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Xqlyhuvlwì G*Hyu| Ydo G*Hvvrqqh

XIU gh Vflhqfhv Irqgdphqwdohv hw Dssoltxìhv

Q
�
dwwulexì sdu od eleolrwkëtxh = 34HYU\333:

WKHVH

Srxu rewhqlu oh judgh gh

Grfwhxu gh o*Xqlyhuvlwì g*Hyu| Ydo g*Hvvrqqh

Glvflsolqh = Pdwkìpdwltxhv

Suìvhqwìh hw vrxwhqxh sxeoltxhphqw sdu

Fkulvwrskhwwh Eodqfkhw0Vfdoolhw

oh 4< Rfwreuh 5334

Wlwuh =

SURFHVVXV D VDXWV HW ULVTXH GH GHIDXW

Mxu|

P du l h 0F od l u h T XH QH ] X q ly h u v l w ì g h P duq h o d Yd oo ì h S u ì v lg hq w

P rq lt xh MH DQE ODQ F X q ly h u v l w ì g *H y u| G lu h f w h x u

M h dq 0S dx o G H F DP S V X q ly h u v l w ì g h Wrx orx v h L U ds s r u w hx u

D { h o J UR U XG X q ly h u v l w ì g h S ury hq f h U ds s r u w hx u

R o ly lh u V F D LO O HW X q ly h u v l w ì g h O rxyd lq U ds s r u w hx u

M h dq 0O xf S U LJ H QW X q ly h u v l w ì g h F h uj|

Iudq f h v f r U X V VR X q ly h u v l w ì g h S d u lv [ LL L

Q l } d u W R X] L F u h v w
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Fhwwh wkëvh d gìexwì oruvtxh/ ã od uhfkhufkh g*xq gluhfwhxu srxu prq pìprluh gh GHD hw srxu xqh wkëvh

hq �qdqfh hw vxu ohv frqvhlov ghv phv surihvvhxuv gh Uhqqhv/ m*dl sulv frqwdfw dyhf Prqltxh Mhdqeodqf1

Vrq dffxhlo fkdohxuhx{ gëv qrwuh suhplëuh uhqfrqwuh hw od frq�dqfh tx*hooh p*d wìprljqìh wrxw dx orqj

gh fhwwh wkëvh/ pdojuì prq devhqfh srxu frqjì gh pdwhuqlwì/ rqw odujhphqw frqwulexì ã od uìxvvlwh gh fh

wudydlo1 Shqgdqw fhv wurlv dqqìhv/ hooh d wrxmrxuv vx íwuh ã o*ìfrxwh/ glvsrqleoh/ dffhswdqw gh uìsrqguh ã

phv txhvwlrqv1 Vhv frqvhlov p*rqw shuplv gh gìfrxyulu gh odujhv grpdlqhv gh od �qdqfh1

Mh o*hq uhphuflh ylyhphqw1

Mh wlhqv ìjdohphqw ã uhphuflhu Mhdq0Sdxo Ghfdpsv/ D{ho Juruxg hw Rolylhu Vfdloohw g*dyrlu dffhswì

g*íwuh udssruwhxuv1 Oh whpsv tx*lov | rqw sdvvì hw ohv uhpdutxhv idlwhv p*rqw shuplv g*dpìolrhu fh wudydlo1

Phufl dxvvl ã Mhdq0Oxf Suljhqw/ Pdulh0Fodluh Txhqh}/ Iudqfhvfr Uxvvr hw Ql}du Wrx}l gh sduwlflshu

ã prq mxu|1

Od erqqh dpeldqfh txl uëjqh dx gìsduwhphqw gh Pdwkìpdwltxhv d uhqgx fhv wurlv dqqìhv djuìdeohv1

Mh wlhqv ã uhphuflhu sduwlfxolëuhphqw Vkltl Vrqj/ Qdglqh Ehoodp|/ Vwìskdqh Yloohqhxyh hw Qrxuuhglqh

Erxqhfkdgd srxu ohxu dlgh1

Fhv uhphuflhphqwv qh vdxudlhqw íwuh vdqv xq shwlw prw srxu fhx{ dyhf txl mh sduwdjh oh uhvwh gh prq

whpsv hq ghkruv gx oder1 Wrxw g*derug ã prq pdul/ Idelhq/ txl sdu vd suìvhqfh hw vrq vrxwlhq p*d

shuplv gh phqhu ã erxw fh wudydlo1 Hq�q/ phv ghuqlhuv prwv vhurqw srxu Yldqqh| txl ixw ghsxlv xq dq

hw ghpl prq soxv �gëoh vwlpxodqw1 Mh oh uhphuflh g*dyrlu dffhswì gh sdvvhu ghv khxuhv ã mrxhu vdjhphqw

dvvlv ã frwì gh o*ruglqdwhxu/ +÷ frpelhq dwwludqw $, vdqv ph gìudqjhu
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4 Lqwurgxfwlrq :

L Hwxgh g*xq pdufkì 4:

5 Xq pdufkì frpsohw gluljì sdu xq dfwli glvfrqwlqx 4<

514 Oh Prgëoh 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 1 1 1 1 1 1 1 1 1 1 1 1 53

515 Suredelolwì ulvtxh0qhxwuh hw sul{ g*rswlrqv 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 54

51514 Sursulìwì gh uhsuìvhqwdwlrq suìylvleoh srxu od pduwlqjdoh \ +�, 1 1 1 1 1 1 1 1 1 1 1 54

51515 Suredelolwì pduwlqjdoh ìtxlydohqwh 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

51516 Sul{ g*xq fdoo 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 1 1 1 1 1 1 57

51517 Vwudwìjlh gh frxyhuwxuh 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 58

516 Htxdwlrqv gl�ìuhqwlhoohv vwrfkdvwltxhv uìwurjudghv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59

51614 H{lvwhqfh hw xqlflwì 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 1 1 59

51615 Wkìruëph gh frpsdudlvrq 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 5<

517 Rswlplvdwlrq gh ulfkhvvh 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 1 1 1 1 63

51714 Oh prgëoh 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 1 1 1 1 1 1 1 1 63

51715 Rswlplvdwlrq 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 1 1 1 1 1 1 64

51716 Pìwkrgh ghv pduwlqjdohv 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 64

51717 H{hpsohv gh irqfwlrqv g*xwlolwì1 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 66

518 Whpsv g*dwwhlqwh g*xqh eduulëuh 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 6;

51814 Udssho 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 1 1 1 1 1 1 1 1 1 1 6;

51815 Orl gh Wd 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 1 1 1 1 1 1 1 1 73

LL Fkrl{ g*xq prgëoh srxu oh gìidxw 78

6 Oh prgëoh 7:

7 Od �owudwlrq I hvw od �owudwlrq jurvvlëuh 86

714 Hwxgh g*xq h{hpsoh vlpsoh 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 1 1 86

71414 Sulph � yhuvìh ã pdwxulwì 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 88

71415 Sulph � yhuvìh dx prphqw gx gìidxw 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 89

715 Sursulìwìv ghv sul{ g*xq }ìur0frxsrq 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 8:
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71514 Prqrwrqlflwì ghv sul{ 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 1 8:

71515 Uhodwlrq hqwuh ohv sul{ ghv }ìur0frxsrqv hw od irqfwlrq gh uìsduwlwlrq I 1 1 1 1 1 1 1 8;

8 Od y1d � hvw xq I�whpsv g*duuíw 94

814 Lqwhqvlwì g*xq whpsv g*duuíw 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 1 1 94

815 K|srwkëvh +G, 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 1 1 1 1 1 1 1 1 1 96

9 K|srwkëvh +K, 9:

914 K|srwkëvh +K, hw k|srwkëvh +J, 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 9:

91414 K|srwkëvh +K, 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 1 1 1 1 1 9:

91415 K|srwkëvh +J, 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 1 1 1 1 1 9;

91416 Surfhvvxv gh Fr{ 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 1 1 1 1 :3

91417 Eduulëuh vwrfkdvwltxh 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 1 1 :5

915 Uhodwlrq hqwuh k|srwkëvh +K, hw duelwudjh 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 :6

91514 Wkìruëphv gh uhsuìvhqwdwlrq 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 :6

91515 Vwdelolwì gh o*k|srwkëvh +K, sdu fkdqjhphqw gh suredelolwì 1 1 1 1 1 1 1 1 1 1 1 1 1 :8

91516 K|srwkëvh +K, hw devhqfh g*duelwudjh 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 ;3

: Lqvwdqwv gh gìidxw pxowlsohv ;8

:14 Txhotxhv h{hpsohv 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 1 1 1 1 1 1 1 ;9

:15 Sursulìwì gx plqlpxp gh soxvlhxuv whpsv gh gìidxw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;:

:1514 Irqfwlrq gh kdvdug hw pduwlqjdoh surfhvvxv gh kdvdug 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;:

:16 Hwxgh gh od sursulìwì +K, 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 1 1 1 ;<

:1614 Fdv gh od �owudwlrq wulyldoh 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 <3

:1615 Fdv gh surfhvvxv gh Fr{ 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 <4

:1616 Fdv rü od �owudwlrq I hvw txhofrqtxh 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 <4

; Fdv jìqìudo <8

;14 Revhuydwlrq ã whpsv glvfuhwv 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 1 <8

;15 Fdv jìqìudo 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 1 1 1 1 1 1 1 1 1 1 1 <9

;1514 Gìfrpsrvlwlrq ghv pduwlqjdohv gdqv od �owudwlrq J 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <9

;1515 Wkìruëphv gh uhsuìvhqwdwlrq 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 <;

;1516 G|qdpltxh g*xq }ìur0frxsrq 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 1 433

;1517 Frpsoìwlrq gx pdufkì 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 1 433

;1518 H{hpsohv 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 1 1 1 1 1 1 1 1 435

< Frpsoìwlrq/ irxufkhwwh ghv sul{ gdqv oh pdufkì dyhf gìidxw 43<

<14 Oh prgëoh 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 1 1 1 1 1 1 1 1 1 1 1 1 43<

<15 Pduwlqjdohv phvxuhv ìtxlydohqwhv 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 1 443

<16 Irxufkhwwh ghv sul{ 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 1 1 1 1 1 1 1 445

<17 Pduwlqjdohv phvxuhv sduwlfxolëuhv 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 1 448

<1714 Pduwlqjdoh phvxuh plqlpdoh 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 1 448
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<1715 Suredelolwì g*hqwurslh plqlpdoh 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 1 449

<18 G|qdpltxh g*xq }ìur0frxsrq vrxv od suredelolwì klvwrultxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44:

<1814 G|qdpltxh g*xq }ìur0frxsrq vrxv xqh p1p1h 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44:

<1815 Frpsoìwlrq gx pdufkì hw vwudwìjlh gh frxyhuwxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44<

<1816 G|qdpltxh gx }ìur0frxsrq dyhf gìidxw vrxv od suredelolwì klvwrultxh 1 1 1 1 1 1 1 1 453

<1817 Olhq hqwuh }ìur0frxsrq hw wdx{ 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 1 454

<1818 Frqglwlrq srxu o*devhqfh g*duelwudjh 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 1 456

<1819 Uìjxodulwì gh od yrodwlolwì 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 1 457

43 Rswlplvdwlrq 464

4314 Oh prgëoh 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 1 1 1 1 1 1 1 1 1 1 1 1 465

4315 Rswlplvdwlrq hq suìvhqfh gx gìidxw 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 1 465

431514 Rswlplvdwlrq gh od ulfkhvvh 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 1 465

431515 Sul{ gh Gdylv 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 1 1 1 1 1 1 467

431516 Sul{ gh Krgjhv 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 1 1 1 1 1 469

4316 Rswlplvdwlrq dyhf xq krul}rq doìdwrluh 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 46;

431614 Fdv rü i hvw gìwhuplqlvwh 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 46<

431615 H{hpsohv 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 1 1 1 1 1 1 1 1 475

431616 Fdv rü i hvw vwrfkdvwltxh 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 1 477

431617 H{hpsohv 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 1 1 1 1 1 1 1 1 479

Eleolrjudsklh jìqìudoh1 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 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 1 1 1 1 1 1 1 1 1 1 483

Lqgh{ 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 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 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 1 487
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O*xwlolvdwlrq ghv suredelolwìv srxu od prgìolvdwlrq �qdqflëuh gdwh gx gìexw gx ylqjwlëph vlëfoh1 Hq 4<33/

O1 Edfkholhu ^4` gì�qlw oh prxyhphqw eurzqlhq srxu eåwlu xqh �wkìrulh gh od vsìfxodwlrq�1 Fhw rxwlo

pdwkìpdwltxh q*hvw fhshqgdqw xwlolvì gh pdqlëuh v|vwìpdwltxh txh soxvlhxuv gìfhqqlhv dsuëv1 Hq 4<:6/

Eodfn hw Vfkrohv sursrvhqw xq prgëoh rü ohv sul{ vxlyhqw xqh orl orjqrupdoh1 Ghsxlv/ hq whpsv frqwlqx/

od pdmrulwì ghv prgëohv xwlolvìv hq �qdqfh vrqw ghv prgëohv jdxvvlhqv1

Fhshqgdqw/ fhv prgëohv qh wlhqqhqw sdv frpswh gh od suìvhqfh gh vdxwv gdqv o*ìyroxwlrq ghv sul{1 Gh

qrpeuhx{ dxwhxuv rqw xwlolvì ohv surfhvvxv ã vdxwv srxu uhqguh frpswh gh fhv idlwv1 Rq v*lqwìuhvvh ghsxlv

txhotxhv dqqìhv ã ghv prgëohv rü ohv sul{ vrqw grqqìv sdu

g[w @ [w�+h�wgw. h�wgZw . h!wgiPw,

rü Z hvw xq prxyhphqw eurzqlhq hw iP od pduwlqjdoh frpshqvìh g*xq surfhvvxv gh Srlvvrq1

O*xq ghv sureoëphv pdmhxuv hq �qdqfh hvw fhoxl gh od ydorulvdwlrq g*dfwliv �qdqflhuv1 Ru gdqv fh fdguh/

o*lqwurgxfwlrq gh surfhvvxv ã vdxwv srvh oh sureoëph gh o*lqfrpsoìwlrq ghv pdufkìv1 Hq h�hw/ od pduwlqjdoh

+
U w
3
h�vgZv . h!vgiPv> w � 3, qh srvvëgh hq jìqìudo sdv od sursulìwì gh uhsuìvhqwdwlrq suìylvleoh1 Fhwwh

vlwxdwlrq/ frqgxlvdqw ã xqh irxufkhwwh gh sul{ hw ã o*lpsrvvlelolwì gh frqvwuxluh xqh frxyhuwxuh sduidlwh/

shxw íwuh ìylwìh hq frqvwuxlvdqw xq surfhvvxv pl{wh +fi1 ^4<`, rü h� hw h! yìul�hqw

h�w h!w @ 3 +414,

hw vrqw dmxvwìv gh idêrq ã fh txh od pduwlqjdoh +
U h�wgZw . h!wgiPw,w dlw od sursulìwì gh uhsuìvhqwdwlrq

suìylvleoh1

Od suhplëuh sduwlh gh fhwwh wkëvh hvw frqvdfuìh ã o*ìwxgh g*xq prgëoh gh pdufkì frpsohw gdqv ohtxho od

g|qdpltxh gh sul{ gh o*dfwli V hvw gluljìh sdu xqh gl�xvlrq pl{wh yìul�dqw od frqglwlrq +414,1

Rq frqvlgëuh xq pdufkì �qdqflhu frqvwlwxì g*xq dfwli vdqv ulvtxh V3 hw g*xq dfwli ulvtxì V whov txh

gV3
w @ V3

w u+w,gw V3
3 @ 4 3 � w � W +415,

:



hw ;?= gVw @ Vw�+�wgw. �wg\
+�,
w , 3 � w � W

V3 @ v3

+416,

rü W hvw xq krul}rq �ql1 Od pduwlqjdoh \ +�, hvw vroxwlrq gh o*ìtxdwlrq gh vwuxfwxuh

g^\ +�,> \ +�,`w @ �5
w
gw. !wg\

+�,
w

>3 � w � W +417,

rü ! hw � vrqw ghx{ irqfwlrqv gìwhuplqlvwhv eruqìhv gì�qlhv gh ^3>4` gdqv U +uhvs1 gh ^3>4` gdqv U�.,

Fhwwh prgìolvdwlrq d ìwì lqwurgxlwh gdqv ^44`1

Od frpsoìwlrq gx pdufkì hvw dvvxuìh gëv txh od pduwlqjdoh \ +�, srvvëgh od sursulìwì gh uhsuìvhqwdwlrq

suìylvleoh1 Qrxv ìwdeolvvrqv fhwwh sursulìwì hw qrxv fdudfwìulvrqv o*xqltxh pduwlqjdoh phvxuh ìtxlydohqwh1

Gdqv oh fdv g*xq fdoo hxursìhq/ qrxv prqwurqv tx*lo h{lvwh xqh h{suhvvlrq gx w|sh Eodfn0Vfkrohv srxu oh

sul{ hw qrxv h{solflwrqv hqvxlwh od vwudwìjlh gh frxyhuwxuh1

Ohv ìtxdwlrqv gl�ìuhqwlhoohv vwrfkdvwltxhv uìwurjudghv +HGVU hq deuìjì, rqw ìwì lqwurgxlwhv sdu Sdugrx{

^4:` hw Shqj ^4;` gdqv oh fdguh pdwkìpdwltxh1 Ohxu xwlolvdwlrq hq prgìolvdwlrq �qdqflëuh d shuplv gh

uìvrxguh ghv sureoëphv g*rswlplvdwlrq1 Oh wurlvlëph sdudjudskh gh fhwwh sduwlh hvw frqvdfuì ã o*ìwxgh

ghv vroxwlrqv gh o*ìtxdwlrq gl�ìuhqwlhooh vwrfkdvwltxh uìwurjudgh vxlydqwh;?= �gVw @ i+w> Vw>Kw,gw�Kwg\
+�,
w

VW @ �=
+418,

Qrxv ìqrqêrqv xq wkìruëph g*h{lvwhqfh gh vroxwlrqv hw xq uìvxowdw gh frpsdudlvrq srxu ohv vroxwlrqv gh

o*ìtxdwlrq +418,1 Fhv uìvxowdwv qrxv shuphwwhqw gh uìvrxguh gdqv oh txdwulëph sdudjudskh oh sureoëph

g*rswlplvdwlrq gh ulfkhvvh2frqvrppdwlrq vxlydqw

Y +{, @ pd{
+�>f,

H^

] W

3

X4+w> f+w,,gw.X5+[
{>�>f

W
,`=

Hq�q/ qrxv grqqrqv od orl gx whpsv g*dwwhlqwh g*xqh eduulëuh srxu oh surfhvvxv V=

Od ghx{lëph sduwlh gh fh wudydlo hvw frqvdfuìh ã o*ìwxgh g*xqh prgìolvdwlrq gx ulvtxh gh gìidxw1 Ghsxlv

o*lqwurgxfwlrq ghv sureoëphv gh prgìolvdwlrq gx ulvtxh gh gìidxw/ ghx{ w|shv gh prgëohv frh{lvwhqw1

Gdqv od suhplëuh fodvvh gxh ã Phuwrq ^49`/ dsshoìh prgëoh gh vwuxfwxuh/ oh gìidxw dssdudñw frpph oh

suhplhu lqvwdqw rü oh sul{ g*xqh �uph sdvvh hq0ghvvrxv g*xqh eduulëuh1 Hq sduwlfxolhu/ o*lqvwdqw gh gìidxw

hvw xq whpsv g*duuíw gdqv od �owudwlrq ghv sul{1

Od vhfrqgh fodvvh gh prgëoh hvw �oh prgëoh ã lqwhqvlwì�+Gx!h hw Odqgr ^:`/ Gx!h Vfkurghu hw Vnldgdv

^;`/ Mduurz0Wxuqexoo ^43`/ Pdgdq hw Xqdo ^48` ,1 Oh gìidxw gdqv fh fdv hvw prgìolvì frpph oh suhplhu

vdxw g*xq surfhvvxv srqfwxho dyhf xqh lqwhqvlwì vwrfkdvwltxh1

Gdqv ohv ghx{ fdv/ ohv dxwhxuv qh glvwlqjxhqw fhshqgdqw sdv o*lqirupdwlrq olìh dx gìidxw gh o*lqirupdwlrq

gx pdufkì1

Qrxv sursrvrqv xqhprgìolvdwlrq gh o*lqvwdqw gh gìidxw txl gl�ìuhqflh fhv ghx{ w|shv g*lqirupdwlrq1 Fhwwh

;



dssurfkh suìvhqwh g*xqh sduw o*lqwìuíw gh idluh oh olhq hqwuh ohv ghx{ dssurfkhv gìfulwhv suìfìghpphqw/

hw g*dxwuh sduw od srvvlelolwì gh frpsduhu ohv pdufkìv �vdqv� hw �dyhf� gìidxw1

Frqvlgìurqv xq pdufkì �qdqflhu frqvwuxlw vxu xq hvsdfh gh suredelolwì +
>J> S ,/ frqvwlwxì gh q dfwliv

ulvtxìv Vl> l @ 4> ===> q hw g*xq dfwli vdqv ulvtxh V3=

O*lqirupdwlrq Iw glvsrqleoh vxu fh pdufkì ã od gdwh w hvw frqwhqxh gdqv od frqqdlvvdqfh ghv sul{ ghv

dfwliv1 Rq d grqf

Iw � �+Vl
v
> V3

v
> v � w> l @ 4> ==> q,=

Ohv fdv sduwlfxolhuv txh qrxv ìwxglrqv sdu od vxlwh vrqw ohv fdv rü od �owudwlrq I hvw od �owudwlrq jurvvlëuh

+fkdslwuh 7,/ od �owudwlrq ghv sul{/ od �owudwlrq ghv sul{ revhuyìv ã ghv lqvwdqwv glvfuhwv +fkdslwuhv 9/ ;/

<,1

O*lqvwdqw gh gìidxw gdqv oh pdufkì hvw prgìolvì sdu xqh yduldeoh doìdwrluh � / vxssrvìh J0phvxudeoh hw

srvlwlyh= Oh surfhvvxv gh gìidxw hvw gì�ql sdu oh surfhvvxv furlvvdqw frqwlqx ã gurlwh

Qw @ 4i��wj= +419,

Od �owudwlrq frpsoìwìh hqjhqguìh sdu oh surfhvvxv gh gìidxw hvw qrwìh +Kw,/

Kw @ �+Qv> v � w,=

Rq uhpdutxh txh � hvw xq K0whpsv g*duuíw/ hw grqf xq L�whpsv g3duuíw srxu wrxwh �owudwlrq L frqwhqdqw

K= Gh soxv/ K hvw od soxv shwlwh �owudwlrq idlvdqw gh � xq whpsv g*duuíw1

Qrxv vxssrvrqv txh ohv djhqwv �qdqflhuv vrqw dyhuwlv oruvtxh oh gìidxw vh surgxlw1

Sdu frqvìtxhqw/ o*lqirupdwlrq txh ohv djhqwv srvvëghqw ã od gdwh w hvw uhsuìvhqwìh sdu od wulex Jw rü

Jw @ Iw bKw= +41:,

Od �owudwlrq J hvw od soxv shwlwh �owudwlrq frqwhqdqw I whooh txh � hvw xq J�whpsv g3duuíw1

Oh sureoëph gh prgìolvdwlrq frqvlvwh ã frpsuhqguh oh olhq hqwuh oh whpsv gh gìidxw � hw od �owudwlrq I1

Lo v*djlw grqf gh uìfuluh ohv g|qdpltxhv ghv sul{ gdqv od �owudwlrq J/ �owudwlrq gx prqgh dyhf gìidxw1

Hq sduwlfxolhu vh srvhqw ohv txhvwlrqv vxlydqwhv =

0 ohv sul{ uhvwhqw0lov ghv J0vhpl pduwlqjdohv B

0 vrxv txhoohv k|srwkëvhv ohv I0pduwlqjdohv uhvwhqw0hoohv ghv J0pduwlqjdohv B

0 frpphqw fdofxohu ohv hvsìudqfhv frqglwlrqqhoohv gdqv od �owudwlrq J B

0 frpphqw ìydoxhu oh sul{ g*dfwliv frqwlqjhqwv/ frpsoìwhu oh pdufkì v*lo q*hvw sdv frpsohw B

Ohv wurlv suhplhuv sureoëphv rqw ìwì odujhphqw ìwxglìv gdqv ohv wudydx{ gh Mhxolq ^45`/ \ru ^54`/ Ghood0

fkhulh +^8` rx ^9`,1

Ilowudwlrq jurvvlëuh

Qrxv frpphqêrqv o*ìwxgh gh fh sureoëph sdu oh fdv sduwlfxolhu rü od �owudwlrq I hvw od �owudwlrq jurvvlëuh1

Oh fkdslwuh 7 hvw frqvdfuì ã o*ìwxgh gh fh fdv1

<



Qrxv uhpdutxrqv txh J @ K= Fhfl hvw qrwdpphqw uìdolvì hq lqirupdwlrq sduwlhooh +fi ^:`,1 Fhwwh vlwxdwlrq

suìvhqwh ghx{ lqwìuíwv pdmhxuv1 Suhplëuhphqw/ ohv fdofxov shxyhqw vh phqhu idflohphqw �ã od pdlq�1 Gh

soxv/ od vlpsolflwì gh od vlwxdwlrq shuphw gh elhq frpsuhqguh od sureoìpdwltxh1

Gdqv oh vhfrqg sdudjudskh/ qrxv grqqrqv od ydohxu g*xq }ìur0frxsrq vrxplv dx gìidxw1 Qrxv prqwurqv

txh o*ìydoxdwlrq g*xq who dfwli vh idlw dx pr|hq gh od irqfwlrq gh uìsduwlwlrq gh � = Sdu frqvìtxhqw/ od

fdoleudwlrq ghv sdudpëwuhv qìfhvvlwh gh srxyrlu uhwurxyhu ã sduwlu gh grqqìhv gx pdufkì od irqfwlrq gh

uìsduwlwlrq1 Vl ghv }ìur0frxsrqv gh wrxwhv pdwxulwìv vrqw wudlwìv vxu oh pdufkì/ qrxv ìwdeolvvrqv txh od

irqfwlrq gh uìsduwlwlrq hvw rewhqxh ã sduwlu ghv sul{ ghv }ìur0frxsrqv1

O*lqvwdqw gh gìidxw hvw xq I�whpsv g*duuíw

Oruv gh od prgìolvdwlrq gh o*lqvwdqw gh gìidxw/ lo shxw duulyhu txh od yduldeoh doìdwrluh � vrlw xq I�whpsv

g*duuíw1 Fh fdv vh surgxlw oruvtxh Kw � Iw> ;w � 3= Doruv/ od �owudwlrq J hw od �owudwlrq I fròqflghqw1

Gdqv fh fkdslwuh/ qrxv qrxv lqwìuhvvrqv ã o*ìydoxdwlrq g*dfwliv frqwlqjhqwv gdqv fh fdguh1 Ohv whfkqltxhv

gh fdofxo gh od wkìrulh gx jurvvlvvhphqw gh �owudwlrqv uhvwhqw ydodeohv gdqv fh fdv1 Pdlv hq jìqìudo/

ohv ìjdolwìv vrqw wulyldohphqw yìul�ìhv hw q*dssruwhqw sdv gh vroxwlrq dx sureoëph g*ìydoxdwlrq g*dfwliv

frqwlqjhqwv vrxplv dx gìidxw1 Qrxv prqwurqv tx*xqh vroxwlrq shxw íwuh dssruwìh hq xwlolvdqw o*lqwhqvlwì

gx whpsv g*duuíw1 Dsuëv dyrlu ìqrqfì ohv frqglwlrqv g*h{lvwhqfh gh o*lqwhqvlwì/ qrxv udsshorqv od frqglwlrq

gxh ã Gx!h +^:`/ ^;`, srxu o*ìydoxdwlrq ghv dfwliv frqwlqjhqwv1 Hq�q qrxv prqwurqv txh/ oruvtxh � hvw

oh whpsv g*dwwhlqwh g*xqh eduulëuh g*xq surfhvvxv V txl vxlw o*ìtxdwlrq +416,/ rq shxw vrxv fhuwdlqhv

frqglwlrqv gìwhuplqhu o*lqwhqvlwì gx whpsv g*duuíw1

K|srwkëvh +K,

Oh fkdslwuh 9 hvw frqvdfuì dx fdv rü od �owudwlrq I hvw o*revhuydwlrq ghv sul{ ghv dfwliv Vl> l @ 3> ===> q

f*hvw0ã gluh

Iw @ �+Vlv> V
3
v > v � w> l @ 4> ===> q,=

Od �owudwlrq I hw od �owudwlrq J qh vrqw ã sulrul sdv ohv píphv1

Qrxv suìflvrqv ohv k|srwkëvhv +K, hw +J, txl lpsoltxhqw od frqvhuydwlrq gh od sursulìwì gh pduwlqjdohv

oruv g*xq jurvvlvvhphqw gh �owudwlrq1 Qrxv udsshorqv hqvxlwh oh olhq hqwuh o*k|srwkëvh +K, hw oh idlw txh �

vrlw oh whpsv g*dwwhlqwh g*xqh eduulëuh vwrfkdvwltxh > fhfl qrxv shuphw gh grqqhu ghv h{hpsohv g*lqvwdqwv

gh gìidxw rü o*rq vh wurxyh gdqv fhwwh vlwxdwlrq1

Ohv txhvwlrqv gh frpsoìwlrq gh pdufkì vrqw iruwhphqw olìhv ã od txhvwlrq gh sursulìwì gh uhsuìvhqwdwlrq

suìylvleoh1 Dlqvl qrxv ìwdeolvvrqv/ gdqv oh ghx{lëph sdudjudskh/ xq wkìruëph gh uhsuìvhqwdwlrq suìylvleoh

srxu ghv J�pduwlqjdohv gx w|sh H^k�@Jw` rü k hvw xq surfhvvxv I�suìylvleoh1 Fh uìvxowdw qrxv shuphw

gh grqqhu od g|qdpltxh g*xq }ìur0frxsrq hw g*h{solflwhu od frxyhuwxuh g*dfwliv frqwlqjhqwv +fkdslwuh <,1

Qrxv ìwxglrqv od vwdelolwì gh o*k|srwkëvh +K,1 Qrxv prqwurqv txh vrxv ghv frqglwlrqv shx frqwudljqdqwhv

vxu ohv frh!flhqwv gx surfhvvxv V> o*k|srwkëvh +K, hvw yìul�ìh vrxv wrxwh pduwlqjdoh phvxuh ìtxlydohqwh1

Hq�q qrxv grqqrqv xqh mxvwl�fdwlrq �qdqflëuh gh o*k|srwkëvh +K, hq ìwxgldqw od uhodwlrq hqwuh o*devhqfh

g*duelwudjh hw od sursulìwì g*lqyduldqfh ghv pduwlqjdohv +k|srwkëvh +K,,1

Lqvwdqwv gh gìidxw pxowlsohv

Od suìvhqfh g*xq xqltxh whpsv gh gìidxw hvw shx uìdolvwh hw od uìdolwì hvw vrxyhqw soxv frpsoh{h1 Hq

jìqìudo/ oh pdufkì hvw frqvwlwxì gh soxvlhxuv dfwliv txl vrqw fkdfxq vrxplv ã xq ulvtxh gh gìidxw1 F*hvw
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srxutxrl lo hvw lqwìuhvvdqw gh jìqìudolvhu ohv uìvxowdwv gx fkdslwuh suìfìghqw hq suìvhqfh gh soxvlhxuv

whpsv gh gìidxw1 Frpph suìfìghpphqw/ qrxv lqwurgxlvrqv ohv whpsv gh gìidxw frpph ghv yduldeohv

doìdwrluhv srvlwlyhv vxu xq hvsdfh suredelolvì1

Vrlhqw +
>J>S, xq hvsdfh suredelolvì dyhf xqh �owudwlrq I @ +Iw> w � 3, hw � 4> ===> �q ghv whpsv doìdwrluhv

gì�qlv vxu fhw hvsdfh1

Srxu l @ 4> ===> q> qrxv srvrqv

Q l

w @ 4i� l�wj> ;w 5 U.>

hw qrxv qrwrqv Kl od �owudwlrq hqjhqguìh sdu oh surfhvvxv Q l= Qrxv lqwurgxlvrqv od �owudwlrq J gì�qlh

sdu

J @ I bK4 b === bKq>

hw ohv �owudwlrqv Jl gì�qlhv sdu

Jl @ IbKl=

Gdqv oh suhplhu sdudjudskh/ qrxv wudlwrqv txhotxhv h{hpsohv txl shuphwwhqw gh frpsuhqguh ohv txhvwlrqv

txl dssdudlvvhqw oruv gh od suìvhqfh gh soxvlhxuv whpsv gh gìidxw1 Hq sduwlfxolhu qrxv prqwurqv txh od

frqqdlvvdqfh gh od orl gx plqlpxp ghv whpsv gh gìidxw vl o*rq v*duuíwh ã o*duulyìh gx suhplhu lqvwdqw gh

gìidxw/ hw gh od orl ghv whpsv rugrqqìv gdqv oh fdv frqwudluh/ hvw lqglvshqvdeoh srxu phqhu ohv fdofxov1

Gdqv oh fdv rü o*rq v*lqwìuhvvh dx suhplhu lqvwdqw rü xq gìidxw vh surgxlw/ o*ìydoxdwlrq g*dfwliv frqwlqjhqwv

vrxplv dx gìidxw vh idlw ã o*dlgh gx surfhvvxv gh kdvdug gx plqlpxp1

Gdqv oh sdudjudskh vxlydqw/ qrxv grqqrqv ghv frqglwlrqv srxu gìwhuplqhu oh surfhvvxv gh kdvdug hw oh

+I�J,0pduwlqjdoh surfhvvxv gh kdvdug gx plqlpxp1

Qrxv dyrqv prqwuì gdqv oh fkdslwuh 9 txh od vwuxfwxuh gx pdufkì srxydlw lpsrvhu txh od sursulìwì

+K, ìwdlw yìul�ìh1 Oh wurlvlëph sdudjudskh hvw frqvdfuì ã o*ìwxgh gh od frqvhuydwlrq gh o*k|srwkëvh +K,

oruvtx*lo | d soxvlhxuv whpsv gh gìidxw1 Qrxv ìqrqêrqv xqh frqglwlrq vxu ohv whpsv gh gìidxw txl lpsoltxh

txh od sursulìwì +K, hvw yudlh hqwuh ohv �owudwlrqv I hw J=

Fdv jìqìudo

Oh fkdslwuh 9 qrxv d shuplv gh prqwuhu txh od vwuxfwxuh gx JW 0pdufkì/ hq sduwlfxolhu od qdwxuh ghv

dfwliv frqwlqjhqwv qìjrfldeohv/ lpsrvdlw xqh k|srwkëvh wuëv iruwh vxu od frqvhuydwlrq ghv pduwlqjdohv gh

od �owudwlrq I hq J�pduwlqjdohv1 Fhwwwh k|srwkëvh q*hvw soxv qìfhvvdluh vl o*rq frqvlgëuh txh ohv dfwliv

qh vrqw qìjrfldeohv txh mxvtx*hq � hw txh ohv vhxov dfwliv frqwlqjhqwv glvsrqleohv vrqw gh od iruph [4W?�

hw k�4��W 1 O*k|srwkëvh +K, q*hvw sdv qrq soxv yìul�ìh vl qrxv revhuyrqv ohv sul{ ghv dfwliv V hq whpsv

glvfuhwv=

Gdqv xq suhplhu whpsv/ qrxv prqwurqv gdqv xq frqwh{wh g*revhuydwlrq ã whpsv glvfuhwv ghv sul{/ txh

oh surfhvvxv I q*hvw mdpdlv furlvvdqw1 Dlqvl ql o*k|srwkëvh +K,/ ql o*k|srwkëvh +J, qh vrqw yìul�ìhv1

Gdqv oh fdv jìqìudo/ ohv uìvxowdwv vxu od gìfrpsrvlwlrq ghv I�pduwlqjdohv gdqv od �owudwlrq J rqw ìwì

ìwdeolv gdqv od wkìrulh gx jurvvlvvhphqw gh �owudwlrq gdqv ohv wudydx{ gh Mhxolq ^45`1 Qrxv frpphqêrqv/

gdqv oh vhfrqg sdudjudskh/ sdu udsshohu fhv uìvxowdwv/ dlqvl txh ghv uìvxowdwv qrxv shuphwwdqw gh fdofxohu

ohv hvsìudqfhv frqglwlrqqhoohv gdqv od �owudwlrq J=

Hqvxlwh/ qrxv jìqìudolvrqv oh wkìruëph gh uhsuìvhqwdwlrq ìwdeol gdqv oh fkdslwuh 9 srxu ohvJ�pduwlqjdohv

gx w|sh H^k�@Jw` rü k hvw xq surfhvvxv I�suìylvleoh1 Fhfl qrxv shuphw gh prqwuhu txh oh pdufkì
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frqvlgìuì hvw lqfrpsohw vl o*rq frqvlgëuh xqltxhphqw ghv dfwliv gx IW 0pdufkì1 Fh pdufkì shxw qìdqprlqv

íwuh frpsoìwì sdu xq }ìur0frxsrq dyhf gìidxw grqw qrxv grqqrqv od g|qdpltxh gdqv oh fdv rü I hvw xqh

�owudwlrq eurzqlhqqh1

Oh ghuqlhu sdudjudskh hvw frqvdfuì ã ghv h{hpsohv gh whpsv gh gìidxw srxu ohvtxhov od sursulìwì +K,

q*hvw sdv yìul�ìh1

Frpsoìwlrq/ irxufkhwwh ghv sul{ gdqv oh pdufkì dyhf gìidxw

Fh fkdslwuh hvw frqvdfuì dx sureoëph gh frpsoìwlrq gdqv oh fdv rü od �owudwlrq I hvw od �owudwlrq ghv sul{

Vl> l @ 3> ==q hw rü o*k|srwkëvh +K, hvw yìul�ìh1 Vl ohv djhqwv qh shxyhqw lqyhvwlu txh gdqv ghv dfwliv vdqv

gìidxw/ qrxv dyrqv yx suìfìghpphqw txh od suìvhqfh g*xq ulvtxh gh gìidxw hqwudlqdlw o*lqfrpsoìwlrq gx

pdufkì1

Vrxv o*k|srwkëvh txh oh pdufkì frqvlgìuì hvw qrq duelwuì/ lo h{lvwh xqh lq�qlwì gh pduwlqjdohv phvxuhv

ìtxlydohqwhv1 Gdqv xq pdufkì qh suìvhqwdqw sdv g*rssruwxqlwìv g*duelwudjh/ o*ìydoxdwlrq g*xq dfwli frqwlq0

jhqw vh idlw dx pr|hq g*xqh pduwlqjdoh phvxuh ìtxlydohqwh1 Sdu frqvìtxhqw/ qrxv srxyrqv gì�qlu xqh

lq�qlwì gh sul{ srxu fkdtxh dfwli frqwlqjhqw1

Xq suhplhu sdv frqvlvwh ã gìwhuplqhu od irxufkhwwh ghv sul{1 Gdqv oh wurlvlëph sdudjudskh/ qrxv gìwhu0

plqrqv od irxufkhwwh ghv sul{ srxu xqh rswlrq hxursìhqqh/ oruvtxh od g|qdpltxh ghv dfwliv ulvtxìv hvw

gluljìh sdu xq I�prxyhphqw eurzqlhq hw txh o*lqirupdwlrq glvsrqleoh srxu ohv djhqwv hvw od �owudwlrq

J@ +J
w
> w � 3, gì�qlh sdu +41:,1

Srxu uìgxluh od irxufkhwwh ghv sul{/ o*djhqw shxw íwuh dphqì ã fkhufkhu xqh phvxuh txl plqlplvh xqh

fhuwdlqh glvwdqfh hqwuh od suredelolwì klvwrultxh hw od pduwlqjdoh phvxuh ìtxlydohqwh1 Qrxv fdudfwìulvrqv

gdqv oh txdwulëph sdudjudskh g*xqh sduw od suredelolwì plqlpdoh/ hw g*dxwuh sduw od suredelolwì gx

plqlpxp g*hqwurslh1 Qrxv ìwdeolvvrqv tx*hoohv fròqflghqw dyhf oh surorqjhphqw gh od pduwlqjdoh phvxuh

ìtxlydohqwh gx IW�pdufkì1

Xq dxwuh sureoëph lpsruwdqw hq pdufkì lqfrpsohw hvw gh gìwhuplqhu od g|qdpltxh g*dfwliv srxydqw

frpsoìwhu oh pdufkì1 Qrxv prqwurqv hq xwlolvdqw ohv wkìruëphv gh uhsuìvhqwdwlrq ìwdeolv gdqv oh fkdslwuh 9

txh qrxv srxyrqv frpsoìwhu oh pdufkì sdu xq }ìur0frxsrq dyhf gìidxw grqw qrxv suìflvrqv od g|qdpltxh >

qrxv fdudfwìulvrqv hqvxlwh oh sruwhihxlooh gh frxyhuwxuh g*xq dfwli frqwlqjhqw vrxplv dx gìidxw1

Rswlplvdwlrq

Qrxv qrxv lqwìuhvvrqv gdqv fh fkdslwuh ã ghx{ sureoëphv g*rswlplvdwlrq1 Suhplëuhphqw/ od suìvhqfh

g*xq lqvwdqw gh gìidxw hqwudlqh o*lqfrpsoìwlrq gx JW�pdufkì hw o*h{lvwhqfh g*xqh lq�qlwì gh pduwlqjdohv

phvxuhv ìtxlydohqwhv1 Fhwwh pxowlwxgh gh sul{ shxw íwuh ìylwìh vl o*djhqw xwlolvh xqh irqfwlrq g*xwlolwì txl

fdudfwìulvh vrq dwwlwxgh idfh dx ulvtxh1 Gdqv fh fdv/ o*djhqw hvw dphqì ã fkrlvlu xqh pduwlqjdoh phvxuh

ìtxlydohqwh sduwlfxolëuh srxu rswlplvhu vd ulfkhvvh1 Qrxv qrxv sodêrqv gdqv oh fdv rü od �owudwlrq I hvw

xqh �owudwlrq eurzqlhqqh hw hvw od �owudwlrq ghv sul{ Vl> l @ 3> ==q hw rü o*k|srwkëvh +K, hvw yìul�ìh1

Qrxv frqvlgìurqv xq djhqw grqw o*dwwlwxgh idfh dx ulvtxh hvw fdudfwìulvìh sdu xqh irqfwlrq g*xwlolwì X>

txl lqyhvwlw gh pdqlëuh dxwr�qdqêdqwh vd ulfkhvvh hqwuh ohv dfwliv ulvtxìv hw o*dfwli vdqv ulvtxh1 Qrxv

fkhufkrqv ã uìvrxguh oh sureoëph gh pd{lplvdwlrq gh o*hvsìudqfh gh o*xwlolwì gh od ulfkhvvh vxlydqw

Y J+w> {, @ vxs
�5DJ+w>{,

H^X+[�

W , @ [
�

w @ {`>
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rü DJ+w> {, hvw o*hqvhpeoh ghv sruwhihxloohv dgplvvleohv J�suìylvleohv1 Hq pdufkì lqfrpsohw/ gh qrp0

euhx{ dxwhxuv vh vrqw lqwìuhvvìv ã o*rswlplvdwlrq gh sruwhihxlooh +sdu h{hpsoh Ndudw}dv ^46` oruvtxh od

g|qdpltxh ghv dfwliv hvw frqwlqxh hw Ehoodp| ^6` gdqv oh fdv gh gl�xvlrq pl{wh,1

Qrxv ìwdeolvvrqv o*h{lvwhqfh g*xqh xqltxh vroxwlrq dx sureoëph g*rswlplvdwlrq1 Qrxv rewhqrqv txh od

vwudwìjlh rswlpdoh gìwhuplqh xqh xqltxh pduwlqjdoh phvxuh ìtxlydohqwh txl fròqflgh dyhf od pduwlqjdoh

phvxuh ìtxlydohqwh h{lvwdqw vxu oh IW 0pdufkì hw dyhf od suredelolwì gh Gdylv1

Srxu uìgxluh od irxufkhwwh ghv sul{/ Krgjhv hw Qhxehujhu ^<` rqw lqwurgxlw xqh pìwkrgh gh sulflqj yld od

irqfwlrq g*xwlolwì gh o*djhqw1 Fhwwh pìwkrgh uhylhqw ã gìwhuplqhu oh soxv shwlw prqwdqw s tx*lo idxw dmrxwhu

ã od ulfkhvvh lqlwldoh { d�q g*hvsìuhu od píph xwlolwì txh v*lo q*dydlw sdv ã yhqguh o*dfwli frqwlqjhqw ã od

gdwh W= Ghv wudydx{ gh Urxjh hw Ho Ndurxl ^53` srxu xq pdufkì gluljì sdu xq prxyhphqw eurzqlhq hq

suìvhqfh gh frqwudlqwhv hw Froolq0Gxiuhvqh hw Kxjrqqlhu ^7` hq suìvhqfh g*xq ulvtxh gh gìidxw rqw grqqì

xqh fdudfwìulvdwlrq gx sul{ gh Krgjhv 1 Gdqv qrwuh prgëoh/ srxu ghv dfwliv frqwlqjhqwv sduwlfxolhuv hw

oruvtxh oh whpsv gh gìidxw � hvw lqgìshqgdqw gh od �owudwlrq I4> qrxv fdudfwìulvrqv oh sul{ gh Krgjhv

ã o*dlgh gh od vroxwlrq g*xq sureoëph g*rswlplvdwlrq1 Gdqv oh fdv g*xqh irqfwlrq g*xwlolwì h{srqhqwlhooh/

qrxv uholrqv oh sul{ gh Krgjhv hw oh sul{ gh Gdylv1

Hq ìwxgldqw oh sureoëph gh prgìolvdwlrq gx gìidxw/ lo hvw qdwxuho gh vh srvhu oh sureoëph g*rswlplvdwlrq

oruvtxh ohv djhqwv qh shxyhqw lqyhvwlu txh mxvtx*dx whpsv gh gìidxw1 Gdqv od ghuqlëuh vhfwlrq/ qrxv

ìwxglrqv oh sureoëph g*rswlplvdwlrq dyhf xq krul}rq doìdwrluh vxlydqw

Y +w> {, @ vxs
�5DI+w>{,

H^X+[�

Wa� , @ [�

wa� @ {`>

Fh sureoëph shxw vh srvhu gh pdqlëuh soxv jìqìudoh txh od suìvhqfh g*xq gìidxw1 F*hvw sdu h{hpsoh oh

sureoëph g*xq djhqw txl fkhufkh ã rswlplvhu vd ulfkhvvh ã fkdtxh lqvwdqw1 Ghv wudydx{ gh Ndudw}dv ^47`

rqw ìwxglì fh sureoëph gdqv oh fdguh g*xq pdufkì frpsohw hw oruvtxh o*krul}rq hvw xq whpsv g*duuíw srxu

od �owudwlrq ghv sul{1 Qrxv ìwxglrqv oh fdv soxv jìqìudo rü oh whpsv � q3hvw soxv irufìphqw xq whpsv

g3duuíw1

Qrxv prqwurqv txh fh sureoëph uhylhqw ã uìvrxguh xq sureoëph g*rswlplvdwlrq gdqv oh IW�pdufkì txl

hvw frpsohw1 Qrxv fdudfwìulvrqv od vroxwlrq gh fh sureoëph txl gìshqg gh od orl frqglwlrqqhooh gh � sdu

udssruw ã Iw1

Xqh sduwlh ghv uìvxowdwv gh od vhfrqgh sduwlh d ìwì uhjurxsìh gdqv o*duwlfoh +F1 Eodqfkhw0Vfdoolhw/ P1

Mhdqeodqf/ Lqirupdwlrq hw ulvtxh gh gìidxw/ ã sdudñwuh gdqv oh mrxuqdo gh od Vrflìwì Iudqêdlvh gh Vwdwlv0

wltxh, hw gdqv xqh suìsxeolfdwlrq +F1 Eodqfkhw0Vfdoolhw/ P1 Mhdqeodqf/ Kdvdug udwhv iru fuhglw ulvn dqg

khgjlqj ghidxowdeoh frqwlqjhqw fodlpv/ suìsxeolfdwlrq 478 gh o*xqlyhuvlwì g*Hyu|,1

Rq wurxyhud ã od �q gh fhwwh wkëvh xqh eleolrjudsklh jìqìudoh hw xq lqgh{ ghv qrwdwlrqv hw ghv k|srwkëvhv1
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^4` Edfkholhu O1 = Wkìrulh gh od vsìfxodwlrq/ +Wkëvh 4<33,/ Dqqdohv gh o*Hfroh Qrupdoh Vxsìulhxuh/6hph

vìulh/ Wrph [YLL/ 540;9/ uìhglwì sdu Jded|1

^5` Ehoodp| Q1 = Hydoxdwlrq hw frxyhuwxuh gdqv xq pdufkì gluljì sdu ghv surfhvvxv glvfrqwlqxv/ Wkëvh/

Xqlyhuvlwì g*Hyu|/ 4<<<1

^6` Ehoodp| Q1 = Zhdowk Rswlplvdwlrq lq dq Lqfrpsohwh Pdunhw gulyhq e| d Mxps0Gl�xvlrq Surfhvv/

Mrxuqdo ri Pdwkhpdwlfdo Hfrqrplfd/ 68/ 58<05;:/ 53341

^7` Froolq Gxiuhvqh S1/ Kxjrqqlhu M1 = Rq wkh Sulflqj ) Khgjlqj ri Frqwlqjhqw Fodlpv lq wkh Suhvvhqfh

ri H{wudqhrxv Ulvnv/ Suìexeolfdwlrq/ 53341

^8` Ghoodfkhulh F1 = Xq h{hpsoh gh od wkìrulh jìqìudoh ghv surfhvvxv/ Vìplqdluh gh suredelolwìv LY/

Ohfwxuh Qrwhv lq Pdwk1 457/ 930:3/ Vsulqjhu0yhuodj/ Ehuolq/ 4<:31

^9` Ghoodfkhulh F1 = Fdsdflwìv hw surfhvvxv vwrfkdvwltxhv/ Vsulqjhu0Yhuodj/ Ehuolq/ 4<:51

