
Gìflvlrq gdqv oh ulvtxh hw o*lqfhuwdlq =

O*dssruw ghv prgëohv qrq dgglwliv

Plfkëoh FrkhqW hw Mhdq0Pduf Wdoorq_h

Dyulo 5333

Uìvxpì

Qrxv h{srvrqv gdqv fhw duwlfoh ohv dydqfìhv gh od wkìrulh gh od gìflvlrq
hq hqylurqqhphqw lqfhuwdlq dx frxuv ghv ylqjw ghuqlëuhv dqqìhv1 Soxv suì0
flvìphqw/ qrxv sduwrqv ghv prgëohv g*hvsìudqfh +remhfwlyh hw vxemhfwlyh,
g*xwlolwì srxu hqvxlwh hq suìvhqwhu ohv jìqìudolvdwlrqv uìfhqwhv1 Qrxv prq0
wurqv txh fhv jìqìudolvdwlrqv shuphwwhqw gh gìfuluh xq soxv judqg qrpeuh
gh frpsruwhphqwv ìfrqrpltxhv +gdqv oh ulvtxh hw o*lqfhuwdlq, txh ohv pr0
gëohv xvxhov1 Hq�q/ qrxv qrxv dwwdfkrqv ã prqwuhu txh fhv prgëohv vrqw
pdqldeohv hw suìvhqwrqv fhuwdlqhv dssolfdwlrqv ìfrqrpltxhv1

Wdeoh ghv pdwlëuhv

4 Lqwurgxfwlrq 6

5 Irupdolvdwlrq g*xq sureoëph gh gìflvlrq gdqv o*lqfhuwdlq 8

514 Xq h{hpsoh lqwurgxfwli 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8
515 Qrwdwlrqv hw gì�qlwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9

6 Gìflvlrq gdqv oh ulvtxh ;

614 Ulvtxh hw dffurlvvhphqw gh ulvtxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <
615 Frpsruwhphqwv idfh dx ulvtxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43

61514 Dyhuvlrq srxu oh ulvtxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43
61515 Sulph gh ulvtxh hw frpsdudlvrq gh frpsruwhphqwv 1 1 1 44

616 Oh prgëoh g*hvsìudqfh g*xwlolwì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44
61614 Oh wkìruëph gh yrq Qhxpdqq0Prujhqvwhuq 1 1 1 1 1 1 1 45
61615 Fdudfwìulvdwlrq ghv qrwlrqv g*dyhuvlrq srxu oh ulvtxh1 1 1 46

WHXUHTxd/ Xqlyhuvlwì gh Sdulv L/ 4390445 eog gh o*K÷slwdo/ :897: Sdulv Fhgh{ 461
frkhqpgCxqly0sdulv41iu1

_HXUHTxd0FQUV/ 4390445 eog gh o*K÷slwdo/ :897: Sdulv Fhgh{ 461 mpwdoorqCxqly0
sdulv41iu

hQrxv uhphuflrqv Dodlq Fkdwhdxqhxi/ Pduf0Duwkxu Gld|h/ Wkledxow Jdmgrv/ Mhdq0\yhv
Md�ud|/ Phjohqd Mhohyd/ Mhdq0Pd{ Nrvnlhylf/ Hulf Odqjodlv/ Mhdq0Fkulvwrskh Yhujqdxg hw
Ehuwudqg Zljqlrooh dlqvl txh ghx{ udssruwhxuv dqrq|phv srxu ohxuv frpphqwdluhv hw vxj0
jhvwlrqv1
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61616 Ydohxu orfdoh gh od sulph gh ulvtxh/ frh!flhqw devrox
g*dyhuvlrq srxu oh ulvtxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47

61617 Yduldqfh hw prgëoh g*hvsìudqfh g*xwlolwì 1 1 1 1 1 1 1 1 1 47
617 Txhotxhv sureoëphv vrxohyìv sdu oh prgëoh g*hvsìudqfh g*xwlolwì 48

61714 Oh �sdudgr{h� g*Doodlv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48
61715 Od grxeoh lqwhusuìwdwlrq gh od irqfwlrq g*xwlolwì 1 1 1 1 1 49
61716 Dyhuvlrq idleoh hw dyhuvlrq iruwh gdqv oh prgëoh g*hvsì0

udqfh g*xwlolwì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:
61717 Sureoëphv vrxohyìv sdu oh fkrl{ gh od grplqdqfh vhfrqgh

srxu phvxuhu o*dffurlvvhphqw gh ulvtxh gdqv oh prgëoh
g*hvsìudqfh g*xwlolwì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:

618 Oh prgëoh g*�xwlolwì gìshqgdqwh gx udqj� 1 1 1 1 1 1 1 1 1 1 1 1 4:
61814 Oh sulqflsh gh od fkrvh vþuh frprqrwrqh gdqv oh ulvtxh 1 4;
61815 Uhsuìvhqwdwlrq ghv suìiìuhqfhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<
61816 Lqwhusuìwdwlrqv judskltxhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53
61817 Glyhuvlwì ghv qrwlrqv g*dyhuvlrq srxu oh ulvtxh hw ohxu

fdudfwìulvdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55
619 Pìwkrghv h{sìulphqwdohv g*ìydoxdwlrq ghv sdudpëwuhv g*xq pr0

gëoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56

7 Gìflvlrq gdqv o*lqfhuwdlq 57

714 Dssurfkh ed|ìvlhqqh = oh prgëoh g*hvsìudqfh vxemhfwlyh g*xwlolwì 57
715 Sureoëphv vrxohyìv sdu oh prgëoh g*hvsìudqfh vxemhfwlyh g*xwlolwì 58

71514 Oh �sdudgr{h� g*Hoovehuj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58
71515 Dyhuvlrq srxu o*dpeljxòwì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59

716 Oh prgëoh g*xwlolwì �ã od Fkrtxhw� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59
71614 Oh sulqflsh gh od fkrvh vþuh frprqrwrqh 1 1 1 1 1 1 1 1 1 5:
71615 Od qrwlrq gh fdsdflwì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:
71616 Uhsuìvhqwdwlrq ghv suìiìuhqfhv hw lqwìjudoh gh Fkrtxhw 1 5;
71617 Prgëoh g*xwlolwì gìshqgdqwh gx udqj hw prgëoh g*xwlolwì

ã od Fkrtxhw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<
71618 Oh prgëoh gh Vfkphlgohu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63
71619 Shvvlplvph/ dyhuvlrq srxu o*lqfhuwdlq hw dyhuvlrq srxu

o*dpeljxòwì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63
717 Oh prgëoh pxowl0sulru 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 65

71714 O*d{lrpdwltxh gx prgëoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 65
71715 Prgëoh pxowl0sulru hw prgëoh g*xwlolwì ã od Fkrtxhw 1 1 66

718 Txhotxhv revhuydwlrqv frpsoìphqwdluhv 1 1 1 1 1 1 1 1 1 1 1 1 1 67
71814 Lqirupdwlrq vxemhfwlyh yhuvxv lqirupdwlrq remhfwlyh 1 1 1 67
71815 Frkìuhqfh g|qdpltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68

8 Dssolfdwlrqv 68

814 Qrwlrqv g*dffurlvvhphqwv gh ulvtxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69
815 Sul{ g*dfwli 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69
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816 Sduwdjh gx ulvtxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6;
817 Dv|pìwulhv g*lqirupdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 73
818 Wkìrulh ghv mhx{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74

9 Uhpdutxhv �qdohv 75

4 Lqwurgxfwlrq

Od soxsduw ghv gìflvlrqv ìfrqrpltxhv vh suhqqhqw gdqv xq hqylurqqhphqw
lqfhuwdlq = ohv djhqwv vrqw dphqìv ã suhqguh ghv gìflvlrqv grqw ohv frqvì0
txhqfhv qh vrqw sdv frqqxhv dyhf fhuwlwxgh/ frpph sdu h{hpsoh ghv gìflvlrqv
g*lqyhvwlvvhphqw rx g*dvvxudqfh1 Od irupdolvdwlrq g*xq who sureoëph gh fkrl{
hq hqylurqqhphqw lqfhuwdlq hvw grqf fuxfldoh hq ìfrqrplh1 Qrwuh exw gdqv fhw
duwlfoh hvw gh suìvhqwhu soxvlhxuv prgìolvdwlrqv srvvleohv/ g*hq ìwxglhu ohv irufhv
hw ohv idleohvvhv/ hw hq�q g*dqdo|vhu ohv lpsolfdwlrqv gh fkdfxqh g*hqwuh hoohv
gdqv ghv sureoëphv ìfrqrpltxhv fodvvltxhv1

Od suhplëuh frpsrvdqwh qìfhvvdluh ã wrxwh prgìolvdwlrq hvw gh uhfrqqdñwuh
txhoohv vrqw ohv vrxufhv g*lqfhuwlwxgh hw o*lqirupdwlrq grqw rq glvsrvh vxu fhwwh
lqfhuwlwxgh/ od vhfrqgh ìwdsh ìwdqw g*ìwxglhu frpphqw fhwwh lqirupdwlrq d�hfwh
od ydorulvdwlrq ghv gìflvlrqv1 Od qrwlrq gh elhq frqwlqjhqw d ìwì lqwurgxlwh hq
ìfrqrplh ã fhw h�hw1 Xq píph elhq sk|vltxh q*d sdv od �píph xwlolwì� vhorq ohv
flufrqvwdqfhv gdqv ohvtxhoohv lo hvw frqvrppì1 Lo dssdudñw grqf txh od wkìrulh
fodvvltxh gx fkrl{ hq hqylurqqhphqw fhuwdlq shxw vh wudqvsrvhu ã od wkìrulh gh
od gìflvlrq hq hqylurqqhphqw lqfhuwdlq vlpsohphqw hq uhgì�qlvvdqw oh qrwlrq gh
elhq1 Vl fhwwh vroxwlrq d h�hfwlyhphqw sduirlv ìwì uhwhqxh +Gheuhx +4<8<,,/ hooh
qh idlw txh shx gh fdv gh od vwuxfwxuh sduwlfxolëuh gh o*hqylurqqhphqw lqfhuwdlq
gdqv ohtxho vh idlw oh fkrl{ gh od phloohxuh gìflvlrq1 Od qrwlrq qdwxuhooh gh
fur|dqfhv/ sdu h{hpsoh/ q*| dssdudñw sdv h{solflwhphqw1 Dxvvl od wkìrulh gh od
gìflvlrq hq hqylurqqhphqw lqfhuwdlq d0w0hooh fkhufkì ã vsìfl�hu xq shx soxv
dydqw od uhsuìvhqwdwlrq ghv suìiìuhqfhv ghv djhqwv gdqv xq who frqwh{wh1

Xqh vroxwlrq/ wuëv odujhphqw dgrswìh sdu ohv ìfrqrplvwhv/ hvw grqqìh sdu
oh prgëoh g*hvsìudqfh g*xwlolwì/ gþ ã yrq Qhxpdqq hw Prujhqvwhuq +4<7:, hw
Vdydjh +4<87,1 Fh prgëoh srvvëgh ghx{ txdolwìv sulqflsdohv = suhplëuhphqw
lo vìsduh ohv fur|dqfhv vxu ohv vrxufhv g*lqfhuwlwxgh/ uhsuìvhqwìhv sdu ghv sur0
edelolwìv vxu ghv ìyìqhphqwv lqfhuwdlqv/ gh o*xwlolwì srxu ohv jdlqv fhuwdlqv/
uhsuìvhqwìh sdu xqh irqfwlrq g*xwlolwì vxu ohv frqvìtxhqfhv fhuwdlqhv > ghx{lë0
phphqw/ od irqfwlrq uhsuìvhqwdqw ohv suìiìuhqfhv hvw olqìdluh sdu udssruw dx{
suredelolwìv1 Sdu dloohxuv/ o*d{lrpdwltxh vxu odtxhooh fh prgëoh uhsrvh hvw lqwxl0
wlyh hw vìgxlvdqwh1 Hq�q/ lo jrpph od glvwlqfwlrq hqwuh ghv vlwxdwlrqv gh ulvtxh
+gdqv ohvtxhoohv ohv suredelolwìv/ glwhv �remhfwlyhv� vxu ohv ìyìqhphqwv lqfhu0
wdlqv vrqw grqqìhv �sdu h{hpsoh/ sdulhu ã od urxohwwh, hw ghv vlwxdwlrqv g*lq0
fhuwlwxgh +gdqv ohvtxhoohv ohv suredelolwìv qh vrqw sdv grqqìhv �sdu h{hpsoh/
sdulhu ã ghv frxuvhv gh fkhydx{,/ sxlvtxh oh prgëoh g*hvsìudqfh vxemhfwlyh
g*xwlolwì gh Vdydjh +4<87, shuphw gh udphqhu wrxwh vlwxdwlrq g*lqfhuwlwxgh
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ã xqh vlwxdwlrq gh ulvtxh/ f*hvw0ã0gluh g*lqfhuwlwxgh suredelolvìh/ píph vl od
suredelolwì plvh hq ìylghqfh hvw pdlqwhqdqw vxemhfwlyh hw qrq soxv remhfwlyh1

Fhv txdolwìv vx!vhqw ã h{soltxhu oh vxffëv gx prgëoh g*hvsìudqfh g*xwlolwì
frpph pr|hq gh uhsuìvhqwhu ohv suìiìuhqfhv g*djhqwv ìyroxdqw gdqv xq hq0
ylurqqhphqw lqfhuwdlq1 Srxu dxwdqw/ fh prgëoh uh ëwh0w0lo ohv frpsruwhphqwv
uìhov ghv lqglylgxv frqiurqwìv ã ghv fkrl{ gdqv xqh whooh vlwxdwlrq B Soxv suìflvì0
phqw/ ghx{ txhvwlrqv vh srvhqw1 Suhplëuhphqw/ hvw0lo udlvrqqdeoh gh vxssrvhu
txh wrxw lqglylgx hvw fdsdeoh g*dwwulexhu xqh xqltxh glvwulexwlrq gh sured0
elolwì ã wrxwh vlwxdwlrq g*lqfhuwlwxgh B Ghx{lëphphqw/ píph oruvtx*lo h{lvwh
xqh glvwulexwlrq gh suredelolwì/ o*lqglylgx vh frpsruwh0w0lo frqirupìphqw dx
prgëoh g*hvsìudqfh g*xwlolwì B

Gëv o*dssdulwlrq gx prgëoh g*hvsìudqfh g*xwlolwì/ soxvlhxuv dxwhxuv +Do0
odlv +4<86, hw Hoovehuj +4<94, qrwdpphqw, rqw frqvwuxlw ghv h{sìulhqfhv gdqv
ohvtxhoohv ohv vxmhwv/ gdqv ohxu judqgh pdmrulwì/ uìyëohqw sdu ohxu fkrl{ ghv frp0
sruwhphqwv hq frqwudglfwlrq v|vwìpdwltxh dyhf fh prgëoh txh fh vrlw gdqv oh
ulvtxh +Doodlv +4<86,, rx gdqv o*lqfhuwdlq +Hoovehuj +4<94,,1 Gdqv xq frqwh{wh
g*dvvxudqfh/ Prvvlq +4<9;, d prqwuì txh ghv djhqwv vh frqirupdqw dx prgëoh
g*hvsìudqfh g*xwlolwì qh gìvluhqw v*dvvxuhu wrwdohphqw txh vl od sulph tx*lov
grlyhqw sd|hu hvw dfwxdulhooh +ìjdoh ã o*hvsìudqfh gh od shuwh srwhqwlhooh,/ hq
frqwudglfwlrq dyhf o*revhuydwlrq txh ehdxfrxs g*djhqwv v*dvvxuhqw wrwdohphqw
píph oruvtxh od sulph hvw �fkdujìh�1 Hq�q/ fhuwdlqv frpsruwhphqwv +frpph
gdqv ohv h{sìulhqfhv g*Hoovehuj, qh shxyhqw v*h{soltxhu tx*hq dffhswdqw od glv0
wlqfwlrq rsìuìh sdu Nqljkw +4<54, hw Nh|qhv +4<54, hqwuh ulvtxh hw lqfhuwlwxgh1

Lo hvw ìwrqqdqw gh frqvwdwhu oh whpsv txl v*hvw ìfrxoì hqwuh fhv suhplëuhv
fulwltxhv hw oh gìyhorsshphqw hw o*xwlolvdwlrq gh prgëohv soxv jìqìudx{ txh
oh prgëoh g*hvsìudqfh g*xwlolwì/ txl uhqghqw plhx{ frpswh ghv frpsruwhphqwv
uìhov ghv djhqwv ìfrqrpltxhv1 Pdojuì txhotxhv whqwdwlyhv lvroìhv dqwìulhxuhv/
fhv ghuqlhuv q*rqw ìwì gìyhorssìv gh pdqlëuh v|vwìpdwltxh tx*ã od �q ghv dq0
qìhv 4<:31 Qrxv dyrqv fkrlvl gh suìvhqwhu lfl od fodvvh gh prgëohv glwv qrq
dgglwliv/ txl frqvhuyhqw fhuwdlqhv sursulìwìv gx prgëoh g*hvsìudqfh g*xwlolwì
whooh txh od wudqvlwlylwì/ pdlv v*hq ìorljqhqw hq fh tx*lov shuphwwhqw xq wudlwh0
phqw qrq olqìdluh ghv suredelolwìv41

Gdqv fhw duwlfoh/ qrxv suìvhqwrqv gh pdqlëuh gìwdlooìh fhwwh fodvvh gh pr0
gëohv1 Qrxv qrxv dwwdfkhurqv ã h{srvhu ohv d{lrphv vxu ohvtxhov lov uhsrvhqw/
hq hq grqqdqw xqh lqwhusuìwdwlrq lqwxlwlyh/ dlqvl tx*ã prqwuhu hq txrl fhv pr0
gëohv jìqìudolvhqw oh prgëoh g*hvsìudqfh g*xwlolwì1 Qrwuh vrxkdlw hvw dlqvl gh
idploldulvhu oh ohfwhxu dyhf fhv prgëohv hw gh prqwuhu txh/ pdojuì ohxu ghjuì
gh jìqìudolwì/ lov vrqw dlvìphqw xwlolvdeohv1 Qrxv vìohfwlrqqhurqv soxvlhxuv ds0
solfdwlrqv ìfrqrpltxhv gdqv ohvtxhoohv ohv frqfoxvlrqv rewhqxhv gdqv oh fdguh
gh prgëohv qrq dgglwliv vrqw soxv frqiruphv dx{ frpsruwhphqwv ìfrqrpltxhv

4Srxu xqh suìvhqwdwlrq wuëv jìqìudoh ghv prgëohv uìfhqwv gh fkrl{ gdqv o*lqfhuwdlq/ yrlu
Ilvkexuq +4<;;, hw Nduql hw Vfkphlgohu +4<<4e,1 Hq sduwlfxolhu/ qrxv uhqyr|rqv oh ohfwhxu
ã fhwwh ghuqlëuh uìiìuhqfh srxu od prgëolvdwlrq ghv suìiìuhqfhv �gìshqgdqw gh o*ìwdw� +vwdwh
ghshqghqw suhihuhqfhv,1
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revhuyìv1
D�q gh frpsuhqguh od ulfkhvvh gh fhv prgëohv/ lo qrxv idxgud uhyhqlu vxu

od glvwlqfwlrq/ jrppìh gdqv oh prgëoh ed|ìvlhq g*hvsìudqfh g*xwlolwì/ hqwuh
ulvtxh +suredelolvì, hw lqfhuwdlq +qrq suredelolvì,/ ohv frpsruwhphqwv gdqv
fhv ghx{ vlwxdwlrqv srxydqw íwuh udglfdohphqw gl�ìuhqwv1 Gdqv fkdtxh vlwxd0
wlrq/ qrxv grqqhurqv dxwdqw txh srvvleoh ghv gì�qlwlrqv ghv frpsruwhphqwv
lqgìshqgdqwhv ghv prgëohv gh uhsuìvhqwdwlrq ghv suìiìuhqfhv fkrlvlv1 D frqwud0
ulr/ gì�qlu o*dyhuvlrq srxu oh ulvtxh sdu od frqfdylwì gh od irqfwlrq g*xwlolwì q*d
soxv gh vhqv hq ghkruv gx prgëoh g*hvsìudqfh g*xwlolwì1 Rq srxuud dxvvl glvwlq0
jxhu soxvlhxuv qrwlrqv g*dyhuvlrq srxu oh ulvtxh/ uh ìwdqw ghv frpsruwhphqwv
d sulrul glvwlqfwv/ pdlv grqw rq yhuud tx*lov vrqw frqirqgxv gdqv oh prgëoh
g*hvsìudqfh g*xwlolwì/ phwwdqw hq ìylghqfh vrq fdudfwëuh uhvwulfwli1

Hq�q/ od suìvhqwdwlrq dgrswìh hvw oh uìvxowdw g*xq duelwudjh hqwuh od uljxhxu
gh o*h{srvì hw vd vlpsolflwì1 Dlqvl/ qrxv q*dyrqv sdv suìvhqwì ohv prgëohv gdqv
ohxu yhuvlrq od soxv jìqìudoh srvvleoh/ hw dyrqv hvvd|ì gh grqqhu o*lqwxlwlrq gh
fhuwdlqv d{lrphv hq píph whpsv txh ohxu irupxodwlrq pdwkìpdwltxh1

O*duwlfoh hvw frqvwuxlw gh od pdqlëuh vxlydqwh = Qrxv frpphqêrqv gdqv od
vhfwlrq 5 sdu xq h{hpsoh hw lqwurgxlvrqv hqvxlwh ohv qrwdwlrqv hw txhotxhv gì0
�qlwlrqv fhqwudohv1 Ohv prgëohv gh gìflvlrq vrqw vxffhvvlyhphqw ìwxglìv/ frp0
sduìv hw fulwltxìv gdqv ohv vhfwlrqv 6 srxu oh ulvtxh hw 7 srxu o*lqfhuwdlq1 Od
vhfwlrq 8 frqwlhqw soxvlhxuv dssolfdwlrqv txl phwwhqw hq oxplëuh xqh phloohxuh
dgìtxdwlrq ghv frpsruwhphqwv ìfrqrpltxhv ã ghv prgëohv qrq dgglwliv1

5 Irupdolvdwlrq g*xq sureoëph gh gìflvlrq gdqv o*lq0

fhuwdlq

Qrxv lqwurgxlvrqv lfl xq h{hpsoh ìoìphqwdluh/ txl qrxv vhuylud gh edvh
g*h{solfdwlrq wrxw dx orqj gh fhw duwlfoh hw txl qrxv shuphwwud gh idluh oh
olhq hqwuh ohv frqfhswv pdwkìpdwltxhv hw ohxu xwlolvdwlrq srxu ghv gìflvlrqv
ìfrqrpltxhv1 Qrxv jìqìudolvhurqv hqvxlwh ohv qrwdwlrqv hw frqfhswv lqwurgxlwv1

514 Xq h{hpsoh lqwurgxfwli

Frqvlgìurqv xq djhqw ìfrqrpltxh vh ghpdqgdqw vl/ idfh ã xq �ulvtxh� gh
vlqlvwuh g*xq prqwdqw frqqx gh O iudqfv/ lo yd suhqguh/ hw srxu txho prqwdqw/
xqh dvvxudqfh srxu xqh dqqìh1 Ohv vhxov ìwdwv gh od qdwxuh srvvleohv gdqv fhw
h{hpsoh vrqw o*devhqfh gh vlqlvwuh/ qrwì v� hw o*rffxuhqfh gx vlqlvwuh qrwì v21
Fhwwh ghvfulswlrq hvw h{kdxvwlyh gdqv oh vhqv rü dxfxqh dxwuh vrxufh g*doìd
q*hvw suìvhqwh lfl1 Hq sduwlfxolhu/ od ulfkhvvh lqlwldoh/ qrwìh zf/ hvw vxssrvìh
fhuwdlqh51 Od suredelolwì gx vlqlvwuh vhud qrwìh s1 Vhorq txh s hvw frqqxh rx

5Qrxv qh wudlwhurqv sdv lfl ghv prgëohv gdqv ohvtxhov od ulfkhvvh lqlwldoh hvw doìdwrluh
+edfnjurxqg ulvn,1
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lqfrqqxh rq sduohud gh ulvtxh rx g*lqfhuwdlq61 Oh fkrl{ gh o*djhqw sruwh vxu ohv
gìflvlrqv +rx �dfwhv�, srvvleohv srxu fh sureoëph/ ã vdyrlu/ vrlw qh ulhq idluh/
vrlw suhqguh xqh dvvxudqfh frxyudqw wrxw rx sduwlh gx vlqlvwuh/ v*lo vh surgxlw1

Xqh gìflvlrq shxw íwuh frqvlgìuìh frpph dvvrfldqw ã fkdtxh ìwdw gh od qd0
wxuh xqh frqvìtxhqfh/ f*hvw0ã0gluh lfl xq qlyhdx gh ulfkhvvh1 Dlqvl/ od gìflvlrq
�qh ulhq idluh� fruuhvsrqg ã o*dssolfdwlrq dvvrfldqw ã o*ìwdw �sdv gh vlqlvwuh� od
frqvìtxhqfh/ zf/ hw ã o*ìwdw �vlqlvwuh� od frqvìtxhqfh zf�O1 Od gìflvlrq �dv0
vxudqfh wrwdoh� fruuhvsrqg txdqw ã hooh ã o*dssolfdwlrq frqvwdqwh dvvrfldqw ã
fkdtxh ìwdw od frqvìtxhqfh zf��/ rü � hvw oh prqwdqw gh od sulph g*dvvxudqfh1
Hq�q/ xqh gìflvlrq g*dvvxudqfh sduwlhooh/ qrwìh gk/ fruuhvsrqg ã o*dssolfdwlrq
dvvrfldqw ã o*ìwdw �sdv gh vlqlvwuh� od frqvìtxhqfh zf��+�,/ hw ã o*ìwdw �vlqlv0
wuh� od frqvìtxhqfh zf � O� �+�, . �O/ rü �+�, hvw oh prqwdqw gh od sulph
g*dvvxudqfh dvvrflìh ã xq uhperxuvhphqw gh �( gx vlqlvwuh1 Rq vxssrvh txh
o*djhqw d ghv suìiìuhqfhv vxu fhv gìflvlrqv1 Gdqv oh fdv rü s hvw frqqxh/ xqh
gìflvlrq +rx dfwh, hvw xqh yduldeoh doìdwrluh lqgxlvdqw vxu o*hqvhpeoh ghv frqvì0
txhqfhv xqh orl gh suredelolwì1 Sdu h{hpsoh/ od gìflvlrq gk hvw xqh yduldeoh
doìdwrluh grqw od orl lqgxlwh Sk hvw qrwìh +zf��+�,> 4�s >zf�O��+�,.�O> s,1
Gdqv oh fdv rü s hvw lqfrqqxh/ od gìflvlrq gk hvw xqh dssolfdwlrq +phvxudeoh,
txl vhud qrwìh +zf � �+�,> v�>zf � O� �+�, . �O> v2,1

Gdqv od vxlwh gh fhw duwlfoh/ qrxv looxvwuhurqv dyhf fhw h{hpsoh od pdqlëuh
grqw o*ìydoxdwlrq gh fhv gìflvlrqv gìshqg ghv d{lrphv dx{txhov reìlvvhqw vhv
suìiìuhqfhv hw gh vrq dwwlwxgh ylv0ã0ylv gh o*lqfhuwdlq1 Dxsdudydqw/ qrxv lqwur0
gxlvrqv ohv qrwdwlrqv jìqìudohv txh qrxv dyrqv hvtxlvvìhv vxu fhw h{hpsoh1

515 Qrwdwlrqv hw gì�qlwlrqv

Qrxv qrwhurqv V o*hqvhpeoh ghv ìwdwv gh od qdwxuh/ D xqh �0dojëeuh +rx
wulex, gh vrxv0hqvhpeohv gh V1 Oruvtxh od glvwulexwlrq gh suredelolwì remhfwlyh
S vxu o*hvsdfh +V>D, hvw frqqxh/ qrxv glurqv txh o*djhqw idlw idfh ã xqh vlwxd0
wlrq gh ulvtxh +rx lqfhuwdlq suredelolvì,1 Oruvtx*lo q*h{lvwh sdv gh suredelolwì
frqqxh vxu V/ rq sduoh g*xqh vlwxdwlrq g*lqfhuwdlq1

Frpph qrxv o*dyrqv yx gdqv o*h{hpsoh lqwurgxfwli/ oh gìflghxu d ghv suì0
iìuhqfhv vxu ghv gìflvlrqv txl vrqw ghv dssolfdwlrqv gh o*hqvhpeoh ghv ìwdwv
gh od qdwxuh gdqv xq hqvhpeoh gh frqvìtxhqfhv1 Oh gìwdlo ghv prgëohv txh
qrxv doorqv suìvhqwhu gìshqg gh od vwuxfwxuh gh o*hqvhpeoh ghv frqvìtxhqfhv1
D fh vwdgh/ lo hvw grqf qìfhvvdluh g*lqwurgxluh ghv qrwdwlrqv fruuhvsrqgdqw ã
gl�ìuhqwhv srvvlelolwìv srxu fhw hqvhpeoh gh frqvìtxhqfhv1

Rq qrwh gh pdqlëuh jìqìultxh = o*hqvhpeoh ghv dssolfdwlrqv gh o*hqvhpeoh
ghv ìwdwv gh od qdwxuh V gdqv xq hqvhpeoh gh frqvìtxhqfhv txhofrqtxh (17 Xq

6Gdqv oh uhvwh gh o*duwlfoh qrxv xwlolvhurqv oh whuph gh ulvtxh h{foxvlyhphqw srxu gìvljqhu
gh o*lqfhuwdlq suredelolvì +f*hvw0ã0gluh gh suredelolwì frqqxh,1

7Gdqv oh fdguh sduwlfxolhu gh Dqvfrpeh hw Dxpdqq +4<96,/ o*hqvhpeoh ghv frqvìtxhqfhv
hvw oxl0píph xq hqvhpeoh gh orlv ã vxssruw �ql gdqv Uc txh qrxv qrwhurqv +f 1 Oruvtxh
o*hqvhpeoh ghv frqvìtxhqfhv hvw xq lqwhuydooh � ihupì hw eruqì gh U/ = hvw o*hqvhpeoh ghv
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ìoìphqw [ gh = hvw dsshoì gìflvlrq rx dfwh 1 Rq vxssrvh txh fkdtxh djhqw
d xqh uhodwlrq gh suìiìuhqfh odujh ( vxu == Od suìiìuhqfh vwulfwh vhud qrwìh
" hw o*lqgl�ìuhqfh �1 Od uhodwlrq gh suìiìuhqfh vxu = lqgxlw +juåfh dx{ dfwhv
frqvwdqwv, xqh uhodwlrq gh suìiìuhqfh vxu o*hqvhpeoh ( ghv frqvìtxhqfhv1 Sdu
dexv gh qrwdwlrq/ qrxv qrwhurqv ìjdohphqw ( fhwwh uhodwlrq gh suìiìuhqfh vxu
(1 Oruvtxh ( hvw gìmã rugrqqì/ hq sduwlfxolhu oruvtx*lo v*djlw g*xq vrxv0hqvhpeoh
gh U/ lo idxgud lpsrvhu xq d{lrph gh frpsdwlelolwì hqwuh fhv ghx{ uhodwlrqv
g*ruguh1

