qìfhvvlwh gh frqqdñwuh o*hqvhpeoh ghv  x{ +f*hvw0ã0gluh
ohv lqwìuíwv pdlv dxvvl ohv uhfrxyuhphqwv, txl oxl vrqw yhuvìv ã fkdtxh wrpeìh
gh frxsrq srxu srxyrlu hq gìgxluh ohv vsuhdgv gh fkdfxqh ghv wudqfkhv1

Qrxv dyrqv grqf lpsoìphqwì oh prgëoh sursrvì sdu Gx!h hw Jduohdqx
+4<<<,1 Ohv uìvxowdwv vhpeohqw frkìuhqwv dyhf fhx{ gx pdufkì1 Hq h�hw srxu
xq FGR frqvwuxlw ã sduwlu g*hqwuhsulvhv frwìhv E0Ed grqw ;3( hvw dwwulexì ã
od wudqfkh vhqlru hw 43( ã od wudqfkh ph}}dqlqh/ rq rewlhqw ghv vsuhdgv fruuh0
vsrqgdqw hqylurq ã xq Ddd srxu od wudqfkh Vhqlru hw ã xq Ed srxu od wudqfkh
Ph}}dqlqh/ fhv vsuhdgv dxjphqwdqw oruvtxh od fruuìodwlrq dxjphqwh1 Od wudqfkh
Htxlw| devrueh grqf suhvtxh wrxwhv ohv shuwhv hquhjlvwuìhv sdu oh FGR1 Hq uh0
ydqfkh/ txdqg oh sulqflsdo gh od wudqfkh vhqlru hvw wuëv judqg ghydqw fhx{ ghv
wudqfkhv ph}}dqlqh hw htxlw|/ ohv vsuhdgv vrqw soxv ìohyìv +od wudqfkh vhqlru fru0
uhvsrqg doruv soxw÷w ã xq Dd/ yrluh xq D hw od ph}}dqlqh ã xq E rx xq Fdd,
fdu ohv wudqfkhv htxlw| hw ph}}dqlqh qh vx!vhqw soxv srxu devruehu ohv shuwhv1

Od fdoleudwlrq ghv sdudpëwuhv gx prgëoh srvh/ frpph rq o*d yx/ xq fhuwdlq
qrpeuh gh sureoëphv/ olìv hq sduwlfxolhu ã od gl!fxowì g*ìfuluh od ghqvlwì gh
o*lqwhqvlwì/ hw uhvwh ã fuhxvhu1 Vl o*rq rewlhqw g*ruhv hw gìmã ghv uìvxowdwv vdwlv0
idlvdqwv hq v*dssx|dqw vxu ohv suredelolwìv gh gìidxw irxuqlhv sdu Prrg|*v/ hq
uhydqfkh o*rq qh shxw sdv vh frqwhqwhu gh od pìwkrgh ghv prphqwv jìqìudolvìv
srxu hvwlphu ohv sdudpëwuhv ã sduwlu gh sul{ g*reoljdwlrqv> lo idxgud lpsoìphqwhu
od pìwkrgh ghv prphqwv vshfwudoh/ hw h{sorlwhu dlqvl od iruph frqqxh gh od irqf0
wlrq fdudfwìulvwltxh gx prgëoh1

Ohv prgëohv gh ulvtxh gh fuìglw qh vhuyhqw fhshqgdqw sdv vhxohphqw ã ydor0
ulvhu xq gìulyì gh fuìglw1 Od sureoìpdwltxh vrxv0mdfhqwh uhvwh o*doorfdwlrq gh
fdslwdo ìfrqrpltxh hw ohv phvxuhv gh sur�wdelolwìv +Ulvn Dgmxvwhg Uhwxuq Rq
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Fdslwdo, grqw o*remhfwli hvw gh fdofxohu od uìpxqìudwlrq ixwxuh qhwwh gx frþw
gx ulvtxh/ hq whqdqw frpswh gh od txdolwì gh o*hpsuxqwhxu/ gh od vwuxfwxuh ghv
fuìglwv frqvhqwlv hw ghv jdudqwlhv uhêxhv1
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^4<` GXIILH G1/ VLQJOHWRQ N1/ �Vlpxodwlqj Fruuhodwhg Ghidxowv�/ Pdl 4<<<
+zrunlqj sdshu,1

^53` ILQJHU F1/ �D Frpsdulvrq ri Vwrfkdvwlf Ghidxow Udwh Prghov�/ Ulvn0
Phwulfv/ Dxjxvw 5333 +zrunlqj sdshu,1

^54` MDUURZU1/ ODQGR G1/ WXUQEXOO V1/ �D Pdunry Prgho iru wkh Whup
Vwuxfwxuh ri Fuhglw Ulvn Vsuhdg�/ Wkh Uhylhz ri Ilqdqfldo Vwxglhv Vxpphu
4<<:1