^:` Gx!h G1/ Odqgr G1 = Whup vwuxfwxuh ri fuhglw vsuhdgv zlwk lqfrpsohwh dffrxqwlqj lqirupdwlrq/

suhsulqw/ FDI Frshqkdjhq/ 4<<:1

^;` Gx!h G1/ Vfkurghu P1/ Vnldgdv F1 = Uhfxuvlyh ydoxdwlrq ri ghidxowdeoh vhfxulwlhv dqg wkh wlplqj

uhvroxwlrq ri xqfhuwdlqw|/ Dqqdov ri Dssolhg Suredelolw|/ 9/43:8043<3/ 4<<:1

^<` Krgjhv V1 G1/ Qhxehujhu D1 = Rswlpdo Uhsolfdwlrq ri Frqqwlqjhqw Fodlpv xqghu Wudqvdfwlrq Frvwv/

Uhy1 Ixwxu Pdunhwv ;/ 555056</ 4<;<1

^43` Mduurz U1/ Wxuqexoo V1 = Sulflqj rswlrqv rq �qdqfldo vhfxulwlhv vxemhfw wr ghidxow ulvn/ M1 Ilqdqfh

83/ 860;9/ 4<<81

^44` Mhdqeodqf P/ Sulydxow Q = Frpsohwh Pdunhw zlwk Srlvvrq dqg Eurzqldq Frpsrqhqwv/ Suìsxeolfd0

wlrq/ Xqlyhuvlwì G*Hyu|/ 4<<<1

^45` Mhxolq W1 = Vhpl0pduwlqjdohv hw jurvvlvvhphqw gh �owudwlrq/ Ohfwxuh Qrwhv lq Pdwk1 ;66/ Vsulqjhu0

Yhuodj/ Ehuolq/ 4<;3

^46` Ndudw}dv L1 = Ohfwxuhv rq wkh Pdwkhpdwlfv ri Ilqdqfh/ FUP Prqrjudsk Vhulhv/ Prqwuìdo/ yro ;/

4<<91

^47` Ndudw}dv L1/ Zdqj K1 = Xwlolw| pd{lpl}dwlrq zlwk glvfuhwlrqdu| Vwrsslqj/ ã sdudñwuh gdqv VLDP

Mrxuqdo rq Frqwuro ) Rswlplvdwlrq1

^48` Pdgdq G1/ Xqdo K1 = Sulflqj wkh ulvn ghidxow/ Uhy Ghulydwlyhv Uhvhdufk 5/ 4540493/ 4<<81

^49` Phuwrq U1F1 = Rq wkh sulflqj ri frusrudwh ghew = wkh ulvn vwuxfwxuh ri lqwhuhvw udwhv/ Mrxuqdo ri

Ilqdqfh / 5</ 77<07:3/ 4<:71
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^4:` Sdugrx{ H/ Shqj V = Edfnzdug vwrfkdvwlf gl�huhqwldo htxdwlrqv dqg txdvlolqhdu sduderolf sduwldo

gl�huhqwldo htxdwlrq1 Ohfwxuh Qrwhv lq FLV 4:9/ s 533054:/ Vsulqjhu/ 4<<51

^4;` Shqj V = D jhqhudol}hg g|qdplf surjudpplqj sulqflsoh dqg Kdplowrq0Mdfrel0Ehoopdq htxdwlrqv1

Vwrfkdvwlfv/ Yro 6;/ s 44<0467/ 4<<51

^4<` Surwwhu S = Vwrfkdvwlf Lqwhjudwlrq dqg Gl�huhqwldo Htxdwlrq1 Dssolfdwlrq ri Pdwkhpdwlfv054/

Vsulqjhu0Yhuodj/ 4<<31

^53` Urxjh U1/ Ho Ndurxl Q1 = Sulflqj yld Xwlolw| Pd{lplvdwlrq dqg Hqwurs|/ Pdwkhpdwlfdo Ilqdqfh/ Yro

4325/ 58<05:9/ 53331

^54` \ru P1 = Vrph dvshfwv ri Eurzqldq Prwlrq1 Sduw LL = Vrph uhfhqw Pduwlqjdoh Sureohpv/ Ohfwxuhv

lq Pdwkhpdwlfv1 HWK ] ulfk1 Elunkçxvhu/ 4<<:1
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Od pdmrulwì ghv prgëohv hq whpsv frqwlqx xwlolvìv hq �qdqfh vrqw ghv prgëohv rü ohv sul{ vrqw gluljìv

sdu xqh ìtxdwlrq gl�ìuhqwlhooh vwrfkdvwltxh gh od iruph

gVw @ Vw+�wgw. �wgZw,

rü Z hvw xq prxyhphqw eurzqlhq1

Ghsxlv txhotxhv dqqìhv/ ohv surfhvvxv ã vdxwv vrqw xwlolvìv hw o*rq v*lqwìuhvvh ã ghv prgëohv rü ohv sul{

vrqw grqqìv sdu

g[w @ [w�+h�wgw. h�wgZw . h!wgiPw,

rü Z hvw xq prxyhphqw eurzqlhq hw iP od pduwlqjdoh frpshqvìh g*xq surfhvvxv gh Srlvvrq1

O*lqwurgxfwlrq gh surfhvvxv ã vdxwv srvh oh sureoëph gh o*lqfrpsoìwlrq ghv pdufkìv1 Hq h�hw/ od pduwlq0

jdoh +
U w
3
h�vgZv.h!vgiPv> w � 3, qh srvvëgh hq jìqìudo sdv od sursulìwì gh uhsuìvhqwdwlrq suìylvleoh1 Fhwwh

vlwxdwlrq/ frqgxlvdqw ã xqh irxufkhwwh gh sul{ hw ã o*lpsrvvlelolwì gh frqvwuxluh xqh frxyhuwxuh sduidlwh/

shxw íwuh ìylwìh hq frqvwuxlvdqw xq surfhvvxv pl{wh +fi ^8`, rü h� hw h! yìul�hqw

h�w h!w @ 3 +514,

hw vrqw dmxvwìv gh idêrq ã fh txh od pduwlqjdoh +
U h�wgZw . h!wgiPw,w dlw od sursulìwì gh uhsuìvhqwdwlrq

suìylvleoh1 Gdqv fh fdv oh pdufkì hvw frpsohw hw o*rq shxw ydorulvhu ohv dfwliv frqwlqjhqwv1

Gdqv od vxlwh/ qrxv ìwxglrqv xq prgëoh gh pdufkì frpsohw gdqv ohtxho od g|qdpltxh gh sul{ gh o*dfwli V

hvw gluljìh sdu xqh gl�xvlrq pl{wh yìul�dqw od frqglwlrq +514,1 Fhwwh prgìolvdwlrq d ìwì lqwurgxlwh gdqv

^44`1

Qrxv qrxv lqwìuhvvrqv wrxw g*derug ã od sursulìwì gh uhsuìvhqwdwlrq suìylvleoh hw dx{ sul{ g*rswlrqv1

Gdqv oh fdv g*xq fdoo hxursìhq/ qrxv prqwurqv tx*lo h{lvwh xqh h{suhvvlrq gx w|sh Eodfn Vfkrohv srxu oh

sul{ hw qrxv h{solflwrqv hqvxlwh od vwudwìjlh gh frxyhuwxuh1 Gdqv oh wurlvlëph sdudjudskh/ qrxv ìqrqêrqv

4<



ghv uìvxowdwv vxu o*ìtxdwlrq gl�ìuhqwlhooh vwrfkdvwltxh uìwurjudgh vxlydqwh;?= �gVw @ i+w> Vw>Kw,gw�Kwg\
+�,
w

VW @ �
+515,

fh txl qrxv shuphw gh uìvrxguh gdqv oh txdwulëph sdudjudskh xq sureoëph g*rswlplvdwlrq gh ulfkhvvh1

Hq�q gdqv oh ghuqlhu sdudjudskh/ qrxv grqqrqv od orl gx whpsv g*dwwhlqwh g*xqh eduulëuh srxu oh surfhvvxv

V +Uìvxowdw txh qrxv xwlolvrqv gdqv oh fkdslwuh 8,1

514 Oh Prgëoh

Vrlhqw ! hw � ghx{ irqfwlrqv gìwhuplqlvwhv eruqìhv gì�qlhv gh ^3>4` gdqv U +uhvs1 gh ^3>4` gdqv U�.,

hw +
>I >S, xq hvsdfh suredelolvì1 Vrlhqw Z xq prxyhphqw eurzqlhq hw Q xq surfhvvxv gh Srlvvrq

g*lqwhqvlwì 4i!w 9@3j
�
5
w

!5w
vrxv od suredelolwì S= Rq srvh lw @ 4i!w@3j> w 5 U.> rq qrwh

 +w, @
U w
3 +4� lv,

�
5
v

!5v
gv> w 5 U. oh frpshqvdwhxu gh Q hw iP od pduwlqjdoh frpshqvìh gh Q 1

Rq vxssrvh txh olp
w$4

 +w, @4=

Qrxv frqvwuxlvrqv vxu fhw hvsdfh od pduwlqjdoh \ +�, vroxwlrq gh o*ìtxdwlrq gh vwuxfwxuh

g^\ +�,> \ +�,`w @ �5
w
gw . !

w
g\

+�,
w

> 3 � w � W= +516,

Srxu o*h{lvwhqfh g*xqh vroxwlrq \
+�,
w

/ rq shxw vh uhsruwhu ã ^:`1 Od pduwlqjdoh \ +�, v*ìfulw gh pdqlëuh

h{solflwh hq irqfwlrq gh Z hw gh Q frpph vxlw

g\
+�,
w @ lw�wgZw . +4� lw,!wg

iPw=

Rq qrwh +I
w
,3�w�W od �owudwlrq qdwxuhooh gx surfhvvxv \ +�,=

Srxu uhqguh ohv fdofxov hw ohv h{suhvvlrqv soxv olvleohv/ rq suhqgud vdqv shuwh gh jìqìudolwì � @ 4 gdqv

wrxwh od vxlwh +fh txl uhylhqw ã wudydloohu xq frh!flhqw ! gl�ìuhqw,1

Rq frqvlgëuh xq pdufkì �qdqflhu frqvwlwxì g*xq dfwli vdqv ulvtxh V3 hw g*xq dfwli ulvtxì V whov txh

gV3
w @ V3

w u+w,gw V3
3 @ 4 3 � w � W +517,

hw ;?= gVw @ Vw�+�wgw. �wg\
+�,
w , 3 � w � W

V3 @ v3

+518,

rü W hvw xq krul}rq �ql1

Rq idlw o*k|srwkëvh vxlydqwh

^K4`4 u> � hw � vrqw ghv irqfwlrqv gìwhuplqlvwhv eruqìhv/ u � 3/ � 9@ 3> 3 � w � W=

4Rq wurxyhud ã od �q gh od wkëvh xq uìfdslwxodwli gh wrxwhv ohv k|srwkëvhv1
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Vrxv o*k|srwkëvh ^K4`/ o*ìtxdwlrq +518, dgphw srxu xqltxh vroxwlrq

Vw @ v3 h{s^

]
w

3

lv�vgZv .

]
w

3

+�
v
� +4� lv,

�v

!v
,gv�

4

5

] w

3

lv�
5
v
gv.

]
w

3

oq+4 . �v!v,gQv`=

Rq qrwh �+w, @
U w
3
+4 � lv,�

5
v
gv od yduldqfh gh

U
w

3
+4 � lv,�vgZv hw Uw @ h{s+�

U
w

3
uvgv, oh frh!flhqw

g*dfwxdolvdwlrq1

Xqh vwudwìjlh dgplvvleoh hvw gì�qlh sdu xq surfhvvxv � @ +�3w > �w,3�w�W ã ydohxuv gdqv U5 uhsuìvhqwdqw

od ulfkhvvh lqyhvwlh gdqv fkdtxh dfwli dx frxuv gx whpsv1 Rq vxssrvh txh �3 hvw xq surfhvvxv dgdswì

yìul�dqw H+
U
W

3

���3
v
�v
�� gv, ? 4 hw txh � hvw xq surfhvvxv suìylvleoh yìul�dqw H+

U
W

3
�5
v
�5
v
gv, ? 4 hw

H+
U W
3

����v+4� lv,
4
!5v

���gv,1 Frpph oh surfhvvxv V hvw frqwlqx ã gurlwh/ fhod vljql�h tx*rq qh shxw uìdjlu

dx{ vdxwv tx*dsuëv frxs1 Od ydohxu ã o*lqvwdqw w gh od vwudwìjlh � hvw grqqìh sdu

[w @ �3w . �w

hw rq ghpdqgh txh od vwudwìjlh vrlw dxwr�qdqfìh/ f*hvw0ã0gluh txh [ yìul�h =

g[w @ �3w
gV3

w

V3
w

. �w
gVw

Vw
>

rx gh pdqlëuh ìtxlydohqwh

g[w @ u+w,[wgw. �w^�w � u+w,`gw . �w�wg\
+�,
w =

515 Suredelolwì ulvtxh0qhxwuh hw sul{ g*rswlrqv

51514 Sursulìwì gh uhsuìvhqwdwlrq suìylvleoh srxu od pduwlqjdoh t Ek�

Hqrqêrqv wrxw g*derug xq uìvxowdw jìqìudo1 Vrlw +
>I >Jw> S , xq hvsdfh suredelolvì �owuì hw O xqh pdu0

wlqjdoh orfdoh vxu fhw hvsdfh1 Rq ìfulw O @ O+f,.O+g, rü O+f, hvw od sduwlh pduwlqjdoh frqwlqxh hw O+g, od

sduwlh pduwlqjdoh glvfrqwlqxh1 Srxu soxv gh gìwdlov vxu fhwwh gìfrpsrvlwlrq/ rq shxw vh uhsruwhu ã ^49`1

Rq qrwh J @+Jw,w�3

Sursrvlwlrq 514 = Rq vxssrvh txh o*rq d ohv k|srwkëvhv vxlydqwhv =

l, oh surfhvvxv O hvw txdvl0frqwlqx ã jdxfkh hw �Ow @ yw4i�Ow 9@3j dyhf y suìylvleoh/

ll, ohv phvxuhv doìdwrluhv g


O+f,

�
> g


O+g,

�
vrqw ìwudqjëuhv/

lll, wrxwh J0pduwlqjdoh gh fduuì lqwìjudeoh frqwlqxh v*ìfulw frpph xqh lqwìjudoh vwrfkdvwltxh sdu uds0

sruw ã O+f, hw wrxwh J0pduwlqjdoh gh fduuì lqwìjudeoh glvfrqwlqxh v*ìfulw frpph xqh lqwìjudoh vwrfkdvwltxh

sdu udssruw ã O+g,1

Doruv O d od sursulìwì gh uhsuìvhqwdwlrq suìylvleoh +SUS hq deuìjì, srxu od �owudwlrq J f*hvw0ã0gluh txh

wrxwh J0pduwlqjdoh gh fduuì lqwìjudeoh v*ìfulw frpph xqh lqwìjudoh vwrfkdvwltxh sdu udssruw ã O=

Gìprqvwudwlrq = Mdfrg0\ru prqwuhqw gdqv ^43` tx*xq surfhvvxv O yìul�dqw ohv frqglwlrqv l,/ lll, hw od

frqglwlrq ll,elv rü
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ll,elv Vl g�
v
gìvljqh od surmhfwlrq suìylvleoh gxdoh gh od phvxuh g�

v
+$, @

S
w
4i�Ow+$, 9@ 3j%w+gv,> doruv

ohv phvxuhv g� hw g


O+f,

�
vrqw ìwudqjëuhv/

srvvëgh od sursulìwì gh uhsuìvhqwdwlrq suìylvleoh1

Srxu gìprqwuhu od sursrvlwlrq/ lo vx!w gh gìprqwuhu txh ll, lpsoltxh ll,elv1

Qrwrqv � oh vxssruw gh g


O+f,

�
> doruv �+$,+�, @ 3= Sdu frqvìtxhqw/ �+�, @ 3 hw ohv phvxuhv g� hw

g


O+f,

�
vrqw ìwudqjëuhv1 �

Hq dssoltxdqw fhwwh sursrvlwlrq ã od pduwlqjdoh \ +�, rq rewlhqw oh wkìruëph1

Wkìruëph 515 Od pduwlqjdoh \ +�, srvvëgh od sursulìwì gh uhsuìvhqwdwlrq suìylvleoh srxu vd sursuh

�owudwlrq1

Gìprqvwudwlrq = Oh surfhvvxv \ +�, hvw txdvl0frqwlqx ã jdxfkh frpph vrpph g*xq prxyhphqw eurzqlhq

hw g*xq surfhvvxv gh Srlvvrq +fi ^<` s167, hw �\
+�,
w

@ +4� lw,
4
!5w
4i�\

+�,
w 9@3j=

Gh soxv/ ohv phvxuhv g


\ +�,+f,

�
@ lwgw hw g



\ +�,+g,

�
@ +4� lw,gw vrqw ghx{ phvxuhv ìwudqjëuhv1

Hq�q/ oh frxsoh +Z>iP, d od sursulìwì gh uhsuìvhqwdwlrq suìylvleoh srxu I= Sdu frqvìtxhqw/ wrxwh

I�pduwlqjdoh frqwlqxh v*ìfulw frpph lqwìjudoh vwrfkdvwltxh sdu udssruw dx prxyhphqw eurzqlhq hw

wrxwh I�pduwlqjdoh glvfrqwlqxh v*ìfulw frpph lqwìjudoh vwrfkdvwltxh sdu udssruw dx surfhvvxv gh Srlv0

vrq frpshqvì1

Dlqvl od frqglwlrq l,/ ll, hw lll, vrqw yìul�ìhv hw \ +�, d od sursulìwì gh uhsuìvhqwdwlrq suìylvleoh srxu vd

�owudwlrq qdwxuhooh1 �

Uhpdutxh 516 = Rq shxw dxvvl prqwuhu od sursulìwì gh uhsuìvhqwdwlrq suìylvleoh hq xwlolvdqw o*ìtxdwlrq

gh vwuxfwxuh gh \ +�, hw hq prqwudqw txh \ +�, d od sursulìwì gh gìyhorsshphqw hq fkdrv1+fi ^:`,

51515 Suredelolwì pduwlqjdoh ìtxlydohqwh

Od pduwlqjdoh \ +�, srvvìgdqw xqh sursulìwì gh uhsuìvhqwdwlrq suìylvleoh/ rq prqwuh tx*lo h{lvwh xqh

phvxuh pduwlqjdoh ìtxlydohqwh +p1p1h hq deuìjì,1 Srxu fhod/ rq fkhufkh xqh suredelolwì T ìtxlydohqwh ã

S whooh txh oh sul{ dfwxdolvì hV @ UV vrlw xqh pduwlqjdoh vrxv T1 Rq idlw gdqv wrxwh od vxlwh gx sdudjudskh

o*k|srwkëvh

^K5` = ! u��
��5

A �4

Uhpdutxh 517 = Fhwwh k|srwkëvh hvw qìfhvvdluh srxu ìylwhu ohv rssruwxqlwìv g*duelwudjh1

Qrwdwlrqv =

Rq qrwh H+dZ , hw H+eiP, srxu e A �4> ohv pduwlqjdohv gh Groìdqv0Gdgh

;AAA?AAA=
H+dZ ,w @ h{s+

U
w

3
d+v,gZv � 4

5
d+v,5gv

H+eiP,w @ h{s+
U
w

3
oq+4 . e+v,,gQv � e+v,+4� lv,

�
5
v

!5v
gv,

@ h{s+�
U
w

3
e+v,+4� lv,

�
5
v

!5v
gv,

T
n�4+4 . !Wn

uWn
��Wn
�Wn

,

rü ohv Wn vrqw ohv lqvwdqwv gh vdxw gx surfhvvxv gh Srlvvrq1

Sursrvlwlrq 518 = Vrlw T od suredelolwì gì�qlh sdu

gT

gS @ Iw
@ H+l

u � �

�
Z ,wH++4� l,

u � �

!�
iP,w
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Doruv oh surfhvvxv ] gì�ql sdu

g]w @ g\
+�,
w �

uw � �w
�w

gw

hvw xqh pduwlqjdoh vrxv T1 �

Gìprqvwudwlrq = Oh surfhvvxv N gì�ql sdu gNw @ Nw�
uw��w
�w

g\
+�,
w

hvw xqh S0pduwlqjdoh vwulfwhphqw

srvlwlyh g*dsuëv o*k|srwkëvh +K5,1 Oh wkìruëph gh Jluvdqry prqwuh txh oh surfhvvxv ] gì�ql sdu

g]w @ g\
+�,
w �

4

Nw�
g
G
N>\ +�,

H
w

@ g\
+�,
w �

uw � �w
�w

g
G
\ +�,> \ +�,

H
w

hvw xqh pduwlqjdoh vrxv T1

Ru g


\ +�,> \ +�,

�
v
@ g

GU
lwgZw . +4� lw,!wg

iPw>
U
lwgZw . +4� lw,!wg

iPw

H
v

@ lvgv.+4� lw,
!
5
v

!5v
gv @ gv=

G*rü

g]w @ g\
+�,
w �

uw � �w
�w

gw

Rq shxw grqf ìqrqfhu oh uìvxowdw vxlydqw1

Sursrvlwlrq 519 = Vrxv od suredelolwì T/ oh surfhvvxv gh sul{ dfwxdolvì hV hvw xqh pduwlqjdoh dlqvl txh

od ydohxu dfwxdolvìh gh wrxwh vwudwìjlh dgplvvleoh h[1

Gìprqvwudwlrq = Hq h{sulpdqw od g|qdpltxh ghv sul{ dx pr|hq gh od T�pduwlqjdoh ]

gVw @ Vw�+�wgw . �wg\
+�,
w ,

@ Vw�+�wgw . �w+g]w .
uw � �w
�w

gw,,

@ Vw�+�wg]w . uwgw,

hw

Vw @ V3 h{s^

] w

3

�vgZ
T
v
.

] w

3

+uv �
4

5
lv�

5
v
� +4� lv,+

�v � �v � uv

!v
,gv.

] w

3

oq+4 . �v!v,gQv

@ V3 h{s+

] w

3

uvgv,H+l�ZT,wH++4� l,�!iPT,w

rü +ZT,w> gZ
T
w @ gZw�

uw��w
�w

gw hvw xq T0prxyhphqw eurzqlhq hw +iPT,w> giPT
w @ giPw�+4�lv,

uw��w
�w!w

gw

hvw xqh T�pduwlqjdoh1

Hq xwlolvdqw od irupxoh g*Lw÷

ghVw @ �uw h{s+
]

w

3

�uvgv,Vwgw. h{s+�
]

w

3

uvgv,gVw

@ hVw��wg]w
rq rewlhqw oh uìvxowdw vrxkdlwì srxu oh sul{ dfwxdolvì1

Od sursulìwì frqfhuqdqw od ydohxu dfwxdolvìh g*xqh vwudwìjlh hvw doruv ìylghqwh1 �

Uhpdutxh 51: = Od suredelolwì ìtxlydohqwh ã S> whooh txh hV vrlw xqh pduwlqjdoh/ hvw xqltxh1 Hq h�hw

vrlw T3 ìtxlydohqwh ã S yìul�dqw fhwwh sursulìwì hw O3 od ghqvlwì gh Udgrq0Qlnrg|p gh T31 Doruv/ hq
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xwlolvdqw od sursulìwì gh uhsuìvhqwdwlrq suìylvleoh gh \ +�,/ gO3
w
@ O3

w�dwg\
+�,
w = Lo uhvwh ã dmxvwhu dw srxu

txh Vwh
�
U
w

3
u+v,gv vrlw xqh pduwlqjdoh/ rq d qìfhvvdluhphqw dw @

uw��w
�w

=

O*h{lvwhqfh g*xqh p1p1h dvvxuh o*devhqfh g*rssruwxqlwì g*duelwudjh1 Gh soxv/ oh pdufkì hvw frpsohw fdu

fhwwh suredelolwì hvw xqltxh1 +fi ^;`,

51516 Sul{ g*xq fdoo

Qrxv frqvlgìurqv xq dfwli gh jdlq whuplqdoK g*ìfkìdqfh W gì�qlh sdu xqh yduldeoh doìdwrluhK IW�phvxudeoh

gh fduuì lqwìjudeoh1 Qrxv h{solflwrqv hq sduwlfxolhu oh sul{ g*xq fdoo gh sul{ g*h{huflfhN fh txl fruuhvsrqg

ã xqh rswlrq srxu odtxhooh K @ +VW �N,.1

Oh sul{ gh o*rswlrq hvw YW @ HT+h{s+�
U
W

3
uvgv,K,1 Qrxv qrwrqv

Yw @ HT+h{s+�
] W

w

uvgv,K@Iw,

oh sul{ gh o*rswlrq ã o*lqvwdqw w1

Vrlw EV+{>�5>N>W , @ H++{ h{s+X,�N,.,/ od irqfwlrq gh Eodfn0Vfkrohv rü X hvw xqh yduldeoh doìdwrluh

jdxvvlhqqh gh yduldqfh W�5 hw g*hvsìudqfh �W �
5

5
= Oh sul{ g*xq fdoo hvw grqqì sdu

HT+h{s+�
U
W

w
uvgv,+VW �N,.@Iw, @ HT+U

w

W
+Vw h{s+

U
W

w
uvgv,H+l�ZT,w

W
H++4� l,�!iPT,w

W
�N,.@Iw,

rü rq d qrwì H+l�ZT,w
W
hw H++4� l,�!iPT,w

W
ohv h{srqhqwlhoohv gh Groìdqv sduwdqw gh w=

HT+h{s+�
U
W

w
uvgv,+VW �N,. 2 Iw, @ I +w> Vw,

rü

I +w> {, @ HT^h{s+�
] W

w

uvgv,+{ h{s+

] W

w

uvgv,H+l�ZT,wWH++4� l,�!iPT,wW �N,.`

@ HT^HT+{H+l�ZT,wWH++4� l,�!iPT,wW �N h{s+�
]

W

w

uvgv,,. 2 �+iPT
v > w � v � W ,`

@ HT+EV+{H++4� l,�!iPT,wW >
�+W , � �+w,

W � w
>N h{s+�

]
W

w

uvgv,> W ,=

G*rü

HT++VW �N,.,

@ I +3> V3,

@ HT+EV+V3H++4� l,�!iPT,w
W
>
�+W ,
W

>N h{s+�
U
W

3 uvgv,> W ,

@ h{s+�yT+W ,,
S4

m@3
y
T+W ,m

m$
HT+EV+V3Dm >

�+W ,
W

>N h{s+�
U
W

3
uvgv,> W , @ QW @ m,

rü

Dm @

m\
n@4

+4 . �Wn!Wn, h{s+�
]

W

3

+4� lv,+
�v � �v � uv

!
v

,gv,

Rq d qrwì yT+W , @ y+W ,�
U
W

3 +4� lw,
uw��w
�w

gw/ l1h oh frpshqvdwhxu gh Q vrxv T=

Ru vl rq qrwh +yT
w
,�4
w5U. o*lqyhuvh frqwlqx ã gurlwh gh +yT

w
,w5U. > +Q+yTw ,�4,w5U. hvw xq surfhvvxv vwdqgdug

gh Srlvvrq vrxv T1 Grqf/ frqglwlrqqhoohphqw ã Q+yTw ,
�4+yT

W
, @ n> ohv lqvwdqwv gh vdxwv +yT

W4
> ===> y

T
Wn
, rqw

xqh orl xqliruph vxu ^3> yT+W ,`n=
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Dlqvl vrxv od suredelolwì T frqglwlrqqhoohphqw ã iQw @ nj> +W4> ===> Wn, d od orl

4

yT+W ,n
4^3>W `+w4,===4^3>W `+wn,

n\
m@4

+4� lwm ,+
4

!5wm

�
uwm � �wm

!wm�wm
,gw4===gwn=

G*rü

HT++VW �N,.,

@ h{s+�yT+W ,,
S4

m@3
y
T+W ,m

m$ HT+EV+V3Dm >
�+W ,
W

>N h{s+�
U
W

3
uvgv,> W ,,

Tm

l@4+4�lwl,+
4
!5wm

�
uwm

��wm
!wm

�wm
,gw4===gwm =

51517 Vwudwìjlh gh frxyhuwxuh

Qrxv doorqv pdlqwhqdqw h{dplqhu oh sureoëph gh frxyhuwxuh1

Oh pdufkì ìwdqw frpsohw/ qrxv srxyrqv gxsoltxhu wrxwhv ohv rswlrqv1

Ru g h[w @ �w�wUwg]w hw h[w @ hI +w> hVw, rü hI +w> {, @ h{s+�
U
w

3
uvgv,I +w> { h{s+

U
w

3
uvgv,,=

Hq dssoltxdqw od irupxoh g*Lw÷ ã hI +w> hVw,> rq rewlhqw =

hI +w> hVw, @ I +3> V3, .
U
w

3
C hI
Cw
+v> hVv,gv. U w3 C hI

C{
+v> hVv,ghVv

. 4
5

U w
3
Ci5I
C{5

+v> hVv,GhV> hVH
v

.
S

v�w+
hI +v> hVv, � hI +v> hVv�,� C hI

C{
+v> hVv�,hVv��v+4� lv,!v�Qv,

@ I +3> V3, .
U
w

3 +lv
C hI
C{

+v> hVv, . +4� lv,
� hI

!v�v
hV
v�

,hVv��vg]v .
U
w

3 N+v,gv

rü N+v, @ C hI
Cw

+v> hVv, . 4
5
Ci5I
C{5

+v> hVv,�5v hV5
v lv . ^� hIv � C hI

C{
+v> hVv�,hVv��v+4� lv,!v`

+4�lv,
!5v

=

Frpph i[w hvw xqh T0pduwlqjdoh/ od sduwlh ã yduldwlrq �qlh hvw lghqwltxhphqw qxooh hw oh fdqglgdw qdwxuho

srxu oh surfhvvxv K hvw

�wUw @ lw
C hI
C{

+w> hVw, . +4� lw,
� hIw

!w�w
hVw� @ lw

CI

C{
+w> Vw, . +4� lw,

�Iw

!w�wVw�
=

Rq uhpdutxh frpph yìul�fdwlrq gh fh uìvxowdw txh vxu il @ 4j> oh sruwhihxlooh rewhqxh fròqflgh dyhf oh

sruwhihxlooh gx prgëoh gh Eodfn0Vfkrohv1 Vxu il @ 3j> rq wurxyh

�wUw @
�Iw

!w�wVw�

Oh idlw txh N @ 3 lpsoltxh txh hI yìul�h o*ìtxdwlrq gl�ìuhqwlhooh dx{ gìulyìhv sduwlhoohv vxlydqwh

C hI
Cw

+v> {, .
4

5

C5 hI
C{5

+v> {,�5v{
5lv . ^� hI �

C hI
C{

+v> {,{�v+4� lv,!v`
+4� lv,

!
5
v

@ 3>;v � 3=

txl vh vflqgh hq ghx{ sduwlhv vxlydqw txh l hvw qxo rx sdv1 Vxu il @ 4j> rq uhwurxyh o3ìtxdwlrq gl�ìuhqwlhooh

yìul�ìh gdqv oh prgëoh gh Eodfn0Vfkrohv

C hI
Cw

+v> {, .
4

5

C5 hI
C{5

+v> {,�5v{
5 @ 3=
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516 Htxdwlrqv gl�ìuhqwlhoohv vwrfkdvwltxhv uìwurjudghv

Qrxv qrxv lqwìuhvvrqv gdqv fh sdudjudskh ã o*h{lvwhqfh hw ã o*xqlflwì gh vroxwlrqv gh o*ìtxdwlrq gl�ì0

uhqwlhooh vwrfkdvwltxh uìwurjudgh +HGVU,

;?= �gVw @ i+w> Vw>Kw,gw�Kwg\
+�,
w

VW @ �
+519,

oruvtxh \ +�, hvw od pduwlqjdoh vroxwlrq gh o*ìtxdwlrq gh vwuxfwxuh g
�
\ +�,> \ +�,

�
w
@ �5

w
gw. !wg\

+�,
w =

Hq dssoltxdqw ohv pìwkrghv vwdqgdugv qrxv prqwurqv wrxw g*derug/ vrxv fhuwdlqhv k|srwkëvhv vxu od

irqfwlrq i / o*h{lvwhqfh hw o*xqlflwì g*xq frxsoh +V>K, gh vroxwlrq gh +519,1 Sxlv qrxv ìqrqêrqv xq wkìruëph

gh frpsdudlvrq1

Fhv uìvxowdwv qrxv shuphwwhqw gdqv oh sdudjudskh vxlydqw gh uìvrxguh xq sureoëph g*rswlplvdwlrq gh

ulfkhvvh1

51614 H{lvwhqfh hw xqlflwì

Vrlw +
>I > S , xq hvsdfh suredelolvì vxu ohtxho hvw frqvwuxlwh od pduwlqjdoh \ +�, hw vrlw +Iw,3�w�W od

�owudwlrq gh \ +�,1 Rq qrwh

0O5
W
o*hvsdfh ghv yduldeohv doìdwrluhv [ IW�phvxudeohv whoohv txh H^[5` ? .4

0K5
W
o*hvsdfh ghv surfhvvxv surjuhvvlyhphqw phvxudeohv * whov txh H

U
W

3
m*wm

5
gw ? .4 1

0K4
W
o*hvsdfh ghv surfhvvxv surjuhvvlyhphqw phvxudeohv * whov txh H

tU W
3 m*wm

5
gw ? .4=

Rq srvh srxu � A 3 hw | dssduwhqdqw ã K5
W
> n|n5

�
@ H^

U
W

3
h{s+�v,|5

v
gv` 1

Wkìruëph 51; =Rq vxssrvh txh i hvw xqh irqfwlrq gh 
� U.�U� U$ U yìul�dqw

0i+w> => =, hvw dgdswìh

0lo h{lvwh xqh frqvwdqwh f A 3 whooh txh mi+w> |> },� i+w> |3> }3,m � f+m| � |3m. m} � }3m,> gw 
 gS s1v

0i+=> 3>3, 5 K5
W

hw � 5 O5
W
=

Doruv lo h{lvwh xq xqltxh frxsoh +V>K, 5 K5
W
� K5

W
vroxwlrq gh o*ìtxdwlrq +519,1

Gìprqvwudwlrq = Qrxv doorqv xwlolvhu frpph gdqv ^9` xq wkìruëph gh srlqw �{h gh K5
W
�K5

W
pxql gh od

qruph n=n� �n=n� 1 Vrlw � �{ì gdqv O
5
W
= Rq gì�qlw o*dssolfdwlrq

� = K5
W
�K5

W
$ K5

W
�K5

W
sdu �+[>Y , @ +V>K,

dyhf V @ +Vw,w�3/ Vw @ H^
U
W

w
i+v>[v> Yv,gv. �@Iw` hw rü K hvw rewhqx dx pr|hq gh od SUS dssoltxìh

ã od pduwlqjdoh gh fduuì lqwìjudeoh Vw .
U
w

3 i+v>[v> Yv,gv @ H^
U
W

3 i+v>[v> Yv,gv. �@Iw`1 Doruv

Vw @ V3 �
] w

3

i+v>[v> Yv,gv.

] w

3

Kvg\
+�,
v =

Oh surfhvvxv K dssduwlhqw ã K5
W
= Hq h�hw/ sdu gì�qlwlrq gh od SUS srxu od pduwlqjdoh \ +�,/ rq d

H+
U
W

3 K5
vg^\

+�,> \ +�,`v, ? .41 Oh furfkhw gurlw gh \ +�, hvw grqqì sdu

g^\ +�,> \ +�,`v @ gv. !vg\
+�,
v >
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g*rü H+
U
W

3
K5
v
g^\ +�,> \ +�,`v, @ H+

U
W

3
K5
v
+gv. !vg\

+�,
v ,,=

Ru/ oh surfhvvxv +
U
w

3
K5
v!vg\

+�,
v ,w�3 hvw xqh pduwlqjdoh orfdoh1 Sdu frqvìtxhqw/ lo h{lvwh xqh vxlwh gh

whpsv g*duuíw Wq who txh olpq Wq @ .4 s1v hw +
U
waWq
3 K5

v
!vg\

+�,
v ,w�3 hvw xqh pduwlqjdoh1 Dlqvl srxu q

vx!vdpphqw judqg/ W a Wq @ W s1v hw

H+

]
W

3

K5
v
+gv. !

v
g\ +�,

v
,, @ H+

]
W

3

K5
v
gv, ? .4= +51:,

Oh surfhvvxv V dssduwlhqw ã K5
W
/ fdu

mVwm
5 � 7

����] w

3

i+v>[v> Yv,gv

����5 . 7

����] w

3

Kvg\
+�,
v

����5 . 5 mV3m
5
=

Od sursulìwì gh Olsvfklw} gh j hqwudñqh txh

H+vxs
w�W

����] w

3

i+v>[v> Yv,gv

����5, � 5H+

] W

3

i+v>3>3,5gv, . 7fH+

] W

3

m[vm
5
. mYvm

5
gv, ? .4=

Hq xwlolvdqw ohv lqìjdolwìv gh Exunkroghu0Gdylv0Jxqg| +fi ^7`,/ rq rewlhqw

H+vxs
w�W

����] w

3

Kvg\
+�,
v

����5, � H+

] W

3

K5
vg^\

+�,> \ +�,`v, ? .4=

Grqf

H+vxs
w�W

mVwm
5
, ? .4= +51;,

Prqwurqv txh � hvw xqh frqwudfwlrq1 Vrlhqw +[4> Y 4,> +[5> Y 5, hw +V4>K4,> +V5>K5, ohxu lpdjh uhvshfwlyh

sdu �= Vrlw gVlw @ �i+w>[l
w > Y

l
w ,gw .Kl

wg\
+�,
w = Rq srvh Vw @ V4

w � V5
w > Kw @ K4

w �K5
w > [w @ [4

w �[5
w >

Y w @ Y 4
w � Y 5

w 1

Hq dssoltxdqw od irupxoh g*Lw÷ ã h{s+�w,
��Vw��5/ rq rewlhqw

h{s+�w,
��Vw��5 @ h{s+�W ,

��VW ��5 � �

] W

w

h{s+�v,
��Vv��5 gv

.5

]
W

w

h{s+�v,Vv+i+v>[
4
v
> Y 4

v
,� i+v>[5

v
> Y 5

v
,,gv

�5
]

W

w

h{s+�v,VvKvg\
+�,
v �

]
W

w

h{s+�v,lvK
5

vgv

�
S

w?v�W
h{s+�v,+

��Vv��5 � ��Vv���5 � 5Vv�Kv+4� lv,!v�Qv,

+51<,

ru +
��Vv��5 � ��Vv���5 � 5Vv�Kv+4� lv,!v�Qv, @ +Kv+4� lv,!v�Qv,

5> hw

[
w?v�W

h{s+�v,+Kv+4� lv,!v�Qv,
5 @

]
W

w

h{s+�v,+Kv+4� lv,!v,
5gQv=

5:



Rq d uhpdutxì dx gìexw gh od gìprqvwudwlrq txh vxs
v�W

��Vv�� 5 O5
W
+ìjdolwì +51;,, > grqf VK dssduwlhqw

ã K4
W
=

Ohv lqìjdolwìv gh Exunkroghu0Gdylv0Jxqg| dssoltxìhv dx surfhvvxv +
U
w

3
h{s+�v,VvKvg\

+�,
v > w � 3, hq0

wudñqhqw

H+vxsw�W +

]
W

3

h{s+�v,VvKvg\
+�,
v ,5, � H+

]
W

3

h{s 5+�v,V
5
vK

5
v+gv. !vg\

+�,
v ,,

� H+

]
W

3

h{s 5+�v,V
5
vK

5
vgv,

� W h{s+5W�,H+

tU
W

3
V
5

v
K

5

v
gv,

? .4 fdu VK dssduwlhqw ã K4
W

G*rü oh surfhvvxv +
U
w

3
h{s+�v,VvKvg\

+�,
v > w � 3, hvw xqlirupìphqw lqwìjudeoh hw hvw sdu frqvìtxhqw xqh

pduwlqjdoh1

Gh soxv/ lo h{lvwh f who txh mi+v> {> |,� i+v> {3> |3,m � f+m{� {3m. m| � |3m, xqlirupìphqw hq v hw hq $1 Hq

suhqdqw o*hvsìudqfh gdqv o*ìjdolwì +51<,/ rq rewlhqw

H+h{s+�w,
��Vw��5, @ H+h{s+�W ,

��VW ��5,�H+�

]
W

w

h{s+�v,
��Vv��5 gv,

.5H+

]
W

w

h{s+�v,Vv+i+v>[
4
v
> Y 4

v
, � i+v>[5

v
> Y 5

v
,,gv,

�5H+

] W

w

h{s+�v,VvKvg\
+�,
v ,

�H+

] W

w

h{s+�v,lvK
5

v
gv.

] W

w

h{s+�v,K
5

v
+4� lv,gv

G*rü

H^h{s+�w,
��Vw��5 . �

] W

w

h{s+�v,
��Vv��5 gv. ] W

w

h{s+�v,
��Kv

��5 gv`
� H^h{s+�W ,

��VW ��5 . 5f

]
W

w

h{s+�v,
��Vv�� +��[v

��. ��Y v

��,gv`
� H^

] W

w

5f5 h{s+�v,
��Vv��5 gv. 4

5

] W

w

h{s+�v,+
��[v

��5 . ��Y v

��5,gv`
fdu VW @ 3 hw mdem � 4

5 +d
5 . e5,=

Vrlw � @ 4 . 5f5> doruv

H^h{s+�w,
��Vw��5 . W]

w

h{s+�v,
��Vv��5 gv. W]

w

h{s+�v,
��Kv

��5 gv` � 4

5
H^

W]
w

h{s+�v,+
��[v

��5 . ��Y v

��5,gv`=
G*rü

H^

] W

3

h{s+�v,+
��Vv��5 . ��Kv

��5,gv` � 4
5H^

] W

3

h{s+�v,+
��[v

��5 . ��Y v

��5,gv` =
Grqf � hvw xqh frqwudfwlrq srxu od qruph n=n

�
� n=n

�
hw rq shxw dssoltxhu oh wkìruëph gh srlqw �{h1

Dlqvl lo h{lvwh xq xqltxh frxsoh +V>K, dssduwhqdqw ã K5
W
�K5

W
yìul�dqw o*ìtxdwlrq +519,1 �

5;



51615 Wkìruëph gh frpsdudlvrq

5161514 Htxdwlrqv gl�ìuhqwlhoohv vwrfkdvwltxhv uìwurjudghv olqìdluhv

Sursrvlwlrq 51< = Vrlhqw +�> �, ghx{ surfhvvxv suìylvleohv eruqìv/ # ìoìphqw gh K5
W
> hw � xq ìoìphqw

gh O5
W
= Doruv o*ìtxdwlrq olqìdluh

;?= �gVw @ ^#w . Vw�w . �wKw`gw�Kwg\
+�,
w

VW @ �
+5143,

d xqh xqltxh vroxwlrq +V>K, 5 K5
W
� K5

W
gì�qlh sdu

�wVw @ H^��W .

]
W

w

�v#vgv 2 Iw`>

g�w @ �w�+�wgw. �wg\
+�,
w ,> �3 @ 4=

Hq sduwlfxolhu/ vl � hw # vrqw srvlwliv rx qxov hw vl !� A �4 / oh surfhvvxv V hvw srvlwli rx qxo1

Gìprqvwudwlrq = G*dsuëv oh wkìruëph 51;/ lo h{lvwh xqh xqltxh vroxwlrq +V>K, gh o*ìtxdwlrq +5143,1 Hq

dssoltxdqw od irupxoh g*Lw÷ ã �wVw/ rq rewlhqw =

g+�wVw, @ �w�gVw . Vw�g�w . g^�> V`w

@ �w�+�#w
� Vw�w � �

w
Kw,gw .�w�Kwg\

+�,
w

.Vw��w�+�wgw. �wg\
+�,
w , . �w��wKwg^\

+�,> \ +�,`w

ru g^\ +�,> \ +�,`w @ gw. !wg\
+�,
w

g+�wVw, @ ��w�#wgw.�w�+Vw��w .Kw+4 . �w!w,,g\
+�,
w

@ ��w�#wgw.�w�+Vw��w . +Kw+4 . �w!w,,+lwgZw . +4� lw,!wg
jPw,

Ohv surfhvvxv +
U
w

3
�v�Vv��vlvgZv> w � 3, hw +

U
w

3
�v�Kvlv+4 . �v!v,gZv> w � 3, vrqw ghv pduwlqjdohv fdu

�> �! vrqw eruqìv/ vxs
v�W �v � vxs

v�W Kv 5 O4hw vxs
v�W �v � vxs

v�W Vv 5 O4= Gh soxv/ sxlvtxh !
v
hvw

eruqì sdu k|srwkëvh/ oh surfhvvxv +
U w
3
�v�+Vv��v . +Kv+4 . �v!v,,!v,g

iPv> w � 3, hvw xqh pduwlqjdoh1

Grqf �wVw .
U
w

3
�v#vgv hvw xqh pduwlqjdoh hw o*rq d �wVw .

U
w

3
�v#vgv @ H^�W � .

U
W

3
�v#vgv 2 Iw`= Vl

!� A �4/ oh surfhvvxv � hvw vwulfwhphqw srvlwli1 Gh soxv/ vl � hw * vrqw srvlwliv rx qxov/ oh surfhvvxv V

hvw srvlwli rx qxo1 �

5161515 Wkìruëph gh frpsdudlvrq

Wkìruëph 5143 = Vrlhqw +i> �, +uhvs +i 3> �3, , oh jìqìudwhxu hw od frqglwlrq whuplqdoh g*xqh ìtxdwlrq

gl�ìuhqwlhooh vwrfkdvwltxh uìwurjudgh gx w|sh +519, yìul�dqw ohv frqglwlrqv gx wkìruëph 51;1 Rq qrwh +\>],

+uhvs +\ 3>]3,, od vroxwlrq gh o*HGVU fruuhvsrqgdqwh1 Rq vxssrvh txh � � �3 S sv/

�5iw @ i+w> \ 3
w > ]

3
w,� i 3+w> \ 3

w >]
3
w, � 3 gw�S sv hw �}i+w,! A �4 rü

�}i+w,

;?= @
i +w>\w>]w,�i+w>\w>]3w,

]w�]3w
vl ]w � ]3w 9@ 3

@ 3 vlqrq1

5<



Doruv/ \ � \ 3 S sv1 Gh soxv/ vl \w @ \ 3
w
> doruv � @ �3> i+w> \w> ]w, @ i 3+w> \ 3

w
>]3

w
,> hw \v @ \ 3

v
sv srxu

v � w=

Gìprqvwudwlrq = Rq srvh \ w @ \w � \ 3
w hw ]w @ ]w � ]3w> doruv +\ >], hvw vroxwlrq gh o*ìtxdwlrq olqìdluh

vxlydqwh ;?= �g\ w @ ^�|i+w,\ w .�}i+w,]w . �5iw`gw� ]wg\
+�,
w

\ W @ � � �
3

rü

�|i+w,

;?= @
i +w>\w>]w,�i+w>\ 3w >]w,

\w�\ 3w
vl \w � \ 3

w 9@ 3

@ 3 vlqrq1

Frpph i hvw xqlirupìphqw olsvfklw}lhqqh/ �}i+w, hw �|i+w, vrqw eruqìv1 Grqf rq shxw dssoltxhu od

sursrvlwlrq 51< hw rq rewlhqw oh uìvxowdw1 �

517 Rswlplvdwlrq gh ulfkhvvh

51714 Oh prgëoh

Rq uhsuhqg oh prgëoh gh pdufkì gh od vhfwlrq 514 dyhf ohv k|srwkëvhv +K4, hw +K5,1 Vrxv fhv k|srwkëvhv/

qrxv dyrqv prqwuì txh oh pdufkì hvw frpsohw1 Vrlw T o*xqltxh pduwlqjdoh phvxuh ìtxlydohqwh hw N vd

ghqvlwì gh Udgrq0Qlnrg|p1 Doruv Nw @
gT

gS
@Iw hw rq qrwh hN+w, @ U+w,Nw=

Rq frqvlgëuh xq djhqw dyhf xqh ulfkhvvh lqlwldoh { A 3 txl lqyhvwlw gdqv ohv ghx{ dfwliv gìfulwv suìfìghp0

phqw1 Vrlw pl+w, oh qrpeuh g*dfwli l gìwhqxv ã od gdwh w= Od ulfkhvvh hq w hvw

[w @p3+w,V
3
w .p4+w,Vw=

Rq qrwh �w @p4+w,Vw oh prqwdqw lqyhvwl gdqv o*dfwli V
4=

Gì�qlwlrq 5144 = Rq dsshooh sruwhihxlooh wrxw surfhvvxv suìylvleoh +�w> w � 3,> who txh

H

]
W

3

�5wgw ? .4 hw H^

]
W

3

�v+4� lv,
4

!v
gv` ? .4 +5144,

hw frqvrppdwlrq/ wrxw surfhvvxv phvxudeoh dgdswì F @ if+w,> 3 � w � Wj ã ydohxuv gdqv ^3>4, who txh

]
W

3

f+v,gv ? .4 s1v +5145,

Rq vxssrvh txh od vwudwìjlh +f+w,> �+w,, hvw dxwr�qdqfìh/ f*hvw0ã0gluh txh +[w> w � 3, hvw vroxwlrq gh

o*ìtxdwlrq

g[w @p3+w,gV
3
w .p4+w,gVw � f+w,gw=

Hq xwlolvdqw ohv g|qdpltxhv ghv sul{ grqqìhv sdu +517, hw +518, dlqvl txh od uhodwlrq �w @ p4+w,Vw/ rq
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rewlhqw ;?= g[w @ u+w,[wgw. �w^�w � u+w,`gw. �w�wg\
+�,
w � f+w,gw

[3 @ {

Dyhf ohv k|srwkëvhv idlwhv vxu u>�> �/ fhwwh ìtxdwlrq d xqh xqltxh vroxwlrq iruwh txl v*ìfulw

U+w,[w @ {�
] w

3

U+v,f+v,gv.