Gdqv wrxw fh txl vxlw/ qrxv ihurqv o*k|srwkëvh txh od uhodwlrq gh suìiìuhqfh
hvw xq suìruguh wrwdo/ f*hvw0ã0gluh xqh uhodwlrq uì h{lyh/ wudqvlwlyh hw frpsoëwh1
O*k|srwkëvh gh wrwdolwì gh od uhodwlrq/ f*hvw0ã0gluh gh srxyrlu fodvvhu wrxwhv
ohv gìflvlrqv/ hvw xqh k|srwkëvh wuëv iruwh gdqv fhuwdlqv sureoëphv81 Wrxwhirlv/
fhwwh k|srwkëvh hvw wuëv odujhphqw dffhswìh gdqv ohv prgëohv ìfrqrpltxhv/ hw
vhud xq d{lrph frppxq ã wrxwhv ohv wkìrulhv txh qrxv phqwlrqqhurqv lfl/ txh
fh vrlw gdqv oh ulvtxh rx gdqv o*lqfhuwdlq1

D{lrph 4 +Suìruguh wrwdo, Od uhodwlrq gh suìiìuhqfh ( hvw xq suìruguh
wrwdo1

Vl o*rq udmrxwh ã fhw d{lrph xqh k|srwkëvh gh frqwlqxlwì9/ od uhodwlrq (
shxw íwuh uhsuìvhqwìh sdu xqh irqfwlrq g*xwlolwì Y = =$ U f*hvw0ã0gluh txh

[ ( \ +, Y +[, � Y +\ , +4,

Qrxv qrwhurqv xqh gìflvlrq [ ã vxssruw �ql/ [ @ +{�>D�> ===>{?>D?, rü
{� � === � {? hw ohv D� iruphqw xqh sduwlwlrq gh V1

Od qrwlrq gh frprqrwrqlh1 Od qrwlrq gh frprqrwrqlh yd v*dyìuhu fhqwudoh
srxu o*d{lrpdwltxh ghv prgëohv txh qrxv gìyhorsshurqv gdqv fhw duwlfoh1 Hooh
shxw íwuh grqqìh srxu xq hqvhpeoh = g*dssolfdwlrqv gh V gdqv xq hqvhpeoh
rugrqqì txhofrqtxh ( =

Gì�qlwlrq 4 Ghx{ ìoìphqwv [ hw \ gh = vrqw glwv frprqrwrqhv v*lo q*h{lvwh
sdv gh frxsoh v> v� 5 V who txh [+v, " [+v�, hw \ +v, ! \ +v�,1

Oruvtxh o*hqvhpeoh ghv frqvìtxhqfhv hvw xq vrxv0hqvhpeoh gh U/ od gì�ql0
wlrq vh vlpsol�h =

Gì�qlwlrq 5 Ghx{ gìflvlrqv [ hw \ gh = vrqw glwhv frprqrwrqhv vl srxu
wrxw v> v� 5 V/

+[+v,�[+v�,,+\ +v,� \ +v�,, � 3

irqfwlrqv �3phvxudeohv +xqh dssolfdwlrq f G E7c�� < EUc�� hvw phvxudeoh vl srxu wrxw
� M �/ f3�E�� M � rü f3�E�� ' tr M 7 G fEr� M ��/ hw � hvw od wulex ghv Eruìolhqv, gh 7
gdqv �1 Gdqv fhw duwlfoh/ qrxv frqvlgìuhurqv vrxyhqw oh fdv rü o*hqvhpeoh ghv frqvìtxhqfhv
hvw xq lqwhuydooh gh U1

8Srxu ghv wkìrulhv uhoåfkdqw o*k|srwkëvh gh wudqvlwlylwì rx gh wrwdolwì/ yrlu Ilvkexuq
+4<;;,1

9Od iruph h{dfwh gh fhwwh k|srwkëvh gìshqg gh od vwuxfwxuh gh =1 Yrlu Gheuhx +4<87,/
Gheuhx +4<8<, hw Judqgprqw +4<:5,1

:



Ghx{ yduldeohv frprqrwrqhv qh shxyhqw íwuh xwlolvìhv ã ghv �qv gh frxyhu0
wxuh +khgjlqj, = hq h�hw/ vl [ hw \ vrqw frprqrwrqhv/ hoohv �udssruwhqw� wrxwhv
ohv ghx{ soxv gdqv o*ìwdw v txh gdqv o*ìwdw v� hw grqf wrxwh frpelqdlvrq olqìdluh
srvlwlyh gh fhv ghx{ yduldeohv yd suìvhuyhu fhw ruguh1 Lo hvw doruv lpsrvvleoh gh
v*dvvxuhu frqwuh od �yduldelolwì� ghv sdlhphqwv gh [ dyhf od gìflvlrq \ 1

Looxvwurqv fhwwh qrwlrq vxu o*h{hpsoh vxlydqw1 Vrlw ohv flqt dssolfdwlrqv gì0
�qlhv vxu o*hvsdfh V @ iv�> v2> v�j sdu =

v� v2 v�

[� 4 5 6
[2 �8 3 <
[� 43 8 3
[e : 6 8
[D 5 5 5

Wrxwh dssolfdwlrq ìwdqw frprqrwrqh ã xqh dssolfdwlrq frqvwdqwh/ [D hvw
frprqrwrqh ã wrxwhv ohv dxwuhv gìflvlrqv= Ohv gìflvlrqv [� hw [2 vrqw frpr0
qrwrqhv1 [� hw �[� vrqw frprqrwrqhv +rq glw dxvvl txh [� hw [� vrqw dqwl0
frprqrwrqhv,1 [e q*hqwuhwlhqw dxfxqh uhodwlrq gh frprqrwrqlh dyhf [�>[2 rx
[�1 Uhpdutxrqv txh od uhodwlrq gh frprqrwrqlh q*hvw sdv wudqvlwlyh = [e hvw
frprqrwrqh ã [D/ [D hvw frprqrwrqh ã [� hw srxuwdqw [e hw [� qh vrqw sdv
frprqrwrqhv1

6 Gìflvlrq gdqv oh ulvtxh

Gdqv fhwwh vhfwlrq/ rq vxssrvh txh oh gìflghxu idlw idfh ã xqh �vlwxdwlrq gh
ulvtxh� = lo frqqdlw od orl gh suredelolwì/ h{rjëqh/ vxu o*hqvhpeoh ghv ìwdwv gh od
qdwxuh1 Lfl/ ( hvw xq vrxv0hqvhpeoh gh U/ txh qrxv qrwhurqv grqf F= O*hqvhpeoh
+V>D, hvw pxql g*xqh phvxuh gh suredelolwì qrwìh S 1 Xqh gìflvlrq/ ìoìphqw
gh =/ hvw doruv xqh yduldeoh doìdwrluh gh orl lpdjh Sf / gì�qlh srxu wrxw E � U
sdu Sf+E, @ S iv 5 V m [+v, 5 Ej1 Sxlvtxh fkdtxh gìflvlrq [ lqgxlw xqh orl
Sf vxu U/ hw vrxv o*k|srwkëvh dvvh} qdwxuhooh txh ghx{ yduldeohv doìdwrluhv gh
píph orl vrqw wrxmrxuv lqgl�ìuhqwhv/ od uhodwlrq gh suìiìuhqfh ( vxu o*hqvhpeoh
=/ pxql gh (/ lqgxlw vxu o*hqvhpeoh ghv orlv gh suredelolwì ã vxssruw gdqv F
xqh uhodwlrq gh suìiìuhqfh txh qrxv qrwhurqv dxvvl (/ sdu dexv gh qrwdwlrq1

Píph vl oh uhfrxuv dx{ orlv shxw vhpeohu prlqv qdwxuho txh od prgìolvdwlrq
hq whuphv g*dfwhv +txl v*dvvlplohqw dx frqfhsw ìfrqrpltxh gh elhq frqwlqjhqw,/
lo vlpsol�h ehdxfrxs od irupdolvdwlrq g*xq sureoëph gh gìflvlrq gdqv oh ulvtxh1

Qrxv wudydloohurqv grqf vxu o*hqvhpeoh O ghv orlv gh suredelolwì ã vxssruw
gdqv F pxql gh od uhodwlrq (1 Oh gìflghxu d grqf ã frpsduhu ghv orlv gh
suredelolwì hqwuh hoohv1 Gdqv fhwwh frpsdudlvrq/ lo hvw qdwxuho tx*lo dwwdfkh xqh
lpsruwdqfh sduwlfxolëuh dx �ulvtxh� gh fhv orlv1

Uhpdutxh 4 Qrxv q*xwlolvhurqv sdv oh whuph gh orwhulh/ soxv lpdjìh/ fdu qrxv
wudydloohurqv ã od irlv vxu ghv orlv glvfuëwhv hw frqwlqxhv1

;



Lo qrxv idxw ã fh vwdgh/ dsuëv dyrlu lqwurgxlw txhotxhv qrwdwlrqv/ gì�qlu fh
txh o*rq hqwhqg sdu xq dffurlvvhphqw gh ulvtxh1

614 Ulvtxh hw dffurlvvhphqw gh ulvtxh

Qrxv qrwhurqv Of oh vrxv0hqvhpeoh ghv orlv gh O ã vxssruw �ql > gdqv fh
fdv/ od orl gh od yduldeoh doìdwrluh [ vhud qrwìh Sf @ +{�> s�> ===>{?> s?, rü
{� � === � {?/ s� � 3 hw

S
s� @ 41 Vd orl lpdjh Sf d srxu irqfwlrq gh

uìsduwlwlrq If+{, @ S +iv 5 V = [+v, � {j,1 Vrq hvsìudqfh vhud qrwìh H+[,1
Lo h{lvwh soxvlhxuv gì�qlwlrqv srvvleohv gh od qrwlrq g*dffurlvvhphqw gh

ulvtxh/ hw ã fkdfxqh g*hqwuh hoohv hvw dvvrflìh xqh qrwlrq fruuhvsrqgdqwh g*�dyhuvlrq
srxu oh ulvtxh�/ fhfl lqgìshqgdpphqw gx prgëoh gh gìflvlrq xwlolvì1

Od qrwlrq gh soxv judqgh yduldqfh frpph phvxuh g*dffurlvvhphqw gx ulvtxh
shxw vhpeohu lqwxlwlyh: pdlv qrxv yhuurqv gdqv od vhfwlrq 61617 tx*hooh shxw
frqgxluh ã ghv lqfrkìuhqfhv1

Hq ìfrqrplh/ od qrwlrq xvxhooh g*dffurlvvhphqw gh ulvtxh hvw fhooh dvvrflìh
ã od grplqdqfh vwrfkdvwltxh g*ruguh ghx{/ qrwìh +GV5,1 Soxv iruphoohphqw/ rq
glw txh \ hvw soxv ulvtxìh txh [ dx vhqv GV5 +rx [ GV5 \ , vl/ srxu wrxw
W 5 U/

] A

3"

It +{,g{ �
] A

3"

If+{,g{

Fhwwh uhodwlrq qh fodvvh txh sduwlhoohphqw ohv orlv gh O1 Vl gh soxv/ [ hw
\ rqw píph hvsìudqfh/ rq glw txh \ hvw xq ìwdohphqw ã pr|hqqh frqvwdqwh
gh [/ rx hqfruh/ \ PSV [1; Vl \ PSV [/ od yduldqfh gh \ hvw vxsìulhxuh
rx ìjdoh ã od yduldqfh gh [1 Od uìflsurtxh q*hvw sdv wrxmrxuv yìul�ìh +yrlu
sdudjudskh 61617,

Fhwwh gì�qlwlrq q*hvw sdv wuëv lqwxlwlyh hw od sursrvlwlrq vxlydqwh shuphw/
gdqv oh fdv rü [ hw \ rqw píph hvsìudqfh/ gh grqqhu xqh fdudfwìulvdwlrq soxv
frpsuìkhqvleoh gh fhwwh qrwlrq1

Sursrvlwlrq 4 +Urwkvfklog hw Vwljolw} +4<:3,, Vrlhqw [ hw \ ghx{ yduldeohv
gh píph hvsìudqfh1 Ohv wurlv dvvhuwlrqv vxlydqwhv vrqw ìtxlydohqwhv =

+l, \ hvw xq ìwdohphqw ã pr|hqqh frqvwdqwh gh [/ vrlw \ PSV [
+ll, \ d píph orl txh +[ . �, rü H+�m[, @ 3 suhvtxh sduwrxw1
+lll, Srxu wrxw x furlvvdqwh hw frqfdyh gh U$ U/

U
x+{,gIf+{, �

U
x+{,gIt +{,1

Od fdudfwìulvdwlrq +ll, uìyëoh oh fdudfwëuh lqwxlwli gh fhwwh gì�qlwlrq sxlv0
tx*hooh h{sulph txh \ hvw xq ìwdohphqw ã pr|hqqh frqvwdqwh gh [ oruvtxh \
shxw íwuh rewhqxh hq dmrxwdqw ã [ xq �euxlw�1 Od fdudfwìulvdwlrq +lll, yd wurx0
yhu vrq lqwìuíw gdqv oh fdguh gx prgëoh g*hvsìudqfh g*xwlolwì txh qrxv yhuurqv
soxv orlq +fi1 uhpdutxh 7,1

:Fhwwh qrwlrq hvw g*dloohxuv xwlolvìh hq �qdqfh/ gdqv oh PHGDI sdu h{hpsoh1
;PSV srxu Phdq Suhvhuylqj Vsuhdg1

<



Looxvwurqv fhfl vxu o*h{hpsoh lqwurgxfwli = vrlw ghx{ gìflvlrqv g*dvvxudqfh
gk� hw gk2 rü �� A �21 Oruvtxh od sulph qh frqwlhqw sdv gh fkdujhphqwv
sursruwlrqqhov ã vrq frqwhqx dfwxdulho +�+�, @ �sO,/ rq shxw yrlu txh gk2 hvw
xq dffurlvvhphqw gx ulvtxh ã pr|hqqh frqvwdqwh gh gk� 1

Fhwwh qrwlrq g*dffurlvvhphqw gh ulvtxh elhq txh wuëv xwlolvìh hq ìfrqr0
plh q*hvw sdv h{hpswh gh fulwltxhv +fhuwdlqhv gìmã uhohyìhv sdu Urwkvfklog hw
Vwljolw} +4<:4, hw txh qrxv h{srvhurqv gdqv oh sdudjudskh 61717,1 Xqh dxwuh
qrwlrq g*dffurlvvhphqw gh ulvtxh edvìh vxu od qrwlrq gh frprqrwrqlh +gì�qlh
sdu Vfkphlgohu +4<;<, hw \ddul +4<;:,,/ hvw fhooh g*dffurlvvhphqw prqrwrqh gh
ulvtxh/ gìyhorssìh sdu Txljjlq +4<<5,1 Xqh yduldeoh doìdwrluh \ hvw xq df0
furlvvhphqw prqrwrqh gh ulvtxh ã pr|hqqh frqvwdqwh gh od yduldeoh [ vl \ d
píph orl txh [ .] rü ] hvw frprqrwrqh ã [ hw H+], @ 31 Od frprqrwrqlh
hqwudñqh txh/ txho txh vrlw o*ìwdw gh od qdwxuh/ ] qh shxw vhuylu gh frxyhuwxuh
ã [ = gdqv ohv ìwdwv rü oh uìvxowdw gh [ hvw �pdxydlv�/ fhoxl gh \ hvw �sluh�
hw lqyhuvhphqw/ gdqv ohv ìwdwv rü oh uìvxowdw gh [ hvw �erq�/ fhoxl gh \ hvw
phloohxu1 Gdqv fh fdv/ frqvlgìuhu \ frpph soxv ulvtxìh txh [ vhpeoh gl!fl0
ohphqw frqwhvwdeoh +srxu soxv gh gìwdlov vxu fhwwh qrwlrq g*dffurlvvhphqw gx
ulvtxh/ yrlu Fkdwhdxqhxi/ Frkhq/ hw Ndvw +4<<:, hw Fkdwhdxqhxi/ Frkhq/ hw
Phlolmvrq +4<<:d,,1

Lo h{lvwh soxvlhxuv dxwuhv gì�qlwlrqv g*dffurlvvhphqw gh ulvtxh txh qrxv qh
gìwdloohurqv sdv lfl/ elhq txh fhuwdlqhv gh fhv qrwlrqv vrlhqw sduirlv soxv dgds0
wìhv ã ghv sureoëphv gh vwdwltxh frpsdudwlyh +srxu ghv gì�qlwlrqv hw ohv sur0
sulìwìv fdudfwìulvwltxhv gh fhv qrwlrqv/ dlqvl txh ghv h{hpsohv g*dssolfdwlrqv/
yrlu Fkdwhdxqhxi/ Frkhq/ hw Phlolmvrq +4<<:e, hw Vdiud hw ]lofkd +4<;;,,1

615 Frpsruwhphqwv idfh dx ulvtxh

Qrxv uhyhqrqv pdlqwhqdqw dx sureoëph gh fkrl{ g*xq djhqw/ pxql g*xqh
uhodwlrq gh suìiìuhqfh ( vxu = hw gh od uhodwlrq fruuhvsrqgdqwh vxu O1

61514 Dyhuvlrq srxu oh ulvtxh

Qrxv srxyrqv gì�qlu gl�ìuhqwhv qrwlrqv g*dyhuvlrq srxu oh ulvtxh1 Qrxv hq
glvwlqjxhurqv ghx{ lfl1

Gì�qlwlrq 6 +Duurz +4<98,/Sudww +4<97,, Xq djhqw d gh o*dyhuvlrq idleoh
srxu oh ulvtxh vl srxu wrxwh yduldeoh doìdwrluh [ gh =/ lo suìiëuh ã fhwwh yduldeoh
doìdwrluh od fhuwlwxgh gh vrq hvsìudqfh< =

;[ 5 => H+[, ( [

Gì�qlwlrq 7 +Urwkvfklog hw Vwljolw} +4<:3,, Xq djhqw d gh o*dyhuvlrq iruwh
srxu oh ulvtxh vl srxu wrxw frxsoh gh yduldeohv doìdwrluhv [>\ gh = gh píph

<.Ef� ( f hvw xq dexv gh qrwdwlrq srxu x.Ef� ( f rü x.Ef� hvw od orl gh Gludf hq
.Ef�1 Qrxv dgrswhurqv fhwwh qrwdwlrq sdu od vxlwh1
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hvsìudqfh/ hw whoohv txh \ hvw soxv ulvtxìh txh [ dx vhqv gh od grplqdqfh
vhfrqgh/ lo suìiëuh od yduldeoh od prlqv ulvtxìh [ ã \ =

;[>\ 5 => H+[, @ H+\ ,> \ PSV [ @, [ ( \

Uhpdutxh 5 Od whuplqrorjlh txh qrxv xwlolvrqv lfl q*hvw sdv fhooh hpsor|ìh
sdu ohv dxwhxuv phqwlrqqìv/ fdu/ frpph qrxv oh yhuurqv gdqv oh sdudjudskh
61615/ fhv ghx{ qrwlrqv vrqw frqirqgxhv gdqv oh prgëoh g*hvsìudqfh g*xwlolwì1

Hq uhpdutxdqw txh/ srxu wrxw[/[ hvw xq ìwdohphqw ã pr|hqqh frqvwdqwh
gh H+[,/ xq djhqw d|dqw gh o*dyhuvlrq iruwh srxu oh ulvtxh d ìjdohphqw gh
o*dyhuvlrq idleoh srxu oh ulvtxh1 O*lpsolfdwlrq uìflsurtxh q*hvw sdv yìul�ìh hq
jìqìudo143

Xq gìflghxu txl suìiëuh od yduldeoh doìdwrluh [ ã vrq hvsìudqfh d gx jrþw
idleoh srxu oh ulvtxh1 Xq gìflghxu txl suìiëuh wrxmrxuv od yduldeoh od soxv ulvtxìh
dx vhqv gh od grplqdqfh vhfrqgh d gx jrþw iruw srxu oh ulvtxh1 Hq�q/ xq gìfl0
ghxu txl frpsduh ohv orlv hq qh frpsdudqw txh ohxuv hvsìudqfhv vhud glw qhxwuh
ylv0ã0ylv gx ulvtxh1 Lo frqylhqw gh uhpdutxhu txh wrxw gìflghxu txl/ srxu fhu0
wdlqv frxsohv +\ PSV [, suìiëuh od yduldeoh od soxv ulvtxìh hw/ srxu g*dxwuhv
frxsohv/ od yduldeoh od prlqv ulvtxìh q*hqwuh gdqv dxfxqh gh fhv fdwìjrulhv1

61515 Sulph gh ulvtxh hw frpsdudlvrq gh frpsruwhphqwv

Srxu fkdtxh yduldeoh doìdwrluh[ gh =/ vrq ìtxlydohqw fhuwdlq hvw oh qrpeuh44

ff txl surfxuh od píph vdwlvidfwlrq txh [ = ff � [1 Gdqv wrxv ohv prgëohv
frqvlgìuìv gdqv fhw duwlfoh/ wrxwh yduldeoh doìdwrluh gh = srvvëgh xq xqltxh
ìtxlydohqw fhuwdlq1

Rq gì�qlw doruv od sulph gh ulvtxh gh [/ qrwìh �f / frpph ìwdqw od gl�ì0
uhqfh hqwuh o*hvsìudqfh gh[ hw vrq ìtxlydohqw fhuwdlq = �f @ H+[,�ff 1 Fhwwh
sulph hvw oh prqwdqw txh o*djhqw hvw suíw ã sd|hu srxu ìfkdqjhu od yduldeoh [
frqwuh vrq hvsìudqfh1 Fhwwh sulph hvw qìjdwlyh gëv txh o*djhqw d gx jrþw srxu
oh ulvtxh1

Od sulph gh ulvtxh hvw xq pr|hq gh phvxuhu o*lqwhqvlwì gh o*dyhuvlrq idleoh
srxu oh ulvtxh1 Lo hvw srvvleoh g*hq gìgxluh ghv frpsdudlvrqv sduwlhoohv gh frp0
sruwhphqwv g*djhqwv = xq djhqw 4 d soxv g*dyhuvlrq idleoh srxu oh ulvtxh tx*xq
djhqw 5 vl srxu wrxw [ 5 =/ od sulph gh ulvtxh ��f gh o*djhqw 4 hvw vxsìulhxuh
rx ìjdoh ã od sulph gh ulvtxh �2f gh o*djhqw 51

43 Lqwxlwlyhphqw/ fhv ghx{ qrwlrqv fdswxuhqw ghx{ frpsruwhphqwv d sulrul glvwlqfwv = xq
djhqw shxw yrxorlu ìylwhu gh vxssruwhu oh prlqguh ulvtxh hw suìiìuhu o*hvsìudqfh dyhf fhuwlwxgh
pdlv suìiìuhu/ oruvtxh vrq fkrl{ v*h�hfwxh hqwuh ghv gìflvlrqv wrxwhv ghx{ ulvtxìhv +hw tx*lo
qh shxw ìylwhu oh ulvtxh,/ od soxv ulvtxìh txl shxw idluh hvsìuhu gh phloohxuv uìvxowdwv1

44Qrxv idlvrqv lfl devwudfwlrq gh od ulfkhvvh lqlwldoh ghv djhqwv1 Lo hvw srvvleoh gh gì�qlu
ghv frqfhswv soxv suìflv whov txh od glvsrqlelolwì ã sd|hu rx ã uhfhyrlu +zloolqjqhvv wr sd|/
zloolqjqhvv wr dffhsw, txl wlhqqhqw frpswh gh od ulfkhvvh lqlwldoh ghv djhqwv1 Yrlu sdu h{hpsoh
Ndkqhpdq hw Wyhuvn| +4<:<,/ Hhfnkrxgw hw Jroolhu +4<<5, hw Frxuwdxow hw Jd|dqw +4<<<,1
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616 Oh prgëoh g*hvsìudqfh g*xwlolwì

Mxvtx*ã suìvhqw/ qrxv dyrqv sx grqqhu ghv gì�qlwlrqv lqwulqvëtxhv +lq0
gìshqgdqwhv gx prgëoh gh gìflvlrq xwlolvì sdu o*djhqw, gh o*dyhuvlrq srxu oh
ulvtxh/ gh o*ìtxlydohqw fhuwdlq/111 Qrxv doorqv pdlqwhqdqw h{srvhu oh prgëoh
�grplqdqw� gh gìflvlrq gdqv oh ulvtxh = oh prgëoh g*hvsìudqfh g*xwlolwì +HX ,
gh yrq Qhxpdqq hw Prujhqvwhuq +4<7:, hw yrlu fh txh ghylhqqhqw/ gdqv fh
prgëoh/ ohv qrwlrqv gìyhorssìhv mxvtx*ã suìvhqw1

61614 Oh wkìruëph gh yrq Qhxpdqq0Prujhqvwhuq

Oh prgëoh hvw edvì/ hq soxv gh o*d{lrph gh suìruguh wrwdo/ vxu xq d{lrph gh
frqwlqxlwì hw xq d{lrph g*lqgìshqgdqfh1 Dydqw g*ìqrqfhu fhv d{lrphv/ qrxv
ghyrqv g*derug gì�qlu o*rsìudwlrq gh pl{djh gh orlv gh suredelolwì +rx/ gdqv
oh fdv glvfuhw frpelqdlvrq gh orwhulhv,1 Srxu wrxw S>T 5 O hw � 5 ^3> 4`/ rq
dsshooh �0pl{djh ghv orlv S hw T/ od orl U @ �S�+4��,T/ whooh txh/ srxu wrxw
D gh D/ U+D, @ �S +D,. +4��,T+D,1 Oh pl{djh gh ghx{ orlv gh suredelolwì
shxw v*lqwhusuìwhu/ oruvtxh S hw T vrqw ghv orlv glvfuëwhv/ frpph xqh orwhulh
ã ghx{ ìwdshv = oruv gh od suhplëuh ìwdsh/ ohv orlv S hw T vrqw wluìhv dyhf
suredelolwì � hw +4��,/ wdqglv txh oruv gh od vhfrqgh ìwdsh/ xqh frqvìtxhqfh
hvw fkrlvlh vhorq od orl gh suredelolwì vhohfwlrqqìh oruv gh od suhplëuh ìwdsh1

D{lrph 5 +Frqwlqxlwì, Od uhodwlrq gh suìiìuhqfh ( hvw frqwlqxh +dx vhqv
gh Mhqvhq +4<9:,, = srxu wrxw S>T>U gh O/ <�> � 5 `3> 4^ who txh �S � +4 �
�,U " T hw T " �S � +4� �,U1

O*d{lrph g*lqgìshqgdqfh txh qrxv ìqrqêrqv pdlqwhqdqw hvw o*d{lrph fhq0
wudo gx prgëoh g*hvsìudqfh g*xwlolwì1

D{lrph 6 +Lqgìshqgdqfh, Srxu wrxw S>T>U gh O hw srxu wrxw � 5 `3> 4`/

S ( T+, �S � +4� �,U ( �T� +4� �,U

O*lqwhusuìwdwlrq gh fhw d{lrph shxw v*ìqrqfhu gh od pdqlëuh vxlydqwh +hq
oldlvrq dyhf o*lqwhusuìwdwlrq gx pl{djh gh ghx{ orlv txh qrxv dyrqv grqqìh,1
O*djhqw txl suìiëuh S ã T hw txl grlw idluh xq fkrl{ hqwuh ohv ghx{ pl{djhv
�S�+4��,U hw �T�+4��,U wlhqw oh udlvrqqhphqw vxlydqw = vl xq ìyìqhphqw
gh suredelolwì +4� �, vh surgxlw/ lo rewlhqw od píph orl U/ lqgìshqgdpphqw
gh vrq fkrl{/ wdqglv txh vl o*ìyìqhphqw frpsoìphqwdluh vh surgxlw/ lo d oh
fkrl{ hqwuh S hw T/ hw frpph lo suìiëuh S / lo suìiëuh joredohphqw oh pl{djh
�S � +4��,U1 Od orjltxh gh fhw d{lrph shxw vhpeohu lqwxlwlyh1 Wrxwhirlv/ gh
qrpeuhxvhv ìwxghv h{sìulphqwdohv +frpph oh sdudgr{h g*Doodlv, rqw prqwuì
txh od soxsduw ghv gìflghxuv irqw ohxu fkrl{ hq frqwudglfwlrq dyhf fhw d{lrph1
Qrxv uhylhqgurqv vxu fh srlqw gdqv od vhfwlrq vxlydqwh1

Gdqv oh fdv �ql/ f*hvw0ã0gluh vl o*rq vh uhvwuhlqw ã o*hqvhpeoh Of ghv orlv ã
vxssruw �ql gdqv F/ oh wkìruëph gh uhsuìvhqwdwlrq gh ( v*ìqrqfh gh od pdqlëuh
vxlydqwh1
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Wkìruëph 4 +yrq Qhxpdqq hw Prujhqvwhuq, Vrlw o*hqvhpeoh Of ghv orlv gh
suredelolwì ã vxssruw �ql gdqv F pxql gh od uhodwlrq gh suìiìuhqfh (1 Ohv ghx{
sursrvlwlrqv vxlydqwhv vrqw ìtxlydohqwhv =

+l, +Of >(, vdwlvidlw dx{ d{lrphv gh suìruguh wrwdo/ frqwlqxlwì/ lqgìshq0
gdqfh hw prqrwrqlh1

+ll, Lo h{lvwh xqh irqfwlrq g*xwlolwì X uhsuìvhqwdqw od uhodwlrq ( dyhf

X+S , @ Hx+S , @
?[
�'�

s�x+{�,

rü x hvw xqh dssolfdwlrq gh F gdqv U gì�qlh sdu x+{, @ X+�%, hw hvw frqwlqxh/
furlvvdqwh hw gì�qlh ã xqh wudqvirupdwlrq d!qh furlvvdqwh suëv451

Fh wkìruëph vh jìqìudolvh ã o*hqvhpeoh O ghv orlv gh suredelolwì ã vxssruw
gdqv o*hqvhpeoh F wrxw hqwlhu1 Lo idxw gdqv fh fdv udmrxwhu xq d{lrph gh grpl0
qdqfh1 Srxu xqh orl S ã vxssruw eruqì gdqv U/ gh irqfwlrq gh uìsduwlwlrq I /
od irqfwlrq g*xwlolwì v*ìfulw doruv X+S , @ Hx+S , @

U
U
x+{,gI +{,1

Rq yrlw elhq gdqv fhwwh irupxodwlrq srxutxrl oh prgëoh g*hvsìudqfh g*xwl0
olwì hvw txdol�ì gh prgëoh olqìdluh = lo wudlwh ohv suredelolwìv gh pdqlëuh olqìdluh/
f*hvw0ã0gluh txh X+�S � +4� �,T, @ �X+S , . +4� �,X+T,1

Srxu ghv ìqrqfìv lqwxlwliv ghv d{lrphv hw ghv gìprqvwudwlrqv ìoìjdqwhv gh
fh wkìruëph +gdqv ohv fdv �ql hw lq�ql,/ yrlu Mhqvhq +4<9:,/ Ilvkexuq +4<:3,/
Ilvkexuq +4<;5, hw Nuhsv +4<;;,1

