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vlqjxodulwìv pdutxìhv gh ihxloohwdjhv
krorpruskhv hq glphqvlrq ghx{1
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Mh wlhqv ã h{sulphu wrxwh pd judwlwxgh ã Mhdq Iudqêrlv Pdwwhl1 Lo hvw/ ghsxlv
fhv flqt ghuqlëuhv dqqìhv/ fhoxl txl ìfodluh hw frqvhlooh1 Lo d vx jxlghu phv sdv
wrxw dx orqj gh fhwwh sìulrgh vdqv mdpdlv gìvhvsìuhu1 Oh prqgh pdwkìpdwltxh
tx*lo p*d idlw gìfrxyulu ixw srxu prl phuyhloohx{1 M*dl sulv xq lpphqvh sodlvlu
ã ìyroxhu dx plolhx gh fhv dueuhv hw gh fhv ihxloohv1 Mh oh uhphuflh srxu fhv dqqìhv1

M*h{sulph pd surirqgh uhfrqqdlvvdqfh ã Pdufho Qlfrodx hw ã Grplqltxh
Fhuyhdx txl rqw dffhswì gh udssruwhu fhwwh wkëvh1 Mh ohv uhphuflh g*dxwdqw srxu
ohv frqvhlov tx*lov p*rqw surgljxìv1 Mh vrxkdlwh h{sulphu wrxwh pd judwlwxgh ã
Pdufho Qlfrodx srxu fhv pdlov hw vrq dfkduqhphqw gdqv od wudtxh gh phv hu0
uhxuv1 Tx*lov wurxyhqw/ gdqv fhv txhotxhv oljqhv/ wrxwh pd uhfrqqdlvvdqfh1

Mh uhphuflh Fodxgh Urfkh hw Wlhq ]xqj Qjx|hq g*dyrlu dffhswì gh sduwlflshu
ã prq mxu| hw gh ph idluh o*krqqhxu gh ohxu suìvhqfh1

Hppdqxho Sdxo hw Iudqfn Orud| rqw wrxmrxuv wìprljqì gh o*lqwìuíw srxu
phv uhfkhufkhv1 Lov p*rqw wrxmrxuv suíwì xqh ruhlooh dplfdoh hw fkdohxuhxvh/ wdqw
pdwkìpdwltxhphqw tx*kxpdlqhphqw1 Mh ohv hq uhphuflh lfl1

Mh uhphuflh fkdohxuhxvhphqw Mhdqqhwwh Irxuqhw srxu ohv pxowlsohv ohfwxuhv
gh fhw rxyudjh hw ohv fruuhfwlrqv txl v*hq vxlyluhqw1 Hooh uhêrlw lfl wrxwh od v|p0
sdwklh hw oh uhvshfw txh mh oxl grlv1

Txh phv sduhqwv txl p*rqw dlpì hw vrxwhqx wrxw dx orqj gh pd ylh vh udv0
vxuhqw/ mh furlv txh phv ìwxghv vh �qlvvhqw hq�q1 Mh qh shx{ tx*íwuh �hu g*hx{ gh
p*dyrlu %phqì% mxvtxh oã hw fh qh ixw sdv xqh plqfh ìsuhxyh1 Txh fhv txhotxhv
oljqhv ohxu uhqghqw o*krppdjh tx*lo ohxu hvw gþ1

M*hpeudvvh pd fkìulh1 Vdqv wrl/ mh q*dxudl hx od irufh gh phqhu wrxw êd dx
erxw/ hw sxlv vdqv wrl111 mh q*dxudl sdv gh sulqfhvvh gdqv pd ylh1 Mh w*dlph pd
grxfh1

Xqh shqvìh sduwlfxolëuh srxu fhx{ txl sduwdjëuhqw oh odehxu txrwlglhq gh fhv
dqqìhv/ txl frqqxuhqw oh %jrxodj%/ oh %iuljr% rx ixuhqw %h{sdwulìv% hq X71 Srxu
fhwwh shwlwh idplooh txl ixw od qrwuh hw txl vh glvshuvh dx{ txdwuh yhqwv1 D Pdjdol/
Fkulvwrskh/ Ylqfhqw/ Ehqrñw hw Hulf srxu ohv erqv hw ohv pdxydlv prphqwv txh
qrxv dyrqv sduwdjìv dx frxuv gh fhv dqqìhv1 Mh q*rxeolhudl sdv Pdwklhx gdqv
fhwwh olvwh hw mh oh uhphuflh g*dyrlu ìwì suìvhqw txdqg fh ixw qìfhvvdluh1 Lo | d ghv
dlghv txh o*rq q*rxeolh sdv/ %phufl Pdwklhx%1 Mh vdoxh dxvvl Hppdqxho/ Jx| hw
Mxolhq srxu ohxu fkdohxu hw ohxu g|qdplvph1

Xqh shqvìh d�hfwxhxvh ã fhoohv txl/ dyhf oh vrxuluh/ p*rqw dlgì +hw uhqvhljqì,
dgplqlvwudwlyhphqw1 Mh uhphuflh \yholqh Sdqdelëuh/ Pdulh Eurxdug hw Djqëv
Uhtxlv srxu ohxu jhqwloohvvh1

Hq�q/ mh uhphuflh phv vsrqvruv = phv sduhqwv/ Glglhu Odoohphqw hw oh plq0
lvwëuh/ vdqv txl fhwwh Wkëvh q*dxudlw mdpdlv yx oh mrxu1
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Wdeoh ghv pdwlëuhv

Lqwurgxfwlrq <
Ghv ihxloohwdjhv krorpruskhv gh +F

�
> 3, vlqjxolhuv1 1 1 1 1 1 1 1 1 1 <

Ghv vlqjxodulwìv pdutxìhv +Fkdslwuh 4,1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45
Gh o*dssolfdwlrq +Fkdslwuh 7,1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47
Gh od gìprqvwudwlrq gx Wkìruëph D +Fkdslwuh 5,1 1 1 1 1 1 1 1 1 49
Gh od gìprqvwudwlrq gx Wkìruëph E +Fkdslwuh 6,1 1 1 1 1 1 1 1 1 4;
Gh o*dyhqlu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55

3 Jhuphv gh ihxloohwdjhv krorpruskhv vlqjxolhuv gh +F
�
> 3, +hw dv0

vrflìv,1 58
314 Jìqìudolwìv vxu ohv ihxloohwdjhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58
315 Uìgxfwlrq ghv vlqjxodulwìv gh jhuphv gh ihxloohwdjhv gh F

�
vlq0

jxolhu hq 31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59
31514 Vlqjxodulwìv uìgxlwhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59
31515 Dueuh gh uìgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59
31516 Krorqrplh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<

316 Gìirupdwlrq gh ihxloohwdjhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<
31614 Gìirupdwlrq grqw o*hvsdfh ghv sdudpëwuhv hvw gx w|sh +F

�
> 3, 5<

31615 Gìirupdwlrq grqw o*hvsdfh ghv sdudpëwuhv hvw gx w|sh
+F
�
>N, rü N hvw xq frpsdfw gh F

�
1 1 1 1 1 1 1 1 1 1 1 1 1 65

317 Gìsorlhphqw gh ihxloohwdjhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67
31714 Gìsorlhphqw grqw o*hvsdfh ghv sdudpëwuhv hvw gx w|sh

+F
�
>N, rü N hvw xq frpsdfw gh F

�
1 1 1 1 1 1 1 1 1 1 1 1 1 67

4 Vlqjxodulwìv pdutxìhv hw Uìvxowdwv sulqflsdx{1 6<
414 Qrwlrq gh suìpdutxdjh g*xq ihxloohwdjh krorpruskh gh +F

�
> 3,

vlqjxolhu ã o*ruljlqh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6<
415 Qrwlrq gh pdutxdjh g*xq ihxloohwdjh krorpruskh gh +F

�
> 3, vlq0

jxolhu ã o*ruljlqh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75
41514 V|vwëph frpsohw vlpsoh gh odfhwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75
41515 Ihxloohwdjhv pdutxìv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76

416 VO0ìtxlydohqfh/ VO0uholdelolwì/ VO0freruelvph hqwuh ghx{ ihxlo0
ohwdjhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 77

417 Krpìrprusklvphv gh S
�
hw ihxloohwdjhv pdutxìv 1 1 1 1 1 1 1 1 1 79

418 Ihxloohwdjhv krorpruskhv vlqjxolhuv gh +F
�
> 3, gh 5

�
hvsëfh1 1 1 1 7;

419 Hqrqfìv ghv Wkìruëphv Sulqflsdx{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<

5 Gìprqvwudwlrq gx Wkìruëph D1 84
514 Xq srqw dx plolhx gh qxooh sduw111 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 84

51414 Suhplëuh ìwdsh = Frqvwuxfwlrq gh o*hvsdfh G
�� hw gh o*ds0

solfdwlrq * � = 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 86
51415 Ghx{lëph ìwdsh = Frqvwuxfwlrq gh od ydulìwì P �� = 1 1 1 1 88
51416 Txhotxhv sursulìwìv gx srqw +P �� > G �� , = 1 1 1 1 1 1 1 1 1 1 8:

515 Gì�qlwlrq g*xqh qrxyhooh vwuxfwxuh krorpruskh vxu oh jhuph gh
ydulìwì +P ��� � S>G ��� � S ,1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 93
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51514 Txhotxhv sursulìwìv gh o*hvsdfh +P � � �S>G � � �S , pxql
gh vd qrxyhooh vwuxfwxuh krorpruskh= 1 1 1 1 1 1 1 1 1 1 1 1 95

516 Frqfoxvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 96
51614 Ilq gh od gìprqvwudwlrq gx Wkìruëph D1 1 1 1 1 1 1 1 1 99

6 Gìprqvwudwlrq gx Wkìruëph E1 9<
614 Gljuhvvlrq qìfìvvdluh vxu ohv jhuphv g*dxwrprusklvph g*xq jhuph

gh ihxloohwdjh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9<
61414 Gì�qlwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9<
61415 Fodvvh g*lvrwrslh gh jhuphv g*dxwrprusklvph gh Il{ +I � � ,

hw ghDxw 	 +I ��� , srxu xq ihxloohwdjh I ��� gh 5 � hvsëfh jìqìudoh1 :3
615 Txdvl0frf|foh gh txlqwhvvhqfh gx frxsoh +I


� � >X,= 1 1 1 1 1 1 1 1 :9
61514 Gì�qlwlrqv gh txdvl0frf|fohv gx frxsoh +I


� � >X,= 1 1 1 1 1 :9
61515 H{lvwhqfh g*xq txdvl0frf|foh gh txlqwhvvhqfh gx frxsoh

+I

� � >X,= 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :;

616 Frqvwuxfwlrq gh od idleoh VO0uholdelolwì ghv ihxloohwdjhv I

� � hw I


��� = ;7
61614 Uìfdslwxodwli gh od vlwxdwlrq hw qrwdwlrqv 1 1 1 1 1 1 1 1 1 1 ;7
61615 Frqvwuxfwlrq g*xqh gìirupdwlrq dx yrlvlqdjh gh fkdtxh

frpsrvdqwh luuìgxfwleoh gx glylvhxu G ��� = 1 1 1 1 1 1 1 1 1 ;8
61616 Suhxyh gx ohpph foì E4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;;

617 Gìprqvwudwlrq udslgh gx Wkìruëph E1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <5

7 Dssolfdwlrqv dx{ vlqjxodulwìv vlpsohv1 <6
714 Gì�qlwlrq gh ihxloohwdjh suì0vlpsoh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <6
715 Hwxgh gh od VO0ìtxlydohqfh srxu ohv ihxloohwdjhv suì0vlpsohv1 1 1 1 <:
716 Uìvxowdwv vxu ohv ihxloohwdjhv suì0vlpsohv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 435
717 Dssolfdwlrq dx{ vlqjxodulwìv qlosrwhqwhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 436

8 Dsshqglfh 43:
814 Prusklvphv hw dxwrprusklvphv gh fkdshohwv gh vskëuhv1 1 1 1 1 1 43:

81414 Prusklvphv hqwuh fkdshohwv gh vskëuhv1 1 1 1 1 1 1 1 1 1 1 43;
81415 Dxwrprusklvphv gh fkdshohwv gh vskëuhv1 1 1 1 1 1 1 1 1 1 444

815 Jhuph gh gliiìrprusklvph gh +F> 3,= 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 447

9 Eleolrjudsklh 44:

44<
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Wdeoh ghv �jxuhv

4 Dueuh gh uìvroxwlrq gx grxeoh fxvs srqgìuì sdu dxwr0lqwhuvhfwlrq
ghv frpsrvdqwhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74

5 H{hpsoh gh v|vwëph frpsohw vlpsoh vxu od frpsrvdqwh G= 1 1 1 1 76
6 H{hpsoh g*dueuh gxdo +qrq srqgìuì, uìdolvdqw ohv frqglwlrqv gh

od uhpdutxh 418161 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 83
7 +Ohpph 51417, Dupdwxuh g*xq srqw uholdqw ghx{ ihxloohwdjhv1 1 1 1 86
8 +Suhxyh gx ohpph 51417, Vfkìpd gh frqvwuxfwlrq gh o*dupdwxuh

G
�� sdu uhfroohphqwv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 87

9 +Ohpph 51415, Vfkìpd g*xq srqw uholdqw ghx{ ihxloohwdjhv1 1 1 1 1 88
: +Ohpph 61418, Uhsuìvhqwdwlrq judskltxh gh o*dssolfdwlrq !

 ��� ��� ��� = :5
; +Ohpph 6141; hw ohpph 6141<, Uhsuìvhqwdwlrq gh o*lvrwrslh !

� �
= 1 :7

< +Suhxyh gx ohpph 61515, Pìwkrgh gh uhohyì ghv fkhplqv 1 1 1 1 1 ;4
43 Suhxyh gh od sursrvlwlrq 61515 = H{whqvlrqv orfdohv dvvrflìhv1 1 1 1 ;6
44 +Suhxyh gx ohpph 61614, Frqvwuxfwlrq gh od ydulìwì +P� > G� , sdu

uhfroohphqwv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;9
45 +Suhxyh gx ohpph 61614, Frqvwuxfwlrq gh o*dssolfdwlrq I� = 1 1 1 1 ;:
46 +Suhxyh gx Ohpph Foì E4, Frqvwuxfwlrq gh od ydulìwì +P> G,

sdu uhfroohphqw ghv ydulìwìv +P� > G� , = 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;;
47 Sro|q÷ph gh w|sh D ��� = { ����� � . |

�
> q � 4= 1 1 1 1 1 1 1 1 1 1 1 1 <7

48 Sro|q÷ph gh w|sh D ����� � = { ��� . |
�
> q � 4= 1 1 1 1 1 1 1 1 1 1 1 1 <7

49 Sro|q÷ph gh w|sh G ��� = { ����� � . |
�
{> q � 5= 1 1 1 1 1 1 1 1 1 1 1 <8

4: Sro|q÷ph gh w|sh G ����� � ={ ��� . |
�
{> q � 5= 1 1 1 1 1 1 1 1 1 1 1 1 <8

4; Sro|q÷ph gh w|sh H  = | ! . { " = 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <9
4< Sro|q÷ph gh w|sh H # = | ! . |{ ! = 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <9
53 Sro|q÷ph gh w|sh H $ = | ! . { % = 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <:
54 Oh ihxloohwdjh hvw gh w|sh D ��� / H  > H $ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <;
55 Oruvtxh oh ihxloohwdjh hvw gh w|sh D ����� � 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 433
56 Oruvtxh oh ihxloohwdjh hvw gh w|sh G> H # 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 433
57 Uhsuhvhqwdwlrq gx grpdlqh  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 447
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Fkdslwuh 31= Lqwurgxfwlrq

Lqwurgxfwlrq

Ghv ihxloohwdjhv krorpruskhv gh +F
�
> 3, vlqjxolhuv ã o*ruljlqh1

Qrxv qrxv lqwìuhvvrqv dx{ jhuphv gh ihxloohwdjhv krorpruskhv vlqjxolhuv I �
gh +F

�
> 3, gì�qlv sdu xq jhuph gh 40iruph krorpruskh $ srvvìgdqw xq }ìur

lvroì ã o*ruljlqh1 Sdupl fhx{0fl qrxv qh frqvlgìurqv txh ohv ihxloohwdjhv qrq gl0
fulwltxhv1 Sdupl ohv sureoìpdwltxhv qdwxuhoohv dvvrflìhv ã o*ìwxgh gh whov remhwv
qrxv glvwlqjxrqv ohv vxlydqwhv =

41 Txhov vrqw ohv hvsdfhv ghv prgxohv dlqvl txh ohxuv vwuxfwxuhv +wrsrorjltxh/
dqdo|wltxh/ iruphooh/111,/ frpphqw fhv hvsdfhv ydulhqw sdu gìirupdwlrq B

51 Hwdqw grqqìh xqh olvwh g*remhwv fdudfwìulvwltxhv +lqyduldqwv dqdo|wltxhv/
wrsrorjltxhv/ iruphov111,/ h{lvwh0w0lo xq ihxloohwdjh txl ohv uìdolvh B Hvw0lo
xqltxh B

Udsshorqv txh gh whov ihxloohwdjhv I � � hw I ��� vrqw dqdo|wltxhphqw/ uhvs1
wrsrorjltxhphqw/ uhvs1 iruphoohphqw frqmxjxìv v*lo h{lvwh xq gliiìrprusklvph
dqdo|wltxh/ uhvs1 wrsrorjltxh/ uhvs1 irupho � gh +F

�
> 3, who txh � & +I � � , @ I ���

+l1h1 oh sxoo0edfn g*xqh 40iruph $ 	 txl fdudfwìulvh oh ihxloohwdjh I � � sdu oh gli0
iìrprusklvph � hvw xqh 40iruph $ � txl gì�qlw oh ihxloohwdjh I � � ,=

Rq frqqdlw ohv uìsrqvhv ã fhv txhvwlrqv srxu ohv vlqjxodulwìv uìgxlwhv +Euxqmr/
Gxodf/ Hfdooh/ Pdojudqjh/ Pduwlqhw/ Srlqfduì/ Udplv/ Vlhjho/ Yrurplq/ \rf0
fr}/111, dlqvl txh srxu ohv vlqjxodulwìv qlosrwhqwhv + Ehuwklhu/ Fhuyhdx/ Ph}ldql/
Prxvvx/ Vdg/111,1 Pdlv srxu ohv dxwuhv vlqjxodulwìv/ fhv sureoëphv uhvwhqw hqwlhuv/
píph %jìqìultxhphqw%1

Xq uìvxowdw hvvhqwlho gdqv o*ìwxgh ghv ihxloohwdjhv hvw o*xqlflwì gh od gìvlqjx0
odulvdwlrq sdu ìfodwhphqwv +Vhlqghqehuj ^Vhl`/ Pdwwhl/ Prxvvx ^Pdw0Prx`, txl
shuphw g*dvvrflhu ã xqh vlqjxodulwì gh ihxloohwdjh xqh xqltxh ydulìwì gh glphq0
vlrq 5/ jhupl�ìh oh orqj g*xq glylvhxu/ ihxloohwìh sdu xq ihxloohwdjh qh srvvìgdqw
txh ghv vlqjxodulwìv uìgxlwhv1 Elhq txh fhw rxwlo %vlpsol�h% oh sureoëph/ lo qh oh
uìvrxw sdv srxu dxwdqw1

Rq derugh gl�ìuhpphqw od txhvwlrq1 Dx olhx gh frqvlgìuhu wrxv ohv ihxlo0
ohwdjhv/ rq ìwxglh ohv jhuphv gh gìirupdwlrq g*xq ihxloohwdjh I grqqì/ srxu ohv
uhodwlrqv g*ìtxlydohqfh fruuhvsrqgdqwhv ã od frqmxjdlvrq iruphooh/ uhvs1 dqdo|0
wltxh/ uhvs1 wrsrorjltxh ghv jhuphv gh gìirupdwlrq1 Fhwwh gìpdufkh uhylhqw lqwx0
lwlyhphqw/ ã qh v*lqwhuhvvhu tx*dx{ ihxloohwdjhv surfkhv gh I = Rq glw tx*xq remhw
txl uhvwh frqvwdqw wrxw dx orqj gh wrxw jhuph gh gìirupdwlrq wrsrorjltxhphqw/
uhvs1 iruphoohphqw/ uhvs1 dqdo|wltxhphqw/ wulyldo gx ihxloohwdjh hvw xq i0lqyduldqw
+i srxu idplooh, wrsrorjltxh/ uhvs1 irupho/ uhvs1 dqdo|wltxh gx ihxloohwdjh1 Rq uh0
pdutxh txh jìqìultxhphqw wrxw jhuph gh gìirupdwlrq iruphoohphqw/ uhvs1 dq0
do|wltxhphqw/ wulyldo vh gìvlqjxodulvh hq idplooh1 Ohv fdqglgdwv jìrpìwultxhv ã
íwuh ghv i0lqyduldqwv wrsrorjltxhv vrqw =

41 O*dueuh gxdo gx glylvhxu gh od uìgxfwlrq gx ihxloohwdjh/ srqgìuì sdu dxwr0
lqwhuvhfwlrq hw pxowlsolflwì1 Lo uìvxph oh w|sh wrsrorjltxh gh od ydulìwì
rewhqxh dsuëv uìgxfwlrq gx ihxloohwdjh1

51 Od olvwh ghv fodvvhv dqdo|wltxhv ghv srlqwv vlqjxolhuv gx ihxloohwdjh uìgxlw/
fkdfxqh srqgìuìh sdu od %srvlwlrq% ghv vìsdudwulfhv orfdohv uhodwlyhphqw
dx{ eudqfkhv orfdohv gx glylvhxu1

<



Vhfwlrq 3131 = Ghv ihxloohwdjhv krorpruskhv gh +F
�
> 3, vlqjxolhuv o*ruljlqh1

61 Od olvwh ghv fodvvhv dqdo|wltxhv ghv jurxshv g*krorqrplh dvvrflìv ã fkdtxh
frpsrvdqwh luuìgxfwleoh gx glylvhxu1 Hooh gìfulw oh frpsruwhphqw wudqv0
yhuvh ghv ihxloohv gx ihxloohwdjh gìvlqjxodulvì dx yrlvlqdjh gx glylvhxu1

Rq vdlw txh srxu xqh odujh fodvvh gh ihxloohwdjh +ihxloohwdjh gh 5
�
hvsëfh,/

o*dueuh gh uìvroxwlrq dvvrflì ã od gìvlqjxodulvdwlrq gx ihxloohwdjh frlqflgh dyhf
fhoxl dvvrflì ã od uìgxfwlrq gh vhv vìsdudwulfhv + ^Pdw0Vdo ! ` hw ^Pdw0Vdo � ` ,1
Srxu ohv ihxloohwdjhv dsshoìv sdu Fdpdfkr/ Qhwr/ Vdg ^Fdp0Qhw0Vdg` frxuehv
jìqìudolvìhv ' / qrq glfulwltxhv/ od grqqìh gh o*dueuh gh uìgxfwlrq fruuhvsrqg ã od
grqqìh wrsrorjltxh gh o*xqlrq ghv vìsdudwulfhv1

Jìqìultxhphqw/ oh jurxsh g*krorqrplh/ dvvrflì ã fkdtxh frpsrvdqwh txl
sruwh dx prlqv wurlv vlqjxodulwìv/ hvw uljlgh ^Fhu0Prx` srxu od uljlglwì iruphooh20
dqdo|wltxh gdqv oh vhqv vxlydqw = Wrxwh frqmxjdlvrq wrsrorjltxh/ uhvs1 iruphooh/
gh whov jurxshv hvw dxwrpdwltxhphqw krorpruskh1

Lo uhvwh ã frpsuhqguh frpphqw lqwhudjlvvhqw fhv 6 i0lqyduldqwv hqwuh hx{ hw
v*lov vrqw ohv vhxov1

Qrxv glurqv tx*xqh gìirpdwlrq/ uhvs1 xq gìsorlhphqw/ hvw VO0ìtxlvlqjxolëuh
vl hooh vh gìvlqjxodulvh hq idplooh hw vl fkdfxqh gh vhv �euhv srvvëgh ohv píphv
i0lqyduldqwv1

M1I1 Pdwwhl hw H1 Vdohp rqw ìwxglì fh sureoëph gdqv oh fdguh gh shwlwhv
gìirupdwlrqv +l1h1 gh jhuphv gh gìirupdwlrqv,1 Jìqìultxhphqw/ lov rqw uìvrox
od sureoìpdwltxh olìh ã od uhfkhufkh ghv i0lqyduldqwv gdqv oh fdguh wrsrorjltxh
^Pdw � `/ dqdo|wltxh ^Pdw0Vdo � ` hw irupho ^Pdw0Vdo � `1 Lov grqqhqw dxvvl od glphq0
vlrq dlqvl txh od frqvwuxfwlrq gh o*hvsdfh xqlyhuvho ghv ihxloohwdjhv srxu fkdfxqh
gh fhv wurlv ìtxlydohqfhv +oruvtxh fhv hvsdfhv vrqw gh glphqvlrq �qlh, =

Wkìruëph L ( ^Pdw0Vdo � ` Vrlw $ xqh 40iruph txdvl0k|shueroltxh ) / qrq gì0
jìqìuìh1 Lo h{lvwh xqh gìirupdwlrq �$ gh $ g*hvsdfh ghv sdudpëwuhv

T * +F * � � � �,+ � � � > 3,

txl hvw xqlyhuvhooh Vo0ìtxlvlqjxolëuh gdqv oh vhqv vxlydqw =

� Srxu fkdtxh gìirupdwlrq VO0ìtxlvlqjxolëuh � g*hvsdfh gh sdudpëwuh +F
�
> 3,>

lo h{lvwh xq jhuph g*dssolfdwlrq dqdo|wltxh � = +F
�
> 3, $ T hw xqh idplooh

dqdo|wltxh +�
�
,
�.- � /�01� 	 � gh jhuphv gh gliiìrprusklvphv krorpruskhv gh

+F
�
> 3, txl/ srxu wrxw w vx!vdpphqw shwlw/ frqmxjxh ohv ihxloohwdjhv vxu

+F
�

� iwj> +3> w,, grqqìv sdu �
�
hw sdu �$ 2 � � � = Gh soxv/ od idfwrulvdwlrq �

hvw xqltxh1

Wkìruëph LL 3 ^Pdw0Vdo � ` Xqh gìirupdwlrq g*xqh 40iruph txdvl0k|shuer0
oltxh jìqìultxh hvw wrsrorjltxhphqw wulyldoh vl/ hw vhxohphqw vl/ hooh hvw lqgxlwh
sdu xq gìsorlhphqw ìtxlvlqjxolhu1

46587:9<;>=@?A;CB1;CD ;>E1F G G ;IHKJ<9<;CL@F 719<EMG F ;>=,BM;ON PRQ�S@TVUIS171WV7:B1F X6=.F H@F Y�E1;VZ1;>L.H[JV\1\�;>G ]O^K_V`ba6c@dCe�fIg�f6a@h<i j k>fKdL@F�L@W<7:D ;6E1F G G ;IH@JV9<;C=.]6B1E1F H[71;C\�W<L@L@l>B1;C\1JVL,B1;CL@F 7M9<E1G J<=.F HK]mBM;8Honb\�;C71Wb;>E1BbpqX>WVG r
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Fkdslwuh 31= Lqwurgxfwlrq

Wkìruëph LLL � ^Pdw0Vdo � ` Vrlw $ xqh 40iruph txdvl0k|shueroltxh jìqìul0
txh1 Lo h{lvwh xqh gìirupdwlrq VO0ìtxlvlqjxolëuh �$ � gh $ g*hvsdfh ghv sdudpëwuhv
W * +F * � � � > 3,/ txl hvw wrs0xqlyhuvhooh Vo0ìtxlvlqjxolëuh gdqv oh vhqv vxlydqw =

� Srxu fkdtxh gìirupdwlrq VO0ìtxlvlqjxolëuh � g*hvsdfh gh sdudpëwuh +F
�
> 3,>

lo h{lvwh xq jhuph g*dssolfdwlrq dqdo|wltxh � = +F
�
> 3, $ W hw xqh idplooh

dqdo|wltxh +�
�
,
�.- � /�01� 	 � gh jhuphv g*krpìrprusklvphv gh +F

�
> 3, txl/ srxu

wrxw w vx!vdpphqw shwlw/ frqmxjxh ohv ihxloohwdjhv vxu +F
�

� iwj> +3> w,,
grqqìv sdu �

�
hw sdu �$ � 2 � � � = Gh soxv/ od idfwrulvdwlrq � hvw xqltxh hw �$ �

hvw xqltxh ã frqmxjdlvrq dqdo|wltxh suëv1

Xqh gì�qlwlrq ghv hqwlhuv � hw � hvw grqqìh gdqv ^Pdw0Vdo � `1 Qrxv udsshorqv
lfl =

� +$, @
[
�

+ � � 4,+ � � 5,

5
5 Q

rü f gìfulw o*hqvhpeoh gh wrxv ohv srlqwv vlqjxolhuv +3 lqfoxv, txl dssdudlvvhqw
gdqv od uìgxfwlrq gh I � hw  � hvw od pxowlsolflwì dojìeultxh gx ihxloohwdjh dx
srlqw f/ hw

�+$, @ glp / K �
+X > W ��R� , 5 Q ^ 4

rü X hvw xq uhfrxyuhphqw dgdswì gx glylvhxu h{fhswlrqqho G � hw W �� � hvw oh
idlvfhdx txrwlhqw grqqì sdu od vxlwh h{dfwh frxuwh =

3 $ [ ���� $ E ��R� $ W ���� $ 3

dyhf [ ���� oh idlvfhdx gh edvh G � ghv fkdpsv wdqjhqwv ã �I � hw E ��R� oh idlvfhdx gh
edvhG � ghv fkdpsv edvltxhv gh �I � +ohxu  rw odlvvh �I � lqyduldqw,1 Qrxv dsshorqv
w|sh prgxodluh dqdo|wltxh gx ihxloohwdjh �o*hqwlhu� � .� 5 Q ^ 4 +wrxmrxuv vrxv
o*k|srwkëvh gh txdvl0jìqìulflwì,1 Oruvtxh fhw hqwlhu hvw qxo/ wrxw jhuph gh gì0
irupdwlrq VO0ìtxlvlqjxolëuh hvw dqdo|wltxhphqw wulyldo1 Fhv wkìruëphv grqqhqw
wrxw vrq vhqv ã od qrwlrq gh gìirupdwlrq VO0ìtxlvlqjxolëuh sxlvtxh fhod vljql�h
�{hu xqh sduwlh gh od wrsrorjlh gx ihxloohwdjh1

Rq vh srvh doruv xq sureoëph frpsoìphqwdluh = Fhv wurlv i0lqyduldqwv +gì�qlv
dx0ghvvxv, vh �vxlyhqw� elhq sdu gìirupdwlrq ìtxluìgxfwleoh/ sxlvtxh o*rq shxw
vxlyuh ohv srlqwv vlqjxolhuv uìgxlwv dsuëv gìvlqjxodulvdwlrq1 Pdlv fhv lqyduldqwv
qh shxyhqw sdv íwuh gì�qlv vdqv dpeljxòwì srxu ghx{ ihxloohwdjhv/ vl o*rq qh
vh grqqh sdv xqh gìirupdwlrq VO0ìtxlvlqjxolëuh txl ohv uholhqw1 Hq h�hw o*dueuh
gxdo qh shuphw sdv gh glvwlqjxhu ghx{ srlqwv vlqjxolhuv oruvtxh/ hq fhv srlqwv/
ohv ihxloohwdjhv vrqw frqmxjxìv +sdu h{hpsoh oh grxeoh fxvs,1 Rq shug dxvvl
o*lqirupdwlrq vxu ohv jìqìudwhxuv gx jurxsh g*krorqrplh1 Srxu uìvrxguh fhwwh
dpeljxòwì/ qrxv doorqv gì�qlu/ dx fkdslwuh 4/ xqh qrwlrq gh vlqjxodulwì pdutxìh1
Ohv i0lqyduldqwv vrqw/ gruìqdydqw/ dsshoìv lqyduldqwv VO +VO srxu Vhpl Orfdx{,/
fdu qrxv qh srxyrqv soxv qrxv dssx|hu vxu od qrwlrq gh idplooh srxu ohv gì�qlu1

Rq shxw doruv sduohu gh od VO0ìtxlydohqfh hqwuh ghx{ vlqjxodulwìv pdutxìhv
hw srvhu oh sureoëph vxlydqw txl hvw o*remhw gh fhwwh Wkëvh =

�ghx{ vlqjxodulwìv pdutxìhv VO0ìtxlydohqwhv $ hw $ � vrqw0hoohv uholdeohv sdu
xqh idplooh $

�
/ krorpruskh sdu prufhdx{/ ã w|sh VO frqvwdqw rü $ 	 @ $ hw

$ � @ $ � B��<t Dor�u v:J<H.p.x�J<Gqy@z{\�r{|6}< ��,�1;>WV=.;6? t r
44



Vhfwlrq 3131 = Ghv vlqjxodulwìv pdutxìhv +Fkdslwuh 4,1

Ghv vlqjxodulwìv pdutxìhv +Fkdslwuh 4,1

Il{rqv I ¡ xq jhuph gh ihxloohwdjh vlqjxolhu gh +F
�
> 3, txl qrxv vhuylud gh

ihxloohwdjh prgëoh1 Qrxv glurqv tx*xq jhuph gh ihxloohwdjh I � � gh +F
�
> 3, hvw

pdutxì +Gì�qlwlrq 41414/ Gì�qlwlrq 41514, sdu I ¡ vl =

41 Lo h{lvwh xq krpìrprusklvph suìvhuydqw o*rulhqwdwlrq hqwuh ohv glylvhxuv
G � � hw G ¡ dvvrflìv ã od uìgxfwlrq gh I � � hw I ¡ txl lqgxlw xqh elmhfwlrq
hqwuh ohv srlqwv vlqjxolhuv uìgxlwv ghv ihxloohwdjhv gìvlqjxodulvìv �I � � hw �I ¡
dvvrflìv ã I ��� hw I ¡ 1

51 Fkdtxh frpsrvdqwh luuìgxfwleoh gx glylvhxu G � � hvw pxqlh g*xq v|vwëph
gh odfhwv +ã lvrwrslh suëv, �vlpsohv� txl hqjhqguh oh jurxsh gh Srlqfduì
gh od frpsrvdqwh sulyìh gx olhx vlqjxolhu gh �I � � 1

Frqvlgìurqv/ pdlqwhqdqw/ ghx{ jhuphv gh ihxloohwdjhv I � � hw I �¢� > ã o*ruljlqh
gh F

�
> pdutxìv sdu I ¡ = Gh sdu oh pdutxdjh/ lo h{lvwh xqh elmhfwlrq hqwuh ohv

frpsrvdqwhv luuìgxfwleohv gx glylvhxu G � � hw fhoohv gx glylvhxu G ��� = Rq glw txh
ghx{ frpsrvdqwhv hq elmhfwlrq vrqw olìhv sdu oh pdutxdjh1 Qrxv glurqv txh fhv
ghx{ ihxloohwdjhv srvvëghqw ohv píphv lqyduldqwv VO/ rx soxv vlpsohphqw tx*lov
vrqw VO0ìtxlydohqwv +Gì�qlwlrq 41614, vl =

41 Srxu fkdtxh frpsrvdqwh luuìgxfwleoh gh G � � hw G �¢� olìh sdu oh pdutxdjh/
lo h{lvwh xq krpìrprusklvph/ suìvhuydqw o*rulhqwdwlrq/ hqwuh fhv ghx{
frpsrvdqwhv txl lqgxlw xqh elmhfwlrq hqwuh ohv ghx{ v|vwëphv gh odfhwv
suryhqdqw gx pdutxdjh dlqvl tx*xqh elmhfwlrq hqwuh ohv olhx{ vlqjxolhuv
uìgxlwv ghv ihxloohwdjhv gìvlqjxodulvìv/ srqgìuìv sdu ohxu w|sh dqdo|wltxh/
l1h1 fhwwh elmhfwlrq yìul�h = vl ghx{ srlqwv vlqjxolhuv uìgxlwv v 5 	 � � hw
v � 5 	 � � vrqw hq elmhfwlrq doruv ohv jhuphv gh ihxloohwdjh �I ��� > dx srlqw v>
hw �I ��� / dx srlqw v � > vrqw krorpruskltxhphqw frqmxjxìv sdu xq jhuph gh
elkrorprusklvph txl/ gh soxv/ lghqwl�h ohv jhuphv ghv frpsrvdqwhv luuì0
gxfwleohv gh píph dxwr0lqwhuvhfwlrq ghv jhuphv gh glylvhxuv +G ��� > v, hw
+G ��� > v � ,=

51 Hqwuh ghx{ frpsrvdqwhv luuìgxfwleohv ghv glylvhxuv G � � > G ��� > olìhv sdu
oh pdutxdjh/ ohv jìqìudwhxuv ghv jurxshv g*krorqrplh/ dvvrflìv dx{ odfhwv
suryhqdqw ghv pdutxdjhv/ vrqw dqdo|wltxhphqw frqmxjxìv sdu xq píph
gliiìrprusklvph gh frqmxjdlvrq1

Qrxv glurqv txh ghx{ ihxloohwdjhv I

� � hw I


�¢� pdutxìv sdu I ¡ vrqw idleoh0
phqw VO0uholìv +Gì�qlwlrq 41616, v*lo h{lvwh xqh froohfwlrq gh jhuphv gh ihxlo0
ohwdjhv krorpruskhv vlqjxolhuv gh +F

�
> 3,> I


 ���£ > l @ 3> ===> q> pdutxìv sdu I ¡
dyhf I


� � @ I

 �� � hw I


��� @ I

 ���¤ whooh txh =

41 Srxu fkdtxh l @ 3==q> lo h{lvwh xqh gìirupdwlrq VO0ìtxlvlqjxolëuh I ¥ £ gh
I �� £ gh sdudpëwuh xq yrlvlqdjh gh ^3> 4` gdqv F whooh txh vd �euh hq 4 hvw
oh ihxloohwdjh I ���£ ¦�� hw txl yìul�h =
+d, Vl G 5 G ���£ hw G � 5 G ���£ ¦�� vrqw olìhv sdu oh pdutxdjh doruv hoohv

vrqw frqwhqxhv gdqv xqh píph frpsrvdqwh luuìgxfwleoh joredoh gx
glylvhxu/ dvvrflì ã �I ¥ £ 1

+e, Vl v 5 	 �� £ hw v � 5 	 �� £ ¦{� vrqw plv hq elmhfwlrq sdu od uhodwlrq gh pdu0
txdjh doruv lov vrqw frqwhqxv gdqv xqh píph frpsrvdqwh luuìgxfwleoh
joredoh gx olhx vlqjxolhu gh �I ¥ £ 1
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Fkdslwuh 31= Lqwurgxfwlrq

Qrxv prqwurqv +fruroodluh 41716, txh vl ghx{ jhuphv gh ihxloohwdjhv I

� � hw

I

� � pdutxìv sdu I ¡ vrqw VO ìtxlydohqwv/ doruv lo h{lvwh xq krpìrprusklvph

K = G � � $ G ��� hqwuh ohv glylvhxuv ghv uìgxfwlrqv gh $ 	 hw $ � > txl hvw frpsdwleoh
dx pdutxdjh hw txl hvw gh soxv krorpruskh oruvtx*rq oh uhvwuhlqw ã xq yrlvlqdjh
dssursulì gx olhx vlqjxolhu 	 ��� =

Pdlqwhqdqw txh od sureoìpdwltxh d xq vhqv/ ìqrqêrqv oh uìvxowdw sulqflsdo =

Wkìruëph E Vrlhqw ghx{ jhuphv gh ihxloohwdjhv krorpruskhv I ��� hw I � �
gh +F

�
> 3,> vlqjxolhuv ã o*ruljlqh/ gh 5

�
hvsëfh jìqìudoh/ pdutxìv sdu I ¡ = V*lov

vrqw VO0ìtxlydohqwv doruv lov vrqw idleohphqw VO0uholìv1

Rü qrxv glurqv tx*xq ihxloohwdjh I � hvw gh 5
�
hvsëfh jìqìudoh +Gì�qlwlrq

31515/ Gì�qlwlrq 41714/ Gì�qlwlrq 41715, v*lo hvw qrq glfulwltxh/ hw yìul�h ohv wurlv
frqglwlrqv vxlydqwhv =

41 Vl oh ihxloohwdjh srvvëgh/ gdqv vd uìgxfwlrq/ ghv vlqjxodulwìv gh w|sh qrhxg0
fro doruv fhoohv0fl vh vlwxhqw xqltxhphqw hq ghv srlqwv uìjxolhuv gx glylvhxu
+dvvrflì ã od gìvlqjxodulvdwlrq gx ihxloohwdjh, hw ohv vìsdudwulfhv iruwhv gh
fhv vlqjxodulwìv fròqflghqw dyhf oh glylvhxu1

51 Hq fkdtxh srlqw vlqjxolhu gx glylvhxu G � oh ihxloohwdjh �I � hvw =

+d, rx elhq gh w|sh qrhxg/

+e, rx elhq gh w|sh vhooh +uìvrqqdqwh rx qrq , olqìdulvdeoh/

+f, rx elhq gh w|sh vhooh uìvrqqdqwh qrq olqìdulvdeoh hw oh fkdshohw gh
vskëuhv dvvrflì ã fhwwh vlqjxodulwì qh srvvëgh sdv g*dxwuh dxwrpru0
sklvph txh o*lghqwlwì +Fi1 ¢8,1

61 Hq fkdtxh srlqw uìjxolhu gx glylvhxu G � hw vlqjxolhu gx ihxloohwdjh �I �
rü od vlqjxodulwì hvw gh w|sh qrhxg0fro vqf +l1h1 od ydulìwì idleoh glyhujh,/
o*krorqrplh gh od ydulìwì iruwh srvvëgh xq fkdshohw gh vskëuhv grqw oh vhxo
dxwrprusklvph hvw o*lghqwlwì1

Fhwwh qrwlrq hvw suìflvìh dx fkdslwuh L1
Qrxv glurqv txh ghx{ ihxloohwdjhv I


� � hw I

��� pdutxìv sdu I ¡ vrqw VO0

frerugdqwv +Gì�qlwlrq 41617, v*lo h{lvwh xq gìsorlhphqw VO0ìtxlvlqjxolhu I ¥ gh
I � � gh sdudpëwuh xq yrlvlqdjh gh ^3> 4` gdqv F gh �euh hq 4 oh ihxloohwdjh I ���
hw txl yìul�h =

+d, Vl G 5 G ��� hw G � 5 G � � vrqw olìhv sdu oh pdutxdjh doruv hoohv vrqw
frqwhqxhv gdqv xqh píph frpsrvdqwh luuìgxfwleoh joredoh gx glylvhxu/
dvvrflì dx gìsorlhphqw �I ¥ 1

+e, Vl v 5 	 � � hw v � 5 	 �¢� vrqw plv hq elmhfwlrq sdu od uhodwlrq gh pdutxdjh
doruv lov vrqw frqwhqxv gdqv xqh píph frpsrvdqwh luuìgxfwleoh joredoh gx
olhx vlqjxolhu gh �I ¥ 1

O*lqwìuíw gh od gl�ìuhqfldwlrq hqwuh gìirupdwlrq hw gìsorlhphqw hvw ìylghqw
dx yx ghv Wkìruëphv L/ LL/ LLL gh Pdwwhl0Vdohp hqrqfìv fl0ghvvxv1 Qrxv dyrqv
ìwì dphqì ã gìprqwuhu oh uìvxowdw vxlydqw =

Wkìruëph D Vrlhqw ghx{ jhuphv gh ihxloohwdjhv krorpruskhv I � � hw I ��� gh
+F
�
> 3,> vlqjxolhuv ã o*ruljlqh/ qrq glfulwltxhv/ pdutxìv sdu I ¡ > VO0ìtxlydohqwv1

Doruv lo h{lvwh xq jhuph gh ihxloohwdjh I ��§ > gx píph w|sh/ pdutxì sdu I ¡ >
VO0ìtxlydohqw ã I � � txl yìul�h =
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Vhfwlrq 3131 = Gh o*dssolfdwlrq +Fkdslwuh 7,1

41 Ohv ihxloohwdjhv I � � hw I ��§ vrqw VO0frerugdqwv1
51 Lo h{lvwh xq elkrorprusklvph gx glylvhxu dvvrflì ã od gìvlqjxodulvdwlrq

gh I ��§ vxu fhoxl dvvrflì ã od gìvlqjxodulvdwlrq gh I ��� txl lqgxlw xqh
elmhfwlrq �frpsdwleoh� dyhf ohv ghx{ v|vwëphv gh pdutxdjh sdu I ¡ gh fhv
ihxloohwdjhv1

Gh o*dssolfdwlrq +Fkdslwuh 7,1

Xqh dssolfdwlrq vlpsoh gh fh wkìruëph frqfhuqh ohv ihxloohwdjhv gh 5
�
hvsëfh

grqw oh w|sh prgxodluh ¨ dx vhqv gh Pdwwhl ^Pdw0Vdo � ` hvw qxo1 Qrxv dsshorqv
gh whov ihxloohwdjhv/ ihxloohwdjhv gh 5

�
hvsëfh vlpsohv1 Il{rqv xq who ihxloohwdjh

I � 1 Oruvtxh oh ihxloohwdjh I � hvw xqh frxueh jìqìudolvìh/ gh w|sh prgxodluh qxo/
doruv od frxueh vhs+$,> grqw ohv frpsrvdqwhv luuìgxfwleohv vrqw ohv vìsdudwulfhv
gh $> hvw xqh vlqjxodulwì vlpsoh dx vhqv g*Duqro*g ^Duq � `1 Oruvtxh oh ihxloohwdjh
I � hvw vhxohphqw gh 5 � hvsëfh/ od frxueh vhs+$, shxw srvvìghu ghv frpsrvdqwhv
luuìgxfwleohv iruphoohv glyhujhqwhv1 Gdqv fh fdv/ rq shxw yrlu txh oh sro|q÷ph gh
Wd|oru S gh o*ìtxdwlrq gh o*xqlrq ghv vìsdudwulfhv iruphoohv/ wurqtxì ã xq ruguh
vx!vdpphqw judqg/ hvw xqh irqfwlrq vlpsoh dx vhqv g*Duqro*g1 Gdqv ohv ghx{
fdv/ Pdwwhl gìprqwuh txh oh w|sh prgxodluh gh S / p+S ,> hw o*hqwlhu � +$, > gì�ql
gdqv ^Pdw � `/ vrqw ìjdx{1 Gh soxv/ vrxv o*k|srwkëvh gh 5 � hvsëfh/ qrxv yìul�rqv
idflohphqw txh vl o*hqwlhu � +$, hvw qxo doruv o*hqwlhu � +$, o*hvw dxvvl1 Dlqvl/ qrxv
glurqv txh oh ihxloohwdjh I � hvw gx w|sh D> uhvs1 G> uhvs1 H  > uhvs1 H # > uhvs1 H $
vl oh sro|q÷ph gh Wd|oru S gh o*ìtxdwlrq gh o*xqlrq ghv vìsdudwulfhv iruphoohv/
wurqtxì ã xq ruguh vx!vdpphqw judqg/ hvw gh w|sh g*Duqro*g D> uhvs1 G> uhvs1
H  > uhvs1 H # > uhvs1 H $ = O*dueuh gh uìvroxwlrq gx ihxloohwdjh ìwdqw lghqwltxh ã
o*dueuh gh uìgxfwlrq gh vhv vìsdudwulfhv/ fhoxl0fl hvw frqqx ^Fkdslwuh 7` = Lo hvw
frqvwlwxì g*xqh frpsrvdqwh luuìgxfwleoh gh ydohqfh © 6/ g*xqh rx ghx{ eudqfkhv
pruwhv hw g*xqh ã wurlv vìsdudwulfhv1 Il{rqv I � � hw I ��� ghx{ ihxloohwdjhv gh 5

�
hvsëfh/ vlpsohv/ gx píph w|sh D> G> H  > H # > rx H $ = V*dwwulexhu xq pdutxdjh
sdu I ��� gx ihxloohwdjh I � � hvw ìtxlydohqw ã vh grqqhu =

41 Xq krpìrprusklvph +ã krprwrslh suëv, suìvhuydqw o*rulhqwdwlrq hqwuh ohv
xqltxhv frpsrvdqwhv luuìgxfwleohv gh ydohqfh 6 ghv glylvhxuv G � � hw G ���
txl lqgxlw xqh elmhfwlrq hqwuh ohv srlqwv vlqjxolhuv sruwìv sdu fhv frpsr0
vdqwhv/ srqgìuìv sdu oh w|sh dqdo|wltxh gx jhuph ghv ihxloohwdjhv uìgxlwv/
hq fhv srlqwv/ dvvrflìv ã I � � hw ã I ��� =

51 Xq v|vwëph gh odfhwv �vlpsohv� vxu o*xqltxh frpsrvdqwh luuìgxfwleoh gh
ydohqfh 6 gx glylvhxu G ��� txl jìqëuh oh jurxsh gh Srlqfduì gh fhwwh frp0
srvdqwh sulyìh ghv 6 srlqwv vlqjxolhuv gx ihxloohwdjh1

G*dsuëv ohv wkìruëphv L hw LLL gh Pdwwhl0Vdohp ^Pdw0Vdo � `/ ohv ihxloohwdjhv
vlpsohv ìwdqw gh w|sh prgxodluh qxo/ fhod vljql�h txh ghx{ whov ihxloohwdjhv vrqw
VO0uholìv vl/ hw vhxohphqw vl/ lov vrqw dqdo|wltxhphqw frqmxjxìv1 Dlqvl/ sdu oh
wkìruëph E/ ghx{ ihxloohwdjhv pdutxìv/ vlpsohv/ gh 5

�
hvsëfh/ VO0ìtxlydohqwv

vrqw dqdo|wltxhphqw frqmxjxìv1
Gh o*ìwxgh gh od VO0ìtxlydohqfh ghv ihxloohwdjhv I � � hw I ��� pdutxìv sdu oh

ihxloohwdjh I ��� > qrxv rewhqrqv ohv wkìruëphv vxlydqwv1 Qrwrqv S � ªq� od frpsrvdq0«�¬ ;Hqn1\�;®?AW�B1E1G J<F =.;®B�¯ E171;�|>p�D W<=@?�;��;6LoHwG ¯ ;>7VHKF ;6=:°RN �RUOB1WV7171]®B1JV71L±G ;³²C´�µ�¶�·�¸�¹»º½¼®B1;v:J<H.HK;>F pox�JVG ;6?±r¾�¬ J¿��JVG ;671X>;�B�¯ E171;�X6W<?A\�W<L@J<7�H@;�F =.=@]>B1EMXIH@F �1G ;�B1E®B1F �bF L@;>E1=m;6L.HCG ;�7MW<?��1=.;AB1;�\�W<F 7VHKLmL@F 719<E1G F ;6=.LB1E:D ;6E1F G G ;IH@JV9<;C=.]6B1E1F H[\�W<=.H@]>L[\1J<=,G JAX>W<?A\�W<L@JV7VH@;Vr
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Fkdslwuh 31= Lqwurgxfwlrq

wh luuìgxfwleoh gh ydohqfh 6 gx glylvhxu G � £ hw q
v
� ªq�� > v

� ª��� > v
� ª��
!

r
ohv wurlv srlqwv

vlqjxolhuv gx ihxloohwdjh sruwìv sdu fhwwh frpsrvdqwh/ l @ 3> 4=

Wkìruëph 31314 +Wkìruëph F, Vrlhqw I ��� hw I � � ghx{ ihxloohwdjhv vlqjx0
olhuv gh +F

�
> 3, gh 5

�
hvsëfh/ vlpsohv1

41 Vxssrvrqv fhv ghx{ ihxloohwdjhv gh píph w|sh D ��� > rx H  > rx H $ =
Doruv lov vrqw dqdo|wltxhphqw frqmxjxìv vl/ hw vhxohphqw vl/ lo h{lvwh xq
jhuph gh elkrorprusklvph � = +W

� 	 �
> t
� 	 �

, $ +W
� � �
> t
� � �

, txl frqmxjxh ohv

jhuphv gh gliiìrprusklvph g*krorqrplh k
� 	 �� hw k

� � �� > m @ 4> 5> 6=

51 Vxssrvrqv fhv ghx{ ihxloohwdjhv gh píph w|sh D ����� � > rx H # > rx gh 5 � hvsëfh
jìqìudoh gh w|sh G=

Doruv lov vrqw dqdo|wltxhphqw frqmxjxìv vl/ hw vhxohphqw vl/ ohv ghx{ frq0
glwlrqv vxlydqwhv vrqw vdwlvidlwhv =

+d, Lo h{lvwh xq jhuph gh elkrorprusklvph � = +W
� 	 �
> t
� 	 �

, $ +W
� � �
> t
� � �

,

txl frqmxjxh ohv jhuphv gh gliiìrprusklvph g*krorqrplh k
� 	 �� hw k

� � �� >
m @ 4> 5> 6>

+e, Ohv ydohxuv sursuhv gh od sduwlh olqìdluh ghv fkdpsv gh yhfwhxuv dv0

vrflìv dx{ jhuphv gh ihxloohwdjhv uìgxlwv dx{ srlqwv v
� 	 �� hw v

� � �� vrqw
ìjdx{/ m @ 4> 5> 61

Gdqv fhv dvvhuwlrqv/ qrxv xwlolvrqv ohv qrwdwlrqv vxlydqwhv =

41 +d, Rq d idlw oh fkrl{ g*xqh uìlqgh{dwlrq +l1h1 g*xq pdutxdjh, ghv vlqjx0
odulwìv v

� � �� gh vruwh txh ohv srlqwv vlqjxolhuv v
� 	 �� hw v

� � �� vrqw sruwìv
sdu ghv frpsrvdqwhv luuìgxfwleohv gh píph dxwr0lqwhuvhfwlrq1 Gdqv
oh fdv rü ohv ihxloohwdjhv vrqw gx w|sh D ��� > G ����� � � H  > H # > H $ lo | d
xqlflwì gh fhwwh uìlqgh{dwlrq1

51 Oh jhuph +W
� ª��
> t
� ªq�

, hvw xq jhuph gh wudqvyhuvdoh/ hq xq srlqw uìjxolhu/ ã
od frpsrvdqwh S

� ª��
> l @ 3> 4=

61 Ohv odfhwv +�
� ªq�� > t

� ª��
,�<À � � � � ! vrqw xq v|vwëph gh odfhwv vlpsohv jìqìudwhxu

gx � � gh od ydulìwì S
� ª��

�
q
v
� ªq�� > v

� ª��� > v
� ª��
!

r
> l @ 3> 4> gh vruwh tx*lo h{lvwh

xq xqltxh krpìrprusklvph j = S
� 	 � $ S

� � �
yìul�dqw j+v

� 	 �� , @ v
� � �� txl

lqgxlw xqh elmhfwlrq hqwuh ohv ghx{ v|vwëphv gh odfhwv = j Á +�
� 	 �� , @ �

� � �� >
m @ 4> 5> 6=

71 O*dssolfdwlrq k
� ª��� hvw oh gliiìrprusklvph g*krorqrplh gh od vlqjxodulwì v

� ªq��
gx ihxloohwdjh uìgxlw dvvrflì ã I ��£ oh orqj gx odfhw �

� ªq�� fdofxoì vxu od
wudqvyhuvdoh +W

� ªq�
> t
� ª��

,> l @ 3> 4> m @ 4> 5> 6=

Wkìruëph 31315 +Wkìruëph G, Vrlhqw I ��� hw I � � ghx{ ihxloohwdjhv vlqjx0
olhuv gh +F

�
> 3, / vlpsohv/ gh 5

�
hvsëfh gh w|sh D> H  > H # > H $ > uhvs1 gh 5 � hvsëfh

jìqìudoh gh w|sh G> whov txh oh jurxsh g*krorqrplh gh o*xqltxh frpsrvdqwh gh
ydohqfh 6 hvw uljlgh1

Vl ohv jhuphv gh ihxloohwdjhv I � � hw I ��� vrqw iruphoohphqw frqmxjxìv doruv
lov oh vrqw dqdo|wltxhphqw1
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Vhfwlrq 3131 = Gh od gìprqvwudwlrq gx Wkìruëph D +Fkdslwuh 5,1

Ohv vlqjxodulwìv gì�qlhv sdu xq jhuph gh 40iruph $ gh 40mhw qrq qxo vrqw
dsshoìhv qlosrwhqwhv oruvtxh od sduwlh olqìdluh gx fkdps dvvrflì hvw gx w|sh�

3 4
3 3

�
= Fhv vlqjxodulwìv vrqw wrxwhv ghv vlqjxodulwìv vlpsohv/ gh 5

�
hvsëfh

gh w|sh D= Gh soxv/ hoohv vrqw ìwxglìhv ã w|sh irupho �{ì/ qrxv dyrqv lfl ghv
k|srwkëvhv �soxv idleohv�/ qrxv ghpdqgrqv vhxohphqw =

41 o*h{lvwhqfh g*xqh frqmxjdlvrq iruphooh hqwuh ohv vìsdudwulfhv iruphoohv ghv
ihxloohwdjhv I � � hw I ��� /

51 o*ìjdolwì ghv ydohxuv sursuhv gh od sduwlh olqìdluh ghv fkdpsv gh yhfwhxuv
dvvrflìv dx{ ihxloohwdjhv �I ���VÂ Ã 
 � � � Ä�Å �KÆÇ½È hw �I � � Â Ã 
 � � � Ä�Å � ÆÇÉÈ > srxu wrxw m @

4> 5> 6=

Qrxv uhwurxyrqv/ doruv/ ohv uìvxowdwv fodvvltxhv frqfhuqdqw ohv vlqjxodulwìv
qlosrwhqwhv rewhqxv sdu Ehuwklhu/ Fhuyhdx/ Ph}ldql/ Prxvvx/ Vdg gdqv ^Fhu0Prx`/
^Ehu0Ph}0Vdg`/ ^Ph} � `1

Qrxv srxuvxlyrqv fhwwh lqwurgxfwlrq hq grqqdqw ohv lgìhv sulqflsdohv ghv
gìprqvwudwlrqv gx Wkìruëph D hw gx Wkìruëph E1

Gh od gìprqvwudwlrq gx Wkìruëph D +Fkdslwuh 5,1

Qrxv qrwrqv �I ��£ oh ihxloohwdjh uìgxlw dvvrflì ã od uìgxfwlrq gx ihxloohwdjh
I ��£ > +P ��£ > G ��£ , oh jhuph gh ydulìwì/ oh orqj gx glylvhxu G ��£ dvvrflì ã fhwwh
uìgxfwlrq hw 	 � £ ohv vlqjxodulwìv uìgxlwhv gx ihxloohwdjh �I � £ > l @ 3> 4> 5=

Ohv ihxloohwdjhv I � � hw I �¢� ìwdqw wrxv ghx{ pdutxìv sdu I ¡ > lo h{lvwh xq
krpìrprusklvph �* = G � � $ G �¢� frpsdwleoh dx pdutxdjh sdu I ¡ who txh =

41 O*krpìrprusklvph �* lqgxlw xqh elmhfwlrq hqwuh ohv ghx{ v|vwëphv gh odfhwv
gxv dx{ pdutxdjhv sdu I ¡ ghv ihxloohwdjhv I � � hw I �¢� =

51 Oh pdutxdjh gh I ��� sdu I � � lqgxlw sdu �* frpsrvì dyhf oh pdutxdjh gh
I � � sdu I ¡ grqqh oh pdutxdjh lqlwldo gh I ��� sdu I ¡ =

Qrxv prqwurqv o*h{lvwhqfh gx gìsorlhphqw VO0ìtxluìgxfwleoh I ¥ gh I � � gh
sdudpëwuh +F> ^3> 4`, who txh od �euh hq 4 gh fh gìsorlhphqw hvw oh ihxloohwdjh I ��§
fkhufkì1

Uhpdutxrqv txh fh gìsorlhphqw/ I ¥ > ìwdqw VO0ìtxluìgxfwleoh/ oh pdutxdjh
gh I �{� sdu I ¡ lqgxlw xq pdutxdjh fdqrqltxh gh fkdfxqh ghv �euhv gh I ¥ sdu
I ¡ > hq sduwlfxolhu gh vd �euh hq 41 Oh pdutxdjh gx ihxloohwdjh I ��§ hvw grqf
lqgxlw sdu od frqvwuxfwlrq1

O*lgìh gh od frqvwuxfwlrq hvw gh prgl�hu/ gh pdqlëuh frqwlqxh> od vwuxfwxuh
krorpruskh gh o*hvsdfh +F