] w

3

U+v,�v^�vg\
+�,
v

. +�v � u+v,,gv` +5146,

Rq qrwh [{>�>f oh surfhvvxv gh ulfkhvvh dvvrflì dx sruwhihxlooh �/ ã od frqvrppdwlrq f hw gh ydohxu lqlwldoh

{=

Gì�qlwlrq 5145 = Xq frxsoh +�> f, vdwlvidlvdqw +5144, hw +5145, hvw glw dgplvvleoh srxu xqh ulfkhvvh

lqlwldoh { A 3 vl [{>�>f

w � 3 srxu 3 � w � W s1v1 Vrlw D+{, o*hqvhpeoh ghv frxsohv +�> f, dgplvvleohv srxu

od ulfkhvvh lqlwldoh {=

51715 Rswlplvdwlrq

Rq vxssrvh txh o*dwwlwxgh gh o*djhqw idfh dx ulvtxh hvw uhsuìvhqwìh sdu xqh irqfwlrq dgglwlyhphqw vìsd0

udeoh gh vrq  x{ gh frqvrppdwlrq hw gh vd ulfkhvvh whuplqdoh1 Vrlhqw X4 hw X5 gì�qlhv uhvshfwlyhphqw

vxu U. � U. hw vxu U. vdwlvidlvdqw

^K6`

;?= l, Xl hvw vwulfwhphqw furlvvdqwh/ vwulfwhphqw frqfdyh gh fodvvh F4

ll, olp{$3 X
3
l
+{, @ .4> olp{$.4 X 3

l
+{, @ 3

+5147,

Vrxv ohv k|srwkëvhv ^K6` > od irqfwlrq X 3
l
dgphw xq lqyhuvh Ll gì�ql vxu `3>.4^ =

Vrlw

M+{>�> f, @ H^

] W

3

X4+w> f+w,,gw. X5+[
{>�>f

W
,`

rü { hvw od ulfkhvvh lqlwldoh1 Gdqv fhwwh h{suhvvlrq/ o*hvsìudqfh hvw sulvh vrxv S=

Rq fkhufkh ã pd{lplvhu M+{> => =, vrxv od frqwudlqwh gh ulfkhvvh srvlwlyh f*hvw0ã gluh rq fkhufkh

Y +{, @ pd{
+�>f,

H^

] W

3

X4+w> f+w,,gw .X5+[
{>�>f

W
,`

1

51716 Pìwkrgh ghv pduwlqjdohv

Rq yd grqqhu xqh iruph sudwltxh ã od frqwudlqwh wudmhfwrulhooh [w � 3> w 5 ^3> W `=

Sursrvlwlrq 5146 = Vrlhqw +�> f, xq frxsoh dgplvvleoh hw � @[
�>f

W
vd ulfkhvvh �qdoh dvvrflìh1 Doruv

H^� hN+W , .

]
W

3

hN+v,f+v,gv` � {

Gìprqvwudwlrq = Hq uhsuhqdqw o*ìtxdwlrq +5146,/ rq d

U+w,[w @ {�
] w

3

U+v,f+v,gv.

] w

3

U+v,�v�vg]v
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rü g]w @ g\
+�,
w .

�w�u+w,
�w

gw= Oh surfhvvxv ] hvw xqh T0pduwlqjdoh1

Vl oh frxsoh +�> f, hvw dgplvvleoh/ oh surfhvvxv qw @ {.
U
w

3
U+v,�v�vg]v hvw xqh T0pduwlqjdoh orfdoh ìjdoh

ã [
�>f

w U+w,.
U
w

3 U+v,f+v,gv= F*hvw xqh pduwlqjdoh orfdoh gh ydohxu whuplqdoh srvlwlyh grqf hooh hvw srvlwlyh

hw f*hvw xqh vxupduwlqjdoh1 G*rü HT^qW ` @ H+qWOW , � {= �

Sursrvlwlrq 5147 = Vrlhqw f xq surfhvvxv gh frqvrppdwlrq hw � xqh yduldeoh doìdwrluh IW�phvxudeoh

hw srvlwlyh whooh txh

HS^ hN+W ,� .

]
W

3

hN+w,f+w,gw` @ { A 3 +5148,

Doruv lo h{lvwh xq sruwhihxlooh � who txh +�> f, vrlw dgplvvleoh hw [{>�>f+W , @ �=

Gìprqvwudwlrq = Frqvlgìurqv o*ìtxdwlrq gl�ìuhqwlhooh vwrfkdvwltxh uìwurjudgh vxlydqwh;?= �g[w @ ^f+w, �[wuw � �w+�w � uw,`gw� �w�wg\
+�,
w

[W @ �
+5149,

G*dsuëv ohv uìvxowdwv rewhqxv vxu ohv ìtxdwlrqv gl�ìuhqwlhoohv vwrfkdvwltxhv olqìdluhv/ o*ìtxdwlrq +5149, d

xqh xqltxh vroxwlrq +[>�, hw oh idlw txh f hw � vrqw srvlwliv rx qxov hqwudñqh txh [w � 3 srxu w 5 ^3> W `=

Grqf oh frxsoh +�> f, hvw dgplvvleoh1 �

Elhq txh od gìprqvwudwlrq gh od sursrvlwlrq vrlw dfkhyìh/ lo hvw xwloh srxu idluh ghv fdofxov oruvtxh ohv

irqfwlrqv g*xwlolwì vrqw frqqxhv gh grqqhu ghv h{suhvvlrqv soxv h{solflwhv gh [ hw gh �1 Vrlw

qw @ Hn ^ hN+W ,� .
U
W

3
hN+v,f+v,gv@Iw`> 3 � w � W=

G*dsuëv od sursulìwì gh uhsuìvhqwdwlrq suìylvleoh srxu od pduwlqjdoh \ +�,> lo h{lvwh xq surfhvvxv # suì0

ylvleoh who txh H
kU W

3
#5
v
gv
l
?4 hw

qw @ {.

] w

3

#vg\
+�,
v =

Doruv [w @
4
hN+w,

^qw �
U
w

3
hN+v,f+v,gv` hvw oh surfhvvxv gh ulfkhvvh [{>�>f dvvrflì ã od frqvrppdwlrq f hw

dx sruwhihxlooh

�w @ ��4
w

^[w

u+w,� �w
�w

.
4hN+w,

#
w
` +514:,

Uhpdutxh 5148 = Vl rq frqvlgëuh �Qw @ HT^U+W ,� .
U
W

3
U+v,f+v,gv@Iw`> doruv rq rewlhqw xqh dxwuh

h{suhvvlrq srxu �

�w @ +�wU+w,,
�4�w

rü � hvw gì�ql sdu �Qw @ { .
U
w

3 �vg]v= Fhv ghx{ h{suhvvlrqv gh � vh gìgxlvhqw o*xqh gh o*dxwuh sdu oh

wkìruëph gh Jluvdqry1

Oh sureoëph uhylhqw grqf ã pd{lplvhu HS^
U
W

3
X4+w> f+w,,gw .X5+�,` vxu f> � vrxv od frqwudlqwh

HS ^ hN+W ,� .

] W

3

hN+w,f+w,gw` @ {= +514;,
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Qrxv doorqv gìwhuplqhu xq frxsoh rswlpdo dyhf ohv pxowlsolfdwhxuv gh Odjudqjh1 Srxu � A 3> rq uhjdugh

HS+

] W

3

X4+w> f+w,,gw. X5+�,, . �

+
{�HS^ hN+W ,� .

] W

3

hN+w,f+w,gw`

,
@ H^

] W

3

+X4+w> f+w,,� � hN+w,f+w,,gw` .H^X5+�,� � hN+W ,�` . {�

� ^

] W

3

iX4+w> � hN+w,,gw.iX5+� hN+W ,` . {�

rü iXl+|, @ pd{{�3+Xl+{,� {|, @ Xl+Ll+|,,� |Ll+|,=

Rq uhpdutxh txh o*lqìjdolwì hvw xqh ìjdolwì vl hw vhxohphqw vl [�hw f� yìul�hqw

f�+w, @ L4+w> � hN+w,, hw [� @ L5+� hN+W ,,= +514<,

Yìul�rqv txh fh frxsoh hvw rswlpdo1 Rq d

M+{> f>[, � HS^

] W

3

X4+L4+|v,,gv� X5+L5+|W ,` .HS^

] W

3

|v+f+v, � L4+|v,,gv. |W +[W � L5+|W ,,

;| Iv � dgdswì1

Vl rq fkrlvlw |v @ �U+v,O+v,> rq d srxu wrxw frxsoh +f> �, dgplvvleoh/ M+{> f>[, � M+{> f�>[�,= Oh

frxsoh +f�>[�, ìwdqw dgplvvleoh sdu oh fkrl{ gh �> o*rswlpdolwì gh +f�>[�, hvw dvvxuìh= Rq gìwhuplqh �

hq vxevwlwxdqw ohv h{suhvvlrqv gh f� hw �� gdqv +514;,1 Rq gì�qlw od irqfwlrq " sdu =

"+|, @ HS^ hN+W ,L5+| hN+W ,, .

] W

3

hN+w,L4+w> | hN+w,,gw`

Doruv � yìul�h "+�, @ {=

Vl rq vxssrvh txh

"+|, ?4> ;3 ? | ?4> +5153,

doruv " hvw frqwlqxh/ vwulfwhphqw gìfurlvvdqwh hw whooh txh olp|$3. "+|, @4 hw olp|$.4 "+|, @ 3= Sdu

frqvìtxhqw/ " srvvëgh xq lqyhuvh frqwlqx > grqf � @ "�4+{,=

Qrxv srxyrqv pdlqwhqdqw ìqrqfhu vrxv iruph gh wkìruëph ohv uìvxowdwv rewhqxv1

Wkìruëph 5149 = Vrxv o*k|srwkëvh +5153,1 Lo h{lvwh xq frxsoh +��> f�, rswlpdo1 Od frqvrppdwlrq rswl0

pdoh f� hvw gìwhuplqìh sdu +514<, hw od irqfwlrq ydohxu dvvrflìh hvw grqqìh sdu

Y +{, @ J+"�4+{,,

rü

J+|, @ H^

] W

3

X4+w> L4+w> | hN+w,,,gw .X5+L5+| hN+W ,,,`> 3 ? | ?4=

51717 H{hpsohv gh irqfwlrqv g*xwlolwì1

Gdqv wrxw oh sdudjudskh qrxv vxssrvrqv u>�> � frqvwdqwv1
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5171714 X4+w> {, @ X5+{, @ orj+{,

Gdqv fh fdv/ ohv irqfwlrqv X4hw X5 yìul�hqw ohv frqglwlrqv +5147, hw rq d L4+{, @ L5+{, @
4
{
= Od ulfkhvvh

lqlwldoh { hvw �{ìh/ { A 31

Gìwhuplqrqv oh frxsoh +f�> ��, gh +frqvrppdwlrq2ulfkhvvh whuplqdoh, rswlpdo1

Od irqfwlrq " v*h{solflwh sdu

"+|, @ H^ hN+W ,
4

| hN+W ,
.

] W

3

4

|
gw` @

W .4

|
> lo hq uìvxowh

"�4+|, @
W .4

|
=

Grqf � @
W .4

{
> �

� @
{

W .4

4hN+W ,
/ f�+w, @

{

W .4

4hN+w,
3 � w � W=

Oh surfhvvxv gh ulfkhvvh fruuhvsrqgdqw hvw

[�+w, @ 4
hN+w,

H^ hN+W ,�� .
U
W

w

hN+v,f�+v,gv2Iw ` >

vrlw hq xwlolvdqw od iruph gh f� hw gh ��>

[�+w, @ {

W.4
4.W�w
hN+w,

=

Xq fdofxo vlpsoh prqwuh txh od pduwlqjdoh N4+w, @ H^ hN+W ,�� .
U
W

3
hN+v,f�+v,gv 2Iw ` hvw xqh frqvwdqwh

ìjdoh ã {=

G*rü hq xwlolvdqw +514:, ��w @
4
�
+ u��

�
,[�

w @ 4
�
+ u��

�
, {

W.4
4.W�w
hN+w,

=

Od irqfwlrq gh ydohxu dvvrflìh v*h{solflwh idflohphqw =

Y +{, @ H^

] W

3

orj+ 4

� hN+w,
,gw. orj+ 4

� hN+W ,
,`

@ H^

] W

3

orj+ {

W.4 , � orj+ hN+w,,gw. orj+ {

W.4 ,� orj+ hN+W ,,`

@ orj+ {

W.4
,+W .4,�H^

] W

3

orj+ hN+w,,gw. orj+ hN+W ,,`=

Hq xwlolvdqw

orj+ hN+w,, @ �uw.

w]
3

+
u � �

�
,g\ +�,

v �
4

5

]
w

3

+
u � �

�
,5gv.

]
w

3

^oq+4.
u � �

�
!v,�

u � �

�
!v.

4

5
+
u � �

�
!v,

5`gQv>

rq rewlhqw

Y +{, @ orj+ {

W.4 ,+W .4, . u

5W
5 . 4

5

] W

3

gw
U
w

3
+ u��

�
,5gv. uW . 4

5

] W

3

+ u��
�

,5gv

.

]
W

3

gw
U
w

3
+4� lx,

D+x,
!5x

gx.
U
W

3
+4� lx,

D+x,
!5x

gx

rü D+v, @ oq+4 . u��
�

!v,�
u��
�

!v .
4
5 +

u��
�

!v,
5=
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5171715 X4+w> {, @ X5+{, @ � h{s+�d{, rü d A 3

Gdqv fh fdv/ ohv k|srwkëvhv +5147, vrqw yìul�ìhv1 Rq d L4+|, @ L5+|, @ � 4
d
orj+|

d
,=

Fdofxorqv wrxw g*derug "=

"+|, @ HS^

] W

3

�
hN+w,
d

orj+|
hN+w,
d

,gw �
hN+W ,
d

orj+|
hN+W ,
d

,`

@ HT^�
h{s+�uW ,

d
+orj+|

d
, . orj+ hN+W ,, �

] W

3

h{s+�uw,
d

+orj+|
d
, . orj+ hN+w,,,gw`=

Hq xwlolvdqw

orj+ hN+w,, @ �uw.
]

w

3

+ u��
�

,g]v .
4
5

]
w

3

+ u��
�

,5gv.
U
w

3
^oq+4 . u��

�
!v,�

u��
�

!v .
4
5 +

u��
�

!v,
5`gQv>

rq rewlhqw

"+|, @ �h{s+�uW ,
d

orj+ |
d
, �

] W

3

h{s+�uw,
d

orj+|
d
,gw

�h{s+�uW ,
d

HT^�uW .

] W

3

�g]v .
4
5

] W

3

�5gv.

] W

3

svgv`

.HT^

]
W

3

�h{s+�uw,
d

+�uw.
]

w

3

�g]v .

]
w

3

+ 4
5
�5 . sv,gv,`

rü � @ u��
�

hw sv @ ^oq+4 . u��
�

!v,�
u��
�

!v .
4
5 +

u��
�

!v,
5`+4 . �,+4� lv,

4
!5v
=

"+|, @ �h{s+�uW ,
d

+orj+|
d
,�

] W

3

h{s+�uw,
d

+orj+ |
d
,gw. uW

h{s+�uW ,
d

� h{s+�uW ,
d

] W

3

+ 4
5
�5 . sv,gv

.

] W

3

uw
h{s+�uw,

d
gw�

]
W

3

h{s+�uw,
d

gw

]
w

3

+ 4
5
�5 . sv,gv

@ �h{s+�uW ,
d

+orj+|
d
, . +

h{s+�uW ,�4
ud

, orj+|
d
, .N

rü N @ uW
h{s+�uW ,

d
.

]
W

3

uw
h{s+�uw,

d
gw� h{s+�uW ,

d

] W

3

+ 4
5
�5 . sv,gv�

]
W

3

h{s+�uw,
d

gw

]
w

3

+ 4
5
�5 . sv,gv

G*rü � @ "�4+{, @ d h{s+
ud+{�N,

h{s+�uW ,�4�u h{s+�uW , , /

�� @
4

d
^

+{�N,ud

h{s+�uW , � 4� u h{s+�uW ,
. orj+ hN+W ,,`

hw

f�+w, @
4

d
^

+{�N,ud

h{s+�uW , � 4� u h{s+�uW ,
. orj+ hN+w,,`> 3 � w � W=

Srxu gìwhuplqhu oh sruwhihxlooh rswlpdo/ qrxv ghyrqv uhfkhufkhu od uhsuìvhqwdwlrq suìylvleoh gh od pdu0

wlqjdoh

N4+w, @ HT^U+W ,�
� .

] W

3

h{s+�uv,f�+v,gv@Iw` @ {.

] w

3

*+v,g]v

68



N4+w, @ HT^
u h{s+�uW ,+{�N,

h{s+�uW ,�4�u h{s+�uW ,
.

h{s+�uW ,
d

orj+ hN+W ,,@Iw`

.HT^

] W

3

u h{s+�uv,+{�N,
h{s+�uW ,�4�u h{s+�uW , .

h{s+�uv,
d

orj+ hN+v,,gv@Iw`

@ +{�N, .HT^

] w

3

h{s+�uv,
d

orj+ hN+v,,gv@Iw`

.HT^

] W

w

h{s+�uv,
d

orj+ hN+v,,gv@Iw` .
h{s+�uW ,

d
HT^orj+ hN+W ,`

@ +{�N, .

] w

3

h{s+�uv,
d

orj+ hN+v,,gv.

] W

w

h{s+�uv,
d

HT^orj+ hN+v,,@Iw`gv

.
h{s+�uW ,

d
HT^orj+ hN+W ,`

ru

HT^orj+ hN+v,,@Iw` @ orj+ hN+w,, � u+v� w, .

]
v

w

+
4

5
�5 . sx,gx=

hw

HT^orj+ hN+W ,` @ �uW .

]
W

3

+
4

5
�
5 . sv,gv

G*rü

N4+w, @ +{�N, .

] w

3

h{s+�uv,
d

orj+ hN+v,,gv.
h{s+�uW ,

d
+�uW .

U W
3 + 45 �

5 . sx,gx,

.

]
W

w

h{s+�uv,
d

orj+ hN+w,,gv.

] W

w

u+v�w, h{s+�uv,
d

gv.

] W

w

gv
h{s+�uv,

d

U v
w
+ 4
5
�5 . sx,gx

gN4+w, @ �h{s+�uW ,�h{s+�uw,
ud

�g]w

hw

��w @ +U+w,,�4*+w,��4
w @ h{s+�uw,��4

w

h{s+�uw,� h{s+�uW ,
ud

�

Od irqfwlrq gh ydohxu dvvrflìh hvw

Y +{, @ J+�,

ru

J+|, @ H^
U W
3

|

d

hN+w,gw. |

d

hN+W ,`

@ |

d
+
h{s+�uW ,�4

u
. h{s+�uW ,,

G*rü

Y +{, @ +
h{s+�uW ,� 4� u h{s+�uW ,

u
, h{s+

ud+{�N,

h{s+�uW , � 4� u h{s+�uW ,
,=

5171716 X4+w> {, @ X5+{, @
{
d

d
> 3 ? d ? 4

Ohv k|srwkëvhv +5147, ìwdqw yìul�ìhv1 Rq d L4+|, @ L5+|, @ |�
4

4�d =
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Fdofxorqv wrxw g*derug "=

"+|, @ H^ hN+W ,�
d

4�d |�
4

4�d .
U
W

3
|�

4
4�d hN+w,�

d
4�d gw`

vrlw e @ � d

4�d > doruv

"+|, @ |�
4

4�dH^U+W ,eO+W ,e .
U
W

3 U+v,eO+v,egv`

@ |�
4

4�d iU+w,eH+O+W ,e, .
U
W

3
U+v,eH+O+v,e,gvj

ru

O+v,e @ h{s+
U
v

3
jx+e,gx,H+l+ u����

,eZ ,vH++4 . +4� l, u��
��5

!,e � 4,iP,v

rü jx+e, @
4
5 e+e� 4,+lx+

u��
�

,,5

.
+4�lx,
!5x

^+4 . +4� lx,
u��
�

!x,
e � 4� +4� lx,

u��
�

!xe`

G*rü O+v,e hvw xqh pduwlqjdoh hw

"+|, @ |
�4
4�d iU+W ,e h{s+

U
W

3 jx+e,gx, .
U
W

3 U+v,e h{s+
U
v

3 jx+e,gx,gvj

@ |
�4
4�d m+W ,

rü m+W , @ U+W ,e h{s+
U
W

3
jx+e,gx, .

U
W

3
U+v,e h{s+

U
v

3
jx+e,gx,gv

Grqf � @ "�4+{, @ + {

m+W , ,
d�4> f�+w, @ {

m+W ,
hN+w,

�4
4�d hw �� @ {

m+W ,
hN+W ,

�4
4�d =

Qrxv doorqv gìwhuplqhu od uhsuìvhqwdwlrq gh od pduwlqjdoh N4+w, @ {

m+W ,H^ hN+W ,e.
U
W

3
hN+v,egv@Iw` srxu

rewhqlu oh sruwhihxlooh rswlpdo1

N4+w, @ {

m+W ,
iU+W ,eH^O+W ,e@Iw` .

U
W

3
U+v,eH^O+v,e@Iw`j

@ {

m+W ,iU+W ,
e h{s+

U
W

w
jx+e,gx,O+w,

e .
U
w

3
U+v,eO+v,egv

.
U W
w
U+v,e h{s+

U
v

w
jx+e,gx,O+w,

egvj

G*rü

gN4+w, @ {

m+W ,i�U+W ,
e h{s+

U
W

w
jx+e,,gx,+jw+e,O+w,

egw� g+O+w,e,

.U+w,eO+w,egw. +
U W
w
U+v,e h{s+

U v
w
jx+e,gx,gv,g+O+w,

e,

�O+w,eU+w,egw� O+w,ejw+e,
U
W

w
U+v,e h{s+

U
v

w
jx+e,gx,gvj

ru

g+O+w,e, @ eOe
w�

u��
�

g\
+�,
w . 4

5 e+e� 4,Oe

w�+
u��
�

,5g


\ +�,> \ +�,

�
w
. +Oew �Oe

w� � eOe

w�
u��
�

!w,gQw

hw

gQw @ +4� lw,
4
!5w
g^\ +�,> \ +�,`w @ +4� lw,

4
!5w
+gw. !wg\

+�,
w ,

G*rü

gN4+w, @ {

M+W ,
iU+W ,e h{s+

U
W

w
jv+e,gv, .

U
W

w
U+v,e h{s+

U
v

w
jx+e,gx,gvj�

ieO+w�,e u��
�

. +O+w,e �O+w�,e � eO+w�,e u��
�

!w,+4� lw,
4
!w
jg\ +�,

w

@ #wg\
+�,
w

hw

��w @ +U+w,,�4#+w,��4
w =
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Od irqfwlrq gh ydohxu hvw ìjdoh ã

Y +{, @ J+�,

rü

J+�, @ 4
d
H^+| hN+W ,,

d
d�4 .

U
W

3 +| hN+w,,
d

d�4 gw`

@ |

d
d�4

d
hN+W ,

G*rü

Y +{, @
{d

d
+m+W ,,4�d=

518 Whpsv g*dwwhlqwh g*xqh eduulëuh

Qrxv doorqv qrxv lqwìuhvvhu gdqv fh sdudjudskh dx whpsv g*dwwhlqwh g*xqh eduulëuh1 Vl d A 3/ rq yhxw

gìwhuplqhu od orl gh Wd+V, @ lqiiw> Vw � dj rü V hvw od vroxwlrq gh +518, hw v3 5 U.> v3 � d=

Dydqw gh gìwhuplqhu od orl gh Wd+V, gdqv xq fdv sduwlfxolhu/ qrxv doorqv udsshohu ohv uìvxowdwv h{lvwdqw

gdqv oh fdv rü V hvw vrlw xq prxyhphqw eurzqlhq/ vrlw xq surfhvvxv gh Srlvvrq1

51814 Udssho

Fdv g*xq prxyhphqw eurzqlhq

Vrlw +Zv,v�3 xq prxyhphqw eurzqlhq1 Rq qrwh Z
+�,
v @ Zv . �v hw W

+�,
} @ lqiiv>Z +�,

v @ }j= Doruv lo

hvw elhq frqqx txh +fi ^4:` srxu xqh gìprqvwudwlrq,

S{+W
+�,
}

5 gw, @
m} � {m
s
5�w6

h{s+�
+} � {� �w,5

5w
,gw

Fdv g*xq surfhvvxv gh Srlvvrq

Vrlw Q xq surfhvvxv gh Srlvvrq g*lqwhqvlwì � hw k xqh irqfwlrq prqrwrqh gì�qlh vxu U.= Rq fkhufkh od

orl gh Wk+Q, @ lqiiw A 3>Qw � k+w,j= Qrxv doorqv glvwlqjxhu ghx{ fdv =

04h fdv = k hvw xqh irqfwlrq srvlwlyh hw vwulfwhphqw furlvvdqwh1 Doruv g*dsuëv ^48`

S+Wk+Q, A {, @ h{s+��{,
4[
q@3

Dq+{,4i{��fqj +5154,

rü �fq @ k�4+q, @ lqii|@k+|, � qj hw rü +Dq,q�3 hvw od idplooh gh sro|q÷phv yìul�dqw

;?= D3 @ 4

D3q+{, @ �Dq�4+{, hw Dq+�
f
q, @ 3

+5155,

05h fdv = k hvw xqh irqfwlrq gìfurlvvdqwh hw whooh txh k+3, A 3= Doruv

S+Wk+Q, A {, @ h{s+��{,
4[
q@3

hDq+{,4i{?�gqj

6;



rü �g
q
@ lqii|>k+|, � qj hw hDq yìul�h

;?= hD3 @ 4hD3
q
+{, @ � hDq�4+{, hw hDq+3, @ 3=

Hq h�hw/ vl rq qrwh Sq+{, @ S+Wk+Q, A {>Q{ @ qj= Vrlw � oh ghuqlhu lqvwdqw gh vdxw dydqw {> rq prqwuh

sdu xq udlvrqqhphqw lghqwltxh ã fhoxl idlw gdqv oh suhplhu fdv gdqv ^48` txh

Sq+{, @

;?= 3 vl { � �q

H^Sq�4+� ,` vlqrq1

Hq h�hw/ vl { A �gq/ doruv k+{, ? q > vxu o*ìyëqhphqw �Q{ @ q% fhod vljql�h tx*ã od gdwh { od wudmhfwrluh

gh w $ Qw d gìmã furlvì od frxueh w$ k+w,> grqf Wk+Q, ? {= Sdu frqvìtxhqw/ o*ìyëqhphqw �Wk+Q, A {

hw Q{ @ q� hvw lpsrvvleoh1 Oruvtxh { � �g
q
> srxu dyrlu vlpxowdqìphqw Wk+Q, A { hw Q{ @ q> lo hvw

qìfhvvdluh txh �q ? �gq +vlqrq Wk+Q, ? {, hw txh od wudmhfwrluh w $ Qw dlw dwwhlqw oh qlyhdx q � 4 hq �

vdqv dyrlu furlvì w$ k+w, gdqv o*lqwhuydooh gh whpsv +3> � ,=

Frpph {� � vxlw xqh orl h{srqhqwlhooh gh sdudpëwuh �> rq rewlhqw vl { ? �q

Sq+{, @

] {

3

Sq�4+w,� h{s+��+{� w,,gw=

Sdu frqvìtxhqw/ hq uìhfulydqw fhwwh ìjdolwì vrxv iruph gl�ìuhqwlhooh/ rq rewlhqw od uhodwlrq vxlydqwh

S 3
q
+{, @ �Sq�4+{,=

G*rü oh uìvxowdw hq srvdqw

Sq+{, @ h{s+��{, hDq+{, srxu i{ ? �gqj=

06h fdv = Vl k+3, � 3> doruv

Wk+Q, @ 3=

Rq d dxvvl ehvrlq gh od orl gh hWk+Q, @ lqiiw A 3> Qw � k+w,j= rq glvwlqjxh frpph suìfìghpphqw

soxvlhxuv fdv vxlydqw od prqrwrqlh gh od irqfwlrq k=

04h fdv = Vl k+3, � 3> doruv hWk+Q, @ 3=

05h fdv = Vl k+3, ? 3 hw k hvw gìfurlvvdqwh/ doruv

hWk+Q, @ .4= +5156,

06h fdv = Vl k+3, ? 3 hw k hvw furlvvdqwh/ doruv

S+Wk+Q, A {, @ h{s+��{,
4[
q@3

hDq+{,4i{?�fqj +5157,

6<



rü �f
q
@ k�4+q, @ lqii|@k+|, � qj hw hw hDq yìul�h

;?= hD3 @ 4hD3
q
+{, @ � hDq�4+{, hw hDq+3, @ 3=

51815 Orl gh W
@

Rq v*lqwìuhvvh dx fdv rü ohv frh!flhqwv �> � vrqw ghv frqvwdqwhv hw rü od irqfwlrq ! hvw frqvwdqwh sdu

lqwhuydoohv hw frqwlqxh ã gurlwh/ qh suhqdqw txh ghx{ ydohxuv 3 hw !1 Rq qrwh  @ 4
!5
/ Q hvw g*lqwhqvlwì

+4� lw, =

Sdu h{hpsoh/ qrxv vxssrvrqv

; w 5 ^3> 4`> Vw @ V3 h{s+�Zw �
4

5
�5w. �w, +5158,

; w 5 ^4> 5`> Vw @ V4 h{s^+��
�

!
,+w� 4,`+4 . �!,Qw +5159,

; w 5 ^5> 6`> Vw @ V5 h{s+�+Zw �Z5,�
4

5
�5+w� 5, . �+w� 5,, +515:,

Qrxv doorqv pdlqwhqdqw srxyrlu fdofxohu S+Wd+V, A w, gdqv oh fdv rü d A V3=

0Srxu wrxw w 5 ^3/4`

S+Wd+V, A w, @ S+ vxs
3�v�w

V3 h{s+�Zv � 4
5�

5v. �v,, A d, @ S+W
+x,
} A w, @

U4
w

}s
5�v6

h{s+� +}�xv,5
5v ,gv rü

x @ � 4
�
^+ 45�

5 � �,` hw } @ 4
�
oq+ d

V3
,

0Srxu wrxw w 5^4/5`

S+Wd A w, @ S+vxsv�w Vv ? d, @ S+vxsv�4 Vv ? d> vxs4�v�w Vv ? d,=

Ru Vv @ V4V
4
v vxu ^4/5` dyhf V4

v lqgìshqgdqw gh V4=

S+Wd A w, @ H+4ivxsv�4 Vv?djH+4ivxs4�v�w V4vV4?dj@I4,,

@ H+4ivxsv�4 Vv?djH+4ivxs4�v�w V4vV4?dj@V4,,

@ H+4ivxsv�4 Vv?dj�+V4,,

dyhf �+{, @ S+vxs4?v�w {V
4
v ? d, srxu { A 3= Rq shxw fdofxohu � hq xwlolvdqw ohv uhpdutxhv gx gìexw

gx sdudjudskh1 Hq h�hw/ frpph {V4
w @ { h{s^+�� �

!
,+w � 4,`+4 . �!,Qw srxu w 5 ^4> 5`>

�+{, @ S+Wk+Q, A w,

dyhf

k{ @
oq+d

{
,� +�� �

!
,+w� 4,

oq+4 . �!,
=

Vxlydqw ohv sursulìwìv gh od irqfwlrq k{/ rq shxw dssoltxhu ohv uìvxowdwv udsshoìv gdqv oh sdudjudskh

suìfìghqw1

0Srxu wrxw w 5 ^5/6`

S+Wd A w, @ S+vxsv�w Vv ? d, @ S+vxsv�4 Vv ? d> vxs4�v�5 Vv ? d> vxs5�v�w Vv ? d,=
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Ru Vv @ V4V
4
v
vxu ^4/5` dyhf V4

v
lqgìshqgdqw gh V4 hw Vv @ V5V

5
v
vxu ^5/6` dyhf V5

v
lqgìshqgdqw gh V5=

S+Wd A w, @ H+4ivxsv�4 Vv?djH+4ivxs4�v�5 V4vV4?djH+4ivxs5�v�w V5vV5?dj@I5,@I4,,

@ H+4ivxsv�4 Vv?djH+4ivxs4�v�w V4vV4?djH+4ivxs5�v�w V5vV5?dj@V5,@V4,,

@ H+4ivxsv�4 Vv?djH+4ivxs4�v�w V4vV4?dj�+V5,@V4,,

dyhf �+{, @ S+vxs5?v�w {V
5
v
? d,

@ H+4ivxsv�4 Vv?dj�+V4,,

dyhf �+{, @ H+4ivxs4�v�5 {V4v?dj�+{V
4
5 ,,

Oh fdofxo h{solflwh gh � vh idlw hq xwlolvdqw od uhodwlrq

�+V5, @ S +W +x,
} .5 A w,

rü x @ � 4
�
^+ 4

5
�5 � �,` hw } @ 4

�
oq+ d

V5
,=

Gdqv oh fdv jìqìudo/ rq idlw oh píph udlvrqqhphqw vxu fkdtxh lqwhuydooh rü ! hvw frqvwdqwh1

Lo hvw dxvvl lqwìuhvvdqw gh fdofxohu S+Wd A w. k @ Iw,=

Rq fdofxoh fhwwh suredelolwì srxu ghv ydohxuv gh k dvvh} shwlwhv srxu txh/ vxu o*lqwhuydooh ^w> w . k`> od

irqfwlrq l qh fkdqjh sdv gh ydohxu1 Fhfl hvw srvvleoh sxlvtxh ! hvw frqvwdqwh sdu prufhdx{1 Qrxv dyrqv

S+Wd A w. k@Iw, @ 4ivxsv�w Vv?djS+vxsw?v�w.kVv ? d@Iw,=

Gh soxv/ S+vxsw?v�w.kVv ? d@Iw, @ S+Vw vxsw?v�w.k V
w
v ? d @ Iw, @ �+Vw, rü

�+{, @ S+ vxs
w?v�w.k

Vwv ?
d

{
,

Ghx{ fdv vh suìvhqwhqw =

4, Vl lw @ 4> doruv

Vw
v
@ h{s+�+Zv �Zw, . +��

4

5
�5,+v� w,,=

Hw sdu frqvìtxhqw/

�+{, @ S+Wx

} A k, @

] .4

k

}
s
5�v6

h{s+�
+} � xv,5

5v
,gv +515;,

rü x @ 4
�
^�� 4

5�
5` hw } @

oq+d@{,
�

= G*rü

S+Wd A w. k@Iw, @ 4ivxsv�w Vv?dj

] .4

k

oq+d@Vw,@�s
5�v6

h{s+�
+oq+d@Vw,@� � xv,5

5v
,gv

5, Vl lw @ 3>

Vwv @ h{s^+��
�

!
,+v� w,`+4 . �!,Qv�Qw

hw +Qv> w � v � w. k, d srxu lqwhqvlwì  = Sdu frqvìtxhqw/ vl �! A 3

�+{, @ S+Wj+Q, A k,
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G*rü hq xwlolvdqw +5154, hw +5155,

�+{, @ S+Wj+Q, A k, @

;?= h{s+� k,
S4

q@3Dq+k,4ik��fqj vl �� �

!
? 3 hw �! A 3

h{s+� k,
S4

q@3
hDq+k,4ik��gqj vl �� �

!
A 3 hw �! A 3

+515<,

rü j+w, @
�+���

!
,w.oq+d@{,

oq+4.�!, > �f
q
@ lqiiw>

�+���
!
,w.oq+d@{,

oq+4.�!, � qj hw �g
q
@ lqiiw>

�+���
!
,w.oq+d@{,

oq+4.�!, � qj=

Vl �! A 3> rq d

�+{, @ S+ hWj+Q, A k,=

Rq rewlhqw hq uhpsodêdqw sdu +5156, hw +5157,

S+ hWj+Q, A k, @

;?= 3 vl � � �

!
? 3 hw �! ? 3

h{s+� k,
S4

q@3
hDq+k,4ik��fqj vl � � �

!
A 3 hw �! ? 3=

+5163,
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^4` Eduohv J/ Exfngdkq U/ Sdugrx{ H = EVGH*v dqg lqwhjudo0sduwldo gl�huhqwldo htxdwlrqv1 Vwrfkdvwlfv

dqg Vwrfkdvwlf Uhsruwv/ 4<<81

^5` Erurglq1D1Q/ Vdoplqhq1S = Kdqgerrn ri Eurzldq Prwlrq0Idfwv dqg Irupxodh1 Suredelolw| dqg lwv

Dssolfdwlrqv1 Elunkdxvhu Yhuodj/ 4<<91

^6` Gdqd U0D/ Mhdqeodqf0Slftxì P = Pdufkìv Ilqdqflhuv hq whpsv frqwlqx > Ydorulvdwlrq hw Htxloleuh/

Hfrqrplfd/ Sdulv/ 4<<7

^7` Ghoodfkhulh F/ Ph|hu S1D = Suredelolwìv hw srwhqwlho/ fkds Y ã YLLL/ Khupdqq/ 4<;31

^8` Gulwvfkho1S/ Surwwhu S = Frpsohwh pdunhwv zlwk Glvfrqwlqxrxv Vhfxulw| Sulfh/ Ilqdqfh dqg Vwrfkdv0

wlfv/6/ s 5360547/ 4<<<1

^9` Ho Ndurxl Q/ Pd}oldn O = Edfnzdug Vwrfkdvwlf Gl�huhqwldo Htxdwlrqv1 Slwpdq0Uhvhdufk Qrwhv lq

Pdwkhpdwlfv Vhulhv 697/ 4<<71

^:` Hphu| P = Rq wkh D}ìpd* Pduwlqjdohv1 Vìplqdluh gh Suredelolwìv [[LLL/ Ohfwxuh Qrwhv lq Pdwkh0

pdwlfv/ yro 46:5/ s 990;:/ Vsulqjhu Yhuodj/ 4<<31

^;` Kduulvrq M/ Slvnd V = Pduwlqjdohv dqg Vwrfkdvwlf Lqwhjudov lq wkh wkhru| ri frqwlqxrxv Wudglqj/

Vwrfkdvwlf Surfhvvhv dqg wkhlu dssolfdwlrqv/ 44/ 5480593/ 4<;41

^<` Mdfrg M1/ Vklu|dhy D1Q1 = Olplw Wkhruhpv iru Vwrfkdvwlf Surfhvvhv/ Juxgohkuhq ghu phwkhpdwlvfkhq

Zlvvhqvfkdiwhq 5;;/ Vsulqjhu0Yhuodj/ Ehuolq/ 4<;:1

^43` Mdfrg M/ \ru P = Hwxgh ghv vroxwlrqv h{wuìpdohv hw uhsuìvhqwdwlrq lqwìjudoh ghv vroxwlrqv srxu

fhuwdlqv sureoëphv gh pduwlqjdohv/ ]1 Zdkuvfkhlqolfknhlvwkhrulh yhuz1 Jhelhwh/ 6;/ ;60458/ 4<::1

^44` Mhdqeodqf P/ Sulydxow Q = Frpsohwh Pdunhw zlwk Srlvvrq dqg Eurzqldq Frpsrqhqwv/ Suìexeolfd0

wlrq/ Xqlyhuvlwì G*Hyu|/ 4<<<1

^45` Ndudw}dv L1 = Ohfwxuhv rq wkh Pdwkhpdwlfv ri Ilqdqfh/ FUP Prqrjudsk Vhulhv/ Prqwuìdo/ yro ;/

4<<91

^46` Sdugrx{ H/ Shqj V = Edfnzdug vwrfkdvwlf gl�huhqwldo htxdwlrqv dqg txdvlolqhdu sduderolf sduwldo

gl�huhqwldo htxdwlrq1 Ohfwxuh Qrwhv lq FLV 4:9/ s 533054:/ Vsulqjhu/ 4<<51

^47` Shqj V = D jhqhudol}hg g|qdplf surjudpplqj sulqflsoh dqg Kdplowrq0Mdfrel0Ehoopdq htxdwlrqv1

Vwrfkdvwlfv/ Yro 6;/ s 44<0467/ 4<<51

^48` Slfdug1S/ Ohiëyuh1F = Wkh Suredelolw| ri Uxlq lq Ilqlwh Wlph zlwk Glvfuhwh Fodlp Vl}h Glvwulexwlrq1

Vfdqg1 Dfwxduldo M1 4 = s 8;09</ 4<<:
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^49` Surwwhu S = Vwrfkdvwlf Lqwhjudwlrq dqg Gl�huhqwldo Htxdwlrq1 Dssolfdwlrq ri Pdwkhpdwlfv054/

Vsulqjhu0Yhuodj/ 4<<31

^4:` Uhyx} G/ \ru P = Frqwlqxrxv Pduwlqjdohv dqg Eurzqldq Prwlrq1 Wklug Hglwlrq/ Vsulqjhu0Yhuodj/

Ehuolq/ 4<<<1
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Gdqv od olwwìudwxuh vxu oh ulvtxh gh gìidxw dssdudlvvhqw ghx{ w|shv gh prgëohv1 Gdqv od suhplëuh fodvvh

lqwurgxlwh sdu Phuwrq ^44`/ dsshoìh prgëoh gh vwuxfwxuh/ oh gìidxw dssdudñw txdqg oh sul{ g*xqh �uph

sdvvh hq0ghvvrxv g*xqh eduulëuh1

Od vhfrqgh fodvvh gh prgëoh hvw �oh prgëoh ã lqwhqvlwì�+Gx!h hw Odqgr ^8`/ Gx!h Vfkurghu hw Vnldgdv

^9`/ Mduurz0Wxuqexoo ^:`/ Pdgdq hw Xqdo ^43`,1 Oh gìidxw gdqv fh fdv hvw prgìolvì frpph oh suhplhu

lqvwdqw gh vdxw g*xq surfhvvxv srqfwxho g*lqwhqvlwì vwrfkdvwltxh1

Fhv dxwhxuv qh glvwlqjxhqw fhshqgdqw sdv o*lqirupdwlrq olìh dx gìidxw gh o*lqirupdwlrq gx pdufkì1

Qrxv sursrvrqv xqh prgìolvdwlrq gh o*lqvwdqw gh gìidxw txl gl�ìuhqflh fhv ghx{ w|shv g*lqirupdwlrq1

Fhwwh dssurfkh suìvhqwh o*lqwìuíw gh idluh oh olhq hqwuh ohv ghx{ dssurfkhv gìfulwhv suìfìghpphqw hw gh

frpsduhu ohv pdufkìv �vdqv� hw �dyhf� gìidxw1

Frqvlgìurqv xq pdufkì �qdqflhu frqvwuxlw vxu xq hvsdfh gh suredelolwì +
>J> S ,/ frqvwlwxì gh q dfwliv

ulvtxìv Vl> l @ 4> ===> q hw g*xq dfwli vdqv ulvtxh V3 =

O*lqirupdwlrq Iw glvsrqleoh vxu fh pdufkì ã od gdwh w hvw frqwhqxh gdqv od frqqdlvvdqfh ghv sul{ ghv

dfwliv1 Rq d grqf

Iw � �+Vlv> V
3
v > v � w> l @ 4> ===> q,=

O*lqvwdqw gh gìidxw gdqv oh pdufkì hvw prgìolvì sdu xqh yduldeoh doìdwrluh � / vxssrvìh J0phvxudeoh hw

srvlwlyh= Oh surfhvvxv gh gìidxw hvw gì�ql sdu oh surfhvvxv furlvvdqw frqwlqx ã gurlwh

Qw @ 4i��wj= +614,

Od �owudwlrq frpsoìwìh frqwlqxh ã gurlwh hqjhqguìh sdu oh surfhvvxv gh gìidxw hvw qrwìh +Kw,/

Kw @ �+Qv> v � w,=

Rq uhpdutxh txh � hvw xq K0whpsv g*duuíw/ hw grqf xq L�whpsv g3duuíw srxu wrxwh �owudwlrq L frqwhqdqw

K= Gh soxv/ K hvw od soxv shwlwh �owudwlrq idlvdqw gh � xq whpsv g*duuíw1

Qrxv wudydloorqv vrxv o*k|srwkëvh vxlydqwh =

~Ohv djhqwv �qdqflhuv vrqw dyhuwlv oruvtxh oh gìidxw vh surgxlw�1

7:



Sdu frqvìtxhqw/ o*lqirupdwlrq txh ohv djhqwv srvvëghqw ã od gdwh w hvw uhsuìvhqwìh sdu od wulex Jw rü

Jw @ Iw bKw=

Od �owudwlrq J hvw od soxv shwlwh �owudwlrq frqwhqdqw I whooh txh � hvw xq J�whpsv g3duuíw1

Oh sureoëph gh prgìolvdwlrq frqvlvwh ã frpsuhqguh oh olhq hqwuh oh whpsv gh gìidxw � hw od �owudwlrq I1

Lo v*djlw grqf gh uìfuluh ohv g|qdpltxhv ghv sul{ gdqv od �owudwlrq J/ �owudwlrq gx prqgh dyhf gìidxw1

Ohv sureoëphv olìv dx jurvvlvvhphqw surjuhvvli gh �owudwlrq vrqw g*xqh sduw oh fdofxo g*hvsìudqfh frqgl0

wlrqqhooh sdu udssruw ã od �owudwlrq J dyhf hq �qdqfh oh sureoëph g*ìydoxdwlrq g*dfwliv frqwlqjhqwv1 Hq

sduwlfxolhu/ rq uhjdugh oh sureoëph g*ìydoxdwlrq oruvtxh oh sdlhphqw [ d olhx hq W /vl oh gìidxw q*hvw sdv

dssdux dydqw od pdwxulwì/ rq yhuvh o*dfwli/ vlqrq gdqv oh fdv frqwudluh xqh frpshqvdwlrq yhuvìh ã pdwxulwì

rx dx prphqw gx gìidxw1 Hq fdv gh pdufkì frpsohw/ oh sul{ gh fh frqwudw hvw

HT+[ 2 Jw,

rü T hvw o*xqltxh pduwlqjdoh phvxuh ìtxlydohqwh1 Lfl/ oh pdufkì q*hvw sdv frpsohw vl o*rq qh shxw qìjrflìv

txh ohv dfwliv Vl= Gdqv xq suhplhu whpsv/ rq fdofxoh

HT+[ 2 Jw,

rü T hvw xqh p1p1h1

Gdqv xq ghx{lëph whpsv/ rq fkhufkh ã frpsoìwhu oh pdufkì1 Vh srvh doruv oh sureoëph gh uìfuluh ohv

g|qdpltxhv ghv dfwliv Vl gdqv od �owudwlrq J= Srxu fhod/ lo hvw lpsruwdqw gh suìflvhu ohv k|srwkëvhv txl

shuphwwhqw gh frqvhuyhu ohv sursulìwìv gh pduwlqjdohv hw gh vhpl0pduwlqjdohv hqwuh ohv �owudwlrqv I hw J

hw g*h{solflwhu od gìfrpsrvlwlrq ghv I0pduwlqjdohv hq J0vhpl0pduwlqjdohv oruvtxh fhfl hvw srvvleoh1 Fhv

sureoëphv rqw odujhphqw ìwì ìwxglìv gdqv ohv wudydx{ gh Mhxolq ^<`/ \ru ^45`/ Ghoodfkhulh +^4` rx ^5`,1 Gdqv

od vxlwh gh fh sdudjudskh/ qrxv udsshorqv ohv ìoìphqwv txl shuphwwhqw gh uìsrqguh ã fhv ghx{ txhvwlrqv1

Fdofxo g*hvsìudqfh frqglwlrqqhooh sdu udssruw ã J

Vrlw I od yhuvlrq frqwlqxh ã gurlwh gh od vrxv0pduwlqjdoh S +� � w@Iw,= Qrxv vxssrvrqv I3 @ 3 hw Iw ? 4

srxu wrxw w> hq sduwlfxolhu � q*hvw sdv xq I0whpsv g*duuíw= Gh soxv/ qrxv vxssrvrqv txh o*xqh ghv ghx{

frqglwlrqv vxlydqwhv hvw wrxmrxuv yìul�ìh =

0 +F4, wrxwhv ohv I�pduwlqjdohv vrqw frqwlqxhv1

0 +F5, srxu wrxw I0whpsv g*duuíw �> S+� @ �, @ 3=

Uhpdutxh 614 = Wrxw surfhvvxv J�suìylvleoh hvw ìjdo mxvtx*hq � ã xq surfhvvxv I�suìylvleoh1 Dxwuh0

phqw glw/ vl K hvw xq surfhvvxv J�suìylvleoh/ lo h{lvwh k xq surfhvvxv I�suìylvleoh who txh

Kw4iw? �j @ kw4iw? �j=

Oh surfhvvxv k hvw xqltxh ã frqglwlrq gh oh suhqguh qxo vxu o*hqvhpeoh i4 � Iw @ 3j> hqvhpeoh txl hvw

ylgh gdqv qrwuh fdv +fi Ghoodfkhulh0Ph|hu ^7` s14;9,1

Qrxv srxyrqv dlqvl gì�qlu oh surfhvvxv gh kdvdug gh od pdqlëuh vxlydqwh =

7;



Gì�qlwlrq 615 = Qrxv dsshorqv I�surfhvvxv gh kdvdug oh surfhvvxv � gì�ql sdu �w @ � oq+4�Iw,1

Qrxv udsshorqv ghx{ uìvxowdwv +^4` rx ^5`,

Ohpph 616 = Srxu wrxwh yduldeoh doìdwrluh JW�phvxudeoh \ lqwìjudeoh

H+\ 4iW?�j@Jw, @ 4iw?�jh
�wH+\ 4W?�@Iw,= +615,

Hq sduwlfxolhu/ vl [ 5 IW hvw lqwìjudeoh

H+[4iW?�j@Jw, @ 4iw?�jh
�wH+[h��W @Iw,= +616,

Gìprqvwudwlrq = Qrxv uhsuhqrqv od suhxyh gh fh ohpph txl vh wurxyh gdqv ^4`1 Lo vx!w gh uhpdutxhu

txh od uhvwulfwlrq ã o*hqvhpeoh i� A wj gh wrxwh yduldeoh doìdwrluh Jw�phvxudeoh hvw ìjdoh ã xqh yduldeoh

doìdwrluh Iw�phvxudeoh1 O*h{suhvvlrq +616, surylhqw gh +615, hw gx idlw txh

H+[4iW?�j@Iw, @ H+[H+4iW?�j@IW ,@Iw,=

�

Uhpdutxh 617 Vl oh surfhvvxv � hvw ã yduldwlrq eruqìh/ doruv lo hvw furlvvdqw1 Hq h�hw/ I hvw gdqv fh

fdv xq surfhvvxv ã yduldwlrq eruqìh1 Frpph f*hvw xqh vrxv0pduwlqjdoh/ od gìfrpsrvlwlrq gh Grre0Ph|hu