Uhpdutxh 6 Oh frpsruwhphqw g*xq gìflghxu txl vdwlvidlw dx{ d{lrphv gx
prgëoh g*hvsìudqfh g*xwlolwì/ hvw hqwlëuhphqw fdudfwìulvì sdu od irqfwlrq x1

Gdqv o*h{hpsoh gh od vhfwlrq 514/ o*hvsìudqfh g*xwlolwì g*xqh gìflvlrq sdu0
wlhooh g*dvvxudqfh gk/ v*ìfulw

Hx+gk, @ +4� s,x+zf � �+�,, . sx+zf � �+�,� O. �O,

61615 Fdudfwìulvdwlrq ghv qrwlrqv g*dyhuvlrq srxu oh ulvtxh1

Ohv ghx{ qrwlrqv g*dyhuvlrq srxu oh ulvtxh txh qrxv dyrqv gì�qlhv lqgì0
shqgdpphqw gh wrxw prgëoh vrqw hq idlw frqirqgxhv gdqv oh fdguh gx prgëoh
g*hvsìudqfh g*xwlolwì1

Sursrvlwlrq 5 Oruvtxh oh gìflghxu vdwlvidlw dx prgëoh g*hvsìudqfh g*xwlolwì/
ohv wurlv dvvhuwlrqv vxlydqwhv vrqw ìtxlydohqwhv46 =

+l, Oh gìflghxu d gh o*dyhuvlrq idleoh srxu oh ulvtxh1
+ll, Oh gìflghxu d gh o*dyhuvlrq iruwh srxu oh ulvtxh1
+lll, Od irqfwlrq g*xwlolwì x gx gìflghxu hvw frqfdyh1

45F*hvw0ã0gluh txh wrxwh irqfwlrq � ' @�n K dyhf @ : f hvw ìjdohphqw dgplvvleoh1
46O*ìtxlydohqfh E�� Ui E���� hvw lppìgldwh1 O*ìtxlydohqfh E��� Ui E���� d ìwì gìprqwuìh

sdu Urwkvfklog hw Vwljolw} +4<:3,1
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Uhpdutxh 7 Hq xwlolvdqw od sursrvlwlrq suìfìghqwh/ rq shxw uìlqwhusuìwhu od
fdudfwìulvdwlrq gh od qrwlrq g*dffurlvvhphqw gx ulvtxh edvìh vxu od grplqdqfh
vhfrqgh gh Urwkvfklog hw Vwljolw} +4<:3, +sursrvlwlrq 4 +lll,, gh od pdqlëuh
vxlydqwh = xqh yduldeoh \ hvw xq dffurlvvhphqw gx ulvtxh ã pr|hqqh frqvwdqwh
gh [ vl hw vhxohphqw vl H+[, @ H+\ , hw vl [ hvw suìiìuìh ã \ sdu wrxw
gìflghxu vdwlvidlvdqw dx{ d{lrphv gx prgëoh g*hvsìudqfh g*xwlolwì hw d|dqw gh
o*dyhuvlrq idleoh srxu oh ulvtxh1

Uhpdutxh 8 Od sursrvlwlrq 5 uìyëoh sdu dloohxuv txh gdqv oh prgëoh g*hvsì0
udqfh g*xwlolwì/ rq qh shxw glvwlqjxhu o*dyhuvlrq idleoh gh o*dyhuvlrq iruwh1 Srxu
ohv xwlolvdwhxuv gh fh prgëoh/ fhwwh glvwlqfwlrq q*d sdv olhx g*íwuh hw rq sduohud
vlpsohphqw g*dyhuvlrq srxu oh ulvtxh vdqv ulvtxh gh frqixvlrq1

61616 Ydohxu orfdoh gh od sulph gh ulvtxh/ frh!flhqw devrox g*dyhu0

vlrq srxu oh ulvtxh

Gdqv fh prgëoh/ lo hvw srvvleoh gh grqqhu ã sduwlu ghv sursulìwìv gh od
irqfwlrq x xqh uhsuìvhqwdwlrq gh o*lqwhqvlwì gh o*dyhuvlrq srxu oh ulvtxh g*xq
gìflghxu1

Gì�qlwlrq 8 Oruvtxh x hvw vwulfwhphqw furlvvdqwh hw ghx{ irlv frqwlqxhphqw
gìulydeoh/ rq dsshooh frh!flhqw devrox g*dyhuvlrq srxu oh ulvtxh/ od irqfwlrq
U� gh F gdqv U gì�qlh sdu

U�+{, @ �x
��+{,

x�+{,

Uhpdutxrqv txh fh frh!flhqw hvw lqgìshqgdqw gx uhsuìvhqwdqw x fkrlvl
+sdupl wrxwhv ohv irqfwlrqv g*xwlolwì gx w|sh dy . e,1

Txdqg od orl gh [ g*hvsìudqfh { hw gh yduldqfh �2/ suhqg vhv ydohxuv vxu xq
lqwhuydooh ^{� k> {. k` rü k hvw �shwlw� sdu udssruw ã {/ rq shxw gìprqwuhu
+Duurz +4<98, hw Sudww +4<97,, txh od sulph gh ulvtxh hvw sursruwlrqqhooh dx
frh!flhqw devrox g*dyhuvlrq srxu oh ulvtxh =

�f+{, � ��
2

5

x��+{,

x�+{,
@
�2

5
U�+{,

Fhwwh dssur{lpdwlrq shuphw gh vìsduhu gdqv o*h{suhvvlrq gh od sulph gh
ulvtxh xqh sduwlh remhfwlyh gìshqgdqw xqltxhphqw gh od yduldqfh gh od orl/
gh od sduwlh vxemhfwlyh olìh dx{ suìiìuhqfhv gx gìflghxu/ U�+{,1 Fh uìvxowdw
shuphw gh gìprqwuhu xq wkìruëph gh frpsdudlvrq gh frpsruwhphqw srxu ghv
gìflghxuv gdqv oh prgëoh g*hvsìudqfh g*xwlolwì1

Wkìruëph 5 +Duurz +4<98, hw Sudww +4<97,, Vrlhqw ghx{ gìflghxuv 4 hw 5
vdwlvidlvdqw dx{ d{lrphv gx prgëoh g*hvsìudqfh g*xwlolwì/ fdudfwìulvìv uhvshfwl0
yhphqw sdu ghv irqfwlrqv g*xwlolwì x� hw x2 vwulfwhphqw furlvvdqwhv hw ghx{ irlv
frqwlqxhphqw gìulydeohv1 Ohv dvvhuwlrqv vxlydqwhv vrqw ìtxlydohqwhv =
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+l, 4 d +vwulfwhphqw, soxv g*dyhuvlrq srxu oh ulvtxh txh 5 = ��f � +A, �2f 1
+ll, Lo h{lvwh xqh irqfwlrq furlvvdqwh +vwulfwhphqw, frqfdyh * gh U gdqv U

whooh txh x� @ *+x2,1
+lll, oh frh!flhqw devrox g*dyhuvlrq srxu oh ulvtxh gh x� hvw vxsìulhxu rx

ìjdo +vwulfwhphqw vxsìulhxu, dx frh!flhqw devrox g*dyhuvlrq srxu oh ulvtxh gh
x2 srxu wrxw { 5 U = U�

�+{, � +A, U2
�+{,1

Uhpdutxh 9 O*ìtxlydohqfh hqwuh +l, hw +ll, uhvwh yudlh píph oruvtxh x� hw x2
qh vrqw sdv ghx{ irlv frqwlqxhphqw gìulydeohv1

61617 Yduldqfh hw prgëoh g*hvsìudqfh g*xwlolwì

Qrxv dyrqv yx gdqv od uhpdutxh 7 txh od qrwlrq g*dffurlvvhphqw gx ulvtxh
dx vhqv gh od grplqdqfh vhfrqgh dydlw xqh mxvwl�fdwlrq fhuwdlqh gdqv oh prgëoh
g*hvsìudqfh g*xwlolwì1 Od yduldqfh txdqw ã hooh q*hvw sdv xq erq lqglfdwhxu g*df0
furlvvhphqw gh ulvtxh frpph oh prqwuh o*h{hpsoh vxlydqw47 +Lqjhuvroo +4<;:,,1

Frqvlgìurqv ohv ghx{ orwhulhv S @ +3> 4@5> 7> 4@5, hw T @ +4> :@;> <> 4@;,=
Rq d H+S , @ H+T, hw Y du+T, A Y du+S ,1 Fkrlvlvvrqv xq gìflghxu vdwlvidlvdqw
dx{ d{lrphv gx prgëoh g*hvsìudqfh g*xwlolwì/ d|dqw gh o*dyhuvlrq srxu oh ulvtxh
hw grqw od irqfwlrq g*xwlolwì hvw frqfdyh hw gh od iruph x+{, @

s
{1 Rq shxw

yìul�hu txh/ srxu fh gìflghxu/ T " S / f*hvw0ã0gluh txh o*hvsìudqfh g*xwlolwì gh
od orwhulh S txl d od soxv shwlwh yduldqfh hvw lqiìulhxuh ã fhooh gh T1 Dlqvl/
gdqv oh prgëoh g*hvsìudqfh g*xwlolwì/ xq gìflghxu d|dqw gh o*dyhuvlrq srxu oh
ulvtxh qh suìiëuh sdv qìfhvvdluhphqw od yduldeoh d|dqw od soxv shwlwh yduldqfh
+ã pr|hqqh frqvwdqwh,1

Uhpdutxrqv wrxwhirlv txh txdqg x+{, hvw xq sro|q÷ph gx vhfrqg gh0
juì +frpph sdu h{hpsoh gdqv oh prgëoh g*ìydoxdwlrq ghv dfwliv �qdqflhuv
+PHGDI,,/ xq djhqw d|dqw gh o*dyhuvlrq srxu oh ulvtxh suìiëuhud wrxmrxuv/
ã pr|hqqh ìjdoh/ od orl gh soxv shwlwh yduldqfh1

617 Txhotxhv sureoëphv vrxohyìv sdu oh prgëoh g*hvsìudqfh

g*xwlolwì

Qrxv sdvvrqv lfl hq uhyxh txhotxhv sureoëphv vrxohyìv sdu oh prgëoh g*hv0
sìudqfh g*xwlolwì481 Qrxv frpphqêrqv sdu txhotxhv sureoëphv ghvfulswliv hw
vrxoljqrqv hqvxlwh fhuwdlqhv lpsolfdwlrqv wkìrultxhv frqwuh0lqwxlwlyhv gh fh pr0
gëoh1

61714 Oh �sdudgr{h� g*Doodlv

Gëv 4<86/ Doodlv +4<86, frqvwuxlw xq frxsoh g*dowhuqdwlyhv srxu ohtxho od
pdmrulwì ghv vxmhwv lqwhuurjìv fkrlvlw hq gìvdffrug dyhf o*d{lrph g*lqgìshq0

47G*dxwuhv h{hpsohv srxuudlhqw íwuh gìyhorssìv1+yrlu Ph|hu +4<;:,,1
48Srxu xqh v|qwkëvh gh fhv sureoëphv/ yrlu sdu h{hpsoh Pdfklqd +4<;:,1
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gdqfh1 Qrxv suìvhqwrqv g*derug xqh yhuvlrq prgl�ìh gh fhw h{hpsoh +Ndkqh0
pdq hw Wyhuvn| +4<:<,,1

Ohv vxmhwv grlyhqw fkrlvlu g*derug hqwuh ohv ghx{ orwhulhv D = jdjqhu 61333
hxurv dyhf suredelolwì 4/ rx E = jdjqhu 71333 hxurv dyhf suredelolwì 3/; hw
3 dyhf suredelolwì 3/5/ sxlv/ gh pdqlëuh lqgìshqgdqwh/ hqwuh ohv ghx{ orwhulhv
F = jdjqhu 61333 hxurv dyhf suredelolwì 3/58 hw 3 dyhf suredelolwì 3/:8 rx G =
jdjqhu 71333 hxurv dyhf suredelolwì 3/5 hw 3 dyhf suredelolwì 3/;1 Fhwwh h{sì0
ulhqfh/ uhqrxyhoìh pdlqwhv irlv hw gdqv ghv frqwh{whv gl�ìuhqwv/ grqqh wrxmrxuv
ghv uìvxowdwv vlplodluhv = xqh judqgh pdmrulwì gh vxmhwv fkrlvlw ohv orwhulhv +D,
hw +G,/ hq frqwudglfwlrq dyhf o*d{lrph g*lqgìshqgdqfh491 Ohv uìvxowdwv gh fh
w|sh g*h{sìulhqfh q*rqw sdv frqydlqfx ohv whqdqwv gx prgëoh g*hvsìudqfh g*xwl0
olwì/ txl uhfrqqdlvvhqw fhuwdlqhv gìidloodqfhv ghvfulswlyhv gx prgëoh/ pdlv txl
frqvlgëuhqw vrq dvshfw qrupdwli frpph soxv lpsruwdqw1

Qrxv suìvhqwrqv pdlqwhqdqw o*h{sìulhqfh ruljlqhooh g*Doodlv/ txl shuphw gh
uhsìuhu soxv idflohphqw hq txrl lo | d ylrodwlrq gh o*d{lrph g*lqgìshqgdqfh1
Lo hvw sursrvì dx{ vxmhwv gh fkrlvlu hqwuh ohv orwhulhv vxlydqwhv +o*xqlwì hvw oh
ploolrq g*hxurv, =

O� = jdjqhu 4P dyhf fhuwlwxgh
O2 = jdjqhu 4P dyhf suredelolwì 3/;</ 8P dyhf suredelolwì 3/43/ hw 3 dyhf

suredelolwì 3/34
sxlv hqwuh ohv orwhulhv vxlydqwhv =
O�� = jdjqhu 4P dyhf suredelolwì 3/44 hw 3 dyhf suredelolwì 3/;<
O�2 = jdjqhu 8P dyhf surdelolwì 3/43 hw 3 dyhf suredelolwì 3/<3
Oruvtx*rq ohxu ghpdqgh gh fkrlvlu hqwuh ohv ghx{ suhplëuh orwhulhv/ od sox0

sduw ghv vxmhwv fkrlvlvvhqw O�1 Oruvtxh fhv píphv vxmhwv grlyhqw fkrlvlu hqwuh
ohv ghx{ ghuqlëuhv orwhulhv/ od pdmrulwì suìiëuh O�21 Fhv fkrl{ frqvwlwxhqw xqh
ylrodwlrq gh o*d{lrph g*lqgìshqgdqfh1 Hq h�hw/ vrlw S od orwhulh txl grqqh 4P
dyhf suredelolwì 4 hw T od orwhulh txl grqqh 3 dyhf suredelolwì 4@44 hw 8 P
dyhf suredelolwì 43@441 Rq shxw yìul�hu txh =

O� @ 3> 44S � 3> ;<��

O2 @ 3> 44T� 3> ;<��

O�� @ 3> 44S � 3> ;<�f

O�2 @ 3> 44T� 3> ;<�f

rü �f hvw od orwhulh �jdjqhu }ìur dyhf suredelolwì 4� hw �� hvw od orwhulh �jdjqhu
4 P dyhf suredelolwì 4�1 Ohv fkrl{ revhuyìv vrqw grqf hq frqwudglfwlrq dyhf
o*d{lrph g*lqgìshqgdqfh1

49Hq h�hw/ sxlvtxh � ' fc 2D� k fc .Dxf hw ( ' fc 2D� k fc .Dxf rü xf hvw od orwhulh
�jdjqhu }ìur dyhf suredelolwì 4�/ ohv ghx{ vhxov frxsohv gh fkrl{ hq dffrug dyhf o*d{lrph
g*lqgìshqgdqfh vrqw E�c�� rx E�c(�1

49



61715 Od grxeoh lqwhusuìwdwlrq gh od irqfwlrq g*xwlolwì

Hq soxv ghv ylrodwlrqv h{sìulphqwdohv gh o*d{lrph g*lqgìshqgdqfh/ oh pr0
gëoh g*hvsìudqfh g*xwlolwì vrxoëyh dxvvl xqh gl!fxowì wkìrultxh/ ã vdyrlu o*lq0
whusuìwdwlrq gh od irqfwlrq x1 Hq h�hw/ od irqfwlrq x d xq grxeoh u÷oh = +l, hooh
h{sulph o*dwwlwxgh gx gìflghxu ylv0ã0ylv gx ulvtxh +od frqfdylwì gh x lpsoltxdqw
o*dyhuvlrq srxu oh ulvtxh,/ +ll, hooh h{sulph od vdwlvidfwlrq ghv uìvxowdwv gdqv
oh fhuwdlq +od frqfdylwì gh x lpsoltxdqw xqh xwlolwì pdujlqdoh gìfurlvvdqwh gh
od ulfkhvvh,1 Hq sduwlfxolhu/ lo hvw lpsrvvleoh gdqv fh prgëoh gh uhsuìvhqwhu xq
djhqw txl dxudlw ã od irlv xqh xwlolwì pdujlqdoh gìfurlvvdqwh hw gx jrþw srxu
oh ulvtxh1 Vl oh prgëoh g*hvsìudqfh g*xwlolwì d oh pìulwh gh od sduflprqlh/ lo
qh shuphw sdv gh vìsduhu od uhsuìvhqwdwlrq gh o*dwwlwxgh ylv0ã0ylv gx ulvtxh gh
fhooh ylv0ã0ylv gh od ulfkhvvh gdqv oh fhuwdlq1 Fh vhud oh fdv gdqv ghv prgëohv
prlqv sduflprqlhx{ pdlv soxv  h{leohv txh qrxv ìwxglhurqv soxv orlq1

61716 Dyhuvlrq idleoh hw dyhuvlrq iruwh gdqv oh prgëoh g*hvsìudqfh

g*xwlolwì

Frpph qrxv o*dyrqv yx gdqv od uhpdutxh 8/ ohv qrwlrqv g*dyhuvlrq srxu oh
ulvtxh idleoh hw iruwh qh shxyhqw íwuh glvwlqjxìhv gdqv oh prgëoh g*hvsìudqfh
g*xwlolwì1 Rq shxw hq h�hw lqwhusuìwhu od sursrvlwlrq 5 frpph xqh olplwh gx pr0
gëoh g*hvsìudqfh g*xwlolwì = wrxw djhqw d|dqw gh o*dyhuvlrq idleoh srxu oh ulvtxh
vdqv srxu dxwdqw dyrlu gh o*dyhuvlrq iruwh qh shxw vdwlvidluh dx{ d{lrphv gh fh
prgëoh1 Hq idlw/ rq shxw prqwuhu +Vdiud hw ]lofkd +4<;;, hw Fkdwhdxqhxi/ Fr0
khq/ hw Phlolmvrq +4<<:e,, txh gh qrpeuhxvhv qrwlrqv g*dyhuvlrq srxu oh ulvtxh
fruuhvsrqgdqw ã gl�ìuhqwv ruguhv vwrfkdvwltxhv vxu ohv yduldeohv doìdwrluhv vrqw
frqirqgxhv gdqv oh prgëoh g*hvsìudqfh g*xwlolwì hw lo q*hvw grqf sdv ìwrqqdqw
txh fh prgëoh pdqtxh gh  h{lelolwì srxu uhqguh frpswh gh od glyhuvlwì ghv
frpsruwhphqwv idfh ã ghv dffurlvvhphqwv gh ulvtxh gdqv gl�ìuhqwv sureoëphv1
Fh qh vhud soxv oh fdv gdqv xq prgëoh soxv jìqìudo +oh prgëoh g*xwlolwì gìshq0
gdqwh gx udqj, txh qrxv suìvhqwhurqv gdqv xqh vhfwlrq xowìulhxuh1

61717 Sureoëphv vrxohyìv sdu oh fkrl{ gh od grplqdqfh vhfrqgh

srxu phvxuhu o*dffurlvvhphqw gh ulvtxh gdqv oh prgëoh g*hv0

sìudqfh g*xwlolwì

Pdojuì od erqqh dgìtxdwlrq gh od qrwlrq g*dffurlvvhphqw gx ulvtxh +dx
vhqv gh od grplqdqfh vhfrqgh, dx prgëoh g*hvsìudqfh g*xwlolwì/ fhwwh qrwlrq
shxw frqgxluh ã txhotxhv uìvxowdwv frqwuh0lqwxlwliv1 Flwrqv0hq ghx{1 Oh suhplhu
frqfhuqh oh fkrl{ gh sruwhihxlooh1 Gdqv oh sureoëph fodvvltxh gh fkrl{ hqwuh xq
dfwli vdqv ulvtxh hw xq dfwli ulvtxì/ xqh suìglfwlrq qdwxuhooh vhudlw od vxlydqwh =
vl oh uhqghphqw gh o*dfwli ulvtxì ghylhqw soxv ulvtxì dx vhqvPSV/ wrxw lqyhvwlv0
vhxu d|dqw gh o*dyhuvlrq srxu oh ulvtxh ghyudlw hq ghpdqghu prlqv1 Urwkvfklog
hw Vwljolw} +4<:4, rqw gìprqwuì txh fhwwh suìglfwlrq q*hvw sdv wrxmrxuv yudlh
gdqv oh prgëoh g*hvsìudqfh g*xwlolwì1 Oh vhfrqg d wudlw dx fkrl{ g*dvvxudqfh1
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Xq gìflghxu d|dqw soxv g*dyhuvlrq srxu oh ulvtxh tx*xq dxwuh q*hvw sdv qìfhv0
vdluhphqw suíw ã sd|hu dx prlqv dxwdqw srxu rewhqlu od píph uìgxfwlrq gh
ulvtxh ã pr|hqqh frqvwdqwh +yrlu/ sdu h{hpsoh/ Urvv +4<;4,,1

618 Oh prgëoh g*�xwlolwì gìshqgdqwh gx udqj�

Oh prgëoh txh qrxv wudlwrqv gdqv fhwwh vhfwlrq/ oh prgëoh g*xwlolwì gì0
shqgdqwh gx udqj +UGHX srxu Udqn Ghshqghqw H{shfwhg Xwlolw|, hvw qì
ghv idleohvvhv gx prgëoh g*hvsìudqfh g*xwlolwì ã uhqguh frpswh ghv frpsru0
whphqwv hw jìqìudolvh fh ghuqlhu1 Oh prgëoh g*xwlolwì hvsìuìh irxuqlvvdlw xqh
uhsuìvhqwdwlrq ghv suìiìuhqfhv gh od iruph

S?
�'� s�x+{�, rü oh srlgv gh gìfl0

vlrq s� dwwulexì dx uìvxowdw {� hvw lqgìshqgdqw gh fh ghuqlhu1 D sulrul/ vxu od
edvh gh frpsruwhphqwv revhuyìv/ fhv srlgv gh gìflvlrq shxyhqw gìshqguh ghv
uìvxowdwv g*xqh pdqlëuh txhofrqtxh1 Wrxwhirlv/ idluh gìshqguh fhv srlgv xqltxh0
phqw gx udqj ghv uìvxowdwv shuphw gìmã g*h{soltxhu od soxsduw ghv �sdudgr{hv�
gx prgëoh g*hvsìudqfh g*xwlolwì1 Qrxv suìvhqwrqv pdlqwhqdqw ohv irqghphqwv
d{lrpdwltxhv g*xqh whooh uhsuìvhqwdwlrq1

61814 Oh sulqflsh gh od fkrvh vþuh frprqrwrqh gdqv oh ulvtxh

O*d{lrph fhqwudo gx prgëoh g*hvsìudqfh g*xwlolwì/ o*d{lrph g*lqgìshqgdqfh/
hvw ìjdohphqw fhoxl txl vhpeoh oh soxv vrxyhqw lqydolgì gdqv ohv idlwv1 O*lgìh gh
edvh gx prgëoh g*xwlolwì gìshqgdqwh gx udqj hvw hq frqvìtxhqfh g*d�dleolu fhw
d{lrph4:/ hw g*dedqgrqqhu gh fh idlw od olqìdulwì sdu udssruw dx{ suredelolwìv1
Oh prgëoh g*xwlolwì gìshqgdqwh gx udqj d ìwì gìyhorssì sdu Txljjlq +4<;5,
vrxv oh qrp g*xwlolwì dqwlflsìh +Dqwlflsdwhg Xwlolw|,1 \ddul +4<;:,/ Vhjdo +4<;:,
hw Doodlv +4<;;, rqw gìyhorssì ghv yduldqwhv gh fh prgëoh1 Sdu vrxfl gh vlpsol0
flwì/ qrxv wudydloorqv lfl vxu F/ lqwhuydooh ihupì hw eruqì gh U1 Ghv d{lrpdwltxhv
soxv jìqìudohv rqw ìwì gìyhorssìhv sdu Zdnnhu +4<<7, hw Fkdwhdxqhxi +4<<<,1

O*d{lrph fhqwudo gh fh prgëoh hvw o*d{lrph gh od fkrvh vþuh frprqrwrqh
gdqv oh ulvtxh +yrlu sdu h{hpsoh Fkdwhdxqhxi +4<<<,, =

D{lrph 7 Vrlhqw S @ +{�> s�> ===>{&> s&> ===> {?> s?, hw T @ +|�> s�> ===> |&> s&> ===> |?> s?,
ghx{ ìoìphqwv gh O whov txh {� � === � {& � === � {? hw |� � === � |& � === � |?
dyhf {&f @ |&f srxu xq fhuwdlq nf hw vrlhqw S � hw T� ohv orwhulhv rewhqxhv hq
uhpsodêdqw {&f sdu {

�
&f

gdqv ohv orwhulhv S hw T gh whooh vruwh txh {&3� � {�&f1�
{&n�/ |&3� � {�&f1� |&n�1 Doruv/

S ( T+, S � ( T�

Uhpdutxh : Gdqv o*ìqrqfì gh o*d{lrph/ od prgl�fdwlrq ghv orwhulhv S hw
T qh fkdqjh sdv o*ruguh gh ohxuv uìvxowdwv1 Ohv yduldeohv doìdwrluhv dvvrflìhv
fdqrqltxhphqw ã fhv orlv +f*hvw0ã0gluh [ hw \ ydohqw uhvshfwlyhphqw {& hw |&

4:Pdfklqd +4<;5d, gìyhorssh xqh d{lrpdwltxh rü lo dedqgrqqh sxuhphqw hw vlpsohphqw
o*d{lrph g*lqgìshqgdqfh1
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vxu xq hqvhpeoh H& gh suredelolwì s&/ 4 � n � q, uhvwhqw grqf ghx{ ã ghx{
frprqrwrqhv1

Shxw íwuh od pdqlëuh od soxv vlpsoh gh frpsuhqguh od vljql�fdwlrq gh
o*d{lrph 7 hvw0hooh gh uhyhqlu ã o*h{hpsoh ruljlqho g* Doodlv +4<86, txh qrxv
dyrqv gìyhorssì gdqv oh sdudjudskh 61714/ hq suìvhqwdqw ohv orwhulhv gdqv oh
wdeohdx vxlydqw

Su redelolwìv
3> 34 3> ;< 3> 4

O� 4P 4P 4P
Orwhulhv O2 3 4P 8P

O�� 4P 3 4P
O�2 3 3 8P

+5,

Frpph lo hvw dlvì gh oh yrlu gdqv oh wdeohdx +5,/ oh sdvvdjh ghv orwhulhv O� hw
O2 dx{ orwhulhv O�� hw O

�
2 lpsoltxh elhq oh fkdqjhphqw g*xqh ydohxu frppxqh/

pdlv fh fkdqjhphqw qh suìvhuyh sdv oh udqj gh fhwwh frqvìtxhqfh frppxqh
gdqv ohv orwhulhv1 Soxv suìflvìphqw/ od ydohxu frppxqh gh 4P +dyhf suredelolwì
3> ;<, gdqv ohv orwhulhv O� hw O2 fruuhvsrqg ã xqh ydohxu lqwhupìgldluh +lh/
dx vhfrqg udqj,/ wdqglv txh od ydohxu frppxqh 3 P +dyhf suredelolwì 3> ;<,
gdqv ohv orwhulhv O�� hw O�2 fruuhvsrqg ã od soxv shwlwh ydohxu srvvleoh +lh/ dx
suhplhu udqj,1 Oh fkrl{ +O�> O

�
2, qh frqwuhglw sdv oh sulqflsh gh od fkrvh vþuh

frprqrwrqh gdqv oh ulvtxh sxlvtxh ohv orwhulhv frpsduìhv qh vdwlvirqw sdv dx{
frqglwlrqv g*dssolfdwlrq gh fhw d{lrph +hoohv qh vrqw sdv frprqrwrqhv,1

61815 Uhsuìvhqwdwlrq ghv suìiìuhqfhv

Lo hvw doruv srvvleoh gh fdudfwìulvhu oh frpsruwhphqw g*xq gìflghxu grqw ohv
suìiìuhqfhv vdwlvirqw ã fhw d{lrph +soxv xq fhuwdlq qrpeuh g*dxwuhv d{lrphv
txh qrxv qh gìyhorssrqv sdv lfl,/ sdu ghx{ irqfwlrqv x hw */ frqwlqxhv hw furlv0
vdqwhv1 Od irqfwlrq x = F $ U/ gì�qlh ã xqh wudqvirupdwlrq d!qh furlvvdqwh
suëv/ mrxh oh u÷oh gh od irqfwlrq g*xwlolwì gdqv oh fhuwdlq > wdqglv txh od irqfwlrq
* = ^3> 4` $ ^3> 4` vdwlvidlvdqw ã *+3, @ 3> *+4, @ 4 hvw xqltxh hw mrxh oh u÷oh
gh od irqfwlrq gh wudqvirupdwlrq ghv suredelolwìv1 Xq who gìflghxu suìiëuh od
yduldeoh doìdwrluh [ gh irqfwlrq gh uìsduwlwlrq If ã od yduldeoh doìdwrluh \ gh
irqfwlrq gh uìsduwlwlrq It vl hw vhxohphqw vl Y +[, � Y +\ ,/ rü/ oruvtxh ohv
yduldeohv vrqw ã vxssruw �ql/ od irqfwlrqqhooh Y hvw grqqìh sdu =

Y +[, @ x+{�, . *+
?[
�'2

s�,^x+{2,� x+{�,` . � � �.

