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Lqwurgxfwlrq
O*dqdo|vh gh SDLQOHYH hvw/ dx vhqv odujh/ o*ìwxgh gh od vwuxfwxuh ghv vlqjxodulwìv ghvìtxdwlrqv gl�ìuhqwlhoohv > soxv sduwlfxolìuhphqw/ rq v*lqwìuhvvh ã od idêrq grqw fhoohv fl+vlqjxodulwìv, gìshqghqw vxu ohv frqglwlrqv lqlwldohv/ dsshoìhv gdqv fh fdv �vlqjxodulwìvprelohv�1 Hooh hvw frqvlgìuìh frpph o*xqh ghv dssurfkhv srxu o*ìwxgh gh o*lqwìjudelolwìghv ìtxdwlrqv gl�ìuhqwlhoohv1Xqh ìtxdwlrq gl�ìuhqwlhooh hvw glwh dyrlu od sursulìwì gh SDLQOHYH +rx vwdeoh, vl vdvroxwlrq jìqìudoh hvw xqliruph dx yrlvlqdjh ghv vlqjxodulwìv prelohv1 Fhwwh sursulìwì hvwwuìv lpsruwdqwh >0 g*xq f÷wì/ srxu od gì�qlwlrq gh qrxyhoohv irqfwlrqv wudqvfhqgdqwhv frpph vroxwlrqvjìqìudohv xqliruphv g*ìtxdwlrqv gl�ìuhqwlhoohv ruglqdluhv +H1G1R1, luuìgxfwleohv gdqv ohsodq frpsoh{h/ fh txl d prwlyì gh qrpeuhx{ pdwkìpdwlflhqv frpph EULRW hw ERXTXHW/IXFKV/ SRLQFDUH/ SDLQOHYH ^49`/ FKD]\ ^7`/ EXUHDX ^5` hw ehdxfrxs g*dxwuhv/ txl rqwuìdolvì gh wuìv lpsruwdqwv wudydx{ vxu oh sureoëph pdwkìpdwltxhphqw srvì� gìwhuplqhu wrxwhv ohv ìtxdwlrqv gl�ìuhqwlhoohv dojìeultxhv gx 4eo ruguh/ sxlv gx 56eruguh/ sxlv gx 66e ruguh hwf/ grqw o*lqwìjudoh jìqìudoh hvw xqliruph �/0 gh o*dxwuh/ ã fdxvh gh vrq olhq surfkh dyhf o*lqwìjudelolwì1 O*lgìh d ìwì odqfìh sduV1 NRYDOHYVNL ^46`/ txl ìwdlw lqwhuhvvìh ã od uhodwlrq hqwuh o*lqwìjudelolwì frpsoëwh ghvv|vwëphv pìfdqltxhv fodvvltxhv hw od pìurprusklh gh ohxuv vroxwlrqv/ whooh tx*hooh d frq0vwuxlw xq surfìgì +sdu od vxlwh irupdolvì sdu JDPELHU/ sxlv ìwhqgx sdu ZHVV hw do1 ^4;` srxuwudlwhu ohv H1G1S1 qrq olqìdluhv/ hw dsshoì whvw gh SDLQOHYH, odujhphqw xwlolvì srxu whvwhuod sursulìwì gh SDLQOHYH1 Hq�q/ o*lpsruwdqfh gh fhwwh sursulìwì hvw hqfruh uhqirufìh sduod idphxvh frqmrqfwxuh g*DOERYLW] hw do1 ^4`/� wrxwh H1G1R rewhqxh sdu uìgxfwlrq h{dfwh g*xqh H1G1S1 qrq olqìdluh lqwìjudeoh sduod pìwkrgh L1V1W14/ d od sursulìwì gh SDLQOHYH ��

4Lqyhuvh Vshfwudo Wudqvirup
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O*remhw gh fhwwh wkëvh hvw o*ìwxgh gh o*ìtxdwlrq gl�ìuhqwlhooh gh txdwulëph ruguh
+H, +���� ' @+%,++��� n K+%,+�+�� n S+%,+2+�� n _+%,+E+��2 n e+%,+�+� n s +%,+D

n@f+%,+��� n ES�+%,+ n Sf+%,�+�� n _f+%,E+��2 n e2+%,+2+�nEe�E%�+ n efE%��+� n se+%,+e n s�+%,+� n s2+%,+2ns�+%,+ n sf+%,c
rü @c Kc Sc _c ec sc @fc Sfc S�c _fc efc e�c e2c sfc s�c s2c s�c se vrqw ghv irqfwlrqv dqdo|wltxhv gh odyduldeoh frpsoh{h % gdqv xq fhuwdlq grpdlqh ( � F� Soxv suìflvhphqw/ rq vh sursrvh ghwurxyhu ohv frqglwlrqv qìfhvvdluhv hw vx!vdqwhv vxu ohv frh!flhqwv gh +H, srxu txh fhooh flvrlw vwdeoh/ hq g*dxwuhv whuphv/ gìwhuplqhu wrxwhv ohv fodvvhv g*ìtxdwlrqv vwdeohv gx w|sh+H,1Oh suhplhu txl d frqvlgìuì fh sureoëph hw d rewhqx ghv uìvxowdwv hvw FKD]\ ^7`1 Sxlv/EXUHDX ^5` d dpìolruì ohv uìvxowdwv gh fh ghuqlhu hq ìoderudqw xqh pìwkrgh txl shuphwg*ìwxglhu fh jhquh gh sureoëph1 PDUWLQRY ^48`/ H[WRQ ^<` hw NXGU\DVKRY ^47` rqw wurxyìfhuwdlqhv dxwuhv ìtxdwlrqv pdlv vdqv frpsoìwhu od olvwh1 Ilqdohphqw/ FRVJURYH ^:` d ìwdeolxqh olvwh h{kdxvwlyh g*ìtxdwlrqv vwdeohv gx w|sh +H,1Oh fdv rü e ' s ' f d ìwì frpsoìwhphqw ìwxglì gdqv ^5` hw ^:`1 Gdqv qrwuh wudydlorq yd frqvlgìuhu ohv ghx{ fdv frpsoìphqwdluhv vxlydqwv =

4 0 e 9' f( s ' f�
5 0 s 9' f +oh fdv oh soxv gl!floh gh fh sureoëph,1
Qrwuh wudydlo hvw gìyhorssì hq ghx{ fkdslwuhv1 Oh suhplhu hvw frpsrvì gh ghx{ sdu0wlhv > gdqv od suhplëuh/ rq grqqh xqh gì�qlwlrq gh o*lqwìjudelolwì1 Rq v*ìwhqg hqvxlwh dx{vlqjxodulwìv fulwltxhv ghv irqfwlrqv dqdo|wltxhv dlqvl txh fhoohv ghv ìtxdwlrqv gl�ìuhqwlhoohvgdqv oh sodq frpsoh{h1 Sxlv rq idlw xq udssho vxu od wkìrulh jìqìudoh ghv H1G1R1 olqìdluhvdx yrlvlqdjh g*xq srlqw vlqjxolhu uìjxolhu1 Rq gì�qlw hqvxlwh xqh wudqvirupdwlrq qrwìhW+bc >c ),/ dyhf odtxhooh rq gì�qlud �xqh fodvvh g*ìtxdwlrq�/ hw txl mrxhud xq u÷oh wuìvlpsruwdqw srxu od phloohxuh dssolfdwlrq gh od pìwkrgh gh EXUHDX1 D od �q gh fhwwh sduwlhrq grqqh txhotxhv uìvxowdwv fodvvltxhv g*ìtxdwlrqv vwdeohv1 Gdqv od ghx{lëph sduwlh gh

6



fh fkdslwuh/ rq ìqqrqfh oh wkìruëph gh SRLQFDUH/ hw oh ohpph irqgdphqwdo gh vwdelolwìtxl vhurqw xwlolvìv srxu gìprqwuhu oh wkìruëph gh EXUHDX/ txl hvw/ ã vrq wrxu xwlolvì srxugì�qlu od pìwkrgh gh EXUHDX srxu od frqvwuxfwlrq gh frqglwlrqv qìfhvvdluhv gh vwdelolwì1Oh ghx{lëph fkdslwuh hvw frqvdfuì ã o*ìwxgh gh qrwuh sureoëph/ lo hvw frpsrvì gh wurlvsduwlhv > gdqv od suhplëuh/ rq xwlolvh od suhplëuh hw od ghx{lëph ìwdsh gh od pìwkrgh ghEXUHDX/ srxu gìwhuplqhu wrxwhv ohv ìtxdwlrqv gh w|sh +H, d|dqw ghv ìtxdwlrqv uìgxlwhvvwdeohv/ pdlv fhod q*hvw srvvleoh tx*ã o*dlgh gh o*rxwlo lqirupdwltxh ã fdxvh ghv ìtxdwlrqvdojìeultxhv hqjhqguìhv sdu od pìwkrgh/ txl qh shxyhqw íwuh uìvroxhv ã od pdlq1 Xq fdvrü od pìwkrgh gh EXUHDX hvw qrq frqfoxdqwh hvw uhqfrqwuì/ fh txl qrxv d dphqì ã gì�qlu+hq xwlolvdqw oh wkìruëph gh SRLQFDUH hw oh ohpph irqgdphqwdo, xq dxwuh surfìgì h{wudlwgh od pìwkrgh gh shuwxuedwlrq gh SDLQOHYH ^8/9`/ dgdswìh ã fh jhquh gh fdv1 Gdqv odghx{lëph sduwlh gh fh fkdslwuh/ rq xwlolvh od wurlvlëph ìwdsh gh od pìwkrgh gh EXUHDX/srxu gìwhuplqhu wrxwhv ohv ìtxdwlrqv frpsoëwhv vwdeohv gh w|sh +H,1 Gdqv od wurlvlëphsduwlh gx fkdslwuh/ rq ìwxglh od vx!vdqfh ghv frqglwlrqv qìfhvvdluhv rewhqxhv gdqv ohvghx{ sduwlhv suìfìghqwhv1Rq whuplqh fh wudydlo sdu od frqfoxvlrq/ dlqvl tx*xqh dqqh{h grqqìh ã od �q gh fhwwhwkëvh/ oã rü rq grqqh od olvwh gh fodvvhv g*ìtxdwlrqv vwdeohv gh w|sh +H, srxu oh fdv+e ' s ' f,/ dlqvl txh ohv gl�ìuhqwhv surfìgxuhv g*xq surjudpph lqirupdwltxh xwlololvì ãxqh fhuwdlqh ìwdsh gh qrwuh ìwxgh1
Uhpdutxh 4 = Xqh sduwlh gh qrwuh wudydlo d idlw o*remhw g*xqh sxeolfdwlrqvrxv oh wlwuh = Irxuwk0rughu gl�huhqwldo htxdwlrqv zlwk lqwhjhu lqglfhv ri IXFKV/gdqv = Uhjxodu dqg Fkdrwlf G|qdplfv/ Y19/ Q� ec +5334,/ S177<07861
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Fkdslwuh 4
Suìolplqdluhv
414 Jìqìudolwìv =
41414 Lqwìjudwlrq/ vlqjxodulwìv fulwltxhv/ vroxwlrqv g*xqh H1G1 =
gì�qlwlrq 4 ^8/ s157` = Lqwìjuhu xqh ìtxdwlrq gl�ìuhqwlhooh +H1G1, dx �vhqv prghuqh�gh SDLQOHYH hvw gh wurxyhu srxu od vroxwlrq jìqìudoh xqh h{suhvvlrq �qlh/ srxydqw íwuhpxowliruph hq xq qrpeuh �ql gh irqfwlrqv/ hw ydolgh gdqv oh grpdlqh gh gì�qlwlrq wrxwhqwlhu1e%e6R,e � G o*H1G1R1 2����� ' f d srxu vroxwlrq jìqìudoh � ' E%����2 E� frqvwdqwhduelwudluh�c xqh h{suhvvlrq �qlh pdlv pxowliruph hq xq qrpeuh lq�ql gh �irqfwlrqv�1
Uhpdutxhv 5 = �0 Ohv uhsuìvhqwdwlrqv gh od vroxwlrq sdu xqh lqwìjudoh/ xqh vìulh rx xqsurgxlw lq�ql vrqw dffhswdeohv vvl hoohv h{sulphqw xqh joredoh frqqdlvvdqfh gh od vroxwlrq1��0 Vl xqh vroxwlrq jìqìudoh xqliruph g*xqh H1G1 luuìgxfwleoh qh shxw íwuh h{sulpìhsdu ghv irqfwlrqv frqqxhv/ doruv fhwwh vroxwlrq jìqìudoh gì�qlw xqh qrxyhooh irqfwlrq txlhvw hooh píph xwlolvìh srxu lqwìjuhu g*dxwuhv ìtxdwlrqv1

8



Srlqwv vlqjxolhuv fulwltxhv =
Gì�qlwlrq 5 = rq glw txh oh srlqw % ' %f hvw xq srlqw vlqjxolhu fulwltxh g*xqh dssolfd0wlrq s vl s dgphw soxvlhxuv gìwhuplqdwlrqv dx yrlvlqdjh gh fh srlqw/ hw rq glw txh s hvwpxowliruph1Lo h{lvwh ghx{ w|shv gh srlqwv vlqjxolhuv fulwltxhv >

� Srlqwv fulwltxhv dojìeultxhv = gdqv fh fdv lo h{lvwh - : f whooh txh s vh gìyhorsshgdqv oh glvtxh srlqwì i% 9' %f G m%� %fm 	 -j vrxv od iruph
+414, sE%� ' n"& ' �6S @&E%� %f� &? c ?c6 ghv hqwlhuv1
e%e6R,e 2 G sE%� ' s%� %f dgphw ghx{ gìwhuplqdwlrqv dx yrlvlqdjh gh %f1� Srlqwv fulwltxhv qrq dojìeultxhv = txl vrqw dsshoìv/ wudqvfhqgdqwv vl % $ %f*�4sE%�h{lvwh/ hw hvvhqwlhov gdqv oh fdv frqwudluh/
e%e6R,e � G sE%� ' *L}E% � %f� / %f hvw fulwltxh wudqvfhqgdqw +orjdulwkpltxh,/ hw sdgphw xqh lq�qlwì gh gìwhuplqdwlrqv1Srxu xqh dssolfdwlrq pxowliruph grqqìh/ lo h{lvwh ghx{ pìwkrghv fodvvltxhv g*xql0iruplvdwlrq =0 od suhplëuh hvw o*xwlolvdwlrq gx sodq frpsoh{h sulyì g*xq fhuwdlq qrpeuh gh ghplgurlwhv dsshoìhv frxsxuhv/ lvvxhv fkdtx*xqh g*hooh g*xq srlqw fulwltxh/ d�q g*ìylwhu ohvurwdwlrqv dxwrxuv gh fhv srlqwv10 od ghx{lëph hvw g*ìwhqguh oh sodq frpsoh{h ã xqh vxuidfh gh UHLPDQQ/ idlwh ghsoxvlhxuv sodqv sdudohoohv whov txh od frxsxuh gh fkdfxq g*hx{ ghylhqw xq sdvvdjh reoljd0wrluh g*xq sodq ã o*dxwuh1

Vroxwlrqv g*xqh H1G1 = Vrlw +", .E�E?�c �E?3��c ���c �c %� ' f xqh H1G1R1 qrq olqìdluhg*ruguh ?/ doruv rq glvwlqjxh 6 w|shv gh vroxwlrqv =
� rJ,�|�J? }�e?�eo@,e +V1J1, = hvw od vroxwlrq phqwlrqqìh gdqv oh wkìruëph g*h{lvwhqfhhw g*xqlflwì gh FDXFK\ ^44/43`/ f1d1g1 gìwhplqìh sdu ghv ydohxuv lqlwldohv1 Hooh gìshqg gh
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? frqvwdqwhv duelwudluhv lqgìshqgdqwhv1
� rJ,�|�J? R@o|�S�,�
eoe +V1S1, = hvw wrxwh vroxwlrq rewhqxh gh gh od V1J1 hq grqqdqwghv ydohxuv dx{ frqvwdqwhv duelwudluhv1
� rJ,�|�J?r r�?}�,�
eoe +V1V1, = hvw xqh vroxwlrq txl q*hvw sdv sduwlfxolëuh1 Xqh whoohvroxwlrq shxw vhxohphqw h{lvwhu txdqg o*ìtxdwlrq +", frqvlgìuìh frpph xqh ìtxdwlrq ghod gìulyì vxsìulhxu �E?�c srvvëgh dx prlqv ghx{ gìwhuplqdwlrqv/ grqw od frlqflghqfh shxwgì�qlu xqh V1V11
e%e6R,e e = o*ìtxdwlrq gx w|sh FODLUDXW = 2E���2 � %�� n � ' fc d od V1J1 = S%� 2S2cxqh V1S1 = %� 2c hw xqh V1V1 = %2*H�

Uhpdutxh 6 = g*dsuëv od gì�qlwlrq dx ghvvxv/ qrwuh ìtxdwlrq +H, q*dgphw sdv gh V1V11
Srlqwv vlqjxolhuv g*xqh H1G1 =
Gì�qlwlrq 6 = rq dsshooh srlqwv vlqjxolhuv g*xqh H1G1/ ohv srlqwv vlqjxolhuv gh vhv vrox0wlrqv1 Rq glvwlqjxh ghx{ w|shv > �{hv +lqgìshqgdqwv ghv frqglwlrqv lqlwldohv, hw prelohv+gìshqgdqwv ghv frqglwlrqv lqlwldohv,1

e%e6R,e D = �� n �2% ' fc gh V1J1 �E%� ' 4*L}E%� n Sc S frqvwdqwh g*lqwìjudwlrq/ doruv% ' f hvw xq srlqw fulwltxh wudqvfhqgdqw �{h/ hw % ' eS xq s÷oh preloh1
Uhpdutxh 7 = od srvlwlrq hw od qdwxuh ghv srlqwv vlqjxolhuv �{hv vrqw grqqìhv sduo*H1G1 hw dx prlqv od srvlwlrq txl hvw rewhqxh hq xq qrpeuh �ql g*ìwdshv vdqv frqqdlv0vdqfh ghv vroxwlrqv/ doruv txh od srvlwlrq g*xqh vlqjxodulwì preloh ydulh dyhf od yduldwlrqghv frqglwlrqv lqlwldohv1 Doruv od suìvhqfh g*xqh vlqjxodulwì hq píph whpsv fulwltxh hwpreloh srxu xqh vroxwlrq/ hvw xq revwdfoh srxu vrq xqlirplvdwlrq hw grqf srxu gì�qluxqh irqfwlrq1
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Gì�qlwlrq 7 = xqh H1G1 hvw glwh vwdeoh +rx dyrlu od sursulhwì gh SDLQOHYH +S1S1,, vlvd vroxwlrq jìqìudoh q*d sdv gh srlqwv fulwltxhv prelohv1
e%e6R,e S = o*H1G1R1 �� n �2% ' f hvw vwdeoh +yrlu h{hpsoh 8,1

Sursrvlwlrq 4 = ohv H1G1R1 olqìdluhv vrqw vwdeohv1
Suhxyh = rq frqvlgëuh o*H1G1R1 olqìdluh krprjëqh g*ruguh ?

+415, _?�_%? n @�E%�_?3��_%?3� n ���n @?3�E%�_�_% n @?E%�� ' fc
vrlw %f xq srlqw txhofrqtxh gx sodq frpsoh{h dx yrlvlqdjh gxtxho ohv frh!flhqwv@�E� ' ���?� vrlhqw krorpruskhv1 Doruv g*dsuëv oh wkìruëph g*h{lvwhqfh hw g*xqlflwì srxuohv H1G1R1v olqìdluhv ^44/s15;7`/ lo h{lvwh xqh vroxwlrq xqltxh txl yìul�h dyhf vhv ? � �gìulyìhv q*lpsruwh txhoohv ydohxuv duelwudluhphqw dvvljqìhv txdqg % ' %f� Fhwwh vroxwlrqv*h{sulph hq vìulh hqwlëuh gh E%� %f�c hw txl frqyhujh dx prlqv ã o*lqwìulhxu g*xq fhufohgh fhqwuh %f hw grqw od flufrqiìuhqfh sdvvh ã wudyhuv oh srlqw vlqjxolhu ghv frh!flhqwv ohsoxv surfkh gh %f� Dxwuhphqw glw ohv vlqjxodulwìv gh od vroxwlrq qh shxyhqw íwuh dxwuhvtxh ohv vlqjxodulwìv ghv frh!flhqwv/ hw grqf hooh q*dgphw dxfxqh vlqjxodulwì preloh1

Uhpdutxh 8 = oh ghuqlhu wkìruëph d ghv frqvìtxhqfhv lpsruwdqwhv > suhplìuhphqw/wrxwh H1G1R1 olqìdluh gì�qlw xqh irqfwlrq +DLU\/ EHVVHO/ JDXVV/ OHJHQGUH111,1 Ghx{lìph0phqw/ xqh H1G1R1 qrq olqìdluh hvw frqvlgìuìh frpph lqwhjudeoh vl hooh hvw olqìdulvdeoh +sduxqh h{suhvvlrq olqìdulvdqwh �qlh,1 Wurlvlìphphqw/ d�q g*ìwhqguh od olvwh ghv irqfwlrqv frq0qxhv sdu pr|hq g*H1G1R1/ lo hvw qìfhvvdluh gh frqvlgìuhu ohv H1G1R1 qrq olqìdluhv1
41415 H1G1R1 olqìdluhv dx yrlvlqdjh g*xq srlqw vlqjxolhu =
Wkìruëph 4 ^44/s1698` = xqh F1Q1V1+frqglwlrq qìfhvvdluh hw vx!vdqwh, srxu txh %fvrlw xq srlqw vlqjxolhu uìjxolhu gh o*H1G1R1 olqìdluh +415, hvw = srxu wrxw & ' �c ���c ? >+416, @&E%� ' E%� %f�3&�E%� / dyhf �E%� irqfwlrq dqdo|wltxh dx yrlvlqdjh gh %f�
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Vrlw %f xq srlqw vlqjxolhu uìjxolhu gh o*ìtxdwlrq +415, gìvljqìh sdu .E%c �� ' f1
Gì�qlwlrq 8 = ohv udflqhv � gh o*ìtxdwlrq

+417, L �% $ %f*�4 %?3�.E%c %�� ' @fE%f� n @�E%f��n @2E%f��E�� �� n ���n@?E%f��E�� �����E�� ?n �� ' fc
vrqw dsshoìhv lqglfhv gh IXFKV gh +415,/ hw o*ìtxdwlrq +417, hvw dsshoìh ìtxdwlrq lqgl0flhooh1
Vroxwlrq jìqìudoh gh +415, dx yrlvlqdjh g*xq srlqw vlqjxolhu uìjxolhu = Dx yrlvl0qdjh g*xq srlqw vlqjxolhu uìjxolhu/ lo h{lvwh xq hqvhpeoh irqgdphqwdo gh vroxwlrqv

+418, E%� %f�4� 6�� ' fS )�c�E%�E*L}+%� %f,�� / � ' ���? /
rü 4� = lqglfhv gh IXFKV gh pxowlsolflwì 6� / )�c� = vìulh gh ODXUHQW frqyhujhqwh dyhf xqhsduwlh sulqflsdoh �qlh1

� Frqglwlrqv g*xqlirplwì gh od vroxwlrq =
40 G*dsuëv +418,/ srxu ìylwhu ohv srlqwv fulwltxhv dojìeultxhv/ lo hvw qìfhvvdluh hw vx!vdqwtxh ohv ? lqglfhv gh IXFKV vrlhqw hqwlhuv1
50 Vxssrvrqv pdlqwhqdqw tx*lo h{lvwh dx prlqv ghx{ lqglfhv 4� hw 42 whov txh =42 � 4� ' 6c dyhf 6 hqwlhu srvlwli1 Srxu fkhufkhu ohv frqglwlrqv gh qrq h{lvwhqfh ghvwhuphv orjdulwkpltxhv/ rq uhpsodfh gdqv o*ìtxdwlrq +415, sdu
+419, E%� %f�4� n"� ' fS q�E%� %f��/ q� frqvwdqwhv frpsoh{hv/

fh txl qrxv grqqh xqh vìulh gh od irph
+41:, E%� %f�R n"� ' fS C�E%� %f�� ' f/ R hqwlhu/

whooh txh/+41;, C� � LE4� n ��q� n }�Eqfc ���c q�3�� ' f / � � f/
<



dyhf + L ' f , o*ìtxdwlrq lqglflhooh gh +415,/ }� dssolfdwlrq gìshqgdqwh ghv q� � ' f��E����hw }f ' f1Doruv xqh F1Q1 srxu o*devhqfh ghv whuphv orjdulwkpltxhv hvw =
+41<, }6 ' f

41416 Wudqvirupdwlrq W+bc >c )� G
Xqh wudqvirupdwlrq olqìdluh gh od irqfwlrq + hw xq fkdqjhphqw gh yduldeoh/ gì�qlhvsdu ohv ìtxdwlrqv
+4143, +E%� ' bE%�t Ef� n >E%�c f ' )E%�c

bc >c ) gìvljqdqw ghv irqfwlrqv dqdo|wltxhv gh %/ q*dowëuhqw ql od iruph gh o*ìtxdwlrq +H,ql od qdwxuh ghv srlqwv fulwltxhv �{hv rx prelohv gh vd vroxwlrq1Rq sur�wh gh o*lqgìwhuplqdwlrq gh fhv irqfwlrqv srxu uìgxluh ohv ìtxdwlrqv ã ghviruphv fdqrqltxhv ohv soxv vlpsohv srvvleohv1
Gì�qlwlrq 9 = Rq glw txh ghx{ H1G1 dssduwlhqqhqw ã od píph fodvvh g*ìtxdwlrqvvwdeohv/ vl o*xqh g*hooh hvw vwdeoh hw v*lo h{lvwh xqh wudqvirupdwlrq W+bc >c )� txl wudqvirupho*xqh ã o*dxwuh 1
Uhpdutxhv 9 = �0 Gdqv xq fdv frpph oh qrwuh +ìtxdwlrq g*ruguh 7,/ ohv frh!flhqwvbc >c ) gh od wudqvirupdwlrq vrqw/ vrlw ghv irqfwlrqv dojìeultxhv ghv frh!flhqwv gh o*ìtxd0wlrq +H,/ vrlw gìwhuplqìv sdu txdgudwxuhv/ rx sdu lqwìjudwlrq g*xqh ìtxdwlrq gl�ìuhqwlhoohg*ruguh 5 rx 6 grqw ohv frh!flhqwv vrqw ghv irqfwlrqv dojìeultxhv ghv frh!flhqwv gho*ìtxdwlrq +H,1��0 Hq suhqdqw b � � hw ) � %/ od wudqvirupdwlrq W+�c >c %� frqvhuyh ohv frh!flhqwv ghvwhuphv grplqdqwv+yrlu gì�qlwlrq : dx ghvvrxv, srxu > irqfwlrq dqdo|wltxh txhofrqtxh�
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41417 Txhotxhv uìvxowdwv fodvvltxhv vxu ohv H1G1R1 vwdeohv =
0 H1G1R1 g*ruguh 4 = od fodvvh frpsoìwhphqw ìwxglìh +O1IXFKV/ K1SRLQFDUH / S1SDLQOHYH,hvw fhooh gh od iruph
+4146, � E��c �c %� ' f( � sro|q÷ph hq �� hw � / dqdo|wltxh hq %�
Gh whoohv ìtxdwlrqv vrqw vrlw dojìeultxhphqw lqwìjudeohv/ vrlw uìgxfwleohv dx w|shULFDWWL gh iruph jìqìudoh
+4147, �� ' @2E%��2 n @�E%��n @fE%�c @2 9' fc

hw olqìdulvdeoh sxlvtx*hq srvdqw � ' � 4@2 ��� c hooh ghylhqw+4148, ��� � E@�2@2 n @���� n @f@2� ' fc
vrlw uìgxfwleohv dx w|sh EULRW0ERXTXHW +ìtxdwlrqv elqrpldohv, gh iruph

+4149, E���? ' �6E�� / �6 sro|q÷ph gh ghjuì 6c
0 H1G1R1 g*ruguh 5 = SDLQOHYH hw JDPELHU rqw frqvlgìuì ohv ìtxdwlrqv gh od iruph+414:, ��� ' -E��c �c %�/ - hvw udwlrqqhooh hq ��/ dojìeultxh hq �c hw dqdo|wltxh hq %�

Lov rqw fodvvl�ì +vrxv od wudqvirupdwlrq krprjudskltxh, 86 ìtxdwlrqv vwdeohv/ vl{ ghfhoohv fl gì�qlvvhqw gh qrxyhoohv wudqvfhqgdqwhv frqqxhv vrxv oh qrp � wudqvfhqgdqwhvgh SDLQOHYH � hw qrwìhv jìqìudohphqw sdu + S0L/ 111 /S0YL , ^43/44`1 Dxmrxugkxl fhv qrx0yhoohv irqfwlrqv rqw soxvlhxuv dssolfdwlrqv ã wudyhuv ohv vflhqfhv sk|vltxhv/ sdu h{hpsohg|qdpltxh ghv  xlghv/ sk|vltxh gx sodvpd/ �euhv rswltxhv/ pìfdqltxh txdqwltxh vwdwlv0wltxh/ uhodwlylwì jìqìudoh/ hwf1Txhotxhv ìtxdwlrqv g*ruguh 5 hw gh ghjuì vxsìulhxu ã xq vrqw ìwxglìhv/ pdlv dxfxqhqrxyhooh wudqvfhqgdqwh q*hvw hqfruh dssduxh1
0 H1G1R1 g*ruguh vxshulhxu ã 5 = o*ìwxgh gh od pdmhxuh sduwlh gx sureoëph gx 66eruguh+414;, ���� ' -E���c ��c �c %� /
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- udwlrqqhooh hq ��� hw ��c dojìeultxh hq �c hw dqdo|wltxh hq %c d ìwì uìdolvìh sdu FKD]\ ^7`/JDUQLHU / EXUHDX ^5`/ hw FRVJURYH ^;` hw od fodvvl�fdwlrq gh fhoxl fl hvw suhvtxh whuplqìh1Srxu o*ruguh 7/ fhuwdlqv wudydx{ rqw ìwì uìdolvìv sdu FKD]\ ^7`/ EXUHDX ^5`/ FRVJURYH ^:`hw dxwuhv1 Srxu o*ruguh 8 txhotxhv ìtxdwlrqv rqw ìwì ìwxglìhv uìfhpphqw sdu FRVJURYH^:`1
415 Frqvwuxfwlrq gh frqglwlrqv qìfhvvdluhv +F1Q1, srxutx*xqh H1G1 vrlw vwdeoh =