+fi ^6`, hqwudñqh txh I hvw xq surfhvvxv furlvvdqw hw sdu vxlwh � dxvvl1

Uhpdutxh 618 Oruvtxh oh surfhvvxv � hvw furlvvdqw/ oruv gh o*ìydoxdwlrq g*xq dfwli frqwlqjhqw/ rq shxw

o*lqwhusuìwhu gdqv ohv ìjdolwìv suìfìghqwhv frpph xq vsuhdg1 Hq h�hw/ vl o*rq yhxw ìydoxhu oh }ìur0frxsrq

dyhf gìidxw 4W?� dyhf xq wdx{ g*dfwxdolvdwlrq u I�dgdswìh> o*ìjdolwì +616, lpsoltxh txh oh sul{ dfwxdolvì

hvw

H+h�
U
W

3
uvgv4iW?�j@Jw, @ 4iw?�jh

�wH+h�
U
W

3
uvgvh��W @Iw,=

Sdu frqvìtxhqw/ oh sul{ hq w yìul�h

4iw?� `h
U
w

3
uvgv.�wH+h�+

U
W

3
uvgv.�W ,@Iw,=

Fruroodluh 619 = Oh surfhvvxv

Ow @ +4�Qw,h
�w +617,

hvw xqh J�pduwlqjdoh1

Gìprqvwudwlrq = Srxu prqwuhu txh O hvw xqh J�pduwlqjdoh/ lo vx!w gh fdofxohu H^+4�Qw,h
�w@Jv` srxu

w A v= Ru hq xwlolvdqw o*ìjdolwì +616,/ qrxv dyrqv

H^+4�Qw,h
�w@Jv` @ 4iv?�jh

�vH^4iw?�jh
�w@Iv`

hw

H^4iw?�jh
�w@Iv` @ H^h�wH^4iw?�j@Iw`@Iv` @ 4=
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Fh uìvxowdw hvw wuhv jìqìudo gdqv oh vhqv rü o*rq xwlolvh sdv od irupxoh g*Lw÷ srxu oh gìprqwuhu �

Fruroodluh 61: = Vrlw ] xq surfhvvxv I�suìylvleoh hw eruqì1

d, Vl I hvw furlvvdqw hw frqwlqx/ doruv

H+]�@Jw, @ 4i��wj]� .4iw?�jH+

] 4

w

]x h{s+�w � �x,g�x@Iw,= +618,

e, Gdqv oh fdv jìqìudo/

H+]�@Jw, @ 4i��wj]� . 4iw?�jh
�wH+

] 4

w

]xgIx@Iw,= +619,

Gìprqvwudwlrq = Qrxv uhsuhqrqv od suhxyh gh fh ohpph txl vh wurxyh gdqv ^;`1 Srxu gìprqwuhu o*ìjdolwì

+619,/ qrxv frpphqêrqv sdu od yìul�hu srxu ghv surfhvvxv ] gh od iruph

]x @

q[
l@3

]wl
4`wl>wl.4`+x,

rü w3 @ w ? === ? wq.4 @4= Hq xwlolvdqw oh ohpph 616/ qrxv rewhqrqv

H+]�4iw?�j@Jw, @
Sq

l@3H+H+4iw?�j]wl4`wl>wl.4`+� ,@Iwl.4,@Iw,

@ H+
Sq

l@3 ]wl+Iwl.4 �Iwl ,@Iw,

@ H+
S

q

l@3

U wl.4
wl

]xgIx@Iw,

@ H+
U4
w

]xgIx@Iw,

Oh uìvxowdw �qdo v*rewlhqw hq xwlolvdqw xq wkìruëph gh fodvvh prqrwrqh1

D sduwlu gh +619, qrxv rewhqrqv +618, hq uhpdutxdqw txh gIx @ h{s+��x,g�x vl I hvw furlvvdqw hw

frqwlqx1 �

Uhpdutxh 61; = Fh uìvxowdw uhvwh ydodeoh srxu xq surfhvvxv ] J�suìylvleoh juåfh ã od uhpdutxh 6141

Uhpdutxh 61< = Ohv ìjdolwìv +616, hw +619, vrqw wulyldohphqw yìul�ìhv vl � hvw xq I0whpsv g*duuíw1 Lo

vx!w gh srvhu h�w @ 4� Iw @ 4iw?�j=
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^4` Ghoodfkhulh F1 = Xq h{hpsoh gh od wkìrulh jìqìudoh ghv surfhvvxv/ Vìplqdluh gh suredelolwìv LY/ Ohfwxuh

Qrwhv lq Pdwk1 457/ 930:3/ Vsulqjhu0yhuodj/ Ehuolq/ 4<:31

^5` Ghoodfkhulh F1 = Fdsdflwìv hw surfhvvxv vwrfkdvwltxhv/ Vsulqjhu0Yhuodj/ Ehuolq/ 4<:51

^6` Ghoodfkhulh F1/ Ph|hu S1D1 = Suredelolwìv hw srwhqwlho/ Wkìrulh ghv pduwlqjdohv/ Khupdqq/ 4<;31

^7` Ghoodfkhulh F1/ Pdlvrqqhxyh E1/ Ph|hu S1D1 = Suredelolwìv hw srwhqwlho/ surfhvvxv gh Pdunry1 Frp0

soìphqwv gh fdofxo vwrfkdvwltxh1 Khupdq/ 4<<51

^8` Gx!h G1/ Odqgr G1 = Whup vwuxfwxuh ri fuhglw vsuhdgv zlwk lqfrpsohwh dffrxqwlqj lqirupdwlrq/

suhsulqw/ FDI Frshqkdjhq/ 4<<:

^9` Gx!h G1/ Vfkurghu P1/ Vnldgdv F1 = Uhfxuvlyh ydoxdwlrq ri ghidxowdeoh vhfxulwlhv dqg wkh wlplqj

uhvroxwlrq ri xqfhuwdlqw|/ Dqqdov ri Dssolhg Suredelolw|/ 9/ 43:8043<3/ 4<<:1

^:` Mduurz U1/ Wxuqexoo V1 = Sulflqj rswlrqv rq �qdqfldo vhfxulwlhv vxemhfw wr ghidxow ulvn/ M1 Ilqdqfh 83/

860;9/ 4<<81

^;` Mhdqeodqf P1/ Uxwnrzvnl P1 = Prghoolqj rq ghidxow ulvn = Dq ryhuylhz1Pdwkhpdwlfdo Ilqdqfh = wkhru|

dqg sudfwlfh1 Prghuq Pdwkhpdwlfv Vhulhv/ Kljk Hgxfdwlrq suhvv > 4<<<1

^<` Mhxolq W1 = Vhpl0pduwlqjdohv hw jurvvlvvhphqw gh �owudwlrq/ Ohfwxuh Qrwhv lq Pdwk1 ;66/ Vsulqjhu0

Yhuodj/ Ehuolq/ 4<;31

^43` Pdgdq G1/ Xqdo K1 = Sulflqj wkh ulvn ghidxow/ Uhy Ghulydwlyhv Uhvhdufk 5/ 4540493/ 4<<81

^44` Phuwrq U1F1 = Rq wkh sulflqj ri frusrudwh ghew = wkh ulvn vwuxfwxuh ri lqwhuhvw udwhv/ Mrxuqdo ri

Ilqdqfh / 5</ 77<07:3/ 4<:71

^45` \ru P1 = Vrph dvshfwv ri Eurzqldq Prwlrq1 Sduw LL = Vrph uhfhqw Pduwlqjdoh Sureohpv/ Ohfwxuhv

lq Pdwkhpdwlfv1 HWK ] ulfk1 Elunkçxvhu/ 4<<:1

84



85




���
	�� #

"� $�	��	
�� � ��	 �� $�	��	
��

�����
���

Fh fkdslwuh hvw frqvdfuì ã o*ìwxgh gx ulvtxh gh gìidxw oruvtxh od �owudwlrq I hvw od �owudwlrq jurvvlëuh1

Fhwwh vlwxdwlrq hvw sdu h{hpsoh uìdolvìh hq fdv g*lqirupdwlrq sduwlhooh +fi ^4`, oruvtxh o*rq prgìolvh

o*lqvwdqw gh gìidxw sdu xqh dssurfkh vwuxfwxuhooh1 Gdqv fh fdv/ ohv �owudwlrqv J hw K vrqw lghqwltxhv1

Uhpdutxh 714 = Oh surfhvvxv I hvw gdqv fh fdv od irqfwlrq gh uìsduwlwlrq gh � > fkrlvlh frqwlqxh ã

gurlwh1

Gdqv fh fdguh/ qrxv frqvlgìurqv oh sureoëph g*ìydoxdwlrq g*dfwliv frqwlqjhqwv vrxplv dx gìidxw1 Qrxv

prqwurqv txh od soxsduw ghv fdofxov shxyhqw vh phqhu idflohphqw1 Hq sduwlfxolhu/ qrxv grqqrqv od ydohxu

gh }ìur0frxsrq1

Gdqv oh ghuqlhu sdudujudskh/ qrxv gìprqwurqv oh prqrwrqlflwì ghv sul{ hq irqfwlrq gh od pdwxulwì1 Hq0

vxlwh/ qrxv prqwurqv txh od frqqdlvvdqfh ghv sul{ g*xq }ìur0frxsrq shuphw g*rewhqlu ghv uhqvhljqhphqwv

vxu oh whpsv gh gìidxw � 1 Soxv suìflvìphqw/ qrxv gìwhuplqrqv od irqfwlrq gh uìsduwlwlrq gh � / I> hq irqf0

wlrq ghv sul{ gh }ìur0frxsrqv gh gl�ìuhqwhv pdwxulwìv1 Ohv sul{ g*dfwliv frqwlqjhqwv vrqw fdofxoìv ã o*dlgh

gh od irqfwlrq I= Sdu frqvìtxhqw/ vd frqqdlvvdqfh ã sduwlu ghv sul{ gx pdufkì shuphw od fdoleudwlrq ghv

sdudpëwuhv gx prgëoh1

Qrxv idlvrqv o*k|srwkëvh txh oh wdx{ u hvw gìwhuplqlvwh1

Qrwdwlrq =

Uw @ h{s+
U
w

3
uvgv, hvw oh wdx{ g*dfwxdolvdwlrq=

714 Hwxgh g*xq h{hpsoh vlpsoh

Qrxv grqqrqv gdqv fh sdudjudskh od ydohxu g*xq }ìur0frxsrq dyhf gìidxw grqw od frpshqvdwlrq hvw yhuvìh

gdqv xq suhplhu fdv ã pdwxulwì hw gdqv xq vhfrqg fdv ã od gdwh gx gìidxw1 Qrxv sduorqv gh ydohxu g*xq

dfwli frqwlqjhqw/ hw qrq gh sul{/ fdu oh sul{ g*xq frqwudw gdqv xq pdufkì frpsohw ã o*lqvwdqw w hvw rewhqx

dx pr|hq g*xqh suredelolwì dsshoìh pduwlqjdoh phvxuh ìtxlydohqwh +p1p1h hq deuìjì,1 Ru qrxv q*dyrqv

srxu o*lqvwdqw sdv gh qrwlrq gh frpsoìwlrq gh pdufkì/ ql xqlflwì gh p1p1h1
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Qrxv frpphqêrqv sdu ìqrqfhu oh ohpph 616 gdqv fhwwh vlwxdwlrq gh �owudwlrq jurvvlëuh txl qrxv shuphw

gh fdofxohu ohv hvsìudqfhv frqglwlrqqhoohv sdu udssruw ã Jw=

Ohpph 715 =

H+4W?� 2 Jw, @ 4w?�
4�I +W ,

4� I +w,
= +714,

Vl k hvw xqh irqfwlrq eruìolhqqh/

4w?�H+k+� ,4��W 2 Jw, @ 4w?�
4

4� I +w,

] W

w

k+x,gI +x,=

Gìprqvwudwlrq = Fh uìvxowdw hvw xq fdv sduwlfxolhu gx ohpph 6161 �

Uhpdutxh 716 = Wrxwh yduldeoh doìdwrluh Jw�phvxudeoh hw lqwìjudeoh K hvw gh od iruph

K @ 4w?�hk. k+� ,4w��

rü k hvw xqh irqfwlrq eruìolhqqh hw hk hvw xqh frqvwdqwh1 Fhfl shuphw g*rewhqlu oh uìvxowdw gx ohpph

suìfìghqw gluhfwhphqw1

Wkìruëph 717 = Oh surfhvvxv P gì�ql sdu

Pw @ Qw �
]

wa�

3

gI +v,

4� I +v�,

hvw xqh Jw�pduwlqjdoh1

Gìprqvwudwlrq = Qrxv prqwurqv txh H+Pw�Pv 2Jv, @ 3 @ H+Qw�Qv @Jv,�H+�wa� ��va� @Jv, rü

� hvw gì�ql sdu

�w @

]
w

3

gI +v,

4�I +v�,
=

G*rü

�wa� � �va� @

]
w

v

+4�Qx�,
gI +x,

4�I +x�,
=

Gh soxv/

H+Qw �Qv@Jv, @ H+4v?��w@Jv, @ 4v?�
S+v ? � � w,

S+v ? � ,
@ 4v?�

I +w, �I +v,

4� I +v,

hw

H+

] w

v

+4�Qx�,
gI +x,

4� I +x�,
2 Jv, @ 4v?�

4

4� I +v,
^+4�I +w,

] w

v

gI +x,

4�I +x�,
.

] w

v

gI +x,

] x

v

gI +y,

4� I +y�,
,=

Sdu oh wkìruëph gh Ixelql/ rq rewlhqw

H+

]
w

v

+4�Qx�,
gI +x,

4�I +x�,
2 Jv, @ 4v?�

I +w,� I +v,

4�I +v,
=
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71414 Sulph B yhuvìh ã pdwxulwì

Qrxv frqvlgìurqv oh frqwudw vxlydqw txl yhuvh hq W

1 4 vl oh gìidxw q*hvw sdv duulyì dydqw od gdwh W

1 �+� , � 4 vl oh gìidxw dssdudñw dydqw od gdwh W rü � hvw xqh irqfwlrq eruìolhqqh=

Oh ydohxu gh fh }ìur0frxsrq hq 3 hvw

Sg+3> W , @ H^UW +4W?� . �+� ,4�?W ,`

@ H^UW +4 . 4�?W +�+� ,� 4,,`

@ UW ^4� +
U
W

3
+4� �+x,,gI +x,,`=

+715,

Grqqrqv wurlv fdv sduwlfxolhuv gdqv ohvtxhov qrxv srxyrqv h{solflwhu od irqfwlrq gh uìsduwlwlrq I=

l, Vl � hvw gh orl h{srqhqwlhooh gh sdudpëwuh �> doruv

Sg+3> W , @ UW +4�
] W

3

+4� �+x,,�h��xgx,=

ll, Vl � @ lqiiw>
U
w

3
�+v,gv A �j rü � hvw xqh irqfwlrq ã ydohxuv srvlwlyhv hw � xqh yduldeoh doìdwrluh gh

sdudpëwuh xq> doruv

I +W , @ S+� � W , @ S+

]
W

3

�+v,gv A �, @ 4� h{s+�
] W

3

�+v,gv,

hw

Sg+3> W , @ UW +4�
]

W

3

+4� �+x,,�+x, h{s+�
]

x

3

�+v,gv,gx,=

Fh fdv vh suìvhqwh qrwdpphqw vl � hvw oh suhplhu lqvwdqw gh vdxw g*xq surfhvvxv gh Srlvvrq g*lqwhqvlwì

gìwhuplqlvwh1

lll, Vl � @ lqiiw>
U
w

3 �+v,gv A �j rü � hvw xqh yduldeoh doìdwrluh srvlwlyh gh irqfwlrq gh uìsduwlwlrq �

dyhf �+3, @ 3> doruv

I +W , @ S+� � W , @ S+

]
W

3

�+v,gv A �, @ �+

] W

3

�+v,gv,

hw vl � hvw frqvwdqwh

Sg+3> W , @ UW +4� +4� �,�+

] W

3

�+v,gv,,=

Qrxv srxyrqv uhpdutxhu txh wrxv ohv fdv vh udpëqhqw ã fhv fdv sduwlfxolhuv1 Hq h�hw/ vl I hvw xqh

irqfwlrq gh uìsduwlwlrq/ qrxv lqwurgxlvrqv od irqfwlrq � whooh txh I +W , @ 4� h{s+��W ,= Rq rewlhqw

Sg+3> W , @ UW +4� +4� �,+4� h{s+��W ,,=

Od ydohxu ã od gdwh w g*xq who frqwudw hvw

Sg+w> W , @ 4w?�H^Uw

W
+4W?� . �+�,4��W , @ Jw` . 4w��U

w

W
�+� ,
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@ 4w?�U
w

W
+4�H+4��W +4� �+�,, @ Jw, . 4w��U

w

W
�+� ,

rü Uw

W
@ UW

Uw
=

Hq xwlolvdqw oh ohpph 715 rx sdu xq fdofxo gluhfw/ lo ylhqw

Sg+w> W , @ 4w?�U
w

W +4�
4

4� I +w,

] W

w

+4� �+x,,gI +x, . 4w��U
w

W �+� ,

hw vl � hvw frqvwdqwh

Sg+w> W , @ �Uw

W .4w?�U
w

W +4� �,
4�I +W ,

4� I +w,
+716,

Uhpdutxh 718 Rq shxw qrwhu txh od ydohxu g*xq }ìur0frxsrq hw od irqfwlrq gh uìsduwlwlrq gh � vrxv od

suredelolwì xwlolvìh srxu phqhu ohv fdofxov vrqw olìhv1 Qrxv prqwurqv soxv orlq txh od irqfwlrq gh uìsduwlwlrq

v*rewlhqw ã sduwlu ghv sul{ ghv }ìur0frxsrqv1

71415 Sulph B yhuvìh dx prphqw gx gìidxw

Od frpshqvdwlrq hvw gh od iruph �+v, � 4 hw hvw sd|ìh ã o*lqvwdqw gh gìidxw1 Od ydohxu g*xq who frqwudw ã

od gdwh 3 hvw

Sg+3> W , @ H+UW4W?� .U��+�,4�?W , @ UW +4� I +W ,, .

]
W

3

�+x,UxgIx= +717,

Vl qrxv uhsuhqrqv ohv fdv sduwlfxolhuv l, hw ll, gx sdudjudskh suìfìghqw/ qrxv rewhqrqv

l, vl �> � hw u vrqw frqvwdqwv

Sg+3> W , @ UW h{s+��W , .
U
W

3 � h{s+�ux,� h{s+��x,gx

@ h�+u.�,W . ��

u.�
+4� h�+u.�,W ,=

ll, Gdqv oh fdv jìqìudo/ rq rewlhqw

] W

3

�+x,UxgIx @

]
W

3

�+x,Ux h{s+�
]

x

3

�+v,gv,�+x,gx

@

]
W

3

�+x,�+x, h{s+�
]

x

3

+u+v, . �+v,,gv,gx=

Od ydohxu ã od gdwh w hvw grqqì sdu

Sg+w> W , @ H+Uw

W
4W?� .Uw

�
�+�,4��W2 Jw,

@ 4��w�+� ,U
w
� .4w?�U

w

W

S+W?�,
S+w?� , . 4w?�

4
S+w?� ,

U W
w
Uw
x�+x,gS+� � x,

@ 4��w�+� ,U
w
� .4w?�U

w

W

4�I +W ,
4�I +w, . 4w?�

4
4�I +w,

U
W

w
Uw
x�+x,gI +x,=

Gdqv oh fdv l, dyhf u hw � frqvwdqwv/ qrxv rewhqrqv

Sg+w> W , @ 4��w�h
�u+w�� , .4w?�ih�+u.�,+W�w, .

��

u . �
+4� h�+u.�,+W�w,,j=
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H{hpsoh 719 = Rq uhsuhqg o*h{hpsoh gh Gx!h0Odqgr +fi ^4`, rü lo h{lvwh xq xqltxh dfwli V gluljì sdu

xqh gl�xvlrq txl q*hvw sdv revhuyìh hw rü oh whpsv gh gìidxw � hvw oh suhplhu lqvwdqw rü o*dfwli wrxfkh

}ìur f*hvw0ã0gluh

� @ lqiiw A 3> Vw @ 3j=

Hq dssoltxdqw qrwuh pìwkrgh/ rq rewlhqw txh oh surfhvvxv gh kdvdug � yìul�h

g�w @
gI +w,

4�I +w,

fdu I hvw frqwlqxh1 Vl rq qrwh i od ghqvlwì gh � vl hooh h{lvwh> od irqfwlrq i+w,
4�I +w, fruuhvsrqg ã o*lqwhqvlwì

gh � vl o*rq dsshooh lqwhqvlwì od irqfwlrq � yìul�dqw Qw �
U
wa�
3 �vgv hvw xqh J�pduwlqjdoh=

Gx!h hw Odqgr rewlhqqhqw txh o*lqwhqvlwì � yìul�h

�+w, @
4

5
�5+w> 3,

C*

C{
+w> 3,= +718,

rü * hvw od ghqvlwì frqglwlrqqhooh gh Vw txdqg w ? � =

Hq idlw srxu prqwuhu ohxu uìvxowdw/ Gx!h hw Odqgr xwlolvhqw o*ìjdolwì vxlydqwh

�+w, @ olp
k$3

4

k+4� I +w,,

] 4

3

S+Vw 5 g{> w ? � ,S{+� ? k,=

Ru fhwwh ìjdolwì v*ìfulw

�+w, @ olp
k$3

4

k+4� I +w,,
^S+w ? � ,�

] 4

3

S+Vw 5 g{> w ? �,S{+� A k,`

@ olp
k$3

4

k+4� I +w,,
^S+w ? � ,� S+w. k ? � ,` @

i+w,

4�I +w,
=

Sdu frqwuh o*ìjdolwì hqwuh i+w,
4�I +w, hw oh phpeuh gh gurlwh gdqv o*h{suhvvlrq +718, q*hvw sdv wulyldoh1 Ohv

dxwhxuv frpphqfhqw sdu oh prqwuhu srxu xq eurzqlhq jìrpìwultxh sxlv oh jìqìudolvhqw1

715 Sursulìwìv ghv sul{ g*xq }ìur0frxsrq

71514 Prqrwrqlflwì ghv sul{

Od sursrvlwlrq vxlydqwh frq�uph oh uìvxowdw dwwhqgx ã vdyrlu txh oh sul{ g*xq }ìur0frxsrq hvw gìfurlvvdqw

hq W=

Sursrvlwlrq 71: Vl od irqfwlrq gh uìsduwlwlrq gh wdx{ hvw gl�ìuhqwldeoh gh gìulyìh i> od irqfwlrq W $

Sg+3> W , hvw gìfurlvvdqwh hq W 1

Gìprqvwudwlrq = l, Vl od frpshqvdwlrq hvw yhuvìh ã pdwxulwì hw vl rq gìulyh sdu udssruw ã W o*h{suhvvlrq

+716,/ rq rewlhqw

S 3
g+3> W , @ �uWSg+3> W ,�UW +4� �+W ,,i+W , � 3> fdu � � 4=

8:



ll, Vl od frpshqvdwlrq hvw yhuvìh dx prphqw gx gìidxw/ hq gìulydqw o*h{suhvvlrq 717/ lo ylhqw

S 3
g
+3> W , @ �uW +4�I +W ,, �UW +4� �+W ,,i+W , � 3> fdu � � 4=

71515 Uhodwlrq hqwuh ohv sul{ ghv }ìur0frxsrqv hw od irqfwlrq gh uìsduwlwlrq

8

Oh sdudjudskh suìfìghqw d plv hq ìylghqfh txh od frqqdlvvdqfh gh od irqfwlrq gh uìsduwlwlrq I rx gh

vd ghqvlwì i vrxv xqh p1p1h ìwdlhqw lqglvshqvdeoh srxu ìydoxhu nhv }ìur0frxsrqv dyhf gìidxw vrxv fhwwh

p1p1h1 Dlqvl vh srvh oh sureeoëph gh od fdoleudwlrq ghv sdudpëwuhv gx prgëoh hw qrwdpphqw gx pr|hq

gh uhwurxyhu od irqfwlrq I ã sduwlu ghv sul{ gx pdufkì1 Juåfh dx{ h{suhvvlrqv rewhqxhv suìfìghpphqw/

rq shxw prqwuhu txh od frqqdlvvdqfh ghv sul{ ghv }ìur0frxsrqv gh gl�ìuhqwhv pdwxulwìv shuphw g*rewhqlu

gh o*lqirupdwlrq vxu od irqfwlrq gh uìsduwlwlrq gh �=

Rq frqvlgëuh txh ghv }ìur0frxsrqv gh gl�ìuhqwhv pdwxulwìv vrqw qìjrflìv vxu oh pdufkì1 Sdu frqvìtxhqw/

lo h{lvwh hS xqh p1p1h1 Od suredelolwì hS hvw �{ìh sdu oh pdufkì1 Rq shxw ìqrqfhu oh uìvxowdw vxlydqw

Sursrvlwlrq 71; Vl od sulph � hvw frqvwdqwh hw yhuvìh ã pdwxulwì/ hw vl ghv }ìur0frxsrqv gh wrxwhv

pdwxulwìv vrqw qìjrflìv vxu oh pdufkì/ doruv rq frqqdlw od irqfwlrq gh uìsduwlwrq I vrxv od p1p1h �{ìh

sdu oh pdufkì1

Gìprqvwudwlrq = G*dsuëv o*h{suhvvlrq +716,/ rq d

Sg+3> W , @ UW +4� +4� �,I +W ,,

rü Sg+3> W , hvw oh sul{ gx }ìur0frxsrq1 Sdu frqvìtxhqw/

I +W , @
4

+4� �,
+4�

Sg+3> W ,

UW

,

�

Fh uìvxowdw vh jìqìudolvh gh od pdqlëuh vxlydqwh oruvtxh od frpshqvdwlrq q*hvw sdv frqvwdqwh1

Sursrvlwlrq 71< Vl � dgphw xqh ghqvlwì i> hw vl ghv }ìur0frxsrqv gh wrxwhv pdwxulwìv vrqw qìjrflìv/

doruv od ghqvlwì i vrxv od p1p1h �{ìh sdu oh pdufkì hvw frqqxh1

Gìprqvwudwlrq = O*h{suhvvlrq 715 shxw vh uìfuluh yhf od ghqvlwì i frpph vxlw

Sg+3> W , @ UW +4�
]

W

3

+4� �+x,,i+x,gx,=

Sdu frqvìtxhqw/

olp
k$3

Sg+3> W . k, �Sg+3> W ,

k
@ �uSg+3> W , .UW +4� �+W ,,i+W ,=

�
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^4` Gx!h G1/ Odqgr G1 = Whup vwuxfwxuh ri fuhglw vsuhdgv zlwk lqfrpsohwh dffrxqwlqj lqirupdwlrq/

suhsulqw/ FDI Frshqkdjhq/ 4<<:1
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Oruvtxh o*rq prgìolvh o*lqvwdqw gh gìidxw sdu xqh yduldeoh doìdwrluh srvlwlyh J�phvxudeoh/ lo shxw duulyhu

txh od yduldeoh doìdwrluh � vrlw xq I�whpsv g*duuíw1 Fh fdv vh surgxlw oruvtxh od wulex Kw hvw lqfoxvh

gdqv od wulex Iw> ;w � 3= Doruv od �owudwlrq J hw od �owudwlrq I fròqflghqw1 Fh fkdslwuh hvw frqvdfuì ã

o*ìwxgh gh fh fdv sduwlfxolhu1

Frpph suìfìghpphqw/ qrxv qrxv lqwìuhvvrqv ã o*ìydoxdwlrq g*dfwliv frqwlqjhqwv1 Qrxv prqwurqv tx*xqh

pìwkrgh frqvlvwh ã xwlolvhu o*lqwhqvlwì gx whpsv g*duuíw1 Dsuëv dyrlu ìqrqfì ohv frqglwlrqv g*h{lvwhqfh gh

o*lqwhqvlwì/ qrxv udsshorqv od frqglwlrq gxh ã Gx!h +^5`/ ^6`,1 Hq�q qrxv uhsuhqrqv gdqv ohv h{hpsohv

oh fdv rü � hvw oh whpsv g*dwwhlqwh g*xqh eduulëuh oruvtxh oh surfhvvxv V vxlw gdqv xq suhplhu whpsv oh

prgëoh suìvhqwì gdqv oh fkdslwuh 51 Qrxv prqwurqv txh oh whpsv � dgphw xqh lqwhqvlwì vrxv fhuwdlqhv

frqglwlrqv grqw qrxv gìwhuplqrqv o*h{suhvvlrq1

814 Lqwhqvlwì g*xq whpsv g*duuíw

Vrlw L xqh �owudwlrq1 Qrxv lqwurgxlvrqv od qrwlrq g*lqwhqvlwì srxu xq L�whpsv g3duuíw1

Gì�qlwlrq 814 = Vrlw � xq L�whpsv g*duuíw1 Vxssrvrqv tx*lo h{lvwh xq surfhvvxv � srvlwli L�dgdswì qrq

lghqwltxhphqw qxo who txh

Qw �
] wa�

3

�vgv

vrlw xqh L�pduwlqjdoh/ doruv oh surfhvvxv � hvw dsshoì L�lqwhqvlwì gh � 1

Uhpdutxrqv txh o*lqwhqvlwì q*hvw gì�qlh txh mxvtx*hq � hw txh vd ydohxu gìshqg gx fkrl{ gh od �owudwlrq1

Sursrvlwlrq 815 = l, Xq whpsv g*duuíw L�suìylvleoh q*dgphw sdv g*lqwhqvlwì gdqv oh �owudwlrq L1

ll, Vl � hvw xq whpsv g*duuíw wrwdohphqw lqdffhvvleoh/ doruv lo dgphw xqh lqwhqvlwì1

Gìprqvwudwlrq = l, Gdqv fh fdv/ oh surfhvvxv Q hvw L�suìylvleoh1 Sdu xqlflwì gx frpshqvdwhxu gh Q gdqv

od �owudwlrq L> Q hvw vrq sursuh frpshqvdwhxu1

ll, +fi Urjhuv 0Zlooldpv ^8`, �

O*h{hpsoh vxlydqw phw hq ìylghqfh oh fkrl{ fuxfldo gh od �owudwlrq srxu oh fdofxo gh o*lqwhqvlwì

Uhpdutxh 816 Frqvlgìurqv � 4 hw �5 ghx{ whpsv gh gìidxw gì�qlv sdu

� l @ lqiiw>#l

w
� �j
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rü #l> l @ 4> 5 vrqw ghv surfhvvxv I�dgdswìv yìul�dqw 3 � #4
w
? #5

w
hw � hvw xqh yduldeoh h{srqhqwlhooh

gh sdudpëwuh xq lqgìshqgdqwh gh I= Vl rq qrwh

Jl @ IbKl hw J @ I bK4 bK5

Doruv #l hvw od Jl� lqwhqvlwì gh � l1

Rq shxw uhpdutxhu txh � 5 hvw xq whpsv g*duuíw suìylvleoh gdqv od �owudwlrq J/ sdu vxlwh lo qh srvvëgh

sdv gh J�lqwhqvlwì1 Hq h�hw/ od vxlwh furlvvdqwh gh J�whpsv g*duuíw � +q, @ lqiiw A � 4> #
5
w
� �� 4

q
j/

+� +q,,qA3 frqyhujh yhuv � 5 =

Uhpdutxh 817 = Vl I hvw xqh �owudwlrq eurzqlhqqh/ wrxv ohv I�whpsv g*duuíw vrqw suìylvleohv1 Gdqv od

vxlwh/ I q*hvw sdv xqh �owudwlrq eurzqlhqqh1

Vl o*lqwhqvlwì gh � h{lvwh/ doruv rq shxw od fdofxohu frpph vxlw

Sursrvlwlrq 818 l, Vl � dgphw xqh L0lqwhqvlwì/ doruv

�+w, @ olp
k$3

H+Qw.k �Qw 2 Lw,
k

=

Gìprqvwudwlrq = l, Lo h{lvwh xq surfhvvxv � srvlwli L�dgdswì qrq lghqwltxhphqw qxo who txh

H+Qw.k �Qw 2 Lw, @ H+

] +w.k,a�

3

�vgv�
]

wa�

3

�vgv 2 Lw,=

Ru vl +iq,q�3 hvw xqh vxlwh txl frqyhujh s1v yhuv i hw txl yìul�h ohv k|srwkëvhv gx wkìruëph gh frqyhujhqfh

grplqìh gh Ohehvjxh/ rq shxw prqwuhu txh olpqH+iq 2 Lw, @ H+i 2 Lw,= Ru

olp
k$3

4

k

] +w.k,

w

�vgv @ �w=

Sdu frqvìtxhqw olpk$3
H+Qw.k�Qw 2 Lw,

k
@ olpk$3

4
k
H+
U +w.k,a�
wa� �vgv 2 Lw, @ �w1

Qrxv grqqrqv wrxw g*derug xq h{hpsoh vlpsoh gdqv ohtxho qrxv srxyrqv fdofxohu o*lqwhqvlwì g*xq whpsv

g*duuíw1

H{hpsoh 819 = Vrlw Q4 xq surfhvvxv gh Srlvvrq vwdqgdug g*lqwhqvlwì �
41 Vrlw L vd �owudwlrq qdwxuhooh

hw � oh suhplhu lqvwdqw gh vdxw gh Q4= Doruv � dgphw xqh lqwhqvlwì � @ �4> fdu lo hvw lqdffhvvleoh=

Rq d Q4
w � �

4
w hvw xqh pduwlqjdoh1 Hq dssoltxdqw oh wkìruëph gh Grre/ rq rewlhqw

Q4
wa� � �

4+w a � , hvw xqh pduwlqjdoh1

Lo uhvwh ã uhpdutxhu txh Q4
wa� @ Qw=

Od pìwkrgh txl frqvlvwh ã fdofxohu

olp
k$3

H+Qw.k �Qw 2 Lw,
k

frqgxlw dx píph uìvxowdw1
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815 K|srwkëvh +G,

Srxu srxyrlu ìydoxhu ohv dfwliv frqwlqjhqwv gx w|sh [4i�AWj rü [ 5 IW > gh qrpeuhx{ dxwhxuv +Gxi0

�h/ Odqgr hw Gx!h/ Vfkurghu/ Vnldgdv, rqw lqwurgxlw xqh frqglwlrq tx*lov rqw ìqrqfìh �oh surfhvvxv

H+[h�
U
W

w
�xgx 2 Iw, qh vdxwh sdv hq �%1 Fhwwh frqglwlrq suìvhqwh xqh dpeljxòwì txdqg dx fkrl{ gh �

vxu i� ? wj> qrxv od uììqrqêrqv vrxv od iruph vxlydqwh vrxv oh qrp g*k|srwkëvh +G,+fi ^5`/ ^6`,1

^G` Lo h{lvwh xqh lqwhqvlwì � I�dgdswìh whooh txh oh surfhvvxv Y gì�ql sdu

Yw @ H+[h�
U
W

w
�xgx 2 Iw,>

hvw frqwlqx hq � > l1h �YWa� @ 3=

Fhwwh k|srwkëvh shxw íwuh uhpsodfì gh pdqlëuh ìtxlydohqwh sdu o*k|srwkëvh

^G*` Lo h{lvwh xqh lqwhqvlwì � I�dgdswìh whooh txh od pduwlqjdoh P[ gì�qlh sdu P[

w @ H^[h�
U
W

3
�xgx 2

Iw` hvw frqwlqxh hq � =

Vrxv o*k|srwkëvh +G*,/ oh sulqflsdo uìvxowdw gh Gx!h hw do1 hvw oh vxlydqw

Sursrvlwlrq 81: = Vrlw W A 3 �{ì hw [ xqh y1d IW�phvxudeoh lqwìjudeoh1 Vrxv o*k|srwkëvh +G*,/ srxu

wrxw w ? W

H+[4iW?�j 2 Iw, @ 4iw?�jH+[h�
U
W

w
�xgx 2 Iw,= +814,

Vl +G*, q*hvw sdv yìul�ìh/

H+[4iW?�j 2 Iw, @ 4iw?�jH+[h�
U
W

w
�xgx ��P�4w?��W 2 Iw, +815,

Gìprqvwudwlrq = Vrlw

Xw @ +4�Qw,Yw @ +4�Qw,h
�
U
w

3
�xgxP[

w
=

Sdu xq fdofxo g*Lw÷/ rq prqwuh txh O4
w
@ +4�Qw,h

�
U
w

3
�xgx hvw xqh I0pduwlqjdoh txl d xq vhxo vdxw hq � 1

Dlqvl vl P[hvw frqwlqxh hq �> X hvw xqh I�pduwlqjdoh frpph surgxlw gh pduwlqjdohv ruwkrjrqdohv/ fdu

hoohv q*rqw sdv gh vdxwv frppxqv1 Frpph XW @ [4iW?�j/ qrxv dyrqv o*ìjdolwì +814,

H+[4iW?�j 2 Iw, @ 4iw?�jH+[h�
U
W

w
�xgx 2 Iw,=

Vlqrq hq dssoltxdqw od irupxoh g*Lw÷ dx surfhvvxv X> qrxv rewhqrqv

gXw @P[

w�gO
4
w . O4

w�gP
[

w ��Pw�Qw=

Ru �Qw @ gQw hw sdu vxlwh oh surfhvvxv
U
gXw .�PwgQw hvw xqh I�pduwlqjdoh1

Sdu frqvìtxhqw/

H+[4iW?�j .�P�4��W 2Iw, @ Xw .�P�4��w=

Hw o*ìjdolwì +815, hvw yìul�ìh1 �
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Uhpdutxh 81; = Gdqv od sudwltxh/ lo hvw gl!floh g*xwlolvhu fhwwh sursrvlwlrq1 Suhplëuhphqw/ rq qh vdlw

sdv gìwhuplqhu hq wrxwh jìqìudolwì oh vdxw �Y= Ghx{lëphphqw/ oh fkrl{ gx surorqjhphqw � q*hvw sdv dlvì1

Rq shxw uhpdutxhu txh oh fkrl{ qdwxuho �x @ �x4x?� qh frqylhqw sdv/ sxlvtxh gdqv fh fdv oh surfhvvxv

H+h�
U
W

w
�xgx 2 Iw, q*hvw mdpdlv frqwlqx1 Gh soxv/ oh surorqjhphqw gh � yìul�dqw o*k|srwkëvh +G, gìshqg

gh [ hw shxw qh sdv h{lvwhu srxu wrxwh y1d [= Vlqrq/ hq fkrlvvlvvdqw [ @ \ h�
U
W

w
�xgx/ rq d H+\ 2 Iw,

hvw frqwlqx1 Sdu frqvìtxhqw/ rq dxudlw txh wrxwhv ohv I0pduwlqjdohv vrqw frqwlqxhv1 Fh txh qrxv dyrqv

h{fox srxu rewhqlu o*h{lvwhqfh gh o*lqwhqvlwì1 Gh soxv/ O4 d xq vdxw hq � = Gx!h hw do1 rqw vxssulpì fh

sureoëph hq grqqdqw xqh h{suhvvlrq ã o*dlgh gx vdxw �Y= Fhshqgdqw od gl!fxowì gx fdofxo gh �Y q*hvw

sdv vxssulpìh1

Qrxv grqqrqv pdlqwhqdqw xq h{hpsoh gh whpsv gh gìidxw txl hvw xq whpsv g*duuíw srxu od �owudwlrq I

hq xwlolvdqw od prgìolvdwlrq gx fkdslwuh 5 srxu ohv sul{ ghv dfwliv V=

H{hpsoh 81< = Frqvlgìurqv oh pdufkì frqvwlwxì g*xq dfwli vdqv ulvtxh V3 yìul�dqw o*ìtxdwlrq

gV3
w @ V3

w uwgw> V
3
3 @ 4

rü u hvw gìwhuplqlvwh/ hw g*xq dfwli ulvtxì V vdwlvidlvdqw o*ìtxdwlrq +518,1 Rq vxssrvh txh ohv frh!flhqwv

�> � vrqw ghv frqvwdqwhv hw txh od irqfwlrq ! hvw frqvwdqwh sdu prufhdx{/ frqwlqxh ã gurlwh ìjdoh ã }ìur

rx ã !1 Rq qrwh I od �owudwlrq gh V=

Vrlw Wd oh whpsv g*duuíw Wd @ lqiiw A 3> Vw � d,1

Gìwhuplqrqv o*lqwhqvlwì h� gh Wd=

G*dsuëv ohv uìvxowdwv rewhqxv gdqv oh sdudjudskh 51815/ qrxv dyrqv

H+Qw.k �Qw 2 Iw, @ S+w ? � � w. k 2 Iw,

@ 4ivxsv�w Vv?djS+vxsw?v�w.kVv � d@Iw,=

@ 4ivxsv�w Vv?dj�+Vw,

rü

�+{, @ S+ vxs
w?v�w.k

Vwv �
d

{
,> { ? d=

Glvwlqjxrqv ghx{ fdv =

4h = lw @ 4=

Frpph sdu od vxlwh/ rq v*lqwìuhvvh ã od olplwh txdqg k whqg yhuv }ìur/ rq shxw vh uhvwuhlqguh dx{ k whov

txh lx @ 4/ w � x � w . k > doruv o*ìjdolwì +515;, grqqh

�+k, @

]
k

3

}
s
5�v6

h{s+�
+} � xv,5

5v
,gv

rü x @ 4
�
^�� 4

5
�5` hw } @ 4@� oq+d@{,= Sdu frqvìtxhqw/

h�w @ olp
k$3

4ivxsv�w Vv?dj
U k
3

}s
5�v6

h{s+� +}�xv,5
5v

,gv

k
@ 3=

Dlqvl o*lqwhqvlwì gh Wd q*h{lvwh sdv vxu il @ 4j= Fh uìvxowdw ìwdlw suìylvleoh sxlvtxh lo q*| d txh od sduwlh

eurzqlhqqh txl lqwhuylhqw gdqv oh fdofxo1
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5h = lw @ 31

Rq vh uhvwuhlqw dx{ k whov txh lx @ 3/ w � x � w . k >

0Vl �! A 3> doruv hq xwlolvdqw o*ìjdolwì +515<,/ lo ylhqw

�+{, @

;?= 4� h{s+� k,
S4

q@3 Dq+k,4ik��fqj vl �� �

!
? 3 hw �! A 3

4� h{s+� k,
S4

q@3
hDq+k,4ik��gqj vl �� �

!
A 3 hw �! A 3

rü �fq @ lqiiw>
�+���

!
,w.oq+d@{,

oq+4.�!,
� qj hw �gq @ lqiiw>

�+���
!
,w.oq+d@{,

oq+4.�!,
� qj=

Dlqvl vl �� �

!
? 3 hw �! A 3> vrlw q3 @ lqiiq> �f

q
A 3j @ ^

oq+d@{,
oq+4.�!, ` . 4= Srxu k ? �f

q3

� olp
k$3

4� h{s�k
Sq3�4

q@3 Dq+k,

k
@

;?= 3 vl q3 A 4

 vl q3 @ 4
=

fdu Dq+�
f
q, @ 3 srxu q � 4= Ru q3 @ 4 hvw ìtxlydohqw ã d

{
? 4 . �! l1h ã { A d+4 . �!,=

Vl � � �

!
A 3 hw �! A 3/ srxu k dvvh} shwlw/ �g

q
@ lqiiw>

�+���
!
,w.oq+d@{,

oq+4.�!, � qj � k hw h�w @ 3= Sdu

frqvìtxhqw o*lqwhqvlwì q*h{lvwh sdv1

10Vl �! ? 3> doruv hq xwlolvdqw o*ìjdolwì +5163,/ lo ylhqw

�+{, @

;?= 3 vl �� �

!
A 3 hw �! ? 3

4� h{s+� k,
S4

q@3
hDq+k,4ik��fqj vl �� �

!
? 3 hw �! ? 3=

Vl �� �

!
A 3 hw �! ? 3/ o*lqwhqvlwì q*h{lvwh sdv1

Vl �� �

!
? 3 hw �! A 3> srxu k dvvh} shwlw/ �f

q
A k> sdu frqvìtxhqw o*lqwhqvlwì q*h{lvwh sdv1

Vl rq uìfdslwxoh/ Wd dgphw xqh lqwhqvlwì h�w hq w vhxohphqw vxu ilw @ 3j hw vl �� �

!
? 3/ �! A 3= Rq d

h�w @ +4�Qw�,4iVwAd+4.�!,j =

Rq shxw uhpdutxhu txh vxu fhwwh h{hpsoh/ o*lqwhqvlwì q*h{lvwh sdv vxu il� 4j1 Rq qh srxuud sdv wurxyhu

xq surfhvvxv yìul�dqw o*k|srwkëvh +G,1 Sdu frqvìtxhqw/ lo idxgud wrxmrxuv ìydoxhu oh vdxw �Y=

Gdqv wrxw fh fkdslwuh/ qrxv qrxv vrpphv lqwìuhvvìv ã ghv lqvwdqwv gh gìidxw txl q*ìwdlhqw sdv ghv whpsv

g*duuíw suìylvleohv1 Qrwrqv txh oruvtxh � hvw xq whpsv g*duuíw suìylvleoh/ rq uhwurxyh dxvvl oh prgëoh

vwuxfwxuho sursrvì sdu Phuwrq +fi1 ^7`,1
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^4` Ehoodp| Q1 = Hydoxdwlrq hw frxyhuwxuh gdqv xq pdufkì gluljì sdu ghv surfhvxv glvfrqwlqxv/ Wkëvh/

Xqlyhuvlwì g*Hyu|/ 4<<<1

^5` Gx!h G1/ Odqgr G1 = Whup vwuxfwxuh ri fuhglw vsuhdgv zlwk lqfrpsohwh dffrxqwlqj lqirupdwlrq/

suhsulqw/ FDI Frshqkdjhq/ 4<<:1

^6` Gx!h G1/ Vfkurghu P1/ Vnldgdv F1 = Uhfxuvlyh ydoxdwlrq ri ghidxowdeoh vhfxulwlhv dqg wkh wlplqj

uhvroxwlrq ri xqfhuwdlqw|/ Dqqdov ri Dssolhg Suredelolw|/ 9/ 43:8043<3/ 4<<:1

^7` Phuwrq U1F1 = Rq wkh sulflqj ri frusrudwh ghew = wkh ulvn vwuxfwxuh ri lqwhuhvw udwhv/ Mrxuqdo ri

Ilqdqfh / 5</ 77<07:3/ 4<:71

^8` Urjhuv O1F1J1/ Zlooldpv G1 = Gl�xvlrqv/ Pdunry surfhvvhv dqg Pduwlqjdohv/ Yro 5/ Zloh| vhulhv lq

suredelolw| dqg pdwkhpdwlfdo Vwdwlvwlfv/ 4<<31
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Qrxv uhsuhqrqv oh pdufkì gìfulw gdqv o*lqwurgxfwlrq gdqv oh fdv sduwlfxolhu rü od �owudwlrq I hvw o*revhu0

ydwlrq ghv sul{ ghv dfwliv Vl> l @ 3> ===> q f*hvw0ã gluh

Iw @ �+Vlv> V
3
v > v � w> l @ 4> ===> q,=

Gdqv fh fdv/ od �owudwlrq I hw od �owudwlrq J qh vrqw sdv ohv píphv ã sulrul1 Qrxv dyrqv grqf xq

jurvvlvvhphqw gh �owudwlrq1

Qrxv suìflvrqv ohv k|srwkëvhv +K, hw +J, txl lpsoltxhqw od frqvhuydwlrq gh od sursulìwì gh pduwlqjdohv

oruv g*xq jurvvlvvhphqw gh �owudwlrq1 Qrxv ìwdeolvvrqv hqvxlwh oh olhq hqwuh o*k|srwkëvh +K, hw oh idlw txh

� vrlw oh whpsv g*dwwhlqwh g*xqh eduulëuh vwrfkdvwltxh > fhfl qrxv shuphw gh grqqhu ghv h{hpsohv g*lqvwdqw

gh gìidxw rü o*rq vh wurxyh gdqv fhwwh vlwxdwlrq1

Ohv txhvwlrqv gh frpsoìwlrq gh pdufkì vrqw iruwhphqw olìhv ã od txhvwlrq gh sursulìwì gh uhsuìvhqwdwlrq

suìylvleoh1 Dlqvl/ qrxv ìwdeolvvrqv ghv wkìruëphv gh uhsuìvhqwdwlrq suìylvleoh srxu ghv J�pduwlqjdohv1

Fhv uìvxowdwv qrxv shuphwwhqw g*ìwdeolu od g|qdpltxh g*xq }ìur0frxsrq hw g*ìwxglhu od frpsoìwlrq gx

pdufkì +fkdslwuh <,1

Hq�q qrxv grqqrqv xqh mxvwl�fdwlrq �qdqflëuh gh o*k|srwkëvh +K, hq ìwxgldqw od uhodwlrq hqwuh o*devhqfh

g*duelwudjh hw od sursulìwì g*lqyduldqfh ghv pduwlqjdohv +k|srwkëvh +K,,1

Qrxv dyrqv wudlwì gdqv oh fkdslwuh suìfìghqw oh fdv sduwlfxolhu rü � hvw xq I�whpsv g*duuíw1 Dlqvl ã

sduwlu gh pdlqwhqdqw/ � q*hvw sdv xq I0whpsv g*duuíw1

914 K|srwkëvh +K, hw k|srwkëvh +J,

Qrxv doorqv udsshohu gdqv od vxlwh gx sdudjudskh gl�ìuhqwhv k|srwkëvhv txl lpsoltxhqw od frqvhuydwlrq

gh od sursulìwì gh pduwlqjdohv rx gh pduwlqjdohv duuíwìhv1

91414 K|srwkëvh +K,

Oh fdv oh soxv vlpsoh gh jurvvlvvhphqw gh �owudwlrq hvw fhoxl rü od sursulìwì gh pduwlqjdoh vh frqvhuyh

oruvtxh o*rq sdvvh gh od �owudwlrq I ã od �owudwlrq J1 Fhwwh k|srwkëvh hvw dsshoìh k|srwkëvh +K, hw vh

irupxoh gh od pdqlëuh vxlydqwh =

9:



^K` Wrxwh I0pduwlqjdoh gh fduuì lqwìjudeoh hvw xqh J0pduwlqjdoh gh fduuì lqwìjudeoh1

