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Lqwurgxfwlrq jìqìudoh
Mrqfwlrq gh sodtxhv wkhuprìodvwltxhv

Rq mxvwl�h sdu ohv pìwkrghv dv|pswrwltxhv ohv frqglwlrqv gh w|sh Yhqwfhosrxu xq sureoëph gh wkhuprìodvwlflwì1Rq frqvlgëuh xqh sodtxh plqfh g*ìsdlvvhxu 2k +k shwlw ghydqw ohv dxwuhvglphqvlrqv, hw gh vxuidfh pr|hqqh ln= ln hvw xq rxyhuw gh U2 uìjxolhu/ ghiurqwlëuh Cln ' P ^ Kn= Rq vxssrvh txh vxu od sduwlh odwìudoh hvw �{ìh xqhfrtxh plqfh f|olqgultxh g*ìsdlvvhxu % hw gh kdxwhxu 2k1 Od frtxh plqfh hvwdoruv 7l%3 � d�k> ko dyhf l%3 xq rxyhuw gh U2= Rq idlw o*k|srwkëvh txh oh prgxohgh \rxqj H/ od ghqvlwì �> od frqgxfwlylwì wkhupltxh n gdqv l%3 vrqw udlghv hqsxlvvdqfh gh �% > f*hvw ã gluh txh od frtxh plqfh hvw xq udlglvvhxu gh frqgxfwlylwìlq�qlphqw judqgh vxu oh erug gh od sodtxh plqfh1 Gdqv od vxlwh/ k vhud shwlwghydqw % srxu od mxvwl�fdwlrq gx prgëoh gh sodtxhv/ rq ihud hqvxlwh whqguh % yhuv}ìur1 Rq srvh Cl%3 ' P ^ P%3 ^ K%3 hw l% ' ln ^ 7P ^ l%3=Rq gìvljqh sdu i 5 O�Ef> W ( O2El%�� hw j 5 O�Ef> W ( O2El%�� ohv ghqvlwìv ghyroxph/ rq vxssrvh txh od sduwlh gx erug �Kn ^ K%3�� d�k> ko hvw hqfdvwuìh1 Rqqrwh sdu z oh gìsodfhphqw wudqvyhuvdo + h{lrq, hw � od glvwulexwlrq gh od fkdohxugdqv od vwxfwxuh grqqìh1Rq frqvlgëuh oh prgëoh gh wkhuprìodvwlflwì srxu fhwwh vwxfwxuh Efi deo� =
ES �� �dL �{oznn nG{2z n �{� ' i vxu l% � Ef> W ���n � n{� n �� � �{zn ' j vxu l% � Ef> W �dyhfohv frqglwlrqv dx{ olplwhv =hqfdvwuhphqw hw whpsìudwxuh �{ìh vxu �Kn ^ K%3�� Ef> W � =z ' fCzC� ' f� ' f

lll



31 Lqwurgxfwlrq jìqìudoh lyerug oleuh vxu P%3 � Ef> W � =
�C�C� n W Ez�� �CznnC� ' fPEz� ' fn C�C� n �CznC� ' fwudqvplvvlrq vxu P� Ef> W � = dzo ' f�CzC� � ' fd�o ' f��C�C� n W Ez�� �CznnC� � ' fdPEz�o ' f�n C�C� n �CznC� � ' f

hw ohv frqglwlrqv lqlwldohv vxu l� Ef> W � =z Ef� ' zfzn Ef� ' z�� Ef� ' �f
rü d o gìvljqh oh vdxw ã wudyhuv P hw oh vljqh n gìvljqh od gìulyìh sdu udssruwã w1Ohv frh!flhqwv �> n> H hw � txl vrqw uhvshfwlyhphqw od ghqvlwì/ od frqgxfwl0ylwì wkhupltxh/ oh prgxoh gh \rxqj hw oh prgxoh gh Srlvvrq grqqìv sdu =

� ' + �n gdqv ln�3% gdqv l%3 � ' � �n gdqv ln�3 gdqv l%3
n ' + nn gdqv lnn3% gdqv l%3 H ' + Hn gdqv lnH3% gdqv l%3� hvw oh idfwhxu gh frxsodjh gx v|vwëph g*ìodvwlflwì hw gh o*ìtxdwlrq gh odfkdohxu gì�ql sdu =

� ' �2Grü G ' H�� �2Oh frh!flhqw � hvw gì�ql sdu



31 Lqwurgxfwlrq jìqìudoh y
� ' + � gdqv ln�% gdqv l%3Ohv rsìudwhxuv P hw W vrqw gì�qlv sdu =

PEz� ' G�{z n E�� ��E2���2 C2zC{C| � �2�C2zC|2 � �22C2zC{2 ��

W Ez� ' G �C{zC� n E�� �� CCv �E�2� � �22� C2zC{C| n ���2EC2zC|2 � C2zC{2 ���
rü v hvw o*devflvvh fxuyloljqh hw �Ev� od qrupdoh h{wìulhxuh ã P hq v1Oh prgëoh frqvlgìuì hvw oh prgëoh gh wudqvplvvlrq udlgh gh wkhuprìodvwlflwì/lo shxw íwuh irupxoì gh idêrq yduldwlrqqhooh1 Rq prqwuh juåfh ã od pìwkrgh ghIdhgr0Jdohunlq Efi d�o / d2o hw dbo� tx*lo dgphw xqh vroxwlrq idleoh1 Rq xwlolvhoh v|vwëph gh frrugrqqìhv orfdohv gdqv l%3= Rq gìvljqh sdu UEv� oh ud|rq ghfrxuexuh gh P hq v hw sdu �Ev� oh yhfwhxu xqlwdluh wdqjhqw ã P hq v1 Rq surfëghhqvxlwh sdu fkdqjhphqw g*hfkhooh Efi dSo� gdqv o*ìsdlvvhxu gh l%3 srxu vh udphqhuã xqh iruph gì�qlh vxu xq rxyhuw �{h hw grqw od gìshqgdqfh hq % hvw h{solflwh1Rq gìvljqh sdu *% o*lpdjh gh * > hw rq srvh +dsuëv fkdqjhphqw g*ìfkhooh, =

�%W E*%3� ' UEv�UEv�� %} CCv � UEv�UEv�� %} C*%3Cv �� �% EUEv�� %}� C*%3C}
�%VE*%3� ' � CC} � UEv�UEv�� %} C*%3Cv �
�%QE*%3� ' C2*%3C}2Hvwlpdwlrqv ã sulrulRq prqwuh tx*lo h{lvwh xqh frqvwdqwh srvlwlyh F lqgìshqgdqwh gh % whooh txh =��z%n��O"Ef>W (K2Eln�� � F> ��z%3��O"Ef>W (K2El3�� � F>����z%3�n���O"Ef>W (K�Eln�� � F> ���%n��O"Ef>W (O2Eln�� � F>���%3��O"Ef>W (O2El3�� � F> ������%

�Cz%3C} �n�����O"Ef>W (O2El3�� � F>���%W Ez%3���O"Ef>W (O2El3�� � F> ���%�%VEz%3���O"Ef>W (O2El3�� � F>�����%�2 �%QEz%3����O"Ef>W (O2El3�� � F> WU
f

���%n��2O2Eln� g� � F>
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WU
f

���%3��2O2El3� g� � F> WU
f

��u�%n��2O2Eln� g� � F>
WU
f

�����% C�%3C} ����2
O2El3� g� � F> WU

f
����C�%3Cv ����2

O2El3� g� � F =
Fhv hvwlpdwlrqv vh gìgxlvhqw gh od irupxodwlrq idleoh gx sureoëph ES � vxu od0txhooh rq d h�hfwxìh g*derug xq fkdqjhphqw gh yduldeohv hw g*ìfkhooh/ rq dssoltxhhqvxlwh ohv whfkqltxhv fodvvltxhv gh o*lqìjdolwì gh o*ìqhujlh1Fhv hvwlpdwlrqv vhuylurqw sdu od vxlwh ã frqwu÷ohu oh frpsruwhphqw gh od vr0oxwlrq sdu udssruw dx sdudpëwuh % hw mxvwl�hu oh sdvvdjh ã od olplwh oruvtxh % $ f1
Sdvvdjh ã od olplwh hw prgëoh gh Yhqwfho
Rq vxssrvh txh =

3Ci %n> % �]
f i%3g}

4D frqyhujh idleohphqw yhuv Ein> iW� gdqv O2Ef> W (O2Eln��O2EP��
3Cj%n> % �]

f j%3g}
4D frqyhujh idleohphqw yhuv Ejn> jW� gdqv O2Ef> W (O2Eln��O2EP��=

3Cz%rn> % �]
f z%r3g}

4D frqyhujh idleohphqw yhuv Ezrn> zrn m P� gdqv K2Eln��K2r EP��
3Cz%�n> % �]

f z%�3g}
4D frqyhujh idleohphqw yhuv Ez�n> z�n m P� gdqv K2Eln��K2r EP��=

3C�%rn> % �]
f �%r3g}

4D frqyhujh idleohphqw yhuv E�rn> �rn m P� gdqv O2Eln��O2EP�=
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�%

�]
f C}z%�3g} frqyhujh yhuv z2 idleohphqw gdqv O2EP�=

Doruv od vxlwh �z%n> �%n� frqyhujh yhuv o*xqltxh vroxwlrq idleoh Ezn> �n� gxsureoëph gh Fdxfk|0Yhqwfho vxlydqw =� �n EL �{�znnn nGn{2zn n �n{� ' in gdqv ln � Ef> W ��n�nn � nn{�n n �n � �n{znn ' jn gdqv ln � Ef> W �
dyhf ohv frqglwlrqv dx{ olplwhv =0 hqfdvwuhphqw hw whpsìudwxuh �{ìh vxu Kn � Ef> W � =z ' fCzC� ' f� ' f0 frqglwlrqv gh Yhqwfho vxu P � Ef> W � =

�nC2w C�zn n �3C2w Ezn � C2vzn� n Wn Ezn� n S Ezn� n �3C2v�n � �nC��n ' iW�nCwC�zn � �3CwC2vzn n �3Cw�n n nnC��n � n3C2v�n n �n ' jW�3C2w C�zn nPn Ezn� nT Ezn�� �3C��n ' f
hw ohv frqglwlrqv lqlwldohv =zn Ef� ' zr gdqv lnznn Ef� ' z� gdqv lnCwC�znEf� ' z2 vxu P�n Ef� ' �r gdqv lnohv rsìudwhxuv S> T> Wn hw Pn vrqw gì�qlv sdu

S Ez� ' H3
�C2v�W Ez� n 2� n �3 =Cv

� �U Ev��v Ez���
T Ez� ' H3

� 2� n �3Cv
� �U Ev��v Ez��� �U Ev��W Ez��

Wn Ez� ' Gn
�C{zC� n E�� �n� CCv ���2� � �22� C2zC{C| n ���2

�C2zC|2 � C2zC{2
���

Pn Ez� ' Gn
�{z n E�� �n��2 ���2 C2zC{C| � �2�C2zC|2 � �22C2zC{2

��
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�W Ezn� ' C2znCv2 � �U CznC�

�VEzn� ' �� CCv CznC� n �U CznCv �
Fh w|sh gh frqglwlrqv dx{ olplwhv q*hvw sdv fodvvltxh/ lo wudgxlw o*h�hw gx udl0glvvhxu vxu oh gìsodfhphqw hw od sursdjdwlrq gh od fkdohxu gdqv oh frusv ìodvwltxhEfi d.o > dHo hw dbo� =Oh sodq gh wudydlo vxlyl gdqv o*ìwxgh gh fh sureoëph hvw oh vxlydqw =Dx fkdslwuh L/ rq udsshooh txhotxhv ìoìphqwv g*dqdo|vh irqfwlrqqhooh txl vhurqwxwlolvìv sdu od vxlwh1Dx fkdslwuh LL/ rq grqqh xq dsshuêx ghv qrwlrqv g*ìodvwlflwì 1Dx fkdslwuh LLL/ rq udsshooh ghv qrwlrqv gh jìrpëwulh gl�ìuhqwlhooh lqwulqvëtxhqìfhvvdluhv srxu o*ìwxgh ghv frtxhv plqfhv1Dx fkdslwuh LY/ rq mxvwl�h sdu ghv whfkqltxhv dv|pswrwltxhv xq prgëoh ghYhqwfho srxu o*ìwxgh gh od mrqfwlrq g*xqh sodtxh wkhuprìodvwltxh dyhf xq udlglv0vhxu lq�qlphqw frqgxfwhxu vxu oh erug1