Soxvlhxuv pìwkrghv rqw ìwì ìoderuìhv srxu ìwdeolu ghv frqglwlrqv qìfhvvdluhv srxutx*xqh H1G1 vrlw vwdeoh/ rq flwh od pìwkrgh gx gìyhorsshphqw gh ODXUHQW +frqqxh frpphoh whvw gh SDLQOHYH, ^8` lqlwlìh sdu V1NRYDOHYVNL ^46` hw S1KR\HU/ od k0pìwkrgh frqvwuxlwhsdu SDLQOHYH ^8`/ pìwkrgh gh EXUHDX ^5/8`+fhooh tx*rq yd xwlolvhu srxu qrwuh ìwxgh,/ hw odpìwkrgh gh shuwxuedwlrq gh SDLQOHYH ^8/9`1Gdqv fh txl vxlw rq ìqrqêhud oh wkìruëph gh SRLQFDUH hw oh ohpph irqgdphqwdo ghvwdelolwì txl yrqw íwuh xwlolvìv srxu prqwuhu oh wkìruëph EXUHDX ã o*dlgh gxtxho rq gì�qludod pìwkrgh gh EXUHDX1Frqvlgìurqv oh v|vwëph
+414<, _+_% ' sE%( +( 0�c

rü 0 hvw xq sdudpëwuh frpsoh{h/ hw s ' Es�c ���c s?� xq yhfwhxu krorpruskh gdqv xqgrpdlqh ({{c who txh ( frqwlhqw E%f( +f '++fc�c +fc2c ���c +fc?,� hw { oh srlqw 0 ' f�Rq glw txh oh v|vwëph
+4153, _�f_% ' sE%( �f( f�c

hvw oh v|vwëph o�e_��| +qrq shuwxueì, fruuhvsrqgdqw dx v|vwëph Reo|�oK�e +414<,1 Gìvljqrqvsdu +E%( +f( 0� hw �fE%( +f� ohv yhfwhxuv dqdo|wltxhv gì�qlv sdu ohv vroxwlrqv orfdohv ghFDXFK\ ghv v|vwëphv +414<, hw +4153, whoohv txh +E%f( +f( 0� ' +f hw �fE%f( +f� ' +f�
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Wkìruëph gh SRLQFDUH ^6/4:` = Vl O hvw xq duf uìjxolhu oh orqj gxtxho �E%( +f� shxwíwuh surorqjì dqdo|wltxhphqw gh whooh pdqlëuh txh oh srlqw E%( �E%( +f�� 5 ( srxu wrxw% 5O/ doruv +E%( +f( 0� shxw íwuh surorqjì vxu O hw o*rq d oh gìyhorsshphqw =
+4154, +E%( +f( 0� ' �fE%( +f�n n"& ' �S �&E%�0&c

devroxphqw hw xqlirupìphqw frqyhujhqw hq 0 gdqv m0m � 0f d0f gìshqgdqw gh ( hw ghsE%( +( 0�oc srxu wrxw % 5O1
Ohpph irqgdphqwdo gh vwdelolwì ^44` = Vl od vroxwlrq jìqìudoh gx v|vwëph gl�iìuhq0wlho +414<, hvw xqliruph hq % srxu wrxwh ydohxuv gh 0 gdqv { vdxi +shxw íwuh, srxu 0 ' fcdoruv hooh vhud dxvvl xqliruph hq 0 ' fc gh soxv ohv frh!flhqwv �&E%� E& ' �c 2���� gh odvìulh +4154, vrqw dxvvl xqliruphv1
suhxyh = rq frqvlgëuh gdqv oh sodq frpsoh{h xq fkhplq ihupì , g*ruljlqh hw g*h{wuìplwì%fc vxu ohtxho +E%c 0� ' E+�c +2c ���c +?� hvw dqdo|wltxh/ whooh txh

+4155, +�E%( 0� ' ��cfE%�n n"& ' �S ��c&E%�0&c � ' ���?c
Fhv vìulhv vrqw frqyhujhqwhv srxu % vxu wrxw , srxu ghv ydohxuv vx!vdpphqw shwlwhv ghm0m � Vrlw _& od gl�ìuhqfh hqwuh od ydohxu ��c&E%� hw fhooh gh od píph irqfwlrq dsuìv dyrlusdufrxux ,/ doruv rq d

+4156, n"& ' fS _&0& ' fc srxu f 	 m0m � 0f/hw sdu frqvìtxhqw
+4157, _& ' f/ srxu wrxw &�

Lo vxlw txh �fc ��c �2c ��� vrqw xqliruphv1
Wkìruëph gh EXUHDX ^6`G Vrlhqw & : f xq hqwlhu / � E%c 5� xq sro|q÷ph hq 5 ghghjuì 9 & � 2 srxu & : 2 / lghqwltxhphqw qxo srxu & 9 2 c ã frh!flhqwv dqdo|wltxhvhq % gdqv xq grpdlqh ( grqqì > ME%( 5(�(��( ���(�E?3��� xq sro|q÷ph hq E�c �����c �E?3���
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ã frh!flhqwv krorpruskhv hq 5 gdqv xq fhuwdlq yrlvlqdjh gh 5 ' f/ hw dqdo|wltxhv hq %gdqv ( > �E%c 5� xqh irqfwlrq krorpruskh hq 5 gdqv oh yrlvlqdjh gh 5 ' fc hw dqdo|wltxhhq % gdqv (1Frqvlgìurqv oh v|vwëph gl�ìuhqwlho =
+4158,

;A?A= 5� ' � n 5� E%( 5� n 5&�c
5?�E?� n S�5?3��E?3�� n ���n S?3�5�� n S?� ' �E%( 5� n 55�ME%( 5(�(��( ���(�E?3����

dyhf S� / � ' ���?c ghv frqvwdqwhv frpsoh{hv1Srxu txh d5E%�oo/ o hqwlhu : f/ vrlw vwdeoh/ lo hvw qìfhvvdluh =0�� txh ohv udflqhv gh o*ìtxdwlrq
+4159, wEw � �����Ew � ?n �� n S�wEw � ?n 2� n ���n S?3�w n S? ' fc

vrlhqw glvwlqfwhv/ hqwlëuhv/hw gl�ìuhqwhv gh +��� &,�0��� vl xqh ghv udflqhv hvw qxooh/ txh �E%( f� � f�
Uhpdutxhv : =

4, Oruvtxh o 9' �/ od irqfwlrq d5E%�oo shxw íwuh vwdeoh doruv txh oh v|vwëph+4158, hvwlqvwdeoh/ lo hq hvw dlqvl oruvtxh 5o dgphw ghv }ìurv rx ghv s÷ohv prelohv grqw o*ruguh q*hvwsdv pxowlsoh gh o�
5, Oruvtxh o ' � hw ME%( 5(�(��( ���(�E?3��� hvw glylvleoh sdu d� n 5� E%( 5� n 5&�o rquhwurxyh xq uìvxowdw gh I1M1 Exuhdx ^5`1
6, Gdqv wrxwhv qrwuh ìwxgh/ ohv qrwdwlrqvM rxM� uhsuìvhqwhqw xq sro|q÷ph gh píphvsursulìwìv txh fhoohv ghv k|srwkëvhv gh fh wkìruëph�

Suhxyh = Gdqv oh v|vwëph +4158,/ rq srvh % ' %f n 0|/ 5 ' 0� > %f frqvwdqw/ %f 5( > 0 9' fc hw rq rewlhqw
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+415:,
;AAAAAAAAA?AAAAAAAAA=

_�_| ' � n 0�� E%f n 0|( 0�� n 0&�&�c
�?_?�_|? n S��?3�_?3��_|?3� n S2�?32_?32�_|?32 n ���n S?3��_�_| n S?� ' �E%f n 0|( 0��
n0� ME%f n 0|( 0�(�(��( ����E?3���� n 0�� E%f n 0|( 0�� n 0&�&��

Oh v|vwëph uìgxlw v*ìfulw
+515;,

;AA?AA=
_�f_| ' �c E1��
�?f _?�f_|? n S��?3�f _?3��f_|?3� n ���n S?�f ' �E%f( f�� E12�

Rq d �f ' | � �/ � frqvwdqw/ hw o*ìtxdwlrq E��2H012� hvw xqh ìtxdwlrq g*HXOHU grqwo*ìtxdwlrq lqglflhooh hvw +4159,1 Vl o*rq gìvljqh sdu w� E� ' ���?� ohv udflqhv gh +4159, hwsdu �� ghv frqvwdqwhv frpsoh{hv txhofrqtxhv/ rq d ohv srvvlelolwìv vxlydqwhv =
4�, Wrxv ohv w� vrqw glvwlqfwv/ w� 9' f E� ' ���?�(
+415<, �fE|� ' ?� ' �S ��E|� ��w� n �E%f( f�S? 1
5�, w& hvw xqh udflqh 60xsoh/ w& 9' f >
�fE|� frqwlhqw qrwdpphqw ohv whuphv E|� ��w& 6a ' �S ��d*L}E|� ��o�3��
6�, w& ' fc S?3� 9' f( �fE|� frqwlhqw oh whuph vxlydqw txl hvw o*h{suhvvlrq g*xqhvroxwlrq sduwlfxolëuh =
+4163, �E%f( f��f *L}E|���c rü �f ' E���?3�E?���-nS�E���?32E?�2�-n ���nS?3� 9' f�
7�, w& ' f hvw xqh udflqh 60xsoh >�fE|� frqwlhqw qrwdpphqw ohv whuphv grqqìv gdqv oh 5�,�
Dssoltxrqv oh wkìruëph gh SRLQFDUH hq suhqdqw srxu frqwrxu O xqh flufrqiìuhqfh ghfhqwuh �� Rq d
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+4164,
;A?A= �E|( 0� ' �fE|�n "R ' �S �RE|�0Rc

�E|( 0� ' �fE|�n "R ' �S �RE|�0Rc
g*rü+4165, d�E|( 0�oo ' �of n 0o�o3�f �� n ���n 0� do�o3�f �� n SE�fc ���c ��3�o n ���c
rü S hvw xq sro|q÷ph hq �fc ���c ��3��Vl d5E%�oohvw vwdeoh/ d�E|c 0�oohvw vwdeoh srxu wrxw 0 9' f hw/ g*dsuëv oh ohpph irqgd0phqwdo gh vwdelolwì/ wrxv ohv frh!flhqwv gx gìyhorsshphqw +4165, grlyhqw dyrlu ohxuvsrlqwv fulwltxhv �{hv1Hq uhpsodêdqw gdqv +415:,/ �E|( 0� hw �E|( 0� sdu ohv gìyhorsshphqwv +4164,/ rq yrlwtxh srxu � 	 &/ _��_| hvw xq sro|q÷ph hq �f( ��c ���c ��3� hw/ yx od iruph gh �f/ rq gìgxlwgh surfkh hq surfkh txh �� hvw xq sro|q÷ph hq E|� ��1 Gìv oruv

+4166, _�&_| ' �&f�f n S�E|� ��c
grqf/

+4167, �& ' S2E|� �� n ] �&f�f_|c
rü S�cS2 gìvljqhqw ghv sro|q÷phv hq E|� ���Oh frh!flhqw gh 0& gdqv oh gìyhorsshphqw +4165, hvw dlqvl gh od iruph

+4168, oE|� ��o3� ] E|� ��&�fE|�_|n S�E|� ��c
rü S� hvw xq sro|q÷ph hq E| � ��1 Hq whqdqw frpswh ghv iruphv srvvleohv gh �fE|�crqyìul�h txh/ srxu txh o*ì{suhvvlrq +4168, qh srvvëgh sdv gh srlqwv fulwltxhv prelohv/ loidxw txh ohv frqglwlrqv dqqrqfìhv gdqv oh wkìruëph vrlhqw vdwlvidlwhv1 Srxu prqwuhu txh�E%( f� � fc gdqv oh fdv rü w& ' f/ S?3� 9' fcrq wlhqgud frpswh gx idlw txh %f hvw duelwudluhgdqv (�
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Pìwkrgh gh EXUHDX =
Rq vxssrvh txh od vroxwlrq jìqìudoh gh qrwuh ìtxdwlrq dx yrlvlqdjh g*xq srlqw vlqjxolhutxhofrqtxh +preloh, %f gh ( hvw gh od iruph =
+4169, +E%� ' rE%�E%� %f�o c

rü r xqh irqfwlrq krorpruskh gdqv ( whooh txh rE%f� 9' f/ o hvw xq hqwlhu srvlwli ãgìwhuplqhu1
Suhplëuh ìwdsh = Gdqv fhwwh ìwdsh rq gìwhuplqhud wrxwhv ohv ydohxuv srvvleohv gho hw rE%f��Hq uhpsodêdqw + sdu +4169,/ whooh txh

+416:,
599999999997

+�+%, ' �or+%f,E%� %f�3o3�d� n�E%� %f�oc
+��+%, ' oEo n ��r+%f,E%� %f�3o32d� n�E%� %f�oc
+���+%, ' �oEo n ��Eo n 2�r+%f,E%� %f�3o3�d� n�E%� %f�oc
+����+%, ' oEo n ��Eo n 2�Eo n ��r+%f,E%� %f�3o3ed� n�E%� %f�oc

hw @E%� ' @E%f�E� n�E%� %f�� / 1 1 1 / sfE%� ' sE%f�E� n�E%� %f��/o*ìtxdwlrq +H, vhud ìtxlydohqwh ã =
+416;, E�S.�E%�%f��nR�E�n�E%�%f�� ' ^ oEon��Eon2�Eon�� r+%f, E%�%f�3o3en

oEon�� Eo n2� r+%f,2@+%f, E%� %f�32o3� n 1 1 1 � r+%f,DE%� %f�3Do n oEon��Eon2�r+%f,
@f+%f, E%� %f�3o3� n 1 1 1 � or+%f,s�+%f, E%� %f�3o �sf+%f, ` E� n�E%� %f�� ' f�
whooh txh R hvw oh soxv shwlw hqwlhu gh od olvwh+sxlvvdqfhv gh od vìulh, vxlydqwh =

+416<, E�o � e c�2o � � c��o � 2 c ���c�Do c�o � � c�2o � 2 c ���c�o � � c�o c f�c
doruv rq fkrlvlw o hw rE%f� gh whooh vruwh ã dyrlu ohv 6 frqglwlrqv vxlydqwhv =
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40 SJ?_�|�J? rE%f� 9' f G srxu vdwlvidluh fhwwh frqglwlrq rq grlw dyrlu o*ìjdolwì g*dxprlqv ghx{ ìoìphqwv gh od olvwh +416<,/ hw R uhsuìvhqwh od ydohxu frppxqh gh fhv ìoìphqwv1
50 SJ?_�|�J? _e _J4�?@?Se G R grlw íwuh lqiìulhxuh ã wrxv ohv dxwuhv ìoìphqwv gh odolvwh1
60 SJ?_�|�J? _�@??�,@|�J? _e ,@ r�eo�e +416;, G rq gìwhuplqh rE%f� gh o*dqqxodwlrq gxfrh!flhqw .f gx whuph ã soxv shwlwh sxlvvdqfh E%� %f�Rc hw tx*rq shxw uhsuìvhqwhu sdu
+4173, .f ' % $ %f*�4E%� %f�3R.E%c r+%f,E%� %f�3o�/
Doruv od suhplëuh F1Q1 gh vwdelolwì gh qrwuh ìtxdwlrq hvw =
+f14, |J�|er ,er �@,e�or RJrr�K,er _e o _J��e?| 	e|oe e?|�
eoer�

Uhpdutxhv ; = �0 D fkdtxh ydohxu gh o fruuhvsrqg xq qrpeuh �ql gh ydohxuv rf ' rE%f�udflqhv gh o*ìtxdwlrq +4173,1��0 Srxu od pìwkrgh gh EXUHDX/ od gìulyìh vxsìulhxuh grlw frqwulexhu gdqv od gìwhu0plqdwlrq gh o/ d�q g*íwuh vþu gh wudydloohu dyhf od vroxwlrq jìqìudoh hw grqf ìylwhu ohvvroxwlrqv vlqjxolëuhv�
Gì�qlwlrq : = Ohv whuphv fruuhvsrqgdqwv dx{ ìoìphqwv fkrlvlv gdqv od olvwh hw txlyìul�hqw od frqglwlrq gh grplqdqfh vrqw dsshoìv whuphv grplqdqwv/ hw frqvwlwxhqwo*ìtxdwlrq uìgxlwh gh o*ìtxdwlrq frpsoëwh +H,1
Ghx{lëph ìwdsh = Rq srvh

+4174,
597 +E%� ' rf5E%�o c5� ' � n 5�c

who txh rf ' rE%f� hvw o*xqh ghv udflqhv gh o*ìtxdwlrq +4173, fruhvsrqgdqwh ã od ydohxu o�Hq uhpsodêdqw gdqv o*ìtxdwlrq +H, grqw ohv frh!flhqwv vrqw h{sulpìv sdu ohxuv gìyhorssh0phqwv hq vìulh gh WD\ORU dx yrlvlqdjh gh %f/ rq dxud oh v|vwëph
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+4175,
;A?A= 5� ' � n 5�c

5����� n |252��� n |�5�� n |f� ' �E%c 5� nME%c 5c �c ��c ����c
txl hvw gh od píph iruph txh +4158, gx wkìruëph gh EXUHDX + & ' ��c dyhf |� + � ' f��2�frqvwdqwhv gìshqgdqwhv gh rf hw ghv frh!flhqwv gh qrwuh ìtxdwlrq +H, dx srlqw %f/ hw Md ohv píph sursulìwìv txh fhoxl gh fh wkìruëph1Dydqw gh frqwlqxhu dyhf od pìwkrgh/ rq yd grqqhu od gì�qlwlrq1
Gì�qlwlrq ; = Rq dsshooh ìtxdwlrq lqglflhooh dvvrflìh dx v|vwëph +4175,/ o*ìtxdwlrqlqglflhooh gh o*H1G1 olqìdluh g*HXOHU+4176, %����� n |2%2��� n |�%�� n |f� ' f/txl hvw oh phpeuh jdxfkh gh od ghx{lëph ìtxdwlrq gx v|vwëph +4175, dyhf % ã od sodfhgh 5�

G*dsuëv oh wkìruëph gh EXUHDX/ od ghx{lëph F1Q1 gh vwdelolwì hvw grqqìh sdu =
+f12, ,er o@S�?er _e ,��e^�@|�J? �?_�S�e,,e @rrJS��ee @� r+r|�e6e +4175,_J��e?| 	e|oe e?|�
eoer _�r|�?S|r e| _�ss�eoe?|er _e� 2c e| r��,e%�r|e �? �?_�Se ?�,c @,Jor J? _J�| @�J�o �E%c f� � f�

QRWDWLRQ = Gdqv wrxwh qrwuh ìwxgh/ od qrwdwlrq + G drE%f� ( w ' w�c w2c w�o fdudfwìulvhxqh idplooh gh vlqjxodulwìv prelohv/ whooh txh =0 rE%f� grqqìh sdu od suhplëuh ìwdsh gh od pìwkrgh hw uhsuìvhqwh oh frh!flhqw gxsuhplhu whuph gx gìyhorsshphqw hq vìulh gh + dx yrlvlqdjh gh % ' %f10 w�c w2c w� vrqw ohv lqglfhv fruuhvsrqgdqwv ã rE%f� hw txl vrqw udflqhv gh o*ìtxdwlrqlqglflhooh dvvrflìh dx v|vwëph +4175,1
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Wurlvlëph ìwdsh = Pdlqwhqdqw vxssrvrqv txh od frqglwlrq +f15, hvw yìul�ìh srxu wrxwhvohv idploohv gh vlqjxodulwìv prelohv hw vrlw drf ( w ' w�c w2c w� o xqh gh fhv idploohv whoohtx*hooh dgphw dx prlqv xq lqglfh srvlwli/ hw vxssrvrqv txh w� hvw oh soxv shwlw gh fhvlqglfhv+srvlwliv,/ doruv rq srvh
+4177,

;A?A= � ' Sw�3�E%c 5� n 5w��c
Sw�3� ' kf n k�5 n ���n kw�3�5w�3��

rü � hvw xqh irqfwlrq lqfrqqxh/ Sw�3�E%c 5� xq sro|q÷ph hq 5 gh ghjuì Ew� � �� grqw ohvfrh!flhqwv k� vrqw ghv irqfwlrqv dqdo|wltxhv gh % txl vhurqw gìwhuplqìhv sdu od vxlwh1Hq uhpsodêdqw gdqv oh v|vwëph +4175, sdu +4177, rq dxud =
+4178,

;AAAAA?AAAAA=
5� ' � n 5Sw�3�E%c 5� n 5w�n��c
5w� d5����� n E|2 n 6w��52��� n E|� n 5|2w� n 6w�Ew� � ���5��o ' �f n��5n���n�w�5w� n 5w�n�M�E%c 5c ��c

rü ohv frh!flhqwv �� vrqw gh od iruph+4179, �� � LE��k�E%� n-�E%c 5c kfc ���c k�3���whoohv txh LE�� ' f hvw o*ìtxdwlrq lqglflhooh dvvrflìh dx v|vwëph +4175,c hw-�E%c 5c kc ���c k�3��hvw xq sro|q÷ph gìshqgdqw ghv k� c E� � �� ��1Rq fkrlvlw ohv irqfwlrqv k� E� ' f��Ew� � ��� gh whooh vruwh ã dyrlu =
+417:, �� ' f E� ' f��w� � ��1
Sxlvtxh o*ìtxdwlrq lqglflhooh dvrflìh dx v|vwëph +4178, dgphw w ' f frpph udflqhdoruv g*dsuëv oh wkìruëph gh EXUHDX/ rq grlw dyrlu =
+f1�, �w� � f�

53



Uhpdutxh < = Vl w�hvw oh vhxo lqglfh srvlwli gh od idplooh/ od pìwkrgh v*duuíwh lfl/ vlqrqrq sdvvh ã fh txl yd vxlyuh�
Srxu od vxlwh vxssrvrqv txh w2 : w��Ohv udflqhv gh o*ìtxdwlrq lqglflhooh dvvrflìh dx v|vwëph +4178, vrqw Efc w2�w�c w��w���Hq surfìgdqw dyhf oh píph udlvrqqhphqw txh suìfìghphqw hw hq srvdqw
+417;,

;A?A= � ' Sw23w�3�E%c 5� n 5w23w�/c
Sw23w�3� ' kw� n kw�n�5 n ���n kw23�5w23w�3�c

rü / hvw xqh irqfwlrq lqfrqqxh gh %c Sw23w�3� sro|q÷ph hq 5 grqw ohv frh!flhqwv k� E� 'Ew�n����Ew2���� vrqw ghv irqfwlrqv gh % tx*rq gìwhuplqhud sdu od vxlwh/ dyhf kw� duelwudluh/hw sxlv hq uhpsodêdqw gdqv +417:, rq rewlhqw
+417<,

;AAAAA?AAAAA=
5� ' � n 5Sw�3�E%c 5� n 5w�n�Sw23w�3�E%c 5� n 5w2n�/c
5w2 d5�/��� n E|2 n 6w2�52/�� n E|� n 5|2w2 n 6w2Ew2 � 4��5/�o ' �w� n�w�n�5n���n�w25w2 n 5w2n�ME%c 5c /c /�c /��c /�����

Rq fkrlvlw ohv irqfwlrqv k� E� ' Ew� n ����Ew2 � ��� gh whooh pdqlëuh ã dyrlu =
+4183, �� � f E� ' Ew� n ����Ew2 � ���/

hw o*ìtxdwlrq lqglflhooh dvrflìh dx v|vwëph +417<, dgphw w ' f frpph udflqh > doruv gxwkìruëph gh EXUHDX/ rq d od F1Q1 gh vwdelolwì gx v|vwëph +417<, vxlydqwh
+f1e, �w2 � f 1
Vl w�c w2 vrqw ohv vhxov lqglfhv srvlwliv gh od idplooh/ od pìwkrgh v*duuíwh lfl/ vlqrq +f1d1g1 w� : w2 : w��/ rq sdvvh ã fh txl vxlw1Ohv udflqhv gh o*ìtxdwlrq lqglflhooh dvvrflìh dx v|vwëph +417<, vrqw = Efc w��w2c w��w2� >doruv rq srvh
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+4184,
;A?A= / ' Sw�3w23�E%c 5� n 5w�3w2bE%�c

Sw�3w23� ' kw2 n kw2n�5 n ���n kw�3�5w�3w23�c
rü b hvw xqh irqfwlrq lqfrqqxh gh %c Sw�3w23� sro|q÷ph hq 5 grqw ohv frì!flhqwv k� E� 'w2��w� � �� vrqw ghv irqfwlrqv gh % tx*rq gìwhuplqhud sdu od vxlwh/ dyhf kw2 duelwudluh1Hq uhpsodêdqw gdqv +417<, rq dxud =

+4185,
;AAAAA?AAAAA=

5� ' � n 5Sw�3�E%c 5� n 5w�n�Sw23w�3�E%c 5� n 5w2n�Sw�3w23�E%c 5� n 5w�n�bc
5w� d5�b��� n E|2 � �w��52b�� n E|� n 2|2w� n �w�Ew� � ���5b�o ' �w2 n�w2n�5
n�w2n252 n ���n�w�5w� n 5w�n�ME%c 5c bc b�c b��c b�����

Rq fkrlvlw ohv irqfwlrqv k� E� ' Ew2 n ����Ew� � ��� gh whooh pdqlëuh ã dyrlu =
+4186, �� � f E� ' Ew2 n ����Ew� � ���c

sdu frqvìtxhqw/ gx wkìruëph gh EXUHDX rq dod F1Q1 gh vwdelolwì gx v|vwëph +4185, vxly0
dqwh+f1D, �w� � f 1
Uhpdutxh lpsruwdqwh 43 = Dx olhx gh idluh ohv vxevwlwxwlrqv +4177,/ +417;,/ +4184,vxffhvvlyhphqw/ rq shxw dxvvl srvhu

+4187,
;A?A= � ' Sw�3�E%c 5� n 5w��c

Sw�3�E%c 5� ' kf n k�5 n ���n kw�3�5w�3�c
whooh txh � hvw xqh irqfwlrq lqfrqqxh gh %/ hw Sw�3� sro|q÷ph hq 5 grqw ohv frh!flhqwvk� E� ' f��w� � �� vrqw ghv irqfwlrqv gh % ã gìwhuplqhu frpph suìfìghpphqw/ dyhf k� +� ' w�c w2� duelwudluhv1 Dlqvl qrxv dxurqv ohv píphv F1Q1 +f1�c ec D,1 F*hvw gh fhwwh pdqlëuhtx*rq dssoltxhud fhwwh pìwkrgh srxu qrwuh ìwxgh1
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Uhpdutxhv 44 = �0 Ohv ghx{lëph hw wurlvlëph ìwdshv gh od pìwkrgh vrqw dssoltxìhvsrxu wrxwhv ydohxuv gh o hw wrxwhv ydohxuv gh rf fruuhvsrqgdqwhv1��0 Od pìwkrgh gì�qlh dx ghvvxv shxw íwuh dxvvl dssoltxìh srxu ghv ìtxdwlrqv g*ruguhvxsìulhxuh rx lqiìulhxuh ã e1
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Fkdslwuh 5
Htxdwlrqv gh txdwulëph ruguh ghfodvvh gh Sdlqohyì =
514 Srvlwlrq gx sureoëph =

Uìhfulyrqv o*ìtxdwlrq gl�ìuhqwlhooh +H, =
+514, +���� ' @+%,++��� n K+%,+�+�� n S+%,+2+�� n _+%,+E+��2 n e+%,+�+� n s +%,+D n 8 E%c +�c

rü/ +515, 8 E%c +� ' @f+%,+��� n ES�+%,+ n Sf+%,�+�� n _f+%,E+��2 n Ee2+%,+2 n e�+%,+ n ef+%,�+�nse+%,+e n s�+%,+� n s2+%,+2 n s�+%,+ n sf+%,c
dyhf @c Kc Sc _c ec sc @fc Sfc S�c _fc efc e�c e2c sfc s�c s2c s�c se ghv irqfwlrqv dqdo|wltxhv gh % gdqvxq fhuwdlq grpdlqh ( � F�Qrwuh wudydlo frqvlvwh ã gìwhuplqhu ohv frqglwlrqv qìfhvvdluhv hw vx!vdqwhv vxu ohvfrh!flhqwv gh o*ìtxdwlrq +514, srxu txh fhooh fl vrlw vwdeoh srxu ohv ghx{ fdv = +e 9'fc s ' f, hw + s 9' f,1 Hq g*dxwuh whuphv/ gìwhuplqhu wrxwhv ohv fodvvhv g*ìtxdwlrqvvwdeohv gh od iruph +514, srxu fhv ghx{ fdv1
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515 Hwxgh gx sureoëph =
Oh phpeuh gurlw gh o*ìtxdwlrq +514, hvw sro|qrpldo hq + dlqvl txh vhv gìulyìhv/ hw ãfrh!flhqwv dqdo|wltxhv hq % > doruv od vhxoh ydohxu gh + srxu txl oh wkìruëph g*ì{lvwhqfhhw g*xqlflwì gh FDXFK\ qh v*dssoltxh sdv srxu fhwwh ìtxdwlrq hvw + ' 4�Srxu gìwhuplqhu ghv frqglwlrqv qìfhvvdluhv srxu txh o*ìtxdwlrq +514, vrlw vwdeoh/ rqvxssrvh txh gdqv xq yrlvlqdjh gh % ' %f +txhofrqtxh,c + hvw gh od iruph
+516, ++%,' r+%,E%� %f�o /rü o : f/ hw r hvw xqh irqfwlrq krorpruskh gdqv ( whooh txh r +%f, 9' f1

Gìwhuplqdwlrq gh o hw rE%f� = Sxlvtxh dx prlqv o*xq ghv e+%f, hw s +%f, q*hvw sdv qxo/doruv ohv whuphv grplqdqwv +yrlu suhplëuh ìwdsh gh od pìwkrgh gh EXUHDX/ ¢4, vrqw = +����/ ++��� / +�+�� / +2+�� / +E+��2 / +�+� hw +D hw txl vrqw uhvshfwlyhphqw sursruwlrqhov ã
+517, E%� %f�3o3ec E%� %f�32o3�c E%� %f�3�o32c E%� %f�3eo3�c hw E%� %f�3Doc

doruv rq d+518, o ' � /
hw txh r+%f, grlw vdwlvidluh ã o*ìtxdwlrq+519, s +%f,r+%f,e � e+%f,r+%f,� n E2S+%f,n_+%f,�r+%f,2 � 2E�@+%f,nK+%f,�r+%f,�2e ' f�
Uhpdutxh 45 = Gdqv oh exw gh vlpsol�hu o*ìfulwxuh gdqv od sduwlh vxlydqwh rü rqwudydloohud dyhf o*ìtxdwlrq uìgxlwh/ ohv qrwdwlrqv @c Kc ���c s hw r uhsuìvhqwhurqw ohv frqvwdqwhv@+%f,/ K+%f,/ 111 / e+%f,c s +%f, hw r+%f,� Pdlv hq ghkruv gh fhwwh sduwlh fhv v|perohvuhwurxyhurqw ohxuv suhplëuhv �vljql�fdwlrqv�/ f1d1g1 irqfwlrqv dqdo|wltxhv gh % gdqv (1
51514 Hwxgh gh o*ìtxdwlrq uìgxlwh =
sursrvlwlrq 5 = Srxu txh +514, vrlw vwdeoh/ lo hvw qìfhvvdluh txh vrq ìtxdwlrq uìgxlwh =

+51:, +���� ' @++��� n K+�+�� n S+2+�� n _+E+��2 n e+�+� n s+Dc
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rü @c Kc Sc _c ec s vrqw ghv frqvwdqwhv frpsoh{hv/oh vrlw dxvvl1
suhxyh = Lo vx!w gh srvhu =

+51;, % ' %f n 0f / + ' 03�tc
hw hq uhpsodêdqw gdqv +514, grqw ohv frh!flhqwv vrqw grqqìv sdu ohxuv ghyhorsshphqwvdx yrlvlqdjh gh %fc rq rewlhqw xqh vìulh gh od iruph

+51<, .E%c +� � �S.�Etcfc %f�0� ' f/ whooh txh = .f ' f hvw h{dfwhphqw o*ìtxdwlrq+51:,/ hw oh wkìruëph gh SRLQFDUH hw oh ohpph irqgdphqwdo gh vwdelolwì qrxv grqqhqw ohuìvxowdw yrxoxh�
G*dsuëv od ghx{lëph ìwdsh gh od pìwkrgh gh EXUHDX/ rq srvh
+5143, ++%, ' r5+%, / 5� ' � n 5�c

hw o*ìtxdwlrq +51:, hvw ìtxlydohqwh dx v|vwëph
+5144,

;AAAAA?AAAAA=
5� ' � n 5�c
5����� � ED n @r�52��� n d2f n Ee@n K�r� Sr2o5�� � dSf n E�2@n DK�r
�E�Sn 2_�r2 n er�o� ' fc

whooh txh vrq ìtxdwlrq lqglflhooh dvvrflìh hvw gh od iruph
+5145, wEw� ��Ew� 2�� ED n @r�wEw� �� n d2f n Ee@n K�r� Sr2ow� dSf n E�2@n DK�r

�E�Sn 2_�r2 n er�o ' f�
sursrvlwlrq 6 = Srxu txh o*ìtxdwlrq +51:, vrlw vwdeoh lo hvw qìfhvvdluh txh ohv udflqhvgh o*ìtxdwlrq +5145, vrlhqw hqwlëuhv/ glvwlqfwv hw gl�ìuhqwhv gh �2�
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suhxyh = oh wkìruëph gh EXUHDX qrxv grqqh lppìgldwhphqw oh uìvxowdw yrxox�
Rq srvh G
+5146, 57 w ' �� �c hw� Er� ' bS n SE�@n K�r� 2E2Sn _�r2 n er�c

dlqvl o*ìtxdwlrq +5145, ghylhqw+5147, �� � E�� n @r��2 n deS n E.@n K�r� Sr2o�� � Er� ' f�Doruv qrxv dyrqv ã uìvrxguh oh sureoëph vxlydqw =EI� Gìwhplqhu @c Kc Sc _c ec s whoohv txh ohv udflqhv gh +5147, vrlhqw hqwlëuhv/glvwlqfwv hw gl�ìuhqwhv gh �� dyhf r grqqì sdu +519,1
Suhplhu fdv G e 9' fc s ' f G