*+
?[

�'�n�

s�,^x+{�n�,� x+{�,` . � � �. *+s?,^x+{?,� x+{?3�,` +6,
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Fhwwh irupxodwlrq v*lqwhusuëwh dlvìphqw1 Oh gìflghxu frpphqfh vrq ìyd0
oxdwlrq sdu o*xwlolwì plqlpdoh tx*lo hvw vþu gh uhfhyrlu/ x+{�,/ hw srqgëuh ohv
dffurlvvhphqwv srvvleohv gh vrq xwlolwì x+{�,� x+{�3�, sdu vd wudqvirupdwlrq
+shuvrqqhooh, *+y�, gh od suredelolwì y� g*dyrlu dx prlqv {� +y� @

S?
�'� s�,1

Vhorq fhwwh lqwhusuìwdwlrq/ xq gìflghxu d|dqw xqh irqfwlrq gh wudqvirupdwlrq
whooh txh *+s, � s/ vrxv0hvwlphud wrxv ohv dffurlvvhphqwv g*xwlolwì tx*lo shxw
rewhqlu1 Y +[, hvw doruv lqiìulhxuh ã o*hvsìudqfh g*xwlolwì gh [ +sdu udssruw ã
od phvxuh gh suredelolwì S ,1 Srxu fhwwh udlvrq/ qrxv txdol�hurqv xq gìflghxu
who txh *+s, � s gh shvvlplvwh gdqv oh ulvtxh1

Xqh h{suhvvlrq ìtxlydohqwh ã +6, v*ìfulw =

Y +[, @
?3�[
�'�

+*+
?[
�'�

s�,� *+
?[

�'�n�

s�,,x+{�, . *+s?,x+{?, +7,

Srxu looxvwuhu oh fdofxo gh o*xwlolwì gìshqgdqwh gx udqj gdqv xq fdv vlpsoh/
uhyhqrqv vxu qrwuh h{hpsoh lqwurgxfwli hw vxssrvrqv txh o*djhqw d xqh irqf0
wlrq gh wudqvirupdwlrq ghv suredelolwìv * hw xqh irqfwlrq g*xwlolwì x1 O*xwlolwì
dvvrflìh sdu h{hpsoh ã od gìflvlrq gk g*dvvxudqfh sduwlhooh suhqg doruv od iruph
vxlydqwh/ ìwdqw grqqì txh zf � �+�,� O. �O ? zf � �+�, gëv txh � ? 4 =

Y +gk, @ Y +zf � �+�,� O. �O> s>zf � �+�,> 4� s,

@ x+zf � �+�,� O. �O, . *+4� s,+x+zf � �+�,,� x+zf � �+�,� O. �O,,

@ *+4� s,x+zf � �+�,, . +4� *+4� s,,x+zf � �+�,� O. �O,

Gdqv oh fdv jìqìudo/ od irqfwlrqqhooh Y v*ìfulw gh od pdqlëuh vxlydqwh4; =

Y +[, @ �
] "

3"

x+{,g*+S +[ A {,, @ �
] "

3"

x+{,g*+4� I +{,,

@

] f

3"

^*+S +x+[, A w,,� 4`gw .

] "

f
*+S +x+[, A w,,gw =

Od irupxodwlrq jìqìudoh grqqìh vh vlpsol�h gdqv fhuwdlqv fdv sduwlfxolhuv1

� Vl od irqfwlrq gh wudqvirupdwlrq * hvw od irqfwlrq lghqwlwì *+y, @ y/ doruv
Y +[, hvw o*hvsìudqfh g*xwlolwì H^x+[,` gh od yduldeoh doìdwrluh1 Dlqvl/ oh
prgëoh g*xwlolwì gìshqgdqwh gx udqj dgphw frpph fdv sduwlfxolhu oh
prgëoh g*hvsìudqfh g*xwlolwì1

� \ddul +4<;:, d gìyhorssì lqgìshqgdpphqw xq prgëoh/ frqqx vrxv oh
qrp gh wkìrulh gxdoh/ txl v*dyëuh íwuh xq prgëoh g*xwlolwì gìshqgdqwh
gx udqj/ gdqv ohtxho od irqfwlrq x hvw od irqfwlrq lghqwlwì x+{, @ {1 Fh
prgëoh srvvëgh oh píph qrpeuh gh �ghjuìv gh olehuwì� txh oh prgëoh
gh o*hvsìudqfh g*xwlolwì/ wrxw ghx{ uhtxìudqw od vsìfl�fdwlrq g*xqh vhxoh

4;Fhwwh irqfwlrqqhooh v*dyëuh íwuh xqh lqwìjudoh gh Fkrtxhw +Fkrtxhw +4<87,,/ f*hvw0ã0gluh
xqh lqwìjudwlrq sdu udssruw ã xqh phvxuh qrq dgglwlyh1 Srxu xqh lqwhusuìwdwlrq judskltxh
gh fhwwh lqwìjudoh/ yrlu Jd|dqw +4<<;,1
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irqfwlrq +x gdqv oh prgëoh g*hvsìudqfh g*xwlolwì/ * gdqv oh prgëoh gh
\ddul,/ hw srxuwdqw shuphw gh glvwlqjxhu hqwuh ohv gl�ìuhqwhv qrwlrqv
g*dyhuvlrq srxu oh ulvtxh/ fh txh oh prgëoh g*hvsìudqfh g*xwlolwì qh shuphw
sdv1

� Vl ã od irlv od irqfwlrq gh wudqvirupdwlrq hw od irqfwlrq g*xwlolwì vrqw od
irqfwlrq lghqwlwì/ doruv Y +[, hvw vlpsohphqw od ydohxu hvsìuìh H^[` gh
od yduldeoh doìdwrluh1

61816 Lqwhusuìwdwlrqv judskltxhv

Qrxv sursrvrqv xqh lqwhusuìwdwlrq judskltxh vlpsoh ghv frxuehv g*lqgli0
iìuhqfh gh od irqfwlrqqhooh UGHX gdqv oh fdv gh ghx{ ìwdwv gh od qdwxuh/ v�
+suredelolwì s, hw v2 +suredelolwì +4�s,,1 Qrwrqv [ @ +{�> s>{2> 4�s, hw ìyd0
oxrqv Y +[,1 Vl {� � {2/ doruv/ Y +[, @ +4� *+4� s,,x+{�, . *+4� s,x+{2,1
Hq uhydqfkh/ vl {2 � {�/ Y +[, @ *+s,x+{�, . +4� *+s,,x+{2,1 Oh orqj g*xqh
frxueh g*lqgl�ìuhqfh Y +[, @ n/ oh wdx{ pdujlqdo gh vxevwlwxwlrq +WPV, suhqg
xqh h{suhvvlrq gl�ìuhqwh vhorq txh {� hvw soxv judqg rx soxv shwlw txh {21 Vl

{� ? {2/ oh WPV hvw ìjdo ã �3)E�3R�
)E�3R�

��E%��
��E%2�

doruv txh vl {� A {2/ oh WPV hvw

ìjdo ã )ER�
�3)ER�

��E%��
��E%2�

1 Vl x hvw frqfdyh/ oh WPV oruvtxh {� ? {2 hvw soxv shwlw

txh oh WPV oruvtxh {2 ? {� vl hw vhxohphqw vl *+s, � s1 Fhfl hvw looxvwuì vxu oh
judskltxh vxlydqw1 Frpph rq oh yrlw vxu oh judskltxh/ od frxueh g*lqgl�ìuhqfh
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suìvhqwh xq frxgh +�nlqn�, vxu od suhplëuh elvvhfwulfh1 Fhwwh fdudfwìulvwltxh
gx prgëoh g*xwlolwì gìshqgdqwh gx udqj hvw fhooh txl od glvwlqjxh gx prgëoh
g*hvsìudqfh g*xwlolwì hw txl shuphwwud ghv frpsruwhphqwv qrq h{solfdeohv gdqv
fh ghuqlhu prgëoh1 Fh frxgh uhqyrlh ã o*lgìh txh o*dyhuvlrq srxu oh ulvtxh d xq
lpsdfw g*ruguh 4 gdqv oh prgëoh g*xwlolwì gìshqgdqwh gx udqj doruv tx*hooh d
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xq lpsdfw g*ruguh 5 gdqv oh prgëoh g*hvsìudqfh g*xwlolwì +yrlu Vhjdo hw Vslydn
+4<<3, hw Odqjodlv +4<<9,,1 Fhwwh qrq0gl�ìuhqwldelolwì uh ëwh oh idlw txh/ orfd0
ohphqw +f*hvw0ã0gluh srxu gh shwlwv ulvtxhv,/ lo q*hvw sdv srvvleoh g*dssur{lphu
oh frpsruwhphqw g*xq who gìflghxu sdu oh frpsruwhphqw g*xq gìflghxu qhxwuh
ylv0ã0ylv gx ulvtxh/ frpph fhod hvw oh fdv gdqv oh prgëoh g*hvsìudqfh g*xwlolwì1

Gdqv o*h{hpsoh gh o*dvvxudqfh/ [ @ gk @ +{�> s>{2> 4 � s, @ +zf � O �
�+�, . �O> s>zf � �+�,> 4 � s,1 Oh fdv {� A {2 fruuhvsrqg doruv ã gh od vxu0
dvvxudqfh +� A 4,/ wdqglv txh oh fdv {� ? {2 fruuhvsrqg ã gh o*dvvxudqfh
sduwlhooh1 Ohv srlqwv vxu od suhplëuh elvvhfwulfh fruuhvsrqghqw ã gh o*dvvxudqfh
frpsoëwh = � @ 41

61817 Glyhuvlwì ghv qrwlrqv g*dyhuvlrq srxu oh ulvtxh hw ohxu fdudf0

wìulvdwlrq

FrpphPdfklqd +4<;5d,/ +4<;5e, o*dydlw gìmã uhpdutxì/ o*ìtxlydohqfh hqwuh
dyhuvlrq idleoh hw dyhuvlrq iruwh srxu oh ulvtxh gdqv oh prgëoh g*hvsìudqfh g*xwl0
olwì qh v*ìwhqg sdv ã ghv prgëohv soxv jìqìudx{ +yrlu Frkhq +4<<8,,1 Hq h�hw/
gdqv oh prgëoh g*xwlolwì gìshqgdqwh gx udqj/ ohv ghx{ qrwlrqv g*dyhuvlrq srxu
oh ulvtxh txh qrxv dyrqv suìvhqwìhv hqwudñqhqw ghv frqglwlrqv gl�ìuhqwhv vxu
ohv irqfwlrqv x hw * fdudfwìulvdqw xq gìflghxu1

Wkìruëph 6 +Fkhz/ Nduql/ hw Vdiud +4<;:,, Vrlw xq gìflghxu vdwlvidlvdqw
dx{ d{lrphv gx prgëoh g*xwlolwì gìshqgdqwh gx udqj hw fdudfwìulvì sdu ghv
irqfwlrqv x hw * gìulydeohv1 Oh gìflghxu d gh o*dyhuvlrq iruwh srxu oh ulvtxh vl
hw vhxohphqw vl * hvw frqyh{h hw x hvw frqfdyh1

Fhwwh fdudfwìulvdwlrq ìoìjdqwh gh o*dyhuvlrq iruwh qh shuphw wrxwhirlv sdv
gh vìsduhu o*dwwlwxgh ylv0ã0ylv gx ulvtxh gh fhooh ylv0ã0ylv gh od ulfkhvvh = xq
gìflghxu d|dqw gh o*dyhuvlrq iruwh d qìfhvvdluhphqw xqh xwlolwì pdujlqdoh gh od
ulfkhvvh gìfurlvvdqwh +rx frqvwdqwh/ yrlu \ddul +4<;:,,1 Hwxglrqv pdlqwhqdqw
oh fdv gh o*dyhuvlrq idleoh1

Sursrvlwlrq 6 +Txljjlq +4<;5,/ \ddul +4<;:,/ Urhoo +4<;:,, Vxssrvrqv x
gìulydeoh hw frqfdyh1 Doruv/ oh gìflghxu d gh o*dyhuvlrq idleoh srxu oh ulvtxh vl
hw vhxohphqw vl srxu wrxw s 5 ^3> 4`/ *+s, � s1

Fh uìvxowdw grqqh xqh frqglwlrq qìfhvvdluh hw vx!vdqwh gh o*dyhuvlrq idleoh
xqltxhphqw vl o*rq vxssrvh od frqfdylwì gh od irqfwlrq x1 Wrxwhirlv/ lo hvw
srvvleoh gh urpsuh oh olhq hqwuh dyhuvlrq srxu oh ulvtxh hw xwlolwì pdujlqdoh
gìfurlvvdqwh/ pdlv/ gdqv fh fdv/ vhxoh xqh frqglwlrq vx!vdqwh hvw frqqxh1

Sursrvlwlrq 7 +Fkdwhdxqhxi hw Frkhq +4<<7,, Vrlw xq gìflghxu vdwlvidlvdqw
dx{ d{lrphv gx prgëoh g*xwlolwì gìshqgdqwh gx udqj hw fdudfwìulvì sdu x hw
* gìulydeohv hw whoohv tx*lo h{lvwh n � 4 vdwlvidlvdqw dx{ ghx{ frqglwlrqv vxl0
ydqwhv =

+l, x�+{, � n�E%�3�E+�
%3+

srxu wrxw 3 � | ? { � 4

+ll, *+s, � s& srxu wrxw s 5 ^3> 4`/
doruv/ fh gìflghxu d gh o*dyhuvlrq idleoh srxu oh ulvtxh1
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Lqwhusuìwrqv fhwwh sursrvlwlrq1 Oruvtxh n @ 4/ od frqglwlrq +l, hvw ìtxl0
ydohqwh ã od frqfdylwì gh x1 Hq uhydqfkh/ vl n A 4/ oh gìflghxu shxw dyrlu
xqh irqfwlrq x frqyh{h1 Soxv n hvw judqg/ soxv od frqyh{lwì gh x hvw iruwh1
Od sursrvlwlrq v*lqwhusuëwh doruv gh od pdqlëuh vxlydqwh = xq gìflghxu d|dqw gh
o*dyhuvlrq idleoh shxw dyrlu xqh irqfwlrq x frqyh{h/ pdlv/ gdqv fh fdv/ vrq ghjuì
gh frqyh{lwì grlw íwuh �frpshqvì� sdu xq soxv judqg shvvlplvph/ f*hvw0ã0gluh
*+s, gh soxv hq soxv shwlw sdu udssruw ã s1

Fhwwh sursrvlwlrq vh wudqvsrvh idflohphqw ã xq gìflghxu d|dqw gx jrþw
idleoh srxu oh ulvtxh1 Xq gìflghxu d|dqw gx jrþw idleoh srxu oh ulvtxh shxw dlqvl
dyrlu xqh xwlolwì pdujlqdoh gìfurlvvdqwh v*lo hvw vx!vdpphqw �rswlplvwh�1

Hq�q/ o*ìwxgh ghv frpsruwhphqwv gdqv oh prgëoh g*xwlolwì gìshqgdqw gx
udqj d shuplv xqh qrxyhooh fdudfwìulvdwlrq gh o*dffurlvvhphqw gh ulvtxh dx vhqv
gh od grplqdqfh vhfrqgh1

Sursrvlwlrq 8 +\ddul +4<;7,/ Fkdwhdxqhxi +4<<4,, Vrlhqw [ hw \ ghx{ yd0
uldeohv doìdwrluhv gh píph hvsìudqfh1 \ hvw xq ìwdohphqw ã pr|hqqh frqvwdqwh
gh [ vl hw vhxohphqw vl srxu wrxwh irqfwlrq * furlvvdqwh frqyh{h gh ^3> 4` gdqv
^3> 4` whooh txh *+3, @ 3 hw *+4, @ 4 =

�
] "

3"

{g*+4� If+{,, � �
] "

3"

{g*+4� It +{,,

Fhwwh sursrvlwlrq shxw hq h�hw v*lqwhusuìwhu gh od pdqlëuh vxlydqwh = \ hvw
xq ìwdohphqw ã pr|hqqh frqvwdqwh +rx frqvwlwxh xq dffurlvvhphqw gx ulvtxh
dx vhqv gh od grplqdqfh vhfrqgh, gh [ vl hw vhxohphqw vl wrxv ohv gìflghxuv
vh frqirupdqw dx prgëoh g*xwlolwì gìshqgdqwh gx udqj dyhf x+{, @ { hw *
frqyh{h suìiëuhqw [ ã \ 1

Uhpdutxh ; Gëv txh x hvw ghx{ irlv frqwlqxhphqw gìulydeoh hw x�+{, 9@ 3/
�x��+{,@x�+{, hvw wrxmrxuv gì�ql txho txh vrlw {/ pdlv qh uhsuìvhqwh soxv oh
frh!flhqw devrox g*dyhuvlrq srxu oh ulvtxh1

619 Pìwkrghv h{sìulphqwdohv g*ìydoxdwlrq ghv sdudpëwuhv g*xq

prgëoh

Txho txh vrlw oh prgëoh gh gìflvlrq xwlolvì/ o*ìydoxdwlrq ghv sdudpëwuhv gh od
irqfwlrq uhsuìvhqwdqw ohv suìiìuhqfhv gx gìflghxu uhyíw xqh judqgh lpsruwdqfh/
sdu h{hpsoh/ gdqv xqh shuvshfwlyh g*dlgh ã od gìflvlrq1 Od gìpdufkh ã dgrswhu
hvw od vxlydqwh1 Lo frqylhqw wrxw g*derug gh vh sodfhu gdqv oh prgëoh oh soxv
jìqìudo srvvleoh hw gh whvwhu oh prgëoh gh gìflvlrq fkrlvl ã o*lqwìulhxu gh fh fdguh
jìqìudo1 Sxlv/ xqh irlv oh prgëoh oh soxv dgìtxdw vìohfwlrqqì/ rq shxw hvwlphu/
srxu fkdtxh gìflghxu/ ohv sdudpëwuhv txl fdudfwìulvhqw vrq frpsruwhphqw1 Hq
h�hw/ ohv lqfrkìuhqfhv gdqv o*hvwlpdwlrq g*xq sdudpëwuh g*xq prgëoh uìyëohqw
sduirlv od qrq0dgìtxdwlrq ghv frpsruwhphqwv ã fh prgëoh1 D od vxlwh gh Doodlv
+4<86,/ PfFrug hw gh Qhxiylooh +4<;7,/ fkhufkdqw ã hvwlphu od irqfwlrq g*xwlolwì
g*xq gìflghxu gdqv oh prgëoh g*hvsìudqfh g*xwlolwì/ rqw plv hq ìylghqfh ghv
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eldlv v|vwìpdwltxhv gdqv ohxuv hvwlpdwlrqv +od irqfwlrq g*xwlolwì ìwdlw g*dxwdqw
soxv frqfdyh txh od suredelolwì xwlolvìh srxu od frqvwuxluh ìwdlw judqgh,/ txl
ohv rqw frqgxlw ã uhmhwhu oh prgëoh g*hvsìudqfh g*xwlolwì srxu xq who gìflghxu1

Lo h{lvwh gh qrpeuhxvhv ìwxghv h{sìulphqwdohv shuphwwdqw gh whvwhu ohv
prgëohv gh gìflvlrq ohv xqv sdu udssruw dx{ dxwuhv hq whqdqw frpswh g*xq
duelwudjh hqwuh dgìtxdwlrq hw sduflprqlh hw2rx g*hvwlphu/ srxu fkdtxh gìfl0
ghxu/ ohv gl�ìuhqwhv irqfwlrqv txl oh fdudfwìulvhqw gdqv oh prgëoh xwlolvì1 Flwrqv
sdu h{hpsoh Ndkqhpdq hw Wyhuvn| +4<:<,/ Frkhq hw Md�ud| +4<;;,/ Kh| hw
Ruph +4<<7,/ Kduohvv hw Fdphuhu +4<<7,/ Zdnnhu hw Ghqh�h +4<<9,/ Deghoodrxl
+4<<8,/ Deghoodrxl hw Pxqlhu +4<<;,/ Zx hw Jrq}doh} +4<<9,/ Suhohf +4<<;,1

7 Gìflvlrq gdqv o*lqfhuwdlq

Qrxv qrxv sodêrqv pdlqwhqdqw gdqv xqh vlwxdwlrq rü oh gìflghxu qh frqqdñw
sdv od orl gh suredelolwì vxu o*hqvhpeoh V ghv ìwdwv gh od qdwxuh/ fh txl hvw oh fdv
gdqv od soxsduw ghv vlwxdwlrqv ìfrqrpltxhv1 Qrxv ghyrqv gìvrupdlv wudydloohu
dyhf o*hqvhpeoh = ghv dssolfdwlrqv phvxudeohv gh +V>D, gdqv ( pxql g*xqh
uhodwlrq gh suìiìuhqfh qrwìh (1

O*dssurfkh fodvvltxh/ glwh ed|ìvlhqqh/ frqvlvwh ã uìgxluh xq sureoëph gh
gìflvlrq gdqv o*lqfhuwdlq ã xq sureoëph gh gìflvlrq gdqv oh ulvtxh1 Fhwwh uì0
gxfwlrq hvw uhplvh hq fdxvh sdu ohv prgëohv qrq dgglwliv1

714 Dssurfkh ed|ìvlhqqh = oh prgëoh g*hvsìudqfh vxemhfwlyh

g*xwlolwì

Fhwwh dssurfkh hvw fhooh gh Vdydjh +4<87, +yrlu ìjdohphqw Ilvkexuq +4<;5,,1
Rxwuh o*d{lrph gh suìruguh wrwdo/ od frqvwuxfwlrq gh fh prgëoh uhsrvh hvvhq0
wlhoohphqw vxu o*d{lrph gh od fkrvh vþuh +�Vxuh Wklqj Sulqflsoh�,1

D{lrph 8 +Sulqflsh gh od fkrvh vþuh, Vrlw D xqh sduwlh gh V1 Vrlhqw
[>[ �/ \ hw \ � ghv ìoìphqwv gh = yìul�dqw = ;v 5 D/ [+v, @ [ �+v,> \ +v, @
\ �+v, hw ;v 5 D/ [+v, @ \ +v,> [ �+v, @ \ �+v, Doruv/

[ ( \ +, [ � ( \ �

Lqwxlwlyhphqw/ fhw d{lrph h{sulph tx*xqh prgl�fdwlrq frppxqh gh od
sduwlh frppxqh gh ghx{ gìflvlrqv qh fkdqjh sdv od suìiìuhqfh hqwuh fhv ghx{
gìflvlrqv1 Oh wkìruëph gh uhsuìvhqwdwlrq gh Vdydjh v*h{sulph doruv gh od pd0
qlëuh vxlydqwh1 Lpsrvhu o*d{lrph gh suìruguh wrwdo/ oh sulqflsh gh od fkrvh vþuh/
soxv xq fhuwdlq qrpeuh g*d{lrphv hvvhqwlhoohphqw whfkqltxhv/ pdlv grqw od mxv0
wl�fdwlrq shxw uhsrvhu vxu ghv k|srwkëvhv lpsolflwhv dvvh} iruwhv4< +yrlu Vdydjh
+4<87,/ Ilvkexuq +4<;5,,/ lpsoltxh ã od irlv

4<D wlwuh g*h{hpsoh/ lo hvw vxssrvì txh o*xwlolwì qh gìshqg sdv gh o*ìwdw gh od qdwxuh/ yrlu
Nduql +4<<9,1
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� o*h{lvwhqfh g*xqh suredelolwì S +glwh vxemhfwlyh, vxu +V>D,/ gì�qlh gh
pdqlëuh xqltxh/

� o*h{lvwhqfh g*xqh irqfwlrq g*xwlolwì53 x gh o*hqvhpeoh ghv frqvìtxhqfhv
F � U/ frqwlqxh hw furlvvdqwh/

� hw txh od irqfwlrqqhooh/ X / uhsuìvhqwdqw ohv suìiìuhqfhv/ f*hvw0ã0gluh whooh
txh [ ( \ +, X+[, � X+\ ,/ hvw grqqìh sdu o*hvsìudqfh pdwkìpd0
wltxh/ H�x+[,/ srxu od suredelolwì S gh o*xwlolwì ghv uìvxowdwv1

Gdqv oh fdv rü V hvw �ql/ H�x+[, @
?S
�'�

S +v�,x+[+v�,,/ hw oruvtxh V hvw

txhofrqtxh/ H�x+[, @
U
7
x+[+v,,gS +v,1 Fh prgëoh hvw glw dgglwli sxlvtx*lo

lpsoltxh o*h{lvwhqfh g*xqh phvxuh �dgglwlyh� vxu ohv ìyìqhphqwv1 Gh soxv/
frpph gdqv oh prgëoh g*hvsìudqfh g*xwlolwì gdqv oh ulvtxh/ lo hvw txdol�ì gh
prgëoh olqìdluh/ sxlvtx*lo vh fdudfwìulvh sdu oh wudlwhphqw olqìdluh ghv suredel0
olwìv1 Fh uìvxowdw hvw wuëv sxlvvdqw = dffhswhu o*d{lrpdwltxh gh Vdydjh vxssulph
od txhvwlrq gx fulwëuh gh fkrl{ gdqv o*lqfhuwdlq = wrxw sureoëph gh fkrl{ gdqv
o*lqfhuwdlq vh uìgxlw ã xq sureoëph gh fkrl{ gdqv oh ulvtxh1 Wrxwhirlv/ dxvvl elhq
srxu ghv udlvrqv wkìrultxhv txh srxu ghv udlvrqv sudwltxhv +h{sìulphqwdohv hw
rsìudwlrqqhoohv,/ fh prgëoh Ed|ìvlhq qh idlw sdv o*xqdqlplwì > hq sduwlfxolhu/ lo
qh uhqg sdv elhq frpswh gh fhuwdlqv frpsruwhphqwv uìhov ghv lqglylgxv/ frpph
qrxv doorqv oh yrlu gdqv od vhfwlrq vxlydqwh1

715 Sureoëphv vrxohyìv sdu oh prgëoh g*hvsìudqfh vxemhfwlyh

g*xwlolwì

Hoovehuj/ gdqv xq duwlfoh fìoëeuh +Hoovehuj +4<94,, h{kleh/ gdqv ghv vlwxd0
wlrqv g*lqfhuwdlq/ ghv frpsruwhphqwv hq frqwudglfwlrq iruwh dyhf fh prgëoh1

71514 Oh �sdudgr{h� g*Hoovehuj

Hoovehuj sursrvh ã ghv vxmhwv od vlwxdwlrq vxlydqwh = xqh xuqh frqwlhqw <3
erxohv/ grqw 63 vrqw urxjhv +U, hw grqw 93 vrqw eohxhv +E, rx mdxqhv +M,/ hq
sursruwlrq lqfrqqxh1 Lo shxw grqf | dyrlu gh 3 ã 93 erxohv eohxhv hw oh frp0
soìphqwdluh gh erxohv mdxqhv1 Rq grlw wluhu xqh erxoh +dx kdvdug, gdqv o*xuqh
hw rq ghpdqgh dx{ vxmhwv gh fkrlvlu hqwuh ohv ghx{ gìflvlrqv vxlydqwhv = sdulhu
vxu +U, +gìflvlrq g�, rx sdulhu vxu +E, +gìflvlrq g2,/ sxlv/ lqgìshqgdpphqw/
gh fkrlvlu hqwuh ohv gìflvlrqv vxlydqwhv = sdulhu vxu +U ^ M, +gìflvlrq g�, rx
sdulhu vxu +E^M, +gìflvlrq ge,1 Oh wdeohdx vxlydqw grqqh soxv suìflvìphqw ohv
uìvxowdwv gh fkdfxqh ghv gìflvlrqv =

53Od irqfwlrq g*xwlolwì � hvw gì�qlh ã xqh irqfwlrq d!qh furlvvdqwh suëv1
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Urxjh Eohxh Mdxqh

g� 433 3 3
g2 3 433 3
g� 433 3 433
ge 3 433 433

+8,

Od soxsduw ghv vxmhwv irqw ohv fkrl{ vxlydqwv54 = g� " g2 hw ge " g�1 Fhv fkrl{
hqwudlqhqw xqh ylrodwlrq gx sulqflsh gh od fkrvh vþuh1 Hq h�hw/ srxu xq vxmhw
txl suìiëuh g� ã g2/ fkdqjhu/ srxu o*ìyëqhphqw +M,/ ohxu ydohxu frppxqh 3
hq ydohxu frppxqh 433 qh ghyudlw sdv fkdqjhu ohv fkrl{/ f*hvw0ã0gluh ghyudlw
frqgxluh ã g� " ge1 Ohv vxmhwv fkrlvlvvdqw g� " g2 hw ge " g� vh frqgxlvhqw grqf
hq frqwudglfwlrq dyhf oh sulqflsh gh od fkrvh vþuh1 Lo | d dxvvl frqwudglfwlrq
dyhf o*h{lvwhqfh g*xqh suredelolwì vxemhfwlyh = g� " g2 lpsoltxh S +U, A S +E,/
wdqglv txh ge " g� lpsoltxh S +E^M, A S +U^M,/ f*hvw0ã0gluh S +E,.S +M, A
S +U, . S +M,/ g*rü od frqwudglfwlrq1

Vl/ gdqv xqh vlwxdwlrq dxvvl vlpsoh/ ohv vxmhwv vh frpsruwhqw hq frqwudglf0
wlrq dyhf oh prgëoh g*hvsìudqfh vxemhfwlyh g*xwlolwì/ lo shxw vhpeohu kìuròtxh
gh furluh txh ohv djhqwv/ gdqv ghv vlwxdwlrqv ìfrqrpltxhv frpsoh{hv/ duulyhqw
ã dwwulexhu xqh suredelolwì dx{ ìyëqhphqwv lqfhuwdlqv $

71515 Dyhuvlrq srxu o*dpeljxòwì

Ohv frpsruwhphqwv revhuyìv gdqv o*h{sìulhqfh g*Hoovehuj vrqw idflohphqw
h{solfdeohv1 Gdqv o*h{sìulhqfh g*Hoovehuj/ ohv vxmhwv grlyhqw g*derug fkrlvlu
hqwuh +g�, sdulhu vxu xq ìyëqhphqw gh suredelolwì frqqxh ìjdoh ã 426 hw +g2,
sdulhu vxu xq ìyëqhphqw gh suredelolwì lqfrqqxh frpsulvh hqwuh 3 hw 5261
Lov grlyhqw hqvxlwh fkrlvlu hqwuh +g�, sdulhu vxu xq ìyëqhphqw gh suredelolwì
lqfrqqxh frpsulvh hqwuh 426 hw 4 hw +ge, sdulhu vxu xq ìyëqhphqw gh suredelolwì
frqqxh ìjdoh ã 5261 Gdqv ohv ghx{ fdv/ lov suìiëuhqw sdulhu vxu o*ìyëqhphqw �qrq
dpeljx� +f*hvw0ã0gluh gh suredelolwì frqqxh,/ pdqlihvwdqw dlqvl gh o*dyhuvlrq
srxu o*dpeljxòwì1 Soxv jìqìudohphqw/ rq glud tx*xq djhqw d gh o*dyhuvlrq srxu
o*dpeljxòwì v*lo suìiëuh sdulhu srxu xq píph prqwdqw vxu xq ìyëqhphqw gh
suredelolwì S frqqxh soxw÷w txh vxu xq ìyëqhphqw gh suredelolwì lqfrqqxh
frpsulvh hqwuh S � % hw S . % 1

Lo q*h{lvwh sdv ã fh mrxu g*dxwuh gì�qlwlrq gh od qrwlrq g*dpeljxòwì/ lqgìshq0
gdqwh gh wrxw prgëoh1 Rq shxw wrxwhirlv uhpdutxhu tx*xq gìflghxu vdwlvidlvdqw
dx{ d{lrphv gx prgëoh g*hvsìudqfh vxemhfwlyh g*xwlolwì hvw lqgl�ìuhqw hqwuh ohv
ghx{ sdulv gìfulwv fl0ghvvxv hw hq fh vhqv lo hvw qhxwuh ylv0ã0ylv gh o*dpeljxòwì1
Lo q*h{lvwh sdv gh frqvhqvxv gdqv od olwwìudwxuh vxu od pdqlëuh gh gì�qlu soxv

