
NOTES D’ÉTUDES

ET DE RECHERCHE

DIRECTION GÉNÉRALE DES ÉTUDES

ESTIMATION ET INTERPRETATION DES

DENSITES NEUTRES AU RISQUE :

UNE COMPARAISON DE MÉTHODES

Eric Jondeau et Michael Rockinger

octobre 1997

NER # 47



DIRECTION GÉNÉRALE DES ÉTUDES
DIRECTION DES ÉTUDES ÉCONOMIQUES ET DE LA RECHERCHE

ESTIMATION ET INTERPRETATION DES

DENSITES NEUTRES AU RISQUE :

UNE COMPARAISON DE METHODES

Eric Jondeau et Michael Rockinger

octobre 1997

NER # 47

Les Notes d'Études et de Recherche reflètent les idées personnelles de leurs auteurs et n'expriment pas
nécessairement la position de la Banque de France.



Hvwlpdwlrq hw lqwhusuìwdwlrq ghv ghqvlwìv qhxwuhv dx

ulvtxh = xqh frpsdudlvrq gh pìwkrghv

Hulf MrqghdxW Plfkdho Urfnlqjhu_

Rfwreuh 4<<:

Devwudfw

Lq wklv vwxg| zh frpsduh wkh txdolw| dqg lqirupdwlrq frqwhqw ri ulvn qhxwudo
ghqvlwlhv rewdlqhg e| ydulrxv phwkrgv1 Zh frqvlghu d qrq0sdudphwulf phwkrg
edvhg rq d pl{wxuh ri orj0qrupdo ghqvlwlhv/ wkh vhpl0sdudphwulf rqhv edvhg rq
dq Khuplwh dssur{lpdwlrq ri Pdgdq dqg Ploqh/ ru edvhg rq dq Hgjhzruwk h{0
sdqvlrq ri Mduurz dqg Uxgg/ wkh sdudphwulf dssurdfk ri Pdo} zklfk dvvxphv
d mxps0gl�xvlrq iru wkh xqghuo|lqj surfhvv/ dqg hyhqwxdoo| Khvwrq*v dssurdfk
dvvxplqj d vwrfkdvwlf yrodwlolw| prgho1 Zh dsso| wkrvh prghov rq IUI2GHP h{0
fkdqjh udwh rswlrqv iru wzr gdwhv/ iru ydulrxv pdwxulwlhv1 Prghov gl�hu zkhq lp0
sruwdqw qhzv klw wkh pdunhw +khuh wkh 4<<: vqds hohfwlrqv,1 Wkh qrq0sdudphwulf
prgho surylghv d jrrg �w wr rswlrqv sulfhv exw lv xqdeoh xqghu fulwlfdo flufxp0
vwdqfhv wr surylgh dv pxfk lqirupdwlrq derxw pdunhw sduwlflsdqwv h{shfwdwlrqv
wkdq Pdo}*v mxps0gl�xvlrq prgho1

Uìvxpì

Qrxv frpsdurqv gdqv fh sdslhu od txdolwì hw oh frqwhqx hq lqirupdwlrq ghv
ghqvlwìv qhxwuhv dx ulvtxh/ rewhqxv ã sduwlu gh gl�ìuhqwhv uhsuìvhqwdwlrqv gh
fhv ghqvlwìv = o*dssurfkh qrq0sdudpìwultxh irqgìh vxu xq pìodqjh gh ghqvlwìv
orj0qrupdohv > ohv irupxodwlrqv vhpl0sdudpìwultxhv irqgìhv vxu o*dssur{lpdwlrq
g*Khuplwh gh Pdgdq hw Ploqh rx vxu ohv h{sdqvlrqv g*Hgjhzruwk gh Mduurz hw
Uxgg > oh prgëoh gh gl�xvlrq dyhf vdxw gh Pdo} > hq�q oh prgëoh ã yrodwlolwì
vwrfkdvwltxh gh Khvwrq1 Qrxv dssoltxrqv fhv prgëohv dx{ rswlrqv gh fkdqjh vxu
oh IUI2GHP srxu ghx{ gdwhv hw gl�ìuhqwhv pdwxulwìv1 Ohv prgëohv gl�ëuhqw
qhwwhphqw txdqg oh pdufkì vxelw ghv fkrfv lpsruwdqwv +lfl od glvvroxwlrq gh
o*Dvvhpeoìh Qdwlrqdoh,1 Oh pìodqjh gh ghqvlwìv orj0qrupdohv irxuqlw xqh erqqh
hvwlpdwlrq ghv sul{ g*rswlrq/ pdlv qh grqqh sdv dxwdqw g*lqirupdwlrq/ oruv gh
prphqwv djlwìv/ frqfhuqdqw ohv dqwlflsdwlrqv ghv sduwlflsdqwv dx pdufkì txh oh
prgëoh gh gl�xvlrq dyhf vdxw gh Pdo}1

Prwv0foìv = Ghqvlwì qhxwuh dx ulvtxh/ ìydoxdwlrq g*rswlrq/ rswlrq gh fkdqjh1
MHO fodvvl�fdwlrq = F85/ J47/ I64/ I661

WEdqtxh gh Iudqfh/ Fhqwuh gh uhfkhufkh1
_KHF 0 Vfkrro ri Pdqdjhphqw hw Edqtxh gh Iudqfh/ Fhqwuh gh uhfkhufkh1

Fruuhvsrqgdqfh = Plfkdho Urfnlqjhu/ KHF 0 Vfkrro ri Pdqdjhphqw/ Ghsduwphqw ri Ilqdqfh/ :;684
Mrx|0hq0Mrvdv/ Iudqfh/ URFNLQJHUCJZVPWS1KHF1IU1

Qrxv uhphuflrqv Vrsklh Frxwdqw/ Ehuqdug Gxpdv/ Slhuuh Vlfvlf hw Fkduohv Wkrpdv srxu ohxuv suì0
flhx{ frpphqwdluhv1 Wrxwhirlv/ ohv huuhxuv txl vxevlvwhudlhqw uhvwhqw q÷wuhv1 Fh sdslhu qh uh ëwh sdv
qìfhvvdluhphqw ohv yxhv gh od Edqtxh gh Iudqfh1
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4 Lqwurgxfwlrq

O*hvvhqwlho gh od olwwìudwxuh vxu o*ìydoxdwlrq ghv sul{ g*rswlrq/ vxlydqw ohv wudydx{
vìplqdx{ gh Eodfn hw Vfkrohv +4<:6, hw Phuwrq +4<:6,/ vxssrvh txh o*dfwli vrxv0
mdfhqw ã o*rswlrq vxlw xq surfhvvxv gh gl�xvlrq orj0qrupdo1 Ohv ìwxghv hpslultxhv vxu
od yrodwlolwì ghv rswlrqv/ frpph Uxelqvwhlq +4<<7,/ rqw srxuwdqw prqwuì txh ohv rs0
wlrqv gh sul{ g*h{huflfh gl�ìuhqwv vrqw dvvrflìhv ã ghv qlyhdx{ gh yrodwlolwì gl�ìuhqwv/
fh tx*rq dsshooh frxudpphqw oh vploh g*rswlrq1 Fh uìvxowdw hvw hq frqwudglfwlrq dyhf
o*k|srwkëvh gh orj0qrupdolwì gh o*dfwli vrxv0mdfhqw hw prqwuh txh/ srxu ìydoxhu fru0
uhfwhphqw ohv sul{ g*rswlrq/ ghv prgëohv soxv jìqìudx{ vrqw qìfhvvdluhv1 Lo vxjjëuh
ìjdohphqw txh ohv prphqwv g*ruguh vxsìulhxu ã ghx{ rqw xq frqwhqx hq lqirupdwlrq =
lo hvw hq h�hw srvvleoh g*rewhqlu ghv lqglfdwlrqv vxu ohv dqwlflsdwlrqv ghv sduwlflsdqwv
dx pdufkì frqfhuqdqw ohv fkrfv uduhv hw lpsruwdqwv +FUL,1

Gl�ìuhqwhv pìwkrghv rqw ìwì vxjjìuìhv srxu h{wudluh ghv sul{ g*rswlrqv od ghqvlwì
qhxwuh dx ulvtxh +GQU, gh o*dfwli vrxv0mdfhqw1 Fhwwh ghqvlwì hvw uholìh dx{ dqwlfl0
sdwlrqv ghv sduwlflsdqwv dx pdufkì frqfhuqdqw oh surfhvvxv gh sul{ ixwxu gdqv xq
hqylurqqhphqw qhxwuh dx ulvtxh1 Frpph o*rqw prqwuì Edkud +4<<9, hw Fdpsd hw

doll +4<<:,/ xqh irlv od ghqvlwì frqqxh/ lo hvw srvvleoh gh fdofxohu ohv prphqwv gh od
GQU hw ghv lqwhuydoohv gh frq�dqfh1 Ohv GQU mrxhqw grqf xq u÷oh lpsruwdqw frpph
rxwlo g*dssuìfldwlrq gh od fuìglelolwì gh od Edqtxh fhqwudoh1 Ohv GQU vrqw ìjdohphqw
lqwìuhvvdqwhv srxu xq lqyhvwlvvhxu txl fkhufkh ã phvxuhu frpphqw ohv dqwlflsdwlrqv
ghv pdufkìv ìyroxhqw dx frxuv gx whpsv1

Gdqv fh sdslhu/ qrxv gìfulyrqv/ gdqv xq suhplhu whpsv/ gl�ìuhqwhv pìwkrghv
shuphwwdqw od frqvwuxfwlrq gh GQU1 Xqh suhplëuh pìwkrgh/ txh o*rq shxw txdol�hu
gh qrq0sdudpìwultxh/ d ìwì gìyhorssìh sdu Pholfn hw Wkrpdv +4<<:, srxu o*ìydoxdwlrq
ghv rswlrqv dpìulfdlqhv hw dgdswìh sdu Edkud +4<<9, hw Vkhuulfn hw doll +4<<9, srxu
ohv rswlrqv hxursìhqqhv1 Lo v*djlw g*xqh uhsuìvhqwdwlrq gh od GQU irqgìh vxu xq
pìodqjh gh ghqvlwìv orj0qrupdohv1 Vùghuolqg hw Vyhqvvrq +4<<:, rqw prqwuì frpphqw
fhwwh pìwkrgh shxw íwuh dssoltxìh ã gl�ìuhqwv dfwliv �qdqflhuv/ hq lqvlvwdqw vxu vrq
xwlolvdwlrq gx srlqw gh yxh gh od srolwltxh prqìwdluh1

Xqh dxwuh dssurfkh hvw irqgìh vxu oh wudydlo gh Mduurz hw Uxgg +4<;5, txl rqw
gìyhorssì xqh pìwkrgh g*ìydoxdwlrq g*rswlrq vrxv o*k|srwkëvh txh o*dfwli vrxv0mdfhqw
q*hvw sdv orj0qrupdo1 Lov prqwuhqw frpphqw ohv GQU shxyhqw íwuh rewhqxhv frpph
xqh h{sdqvlrq g*Hgjhzruwk dxwrxu gh od ghqvlwì orj0qrupdoh1 Qrxv txdol�rqv fh w|sh
g*dssurfkh gh vhpl0sdudpìwultxh1 Fhwwh pìwkrgh d ìwì plvh hq úxyuh sdu Fruudgr
hw Vx +4<<9,1 Dgrswdqw xqh gìpdufkh vlplodluh/ Pdgdq hw Ploqh +4<<6, gìfulyhqw
od GQU rewhqxh ã sduwlu g*xqh dssur{lpdwlrq sro|q÷pldoh g*Khuplwh1 Denhq hw doll

+4<<9, sursrvhqw xqh dssolfdwlrq hw prqwuhqw frpphqw ohv prphqwv g*ruguh vxsìulhxu
ã ghx{ gh o*dfwli vrxv0mdfhqw shxyhqw ydulhu dx frxuv gx whpsv1

Edwhv +4<<9d hw 4<<9e, hw Pdo} +4<<9, iudqfklvvhqw xqh ìwdsh vxssoìphqwdluh hq
vxssrvdqw txh oh surfhvvxv vrxv0mdfhqw vxlw xq surfhvvxv gh gl�xvlrq ã vdxw1 Lov
vxssrvhqw xqh vsìfl�fdwlrq frpsoëwh gx surfhvvxv gh sul{ gx vrxv0mdfhqw1 Qrxv
dsshorqv fhwwh pìwkrgh sdudpìwultxh1 Fhuwdlqv prgëohv vsìfl�hqw hqfruh gdydqwdjh
oh surfhvvxv gh sul{ gx vrxv0mdfhqw1 Lo v*djlw hq sduwlfxolhu ghv prgëohv ã yrodwlolwì
vwrfkdvwltxh1 Kxoo hw Zklwh +4<;:,/ Fkhvqh| hw Vfrww +4<;<,/ Pholqr hw Wxuqexoo
+4<<3,/ Edoo hw Urpd +4<<7, vxssrvhqw txh od yrodwlolwì vxlw xq surfhvvxv gh gl�xvlrq1
Srxu txh ohv prgëohv sxlvvhqw íwuh hvwlpìv/ ghv k|srwkëvhv vlpsol�fdwulfhv frqfhuqdqw
od fruuìodwlrq hqwuh od yrodwlolwì hw oh uhqghphqw gx vrxv0mdfhqw vrqw qìfhvvdluhv1 Hq
vxssrvdqw xq surfhvvxv gl�ìuhqw srxu od yrodwlolwì hw xwlolvdqw xqh dssurfkh qxpìultxh
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gl�ìuhqwh/ Khvwrq +4<<6, irxuqlw xqh vroxwlrq txdvl dqdo|wltxh srxu ohv sul{ g*rswlrq
gdqv xq hqylurqqhphqw gh yrodwlolwì vwrfkdvwltxh soxv jìqìudo1 O*remhfwli gh fhv ìwxghv
hvw gh irxuqlu xq rxwlo g*ìydoxdwlrq ghv rswlrqv1 Euhhghq hw Olw}hqehujhu +4<:;,
revhuyhqw txh ohv gìulyìhv vhfrqghv ghv sul{ g*rswlrq sdu udssruw dx sul{ g*h{huflfh
gh o*rswlrq grqqhqw ohv GQU1 D sduwlu gh fhwwh uhodwlrq/ U}hsnrzvnl +4<<9, dgdswh hw
dssoltxh oh prgëoh gh Khvwrq ã o*h{wudfwlrq gh GQU1 Jhvvhu hw Srqfhw +4<<9, phwwhqw
hq ìylghqfh xqh vwuxfwxuh sdu whuph gh yrodwlolwì hw frpsduhqw od vwuxfwxuh sdu whuph
revhuyìh hw fhoohv rewhqxhv ã sduwlu ghv prgëohv gh Kxoo hw Zklwh +4<;:, hw Khvwrq
+4<<6,1

Gh qrpeuhxvhv dxwuhv dssurfkhv shuphwwhqw g*rewhqlu ghv GQU1 Dòw0Vdkdold hw
Or +4<<8, sursrvhqw xqh pìwkrgh qrq0sdudpìwultxh irqgìh vxu xqh dqdo|vh hq vìulh
whpsruhooh hw o*hvwlpdwlrq g*xqh ihqíwuh1 Vwxw}hu +4<<9, vxjjëuh xqh surfìgxuh irqgìh
vxu oh sulqflsh gx pd{lpxp g*hqwurslh/ gdqv odtxhooh o*ìwdsh lqlwldoh xwlolvh ohv sul{
klvwrultxhv gx vrxv0mdfhqw1 Uxelqvwhlq +4<<7, hw Mdfnzhuwk hw Uxelqvwhlq +4<<9,
vxjjëuhqw xqh pìwkrgh irqgìh vxu ohv dueuhv elqrpldx{1 Qrxv uhvwuhljqrqv qrwuh
ìwxgh dx{ prgëohv txl qh irqw sdv dssho dx{ dueuhv hw gdqv ohvtxhov dxfxq klvwrultxh
gx vrxv0mdfhqw q*hvw uhtxlv1

Qrxv frpsdurqv ohv dydqwdjhv hw ohv lqfrqyìqlhqwv ghv gl�ìuhqwhv pìwkrghv hq ohv
dssoltxdqw dx{ rswlrqv gh fkdqjh hxursìhqqhv vxu IUI2GHP srxu ghx{ gdwhv = oh
4: pdl 4<<9/ xqh gdwh fkrlvlh gh idêrq doìdwrluh dx frxuv gh odtxhooh oh pdufkì d ìwì
fdoph/ hw oh 58 dyulo 4<<:/ txhotxhv mrxuv dsuëv txh oh Suìvlghqw Fkludf dlw dqqrqfì
od glvvroxwlrq gh o*Dvvhpeoìh Qdwlrqdoh1