Gdqv fh fdv +519, ghylhqw+5148, er� � E2Sn _�r2 n 2E�@n K�rn 2e ' f�
Vrlhqw E��c�c ��c2c ��c�� + � ' ����, vroxwlrqv hqwlëuhv gh +5147, fruuhvsrqgdqwhv uhvshf0wlyhphqw ã r� E� ' ����� udflqhv gh o*ìtxdwlrq +5148,1Gh +5147,/ rq d srxu wrxw � ' ���� =
+5149, k �� ' � Er�� ' ��c� ��c2 ��c�c+514:, � @r� ' S

�$���c� � ��c
+514;, � Sr2� ' eS n E.@n K�r� � S

�$&	�$���c���c&c 1
Hw gh +5148, rq rewlhqw =

+514<,
599999997

r�r2r� ' �2ee cS
�$�	�$� r�r� ' 2E�@n K�e cS
�$� r� ' 2Sn _e c

+,
599999997

e ' �2er�r2r� c�@n K ' e2 S
�$�	�$� r�r� c2Sn _ ' eS�$� r��5:



Hq uhpsodêdqw gdqv +5146, sdu +514<, rq rewlhqw =
+5153,

;AAAAAA?AAAAAA=
�� ' 2eE�� r�r2 �E�� r�r� �c�2 ' 2eE�� r2r� �E�� r2r� �c�� ' 2eE�� r�r� �E�� r�r2 �cg*rü

+5154, ��� n ��2 n ��� ' �2e �dyhf �� E� ' ����� hqwlhuv qrq qxov1
Uhpdutxh 46 = oh fdv rü rq d � Er� ' f yd íwuh ìwxglì sdu od vxlwh�

Srxu uìvrxguh oh sureoëph EI� rq surfëgh frpph vxlw =0 Dx gìexw/ rq uìvrxg o*ìtxdwlrq glrskdqwlhqqh +5154,/ whooh txh ohv vroxwlrqv rewhqxhvvrqw/ g*xq f÷wì uhpsodfìhv gdqv +5153,/ hw g*xq dxwuh/ srxu fkdtxh �� rq gìwhuplqhwrxwhv ohv frpelqdlvrqv gh wurlv hqwlhuv glvwlqfwv qrq qxov +��c�c ��c2c ��c�, whoohv txh �� '��c� ��c2 ��c�10 Hq srvdqw |� ' r�r2 c |2 ' r�r� c +5153, vhud ìtxlydohqw ã xq v|vwëph gh ghx{ ìtxdwlrqvã ghx{ lqfrqqxhv +fdu +5154, hvw rewhqxh gh +5153,,/ hq soxv vl @ 9' f/ doruv g*dsuìv +514:,|� hw |2 grlyhqw íwuh udwlrqqhoohv10 Gdqv oh fdv rü rq d od frpsdwlelolwì ghv wurlv ydohxuv gh +r�r2 c r�r� , grqqìhv uhvshfwlyh0phqw sdu +5153,/ +514:, hw +514;,/ rq rewlhqw xqh fodvvh g*ìtxdwlrqv dgphwwdqw 6 idploohvgh s÷ohv vlpsohv prelohv gì�qlhv sdu d@r�( w ' ��c� � �c ��c2 � �c ��c� � �o +� ' ����,/ hwgrqw ohv frh!flhqwv shxyhqw íwuh h{sulpìv hq irqfwlrq gh o*xq g*hqwuh hx{1Hq h�hw gh +514<, rq d =
+5155, � e ' �2e @�E@r��E@r2�E@r�� c+5156, � K ' e2@2 S

�$�	�$�E@r��E@r��� �@c
5;



gh +514;, rq d =
+5157,� S ' @2E@r��2 deS n .E@r��� S

�$&	�$���c& ��c� o n @KE@r�� c
gh +514<, rq d

+5158, � _ ' e@ S
�$�E@r��� 2Sc

hw ohv ydohxuv @r� E � ' ����� vrqw grqqìhv sdu +514:,1Srxu uìdolvhu fhwwh uìvroxwlrq/ rq xwlolvh o*rxwlo lqirupdwltxh/ hw ã o*dlgh gx orjlflhoPDSOH/ rq d ìoderuì ghv surjudpphv grqw ohv surfìgxuhv sulqflsdohv vrqw gì�qlhv hwgrqqìhv ã o*dqqh{h1
Uìvxowdwv rewhqxv =

4, �� 9' 2e hw @ ' f G Lo q*| d tx*xq vhxo fdv gh frpsdwlelolwì ghv ydohxuv +r�r� ,/grqqì sdu oh wdeohdx vxlydqw =
vroxwlrqv gh o*ìtx1 �� �2 ��+5154, 73 73 0453gìfrps1 ghv �� ��c� ��c2 ��c� �2c� �2c2 �2c� ��c� ��c2 ��c�hq 6 hqwlhuv 9' 5 7 8 5 7 8 7 43 �6Kr�cgrqqìhv sdu Kr� Kr2 Kr�+514<,hw+5153, 7�7sD 7.7sD 57frhiilflhqwv @ K S _ e sgh +51:, f K �HK2 �eK2 �SeK� fwdeohdx 4

Hw o*ìtxdwlrq dx{ lqglfhv gh IXFKV hqwlhuv hvw gh od iruph
+5159, +���� ' K+�+�� n �HK2+2+�� n �eK2+E+��2 n �SeK�+�+�c

dyhf K xqh frqvwdqwh frpsoh{h qrq qxooh1
5<



Hq xwlolvdqw od wudqvirupdwlrq EE%c +�( Ek%c q+�� dyhf
+515:,

;A?A= k ' E K57�E3�D�c
q ' E57K �EeD�c

o*ìtxdwlrq +5159, ghylhqw
+515;, +���� ' 2e+�+�� n .2+2+�� n �ee+E+��2 n 2�S+�+�c

sxlv hq lqwìjudqw xqh irlv +515;, rq rewlhqw
+515<, +��� n SE+��2 ' �HE+� n +2�E+� n �+2� n �c

txl hvw o*ìtxdwlrq vwdeoh L[ gh FKD]\ ^7`1
5, �� 9' 2e hw @ 9' f G Rq rewlhqw xq vhxo fdv gh frpsdwlelolwì ghv ydohxuv +r�r� ,/gì�ql sdu
vroxwlrqv gh o*ìtx1 �� �2 ��+5154, 48 �57 93gìfrps1 ghv �� ��c� ��c2 ��c� �2c� �2c2 �2c� ��c� ��c2 ��c�hq 6 hqwlhuv 9' 4 6 8 4 9 �7 9 �5 �8@r�cgrqqìhv sdu @r� @r2 @r�+514:, �5 �; �45frhiilflhqwv @ K S _ e sgh +51:, @ ��2 @ � �2@2 �.e@2 �H@� f

wdeohdx 5
Hw o*ìtxdwlrq dx{ lqglfhv gh IXFKV hqwlhuv hvw gh od iruph

+5163, +���� ' @++��� n ��2 @+�+�� � �2@2+2+�� � .e@2+E+��2 n �H@�+�+�cdyhf @ xqh frqvwdqwh frpsoh{h qrq qxooh1Hq xwlolvdqw od wudqvirupdwlrq EE%c +�( Ek%c q+�� dyhf
63



+5164, ;?= k ' @E3�D�cq ' @E3eD �c rq shxw vxssrvhu @ ' ��
Fhwwh ìtxdwlrq hvw vwdeoh/ srxu od gìprqvwudwlrq yrlu �ìtxdwlrqv gh fodvvh LL� gdqvod wurlvlëph sduwlh gx fkdslwuh 5 +lqwìjudwlrq hw F1V1 gh vwdelolwì,1
6, �� ' 2e G Gdqv fh fdv o*ìtxdwlrq +5154, dgphw xqh lq�qlwì gh vroxwlrqv gì�qlhvsdu o*hqvhpeoh iE2ec6c�6� G 6 5 ]j/ hw rq rewlhqw ghx{ vxlwhv gh fdv gh frpsdwlelolwì =
�� Srxu wrxw n5 ] �i��c�ec�Sc �c ec Sj G rq d
vroxwlrqv gh o*ìtx1 �� �2 ��+5154, 2e e! �engìfrps1 ghv �� ��c� ��c2 ��c� �2c� �2c2 �2c� ��c� ��c2 ��c�hq 6 hqwlhuv 9' 7 �2 �� 4 7 ! 4 7 �!@r�cgrqqìhv sdu @r� @r2 @r�+514:, ��2 n�S �!� Sfrhiilflhqwv @ K S _ e sgh +51:, @ �2!2n�S!23�S@ �2!23�S@2 2e!23�S@2 � 2!23�S@� f

wdeohdx 6
Hw od idplooh g*ìtxdwlrqv dx{ lqglfhv gh IXFKV hqwlhuv hvw gh od iruph

+516:, +���� ' @++����5!2 n 69!2 � 69@+�+��n 45!2 � 69@2+2+��n 57!2 � 69@2+E+��2� 5!2 � 69@�+�+�cdyhf @ xqh frqvwdqwh frpsoh{h qrq qxooh1Hq xwlolvdqw od wudqvirupdwlrq EE%c +�( Ek%c q+�� dyhf
+516;,

;A?A= k ' E@5 �E3�D �c
q ' E5@�EeD �c

o*ìtxdwlrq +516:, ghylhqw
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+516<, +���� ' 2++��� � e!2n�S!23�S+�+�� n eH!23�S+2+�� n bS!23�S+E+��2 � �S!23�S@�+�+�c
sxlv hq lqwìjudqw xqh irlv rq rewlhqw

+5173, +��� ' 2++�� � �E+��2 � e!23�SES+� � +2�2 n �c
txl hvw o*ìtxdwlrq vwdeoh [LL gh FKD]\ ^7` whooh txh vhv whuphv frpsohphqwdluhv vrqwfrpph vxlw =0 srxu ! ' 2c @�+ n @f >0 srxu ! ' �c @fc@fc @� gìvljqdqw ghv irqfwlrqv dqdo|wltxhv gh % >0 srxu ! 9' 2c � hooh q*dgphw sdv gh whuphv frpsoìphqwdluhv1Sdu frqvìtxhqw o*ìtxdwlrq +516:, q*hvw sdv vwdeoh srxu ! 9' 2c �/ hw grqf vh uìgxlw ãghx{ ìtxdwlrqv txl fruuhvsrqghqw uhvshfwlyhphqw ã ! ' 2 hw ! ' �1

��� Srxu wrxw ! 5 ]� i � �c�ec�Sc �c ec Sj rq d =
vroxwlrqv gh o*ìtx1 �� �2 ��+5154, 2e 2e! �2e!gìfrps1 ghv �� ��c� ��c2 ��c� �2c� �2c2 �2c� ��c� ��c2 ��c�hq 6 hqwlhuv 9' 5 6 e 7 9 ! 7 9 �!@r�cgrqqìhv sdu @r� @r2 @r�+514:, �2 !� � �!� �frhiilflhqwv @ K S _ e sgh +51:, @ �!23b!23�@ �2!23�@2 2e!23�@2 � �2!23�@� f

wdeohdx 7
Hw od idplooh g*ìtxdwlrqv dx{ lqglfhv gh IXFKV hqwlhuv hvw gh od iruph

+5174, +���� ' @++���n6!2 � <!2 � 4@+�+�� n 45!2 � 4@2+2+�� n 57!2 � 4@2+E+��2 � 45!2 � 4@�+�+�cdyhf @ xqh frqvwdqwh frpsoh{h qrq qxooh1Hq xwlolvdqw od wudqvirupdwlrq EE%c +�( Ek%c q+�� dyhf
65



+5175,
;AA?AA=

k ' E �2@!2 � ��E3�D�c
q ' E�!2 � �2@ �EeD�c

o*ìtxdwlrq +5174, ghylhqw
+5176, +���� ' �3!22 ++���n�E�3!22 ne�+�+���E��!2�+2+���SE��!2�+E+��2n �2E��!2�2+�+�

sxlv hq lqwìjudqw xqh irlv rq rewlhqw
+5177, +��� ' �3!22 ++�� n E�3!22 n S�E+��2 � �E�� !2�+2+� n � E�3!2�2H +e n �c

txl hvw o*ìtxdwlrq vwdeoh [L gh FKD]\ ^7`1Ilqdohphqw srxu oh fdv +e 9' fc s ' f,/ rq rewlhqw flqt fodvvhv g*ìtxdwlrqv dx{ lqglfhvgh IXFKV hqwlhuv glvwlqfwv hw grqw ohv ìtxdwlrqv uìgxlwhv vrqw vwdeohv/ fodvìhv frpph vxlw =
Htxdwlrqv gh fodvvh L =
+5178, +���� ' K+%,+�+�� n �HK+%,2+2+�� n �eK+%,2+E+��2 n �SeK+%,�+�+� n 8 E%c +�c

rü 8 hvw grqqìh sdu +515, hw K xqh irqfwlrq dqdo|wltxh hw qrq qxooh gdqv (�Hq xwlolvdqw xqh wudvirupdwlrq W+bc >c ),/ whooh txh bc >c ) vrqw grqqìv sdu
+5179,

;AAAA?AAAA=
bE%� ' dKE%�oE3e*D�c)�E%� ' dKE%�oE�*D�c>E%� ' fc rq shxw vxssrvhu = K � �c

o*dqdo|flwì gh K hqwudlqh fhooh gh b hw ) gdqv (1 Dlqvl o*ìtxdwlrq +5178, dgphw 6 idploohvgh s÷ohv vlpsohv prelohv gì�qlhv sdu =+� G dr� ' e n esD( w ' �c �c eo1+2 G dr2 ' e� esD( w ' �c �c eo1+� G dr� ' 2e( w ' �c bc�eo1Q1E1 = Rq qrwh od wudvirupdwlrq W+bc >c ), gì�qlh sdu +5179, sdu WK1
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Htxdwlrqv gh fodvvh LL =+517:, +���� ' @+%,++��� n ��2 @+%,+�+�� � �2@+%,2+2+�� � .e@+%,2+E+��2 n �H@+%,�+�+� n 8 E%c +�c
hw @ xqh irqfwlrq dqdo|wltxh hw qrq qxooh gdqv (�Hq xwlolvdqw od wudqvirupdwlrq W@ +gì�qlh sdu +5179,/ dyhf @E%� ã od sodfh gh KE%��crqshxw vxssrvhu @ � �c hw o*ìtxdwlrq +517:, dgphw 6 idploohv gh s÷ohv vlpsohv prelohvgì�qlhv sdu =+� G dr� ' �2c w ' fc 2c eo1+2 G dr2 ' �Hc w ' fc Dc�Do1+� G dr2 ' ��2c w ' Dc��c�So1

Htxdwlrqv gh fodvvh LLL =F*hvw o*ìtxdwlrq +516:, srxu & ' 2c
+517;, +���� ' @+%,++��� n D2@+%,+�+�� � �H@+%,2+2+�� � �e@+%,2+E+��2 n ��S@+%,�+�+� n 8 E%c +�c

@ xqh irqfwlrq dqdo|wltxh hw qrq qxooh gdqv (�Hq xwlolvdqw od wudqvirupdwlrq W@/ rq shxw vxssrvhu @ � �c hw +517;, dgphw 6 idploohvgh s÷ohv vlpsohv prelohv gì�qlhv sdu =
+� G dr� ' �e( w ' fc �c �o1+2 G dr2 ' �H( w ' fc �c��o�+� G dr� ' ��2( w ' �c��c�eo1
Htxdwlrqv gh fodvvh LY =F*hvw o*ìtxdwlrq +516:, srxu & ' �c
+517<, +���� ' @+%,++��� n �f� @+%,+�+�� � eb@+%,2+2+�� � Hb@+%,2+E+��2 n 22.@+%,�+�+� n 8 E%c +�c

@ xqh irqfwlrq dqdo|wltxh hw qrq qxooh gdqv (�Hq xwlolvdqw od wudqvirupdwlrq W@/ rq shxw vxssrvhu @ � � hw +517<, dgphw 6 idploohvgh s÷ohv vlpsohv prelohv gì�qlhv sdu =
+� G dr� ' ��( w ' fc 2c �o1
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+2 G dr2 ' �b( w ' fc �c�eo�+� G dr� ' ��2( w ' �c��c�eo1
Htxdwlrqv gh fodvvh Y =+5183, +���� ' @+%,++���n6!2 � <!2 � 4@+%,+�+��n 45!2 � 4@+%,2+2+��n 57!2 � 4@+%,2+E+��2� 45!2 � 4@+%,�+�+�n8 E%c +�c

dyhf ! 5 ]� i � �c�ec�Sc �c ec Sjc hw @ xqh irqfwlrq dqdo|wltxh hw qrq qxooh gdqv (�Hq xwlolvdqw od wudqvirupdwlrq W@/ rq shxw vxssrvhu @ � � hw +5183, dgphw 6 idploohvgh s÷ohv vlpsohv prelohv gì�qlhv sdu =
+� G dr� ' �2c w ' �c 2c �o1+2 G dr2 ' & � �c w ' �c Dc & � �o1+� G dr� ' �& � �c w ' �c Dc�& � �o1

Ghx{lëph fdv G s 9' f G
Vrlhqw E��c�c ��c2c ��c��/ � ' ���e vroxwlrqv hqwlëuhv gh +5147, fruuhvsrqgdqwhv uhvshfwlyh0phqw ã r�/ � ' ���e udflqhv gh o*ìtxdwlrq +519,1 Hq surfìgdqw gh píph txh oh fdv suìfìghqwrq rewlhqw =
Gh +5147, rq d srxu wrxw � ' ���e =
+5184, k �� ' � Er�� ' ��c� ��c2 ��c� ��cec
+5185, � @r� ' S

�$�$���c� � ��c
+5186, � Sr2� ' eS n E.@n K�r� � S

�$�	&$���c���c&�
Hw gh +519, rq d =

68



+5187,

59999999999997

r�r2r�re ' �2es cS
�$�	�	&$e r�r�r& ' 2E�@n K�s c
S

�$�	�$e r�r� ' 2Sn _s cS
�$�$e r� ' es c

+,

59999999999997

s ' �2er�r2r�re c�@n K ' s2 S
�$�	�	&$e r�r�r&c2Sn _ ' s S
�$�	�$e r�r� ce ' s S

�$�$e r��
Hq uhpsodêdqw gdqv +5146, sdu +5187, rq rewlhqw =

+5188,
;AAAAAAAAAA?AAAAAAAAAA=

�� ' 2eE�� r�r2 �E�� r�r� �E�� r�re �c�2 ' 2eE�� r2r� �E�� r2r� �E�� r2re �c�� ' 2eE�� r�r� �E�� r�r2 �E�� r�re �c�e ' 2eE�� rer� �E�� rer2 �E�� rer� �c
g*rü

+5189, ��� n ��2 n ��� n ��e ' �2e cdyhf �� E� ' ���e� hqwlhuv qrq qxov1
Hq idlvdqw fhuwdlqhv prgl�fdwlrqv dx{ surfìgxuhv gìmã gì�qlhv srxu oh fdv suìfìghqwsrxu ohv dgdswhu dx qrxyhdx fdv + s 9' f,/ rq rewlhqw ghv surjudpphv lqirupdwltxhv txlshxyhqw uìvrxguh oh sureoëph EI� srxu �� 9' 2e1

Uìvxowdwv rewhqxv =
�@t L
� +5189, d xq qrpeuh �ql gh vroxwlrqv =

Rq rewlhqw txdwuh fdv gh frpsdwlelolwì ghv wurlv ydohxuv gh +r�r2 c r�r� c r�re , grqqìhv uh0vshfwlyhphqw sdu +5188,/ +5185, hw +5186, =
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4�vro1 gh1 �� �2 �� �e+5189, 9 �e 9 �57gìf1 gh ��c� ��c2 ��c� �2c� �2c2 �2c� ��c� ��c2 ��c� �ec� �ec2 �ec��� 4 5 6 4 5 �2 4 �2 �� �2 �� �e@r�cgh @r� @r2 @r� @re+5185, �8 �43 �48 �5frhiilflhqwv @ K S _ e sgh +51:, @ 2@ �2D@2 ��D@2 22D@� � �S2D@ewdeohdx 8
Hw o*ìtxdwlrq dx{ lqglfhv gh IXFKV hqwlhuv hvw gh od iruph
+518:, +���� ' @++��� n 2@+�+�� � 2D@2+2+�� � �D@2+E+��2 n 22D@�+�+� � �S2D@e+Dc

dyhf @ xqh frqvwdqwh frpsoh{h qrq qxooh1Hq xwlolvdqw od wudqvirupdwlrq EE%c +�( Ek%c q+�� dyhf
+518;,

;A?A= k ' @E3�D�c
q ' @E3eD �c rq shxw vxssrvhu @ ' �/

sxlv hq uhpsodêdqw gdqv +518:, sdu oh fkdqjhphqw gh yduldeohv gì�ql sdu
+518<, + ' �D��� c

hw hq pxowlsoldqw sdu � ohv ghx{ phqeuhv gh o*ìtxdwlrq/ rq dxud
+5193, �D������ ' fc

txl hvw xqh ìtxdwlrq gl�ìuhqwlhooh olqìdluh g*ruguh 8/ sdu frqvìtxhqw o*ìtxdwlrq +518:, hvwvwdeoh1

6:



5�vro1 gh1 �� �2 �� �e+5189, 69 69 0;7 0837gìf1 gh ��c� ��c2 ��c� �2c� �2c2 �2c� ��c� ��c2 ��c� �ec� �ec2 �ec��� 5 6 9 5 6 S 9 . �2 S �2 �.@r�cgh @r� @r2 @r� @re+5185, f f f fKr� Kr� Kr2 Kr� Kre43 �8 48 �53frhiilflhqwv @ K S _ e sgh +51:, f K �DK2 �DK2 f � �S2DKewdeohdx 9
Hw o*ìtxdwlrq dx{ lqglfhv gh IXFKV hqwlhuv hvw gh od iruph
+5194, +���� ' K+�+�� n �DK2+2+�� n �DK2+E+��2 � �S2DKe+Dcdyhf K xqh frqvwdqwh frpsoh{h qrq qxooh16�vro1 gh1 �� �2 �� �e+5189, 69 69 0477 0477gìf1 gh ��c� ��c2 ��c� �2c� �2c2 �2c� ��c� ��c2 ��c� �ec� �ec2 �ec��� 5 6 9 5 6 S 9 H �� S H ��@r�chw @r�c Kr� @r2c Kr2 @r�c Kr� @rec KreKr� f f f fSr2� cgh Sr2� Sr22 Sr2� Sr2e+5186, 43 43 73 73frhiilflhqwv @ K S _ e sgh +51:, f f S S f � �DfS2

6;



wdeohdx :
Hw o*ìtxdwlrq dx{ lqglfhv gh IXFKV hqwlhuv hvw gh od iruph
+5195, +���� ' S+2+�� n S+E+��2 � �DfS2+Dc

dyhf S xqh frqvwdqwh frpsoh{h qrq qxooh17�vro1 gh1 �� �2 �� �e+5189, 53 93 093 0453gìf1 gh ��c� ��c2 ��c� �2c� �2c2 �2c� ��c� ��c2 ��c� �ec� �ec2 �ec��� 4 5 43 43 �2 �� 5 �D �2 � �2 ��f@r�cgh @r� @r2 @r� @re+5185, 2 �S e �Hfrhiilflhqwv @ K S _ e sgh +51:, @ ��.2 @ ��2 @2 � �De @2 �2@� � ��S@ewdeohdx ;
Hw o*ìtxdwlrq dx{ lqglfhv gh IXFKV hqwlhuv hvw gh od iruph
+5196, +���� ' @++��� � �.2 @+�+�� n ��2 @2+2+�� � �De @2+E+��2 n �2@�+�+� � ��S@e+Dc

dyhf @ xqh frqvwdqwh frpsoh{h qrq qxooh1Pdlv hq dssoltxdqw od wurlvlëph ìwdsh gh od pìwkrgh gh EXUHDX/ rq prqwuh txh fhwwhìtxdwlrq hvw lqvwdeoh1O*ìtxdwlrq +5196, dgphw 7 idploohv gh s÷ohv vlpsohv prelohv =+� G d@r� ' 2( w ' fc �c bo1+2 G d@r2 ' �S( w ' bc��c�eo1+� G d@r� ' e( w ' �ec �c��o1+e G d@re ' �H( w ' fc ��c���o1
6<



Hq xwlolvdqw od wudqvirupdwlrq EE%c +�( Ek%c q+�� dyhf k hw q grqqìv sdu +518;,/ rq shxwvxssrvhu @ ' ��
Vl rq dssoltxh od pìwkrgh dyhf +�c rq srvh
+5197, + ' 55 hw 5� ' � n 5�/

hq uhpsodêdqw gdqv +5195, rq rewlhqw oh v|vwëph vxlydqw
+5198,

;A?A= 5� ' � n 5�c
�25����� n 2e52��� ' 52ME%c 5c �c ��c ����c

G*dsuëv ohv lqglfhv gh +� rq srvh
+5199, �+%,' d H� ' fS k� 5+%,�o n �+%, 5+%,b/

dyhf kf hw k� vrqw duelwudluhv hw ohv k� E� ' 2��H� yrqw íwuh gìwhuplqìv sdu od vxlwh1 Hquhpsodêdqw gdqv +5198, rq rewlhqw
+519:,

;AAAAA?AAAAA=
5� ' � nSH�'f k�5�n� n �5�fc
5bd� 25����� � ef 52��� � �Hf 5��o ' �f n��5 n ���n�b5bn5�fM�E%c 5c �c ��c ���c ������

Rq fkrlvlw ohv k� E� ' 2��H� gh whooh vruwh ã dyrlu = �� ' f E� ' 2��H� > sdu frqvìtxhqwohv F1Q1 gh vwdelolwì gx v|vwëph +519:, vrqw
+519;, �� ' f E� ' fc �c b� 1
Ohv frqglwlrqv gh vwdelolwìv + �f ' f� hw E�� ' f� vrqw yìul�ìhv1 Hw ohv ìtxdwlrqv�� ' f E� ' 2��H� frqgxlvhqw uhvshfwlyhphqw ã =

k2 ' �2kfk��
k� ' � ��Sk2� � ��Skef n ��Hk�k2f1
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ke ' � .�.2fkfk2� n �..2fkDf � �.�Sfk�fk��
kD ' � ���Sfk2fk2� � ���eefkSf n ��Dkefk� n �..2fk���
kS ' �2��Sffk�fk2� n HD.e�2ffk.f � eb�.2ffkDfk� n �S.�fHffkfk���
k. ' b.S��2bSffkSfk� n �f�2.�2bSffk2fk�� � eb2.e�2ffkefk2� � D2b2Db2fke� � �2��SeHffkHf�
kH ' � �Sb���eDSffk�fk�� � ��2b�.2Hffke�kf � 2.�f��eDSffk.fk� n �De.b��D2ffkDfk2� n S��.�eDSffkbf�

Pdlv od frqglwlrq gh vwdelolwì �b ' f q*hvw sdv yìul�ìh/ sxlvtxh
�b ' �bbD.�fHffkHfk� � 2D�b��fHffkSfk2� n .��DkD� � 2H.2.ffk�ff � e����fHffkefk�� n �f�D.�fHffke�k2f 9' fc

srxu kfc k� frqvwdqwhv frpsoh{hv txhofrqtxhv1Sdu frqvìtxhqw +5195, hvw lqvwdeoh1
�@t L
� +5189, d xq qrpeuh lq�ql gh vroxwlrqv =

Rq glvwlqjxh ghx{ vrxv fdv = 4, �� ' ��e hw 5, �� ' 2e�Hq dssoltxdqw ã o*ìtxdwlrq +51:, od wudqvirupdwlrq EE%c +�( Ek%c q+�� dyhf
+519<,

;A?A= k ' ~E3��f c
q ' ~E3e�f c

hw ~f udflqh gh = 2e~2f n E�S@� 2K�~�D n E2Sn _�~�f � e~D n s ' f/rq shxw vxssrvhu =
+51:3, s � en E2Sn _�� 2E�@n K�� 2e ' f/

sdu frqvìtxhqw/ o*xqh ghv udflqhv gh o*ìtxdwlrq +519, hvw = r ' � 1
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4, �� ' ��e G
O*ìtxdwlrq +5189, ghylhqw
+51:4, ��� n ��2 ' �2e /dyhf frpph vroxwlrqv =
�� �29 �;; �4545 �57

�� �248 �7349 �7;4; �:5

�� �253 �45354 �49;55 �597

�� �256 �88558 93359 645

�� �25: 5495; 49;63 453

�� �265 <966 ;;69 :5

�� �273 9375 897; 7;wdeohdx <
Hq suhqdqw r� ' �c oh v|vwëph +5188, hvw ìtxlydohqw ã =
+51:5,

;AAAAAAA?AAAAAAA=

�� ' 2eE�� �r2 �E�� �r� �E�� �re �c�2 ' 2eE�� r2�E�� r2r� �E�� r2re �cE�� r��E�� r�r2 �E�� r�re � n E�� re�E�� rer2 �E�� rer� � ' f�
Srxu uìvrxguh oh sureoëph +I, rq surfëgh frpph vxlw =Dx gìexw/ rq gìwhuplqh wrxwhv ohv frpelqdlvrqv gh wurlv hqwlhuv glvwlqfwv qrq qxov+��c�c ��c2c ��c�, whoohv txh �� ' ��c� ��c2 ��c�c � ' �c 21Hqvxlwh gh +5185,/ rq fdofxo od ydohxugh @ sxlv fhooh gh r21 Od uìvroxwlrq gx v|vwëph +51:5, qrxv grqqh ohv ydohxuv gh r� hw re1Hqvxlwh rq gìwhuplqh ohv frh!flhqwv gh +5187, sxlv rq whvw od frpsdwlelolwì gh od ydohxur2 gìmã fdofxoìh dyhf fhooh grqqìh sdu +5186,1Ilqdohphqw/ oh fdv +�� ' ��e, qh grqqh dxfxqh fodvvh g*ìtxdwlrqv vwdeohv1

5, �� ' 2e G
O*ìtxdwlrq +5189, ghylhqw =
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+51:6, 4�2 n 4�� n 4�e ' f/
Rq uhpdutxh elhq tx*rq qh shxw sdv olplwhu ohv grpdlqhv ghv ��/ hw sdu frqvìtxhqwo*ìtxdwlrq +51:6, dgphw xqh lq�qlwì gh vroxwlrqv tx*rq qh shxw wudlwhu dyhf oh surfìgìgìmã xwlolvì suìfìghpphqw/ fh txl qrxv dpëqh ã fkhufkhu xq dxwuh+surfìgì, txl vdwlvidlwã qrwuh fdv�Ohv frpelqdlvrqv gh 6 hqwlhuv glvwlqfwv hw gl�ìuhqwhv gh ��/ whooh txh = �� ' 2e '���2�� vrqw =�� �2 ��5 6 74 7 94 6 ;

�� �2 ��4 5 455 �5 �94 �5 �45

�� �2 ��4 �6 �;4 �9 �75 �6 �7

�� �2 ���5 �6 7�5 6 �7
Wdeohdx 43

Hq uhpsodêdqw sdu r ' � gdqv ohv ìtxdwlrqv +5185,/ +5186, hw +5146, rq rewlhqw =

+51:7,
;AAAAAAAAAAA?AAAAAAAAAAA=

@ ' S
�$��� � ��c

S ' eS n E.@n K�� S
�$�	�$�����c

e ' 2E2Sn _�� SE�@n K�� .2c
s ' e� E2Sn _� n 2E�@n K� n 2ec

Doruv srxu wrxw +��c �2c ��� gx wdeohdx 43/ rq d xqh ìtxdwlrq +hq wrxw 44 ìtxdwlrqv,gh od iruph +51:, grqw ohv frh!flhqwv vdwlvidlhqw ã +51:7,1 O*ìwxgh gh od vwdelolwì gh fhvìtxdwlrqv qrxv udpëqh ã ghx{ idêrq gh surfìghu =� O*xqh hvw o*dssolfdwlrq gh od wurlvlëph ìwdshv gh od pìwkrgh gh EXUHDX dx{ ìtxd0wlrqv hqjhqguìhv sdu ohv frpelqdlvrqv ã 6 hqwlhuv srvlwliv1� Srxu o*dxwuh/ rq ihud dssho d xqh dxwuh pìwkrgh tx*rq gì�qlud sdu od vxlwh/ fdsdeohg*h{wudluh ghv frqglwlrqv qìfhvvdluhv srxu od vwdelolwì ghv ìtxdwlrqv hqjhqguìhv sdu ohvfrpelqdlvrqv ã 5 hqwlhuv qìjdwliv1
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l0 ,^�@|�L?t i?}i?_h�iit T@h *it UL4M�?@�tL?t 
@ � i?|�iht TLt�|�ut G
l140 E��c �2c ��� ' E2c �c e� G Gh +51:7, rq d
+51:8, +���� ' �2++���n K+�+��nEKnS�+2+��n_+E+��2n2E_� K� S�+�+�nE_� 2K� �2�+Dc

txl dgphw xqh idplooh gh s÷ohv vlpsoh prelohv + G dr ' �( w ' �c 2c �o1Doruv rq srvh
+51:9,