Fkdslwuh 4
Txhotxhv ìoìphqwv g*dqdo|vhirqfwlrqqhooh

Oh sureoëph txh qrxv wudlwrqv gìshqg gx whpsv/ qrxv doorqv udsshohu txhotxhvuìvxowdwv vxu ohv glvwulexwlrqv ã ydohxuv yhfwrulhoohv Efi d2o�
414 O*hvsdfh OsEd> e([�/ s 5 d�>n4o
Gì�qlwlrq 414 Vrlw [ xq hvsdfh gh Edqdfk/ s xq ìoìphqw gh d�>n4o/ od> ed xqlqwhuydooh rxyhuw gh U1Rq dsshooh hvsdfh gh Ohehvjxh ã ydohxuv gdqv [/ hw rq qrwh OsEd> e([� o*hv0sdfh ghv +fodvvhv gh, irqfwlrqv =

i G od> ed �$ [w :�$ iEw�
phvxudeohv whoohv txh =
41 Vl � � s ? n4 = � eU

d niEw�ns[ gw��@s ' nins ? n4=51 Vl s ' n4 G t�T hvvwMod>ed niEw�n[ ' nin" ? n4=
Sursulìwìv41 O*hvsdfh OsEd> e([� hvw xq hvsdfh gh Edqdfk srxu od qruph n=ns =

4



41 Txhotxhv ìoìphqwv g*dqdo|vh irqfwlrqqhooh 5
51 Vl o*hvsdfh [ hvw gh soxv uh h{li doruv oh gxdo gh OsEd> e([� v*lghqwl�hdojìeultxhphqw hw wrsrorjltxhphqw ã OtEd> e( [ �� srxu � ? s ? n4 hw tyìul�ldqw �s n �t ' �=61 Vl [ hw \ gìvljqhqw ghx{ hvsdfhv gh Edqdfk/ [ lqfoxv gdqv \ dyhf lq0mhfwlrq frqwlqxh/ doruv lo h{lvwh xqh lqmhfwlrq frqwlqxh gh OsEd> e([� gdqvOsEd> e(\ �=71 Vl l gìvljqh xq rxyhuw gh Uqdoruv rq d o*ìtxlydohqfh dojìeultxh hw wrsror0jltxh hqwuh ohv hvsdfhv OsEd> e(OsEl�� hw OsEEd> e��l� srxu � � s ? n4=Rq lqwurgxlw doruv ohv glvwulexwlrqv yhfwrulhoohv =

415 Glvwulexwlrqv yhfwrulhoohv
Gì�qlwlrq 415 Vrlw of> W d xq lqwhuydooh gh U hw [ xq hvsdfh yhfwrulho qrupìRq dsshooh hvsdfh gh glvwulexwlrq vxu of> W d ã ydohxuv gdqv [ hw rq oh qrwhG�Ef> W ([� o*hvsdfh ghv dssolfdwlrqv olqìdluhv frqwlqxhv gh GEof> W d� gdqv [1

Srxu wrxw i gh G�Ef> W ( [� hw wrxw * gh GEof> W d� od ydohxu gh i hq * qrwìhki> *l dssduwlhqw ã [=Sursulìwìv41 Gìulydwlrq =Vrlw i xq ìohphqw gh G�Ef> W ( [� > od gìulyìh gh i qrwìh i n od glvwulexwlrqgì�qlh sdu = i � G GEof> W d� $ [* :�$ ki �> *l ' �ki> *�l =51 Glvwulexwlrq uìjxolëuh =Vrlw pdlqwhqdqw O�orfEf> W ([�> o*hvsdfh ghv +fodvvhv gh, irqfwlrqv iwhoohv txh = srxu wrxw frpsdfw N � of> W d/ "Ni 5 O�Ef> W ([�> rü "Ngìvljqh od irqfwlrq fdudfwìulvwltxh gx frpsdfw N=Vl i dssduwlhqw ã O�orfEf> W ([�> rq shxw oxl dvvrflhu xqh glvwulexwlrq glwhglvwulexwlrq uìjxolëuh dvvrflìh ã i> hqfruh qrwìh i hw gì�qlh sdu =
i G GEof> W d� $ [* :�$ ki> *l ' WU

f i Ew�* Ew� gw=



41 Txhotxhv ìoìphqwv g*dqdo|vh irqfwlrqqhooh 6
dssduwlhqw ã OsEf> W ([� � O�orfEf> W ([�1Sursrvlwlrq 414 Ohv irqfwlrqv x> y 5 O�orfEf> W ([� gì�qlvvhqw od píph glvwul0exwlrq vl hw vhxohphqw vl x hw y vrqw vfdodluhphqw suhvtxh sduwrxw ìjdohv l1h vl [ ngìvljqh oh gxdo gh [ >;i 5 [ n = ohv irqfwlrqv w :$ ki> x Ew�l[ nf[ hw w :$ ki> y Ew�l[ nf[ vrqw s1sìjdohv1Qrwdwlrq =Vrlhqw Y hw Z ghx{ hvsdfhv gh Edqdfk dyhfY /$ Zo*lqmhfwlrq gh Y gdqvZ ìwdqw frqwlqxh hw ã lpdjh ghqvh1 Rq qrwh srxu s ìoìphqwgh d�>n4o =ZsEf> W (Y>Z � ' ii 5 OsEf> W (Y � @i � 5 OsEf> W (Z �j =ZsEf> W (Y>Z � hvw xq hvsdfh gh Edqdfk srxu od qruphnin2 ' nin2OsEf>W (Y � n ni �n2OsEf>W (Z � =O*lqwìuíw g*dssduwhqlu ã xq who hvsdfh hvw g*dyrlu ghv sursulìwìv gh uìjxodulwì/soxv suìflvhphqw =Sursrvlwlrq 415 Vrlhqw Y hw K ghx{ hvsdfhv gh Kloehuw vìsdudeohv/ Y lqfoxvgdqv K dyhf lqmhfwlrq frqwlqxh hw ghqvlwì/ oh gxdo gh Y hvw qrwì Y � > doruv rq do*lqmhfwlrq fdqrqltxh frqwlqxh ghv hvsdfhv vxlydqwv =Z2Ef> W (Y> Y �� /$ FEdf> W o (K�rü FEdf> W o (K� hvw o*hvsdfh ghv irqfwlrqv frqwlqxhv gh df> W o gdqv K=Uhpdutxh 414 Ohv sursrvlwlrqv 4 hw 5 shuphwwhqw gh gì�qlu iEf� hw iEW �=Qrwrqv sdu GEU( Y � o*hvsdfh gh irqfwlrqv F" gì�qlhv vxu U hw ã ydohxuvgdqv Y hw ã vxssruw frpsdfw=Sursrvlwlrq 416 Vrlw GEdf> W o (Y � o*hvsdfh ghv uhvwulfwlrqv ã df> W o ghv irqf0wlrqv gh GEU( Y � doruvGEdf> W o (Y � hvw ghqvh gdqv Z2Ef> W (Y> Y ��Sursrvlwlrq 417 Vrlw Y xq hvsdfh gh Kloehuw vìsdudeoh hw Y n vrq gxdo/ srxu wrxwi gh Z2Ef> W (Y> Y �� hw wrxw y 5 Y rqd =ki nE=�> y l ' ggwkiE=�> y l gdqv GnEdf> W o�



41 Txhotxhv ìoìphqwv g*dqdo|vh irqfwlrqqhooh 7416 Frqyhujhqfh idleoh hw frqyhujhqfh idleoh-
Vrlw [ xq hvsdfh gh Edqdfk/ [ � vrq gxdo1

Gì�qlwlrq 416 +Frqyhujhqfh idleoh, Rq glw tx*xqh vxlwh E{q� gh [ frqyhujhidleohphqw gdqv [ yhuv { vl o*rq d =
k{�> {ql $q<" k{�> {l ;{� 5 [ �=

Sursrvlwlrq 418 Vrlw [ xq hvsdfh gh Edqdfk uh h{li1E{q� xqh vxlwh eruqìh gdqv [/ doruv lo hvw srvvleoh g*h{wudluh gh E{q� xqh vrxvvxlwh E{�q� txl frqyhujh idleohphqw gdqv [1
Gì�qlwlrq 417 +Frqyhujhqfh idleoh-, Vrlw [ xq hvsdfh qrupì hw [ � vrqgxdo1Rq glw tx*xqh vxlwh E{�q� � [ � frqyhujh idleohphqw- yhuv {� 5 [ � vl

k{�q> {l $q<" k{�> {l ;{ 5 [=
Uhpdutxh 415 Vrlw Y xq hvsdfh gh Edqdfk vìsdudeoh/ uh h{li hw Y � vrq gxdo1Vrlw Eiq� xqh vxlwh g*ìoìphqwv gh O"Ef> W (Y ��=Gluh txh iq $ i gdqv O"Ef> W (Y �� idleohphqw - vljql�h txh =

W]
f kiqEw�> jEw�l gw $q<"

W]
f kiEw�> jEw�l gw ;j 5 O�Ef> W (Y �=

Sursrvlwlrq 419 Vrlw [ xq hvsdfh qrupì vìsdudeoh hw E{�q� xqh vxlwh eruqìhgdqv [ �/ doruv lo hvw srvvleoh g*h{wudluh gh E{�q� xqh vrxv vxlwh E{�p� whooh txh{�p $ {� E5 [ �� gdqv [ � pxql gh od wrsrorjlh idleoh-1
Sursrvlwlrq 41: Vrlw [ xq hvsdfh gh Edqdfk uh h{li1Vrlw E{q� xqh vxlwh g*ìoìphqwv gh [ whooh txh =+l, n{qn � F ! n4 ;q EF xqh frqvwdqwh�1+ll, o*hqvhpeoh ghv srlqwv g*dffxpxodwlrq gh E{q� srxu od wrsrorjlh idleoh hvwuìgxlw ã i{jdoruv od vxlwh E{q� frqyhujh yhuv { gdqv [ idleoh1



41 Txhotxhv ìoìphqwv g*dqdo|vh irqfwlrqqhooh 8
Sursrvlwlrq 41; Vrlw [ xq hvsdfh gh Edqdfk vìsdudeoh/ E{�q� xqh vxlwh g*ìoì0phqwv gh [ �> rq vxssrvh =+l, n{�qn � F ! n4 ;q EF xqh frqvwdqwh� =+ll, o*hqvhpeoh ghv srlqwv g*dffxpxodwlrq gh E{�q� srxu od wrsrorjlh idleoh � hvwuìgxlw ã i{�jDoruv E{�q� frqyhujh yhuv {� gdqv [ � idleoh �1
Ohpph 4 +gh Jurqzdoo, Vrlw W xq uìho srvlwli/ f xqh frqvwdqwh srvlwlyhi hw j ghx{ irqfwlrqv yìul�dqw =+ i 5 O" Ef> W � > iEw� � f s=s=wj 5 O� Ef> W � > jEw� � f s=s=whw

iEw� � w]
f jEv�iEv�gv n f s=s=w E404�

Doruv i yìul�h =
iEw� � f i TE w]

f jEv�gv�
Ohpph 5 Vrlhqw ghx{ hvsdfhv gh Kloehuw Y hw K/ Y n oh gxdo gh Y whov txh

Y /$ K /$ Y n
dyhf ghv lqmhfwlrqv frqwlqxhv hw ghqvhv1Doruv/ srxu wrxw x 5 O2Ef> W ( Y � who txh xn 5 O2Ef> W ( Y n� rq d =

nxn2K 5 Z �>� Eof> W d� hw ggw �nxn2K� ' 2 kx> xnlY>Y nrü
Z �>� Eof> W d� ' �* 5 O� Eof> W d� @ Cw* 5 O� Eof> W d��

417 Lqìjdolwì gh Srlqfduì hw irupxoh gh Juhhq
Vrlw l xq rxyhuw eruqì gh Uq hw K xqh sduwlh gh vd iurqwlëuh whooh txhphvEK� A f=



41 Txhotxhv ìoìphqwv g*dqdo|vh irqfwlrqqhooh 9
41714 Lqìjdolwì gh SrlqfduìLo h{lvwh xqh frqvwdqwh srvlwlyh F +gìshqgdqw vhxohphqw gx gldpëwuh ghl, whooh txh srxu wrxw z gdqv K�El� who txh z ' f vxu K =

nzn2O2El� � F q[
l'�

���� CzC{l
����2
O2El�41715 Irupxoh gh JuhhqVrlhqw Y hw K ghx{ hvsdfhv gh Kloehuw whov txh