Fhwwh k|srwkëvh hvw ìtxlydohqwh ã o*lqgìshqgdqfh frqglwlrqqhooh gh I4 hw Jw sdu udssruw ã Iw> vrlw ã

o*xqh ghv k|srwkëvhv ìtxlydohqwhv vxlydqwhv +fi1 Ghoodfkhulh ^7`,

+K4, ;I 5 I4>;Jw 5 Jw> H+IJw@Iw, @ H+I@Iw,H+Jw@Iw,

+K5, ;w � 3>;Jw 5 Jw> H+Jw@I4, @ H+Jw@Iw,

+K6, ;w � 3>;I 5 I4> H+I@Jw, @ H+I@Iw,

hw gdqv oh fdv sduwlfxolhu Jw @ Iw bKw ã

;v � w> S +� � v@I4, @ S +� � v@Iw,

rx gh pdqlëuh ìtxlydohqwh ã +fi1 Ghoodfkhulh ^7`,

;w> S +� � w@I4, @ S +� � w@Iw,=

Hq sduwlfxolhu/ ohv surfhvvxv I hw � vrqw furlvvdqwv1

Uhpdutxh 914 = Gdqv oh fdv rü od �owudwlrq I hvw xqh �owudwlrq eurzqlhqqh/ o*k|srwkëvh +K, hvw yìul�ìh

vl hw vhxohphqw vl oh I�prxyhphqw eurzqlhq hvw xq J�prxyhphqw eurzqlhq1

Uhpdutxh 915 Vl � hw od �owudwlrq I vrqw lqgìshqgdqwv/ oh sureoëph vh wudlwh gh od píph pdqlëuh

sxlvtxh oh surfhvvxv I hvw gìwhuplqlvwh1

91415 K|srwkëvh +J,

Qrxv qrwrqv +J, o*k|srwkëvh vxlydqwh1

^J` Oh surfhvvxv I hvw furlvvdqw1

Fhwwh k|srwkëvh hvw surfkh gh o*k|srwkëvh +K, frpph oh prqwuh oh uìvxowdw vxlydqw +fi1 ^:`,1 Gh soxv/

+K, lpsoltxh +J,1

Sursrvlwlrq 916 = Vl wrxwhv ohv I0pduwlqjdohv vrqw frqwlqxhv/ qrxv dyrqv ìtxlydohqfh hqwuh

l, +J, hvw yìul�ìh

ll, vl +\w> w � 3, hvw xqh I�pduwlqjdoh gh fduuì lqwìjudeoh/ doruv +\wa� > w � 3, hvw xqh J�pduwlqjdoh1

Qrxv lqwurgxlvrqv pdlqwhqdqw/ od J�pduwlqjdoh P / pduwlqjdoh frpshqvìh gx surfhvvxv gh gìidxw Q=

Srxu fhod/ qrxv dsshorqv � oh surfhvvxv I�suìylvleoh v*lo h{lvwh gì�ql gh od pdqlëuh vxlydqwh =

Gì�qlwlrq 917 = Oh surfhvvxv �> I�suìylvleoh frqwlqx ã gurlwh hw furlvvdqw yìul�dqw Pw @ Qw��+wa� ,

hvw xqh J�pduwlqjdoh/ hvw dsshoì oh I0pduwlqjdoh surfhvvxv gh kdvdug +p1s1k hq deuìjì, gx whpsv �=

Uhpdutxh 918 Vrxv od frqglwlrq +F5,/ oh fdudfwëuh I0suìylvleoh gx surfhvvxv � hqwudñqh txh ��� @ 3

fdu ohv lqvwdqwv gh vdxw g*xq surfhvvxv suìylvleoh vrqw ghv whpsv g*duuíwv suìylvleohv +fi Mdfrg0Vklu|dhy

^<`,=
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Gì�qlwlrq 919 = Vxssrvrqv tx*lo h{lvwh xq surfhvvxv � I�dgdswì yìul�dqw

g�w @ �wgw=

Doruv oh surfhvvxv � hvw dsshoì I�lqwhqvlwì gh �=

Ohv dxwhxuv txl/ frpph Gx!h/ q*xwlolvhqw txh od vhxoh �owudwlrq J> sduohqw dxvvl g*lqwhqvlwì srxu oh

whpsv � = Gdqv fh fdv/ o*lqwhqvlwì � hvw gì�qlh frpph o*lqwhqvlwì g*xq J�whpsv g*duuíw/ l1h xq surfhvvxv

J�dgdswì1 Fhshqgdqw hq uìdolwì � hvw I�dgdswì hw gì�ql mxvtx*hq � gh pdqlëuh xqltxh1 Rq shxw od

gì�qlu gh pdqlëuh xqltxh dsuëv � vl rq srvh � @ 3 vxu o*hqvhpeoh i4�Iwj1 Fhfl shuphw g*ìylwhu g*dyrlu

uhfrxuv ã ghv frqglwlrqv gx w|sh gh o*k|srwkëvh +G,1 Qrwdpphqw/ oh fdofxo gx vdxw gx surfhvvxv Y q*hvw

sdv xwloh1 Lo vx!w g*dssoltxhu ohv ìjdolwìv +615, hw +616, ydodeohv hq wrxwh jìqìudolwì1

Od sursrvlwlrq vxlydqwh qrxv shuphw gh prqwuhu o*h{lvwhqfh hw gh fdudfwìulvhu oh surfhvvxv � vrxv o*k|0

srwkëvh +J,1

Sursrvlwlrq 91: = l, Qrxv vxssrvrqv txh o*k|srwkëvh +J, hvw yìul�ìh hw txh oh surfhvvxv � gì�ql sdu

g�w @
gIw

4�Iw�
> �3 @ 3

hvw I�suìylvleoh1 Doruv � hvw oh I0p1s1k gh � 1

ll, Vl ohv k|srwkëvhv gh l, qh vrqw sdv vdwlvidlwhv/ doruv oh I0p1s1k gh � hvw ìjdo ã

g�w @
g eIw

4� Iw�
> �3 @ 3>

rü eI hvw oh I�frpshqvdwhxu gh I l1h oh surfhvvxv furlvvdqw I�suìylvleoh who txh I� eI hvw xqh I�pduwlqjdoh1

Gìprqvwudwlrq = Lo idxw prqwuhu txh Qw ��wa� hvw xqh J�pduwlqjdoh1 Od gìprqvwudwlrq vxlw od píph

pìwkrgh txh fhooh gx wkìruëph 717 hq whqdqw frpswh gh od �owudwlrq I1 �

Uhpdutxh 91; = Vl I hvw frqwlqx/ doruv � @ �=

Vl I hvw xqh �owudwlrq eurzqlhqqh/ doruv oh surfhvvxv I hvw I�suìylvleoh hw g�w @
gIw

4�Iw� > �3 @ 31

Gh pdqlëuh soxv jìqìudoh/ od sursrvlwlrq vxlydqwh ìwdeolw oh olhq hqwuh oh surfhvvxv � hw oh surfhvvxv �=

Sursrvlwlrq 91< = l, Vrxv o*k|srwkëvh +J,/ qrxv dyrqv

h��w @ +4� Iw, @ h��fw
\

3�v�w
+4���v,> +914,

rü �f hvw od sduwlh frqwlqxh gh �=

ll, Vrxv o*k|srwkëvh +K,/ vl od �owudwlrq I qh frqwlhqw txh ghv pduwlqjdohv frqwlqxhv +hq sduwlfxolhu vl I

hvw xqh �owudwlrq eurzqlhqqh, hw vl oh surfhvvxv � hvw frqwlqx/ doruv � hvw frqwlqx hw � @ �=

Gìprqvwudwlrq = l, Lo vx!w gh uhpdutxhu

h���w @ 4���w=

9<



ll, G*dsuëv od gìfrpsrvlwlrq gh Grre0Ph|hu/ lo h{lvwh xqh I0pduwlqjdoh ] hw xq surfhvvxv I0suìylvleoh

furlvvdqw eI whov txh

Iw @ ]w . eIw=
Sdu k|srwkëvh/ P hvw frqwlqx hw eI dxvvl1 Fdu ��w @

� eIw
4�Iw� @ 3= Sdu frqvìtxhqw/ oh surfhvvxv I hvw

frqwlqx1 Vrxv +K,/ fhfl lpsoltxh � @ �= �

O*h{hpsoh vxlydqw looxvwuh fhwwh sursrvlwlrq =

H{hpsoh 9143 = Vrlw � lqgìshqgdqw gh od �owudwlrq I who txh S+ � @ w4, @ s hw S+� @w5, @ 4 � s dyhf

w4 ? w5 ? W= Doruv

�w @ 3 vl 3 � w ? w4

�w @ s vl w4 � w ? w5

�w @ 4 vl w5 � w

hw

4� Iw @ 4 vl 3 � w ? w4

4� Iw @ 4� s vl w4 � w ? w5

4� Iw @ 3 vl w5 � w

Ru �f @ 3> sdu frqvìtxhqw o*ìjdolwì +914, hvw yìul�ìh1

Ohpph 9144 = Vrxv o*k|srwkëvh +J, hw vl oh surfhvvxv I hvw suìylvleoh/ od J0pduwlqjdoh O gì�qlh sdu

o*ìjdolwì +617, vdwlvidlw o*ìtxdwlrq

gOw @ �h�wgPw=

Gìprqvwudwlrq = Gh o*h{suhvvlrq gOw @ +4�Qw�,g+h
�w, � h�w�gQw ��Qw�h�w > qrxv gìgxlvrqv

gOw @ �h�wgQw . h�w�+4�Qw�,^g�w . h��w � 4���w`=

Ru

h�w�+g�w . h��w � 4���w, @ h�w
gIw

4� Iw�

g*rü

gOw @ h�w+�gQw . +4�Qw�,
gIw

4� Iw�
,=

Rq yìul�h txh oh vdxw gh O hq � hvw O��= �

91416 Surfhvvxv gh Fr{

Ohv surfhvvxv gh Fr{ shuphwwhqw gh frqvwuxluh ghv h{hpsohv w|sltxhv gh whpsv gh gìidxw rü o*k|srwkëvh

+K, hvw yìul�ìh1 Qrxv prqwurqv txh fh vrqw ohv vhxov1 Srxu frqvwuxluh xq who whpsv gh gìidxw/ qrxv

qrxv grqqrqv � xq surfhvvxv furlvvdqw/ I�dgdswì vxu xq hvsdfh +
> +Iw,>S, hw qrxv frqvlgìurqv � xqh

yduldeoh doìdwrluh gh orl h{srqhqwlhooh gh sdudpëwuh xq/ frqvwuxlwh vxu xq hvsdfh +e
> eI > eS,= Rq gì�qlw

doruv � vxu o*hvsdfh surgxlw +
� e
>I
 eI >S
eS, sdu
� @ lqiiw> �w � �,>
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rü � hvw xq surfhvvxv furlvvdqw yìul�dqw �3 @ 31

Doruv o*k|srwkëvh +K, hvw yìul�ìh srxu ohv �owudwlrqv I hw J1 Hq h�hw/ frpph ~� A wj @ i�w ? �j> qrxv

dyrqv

S +� A w@I4, @ h{s+��w,

hw

4�Iw @ S +� A w@Iw, @ S +� A w@I4@Iw, @ h{s+��w,=

Sdu frqvìtxhqw/ o*ìjdolwì vxlydqwh hvw yìul�ìh

S +� � w@Iw, @ S +� � w@I4,

hw o*k|srwkëvh +K, hvw yudlh1

Oh surfhvvxv � frñqflgh dyhf oh surfhvvxv gh kdvdug �= D o*dlgh gh od uhpdutxh 618/ rq shxw o*lqwhusuìwhu

frpph xq vsuhdg txh gh qrpeuhx{ dxwhxuv prgìolvhqw1

Uhpdutxh 9145 = Gdqv oh fdv rü � q*hvw sdv gh orl h{srqhqwlhooh/ pdlv vlpsohphqw xqh yduldeoh doìd0

wrluh srvlwlyh gh irqfwlrq gh uìsduwlwlrq �/ qrxv srxyrqv frqvwuxluh hqfruh ghv surfhvvxv vlplodluhv +fi

Zrqj ^48` rx Eìodqjhu/ Vkuhyh hw Zrqj ^4`,1 Rq vh udpëqh dx fdv g*xqh yduldeoh h{srqhqwlhooh hq srvdqw

4��+�w, @ h{s+��4
w ,1

Uhpdutxh 9146 = Vl oh surfhvvxv � v*ìfulw �w @
U
w

3
�vgv rü � q*hvw sdv srvlwli / qrxv srxyrqv frqvwuxluh

xq whpsv gh gìidxw sdu oh píph surfìgì ã od vhxoh gl�ìuhqfh txh gdqv fh fdv

S +� A w@I4, @ h{s+� vxs
v�w

]
v

3

�xgx,=

Oh surfhvvxv I hvw ìjdo ã Iw @ 4� h{s+� vxs
v�w
U v
3
�xgx,=

Gdqv o*duwlfoh gh Mduurz0\x ^43`/ ohv dxwhxuv xwlolvhqw qrq sdv oh vxsuhpxp gx surfhvvxv
U v
3
�xgx> pdlv

oh surfhvvxv oxl0píph1

Gdqv oh fdv rü oh surfhvvxv � hvw xq surfhvvxv g*Ruvwhlq0Xohpehfk/ fhwwh vlpsol�fdwlrq hvw olflwh Hq

h�hw oh wdeohdx vxlydqw grqqh ohv ydohxuv rewhqxv srxu od yduldqfh gh o*huuhxu frpplvh srxu xq surfhvvxv

g*Ruvwhlq0Xohpehfk sduwdqw gh { hw gh sdudpëwuh e=

{ d yduldqfh gh o*huuhxu

3136 315 618;6<4 43�9

3136 314 617<946 43�9

3136 5 7147 43�9

3136 3135 6178 43�9

3138 315 6164 43�9

3138 314 615687: 43�9

313: 315 613:;57 43�9

313: 314 51<;7<5 43�9
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91417 Eduulëuh vwrfkdvwltxh

Qrxv yhqrqv gh yrlu txh gdqv oh fdv rü � dssdudñw frpph oh suhplhu lqvwdqw rü xq surfhvvxv I�dgdswì

ã yduldwlrq eruqìh dwwhlqw xqh eduulëuh lqgìshqgdqwh gh I4/ od sursulìwì +K, hvw yìul�ìh1 Oh uìvxodw

vxlydqw prqwuh tx*lo hvw ìtxlydohqw gh wudydloohu vrxv od sursulìwì +K, rx gh prgìolvhu � sdu xq surfhvvxv

gh Fr{1 Qrxv uhsurgxlvrqv od gìprqvwudwlrq txl �jxuh gdqv ^;`1

Sursrvlwlrq 9147 = Vl oh whpsv gh gìidxw � yìul�h od sursulìwì +K,/ doruv lo h{lvwh xqh yduldeoh doìdwrluh

� lqgìshqgdqwh gh I4 hw [ xq surfhvvxv Iw�dgdswì furlvvdqw who txh

� @ lqiiw>[w � �,=

Vl oh surfhvvxv � hvw frqwlqx> rq shxw suhqguh � gh orl h{srqhqwlhooh gh sdudpëwuh xq1

Gìprqvwudwlrq = Oh surfhvvxv � hvw gì�ql sdu S+� A w@I4, @ S+� A w@Iw, @ h��w =

Vl rq srvh � @ �� > qrxv rewhqrqv

+w ? �� , @ +�w ? � ,

rü � hvw o*lqyhuvh gx surfhvvxv furlvvdqw �/ I0 dgdswì hw gì�ql sdu

�w @ lqiix > �x A wj=

Dlqvl

S+� A w 2I4, @ S+�w ? � 2 I4, @ h{s+���w, @ h{s+�w,

vl oh surfhvvxv � hvw frqwlqx1 Sdu frqvìtxhqw � hvw lqgìshqgdqwh gh I4 hw gh orl h{srqhqwlhooh1

Vl � q*hvw sdv frqwlqx/ doruv

h{s+���w, @ h{s�w4 rü w4 @ vxsix � w> �x @ �w4j=

Oh surfhvvxv � ìwdqw furlvvdqw/ lo v*hq vxlw txh

� @ lqiiw> �w � �,=

Fhwwh sursrvlwlrq prqwuh txh ohv surfhvvxv gh Fr{ vrqw ohv vhxov h{hpsohv srxu ohvtxhov od sursulìwì +K,

hvw yìul�ìh1

Rq shxw uhpdutxhu txh/ sdu fkdqjhphqw gh suredelolwì ìtxlydohqwh/ od sursulìwì +K, vhud frqvhuyìh

vl o*rq suìvhuyh o*lqgìshqgdqfh hqwuh � hw I4= Hq h�hw/ vl vrxv T suredelolwì ìtxlydohqwh ã S> � hvw

lqgìshqgdqw gh I4> doruv +K, vhud yìul�ìh1 Sdu frqwuh/ od orl gh � qh vhud sdv qìfhvvdluhphqw xqh orl

h{srqhqwlhooh1
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915 Uhodwlrq hqwuh k|srwkëvh +K, hw duelwudjh

91514 Wkìruëphv gh uhsuìvhqwdwlrq

Qrxv udsshorqv wrxw g*derug gdqv oh fdv rü I hvw xqh �owudwlrq eurzqlhqqh/ oh wkìruëph gh uhsuìvhqwdwlrq

suìylvleoh gx frxsoh +Z>P, ìwdeol sdu Nxvxrnd ^46` gdqv oh fdv rü I hvw frqwlqx1 Fh uìvxowdw shxw íwuh

jìqìudolvì dx fdv glvfrqwlqx +I ìwdqw suìylvleoh sxlvtxh od �owudwlrq I hvw eurzqlhqqh,1

Wkìruëph 9148 = Vrxv o*k|srwkëvh +K,/ vl [ hvw xqh J�pduwlqjdoh gh fduuì lqwìjudeoh/ lo h{lvwh ghx{

surfhvvxv J�suìylvleohv/ * = ^3> W `� 
$ Uq hw # = ^3> W `�
$ U yìul�dqw

HS^

] W

3

m*wm
5
gw` ?4>HS^

] W

3

#
5
w
g�w` ?4

whov txh

[w @ {.

] w

3

*
v
gZv .

] w

3

#
v
gPv=

rü P hvw od J0pduwlqjdoh Pw @ Qw � �wa� =

Gìprqvwudwlrq = Gdqv oh fdv rü I hvw glvfrqwlqx/ lo vx!w gh prqwuhu txh wrxwh yduldeoh doìdwrluh ] @

+4�Qv,Jw @ Ovh
��vJw srxu v � w v*ìfulw frpph vrpph gh ghx{ lqwìjudohv vwrfkdvwltxhv1 Ru g*dsuëv oh

wkìruëph gh uhsuìvhqwdwlrq srxu od �owudwlrq I> dssoltxì ã od y1d Iw�phvxudeoh h��vJw> lo h{lvwh " xq

surfhvvxv I�suìylvleoh who txh

h��vJw @ H+h��vJw, .

]
w

3

"+x,gZx=

Frpph gOx @ �h�xgPx hw txhZ hwP q*rqw sdv gh vdxwv frppxqv/ rq rewlhqw oh uìvxowdw hq dssoltxdqw

xqh lqwìjudwlrq sdu sduwlhv1 �

Uhpdutxh 9149 = Od gìprqvwudwlrq gh fh wkìruëph uhsrvh vxu oh idlw txh Z hw P q*rqw sdv gh vdxwv

frppxqv hw txh Z srvvëgh od sursulìwì gh uhsuìvhqwdwlrq suìylvleoh1 Qrxv srxyrqv oh jìqìudolvhu dx fdv

rü od �owudwlrq I hvw od �owudwlrq g*xqh pduwlqjdoh d|dqw od sursulìwì gh uhsuìvhqwdwlrq suìylvleoh hw vdqv

vdxwv frppxqv dyhf P= Hq sduwlfxolhu/ gdqv oh fdv rü I hvw od �owudwlrq g*xq vhfrqg whpsv gh gìidxw �5

yìul�dqw S+� @ �5, @ 3=

Fh wkìruëph qrxv grqqh o*h{lvwhqfh gh od sursulìwì gh uhsuìvhqwdwlrq suìylvleoh ghv pduwlqjdohv gh

fduuì lqwìjudeoh1 Qrwrqv txh ohv frh!flhqwv lqwhuyhqdqw gdqv ohv lqwìjudohv vwrfkdvwltxhv qh vrqw sdv

h{solflwhphqw frqqxv1

Srxu ohv pduwlqjdohv gx w|sh H+k� 2 Jw,> qrxv srxyrqv ìqrqfhu xq wkìruëph txl suìflvh ohxu gìfrpsr0

vlwlrq hw txl shuphw gh v*d�udqfklu gh o*k|srwkëvh I hvw xqh �owudwlrq eurzqlhqqh1

Sursrvlwlrq 914: = Rq vxssrvh txh o*k|srwkëvh +K, hvw yìul�ìh hw txh oh surfhvvxv

Iw @ S +� � w@Iw,

hvw frqwlqx1 Vrlw k xq surfhvvxv I0suìylvleoh eruqì hw Kw @ H+k� 2 Jw,= Doruv od J�pduwlqjdoh K dgphw
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od gìfrpsrvlwlrq vxlydqwh

Kw @p3 .

]
wa�

3

h�xgpx .

]
wa�

3

+kx �Kx�,gPx

rü p hvw od I0 pduwlqjdoh

pw @ H+

] 4

3

kxh
��xg�x2 Iw,>

hw rü Pw @ Qw �
U
wa�
3

gIx

4�Ix =

Gìprqvwudwlrq = Qrxv dyrqv/ hq dssoltxdqw o*ìjdolwì 618

Kw @ H+k�@Jw, @ 4i��wjk� . 4i�AwjH+

] 4

w

kxh
�w��xg�x 2Iw, @ 4i��wjk� . 4i�AwjDw

rü

Dw @ h�wpw � h�w
U
w

3
kxh

��xg�x=

Sdu xqh lqwìjudwlrq sdu sduwlhv/ qrxv rewhqrqv =

gDw @ h�wgpw .pw�g+h
�w,� kwg�w � +

U
w

3
kxh

��xg�x,g+h
�w,

@ h�wgpw . +Dw� � kw,g�w=

Ru

Dw4iw?�j @p3 .

] wa�

3

gDv �D�4i��wj=

Sxlvtxh Dx @Kx vxu ix ? �j hw �D� @ �p� @ 3 +fdu rx elhq wrxwhv ohv I�pduwlqjdohv vrqw frqwlqxhv

rx elhq S+� @ � , @ 3 srxu wrxw I�whpsv g*duuíw �> frqglwlrq +F4, rx +F5,,/ doruv

Kw @p3 .

]
wa�

3

h�xgpx .

]
wa�

3

+kx �Kx�,gPx=

�

Uhpdutxh 914; = Vl od �owudwlrq I hvw xqh �owudwlrq eurzqlhqqh lo h{lvwh xq surfhvvxv

� @ +�l> l @ 4> ===> q,

who txh gpw @ �
w
gZw hw

Kw @p3 .

] wa�

3

h�x�
x
gZx .

] wa�

3

+kx �Kx�,gPx=

Od sursrvlwlrq vxlydqwh jìqìudolvh oh uìvxowdw suìfìghqw dx fdv rü oh surfhvvxv I q*hvw sdv frqwlqx =

Sursrvlwlrq 914< = Rq vxssrvh txh o*k|srwkëvh +K, hvw yìul�ìh hw txh I hvw I�suìylvleoh1

Vrlw k xq surfhvvxv I0suìylvleoh eruqì/ hw Kw @ H+k� 2 Jw,= Doruv oh surfhvvxv K dgphw od gìfrpsrvlwlrq

vxlydqwh =

Kw @p3 .

] wa�

3

h�x�gpx .

] wa�

3

h��x+kx �Kx�,gPx

hw P od J0pduwlqjdoh Pw @ Qw ��wa� rü g�x @ gIx

4�Ix� =
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Gìprqvwudwlrq = Od gìprqvwudwlrq vh gìurxoh gh pdqlëuh vlplodluh ã fhooh h�hfwxìh gdqv oh fdv frqwlqx1

Qrxv dyrqv Kw @ 4i��wjk� .4i�AwjDw rü Dw @ h�wpw � h�w
U w
3
kxgIx=

Sdu xqh lqwìjudwlrq sdu sduwlhv/ hq xwlolvdqw txh oh surfhvvxv � hvw furlvvdqw/ qrxv rewhqrqv juåfh ã od

irupxoh g*Lw÷

g+h�w, @ h�w� +g�w . h��w � 4���w, @ h�w�
gIw

4� Iw
>

g*rü

gDw @ h�w�gpw .Dw�
gIw

4�Iw
� kw+h

�
w�gIw .�Iw�h

�w,=

Vl rq qrwh I f od sduwlh frqwlqxh gx surfhvvxv furlvvdqw I> qrxv dyrqv txh

h�w�gIw .�Iw�h�w @ h�w�gI f

w .�Iw+h
�
w� .�h�w, @

gIw

4� Iw
=

Doruv

gDw @ h�w�gpw . +Dw� � kw,
gIw

4�Iw

@ h�w�gpw . h��w+Kw� � kw,
gIw

4�I
w�
=

Ru

Dw4iw?�j @p3 .

]
wa�

3

gDv �D�4i��wj

hw frpph Dx @Kx vxu ix ? �jhw �D� @ �h��k��I� .D��
�I�

4�I� > fdu frpph suìfìghpphqw �p� @ 3=

Sdu frqvìtxhqw/

Kw @ p3 .
U
wa�
3

h�x�gpx .
U
wa�
3

h��x+Kx� � kx,
gIx

4�I
x�

. +k� �D� ,4i��wj

@ p3 .
U
wa�
3

h�x�gpx .
U
wa�
3

h��x+Kx� � kx,
gIx

4�I
x�

.

^+k� �D��,+4 .
�I�

4�I� ,`4i��wj

@ p3 .
U
wa�
3

h�x�gpx .
U
wa�
3

h��x+kx �Kx�,gPx=

�

Uhpdutxh 9153 Oh surfhvvxv I ìwdqw suìylvleoh/ lo hq hvw gh píph srxu h��> oh surfhvvxv

+
U wa�
3

h��x+kx �Kx�,gPx> w � 3, hvw grqf xqh pduwlqjdoh orfdoh1

91515 Vwdelolwì gh o*k|srwkëvh +K, sdu fkdqjhphqw gh suredelolwì

Rq vh sodfh gdqv oh fdv rü od �owudwlrq I hvw xqh �owudwlrq eurzqlhqqh1 Rq vxssrvh txh +K, hvw yìul�ìh

vrxv od suredelolwì klvwrultxh S1 Rq d grqf

S+� � w@I4, @ S +� � w@Iw,=

Vrlhqw hS xqh suredelolwì ìtxlydohqwh ã S vxu JW > hw +Nw> w � 3, od ghqvlwì gh Udgrq0Qlnrg|p gh hS sdu

udssruw ã S1

ghSmJw @ NwgSmJw=
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G*dsuëv oh wkìruëph 9148 hw srxu N srvlwlyh/ od pduwlqjdoh N dgphw o*ìfulwxuh vxlydqwh

gNw @ Nw�+#wgZw .*wgPw,

N3 @ 4

rü * hw # vrqw ghx{ surfhvvxv J� suìylvleohv yìul�dqw

HS^

] W

3

N5
w m#wm

5
gw` ?4>HS^

] W

3

N5
w *

5
wg�w` ?4=

Wkìruëph 9154 = Vl # hvw I0dgdswì doruv +K, hvw yìul�ìh vrxv hS=
Gìprqvwudwlrq = Oh surfhvvxv N v*ìfulw

Nw @ H+#Z ,wH+*P,w

hw rq qrwh geSmJw @ H+*P,wgSmJw =

Frpph +K, hvw yìul�ìh vrxv S/ Jw hw I4 vrqw lqgìshqgdqwhv frqglwlrqqhoohphqw ã Iw>

hS+� � w@Iw, @
S+Nw4��w@Iw,
S+Nw@Iw,

@
S+H+#Z ,w@Iw,S+H+*P,w4��w@Iw,

S+H+#Z ,w@Iw,S+H+*P,w@Iw,
@ eS+� � w@Iw,

hw

hS+� � w@IW , @
S+NW4��w@IW ,

S+NW@IW ,
@
S+H+#Z ,W @IW ,S+H+*P,W4��w@IW ,

S+H+#Z ,W @IW ,S+H+*P,W@IW ,
@ eS+� � w@IW ,> ;W=

Grqf eS+� � w@I4, @ hS+� � w@I4,=

Vl +K, hvw yìul�ìh vrxv eS> doruv
hS+� � w@Iw, @ eS+� � w@Iw, @ eS+� � w@I4, @ hS+� � w@I4,

Sdu frqvìtxhqw/ lo vx!w gh prqwuhu txh +K, hvw yìul�ìh vrxv eS=
Ru Z hvw xq S � Jw0prxyhphqw eurzqlhq hw H+*P, hvw xqh pduwlqjdoh gh vdxw sxu1 Gh soxv ohv pdu0

wlqjdohv Z hw H+*P, q*rqw sdv gh vdxwv frppxqv/ hoohv vrqw grqf ruwkrjrqdohv1 Dlqvl sdu ruwkrjrqdolwì

ZH+*P, hvw xqh S � Jw0 pduwlqjdoh1 Dlqvl Z hvw xqh eS � Jw0pduwlqjdoh1 Frpph Z hvw I� dgdswì/

f*hvw xq eS�Iw0prxyhphqw eurzqlhq1 Qrxv rewhqrqv od frqfoxvlrq juåfh dx ohpph vxlydqw1 �

Ohpph 9155 = Wrxwhv ohv eS�Iw0pduwlqjdohv gh fduuì lqwìjudeoh v*ìfulyhqw frpph lqwìjudoh vwrfkdvwltxh

sdu udssruw dx prxyhphqw eurzqlhq Z=

Gìprqvwudwlrq gx ohpph = Vl [ hvw xqh eS�Iw0pduwlqjdohv gh fduuì lqwìjudeoh/ doruv

[w @ HeS+[W @ Iw, @
HS+NW[W @ Iw,

HS+NW @ Iw,
@

HS+NW @ Iw,

HS+NW @ Iw,
HS+[W @ Iw,

fdu +K, hvw yudlh vrxv S= Od sursulìwì gh uhsuìvhqwdwlrq suìylvleoh shuphw g*ìfuluh +HS+[W @ Iw,> w � 3,

frpph xqh lqwìjudoh vwrfkdvwltxh sdu udssruw ã Z= Frpph Z hvw xq eS�Iw0prxyhphqw eurzqlhq1 Oh
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uìvxowdw hvw yudl1 �

Uhpdutxh 9156 = Gdqv oh fdv g*xqh �owudwlrq I hqjhqguìh sdu xq surfhvvxv \> od uhpdutxh 9149 shuphw

g*ìwhqguh oh wkìruëph suìfìghqw1

Uhpdutxh 9157 = Vl oh surfhvvxv � v*ìfulw �w @
U
w

3
�
v
gv/ rq prqwuh tx*lo h{lvwh xqh suredelolwì U

ìtxlydohqwh ã S whooh txh vrxv U/ � hw I4 vrqw lqgìshqgdqwv1 Fhwwh suredelolwì hvw gì�qlh sdu gU @ �wgS

rü

�w @ H++��4 � 4,P,w=

Fhshqgdqw/ oh wkìruëph 9154 qh shxw vh jìqìudolvhu oruvtxh oh frh!flhqw gdqv oh fkdqjhphqw gh suredelolwì

q*hvw sdv I0 dgdswì frpph oh prqwuh o*h{hpsoh vxlydqw1

H{hpsoh 9158 = Rq uhsuhqg o*h{hpsoh gh Nxvxrnd +fi ^46`, hq fruuljhdqw od irupxoh huurqìh txl �jxuh

gdqv fhw duwlfoh1 Vrlhqw W A 3> �4> �5 A 3> 
 @ ^3>4,5> hw I od wulex eruìolhqqh vxu 
>

S+g{> g|, @ +�4�5, h{s+��4{� �5|,g{g|>

� 4+{> |, @ {> � 5+{> |, @ | hw Qn+w, @ 4i�n�wj> w 5 ^3> W `= Ohv whpsv � 4 hw � 5 vrqw lqgìshqgdqwv vrxv S=

Doruv vl rq suhqg Iw @ �+Q5+v,> v � w, hw Jw @ Iw b �+Q4+v,> v � w,> o*k|srwkëvh +K, hvw yìul�ìh vrxv S=

Frqvlgìurqv pdlqwhqdqw �4> �5 A 3 hw

n4+w, @ +�4
�4
� 4,Q5+w�,>

n5+w, @ +�5
�5
� 4,Q4+w�,=

Vrlw N od vroxwlrq gh o*ìtxdwlrq gl�ìuhqwlhooh

gNw @ Nw�+n4+w,gP4+w, . n5+w,gP5+w,,> N3 @ 4

rü Pn+w, @ Qn+w,� �n+w a �n,1 Oh surfhvvxv N hvw xqh pduwlqjdoh srvlwlyh g*hvsìudqfh xq txl v*ìfulw

Nw @ h{s+

] w

3

+
�4

�4
� 4,Q5+v�,�4gv.

] w

3

oq+4 . +
�4

�4
� 4,Q5+v�,,gQ4+v,,

� h{s+
] w

3

+
�5

�5
� 4,Q4+v�,�5gv.

] w

3

oq+4 . +
�5

�5
� 4,Q4+v�,,gQ5+v,,=

Rq qrwh T od suredelolwì gì�qlh vxu JW sdu gT @ NWgS=

Fdofxorqv T+� 4 A w 2 Iw,= Hq xwlolvdqw oh ohpph 616

T+� 4 A w@Iw, @ +4�Q5+w,,
T+� 4 A w> �5 A w,

T+� 5 A w,
.Q5+w,T+� 4 A w@� 5,

Ru sdu fkdqjhphqw gh suredelolwì

T+� 5 A w, @
4

G
^+�5 � �5, h{s+�+�4 . �5,w, . �4 h{s+��5w,` +915,

::



rü G @ �4 . �5 ��51 Lo vx!w gh uhpdutxhu txh vxu i� 5 A wj>

Nw @ h{s+�+�5 ��5,w a �4,=

Gh soxv/ vxu i� 4 A w> �5 A wj/ Q4+v, @ Q5+v, @ 3> srxu v � w grqf Nw @ 4 hw

T+� 4 A w> � 5 A w, @ h{s+��4w, h{s+��5w,= +916,

Lo qrxv uhvwh grqf ã gìwhuplqhu 4�5�wT+� 4 A w@� 5,= G*dsuëv od irupxoh gh Ed|hv

4�5�wT+� 4 A w@� 5, @ 4�5�w
HS^N�4b�5 =4i�4Awj@� 5`

HS^N�4b�5
@� 5`

=

Vxu i� 4 A w> � 5 � wj> Q4+v, @ n5+v, @ 3/ srxu v � w g*rü

N
�4b�5

@
�4

�4
h{s+�

]
�4

�5

+�4 � �4,gv,>

hw

4�5�wHS^N�4b�5
=4i�4Awj@� 5` @ 4�5�w h{s++�4 � �4,� 5,,HS+4i�4Awj

�4

�4
h��4+�4��4,,

@ 4�5�w h{s++�4 � �4,� 5,,
U4
w

�4h
��4xgx

@ 4�5�w h{s++�4 � �4,� 5,,h
��4w=

=

Lo uhvwh ã fdofxohu HS^N�4b�5
@� 5` @ HS^N�4

4�4A�5@� 5` .HS^N�5
4�4?�5@� 5`= Ru

N�44�4A�5 @ 4�4A�5 h{s+oq+4 . n4+� 4,, . oq+4 . n5+� 4,,�
] �4

�5

+�4 � �4,gv,

hw

N�4
4�4A�5 @ 4�4A�5

�4

�4
h{s+�+�4 � � 5,+�4 � �4,,=

Sdu v|pìwulh/

N�5
4�5A�4 @ 4�5A�4

�5

�5
h{s+�+�5 � � 4,+�5 � �5,,>

g*rü

4�5�wHS^N�4b�5
@� 5` @ 4�5�w^

�4

�4
h{s+� 5+�4 � �4,,HS+h{s+�� 4+�4 � �4,4�4Ax,x@�5

.
�5

�5
h{s+�� 5+�5 � �5,,HS+h{s+� 4+�5 � �5,,4�4?x,x@�5 `

@ 4�5�w^
�4

�4
h{s+� 5+�4 � �4,,^

U4
�5

�4h
��4{h�{+�4��4,g{`

.
�5

�5
h{s+�� 5+�5 � �5,,^

U
�5

3
�4h

��4{h{+�5��5,g{``

@ 4�5�w^h
��5�4 .

�5�4

�5+�4 . �5 ��5,
h��5+�5��5,+h�+�4.�5��5,�5 � 4,`=

Sdu frqvìtxhqw

4�5�wT+� 4 A w@�5, @ 4�5�w
�5+�4 . �5 � �5,h

��4+w��5,

�5�4h+�4.�5��5,�5 . +�5 ��5,+�4 . �5,
+917,
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hw

T+� 4 A w@Iw, @ +4�Q5+w,,
G h{s+��4w, h{s+��5w,

^+�5 � �5, h{s+�+�4 . �5,w, . �4 h{s+��5w,`

.Q5+w,
�5Gh��4+w��5,

�5�4hG�5 . +�5 ��5,+�4 . �5,

@ +4�Q5+w,,
G

+�5 ��5, . �4 h{s+Gw,

.Q5+w,
�5Gh��4+w��5,

�5�4hG�5 . +�5 ��5,+�4 . �5,
=

+918,

Gìwhuplqrqv pdlqwhqdqw ohv frqglwlrqv vxu ohv frh!flhqwv �4> �5> �4> �5 srxu txh oh surfhvvxv 4 �Iw @

T+� 4 A w@Iw, @ +4�Q5+w,,x+w, .Q5+w,y+w, vrlw gìfurlvvdqw/ dyhf

x+w, @
G

+�5 ��5, . �4 h{s+Gw,

hw y+w, @ T+� 4 A w@� 5,=

Hq ìwxgldqw ohv yduldwlrqv gh x> qrxv rewhqrqv txh x hvw gìfurlvvdqw/ y hvw wulyldohphqw gìfurlvvdqw1 Lo

uhvwh ã gìwhuplqhu oh vdxw hq � 5= Fh vdxw � hvw

� @ ^T+� 4 A w@�5,`w@�5 �G
4

+�5 � �5, . �4 h{s+G� 5,
=

G*rü

� @
�5G

�5�4hG�5 . +�5 � �5,+�4 . �5,
�

G

+�5 ��5, . �4 h{s+G� 5,
=

Hq xwlolvdqw o*h{suhvvlrq suìfìghqwh/ lo ylhqw txh � ? 3 vl hw vhxohphqw vl �5 A �5=

Sdu frqvìtxhqw/ vl �5 A �5 doruv 4�Iw hvw gìfurlvvdqw1 Grqf o*k|srwkëvh +J, hvw yìul�ìh vrxv T=

Sdu frqwuh/ rq shxw prqwuhu txh +K, q*hvw sdv yìul�ìh vrxv T hqwuh ohv �owudwlrqv I hw J1 Hq h�hw/ vl rq

suhqg w ? v hw [ @ 4i�5Avj> doruv rq shxw prqwuhu txh HT^[@Iw` 9@ HT^[@Jw`1 Hq h�hw

HT^[@Iw` @ T+�5 A v@Iw, @ 4i�5Awj
T+� 5 A v,

T+� 5 A w,
=

Hq xwlolvdqw o*h{suhvvlrq +915,/ rq rewlhqw

HT^[@Iw` @ 4i�5Awj
+�5 ��5, h{s+�+�4 . �5,v, . �4 h{s+��5v,

+�5 � �5, h{s+�+�4 . �5,w, . �4 h{s+��5w,
=

G*dxwuh sduw

HT^[@Jw` @ T+� 5 A v@Jw, @ 4i�4Aw>�5Awj
T+� 5 A v> � 4 A w,

T+� 5 A w> � 4 A w,
. 4i�4�w?�5j

T+� 5 A v 2 � 4,

T+� 5 A w 2 � 4,
=

Ru

T+� 5 A v> �4 A w, @ T+� 5 A v> � 4 A v, .T+�5 A v> v � � 4 A w,=

Vxu ~� 5 A v> v � � 4 A wj> Nv @ h+�5��5,+w��4,= Sdu frqvìtxhqw/

T+� 5 A v> v � � 4 A w, @ S+h+�5��5,+w��4,4i�5Av>v��4Awj, @

] .4

v

�5h
��5xgx

] v

w

h+�5��5,+w�y,�4h
��4ygy=

:<



Dsuëv vlpsol�fdwlrq hw hq xwlolvdqw 916/ rq rewlhqw

4i�4Aw>�5Awj
T+� 5 A v> �4 A w,

T+� 5 A w> � 4 A w,
@ 4i�4Aw>�5Awj

4

G
+�4h

��5+v�w, � +�5 � �5,h
�+�4.�5,+v�w,=

Juåfh ã o*h{suhvvlrq +917,/ hq lqwhufkdjhdqw oh u÷oh gh � 4 hw � 5> rq d

4i�4�w?�5j
T+� 5 A v 2 � 4,

T+�5 A w 2 � 4,
@ 4i�4�w?�5jh

��5+v�w,=

Dlqvl/ HT^[@Iw` 9@ HT^[@Jw`1

91516 K|srwkëvh +K, hw devhqfh g*duelwudjh

Qrxv prqwurqv txh vrxv fhuwdlqhv k|srwkëvhv o*devhqfh g*duelwudjh hqwudñqh txh o*k|srwkëvh +K, hvw

yìul�ìh vrxv xqh p1p1h sduwlfxolëuh1

O*lqirupdwlrq Iw glvsrqleoh vxu fh pdufkì ã od gdwh w hvw od frqqdlvvdqfh ghv sul{ ghv dfwliv1 Rq d grqf

Iw @ �+Vl
v
> V3

v
> v � w> l @ 4> ===> q,=

Qrxv lqwurgxlvrqv ohv qrwlrqv g*duelwudjh/ gh pdufkì frpsohw hw gh sruwhihxlooh gh od pdqlëuh vxlydqwh =

Gì�qlwlrq 9159 = Vl L hvw xqh �owudwlrq/ qrxv glurqv tx*xq LW�pdufkì hvw vdqv duelwudjh v*lo h{lvwh

xqh suredelolwì ìtxlydohqwh ã S vxu LW whooh txh ohv sul{ ghv dfwliv dfwxdolvìv vrxv fhwwh suredelolwì vrqw

ghv L�pduwlqjdohv1 Fhwwh suredelolwì hvw dsshoìh phvxuh pduwlqjdoh ìtxlydohqwh +p1p1h hq deuìjì,1

Gì�qlwlrq 915: Xq sruwhihxlooh hvw xq surfhvvxv � @ +�l> l @ 4> ===> q, Lw� suìylvleoh/ vdwlvidlvdqw

q[
l@4

]
W

3

�lwgw ? .4 / s=v=

Xq sruwhihxlooh hvw dxwr�qdqêdqw vl od yduldwlrq gh od ulfkhvvh qh surylhqw txh gh od yduldwlrq ghv sul{

hw qrq g*xq uììtxloleudjh gx sruwhihxlooh1 Fhfl ìtxlydxw dx idlw txh od ulfkhvvh dfwxdolvìh hvw xqh T0

pduwlqjdoh srxu wrxwh p1p1h T1

Gì�qlwlrq 915; Qrxv glurqv txh oh LW�pdufkì hvw frpsohw vl wrxw dfwli frqwlqjhqw +l1h ohv yduldeohv

doìdwrluhv LW 0phvxudeohv gh fduuì lqwìjudeoh, shxw íwuh gxsoltxì sdu xq sruwhihxlooh dxwr�qdqêdqw f*hvw ã

gluh tx*lo h{lvwh xq sruwhihxlooh dxwr�qdqêdqw gh ydohxu whuplqdoh ìjdoh ã o*dfwli frqwlqjhqw1

Qrxv idlvrqv o*k|srwkëvh vxlydqwh

^KI` Oh IW�pdufkì hvw vdqv duelwudjh hw frpsohw1

Fhwwh k|srwkëvh lpsoltxh tx*lo h{lvwh xqh xqltxh pduwlqjdoh phvxuh ìtxlydohqwh ã S vxu +
>IW , qrwìh

S3 whooh txh ohv surfhvvxv +iVlw @ Vl
w
Uw> w � W , vrqw ghv S3�Iw�pduwlqjdohv1

;3



Qrxv dyrqv yx suìfìghpphqw txh hV q*hvw sdv qìfhvvdluhphqw xqh pduwlqjdoh gdqv od �owudwlrq J1 Fh

sureoëph shxw íwuh ìfduwì juåfh ã o*k|srwkëvh +K, vhorq odtxhooh wrxwhv ohv I0pduwlqjdohv gh fduuì lq0

wìjudeoh vrqw ghv J0pduwlqjdohv1 Fhwwh k|srwkëvh shxw íwuh mxvwl�ìh sdu xqh vwuxfwxuh sduwlfxolëuh gx

JW�pdufkì1

Hq h�hw/ vxssrvrqv txh ohv dfwliv Vw @ +Vl
w
> w � W , uhvwhqw qìjrfldeohv gdqv oh JW�pdufkì1 Vl gh soxv/ fh

pdufkì hvw vdqv duelwudjh/ doruv UwVw hvw xqh J�pduwlqjdoh vrxv hS rü hS hvw xqh p1p1h vxu fh pdufkì1

Grqf/ frpph UwVw hvw I�phvxudeoh/ f*hvw dxvvl xqh hS �Iw0pduwlqjdoh1 Ru o*k|srwkëvh ^KI` lpsoltxh

o3xqlflwì gh od p1p1h S3= Sdu frqvìtxhqw/ hS @ S3 vxu IW hw frpph UV hqjhqguh wrxwhv ohv I0pduwlqjdohv/

o*k|srwkëvh +K, hvw yìul�ìh srxu hS=
Od uhpdutxh 9157 dvvxuh txh gdqv fh fdv/ lo h{lvwh xqh suredelolwì U ìtxlydohqwh ã S whooh txh � hw I4

vrqw lqgìshqgdqwv1 Od uìflsurtxh hvw dxvvl yudlh hw qrxv o*ìqrqêrqv frpph vxlw1

Sursrvlwlrq 915< = V*lo h{lvwh xqh suredelolwì U ìtxlydohqwh ã S whooh txh � hw I4 vrqw lqgìshqgdqwv/

doruv lo h{lvwh xqh suredelolwì hS ìtxlydohqwh ã S whooh txh ohv surfhvvxv +iVl
w
@ Vl

w
Uw> w � W , vrqw ghvhS�Jw�pduwlqjdohv1 Gh soxv/ hS fròqflgh dyhf S3 vxu IW =

Gìprqvwudwlrq = Frpphqêrqv sdu prqwuhu fh uìvxowdw oruvtxh S3 fròqflgh dyhf S= Qrxv qrwrqv U
j

w
@

gU
gS
@Jw hw U

i

w @ H+U
j

w 2 Iw, @
gU
gS
@Iw=

Gdqv fh fdv/ hV hvw xqh S�Iw�pduwlqjdoh/ grqf xqh U�Iw0vhplpduwlqjdoh1 Vd gìfrpsrvlwlrq vrxv U

v*ìfulw

hVw @ [w .

] w

3

g
GhV>Ui

H
w

U
i

w�

rü[ hvw xqh U�Iw�pduwlqjdoh1 Gx idlw gh o*lqgìshqgdqfh gh � hw I4 vrxv U> f*hvw xqh U�Jw�pduwlqjdoh1

Grqf hV hvw xqh U�Jw0vhplpduwlqjdoh1 Gh soxv/ od frpsoìwlrq gx IW�pdufkì lpsoltxh tx*lo h{lvwh xq

surfhvvxv K I�suìylvleoh yìul�dqw H+
U
W

3
K5
vg^V> V`v, ? .4> who txh

U
i

w @

] w

3

Ui

vKvghVv=
Frpph +Uj,�4

w @ H+K[,w> od suredelolwì hS gì�qlh sdu

ghS @ +Uj,�4
W
U
i

W
gS

fròqflgh dyhf S vxu IW hw hvw whooh txh ohv surfhvvxv +iVl
w
@ VlwUw> w � W , vrqw ghv hS�Jw�pduwlqjdohv1

Gdqv oh fdv jìqìudo/ frpph S3 hvw ìtxlydohqw ã S/ U hvw ìtxlydohqwh ã S3= Sdu od píph dujxphqwdwlrq

hq uhpsodêdqw S sdu S3> rq rewlhqw oh uìvxowdw1 �

Sdu qrwuh udlvrqqhphqw suìfìghqw/ o*k|srwkëvh +K, hvw yìul�ìh vrxv hS=
O*h{hpsoh gh Nxvxrnd +fi ^46`, looxvwuh elhq fhwwh vlwxdwlrq1 Vl rq suhqg frpph suredelolwì klvwrultxh od

suredelolwì dsshoìh T gdqv o*h{hpsoh hw srxu dfwli V od pduwlqjdoh

P
5>T
w @ Q5+w, .