54Fhwwh h{sìulhqfh d ìwì vrxyhqw uhqrxyhoìh/ dyhf ghv vxmhwv g*krul}rqv wuëv ydulìv/ dyhf
xqh wuëv judqgh urexvwhvvh ghv uìvxowdwv1 Od sursruwlrq ghv vxmhwv idlvdqw fh fkrl{ hvw hq
jìqìudo frpsulvh hqwuh 93( hw :3(1
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jìqìudohphqw o*dyhuvlrq srxu o*lqfhuwdlq > od whuplqrorjlh hooh píph q*hvw sdv
hqfruh yìulwdeohphqw �{ìh hw gìshqg ghv dxwhxuv hw ghv prgëohv tx*lov xwl0
olvhqw1 F*hvw srxutxrl qrxv qh gìyhorsshurqv fhv qrwlrqv tx*dsuëv dyrlu h{srvì
ohv gl�ìuhqwv prgëohv xwlolvìv +yrlu od vhfwlrq 71619,1

Fh pdqtxh gh frqvhqvxv surylhqw gx idlw tx*lo hvw gl!floh gh gì�qlu od
qrwlrq gh �soxv lqfhuwdlq txh�/ txl fruuhvsrqgudlw ã od qrwlrq gh �soxv ulvtxì
txh� ã pr|hqqh frqvwdqwh/ sxlvtxh/ gdqv o*lqfhuwdlq/ od qrwlrq gh pr|hqqh q*d
sdv gh vhqv1

716 Oh prgëoh g*xwlolwì �ã od Fkrtxhw�

Vfkphlgohu +4<;<, hvw ã o*ruljlqh55 gx prgëoh frqqx pdlqwhqdqw vrxv oh
qrp g*xwlolwì ã od Fkrtxhw +FHX srxu Fkrtxhw H{shfwhg Xwlolw|,1 O*lgìh gh
edvh gh fh prgëoh hvw g*d�dleolu oh sulqflsh gh od fkrvh vþuh gh pdqlëuh ã
srxyrlu prgìolvhu ohv frpsruwhphqwv revhuyìv gdqv o*h{sìulhqfh g*Hoovehuj1
Fhw d{lrph yd íwuh uhpsodfì sdu oh sulqflsh gh od fkrvh vþuh frprqrwrqh1

71614 Oh sulqflsh gh od fkrvh vþuh frprqrwrqh

Oh sulqflsh gh od fkrvh vþuh frprqrwrqh txh qrxv lqwurgxlvrqv pdlqwhqdqw
qh v*dssoltxh tx*ã ghv dfwhv [ hw \ frprqrwrqhv/ hw txl oh uhvwhqw dsuëv prgl0
�fdwlrq gh od ydohxu frppxqh/ fh txl h{foxw wrxw skìqrpëqh gh �frxyhuwxuh� =
lo hvw grqf soxv idleoh txh oh sulqflsh gh od fkrvh vþuh gh od wkìrulh gh Vdydjh1

D{lrph 9 Vrlhqw +D&,
?
&'� xqh sduwlwlrq gh V/ [ @ +{�> D�> ===>{&> D&> ===>{?> D?,

hw \ @ +|�> D�> ===> |&> D&> ===> |?>D?, ghx{ ìoìphqwv gh = rü {� � === � {& �
=== � {? hw |� � === � |& � === � |? hw {&f @ |&f srxu xq fhuwdlq nf1 Vrlhqw [ �

hw \ � ohv ghx{ ìoìphqwv gh = rewhqxv hq uhpsodêdqw fhwwh ydohxu frppxqh gh
[ hw gh \ sdu q*lpsruwh txhooh dxwuh ydohxu frppxqh txl jdugh od píp sodfh
gdqv ohv vxlwhv furlvvdqwhv ghv {& hw |&1 Doruv/

[ ( \ +, [ � ( \ �

Srxu vdlvlu od vljql�fdwlrq gh fhw d{lrph/ uhsruwrqv qrxv ã o*h{sìulhqfh
g*Hoovehuj +uìvxpìh gdqv oh wdeohdx +8,,1 Qrxv frqvwdwrqv hq h�hw txh ohv
sdvvdjhv ghv gìflvlrqv g�hw g2 dx{ gìflvlrqv g� hw ge lpsoltxh oh fkdqjhphqw
gh od ydohxu frppxqh 3 hq 433 vl od erxoh hvw mdxqh1 Fhwwh ydohxu frppxqh
ìwdlw od soxv idleoh gdqv ohv gìflvlrqv g�hw g2 hw ghylhqw od soxv ìohyìh gdqv ohv
gìflvlrqv g� hw ge1 Oh udqj gh od ydohxu frppxqh q*hvw grqf sdv suìvhuyì sdu
fh fkdqjhphqw/ hw oh sulqflsh gh od fkrvh vþuh frprqrwrqh q*lpsoltxh dxfxqh
uhvwulfwlrq vxu ohv fkrl{ srvvleohv gdqv fh fdv suìflv1 Oh fkrl{ revhuyì +g�hw
ge,/ hq frqwudglfwlrq dyhf oh sulqflsh gh od fkrvh vþuh/ hvw grqf frpsdwleoh
dyhf oh sulqflsh gh od fkrvh vþuh frprqrwrqh1

55Od suhplëuh yhuvlrq gdwh gh 4<;51
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71615 Od qrwlrq gh fdsdflwì

Dydqw gh grqqhu oh wkìruëph gh uhsuìvhqwdwlrq gx prgëoh g*xwlolwì ã od
Fkrtxhw/ lo qrxv idxw gì�qlu od qrwlrq gh fdsdflwì1 Xqh fdsdflwì y hvw xqh
irqfwlrq g*hqvhpeoh gh D gdqv ^3> 4` vdwlvidlvdqw dx{ frqglwlrqv vxlydqwhv =
y+>, @ 3/ y+V, @ 4/ hw whooh txh

;D>E 5 D> D � E @, y+D, � y+E,

Xqh fdsdflwì hvw frqyh{h vl/ gh soxv/

y+D, . y+E, � y+D ^E, . y+D _E, +9,

Od frqmxjxìh y gh y hvw gì�qlh sdu y+D, @ 4� y+D,1 Oh qr|dx gh y/ qrwì
fruh+y, hvw gì�ql sdu =

fruh+y, @ iS suredelolwì dgglwlyh vxu +V>D,m;D 5 D> S +D, � y+D,j +:,

Oruvtxh od fdsdflwì hvw frqyh{h/ vrq qr|dx hvw qrq ylgh1 Hq�q/ xqh phvxuh
gh suredelolwì hvw xq fdv sduwlfxolhu g*xqh fdsdflwì1 Vrq qr|dx hvw doruv uìgxlw
ã xq ìoìphqw/ od orl gh suredelolwì hooh0píph1

Oh qr|dx uhsuìvhqwh o*hqvhpeoh ghv orlv gh suredelolwì frpsdwleohv dyhf
xqh lqirupdwlrq qrq0suredelolvwh/ gx w|sh �od suredelolwì gh o*ìyìqhphqw D
hvw dx prlqv y+D,�1 Lqwxlwlyhphqw/ xq gìflghxu wuëv shvvlplvwh hw qh vdfkdqw
sdv txhooh hvw od yudlh orl gh suredelolwì sdupl fhoohv dssduwhqdqw dx qr|dx/
d�hfwhud ã fkdtxh ìyìqhphqw od �fur|dqfh� y ìjdoh dx plqlpxp gh wrxwhv ohv
suredelolwìv gh fhw ìyëqhphqw srxu fhv orlv1

71616 Uhsuìvhqwdwlrq ghv suìiìuhqfhv hw lqwìjudoh gh Fkrtxhw

Oh wkìruëph gh uhsuìvhqwdwlrq v*h{sulph doruv dlqvl = lpsrvhu fhuwdlqv
d{lrphv +suìruguh wrwdo/ sulqflsh gh od fkrvh vþuh frprqrwrqh/ soxv xq fhuwdlq
qrpeuh g*d{lrphv whfkqltxhv56,/ lpsoltxh o*h{lvwhqfh ã od irlv g*xqh fdsdflwì
y gì�qlh gh pdqlëuh xqltxh vxu +V>D, hw g*xqh irqfwlrq g*xwlolwì57 x gh o*hq0
vhpeoh ghv frqvìtxhqfhv F +vrxv0hqvhpeoh gh U,/ frqwlqxh hw furlvvdqwh whoohv
txh od irqfwlrqqhooh Y uhsuìvhqwdqw ohv suìiìuhqfhv gdqv = vrlw o*lqwìjudoh gh
Fkrtxhw srxu fhwwh fdsdflwì y gh o*xwlolwì ghv uìvxowdwv1

O*ìfulwxuh hw o*lqwhusuìwdwlrq gh o*lqwìjudoh gh Fkrtxhw vrqw uhodwlyhphqw
vlpsohv oruvtxh ohv yduldeohv frqvlgìuìhv vrqw ã vxssruw �ql/[ @ +{�>D�> ===>{?> D?,
rü ohv D� iruphqw xqh sduwlwlrq gh V hw {� � === � {& � === � {? =

]
��

x+[,gy @
?[
�'�

x+{�,^y+^?�'�D�,� y+^?�'�n�D�,` +;,

56Yrlu Jloerd +4<;:,/ Fkhz hw Zdnnhu +4<<9,/ Vdulq hw Zdnnhu +4<<5,1
57Od irqfwlrq g*xwlolwì � hvw gì�qlh ã xqh irqfwlrq d!qh furlvvdqwh suëv1
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rü oh v|peroh Fk vljqdoh txh o*lqwìjudwlrq vh idlw sdu udssruw ã xqh phvxuh
qrq dgglwlyh1 Fhwwh irqfwlrqqhooh v*dsshooh o*xwlolwì ã od Fkrtxhw1 Oruvtxh y
hvw dgglwlyh y+^?�'�D�, � y+^?�'�n�D�, @ y+D�, hw rq uhfrqqdlw o*hvsìudqfh gh
o*xwlolwì gh [1

O*h{suhvvlrq +;, shxw dxvvl vh uììfuluh =

x+{�, .
?[
�'2

^x+{�,� x+{�3�,`y+^?�'�D�,

Vrxv fhwwh iruph/ xqh lqwhusuìwdwlrq gh od irupxoh hvw txh oh gìflghxu fdofxoh
o*xwlolwì ã od Fkrtxhw hq suhqdqw od ydohxu plqlpdoh x+{�, hw hq | dmrxwdqw ohv
lqfuìphqwv g*xwlolwì +x+{�,�x+{�3�,, srqgìuìv sdu od fur|dqfh +vxemhfwlyh, gh
ohxu rffxuhqfh y+^?�'�D�,1

Srxu looxvwuhu oh fdofxo gh o*xwlolwì ã od Fkrtxhw gdqv xq fdv vlpsoh/ uhsuh0
qrqv qrwuh h{hpsoh lqwurgxfwli hw vxssrvrqv txh o*djhqw d xqh irqfwlrq g*xwlolwì
x hw xqh fdsdflwì y txl phvxuh vhv fur|dqfhv/ dyhf y+v�, . y+v2, ? 41 Fhwwh
frqglwlrq uìyëoh gh o*�dyhuvlrq srxu o*lqfhuwlwxgh� +yrlu sdudjudskh 71619,1
O*xwlolwì dvvrflìh sdu h{hpsoh ã od gìflvlrq gk g*dvvxudqfh sduwlhooh suhqg doruv
od iruph vxlydqwh/ ìwdqw grqqì txh zf � �+�,� O. �O ? zf � �+�, gëv txh
� ? 4 =

Y +gk, @ x+zf � �+�,� O. �O, . y+v�,+x+zf � �+�,,� x+zf � �+�,� O. �O,,

@ y+v�,x+zf � �+�,, . +4� y+v�,,x+zf � �+�,� O. �O,

Gdqv oh fdv lq�ql/ o*lqwìjudoh gh Fkrtxhw hvw gì�qlh sdu =

Y +[, @

]
��

x+[,gy @

] f

3"

^y+x+[, A w,� 4`gw .

] "

f
y+x+[, A w,gw

H{hpsoh 4 Vrlw V @ iv�> v2j hw od fdsdflwì y gì�qlh vxu 571 Frqvlgìurqv ohv
ghx{ dfwhv vxlydqwv = K @ +43> v�>�433> v2, hw E @ +43 � %> v�> 43 � %> v2, hw
vxssrvrqv x olqìdluh1 O*lqwìjudoh gh Fkrtxhw gh k sdu udssruw ã od fdsdflwì y hvw
grqqìh sdu Y +K, @ �433.+433.43,y+v�, @ �433+4�y+v�,,.43y+v�,1 O*lq0
wìjudoh gh Fkrtxhw g*xq dfwh frqvwdqw ìwdqw ìjdoh ã fhwwh frqvwdqwh/ Y +E, @
43� %1

Uhpdutxh < Lo hvw srvvleoh gh gìprqwuhu txh/ oruvtxh od fdsdflwì y hvw
frqyh{h/ o*lqìjdolwì vxlydqwh hvw yudlh srxu wrxw [ 5 = =

]
��

[gy � �
]
��

+�[,gy +<,

Fhwwh lqìjdolwì vrxoljqh txh o*lqwìjudoh gh Fkrtxhw q*hvw sdv xq rsìud0
whxu olqìdluh +yrlu od vhfwlrq 815 srxu xqh lqwhusuìwdwlrq ìfrqrpltxh gh fhwwh
lqìjdolwì,1
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71617 Prgëoh g*xwlolwì gìshqgdqwh gx udqj hw prgëoh g*xwlolwì ã od

Fkrtxhw

Ohv h{suhvvlrqv +6, gx prgëoh g*xwlolwì gìshqgdqwh gx udqj hw +;, gx
prgëoh g*xwlolwì ã od Fkrtxhw vrqw wuëv surfkhv1 Rq shxw prqwuhu txh =

41 iruphoohphqw/ gdqv o*h{suhvvlrq +6,/ *�S hvw xqh fdsdflwì hw od irqfwlrq0
qhooh UGHX hvw xqh lqwìjudoh gh Fkrtxhw sdu udssruw ã fhwwh fdsdflwì1
Rq frpsuhqg plhx{ doruv txh o*lqwhusuìwdwlrq txh qrxv grqqrqv lfl gh
o*xwlolwì ã od Fkrtxhw vrlw lghqwltxh ã fhooh gìyhorssìh srxu oh prgëoh
g*xwlolwì gìshqgdqwh gx udqj >

51 lqyhuvhphqw/ vl gdqv oh prgëoh g*xwlolwì ã od Fkrtxhw/ lo h{lvwh xqh sur0
edelolwì remhfwlyh S vxu +V>D, hw vl ohv suìiìuhqfhv uhvshfwhqw xq d{lrph
gh grplqdqfh vwrfkdvwltxh g*ruguh xq58/ doruv lo h{lvwh xqh orl gh sured0
elolwì S whooh txh od fdsdflwì y shxw v*ìfuluh y @ * � S / rü * hvw xqltxh1
Gdqv fh fdv/ y hvw frqyh{h vl hw vhxohphqw vl * hvw frqyh{h +yrlu Zdnnhu
+4<<3e,,1

71618 Oh prgëoh gh Vfkphlgohu

Oruvtxh qrxv qrxv sodêrqv gdqv xq fdguh ã od Dqvfrpeh hw Dxpdqq +4<96,/
f*hvw0ã0gluh gdqv xq fdguh rü o*hqvhpeoh ghv frqvìtxhqfhv hvw xq hqvhpeoh 1f
gh orlv ã vxssruw �ql vxu xq vrxv0hqvhpeoh gh U/ o*d{lrph fhqwudo gh fhwwh wkìr0
ulh suhqg xqh iruph ehdxfrxs soxv lqwxlwlyh1 F*hvw srxutxrl qrxv uhyhqrqv lfl
ã o*duwlfoh slrqqlhu gh Vfkphlgohu +4<;<, txl xwlolvh fh fdguh1 Od vwuxfwxuh dlqvl
lpsrvìh vlpsol�h xq shx o*d{lrpdwltxh1 Oh pl{djh ghv orlv d|dqw pdlqwhqdqw
xq vhqv/ rq shxw dlqvl uhpsodfhu oh sulqflsh gh od fkrvh vþuh frprqrwrqh sdu
o*d{lrph g*lqgìshqgdqfh frprqrwrqh/ uhvwulfwlrq gh o*d{lrph g*lqgìshqgdqfh
dx{ yduldeohv doìdwrluhv ghx{ ã ghx{ frprqrwrqhv =

D{lrph : +Lqgìshqgdqfh frprqrwrqh,Srxu wrxw [>\>] gh +f/ ghx{ ã
ghx{ frprqrwrqhv hw � 5 ^3> 4` 59

[ ( \ @, �[ � +4� �,] ( �\ � +4� �,]

Vfkphlgohu gìulyh doruv xq wkìruëph gh uhsuìvhqwdwlrq derxwlvvdqw ìjdoh0
phqw ã o*xwlolwì ã od Fkrtxhw1 Wrxwhirlv/ gdqv fh fdv/ ohv frqvìtxhqfhv vrqw ghv
orlv ã vxssruw �ql hw qrq sdv ghv qrpeuhv uìhov/ fh txl uhqg o*lqwhusuìwdwlrq gh
o*lqwìjudoh gh Fkrtxhw xq shx soxv gìolfdwh1

58Srxu wrxw � M �/ gì�qlvvdqw f� sdu f�Er� ' � vl r M �/ f�Er� ' f vlqrq/ fhw d{lrph
v*ìqrqfh gh od pdqlëuh vxlydqwh = vl � E�� D � E�� doruv f� ( f�1

59kf k E�3k�~ hvw o*ìoìphqw gh +f gì�ql sdu = srxu wrxw r M 7/ kfEr�k E�3k�~Er� hvw
oh k0pl{djh ghv ghx{ orlv fEr� hw ~Er�1
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71619 Shvvlplvph/ dyhuvlrq srxu o*lqfhuwdlq hw dyhuvlrq srxu o*dp0

eljxòwì

Frpph qrxv o*dyrqv phqwlrqqì gdqv oh sdudjudskh 71515/ oh sureoëph gh od
gì�qlwlrq gh o*dyhuvlrq srxu o*lqfhuwdlq uhvwh hqwlhu/ od whuplqrorjlh hooh0píph
q*ìwdqw g*dloohxuv sdv �{ìh1 F*hvw srxutxrl qrxv qh idlvrqv txh grqqhu lfl ghv
gì�qlwlrqv whoohv tx*hoohv rqw ìwì sursrvìhv gdqv oh fdguh gh gl�ìuhqwv prgëohv1

� Xqh suhplëuh gì�qlwlrq gh o*dyhuvlrq srxu o*lqfhuwdlq/ sursrvìh sdu Vfkphlg0
ohu +4<;<,/ hvw od frqyh{lwì ghv suìiìuhqfhv1 Od frqyh{lwì ghv suìiìuhqfhv
hvw gì�qlh sdu = srxu wrxw [>\ ã ydohxu gdqv Of/ hw � 5 ^3> 4` [ q \ @,
�[ � +4 � �,\ ( \ 1 O*lqwxlwlrq ghuulëuh fhwwh gì�qlwlrq gh o*dyhuvlrq
srxu o*lqfhuwdlq hvw txh oh gìflghxu suìiëuh �olvvhu� vd glvwulexwlrq gh ul0
fkhvvh1 Fhw d{lrph shxw vh frqfhyrlu frpph h{sulpdqw gh od suìiìuhqfh
srxu od glyhuvl�fdwlrq = pl{hu ghx{ gìflvlrqv lqfhuwdlqhv/ lqgl�ìuhqwhv
hqwuh hoohv/ uìgxlw �o*dpeljxòwì� txl ohxu hvw dwwdfkìh hw hvw grqf suìiìuì
sdu oh gìflghxu1 Vfkphlgohu +4<;<, gìprqwuh doruv txh/ gdqv vrq prgëoh/
oruvtxh x hvw olqìdluh/ o*dyhuvlrq srxu o*lqfhuwlwxgh hvw ìtxlydohqwh ã od
frqyh{lwì gh od fdsdflwì1

� Zdnnhu +4<<3d, sduw gx prgëoh gh Vfkphlgohu +4<;<, hw gì�qlw od qr0
wlrq g*lqgìshqgdqfh shvvlplvwh5: hw o*d{lrph gx píph qrp = Srxu wrxw
[>\>] gh +f/ whov txh \ hw ] vrqw frprqrwrqhv hw � 5 ^3> 4`

[ ( \ @, �[ � +4� �,] ( �\ � +4� �,]

O*lqwxlwlrq vrxv0mdfhqwh hvw od vxlydqwh = ohv gìflvlrqv \ hw ] ìwdqw fr0
prqrwrqhv/ hoohv qh shxyhqw sdv íwuh xwlolvìhv ã ghv �qv gh frxyhuwxuh
o*xqh frqwuh o*dxwuh1 Hq uhydqfkh/ [ hw ] qh vrqw sdv qìfhvvdluhphqw
frprqrwrqhv +frpph hoohv o*ìwdlhqw gdqv o*d{lrph g*lqgìshqgdqfh fr0
prqrwrqh,/ hw shxyhqw grqf íwuh xwlolvìhv ã ghv �qv gh frxyhuwxuh1 Dlqvl/
od uìgxfwlrq gh o*lqfhuwlwxgh sdu oh skìqrpëqh gh frxyhuwxuh frqgxlw xq
shvvlplvwh ã �vxuìydoxhu� od gìflvlrq frpelqdqw [ hw ] sdu udssruw ã
fhooh frpelqdqw \ hw ]1 Hq dgrswdqw fhw d{lrph hw gdqv oh fdguh gx
prgëoh g*xwlolwì ã od Fkrtxhw/ Zdnnhu +4<<3d, uhwurxyh oh uìvxowdw gh
Vfkphlgohu +4<;<, hw prqwuh tx*xq gìflghxu d|dqw xqh irqfwlrq g*xwlolwì
x olqìdluh hvw shvvlplvwh +f*hvw0ã0gluh vdwlvidlw hq soxv ã o*d{lrph g*lqgì0
shqgdqfh shvvlplvwh, vl hw vhxohphqw vl lo d xqh fdsdflwì y frqyh{h1

� Hq vh sodêdqw g*hpeoìh gdqv oh prgëoh g*xwlolwì ã od Fkrtxhw/ Prqwhvdqr
hw Jlrydqqrql +4<<9, gì�qlvvhqw ghx{ qrwlrqv g*dyhuvlrq srxu o*lqfhuwl0
wxgh1 Gdqv fh fdguh/ xq gìflghxu fdudfwìulvì sdu x hw �/ d gh o*dyhuvlrq
srxu o*lqfhuwlwxgh v*lo h{lvwh xqh orl gh suredelolwì S whooh txh srxu wrxwh
gìflvlrq [ 5 =/ U

��
x+[,g� � H�x+[,1 Lov gìprqwuhqw txh fhwwh qrwlrq

g*dyhuvlrq srxu o*lqfhuwlwxgh hvw ìtxlydohqwh dx idlw txh od fdsdflwì d xq

5:Wudgxfwlrq olwwìudoh gh shvvlplvp0lqghshqghqfh1
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qr|dx qrq ylgh1 Od vhfrqgh qrwlrq tx*lov gì�qlvvhqw hvw fhooh g*dyhuvlrq
srxu xq dffurlvvhphqw gh o*lqfhuwlwxgh1 Fhwwh qrwlrq hvw ìtxlydohqwh ã od
frqyh{lwì gh od fdsdflwì1

� Fkdwhdxqhxi hw Wdoorq +4<<;, gì�qlvvhqw soxvlhxuv qrwlrqv gh suìiìuhqfh
srxu od glyhuvl�fdwlrq +yrlu ìjdohphqw Ghnho +4<;<,,1 Od suhplëuh v*dyëuh
íwuh ìtxlydohqwh ã od frqyh{lwì ghv suìiìuhqfhv1 Lov prqwuhqw txh fhwwh qr0
wlrq gh suìiìuhqfh srxu od glyhuvl�fdwlrq hvw ìtxlydohqwh/ srxu xq gìfl0
ghxu ã od Fkrtxhw/ ã od frqyh{lwì gh y hw ã od frqfdylwì gh x/ jìqìudolvdqw
hq fhod oh uìvxowdw gh Vfkphlgohu +4<;<,1 Od vhfrqgh qrwlrq hvw fhooh gh
suìiìuhqfh srxu od glyhuvl�fdwlrq fhuwdlqh = vl xqh frpelqdlvrq g*dfwhv/
lqgl�ìuhqwv hqwuh hx{/ grqqh xq dfwh fhuwdlq/ doruv fhw dfwh fhuwdlq hvw
suìiìuì ã wrxv ohv dfwhv lqlwldx{1 Lov prqwuhqw txh fhwwh qrwlrq lpsoltxh/
gdqv oh prgëoh g*xwlolwì ã od Fkrtxhw/ od qrq0ydfxlwì gx qr|dx gh od
fdsdflwì/ hw txh od uìflsurtxh hvw yudlh oruvtxh x hvw frqfdyh1

� Jkludugdwr hw Pdulqdffl +4<<:, sursrvhqw xqh gì�qlwlrq gh o*dyhuvlrq
srxu o*dpeljxòwì srxu xq gìflghxu d|dqw xqh irqfwlrqqhooh gh suìiìuhqfhv
g*xq w|sh grqqì/ Y 1 Ohxu gì�qlwlrq vh idlw hq ghx{ whpsv1 Lov grqqhqw
g*derug od gì�qlwlrq vxlydqwh = xq gìflghxu 4 d soxv g*dyhuvlrq srxu
o*dpeljxòwì tx*xq gìflghxu 5/ vl Y�+[, � Y2+[, srxu wrxw [ 5 = rü
Y� uhsuìvhqwh ohv suìiìuhqfhv gx gìflghxu l1 Gdqv xqh ghx{lëph ìwdsh/
xq gìflghxu hvw vxssrvì dyrlu gh o*dyhuvlrq srxu o*dpeljxòwì v*lo h{lvwh
xq gìflghxu vdwlvidlvdqw dx{ d{lrphv gx prgëoh g*hvsìudqfh g*xwlolwì txl
d prlqv g*dyhuvlrq srxu o*dpeljxòwì txh oxl5;1 Lov prqwuhqw doruv tx*xq
gìflghxu ã od Fkrtxhw d gh o*dyhuvlrq srxu o*dpeljxòwì vl hw vhxohphqw vl
oh qr|dx gh vd fdsdflwì hvw qrq ylgh1

� B gì�qlw od uhodwlrq tx*lo dsshooh soxv g*dyhuvlrq srxu o*lqfhuwdlq txh gh
od píph pdqlëuh txh Jkludugdwr hw Pdulqdffl +4<<:, gì�qlvvhqw �soxv
g*dyhuvlrq srxu o*dpeljxòwì txh�1 Hq uhydqfkh/ lo glw tx*xq gìflghxu d
gh o*dyhuvlrq srxu o*lqfhuwdlq v*lo h{lvwh xq gìflghxu �suredelolvwltxhphqw
vrsklvwltxì�5< +f*hvw0ã0gluh grqw oh frpsruwhphqw uìyëoh tx*lo dvvljqh xqh
xqltxh orl gh suredelolwì dx{ ìyëqhphqwv, txl dlw prlqv g*dyhuvlrq srxu
o*lqfhuwlwxgh txh oxl1

� Rq shxw dxvvl wurxyhu gdqv od olwwìudwxuh ohv gì�qlwlrqv g*dxwuhv qrwlrqv =
gh shvvlplvph +Duurz hw Kxuzlf} +4<:5,/ Frkhq/ Md�ud|/ hw Vdlg +4<;:,,/
g*dyhuvlrq srxu o*lqfhuwdlq +Fkdwhdxqhxi +4<<7,,/ g*dyhuvlrq srxu o*dp0
eljxòwì +Ilvkexuq +4<<6,,/ rx hqfruh gh suìiìuhqfh srxu od �udqgrplvd0
wlrq� +Hlfkehujhu hw Nhovh| +4<<9,,1

5;Srxu xqh gì�qlwlrq soxv uljrxuhxvh/ qrxv uhqyr|rqv oh ohfwhxu ã Jkludugdwr hw Pdulqdffl
+4<<:,1

5<Qrxv wudgxlvrqv dlqvl olwwìudohphqw oh whuph gh suredelolvwlfdoo| vrsklvwlfdwhg gx ã Pd0
fklqd hw Vfkphlgohu +4<<5,1 Fh whuph hvw xwlolvì srxu xq gìflghxu txl dvvljqh ghv suredelolwìv
remhfwlyhv rx vxemhfwlyhv ã wrxv ohv ìyëqhphqwv/ pdlv txl qh ohv wudlwh sdv qìfhvvdluhphqw gh
pdqlëuh olqìdluh1 Sdu h{hpsoh/ ghv gìflghxuv vdwlvidlvdqw dx{ d{lrphv gx prgëoh g*hvsìudqfh
g*xwlolwì rx g*xwlolwì gìshqgdqwh gx udqj vrqw suredelolvwlfdoo| vrsklvwlfdwhg1
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Uhpdutxh 43 Lo hvw lqwìuhvvdqw gh uhpdutxhu txh ohv frqwulexwlrqv phqwlrq0
qìhv fl0ghvvxv gl�ëuhqw dxvvl sdu ohxu wudlwhphqw gh o*dyhuvlrq srxu oh ulvtxh1
Dlqvl/ ohv gì�qlwlrqv uhsrvdqw vxu od frqyh{lwì ghv suìiìuhqfhv +Vfkphlgohu
+4<;<,/ Fkdwhdxqhxi hw Wdoorq +4<<;,, fdswxuhqw xqh dyhuvlrq �joredoh� ylv0
ã0ylv gh o*lqfhuwlwxgh tx*hooh vrlw suredelolvìh rx qrq1 Hq uhydqfkh/ srxu Jkl0
udugdwr hw Pdulqdffl +4<<:, od irqfwlrq x fdswxuh o*dyhuvlrq srxu oh ulvtxh/
wdqglv txh od fdsdflwì y fdswxuh o*dyhuvlrq srxu o*dpeljxòwì1 Lov shxyhqw dlqvl
prgìolvhu xq gìflghxu txl vhudlw qhxwuh ylv0ã0ylv gx ulvtxh +x olqìdluh, pdlv
txl dxudlw gh o*dyhuvlrq srxu o*dpeljxòwì +qr|dx qrq ylgh,1 Frkhq/ Md�ud|/ hw
Vdlg +4<;:, rqw yìul�ì ã o*dlgh gh whvwv h{sìulphqwdx{ o*lqgìshqgdqfh gh o*dw0
wlwxgh ghv vxmhwv ylv0ã0ylv gx ulvtxh hw gh ohxu dwwlwxgh ylv0ã0ylv gh o*dpeljxòwì1
Hq sduwlfxolhu/ xq gìflghxu shxw ã od irlv dyrlu gx jrþw srxu oh ulvtxh hw gx
shvvlplvph +rx o*dyhuvlrq srxu o*dpeljxòwì,1

717 Oh prgëoh pxowl0sulru

Qrxv derugrqv pdlqwhqdqw oh prgëoh �pd{0plq� gh Jloerd hw Vfkphlgohu
+4<;<,1 Gdqv fh prgëoh/ ohv djhqwv rqw xq hqvhpeoh gh orlv gh suredelolwì d
sulrul +hw qrq xqh vhxoh frpph gdqv oh fdguh Ed|ìvlhq, hw xwlolvhqw oh fulwëuh
gh pd{lplq srxu ìydoxhu ohv gìflvlrqv sdu udssruw ã fhw hqvhpeoh gh fur|dqfhv
lqlwldohv +pxowlsoh sulruv,1