^55` MHDQEODQF P1/ UXWNRZVNL P1/ �Prghoolqj ri Ghidxow Ulvn= Dq
Ryhuylhz�/ Rfwreuh 4<<<1

^56` MHDQEODQF P1/ UXWNRZVNL P1/ �Prghoolqj ri Ghidxow Ulvn= Pdwkh0
pdwlfdo Wrrov�/ Pduv 53331

^57` MS Prujdq/ �Fuhglw Phwulfv Prqlwru�/ 4<<;/ �D rqh0sdudphwhu uhsuhvhq0
wdwlrq ri fuhglw ulvn dqg wudqvlwlrq pdwulfhv� +s17908;,/ G1K1 Zdjqhu Dv0
vrfldwhv ) NSPJ Shdw Pduzlfn OOS1

^58` MSPrujdq/ �Fuhglw Phwulfv Prqlwru�/ 4<<</ �Zruvw Orvv Dqdo|vlv ri Elvwur
Uhihuhqfh Sruwirolr� +s1;044,/ Ixml Edqn1

^59` IUDVHU U1/ �Frqglwlrqqdo Dssurdfkhv iru FuhglwPhwulfv Sruwirolr Glvwul0
exwlrqv� +s147066,/ UlvnPhwulfv Jurxs1

^5:` NORHGHQ S1 H1/ SODWHQ H1/ �Qxphulfdo Vroxwlrq ri Vwrfkdvwlf Gl�hu0
hqwldo Htxdwlrqv�/ Vsulqjhu/ 4<<81

^5;` ODPEHUWRQ G1/ ODSH\UH E1/ �Lqwurgxfwlrq dx fdofxo vwrfkdvwltxh
dssoltxì ã od �qdqfh�/ Hoolsvhv/ 4<<:1

^5<` OL G1/ �Wkh Ydoxdwlrq ri Edvnhw Fuhglw Ghulydwlyhv� +s167083,/ UlvnPhwulfv
Jurxs/ �Dq Dqdo|wlfdo Dssurdfk iru Fuhglw Ulvn Dqdo|vlv xqghu Fruuhodwhg
Ghidxowv� +s1840:7,1

^63` ODQGR G1/ �Rq Fr{ surfhvvhv dqg fuhglw ulvn| vhfxulwlhv�/ Pduv 4<<;
+zrunlqj sdshu,1

^64` ODQGR G1/ VNRGHUEHUJ W1P1/ �Vwdwlvwlfdo Dqdo|vlv ri Udwlqj Wudqvl0
wlrqv 0 D frqwlqxrxv0Wlph Dssurdfk�/ Pdl 5333 +zrunlqj sdshu,1

^65` ODQJHWLHJ W1 F1/ �D Pxowlyduldwh Prgho ri wkh Whup Vwuxfwxuh�/ Mrxu0
qdo ri �qdqfh/ Pduv 4<;31
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^66` RYHUEHFN O1/ �Fuhglw Sruwirolr Prgholqj�/Ghxwvfkh Edqn DJ/ Iìyulhu
5333 +volghv,1

^67` VLQJOHWRQ N1/ �Hvwlpdwlrq ri D!qh Dvvhw Sulflqj Prghov Xvlqj wkh
Hpslulfdo Fkdudfwhulvwlf Ixqfwlrq�/ Iìylhu 53341

^68` ZDQJ V1/ �Djjuhjdwlrq ri Fruuhodwhg Ulvn Sruwirolrv= Prghov ) Dojr0
ulwkpv�1
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4 Surfhvvxv g*lqwhqvlwì dvvrflì ã xq whpsv g*duuíw
Qrxv udsshorqv lfl txhotxhv gì�qlwlrqv hw uìvxowdwv uhodwliv dx{ surfhvvxv

g*lqwhqvlwì/ txl vrqw xwlolvìv srxu gìyhorsshu qrwuh prgëoh = dsuëv dyrlu gì�ql
oh surfhvvxv g*lqwhqvlwì dvvrflì ã xq whpsv g*duuíw/ qrxv grqqhurqv xqh iruph
gh od suredelolwì gh vxuylh fruuhvsrqgdqwh1

Rq vh sodfh gdqv xq hvsdfh suredelolvì +; F; P ,/ dyhf +F � , ��� � ��� xqh �owud0
wlrq vdwlvidlvdqw dx{ frqglwlrqv kdelwxhoohv +f*hvw0ã0gluh o*hqvhpeoh ghv lqirupd0
wlrqv glvsrqleohv ã od gdwh t,1 Xq whpsv g*duuíw ¤ d xq surfhvvxv g*lqwhqvlwì �
� +qrq0qìjdwlyh/ F � 0dgdswìh/ dyhf srxu wrxw t E+U �� � � du, < 4, vl M � @
N � � U