597 + ' �5 ( 5� ' � n 5�c
�E%� ' d 2� ' fS k� 5E%��o n �E%� 5E%��c

dyhf k� hw k2 duelwudluhv/ hw kf yd íwuh gìwhuplqì sdu od vxlwh1 O*ìtxdwlrq +51:8, hvwìtxlydohqwh dx v|vwìph
+51::,

;AAAAA?AAAAA=
5� ' �n 2� ' fS k�5�n� n �5ec
5�d�5����� � S 52��� � S 5��o ' �f n��5 n�252 n��5�n5eM�E%c 5c �c ��c ���c ������

Rq fkrlvlw kf gh whooh vruwh ã dyrlu = �f ' fc hw sdu frqvìtxhqw ohv F1Q1 gh vwdelolwìgx v|vwëph +51::, vrqw =
+51:;, �� ' f E� ' �c 2c �� 1
0 Gh o*ìtxdwlrq �f ' f rq d = kf ' f��� hw �2 vrqw lghqwltxhphqw qxoohv1 �� ' E��2� 2Kn _�k2� ' f , ��2� 2Kn _ ' fchw g*dsuëv o*ìtxdwlrq +51:8, rq d G s ' f +fdv gìmã ìwxglì,1
l150 E��c �2c ��� ' E�c ec S� G Gh +51:7, rq d
+51:<, +���� ' K+�+�� n EKn �2�+2+�� n _+E+��2 n 2E_� K� �2�+�+� n E_� 2K� 2e�+Dc

txl dgphw xqh idplooh gh s÷ohv vlpsohv prelohv + G dr ' �( w ' fc �c Do1Rq srvh
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+51;3,
597 + ' �5 ( 5� ' � n 5�c

�E%� ' d e� ' fS k� 5E%��o n �E%� 5E%�Dc
dyhf kf hw k� vrqw duelwudluhv hw ohv k� E� ' �c 2c e� yrqw íwuh gìwhuplqìv sdu od vxlwh1 Hwo*ìtxdwlrq +51:<, hvw ìtxlydohqwh dx v|vwëph vxlydqw

+51;4,
;AAAAA?AAAAA=

5� ' �n e� ' fS k�5�n� n �5Sc5Dd�5����� � �f 52��� � �H 5��o ' �f n��5 n ���n�D5Dn5SM�E%c 5c �c ��c ���c ������
Rq fkrlvlw ohv k� E� ' �c 2c e� gh whooh vruwh ã dyrlu = �� ' f +� ' �c 2c e,/ hw ohv F1Q1gh vwdelolwì gx v|vwëph +51;4, vrqw
+51;5, �� ' f E� ' fc �c D� 1
0 �f hvw lghqwltxhphqw qxo1 Ohv ìtxdwlrqv �� ' f E� ' �c 2� frqgxlvhqw uhvshfwlyhphqwã

k� ' E��H_n �HKn �be �k2f�
k2 ' E����2_n D.H Kn H�2 � ��eHK_n D�SK2 n �2e_2�k�f�

Hw sxlv rq d
+51;6, �� ' E�ef�eH _2 n �.e��S _n �b�b2_� � 2f.e K2 � eSebH K� eb�2K� � e��D2 � �eK_2

n�Db�b2K2_n 2f��eH K_�kef ' f�
g*rü =

+51;7,
;AAAA?AAAA=

K ' �2_� �2cK ' ��_� �fcK ' �beb_� D.Heb �
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�� K ' �2_� �2 G Gdqv fh fdv rq d s ' f +fdv gìmã ìwxglì,1
2� K ' ��_� �f G Gh �e ' f rq rewlhqw = ke ' E�e_� D2�kfk� � �HkDf�Hw sxlv rq d = �D ' E��_ n S n ��_2�k�k2f ' f , _ ' � rx _ ' S/ hw gdqv fkdtxhfdv o*ìtxdwlrq +51:<, dgphw xqh idplooh gh vlqjxodulwìv prelohv grqw ohv lqglfhv vrqw qrqhqwlhuv =
0 _ ' � G �r ' ��2 n �2Us.( w ' Dc �2 n �2Us.Hc �2 � �2Us.H� c EU2 ' ���c
0 _ ' S G �r ' ��( w ' ��c ��2 n �2Us.�c ��2 � �2Us.��/

doruv o*ìtxdwlrq +51:<, hvw lqvwdeoh gdqv ohv ghx{ fdv1
�� K ' �beb_� D.Heb G Gh �e ' f/ rq rewlhqw =
ke ' E ebDf�DeS��HefH � DSeDbeS��HefH_2 n �DHD.SeHf�_� � e�eS��HefH_e n �eb.D.SeHf�_�kDf n E� ���bH n e��bS_�kfk��

Hw sxlv/
+51;8, �D ' E� �2S2SD2H2e.D2eb_� � �ff2H2e.D2eb_D n eD�DHHD2H2e.D2eb_� 2fb.eD2H2e.D2eb_2 � �e.f�Df2H2e.D2eb

n �bHDD2H2e.D2eb_e�kSf n E S.D2ef�_2 n H�f2ef� � 2SDD2ef�_�k�k2f ' fc
g*rü = _ ' �� rx _ ' �HD / oã dxvvl o*ìtxdwlrq +51:<, dgphw srxu fkdtxh fdv xqh idplooh ghvlqjxodulwìv prelohv grqw ohv lqglfhv vrqw qrq hqwlhuv =

0 _ ' �� G �r ' �D2 n �2Us7:( w ' Dc ��� Us7:c e n Us7:� c
0 _ ' �HD G dr ' �2( w ' ��D~ � �f�� �~ n H� c � ��f~ n �f�� �~ n H� n �2Us6E ��D~ n �f�� �~ �c

� ��f~ n �f�� �~ n H� � �2Us6E ��D~ n �f�� �~ ��o�
dyhf ~ ' �s4<783n 78s4;:3538cDoruv o*ìtxdwlrq +51:<, hvw lqvwdeoh1
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l160 E��c �2c ��� ' E�c �c H� G Gh +51:7, rq d
+51;9, +���� ' ++��� n K+�+�� n EKn�H�+2+�� n _+E+��2 n2E_� K� b�+�+� n E_� 2K� 2e�+Dc

txl dgphw xqh idplooh gh s÷ohv vlpsohv prelohv + G dr ' �( w ' fc 2c .o1Rq srvh
+51;:,

597 + ' �5 ( 5� ' � n 5�c
�E%� ' d S� ' fS k� 5E%��o n �E%� 5E%�.c

dyhf kf hw k2 vrqw ghv frqvwdqwhv duelwudluhv1 Hw o*ìtxdwlrq +51;9, hvw ìtxlydohqwh dxv|vwëph
+51;;,

;AAAAA?AAAAA=
5� ' �n S� ' fS k�5�n� n �5Hc5.d�5����� � �D 52��� � eH 5��o ' �f n��5 n ���n�.5.n5HM�E%c 5c �c ��c ���c ������

Rq fkrlvlw ohv k� E� ' �c ���S� gh whooh vruwh ã dyrlu = �� ' f +� ' �c ���S,/ hw ohv F1Q1gh vwdelolwì gx v|vwëph +51;9, vrqw
+51;<, �� ' f E� ' fc 2c .� 1
0 �f hvw lghqwltxhphqw qxo1 Gh �� ' f c rq rewlhqw = k� ' E��2 n �2K� �S_�k2f�

Sdu od vxlwh rq d = �2 ' E��e�� ��.2 Kn Se� _n ��S _K� ��_2 � D2K2�k�f ' fc
g*rü = K ' ��� n ��_ rx K ' �S2D n 2D_1

�� K ' ��� n ��_ G Dsuëv dyrlu gìwhuplqì ohv k� ghv ìtxdwlrqv �� ' f/ � ' ���S/ rqrewlhqw
+51<3, �. ' E DDH�2_e � �....S_� � �.�2e_2 n eb2�S_� 2b n �SbbHe_D�k2kDf n E .De_2 � DS_n �De_�

� ��� �k2fk22 n E� ��S2_2 n e�e�2_� DD�DDD2_� � D��SSe_e � ���bbSH_D n �.�S�kHf ' fc
7:



g*rü = _ ' S/ fh txl frqgxlw ã = s ' f1
2� K ' � S2D n 2D_ G Oã dxvvl dsuëv dyrlu gìwhuplqì ohv k� / � ' ���S/ rq dxud =
+51<4, �. ' E� �D.�bfffffff_Dn 2ee���bfffffff_2n Sb�..�2effffff_�� ���b�D�H.Dff_e� 2�S�2e�ff fffff_Sn �HbHb���2Dffff_

n H.eH��H.Dfff n .Defffffff_.�kHf n E�Dbf�2Dfff n ��.Deffff_e � �.DS2D_� � S..2ff_2 � .eb�Dfff_
n .�SH.Df_D�k2kDf n E e.��Dff_n e.2Df_2 � 2b2�2Df n .Dff_��k2fk22 ' fc

g*rü = _ ' Sc hw o*ìtxdwlrq +51;9, dgphw xqh idplooh gh vlqjxodulwìv prelohv gì�qlh sdu
+51<5, �r ' ��( w ' e c �2 n �2Us�b c �2 � �2Us�b�1
Doruv o*ìtxdwlrq +51;9, hvw lqvwdeoh1
l170 E��c �2c ��� ' E�c 2c �2� G Gh +51:7, rq d
+51<6, +���� ' e++��� n K+�+�� n EKn �S�+2+�� n _+E+��2 n 2E_� K�+�+� n E_� 2K� 2e�+Dc

txl dgphw xqh idplooh gh s÷ohv vlpsohv prelohv + G dr ' �( w ' fc �c ��o1Rq srvh
+51<7,

597 + ' �5 ( 5� ' � n 5�c
�E%� ' d �f� ' fS k� 5E%��o n �E%� 5E%���c

dyhf kf hw k� vrqw ghv frqvwdqwhv duelwudluhv1 Hw o*ìtxdwlrq +51<6, hvw ìtxlydohqwh dxv|vwëph
+51<8,

;AAAAA?AAAAA=
5� ' �n �f� ' fS k�5�n� n �5�2c5.d�5����� � 2e 52��� � ��2 5��o ' �f n��5 n ���n���5��n5�2M�E%c 5c �c ��c ���c ������

Rq fkrlvlw ohv k� E� ' 2���f� gh whooh vruwh ã dyrlu = �� ' f +� ' 2���f,/ hw ohv F1Q1 ghvwdelolwì gx v|vwëph +51;8, vrqw
7;



+51<9, �� ' f E� ' fc �c ��� 1
0 �f hvw lghqwltxhphqw qxo1 Hw �� ' E��Kn _� e2�k2f ' f , _ ' �Kn e2�Dsuëv dyrlu gìwhuplqì ohv k� / � ' 2���f ghv ìtxdwlrqv �� ' fc � ' 2���f/ rq dxud gho*ìtxdwlrq +��� ' f, = K ' ��f/ +rq v*hvw devwhqx g*ìfuluh o*h{suhvvlrq gh ��� ã fdxvhgh vd orqjxhxu,1 Dlqvl o*ìtxdwlrq +51<6, dgphw xqh idplooh gh vlqjxodulwìv prelohv gì�qlh

sdu+51<:, �r ' � �2 ( w ' e c � n �2Us2S c �� �2Us2S�1
Doruv o*ìtxdwlrq +51<6, hvw lqvwdeoh1

��0 ,^�@|�L?t i?}i?_h�iit T@h *it UL4M�?@�tL?t 
@ 2 i?|�iht ?�i}@|�ut =
Odpìwkrgh gh EXUHDX q*hvw sdv frqfoxdqwh srxu fh fdv/ ã fdxvh g*lqvx!vdqfh g*lqglfhvsrvlwliv/ hw srxu uhpìglhu d fh sureoëph rq yd gì�qlu xq surfìgì +h{wudlw gh od pìwkrghgh shuwxuedwlrq gh SDLQOHYH ^8/9`, edvì vxu xqh shuwxuedwlrq uìjxolëuh hw o*dqdo|vh ghvH1G1R1 olqìdluhv gx w|sh gh IXFKV1Hq uhpsodêdqw gdqv +51:, +tx*rq qrwhud .+%c +, ' f, sdu
+51<;, ++%,' n"? ' fS 0?+?+%,/ dyhf +? irqfwlrq gh %1

rq rewlhqw+51<<, .E%c +� � n"? ' fS 0?.?+%c +?, ' f/
whooh txh

+51433, .f � .E%c +f� ' f/
+51434, .? � .�E%c +f� +? n-?E%c +fc +�c ���c +?3�� ' fc ; ? A �1

rü 0 .�E%c +f� hvw od gl�huhqwlhooh gh . dx srlqw +f whooh txh ; �/
+51435, .�E%c +f�� ' b $ f*�4.E%c +f n b��� .E%c +f�b c

7<



hw grqqìh sdu =
+51436, .�E%c +f� � _ �_%e 1 �E @ +f� _ �_%� � EK+�f n S+2f� _ �_%2 n E�e+�f � 2_+f+�f

�K+��f� _ �_% n E�@+���f � _E+��f�2 � 2S+f+��f � �e+2f+�f � Ds+ef�1
0 -? hvw xqh dssolfdwlrq ghv +� +� ' f��+?� �,,1Hq soxv/0 o*ìtxdwlrq +51433, hvw o*ìtxdwlrq +51:, srxu od irqfwlrq +fc0 srxu ? ' �/ rq d xqh H1G1R1 olqìdluh krprjëqh +-� � f, g*ruguh 710 srxu ? : �/ rq d ghv H1G1R1 olqìdluhv qrq krprjëqhv gh píph sduwlh krprjëqh1G*dsuëv oh wkìruëph gh SRLQFDUH hw oh ohpph irqgdphqwdo gh od vwdelolwì/ xqh F1Q1gh vwdelolwì gh +51:, hvw =
+F, 57 u@ rJ,�|�J? }�e?�eo@,e _e +51433, e| Se,,er _e +51434,_J��e?| 	e|oe r@?r RJ�?|r So�|�^�er 6JK�,er�

68
Uhpdutxhv 47 =�0 Hq d|dqw xqh vroxwlrq sduwlfxolëuh +f gh +51433, dyhf xqh vlqjxodulwì preloh %f+s÷oh,/ doruv lo vx!w tx*lo h{lvwh xqh vroxwlrq +� +� A �� gh +51434,/ dgphwwdqw %f frpphsrlqw fulwltxh srxu frqfoxuh ã od qrq vwdelolwì gh qrwuh ìtxdwlrq1��0 Hq xwlolvdqw oh surfìgì gì�ql dx ghvvxv rq yd prqwuhu txh wrxwhv ohv ìtxdwlrqvfruhvsrqgdqwhv dx{ frpelqdlvrqv ã ghx{ lqglfhv qìjdwliv vrqw lqvwdeohv�

Gh +51:3,/ rq d r ' � udflqh gh +519,/ doruv g*dsuëv oh frpsruwhphqw grplqdqw gh +E%�+yrlu gìexw gh fh fkdslwuh,/ rq d = +fE%� ' �%� %f hvw vroxwlrq sduwlfxolëuh gh +51433,srxu wrxwh +��c �2c ��� gx wdeohdx 43/ dyhf % ' %f xq s÷oh preloh1
Q1E1 D�q gh vlpsol�hu ohv fdofxov/ ã o*dlgh gh od wudqvirupdwlrq + % > % � %f , qrxvvxssrvrqv txh %f ' f/ vdqv qxluh ã od jìqìudolwì�
O*ìtxdwlrq lqglflhooh gh +51434, hvw gh od iruph =
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+51437, %enE�@� S�%�nEK� Sn�@n���%2nE2_� e� �Kn S� 2@� S�%� �2f� 2e@
nSSn e_� 2e� �fK ' f/

hq srvdqw = % ' f � �/ hooh ghylhqw
+51438, Efn��df��E@n���f2nEeSn.@nK�S�f�EbSnSE�@nK��2E2Sn_�ne�o ' fc

doruv ohv udflqhv gh +51437, vrqw =
+51439, E�2� / E�� � �� / E�2 � ��/ hw E�� � ��/

dyhf +��/�2/��, udflqhv gh o*ìtxdwlrq +5147, srxu r ' �/ hw grqf grqqìhv sdu oh wdeohdx431 Sdu frqvìtxhqw % ' f hvw xq srlqw vlqjxolhu uìjxolhu qrq fulwltxh dojìeultxh srxu ohvìtxdwlrqv +51434,/ hw od F1Q1 gh vwdelolwì +F, dx ghvvxv vh uìgxlw ã fh txh % ' f qh vrlwsdv xq srlqw fulwltxh orjdulwkpltxh srxu ohv vroxwlrqv gh fhv ìtxdwlrqv1
ll140 E��c �2c ��� ' E2c�2c�S� G Gh +51:7, rq d
+5143:, +���� ' ��.++���nK+�+��nEK�Sb�+2+��n_+E+��2n2E_�K�2��+�+�nE_�2Kn�H�+Dc
Hq uhpsodêdqw sdu +51<;, rq rewlhqw =
0 +fE%� ' �% / vroxwlrq sduwlfxolëuh+V1S1, gh .f � .E%c +f� ' f1
0 +�E%� ' %n �%� / V1S1 gh .� � .�E%c +f� +� ' +����� n 4:% +���� n 9<%2+��� n 75%�+�� � 75%e+� ' fc
0 +2E%� ' 3��Hff dE87K�459�5:_�%� n E4;33K�6933�783_�%3� n E�483Kn58_�5583�%3Doc

V1S1 gh .2 � .�E%c +f� +2 n-2E%c +fc+�� ' fc dyhf
-2E%c +fc +�� ' E4;K�75�<_�%3� n E�57Kn7;n9_�%3D n E9K� _n<3�%3b1

Hw sxlv/
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0 +�E%� ' E�SD�2Kn �fbSef_n bSef_2� ���2HK_n S.��2f n D.�2fK2�% *?E%�nE� D�2K2� �f�Se _� �Se_2n .D�2
n�2D�S Kn .SeK_� *?E%�%� nE� ���b2fK_n 2b�SfK� ���He_n ����2fn .�2fK2n ��b2f_2� *?E%�%. n2�2%32
nSE2�� EKc _�%Dn��� n SE2�2 EKc _�� %nESE2�� EKc _�n���%3�nESE2�e EKc _�n�e�%3.c

V1J1 gh .� � .�E%c +f� +� n-�E%c +fc+�c +2� ' f/ dyhf
-�E%c +fc+�c +2� ' ���.�2D K� bD.Df � b�fK2 n 2.2fK_� S��ff_� b2f_2�%n E�2.2f_2 � 2f�b�f � b2.2f _

� �.��f K2 n �be K_n4<8K�%3� n E�.D2 � .eK_n D2K2�458Kn �f�e _n �e_2�%3.
nE ��2_2 n .2K2 � ���2K_� DD�2_n ���2 n5<K�%3��/

dyhf ��E� ' ���e� ghv frqvwdqwhv frpsoh{hv g*lqwìjudwlrqv/ hw S E��� EKc _� sro|q÷phv hq K hw_ gh ghjuì �c hw grqw ohv frh!flhqwv vrqw udwlrqqhov1Doruv srxu txh o*ìtxdwlrq +5143:, vrlw vwdeoh/ lo hvw qìfhvvdluh txh ohv frh!flhqwv K hw_ yìul�hqw ohv � ìtxdwlrqv gx v|vwëph vxlydqw =
+5143;,

;AAAAA?AAAAA=
� SD�2Kn �fbSef_n bSef_2 � ���2HK_n S.��2f n D.�2fK2 ' f
� D�2K2 � �f�Se _� �Se_2 n .D�2 n �2D�S Kn .SeK_ ' f
� ���b2fK_n 2b�SfK� ���He_n ����2f n .�2fK2 n ��b2f_2 ' f

Pdlv fh ghuqlhu q*dgphw dxfxqh vroxwlrq1 Sdu frqvìtxhqw o*ìtxdwlrq +5143:, hvw lqvwdeoh1
ll150 E��c �2c ��� ' E�c�2c��2� G Gh +51:7, rq d =
+5143<, +���� ' �2e++���nK+�+��nEK���2�+2+��n_+E+��2n2E_�K�He�+�+�nE_�2K�2e�+Dc
Rq d
0 +fE%� ' �% /
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0 +�E%� ' � n �%� c
0 +2E%� ' �� b��Kn �fH�� n 2��_� %32 *?E%� n � �e2_� ��eK�%n E� �2ef_n b�f n �efK�%3Dc

g*rü = � b��Kn �fH�� n 2��_ ' f , K ' �2 n 2b_ �Sdu od vxlwh rq d
0 +�E%� ' E��2�.D n ��e�.D_2� ���fDf_�%2nE �eD�S_2n 2�2D2_n Sf. �%3�nE� e��D_� �SD � ��beef_2�%3e

nE 2�Dfef_n De�D n ��H�eef_2�%3./
hw sxlv

0 +eE%� ' E� ��D�2fe�2ff_2 � .��Hb_n ���S.e�Sff_� � Sb.S�.D �%3� *?E%� n E ���2eD._n eSe�2D n ���fDSDf_�
n e2���fDSDf_2� *?E%� n SE��� EKc _�%� n� �2��%32 n ESE��� EKc _�� ���2�%3�
n32SE��2 EKc _�%3S n S E��e EKc _�%3b � �����%3�� n �ec

Doruv
+61443,

;A?A= � ��D�2fe�2ff_2 � .��Hb_n ���S.e�Sff_� � Sb.S�.D ' f
���2eD._n eSe�2D n ���fDSDf_� n e2���fDSDf_2 ' f , _ ' ��ee 1

Dlqvl o*ìtxdwlrq +5143<, dgphw xqh idplooh gh vlqjxodulwìv prelohv gì�qlh sdu
+51444, �r ' �e ( w ' 2 c �2UsS c� �2UsS�/

hw grqf hooh hvw lqvwdeoh1
ll160 E��c �2c ��� ' E�c��c�H� G Gh +51:7, rq rewlhqw
+51445, +���� ' �2�++���nK+�+��nEK���e�+2+��n_+E+��2n2E_�K�.D�+�+�nE_�2K�2e�+Dc
Rq d0 +fE%� ' �% / 86



0 +�E%� ' � n �%e /
0 +2E%� ' �� �2D � 22DKn 2.D_�%n E� eb_n 2fb K� eS� �%3� n Ee��D � 2�fD_n 2�DK�%3.c
0 +�E%� ' ���S2S2D n .e��D K� 22��.DK2 � H2�D.D_2 � 2�SeD2D _n �S���DK_�%32 *?E%� n SE2�D EKc _�%2

nSE2�. EKc _�%3S n S E2�S EKc _�%3�f/
hw/0 +eE%� ' E� �2H�D.D_2� Hb2�.DK2n SD2��D_K� SDfe2D � HSDSD2D _n 2b.2�D K�%3D *?E%�nE� ��bHe2b.S.D_K2n 2�ffH��f.DK2

n 2HSebb22D_2 � DD2�2e.2D n 2bfDS�2.D.DK� n �SeHbb22DK_2 � .D2Hb�f2D_� � 2b..Sbb22D_Kn �2�S22fD_� �2fbSSS�D K� *?E%�
nS E��D EKc _�%� n SE��S EKc _�%3� n S E��. EKc _�%3D n SE��H EKc _�%3��c

g*rü

+51446,
;AAAAAAAAAA?AAAAAAAAAA=

��S2S2D n .e��D K� 22��.DK2 � H2�D.D_2 � 2�SeD2D _n �S���DK_ ' fc
� �2H�D.D_2 � Hb2�.DK2 n SD2��D_K� SDfe2D � HSDSD2D _n 2b.2�D K ' fc
� ��bHe2b.S.D_K2 n 2�ffH��f.DK2 n 2HSebb22D_2 � DD2�2e.2D n 2bfDS�2.D.DK� n �SeHbb22DK_2 � .D2Hb�f2D_�
�2b..Sbb22D_Kn �2�S22fD_� �2fbSSS�D K ' fc

txl dgphw ohv vroxwlrqv vxlydqwhv =
+51447,

;AAAAA?AAAAA=
_ ' ��bH( K ' ��fc
_ ' ��f2S. ( K ' � �SD. c
_ ' 2H2H� S22S�ee.�fD�2e ~2 n b�..fef�2���..S2H� n ��2efeDSDee.�fD�2e~� n � ��fSf S�SH�22�DD2DS2 ~( K ' �~c

dyhf ~ udflqh gh o*ìtxdwlrq
+51448, �S�eD~e n S2bef�~� n H2Hf2HH~2 n �b2Deeef~ n 2S��fSff ' f�
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�� _ ' ��bH( K ' ��f G hq frqwlqxdqw od uìvroxwlrq ghv H1G1R1 olqìdluhv +51434,+? � D, rq rewlhqw =
0 +DE%� ';4%e n %3�S�54%3�2n963%3Hc
0 +SE%� ' �576%D n %3�b � S�e2�e� %3�D n bfeD�� %3���84;7%3.�495%3�c
0 +.E%� ':5<%S n %322 � bHeS�e� %3�Hn846%3�e � �.f��� %3�fn:37:3%3Sc
0 +HE%� ' �54;:%. n %32D � e�e2fHfeS�Hb %32� � �D..D22e�� %3�. n �2�2fHe�e� %3���44<6949%3Dc

hw sxlv
0 +bE%� '9894%H n �e � �2��%32 n E�45;8<893*?E%�� �e�2�:3:5:8;�%3e � �b�DebS�ee %3H

��b��%3b � �fDD.2b.2HS %3�2 n �2�HD�fDeHS2 %3�S � ��.DfH�eHS2 %32f � DD22eSSeS�Hb %32e n %32Hc
sdu frqvìtxhqw o*ìtxdwlrq +51445, q*hvw sdv vwdeoh1

2� _ ' � �f2S. ( K. ' � �SD. = gdqv fh fdv o*ìtxdwlrq +51445, dgphw xqh idplooh gh vlqjx0odulwìv prelohv gì�qlh sdu =
+51449, dr ' �D�S n �eHsSH�( w ' � DD�2 � ��2sSH� n ��2s�2�f n �esSH�c

�DD�2 � ��2sSH�� ��2s�2�f n �esSH�c���e � �esSH�o/
hw grqf hooh hvw lqvwdeoh1

�� _ ' 2H2H� S22S�ee.�fD�2e ~2 n b�..fef�2���..S2H� n ��2efeDSDee.�fD�2e~� n � ��fSf S�SH�22�DD2DS2 ~( K ' �~ = o*ìtxdwlrq +519,fruuhvsrqgdqwh dgphw ghv udflqhv qrq hqwlëuhv/ hw sxlvtxh @ 9' fc doruv g*dsuìv +5185,o*ìtxdwlrq +51445, hvw lqvwdeoh1
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ll170 E��c �2c ��� ' E�c�ec�S� G Gh +51:7, rq d
+5144:, +���� ' �2f++���nK+�+��nEK��fH�+2+��n_+E+��2n2E_�K�.2�+�+�nE_�2K�2e�+Dc
Rq d
0 +fE%� ' �% /0 +�E%� ' �� �%. /
0 +2E%� ' � ��S_� �S � ��2K� %n ESD�2K� DS_n ef�%3S n E e�2HS n 2DSHSe_� �2D�e�2K�%3��c
0 +�E%� ' ��.�S_2 n ��fH� � 2fb�S K_n �f.S K2 � eH��H _n eb�� K�%3D *?E%�n� E2�e EKc _�%2nS E2�b EKc _�%3�b

nS E2��f EKc _�%3�2c
g*rü =

+5144;,
597 K ' �S_� ec

K ' �.�f._� DDe�f. � 1
�� K ' �S_� e = Hq dssoltxdqw od pìwkrgh xqh ghx{lëph irlv dyhf
0 +�E%� ' � n �%D /0 +2E%� ' E� �2e_�4;�%3e n E2. � ��SH_�%3b n ��S n �.2_�%/
0 +�E%� ' E����ee_n ��.2H_2n .fS� �%3�nE� .�S n ��.2H_2n �e_�%3HnE eb�� ���2ef2e_n �e��He_2�%3��

n � �D�He_2 � �S n �e�2_�%2c
rq dxud0 +eE%� ' �ED�2H_n 2�2e�D n �bDfef_2�%3. n E e�SeHf_2 n S.��fH_n �.b2S�D �%32� *?E%� n SE2��� EKc _�%�

nE� �2�� n S E2��2 EKc _��%32 � �D�2%3D n ESE2��� EKc _�� �.���%3. n S E��b EKc _�%3�2
nS E���f EKc _�%3�. n �ec
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Doruv od vwdelolwì gh +5144:, hqwudlqh
+5144<,

;A?A=
D�2H_n 2�2e�D n �bDfef_2 ' fc
e�SeHf_2 n S.��fH_n �.b2S�D ' f�

Pdlv fh v|vwëph q*dgphw sdv gh vroxwlrq/ sdu frqvìtxhqw o*ìtxdwlrq +5144:, hvw lqvwdeoh1
�� K ' �.�f._� DDe�f. G oã dxvvl/ hq dssoltxdqw od pìwkrgh xqh ghx{lëph irlv dyhf
0 +�E%� ' � n �%D /
0 +2E%� ' � �ebS�_n HD�2��%n E� 2.e2H_� eDeD2�e �%3e n E� 2bDbb2_n �ef.eb�%3bc
0 +�E%� ' �� SfDf�e�e. n bDD2fSfH2_n e�2fSfH2_2�%2nE�.HS.f�f�fe�_n �e�SHSbe_2n ���H��Df�e�e. �%3�nE SSef�D�2b.��2_

�Sb22f.D2.e..S n DeD�SDbeS2e_2�%3H n E� 2�2D�DeDHe�.bS_n �H2.�fe.H�2eH_2 n bSDDe.DeDHe�.bS�%3��c
rq dxud

0 +eE%� ' E�e���SS.HfHD.D�f� n S���e�f�2fe_�n �H2bH.beHD.D�f� _n SDSf.ebff�.2_2�%3. *?E%�nE�Sffb�eeH��f2D�H. _n .fb�S �H�Hf�S.D�2b
n 2ee��f2D�H._�n �2fD2e�S.D�2b_2�%32 *?E%�nSE���� EKc _�%�nES E���2 EKc _�� �2���%32� �D�2%3D
nESE���D EKc _�� �.���%3. n S E���� EKc _�%3�2 n S E���e EKc _�%3�. n �ec

g*rü
+51453,

;A?A= � e���SS.HfHD.D�f� n S���e�f�2fe_� n �H2bH.beHD.D�f� _n SDSf.ebff�.2_2 ' fc
�Sffb�eeH��f2D�H. _n .fb�S �H�Hf�S.D�2b n 2ee��f2D�H._� n �2fD2e�S.D�2b_2 ' f�

Pdlv fh v|vwëph q*dgphw sdv gh vroxwlrq/ hw +5144:, hvw lqvwdelolwì1
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ll180 E��c �2c ��� ' E2c��c�e� G Gh +51:7, rq rewlhqw
+51454, +���� ' ��S++���nK+�+��nEK�Se�+2+��n_+E+��2n2E_�K�2f�+�+�nE_�2Kn�S�+Dc
Rq d
0 +fE%� ' �% /
0 +�E%� ' %n �%e /
0 +2E%� ' ��e� n 2�_� �K� %32 *?E%� n � bDSf_n 2�D � b2HfK� %� n E� ��f � .SfKn �Sf_�%3.c

fh txl lpsoltxh = _ ' 2 n b2K 1Sdu od vxlwh rq d
0 +�E%� ' �2�e Kn �bf� n DeHK2�%3D *?E%�nSE2��e EKc _�%Dn��%nS E2��. EKc _�n�2%32n��%3e

nES E2��S EKc _� n �e�%3D n SE2��D EKc _�%3�fc
g*rü

+51455,
597 K ' �2fc

K ' � �D2D � 1
�� K ' �2f = o*ìtxdwlrq +51454, dgphw xqh idplooh gh vlqjxodulwìv prelohv gì�qlh sdu
+51456, dr ' �2 ( w ' �c ��2 n �2sDc � �2 � �2sDo/

doruv hooh hvw lqvwdeoh12� K ' ��D2D G o*ìtxdwlrq +519, fruuhvsrqgdqwh dgphw r ' �e�D~n 2..f��eD~ n �Db�eD frpphudflqh E
~ ' �s5555<3:6n ;:3Us4388:9996�chw @ 9' f / doruv g*dsuëv +5185, o*ìtxdwlrq +51454,hvw lqvwdeoh1
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ll190 E��c �2c ��� ' E�2c��c e� G Gh +51:7, rq d
+51457, +���� ' ��2++���nK+�+��nEK�2e�+2+��n_+E+��2n2E_�Kn2e�+�+�nE_�2KneH�+Dc
Rq d
0 +fE%� ' �% /
0 +�E%� ' %� n �%� n �%e /
0 +2E%� ' � D.b2_n ����%. n ���eKn ��2_� ��%n E �eH_� �HK�%3D n E� ���fHKn �De_n Hb�%3S

nE H2D � .�DfKn ��Df_�%3. � 2�� � �D�SKn D�H_1
Sdu od vxlwh

0 +�E%� ' E�e�2D n 2��� K� Hf�eD _n ..2.f_2 n .b�DK2 � 2SD�fHK_�%32 *?E%�n E� eDDDe K2 � �S2e� n �f�2. K_� �2�.b K� 2�De_2 n 2..b _�%3� *?E%� n SE2��H EKc _�%�� n S E2��b EKc _�%D n SE2�2f EKc _�%e
n �2�f��%� n S E2�2� EKc _�%3� n E�2 n S E2�22 EKc _��%32 n ��%3� n �e%3e
nS E2�2� EKc _�%3. n SE2�2e EKc _�%3H n S E2�2D EKc _�%3b n SE2�2S EKc _�%3�fc

g*rü
+51458,

;A?A=
�e�2D n 2��� K� Hf�eD _n ..2.f_2 n .b�DK2 � 2SD�fHK_ ' fc
�eDDDe K2 � �S2e� n �f�2. K_� �2�.b K� 2�De_2 n 2..b _ ' fc

, iEK ' 063/_ ' 043;�c EK ' 073/_ ' 045;�c EK ' �2ef2� c _ ' �2�e2� �c EK ' � 2ef2b c _ ' � .22b�j�
�� EK ' ��fc _ ' ��fH� rx EK ' �efc _. ' ��2H� = gdqv ohv ghx{ fdv rq d = s ' f1
2� K ' �ef( _. ' ��2H = o*ìtxdwlrq +51457, dgphw xqh idplooh gh vlqjxodulwìv prelohvgì�qlh sdu
+51459, dr ' � 2�Df n ��Dfs4::9<( w ' be2D � �Dfs4::9<n �Dfkc be2D � �Dfkc ��H2D � �2Ds4::9<oc
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dyhf k ' s666:� 57s4::9<1 Doruv +51457, hvw lqvwdeoh1
�� K ' �2ef2b ( _ ' �.22b = o*ìtxdwlrq +519, fruuhvsrqgdqwh dgphw r ' ��Df~ n �bf2.D~ � �.Dfrpph udflqh/ dyhf~ ' ��9:8<3;n 633Us537:;:��� / hw g*dsuëv +5185, rq gìgxlw o*lqvwdelolwì gh +51457,1
ll1:0 E��c �2c ��� ' E�2c �c�e� G Gh +51:7, rq d
+5145:, +���� ' ��e++���nK+�+��nEK�e2�+2+��n_+E+��2n2E_�KnS�+�+�nE_�2Kn�S�+Dc
Rq d
0 +fE%� ' �% /
0 +�E%� ' %2 n �%� n �%D /
0 +2E%� ' �ES. n �.K� �e2_�%3D n E�D2� bKn 2_�%32� *?E%� n SE��D EKc _�%D n ��%2

nES E��� EKc _� n �2�%32 n ��%3� n ES E��e EKc _� n �e�%3D n SE��2 EKc _�%3.
nS E��� EKc _�%3b � bD � .�DKn 2�D_c

g*rü
+5145;,

;A?A=
S. n �.K� �e2_ ' fc
�D2� bKn 2_ ' fc , i_ ' �ec K ' � 2f� j/

hw o*ìtxdwlrq +5145:, dgphw xqh idplooh gh vlqjxodulwìv prelohv gì�qlh sdu
+5145<, dr ' � �b�e � ��es48;8( w ' .��. n ��es48;8n ��e~c .��. n ��es48;8� ��e~c

�2.�. n e�.s48;8oc
dyhf ~ ' s:534n 4<5s48;8c doruv hooh hvw lqvwdeoh1
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Fdv rü � Er� ' f G
Rq yd ìwxglhu oh fdv rü lo h{lvwh dx prlqv r udflqh gh +519, whooh txh � Er� ' bS nSE�@n K�r� 2E2Sn _�r2 n er� hvw qxo +yrlu +5146,,1Gdqv fh fdv rq shxw ìfuluh � ' �� [�2 [�� ' f [6 [ , / who txh 6 hw , vrqw ghv hqwlhuvglvwlqfwv hw gl�ìuhqwv gh �� hw fc hw ohv ìtxdwlrqv grqqìhv sdu +51:7, ghylhqqhqw

+51463,
;AAAAAAAA?AAAAAAAA=

@ ' E6n ,�� ��c
S ' eS n E.@n K��6,c
e ' 2E2Sn _�� SE�@n K�� bSc
s ' e� E2Sn _� n 2E�@n K� n 2e�

�

Doruv rq rewlhqw xqh ìtxdwlrq gh od iruph
+51464, +���� ' E6n ,�44�++��� n K+�+�� nE�64n:6n:,n K�6,�+2+�� n _+E+��2n43E���D

n6n , � �DK� 2D6, n �D_�+�+� n5E�4n6n , � K�6, n �2_�+Dc
Hq surfìgdqw gh od píph idêrq txh suìfìghpphqw rq rewlhqw
0 +fE%� ' �% /
0 +�E%� ' �% /
0 +2E%� ' �E;n 56, n 7Kn 76n 7, � _,6 �%3� *?E%� n %3�/

g*rü
+51465, _ ' H n 26, n eKn e6n e, 1

Sxlv
0 +�E%� ' 2EE�D n Kn �6n �,�, 6 �%3� *?E%� n %3�c

g*rü
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+51466, K ' ��6� �, � �D�
Sdu od vxlwh

0 +eE%� ' �57 *?E%�6, % n ��,262 n 57E,6�6� ,�,262% n �2%32 n ��%63� n �e%,3�c
hw o*ìtxdwlrq +51464, hvw lqvwdeoh1
Uhpdutxh 48 = hq surfìgdqw gh od píph pdqlëuh srxu oh fdv E e 9' f c s ' f� rquhwurxyh oh píph uìvxowdw +lqvwdelolwì,�

Ilqdohphqw/ srxu oh fdv + s 9' f , rq rewlhqw 6 fodvvhv g*ìtxdwlrqv dx{ lqglfhv ghIXFKV hqwlhuv glvwlqfwv hw grqw ohv ìtxdwlrqv uìgxlwhv vrqw vwdeohv/ fodvvìhv frpph vxlw =
Htxdwlrqv gh fodvvh YL =
+51467, +���� ' @+%,++��� n 2@+%,+�+�� � 2D@+%,2+2+�� � �D@+%,2+E+��2 n 22D@+%,�+�+�

� �S2D@+%,e+D n 8 E%c +�c
dyhf 8 grqqìh sdu +515, hw @ xqh irqfwlrq dqdo|wltxh hw qrq qxooh gdqv (�Hq xwlolvdqw od wudqvirupdwlrq W@ +yrlu fodvvh L,/ rq shxw vxssrvhu @ � �/ hw o*ìtxdwlrq+51467, dgphw e idploohv gh s÷ohv vlpsohv prelohv =+� G dr� ' �D( w ' fc �c 2o1+2 G dr2 ' ��f( w ' fc �c��o1+� G dr� ' ��D( w ' fc��c�eo1+e G dre ' �2f( w ' ��c�ec�Do1

Htxdwlrqv gh fodvvh YLL =
+51468, +���� ' K+%,+�+�� n �DK+%,2+2+�� n �DK+%,2+E+��2 � �S2DK+%,e+D n 8 E%c +�c

K xqh irqfwlrq dqdo|wltxh hw qrq qxooh gdqv (�Hq xwlolvdqw od wudqvirupdwlrq WK/ rq shxw vxssrvhu K � �/ hw +51468, dgphw e idploohvgh s÷ohv vlpsohv prelohv =
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+� G dr� ' �D( w ' �c 2c Do1+2 G dr2 ' �f( w ' �c 2c Do1+� G dr� ' �D( w ' Dc Sc��o1+e G dre ' �2f( w ' Dc ��c�Ho1
Htxdwlrqv gh fodvvh YLLL =
+51469, +���� ' S+%,+2+�� n S+%,+E+��2 � �DfS+%,2+D n 8 E%c +�c

S xqh irqfwlrq dqdo|wltxh hw qrq qxooh gdqv (�Hq xwlolvdqw xqh wudvirupdwlrq W+bc >c ),/ whooh txh
+5146:,

;AAAAA?AAAAA=
bE%� ' SE%�E32D�c
)�E%� ' SE%�E ��f�c
>E%� ' fc

rq shxw vxssrvhu = S � �c

o*dqdo|flwì gh S hqwudlqh fhooh gh b hw ) gdqv (1 Hw o*ìtxdwlrq +51469, dgphw 7 idploohvgh s÷ohv vlpsohv prelohv =
+� G dr� ' s�f( w ' �c 2c Do1+2 G dr2 ' �s�f( w ' �c 2c Do1+� G dr� ' s�f( w ' �ec Dc .o1+e G dre ' �2s�f( w ' �ec Dc .o1

51515 Hwxgh ghv ìtxdwlrqv frpsoëwhv =
Gdqv fh txl vxlw rq yd dssoltxhu od wurlvlëph ìwdsh gh od pìwkrgh gh EXUHDX dx{fodvvhv g*ìtxdwlrqv rewhqxhv dx ghvvxv/ srxu gìwhuplqhu ohv frh!flhqwv @fc Sfc S�c _fc efc e�c e2c sfcs�/ s2/ s�/ hw se1
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Htxdwlrqv gh fodvvh L =
Fhwwh fodvvh hvw grqqìh sdu
+5146;, +���� ' +�+�� n �H+2+�� n �e+E+��2 n �Se+�+� n 8 E%c +�c

dyhf 8 grqqìh sdu +515,/ hw dgphw ohv 6 idploohv gh s÷ohv vlpsohv prelohv =+� G dr ' e n esD( w ' �c �c eo1+2 G dr ' e� esD( w ' �c �c eo1+� G dr ' 2e( w ' �c bc�eo1
Hq xwlolvdqw xqh wudqvirupdwlrq W dyhf bc >c ) grqqìhv sdu
+5146<,

;AAAAA?AAAAA=
b� )� ' fc
b� n 97seb ' fc
>E%� ' fc

rq shxw vxssrvhu se � f/
o*dqdo|flwì gh sec hqwudlqh fhooh gh b hw ) gdqv (1Hq h�hw/ dsuëv uhpsodfhphqw gdqv +5146;,/ rq dxud =

+51473, de%RE�653U seE%�_%�ot ���� ' e%RE�653U seE%�_%� dt �t �� � �Ht 2t �� � �et Et ��2
� �Set �t �o n 8 E%c t �c

dt � ' _t_f oc dyhf oh frh!flhqw gh t e qxo1Hw sxlv hq pxowlsoldqw ohv ghx{ phpeuhv gh o*ìtxdwlrq sdu = % :$ de%RE653 U seE%�_%�otxl hvw dqdo|wltxh gdqv(/ hw hq uhyhqdqw ã qrv qrwdwlrqv kdelwxhoohv rq dxud xqh ìtxdwlrqgh píph iruph txh +5146;, dyhf se � f�
40 +� G dr ' e n esD( w ' �c �c eo G Rq srvh
+51474,

5997 + ' e n esD5 ( 5� ' � n 5�c
�E%� ' E �� ' fS k�E%�5E%��� n 5E%�e�E%�c
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dyhf k� hw k� duelwudluhv hw shxyhqw íwuh vxssrvìhv frpph ghv sdudpëwuhv frqvwdqwv hwk� E� ' fc 2� ghv irqfwlrqv dqdo|wltxhv ã gìwhuplqhu sdu od vxlwh1 Hw o*ìtxdwlrq +5146;, hvwìtxlydohqwh dx v|vwëph vxlydqw =
+51475,

;AAAA?AAAA=
5� ' �n �� ' fS k�5�n� n 5D�c5edE�4�s8�Ee5����� n 2H52��� n �25���o ' �E��f n�E��� 5 n ���n�E��e 5en 5DM�E%c 5c �c ��c ���c ������

Rq fkrlvlw ohv irqfwlrqv k� E� ' fc 2� gh whooh vruwh ã dyrlu = �E��� ' f E� ' fc 2�/ hw sdufrqvìtxhqw ohv F1Q1 gh vwdelolwì gx v|vwëph +51475, vrqw
+51476, �E��� ' f E� ' �c �c e� 1
0 Gh o*ìtxdwlrq �E��f ' f rq rewlhqw

kf ' �SE�nID� dE�6s8�6�@f n E45n7s8�E_fn5S���97Es8n5�e2o�
Dyhf xqh whooh h{suhvvlrq gh kfc ohv fdofxov yrqw ehdxfrxs vh frpsoltxhu sdu od vxlwh/qìdqprlqv ã o*dlgh g*xqh wdqvirupdwlrq W txl frqvhuyh ohv frh!flhqwv ghv whuphv grpl0qdqwv hw od frqglwlrq E se � f� hw gì�qlh sdu

+51477,
;AAAA?AAAA=

b � �c) � %c>E%� ' E�;� H�s8�ES�E%� n �2_fE%�� n Se� Es8n 5�e2E%� n Es8n 4�@fE%�c
rq srxuud vxssrvhu = �SE�nID� dE�6s8�6�@f n E45n7s8�E_fn5S���97Es8n5�e2o ' f/
hw sdu frqvìtxhqw dyrlu = kf ' f �

Doruv rq rewlhqw xqh ìtxdwlrq gh píph iruph txh +5146;, dyhf hq soxv
+F13,

597 se ' f(
�SE�nID� dE�6s8� 6�@f n E45n 7s8�E_f n 5S��� 97Es8n 5�e2o ' f�
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Sdu od vxlwh/rq d
+51478, �E��� ' E;s8n;�Sf n E845s8n4357�s� n E�65s8�<9�e� ' f1

O*ìtxdwlrq �E��2 ' f frqgxlw ã
k2 ' �SE�nID� d6Es8n��ef�45;E5ns8�k�e2�49Es8n6�k�_fn49Es8n6�k�S��57Es8n��s2o�
sxlv

+51479,�E��� ' H�E�nID� d9Es8n6�Sf�7;Es8n5�e�n589E8s8�44�S�e2� 2DSEDs8n���_fe2
�97E6s8n:�E_2f�e�2�nE;<9n6;7s8�S�_fnE97n65s8�E_�f�S����E4<5s8n77;�S2�ok�
n H�E�nID� d6Es8n ��s��<9E6s8n:�ES�s2 � _fs2�n57E2 ns8�E_fef � S�efn5s �2�
�E<n6s8�e�f ' f�

Hw ohv frh!flhqwv gh k2� hw k� gdqv �E��e vrqw uhvshfwlyhphqw =
+51479,

597 e� �EbneID� d45;E7:n 54s8�ES� � _f�� 4357E4:s8n 6;�e2o ' fc
e� �bneID� dE7;3s8n 4389�_f n E�5445� <93s8�S� ' f�

Hq uìvroydqw oh v|vwëph g*ìtxdwlrqv grqqìhv sdu +51477,/+51478, hw +51479, dyhf oh idlwtxh k� hw k� vrqw duelwudluhv rq dxud =
+F14,

597 s� ' �5E4ns8�ES�ef n 5s �2� n 49E6ns8�S�s2 n e�fce� ' �HEs8� 4�Sf ( _f ' 2S� ( e2 ' �HE4�s8�S� ( s� ' f�
Hq whqdqw frpswh ghv uìvxowdwv rewhqxv rq sdvvh ã od idplooh vxlydqwh1
50 +2 G dr ' e� esD( w ' �c �c eo G Rq srvh
+5147:,

5997 + ' e� esD5 c 5� ' � n 5�c
�E%� ' E �� ' fS q�E%�5E%��� n 5E%�e�E%�c
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dyhf q�hw q� duelwudluhv hw shxyhqw íwuh vxssrvìhv frpph sdudpëwuhv frqvwdqwv hw q�E� 'fc 2� ghv irqfwlrqv dqdo|wltxhv ã gìwhuplqhu1 Dlqvl +5146;, hvw ìtxlydohqwh dx v|vwëphvxlydqw =
+5147;,

;AAAA?AAAA=
5� ' �n �� ' fS q�5�n� n 5D�c5edE�� nsD�Ee 5����� n 2H 52��� n �2 5��o ' �E2�f n�E2�� 5 n ���n�E2�e 5en 5DM�E%c 5c �c ��c ���c ������

Rq fkrlvlw ohv irqfwlrqv q� E� ' fc 2� gh whooh vruwh ã dyrlu = �E2�� ' f E� ' fc 2�c hw ohvF1Q1 gh vwdelolwì gx v|vwëph +5147;, vrqw
+5147<, �E2�� ' f E� ' �c �c e� 1
0 Gh o*ìtxdwlrq �E2�f ' f rq d = qf ' f�Sxlv rq d
+51483, �E2�� ' � �2bEID3��2 EE96s8�468�Sf n E77;s8�973�S2� n E�693n:5s8�S��� ' f�

O*ìtxdwlrq �E2�2 ' f frqgxlw ã
q2 ' �DeE�ID3.�E�<33n873s8�S��� n E85;3n6;7s8�S�S�� n E56:9�43;3s8�s2

nE4953�;5;s8�S�Sf n E6853�:693s8�S�� n E5493�433;s8�q�S�
nE;4s8�4;<�ef��

Oh frh!flhqw gh q2� gdqv �E2�e hvw = H2e� �f�SHE�ID3.�EID3��2 E�456s8n5:8�S� ' fc sdu frqvìtxhqw
rq rewlhqw+F4, k S� ' f�

Sdu od vxlwh/
+51484, �E2�� ' � 2DSE�ID3.�EID3��� EdE63:;s8�9;;8�Sfoq� n E:947s8�4:343�s �2� ' f�
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+51485, �E2�e ' ��ID3.EdE�:85n669s8�ef n E43;;3�7;97s8�s2oq� n E8:9�589s8�s ��2nE�77n53s8�e��f n E457s8�5:9�Sfef n E�4933s8n68;7�Sfs2
�E:n6s8�sf� ' f�

Hq uìvroydqw ohv ìtxdwlrqv grqqìhv sdu +51483,/ +51484, hw +51485, dyhf oh idlw txh q�hvw duelwudluh rq rewlhqw idflohphqw
+F16,

597 ef ' E�5s8n 43�s2 ( sf ' f(
Sf ' f ( s2 ' gc g frqvwdqwh frpsoh{h txhofrqtxh1

Uhyhqrqv pdlqwhqdqw ã od frqglwlrq E �E��e ' f� gh +�c txl ghylhqw
+51486, �E��e ' �Se ��nIDgE2D n ��sD�k� ' fc doruv rq d
+F17,k g ' f�
Srxu +� ohv F1Q1 gh vwdelolwì vrqw yìul�ìhv/ pdlv vdqv grqqhu gh qrxyhdx{ uìvxowdwv1Doruv hq vlpsol�dqw ohv uìvxowdwv rewhqxv/ ã vdyrlu +F13,/111/+F17,/ rq dxud =
+F1i *it,� @f ' Sf ' S� ' _f ' ef ' e� ' e2 ' se ' s� ' s2 ' s� ' sf ' f�
Ilqdohphqw grqf/ srxu txh o*ìtxdwlrq +5146;, vrlw vwdeoh/ lo hvw qìfhvvdluh txhooh vrlwgh od iruph vxlydqwh =
+51487, +���� ' +�+�� n �H+2+�� n �e+E+��2 n �Se+�+��

Htxdwlrqv gh fodvvh LL =
Fhwwh fodvvh hvw grqqìh sdu
+51488, +���� ' ++��� n ��2 +�+�� � �2+2+�� � .e+E+��2 n �H+�+� n 8 E%c +�c

hw dgphw ohv 6 idploohv gh s÷ohv vlpsohv prelohv =
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+� G dr ' �2( w ' fc 2c eo1+2 G dr ' �H( w ' fc Dc�Do1+� G dr ' ��2( w ' Dc��c�So1
Hq xwlolvdqw xqh wudqvirupdwlrq W/ dyhf bc >c ) grqqìhv sdu
+51489,

;AAAA?AAAA=
b� )� ' fc
�Hb� n seb ' fc> � fc rq shxw vxssrvhu se � f/

o*dqdo|flwì gh se hqwudlqh fhooh gh b hw ) gdqv (1
40 +� G dr ' �2( w ' fc 2c eo = Rq srvh
+5148:,

597 + ' �25 ( 5� ' � n 5�c
�E%� ' E �� ' fS k�E%�5E%��� n 5E%�e�E%�c

dyhf kf hw k2 duelwudluhv hw shxyhqw íwuh vxssrvìhv frpph sdudpëwuhv frqvwdqwv1 Dlqvlo*ìtxdwlrq +51488, hvw ìtxlydohqwh dx v|vwëph
+5148;,

;AAAA?AAAA=
5� ' �n �� ' fS k�5�n� n 5D�c5ed2 5����� n �H 52��� n �f 5��o ' �E��f n�E��� 5 n ���n�E��e 5en 5DM�E%c 5c �c ��c ���c ������

Rq fkrlvlw ohv irqfwlrqv k�E� ' �c �� gh whooh vruwh ã dyrlu = �E��� ' f E� ' �c ��/ hw ohvF1Q1 gh vwdelolwì gx v|vwëph +5148;, vrqw
+5148<, �E��� ' f E� ' fc 2c e� 1
0 Gdqv oh exw gh vlpsol�hu ohv h{shvvlrqv �E��� c srxu plhx{ dssoltxhu od pìwkrgh/ rqyd xwlolvhu xqh wudqvirupdwlrq W/ gì�qlh sdu
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+51493,
;AAA?AAA=

b � �) � %>E%� ' �e2E%�� �2@fE%�� �2_fE%�c
srxu srxyrlu vxssrvhu = _f n 2e2 n �@f ' f1G*dsuëv ohv ydohxuv gh b hw )/ ohv frh!flhqwv ghv whuphv grplqdqwv hw od frqglwlrq Ese � f� vrqw frqvhuyìv sdu fhwwh ghuqlëuh wudqvirupdwlrq/ doruv rq rewlhqw xqh ìtxdwlrqgh píph iruph txh +51488, dyhf hq soxv =

+F13, 57 se ' fc_f n 2e2 n �@f ' f�
Sdu od vxlwh/ rq d = �E��f ' HS� ' fc g*rü
+F14, k S� ' f�
0 �E��� ' f frqgxlw ã = k� ' ��k2f � e�e2kf � e�s� � 2�e� � 2�Sf�Hw sxlv rq d
+51494, �E��2 ' E�S� e2 � 2�@f�k2f n E�;e�2 n �2� e22n5Sfn49s� n �2� @fe2n7e��kf

n�S� @fSf�;s ���7e���7S�fn7s2n5ef n �S� e2Sf n �S� e2e�n�2� e2s� n �2� @fs� n �S� @fe� ' f�
Hq uìvroydqw ohv ìtxdwlrqv grqqìhv sdu +51494, +kf duelwudluh, rq rewlhqw =
+F16,

597 s2 ' �<e2Sf n e��2 � 69e2e�2 n �eS�f n �2e�� � �2ef � 9e2e� n 477e2�@f ' ;e2 ( s� ' �2e�2 � 9e22 � �HSf � �ee��
D fdxvh gh od frpsoh{lwì gh o*h{shvvlrq �E��e crq sdvvh ã od idplooh vxlydqwh/ sdu odvxlwh/ dsuëv dyrlu hx soxv gh frqglwlrqv/ hw sdu frqvìtxhqw �E��e vhud soxv vlpsoh/ rquhylhqgud srxu od wudlwhu1
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50 +2 G dr ' �Hc w ' fc Dc�Do = Rq srvh
+51495,

597 + ' �H5 ( 5� ' � n 5�c
�E%� ' E e� ' fS q�E%�5E%��� n 5E%�D�E%�c

dyhf qf duelwudluh hw shxw íwuh vxssrvìh frpph sdudpëwuh frqvwdqw1 Dlqvl +51488, hvwìtxlydohqwh dx v|vwëph vxlydqw
+51496,

;AAAA?AAAA=
5� ' �n e� ' fS q�5�n� n 5S�c5DdH 5����� n �ee 52��� n D2H 5��o ' �E2�f n�E2�� 5 n ���n�E2�D 5Dn5SM�E%c 5c �c ��c ���c ������

Rq fkrlvlw ohv irqfwlrqv q� E� ' ���e� gh whooh vruwh ã dyrlu = �E2�� ' f E� ' ���e�/ hw ohvF1Q1 gh vwdelolwì gx v|vwëph +51496, vrqw
+51497, �E2�� ' f E� ' fc D� 1
0 Gh �E2�f ' �.SHe2 ' f/ rq rewlhqw lppìgldwhphqw
+F17, k e2 ' f�
Dydqw gh frqwlqxhu dyhf +2c uhyhqrqv ã od frqglwlrq +�E��e ' f, gh od idplooh suìfìghqwh/txl ghylhqw
+51498, �E��e ' Hbs�k�f n EHbS�f � 2�ef � Hfb s ���k2f n E� H�S��f n e�s� n efb s�Sf � �Sfb s2�

n�2� s ��� n 2e�f�kf n �Ss� k2 � H�s ���� n sf � efb s ��Sf � Seb s�S�fn�D2b s�s �� � 2s �� n H�efs� � 2�efSf n 2�S���f n ebSfS�f ' f�
Hq uìvroydqw ohv ìtxdwlrqv grqqìhv sdu fhwwh ghuqlëuh h{suhvvlrq +kf/ k2 duelwudluhv,/rq rewlhqw
+F18,

597 ef ' e�S�f ( sf ' � 2�S���f n ebSfS�f(Sf ' Sf ( s� ' f ( s� ' f�
:4



Sdu od vxlwh/ hq gìwhuplqdqw ohv irqfwlrqv q� ghv ìtxdwlrqv �E2�� ' f +� ' ���e,c ohfrh!flhqw �E2�D vhud lghqwltxhphqw qxo1 Hw sxlv/ hq dssoltxdqw od pìwkrgh dyhf +�/ odF1Q1 gh vwdelolwì +�E��D ' f , vhud yìul�ìh/ pdlv vdqv grqqhu gh qrxyhdx{ uìvxowdwv1Ilqdohphqw hq vlpsol�dqw ohv uìvxowdwv rewhqxv/ ã vdyrlu +F13,/111/+F18,/ rq dxud
+F1i *it,

597 ef ' e�S�f( e� ' ��2Sf( s2 ' � �SS�f( sf ' �2�S���f n ebSfS�f(@f ' S� ' _f ' e2 ' se ' s� ' s� ' f�
Dlqvl/ o*ìtxdwlrq +51488, ghylhqw gh od iruph vxlydqwh =
+51499, +���� ' ++��� n ��2 +�+�� � �2+2+�� � .e+E+��2 n �H+�+� n Sf+�� n E� �2Sf+ n e�S�f�+���SS�f+2 � 2�S���f n ebSfS�f�

dyhf Sf xqh irqfwlrq dqdo|wltxh gdqv (�
Htxdwlrqv gh fodvvh LLL =

Fhwwh fodvvh hvw grqqìh sdu
+5149:, +���� ' ++��� n D2+�+�� � �H+2+�� � �e+E+��2 n ��S+�+� n 8 E%c +�c

hw dgphw ohv 6 idploohv gh s÷ohv vlpsohv prelohv =
+� G dr ' �e ( w ' fc �c �o1+2 G dr ' �H ( w ' fc �c��o1+� G dr ' ��2 ( w ' �c��c�eo1Hq xwlolvdqw xqh wudqvirupdwlrq W/ gì�qlh sdu
+5149;,

;AAAA?AAAA=
)� � b ' fc)�� � �)� ' fc> ' �e@f � eS� n S)��)� c

whooh txh � hvw xqh irqfwlrq dqdo|wltxh grqqìh sdu o*ìtxdwlrq gh ULFDWWL vxlydqwh
+5149<, �� ' �2�2 n E2@�f � �DSf n �SD @fS� n 2S�� n SD@2f n 2S2��c:5



rq shxw vxssrvhu =
+F13, k @f ' �S�c Sf ' f�
40 +� G dr ' �ec w ' fc �c �o = Rq srvh
+514:3,

597 + ' �e5 ( 5� ' � n 5�c
�E%� ' E 2� ' fS k�E%�5E%��� n 5E%���E%�c

dyhf kf hw k� duelwudluhv hw shxyhqw íwuh vxssrvìhv frpph sdudpëwuhv frqvwdqwv1 Dlqvlo*ìtxdwlrq +5149:, hvw ìtxlydohqwh dx v|vwëph vxlydqw
+514:4,

;AAAA?AAAA=
5� ' �n 2� ' fS k�5�n� n 5e�c5�de 5����� n �2 52��� n eH 5��o ' �E��f n�E��� 5 n�E��2 52 n�E��� 5�n 5eM�E%c 5c �c ��c ���c ������

Rq fkrlvlw od irqfwlrq k2 gh whooh vruwh ã dyrlu = �E��2 ' f/ hw ohv F1Q1 gh vwdelolwì gxv|vwëph +514:4, vrqw
+514:5, �E��� ' f E� ' fc �c �� 1
0 Rq d
+514:6,

597 �E��f ' HS� n See2 n 2DSse n �S_f ' fc
�E��f ' ESee2 n �2_f�kf � Ses� � �Se� ' f�

Gh �E��2 ' f rq dxud = k2 ' Ekf�7_f�;e2�k� � �2k�f n E�5_f n �2S��k2fn5e�kf � �2ef�5s2�
Ohv frh!flhqwv gh k�f hw Ekfk�� gdqv �E��� vrqw uhvshfwlyhphqw

+514:7,
597 45S� � 65e2 � 65_f ' fc

65_f � 57S� ' f�
Hq uìvroydqw ohv ìtxdwlrqv grqqìhv sdu +514:6/4:7, + kfc k� duelwudluhv, rq dxud =
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+F14, 57 e2 ' ��2_f ( se ' �eH_fcS� ' e�_f ( e� ' �es��
Sdu od vxlwh/ oh frh!flhqw �E��� ghylhqw
+514:8, �E��� ' Ses�k� � Ses�k2f n ESes �� � �Ss2 n 2DS� _fs��kf n �S� _fef

n�Ss �2 n Se� _fs2 n ee�f � es� ' fc
g*rü rq rewlhqw lppìgldwhphqw

+F15, k s� ' f ( s2 ' f ( s� ' e�_fef n e�f�
Srxu ohv idploohv +2 hw +�/ ohv F1Q1 gh vwdelolwì vrqw yìul�ìhv vdqv grqqhu gh qrxyhdx{uìvxowdwv1 Doruv gh +F13,/+F14,/ hw +F15, rq d
+F1i *it,57 @f ' � e�_f ( S� ' e�_f ( e2 ' ��2_f ( se ' �eH_f(s� ' e�_fef n e�f ( Sf ' s� ' s2 ' e� ' f�

Hw o*ìtxdwlrq +5149:, ghylhqw
+514:9, +���� ' ++��� n D2+�+�� � �H+2+�� � �e+E+��2 n ��S+�+� � e�_f+��� n e�_f++�� n _fE+��2

nE��2_f+2 n ef�+� n �eH_f+e n Ee�_fef n e�f�+ n sfc
dyhf _fc efc hw sf ghv irqfwlrq dqdo|wltxh gdqv (�
Htxdwlrqv gh fodvvh LY =