71714 O*d{lrpdwltxh gx prgëoh

Jloerd hw Vfkphlgohu +4<;<, vh sodfhqw gdqv xq fdguh ã od Dqvfrpeh hw
Dxpdqq +4<96,/ rü o*hqvhpeoh ghv frqvìtxhqfhv hvw xq hqvhpeoh gh orlv ã
vxssruw �ql1 O*d{lrpdwltxh hvw doruv wuëv vlpsoh hw uhsrvh hvvhqwlhoohphqw vxu
ohv ghx{ d{lrphv vxlydqwv1 Oh suhplhu hvw o*d{lrph g*lqgìshqgdqfh fhuwdlqh =

D{lrph ; Srxu wrxw [>\ gh +f hw ] gìflvlrq frqvwdqwh gh +f/ srxu wrxw
� 5`3> 4^

[ " \ @, �[ � +4� �,] " �\ � +4� �,]

Fhw d{lrph hvw soxv idleoh txh o*d{lrph g*lqgìshqgdqfh kdelwxho hq fh tx*lo
qh v*dssoltxh txh oruvtx*rq udmrxwh xqh �frqvìtxhqfh frppxqh� txl hvw xq
dfwh frqvwdqw1 Fhw d{lrph hvw lpsoltxì sdu o*d{lrph g*lqgìshqgdqfh frprqr0
wrqh +d{lrph :,1 Oh vhfrqg d{lrph hvw fhoxl g*dyhuvlrq srxu o*lqfhuwlwxgh gìmã
uhqfrqwuì gdqv oh prgëoh gh Vfkphlgohu +4<;<, =

D{lrph < Srxu wrxw [>\ gh +f hw � 5`3> 4^

[ q \ @, �[ � +4� �,\ � [

Sursrvlwlrq 9 +Jloerd hw Vfkphlgohu +4<;<,, Vrxv o*d{lrph gh suìruguh wrwdo
+d{lrph 4,/ xq d{lrph gh prqrwrqlh/ xq d{lrph gh frqwlqxlwì hw ohv d{lrphv
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; hw </ lo h{lvwh xq hqvhpeoh gh phvxuh gh suredelolwì S/ ihupì hw frqyh{h/ hw
xqh irqfwlrq g*xwlolwì x = Of $ U whov txh =

[ ( \ +, plq
�M�

]
x+[,gS � plq

�M�

]
x+\ ,gS

Od irqfwlrq x hvw xqltxh ã xqh wudqvirupdwlrq d!qh suëv/ wdqglv txh o*hq0
vhpeoh S hvw xqltxh vrxv xq d{lrph vxssoìphqwdluh gh qrq0wulyldolwì1

O*lqwhusuìwdwlrq gh fhwwh uhsuìvhqwdwlrq hvw sduwlfxolëuhphqw vlpsoh1 Oh
gìflghxu djlw frpph v*lo dydlw xq hqvhpeoh gh fur|dqfhv d sulrul +dx olhx g*xqh
vhxoh frpph gdqv oh prgëoh g*hvsìudqfh g*xwlolwì,1 Srxu ìydoxhu o*xwlolwì g*xq
dfwh/ lo fdofxoh o*hvsìudqfh gh o*xwlolwì gh fhw dfwh srxu wrxwhv ohv suredelolwìv
tx*lo frqvlgëuh/ hw hq suhqg oh plqlpxp1 Fhwwh ghuqlëuh rsìudwlrq fruuhvsrqg
elhq ã xqh lgìh gh shvvlplvph rx g*dyhuvlrq srxu o*lqfhuwlwxgh1 Uhpdutxrqv
txh sdu frqvwuxfwlrq/ fh prgëoh qh shxw uhqguh frpswh txh gh frpsruwhphqwv
shvvlplvwhv hw sdv gh frpsruwhphqwv �rswlplvwhv� rx pl{whv1

71715 Prgëoh pxowl0sulru hw prgëoh g*xwlolwì ã od Fkrtxhw

Oh prgëoh pxowl0sulru hvw ìwurlwhphqw uholì dx prgëoh g*xwlolwì ã od Fkr0
txhw1 Juåfh ã fh prgëoh/ lo hvw srvvleoh g*lqwhusuìwhu od fdsdflwì gh Fkrtxhw
hq whuphv gh fur|dqfh1 Hq h�hw/ Vfkphlgohu +4<;9, d gìprqwuì o*ìtxlydohqfh
vxlydqwh =

y hvw frqyh{h+,
�

fruh+y, 9@ > hwU
��

x+[,gy @ plq�MSJoeE��
U
x+[,gS srxu wrxw [ 5 =

Oruvtxh od fdsdflwì gx gìflghxu hvw frqyh{h/ fhoxl0fl vh frpsruwh frpph xq
gìflghxu ã od pxowl0sulru grqw o*hqvhpeoh gh phvxuh gh suredelolwì hvw grqqì
sdu oh qr|dx gh od fdsdflwì1 Oh prgëoh pxowl0sulru shuphw gh grqqhu xq irq0
ghphqw �remhfwli� ã od fdsdflwì +vxemhfwlyh, gx prgëoh g*xwlolwì ã od Fkrtxhw >
fdsdflwì txl uhsuìvhqwh doruv o*hqyhorssh lqiìulhxuh gh od idplooh gh phvxuhv
gh suredelolwì gx prgëoh pxowl0sulru1 Wrxwhirlv/ lo frqylhqw gh qrwhu txh wrxw
hqvhpeoh ihupì hw frqyh{h gh orlv gh suredelolwì q*hvw sdv qìfhvvdluhphqw oh
qr|dx g*xqh fdsdflwì frqyh{h/ hw grqf txh oh prgëoh pxowl0sulru q*hvw sdv xq
fdv sduwlfxolhu gx fdv g*xwlolwì ã od Fkrtxhw dyhf fdsdflwì frqyh{h1 Sdu dloohxuv/
ohv frpsruwhphqwv gìfulwv sdu xqh lqwìjudoh gh Fkrtxhw sdu udssruw ã xqh fd0
sdflwì qrq frqyh{h qh shxyhqw sdv íwuh gìfulwv gdqv oh prgëoh pxowl0sulru1

Uhpdutxh 44 Oh frpsruwhphqw g*xq gìflghxu gh w|shpxowl0sulru shxw vhp0
eohu h{fhvvlyhphqw shvvlplvwh1 Md�ud| hw Sklolssh +4<<:, rqw prqwuì tx*lo ìwdlw
srvvleoh g*ìfuluh o*lqwìjudoh gh Fkrtxhw sdu udssruw ã xqh fdsdflwì y txho0
frqtxh frpph ìwdqw xqh frpelqdlvrq olqìdluh gh ghx{ whuphv/ o*xq ìwdqw xq
plqlpxp g*hvsìudqfh g*xwlolwì sdu udssruw ã xqh idplooh gh orlv gh sured0
elolwì +frpph gdqv oh prgëoh pxowl0sulru,/ o*dxwuh hq ìwdqw oh pd{lpxp/ od
srqgìudwlrq hqwuh ohv ghx{ uhsuìvhqwdqw xq lqglfh gh shvvlplvph1
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718 Txhotxhv revhuydwlrqv frpsoìphqwdluhv

71814 Lqirupdwlrq vxemhfwlyh yhuvxv lqirupdwlrq remhfwlyh

Ohv prgëohv gh gìflvlrq gdqv o*lqfhuwdlq txh qrxv dyrqv h{srvìv mxvtx*ã
suìvhqw vrqw wrxv vxemhfwliv/ hq fh vhqv txh o*lqirupdwlrq vxu ohv ìyìqhphqwv/
tx*hooh vrlw gh w|sh suredelolvwh rx qrq/ hvw uìyìoìh sdu ohv fkrl{ ghv gìfl0
ghxuv631 Gdqv fhwwh oljqìh/ Hsvwhlq hw ]kdqj +4<<;, grqqhqw xqh pdqlëuh d{lr0
pdwltxh gh glvfulplqhu hqwuh ohv ìyìqhphqwv �qrq0dpeljxv�/ f*hvw0ã0gluh vxu
ohvtxhov oh gìflghxu d xqh glvwulexwlrq gh suredelolwì/ hw ohv ìyìqhphqwv �dpel0
jxv�/ qrq0suredelolvdeohv1 Noledqr� +4<<;, txdqw ã oxl grqqh ghv d{lrphv gh
frpsruwhphqw txl uìyëohqw txh o*hvsdfh ghv ìwdwv gh od qdwxuh hvw oh surgxlw
g*xq hvsdfh suredelolvì hw g*xq hvsdfh qrq0suredelolvì1

Xq dxwuh w|sh gh prgìolvdwlrq hvw g*xwlolvhu gluhfwhphqw o*lqirupdwlrq re0
mhfwlyh grqw srxuudlw glvsrvhu oh gìflghxu1 Vdqv fkhufkhu ã íwuh h{kdxvwli/ qrxv
grqqrqv pdlqwhqdqw txhotxhv h{hpsohv gh fh w|sh gh prgëohv1

� Lo hvw xq fdv h{wuíph g*lqfhuwlwxgh/ txdol�ì g*lqfhuwdlq wrwdo/ txl vh fdudf0
wìulvh sdu o*devhqfh gh wrxwh lqirupdwlrq vxu ohv ìyìqhphqwv srxydqw vh
surgxluh hw txl vh wudgxlw sdu xq wudlwhphqw v|pìwultxh ghv ìyìqhphqwv
g*xqh sduwlwlrq1 Ohv fulwëuhv gh fkrl{ gdqv o*lqfhuwdlq wrwdo/ gdqv oh pr0
gëoh fodvvltxh gh Duurz hw Kxuzlf} +4<:5,/ v*h{sulphqw wuëv vlpsohphqw =
lov qh gìshqghqw txh ghv ydohxuv plqlpxp hw pd{lpxp ghv uìvxowdwv ghv
gìflvlrqv1 Lov rqw oh gìidxw g*dwwulexhu/ gdqv fhuwdlqv fdv/ xq h�hw qxo ã
od grplqdqfh f*hvw0ã0gluh gh mxjhu ìtxlydohqwv ghx{ dfwhv grqw o*xq dx0
udlw xq uìvxowdw vwulfwhphqw phloohxu srxu dx prlqv xq ìyìqhphqw hw xq
uìvxowdw dxvvl erq dloohxuv1 Frkhq hw Md�ud| +4<;3, sursrvhqw xqh d{lr0
pdwltxh txl uhpìglh ã fh sureoëph1 Od frpsdudlvrq gh ghx{ gìflvlrqv vh
idlw doruv vxu od edvh ghv ydohxuv h{wuíphv ghv uìvxowdwv/ hw/ hq fdv g*lq0
gl�ìuhqfh/ uhsrvh vxu xqh qrwlrq gh grplqdqfh1 Vrxv ohv d{lrphv tx*lov
lpsrvhqw od uhodwlrq g*lqgl�ìuhqfh shxw qh sdv íwuh sdv wudqvlwlyh641

� Md�ud| ++4<;<d, hw +4<;<e,, frqvwuxlw xq prgëoh gh frpsruwhphqw oruvtxh
o*lqirupdwlrq remhfwlyh hvw gx w|sh vxlydqw = srxu fkdtxh ìyìqhphqw rq
frqqdlw xq lqwhuydooh gdqv ohtxho shxw vh wurxyhu vd suredelolwì frpsulvh
hqwuh ghx{ ydohxuv +rq sduohud gh suredelolwì lpsuìflvh gdqv fh fdv,651 Oh
fulwëuh tx*lo gìulyh doruv hvw wuëv jìqìudo661 Lo xwlolvh ã od irlv xq lqglfh gh
shvvlplvph2rswlplvph hw xq lqglfh g*dyhuvlrq srxu oh ulvtxh1 Fh prgëoh
dgphw srxu fdv sduwlfxolhuv oh fulwëuh g*hvsìudqfh g*xwlolwì oruvtxh o*lqiru0
pdwlrq hvw suìflvh/ f*hvw0ã0gluh oruvtx*rq hvw gdqv oh ulvtxh/ hw oh fulwëuh

63Hq sduwlfxolhu/ ohv fur|dqfhv gh ghx{ gìflghxuv gl�ìuhqwv shxyhqw íwuh udglfdohphqw gli0
iìuhqwhv1

64Od uhodwlrq vwulfwh dvvrflìh/ hooh/ o*hvw wrxmrxuv1
65Fh w|sh g*lqirupdwlrq shxw qrwdpphqw íwuh jìqìuìh sdu o*h{sorlwdwlrq g*hqtxíwhv lqfrp0

soëwhv rx frpsuhqdqw ghv grqqìhv pdqtxdqwhv1
66Jkludugdwr +4<<7e, uhwurxyh xq fulwëuh vlplodluh dx pr|hq g*xqh d{lrpdwltxh gl�ìuhqwh1

Yrlu ìjdohphqw Khqgrq/ Mdfrevhq/ Vorwk/ hw Wudqdhv +4<<7,1
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g*Duurz hw Kxuzlf} +4<:5, gdqv oh fdv rü o*lqwhuydooh gh suredelolwì hvw
^3> 4`/ f*hvw0ã0gluh oruvtx*rq hvw gdqv o*lqfhuwdlq wrwdo1

71815 Frkìuhqfh g|qdpltxh

Qrxv qrxv vrpphv mxvtx*ã suìvhqw frqfhqwuìv h{foxvlyhphqw vxu ghv pr0
gëohv gh gìflvlrq vwdwltxh1 Gdqv xq frqwh{wh g|qdpltxh/ xqh qrxyhooh lqiru0
pdwlrq vxu o*ìwdw gh od qdwxuh hvw uìyìoìh dx frxuv gx whpsv/ hw oh gìflghxu
d doruv od srvvlelolwì g*dmxvwhu vd gìflvlrq hq irqfwlrq gh o*lqirupdwlrq uhêxh1
Oh prgëoh g*hvsìudqfh g*xwlolwì srvvëgh od sursulìwì uhpdutxdeoh gh frkìuhqfh
g|qdpltxh1 Fhwwh sursulìwì shxw v*h{sulphu gh od pdqlëuh vxlydqwh = xq gìfl0
ghxu/ sodfì gdqv xqh vlwxdwlrq gh fkrl{ g|qdpltxh/ ìoderuh ghv sodqv vxu vd
vìtxhqfh gh fkrl{ hw vh wlhqw ã vhv sodqv dx ixu hw ã phvxuh tx*lo uhêrlw gh
o*lqirupdwlrq1

Dxwuhphqw glw/ lo uìdolvh vhv lqwhqwlrqv1 Rq shxw gìprqwuhu67 txh wrxwh
ylrodwlrq gh o*d{lrph g*lqgìshqgdqfh frqgxlw ã xqh ylrodwlrq gh od frkìuhqfh
g|qdpltxh1 Oruvtxh o*rq d�dleolw o*d{lrph g*lqgìshqgdqfh/ ohv sureoëphv gh
frkìuhqfh g|qdpltxh hw ohv vroxwlrqv dssruwìhv rqw idlw o*remhw gh uhfkhufkhv
wurs qrpeuhxvhv srxu srxyrlu íwuh glvfxwìhv lfl1 +Yrlu sdu h{hpsoh PfFohqqhq
+4<;;,/ Pdfklqd +4<;<,/ Nduql hw Vdiud +4<<3, Nduql hw Vfkphlgohu +4<<4d,/
Hsvwhlq hw OhEuhwrq +4<<6,/ Erughu hw Vhjdo +4<<7,/ Yhujqdxg +4<<7,/ Md�ud|
+4<<;,,1

Fhv sureoëphv vrqw ìjdohphqw olìv dx{ sureoëphv gh ydohxu gh o*lqirupd0
wlrq/ gh uìylvlrq ghv fur|dqfhv hw gh Gxwfk errn +yrlu sdu h{hpsoh Zdnnhu
+4<;;,/ Nhovh| +4<<8,/ Grz hw Zhuodqj +4<<7d,/ Md�ud| +4<<5,/ Fkdvvdjqrq
hw Yhujqdxg +4<<<,,1

8 Dssolfdwlrqv

Ohv dssolfdwlrqv ìfrqrpltxhv ghv prgëohv gh gìflvlrq h{srvìv fl0ghvvxv
vrqw wurs qrpeuhxvhv hw glyhuvhv srxu srxyrlu íwuh wrxwhv ìyrtxìhv lfl1 Vdqv
yrxorlu íwuh h{kdxvwliv/ qrxv dyrqv fhshqgdqw fkhufkì ã grqqhu vx!vdpphqw
gh uìiìuhqfhv ã fhwwh olwwìudwxuh qdlvvdqwh1 Gdqv ohv h{hpsohv fkrlvlv/ rq wurx0
yhud dxvvl elhq ghv uìvxowdwv txl vh uìyëohqw urexvwhv txho txh vrlw oh prgëoh
gh uhsuìvhqwdwlrq ghv suìiìuhqfhv dgrswì/ txh ghv uìvxowdwv txl v*h{soltxhqw ã
o*dlgh ghv prgëohv qrq dgglwliv hw qrq gdqv oh prgëoh g*hvsìudqfh g*xwlolwì

814 Qrwlrqv g*dffurlvvhphqwv gh ulvtxh

Qrxv dyrqv yx txh oh prgëoh g*xwlolwì gìshqgdqwh gx udqj dydlw/ hqwuh
dxwuh/ vxvflwì xq lqwìuíw qrxyhdx srxu ohv qrwlrqv g*dffurlvvhphqwv gh ulvtxh1
Xqh frqvìtxhqfh gh fhw lqwìuíw d ìwì od gìprqvwudwlrq gdqv ghv fdguhv gh soxv

67Vrxv ghv k|srwkëvhv gh vìsdudelolwì +rx frqvìtxhqwldolvph/ Kdpprqg +4<;;, hw +4<;<,,
hw gh uìgxfwlrq ghv orwhulhv frpsrvìhv1
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hq soxv jìqìudx{ gh uìvxowdwv txh o*rq vdydlw ydodeohv gdqv oh fdguh uhvwulfwli gh
o*hvsìudqfh g*xwlolwì1 Srxu looxvwuhu fhfl/ suhqrqv oh fdv gx frqwudw g*dvvxudqfh
rswlpdo1 Duurz +4<98, d gìprqwuì gdqv oh prgëoh g*hvsìudqfh g*xwlolwì txh/
srxu xqh sulph grqqìh/ oh frqwudw rswlpdo/ srxu xq djhqw d|dqw gh o*dyhuvlrq
srxu oh ulvtxh/ hvw xq frqwudw gh sohlqh dvvxudqfh dx0ghoã g*xqh iudqfklvh1
Jroolhu hw Vfkohvlqjhu +4<<9, rqw jìqìudolvì fh uìvxowdw hq prqwudqw txh fh
uìvxowdw ghphxudlw ydodeoh txho txh vrlw oh prgëoh xwlolvì/ oruvtxh o*djhqw d gh
o*dyhuvlrq iruwh srxu oh ulvtxh1 Doodqw soxv orlq hqfruh/ Yhujqdxg +4<<:, prqwuh
tx*xqh qrwlrq soxv idleoh g*dyhuvlrq srxu oh ulvtxh hvw hq idlw vx!vdqwh srxu
rewhqlu fh uìvxowdw1

Od uì h{lrq vxu ohv gl�ìuhqwhv qrwlrqv g*dyhuvlrq srxu oh ulvtxh d ìjdohphqw
shuplv ghv dydqfìhv gdqv g*dxwuhv grpdlqhv gh o*dqdo|vh ìfrqrpltxh/ frpph
od phvxuh ghv lqìjdolwìv1 Hq h�hw/ lo h{lvwh ghv dqdorjlhv hqwuh xqh glvwulexwlrq
gh suredelolwì hw xqh glvwulexwlrq gh uhyhqxv/ hqwuh xq dffurlvvhphqw gh ulvtxh
hw xq dffurlvvhphqw ghv lqìjdolwìv/ hw hq�q hqwuh xqh ìydoxdwlrq g*xqh glvwul0
exwlrq gh suredelolwì hw xqh irqfwlrq gh elhq0íwuh vrfldo1 Lo hvw doruv fodlu txh
wrxv ohv prgëohv jìqìudolvdqw o*hvsìudqfh g*xwlolwì rqw ohxu shqgdqw hq wkìrulh
gx fkrl{ vrfldo1 Sdu h{hpsoh/ ohv gl�ìuhqwhv qrwlrqv g*dyhuvlrq srxu oh ulvtxh
wurxyhqw xqh frqwuhsduwlh gdqv ghv qrwlrqv g*dyhuvlrq srxu ohv lqìjdolwìv/ srx0
ydqw gl�ìuhu gh o*ruguh gh Oruhq} kdelwxhoohphqw frqvlgìuì1 Ohv frqwulexwlrqv
gh \ddul +4<;;,/ Hehuw +4<;;,/ Ehq Srudwk hw Jloerd +4<<7,/ Fkdwhdxqhxi
+4<<9, sdu h{hpsoh vrqw gluhfwhphqw lvvxhv gh o*ìwxgh ghv prgëohv jìqìudol0
vdqw fhoxl g*hvsìudqfh g*xwlolwì +srxu xq h{srvì gh fhwwh olwwìudwxuh/ yrlu Jdmgrv
+4<<<, hw Frzhoo +4<<;,,1

815 Sul{ g*dfwli

Fhuwdlqv uìvxowdwv frqwuh0lqwxlwliv gx prgëoh g*hvsìudqfh g*xwlolwì rqw sx
íwuh h{soltxìv juåfh ã o*dssruw ghv prgëohv g*xwlolwì gìshqgdqwh gx udqj hw
g*xwlolwì ã od Fkrtxhw1 Qrxv h{srvrqv lfl fhuwdlqv uìvxowdwv txl rqw hq frppxq
gh uhsrvhu vxu o*xwlolvdwlrq gx �frxgh� lqwurgxlw vxu od suhplëuh elvvhfwulfh
ghv frxuehv g*lqgl�ìuhqfh gdqv ohv prgëohv g*xwlolwì gìshqgdqwh gx udqj rx
g*xwlolwì ã od Fkrtxhw +yrlu oh judskltxh 5,1 Xqh suhplëuh frqwulexwlrq hvw fhooh
gh Grz hw Zhuodqj +4<<5e,1 Fhv dxwhxuv frqvlgëuhqw oh sureoëph vxlydqw1 Vrlw
xq dfwli [ grqw oh sdlhphqw hvw lqfhuwdlq/ hw txl shxw udssruwhu xq prqwdqw
ìohyì { gdqv o*ìwdw v� rx idleoh { gdqv o*ìwdw v2 +dyhf { A {,1

Duurz +4<98, d gìprqwuì txh/ gdqv oh prgëoh g*hvsìudqfh g*xwlolwì/ lo
q*h{lvwh tx*xq vhxo sul{ dxtxho xq djhqw gìflgh gh qh sdv yhqguh rx dfkh0
whu fhw dfwli1 Grz hw Zhuodqj +4<<5e, srxu ohxu sduw phwwhqw hq fdxvh fh
uìvxowdw gdqv oh prgëoh g*xwlolwì ã od Fkrtxhw/ hq prqwudqw tx*lo h{lvwh wrxw
xq lqwhuydooh gh sul{ who txh o*djhqw qh gìvluh gìwhqlu dxfxqh srvlwlrq gdqv fhw
dfwli/ f*hvw0ã0gluh qh gìvluh ql o*dfkhwhu ql oh yhqguh1

O*lqwxlwlrq g*xq who uìvxowdw hvw vlpsoh hw uhsrvh vxu o*lqìjdolwì
U
��

[gy �
3 � � U

��
+�[,gy +yrlu uhpdutxh <,1 Frqvlgìurqv hq h�hw xq djhqw/ fdudfwìulvì
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sdu xqh irqfwlrq g*xwlolwì gdqv oh fhuwdlq x+{, @ { hw xqh fdsdflwì y whooh txh
y+v�, . y+v2, ? 4/ hw d|dqw xqh ulfkhvvh grqqìh +qrq doìdwrluh, txl hqylvdjh
g*dfkhwhu rx gh yhqguh o*dfwli lqfhuwdlq [1 Txho hvw oh jdlq hvsìuì ã dfkhwhu
o*dfwli B Xq fdofxo vlpsoh prqwuh txh fh jdlq hvsìuì +dx vhqv gh Fkrtxhw, hvw
ìjdo ã { . y+v�,+{� {, @ y+v�,{ . +4 � y+v�,,{1 Yhqguh o*dfwli fruuhvsrqg
ã o*rsìudwlrq dfkhwhu o*dfwli udssruwdqw �{ gdqv o*ìwdw v� hw �{ gdqv o*ìwdw
v21 Hq uhpdutxdqw txh �{ ? �{/ oh jdlq hvsìuì g*xqh whooh yhqwh hvw ìjdo ã
�{. y+v2,+�{ � +�{,, @ �++4 � y+v2,,{. y+v2,{,1 Dlqvl/ srxu txh o*djhqw
vrxkdlwh dfkhwhu o*dfwli/ vrq sul{ grlw íwuh lqiìulhxu ã s @ y+v�,{.+4�y+v�,,{/
wdqglv tx*lo qh gìvluh yhqguh o*dfwli txh vl oh sul{ hvw vxsìulhxu ã s @ +4 �
y+v2,,{. y+v2,{1 Xq fdofxo vlpsoh prqwuh txh s ? s gëv oruv txh y+v�,.y+v2, ?
41 Dlqvl/ oh vwdwx txr hvw suìiìuì ã od irlv ã od yhqwh hw ã o*dfkdw gh o*dfwli1

Judskltxhphqw/ uhsuìvhqwrqv fhwwh vlwxdwlrq gdqv oh sodq +{�> {2, rü {� hvw
od frqvrppdwlrq gh o*djhqw gdqv o*ìwdw v� hw {2 fhooh gdqv o*ìwdw v21 Od srvlwlrq
lqlwldoh gh o*djhqw hvw fhuwdlqh hw vh vlwxh grqf vxu od suhplëuh elvvhfwulfh/ hq
xq frxgh gh o*xqh gh vhv frxuehv g*lqgl�ìuhqfh1 Vl o*rq wudfh doruv od gurlwh
exgjìwdluh gh fhw djhqw/ rq yrlw txh oh srlqw gh grwdwlrq lqlwldoh hvw od vroxwlrq
gx sureoëph g*rswlplvdwlrq srxu wrxw xq lqwhuydooh gh sul{ +fruuhvsrqgdqw
dx{ shqwhv ghv gurlwhv exgjìwdluhv srvvleohv,/ frpph o*looxvwuh oh judskltxh
51 O*lqwxlwlrq ghuulëuh fh judskltxh vh uhwurxyh gdqv xqh vìulh g*duwlfohv txl

Ilj1 5=

�

!