Frqwudluhphqw ã fhuwdlqv sdslhuv txl v*lqwìuhvvhqw ã o*ìydoxdwlrq ghv rswlrqv dyhf
yrodwlolwì yduldeoh +Ghupdq hw Ndql/ 4<<7/ Gxpdv hw doll/ 4<<9/ Gxsluh/ 4<<7/ Vklpnr/
4<<6/ Vwhlq hw Vwhlq/ 4<<4,/ qrxv qrxv lqwìuhvvrqv dx frqwhqx hq lqirupdwlrq ghv
rswlrqv srxu gl�ìuhqwhv pdwxulwìv1

Gdqv od vhfwlrq 5/ qrxv sdvvrqv hq uhyxh ohv pìwkrghv uhwhqxhv srxu fhwwh ìwxgh1
Srxu fkdfxqh ghv pìwkrghv/ qrxv suìvhqwrqv ohv hvwlpdwlrqv ghv sdudpëwuhv1 Oh
frqwhqx ìfrqrpltxh ghv hvwlpdwlrqv hvw glvfxwì gdqv od vhfwlrq 61 Gdqv od vhfwlrq
7/ qrxv frpsdurqv ohv gl�ìuhqwhv pìwkrghv vhorq gl�ìuhqwv fulwëuhv = yudlvhpeodqfh/
ìydoxdwlrq g*rswlrqv hq ìfkdqwloorq/ prphqwv ghv GQU hw lqwhuydoohv gh frq�dqfh1 Od
vhfwlrq 8 frqfoxw1 Ohv gìwdlov frqfhuqdqw ohv grqqìhv hw o*hvwlpdwlrq ghv sdudpëwuhv
vrqw grqqìv hq dqqh{hv1

5 O*hvwlpdwlrq ghv GQU

Fhwwh vhfwlrq suìvhqwh ohv qrwdwlrqv hw oh frqwh{wh jìqìudo dx vhlq gxtxho qrxv frp0
sdurqv ohv GQU1 Vrlw V| oh sul{ ã od gdwh w g*xqh xqlwì gh ghylvh ìwudqjëuh hq ghylvh
orfdoh41 Xqh rswlrq fdoo hxursìhqqh/ srxu xq dfwli vrxv0mdfhqw gh sul{ V|/ grqqh ã
vrq gìwhqwhxu oh gurlw g*dfkhwhu oh vrxv0mdfhqw dx sul{ g*h{huflfh +rx vwulnh, N ã od
gdwh g*h{sludwlrq +rx ìfkìdqfh, � 1 Sxlvtx*xq lqyhvwlvvhxu udwlrqqho q*h{hufhud vrq
gurlw txh v*lo uìdolvh xq sur�w/ oh jdlq g*xq fdoo v*ìfulw pd{ +V� �N> 3,1 Xqh rswlrq
sxw hxursìhqqh/ srxu xq dfwli vrxv0mdfhqw gh sul{ V|/ grqqh ã vrq gìwhqwhxu oh gurlw
gh yhqguh oh vrxv0mdfhqw dx sul{ g*h{huflfh N ã od gdwh g*h{sludwlrq � 1 Oh jdlq g*xq
fdoo v*ìfulw pd{+V� � N> 3,1 Srxu ghv rswlrqv hxursìhqqhv/ o*h{huflfh dydqw � hvw
lpsrvvleoh1 Vrxv o*k|srwkëvh txh oh pdufkì hvw frpsohw hw sduidlwhphqw duelwuì/ rq

4Srxu ohv rswlrqv vxu IUI2GHP/ 7| hvw oh qrpeuh gh IUI qìfhvvdluhv srxu dfkhwhu xqh xqlwì gh
GHP1
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shxw prqwuhu tx*lo h{lvwh xqh phvxuh gh suredelolwì xqltxh +glwh qhxwuh dx ulvtxh,/
ìtxlydohqwh ã od suredelolwì klvwrultxh/ srxu odtxhooh oh sul{ gh o*rswlrq fdoo v*ìfulw
frpph o*hvsìudqfh dfwxdolvìh gx sd|r�/ who txh5 =

F +V|> W>Nm�, @ h3oAH' ^pd{ +V� �N> 3,`

@ h3oA
] n"

7�'g
+V� �N,d +V� > � >V|> wm�, gV� +4,

rü H' uhsuìvhqwh o*hvsìudqfh vrxv od suredelolwì qhxwuh dx ulvtxh T/ d+�, hvw od ghqvlwì
gh suredelolwì qhxwuh dx ulvtxh gx surfhvvxv gh sul{ gx vrxv0mdfhqw hw � oh yhfwhxu
ghv sdudpëwuhv gìfulydqw od GQU1 W @ � � w hvw od pdwxulwì uìvlgxhooh 1

514 Oh fdv orj0qrupdo +Jdupdq hw Nrkokdjhq/ 4<;6,

51414 Oh prgëoh

O*hvvhqwlho gh od uhfkhufkh vxu ohv rswlrqv vxssrvh xq surfhvvxv gh sul{ srxu oh vrxv0
mdfhqw1 Rq shxw dgphwwuh sdu h{hpsoh txh V| vxlw xq surfhvvxv g*Lw÷ +gl�xvlrq
orj0qrupdoh, who txh

gV| @ �V|gw. �V|gZ| +5,

rü � hw � uhsuìvhqwhqw uhvshfwlyhphqw o*hvsìudqfh hw od yrodwlolwì lqvwdqwdqìhv gx
uhqghphqw gh o*dfwli1 Z| hvw xq prxyhphqw eurzqlhq srxu od phvxuh gh suredelolwì
uìhooh S 1 Vrxv xqh whooh k|srwkëvh srxu o*dfwli vrxv0mdfhqw/ rq shxw prqwuhu txh/ gdqv
xq prqgh qhxwuh dx ulvtxh/ V| shxw íwuh uìfulw vrxv od iruph =

gV| @ +u� uW,V|gw. �V|gZ
'
| +6,

rüZ'
| hvw xq qrxyhdx prxyhphqw eurzqlhq srxu od phvxuh gh suredelolwì T/ ìtxlyd0

ohqwh ã S 1 u hw uW uhsuìvhqwhqw uhvshfwlyhphqw ohv wdx{ g*lqwìuíw vdqv ulvtxh/ frpsrvìv
frqwlqþphqw/ grphvwltxh hw ìwudqjhu1 Od ghqvlwì d +V� > � >V|> wm�, v*ìfulw doruv vlpsoh0
phqw vrxv od iruph g*xqh ghqvlwì orj0qrupdoh6

d +V� > � >V|> wm�, @ OQ+V� >p>v, � 4s
5�vV�

h{s

%
�4

5

�
oq +V�,�p

v

�2&

dyhf p @ H +oq+V�,, @ oq+V|, .
�
u � uW � �

2�
2
�
W hw v2 @ Y +oq+V� ,, @ �2W 1

Frpph ohv sul{ g*rswlrqv v*h{sulphqw frpph ghv hvsìudqfhv wurqtxìhv/ rq hq
gìgxlw/ hq qrwdqw txh H ^pd{ +{> 3,` @ H ^{ m{ � 3`Su +{ � 3, =

F +V|> W>N> u> u
Wm�, @ h3oA +H ^V� mV� � N `�N,Su +V� � N,

dyhf

H ^V� mV� � N ` @ h{s

�
p.

4

5
v2
�%

4�Q

#
oq+N,�p� v2

v

$&
4

Su +V� � N,

5Fi1 Kduulvrq hw Solvnd +4<;4, rx Gx!h +4<;;,1
6Fh uìvxowdw surylhqw gx ohpph g*Lwr1 Gh +6, rq rewlhqw hq h�hw _ *?E7|� ' Eo 3 oW 3

�

2
j2�_| n j_` W

| hw grqf *?E7� � ' *?E7|� n Eo 3 oW 3 �

2
j2�A n jE` W

� 3 `W
| �1 Frpph `W

� 3` W
|

hvw glvwulexì frpph xqh yduldeoh qrupdoh g*hvsìudqfh qxooh hw gh yduldqfh A / rq rewlhqw txh
*?E7� � ; � �*?E7|� n Eo 3 oW 3 �

2
j2�Ac j2A

�
1 Gh soxv/ vl *?E7� ; � E>c j2�/ doruv od ghqvlwì gh 7

hvw ? EE*?E7� 3 >�*j� *Ej7� hw vd irqfwlrq gh glvwulexwlrq hvw � EE*?E7� 3 >�*j�1 Lfl ? hw � uhsuìvhq0
whqw wrxmrxuv od ghqvlwì hw od ghqvlwì fxpxoìh g*xqh orl qrupdoh1
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hw

Su +V� � N, @ 4�Q

�
oq+N,�p

v

�

fh txl grqqh/ dsuëv vlpsol�fdwlrqv/ od irupxoh g*ìydoxdwlrq gh o*rswlrq fdoo plvh hq
ìylghqfh sdu Jdupdq hw Nrkokdjhq +4<;6, =

FCg +V|> W>N> u> u
Wm�, @ h3o

WAV|Q+g�,� h3oANQ+g2, +7,

dyhf

g� @
oq+V|@N, . +u � uW . �

2�
2,W

�
s
W

hw g2 @ g� � �
s
W 1

51415 Oh olhq hqwuh ohv ghowdv hw ohv sul{ g*h{huflfh

Ohv rswlrqv gh fkdqjh qh vrqw sdv frwìhv hq sul{/ srxu xq sul{ g*h{huflfh grqqì/ pdlv
hq yrodwlolwì ghv rswlrqv/ srxu xq ghowd grqqì1 Frqqdlvvdqw od yrodwlolwì/ oh wdx{ gh
fkdqjh dx frpswdqw/ ohv gl�ìuhqwv wdx{ g*lqwìuíw hw od pdwxulwì uìvlgxhooh/ lo h{lvwh
xqh uhodwlrq elmhfwlyh hqwuh ohv ghowdv hw ohv sul{ g*h{huflfh1

Oh ghowd g*xqh rswlrq hvw gì�ql frpph od gìulyìh gx sul{ sdu udssruw dx vrxv0
mdfhqw1 Rq d grqf/ srxu xq fdoo =

�� @
CFCg

CV|
+V|> W>N> u> u

Wm�, @ h3o
WAQ+g�,

� hvw xqh irqfwlrq vwulfwhphqw gìfurlvvdqwh gh N/ grqf/ srxu fkdtxh � lo h{lvwh xq
sul{ g*h{huflfh xqltxh txl shxw íwuh h{wudlw ã sduwlu g*xqh surfìgxuh g*rswlplvdwlrq
qrq olqìdluh1 Frpph ohv fdoov hw ohv sxwv vrqw uholìv ã wudyhuv od sdulwì sxw0fdoo/ vl
qrxv dyrqv oh sul{ g*h{huflfh N srxu xq fdoo/ doruv 4�� fruuhvsrqg ã xq sxw gh píph
yrodwlolwì hw gh píph sul{ g*h{huflfh1 Hq g*dxwuhv whuphv/ soxw÷w txh gh wudydloohu
dyhf ghv fdoov hw ghv sxwv/ qrxv qh frqvlgìurqv txh ghv fdoov1 Xqh irlv rewhqx oh sul{
g*h{huflfh N/ lo hvw srvvleoh g*lqyhuvhu od irupxoh g*ìydoxdwlrq +7, srxu fkdtxh rswlrq
hw g*rewhqlu xq sul{ hq IUI71

Oh judskltxh 4 uhsuìvhqwh od yrodwlolwì g*xqh rswlrq hq irqfwlrq gx ghowd1 Vrxv
o*k|srwkëvh gh orj0qrupdolwì/ qrxv ghyulrqv revhuyhu ghv oljqhv krul}rqwdohv1 Od gìyl0
dwlrq hvw dsshoìh vploh g*rswlrq1 Lfl/ ohv rswlrqv dvvrflìhv ã gh shwlwhv ydohxuv gh �
+ghv sul{ g*h{huflfh ìohyìv, vrqw fkëuhv/ lqgltxdqw xqh dqwlflsdwlrq gh kdxvvh gx wdx{
gh fkdqjh +gh gìsuìfldwlrq gx iudqf,1

Frqqdlvvdqw ohv sul{ g*rswlrq hq IUI srxu xqh pdwxulwì hw srxu gl�ìuhqwv sul{
g*h{huflfh grqqìv/ rq shxw vh ghpdqghu txhooh hvw od ydohxu gh � txl grqqh vlpxowdqì0
phqw od phloohxuh ghvfulswlrq ghv sul{ g*rswlrq revhuyìv srxu xqh pdwxulwì grqqìh1
Oh wdeohdx 4 suìvhqwh ohv sdudpëwuhv hvwlpìv gh od ghqvlwì orj0qrupdoh1 Rq qrwh txh
srxu od suhplëuh gdwh/ od yrodwlolwì lpsolflwh dxjphqwh/ lqgltxdqw xqh soxv judqgh
lqfhuwlwxgh ã orqj whuph1 Hooh vhpeoh glplqxhu srxu od vhfrqgh gdwh1 Rq uhpdutxh
ìjdohphqw od iruwh dxjphqwdwlrq gh o*ìfduw0w|sh gh od yrodwlolwì/ vxjjìudqw txh oh prg0
ëoh gh Jdupdq hw Nrkokdjhq d fhuwdlqhv gl!fxowìv ã uìfrqflolhu ohv grqqìhv dyhf od
wkìrulh1

7Vl ohv sul{ ìwdlhqw frwìv hq qxpìudluh/ doruv/ frpph oh sul{ gx vrxv0mdfhqw ydulh/ lo vhudlw qìfhvvdluh
gh phwwuh ã mrxu uìjxolëuhphqw ohv sul{ g*h{huflfh ghv rswlrqv +frpph srxu ohv rswlrqv gh wdx{,1

8



515 Xqh dssurfkh qrq0sdudpìwultxh

Vl o*rq frqvlgëuh o*ìtxdwlrq gh sul{ gh o*rswlrq fdoo +4,/ rq rewlhqw hq dssoltxdqw od
orl gh Ohleql}/ frpph gdqv Euhhghq hw Olw}hqehujhu +4<:9,/ txh8

C2F

CN2
+V|> W>N> u> u

Wm�, @ h3oAd+N> � >V|> wm�,1 +8,

Grqf xqh suhplëuh pìwkrgh g*h{wudfwlrq gh od GQU shxw íwuh irqgìh vxu xq fdofxo
qxpìultxh gh od gìulyìh vhfrqgh1 Fhwwh dssurfkh vxssrvh tx*lo h{lvwh vx!vdpphqw
gh sul{ g*h{huflfh srxu ìydoxhu qxpìultxhphqw ohv gìulyìhv vhfrqghv1 Ru fhv gìulyìhv
qxpìultxhv vrqw lqvwdeohv hw fhwwh pìwkrgh qh shuphw sdv gh olvvhu ohv luuìjxodulwìv
suryhqdqw ghv sul{ g*rswlrq hw shxw grqf sduirlv frqgxluh ã ghv suredelolwìv qìjd0
wlyhv1 Fhv luuìjxodulwìv shxyhqw íwuh gxhv/ sdu h{hpsoh/ ã o*xwlolvdwlrq ghv plolhx{ gh
irxufkhwwh elg0dvn vxu ohv pdufkìv dx juì ã juì rx ã o*devhqfh gh vlpxowdqìlwì ghv
frwdwlrqv ghv sul{ g*rswlrq hw gx vrxv0mdfhqw1

Xqh vwudwìjlh dowhuqdwlyh frqvlvwh ã olvvhu dx suìdodeoh od GQU ã sduwlu g*xq
pìodqjh gh ghqvlwìv/ vrxv od iruph = d +V� > � >V|> wm�, @ S�

�'� ��e +V� > � >V|> wm��,1 Lfl
e +V� > � >V|> wm��, uhsuìvhqwh xqh ghqvlwì grqqìh/ �� hvw oh yhfwhxu gh sdudpëwuhv dvvrflì
ã od ghqvlwì l hwP hvw oh qrpeuh gh ghqvlwìv txh o*rq vrxkdlwh frpelqhu1 Edkud +4<<9,/
Pholfn hw Wkrpdv +4<<:, hw Vùghuolqg hw Vyhqvvrq +4<<:, uhwlhqqhqw xq pìodqjh gh
ghqvlwìv orj0qrupdohv9/ vrlw

d +V� > � >V|> wm�, @
�[
�'�

��OQ
�
V� >��> ��

s
W
�

dyhf
S�

�'� �� @ 41 Lfl �� @ +��> ��,/ rü �� hvw od yrodwlolwì dqqxdolvìh1
Gdqv fh fdv/ oh sul{ g*xqh rswlrq fdoo +4, shxw íwuh uìfulw/ hq xwlolvdqw ã qrxyhdx

od irupxoh gh o*hvsìudqfh wurqtxìh g*xqh orl orj0qrupdoh/ vrxv od iruph =

F +V|> W>N> u> u
Wm�, @ h3oA

�[
�'�

�� +9,

#
h{s

�
�� .