Fhwwh fodvvh hvw grqqìh sdu
+514::, +���� ' ++��� n �f� +�+�� � eb+2+�� � Hb+E+��2 n 22.+�+� n 8 E%c +�c

hw dgphw ohv 6 idploohv gh s÷ohv vlpsohv prelohv =
+� G dr ' ��( w ' fc 2c �o1
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+2 G dr ' �b( w ' fc �c�eo1+� G dr ' ��2( w ' �c��c�eo1Hq xwlolvdqw xqh wudvirupdwlrq W/ dyhf bc >c ) grqìhv sdu
+514:;,

;AAAA?AAAA=
b ' )�c)�� � })� ' fc> ' �b@f � bS� n S)��)� c

whooh txh } hvw xqh irqfwlrq dqdo|wltxh grqqìh sdu o*ìtxdwlrq gh ULFDWWL vxlydqwh
+514:<, }� ' �2}2 n E�HD @2f n b2S2� n �S�� n �@�f n H��f@fS� � ��fSf�crq shxw vxssrvhu
+F13, k @f ' �S� ( Sf ' f�
40 +� G dr ' ��c w ' fc 2c �o = Rq srvh
+514;3,

597 + ' ��5 ( 5� ' � n 5�c
�E%� ' E 2� ' fS k�E%�5E%��� n 5E%���E%�c

dyhf kf hw k2 duelwudluhv hw shxyhqw íwuh vxssrvìhv frpph sdudpëwuhv frqvwdqwv1 Dlqvlo*ìtxdwlrq +514:<, hvw ìtxlydohqwh dx v|vwëph vxlydqw
+514;4,

;AAAA?AAAA=
5� ' �n 2� ' fS k�5�n� n 5e�c5�d� 5����� n 2� 52��� n 2e 5��o ' �E��f n�E��� 5 n�E��2 52 n�E��� 5�n 5eM�E%c 5c �c ��c ���c ������

Rq fkrlvlw od irqfwlrq k� gh whooh vruwh ã dyrlu = �E��� ' fc hw ohv F1Q1 gh vwdelolwì gxv|vwëph +514;4, vrqw
+514;5, �E��� ' f E� ' fc 2c �� 1
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0 Rq d
+514;6, �E��f ' b_f n H�se n 2.e2 ' f�

Gh o*ìtxdwlrq �E��� ' f rq d = k� ' �2k2f n E�_f � �2S� n b2e2�kf � �2e� � b2s��
Oh frh!flhqw gh k2f gdqv �E��2 hw fhoxl gh k2 gdqv �E��� vrqw uhvshfwlyhphqw

+514;7,
597 �H�2 e2 n �S� � �H_f ' fc

�H_f n 2.e2 � bS� ' f�
Hq uìvroydqw ohv ìtxdwlrqv grqqìhv sdu +514;6/4;7, rq rewlhqw
+F14, k S� ' S._f ( se ' �S�_f ( e2 ' � H2�_f �
Sdu od vxlwh/
+514;8, �E��2 ' Ebe� n Des��kf n �ef � 2.. _fe� � H�. _fs� n bs2 � be�� � 2.s �� ' f�
+514;9, �E��� ' Ebe� n H�2 s��k2f n E� H�2 s �� � 2.2 e�� � De. _fe� n �ef � �S2. _fs��kf

��s� n 2.2 s ��� n b2e��� � 2e�2 s2� n 2.. _fe�� n H�. _fs �� � H�2 e�s� ' f�
Hw dsuìv uìvroxwlrq ghv ìtxdwlrqv grqqìhv sdu +514;8/4;9, +kf hvw duelwudluh,/ rq dxud

+F15, k e� ' s� ' s� ' ef ' s2 ' f�
Srxu ohv idploohv +2 hw +�/ ohv F1Q1 gh vwdelolwì vrqw yìul�ìhv/ pdlv vdqv grqqhu ghqrxyhdx{ uìvxowdwv/ doruv gh +F13,/+F14,/ hw +F15, rq d
+F1i *it,

597 @f ' � S._f( S� ' S._f( e2 ' � H2�_f( se ' �S�_f(Sf ' ef ' e� ' s� ' s2 ' s� ' f�
Hw o*ìtxdwlrq +514::, ghylhqw
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+514;:, +���� ' ++��� n �f� +�+�� � eb+2+�� � Hb+E+��2 n 22.+�+� � S._f+��� n S._f++��
n_fE+��2 � H2�_f+2+� n �S�_f+e n sfc

dyhf _f hw sf ghv irqfwlrqv dqdo|wltxhv gdqv (�
Htxdwlrqv gh fodvvh Y =

Srxu wrxw & 5 ]� i � �c�ec�Sc �c ec Sj/ fhwwh fodvvh hvw grqqìh sdu
+514;;, +���� ' ++��� n �&23b&23�+�+� n �2&23�+2+�� n 2e&23�+E+��2 � �2&23�+�+� n 8 E%c +�c

hw dgphw ohv 6 idploohv gh s÷ohv vlpsohv prelohv =
+� G dr ' �2( w ' �c 2c �o1+2 G dr ' & � �( w ' �c Dc & � �o1+� G dr ' �& � �( w ' �c Dc�& � �o1Hq xwlolvdqw xqh wudvirupdwlrq W/ dyhf bc >c ) grqqìhv sdu
+514;<,

;AAAA?AAAA=
b ' )�c)�� � �bf d69@f � _fE&2 � :� n E&2 n 44�E5se n e2 n S��o)� ' fc
> ' �bfE�7<n &2�dS� n 78se n e2o n �bfE�&2 � 56�_f � �D@fc

rq shxw vxssrvhu =
+F13,

597 ;S� n ;e2 n 49se n 7_f n 45@f ' fc
E&2 � 46�@f n E&2 � 4�_f ' fc

o*dqdo|flwì gh @fcS�c _fc e2c se chqwudlqh fhooh gh bc > hw )1
40 +� G dr ' �2c w ' �c 2c �o G Rq srvh
+514<3,

597 + ' �25 ( 5� ' � n 5�c
�E%� ' E 2� ' fS k�E%�5E%��� n 5E%���E%�c

::



dyhf k�E� ' �c 2� duelwudluhv hw shxyhqw íwuh vxssrvìhv frpph sdudpëwuhv frqvwdqwv1 Hwo*ìtxdwlrq +514;;, vhud ìtxlydohqwh dx v|vwëph
+514<4,

;AAAA?AAAA=
5� ' �n 2� ' fS k�5�n� n 5e�c5�d2 5����� n �2 52��� n �2 5��o ' �E��f n�E��� 5 n�E��2 52 n�E��� 5�n 5eM�E%c 5c �c ��c ���c ������

Rq fkrlvlw od irqfwlrq kf gh whooh vruwh ã dyrlu = �E��f ' f/ hw ohv F1Q1 gh vwdelolwì gxv|vwëph +514<4, vrqw
+514<5, �E��� ' f E� ' �c 2c �� 1
0 Gh o*ìtxdwlrq �E��f ' f rq d = kf ' f�Sdu od vxlwh/
+514<6,

5999997
�E��� ' �Hs� � eSf � ee� ' fc
�E��2 ' �&23�� dE��SE��� n &2�se � eH_fok� n es2 n 2efc
�E��� ' E 3.2&23��_f n ee2 � Hse�k2 n E�eSf � ee��k� � 2s� ' f�

Hq uìvroydqw ohv ìtxdwlrqv grqqìhv sdu +514<7, +k�/ k2 duelwudluhv,/ rq dxud
+F14,

597 e2 ' �ese ( s2 ' ��2ef ( _f ' ���E&2 � 46�se(Sf ' �e� ( s� ' s� ' f�
50 +2 G dr ' & � �( w ' �c Dc & � �o = Rq srvh
+514<7,

597 + ' & � �5 ( 5� ' � n 5�c
�E%� ' E e� ' fS q�E%�5E%��� n 5E%�D�E%�c

dyhf q� duelwudluh hw shxw íwuh vxssrvìh frpph sdudpëwuh frqvwdqw1 Dlqvl +514;;, hvwìtxlydohqwh dx v|vwëph vxlydqw
:;



+514<8,
;AAAA?AAAA=

5� ' �n e� ' fS q�5�n� n 5S�c5DdE& � ��E� 5����� n E& � ��� 52��� n �E& � .� 5���o ' �E2�f n�E2�� 5 n ���n�E2�D 5D n 5SM�E%c 5c �c ��c ���c ������
Rq fkrlvlw ohv irqfwlrqv q� E� ' f��2c e� gh whooh vruwh ã dyrlu = �E2�� ' f E� ' f��2c e�/ hwohv F1Q1 gh vwdelolwì gx v|vwëph +514<8, vrqw
+514<9, �E2�� ' f E� ' �c D� 1
0 Dsuëv gìwhuplqdwlrq ghv q� ghv ìtxdwlrqv �E2�� ' f E� ' f��2�/ rq dxud
+514<:, �E2�� ' E&23��2S Ee�s �e n 2see�� n seef�� &23�2 Ee��� n e�f�� E&23����H e�s2e ' f�

Hw hq gìwhuplqdqw qe gh o*ìtxdwlrq �E2�e ' f/ oh frh!flhqw gh q� gdqv �E2�D vhud grqqìsdu
+514<;, �2�s �e � 2E&23��b s2e ' fc

txl hvw xqh ìtxdwlrq gh ULFDWWL/ hw dgphw ohv vroxwlrqv vxlydqwhv =
+F15,

597 se � f/rx seE%� ' �E&2 � 4�%n 6gc g frqvwdqwh frpsoh{h txhofrqtxh1
�, fdv = se � f = Doruv gh o*ìtxdwlrq +514<:, rq d
+F16, k ef ' �e�� ng�c dyhf g� frqvwdqwh frpsoh{h txhofrqtxh1

Sdu od vxlwh/
+514<<, �E2�D ' s �f n �2eE&2 � ��Ee����� n Ee���2 �g�e�� n e�e��� � 2g2�� ' fc

hw hq lqwìjudqw xqh irlv rq dxud
+F17, k sf ' �2eE&2 � ��E�e���� � e�e�� ng�e� n 2g2�%� ng2c
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dyhf g2 frqvwdqwh frpsoh{h txhofrqtxh1Srxu od idplooh +�/ ohv F1Q1 gh vwdelolwì vrqw yìul�ìhv/ pdlv vdqv grqqhu gh qrxyhdx{uìvxowdwv/ doruv gh +F13,/111/ +F17, rq d =
+F1i *it,

5999997
Sf ' �e� ( ef ' �e�� ng� ( s2 ' � �2E�e�� ng��(sf ' �2eE&2 � ��E�e���� � e�e�� ng�e� n 2g2�%� ng2(@f ' _f ' S� ' e2 ' se ' s� ' s� ' f�

Hw o*ìtxdwlrq +514;;, ghylhqw
+51533, +���� ' ++��� n �&23b&23�+�+�� n �2&23�+2+�� n 2e&23�+E+��2 � �2&23�+�+� �e�+�� n e�++�

nE�e�� ng��+� � �2E�e�� ng��+2 n �2eE&2 � ��E�e���� � e�e��
ng�e� n 2g2�%� ng2c

dyhf e� xqh irqfwlrq dqdo|wltxh gdqv ( hw g�cg2 ghv frqvwdqwhv frpsoh{hv txhofrqtxhv1
��, fdv = seE%� ' �E&2 � ��%n �g G Gdqv oh exw gh vlpsol�hu ohv fdofxov/ rq uhpsodfh

+%n 6g&2 � 4� sdu %1 O*ìtxdwlrq +514<:, ghylhqw
+51534, &23�2 d�Ee��� n e�f�� �%e�� � 2%2e� n �%efo ' fc

hq pxowlsoldqw ohv ghx{ phpeuhv gh +51534, sdu %3�c sxlv hq lqwìjudqw xqh irlv rq dxud
+F�16, k ef ' �e�� n %3�e� ng�%c g� frqvwdqwh frpsoh{h txhofrqtxh1

Sdu od vxlwh/
+51535, �E2�D ' &23�2e Ee����� n e�e��� n Ee���2 �g�e��%� 2g2�%2 � 2g�e�� n s �f n �%sf ' f/

hw hq pxowlsoldqw ohv ghx{ phpeuhv gh +51535, sdu % / sxlv hq lqwìjudqw xqh irlv/ rq dxud
+F�17, � sf ' g23�2e d�Ee���� n e�e��� n Ee��� n �2e2��%3� ng�%e� n �2g2�%�o nge%c

;3



dyhf ge xqh frqvwdqwh frpsoh{h txhofrqtxh1Ohv F1Q1 gh vwdelolwì vrqw yìul�ìhv dyhf od idplooh +�/ pdlv vdqv grqqhu gh qrxyhdx{uìvxowdwv/ doruv gh +F13,/+F14,/+F15,/+F�6, hw +F�17, rq d =

+F1i *it,

599999999999997

@fE%� ' �% ( S�E%� ' ��% ( _fE%� ' �&23��&23� �% ( e2E%� ' � �2&23� �% (SfE%� ' �e�E%� ( s2E%� ' �2Ee��E%�� %3�e�E%��g�� ( s�E%� ' f(
efE%� ' �e��E%� n %3�e�E%� ng�% ( seE%� ' �&23� �% ( s�E%� ' f(
sfE%� ' &23�2e d�Ee���� E%� n e�E%�e��E%�� n Ee���E%� n �2e2�E%��%3�

ng�%e�E%� n �2g2�%�o nge%3��
Hw o*ìtxdwlrq +514;;, +txl uhsuìvhqwhud sdu od vxlwh od fodvvh Y�, ghylhqw

+51536, +���� ' ++��� n �&23b&23�+�+� n �2&23�+2+�� n 2e&23�+E+��2 � �2&23�+�+� n �%E+��� � ++��
�&23��&23� E+��2��e�E+���++��nE�e��E%�n%3�e�E%�ng�%�E+���2+2�
n&23�2e d�e���� � e�e�� n Ee��� n �2e2��%3� ng�%e� n �2g2�%�o nge%3�c

dyhf e� xqh irqfwlrq dqdo|wltxh gdqv ( hw g�cge ghv frqvwdqwhv frpsoh{hv txhofrqtxhv1
Htxdwlrqv gh fodvvh YL =

Fhwwh fodvvh hvw grqqìh sdu
+51537, +���� ' ++��� n 2+�+�� � 2D+2+�� � �D+E+��2 n 22D+�+� � �S2D@e+D n 8 E%c +�c

hw dgphw ohv 7 idploohv gh s÷ohv vlpsohv prelohv =
+� G dr ' �D( w ' fc �c 2o1+2 G dr ' ��f( w ' fc �c��o1+� G dr ' ��D( w ' fc��c�eo1+e G dr ' �2f( w ' ��c�ec�Do1
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Hq xwlolvdqw xqh wudvirupdwlrq W/ gì�qlh sdu
+51537,

;AAA?AAA=
b � �c) � %c> � �@fc / rq shxw vxssrvhu = +F13, k @f ' f�

40 +� G dr ' �D( w ' fc �c 2o = Rq srvh
+51538,

597 + ' �D5 ( 5� ' � n 5�c
�E%� ' E �� ' fS k�E%�5E%��� n 5E%�2�E%�c

dyhf kf hw k� duelwudluhv hw shxyhqw íwuh vxssrvìhv frpph sdudpëwuhv frqvwdqwv1 Hwo*ìtxdwlrq +51537, hvw ìtxlydohqwh dx v|vwëph vxlydqw
+51539,

;AAAA?AAAA=
5� ' � n 5Ekf n k�5 n 52��c52dD 5����� n �f 52��� n �f 5��o ' �E��f n�E��� 5 n�E��2 52n5�M�E%c 5c �c ��c ���c ������

Ohv F1Q1 gh vwdelolwì gx v|vwëph +51539, vrqw
+5153:, �E��� ' f E� ' fc �c 2� 1
0 Rq d =

+5153;,
599999999997

�E��f ' DfS� n 2D_f n �2De2 n S2Dse ' fc
�E��� ' E2D2 _f � �2D2 e2 � �H.D2 se�kf � E�fSf n �2Ds� n 2De�� ' fc
�E��2 ' E2D_f � S2Dse�k� � E�2D2 _f n �2D2 e2 n S2D2 se�k2f

�E�DSf n 2De��kf n Def n 2Ds2 ' f
Hq uìvroydqw ohv ìtxdwlrqv grqqìhv sdu +5153;, +kfc k� duelwudluhv, rq dxud
+F14, 57 s2 ' � �Def ( e� ' � �DSf(s� ' �2DSf ( _f ' se ' e2 ' f�

;5



Srxu ohv idploohv +2 hw +�/ ohv F1Q1 gh vwdelolwì vrqw yìul�ìhv vdqv grqqhu gh qrxyhdx{uìvxowdwv1 Doruv gh +F13, hw +F14, o*ìtxdwlrq +51537, ghylhqw
+5153<, +���� ' ++��� n 2+�+�� � 2D+2+�� � �D+E+��2 n 22D+�+� � �S2D+D n SfE+�� � �D++� n �2D+��nefE+� � �D+2� n s�+ n sf/

dyhf Sfc efc sfc s� ghv irqfwlrqv dqdo|wltxhv gdqv (1
Htxdwlrqv gh fodvvh YLL =

Fhwwh fodvvh hvw grqqìh sdu
+51543, +���� ' +�+�� n �D+2+�� n �D +E+��2 � �S2D +D n 8 E%c +�chw dgphw ohv 7 idploohv gh s÷ohv vlpsohv prelohv =
+� G dr ' �D( w ' �c 2c Do1+2 G dr ' �f( w ' �c 2c Do1+� G dr ' �D( w ' Dc Sc��o1+e G dr ' �2f( w ' Dc ��c�Ho1Hq xwlolvdqw xqh wudqvirupdwlrq W/ dyhf b />/) grqqìhv sdu
+51544,

;AAAA?AAAA=
)�� n e2)� ' fcb� n e2b ' fc> � fc rq shxw vxssrvhu G +F13, k e2 ' f�

40 +� G dr ' �D( w ' �c 2c Do = Rq srvh
+51545,

597 + ' �D5 ( 5� ' � n 5�c
�E%� ' E e� ' fS k�E%�5E%��� n 5E%�D�E%�c

dyhf k� hw k2 duelwudluhv1 Dlqvl o*ìtxdwlrq +51543, hvw ìtxlydohqwh dx v|vwëph vxlydqw
;6



+51546,
;AAAA?AAAA=

5� ' �n e� ' fS k�5�n� n �5Sc
5DdD 5����� n Df 52��� n �ff 5��o ' �E��f n�E��� 5 n ���n�E��D 5Dn5SM�E%c 5c �c ��c ���c ������

Rq fkrlvlw ohv irqfwlrqv k� +� ' fc �c e� gh whooh vruwh ã dyrlu = �E��� ' f E� ' fc �c e�/hw ohv F1Q1 gh vwdelolwì gx v|vwëph +51546, vrqw
+51547, �E��� ' f E� ' �c 2c D� 1
0 O*ìtxdwlrq �E��f ' f frqgxlw ã = kf ' �E�f@f n DfS� n S2Dse n 2D_f�1Hq xwlolvdqw xqh wudqvirupdwlrqW txl frqvhuyh od frqglwlrq Ee2 � f� hw txl hvw gì�qlhsdu
+51548, ;?= b � �( ) � %(> � � �2@f � D2S� � �2De se � De_fcrq srxuud vxssrvhu
+F14, k �f@f n DfS� n S2Dse n 2D_f ' f�

hw sdu frqvìtxhqw rq dxud = kf ' f �
Sdu od vxlwh/ rq d
+51549,

597 �E��� ' �fSf � �2Ds� � 2De� ' fc
�E��2 ' EDf_f n DfS� n ef@f�k� n Def n 2Ds2 ' f�

Dsuëv dyrlu gìwhuplqhu k� hw ke ghv ìtxdwlrqv �E��� ' f E� ' �c e�c ohv frh!flhqwv ghk2� hw k�k2 gdqv �E��D vhurqw uhvshfwlyhphqw gh od iruph
+5154:,

597 � 2D�2S�@f � 2De e� � �2D�2 S�_f n �2DS _f@f n �2DS _2f n �f� @2f � 2D2 _�f 2D@�f ' fc
�2D_f n 2D2 S� ' f�

;7



Hq uìvroydqw ohv ìtxdwlrqv grqqìhv sdu +51549/54:, +k�c k2 duelwudluhv, rq dxud =
+F15,

597 s2 ' ��Def ( S� ' 2_f ( @f ' ��De _f ( se ' � �Df_f(e� ' �D2_2f � �2_�f ( s� ' �2_2f n ��f_�f � 22DSf�
50 +2 G dr ' �f( w ' �c 2c Do = Rq srvh
+5154;,

597 + ' �f5 ( 5� ' � n 5�c
�E%� ' E e� ' fS q�E%�5E%��� n 5E%�D�E%�c

dyhf q� hw q2 duelwudluhv/ hw o*ìtxdwlrq +51543, hvw ìtxlydohqwh dx v|vwëph
+5154<,

;AAAA?AAAA=
5� ' �n e� ' fS q�5�n� n �5Sc
5Dd��f5����� � �ff52��� � 2ff5��o ' �E2�f n�E2�� 5 n ���n�E2�D 5Dn5SM�E%c 5c �c ��c ���c ������

Rq fkrlvlw ohv irqfwlrqv q� E� ' fc �c e� gh whooh vruwh ã dyrlu = �E2�� ' f E� ' fc �c e�/ hwohv F1Q1 gh vwdelolwì gx v|vwëph +5154<, vrqw
+51553, �E2�� ' f / E� ' �c 2c D� 1
0 Gh �E2�f ' f rq d = qf ' 2�e _f/sdu od vxlwh/
+51554,

597 �E2�� ' SfSf n 2DH.De _2f � S.D_�f ' fc
�E2�2 ' E22Df_f�q� � ��D2 Sf_f n �DeH.DH _�f n �fef � SeD.DH _f_�f n D2D2 _��f ' fc

fh txl grqqh
+F16, k _f ' ef ' Sf ' f�
Hq gìwhuplqdqw q� hw qe ghv �E2�� ' f E� ' �c e�/ rq dxud =

;8



+51555, �E2�D ' �Ds ��� � s �f ' fc
hw hq lqwìjudqw xqh irlv rq rewlhqw

+F17, k sf ' �Ds �� ng�c rü g� hvw xqh frqvwdqwh frpsoh{h txhofrqtxh1
60 +� G dr ' �D( w ' Dc Sc��o� = Rq srvh
+51556,

597 + ' �D5 ( 5� ' � n 5�c
�E%� ' E D� ' fS ��E%�5E%��� n 5E%�S�E%�c

dyhf �D duelwudluh/hw o*ìtxdwlrq +51543, hvw ìtxlydohqwh dx v|vwëph
+51557,

;AAAA?AAAA=
5� ' �n D� ' fS ��5�n� n �5.c
5Sd��D5����� � �bD52��� � �ff5��o ' �E��f n�E��� 5 n ���n�E��S 5Sn5.M�E%c 5c �c ��c ���c ������

Rq fkrlvlw ohv irqfwlrqv �� E� ' f��e� gh whooh vruwh ã dyrlu = �E��� ' f E� ' f��e� /hw ohvF1Q1 gh vwdelolwì gx v|vwëph +51557, vrqw
+51558, �E��� ' f / E� ' Dc S� 1
0 Hq gìwhuplqdqw �� gh �E��� ' f E� ' f��e�/ rq dxud
+51559, �E��D ' D2s ��� ' fc fh txl grqqh
+F18, k s�E%� ' g2 %ng�c g2 hw g� vrqw ghv frqvwdqwhv frpsoh{hv txhofrqtxhv1

Hw �E��S hvw lghqwltxhphqw qxo1Srxu +e/ ohv F1Q1 gh vwdelolwì vrqw yìul�ìhv/ pdlv vdqv grqqhu gh qrxyhdx{ uìvxowdwv1Dlqvl gh +F13,/111/+F18, rq d
;9



+F1i *it,
597 @f ' Sf ' S� ' _f ' ef ' e� ' e2 ' se ' s� ' s2 ' f(

s�E%� ' g2 %ng� ( sf ' �Dg2 ng��
Hw o*ìtxdwlrq +51543, ghylhqw

+5155:, +���� ' +�+�� n �D+2+�� n �D+E+��2 � �S2D+D n Eg2 %ng��+ � Dg2 ng�c
dyhf g�cg2 hw g� vrqw ghv frqvwdqwhv frpsoh{hv txhofrqtxhv1
Htxdwlrqv gh fodvvh YLLL =

Fhwwh fodvvh hvw grqqìh sdu
+5155;, +���� ' +2+�� n +E+��2 � �Df +D n 8 E%c +�/

hw dgphw ohv 7 idploohv gh s÷ohv vlpsohv prelohv =
+� G dr ' s�f( w ' �c 2c Do1+2 G dr ' �s�f( w ' �c 2c Do1+� G dr ' 2s�f( w ' �ec Dc .o1+e G dr ' �2s�f( w ' �ec Dc .o1
Hq xwlolvdqw xqh wudqvirupdwlrq W/ dyhf b />c) grqqìhv sdu
+5155<,

;AAA?AAA=
b� � ��f@fb ' fc)�� � ��f@f)� ' fc> � fc rq shxw vxssrvhu = +F13, k @f ' f�

40 +� G dr ' s�f( w ' �c 2c Do G Rq srvh
+51563,

597 + ' s�f5 ( 5� ' � n 5�
�E%� ' E e� ' fS k�E%�5E%��� n 5E%�D�E%�c

dyhf k�hw k2 duelwudluhv/ hw o*ìtxdwlrq +5155;, hvw ìtxlydohqwh dx v|vwëph
;:



+51564,
;AAAA?AAAA=

5� ' �n e� ' fS k�5�n� n �5Sc
5Dds�fE� 5����� � �f 52��� � 2f5���o ' �E��f n�E��� 5 n ���n�E��D 5Dn5SM�E%c 5c �c ��c ���c ������

Rq fkrlvlw ohv irqfwlrqv k� E� ' fc �c e� gh whooh vruwh ã dyrlu = �E��� ' f E� ' fc �c e�/dlqvl ohv F1Q1 gh vwdelolwì gx v|vwëph +51564, vrqw
+51565, �E��� ' f / E� ' �c 2c D� 1
0 Gh �E��f ' f rq d = kf ' �e2 n 2I�fS� n �I�f_f n �fI�fse�Hq xwlolvdqw xqh wdqvirupdwlrq W/ txl frqvhuyh od frqglwlrq +@f ' f,/ hw txl hvw gì�qlhsdu
+51566, ;?= b � �() � %(> � �2s43e2 � S� � �2_f � Dse�

rq srxuud vxssrvhu
+F14, k �e2 n 2I�fS� n �I�f_f n �fI�fse ' fc

hw sdu frqvìtxhqw rq dxud = kf ' f 1
Sdu od vxlwh/
+51567,

597 �E��� ' 43s43s� n 5s43Sf � 43e� ' fc
�E��2 ' E43_f � 433se�k� n 43s2 �s43ef ' fc

fh txl qrxv grqqh
+F15,

597 se ' ��f_f ( s2 ' ��fs43ef(Sf ' �2s43e� � Ds��
;;



Hq gìwhuplqdqw ohv k� gh �E��� ' f E � ' �c e�/ ohv frh!flhqwv gh k�k2/ k2� hw k2 gdqv�E��D vhurqw uhvshfwlyhphqw frpph vxlw
+51568,

59999997
63S� n 53_f ' fc
�48s43ES��2 � 8s43_fS� n 63S�� n 48e� n 43_�f ' fc
43s43S�S�� � 8S��� n 58S�s� � 8s43s� n 8s43e�S� �s43ef � 8e�� � 58S�� ' fc

hw dsuëv uìvroxwlrq rq dxud
+F16,

597 _f ' ��2S� ( e� ' �S�� n �2s43S2�(ef ' �8s �� n D2s43S�s��
50 +2 G dr ' �s43� w ' �c 2c Do = Rq srvh
+51569,

5997 + ' s435 ( 5� ' � n 5�c
�E%� ' E e� ' fS q�E%�5E%��� n 5E%�D�E%�c

dyhf q�hw q2 duelwudluhv/ hw o*ìtxdwlrq +5155;, hvw ìtxlydohqwh dx v|vwëph
+5156:,

;AAAA?AAAA=
5� ' �n e� ' fS q�5�n� n �5Sc5Dds43E 5����� n �f 52��� n 2f5���o ' �E2�f n�E2�� 5 n ���n�E2�D 5Dn5SM�E%c 5c �c ��c ���c ������

Rq fkrlvlw ohv irqfwlrqv q� E� ' fc �c e� gh whooh vruwh ã dyrlu = �E2�� ' f E� ' fc �c e�/ dlqvlohv F1Q1 gh vwdelolwì gx v|vwëph +5156:, vrqw
+5156;, �E2�� ' f / E� ' �c 2c D� 1
0 �E2�f ' f frqgxlw ã = qf ' �Ds�fS�1 Hw �E2�� hvw lghqwltxhphqw qxo1

Sdu od vxlwh/
;<



+5156<, �E2�2 ' E73S��q� n E43S���n;3S�s��:s43S�S���48S���43s43s ��� ' fc
g*rü

+F17, k S� ' f ( s� ' g�c dyhf g�frqvwdqwh frpsoh{h txhofrqtxh1
Hq gìwhuplqdqw q� ghv �E2�� ' f E� ' �c e�/ rq dxud
+51573, �E2�D ' ��2s43s ��� n s �f ' f/

hw sdu lqwìjudwlrq rq rewlhqw
+F18, k sf ' �2s�fs �� ng2c dyhf g2 frqvwdqwh frpsoh{h txhofrqtxh1
Uhyhqrqv pdlqwhqdqw dx frh!flhqw �E��D gh +�/ txl ghylhqw
+51574, �E��D ' s�fs ��� ' fc fh txl lpsoltxh
+F19, k s�E%� ' g� %ngec dyhf g� hw ge frqvwdqwhv frpsoh{hv txhofrqtxhv1
Srxu +� hw +e ohv F1Q1 gh vwdelolwì vrqw yìul�ìhv/ pdlv vdqv grqqhu gh qrxyhdx{uìvxowdwv/ doruv gh +F13,/111/+F19, rq d =
+F1i *it,

597 @f ' S� ' _f ' ef ' e� ' e2 ' se ' s2 ' f(
Sf ' �Dg�( s� ' g�( s� � g�%nge( sf ' �2s43g� ng2�

Hw o*ìtxdwlrq +5155;, ghylhqw
+51575, +���� ' +2+�� n +E+��2 � �Df+D ng�E+� � D+��� n Eg�%nge�+ n �2s43g� ng2c

dyhf g�cg2cg� hw ge ghv frqvwdqwhv frpsoh{hv txhofrqtxhv1

<3



51516 Lqwìjudwlrq hw Frqglwlrqv Vx!vdqwhv gh Vwdelolwì =
Htxdwlrqv gh fodvvh L =

Fhwwh fodvvh hvw grqqìh sdu
+51576, +���� ' +�+�� n �H+2+�� n �e+E+��2 n �Se+�+�cHq xwlolvdqw xqh wudqvirupdwlrq EE%c +�( Ek%c q+�� dyhf =
+51577,

;A?A= k ' E2e�E �D�
q ' E2e�E eD��

o*ìtxdwlrq +51576,, ghylhqw/
+51578, +���� ' 2e+�+�� n .2+2+�� n �ee+E+��2 n 2�S+�+�c

hq lqwìjudqw xqh irlv rq rewlhqw
+51579, +��� n SE+��2 ' �HE+� n +2�E+� n �+2� n �c

txl hvw o*ìtxdwlrq vwdeoh L[ gh FKD]\ ^7`1Uìfhpphqw o*ìtxdwlrq +51579, d ìwì lqwìjuìh srxu od suhplëuh irlv sdu F1P1FRVJURYH^;` hq whuphv gh irqfwlrqv k|shuhoolswltxhv +pìurpruskhv,1 Doruv ohv ìtxdwlrqv gh fodvvhL vrqw vwdeohv1
Htxdwlrqv gh fodvvh LL

Fhwwh fodvvh hvw grqqìh sdu
+5157:, +���� ' ++��� n ��2 +�+�� � �2+2+�� � .e+E+��2 n �H+�+� n Sf+�� n E� �2Sf+ n e�S�f�+���SS�f+2 � 2�S���f n ebSfS�f�dyhf Sf xqh irqfwlrq dqdo|wltxh1 Fhwwh ìtxdwlrq hvw ìtxlydohqwh ã