�
� F> 3 � ^3> 4`, pxql gx gìsorlhphqw wulyldo I � � �

+F> ^3> 4`,> sxlv gh uhguhvvhu fhwwh vwuxfwxuh srxu rewhqlu oh gìsorlhphqw I ¥ fkhu0
fkì1 Qrxv wudydloorqv vxu od flph gh o*dueuh gh uìvroxwlrq +P � � � F>G � � � ^3> 4`,
dvvrflì ã od uìgxfwlrq gx ihxloohwdjh I � � � S> rü S @ +F> ^3> 4`,= Qrxv gìprq0
wurqv o*h{lvwhqfh +Gì�qlwlrq 51514/ Sursrvlwlrq 51515, g*xqh vwuxfwxuh krorpru0
skh/ d sulrul gl�ìuhqwh gh od vwuxfwxuh vwdqgdug/ qrwìh D ����bÊ � > vxu od ydulìwì
+P � � � S>G � � � S , txl yìul�h =

41 od vhfrqgh surmhfwlrq fdqrqltxh su � = +P � � � S>G � � � S , $ S hvw kror0
pruskh srxu fhwwh vwuxfwxuh/

51 oh ghsorlhphqw surgxlw I � � �S vxu o*hvsdfh ++P � � �S>G � � �S ,>D ����1Ê � ,
hvw hqfruh xq ihxloohwdjh krorpruskh/ +Sursrvlwlrq 51516,/
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Fkdslwuh 31= Lqwurgxfwlrq

61 o*h{lvwhqfh g*xq elkrorprusklvph * = +G � � � S>D �� � Ê � Â Ë � � Ê � , Â ��ÌVÍ �§ � � � $
G � � frpsdwleoh dx{ pdutxdjhv sdu I ¡ ghv ihxloohwdjhv I ��� �4 hw I � � / rü
G ��� hvw pxql gh vd vwuxfwxuh krorpruskh qdwxuhooh/+Sursrvlwlrq 51517,/

71 o*hvsdfh +P � � > G � � , pxql gh vd vwuxfwxuh krorpruskh qdwxuhooh hw od ydu0
lìwì ++P ��� � S>G ��� � S ,>D �� � Ê � , Â ��ÌVÍ �§ � 	 � vrqw elkrorpruskhv1

Oh wkìruëph gh Judxhuw ã sdudpëwuh/ +Wkìruëph 51614/ grqw xqh uìiìuhqfh
vh wurxyh gdqv ^Pdw � `,/ txl d!uph o*xqlflwì gh od vwuxfwxuh krorpruskh ghv
yrlvlqdjhv ghv hvsdfhv surmhfwliv frpsoh{hv/ gh glphqvlrq 4/ g*dxwr0lqwhuvhfwlrq
04/ lqgxlw o*h{lvwhqfh =

41 G*xqh ydulìwì jhupl�ìh +P>G, suryhqdqw g*xqh vxffhvvlrq �qlh g*ìfod0
whphqwv gh fhqwuh ghv frxuehv olvvhv hw ìwdohv dx0ghvvxv gh S> gh edvh
+F
�

� F> 3 � ^3> 4`, pxqlh gh vd vwuxfwxuh krorpruskh qdwxuhooh/ qrwìh D
Ä �
=

51 G*xq elkrorprusklvphK = ++P> G,>D
Ä �

, $ ++P � � �S>G � � �S ,>D �� � Ê � ,>
�euì dx0ghvvxv gh o*hvsdfh gh sdudpëwuh S> grqw od �euh hq 3/ K Â Î Í � � 	 � > hvw
o*lghqwlwì +hq yhuwx gh od sursulìwì 51 fl0ghvvxv, rü � = +P> G, $ S hvw od
surmhfwlrq qdwxuhooh lqgxlwh sdu fhwwh frqvwuxfwlrq1

Od ydulìwì +P> G, hvw �qdwxuhoohphqw� pxqlh g*xq ihxloohwdjh krorpruskh gh
frglphqvlrq 4/ �I ¥ @ K & + �I ��� �S ,> txl hvw xq gìsorlhphqw gx ihxloohwdjh �I ��� gh
sdudpëwuh +F> ^3> 4`,= Sdu froodsvdjhv Ï vxffhvvliv ghv frpsrvdqwhv luuìgxfwleohv
gx glylvhxu G> qrxv rewhqrqv oh gìsorlhphqw I ¥ gh I � � gh sdudpëwuh +F> ^3> 4`,
oh orqj gh +3 � F> 3 � ^3> 4`, txl hvw/ sdu frqvwuxfwlrq/ VO0ìtxluìgxfwleoh1

Srxu �qlu od gìprqvwudwlrq gx wkìruëph D/ lo idxw h{solflwhu od frqvwuxfwlrq
gh od vwuxfwxuh krorpruskh D �� � Ê � vxu od ydulìwì +P ��� � S>G ��� � S ,= Fhwwh
gìprqvwudwlrq q*hvw sdv qdwxuhooh/ hooh sdvvh sdu o*ìgl�fdwlrq g*xq jhuph gh
ydulìwì/ qrwìh +P �� > G �� ,> �euìh dx0ghvvxv gh S> grqw od �euh hq 3 hvw o*hvsdfh
+P ��� > G �{� ,/ od �euh hq 4 hvw o*hvsdfh +P � � > G � � ,= Gh soxv/ oh jhuph gh ydulìwì
+P �� > G �� , hvw F Ð 0gl�ìrpruskh/ sdu xq gliiìrprusklvph J> ã o*hvsdfh +P � � �
S>G � � � S , pxql gh vd vwuxfwxuh dqdo|wltxh qdwxuhooh1 O*h{lvwhqfh gh fhwwh
ydulìwì hvw gìprqwuìh gh od pdqlëuh vxlydqwh1

Gh sdu oh fruroodluh 41716/ lo h{lvwh xq krpìrprusklvph �* = G � � $ G ���
frpsdwleoh dx{ pdutxdjhv sdu I ¡ ghv ihxloohwdjhv I � � hw I ��� > joredohphqw F Ð
hw txl hvw elkrorpruskh dx yrlvlqdjh ghv srlqwv vlqjxolhuv gx ihxloohwdjh uìgxlw
�I � � =

Qrxv ìgl�rqv/ doruv/ oh glylvhxu G
�� hw o*dssolfdwlrq *

�� = G ��� � S $ G
�� =

oruvtxh oh glylvhxu G � � hvw uìgxlw ã xq xqltxh surmhfwli/ o*hvsdfh G
�� hvw wuly0

ldohphqw S
�

� S= Sdu frqwuh/ xq wkìruëph g*lqwìjudwlrq gh w|sh Dokiruv0Ehuv
^Dko` +Wkìruëph 5141:, hvw qìfhvvdluh srxu gìprqwuhu o*h{lvwhqfh g*xqh dssol0
fdwlrq/ �euìh dx0ghvvxv gh S> *

�� = G � � � S @ S
�

� S $ G
�� @ S

�
� S txl

hvw xq F Ð 0gliiìrprusklvph joredo/ xq elkrorprusklvph dx yrlvlqdjh gh fkd0
fxqh ghv frpsrvdqwhv luuhgxfwleohv gh 	 � � � S> ydxw o*lghqwlwì dx0ghvvxv gh 3
hw * dx0ghvvxv gh 41 Oruvtxh oh glylvhxu G � � srvvëgh soxvlhxuv frpsrvdqwhv
luuìgxfwleohv/ qrxv vflqgrqv fhw hvsdfh hq frpsrvdqwhv luuìgxfwleohv/ qrxv ds0
soltxrqv oh udlvrqqhphqw suìfìghqw vxu fkdfxqh gh vhv frpsrvdqwhv hw uhfroorqv
oh wrxw1 Lo q*| d soxv gh uìhoohv revwuxfwlrqv1 +Ohpph 51418,

Qrxv �qlvvrqv fhwwh frqvwuxfwlrq hq gìprqwudqw o*h{lvwhqfh gh od ydulìwì
P �� > sdu uìfxuuhqfh vxu oh qrpeuh gh frpsrvdqwhv luuìgxfwleohv gx glylvhxuÑ�¬ ;�HK�1]>WV=.l>?A;�B1;OÒ8=@J<E1;6=oHC\1=@]>X>]6B1;>7VHCJVL.L@E1=@;�G J±X>WV�1]>=@;>71X6;�BM;�X6;IH.HK;�X>W<7MLoHK=.E1X>H@F W<7ÔÓKÕ�_<a@_<i i h<j a.dÖ1× Øb× Öb× ÙV×
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Vhfwlrq 3131 = Gh od gìprqvwudwlrq gx Wkìruëph E +Fkdslwuh 6,1

G � � = oruvtxh oh glylvhxu G � � hvw uìgxlw ã xq surmhfwli/ o*hvsdfh P �� q*hvw dxwuh
txh �F

�
� S rü �F

�
hvw o*ìfodwì gh F

�
hq 31 Qrxv srxvvrqv od uìfxuuhqfh sdu

ìfodwhphqw ghv frxuehv +olvvhv hw ìwdohv dx0ghvvxv gh S , *
�� + 	 �{� �S ,= +Ohpph

51415,1
Od ydulìwì +P �� >G �� , frqvwuxlwh/ lo hvw idfloh gh gì�qlu o*dwodv D ����bÊ � vxu

o*hvsdfh +P � � �S>G � � �S , dx pr|hq ghv surmhfwlrqv fdqrqltxhv hw gh o*dssol0
fdwlrq J gh vruwh txh oh gliiìrprusklvph J ghylhqqh krorpruskh vxu oh glylvhxu
G
�� hw txh od ydulìwì ++P � � �S>G � � �S ,>D ����bÊ � , yìul�h ohv 7 dvvhuwlrqv ìqrqfìhv

suìfìghpphqw1
Hq�q/ uhpdutxrqv txh o*dvvhuwlrq 5 gx Wkìruëph D hvw uìdolvìh sdu o*dssol0

fdwlrq * � K Â Î Í � � � � = +G>D
Ä �

, $ G ��� txl hvw xq elkrorprusklvph frpsdwleoh
dyhf ohv pdutxdjhv sdu I ¡ ghv ihxloohwdjhv I ¥ Â Î Í � � � � hw I � � = +¢ 51614,
Gh od gìprqvwudwlrq gx Wkìruëph E +Fkdslwuh 6,1

Qrxv dyrqv ìwì dphqì/ gdqv od gìprqvwudwlrq gh fh uìvxowdw/ ã frpsuhqguh rü
vrqw ohv revwuxfwlrqv ã rewhqlu gh gìsorlhphqw VO0ìtxluìgxfwleoh txl uholhudlw fhv
ghx{ ihxloohwdjhv1 Hq h�hw/ vrxv ohv k|srwkëvhv gh fh wkìruëph/ vl qrxv vxssrvrqv/
gh soxv/ txh srxu fkdtxh srlqw vlqjxolhu gh w|sh qrq qrhxg0fro/ ã krorqrplh
olqìdulvdeoh/ uhvs1 fkdtxh srlqw vlqjxolhu gh w|sh qrhxg0fro vqf Ú / gx ihxloohwdjh
uìgxlw �I ��� > oh fhqwudolvdwhxu gx gliiìrprusklvph g*krorqrplh/ gh fhwwh vlqjxodu0
lwì/ hvw jìqìuì sdu oh gliiìrprusklvph g*krorqrplh/ doruv ohv ihxloohwdjhv I � � hw
I �¢� vrqw VO0frerugdqwv1 Dlqvl/ o*revwuxfwlrq ã rewhqlu ghv gìsorlhphqwv vh olw/
gdqv o*ìwxgh gx jurxsh txrwlhqw gx fhqwudolvdwhxu gh o*krorqrplh sdu oh gliiìr0
prusklvph g*krorqrplh/ srxu fkdtxh srlqw vlqjxolhu gx ihxloohwdjh uìgxlw �I � � 1

Uhpdutxrqv tx*hq xwlolvdqw oh Wkìruëph D/ oh Wkìruëph E vh udpëqh ã
od sureoìpdwltxh vxlydqwh =

Ohpph Foì E4 Vrlhqw ghx{ jhuphv gh ihxloohwdjhv krorpruskhv I ��� hw
I �¢� gh +F

�
> 3,> vlqjxolhuv ã o*ruljlqh/ gh 5

�
hvsëfh jìqìudoh/ pdutxìv sdu I ¡ >

VO0ìtxlydohqwv1 Vl lo h{lvwh xq elkrorprusklvph * = G � � $ G ��� frpsdwleoh dx{
pdutxdjhv/ doruv fhv ghx{ ihxloohwdjhv pdutxìv vrqw VO0uholìv1

Dydqw g*ìedxfkhu fhwwh gìprqvwudwlrq/ qrxv ghyrqv gì�qlu fhuwdlqhv qr0
wlrqv =

Qrwrqv Frps+G � � , o*hqvhpeoh ghv frpsrvdqwhv luuìgxfwleohv gx glylvhxu
G ��� = Qrxv dsshorqv uhfrxyuhphqw dgdswì/ +Fi1 Fkdslwuh 3, qrwì

+P ��� > X ª , ª -{Û � �VÜ¢Ý,Þ6ß � � Ë � � �
gh od ydulìwì jhupl�ìh +P � � > G � � ,> wrxw uhfrxyuhphqw rxyhuw txl yìul�h =

41 O*hqvhpeoh +X ª , ª -�Û � � Ü�Ý,Þ6ß � � Ë � � � hvw xq uhfrxyuhphqw rxyhuw gx glylvhxu
G ��� qh srvvìgdqw sdv g*lqwhuvhfwlrq 6 ã 61

51 Oruvtxh l 5 	 � � > o*rxyhuw X ª hvw xq yrlvlqdjh gh od vlqjxodulwì l gdqv G � � =
61 Oruvtxh l 5 Frps+G � � ,> o*rxyhuw X ª hvw o*rxyhuw l � 	 � � =
Il{rqv +P � � > X ª , ª -{Û � � Ü¢Ý,Þ>ß � � Ë � � � xq uhfrxyuhphqw dgdswì gx jhuph gh ydu0

lìwì +P � � > G � � ,=àVt Dqr1áMr â1r |�x�F 719<E1G J<=@F HK]>L[=.]>BME1F HK;>L
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Fkdslwuh 31= Lqwurgxfwlrq

Srxu fkdtxh rxyhuw X ª > l 5 	 � � ^ Frps+G � � ,> qrxv doorqv frqvlgìuhu ghv
vrxv0jurxshv gx jurxsh Glii +P ��� > X ª , ghv jhuphv gh elkrorprusklvphv/ oh
orqj gh X ª > � = +P � � > X ª , $ +P � � > X ª , > gì�qlv vxu xq yrlvlqdjh gh X ª gdqv
P � � txl yìul�hqw � +X ª , @ X ª = Revhuyrqv txh qrxv q*h{ljhrqv sdv txh od uh0
vwulfwlrq gh � ã X ª vrlw o*lghqwlwì1 Oh suhplhu vrxv0jurxsh frqvlgìuì hvw oh jurxsh
ghv dxwrprusklvphv gx ihxloohwdjh �I � � Â + 
ã� � � ä £ ,/ qrwì Dxw+ �I � � Â + 
ã� � � ä £ ,,> frp0

srvì gh o*hqvhpeoh ghv elkrorprusklvphv gh +P � � > X ª , txl odlvvhqw joredohphqw
lqyduldqw oh ihxloohwdjh > l1h1 vl � 5 Dxw+ �I ���VÂ + 
 � � � ä £ ,, doruv � & �

�I ���VÂ + 
 � � � ä £ ,
�

@

�I � � Â + 
ã� � � ä £ ,= Ghx{ vrxv0jurxshv gh Dxw+ �I � � Â + 
ã� � � ä £ ,, dxurqw xqh lpsruwdqfh

wrxwh sduwlfxolëuh sdu od vxlwh =
� Oh vrxv0jurxsh Il{+ �I � � Â + 
ã� � � ä £ ,, frpsrvì ghv jhuphv gh elkrorpruskl0

vphv txl ydohqw o*lghqwlwì vxu �o*hvsdfh ghv ihxloohv� dvvrflì dx ihxloohwdjh
uìgxlw �I � � Â + 
ã� � � ä £ ,=

� Oh vrxv0jurxsh Dxw 	 + �I � � Â + 
ã� � � ä £ ,, frpsrvì ghv jhuphv gh elkrorpruskl0

vphv txl ydohqw o*lghqwlwì vxu X ª =
Uhpdutxrqv txh X $ Dxw 	 + �I � � Â + 
ã� � � ä ,, iruph xq idlvfhdx gh jurxsh doruv

txh X $ Dxw+ �I � � Â + 
ã� � � ä ,, qh shxw íwuh frqvlgìuì frpph xq hvsdfh gh vhfwlrq

g*xq idlvfhdx/ o*dssolfdwlrq gh uhvwulfwlrq q*ìwdqw sdv gì�qlh/ f1d1g1 vl Y � X hw
� 5 Dxw+ �I � � Â + 
ã� � � ä ,, doruv � Â å q*hqyrlh sdv irufhphqw o*rxyhuw Y vxu oxl0píph

+Sdudjudskh 614,1
Uhyhqrqv ã od gìprqvwudwlrq1 Qrwrqv 	 ¡ ��Frps+G ¡ , @ i+l> m, @ l 5 mj �

	 ¡ � Frps+G ¡ ,= Qrxv gì�qlvvrqv +Sdudjudskh 61514, od qrwlrq g*h{whqvlrqv
orfdohv dgdswìhv ã * hw dx uhfrxyuhphqw X txl hvw xqh froohfwlrq

� @
��
i � ª � � � � ªo� � � -{Û¢æçÊ Ý,Þ>ß � � Ë æ � > +i � , � - Ý,Þ>ß � � Ë æ � �

rü vxu fkdtxh rxyhuw +P � � > X è , > o 5 	 � � ^ Frps+G � � ,> oh jhuph gh elkr0
orprusklvph i è hvw xqh h{whqvlrq gx elkrorprusklvph * Â ä{é > txl frqmxjxh ohv
ihxloohwdjhv �I � � Â + 
ã� � � ä{é , hw �I �¢��Â + 
ã� � � ê¢��ä{é�� ,= D fhwwh froohfwlrq qrxv dvvrflrqv

xq qrxyho hqvhpeoh/ txh qrxv dsshorqv txdvl0frf|foh gx frxsoh +I

� � >X, hw txh

qrxv qrwrqv C+�,> txl hvw od froohfwlrq =

C+�, @
�

+! ª , ª -{ë ª ��ì � Ë æ � > +! ª � , � ª.� � � -{Û æ çÊ Ý,Þ6ß � � Ë æ � � >

dyhf =
� ! ª @ i

� �� ª � � � i � ªqí�� rü l 5 Vlqj+G ¡ ,> m> n 5 Frps+G ¡ , hw l @ m _ n=

� ! ª � @ i
� �� � i � ª � � rü +l> m, 5 	 ¡ ��Frps+G ¡ ,=

Qrxv glurqv txh oh txdvl0frf|foh C+�, hvw gh txlqwhvvhqfh v*lo yìul�h =

41 srxu fkdtxh l 5 Vlqj +G ¡ , > oh jhuph g*dxwrprusklvph

! ª = +P ��� > � ��� +l,, $ +P ��� > � ��� +l,,

hvw xq ìoìphqw gh Il{
�

�I ���VÂ + 
 � � � î � � � ªq� ,
�
=

Qrxv gìprqwurqv doruv +Sdudjudskh 61515, od sursrvlwlrq vxlydqwh =
�Frqvlgìurqv ghx{ jhuphv gh ihxloohwdjhv krorpruskhv I


� � hw I

��� gh +F

�
> 3,>

vlqjxolhuv ã o*ruljlqh/ gh 5
�
hvsëfh jìqìudoh/ pdutxìv sdu I ¡ / VO0ìtxlydohqwv whov
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Vhfwlrq 3131 = Gh od gìprqvwudwlrq gx Wkìruëph E +Fkdslwuh 6,1

tx*lo h{lvwh xq elkrorprusklvph * = G � � $ G ��� frpsdwleoh 'Iï dx{ pdutxdjhv1
Doruv lo h{lvwh wrxmrxuv xqh froohfwlrq � g*h{whqvlrqv orfdohv dgdswìhv ã * hw dx
uhfrxyuhphqw X whooh txh C+�, hvw xq txdvl0frf|foh gh txlqwhvvhqfh gx frxsoh
+I


� � >X,=�
Fhv h{whqvlrqv vrqw frqvwuxlwhv +Ohpph 61515, dx pr|hq ghv ohpphv g*h{lv0

whqfh gh Pdwwhl0Prxvvx ^Pdw0Prx`/ gh Ph}ldql ^Ph} � `/ dlqvl txh sdu ghv whfk0
qltxhv gh surorqjhphqw krorqrph1 Qrxv frqvlgìurqv sdu od vxlwh � od froohfwlrq
g*h{whqvlrqv orfdohv txh qrxv dyrqv frqvwuxlw1

Qrxv surxyrqv +Sdudjudskh 61415,/ vrxv ohv k|srwkëvhv gx ohpph foì E4/
txh wrxw ìoìphqw ! ª > ! ª � 5 C+�, hvw krorpruskltxhphqw lvrwrsh ã o*lghqwlwì1 Od
pìwkrgh xwlolvìh srxu frqvwuxluh ohv h{whqvlrqv orfdohv/ qrxv shuphw g*rewhqlu
gh soxv o*h{lvwhqfh ghv jhuphv gh elkrorprusklvph +suryhqdqw ghv lvrwrslhv,
vxlydqwv =

41 srxu wrxw l 5 	 ¡ > lo h{lvwh xq elkrorprusklvph

� ª = +P � � � F> l � ^3> 4`, $ +P � � � F> l � ^3> 4`,

�euì dx0ghvvxv gh o*hvsdfh ghv sdudpëwuhv S @ +F> ^3> 4`,> dssduwhqdqw dx
jurxsh Il{+ �I � � Â + 
ã� � � ª , � +F> ^3> 4`,, grqw od �euh hq 3 ydxw o*lghqwlwì hw

od �euh hq 4 ydxw ! ª > rü �I ���VÂ + 
 � � � ª , � +F> ^3> 4`, gìvljqh oh gìsorlhphqw

frqvwdqw gh sdudpëwuh +F> ^3> 4`, oh orqj gh +3 � F> 3 � ^3> 4`, gx ihxloohwdjh
�I � � Â + 
ã� � � ª ,=

51 Srxu wrxw l 5 	 ¡ > m 5 Frps+G ¡ ,> l 5 m> lo h{lvwh xq elkrorprusklvph

� ª.� í = +P � � � F> +X ª _ X í , � ^3> 4`, $ +P � � � F> +X ª _ X í , � ^3> 4`,

�euì dx0ghvvxv gh o*hvsdfh ghv sdudpëwuhv S @ +F> ^3> 4`,> dssduwhqdqw dx

jurxsh Dxw+
�

�I � � Â + 
ã� � � ä £qð ä�ñ ,
� � Ä �oò

, grqw od �euh hq 3 ydxw o*lghqwlwì hw

od �euh hq 4 ydxw ! ªqí > rü �
�I � � Â + 
ã� � � ä £qð ä ñ ,

� � Ä �oò
gìvljqh od gìirupdwlrq

frqvwdqwh gh sdudpëwuh +F> ^3> 4`, oh orqj gh +3�F> 3� ^3> 4`, gx ihxloohwdjh
�I � � Â + 
ã� � � ä £oð ä�ñ ,=

Qrxv gìprqwurqv/ gh soxv/ txh oruvtxh l hvw xq srlqw vlqjxolhu gh w|sh qrhxg0
fro vf '�' / rx oruvtxh o*krorqrplh dvvrflìh ã fh srlqw vlqjxolhu hvw qrq olqìdulvdeoh/
doruv wrxw ìoìphqw gh Dxw 	 + �I � � Â + 
ã� � � ä £qð ä ñ ,, hvw krorpruskltxhphqw iruwhphqw

lvrwrsh ã o*lghqwlwì gdqv Il{+ �I � � Â + 
ã� � � ä £oð ä ñ ,,=

Fhv lvrwrslhv qrxv shuphwwhqw gh frqvwuxluh +Sdudjudskh 61615/ Sdudjudskh
61616, xqh ydulìwì txl/ sdu oh wkìruëph gh Judxhuw +gìmã flwì soxv kdxw,/ hvw el0
krorpruskh ã od flph gh o*dueuh gh uìgxfwlrq gh od gìirupdwlrq VO0ìtxlvlqjxolëuh
uhfkhufkìh1 Fhwwh frqvwuxfwlrq vh idlw hq ghx{ ìwdshv =

4
�
ìwdsh = frqvwuxfwlrq gh od gìirupdwlrq dx yrlvlqdjh gh fkdtxh frpsr0

vdqwh luuìgxfwleoh +Ohpph 61614,1

Srxu fkdtxh frpsrvdqwh luuìgxfwleoh n 5 Frps+G � � , gx glylvhxu G � � >
qrxv frqvwuxlvrqv oh jhuph gh ydulìwì ihxloohwìh +P í > G í , hq uhfroodqw ohv rx0
yhuwv +P � � � F> X ª � ^3> 4`, ª -�ë ñ Ü¢ó íbô > ihxloohwìv sdu od gìirupdwlrq frqvwdqwh4@õ t Dqr�ö�|Vr â1r âbr4I4 t Dqr1áMr â1r |�x�F 719<E1G J<=@F HK]>L[=.]>BME1F HK;>L
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Fkdslwuh 31= Lqwurgxfwlrq

�
�I ���VÂ + 
 � � � ä £ ,

� � Ä �oò
> dx pr|hq ghv lvrwrslhv krorpruskhv � ª.� í suìfìghqwhv/ oh

orqj ghv rxyhuwv +P ��� � F> +X ª _ X í , � ^3> 4`, ª -�ë ñ rü V í hvw o*hqvhpeoh ghv
srlqwv vlqjxolhuv gx ihxloohwdjh �I � � sruwìv sdu od frpsrvdqwh n= Fhv lvrwrslhv
dssduwhqdqw ã

Dxw+
�

�I � � Â + 
ã� � � ä £qð ä ñ ,
� � Ä �.ò

,

gì�qlvvhqw xq ihxloohwdjh krorpruskh gh glphqvlrq 4/ qrwì I í > vxu od ydulìwì
+P í > G í ,=

5
�
ìwdsh = frqvwuxfwlrq joredoh gh od gìirupdwlrq +Sdudjudskh 61615,1

Qrxv frqwuxlvrqv od ydulìwì ihxloohwìh +P>G, hq uhfroodqw ohv ydulìwìv

+P í > G í , í - Ý,Þ6ß � � Ë � � � >
ihxloohwìhv sdu I í > dx pr|hq ghv lvrwrslhv krorpruskhv � ª suìfìghqwhv/ oh orqj
ghv rxyhuwv +P í > Y � +l,,> +P� > Y � +l,, rü l 5 	 ¡ hw Y � +l,> uhvs1 Y � +l,> hvw xq yrlvl0
qdjh rxyhuw gh od vlqjxodulwì l gdqv +P í > G í ,> uhvs1 +P� > G� ,= Od uhpdutxh foì
gh fhwwh frqvwuxfwlrq hvw txh fhv lvrwrslhv dssduwlhqqhqw ã �Il{+ �I � � Â + 
ã� � � å � ªq� ,�
+F> ^3> 4`,,% hw gì�qlvvhqw dlqvl xq ihxloohwdjh krorpruskh joredo gh glphqvlrq 4/
qrwì I > vxu +P>G,=

Od �euh dx0ghvvxv gh 3 gh fhv lvrwrslhv ìwdqw o*lghqwlwì/ od �euh dx0ghvvxv gh
3 gh od ydulìwì +P> G, ihxloohwìh sdu I hvw od ydulìwì +P � � > G � � , ihxloohwìh sdu oh
ihxloohwdjh �I ��� = Gh soxv od froohfwlrq ghv �euhv hq 4 gh fhv lvrwrslhv fruuhvsrqg
dx{ ìoìphqwv gh � +�, g*h{whqvlrqv orfdohv dgdswìhv ã * hw dx uhfrxyuhphqw
X / txh qrxv dyrqv frqvwuxlwhv= Dlqvl/ od �euh dx0ghvvxv gh 4 gh od ydulìwì
+P> G, ihxloohwìh sdu I hvw elkrorpruskh/ sdu xq elkrorprusklvph ydodqw *
vxu oh glylvhxu/ ã od ydulìwì +P ��� > G �¢� , ihxloohwìh sdu oh ihxloohwdjh �I ��� =

Hq xwlolvdqw/ xqh irlv gh soxv/ oh wkìruëph gh Judxhuw ã sdudpëwuh +Wkìruëph
51614, vxu o*xqlflwì gh od vwuxfwxuh krorpruskh ghv yrlvlqdjhv g*hvsdfhv surmhfwliv
frpsoh{hv/ gh glphqvlrq 4/ g*dxwr0lqwhuvhfwlrq qìjdwlyh/ qrxv prqwurqv txh
od ydulìwì +P> G, ihxloohwìh sdu I hvw od flph gh o*dueuh gh uìvroxwlrq g*xqh
gìirupdwlrq/ sdu frqvwuxfwlrq VO0ìtxlvlqjxolëuh/ gh sdudpëwuh +F> ^3> 4`,> oh orqj
gh +3 � F> 3 � ^3> 4`, gh I � � txl VO0uholh ohv ihxloohwdjhv pdutxìv I � � hw I ��� =

Fhwwh frqvwuxfwlrq qìfhvvlwh elhq ghx{ ìwdshv/ ohv lvrwrslhv � ª / l 5 	 � � yrqw
gh +P � � � F> X ª � ^3> 4`, gdqv +P � � � F> �X ª � ^3> 4`,> rü X ª hw �X ª vrqw ghv
yrlvlqdjhv rxyhuwv/ d sulrul glvwlqfwv/ gx srlqw vlqjxolhu l gdqv G ��� = Hoohv qh
shxyhqw íwuh frqvlgìuìhv frpph ghv 40frf|fohv gh jurxsh +rq qh shxw sdv ohv
frpsrvhu,1

Vljqdorqv hqfruh txh vl wrxwhv ohv lvrwrslhv � ªo� í > l 5 	 ¡ > n 5 Frps+G ¡ ,> l 5
n> frqvlgìuìhv fl0ghvvxv vrqw ghv lvrwrslhv krorpruskhv iruwhv gdqv Il{+ �I � � Â + 
ã� � � ä £qð ä ñ ,,>

ohv ydulìwìv +P í > G í , vrqw doruv frqvwuxlwhv hq uhfroodqw ohv rxyhuwv +P � � �
F> X ª � ^3> 4`, ª -{÷ ñ Ü¢ó í�ô > ihxloohwìv sdu oh gìsorlhphqw frqvwdqw �I ���VÂ + 
 � � � ä £ , �
+F> ^3> 4`,= Qrxv rewhqrqv dlqvl xq gìsorlhphqw VO0ìtxluìgxfwleoh = ohv ihxlo0
ohwdjhv pdutxìv I � � hw I ��� vrqw doruv VO0frerugdqwv1

Whuplqrqv sdu ohv uhpdutxhv vxlydqwhv1 Il{rqv l xq srlqw vlqjxolhu gx ihxlo0
ohwdjh uìgxlw �I ��� > n xqh frpsrvdqwh luuìgxfwleoh gx glylvhxuG �{� txl sruwh l hw k
oh gliiìrprusklvph g*krorqrplh gx srlqw vlqjxolhu l gx ihxloohwdjh �I � � Â + 
ã� � � ä £qð ä ñ ,=

Od frqvwuxfwlrq gh o*lvrwrslh � ª.� í +frqvlgìuìh gdqv od gìprqvwudwlrq suìfì0
ghqwh, vh udpëqh ã od frqvwuxfwlrq g*xqh lvrwrslh krorpruskh txl uholh o*lghqwlwì
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dx gliiìrprusklvph ^j ª.� í ` gdqv oh jurxsh txrwlhqw '>( Fhq+k,@ kkl > rü j ªo� í gìvljqh
od uhvwulfwlrq gh o*dssolfdwlrq i

� �� ªqíV� � i í ã xqh wudqvyhuvdoh 	 lqyduldqwh > i
� �� ª�í�� �

i í +	, @ 	1 F*hvw fhwwh lvrwrslh txl frqwlhqw wrxwhv ohv revwuxfwlrqv1 Hq h�hw/
wurlv fdv dssdudlvvhqw =

41 Vl j ªo� í hvw xqh sxlvvdqfh uhodwlyh gx gliiìrprusklvph k> l1h1 j ªo� í @ k
�
>

q 5 ]/ doruv o*lvrwrslh hvw frqvwdqwh1 Gdqv fh fdv/ frpph qrxv o*dyrqv
yx/ fh gliiìrprusklvph qh jìqëuh sdv g*revwuxfwlrq ã od frqvwuxfwlrq g*xq
gìsorlhphqw1

51 Vl j ª.� í hvw krorpruskltxhphqw lvrwrsh ã o*lghqwlwì gdqv Fhq+k,@ kkl > doruv
fhwwh lvrwrslh/ vl hooh q*hvw sdv frqvwdqwh/ jìqëuh xqh revwuxfwlrq ã od frqv0
wuxfwlrq g*xq gìsorlhphqw pdlv sdv ã fhooh g*xqh gìirupdwlrq1

61 Hq�q/ lo vh shxw +sdv gdqv ohv k|srwkëvhv gx Wkìruëph E/ elhq vþu, txh j ª.� í
qh vrlw sdv gdqv od frpsrvdqwh frqqh{h gx jurxsh Fhq+k,@ kkl frqwhqdqw
o*lghqwlwì/ gdqv fh fdv/ qrxv q*rewhqrqv ql gìsorlhphqw/ ql gìirupdwlrq1
Fhod dssdudñw frpph xqh yìulwdeoh revwuxfwlrq1

O*dsshqglfh vxu ohv fkdshohwv gh vskëuhv fruuhvsrqg ã o*ìwxgh gh fh sureoëph1
Qrxv vrpphv duulyì ã od frqfoxvlrq txh jìqìudohphqw oh jurxsh ghv dxwrpru0
sklvphv g*xq fkdshohw hvw uhvwuhlqw ã o*lghqwlwì1 Xq remhfwli surfkdlq hvw gh
gìprqwuhu od jìqìulflwì gh fhwwh dvvhuwlrq1 Qrxv qrxv vrpphv dxvvl dshuêx gh od
qìfìvvlwì gh uhvwuhlqguh qrwuh ìwxgh dx{ ihxloohwdjhv gh 5

�
hvsëfh jìqìudoh1 Hq

h�hw/ wrxwh od frqvwuxfwlrq suìfìghqwh v*dssxlh vxu od plvh hq sodfh g*lvrwrslhv
uholdqw ohv �txdvl0frf|fohv� dx{ gl�ìrprusklvphv g*lghqwlwì1 Ru oh jurxsh ghv
dxwrprusklvphv g*xq fkdshohw gh vskëuhv hvw jìqìudohphqw qrq frqqh{h1 Qrxv
qh srxyrqv sdv sdvvhu rxwuh fhv revwuxfwlrqv1

Ilqdohphqw/ frqvwdwrqv txh o*lghqwlwì gx jurxsh txrwlhqw Fhq+k,@ kkl vh uh0
prqwh vxu od wudqvyhuvdoh hq xq gliiìrprusklvph txl hvw xqh sxlvvdqfh uhod0
wlyh gx gliiìrprusklvph g*krorqrplh k> l1h1 j @ k

�
> q 5 ]1 Fh gliiìrpru0

sklvph j hvw od uhvwulfwlrq g*xq gliiìrprusklvph joredo J = +P � � > X ª _ X í , $
+P ��� > X ª _ X í , txl ydxw �k � � vxu fkdtxh �euh g*xqh surmhfwlrq � = +P ��� > X ª _ X í , $
X ª _X í = Vl qrxv frqvlgìurqv o*krorqrplh k vxu od wudqvyhuvdoh � � � +{,> { 5 X ª _X í >
frpph oh  rw dx whpsv 4/ uhvwuhlqw ã �

� �
+{,> g*xq fkdps gh yhfwhxuv krorpru0

skhv [/ wdqjhqw dx ihxloohwdjh/ lo dssdudñw txh oh gliiìrprusklvph J hvw oh  rw/
dx whpsv q> gh fh fkdps gh yhfwhxuv1 Hq xwlolvdqw od pìwkrgh gh od �pdqlyhooh�/
rq uìdolvh o*lvrwrslh krorpruskh txl uholh J ã o*lghqwlwì/ l1h1 J @ h{s+q=[, hw
o*lvrwrslh hvw J

�
@ h{s+wq=[, rü w dssduwlhqw ã +F> ^3> 4`,=

Gh o*dyhqlu

Lo dssdudñw ã od vxlwh gh fh wudydlo gh qrxyhoohv slvwhv gh uhfkhufkh1 Od sure0
oìpdwltxh iruphooh dvvrflìh dssdudlw prwlydqwh/ lo vhudlw lqwìuhvvdqw gh vdyrlu
vrxv txhoohv frqglwlrqv ghv ihxloohwdjhv iruphov vrqw VO0uholìv rx VO0frerugdqwv/
uhvs1 iruphoohphqw VO0uholìv rx iruphoohphqw VO0frerugdqwv1 Qrxv srxuulrqv
doruv uhmrlqguh ohv wudydx{ gh Oh rfk vxu od uljlglwì ghv gìirupdwlrqv iruphoohv1
Xq dxwuh d{h gh uhfkhufkh hvw gh vh srvhu od txhvwlrq ghv frqglwlrqv qìfìvvdluhv
hw vx!vdqwhv ã o*h{lvwhqfh gh od VO0uholdelolwì/ uhvs1 gx VO0freruglvph/ hqwuh4 s�ø W<E1L87MW�H@WV71LCùmú6û�N�ü�U,G ;�X>;67VH@=@J<G F L@J<H@;>EM=[BM;�ü�Z�F�r ;Vr�G ;�9<=@W<E1\�;�BM;>L8B1F ý�]6W<?AW<=.\M�1F L@?A;>LmB1;±N P,S@T�UY�E1F�X6W<?A?�EbH@;67VH[�¿ü�þ
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ghx{ ihxloohwdjhv1 Hq h�hw/ gdqv fhwwh Wkëvh/ qrxv h{klerqv vhxohphqw ghv frq0
glwlrqv vx!vdqwhv1 Lo vhudlw dxvvl vrxkdlwdeoh g*ìwdeolu od jìqìulflwì gh od qrwlrq
gh ihxloohwdjh gh 5

�
hvsëfh jìqìudoh1
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Fkdslwuh 31= Jhuphv gh ihxloohwdjhv krorpruskhv vlqjxolhuv gh +F
�
> 3, +hw

dvvrflìv,1

3 Jhuphv gh ihxloohwdjhv krorpruskhv vlqjxolhuv
gh EF5> f� +hw dvvrflìv,1

Qrxv udsshorqv gdqv fh fkdslwuh ohv gì�qlwlrqv xvxhoohv frqfhuqdqw ohv jhu0
phv gh ihxloohwdjhv krorpruskhv vlqjxolhuv gh +F

�
> 3,1 Qrxv suìflvrqv dxvvl/ ohv

qrwlrqv gh jhuph gh gìirupdwlrq/ uhvs1 gh gìsorlhphqw/ g*xq jhuph gh ihxlo0
ohwdjh krorpruskh vlqjxolhu gh +F

�
> 3,> g*hvsdfh gh sdudpëwuh +F

�
>N,> oh orqj

gh +3 � F
�
> 3 � N,> gdqv oh fdv rü N hvw xq frpsdfw1

314 Jìqìudolwìv vxu ohv ihxloohwdjhv

Frqvlgìurqv xqh ydulìwì krorpruskh P gh glphqvlrq s1 Xq dwodv krorpru0
skh ihxloohwì gh glphqvlrq q vxu P hvw xq dwodv krorpruskh D @ +X ÿ > * ÿ , ÿ -��
frpsdwleoh dyhf od vwuxfwxuh frpsoh{h gh P> who txh srxu wrxw � 5 L> o*lp0
djh gh o*rxyhuw X ÿ sdu o*dssolfdwlrq * ÿ hvw xq sro|glvtxh gh F

� * F
�

� F
� ���

hw ohv fkdqjhphqwv gh fduwhv * ÿ � *
� �� vrqw gx w|sh +i ÿ � +{> |, > j ÿ � +|,, dyhf

{ @ +{ � > ==> { � , > | @ +| � > ==> | � ��� , gìvljqdqw ohv frrugrqqìhv fdqrqltxhv gh
F
� * F

�
� F

� ���
= Ghx{ whov dwodv D hw D � vrqw ìtxlydohqwv vl D ^ D � hvw xq

dwodv krorpruskh ihxloohwì gh glphqvlrq q vxu P1 Xq ihxloohwdjh krorpruskh
uìjxolhu gh glphqvlrq q vxu P hvw od grqqìh g*xqh fodvvh g*ìtxlydohqfh g*dwodv
krorpruskh ihxloohwì gh glphqvlrq q vxu P1 Frqvlgìurqv xq ihxloohwdjh kror0
pruskh I uìjxolhu gh glphqvlrq q/ gì�ql vxu P sdu xq dwodv ihxloohwì pd{lpdo
D1 Ohv vrxv0ydulìwìv | � * @ fvwh> dyhf +X>*, 5 D v*dsshoohqw sodtxhv gx ihxlo0
ohwdjh1 Xqh ihxlooh gh I hvw od fodvvh gh od uhodwlrq g*ìtxlydohqfh hqjhqguìh sdu =
�dssduwhqlu ã od píph sodtxh�1 Dlqvl od grqqìh g*xq ihxloohwdjh I vxuP lq0
gxlw xqh sduwlwlrq gh P hq ydulìwìv krorpruskhv lpphujìhv gh glphqvlrq q
txl qh vrqw dxwuhv txh ohv ihxloohv1 Qrxv vhurqv dphqì ã frqvlgìuhu ghv ihxlo0
ohwdjhv krorpruskhv vxu P gì�qlv sdu ghv 40iruphv krorpruskhv1 Rq gìvljqhud
sdu �

�
 oh idlvfhdx ghv jhuphv gh 40iruphv gl�ìuhqwlhoohv vxu xqh ydulìwì kror0
pruskh P= Hq idlw/ xq idlvfhdx � � gh vrxv0prgxoh gh �

�
 / orfdohphqw oleuh
gh udqj t/ yìul�dqw hq fkdtxh srlqw p gh P od uhodwlrq g*lqwìjudelolwì +L, =
$
�

a === a $ � a g$
ª

@ 3 srxu wrxw $
ª

5 � � � ß / hw od uhodwlrq gh uìjxodulwì +U, =
frglp +� ß , @ t rü � ß @

W� -�� ��� 	 Nhu +$,/ gì�qlw xq dwodv ihxloohwì = hq h�hw/

hq dssoltxdqw hq fkdtxh srlqw p oh wkìruëph g*lqwìjudwlrq gh Iurehqlxv/ rq re0
wlhqw ghv frrugrqqìhv orfdohv whoohv txh � � � ß hvw hqjhqguì sdu g| � > ==> g| � ��� > rü
s � q @ t1 Lo hvw qdwxuho gh gì�qlu od qrwlrq gh ihxloohwdjh krorpruskh vlqjxolhu
gh frglphqvlrq t vxu P frpph od grqqìh g*xq idlvfhdx gh vrxv0prgxoh � � gh
�
�
 / orfdohphqw oleuh gh udqj t/ yìul�dqw hq fkdtxh srlqw p gh P od uhodwlrq

g*lqwìjudelolwì +L,1 Oh olhx vlqjxolhu gx ihxloohwdjh I hvw oh vrxv0hqvhpeoh dqdo|0
wltxh Vlqj +I, @ ip 5 P who txh frglp +� ß , 9@ tj1 Hq glylvdqw orfdohphqw ohv
jìqìudwhxuv gh � � � ß sdu oh s jfg gh ohxuv frh!flhqwv/ rq frqvwuxlw xq ihxloohwdjh/
oh ihxloohwdjh vdwxuì gh I / qrwì vdw +I, > grqw od frglphqvlrq gx olhx vlqjxolhu
hvw vxsìulhxuh rx ìjdoh ã 51 Lo frlqflgh dyhf I vxu P�Vlqj +I, = Hq txhotxh
vruwh/ oh vdwxuì gh I hvw oh �surorqjhphqw uìjxolhu pd{lpdo� gx ihxloohwdjh I 1

Fhuwdlqhv vrxv0ydulìwìv gh P vrqw sduwlfxolëuhv srxu oh ihxloohwdjh I / yrlfl
ohxu gì�qlwlrq1 Xqh ydulìwì lqwìjudoh gh I > rx ydulìwì I0lqyduldqwh/ P � hvw xqh
vrxv0ydulìwì krorpruskh sorqjìh 
 = P � /$ P whooh txh srxu wrxw p 5 
+P � ,/
wrxw $ 5 � � � ß / od 40iruph 
 & $ hvw lghqwltxhphqw qxooh1 Xqh vìsdudwulfh V gx
ihxloohwdjh I hvw xqh ydulìwì I0lqyduldqwh gh P txl hvw gh soxv od sduwlh uìjxolëuh
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g*xq vrxv0hqvhpeoh dqdo|wltxh ihupì gh P/ luuìgxfwleoh/ gh frglphqvlrq 41 Qrxv
dsshorqv wudqvirupìh vwulfwh gx ihxloohwdjh I sdu xqh dssolfdwlrq krorpruskh
i = Q $P hw oh qrwrqv i & +I, > oh ihxloohwdjh vdwxuì vxu Q dvvrflì dx idlvfhdx
i
� �

+� � , orfdohphqw hqjhqguì sdu
�
i
� � �

$
� �
> ==> i

� �
+$ � ,�

rü $
�
> ==> $ � hqjhqguh

� � � ß oruvtxh fhoxl0fl hvw xq idlvfhdx orfdohphqw oleuh gh udqj t1

315 Uìgxfwlrq ghv vlqjxodulwìv gh jhuphv gh ihxloohwdjhv
gh F
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31514 Vlqjxodulwìv uìgxlwhv1

Frpphqêrqv fh sdudjudskh sdu ghv jìqìudolwìv vxu ohv jhuphv gh ihxloohwdjhv
gh +F

�
> 3, vlqjxolhuv ã o*ruljlqh1 Frqvlgìurqv xq jhuph gh ihxloohwdjh I � gh

+F
�
> 3, vlqjxolhu ã o*ruljlqh gì�ql sdu oh jhuph gh 40iruph $ @ d +{> |,g{ .

e +{> |,g| who txh o*lgìdo +d> e, dgphw o*ruljlqh frpph }ìur lvroì1 Od vlqjxodulwì
hvw uìgxlwh vl/ txlwwh ã h�hfwxhu xq fkdqjhphqw gh frrugrqqìhv krorpruskhv/ $
v*ìfulw �{g| . �|g{ . === dyhf � qrq qxo hw �@� 5 F � T � 	 = Hooh hvw =

41 gh w|sh qrhxg vl �@� 5 U � 	 � T � 	 /
51 gh w|sh fro +rx vhooh, vl �@� 5 F�U ��	 >
61 gh w|sh qrhxg0fro vl � hvw qxo1

Oruvtxh � hvw qxo/ od vlqjxodulwì vhud glwh lfl gh w|sh qrhxg fro vf +Vìsdudwulfhv
Frqyhujhqwhv, vl hooh srvvëgh ghx{ vìsdudwulfhv dqdo|wltxhv hw gh w|sh qrhxg fro
vqf +Vìsdudwulfhv Qrq Frqyhujhqwhv, vlqrq +gdqv fh fdv/ hooh hq srvvëgh wrxmrxuv
xqh/ dsshoìh ydulìwì iruwh,1

Xqh vlqjxodulwì gh w|sh fro hvw uìvrqqdqwh vl �@� 5 T �	 = Qrxv glurqv tx*hooh
hvw qrq uìvrqqdqwh glrskdqwlhqqh vl �@� yìul�h od frqglwlrq gh Eumxqr ^Eum` =

[ ��� 	 orj+t ��� � ,
t � ? 4

rü t � hvw oh gìqrplqdwhxu rewhqx sdu gìyhorsshphqw hq iudfwlrq frqwlqxh gx
uìho �@�= Rq vdlw tx*doruv/ lo h{lvwh xq v|vwëph gh frrugrqqìhv krorpruskhv txl
olqìdulvh $> ã xqlwì pxowlsolfdwlyh suëv1

Xqh vlqjxodulwì qrq uìgxlwh hvw glfulwltxh vl hooh srvvëgh xq qrpeuh lq�ql gh
vìsdudwulfhv1

Soxv jìqìudohphqw xq srlqw vlqjxolhu g*xq ihxloohwdjh I � vxu xqh ydulìwì P
gh glphqvlrq 5 hvw uìgxlw v*lo h{lvwh xq jhuph gh elkrorprusklvph � = +P>p, $
+F
�
> 3, who txh oh jhuph gx ihxloohwdjh

�
�
� � � & +I � , hvw xq ihxloohwdjh uìgxlw ã

o*ruljlqh gh +F
�
> 3,1

31515 Dueuh gh uìgxfwlrq

Frqvlgìurqv xq jhuph gh ihxloohwdjh gh +F
�
> 3, vlqjxolhu ã o*ruljlqh I � =Txdqg

I � q*hvw sdv uìgxlw/ rq oxl dvvrflh xq dueuh gh uìgxfwlrq/ qrwì D � > txl hvw/ sdu
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gì�qlwlrq/ oh gldjudpph frppxwdwli =

P
� �1�� $ === $ P

� � �� � Ç
$ P

� � � � �� $ === $ P
� 	 �� @ F

�
% % % %

G
� �1�� $ === $ G

� � �� $ G
� � � � �� $ === $ G

� 	 �� @ 3
% % % %

	
� �1�� $ === $ 	

� � �� $ 	
� � � � �� $ === $ 	

� 	 �� @ 3
% % % %

V
� �b�� @ > $ === $ V

� � �� $ V
� � � � �� $ === $ V

� 	 �� @ 3

Grqqì sdu =

41 O*dssolfdwlrq H
�� hvw xqh dssolfdwlrq g*ìfodwhphqw gh fhqwuh V

� � � � �� =

51 O*dssolfdwlrq H
� � �� hvw o*dssolfdwlrq frpsrvìh H

�� � == � H �� =
61 O*hvsdfh 	

� � �� hvw oh vrxv0hqvhpeoh gh G
� � �� @

�
H
� � �� � � �

+3, frpsrvì ghv
srlqwv f txl yìul�hqw o*xqh gh fhv frqglwlrqv =

+d, Oh srlqw f hvw xq srlqw vlqjxolhu gh
�
H
� � �� � &

+I � , =

+e, Oh srlqw f hvw xq srlqw uìjxolhu gh
�
H
� � �� � &

+I � , > vlqjxolhu gh G
� � �� hw

od ihxlooh O gh
�
H
� � �� � &

+I � , txl sdvvh sdu f q*hvw sdv xqh frpsrvdqwh

luuìgxfwleoh orfdoh gh G
� � �� =

+f, Oh srlqw f hvw xq srlqw uìjxolhu gh
�
H
� � �� � &

+I � , hw ghG
� � �� hw od ihxlooh

O txl sdvvh sdu f q*hvw sdv wudqvyhuvh ã G
� � �� hq f1

71 O*hvsdfh V
� � �� hvw oh vrxv0hqvhpeoh dqdo|wltxh gh G

� � �� frpsrvì ghv srlqwv
f gh 	

� � �� txl yìul�hqw od frqglwlrq 61e rx elhq od frqglwlrq 61f rx elhq txl

vrqw xqh vlqjxodulwì qrq uìgxlwh gh
�
H
� � �� � &

+I � , =

81 O*hvsdfh V
� �1�� hvw ylgh1

O*hqwlhu k hvw od kdxwhxu gh o*dueuh gh D � > od ydulìwì P
� 	 �� > uhvs1 P

� �1�� > vrq
vrfoh/ uhvs1 vd flph/ hw ohv ydulìwìv G

� � �� ohv glylvhxuv dvvrflìv1 Qrxv qrwrqv

D � @
�

P
� � �� > G

� � �� >	
� � �� > V

� � �� > H
�� �
�<À ��� � �

fhw dueuh hw qrxv frqyhqrqv txh oh vh{wxsohw
�

P
� �1�� > G

� �1�� >	
� �1�� > V

� �1�� > H
� �1�� >

�
H
� �1�� � &

+I � ,
�

vh qrwhud gdqv wrxwh od vxlwh =
�

P � > G � >	 � > V � > H � > �I � �
=

Oh wkìruëph gh Vhlghqehuj ^Vhl` dvvxuh txh fhw dueuh h{lvwh hw fhwwh uìgxfwlrq hvw
sdu frqvwuxfwlrq fdqrqltxh1 Fkdtxh frpsrvdqwh luuìgxfwleoh/ G ª / gx glylvhxu
G � hvw elkrorpruskh ã S

�
= Vrlw hooh hvw I � 0lqyduldqwh/ vrlw hooh hvw wudqvyhuvh ã
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wrxwh ihxlooh gx ihxloohwdjh txl o*lqwhuvhfwh hw/ gdqv fh fdv/ oh ihxloohwdjh I � hvw
uhjxolhu hq fkdfxq gh vhv srlqwv1 Oh ihxloohwdjh �I � v*dsshooh oh ihxloohwdjh uìgxlw
dvvrflì ã I � / o*hqvhpeoh 	 � v*dsshooh o*hqvhpeoh ghv vlqjxodulwìv uìgxlwhv gh od
uìgxfwlrq1 Qrxv qrwrqv Frps+G � , o*hqvhpeoh ghv frpsrvdqwhv luuìgxfwleohv gx
glylvhxu G � hw Vhs+I � , o*hqvhpeoh ghv vìsdudwulfhv gh I � = Lo | d xqh dpeljxòwì
gdqv fhwwh qrwdwlrq1 Hq h�hw/ �{rqv p xq srlqw vlqjxolhu uìgxlw gx ihxloohwdjh
�I � = G*xq srlqw gh yxh orfdo/ vl qrxv frqvlgìurqv oh jhuph gh ihxloohwdjh dx
srlqw p/ �I �RÂ � 
ã� � ß � > fhoxl0fl srvvëgh xqh rx ghx{ vìsdudwulfhv +vhorq tx*lo hvw gh
w|sh qrhxg0fro vqf rx sdv,1 Pdlv g*xq srlqw gh yxh joredo/ p hvw vrlw xq srlqw
uìjxolhu gx glylvhxu G � +hw sdu p sdvvh dx soxv od wudqvirupìh vwulfwh g*xqh
vìsdudwulfh gh I � , vrlw hq xq srlqw vlqjxolhu gx glylvhxu +hw sdu p qh sdvvh
sdv gh wudqvirupìh vwulfwh g*xqh vìsdudwulfh gh I � ,1 Fhv qrwlrqv gìshqghqw gx
frqwh{wh +orfdo rx joredo, gdqv ohtxho hoohv vrqw hpsor|ìhv=

Gì�qlwlrq 31514 Rq dsshooh jhuph gh uhfrxyuhphqw dgdswì gx jhuph gh ydu0
lìwì +P � > G � , wrxwh idplooh X @ +P � > X ª , ª -{Û � Ü�Ý,Þ6ß � � Ë � � > rü X ª hvw xq rxyhuw

gh G � hw +P � > X ª , gìvljqh oh jhuph gh P � oh orqj gh X ª > txl yìul�h =
41 O*hqvhpeoh +X ª , ª -�Û � Ü¢Ý,Þ>ß � � Ë � � iruph xq uhfrxyuhphqw gx glylvhxu G � sdu

ghv rxyhuwv frqqh{hv1

51 Srxu fkdtxh l 5 	 � > X ª hvw xq yrlvlqdjh rxyhuw frqqh{h/ frqwudfwleoh gh
od vlqjxodulwì l/ gdqv G � > grqw od wudfh vxu fkdtxh frpsrvdqwh luuìgxfwleoh
gx glylvhxu hvw krpìrpruskh ã xq glvtxh1

61 O*rxyhuw X ª > l 5 Frps+G � ,> hvw o*rxyhuw l � 	 � =
71 Srxu wrxw l> m> n 5 	 � ^ Frps+G � , glvwlqfwv/ rq d X ª _ X í _ X � @ >=

D od uìgxfwlrq sdu gìvlqjxodulvdwlrq gx ihxloohwdjh I � rq shxw dxvvl dvvrflhu
vrq dueuh gxdo srqgìuì hw  ìfkì D &� txl hvw oh judskh frqvwuxlw gh od pdqlëuh
vxlydqwh =

� D fkdtxh frpsrvdqwh luuìgxfwleoh gh G � rq dvvrflh elxqlyrtxhphqw xq
vrpphw gh D &� = Ghx{ vrpphwv gh D &� vrqw mrlqwv sdu xqh duuíwh vl/ hw
vhxohphqw vl/ ohv frpsrvdqwhv gh G � fruuhvsrqgdqwhv v*lqwhuvhfwhqw1

� Rq pxqlw xq vrpphw gh D &� g*xqh  ëfkh srxu fkdtxh srlqw vlqjxolhu gh
�I � txl q*hvw sdv xq srlqw vlqjxolhu gh G � =

� Ohv vrpphwv fruuhvsrqgdqwv ã xqh frpsrvdqwh glfulwltxh +l1h1 qrq �I � 0
lqyduldqwh, gh �I � sruwhqw xqh grxeoh  ëfkh1

� Fkdtxh vrpphw hvw srqgìuì sdu o*dxwr0lqwhuvhfwlrq gh od frpsrvdqwh gh
G � fruuhvsrqgdqwh1

Oruvtxh/ gh soxv/ rq udmrxwh od srqgìudwlrq gh fkdtxh vrpphw sdu od pxowl0
solflwì gh od frpsrvdqwh G � fruuhvsrqgdqwh/ rq qrwh fhw dueuh D �� = Udsshorqv
txh od pxowlsolflwì g*xqh frpsrvdqwh G gx glylvhxu G � hvw oh soxv judqg hqwlhu
n who txh x

� í
H &� +$, vrlw krorpruskh/ rü x hvw xq jhuph/ hq p> gh irqfwlrq

krorpruskh gh P � txl gìvljqh xqh ìtxdwlrq uìgxlwh orfdoh gh od frpsrvdqwh
G hq xq srlqw p 5 G txhofrqtxh1

Od ydohqfh g*xq vrpphw hvw oh qrpeuh gh vlqjxodulwìv uìgxlwhv frqwhqxhv
gdqv od frpsrvdqwh gh G � dvvrflìh1

Xqh eudqfkh pruwh gh o*dueuh gxdo D &� hvw xq vrxv0dueuh W gh D &� frpsru0
wdqw xq xqltxh vrpphw gh ydohqfh 4/ xq xqltxh vrpphw gh ydohqfh � 6 who
txh o*hqvhpeoh W sulyì gx vrpphw gh ydohqfh � 6 hvw frqqh{h1 Ohv vrpphwv gh
ydohqfh uhvshfwlyh 4 hw � 6 vrqw ohv h{wuìplwìv gh od eudqfkh pruwh1 Sdu dexv gh
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Fkdslwuh 31= Jhuphv gh ihxloohwdjhv krorpruskhv vlqjxolhuv gh +F
�
> 3, +hw

dvvrflìv,1

odqjdjh/ rq glw txh W hvw xqh eudqfkh s0pruwh +s srxu suhvtxh, vl gdqv od gì�0
qlwlrq suìfìghqwh �vrpphw gh ydohqfh 4� hvw uhpsodfì sdu �vrpphw gh ydohqfh
5 grqw od frpsrvdqwh dvvrflìh srvvëgh xqh vlqjxodulwì uìgxlwh gx ihxloohwdjh hq
xq srlqw uìjxolhu gx glylvhxu�1

Gì�qlwlrq 31515 Xq jhuph gh ihxloohwdjh vlqjxolhu gh +F
�
> 3,> I � > qrq glful0

wltxh/ hvw =
� Dsshoì frxueh jìqìudolvìh vl vrq ihxloohwdjh uìgxlw qh srvvëgh sdv gh vlq0
jxodulwì gh w|sh qrhxg0fro1

� Glw txdvl0k|shueroltxh vl vrq ihxloohwdjh uìgxlw srvvëgh xqltxhphqw ghv vlq0
jxodulwìv gh w|sh fro1

� Glw gh 5
�
hvsëfh v*lo yìul�h =

41 rx elhq vrq ihxloohwdjh uìgxlw �I � qh srvvëgh sdv gh vlqjxodulwì gh w|sh
qrhxg0fro/

51 rx elhq ohv vlqjxodulwìv gh w|sh qrhxg0fro gx ihxloohwdjh uìgxlw �I �
vrqw hq ghv srlqwv uìjxolhuv gx glylvhxu G � hw ohxu vìsdudwulfh iruwh
frlqflgh dyhf oh jhuph gx glylvhxu hq fhv srlqwv1