�
� +4�N � ,:� � du hvw xqh pduwlqjdoh/ rü N � @ 4 �	� � 1

Rq frqvlgëuh xq whpsv g*duuíw ¤ / g*lqwhqvlwì fruuhvsrqgdqwh �/ rq fkhufkh ã
fdudfwìulvhu od suredelolwì gh vxuylh P +¤ � t, srxu xq w grqqì1

Rq gì�qlw/ srxu xqh vhpl0pduwlqjdoh \/ oh vdxw �Y � @ Y � � olp 
�� � Y 
 1

Sursrvlwlrq 4 Suredelolwì gh vxuylh
Vrlw ¤ xq whpsv g*duuíw dyhf xq surfhvvxv g*lqwhqvlwì eruqì �1 Vrlw W>31 Rq
srvh

Y � @ E^h{s+�
] 
� � � du,mF � `; t � T:

Vl oh vdxw �Y � hvw suhvtxh0vþuhphqw qxo/ doruv
P +¤ � T mF � , @ Y � ; t < ¤; presque� saurement:

S urri1
Rq srvh/

Z � @ E^h{s+�
] 
� � � du,mF � `; t � T:

Z � hvw xqh pduwlqjdoh1
Rq d 1

Y � @ h{s+
]
�
� � � du,:Z � :

Od irupxoh g*Lw÷ dssoltxìh ã Y � lpsoltxh =
dY � @ � � Y � dt. h{s+

]
�
� � � du,:dZ �

Sdu gì�qlwlrq gh �/ lo h{lvwh xqh pduwlqjdoh M whooh txh =
dN � @ +4�N � ,� � dt. dM �������� ��������������� � !#"%$'&%(*)
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Rq srvh U � @ Y � +4�N � ,1
Sdu od irupxoh g*Lw÷/

dU � @ �Y �,+ :dM � . +4�N �,+ , h{s+
]
�
� � � du,:dZ �

X hvw grqf xqh pduwlqjdoh/ dyhf
U  @ +4�N  ,:

Rq hq gìgxlw txh srxu wrxw t < ¤ /
Y � @ U � @ E+4�N  mF � , @ P +¤ � T mF � ,:

O*k|srwkëvh g*lqwhqvlwì eruqìh shxw íwuh uhoåfkìh hq frqglwlrqv g*lqwìjudelolwì1
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5 Surfhvvxv d!qh irqgdphqwdo
Qrxv udsshorqv ã suìvhqw od gì�qlwlrq g*xq surfhvvxv d!qh irqgdphqwdo/ hw

fdofxorqv h{solflwhphqw/ gdqv fh fdv sduwlfxolhu/ od suredelolwì gh vxuylh1 F*hvw
od iruph h{solflwh ghv irqfwlrqv � hw � txl qrxv shuphwwud g*ìwxglhu ohv whpsv
gh gìidxw gx srro g*reoljdwlrqv vrxv0mdfhqw dx FGR1

Rq frqvlgëuh xq surfhvvxv +X � , grqw o*ìtxdwlrq gh gl�xvlrq hvw grqqìh sdu=
dX � @ �+� �X � ,:dt. £:sX � dW � .�J � +4,

rü W hvw xq prxyhphqw eurzqlhq vwdqgdug hw J xq surfhvvxv gh vdxwv
+lqgìshqgdqw gh W , grqw oh surfhvvxv gh frpswdjh N d xqh lqwhqvlwì frqvwdqwh
l/ hw v � / od glvwulexwlrq h{srqhqwlhooh gh od wdlooh ghv vdxwv/ hvw gh pr|hqqh �1
Rq dsshooh xq who surfhvvxv xq surfhvvxv d!qh irqgdphqwdo1

514 Vroxwlrq gx prgëoh d!qh irqgdphqwdo
Rq grqqh pdlqwhqdqw/ srxu oh prgëoh d!qh irqgdphqwdo/ ohv h{suhvvlrqv

ghv frh!flhqwv �+s, hw �+s, txl gìwhuplqhqw od glvwulexwlrq gx surfkdlq whpsv
gh gìidxw vxu oh srro g*reoljdwlrqv vrxv0mdfhqw dx FGR1

�+s, hw �+s, vrqw gì�qlv frpph ohv vroxwlrqv ghv ìtxdwlrqv gl�ìuhqwlhoohv =

� - 
 @ n� 
 . 4
5p�

.