Y /$ K /$ Y n
hw x> y 5 Z2Ef> W (Y> Y �� doruv Efi d2o�

e]
d kxn Ew� > y Ew�lY nfY gwn e]

d kyn Ew� > x Ew�lY nfY gw ' Ex Ee� > y Ee��� Ex Ed� > y Ed��
rü E > � hvw oh surgxlw vfdodluh gdqv K> vrlhqw doruv
e]

d kxn Ew� > y Ew�lY nfY gwn e]
d kyn Ew� > x Ew�lY nfY gw ' Ex Ee� > y Ee��� Ex Ed� > y Ed��

418 Xq wkìruëph gh wudfhv
Gì�qlwlrq 418 l xq rxyhuw eruqì gh U2 gh iurqwlëuh uìjxolëuh P=Rq srvhH El� ' i* 5 K2 El� > {2* 5 O2 El�j =H El� pxql gh od qruph

n*n2HEl� ' n*n2K2El� n �� {2*��2O2El�hvw xq hvsdfh gh Kloehuw1
Srvrqv srxu z 5 K2 El�

PEz� ' G�{z n E�� ��E2���2 C2zC{C| � �2�C2zC|2 � �22C2zC{2 ��
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W Ez� ' G �C{zC� n E�� �� CCv �E�2� � �22� C2zC{C| n ���2EC2zC|2 � C2zC{2 ���

EEz> *� ' ]
l
�EC2zC{2 n �C2zC|2 �C2*C{2 n 2E�� �� C2zC{C| C2*C{C|nEC2zC|2 n �C2zC{2 �C2*C|2 � glWkìruhph 414 Efi dHo�Qrxv dyrqv =41 G �7l� hvw ghqvh gdqv H El�51 O*dssolfdwlrq z :$ EP Ez� ( W Ez�� gì�qlh vxuG �7l� vh surorqjh hq xqhdssolfdwlrq olqìdluh frqwlqxh gh H El� gdqv oh gxdo gh K �2 EP��K �2 EP� =Qrxv dyrqv gh soxv

]
l
{2z*gl� EEz>*� ' kP Ez� > C*C� l�K �2 EP��WfK �2 EP��kW Ez� > *l�K �2 EP��WfK �2 EP�



Fkdslwuh 5
Hoìphqwv g*ìodvwlflwì hw prgëohvgh sodtxhv
514 Qrwdwlrqv

Rq frqvlgëuh xqh sodtxh gh vxuidfh pr|hqqh l Erxyhuw eruqì gh U2> ghiurqwlëuh uìjxolëuh Kf ^ K dyhf phvEK� A f� hw g*ìsdlvvhxu 2k +k shwlw ghydqw ohvdxwuhv glphqvlrqv,=Rq vxssrvh txh od sodtxh hvw vrxplvh ã ghv irufhv gh yroxphv gh ghqvlwìvi ' Eil� > � � l � �
il G l� d�k> ko �$ UVrxv o*h�hw gh fhv irufhv/ od sodtxh vh gìiruph1Rq qrwh sdu xEP> w� oh yhfwhxu gìsodfhphqw dx srlqw P gh 7l ã o*lqvwdqww> x ' Exl��$l$�
xl G l� d�k> ko �$ URq vxssrvh txh srxu wrxw w 5 of> W d fhwwh sodtxh hvw hqfdvwuìh vxu od sduwlhgx erug Kf� o�k> kd > fh txl fruuhvsrqg ã o*lgìh txh fhwwh sduwlh hvw g*xqh idêrqrx g*xqh dxwuh �{ìh ã xq vxssruw uljlgh1Rq frqvlgëuh grqf ghv fkdpsv gh gìsodfhphqwv frpsdwleohv dyhf fhwwh frqgl0wlrq g*dwwdfkh Exl ' f vxu Kf � o�k> kd�=Rq vxssrvh tx*ã o*lqvwdqw w ' f oh gìsodfhphqw hw od ylwhvvh gh od sodtxh vrqwgrqqìv1

;



51 Hoìphqwv g*ìodvwlflwì hw prgëohv gh sodtxhv <
Rq gìvljqh sdu � ' E�lm� oh whqvhxu ghv frqwudlqwhv/ Lo v*djlw g*xq whqvhxuv|pìwultxh �� � txl phvxuh ohv h�ruwv lqwhuqhv v*h{huêdqw gdqv od sodtxh gx idlwgh vd gìirupdwlrq hw % ' E%lm� oh whqvhxu ghv gìirupdwlrqv Efi dDo�

515 Orlv gh frpsruwhphqw
Gdqv fh txl vxlw/ rq xwlolvh od frqyhqwlrq gh vrppdwlrq vxu ohv lqglfhv uìsìwìv1Xq frpsruwhphqw wkhuprìodvwltxh fdudfwìulvh xq plolhx srxu ohtxho od glvvl0sdwlrq lqwulqvëtxh hvw wrxmrxuv lghqwltxhphqw qxooh +fdudfwìulvwltxh ghv plolhx{ìodvwltxhv,/ pdlv od glvvlsdwlrq wkhupltxh hvw hq jìqìudo gl�ìuhqwh gh }ìur1Ohv yduldeohv wkhuprg|qdpltxhv qdwxuhoohv vrqw lfl oh whqvhxu ghv gìirupd0wlrqv hw od whpsìudwxuh W=Rq vh vlwxh gdqv o*k|srwkëvh ghv shwlwhv shuwxuedwlrqv/ fh txl lpsoltxh hqsduwlfxolhu txh o*rq sxlvvh uhpsodfhu oh whqvhxu ghv gìirupdwlrqv sdu vd sduwlholqìdluh gh frpsrvdqwhv

%lmEx� ' �2 �CxmC{l n CxlC{m
�

Rq vxssrvh txh W hvw pxvxuìh ã sduwlu g*xqh whpsìudwxuh xqliruph Wf=Rq srvh doruv � ' W � WfFhwwh txdqwlwì ìwdqw dxvvl vxssrvìh shwlwh1Od orl gh frpsruwhphqw v*h{sulph sdu xqh uhodwlrq olqìdluh hqwuh oh whqvhxughv frqwudlqwhv hw oh whqvhxu ghv gìirupdwlrqv/ gdqv oh fdv rü od sodtxh frqvlgëuìhhvw krprjëqh hw lvrwursh od orl gh frpsruwhphqw suhqg od iruph =
�lmEx� ' �%lmEx��lm n 2�%lmEx�� �N���lm l> m ' �> 2> �
+� hvw oh frh!flhqw gh Odpì hw N hvw oh prgxoh gh uljlglwì ã od frpsuhvvlrq,1rx elhq

%lmEx� ' � n �H �lmEx�� �H�nnEx��lm n ���lm l> m ' �> 2> �O*lqwhusuìwdwlrq ghv frh!flhqwv vhud grqqìh soxv orlq1



51 Hoìphqwv g*ìodvwlflwì hw prgëohv gh sodtxhv 43516 Prgëoh wulglphqwlrqqho gh sodtxhv wkhuprì0odvwltxhv
Od sodtxh yìul�h ohv ìtxdwlrqv 6G =orl gh frpsruwhphqw =

%lmEx�� ���lm ' � n �H �lmEx�� �H�nnEx��lm gdqv l� d�k> ko
o*ìtxdwlrq gx prxyhphqw =

�C2w xl ' CC{m �lm n il gdqv l� d�k> ko
o*ìtxdwlrq g*hvwlpdwlrq gh o*ìqhujlh =

�Cw� ' nWfCmm� � H��� 2�%lmECwx� gdqv l� d�k> korüH hvw oh prgxoh gh \rxqj1� hvw oh frh!flhqw gh glodwdwlrq wkhupltxh/ lqgìshqgdqw gh � +k|srwkëvh ghvshwlwhv shuwxuedwlrqv,1Wf hvw xqh whpsìudwxuh gh uìiìuhqfh vxssrvìh frqqxh1� hvw o*ìfduw/ sdu udssruw ã Wf> gh od whpsìudwxuh ã o*lqwìulhxu gh od sodtxh1� hvw oh frh!flhqw gh Srlvvrq1� hvw od ghqvlwì gh pdvvh1il gìvljqhqw ohv frpsrvdqwhv gh od ghqvlwì gh irufhv yroxpltxhv1� hvw oh frh!flhqw gh fkdohxu vsìfl�txh1n hvw oh frh!flhqw gh frqgxfwlylwì gh od fkdohxu1x hvw oh fkdps gh gìsodfhphqw1
Frqglwlrqv dx{ erug =�l� ' f vxu l� i�k> kjn C�C{��� n � �� � �o� ' to vxu l� i�k> kj� ' f vxu Kf � d�k> kox ' f vxu Kf � d�k> korü� � f hvw xq frh!flhqw grqqì1�o o ' �> 2 vrqw ghx{ whpsìudwxuhv vxssrvìhv frqqxhv1



51 Hoìphqwv g*ìodvwlflwì hw prgëohv gh sodtxhv 44
to o ' �> 2 hvw od frpsrvdqwh yhuwlfdoh gx  x{ gh fkdohxu vxu l� i�k> kjvxssrvìh frqqx1� hvw oh yhfwhxu qrupdo h{wìulhxu ã od sodtxh hq xq srlqw gh vd vxuidfh1Frqglwlrqv lqlwldohv =x Ef� ' xfCwx Ef� ' x�� Ef� ' �fUhpdutxh 514 Od frqglwlrq dx{ olplwhv

n C�C{��� n � �� � �o� ' to vxu l� i�k> kj
hvw xqh frqglwlrq dx{ olplwhv gh  x{/ frxudpphqw xwlolvìh srxu wudgxluh ohvìfkdqjhv gh fkdohxuv1

Ohv fdudfwìulvwltxhv jìrpëwultxhv gh od sodtxh plqfh dxwrulvhqw ghv vlpsol�0fdwlrqv gdqv oh prgëoh wulglphqvlrqqho hw shuphwwhqw dlqvl gh oh udphqhu ã xqprgëoh elglphqvlrqqho irupxoì vxu od vxuidfh pr|hqqh gh fhwwh sodtxh1Rq qrwh sdu z oh gìsodfhphqw wudqvyhuvdo + h{lrq, hw i hw j ohv irufhv ghyroxph h{hufìhv vxu od sodtxh1 Rq vxssrvh/ srxu vlpsol�hu/ txh ohv irufhv ghvxuidfhv vrqw qxoohv1
Oh prgëoh olqìdluh gh wkhuprìodvwlflwì hvw doruv grqqì sdu =�dL �{oznn nG{2z n �{� ' i vxu l� Ef> W ���n � n{� n � � �{zn ' j vxu l� Ef> W �dyhf ohv frqglwlrqv dx{ olplwhv =hqfdvwuhphqw vxu Kf � Ef> W � G z ' fCzC� ' f� ' ferug oleuh K� Ef> W � =

�C�C� n W Ez�� �CznnC� ' fPEz� ' fn C�C� n �CznC� ' f
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frqglwlrqv lqlwldohv =

z Ef� ' zf vxu lzn Ef� ' z� vxu l� Ef� ' �f vxu lOh vljqh n gìvljqh od gìulyìh sdu udssruw ã w= Ohv frh!flhqwv �> n vrqwuhvshfwlyhphqw od ghqvlwì gh pdvvh hw od frqgxfwlylwì wkhupltxh/ oh frh!flhqw �hvw grqqì sdu � ' �2G ' �2 H�� �2rü H hvw oh prgxoh gh \rxqj hw � hvw oh prgxoh gh Srlvvrq1 Ohv rsìudwhxuv ghwudfhv P hw W vrqw gì�qlv sdu =
PEz� ' G�{z n E�� ��E2���2 C2zC{C| � �2�C2zC|2 � �22C2zC{2 ��

W Ez� ' G �C{zC� n E�� �� CC� �E�2� � �22� C2zC{C| n ���2EC2zC|2 � C2zC{2 ��� =
rü� ' E��> �2� ìwdqw od qrupdoh h{wìulhxuh ã K hw � ' E��2> ���=