{5

{4

a
a
a
a
a
a
a
a
a
a
a
a
a
a
aa

72
2
2
27

�����

��
�

2
2
2
2
2

%
%%

%
%%

dqdo|vhqw ghv prgëohv gh sul{ g*dfwliv gdqv ohvtxhov ohv djhqwv vdwlvirqw dx{
d{lrphv gx prgëoh g*xwlolwì gìshqgdqwh gx udqj +hw rqw gh o*dyhuvlrq srxu oh
ulvtxh gh suhplhu ruguh dx vhqv gh Vhjdo hw Vslydn +4<<3,, rx g*xwlolwì ã od
Fkrtxhw +yrlu Grz hw Zhuodqj +4<<5d,/ Gdqd +4<<;,/ Wdoorq +4<<:e,/ Hsvwhlq
hw Zdqj +4<<7,,1 Fhv prgëohv h{klehqw xqh lqgìwhuplqdwlrq srvvleoh ghv sul{
g*dfwliv/ hw frqwulexhqw ã h{soltxhu od yrodwlolwì h{fhvvlyh gx sul{ ghv dfwliv txh
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o*rq revhuyh vxu ohv pdufkìv1
Fkdwhdxqhxi/ Ndvw/ hw Odslhg +4<<9, hw Ndvw hw Odslhg +4<<8, xwlolvhqw

o*lqwìjudoh gh Fkrtxhw gdqv xq exw g*ìydoxdwlrq gx sul{ g*dfwliv �qdqflhuv
sdu duelwudjh/ fhwwh pìwkrgh frpsoìwdqw od pìwkrgh g*ìydoxdwlrq olqìdluh kd0
elwxhooh1 Erx|vvrx hw Ohiroo +4<<:, srxu ohxu sduw uhwurxyhqw ghv frqfoxvlrqv
vlplodluhv ã fhooh gx prgëoh g*ìydoxdwlrq ghv dfwliv �qdqflhuv +PHGDI, oruvtxh
ohv djhqwv rqw gh o*dyhuvlrq iruwh srxu oh ulvtxh pdlv qh vh frqiruphqw sdv qì0
fhvvdluhphqw dx prgëoh g*hvsìudqfh g*xwlolwì1

O*lqwxlwlrq gìyhorssìh gdqv oh prgëoh gh Grz hw Zhuodqj +4<<5e, dlgh
ìjdohphqw ã frpsuhqguh fhuwdlqv uìvxowdwv rewhqxv gdqv ghv prgëohv g*dvvx0
udqfh dyhf ghv djhqwv grqw ohv suìiìuhqfhv vrqw uhsuìvhqwdeohv sdu xqh irqfwlrq
g*xwlolwì gìshqgdqwh gx udqj/ sdu h{hpsoh txh ohv djhqwv shxyhqw gìvluhu v*dv0
vxuhu sohlqhphqw píph vl od sulph tx*lov grlyhqw sd|hu q*hvw sdv dfwxdulhooh
+Nduql +4<<5,/ Grkhuw| hw Hhfnkrxgw +4<<8,/ Gxsxlv hw Odqjodlv +4<<:,,1

816 Sduwdjh gx ulvtxh

Ohv sureoëphv gh sduwdjh gx ulvtxh rqw ìwì ìwhqgxv ã ghv prgëohv soxv
jìqìudx{ txh oh prgëoh g*hvsìudqfh g*xwlolwì1 Oh uìvxowdw fodvvltxh gh sduwdjh
gx ulvtxh oruvtxh ohv djhqwv vh frqiruphqw dx prgëoh gh o*hvsìudqfh g*xwlolwì
hw vrqw dgyhuvdluhv gx ulvtxh/ hvw txh ohv doorfdwlrqv Sduhwr rswlpdohv vrqw
frprqrwrqhv/ yìul�dqw dlqvl xq sulqflsh gh pxwxdolwì +yrlu Erufk +4<95,,1

Gdqv oh ulvtxh/ Odqgvehujhu hw Phlolmvrq +4<<7, jìqìudolvhqw fh uìvxowdw hw
prqwuhqw/ lqgìshqgdpphqw gh wrxw prgëoh gh uhsuìvhqwdwlrq ghv suìiìuhqfhv/
txh vl wrxv ohv djhqwv rqw gh o*dyhuvlrq iruwh srxu oh ulvtxh/ doruv ohv doorfdwlrqv
Sduhwr rswlpdohv vrqw frprqrwrqhv1

Gdqv xq hqylurqqhphqw lqfhuwdlq/ Fkdwhdxqhxi/ Gdqd/ hw Wdoorq +4<<:,
ìwxglhqw oh sduwdjh rswlpdo gx ulvtxh gdqv xqh ìfrqrplh rü ohv djhqwv pd{l0
plvhqw xqh xwlolwì ã od Fkrtxhw dyhf xqh píph fdsdflwì frqyh{h hw prqwuhqw
txh ohv doorfdwlrqv rswlpdohv vrqw gdqv fh fdv frprqrwrqhv1 Dlqvl/ oh sulqflsh
gh pxwxdolwì hvw ìjdohphqw yìul�ì gdqv fh w|sh g*ìfrqrplh1 Oh judskltxh 6
looxvwuh fhwwh sursulìwì gdqv xq fdguh dyhf ghx{ djhqwv +4 hw 5, hw ghx{ ìwdwv
gh od qdwxuh +v� hw v2,1 Vxu fh judskltxh/ {�+v, uhsuìvhqwh od frqvrppdwlrq
gh o*djhqw k gdqv o*ìwdw v1 Od vlwxdwlrq uhsuìvhqwìh hvw xqh vlwxdwlrq gdqv od0
txhooh ohv grwdwlrqv gh elhq vrqw vxsìulhxuhv gdqv o*ìwdw v21 Od frxueh hq judv
uhsuìvhqwh o*hqvhpeoh ghv rswlpd gh Sduhwr/ wdqglv txh ohv ghpl0wdqjhqwhv uh0
suìvhqwhqw ohv �wdx{ pdujlqdx{ gh vxevwlwxwlrq� ghv djhqwv oh orqj gh od gurlwh
gh fhuwlwxgh +f*hvw0ã0gluh od suhplëuh elvvhfwulfh/ rü od frqvrppdwlrq gdqv ohv
ghx{ ìwdwv hvw od píph,1

Od frxueh ghv rswlpd gh Sduhwr vh vlwxh gdqv od }rqh gh frprqrwrqlh/ ã
vdyrlu od }rqh gdqv odtxhooh ohv frqvrppdwlrqv ghv djhqwv vrqw rugrqqìhv gh
od píph pdqlëuh txh ohv grwdwlrqv djuìjìhv +ohv djhqwv frqvrpphqw wrxv ohv
ghx{ soxv gdqv o*ìwdw v2 rü lo | d soxv gh uhvvrxufhv,1
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Gdqv xq hqylurqqhphqw vdqv ulvtxh djuìjì +ohv grwdwlrqv djuìjìhv vrqw
ohv píphv gdqv wrxv ohv ìwdwv,/ Wdoorq +4<<:d, hw +4<<;e, prqwuh txh ohv do0
orfdwlrqv Sduhwr rswlpdohv vrqw ohv doorfdwlrqv g*dvvxudqfh sduidlwh +fkdtxh
djhqw d|dqw od píph frqvrppdwlrq gdqv fkdtxh ìwdw, oruvtxh o*lqwhuvhfwlrq ghv
qr|dx{ ghv gl�ìuhqwhv fdsdflwìv +vxssrvìhv frqyh{hv, ghv djhqwv hvw qrq0ylgh1
Eloorw/ Fkdwhdxqhxi/ Jloerd/ hw Wdoorq +4<<;, vh sodfhqw gdqv oh prgëoh pxowl0
sulru hw prqwuhqw/ gdqv xq fdguh vlplodluh +f*hvw0ã0gluh vdqv ulvtxh djuìjì,/
txh ohv doorfdwlrqv Sduhwr rswlpdohv vrqw ohv doorfdwlrqv gh sohlqh dvvxudqfh
vl hw vhxohphqw vl ohv hqvhpeohv gh fur|dqfhv ghv djhqwv rqw xqh lqwhuvhfwlrq
qrq0ylgh1 Dlqvl/ o*h{lvwhqfh g*xqh fur|dqfh frppxqh hvw qìfhvvdluh hw vx!0
vdqwh srxu txh ohv djhqwv qh sdulhqw sdv ã o*rswlpxp1 Hq g*dxwuhv whuphv/ ohv
vlwxdwlrqv Sduhwr rswlpdohv vrqw fhoohv srxu ohvtxhoohv dxfxqh vrxufh g*doìd
vxssoìphqwdluh +who txh ghv sdulv, q*hvw lqwurgxlwh1

Fh uìvxowdw jìqìudolvh dlqvl oh uìvxowdw fodvvltxh hq hvsìudqfh g*xwlolwì vh0
orq ohtxho ohv doorfdwlrqv gh sohlqh dvvxudqfh vrqw Sduhwr rswlpdohv vl hw vl
vhxohphqw vl ohv djhqwv rqw píphv fur|dqfhv1

Hq uhydqfkh/ Pxnhuml hw Wdoorq +4<<<, prqwuhqw txh oh sduwdjh gx ulvtxh ã
o*ìtxloleuh shxw íwuh vhqvleohphqw prgl�ì vhorq txh ohv suìiìuhqfhv ghv djhqwv
vrqw uhsuìvhqwìhv sdu xqh hvsìudqfh g*xwlolwì rx sdu xqh xwlolwì ã od Fkrtxhw1
Soxv suìflvìphqw/ lov gìyhorsshqw xq prgëoh gdqv ohtxho oh sduwdjh gx ulvtxh
grlw v*rsìuhu sdu ghv ìfkdqjhv g*dfwliv/ grqw ohv sdlhphqwv rqw xqh frpsr0
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vdqwh lglrv|qfudwltxh/ qrq fruuìoìh dx ulvtxh uìho ã sduwdjhu1 Vl ohv fur|dqfhv
ghv djhqwv vxu fhwwh frpsrvdqwh lglrv|qfudwltxh vrqw uhsuìvhqwdeohv sdu xqh
suredelolwì/ doruv xq dujxphqw xvxho gh glyhuvl�fdwlrq lpsoltxh txh o*ìtxloleuh
rewhqx hvw Sduhwr rswlpdo hw fruuhvsrqg ã o*ìtxloleuh gh pdufkìv frpsohwv1
Hq uhydqfkh/ v*lo h{lvwh xqh dpeljxòwì vxu fhwwh frpsrvdqwh hw txh ohv djhqwv
rqw xqh fdsdflwì +vwulfwhphqw, frqyh{h/ lo shxw vh wurxyhu txh o*ìtxloleuh vrlw
fdudfwìulvì sdu xqh devhqfh wrwdoh g*ìfkdqjh g*dfwliv hw grqf sdu xq sduwdjh
gx ulvtxh vrxv0rswlpdo1

817 Dv|pìwulhv g*lqirupdwlrq

Qrxv frqvlgìurqv pdlqwhqdqw o*dssolfdwlrq ghv prgëohv qrq dgglwliv hq
suìvhqfh g*dv|pìwulh g*lqirupdwlrq1 Jkludugdwr +4<<7d, uhfrqvlgëuh dlqvl oh
prgëoh xvxho sulqflsdo0djhqw hq suìvhqfh g*doìd prudo hw prqwuh txh o*h{lv0
whqfh g*xqh vroxwlrq q*hvw sdv d�hfwìh oruvtxh ohv djhqwv vh frqiruphqw dx
prgëoh g*xwlolwì ã od Fkrtxhw1 Lo gìyhorssh hqvxlwh ghv h{huflfhv gh vwdwltxh
frpsdudwlyh hq idlvdqw ydulhu oh �ghjuì gh qrq0dgglwlylwì� gh od fdsdflwì1

Pxnhuml +4<<;, srxu vd sduw uhfrqvlgëuh oh prgëoh gh o*lqyhvwphqw krog xs68

dyhf doìd prudo/ oruvtxh ohv fur|dqfhv gh o*lqyhvwlvvhxu vrqw qrq dgglwlyhv1 Lo
prqwuh txh/ frqwudluhphqw dx uìvxowdw rewhqx hq hvsìudqfh g*xwlolwì/ rü xq
frqwudw lqfrpsohw q*hvw mdpdlv rswlpdo/ o*dyhuvlrq srxu o*dpeljxòwì shxw mxv0
wl�hu txh oh frqwudw sdvvì hqwuh o*lqyhvwlvvhxu hw o*hqwuhsuhqhxu vrlw xq frqwudw
lqfrpsohw1

Oh prgëoh g*xwlolwì gìshqgdqwh gx udqj/ hq phwwdqw o*dffhqw vxu oh idlw
txh ohv djhqwv shxyhqw wudqviruphu xqh orl gh suredelolwì remhfwlyh gh pdqlëuh
gl�ìuhqwh d ìjdohphqw frqgxlw fhuwdlqv dxwhxuv ã uììydoxhu ohv uìvxowdwv vwdq0
gdugv gx sduwdjh gh ulvtxh hq suìvhqfh g*dqwl0vìohfwlrq rx g*doìd prudo1 Hq
h�hw/ fhv uìvxowdwv vrqw rewhqxv gdqv oh fdv rü ã od irlv o*djhqw hw oh sulqflsdo vh
frqiruphqw dx prgëoh g*hvsìudqfh g*xwlolwì hw rqw ghv fur|dqfhv lghqwltxhv1 Mh0
ohyd hw Yloohqhxyh +4<<9,/ Odqjodlv +4<<;, mxvwl�hqw o*ìwxgh gh prgëohv g*dqwl0
vìohfwlrq gdqv ohvtxhov ohv djhqwv q*rqw sdv ohv píphv fur|dqfhv suìflvìphqw
sdu ghv irqfwlrqv gh wudqvirupdwlrq gh suredelolwì gl�ìuhqwhv +yrlu Vfkplgw
+4<<;, srxu oh fdv gx ulvtxh prudo,1 Ohv uìvxowdwv rewhqxv/ ã od irlv txdqw ã od
iruph gx frqwudw rswlpdo hw txdqw dx w|sh g*ìtxloleuh +pìodqjhdqw rx qrq,/
gl�ëuhqw vhqvleohphqw gx fdv xvxho1

Gh pdqlëuh soxv devwudlwh/ Kdohy| +4<<;, hw Pd +4<<;, ìwxglhqw od urexv0
whvvh gx qr0wudgh wkhruhp/ gìprqwuì sdu Plojurp hw Vwrnh| +4<;5, gdqv oh
fdguh gx prgëoh g*hvsìudqfh g*xwlolwì/ oruvtxh fhwwh ghuqlëuh k|srwkëvh hvw oh0
yìh1 Gdqv xqh ìfrqrplh g*ìfkdqjh gdqv odtxhooh o*lqirupdwlrq hvw dv|pìwultxh/
fh wkìruëph ìwdeolw oh sulqflsh vxlydqw1 Vrlw xqh doorfdwlrq lqlwldoh/ h{0dqwh Sd0
uhwr rswlpdoh1 Lpdjlqrqv txh ohv djhqwv uhêrlyhqw/ gh pdqlëuh lqglylgxhooh/ xqh
lqirupdwlrq sulyìh +xq vljqdo, vxu o*ìwdw gx prqgh uìdolvì1 Doruv/ vl od vwuxfwxuh
gx prgëoh hw od udwlrqdolwì ghv djhqwv vrqw frqqdlvvdqfh frppxqh/ o*doorfdwlrq

68Yrlu sdu h{hpsoh Wluroh +4<;;,1
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lqlwldoh uhvwh lqwhulp Sduhwr rswlpdoh/ f*hvw0ã0gluh tx*lo q*h{lvwh sdv g*ìfkdqjhv
pxwxhoohphqw eìqì�txhv srxu wrxv ohv djhqwv/ xqh irlv o*lqirupdwlrq uìyìoìh1
Kdohy| +4<<;, hw Pd +4<<;, rqw prqwuì txh oh sulqflsh gh od fkrvh vþuh q*ìwdlw
sdv qìfhvvdluh srxu gìprqwuhu fh wkìruëph gdqv xq fdguh soxv jìqìudo/ pdlv
txh/ hq uhydqfkh/ od frkìuhqfh g|qdpltxh hvw hvvhqwlhooh1

Hq�q/ gdqv xq prgëoh g*ìtxloleuh jìqìudo dyhf lqirupdwlrq dv|pìwultxh/
Wdoorq +4<<;d, prqwuh ã o*dlgh g*xq h{hpsoh txh od uìyìodwlrq gh o*lqirupd0
wlrq sulyìh sdu oh v|vwëph gh sul{ g*ìtxloleuh qh frqgxlw sdv qìfhvvdluhphqw
ohv djhqwv/ +oruvtx*lov qh vrqw sdv pd{lplvdwhxu g*xqh hvsìudqfh g*xwlolwì, ã
ljqruhu ohxu vrxufh g*lqirupdwlrq sulyìh/ vl fhooh0fl ohxu vhpeoh soxv �deoh txh
oh pìfdqlvph gh sul{1

818 Wkìrulh ghv mhx{

Oh ghuqlhu grpdlqh txh qrxv derugrqv lfl hvw od wkìrulh ghv mhx{1 Oh srlqw
gh gìsduw hvw tx*ã xq ìtxloleuh gh Qdvk +hq vwudwìjlhv sxuhv rx pl{whv,/ xq
mrxhxu shxw dyrlu gh o*dpeljxòwì/ f*hvw0ã0gluh qh sdv íwuh �fhuwdlq� ghv suredel0
olwìv dyhf ohvtxhoohv vhv rssrvdqwv mrxhqw ohv gl�ìuhqwhv vwudwìjlhv1 O*lqfhuwlwxgh
hvw lfl jìqìuìh gh pdqlëuh hqgrjëqh1

Grz hw Zhuodqj +4<<7e,/ Hlfkehujhu hw Nhovh| +4<<;,/ Or +4<<9,/ Pdul0
qdffl +4<<9,/ Noledqr� +4<<9, rqw gìyhorssì ghv frqfhswv g*ìtxloleuh gh Qdvk
gdqv ghv prgëohv rü ohv mrxhxuv pdqlihvwhqw xqh fhuwdlqh dyhuvlrq srxu o*lq0
fhuwlwxgh/ hw rqw ghv fur|dqfhv vxu ohv vwudwìjlhv ghv rssrvdqwv uhsuìvhqwìhv
sdu ghv fdsdflwìv soxw÷w txh sdu ghv suredelolwìv +yrlu ìjdohphqw Fudzirug
+4<<3,,1

Grz hw Zhuodqj +4<<7e, sursrvhqw o*h{hpsoh vxlydqw/ ã ghx{ mrxhxuv =

Mrxhxu 5

Mrxhxu 4

J G

K +43> 43, +�433> 43� �,
E +43� %> 43, +43� %> 43� �,

Oh vhxo ìtxloleuh gh Qdvk +hw oh vhxo ìtxloleuh udwlrqdolvdeoh, gh fh mhx hvw
+K>J,1 Wrxwhirlv/ hvw0lo sodxvleoh txh 4 mrxh K/ vdfkdqw tx*lo hqfrxuw xqh shuwh
gh 433 vl 5 mrxh G B Oh frqfhsw g*ìtxloleuh sursrvì sdu Grz hw Zhuodqj shuphw
gh �udwlrqdolvhu� oh idlw txh oh mrxhxu 4 suìiëuh mrxhu E gdqv fh mhx +vxuwrxw vl
% hvw idleoh,/ sxlvtxh oh fkrl{ gh od vwudwìjlh E qh frpsruwh dxfxq ulvtxh1 Srxu
looxvwuhu fhfl/ uhfkhufkrqv xq ìtxloleuh gdqv ohtxho oh mrxhxu 4 d ohv fur|dqfhv
vxu ohv dfwlrqv gx mrxhxu 5 gh od iruph vxlydqwh = lo phw xq srlgv y+G, @ 3
vxu oh idlw txh 5 mrxh G hw xq srlgv y+J, ? 4 vxu oh idlw txh 5 mrxh J1 Fhfl
q*hvw elhq ìylghpphqw srvvleoh txh vl 4 d ghv fur|dqfhv qrq dgglwlyhv vxu od
vwudwìjlh mrxìh sdu 51 Oh sdlhphqw hvsìuì gh K srxu oh mrxhxu 4 hvw grqqì sdu
o*lqwìjudoh gh Fkrtxhw ghv sdlhphqwv/ sdu udssruw ã od fdsdflwì y vrlw +yrlu
o*h{hpsoh 4, �433=+4� y+J,, . 43=y+J,1 Oh sdlhphqw hvsìuì gh od vwudwìjlh E
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hvw 43�%1 Dlqvl/ vl 43=y+J,�433=+4�y+J,, ? 43� %/ o*ìtxloleuh gh Qdvk dyhf
fur|dqfhv qrq dgglwlyhv hvw +E>J, +f*hvw0ã0gluh y+J, � +443� %,@443,1

Grz hw Zhuodqj +4<<7e, prqwuhqw ìjdohphqw/ tx*dyhf ohxu frqfhsw/ lo hvw
srvvleoh gh eulvhu oh udlvrqqhphqw sdu uìfxuuhqfh duulëuh +txl v*dyëuh sduirlv
sureoëpdwltxh/ frpph gdqv oh mhx gx plooh0sdwwhv,1 Jkludugdwr hw Oh Euhwrq
+4<<9, ìwhqghqw oh frqfhsw g*ìtxloleuh udwlrqdolvdeoh dx fdv gh mrxhxuv �ã od
Fkrtxhw�1 Pxnhuml +4<<8, gìyhorssh ghv qrwlrqv vlplodluhv/ wdqglv txh Pxnhuml
hw Vklq +4<<9, v*lqwhuurjhqw vxu od qrwlrq gh frqqdlvvdqfh frppxqh gdqv fh
w|sh gh mhx{1

Hlfkehujhu hw Nhovh| +4<<:, sdvvhqw hq uhyxh/ gh pdqlëuh wuëv sìgdjrjltxh/
gh qrpeuhxvhv dssolfdwlrqv vlpsohv gh mhx{ gdqv ohvtxhov ohv mrxhxuv rqw ghv
fur|dqfhv qrq dgglwlyhv1 Lov prqwuhqw/ hqwuh dxwuh/ txh ohv qrwlrqv gh vxvewl0
wxdelolwì rx gh frpsoìphqwdulwì vwudwìjltxhv/ txl v*dyëuhqw íwuh g*xqh judqgh
lpsruwdqfh hq pdfurìfrqrplh qrwdpphqw/ vh jìqìudolvhqw dlvìphqw gdqv fh
fdguh1

Or +4<<;, srxu vd sduw ìwxglh xq sureoëph g*hqfkëuhv gdqv xq prgëoh
pxowl0sulru1 Lo prqwuh hq sduwlfxolhu txh/ gdqv fhuwdlqv fdv gh �jxuh/ o*hqfkëuh
dx suhplhu sul{ grplqh dx vhqv gh Sduhwr o*hqfkëuh dx vhfrqg sul{/ jìqìudolvdqw
gdqv o*lqfhuwdlq fhuwdlqv ghv uìvxowdwv gh Nduql hw Vdiud +4<;<, gdqv oh ulvtxh
+yrlu ìjdohphqw Vdor hw Zhehu +4<<8,,1

Hq�q/ fhuwdlqhv dssolfdwlrqv dx{ prgëohv d{lrpdwltxhv gh qìjrfldwlrqv/
gdqv xq fdguh gh wkìrulh ghv mhx{ frrsìudwliv/ rqw yx oh mrxu uìfhpphqw +Ux0
elqvwhlq/ Vdiud/ hw Wkrpvrq +4<<5, hw Judqw hw Ndmll +4<<8,,1 Nrvnlhylf +4<<<,/
sdu h{hpsoh/ prqwuh txh oruvtxh ohv suìiìuhqfhv ghv djhqwv vrqw gh w|sh hvsì0
udqfh g*xwlolwì gìshqgdqwh gx udqj/ oh srxyrlu gh qìjrfldwlrq gh fkdtxh djhqw/
gdqv xq sureoëph gh Qdvk d sulrul v|pìwultxh/ gìshqg gh od iruph suìflvh gh
od irqfwlrq gh wudqvirupdwlrq ghv suredelolwìv1

9 Uhpdutxhv �qdohv

Qrxv dyrqv fkhufkì gdqv fhw duwlfoh ã grqqhu dx ohfwhxu fhuwdlqv rxwlov/
vdqv uhfkhufkhu o*h{kdxvwlylwì/ srxu derughu od olwwìudwxuh/ wuëv ydvwh/ vxu od
prgìolvdwlrq gx fkrl{ gdqv xq hqylurqqhphqw lqfhuwdlq hw ohv dssolfdwlrqv
ìfrqrpltxhv gh fhv prgëohv1 Fh fkdps gh uhfkhufkh hvw wuëv dfwli hw/ frpph
qrxv o*dyrqv vljqdoì ã soxvlhxuv uhsulvhv/ fhuwdlqv sureoëphv wkìrultxhv uhvwhqw
rxyhuwv +phvxuh gh o*dyhuvlrq srxu o*dpeljxòwì/ frkìuhqfh g|qdpltxh hw ydohxu
gh o*lqirupdwlrq/111,1 Ohv dssolfdwlrqv gh fhv prgëohv gh gìflvlrq gdqv o*lqfhu0
wdlq vrqw ìjdohphqw wuëv uìfhqwhv/ hw gh qrpeuhx{ fkdpsv g*dssolfdwlrq +fkrl{
vrfldo/ phvxuh ghv lqìjdolwìv/ h{solfdwlrqv gh o*h{lvwhqfh gh fhuwdlqhv lqvwlwx0
wlrqv rx hqfruh gh fhuwdlqv w|shv gh frqwudwv/111, vrqw rxyhuwv hw irqw o*remhw
gh uhfkhufkhv dfwxhoohv1 Qrxv hvsìurqv dyhf fhwwh uhyxh gh od olwwìudwxuh dyrlu
frqydlqfx oh ohfwhxu gx fdudfwëuh iuxfwxhx{ gh fhwwh uhfkhufkh1
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Uìiìuhqfhv

Deghoodrxl/ P1 +4<<8, = �Frpsruwhphqwv lqglylgxhov ghydqw oh ulvtxh hw
wudqvirupdwlrq ghv suredelolwìv/� Uhyxh g*Hfrqrplh Srolwltxh/ 438+4,/ 48:�
4:;1

Deghoodrxl/ P1/ hw E1 Pxqlhu +4<<;, = �Wkh ulvn0vwuxfwxuh ghshqghqfh
h�hfw = h{shulphqwlqj zlwk dq h|h wr ghflvlrq0dlglqj/� Dqqdov ri Rshudwlrqv
Uhvhdufk/ ;3/ 56:�5851

Doodlv/ P1 +4<86, = �Oh frpsruwhphqw gh o*krpph udwlrqqho ghydqw oh ulvtxh =
fulwltxh ghv srvwxodwv gh o*ìfroh dpìulfdlqh/� Hfrqrphwulfd/ 54/ 836�8791

+4<;;, = �Wkh jhqhudo wkhru| ri udqgrp fkrlfhv lq uhodwlrq wr wkh
lqyduldqw fduglqdo xwlolw| ixqfwlrq dqg wkh vshfl�f suredelolw| ixqfwlrq/�
lq Ulvn/ ghflvlrq dqg udwlrqdolw|/ ìg1 sdu E1 Pxqlhu/ ss1 566�5;<1 Uhlgho/
Gruguhfkw1

Dqvfrpeh/ I1/ hw U1 Dxpdqq +4<96, = �D gh�qlwlrq ri vxemhfwlyh suredel0
olw|/� Dqqdov ri Pdwkhpdwlfdo Vwdwlvwlfv/ 67/ 4<<�5381

Duurz/ N1 +4<98, = �Wkh wkhru| ri ulvn dyhuvlrq/� lq Dvshfwv ri wkh wkhru| ri
ulvn ehdulqj1 \umr M1 Vddwlr/ Khovlqnl1

Duurz/ N1/ hw O1 Kxuzlf} +4<:5, = �Dq rswlpdolw| fulwhulrq iru ghflvlrq
pdnlqj xqghu ljqrudqfh/� lq Xqfhuwdlqw| dqg H{shfwdwlrqv lq Hfrqrplfv/
ìg1 sdu F1 Fduwhu/ hw M1 Irug/ ss1 4�441 E1 Eodfnzhoo1

Ehq Srudwk/ H1/ hw L1 Jloerd +4<<7, = �Olqhdu phdvxuhv/ wkh Jlql lqgh{ dqg
wkh lqfrph0htxdolw| wudgh0r�/� Mrxuqdo ri Hfrqrplf Wkhru|/ 97/ 776�79:1

Eloorw/ D1/ D1 Fkdwhdxqhxi/ L1 Jloerd/ hw M10P1 Wdoorq +4<<;, = �Vkd0
ulqj eholhiv = ehwzhhq djuhhlqj dqg glvdjuhhlqj/� Fdklhuv Hfr)Pdwkv <;163/
Xqlyhuvlwì Sdulv L/ D sdudñwuh Hfrqrphwulfd1

Erufk/ N1 +4<95, = �Htxloleulxp lq d uhlqvxudqfh pdunhw/� Hfrqrphwulfd/ 63/
757�7771

Erughu/ N1/ hw X1 Vhjdo +4<<7, = �G|qdplf frqvlvwhqf| lpsolhv dssur{lpd0
who| h{shfwhg xwlolw| suhihuhqfhv/� Mrxuqdo ri Hfrqrplf Wkhru|/ 96/ 4:3�4;;1

Erx|vvrx/ G1/ hw M1 Ohiroo +4<<:, = �PHGDI hw qrxyhdx{ prgëohv gh
gìflvlrq gdqv oh ulvtxh/� Ilqdqfh/ 4;+4,/ 5�581

Fkdvvdjqrq/ D1/ hw M10F1 Yhujqdxg +4<<<, = �D srvlwlyh ydoxh ri lq0
irupdwlrq iru d qrq0ed|hvldq ghflvlrq0pdnhu/� lq Eholhiv/ lqwhudfwlrq/ dqg
suhihuhqfhv/ ìg1 sdu P1 Pdfklqd/ hw E1 Pxqlhu1 Noxzhu1

Fkdwhdxqhxi/ D1 +4<<4, = �Rq wkh xvh ri fdsdflwlhv lq prgholqj xqfhuwdlqw|
dyhuvlrq dqg ulvn dyhuvlrq/� Mrxuqdo ri Pdwkhpdwlfdo Hfrqrplfv/ 53/ 676�
69<1

+4<<7, = �Prgholqj dwwlwxghv wrzdugv xqfhuwdlqw| dqg ulvn wkurxjk
wkh xvh ri Fkrtxhw lqwhjudo/� Dqqdov ri Rshudwlrqv Uhvhdufk/ 85/ 6�531
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+4<<9, = �Ghfuhdvlqj lqhtxdolwlhv = dq dssurdfk wkurxjk qrq0dgglwlyh
prghov/� Fdklhuv Hfr)Pdwkv <908;/ Xqlyhuvlwì Sdulv L1

+4<<<, = �Frprqrwrqlflw| d{lrpv dqg UGHX wkhru| iru duelwudu|
frqvhtxhqfhv/� Mrxuqdo ri Pdwkhpdwlfdo Hfrqrplfv/ 65+4,/ 54�781

Fkdwhdxqhxi/ D1/ hw P1 Frkhq +4<<7, = �Ulvn vhhnlqj zlwk glplqlvklqj
pdujlqdo xwlolw| lq d qrq0h{shfwhg xwlolw| prgho/� Mrxuqdo ri Ulvn dqg Xq0
fhuwdlqw|/ </ ::�<41

Fkdwhdxqhxi/ D1/ P1 Frkhq/ hw U1 Ndvw +4<<:, = �D uhylhz ri vrph
uhvxowv uhodwhg wr frprqrwrqlflw|/� Fdklhuv Hfr ) Pdwkv <:165/ Xqlyhuvlwì
Sdulv L1

Fkdwhdxqhxi/ D1/ P1 Frkhq/ hw L1 Phlolmvrq +4<<:d, = �Pruh shvvlplvp
wkdq juhhglqhvv = d fkdudfwhul}dwlrq ri prqrwrqh ulvn dyhuvlrq lq wkh Udqn
Ghshqghqw H{shfwhg Xwlolw| prgho/� Fdklhuv Hfr)Pdwkv <:086/ Xqlyhuvlwì
Sdulv L1

+4<<:e, = �Qhz wrrov wr ehwwhu prgho ehkdylru xqghu ulvn dqg xqfhu0
wdlqw| = dq ryhuylhz/� Ilqdqfh/ 4;+4,/ 58�791

Fkdwhdxqhxi/ D1/ U1 Gdqd/ hw M10P1 Wdoorq +4<<:, = �Rswlpdo ulvn0
vkdulqj uxohv dqg htxloleuld zlwk Fkrtxhw h{shfwhg xwlolw|/� Fdklhuv Hfr0
Pdwkv <:087/ Xqlyhuvlwì Sdulv L/ D sdudñwuh gdqv oh Mrxuqdo ri Pdwkhpdwlfdo
Hfrqrplfv1

Fkdwhdxqhxi/ D1/ U1 Ndvw/ hw D1 Odslhg +4<<9, = �Fkrtxhw sulflqj lq
�qfdqfldo pdunhwv zlwk iulfwlrqv/� Pdwkhpdwlfdo �qdqfh/ 9+6,/ 656�6631

Fkdwhdxqhxi/ D1/ hw M10P1 Wdoorq +4<<;, = �Glyhuvl�fdwlrq/ frqyh{ suh0
ihuhqfhv dqg qrq0hpsw| fruh/� Fdklhuv Hfr)Pdwkv <;065/ Xqlyhuvlwì Sdulv
L1

Fkhz/ V1/ H1 Nduql/ hw ]1 Vdiud +4<;:, = �Ulvn dyhuvlrq lq wkh wkhru|
ri h{shfwhg xwlolw| zlwk udqn ghshqghqw suhihuhqfhv/� Mrxuqdo ri Hfrqrplf
Wkhru|/ 75/ 6:3�6;41

Fkhz/ V1/ hw S1 Zdnnhu +4<<9, = �Wkh frprqrwrqlf vxuh0wklqj sulqflsoh/�
Mrxuqdo ri Ulvn dqg Xqfhuwdlqw|/ 45/ 8�5:1

Fkrtxhw/ J1 +4<87, = �Wkìrulh ghv fdsdflwìv/� Dqqdohv gh o*Lqvwlwxw Irxulhu/
Y/ 464�5<81

Frkhq/ P1 +4<<8, = �Ulvn0dyhuvlrq frqfhswv lq h{shfwhg0 dqg qrq0h{shfwhg0
xwlolw| prghov/� Wkh Jhqhyd Sdshuv rq Ulvn dqg Lqvxudqfh Wkhru|/ 53/
:6�<41

Frkhq/ P1/ hw M10\1 Mdiiud| +4<;3, = �Udwlrqdo ehkdylru xqghu frpsohwh
ljqrudqfh/� Hfrqrphwulfd/ 7;+8,/ 45;4�45<<1

+4<;;, = �Fhuwdlqw| H�hfw yv Suredelolw| Glvwruwlrq = Dq H{shul0
phqwdo Dqdo|vlv ri Ghflvlrq Pdnlqj xqghu Ulvn/� Mrxuqdo ri H{shulphqwdo
Sv|fkrorj|/ 47+7,/ 887�8931
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Frkhq/ P1/ M10\1 Mdiiud|/ hw W1 Vdlg +4<;:, = �H{shulphqwdo frpsdulvrq
ri lqglylgxdo ehkdylru xqghu ulvn dqg xqghu xqfhuwdlqw| iru jdlqv dqg iru
orvvhv/� Rujdql}dwlrqdo ehkdylru dqg kxpdq ghflvlrq surfhvv/ 6</ 4�551