 . q +5,

� - 
 @ n� 
 . l �� 

4� �� 
 +6,

dyhf ohv frqglwlrqv lqlwldohv �+3, @ �+3, @ 3/ hw srxu n @ �k/ p @ s / / q @ �4
hw m @ k�/ ohv vroxwlrqv vrqw grqqìv sdu =

� 
 @ 4� h{s +b 0 s,
c 0 . d 0 h{s +b 0 s,

� 
 @ m +�c 0 � d 0 ,
b 0 c 0 d 0 orj

�c 0 . d 0 h{s +b 0 s,
c 0 . d 0

�

.m
c 0 s.

l +a / c / � d / ,a / c /
orj

�c / . d / h{s +b / s,c / . d /
�

.
� l
c /

� l
�

s

rü =

7



c 0 @ �n.sn / � 5pq
5q

d 0 @ n.sn / � 5pq
5q

b 0 @ �n +d 0 � c 0 , . 5qc 0 d 0 � p
c 0 . d 0

a / @ d 0
c 0

b / @ b 0
c / @ 4� �

c 0
d / @ d 0 . �

c 0
F*hvw vrxv fhwwh iruph txh qrxv dyrqv lpsoìphqwì ohv frh!flhqwv � hw �1
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515 Irqfwlrq fdudfwìulvwltxh g*xqh gl�xvlrq d!qh
Rq shxw h{solflwhu od irqfwlrq fdudfwìulvwltxh1fruuhvsrqgdqw ã qrwuh gl�x0

vlrq d!qh1 Rq qh suìvhqwh sdv lfl od gìprqvwudwlrq +yrlu Gx!h/ Sdq/ Vlqjohwrq
^4<<<`,1 Lo v*djlw g*xq fdofxo vlplodluh ã fhoxl gh od suredelolwì gh vxuylh/ txh
qrxv dyrqv gìyhorssì1

Gh�qlwlrq 4 Rq udsshooh txh od irqfwlrq fdudfwìulvwltxh frqglwlrqqhooh gh X �
hvw gì�qlh sdu =

¦+u;X � ; t; T , @ E^h{s+u:X  ,mF � `;

rü x hvw xq qrpeuh frpsoh{h lpdjlqdluh1

Oruvtxh X vxlw xqh gl�xvlrq d!qh/ rq prqwuh txh o*rq d

¦+u; x; t; T , @ h{s+�+t; T; u, . �+t; T; u,:x,

rü � hw � vrqw gì�qlv sdu ohv ìtxdwlrqv gl�ìuhqwlhoohv vxlydqwhv =
11 � �+t; T; u, .B+�+t; T; u,; t, @ 311 � �+t; T; u, .A+�+t; T; u,; t, @ 3
�+T; T; u, @ u; �+T; T; u, @ u

dyhf =
B+y; t, @ ��:y . 4

5y / £ /
A+y; t, @ �:�:y . l:+�+y; t,� 4,

hw
�+y; t, @

]

2 h{s+yz,dv � +z,
hvw od �mxps0wudqvirup� fruuhvsrqgdqw ã od gl�xvlrq +l1h1 �+y; t, @ 00#3�465 ,1

Rq vdlw uìvrxguh h{solflwhphqw fh v|vwëph1 Ohv vroxwlrqv vrqw/ dyhf n @ �k;
p @ £ / ; m @ k�=

� 
 @ a 0 h{s +b 0 s,
c 0 . d 0 h{s +b 0 s,

� 
 @ u. ma 0 c 0
b 0 c 0 d 0 orj

�c 0 . d 0 h{s +b 0 s,
c 0 . d 0

�

. l +a / c / � d / ,a / c /
orj

�c / . d / h{s +b / s,c / . d /
�

.
� l
c /

� l
�

s
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rü =
c 0 @ n. mnm

5
d 0 @ �c 0 u:n. pu. mnm

u+5n. pu,
a 0 @ +d 0 . c 0 ,u
b 0 @ n
a / @ d 0

c 0
b / @ b 0
c / @ 4
d / @ d 0 . �a 0

c 0

:



516 Irqfwlrq gh uìsduwlwlrq gx surfkdlq whpsv gh gìidxw
Od sursrvlwlrq 5 hw oh ohpph 7 fl0ghvvrxv yrqw qrxv shuphwwuh gh fdofxohu od

irqfwlrq gh uìsduwlwlrq gx surfkdlq whpsv gh gìidxw +sursrvlwlrq 6, vxu xq srro
gh Q reoljdwlrqv/ fh txl frqvwlwxh oh qr|dx gh qrwuh dojrulwkph gh ydorulvdwlrq
gx FGR1

Sursrvlwlrq 5 Vrlhqw X hw Y ghx{ surfhvvxv d!qhv irqgdphqwdx{/ lqgìshq0
gdqwv/ dyhf srxu sdudpëwuhv uhvshfwlyhphqw +k; � 7 ; £; �; l 7 ,hw +k; � 8 ; £; �; l 8 ,1
Doruv Z @ X . Y hvw xq surfhvvxv d!qh irqgdphqwdo dyhf srxu sdudpëwuhv
+k; �; £; �; l, rü l @ l 7 . l 8 hw � @ � 7 . � 8 1