31516 Krorqrplh

Gì�qlvvrqv od qrwlrq g*krorqrplh dvvrflìh ã xqh vìsdudwulfh1 Frqvlgìurqv
xq ihxloohwdjh I � vlqjxolhu/ uìgxlw/ hq xq srlqw p/ vxu xqh ydulìwì frpsoh{h
gh glphqvlrq 51 Vxssrvrqv txh od vlqjxodulwì p hvw uìgxlwh hw qrwrqv V xqh
vìsdudwulfh gx ihxloohwdjh whooh txh p 5 �V= Suhqrqv xq odfhw � sorqjì gdqv
V hw xqh wudqvyhuvdoh 	 dx ihxloohwdjh dx srlqw � +3, = Frqvlgìurqv xq srlqw }
gh 	 surfkh gh � +3, > lo h{lvwh xq fkhplq � � g*ruljlqh } surfkh gx odfhw �>
txl hvw gdqv od ihxlooh O gh I � sdvvdqw sdu }/ who txh � � +4, vrlw gdqv 	= Rq
shxw yrlu txh o*h{wuìplwì � � +4, gh � � qh gìshqg sdv gx fkrl{ gh � � gdqv O1
O*krorqrplh gx ihxloohwdjh I � oh orqj gx odfhw � hvw doruv oh jhuph g*dssolfdwlrq
k � = +	> � +3,, $ +	> � +3,,/ } :�$ k � +}, =@ � � +4,1 Fhwwh dssolfdwlrq qh gìshqg
hq idlw txh gh od fodvvh gh � gdqv � � +V> � +3,,1

Frqvlgìurqv xq srlqw t gh V hw xqh wudqvyhuvdoh 	 � dx ihxloohwdjh dx srlqw t=
Rq gì�qlw od uhsuìvhqwdwlrq g*krorqrplh gh V vxu 	 � frpph od uhsuìvhqwdwlrq/K
ë
> gx � � +V> t, gdqv oh jurxsh/ Dxw +	 � > t, > ghv dxwrprusklvphv gh 	 � �{dqw t

grqqì sdu K
ë

+^�`, @ k � = Rq qrwh oh vrxv0jurxsh lpdjh gh fh prusklvph K ë > hw
rq o*dsshooh jurxsh g*krorqrplh1 Uhpdutxrqv tx*lo vx!w gh fkrlvlu xq v|vwëph
gh frrugrqqìhv vxu +	>p, srxu txh fkdtxh k � sxlvvh íwuh frqvlgìuì frpph xq
ìoìphqw gh Dxw +F> 3, =

316 Gìirupdwlrq gh ihxloohwdjhv

31614 Gìirupdwlrq grqw o*hvsdfh ghv sdudpëwuhv hvw gx w|sh +F
�
> 3,

Frqvlgìurqv xq jhuph gh ihxloohwdjh krorpruskh I � vlqjxolhu ã o*ruljlqh
gh +F

�
> 3,> gì�ql sdu xq jhuph gh 40iruph $ @ d +{> |,g{ . e +{> |,g|= Qrxv

qrwrqv � � � oh vrxv0idlvfhdx gh �
� � / § � 	 � hqjhqguì sdu $> rü �

� � / § � 	 � oh idlvfhdx ghv
jhuphv gh 40iruphv gl�ìuhqwlhoohv vxu +F

�
> 3,= Frqvlgìurqv S oh jhuph +F

�
> 3, hw

w @ +w � > ==> w � , ohv frrugrqqìhv fdqrqltxhv vxu S=
Gì�qlwlrq 31614 Xq jhuph gh gìirupdwlrq dqdo|wltxh gh I � oh orqj gh 3 �S>
gh sdudpëwuh S / hvw od grqqìh g*xq jhuph gh vrxv0prgxoh � ¥ gh �

� � / 0 ¦�§ � 	 � jìqìuì
5<



Vhfwlrq 3161 = Gìirupdwlrq gh ihxloohwdjhv

sdu ohv jhuphv gh 40iruphv igw � > ==> gw � j dlqvl txh sdu oh jhuph g*xqh 40iruph
gl�ìuhqwlhooh � gx w|sh D +{> |> w, g{ . E +{> |> w,g| dyhf D>E 5 R � / 0 ¦�§ � 	 � whooh
txh D +{> |> 3, @ d +{> |,/ E +{> |> 3, @ e +{> |, hw D +3> 3> w, @ E +3> 3> w, @ 3> srxu
wrxw w 5 S=

Oh ihxloohwdjh I ¥ gì�ql sdu � ¥ hvw xq ihxloohwdjh gh glphqvlrq 4 vxu +F
� ���

> 3,=
Rq frqvlgëuh od surmhfwlrq � ¥ gh +F

� ���
> 3, vxu o*hvsdfh ghv sdudpëwuhv S 1 Od

uhvwulfwlrq gh � ã �
� �¥ +w, > rü w 5 S> vh qrwh �

�
hw gì�qlw xq ihxloohwdjh I ¥�� gh

glphqvlrq 4 vxu �
� �¥ +w, =

Gì�qlwlrq 31615 Xq jhuph gh gìirupdwlrq dqdo|wltxh I ¥ gh I � oh orqj gh
3 �S> gh sdudpëwuh S hvw ìtxluìgxfwleoh v*lo h{lvwh xqh vxffhvvlrq �qlh g*ìfodwh0

phqwv H
ª¥ = P

� ªq�¥ $ P
� ª � � �¥ whooh txh =

41 fkdtxh H
ª¥ hvw xq ìfodwhphqw gh fhqwuh xqh vrxv0ydulìwì olvvh V

� ª � � �¥ �
P

� ª � � �¥ gh frglphqvlrq 5/ qrq qìfhvvdluhphqw frqqh{h/

51 ohv ydulìwìv 	
� ª��¥ hw V

� ª��¥ vrqw olvvhv hw ìwdohv yld �
� ª��¥ dx ghvvxv gh S hw vrqw

frqwhqxhv gdqv G
� ªq�¥ >

61 srxu wrxw w 5 S / od vxffhvvlrq g*ìfodwhphqwv rewhqxh sdu uhvwulfwlrq gh

fkdtxh H
ª¥ dx{ �euhv �

� ª��¥ hw �
� ª � � �¥ hvw h{dfwhphqw od vxffhvvlrq g*ìfodwh0

phqwv gh od uìgxfwlrq gx ihxloohwdjh I ¥�� =
Qrxv dyrqv xwlolvì/ gdqv fhwwh gì�qlwlrq/ ohv qrwdwlrqv vxlydqwhv =

� Qrxv qrwrqv H
� ªq�¥ o*dssolfdwlrq H

�¥ �===�H
ª¥ > G � ª��¥ od ydulìwì

�
H
� ªq�¥ � � �

+3 � S , >

� ª oh jhuph gh 40iruph �
H
� ª��¥ � � �

+�, hw �
� ª��¥ od surmhfwlrq � ¥ � H

� ª��¥ =

� O*hqvhpeoh 	
� ª��¥ hvw o*hqvhpeoh ghv srlqwv gh G

� ªq�¥ txl yìul�hqw =
� Vrlw p hvw xq srlqw vlqjxolhu gh � ª +l1h1 p 5 Vlqj +� ª ,,=
� Vrlw p hvw xq srlqw uìjxolhu gh � ª > od frpsrvdqwh luuìgxfwleoh gh G

� ª��¥
frqwhqdqw p q*hvw sdv I ¥ £ 0lqyduldqwh hw od ihxlooh txl sdvvh sdu p hvw

wdqjhqwh ã G
� ª��¥ +l1h1 p @5 Vlqj +� ª ,/ � ª Â Ë Å £ Æ� 9@ 3> � ª Â Ë Å £ Æ� +p, @ 3,1

� Oh frxsoh
�
� ª > G � ªq�¥ �

hvw glw uìgxlw hq p vl vrlw � ª hvw uìgxlw hq p hw od

frpsrvdqwh luuìgxfwleoh gh G
� ªq�¥ frqwhqdqw p hvw I ¥ £ 0lqyduldqwh / vrlw � ª

qh v*dqqxoh sdv hq p hw p q*dssduwlhqw sdv ã 	
� ª��¥ =

� O*hqvhpeoh V
� ª��¥ vh frpsrvh ghv srlqwv p gh G

� ª��¥ rü oh frxsoh
�
� ª > G � ª��¥ �

q*hvw sdv uìgxlw1

Xqh gìirupdwlrq ìtxluìgxfwleoh hvw/ hq txhotxh vruwh/ xqh gìirupdwlrq txl vh
gìvlqjxodulvh �hq idplooh�1 O*dueuh gh uìgxfwlrq dvvrflì ã od gìirupdwlrq ìtxluì0
gxfwleoh I ¥ hvw oh gldjudpph frppxwdwli

D ¥ @
�

P
� � �¥ > G

� � �¥ >	
� � �¥ > V

� � �¥ > H
�¥ � ��À ��� � � =

Lo yìul�h srxu wrxw w 5 S txh oh gldjudpph
��

P
� � �¥ > G

� � �¥ >	
� � �¥ > V

� � �¥ > H
�¥ � _

�
�
� � �¥ � � �

+w,

�

��À ��� � �
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Fkdslwuh 31= Jhuphv gh ihxloohwdjhv krorpruskhv vlqjxolhuv gh +F
�
> 3, +hw

dvvrflìv,1

hvw h{dfwhphqw o*dueuh gh uìgxfwlrq D ¥�� = O*hqvhpeoh
�

P
� �1�¥ > G

� �1�¥ >	
� �1�¥ > V

� �1�¥ > H
� �1�¥ >�

� � �¥ >I
� �1�¥ �

vh qrwhud gdqv wrxwh od vxlwh =
�

P ¥ > G ¥ >	 ¥ > V ¥ > H ¥ >� ¥ > �I ¥ � =

Qrxv frqyhqrqv gh qrwhu Frps+G ¥ , o*hqvhpeoh ghv frpsrvdqwhv luuìgxfwleohv
gx glylvhxu G ¥ 1
Gì�qlwlrq 31616 Oh jhuph gh od gìirupdwlrq frqvwdqwh gh I � oh orqj gh 3�S>
gh sdudpëwuh S> hvw od grqqìh gx jhuph gh vrxv0prgxoh � �,Ê � gh �

� � / 0 ¦�§ � 	 � jìqìuì
sdu ohv 40iruphv isu & +$,> gw � > ==> gw � j rü su = +F

� ���
> 3, $ +F

�
> 3, hvw od surmhfwlrq

fdqrqltxh1 Rq qrwh fhwwh gìirupdwlrq I � Ä �oò� hw vrq dueuh gh uìgxfwlrq

D
� Ä �.ò� @

�
P � � S>G � � S>	 � � S> V � � S>H

� Ä �oò� >�
� Ä �oò� > �I � Ä �oò� �

Gì�qlwlrq 31617 Xq jhuph gh gìirupdwlrq dqdo|wltxh ìtxluìgxfwleoh I ¥ gh I �
oh orqj gh 3 � S> gh sdudpëwuh S> hvw VO0ìtxlvlqjxolhu v*lo yìul�h ohv dvvhuwlrqv
vxlydqwhv =

41 Srxu wrxw srlqw f gh 	 ¥ � > lo h{lvwh xq jhuph gh elkrorprusklvph � � =
+P ¥ > f, $ +P � � S> f � 3, txl frppxwh dx{ surmhfwlrqv/ � ¥ @ �

� Ä �oò� �� � >
hw frqmxjxh ohv jhuphv gh ihxloohwdjhv

�
�I ¥ > f� >

�
�I � Ä �oò� > f � 3

�
=

51 Srxu wrxwh frpsrvdqwh luuìgxfwleoh G gx glylvhxu G ¥ � > lo h{lvwh xq jhuph

gh elkrorprusklvph � Ë =
�

P ¥ >	G @ G �
�
	 ¥ � _ G

��
$

�
P � � S>	G � 3

�

txl frppxwh dx{ surmhfwlrqv/ � ¥ @ �
� Ä �oò� � � Ë > hw frqmxjxh ohv jhuphv gh

ihxloohwdjhv
�

�I ¥ >	G�
>

�
�I � Ä �.ò� >	G � 3

�

Gì�qlwlrq 31618 Ghx{ jhuphv gh gìirupdwlrq dqdo|wltxh I ¥ hw I ¥�� gh I � oh
orqj gh 3 � S> gh sdudpëwuh S vrqw F

�
0frqmxjxìv/ uhvs1 krorpruskltxhphqw

frqmxjxìv/ v*lo h{lvwh xq jhuph gh F
�
0gliiìrprusklvph/ uhvs1 elkrorprusklvph/

� =
�
F
��� �

> 3 � S
�

$
�
F
��� �

> 3 � S
�
txl frqmxjxh ohv ihxloohwdjhv I ¥ hw I ¥�� >

frppxwh dx{ surmhfwlrqv � ¥ / � ¥ � hw grqw od �euh hq 3 hvw o*lghqwlwì +� Â Î Í �� � 	 � @

lg,1

Xq jhuph gh gìirupdwlrq dqdo|wltxh ìtxluìgxfwleoh I ¥ gh I � oh orqj gh
3�S> gh sdudpëwuh S hvw F

�
0wulyldo/ uhvs1 krorpruskltxhphqw wulyldo/ vl lo hvw F

�
0

frqmxjxì/ uhvs1 krorpruskltxhphqw frqmxjxì/ ã od gìirupdwlrq frqvwdqwh/ I � Ä �oò� =
Oh prusklvph gh frqmxjdlvrq hvw doruv dsshooì prusklvph gh wulyldolvdwlrq1

Xq jhuph gh gìirupdwlrq dqdo|wltxh ìtxluìgxfwleoh I ¥ gh I � oh orqj gh 3�S>
gh sdudpëwuh S d xq ihxloohwdjh uìgxlw F

�
0wulyldoh/ uhvs1 krorpruskltxhphqw

wulyldoh/ v*lo h{lvwh xq jhuph gh F
�
0gliiìrprusklvph/ uhvs1 elkrorprusklvph/ � =

+P ¥ > G ¥ , $ +P � � S>G � � S , txl frqmxjxh ohv ihxloohwdjhv �I ¥ hw �I � Ä �oò� > ohv
olhx{ vlqjxolhuv 	 ¥ hw 	 � � S / txl frppxwh dx{ surmhfwlrqv � ¥ / �

� Ä �oò� hw grqw
od �euh hq 3 hvw o*lghqwlwì +� Â � Í �� � 	 � @ lg,1

Rq uhpdutxh txh vl I ¥ d xq ihxloohwdjh uìgxlw F Ð 0wulyldoh/ uhvs1 krorpru0
skltxhphqw wulyldoh/ doruv I ¥ hvw F 	 0wulyldoh/ uhvs1 krorpruskltxhphqw wulyldoh1

64
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31615 Gìirupdwlrq grqw o*hvsdfh ghv sdudpëwuhv hvw gx w|sh +F
�
>N,

rü N hvw xq frpsdfw gh F
�
1

Derugrqv oh fdv rü o*hvsdfh ghv sdudpëwuhv S q*hvw soxv jhupl�ì hq xq srlqw
pdlv vxu xq frpsdfw1 Qrxv srvrqv/ gdqv wrxw fh sdudjudskh/ S @ +F

�
>N, rü N

hvw xq frpsdfw gh F
�
1

Gì�qlwlrq 31619 Xq jhuph gh gìirupdwlrq dqdo|wltxh gh I � oh orqj gh 3 �S>
gh sdudpëwuh S / hvw od grqqìh g*xq idlvfhdx gh vrxv0prgxohv � ¥ gh �

� � /�0 ¦�§ � 	1Ê � �
gì�ql frpph vxlw1 Frqvlgìurqv �� ¥ oh vrxv0idlvfhdx gh �

�/�0 ¦�§ hqjhqguì sdu ohv 40
iruphv igw � > ==> gw � j dlqvl txh sdu xqh 40iruph gl�ìuhqwlhooh � gx w|sh D +{> |> w,g{.
E +{> |> w,g| dyhf D>E 5 R / 0 ¦�§ whooh txh D +{> |> 3, @ d +{> |,/ E +{> |> 3, @
e +{> |, hw D +3> 3> w, @ E +3> 3> w, @ 3 srxu wrxw w 5 F

�
= Qrwrqv � = +F

� ���
> 3�N, /$

F
� ���

oh sorqjhphqw fdqrqltxh1 Oh vrxv0idlvfhdx � ¥ hvw doruv gì�ql frpph ìwdqw
�
� � �

�� ¥ � =

Oh ihxloohwdjh I ¥ gì�ql sdu � ¥ hvw xq jhuph/ oh orqj gh N> gh ihxloohwdjh
krorpruskh gh F

� ���
gh glphqvlrq 41 Qrwrqv � ¥ od surmhfwlrq gh +F

� ���
> 3 � N,

vxu o*hvsdfh ghv sdudpëwuhv S @ +F
�
>N,1 Od uhvwulfwlrq gh � ã �

� �¥ +w, > rü
w 5 S> vh qrwh �

�
hw gì�qlw xq jhuph gh ihxloohwdjh I ¥ � gh glphqvlrq 4 vxu

�
� �¥ +w, @ +F

�
� iwj > 3 � iwj,=

Gì�qlwlrq 3161: Xq jhuph gh gìirupdwlrq dqdo|wltxh I ¥ gh I � oh orqj gh
3 � S> gh sdudpëwuh S hvw ìtxluìgxfwleoh +uhvs1 VO0ìtxlvlqjxolhu, vl srxu wrxw�
3> �w

�
5 3 � N/ oh jhuph/ dx srlqw

�
3> �w

�
> gx ihxloohwdjh I ¥ gì�qlw xq jhuph

gh gìirupdwlrq dqdo|wltxh I ¥�!� gh sdudpëwuh +F
�
> �w, txl hvw ìtxluìgxfwleoh +uhvs1

VO0ìtxlvlqjxolhu,1

Oruvtxh I ¥ hvw ìtxluìgxfwleoh/ lo v*hqvxlw o*h{lvwhqfh g*xq dueuh gh uìvroxwlrq
joredo D ¥ txl hvw/ sdu gì�qlwlrq/ oh gldjudpph vxlydqw1

�
P

� �1�¥ >N
� �1�¥ �

$ === $
�

P
� � �¥ >N

� � �¥ � � Ç�
$

% %�
G
� �1�¥ >N

� �1�¥ �
$ === $

�
G
� � �¥ >N

� � �¥ �
$

% %�
	
� �1�¥ >	

� �1�¥ _ N
� �1�¥ �

$ === $
�

	
� � �¥ >	

� � �¥ _ N
� � �¥ �

$
% %�

V
� �1�¥ > V

� �1�¥ _ N
� �1�¥ �

$ === $
�
V
� � �¥ > V

� � �¥ _ N
� � �¥ �

$

� Ç�
$

�
P

� � � � �¥ >N
� � � � �¥ �

$ === $
�

P
� 	 �¥ >N

� 	 �¥ �
@

�
F
� ���

> 3 � N
�

% %
$

�
G
� � � � �¥ >N

� � � � �¥ �
$ === $

�
G
� 	 �¥ >N

� 	 �¥ �
@ +3 � F

�
> 3 � N,

% %
$

�
	
� � � � �¥ >	

� � � � �¥ _ N
� � � � �¥ �

$ === $
�

	
� 	 �¥ >N

� 	 �¥ �
@ +3 � F

�
> 3 � N,

% %
$

�
V
� � � � �¥ > V

� � � � �¥ _ N
� � � � �¥ �

$ === $
�
V
� 	 �¥ >N

� 	 �¥ �
@ +3 � F

�
> 3 � N,
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Fkdslwuh 31= Jhuphv gh ihxloohwdjhv krorpruskhv vlqjxolhuv gh +F
�
> 3, +hw

dvvrflìv,1

Gdqv fh gldjudpph/ H �¥ =
�

P
� � �¥ >N

� � �¥ �
$

�
P

� � � � �¥ >N
� � � � �¥ �

hvw oh jhuph/

oh orqj gh N
� � � � �¥ > gh o*dssolfdwlrq g*ìfodwhphqw gh fhqwuh V

� � � � �¥ = Fhwwh dssol0
fdwlrq g*ìfodwhphqw jhupl�ì vxu xq frpsdfw vh frqvwuxlw frpph vxlw = Frqvlg0
ìurqv xq yrlvlqdjh X gh +3 � N, gdqv F

� ���
> dlqvl txh o*dssolfdwlrq g*ìfodwhphqw

�H = P
�

$ X gh fhqwuh
�
3 � F

� ��� _ X
�
= Qrwrqv N

� � �
od suìlpdjh gh +3 � N,

sdu fhwwh dssolfdwlrq1 Rq gì�qlw o*dssolfdwlrq g*ìfodwhphqw jhupl�ì vxu N
� � �
/

H
� � �

=
�
P

�
>N

� � � �
$

�
F
� ���

>N
�
gh fhqwuh

�
3 � F

� ���
> 3 � N

�
frpph ìwdqw o*ds0

solfdwlrq �H jhupl�ì hq N
� � �
= Rq gì�qlw gh od píph pdqlëuh o*dssolfdwlrq g*ì0

fodwhphqw jhupl�ì vxu N
� � �
> H

� � �
=

�
P

� � �
>N

� � � � $
�
P

� � � � �
>N

� � � � � � gh fhqwuh�
V
� � � � �

> V
� � � � � _ N

� � � � � � rü V
� � � � � hvw xqh ydulìwì gh frglphqvlrq 51 Qrwrqv

H
� ªq�¥ @ H

�¥ � === � H
ª¥ hw �

� ª��¥ @ � ¥ � H
� ª��¥ =

Gh soxv/ ohv gì�qlwlrqv ghv hvsdfhv 	
� � �¥ hw V

� � �¥ / gdqv o*dueuh gh uìvroxwlrq
D ¥ / vrqw ohv vxlydqwhv =

41 O*hvsdfh 	
� � �¥ hvw oh vrxv0hqvhpeoh gh G

� � �¥ frpsrvì gh o*hqvhpeoh ghv
srlqwv f txl yìul�hqw o*xqh gh fhv frqglwlrqv =

+d, Oh srlqw f hvw xq srlqw vlqjxolhu gh
�
H
� � �¥ � &

+I ¥ , =
+e, Oh srlqw f hvw xq srlqw uìjxolhu gh

�
H
� � �¥ � &

+I ¥ , > vlqjxolhu gh G � � �¥ hw

od ihxlooh O gh
�
H
� � �¥ � &

+I ¥ , txl sdvvh sdu f q*hvw sdv frqwhqxh gdqv
xqh frpsrvdqwh luuìgxfwleoh orfdoh gh G

� � �¥ =

+f, Oh srlqw f hvw xq srlqw uìjxolhu gh
�
H
� � �¥ � &

+I ¥ , hw ghG � � �¥ hw od ihxlooh

O txl sdvvh sdu f q*hvw sdv wudqvyhuvh ã G
� � �¥ hq f1

51 O*hvsdfh V
� � �¥ hvw oh vrxv0hqvhpeoh dqdo|wltxh gh G

� � �¥ frpsrvì ghv srlqwv
f gh 	

� � �¥ txl yìul�hqw od frqglwlrq 81e/ rx elhq od frqglwlrq 81f rx elhq

txl vrqw xqh vlqjxodulwì qrq uìgxlwh gh
�
H
� � �¥ � &

+I ¥ , Â Ã"� Å £ Æ� È Í � Ã"� Å £ Æ� � � � È =
Hq�q/ wrxmrxuv gdqv fh gldjudpph/ ohv dvvhuwlrqv vxlydqwhv vrqw uìdolvìhv =

41 Ohv jhuphv
�

	
� � �¥ >	

� � �¥ _ N
� � �¥ �

hw
�
V
� � �¥ > V

� � �¥ _ N
� � �¥ �

vrqw olvvhv hw ìwdohv

yld �
� ªq�¥ dx0ghvvxv gh S 1

51 Srxu wrxw srlqw w 5 3�N/ od vxffhvvlrq g*ìfodwhphqwv rewhqxh sdu uhvwulf0
wlrq gh fkdtxh H

ª¥ dx{ �euhv �
� ª��¥ hw �

� ª � � �¥ hvw h{dfwhphqw od vxffhvvlrq
g*ìfodwhphqwv gh od uìgxfwlrq gx ihxloohwdjh I ¥�� =

61 O*hvsdfh V
� �1�¥ hvw ylgh1

O*dueuh gh uìgxfwlrq dvvrflì ã od gìirupdwlrq ìtxluìgxfwleoh I ¥ vh qrwh
D ¥ @

��
P

� � �¥ >N
� � �¥ �

>
�
G
� � �¥ >N

� � �¥ �
>
�

	
� � �¥ >	

� � �¥ _ N
� � �¥ �

>
�
V
� � �¥ > V

� � �¥ _ N
� � �¥ �

> H
ª¥ � �<À ��� � � =

Qrxv qrxv shuphwwrqv/ oruvtxh oh frqwh{wh hvw fodlu/ gh oh qrwhu

D ¥ @
�

P
� � �¥ > G

� � �¥ >N
� � �¥ >	

� � �¥ > V
� � �¥ > H

�¥ � Ç$# �$% % & >
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Vhfwlrq 3171 = Gìsorlhphqw gh ihxloohwdjhv

gh píph qrxv qrwhurqv
�

P
� �1�¥ > G

� �1�¥ >N
� �1�¥ >	

� �1�¥ > V
� �1�¥ > H

� �b�¥ >�
� �1�¥ >

�
H
� �1�¥ � &

+I ¥ ,�

sdu �
P ¥ > G ¥ >N ¥ >	 ¥ > V ¥ > H ¥ >� ¥ > �I ¥ � =

317 Gìsorlhphqw gh ihxloohwdjhv

31714 Gìsorlhphqw grqw o*hvsdfh ghv sdudpëwuhv hvw gx w|sh +F
�
>N,

rü N hvw xq frpsdfw gh F
�
1

Frqvlgìurqv xq jhuph gh ihxloohwdjh krorpruskh I � vlqjxolhu ã o*ruljlqh gh
+F
�
> 3, gì�ql sdu xq jhuph gh 40iruph $ @ d+{> |,g{. e+{> |,g|= Frqvlgìurqv S

oh jhuph +F
�
>N, hw w @ +w � > ==> w� , ohv frrugrqqìhv fdqrqltxhv vxu S= Frpph gdqv

oh fdguh ghv gìirupdwlrqv/ qrxv gì�qlvvrqv txhotxhv qrwlrqv vxu ohv gìsorlhphqwv
grqw od edvh S @ +F

�
>N, hvw xq jhuph gh F

�
oh orqj g*xq frpsdfw1 Gdqv fh

sdudjudskh/ oh frpsdfw N shxw íwuh frqvlgìuì gh glphqvlrq }ìur1

Gì�qlwlrq 31714 Xq jhuph gh gìsorlhphqw dqdo|wltxh gh I � oh orqj gh 3 � S
gh sdudpëwuh S @ +F

�
>N, hvw xqh 40iruph krorpruskh

� @ D+{> |> w,g{ . E+{> |> w,g| .

�[

��À � F� +{> |> w,gw �
dyhf D> E> F ª dssduwhqdqw ã o*dqqhdx/ R � /�0 ¦�§ � 	1Ê � � > ghv jhuphv/ oh orqj gh N/ gh
irqfwlrq krorpruskh whooh txh od frqglwlrq g*lqwìjudelolwì �ag� @ 3 vrlw uìdolvìh
hw txl yìul�h =

41 Ohv jhuphv hq wrxw srlqw p gh 3�N ghv vrxv0hqvhpeohv

iD @ E @ 3j

hw
iD @ E @ F � @ === @ F� @ 3j

vrqw ìjdx{ ã +p � F
�
>p, =

51 O*lgìdo +F � > ===> F� , hvw lqfoxv gdqv o*lgìdo
s

+D>E,=

61 Ohv ìjdolwìv vxlydqwhv vrqw yìul�ìhv = D+{> |> 3, @ d+{> |,> E+{> |> 3, @
e+{> |, hw srxu wrxw l 5 i4> ==> sj > F ª +{> |> 3, @ 3=

Qrwrqv � ¥ = +F
� ���

> 3 � N, $ +F
�
>N, od surmhfwlrq fdqrqltxh gh o*hvsdfh

gh gìirupdwlrq vxu o*hvsdfh ghv sdudpëwuhv= Oh ihxloohwdjh I ¥ > gì�ql sdu �> hvw
xq jhuph/ oh orqj gh 3 � N/ gh ihxloohwdjh krorpruskh gh frglphqvlrq 4 vxu
F
� ���

hw hvw wudqvyhuvh dx{ �euhv gh od surmhfwlrq � ¥ 1 Rq qrwh I ¥�� � > w 	 5 S> oh
ihxloohwdjh krorpruskh/ gh glphqvlrq 4> gì�ql vxu �

� �¥ +w 	 , @ +F
�

� w 	 > 3 � w 	 ,
sdu �

� � @ D+{> |> w 	 ,g{.E+{> |> w 	 ,g|.

�S�<À � F� +{> |> w 	 ,gw � 1 Qrxv uhpdutxrqv txh
I ¥ � @ I � =
Gì�qlwlrq 31715 Gdqv oh fdv rü N @ i3j> xq jhuph gh gìsorlhphqw dqdo|wltxh
I ¥ gh I � oh orqj gh 3 � +F

�
> 3,> gh sdudpëwuh +F

�
> 3,> hvw ìtxlvlqjxolhu vl
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Fkdslwuh 31= Jhuphv gh ihxloohwdjhv krorpruskhv vlqjxolhuv gh +F
�
> 3, +hw

dvvrflìv,1

41 Oh jhuph/ I ' / gh gìirupdwlrq dqdo|wltxh gh I � oh orqj gh 3 � +F
�
> 3,> gh

sdudpëwuh +F
�
> 3,/ gì�ql sdu

 @ D+{> |> w,g{ . E+{> |> w,g|

hvw ìtxluìgxfwleoh1

51 Oh glylvhxu h{fhswlrqqho/ txh qrxv qrwrqv/ G ¥ gh o*ìtxluìgxfwlrq gh  hvw

xqh k|shuvxuidfh lqyduldqwh gx ihxloohwdjh vlqjxolhu gh frglphqvlrq 4 �I ' =
Gì�qlwlrq 31716 Xq jhuph gh gìsorlhphqw dqdo|wltxh I ¥ gh I � oh orqj gh
3 � S gh sdudpëwuh S @ +F

�
>N, hvw ìtxlvlqjxolhu vl srxu wrxw +3> w 	 , 5 3 � N

oh jhuph gh gìsorlhphqw gh I ¥ dx srlqw +3> w 	 , hvw xq jhuph gh gìsorlhphqw
dqdo|wltxh gh I ¥ � � gh sdudpëwuh S @ +F

�
> w 	 , ìtxlvlqjxolhu1

Oruvtxh I ¥ hvw ìtxlvlqjxolhu lo v*hqvxlw o*h{lvwhqfh gh vrq dueuh gh uìvroxwlrq
joredo D ¥ txl hvw oh gldjudpph frppxwdwli vxlydqw =

�
P

� �1�¥ >N
� �b�¥ �

$ === $
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P
� � �¥ >N
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% %�
G
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� �1�¥ �
$ === $

�
G
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� � �¥ �
$

% %�
	
� �1�¥ >	

� �1�¥ _ N
� �1�¥ �

$ === $
�

	
� � �¥ >	

� � �¥ _ N
� � �¥ �

$
% %�

V
� �1�¥ > V

� �1�¥ _ N
� �1�¥ �

@ > $ === $
�
V
� � �¥ > V

� � �¥ _ N
� � �¥ �

$

� Ç�
$

�
P

� � � � �¥ >N
� � � � �¥ �

$ === $
�

P
� 	 �¥ >N

� 	 �¥ �
@

�
F
� ���

> 3 � N
�

% %
$

�
G
� � � � �¥ >N

� � � � �¥ �
$ === $

�
G
� 	 �¥ >N

� 	 �¥ �
@ +3 � F

�
> 3 � N,

% %
$

�
	
� � � � �¥ >	

� � � � �¥ _ N
� � � � �¥ �

$ === $
�

	
� 	 �¥ >N

� 	 �¥ �
@ +3 � F

�
> 3 � N,

% %
$

�
V
� � � � �¥ > V

� � � � �¥ _ N
� � � � �¥ �

$ === $
�
V
� 	 �¥ >N

� 	 �¥ �
@ +3 � F

�
> 3 � N,

Gdqv fh gldjudpph/ H �¥ =
�

P
� � �¥ >N

� � �¥ �
$

�
P

� � � � �¥ >N
� � � � �¥ �

hvw oh jhuph/ oh

orqj gh N
� � � � �¥ > gh o*dssolfdwlrq g*ìfodwhphqw gh fhqwuh V

� � � � �¥ hw ohv gì�qlwlrqv
ghv hvsdfhv 	

� � �¥ hw V
� � �¥ vrqw ohv vxlydqwhv =

41 O*hvsdfh 	
� � �¥ hvw oh vrxv0hqvhpeoh gh G

� � �¥ @
�
H
� � �¥ � � �

+3 � F
�
> 3 � N, >

rü H
� ªq�¥ @ H

�¥ � === � H
ª¥ > frpsrvì ghv srlqwv f txl yìul�hqw o*xqh gh fhv

frqglwlrqv =

+d, Oh srlqw f hvw xq srlqw vlqjxolhu gh
�
H
� � �¥ � &

+I ¥ , =
+e, Oh srlqw f hvw xq srlqw uìjxolhu gh

�
H
� � �¥ � &

+I ¥ , > vlqjxolhu gh G � � �¥ hw

od ihxlooh O gh
�
H
� � �¥ � &

+I ¥ , txl sdvvh sdu f q*hvw sdv xqh frpsrvdqwh
luuìgxfwleoh orfdoh gh G

� � �¥ =

68



Vhfwlrq 3171 = Gìsorlhphqw gh ihxloohwdjhv

+f, Oh srlqw f hvw xq srlqw uìjxolhu gh
�
H
� � �¥ � &

+I ¥ , hw ghG � � �¥ hw od ihxlooh

O txl sdvvh sdu f q*hvw sdv wudqvyhuvh ã G
� � �¥ hq f1

51 O*hvsdfh V
� � �¥ hvw oh vrxv0hqvhpeoh dqdo|wltxh gh G

� � �¥ frpsrvì ghv srlqwv
f gh 	

� � �¥ txl yìul�hqw od frqglwlrq 61e/ rx elhq od frqglwlrq 61f rx elhq

txl vrqw xqh vlqjxodulwì qrq uìgxlwh gh
�
H
� � �¥ � &

+I ¥ , =
Hq�q/ dx vhlq gh fh gldjudpph/ ohv frqglwlrqv vxlydqwhv vrqw uìdolvìhv =

41 Ohv hqvhpeohv vlqjxolhuv 	
� � �¥ vrqw olvvhv/ ohv fhqwuhv V

� � �¥ vrqw frqvwlwxìv
gh frpsrvdqwhv luuìgxfwleohv ghv 	

� � �¥ > V
� �1�¥ @ >=

51 Ohv uhvwulfwlrqv ghv �
� � �¥ dx{ 	

� � �¥ vrqw ghv ìwdohphqwv/ rü �
� ªq�¥ @ � ¥ �H

� ªq�¥ 1

61 Ohv ihxloohv/ dx{ srlqwv uìjxolhuv gx ihxloohwdjh 'I) �
H
� � �¥ � &

+I ¥ , vrqw wudqv0
yhuvhv dx{ �euhv gh �

� � �¥ =

71 Srxu wrxw w 5 3 � N/ od vxffhvvlrq g*ìfodwhphqwv rewhqxh sdu uhvwulfwlrq
gh H

� � �¥ dx{ �euhv �
� � �¥ hw �

� � � � �¥ hvw od vxffhvvlrq g*ìfodwhphqwv gh od
uìgxfwlrq gh I ¥�� =

O*dueuh gh uìvroxwlrq dvvrflì dx gìsorlhphqw ìtxlvlqjxolhu I ¥ vh qrwh
D ¥ @

��
P

� � �¥ >N
� � �¥ �

>
�
G
� � �¥ >N

� � �¥ �
>
�

	
� � �¥ >	

� � �¥ _ N
� � �¥ �

>
�
V
� � �¥ > V

� � �¥ _ N
� � �¥ �

> H
ª¥ ��<À ��� � � =

Qrxv qrxv shuphwwrqv/ oruvtxh oh frqwh{wh hvw fodlu/ gh oh qrwhu

D ¥ @
�

P
� � �¥ > G

� � �¥ >N
� � �¥ >	

� � �¥ > V
� � �¥ > H

�¥ � Ç$# �(% % & >
gh píph qrxv qrwhurqv

�
P

� �1�¥ > G
� �1�¥ >N

� �1�¥ >	
� �1�¥ > V

� �1�¥ > H
� �b�¥ >�

� �1�¥ >
�
H
� �1�¥ � &

+I ¥ ,�

sdu �
P ¥ > G ¥ >N ¥ >	 ¥ > V ¥ > H ¥ >� ¥ > �I ¥ � =

Ghx{ jhuphv gh gìsorlhphqw dqdo|wltxh I ¥ hw I ¥�� gh I � oh orqj gh 3 � S>
gh sdudpëwuh S> vrqw krorpruskltxhphqw frqmxjxìv v*lo h{lvwh xq jhuph g*dx0
wrprusklvph � gh +F

� ���
> 3 � N, txl wudqviruph ohv ihxloohv gh I ¥ hq ohv ihxloohv

gh I ¥�� txl frppxwh dx{ surmhfwlrqv = � ¥ � � @ � ¥�� = rq ìfulud doruv � & I ¥ @ I ¥�� =
Oruvtxh � hvw vhxohphqw xq gliiìrprusklvph gh fodvvh F

í
> ohv gìsorlhphqwv I ¥

hw I ¥�� vrqw F
í
0frqmxjxìv1

Gì�qlwlrq 31717 Xq jhuph gh gìsorlhphqw dqdo|wltxh I ¥ gh I � gh sdudpëwuh
S hvw wulyldo v*lo hvw krorpruskltxhphqw frqmxjxì dx gìsorlhphqw frqvwdqw I � �
S l1h1 gì�ql sdu oh jhuph gh 40iruph su & +$, rü su = +F

� ���
> 3 � N, $ +F

�
> 3, hvw

od surmhfwlrq fdqrqltxh1

Oruvtxh N @ i3j> qrxv dyrqv od sursrvlwlrq vxlydqwh/ gxh ã Pdwwhl ^Pdw � ` =4 ��) 7®=@J<\1\�;6G G ;AY�E1;+*",.- /10243 5 N 6 2 U8B1]6L.F 9<7M;�G J¿HK=.JV71L@D W<=@?A]>;AL.H@=.F XIHK;�BME®D ;>E1F G G ;IHKJ<9<;76 2 \1J<=CG�¯ J<\1p\1G F X6J�H@F W<78, - /102 þ
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Fkdslwuh 31= Jhuphv gh ihxloohwdjhv krorpruskhv vlqjxolhuv gh +F
�
> 3, +hw

dvvrflìv,1

Sursrvlwlrq 31718 Vrlw I ¥ xq jhuph gh gìsorlhphqw ìtxlvlqjxolhu gh I � oh

orqj gh +3 � F
�
> 3 � 3, gh sdudpëwuh +F

�
> 3,= Doruv �I ¥ hvw orfdohphqw wulyldo > lo

h{lvwh xq uhfrxyuhphqw rxyhuw X @ +X ª , ª -�� gx glylvhxu G � gh P � who txh �I ¥
vrlw wulyldo/ vxlydqw +F

�
> 3,/ oh orqj gh fkdtxh rxyhuw X ª � G � =

Wrxw jhuph gh gìsorlhphqw gh I � oh orqj gh 3 � S lqgxlw/ sdu uhvwulfwlrq/
xqh gìirupdwlrq gh I � oh orqj gh 3 � S=

Gh píph/ xq jhuph gh gìsorlhphqw ìtxlvlqjxolhu I ¥ gh I � gh edvh S @
+F
�
>N, lqgxlw xq jhuph gh gìirupdwlrq VO0ìtxlvlqjxolhu1 Hq h�hw/ wrxw gì0

sorlhphqw ìtxlvlqjxolhu ìwdqw orfdohphqw wulyldo/ o*h{lvwhqfh ghv jhuphv gh elkr0
orprusklvph � � hw � Ë gh od gì�qlwlrq gh gìirupdwlrq VO0ìtxlvlqjxolëuh +sdjh
64, hvw lppìgldwh1

6:



Vhfwlrq 3171 = Gìsorlhphqw gh ihxloohwdjhv

111

6;



Fkdslwuh 41= Vlqjxodulwìv pdutxìhv hw Uìvxowdwv sulqflsdx{1

4 Vlqjxodulwìv pdutxìhv hw Uìvxowdwv sulqflsdx{1

Qrxv gì�qlvvrqv/ gdqv fh fkdslwuh/ ohv qrwlrqv hvvhqwlhoohv/ frqfhuqdqw ohv
jhuphv gh ihxloohwdjh krorpruskh vlqjxolhu gh +F

�
> 3,> vsìfl�txhv ã od sureoì0

pdwltxh uhqfrqwuìh gdqv fhwwh Wkëvh1 Qrxv frpphqêrqv sdu od qrwlrq gh ihxlo0
ohwdjh pdutxì txl hvw qìfhvvdluh ã od frpsuìkhqvlrq gh qrwuh sureoëph1 Qrxv
grqqrqv hqvxlwh ohv gì�qlwlrqv gh od VO0ìtxlydohqfh/ gh od VO0uholdelolwì hw gx
VO0freruglvph hqwuh ghx{ ihxloohwdjhv pdutxìv1 Sxlv qrxv ìqrqêrqv ohv ghx{
Wkìruëphv sulqflsdx{ gh fhwwh Wkëvh1

Qrxv qrwrqv S @ +F> ^3> 4`, o*hvsdfh ghv sdudpëwuhv1 Qrxv glurqv tx*xqh
sursulìwì uhodwlyh ã ghv gìirupdwlrqv + ghv gìsorlhphqwv , gh ihxloohwdjh gh
sdudpëwuh S hvw yudlh srxu w 5 S vl hooh hvw vdwlvidlwh fkdtxh irlv txh o*rq
jhupl�h od gìirupdwlrq +oh gìsorlhphqw, hq xq srlqw w g*xq yrlvlqdjh gh ^3> 4`
gdqv F1

414 Qrwlrq gh suìpdutxdjh g*xq ihxloohwdjh krorpruskh
gh EF



> f� vlqjxolhu ã o*ruljlqh

Gì�qlwlrq 41414 Vrlw I ¡ xq jhuph gh ihxloohwdjh krorpruskh vlqjxolhu gh
+F
�
> 3,1 Xq ihxloohwdjh suìpdutxì sdu I ¡ vhud xq wulsohw I 9� @ +I � >� � > � � ,

frpsrvì =

41 g*xq jhuph gh ihxloohwdjh krorpruskh vlqjxolhu gh +F
�
> 3,/ I � /

51 g*xqh elmhfwlrq � � = Frps+G ¡ , $ Frps+G � , txl yìul�h ohv ìjdolwìv ghv
lqglfhv g*lqwhuvhfwlrqv = kG>G � l @ k� � +G,>� � +G � ,l> G>G � 5 G � >

61 g*xqh elmhfwlrq � � = 	 ¡ $ 	 � yìul�dqw vl p 5 G _ 	 ¡ / dyhf G 5
Frps+G ¡ ,/ doruv � � +p, 5 � � +G, _ 	 � 1

Rq vdlw txh o*h{lvwhqfh ghv elmhfwlrqv � � hw � � yìul�dqw +5, hw +6, hvw ìtxly0
dohqwh ã o*ìjdolwì ghv dueuhv gxdx{ srqgìuìv sdu dxwr0lqwhuvhfwlrq1 Hooh hvw dxvvl
ìtxlydohqwh ã o*h{lvwhqfh g*xq jhuph g*krpìrprusklvph * = +P ¡ > G ¡ , $
+P � >G � , txl yìul�h * +	 ¡ , @ 	 � hw * +G, @ � � +G,/ G 5 Frps +G � , =

Uhpdutxh 41415 Vl +I � >� � > � � , hvw xq ihxloohwdjh suìpdutxì sdu I ¡ hw vl
+I � � >� � � > � � � , hvw xq ihxloohwdjh suìpdutxì sdu I � > doruv oh wulsohw +I � � >� � � �
� � > � � � � � � , hvw xq ihxloohwdjh suìpdutxì sdu I ¡ 1

Frqvlgìurqv ghx{ jhuphv gh ihxloohwdjh/ +I � >� � > � � , hw +I ��� >� � � > � � � ,> suì0
pdutxìv sdu I ¡ = Qrxv glurqv tx*xqh dssolfdwlrq K = +P � > G � , $ +P � � > G � � ,
txl frqmxjxh ohv jhuphv gh ihxloohwdjh/ �I � hw �I � � > uhvs1xqh dssolfdwlrq K =
G � $ G � � > hvw frpsdwleoh dyhf +rx uhvshfwh, oh suìpdutxdjh vl hooh yìul�h srxu
wrxw G 5 Frps+G � � ,> wrxw l 5 	 � � > ohv ìjdolwìv K � � � +G, @ � � � +G, hw
K � � � +l, @ � � � +l, =

Gì�qlwlrq 41416 Vrlhqw I ¡ / I � ghx{ ihxloohwdjhv krorpruskhv gh +F
�
> 3, vlq0

jxolhuv ã o*ruljlqh1 Qrxv dsshorqv gìirupdwlrq ìtxluìgxfwleoh gh sdudpëwuh S>
suìpdutxìh sdu I ¡ > xq wulsohw I 9¥ @ +I ¥ >� ¥ > � ¥ , frpsrvì =

41 g*xqh gìirupdwlrq ìtxluìgxfwleoh 'I3 I ¥ gh sdudpëwuh S gh I � >4 � t Dor�ö[á1r }br
6<



Vhfwlrq 4141 = Qrwlrq gh suìpdutxdjh g*xq ihxloohwdjh krorpruskh gh +F
�
> 3,

vlqjxolhu ã o*ruljlqh

51 g*xqh elmhfwlrq � ¥ = Frps+G ¡ , $ Frps+G ¥ , whooh txh srxu fkdtxh '>�
w 5 S> hw srxu fkdtxh frxsoh gh frpsrvdqwh G>G � gh G ¡ rq d ìjdolwì ghv
lqglfhv g*lqwhuvhfwlrqv = kG>G � l @ k� ¥ +G, _ �

� �¥ +w, >� ¥ +G � , _ �
� �¥ +w,l>

61 g*xqh elmhfwlrq � ¥ = 	 ¡ $ Frps +	 ¥ , yìul�dqw = vl p 5 G _ 	 ¡ / dyhf
G 5 Frps+G ¡ ,/ doruv � ¥ +p, � � ¥ +G, _ 	 ¥ 1

Sdu uhvwulfwlrq/ xq suìpdutxdjh gh od gìirupdwlrq I ¥ lqgxlw ylvleohphqw xq
suìpdutxdjh gh fkdtxh I ¥�� / srxu w 5 ^3> 4`1 Lo vx!w gh frqvlgìuhu ohv elmhfwlrqv =

� ¥ � =
Frps+G ¡ , $ Frps+G ¥�� ,

G $ � ¥ +G, _ �
� �¥ +w,

hw

� ¥ � =
	 ¡ $ 	: ¥��
p $ � ¥ +p, _ �

� �: ¥ +w,
=

Uìflsurtxhphqw/ qrxv dyrqv od sursrvlwlrq vxlydqwh =

Sursrvlwlrq 41417 Frqvlgìurqv xq ihxloohwdjh suìpdutxì sdu I ¡ / +I � >� � > � � ,=
Doruv wrxwh gìirupdwlrq ìtxluìgxfwleoh I ¥ > gh edvh S/ gh I � hvw pxqlh g*xq suì0
pdutxdjh fdqrqltxh lqgxlw sdu oh suìpdutxdjh gh I � =

Suhxyh1 O*hvsdfh gh gìirupdwlrq P ¥ gh od gìirupdwlrq I ¥ hvw F Ð 0wulyldoh1
Lo h{lvwh xq jhuph gh F Ð 0gliiìrprusklvph

K = +P � � S>G � � ^3> 4`, $ +P ¥ > G ¥ ,
who txh K +G � � S , @ G ¥ hw K +	 � � S , @ 	 ¥ = Qrwrqv K @ K Â Ë � Ê � = G � �
S $ G ¥ od uhvwulfwlrq gh K ã G � � S 1 Srxu wrxw w 5 S / oh gliiìrpruskl0
vph K

�
@ K +=> w, lqgxlw ghx{ elmhfwlrqv � ¥�� = Frps +G � , $ Frps

�
G ¥�� � >

G :�$ K
�
+G, hw � ¥ � = 	 � $ 	 ¥ � rü � ¥ � @ K

� Â Û � 1 Wulyldohphqw/ ohv elmhfwlrqv
� ¥�� hw � ¥�� qh gìshqghqw sdv gx fkrl{ gh od wulyldolvdwlrq hw vdwlvirqw od gì�qlwlrq
414141 Dlqvl/ srxu wrxw w 5 S / oh wulsohw +I ¥�� >� ¥�� > � ¥�� , hvw xq ihxloohwdjh suìpdu0
txì sdu $ hw qrxv frqvwdwrqv txh ohv elmhfwlrqv � ¥ � hw � ¥ � gìshqghqw frqwlqþphqw
gx sdudpëwuh w1

Srxu plhx{ frpsuhqguh od qrwlrq gh suìpdutxdjh/ qrxv o*dssoltxrqv/ gdqv
o*h{hpsoh vxlydqw/ dx grxeoh fxvs =

H{hpsoh 41418 Lêl/ rq dxud I ¡ @ I � 1 Wrxw jhuph g*dxwrprusklvph � gh
+F
�
> 3, txl odlvvh I � lqyduldqw vh uhoëyh hq xq jhuph/ oh orqj gh G � > g*dxwr0

prusklvph gh P � txl odlvvh �I � lqyduldqw1 Lo lqgxlw dlqvl xq suìpdutxdjh gh
I � sdu oxl0píph1 O*h{hpsoh txh qrxv gìfulyrqv lfl hvw fhoxl gx grxeoh fxvs
$ @ g++|

�
� { ! ,+| ! � {

�
,,= Od flph gh o*dueuh gh uìvroxwlrq gh $ vh uhsuhvhqwh

judskltxhphqw +fi �jxuh 4, dyhf

iV � j @ H
� �� +i|

�
� { ! @ 3j, � G � / ~V � j @ H

� �� +i|
�

� { ! @ 3j, � G � >
	 � @ iv � > ==> v  j4 ��; J<71L�X>;>H.HK;AX>W<7MB1F HKF WV7�Z�WV7³\�;>EbH�=.;6?�\MG JVX>;>=�G J:\M�1=.JVL.;O\�W<E1==<<XK�MJ<Y�E1;?>=@BAC<w\1J<=C\�W<E1=D<VE17>E@FAG<1r
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Fkdslwuh 41= Vlqjxodulwìv pdutxìhv hw Uìvxowdwv sulqflsdx{1
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1
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(- 2) (- 2)

(- 5)

(- 1) (- 1)

 

Ilj1 4 � Dueuh gh uìvroxwlrq gx grxeoh fxvs srqgìuì sdu dxwr0lqwhuvhfwlrq ghv
frpsrvdqwhv1

Ohv frpsrvdqwhv luuìgxfwleohv ghG � vrqw ohv vrxv0ydulìwìvG � > ===> G % = Ohv lqglfhv
g*lqwhuvhfwlrq gh fhv ydulëwìv vrqw ohv vxlydqwv kG ª > G ª l @

;
?
=

�8 vl l @ 4
�5 vl l @ 5> 6
�4 vl l @ 7> 8

<
@
>

hw kG ª > G� l @

�
4 vl G ª _ G� 9@ >
3 vl G ª _ G� @ >

�
= Frqvlgìurqv oh suìpdutxdjh gh I � sdu

oxl0píph gì�ql sdu ohv dssolfdwlrqv lghqwlwì � = Frps+G � , $ Frps+G � , hw
� = 	 � $ 	 � = Qrwrqv � o*dxwrprusklvph gh v|pìwulh sdu udssruw ã od gldjrqdoh
gh +F

�
> 3, txl lqyhuvh ohv d{hv = +{> |, $ +|> {, = F*hvw xq dxwrprusklvph gx

ihxloohwdjh I � = Lo vh uhoëyh grqf hq xq dxwrprusklvph gh �I � vxu P � hw lqgxlw
dlqvl xq qrxyhdx suìpdutxdjh

�
�
�
> �
� �

gh I � sdu oxl0píph >

�
�

= Frps+G � , $ Frps+G � ,/

G � :$ G � / G � :$ G ! / G ! :$ G � / G " :$ G % / G % :$ G "
hw sdu

�
�

= 	 � $ 	 � >
v ª :$ v ª � ! vl l � 6/ v ª :$ v ª � ! vl l � 6=

Ohv ihxloohwdjhv suìpdutxìv +I � >�> �, hw +I � >�
�
> �
�
, vrqw pdlqwhqdqw glvwlq0

jxìv1 Rq shxw grqf vh srvhu od txhvwlrq vxlydqwh = h{lvwh0w0lo xqh gìirupdwlrq/
+I ¥ >� ¥ > � ¥ , > ìtxluìgxfwleoh gh +I � >�> �,> gh sdudpëwuh S @ +F> ^3> 4`, > suì0
pdutxìh sdu I � > whooh txh �

I ¥ � >� ¥ � > � ¥ � � @ +I � >�
�
> �
�
, B Fhwwh sureoìpdwltxh

fruuhvsrqg ã od txhvwlrq lqwxlwlyh = h{lvwh0w0lo xqh gìirupdwlrq ìtxluìgxfwleoh dx
frxuv gh odtxhooh ohv ghx{ fxvsv vìsdudwulfhv

�
+|
�

� { ! , @ 3
�
/

�
+| ! � {

�
, @ 3

�

vrqw ìfkdqjìv B Vxu fhw h{hpsoh suìflv od uìsrqvh hvw ylvleohphqw srvlwlyh = o*dx0
wrprusklvph olqìdluh � txl frqmxjxh I � ã oxl0píph hvw krprwrsh ã o*lghqwlwì
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Vhfwlrq 4151 = Qrwlrq gh pdutxdjh g*xq ihxloohwdjh krorpruskh gh +F
�
> 3,

vlqjxolhu ã o*ruljlqh

gdqv JO +5>F, yld o*dssolfdwlrq �
�

5 JO +5>F, > � 	 @ lg/ � � @ �= Od gìirupd0
wlrq $

�
@ � &� $ frqylhqw1 Fhshqgdqw/ rq shxw frqvwuxluh xqh shuwxuedwlrq $ � gh

$ txl qh prgl�h sdv oh w|sh dqdo|wltxh gh fkdtxh vlqjxodulwì/ ql ghv krorqrplhv
gx glylvhxu pdlv whooh tx*lo q*h{lvwh sdv gh jhuph g*dssolfdwlrq krorpruskh gh
+P � > G % , vxu +P � > G " , frqmxjxdqw ohv ihxloohwdjhv1
415 Qrwlrq gh pdutxdjh g*xq ihxloohwdjh krorpruskh gh

EF


> f� vlqjxolhu ã o*ruljlqh

41514 V|vwëph frpsohw vlpsoh gh odfhwv

Vrlw +I � >� � > � � , xq ihxloohwdjh suìpdutxì sdu I ¡ 1 Vrlw G � xqh frpsrvdqwh
luuìgxfwleoh gh G ¡ hw G @ � � +G � , od frpsrvdqwh luuìgxfwleoh gh G � dvvrflì1
Qrwrqv L Ë � o*hqvhpeoh G � _ 	 ¡ hw �{rqv xq srlqw/ s> gh G � 	 � 1 Xqh idplooh�
+� ª , ª -��$H � > s�

gh odfhwv/ g*ruljlqh s> sorqjìv gdqv G � 	 � vhud dsshoìh/ lfl/ xq
v|vwëph frpsohw vlpsoh gh odfhwv gh G � 	 � vl =

41 Fkdtxh � ª hvw xq sorqjhphqw wrsrorjltxh gx fhufoh xqlwì V
�
gdqv G �V� -�� H � �1ª(IÀ¢� +Lp

�
� � � � s, 1

51 Lo h{lvwh xq krpìrprusklvph suìvhuydqw o*rulhqwdwlrq * g*xq yrlvlqdjh X
gh s gdqv G vxu oh glvtxh vwdqgdug G @ im}m ? 4j gh F txl wudqviruphVª -��$H � m� ª m _X hq o*lpdjh uìflsurtxh gh o*d{h uìho sdu o*dssolfdwlrq }

� � � Á � H � �
uhvwuhlqwh ã G1

61 Srxu fkdtxh l> m 5 L Ë � > l 9@ m> o*lqglfh gx odfhw � ª dxwrxu gx srlqw � � +l,
hvw 4 hw o*lqglfh gx odfhw � ª dxwrxu gx srlqw � � +m, hvw qxo1

Oruvtxh od frqglwlrq 4 hvw uìdolvìh/ xqh qrwlrq fdqrqltxh g*lqglfh vxu G hvw
rewhqxh gh od pdqlëuh vxlydqwh =

Qrwrqv F ª / l 5 L ËD� / od frpsrvdqwh frqqh{h gh G � � ª txl qh frqwlhqw sdv
oh srlqw � +l,1 Gìvljqrqv sdu F oh frqqh{h rewhqx sdu lqwhuvhfwlrq gh wrxv ohv
F ª / F @

W ª -�� H � F ª 1 Il{rqv { 	 xq srlqw gh o*lqwhulhxu gh F hw xq elkrorpru0
sklvph � � � txl lghqwl�h G � i{ 	 j hw F1 Qrxv gì�qlvvrqv o*lqglfh gh � ª dxwrxu
gx srlqw �+m, frpph ìwdqw o*lqglfh/ gdqv F/ gx odfhw � � � +� ª , dxwrxu gx srlqw
� � � +� +m,, = lqg +� � � +� ª , > � � � +� +m,,, @

�� ª Î U
*KJ � � � £ � �� � *KJ � � î�� � �o� g}1 Qrxv yr|rqv

idflohphqw txh fhwwh ydohxu qh gìshqg sdv gx fkrl{ gx srlqw { 	 gh F> ql gx
elkrorprusklvph � � � xwlolvì1

Od froohfwlrq
�
+� ª , ª -�� H � > s� Ë � - Ý�Þ6ß � � ËC¡ � vhud dsshoìh v|vwëph frpsohw vlpsoh

gh odfhwv gx ihxloohwdjh +I � >� � > � � , suìpdutxì sdu I ¡ vl/ srxu fkdtxh G � 5
Frps+G',> od idplooh

�
+� ª , ª -�� H � > s�

hvw xq v|vwëph frpsohw vlpsoh gh odfhwv gh
� � +G � , � 	 � =

Ghx{ v|vwëphv frpsohwv vlpsohv gh odfhwv
�
+� ª , ª -�� H � > s Ë � � Ë � - Ý,Þ6ß � � ËC¡ � hw �

+� � ª , ª -�� H � > s � Ë � � Ë � - Ý�Þ6ß � � ËC¡ �
g*xq píph ihxloohwdjh +I � >� � > � � , suìpdutxì sdu I ¡ vrqw glwv ìtxlydohqwv vl
srxu wrxwh frpsrvdqwh luuìgxfwleoh G � gh G ¡ / lo h{lvwh xqh idplooh frqwlqxh/ # � /
g*krpìrprusklvphv gh G vxu G txl yìul�h =

41 Srxu wrxw v 5 	 � > # � +v, @ v1

51 # 	 @ lg=
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Fkdslwuh 41= Vlqjxodulwìv pdutxìhv hw Uìvxowdwv sulqflsdx{1

Ilj1 5 � H{hpsoh gh v|vwëph frpsohw vlpsoh vxu od frpsrvdqwh G=

61 # � +� ª , @ � � ª / l 5 L Ë � /
hq sduwlfxolhu # � +s Ë � , @ s � ËD� 1

Vljqdorqv txh vl ghx{ whov v|vwëphv vrqw ìtxlydohqwv
�
+� ª , ª -�� H � > s Ë � � ËD� - Ý�Þ6ß � � ËC¡ � *

�
+� � ª , ª -�� H � > s � Ë � � ËD� - Ý,Þ6ß � � ËC¡ �

doruv ohv lqglfhv ghv odfhwv � ª hw � � ª dxwrxu gx srlqw � � +m, > l> m 5 L Ë � > vrqw ìjdx{1
41515 Ihxloohwdjhv pdutxìv