Fkdslwuh 6
Hoìphqwv gh jìrpìwulhgl�ìuhqwlhooh gdqv U2

Oh exw gh fh fkdslwuh hvw gh udsshohu txhotxhv ìoìphqwv gh jìrpìwulh gl�ì0uhqwlhooh Efi d�o�
614 Devflvvh fxuyloljqh
Gì�qlwlrq 614 Vrlw P xqh frxueh gh U2 gh fodvvh F2 hw EL>P� xqh uhsuìvhqwd0wlrq sdudpìwultxh gh P EL � U,1 Srxu wrxw w 5 L> oh qrpeuh uìho

vEw� ' w]
wf

nPE��n g�
hvw dsshoì devflvvh fxuyloljqh gx srlqw p ' PEw� dyhf pf ' PEwf� srxu ruljlqh1
Uhpdutxh 614 4, O*dssolfdwlrq v G L �$ vEL� hvw xq krpìrprusklvph ghfodvvh F�5, O*devflvvh fxuyloljqh v phvxuh od orqjxhxu gh od frxueh P gx srlqw pf dxsrlqw p hw hooh hvw lqgìshqgdqwh gh od sdudpìwulvdwlrq fkrlvlh1

6, O*dssolfdwlrq S gì�qlh gh vEL� gdqv P sdu S ' P � v3�hvw xq uhsdudpì0wudjh gh P sdu o*devflvvh fxuyloljqh v=
46
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Sursrvlwlrq 614 Vrlw P xqh frxueh sdudpìwuìh gh fodvvh F2= Oh uhsdudpìwudjhS ' P � v3�hvw xq F2 sdudpìwudjh hw rq d =����gSgv ���� ' �

615 Hwxgh jìrpìwultxh orfdoh g*xqh frxueh sd0udpìwuìh
61514 Frxuexuh hw ud|rq gh frxuexuhVrlw EP>P� xqh frxueh sdudpìwuìh gh fodvvh F 2 hw S xq uhsdudpìwudjh ghP sdu xqh devflvvh fxuyloljqh v=
Gì�qlwlrq 615 Od frxueh P hvw glwh eluìjxolëuh dx srlqw p ' PEw� vl P �Ew� hwP ��Ew� vrqw olqìdluhphqw lqgìshqgdqwv1
Gì�qlwlrq 616 Rq dsshooh frxuexuh dx srlqw p oh qrpeuh uìho/ qrwì �Ev�

�Ev� ' ����g2Sgv2 ����Vl P hvw eluìjxolëuh dx srlqw p> rq dsshooh ud|rq gh frxuexuh hq p o*lqyhuvhgh od frxuexuh hq p=Oh ud|rq gh frxuexuh vh qrwh =
uEv� ' ��Ev�

Uhpdutxh 615 Od frxuexuh qh gìshqg sdv gh od sdudpìwulvdwlrq fkrlvlh1
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61515 Frxuexuh dojìeultxh/ ud|rq gh frxuexuh dojìeultxhhw irupxohv gh Iuhqhw

Vrlw EP>P� xqh frxueh sdudpìwuìh gh fodvvh F 2 hw eluìjxolëuh hq wrxw srlqwS Ev� +S gìvljqdqw wrxmrxuv oh uhsdudpìwudjh gh P sdu xqh devflvvh fxuyloljqhv�= Rq srvh = � Ev� ' gSgv� Ev� hvw grqf xq yhfwhxu xqlwdluh wdqjhqw ã P dx srlqw S Ev� ' P � v3�Ev�=Rq gìvljqh sdu �Ev� oh yhfwhxu vh gìgxlvdqw gh � Ev� sdu xqh urwdwlrq gh �2gdqv oh vhqv gluhfw1
d, Frxuexuh dojìeultxhHq gìulydqw oh surgxlw vfdodluh n� Ev�n2 ' � rq rewlhqw =

� =g�gv ' f +604,Lo h{lvwh doruv xqh irqfwlrq ��Ev� G vEL� �$ U whooh txh =
g�gv ' ��Ev��Ev� +605,Sdu frpsdudlvrq dyhf od gì�qlwlrq gh od frxuexuh rq gìgxlw txh =
�Ev� ' m��Ev�m +606,

Gì�qlwlrq 617 Od irqfwlrq �� hvw dsshoìh frxuexuh dojìeultxh gh P=
e, Ud|rq gh frxuexuh dojìeultxhRq dsshooh ud|rq gh frxuexuh dojìeultxh oh qrpeuh uìho

UEv� ' ���Ev�
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f, Irupxohv gh IuhqhwHq gìulydqw od uhodwlrq � Ev��Ev� ' f rq rewlhqw =

g�gv �Ev� n � Ev�g�gv Ev� ' fHq whqdqw frpswh gh +615, rq wluh doruv =
g�gv Ev� ' �UEv��Ev�g�gv Ev� ' � �UEv�� Ev�Fhv irupxohv vrqw dsshoìhv irupxohv gh Iuhqhw1



Fkdslwuh 7
Prgìolvdwlrq dv|pswrwltxh g*xqsureoëph gh wudqvplvvlrq udlghgdqv xq grpdlqh uìjxolhu gh U2

LqwurgxfwlrqGdqv fh fkdslwuh/ rq mxvwl�h sdu ghv whfkqltxhv dv|pswrwltxhv xq prgëohg*ìyroxwlrq olqìdluh srxu xqh sodtxh plqfh wkhuprìodvwltxh dyhf xq udlglvvhxulq�qlphqw frqgxfwhxu vxu oh erug1 Hq sduwdqw g*xq sureoëph gh wudqvplvvlrqudlgh gìshqgdqw g*xq shwlw sdudpëwuh % +% ìwdqw o*ìsdlvvhxu gx udlglvvhxu,/ rqderxwlw sdu sdvvdjh ã od olplwh ã xq prgëoh dyhf frqglwlrqv dx{ olplwhv gh w|shYhqwfho1 Fhv frqglwlrqv prgìolvhqw o*h�hw gx udlglvvhxu vxu od sodtxh plqfh1
714 Sureoëph gh wudqvplvvlrq udlgh

Rq prgìolvh lfl xq sureoëph gh wkhuprìodvwlflwì srxu xqh sodtxh plqfh dyhfxq udlglvvhxu vxu vrq erug1Vrlw ln xq rxyhuw eruqì gh U2 uhsuhvhqwdqw od sodtxh gh erug uìjxolhu
Cln ' 7P ^ 7Kn

rü P hvw xqh sduwlh rxyhuwh/ frqqh{h hw gh phvxuh qrq qxooh1Vrlw v xqh devflvvh fxuyloljqh vxu P > rq qrwh �Ev� od qrupdoh h{wìulhxuhhw � Ev� oh yhfwhxu xqlwdluh wdqjhqw ã P hq v gh whooh vruwh txh E� Ev�>�Ev�� vrlw
4:
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gluhfw1Rq frqvlgëuh o*rxyhuw l%3 gh U2 gì�ql sdu =

l%3 ' iPEv> }� ( v 5 P ( f ? } ? %j
rü PEv> }� hvw oh srlqw gh frrugrqqìhv Ef> }� gdqv oh uhsëuh orfdo Ev> � Ev�>�Ev��hw % A f hvw xq sdudpëwuh glvwlqì ã whqguh yhuv }ìur1Rq srvh = Cl%3 ' P ^ P%3 ^ K%3rü P%3 ' iPEv> %� ( v 5 P j hw K%3 ' Cl%3 q �P ^ P%3� =Rq qrwh UEv� oh ud|rq gh frxuexuh gh P hq v hw rq idlw o*k|srwkëvh glwh ghvfrtxhv plqfhv = %4@ � �mUEv�m ( v 5 P� ? �
gh vruwh txh od fruuhvsrqgdqfh =

P� of> %d $ l%3Ev> }� $ PEv> }�
vrlw elmhfwlyh1Rq srvh doruv l% ' ln ^ 7P ^ l%3
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Ohv sursulìwìv sk|vltxhv ghv gl�ìuhqwv plolhx{ frqvwlwxdqw ohv grpdlqhvln hw l%3 vrqw gìfulwhv ã sduwlu ghv frqvwdqwhv �> n> H hw � txl vrqw uhvshfwlyh0phqw od ghqvlwì/ od frqgxfwlylwì wkhupltxh/ oh prgxoh gh \rxqj hw oh prgxoh ghSrlvvrq1Rq idlw o*k|srwkëvh txh oh prgxoh gh \rxqj/ od ghqvlwì hw od frqgxfwlylwìwkhupltxh vrqw glvfrqwlqxhv hw udlghv hq sxlvvdqfh �% gdqv l�3 f*hvw ã gluh txhod frtxh plqfh l�3 � o�k> kd hvw xq udlglvvhxu vxu oh erug gh od sodtxh lq�ql0phqw frqgxfwhxu gh od fkdohxu/ rq vxssrvh dxvvl txh oh frh!flhqw gh Srlvvrq hvwlqgìshqgdqw gh % =

� ' + �n gdqv ln�3% gdqv l%3 � ' + �n gdqv ln�3 gdqv l%3
n ' ;?= nn gdqv lnn3% gdqv l%3 H ' ;?= Hn gdqv lnH3% gdqv l%3

Oh v|vwëph gh od wkhuprìodvwlflwì srxu od sodtxh plqfh gh vxuidfh pr|hqqhl% hvw xq v|vwëph gh ghx{ ìtxdwlrqv oldqw od  h{lrq z hw od whpsìudwxuh �1
ESf�+ �dL �{oznn nG{2z n �{� ' i vxu l% � Ef> W ���n � n{� n �� � �{zn ' j vxu l% � Ef> W �

dyhf ohv frqglwlrqv dx{ olplwhv =
�C�C� n W Ez�� �CznnC� ' f vxu P%3 � Ef> W �PEz� ' f vxu P%3 � Ef> W �n C�C� n �CznC� ' f vxu P%3 � Ef> W �z ' CzC� ' f vxu �K%3 ^ Kn�� Ef> W �� ' f vxu �K%3 ^ Kn�� Ef> W �hw ohv frqglwlrqv gh wudqvplvvlrq vxu P� Ef> W � =
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��C�C� n W Ez�� �CznnC� � ' f�n C�C� n �CznC� � ' fdPEz�o ' f�CzC� � ' fd zo ' fd �o ' fhw ohv frqglwlrqv lqlwldohv vxu l% � Ef> W � =

z Ef� ' zfznEf� ' z��Ef� ' �f� hvw oh idfwhxu gh frxsodjh gh o*ìtxdwlrq g*ìodvwlflwì hw gh o*ìtxdwlrq gh odfkdohxu gì�ql sdu =
� ' �2Grü G ' H�� �2hw oh frh!flhqw � hvw grqqì sdu

� ' ;?= � gdqv ln�% gdqv l%3
Ohv rsìudwhxuv gh wudfhv P hw W vrqw gì�qlv sdu =
PEz� ' G�{z n E�� ��E2���2 C2zC{C| � �2�C2zC|2 � �22C2zC{2 ��
W Ez� ' G �C{zC� n E�� �� CCv �E�2� � �22� C2zC{C| n ���2EC2zC|2 � C2zC{2 ���

rü CC� gìvljqh od gìulyìh qrupdoh1�Ev� od qrupdoh h{wìulhxuh ã P hq v gh frpsrvdqwhv �� hw �2=
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Rq vxssrvh txh ohv ghqvlwìv gh irufhv gh yroxphv =i hw j vrqw gdqv O�Ef> W (O2El%��
hw txh ohv grqqìhv lqlwldohv

zf> z� hw �f vrqw uhvshfwlyhphqw gdqv Z El%�> Y El%� hw O2El%�
71515 Ohv hvsdfhv irqfwlrqqhovRq frqvlgëuh ohv hvsdfhv irqfwlrqqhov vxlydqwv =

Z El%� G ' �z 5 K2El%� ( z ' CzC� ' f vxu Kn ^ K%3
� >Y El%� G ' �z 5 K�El%� ( z ' f vxu Kn ^ K%3� =Rq pxqlw fhv hvsdfhv uhvshfwlyhphqw ghv qruphv =

n=nK2El%� hw n=nK�El%� =Rq qrwh sdu
Ez>*�l ' ]

lz*gl oh surgxlw vfdodluh gdqv O2El�=
dEz>*� ' ]

luzu*gl>
eEz> *� ' G ]

l
�EC2zC{2 n �C2zC|2 �C2*C{2 n 2E�� �� C2zC{C| C2*C{C|nEC2zC|2 n �C2zC{2 �C2*C|2 � gl

OE*>#� ' ]
lEi*n j#�gl
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Od irupxodwlrq yduldwlrqqhooh gx Sureoëph ESf� v*ìfulw doruv =