S urri1
Frpph X hw Y vrqw ghv surfhvvxv +idleohphqw, srvlwliv 9 / Z o*hvw dxvvl1 Lo
vx!w doruv gh yìul�hu txh vd wudqvirupìh gh Odsodfh hvw fhooh g*xq surfhvvxv
d!qh irqgdphqwdo/ dyhf ghv sdudpëwuhv +k; �; £; �; l,/ hw od frqglwlrq lqlwldoh
Z+3, @ X+3, . Y +3,1
Lo idxw grqf fdofxohu od wudqvirupìh gh Odsodfh L+z, g*xq surfhvvxv d!qh irq0
gdphqwdo l+s, ã o*lqvwdqw w1
Rq d :

L+z, @ E +h{s +�z�+s,,, @ h{s +�+s, . �+s,�+s,, ;

rü o*rq frqvlgëuh �+s, hw �+s, frpph ghv frpsoh{hv/ txl yìul�hqw ohv ìtxdwlrqv
gl�ìuhqwlhoohv gh o*dqqh{h 514 dyhf ohv frqglwlrqv q @ 3/ �+3, @ 3 hw �+3, @ �z1
Srxu txh od wudqvirupìh vrlw h�hfwlyhphqw fdudfwìulvìh sdu fhv ìtxdwlrqv/ lo vx!w
txh/ oruvtxh o*rq dssoltxh od irupxoh g*Lw÷ ã U � @ h{s +�+T � t, . �+T � t,X+t,,/
oh whuph fruuhvsrqgdqw dx eurzqlhq vrlw xqh pduwlqjdoh +sdv vhxohphqw orfdoh,1
F*hvw oh fdv vl =

E
�]
�
� h{s +5�+s, . 5�+s,X+s,,�+s, / X+s,ds

�

< 4:

Frpph �+s,/ �+s, hw E+X+s,,vrqw frqwlqxhv sdu udssruw ã s/ txh � hvw qìjd0
wlyh hw X srvlwli/ oh wkìruëph gh Ixelql dvvxuh txh od frqglwlrq hvw vdwlvidlwh1
Rq yìul�h doruv idflohphqw txh od vrpph ghv wudqvirupìhv gh Odsodfh gh X
hw ghY hvw ìjdoh ã od wudqvirupìh gh Odsodfh gx surfhvvxv d!qh irqgdphqwdo
gh sdudpëwuhv / dyhf od frqglwlrq lqlwldoh Z+3, @ X+3, . Y +3,/ hq xwlolvdqw ohv
vroxwlrqv txh o*rq shxw fdofxohu h{solflwhphqw ; 1
< ����� ��=�>�? ? >#�@� !A"'BC!�(*)D ����� ��EF��GH>'I	JK��LMIONC� L	P'? >�Q,��LR� !#"�"�$%(S)T ����� ��EF��GH>U>�QWVF���,? >#��LC�R� !#"�"�"%(S)

;



Sursrvlwlrq 6 Frqvlgìudqw Q wlwuhv/ rq fkhufkh ã ìfuluh od irqfwlrq gh uìsdu0
wlwlrq ã o*lqvwdqw w gx surfkdlq whpsv gh gìidxw/ vrxv od iruph =

F +t, @ 4� h{s
3

C� X +t, . � X +t,X X +¤, .N:� Y +t, . � Y +t,
Z
[

[�\ 0 X
[ +¤,

4

D

S urri1
G*dsuëv oh ohpph 7/ od suì0lqwhqvlwì gx surfkdlq whpsv gh gìidxw

¤ ] Z�^ @ plq +¤ 0 ; :::; ¤ Z ,
ghv whpsv g*duuíw ¤ 0 ; :::; ¤ Z hvw =

Z @ � 0 . :::. � Z @ NX X .X 0 . :::.X Z :

FrpphX 0 ; :::;X Z ; X X vrqw lqgìshqgdqwv/ od sursrvlwlrq 5 dvvxuh txh Z hvw xq
surfhvvxv d!qh irqgdphqwdo/ dyhf srxu sdudpëwuhv +k; �; £; �; l,/ rü l @ j+l X .l Y ,
hw � @ j+� X . � Y ,1
Rq shxw doruv ìfuluh od suredelolwì gh vxuylh gh Z hq t/ ã o*krul}rq T / vrxv od
iruph =

E
#

h{s
#

�
] 
� Z 
 ds

$

mF �
$

@ h{s +� _ +T � t, . � _ +T � t,Z � ,

rü � _ +s, hw � _ +s, vrqw fdudfwìulvìhv +frpph g*kdelwxgh, sdu ohv ìtxdwlrqv gli0
iìuhqwlhoohv gh o*dqqh{h E15/ dyhf ghv frqglwlrqv lqlwldohv qxoohv1
Od iruph sduwlfxolëuh ghv irqfwlrqv d hw e/ l1h1 od gìshqgdqfh olqìdluh sdu udssruw
ã l hw � shuphw g*ìfuluh =