4

5
�2�W

�%
4�Q

#
oq+N,� �� � �2�W

��
s
W

$&
�N

�
4�Q

�
oq+N,� ��
��
s
W

��$

Gh soxv/ lo hvw xwloh g*lpsrvhu od frqwudlqwh txh/ vrxv od suredelolwì qhxwuh dx ulvtxh/
oh wdx{ gh fkdqjh dx frpswdqw dqwlflsì ghyudlw íwuh ìjdo dx wdx{ ã whuph revhuyì =

V|h
Eo3oW�A @

�[
�'�

�� h{s

�
�� .

4

5
�2�W

�
=

Ohv sdudpëwuhv ã hvwlphu vrqw grqf ohv +P � 4, suredelolwìv ��/ ohv P hvsìudqfhv ��
hw yrodwlolwìv ��1

Oh wdeohdx 5 suìvhqwh ohv hvwlpdwlrqv ghv sdudpëwuhv srxu oh pìodqjh gh ghx{
ghqvlwìv orj0qrupdohv1 Lo hvw srvvleoh g*rewhqlu xqh phvxuh gh od wdlooh ghv FUL/ ã

8Euhhghq hw Olw}hqehujhu +4<:9, vxjjëuhqw dlqvl g*ìydoxhu od GQU ã sduwlu gh o*dssur{lpdwlrq

Y2�

Yg2
E
�
�Eg�n��3 �Eg��

g�n� 3g�

3 �Eg��3 �Eg�3��

g� 3g�3�

�
*
�
g�n� 3g�3�

2

�
1

9Yrlu ìjdohphqw Urqfdool +4<<:,1
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sduwlu gh �2���1 Rq qrwh txh �2��� hvw soxv shwlw srxu od suhplëuh gdwh txh srxu
od vhfrqgh1 Od yrodwlolwì gh o*ìyìqhphqw oh soxv iuìtxhqw hvw ã shx suëv od píph srxu
ohv ghx{ gdwhv1 Srxu od suhplëuh gdwh/ od yrodwlolwì gh o*ìyìqhphqw oh soxv iuìtxhqw
dxjphqwh dyhf od pdwxulwì pdlv uhvwh vwdeoh srxu od vhfrqgh1

516 Xqh dssurfkh vhpl0sdudpìwultxh sdu ohv sro|q÷phv g*Khuplwh

Fhwwh pìwkrgh d ìwì sursrvìh sdu Pdgdq hw Ploqh +4<<7, hw plvh hq úxyuh gdqv
Denhq hw doll +4<<9,1 Pdgdq hw Ploqh qrwhqw g*derug txh wrxw sul{ g*rswlrq fdoo
shxw v*ìfuluh vrxv od iruph

F +V|> W>Nm�> �, @ h3oA
] "

3"
j+{,T+{,g{ +:,

rü { hvw xqh yduldeoh doìdwrluh qrupdoh fhqwuìh uìgxlwh/ j+{, hvw oh sd|r� hw T+{,
hvw od ghqvlwì/ vrxv od suredelolwì qhxwuh dx ulvtxh/ gh od yduldeoh {1 Fhwwh ghqvlwì
hvw lqfrqqxh hw gh iruph txhofrqtxh/ pdlv lo hvw srvvleoh gh fkdqjhu gh phvxuh gh
suredelolwì srxu xqh phvxuh gh uìiìuhqfh +lfl/ od orl qrupdoh,/ vrxv od iruph T+{, @
i+{,q+{,/ rü i+{, hvw od ghqvlwì txl shuphw gh fkdqjhu gh phvxuh qhxwuh dx ulvtxh1

Rq qrwh txh vl j hw i vrqw ghx{ irqfwlrqv ã ydohxuv uìhoohv d|dqw ghv dujxphqwv
uìhov/ doruv ? jmi A@

U
%M- j+{,i+{,q+{,g{ gì�qlw xq surgxlw vfdodluh1 O*lqwìuíw gh

fh fkdqjhphqw gh phvxuh hvw tx*xqh edvh srxu o*hvsdfh gh uìiìuhqfh jdxvvlhq shxw
íwuh frqvwuxlwh ã sduwlu ghv sro|q÷phv g*Khuplwh1 Fhx{0fl vrqw gì�qlv sdu o*ìtxdwlrq
gl�ìuhqwlhooh

�&+{, @ +�4,& C
&q+{,

C{&
4

q+{,

rx/ qrupdolvìv ã xqh yduldqfh xqlwdluh/ sdu *&+{, @ �&+{,@
s
n$1 Lov iruphqw xq v|v0

wëph ruwkrqrupdo/ gdqv ohtxho *&+{, v*lqwhusuëwh frpph oh n0ëph dfwli frqwlqjhqw
ìoìphqwdluh gh od edvh:1 Pdgdq hw Ploqh +4<<7, rqw prqwuì txh wrxw sd|r� j+{, g*xq
dfwli frqwlqjhqw shxw v*ìfuluh g*xqh idêrq xqltxh frpph xqh frpelqdlvrq olqìdluh ghv
ìoìphqwv gh od edvh/ grqf tx*lo h{lvwh ghv frqvwdqwhv uìhoohv jf/ j�/ � � �/ whoohv txh

j+{, @
"[
&'f

j&*&+{,

rü j& @
U"
3" j+{,*&+{,q+{,g{1 Od ydohxu gh pdufkì gx sd|r� hvw grqqìh sdu

Y +j+{,, @
"[
&'f

j&�&

rü �& hvw oh sul{ lpsolflwh gx ulvtxh gh o*dfwli frqwlqjhqw ìoìphqwdluh *&+{,1
Denhq hw doll +4<<9, vxssrvhqw txh/ vrxv od phvxuh gh uìiìuhqfh/ oh surfhvvxv gh

sul{ gh o*dfwli vrxv0mdfhqw vxlw xq prxyhphqw eurzqlhq jìrpìwultxh

V� @ V| h{s

�
�W . �

s
W{� � 4

5
�2W

�
@ V| h{s +�W ,

rü {� � Q +3> 4, hw rü � � Q
�
�� �

2�
2> j

2

A

�
hvw oh uhqghphqw frqwlqþphqw frp0

srvì1 Gdqv oh fdv g*xqh rswlrq fdoo/ oh sd|r� j+{, gh o*rswlrq hvw gì�ql vlpsohphqw

:Ohv txdwuh suhplhuv sro|q÷phv g*Khuplwh vrqw )fE%� ' �c )�E%� ' %/ )2E%� ' E%2 3 ��*
I
2/

)�E%� ' E%� 3 �%�*
I
S/ )eE%� ' E%e 3 S%2 n ��*

I
2e�

:



sdu = pd{ ^V| h{s +�W ,�N> 3`1 Ohv frh!flhqwv j& v*h{sulphqw doruv gdqv od edvh ghv
sro|q÷phv g*Khuplwh vrxv od iruph

j& +V|> W>Nm�> �, @ C&�

Cx&
+x>V|> W>Nm�> �,m�'f 4s

n$

rü � hvw od irqfwlrq jìqìudwulfh srxu xqh rswlrq fdoo/ gì�qlh frpph

�+x>V|> W>Nm�> �, @
4s
5�

] n"

3"
F+{> V|> W>Nm�> �,h3 �

2
E%3��2g{

@ V|h
>Anj

I
A �Q+g�+x,,�NQ+g2+x,,

dyhf

g�+x, @
oq+V|@N, .

�
�. �

2�
2
�
W . �

s
Wx

�
s
W

hw g2+x, @ g�+x,� �
s
W=

Hq rxwuh/ ohv ghqvlwìv gh fkdqjhphqw gh phvxuh qhxwuh dx ulvtxh v*ìfulyhqw ìjdoh0
phqw vrxv od iruph gh frpelqdlvrqv ghv ìoìphqwv gh od edvh =

i+{, @
"[
&'f

�&*&+{,

dyhf �& @ hoA�& +Pdgdq hw Ploqh/ 4<<7,1 Gx idlw gh o*ruwkrqrupdolwì/ rq rewlhqw
txh ? jmi A@

S"
&'f

S"
,'f j&� , ? *& m*, A@

S"
&'f j&�& 1 Frpph ohv j& shxyhqw íwuh

fdofxoìv h{dfwhphqw/ lo hvw srvvleoh gh uhwurxyhu ohv �& ã sduwlu gh o*revhuydwlrq g*xq
qrpeuh vx!vdqw g*rswlrqv dvvrflìhv ã gl�ìuhqwv sul{ g*h{huflfh1 Hq h�hw/ o*ìtxdwlrq
+:, ghylhqw/ hq wurqtxdqw od vrpph lq�qlh ã O

F +V|> W>Nm�> �, @ h3oA
u[
&'f

�&j& +V|> W>Nm�> �, +;,

hw shuphw g*hvwlphu ohv sdudpëwuhv �& 1 Frpph � hvw xq sdudpëwuh ã hvwlphu/ lo hvw
qìfhvvdluh gh glvsrvhu g*rswlrqv srxu dx prlqv O . 5 sul{ g*h{huflfh1 Denhq hw doll

+4<<9, uhwlhqqhqw O @ 7=
Od ghqvlwì qhxwuh dx ulvtxh gh od yduldeoh { v*ìfulw

T+{, @ i+{,q+{, @
4s
5�

"[
&'f

�&*&+{,h
3 �

2
%2

vrlw/ txdqg od vrpph hvw wurqtxìh ã O @ 7/

T+{, @ q+{,

�
�f �

�2s
5
.

6�es
57

.

�
�� �

6��s
9

�
{

.

�
�2s
5
� 9�es

57

�
{2 .

��s
9
{� .

�es
57
{e
�
1 +<,

Dlqvl oh surfhvvxv { hvw vxssrvì jdxvvlhq vwdqgdug vrxv od phvxuh gh uìiìuhqfh/ pdlv
vd glvwulexwlrq ulvtxh qhxwuh T+{, shxw íwuh fodluhphqw ehdxfrxs soxv frpsoh{h1 Ru
{ shxw íwuh h{sulpì hq irqfwlrq gx sul{ gx vrxv0mdfhqw V� vrxv od iruph

{ @
oq+V�,� oq+V|,�

�
�� �

2�
2
�
W

�
s
W

1
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Lo hvw grqf dlvì gh uhwurxyhu od GQU dvvrflìh dx vrxv0mdfhqw V� / txl v*ìfulw vrxv
od iruph

d +V� > � >V|> wm�, @ 4

�
s
WV�

T

3
C oq+V� ,� oq+V|,�

�
�� �

2�
2
�
W

�
s
W

4
D

Oh whuph hqwuh furfkhwv gdqv +<, shuphw grqf gh gì�qlu xqh GQU gl�ìuhqwh gh od ghq0
vlwì orj0qrupdoh1 Srxu txh d +V� > � >V|> wm�, vrlw elhq xqh ghqvlwì +lqwìjudoh ìjdoh ã 4,/
rq grlw dyrlu �f @ 41 Hq rxwuh/ srxu txh ohv ghx{ suhplhuv prphqwv gh d +V� > � >V|> wm�,
vrlhqw ohv píphv txh fhx{ rewhqxv sdu od pìwkrgh gh Jdupdq hw Nrkokdjhq/ rq grlw
dyrlu �� @ �2 @ 3 +Denhq hw doll/ 4<<9,1 Frpph o*ìydoxdwlrq hvw uìdolvìh vrxv o*k|0
srwkëvh gh qhxwudolwì ylv0ã0ylv gx ulvtxh/ rq d od frqwudlqwh vxssoìphqwdluh � @ u�uW1
Ilqdohphqw/ ohv sdudpëwuhv ã hvwlphu vrqw od yrodwlolwì �/ dlqvl txh ohv sul{ lpsolflwhv
dvvrflìv ã od vnhzqhvv hw ã od nxuwrvlv/ gì�qlv sdu �� @ h3oA�� hw �e @ h3oA�e ;1

Oh wdeohdx 6 suìvhqwh o*hvwlpdwlrq gh fhv gl�ìuhqwv sdudpëwuhv1 Od yrodwlolwì
dxjphqwh dyhf ohv pdwxulwìv srxu od suhplëuh gdwh > oh sul{ lpsolflwh dvvrflì ã od
vnhzqhvv dxjphqwh doruv txh fhoxl dvvrflì ã od nxuwrvlv glplqxh1 Srxu od vhfrqgh gdwh/
od yrodwlolwì hvw vwdeoh hw ohv sul{ dvvrflìv ã od vnhzqhvv hw ã od nxuwrvlv dxjphqwhqw1

517 Xqh dssurfkh vhpl0sdudpìwultxh sdu ohv h{sdqvlrqv g*Hgjh0
zruwk

Fhwwh vhfwlrq suìvhqwh od pìwkrgh sursrvìh sdu Mduurz hw Uxgg +4<;5,/ grqw xqh
dssolfdwlrq qxpìultxh vh wurxyh gdqv Fruudgr hw Vx +4<<9,1 Mduurz hw Uxgg qrwhqw
txh/ hq o*devhqfh gh orj0qrupdolwì srxu od GQU/ rq shxw dssur{lphu d +V� > � >V|> wm�,
sdu xqh h{sdqvlrq g*Hgjhzruwk dxwrxu gh od ghqvlwì orj0qrupdoh<1

Vrlw D od irqfwlrq gh glvwulexwlrq fxpxoìh dvvrflìh ã od GQU d431 Rq gì�qlw
��� +D, @

U
v�d+v,gv oh m0ëph prphqw qrq0fhqwuì g*xqh yduldeoh doìdwrluh [ glvwulexìh

vhorq D hw �� +D, oh m0ëph prphqw fhqwuì gh [1 Od irqfwlrq fdudfwìulvwltxh gh [
hvw �+D> w, � U

h�r|d+v,gv1 Vl ��� h{lvwh mxvtx*ã xq ruguh q/ doruv ohv q� 4 fxpxodqwv
��+D, h{lvwhqw hw vrqw gì�qlv lpsolflwhphqw sdu o*h{sdqvlrq

oq+�+D> w,, @
?3�[
�'�

��+D,
+lw,�

m$
. r+w?3�,=

Lo h{lvwh ohv uhodwlrqv vxlydqwhv hqwuh ohv fxpxodqwv hw ohv prphqwv =

��+D, @ ���+D,> �2+D, @ �2+D,>

��+D, @ ��+D,> �e+D, @ �e+D,� 6�2+D,
21

Mduurz hw Uxgg rqw prqwuì txh o*h{sdqvlrq g*Hgjhzruwk mxvtx*ã o*ruguh 7 gh od
yudlh glvwulexwlrq gh suredelolwì D dxwrxu gh od glvwulexwlrq orj0qrupdoh E shxw

;Rq prqwuh hq rxwuh txh od vnhzqhvv hw od nxuwrvlv vrqw gluhfwhphqw sursruwlrqqhoohv ã Z� hw Ze1
Rq d hq h�hw ohv uhodwlrqv vxlydqwhv = �

�
' eoA

I
SZ� hw �e ' eoA

I
2eZe1

<Ohv h{sdqvlrqv g*Hgjhzruwk vrqw iuìtxhpphqw xwlolvìhv hq wkìrulh vwdwlvwltxh srxu rewhqlu ghv
glvwulexwlrqv hq ìfduw ã od orl qrupdoh1

43Srxu dooìjhu ohv qrwdwlrqv/ ohv ghqvlwìv qh vrqw gì�qlhv tx*hq irqfwlrq gx vrxv0mdfhqw +dlqvl
@E7�� 
 @E7� c � (7|c |�w�, hw ohv sul{ g*rswlrq qh vrqw gì�qlv tx*hq irqfwlrq gh od ghqvlwì fxpxoìh
uhwhqxh +dlqvl �E�� 
 � E7|c Acg�w� rü w fruuhvsrqg dx{ sdudpëwuhv gh od ghqvlwì �,1 K hw �
gìvljqhqw gdqv fhwwh vhfwlrq od glvwulexwlrq hw od glvwulexwlrq fxpxoìh orj0qrupdohv/ uhvshfwlyhphqw1
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v*ìfuluh/ hq lpsrvdqw o*ìjdolwì ghv suhplhuv prphqwv ghv ghqvlwìv dssurfkìh hw uìhooh/
��+D, @ ��+E,/ txh =

d+V� , @ e+V� , .
�2+D,� �2+E,

5$

g2e

gv2
+V�,� +��+D,� ��+E,,

6$

g�e

gv�
+V� ,

.
+�e+D,� �e+E,, . 6+�2+D,� �2+E,,2

7$

gee

gve
+V�, . %+V� ,

rü e+V�, hvw od ghqvlwì orj0qrupdoh hw %+V�, suhqg hq frpswh ohv whuphv qìjoljìv gdqv
o*h{sdqvlrq1 Ohv gl�ìuhqwv whuphv gh o*h{sdqvlrq fruuhvsrqghqw dx{ dmxvwhphqwv gh
od yduldqfh/ gh od vnhzqhvv hw gh od nxuwrvlv1