ES��

;AAAAAAAAAAAAAA?AAAAAAAAAAAAAA=

z 5 O" Ef> W ( Z El%�� zn 5 O" Ef> W ( Y El%��� 5 O" Ef> W ( O2El%�� _ O2 Ef> W ( Y El%��ggw i� Ezn> *�l% n �dEzn> *� n � E�> #�l% n �dEz>#�jnnd E�> #� n e Ez>*�� �dE�> *� n � E�> #�l% ' OE*> #�; E*> #� 5 Z El%�� Y El%�z Ef� ' zfzn Ef� ' z�� Ef� ' �fggw hvw sulvh dx vhqv ghv glvwulexwlrqv l1h Gn Eof> W d� =Uhpdutxh 714 Fkdfxqh ghv iruphv E�> #�l% > d E > � > e E > �hw OE*> #� hvw vrpphg*xqh iruph gì�qlh vxu ln hw g*xqh dxwuh iruph gì�qlh vxu l%n= Dlqvl rq dE > �l% ' E > �ln n E > �l%3 > d E > � ' dn E > � n d3 E > � > e E > � ' en E > � ne3 E > � hw O E > � ' On E > � n O3 E > � =dyhf
dnEz>*� ' ]

ln uzu*gln=
d3Ez>*� ' ]

l%3
uzu*gl%3=

enEzn> *n� ' Gn
]
ln

�EC2znC{2 n �nC2znC|2 �C2*nC{2 n 2E�� �n�C2znC{C| C2*nC{C|nEC2znC|2 n �nC2znC{2 �C2*nC|2 � gln
e3Ez3> *3� ' G3% ]

l%3
�EC2z3C{2 n �3C2z3C|2 �C2*3C{2 n 2E�� �3�C2z3C{C| C2*3C{C|

nEC2z3C|2 n �3C2z3C{2 �C2*3C|2 � gl%3
OnE*n> #n� ' ]

lnEin*n n jn#n�gln
O3E*3> #3� ' ]

l%3Ei3*3 n j3#3�gl%3=
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Wkìruhph 714 Eg*h{lvwdqfh hw g*xqlflwì�Oh sureoëph yduldwlrqqho ES�� dgphw xqh xqltxh vroxwlrq1Suhxyh1 Ohv hvsdfhv

Z El%� ' �* 5 K2El%� ( * ' C*C� ' f vxu Kn ^ K%3
�

Y El%� G' �# 5 K�El%� ( # ' f vxu Kn ^ K%3�ìwdqw gh Kloehuw vìsdudeohv1Vrlw i*lj Euhvs1 i#lj � xqh edvh gh Z E l%� Euhvs1 Y E l%��1Srxu dyrlu o*h{lvwdqfh g*xqh vroxwlrq idleoh rq xwlolvh od pìwkrgh gh Idhgr0Jdohunlq 1Rq lqwrgxlw doruv od vroxwlrq dssurfkìh =
zpE=> w� ' p[

l'� klpEw�=*lE=�
�pE=> w� ' p[

l'� nlpEw�=#lE=�
gì�qlh frpph vroxwlrq gx sureoëph =

ES Wp�
;AAAAAAAAAA?AAAAAAAAAA=

ggw i� Eznp> *l�l% n �dEznp> *l�jn eEzp> *l�� �dE�p> *l� ' Ei> *l�l% E��ggw i� E�p> #l�l% n �dEzp> #l�jn ndE�p> #l� n �E�p> #l�l% ' Ej> *l�l% E2�srxu � � l � pzpEf� ' zfpznpEf� ' z�p�pEf� ' �fpdyhf
zop ' p[

l'�
�]

l% zo*l
�*l o ' f> � �fp ' p[

l'�
�]

l% �f#l
�#l

hw
Ez>*�l% ' ]

l% z*gl%
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dEz>*� ' ]

l% uzu*gl%

eEz>*� ' G ]
l%

�EC2zC{2 n �C2zC|2 �C2*C{2 n 2E�� �� C2zC{C| C2*C{C|nEC2zC|2 n �C2zC{2 �C2*C|2 � gl%
Rq pxowlsolh o*ìtxdwlrq E�� sdu knlp hw o*ìtxdwlrq E2� sdu nlp >rq lqwìjuh gh fã w sxlv rq vrpph vxu l/ rq rewlhqw o*ìjdolwì gh o*ìqìujlh =

HEw�nn w]
f dE�p Ev� > �p Ev��gvn� w]

f E�p Ev� > �p Ev��l%gv ' HEf�n w]
f OEznp Ev� > �p Ev��gv

+6,rü
2=HEw� ' ����zpnEw���2 n n�pEw�n2 n dEznp Ew� > znp Ew���neEzp Ew� > zp Ew�� ;w 5 df> W o

Fhfl/ lpsoltxh juåfh ã o*lqìjdolwì gh Fdxfk|0Vkzdu}/ ohpph gh Jurqzdoo hwohv k|srwkëvhv vxu ohv grqqìhv =
zf 5 Z El%�> z� 5 Y El%�> �f 5 O2El%�>

i hw j vrqw gdqv O�Ef> W (O2El%��
txh

nzpEw�nZ El%� � F +7,
��znpEw���Y El%� � F +8,
n�pEw�nY El%� � F +9,
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��uznpEw���O2El%� � F +:,
W]

f nu�pn2O2El%� g� � F +;,
W]

f n�pn2O2El%� g� � F +<,
rü F hvw xqh frqvwdqwh srvlwlyh lqgìshqgdqwh gh p=Lo h{lvwh grqf xqh vrxv vxlwh gh od vroxwlrq dssurfkìh tx*rq qrwh dxvvl Ezp> �p� hwghv irqfwlrqv z hw � whoohv txh

zp �$ z idleohphqw- gdqv O"Ef> W (Z El%�� +43,
znp �$ zn idleohphqw- gdqv O"Ef> W (Y El%�� +44,
�p �$ � idleohphqw- gdqv O"Ef> W (O2El%�� +45,hw idleohphqw gdqv O2Ef> W (Y El%��

Lo uhvwh ã prqwuhu txh Ez> �� dlqvl frqvwuxlwh hvw vroxwlrq gx sureoëph ES W�Vrlw * 5 GEof> W d� hw # 5 GEof> W d� rq d srxu � � l � pW]
f

ggw i� Eznp> *l�l% *n �dEznp> *l�*j gv
n W]

f eEzp> *l�*gv� � W]
f dE�p> *l�*gv ' W]

f Ei> *l�l%*gv
W]
f

ggw i� E�p> #l�l% # n �dEzp> #l�#j gv
nn W]

f dE�p> #l�#gvn � W]
f E�p> #l�l%#gv ' W]

f Ej> *l�l%#gv
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Hq frqvlgìudqw gdqv ohv ìtxdwlrqv suìfìghqwhv ohv lqwìjudohv sdu udssruw ã wfrpph gxdolwì dx vhqv Gn > G rq d =W]

f i� Ezp> *l�l% *nn n �dEzp> *l�*nnj gv
n W]

f eEzp> *l�*gv� � W]
f dE�p> *l�*gv ' W]

f Ei> *l�*gv
W]
f
�� E�p> #l�l% #n n �dEzp> #l�#n� gv

nn W]
f dE�p> #l�#gvn � W]

f E�p> #l�l%#gv ' W]
f Ej> #l�l%#gv

Fhv ìjdolwìv vrqw ydodeohv srxu wrxw � � l � p > hoohv vrqw grqf yudlhv srxuwrxwh frpelqdlvrq olqìdluh ghv i*lj > i#lj =Sdu ghqvlwì hw sdu sdvvdjh ã od olplwh idleoh E43� > E44� hw E45�lpsoltxhqw txh Ez> �� hvw elhq vroxwlrq idleoh gx sureoëph ES W� =Srxu o*xqlflwì/ rq vxssrvh
i ' j ' zf ' z� ' �f ' f

o*ìjdolwì E6� lpsoltxh txh =
HEw� ' f srxu wrxw w 5 df> W o

sdu vxlwh z ' � ' f vxu l%
g*rü oh uìvxowdw1
716 Sdvvdjh dx{ frrugrqìhv orfdohv

Vrlw � od qrupdoh h{whulhxuh ã P hw � oh yhfwhxu wdqjhqw ã P gh whooh vruwhtxh E�> � � vrlw gluhfw hq fkdtxh srlqw gh P=Rq qrwh sdu v o*devflvvh fxuyloljqh1Rq srvh doruv
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�Ev� ' E��Ev�> �2Ev��hw grqf � Ev� ' E� �2Ev�> ��Ev��G*dsuëv ohv irupxohv gh Iuhqhw rq d =;A?A=
ggv��Ev� ' � �UEv��2Ev�ggv�2Ev� ' �UEv���Ev�

rü UEv� hvw od frxuexuh gh P hq v=
71614 Gìulydwlrq vxu l%�Rq gìvljqh sdu CC{hw CC| ohv gìulyìhv sdu udssruw dx{ frrugrqqìhv fduwìvlhqqhvhw CCv> CC} ohv gìulyìhv sdu udssruw dx{ frrugrqqìhv orfdohv/ doruv rq d =597 CCvCC}

6:8 ' 57 UEv�� }UEv� �2Ev� �UEv�� }UEv� ��Ev���Ev� �2Ev�
68597 CC{CC|

6:8
597 CC{CC|

6:8 '
5997

UEv�UEv�� }�2Ev� ��Ev�
� UEv�UEv�� } ��Ev� �2Ev�

6::8
597 CCvCC}

6:8
71615 Lqwìjudwlrq vxu l%�

Vl i hvw xqh irqfwlrq vfdodluh gì�qlh vxu l%3 doruv =]
l%3

iEP�gl%3']
P

%]
f iEv> }�UEv�� }UEv� gvg}
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Srxu * 5 Z El%� rq srvh =

�W E*� ' UEv�UEv�� } CCv � UEv�UEv�� } C*Cv�� �UEv�� } C*C}
�VE*� ' � CC} � UEv�UEv�� } C*Cv�
�QE*� ' C2*C}2Rq srvh dxvvl =

Ez>*�l%3 ' %]
f

]
P

z*UEv�� }UEv� gvg}
d3Ez3 > *3� ' %]

f
]
P

�EUEv�� }UEv� �32Cz3Cv C*3Cv n Cz3C} C*3C} � UEv�� }UEv� gvg}>
e3Ez3> *3� ' G3%

%]
f

]
P

�E�W Ez3� n �3�QEz3���W E*3�n
2E�� �3��VEz3��VE*3� nE�QEz3� n �3�W Ez3���QE*3�� UEv�� }UEv� gvg}>

O3E*3 > #3� ' %]
f

]
P
Ei3*3 n j3#3�UEv�� }UEv� gvg}>

717 Fkdqjhphqw g*ìfkhooh
Od vroxwlrq gx sureoëph ES�� gìshqg dyhf l% gx sdudphwuh %/ rq qh shxwsdv doruv frqwu÷ohu od vroxwlrq oruvtx*rq idlw xq sdvvdjh ã od olplwh1Rq yd idluh xq fkdqjhphqw g*ìfkhooh oh orqj gh o*ìsdlvvhxu gh od frtxh plqfhl%3 srxu vh udphqhu ã xqh irupxodwlrq vxu xq grpdlqh �{h oruvtxh % ydulh1O*lgìh grqf hvw gh glodwhu o*rxyhuw l%3 g*xq udssruw �% 1 Rq frqvlgëuh doruv ohfkdqjhphqw gh yduldeohv vxlydqw =
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!% = l3 ' P� of> �d $ P� of> %dEv> }� $ Ev> %}�

Rq srvh doruv l ' l3 ^ P ^ lnhw rq frqvlgëuh od wudqvirupdwlrq
W % G l $ l%

whooh txh
W % ' + Lg vxu ln!% vxu l3

Rq lghqwl�h P dyhf P� ifj hw rq srvh
P3 ' P� i�j hw K3 ' Cl3 q EP ^ P3�

l%3> P%3 hw K%3 vrqw doruv ohv lpdjhv uhvshfwlyhv gh l3> P3 hw K3 sduo*dssolfdwlrq W %=
71714 Fkdqjhphqw g*ìfkhooh vxu ohv irqfwlrqvOd wudqvirupdwlrq W % idlw fruuhvsrqguh ã fkdtxh irqfwlrq *3 gì�qlh vxul%3 od irqfwlrq *%3 gì�qlh vxu l3 sdu =

*%3 Ev> }� ' *3 EW % Ev> }��
hw ã fkdtxh irqfwlrq *3 gì�qlh vxu l%3 � Ef> W � od irqfwlrq *%3 gì�qlh vxul3 � Ef> W � sdu =