+5157;, E+� � �2+2 n 2�Sf���� � �2+��E+� � �2+2 n 2�Sf�� E+� � �2+2 n 2�Sf��+�<4



��e+E+� � �2+2 n 2�Sf�+� n E�E+� � �2+2 n 2�Sf�� �e+2�E+� � �2+2 n 2�Sf�� ' f/
hw hq srvdqw 5 ' +� � �2+2 n 2�Sfc hooh vhud gh od iruph

+5157<, 5��� � �2+��5 n E�5� � �e+5�+� n E�5 � �e+2�5� ' fc
hq pxowlsoldqw sdu 5/ sxlv hq lqwìjudqw rq dxud

+51583, ���5� � �H+252 n 55�� � �2+�52 � �2E5��2 ng ' fc g frqvwdqwh g*lqwìjudwlrq/
hq pxowlsoldqw sdu 532 rq dxud/

+51584, ���5 � �H+2 n 5��5 � �2+� � �2E5�5 �2 n g52 chq srvdqw/+51585, ��� ' �2 5� � �2+5 ns2g5 c
hw sxlv hq uhpsodêdqw 5 sdu vd ydohxu/o*ìtxdwlrq +51584, vhud ìtxlydohqwh ã

+51586, +� � �2+2 � ���� + � S���� n 2�Sf ' fc
txl hvw xqh ìtxdwlrq gh ULFDWWL srxu +/ hw hq gìulydqw xqh irlv/ sxlv hq pxowlsoldqw sdu� rq dxud

+51587, S���� � 2Sf�� n �2s2g � ' f/
ìtxdwlrq gl�ìuhqwlhooh olqhdluh g*ruguh 6 srxu �1
Uhpdutxhv 49 = Gdqv fh txl vxlw/ rq yd ìwxglhu ohv ìtxdwlrqv +51586, hw +51587, dxyrlvlqdjh g*xq srlqw %f txhofrqtxh gdqv ( hq xwlolvdqw od wkìrulh jìqìudoh ghv H1G1R1olqìdluhv +yrlu ¢ 4,�

0 Sxlvtxh Sf hvw dqdo|wltxh gdqv (/ doruv srxu wrxw %f gdqv (c hw srxu wrxwhv frq0vwdqwhv frpsoh{hv �fc ��c �2 whoohv txh �E%f� ' �fc ��E%f� ' ��c ���E%f� ' �2c o*ìtxdwlrq+51587, dgphw xqh vroxwlrq xqltxh gh od iruph
+51588, �E%� ' "� ' fS ��E%� %f��1

<5



Q1E1 gdqv oh exw gh vlpsol�hu o*ìfulwxuh > ã o*dlgh gh od wudqvirupdwlrq + % > % � %f,qrxv vxssrvrqv txh %f ' f/ vdqv qxluh ã od jìqìudolwì�
Hq uhpsodêdqw sdu + ' �2��� gdqv +51586, rq rewlhqw
+51589, ��� � E���� ��� n E����� � ��Sf�� ' fc

hw vrlw � ' ��T� n �2T2 vroxwlrq jìqìudoh gh +51589,/ whooh txh T� hw T2 ghv vroxwlrqvsduwlfxolëuhv olqìdluhphqw lqgìshqgdqwhv/ �� hw �2 ghv frqvwdqwhv frpsoh{hv txhofrqtxhv1Hw vrlw oh gìyhorsshphqw hq vìulh hqwlëuh gh Sf gh od iruph+5158:, SfE%� ' n"� ' fS Sfc� %�1
Srxu o*ìwxgh ghv vroxwlrqv gh o*ìtxdwlrq +51589,/ rq glvwlqjxh � fdv =
40 �f 9' f = gdqv fh fdv ��� hw ���� vrqw dqdo|wltxhv hw sdu frqvìtxhqw � hw sdu vxlwh +oh vrqw dxvvl1
50 �f ' fc �� 9' f = Uhpsodêrqv +�2s2g� sdu g1 Od vroxwlrq � gh +51587, dx yrlvl0qdjh gh % ' f vhud gh od iruph/
+5158;, �E%� ' ��%n �2%2 n ��HSfcf��%� n � ��SSfcf�2 n �.2Sfc��� � ��eeg��� %e n�E%D�csdu od vxlwh/
+5158<, 6��� ' 6%n6�2�� n �� �Sfcf � <E�2�� �2�%� �eHEg � 2Sfc�n7Sfcf �2���7;��2��� �%2 n�E%��c
+51593, 6���� � ��Sf '9�2��

�% n 2�ESfcf � b�22��2 �� ��2E�2Sfc�n6gn7Sfcf �2���:5��2��� �%n �2e �2�� E6gn5Sfc�n45Sfcf �2���477��2��� �%2 n�E%��c
g*rü % ' f hvw xq srlqw vlqjxolhu uìjxolhu srxu o*ìtxdwlrq +51589,/ hw vrq ìtxdwlrqlqglflhooh dx yrlvlqdjh gh fh srlqw hvw gh od iruph = 42 �e4 ' f , 4� ' fc 42 ' e/ doruvo*xqh ghv vroxwlrqv hvw gh od iruph
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+51594, T�E%� ' %e n"� ' fS ��c�%� > ��cf 9' f > ��c� ghv frqvwdqwhv frpsoh{hv1
Sxlvtxh 42 � 4� ' e/ doruv od F1Q1V1 srxu o*devfhqfh ghv whuphv orjdulwkpltxhv gdqvT2 hvw = }e ' f +yrlu 41415/ ¢4,1 H�hfwlyhphqw dsuìv fdofxo rq wurxyh txh fhwwh frqglwlrqhvw yìul�ìh hw rq dxud
+51595, T2E%� ' �2cf n 2�2���2cf%n �SSfcf�2cf%2 � �2cf69�� E�g�� � 2Sfc��� � eSfcf�2�%�

n�2ce%e n�E%D�/
dyhf �2cf hw �2ce ghv frqvwdqwhv frpsoh{hv txhofrqtxhv1

60 �f ' fc �� ' fc �2 9' f = rq d+51596, � ' �2%2 n ��SSfcf�2%e n �bf ���eg�2 n Sfc��2�%D n ��HfE ��HS2fcf�2 n Sfc2�2�%S
n ���D �Sfc��2 � �.2gSfcf�2 n ��2Sfc�Sfcf�2�%. n�E%H� 1

sdu od vxlwh/
+51597, ���� ' S%3� n �SSfcf%n �� �efg n ��fSfc��%2 n �� ��fHfS2fcf n ��DSfc2�%�

n �2�E� �.2SfcfSfc� n �bSgSfcf n Sfc��%e n�E%D�c
hw +51598, ����� � ��Sf ' S%32 n �2Sfcf n �� �2fg n e�DSfc��%n � ��SfS2fcf n 2�DSfc2�%2

nE �2�Sfc� n ���HbfSfcfSfc� n �HefgS�fcf�%� n�E%e�c
g*rü % ' f hvw xq srlqw vlqjxolhu uìjxolhu srxu +51589,/ hw o*ìtxdwlrq lqglflhooh dx yrlvlqdjhgh fh srlqw hvw gh od iruph = 42 � .4n S ' f , 4� ' Sc 42 ' �/ doruv rq d

+51599, T�E%� ' %S n"� ' fS ��c�%�c ��cf 9' fc
Sxlvtxh 42�4� ' D/ od F1Q1V1 srxu o*devfhqfh ghv whuphv orjdulwkpltxhv gdqv T2 hvw =}D ' f +yrlu 41415/ ¢4,/ hw dsuìv fdofxo rq wurxyh txh fhwwh frqglwlrq hvw yìul�ìh hw rq d
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+5159:, T2E%� ' %d�2cfnE ��HSfcf�2cf�%2nE� �eHgn ��SSfc���2cf%�nE �SfSfc2n ��fHfS2fcf��2cf%e
n�2cD%D n�E%S�o >

dyhf �2cfc �2cD frqvwdqwhv frpsoh{hv txhofrqtxhv1Doruv o*ìtxdwlrq +5157:, hvw vwdeoh srxu Sf dqdo|wltxh txhofrqtxh/ srxu ohv wurlv fdvtx*rq ylhqw gh yrlu1
Htxdwlrqv gh fodvvh LLL =

Fhwwh fodvvh hvw grqqìh sdu
+5159;, +���� ' ++��� n D2+�+�� � �H+2+�� � �e+E+��2 n ��S+�+� � e�_f+��� n e�_f++�� n _fE+��2nE��2_f+2 n ef�+� n �eH_f+e n Ee�_fef n e�f�+ n sfc

dyhf _fc efc hw sf ghv irqfwlrq dqdo|wltxhv1 Fhwwh ìtxdwlrq hvw ìtxlydohqwh ã
+5159<, __% d+��� � ++�� � �eE+��2 n �H+2+� � �Se+e � ef+o n e�_fd+��� � ++�� � �eE+��2 n �H+2+�� �Se+e � ef+o� sf ' f/

hw hq srvdqw
+515:3, �E%� ' +��� � ++�� � �eE+��2 n �H+2+� � �Se+e � ef+crq dxud xqh ìtxdwlrq olqhdluh gh od iruph
+515:4, �� n e�_f� n s f ' f1
Hq xwlolvdqw xqh wudqvirupdwlrq EE%c +�( Ek%c q+�� dyhf
+515:5, ;?= k ' 2E�D�q ' 2E eD�c

o*ìtxdwlrq +515:3, ghylhqw
+515:6, �E%� ' +��� � 2++�� n �E+��2 � �HES+� � +2�2 � ef+�

txl uhsuìvhqwh o*ìtxdwlrq vwdeoh [LL E& ' 2� gh FKD]\ ^7`�
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Hq h�hw hq uhpsodêdqw sdu + ' �2��� gdqv +515:6, sxlv hq pxowloldqw sdu � ohv ghx{phpeuhv gh o*ìtxdwlrq rq rewlhqw xqh ìtxdwlrq olqìdluh gh od iruph
+515:7, 2����� � 2ef��n �� ' f�
Doruv o*ìtxdwlrq +5159;, hvw vwdeoh srxu _fc efc hw sf dqdo|wltxhv txhofrqtxhv1

Htxdwlrqv gh fodvvh LY =
Fhwwh fodvvh hvw grqqìh sdu
+515:8, +���� ' ++��� n �f� +�+�� � eb+2+�� � Hb+E+��2 n 22.+�+� � S._f+��� n S._f++�� n _fE+��2

� H2�_f+2+� n �S�_f+e n sfc
dyhf _f hw sf ghv irqfwlrqv dqdo|wltxhv� Fhwwh ìtxdwlrq hvw ìtxlydohqwh ã

+515:9, __% d+��� � ++�� � .SE+��2 n eb+2+� � �De+eo n S._fd+��� � ++�� � .SE+��2 n eb+2+�
� �De+eo� sf ' fc

hw hq srvdqw
+515::, �E%� ' +��� � ++�� � .SE+��2 n eb+2+� � �De+e�rq dxud xqh ìtxdwlrq olqhdluh gh od iruph
+515:;, �� n S._f� � sf ' f�
Hq xwlolvdqw xqh wudqvirupdwlrq EE%c +�( Ek%c q+�� gì�qlh sdu +515:5,/ o*ìtxdwlrq +515::,ghylhqw
+515:<, �E%� ' +��� � 2++�� n �E+��2 � e2.ES+� � +2�2�

txl uhsuìvhqwh o*ìtxdwlrq vwdeoh [LL E& ' �� gh FKD]\ ^7`1
Hq h�hw/ hq uhpsodêdqw sdu + ' ��2 ��� gdqv +515:<, sxlv hq pxowlsoldqw sdu �2 ohvghx{ phpeuhv gh o*ìtxdwlrq rq rewlhqw xqh ìtxdwlrq olqìdluh gh od iruph
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+515;3, �2������ � �2������ n �eE����2 n ��2 ' fc
sxlv hq gìulydqw xqh irlv hw hq glylvdqw ohv ghx{ phpeuhv gh o*ìtxdwlrq sdu � rq rewlhqwxqh ìtxdwlrq olqìdluh gh od iruph

+515;4, �2������ n 2��� n ��� ' fc
Doruv o*ìtxdwlrq +515:8, hvw vwdeoh srxu wrxwhv irqfwlrqv _f hw sf dqdo|wltxhv1

Htxdwlrqv gh fodvvh Y =
Fhwwh fodvvh hvw grqqìh sdu
+515;5, +���� ' ++��� n �&23b&23�+�+�� n �2&23�+2+�� n 2e&23�+E+��2 � �2&23�+�+� �e�+�� n e�++�

nE�e�� ng��+� � �2E�e�� ng��+2 n �2eE&2 � ��E�e���� � e�e��ng�e� n 2g2�%� ng2c
dyhf & 5 ]� i � �c�ec�Sc �c ec Sjc e� xqh irqfwlrq dqdo|wltxh hw g�cg2 ghv frqvwdqwhvfrpsoh{hv1 Fhwwh ìtxdwlrq shxw íwuh ìfulwh vrxv od iruph vxlydqwh

+515;6, E+� � �2+2 n &23�2e e����� n �2&23� dE+� � �2+2 n &23�2e e��2o� �g�E+� � �2+2 n &23�2e e��
�&23��2 g2�%�g2 ' f�

Doruv hq srvdqw
+515;7, � ' +� � �2+2 n &23�2e e�c

o*ìtxdwlrq +515;6, ghylhqw
+515;8, ���� n 2e&23���� �g��� &23��2 g2�%�g2 ' f�
Hq srvdqw + ' �2��� / o*ìtxdwlrq +515;7, ghylhqw xqh ìtxdwlrq olqìdluh g*ruguh 5 ghod iruph
+515;9, ��� n �2E� � &23�2e e��� ' f�
Rq glvwlqjxh 6 fdv =
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4, g�cg2 ' f = hq xwlolvdqw xqh wudqvirupdwlrq W gì�qlh sdu
+515;:,

;AAA?AAA=
b ' ��2E&2 � ��)E%� ' %> ' f

sxlv hq glylvdqw sdu E��2E&2 � ��� o*ìtxdwlrq +515;8, ghylhqw
+515;;, ` ��� ' �2`` � /hw sdu lqwìjudwlrq sdu udssruw ã % rq dxud
+515;<, ` �� ' S` 2 n ��ctxl dgphw frpph lqwìjudoh suhplëuh o*ìtxdwlrq hoolswltxh gh ZHLHUVWUDVV vxlydqwh
+515<3, E` ��2 ' e` � n 2��` n�f /�f hw �� ghv frqvwdqwhv frpsoh{hv txhofrqtxhv1whooh txh dx yrlvlqdjh gh % ' f +vdqv qxluh ã od jìqìudolwì, rq d
+515<4, ` E%� ' %32 � ���f%2 � �f2H %e n ��ff�2�%S n ��fHf���f%H n�E%�f�/

doruv od vroxwlrq gh +515;8, hvw gh od iruph
+515<5, �E%� ' bE%�` E%� ' � �2E&2 � ��` E%�c

g*rü o*ìtxdwlrq lqglflhooh gh +515;9, hvw = 42�4� �eE&2��� ' f , 4� ' &n�2 / 42 ' �&3�2 / sdu
frqvìtxhqw m4� � 42m ' m&m c doruv srxu wrxw hqwlhu &c od vroxwlrq jìqìudoh gh +515;9, dgphwghv whuphv orjdulwkpltxhv vdxi vl = }& ' f +yrlu 41415/ ¢4,1

l0 fdv rü od irqfwlrq e� vh uìgxlw ã xqh frqvwdqwh = rq glvwlqjxh ghx{ vrxv fdv >l14, Vl & hvw lpsdluh = doruv o*ìtxdwlrq +515;9, ghylhqw xqh ìtxdwlrq gh ODPH/ txl d vdvroxwlrq jìqìudoh xqliruph1l15, Vl & hvw sdluh = rq frqvlgëuh xqh vroxwlrq gh +515;9, gh od iruph =
��E%� ' %&n�2 n"� ' fS ��c�%�/+��c� frqvwdqwhv frpsoh{hv, hw sxlvtxh � hvw xqh irqfwlrqsdluh doruv ��E�%� hvw dxvvl vroxwlrq gh +515;9,/ hw txl qh gl�ëuh gh ��E%� txh sdu xq
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idfwhxu frqvwdqw/ fdu od vroxwlrq olqhdluhphqw lqgìshqgdqwh gh ��E%� hvw frpsoìwhphqwgl�ìuhqwh gh ��E�%�1 Doruv ohv frh!flhqwv ghv sxlvvdqfhv lpsdluhv gdqv oh gìyhorsshphqwgh �� vrqw qxov1Od vhfrqgh vroxwlrq gh +515;9, hvw gh od iruph
+515<6, �2 ' ��

] _%�2� cdoruv0 vl oh frh!flhqw gx whuph %& gdqv + n"� ' fS ��c�%�, hvw qxo / �2 q*dgphw sdv gh whuphvorjdulwkpltxhv/ hw grqf ohv srlqwv fulwltxhv ìyhqwxhov gh od vroxwlrq jìqìudoh � gh +515;9,vrqw dojìeultxhv hw sdu frqvìtxhqw + ' �2��� hvw xqliruph hw +515;5, hvw vwdeoh11
0 vlqrq �2 dgphw ghv whuphv orjdulwkpltxhv/ hw o*ìtxdwlrq +515;5, hvw lqvwdeoh1
ll0 fdv rü od irqfwlrq e� qh vh uìgxlw sdv ã xqh frqvwdqwh =ll14, Vl e� hvw xqh irqfwlrq sdluh = doruv hq surfìgdqw gh píph pdqlëuh txh oh ghuqlhufdv +& sdlu, rq rewlhqw oh píph uìvxowdw1ll15, Vl e� q*hvw sdv sdluh =0 & ' f = gdqv fh fdv o*ìtxdwlrq lqglflhooh gh +515;9, dgphw 4 ' �2 frpph udflqhgrxeoh/ hw o*xqh ghv vroxwlrqv hvw grqqìh sdu
+515<7, ��E%� ' %�2 E��cf � ��b2e�Ef���cf%2 � �e�2e��Ef���cf%� n�E%e�� / ��cf 9' f/

hw od ghx{lëph vroxwlrq olqhdluhphqw lqgìshqgdqwh gh �� hvw
+515<8, �2E%� ' ��E%� ] _%�2�E%� ' ��E%��2�cf d*?E%� n ��b2e�Ef�%2 n �SeHe��Ef�%� n�E%e�oc
Doruv o*ìtxdwlrq +515;5, hvw lqvwdeoh srxu & ' f�

Uhpdutxhv 4: = Sxlvtxh & 5 ]� i � �c�ec�Sc �c ec Sjc rq qh shxw sdv ìwxglhu wrxvohv fdv gh &c hw gdqv fh txl vxlw rq qh frqvlgìuhud txh ohv fdv & ' fc 2c �c Dc .c srxu ohvdxwuhv/ rq surfëgh gh od píph pdqlëuh srxu ìwxglhu o*devhqfh ghv whuphv orjdulwkpltxhvgdqv od vroxwlrq gh +515;9,�
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Srxu & � 2 / ohv F1Q1V1 srxu o*devhqfh ghv whuphv orjdulwkpltxhv gdqv od vroxwlrqjìqìudoh gh +515;9, hw sdu vxlwh srxu od vwdelolwì gh +515;5,/ vrqw grqqìhv frpph vxlw =
0 & ' 2 G e� ' f1
0 & ' � G e�� ' f1
0 & ' D G e���� ' �Se��e�10 & ' . = e������ ' �De���� e�n �Se���e��� 2.De��e2�� �D��e��c ìtxdwlrq gh fodvvh Ili0L gh FRVJURYH^:`1
Sxlvtxh �� hvw txhofrqtxh/ doruv e�grlw íwuh lghqwltxhphqw qxooh srxu yìul�hu o*ìtxd0wlrq fruuhvsrqgdqwh dx fdv & ' .�Doruv srxu +g� ' g2 ' f, rq d =0 & ' f = +515;5, hvw lqvwdeoh/ fdu od vroxwlrq gh +515;9, dgphw ghv whuphv orjdulwk0pltxhv10 & ' 2c �c D = o*ìtxdwlrq +515;5, hvw vwdeoh vvl e� yìul�h ohv ìtxdwlrqv fruhvsrqgdqwhvã fkdtxh fdv10 & ' . = +515;5, hvw vwdeoh vvl e� ' f�

5, g� ' fcg2 9' f Ghq xwlolvdqw od wudqvirupdwlrq W gì�qlh sdu +515;:,/ hw hq glylvdqw sdu E� �2E&2 � ���o*ìtxdwlrq +515;9, ghylhqw
+515<9, ` ��� ' �2`` � n��/ dyhf �� ' 2g2�� &2 chq lqwìjudqw sdu udssruw ã % rq dxud
+515<:, ` �� ' S` 2 n ��%n �ec �e frqvwdqwh frpsoh{h txhofrqtxh1

dyhf od wudqvirupdwlrq E% (%� �e�� �/ hooh ghylhqw+515<;, ` �� ' S` 2 n ��%�
Hq xwlolvdqw xqh wudqvirupdwlrq EE%c` � > Ek%c q` �� dyhf
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+515<<, ;?= k ' E���3�Dq ' E���2D c
sxlv hq pxowlsoldqw sdu EE���3eD � ohv ghx{ phpeuhv gh o*ìtxdwlrq/ +515<;, ghylhqw+51633, ` ��� ' S` 2� n %ctxl hvw od suhplëuh ìtxdwlrq luuìgxfwleoh gh SDLQOHYH +S0L, grqw ohv vlqjxodulwìv prelohvvrqw ghv s÷ohv grxeohv1 Doruv +515;8, q*dgphw txh ghv s÷ohv grxeohv frpph vlqjxodulwìvprelohv/ hw vd vroxwlrq dx yrlvlqdjh gx s÷oh preloh % ' %f hvw gh od iruph

+51636, �E%� ' ��2&2 n �2E%� %f�2 n�� E%� %f�2� �Sg2 E%� %f��n�2 E%� %f�en�EE%�%f�D�c
dyhf �� hw �2 ghv frqvwdqwhv frpsoh{hv txhofrqtxhv1Doruv rq gìgxlw txh o*ìtxdwlrq +515;9, d ohv píph lqglfhv txh oh fdv suìfìghqw Eg� 'g2 ' f�/ hw vd vroxwlrq jìqìudoh shxw grqf dyrlu ghv whuphv orjdulwkpltxhv+fh txl hqwudlqho*lqvwdelolwì gh +515;5,,/ vdxi vl =
0 & ' 2 G e� ' f�
0 & ' � G e�� ' f�
0 & ' D G e���� ' e�e�� �g2�
0 & ' . G e������ ' ee���� e� n �fe��e��� � �SD e2�e�� � �f��e�� n 2g2e��
Sxlvtxh �� hvw txhofrqtxh/ doruv e�grlw íwuh lghqwltxhphqw qxooh srxu yìul�hu o*ìtxd0wlrq fruuhvsrqgdqwh dx fdv & ' .�Doruv srxu +g� ' fcg2 9' f, rq d =0 & ' f = +515;5, hvw lqvwdeoh/ fdu od vroxwlrq gh +515;9, dgphw ghv whuphv orjdulwk0pltxhv10 & ' 2c �c D = o*ìtxdwlrq +515;5, hvw vwdeoh vvl e� yìul�h ohv ìtxdwlrqv fruhvsrqgdqwhvã fkdtxh fdv10 & ' ./ +515;5, hvw vwdeoh vvl e� ' f�
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6, g�cg2 9' f = hq xwlolvdqw od wudqvirupdwlrq W gì�qlh sdu +515;:,/ hw hq glylvdqwsdu E� �2E&2 � ��� o*ìtxdwlrq +515;9, ghylhqw
+51637, ` ��� � �2`` � �g�` n �Sg2�%n �S ' fc dyhf �S ' 2g2&2 � � chq gìulydqw xqh irlv sdu udssruw ã %c rq rewlhqw
+51638, ` ���� ' �2`` �� n �2E` ��2 ng�` � � �Sg2� /

txl hvw o*ìtxdwlrq I0L gh FRVJURYH ^:` +dyhf k ' fc q ' g��chw grqw od vroxwlrq jìqìudohhvw gh od iruph
+51639, ` E%� ' �2E"��� n �2� n ��2Eg�%n �.�/ �. frqvwdqwh frpsoh{h txhofrqtxh/

rü "� ' 	� hw � vdwlvidlw ã od ghx{lëph wudqvfhqgdqwh gh SDLQOHYH+S0LL,
+5163:, ��� ' 2�� n Eg�%n �.�� n �H / �. frqvwdqwh frpsoh{h txhofrqtxh/

grqw ohv vlqjxodulwìv prelohv vrqw ghv s÷ohv vlpsohv1 Doruv +5163:, q*dgphw txh ghv s÷ohvgrxeohv frpph vlqjxodulwìv prelohv/ hw vd vroxwlrq dx yrlvlqdjh gx s÷oh preloh % ' %fhvw gh od iruph
+5163;, �E%� ' ��2&2 n �2E%� %f�2 � g�2e E&2 � �� E%� %f� n �� E%� %f�2 n E��Sg2

� �.2g2�%fE&2 � ��� E%� %f�� n �e E%� %f�e n�EE%� %f�D��
dyhf �� hw �e ghv frqvwdqwhv frpsoh{hv txhofrqtxhv1Sdu frqvìtxhqw ohv lqglfhv gh +515;9, vrqw ohv píphv txh ohv 5 fdv suìfìghqwv/ hw vdvroxwlrq jìqìudoh shxw grqf dyrlu ghv whuphv orjdulwkpltxhv/ vdxi vl =

0 & ' 2 G e� ' f�
0 & ' � G e�� ' �g��
0 & ' D G e���� ' e�e�� ng�e� � 2g2�%�g2�
0 & ' . G e������ ' ee�e���� n�fe��e���� �SD e2�e��n�fg�e�����f��e��� �SD g�e2�n2Eeg2�%ng2�e��
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Sxlvtxh �� hvw txhofrqtxh/ doruv e�grlw íwuh lghqwltxhphqw qxooh srxu yìul�hu o*ìtxd0wlrq fruuhvsrqgdqwh dx fdv & ' .�Doruv srxu +g�cg2 9' f, rq d =0 & ' f = +515;5, hvw lqvwdeoh/ fdu od vroxwlrq gh +515;9, dgphw ghv whuphv orjdulwk0pltxhv10 & ' 2c �c D = o*ìtxdwlrq +515;5, hvw vwdeoh vvl e� yìul�h ohv ìtxdwlrqv fruhvsrqgdqwhvã fkdtxh fdv10 & ' ./ +515;5, hvw vwdeoh vvl e� ' f�
Htxdwlrqv gh fodvvh Y� G

Fhwwh fodvvh hvw grqqìh sdu
+51644, +���� ' ++���n�&23b&23�+�+�n �2&23�+2+��n 2e&23�+E+��2� �2&23�+�+�n�%E+����++��

�&23��&23� E+��2��e�E+���++��nE�e��n%3�e�ng�%�E+���2+2�
n&23�2e d�e���� � e�e�� n Ee��� n �2e2��%3� ng�%e� n �2g2�%�o nge%3�c

dyhf & 5 ]� i0�c0ec0Sc �c ec Sjc e� xqh irqfwlrq dqdo|wltxh hw g�cge ghv frqvwdqwhv frp0soh{hv1Hq srvdqw
+51645, �E%� ' +� � �2+2 n &23�2e e�c

o*ìtxdwlrq +51644, ghylhqw
+51646, ���� n 2e&23���� � �%E��� n �2&23��2 nge��g�%� � &23�eH g2�%� ' fc

hw sxlv hq srvdqw + ' �2��� / o*ìtxdwlrq +51645, ghylhqw xqh ìtxdwlrq olqìdluh g*ruguh 5gh od iruph
+51647, ��� n �2E� � &23�2e e��� ' f�
Rq glvwlqjxh ghx{ fdv =
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4, g� ' f = hq srvdqw
+51648, ` ' ��� n �2&23��2 nge/

o*ìtxdwlrq +51649, ghylhqw
+51649, ` � � 4%` ' f , ` E%� ' ��%c �� frqvwdqwh frpsoh{h txhofrqtxh/sdu od vxlwh/ rq d
+5164:, ��� n �2&23��2 � ��%nge�
Fhwwh ghuqlëuh ìtxdwlrq hvw gh fodvvh +S0L, gh SDLQOHYH1 Sdu frqvìtxhqw o*ìtxdwlrq+51646, q*dgphw txh ghv s÷ohv grxeohv frpph vlqjxodulwìv prelohv/ hw vd vroxwlrq dxyrlvlqdjh gx s÷oh % ' %f hvw grqqìh sdu
+5164:�, �E%� ' ��2&2 n �2E%� %f�2 n ��E%� %f�2 n �%f E�Sge n D����E%� %f�� n �2E%� %f�e

� 2��2�E%� %f�S n�EE%� %f�.�c
dyhf �� hw �2 vrqw ghv frqvwdqwhv frpsoh{hv txhofrqtxhv1Ohv lqglfhv gh o*ìtxdwlrq +51647, vrqw = 4� ' &n�2 / 42 ' �&3�2 / hw vd vroxwlrq jìqìudohshxw dyrlu ghv whuphv orjdulwkpltxhv +fh txl hqwudlqh o*lqvwdelolwì gh +51644,,/ vdxi vl =

0 & ' 2 G e� ' f�
0 & ' � G e�� ' f1
0 & ' D G e���� ' e�e�� n �%E�ge n �f����
0 & ' . G e������ ' ee�e���� n �fe��e��� � �SD e2�e�� � �f��e�� n 2%Ege � �f���e��
Sxlvtxh �� hvw txhofrqtxh/ doruv =� e�qh shxw sdv yìul�hu o*ìtxdwlrq fruuhvsrqgdqwh dx fdv & ' D�� e�grlw íwuh lghqwltxhphqw qxooh srxu yìul�hu o*ìtxdwlrq fruuhvsrqgdqwh dx fdv & ' .�

437



Doruv srxu g� ' f rq d =0 & ' fc D G +51644, hvw lqvwdeoh/ fdu od vroxwlrq gh +51647, dgphw ghv whuphv orjdulwk0pltxhv10 & ' 2c � = +51644, hvw vwdeoh vvl e� yìul�h ohv ìtxdwlrqv fruhvsrqgdqwhv ã fkdtxh fdv10 & ' . G o*ìtxdwlrq +51644, hvw vwdeoh vvl e� ' f�
5, g� 9' f = hq pxowlsoldqw sdu % ohv ghx{ phpeuhv gh o*ìtxdwlrq +51646,/ sxlv hqgìulydqw xqh irlv sdu udssruw ã % hw sxlv hq glylvdqw sdu % rq rewlhqw
+5164;, ����� n 2e&23����� n 2e&23�E���2 �g�%�� � 2g�� � &23��2 g2�%2 ' fc

sxlv hq xwlolvdqw od wudqvirupdwlrq W gì�qlh sdu +515;:, hw hq pxowlsoldqw ohv ghx{ php0euhv gh o*ìtxdwlrq sdu E� �2E&2 � ���c +5164;, ghylhqw
+5164<, ` ���� ' �2`` �� n �2E` ��2 ng�%` � n 2g�` � �Sg2�%2c
Fhwwh ghuqlëuh ìtxdwlrq hvw gh fodvvh I0L gh FRVJURYH ^:`+dyhf k ' g� / q ' f�/ hwgrqw od vroxwlrq hvw grqqìh sdu
+51653, ` E%� ' �2k��� � �2g��2 � �2g�%� � �SE�2g�%2 � k� n �2�c

rü �2 frqvwdqwh frpsoh{h txhofrqtxh > k� ' 	Usg� EU2 ' ��� > hw � vdwlvidlw ã odtxdwulëph wudqvfhqgdqwh gh SDLQOHYH +S0LY, grqqìh sdu
+51654, ��� ' 42� E���2 � �2g��� � 2g�%�2 � E�2g�%2 n �2�� n ��� /