Gì�qlwlrq 41514 Xq ihxloohwdjh pdutxì sdu I ¡ vhud od grqqìh g*xq txdguxsohw
I

� @ +I � >� � > � � > ^� � � Ë ` Ë - � Þ6ß � � Ë � � , who txh +I � >� � > � � , hvw xq ihxloohwdjh

suìpdutxì sdu I ¡ > hw who txh/ srxu wrxw G 5 Frps +G � ,/ ^� � � Ë ` hvw od fodvvh
g*xq v|vwëph frpsohw vlpsoh gh odfhwv gh G � 	 � rü +� � � Ë , @ ++� ª , ª -�� H > s Ë ,1

Frqvlgìurqv ghx{ jhuphv gh ihxloohwdjh/ I

� hw I


� � > pdutxìv sdu I ¡ = Qrxv
glurqv tx*xqh dssolfdwlrq K = +P � > G � , $ +P � � > G � � ,> txl frqmxjxh ohv jhuphv
gh ihxloohwdjh/ �I � hw �I � � > uhvs1xqh dssolfdwlrq K = G � $ G � � > hvw frpsdwleoh
dyhf +rx uhvshfwh, oh pdutxdjh vl hooh hvw frpsdwleoh dx suìpdutxdjh hw yìul�h
srxu wrxw G 5 Frps+G ¡ ,> o*ìjdolwì

�
K � � � � � � � Ë � � @

�
� � � � � � � � Ë � � =

Gì�qlwlrq 41515 Xqh gìirupdwlrq ìtxluìgxfwleoh g*xq ihxloohwdjh I � gh sdud0
pëwuh S> pdutxìh sdu I ¡ > vhud od grqqìh g*xq txdguxsohw

I

¥ @

�
I ¥ >� ¥ > � ¥ > �

� ¥ � � � � Ë � � Ë - Ý,Þ6ß � � Ë æ � �
rü =

41 oh wulsohw +I ¥ >� ¥ > � ¥ , hvw xqh gìirupdwlrq ìtxluìgxfwleoh gh sdudpëwuh S
suìpdutxìh sdu I ¡ /

51 od �euh dx0ghvvxv gh w/ w 5 S> gh
�
� ¥ � � � � Ë � � > qrwìh k

� ¥ � � � � � � Ë � l > hvw xqh
fodvvh g*xq v|vwëph frpsohw vlpsoh gh odfhwv wudfìv vxu od frpsrvdqwh
� ¥�� +G, gx glylvhxu G ¥�� gh I ¥�� txl yìul�h =
� Lo h{lvwh xqh F Ð 0wulyldolvdwlrq K = G � � S $ G ¥ gh od gìirupdwlrq gx

glylvhxu/ xq v|vwëph frpsohw vlpsoh gh odfhwv
k
� ¥ � � � � � � Ë � l Ë - Ý�Þ6ß � � Ë æ �
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Vhfwlrq 4161 = VO0ìtxlydohqfh/ VO0uholdelolwì/ VO0freruelvph hqwuh ghx{
ihxloohwdjhv

vxu
�
I ¥ � >� ¥ � > � ¥ � � who txh srxu wrxw G 5 Frps +G ¡ , > srxu wrxw w 5

^3> 4`/ rq d
k
� ¥ � � � � � � Ë � l @

k
K
�

� � ¥ � � � � � � Ë � l =
Fhwwh gì�qlwlrq q*d gh vhqv txh vl ^� ¥ � Ë ` qh gìshqg sdv gh od wulyldolvdwlrq

fkrlvlh =

Sursrvlwlrq 41516 Vrlw
�

+I � >� � > � � ,>
�
� Ë @ +� ª > s, ª -��$H � � HEL�MON 	 0 Å H � Æ � xq ihxlo0

ohwdjh pdutxì sdu I ¡ 1 Vrlw +I ¥ >� ¥ > � ¥ , xqh gìirupdwlrq ìtxluìgxfwleoh gh +I � >� � > � � ,
suìpdutxìh sdu I ¡ gh sdudpëwuh S 1 Vrlhqw K> J = P � � S $ P ¥ ghx{ wuly0
ldolvdwlrqv F Ð gh o*hvsdfh gh gìirupdwlrq1 Vrlhqw K> J = G � � S $ G ¥ ohxu
uhvwulfwlrq uhvshfwlyh ã G � � S 1 Doruv srxu fkdtxh w 5 S / ohv ghx{ v|vwëphv
frpsohwv vlpsohv gh odfhwv +K

�
� � Ë , Ë - Ý�Þ6ß � � Ëm� � hw +J

�
� � Ë , Ë - Ý,Þ6ß � � Ëm� � vrqw

ìtxlydohqwv1

Suhxyh1 Lo vx!w gh prqwuhu txh/ srxu wrxw w 5 S hw srxu wrxw G 5
Frps +G � , > ohv v|vwëphv gh odfhwv frpsohwv vlpsohv +� Ë , hw

�
K
� ��

� J
�

� � Ë �
gx

ihxloohwdjh suìpdutxì +I � / � � /� � , vrqw ìtxlydohqwv1 Ru/ ã w �{ì/ srxu fkdtxh
frpsrvdqwh G 5 Frps +G � ,/ od idplooh frqwlqxh

�
K
� �Ä � J Ä � Â Ë > v 5 ^3> w` g*kr0

pìrprusklvphv gh G gdqv G yìul�h wulyldohphqw ohv sursulìwìv 4, 5, hw 6, gh od
gì�qlwlrq 41514

Sdu uhvwulfwlrq/ xqh gìirupdwlrq I

¥ pdutxìh sdu I ¡ lqgxlw vxu fkdtxh

�euh �
� �¥ +w, xq pdutxdjh sdu I ¡ fdqrqltxh1

Uìflsurtxhphqw/ frqvlgìurqv xq ihxloohwdjh I

� pdutxì sdu I ¡ = Doruv wrxwh

gìirupdwlrq ìtxluìgxfwleoh I ¥ > gh sdudpëwuh S> gh I � hvw pxqlh g*xq pdutxdjh
sdu I ¡ fdqrqltxh lqgxlw sdu oh pdutxdjh gh I � > oh suìpdutxdjh surylhqw gh
od sursrvlwlrq 41417 hw oh v|vwëph gh odfhwv hvw gì�ql srxu wrxw w 5 ^3> 4` sdu
^� ¥ � Ë ` Â � Í �� � � � @ ^K

�
� � � � Ë ` rü K hvw xqh F Ð 0wulyldolvdwlrq gh od gìirupdwlrq gx

glylvhxu G ¥ 1
Gì�qlwlrq 41517 Xq jhuph gh gìirupdwlrq VO0ìtxlvlqjxolhu g*xq ihxloohwdjh
pdutxì sdu I ¡ >I


� � > gh sdudpëwuhv S @ +F> ^3> 4`,> oh orqj gh 3 � S> vhud sdu
gì�qlwlrq od grqqìh g*xq jhuph gh gìirupdwlrq VO0ìtxlvlqjxolhu pdutxì/ I


¥ >
gx ihxloohwdjh I � � gh sdudpëwuhv S @ +F> ^3> 4`,> oh orqj gh 3 � S> pxqlh gx
pdutxdjh sdu I ¡ fdqrqltxhphqw lqgxlw sdu oh pdutxdjh gh I � =
Uhpdutxh 41518 Wrxw gìsorlhphqw srxydqw íwuh frqvlgìuì frpph xqh gìiru0
pdwlrq/ ohv gì�qlwlrqv gh suìpdutxdjh hw gh pdutxdjh g*xqh gìirupdwlrq vh
wudqvsruwhqw lppìgldwhphqw dx{ gì�qlwlrqv gh suìpdutxdjh hw gh pdutxdjh g*xq
gìsorlhphqw1

416 VO0ìtxlydohqfh/ VO0uholdelolwì/ VO0freruelvph hqwuh 0
ghx{ ihxloohwdjhv

Frqvlgìurqv xq ihxloohwdjh krorpruskh vlqjxolhu gh +F
�
> 3,/ I


� / pdutxì sdu
I ¡ =

Srxu fkdtxh frpsrvdqwh luuìgxfwleoh G gh G � �{rqv xqh wudqvyhuvdoh dx
ihxloohwdjh dx srlqw gh edvh ghv odfhwv gx pdutxdjh/ s Ë 5 G hw xqh frrugrq0
qìh vxu fhooh0fl1 Oh v|vwëph frpsohw vlpsoh gh odfhwv ^� � � Ë ` @ ^+� ª , ª -�� H > s Ë `
lqgxlw/ dx pr|hq gx prusklvph gh uhsuìvhqwdwlrq g*krorqrplh/ xq v|vwëph gh
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Fkdslwuh 41= Vlqjxodulwìv pdutxìhv hw Uìvxowdwv sulqflsdx{1

jìqìudwhxuv>
�
k � � � £ � ª -�� H > gx jurxsh g*krorqrplh gh I � > qrwì K P Q � � HSR = D dxwr0

prusklvph lqwìulhxu suëv/ oh vrxv0jurxsh> K P Q � � HER > gh Dxw+F> 3, qh gìshqg txh
gx ihxloohwdjh �I � hw gh od frpsrvdqwh G= Od plvh hq lqglfh gx v|vwëph ^� � � Ë `
vljqdoh vlpsohphqw txhov vrqw ohv jìqìudwhxuv gx jurxsh K P Q � � HSR txh qrxv frq0
vlgëurqv/ fh txl hvw srxu qrxv xqh lqirupdwlrq hvvhqwlhooh1

Gì�qlwlrq 41614 +VO0ìtxlydohqfh, Ghx{ jhuphv gh ihxloohwdjhv krorpruskhv
I

��� hw I


� � gh +F
�
> 3, vlqjxolhuv ã o*ruljlqh/ pdutxìv sdu I ¡ > vhurqw VO0ìtxlydohqwv

vl ohv frqglwlrqv vxlydqwhv vrqw uìdolvìhv =

41 Lo h{lvwh xq krpìrprusklvph suìvhuydqw o*rulhqwdwlrq K = G ��� $ G � �
frpsdwleoh '6¨ dx{ pdutxdjhv1

51 srxu wrxwh vlqjxodulwì p 5 	 ¡ / lo h{lvwh xq jhuph gh elkrorprusklvph
# = +P ��� > � ��� +p,, $ +P � � > � � � +p,, txl frqmxjxh ohv jhuphv gh ihxlo0
ohwdjhv hq fhv srlqwv/ l1h1 # & + �I ��� > � ��� +p,, @ + �I � � > � � � +p,,/ hw who txh/
srxu fkdtxh G 5 Frps+G � � ,> G 6 � � � +p,> rq d ìjdolwì ghv jhuphv =
+# +G, > � ��� +p,, @

�
� �¢� � �

� ���� +G, > � ��� +p,
�
=

61 Srxu fkdtxh frpsrvdqwh G 5 Frps+G ¡ ,> lo h{lvwh xq jhuph gh elkror0
prusklvph � Ë gh +F> 3, txl frqmxjxh ohv jìqìudwhxuv

�
k � � � � £ � hw �

k ��� � T £ �
ghv jurxshv g*krorqrplhv K U Q � � � V � � Å H Æ W hw K U Q � � � V � � Å H Æ W =

Qrwrqv sdu
k
� � � � � � � � Ë � l @ ^+� ª , ª -�� H > s` > uhvs1

k
� � � � � � � Ë � l @ ^+� ª , ª -�� H > t` >

oh v|vwëph frpsohw vlpsoh gh odfhwv grqqì sdu oh pdutxdjh gh I � � > uhvs1
I ��� > hw qrwrqv sdu k � � � � £ > uhvs1 k ��� � T £ > oh gliiìrprusklvph gh +F> 3, lpdjh/
sdu oh uhsuìvhqwdwlrq g*krorqrplh/ gx odfhw � ª > uhvs1 gx odfhw � ª =
Doruv srxu wrxw l 5 L Ë / rq d ìjdolwì � Ë � k ��� � � £ � �

� �Ë @ k � � � T £ =
Od qrwlrq txh qrxv gìfulyrqv pdlqwhqdqw vh gìfolqh hq ghx{ jdpphv/ idleoh

hw qrupdoh =

Gì�qlwlrq 41615 +VO0uholdelolwì, Ghx{ jhuphv gh ihxloohwdjhv krorpruskhv
I

��� hw I


� � gh +F
�
> 3,> vlqjxolhuv ã o*ruljlqh/ pdutxìv sdu I ¡ > vhurqw VO0uholìv vl

lo h{lvwh xq jhuph gh gìirupdwlrq VO0ìtxlvlqjxolhuh '>© I

¥ / gx ihxloohwdjh I


� � >
gh sdudpëwuhv S @ +F> ^3> 4`,> oh orqj gh 3 �S> pdutxìh sdu I ¡ > grqw od �euh hq
4 hvw I


� � =
Gì�qlwlrq 41616 +Idleoh VO0uholdelolwì, Ghx{ jhuphv gh ihxloohwdjhv kror0
pruskhv vlqjxolhuv I


� � hw I

��� gh +F

�
> 3,/ pdutxìv sdu I ¡ > vhurqw idleohphqw

VO0uholìv v*lo h{lvwh xqh froohfwlrq gh jhuphv gh ihxloohwdjh +I

 ���£ , ª À�	 � � � � � gh +F

�
> 3,>

vlqjxolhuv ã o*ruljlqh/ pdutxìv sdu I ¡ > whov txh I

 �� � @ I


� � / I

 ���¤ @ I


��� hw srxu
wrxw l 5 i3> ==> q � 4j > I


 ���£ hw I

 ���£ ¦�� vrqw VO0uholìv1

Od píph lgìh vh gìfolqh dyhf ghv gìsorlhphqwv =

Gì�qlwlrq 41617 +VO0freruglvph, Ghx{ jhuphv gh ihxloohwdjhv krorpruskhv
vlqjxolhuv I


� � hw I

��� gh +F

�
> 3,/ pdutxìv sdu I ¡ vhurqw VO0frerugdqwv v*lo

h{lvwh xq gìsorlhphqw VO0ìtxlvlqjxolhu I

¥ > gh sdudpëwuhv S @ +F> ^3> 4`,> oh

orqj gh 3 � S> pdutxì sdu I ¡ > grqw od �euh hq 3 hvw I

� � hw od �euh hq 4 hvw

I

� � =4 «<t Dor�ö�|<r âbr âbr4 ¾ t Dor ; ]YX17MF HKF WV7®|Vr âbr Z1r
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Vhfwlrq 4171 = Krpìrprusklvphv gh S
�
hw ihxloohwdjhv pdutxìv

Rq srxuudlw/ frpph srxu od VO0uholdelolwì/ gì�qlu oh freruglvph idleoh frpph
od uhodwlrq g*ìtxlydohqfh hqjhqguìh sdu od uhodwlrq gh freruglvph fl0ghvvxv1

Rq uhpdutxh txh vl gdqv od gì�qlwlrq 41616 o*ìjdolwì I

 �� ¤ @ I


��� hvw uhp0
sodfìh sdu od skudvh �Lo h{lvwh xq jhuph gh elkrorprusklvph/ frpsdwleoh ' Ï dx
pdutxdjh/ �* = +P ���¤ > G ���¤ , $ +P ��� > G ��� ,> txl frqmxjxh ohv ihxloohwdjhv �I ���¤
hw �I � � % doruv ohv ihxloohwdjhv I


��� hw I

� � vrqw/ hqfruh/ idleohphqw VO0uholìv1 Hq

h�hw/ �* lqgxlw xq jhuph gh elkrorprusklvph * [ gh +F
�
> 3, txl frqmxjxh �$ � hw

$ � = Oh elkrorprusklvph * [ shxw0íwuh uholì ã o*lghqwlwì1 Dlqvl/ fhv ghx{ ihxlo0
ohwdjhv irqw sduwlh g*xqh idplooh krorpruskltxhphqw wulyldoh hw grqf g*xq píph
gìsorlhphqw VO0ìtxlvlqjxolhu1

417 Krpìrprusklvphv gh S \ hw ihxloohwdjhv pdutxìv

Vrlhqw S @ is � > ==> s � j hw T @ it � > ==> t � j ghx{ vrxv0hqvhpeohv gh q srlqwv
glvwlqfwv gh S

�
= Pxqlvvrqv o*hvsdfh Krp�hr

�
+S
�
> S>T, ghv krpìrprusklvphv i

gh S
�
suìvhuydqw o*rulhqwdwlrq whov txh i+S, @ T> gh od wrsrorjlh gh od frqyhu0

jhqfh xqliruph1 Frqvlgìurqv vxu fhw hvsdfh od uhodwlrq g*ìtxlydohqfh %g*lvrwrslh
uhodwlyh% = i �9 � ] j vl hw vhxohphqw vl lo h{lvwh xqh frxueh frqwlqxh ^3> 4` $
Krp�hr

�
+S
�
> S >T, / w $ I

�
> mrljqdqw i ã j = I 	 @ i> I � @ j=

Sursrvlwlrq 41714 Wrxwh fodvvh g*ìtxlydohqfh gh �9 � ] srvvëgh xq uhsuìvhqwdqw

i = S
�

$ S
�
txl vdwlvidlw od sursulìwì vxlydqwh =

+�, i hvw F Ð vxu wrxw S
�
hw hvw krorpruskh vxu xq yrlvlqdjh gh S

+l1h1 �Ci hvw ã vxssruw gdqv S
�

� S,1

Ohpph 41715 Vrlhqw d � > ==> d � ghv dssolfdwlrqv krorpruskhv gx glvtxh xqlwì
G @ iv 5 F> mvm ? 4j ã ydohxu gdqv S

�
whooh txh d � +v, 9@ d í +v, srxu n 9@ m hw wrxw

v 5 G= Doruv lo h{lvwh xq gl�ìrprusklvph �euì F Ð
K = S

�
� G $ S

�
� G> K+}> v, @ +K Ä +},> v,

txl yìul�h =
� srxu wrxw v 5 G> K Ä +D+v,, @ D+3, rü D+v, hvw oh vrxv0hqvhpeoh id � +v,> ==> d � +v,j �

S
�
>

� K hvw krorpruskh hq uhvwulfwlrq ã xq yrlvlqdjh rxyhuw dssursulì gh

\ @

�V��À � \� > \ � @ i+d � +v,> v, @ v 5 Gj=

Suhxyh gx Ohpph 1 Il{rqv ghv elkrorprusklvphv �euìv � � gh S
�

� G/
�� +}> v, @ +�� � Ä +},> v,> whov txh � � +\� , @ id � +3,j � G / m @ 4> ==> q= Srxu % A 3
dvvh} shwlw ohv yrlvlqdjhv rxyhuwv ghv \� >

Z � +%, @ �
� �

+G
	� +%, � G,>

qh v*lqwhuvhfwhqw sdv/ rüG 	� +%, hvw oh glvtxh m}�d � +v,m ? %> gdqv xqh fduwh } gh S
�

rü i} @ 4j 9@ d � +3,> m @ 4> ==> q= Oh fkdps gh yhfwhxuv krorpruskhv � @ ^^ Ä vxu
G vh uhoëyh/ yld od surmhfwlrq � = S

�
�G $ G/ hq xq xqltxh fkdps krorpruskh ��4 Ñ t Dqr�ö�|Vr â1r âbr
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Fkdslwuh 41= Vlqjxodulwìv pdutxìhv hw Uìvxowdwv sulqflsdx{1

vxu S
�
�G/ wdqjhqw dx ihxloohwdjh krul}rqwdo gh ihxloohv }�G/ } 5 S

�
= Qrwrqv � � od

uhvwulfwlrq ãZ� +%, gx fkdps � &� +��,= Frqvlgìurqv ohv fkdpsv dqdo|wltxhv uìhov � � >
uhvs1 � � � / vxu G grqw ohv  rwv fruuhvsrqghqw ã od uhvwulfwlrq gx  rw +krorpruskh,
gh � dx whpsv uìho +uhvs1 lpdjlqdluh sxu, / txh qrxv dsshorqv %sduwlh uìhooh% hw
%sduwlh lpdjlqdluh% gh �= Ohv sduwlhv uìhoohv � �� > uhvs1 lpdjlqdluhv � � �� > ghv fkdpsv
� � > gì�qlhv gh pdqlëuh dqdorjxh vrqw ghv uhohyìv gh � � hw � � � > vxu Z � +%,> txl vrqw
wdqjhqwv ã \� = Frqvlgìurqv pdlqwhqdqw xq uhfrxyuhphqw X @ +X ÿ , ÿ -`_ gh S

�
�G

txl frqwlhqw ohv rxyhuwv Z � +%,> ==>Z � +%, hw whov txh vl X ÿ q*hvw sdv o*xq gh fhv
rxyhuwv doruv X ÿ _ Z � + a! , @ >= Ohv X ÿ shxyhqw íwuh fkrlvlv gh vruwh tx*lo h{lvwh
ghv fkdpsv F Ð [ �ÿ hw [ � �ÿ vxu X ÿ txl vrqw ghv uhohyìv gh � � > uhvs � � � = Vrlw � ÿ
xqh sduwlwlrq gh o*xqlwì vxerugrqqìh dx uhfrxyuhphqw X who txh vl X ÿ @ Z � +�,
doruv � ÿ�Â b Ç �1cd1� � 4= Ohv fkdpsv [ � @

Sÿ -�_ � ÿ [ �ÿ / uhvs1 [ � � @
Sÿ -`_ � ÿ [ � �ÿ vrqw ghv

uhohyìv gh � � uhvs1 � � � hw lov fròqflghqw dyhf � �� uhvs � � �� hq uhvwulfwlrq ã Z� + a! ,=
Qrwrqv � � +}> v> w, uhvs � � � +}> v> w, ohv  rwv gh fhv fkdpsv1 Rq d =
� � � +}> v> w, @ +�� � +}> v> w,> v . w,> � � � +}> v> w, @ +�� � � +}> v> w,> v . lw,>
� vl +}/v,5 Z � + a! , doruv �� � +}> v> w, hw �� � � +}> v> w, 5 Z � + a! ,>

� ohv dssolfdwlrqv +}> v, $ �� � +}> v> w, hw +}> v, $ �� � � +}> v> w, vrqw krorpruskhv
oruvtxh +}> v, ydulh gdqv fkdtxh Z � + a! ,> m @ 4> ==> q hw w hvw �{ì1

� �� � +d� +v,> v> w, @ d� +v . w,> �� � � +d � +v,> v> w, @ d � +v . lw, rü l @
s

�4=
Dlqvl rq rewlhqw o*dssolfdwlrq K fkhufkìh hq srvdqw

K+}> v � . lv � , @ �� � � +�� � +}> 3> v � ,> v � ,=
Suhxyh gh od Sursrvlwlrq 41714 1 4

ò Ì ò
ìwdsh = Uìgxfwlrq dx fdv

S @ T=
Vxssrvrqv od sursrvlwlrq gìprqwuìh srxu od uhodwlrq g*lvrwrslh �9 � 9 / qrwì �9 /

vxu o*hvsdfh Krp�hr
�

+S
�
> S, =@ Krp�hr

�
+S
�
> S >S, hw frqvlgìurqv

i 5 Krp�hr
�

+S
�
> S >T,

Xqh frqvìtxhqfh gx ohpph suìfìghqw hvw tx*lo h{lvwh xq ìoìphqw

k 5 Krp�hr
�

+S
�
> S>T,

txl yìul�h od sursulìwì +�,= Hq h�hw o*hvsdfh

+4, ] @ i+f � > ===> f � , 5 S
�

� === � S
�
@ f � 9@ f í srxu n 9@ mj

hvw frqqh{h +vrq frpsoìphqwdluh hvw xqh k|shu0vxuidfh frpsoh{h, hw ohv srlqwv
S @ is � > ==> s � j/ T @ it � > ==> t � j 5 ] shxyhqw íwuh mrlqwv sdu xqh %fkdlqh% gh
glvtxhv krorpruskhv sorqjìv gdqv ] = D

í
@ +d

í � > ==> d í� , = G+4, $ ] krorpruskhv
n @ 3> ==> o whov txh D 	 +3, @ S> D

è
+
�� , @ T hw D

Ì
+
�� , @ D

Ì
+
�� , srxu u @ 4> ==> q=

Sdu k|srwkëvh lo h{lvwh xqh lvrwrslh w $ j
�

5 Krp�hr
�

+S
�
> S, txl uholh

j 	 @ k
� �

� i ã xq ìoìphqw j � 5 Krp�hr
�

+S
�
> S, txl yìul�h od sursulìwì +�,=

Dlqvl w $ k
�

=@ k � j
�

5 Krp�hr
�

+S
�
> S>T, hvw xqh lvrwrslh uholdqw k 	 @ i ã

o*ìoìphqw k � @ k � j � txl vdwlvirqw od sursulìwì +�,=
5

ò ß ò ìwdsh = Suhxyh gh od sursrvlwlrq gdqv oh fdv S @ T=
Il{rqv S @ is � > ==> s � j hw qrwrqv hqfruh S @ is � > ==> s � j 5 ]= Lo hvw elhq

frqqx ^El` txh o*dssolfdwlrq
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Vhfwlrq 4181 = Ihxloohwdjhv krorpruskhv vlqjxolhuv gh +F
�
> 3, gh 5

�
hvsëfh1

Krp�hr
�

+S
�
, a 0�$ ]

i :$ +i+s � ,> ==> i+s � ,,

hvw xqh �eudwlrq gh �euh %
� �� +S , @ Krp�hr

�
+S
�
> S,= Od vxlwh h{dfwh g*krprwrslh

grqqh dlqvl xq prusklvph � gx jurxsh gh wuhvvh ã q� 4 eulqv E ��� � @ � � +]>S ,
vxu oh jurxsh g*krprwrslh � 	 +Krp�hr

�
+S
�
> S,, @ � 	 +Krp�hr+S

�
> S, @ �9 � 9 ,= Lo

dvvrflh ã wrxw ( 5 � � +]>S , od fodvvh g*lvrwrslh ? i
÷
A gh o*krpìrprusklvph

rewhqx hq fkrlvlvvdqw xq ìoìphqw D 5 (> D @ +d � > ==> d � , = ^3> 4` e ��$ ]> D+3, @
D+4, @ +s � > ==> s � ,> sxlv hq frqvwuxlvdqw xq krpìrprusklvph �euì K

÷
gh S

�
�]>

K
÷

+}> v, @ +K
÷ � Ä6� +},> v, txl yìul�h K

÷
+s� > v, @ d � +v, hw hq srvdqw i

÷
@ K � = Hq

fkrlvlvvdqw xq uhsuìvhqwdqw D gh ( txl vrlw d!qh sdu prufhdx{ hw hq dssoltxdqw
oh ohpph suìfìghqw ã fkdtxh prufhdx rq yrlw txh od fodvvh g*lvrwrslh uhodwlyh
�+(, frqwlhqw xq krpìrprusklvph txl yìul�h od sursulìwì +�,= Fhfl hvw yudl srxu
wrxw ( 5 � � +]>S ,= Srxu frqfoxuh/ lo vx!w gh uhpdutxhu txh � hvw vxumhfwlyh1 Ru
] hvw frqqh{h hw od vxlwh

� � +]>S , $ � 	 +Krp�hr
�

+S
�
> S,, $ � 	 +],

hvw h{dfwh1

Fruroodluh 41716 Vl ghx{ jhuphv gh ihxloohwdjhv I

� � hw I


��� pdutxìv sdu I ¡
vrqw VO ìtxlydohqwv/ doruv lo h{lvwh xq krpìrprusklvph K = G ��� $ G � � hqwuh
ohv glylvhxuv ghv uìgxfwlrqv gh $ 	 hw $ � > txl hvw frpsdwleoh dx pdutxdjh hw txl
hvw gh soxv krorpruskh oruvtx*rq oh uhvwuhlqw ã xq yrlvlqdjh dssursulì gx olhx
vlqjxolhu 	 ��� =

Hq h�hw/ od VO0ìtxlydohqfh hqwuh ohv ihxloohwdjhv lqgxlw o*h{lvwhqfh g*xq krpìr0
prusklvph �K = G � � $ G �¢� hqwuh ohv glylvhxuv ghv uìgxfwlrqv gh $ 	 hw $ � > txl
hvw frpsdwleoh dx pdutxdjh1 O*h{lvwhqfh gh o*krpìrprusklvph K gìfrxoh gl0
uhfwhphqw gh od sursrvlwlrq suìfìghqwh1

418 Ihxloohwdjhv krorpruskhv vlqjxolhuv gh EF


> f� gh 5 f hv0

sëfh1

Gì�qlwlrq 41814 Xq jhuph gh ihxloohwdjh I � vlqjxolhu gh +F
�
> 3, hvw gh 5

�
hvsëfh v*lo hvw qrq0glfulwltxh hw yìul�h =

+d, rx elhq vrq ihxloohwdjh uìgxlw �I � qh srvvëgh sdv gh vlqjxodulwì gh w|sh
qrhxg0fro/

+e, rx elhq ohv vlqjxodulwìv gh w|sh qrhxg0fro gx ihxloohwdjh uìgxlw �I � vrqw hq
ghv srlqwv uìjxolhuv gx glylvhxu G � hw ohxu vìsdudwulfh iruwh frlqflgh dyhf
xqh frpsrvdqwh luuìgxfwleoh gh fhoxl0fl1

Gì�qlwlrq 41815 Xq jhuph gh ihxloohwdjh I � vlqjxolhu gh +F
�
> 3, gh 5

�
hvsëfh

vhud dsshoì gh 5
�
hvsëfh jìqìudoh vl =

41 Hq fkdtxh srlqw vlqjxolhu gx glylvhxu G � oh ihxloohwdjh �I � hvw =

+d, rx elhq gh w|sh qrhxg/
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Fkdslwuh 41= Vlqjxodulwìv pdutxìhv hw Uìvxowdwv sulqflsdx{1

+e, rx elhq gh w|sh vhooh +uìvrqqdqwh rx qrq , olqìdulvdeoh/

+f, rx elhq gh w|sh vhooh uìvrqqdqwh qrq olqìdulvdeoh hw oh fkdshohw gh
vskëuhv dvvrflì ã fhwwh vlqjxodulwì qh srvvëgh sdv g*dxwuh dxwrpru0
sklvph txh o*lghqwlwì +Fi1 ¢8,1

51 Hq fkdtxh srlqw uìjxolhu gx glylvhxu G � hw vlqjxolhu gx ihxloohwdjh �I �
rü od vlqjxodulwì hvw gh w|sh qrhxg0fro vqf +l1h1 od ydulìwì idleoh glyhujh,/
o*krorqrplh gh od ydulìwì iruwh srvvëgh xq fkdshohw gh vskëuhv grqw oh vhxo
dxwrprusklvph hvw o*lghqwlwì1

Uhpdutxrqv txh gdqv fhwwh gì�qlwlrq qrxv q*lpsrvrqv dxfxqh frqglwlrq
dx{ vlqjxodulwìv gx ihxloohwdjh �I � > vlwxìhv vxu od sduwlh uìjxolëuh gx glylvhxu
G � > txl vrqw gh w|sh vhooh/ gh w|sh qrhxg/ rx gh w|sh qrhxg0fro ã ydulìwì idleoh
frqyhujhqwh1

Uhpdutxh 41816 Wrxw jhuph gh ihxloohwdjh I � vlqjxolhu gh +F
�
> 3, gh 5

�
hvsëfh

who txh wrxwhv ohv vlqjxodulwìv gh G � gh w|sh vhooh0uìvrqqdqwh vrqw olqìdulvdeohv
hw who txh oh ihxloohwdjh �I � qh srvvëgh sdv gh vlqjxodulwì gh w|sh qrhxg0fro vqf '>Ú /
hvw gh idlw gh 5

�
hvsëfh jìqìudoh1

Fh fdv vh surgxlw oruvtxh o*dueuh gxdo D � srvvëgh xq xqltxh vrpphw gh
ydohqfh +q . 4, � 6 hw q vrpphwv gh ydohqfh 41 O*dueuh gxdo hvw doruv frp0
srvì g*xq vrpphw fhqwudo gxtxho sduwhqw q eudqfkhv pruwhv1 Fkdtxh eudqfkh
pruwh srvvëgh ã o*xqh gh vhv h{wuìplwìv xq vrpphw gh ydohqfh 41 Od frpsrvdqwh
gx glylvhxu dvvrflìh ã fh vrpphw srvvëgh xqh xqltxh vlqjxodulwì txl hvw dlqvl
olqìdulvdeoh1

Gh soxv/ hqwuh oh vrpphw gh ydohqfh q hw fhoxl gh ydohqfh 4/ od eudqfkh pruwh
hvw frpsrvìh gh vrpphwv gh ydohqfh 51 Xqh frpsrvdqwh fruuhvsrqgdqwh ã o*xq
gh fhv vrpphwv gìwlhqw ghx{ srlqwv vlqjxolhuv gx ihxloohwdjh �I � txl vrqw/ gh idlw/
hq ghv srlqwv vlqjxolhuv gx glylvhxu1 Fhv srlqwv vlqjxolhuv qh shxyhqw grqf sdv
íwuh gh w|sh qrhxg0fro/ fdu oh ihxloohwdjh hvw gh 5

�
hvsëfh1 Hq xwlolvdqw ohv lqglfhv

gh Fdpdfkr0Vdg/ rq vdlw tx*doruv fkdtxh vlqjxodulwì dssduwhqdqw ã xqh eudqfkh
pruwh hvw gh w|sh vhooh uìvrqqdqw1

Xqh frpsrvdqwh gx glylvhxu dvvrflìh ã xq vrpphw gh ydohqfh 5 grqw rq vdlw
tx*xqh gh vhv vlqjxodulwìv hvw olqìdulvdeoh/ yìul�h txh vhv ghx{ vlqjxodulwìv vrqw
olqìdulvdeohv1 Hq h�hw oh jurxsh g*krorqrplh gh od frpsrvdqwh hvw olqìdulvdeoh > lo
hvw hqjhqguì sdu oh gliiìrprusklvph g*krorqrplh gh od vlqjxodulwì olqìdulvdeoh1
O*krorqrplh gh od vhfrqgh vlqjxodulwì hvw/ dlqvl/ olqìdulvdeoh1 Oh wkìruëph gh
Pdwwhl Prxvvx ^Pdw0Prx` frqfoxw ã od olqìdulvdelolwì gh od vhfrqgh vlqjxodulwì1

Rq dvvlvwh dlqvl ã od sursdjdwlrq gh od olqìdulvdelolwì oh orqj ghv eudqfkhv
pruwhv1 Lo hvw doruv ìylghqw gh frqfoxuh txh wrxwhv ohv vlqjxodulwìv gh G � vrqw
gh w|sh vhooh0uìvrqqdqwh olqìdulvdeoh hw txh oh ihxloohwdjh uìgxlw qh srvvëgh sdv
gh vlqjxodulwì gh w|sh qrhxg0fro vqf (6ï 111
419 Hqrqfìv ghv Wkìruëphv Sulqflsdx{

Wkìruëph D Vrlhqw ghx{ jhuphv gh ihxloohwdjhv krorpruskhv/ I

� � hw I


��� > gh
+F
�
> 3,> vlqjxolhuv ã o*ruljlqh/ qrq glfulwltxhv/ pdutxìv sdu I ¡ > VO0ìtxlydohqwv1

Doruv lo h{lvwh xq ihxloohwdjh I

��§ > pdutxì sdu I ¡ > VO0ìtxlydohqw ã I


��� who txh =4 à<t Dor1á1r âbr |�x�F 7M9<E1G J<=.F H@]6L,=@]>B1E1F H@;6Ls õ<t Dor1á1r âbr |�x�F 7M9<E1G J<=.F H@]6L,=@]>B1E1F H@;6L
7<



Vhfwlrq 4191 = Hqrqfìv ghv Wkìruëphv Sulqflsdx{

Ilj1 6 � H{hpsoh g*dueuh gxdo +qrq srqgìuì, uìdolvdqw ohv frqglwlrqv gh od
uhpdutxh 418161

� Ohv ihxloohwdjhv pdutxìv I

� � hw I


��§ vrqw VO0frerugdqwv1
� Lo h{lvwh xq elkrorprusklvph * = G ��§ $ G ��� > hqwuh ohv glylvhxuv ghv
uìgxfwlrqv gh I � � hw I ��� > frpsdwleoh (<' dx{ pdutxdjhv1

Wkìruëph E Vrlhqw ghx{ jhuphv gh ihxloohwdjhv krorpruskhv/ I

��� hw I


� � > gh
+F
�
> 3,> vlqjxolhuv ã o*ruljlqh/ gh 5

�
hvsëfh jìqìudoh/ pdutxìv sdu I ¡ 1 V*lov vrqw

VO0ìtxlydohqwv doruv lov vrqw idleohphqw VO0uholìv1

s 4�t Dqr�ö�|Vr â1r âbr
83



Fkdslwuh 51= Gìprqvwudwlrq gx Wkìruëph D1

5 Gìprqvwudwlrq gx Wkìruëph D1

Od vwudwìjlh gh fhwwh gìprqvwudwlrq d gìmã ìwì grqqìh gdqv o*lqwurgxfwlrq >
qrxv | uhqyr|rqv oh ohfwhxu1

Qrxv qrwrqv/ gdqv fh fkdslwuh/ S @ +F> ^3> 4`, o*hvsdfh ghv sdudpëwuhv1Wrxv
ohv ihxloohwdjhv frqvlgìuìv gdqv fhwwh vhfwlrq vrqw qrq glfulwltxhv +Fi1 ¢31514
Vlqjxodulwìv uìgxlwhv,1

514 Xq srqw dx plolhx gh qxooh sduw111

Hwdqw grqqìv ghx{ jhuphv gh ihxloohwdjhv krorpruskhv vlqjxolhuv gh +F
�
> 3,>

+I ��� >� ��� > � ��� > ^� �{� � Ë ` Ë - Ý�Þ6ß � + Ë � � ,, hw +I � � >� � � > � � � > ^� � � � Ë ` Ë - Ý�Þ6ß � + Ë � � ,, pdu0

txìv sdu I ¡ > VO0ìtxlydohqwv/ qrxv �frqvwuxlvrqv xq srqw� hqwuh fhv ghx{ jhu0
phv = xqh ydulìwì +P �� > G �� , gh glphqvlrq frpsoh{h 6/ jhupl�ìh oh orqj g*xq
glylvhxu> �euìh dx0ghvvxv gh S / �

�� = +P �� > G �� , $ S / pxqlh g*xq vrxv0
hvsdfh 	

�� � G
�� hw txl uholh ohv wulsohwv +P ��� > G ��� >	 ��� , hw +P � � > G � � >	 � � , =

Qrxv prqwurqv txh fhwwh ydulìwì hvw F Ð 0frqmxjxìh dx0ghvvxv gh S ã od ydulìwì
+P ��� > G �{� , �S hw txh fhwwh frqmxjdlvrq wulyldolvh dxvvl 	

�� = Soxv suìflvhphqw =
Gì�qlwlrq 51414 Frqvlgìurqv ghx{ jhuphv gh ihxloohwdjhv krorpruskhv/ I


� �
hw I


��� > gh +F
�
> 3, vlqjxolhuv ã o*ruljlqh> pdutxìv sdu I ¡ = Xq srqw F Ð > gh

sdudpëwuh S @ +F> ^3> 4`,/ hqwuh fhv ghx{ jhuphv gh ihxloohwdjhv/ vhud xq wulsohw

+++P �� >G �� , > �
�� > � 	 > � � ,>	

�� > * � ,

who txh =

41 oh gldjudpph vxlydqw hvw irupì gh ghx{ fduuìv fduwìvlhqv =

+P � � > G � � , g �/$ +P �� > G �� , g �#0 +P ��� > G ��� ,
& � & �

�� � &
i3j /$ +F> ^3> 4`, #0 i4j

Rü =

+d, P �� hvw xqh ydulìwì krorpruskh gh glphqvlrq 6/

+e, G
�� hvw xqh k|shuvxuidfh gh P �� grqw fkdtxh frpsrvdqwh luuìgxfwleoh

hvw olvvh/

+f, +P �� > G �� , hvw krpìrpruskh ã +P ��� > G ��� , � S> sdu xq krpìrpru0
sklvph �euì dx0ghvvxv gh S grqw od �euh hq 3 hvw � 	 /

+g, � ª hvw xq jhuph/ oh orqj gh G � £ > gh sorqjhphqw krorpruskh who txh
� ª +G ��£ , � G

�� > l @ 4> 5>

+h, �
�� hvw xq jhuph/ oh orqj gh G

�� > gh vxephuvlrq krorpruskh who txh
od uhvwulfwlrq gh �

�� ã fkdtxh frpsrvdqwh luuìgxfwleoh gh G
�� hvw xqh

vxephuvlrq olvvh/ hw/

+i, srxu wrxw G 5 Frps+G ¡ ,> � � � +G, hw � ��� +G, dssduwlhqqhqw ã od
píph frpsrvdqwh luuìgxfwleoh gh G

�� =
51 	

�� hvw xq vrxv0hvsdfh olvvh gh G
�� who txh =

+d, od uhvwulfwlrq gh �
�� ã fkdtxh frpsrvdqwh luuìgxfwleoh gh 	

�� hvw xq
elkrorprusklvph/
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Vhfwlrq 5141 = Xq srqw dx plolhx gh qxooh sduw111

+e, �
� �ª +	

�� , @ 	 � £ > l @ 3> 4>

+f, srxu wrxw l 5 	 ¡ > � ��� +l, hw � � � +l, dssduwlhqqhqw ã od píph frpsr0
vdqwh luuìgxfwleoh gh 	

�� =
61 * � hvw xq F Ð 0gliiìrprusklvph suìvhuydqw o*rulhqwdwlrq txl yìul�h oh gld0

judpph vxlydqw

G � � � S
ê h
$ G

��
su � ) � 1 �

��
S

dlqvl txh ohv dvvhuwlrqv vxlydqwhv =

+d, hq uhvwulfwlrq ã xq yrlvlqdjh gh 	 � � � S / * � hvw elkrorpruskh vxu
xq yrlvlqdjh gh 	

�� =
+e, * � yìul�h o*ìjdolwì * � Â Ë � � Ê�	 @ � 	�Â Ë � � =
+f, * � yìul�h/ srxu wrxw G 5 Frps+G ¡ ,> o*ìjdolwì

k
* � � � � � � � � � � Ë � l @

k
� � � � ��� � � � � � Ë � l dyhf * � @ * � Â �bÌ<Í �§ � � � =

Oruvtxh oh frqwh{wh hvw fodlu/ oh srqw +++P �� > G �� , > �
�� > � 	 > � � ,>	

�� > * � , vhud
qrwì +P �� > G �� , =

Fhwwh gì�qlwlrq lqgxlw o*h{lvwhqfh g*xq �pdutxdjh� +�
�� > � �� > ^� � � Ë `, sdu I ¡

vxu od ydulìwì +P �� > G �� , gì�ql/ gh pdqlëuh �euìh/ sdu =

�
�Ä = Frps+G ¡ , $ Frps+G

�Ä ,> G :�$ * Ä � � ��� +G, >

�
�Ä = 	 ¡ $ 	

�Ä > l :�$ * Ä � � � � +l, >

hw sdu
^� Ä�� Ë ` @ ^* Ä � � � � � Ë ` srxu wrxw G 5 Frps+G � � ,=

Rq uhpdutxh txh fh pdutxdjh frlqflgh hq +�
�� ,
� �

+4, dyhf oh pdutxdjh gh
+I ��� >� ��� > � ��� > ^� ��� � Ë ` Ë - Ý,Þ6ß � + Ë � � ,, hw hq +�

�� ,
� �

+3, dyhf oh pdutxdjh gh

+I � � >� � � > � � � > ^� � � � Ë ` Ë - Ý,Þ6ß � + Ë � � ,,=

Fhwwh gì�qlwlrq lqgxlw o*ìjdolwì ghv lqglfhv g*dxwr0lqwhuvhfwlrq = Srxu wrxw G 5
Frps+G ��� ,> k� ��� +G, >� ��� +G,l @ k�

�Ä +G, >�
�Ä +G,l =

Hqrqêrqv oh ohpph sulqflsdo gh fh sdudjudskh =

Ohpph 51415 Vrlhqw ghx{ jhuphv gh ihxloohwdjhv krorpruskhv/ I

� � hw I


��� > gh
+F
�
> 3, vlqjxolhuv ã o*ruljlqh> pdutxìv sdu I ¡ > VO0ìtxlydohqwv1 Doruv lo h{lvwh xq

srqw F Ð > gh sdudpëwuh +F> ^3> 4`,/ hqwuh fhv ghx{ jhuphv gh ihxloohwdjhv1

Qrxv qrwhurqv sdu od vxlwh +P �� > G �� > � �� >�
�Ä > � �Ä > * � , fh srqw1 Lo | dxud ghx{

ìwdshv ã fhwwh gìprqvwudwlrq1 Qrxv xwlolvrqv o*h{lvwhqfh/ gxh dx fruroodluh 41716/
g*xq gliiìrprusklvph F Ð > * = G � � $ G �¢� > krorpruskh dx yrlvlqdjh ghv olhx{
vlqjxolhuv/ uhvshfwdqw oh pdutxdjh sdu I ¡ ghv ihxloohwdjhv I ��� hw I � � srxu frq0
wuxluh �o*dupdwxuh gx srqw�1 Hooh hvw frqvwlwxìh g*xq glylvhxu +o*hvsdfh G

�� , txl
shuphwwud g*krprwrshu * ã o*lghqwlwì oh orqj gh G

�� = Qrxv �qlurqv od gìprqvwud0
wlrq hq sorqjhdqw o*dupdwxuh gdqv xq hvsdfh soxv judqg/ o*hvsdfh +P �� > G �� , >
txl yìul�h ohv frqglwlrqv yrxoxhv1
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Fkdslwuh 51= Gìprqvwudwlrq gx Wkìruëph D1

51414 Suhplëuh ìwdsh = Frqvwuxfwlrq gh o*hvsdfh G
�� hw gh o*dssolfd0

wlrq * � =

Ilj1 7 � +Ohpph 51417, Dupdwxuh g*xq srqw uholdqw ghx{ ihxloohwdjhv1

Vrxv ohv k|srwkëvhv gh od sursrvlwlrq 51415/ qrxv dyrqv =

Ohpph 51416 Lo h{lvwh xq F Ð gliiìrprusklvph * = G ��� $ G � � > krorpruskh
vxu xq yrlvlqdjh gh 	 � � > frpsdwleoh (�( dx pdutxdjh gh I � � hw I ��� sdu I ¡ =

Fh ohpph q*hvw tx*xqh uììfulwxuh gx fruroodluh 417161 Dlqvl/ wrxmrxuv vrxv ohv
k|srwkëvhv gx ohpph 51415/ qrxv dyrqv oh =

Ohpph 51417 Lo h{lvwh xq txlqwxsohw +G
�� > � � > * � > � 	 > � � , who txh =

41 G
�� hvw xq hvsdfh dqdo|wltxh uìgxlw ã furlvhphqwv qrupdx{ hw fkdtxh frp0

srvdqwh luuìgxfwleoh gh G
�� hvw xqh ydulìwì krorpruskh gh glphqvlrq 5/

51 � � hvw xqh dssolfdwlrq krorpruskh gh G
�� vxu xq yrlvlqdjh gh ^3> 4` gdqv

F whooh txh vd uhvwulfwlrq ã fkdtxh frpsrvdqwh luuìgxfwleoh gh G
�� hvw xqh

vxephuvlrq krorpruskh sursuh vxumhfwlyh/

61 * � = G ��� � S $ G
�� hvw xqh dssolfdwlrq txl yìul�h od frqglwlrq 6 gh od

gì�qlwlrq 51414/

71 � í = G � ñ $ G
�� _ �

� �� +n, > n @ 3> 4> vrqw ghv elkrorprusklvphv/

81 * � Â ��ÌVÍ �§ � � � @ � � � *=

Gì�qlwlrq 51418 Xq txlqwxsohw +G
�� > � � > * � > � 	 > � � , yìul�dqw ohv txdwuh dvvhu0

wlrqv gx ohpph suìfìghqw v*dsshoohud dupdwxuh gh srqw F Ð 1
Suhxyh gx ohpph 514171 Qrxv dxurqv ehvrlq g*xwlolvhu od qrwlrq gh vwuxf0

wxuh suhvtxh frpsoh{h vxu S
�
= Txlwwh ã vh sodfhu gdqv xqh fduwh/ qrxv qrwhurqv

^g} . � +},g�}` fh w|sh gh vwuxfwxuh= Qrxv xwlolvrqv oh wkìruëph g*lqwìjudwlrq gh
w|sh Dkoiruv0Ehuv ^Dko` vxlydqw =s>s t Dor�ö�|<r âbr âbr
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Wkìruëph 51419 +^Dko`, Frqvlgìurqv xqh idplooh/ sdudpìwulvìh krorpruskltxh0
phqw sdu S> gh vwuxfwxuh suhvtxh frpsoh{h F Ð vxu S

�
qrwìh

^g} . �
�
+}, g�}`

�.- � >
l1h1 w $ �

�
+}, hvw krorpruskh hw +}> w, $ �

�
+}, hvw F Ð =

Doruv lo h{lvwh xqh xqltxh idplooh/ sdudpìwulvìh krorpruskltxhphqw sdu S>
gh gliiìrprusklvph F Ð qrwìh i

�
= S

�
$ S

�
whooh txh srxu wrxw w 5 S> �

�
+}, @i^�j � �^ j � � +}, hw i

�
+�, @ � dyhf � @ d> e> f rü d> e> f vrqw wurlv srlqwv glvwlqfwv gh S

�
=

Ilj1 8 � +Suhxyh gx ohpph 51417, Vfkìpd gh frqvwuxfwlrq gh o*dupdwxuh G
��

sdu uhfroohphqwv1

Srxu dffurñwuh od foduwì gh fhwwh suhxyh/ qrxv idlvrqv ghx{ fdv =
Fdv glgdfwltxh = &Frps+G ¡ , @ 4=
Lghqwl�rqv G � � hw G ��� ã S

�
= Ohv ihxloohwdjhv pdutxìv ìwdqw VO0ìtxlydohqwv/

qrxv glvsrvrqv g*xq krpìrpruslvph K = S
�

$ S
�
txl yìul�h K+	 ��� , @ 	 � �

hw K+� ª , @ � ª rü +� ª ,/ uhvs1 +� ª ,/ vrqw ghv uhsuìvhqwdqwv ghv v|vwëphv frpsohwv
vlpsohv gh odfhwv ghv pdutxdjhv uhvshfwliv1 Dssoltxrqv oh fruroodluh 41716 ã K
hw dx v|vwëph gh srlqwv id � > ===> d � j @ 	 � � ^ id> e> fj rü d> e> f vrqw wurlv srlqwv
glvwlqfwv q*dssduwhqdqw sdv ã 	 � � = Rq rewlhqw o*dssolfdwlrq * = S

�
$ S

�
txl hvw

F Ð > krorpruskh dx yrlvlqdjh gh 	 ��� > hw gh soxv +� � ª , @ *++�l,, hvw xq v|vwëph
frpsohw vlpsoh gh odfhwv gh píph fodvvh txh +� ª ,> fdu * � K

� �
hvw lvrwrsh ã

o*lghqwlwì gdqv o*hvsdfh ghv lvrwrslhv txl �{h fkdtxh ìoìphqw gh 	 ��� =
Fhwwh dssolfdwlrq * lqgxlw xqh vwuxfwxuh suhvtxh frpsoh{h F Ð vxu S

�
gì�qlh

gdqv ohv fduwhv sdu
k
g} .

i^�j ê^ j ê +},g�}
l
= Frqvlgìurqv od idplooh/ sdudpìwulvìh kror0

pruskltxhphqw sdu S>
�
�
�
+}, @ w=

i^ j ê^�j ê +},
� �.- � = Hq dssoltxdqw oh wkìruëph suìfì0

ghqw/ qrxv rewhqrqv o*h{lvwhqfh g*xqh idplooh gh F Ð 0gliiìrprusklvphv/ sdudpìwulvìh
krorpruskltxhphqw sdu S>

*
�

= S
�

$ S
�

whooh txh srxu wrxw w 5 S> �
�
+}, @

i^�j ê �^ j ê � +}, hw *
�
+�, @ � dyhf � @ d> e> f1 O*ds0

solfdwlrq �
�
+}, ìwdqw qxooh dx yrlvlqdjh ghv vlqjxodulwìv 	 � � > o*dssolfdwlrq *

�
+},
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hvw krorpruskh dx yrlvlqdjh gh fhw hqvhpeoh1 O*xqlflwì gh od idplooh gh F Ð 0gli0
iìrprusklvphv *

�
lpsoltxh hq w @ 3 hw hq w @ 4 ohv ìjdolwìv * 	 @ lg hw * � @ *=

Qrxv gì�qlvvrqv G
�� @ S

�
� S> * � +}> w, @ +*

�
+},> w,> � � +}> w, @ w hw � 	 hw � �

vrqw grqqìv sdu ohv lghqwl�fdwlrqv gh G � � hw G ��� ã S
�
fkrlvlhv dx gìexw gh od

suhxyh1
Fdv jìqìudo = &Frps+G ¡ , @ q A 4=
Rugrqqrqv ohv frpsrvdqwhv gh G ¡ > Frps+G ¡ , @ iG � > ==> G � j = Od píph

frqvwuxfwlrq fl0ghvvxv dssoltxìh ã fkdtxh frpsrvdqwh grqqh xq txlqwxsohw�
G
ª� > � ª � > * ª � > � 	 > � � � > l @ 4> ==> q= Oh uìvxowdw fkhufkì hvw rewhqx hq uhfroodqw

ohv hvsdfhv G
ª� oh orqj ghv olhx{ vlqjxolhuv 	

ª � @ *
ª � ++	 � � _� � � +G ª ,,�S ,= Sxlv

hq pxqlvvdqw o*hvsdfh rewhqx gh o*xqltxh vwuxfwxuh krorpruskh txl oh uhqg ã
furlvhphqwv qrupdx{ hw txl fròqflghqw dyhf od vwuxfwxuh krorpruskh gh fkdtxh
G
ª� =
Qrxv gì�qlvvrqv ohv dssolfdwlrqv gh �pdutxdjh sdu I ¡ � uhodwlyhv ã o*hvsdfh

G
�� gh pdqlëuh �euìh hq srvdqw/ srxu wrxw v 5 S =

�
�� Â Î Í �h � Ä>� = Frps+G ¡ , $ Frps+G

�Ä ,> G :�$ * Ä � � ��� +G, >

�
�� Â Î Í �h � Ä>� = 	 ¡ $ 	

�Ä > l :�$ * Ä � � �{� +l, >

^� � � Ë ` _ �
� �� +v, @ ^* Ä � � ��� � Ë ` srxu wrxw G 5 Frps+G ��� ,=

51415 Ghx{lëph ìwdsh = Frqvwuxfwlrq gh od ydulìwì P �� =

Ilj1 9 � +Ohpph 51415, Vfkìpd g*xq srqw uholdqw ghx{ ihxloohwdjhv1

Vrxv ohv k|srwkëvhv gh od sursrvlwlrq 51415/ hq xwlolvdqw ohv uìvxowdwv gx ohpph
51416 hw 51417/ qrxv dyrqv od =

Suhxyh gx ohpph 514151 Srxu fhwwh gìprqvwudwlrq/ lo vx!w gh yìul�hu od
uìfxuuhqfh grqw o*k|srwkëvh dx udqj q hvw od vxlydqwh =

�Srxu oh fduglqdo gh Frps+G ¡ , @ q A 3 hw srxu wrxwh dupdwxuh gh srqw
F Ð > +G

�� > � � > * � > � 	 > � � ,/ lo h{lvwh xq vh{wxsohw +G
�� >P �� > � �� > ! � > � �	 > � � � , irupì =
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� G*xqh ydulìwì krorpruskh P �� gh glphqvlrq 6/
� G*xq sorqjhphqw G

�� /$ P �� >
� G*xqh vxephuvlrq �

�� = P �� $ S yìul�dqw �
�� Â Ë=kh @ � � >

� Gh ghx{ dxwuhv sorqjhphqwv �
�è = +P � é > G � é , /$ +�

�� ,
� �

+o, yìul�dqw
�
�è Â Ë � é @ � è > dyhf o @ 3> 4 hw

� G*xq F Ð 0gliiìrprusklvph ! � = +P � � � S>G � � � S , $ +P �� > G �� , grqw
od uhvwulfwlrq ã G � � � S frlqflgh ã * � =%

Fh vh{wxsohw +G
�� >P �� > � �� > ! � > � �	 > � � � , vhud xq srqw1

Gìprqwurqv fhwwh uìfxuuhqfh1
� Lqlwldolvdwlrq = &Frps+G ¡ , @ 4=
Lfl/ o*hvsdfh G

�� hvw od ydulìwì S
�

� S txl vh sorqjh fdqrqltxhphqw gdqv od
ydulìwì �F

�
� S= Fh fdv hvw wulyldo/ P �� @ �F

�
� S=

� Sursdjdwlrq = &Frps+G ¡ , @ q A 4=
Frqvlgìurqv o*hqvhpeoh ghv frpsrvdqwhv luuìgxfwleohv �

�� +G, gh G
�� / G 5

Frps+G ¡ ,> whoohv txh kG>Gl @ �4 txh qrxv qrwhurqv iG � > ==> G Ì j =
Qrwrqv t = G

�� $ aG
�� o*dssolfdwlrq krorpruskh txl froodsvh oh orqj gh fkdtxh

�euh �
� �� +v, ohv frpsrvdqwhv luuìgxfwleohv G í _ �

� �� +v, > n @ 4> ==> u=

Srxu wrxw l 5 i4> ==> uj > od frxueh f ª @ t +G ª , � aG
�� hvw krorpruskh/ olvvh hw

a� � Â � £ hvw xq elkrorprusklvph vxu S> rü t � a� � @ � � =
Dlqvl qrxv dyrqv ohv gldjudpphv frppxwdwliv =

G � � � S
ê�h
$ G

��
& � & Í �� � Ê ªml � & �

G
� � � � �� � � S nê�h$ aG

�� hw

G � � g �/$ G
�� g �#0 G ���

& � & Í �� � � & � � & � & Í �� �
G
� � � � ��{� ng �/$ aG

�� ng �#0 G
� � � � �� �

& nÎ h � & nÎ h � & nÎ h3 /$ S #0 4

rü =

41 O*hvsdfh G
� � � � �� ñ hvw oh +k04,0lëph glylvhxu h{fhswlrqqho gh o*dueuh g*ìfod0

whphqw gh $ í > rü k hvw od kdxwhxu gh o*dueuh gh uìgxfwlrq gh I � � =
51 O*dssolfdwlrq H

� � �� ñ hvw od +k04,0lëph dssolfdwlrq g*ìfodwhphqw (6) dvvrflìh
ã fhwwh gìvlqjxodulvdwlrq/ n @ 3> 4=

Hq dssoltxdqw o*k|srwkëvh gh uìfxuuhqfh dx txlqwxsohw
�

aG
�� > a� � > a* � > a� 	 > a� � � >

qrxv rewhqrqv o*h{lvwhqfh g*xq vh{wxsohw
�

aG
�� > aP �� > a�

�� > a! � > a�
�	 > a�

� � � txl uìdolvh
ohv sursulìwìv gh od uìfxuuhqfh1

Qrwrqv H = P �� $ aP �� o*dssolfdwlrq g*ìfodwhphqw vlpxowdqìh gh fkdtxh

frxueh f ª > l @ 4> ==> u= Hq uhprqwdqw oh vh{wxsohw
�

aG
�� > aP �� > a�

�� > a! � > a�
�	 > a�

� � � sdu

ìfodwhphqw/ qrxv rewhqrqv gluhfwhphqw oh vh{wxsohw +G
�� >P �� > � �� > ! � > � �	 > � � � ,

yrxox1
Qrxv dyrqv ohv gldjudpphv frppxwdwliv vxlydqwv =

G
�� /$ P ��

& � � & �
aG
�� /$ aP ��

+P � � � S>G � � � S , e`o$ +P �� > G �� ,
& � & Í �� � Ê ªml � & ��

P
� � � � �� � � S>G

� � � � �� � � S
� e`o$ �

aP �� > aG
�� �

sK� t Dqr�ö[áMr }1r â
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hw

+P � � > G � � , g k�/$ +P �� > G �� , g k �#0 +P ��� > G ��� ,
& � & Í �� � � & � � & � & Í �� ��

P
� � � � ���� > G

� � � � ���� � ng k�/$ �
aP �� > aG

�� � ng k �#0
�

P
� � � � �� � > G

� � � � �� � �

& nÎ`kh � & nÎ`kh � & nÎ`kh3 /$ S #0 4

=

Fh txl frqfoxw od gìprqvwudwlrq gx ohpph 514151

51416 Txhotxhv sursulìwìv gx srqw +P �� > G �� , =

Od sursrvlwlrq 51415 ìwdqw gìprqwuìh/ qrxv doorqv suhqguh txhotxhv plqxwhv
srxu ìfodluflu fhuwdlqv gìwdlov frqfhuqdqw oh srqw +P �� >G �� , txh qrxv yhqrqv
gh frqvwuxluh1 Qrxv doorqv prqwuhu tx*dx yrlvlqdjh gh fkdtxh frxueh �

�� +v,>
v 5 	 ¡ > wudfìh vxu oh glylvhxu G �� / od ydulìwì +P �� > G �� , hvw orfdohphqw dqdo|0
wltxhphqw wulyldoh1 Gh soxv oh elkrorprusklvph gh wulyldolvdwlrq fròqflgh vxu oh
glylvhxu G

�� dyhf o*dssolfdwlrq * � =
Qrwrqv X @ +P � � > X ª , ª -{Û Ý � æ � > uhvs1 X � @ +P �� > X � � ª , ª -{Û Ý � æ � > xq jhuph

gh uhfrxyuhphqw dgdswì (63 gx jhuph gh ydulìwì +P ��� > G ��� , / uhvs1 gx jhuph gh
ydulìwì +P �� > G �� , > txl yìul�hqw/ srxu wrxw l 5 	F+ ¡ ,> o*ìjdolwì

* � +X ª � S , @ X � � ª
rü 	F+ ¡ , @ 	 ¡ ^ Frps+G ¡ ,=

Vrxv fhv qrwdwlrqv/ qrxv dyrqv od sursulìwì gh wulyldolvdwlrq vxlydqwh =

Ohpph 5141: Lo h{lvwh xqh dssolfdwlrq

*
�� =

# J
ª -{Û æ +P ��� > X ª ,

$
� S $

J
ª -�Û æ +P �� > X � � ª ,

whooh txh srxu wrxw l 5 	 ¡ / o*dssolfdwlrq
*
�� Â + 
 � � � ä £ , Ê � = +P � � > X ª , � S $ +P �� > X � � ª ,

hvw xq elkrorprusklvph yìul�dqw *
�� Â ä £>Ê � @ * � Â ä £ Ê � =

Srxu od gìprqvwudwlrq gh fh ohpph qrxv dxurqv ehvrlq ghv vrxv0ohpphv gh
wulyldolvdwlrq krorpruskh vxlydqwv =

Vrxv0ohpph 5141; Il{rqv l xq srlqw vlqjxolhu gx glylvhxu G ¡ hw qrwrqv G � >
G � ohv frpsrvdqwhv luuìgxfwleohv gh G ¡ txl yìul�hqw G � _G � @ l= Doruv lo h{lvwh
xq jhuph gh elkrorprusklvph

i ª = +P �� > X � � ª , $ +G � G>G � ^G � , � S

who txh
i ª +�

�� +G � ,, @ G � 3 � S hw i ª +�
�� +G � ,, @ 3 � G � S>

dyhf G @ im } m? 4> } 5 Fj> G � @ i} @ +{> 3, m { m? 4> { 5 F> } 5 F
�
j @ G � 3 hw

G � @ i} @ +3> {,> m { m? 4> { 5 F> } 5 F
�
j @ 3 � G=sK� t Dor�ö[á1r âbr âbr
8:
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Suhxyh gx vrxv0ohpph1 Qrwrqv Y @ +P �� > Y� , � -{÷ xq jhuph gh uhfrx0
yuhphqw rxyhuw gx jhuph gh ydulìwì +P �� > X � � ª , rü D hvw xq hqvhpeoh �ql1
Orfdohphqw/ vxu wrxw rxyhuw +P �� > Y� , > lo h{lvwh xq jhuph/ oh orqj gh Y � > gh
fkdps gh yhfwhxu krorpruskh ]� who txh =

41 Oh jhuph gh fkdps gh yhfwhxu ]� hvw wdqjhqw ã �
�� +G ß , > p @ 4> 5=

51 Oh jhuph gh fkdps gh yhfwhxu ]� hvw wdqjhqw ã �
�� +l, =

61 Oh jhuph gh fkdps gh yhfwhxu G�
�� =] � @ 4=

Gh soxv �
�� +l, hvw gh glphqvlrq 4/ rxyhuwh/ grqf gh Vwhlq1 G*dsuëv xq wkìruëph

fodvvltxh Vlx ^Vlx`/ hooh srvvëgh xq v|vwëph irqgdphqwdo gh yrlvlqdjh gh Vwhlq
+Z ÿ , ÿ gdqv P �� = Fkrlvlvvrqv � 	 srxu txh Z @ Z ÿ � vrlw uhfrxyhuw sdu ghv
rxyhuwv gh Vwhlq X� > m 5 D> vxu ohvtxhov ] � vrqw gì�qlv krorpruskhv1 Oh idlv0
fhdx [ pb gh edvh Z ghv fkdpsv gh yhfwhxuv krorpruskhv ] wdqjhqwv dx{ ydu0
lëwëv �

�� +G � , hw �
�� +G � , hw txl vrqw yhuwlfdx{ l1h1 G�

�� =] @ 3= Wulyldohphqw
] ª � @ ] � � ] ª gì�qlw xq ìoìphqw ^] ª � ` gh K �

+X � >[ pb , @ K
�

+Z>[ pb , = Fhw hv0
sdfh gh frkrprorjlh hvw qxo sxlvtxh Z hvw gh Vwhlq hw [ pb hvw frkëuhqw1 Dlqvl/
lo h{lvwh +\� , � -�÷ xq ìoìphqw gx K

	
+Z>[ pb , who txh ] � � ] ª @ \� � \ ª srxu

wrxw X ª _ X � 9@ >= Oh fkdps gh yhfwhxuv ] � � \� vh uhfrooh hq xq fkdps ] vxu
Z> hvw wdqjhqw ã �

�� +G � , hw �
�� +G � , hw yìul�h G�

�� =] @ 3= Hq uhvwulfwlrq ã
�
�� +l, > oh fkdps ] hvw uholì sdu �

�� dx fkdps
++ � gh F= Dx yrlvlqdjh gx frpsdfw

^3> 4` _ �
�� +G � , _ �

�� +G � , > oh  rw gh ] hvw gì�ql srxu xq whpsv gìfulydqw xq
yrlvlqdjh frpsdfw gh ^3> 4` gdqv F hw srxu ghv frqglwlrqv lqlwldohv gìfulydqw xq
yrlvlqdjh dvvh} shwlw/ gdqv +�

�� ,
� �

+3, gh � � � +l,= Fhfl grqqh xqh uhfwl�fdwlrq
joredoh g*xq yrlvlqdjh gh �

�� +G � , _ �
�� +G � , =

Gh od píph pdqlëuh/ qrxv dyrqv oh =

Vrxv0ohpph 5141< Il{rqv l xq srlqw vlqjxolhu gx ihxloohwdjh �I ¡ uìjxolhu gx
glylvhxu G ¡ hw qrwrqv G � od frpsrvdqwh luuìgxfwleoh gh G ¡ txl yìul�h G � 6 l=
Doruv lo h{lvwh xq jhuph gh elkrorprusklvph

i ª = +P �� > X � � ª , $ +G � G>G � ^G � , � S

who txh
i ª +�

�� +G � ,, @ G � 3 � S /

dyhf G @ im } m? 4> } 5 Fj> G � @ i} @ +{> 3, m { m? 4> { 5 F> } 5 F
�
j @ G � 3 hw

G � @ i} @ +3> {,> m { m? 4> { 5 F> } 5 F
�
j @ 3 � G=

Qrxv srxyrqv pdlqwhqdqw gìprqwuhu oh ohpph 5141: gh wulyldolvdwlrq dqdo|0
wltxh orfdoh =

Suhxyh gx ohpph 5141:1 Lo qrxv uhvwh ã prgl�hu ohv elkrorprusklvphv
orfdx{ grqqìv sdu ohv ghx{ vrxv0ohpphv suìfìghqwv srxu tx*lov fròqflghqw dyhf
* vxu oh glylvhxu1 Il{rqv l 5 	 ¡ / ghx{ fdv vh suìvhqwhqw =

41 Oh srlqw l hvw xq srlqw vlqjxolhu gx glylvhxu G ¡ =
Qrwrqv G � > G � ohv frpsrvdqwhv luuìgxfwleohv gx glylvhxu G ¡ whoohv txh
G � _ G � @ l= Grqqrqv qrxv ã o*dlgh gh fduwhv ghv elkrorprusklvphv =

� � � ª = +P �� > X � � ª , $ +G � G>G � ^G � , � S

hw
� ª = +P � � > X ª , � S $ +G � G>G � ^G � , � S
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Fkdslwuh 51= Gìprqvwudwlrq gx Wkìruëph D1

Fh ghuqlhu elkorprusklvph/ g*dsuëv oh ohpph 5141;/ yìul�h =

� ª +� � � +G � , � S , @ � � � ª +�
�� +G � ,, @ G � 3 � S

hw
� ª +� � � +G � , � S , @ � � � ª +�

�� +G � ,, @ 3 � G � S=

Qrwrqv * � � � od uhvwulfwlrq gh * � ã � � � +G � , � S hw * � � � fhooh gh * � ã
� ��� +G � , � S= Ohxu h{suhvvlrq gdqv ohv fduwhv hvw gx w|sh vxlydqw =

� � � ª � * � � � � �
� �ª = G � 3 � S $ G � 3 � S>

+{> 3> v, :$ +�* � +{> v, > 3> v,

hw

� � � ª � * � � � � �
� �ª = 3 � G � S $ 3 � G � S>

+3> |> v, :$ +3> �* � +|> v, > v,

Fhv dssolfdwlrqv vrqw krorpruskhv sdu frqvwuxfwlrq gh * � 1
Qrxv gì�qlvvrqv *

�� gdqv ohv fduwhv hq srvdqw

� � � ª � * �� � �
� �ª +{> |> v, @ +�* � +{> v, > �* � +|> v, > v,

txl hvw o*dssolfdwlrq uhfkhufkìh1

51 Oh srlqw l hvw xq srlqw uìjxolhu gx glylvhxu G ¡ =
Qrwrqv G � od frpsrvdqwh luuìgxfwleoh gx glylvhxu G ¡ whooh txh G � 6 l=
G*dsuëv oh ohpph 5141</ lo h{lvwh xqh fduwh

� ª = +P � � > X ª , � S $ +G � G>G � ^G � , � S

hw xqh fduwh

� � � ª = +P �� > X � � ª , $ +G � G>G � ^G � , � S

txl yìul�hqw

� ª +� � � +G � , � S , @ � � � ª +�
�� +G � ,, @ G � 3 � S

Qrwrqv * � � � od uhvwulfwlrq gh * � ã � � � +G � , � S grqw o*h{suhvvlrq gdqv
ohv fduwhv hvw gx w|sh vxlydqw =

� � � ª � * � � � � �
� �ª = G � 3 � S $ G � 3 � S>

+{> 3> v, :$ +�* � +{> v, > 3> v,

Fhwwh dssolfdwlrq hvw sdu frqvwuxfwlrq krorpruskh1 Qrxv gì�qlvvrqv *
��

gdqv ohv fduwhv hq srvdqw

� � � ª � * �� � �
� �ª +{> |> v, @ +�* � +{> v, > |> v,

txl hvw o*dssolfdwlrq uhfkhufkìh1

Fh txl frqfoxw od suhxyh gh fh ohpph1

8<



Vhfwlrq 5151 = Gì�qlwlrq g*xqh qrxyhooh vwuxfwxuh krorpruskh vxu oh jhuph gh
ydulìwì +P � � � S>G � � � S ,1

515 Gì�qlwlrq g*xqh qrxyhooh vwuxfwxuh krorpruskh vxu oh
jhuph gh ydulìwì EP�Eq � S> G �Eq � S �1

Uhsuhqrqv ohv qrwdwlrqv suìfìghqwhv/ qrxv yhqrqv gh frqvwuxluh xq srqw F Ð
+++P �� > G �� , > �

�� > � 	 > � � ,>	
�� > * � , hqwuh ohv jhuphv gh ihxloohwdjhv pdutxìv I


� �
hw I


��� = Lfl/ od vwuxfwxuh krorpruskh gh P �� vhud dsshoìh vwuxfwxuh krorpruskh
vwdqgdug1 Il{rqv xq dwodv D

Ä �� gh fhwwh vwuxfwxuh1 Gdqv fh sdudjudskh/ qrxv
frqvwuxlvrqv xqh qrxyhooh vwuxfwxuh krorpruskh vxu od ydulìwì +P � � �S>G � � �
S ,> gì�qlh sdu xq qrxyho dwodv D �� � Ê � > srxu odtxhooh oh gìsorlhphqw I � � � S>
o*dssolfdwlrq

* � =
�
G � � � S>D �� � Ê � Â Ë � � Ê � �

$
�
G
�� >D Ä �� Â Ë=kh �

>

od vxephuvlrq su � = P � � � S $ S hw oh sorqjhphqw P � � /$ P � � � i3j �
P � � � S vrqw wrxv txdwuh krorpruskhv1

Qrwrqv X @ +P � � > X ª , ª -{Û Ý � ¡ � xq jhuph gh uhfrxyuhphqw dgdswì (�� gx jhuph
gh ydulìwì +P � � > G � � , who txh srxu wrxw l 5 	 ¡ > o*dssolfdwlrq *

�� > rewhqxh dx
ohpph 5141:/ hvw krorpruskh vxu o*rxyhuw +P ��� > X ª , � S rü 	F+', @ 	 ¡ ^
Frps+G ¡ ,=

Il{rqv xqh vxephuvlrq krorpruskh

� =
J

ª - Ý�Þ6ß � � Ë æ � +P � � > X ª , $
J

ª - Ý�Þ6ß � � Ë æ � X
ª

txl ydxw o*lghqwlwì vxu X ª hw grqf txl hvw wudqvyhuvh dx ihxloohwdjh I � � 1
Wrxw g*derug/ qrxv doorqv qrxv grqqhu ghv dwodv dssursulëv/ srxu od frqvwuxf0

wlrq txh qrxv yrxorqv idluh/ vxu ohv hvsdfhv P � � > P � � �S hw P �� txl gìfulyhqw
hqfruh od vwuxfwxuh krorpruskh vwdqgdug/ �{dqw dlqvl ohv qrwdwlrqv1 Sxlv qrxv
ìqrqfhurqv txhooh hvw od qrxyhooh vwuxfwxuh frpsoh{h txh qrxv frqvlgìurqv vxu

+P � � � S>G � � � S , =

� Dwodv dssursulì vxu xq yrlvlqdjh Y+G � � , gh G � � gdqv P � � =
Qrxv gìfulyrqv od vwuxfwxuh krorpruskh vwdqgdug vxu od ydulìwì Y+G � � , dx

pr|hq g*xq dwodv txh qrxv qrwrqv D
Ä �� � dlqvl gì�ql =

D
Ä �� � @ +Y +Y ª , > � ª , ª -{÷ Ü Û�æ > � ª = Y +Y ª , $ G�G rü D hvw xq hqvhpeoh �ql hw G @ im } m? 4> } 5 Fj>

who txh =

41 Y ª hvw xq rxyhuw 40frqqh{h gh G � � hw Y +Y ª , hvw xq yrlvlqdjh rxyhuw 40
frqqh{h gh Y ª gdqv P �{� =

51 Srxu wrxw l 5 	 ¡ /
+d, o*rxyhuw Y +Y ª , hvw xq yrlvlqdjh gh � � � +l, > elkrorpruskh ã xq sro|0

glvtxh/ txl yìul�h =

Y +Y ª , _ 	 � � @ � � � +l, >sK� t Dqr�ö[áMr â1r âbr
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Fkdslwuh 51= Gìprqvwudwlrq gx Wkìruëph D1

+e, o*rxyhuw Y ª hvw lqfoxv gdqv o*rxyhuw X ª gh X hw yìul�h =

� ª +Y ª _ G � � , @

�iG � 3j ^ i3 � Gj vl l hvw xq srlqw vlqjxolhu gh G ¡
iG � 3j vl l hvw xq srlqw uìjxolhu gh G ¡

dyhf G @ im } m? 4> } 5 Fj=

61 O*hqvhpeoh +Y ª , ª -{÷ iruph xq uhfrxyuhphqw rxyhuw ghG � � �	 � � @
V

� - Ý,Þ6ß � � Ë æ � X � =
71 Srxu wrxw l 5 D> o*rxyhuw Y +Y ª , q*lqwhuvhfwh sdv 	 � � / uhqfrqwuh xqh xqltxh

frpsrvdqwh luuìgxfwleoh gh G � � hw qrxv dyrqv o*ìjdolwì =
� ª +Y ª , @ G � 3=

81 Oh vrxv0dwodv +Y +Y ª , > � ª , ª -�÷ hvw xq dwodv glvwlqjxì srxu oh ihxloohwdjh uìjx0
olhu I � � Â Ü £ L�r s � åb£ � hw hvw frpsdwleoh dyhf od �eudwlrq � = Srxu fkdtxh fduwh
� ª @

�
� � � ª > � � � ª � ª -{÷ > ohv �euhv �

� � � ª @ fvwh
�
vrqw ohv �euhv gh � hw ohv �euhv�

� � � ª @ fvwh
�
vrqw ohv sodtxhv gh I ���VÂ s � å £ � =

Hq sduwlfxolhu/ srxu l> m 5 D> ohv fkdqjhphqwv gh fduwhv vrqw ã �yduldeohv
vìsduìhv� > l1h1 � � � ª @ j � � ªo� � � � � � � hw � � � ª @ j � � ª.� � � � � � � rü ohv j Ì � ª.� � vrqw ghv
elkrorprusklvphv lqyhuvleohv/ u @ 4> 5=

� Dwodv dssursulì vxu oh yrlvlqdjh Y+G � � , � S gh G � � � S gdqv P � � � S=
Qrxv gìfulyrqv od vwuxfwxuh krorpruskh vwdqgdug vxu od ydulìwì Y+G ��� , �S

dx pr|hq gh o*dwodv txh qrxv qrwrqv D
Ä ����bÊ � gì�ql dx pr|hq gh o*dwodv D

Ä �� � sdu =
D
Ä �� � Ê � @ +Y +Y ª , � S> � ª � lg � , ª -�÷ Ü Û�æ >

rü lg � hvw o*dssolfdwlrq lghqwlwì1
� Dwodv dssursulì vxu xq yrlvlqdjh Y+G

�� , gh G
�� gdqv P �� =

Hq frqvhuydqw fhv qrxyhoohv qrwdwlrqv1 Qrxv gìfulyrqv od vwuxfwxuh krorpru0
skh vwdqgdug vxu od ydulìwì Y+G

�� , dx pr|hq g*xq dwodv txh qrxv qrwrqv D
Ä ��

dlqvl gì�ql =
D
Ä �� @

�
Y+Y � � ª ,> � � � ª � ª -{÷ Ü Û¢æ

who txh =

41 Y � � ª hvw xq rxyhuw gh G
�� txl yìul�h Y � � ª @ * � +Y ª � S , hw Y+Y � � ª , hvw xq

yrlvlqdjh rxyhuw 40frqqh{h gh Y � � ª gdqv P �� =
51 Srxu wrxw l 5 	 ¡ > o*rxyhuw Y+Y � � ª , hvw xq yrlvlqdjh gh �

�� +l, > frqwhqdqw
*
�� +Y ª � S , > elkrorpruskh ã xq sro|glvtxh G � G � S who txh

� � � ª +Y � � ª , @

�iG � 3 � Sj ^ i3 � G � Sj vl l 5 Vlqj+G ¡ ,

iG � 3 � Sj vl l hvw xq srlqw uìjxolhu gh G ¡ >
dyhf G @ im } m? 4> } 5 Fj=

Xq who rxyhuw Y � � ª h{lvwh g*dsuëv oh ohpph 5141:1
61 Srxu wrxw l 5 D qrxv dyrqv ìjdolwì � � � ª +Y � � ª , @ iG � 3 � Sj =
71 Ohv fduwhv � � � ª vrqw frpsdwleohv dx{ surmhfwlrqv = su � � � � � ª @ �

�� > rü
su � = G � G � S $ S hw �

�� = Y+Y � � ª , $ S vrqw ohv surmhfwlrqv qdwxuhoohv1

� Rq qrwh hD
Ä �� @

�
Y � � ª > �� � � ª � ª -{÷ Ü Û æ o*dwodv lqgxlw sdu D

Ä �� vxu G
�� gì�ql sdu

�� � � ª @ � � � ª Â å h � £ =
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Vhfwlrq 5151 = Gì�qlwlrq g*xqh qrxyhooh vwuxfwxuh krorpruskh vxu oh jhuph gh
ydulìwì +P � � � S>G � � � S ,1

Fhv dwodv ìwdqw pdlqwhqdqw gì�ql/ qrxv srxyrqv phwwuh hq ìylghqfh xqh
qrxyhooh vwuxfwxuh krorpruskh vxu oh yrlvlqdjh rxyhuw Y+G � � , � S =

Gì�qlwlrq 51514 Rq frqvlgëuh vxu oh yrlvlqdjh rxyhuw Y+G � � ,�S gh G � � �S
gdqv P � � � S o*dwodv

D �� � Ê � @
�
Y +Y ª , � S> � � � ª � ª -{÷ Ü Û æ

rü o*dssolfdwlrq � � � ª hvw gì�qlh sdu
� � � ª @

+ �
+�� � � ª � * � � �,> � � � ª � vl l 5 D=

� � � ª � * �� vl l 5 	 ¡ =
hw rü ohv dssolfdwlrqv *

�� hw * � vrqw frqvwuxlwhv gdqv oh sdudjudskh suìfìghqw hw�
Y +Y ª , � S>

�
� � � ª > � � � ª > lg � ��

hvw od fduwh gh o*dwodv D
Ä �� � Ê � =

Od fduwh
�
Y +Y ª , � S> � � � ª � vh uhsuìvhqwh/ srxu l 5 D> sdu oh gldjudpph vxly0

dqw =
Y +Y ª , � S t § � £�$ 3 � G � 3

& �
Y ª � S
& * �
Y ª.� � �t h � £�$ G � 3 � S

Sursrvlwlrq 51515 O*dwodv D ����bÊ � gì�qlw xqh vwuxfwxuh krorpruskh vxu od ydu0
lìwì Y+G � � , � S=

Suhxyh1 Yìul�rqv txh ohv fkdqjhphqwv gh fduwhv vrqw ghv elkrorprusklvphv1
Frqvlgìurqv ghx{ rxyhuwv Y +Y ª , � S> Y +Y � , � S g*lqwhuvhfwlrq qrq ylgh =

� Vl l 5 D hw m 5 	 ¡ > oh fdv hvw wulyldo1 Hq h�hw/ vxu Y +Y � , �S> m 5 	 ¡ > * ��
hvw xq elkrorprusklvph ^Ohpph 5141:`1 Vxu Y ª _ Y� > * � hvw dxvvl xq elkr0
orprusklvph +gh sdu vd frqvwuxfwlrq,1 Wrxwhv ohv dssolfdwlrqv frpsrvdqw
oh fkdqjhphqw gh fduwh vrqw krorpruskhv1

� Vl l> m 5 D> oh fkdqjhphqw gh fduwh hvw

� � � ª � �
� �� � � @

�
�� � � ª � ��

� �� � � > � � � ª � �
� �� � � �

txl hvw krorpruskh1
Fh txl gìprqwuh fhwwh dvvhuwlrq1

51514 Txhotxhv sursulìwìv gh o*hvsdfh +P � � � S>G � � � S , pxql gh vd
qrxyhooh vwuxfwxuh krorpruskh=

Ohpph 51516 Oh gìsorlhphqw frqvwdqw I � � � S hvw krorpruskh=

Suhxyh1 Frqvlgìurqv ghx{ fdv =
� Vxu ohv rxyhuwv Y +Y ª , � S> l 5 D=
Ohv rxyhuwv Y +Y ª , �S> l 5 D> vrqw ghv  rz0er{ gx ihxloohwdjh/ hq h�hw ohv
sodtxhv vrqw hqfruh ohv frxuehv gh qlyhdx{ � � � ª @ fvwh= Gh soxv o*dssolfd0
wlrq

� � � ª � �
� �� � � @

�
�� � � ª � ��

� �� � � > � � � ª � �
� �� � � � ª.� � -{÷
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Fkdslwuh 51= Gìprqvwudwlrq gx Wkìruëph D1

suìvhuyh ohv frxuehv | @ fvwh gh G � G � S +idlw txl qh gìshqg txh
gh o*dssolfdwlrq � � � ª � �

� �� � � ,= Dlqvl ohv fkdqjhphqwv gh fduwhv � � � ª � �
� �� � �

dyhf l> m 5 D uhvshfwhqw od sduwlwlrq lqgxlwh sdu oh ihxloohwdjh uìjxolhu
I � � �S vxu

Vª -{÷ Y +Y ª , �S= Ohv fkdqjhphqwv gh fduwhv ìwdqw krorpruskhv/

oh ihxloohwdjh I � � � S Â Ü £ L�r s � åb£ � hvw krorpruskh1
� Vxu ohv rxyhuwv Y +Y ª , � S> l 5 	 ¡ =
O*dssolfdwlrq *

�� ìwdqw krorpruskh vxu o*rxyhuw Y +Y ª , � S> srxu wrxw l 5
	 ¡ > oh fdudfwëuh krorpruskh gx ihxloohwdjh I � � �S vxu fhw rxyhuw q*d sdv
ìwì prgl�ì1 Lo hvw wrxmrxuv krorpruskh1

Oh gìsorlhphqw frqvhuyh elhq vrq fdudfwëuh krorpruskh1

Ohpph 51517 O*dssolfdwlrq

* � =
�
G � � � S>D �� � Ê � Â Ë � � Ê � �

$
�
G
�� >D Ä �� Â Ë=kh �

hvw xq elkrorprusklvph1

Suhxyh1 Prqwurqv txh o*h{suhvvlrq gh * � gdqv ohv fduwhv hvw xqh dssolfd0
wlrq krorpruskh1 Il{rqv Y ª � S xq rxyhuw gh G ��� � S= O*h{suhvvlrq gh * � >
gdqv od fduwh dvvrflìh ã fhw rxyhuw/ hvw �� � � � �* � � �

� �� � ª Â Ë � � Ê � txl q*hvw dxwuh txh
o*lghqwlwì/ dsuëv vlpsol�fdwlrq1 Dlqvl * � hvw krorpruskh1

Gì�qlwlrq 51518 O*dwodv D ����1Ê � @
�
Y +Y ª , � S> � � � ª � ª -{÷ Ü Û¢æ vxu Y+G � � , � S

gì�qlw xq jhuph g*dwodv krorpruskh vxu od ydulìwì jhupl�ìh +P � � �S>G � � �S ,
txh qrxv qrwrqv sdu dexv gh odqjdjh D �� � Ê � @

�
+P ��� > Y ª , � S> � � � ª � ª -�÷ Ü Û æ =

516 Frqfoxvlrq

Srxu �qlu od gìprqvwudwlrq gx Wkìruëph D/ lo uhvwh ã frqvwuxluh xq gì0
sorlhphqw pdutxì I


¥ ìtxluìgxfwleoh gh I � � gh sdudpëwuh S oh orqj gh 3 � S
txl yìul�h = lo h{lvwh xq elkrorprusklvph * = G ¥ Â � Í �� � � � $ G � � frpsdwleoh (�¨ dx{
pdutxdjhv1 Udsshorqv txh S v|perolvh oh jhuph +F> ^3> 4`,= Oh vhxo uìvxowdw txh
qrxv xwlolvrqv ghv sdudjudskhv suìfìghqwv hvw o*h{lvwhqfh gh o*dwodv krorpruskh/
qrwì D �� � Ê � > vxu +P ��� � S>G ��� � S , txh qrxv yhqrqv gh frqvwuxluh hw txl hvw
who txh oh gìsorlhphqw I � � � S> o*dssolfdwlrq

* = G � � � i4j $ G ��� >
od vxephuvlrq

su � = P � � � S $ S

hw oh sorqjhphqw
P � � /$ P � � � i3j � P � � � S

vrqw wrxv txdwuh krorpruskhv txdqg rq pxqlw P ��� �S gh fhwwh qrxyhooh vwuxf0
wxuh1 Qrxv doorqv yrlu txh

�
P � � � S>D ����bÊ � �

hvw elkrorpruskh ã xqh ydulìwì
rewhqxh ã sduwlu gh F

�
� S sdu xqh vxffhvvlrq g*ìfodwhphqwv gh fhqwuhv ìwdohv

dx0ghvvxv gh S1 Oh gìsorlhphqw gh I � � uhfkhufkì hvw o*lpdjh gh I � � �S sdu fh
elkrorprusklvph1sI« t Dor�ö�|<r âbr âbr
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Vhfwlrq 5161 = Frqfoxvlrq

Qrxv xwlolvhurqv oh wkìruëph gh Judxhuw ã sdudpëwuh flwì gdqv ^Pdw � ` =
Qrwrqv wrxmrxuv �F

�
od ydulìwì rewhqxh sdu ìfodwhphqw gh o*ruljlqh gh F

�
> � =

�F
�

� S $ S od surmhfwlrq fdqrqltxh hw l 	 = S
�

� S /$ �F
�

� S oh sorqjhphqw
qdwxuho1

Wkìruëph 51614 Vrlw +P> � � > l � , xqh ydulìwì krorpruskh gh glphqvlrq 6 px0
qlh g*xqh vxephuvlrq krorpruskh � � = P $ S hw g*xq sorqjhphqw krorpruskh
l � = S

�
� S /$ P yìul�dqw � Â u � Ê � @ � � � l � = Vl rq vxssrvh txh o*dxwr0

lqwhuvhfwlrq gx glylvhxu l � +S
�

� i3j, gdqv P Â Î Í �h � 	 � hvw �4 doruv lo h{lvwh =

41 xq yrlvlqdjh Z gh l � +S
�

� S , gdqv P>

51 xq yrlvlqdjh �Z gh l 	 +S
�

� S , gdqv �F
�

� S>

61 xq elkrorprusklvph K = Z $ �Z yhul�dqw =

+d, o*ìjdolwì l 	 @ K � l � =

S
�

� S
l � 1 � ) l 	

Z �$ v$ �$ �Z

+e, o*ìjdolwì � � @ � � K =

Z �$ v$ �$ �Z
� � ) � 1 �

S

Hq frqwudfwdqw oh orqj gh fkdtxh �euh gh � � oh glylvhxu l � +S
�

� S , gh P>
rq rewlhqw lppìgldwhphqw oh =

Fruroodluh 51615 Lo h{lvwh =
� xqh ydulìwì krorpruskh P � pxqlh g*xqh vxephuvlrq � � = P � $ S>
� xqh frxueh olvvh � � P � whooh txh � � Â Q hvw xq elkrorprusklvph hw

� xq elkrorprusklvph J = P $ �P � txl yìul�h
J � l � +S

�
� S , @ H

� �� +�, hw �� � � J @ � �
rü �� � @ � � � H � hw H � = �P � $ P � hvw o*dssolfdwlrq g*ìfodwhphqw gh od
frxueh � gh P � =
Rq d oh gldjudpph frppxwdwli vxlydqw =

S
� � ( � 0 �� �

l � +S
�

� S , � P w$ �P �
) ) � 1 � � ) �� �

� � P � Î{�$ S

=

Vrxv ohv k|srwkëvhv gx Wkìruëph D> hq frqvhuydqw ohv qrwdwlrqv hw ohv
uìvxowdwv gh fh fkdslwuh/ qrxv dyrqv oh =

Ohpph 51616 Frqvlgìurqv ++P ��� �S>G ��� �S ,>D �� � Ê � , od ydulìwì krorpru0
skh rewhqxh sdu od gì�qlwlrq 51514/ doruv lo h{lvwh =
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Fkdslwuh 51= Gìprqvwudwlrq gx Wkìruëph D1

� Xqh ydulìwì krorpruskh ++P � > G � , >D
Ä �

, rewhqxh sdu xqh vxffhvvlrq g*ì0
fodwhphqwv gh +F

�
�S> 3�S ,> pxqlh gh vd vwuxfwxuh krorpruskh qdwxuhooh/

gh fhqwuh ghv frxuehv olvvhv hw ìwdohv (�© dx0ghvvxv gh S /
� Od surmhfwlrq �� � = P � $ S hw
� Xq jhuph gh elkrorprusklvph

K =
�
+P � >G � , >D

Ä � �
$

�
+P � � � S>G � � � S ,>D �� � Ê � �

txl frppxwh dx{ surmhfwlrqv = �� � @ su � � K rü su � = P ��� � S $ S=

Suhxyh1 Qrxv h�hfwxrqv xqh uìfxuuhqfh vxu oh qrpeuh gh frpsrvdqwhv lu0
uìgxfwleohv gh G ��� =

� Lqlwldolvdwlrq = &Frps+G � � , @ 4=
Fh fdv hvw uìjoì sdu oh wkìruëph gh Judxhuw ã sdudpëwuh/ flwì fl0ghvvxv1

� Sursdjdwlrq = &Frps+G � � , @ q A 4=
Rugrqqrqv ohv frpsrvdqwhv gh G � � > Frps+G � � , @ iG � > ==> G � j gh vruwh
txh kG � > G � l @ �4= Hq dssoltxdqw oh fruroodluh 51615 ãG � �S � P ��� �S>
rq rewlhqw oh gldjudpph vxlydqw =

++P ��� > G ��� ,>D Ä �
, S

& � � ( su � � 0 �� �
+P � � � S>G � � � S ,>D �� � Ê � , �$�$�$ �$ w�$�$ ++ �P � > �G � ,> �D � ,

) ) 1
su �

)
Å x Å & Í � Æ� �zy £ { Æ

) �
� �

1

S #� Î{�#�#� ++P � >G � ,>D � ,
Rü =
� P � hvw xqh ydulìwì krorpruskh gh glphqvlrq 6 pxqlh g*xqh vxephuvlrq
� � = P � $ S>

� J hvw xq elkrorprusklvph/

J = +P � � � S>G � � � S ,> D
����bÊ � , $ ++ �P � > �G � ,> �D � ,>

txl yìul�h
J+G � � � S , @ H

� �� +�, hw �� � � J @ su � >
� � hvw od frxueh +P � >G � , rewhqxh hq froodsvdqw od frpsrvdqwh G � �S>
� H � = �P � $ P � hvw o*dssolfdwlrq g*ìfodwhphqw gh od frxueh �>
� �� � hvw o*dssolfdwlrq � � � H � >
Hw rü =
� G � hvw o*hvsdfh dqdo|wltxh +H

� � � � �� � +G ��� , � S ,>
� �G � hvw o*hvsdfh dqdo|wltxh H � �� +G � ,/s>¾1| WVE1=~}IH@=@;w\M=.]6X>F L6ZRX>;>H.HK;wL@E1X6X>;>L@L@F W<7�B�¯ ]>X6G J<H@;>?A;67VH@L¿J»H@W<E1H@;>L¿G ;>L¿\M=.W<\M=.F ]IH@]6L¿B�¯ E171;B1]>L@F 719<EbpG J<=@F L@J<H@F W<7 \1JV=�]6X>G J�H@;6?�;67VHKL�B{¯ E17�B1]>\MG W<F ;>?A;67VH�]6Y�E1F L@F 719VE1G F ;>=6Z�?�F L��\MJ<=oHAY�E�¯ F X>F�F G�7�¯ n»J®\1J<L�B1;D ;>EMF G G ;>H@J<9V;<r
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Vhfwlrq 5161 = Frqfoxvlrq

� D � > �D � vrqw ohv vwuxfwxuhv frpsoh{hv lqgxlwhv/
� � � hvw xq sorqjhphqw who txh

� � = ++P ��� > G ��� ,>D
Ä �

, $ +P � � � i4j > G � � � i4j,>D �� � Ê � ,

hvw xq elkrorprusklvph/
�

�
H
� � � � ���� > lg

�
hvw o*dssolfdwlrq gh frqwudfwlrq gx glylvhxu G � � S=

Hq xwlolvdqw o*k|srwkëvh gh uìfxuuhqfh/ qrxv rewhqrqv o*h{lvwhqfh =

41 g*xqh ydulìwì krorpruskh +P>G, rewhqxh sdu xqh vxffhvvlrq g*ìfod0
whphqwv gh +F

�
� S> 3 � S ,/ yìul�dqw ohv sursulìwìv yrxoxhv/

51 g*xqh surmhfwlrq � = P $ S hw

61 g*xq jhuph gh elkrorprusklvph �K = ++P � >G � ,>D � , $ ++P>G,>D
Ä �

,
txl frppxwh dx{ surmhfwlrqv = � � �K @ � � =

Sdu ìfodwhphqw/ rq rewlhqw oh gldjudpph vxlydqw =

++P ��� > G ��� ,>D
Ä �

,

& � �
+P � � � S>G � � � S ,>D ����bÊ � ,

& J S
( �� � � 0 � �

++ �P � > �G � ,> �D � , �$ w ��$ �$ ++P � >G � ,>D
Ä �

,

& H � � & H

++P � >G � ,>D � , �$
�v�$ �$ ++P>G,>D

Ä �
,

Rü =
� H = ++P � >G � ,>D

Ä �
, $ ++P>G,>D

Ä �
, hvw o*dssolfdwlrq g*ìfodwhphqw gh

fhqwuh �K+H
� � � � �� � +G � , � S ,>

� � � hvw o*dssolfdwlrq � � H>
� G hvw o*hvsdfh dqdo|wltxh �K +G � , >
� G � hvw o*hvsdfh dqdo|wltxh H

� �
+G, hw

� J � hvw o*dssolfdwlrq �K uhprqwìh sdu ìfodwhphqwv1
Oh elkrorprusklvph K uhfkhufkì hvw J � � J=

Od uìfxuuhqfh hvw doruv yìul�ìh/ fh txl whuplqh od gìprqvwudwlrq gx ohpph
516161

51614 Ilq gh od gìprqvwudwlrq gx Wkìruëph D1

Srxu frqfoxuh od gìprqvwudwlrq gx Wkìruëph D/ qrxv xwlolvrqv oh ohpph
51616 hw frqvhuyrqv vhv qrwdwlrqv1 Qrxv gì�qlvvrqv oh jhuph gh ihxloohwdjh �I ¥ @

K & �
�I � � � S

�
vxu +P � >G � ,= Sdu froodsvdjh/ fh ihxloohwdjh gì�qlw oh gìsorlhphqw

fkhufkì I ¥ gh I � � gh sdudpëwuh S> oh orqj gh 3 � S=
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Fkdslwuh 51= Gìprqvwudwlrq gx Wkìruëph D1

Ohv dssolfdwlrqv gh pdutxdjh gx gìsorlhphqw I ¥ vrqw gì�qlhv sdu frpsrvl0
wlrq =

� ¥ @ � � � � K
� ¥ @ � � � Ê � � K

^� ¥ � Ë ` Ë - Ý,Þ6ß � � Ë æ � @ ^+� ��� � Ë � S , � K` Ë - Ý,Þ6ß � � Ë æ � =
Gh sdu vd frqvwuxfwlrq/ I ¥ hvw xq gìsorlhphqw VO0ìtxlvlqjxolhu1 Wulyldohphqw
I � � hw I ¥ Â � Í �� � � � vrqw VO0ìtxlydohqwv1 Hq�q/ uhpdutxrqv txh o*dssolfdwlrq

� @ * � K Â � Í �� � � � =
�
G ¥ Â � Í �� � � � >D

Ä � �
$

�
G � � >D

Ä � �
hvw sdu frpsrvlwlrq krorpruskh hw frpsdwleoh ( Ï dx{ pdutxdjhv sdu I ¡ > hq
h�hw * hw K vrqw wrxwhv ghx{ lvrwrshv ã o*lghqwlwì1

Oh ihxloohwdjh pdutxì I

��§ hvw dlqvl

+I ¥ Â � Í �� � � � >� ¥ Â � Í �� � � � > � ¥ Â � Í �� � � � > k
+� ¥ � Ë , ¥ Â � Í �� � � � l Ë - Ý�Þ6ß � � Ë æ � ,>

fh txl frqfoxw od gìprqvwudwlrq gx Wkìruëph D/ dlqvl txh fh fkdslwuh1

sIÑ t Dor�ö�|<r âbr âbr
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Vhfwlrq 5161 = Frqfoxvlrq
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Fkdslwuh 61= Gìprqvwudwlrq gx Wkìruëph E1

6 Gìprqvwudwlrq gx Wkìruëph E1

Wkìruëph E Vrlhqw ghx{ jhuphv gh ihxloohwdjhv krorpruskhv/ I

� � hw I


��� >
gh +F

�
> 3,> vlqjxolhuv ã o*ruljlqh/ gh 5

�
hvsëfh jìqìudoh/ pdutxìv sdu I ¡ 1 V*lov

vrqw VO0ìtxlydohqwv doruv lov vrqw idleohphqw VO0uholìv1
Hq xwlolvdqw oh Wkìruëph D/ oh Wkìruëph E vh udpëqh ã od sureoìpdwltxh

vxlydqwh =
Ohpph Foì E4 Frqvlgìurqv ghx{ jhuphv gh ihxloohwdjhv krorpruskhv I


���
hw I


��� gh +F
�
> 3,> vlqjxolhuv ã o*ruljlqh/ gh 5

�
hvsëfh jìqìudoh/ pdutxìv sdu

I ¡ / VO0ìtxlydohqwv1 Vxssrvrqv tx*lo h{lvwh xq elkrorprusklvph * = G � � $ G ���
frpsdwleoh (�Ú dx{ pdutxdjhv1

Doruv ohv jhuphv gh ihxloohwdjhv pdutxìv I

� � hw I


��� vrqw idleohphqw VO0
uholìv1

Od gìprqvwudwlrq gh fh ohpph foì hvw o*remhw sulqflsdo gh fh fkdslwuh1 Oh
sodq gh fhwwh gìprqvwudwlrq d ìwì grqqì gdqv o*lqwurgxfwlrq/ qrxv | uhqyr|rqv
oh ohfwhxu1

614 Gljuhvvlrq qìfìvvdluh vxu ohv jhuphv g*dxwrprusklvph
g*xq jhuph gh ihxloohwdjh

61414 Gì�qlwlrqv

Gdqv fh txl vxlw/ dgrswrqv ohv qrwdwlrqv vxlydqwhv = SrxuP xqh ydulìwì kror0
pruskh pxqlh g*xq ihxloohwdjh I krorpruskh vlqjxolhu gh glphqvlrq txhofrqtxh/
hw srxu D � P> qrxv qrwrqv =

� Glii+P>D, oh jurxsh ghv jhuphv/ oh orqj gh D> gh elkrorprusklvphv
� = +P>D, $ +P>D, whov txh �+D, @ D=

� Glii 	 +P>D, oh vrxv0jurxsh gh Glii+P>D, ghv jhuphv txl vrqw o*lghqwlwì
hq uhvwulfwlrq ã D=

� Dxw+I Â ���³� ÷ � , oh vrxv0jurxsh gh Glii+P>D, ghv jhuphv txl odlvvhqw oh
ihxloohwdjh I lqyduldqw/ dsshoì jurxsh ghv jhuphv/ oh orqj gh D> g*dxwr0
prusklvphv gx ihxloohwdjh I =

� Dxw 	 +I Â ���³� ÷ � , oh vrxv0jurxsh gh Dxw+I Â ���³� ÷ � , ghv jhuphv txl vrqw o*lghq0
wlwì hq uhvwulfwlrq ã D=

Gì�qlwlrq 61414 Xq jhuph gh elkrorprusklvph i gh +P>D, hvw xq dxwrpru0
sklvph �{dqw gx ihxloohwdjh/ i 5 Il{

�
I Â ���³� ÷ � � > vl srxu wrxw X yrlvlqdjh rxyhuw

gh D gdqv P lo h{lvwh Y xq yrlvlqdjh rxyhuw gh D gdqv P lqfoxv gdqv X who txh
vl { hw i +{, dssduwlhqqhqw ã Y doruv { hw i +{, vrqw gdqv xqh píph ihxlooh gh
od uhvwulfwlrq I Â å gx ihxloohwdjh I ã o*rxyhuw Y= Oh jurxsh Il{

�
I Â ���³� ÷ � � > dlqvl

gì�ql/ hvw xq vrxv0jurxsh gh Dxw
�
I Â ���³� ÷ � � =

Lo hvw lpsruwdqw gh uhpdutxhu txh ohv ìoìphqwv gh Il{
�
I Â ���³� ÷ � � qh vrqw sdv

irufìphqw o*lghqwlwì vxu D=
Frqvlgìurqv pdlqwhqdqw I � xq jhuph gh ihxloohwdjh krorpruskh vlqjxolhu gh

+F
�
> 3,1 Qrwrqv v xq srlqw vlqjxolhu gx ihxloohwdjh uìgxlw �I � frqwhqx gdqv xqh

frpsrvdqwh luuìgxfwleoh G gh G � / X Ä xq �shwlw� yrlvlqdjh rxyhuw frqqh{h gh
v frqwhqx gdqv G � hw X Ë o*rxyhuw G � 	 � 1 Qrwrqv lqgl�ìuhpphqw D @ ivj rx
D @ X Ä _ X Ë =sIà t Dor�ö�|<r âbr âbr
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Vhfwlrq 6141 = Gljuhvvlrq qìfìvvdluh vxu ohv jhuphv g*dxwrprusklvph g*xq
jhuph gh ihxloohwdjh

Qrxv udsshorqv +Fi1 ¢ 317151, txh qrxv qrwrqv �I ��� � S Â + 
 � � Ê � � ÷ Ê P 	 � � R , oh

jhuph gh gìsorlhphqw frqvwdqw gh �I ���VÂ + 
 � � � ÷ , gh sdudpëwuh S @ +F> ^3> 4`,=

F*hvw xq jhuph gh ihxloohwdjh gh frglphqvlrq 4 vxu od ydulìwì +P �{� > D,�S grqw
ohv ihxloohv vrqw oh surgxlw ghv ihxloohv gh �I � � sdu S=
Gì�qlwlrq 61415 Qrxv glvrqv tx*xq ìoìphqw i 5 Glii +P � � > D, hvw krorpru0

skltxhphqw iruwhphqw lvrwrsh ã o*lghqwlwì gdqv Il{
�

�I � � Â + 
ã� � � ÷ ,

�
vl lo h{lvwh

xq jhuph gh elkrorprusklvph K 5 Il{
�

�I ��� � S Â + 
 � � Ê � � ÷ Ê P 	 � � R ,�
who txh =

� K+p> w, @ +K
�
+p,> w,> w 5 S>

� K 	 @ lg hw K � @ i 1

Hq idlw/ lfl/ gdqv fkdtxh ihxlooh gh I �{� > K gì�qlw xqh lvrwrslh txl uholh i ã
o*lghqwlwì1

Qrxv udsshorqv +Fi1 ¢ 316151, txh �I � Ä �oò���VÂ + 
 � � Ê � � ÷ Ê P 	 � � R , gìvljqh oh jhuph gh od
gìirupdwlrq frqvwdqwh gh �I � � Â + 
ã� � � ÷ , gh sdudpëwuh S @ +F> ^3> 4`, vxu oh jhuph

gh ydulìwì +P � � � S>D � ^3> 4`, = F*hvw xq jhuph gh ihxloohwdjh gh glphqvlrq 4/
vxu fhwwh ydulìwì/ txl hvw vxu fkdtxh �euh gh P � � �w> od uìsoltxh gh �I � � Â + 
ã� � � ÷ ,1

Gì�qlwlrq 61416 Xq ìoìphqw i 5 Glii +P � � > D, vhud glw krorpruskltxhphqw

lvrwrsh ã o*lghqwlwì gdqv Dxw
�

�I � � Â + 
ã� � � ÷ ,

�
vl lo h{lvwh xq jhuph gh elkrorpru0

sklvph K 5 Dxw+ �I � Ä �oò���VÂ + 
 � � Ê � � ÷ Ê P 	 � � R ,, who txh =

� K+p> w, @ +K
�
+p,> w,> w 5 S>

� K 	 @ lg hw K � @ i 1

61415 Fodvvh g*lvrwrslh gh jhuphv g*dxwrprusklvph gh Il{ +I � � , hw
gh Dxw 	 +I � � , srxu xq ihxloohwdjh I � � gh 5

�
hvsëfh jìqìudoh1

Od sursrvlwlrq vxlydqwh q*hvw sdv h{kdxvwlyh1 Qrxv q*ìqrqêrqv txh ohv ìoì0
phqwv txl qrxv vhurqw xwlohv sdu od vxlwh1

Sursrvlwlrq 61417 Frqvlgìurqv xq jhuph gh ihxloohwdjh krorpruskh I

� � gh

+F
�
> 3,> vlqjxolhu ã o*ruljlqh/ gh 5

�
hvsëfh jìqìudoh/ pdutxì sdu I ¡ = Qrwrqv

X @ i+P ��� > X ª , ª -�Û � Ü¢Ý,Þ>ß � � Ë � � j xq jhuph gh uhfrxyuhphqw dgdswì gx jhuph gh

ydulìwì +P �{� > G ��� , = Doruv =
41 Srxu l 5 Vlqj+G ¡ ,> wrxw ìoìphqw I 5 Il{

�
�I ���VÂ + 
 � � � î � � � ª�� ,�

hvw kror0

pruskltxhphqw iruwhphqw lvrwrsh ã o*lghqwlwì gdqv Il{
�

�I ���VÂ + 
 � � � î � � � ª�� ,
�
=

51 Srxu l 5 	 ¡ > l 5 m 5 Frps+G ¡ ,> rq d =

+d, Wrxw ìoìphqw I 5 Il{
�

�I � � Â + 
ã� � � ä £qð ä Ç ,
�

_Dxw 	 �
�I � � Â + 
ã� � � ä £qð ä Ç ,

�

hvw krorpruskltxhphqw iruwhphqw lvrwrsh ã o*lghqwlwì gdqv Il{
�

�I � � Â + 
ã� � � ä £qð ä Ç ,
�
=

+e, Oruvtxh l 5 	 ¡ q*hvw sdv xqh vlqjxodulwì gh w|sh qrhxg0fro vf )�ï / wrxw
ìoìphqw I 5 Dxw 	 �

�I � � Â + 
ã� � � ä £qð ä Ç ,
�
hvw krorpruskltxhphqw lvrwrsh

ã o*lghqwlwì gdqv Dxw
�

�I ���VÂ + 
 � � � ä £ ð ä Ç ,�
=� õVt Dqr1áMr â1r |�x�F 719<E1G J<=@F HK]>L[=.]>BME1F HK;>L
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Fkdslwuh 61= Gìprqvwudwlrq gx Wkìruëph E1

Udsshorqv txh oh ihxloohwdjh I ��� ìwdqw gh 5 � hvsëfh jìqìudoh/ od vlqjxodulwì
l 5 	 ¡ _ Vlqj+G ¡ ,> frqvlgìuìh gdqv o*dvvhuwlrq 41/ qh shxw íwuh xq qrhxg0fro1

Il{rqv/ gdqv od vxlwh gh fh sdudjudskh/

X @ i+P � � > X ª , ª -�Û�æ Ü¢Ý�Þ6ß � � Ë æ � j>
xq jhuph gh uhfrxyuhphqw dgdswì +Fi1 31514, gx jhuph gh ydulìwì +P � � > G � � ,1
Srxu gìprqwuhu od sursrvlwlrq 61417/ qrxv dxurqv ehvrlq ghv wurlv ohpphv vxly0
dqwv =

Ohpph 61418 1

41 Vrlhqw l 5 	 ¡ _ Vlqj+G ¡ ,> I xq ìoìphqw gh Il{
�

�I � � Â + 
ã� � � î � � � ªq� ,�

hw � = +P � � > � � � +l,, $ +G>� � � +l,, xq jhuph gh uìwudfwlrq krorpruskh
gh P � � vxu o*xqh ghv ghx{ eudqfkhv gx glylvhxu > G 5 Frps+G � � , hw

� ��� +l, 5 G 1 Doruv lo h{lvwh xq ìoìphqw I � gh Il{
�

�I ���VÂ + 
 � � � î � � � ªq� ,
�

krorpruskltxhphqw iruwhphqw lvrwrsh ã I gdqv Il{
�

�I ���VÂ + 
 � � � î � � � ªq� ,
�

txl suìvhuyh od �eudwlrq �> l1h1 � � I � @ �=

51 Vrlhqw l 5 	 ¡ > l 5 m 5 Frps+G ¡ ,> I xq ìoìphqw gh Dxw 	 �
�I ���VÂ + 
 � � � ä £ ð ä Ç ,

�
/

hw � = +P �{� > X ª _ X � , $ X ª _ X � xq jhuph/ oh orqj gh X ª _ X � > gh uìwudf0
wlrq krorpruskh gh P � � vxu X ª _ X� = Doruv lo h{lvwh xq ìoìphqw I � gh
Dxw 	 �

�I � � Â + 
ã� � � ä £oð ä Ç ,
�
krorpruskltxhphqw iruwhphqw lvrwrsh ã I gdqv

Il{
�

�I � � Â + 
ã� � � ä £oð ä Ç ,
�
txl suìvhuyh od �eudwlrq �> l1h1 � � I � @ �=

Qrxv dxurqv ehvrlq srxu od gìprqvwudwlrq gh fh ohpph gh ghx{ vrxv0ohpphv =

Vrxv0ohpph 61419 Vrlw !+{> |> w, oh  rw g*xq fkdps gh yhfwhxuv ã o*ruljlqh gh
F
�
txl v*ìfulw

[ @ {+4 . E+{> |,,
C

C{
. |+� . D+{> |,,

C

C|

dyhf D>E 5 R � > D+3> 3, @ E+3> 3, @ 3= Frqvlgìurqv F+{> |, 5 R � hw i+{> |, @
{+4 . |F+{> |,,= Doruv lo h{lvwh xq jhuph gh irqfwlrq krorpruskh W =

�
F
�
> 3

�
$

+F> 3, who txh �
i+!+{> |> W +{> |,, @ {

W +{> 3, @ 3

Suhxyh gx vrxv0ohpph 614191 Od irqfwlrq N+{> |> w, @
�� i+!+{> |> w,, � 4

hvw krorpruskh ã o*ruljlqh hw o*rq yrlw txh

N+{> 3> w, @ w+4 . E+{> 3,, prgxor +w
�
,=R !

Dlqvl ^K�^ � +{> 3> 3, @ 4.E+{> 3, 9@ 3 srxu wrxw { surfkh gh 3 hw N+{> 3> 3, @ 3=
Rq frqfoxw juåfh dx wkìruëph ghv irqfwlrqv lpsolflwhv1

Vrxv0ohpph 6141: Vrlw !+{> |> w, oh  rw g*xq fkdps gh yhfwhxu [ gì�qlw kror0
pruskh dx yrlvlqdjh g*xq rxyhuw X � i| @ 3j txl v*ìfulw =

[ @ D+{> |,
C

C{
. |E+{> |,

C

C|

:4



Vhfwlrq 6141 = Gljuhvvlrq qìfìvvdluh vxu ohv jhuphv g*dxwrprusklvph g*xq
jhuph gh ihxloohwdjh

dyhf D>E 5 R � who txh D+{> 3, 9@ 3 srxu wrxw { 5 X= Frqvlgìurqv i+{> |, @
{.|F+{> |, xq jhuph gh irqfwlrq krorpruskh dx yrlvlqdjh gh X= Doruv lo h{lvwh
xq jhuph gh irqfwlrq krorpruskh W =

�
F
�
> X

�
$ +F> 3, who txh

�
i+!+{> |> W +{> |,, @ {

W +{> 3, @ 3

Suhxyh gx vrxv0ohpph 6141:1 Od irqfwlrq N+{> |> w, @ i+!+{> |> w,, � {
hvw krorpruskh ã o*ruljlqh hw o*rq yrlw txh

N+{> 3> w, @ wD+{> 3, prgxor +w
�
,=R !

Dlqvl ^K�^ � +{> 3> 3, @ D+{> 3, 9@ 3 srxu wrxw { 5 X hw N+{> 3> 3, @ 3= Rq
frqfoxw juåfh dx wkìruëph ghv irqfwlrqv lpsolflwhv1

Suhxyh gx ohpph 614181 Qrwrqv !+{> |> w, oh  rw gh [ dx whpsv w= G*dsuëv
ohv ghx{ vrxv0ohpphv suìfìghqwv/ lo h{lvwh xqh dssolfdwlrq krorpruskh W whooh
txh � � I +!+{> |> W +{> |,,, � � � 3= O*dssolfdwlrq I � +{> |, @ I +!+{> |> W +{> |,,,
suìvhuyh dlqvl od �eudwlrq � hw/ sdu frqvwuxfwlrq/ hvw krorpruskltxhphqw iruwh0
phqw lvrwrsh ã I gdqv Il{

�
�I � � Â + 
ã� � � � ,�

=

Ilj1 : � +Ohpph 61418, Uhsuìvhqwdwlrq judskltxh gh o*dssolfdwlrq !
 ��� ��� �V� =

Ohpph 6141; Vrlhqw l 5 	 ¡ > m 5 Frps+G ¡ ,> l 5 m> hw I xq ìoìphqw gh

Dxw 	 �
�I ���VÂ + 
 � � � ä £ ð ä Ç ,

�
= Il{rqv xq jhuph gh uìwudfwlrq krorpruskh � = +P ��� > X ª _

X � , $ X ª _ X � hw vxssrvrqv txh � � I @ �/ hw txh/ srxu wrxw d 5 X ª _ X� / oh
jhuph hq d gh od uhvwulfwlrq I Â Î Í � � � � hvw frpsdwleoh/ +Fi1 81514,/ dyhf oh jhuph gh
o*krorqrplh k � gh �I � � > oh orqj gh X ª _ X� > uhsuìvhqwì vxu oh jhuph gh wudqvyhu0
vdoh +�

� �
+d,> d,1 Doruv I hvw krorpruskltxhphqw iruwhphqw lvrwrsh ã o*lghqwlwì

gdqv Il{
�

�I ���VÂ + 
 � � � ä £ ð ä Ç ,�
=

Suhxyh gx ohpph 6141;1 Qrwrqv I � od uhvwulfwlrq gh o*dssolfdwlrq I ã od
�euh +�

� �
+d, > d,> d 5 X ª _X � = G*dsuëv 81515/ lo h{lvwh xq hqwlhu uhodwli q � who txh

I � @ k
� k� = Oruvtxh k � hvw shulrgltxh/ q � gìvljqhud o*hqwlhu plqlpdo txl yìul�h

fhwwh uhodwlrq1
Il{rqv d 	 5 X ª _ X � hw xq yrlvlqdjh rxyhuw Z gh d 	 gdqv P ��� who txh Z

hvw xq  rz0er{ gx ihxloohwdjh hw yìul�h Z _G � � � X ª _X � 1 Frqvlgìurqv vxu Z
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Fkdslwuh 61= Gìprqvwudwlrq gx Wkìruëph E1

ghv frrugrqqìhv +}> z, whoohv txh i} @ fvwhj vrqw ohv �euhv gh � hw iz @ fvwhj
vrqw ohv ihxloohv gh �I ���VÂ b = Frpph I hqyrlh ihxlooh vxu ihxlooh/ rq d I Â b +}> z, @
+}> I � � +z,, = G*dxwuh sduw/ rq yrlw idflohphqw txh k � +d> }, @ +d> k � � +},, > srxu
wrxw d 5 Z _G � � = Dlqvl o*ìjdolwì I � � @ k

� k �� � lqgxlw ohv ìjdolwìv I � @ k
� k �� srxu

wrxw d 5 Z _ G � � = Hq g*dxwuhv whuphv q � @ q � � srxu d 5 Z _ G � � = Dlqvl/
o*dssolfdwlrq d $ q � hvw orfdohphqw frqvwdqwh1 Hooh hvw grqf frqvwdqwh1

Shuphwwrqv qrxv g*lghqwl�hu +P � � > X ª _ X � , hw +F
�
>G & � 3,> rü G & hvw oh

glvtxh xqlwì gh F ìsrlqwì gh o*ruljlqh1 Qrwrqv q o*hqwlhu uhodwli txl yìul�h I � @
k
� � / d 5 G & = Frqvlgìurqv [ 	 oh fkdps gh yhfwhxuv vxu +F � 3>G & � 3, gì�ql

sdu [ 	 +{, @ 5l�q{ ^^ � = Frqvlgìurqv o*xqltxh fkdps ]+{> |, rewhqx hq uhohydqw
oh fkdps [ 	 / vxu ohv ihxloohv gh �I ��� > ã o*dlgh gh od vxephuvlrq �= Il{rqv +{> |,
xq v|vwëph gh frrugrqqìhv krorpruskhv vxu +F

�
>G & � 3, who txh i| @ 3j hvw od

ydulìwì G & =
� Oruvtxh od vlqjxodulwì � � � +l, q*hvw sdv gh w|sh qrhxg0fro/ oh jhuph gh 40
iruph gì�qlvvdqw oh ihxloohwdjh hq fh srlqw hvw gx w|sh |+� � .D+{> |,,g{.
{+� � . E+{> |,,g|> D>E 5 R � > dyhf D+3> 3, @ E+3> 3, @ 3= Oh fkdps ]
v*ìfulw doruv

]+{> |, @ 5l�q{
C

C{
� 5l�q|

� � . E+{> |,

� � . D+{> |,

C

C|
=

� Oruvtxh od vlqjxodulwì � � � +l, hvw gh w|sh qrhxg0fro/ oh jhuph gh 40iruph
gì�qlvvdqw oh ihxloohwdjh hq fh srlqw hvw gx w|sh +�+{, . |D � +{> |,,g| .
|
��� �

g{> dyhf D � 5 R � > � 5 R � > �+3, @ 3> � � +3, 9@ 3 +Fi1 ^Gxo`,= Oh fkdps
] v*ìfulw doruv

]+{> |, @ 5l�q{
C

C{
� 5l�q{|

��� �
�+{, . |D � +{> |,

C

C|
=

Uhpdutxrqv txh gdqv fh fdv ]+{> |, q*hvw sdv krorpruskh ã o*ruljlqh pdlv
vhxohphqw vxu xq yrlvlqdjh gh G & � 3 gdqv F

�
=

Qrwrqv !
� � oh  rw dx whpsv 4 gx fkdps ]= Ohv dssolfdwlrqv !