� _ +T � t, . � _ +T � t,Z � @ � X +T � t, . � X +T � t,X X +t,
.
Z
[

Y \ 0 +� Y +T � t, . � Y +T � t,X Y +t,,

dyhf � X +s, hw � X +s, vroxwlrqv ghv ìtxdwlrqv 5 hw 6 srxu n @ �k/ p @ £ / / q @ �j/
l @ l X hw m @ k� X > wdqglv txh � Y +s, hw � Y +s, vrqw vroxwlrqv ghv ìtxdwlrqv 5 hw 6
srxu n @ �k/ p @ £ / / q @ �j/ l @ l Y hw m @ k� Y 1
Rq d grqf

P
�

¤ ] Z�^ < T
�

@ 4� h{s
� � X +T � t, . � X +T � t,X X +t,

.S
Z
Y \ 0 +� Y +T � t, . � Y +T � t,X Y +t,,

�

<



Ohv irqfwlrqv � hw � ìwdqw ghv irqfwlrqv gìwhuplqlvwhv gh +T�t,/ rq d �i+T�t, @
�j+T � t, srxu wrxw j 9@ i hw srxu wrxw t1 O*ìtxdwlrq suìfìghqwh vh uììfulw grqf=

P
�

¤ ] Z�^ < T
�

@ 4� h{s
� � X +T � t, . � X +T � t,X X +t,

.N:� Y +T � t, . � Y +T � t,S ZY \ 0 X Y +t,
�

G*rü od iruph gh I1
Hq sduwlfxolhu/ ã o*lqvwdqw lqlwldo/ rq d=

F +t, @ 4� h{s +� X +t, . � X +t,X X +3, .N:� Y +t, .N:� Y +t,X Y +3,,

Ohppd 7 Rq frqvlgëuh i¤ 0 ; :::; ¤ Z j ghv whpsv g*duuíw fruuhvsrqgdqw ã ghv gì0
idxwv1 Rq vxssrvh txh/ srxu fkdtxh i 5 i4; :::; Nj/ oh whpsv gh gìidxw ¤ Y d xq
surfhvvxv g*lqwhqvlwì � Y 1 Rq vxssrvh sdu dloohxuv txh P +¤ Y @ ¤ Y , @ 3 srxu i <>
j1 Doruv � 0 . :::. � Z hvw xq surfhvvxv g*lqwhqvlwì srxu ¤ ] ZH^ @ plq +¤ 0 ; :::; ¤ Z ,1

S urri1
Vrlw N Y / i 5 i4; :::; Nj/ ohv srlqw0surfhvvhv dvvrflìv ã i¤ 0 ; :::; ¤ Z j/ vrlw N Y +t, @
4 �	`�a � / i 5 i4; :::; Nj/ hw N fhoxl gh ¤ ] Z�^ 1
Doruv/ frpph P +¤ Y @ ¤ [ , @ 3/

N+t, @ N 0 +t, . :::.N Z +t, pour t � ¤ :

Rq srvh

M Y +t, @ N Y +t,�
]
�
� +4�N Y +s,� Y +s,ds, ; i 5 i4; :::; Nj :

Sdu gì�qlwlrq ghv surfhvvxv g*lqwhqvlwì/ M 0 ; :::;Mn vrqw ghv pduwlqjdohv1
Rq srvh hqfruh =

M+t, @ N+t,�
]
�
� +4�N+s, +� 0 +s, . :::. � Z +s,,ds, :

Rq d M+t, @ M 0 +t, . :::.M Z +t, srxu t � ¤ / hw M+t, @ M+¤, srxu t � ¤ > M
hvw grqf ìjdohphqw xqh pduwlqjdoh1
Oh surfhvvxv g*lqwhqvlwì fruuhvsrqgdqw dx whpsv g*duuíw ¤ ] Z�^ hvw grqf/ sdu gìi0
lqlwlrq/ � 0 . :::. � Z 1
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6 Fdofxo gh od suredelolwì gh n gìidxwv
Qrxv suìvhqwrqv lfl/ ã wlwuh lqglfdwli oh fdofxo gh od suredelolwì gh n gìidxwv

+fdu fhfl q*lqwhuylhqw sdv gluhfwhphqw gdqv qrwuh dojrulwkph gh ydorulvdwlrq gx
FGR,1

Od suredelolwì txh oh qrpeuh P gh gìidxw vrlw ìjdo ã n ydxw =
P +M @ k, @ C bZ P �d 0 _ ::: _ d b _ d XbCc 0 _ ::: _ d XZ �
Rq qrwh q+k;N, @ P �d 0 _ ::: _ d b _ d Xb'c 0 _ ::: _ d XZ �/ od suredelolwì txh n

hqwuhsulvhv grqqìhv vxu Q idvvhqw gìidxw hw tx*hoohv vhxohv idvvhqw gìidxw1

Sursrvlwlrq 8 Vl p [ hvw od suredelolwì txh vxu m wlwuhv/ dx prlqv o*xq idvvh
gìidxw dydqw od pdwxulwì/ hw q+k;N, od suredelolwì txh vxu N wlwuhv h{dfwhphqw
n idvvhqw gìidxw dydqw od pdwxulwì/ rq d =