�� frqvwdqwh frpsoh{h txhofrqtxh/ hw grqw ohv vlqjxodulwìv prelohv vrqw ghv s÷ohv vlpsohv1Doruv +51646, q*dgphw txh ghv s÷ohv grxeohv frpph vlqjxodulwìv prelohv/ hw vd vroxwlrqdx yrlvlqdjh gx s÷oh preloh % ' %f hvw gh od iruph
+51657, �E%� ' � �2&2 n �2E%� %f�2 � &23�2e g�%fE%�%f�n��E%�%f�2n �%f E�&23�2HH g2�%efn &23��2 g�

n�Sge n D����E%� %f�� n �eE%� %f�e n�EE%� %f�D�c
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dyhf �� hw �e ghv frqvwdqwhv frpsoh{hv txhofrqtxhv1Doruv ohv lqglfhv gh o*ìtxdwlrq +51647, vrqw 4� ' &n�2 / 42 ' �&3�2 / hw vd vrox0wlrq jìqìudoh shxw grqf dyrlu ghv whuphv orjdulwkpltxhv +fh txl hqwudlqh o*lqvwdelolwìgh +51644,,/ vdxi vl =
0 & ' 2 G e� ' f�
0 & ' � G e�� ' �g�%1
0 & ' D G e���� ' e�e�� ng�%e� � �2g2�%� n �%E�2g� �ge n �f����
0 & ' . G e������ ' ee�e���� n �fe��e��� � �SD e2�e�� n �fg�%e��� � �f��e�� � �SD g�%e2�

n2%Eg2�%e � 2eg� nge � �f���e� n D2g2�%�
Sxlvtxh �� hvw txhofrqtxh/ doruv e� qh shxw sdv yìul�hu ohv ìtxdwlrqv fruuhvsrqgdqwhvdx{ fdv & ' D hw & ' .�Doruv srxu g� 9' f rq d =0 & ' fc Dc . G +51644, hvw lqvwdeoh/ fdu od vroxwlrq gh +51647, dgphw ghv whuphv orjd0ulwkpltxhv10 & ' 2c � = +51644, hvw vwdeoh vvl e� yìul�h ohv ìtxdwlrqv fruhvsrqgdqwhv ã fkdtxh fdv1

Htxdwlrqv gh fodvvh YL =
Fhwwh fodvvh hvw grqqìh sdu
+51659, +���� ' ++��� n 2+�+�� � 2D+2+�� � �D+E+��2 n 22D+�+� � �S2D+D n SfE+�� � �D++�

n �2D+�� n efE+� � �D+2� n s�+ n sfc
dyhf Sfc efc sfc s� ghv irqfwlrqv dqdo|wltxhv1Hq xwlolvdqw od wudqvirupdwlrq gì�qlh sdu

+5165:, + ' �D��� c
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hw hq pxowlsoldqw sdu� ohv ghx{ phpeuhv gh o*ìtxdwlrq/ rq dxud hvw xqh H1G1R1 olqhdluhg*ruguh 8 gh od iruphvxlydqwh
+5165;, �D������ n DSf���� n Def��� � Ds��� n sf� ' fc

sdu frqvìtxhqw o*ìtxdwlrq +51659, hvw vwdeoh srxu Sfc efc sfc s� ghv irqfwlrqv dqdo|wltxhvtxhofrqtxhv1
Htxdwlrqv gh fodvvh YLL =

Fhwwh fodvvh hvw grqqìh sdu
+5165<, +���� ' +�+�� n �D+2+�� n �D+E+��2 � �S2D+D n Eg2 %ng��+ � Dg2 ng�c

dyhf g�cg2 hw g� ghv frqvwdqwhv frpsoh{hv/ hw gdqv fh txl vxlw rq uhpsodfh EDg2 �g��sdu g1Rq q*d sdv sx uìgxluh fhwwh ìtxdwlrq/ pdlv hq srvdqw
+51663, � ' 2�D+� n �.D+2crq shxw vh udphqhu ã xqh ìtxdwlrq gh fodvvh Ili0L gh FRVJURYH ^:`
+51664, ������ � �D����� � .D2 ����� n eD�2�� � Eg2%ng���� � 2g2�c

whooh txh vl rq qrwh uhvshfwlyhphqw +5165<, hw +51664, sdu H� hw H2/ rq dxud
+51665, 2�DH��� n 2.D+H�� 'H2c dyhf E�' YY%�/

hq soxv rq d = + ' �D�� � �fg2 � 2g�� / dyhf
+51666, �E%� ' ��� � S�2 n �2Eg2%ng���G*dsuëv o*ìwxgh gh F1P1FRVJURYH ^:`/ vl g2 ' f od vroxwlrq jìqìudoh gh o*ìtxdwlrq+51664, v*h{sulphqw hq whuphv gh irqfwlrqv k|shukhoolswltxhv1Hq h�hw/ gdqv fh fdv +51664, dgphw o*ìtxdwlrq gh fodvvh I0LLL gh FRVJURYH ^:` vxlydqwh
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+51667, �������D����� eDe E���2neD���g��n�c � frqvwdqwh frpsoh{h txhofrqtxh/
frpph lqwìjudoh suhplëuh/ hw grqw od vroxwlrq jìqìudoh hvw grqqìh sdu

+51668, �E%� ' E�� n ���2E�n ��2 � �2 � �2 � 2�c � frqvwdqwh frpsoh{h txhofrqtxh/
dyhf � hw � vrqw gì�qlhv sdu lqyhuvlrq g*lqwìjudohv k|shuhoolswltxhv

+51669,
59999997

�E%�4] _|s� E|�n
�E%�4] _|s� E|� ' ��c

�E%�4] |_|s� E|�n
�E%�4] |_|s� E|� ' %n �ec

��c �e frqvwdqwhv g*lqwjudwlrqv/

hw txl vdwlvidlhqw dx v|vwìph g*ruguh 5 vxlydqw
+5166:,

;AAA?AAA=
�� ' s� E���� � c
�� ' �s� E���� � c

dyhf � xq s÷o|qrph gh ghjuì 9 gì�ql sdu
+5166;, � E|� ' E|2n���� ��g�E|2n��n�|n ���/ � frqvwdqwh frpsoh{h txhofrqtxh/+51668, hvw joredohphqw pìurpruskh/ doruv o*ìtxdwlrq +5165<, hvw vwdeoh srxu g2 ' f1Q1E1 F1P1FRVJURYH d rewhqx od vroxwlrq +51668, hq xwlolvdqw od � MDFREL srvwpxowlsolhuphwkrg � ^:`

Htxdwlrqv gh fodvvh YLLL =
Fhwwh fodvvh hvw grqqìh sdu
+5166<, +���� ' +2+�� n +E+��2 � �Df+D ng�E+� � D+��� n Eg�%nge�+ n �2s43g� ng2c

dyhf g�cg2cg� hw ge ghv frqvwdqwhv frpsoh{hv/ hw srxu vlpsol�hu o*ìfulwxuh rq uhpsodfh�2s43g� ng2 sdu g gdqv fh txl vxlw1Oã dxvvl rq q*d sdv sx uìgxluh fhwwh ìtxdwlrq/ pdlv hq srvdqw
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+51673, � ' �2fEs�f+� n +2 � Dg��crq shxw vh udphqhu ã xqh ìtxdwlrq gh fodvvh Ili0LLL gh FRVJURYH ^:`c
+51674, ������ � 2f����� � ef����� n �2f�2�� � Eg�%nge n �D2 g�2���

�2Eg��� � �2g�g� ' fcwhooh txh vl rq qrwh uhvshfwlyhphqw +5166<, hw +51674, sdu H� hw H2/ rq dxud
+51675, I�f2f H��� n ��f+H�� 'H2c

hq soxv rq d + ' 2s�f�� �g � I�f2 g�e� whooh txh
+51676, �E%� ' ��� � S�2 n 2g�� n �eEg�%nge� n .Hg�2c
O*ìtxdwlrq +51674, d ìwì ìwxglìh sdu FRVJURYH gdqv ^:`c whooh txh srxu g� ' f hoohdgphw xqh lqwìjudoh suhplëuh gh fodvvh I0Y gh FRVJURYH +dyhf V ' f, gh od iruph
+51677, ������2f������fE���2nef���Egen �D2 g�2��n�c � frqvwdqwh g*lqwìjudwlrq/

fhwwh ghuqlëuh hvw lqwìjudeoh hq whuphv gh irqfwlrqv k|shuhoolswltxhv hw rq d
+51678, � ' �eE�n ��/

dyhf � hw � gì�qlhv sdu +51669, hw � E|� ' |D � 2Ege n �D2 g�2�|� n H�|2 n �2��|n �S�2�
+51678, hvw joredohphqw pìurpruskh/ doruv o*ìtxdwlrq +5166<, hvw vwdeoh srxu g� ' f1

frqfoxvlrq
0 G*dsuëv qrwuh ìwxgh/ rq shxw d!uphu txh srxu tx*xqh ìtxdwlrq gx w|sh +H, +srxuohv fdv e 9' fc s ' f hw s 9' f, vrlw vwdeoh/ lo hvw qìfhvvdluh hw vx!vdqw tx*hooh vrlw/ rx vhudpëqh sdu xqh wudqvirupdwlrq W+bc >c ), ã o*xqh ghv qhxi fodvvhv g*ìtxdwlrqv rewhqxhvhw grqqìhv dx ghvvrxv/ dyhf ghv frqglwlrqv hq soxv vxu o*hqwlhu & hw od irqfwlrq e� srxuohv fodvvhv Y hw Y� +yrlu od wurlvlëph sduwlh gx fkdslwuh suìfìghqw srxu soxv gh suìflvlrq,1Srxu ohv dxwuhv fodvvhv/ Sfc _fc efc s�c sf vrqw ghv irqfwlrqv dqdo|wltxhv txhofrqtxhv/ hw

43<



g�cg2cg� hw ge ghv frqvwdqwhv frpsoh{hv1 Hq soxv/ wrxwhv fhv ìtxdwlrqv q*dgphwwhqwtxh ghv s÷ohv vlpsohv frpph vlqjxodulwìv prelohv1
fodvvh L = +���� ' +�+�� n �H+2+�� n �e+E+��2 n �Se+�+��
fodvvh LL = +���� ' ++��� n ��2 +�+�� � �2+2+�� � .e+E+��2 n �H+�+� n Sf+�� n E��2Sf+ n e�S�f�+�

��SS�f+2 � 2�S���f n ebSfS�f�
fodvvh LLL = +���� ' ++��� n D2+�+�� � �H+2+�� � �e+E+��2 n ��S+�+� � e�_f+��� n e�_f++�� n _fE+��2

nE��2_f+2 n ef�+� n �eH_f+e n Ee�_fef n e�f�+ n sf�
fodvvh LY = +���� ' ++��� n �f� +�+�� � eb+2+�� � Hb+E+��2 n 22.+�+� � S._f+��� n S._f++�� n _fE+��2

� H2�_f+2+� n �S�_f+e n sf�
fodvvh Y = +���� ' ++��� n �&23b&23�+�+�� n �2&23�+2+�� n 2e&23�+E+��2 � �2&23�+�+� �e�+�� n e�++�

nE�e�� ng��+� � �2E�e�� ng��+2 n �2eE&2 � ��E�e���� � e�e��
ng�e� n 2g2�%� ng2�

fodvvh Y� = +���� ' ++���n�&23b&23�+�+�n �2&23�+2+��n 2e&23�+E+��2� �2&23�+�+�n �%E+����++��
�&23��&23� E+��2��e�E+���++��nE�e��n%3�e�ng�%�E+�� �2+2�
n&23�2e d�e���� � e�e�� n Ee��� n �2e2��%3� ng�%e� n �2g2�%�o nge%3��

fodvvh YL = +���� ' ++��� n 2+�+�� � 2D+2+�� � �D+E+��2 n 22D+�+� � �S2D+D n SfE+�� � �D++�
n �2D+�� n efE+� � �D+2� n s�+ n sf1

fodvvh YLL = +���� ' +�+�� n �D+2+�� n �D+E+��2 � �S2D+D n Eg2 %ng��+ � Dg2 ng��
fodvvh YLLL = +���� ' +2+�� n +E+��2 � �Df+D ng�E+� � D+��� n Eg�%nge�+n �2s43g� ng2�
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0 Ohv ìtxdwlrqv gh fodvvh YLL hw YLLL �srxuudlhqw� íwuh luuìgxfwleohv/ hw grqf gì�qlugh qrxyhoohv irqfwlrqv/ elhq vþu f*hvw hqfruh wuìv w÷w srxu o*d!uphu/ od vhxoh mxvwl�fdwlrqtx*rq d srxu o*lqvwdqw hvw od frpsoh{lwì gh ohxu ìwxgh10 Hq dmrxwdqw ã od olvwh ghv fodvvhv g*ìtxdwlrqv vwdeohv gìmd rewhqxhv srxu oh fdv+e ' s ' f, +yrlu dqqh{h, fhoohv tx*rq ylhqw g*rewhqlu/ rq dxud xqh olvwh frpsoëwh +4;fodvvhv, ghv fodvvhv g*ìtxdwlrqv vwdeohv gx w|sh +H,10 O*xwlolvdwlrq gh o*rxwlo lqirupdwltxh d ìwì g*xq judqg dssruw srxu o*dssolfdwlrq ghod pìwkrgh gh EXUHDX/ vxuwrxw txh fhooh fl d hqjhqguì ghv ìtxdwlrqv dojìeultxhv +sduh{hpsoh o*ìtxdwlrq glrskdqwlhqqh +5189,, grqw od uìvroxwlrq qìfhvvlwh ghv fdofxov frorvvdovluuìdolvdeohv ã od pdlq1 Od uljxhxu pdwkìpdwltxh gdqv od frqvwuxfwlrq gh fhwwh pìwkrghhw vrq dssolfdwlrq +ã o*dlgh o*rxwlo lqirupdwltxh, soxv rx prlqv idfloh oxl grqqhqw xqh sodfhlpsruwdqwh sduplv ohv dxwuhv gh o*dqdo|vh gh SDLQOHYH/ píph vl fhooh fl q*h{wudlw dxfxqhlqirupdwlrq ghv lqglfhv qìjdwliv frpph f*hvw oh fdv srxu od pìwkrgh gh shuwxuedwlrq ghSDLQOHYH ^8/9`1

Dqqh{h
Od olvwh ghv fodvvhv g*ìtxdwlrqv vwdeohv gx w|sh +H, gìmã rewhqxhv srxu oh fdv e ' s ' f+yrlu ^5/7/:`,/ hvw
+D14, +���� ' �2++�� n �2E+��2 n Ek%n q�+� n 2k+ � �SEk%n q�2(
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+D15, +���� ' �++�� � eE+��2(
+D16, +���� ' �D++�� n eDe E+��2 � �D+� n k+ n q(
+D17, +���� ' �f++�� � Sf+� n k+ n q(
+D18, +���� ' 2f++�� n �fE+��2 � ef+� n k+ n V%n q(
+D19, +���� ' �H++�� n bE+��2 � 2e+� n k+2 n �bk2+ n V%n q(
+D1:, +���� ' s}� � �s �}s} +��� � ss ��} n Es ��2} � ss �}�s2} +�� � 2s2i __% � }�} ji�S�%E%+� � +�2

nS2E%+� � +�E�%+� � +� n S�+�E�%+� � 2+� n �SeE+��2 n 2SD%E%+� � +�
nSSE2%+� � +� n 2S.+� n SH%n Sbjc

rü sE%� ' S�%� n S2%2 n S�%n Se hw }E%� ' _�%n _2(
+D1;, +���� ' � _�_%�i+2 n � E%�+ n'E%�jn�E%� _2_%2i+� n +2 n � E%�+ n'E%�j

n�E%� __%i+� n +2 n � E%�+ n'E%�jn �E%�i+� n +2 n � E%�+
n'E%�jn(E%�(

+D1<, +���� ' � _2_%2i�++� n +� n � E%�E+� n +2� n'E%�+ n-E%�jn�E%� __%i+�� n �++�
n+� n � E%�E+� n +2� n'E%�+ n-E%�jn�E%�i+�� n �++� n +�
n� E%�E+� n +2� n'E%�+ n-E%�jn �E%��

Surfìgxuhv hw surjudpph lqirupdwltxh =
Gdqv fh txl vxlw rq gì�qlw xq surjudpph lqirupdwltxh/ txl uìvrxg oh sureoëph +I,srxu oh ghx{lëph fdv + s 9' f, dyhf � Er� 9' 2e� Srxu o*dxwuh fdv +e 9' fc s ' f,/ rqidlw fhuwdlqh prgl�fdwlrq vxu ohv surfìgxuhv eqru/ Odue/ hw wdv/ dlqvl tx*xq wuëv shwlwfkdqjhphqw srxuPrk/ srxu ohv dgdswhu ã fh ghuqlhu fdv1 Ohv surfìgxuhvPhon/ Wdvvd/Ndu vrqw ydodeohv srxu ohv ghx{ fdv1
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Surfìgxuh Prk =
G*dsuëv o*ìtxdwlrq glrskdqwlhqqh +5189,/ ��c �2c �� hw �e qh shxyhqw íwuh wrxwhv qìjdwlyhvdx píph whpsv/ hw rq uhpdutxh elhq tx*rq shxw vxssrvhu = f 	 �� � e [ 2e vdqv qxluhã od jìqìudolwì1Hw o*ìtxdwlrq +5189, hvw ìtxlydohqwh ã

+D143, ��2 n ��� n ��e ' �� � 2e2e�� ' �h�� �
Gh píph oã dxvvl rq shxw vxssrvhu = m�2m � �Ed��� h�����o n �� / + ^1` sduwlh hqwlëuh ,1Hw rq d

+D144, ��� n ��e ' �2 � h��h���2 ' �h�2 �hq soxv
+D145, m��m � 2Ed��� h�2���o n �� / + ^1` sduwlh hqwlëuh ,1
Hq yhuwxh gh fhv frqvlgìudwlrqv/ rq d ìoderuì xqh surfìgxuh qrppìhPrk/ whooh srxu�� hw �2 grqqìv fhwwh surfìgxuh qrxv grqqh wrxwhv ohv ydohxuv gh �� hw �e txl yìul�hqwo*ìtxdwlrq +5189,1
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 P �! �L I � F � ! � � W K H Q � � W W �  L T X R � G � F � � � � � � � � �L I � � L U H P � D E V � G � � D E V � F � �  � � � W K H Q � � �M �  M � � � D > M � � @ �  L � � D > M � � @ �  Y � D > M � � @ �  U � � � � � � �D > M � � @ �  W W � � I L � I L �! �L I � V L J Q � Q 
 P �  � � W K H Q � U �  U � � � H O V H � U �  U� � � I L �! �R G � L I � M � ! � � W K H Q! �V �  P D W U L [ � M � � � � L � O �� ! D > L � O @ � � � H O V H V �  P D W U L [ � � � � � > @ � I L � � � � � �H O V H � V �  P D W U L [ � � � � � > @ � � I L �H Q G �
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Surfìgxuh Phon =
Srxu xqh ydohxu gh �� grqqìh/ od surfìgxuhPhon qrxv grqqh wrxwhv ohv frpelqdlvrqv gh6 hqwlhuv srvlwliv whov txh ohxu surgxlw hvw ìjdo ã m��m/ hw srxu dyrlu oh uhvwh+frpelqdlvrqv,/lo vx!w g*dmrxwhu xq vljqh E�� ã xq/ ghx{/ rx wurlv ìoìphqwv gh fkdtxh frpelqdlvrqv/vhorq oh vljqh gh �� > hw fhod vh idlw ã o*dlgh gh od surfìgxuh Wdvvd1

!�PHON� S URF�YY ��ORFDO �L�M�O �N�JOR EDO�VV� PQ�DD� GG� DE V�YY��!�VV>���@ � GG�V V>���@�  ��VV> ���@� ��!�PQ� ��� L� ��L L� HYDO I�VTUW �GG��� LLL� L�LL�!�ZKLOH�V LJQ�LLL� ���RU��LLL ��� GR�!�LI�LUHP �GG�L�  ��WKHQ �M� LT XR�GG� L��!�PQ� PQ� ��VV>P Q��@� L �VV>PQ ��@� M �VV>PQ� �@� ��!�LI��QRW �LVSULPH�M��� DQG��L �!M��W KHQ!�N� L�NN � HYDO I�VTUW� M���NN N� N�NN�!�ZKLOH�V LJQ�NN N� ���RU��NNN ��� GR�!�LI�LUHP �M�N� ��WKHQ� O� LTX R�M�N� � PQ� PQ ���!�VV>PQ�� @� L�V V>PQ��@ � N�VV >PQ��@ � O�!�IL�N� N ���NNN � N�NN�RG�I L�����IL�L� L ���LLL � L�LL��RG�!�XQDVVLJ Q�
DD
 ��DD� P DWUL[� PQ���� LK�MK��!VV>LK� MK@��H QG�
Surfìgxuh Wdvvd =! �WD V VD �  SU R F �U U � �J O R ED O � E�! �XQ D VV L J Q� 
 E 
� �! �LI � VL J Q �U U �  � � W KH Q! �E�  PD W U L[ � � �� � > �� � � ����� � �� � �� �� ��� �� ��� � �� �@ �! �HO V H! �E�  PD W U L[ � � �� � >� ��� �� ��� � �� � �� � � ���� � �� � � �� �@ �! �IL � E� H Q G�

Surfìgxuh eqru =
fhwwh surfìgxuh hvw prgl�ìh dx �o ghv fdv ìwxglìv1Srxu +��c �2c ��c �e, xqh vroxwlrq gh +5189,/ rq d
@ 9' f G + @r� 9' f / ; � ' ���e ,Od surfìgxuh eqru idlw xqh uìvroxwlrq h{dwh gx v|vwëph +5188,/ sxlv whvwh od qdwxuhudwlrqqhooh ghv vroxwlrqv rewhqxhv hw gdqv oh fdv idyrudeoh /hooh idlw dssho ã od surfìgxuhOdue 1
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@ ' f G + @r� ' f / ; � ' ���e ,Od surfìgxuh eqru hvw prgl�ìh gh whooh vruwh tx*hq soxv gh od uìvroxwlrq qxpìultxhgx v|vwëph +5188,/ whvwh od frpsdwlelolwì ghv vroxwlrqv rewhqxhv dyhf ohv ydohxuv ghv +r�r� ,grqqìhv sdu +5186,1
! �EQ R U�  S UR F � V� � O RF D O �L � M �� J O RE D O �D D � �D D � �D D �� D D �� W � �� � � �W� � W� � W �� Y � �Y U � VR O �! �ZL W K�O L QD O J �U R Z GL P � �S U L QW � M �� U R ZG L P �V � � ��! �IR U �L � I UR P � �� W R �U R Z GL P � V� � G R� � � �XQ D VV L J Q� 
 [ 
� 
 \ 
� 
 ] 
� 
 X 
� � M � � �! �HT X � � ^ V> L � �@  � �
 � �� [� 
 �� �\� 
 ��� ]� � V> L � �@  � �
 � �� �� � [� � 
 ���� X� 
 ��� �] � [� � � V> L � �@  � �
 � �� �� � \� � 
 ��� �� � X� � 
 ��� �] � \� � � �V> L �� @  �� 
 � �� �� � ]� � 
 ��� �[ � ]� � 
 ��� �\ � ]� � ` �� � � �VR O � V R OY H � HT X � �� X Q DV V L JQ � 
 DD � 
 �
 D D �
 � 
 DD � 
� 
 D D� 
 � �� � � �LI�ZKDWW\SH�VRO� VHW�WKHQ���XQDVVLJQ�
[
�
\
�
]
�
X
��WUDSHUURU�DVVLJQ�VRO�����LI��W\SH�[�UDWLRQDO���DQG��W\SH�\�UDWLRQDO���DQG����W\SH�]�UDWLRQDO���DQG��W\SH�X�UDWLRQDO���WKHQ�XQDVVLJQ�
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YU
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�
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! �L I � X  � \ � [ � � W K H Q � F � �  F � � � � � L I � F �  � � W K H Q � �! �P H O N � Y � > � @ � �! �W � �  P Q �! �D D � �  P D W U L [ � U R Z G L P � D D � � � � � L � M �� ! D D > L � M @ � �! �P H O N � Y � > � @ � �! �W � �  P Q �! �D D � �  P D W U L [ � U R Z G L P � D D � � � � � L � M �� ! D D > L � M @ � � � �! �P H O N� Y � > � @ � �! �W � �  P Q �! �DD � � P D WU L [ �U R Z GL P � DD � � �� � L �M �� !D D >L � M @� �! �PH O N� Y � >� @ � �! �W� �  P Q � �! �DD � � P D WU L [ �U R Z GL P � DD � � �� � L �M �� !D D >L � M @� � I L�! �OD U E� Y � �Y U � �I L � �I L � �M �  M� � �! �XQ D VV L J Q� 
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� 
 ] 
� 
 X 
� � W UD S H UU RU� D VV L J Q� V R O> M @ ��! �RG � IL � R G�! �HQ G �
Surfìgxuh Odue =

Srxu +��c �2c ��c �e, vroxwlrq gh +5188,/ od surfìgxuh Odue whvwh od frpsdwlelolwì ghv+r�r� , grqqìhv uhvshfwlyhphqw sdu +5188,/ +5185, hw +5186,/ srxu wrxwhv ohv frpelqdlvrqvgh 6 hqwlhuv ghv ��E� ' ���e� +grqqìhv sdu Phon ,/ hw vl oh whvw hvw erq/ rq dxud xqhfodvvh g*ìtxdwlrqv grqw ohv idploohv gh s÷ohv prelohv hw ohv frh!flhqwv vrqw d!fkìv sdu odsurfìgxuh1
! �ODUE� SURF�Y��YU��ORFDO�I�II�LL��LL � �LL � �LL � �MM��MM��MM��MM����JOREDO�W��W ��W ��W ��DD��DD ��DD ��DD ��V��V ��V ��V �� [ [ �XX��] ]�DD�E���F���G���G��F��E��! �I� �VS�VG�\ \��!VS��VG
\ \��! �II� �FF��FF ��FF��!FF����FF�A ��
FF ��! �III� �G]�W]�J]��!G]�W]
�J]�A ��������������������������������������������IRU�LL��IURP���WR�W��GR�! �IRU�MM��IURP���WR� ��GR�! �WDVVD�Y� >� @ ��! �IRU�N�IURP�� WR�� GR! �[[ > � � N@ � E >MM��N@ 
DD� >LL��N @ �RG�! �V�� �VXP� [ [> � �O @�O ���� ������! �IRU�LL� �IURP���WR�W � �GR! �IRU�MM� �IURP���WR� � �GR�! �WDVVD�Y� > � @� �! �IRU�N�IURP�� WR�� GR! �[[ > � � N@ � E >MM � �N@ 
DD � >L L � �N@ �RG�! �V� � �VXP� [ [> � � O @�O ���� �� ����
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^4` P1M1 DOERZLW]/ D1 UDPDQL/ K1 VHJXU1 D frqqhfwlrq ehwzhhq qrqolqhdu hyroxwlrqhtxdwlrqv dqg ruglqdu| gl�huhqwldo htxdwlrqv ri S0w|sh1 L1 M1 Pdwk1 Sk|v1 yro1 54+4<;3, S1:480:541 > LL1 54 +4<;3, S14339043481^5` I1M1 EXUHDX1 Gl�huhqwldo htxdwlrqv zlwk �{hg fulwlfdo srlqwv1 Dqqdol gl pdwkhpdw0lfd1 +4<97,/ LY1 Y1 991 S1404491^6` F1 FDUWRQ0OHEUXQ1 Frqglwlrqv qìfhvvdluhv srxu txh ohv vroxwlrqv gh fhuwdlqhv ìtxd0wlrqv gl�ìuhqwlhoohv vrlhqw ã srlqwv fulwltxhv lvroìv �{hv1 / L hw LL/ Dfdgìplh Ur|dohgh Ehojltxh/ Exoohwlq gh od Fodvvh ghv Vflhqfhv/ Eux{hoohv/ Vìu1 8 88 =8570869 +4<9<,hw 88 =98909:5 +4<9<,1^7` M1 FKD]\1 Vxu ohv ìtxdwlrqv gl�huhqwlhoohv gx wurvlëph ruguh hw g*ruguh vxsìulhxugrqw o*lqwhjudoh jìqìudoh d vhv srlqwv fulwltxhv �{hv1 Wkëvh/ Sdulv +4<43, > Dfwd pdwk167 +4<44, S164:06;81^8` U1 FRQWH1 Wkh SDLQOHYH dssurdfk wr qrqolqhdu ruglqdu| gl�huhqwldo htxdwlrqv/wkh SDLQOHYH surshuw|/ rqh fhqwxu| odwhu1 S140445/ hg1 FRQWH U1/ FUP vhulhv lqpdwkhpdwlfdo sk|vlf +Vsulqjhu/ Ehuolq/ 4<<;,1 Vroy0lqw2<:433531^9` U1 FRQWH/ D1S1 IRUG\/ D1 SLFNHULQJ1 D shuwxuedwlyh SDLQOHYH dssurdfk wr qrq0olqhduh gl�huhqwldo htxdwlrqv1 Sk|vlfd G1 yro1 9<1 +4<<6,1 S16608;1^:` F1P1 FRVJURYH1 Kljkhu0rughu SDLQOHYH htxdwlrqv lq wkh sro|qrpldo fodvv L/ EXUHDXv|pero S51 Vwxglhv lq dssolhg pdwkhpdwlfv1 yro1 4371 ?��� +5333,1 S140991
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^;` F1P1 FRVJURYH1 FKD]\ fodvvhv L[0[LL ri wklug0rughu gl�huhqwldo htxdwlrqv1 Vwxglhvlq dssolhg pdwkhpdwlfv1 yro1 4371 ?��� +5333,1 S14:4055;1^<` K1 H[WRQ1 Rq qrqolqhdu ruglqdu| glihuhqwldo htxdwlrqv zlwk �{hg fulwlfdo srlqwv1Uhqglfrqwl gl pdwkhpdwlfd yro1 71 +4<:4,1 S1 6;8077;1^43` H1 KLOOH1 Ruglqdu| gl�huhqwldo htxdwlrqv lq wkh frpsoh{ grpdlq/ +M1 ZLOH\ dqgvrqv/ Qhz \run/ 4<:9,1^44` H1O1 LQFH1 Ruglqdu| gl�huhqwldo htxdwlrqv/ +Orqjpdqv/ Jhhq dqg fr1/ Orqgrq dqgQhz \run/ 4<59,1 Uhsulqwhg +Gryhu/ Qhz \run/ 4<89,1^45` D1 NHVVL/ P1V1 ERXNKHOLID1 Irxuwk0rughu gl�huhqwldo htxdwlrqv zlwk lqwhjhu lqglfhvri IXFKV1 M1 Uhjxodu dqg Fkdrwlf G|qdplfv/ yro1 9/ ?� 7/ +5334,/ S177<07861^46` V1Y1 NRYDOHYVNL1 Vxu xqh sursulìwì gx v|vwëph g*ìtxdwlrqv txl gì�qlw od urwdwlrqg*xq frusv vrolgh dxwrxu g*xq srlqw �{h1 Dfwd Pdwk1 47 +4;<3, S1;40<61^47` Q1D1 NXGU\\DVKRY1 Vrph irxuwk0rughu ruglqdu| gl�huhqwldo htxdwlrqv zlwk sdvv wkhSDLQOHYH whvw1 Mrxuqdo ri qrqolqhdu pdwkhpdwlfdo sk|vlf1 yro1 ;1 +5334,1 S14:504::1^48` L1S1 PDUWLQRY1 Gl�huhqwldo htxdwlrqv zlwk vwdwlrqdu| fulwlfdo srlqwv vlqjxodulwlhv1Gl�huhqwldo htxdwlrqv1 yro1 <1 +4<:6,1 S1469;046:91^49` S1 SDLQOHYH1 Ohêrqv vxu od wkìrulh dqdo|wltxh ghv ìtxdwlrqv gl�huhqwlhoohv1 +Ohêrqvgh Vwrfnkrop/ 4;<8, +Khupdqq/ Sdulv/ 4;<:,1 Uhsulqwhg/ Rhxyuh gh S1 SDLQOHYH /yro1 L +ìglwlrq gx F1Q1U1V1/ Sdulv/ 4<:6,1^4:` K1 SRLQFDUH1 Ohv pìwkrghv qrxyhoohv gh od pìfdqltxh fìohvwh/ JDXWKLHU0YLOODUV/+4;<5, > ulvwdpsd EODQFKDUG/ Sdulv +4<;:,1^4;` M1ZHVV/ P1 WDERU dqg J1 FDUQDYDO1 Wkh SDLQOHYH surshuw| iru sduwldo gl�huhqwldohtxdwlrqv1 M1 Pdwk1 Sk|v1 yro1 571 +4<;6,1 S185508591
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