� � hw I fr0
lqflghqw vxu +F

�
>G & � 3,> hq h�hw srxu wrxw d 5 +F � 3>G & � 3,> glvwlqfw

gh o*ruljlqh/ qrxv dyrqv !
� � Â Î Í � � � � @ I � @ k

� � = Lo v*hqvxlw o*ìjdolwì ghv jhuphv
I @ !

� � vxu +F
�
> 3,1 O*lvrwrslh fkhufkìh q*hvw dxwuh txh oh jhuph krorpruskh

+{> |> w, :�$ !
� �

+{> |,=

Ohpph 6141< Vrlhqw l 5 	 ¡ _Vlqj+G ¡ ,> m 5 Frps+G ¡ ,> l 5 m> hw I ìoìphqw

gh Il{
�

�I � � Â + 
ã� � � î � � � ªq� ,
�
1 Qrxv vxssrvrqv txh I dgphw xq uhsuìvhqwdqw kror0

pruskh oh orqj gh Y @ X ª _ � � � +m, � G � � 1 Il{rqv xq jhuph/ oh orqj gh Y> gh
uìwudfwlrq krorpruskh � = +P � � > Y , $ Y> who txh �

� �
+� � � +l,, 5 Frps+G ¡ , vrlw

od vhfrqgh frpsrvdqwh luuìgxfwleoh gx glylvhxu sdvvdqw sdu � � � +l,1 Vxssrvrqv/
gh soxv/ txh � �I @ � hw txh/ srxu wrxw d 5 Y & @ Y � � � � +l,> I Â Î Í � � � � hvw frp0
sdwleoh +Fi1 81514, dyhf oh jhuph gh gliiìrprusklvph g*krorqrplh k � gh �I � � >
oh orqj gh Y & > uhsuìvhqwì vxu oh jhuph gh wudqvyhuvdoh +�

� �
+d,> d,1 Doruv I hvw

krorpruskltxhphqw iruwhphqw lvrwrsh ã o*lghqwlwì gdqv Il{
�

�I � � Â + 
ã� � � î � � � ªq� ,
�
=

Suhxyh gx ohpph 6141<1 Xwlolvrqv od píph pìwkrgh txh fhooh h�hfwxìh
gdqv od suhxyh gx ohpph 6141;1 Fhooh0fl prqwuh o*h{lvwhqfh g*xq hqwlhu uhodwli q
who txh I � @ k

� � > srxu wrxw d 5 Y= Gh soxv/ pdlqwhqdqw/ od vlqjxodulwì � � � +l,
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Vhfwlrq 6141 = Gljuhvvlrq qìfìvvdluh vxu ohv jhuphv g*dxwrprusklvph g*xq
jhuph gh ihxloohwdjh

q*hvw sdv xq qrhxg fro/ fdu $ 	 hvw gh 5 � hvsëfh jìqìudoh1 Rq rewlhqw dlqvl/ vxu
xq yrlvlqdjh gh Y gdqv P � � > txh qrxv lghqwl�rqv ã xq sro|glvtxh vwdqgdug
G � G � F

�
> oh fkdps gh yhfwhxuv krorpruskhv

]+{> |, @ 5l�q{
C

C{
� 5l�q|

� � . E+{> |,

� � . D+{> |,

C

C|

txl hvw wdqjhqw dx ihxloohwdjh )V' hw txl vh surmhwwh sdu � vxu oh fkdps 5l�q{ ^^ � =
O*lvrwrslh fkhufkìh hvw hqfruh grqqìh sdu oh  rw !

� �
gh ]=

Ilj1 ; � +Ohpph 6141; hw ohpph 6141<, Uhsuìvhqwdwlrq gh o*lvrwrslh !
� �
=

Ohpph 614143 Vrlhqw l 5 	 ¡ > m 5 Frps+G ¡ ,> l 5 m= Il{rqv d 5 X ª _ X � >
lghqwl�rqv +�

� �
+d, > d, ã +F> 3, hw vxssrvrqv txh oh jhuph gh gliiìrprusklvph

g*krorqrplh k � hvw olqìdulvdeoh1 Frqvlgìurqv xq ìoìphqw i gx fhqwudolvdwhxu gh
k � > doruv i hvw krorpruskltxhphqw lvrwrsh ã o*lghqwlwì gdqv Fhq+k � , = Lo h{lvwh
xq jhuph g*dssolfdwlrq krorpruskh ! = +F � F> 3 � ^3> 4`, $ +F> 3,> +|> v, :�$
! Ä +|, who txh ! � @ lg> ! 	 @ i hw ! Ä 5 Fhq+k � , srxu wrxw v 5 +F> ^3> 4`,=

Suhxyh gx ohpph 6141431 Qrxv srxyrqv vxssrvhu txh srxu oh v|vwëph gh
frrugrqqìhv +{> |, fkrlvl vxu +P � � > X ª , > o*dssolfdwlrq k � hvw olqìdluh = k � +|, @
�|> � 5 F & = Wurlv fdv gìshqgdqw gh � vh suìvhqwhqw =

41 Oh fdv � @ 4 hvw wulyldo fdu k � hvw o*lghqwlwì hw Fhq+k � , @ Glii+F> 3,=

51 Oh fdv � 5 F & > qrq udflqh gh o*xqlwì1
Hq lghqwl�dqw ohv frh!flhqwv gx gìyhorshphqw hq vìulh hqwlëuh gh o*ìjdolwì
j � k � @ k � � j/ rq gìprqwuh txh

Fhq+k � , @ ij 5 Glii+F> 3, w1t1 j+|, @ �|> � 5 F & j
Dlqvl lo h{lvwh � 5 F & who txh i+|, @ �|= Xqh lvrwrslh hvw doruv ! Ä +|, @ � Ä |
rü v :�$ � Ä hvw xq fkhplq gh F & uholdqw � ã 41� 46ø W<E1L�E1H@F G F L@W<71L�G ;>L�7MW�H@J<H@F W<71L�B1;�G J8\M=.;>E1�V;�B1E�G ;>?A?A;,}br |<r �MZ�B1J<71L�G J<YbE1;>G G ;�G ;R9V;>=.?A;�B1;m|IpqD W<=@?A;B1]YXM71F L@L@J<7�H�G ;8D ;>E1F G G ;IHKJ<9<;mJ<E¿\�WVF 7�H�L@F 7M9<E1G F ;6=R;6LoH,B1EOHonb\�;���N���� ����N ��SO�MU@U����D�F��Nm�������AN ��SO�MU@U�����SJ6�V;6X=��S(��@F�=�VS���N�TbS@T�U����ON TbSKTVU�� T1þ
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Fkdslwuh 61= Gìprqvwudwlrq gx Wkìruëph E1

61 Oh fdv � 5 F & rü � @ h{s+5l�
� � , dyhf s> t 5 Q & suhplhuv hqwuh hx{1

Rq yrlw doruv txh ohv ìoìphqwv gx fhqwudolvdwhxu vrqw ohv

j+|, @ |

#
� .

[
í -���� � í +| � , í

$
> � 5 F & > � í 5 F=

Xqh lvrwrslh hvw doruv ! Ä +|, @ |+� Ä .
Sí -�� � +4 � v,� í +| � , í , rü v :�$ � Ä hvw

xq fkhplq gh F & uholdqw � ã 41

Yrloã1
Qrxv srxyrqv pdlqwhqdqw derughu od gìprqvwudwlrq gh o*h{lvwhqfh ghv lvr0

wrslhv =
Suhxyh gh od sursrvlwlrq 614171 Fhwwh gìprqvwudwlrq vh vflqgh qdwxuhooh0

phqw hq ghx{ sduwlhv =

41 Srxu l 5 	 ¡ > l 5 m 5 Frps+G ¡ , =

Il{rqv xq ìoìphqw I gh Dxw 	 �
�I ���VÂ + 
 � � � ä £ ð ä Ç ,

�
=

G*dsuëv oh ohpph 61418/ lo h{lvwh xq ìoìphqw J gh Dxw 	 �
�I � � Â + 
ã� � � ä £oð ä Ç ,

�

krorpruskltxhphqw iruwhphqw lvrwrsh ã I gdqv Il{
�

�I � � Â + 
ã� � � ä £oð ä Ç ,
�
txl

suìvhuyh od �eudwlrq �> � � J @ �=
Wurlv fdv +ìyhqwxhoohphqw qrq glvmrlqwv, vh suìvhqwhqw =

� Suhplhu fdv = I hvw xq ìoìphqw gh Il{
�

�I ���VÂ + 
 � � � ä £ ð ä Ç ,
�
=

O*dssolfdwlrqJ hvw grqf/ hooh dxvvl/ xq ìoìphqw gh Il{
�

�I � � Â + 
ã� � � ä £qð ä Ç ,
�
=

Dlqvl srxu fkdtxh d 5 X ª _ X � > oh jhuph g*dssolfdwlrq J Â Î Í � � � � hvw frp0
sdwleoh )�( dyhf oh jhuph g*krorqrplh k � = Hq h�hw/ �{rqv d 5 X ª _ X � hw
frqvlgìurqv X hw Y ghx{ yrlvlqdjh gh d gdqv �

� �
+d, whov txh k � +Y , � X

hw J Â Î Í � � � � +Y , � X hw qrwrqv } xq srlqw gh Y= O*dssolfdwlrq J ìwdqw xq

ìoìphqw gh Il{
�

�I � � Â + 
ã� � � ä £qð ä Ç ,
�
> lo h{lvwh Z xq rxyhuw gh P � � ìjdo

ã X vxu �
� �

+d, who txh vl } hw J+}, dssduwlhqqhqw ã Z doruv } hw J+},
vrqw frqwhqxv gdqv xqh píph ihxlooh gx ihxloohwdjh �I ���VÂ b = Dlqvl/ o*lpdjh
sdu J Â Î Í � � � � gx srlqw } hvw gdqv od X 0ruelwh gh k � gx srlqw }> R

� kä +}, =
oh jhuph g*dssolfdwlrq J Â Î Í � � � � hvw frpsdwleoh dyhf oh jhuph g*dssolfdwlrq
k � = G*dsuëv oh ohpph 6141;/ J hvw krorpruskltxhphqw iruwhphqw lvrwrsh
ã o*lghqwlwì gdqv Il{

�
�I � � Â + 
ã� � � ä £qð ä Ç ,

�
=

� Ghx{lëph fdv = I hvw xq ìoìphqw gh Dxw 	 �
�I �{��Â + 
 � � � ä £ ð ä Ç ,�

> k � hvw qrq
olqìdulvdeoh/ d 5 X ª _ X � =
Gdqv fh fdguh/ k � hvw vrlw o*krorqrplh g*xqh vlqjxodulwì uìvrqqdqwh qrq
olqìdulvdeoh vrlw o*krorqrplh gh od ydulìwì iruwh g*xqh vlqjxodulwì gh w|sh
qrhxg0fro vqf )�) 1 O*dssolfdwlrq J Â Î Í � � � � dssduwlhqw dx fhqwudolvdwhxu gh k � >
hooh lqgxlw xq dxwrprusklvph vxu oh fkdshohw gh vskëuhv dvvrflì ã od fodvvh
dqdo|wltxh gx jhuph gh gliiìrprusklvph k � = Oh ihxloohwdjh I ¡ ìwdqw gh 5

�
�6s�t Dor1B1]1X171F H@F W<7F��r âbr |Vr�>� t Dor1á1r âbr |�x�F 7M9<E1G J<=.F H@]6L,=@]>B1E1F H@;6L
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Vhfwlrq 6151 = Txdvl0frf|foh gh txlqwhvvhqfh gx frxsoh +I

� � >X,=

hvsëfh jìqìudoh/ fhw dxwrprusklvph hvw o*lghqwlwì/ dlqvl oh jhuph g*dssol0
fdwlrq J Â Î Í � � � � hvw frpsdwleoh dyhf oh jhuph g*dssolfdwlrq k � / srxu wrxw
d 5 X ª _ X � = G*dsuëv oh ohpph 6141;/ J hvw krorpruskltxhphqw iruwhphqw

lvrwrsh ã o*lghqwlwì gdqv Il{
�

�I � � Â + 
ã� � � ä £qð ä Ç ,
�
=

� Wurlvlëph fdv = I hvw xq ìoìphqw gh Dxw 	 �
�I ���VÂ + 
 � � � ä £ ð ä Ç ,�

> k � hvw
olqìdulvdeoh/ d 5 X ª _ X� =
Il{rqv d 5 X ª _X � > qrxv glvsrvrqv g*xqh lvrwrslh gh J Â Î Í � � � � gdqv oh fhq0
wudolvdwhxu gh k � g*dsuëv oh ohpph 6141431 Oh ihxloohwdjh �I � � Â + 
ã� � � ä £oð ä Ç ,
ìwdqw uìjxolhu/ fhwwh lvrwrslh v*ìwhqg fodvvltxhphqw hq xq xqltxh jhuph oh
orqj gh +X ª _ X � , � ^3> 4` g*lvrwrslh krorpruskh uholdqw J ã o*lghqwlwì gdqv

Dxw
�

�I � � Â + 
ã� � � ä £oð ä Ç ,
�
=

51 Srxu l 5 	 ¡ _ Vlqj+G ¡ , =

Il{rqv xq ìoìphqw I gh Il{
�

�I � � Â + 
ã� � � î � � � ªq� ,
�
hw grqqrqv qrxv xq jhuph

gh uìwudfwlrq krorpruskh � gh +P � � > � � � +l,, vxu o*xqh +ghv ghx{, frpsrvdqwhv
orfdohv G gh G � � hq � � � +l,=

G*dsuëv oh ohpph 61418/ lo h{lvwh xq ìoìphqw J gh Il{
�

�I � � Â + 
ã� � � î � � � ª�� ,�

krorpruskltxhphqw iruwhphqw lvrwrsh ã I gdqv Il{
�

�I ���VÂ + 
 � � � î � � � ªq� ,
�
txl

suìvhuyh od �eudwlrq �> � � J @ �= Dlqvl/ srxu xq shwlw yrlvlqdjh rxyhuw +40
frqqh{h, X gh � � � +l, gdqv P � � > J ä Â Î Í � � � � hvw frpsdwleoh )�3 dyhf oh jhuph
gh gliiìrprusklvph g*krorqrplh k � > d 5 G _ X � i� � � +l,j/ J ä gìvljqdqw xq
uhsuìvhqwdqw gh J vxu X= G*dsuëv oh ohpph 6141</ J hvw krorpruskltxhphqw
iruwhphqw lvrwrsh ã o*lghqwlwì gdqv Il{

�
�I � � Â + 
ã� � � î � � � ªq� ,

�
=

Fh txl dfkëyh fhwwh gìprqvwudwlrq

615 Txdvl0frf|foh gh txlqwhvvhqfh gx frxsoh EI ���q > X�=

Od qrwlrq gh txdvl0frf|foh gh txlqwhvvhqfh gx frxsoh +I

��� >X, hvw hvvhqwlhooh

ã fh fkdslwuh1
Gdqv fh txl vxlw/ qrxv frqvwuxlvrqv ghv h{whqvlrqv orfdohv gh * �dgdswìhv�

dx uhfrxyuhphqw X = Hqvxlwh/ qrxv dvvrflrqv ã wrxw v|vwëph � gh whoohv h{whq0
vlrqv/ xq remhw gh w|sh frkrprorjltxh C+�, txl frqwlhqw o*lqirupdwlrq vxu ohv
revwuxfwlrqv dx{ uhfroohphqwv ghv ìoìphqwv gh �= O*ìoìphqw C+�, vhud dsshoì
txdvl0frf|foh1 Qrxv yhuurqv tx*rq shxw frqvwuxluh � gh vruwh txh C+�, srvvëgh
gh erqqhv sursulìwìv g*lvrwrslh uhodwlyh dx{ ihxloohwdjhv +rq glud txh C+�, hvw
gh txlqwhvvhqfh,1

61514 Gì�qlwlrqv gh txdvl0frf|fohv gx frxsoh +I

� � >X,=

Frqvlgìurqv ghx{ jhuphv gh ihxloohwdjhv krorpruskhv gh +F
�
> 3,> I


��� hw I

� � >

vlqjxolhuv ã o*ruljlqh/ pdutxìv sdu I ¡ = Vxssrvrqv tx*lo h{lvwh xq elkrorpruskl0
vph * = G �{� $ G � � frpsdwleoh )�� dx{ pdutxdjhv1 Qrwrqv

X @ i+P � � > X ª , ª -{Û æ Ü¢Ý,Þ6ß � � Ë æ � j>�K��t Dqr ; ]1X171F H@F W<7F��r âbr |�I�Vt Dqr�ö�|Vr â1r âbr
:9



Fkdslwuh 61= Gìprqvwudwlrq gx Wkìruëph E1

xq jhuph gh uhfrxyuhphqw dgdswì +Fi1 31514, gx jhuph gh ydulìwì +P ��� > G ��� , =Il{rqv/
gh pdqlëuh dueluwdluh/ xqh uhodwlrq g*ruguh vxu ohv frpsrvdqwhv gh G ¡ > qrwìh
! = Frqvlgìurqv oh jhuph gh uhfrxyuhphqw dgdswì

X � @ i+P ��� > X �ª , ª -�Û æ Ü¢Ý�Þ6ß � � Ë æ � j>
gx jhuph gh ydulìwì +P ��� > G ��� ,> who txh srxu wrxw l 5 	 ¡ ^ Frps+G ¡ ,/ rq d
ìjdolwì ghv rxyhuwv * +X ª , @ X �ª 1

Qrwrqv 	 ¡ ��Frps+G ¡ , @ i+l> m, 5 	 ¡ � Frps+G ¡ , whov txh l 5 mj �
	 ¡ �Frps+G ¡ ,= Qrxv dsshorqv froohfwlrq g*h{whqvlrqv orfdohv dgdswìhv ã * hw
dx uhfrxyuhphqw X wrxwh froohfwlrq

� @
��
i � ª � � � � ªo� � � -{Û¢æçÊ Ý,Þ>ß � � Ë æ � > +i � , � - Ý,Þ>ß � � Ë æ � �

whooh txh =

41 i � ª � � = +P � � > X ª , $
�

P ��� > hX �ª �
hvw xq jhuph gh elkrorprusklvph txl

yìul�h i � ª � � +X ª , @ + hX �ª ,> frqmxjxh ohv jhuphv gh ihxloohwdjh �I � � Â + 
ã� � � ä £ ,
hw �I ����Â + 
ã� � � :ä Ç£ , hw txl hvw xqh h{whqvlrq gh od uhvwulfwlrq gh * ã o*rxyhuw

X ª _� � � +m, > gh pdqlëuh suìflvh = * Â ä £ ð � � � � � � @ i � ª � � Â ä £oð � � � � � � / dyhf +l> m, 5
	 ¡ ��Frps+G ¡ ,= O*rxyhuw hX �ª hvw o*lpdjh sdu i � ª � � gh o*rxyhuw X ª > lo q*hvw
sdv hq jìqìudo ìjdo ã X �ª > rq d vhxohphqw hX �ª _ � ��� +m, @ X �ª _ � ��� +m, =

51 i � = +P ��� > X � , $
�
P � � > X �� � hvw xq jhuph gh elkrorprusklvph txl yìul�h

i � +X� , @ +X
�� ,> hvw xqh h{whqvlrq orfdoh gh * = * Â ä Ç @ i�bÂ ä Ç > hw txl frqmxjxh

ohv jhuphv gh ihxloohwdjh �I ����Â + 
 � � � ä Ç , hw
�

�I � � Â + 
 � � � ä �Ç ,�
=

Uhpdutxrqv txh vl l 	 5 	 ¡ hvw vlwxì vxu od sduwlh olvvh gx glylvhxu/ doruv
od idplooh � frqwlhqw xq vhxo ìoìphqw i � ª � � � rü �jxuh o*lqglfh l 	 = Sdu frqwuh vl
l 	 5 	 ¡ _ Vlqj+G ¡ , doruv od idplooh � frqwlhqw ghx{ ìoìphqwv i � ª �K� � � hw i � ª �I� § �
rü �jxuh fhw lqglfh/ hw m � > m � vrqw ohv ghx{ frpsrvdqwhv frqqh{hv gh G ��� txl
v*lqwhuvhfwhqw hq l 	 =

Frqvlgìurqv o*hvsdfh �]
�
+I


� � >X, vxlydqw

�]
�
+I


��� >X, @
\

ª -{ë ª ��ì � Ë æ � Dxw
�

�I � � Â + 
ã� � � î � � � ªq� ,�
�

\
� ª.� � � -{Û¢æ çÊ Ý,Þ6ß � � Ë æ � Dxw 	

�
�I � � Â + 
ã� � � ä £oð ä Ç ,�

Qrxv dsshoohurqv ohv ìoìphqwv gh �]
�
+I


��� >X, ghv txdvl0frf|fohv gx frxsoh
+I


� � >X,= Uhpdutxrqv txh fhwwh qrwlrq gìshqg gx pdutxdjh gh I � � sdu I ¡ = Gh
píph/ qrxv dsshoohurqv txdvl0frf|fohv dvvrflìv ã xqh froohfwlrq �> g*h{whqvlrqv
orfdohv dgdswìhv ã * hw dx uhfrxyuhphqw X > oh txdvl0frf|foh C+�, 5 �]

�
+I


��� >X,
vxlydqw =

C+�, @
�

+! ª , ª -{ë ª ��ì � Ë æ � > +! ª � , � ª.� � � -{Û æ çÊ Ý,Þ6ß � � Ë æ � � >

dyhf =
� ! ª @ i

� �� ª � � � i � ªqí�� rü l 5 Vlqj+G ¡ ,> m> n 5 Frps+G ¡ , hw l @ m _ n> m ! n=

� ! ª � @ i
� �� � i � ª � � rü +l> m, 5 	 ¡ ��Frps+G ¡ ,=

Gì�qlwlrq 61514 Qrxv glurqv tx*xq txdvl0frf|foh
�
+! ª ,> +! ª � ,�

5 �]
�
+I


��� >X,
hvw gh txlqwhvvhqfh vl =

::



Vhfwlrq 6151 = Txdvl0frf|foh gh txlqwhvvhqfh gx frxsoh +I

� � >X,=

41 srxu l 5 Vlqj +G ¡ , > oh jhuph g*dxwrprusklvph

! ª = +P � � > � � � +l,, $ +P � � > � � � +l,,

hvw xq ìoìphqw gh Il{
�

�I ���VÂ + 
 � � � î � � � ª�� ,
�
hw

51 srxu l 5 	 ¡ hw l @5 Vlqj +G ¡ , who txh oh jhuph gh ihxloohwdjh �I � � hvw gh
w|sh qrhxg0fro dyhf vìsdudwulfhv frqyhujhqwhv hq l> oh jhuph g*dxwrpru0
sklvph

! ª � = +P � � > X ª _ X � , $ +P � � > X ª _ X � , > l 5 m 5 Frps+G ¡ ,

hvw xq ìoìphqw gh Il{
�

�I � � Â + 
ã� � � ä £qð ä Ç ,
�
> rü m hvw o*xqltxh frpsrvdqwh

luuìgxfwleoh gx glylvhxu sruwdqw od vlqjxodulwì l=

Uhpdutxrqv txh oruvtxh oh ihxloohwdjh I � � hvw gh 5
�
hvsëfh jìqìudoh/ wrxw

txdvl0frf|foh gh txlqwhvvhqfh
�

+! ª , ª -{ë ª ��ì � Ë æ � > +! ª � , � ªo� � � -�Û�æçÊ Ý�Þ6ß � � Ë æ � � yìul�h/
g*dsuëv od sursrvlwlrq 61417 =

41 Srxu wrxw l 5 Vlqj+G ¡ ,> ! ª hvw krorpruskltxhphqw iruwhphqw lvrwrsh ã
o*lghqwlwì gdqv Il{

�
�I � � Â + 
ã� � � î � � � ª�� ,

�
=

51 Srxu wrxw +l> m, 5 	 ¡ ��Frps+G ¡ ,> ! ª � hvw krorpruskltxhphqw lvrwrsh ã
o*lghqwlwì gdqv Dxw

�
�I �{��Â + 
 � � � ä £ ð ä Ç ,�

=

61515 H{lvwhqfh g*xq txdvl0frf|foh gh txlqwhvvhqfh gx frxsoh +I

� � >X,=

Sursrvlwlrq 61515 Frqvlgìurqv ghx{ jhuphv gh ihxloohwdjhv krorpruskhv I

� �

hw I

� � gh +F

�
> 3,> vlqjxolhuv ã o*ruljlqh/ pdutxìv sdu I ¡ > gh 5 � hvsëfh jìqìudoh/

VO0ìtxlydohqwv hw vxssrvrqv tx*lo h{lvwh xq elkrorprusklvph * = G � � $ G ���
frpsdwleoh )�¨ dx{ pdutxdjhv1 Qrwrqv X @ +P ��� > X ª , ª -{Û � Ü�Ý,Þ6ß � � Ë � � xq jhuph

gh uhfrxyuhphqw dgdswì gx jhuph gh ydulìwì +P ��� > G ��� , =
Doruv/ lo h{lvwh xqh froohfwlrq g*h{whqvlrqv orfdohv � dgdswìhv ã * hw dx uh0

frxyuhphqw X whooh txh oh txdvl0frf|foh dvvrflì/ C+�,> hvw gh txlqwhvvhqfh=

Qrxv dxurqv ehvrlq/ srxu gìprqwuhu fhwwh sursrvlwlrq/ ghv wurlv uìvxowdwv
vxlydqwv =

Ohpph 61516 Vrlw I � xq jhuph gh ihxloohwdjh krorpruskh gh +F
�
> 3, srvvìgdqw

xqh vlqjxodulwì uìgxlwh/ ã o*ruljlqh1 Vxssrvrqv/ gh soxv txh o*d{h ghv { hvw xqh
ydulìwì lqyduldqwh hw gdqv oh fdv qrhxg0fro/ od ydulìwì iruwh1 Vrlw j xq jhuph gh
elkrorprusklvph gh +F> 3,1 Doruv lo h{lvwh xq ìoìphqw J gh Il{ +I � , who txh =

41 J hvw krorpruskltxhphqw iruwhphqw lvrwrsh )�© ã o*lghqwlwì gdqv Il{ +I � , >

51 Rq d ìjdolwì = J Â � 	1Ê�� � 	 � @ j=�I« t Dqr�ö�|Vr â1r âbr�>¾ t Dqr�öI}br |<r

:;



Fkdslwuh 61= Gìprqvwudwlrq gx Wkìruëph E1

Suhxyh1 Lo h{lvwh xqh dssolfdwlrq krorpruskh

�j = +F � F> 3 � ^3> 4`, $ +F � F> 3 � ^3> 4`,>

+{> v, :�$ �j+{> v, @ +j Ä +{, > v,

whooh txh =

41 srxu wrxw v 5 +F> ^3> 4`,> rq d j Ä +3, @ 3 hw j �Ä +3, 9@ 3=

51 Rq d ìjdolwì j 	 @ lg hw j � @ j=

Oh fkdps gh yhfwhxuv [+{> v, @ ^ ì"�^ Ä � j
� �Ä vxu +F> 3,> gìshqgdqw gx whpsv>

grqw �j hvw oh  rw v*dqqxoh hq 3 = [+{> v, @ {=d+{> v, ^^ � = Ghx{ fdv vh suìvhqwhqw =� Od vlqjxodulwì uìgxlwh q*hvw sdv gh w|sh qrhxg0fro1
Txlwwh ã fkrlvlu ohv frrugrqqìhv/ I � hvw grqqì sdu oh jhuph gh 40iruph $
txl v*ìfulw = $ @ {+� � .D+{> |,,g| . |+� � .E+{> |,,g{1 Oh fkdps [+{> v,
v*ìwhqg/ doruv/ vxu +F

�
> 3, hq xq fkdps krorpruskh ] wdqjhqw dx ihxloohwdjh

hq srvdqw =

]+{> |> v, @ {=d+{> v,
C

C{
� |

� � . E+{> |,

� � . D+{> |,
d+{> v,

C

C|
=

Rq uhpdutxh txh oh fkdps ] vh surmhwwh/ sdu od surmhfwlrq � = +F
�
> 3, $

+F> 3,> +{> |, $ {> vxu oh fkdps [+{> v,> dlqvl oh  rw

�J = +F
�

� F> 3 � ^3> 4`, $ +F
�
> 3,>

+{> |> v, :�$ �J+{> |> v, @ J Ä +{> |,

gh ] odlvvh od �eudwlrq �/ rü �+{> |, @ {> joredohphqw lqyduldqwh1 Oh
gliiìrprusklvph J � frqylhqw1

� Od vlqjxodulwì uìgxlwh hvw gh w|sh qrhxg0fro1
Fkrlvlvvrqv hqfruh ghv frrugrqqìhv gdqv ohvtxhoohv od 40iruph $ @ +{ +� +{, . � +|,,.
{|D � +{> |,,g| . |

� � �
g{ fdudfwìulvh oh ihxloohwdjh I � ã o*ruljlqh1

O*dssolfdwlrq �+{, ìwdqw xqh xqlwì/ ohv lgìdx{ +|> {, hw +|> { +� +{, . � +|,,.
{|D � +{> |,, gh Fi{> |> vj vrqw ìjdx{1
Frpph {=d+{> v, dssduwlhqw ã o*lgìdo +|> {, gh Fi{> |> vj> lo h{lvwh X � > Y � 5
Fi{> |> vj whov txh

{=d+{> v, @ �|X � +{> |> v, � Y � +{> |> v,+{+� +{, . � +|,, . {|D � +{> |,,=

Dlqvl oh fkdps

]+{> |> v, @ +{d+{> v, . |X � +{> |> v,,
C

C{
. |

� � �
Y � +{> |> v,

C

C|

hvw xq fkdps wdqjhqw dx ihxloohwdjh I � +hq h�hw $ +], � 3, hw d iruwlrul ã
o*d{h ghv {= Vd uhvwulfwlrq ã fhw d{h ydxw [+{> v,= Vrq  rw =

�J = +F
�

� F> 3 � ^3> 4`, $ +F
�
> 3,>

+{> |> v, :�$ �J+{> |> v, @ J Ä +{> |,

hvw xqh h{whqvlrq gx  rw gh [> f1ã1g1 j Ä 1 Oh gliiìrprusklvph J � frqylhqw1
:<



Vhfwlrq 6151 = Txdvl0frf|foh gh txlqwhvvhqfh gx frxsoh +I

� � >X,=

Yrloã1
Dydqw gh frpphqfhu od suhxyh gh od sursrvlwlrq 61515/ qrxv udsshorqv ghx{

uìvxowdwv g*h{lvwhqfh gh frqmxjdlvrq hqwuh ihxloohwdjhv uìgxlwv1 Lov qrxv vhurqw
xwlohv gdqv od gìprqvwudwlrq txl vxlw1 Od gìprqvwudwlrq gx suhplhu uìvxowdw vh
wurxyh gdqv ^Pdw ! ` hw gdqv ^Pdw0Prx`/ hw fhooh gx vhfrqg gdqv ^Ph} � ` +f*hvw oh
wkìruëph 51514 gh od sdjh 86,1

Wkìruëph 61517 +Pdwwhl0Prxvvx, = Vrlhqw I � hw I �� ghx{ jhuphv gh ihxlo0
ohwdjhv krorpruskhv gh +F

�
> 3, srvvìgdqw xqh vlqjxodulwì uìgxlwh ã o*ruljlqh gh

w|sh vhooh1 Qrwrqv * = +F�3> 3, $ +F�3> 3, xq jhuph gh elkrorprusklvph/ qr0

wrqv +	>p, > uhvs1
�

h	> hp
�
rü hp @ * +p, > xq jhuph gh wudqvyhuvdoh/ gh w|sh

+p� F>p,> dx ihxloohwdjh I � > uhvs1 I �� hw k/ uhvs1 �k> oh jhuph gh gliiìrpruskl0
vph g*krorqrplh gh od ihxlooh +F�3> 3, gx ihxloohwdjh I � > uhvs1 I �� > fdofxoì vxu
od wudqvyhuvdoh +	>p, > uhvs1

�
h	> hp

�
= V*lo h{lvwh xq jhuph gh elkrorprusklvph

� � = +	>p, $
�

h	> hp
�
txl frqmxjxh ohv jhuphv g*krorqrplh/ � � � k @ hk � � � >

doruv lo h{lvwh xq xqltxh jhuph gh elkrorprusklvph � = +F
�
> 3, $ +F

�
> 3, txl

v*ìfulw � +{> |, @ +*+{,> �� � +{> |,,> txl frqmxjxh ohv ihxloohwdjhv I � hw I �� hw txl
yìul�h o*ìjdolwì = � Â � Û � ß � @ � � =
Wkìruëph 61518 +Ehuwklhu0Ph}ldql0Vdg, Vrlhqw � @ {+4 . D� +{> |,,g| �
|E� +{> |,g{> m @ 4> 5> ghx{ 40iruphv krorpruskhv vlqjxolëuhv gh +F

�
> 3, gh w|sh

qrhxg0fro vf ) Ï 1 Gìvljqrqv sdu k � 5 Glii+F> 3, oh gliiìrprusklvph g*krorqrplh
gh I ' Ç oh orqj gh od vìsdudwulfh iruwh i| @ 3j fdofxoìh vxu xqh fhuwdlqh wudqvyhu0
vdoh 	� @ i{ @ {� j= Vxssrvrqv tx*lo h{lvwh xq ìoìphqw ! gh Glii+F> 3, who
txh ! & k � @ k ��� Doruv lo h{lvwh � 5 Glii+F

�
> 3,> �euìh hq { 5 F/ who txh

� &  � a  � � 3 hw � Â Û � @ !=

Suhxyh gh od sursrvlwlrq 615151 Frqvwuxlvrqv ohv elkrorprusklvphv i � ª � �
hw i� / hq glvwlqjxdqw ohv gl�ìuhqwv fdv =

41 Frqvwuxfwlrq gx elkrorprusklvph i � > m 5 Frps+G ¡ , =

Il{rqv m 5 Frps+G ¡ , hw qrwrqv L � o*hqvhpeoh m _ 	 ¡ = Frqvlgìurqv ghx{
v|vwëphv )�Ú frpsohwv vlpsohv gh odfhwv �

+� è , è -�� Ç > s�
> uhvs1

�
+� è , è -�� Ç > t�

> uhsuìvhq0

wdqw gh od fodvvh
k
� � � � � � � � � � l > uhvs1 k

� ��� � � � � � � � l > txl yìul�hqw * +s, @ t= Qrwrqv

� 	 = +P � � > X � , $ X� > uhvs1 � � =
�
P ��� > X �� � $ X �� > xq jhuph gh uìwudfwlrq

krorpruskh1 Oh jurxsh g*krorqrplh fdofxoì vxu od wudqvyhuvdoh �
� �	 +s, > uhvs1

�
� �� +t, > hvw hqjhqguì sdu ohv jhuphv gh gliiìrprusklvphv g*krorqrplh

�
k � � � � é � >

uhvs1
�
k ��� � T é � > dvvrflìv dx{ odfhwv � è > uhvs1 � è > grqqìv sdu ohv pdutxdjhv/ rü

o 5 L� = Ohv jhuphv gh ihxloohwdjhv pdutxìv
+I � � >� � � > � � � > ^� � � � Ë `, hw +I ��� >� ��� > � ��� > ^� ��� � Ë `,

ìwdqw VO0ìtxlydohqwv/ lo h{lvwh xq jhuph gh elkrorprusklvph

! =
�
�
� �	 +s, > s

�
$

�
�
� �� +t, > t

�
�IÑVt Dqr1áMr â1r |�x�F 719<E1G J<=@F HK]>L[=.]>BME1F HK;>L�Ià t Dqr�ö�|Vr â1r
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Fkdslwuh 61= Gìprqvwudwlrq gx Wkìruëph E1

txl frqmxjxh ohv jìqìudwhxuv gh o*krorqrplh = ! � k ��� � � é @ k � � � T é � ! srxu wrxw
o 5 L � =

Ilj1 < � +Suhxyh gx ohpph 61515, Pìwkrgh gh uhohyì ghv fkhplqv

Xqh dssolfdwlrq i � = +P � � > X� , $
�
P ��� > X �� � > txl uìdolvh ohv sursulìwìv

yrxoxhv/ vh frqvwuxlw fodvvltxhphqw sdu od pìwkrgh gh uhohyì ghv fkhplqv =
Qrwrqv Z xq yrlvlqdjh rxyhuw gh X � gdqv P � � = Rq frqvlgëuh xq srlqw }

gh Z hw xq fkhplq krorpruskh � sorqjì gdqv X� uholdqw � 	 +}, hw s who txh

� +3, @ � 	 +}, = Lo h{lvwh xq xqltxh fkhplq h�> uhvs1 a+* � �,> surfkh gh �> uhvs1
* � �> orfdohphqw frqwhqx gdqv ohv sodtxhv gx ihxloohwdjh hI � � > uhvs1 hI ��� > who
txh � 	 � h� @ � hw h� +3, @ }> uhvs1 � � � a+* � �, @ * � � hw a+* � �, +4, @ ! �
h� +4, = O*lpdjh sdu hi � gx srlqw } hvw doruv a+* � �, +3, = O*dssolfdwlrq hi � lpsoltxh/
sdu jhupl�fdwlrq/ oh jhuph i� = Dlqvl frqvwuxlwh o*dssolfdwlrq i � hvw elhq gì�qlh
krorpruskh/ qh gìshqg sdv ghv fkrl{ ghv odfhwv hw hvw xqltxh1

51 Frqvwuxfwlrq gx elkrorprusklvph i � ª � � > +l> m, 5 	 ¡ ��Frps+G ¡ ,/
l 5 Vlqj +G ¡ , =

Il{rqv +l> m, 5 Vlqj +G ¡ , � Frps+G ¡ , who txh l 5 m= Ohv jhuphv gh ihxlo0
ohwdjhv pdutxìv I


� � hw I

��� ìwdqw VO0ìtxlydohqwv/ lo h{lvwh xq jhuph gh elkror0

prusklvph
J ª = +P �{� > � ��� +l,, $ +P � � > � � � +l,,

txl frqmxjxh ohv ihxloohwdjhv hw yìul�h o*ìjdolwì ghv jhuphv =

J ª +� � � +m, > � � � +l,, @ +� ��� +m, > � ��� +l,, =

Qrwrqv
j ª = +� � � +m, > � � � +l,, $ +� ��� +m, > � ��� +l,,

;4



Vhfwlrq 6151 = Txdvl0frf|foh gh txlqwhvvhqfh gx frxsoh +I

� � >X,=

od uhvwulfwlrq dx jhuph gh ydulìwì +� ��� +m, > � ��� +l,, gx elkrorprusklvph J ª =
Dssoltxrqv oh ohpph 61516 ã j @ j

� �ª � *> lo h{lvwh dlqvl xq ìoìphqw/ I> gh

Il{
�

�I � � Â + 
ã� � � î � � � ªq� ,
�
> krorpruskltxhphqw iruwhphqw lvrwrsh ã o*lghqwlwì gdqv

Il{
�

�I � � Â + 
ã� � � î � � � ªq� ,
�
who txh I Â + � � � � � �@� î � � � ªq� , @ j

� �ª � *=
Srvrqv =

i � ª � � @ J ª � I = +P � � > X ª , $ +P ��� > X �ª , >
f*hvw xq jhuph gh elkrorprusklvph txl hvw dxvvl xqh h{whqvlrq orfdoh gh od
uhvwulfwlrq gh * ã � � � +m, _ X ª =

Gh soxv/ �{rqv +l> m> n, 5 	 ¡ �Frps+G ¡ , �Frps+G ¡ , whov txh m _ n @ l 1

Uhpdutxh Foì 61519 Vrlw +l> m> n, 5 	 ¡ � Frps+G ¡ , � Frps+G ¡ , whov txh
m _ n @ l 1 Ohv dssolfdwlrqv i � ª � � hw i � ªqí�� vrqw wrxwhv ghx{ gh w|sh vxlydqw
i � ª � � @ J ª �I hw i � ªqíV� @ J ª �K dyhf I hw K krorpruskltxhphqw iruwhphqw lvr0

wrsh ã o*lghqwlwì gdqv Il{
�

�I � � Â + 
ã� � � î � � � ªq� ,
�
= Dlqvl i

� �� ª�í�� � i � ª � � @ I
� �

� K hvw

krorpruskltxhphqw iruwhphqw lvrwrsh ã o*lghqwlwì gdqv Il{
�

�I � � Â + 
ã� � � î � � � ª�� ,
�
=

61 Frqvwuxfwlrq gx elkrorprusklvph i � ª � � > +l> m, 5 	 ¡ ��Frps+G ¡ ,/
l 5 	 ¡ � Vlqj +G ¡ , =

Il{rqv l 5 	 ¡ � Vlqj +G ¡ , > qrwrqv m od frpsrvdqwh luuìgxfwleoh gh G ¡
frqwhqdqw l= Frqvlgìurqv o*dssolfdwlrq i� = +P � � > X � , $

�
P �¢� > X �� � frqvwuxlwh

gdqv od sduwlh 4 gh fhwwh gìprqvwudwlrq1
Ghx{ fdv vh suìvhqwhqw =
� Od vlqjxodulwì � � � +l, q*hvw ql gh w|sh qrhxg/ ql gh w|sh qrhxg0fro vqf/ Fi1
31514 Vlqjxodulwìv uìgxlwhv +ìyhqwxhoohphqw fhwwh vlqjxodulwì shxw0íwuh gh
w|sh qrhxg fro dyhf vhv ghx{ vìsdudwulfhv frqyhujhqwhv,1
Qrwrqv � = +P � � > X ª , $ X ª > uhvs1 � � = +P ��� > X �ª , $ X �ª > xq jhuph gh
uìwudfwlrq krorpruskh who txh �

� �
+� ��� +l,,> uhvs � � � � +� � � +l,,> hvw od vì0

sdudwulfh gh � � � +l,> uhvs1 � ��� +l,> gx ihxloohwdjh �I � � > uhvs1 �I ��� 1 Il{rqv xq
srlqw { gh X ª _X� = Qrwrqv 	 od �euh �

� �
+{, hw 	 � od �euh � � � � +*+{,,= Frq0

vlgìurqv ! � = +	> {, $ +i � +	,> *+{,, od uhvwulfwlrq gh i � ã od wudqvyhuvdoh
	 hw # � = +i� +	,> *+{,, $ +	 � > *+{,, o*dssolfdwlrq gh wudqvsruw krorqrph
oh orqj ghv ihxloohv gh �I ��� txl lghqwl�h fhv wudqvyhuvdohv1
Hq dssoltxdqw oh ohpph g*h{whqvlrq gh Ph}ldql 61518 rx fhoxl gh Pdwwhl0
Prxvvx 61517 ã o*dssolfdwlrq # � � ! � > rq rewlhqw xqh dssolfdwlrq i � ª � � =
+P � � > X ª , $ +P ��� > X �ª , txl ydxw * hq uhvwulfwlrq ã X ª > ydxw # � � !� =
+	> {, $ +	 � > *+{,, hq uhvwulfwlrq ã +	> {, hw frqmxjxh ohv jhuphv gh ihxlo0
ohwdjhv + �I � � > X ª , hw + �I ��� > X �ª ,1 Wulyldohphqw/ i � �� � i � ª � � frqmxjxh oh ihxlo0
ohwdjh �I �{��Â + 
 � � � ä £ ð ä Ç , ã oxl0píph1 Gh soxv/ o*dssolfdwlrq i

� �� � #
� �� �

i � ª � � Â � Û � �1� hvw o*lghqwlwì gh od wudqvyhuvdoh +	> {, = Dlqvl wrxwh ihxlooh O txl
frxsh +	> {, hvw vd sursuh lpdjh sdu i

� �� �i � ª � � 1 Hq g*dxwuhv whuphv/ o*dxwr0
prusklvph i

� �� �i � ª � � hvw xq ìoìphqw gh Il{�
�I ����Â + 
 � � � ä £ ð ä Ç ,

�
= Gh soxv/

i
� �� � i � ª � � hvw dxvvl xq ìoìphqw gh Dxw 	 �

�I � � Â + 
ã� � � ä £qð ä Ç ,
�
> sxlvtxh i � hw

i � ª � � ydohqw wrxv ghx{ * hq uhvwulfwlrq ã X ª _ X � =
;5



Fkdslwuh 61= Gìprqvwudwlrq gx Wkìruëph E1

� Od vlqjxodulwì � ��� +l, hvw gh w|sh qrhxg rx gh w|sh qrhxg0fro vqf/ Fi1 31514
Vlqjxodulwìv uìgxlwhv1
Qrxv xwlolvrqv od píph pìwkrgh gh frqvwuxfwlrq srxu o*dssolfdwlrq i � ª � �
txh fhooh xwlolvìh gdqv od sduwlh 5 gh fhwwh gìprqvwudwlrq11 Hooh qrxv shuphw
g*rewhqlu o*dssolfdwlrq i � ª � � = +P � � > X ª , $ +P ��� > X �ª , txl frqmxjxh ohv
jhuphv gh ihxloohwdjhv + �I � � > X ª , hw + �I ��� > X �ª , hw txl ydxw * hq uhvwulfwlrq ã

X ª 1 Dlqvl i � �� ª � � � i � dssduwlhqw ã Dxw 	 �
�I ���VÂ + 
 � � � ä £ ð ä Ç ,

�
=

Ilj1 43 � Suhxyh gh od sursrvlwlrq 61515 = H{whqvlrqv orfdohv dvvrflìhv1

Hq frqfoxvlrq =

Qrxv dyrqv frqvwuxlw xqh froohfwlrq g*h{whqvlrqv orfdohv dgdswìhv ã * hw dx
uhfrxyuhphqw X /

� @
��
i � ª � � � � ª.� � � -{Û æ çÊ Ý�Þ6ß � � Ë æ � > +i� , � - Ý,Þ6ß � � Ë æ � � =

Fhv h{whqvlrqv yìul�hqw/ sdu frqvwuxfwlrq =

41 +d, srxu wrxw l 5 Vlqj +G ¡ , >o*ìoìphqw i
� �� ªqí�� �i � ª � � ghDxw�

�I � � Â + 
ã� � � î � � � ªq� ,
�

hvw krorpruskltxhphqw iruwhphqw lvrwrsh ã o*lghqwlwì gdqv

Il{
�

�I ����Â + 
 � � � î � � � ª�� ,
�
>

dyhf l 5 n> m 5 Frps+G ¡ ,> n 9@ m>

+e, srxu fkdtxh l 5 	 ¡ �Vlqj +G ¡ , txl q*hvw ql xqh vlqjxodulwì gh w|sh
qrhxg/ ql xqh vlqjxodulwì gh w|sh qrhxg0fro vqf 3�ï / oh jhuph g*dxwr0
prusklvph i

� �� ª � � �i� hvw xq ìoìphqw gx jurxsh Il{�
�I � � Â + 
ã� � � ä £oð ä Ç ,

�

dyhf m 5 Frps+G � � ,> m 6 l=

Dlqvl oh txdvl0frf|foh C+�, dvvrflì ã � hvw xq txdvl0frf|foh gh txlqwhvvhqfh
gx frxsoh +I


�{� >X,1� õ<t Dor1á1r âbr |�x�F 7M9<E1G J<=.F H@]6L,=@]>B1E1F H@;6L
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Vhfwlrq 6161 = Frqvwuxfwlrq gh od idleoh VO0uholdelolwì ghv ihxloohwdjhv I

� � hw

I

�¢� =

Uhpdutxh 6151: Oh v|vwëph � txh qrxv dyrqv frqvwuxlw yìul�h dxvvl od sur0
sulìwì vxlydqwh =

� srxu fkdtxh l 5 	 ¡ �Vlqj +G ¡ , txl q*hvw ql xqh vlqjxodulwì gh w|sh qrhxg/
ql xqh vlqjxodulwì gh w|sh qrhxg0fro vqf 3V' / oh jhuph g*dxwrprusklvph

! ªo� � = +P � � > X ª _ X � , $ +P � � > X ª _ X � ,
hvw xq ìoìphqw gx jurxsh Il{

�
�I � � Â + 
ã� � � ä £oð ä Ç ,

�
dyhf m 5 Frps+G � � ,>

m 6 l=
Qrxv q*dxurqv sdv ehvrlq srxu fh txl qrxv lqwìuhvvh gh fhwwh sursulìwì pdlv

hooh shxw íwuh xwloh/ gdqv ghv fdv suìflv/ srxu rewhqlu ghv gìsorlhphqwv1

616 Frqvwuxfwlrq gh od idleoh VO0uholdelolwì ghv ihxloohwdjhv
I ��Eq hw I ���� =

Qrxv frqvwuxlvrqv/ gdqv fhwwh vhfwlrq/ xq jhuph gh gìirupdwlrq VO0ìtxlvlqjxolhu
shuphwwdqw gh idleohphqw VO0uholhu ohv ihxloohwdjhv pdutxìv I


��� hw I

� � = Fhwwh

frqvwuxfwlrq vh ihud hq gìirupdqw o*hvsdfh ã o*dlgh ghv frf|fohv C+�, hw/ soxv
suìflvhphqw/ ã o*dlgh ghv lvrwrslhv +� ªo� � , Ä uholdqw ohv ìoìphqwv gh C+�, ã o*lghq0
wlwì1 Oh qrxyho hvsdfh P @ w+P ��� � F> X � � ^3> 4`,!+� ªo� � , Ä dlqvl rewhqx/ hvw
ylvleohphqw �euì dx0ghvvxv gh +F> ^3> 4`, hw ohv �euhv hq 3 hw hq 4 vrqw fodluhphqw
elkrorpruskhv ã P � � hw P ��� = Fhw hvsdfh vhud pxql g*xq ihxloohwdjh krorpru0
skh gh glphqvlrq 4/ yhuwlfdo dx0ghvvxv gh o*hvsdfh ghv sdudpëwuhv1 Lo uhvwhud ã
surxyhu doruv txh fhw hvsdfh hvw elkrorpruskh ã od flph g*xq dueuh gh uìvrox0
wlrq1 Hq g*dxwuhv whuphv/ qrxv doorqv yrlu txh oh glylvhxu frqwhqx gdqv P hvw
h{fhswlrqqho hw txh o*rq rewlhqw xq yrlvlqdjh gh 3 � ^3> 4` gdqv F

�
� F hq %oh

frqwudfwdqw dx0ghvvxv gh F%1
Qrxv qrxv sodêrqv gdqv ohv k|srwkëvhv gx Ohpph Foì E4 wrxw hq jdugdqw

ohv qrwdwlrqv xwlolvìhv gdqv fh fkdslwuh1

61614 Uìfdslwxodwli gh od vlwxdwlrq hw qrwdwlrqv

Qrxv frqvlgìurqv ghx{ jhuphv gh ihxloohwdjhv krorpruskhv I

�{� hw I


� � gh
+F
�
> 3,> vlqjxolhuv ã o*ruljlqh/ gh 5

�
hvsëfh jìqìudoh/ pdutxìv sdu I ¡ / VO0ìtxlydohqwv

whov tx*lo h{lvwh xq elkrorprusklvph * = G � � $ G ��� frpsdwleoh 3�( dx{ pdu0
txdjhv1 Qrxv qrwrqv X @ i+P � � > X ª , ª -{Û � Ü¢Ý,Þ6ß � � Ë � � j xq jhuph gh uhfrxyuh0
phqw dgdswì gx jhuph gh ydulìwì +P � � > G � � , = Qrxv dyrqv prqwuì/ gdqv od
vrxv0vhfwlrq 61515/ o*h{lvwhqfh g*xqh froohfwlrq g*h{whqvlrqv orfdohv dgdswìhv dx
elkrorprusklvph * hw dx uhfrxyuhphqw X >

� @
��
i � ª � � � � ªo� � � -{Û¢æçÊ Ý,Þ>ß � � Ë æ � > +i � , � - Ý,Þ>ß � � Ë æ � � >

who txh oh txdvl0frf|foh C+�, hvw xq txdvl0frf|foh gh txlqwhvvhqfh gx frxsoh
+I


��� >X,= Gdqv od vxlwh gh fhwwh vhfwlrq/ �{rqv xq who � hw qrwrqv oh txdvl0
frf|foh dvvrflì =

C+�, @
�

+! ª @ i
� �� ª � � � i � ªqíV� ,> +! ª.� � @ i

� �� � i � ª � � ,�

Hq xwlolvdqw od sursrvlwlrq 61417/ qrxv srxyrqv suìflvhu =� 4 t Dqr1áMr â1r |�x�F 719<E1G J<=@F HK]>L[=.]>BME1F HK;>L�6s t Dqr�ö�|<r âbr âbr
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Fkdslwuh 61= Gìprqvwudwlrq gx Wkìruëph E1

41 ! ª hvw xq ìoìphqw gh Il{
�

�I � � Â + 
ã� � � î � � � ªq� ,
�
krorpruskltxhphqw iruwh0

phqw lvrwrsh ã o*lghqwlwì gdqv Il{
�

�I � � Â + 
ã� � � î � � � ª�� ,�
=

51 ! ª.� � hvw xq ìoìphqw gh Dxw 	 �
�I ���VÂ + 
 � � � ä £ ð ä Ç ,�

krorpruskltxhphqw iruwh0

phqw lvrwrsh ã o*lghqwlwì gdqv Dxw
�

�I ���VÂ + 
 � � � ä £ ð ä Ç ,
�
=

Hq h�hw 41 hvw rewhqx hq xwlolvdqw oh srlqw 41 gh 614171 Srxu rewhqlu 51/ ghx{
fdv vh suìvhqwhqw =

� � � � +l, q*hvw sdv gh w|sh qrhxg0fro vf +Fi1 31514 Vlqjxodulwìv uìgxlwhv,1 Rq
dssoltxh oh srlqw 51e gh 614171

� � ��� +l, hvw gh w|sh qrhxg0fro vf1 Frpph oh txdvl0frf|foh C+�, hvw gh
txlqwhvvhqfh/ o*dxwrprusklvph ! ªo� � hvw/ sdu gì�qlwlrq/ xq ìoìphqw gh

Il{
�

�I � � Â + 
ã� � � ä £qð ä Ç ,
�

hw rq dssoltxh oh srlqw 51d gh 614171
Il{rqv ohv lvrwrslhv dlqvl rewhqxhv/ qrxv ohv qrwrqv =

41 srxu fkdtxh l 5 Vlqj +G ¡ , >

� ª = +P � � � F> � � � +l, � ^3> 4`, $ +P � � � F> � � � +l, � ^3> 4`, >

+}> v, :�$
�
! ªo� Ä +}, > v

�

whooh txh � ª +�> 3, @ lg hw � ª +�> 4, @ ! ª hw � ª hvw xq jhuph gh elkrorpruskl0
vph gh +P � � � F> � � � +l, � ^3> 4`, gdqv oxl0píph txl frqmxjxh oh jhuph
gh gìsorlhphqw wulyldo/ �I � � Â + 
ã� � � î � � � ª�� , � +F> ^3> 4`,> ã oxl0píph1

51 Srxu fkdtxh m 5 Frps+G ¡ , fkdtxh l 5 	 ¡ frqwhqxh gdqv m>

� ª.� � = +P � � � F> +X ª _ X � , � ^3> 4`, $ +P � � � F> +X ª _ X� , � ^3> 4`, >

+}> v, :�$
�
! ª.� � � Ä +}, > v

�

hvw xqh lvrwrslh txl yìul�h � ªo� � +�> 3, @ lg/ � ªo� � +�> 4, @ ! ª.� � hw � ªo� � hvw
xq jhuph gh elkrorprusklvph gh +P � � � F> +X ª _ X � , � ^3> 4`, gdqv oxl0
píph txl frqmxjxh oh jhuph gh gìirupdwlrq frqvwdqwh/ �I � Ä �oò� � Â + 
ã� � � ä £qð ä Ç ,>
ã oxl0píph1

61615 Frqvwuxfwlrq g*xqh gìirupdwlrq dx yrlvlqdjh gh fkdtxh frp0
srvdqwh luuìgxfwleoh gx glylvhxu G � � =

Ohpph 61614 Vrxv ohv frqglwlrqv gx Ohpph Foì E4/ srxu fkdtxh
m 5 Frps+G ¡ ,> lo h{lvwh xq txdguxsohw ++P� > G� , >	� >I� >�� , txl yìul�h =
41 +d, P� hvw xqh ydulìwì krorpruskh gh glphqvlrq 61

+e, G� hvw xqh k|shuvxuidfh olvvh gh P� F Ð 0gl�ìrpruskh ã S
�
�+F> ^3> 4`,>

sdu xq gliiìrprusklvph �euì dx0ghvvxv gh +F> ^3> 4`,=

+f, 	� hvw xq vrxv hvsdfh olvvh gh G� =
+g, I� hvw xq jhuph oh orqj gh G� gh ihxloohwdjh krorpruskh gh glphqvlrq

4 vxu P� 1
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Vhfwlrq 6161 = Frqvwuxfwlrq gh od idleoh VO0uholdelolwì ghv ihxloohwdjhv I

� � hw

I

�¢� =

51 +d, �� hvw xq jhuph oh orqj gh G� gh vxephuvlrq krorpruskh gh P� vxu
+F> ^3> 4`,=

+e, Od uhvwulfwlrq gh �� ã G� hvw xqh vxephuvlrq olvvh/ sursuh1

+f, Od uhvwulfwlrq gh �� ã fkdtxh frpsrvdqwh frqqh{h gh 	� hvw xq el0
krorprusklvph vxu +F> ^3> 4`,1

+g, Ohv ihxloohv gx ihxloohwdjh I � vrqw frqwhqxhv gdqv ohv �euhv gh � � =
61 +d, Lo h{lvwh xq jhuph gh elkrorprusklvph � � = +P � � >� � � +m,, $ �

� �� +3,

txl frqmxjxh ohv jhuphv gh ihxloohwdjh �I � � Â + 
 � � � � � � � � � , hw I�bÂ � Í �Ç � 	 � =
+e, Lo h{lvwh xq jhuph gh elkrorprusklvph I� = �

� �� +4, $ +P ��� >� ��� +m,,

txl frqmxjxh ohv jhuphv gh ihxloohwdjh �I ����Â + 
 � � � � � � � � � , hw I�bÂ � Í �Ç � � � =
Suhxyh1 Il{rqv m 5 Frps+G ¡ , hw qrwrqv V� o*hqvhpeoh ghv srlqwv vlqjxolhuv

gh �I ¡ sruwìv sdu od frpsrvdqwh m=

Ilj1 44 � +Suhxyh gx ohpph 61614, Frqvwuxfwlrq gh od ydulìwì +P� > G� , sdu
uhfroohphqwv1

Frqvwuxfwlrq gh od ydulìwì +P� > G� , =
Od ydulìwì +P� > G� , hvw rewhqxh hq uhfroodqw ohv jhuphv g*rxyhuwv +P � � > X í ,�

+F> ^3> 4`,> n 5 V � ^ imj > oh orqj ghv jhuphv g*rxyhuwv +P ��� > +X í _ X � ,, �
+F> ^3> 4`,> n 5 V � > dx pr|hq ghv dssolfdwlrqv � í1� � > n 5 V � = Ohv elmhfwlrqv
� í1� �bÂ ��ä ñ ð ä Ç � Ê � � � P 	 � � R � odlvvdqw ohv rxyhuwv +X í _ X � , � +F> ^3> 4`, lqyduldqwv/ od ydu0
lìwì G� rewhqxh hq uhfroodqw ohv jhuphv g*rxyhuwv X í � +F> ^3> 4`, dx pr|hq ghv
dssolfdwlrqv � í1� � hvw xqh k|shuvxuidfh gh P� =