q+k;N, @
Z
[

[�\ 0 +�4, ] [ c�b'c Z c 0 ^ C Z 3 [b p [

S urri1
Rq surfëgh sdu uìfxuuhqfh vxu k hw N 1 Srxu N @ 4 od sursrvlwlrq hvw fodluhphqw
yìul�ìh1 Rq frqvlgëuh gdqv wrxwh od vxlwh n hw q vwulfwhphqw srvlwliv/ dyhf 3 <
n @ N hw 3 < k @ n1
Rq vxssrvh txh od sursrvlwlrq hvw yìul�ìh srxu +k; n, dyhf n < N 1 Rq frqvlgëuh
doruv oh fdv n @ N 1
Rq d/ frpph frqvìtxhqfh lppìgldwh gx sulqflsh lqfoxvlrq0h{foxvlrq/

q+n; n, @
d

[

[�\ 0 +�4, ] [ 3F0 ^ C [d p [ ;

fh txl vdwlvidlw od sursrvlwlrq1 Rq vxssrvh pdlqwhqdqw txh od sursrvlwlrq hvw
yìul�ìh srxu +k.4; n,; :::; +n; n,1 Rq yd prqwuhu tx*hooh hvw hqfruh yìul�ìh srxu
+k; n,1
Rq d

q+k; n, @ P �d 0 _ ::: _ d b _ d XbCc 0 _ ::: _ d Xd �
q+k . 4; n, @ P �d 0 _ ::: _ d b'c 0 _ d XbCc / _ ::: _ d Xd �

g*rü/ sdu dgglwlrq ghv ghx{ ìtxdwlrqv =
q+k; n, . q+k . 4; n, @ P �d 0 _ ::: _ d b _ d XbCc / _ ::: _ d Xd �

@ q+k; n� 4,
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f*hvw0ã0gluh
q+k; n, @ q+k; n� 4,� q+k . 4; n,:

Fh txl vh uììfulw/ frpswh whqx ghv k|srwkëvhv gh uìfxuuhqfh =

q+k; n, @
d 3F0
[

[�\ 0 +�4, ] [ c�bCc d ^ C d 3F0#3 [b p [ �
d

[

[%\ 0 +�4, ] [ c�bCc d ^ C d 3 [bCc 0 p [

q+k; n, @
d 3F0
[

[�\ 0 +�4, ] [ c�bCc d ^ �C d 3F0#3 [b � C d 3 [bCc 0
�

p [ � +�4, b p d

q+k; n, @
d 3F0
[

[�\ 0 +�4, ] [ c�bCc d ^ ��C d 3 [b
�

p [ � +�4, b p d

fdu
C d 3 [ 3e0b � C d 3 [b @ C d 3 [bCc 0

g*rü �qdohphqw =

q+k; n, @
d

[

[�\ 0 +�4, ] [ c�bCc d c 0 ^ ��C d 3 [b
�

p [

txl hvw od irupxoh fkhufkìh1
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7 Sulrulwlvdwlrq udslgh
Od sulrulwlvdwlrq udslgh frqvwlwxh xqh dowhuqdwlyh ã od pìwkrgh gh sulrulwl0

vdwlrq xqliruph txh qrxv dyrqv suìvhqwìh1
Gdqv fh fdv/ od wudqfkh vhqlru uhêrlw wrxv ohv  x{ +lqwìuíwv hw sulqflsdo, hq

sulrulwì hw fh oh soxv ylwh srvvleoh/ mxvtx*ã fh txh oh sulqflsdo uhvwdqw gþ ã fhwwh
wudqfkh vrlw qxo rx txh o*rq duulyh ã od pdwxulwì1 Rq vxssrvh tx*lo q*| d sdv
gh uìgxfwlrqv frqwudfwxhoohv gh sulqflsdo = J[ +k, @ 31 F*hvw vhxohphqw hqvxlwh
txh o*rq v*lqwìuhvvh dx uhperxuvhphqw gh od wudqfkh ph}}dqlqh hw hq�q fh tx*lo
uhvwh hvw doorxì ã o*htxlw|1