Frxuwdxow/ M10P1/ hw M10S1 Jd|dqw +4<<<, = �Glvsrqlelolwì ã sd|hu hw glv0
srqlelolwì ã uhfhyrlu g*xq whqhxu gh pdufkì/� Fdklhuv gh uhfkhufkh <<035/
JDLQV0Xqlyhuvlwì gx Pdlqh1

Frzhoo/ I1 +4<<;, = �Phdvxuhphqw ri lqhtxdolw|/� Glvfxvvlrq sdshu/ OVH/ D
sdudñwuh gdqv Kdqgerrn ri Lqfrph Glvwulexwlrq1

Fudzirug/ Y1 +4<<3, = �Htxloleulxp zlwkrxw lqghshqghqfh/� Mrxuqdo ri Hfr0
qrplf Wkhru|/ 83/ 45:�4871

Gdqd/ U1 +4<<;, = �Sulflqj uxohv zkhq djhqwv kdyh qrq0dgglwlyh h{shfwhg
xwlolw| dqg krprjhqhrxv h{shfwdwlrqv/� Glvfxvvlrq sdshu/ Fdklhu gx Fhuh0
pdgh/ Xqlyhuvlwì Sdulv L[1

Gheuhx/ J1 +4<87, = �Uhsuhvhqwdwlrq ri d suhihuhqfh rughulqj e| d qxphulfdo
ixqfwlrq/� lq Ghflvlrq Surfhvvhv/ ìg1 sdu U1 Wkudoo/ F1 Frrpev/ hw U1 Gdylv/
ss1 48<�4981 Zloh|/ Qhz \run1

+4<8<, = Wkhru| ri ydoxh1 Zloh|/ Qhz \run1

Ghnho/ H1 +4<;<, = �Dvvhw ghpdqgv zlwkrxw wkh lqghshqghqfh d{lrp/� Hfr0
qrphwulfd/ 8:/ 496�49<1

Grkhuw|/ Q1/ hw O1 Hhfnkrxgw +4<<8, = �Rswlpdo lqvxudqfh zlwkrxw h{0
shfwhg xwlolw| = wkh gxdo wkhru| dqg wkh olqhdulw| ri lqvxudqfh frqwudfwv/�
Mrxuqdo ri Ulvn dqg Xqfhuwdlqw|/ 43/ 48:�4:<1

Grz/ M1/ hw V1 Zhuodqj +4<<5d, = �H{fhvv yrodwlolw| ri vwrfn sulfhv dqg
Nqljkwldq xqfhuwdlqw|/� Hxurshdq Hfrqrplf Uhylhz/ 69/ 964�96;1

+4<<5e, = �Xqfhuwdlqw| dyhuvlrq/ ulvn dyhuvlrq/ dqg wkh rswlpdo fkrlfh
ri sruwirolr/� Hfrqrphwulfd/ 93+4,/ 4<:�5371

+4<<7d, = �Ohduqlqj xqghu Nqljkwldq xqfhuwdlqw| = wkh odz ri odujh
qxpehuv iru qrq0dgglwlyh suredelolwlhv/� plphr/ Orqgrq Vfkrro ri Exvlqhvv1

+4<<7e, = �Qdvk htxloleulxp xqghu Nqljkwldq xqfhuwdlqw| = euhdnlqj
grzq edfnzdug lqgxfwlrq/� Mrxuqdo ri Hfrqrplf Wkhru|/ 97+5,/ 638�6571

Gxsxlv/ D1/ hw H1 Odqjodlv +4<<:, = �Wkh edvlf dqdo|wlfv ri lqvxudqfh gh0
pdqg dqg wkh udqn0ghshqghqw h{shfwhg xwlolw| prgho/� Ilqdqfh/ 4;+4,/ 7:�
:91

Hehuw/ X1 +4<;;, = �Phdvxuhphqw ri lqhtxdolw| = dq dwwhpsw dw xql�fdwlrq
dqg jhqhudol}dwlrq/� Vrfldo Fkrlfh dqg Zhoiduh/ 8/ 47:�49<1

Hhfnkrxgw/ O1/ hw F1 Jroolhu +4<<5, = Oh sduwdjh ghv ulvtxhv1 Hglvflhqfh
lqwhuqdwlrqdo1

Hlfkehujhu/ M1/ hw G1 Nhovh| +4<<9, = �Xqfhuwdlqw| dyhuvlrq dqg suhihuhqfh
iru udqgrplvdwlrq/� Mrxuqdo ri Hfrqrplf Wkhru|/ :4+4,/ 64�761
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+4<<:, = �Xqfhuwdlqw| dqg vwudwhjlf lqwhudfwlrq lq hfrqrplfv/� Glv0
fxvvlrq sdshu/ Xqlyhuvlwdw ghv Vdduodqghv1

+4<<;, = �Qrq0dgglwlyh eholhiv dqg jdph wkhru|/� Jdphv dqg Hfrqr0
plf Ehkdylru/ Iruwkfrplqj1

Hoovehuj/ G1 +4<94, = �Ulvn/ dpeljxlw|/ dqg wkh Vdydjh d{lrpv/� Txduwhuo|
Mrxuqdo ri Hfrqrplfv/ :8/ 976�99<1

Hsvwhlq/ O1/ hwP1 OhEuhwrq +4<<6, = �G|qdplfdoo| frqvlvwhqw eholhiv pxvw
eh Ed|hvldq/� Mrxuqdo ri Hfrqrplf Wkhru|/ 94+4,/ 4�551

Hsvwhlq/ O1/ hw W1 Zdqj +4<<7, = �Lqwhuwhpsrudo dvvhw sulflqj xqghu Nqljk0
wldq xqfhuwdlqw|/� Hfrqrphwulfd/ 95+6,/ 5;6�6551

Hsvwhlq/ O1/ hw M1 ]kdqj +4<<;, = �Vxemhfwlyh suredelolwlhv rq vxemhfwlyho|
xqdpeljxrxv hyhqwv/� Plphr1

Ilvkexuq/ S1 +4<:3, = Xwlolw| wkhru| iru ghflvlrq pdnlqj1 Zloh|1

+4<;5, = Wkh irxqgdwlrqv ri h{shfwhg xwlolw|1 Uhlgho1

+4<;;, = Qrqolqhdu suhihuhqfhv dqg xwlolw| wkhru|1 Wkh Mrkqv Krsnlqv
Xqlyhuvlw| Suhvv1

+4<<6, = �Wkh d{lrpv dqg dojheud ri dpeljxlw|/� Wkhru| dqg Ghflvlrq/
67/ 44<�46:1

Jdmgrv/ W1 +4<<<, = �Ohv irqghphqwv d{lrpdwltxhv gh od phvxuh ghv lqìjdol0
wìv/� plphr/ HXUHTxd0Xqlyhuvlwì Sdulv L1

Jd|dqw/ M10S1 +4<<;, = �Dujxphqwv judskltxhv vlpsohv srxu frpsuhqguh
od vsìfl�fdwlrq gx prgëoh g*hvsìudqfh g*xwlolwì hw o*lqwìjudoh gh Fkrtxhw/�
Dfwxdolwì Hfrqrpltxh/ :7+5,/ 4;6�4<81

Jkludugdwr/ S1 +4<<7d, = �Djhqf| wkhru| zlwk qrq0dgglwlyh xqfhuwdlqw|/�
plphr1

+4<<7e, = �Frslqj zlwk ljqrudqfh = xqiruhvhhq frqwlqjhqflhv dqg qrq0
dgglwlyh xqfhuwdlqw|/� Glvfxvvlrq sdshu/ Xqlyhuvlw| ri Fdoliruqld dw Ehunhoh|1

Jkludugdwr/ S1/ hw P1 Oh Euhwrq +4<<9, = �Fkrtxhw udwlrqdol}delolw|/�
plphr1

Jkludugdwr/ S1/ hw P1 Pdulqdffl +4<<:, = �Dpeljxlw| dyhuvlrq pdgh
suhflvh = d frpsdudwlyh irxqgdwlrq dqg vrph lpsolfdwlrqv/� Vrfldo vflhqfh
zrunlqj sdshu1 4359/ FdoWhfk1

Jloerd/ L1 +4<;:, = �H{shfwhg xwlolw| zlwk sxuho| vxemhfwlyh qrq0dgglwlyh
suredelolwlhv/� Mrxuqdo ri Pdwkhpdwlfdo Hfrqrplfv/ 49/ 98�;;1

Jloerd/ L1/ hw G1 Vfkphlgohu +4<;<, = �Pd{plq h{shfwhg xwlolw| zlwk d
qrq0xqltxh sulru/� Mrxuqdo ri Pdwkhpdwlfdo Hfrqrplfv/ 4;/ 474�4861

Jroolhu/ F1/ hw K1 Vfkohvlqjhu +4<<9, = �Duurz*v wkhruhp rq wkh rswlpd0
olw| ri ghgxfwleohv = d vwrfkdvwlf grplqdqfh dssurdfk/� Hfrqrplf Wkhru|/
:+5,/ 68<�6971
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Judqgprqw/ M10P1 +4<:5, = �Frqwlqxlw| surshuwlhv ri d yrq0Qhxpdqq Pru0
jhqvwhuq xwlolw|/� Mrxuqdo ri Hfrqrplf Wkhru|/ 7/ 78�8:1

Judqw/ V1/ hw D1 Ndmll +4<<8, = �D fduglqdo fkdudfwhul}dwlrq ri wkh
Uxelqvwhlq0Vdiud0Wkrpvrq d{lrpdwlf edujdlqlqj wkhru|/� Hfrqrphwulfd/ 96/
4574�457<1

Kdohy|/ \1 +4<<;, = �Wudgh ehwzhhq udwlrqdo djhqwv dv d uhvxow ri dv|pphwulf
lqirupdwlrq/� Zrunlqj sdshu <;036/ FDUHVV/ Xqlyhuvlw| ri Shqqv|oydqld1

Kdpprqg/ S1 +4<;;, = �Frqvhtxhqwldolvw irxqgdwlrqv iru h{shfwhg xwlolw|/�
Wkhru| dqg Ghflvlrq/ 58/ 58�:;1

+4<;<, = �Frqvlvwhqw sodqv/ frqvhtxhqwldolvp/ dqg h{shfwhg xwlolw|/�
Hfrqrphwulfd/ 8:+9,/ 4778�477<1

Kduohvv/ G1/ hw F1 Fdphuhu +4<<7, = �Wkh suhglfwlyh xwlolw| ri jhqhudol}hg
h{shfwhg xwlolw| wkhrulhv/� Hfrqrphwulfd/ 95/ 4584�45<31

Khqgrq/ H1/ K1 Mdfrevhq/ E1 Vorwk/ hw W1 Wudqdhv +4<<7, = �H{shfwhg
xwlolw| zlwk orzhu suredelolwlhv/� Mrxuqdo ri Ulvn dqg Xqfhuwdlqw|/ ;/ 4<:�
5491

Kh|/ M1/ hw F1 Ruph +4<<7, = �Lqyhvwljdwlqj Jhqhudol}dwlrqv ri H{shfwhg
Xwlolw| Wkhru| xvlqj H{shulphqwdo Gdwd/� Hfrqrphwulfd/ 95/ 4584�45;<1

Lqjhuvroo/ M1 +4<;:, = Wkhru| ri �qdqfldo ghflvlrq pdnlqj1 Urzpdq dqg
Olwwoh�hog/ Wrwrzd/ Q1M1

Mdiiud|/ M10\1 +4<;<d, = �Jìqìudolvdwlrq gx fulwëuh gh o*xwlolwì hvsìuìh dx{
fkrl{ gdqv o*lqfhuwdlq uìjxolhu/� Uhfkhufkh Rsìudwlrqqhooh/ 56/ 56:�59:1

+4<;<e, = �Olqhdu xwlolw| iru eholhi ixqfwlrqv/� Rshudwlrqv Uhvhdufk
Ohwwhuv/ ;/ 43:�4451

+4<<5, = �Ed|hvldq xsgdwlqj dqg eholhi ixqfwlrqv/� LHHH wudqv1 rq
v|vwhpv/ pdq dqg f|ehuqhwlfv/ 55+8,/ 4477�44851

+4<<;, = �Lpsohphqwlqj uhvroxwh fkrlfh xqghu xqfhuwdlqw|/� lq Xqfhu0
wdlqw| lq DL = Surfhhglqjv ri wkh 47wk Frqihuhqfh1 D sdudñwuh1

Mdiiud|/ M10\1/ hw I1 Sklolssh +4<<:, = �Rq wkh h{lvwhqfh ri vxemhfwlyh
xsshu dqg orzhu suredelolwlhv/� Pdwkhpdwlfv ri Rshudwlrqv Uhvhdufk/ 55/
498�4;81

Mhohyd/ P1/ hw E1 Yloohqhxyh +4<<9, = �Lqvxudqfh frqwudfwv zlwk lpsuhflvh
suredelolwlhv dqg dgyhuvh vhohfwlrq/� plphr/ FHPH ) FUHVW1

Mhqvhq/ Q1 +4<9:, = �Dq lqwurgxfwlrq wr Ehuqrxooldq xwlolw| wkhru| = +L, Xwlolw|
ixqfwlrqv/� Vzhglvk Mrxuqdo ri Hfrqrplfv/ 9</ 496�4;61

Ndkqhpdq/ G1/ hw D1 Wyhuvn| +4<:<, = �Survshfw wkhru| = dq dqdo|vlv ri
ghflvlrq xqghu ulvn/� Hfrqrphwulfd/ 7:/ 596�5<41

Nduql/ H1 +4<<5, = �Rswlpdo lqvxudqfh = d qrq0h{shfwhg xwlolw| dqdo|vlv/� lq
Frqwulexwlrqv wr lqvxudqfh hfrqrplfv/ ìg1 sdu J1 Glrqqh1 Noxzhu Dfdghplf
Sxeolvkhuv1
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+4<<9, = �Suredelolwlhv dqg eholhiv/� Mrxuqdo ri Ulvn dqg Xqfhuwdlqw|/
46/ 57<�5951

Nduql/ H1/ hw ]1 Vdiud +4<;<, = �G|qdplf frqvlvwhqf|/ uhyhodwlrqv lq dxf0
wlrqv dqg wkh vwuxfwxuh ri suhihuhqfhv/� Uhylhz ri Hfrqrplf Vwxglhv/ 89/
54�7671

+4<<3, = �Ehkdylrudoo| frqvlvwhqw rswlpdo vwrsslqj uxohv/� Mrxuqdo ri
Hfrqrplf Wkhru|/ 84/ 6<4�7351

Nduql/ H1/ hw G1 Vfkphlgohu +4<<4d, = �Dwhpsrudo g|qdplf frqvlvwhqf|
dqg h{shfwhg xwlolw| wkhru|/� Mrxuqdo ri Hfrqrplf Wkhru|/ 87/ 734�73;1

+4<<4e, = �Xwlolw| wkhru| zlwk xqfhuwdlqw|/� lq Kdqgerrn ri Pdwkh0
pdwlfdo Hfrqrplfv/ ìg1 sdu Z1 Kloghqeudqg/ hw K1 Vrqqhqvfkhlq/ yro1 LY/
fkds1 66/ ss1 4:96�4;641 Qruwk0Kroodqg1

Ndvw/ U1/ hw D1 Odslhg +4<<8, = �Suredelolwì lqglylgxhooh hw suredelolwì gh
pdufkì/� Uhyxh g*Hfrqrplh Srolwltxh/ 4/ :4�<31

Nhovh|/ G1 +4<<8, = �Gxwfk errn dujxphqwv dqg ohduqlqj lq d qrqh{shfwhg
xwlolw| iudphzrun/� Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 69+4,/ 4;:�5391

Nh|qhv/ M10P1 +4<54, = D wuhdwlvh rq suredelolw|1 Orqgrq = PfPloodq1

Noledqrii/ S1 +4<<9, = �Xqfhuwdlqw|/ ghflvlrq/ dqg qrupdo irup jdphv/�
plphr/ Qruwkzhvwhuq Xqlyhuvlw|1

+4<<;, = �Vwrfkdvwlf lqghshqghqfh dqg xqfhuwdlqw| dyhuvlrq/� GS
4545/ Qruwkzhvwhuq Xqlyhuvlw|1

Nqljkw/ I1 +4<54, = Ulvn/ xqfhuwdlqw| dqg sur�w1 Krxjkwrq Pl!q1

Nrvnlhylf/ M10P1 +4<<<, = �Qìjrfldwlrqv hw hvsìudqfh g*xwlolwì gìshqgdqwh
gx udqj/� Dqqdohv g*ìfrqrplh hw gh vwdwlvwltxh/ 87/ D sdudlwuh1

Nuhsv/ G1 +4<;;, = Qrwhv rq wkh wkhru| ri fkrlfhh/ Xqghujurxqg fodvvlfv lq
hfrqrplfv1 Zhvwylhz Suhvv1

Odqgvehujhu/ P1/ hw L1 Phlolmvrq +4<<7, = �Fr0prqrwrqh doorfdwlrqv/
Elfnho0Ohkpdqq glvshuvlrq dqg wkh Duurz0Sudww phdvxuh ri ulvn dyhuvlrq/�
Dqqdov ri Rshudwlrqv Uhvhdufk/ 85/ <:�4391

Odqjodlv/ H1 +4<<9, = �Rughuv ri zhdn dyhuvlrq wr ulvn lq qrq0h{shfwhg xwlolw|
prghov/ zlwk dssolfdwlrqv/� plphr1

+4<<;, = �Ohv h�hwv g*dqwlvìohfwlrq oruvtxh oh sulqflsdo hw ohv djhqwv
rqw ghv fur|dqfhv gl�ìuhqwhv = xqh dqdo|vh gdqv oh fdv gx pdufkì gx fuìglw/�
plphr/ O1H1R10Xqlyhuvlwì g*Ruoìdqv1

Or/ N1 +4<<9, = �Htxloleulxp lq eholhiv xqghu xqfhuwdlqw|/� Mrxuqdo ri Hfr0
qrplf Wkhru|/ :4+5,/ 776�7;71

+4<<;, = �Vhdohg elg dxfwlrqv zlwk xqfhuwdlqw| dyhuvh elgghuv/� Hfr0
qrplf Wkhru|/ 45+4,/ 4�531

Pd/ F1 +4<<;, = �D qr0wudgh wkhruhp xqghu Nqljkwldq xqfhuwdlqw| zlwk jh0
qhudo suhihuhqfhv/� plphr/ PfJloo Xqlyhuvlw|1
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Pdfklqd/ P1 +4<;5d, = �H{shfwhg xwlolw| dqdo|vlv zlwkrxw wkh lqghshqghqfh
d{lrp/� Hfrqrphwulfd/ 83/ 5::�6561

+4<;5e, = �D vwurqjhu fkdudfwhul}dwlrq ri ghfolqlqj ulvn dyhuvlrq/�
Hfrqrphwulfd/ 83+7,/ 439<�43:<1

+4<;:, = �Fkrlfh xqghu xqfhuwdlqw| = Sureohpv vroyhg dqg xqvroyhg/�
Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ 4+4,/ 454�4871

+4<;<, = �G|qdplf frqvlvwhqf| dqg qrq0h{shfwhg xwlolw| prghov ri
fkrlfh xqghu xqfhuwdlqw|/� Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 5;/ 4955�499;1

Pdfklqd/ P1/ hw G1 Vfkphlgohu +4<<5, = �D pruh urexvw gh�qlwlrq ri
vxemhfwlyh suredelolw|/� Hfrqrphwulfd/ 93/ :78�:;31

Pdulqdffl/ P1 +4<<9, = �Dpeljxrxv jdphv/� plphr/ Qruwkzhvwhuq Xqlyhu0
vlw|1

PfFohqqhq/ H1 +4<;;, = �G|qdplf fkrlfh dqg udwlrqdolw|/� lq Ulvn/ Ghflvlrq/
dqg Udwlrqdolw|/ ìg1 sdu E1 Pxqlhu/ ss1 84:�8691

PfFrug/ P1/ hw U1 gh Qhxiylooh +4<;7, = �Xwlolw| ghshqghqfh rq sur0
edelolw| = dq hpslulfdo ghprqvwudwlrq/� Mrxuqdo ri Odujh Vfdoh V|vwhpv/ 9/
<4�4361

Ph|hu/ M1 +4<;:, = �Wzr0prphqw ghflvlrq prghov dqg H1X pd{lpl}dwlrq/�
Dphulfdq Hfrqrplf Uhylhz/ ::/ 754�7691

Plojurp/ S1/ hw Q1 Vwrnh| +4<;5, = �Lqirupdwlrq/ wudgh dqg frpprq nqrz0
ohgjh/� Mrxuqdo ri Hfrqrplf Wkhru|/ 59/ 4:�5:1

Prqwhvdqr/ D1/ hw I1 Jlrydqqrql +4<<9, = �Xqfhuwdlqw| dyhuvlrq dqg
dyhuvlrq wr lqfuhdvlqj xqfhuwdlqw|/� Wkhru| dqg Ghflvlrq/ 74/ 466�47;1

Prvvlq/ M1 +4<9;, = �Dvshfwv ri udwlrqdo lqvxudqfh sxufkdvlqj/� Mrxuqdo ri
Srolwlfdo Hfrqrp|/ :9/ 886�89;1

Pxnhuml/ V1 +4<<8, = �D wkhru| ri sod| iru jdphv lq vwudwhjlf irup zkhq
udwlrqdolw| lv qrw frpprq nqrzohgjh/� Glvfxvvlrq sdshu <84</ Xqlyhuvlw| ri
Vrxwkdpswrq1

+4<<;, = �Dpeljxlw| dyhuvlrq dqg lqfrpsohwhqhvv ri frqwudfwxdo
irupv/� Dphulfdq Hfrqrplf Uhylhz/ ;;/ 453:�45641

Pxnhuml/ V1/ hw K1 Vklq +4<<9, = �Lv frpprq nqrzohgjh srvvleoh lq jdphv
zlwk Nqljkwldq xqfhuwdlqw|/� Glvfxvvlrq sdshu <975/ Xqlyhuvlw| ri Vrx0
wkdpswrq1

Pxnhuml/ V1/ hw M10P1 Wdoorq +4<<<, = �Dpeljxlw| dyhuvlrq dqg lqfrpsoh0
whqhvv ri �qdqfldo pdunhwv/� Fdklhuv gh od PVH 4<<<15;/ Xqlyhuvlwì Sdulv
L1

Sudww/ M1 +4<97, = �Ulvn dyhuvlrq lq wkh vpdoo dqg lq wkh odujh/� Hfrqrphwulfd/
65/ 455�4691

Suhohf/ G1 +4<<;, = �Wkh suredelolw| zhljkwlqj ixqfwlrq/� Hfrqrphwulfd/
99+6,/ 7<:�85:1
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Txljjlq/ M1 +4<;5, = �D wkhru| ri dqwlflsdwhg xwlolw|/� Mrxuqdo ri Hfrqrplf
Ehkdylru dqg Rujdql}dwlrq/ 6/ 656�6761

+4<<5, = �Lqfuhdvlqj ulvn = dqrwkhu gh�qlwlrq/� lq Surjuhvv lq ghflvlrq/
xwlolw| dqg ulvn wkhru|/ ìg1 sdu D1 Fklndq1 Noxzhu/ Gruguhfkw1

Urhoo/ D1 +4<;:, = �Ulvn dyhuvlrq lq Txljjlq dqg \ddul*v prgho ri fkrlfh
xqghu xqfhuwdlqw|/� Hfrqrplf Mrxuqdo/ <:/ 476�48<1

Urvv/ V1 +4<;4, = �Vrph vwurqjhu phdvxuhv ri ulvn dyhuvlrq lq wkh vpdoo dqg
lq wkh odujh zlwk dssolfdwlrqv/� Hfrqrphwulfd/ 7<+6,/ 954�96;1

Urwkvfklog/ P1/ hw M1 Vwljolw} +4<:3, = �Lqfuhdvlqj ulvn L = d gh�qlwlrq/�
Mrxuqdo ri Hfrqrplf Wkhru|/ 5/ 558�5761

+4<:4, = �Lqfuhdvlqj ulvn LL = lwv hfrqrplf frqvhtxhqfhv/� Mrxuqdo ri
Hfrqrplf Wkhru|/ 6/ 99�;71

Uxelqvwhlq/ D1/ ]1 Vdiud/ hwZ1 Wkrpvrq +4<<5, = �Rq wkh lqwhusuhwdwlrq
ri wkh Qdvk edujdlqlqj vroxwlrq dqg lwv h{whqvlrq wr qrq0h{shfwhg xwlolw|
suhihuhqfhv/� Hfrqrphwulfd/ 93/ 44:4�44;91

Vdiud/ ]1/ hw L1 ]lofkd +4<;;, = �H!flhqw vhwv zlwk dqg zlwkrxw wkh h{shfwhg
xwlolw| k|srwkhvlv/� Mrxuqdo ri Pdwkhpdwlfdo Hfrqrplfv/ 4:/ 69<�6;71

Vdor/ D1/ hwP1 Zhehu +4<<8, = �Dpeljxlw| dyhuvlrq lq �uvw sulfh vhdohg0elg
dxfwlrqv/� Mrxuqdo ri Ulvn dqg Xqfhuwdlqw|/ 44/ 456�46:1

Vdulq/ U1/ hw S1 Zdnnhu +4<<5, = �D vlpsoh d{lrpdwl}dwlrq ri qrqdgglwlyh
h{shfwhg xwlolw|/� Hfrqrphwulfd/ 93+9,/ 4588�45:51

Vdydjh/ O1 +4<87, = Wkh irxqgdwlrqv ri vwdwlvwlfv1 Qhz0\run/ Mrkq Zloh|1

Vfkphlgohu/ G1 +4<;9, = �Lqwhjudo uhsuhvhqwdwlrq zlwkrxw dgglwlylw|/� Sur0
fhhglqjv ri wkh Dphulfdq Pdwkhpdwlfdo Vrflhw|/ <:+5,/ 588�5941

+4<;<, = �Vxemhfwlyh suredelolw| dqg h{shfwhg xwlolw| zlwkrxw dgglwl0
ylw|/� Hfrqrphwulfd/ 8:+6,/ 8:4�8;:1

Vfkplgw/ X1 +4<<;, = �Prudo kd}dug dqg �uvw0rughu ulvn dyhuvlrq/� Mrxuqdo
ri Hfrqrplfv/ D sdudñwuh1

Vhjdo/ X1 +4<;:, = �Dqwlflsdwhg xwlolw| = d phdvxuh uhsuhvhqwdwlrq dssurdfk/�
Dqqdov ri Rshudwlrqv Uhvhdufk/ 4</ 68<�6:71

Vhjdo/ X1/ hw D1 Vslydn +4<<3, = �Iluvw rughu yhuvxv vhfrqg rughu ulvn dyhu0
vlrq/� Mrxuqdo ri Hfrqrplf Wkhru|/ 84/ 444�4581

Wdoorq/ M10P1 +4<<:d, = �Ulvtxh plfurìfrqrpltxh/ dyhuvlrq ã o*lqfhuwlwxgh
hw lqgìwhuplqdwlrq gh o*ìtxloleuh/� Dqqdohv g*Hfrqrplh hw gh Vwdwlvwltxh/ 7;/
544�5591

+4<<:e, = �Ulvtxh plfurìfrqrpltxh hw sul{ g*dfwliv gdqv xq prgëoh
g*ìtxloleuh jìqìudo dyhf hvsìudqfh g*xwlolwì gìshqgdqwh gx udqj/� Ilqdqfh/
4;/ 473�4861
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+4<<;d, = �Dv|pphwulf lqirupdwlrq/ qrqdgglwlyh h{shfwhg xwlolw| dqg
wkh lqirupdwlrq uhyhdohg e| sulfhv = dq h{dpsoh/� Lqwhuqdwlrqdo Hfrqrplf
Uhylhz/ 6<+5,/ 65<�6751

+4<<;e, = �Gr vxqvsrwv pdwwhu zkhq djhqwv duh Fkrtxhw0h{shfwhg0
xwlolw| pd{lpl}huv B/� Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 55/ 68:�
69;1

Wluroh/ M1 +4<;;, = Wkh wkhru| ri lqgxvwuldo rujdql}dwlrq1 PLW Suhvv1

Yhujqdxg/ M10F1 +4<<7, = Hvvdlv vxu od wkìrulh gx fkrl{ gdqv o*lqfhuwdlq1
Wkëvh gh grfwrudw1Sdulv [0Gdxsklqh1

+4<<:, = �Dqdo|vlv ri ulvn lq d qrq0h{shfwhg xwlolw| iudphzrun dqg
dssolfdwlrq wr wkh rswlpdolw| ri wkh ghgxfwleoh/� Ilqdqfh/ 4;/ 488�49:1

yrq Qhxpdqq/ M1/ hw R1 Prujhqvwhuq +4<7:, = Wkhru| ri jdphv dqg
hfrqrplf ehkdylru1 Sulqfhwrq Xqlyhuvlw| Suhvv1

Zdnnhu/ S1 +4<;;, = �Qrqh{shfwhg xwlolw| dv dyhuvlrq wr lqirupdwlrq/� Mrxu0
qdo ri Ehkdylrudo Ghflvlrq Pdnlqj/ 4/ 49<�4:81

+4<<3d, = �Fkdudfwhul}lqj rswlplvp dqg shvvlplvp gluhfwo| wkurxjk
frprqrwrqlflw|/� Mrxuqdo ri Hfrqrplf Wkhru|/ 85/ 786�7961

+4<<3e, = �Xqghu vwrfkdvwlf grplqdqfh/ Fkrtxhw0h{shfwhg xwlolw| dqg
dqwlflsdwhg xwlolw| duh lghqwlfdo/� Wkhru| dqg Ghflvlrq/ 5</ 44<�4651

+4<<7, = �Vhsdudwlqj pdujlqdo xwlolw| dqg ulvn dyhuvlrq/� Wkhru| dqg
Ghflvlrq/ 69/ 4�771

Zdnnhu/ S1/ hw G1 Ghqhiih +4<<9, = �Holflwlqj yrq Qhxpdqq0Prujhqvwhuq
xwlolwlhv zkhq Suredelolwlhv duh Glvwrughg ru Xqnqrzq/� Pdqdjhphqw
Vflhqfh/ 75/ 4464�44831

Zx/ J1/ hw U1 Jrq}doh} +4<<9, = �Fxuydwxuh ri wkh Suredelolw| Zhljkwlqj
Ixqfwlrq/� Pdqdjhphqw Vflhqfh/ 75/ 49:9�49<31

\ddul/ P1 +4<;7, = �Ulvn dyhuvlrq zlwkrxw glplqlvklqj pdujlqdo xwlolw|/� Glv0
fxvvlrq sdshu/ Lqwhuqdwlrqdo Fhqwuh iru Hfrqrplfv/ Orqguhv1

+4<;:, = �Wkh gxdo wkhru| ri fkrlfh xqghu ulvn/� Hfrqrphwulfd/ 88+4,/
<8�4481

+4<;;, = �D frqwuryhuvdo sursrvdo frqfhuqlqj lqhtxdolw| phdvxuh0
phqw/� Mrxuqdo ri Hfrqrplf Wkhru|/ 77/ 6;4�<:1
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