Mduurz hw Uxgg rqw prqwuì txh

] "

r'g
+v�N,

g�e+v,

gv�
gv @

g�32e
gv�32

+N,1

Oh sul{ g*xqh rswlrq fdoo hxursìhqqh dvvrflìh ã xq sul{ g*h{huflfh N v*ìfulw doruv
frpph

F+D, @ F+E, . h3oA
�2+D,� �2+E,

5$
e+N,� h3oA

��+D,� ��+E,

6$

ge+N,

gV�

.h3oA
+�e+D,� �e+E,, . 6+�2+D,� �2+E,,2

7$

g2e+N,

gV2�
. %+N, +43,

F+E, fruuhvsrqg ã od irupxoh +7, gh Jdupdq hw Nrkokdjhq1 Ohv fxpxodqwv gh od orl
orj0qrupdoh vrqw rewhqxv gh od idêrq vxlydqwh =

��+E, @ V|h
Eo3oW�A > �2+E, @ ^��+E,t`2>

��+E, @ ^��+E,t`
�+6t . t�,> �e+E, @ ^��+E,t`e+49t2 . 48te . 9tS . tH,>

rü t2 @ hj
2A � 4 hw rü od suhplëuh uhodwlrq ylhqw gh o*ìydoxdwlrq vrxv od suredelolwì

qhxwuh dx ulvtxh1
Mduurz hw Uxgg vxjjëuhqw g*lghqwl�hu oh prphqw gx vhfrqg ruguh hq lpsrvdqw

�2+E, @ �2+D,1 Fhw dujxphqw hvw ìjdohphqw mxvwl�ì vxu ghv edvhv qxpìultxhv sdu
Fruudgr hw Vx +4<<9,/ txl qrwhqw tx*hq o*devhqfh gh fhwwh frqglwlrq ghv sureoëphv gh
pxowlfrolqìdulwì dssdudlvvhqw hqwuh ohv prphqwv gx vhfrqg hw gx txdwulëph ruguhv1
Soxw÷w txh g*hvwlphu gluhfwhphqw ohv fxpxodqwv gdqv +43,/ Fruudgr hw Vx +4<<9,
hvwlphqw od vnhzqhvv hw od nxuwrvlv/ gì�qlhv uhvshfwlyhphqw sdu

��+D, @
��+D,

^�2+D,`�*2
/ �2+D, @

�e+D,

^�2+D,`2
=

Fhv h{suhvvlrqv vrqw ìjdohphqw ydodeohv srxu od glvwulexwlrq orj0qrupdoh1 Frpswh
whqx gh o*k|srwkëvh frqfhuqdqw o*ìjdolwì ghv fxpxodqwv gx vhfrqg ruguh/ rq d

F+D, @ F+E, �+��+D,� ��+E,,h3oA
#
�
�*2
2 +E,

6$

ge+N,

gV�

$
+44,

.+�2+D,� �2+E,,h3oA
#
�22+E,

7$

g2e+N,

gV2�

$
=

Ohv sdudpëwuhv hvwlpìv vrqw od yrodwlolwì lpsolflwh +�,/ od vnhzqhvv +��+D,, hw od
nxuwrvlv +�2+D,,1
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Oh wdeohdx 7 suìvhqwh ohv sdudpëwuhv hvwlpìv gh od yrodwlolwì/ gh od vnhzqhvv hw
gh od nxuwrvlv lpsolflwhv1 Qrxv rewhqrqv hqfruh txh od yrodwlolwì gh od suhplëuh gdwh
dxjphqwh dyhf ohv pdwxulwìv1 Od gìfurlvvdqfh gh od nxuwrvlv vxjjëuh txh o*lqwhqvlwì
ghv FUL glplqxh1 Srxu od vhfrqgh gdwh/ od yrodwlolwì hvw ã shx suëv frqvwdqwh ã
wudyhuv ohv pdwxulwìv/ pdlv o*dxjphqwdwlrq gh od nxuwrvlv uh ëwh o*dxjphqwdwlrq gh
od yudlvhpeodqfh g*xq FUL1 Ohv ghqvlwìv vrqw vlplodluhv ã fhoohv rewhqxhv sdu ohv
sro|q÷phv g*Khuplwh1

518 Ghqvlwì qhxwuh dx ulvtxh srxu xq surfhvvxv dyhf vdxw

Gdqv fhwwh vhfwlrq/ rq vxssrvh txh V| hvw xq surfhvvxv gh gl�xvlrq orj0qrupdo dyhf
vdxw/ f*hvw0ã0gluh od vrpph g*xq prxyhphqw eurzqlhq jìrpìwultxh hw g*xq surfhvvxv
ã vdxw gh Srlvvrq1 Hq suìvhqfh gh ulvtxh gh vdxwv/ ohv rswlrqv qh shxyhqw soxv íwuh
ìydoxìhv sdu duelwudjh1 Oh frqwh{wh ìfrqrpltxh hw ohv k|srwkëvhv g*ìydoxdwlrq vrqw
gìfulwhv gdqv Edwhv +4<<9d,1 Od irupxoh g*ìydoxdwlrq g*rswlrq gdqv oh fdv g*xqh gl�x0
vlrq dyhf vdxw vh wurxyh gdqv Fr{ hw Urvv +4<:9, hw Edwhv +4<<4/ 4<<9d/ 4<<9e,1 Gdqv
fh fdguh/ Pdo} +4<<9, prqwuh frpphqw h{wudluh gh o*lqirupdwlrq ghv sul{ g*rswlrq1

Vrxv o*k|srwkëvh txh oh surfhvvxv gh sul{ hvw od vrpph g*xq prxyhphqw eurzqlhq
jìrpìwultxh hw g*xqh frpsrvdqwh gh vdxw/ rq shxw ìfuluh txh/ vrxv od suredelolwì
qhxwuh dx ulvtxh

gV| @ +u� uW � �H^n`,V|gw. �V|gZ
'
| . nV|gt|c�

rü t|c� hvw xq frpswhxu gh Srlvvrq/ � od suredelolwì dqqxdolvìh g*rffxuuhqfh gx vdxw
vxu o*lqwhuydooh +w> �, hw n o*dpsohxu gx vdxw1 Gh idêrq jìqìudoh/ n srxuudlw íwuh xqh
yduldeoh doìdwrluh/ frpph gdqv Edwhv +4<<9d,1

Edoo hw Wrurxv +4<;6/ 4<;8, hw Pdo} +4<<:, vxssrvhqw srxu vlpsol�hu txh/ vxu
o*krul}rq gh o*rswlrq/ lo | dxud dx soxv xq vdxw g*dpsohxu frqvwdqwh1 Gdqv fhwwh
yhuvlrq Ehuqrxool g*xqh gl�xvlrq dyhf vdxw/ oh sul{ g*xqh rswlrq fdoo v*ìfulw vlpsohphqw
frpph od frpelqdlvrq gh ghx{ sul{ g*rswlrq fdoo ìydoxìv sdu od pìwkrgh gh Jdupdq
hw Nrkokdjhq =

F +V|> W>N> u> u
Wm�, @ +4� �W , � FCg +V|> W>N> u> u

W . �nm�, +45,

.+�W , � FCg +V|+4 . n,> W>N> u> uW . �nm�,

rü +4� �W , uhsuìvhqwh od suredelolwì g*devhqfh gh vdxw dydqw o*ìfkìdqfh hw � @
+�> �> n,1 Od GQU v*ìfulw gdqv fh fdv

d +V� > � >V|> wm�, @ +4� �W , � OQ +V
�
>p>v, . �W � OQ +V

�
>p. oq +4 . n, > v,

dyhf p @ oq+V|, .
�
u � uW � �

2�
2 � �n

�
W hw v2 @ �2W 1

Oh wdeohdx 8 suìvhqwh ohv sdudpëwuhv hvwlpìv srxu od gl�xvlrq dyhf vdxw1 Srxu
od suhplëuh gdwh/ od yrodwlolwì +�, dxjphqwh dyhf od pdwxulwì1 Od suredelolwì gh vdxw
dx frxuv gh od sìulrgh +�, hw o*dpsohxu gx vdxw +n, dxjphqwhqw ìjdohphqw1 Dx wrwdo/
o*lpsdfw hvsìuì gx vdxw +�nW , dxjphqwh1 Srxu od vhfrqgh gdwh/ od yrodwlolwì gh od
gl�xvlrq glplqxh1 Srxu ohv ìfkìdqfhv orlqwdlqhv/ od suredelolwì gh vdxw dx frxuv gh od
sìulrgh glplqxh/ doruv txh o*dpsohxu gx vdxw dxjphqwh1 Dx wrwdo/ o*lpsdfw hvsìuì gx
vdxw dxjphqwh1
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519 Sul{ g*rswlrq hq suìvhqfh gh yrodwlolwì vwrfkdvwltxh

Xqh dowhuqdwlyh ã o*k|srwkëvh gh gl�xvlrq dyhf vdxw frqvlvwh ã vxssrvhu/ frpph gdqv
oh prgëoh gh Khvwrq +4<<6,/ txh od yrodwlolwì hvw vwrfkdvwltxh1 Gdqv oh prgëoh gh
Khvwrq/ od g|qdpltxh gx sul{ gx vrxv0mdfhqw hvw vxssrvìh grqqìh sdu

gV| @ �V|gw.
s
y|gZ�c|

gy| @ �+# � y|,gw. �
s
y|gZ2c|

Ohv sdudpëwuhv gx prgëoh gh Khvwrq vrqw od yrodwlolwì gh orqj whuph
s
#/ od ylwhvvh

gh uhwrxu ã od pr|hqqh �/ od yrodwlolwì gh od yrodwlolwì �/ od fruuìodwlrq � hqwuh ohv
ghx{ prxyhphqwv eurzqlhqv Z�c| hw Z2c|1

s
y| hvw od yrodwlolwì lqvwdqwdqìh1 D sulrul/

y| q*hvw sdv xq sdudpëwuh ã hvwlphu/ pdlv od uìdolvdwlrq g*xqh yduldeoh doìdwrluh1
Fhshqgdqw/ frpph lo hvw lqrevhuydeoh/ lo hvw dvvh} qdwxuho gh o*hvwlphu dyhf ohv yudlv
sdudpëwuhv1 Khvwrq prqwuh txh oh sul{ g*xqh rswlrq fdoo v*ìfulw/ sdu dqdorjlh dyhf od
irupxoh gh Jdupdq hw Nrkokdjhq

F +V|> W>N> u> u
Wm�, @ h3o

WAV|S� � h3oANS2 +46,

S� @
4

5
.

4

�

] n"

f
Uh

�
h{s^�l{ oq+N,`i�+{,

l{

�
g{

rü od irqfwlrq ã lqwìjuhu shxw íwuh frqvwuxlwh dyhf

x� @ 4@5> x2 @ �4@5> d @ �#>

e� @ �. �� ��> e2 @ �. �

g� @
t
+��l{ � e�,2 � �2+5x�l{� {2,

j� @
e� � ��l{. g�
e� � ��l{� g�

G� @
e� � ��l{. g�

�2
4� h{s+g�W ,

4� j� h{s+g�W ,

F� @ +u � uW,l{W .
d

�2

%
+e� � ��l{. g�,W � 5 oq

#
4� j� h{s+g�W ,

4� j�

$&

hw
i� @ h{s+F� .G�y| . l{ oq+V|,,

od irqfwlrq fdudfwìulvwltxh gh oq +V�, vroxwlrq g*xqh ìtxdwlrq gl�ìuhqwlhooh rewhqxh
juåfh dx ohpph g*Lw÷1 � hvw oh sul{ gx ulvtxh gh yrodwlolwì1 Khvwrq vxssrvh txh oh sul{
gx ulvtxh gh yrodwlolwì hvw sursruwlrqqho ã od yduldqfh lqvwdqwdqìh y| = �+V|> y|, @ �y|1
Ohv sdudpëwuhv ã hvwlphu vrqw d/ e�/ e2/ �/ � hw y|1 Pdlv frpph � q*hvw sdv lghqwl�deoh/
rq gì�qlw #W @ �#@+� . �, hw �W @ �. �1 Dlqvl od yrodwlolwì vh frpsruwh gdqv xq
hqylurqqhphqw vdqv ulvtxh frpph

gy| @ �W+#W � y|,gw. �
s
y|gZ

W
2c|

Rq qrwh txh ohv lqwhusuìwdwlrqv gh �W hw #W frpph irufh gh udssho hw yrodwlolwì gh oqrj
whuph vrqw wrxmrxuv ydolghv1 Vhxov 8 sdudpëwuhv vrqw ã hvwlphu � @ +�W> #W> �> �> y|,1
Od GQU v*rewlhqw dlvìphqw ã sduwlu gx fdofxo qxpìultxh gh +8,1

Oh wdeohdx 9 uhsruwh ohv sdudpëwuhv hvwlpìv srxu oh prgëoh ã yrodwlolwì vwrfkdv0
wltxh1 Oh sdudpëwuh gh ylwhvvh gh uhwrxu ã od pr|hqqh hvw vwdeoh ã wudyhuv ohv pdwx0
ulwìv1 Od yrodwlolwì gh orqj whuph dxjphqwh srxu od suhplëuh gdwh hw glplqxh srxu od
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vhfrqgh/ doruv txh od yrodwlolwì lqvwdqwdqìh hvw vwdeoh srxu od suhplëuh gdwh hw dxj0
phqwh srxu od vhfrqgh1 Od fruuìodwlrq dxjphqwh dyhf od pdwxulwì1 Od yrodwlolwì gh od
yrodwlolwì hvw vwdeoh srxu od suhplëuh gdwh/ pdlv glplqxh iruwhphqw srxu od vhfrqgh
gdwh/ lqgltxdqw xqh dxjphqwdwlrq gh o*lqfhuwlwxgh srxu ohv pdwxulwìv frxuwhv1

6 Oh phvvdjh

Ohv wdeohdx{ 4 ã 9 lqgltxhqw tx*xqh uhsuìvhqwdwlrq soxv frpsoh{h gh od orj0qrupdolwì
ghyudlw íwuh dgrswìh srxu o*dfwli vrxv0mdfhqw hw txh o*ìwxgh ghv gl�ìuhqwhv pdwxulwìv
irxuqlw xqh lqirupdwlrq vxssoìphqwdluh1 Ohv uhsuìvhqwdwlrqv sdudpìwultxhv dowhuqd0
wlyhv vrqw ohv gl�xvlrqv ã vdxw hw ohv surfhvvxv ã yrodwlolwì vwrfkdvwltxh441

Ohv pìwkrghv vhpl0sdudpìwultxhv irxuqlvvhqw shx g*lqirupdwlrq vxu od g|qdpltxh
gx surfhvvxv vrxv0mdfhqw1 Qrxv frpphqêrqv grqf dyhf o*lqwhusuìwdwlrq gh od gl�xvlrq
dyhf vdxw gh Ehuqrxool1 Ohv dxwuhv prgëohv shxyhqw doruv íwuh lqwhusuìwìv ã sduwlu gh
fh prgëoh1 Qrxv qrxv frqfhqwurqv g*derug vxu oh wdeohdx 81

Srxu od suhplëuh gdwh/ od yrodwlolwì dqqxdolvìh
s
�2 . n2� gx surfhvvxv dxjphqwh

dyhf od pdwxulwì/ vxjjìudqw xq kdxw qlyhdx g*lqfhuwlwxgh1 O*dpsohxu gx vdxw n dxj0
phqwh doruv txh od suredelolwì gh vdxw � glplqxh1 Frpph od yrodwlolwì joredoh dxj0
phqwh/ od glplqxwlrq gh od suredelolwì gh vdxw qh frpshqvh sdv o*dxjphqwdwlrq gh
o*dpsohxu gx vdxw1 Oh vljqh srvlwli gh n lqgltxh txh ohv sduwlflsdqwv dx pdufkì dq0
wlflshqw xqh gìsuìfldwlrq gx iudqf1 Grqf/ srxu od suhplëuh gdwh/ ohv sduwlflsdqwv dx
pdufkì shqvhqw txh o*lqfhuwlwxgh irqgdphqwdoh dxjphqwh dyhf od pdwxulwì hw tx*xq
FUL ghylhqw soxv suredeoh1 Lov shqvhqw ìjdohphqw txh fh FUL frqgxlud ã xqh gìsuì0
fldwlrq gx iudqf1