Srxu od k Y�fg�hig wrpeìh gh frxsrq/ od wudqfkh vhqlru uhêrlw grqf =
Y 0 +k, @ plq +U 0 +k,; Z+k,,

hw
D 0 +k, @ plq +F 0 +k � 4,; Z+k,� Y 0 +k,,

Od wudqfkh ph}}dqlqh uhêrlw hqvxlwh =
Y / +k, @ plq +U / +k,; Z+k,� Y 0 +k,�D 0 +k,,

hw
D / +k, @ plq +F / +k � 4,; Z+k,� Y 0 +k,�D 0 +k,� Y / +k,,

Fh tx*lo uhvwh ã od pdwxulwì hvw doorxì ã od wudqfkh htxlw|1
O*lpsoìphqwdwlrq gh fhwwh pìwkrgh hvw qhwwhphqw soxv vlpsoh txh fhooh gh

od sulrulwlvdwlrq xqliruph1 Oh vsuhdg vh fdofxoh gh pdqlëuh dqdorjxh =
Rq vxssrvh txh oh wdx{ g*dfwxdolvdwlrq u wulphvwulho hvw �{ì1 Oh frxsrq dx

sdlu hvw gì�ql/ frpph srxu od sulrulwlvdwlrq xqliruph/ sdu

P @
j
[

b \ 0
# c
nP

4
+4 . r, b

$

. P
+4 . r, j

dyhf P oh sulqflsdo/ q oh qrpeuh gh wrpeìhv gh frxsrq gdqv xqh dqqìh/ r oh
wdx{ fkhufkì/ K oh qrpeuh wrwdo gh wrpeìhv gh frxsrq/

vrlw = c @ nr1
Oh wdx{ gh frxsrq dyhf gìidxw +dyhf ohv píphv qrwdwlrqv txh soxv kdxw, hvw

gì�ql srxu fkdtxh wudqfkh sdu=
j
[

b \ 0
#Y[ +k, .D[ +k,

+4 . r, b
$

@ P [ ; j @ 4; 5; 6
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8 Fdofxo ghv Glyhuvlw| Vfruhv
Rq qrwh d Y o*lqglfdwulfh gh o*ìyìqhphqw � oh sduwlflsdqw l d idlw gìidxw � hw

L Y od shuwh doìdwrluh gh fdslwdo txdqg fhw ìyìqhphqw d olhx1 Rq rewlhqw doruv=

V ar
# Z
[

Y \ 0 L Y d Y
$

@ E
5

7

# Z
[

Y \ 0 L Y d Y
$ / 6

8�
#

E
% Z
[

Y \ 0 L Y d Y
&$ /

@
k

[

Y \ 0 E
�L /Y �E �d /Y �. [

Y,lem [ E +L Y L [ ,E +d Y d[ ,�
Z
[

Y \ 0 E +L Y , / E +d Y , /

Srxu xq prgëoh d!qh irqgdphqwdo grqqì/ rq shxw fdofxohu wrxv ohv whuphv
gh o*ìtxdwlrq suìfìghqwh1 Hq qrwdqw p ] 0 ^ od suredelolwì pdujlqdoh gh gìidxw g*xqdfwli hw p ] / ^ od suredelolwì mrlqwh gh gìidxw gh 5 dfwliv txhofrqtxhv/ o*ìtxdwlrq
suìfìghqwh vh uììfulw =

V ar
# Z
[

Y \ 0 L Y d Y
$

@ Np ] 0 ^ E
�L /Y �.N +N � 4, p ] / ^ E +L Y , / �N / p / ] 0 ^ E +L Y , /

Hq lghqwl�dqw ohv yduldqfhv ghv 5 sruwhihxloohv/ rq rewlhqw oh uìvxowdw vxlydqw
=

N
S

�

p ] 0 ^ E
�L /Y �� p / ] 0 ^ E +L Y , / � @ p ] 0 ^ E

�L /Y �.+N � 4, p ] / ^ E +L Y , / �N / p / ] 0 ^ E +L Y , /

Hq uìvroydqw fhwwh ìtxdwlrq hq V/ rq wurxyh =

S @ N
�

p ] 0 ^ E
�L /Y �� p / ] 0 ^ E +L Y , /

�

p ] 0 ^ E +L /Y , . +N � 4, p ] / ^ E +L Y , / �N / p / ] 0 ^ E +L Y , /

Vl o*rq vxssrvh gh soxv txh od glvwulexwlrq gh shuwh hvw xqliruph vxu ^3/4`/
rq d= E+L / , @ 4=6 hw +E+L,, / @ 4=71 Lo vx!w hqvxlwh gh suhqguh srxu p ] Y ^ ohvydohxuv vxlydqwhv =

p ] 0 ^ @ p 0
p ] / ^ @ 5p 0 � p /
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rü p 0 hw p / vrqw fdofxoìv ã sduwlu gx prgëoh ã lqwhqvlwì vwrfkdvwltxh gh Gx!hhw Jduohdqx=

p [ @ 4� P +plq +¤ 0 ; :::; ¤ [ , > T , @ 4�E
%

h{s
#

�
] 
�

[
[

Y \ 0 � Y dt
$

mF �
&

p [ @ 4� h{s+� X +T , . � X +T ,X X +3, . j� Y +T , . j� Y +T ,X Y +3,,
fh txl grqqh =

p 0 @ 4� h{s+�+T , . �+T ,�+3,,
p / @ 4� h{s+� X +T , . � X +T ,X X +3, . 5� Y +T , . 5� Y +T ,X Y +3,,:
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