*%3 Ew> v> }� ' *3 Ew> W % Ev> }��
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Vrlw *%3 o*lpdjh gh *3 + uhvwulfwlrq gh * ã l%3 , sdu o*dssolfdwlrq W % 1Ohv lpdjhv gh �W > �V hw �Q sdu oh fkdqjhphqw g*ìfkhooh vrqw uhvshfwlyhphqw�%W > �%V hw �%Q whoohv txh =

�%W E*%3� ' UEv�UEv�� %} CCv � UEv�UEv�� %} C*%3Cv �� �% EUEv�� %}� C*%3C}
�%VE*%3� ' � CC} � UEv�UEv�� %} C*%3Cv �
�%QE*%3� ' C2*%3C}271716 Hvsdfhv irqfwlrqqhov vxu lHq h�hfwxdqw oh fkdqjhphqw g*hfkhooh suìfìghqw vxu Z El%� hw vxu Y El%�>ohxuv lpdjhv uhvshfwlyhv vhurqw =

Z %El� '
;A?A= E*%n> *%3� 5 K2Eln��K2El3� ( *%n ' *%3> C*%nC} ' �% C*%3C} vxu Phw *%n ' C*%nC� ' f vxu Kn ( *%3 ' C*%3C� ' f vxu K3

<A@A>
Y %El� ' + E#%n> #%3� 5 K�Eln��K�El3� (#%n ' f vxu Kn#%3 ' f vxu K3 hw #%n ' #%3 vxu P

,

718 Irupxodwlrq yduldwlrqqhooh gx sureoëph ES��vxu oh grpdlqh �{h l
Srxu z% 5 O" Ef> W ( Z %El�� / �% 5 O" Ef> W ( O2El��_ O2 Ef> W ( Y %El��*% 5 Z %El� hw #% 5 Y %El� rq srvh =�z%n> *%n�ln ' ]

ln z%n*%ngln
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Ez%3> *%3�l3 ' �]

f
]
P

z%3*%3UEv�� %}UEv� gvg}
dnEz%n> *%n� ' ]

ln uz%nu*%ngln

d%3Ez%3 > *%3� ' �]
f

]
P

�EUEv�� %}UEv� �32Cz%3Cv C*%3Cv n �%2 Cz%3C} C*%3C} � UEv�� %}UEv� gvg}>
enEz%n> *%n� ' Gn

]
ln

� EC2z%nC{2 n �nC2z%nC|2 �C2*%nC{2 n 2E�� �n�C2z%nC{C| C2*%nC{C|n
EC2z%nC|2 n �nC2z%nC{2 �C2*%nC|2 � gln

e%3Ez%3> *%3� ' G3
�]

f
]
P

k��%W Ez%3� n �3%2 �%QEz%3���%W E*%3�n
2E�� �3��%VEz%3�% �%VE*%3�% n��%QEz%3�%2 n �3�%W Ez%3�� �%QE*%3�%2 � UEv�� %}UEv� gvg}>

OnE*%n> #%n� ' ]
lnEi %n*%n n j%n#%n�gln=

O%3E*%3> #%3� ' % �]
f

]
P
Ei %3*%3 n j%3#%3�UEv�� %}UEv� gvg}=

Oh sureoëph ES�� v*ìfulw =
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ES %�

;AAAAAAAAAAAAAAAAAA?AAAAAAAAAAAAAAAAAA=

z% 5 O" Ef> W ( Z %El�� Ez%�n 5 O" Ef> W ( Y %El���% 5 O" Ef> W ( O2El�� _ O2 Ef> W ( Y %El��ggw ��n ��z%n�n > *%n�ln n �ndnE�z%n�n > *%n� n �n ��%n> #%n�ln n �ndnEz%n> #%n��n ggw q�3E�z%3�n > *%3�l3 n �3d%3E�z%3�n > *%3� n �3 ��%3> #%3�l3 n �3d%3Ez%3> #%3�rnnndn ��%n> #%n�n n3d%3 ��%3> #%3�n en �z%n> *%n�n e%3 �z%3> *%3�� �ndnE�%n> *%n���3d%3E�%3> *%3� n ��%n> #%n�ln n ��%3> #%3�l3 ' OnE*%n> #%n� n O%3E*%3> #%3� E704�; E*%> #%� 5 Z %El�� Y %El�z%n Ef� ' z%fn > �z%n�� Ef� ' z%�n > �%n Ef� ' �%fn E705�z%3 Ef� ' z%f3 > �z%3�� Ef� ' z%�3 > �%3 Ef� ' �%f3 E706�
Sdu oh fkdqjhphqw g*ìfkhooh > oh sureoëph ES�� hvw ìtxlydohqw dx sureoëphES %� =

719 Hvwlpdwlrq ã sulrul
Srxu rewhqlu oh prgëoh olplwh/ rq ìwdeolw g*derug ghv hvwlpdwlrqv ã sulrul vxuod vroxwlrq gx sureoëph ES %�Rq qrwh sdu H o*ìqhujlh gx sureoëph ES %� =
2=HEw� ' �n ���Ez%n��Ew���2O2Eln� n ���%nEw���2O2Eln� n dnE�z%n�n > �z%n�n��n

�3 ���Ez%3��Ew���2O2El3� n ���%3Ew���2O2El3� n d%3E�z%3�n > �z%3�n��n
enEz%n> z%n� n e%3Ez%3> z%3�= ;w 5 df> W o

rü Ez%> �%� hvw od vroxwlrq gx sureoëph ES %� =
Sursrvlwlrq 714 Vrxv ohv k|srwkëvhv vxlydqwhv =+l, HEf� hvw eruqìh sdu udssruw ã %=+ll, i%n > j%n vrqw eruqqìhv sdu udssruw ã % gdqv O�Ef> W (O2Eln��+lll, %i %3> %j%3 vrqw eruqqìhv sdu udssruw ã % gdqv O�Ef> W (O2El3��
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Lo h{lvwh doruv xqh frqvwdqwh F lqgìshqgdqwh gh % whooh txh =

��z%n��O"Ef>W (K2Eln�� � F +707,��z%3��O"Ef>W (K2El3�� � F +708,����z%n�n���O"Ef>W (K�Eln�� � F +709,����z%3�n���O"Ef>W (K�El3�� � F +70:,���%n��O"Ef>W (O2Eln�� � F +70;,���%3��O"Ef>W (O2El3�� � F +70<,������% �Cz%3C} �n�����O"Ef>W (O2El3�� � F +7043,���%W Ez%3���O"Ef>W (O2El3�� � F +7044,�����%�%VEz%3�����O"Ef>W (O2El3�� � F +7045,�������%�2 �%Q Ez%3������O"Ef>W (O2El3�� � F +7046,
W]

f
���%n��2O2Eln� g� � F +7047,

W]
f

���%3��2O2El3� g� � F +7048,
W]

f
��u�%n��2O2Eln� g� � F +7049,

W]
f

�����% C�%3C} ����2
O2El3� g� � F +704:,

W]
f

����C�%3Cv ����2
O2El3� g� � F +704;,
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Suhxyh1 Hq srvdqw gdqv od irupxodwlrq idleoh E704�* ' zn hw # ' � + * hw # uìjxolëuhv ,/ lqwìjudqw hqvxlwh gh f ã w =

HEw� n nn w]
f

��u�%n��2O2Eln� g�
nn3 w]

f
]
P

�]
f

%� U Ev�U Ev�� %}�2�C�%3Cv �2 n �%2 �C�%3C} �2& UEv�� %}UEv� g}gvg�
n w]

f
���%n��2O2Eln� g� n w]

f
���%3��2O2El3� g�

' HEf� n w]
f

]
ln

�i%nEz%n�n n j%n�%n� gln

n% w]
f

]
P

�]
f

�i %3Ez%3�n n j%3�%3� UEv�� %}UEv� g}gvg�
G*xqh sduw hw juåfh ã o*lqìjdolwì gh Fdxfk|0Vkzdu}

HEw� n nn w]
f

��u�%n��2O2Eln� g�
nn3 w]

f
]
P

�]
f

%� U Ev�U Ev�� %}�2�C�%3Cv �2 n �%2 �C�%3C} �2& UEv�� %}UEv� g}gvg�
n w]

f
���%n��2O2Eln� g� n w]

f
���%3��2O2El3� g�
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� HEf� n w]

f
���i%n��O2Eln�

����z%n�n���O2Eln� n ��j%n��O2Eln� ���%n��O2Eln�
� g� n

n w]
f

���%i %3��O2El3�
����z%3�n���O2El3� n ��%j%n��O2El3� ���%3��O2El3�

� g�
� HEf� n �2

w]
f E��i %n��2O2Eln� n ����z%n�n���2

O2Eln� n ��j%n��2O2Eln� n ���%n��2O2Eln� n
n��%i %3��2O2El3� n ����z%3�n���2

O2El3� n ��%j%n��2O2El3� n ���%3��2O2El3��g�
� F n �2

w]
f E����z%n�n���2

O2Eln� n ���%n��2O2Eln� n ����z%3�n���2
O2El3� n ���%3��2O2El3��g�

G*dxwuh sduw
HEw� n w]

f
���%n��2O2Eln� g� n w]

f
���%3��2O2El3� g� n nn w]

f
��u�%n��2O2Eln� g�

nn3 w]
f

]
P

�]
f

%� U Ev�U Ev�� %}�2�C�%3Cv �2 n �%2 �C�%3C} �2& UEv�� %}UEv� g}gvg�
A �2�n�����z%n�n���2

O2Eln� n ���%n��2O2Eln�
�n �2�3�����z%3�n���2

O2El3� n ���%3��2O2El3�
�

Rq dssoltxh oh ohpph gh Jurqzdoo dx{ irqfwlrqv =w :�$ �����z%n�n���2
O2Eln� n ���%n��2O2Eln�

�n�����z%3�n���2
O2El3� n ���%3��2O2El3�

�
w :�$ 24�?E�n> �3�Lo h{lvwh grqf xqh frqvwdqwh F lqgìshqgdqwh gh % whooh txh����z%n�n���O"Ef>W ( K�Eln�� � F

����z%3�n���O"Ef>W ( K�El3�� � F
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���%n��O"Ef>W ( O2Eln�� � F
���%3��O"Ef>W ( O2El3�� � FG*rü

HEw� n w]
f

���%n��2O2Eln� g� n w]
f

���%3��2O2El3� g� n nn w]
f

��u�%n��2O2Eln� g�

nn3 w]
f

]
P

�]
f

%� U Ev�U Ev�� %}�2�C�%3Cv �2 n �%2 �C�%3C} �2& UEv�� %}UEv� g}gvg� � F
Fh txl lpsoltxh txh =

W]
f

��u�%n��2O2Eln� g� � F
W]

f
�����% C�%3C} ����2

O2El3� g� � F
W]

f
����C�%3Cv ����2

O2El3� g� � F
W]

f
���%n��2O2Eln� g� � F

W]
f

���%3��2O2Eln� g� � F
HEw� � FSdu vxlwh

enEz%n> z%n� � F hw e%3Ez%3> z%3� � F
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hw ������% �Cz%3C} �n�����O"Ef>W (O2El3�� � F
g*rü ohv pdmrudwlrqv E7044�> E7045� hw E7046�=Juåfh ã o*lqìjdolwì gh Srlqfduì rq d =��z%n��2K2Eln� � enEz%n> z%n� � HEw� � F

��z%3��2K2El3� � e%3Ez%3> z%3� � HEw� � Flo h{lvwh grqf xqh frqvwdqwh lqgìshqgdqwh gh % whooh txh��z%n��O"Ef>W ( K2Eln�� � F
��z%3��O"Ef>W ( K2El3�� � FFh txl dfkëyh od gìprqvwudwlrq1

71: Frqvìtxhqfh ghv hvwlpdwlrqv ã sulrul
Rq gìgxlw ã sduwlu ghv hvwlpdwlrqv ã sulrul o*h{lvwdqfh g*xqh vrxv vxlwh qrwìhdxvvl Ez%> �%� whooh txh =�z%�� frqyhujh idleohphqw- gdqv O"Ef> W ( K2El���

��z%��n� frqyhujh idleohphqw- gdqv O"Ef> W ( K�El���
��%�� frqyhujh idleohphqw- gdqv O"Ef> W ( O2El���hw frqyhujh idleohphqw gdqv O2Ef> W (K�El���

Rq gì�qlw ohv hvsdfhv =
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Z Eln� '
;A?A= z 5 K2Eln�( z ' CzC� ' f vxu Kn> z�P 5 K2fEP�>CzC� mP5 K�f EP�

<A@A>
Y Eln� ' �z 5 K�Eln� ( z ' f vxu Kn> z�P 5 K�fEP��Sursrvlwlrq 715 Qrwrqv z� Euhvs ��� od olplwh gh od vxlwh �z%�� �uhvs ��%���qrxv dyrqv

41 +d, z3 Ev> }> w� ' zn Ev> f> w� ; Ev> }> w� 5 l3 � Ef> W �+e, �3 Ev> }> w� ' �n Ev> f> w� ; Ev> }> w� 5 l3 � Ef> W �51 +d, �n 5 O"Ef> W (O2Eln�� _ O2Ef> W (Y Eln��+e, zn 5 O"Ef> W (Z EEln��+f, Ezn�n 5 O"Ef> W (Y Eln��+g, ECznC� �n 5 O"Ef> W (O2EP��
Suhxyh141 +d, O*hvwlpdwlrq E7046� lpsoltxh txh

�%QEz%3� $ f iruwhphqw gdqv O" �f> W ( O2El3��oruvtxh % $ f> pdlv dx vhqv ghv glvwulexwlrqv
�%QEz%3� $ C2z3C}2grqf C2z3C}2 ' f rx elhq Cz3C} Ev> }> w� ' Cz3C} Ev> f> w� pdlv

z3Ev> }> w� ' z3Ev> f> w� n }]
f

Cz3C} Ev> � > w� g�
sdu vxlwh

z3Ev> }> w� ' z3Ev> f> w� n }Cz3C} Ev> f> w� +704<,
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Xq sdvvdjh ã od olplwh gdqv od frqglwlrq gh wudqvplvvlrq

z%nEv> f> w� ' z%3Ev> f> w�
hw oh idlw txh

% CC}z%nEv> f> w� ' CC}z%3Ev> f> w�prqwuhqw dsuëv sdvvdjh ã od olplwh gdqv E704<� txh
z3 Ev> }> w� ' zn Ev> f> w� ; Ev> }> w� 5 l3 � Ef> W �+e, o*hvwlpdwlrq E704:� prqwuh txhC�%3C} �$ f iruwhphqw gdqv O" �f> W ( O2El3�� txdqg % �$ f

hw dx vhqv ghv glvwulexwlrqvC�%3C} �$ C�3C}grqf C�3C} ' frx elhq �3 Ev> }> w� ' �3Ev> f> w�hw xq sdvvdjh ã od olplwh gdqv od frqglwlrq gh wudqvplvvlrq
�%3 Ev> f> w� ' �%nEv> f> w�prqwuh txh

�3 Ev> }> w� ' �n Ev> f> w� ; Ev> }> w� 5 l3 � Ef> W �51 +d, Qrxv dyrqv gìmã
�n 5 O"Ef> W (O2Eln�� _ O2Ef> W (K�Eln��xq sdvvdjh ã od olplwh gdqv od frqglwlrq g*hqfdvwuhphqw

�%n ' f vxu Kn � Ef> W �
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grqqh

�n ' f vxu Kn � Ef> W �G*xqh sduw/ qrxv dyrqv �3 5 K�El3� hw frpph �n mPfEf>W �' �3doruv �n mPfEf>W �5 O2Ef> W ( K�EP��G*dxwuh sduw/ oh srlqw Ee� gh �= lpsoltxh txh
C�nCv mPfEf>W �5 O2Ef> W ( O2EP��

hw frpph C�3C} ' f doruv
�n mPfEf>W �5 O2Ef> W ( K�fEP��

sdu frqvìtxhqw
�n 5 O"Ef> W (O2Eln�� _ O2Ef> W (Y Eln��+e, Frpph z3 5 O"Ef> W (K2El3�� hw

z3 ' Cz3Cv ' f vxu K3 � Ef> W �rq hq gìgxlw txh
zn 5 O"Ef> W (K2fEP��=Od frqglwlrq gh wudqvplvvlrq

�% Cz%3C} Ev> f> w� ' Cz%nC� Ev> f> w�shuphw g*ìfuluh
�% Cz%3C} Ev> }> w� ' Cz%nC} Ev> f> w� n % }]

f
�%2�%Q Ez%3�Ev> � > w�g�

hw grqf od vxlwh ��% Cz%3C} � hvw eruqìh gdqv O"Ef> W (O2El3��
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juåfh ã o*hvwlpdwlrq E7046�1Ohv hvwlpdwlrqv ã sulrul E7044� hw E7045� lpsoltxhqw txh od vxlwh��% Cz%3C} � hvweruqìh gdqv O"Ef> W (K�El3�� dgphw grqf xqh vrxv vxlwh frqyhu0jhqwh idleohphqw- yhuv x3 gdqv O"Ef> W (K�El3��1Qrxv dyrqv z%3 Ev> }> w� ' f vxu K3 � Ef> W �hw grqf Cz%3C} Ev> }> w� ' f vxu K3 � Ef> W �hw sdu sdvvdjh ã od olplwh rq dxud dxvvl =

x3 ' f vxu K3 � Ef> W �O*hvwlpdwlrq ã sulrul E7046� hqwudlqh txh
�%�%QEz%3� $ f oruvtxh % �$ fhw dx vhqv ghv glvwulexwlrqv�%�%QEz%3� $ Cx3C}g*rü Cx3C} Ev> }> w� ' fRq hq gìgxlw doruv txh

x3Ev> }> w� ' x3Ev> f> w� srxu v 5 P/ } 5 of> �d hw w 5 Ef> W �
Od frqglwlrq gh wudqvplvvlrq

�% Cz%3C} Ev> f> w� ' Cz%nC� Ev> f> w�grqqh sdu sdvvdjh ã od olplwh
x3Ev> f> w� ' CznC� Ev> f> w� srxu v 5 P hw w 5 Ef> W �rq dxud doruv CznC� 5 K�fEP�=
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+f, �Ez%��n� frqyhujh yhuvzn� gdqv O"Ef> W (K�El��� idleoh ìwrloh > frpphgh soxv

z3 Ev> }> w� ' z3 Ev> f> w� ' zn Ev> f> w� ' zn m P� Ef> W �doruv
zn3 Ev> f> w� ' znn Ev> f> w�hw od uhvwulfwlrq gh znn ã P� of> W d dssduwlhqw ã O"Ef> W (K�fEP��=Sdu dloohxuv

znn ' f vxu Kn � Ef> W �fdu
�z%n�n ' f vxu Kn � Ef> W �sdu frqvhtxhqw

znn 5 O"Ef> W (Y Eln��Oh srlqw Eg� vh gìgxlw gh od frqglwlrq gh wudqvplvvlrq
�% Cz%3C} Ev> f> w� ' Cz%nC} Ev> f> w� vxu P � Ef> W �hw ohv hvwlpdwlrqv E7043�� E7046�1

Hq�q ohv frqglwlrqv gh wudqvplvvlrq hw ohv hvwlpdwlrqv ã sulrul lpsoltxhqw =
�U
f
�% Cz%3C} EUEv�� %}UEv� �g} �$ CznC� idleohphqw- gdqv O"Ef> W ( K�fEP��

�U
f
�% �Cz%3C} �n EUEv�� %}UEv� �g} �$ �CznC� �n idleohphqw- gdqv O"Ef> W (O2EP��

�U
f
�% C�%3C} g} �$ C�nC� idleohphqw- gdqv O"Ef> W (O2EP��
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Sursrvlwlrq 716 Srvrqv =

�W Ezn� ' C2znCv2 � �UEv� CznC�
�VEzn� ' �C2znCvC� � �UEv� CznCvQrxv dyrqv =�]

f �%W Ez%3�EUEv�� %}UEv� �g} $ �W Ezn� idleohphqw- gdqv O"Ef> W (O2EP�� +7053,
�%

�]
f �%VEz%3�EUEv�� %}UEv� �g} $ �VEzn� idleohphqw- gdqv O"Ef> W (O2EP��

+7054,
�%2

�]
f �%Q Ez%3�EUEv�� %}UEv� �g} $ ��3�W Ezn� idleohphqw - gdqv O"Ef> W (O2EP��

+7055,Suhxyh141 O*hvwlpdwlrq E7044� prqwuh txh
�]

f �%W Ez%3�EUEv�� %}UEv� �g}
hvw eruqìh lqgìshqgdpphqw gh % gdqv O"Ef> W (O2EP��>dgphw grqf xqhvrxv vxlwh frqyhujhqwh idleohphqw- gdqv fhw hvsdfh/ ohv frqglwlrqv gh wudqv0plvvlrq shuphwwhqw g*ìfuluh =

�% Cz%3C} Ev> }> w� ' Cz%nC� Ev> w� n % }]
f

�%2 C2z%3C}2 Ev> � > w� g�
z%3Ev> }> w� ' z%nEv> f> w� n %}Cz%nC� Ev> w� n %2 }]

f
�]

f
�%2 C2z%3C}2 Ev> �> w�g�g�>
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xq sdvvdjh ã od olplwh dx vhqv ghv glvwulexwlrqv prqwuh doruv txh =
�]

f �%W Ez%3�EUEv�� %}UEv� �g} $ �W Ezn� idleohphqw- gdqv O"Ef> W (O2EP��
51 Gh píph juåfh ã o*hvwlpdwlrq ã sulrul E7045� rq d =

�]
f

�%�%VEz%3�UEv�� %}UEv� g} eruqìh gdqv O2EP�
hw xq sdvvdjh ã od olplwh dx vhqv ghv glvwulexwlrqv prqwuh txh
�]

f
�%�%VEz%3�EUEv�� %}UEv� �g} $ �VEzn� idleohphqw- gdqv O"Ef> W (O2EP��>

61 Suhqrqv gdqv E704� srxu irqfwlrqv whvwv
*% ' + *%n ' f gdqv ln*%3 ' �2%2}2xEv� gdqv l3
#% ' + #n ' f gdqv ln#%3 ' f gdqv l3rü x hvw xqh irqfwlrq dvvh} uìjxolëuh lqgìshqgdqwh gh }/ lqwìjurqv hqvxlwhgh f ã W =W]

f �3 ggw kE�z%3�n > *%3�l3 n d%3E�z%3�n > *%3�l gwn W]
f e%3 �z%3> *%3� gw

��3
W]
f d%3E�%3> *%3�gw ' W]

f O%3E*%3> f�gw E7056�
Qrxv dyrqv =

W]
f �3 ggw kE�z%3�n > *%3�l3 n d%3E�z%3�n > *%3�l gw �$ f
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W]
f d%3E�%3> *%3�gw �$ f

gh soxv =
�%W E*%3� ' %2 U Ev�U Ev�� %} CCv � U Ev�U Ev�� %} CxCv }22 �� %U Ev�� %}}x Ev�
�%vE*%3� ' �%2 CC} � U Ev�U Ev�� %} CxCv }22 �
�%QE*%3� ' %2x Ev�

W]
f e%3Ez%3> *%3�gw ' G3

W]
f
]
P

�]
f

k��%W Ez%3� n �3%2 �%QEz%3���%W E*%3�n
2E�� �3��%VEz%3�% �%VE*%3�% n��%Q Ez%3�%2 n �3�%W Ez%3�� �%QE*%3�%2 UEv�� %}UEv� � g}gvgw

pdlv
��%W E$%3� n �3�%QE$%3�%2 � hvw xqh vxlwh eruqìh gdqv O"Ef> W (O2El3��

�%W E*%3� �$%<f f gdqv O"Ef> W (O2El3�� iruwhphqwgrqf
W]
f
]
P

�]
f

��%W Ez%3� n �3%2 �%QEz%3���%W E*%3�UEv�� %}UEv� g}gvgw �$ f
gh píph

W]
f
]
P

�]
f

�%VEz%3�% �%VE*%3�% UEv�� %}UEv� g}gvgw �$ f



71 Prgìolvdwlrq dv|pswrwltxh g*xq sureoëph gh wudqvplvvlrq udlghgdqv xq grpdlqh uìjxolhu gh U2 79
sxlvtxh

�%�%vE*%3� �$%<f f gdqv O"Ef> W (O2El3�� iruwhphqw
�%�%vEz%3� hvw eruqìh gdqv O"Ef> W (O2El3��Hq�q hq pxowlsoldqw o*ìtxdwlrq E7056� sdu %2/ xq sdvvdjh ã od olplwh grqqhdoruv =