Oh ohfwhxu shxw yìul�hu txh o*hvsdfh rewhqx hvw vìsduì 3�) 1 Gdqv od vxlwh gh fh
fkdslwuh qrxv qrwrqv =

� Y
�í o*lpdjh fdqrqltxh gh o*rxyhuw X í � +F> ^3> 4`, gdqv od ydulìwì P� > n 5

V � ^ imj =�>� W<E �1F ;>7 F G[\�;>EbH¿=.;>?AJ<=@Y�E1;6=>Z��³G J�X17 B1;:X6;IH.HK;:B1]6?�WV71L.H@=@J�H@F W<7{Z¢Y�E1;w71W<E1LO7�¯ J6�VWV71LOD J<F HOYbE1;?AW�B1F X1;>=RG J�L.H@=@E1XIHKE1=.;8�MW<G WV?AW<=.\1�M;8B1;8G�¯ ;>L@\1JVX>;[HKW<\�W<G W<9<F Y�E1;�N � � � S@� � � UKþ t ;8Y�EMF�7�¯ J<ý�;>X>H@;8\1JVLRG JL@]>\1JV=.J<�1F G F HK]CB1;CX>;IH[;6L@\1J<X>;Vr
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Fkdslwuh 61= Gìprqvwudwlrq gx Wkìruëph E1

� � � � í = +P � � > X í , � +F> ^3> 4`, $
�

P� > Y �í �
oh jhuph gh sorqjhphqw fdqrq0

ltxh txl yìul�h �
� �� � í � � � � � @ � í1� � > n 5 V � ^ imj =

� �� = +P� > G� , $ S @ +F> ^3> 4`, oh jhuph gh vxephuvlrq qdwxuho lqgxlw
sdu ohv surmhfwlrqv

su � � � = +P � � >� � � +m,, � +F> ^3> 4`, $ +F> ^3> 4`,

Dwodv krorpruskh vxu +P� > G� , =
Qrxv srxyrqv gìfuluh od vwuxfwxuh krorpruskh gh +P� > G� , dx pr|hq gh

o*dwodv D � @
��

P� > Y �í �
> +� í � lg, � �

� �� � í � í -{ë Ç Ü�ó � ô rü D
Ä ���� @ ++P � � > X í , > � í ,

hvw xq dwodv krorpruskh gìfulydqw od vwuxfwxuh krorpruskh gh +P ��� > G ��� , glv0
wlqjxìh srxu oh ihxloohwdjh �I � � =

H{lvwhqfh g*xq ihxloohwdjh I� vxu od ydulìwì +P� > G� , =
O*dssolfdwlrq � í1� � hvw xq ìoìphqw gh Dxw+

�
�I � � Â + 
ã� � � ä ñ ð ä Ç ,

� � Ä �oò
,/ n 5 V � =

Ohv ihxloohwdjhv
�

�I ���VÂ + 
 � � � ä ñ ,
� � Ä �oò

> n 5 V � ^ imj > vh uhfroohqw hq xq ihxloohwdjh
krorpruskh joredo gh glphqvlrq 4/ qrwì I � > grqw fkdtxh ihxlooh hvw frqwhqxh
gdqv xqh �euh gh � � =

Uhpdutxrqv vxuwrxw txh vl fkdtxh dxwrprusklvph ! í1� � > n 5 V � > dydlw ìwì xq
ìoìphqw gh Il{+ �I ���VÂ + 
 � � � ä ñ ð ä Ç ,, qrxv dxulrqv frqvwuxlw dlqvl xq ihxloohwdjh gh
frglphqvlrq 41

Ilj1 45 � +Suhxyh gx ohpph 61614, Frqvwuxfwlrq gh o*dssolfdwlrq I� =
Yìul�fdwlrq ghv dvvhuwlrqv 61+d, hw 61+e,1

O*dvvhuwlrq 61+d, gìfrxoh gluhfwhphqw gx idlw txh/ srxu wrxw n 5 V � ^ imj >
o*dssolfdwlrq ! íb� � � 	 hvw o*lghqwlwì vxu +P � � > +X í _ X � ,, � i3j = O*dvvhuwlrq 61+e,
hvw wrxw dxvvl ìylghqwh/ pdlv qrxv o*h{solflwrqv wrxw gh píph = O*dssolfdwlrq I � =

�
� �� +4, $ +P ��� >� ��� +m,, hvw gì�qlh vxu fkdtxh rxyhuw

�
P� > Y �í �

_�
� �� +4, sdu

;:



Vhfwlrq 6161 = Frqvwuxfwlrq gh od idleoh VO0uholdelolwì ghv ihxloohwdjhv I

� � hw

I

�¢� =

;
?
=

i � � �
� �� � �bÂ � Í �Ç � � � vl n @ m

i � í � � � �
� �� � í Â � Í �Ç � � � vl n 9@ m

rü ohv dssolfdwlrqv i � hw i � í � � vrqw ohv jhuphv gh
elkrorprusklvphv dssduwhqdqw ã od froohfwlrq g*h{whqvlrqv orfdohv � dgdswìhv dx
elkrorprusklvph * hw dx uhfrxyuhphqw X = Fhwwh dssolfdwlrq hvw xq jhuph gh el0
krorprusklvph joredo txl frqmxjxh ohv ihxloohwdjhv �I ����Â + 
 � � � � � � � � � , hw I �bÂ � Í �Ç � � � =

Fh txl whuplqh fhwwh gìprqvwudwlrq1

61616 Suhxyh gx ohpph foì E4

1 Qrxv frqvhuyrqv ohv qrwdwlrqv lqwurgxlwhv gdqv od suhxyh gx ohpph 616141

Frqvwuxfwlrq gh od ydulìwì +P> G, =

Frqvlgìurqv oh jhuph gh ydulìwì +P> G, rewhqx hq uhfroodqw ohv jhuphv gh

ydulìwì +P� > G� , > m 5 Frps+G ¡ ,> oh orqj ghv rxyhuwv
�

P� > Y �ª �
hw

�
P í > Y íª �

dx

pr|hq ghv jhuphv g*dssolfdwlrq I� � í @ � í1� ª � � ª �� � �� � ª =
�

P� > Y �ª �
$

�
P í > Y íª �

>

dyhf m> n 5 Frps+G ¡ ,> l 5 	 ¡ hw m _ n @ l= Oh ohfwhxu shxw yìul�hu 3�3 txh
o*hvsdfh rewhqx hvw vìsduì1

Ilj1 46 � +Suhxyh gx Ohpph Foì E4, Frqvwuxfwlrq gh od ydulìwì +P> G, sdu
uhfroohphqw ghv ydulìwìv +P� >G� , =

O*dssolfdwlrq � ª Â + Ë � � Ê�� � î � � � ª�� Ê P 	 � � R , hvw xq elkrorprusklvph txl yìul�h o*ìjd0
olwì ghv jhuphv

� ª +� � � +o, � F> � � � +l, � ^3> 4`, @ +� � � +o, � F> � � � +l, � ^3> 4`, >�I� W<E �1F ;>7 F G[\�;>EbH¿=.;>?AJ<=@Y�E1;6=>Z��³G J�X17 B1;:X6;IH.HK;:B1]6?�WV71L.H@=@J�H@F W<7{Z¢Y�E1;w71W<E1LO7�¯ J6�VWV71LOD J<F HOYbE1;?AW�B1F X1;>=RG J�L.H@=@E1XIHKE1=.;8�MW<G WV?AW<=.\1�M;8B1;8G�¯ ;>L@\1JVX>;[HKW<\�W<G W<9<F Y�E1;�N � � � S@� � � UKþ t ;8Y�EMF�7�¯ J<ý�;>X>H@;8\1JVLRG JL@]>\1JV=.J<�1F G F HK]CB1;CX>;IH[;6L@\1J<X>;Vr
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Fkdslwuh 61= Gìprqvwudwlrq gx Wkìruëph E1

rü o @ n> m= Dlqvl/ od ydulìwì G hvw rewhqxh hq uhfroodqw ohv rxyhuwv Y
�ª dx pr|hq

ghv dssolfdwlrqv � ª hvw xq glylvhxu ã furlvhphqwv qrupdx{ grqw fkdtxh frpsr0
vdqwh luuìgxfwleoh hvw pxqlh g*xq elkrorprusklvph vxu xq xqltxhG� �+F> ^3> 4`,>
m 5 Frps+G ¡ ,1 Gdqv od vxlwh gh fhwwh gìprqvwudwlrq qrxv qrwrqv =

�
�

aP� > aG� � o*lpdjh fdqrqltxh gh od ydulìwì +P� > G� , gdqv od ydulìwì +P> G, >

m 5 Frps+G ¡ ,> n 5 V � ^ imj =
� aY

�í o*lpdjh fdqrqltxh gh o*rxyhuw Y �í gdqv od ydulìwì +P> G, > m 5 Frps+G ¡ ,>
n 5 V � ^ imj =

� j � = +P� > G� , $
�

aP� > aG� � oh jhuph gh sorqjhphqw fdqrqltxh txl yìul�h

j
� �í �j� @ � íb� ª �� ª �� � �� � ª srxu wrxw m> n 5 Frps+G ¡ , g*lqwhuvhfwlrq l 5 	 ¡ =

� � = +P> G, $ S @ +F> ^3> 4`, oh jhuph gh vxephuvlrq qdwxuho lqgxlw sdu

� � = +P� > G� , $ +F> ^3> 4`,=

Dwodv krorpruskh vxu +P> G, =

Qrxv srxyrqv gìfuluh od vwuxfwxuh krorpruskh gh +P> G, dx pr|hq gh o*dwodv

D
Ä �

@
��

P> aY
�í �

> +� í � lg, � �
� �� � í � j

� �� �
� - Ý,Þ>ß � � Ë æ �@� í -{ë Ç Ü�ó � ô

rü
D � @

��
P� > Y �í �

> +� í � lg, � �
� �� � í � í -�ë Ç Ü¢ó � ô

hvw o*dwodv krorpruskh xwlolvì +gdqv od suhxyh gx ohpph 61614, srxu gìfuluh od
vwuxfwxuh krorpruskh gh +P� > G� , > m 5 Frps+G ¡ ,=

H{lvwhqfh gx ihxloohwdjh �I vxu od ydulìwì +P> G, =

O*h{lvwhqfh g*xq ihxloohwdjh �I vxu od ydulìwì +P>G, hvw jdudqwl sdu oh idlw

txh ohv dssolfdwlrqv gh uhfroohphqw I� � í =
�

P� > Y �ª �
$

�
P í > Y íª �

frqmxjxh oh
ihxloohwdjh I� dx ihxloohwdjh I í = Hq h�hw/ dx{ srlqwv g*lqwhuvhfwlrq ghv glylvhxuv
frqvlgìuìv/ ohv ghx{ ihxloohwdjhv I � hw I í vrqw frqmxjxìv/ sdu ohv fduwhv ghv
ydulìwìv uhvshfwlyhv/ dx píph ihxloohwdjh �I � � �F hw I � � í > gdqv fhv píphv fduwhv
v*h{sulph frpph o*dxwrprusklvph � í1� � gh �I ��� � F= 3��

Ghvfulswlrq gx pdutxdjh sdu I ¡ lqgxlw vxu
�

+P> G, > �I
�

sdu fhwwh

frqvwuxfwlrq1

Ohv dssolfdwlrqv gh pdutxdjh +�> �>�� , vrqw qdwxuhoohphqw gì�qlhv vxu +P> G,
sdu =

� � +m, @ j� +G� , > srxu wrxw m 5 Frps+G ¡ ,=
� � +l, @ j � � � � � ª � � ��� +l, srxu wrxw l 5 	 ¡ dyhf l 5 m 5 Frps+G ¡ ,=
Uhpdutxrqv gh soxv txh vl l @ m _ n> dyhf n 5 Frps+G ¡ ,> rq d ìjdolwì

j � � � � � ª � � � � +l, @ j í � � í1� ª � � � � +l, =�6�"| G E1L,\M=.]6X>F L@;6?�;67VH6ZM\�W<E1=�HKW<EbH�¡�S$¢?@wù¤£�¥.¦�N��.§�URB{¯ F 7VH@;6=.L@;>X>H@F W<7©¨�@Fª«§AS1G ¯ J<\1\MG F X>J�HKF WV78¬«�;>L.HEM7±]6G ]6?�;67VH[B1;=®¤¨��~¯C�6 � ��° N ± � ��² ³ � �µ´  ¶ UD· N�¸,S"¹ TbS \Yº Um»�SMG ;>L[J<\1\1G F X>J�HKF WV71L«¼µ½ ²  ;IH�¼�¾ ²  ��]>=@F X1;67VH¼µ¿À ²  ¯ 6 À ° N ± é ² Á é£ U » � �6 � ��° N ± � ��² ³ � �µ´  ¶ UD· N�¸,S"¹ TbS \1º UIS\�W<E1=DÂE�C¢MSm¡<þ ¬ ;6LCD ;>EMF G G ;>H@J<9V;>L¤6 ¾ ;IH¤6 ½ L.;A=.;6X>W<G G ;67VHC;67®E17®D ;6E1F G G ;IHKJ<9<;�9VG WV�1J<G¢B1;�B1F ?A;>71L@F W<7�|<ZBMW<7VH[XI�1J<Y�E1;CD ;>E1F G G ;C;>L.H[X6W<7VHK;>7�E1;CB1JV71L,E17M;¤XM�1=.;CB1;=Ã�þ
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Vhfwlrq 6161 = Frqvwuxfwlrq gh od idleoh VO0uholdelolwì ghv ihxloohwdjhv I

� � hw

I

�¢� =

� ��bÂ � Í � � Ä6� @ j �bÂ � Í � � Ä>� � � � � ��Â + 
ã� � Ê ó Ä6ô<� ä Ç Ê ó Ä�ô , +� � � � � , >
srxu wrxw m 5 Frps+G ¡ ,> wrxw v 5 ^3> 4` =

H{lvwhqfh gh sorqjhphqw ghv jhuphv gh ydulìwì +P ��� > G ��� , hw +P � � > G � � ,
gdqv +P> G, txl frqmxjxhqw ohv ihxloohwdjhv1

Qrxv dyrqv oh gldjudpph fduwìvlhq vxlydqw =

+P � � >G � � , g �/$ +P> G, g �#0 +P ��� > G ��� ,
& � � & � � & �

3 /$ +F> ^3> 4`, #0 4

whov txh � &	 �
�I Â � Í � � 	 � � @ �I � � hw � & � �

�I Â � Í � � � � � @ �I ��� =
H{lvwhqfh gh � 	 =
Srxu wrxw m> n 5 Frps+G ¡ ,> m _ n @ l 5 	 ¡ > ohv dssolfdwlrqv ! í1� � � Þ ìwdqw

o*lghqwlwì/ ohv jhuphv gh elkrorprusklvph � � = +P ��� >� ��� +m,, $ �
� �� +3, > gxv

dx ohpph 61614/ lqgxlvhqw xq jhuph gh elkrorprusklvph joredo txh qrxv qrwrqv
� 	 = +P �{� > G ��� , $ �

� �
+3, gì�ql 3�¨ srxu wrxw m 5 Frps+G ¡ , sdu

� 	�Â + 
 � � � � � � � � � , @ j�bÂ � Í �Ç � 	 � � � � =
Hq�q uhpdutxrqv/ srxu fkdtxh m 5 Frps+G ¡ ,> o*ìjdolwì ghv jhuphv gh ihxlo0
ohwdjh

�
j �bÂ � Í �Ç � 	 � � � � � & �

�I Â � Í � � 	 � ð � 
 � � � � �o� � @ � &� �
I �bÂ � Í �Ç � 	 � �

@ �I � � Â + 
ã� � � � � � � � � ,=
H{lvwhqfh gh � � =
Ohv dssolfdwlrqv/ gxhv dx ohpph 61614/

I� = �
� �� +4, $ +P ��� >� ��� +m,, > m 5 Frps+G ¡ ,>

vrqw ghv jhuphv gh elkrorprusklvph txl frqmxjxhqw ohv jhuphv gh ihxloohwdjh

�I ����Â + 
ã� � � � � � � � � , hw I ��Â � Í �Ç � � � =
Fhv dssolfdwlrqv lqgxlvhqw xq jhuph gh elkrorprusklvph joredo 3�©

� � = +P ��� > G ��� , $ �
� �

+4,

gì�ql sdu
� � Â + 
 � � � � � � � � � , @ j ��Â � Í �Ç � � � � I
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Fkdslwuh 61= Gìprqvwudwlrq gx Wkìruëph E1

txl frqmxjxh ohv jhuphv gh ihxloohwdjh �I �¢� hw �I Â � Í � � � � =
Oh ihxloohwdjh �I vxu od ydulìwì +P> G, lqgxlw o*h{lvwhqfh g*xqh gìiru0

pdwlrq VO0ìtxlvlqjxolëuh txl VO0uholh idleohphqw ohv ihxloohwdjhv I � �
hw I � � =

O*dxwr0lqwhuvhfwlrq gh od frpsrvdqwh luuìgxfwleoh � +m,_�
� �

+3, gdqv �
� �

+3,
hvw od píph txh fhooh gh � ��� +m, gdqv +P �{� > G ��� , > srxu wrxw m 5 Frps+G ¡ ,=
Dlqvl hq xwlolvdqw oh fruroodluh 51615 gx wkìruëph gh Judxhuw ã sdudpëwuh/ qrxv
vdyrqv txh

�
+P> G, > �I

�
hvw elkrorpruskh ã od flph g*xq dueuh gh uìvroxwlrq

g*xq jhuph gh ihxloohwdjh/ txh qrxv qrwrqv I / vxu +F
�

� F> 3 � ^3> 4`, gh glphq0
vlrq 41 Sdu frqvwuxfwlrq/ I hvw xq jhuph gh gìirupdwlrq VO0ìtxlvlqjxolhu gh
I � � oh orqj gh 3 � +F> ^3> 4`, gh sdudpëwuh +F> ^3> 4`, txl VO0uholh idleohphqw ohv
ihxloohwdjhv I � � hw I ��� =

Uìdolvdwlrq gh o*ìtxlydohqfh ghv pdutxdjhv grqqìh sdu k|srwkëvh1

Srxu whuplqhu fhwwh gìprqvwudwlrq/ lo vx!w gh yìul�hu txh ohv pdutxdjhv
sdu I ¡ gh od gìirupdwlrq hw ghv ihxloohwdjhv vrqw frpsdwleohv = Qrxv yrxorqv
prqwuhu txh

�
� �	 �

;
?
=

� Â � Í � � 	 �
� Â � Í � � 	 �
��bÂ � Í � � 	 � @

;
?
=

� � �
� � �

� ��� � � hw �
� �� �

;
?
=

� Â � Í � � � �
� Â � Í � � � �
��bÂ � Í � � � � @

;
?
=

� ���
� ���

� � � � � =

Srxu fhod/ vhxov ohv fdofxov shuphwwhqw g*íwuh h!fdfh1 Il{rqv l 5 	 ¡ hw
m 5 Frps+G ¡ ,> who txh l 5 m> doruv qrxv dyrqv =

�
� �	 � � Â � Í � � 	 � +m, @ �

� �	 � j � � 	 +G� ,
@ �

� �� � � � � j � � 	 +G� ,
@ �

� �� +G� , @ � �{� +m, =

�
� �	 � � Â � Í � � 	 � +l, @ �

� �	 � j� � 	 � � � � ªo� 	 +� ��� +l,,

@ �
� �� � �� � ª.� 	 +� � � +l,,

@ �
� �� � ªo� 	 � � � � ª.� 	 +� � � +l,, @ � � � +l, =

�
� �	 � ��bÂ � Í � � 	 � @ �

� �	 � j� � 	 � � � � � � 	 +� � � � � , @ � � � � � =
Gh píph =

�
� �� � � Â � Í � � � � +m, @ �

� �� � j � � � +G� ,
@ I� � j

� �� � � � j � � � +G� ,
@ I� +G� , @ � � � +m, =

�
� �� � � Â � Í � � � � +l, @ �

� �� � j� � � � � � � ªo� � +� � � +l,,

@ I� � � � � ª.� � +� � � +l,,

@ i � ª � � � �
� �� � ª.� � � � � � ªo� � +� ��� +l,,

@ i � ª � � +� � � +l,, @ � ��� +l, =

�
� �� � ��bÂ � Í � � � � @ i � �>� � +� ��� � � , @ � � � � � =

Od gìprqvwudwlrq hvw pdlqwhqdqw �qlh/ qrxv q*dyrqv soxv ulhq ã frqvwuxluh
hw soxv ulhq ã yìul�hu1

<4



Vhfwlrq 6171 = Gìprqvwudwlrq udslgh gx Wkìruëph E1

617 Gìprqvwudwlrq udslgh gx Wkìruëph E1

Frqvlgìurqv ghx{ jhuphv gh ihxloohwdjhv krorpruskhv/ I

� � hw I


��� > gh +F
�
> 3,>

vlqjxolhuv ã o*ruljlqh/ gh 5
�
hvsëfh jìqìudoh/ pdutxìv sdu I ¡ / VO0ìtxlydohqwv1

Hq dssoltxdqw oh Wkìruëph D ã fhv ihxloohwdjhv pdutxìv/ qrxv rewhqrqv
o*h{lvwhqfh g*xq ihxloohwdjh I


��§ pdutxì sdu I ¡ > VO0ìtxlydohqw ã I

��� who txh =

41 Ohv ihxloohwdjhv I

��� hw I


� § vrqw VO0frerugdqwv1
51 Lo h{lvwh xq elkrorprusklvph * = G � § $ G � � frpsdwleoh dx{ pdutxdjhv1

Hq dssoltxdqw oh Ohpph Foì E4 dx{ jhuphv gh ihxloohwdjhv/ pdutxìv sdu
I ¡ > I


��� hw I

��§ / qrxv rewhqrqv txh fhv jhuphv gh ihxloohwdjhv vrqw idleohphqw

VO0uholìv1 Sdu gì�qlwlrq gh od idleoh VO0uholdelolwì/ fhod vljql�h txh ohv ihxloohwdjhv
pdutxìv I


� � hw I

��� vrqw idleohphqw VO0uholìv1 Fh txl frqfoxw fhwwh gìprqvwud0

wlrq1
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Fkdslwuh 71= Dssolfdwlrqv dx{ vlqjxodulwìv vlpsohv1

7 Dssolfdwlrqv dx{ vlqjxodulwìv vlpsohv1

714 Gì�qlwlrq gh ihxloohwdjh suì0vlpsoh1

Frqvlgìurqv xq jhuph gh ihxloohwdjh krorpruskh I � gh +F
�
> 3, vlqjxolhu ã

o*ruljlqh1

Gì�qlwlrq 71414 Oh jhuph gh ihxloohwdjh I � hvw glw suì0vlpsoh vl o*hqwlhu

� +$, @
[
�

+� � � 4,+� � � 5,

5

hvw qxo rü k hvw od kdxwhxu gh o*dueuh gh uìgxfwlrq gh I � hw rü f gìfulw o*hqvhpeoh
w�<À�	 � � � � V � � �� gh wrxv ohv srlqwv vlqjxolhuv 3 Ï txh o*rq ìfodwh oruv gh od uìgxfwlrq gh $>

hw � � gìvljqh od pxowlsolflwì 3�Ú hq f 5 V
� � �� gx vdwxuì gx ihxloohwdjh +H

� � �� , & +I � ,=
Fh qrpeuh hvw od glphqvlrq gh o*hvsdfh xqlyhuvho ghv jhuphv gh gìsorlhphqwv
ìtxlvlqjxolhuv gh $> ^Pdw � `1

Oruvtxh oh ihxloohwdjh I � srvvëgh xqh lqwìjudoh suhplëuh/ $ a gi @ 3 hw txh
i hvw ã vlqjxodulwì lvroìh/ doruv o*hqwlhu � +gi, hvw od glphqvlrq gh od vwudwh ã �
frqvwdqwh gh i= Lo hvw dsshoì gdqv ^Duq � ` sdu Duqro*g oh w|sh prgxodluh gh i /
qrwì p+i,= Oruvtxh oh w|sh prgxodluh gh i hvw qxo rq glw txh i hvw vlpsoh1

Qrxv glurqv tx*xq jhuph gh ihxloohwdjh hvw g0vwdeoh vl wrxw jhuph gh gìsorlh0
phqw ìtxlvlqjxolhu gh I � hvw dqdo|wltxhphqw wulyldo1 Rq d oh uìvxowdw/ gþ ã M1I1
Pdwwhl ^Pdw � `/ vxlydqw =
Wkìruëph 71415 Xq jhuph gh ihxloohwdjh I � hvw g0vwdeoh vl/ hw vhxohphqw vl/
lo hvw suì0vlpsoh1

Vxssrvrqv txh oh jhuph gh ihxloohwdjh I � hvw gh 5
�
hvsëfh �6ï 1 Lo hvw qrq

glfulwltxh hw q*d grqf tx*xq qrpeuh �ql gh �vìsdudwulfhv iruphoohv� = lo h{lvwh
xq qrpeuh �ql gh jhuphv gh frxuehv luuìgxfwleohv g*ìtxdwlrq ai ª @ 3> ai ª 5
F ii{jj > l @ 4> ==>p txl yìul�hqw $ a g ai ª @ ai ª � ª rü � ª 5 a� Ö × � § � Ø�Ù = Rq dvvrflh

ã $ od frxueh iruphooh fvhs+$, g*ìtxdwlrq ai @ ai Ú === ai Û = M1I1Pdwwhl hw H1Vdohp
rqw ghprqwuì gdqv ^Pdw0Vdo Ö ` hw ^Pdw0Vdo Ü ` txh $ hw g ai rqw píph dueuh gxdo
srqgìuì sdu pxowlsolflwì �<' / D � Ý�Þß @ D �à = Fhod lpsoltxh/ hq sduwlfxolhu/ txh $ hw
ai rqw h{dfwhphqw oh píph dueuh gh uìgxfwlrq hw tx*hq fkdtxh srlqw vlqjxolhu
f 5 V

× á Ùà @ V
× á ÙÝ�Þß > ohv pxowlsolflwìv ��( ghv wudqvirupìhv vwulfwhv ghv ihxloohwdjhv I à

hw I Ý�Þß vrqw ìjdohv1 Ohv hqwlhuv � +$, hw �
�
g ai

�
qh gìshqgdqw txh gh od pxowlsolflwì

ghv ihxloohwdjhv hq ohxuv srlqwv vlqjxolhuv/ fhv hqwlhuv � +$, hw �
�
g ai

�
vrqw ìjdx{1

Uhpdutxrqv txh o*dueuh gh uìgxfwlrq gh ai hvw lghqwltxh ã fhoxl gh vrq sro|q÷ph
gh Wd|oru S â wurqtxì ã xq ruguh u/ vx!vdpphqw judqg/ hw txh o*rq d ìjdolwì
�

�
g ai

�
@ p+ ai, @ p+S â , @ � +gS â , = Dlqvl/ $ hvw suì0vlpsoh vvl g ai hvw suì0

vlpsoh vvl S â hvw vlpsoh1 Oruvtxh S â hvw vlpsoh/ g*dsuëv Duqro*g ^Duq Ú `/ txlwwh ã
h�hfwxhu xq fkdqjhphqw gh yduldeoh krorpruskh/ S â hvw xq sro|q÷ph gh w|sh =�6Ñ t Dor�ö[á1r âbr�6à t Dor�ö[á1r âbr âbr� õ<t Dor�ö�|<r Z1r� 4�t Dor�ö[á1r âbr âbr�6s t Dor�ö[á1r âbr âbr
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Vhfwlrq 7141 = Gì�qlwlrq gh ihxloohwdjh suì0vlpsoh1

41 D Ö"ã oruvtxh S â @ { Ö"ã`ä Ú . | Ö > q � 4>

51 D Ö"ã�å Ú oruvtxh S â @ { Ö"ã . | Ö > q � 4>

61 G Ö"ã oruvtxh S â @ { Ö"ã�å Ú . | Ö {> q � 5>

71 G Ö"ã`ä Ú oruvtxh S â @ { Ö"ã . | Ö {> q � 5>

81 H æ oruvtxh S â @ |
Ü

. { ç >
91 H è oruvtxh S â @ |

Ü
. |{

Ü
>

:1 H é oruvtxh S â @ |
Ü

. { ê =
Srxu fkdfxq gh fhv fdv/ qrxv grqqrqv xqh uhsuhvhqwdwlrq gh od flph gh

o*dueuh gh uìvroxwlrq dvvrflì dx ihxloohwdjh I ë�ì / rü ohv  ëfkhv uhsuìvhqwhqw od
wudqvirupìh vwulfwh ghv frpsrvdqwhv luuìgxfwleohv gh od frxueh S â @ 3= Qrxv
grqqrqv dxvvl o*dueuh gxdo gh fhwwh uìvroxwlrq hw/ oruvtxh fhod hvw xwloh/ oh qrpeuh
gh frpsrvdqwhv luuìgxfwleohv gx glylvhxu dvvrflì =

Ilj1 47 � Sro|q÷ph gh w|sh D Ö"ã = { Ö"ã`ä Ú . | Ö > q � 4=

Ilj1 48 � Sro|q÷ph gh w|sh D Ö"ã�å Ú = { Ö"ã . | Ö > q � 4=
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Fkdslwuh 71= Dssolfdwlrqv dx{ vlqjxodulwìv vlpsohv1

Ilj1 49 � Sro|q÷ph gh w|sh G Ö"ã = { Ö"ã�å Ú . | Ö {> q � 5=

Ilj1 4: � Sro|q÷ph gh w|sh G Ö"ã`ä Ú ={ Ö"ã . | Ö {> q � 5=
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Vhfwlrq 7141 = Gì�qlwlrq gh ihxloohwdjh suì0vlpsoh1

Ilj1 4; � Sro|q÷ph gh w|sh H æ = |
Ü

. { ç =

Ilj1 4< � Sro|q÷ph gh w|sh H è = |
Ü

. |{
Ü
=
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Fkdslwuh 71= Dssolfdwlrqv dx{ vlqjxodulwìv vlpsohv1

Ilj1 53 � Sro|q÷ph gh w|sh H é = |
Ü

. { ê =
Uhpdutxrqv txh ohv dueuhv gxdx{ gh fhwwh olvwh vrqw ghx{ ã ghx{ glvwlqfwv/

fhod qrxv dpëqh ã gluh tx*xq jhuph gh ihxloohwdjh I à gh +F Ö > 3, gh 5 í hvsëfh
suì0vlpsoh hvw glw gh w|sh D> uhvs1 G/ uhvs1 H vl vrq dueuh gxdo hvw gh w|sh D î /
uhvs1 G î / uhvs1 H æ > H è > H é =
715 Hwxgh gh od VO0ìtxlydohqfh srxu ohv ihxloohwdjhv suì0

vlpsohv1

Il{rqv I à � hw I à � ghx{ ihxloohwdjhv vlqjxolhuv gh +F Ö > 3, gh 5 í hvsëfh/ suì0
vlpsohv/ whov txh D ïà � @ D ïà � = Qrwrqv S × Ø�Ù

> uhvs1 S
× Ú Ù
> oh ghuqlhu glylvhxu fuìì

oruv gh od uìgxfwlrq sdu ìfodwhphqwv gx ihxloohwdjh I à � > uhvs1 gx ihxloohwdjh I à � =
Fhwwh frpsrvdqwh luuìgxfwleoh hvw od vhxoh ã sruwhu wurlv vlqjxodulwìv1 Qrwrqv ohv
v
× ð ÙÚ > v

× ð ÙÖ > v
× ð ÙÜ > l @ 3> 4= Oruvtxh I à � hvw gh w|sh D Ö"ã > G Ö"ã�ä Ú rx H / ghx{ gh

fhv vlqjxodulwìv v
× ð ÙÚ > v

× ð ÙÖ > v
× ð ÙÜ vrqw ohv lqwhuvhfwlrqv dyhf S

× ð Ù
gh 5 frpsrvdqwhv

luuìgxfwleohv g*dxwr0lqwhuvhfwlrq glvwlqfwhv/ l @ 3> 41 Dlqvl lo h{lvwh xqh xqltxh
elmhfwlrq � = iv

× Ø�ÙÚ > v
× Ø�ÙÖ > v

× Ø�ÙÜ j $ iv
× Ú ÙÚ > v

× Ú ÙÖ > v
× Ú ÙÜ j whooh txh srxu wrxw m @ 4> 5> 6

ohv srlqwv vlqjxolhuv v
× Ø�Ùá hw �+v

× Ø�Ùá , vh wurxyhqw vxu ghv frpsrvdqwhv luuìgxfwleohv
gh píph dxwr0lqwhuvhfwlrq1 Txlwwh ã uìlqgh{hu ohv vlqjxodulwìv/ rq vxssrvh txh
�+v

× Ø�Ùá , @ v
× Ú Ùá > m @ 4> 5> 6=

Qrxv dyrqv ohv sursulìwìv vxlydqwhv =

Ohpph 71514 Vrlhqw I à ñ hw I àSò ghx{ ihxloohwdjhv vlqjxolhuv gh +F Ö > 3, gh 5 í
hvsëfh/ suì0vlpsohv/ gh píph w|sh D Ö"ã / H æ rx H é = Od grqqìh/ vxu fkdfxq ghv
ihxloohwdjhv I à ñ hw I à ò > g*xq pdutxdjh sdu I à ñ > srxu ohvtxhov fhv ihxloohwdjhv
pdutxìv vrqw VO0ìtxlydohqwv fruuhvsrqg ã od grqqìh =

41 Srxu fkdtxh l @ 3> 4> g*xq jhuph gh wudqvyhuvdoh
�
W
× ð Ù
> t
× ð Ù �

ã od frpsr0

vdqwh S
× ð Ù
=

51 Srxu fkdtxh l @ 3> 4> g*xq v|vwëph frpsohw vlpsoh gh odfhwv
�
�
× ð Ùá > t

× ð Ù �
vxu S

× ð Ù � iv
× ð ÙÚ > v

× ð ÙÖ > v
× ð ÙÜ j=

61 G*xq jhuph gh elkrorprusklvph � =
�
W
× Ø�Ù
> t
× Ø�Ù � $

�
W
× Ú Ù
> t
× Ú Ù �

txl frq0

mxjxh ohv jhuphv gh gliiìrprusklvph k
× Ø�Ùá hw k

× Ú Ùá rü k
× ð Ùá hvw oh jhuph gh

gliiìrprusklvph g*krorqrplh gh od vlqjxodulwì v
× ð Ùá gx ihxloohwdjh �I à £ dv0

vrflì dx odfhw �
× ð Ùá fdofxoì vxu od wudqvyhuvdoh W

× ð Ù
> l @ 3> 4> m @ 4> 5> 6=
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Vhfwlrq 7151 = Hwxgh gh od VO0ìtxlydohqfh srxu ohv ihxloohwdjhv suì0vlpsohv1

Suhxyh1 Qrxv qrxv shuphwwrqv gh vxeglylvhu fhwwh gìprqvwudwlrq hq shwlwv
sdudjudskhv1

Qrwdwlrq
O*ìjdolwì ghv dueuhv gxdx{ D ïà ñ > D ïàSò > dlqvl txh ohxu vwuxfwxuh/ lqgxlvhqw o*h{0

lvwhqfh gh ghx{ xqltxhv elmhfwlrqv � à ò = 	 à ñ $ 	 à ò hw � à ò = Frps+G à ñ , $
Frps+G àSò , txl yìul�hqw =

� Srxu wrxw G 5 Frps+G à ñ ,> od pxowlsolflwì/ uhvs1 o*dxwr0lqwhuvhfwlrq/ gh G
hw gh � à ò +G, vrqw ìjdohv1

� Srxu wrxw m @ 4> 5> 6> rq d � àSò +v × Ø�Ùá , @ �+v
× Ø�Ùá , @ v

× Ú Ùá =
� Srxu wrxw f @ G _ G ó > G>G ó 5 Frps+G à ñ ,> rq d � àSò +f, @ � àSò +G, _

� à ò +G ó ,=
Uhpdutxrqv txh o*dueuh gxdo D ïà ñ vh frpsrvh g*xq vrpphw gh ydohqfh 6/

S
× Ø�Ù
> hw gh ghx{ �eudqfkhv pruwhv� txh qrxv qrwrqv E Ú > E Ö = frqvlgìurqv o*xqh

g*hooh/ E ð = Qrxv lqgh{rqv ohv glylvhxuv hw ohv vlqjxodulwìv gh od pdqlëuh vxlydqwh =
Ilj1 54 � Oh ihxloohwdjh hvw gh w|sh D Ö"ã / H æ > H é 1

Srxu fkdtxh m @ 4> ==> s � 4> qrxv qrwrqv k á"ô õ > uhvs1 já"ô õ > o*krorqrplh gh od
vlqjxodulwì { á > uhvs1 � à�ò +{ á ,> oh orqj gx glylvhxu G õ > uhvs1 � àSò +G õ ,> gh �I à ñ > uhvs1
gh �I à ò dyhf o @ m> m.4= Vxu fkdtxh frpsrvdqwh luuìgxfwleoh G gx glylvhxu G à £ >
l @ 4> 5> rq vh �{h xq v|vwëph frpsohw vlpsoh gh odfhwv �

× ð Ùî who txh o*krorqrplh
dvvrflìh dx odfhw �

× ð Ùî vrlw o*xq ghv gliiìrprusklvphv k á"ô õ > j á"ô õ > k × Ø�Ùá rx k
× Ú Ùá suìfì0

ghqwv1 Rq qrwh ^� à £ ô ö ` od fodvvh gh fh v|vwëph1 Rq uhpdutxh txh gdqv oh fdv
g*xqh frpsrvdqwh luuìgxfwleoh Gá gh ydohqfh 5 gh od eudqfkh pruwh/ oh fkrl{ ghv
odfhwv �

× ð Ùî hvw fdqrqltxh/ hq h�hw rq d o*lvrprusklvph �
Ú

+Gá � i{ á å Ú > {á j, * ]/
srxu m 9@ 4> hw gdqv oh fdv gh od frpsrvdqwh luuìgxfwleoh G Ú gh ydohqfh 4 gh od
eudqfkh pruwh/ rq d �

Ú
+G Ú � i{ Ú j, * 3=

Frqmxjdlvrqv/ oh orqj ghv eudqfkhv pruwhv/ ghv jhuphv gh ihxloohwdjhv
�I à�ñ�÷ + ø � ñ ô ù Ç , hw �I àSò"÷ + ø � ò ô ú � ò × ù Ç Ù ,1

Lo uhvwh ã prqwuhu txh o*dueuh gxdo gìwhuplqh oh w|sh dqdo|wltxh ghv vlq0
jxodulwìv gx ihxloohwdjh �I à ñ dx{ srlqwv { Ú > ===> { û å Ú hw v

× Ú ÙÚ = Uhpdutxrqv wrxw
g*derug txh ohv ihxloohwdjh I à ñ / uhvs1 I à ò > ìwdqw gh 5 í hvsëfh/ ohv srlqwv vlq0
jxolhuv gx glylvhxu qh shxyhqw sdv íwuh/ sdu gì�qlwlrq/ ghv srlqwv vlqjxolhuv gh
w|sh qrhxg0fro gx ihxloohwdjh �I à ñ > uhvs1 �I àSò = Fodvvltxhphqw ü1ý / ohv lqglfhv gh
Fdpdfkr0Vdg vh fdofxohqw/ sdu lqgxfwlrq oh orqj gh od eudqfkh pruwh/ dx pr|hq
gh o*dxwr0lqwhuvhfwlrq ghv frpsrvdqwhv luuìgxfwleohv ghv glylvhxuv G à ñ hw G àSò > lo�I��¬ JAD WV=.?�E1G ;CB1;CG�¯ F 71B1F X>;CB1; t J<?AJVXK�1W�p.x�J<B u t J<?�poxbJ<Bbz{?A;IH[;67:]I�bF B1;>7MX>;CG ;CG F ;>7:;>7VHK=.;CG JAX>G J<L@L@;B1; t �1;>=@7�B�¯ E171;,X>WV?�\�WVL@J<7VHK;�F =.=@]>B1E1X>H@F �1G ;�B1EAB1F �bF L@;6E1=¢;IH�G ;6L¢F 71BMF X6;>L¢B1; t J<?AJ<XK�MW�poxbJ<B�BM;�XI�1J<X>EM71;B1;>L[L@F 719VE1G JV=.F H@]6L,=.]6B1E1F H@;6L,\�W<=.H@]6;>L,\MJ<=,X>;>H.H@;CX6W<?A\�W<L@J<7�H@;<r
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Fkdslwuh 71= Dssolfdwlrqv dx{ vlqjxodulwìv vlpsohv1

vx!w gh frpphqfhu sdu fdofxohu o*lqglfh ghv vlqjxodulwìv { Ú hw � àSò +{ Ú , sxlv { Ö
hw � àSò +{ Ö ,111 Fhwwh pìwkrgh fdofxodwrluh qh gìshqg txh ghv dueuhv gxdx{ D ïà ñ >
D ïàSò = Dlqvl/ srxu wrxw m @ 4> ==> s�4> ohv lqglfhv gh Fdpdfkr0Vdg ghv vlqjxodulwìv
{ á hw � à ò +{á , vrqw ìjdx{ hw udwlrqqhov = wrxwhv ohv sduwlhv olqìdluhv ghv vlqjxodu0
lwìv vrqw gìwhuplqìhv1 Gh soxv/ qrxv dyrqv o*ìjdolwì ghv jhuphv k

× Ø�ÙÚ ô Ú @ k
× Ú ÙÚ ô Ú @ lg=

Hq xwlolvdqw oh ohpph 61517 gþ ã ^Pdw Ü `/ qrxv prqwurqv g*xqh sduw txh ohv
jhuphv gh ihxloohwdjh �I à ñ ÷ + ø � ñ ô ù ò , hw �I à ò ÷ + ø � ò ô ú � ò × ù ò Ù , vrqw dqdo|wltxhphqw
frqmxjxìv hw g*dxwuh sduw/ ohv lqglfhv gh Fdpdfkr0Vdg ìwdqw udwlrqqhov/ txh fhv
ghx{ jhuphv gh ihxloohwdjh srvvëghqw xqh lqwìjudoh suhplëuh krorpruskh1 Ohv
gliiìrprusklvphv g*krorqrplh k Ú ô Ö hw j Ú ô Ö vrqw grqf/ hx{ dxvvl/ dqdo|wltxhphqw
frqmxjxìv hw dqdo|wltxhphqw olqìdulvdeohv1 Oh glylvhxu G Ö qh sruwdqw txh ghx{
srlqwv vlqjxolhuv gx ihxloohwdjh/ ohv gliiìrprusklvphv g*krorqrplhv k Ö ô Ö hw j Ö ô Ö
vrqw dxvvl dqdo|wltxhphqw frqmxjxìv hw dqdo|wltxhphqw olqìdulvdeohv1 Hq udlvrq0
qdqw gh surfkh hq surfkh rq prqwuh/ srxu wrxw m @ 4> ==> s�4> txh ohv jhuphv gh
ihxloohwdjhv �I à ñ�÷ + ø � ñ ô ù Ç , hw �I àSò�÷ + ø � ò ô ú � ò × ù Ç Ù , srvvëghqw xqh lqwìjudoh suhplëuh
krorpruskh hw vrqw dqdo|wltxhphqw frqmxjxìv1

Frqmxjdlvrqv ghv jhuphv gh ihxloohwdjhv �I à ñ�÷ þ ø ÿ ñ ô � � ñ��� � hw �I àSò�÷ þ ø ÿ ò ô � � ò��� � =
Dx qlyhdx ghv frpsrvdqwhv S

× ð Ù
> oh fdofxo gh o*lqglfh gh Fdpdfkr0Vdg ghv

vlqjxodulwìv v
× Ø�ÙÖ hw v

× Ú ÙÖ prqwuh txh fhv ghx{ vlqjxodulwìv rqw píph ydohxu sur0
suh1 Dlqvl/ oruvtxh v

× Ø�ÙÖ hvw xqh vlqjxodulwì gh w|sh qrhxg/ fhv ghx{ vlqjx0
odulwìv rqw píph iruph qrupdoh dqdo|wltxh olqìdluh1 Ohv jhuphv gh ihxloohwdjhv
�I à ñ�÷ þ ø ÿ ñ ô � � ñ��� � hw �I àSò�÷ þ ø ÿ ò ô � � ò��� � vrqw grqf dqdo|wltxhphqw frqmxjxìv1 G*dxwuh

sduw/ oruvtxh v
× Ø�ÙÖ hvw xqh vlqjxodulwì gh w|sh qrq0qrhxg/ od frqmxjdlvrq ghv

jhuphv g*krorqrplhv k
× Ø�ÙÖ hw k

× Ú ÙÖ v*ìwhqg + ohpph 61517/ ^Pdw Ü `/ ohpph 61518
/^Ph} Ö ` rx ohpph Pduwlqhw0Udplv/ ^Pdu0Udp Ú `, hq xqh frqmxjdlvrq ghv jhuphv
gh ihxloohwdjhv �I à ñ�÷ þ ø ÿ ñ ô � � ñ��� � hw �I àSò"÷ þ ø ÿ ò ô � � ò��� � =

Od yìul�fdwlrq gh od VO0ìtxlydohqfh ghv ihxloohwdjhv +I à ñ > lg> lg> ^� à ñ ô ö `, hw
+I àSò >� àSò > � àSò > ^� à�ò ô ö `, pdutxìv sdu I à ñ hvw doruv lppìgldwh1
Ohpph 71515 Vrlhqw I à ñ hw I à ò ghx{ ihxloohwdjhv vlqjxolhuv gh +F Ö > 3, gh 5 í
hvsëfh/ suì0vlpsohv/ gh píph w|sh D Ö"ã�å Ú > H è rx G= Od grqqìh/ vxu fkdfxq ghv
ihxloohwdjhv I à ñ hw I àSò > g*xq pdutxdjh sdu I à ñ > srxu ohvtxhov fhv ihxloohwdjhv
pdutxìv vrqw VO0ìtxlydohqwv fruuhvsrqg ã od grqqìh =

41 G*xqh elmhfwlrq ü
	 � = iv
× Ø�ÙÚ > v

× Ø�ÙÖ > v
× Ø�ÙÜ j $ iv

× Ú ÙÚ > v
× Ú ÙÖ > v

× Ú ÙÜ j whooh txh ohv srlqwv

v
× Ø�Ùá hw �+v

× Ø�Ùá , vh wurxyhqw vxu ghv frpsrvdqwhv luuìgxfwleohv gh píph dxwr0

lqwhuvhfwlrq1 Txlwwh ã uìlqgh{hu ohv vlqjxodulwìv/ rq vxssrvh txh �+v
× Ø�Ùá , @

v
× Ú Ùá > m @ 4> 5> 6=

51 Srxu fkdtxh l @ 3> 4> g*xq jhuph gh wudqvyhuvdoh
�
W
× ð Ù
> t
× ð Ù �

ã od frpsr0

vdqwh S
× ð Ù
=

61 Srxu fkdtxh l @ 3> 4> g*xq v|vwëph frpsohw vlpsoh gh odfhwv
�
�
× ð Ùá > t

× ð Ù �
vxu S

× ð Ù � iv
× ð ÙÚ > v

× ð ÙÖ > v
× ð ÙÜ j=
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Vhfwlrq 7151 = Hwxgh gh od VO0ìtxlydohqfh srxu ohv ihxloohwdjhv suì0vlpsohv1

71 G*xq jhuph gh elkrorprusklvph � =
�
W
× Ø�Ù
> t
× Ø�Ù � $

�
W
× Ú Ù
> t
× Ú Ù �

txl frq0

mxjxh ohv jhuphv gh gliiìrprusklvph k
× Ø�Ùá hw k

× Ú Ùá rü k
× ð Ùá hvw oh jhuph gh

gliiìrprusklvph g*krorqrplh gh od vlqjxodulwì v
× ð Ùá gx ihxloohwdjh �I àJI dv0

vrflì dx odfhw �
× ð Ùá fdofxoì vxu od wudqvyhuvdoh W

ð
> l @ 3> 4> m @ 4> 5> 6=

81 Gh o*ìjdolwì ghv ydohxuv sursuhv gh od sduwlh olqìdluh ghv fkdpsv gh yhfwhxuv
dvvrflìv dx{ jhuphv gh ihxloohwdjhv �I à ñ ÷ þ ø ÿ ñ ô � � ñ��K � hw �I à ò ÷ þ ø ÿ ò ô � � ò��K � > m @

4> 5> 6==

Suhxyh1 Qrxv qrxv shuphwwrqv gh vxeglylvhu fhwwh gìprqvwudwlrq hq shwlwv
sdudjudskhv1

Qrwdwlrq1

O*ìjdolwì ghv dueuhv gxdx{ D ïà ñ > D ïàSò > ohxu vwuxfwxuh/ dlqvl txh o*k|srwkëvh
41 lqgxlvhqw o*h{lvwhqfh gh ghx{ xqltxhv elmhfwlrqv � àSò = 	 à ñ $ 	 à�ò hw � àSò =
Frps+G à ñ , $ Frps+G àSò , txl yìul�hqw =

� Srxu wrxw G 5 Frps+G à ñ ,> od pxowlsolflwì/ uhvs1 o*dxwr0lqwhuvhfwlrq/ gh G
hw gh � à�ò +G, vrqw ìjdohv1

� Srxu wrxw l @ 4> 5> 6> rq d � àSò +v × Ø�Ùð , @ �+v
× Ø�Ùð , @ v

× Ú Ùð =
� Srxu wrxw G 5 Frps+G à ñ ,> wrxw f 5 G _ 	 à ñ > rq d � à ò +f, 5 � à ò +G,=

Uhpdutxrqv txh o*dueuh gxdo D ïà�ñ vh frpsrvh g*xq vrpphw gh ydohqfh 6/ S × Ø�Ù
>

hw g*xqh �eudqfkh pruwh� +gdqv oh fdv D Ö"ã�å Ú , rx g*xqh �eudqfkh pruwh� hw g*xqh
eudqfkh �s0pruwh� +gdqv oh fdv G> uhvs1 H è , txh qrxv qrwrqv lqgl�huhpphqw
E Ú > E Ö = Qrxv qh gl�ìuhqflrqv soxv/ sdu od vxlwh/ od eudqfkh s0pruwh hw od eudqfkh
pruwh1 Frqvlgìurqv o*xqh g*hooh/E ð =Qrxv lqgh{rqv ohv glylvhxuv hw ohv vlqjxodulwìv
gh od pdqlëuh vxlydqwh =

Ilj1 55 � Oruvtxh oh ihxloohwdjh hvw gh w|sh D Ö"ã�å Ú 1

Ilj1 56 � Oruvtxh oh ihxloohwdjh hvw gh w|sh G> H è 1
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Fkdslwuh 71= Dssolfdwlrqv dx{ vlqjxodulwìv vlpsohv1

Srxu fkdtxh m @ 4> ==> s � 4> qrxv qrwrqv k á"ô õ > uhvs1 j á"ô õ > o*krorqrplh gh od
vlqjxodulwì {á > uhvs1 � àSò +{ á ,> oh orqj gx glylvhxu G õ > uhvs1 � àSò +G õ ,> gh �I à ñ >
uhvs1 gh �I à ò dyhf o @ m> m . 4= Vxu fkdtxh frpsrvdqwh luuìgxfwleoh G gx gl0
ylvhxu G à I > l @ 4> 5> rq vh �{h xq v|vwëph frpsohw vlpsoh gh odfhwv �

× ð Ùî who txh
o*krorqrplh dvvrflìh dx odfhw �

× ð Ùî vrlw o*xq ghv gliiìrprusklvphv k á"ô õ > já"ô õ > k × Ø�Ùá
rx k

× Ú Ùá suìfìghqwv1 Rq qrwh ^� àJI ô ö ` od fodvvh gh fh v|vwëph1
Lqglfh gh Fdpdfkr0Vdg ghv vlqjxodulwìv1

Uhpdutxrqv wrxw g*derug txh ohv ihxloohwdjh I à ñ / uhvs1 I àSò > ìwdqw gh 5 í
hvsëfh/ ohv srlqwv vlqjxolhuv gx glylvhxu qh vrqw sdv/ sdu gì�qlwlrq/ ghv srlqwv
vlqjxolhuv gh w|sh qrhxg0fro gx ihxloohwdjh �I à ñ > uhvs1 �I à ò = Gh soxv/ rq frqqdlw
ohv ydohxuv sursuhv gh od vlqjxodulwì v

× Ø�ÙÚ dlqvl txh o*dxwr0lqwhuvhfwlrq gh od frp0
srvdqwh Gû +frpsrvdqwh gh ydohqfh 5,/ od irupxoh gh o*lqglfh ü"ü qrxv shuphw
gh fdofxohu o*lqglfh gh Fdpdfkr0Vdg gh od vlqjxodulwì { û å Ú = Sdu lwìudwlrq gh
fh udlvrqqhphqw/ rq rewlhqw o*lqglfh gh Fdpdfkr0Vdg gh fkdtxh vlqjxodulwì { á >
m @ 3> ==> s � 4= Hq uhpdutxdqw/ g*xqh sduw o*ìjdolwì ghv ydohxuv sursuhv ghv
vlqjxodulwìv v

× Ø�ÙÚ hw v
× Ú ÙÚ hw g*dxwuh sduw o*ìjdolwì ghv dueuhv gxdx{ D ïà ñ hw D ïàSò > rq

frqfoxw txh ohv lqglfhv gh Fdpdfkr0Vdg hw ohv ydohxuv sursuhv ghv vlqjxodulwìv
{ á hw � àSò +{á , vrqw dxvvl ìjdx{/ m @ 3> ==> s � 4=

Frqmxjdlvrq ghv jhuphv gh ihxloohwdjhv �I à�ñ�÷ + ø ÿ ñ ô L , hw + �I àSò"÷ + ø ÿ ò ô ú ÿ ò ×ML Ù ,,>

} 5 	 à ñ =
Wrxw g*derug/ srxu m @ 4> 5> 6> revhuyrqv o*ìjdolwì ghv ydohxuv sursuhv ghv

vlqjxodulwìv v
× Ø�Ùá hw v

× Ú Ùá dlqvl txh od frqmxjdlvrq dqdo|wltxh gh ohxu krorqrplh

k
× Ø�Ùá hw k

× Ú Ùá = Ghx{ fdv vh suìvhqwhqw =

od vlqjxodulwì f hvw gh w|sh qrhxg1 Ohv lqglfhv gh Fdpdfkr0Vdg gh f hw � àSò +f,
ìwdqw ìjdx{/ fhv ghx{ vlqjxodulwìv srvvëghqw od píph iruph qrupdoh dqd0
o|wltxh olqìdluh1

Od vlqjxodulwì f hvw gh w|sh qrq0qrhxg1 Od frqmxjdlvrq ghv jhuphv g*krorqrplhv
k
× Ø�Ùá hw k

× Ú Ùá v*ìwhqg + sdu oh ohpph 61517/ ^Pdw Ü `/ ohpph 61518 /^Ph} Ö ` rx
ohpph Pduwlqhw0Udplv/ ^Pdu0Udp Ú `, hq xqh frqmxjdlvrq ghv jhuphv gh
ihxloohwdjhv �I à ñ ÷ þ ø ÿ ñ ô � � ñ��� � hw �I à ò ÷ þ ø ÿ ò ô � � ò��� � =

Dlqvl/ srxu wrxw m @ 4> 5> 6> ohv jhuphv gh ihxloohwdjhv �I à ñ�÷ þ ø ÿ ñ ô � � ñ��K � hw

�I àSò"÷ þ ø ÿ ò ô � � ò��K � vrqw dqdo|wltxhphqw frqmxjxìv1 Sodêrqv qrxv pdlqwhqdqw vxu od

�eudqfkh pruwh� E ð hw prqwurqv/ srxu fkdtxh m @ 4> ==> s�4> txh ohv ihxloohwdjhv
�I à ñ�÷ + ø ÿ ñ ô ù K , hw + �I à�ò�÷ + ø ÿ ò ô ú ÿ ñ × ù K Ù ,, vrqw dqdo|wltxhphqw frqmxjxìv1 Frqvlg0

ìurqv od frpsrvdqwh luuìgxfwleoh Gá gh od �eudqfkh pruwh� E ð 1 Vxssrvrqv
tx*lo h{lvwh xq elkrorprusklvph !á = +P à�ñ > {á , $ +P àSò > � àSò +{ á ,, who txh
�I à ñ�÷ + ø ÿ ñ ô ù K , @ ! Ná + �I àSò�÷ + ø ÿ ò ô ú ÿ ò × ù K Ù ,,> doruv ohv krorqrplhv k á"ô á hw j á"ô á vrqw kror0
pruskltxhphqw frqmxjxìhv1 Od frpsrvdqwhGá ìwdqw gh ydohqfh 5/ ohv krorqrplhv
k á å Ú ô á hw j á å Ú ô á vrqw dxvvl frqmxjxìhv1 Ohv ydohxuv sursuhv ghv vlqjxodulwìv {á hw
� àSò +{á , ìwdqw ìjdohv/ lo h{lvwh + wrxmrxuv hq xwlolvdqw oh ohpph 61517/ ^Pdw Ü `/rx
oh ohpph 61518 /^Ph} Ö ` rx oh ohpph Pduwlqhw0Udplv/ ^Pdu0Udp Ú `, xq jhuph gh

���PO �3Q '�6&;R+�� �"0��"�M? # ��0�# ���"0��SC1��;3��� D '�A)T9��0VU C1��;3A�T9��0,W%B
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Vhfwlrq 7161 = Uìvxowdwv vxu ohv ihxloohwdjhv suì0vlpsohv1

elkrorprusklvph ! á å Ú = +P à ñ > { á å Ú , $ +P àSò > � àSò +{á å Ú ,, txl frqmxjxh ohv jhu0
phv gh ihxloohwdjhv �I à�ñ�÷ + ø ÿ ñ ô ù K Í ò , hw �I à�ò�÷ + ø ÿ ò ô ú ÿ ò × ù K Í ò Ù ,= Dlqvl od frqmxjdlvrq

dqdo|wltxh ghv jhuphv gh ihxloohwdjh �I à ñ�÷ þ ø ÿ ñ ô � � ñ��K � hw �I àSò"÷ þ ø ÿ ò ô � � ò��K � lqgxlw/ sdu
fh udlvrqqhphqw/ srxu fkdtxh m @ 4> ==> s � 4> txh ohv ihxloohwdjhv �I à ñ�÷ + ø ÿ ñ ô ù K ,
hw + �I àSò"÷ + ø ÿ ò ô ú ÿ ò × ù K Ù ,, vrqw dqdo|wltxhphqw frqmxjxìv

Od yìul�fdwlrq gh od VO0ìtxlydohqfh ghv ihxloohwdjhv +I à ñ > lg> lg> ^� à ñ ô ö `, hw
+I àSò >� àSò > � àSò > ^� àSò ô ö `, pdutxìv sdu I à ñ hvw doruv lppìgldwh1
716 Uìvxowdwv vxu ohv ihxloohwdjhv suì0vlpsohv1

Frqvlgìurqv xq jhuph gh ihxloohwdjh krorpruskh I à gh +F Ö > 3, vlqjxolhu ã
o*ruljlqh1 Il{rqv X @ +P à > X ð , ð%XZY8[ Û=û × ö ÿ Ù%\J] ÿ xq uhfrxyuhphqw dgdswì gx jhuph
gh ydulìwì +P à > G à , = Qrwrqv E ^_ ÿ > uhvs1 [ ^_ ÿ > oh idlvfhdx gh edvhG à ghv jhuphv/
dx{ srlqwv ghG à > ghv fkdpsv gh yhfwhxuv krorpruskhv wdqjhqwv dx glylvhxu grqw
oh  rw odlvvh lqyduldqw oh ihxloohwdjh �I à > uhvs1 ghv fkdpsv wdqjhqwv dx ihxloohwdjh
�I à = Frqvlgìurqv oh idlvfhdx txrwlhqw W ^_ ÿ grqqì sdu od vxlwh h{dfwh frxuwh =

3 $ [ ^_ ÿ $ E ^_ ÿ $ W ^_ ÿ $ 3

Qrxv qrwrqv � +$, od glphqvlrq frpsoh{h gh K Ú �
X > W ^_ ÿ �

=

Gì�qlwlrq 71614 Oh jhuph gh ihxloohwdjh I à hvw glw vlpsoh vl ohv hqwlhuv � +$,
hw � +$, vrqw wrxv ghx{ qxov1