Srxu od vhfrqgh gdwh/ od yrodwlolwì dqqxdolvìh
s
�2 . n2� uhvwh vwdeoh hw o*lqfhuwl0

wxgh vxu od gl�xvlrq � glplqxh dyhf od pdwxulwì1 Xqh sduwlh gh od yrodwlolwì joredoh
grlw grqf íwuh gxh ã o*dxjphqwdwlrq gx vdxw1 Fhwwh sduwlh shxw íwuh gh qrxyhdx gì0
frpsrvìh hq xqh dqwlflsdwlrq furlvvdqwh gx vdxw dydqw ìfkìdqfh hw xqh dpsohxu gx
vdxw soxv odujh1 Ohv sduwlflsdqwv dx pdufkì v*lqtxlìwdlhqw ghv frqvìtxhqfhv gh od glv0
vroxwlrq gh o*Dvvhpeoìh Qdwlrqdoh sdu oh Suìvlghqw Fkludf hw lov dqwlflsdlhqw txh/ g*lfl
xq prlv/ xqh gìydoxdwlrq gh 5/9( srxydlw vh surgxluh dyhf xqh suredelolwì gh :(1 D
soxv orqj whuph/ lov ìwdlhqw frq�dqwv txh ohv pdufkìv uhwrxuqhudlhqw ã xqh frqglwlrq
qrupdoh1 Srxu od vhfrqgh gdwh/ oh qlyhdx g*lqfhuwlwxgh joredo hvw soxv judqg txh srxu
od suhplëuh gdwh1

Frqfhuqdqw oh prgëoh ã yrodwlolwì vwrfkdvwltxh +wdeohdx 9,/ rq qrwh txh/ srxu
od suhplëuh gdwh/ lo q*h{lvwh sdv gh judqgh gl�ìuhqfh hqwuh oh qlyhdx gh od yrodwlolwì
suìvhqwh

s
y| hw od yrodwlolwì gh orqj whuph

s
#W1 Gh soxv/ frpph od yrodwlolwì gh od

yrodwlolwì � hvw frqvwdqwh/ dxfxq FUL q*hvw dqwlflsì1 O*dxjphqwdwlrq gh od yrodwlolwì
gh orqj whuph fruuhvsrqg ã xqh dxjphqwdwlrq gh o*lqfhuwlwxgh joredoh gdqv oh prgëoh
gh Ehuqrxool1

Srxu od vhfrqgh gdwh/ od gl�ìuhqfh hqwuh
s
y| hw

s
#W hvw dvvh} lpsruwdqwh srxu

ohv pdwxulwìv h{wuíphv1 Gh soxv/ � hvw ìohyì/ dx prlqv srxu ohv pdwxulwìv frxuwhv1 Od
yrodwlolwì gh orqj whuph/ txl fruuhvsrqg ã od yrodwlolwì ã ìfkìdqfh/ suhqg hq frpswh
o*ìyhqwxdolwì g*xq FUL/ sxlvtxh oh qlyhdx gh od yrodwlolwì srxu o*rswlrq ã 4 prlv gh
:/5( hvw wuëv ìohyì hq whuphv dqqxdolvìv1 Oh prgëoh gh yrodwlolwì vwrfkdvwltxh hvw

44Wkìrultxhphqw/ hoohv srxuudlhqw íwuh frpelqìhv1 Mrulrq +4<;;, d plv hq ìylghqfh/ hpslultxhphqw/
txh oh surfhvvxv gh wdx{ gh fkdqjh suìvhqwh ã od irlv xqh yrodwlolwì yduldeoh hw ghv vdxwv1 Fi1 ìjdohphqw
Edwhv +4<<9e,1
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grqf lqfdsdeoh gh uhqguh frpswh gx idlw tx*xq FUL shxw vh surgxluh hw hvw frqwudlqw
ã lqgltxhu fhwwh srvvlelolwì sdu xqh dxjphqwdwlrq gh o*lqfhuwlwxgh gh orqj whuph1

Hq frpsdudlvrq dyhf � +wdeohdx 8,/ txl grxeoh hqwuh ohv ghx{ gdwhv srxu o*rswlrq
ã 4 prlv/ rq qrwh oh píph prxyhphqw gdqv oh wdeohdx 9 srxu

s
#W hw �1

Frqvlgìudqw od suhplëuh gdwh/ rq qrwh tx*hq sdvvdqw gh o*rswlrq ã 4 prlv ã o*rswlrq
ã 45 prlv/ � glplqxh hw

s
#W dxjphqwh/ lqgltxdqw/ frpph gdqv oh wdeohdx 8/ txh

o*rffxuuhqfh gh judqghv yduldwlrqv hvw frqvlgìuìh frpph qrupdoh ã soxv orqj whuph1
Hq fh txl frqfhuqh oh sdudpëwuh � phvxudqw o*lpsruwdqfh gx olhq hqwuh o*dxjphq0

wdwlrq gh od yrodwlolwì hw od gìsuìfldwlrq gx iudqf/ rq qrwh txh fhwwh phvxuh hvw soxv
iruwh srxu od vhfrqgh gdwh txh srxu od suhplëuh1 Fh uìvxowdw vxjjëuh txh ohv sduwlfl0
sdqwv dx pdufkì dqwlflshqw qrq vhxohphqw txh soxv gh FUL grlyhqw vh surgxluh dyhf
oh 58 dyulo 4<<:/ pdlv dxvvl txh fhv fkrfv ghyudlhqw frqgxluh ã xqh gìsuìfldwlrq gx
iudqf1

Qrwuh frqfoxvlrq hvw txh oh prgëoh ã yrodwlolwì vwrfkdvwltxh irxuqlw xqh lqiru0
pdwlrq vlplodluh dx prgëoh gh gl�xvlrq ã vdxw/ pdlv dyhf xqh lqwhusuìwdwlrq soxv
gìolfdwh1

Txdqg rq sdvvh dx{ prgëohv vhpl0sdudpìwultxhv/ rq qrwh srxu od suhplëuh gdwh
txh ohv h{sdqvlrqv g*Hgjhzruwk hw ohv dssur{lpdwlrqv g*Khuplwh grqqhqw ghv uìvxo0
wdwv vlplodluhv = od yrodwlolwì hw od vnhzqhvv dxjphqwhqw hw od nxuwrvlv glplqxh dyhf
od pdwxulwì1 Fhod fruuhvsrqg dx{ uìvxowdwv rewhqxv suìfìghpphqw1 Vl xq FUL vh
surgxlw/ doruv lo hvw dqwlflsì íwuh g*xqh lqwhqvlwì vxsìulhxuh ã orqj whuph hw frqgxluh
ã xqh gìsuìfldwlrq gx iudqf1 Gh soxv/ ã orqj whuph/ fhuwdlqv ìyìqhphqwv txl vhudlhqw
frqvlgìuìv frpph ghv FUL vrqw lfl frqvlgìuìv frpph qrupdx{1

Srxu od vhfrqgh gdwh/ od yrodwlolwì dxjphqwh hqwuh ohv rswlrqv ã 4 prlv hw 5 prlv hw
uhvwh vwdeoh sdu od vxlwh1 Od nxuwrvlv dxjphqwh srxu ohv ghx{ prgëohv1 Od vnhzqhvv
ìyroxh gl�ìuhpphqw dyhf od pdwxulwì srxu od vhfrqgh gdwh1 Ohv ìfduwv0w|shv whqghqw
ã dxjphqwhu srxu od vhfrqgh gdwh1

Vl rq frqvlgëuh ohv uhsuìvhqwdwlrqv judskltxhv ghv GQU +judskltxh 5,/ rq qrwh
txh/ srxu od vhfrqgh gdwh/ fhuwdlqhv suredelolwìv vrqw qìjdwlyhv srxu ohv pìwkrghv
vhpl0sdudpìwultxhv1 Fhod hvw srvvleoh fdu lo v*djlw g*dssur{lpdwlrqv gh od GQU1 Fh
uìvxowdw shxw íwuh lqwhusuìwì frpph xq vljqh gh pdxydlvh vsìfl�fdwlrq1 Ohv prgëohv
vhpl0sdudpìwultxhv vhpeohqw dlqvl dyrlu ghv gl!fxowìv ã uhqguh frpswh gh vlwxdwlrqv
rü ghv fkrfv lpsruwdqwv vrqw vxvfhswleohv gh vh surgxluh1

Oh pìodqjh gh ghqvlwìv orj0qrupdohv/ grqw ohv uìvxowdwv vrqw suìvhqwìv gdqv oh
wdeohdx 5/ prqwuh txh od glvwdqfh hqwuh ohv pr|hqqhv ghv glvwulexwlrqv dxjphqwh dyhf
od pdwxulwì1 Fhod fruuhvsrqg ã qrwuh uìvxowdw suìfìghqw vhorq ohtxho ohv FUL vrqw
vxssrvìv ghyhqlu g*dpsohxu soxv lpsruwdqwh1 Ohv suredelolwìv gh pìodqjh vrqw ã shx
suëv frqvwdqwhv dyhf ohv pdwxulwìv hw o*lqfhuwlwxgh dqqxdolvìh �� dxjphqwh dyhf od
pdwxulwì1 Fhod fruuhvsrqg ã qrwuh uìvxowdw suìfìghqw vhorq ohtxho xq qrpeuh gh soxv
hq soxv judqg g*ìyìqhphqwv uduhv hvw frqvlgìuì frpph qrupdo ã orqj whuph1

Txdqg rq frqvlgëuh od vhfrqgh gdwh +srxu odtxhooh qrxv dyrqv hx soxv gh gl!0
fxowìv ã rewhqlu xqh frqyhujhqfh gh o*dojrulwkph,/ rq qrwh ghv frq�jxudwlrqv vlpl0
odluhv/ píph vl ohv frh!flhqwv vrqw ehdxfrxs soxv ìohyìv1 Rq qrwh ìjdohphqw soxv
g*luuìjxodulwìv srxu xq sdudpëwuh grqqì txdqg rq sdvvh g*xqh pdwxulwì ã o*dxwuh1 Fh
uìvxowdw shxw v*h{soltxhu sdu oh idlw txh qrxv whqwrqv g*hvwlphu xq judqg qrpeuh gh
sdudpëwuhv +8, ã sduwlu g*xq shwlw qrpeuh g*revhuydwlrqv1

Qrxv srxyrqv uìvxphu qrv uìvxowdwv gh od idêrq vxlydqwh = ohv prgëohv txl rqw
oh prlqv gh sdudpëwuhv vhpeohqw soxv dgdswìv txh fhx{ txl hq rqw ehdxfrxs1 Srxu
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ohv gdwhv dvvrflìhv ã ghv ìyìqhphqwv lpsruwdqwv/ o*lqwhusuìwdwlrq ghylhqw wrxwhirlv
soxv gl!floh1 Ohv prgëohv vhpl0sdudpìwultxhv srxuudlhqw íwuh pdo vsìfl�ìv srxu gh
whoohv gdwhv1 Gdqv od fodvvh ghv prgëohv sdudpìwultxhv/ od sduflprqlh ghv sdudpëwuhv
dssdudñw hqfruh frpph suìiìudeoh1 D qrxyhdx/ oh prgëoh gh gl�xvlrq dyhf vdxw
dssdudñw soxv dgdswì1

7 Dxwuhv ìoìphqwv gh frpsdudlvrq ghv prgëohv

714 Yudlvhpeodqfh hw ìydoxdwlrq g*rswlrq

Ohv wdeohdx{ 4 ã 9 shuphwwhqw xqh frpsdudlvrq ghv orj0yudlvhpeodqfhv1 Rq qrwh txh oh
prgëoh orj0qrupdo suìvhqwh v|vwìpdwltxhphqw xqh yudlvhpeodqfh lqiìulhxuh ã fhooh ghv
dxwuhv pìwkrghv1 Gdqv od fodvvh ghv prgëohv vhpl0sdudpìwultxhv/ ohv yudlvhpeodqfhv
rewhqxhv dyhf ohv h{sdqvlrqv g*Hgjhzruwk hw ohv sro|q÷phv g*Khuplwh vrqw vlplodluhv
srxu ohv ghx{ gdwhv hw wrxwhv ohv pdwxulwìv1 Fhv pìwkrghv sdudlvvhqw mrxhu xq u÷oh
lqwhupìgldluh hqwuh ohv dssurfkhv ohv plhx{ hw ohv prlqv elhq dgdswìhv1 Srxu od
suhplëuh gdwh/ oh pìodqjh gh orj0qrupdohv grplqh fodluhphqw ohv dxwuhv prgëohv srxu
wrxwhv ohv pdwxulwìv1 Srxu od vhfrqgh gdwh hq uhydqfkh/ oh fodvvhphqw hvw soxv dpeljx =
srxu ohv pdwxulwìv frxuwhv/ oh pìodqjh gh orj0qrupdohv hw/ gdqv xqh fhuwdlqh phvxuh/
oh prgëoh gh gl�xvlrq ã vdxw/ grqqhqw ohv yudlvhpeodqfhv ohv soxv ìohyìhv1 Srxu ohv
pdwxulwìv soxv orqjxhv +9 hw 45 prlv,/ oh pìodqjh gh orj0qrupdohv grplqh fodluhphqw
ohv dxwuhv prgëohv > srxu fhwwh vhfrqgh gdwh/ oh prgëoh ã yrodwlolwì vwrfkdvwltxh hvw
wrxmrxuv qhwwhphqw grplqì1

Oh wdeohdx : suìvhqwh ohv shuirupdqfhv ghv gl�ìuhqwhv pìwkrghv hq whuph g*ìydox0
dwlrq g*rswlrq hq ìfkdqwloorq1 Oh fulwëuh dgrswì srxu fhwwh frpsdudlvrq hvw oh fduuì gh
o*huuhxu pr|hqqh +PVH, ghv sul{ g*rswlrq1 Gdqv fhuwdlqv fdv/ oh fodvvhphqw ghv prg0
ëohv hq irqfwlrq gh ohxu PVH shxw gl�ìuhu gh fhoxl rewhqx ã sduwlu ghv yudlvhpeodqfhv1
Soxv suìflvìphqw/ gdqv ghx{ fdv/ o*ìydoxdwlrq frqgxlw ã ghv fkdqjhphqwv lpsruwdqwv =
srxu od suhplëuh gdwh/ ohv erqv uìvxowdwv rewhqxv sdu oh prgëoh ã yrodwlolwì vwrfkdv0
wltxh srxu ohv orqjxhv pdwxulwìv +6 ã 45 prlv, qh vrqw soxv ydodeohv hw fhwwh pìwkrgh
ghylhqw od prlqv erqqh hq whuph g*ìydoxdwlrq g*rswlrq srxu od pdwxulwì 45 prlv1
Srxu od vhfrqgh gdwh/ rq revhuyh oh píph skìqrpëqh/ ohv yudlvhpeodqfhv ìohyìhv
rewhqxhv dyhf oh pìodqjh gh orj0qrupdohv srxu ohv pdwxulwìv ìohyìhv +9 hw 45 prlv,
frqgxlvhqw ã ghv PVH ìohyìhv srxu od pdwxulwì 45 prlv1

Xqh h{solfdwlrq ã fhv fkdqjhphqwv shxw suryhqlu gh od iruph ghv GQU1 Gdqv oh fdv
gx prgëoh ã yrodwlolwì vwrfkdvwltxh/ oh sureoëph surylhqw gh o*dssdulwlrq g*rqghohwwhv
revhuyìhv vxu ohv txhxhv gh od ghqvlwì1 Fhv rqghohwwhv frqgxlvhqw ã ghv suredelolwìv
qìjdwlyhv1 Qrxv dyrqv doruv lpsrvì txh ohv txhxhv gh glvwulexwlrq ghylhqqhqw qxoohv
gëv tx*xqh suredelolwì d ìwì qìjdwlyh1 Ohv ghqvlwìv rqw doruv ìwì uhqrupìhv1

Hq fh txl frqfhuqh oh pìodqjh gh ghqvlwìv orj0qrupdohv/ oh sureoëph shxw íwuh gþ
ã o*hvwlpdwlrq ghv sdudpëwuhv1 Hq h�hw/ srxu ohv pdwxulwìv orqjxhv +9 hw 45 prlv,/ od
vhfrqgh ghqvlwì orj0qrupdoh hvw ìorljqìh/ ã gurlwh gh od suhplëuh/ dyhf xqh suredelolwì
uhodwlyhphqw ìohyìh +gh o*ruguh gh 43(,1 Gh fh idlw/ od ghqvlwì mrlqwh gìfurñw wuëv
ohqwhphqw/ grqqdqw ghv sul{ g*rswlrq shx frkìuhqwv1