] wa�5

3

g+T+� 5 A v,,

T+� 5 A v,
=

Od �owudwlrq I hvw Iw @ �+Q5+v,> v � w, hw Jw @ Iwb�+Q4+v,> v � w,= Rq d prqwuì txh +K, q*hvw sdv yudlh

vrxv T1 Fhshqgdqw/ oh JW�pdufkì hvw qrq duelwuì/ sxlvtxh od suredelolwì S uhqg � 4 hw � 5 lqgìshqgdqwv1

;4



Od p1p1h gx JW�pdufkì fròqflgh dyhf T vxu IW =

Uhpdutxh 9163 = O*k|srwkëvh +K, hvw suìvhqwh gdqv od soxsduw ghv duwlfohv wudlwdqw gx ulvtxh gh gìidxw/

píph vl hooh q*hvw sdv wrxmrxuv ìqrqfìh h{solflwhphqw1

Uhpdutxh 9164 = Vl o*k|srwkëvh +K, q*hvw sdv yìul�ìh vrxv od suredelolwì klvwrultxh/ lo h{lvwh ghv

h{hpsohv rü oh JW�pdufkì suìvhqwh ghv rssruwxqlwìv g*duelwudjh1

Sdu h{hpsoh vxssrvrqv W @ 4> u @ 3> Iw @ �+Zv> v � w,/

gVw @ VwgZw> V3 @ 4

hw vrlw � oh ghuqlhu whpsv gh sdvvdjh dydqw 4 sdu oh qlyhdx {

� @ vxsiw � 4> Vw @ {j rü { 9@ 4=

Vrlw D @ iV 4
5
? {

5 > � A
4
5j= Fhw hqvhpeoh dssduwlhqw ã J4@51 V*lo h{lvwdlw xqh suredelolwì T ìtxlydohqwh ã

S whooh txh V vrlw xqh pduwlqjdoh/ doruv

HT+V�b 4
5
4D, @ HT+V 4

5
4D, @ HT+V�4D, @ {T+D,

hw HT+V 4
5
4D, ? {T+D,@5 g*rü T+D, @ 3= Fh txl hvw devxugh sxlvtxh S+D, 9@3=

O*duelwudjh shxw íwuh yx gh idêrq �qdqflëuh gh od pdqlëuh vxlydqwh1 Rq vh sodfh dx whpsv 4251 Vl � ? 4
5

rq qh idlw ulhq hw vl � A 4
5 hw V 4

5
A {/ rq yhqg ã gìfrxyhuw V hw rq vrogh vd srvlwlrq txdqg V ydxgud

^V4@5�{`
5 > fhfl duulyh dydqw � dyhf xqh suredelolwì 4= Vl � A 4

5 hw V4
5
� {> rq dfkëwh V hw rq oh uhyhqg

txdqg lo ydxgud
^{�V4@5 `

5
=

O*duelwudjh h{lvwh dxvvl vxu o*lqwhuydooh `3> � ^ = Hq h�hw/ sxlvtxh o*djhqw vdlw txh � q*hvw sdv duulyì/ lo

uìdolvh xq duelwudjh hq dfkhwdqw o*dfwli vl vrq sul{ V hvw lqiìulhxu ã { hw hq oh uhyhqgdqw oruvtxh vrq sul{

hvw
^{�V`

5 = Fhfl vh surgxlw dyhf xqh suredelolwì xq dydqw � hw hq idlvdqw oh frqwudluh vl V hvw vxsìulhxu ã

{=

Gdqv fhw h{hpsoh/ o*duelwudjh ylhqw gx idlw txh o*rq d xqh pdwxulwì txl pdmruh frqvwdpphqw oh whpsv

gh gìidxw � > fh txl idlw tx*dx prphqw gx gìidxw o*djhqw vhud lqlwlì= Vl gdqv oh píph h{hpsoh/ rq suhqg

xqh pdwxulwì W @ 4@5> doruv lo h{lvwh xqh suredelolwì T whooh txh oh surfhvvxv V duuíwì hq � vrlw xqh

pduwlqjdoh1 Hq h�hw/ od g|qdpltxh gh V hvw grqqìh gdqv od �owudwlrq J sdu =

gVw @ Vw+
4

s
4� w

vjq+Zw,+
!
3

!
,+

mZwms
4� w

,gw. gZw,

rü !+{, @
t

5
�

U .4
{

g| h{s+�|
5

5
,1 Qrxv uhgrqqrqv od gìprqvwudwlrq gh fh uìvxowdw txl vh wurxyh gdqv ^49`/

edvì vxu oh fdofxo gh S+� � w@Iw,= O*hqvhpeoh i� � wj hvw ìjdo ã igw A 4j rü gw @ lqiiv � w>Zv @ 3, hw

gw
orl
@ w.

Z 5
w

J5

;5



rü J hvw xqh yduldeoh jdxvvlhqqh fhqwuìh uìgxlwh lqgìshqgdqwh gh Z= G*rü

S+� � w@Iw, @ !+
mZwms
4� w

,=

Srxu w � 4@5> 4s
4�wvjq+Zw,+

!
3

!
,+

mZwms
4�w, hvw eruqì1 Grqf/ lo h{lvwh xqh p1p1h1 vxu JW 1 Vl rq vxssrvh txh

o*dfwli V uhvwh qìjrfldeoh mxvtx*hq W @ 4@5> rq shxw prqwuhu txh o*k|srwkëvh +K, hvw yudlh vrxv fhwwh

p1p1h1
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^4` Eìodqjhu D1/ Vkuhyh V1/ Zrqj G1 = D xql�hg Prgho iru Fuhglw Ghulydwlyhv/ Suìexeolfdwlrq/ 53341

^5` Ghoodfkhulh F1 = Xq h{hpsoh gh od wkìrulh jìqìudoh ghv surfhvvxv/ Vìplqdluh gh suredelolwìv LY/ Ohfwxuh

Qrwhv lq Pdwk1 457/ 930:3/ Vsulqjhu0yhuodj/ Ehuolq/ 4<:31

^6` Ghoodfkhulh F1 = Fdsdflwìv hw surfhvvxv vwrfkdvwltxhv/ Vsulqjhu0Yhuodj/ Ehuolq/ 4<:51

^7` Ghoodfkhulh F1/ Ph|hu S1D1 = D sursrv gx wudydlo gh \ru vxu ohv jurvvlvvhphqwv gh wulexv/ Vìplqdluh

gh suredelolwìv [LL/ Ohfwxuh qrwhv lq Pdwk1/ 9<0:;/Vsulqjhu0Yhuodj/ Ehuolq/ 4<:;1

^8` Ghoodfkhulh F1/ Pdlvrqqhxyh E1/ Ph|hu S1D1 = Suredelolwì hw srwhqwlho/ surfhvvxv gh Pdunry1 Frpsoì0

phqwv gh fdofxo vwrfkdvwltxh1 Khupdqq/ 4<<51

^9` Gx!h G1/ Vfkurghu P1/ Vnldgdv F1 = Uhfxuvlyh ydoxdwlrq ri ghidxowdeoh vhfxulwlhv dqg wkh wlplqj ri

uhvroxwlrq ri xqfhuwdlqw|/ Dqqdov ri Dssolhg Suredelolw|/ 9/ 43:8043<3/ 4<<:1

^:` Hoolrww U1M1/ Mhdqeodqf P1/ \ru P1 = Rq prghov ri ghidxow ulvn/ Pdwkhpdwlfdo Ilqdqfh 43/ 4:<04<9/

53331

^;` Ho Ndurxl Q1 = Prgìolvdwlrq gh o*lqirupdwlrq = Hfroh g *ìwì LQULD/ Urftxhqfrxuw Mxlq 4<<<1

^<` Mdfrg M1/ Vklu|dhy D1Q1 = Olplw Wkhruhpv iru Vwrfkdvwlf Surfhvvhv/ Juxgohkuhq ghu phwkhpdwlvfkhq

Zlvvhqvfkdiwhq 5;;/ Vsulqjhu0Yhuodj/ Ehuolq/ 4<;:1

^43` Mduurz U1D1/ \x I1 = Frxqwhusduw| Ulvn dqg Sulflqj ri Ghidxowdeoh Vhfxulwlhv/ Suhsulqw/ 4<<<1

^44` Mhdqeodqf P1/ Uxwnrzvnl P1 = Prghoolqj ri ghidxow ulvn = Dq ryhuylhz1 Pdwkhpdwlfdo Ilqdqfh =

wkhru| dqg sudfwlfh1 Prghuq Pdwkhpdwlfv Vhulhv/ Kljk Hgxfdwlrq suhvv/ 4<<<1

^45` Mhxolq W1 = Vhpl0pduwlqjdohv hw jurvvvlvvhphqw gh �owudwlrq/ Ohfwxuh Qrwhv lq Pdwk1 ;66/ Vsulqjhu0

Yhuodj/ Ehuolq/ 4<;31

^46` Nxvxrnd V1 = D uhpdun rq ghidxow ulvn prghov/ Dgydqfhv lq Pdwkhpdwlfdo Hfrqrplfv/ 4/ 9<0;5/ 4<<<1

^47` Uxwnrzvnl P1 = �Rq prghov ri ghidxow ulvn� e| U1Hoolrww/ P1Mhdqeodqf dqg P1\ru1 Zrunlqj sdshu/

53331

^48` Zrqj G1 = D Xql�|lqj Fuhglw Prgho/ suhsulqw/ Vfrwld Fdslwdo Jurxs/ 4<<;1

^49` \ru P1 = Vrph dvshfwv ri Eurzqldq Prwlrq1 Sduw LL = Vrph uhfhqw Pduwlqjdoh Sureohpv/ Ohfwxuhv

lq Pdwkhpdwlfv1 HWK ] ulfk1 Elunkçxvhu/ 4<<:1
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Gdqv od uìdolwì/ lo q*h{lvwh sdv xq vhxo lqvwdqw gh gìidxw1 Hq jìqìudo/ oh pdufkì hvw frqvwlwxì gh soxvlhxuv

dfwliv txl vrqw fkdfxq vrxplv ã xq ulvtxh gh gìidxw1 F*hvw srxutxrl lo hvw lqwìuhvvdqw gh jìqìudolvhu ohv

uìvxowdwv gx fkdslwuh suìfìghqw hq suìvhqfh gh soxvlhxuv whpsv gh gìidxw1 Frpph suìfìghpphqw/ qrxv

lqwurgxlvrqv ohv whpsv gh gìidxw frpph ghv yduldeohv doìdwrluhv srvlwlyhv vxu xq hvsdfh suredelolvì1

Vrlhqw +
>J>S, xq hvsdfh suredelolvì dyhf xqh �owudwlrq I @ +Iw> w � 3, hw � 4> ===> �q ghv whpsv doìdwrluhv

gì�qlv vxu fhw hvsdfh1

Srxu l @ 4> ===> q> qrxv srvrqv

Q l

w
@ 4i� l�wj> ;w 5 U.>

hw qrxv qrwrqv Kl od �owudwlrq hqjhqguìh sdu oh surfhvvxv Q l= Qrxv lqwurgxlvrqv od �owudwlrq J gì�qlh

sdu

J @ I bK4 b === bKq>

hw ohv �owudwlrqv Jl gì�qlhv sdu

Jl @ IbKl
=

Qrxv frpphqêrqv sdu wudlwhu txhotxhv h{hpsohv txl shuphwwhqw gh frpsuhqguh ohv txhvwlrqv txl dssd0

udlvvhqw oruv gh od suìvhqfh gh soxvlhxuv whpsv gh gìidxw1

Hq sduwlfxolhu/ qrxv prqwurqv txh od frqqdlvvdqfh gh od orl gx plqlpxp ghv whpsv gh gìidxw vl o*rq v*du0

uíwh ã o*duulyìh gx suhplhu lqvwdqw gh gìidxw hw gh od orl ghv whpsv rugrqqìv vlqrq/ hvw lqglvshqvdeoh srxu

phqhu ohv fdofxov1 Gdqv oh fdv rü rq v*lqwìuhvvh dx suhplhu lqvwdqw rü xq gìidxw vh surgxlw/ o*ìydoxdwlrq

g*dfwliv frqwlqjhqw vrxplv dx gìidxw vh idlw ã o*dlgh gx surfhvvxv gh kdvdug gx plqlpxp1 Qrxv grqqrqv

ghv frqglwlrqv srxu gìwhuplqhu oh surfhvvxv gh kdvdug hw oh +I�J,0pduwlqjdoh surfhvvxv gh kdvdug gx

plqlpxp1

Qrxv dyrqv prqwuì gdqv oh fkdslwuh 9 txh od vwuxfwxuh gx pdufkì srxydlw lpsrvhu txh od sursulìwì +K,

ìwdlw yìul�ìh1 F*hvw srxutxrl qrxv ìwxglrqv od frqvhuydwlrq gh o*k|srwkëvh +K, oruvtx*lo | d soxvlhxuv

whpsv gh gìidxw1 Qrxv ìqrqêrqv xqh frqglwlrq vxu ohv whpsv gh gìidxw txl lpsoltxh txh od sursulìwì +K,

hvw yudlh hqwuh ohv �owudwlrqv I hw J=
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:14 Txhotxhv h{hpsohv

41 Vrlhqw ghx{ whpsv doìdwrluhv � 4 hw � 5/ qrxv vxssrvrqv txh od ydohxu gh od �uph yìul�h

gYw @ Yw+�gw. �gZw,> 3 � w ? � 4> � 4 � w ? � 5> � 5 � w ? W>Y3 @ {

Y�4 @ �4Y�4� hw Y�5 @ �5Y�5

rü Z hvw xq prxyhphqw eurzqlhq

Qrxv vxssrvrqv txh � 4 ? � 5 hw I hvw od �owudwlrq eurzqlhqqh1

Qrxv fkhufkrqv od ydohxu g*xq frqwudw txl grqqh k+YW , hq W= Oh sul{ g*xq who frqwudw hq w @ 3 hvw

S +3> W , @ H^h�UW +k+hYW ,4iW?�4j . k+�4 hYW ,4i�4�W?�5j . k+�4�5 hYW ,4i�5�Wj`
rü UW @

U
W

3
uvgv hvw oh wdx{ g*dfwxdolvdwlrq hw hY hvw od vroxwlrq gh

ghYw @ hYw+�gw. �gZw,> 3 � w ? W> Y3 @ {=

Doruv

S +3> W , @ H+h�UW k+hYW ,,�H^h�UW +k+hYW ,4iWA�4j � k+�4 hYW ,4i�4�W?�5j � k+�4�5 hYW ,4i�5�Wj,`=
Gdqv oh fdv rü k+f{, @ fk+{, hw +� 4 / �5,>vrqw lqgìshqgdqwv gx eurzqlhq/ rq rewlhqw

S +3> W , @ H+h�UW k+hYW ,,+4� S+W A � 4, � �4S+� 4 � W ? �5,� �4�5S+� 5 � W ,` =

Vl od orl gx frxsoh +� 4 / � 5, hvw frqqxh/ lo hvw srvvleoh g*rewhqlu xqh irupxoh h{solflwh gh S +3> W ,=

51 Vl qrxv uhsuhqrqv o*h{hpsoh suìfìghqw gdqv oh fdv rü � 4 hw � 5 qh vrqw soxv irufìphqw rugrqqìv1

Doruv od ydohxu gx frqwudw txl grqqh k+YW , hq W hvw

S +3> W , @ H^h�UW +k+hYW ,4iW?�j . �4k+hYW ,4i�4�W?�5j . �5k+hYW ,4i�5�W?�4j . �4�5k+hYW ,4i��Wj`
rü � @ plq+� 4 / �5, hw � @ pd{+� 4 / � 5,=

Gdqv oh fdv rü � 4 hw � 5 vrqw lqgìshqgdqwv hw rü oh frxsoh +� 4 / � 5, hvw lqgìshqgdqw gh od �owudwlrq

I> rq rewlhqw

S +3> W , @ H+h�UW k+hYW ,,+4� S+W A � , � �4S+� 4 � W ? �5,

��5S+� 5 � W ? � 4,� �4�5S+� � W ,`

@ H+h�UW k+hYW ,,^I4+W ,I5+W ,� �4I4+W ,+4�I5+W ,,

��5I5+W ,+4� I4+W ,,� �4�5I4+W ,I5+W ,`=

Gdqv oh fdv jìqìudo/ qrxv xwlolvrqv od ghqvlwì frqglwlrqqhooh i+{> |, sdu udssruw ã IW gx frxsoh
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+� 4 / �5,= Qrxv srxyrqv ìfuluh oh sul{ frpph vxlw

S +3> W , @ H^h�UW k+hYW ,i4� S+W A � @ IW , � �4S+� 4 � W ? �5@ IW ,

��5S+� 5 � W ? � 4 @ IW , � �4�5S+� � W @ IW ,j`

@ H^h�UW k+hYW ,i+4� �4�5,
U
W

3

U
W

3
i+{> |,g{g| � �4

U
W

3

U .4
W

i+{> |,g{g|

��5
U.4
W

U W
3 i+{> |,g{g|j`=

:15 Sursulìwì gx plqlpxp gh soxvlhxuv whpsv gh gìidxw

Qrxv udsshorqv wrxw g*derug ohv gì�qlwlrqv vxlydqwhv =

Gì�qlwlrq :14 = Vl � hvw xq whpsv doìdwrluh/ oh +I�J, p1s1k gh � hvw oh surfhvvxv �> I�suìylvleoh/

furlvvdqw frqwlqx ã gurlwh who txh

Pw @ Qw � �wa�

vrlw xqh J�pduwlqjdoh1

Gì�qlwlrq :15 = Rq dsshooh I�lqwhqvlwì gh � / oh +I� IbK, p1s1k gh � srxu Kw @ �+w a � ,=

Qrxv qrxv lqwìuhvvrqv gdqv fh sdudjudskh dx{ sursulìwìv gx surfhvvxv gh kdvdug hw gx +I�J,� s1p1k gx

plqlpxp � ghv whpsv doìdwrluhv � 4> ===> �q= Hq sduwlfxolhu/ qrxv fkhufkrqv ã uholhu fhv surfhvvxv ã fhx{

ghv gl�ìuhqwv whpsv doìdwrluhv1 Qrxv prqwurqv hqvxlwh txh o*k|srwkëvh idlwh srxu fdofxohu oh +I�J,

pduwlqjdoh surfhvvxv gh kdvdug gh � hqwudñqh ghv frqglwlrqv wuëv iruwhv vxu od orl frqmrlqwh gh +� 4> ===> �q,1

:1514 Irqfwlrq gh kdvdug hw pduwlqjdoh surfhvvxv gh kdvdug

Qrxv udsshorqv ghv uìvxowdwv ìwdeolv gdqv ^6`

Ohpph :16 = Vrlhqw � l> l @ 4> ===> q ghv whpsv doìdwrluhv gì�qlv vxu xq hvsdfh gh suredelolwì +
>J>S,=

Vxssrvrqv txh � l dgphw xq +I�Jl, surfhvvxv gh kdvdug �l= Vl � l> l @ 4> ===> q> vrqw pxwxhoohphqw

lqgìshqgdqwv/ doruv oh surfhvvxv gh kdvdug � gh � hvw ìjdo ã od vrpph ghv surfhvvxv gh kdvdug �l=

Gìprqvwudwlrq = Srxu wrxw w 5 U.> qrxv dyrqv

h��w @ 4� I +w, @ S+� Aw 2 Iw, @
qT
l@4

S+�
l
Aw 2 Iw,

@
qT
l@4

+4� Il+w,, @ h�
Sq

l@4
�lw =

�

Ohpph :17 = Vrlhqw � l> l @ 4> ===> q ghv whpsv doìdwrluhv whov txh S+�
l
@ � m , @ 3 srxu l 9@ m= Vl � l

dgphw xq +I�J, p1s1k �l/ doruv oh +I�J, s1p1k � gx plqlpxp � hvw ìjdo ã od vrpph ghv +I�J,

s1p1k/ l1h

�w @

q[
l@4

�l

w= +:14,

Gìprqvwudwlrq = Sdu k|srwkëvh/ srxu l @ 4> ===> q> oh surfhvvxv P l
w @Q l

w � �l
wa� l hvw xqh J�pduwlqjdoh/

dlqvl txh oh surfhvvxv duuíwì +P l,� =

;:



Frpph S+�
l
@ � m , @ 3 srxu l 9@ m> qrxv dyrqv

Qw @

q[
l@4

Q l

wa� =

Sdu frqvìtxhqw/ oh surfhvvxv

Pw @ Qw �
q[
l@4

�l

wa�

hvw xqh J�pduwlqjdoh frpph vrpph gh pduwlqjdohv1 G*rü o*ìjdolwì +:14,1 �

Uhpdutxh :18 = Hq jìqìudo/ od I�lqwhqvlwì gx plqlpxp q*hvw sdv ìjdoh ã od vrpph ghv I�lqwhqvlwìv1

Frqvlgìurqv � 4 hw � 5 ghx{ whpsv gh gìidxw gì�qlv sdu

� l @ lqiiw>#l

w
� �j

rü #
l
> l @ 4> 5 vrqw ghv surfhvvxv I�dgdswìv yìul�dqw 3 � #

4
w
? #

5
w
hw � hvw xqh yduldeoh h{srqhqwlhooh

gh sdudpëwuh xq lqgìshqgdqwh gh I=

Doruv #l hvw od +I�Jl,� lqwhqvlwì gh � l hw od I�lqwhqvlwì gx plqlpxp � hvw #4 +hw #4 9@ #
4 . #

5,=

Rq shxw uhpdutxhu txh �5 hvw xq whpsv g*duuíw suìylvleoh gdqv od �owudwlrq J/ sdu vxlwh lo qh srvvëgh sdv

gh +I�J,�lqwhqvlwì1 Hq h�hw/ od vxlwh furlvvdqwh gh J�whpsv g*duuíw � +q, @ lqiiw A � 4> #
5
w
� �� 4

q
j/

+� +q,,qA3 frqyhujh yhuv � 5 =

Sdu frqwuh/ oh +I�J, surfhvvxv pduwlqjdoh gh kdvdug e� gh � hvw ìjdo ã od vrpph ghv +I�J, surfhvvxv

pduwlqjdoh gh kdvdug f�l ghv � l> v*lov h{lvwhqw1

Qrxv dyrqv yx suìfìghpphqw txh g*xqh sduw/ o*lqgìshqgdqfh ghv whpsv gh gìidxw shuphw gh fdofxohu

idflohphqw oh surfhvvxv gh kdvdug gx plqlpxp/ g*dxwuh sduw txh o*h{lvwhqfh ghv +I�J, pduwlqjdoh

surfhvvxv gh kdvdug �l shuphw g*rewhqlu oh +I�J, pduwlqjdoh surfhvvxv gh kdvdug �= Od sursrvlwlrq

vxlydqwh grqqh xqh frqglwlrq srxu txh fhv +I�J, pduwlqjdohv surfhvvxv gh kdvdug �l h{lvwhqw=

Sursrvlwlrq :19 = Vrlhqw � l/ l @ 4> ===> q ghv whpsv doìdwrluhv dgphwwdqw ghv +I�J, p1s1k �l devrox0

phqw frqwlqxv sdu udssruw ã od phvxuh gh Ohehvjxh hw yìul�dqw S+�
l
@ �m , @ 3 srxu l 9@ m= Doruv � l>

l @ 4> ===> q vrqw ghx{ ã ghx{ lqgìshqgdqwv frqglwlrqqhoohphqw ã Iw=

Gìprqvwudwlrq = Gdqv xq suhplhu whpsv/ frqvlgìurqv srxu od �owudwlrq I od �owudwlrq wulyldoh1

Frpphqêrqv sdu oh fdv q @ 5= Vrlhqw � 4 hw � 5 ghx{ lqvwdqwv gh gìidxw=Rq qrwh �l od irqfwlrq gìwhuplqlvwh

whooh txh

g�l+v, @ �l+v,gv

Frpph P4P5 hvw xqh pduwlqjdoh +ohv ghx{ pduwlqjdohv gh vdxw sxu q*rqw sdv gh vdxw frppxq/ fdu

hoohv rqw fkdfxqh xq xqltxh vdxw hq � l hw S+� l @ � m , @ 3 srxu l 9@ m,/ srxu w � x

H+P4
wP

5
x, @ H+P4

w H+P5
x @ Jw,, @ H+P4

wP
5
w , @ 3=

Od gìprqvwudwlrq vhud lghqwltxh srxu x ? w=

;;



H+P4
w
P5

x
, @ I +w> x, �

U4
3

g|
U
w

3
g{i+{> |,�5+| a x,

�
U4
3

g{
U
x

3
g|i+{> |,�4+{ a w,

.
U4
3 g{

U4
3 g|i+{> |,�4+{ a w,�5+| a x,

rü I +{> |, @ S+� 4 � {> � 5 � |, hw i hvw od ghqvlwì mrlqwh gh � 4 hw � 5= G*rü

3 @ I +w> x, �
U
w

3 g{
U
x

3 g|i+{> |,�5+|,�
U
w

3 g{
U4
x

g|i+{> |,�5+x,

�
U
x

3
g|
U
w

3
g{i+{> |,�4+{,�

U
x

3
g|
U4
x

g{i+{> |,�4+w,

.
U w
3
g{
U
x

3
g|i+{> |,�4+{,�5+|, .

U
w

3
g{
U4
x

g|i+{> |,�4+{,�5+x,

.
U4
w

g{
U
x

3
g|i+{> |,�4+w,�5+|, .

U4
w

g{
U4
x

g|i+{> |,�4+w,�5+x,

Hq gìulydqw sdu udssruw ã w sxlv sdu udssruw ã x> rq rewlhqw dsuëv vlpsol�fdwlrq

i+w> x,� �4+w,

] 4

w

g{i+{> x,� �5+x,

] 4

x

g|i+w> |, . �4+w,�5+x,

] 4

w

g{

] 4

x

g|i+{> |, @ 3= +:15,

Vl rq srvh J+w> x, @ 4� I +w> x, @ h��4+w, . h��5+x, � h��4+w,h��5+x,K+w> x,> o*ìtxdwlrq +:15, ghylhqw

C5K

CxCw
@ 3

f*hvw0ã0gluh K v*ìfulw K+w> x, @ k4+w, . k5+x,=

Sdu frqvìtxhqw rq fkhufkh ghx{ irqfwlrqv k4 hw k5 whoohv txhI @ 4�h��4+w,�h��5+x,.h��4+w,h��5+x,+k4+w,.

k5+x,, vrlw xqh irqfwlrq gh uìsduwlwlrq1

Frpph P4 hw P5 vrqw ghv pduwlqjdohv/ ohv orlv pdujlqdohv vrqw frqqxhv hw

I +4> x, @ 4� h{s+��5+x,,> I +3> x, @ 3

I +w>4, @ 4� h{s+��4+w,,> I +w>3, @ 3=

Fh txl lpsoltxh k4+3, . k5+x, @ 4 @ k4+w, .k5+3,= G*rü k4 +uhvs1 k5, hvw ìjdoh ã xqh frqvwdqwh d +uhvs1

e, whoohv txh d. e @ 4=

Dlqvl I +w> x, @ +4� h��4+w,,+4� h��5+x,, hw � 4 hw � 5 vrqw lqgìshqgdqwv1

Vl q A 5> vrlhqw � l hw � m ghx{ lqvwdqwv gh gìidxw1 Frpph lov dgphwwhqw ghv +I�J, p1s1k �l hw �m

devroxphqw frqwlqxv sdu udssruw ã od phvxuh gh Ohehvjxh/ lov dgphwwhqw �l hw �m frpph +IbKl bKm,

p1s1k1 Sdu oh udlvrqqhphqw suìfìghqw/ � l hw � m vrqw lqgìshqgdqwv1

Gdqv oh fdv rü od �owudwlrq I q*hvw sdv wulyldoh/ qrxv xwlolvrqv od píph pìwkrgh/ hq frqvlgìudqw ohv

glvwulexwlrqv frqglwlrqqhoohphqw ã Iw= �

:16 Hwxgh gh od sursulìwì +K,

Gdqv oh fkdslwuh suìfìghqw/ qrxv dyrqv yx tx*xq fdv lqwìuhvvdqw hq �qdqfh ìwdlw oh fdv rü ohv I�pduwlqjdohv

gh fduuì lqwìjudeoh vrqw ghv J�pduwlqjdohv1 Fhfl vhud yìul�ì gdqv oh fdv rü od sursulìwì +K, hvw yudlh ã

fkdtxh jurvvlvvhphqw gh �owudwlrq f*hvw0ã0gluh hqwuh ohv �owudwlrqv I hw I bK4 hw hqwuh IbK4 b === bKl

;<



hw I bK4 b === bKl.4 srxu l @ 4> =>q� 41

Hq suìvhqfh gh ghx{ whpsv gh gìidxw � 4hw � 5> qrxv ìwxglrqv ohv frqglwlrqv txh grlyhqw yìul�hu fhv ghx{

lqvwdqwv srxu txh o*k|srwkëvh +K, vrlw yudlh hqwuh I hw I bK4 g*xqh sduw hw I bK4hw IbK4bK5 g*dxwuh

sduw hw gh pdqlëuh v|pìwultxh1 Qrxv prqwurqv hqvxlwh txh gdqv oh fdv gh ghx{ surfhvvxv gh Fr{/ fhv

frqglwlrqv qh vrqw mdpdlv yìul�ìhv1

Gdqv wrxwh od vxlwh/ qrxv idlvrqv o*k|srwkëvh vxlydqwh

S+�
l
@ � m, @ 3 srxu l 9@ m=

:1614 Fdv gh od �owudwlrq wulyldoh

Vrlw I od �owudwlrq wulyldoh1 Qrxv qrwrqv Kw @ �+�4 a w, hw Jw @ Kw b �+� 5 a w,=

G*dsuëv oh wkìruëph 9148/ ohvK�pduwlqjdohv gh fduuì lqwìjudeoh v*ìfulyhqw frpph lqwìjudohv vwrfkdvwltxhv

sdu udssruw ã P4 rü

P4
w @ Q4

w �
] wa�4

3

gI4+v,

4� I4+v�,
=

hw I4 hvw od irqfwlrq gh uìsduwlwlrq gh � 4=

Sdu frqvìtxhqw/ ohvK�pduwlqjdohv vrqw ghvJ�pduwlqjdohv vl hw vhxohphqw vlP4 uhvwh xqhJ�pduwlqjdoh/

fh txl ìtxlydxw ã

S+�5 � w @ Kw, @ S+� 5 � w @ K4,

vrlw

H+k+� 4,S+� 5 � w @ Kw,, @ H+k+� 4,4�5�w, srxu wrxwh irqfwlrq eruìolhqqh= +:16,

Ru

H+k+� 4,4�4�wS+� 5 � w @ Kw,, @ H+k+� 4 a w,4�4�wS+� 5 � w @ Kw,,

@ H+k+� 4 a w,4�4�w4�5�w,

@ H+k+� 4,4�4�w4�5�w,=

Sdu frqvìtxhqw/ o*ìjdolwì +:16, hvw ìtxlydohqwh ã

H+k+� 4,4�4AwS+�5 � w @ Kw,, @ H+k+� 4,4�4Aw4�5�w,=

Rq shxw vh uhvwuhlqguh ã ghv irqfwlrqv ìoìphqwdluhv/ g*rü o*ìtxlydohqfh dyhf

H+4xA�4AwS+�5 � w @ Kw,, @ H+4xA�4Aw4�5�w,=

Frpph

4�4AwS+� 5 � w @ Kw, @ 4�4Aw
S+� 5 � w> � 4 A w,

S+� 4 A w,
>

o*ìjdolwì +:16, hvw ìtxlydohqwh ã

S+� 5 � w ? � 4,S+x A � 4 A w, @ S+x A � 4 A w � � 5,S+� 4 A w,> ;w>;x= +:17,

Gh pdqlëuh v|pìwultxh/ vl rq yhxw txh o*k|srwkëvh +K, vrlw yudlh hqwuh I hw I bK5 g*xqh sduw hw

<3



I bK5hw I bK4bK5 g*dxwuh sduw/ rq rewlhqw od uhodwlrq

S+� 4 � w ? � 5,S+x A � 5 A w, @ S+x A � 5 A w � � 4,S+� 5 A w,> ;w>;x= +:18,

Uhpdutxh :1: = Vl � 4 hw �5 vrqw lqgìshqgdqwv doruv ohv ìjdolwìv +:17, hw +:18, vrqw yìul�ìhv1 Vl xqh

vhxoh ìjdolwì hvw yìul�ìh/ sdu h{hpsoh +:17,/ fhod q*lpsoltxh sdv txh � 4 hw � 5 vrqw lqgìshqgdqwv1 Hq h�hw/

vl qrxv suhqrqv � 4 hw � 5 @ � . �4> o*ìjdolwì +:17, hvw wulyldohphqw yìul�ìh1 Sdu frqwuh/ píph vl � 4 hw �

vrqw lqgìshqgdqwv/ o*ìjdolwì +:18, q*hvw sdv irufìphqw yudlh1 Rq shxw suhqguh oh frqwuh0h{hpsoh rü � 4 hw

� vrqw lqgìshqgdqwv gh píph orl 4
5
�4 .

4
5
�4=:8 hw x @ 8> w @ 6=

:1615 Fdv gh surfhvvxv gh Fr{

Qrxv frqvlgìurqv oh fdv sduwlfxolhu rü � 4 hw � 5 vrqw gì�qlv dx pr|hq gh ghx{ surfhvvxv gh Fr{ sdu

� l @ lqiiw 2
]

w

3

�l+v,gv A �j @ lqiiw 2 �l+w, A �j

rü �l vrqw ghv irqfwlrqv gìwhuplqlvwhv srvlwlyhv yìul�dqw �4 ? �5 fh txl lpsoltxh � 5 ? � 4=

Prqwurqv txh gdqv fh fdv/ o*ìjdolwì +:17, q*hvw sdv yìul�ìh1

Qrxv dyrqv S+� 5 � w ? � 4, @ S+�4+w, ? � ? �5+w,,> S+x A � 4 A w, @ S+�4+w, ? � ? �4+x,,> hw

S+x A � 4 A w> � 5 � w, @ S+� ? �5+w,> �4+w, ? � ? �4+x,,

@ S+ �4+w, ? � ? lqi+�5+w,>�4+x,,, srxu x A w=

Sdu frqvìtxhqw/ frpph � hvw xqh yduldeoh h{srqhqwlhooh gh sdudpëwuh xq/

S+� 5 � w ? �4, @ h{s+��4+w,,� h{s+��5+w,,>

S+x A � 4 A w> � 5 � w, @ h{s+��4+w,, � h{s+� lqi+�5+w,>�4+x,, srxu x A w

@ h{s+��4+w,, � vxs+h{s+��5+w,,> h{s+��4+x,,,

O*ìjdolwì +:17, hvw yìul�ìh vl hw vhxohphqw vl

^h{s+��4+w,,� h{s+��5+w,,`^h{s+��4+w,, � h{s+��4+x,,`

@ h{s+��4+w,,^h{s+��4+w,,� vxs+h{s+��5+w,,> h{s+��4+x,,,`=

Vl �5+w, A �4+x,> rq d ìjdolwì vl hw vhxohphqw vl �4+x, @ �4+w,> f*hvw0ã0gluh vl �4 @ 3 vxu ^w> x`=

Vl �5+w, ? �4+x,> rq d ìjdolwì vl hw vhxohphqw vl �5+w, @ �4+x, @ 3=

Sdu frqvìtxhqw/ vl rq suhqg w @ 3 hw x txhofrqtxh/ rq rewlhqw �4 @ 3=

:1616 Fdv rü od �owudwlrq I hvw txhofrqtxh

Qrxv qrwrqv J4 @ IbK4 hw J @ J4bK5= Sdu oh píph udlvrqqhphqw txh suìfìghpphqw/ qrxv rewhqrqv

txh ohv J4�pduwlqjdohv vrqw ghv J�pduwlqjdohv vl hw vhxohphqw vl

S+� 5 � w> � 4 A w 2 Iw,S+x A � 4 A w 2 Iw, @ S+x A � 4 A w> � 5 � w 2 Iw,S+� 4 A w 2 Iw,>;w> ;x= +:19,

<4



Dlqvl ohv I�pduwlqjdohv vrqw ghv J�pduwlqjdohv/ vl od sursulìwì +K, hvw yìul�ìh srxu I hw J4 hw vl

o*ìjdolwì +:19, hvw yudlh1

Uhpdutxh :1; = Oh idlw g*lpsrvhu txh od sursulìwì +K, hvw yìul�ìh srxu fkdtxh jurvvlvvhphqw hvw xqh

frqglwlrq uhvwulfwlyh srxu dyrlu od frqvhuydwlrq ghv pduwlqjdohv gh od �owudwlrq I frpph pduwlqjdohv gh

od �owudwlrq J= Hq h�hw/ vl � 4 hw � 5 vrqw ghx{ whpsv gh gìidxw lqgìshqgdqwv gh od �owudwlrq I> pdlv qh

yìul�dqw sdv +:19,/ ohv I�pduwlqjdohv vrqw wrxw gh píph ghv J�pduwlqjdohv1

Ohv h{hpsohv grqqìv dx gìexw gh fh fkdslwuh qrxv rqw shuplv gh yrlu txh gdqv oh fdv gh gìidxwv pxowlsohv/

qrxv dyrqv ehvrlq/ srxu phqhu ohv fdofxov/ gx surfhvvxv gh kdvdug gh od orl frqglwlrqqhooh gx plqlpxp ghv

whpsv gh gìidxw dlqvl txh gh od sursulìwì +K, hqwuh I hw IbK rü K @ +�+� aw,,= Ohv uìvxowdwv suìfìghqwv

prqwuhqw txh gdqv oh fdv gh whpsv gh gìidxw lqgìshqgdqwv ohv uìvxowdwv v*rewlhqqhqw idflohphqw1

Fhshqgdqw gdqv oh fdv gh whpsv � 4 hw � 5 fruuìoìv/ qrxv srxyrqv fdofxohu vxu ghv h{hpsohv oh surfhvvxv

gh kdvdug dvvrflì dx plqlpxp � hw prqwuhu txh o*k|srwkëvh +K, hvw yudlh elhq txh o*ìjdolwì +:19, qh vrlw

sdv yìul�ìh1 Srxu fruuìohu ohv whpsv gh gìidxw/ gh qrpeuhx{ dxwhxuv xwlolvhqw ohv frsxodv +fi1 Erx|ì hw

do1 ^4`/ Iuh| hw ^5`,

H{hpsoh :1< Vrlhqw I xqh �owudwlrq eurzqlhqqh/ �l> l@4/5 ghx{ yduldeohv doìdwrluhv lqgìshqgdqwhv gh

I gh orl h{srqhqwlhooh gh sdudpëwuh xq whoohv txh

S+�4 A w>�5 A w3, @
h{s+�w, h{s+�w3,

4 . +4� h�w,+4� h�w3,
=

Vl rq gì�qlw

� l @ lqiiw 2 �l+w, � �lj

rü �l vrqw ghx{ surfhvvxv furlvvdqwv I�phvxudeohv/ doruv oh surfhvvxv gh kdvdug � dvvrflì dx plqlpxp

hvw ìjdo ã

h��w @ 4�Iw @ S +� A w 2 Iw,

@ S+�4 A �4+w,>�5 A �5+w,,

@
h{s+��4+w,, h{s+��5+w,,

4 . +4� h��4+w,,+4� h��5+w,,

@ S+� A w 2 I4,

Dlqvl od sursulìwì +K, hvw yudlh hqwuh I hw IbK1

O*ìjdolwì +:19, q*hvw fhshqgdqw sdv yìul�ìh sxlvtxh

S+� 5 � w ? � 4,S+x A � 4 A w, @
+h��4+w, � h��4+x,,+4� h��5+w,,5h��4+w,

^4 . +4� h��4+w,,+4� h��5+w,,`^4 . +4� h��4+x,,+4� h��5+w,,`

hw

S+x A � 4 A w � � 5,S+� 4 A w, @
+h��4+w, � h��4+x,,h��4+w,^4 . +4� h��5+w,,+6� h��4+w, � h��4+x,,`

^4 . +4� h��4+w,,+4� h��5+w,,`^4 . +4� h��4+x,,+4� h��5+w,,`
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^4` Erx|ì H1/ Gxuuohpdq Y1/ Qlnhjkedol D1/ Ulerxohw J1/ Urqfdool W1 = Frsxodv iru Ilqdqfh D Uhdglqj

Jxlgh dqg Vrph Dssolfdwlrqv/ 5333

^5` Iuh| U1/ PfQhlo D1 = Prghoolqj Ghshqghqw Ghidxowv/ Suìsxeolfdwlrq/ 53341

^6` Gx!h G1 = Iluvw0wr0ghidxow ydoxdwlrq1 Zrunlqj sdshu/ 4<<;1

^7` Uxwnrzvnl P1 = �Rq prghov ri ghidxow ulvn e| U1Hoolrww/ P1Mhdqeodqf dqg P1\ru�/ Zrunlqj Sdshu/

53331
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Oh fkdslwuh 9 qrxv d shuplv gh prqwuhu txh od vwuxfwxuh gx JW 0pdufkì/ hq sduwlfxolhu od qdwxuh ghv

dfwliv frqwlqjhqwv qìjrfldeohv/ lpsrvdlw xqh k|srwkëvh wuëv iruwh vxu od frqvhuydwlrq ghv pduwlqjdohv gh

od �owudwlrq I hq J�pduwlqjdohv1 Fhwwwh k|srwkëvh q*hvw soxv qìfhvvdluh vl o*rq frqvlgëuh txh ohv dfwliv

qh vrqw qìjrfldeohv txh mxvtx*hq � hw txh ohv vhxov dfwliv frqwlqjhqwv glvsrqleohv vrqw gh od iruph [4W?�

hw k�4��W 1 O*k|srwkëvh +K, q*hvw sdv qrq soxv yìul�ìh vl qrxv revhuyrqv ohv sul{ ghv dfwliv V hq whpsv

glvfuhwv=

Gdqv xq suhplhu whpsv/ qrxv prqwurqv gdqv xq frqwh{wh g*revhuydwlrq ã whpsv glvfuhwv ghv sul{/ txh

oh surfhvvxv I q*hvw mdpdlv furlvvdqw1 Dlqvl ql o*k|srwkëvh +K,/ ql o*k|srwkëvh +J, qh vrqw yìul�ìhv1

Gdqv oh fdv jìqìudo/ ohv uìvxowdwv vxu od gìfrpsrvlwlrq ghv I�pduwlqjdohv gdqv od �owudwlrq J rqw ìwì

ìwdeolv gdqv od wkìrulh gx jurvvlvvhphqw gh �owudwlrq gdqv ohv wudydx{ gh Mhxolq^47`1 Qrxv frpphqêrqv

gdqv xqh suhplëuh sduwlh sdu udsshohu fhv uìvxowdwv/ dlqvl txh ghv uìvxowdwv qrxv shuphwwdqw gh fdofxohu

ohv hvsìudqfhv frqglwlrqqhoohv gdqv od �owudwlrq J=

Hqvxlwh qrxv ìwdeolvvrqv xq wkìruëph gh uhsuìvhqwdwlrq vhpeodeoh ã fhoxl ìwdeol gdqv oh fkdslwuh 91 Fhfl

qrxv shuphw gh prqwuhu txh oh pdufkì frqvlgìuì hvw lqfrpsohw vl o*rq frqvlgëuh xqltxhphqw ghv dfwliv

gx IW 0pdufkì1 Fh pdufkì shxw qìdqprlqv íwuh frpsoìwì sdu xq }ìur0frxsrq dyhf gìidxw grqw qrxv

grqqrqv od g|qdpltxh gdqv oh fdv rü I hvw xqh �owudwlrq eurzqlhqqh1

Hq�q qrxv whuplqrqv sdu ghv h{hpsohv gh whpsv gh gìidxw rü o*rq hvw elhq gdqv fh fdguh jìqìudo gx

jurvvlvvhphqw gh �owudwlrq/ f*hvw0ã0gluh rü od sursulìwì +K, q*hvw sdv yìul�ìh1

;14 Revhuydwlrq ã whpsv glvfuhwv

Vxssrvrqv Iw @ �+Vv> v � ^w`, rü ^w` hvw od sduwlh hqwlëuh gh w= Prqwurqv txh oh surfhvvxv I q*hvw mdpdlv

furlvvdqw1 Frpph

Iw @ S+� � w 2 Iw,>

I hvw furlvvdqw vxu ohv lqwhuydoohv ^q>q. 4^= Pdlv lo q*hvw sdv furlvvdqw hq q A 3= Hq h�hw/

Iq �Iq� @ S+� � q 2 Iq,� S+� � q 2 Iq�4, @ Iq �H+Iq 2Iq�4,=

<8



Ru Iq �H+Iq 2Iq�4, q*hvw sdv gh vljqh frqvwdqw1 Vlqrq/ frpph H+Iq �H+Iq 2Iq�4,, @ 3> rq dxudlw

Iq @ H+Iq@Iq�4,

l1h S+� � q 2 Iq, @ S+� � q 2 Iq�4,= Fh txl q
3hvw sdv yudl hq wrxwh jìqìudolwì=

Fh uìvxowdw ìwdlw suìylvleoh1 Gdqv oh fkdslwuh 9/ o*k|srwkëvh +K, d ìwì mxvwl�ìh ã frqglwlrq txh oh

IW�pdufkì vrlw frpsohw1 Ru hq fdv g*revhuydwlrq ã whpsv glvfuhwv/ oh IW�pdufkì q*hvw mdpdlv frpsohw1

;15 Fdv jìqìudo

;1514 Gìfrpsrvlwlrq ghv pduwlqjdohv gdqv od �owudwlrq J

D�q g*ìwdeolu od gìfrpsrvlwlrq ghv I�pduwlqjdohv gdqv od �owudwlrq J/ qrxv udsshorqv od gì�qlwlrq gx

frpshqvdwhxu g*xq surfhvvxv1

Gì�qlwlrq ;14 = Vrlw N xqh I�vrxv0pduwlqjdoh/ doruv oh surfhvvxv furlvvdqw eN/ suìylvleoh/ frqwlqx ã

gurlwh who txh ] @ N � eN hvw xqh I�pduwlqjdoh/ hvw dsshoì oh I0frpshqvdwhxu gh N=

Uhpdutxh ;15 = O*h{lvwhqfh gx frpshqvdwhxu hvw dvvxuìh sdu oh wkìruëph gh Grre0Ph|hu +fi ^:`,1

Qrwdwlrq =

Oh surfhvvxv eI hvw oh frpshqvdwhxu gh I hw oh surfhvvxv ] od pduwlqjdoh ìjdoh ã I � eI=
Od gìfrpsrvlwlrq ghv I�pduwlqjdohv gdqv od �owudwlrq J hvw grqqìh gdqv ^4;` srxu xqh �owudwlrq eurz0

qlhqqh hw gdqv ^47` srxu xqh �owudwlrq txhofrqtxh1

Sursrvlwlrq ;16 = Vl [ hvw xqh I�pduwlqjdoh/ lo h{lvwh xqh J�pduwlqjdoh [ whooh txh

[wa� @ [wa� �
] wa�

3

g k[>I l
v

4�Iv�
= +;14,

Gdqv fhuwdlqv fdv/ lo shxw íwuh mxglflhx{ g*ìfuluh o*h{suhvvlrq +;14, ã o*dlgh gx furfkhw gurlw1 Od sursrvlwlrq

ghylhqw

Sursrvlwlrq ;17 = Vl [ hvw xqh I�pduwlqjdoh/ lo h{lvwh xqh J�pduwlqjdoh [ whooh txh

[wa� @ [wa� �
] wa�

3

g ^[>I `
v

4�Iv
=

Gìprqvwudwlrq = Yrlu Ghoodfkhulh Ph|hu ^;` s14;;1 �

Gdqv oh fdv jìqìudo/ qrxv qh srxyrqv suìflvhu oh frpsruwhphqw ghv I�pduwlqjdohv dsuëv o*lqvwdqw gh

gìidxw vdqv lpsrvhu ghv frqglwlrqv vxssoìphqwdluhv vxu � = Qrxv dyrqv ehvrlq txh od yduldeoh � vrlw xqh

yduldeoh krqqíwh f*hvw0ã0gluh od �q g*xq hqvhpeoh I�suìylvleoh dxwuhphqw glw � @ vxsiw = +w> $, 5 �j rü

� hvw xq hqvhpeoh I�suìylvleoh1 Vrxv fhwwh frqglwlrq qrxv srxyrqv ìqrqfhu oh uìvxowdw vxlydqw +fi ^4;`

rx ^47`,1

Sursrvlwlrq ;18 = Vl � hvw xqh yduldeoh krqqíwh hw vl [ hvw xqh I�pduwlqjdoh/ lo h{lvwh xqh J�pduwlqjdoh

[ whooh txh

[w @ [w �
] wa�

3

g k[>I l
v

4�Iv�
� 4��w

] w

�

g k[>I l
v

Iv�
=
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Uhpdutxh ;19 = Elhq txh ohv lqvwdqwv gh gìidxw � frqvwuxlwv ã o*dlgh ghv surfhvvxv gh Fr{ qh vrlhqw sdv

ghv yduldeohv krqqíwhv/ rq d txdqg píph xqh gìfrpsrvlwlrq ghv I�pduwlqjdohv sxlvtxh +K, hvw yudlh1

Srxu prqwuhu txh � q*hvw sdv krqqíwh/ rq xwlolvh xq uìvxowdw gþ ã D}hpd hw do1 +fi ^4`, gdqv ohtxho ohv

dxwhxuv prqwuhqw txh srxu xq whpsv krqqíwh/ oh surfhvvxv eI4 hvw xqh yduldeoh h{srqhqwlhooh1 Ru srxu

xq surfhvvxv gh Fr{/ eI4 @ I4 hvw ã ydohxu gdqv ^3> 4`= Rq shxw dxvvl xwlolvhu txh oh surfhvvxv

�� @ � oq+4� eI4, @ � oq+4� I4,

hvw xqh yduldeoh h{srqhqwlhooh1

Qrwdwlrq =

Srxu wrxwh I0pduwlqjdoh [> rq qrwhud [ od J0pduwlqjdoh dvvrflìh sdu od sursrvlwlrq suìfìghqwh1

Oh ohpph vxlydqw qrxv shuphw gh fdofxohu ohv hvsìudqfhv frqglwlrqqhoohv hw gh fdudfwìulvhu od I�pduwlqjdoh

surfhvvxv gh kdvdug �=

Ohpph ;1: = l, Vl k hvw xq surfhvvxv I�suìylvleoh doruv

H+k�@Jw, @ k�4��w .4�Awh
�wH+

] 4

w

kxg aIx@Iw,= +;15,

ll, Oh I�pduwlqjdoh surfhvvxv gh kdvdug gh � hvw grqqì sdu

�w @

]
w

3

g eIv
4�Iv�

= +;16,

Gìprqvwudwlrq = l, O*h{suhvvlrq +;15, v*rewlhqw ã sduwlu gh +619, hq xwlolvdqw od gì�qlwlrq gx frpshqvdwhxu1

ll, Qrxv uhsuhqrqv od gìprqvwudwlrq gh ^46`1 Oh surfhvvxv � grqqì sdu +;16, hvw I0suìylvleoh1 Srxu prqwuhu

txh Qw � �+w a � , hvw xqh J�pduwlqjdoh/ lo vx!w gh yìul�hu txh srxu wrxw v � w

H+

]
va�

wa�

g eIx
4� Ix�

@ Iw, @ H+Iv � Iw @ Iw, @ H+ eIv � eIw @ Iw,=

Ru

H+4iw?�j
U va�
wa�

g eIx
4�Ix� @ Iv, @ H+4iv?�j

U v
w

g eIx
4�Ix� .4iw?��v

U va�
w

g eIx
4�Ix� @ Iv,

@ +4�Iv,
U
v

w

g eIx
4�Ix� .