Qrxv glurqv tx*xq jhuph gh ihxloohwdjh hvw VO0vwdeoh vl wrxw jhuph gh gì0
irupdwlrq VO0ìtxlvlqjxolëuh g*hvsdfh gh sdudpëwuhv txhofrqtxh +Fû > 3, gh I à
hvw orfdohphqw dqdo|wltxhphqw wulyldo1 Rq d oh uìvxowdw/ gþ ã Pdwwhl0Vdohp gdqv
^Pdw0Vdo Ú `/ vxlydqw =
Wkìruëph 71615 Xq jhuph gh ihxloohwdjh krorpruskh I à gh +F Ö > 3, vlqjxolhu
ã o*ruljlqh/ qrq glfulwltxh/ hvw VO0vwdeoh vl/ hw vhxohphqw vl/ lo hvw vlpsoh1

Hq xwlolvdqw oh fulwëuh gh fdofxo gh od glphqvlrq gh K
Ú �

X > W ^_ ÿ �
grqqì sdu

M1I1Pdwwhl hw H1Vdohp gdqv ^Pdw0Vdo Ú `/ M1I1Pdwwhl prqwuh txh wrxw jhuph gh
ihxloohwdjh gh 5 í hvsëfh suì0vlpsoh hvw vlpsoh1 Hq dgdswdqw oh Wkìruëph E ã fh
fdguh/ rq rewlhqw lppìgldwhphqw ohv ohpphv =

Ohpph 71616 Vrlhqw I à ñ hw I àSò ghx{ jhuphv gh ihxloohwdjhv krorpruskhv gh
+F Ö > 3,> gh 5 í hvsëfh/ vlpsohv/ gh w|sh D/ H/ txl vrqw pdutxìv sdu I à ñ = V*lov vrqw
VO0ìtxlydohqwv doruv lov vrqw idleohphqw VO0uholìv1

Ohpph 71617 Vrlhqw I à ñ hw I à ò ghx{ jhuphv gh ihxloohwdjhv krorpruskhv gh
+F Ö > 3,> gh 5 í hvsëfh jìqìudoh/ vlpsohv/ gh w|sh G/ txl vrqw pdutxìv sdu I à ñ =
V*lov vrqw VO0ìtxlydohqwv doruv lov vrqw idleohphqw VO0uholìv1

Qrxv dyrqv ohv ghx{ wkìruëphv vxlydqwv/ o*xq frqfhuqh ohv ihxloohwdjhv gh
w|sh D/H hw o*dxwuh ohv ihxloohwdjhv gh w|sh G =

Wkìruëph 71618 Vrlw I àJI > l @ 3> 4> xq jhuph gh ihxloohwdjh krorpruskh vlq0
jxolhu gh +F Ö > 3, gh 5 í hvsëfh suì0vlpsoh/ gh w|sh D/H/ gh píph w|sh g*Duqro*g
ã o*ruljlqh1 Vl lo h{lvwh xq pdutxdjh sdu I à ñ ghv ihxloohwdjhv I à ñ hw I àSò srxu
ohtxho fhv ihxloohwdjhv pdutxìv vrqw VO0ìtxlydohqwv doruv I à ñ hw I àSò vrqw dqdo|0
wltxhphqw frqmxjxìv1
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Fkdslwuh 71= Dssolfdwlrqv dx{ vlqjxodulwìv vlpsohv1

Wkìruëph 71619 Vrlw I àJI > l @ 3> 4> xq jhuph gh ihxloohwdjh krorpruskh vlq0
jxolhu gh +F Ö > 3, gh 5 í hvsëfh jìqìudoh/ suì0vlpsoh/ gh w|sh G/ gh píph w|sh
g*Duqro*g ã o*ruljlqh1 Vl lo h{lvwh xq pdutxdjh sdu I à ñ ghv ihxloohwdjhv I à�ñ hw
I à ò srxu ohtxho fhv ihxloohwdjhv pdutxìv vrqw VO0ìtxlydohqwv doruv I à ñ hw I à ò
vrqw dqdo|wltxhphqw frqmxjxìv1

Fhv ghx{ wkìruëphv vh gìprqwuhqw gh od píph pdqlëuh =
Suhxyh1 Qrxv vdyrqv txh wrxw jhuph gh ihxloohwdjh gh 5 í hvsëfh suì0vlpsoh

hvw vlpsoh/ gh soxv ^ohpph 71514/ uhvs1 ohpph 71515` ohv ihxloohwdjhv pdutxìv
sdu I à ñ > txh qrxv qrwrqv I øà ñ hw I øàSò vrqw idleohphqw VO0uholìv = Lo h{lvwh xqh
froohfwlrq gh ihxloohwdjhv

�
I ø ^à I � ð%XZ` Ø ô a a ô ãGb pdutxìv sdu I à ñ whov txh srxu wrxw

l @ 3> ==> q � 4> ohv ihxloohwdjhv pdutxìv I ø ^àJI hw I ø ^àJI c ò vrqw uholìv sdu xq jhuph
gh gìirupdwlrq VO0ìtxlvlqjxolhu/ I ød I > gh sdudpëwuhv S @ +F> ^3> 4`,> pdutxìv
sdu I à ñ = Il{rqv I d I > l @ 3> ==> q � 4> o*xqh gh fhv gìirupdwlrqv = Hq dssol0
txdqw oh wkìruëph 71615/ hq fkdtxh srlqw { gh ^3> 4` > qrxv rewhqrqv o*h{lvwhqfh
g*xq uhfrxyuhphqw +X ù , ù�X�e Ø ô Ú�f rxyhuwv gh ^3> 4` who txh od gìirupdwlrq I d I hvw
dqdo|wltxhphqw wulyldoh oh orqj gh fkdfxq ghv rxyhuwv +F> X ù ,= Sdu frpsdflwì
gh ^3> 4`/ qrxv srxyrqv hq h{wudluh xq vrxv0uhfrxyuhphqw �ql/ �rugrqqì�/ g*rx0
yhuwv +Xá , á�g Ø ô a a ô î qh srvvìgdqw sdv g*lqwhuvhfwlrq wurlv ã wurlv1 �Sdu glvwulexwlylwì
gh od frqmxjdlvrq krorpruskh�/ ohv ihxloohwdjhv pdutxìv sdu I à�ñ > I ø ^àJI hw I ø ^àJI c ò >
vrqw dqdo|wltxhphqw frqmxjxìv sdu xq elkrorprusklvph uhvshfwdqw oh pdutxdjh/
l @ 3> ==> q � 4= Od frqfoxvlrq v*hq vxlw1

Hq xwlolvdqw ohv qrwdwlrqv ghv ohpphv 71514 hw 71515/ qrxv uìvxprqv fhv uì0
vxowdwv gdqv oh =

Fruroodluh 7161: Vrlhqw I à ñ hw I à ò ghx{ ihxloohwdjhv vlqjxolhuv gh +F Ö > 3, gh
5 í hvsëfh/ suì0vlpsohv1

41 Vxssrvrqv fhv ghx{ ihxloohwdjhv gh píph w|sh D Ö�ã > rx H æ > rx H é = Doruv
lov vrqw dqdo|wltxhphqw frqmxjxìv vl/ hw vhxohphqw vl/ lo h{lvwh xq jhuph
gh elkrorprusklvph � = +W

× Ø�Ù
> t
× Ø�Ù

, $ +W
× Ú Ù
> t
× Ú Ù

, txl frqmxjxh ohv jhuphv

gh gliiìrprusklvph g*krorqrplh k
× Ø�Ùá hw k

× Ú Ùá > m @ 4> 5> 6=

51 Vxssrvrqv fhv ghx{ ihxloohwdjhv gh píph w|sh D Ö�ã�å Ú > rx H è > rx gh 5 í hvsëfh
jìqìudoh gh w|sh G= Doruv lov vrqw dqdo|wltxhphqw frqmxjxìv vl/ hw vhxoh0
phqw vl/ ohv ghx{ frqglwlrqv vxlydqwhv vrqw vdwlvidlwhv =

+d, Lo h{lvwh xq jhuph gh elkrorprusklvph � = +W
× Ø�Ù
> t
× Ø�Ù

, $ +W
× Ú Ù
> t
× Ú Ù

,

txl frqmxjxh ohv jhuphv gh gliiìrprusklvph g*krorqrplh k
× Ø�Ùá hw k

× Ú Ùá >
m @ 4> 5> 6>

+e, Ohv ydohxuv sursuhv gh od sduwlh olqìdluh ghv fkdpsv gh yhfwhxuv dv0

vrflìv dx{ jhuphv gh ihxloohwdjhv uìgxlwv dx{ srlqwv v
× Ø�Ùá hw v

× Ú Ùá vrqw
ìjdx{/ m @ 4> 5> 61

717 Dssolfdwlrq dx{ vlqjxodulwìv qlosrwhqwhv1

Xq jhuph gh ihxloohwdjh krorpruskh gh +F Ö > 3,> I à > gì�ql sdu xq jhuph gh
40iruph $ gh 40mhw qrq qxo hvw dsshoì vlqjxodulwì qlosrwhqwh sdu gh qrpeuhx{
dxwhxuv Ehuwklhu/ Fhuyhdx/ Prxvvx/ Pì}ldql oruvtxh od sduwlh olqìdluh gx fkdps

dvvrflì hvw gx w|sh
�

3 4
3 3

�
= Od iruph qrupdoh iruphooh g*xqh whooh 40iruph
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Vhfwlrq 7171 = Dssolfdwlrq dx{ vlqjxodulwìv qlosrwhqwhv1

hvw gx w|sh $ ã ô û ô h @ g+| Ö . {
Ü
, . �{

û
+4 . {Y +{,, dyhf � 5 F N > Y 5 F ^^{`` >

q 5 Q i�Ü > s 5 Q i Ö = Hooh gì�qlw xq ihxloohwdjh gh 5 í hvsëfh oruvtxh q 9@ 5s hw

q @ 5s> � @5
q

	5+
s
u .

Új â ,> u 5 T _ `3> 4`
r
= Oh fdofxo gh od uìgxfwlrq ã sduwlu

gh od iruph qrupdoh prqwuh txh fh w|sh gh ihxloohwdjh hvw gh w|sh D hw qh
srvvëgh sdv gh vlqjxodulwì uìgxlwh gh w|sh qrhxg gdqv vrq ihxloohwdjh uìgxlw sdu
ìfodwhphqwv1 Fhv ihxloohwdjhv fruuhvsrqghqw ã xq fdv ìwxglì sdu glyhuv dxwhxuv
+ ^Fhu0Prx`/ ^Ph} Ú `/ ^Ph} Ö `/ ^Ehu0Ph}0Vdg`, hw ohv sureoìpdwltxhv uhqfrqwuìhv
vrqw =

41 �O*krorqrplh gh od vìsdudwulfh fodvvl�h0w0hooh oh ihxloohwdjh B� +txhvwlrq gh
U1 Wkrp, ã odtxhooh Pì}ldql grqqh xqh uìsrqvh qìjdwlyh1

51 �O*krorqrplh gh o*xqltxh frpsrvdqwh luuìgxfwleoh gx glylvhxu gh ydohqfh
6 fodvvl�h0w0hooh oh ihxloohwdjh B�

61 �Ghx{ whov ihxloohwdjhv iruphoohphqw frqmxjxìv +uhvs1 wrsrorjltxhphqw frq0
mxjxìv, vrqw0lov dqdo|wltxhphqw frqmxjxìv B�

Hq idlw/ od vhfrqgh sureoìpdwltxh hvw lqfrpsoëwhphqw srvìh vl o*rq qh �{h
sdv xq v|vwëph gh odfhwv jìqìudwhxuv gx svhxgr0jurxsh g*krorqrplh vxu od frp0
srvdqwh gh ydohqfh 61 Hooh vh uhirupxoh gdqv qrwuh wudydlo sdu =

5e1 �Ghx{ whov ihxloohwdjhv VO0ìtxlydohqwv vrqw0lov krorpruskltxhphqw frq0
mxjxìv B�

Oh wkìruëph 71618 uìsrqg ã fhwwh sureoìpdwltxh/ lo uhgìprqwuh üPk oh uìvxowdw
gh Ph}ldql ^Ph} Ö ` hw o*ìwhqg ã wrxv ohv ihxloohwdjhv suì0vlpsohv gh 5 í hvsëfh gh
w|sh H1 Oh wkìruëph 71619 ìwhqg txdqw ã oxl fh uìvxowdw dx{ ihxloohwdjhv suì0
vlpsohv gh 5 í hvsëfh jìqìudoh gh w|sh G1

Od wurlvlëph sureoìpdwltxh ghpdqgh txhotxhv oljqhv gh soxv srxu | uìsrq0
guh =

Wkìruëph 71714 Vrlhqw I à ñ hw I àSò ghx{ jhuphv gh ihxloohwdjhv vlqjxolhuv gh
+F Ö > 3, suì0vlpsohv/ gh 5 í hvsëfh gh w|sh D/H/ uhvs1 gh 5 í hvsëfh jìqìudoh gh w|sh
G/ whov txh oh jurxsh g*krorqrplh gh o*xqltxh frpsrvdqwh gh ydohqfh 6 hvw uljlgh1
Vl ohv jhuphv gh ihxloohwdjhv I à ñ hw I à ò vrqw iruphoohphqw frqmxjxìv doruv lov
oh vrqw dqdo|wltxhphqw1

Suhxyh1 Hq xwlolvdqw ohv qrwdwlrqv gx sdudjudskh 715/ od frqmxjdlvrq iruphooh
lqgxlw =

� O*ìjdolwì ghv dueuhv gxdx{ srqgìuìv D ïà ñ @ D ïà ò =
� O*h{lvwhqfh ghv ghx{ xqltxhv elmhfwlrqv

� àSò = 	 à ñ $ 	 àSò
hw

� à ò = Frps+G à ñ , $ Frps+G à ò ,=
� O*ìjdolwì ghv ydohxuv sursuhv ghv vlqjxodulwìv f hw � à ò +f,> f 5 	 à ñ =��l�m �3�
./���P-�no�
p�# ����#,��6)�P>���# � � �4q:� E </�4Q '�6);(�
��r,2,7�-���'�+����P>�'�����# �
#�0���� D�E </'�� D�F �&�
��s�<�� +���Q ��# !�� ���&s(t
u B O �
�87
*9+�����# '����8Q '�6&;3�
� � ���40����4�&7�<���6)����6)# ���
�80��
�8Q ��+�# � � ������5��
� 6 � ñ ��� 6 � ò �&'����4Q '�6&;3�
� � ��;(���9��
'���$�+�5�+�7
���
B
v BS��w�M? 7�5���� # �&7w0����R>���� ��+�6&�R<�6)'�<�6)���S0��w� �x<���6���# �w� # ��7���# 6)�=0����S� D ��;3<��R0��(>������&��+�6)�S���&�&'9��# 7����+,2yQ �
+�# � � ���&��5����{z6 � ñ ° | ± ÿ ñ ² } � ñ��K�~ ����z6 � ò ° | ± ÿ ò ² } � ò��K�~ þ

437



Fkdslwuh 71= Dssolfdwlrqv dx{ vlqjxodulwìv vlpsohv1

� O*h{lvwhqfh g*xq jhuph gh gliiìrprusklvph irupho a! = W
Ø

$ W
Ú txl frq0

mxjxh ohv jìqìudwhxuv gh o*krorqrplh l1h1 a! � k
× Ø�Ùá � a! å Ú @ k

× Ú Ùá > m @ 4> 5> 6=

Sdu uljlglwì gx jurxsh g*krorqrplh/ oh gliiìrprusklvph a! hvw frqyhujhqw1
Qrxv vrpphv doruv gdqv ohv k|srwkëvhv gx ohpph 71514 oruvtxh oh ihxloohwdjh
I à ñ hvw gh w|sh D Ö"ã rx H> uhvs1 gx ohpph 71515 oruvtxh oh ihxloohwdjh I à ñ hvw
gh w|sh D Ö"ã�å Ú rx G1 Dx{ wkìruëphv 71618 hw 71619 gh frqfoxuh1

438



Vhfwlrq 7171 = Dssolfdwlrq dx{ vlqjxodulwìv qlosrwhqwhv1

111
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Fkdslwuh 81= Dsshqglfh

8 Dsshqglfh

Gdqv xq suhplhu whpsv/ qrxv qrxv lqwìuhvvrqv/ ã gìfuluh o*h{lvwhqfh gx
jurxsh ghv dxwrprusklvphv g*xq fkdshohw gh vskëuhv1 Qrxv ìfodluflvvrqv oh olhq
hqwuh ohv gliiìrprusklvphv gh uhfroohphqw ghv vskëuhv g*xq fkdshohw �{ì hw o*h{0
lvwhqfh g*dxwrprusklvphv gh fh fkdshohw1

Gdqv xq ghx{lëph whpsv/ qrxv gìprqwurqv xqh shwlwh sursulìwì frqfhuqdqw
ohv gliiìrprusklvphv gh +F> 3,= Il{rqv k xq gliiìrprusklvph gh +F> 3,= Qrxv
prqwurqv txh vl xq dxwuh gliiìrprusklvph i gh +F> 3, hqyrlh fkdtxh ruelwh gh
k vxu hooh0píph/ doruv i hvw xqh sxlvvdqfh uhodwlyh gh k> l1h1 i @ k ã > q 5 ]1

814 Prusklvphv hw dxwrprusklvphv gh fkdshohwv gh vskë0
uhv1

Gdqv fhwwh vhfwlrq/ qrxv vrpphv dphqìv ã ìwxglhu ohv fkdshohwv gh vskëuhv
hw soxv suìflvhphqw ohv prusklvphv hqwuh fhv hvsdfhv1 Qrxv jdugrqv ã o*hvsulw
tx*xq fkdshohw gh vskëuhv hvw od uhsuìvhqwdwlrq jìrpìwultxh ghv hvsdfhv g*ruelwhv
ghv gliiìrprusklvphv uìvrqqdqwv +qrq olqìdulvdeohv,1 Qrxv frqvlgìurqv ohv pru0
sklvphv hqwuh fkdshohwv txl vrqw frpsdwleohv dyhf fhwwh vwuxfwxuh vrxv0mdfhqwh1

Srxu ghv udlvrqv gh frkìuhqfh/ qrxv qrwrqv �] Ö î @ i4> ==> 5nj > uhvs1 �] î @
i4> ==> nj > oh jurxsh lvrpruskh ã ] Ö î @ i3> ==> 5n � 4j > uhvs1 ] î @ i3> ==> n � 4j >
rü 5n / uhvs1 n> hw 3 vrqw lghqwl�ìv1

Gì�qlwlrq 81414 Qrwrqv +Y>K> n, xq wulsohw frpsrvì =

41 G*xq hqwlhu n qrq qxo1

51 G*xqh idplooh Y @ +Yá > 3 á >4á ,á�X ^� ��� gh ydulìwìv grxeohphqw srlqwìhv/ txl
vrqw fkdfxqh elkrorpruskh ã

�
�F> 3>4

�
=

61 G*xqh idplooh K @ +ká , á�X ^� ��� gh jhuphv g*dssolfdwlrqv krorpruskhv yìul0
�dqw =

+d, k Ö á = +Y Ö á > 3 Ö á , $ +Y Ö á ä Ú > 3 Ö á ä Ú , > m 5 �] î >
+e, k Ö á ä Ú = +Y Ö á ä Ú >4 Ö á ä Ú , $ +Y Ö á ä�Ö >4 Ö á ä�Ö , > m 5 ] î =

Gì�qlwlrq 81415 Qrxv dsshorqv v|vwëph gh frrugrqqìhv vxu oh fkdshohw gh
vskëuhv +Y >K> n, od grqqìh gh elkrorprusklvphv +} á > ]á , á�X ^� ��� yìul�dqw ohv uhod0
wlrqv =

41 } á = +Y á � 4á > 3á , $ +F> 3,> m 5 �] Ö î >
] á = +Y á � 3 á >4á , $ +F> 3,> m 5 �] Ö î =

51 } á @
Ú� K =

Od grqqìh g*xq v|vwëph gh frrugrqqìhv ìtxlydxw ã od grqqìh/ srxu fkdtxh m>
g*xq elkrorprusklvph hqwuh +Yá > 3á >4á , hw �

�F> 3>4
�
= Dlqvl oruvtxh +}á > ] á ,á�X ^� ���

hw
�

�}á > �] á � á�X ^� ��� vrqw ghx{ v|vwëphv gh frrugrqqìhv vxu oh fkdshohw +Y >K> n,>

srxu wrxw m 5 �] Ö î > lo h{lvwh �á 5 F N who txh } á @ �á �} á +hw gh idlw �] á @ � á ]á ,1
Rq hq gìgxlw txh oh qrpeuh

� @

î å Ú\
á�g Ø �

} Ö á ä Ú � k Ö á � } å ÚÖ á � ó +3, @
�
] Ö á ä�Ö � k Ö á ä Ú � ] å ÚÖ á ä Ú � ó +3,
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Vhfwlrq 8141 = Prusklvphv hw dxwrprusklvphv gh fkdshohwv gh vskëuhv1

hvw lqgìshqgdqw gx v|vwëph gh frrugrqqìhv fkrlvlhv1 Fh qrpeuh hvw dsshoì vshf0
wuh gx fkdshohw1 Rq yrlw idflohphqw tx*lo h{lvwh xq v|vwëph gh frrugrqqìhv txl
yìul�h =

41 Srxu wrxw m 5 ] Ö î > m 9@ 3> rq d
�
] Ö á ä�Ö � k Ö á ä Ú � ] å ÚÖ á ä Ú � ó +3, @ 4 hw�

} Ö á ä Ú � k Ö á � } å ÚÖ á � ó +3, @ 4=

51 Srxu m @ 5n rq d
�
} Ú � k Ö î � } å ÚÖ î � ó +3, @ �=

Qrxv dsshoohurqv xq who v|vwëph/ v|vwëph gh frrugrqqìhv qrupdohv vxu oh
fkdshohw +Y >K> n,=

Gì�qlwlrq 81416 Qrxv glurqv tx*xq fkdshohw hvw wulyldo vl ohv dssolfdwlrqv k á
vrqw olqìdluhv/ gdqv fh fdv lo h{lvwh xq v|vwëph gh frrugrqqìhv qrupdohv whoohv
txh

�
} Ö á ä Ú � k Ö á � } å ÚÖ á �

@ lg hw
�
] Ö á ä�Ö � k Ö á ä Ú � ] å ÚÖ á ä Ú � @ lg srxu wrxw m 5 ] Ö î >

m 9@ 3 hw whoohv txh
�
} Ú � k Ö î � } å ÚÖ î �

+}, @ �}> rü } hvw od frrugrqqìh vxu F1

81414 Prusklvphv hqwuh fkdshohwv gh vskëuhv1

Gì�qlwlrq 81417 Frqvlgìurqv F @ +Y @ +Yá > 3á >4á , >K @ +k á ,> n,á�X ^� ��� hw

�F @ +�Y @
�

�Y á > �3á > �4á � >J @ +já ,> o,á�X ^� ��� ghx{ fkdshohwv gh vskëuhv =
41 Vl

î õ hvw xq hqwlhu/ xq prusklvph hqwuh ohv fkdshohwv F hw �F hvw od grqqìh

g*xq s 5 �] Ö õ hw g*xqh idplooh # á = Y á $ �Yá ä�Ö û > m 5 �] Ö î > g*dssolfdwlrqv
krorpruskhv whoohv txh =

� O*hqvhpeoh ghv srlqwv fulwltxhv hvw lqfoxv gdqv i3 á >4 á j/
� Rq d ìjdolwì # å Úá �

�3 á ä�Ö û �
@ 3á hw # å Úá + �4á ä�Ö û , @ 4á hw

� Od uhodwlrq +U4, hvw yìul�ìh =

+U4, = # á ä Ú � k á @ já ä�Ö û � # á
Rq qrwh fh prusklvph � @

�
# á > s� á�X ^� ��� > od froohfwlrq ghv # á shxw0

íwuh frqvlgìuìh frpph xqh dssolfdwlrq gh o*xqlrq glvmrlqwh ghv Yá gdqv
o*xqlrq glvmrlqwh ghv �Yá = Rq dsshooh lqglfh gx prusklvph � o*hqwlhu s

hw rq qrwh Prusk
�

F> �F
�
o*hqvhpeoh ghv prusklvphv gh F vxu �F1

51 Vl
î õ @5 Q N > rq srvh Prusk

�
F> �F

�
@ >=

Gdqv od vxlwh gh fh sdudjudskh qrxv vxssrvrqv txh ohv fkdshohwv F hw �F vrqw
glvwlqfwv hw txh î õ 5 Q N =
Sursrvlwlrq 81418 Frqvlgìurqv F @ +Y @ +Yá > 3 á >4á , >K @ +k á ,> n,á�X ^� ��� /

�F @ +�Y @
�

�Y á > �3á > �4á � >J @ +já ,> o,á�X ^� �&� ghx{ fkdshohwv gh vskëuhv hw � @
�
# á > s� á�X ^� ��� xq ìoìphqw gh Prusk

�
F> �F

�
=

41 Gdqv wrxw v|vwëph gh frrugrqqìhv +}á > ] á ,á�X ^� ��� vxu F hw
�

�} á > �] á �á�X ^� ���
vxu �F / � v*ìfulw =

�} á ä�Ö û � # á @ � á } �á
�]á ä�Ö û � # á @ � å Úá ] �á >

rü � á 5 F N > t 5 Q N > m 5 �] Ö î hw t hvw lqgìshqgdqw gh m=
43;



Fkdslwuh 81= Dsshqglfh

51 Vl ohv ghx{ v|vwëphv vrqw qrupdx{ � á @ � á ä Ú =
61 Gh soxv/ lo h{lvwh ghv v|vwëphv gh frrugrqqìhv qrupdohv vxu F hw �F who

txh srxu wrxw m 5 �] Ö î > � á @ 4=

Suhxyh1 Qrwrqv +}> ], oh v|vwëph gh frrugrqqìhv fdqrqltxhv vxu �F> qrxv
gìprqwurqv fhwwh sursrvlwlrq/ dvvhuwlrq sdu dvvhuwlrq =

Dvvhuwlrq 41

O*dssolfdwlrq !á =
�

�F> 3>4
�

$
�

�F> 3>4
�
gì�qlh

vxu �F � 4 sdu �} á ä�Ö û � # á � } å Úá
hw

vxu �F � 3 sdu �] á ä�Ö û � # á � ] å Úá
hvw xqh dssolfdwlrq krorpruskh �{dqw 3 hw 4= Hooh hvw gx w|sh } $ � á } � K hw
] $ � å Úá ] � K dyhf � á 5 F N hw t á 5 Q N 1 Dlqvl srxu wrxw m 5 �] Ö î >

�} á ä�Ö û � # á @ � á } � Ká hw �] á äEÖ û � # á @ � å Úá ] � Ká =

Sdu lghqwl�fdwlrq ghv suhplhuv whuphv gh o*ìjdolwì +U4,/ rq rewlhqw o*ìjdolwì
+U5, =

� á ä Ú �
k óá +3á ,� � K c�ò } � K c òá @ � á �

j óá ä�Ö û �
�3 á ä�Ö û ��

} � Ká vl m hvw sdlu1

� å Úá ä Ú �
k óá +4á ,� � K c�ò ] � K c�òá @ � å Úá �

j óá ä�Ö û + �4á ä�Ö û ,
�
] � Ká vl m hvw lpsdlu1

Fhod lpsoltxh t á @ t á ä Ú srxu wrxw m 5 �] Ö î =
Dvvhuwlrq 51

Gdqv ohv frrugrqqìhv qrupdohv/ srxu wrxw m 5 �] Ö î > m 9@ 5n> rq d =

k óá +3 á , @ j óá �
�3 á � @ 4 vl m hvw sdlu

hw
k óá +4á , @ j óá + �4á , @ 4vl m hvw lpsdlu1

Dlqvl od uhodwlrq +U5, vh uìvxph srxu wrxw m 9@ 5n ã

� á ä Ú } �á @ � á } �á hw � å Úá ä Ú ] �á @ � å Úá ] �á =
G*rü o*ìjdolwì � á ä Ú @ � á > srxu wrxw m 5 �] Ö î > m 9@ 5n=

Dvvhuwlrq 61

Il{rqv xq v|vwëph gh frrugrqqìhv qrupdohv +} á > ]á ,á�X ^� ��� vxu F hw
�

�} á > �] á � á�X ^� ���
vxu �F/ rq d ohv ìjdolwìv =

�}á ä�Ö û � # á @ �} �á hw �]á ä�Ö û � # á @ � å Ú ] �á =
Hq h�hfwxdqw oh fkdqjhphqw gh frrugrqqìhv } óá @ �}á hw ] óá @ � å Ú ] á dyhf
� 5 F N who txh � � @ � å Ú > rq rewlhqw gluhfwhphqw o*dvvhuwlrq 611
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Vhfwlrq 8141 = Prusklvphv hw dxwrprusklvphv gh fkdshohwv gh vskëuhv1

Gì�qlwlrq 81419 Frqvlgìurqv F @ +Y @ +Yá > 3á >4á , >K @ +k á ,> n,á�X ^� ��� hw

�F @ +�Y @
�

�Y á > �3á > �4á � >J @ +já ,> o,á�X ^� �&� ghx{ fkdshohwv gh vskëuhv hw � @
�
# á > s� á�X ^� ��� xq ìoìphqw gh Prusk

�
F> �F

�
= Qrxv dsshorqv ghjuìv sduwlho gh �>

qrwì g íû +�, oh ghjuìv frppxq ghv # á = Rq d g íû +�, @ o � n å Ú � &# å ÚÚ +{, > rü

{ 5 �Y Ú ä�Ö û �
�

�3 á > �4á � = Oh ghjuì sduwlho gx prusklvph � qh gìshqg sdv gx

srlqw { fkrlvl hw gh soxv srxu wrxw m 5 �] Ö î > wrxw | á ä�Ö û 5 �Y á ä�Ö û > rq d ìjdolwì
&# å ÚÚ +{, @ &# å Úá +| á ä�Ö û , = Lo vx!w gh frqvlgìuhu ghv frrugrqqìhv vxu F hw vxu
�F srxu v*dshufhyrlu txh oh ghjuì sduwlho gh � q*hvw dxwuh txh o*hqwlhu t gh od
sursrvlwlrq 814181

Sursrvlwlrq 8141: Frqvlgìurqv F @ +Y @ +Yá > 3 á >4á , >K @ +ká ,> n, á�X ^� ��� hw
�F @ +�Y @

�
�Yá > �3 á > �4á � >J @ +j á ,> o,á�X ^� �&� ghx{ fkdshohwv gh vskëuhv gh vshfwuh

uhvshfwli � hw ��> qrxv dyrqv ohv dvvhuwlrqv vxlydqwhv =

41 Vl
î õ @ 4 hw vl wrxv ohv ìoìphqwv gh Prusk

�
F> �F

�
vrqw g*lqglfh qxo doruv

�� @ � � =
51 Vl

î õ 9@ 4 rx vl
î õ @ 4 hw lo h{lvwh xq ìoìphqw gh Prusk

�
F> �F

�
g*lqglfh qrq

qxo doruv �� @ � � @ 4=

Suhxyh1 Il{rqv xq v|vwëph gh frrugrqqìhv qrupdohv +}á > ] á ,á�X ^� ��� vxu F
hw

�
�} á > �]á � á�X ^� ��� vxu �F hw qrwrqv � xq ìoìphqw gh Prusk

�
F> �F

�
= G*dsuëv od

uhodwlrq +U5,> lo h{lvwh � 5 F N who txh qrxv dyrqv ohv ìjdolwìv vxlydqwhv =
� +k ó Ö î +3 Ö î ,, � } �Ö î @ �

�
j óÖ î ä�Ö û �

�3 Ö î ä�Ö û ��
} �Ö î

hw
�

�
k ó Ö õ å�Ö û +3 Ö õ å�Ö û ,

� � } �Ö õ å�Ö î @ �
�
j óÖ õ ��3 Ö õ ��

} �Ö õ =
Ghx{ fdv vh suìvhqwhqw =

Fdv gh o*dvvhuwlrq 4 =

Gdqv fh fdv fhv ghx{ ìjdolwìv q*hq vrqw tx*xqh =

� +k ó Ö î +3 Ö î ,, � } �Ö î @ �
�
j óÖ õ ��3 Ö õ ��

} Ö õ dyhf n @ o>

dlqvl
�� @ j óÖ õ ��3 Ö õ � @ +k ó Ö î +3 Ö î ,, � @ � � =

Fdv gh o*dvvhuwlrq 5 =

� Vxssrvrqv n 9@ o/
Doruv rq hvw gdqv oh fdguh rü

# Ö î = Y Ö î $ �Y Ö î ä�Ö û hw # Ö õ = Y Ö õ $ �Y Ö î ä�Ö û >
dlqvl

� � @ +k ó Ö î +3 Ö î ,, � @ +k ó Ö õ +3 Ö õ ,, � @ 4=
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Fkdslwuh 81= Dsshqglfh

Gh píph rq hvw gdqv oh fdguh rü

# Ö õ å�Ö î = Y Ö õ åEÖ î $ �Y Ö õ hw # ç õ åEÖ î = Y ç õ å�Ö î $ �Y Ö õ >
rq d

�� @ 4=

� Vxssrvrqv n @ o/
Rq shxw vxssrvhu txh � hvw g*lqglfh qrq qxo/ gdqv fhv ghx{ fdv rq d
5n . 5s 9@ 3 ^5o` hw 5o � 5s 9@ 3 ^5n` = Dlqvl ohv ìtxdwlrqv ghylhqqhqw =

� � @ 4hw�� @ 4=

Fh txl whuplqh fhwwh suhxyh1

Sursrvlwlrq 8141; Frqvlgìurqv F @ +Y @ +Y á > 3á >4á , >K @ +k á ,> n,á�X ^� ��� xq
fkdshohw gh vskëuhv qrq wulyldo/ doruv wrxw hqgrprusklvph gh F hvw xq dxwrpru0
sklvph1

Fhwwh sursrvlwlrq vh gìprqwuh dx pr|hq gx ohpph vxlydqw =

Ohpph 8141< Vrlw k 9@ lg xq jhuph gh gliiìrprusklvph gh +F> 3, wdqjhqw ã
o*lghqwlwì yìul�dqw k+�} � , @ � +k+},, � > � 5 F N > t 5 Q N doruv t @ 4=

Suhxyh1 Qrwrqv k+}, @ }
�
4 . d ð ñ } ð ñ . ==

�
oh ghyhorsshphqw hq vìulh hqwlëuh

gh k= Hq frpsdudqw oh ghjuì ghv suhplhuv whuphv gh o*ìjdolwì

k+�} � , � �} � @ � +k+},, � � �} � >
qrxv frqvwdwrqv txh t . t � l Ø @ t . l Ø > fh txl qh vh uìdolvh txh vl t @ 41

Suhxyh gh od sursrvlwlrq 8141; =1 Vrlw � xq hqgrprusklvph gh F g*lqglfh
s= Qrwrqv +} á > ]á ,á�X ^� ��� xq v|vwëph gh frrugrqqìhv vxu oh fkdshohw F/ qrxv dyrqv
ghx{ fdv =

41 s @ 3=

G*dsuëv od sursrvlwlrq 81418/ srxu wrxw m 5 �] Ö î > rq d } á � # á @ �} �á /
od uhodwlrq +U5, lpsoltxh o*ìjdolwì ká +�} �á , @ � +k á +}á ,, � hw grqf ^ohpph
8141<` t @ 4=

51 s 9@ 3

Gh od píph pdqlëuh hq xwlolvdqw od sursrvlwrq 81418 hw od uhodwlrq +U4, rq
rewlhqw o*ìjdolwì k á ä�Ö û +�} �á ä�Ö û , @ � +k á +} á ,, � = Sdu lwìudwlrq gh fhwwh ìjdol0
wì rq rewlhqw k á ä�Ö û +�

Û
}
Û �á ä�Ö û , @ �

Û
+k á +}á ,,

Û � > rü ps � 3 ^5n`> hw grqf
^ohpph 8141<` t @ 4=

Hq g*dxwuhv whuphv � hvw xq dxwrprusklvph gh F1

81415 Dxwrprusklvphv gh fkdshohwv gh vskëuhv1

Frqvlgìurqv F @ +Y @ +Yá > 3 á >4á , >K @ +ká ,> n, á�X ^� ��� xq fkdshohw gh vskëuhv/
qrq wulyldo/ hw ìwxglrqv ohv dxwrprusklvphv gh fhw hvsdfh1 Qrwrqv Dxw Ø +F,
o*hqvhpeoh ghv dxwrprusklvphv gh F g*lqglfh 31

Sursrvlwlrq 814143 Vrlw � @ +# ð , ð�X ^� ��� xq dxwrprusklvph gh F g*lqglfh s=
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Vhfwlrq 8141 = Prusklvphv hw dxwrprusklvphv gh fkdshohwv gh vskëuhv1

� Vl s hvw qxo/ doruv srxu wrxw l 5 �] Ö î > o*dssolfdwlrq # ð = Y ð $ Y ð hvw xqh
urwdwlrq udwlrqqhooh g*dqjoh

õâ 5 T > +o> u, @ 4=
� Vl s hvw qrq qxo/ doruv oh vshfwuh gx fkdshohw hvw ìjdo ã 4 hw o*lwìuì �

Û
gh

� hvw xq dxwrprusklvph g*lqglfh 3/ rü p hvw xq hqwlhu yìul�dqw ps � 3
^5n` =

Rq yìul�h idflohphqw oh ohpph vxlydqw =

Ohpph 814144 Xq jhuph g*dssolfdwlrq k = +F> 3, $ +F> 3, wdqjhqw ã o*lghqwlwì/
gl�ìuhqw gh o*lghqwlwì/ uìdolvh o*ìtxdwlrq �k +}, @ k +�}, vl/ hw vhxohphqw vl/ lo

h{lvwh u 5 Q N who txh k hvw gx w|sh k +}, @ }+4.
Sð�X ��� d ð +}

â
,
ð
,/ d ð 5 F hw � @ h

� I � �� /

o 5 ] â =
Suhxyh gh od Sursrvwlrq 8141431

41 H{dplqrqv g*derug oh fdv rü s hvw qxo1
Il{rqv +} ð > ] ð , ð�X ^� ��� xq v|vwëph gh frrugrqqìhv qrupdohv vxu oh fkdshohw
F1 G*dsuëv od sursrvlwlrq 81418/ lo h{lvwh � 5 F N who txh srxu wrxw l 5 �] Ö î
qrxv dyrqv ohv ìjdolwìv

} ð � # ð @ �} ð hw ] ð � # ð @ � å Ú ] ð =
Od uhodwlrq +U4, lpsoltxh doruv

�+} ð ä Ú � k ð � } å Úð , +}, @ +} ð ä Ú � k ð � } å Úð , +�},

rü } hvw od frrugrqqìh fdqrqltxh vxu �F1 Dlqvl g*dsuëv oh ohpph 814144/ lo
h{lvwh u 5 Q N who txh k hvw gx w|sh

+} ð ä Ú � k ð � } å Úð , +}, @ }+4 .
[
á�X ��� d ðOô á +}

â
,
ð
,>

rü d ð�ô á 5 F/ � @ h
� I � �� hw o 5 ] â = Frqvlgìurqv pdlqwhqdqw xq dxwuh v|vwëph

gh frrugrqqìhv +�} ð > �] ð , ð%X ^� ��� vxu oh fkdshohw F1 G*dsuëv od gì�qlwlrq 81415/
srxu wrxw l 5 �] Ö î > lo h{lvwh � ð 5 F N who txh �} ð @ � ð } ð hw �] ð @ � å Úð ] ð = Qrxv
rewhqrqv oh gldjudpph vxlydqw =

�F � L�$ �Fh I 1 % } ð } ð % ) h I
�F

^L I#� Y ð � I�$ Y ð ^L I�$ �F

rü +}> ], hvw od frrugrqqìh fdqrqltxh vxu �F1 Dlqvl

�} ð � # ð � �} å Úð @ � ð +} ð � # ð � } å Úð ,� å Úð @ �}=

Lo hvw ìjdohphqw fodlu txh oh ghyhorsshphqw hq vìulh gh k ð gdqv ohv frru0
grqqìhv +�} ð > �] ð , hvw gx w|sh

+�} ð ä Ú � k ð � �} å Úð , +}, @ }+4 .
[
á�X � � e ðOô á +}

â
,
ð
,> e ð�ô á 5 F=
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Fkdslwuh 81= Dsshqglfh

51 Frqvlgìurqv pdlqwhqdqw oh fdv rü s hvw qrq qxo1

Od vhxoh fkrvh ã gìprqwuhu frqfhuqh oh vshfwuh gx fkdshohw = srxu fhod
frqvlgìurqv +} ð > ] ð , ð%X ^� ��� xq v|vwëph gh frrugrqqìhv vxu oh fkdshohw F/ od
uhodwlrq +U4, dssoltxìh ã � lpsoltxh doruv

�+} Ú � k Ö î � } å ÚÖ î , +}, @ +} Ö û ä Ú � k Ö û � } å ÚÖ û , +�}, =

Hq gìulydqw/ hq 3/ fhwwh ìjdolwì rq rewlhqw �� @ �> rü � hvw oh vshfwuh gx
fkdshohw1

Fh txl dfkëyh fhwwh gìprqvwudwlrq1

Fruroodluh 814145 Srxu wrxw v|vwëph gh frrugrqqìhv +} ð > ] ð , ð�X ^� ��� vxu oh fkd0
shohw F/ qrxv dyrqv ohv dvvhuwlrqv vxlydqwhv =

41 Oh vrxv jurxsh Dxw Ø +F, q*hvw sdv uìgxlw ã o*lghqwlwì vl/ hw vhxohphqw vl/ lo
h{lvwh u 5 Q N � i4j who txh srxu wrxw l 5 �] Ö î > k ð hvw gx w|sh

} ð ä Ú � k ð @ � ð } ð +4 .
[
á�X ��� d ðOô á +}

âð ,
ð
,> d ð�ô á 5 F/ � ð 5 F N 1

51 O*hqvhpeoh ghv dxwrprusklvphv g*lqglfh qrq qxo hvw qrq ylgh vl/ hw vhxoh0
phqw vl/ lo h{lvwh s 5 ] Ö î > � 5 F N / who txh srxu wrxw l 5 �] Ö î > rq d o*ìjdolwì

�+} ð ä Ú � k ð � } å Úð , +}, @ +} Ö û ä ð ä Ú � k Ö û ä ð � } å ÚÖ û ä ð , +�}, 1

Sursrvlwlrq 814146 O*dssolfdwlrq g*lqglfh Lqg = Dxw +F, $ ] Ö î txl/ ã xq pru0
sklvph/ dvvrflh vrq lqglfh hvw xq prusklvph gh jurxsh > dlqvl lo h{lvwh s 5 ] Ö î
who txh vrq lpdjh hvw xq vrxv jurxsh gh ] Ö î hqjhqguì sdu s> qrwì s] Ö î = Rq d
doruv od vxlwh h{dfwh gh jurxsh =

3 $ Dxw Ø +F, $ Dxw +F, $ s] Ö î $ 3

Od gìprqvwudwlrq gh fhwwh sursrvlwlrq hvw fodvvltxh1

Sursrvlwlrq 814147 +Dxwrprusklvphv gh fkdshohwv wulyldx{, Frqvlgìurqv
F @ +Y @ +Yá > 3 á >4á , >K @ +k á ,> n,á�X ^� ��� xq fkdshohw wulyldo/ ohv dxwrprusklvphv
gh F gìshqghqw gx vshfwuh gx fkdshohw/ �/ dlqvl =

41 Vl � @ 4> doruv Dxw +F, @ i� @ +# ð , ð�X ^� ��� g*lqglfh s 5 ] Ö î who txh srxu
wrxw l 5 �] Ö î o*dssolfdwlrq # ð = Y ð $ Y ð hvw xqh krprwkìwlh gh udssruw
� 5 F N j * ] Ö î � F N 1

51 Vl � 9@ 4 doruv Dxw +F, @ i� @ +# ð , ð%X ^� ��� g*lqglfh 3 who txh srxu wrxw

l 5 �] Ö î o*dssolfdwlrq # ð = Y ð $ Y ð hvw xqh krprwkìwlh gh udssruw � 5
F N j * F N 1

Od suhxyh hvw odlvvìh dx ohfwhxu/ hooh hvw wulyldoh = lo q*| d soxv gh frqglwlrq
lqgxlwh sdu ohv dssolfdwlrqv k ð > l 5 �] Ö î � i5nj > txl gdqv xq erq v|vwëph gh
frrugrqqìhv vrqw wrxwhv o*lghqwlwì1
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Vhfwlrq 8151 = Jhuph gh gliiìrprusklvph gh +F> 3,=

815 Jhuph gh gliiìrprusklvph gh EF> f�=

Fh sdudjudskh shuphw gh wudlwhu vsìfl�txhphqw ohv sureoëphv uhqfrqwuìv
gdqv fh wudydlo frqfhuqdqw ohv jhuphv gh gliiìrprusklvph gh +F> 3,= Il{rqv k xq
jhuph gh gliiìrprusklvph gh +F> 3, hw vxssrvrqv tx*lo yìul�h od frqglwlrq =

+�, @

;
AAAA?
AAAA=

41 mk ó +3,m 9@ 4
rx elhq/

51 k ó +3, @ h Ö ðM��h > � 5 T
rx elhq/

51 k ó +3, @ h Ö ðM��h > � @5 T/ hw k hvw olqìdulvdeoh1

Vrlw i xq ìoìphqw ghGlii+F> 3, hw X xq yrlvlqdjh rxyhuw gh 3 gdqv F> qrwrqv
i � oh uhsuìvhqwdqw gh i vxu X= Rq gì�qlw od X0ruelwh gh i g*xq srlqw } 5 X>
R
ß� +}, frpph o*hqvhpeoh ghv srlqwv ===> } å Û > } å Û ä Ú > ===> } Ø @ }> ===> } ã > } ã`ä Ú > === gh

X whov txh } î ä Ú hvw o*lpdjh gh } î sdu o*dssolfdwlrq i=

Gì�qlwlrq 81514 Qrxv glurqv txh i hvw frpsdwleoh dyhf k v*lo h{lvwh ghv yrlvl0
qdjhv rxyhuwv Y hw Z 40frqqh{h gh 3 gdqv F/ Z � Y> vxu ohvtxhov i hw k
dgphwwhqw ghv uhsuhvhqwdqwv krorpruskhv whov txh k +Z , � Y> i +Z , � Y hw who
txh srxu wrxw } 5 Z>rq d i+R �� +},, � R �� +}, =

Sursrvlwlrq 81515 Vrlw i xq ìoìphqw gh Glii+F> 3, frpsdwleoh dyhf k hw vxs0
srvrqv txh k yìul�h od frqglwlrq +�,= Doruv lo h{lvwh q 5 ] who txh i @ k ã =

Suhxyh1 Vrlhqw Y hw Z ghx{ yrlvlqdjhv rxyhuwv gh o*ruljlqh vdwlvidlvdqw ohv
frqglwlrqv gh od gì�qlwlrq 815141 Wrxw g*derug qrxv uhfkhufkrqv xq grpdlqh
�lqyduldqw� ihupì  � Z gh k txl frqwlhqw 3/+l1h1 k +, �  6 3,= Uhpdutxrqv
txh wrxw grpdlqh �lqyduldqw� gh k hvw dxvvl xq grpdlqh lqyduldqw gh i=

Vl k hvw olqìdulvdeoh/ qrxv oh vxssrvrqv qrq glodwdqw +txlwwh ã frqvlghuhu vrq
lqyhuvh,/ oh grpdlqh  uhfkhufkì hvw doruv/ gdqv ghv frrugrqqìhv dssursulìhv/
xq glvtxh ihupì fhqwuì hq 3 lqfoxv gdqv Z=

Vl k hvw uìvrqqdqw/ qrq olqìdulvdeoh/ lo h{lvwh  xq ihupì 40frqqh{h gh F/
frqwhqdqw 3 gdqv vrq dgkìuhqfh/ vdwxuì sdu ohv ruelwhv gh k> l1h1 k +, @ =

Ilj1 57 � Uhsuhvhqwdwlrq gx grpdlqh 

Sdu k|srwkëvh/ srxu fkdtxh } 5 > i +}, 5 R �� +}, > dlqvl lo h{lvwh q L 5 ]/
who txh i � +}, @ k ã��� +}, = O*dssolfdwlrq q =  $ ]/ } :$ q L yd g*xq hqvhpeoh
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frqwlqx gdqv xq hqvhpeoh gìqrpeudeoh/ dlqvl lo h{lvwh s 5 ] who txh q å Ú +s, hvw

xq hqvhpeoh lq�ql qrq gìqrpeudeoh gh í
= Gh soxv/ srxu wrxw } 5 > k

û
+}, hw

i +}, vrqw ghv srlqwv gh = O*dssolfdwlrq krorpruskh k û � i dgphw xqh lq�qlwì
qrq gìqrpeudeoh gh }ìurv vxu oh frpsdfw > sdu oh wkìruëph ghv }ìurv lvroìv/
rq rewlhqw o*ìjdolwì ghv uhsuìvhqwdqwv gh k û hw i vxu  hw sdu vxlwh o*ìjdolwì ghv
jhuphv k û � i=

Frqvlgìurqv i xq ìoìphqw gh Glii+F> 3,> qrxv glurqv txh i dssduwlhqw dx
fhqwudolvdwhxu gh k> qrwì i 5 Fhq+k,> vl i frppxwh ã k=

Gdqv ^Pdu0Udp Ö `/ M1 Pduwlqhw hw M1S1 Udplv dvvrflhqw ã fkdtxh gliiìrpru0
sklvph k 5 Glii+F> 3, uìvrqqdqw/ qrq olqìdulvdeoh/ xqh fodvvh g*lvrprusklvph
gh fkdshohw gh vskëuhv F +k, @ ^F � ` gh pdqlëuh txh =

41 Vl k Ú hw k Ö vrqw iruphoohphqw frqmxjxìv doruv = k Ú hw k Ö vrqw dqdo|wltxh0
phqw frqmxjxìv vl/ hw vhxohphqw vl/ F +k Ú , @ F +k Ö , =

51 Srxu fkdtxh uhsuìvhqwdqw F +k, gh od fodvvh ^F � ` rq d od vxlwh h{dfwh vxly0
dqwh

kkl $ Fhq+k, $ Dxw +F +k,, $ 3=

Srxu xqh gìprqvwudwlrq gh o*dvvhuwlrq 51/ oh ohfwhxu vh uìiìuhud dx frxuv gh I1
Orud|/ ^Oru Ú `/ sduwlfxolëuhphqw dx Fkdslwuh L143 �Ohv v|pìwulhv gx fkdshohw�1 Rq
uhpdutxh wrxw gh píph txh o*h{dfwlwxgh vxlydqwh kkl $ Fhq+k, $ Dxw +F +k,,
hvw gluhfwhphqw gìprqwuìh sdu od sursrvlwlrq 815151
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Fkdslwuh 91= UÌIÌUHQFHV

9 Eleolrjudsklh

Uìiìuhqfhv

^Dko` Dkoiruv/ O1Y1 = Ohfwxuhv rq txdvlfrqirupdo pdsslqj/ Ydq Qrvwudqg
Frpsdjq|/ Wrurqwr0Qhz \run0Orqgrq +4<99,1

^Duq Ú ` Duqro*g/ Y1L1 = Qrupdo irupv iru ixqfwlrqv qhdu ghjhqhudwh fulwl0
fdo srlqwv/ wkh Zh|o jurxsv ri D î > G î > H î dqg Odjudqjldq vlqjx0
odulwlhv1 Prvfrz Vwdwh Xqlyhuvlw| wudqvodwhg iurp Ixqnwvlrqdo*q|l
Dqdol} l Hjr Sulor}khql|d/ Yro1 9/ Qr1 7/ 6058 +4<:5,1

^Ehu0Fhu0Ph}` Ehuwklhu/ P1/ Fhuyhdx/ G1/ Ph}ldql/ U1 = Wudqvirupdwlrqv
lvrwurshv ghv jhuphv gh ihxloohwdjhv krorpruskhv1 Mrxu1 Pdwk1 Sxu1
Dssol1/ yro1 :;/ lvvxh :/ :340:55 +4<<<,1

^Ehu0Ph}0Vdg` Ehuwklhu/ P1/ Ph}ldql/ U1/ Vdg/ S1 = Rq wkh fodvvl�dfwlrq ri qlosr0
whqw vlqjxodulwlhv1 Exoo1 Vfl1 pdwk1/ yro1 456/ 68406:3 +4<<<,1

^El` Elupdq/ M1 = Eudlgv/ Olqnv dqg pdsslqj fodvv jurxsv/ Dqqdov ri
Pdwk1 Vwxglhv ;4/ Sulqfhwrq Xqly1 Suhvv/ +4<;7,1

^Eum` Eumxqr/ D1G1 = Dqdo|wlfdo irup ri gl�huhqwldo htxdwlrqv/ Wudqvdf0
wlrqv Prvfrz Pdwk1 Vrf1 58/ s1 46405;; +4<:4, > 59/ s1 4<<056<
+4<:5,1

^Fdp0Qhw0Vdg` Fdpdfkr/ F1/ Qhwr/ D1O1/ Vdg/ S1 = Wrsrorjlfdo lqyduldqwv dqg
htxlghvlqjxodul}dwlrq iru krorprusklf yhfwru �hogv1 M1 Gl�huhqwldo
Jhrphwu|/ yro1 53/ 47604:7 +4<;7,1

^Fdp0Vdg` Fdpdfkr/ F1/ Vdg/ S1 = Lqyduldqw ydulhwlhv wkurxjk vlqjxodulwlhv ri
krorprusklf yhfwru �hogv1 Dqq1 ri Pdwkhpdwlfv/ yro1 448/ 8:<08<8/
+4<;5,1

^Fdp0Qhw` Fdpdfkr/ F1/ Qhwr/ D1O1 = Jhrphwulf wkhru| ri iroldwlrqv1
Elunkçxvhxu1 Ervwrq0Edvho0Vwxwwjduw +4<;8,1

^Fhu` Fhuyhdx/ G1 = Gìsorlhphqwv qrq glfulwltxhv ghv iruphv gl�ìuhq0
wlhoohv krorpruskhv Dg{ . Eg|= LUPDU1

^Fhu0Prx` Fhuyhdx/ G1/ Prxvvx/ U1 = Jurxshv g*dxwrprusklvphv gh +F> 3, hw
ìtxdwlrqv gl�ìuhqwlhoohv |g|. === @ 3= Exoo1 Vrf1 pdwk1 Iudqfh/ yro1
449/ 78<07;; +4<;;,1

^Fkd0Ohv` Fkdoxohdx/ E1/ Ohvfrx}ëuhv/ H1 = Rq eorzlqj xs ri Wuroov lq wkh
GDRF sodqh1 Mrxuq1 ri Fdphorw/ yro1 <36/ 666068</ +<35,1

^Gxo` Gxodf/ K1 = Uhfkhufkhv vxu ohv srlqwv vlqjxolhuv ghv ìtxdwlrqv gli0
iìuhqwlhoohv1 M1 Hfroh Sro|whfkqltxh/ yro15/ vhf1 <> 40458 +4<37,1

^Ior` Oh Iorfk/ O1 = Uljlglwì jìqìultxh ghv ihxloohwdjhv vlqjxolhuv1 Dqq1
Vfl1 Hf1 Qrup1 Vxshu1/ Vhu1 LY1/ w1 64/ :980:;8 +4<<;,1

^Oru Ú ` Orud|/ I1 = Vlqjxodulwì g*ìtxdwlrqv gl�ìuhqwlhoohv hw ihxloohwdjhv1
Frxuv g*lqwìjudwlrq hw prqrjudsklhv gx W1P1U1 vlqj1 hfx1 gl�1 |
iroldflrqhv/ qxp1 4/ +4<<;,1

^Oru Ö ` Orud|/ I1 = Ihxloohwdjhv krorpruskhv ã krorqrplh uìvroxeoh1 Wkëvh
gh o*xqlyhuvlwì Uhqqhv L +4<<7,1

44:
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^Pdu` Pduðq Sìuh}/ G1 = Sureohpdv gh pögxorv sdud xqd fodvh gh irold0
flrqhv krorpruidv1 Wkëvh gh o*Xqlyhuvlwdw Dxwõqrpd gh Edufhorqd
+5333,1

^Pdu0Udp Ú ` Pduwlqhw/ M1/ Udplv/ M1S1 = Sureoëphv gh prgxohv srxu ghv ìtxd0
wlrqv gl�ìuhqwlhoohv qrq olqìdluhv gx suhplhu ruguh1 Sxeo1 Pdwk1
L1K1H1V1/ yro1 88/ 960497 + 4<;5,1

^Pdu0Udp Ö ` Pduwlqhw/ M1/ Udplv/ M1S1 = Fodvvl�fdwlrq dqdo|wltxh ghv ìtxdwlrqv
gl�ìuhqwlhoohv qrq olqìdluhv uìvrqqdqwhv gx suhplhu ruguh1 Dqq1 Vfl1
Hf1 Qrup1 Vxshu1/ Vhu1 LY1/ w1 49/ 8:40954 +4<;6,1

^Pdw Ú ` Pdwwhl/ M1I1 = Prgxohv gh ihxloohwdjhv krorpruskhv vlqjxolhuv = L0
ìtxlvlqjxodulwì1 Lqyhq1 Pdwk1/ yro1 436/ 5<:0658 +4<<4,1

^Pdw Ö ` Pdwwhl/ M1I1 = Txdvl0krprjìqìqìlwì hw ìtxluìgxfwlelolwì gh ihxlo0
ohwdjhv krorpruskhv hq glphqvlrq ghx{1 Dvwìulvtxh/ 594/ 58605:9
+5333,1

^Pdw Ü ` Pdwwhl/ M1I1 = H{whqvlrq gh frqmxjdlvrq wudqvyhuvh dx yrlvlqdjh gh
srlqwv vlqjxolhuv gh w|sh vhooh1 fruuhvsrqgdqfh dyhf Jk|v/ H1 +4<<1,1

^Pdw0Prx` Pdwwhl/ M1I1/ Prxvvx/ U1 = Krorqrplh hw lqwìjudohv suhplëuhv1 Dqq1
Vfl1 Hf1 Qrup1 Vxshu1/ Vhu1 LY1/ w1 46/ 79<0856 +4<;3,1

^Pdw0Vdo Ú ` Pdwwhl/ M1I1/ Vdohp/ H1 = Frpsohwh v|vwhpv ri wrsrorjlfdo dqg dq0
do|wlfdo lqyduldqwv iru d jhqhulf iroldwlrq ri +F Ö > 3,1 Pdwk1 Uhvh1
Ohww1/ yro1 7/ 4640474 +4<<:,1

^Pdw0Vdo Ö ` Pdwwhl/ M1I1/ Vdohp/ H1 = Fodvvl�fdwlrq wrsrorjltxh hw dqdo|wltxh
ghv ihxloohwdjhv jìqìultxhv gh +F Ö > 3,= F1 U1 Dfdgìplh ghv Vflhqfhv/
Sdulv/ Vhulh 4/ w1 685/ ::60::; +4<<:,1

^Pdw0Vdo Ü ` Fodvvl�fdwlrq iruphooh ghv ihxloohwdjhv jìqìultxhv gh +F Ö > 3,=
Suhsulqw1

^Ph} Ú ` Ph}ldql/ U1 = Sureoëphv gh prgxohv srxu ghv ìtxdwlrqv gl�ìuhq0
wlhoohv gìjìqìuìhv gh +F Ö > 3,= Wkëvh gh o*xqlyhuvlwì Uhqqhv L +4<<5,1

^Ph} Ö ` Ph}ldql/ U1 = Fodvvl�fdwlrq dqdo|wltxh g*ìtxdwlrqv gl�ìuhqwlhoohv
|g| . === @ 3 hw hvsdfh gh prgxohv1 Wkëvh g*Hwdw gh o*xqlyhuvlwì
LEQ Wridlo +4<<;,1

^Qhw` Qhwr/ D1O1 = Frqvwuxfwlrq ri vlqjxodu krorprusklf yhfwru �hogv dqg
iroldwlrqv lq glphqvlrq wzr1 Mrxu1 Gl�1 Jhrphwu|/ w159/ 4064 +4<;:,1

^Vhl` Vhlqghqehuj/ D1 = Uhgxfwlrq ri vlqjxodulwlh ri wkh gl�huhqwldo htxd0
wlrq Dg{ @ Eg|= Dphulfdq Mrx1 Pdwk1/ yro1 <3/ 57<059< +4<9;,1

^Vlx` Vlx/ \1W1 = Hyhu| Vwhlq vxeydulhwlhv dgplwv d Vwhlq qhljkerukrrg1
Lqyhq1 Pdwk1/ yro1 63/ ;<0433 +4<:9,1
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Dx fdslwdlqh gh fh qdyluh/

D txl o*ìtxlsdjh uhqg juåfh
g*dyrlu ìwì frqgxlw ã erq sruw1

Phufl fkhi1
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