715 Sursulìwìv vwdwlvwltxhv ghv GQU

Xq dxwuh ìoìphqw gh frpsdudlvrq ghv gl�ìuhqwv prgëohv uhsrvh vxu ohv sursulìwìv
vwdwlvwltxhv ghv GQU/ frpph lqgltxì gdqv oh wdeohdx ;1
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G*derug/ rq shxw yìul�hu txh oh suhplhu prphqw ghv GQU hvw hq jìqìudo ìjdo dx
wdx{ iruzdug/ dyhf ohv h{fhswlrqv gx pìodqjh gh ghqvlwìv orj0qrupdohv hw gx prgëoh
ã yrodwlolwì vwrfkdvwltxh/ srxu od vhfrqgh gdwh/ srxu od pdwxulwì 45 prlv1 Od soxsduw
ghv prgëohv +orj0qrupdo/ sro|q÷ph g*Khuplwh/ h{sdqvlrq g*Hgjhzruwk/ gl�xvlrq dyhf
vdxw/ prgëoh ã yrodwlolwì vwrfkdvwltxh, lpsrvhqw fhwwh frqwudlqwh/ sdu od gì�qlwlrq
píph gh od GQU1 Hq fh txl frqfhuqh oh prgëoh ã yrodwlolwì vwrfkdvwltxh/ elhq txh od
frqwudlqwh vrlw lpsrvìh gdqv o*ìtxdwlrq +46,/ ohv sureoëphv qxpìultxhv gh od skdvh
g*rswlplvdwlrq +o*dssdulwlrq ghv rqghohwwhv, h{soltxhqw fhw ìfduw1 Srxu oh pìodqjh gh
ghqvlwìv orj0qrupdohv/ od frqwudlqwh hvw dmrxwìh oruv gh od skdvh g*rswlplvdwlrq +fi1
Edkud/ 4<99, hw shxw grqf qh sdv íwuh wrwdohphqw yìul�ìh1

Gh soxv/ rq shxw phvxuhu frpphqw ohv frqwudlqwhv lpsrvìhv sdu o*k|srwkëvh gh
orj0qrupdolwì vxu ohv prphqwv g*ruguh 6 hw 7 shxyhqw frqgxluh ã eldlvhu o*hvwlpdwlrq
gh od yduldqfh1 Od yrodwlolwì dvvrflìh dx prgëoh orj0qrupdo dssdudñw hq h�hw v|vwì0
pdwltxhphqw vrxv0ìydoxìh sdu udssruw ã fhooh rewhqxh dyhf ohv dxwuhv dssurfkhv1 Rq
revhuyh sdu dloohxuv xqh judqgh krprjìqìlwì ghv yrodwlolwìv rewhqxhv sdu ohv dxwuhv
prgëohv1

O*hvwlpdwlrq ghv vnhzqhvv hw ghv nxuwrvlv hvw ehdxfrxs soxv frqwudvwìh/ sxlvtxh/ ã
fh qlyhdx/ ohv vsìfl�flwìv ghv gl�ìuhqwhv pìwkrghv shxyhqw íwuh revhuyìhv1 Oh prgëoh
orj0qrupdo hvw prlqv lqwìuhvvdqw gh fh srlqw gh yxh/ sxlvtx*lo q*dxwrulvh/ wkìrultxh0
phqw/ ql dv|pìwulh ql txhxhv ìsdlvvhv1 G*derug/ rq revhuyh txh od vnhzqhvv frpph
od nxuwrvlv vrqw jìqìudohphqw ìorljqìhv gh fhoohv rewhqxhv vrxv k|srwkëvh gh orj0
qrupdolwì = srxu od suhplëuh gdwh/ od vnhzqhvv hvw frpsulvh hqwuh 3/9 hw 4/9 hw o*h{fëv
gh nxuwrvlv hqwuh 5/8 hw 9 > srxu od vhfrqgh gdwh/ od vnhzqhvv hvw frpsulvh hqwuh 4/6
hw 5/9 hw o*h{fëv gh nxuwrvlv hqwuh 6/8 hw </81 Od vnhzqhvv hw o*h{fëv gh nxuwrvlv lvvxv
ghv prgëohv vhpl0sdudpìwultxhv vrqw suhvtxh v|vwìpdwltxhphqw soxv idleohv txh fhx{
lvvxv ghv dxwuhv prgëohv/ píph vl ohv gl�ìuhqfhv dssdudlvvhqw sduirlv dvvh} olplwìhv1
Hq fh txl frqfhuqh od nxuwrvlv/ rq qrwh hq rxwuh ghv gl�ìuhqfhv surqrqfìhv sdupl ohv
dxwuhv pìwkrghv = oh pìodqjh gh ghqvlwìv orj0qrupdohv hw oh prgëoh ã yrodwlolwì vwr0
fkdvwltxh frqgxlvhqw jìqìudohphqw ã ghv h{fëv gh nxuwrvlv wuëv ìohyìv +vxuwrxw srxu
od vhfrqgh gdwh,1

Srxu uìvxphu/ rq qrwh xqh fhuwdlqh krprjìqìlwì ghv gl�ìuhqwv prgëohv hq fh txl
frqfhuqh ohv suhplhu/ vhfrqg hw/ gdqv xqh fhuwdlqh phvxuh/ wurlvlëph prphqwv1 Ohv
prgëohv txl dxwrulvhqw ghv prphqwv g*ruguh 6 hw 7  h{leohv vrqw soxv surfkhv ohv xqv
ghv dxwuhv txh o*dssurfkh orj0qrupdoh1 Fhshqgdqw/ o*h{fëv gh nxuwrvlv +txl shuphw
gh uhqguh frpswh ghv FUL, hvw prlqv krprjëqh hw vhpeoh soxv gìolfdw ã hvwlphu
+dx prlqv srxu oh pìodqjh gh ghqvlwìv orj0qrupdohv hw/ shxw0íwuh/ srxu oh prgëoh ã
yrodwlolwì vwrfkdvwltxh,1

716 O*xwlolvdwlrq ghv GQU

Xq srlqw lpsruwdqw ã ìwxglhu srxu od frpsdudlvrq hqwuh ohv gl�ìuhqwhv pìwkrghv frq0
fhuqh ohv lqwhuydoohv gh frq�dqfh1 Fh srlqw hvw sduwlfxolëuhphqw lqwìuhvvdqw srxu xqh
Edqtxh fhqwudoh/ sxlvtxh od odujhxu ghv lqwhuydoohv gh frq�dqfh shxw íwuh lqwhusuìwìh
frpph xq lqglfdwhxu gh fuìglelolwì gh od srolwltxh prqìwdluh1 Lo q*hvw sdv srvvleoh
g*h{wudluh gluhfwhphqw ghv suìylvlrqv ã sduwlu ghv sul{ g*rswlrq/ sxlvtxh ohv glvwul0
exwlrqv vrxv0mdfhqwhv vrqw irqgìhv vxu o*k|srwkëvh gh qhxwudolwì idfh dx ulvtxh ghv
sduwlflsdqwv dx pdufkì1 Qìdqprlqv/ lo hvw srvvleoh gh frqvwuxluh ghv GQU irqgìhv
vxu oh wdx{ iruzdug1 Gdqv fh fdv/ ohv lqwhuydoohv gh frq�dqfh qh shxyhqw sdv íwuh
lqwhusuìwìv hq qlyhdx/ sxlvtx*lo vhudlw wurpshxu gh oluh ohv sodqfkhuv hw ohv sodirqgv
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g*xq lqwhuydooh h{sulpì hq IUI2GHP frpph ghv suìylvlrqv frqfhuqdqw oh wdx{ gh
fkdqjh ixwxu1 Hq uhydqfkh/ o*dqdo|vh ghv lqwhuydoohv uhodwliv hw ohv odujhxuv uhodwlyhv
ghv lqwhuydoohv/ h{sulpìhv hq srxufhqwdjh gx wdx{ iruzdug sdudñw soxv uìdolvwh +fi1
Fdpsd hw doll/ 4<<:,1

Qrxv dyrqv grqf hvwlpì/ srxu fkdtxh pdwxulwì hw fkdtxh pìwkrgh/ ghx{ lqwhu0
ydoohv gh frq�dqfh = o*lqwhuydooh gh odujhxu plqlpdoh whooh txh ohv sduwlflsdqwv dx
pdufkì dwwulexhqw xqh suredelolwì gh ;3( +hw <3(, dx idlw txh oh IUI2GHP vhud
gdqv o*lqwhuydooh ã o*ìfkìdqfh1 Frpph ohv GQU vrqw fhqwuìhv vxu oh wdx{ iruzdug/ rq
gì�qlw o*lqwhuydooh frpph od prlwlì gh od gl�ìuhqfh hqwuh oh sodqfkhu hw oh sodirqg/
h{sulpì hq srxufhqwdjh gx wdx{ iruzdug1

Oh wdeohdx < suìvhqwh ohv hvwlpdwlrqv gx sodqfkhu/ gx sodirqg hw gh o*lqwhuydooh1
Soxvlhxuv srlqwv vrqw lpsruwdqwv ã qrwhu = g*derug/ rq revhuyh fodluhphqw o*dv|pìwulh
ghv GQU srxu wrxwhv ohv pìwkrghv +dxwuhv txh od orl orj0qrupdoh, hw wrxwhv ohv pdwx0
ulwìv1 Hq h�hw/ srxu o*lqwhuydooh ã <3(/ oh udwlr wdx{ iruzdug2sodirqg hvw wrxmrxuv soxv
shwlw txh oh udwlr wdx{ iruzdug2sodqfkhu1 Sdu h{hpsoh srxu o*lqwhuydooh frqwhqdqw <3(
gh od glvwulexwlrq srxu oh 4: pdl 4<<9 srxu o*ìfkìdqfh 4 prlv/ oh suhplhu udwlr hvw gh
o*ruguh gh 3/;8( doruv txh oh vhfrqg hvw gh 4/7(1 Srxu ghv pdwxulwìv soxv ìorljqìhv/
o*ìfduw hvw hqfruh soxv lpsruwdqw1 Hq uhydqfkh/ srxu o*lqwhuydooh ã ;3(/ o*ìfduw hqwuh
ohv ghx{ udwlrv hvw ehdxfrxs soxv uìgxlw hw v*lqyhuvh píph/ gdqv od soxsduw ghv fdv/
srxu od vhfrqgh gdwh1 Fhod lpsoltxh xqh ghqvlwì grqw od txhxh hvw soxv ìsdlvvh ã
gurlwh tx*ã jdxfkh hw grqw od pdvvh fhqwudoh hvw gìsodfìh yhuv od jdxfkh/ sdu udssruw
dx wdx{ iruzdug1

Gh soxv/ o*h{fëv gh nxuwrvlv shxw íwuh ìjdohphqw phvxuì/ gdqv xqh fhuwdlqh phvxuh/
ã sduwlu gh o*lqwhuydooh ã <3(1 Hq h�hw/ lo dssdudñw fodluhphqw txh o*lqwhuydooh gx
prgëoh orj0qrupdo hvw wrxmrxuv soxv ìwurlw txh srxu ohv dxwuhv dssurfkhv1 Fhod vljql�h
txh/ srxu xq lqwhuydooh h{sulpì hq IUI2GHP grqqì/ ohv pìwkrghv soxv vrsklvwltxìhv
+txl dxwrulvhqw ghv txhxhv soxv ìsdlvvhv txh od orl orj0qrupdoh, dwwulexhurqw xqh
suredelolwì soxv ìohyìh srxu o*h{wìulhxu gh o*lqwhuydooh txh oh prgëoh orj0qrupdo1

Od frpsdudlvrq ghv gl�ìuhqwhv pìwkrghv hvw ìjdohphqw lqwìuhvvdqwh1 Oh prg0
ëoh orj0qrupdo qh phw hq ìylghqfh dxfxqh dv|pìwulh/ sxlvtxh ohv udwlrv wdx{ iru0

zdug2sodqfkhu hw wdx{ iruzdug2sodirqg vrqw ã shx suëv lghqwltxhv1 Ohv dxwuhv ds0
surfkhv vrqw ehdxfrxs soxv krprjëqhv/ ã o*h{fhswlrq shxw0íwuh gx prgëoh ã yrodwlolwì
vwrfkdvwltxh1 Hq h�hw/ fh prgëoh dssdudñw prlqv dv|pìwultxh txh ohv dxwuhv1 Soxv
suìflvìphqw/ gdqv gh qrpeuhx{ fdv/ oh sodirqg hvw soxv surfkh gx wdx{ iruzdug1 Fh
uìvxowdw shxw v*h{soltxhu sdu oh idlw txh oh prgëoh ã yrodwlolwì vwrfkdvwltxh q*hvw sdv
fdsdeoh g*hqjhqguhu ghv ervvhv +frpph o*dxwrulvh oh prgëoh gh gl�xvlrq dyhf vdxw,
hw grqf grlw frpshqvhu fh pdqtxh gh  h{lelolwì sdu xqh ghqvlwì gìfurlvvdqw prlqv
udslghphqw1 Rq qrwh sdu h{hpsoh srxu od pdwxulwì 6 prlv srxu oh 58 dyulo 4<<: xq
ìfduw lpsruwdqw hqwuh ohv lqwhuydoohv gh frq�dqfh ìydoxìv sdu oh prgëoh ã yrodwlolwì
vwrfkdvwltxh hw sdu ohv dxwuhv dssurfkhv = o*lqwhuydooh frqwhqdqw <3( gh od glvwulexwlrq
hvw gh 4/:705/:8 srxu oh prgëoh ã yrodwlolwì vwrfkdvwltxh hw gh o*ruguh gh 4/:06/< srxu
ohv dxwuhv prgëohv +4/:06/4 srxu oh pìodqjh gh ghqvlwìv orj0qrupdohv,1

8 Frqfoxvlrq

Gdqv fh sdslhu/ qrxv phwwrqv hq úxyuh gl�ìuhqwhv pìwkrghv g*h{wudfwlrq gh GQU/ txl
shxyhqw íwuh dxvvl elhq qrq0sdudpìwltxhv txh vhpl0sdudpìwultxhv rx sdudpìwultxhv1
Srxu ghx{ gdwhv/ qrxv dssoltxrqv fhv pìwkrghv ã ghv grqqìhv g*rswlrqv gh fkdqjh
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frwìhv dx juì ã juì1
O*hvwlpdwlrq gh ghqvlwìv irqgìhv vxu xq pìodqjh gh ghqvlwìv orj0qrupdohv shuphw

hq jìqìudo xqh wuëv erqqh ìydoxdwlrq ghv sul{ g*rswlrq hq ìfkdqwloorq1 O*lqwhusuìwdwlrq
gh fh prgëoh hvw wrxwhirlv gìolfdwh1 Xq prgëoh sdudpìwultxh who txh fhoxl sursrvì
sdu Pdo}/ txl dxwrulvh o*rffxuuhqfh g*xq vdxw g*dpsohxu grqqìh dydqw o*ìfkìdqfh gh
o*rswlrq/ frqgxlw qrq vhxohphqw ã xqh erqqh ìydoxdwlrq ghv sul{ g*rswlrq pdlv grqqh
gh soxv ghv sdudpëwuhv dlvìv ã lqwhusuìwhu1

Qrxv prqwurqv txh o*xwlolvdwlrq g*rswlrqv srxu gl�ìuhqwhv pdwxulwìv qrxv shuphw
gh phwwuh hq ìylghqfh xqh vwuxfwxuh sdu whuph ghv yrodwlolwìv hq soxv gh o*kdelwxho
vploh g*rswlrq1 Od suhplëuh gdwh/ oh 4: pdl 4<<9/ d ìwì fkrlvlh gh idêrq doìdwrluh1
Srxu fhwwh gdwh/ qrxv prqwurqv txh ohv sduwlflsdqwv dx pdufkì glvwlqjxhqw oh frxuw
whuph hw oh orqj whuph = ohv ìyìqhphqwv txl vhudlhqw frqvlgìuìv frpph lpsruwdqwv
ã frxuw whuph ghylhqgudlhqw qrupdx{ ã orqj whuph1 Hq rxwuh/ srxu fhwwh gdwh/ lo
dssdudñw h{lvwhu soxv g*lqfhuwlwxgh ã orqj whuph tx*ã frxuw whuph1

G*dxwuh sduw/ qrxv frqvlgìurqv oh 58 dyulo 4<<:/ txhotxhv mrxuv dsuëv o*dqqrqfh
gh od glvvroxwlrq gh o*Dvvhpeoìh Qdwlrqdoh sdu oh Suìvlghqw Fkludf1 Rq prqwuh txh
ohv sduwlflsdqwv dx pdufkì frqvlgìudlhqw od srvvlelolwì g*xqh gìydoxdwlrq pdlv tx*lov
v*dwwhqgdlhqw ã fh txh ohv fkrvhv uhghylhqqhqw qrupdohv ã orqj whuph1

Uìiìuhqfhv

Denhq/ S1/ G1E1 Pdgdq hw V1 Udpdpxuwlh +4<<9,/ Hvwlpdwlrq ri ulvn0qhxwudo dqg
vwdwlvwlfdo ghqvlwlhv e| Khuplwh sro|qrpldo dssur{lpdwlrq= Zlwk dq dssolfdwlrq wr
Hxurgroodu Ixwxuhv Rswlrqv/ Ihghudo Uhvhuyh Edqn ri Dwodqwd/ plphr1