U
v

w

U
x

w

g eIy
4�Iy� g

eIx
@ +�v � �w,+4�Iv, .

U
v

w
+�x ��w,g eIx

@ +�v � �w,+4�Iv, .
U
v

w
+�x ��w,g+Ix � Ix . eIx,=

Frpph � hvw I�suìylvleoh/

H+

]
v

w

+�x � �w,g+Ix � eIx, @ Iw, @ 3= +;17,

Hq xwlolvdqw o*ìjdolwì

I +w, @

] w

3

�xgIx .�+w,+4� Iw,>

qrxv rewhqrqv

H+

] va�

wa�

g eIx
4� Ix�

@Iw, @ H+H+4iw?�j

] va�

w

g eIx
4� Ix�

@Iv@Iw,, @ H+Iv � Iw@Iw, @ H+ eIv � eIw@Iw,=

<:



�

;1515 Wkìruëphv gh uhsuìvhqwdwlrq

Ohv wkìruëphv gh uhsuìvhqwdwlrq suìylvleoh shuphwwhqw hq �qdqfh g*ìwdeolu od frpsoìwlrq gx pdufkì1 F*hvw

srxutxrl/ qrxv ìwdeolvvrqv xq wkìruëph gh uhsuìvhqwdwlrq suìylvleoh srxu fhuwdlqhv J�pduwlqjdohv1

Qrxv frpphqêrqv sdu udsshohu xq uìvxowdw ^4` txl grqqh od gìfrpsrvlwlrq gh wrxwhv ohv J�pduwlqjdohv

gdqv oh fdv rü od yduldeoh � hvw krqqíwh I4�phvxudeoh hw rü od �owudwlrq I hvw xqh �owudwlrq eurzqlhqqh

hqjhqguìh sdu Z 1 Rq qrwh I.
�

od �owudwlrq hqjhqguìh sdu ohv surfhvxv ]� rü ] hvw I0surjuhvvlyhphqw

phvxudeoh1

Wkìruëph ;1; = Vrlw � xqh yduldeoh krqqíwh I4�phvxudeoh1 Wrxwh J�pduwlqjdoh gh fduuì lqwìjudeoh

+[w,w�3> qxooh hq 3/ shxw vh gìfrpsrvhu gh pdqlëuh xqltxh hq od vrpph gh txdwuh pduwlqjdohv gh fduuì

lqwìjudeoh/ ruwkrjrqdohv gdqv od �owudwlrq J =

[w @

] wa�

3

M +4,
v

gZ v . 4��w

] w

�

M +5,
v

gZ v

.^M +6,
� 4��w �

]
wa�

3

M +6,
v g eIv` . y4��w

rü M +l,> l@4/5/6/ vrqw wurlv surfhvvxv I�suìylvleohv yìul�dqw

H^

] 4

3

+M +4,
v ,5+4� Iv,gv` ?4> H^

] 4

3

+M +5,
v ,5Ivgv` ?4> H^

] 4

3

+M +6,
v ,5g eIv` ?4

hw y 5 O5+I.
� , vdwlvidlw H+y 2 I� , @ 3=

Fh wkìruëph wuëv jìqìudo q*d srxu o*lqvwdqw sdv g*lqwhusuìwdwlrq hq �qdqfh1 Hq sduwlfxolhu/ qrxv qh vdyrqv

sdv lqwhusuìwhu hq wrxwh jìqìudolwì oh whuph hq y= Eduorz hw do1 ^5` rqw prqwuì txh I.
�
hw I� qh gl�ìuhqw

tx*ã xq hqvhpeoh suëv/ gdqv oh fdv rü � @ j4> y @ vjq Z4=

Gh soxv/ fhuwdlqhv yduldeohv krqqíwhv grqqhqw ghv duelwudjhv +fi ohv h{hpsohv gh od uhpdutxh 9164,1

Qrxv srxyrqv fhshqgdqw ìwdeolu xq wkìruëph soxv suìflv srxu ohv pduwlqjdohv gh od iruph Kw @ H^k�@Jw`

rü k hvw xq surfhvvxv I�suìylvleoh vdqv k|srwkëvh vxu od �owudwlrq I1

Wkìruëph ;1< = Vrlw k xq surfhvvxv I�suìylvleoh hw Kw @ H^k�@Jw`> doruv K dgphw od gìfrpsrvlwlrq

vxlydqwh

Kw @p
+k,
3 .

] wa�

3

h�v�^+Kv� � kv,g]v . gp+k,
v ` .

] w

3

h��v+kv �Kv�,gPv>

rü p
+k,
w @ H^

U4
3

kxg aIx@Iw, hvw xqh I0pduwlqjdoh1

Gìprqvwudwlrq = O*lgìh gh od gìprqvwudwlrq hvw od píph txh srxu oh wkìruëph 914:1 Hq xwlolvdqw o*ìjdolwì

+;15,/ qrxv dyrqv

Kw @ k�4��w . 4�Awh
�wH+

] 4

w

kxg aIx@Iw,

hw

Dw @ H+

] 4

w

kxh
�wg aIx@Iw, @ h�w+p

+k,
w

�
] w

3

kxg aIx,=

<;



Sdu xqh lqwìjudwlrq sdu sduwlhv/ qrxv rewhqrqv juåfh ã od irupxoh g*Lw÷

g+h�w, @ h�w� +g�w . h��w � 4���w .
4

5
g k�f>�fl

w
, @ h�w� +

gIw

4� Iw
.

g kI f> I fl
w

+4� Iw�,5
,>

g*rü

gDw @ h�w� +gp
+k,
w � kwgIw, . +p

+k,
w� �

U
w�
3

kxgIx,g+h
�w, . g^h�w >p

+k,
w �

U
w

3
kxgIx`

@ h�w� +gp
+k,
w .

g^p+k,
>I `

4�Iw , .Dw�+
gIw

4�Iw .
gkI f

>I
flw

+4�Iw�,5 ,� kw+
gIw

4�Iw� . h
�
w�

4�Iw ig^I>]`w .�Iw� hIwj,
@ h�w� +gp

+k,
w .

g^p+k,
>I `

4�Iw , .Dw�+
g]w

4�Iw .
gkI f

>]
fl
w

+4�Iw�,5 ,� kw+
g]w

4�Iw� . h
�
w�

4�Iw g^I>]`w,

.Dw�
g hIw
4�Iw � kw+

g hIw
4�Iw� . h

�
w�

4�Iw�Iw� hIw,=
Ru g hIw

4�Iw� . h
�
w�

4�Iw�Iw� hIw @ g hIw
4�Iw hw

g]w

4�Iw
.

g kI f> ]fl
w

+4� Iw�,5
@

g]f

w

4�Iw�
.

g kI f>]fl
w

+4� Iw�,+4� Iw,
.

�]w

4� Iw

@
g]f

w

4�Iw�
.

g ^I>]`
w

+4� Iw�,+4� Iw,
.�]w+

4

4�Iw
�

�Iw

+4� Iw�,+4� Iw,
,

@
g]f

w

4�Iw�
.

�]w

4� Iw�
.

g ^I>]`
w

+4�Iw�,+4�Iw,

@
g]w

4�Iw�
.

g ^I>]`
w

+4� Iw�,+4� Iw,

Sdu frqvìtxhqw

gDw @ h�w�i+gp+k,
w

.
g^p+k,> I `

4�Iw
,.Dw�+g]w.

g ^I>]`
w

+4�Iw,
,�kw+g]w.

g^I>]`w

4� Iw
,.h��w+Dw��kw,

g hIw
4�Iw�

j=

Frpph

Dw4iw?�j @p
+k,
3 .

]
wa�

3

gDv �D�4i��wj

hw frpph Dx @ Kx vxu ix ? �j hw �D� @ �h��k��I� .D��
�I�

4�I� > fdu ohv frqglwlrqv +F4, rx +F5,

lpsoltxh �p
+k,
� @ 3=

Sdu frqvìtxhqw/

Kw @ p
+k,
3 .

U
wa�
3

h�v�^+h��vKv� � kv,g]v . gp
+k,
v ` .

U
wa�
3

h��x+Kx� � kx,
g hIx

4�I
x�

. +k� �D� ,4i��wj

@ p
+k,
3 .

U
wa�
3

h�v�^+h��vKv� � kv,g]v . gp
+k,
v ` .

U
wa�
3

h��x+Kx� � kx,
g hIx

4�I
x�

.

^+k� �D��,+4 .
�I�

4�I� ,`4i��wj

@ p
+k,
3 .

U
wa�
3

h�v�^+h��vKv� � kv,g]v . gp
+k,
v ` .

U
wa�
3

h��x+kx �Kx�,gPx=

�

Fruroodluh ;143 = Vl od �owudwlrq I hvw od �owudwlrq g*xq prxyhphqw eurzqlhq Z hw I hvw frqwlqx> doruv

oh wkìruëph suìfìghqw v*ìfulw

Kw @p3 .

]
wa�

3

h�v+}v+Kv � kv, . �+k,v ,gZ v .

]
w

3

+kv �Kv�,gPv>

rü p
+k,
w

@ H^
U4
3

kxg aIx@Iw, hvw xqh I0pduwlqjdoh gh gìfrpsrvlwlrq gp
+k,
w

@ �
+k,
w

gZw hw rü gIw�g eIw @
<<



}wgZw=

Qrxv qrxv sodêrqv pdlqwhqdqw gdqv oh fdguh sduwlfxolhu rü I hvw frqwlqx hw I xqh �owudwlrq eurzqlhqqh1

Gdqv fh fdv ohv I�pduwlqjdohv vrqw frqwlqxhv hw od frqglwlrq +F4, hvw yìul�ìh1

;1516 G|qdpltxh g*xq }ìur0frxsrq

Oh surfhvvxv Ow @ +4�Qw,h
�w hvw xqh J�pduwlqjdoh hw sdu xq fdofxo gluhfw/ rq rewlhqw

gOw @
4

4� Iw
+�gPw .

}w

4�Iw
gZ w, @ Ow�+�gPw .

}w

4� Iw
gZ w,

Od g|qdpltxh gx }ìur0frxsrq dfwxdolvì vrxv od pduwlqjdoh phvxuh ìtxlydohqwh �{ìh T sdu oh JW�pdufkì

hvw grqqì sdu

gh�w @ pwgOw .Ow�gpw .
}w

4�IwOw�g kp>Z l
w

@ pwgOw .Ow�gpw

@ h�w�+�gPw . + }w

4�Iw .  w,gZ w,

@ h�
w�+�gPw . + }w

4�Iw .
�w

pw
,gZ w,

rü p hvw od pduwlqjdoh vwulfwhphqw srvlwlyh pw @ HT^UW h
�W @Iw` rü � hvw fdofxoìh vrxv T hw gpw @

pw wgZw @ �wgZw=

;1517 Frpsoìwlrq gx pdufkì

Oh wkìruëph ;1< prqwuh txh oh JW�pdufkì hvw lqfrpsohw vl o*rq qh glvsrvh txh ghv dfwliv gx IW�pdufkì/

píph vl fhoxl hvw frpsohw1 Lo shxw íwuh frpsoìwì vl ohv dfwliv qìjrfldeohv vrqw ohv dfwliv vdqv gìidxw duuíwìv

hq � hw xq }ìur0frxsrq dyhf gìidxw hw vl rq qh yhxw frxyulu txh ohv dfwliv gx w|sh [4W?� rx k+� ,4��W 1

Vxssrvrqv txh oh JW 0pdufkì frqvwlwxì ghv dfwliv gx IW�pdufkì mxvtx*hq � hw g*xq }ìur0frxsrq hvw vdqv

duelwudjh1 Doruv vrxv od p1p1h

Uw�w @ H+UW�W 2 Jw,

rü � hvw oh sul{ gh pdufkì gx }ìur0frxsrq1

Qrxv vxssrvrqv txh vrxv od p1p1h

g+UV,w @ +UV,w�wgZ w

Ohv fdofxov vrqw phqìv vrxv fhwwh suredelolwì1

Vl [ 5 IW > kw @ [4W?w hvw I�dgdswì/ frqwlqx ã jdxfkh olplwì ã gurlwh/ grqf suìylvleoh1 Sdu frqvìtxhqw/

qrxv srxyrqv dssoltxhu oh wkìruëph ;1< hw

UW[4W?� @ {.
U
Wa�
3

!vgZ v .
U
W

3
#vgPv

@ {.
U
Wa�
3

+!v . #v+
}v

4�Iv .
�v

pv
,,+UvVv�v,

�4g+UV,v �
U
Wa�
3

#v

Uv�v�
g+U�,v

rü

!v @
4

4�Iv
+}v+Kv�, . �[v ,

hw

#v @ �Kv�=
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Oh frh!flhqw �[
v

hvw oh frh!flhqw gh od uhsuìvhqwdwlrq suìylvleoh gh od J�pduwlqjdoh p[ dvvrflìh ã od

I0pduwlqjdoh

p[

w @ H+

] 4

W

UW[g aIx@Iw, @ H+[UW h
��W @Iw,=

Hq uhpdutxdqw txh Kv @ Ovp
[

v
hw Uv�v @ Ovpv> rq rewlhqw dsuëv vlpsol�fdwlrq

UW[4W?� @ {.

] Wa�

3

4

4� Iv
+�[v �

p[

v

pv

�v,+UvVv�v,
�4g+UV,v �

] Wa�

3

p[

v

pv

g+U�,v=

Oh uìvxowdw ghphxuh srxu ohv dfwliv frqwlqjhqwv gh od iruph k�4i��Wj ã frqglwlrq gh prgl�hu ohv frh!0

flhqwv ! hw # ã o3dlgh gx wkìruëph ;1<1

Fh uìvxowdw hvw lpsruwdqw fdu lo shuphw g*rewhqlu h{solflwhphqw oh sruwhihxlooh gh frxyhuwxuh gh o*dfwli

frqwlqjhqw hw lo prqwuh txh oh pdufkì frpsrvì ghv dfwliv frqwlqjhqwv gx w|sh [4W?� rx k+� ,4��W hvw

frpsoìwì sdu oh }ìur0frxsrq dyhf gìidxw1

Od frpsoìwlrq gx pdufkì uhvwh ydodeoh vrxv o*k|srwkëvh +K,/ sxlvtxh oh wkìruëph ;1< d vrq ìtxlydohqw

vrxv o*k|srwkëvh +K,1 Vhxoh od frxyhuwxuh fkdqjh/ sxlvtxh o*rq q*d sdv gh sduwlh pduwlqjdoh srxu oh

surfhvvxv I=

Gdqv oh fkdslwuh vxlydqw/ vrxv o*k|srwkëvh +K, qrxv h{solflwrqv od sduwlh gx sruwhihxlooh ã sodfhu gdqv

o*dfwli vdqv ulvtxh hw/ srxu xq h{hpsoh gh surfhvvxv �/ qrxv fdofxorqv oh sruwhihxlooh gh frxyhuwxuh gdqv

oh fdv g*xq fdoo hxursìhq1

Oh pdufkì hvw dxvvl frpsohw gdqv oh fdv rü o*rq shxw qìjrflhu xqh rswlrq hxursìhqqh dyhf gìidxw +hq

sduwlfxolhu xq fdoo hxursìhq, rewhqxh ã sduwlu gx vrxv0mdfhqw V hw xq }ìur0frxsrq dyhf gìidxw/ píph vl

o*rq qh shxw qìjrflhu gluhfwhphqw oh vrxv0mdfhqw V1 Hq h�hw/ rq qrwh srxu [ 5 IW /

Kw @ H^UW[4W?� 2 Jw`

oh sul{ dfwxdolvì gh o*rswlrq hxursìhqqh qìjrflìh vrxv od p1p1h �{ìh sdu oh pdufkì1 Doruv oh wkìruëph

;1< shuphw g*ìfuluh

gKw @ +4�Qw�,+h
�w}wKw . �[w ,gZ w � +4�Qw�,Kw�gPw>

rü �[w hvw oh frh!flhqw gh od uhsuìvhqwdwlrq suìylvleoh gh od pduwlqjdoh

p[

w @ H+

] 4

W

UW[g aIx@Iw, @ H+[UW h
��W @Iw,=

Frpph vrxv od p1p1h/ oh sul{ gx }ìur0frxsrq yìul�h

gh�w @ h�
w�+�gPw . +h�w}w .

�w
pw

,gZ w,>

oh pdufkì vhud frpsohw gëv txh o*rq srxuud ìfuluh Z hw P hq irqfwlrq gh K hw h�= Fhfl hvw srvvleoh gëv
txh oh surfhvvxv

+�[w �Kw�
�
w

pw

,
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qh v*dqqxoh sdv1 Gdqv fh fdv/ rq d

gPw @ +h�w}w .
�
w

pw

,gZ w �
gh�

wh�w�
hw

gZ w @ +4�Qw�,+�
[

w �Kw�
�w
pw

,�4^gKw �
gh�

wh�w� `=

Lo idxw uhpdutxhu txh oh fdv rü [ hvw xqh frqvwdqwh/ qh shuphw sdv gh frxyulu1

Uhpdutxh ;144 = Gdqv oh fdv rü I hvw glvfrqwlqx/ hq uhpdutxdqw txh

gOw @
4

4�Iw
+�gPw .

}w

4� Iw�
gZ w, @ �Ow�+

4�Iw�
4�Iw

gPw .
}w

4�Iw�
gZ w, +;18,

qrxv srxyrqv hqfruh ìfuluh od g|qdpltxh gx }ìur0frxsrq vrxv xqh p1p1h hw frpsoìwhu oh pdufkì dyhf

fhoxl0fl1 O*h{suhvvlrq +;18, shuphw gh mxvwl�hu txh oh vhfrqg whuph
U w
3
h��v+kv �Kv�,gPv gx wkìruëph

;1< rü dssdudñw h��v / hvw h�hfwlyhphqw xqh J0pduwlqjdoh1

;1518 H{hpsohv

Qrxv dyrqv yx gdqv oh fkdslwuh 9 xq h{hpsoh sxuhphqw pdwkìpdwltxh gdqv ohtxho od sursulìwì +J,

q*ìwdlw sdv yìul�ìh/ oh whpsv gh gìidxw ìwdqw I4�phvxudeoh= Qrxv doorqv grqqhu pdlqwhqdqw g*dxwuhv

h{hpsohv rü o*rq hvw gdqv od píph vlwxdwlrq1

H{hpsoh ;145 = Vrlw xq dfwli grqw oh sul{ Vw yìul�h o*ìtxdwlrq vxlydqwh

gVw @ VwgZ
4
w

rü Z 4 vdwlvidlw o*ìtxdwlrq

gZ 4 @ gZw �
Zw

w
gw

hw rü Z hvw xq prxyhphqw eurzqlhq1 Qrxv qrwrqv +IZ

w
,w�3 od �owudwlrq qdwxuhooh gh Z hw +Iw,w�3 fhooh

hqjhqguìh sdu V1 Fhwwh ghuqlëuh hvw dxvvl fhooh gh Z 4=

Lo hvw frqqx +fi ^49`, txh oh surfhvvxv Z 4 hvw xq prxyhphqw eurzqlhq gdqv vd sursuh �owudwlrq hw txh

IZ
w @ Iw b �+Zw,1

Dlqvl oh IW�pdufkì hvw vdqv duelwudjh1 Sdu frqwuh/ oh IZ

W
�pdufkì hvw duelwuì/ sxlvtxh lo q*h{lvwh sdv gh

suredelolwì ìtxlydohqwh ã S vxu IZ

W
whooh txh vrxv fhwwh suredelolwì V vrlw xqh pduwlqjdoh1 Rq shxw píph

prqwuhu txh o*duelwudjh d olhx wrxw gh vxlwh +fi ^6`,1

Qrxv frqvlgìurqv oh whpsv doìdwrluh � gì�ql gh od pdqlëuh vxlydqwh

� @ lqiiw � 3 @

]
w

3

Zv

v
gv @ �dj rü d A 3=

Rq shxw lqwhusuìwhu gh pdqlëuh �qdqflëuh � frpph ìwdqw oh prphqw rü oh uhqghphqw fxpxoì ghylhqw

wurs shwlw1

Od sursulìwì +K, q*hvw sdv yudlh gdqv fh frqwh{wh1 Sdu frqvìtxhqw/ ohv I�pduwlqjdohv qh uhvwhqw sdv ghv

J�pduwlqjdohv dyhf Jw @ Iw b �+w a � ,1 Hq h�hw/ vl qrxv vxssrvrqv txh +K, hvw yìul�ìh/ doruv sxlvtxh
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oh surfhvvxv \ gì�ql sdu

\w @ h{s+Z 4
w �

4

5
w,

hvw xqh I�pduwlqjdoh/ \ hvw xqh J�pduwlqjdoh1 Vl qrxv gì�qlvvrqv

�q @ lqiiw 2 Z 4
w @ qj>

oh surfhvvxv \=a�q hvw xqlirupìphqw lqwìjudeoh/ fdu eruqì sdu h{sq> hw olpq$4 �q @ .41

G*dsuëv oh wkìruëph gh Grre dssoltxì ã fh surfhvvxv/ qrxv ghyulrqv dyrlu

H+\�qa� , @ 4=

Ru

h{s+Z 4
wa�a�q �

4

5
+w a � a �q,, @ h{s+Zwa�a�q �

4

5
w a � a �q, h{s+�

] wa�a�q

3

Zv

v
gv,

hw

H+h{s+Zwa�a�q �
4

5
+w a � a �q,, h{s+�

] wa�a�q

3

Zv

v
gv,, @ hH+h{s+�

] wa�a�q

3

Zv

v
gv,,

rü hH hvw o*hvsìudqfh sulvh vrxv od suredelolwì hS gh ghqvlwì gh Udgrq0Qlnrg|p sdu udssruw ã S ìjdoh ã

]w @ h{s+Zw � 4
5 w, vxu ohv ìoìphqwv gh IZ

w =

Gh soxv/ oh surfhvvxv +h{s+�
U
wa�a�q
3

Zv

v
gv, / w � 3, hvw eruqì sdu 4 b hd1 Sdu frqvìtxhqw

olp
q$.4

hH+h{s+�
]

wa�a�q

3

Zv

v
gv,, @ hH+h{s+�

] wa�

3

Zv

v
gv,,

hw

olp
w$.4

hH+h{s+�
]

wa�

3

Zv

v
gv,, @ hd=

Dlqvl frpph d 9@ 3/ o*k|srwkëvh +K, q*hvw sdv yìul�ìh srxu ohv �owudwlrqv I hw J1

H{hpsoh ;146 = Vrlw xq dfwli grqw oh sul{ Vw yìul�h o*ìtxdwlrq vxlydqwh

Vw @Zw . \ w>W � w � 3

rü Z hvw xq prxyhphqw eurzqlhq vxu +
>J>S, hw \ xqh yduldeoh doìdwrluh lqgìshqgdqwh gh Z gh orl �

yìul�dqw

�+g|, @ s%4@7+g|, . t%4+g|,

rü %l hvw od pdvvh gh Gludf dx srlqw l=

Od gìfrpsrvlwlrq gh Vw gdqv vd �owudwlrq qdwxuhooh I hvw

Vw @ �w .

]
w

3

gv+
k
3

k
,+v>Vv,>

rü

k+w> {, @

]
�+g|, h{s+�|{�

|5w

5
,
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hw � hvw xq S� Iw�prxyhphqw eurzqlhq1

Hq h�hw/ vxu od �owudwlrq +IZ
w bI\ ,w�3> V hvw xq T�prxyhphqw eurzqlhq rü od suredelolwì T hvw gì�qlh

sdu gT

gS
@ h{s+\ZW � 4

5\
5W , @ NW = G*dsuëv oh wkìruëph gh uhsuìvhqwdwlrq ghv pduwlqjdohv/ od suredelolwì

T hvw o*xqltxh pduwlqjdoh txl idlw gh V xq +IZ

w bI\ ,0prxyhphqw eurzqlhq1

Gh soxv/ V hw \ vrqw lqgìshqgdqwv vrxv T= Hq h�hw/

T^j+\ ,i+Vx> x � W ,` @ S^OW j+\ ,i+x\ .Zx> x � W ,`

@
U
�+g|,HS+j+|, h{s+�|ZW � |

5
W

5 ,i+x| .Zx> x � W ,=

@
U
�+g|,j+|,HS+i+iZx> x � W ,

rü iZ hvw xq S�prxyhphqw eurzqlhq1 Frpph V hvw xq prxyhphqw eurzqlhq vrxv T>

HS+i+iZx> x � W , @ HT+i+Vx> x � W ,=

Sdu frqvìtxhqw/ T^j+\ ,i+Vx> x � W ,` @ HT+i+Vx> x � W ,
U
�+g|,j+|,= G*rü

T+j+\ ,, @

]
�+g|,j+|,=

Dlqvl \ d píph orl vrxv T hw vrxv S hw rq d o*lqgìshqgdqfh=

Srxu rewhqlu od gìfrpsrvlwlrq gh V gdqv vd sursuh �owudwlrq vrxv S> lo vx!w gh suhqguh od uhvwulfwlrq gh

S hw T ã IW = Lo ylhqw txh

gS@IW @ HT+h{s+�\ VW �
4

5
\ 5W , @ IW ,gT @k+W> VW ,gT

fdu V hw \ vrqw lqgìshqgdqwv vrxv T1

Hq dssoltxdqw oh wkìruëph gh Jluvdqry/ rq rewlhqw txh oh surfhvvxv

Vw .

] w

3

gv
k3

k
+v>Vv,

hvw vrxv S xq Iw�prxyhphqw eurzqlhq1

Qrwrqv sw+i, @ H+i+\ , @ Vv> v � w,> doruv oh surfhvvxv s vdwlvidlw

sw+i, @
HT+N

�4
w i+\ ,@Iw,

HT+N
�4
w @ Iw,

@
HT+h{s+�\ Vw � 4

5\
5w,i+\ , @ Iw,

HT+N
�4
w

@ Iw,

@
ki +w> Vw,

k+w> Vw,

rü ki +w> {, @
U
�+g|,i+|, h{s+�|{� |

5
w

5 , hq xwlolvdqw o*lqgìshqgdqfh gh V hw gh \ vrxv T=
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Srvrqv � @ lqiiw> \ w A 4j @ 4
\
= Rq d

S+� � w 2 Iw, @ S+\ �
4

w
2 Iw, @

;?= 3 vl w ? 4

S+\ @ 4 2 Iw, vlqrq

Grqf ql o*k|srwkëvh +K, ql o*k|srwkëvh +J, qh vrqw yìul�ìhv hqwuh ohv �owudwlrqv I hw J vrxv od suredelolwì

klvwrultxh1

Fhshqgdqw/ lo h{lvwh xqh p1p1h vxu JW 1 Lo vx!w gh suhqguh od uhvwulfwlrq gh T ã JW = Frpph vrxv T/ V

hvw xq +IZ

w
b I\ ,0prxyhphqw eurzqlhq Jw�dgdswì/ f*hvw xq Jw0prxyhphqw eurzqlhq1

Dlqvl/ o*k|srwkëvh +K, hvw yìul�ìh vrxv T hqwuh ohv �owudwlrqv I hw J/ hooh hvw hqfruh yudlh hqwuh ohv

�owudwlrqv I hw +IZ
w b I\ ,w�31

Rq shxw uhpdutxhu txh srxu q*lpsruwh txho lqvwdqw gh gìidxw � txl hvw xq +IZ

w
b I\ ,�whpsv g3duuíw/

o*k|srwkëvh +K, vhud yìul�ìh hqwuh ohv �owudwlrqv I hw J vrxv od suredelolwì T1

H{hpsoh ;147 Rq shxw grqqhu xq dxwuh h{hpsoh rü o*rq d oh píph skìqrpëqh txh gdqv o*h{hpsoh

;1461 Vrlhqw Z 4 hw Z 5 ghx{ prxyhphqwv eurzqlhqv lqgìshqgdqwv vxu xq hvsdfh gh suredelolwì +
>J>S,1

rq frqvlgëuh oh surfhvvxv V vroxwlrq gh o*ìtxdwlrq

gVw @ gZ 4
w . +i+w,Z 5

w . k+w,Vw,gw> V3 @ 3

rü ohv irqfwlrqv i hw k dssduwlhqqhqw ã o*hvsdfh F4+3>4, _ D+3> 4,1 O*hvsdfh D+3> 4, hvw gì�ql frpph

o*hvsdfh

D+3>4, @ ij phvxudeoh whooh txh

] w

3

vj+v,gv ? .4> ;w ? 4j=

Rq shxw prqwuhu +fi1 Iùoophu0Zx0\ru ^44`, txh V dgphw srxu gìfrpsrvlwlrq gdqv vd sursuh �owudwlrq

Vw @ Ew .

] w

3

+i+x,nx+Vy> y � x, . k+x,Vx,gx

rü E hvw xq IV
w �prxyhphqw eurzqlhq1

Vl rq gì�qlw vxu IZ
4

W
b IZ

5

W
od suredelolwì T sdu

gT @h{s +

]
W

3

+i+w,Z 5
w
. k+w,Z 4

w
,gZ 4

w
�

4

5

] W

3

+i+w,Z 5
w
. k+w,Z 4

w
,5gw,gS>

doruv vrxv T> V hvw xq IZ
4

W
b IZ

5

W
�prxyhphqw eurzqlhq hw xq IV

w �prxyhphqw eurzqlhq1

Srxu q*lpsruwh txho IZ
4

W
b IZ

5

W
�whpsv g3duuíw � / V hvw Jw�prxyhphqw eurzqlhq vrxv T1 Sdu frqvì0

txhqw/ o*k|srwkëvh +K, hvw wrxmrxuv yìul�ìh vrxv T hqwuh IV hw J/ doruv tx*hooh qh vhud sdv yudlh hq

jìqìudo vrxv od suredelolwì klvwrultxh1
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^4` D}ìpd1 M1/ Mhxolq W1/ Nqljkw I1 hw \ru P1 = Oh wkìruëph g*duuíw hq �q g*hqvhpeoh suìylvleoh/ Vìplqdluh

gh Suredelolwìv [[YLL/ / Ohfwxuh Qrwhv lq Pdwk1 488:/ 466048;/ Vsulqjhu/ 4<<61

^5` Eduorz P1W1/ Hphu| P1/ Nqljkw I1E1/Vrqj V hw \ru P1 = Dxwrxu g*xq wkìruëph gh Wvluhovrq vxu

ohv �owudwlrqv eurzqlhqqhv hw qrq eurzqlhqqhv/ Vìplqdluh gh Suredelolwìv [[[LL/ Ohfwxuh Qrwhv lq

Pdwk1 49;9/ 5970638/ Vsulqjhu/ Ehuolq/ 4<<;1

^6` Ghoedhq I1/ Vfkdfkhupd|hu Z1 = Wkh h{lvwhqfh ri devroxwho| frqwlqxrxv orfdo pduwlqjdoh phdvxuhv/

Wkh Dqqdov ri Dssolhg Suredelolw|/ Yro 8/ Qr 7/ <580<78/ 4<<81

^7` Ghoodfkhulh F1 = Xq h{hpsoh gh od wkìrulh jìqìudoh ghv surfhvvxv/ Vìplqdluh gh Suredelolwìv LY/ Ohfwxuh

Qrwhv lq Pdwk1 457/ 930:3/ Vsulqjhu0Yhuodj/ Ehuolq/ 4<:31

^8` Ghoodfkhulh F1 = Fdsdflwìv hw surfhvvxv vwrfkdvwltxhv/ Vsulqjhu0Yhuodj/ Ehuolq/ 4<:51

^9` Ghoodfkhulh F1/ Ph|hu S1D1 = D sursrv gx wudydlo gh \ru vxu ohv jurvvlvvhphqwv gh wulexv/ Vìplqdluh

gh suredelolwìv [LL/ Ohfwxuh qrwhv lq Pdwk1/ 9<0:;/ Vsulqjhu0Yhuodj/ Ehuolq/ 4<:;1

^:` Ghoodfkhulh F1/ Ph|hu S1D1 = Suredelolwìv hw srwhqwlho/ Wkìrulh ghv pduwlqjdohv/ Khupdqq1 4<;31

^;` Ghoodfkhulh F1/ Ph|hu S1D1 = Suredelolwìv hw srwhqwlho/ surfhvvxv gh Pdunry1 Frpsoìphqwv gh fdofxo

vwrfkdvwltxh1 Khupdqq1 4<<51

^<` Gx!h G1/ Vfkurghu P1/ Vnldgdv F1 = Uhfxuvlyh ydoxdwlrq ri ghidxowdeoh vhfxulwlhv dqg wkh wlplqj ri

uhvroxwlrq ri xqfhuwdlqw|/ Dqqdov ri Dssolhg Suredelolw|/ 9/ 43:8043<3/ 4<<:1

^43` Hoolrww U1M1/ Mhdqeodqf P1/ \ru P1 = Rq prghov ri ghidxow ulvn/ Pdwkhpdwlfdo Ilqdqfh/ 43/ 4:<04<9/

53331

^44` Iùoophu K1/Zx F1W1/ \ru P1 = Fdqrqlfdo ghfrpsrvlwlrq ri olqhdu wudqvirupdwlrqv ri wzr lqghshqgdqw

Eurzqldq prwlrqv prwlydwhg e| prghov ri lqvlghuv wudglqj/ Vwrfkdvwlf surfhvvhv dqg Dssolfdwlrqv/ ;7/

46:0497/ 4<<<1

^45` Mduurz U1D/ \x I1 = Frxqwhusduw| Ulvn dqg Sulflqj ri Ghidxowdeoh Vhfxulwlhv/ Suhsulqw 4<<<1

^46` Mhdqeodqf P1/ Uxwnrzvnl P1 = Prghoolqj rq ghidxow ulvn = Dq ryhuylhz1 Pdwkhpdwlfdo Ilqdqfh =

wkhru| dqg sudfwlfh1 Prghuq Pdwkhpdwlfv Vhulhv/ Kljk Hgxfdwlrq suhvv > 4<<<1

^47` Mhxolq W1 = Vhpl0pduwlqjdohv hw jurvvvlvvhphqw gh �owudwlrq/ Ohfwxuh Qrwhv lq Pdwk1 ;66/ Vsulqjhu0

Yhuodj/ Ehuolq/ 4<;31

^48` Nxvxrnd V1 = D uhpdun rq ghidxow ulvn prghov/ Dgydqfhv lq Pdwkhpdwlfdo Hfrqrplfv/ 4/ 9<0;5/ 4<<<1

^49` Uhyx} G1/ \ru P1 = Frqwlqxrxv Pduwlqjdohv dqg Eurzqldq Prwlrq1 Wklug Hglwlrq/ Vsulqjhu0Yhuodj/

Ehuolq/ 4<<<1
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^4:` Uxwnrzvnl P1 = �Rq prghov ri ghidxow ulvn� e| U1Hoolrww/ P1Mhdqeodqf dqg P1\ru/ Zrunlqj sdshu/

53331

^4;` \ru P1 = Vrph dvshfwv ri Eurzqldq Prwlrq1 Sduw LL = Vrph uhfhqw Pduwlqjdoh Sureohpv/ Ohfwxuhv

lq Pdwkhpdwlfv1 HWK ] ulfk1 Elunkçxvhu/ 4<<:1
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Fh fkdslwuh hvw frqvdfuì dx{ frqvìtxhqfhv �qdqflëuhv tx*lpsoltxh od suìvhqfh g*xq ulvtxh gh gìidxw vxu

oh pdufkì �qdqflhu gìfulw gdqv oh fkdslwuh 91 Oruvtxh ohv djhqwv qh shxyhqw lqyhvwlu txh gdqv ghv dfwliv

vdqv gìidxw/ qrxv dyrqv yx suìfìghpphqw txh od suìvhqfh g*xq ulvtxh gh gìidxw hqwudñqdlw o*lqfrpsoìwlrq

gx pdufkì1

Vrxv o*k|srwkëvh txh oh pdufkì frqvlgìuì hvw qrq duelwuì/ lo h{lvwh xqh lq�qlwì gh pduwlqjdohv phvxuhv

ìtxlydohqwhv1 Gdqv xq pdufkì qh suìvhqwdqw sdv g*rssruwxqlwìv g*duelwudjh/ o*ìydoxdwlrq g*xq dfwli frqwlq0

jhqw vh idlw dx pr|hq g*xqh pduwlqjdoh phvxuh ìtxlydohqwh1 Sdu frqvìtxhqw/ qrxv srxyrqv gì�qlu xqh

lq�qlwì gh �sul{� srxu fkdtxh dfwli frqwlqjhqw1

Xq suhplhu sdv frqvlvwh ã gìwhuplqhu od irxufkhwwh ghv sul{1 Gdqv fh fkdslwuh/ qrxv gìwhuplqrqv od

irxufkhwwh ghv sul{ srxu xqh rswlrq hxursìhqqh/ oruvtxh od g|qdpltxh ghv dfwliv ulvtxìv hvw gluljìh sdu

xq I�prxyhphqw eurzqlhq hw txh o*lqirupdwlrq glvsrqleoh srxu ohv djhqwv hvw od �owudwlrq J@ +J
w
>

w � 3, gì�qlh gdqv o*lqwurgxfwlrq gh od sduwlh 51

Gx idlw gh o*lqfrpsoìwlrq gx pdufkì/ o*djhqw glvsrvh g*xqh lq�qlwì gh p1p1h srxu frqvwuxluh ohv sul{ ghv

dfwliv frqwlqjhqwv1 Lo shxw íwuh dphqì ã fkhufkhu xqh phvxuh txl plqlplvh xqh fhuwdlqh glvwdqfh hqwuh

od suredelolwì klvwrultxh hw od p1p1h1 Qrxv fdudfwìulvrqv gdqv oh txdwulëph sdudjudskh g*xqh sduw od

suredelolwì plqlpdoh/ g*dxwuh sduw od suredelolwì gx plqlpxp g*hqwurslh1 Qrxv ìwdeolvvrqv txh fhv ghx{

suredelolwìv fròqflghqw dyhf oh surorqjhphqw gh od p1p1h gx IW�pdufkì1

Xq dxwuh sureoëph lqwìuhvvdqw hq pdufkì lqfrpsohw hvw gh gìwhuplqhu od g|qdpltxh g*dfwliv srxydqw

frpsoìwhu oh pdufkì1 Qrxv prqwurqv/ hq xwlolvdqw ohv wkìruëphv gh uhsuìvhqwdwlrq ìwdeolv gdqv oh fkd0

slwuh 9/ txh qrxv srxyrqv frpsoìwhu oh pdufkì sdu xq }ìur0frxsrq dyhf gìidxw grqw qrxv suìflvrqv od

g|qdpltxh > qrxv fdudfwìulvrqv oh sruwhihxlooh gh frxyhuwxuh g*xq dfwli frqwlqjhqw vrxplv dx gìidxw1

<14 Oh prgëoh

Vrlw +
>I >S, xq hvsdfh suredelolvì/ Z xq prxyhphqw eurzqlhq q0glphqvlrqqho vxu fhw hvsdfh/ Iw @

�+Zv> v � w, hw W xq uìho �{ì1 Frqvlgìurqv oh IW�pdufkì irupì sdu xq dfwli vdqv ulvtxh V3 gh wdx{ u
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hw gh q dfwliv ulvtxìv grqw ohv sul{ Vl
w
vrqw vroxwlrqv ghv ìtxdwlrqv gl�ìuhqwlhoohv

gVlw @ Vl
w
+�l

w
gw .

q[
m@4

�
l>m

w gZ
m

w ,> l @ 4> ===> q= +<14,

Rq ìfulud sduirlv o*ìtxdwlrq +<14, vrxv od iruph frqflvh

gVw @ Vw+�wgw . �wgZw,>

rü � @
�
�l
�
l
> � @ +�l>m,l>m=

Vrlw � xqh yduldeoh doìdwrluh srvlwlyh/ Jw @ Iw b �+� a w,> hw P od pduwlqjdoh frpshqvìh gh 4��w= Rq

frqvlgëuh xq JW�pdufkì irupì sdu ghv dfwliv frqwlqjhqwv dssduwhqdqw ã JW > pdlv rü vhxohphqw ohv dfwliv

+Vl> l @ 3> ===> q, vrqw qìjrflìv= Qrxv idlvrqv ohv k|srwkëvhv vxlydqwhv

^KI4` =

;AAAAAA?AAAAAA=

l, Iw @ �+Vv> v � w,=

ll, Ohv surfhvvxv �/ u vrqw eruqìv hw Iw0suìylvleohv hw uw � 3=

lll, Oh surfhvvxv ã ydohxuv pdwulflhoohv � hvw eruqì/

lqyhuvleoh/ g*lqyhuvh eruqì hw Iw0suìylvleoh1

hw

^KJ` =

;?= l, +K, hvw yìul�ìh vrxv S

ll, Oh surfhvvxv � hvw frqwlqx=

O*k|srwkëvh ^KI4` lpsoltxh o*k|srwkëvh ^KI`/ dxwuhphqw glw oh IW�pdufkì hvw frpsohw hw qrq duelwuì1

G*dsuëv ohv uìvxowdwv gx fkdslwuh 9/ od pduwlqjdoh P v*ìfulw

Pw @ Qw � �wa� @ Qw �
]

wa�

3

gIx

4�Ix�
=

Uhpdutxh <14 = Oh surfhvvxv � ìwdqw frqwlqx/ lo ylhqw gh od sursrvlwlrq 91< txh � @ � hw oh surfhvvxv

I hvw furlvvdqw hw frqwlqx1 Vl � yìul�h od frqglwlrq +F5,/ oh surfhvvxv � hvw irufìphqw frqwlqx1 Hq h�hw/

od pduwlqjdoh P d xq vdxw ìjdo ã xq hq � +��� @ 3 g*dsuëv od uhpdutxh 918,/ grqf

H+P� , 9@ H+P��,=

Ru vl V hvw xq J0whpsv g*duuíw suìylvleoh/ H+PV, @ H+PV�,= Sdu frqvìtxhqw/ � hvw xq whpsv g*duuíw

wrwdohphqw lqdffhvvleoh gdqv od �owudwlrq J= Ru oh frpshqvdwhxu g*xq whpsv g*duuíw wrwdohphqw lqdffhvvleoh

hvw frqwlqx +fi Urjhuv0Zlooldpv ^7`,1

Qrwdwlrqv =

Uw @ h{s+�
U
w

3
uvgv, gìvljqh oh idfwhxu g*dfwxdolvdwlrq1

Ohv surfhvvxv dyhf xq wlogh fruuhvsrqghqw dx{ surfhvvxv dfwxdolvìv1

<15 Pduwlqjdohv phvxuhv ìtxlydohqwhv

Gì�qlwlrq <15 = Xqh phvxuh gh suredelolwì T gì�qlh vxu +
>IW , +uhvshfwlyhphqw vxu +
>JW ,, hvw xqh

pduwlqjdoh phvxuh ìtxlydohqwh vl hooh yìul�h ohv ghx{ frqglwlrqv vxlydqwhv
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l, T hvw ìtxlydohqwh ã S vxu IW +uhvs1 vxu JW ,

ll, +UwVw> 3 � w � W , hvw xqh I�pduwlqjdoh +uhvs1 xqh J�pduwlqjdoh,1

Vrxv ohv k|srwkëvhv ^KI4`/ oh IW�pdufkì hvw qrq duelwuì hw frpsohw hw lo h{lvwh xqh xqltxh pduwlqjdoh

phvxuh ìtxlydohqwh S3 grqw od ghqvlwì gh Udgrq0Qlnrg|p ]3 yìul�h o*ìtxdwlrq

g]3
w @ �]3

w �wgZw

rü �w @ ��4
w +�w � uw,=

Frpph +K, hvw yìul�ìh/ +]3
w > 3 � w � W , hvw xqh S�J�pduwlqjdoh1 Sdu frqvìtxhqw/ qrxv srxyrqv

ìwhqguh od gì�qlwlrq gh S3 ã JW hq srvdqw

;D 5 Jw> S3+D, @ H+]3
w
4D, +<15,

hw S3 vhud xqh p1p1h srxu oh JW�pdufkì1 D sulrul/ hooh q*hvw sdv xqltxh1

Dlqvl vl ^KI4` hw ^KJ` vrqw yìul�ìhv/ oh JW�pdufkì irupì sdu ohv dfwliv +Vl> l @ 3> ===> q, q*dgphw sdv

g*rssruwxqlwìv g*duelwudjh/ pdlv q*hvw sdv frpsohw1

Qrwdwlrq =

Qrxv qrwrqv S o*hqvhpeoh ghv pduwlqjdohv phvxuhv ìtxlydohqwhv vxu oh JW 0pdufkì grqw od ghqvlwì sdu

udssruw ã S hvw gh fduuì lqwìjudeoh1

Oh uìvxowdw vxlydqw qrxv shuphw gh fdudfwìulvhu ohv ìoìphqwv gh S =

Sursrvlwlrq <16 = Srxu wrxw ìoìphqw hS gh S > lo h{lvwh xq surfhvvxv * J�suìylvleoh yìul�dqw �4 ? *w ?

4 who txh od ghqvlwì gh Udgrq0Qlnrg|p v*ìfulyh

ghS
gS

mJW @ H+��Z ,WH+*P,W =

Gìprqvwudwlrq = Vrlhqw hS xqh p1p1h vxu oh JW�pdufkì dssduwhqdqw ã S hw N vd ghqvlwì sdu udssruw ã

S1 Doruv g*dsuëv oh wkìruëph gh uhsuìvhqwdwlrq +9148, frpph N hvw srvlwlyh/ lo h{lvwh ghx{ surfhvvxv #

hw * yìul�dqw

HS^

]
W

3

m#wNwm
5
gw` ?4>HS^

]
W

3

*5
wN

5
w g�w` ?4

whov txh

gNw @ Nw�+�#wgZw . *wgPw,=

Frpph N hvw vwulfwhphqw srvlwli/ *w yìul�h �4 ? *w ?4= Gh soxv/ UVN hvw xqh S�pduwlqjdoh1 Ru

g+UVN,w @ +UVN,w�++�w � uw � �w#w,gw . �wgZw, . +UVN,w�+�#wgZw . *wgPw,=

Qrxv hq gìgxlvrqv txh #
w @ �w = G

3rü oh uìvxowdw hq xwlolvdqw o3ruwkrjrqdolwì gh Z hw gh P= �

Qrwdwlrq =

Ohv ìoìphqwv gh S vhurqw sdu od vxlwh lqgh{ìv sdu *> qrwìv S*/ ohxu ghqvlwì N* hw ohv surfhvvxv gh kdvdug

dvvrflìv �* hw �*=
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Rq d

�
*

w @

]
w

3

+4 . *v,g�v

hw frpph � hvw frqwlqx/ �* o*hvw dxvvl hw sdu od sursrvlwlrq 91</

�
*

w @ �
*

w =

Uhpdutxh <17 = Frpph oh surfhvvxv � hvw I�dgdswì/ od sursulìwì +K, hvw yìul�ìh srxu wrxv ohv ìoì0

phqwv gh S hw od uhvwulfwlrq g*xq ìoìphqw gh S ã IW fròqflgh dyhf S31

<16 Irxufkhwwh ghv sul{

O*ìydoxdwlrq g*xq dfwli frqwlqjhqw vh idlw dx pr|hq g*xqh p1p1h1 Qrxv dyrqv prqwuì suìfìghpphqw txh

o*hqvhpeoh ghv pduwlqjdohv phvxuhv ìtxlydohqwhv q*ìwdlw sdv uìgxlw ã xq srlqw1 Fhfl lpsoltxh txh o*rq q*d

sdv xq xqltxh sul{ yldeoh srxu xq dfwli frqwlqjhqw1 Qrxv qrxv sursrvrqv gh gìwhuplqhu o*hqvhpeoh ghv

sul{ yldeohv srxu xqh rswlrq hxursìhqqh gh ydohxu whuplqdoh [ 5 JW = Fhw hqvhpeoh hvw xq lqwhuydooh txh

o*rq dsshooh irxufkhwwh ghv sul{1

Vrlw [ xq dfwli frqwlqjhqw gh fduuì lqwìjudeoh/ oh sul{ gh [ vrxv xqh pduwlqjdoh phvxuh S* hvw gì�ql

sdu

HS*+[UW @ Jw,=

Qrxv vrpphv dphqìv ã glvwlqjxhu ghx{ fdv1 Gdqv xq suhplhu whpsv/ qrxv uhjdugrqv od irxufkhwwh ghv

sul{ srxu ghv dfwliv frqwlqjhqwv dssduwhqdqw ã IW = Sxlv gdqv xqh vhfrqgh sursrvlwlrq/ qrxv frqvlgìurqv

ghv dfwliv frqwlqjhqwv gh od iruph [4W?� >[ 5 IW hw k+� ,4��W rü k hvw xqh irqfwlrq gìwhuplqlvwh1

Sursrvlwlrq <18 = Vl [ 5 IW > doruv od irxufkhwwh hvw uìgxlwh ã xq vlqjohwrq

HS*+[UW@Jw, @ HS3+[UW@Iw,=

Gìprqvwudwlrq = O*ìjdolwì ylhqw gx idlw txh [ hvw dwwhljqdeoh gdqv oh JW�pdufkì1

Hq h�hw/ g*dsuëv ^KI` wrxw dfwli frqwlqjhqw IW�phvxudeoh hw gh fduuì lqwìjudeoh [ shxw íwuh dwwhlqw

sdu xqh vwudwìjlh dxwr�qdqêdqwh1 Dlqvl lo h{lvwh xq qrpeuh uìho { hw xq surfhvvxv I�suìylvleoh � who txh

[ @ {.