W]
f

]
P

xEv�3C �]
f

� �%2�%QEz%3� n �3�%W Ez%3�� UEv�� %}UEv� g}4D gvgw �$%3<f f
grqf
�]

f
� �%2�%QEz%3� n �3�%W Ez%3�� UEv�� %}UEv� g} �$ f idleohphqw- gdqv O"Ef> W (O2EP��

g*rü
�%2

�]
f �%QEz%3�EUEv�� %}UEv� �g} $ ��3�W Ezn� idleohphqw - gdqv O"Ef> W (O2EP��

71; Sdvvdjh ã od olplwh hw sureoëph gh Yhqwfho
Rq prqwuh gdqv fh sdudjudskh txh o*dfwlrq dv|pswrwltxh Etxdqg % $ f� gxudlglvvhxu l%3 vxu od sodtxh ln vh prgìolvh sdu ghv frqglwlrqv dx{ olplwhv ìyr0oxwlyhv vxu od sduwlh P gx erug gh ln= Hq h�hw/ ohv iruphv d%3 E=> =� hw E=> =�l%3dvvrflìhv ã l%3 vh frpsruwhqw ã od olplwh frpph ghv iruphv dP E=> =� Erx d�P E=> =��hw E=> =�P txl vh wudgxlvhqw sdu ghv frqglwlrqv dx{ olplwhv gh Yhqwfho/ idlvdqw lq0whuyhqlu ghv gìulyìhv wdqjhqwlhoohv vxu oh erug P1
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Sursrvlwlrq 717 Rq vxssrvh txh

�� 3Ci %n> % �]
f i %3g}

4D frqyhujh idleohphqw yhuv Ein> iW� gdqv O2Ef> W (O2Eln�� O2EP��
2� 3Cj%n> % �]

f j%3g}
4D frqyhujh idleohphqw yhuv Ejn> jW� gdqv O2Ef> W (O2Eln�� O2EP��

�� 3Cz%rn> % �]
f z%r3g}

4D frqyhujh idleohphqw yhuv Ezrn> zrn m P� gdqv K2Eln��K2r EP��
e� 3Cz%�n> % �]

f z%�3g}
4D frqyhujh idleohphqw yhuv Ez�n> z�n m P� gdqv K2Eln��K2r EP��

D� 3C�%rn> % �]
f �%r3g}

4D frqyhujh idleohphqw yhuv E�rn> �rn m P� gdqv O2Eln�� O2EP�
S� �%

�]
f C}z%�3g} frqyhujh yhuv z2 idleohphqw gdqv O2EP�

Doruv od vxlwh �z%n> �%n� frqyhujh yhuv o*xqltxh vroxwlrq idleoh Ezn> �n� gx
sureoëph gh Fdxfk|0Yhqwfho vxlydqw =

ES �

;AAAAAAAAAAAAAAAAAAAAAAA?AAAAAAAAAAAAAAAAAAAAAAA=

zn 5 O"Ef> W (Z Eln�� Ezn�n 5 O"Ef> W (Y Eln��EC�zn�n 5 O"Ef> W (O2 EP�� �n 5 O"Ef> W (O2Eln�� _ O2Ef> W (Y Eln��ggw k�n �znn> *�ln n �ndn �znn> *�n �n E�n> #�ln n �ndn Ezn> #�ln ggw ��3 �znn> *�P n �3dP �znn> *�n �3 E�n> #�P n �3d�P Ezn> #��nnen Ezn> *� n eP Ezn> *� n nndn E�n> #� n n3d�P E�n> #�nn E�n> #�ln n E�n> #�P � �ndn E�n> *�� �3dP E�n> *�' On E*>#� n OP E*> #� E7057�zn Ef� ' zfn vxu ln E7058�znn Ef� ' z�n vxu ln E7059�EC�zn�n Ef� ' z2 vxu P E705:��n Ef� ' �rn vxu ln E705;�
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rü

Ez>*�P ' ]
P z*gv

d�P Ez>*� ' ]
P
Cvz=Cv*gv

dP Ez>*� ' ]
P dCvz=Cv*n C�z=C�*o gv

eP Ez>*� ' H3
]
P
��W Ez� =�W E*� n 2� n �3 =�v Ez� =�v E*�� gv

OP E*> #� ' ]
P d*iW n #jWo gv=

Suhxyh1 4, Vrlw *n 5 Z Eln� hw #n 5 Y Eln� uìjxolëuhv/Hq suhqdqw gdqv E7057� frpph irqfwlrqv whvwv =
*% ' + *%n ' *n vxu ln*%3 ' *n Ev> f� n %}C�*n Ev> f� vxu l3hw

#% ' + #%n ' #n vxu ln#%3 ' #n m P vxu l3Rq dxud =Ed�
On �*%n> #%n� ' ]

ln
i %n*%n n j%n#%ngln

' ]
ln

i %n*n n j%n#ngln �$%3<f
]
ln

in*n n jn#ngln
gdqv Gn Eof> W d�
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O%3 �*%3> #%3� ' %]
P

�]
f i %3*%3 n j%3#%3gU Ev�� %}U Ev� g}gv

' %]P
�]
f i %3 �*n Ev> f� n %}C�*n Ev> f��n j%3#n m PU Ev�� %}U Ev� g}gv

�$%3<f
]
P
iW*n n jW#ngv

gdqv Gn Eof> W d�
Ee�
�%W �*%3� ' U Ev�U Ev�� %}�W �*n�n %} U Ev�U Ev�� %} CCv � U Ev�U Ev�� %}�v �*n��
�%v �*%3� ' %� U Ev�U Ev�� %}�2 �v �*n�
�%Q �*%3� ' f=
rü �W E*n� ' C2*nCv2 � �UEv� C*nC�

�VE*n� ' �C2*nCvC� � �UEv� C*nCvRq yìul�h juåfh ã od sursrvlwlrq 716 txh =
e%3 �z%3> *%3� �$%<f eP �zn> *n� gdqv Gn Eof> W d�
en �z%n> *%n� �$%<f en �zn> *n� gdqv Gn Eof> W d�
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Ef� Rq yìul�h dxvvl txh =��z%3�� > *%3�l3 �$%<f �Ezn�n > *n�P

d%3 ��z%3�� > *%3� �$%<f dP �Ezn�n > *n�
��%3> #%3�l3 �$%<f ��n> #n�P
d%3 �z%3> #%3� �$%<f d�P �zn> #n�
d%3 ��%3> #%3� �$%<f d�P ��n> #n�
��%3> #%3� �$%<f ��n> #n�P
d%3 ��%3> *%3� �$%<f dP ��n> *n�

5, Oh sureoëph ES � dgphw xqh xqltxh vroxwlrq1 Srxu oh yrlu lo vx!w g*dssol0txhu od pìwkrgh gh Idhgr0Jdohunlq16, Ohv k|srwkëvhv gh od sursrvlwlrq 717 hw o*xqlflwì gh od vroxwlrq gx sureoëphES � dlqvl txh od sursrvlwlrq 715 lpsoltxhqw txh wrxwh od vxlwh �z%n> �%n� frqyhujhyhuv Ezn> �n� =7, Xq sdvvdjh ã od olplwh gdqv E705� hw E706� grqqh doruv ohv frqglwlrqv lqlwldohvE7058�� E705;� =
71< Irupxodwlrq iruwh gx sureoëph gh Yhqwfho
Sursrvlwlrq 718 Ezn> �n� hvw vroxwlrq gx sureoëph dx{ olplwhv g*ìyroxwlrq vxl0ydqw =

+ �n EL �{�znnn nGn{2zn n �n{�n ' in gdqv ln � Ef> W ��n�nn � nn{�n n �n � �n{znn ' jn gdqv ln � Ef> W �
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dyhf ohv frqglwlrqv dx{ olplwhv =hqfdvwuhphqw hw whpsìudwxuh �{ìh vxu Kn � Ef> W � =

zn ' fC�zn ' f�n ' ffrqglwlrqv gh Yhqwfho vxu P� Ef> W � G
�nC2w C�zn n �3C2w Ezn � C2vzn� n Wn Ezn� n S Ezn� n �3C2v�n � �nC��n ' iW�nCwC�zn � �3CwC2vzn n �3Cw�n n nnC��n � n3C2v�n n �n ' jW�3C2w C�zn nPn Ezn� nT Ezn�� �3C��n ' f

hw ohv frqglwlrqv lqlwldohv =
zn Ef� ' zr gdqv lnznn Ef� ' z� gdqv lnCwC�znEf� ' z2 vxuP�n Ef� ' �r gdqv lnrü ohv rsìudwhxuv S> T> Wn hw Pn vrqw gì�qlv sdu

S Ez� ' H3
�C2v�W Ez� n 2� n �3 =Cv

� �U Ev��v Ez���
T Ez� ' H3

� 2� n �3Cv E�v Ez��� �U Ev��W Ez��
Wn Ez� ' Gn

�C{zC� n E�� �n� CCv ���2� � �22� C2zC{C| n ���2
�C2zC|2 � C2zC{2

���
Pn Ez� ' Gn

�{z n E�� �n��2 ���2 C2zC{C| � �2�C2zC|2 � �22C2zC{2
��

Suhxyh1 4, Xqh lqwìjudwlrq sdu sduwlhv grqqh =
enEzn> *� ' Gn

]
ln

{2zn*gln � ]
P PnEzn�C*C� gv

n]
P
WnEzn�*gv
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ePEzn> *� ' H3
57]

P
�C2v�W Ezn� n 2� n �3 =Cv

� �U Ev��v Ezn���*gv
n ]

P
� 2� n �3Cv

� �U Ev��v Ezn��� �U Ev��W Ezn�� C*C� gv
68

dnEzn> *� ' � ]
ln

{zn*gln n ]
P

CznC� *gv
dPEzn> *� ' � ]

P
C2vzn*gvn ]

P
CznC� C*C� gv

d�PEzn> #� ' � ]
P
C2vzn#gv

5, Hq suhqdqw * ' f gdqv E7057�/ xqh lqwìjudwlrq dx vhqv ghv glvwulexwlrqvgrqqh doruv o*ìtxdwlrq =
�n EL �{�znnn nGn{2zn n �n{�n ' in6, Hq suhqdqw #' f gdqv E7057�/ xqh lqwìjudwlrq dx vhqv ghv glvwulexwlrqvgrqqh doruv o*ìtxdwlrq =

�n�nn � nn{�n n �n � �n{znn ' jn



Eleolrjudsklh
^4` Q1 Erxgudkhp/ Frpsruwhphqw dv|pswrwltxh hw frqwrodelolwì h{dfwh sduwlhoohg*xq sureoëph gh wkhuprìodvwlflwì1 Wkëvh gh Pdjlvwhu/ X1V1W1K1E/ 4<<81^5` U1 Gdxwud| hw M1O1 Olrqv/ Dqdo|vh pdwkìpdwltxh hw fdofxo qxpìultxh/ yro ;1Pdvvrq/ Sdulv/ 4<;;^6` \1 Nhueudw hw M1P1 Eudhphu/ Jìrpìwulh ghv frxuehv hw ghv vxuidfhv1 Khupdqq/Sdulv/ 4<:91^7` M1H1 Odjqhvh hw M1O1 Olrqv/ Prghoolqj/ Dqdo|vlv dqg Frqwuro ri Wklq Sdwhv1Pdvvrq/ Sdulv/ 4<;;1^8` O1 Odqgdx hw H1 Olifklw}/ Wkìrulh gh o*ìodvwlflwì1 Hglwlrqv Plu/ Prvfrx/ 4<9:1^9` K1 Ohguhw/ Sureoëphv yduldwlrqqhov gdqv ohv pxowl0grpdlqhv > prgìolvdwlrq hwdssolfdwlrqv1 Pdvvrq/ Sdulv/ 4<<41^:` N1 Ohpudehw hw G1H1 Whqlrx/ Yleudwlrq g*xqh sodtxh plqfh dyhf udlglvvhxuvxu oh erug1 Pdjkuhe1 Pdwk1 Uhy1/ yro 5/ q�4/ Mxlq 4<<51^;` N1 Ohpudehw/ Hwxgh gh glyhuv sureoëphv dx{ olplwhv gh yhqwfho g*ruljlqhsk|vltxh rx pìfdqltxh gdqv ghv grpdlqhv qrq uìjxolhuv1 Wkëvh gh Grfwrudwg*hwdw/ X1V1W1K1E/ 4<;:1^<` D1 \rx|rx/ Prgìolvdwlrq dv|pswrwltxh ghv yleudwlrqv g*xq frusv ìodvwltxhdyhf udlglvvhxu vxu oh erug hw ìwxgh gx prgëoh pdwkìpdwltxhv1 Wkëvh ghPdjlvwhu/ X1V1W1K1E/ 4<<51
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