Dòw0Vdkdold/ \1/ hw D1Z1 Or +4<<8,/ Qrqsdudphwulf hvwlpdwlrq ri vwdwh0sulfh ghqvlwlhv
lpsolflw lq �qdqfldo dvvhw sulfhv/ QEHU zrunlqj sdshu 8684/ hq frxuv gh sxeolfdwlrq
gdqv oh Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh1

Edkud/ E1/ +4<<9,/ Suredelolw| glvwulexwlrqv ri ixwxuh dvvhw sulfhv lpsolhg e| rswlrq
sulfhv/ Edqn ri Hqjodqg Txduwhuo| Exoohwlq= Dxjxvw 4<<9/ 5<<�6441

Edoo/ F1D1/ hw D1 Urpd +4<<7,/ Vwrfkdvwlf yrodwlolw| rswlrq sulflqj/ Mrxuqdo ri Ilqdq0
fldo dqg Txdqwlwdwlyh Dqdo|vlv/ 5<+7,/ 8;<�93:1

Edoo/ F1D1/ hw Z1Q1 Wrurxv +4<;6,/ D vlpsol�hg mxps surfhvv iru frpprq vwrfn uh0
wxuqv/ Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ 4;+4,/ 860981

Edoo/ F1D1/ hw Z1Q1 Wrurxv +4<;8,/ Rq mxpsv lq frpprq vwrfn sulfhv dqg wkhlu lp0
sdfw rq fdoo rswlrq sulflqj/ Mrxuqdo ri Ilqdqfh/ 73+4,/ 48804:61

Edwhv/ G1V1/ +4<<4,/ Wkh Fudvk ri *;:= Zdv lw h{shfwhgB Wkh hylghqfh iurp rswlrqv
pdunhwv/ Mrxuqdo ri Ilqdqfh/ 79+6,/ 433<�43771

Edwhv/ G1V1/ +4<<9d,/ Groodu mxps ihduv/ 4<;7=4<<5/ Glvwulexwlrqdo deqrpdolwlhv lp0
solflw lq fxuuhqf| ixwxuhv rswlrqv/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 48+4,/
98�<61

Edwhv/ G1V1/ +4<<9e,/ Mxpsv dqg vwrfkdvwlf yrodwlolw|= h{fkdqjh udwh surfhvvhv lp0
solflw lq Ghxwvfkh Pdun rswlrqv/ Uhylhz ri Ilqdqfldo Vwxglhv/ <+4,/ 9<�43:1
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Eodfn/ I1/ hw P1 Vfkrohv +4<:6,/ Wkh sulflqj ri rswlrqv dqg frusrudwh oldelolwlhv/ Mrxu0
qdo ri Srolwlfdo Hfrqrp|/ ;4+6,/ 96:�9871

Euhhghq/ G1W1/ hw U1K1 Olw}hqehujhu +4<:;,/ Sulfhv ri vwdwh0frqwlqjhqw fodlpv lpsolflw
lq rswlrq sulfhv/ Mrxuqdo ri Exvlqhvv/ 84+7,/ 954�9841

Fdpsd/ M1F1/ S1K1N1 Fkdqj hw U1O1 Uhlghu +4<<:,/ HUP edqgzlgwkv iru HPX dqg
diwhu= hylghqfh iurp iruhljq h{fkdqjh rswlrqv/ Hfrqrplf Srolf|/ 57/ 88�;:1

Fkhvqh|/ P1/ hw O1 Vfrww +4<;<,/ Sulflqj Hxurshdq fxuuhqf| rswlrqv= d frpsdulvrq ri
wkh prgl�hg Eodfn0Vfkrohv dqg d udqgrp yduldqfh prgho/ Mrxuqdo ri Ilqdqfldo dqg
Txdqwlwdwlyh Dqdo|vlv/ 57+6,/ 59:�5;71

Fruudgr/ F1M1/ hw W1 Vx +4<<9,/ V)S 833 lqgh{ rswlrq whvwv ri Mduurz dqg Uxgg*v
dssur{lpdwh rswlrq ydoxdwlrq irupxod/ Mrxuqdo ri Ixwxuhv Pdunhwv/ 49+9,/ 944�95<1

Fr{/ M1F1/ hw V1D1 Urvv +4<:9,/ Wkh ydoxdwlrq ri rswlrqv iru dowhuqdwlyh vwrfkdvwlf
surfhvvhv/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 6+425,/ 478�4991

Ghupdq/ H1/ hw L1 Ndql +4<<7,/ Ulglqj rq d vploh/ ULVN/ :/ 65�6<1

Gx!h/ G1/ +4<;;,/ Vhfxulw| Pdunhwv= Vwrfkdvwlf Prghov/ Dfdghplf Suhvv/ Ervwrq1

Gxpdv/ E1/ M1 Iohplqj dqg U1H1 Zkdoh| +4<<9,/ Lpsolhg yrodwlolw| ixqfwlrqv= hpslu0
lfdo whvwv/ KHF Vfkrro ri pdqdjhphqw/ plphr1

Gxsluh/ E1/ +4<<7,/ Sulflqj zlwk d Vploh/ ULVN/ :/ 4;�531

Jdupdq/ P1/ hw V1 Nrkokdjhq +4<;6,/ Iruhljq fxuuhqf| rswlrq ydoxhv/ Mrxuqdo ri Lq0
whuqdwlrqdo Prqh| dqg Ilqdqfh/ 5+6,/ 564�56:1

Jhvvhu/ Y1/ hw S1 Srqfhw +4<<9,/ Yrodwlolw| sdwwhuqv= wkhru| dqg hylghqfh iurp wkh
iruhljq h{fkdqjh rswlrq pdunhw/ plphr1

Kduulvrq/ M1P1/ hw V1 Solvnd +4<;4,/ Pduwlqjdohv dqg Vwrfkdvwlf Lqwhjudov lq wkh Wkh0
ru| ri Frqwlqxrxv Wudglqj/ Vwrfkdvwlf Surfhvvhv dqg wkhlu Dssolfdwlrqv/ 44/ 548�5931

Khvwrq/ V1O1/ +4<<6,/ D forvhg0irup vroxwlrq iru rswlrqv zlwk vwrfkdvwlf yrodwlolw|
zlwk dssolfdwlrqv wr erqg dqg fxuuhqf| rswlrqv/ Uhylhz ri Ilqdqfldo Vwxglhv/ 9+5,/
65:�6761

Kxoo/ M1F1/ hw D1G1 Zklwh +4<;:,/ Wkh sulflqj ri rswlrqv rq dvvhwv zlwk vwrfkdvwlf
yrodwlolwlhv/ Mrxuqdo ri Ilqdqfh/ 75+5,/ 5;4�6331

Mdfnzhuwk/ M1F1/ hw P1 Uxelqvwhlq +4<<9,/ Uhfryhulqj suredelolw| glvwulexwlrqv iurp
rswlrq sulfhv/ Mrxuqdo ri Ilqdqfh/ 84+8,/ 4944049651

Mduurz/ U1/ hw D1 Uxgg +4<;5,/ Dssur{lpdwh ydoxdwlrq iru duelwudu| vwrfkdvwlf surfhvvhv/
Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 43+6,/ 67<�69<1

Mrulrq/ S1/ +4<;;,/ Rq mxps surfhvvhv lq wkh iruhljq h{fkdqjh dqg vwrfn pdunhwv/
Uhylhz ri Ilqdqfldo Vwxglhv/ 4/ 764�7781

Pdgdq/ G1E1/ hw I1 Ploqh +4<<7,/ Frqwlqjhqw fodlpv ydoxhg dqg khgjhg e| sulflqj
dqg lqyhvwlqj lq d edvlv/ Pdwkhpdwlfdo Ilqdqfh/ 7/ 556�5781

Pdo}/ D1P1/ +4<<9,/ Rswlrqv0edvhg hvwlpdwhv ri wkh suredelolw| glvwulexwlrq ri h{0
fkdqjh udwhv dqg fxuuhqf| h{fhvv uhwxuqv/ Ihghudo Uhvhuyh Edqn ri Qhz \run/ plphr1

Pdo}/ D1P1/ +4<<:,/ Xvlqj rswlrq sulfhv wr hvwlpdwh uhdoljqphqw suredelolwlhv lq wkh
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Hxurshdq prqhwdu| v|vwhp/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ iruwkfrp0
lqj1

Pholfn/ Z1U1/ hw F1S1 Wkrpdv +4<<:,/ Uhfryhulqj dq dvvhw*v lpsolhg SGI iurp rs0
wlrqv sulfhv= dq dssolfdwlrq wr fuxgh rlo gxulqj wkh Jxoi fulvlv/ Mrxuqdo ri Ilqdqfldo
dqg Txdqwlwdwlyh Dqdo|vlv/ 65/ <4�4491

Pholqr/ D1/ hw V1P1 Wxuqexoo +4<<3,/ Sulflqj iruhljq fxuuhqf| rswlrqv zlwk vwrfkdvwlf
yrodwlolw|/ Mrxuqdo ri Hfrqrphwulfv/ 78+425,/ 56<�5981

Phuwrq/ U1F1/ +4<:6,/ Wkhru| ri udwlrqdo rswlrq sulflqj/ Ehoo Mrxuqdo ri Hfrqrplfv

dqg Pdqdjhphqw Vflhqfh/ 7+4,/ 474�4;61

Urqfdool/ W1/ +4<<:,/ Txhotxhv dssolfdwlrqv gh JDXVV hq Ilqdqfh1 Vlwh Lqwhuqhw gh
o*Xqlyhuvlwì gh Erughdx{1

Uxelqvwhlq/ P1/ +4<<7,/ Lpsolhg elqrpldo wuhhv/ Mrxuqdo ri Ilqdqfh/ 7<+6,/ ::4�;4;1

U}hsnrzvnl/ E1/ +4<<9,/ Od ghqvlwì gh suredelolwì ulvtxh0qhxwuh gx wdx{ gh fkdqjh
ixwxu = xq lqglfdwhxu srxu od srolwltxh prqìwdluh/ Edqtxh gh Iudqfh/ plphr1

Vkhuulfn E1M1/ S1 Jdufld hw Y1 Wluxsdwwxu +4<<9,/ Uhfryhulqj suredelolvwlf lqirupdwlrq
iurp rswlrq pdunhwv= whvwv ri glvwulexwlrqdo dvvxpswlrqv/ Mrxuqdo ri Ixwxuhv Pdunhwv/
49+8,/ 878�8931

Vklpnr/ G1/ +4<<6,/ Erxqgv ri suredelolw|/ ULVN/ 9/ 66�7:1

Vùghuolqg S1/ hw O1H1R1 Vyhqvvrq +4<<:,/ Qhz whfkqltxhv wr h{wudfw pdunhw h{shfwd0
wlrqv iurp �qdqfldo lqvwuxphqwv/ FHSU Glvfxvvlrq Sdshu 4889/ Mdqxdu|1

Vwhlq/ H1P1/ hw M1F1 Vwhlq +4<<4,/ Vwrfn sulfh glvwulexwlrqv zlwk vwrfkdvwlf yrodwlolw|=
dq dqdo|wlf dssurdfk/ Uhylhz ri Ilqdqfldo Vwxglhv/ 7+7,/ :5:�:851

Vwxw}hu/ P1 +4<<9,/ D Vlpsoh Qrqsdudphwulf Dssurdfk wr Ghulydwlyh Vhfxulw| Ydox0
dwlrq/ Mrxuqdo ri Ilqdqfh/ 434+8,/ 4966049851
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DQQH[H D

Ohv grqqìhv RWF txh qrxv dyrqv xwlolvìhv surylhqqhqw g*xqh judqgh edqtxh
iudqêdlvh1 Ohv rswlrqv vrqw lvvxhv vxu xqh edvh uìjxolëuh/ srxu ghv pdwxulwìv gh
txhotxhv mrxuv ã xqh dqqìh1 Ohv sduwlflsdqwv dx pdufkì frqvlgëuhqw txh fh pdufkì
hvw vx!vdpphqw oltxlgh1

Srxu od suhplëuh gdwh/ qrxv glvsrvrqv g*lqirupdwlrq vxu ohv rswlrqv srxu ghv �
ydodqw 8/ 43/ 48/ 53/ 63/ 73/ 83 +fruuhvsrqgdqw dssur{lpdwlyhphqw ã o*rswlrq ã od
prqqdlh,/ 93/ :3/ ;3/ ;8/ <3/ <81 Qrxv dyrqv ìwxglì ohv rswlrqv g*ìfkìdqfh 4/ 5/ 6/ 9/
< hw 45 prlv1 Srxu od vhfrqgh gdwh/ qrxv q*dyrqv sdv glvsrvì ghv sul{ g*rswlrq srxu
ohv � gh 8 hw <81 Elhq txh od txdolwì ghv rswlrqv gh � ìohyì sxlvvh íwuh prlqv erqqh
txh fhooh ghv rswlrqv gh � fhqwudo +gx idlw g*xqh oltxlglwì prlqguh/ sdu h{hpsoh,/ qrxv
dyrqv xwlolvì oh soxv g*rswlrqv srvvleoh1 Qrxv dyrqv wudydlooì vxu od pr|hqqh ghv frxuv
r�huwv hw ghpdqgìv/ gh idêrq ã uìgxluh ohv huuhxuv gxhv ã xqh devhqfh gh vlpxowdqìlwì
hqwuh ohv krudluhv g*ìydoxdwlrq ghv rswlrqv hw gx vrxv0mdfhqw1

Ohv wdx{ g*lqwìuíw u hw uW vrqw ohv hxur0wdx{ grphvwltxh +iudqêdlv, hw ìwudqjhu
+doohpdqg,/ fkrlvlv srxu fruuhvsrqguh ã o*ìfkìdqfh ghv rswlrqv1 Fhv wdx{ rqw ìwì
wudqvirupìv hq ohxu ìtxlydohqw frpsrvì frqwlqþphqw1 Ohv wdx{ gh fkdqjh dx frps0
wdqw vrqw dlvìphqw glvsrqleohv1

Ohv sul{ g*h{huflfh rqw ìwì h{wudlwv vhorq od pìwkrgrorjlh suìvhqwìh gdqv oh frusv
gx wh{wh1 Od gl�ìuhqfh hqwuh ohv grqqìhv revhuyìhv hw ohv ghowdv rewhqxv srxu oh sul{
rswlpdo N hvw/ gdqv wrxv ohv fdv/ lqiìulhxuh ã 3/3:( gx ghowd lqlwldo1

DQQH[H E

Srxu xqh gdwh grqqìh/ glvsrvdqw gh Q sul{ g*h{huflfh N� srxu xqh pdwxulwì W /
qrxv frqqdlvvrqv oh sul{ gx pdufkì F�

�A 1 Vrlw � oh yhfwhxu ghv sdudpëwuhv uìvxpdqw
ohv sdudpëwuhv gìfulwv gdqv od GQU/ vl rq qrwh Ff

�A +�, oh sul{ wkìrultxh rewhqx srxu
oh prgëoh [/ doruv rq frqvlgëuh F�

�A @ Ff
�A +�, . x�A rü l @ 4> � � � >Q 1

Qrxv dyrqv hvwlpì ohv sdudpëwuhv� vrlw sdu prlqguhv fduuìv qrq olqìdluhv +PFQO,
vrlw sdu pd{lplvdwlrq gh od yudlvhpeodqfh/ dsuëv lpsrvlwlrq gh o*k|srwkëvh vxssoì0
phqwdluh x�A � Q +3> v2A ,1 Gdqv wrxv ohv fdv frqvlgìuìv/ PFQO fdofxoh ohv hvwlpdwlrqv
soxv udslghphqw hw soxv dlvìphqw1 Qrxv dyrqv hvwlpì ohv sdudpëwuhv srxu gl�ìuhqwv
mhx{ gh frqglwlrqv lqlwldohv1 O*hvwlpdwlrq sdu pd{lpxp gh yudlvhpeodqfh shuphw
g*rewhqlu ghv ìfduwv0w|shv srxu ohv sdudpëwuhv1 Gdqv fhuwdlqv fdv/ frpswh whqx gx
qrpeuh ìohyì gh sdudpëwuhv ã hvwlphu hw gx uhodwlyhphqw idleoh qrpeuh gh sul{ g*h{0
huflfh/ qrxv q*dyrqv sx xwlolvhu txh ohv PFQO1 Gdqv fhv fdv/ qrxv suìvhqwrqv xqltxh0
phqw ohv yudlvhpeodqfhv fdofxoìhv srxu ohv hvwlpdwlrqv sdu PFQO1
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Wdeohdx 4 = Hvwlpdwlrq gx prgëoh orj0qrupdo +ìtxdwlrq +7,,

4 prlv 6 prlv 9 prlv 45 prlv

4: pdl <9
�
VH+�,
orj0yudlv1

3/353; 3/3567 3/3587 3/35:4
3/333: 3/333< 3/3343 3/3343
8/<76 8/3:: 7/9:< 7/64:

58 dyulo <:
�

VH+�,
orj0yudlv1

3/3598 3/3589 3/3575 3/357:
3/3348 3/334: 3/334; 3/334;
8/496 7/844 7/465 6/:<4

Qrwh = VH+�, hvw o*ìfduw0w|sh dvvrflì dx sdudpëwuh �1

Wdeohdx 5 = Hvwlpdwlrq gx pìodqjh gh ghqvlwìv orj0qrupdohv +ìtxdwlrq +9,,

4 prlv 6 prlv 9 prlv 45 prlv
4: pdl <9
��
��
��
orj0yudlv1
�2 � ��

l @4 5
3/:963 3/56:3
4/54<; 4/556:
3/336: 3/3448

;/746
3/336<

4 5
3/:<59 3/53:7
4/54;; 4/5656
3/33:8 3/353;

:/334
3/3468

4 5
3/:548 3/5:;8
4/54<8 4/5689
3/3436 3/3633

9/<93
3/3494

4 5
3/:97: 3/5686
4/54<9 4/57<;
3/34:8 3/376<

9/937
3/3635

58 dyulo <:
��
��
��
orj0yudlv1
�2 � ��

l @4 5
3/;586 3/4:7:
4/5474 4/558<
3/337: 3/3484

;/55<
3/344;

4 5
3/;:76 3/458:
4/5466 4/56<8
3/33:< 3/35<7

:/695
3/3595

4 5
3/;<87 3/4379
4/545< 4/58:;
3/3438 3/36;4

9/<75
3/377<

4 5
3/;<<< 3/4334
4/5458 4/5::4
3/3488 3/38:4

9/89<
3/3979
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Wdeohdx 6 = Hvwlpdwlrq gx prgëoh dyhf sro|q÷phv g*Khuplwh +ìtxdwlrq +;,,

4 prlv 6 prlv 9 prlv 45 prlv

4: pdl <9
�
VH+�,
��
VH+��,
�e
VH+�e,
orj0yudlv1

3/355< 3/3589 3/35:9 3/35;<
3/3334 3/3336 3/3335 3/3335
3/5:86 3/745; 3/6<:5 3/738;
3/343: 3/3587 3/34<7 3/34;7
3/983< 3/8976 3/88<6 3/7:5:
3/355; 3/387< 3/3738 3/36;3
;/5<4 9/:<7 9/969 9/647

58 dyulo <:
�

VH+�,
��
VH+��,
�e
VH+�e,
orj0yudlv1

3/3634 3/3636 3/35<4 3/35<9
3/3335 3/3336 3/3338 3/3337
3/86;5 3/8;53 3/974: 3/94:3
3/347; 3/3599 3/3744 3/36;4
3/:393 3/;<;5 3/<:57 3/<;99
3/3646 3/3868 3/3;38 3/3:76
:/;98 9/::9 9/3:3 8/:85

Wdeohdx 7 = Hvwlpdwlrq gx prgëoh dyhf h{sdqvlrqv g*Hgjhzruwk +ìtxdwlrq +44,,

4 prlv 6 prlv 9 prlv 45 prlv

4: pdl <9
�

VH+�,
��
VH+��,
�2
VH+�2,
orj0yudlv1

3/3563 3/358; 3/35;3 3/35<8
3/3334 3/3336 3/3335 3/3335
3/9;67 4/3548 3/<;<7 4/3558
3/3596 3/38<4 3/3774 3/3755
6/5884 5/<8<4 6/34:7 5/:35;
3/4464 3/594< 3/4<3; 3/4;43
;/5;< 9/;73 9/:3< 9/6;9

58 dyulo <:
�

VH+�,
��
VH+��,
�2
VH+�2,
orj0yudlv1

3/3637 3/363< 3/3634 3/3643
3/3335 3/3336 3/3338 3/3338
4/63;3 4/6;5; 4/7;<< 4/6;5:
3/3685 3/3974 3/3<;6 3/3<46
6/98;4 7/;356 8/69<7 8/:34<
3/4847 3/596: 3/6<59 3/6993
:/<38 9/;55 9/485 8/;:3
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Wdeohdx 8 = Hvwlpdwlrq gx prgëoh gh gl�xvlrq dyhf vdxw +ìtxdwlrq +45,,

4 prlv 6 prlv 9 prlv 45 prlv

4: pdl <9
�
VH+�,
�
VH+�,
n
VH+n,
orj0yudlv1
�W

�nWs
�2 . n2�

3/34:5 3/34:; 3/34<6 3/3538
3/3334 3/3339 3/3338 3/3338
3/7;88 3/5853 3/465; 3/3:33
3/5;<4 3/3946 3/36;6 3/3448
3/3547 3/36:< 3/3896 3/3;59
3/3393 3/3378 3/33<4 3/338:
:/3;4 9/:75 9/754 9/638
3/3738 3/3963 3/3997 3/3:33
3/333< 3/3357 3/336: 3/338;
3/355; 3/3594 3/35;5 3/3633

58 dyulo <:
�
VH+�,
�
VH+�,
n
VH+n,
orj0yudlv1
�W

�nWs
�2 . n2�

3/34;9 3/34:9 3/3493 3/3498
3/3336 3/3337 3/3336 3/3336
3/;:56 3/5799 3/4548 3/38:7
3/454; 3/358: 3/33:8 3/3388
3/3597 3/3853 3/3:76 3/4438
3/3356 3/3364 3/3359 3/338<
:/<57 :/4:3 9/:69 9/745
3/3:4: 3/393; 3/393; 3/38:7
3/334< 3/3365 3/3378 3/3396
3/363< 3/3646 3/3637 3/3645

Wdeohdx 9 = Hvwlpdwlrq gx prgëoh ã yrodwlolwì vwrfkdvwltxh +ìtxdwlrq +46,,

4 prlv 6 prlv 9 prlv 45 prlv
4: pdl <9
�Ws
#W

�
�s
y|

orj0yudlv1

6/5889 6/6<88 6/7:94 6/<666
3/3597 3/36<3 3/3667 3/337<
3/4894 3/4737 3/473; 3/4535
3/77<: 3/8:4; 3/85:8 3/8895
3/3553 3/348; 3/3533 3/38;3
:/47: 9/<74 9/:38 :/579

58 dyulo <:
�Ws
#W

�

�s
y|

orj0yudlv1

6/56<6 6/6933 6/7599 6/;9:<
3/3;5< 3/37<: 3/34<; 3/336<
3/5<54 3/5346 3/4676 3/46<7
3/975: 3/9683 3/95;< 3/97<7
3/33<4 3/3453 3/368; 3/38<3
9/893 8/977 8/4;: 8/3;<
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Wdeohdx : = PVH srxu ohv sul{ g*rswlrq

+{433S, 4 prlv 6 prlv 9 prlv 45 prlv
4: pdl <9
orj0qrupdoh
pìodqjh gh orj0qrupdohv
sro|q÷phv g*Khuplwh
h{sdqvlrq g*Hgjhzruwk
gl�xvlrq dyhf vdxw
yrodwlolwì vwrfkdvwltxh

3/737 5/5:; 8/37; 43/75<
3/336 3/37< 3/385 3/444
3/337 3/3:5 3/3<: 3/4::
3/337 3/39: 3/3;: 3/499
3/375 3/3;5 3/488 3/4<9
3/359 3/374 3/386 3/743

58 dyulo <:
orj0qrupdoh
pìodqjh gh orj0qrupdohv
sro|q÷phv g*Khuplwh
h{sdqvlrq g*Hgjhzruwk
gl�xvlrq dyhf vdxw
yrodwlolwì vwrfkdvwltxh

4/<4: :/3:6 48/3:; 5</;47
3/337 3/357 3/388 5/<7;
3/33< 3/3:8 3/635 3/883
3/33; 3/39< 3/598 3/79:
3/33; 3/368 3/3;6 3/48;
3/3:4 3/849 4/564 6/997
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Wdeohdx ; = Prphqwv ghv ghqvlwìv qhxwuhv dx ulvtxh

4: pdl <9 iruzdug yrodwlolwì vnhzqhvv nxuwrvlv
4 prlv

orj0qrupdoh
pìodqjh gh orj0qrupdohv
sro|q÷phv g*Khuplwh
h{sdqvlrq g*Hgjhzruwk
gl�xvlrq dyhf vdxw
yrodwlolwì vwrfkdvwltxh

6/6;<9 3/3535 3/34:< 3/3339
6/6;<9 3/3559 3/<6:7 7/8<:5
6/6;<9 3/3556 3/:53< 6/549<
6/6;<9 3/3557 3/9;67 6/5884
6/6;<9 3/354< 4/5<65 6/8<85
6/6;<: 3/3553 4/566< 7/85<;

6 prlv

orj0qrupdoh
pìodqjh gh orj0qrupdohv
sro|q÷phv g*Khuplwh
h{sdqvlrq g*Hgjhzruwk
gl�xvlrq dyhf vdxw
yrodwlolwì vwrfkdvwltxh

6/6<5< 3/36<7 3/367; 3/3355
6/6<5< 3/376; 4/6:;8 7/5;69
6/6<5< 3/3767 4/3;4< 5/;889
6/6<5< 3/3768 4/3548 5/<8<4
6/6<5< 3/3764 4/6:47 6/39;<
6/6<64 3/3768 4/8<46 8/<4<<

45 prlv

orj0qrupdoh
pìodqjh gh orj0qrupdohv
sro|q÷phv g*Khuplwh
h{sdqvlrq g*Hgjhzruwk
gl�xvlrq dyhf vdxw
yrodwlolwì vwrfkdvwltxh

6/7454 3/3<58 3/3;46 3/344;
6/7453 3/4343 4/6397 6/7<9;
6/7454 3/4335 4/46:4 5/8953
6/7454 3/433: 4/3557 5/:358
6/7453 3/4333 4/5<:< 5/9:54
6/7455 3/3<;9 4/8333 7/7;<6

58 dyulo <: iruzdug yrodwlolwì vnhzqhvv nxuwrvlv
4 prlv

orj0qrupdoh
pìodqjh gh orj0qrupdohv
sro|q÷phv g*Khuplwh
h{sdqvlrq g*Hgjhzruwk
gl�xvlrq dyhf vdxw
yrodwlolwì vwrfkdvwltxh

6/6:76 3/358: 3/355; 3/333<
6/6:76 3/3633 4/;886 9/395<
6/6:76 3/35<6 4/6994 6/8538
6/6:76 3/35<7 4/63;3 6/98;4
6/6:76 3/35<4 4/9695 6/864;
6/6:76 3/35<6 4/:<<9 9/;43;

6 prlv

orj0qrupdoh
pìodqjh gh orj0qrupdohv
sro|q÷phv g*Khuplwh
h{sdqvlrq g*Hgjhzruwk
gl�xvlrq dyhf vdxw
yrodwlolwì vwrfkdvwltxh

6/6:94 3/3763 3/36;5 3/3359
6/6:94 3/3864 5/7346 </7<;;
6/6:94 3/3846 4/8553 7/7;5<
6/6:94 3/384; 4/6;5; 7/;356
6/6:94 3/3845 5/3687 8/5:4:
6/6:95 3/3836 5/3648 ;/9563

45 prlv

orj0qrupdoh
pìodqjh gh orj0qrupdohv
sro|q÷phv g*Khuplwh
h{sdqvlrq g*Hgjhzruwk
gl�xvlrq dyhf vdxw
yrodwlolwì vwrfkdvwltxh

6/6;85 3/3;69 3/3:74 3/33<;
6/6;66 3/4337 5/8496 </5693
6/6;86 3/4358 4/:37< 7/<<47
6/6;86 3/4383 4/6;:; 8/9<4;
6/6;86 3/435< 5/5<<< 9/794:
6/6;6; 3/3<:4 4/::34 8/83:6
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Wdeohdx < = Lqwhuydoohv gh frq�dqfh ã ;3( hw <3(
lqwhuydooh ã ;3( lqwhuydooh ã <3(

4: pdl <9
iruz12
sodqfk1

sodi12
iruz1

lqwhuy1
iruz12
sodqfk1

sodi12
iruz1

lqwhuy1

4 prlv

orj0qrupdoh
pìodqjh gh orj0qrup1
sro|q÷phv g*Khuplwh
h{sdqvlrq g*Hgjhzruwk
gl�xvlrq dyhf vdxw
yrodwlolwì vwrfkdvwltxh

3/:8<9 3/::96 3/:984
3/97;; 3/99:3 3/988;
3/97;; 3/9638 3/96:9
3/97;; 3/9638 3/96:9
3/:559 3/99:3 3/9<55
3/97;; 3/::96 3/:437

3/<;53 3/<<7; 3/<;6:
3/;:3: 4/5467 4/36;6
3/;669 4/7653 4/45<7
3/;669 4/7653 4/45<7
3/<3:; 4/3646 3/<987
3/;:3: 4/5467 4/36;6

6 prlv

orj0qrupdoh
pìodqjh gh orj0qrup1
sro|q÷phv g*Khuplwh
h{sdqvlrq g*Hgjhzruwk
gl�xvlrq dyhf vdxw
yrodwlolwì vwrfkdvwltxh

4/7<37 4/7:<9 4/7:74
4/6366 4/739; 4/679:
4/6366 4/5<:9 4/5<54
4/6366 4/6673 4/6436
4/6739 4/5<:9 4/6436
4/598< 4/8493 4/6;64

4/<756 4/<497 4/<43;
4/9739 5/8:48 5/3<5;
4/9363 5/;<<4 5/56;7
4/9363 5/;<<4 5/56;7
4/9:;5 5/:;<< 5/5535
4/9363 5/6;<8 4/<;69

45 prlv

orj0qrupdoh
pìodqjh gh orj0qrup1
sro|q÷phv g*Khuplwh
h{sdqvlrq g*Hgjhzruwk
gl�xvlrq dyhf vdxw
yrodwlolwì vwrfkdvwltxh

6/8883 6/7:<: 6/7896
6/3<47 6/7:<: 6/56<5
6/45<; 6/5959 6/47;:
6/385< 6/73:6 6/4;7<
6/539< 6/4<35 6/47;:
5/<6:: 6/7:<: 6/499;

7/9469 7/85<6 7/79<:
6/;997 8/<73; 7/;649
6/;997 9/8893 8/46<6
6/:7<7 9/7;6: 8/37;;
6/<;6: 9/7446 8/4545
6/:438 8/6<:< 7/7;:;

58 dyulo <:
iruz12
sodqfk1

sodi12
iruz1

lqwhuy1
iruz12
sodqfk1

sodi12
iruz1

lqwhuy1

4 prlv

orj0qrupdoh
pìodqjh gh orj0qrup1
sro|q÷phv g*Khuplwh
h{sdqvlrq g*Hgjhzruwk
gl�xvlrq dyhf vdxw
yrodwlolwì vwrfkdvwltxh

3/<:5: 3/<;:7 3/<:86
3/;377 3/;;;5 3/;764
3/;6;3 3/:88< 3/:<68
3/;6;3 3/:88< 3/:<68
3/;6;3 3/;554 3/;599
3/;377 4/3537 3/<3<5

4/5::3 4/584< 4/5897
4/3734 4/;7:3 4/76;5
4/3397 5/4778 4/8:38
4/3397 5/4778 4/8:38
4/3734 5/4::9 4/9368
4/3734 4/9488 4/6558

6 prlv

orj0qrupdoh
pìodqjh gh orj0qrup1
sro|q÷phv g*Khuplwh
h{sdqvlrq g*Hgjhzruwk
gl�xvlrq dyhf vdxw
yrodwlolwì vwrfkdvwltxh

4/96;9 4/9594 4/94<5
4/6996 4/5959 4/6385
4/6996 4/3977 4/5394
4/6996 4/3<:7 4/5559
4/7335 4/4<99 4/5;;:
4/6996 4/9<55 4/8533

5/44;; 5/454; 5/3<;6
4/:39< 6/3;34 5/6:<5
4/96;9 6/<395 5/:8<5
4/9378 6/<395 5/:75:
4/:744 7/36;6 5/;:7;
4/:744 5/:7<9 5/5638

45 prlv

orj0qrupdoh
pìodqjh gh orj0qrup1
sro|q÷phv g*Khuplwh
h{sdqvlrq g*Hgjhzruwk
gl�xvlrq dyhf vdxw
yrodwlolwì vwrfkdvwltxh

6/5633 6/4<;8 6/496:
5/:38< 5/575; 5/76;:
519:45 5/<465 5/58:7
5/934: 4/<:<4 5/58:7
5/:73: 5/4:9; 5/7555
5/::88 6/6636 6/3487

7/4;:3 7/4545 7/3:33
6/6336 8/<66: 7/8976
6/4<7< ;/33<< 8/8863
6/34<: ;/375< 8/7;:3
6/6:3: ;/5:69 8/:9:5
6/7745 8/7398 7/6999
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