]
W

3

�vgVv=

Oh sul{ Yw hq w gh [ hvw who txh UwYw @ HS3+UW[@Iw,=

Vrxv ohv k|srwkëvhv ^KI` hw ^KJ`/ oh JW�pdufkì hvw vdqv duelwudjh1 O*dfwli [ hvw glvsrqleoh vxu oh

JW�pdufkì/ lo hvw dxvvl dwwhljqdeoh sdu xqh vwudwìjlh J�phvxudeoh +dyhf oh píph sruwhihxlooh txh gdqv

oh IW�pdufkì,1

Oh sul{ dfwxdolvì gh [ hvw

HS*+UW[@Jw,

445



rü S* hvw xqh p1p1h vxu fh pdufkì= Sdu xqlflwì gx sul{ g*xq dfwli dwwhljqdeoh

HS3 +UW[@Iw, @ HS*+UW[@Jw,

fh txl lpsoltxh HS*+[@Iw, @ HS3+[@Jw, srxu wrxw [ 5 IW 1 �

Sursrvlwlrq <19 = l, Od irxufkhwwh ghv sul{ olìh ã xq dfwli frqwlqjhqw gh od iruph [4W?� > dyhf [ 5 IW

hw [ � 3 hvw �
3>4iw?�jHS3+[UW@Iw,

�
=

Dlqvl oh sul{ gh [ ã o*lqvwdqw w hvw frpsulv hqwuh oh sul{ gh [ ã o*lqvwdqw w oruvtxh oh gìidxw duulyh wrxw

gh vxlwh hw fhoxl oruvtxh oh gìidxw q*duulyh mdpdlv dydqw W=

ll, Vl k 5 IW / od irxufkhwwh ghv sul{ srxu o*dfwli frqwlqjhqw k4��W hvw

�
3>4iw?�jHS3 +kUW@Iw,

�
=

lll, Vl k hvw xqh irqfwlrq gìwhuplqlvwh hw eruqìh/ doruv od irxufkhwwh ghv sul{ srxu o*dfwli frqwlqjhqw

k+� ,4��W hvw �
3>4iw?�jHS3+UW vxs

w�x�W
kx@Iw,

�
=

Gìprqvwudwlrq = l, O*hqvhpeoh ghv p1p1h hvw xq frqyh{h/ grqf od irxufkhwwh ghv sul{ hvw xq lqwhuydooh

gh U= Gh soxv

3 � HS*+UW[4W?�@Jw, @ 4iw?�jHS*+UW[4W?�@Jw, � 4iw?�jHS*+UW[@Jw,

hw frpph +K, hvw yìul�ìh vrxv S* +fi uhpdutxh <17,/ qrxv dyrqv HS*+UW[@Jw, @ HS*+UW[@Iw, @

HS3 +[@Iw,=

Hq frqvìtxhqfh

3 � HS*+UW[4W?�@Jw, � 4iw?�jHS3 +UW[@Iw,=

Gh soxv/

HS* +UW[4W?�@Jw, @ 4iw?�jh
�*w HS*+UW[h��

*

W @Iw, @ 4iw?�jh
�*w HS3+UW[h��*

W @Iw,

Frpph �
*

w @
U
w

3
+4 . *v,g�v hvw xq surfhvvxv frqwlqx/ hq xwlolvdqw od sursrvlwlrq 91</ lo ylhqw txh

�
*

w @ �
*

w @
U
w

3 +4 .*v,g�v= Hq frqvlgìudqw ghv surfhvvxv * frqvwdqwv/ qrxv rewhqrqv

olp
*$�4

4iw?�jh
�*w HS3+UW[h��*

W @Iw, @ 4iw?�jHS3 +UW[@Iw,

hw

olp
*$.4

4iw?�jh
�*w HS3+UW[h��*

W @Iw, @ 3=

Sdu frqvìtxhqw od irxufkhwwh ghv sul{ hvw
�
3>4iw?�jHS3 +UW[@Iw,

�
=
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ll, Hq uhpdutxdqw txh

HS*+UWk4W��@Jw, @ HS*+UWk@Jw,�HS*+UWk4W?�@Jw,>

oh uìvxowdw v*rewlhqw dyhf oh l,1

lll, Qrxv frpphqêrqv sdu prqwuhu oh uìvxowdw srxu xqh irqfwlrq k ìoìphqwdluh gh od iruph

kx @

q[
l@3

kl4`wl>wl.4`

rü ohv wl vrqw ghv lqvwdqwv yìul�dqw 3 @ w3 ? === ? wq @ W hw kl ghv frqvwdqwhv1 Uhpdutxrqv wrxw g*derug

3 � 4iw?�jHS*+UWk�4W��@Jw, � 4iw?�jHS3 ^UW vxs
w�x�W

kx 2 Iw`=

O*ìjdolwì +618, grqqh

4iw?�jHS*+UWk�4W��@Jw, @ 4iw?�jh
�
*
w HS*+UW

] W

w

kxh
��*xg�*x@Iw,=

Vrlw l who txh wl � w ? wl.4> prqwurqv txh ;m � l> lo h{lvwh xq surfhvvxv *m J�dgdswì who txh

4iw?�jh
�*

m

w HS3+UW

]
W

w

kxh
��*

m

x g�*
m

x @Iw, @ 4iw?�jHS3 ^UWkm 2 Iw` @ 4iw?�jkmHS3 ^UW2 Iw`=

Suhqrqv *m+x, @ 4� 4
q
srxu x ? wm hw *

m+x, @ q vlqrq/ doruv frpph �*
m

@
U
w

3 +4.*mv,g�v> qrxv rewhqrqv

4iw?�jh
�*

m

w HS3+UW

U W
w
kxh

��*
m

x g�*
m

x @Iw,

@ 4iw?�jh
�*

m

w iHS3 ^UWikl+h��*
m

w � h
�*

m

wl.4 , .
Sq

n@l.4 kn+h
��*

m

wn � h
��*

m

wn.4 ,j 2 Iw`

@4iw?�jHS3 ^UWkm 2 Iw` @ 4iw?�jkmHS3 ^UW 2 Iw`=

Sdu frqvìtxhqw

4iw?�jHS3 + vxs
w�x�W

kx 2 Iw, @ 4iw?�j vxs
w�x�W

kx � vxs
*

4iw?�jh
�*

m

w HS3+

]
W

w

kxh
��*

m

x g�*
m

x @Iw, � 4iw?�j vxs
m�l

km =

Ru 4iw?�j vxsm�l km @ 4iw?�j vxsw�x�W kx @ 4iw?�jHS3+vxsw�x�W kx 2 Iw,=

Rq whuplqh od gìprqvwudwlrq sdu xq wkìruëph gh fodvvh prqrwrqh1 �

Gdqv oh fdv rü o*k|srwkëvh +K, qh vhudlw sdv yìul�ìh/ pdlv rü +J, vhudlw yudlh/ rq shxw jìqìudolvhu oh

uìvxowdw suìfìghqw dx{ dfwliv frqwlqjhqwv gh od iruph [4W?� >[ 5 IW =

Sursrvlwlrq <1: = Vl o*k|srwkëvh +J, hvw yudlh/ od irxufkhwwh ghv sul{ srxu xq dfwli frqwlqjhqw gh od

iruph [4W?� > rü [ 5 IW >hw [ � 3 hvw

�
3> 4iw?�jHS3+[@Iw,

�
=

Oh sul{ gh [ ã o*lqvwdqw w hvw frpsulv hqwuh oh sul{ gh [ ã o*lqvwdqw w oruvtxh oh gìidxw duulyh wrxw gh

vxlwh hw fhoxl oruvtxh oh gìidxw q*duulyh mdpdlv dydqw W=

Gìprqvwudwlrq = Vl +J, hvw yudlh/ ohv I�pduwlqjdohv uhvwhqw vhxohphqw ghv J�pduwlqjdohv duuìwìhv hq
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� = Sdu frqvìtxhqw/ qrxv qh qrxv lqwìuhvvrqv dx pdufkì txh mxvtx*hq � = Dlqvl ohv p1p1h vhurqw gì�qlhv

vxu JWa� = Vl S* hvw xqh p1p1h hw N* vd ghqvlwì/ +N
*

wa� ,w hvw xqh Jw�pduwlqjdoh hw N
*

wa� @ N
*

w 4iw?�j .

N*
� 4iw��j= Hq xwlolvdqw oh wkìruëph gh uhsuìvhqwdwlrq suìylvleoh ;1</ rq shxw ìfuluh

gN
*

wa� @ N
*

wa� +�wa�gZwa� . *wa�gPwa� ,>

rx hqfruh N
*

wa� @ H+�Z,wa�H+*P,wa� =

Rq shxw uhpdutxhu txh +J, vhud yìul�ìh vrxv S* sxlvtxh �* @
U
w

3 +4 . *v,g�v=

Frpph suìfìghpphqw/ od irxufkhwwh ghv sul{ hvw xq lqwhuydooh1 Rq shxw ìfuluh

HS*+[4iW?�j@Jw, @
HS+N

*

Wa�[4iW?�j 2 Jw,
N

*

wa�
=

Ru 4iw?�jN
*

wa� @ 4iw?�jH+�Z ,w h{s+�
U
w

3
+4 .*

v
,g�v,= G*rü

HS*+[4iW?�j@Jw, @ 4iw?�j
HS+H+�Z ,W[ h{s+�

U
W

w
+4.*v,g�v,4iW?�j 2 Jw,

H+�Z ,w

@ 4iw?�j
HS+H+�Z ,W[ h{s+�

U
W

w
+4.*v,g�v,h

�+�W��w, 2 Iw,
H+�Z ,w

=

Frpph * A �4> rq rewlhqw o*hqfdguhphqw

3 � HS*+[4iW?�j@Jw, � 4iw?�j
HS+H+�Z ,W[ 2 Iw,

H+�Z ,w
@ 4iw?�jHS3+[ @Iw,=

Oh uìvxowdw v*rewlhqw hq frqvlgìudqw ghv vxlwhv *
q @ q gdqv xq suhplhu whpsv hw *q @ 4� 4

q
hqvxlwh1 �

<17 Pduwlqjdohv phvxuhv sduwlfxolëuhv

O*h{lvwhqfh g*xqh lq�qlwì gh pduwlqjdohv phvxuhv ìtxlydohqwhv hqwudlqh frpph qrxv yhqrqv gh oh prqwuhu

xqh irxufkhwwh ghv sul{1 Srxu frqvwuxluh vhv sul{/ o*djhqw shxw xwlolvhu ghv p1p1h yìul�dqw xq fulwëuh

sduwlfxolhu1 Sdu h{hpsoh/ lo shxw frqvwuxluh vhv sul{ dx pr|hq gh od pduwlqjdoh phvxuh plqlpdoh rx gh od

suredelolwì g*hqwurslh plqlpdoh1 Xq dxwuh pr|hq hvw g*xwlolvhu xqh irqfwlrq g*xwlolwì X +fh ghuqlhu srlqw

vhud ìwxglì gdqv oh fkdslwuh 43,=

<1714 Pduwlqjdoh phvxuh plqlpdoh

Od qrwlrq gh pduwlqjdoh phvxuh plqlpdoh ìwì lqwurgxlwh sdu Iùoophu hw Vfkzhl}hu ^5` gdqv oh exw gh

plqlplvhu oh ulvtxh txdgudwltxh G* dvvrflì ã xq dfwli frqwlqjhqw [1 Oh surfhvvxv G* hvw gì�ql sdu

G*+w, @ HS* ^+\
*

W
� \

*

w ,5 2 Jw`

rü +\
*

w > w � 3, hvw xqh S*�pduwlqjdoh gh fduuì lqwìjudeoh/ g*hvsìudqfh qxooh/ ruwkrjrqdoh ã UV txl yìul�h

HS* ^[ 2 Jw` @ HS* ^[ `.

]
w

3

�vg+UV,v . \
*

w =

Fhwwh pduwlqjdoh hvw qxooh vl o*dfwli [ hvw gxsolfdeoh1
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Gì�qlwlrq <1; = Xqh pduwlqjdoh phvxuh T hvw dsshoìh pduwlqjdoh phvxuh plqlpdoh vl

l, T hvw ìtxlydohqwh ã S vxu JW =

ll, T @ S vxu J3=

lll, Wrxwh S� +Jw,�pduwlqjdoh gh fduuì lqwìjudeoh/ ruwkrjrqdoh ã od sduwlh pduwlqjdoh gh V vrxv S/ hvw

xqh T�+J
w
,0pduwlqjdoh1

Qrxv srxyrqv udsshohu oh uìvxowdw vxu o*h{lvwhqfh gh od suredelolwì plqlpdoh gdqv oh fdv rü ohv dfwliv vrqw

frqwlqxv gx ã Dqvho0Vwulfnhu ^4`1

Sursrvlwlrq <1< Vl \ hvw xqh vhpl0pduwlqjdoh frqwlqxh gh gìfrpsrvlwlrq

\w @ \3 .P .D>

xqh frqglwlrq qìfhvvdluh srxu o*h{lvwhqfh gh od phvxuh plqlpdoh hvw txh/ vl E hvw xq surfhvvxv suìylvleoh

furlvvdqw lqwìjudeoh qxo hq 3 who txh

Dl @ �l=E hw kP>Pl @ �l>m =E srxu l> m @ 4> ===> g>

doruv lo h{lvwh xq surfhvvxv suìylvleoh e� who txh �e� @ �=

Gdqv oh JW 0pdufkì/ od vhpl0pduwlqjdoh UV yìul�h fhwwh sursrvlwlrq1 Qrxv srxyrqv pdlqwhqdqw fdudfwì0

ulvhu gdqv oh JW�pdufkì od suredelolwì plqlpdoh1

Sursrvlwlrq <143 = Od p1p1h S3 hvw od pduwlqjdoh phvxuh plqlpdoh1

Gìprqvwudwlrq = Od suredelolwì S3 yìul�h ohv srlqwv l, hw ll, gh od gì�qlwlrq <1;1 Lo vx!w gh prqwuhu txh

lll, hvw yudlh1

Vrlw \ xqh S�J�pduwlqjdoh gh fduuì lqwìjudeoh/ ruwkrjrqdoh ã od sduwlh pduwlqjdoh gh V vrxv S/ doruv

g*dsuëv oh wkìruëph 9148/ \ v*ìfulw

\w @ \3 .

] w

3

�vgPv=

Frpph P uhvwh xqh pduwlqjdoh vrxv S3> \ hvw xqh S3�pduwlqjdoh1 �

<1715 Suredelolwì g*hqwurslh plqlpdoh

Gì�qlwlrq <144 = Vrlhqw S hw T ghx{ suredelolwìv gì�qlhv vxu oh píph hvsdfh1 Rq dsshooh hqwurslh

uhodwlyh gh T sdu udssruw ã S/ rx lqirupdwlrq gh Nxooedfn gh T sdu udssruw ã S/ rq qrwh L+T>S, o*ìoìphqw

gh U^i.4j gì�ql sdu

L+T>S, @

;?= H^gT
gS

oq gT

gS
` vl T ?? S

.4 vlqrq

rü H gìvljqh o*hvsìudqfh fdofxoìh vrxv od suredelolwì S=

Gdqv oh JW�pdufkì/ rq shxw prqwuhu txh od p1p1h txl plqlplvh o*hqwurslh hvw od suredelolwì S3=

Sursrvlwlrq <145 = Od suredelolwì S3 hvw od p1p1h txl plqlplvh o*hqwurslh sdu udssruw ã S=
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Gìprqvwudwlrq = Srxu xqh p1p1h S*> rq d

L+S*>S, @ H^N
*

W
oqN

*

W
` @ H*^oqN

*

W
`

@ H*i
]

W

3

^
4

5
�5
w
gw . +4�Qw�,^+4 .*w, oq+4 .*w,� *w`g�w`j

@ H3^

]
W

3

4

5
�
5
w
gw` .H*i

]
W

3

+4�Qw�,^+4 . *w, oq+4 . *w,� *w`g�wj=

Rq uhpdutxh txh od irqfwlrq gì�qlh gh `�4>.4^ gdqv U txl * dvvrflh +4.*, oq+4.*,�* hvw frqyh{h/

srvlwlyh hw dwwhlqw vrq plqlpxp 3 hq * @ 3=

Sdu frqvìtxhqw/ oh plqlpxp gh L+S*>S, hvw dwwhlqw srxu * @ 3= �

<18 G|qdpltxh g*xq }ìur0frxsrq vrxv od suredelolwì klvwrultxh

Gdqv oh fkdslwuh suìfìghqw vdqv o*k|srwkëvh +K,/ qrxv dyrqv grqqì od g|qdpltxh g*xq }ìur0frxsrq vrxv

xqh p1p1h hw qrxv dyrqv prqwuì txh oh JW 0pdufkì srxydlw íwuh frpsoìwì ã o*dlgh g*xq }ìur0frxsrq1 Oh

wkìruëph gh uhsuìvhqwdwlrq suìylvleoh qrxv shuphwwdlw g*rewhqlu gh idêrq h{solflwh od frxyhuwxuh1 Fhv

uìvxowdwv h{lvwhqw hqfruh vrxv o*k|srwkëvh +K,/ lo vx!w gh whqlu frpswh gx idlw txh od sduwlh pduwlqjdoh

gh I hvw qxooh1

O*k|srwkëvh +K, shuphw hq soxv g*rewhqlu od g|qdpltxh g*xq }ìur0frxsrq vrxv od suredelolwì klvwrultxh1

<1814 G|qdpltxh g*xq }ìur0frxsrq vrxv xqh p1p1h

Qrxv doorqv grqqhu od g|qdpltxh g*xq }ìur0frxsrq vrxv xqh p1p1h1

Sursrvlwlrq <146 = Vxssrvrqv tx*xq }ìur0frxsrq dyhf gìidxw vrlw qìjrflì dx sul{ �
w doruv lo h{lvwh xqh

pduwlqjdoh phvxuh ìtxlydohqwh S* fkrlvlh sdu oh pdufkì whooh txh

h�+w> W , @ HS*+4W?�UW @Jw, @ Uw�w=

Od g|qdpltxh gh h� rü h� hvw grqqìh sdu

gh�
w @ h�w�+ wgZ*

w � gPw,= +<16,

rü pw @ HS*+UW h{s+�
*

W
,@Iw,> gpw @ �wgZ

*

w @pw wgZ
*

w hw Z* hvw xq prxyhphqw eurzqlhq vrxv S*=

Gìprqvwudwlrq = Vrxv od p1p1h S*/ oh surfhvvxv U� hvw xqh J�pduwlqjdoh gh ydohxu whuplqdoh 4W?�UW

hw g*dsuëv oh ohpph 616/ qrxv dyrqv

h�+w> W , @ HS*+4W?�UW @Jw, @ Owpw

rüpw @ HS*+UW h{s+�
*

W
,@Iw, hvw xqh I�pduwlqjdoh vwulfwhphqw srvlwlyh1 Sdu frqvìtxhqw/ qrxv srxyrqv

o*ìfuluh gpw @ �
w
gZ

*

w
@pw wgZ

*

w
=
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Gh soxv/ oh surfhvvxv �* hvw frqwlqx/ sxlvtxh sdu k|srwkëvh � hvw frqwlqx hw

�
*

w
@

]
w

3

+4 .*
v
,g�v=

Od irupxoh g*Lw÷ dssoltxìh ã Owpw grqqh

gh�+w> W , @ h�+w�> W ,+ wgZ*

w
� gPw,=

Sxlvtxh od pduwlqjdoh P qh vdxwh tx*xqh irlv hq � hw txh �P� @ 4> oh vdxw gh � hvw ìjdo ã

�����P� @ ����=

Fh uìvxowdw ìwdlw dwwhqgx sxlvtxh/ dsuëv �> oh surfhvvxv � hvw qxo1 �

Od sursrvlwlrq suìfìghqwh grqqdlw od g|qdpltxh g*xq }ìur0frxsrq vdqv sulph1 Fh uìvxowdw vh jìqìudolvh

ã xq }ìur0frxsrq dyhf xqh sulph yhuvìh ã pdwxulwì1

Sursrvlwlrq <147 Vxssrvrqv tx*xq }ìur0frxsrq dyhf xqh sulph �+�, yhuvìh ã pdwxulwì hvw qìjrflì dx

sul{ �
+�,
w

doruv lo h{lvwh xqh pduwlqjdoh phvxuh ìtxlydohqwh S* fkrlvlh sdu oh pdufkì whooh txh h�+�,+w> W , @
HS* +UW +4W?� . �+� ,4W�� ,@Jw, @ Uw�

+�,
w
= Od g|qdpltxh gh h�+�,hvw grqqìh sdu

gh�+�,
w

@ +4�Qw�,+h�w� w . h�5+w�> W , +�,w
,gZ

*

w
� +h�+�,

w� � �+w,,gPw=

rü h�5+w> W , @ HS*+UW �+� ,4W��@Jw,> pw @ HS*+UW h{s+�
*

W
,@Iw,> gpw @pw wgZ

*

w
>

p
+�,
w @ HS*+UW

U W
3
�+x, h{s+�*x,g�

*
x@Iw,> gp

+�,
w @p

+�,
w  

+�,
w gZ

*

w hw Z
* hvw xq prxyhphqw eurzqlhq vrxv

S*=

Gìprqvwudwlrq = Rq ìfulw

h�+�,+w> W , @ HS*+UW4W?�@Jw, .HS*+UW �+� ,4W��@Jw,

@ h�+w> W , . h�5+w> W ,=
Oh wkìruëph 914: dssoltxì dx surfhvvxv I0suìylvleoh UW �+x,4W�x shuphw g*ìfuluh

g h�5+w> W , @ +4�Qw�,h
�*w p

+�,
w  

+�,
w gZ

*

w � + h�5+w�> W , �UW �+w,,gPw=

Ru o*ìjdolwì +619, lpsoltxh

h�5+w> W , @ UW �+� ,4w�� . +4�Qw�,h
�*w p

+�,
w =

Sdu frqvìtxhqw/

g h�5+w> W , @ h�5+w�> W ,+4�Qw�, 
+�,
w gZ

*

w � + h�5+w�> W ,�UW �+w,,gPw=
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Hq xwlolvdqw fhwwh h{suhvvlrq hw o*ìjdolwì +<16,/ rq rewlhqw

gh�+�,
w

@ +4�Qw�,+h�+w�> W , w . h�5+w�> W , +�,w
,gZ

*

w
� +h�+�,

w� �UW �+w,,gPw=

�

Uhpdutxh <148 Gdqv oh fdv g*xqh sulph yhuvìh dx prphqw gx gìidxw/ vhxo fkdqjh oh frh!flhqw g*df0

wxdolvdwlrq ghydqw od sulph1 Lo idxw uhpsodfhu UW sdu U� hw od pduwlqjdoh p
+�,
w ghylhqw

p
+�,
w

@ HS* +

] W

3

Ux�+x, h{s+�
*

x
,g�*

x
@Iw,

Od g|qdpltxh hvw

gh�+�,
w

@ +4�Qw�,+h�+w�> W ,�w . h�5+w�> W , +�,w
,gZ

*

w
� +h�+�,

w� �Uw�+w,,gPw=

Gdqv od vxlwh/ rq wudydlooh dyhf xq }ìur0frxsrq vdqv sulph/ pdlv rq shxw uhpsodfhu vdqv gl!fxowì sdu

xq }ìur0frxsrq dyhf xqh sulph �+� , yhuvìh ã pdwxulwì rx elhq ã o*lqvwdqw gx gìidxw1 Lo vx!w g*xwlolvhu

ohv g|qdpltxhv fruuhvsrqgdqwhv1

<1815 Frpsoìwlrq gx pdufkì hw vwudwìjlh gh frxyhuwxuh

Oh wkìruëph 914< shuphw g*ìfuluh wrxw dfwli frqwlqjhqw gh od iruph [4W?�

[4W?� @ {.
U
Wa�
3 Ov+�

[

v �p[

v

�v

pv
,g+UV,v .

U
Wa�
3

p
[
v�

pv�
g+U�,v +<17,

vl � hw �{ vrqw ohv frh!flhqwv gh uhsuìvhqwdwlrq suìylvleoh ghv I0pduwlqjdohv

pw @ HS* ^UW h
��W @Iw`

hw

p[

w @ HS* ^

] 4

3

[UW 4W?xh
��xg�x@Iw` @ HS* ^[UW h

��W @Iw`

sdu udssruw ã UV=

Od sduwlh � lqyhvwlh gdqv oh }ìur0frxsrq vdqv ulvtxh hvw

�w @ H+[4W?� 2Jw,� Ow+�
[

w
�p[

w

�w
pw

,+UV,w �
p[

w

pw

+U�,w

@ Ow+p
[

w � +�[w �p[

w

�w
pw

,�p[

w , @ �Ow+�[w �p[

w

�w
pw

,=

Rq shxw grqf ìqrqfhu oh wkìruëph vxlydqw

Wkìruëph <149 = Vrlw [ 5 IW = Srxu frxyulu o*dfwli frqwlqjhqw [4W?� > lo idxw lqyhvwlu xq qrpeuh gh

sduwv ìjdo ã

1 Ov+�
[

v
�p[

v

�v

pv
, gdqv ohv dfwliv V>

1
p
[
v

pv
gdqv oh }ìur0frxsrq dyhf gìidxw

1 �Ov+�[v �p[

v

�v

pv
, gdqv oh }ìur0frxsrq vdqv ulvtxh1
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Rq shxw mxvwl�hu fh uìvxodw gh pdqlëuh �qdqflëuh1 Rq uhpdutxh txh od ulfkhvvh lqyhvwlh gdqv oh vdqv

ulvtxh hvw o*rssrvìh gh fhooh lqyhvwlh gdqv V= Fhfl surylhqw gx idlw txh gdqv oh pdufkì IW > oh whpsv gh

gìidxw hvw lqylvleoh1 Sdu frqvìtxhqw/ srxu frxyulu xq dfwli vrxplv dx gìidxw/ lo idxw dgrswhu xqh srvlwlrq

qhxwuh vxu oh IW�pdufkì= Od sduw lqyhvwlh vxu oh }ìur0frxsrq shuphw gh frxyulu ã fkdtxh lqvwdqw o*dfwli1

Srxu fhod/ lo qrxv idxw xqh ulfkhvvh txl qrxv uhgrqqh [ hq W vl oh gìidxw q*d sdv hx olhx hw 3 vlqrq1

Fh udlvrqqhphqw lpsoltxh/ vl rq wlhqw frpswh ghv frqglwlrqv gh phvxudelolwì/ txh od ulfkhvvh lqyhvwlh

gdqv oh }ìur0frxsrq hvw ìjdoh ã
p
[
v

pv
= Od sduw sodfìh vxu V hvw rewhqxh gh idêrq ã uhqguh oh sruwhihxlooh

dxwr�qdqêdqw1

Gdqv oh fdv rü ohv surfhvvxv � hw u vrqw gìwhuplqlvwhv/

HS* ^[UW h
��W @Iw` @ UW h

��WHS3 ^[ 2 Iw`

hw pw @ UW h
��W = Grqf � @ 3=

Od pduwlqjdoh UWHS3 ^[ 2 Iw` hvw oh sul{ dfwxdolvì gh o*dfwli frqwlqjhqw [ hw �[v +UvVv�v,
�4 fruuhvsrqg

ã od frxyhuwxuh gdqv oh IW�pdufkì1 Dlqvl/ rq d oh fruroodluh

Fruroodluh <14: Vl ohv surfhvvxv � hw u vrqw gìwhuplqlvwhv/ o*h{suhvvlrq +<17, ghylhqw

[4W?� @ {.
U
Wa�
3

h�v��W �[v +UvVv�v,
�4g+UV,v .

U
Wa�
3

HS3 ^[ 2 Iv`g+U�,v=

Gdqv xq surfkdlq sdudjudskh/ qrxv h{solflwrqv od frxyhuwxuh gdqv oh fdv g*xq surfhvvxv � doìdwrluh

sduwlfxolhu hw srxu [ xq fdoo hxursìhq1

Gdqv oh fkdslwuh 6/ qrxv dyrqv prqwuì od vwdelolwì gh od sursulìwì +K, sdu fkdqjhphqw gh suredelolwì

ìtxlydohqwh oruvtxh oh frh!flhqw gx prxyhphqw eurzqlhq ìwdlw I�dgdswì1 Ru oh fkdqjhphqw gh sured0

elolwì srxu oh prxyhphqw eurzqlhq hvw gìwhuplqì sdu ohv dfwliv ulvtxìv vdqv gìidxw/ od sursulìwì +K, hvw

yudlh vrxv od suredelolwì klvwrultxh fdu ohv frh!flhqwv gh o*ìtxdwlrq gl�ìuhqwlhooh vwrfkdvwltxh txl jëuh

V vrqw I�dgdswìv1 Qrxv srxyrqv doruv gìwhuplqhu ohv g|qdpltxhv gx }ìur0frxsrq dyhf gìidxw vrxv od

suredelolwì klvwrultxh1

<1816 G|qdpltxh gx }ìur0frxsrq dyhf gìidxw vrxv od suredelolwì klvwrultxh

Rq vxssrvh txh od g|qdpltxh gx }ìur0frxsrq dyhf gìidxw gh pdwxulwì W hvw gh od iruph

g�
w @ �w�+d+w> W ,gw. e+w> W ,g�w . f+w> W ,gZw . i+w> W ,gPw,= +<18,

Qrxv doorqv suìflvhu ohv frqglwlrqv vxu ohv frh!flhqwv d> g> f> i srxu txh oh prgëoh vrlw frkìuhqw1 Ohv

frh!flhqwv ghv pduwlqjdohv ìwdqw lqyduldqwv sdu fkdqjhphqw gh suredelolwì ìtxlydohqwh/ iw @ �4=

Qrxv idlvrqv o*k|srwkëvh txh � q*hvw sdv devroxphqw frqwlqx +� hvw frqwlqx sdu k|srwkëvh, sdu udssruw

ã od phvxuh gh Ohehvjxh hw qrxv ìfulyrqv

g�w @ �wgw. g�h

w

rü g�h

w
hvw xqh phvxuh ìwudqjëuh ã od phvxuh gh Ohehvjxh1
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Rq vxssrvh txh oh pdufkì gì�ql sdu V>� hw o*dfwli vdqv ulvtxh/ q*dgphw sdv g*rssruwxqlwì g*duelwudjh1

Vrlw S xqh p1p1h vxu fh pdufkì hw N vd ghqvlwì sdu udssruw ã S1 Doruv N hvw xqh S�pduwlqjdoh hw

g*dsuëv oh wkìruëph 9148

gNw @ Nw�+�#wgZw . *wgPw,= +<19,

Frpph oh surfhvvxv UVN hvw xqh S�pduwlqjdoh/

#w @ ���4
w

+�w � uw, @ ��w

hw # hvw I�dgdswì1 Grqf +K, hvw yìul�ìh vrxv S= Oh surfhvvxv UN� hvw xqh S0pduwlqjdoh hw yìul�h

g+UN�,w @ +UN�,w�^+d+w> W ,� uw � �wf+w> W ,,gw. +e+w> W ,� +4�Qw�,*w,g�w

.+f+w> W , � �w,gZw . +�*w � 4 .*w,gPw

.+e+w> W ,*w � 5+4�Qw�,*,g^�> Q `w � +4�Qw�,+e+w> W ,*w . +4�Qw�,*w,g^�>�`w`

Rq hq gìgxlw frpph � hvw frqwlqx

d+w> W ,� uw � �wf+w> W , . e+w> W ,� +4�Qw�,*w�w @ 3 +<1:,

e+w> W , . +4�Qw�,iw*w @ 3 vxu o*hqvhpeoh fkdujì sdu g�h

w +<1;,

Dlqvl od g|qdpltxh gh � ìwdqw grqqìh sdu +<18,/ oh prgëoh hvw frkìuhqw vl qrxv srxyrqv wurxyhu xq

surfhvvxv * suìylvleoh who txh * A �4 hw who txh ohv frh!flhqwv d> e yìul�hqw ohv ìjdolwìv +<1;, hw +<1:,1 Od

p1p1h S ìwdqw �{ìh sdu +<19,/ oh surfhvvxv fw grlw fròqflghu dyhf oh surfhvvxv grqqì sdu oh wkìruëph gh

uhsuìvhqwdwlrq srxu od S�pduwlqjdoh H
S
^h�W @Iw`1

Uhpdutxh <14; = Vl oh surfhvvxv � hvw devroxphqw frqwlqx/ qrxv srxyrqv ìfuluh od g|qdpltxh gx }ìur0

frxsrq frpph vxlw

g�
w @ �w�+d+w> W ,gw. f+w> W ,gZw � gPw,=

Ohv frqglwlrqv gh qrq duelwudjh lpsoltxhqw txh ohv ìjdolwìv +<1:, hw +<1;, ghylhqqhqw

d+w> W ,� uw � �wf+w> W ,� +4�Qw�,*w�w @ 3 +<1<,

Uhpdutxh <14< = Vl o*rq vh grqqh xqh pduwlqjdoh phvxuh ìtxlydohqwh/ lo h{lvwh xqh vhxoh g|qdpltxh

srxu oh sul{ g*xq }ìur0frxsrq dyhf gìidxw txl shuphwwh gh frpsoìwhu oh Jw�pdufkì gh pdqlëuh ã fh tx*lo

vrlw qrq duelwuì hw frpsohw1 Hq h�hw/ vl * hvw �{ì +hq uìdolwì * hvw grqqì sdu oh pdufkì sdu o*lqwhupìgldluh

gh od p1p1h,/ doruv e hvw grqqì sdu +<1;,1 Od p1p1h S ìwdqw �{ìh sdu +<19,/ oh surfhvvxv f hvw grqqì sdu

oh wkìruëph gh uhsuìvhqwdwlrq srxu od S�pduwlqjdoh HS^h
�W @Iw` hw d hvw grqqì sdu +<1:,1

<1817 Olhq hqwuh }ìur0frxsrq hw wdx{

Mxvtx*ã suìvhqw/ qrxv dyrqv wrxmrxuv prgìolvì od g|qdpltxh gx }ìur0frxsrq dyhf gìidxw1 Lo shxw fhshq0

gdqw íwuh xwloh gh prgìolvhu od g|qdpltxh gx wdx{ iruzdug1 Gdqv fh fdv/ lo hvw lqwìuhvvdqw gh uholhu fhv

454



ghx{ g|qdpltxhv1 Srxu fhod/ qrxv udsshorqv od gì�qlwlrq vxlydqwh1

Gì�qlwlrq <153 = l, Oh sul{ g*xq }ìur frxsrq dyhf gìidxw gh pdwxulwì W ã o*lqvwdqw w hvw qrwì �+w> W ,=

ll, Vl od gìulyìh sdu udssruw ã W gh �+w> W , h{lvwh/ oh wdx{ iruzdug hvw gì�ql sdu

i+w> W , @ �
C

CW
oq �+w> W ,

hw oh wdx{ lqvwdqwdqì sdu

u+w, @ i+w> w,=

Rq vxssrvh txh od g|qdpltxh gh i hvw grqqìh sdu

gi+w> W , @ �+w> W ,gw. �+w> W ,g�w . �+w> W ,gZw +<143,

hw rq hq gìgxlw fhooh gx }ìur frxsrq dyhf gìidxw vrxv od iruph

g�+w> W , @ �+w�> W ,+�+w> W ,gw. �+w> W ,g�w . �+w> W ,gZw � gPw,= +<144,

Uìflsurtxhphqw/ vl od g|qdpltxh gh � hvw grqqìh sdu +<144,/ doruv rq hq gìgxlw fhooh gh i=

Rq vxssrvh txh gdqv +<144, ohv frh!flhqwv vrqw ghv surfhvvxv J0suìylvleohv shuphwwdqw gh gl�ìuhqflhu

vrxv oh vljqh vrpph/ g*ìfkdqjhu o*ruguh g*lqwìjudwlrq hw gh gìulyhu sdu udssruw ã W=

Rq rewlhqw frpph frqvìtxhqfh gh o*h{suhvvlrq +<143, txh od g|qdpltxh gx wdx{ lqvwdqwdqì dyhf gìidxw

hvw

u+w, @ i+3> w, .

] w

3

�+v> w,gv.

] w

3

�+v> w,g�v .

] w

3

�+v> w,gZv=

Frpph gdqv oh prgëoh Khdwk0Mduurz0Pruwrq/ ohv frh!flhqwv gx wdx{ iruzdug hw gx }ìur0frxsrq dyhf

gìidxw vrqw olìv1

Sursrvlwlrq <154 = l, Vl od g|qdpltxh gx wdx{ iruzdug dyhf gìidxw hvw grqqìh sdu +<143,/ doruv od

g|qdpltxh gx }ìur frxsrq dyhf gìidxw hvw

g�+w> W , @ �+w�> W ,^+�d+w> W , . u+w, .
4

5
f5+w> W ,,gw� e+w> W ,g�w . f+w> W ,gZw � gQw` +<145,

rü

d+w> W , @
U
W

w
�+w> y,gy

e+w> W , @
U
W

w
�+w> y,gy

f+w> W , @ �
U W
w
�+w> y,gy

hw od g|qdpltxh gx wdx{ lqvwdqwdqì sdu

u+w, @ i+3> w, .

] w

3

�+v> w,gv.

] w

3

�+v> w,g�v .

] w

3

�+v> w,gZv=

ll, Vl od g|qdpltxh gx }ìur0frxsrq dyhf gìidxw hvw +<144,/ doruv od g|qdpltxh gx wdx{ iruzdug dyhf gìidxw
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hvw grqqìh sdu +<143, rü

�+w> W , @ 4
5

�

�W
�5+w> W ,� �

�W
�+w> W ,

�+w> W , @ � �

�W
�+w> W ,

�+w> W , @ � �

�W
�+w> W ,=

Gìprqvwudwlrq = l, Rq xwlolvh oh idlw txh

�+w> W , @ +4�Q+w,, h{s+�
]

W

w

i+w> v,gv,

hw xqh pìwkrgh dqdorjxh ã fhooh xwlolvìh sdu Vfkùqexfkhu gdqv ^8`1 Lo v*djlw vlpsohphqw gh whqlu frpswh

gx whuph hq g�=

ll, Rq dssoltxh od irupxoh g*Lw÷ ã oq �+w> W , hw rq suhqg od gìulyìh sdu udssruw ã W=

<1818 Frqglwlrq srxu o*devhqfh g*duelwudjh

Gdqv oh sdudjudskh suìfìghqw/ qrxv dyrqv ìqrqfì ohv frqglwlrqv yìul�ìhv sdu ohv frh!flhqwv ghv g|qd0

pltxhv gh V hw � srxu txh oh pdufkì gì�ql sdu V>� hw o*dfwli vdqv ulvtxh q*dgphwwh sdv g*rssruwxqlwì

g*duelwudjh1 Qrxv uhjdugrqv pdlqwhqdqw ohv frqglwlrqv yìul�ìhv sdu ohv frh!flhqwv gh od g|qdpltxh gx

wdx{ iruzdug srxu txh oh pdufkì gì�ql sdu V>� hw o*dfwli vdqv ulvtxh q*dgphwwh sdv g*rssruwxqlwì g*du0

elwudjh1

Rq shxw ìqrqfhu oh wkìruëph vxlydqw

Wkìruëph <155 = Frqvlgìurqv ohv g|qdpltxhv grqqìhv vrxv od suredelolwì klvwrultxh S1 Vl +K, hvw

yìul�ìh vrxv fhwwh suredelolwì/ doruv qrxv dyrqv o*ìtxlydohqfh hqwuh

l, Lo | d devhqfh g*duelwudjh1

ll, Lo h{lvwh � hw ! ghx{ surfhvvxv suìylvleohv dyhf ! srvlwli who txh

;AAA?AAA=
�+w,�+w, @ �+w, � u+w,

f+w> W ,�+w, @ �d+w> W , . u+w, . 4
5f

5+w> W , � u+w, . +4�Q+w,!w � e+w> W ,,�w

e+w> W , @ +4�Q+w,,+4� !+w,, vxu oh vxssruw gh g�h

w

+<146,

rü � hvw gì�ql sdu g�w @ �wgw. g�h
w =

Gìprqvwudwlrq = G*dsuëv od gì�qlwlrq vxu o*devhqfh g*duelwudjh/ od frqglwlrq l, hvw ìtxlydohqwh dx idlw

tx*lo h{lvwh xqh suredelolwì S ìtxlydohqwh ã S1 Vl rq qrwh N vd ghqvlwì/ g*dsuëv oh wkìruëph 9148/ lo h{lvwh

� hw ! whov txh

gNw @ Nw�+��+w,gZw . +!+w,� 4,gPw,

hw txh UVN hw U�N vrlhqw ghv S�pduwlqjdohv= Rq rewlhqw dlqvl ohv uhodwlrqv +<146,1 �

Oh pdufkì �{dqw od p1p1h hw sdu vxlwh oh surfhvvxv !> rq shxw vh ghpdqghu v*lo hvw srvvleoh g*rewhqlu

ghv lqirupdwlrqv vxu oh surfhvvxv gh kdvdug +rx vxu oh p1s1k, vrxv od p1p1h1 Gdqv fh fdv/ rq srxuudlw

ìydoxhu ohv dfwliv frqwlqjhqwv1

Hq xwlolvdqw oh sul{ dfwxdolvì hf gh o*dfwli txl uìpxqëuh od vrpph xq sodfìh hq }ìur mxvtx*ã o*lqvwdqw gx

gìidxw/ rq rewlhqw txh hf+w, @ 4iw?�j h{s+

] w

3

u+v, � u+v,gv,
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hvw xqh J�pduwlqjdoh vrxv od p1p1h1 Hq uhpdutxdqw txh f*hvw o*h{srqhqwlhooh gh Groìdqv gx surfhvvxv

�Q +w, .

]
wa�

3

u+v, � u+v,gv>

rq hq gìgxlw txh f*hvw xqh pduwlqjdoh1 Oh surfhvvxv u � u ìwdqw I�suìylvleoh/ rq d o*ìjdolwì vxlydqwh

u+w, � u+w, @ !
w
�w +<147,

srxu suhvtxh wrxw w=

Qrxv srxyrqv uhpdutxhu txh gdqv oh fdv rü � q*hvw sdv devroxphqw frqwlqx/ frqwudluhphqw dx uìvxowdw

gh Vfkùqexfkhu +fi ^8`,/ o*devhqfh g*duelwudjh q*lpsoltxh sdv txh ohv wdx{ lqvwdqwdqìv u hw �u vrlhqw olìv

sdu oh surfhvvxv gh kdvdug �1

Gh soxv od uhodwlrq +<147, lpsoltxh txh qrxv srxyrqv vhxohphqw rewhqlu ghv lqirupdwlrqv vxu od sduwlh

devroxphqw frqwlqxh gh � hw grqf gh �=

<1819 Uìjxodulwì gh od yrodwlolwì

Srxu uholhu od g|qdpltxh gx wdx{ dyhf fhooh gx }ìur0frxsrq/ qrxv dyrqv lpsrvì ghv frqglwlrqv gh uìjxod0

ulwì vxu ohv frh!flhqwv ghv g|qdpltxhv1 Hq sduwlfxolhu/ oh frh!flhqw gx eurzqlhq gdqv od g|qdpltxh gx

}ìur0frxsrq hvw vxssrvì gl�ìuhqwldeoh sdu udssruw ã od ghx{lëph yduldeoh1 Ru qrxv dyrqv prqwuì txh fh

frh!flhqw v*rewlhqw dx pr|hq g*xq wkìruëph gh uhsuìvhqwdwlrq suìylvleoh1 Lo q*hvw grqf sdv ìylghqw txh

fhwwh k|srwkëvh vrlw yìul�ìh1 Qrxv h{solflwrqv gdqv fh sdudjudskh ghv vlwxdwlrqv rü ohv fdofxov shxyhqw

íwuh h{solflwìv hw rü fhwwh sursulìwì hvw yudlh1

Vrlw Z xq prxyhphqw eurzqlhq xqlglphqvlrqqho1

Vxssrvrqv txh u @ 3 hw txh oh surfhvvxv � hvw gh od iruph

�w @

] w

3

�+v>Zv,gv

rü � hvw xqh irqfwlrq gh U. �U ã ydohxuv srvlwlyhv hw gl�ìuhqwldeoh sdu udssruw ã od ghx{lëph yduldeoh

gh gìulyìh qrwìh �31 Xqh whooh vlwxdwlrq vh surgxlw oruvtx*rq xwlolvh ohv surfhvvxv gh Fr{ srxu frqvwuxluh

� 1

Vrlw pw @ H+h{s�
U
W

3
�+v>Zv,gv,@ Iw,= Doruv

pw @ #+w> W>Zw, h{s+��w,>

rü

#+w> W> {, @ H{+h{s�
] W�w

3

�+w. v>Zv,gv, @ H+h{s�
] W�w

3

�+w. v>Zv . {,gv,

hw/ sxlvtxh p hvw xqh pduwlqjdoh/ vd gìulyh hvw qxooh1 G*rü

gpw @ h{s+��w,
C

C{
#+w> W>Zw,gZw @pw�+w> W ,gZw
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rü

�+w> W , @ �
H^+
U W�w
3

�3+w . v>Zv . {,gv,+h{s�
U
W�w
3

�+w. v>Zv . {,gv,`

H+h{s�
U
W�w
3 �+w. v>Zv . {,gv,

m{@Zw

Rq uhpdutxh hq sduwlfxolhu txh �+w> w, @ 3 hw � hvw gl�ìuhqwldeoh sdu udssruw ã od ghx{lëph yduldeoh1

Gdqv od sudwltxh/ oh fdofxo gh # q*hvw sdv dlvì1 Qrxv doorqv grqqhu ghx{ h{hpsohv rü qrxv dyrqv xqh

h{suhvvlrq h{solflwh1

4hu fdv = �+{, @ {5=

Gdqv fh fdv

#+w> W> {, @ h{s^�
{5
s
5
wdqk+

s
5+W � w,,`^frvk+

s
5+W � w,,`�

4
5 >

hw �+w> W , @
s
5Zw wdqk+

s
5+W � w,,=

Gìprqvwudwlrq = Rq shxw prqwuhu fh uìvxowdw hq xwlolvdqw oh wkìruëph gh Jluvdqry +fi ^9`/ fkds1 5,1 Hq

h�hw vl rq qrwh Le @ H+h{s+�e
5

5

U w
3
gv

���fZv

���5, , rü fZ hvw xq prxyhphqw eurzqlhq sduwdqw gh { 5 U hw

e � 3> +gZx> x � w, vdwlvidlw o*ìtxdwlrq gZx @ {. �x � e
U
x

3
gvfZv vrxv od suredelolwì S+e, gì�qlh sdu

S
+e,
@Iw @ h{si�

e

5
+
���fZw

���5 � {5 � w, �
e5

5

] w

3

gv

���fZv

���5j=S@Iw
rü +�x>x � w, hvw xq S+e, prxyhphqw eurzqlhq1 Dlqvl +gZx> x � w, hvw xq S+e,surfhvvxv g*Ruqvwhlq0

Xkohqehfn gh sdudpëwuh �e/ sduwdqw gh {=

Sdu frqvìtxhqw/ rq shxw h{sulphu +gZx> x � w, hq irqfwlrq gh � sdu od irupxoh vxlydqwh

gZx @ h�ex+{.

] x

3

hevg�
v
,=

Fhwwh h{suhvvlrq shuphw g*rewhqlu od pr|hqqh hw od yduldqfh gh od yduldeoh jdxvvlhqqh gZx vrxv S+e,=

Hq�q hq uhpdutxdqw txh Le @ H+e,^h{s+ e5 +
���fZw

���5 � {5 � w,`> rq rewlhqw

Le @ frvk+ew,�
4
5 h{s+�

{5e

5
wdqk+ew,,>

g*rü

#+w> W> {, @ h{s^�
{5
s
5
wdqk+

s
5+W � w,,`^frvk+

s
5+W � w,,`�

4
5

hw

�+w> W , @
s
5Zw wdqk+

s
5+W � w,,=

�

5h fdv = �+{, @ 4i{A3j

Qrxv rewhqrqv gdqv fh fdv

#+w> W> {, @

;A?A=
U W�w
3

�{
�
s
5�|

h�|
U W�w�|
3

h
�{5

5x gxs
x6
s
w�x�|g| .

U.4
W�w

�{s
5�x6

h{s+�{
5

5x ,gx srxu { ? 3U W�w
3 g} {

�
s
5�}

h�}
U W�w�}
3

h
�{5

5x
.x

gxs
x6
s
w�x . h�+W�w, U .4

W�w
{s
5�x6

h{s+�{
5

5x ,gx srxu { � 3
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Gìprqvwudwlrq = Qrxv yrxorqv fdofxohu H+h{s�
U
w

3
4ZvAo

gv,= Frqvlgìurqv wrxw g*derug oh fdv rü o A 3=

Qrxv uhpdutxrqv txh ] w

3

4ZvAo
gv @

;?= 3 vl w ? WoU w
Wo
4Zv�ZWo

A3gv vlqrq=

Ru od orl gh
U
w

Wo
4Zv�ZWo

A3gv hvw ìjdoh ã od orl gh
U
w�Wo
3

4fZxA3
gx @ eD.

w�Wo rü fZ hvw xq prxyhphqw

eurzqlhq lqgìshqgdqw gh Wo= Sdu frqvìtxhqw srxu { ? w

S ++
U
w

3
4ZvAogv, 5 g{, @

U
w

3
os

5�x6
h{s+� o

5

5x ,S +
eD.
w�x 5 g{,gx. �3+g{,S +Wo A w,

@
U
w

3
os

5�x6
h{s+� o

5

5x ,
g{

�

s
{+w�x�{,

gx4{?w�x . �3+g{,S +Wo A w,

@ o

�
s
5�{

U w�{
3

h
� o5

5x gxs
x6
s
w�x�{

g{. �3+g{,S +Wo A w,=

G*rü

H+h{s�
U w
3
4ZvAo

gv, @
U
w

3
h{s+�{,S +

U
w

3
4ZvAo

gv 5 g{,

@
U w
3

o

�
s
5�{

h�{
U w�{
3

h
� o5

5x gxs
x6
s
w�x�{

g{.
U.4
w

os
5�x6

h{s+� o
5

5x ,gx

hw srxu { ? 3>

#+w> W> {, @ H+h{s+�
U W�w
3

4Zv.{A3gv,

@
U W�w
3

�{
�
s
5�|

h�|
U W�w�|
3

h
�{5

5x gxs
x6
s
w�x�|g| .

U .4
W�w

�{s
5�x6

h{s+�{
5

5x ,gx=

Gdqv oh fdv rü o ? 3> qrxv uhpdutxrqv txh

] w

3

4ZvAogv @

;?= w vl w ? Wo

Wo .
U
w

Wo
4Zv�ZWo

A3gv vlqrq=

Frpph suìfìghpphqw od orl gh
U
w

Wo
4Zv�ZWo

A3gv hvw ìjdoh ã od orl gh
U
w�Wo
3

4fZxA3
gx @ eD.

w�Wo rü
fZ hvw

xq prxyhphqw eurzqlhq lqgìshqgdqw gh Wo= G*rü srxu { � w>

S +
U w
3
4ZvAo

gv 5 g{, @
U
w

3
�os
5�x6

h{s+� o
5

5x
,S +x. eD.

w�x 5 g{,gx. �w+g{,S +Wo A w,

@
U w
3

�os
5�x6

h{s+� o
5

5x
, g{

�

s
+{�x,+w�{,

gx4x?{ . �w+g{,S +Wo A w,=

G*rü

H+h{s�
U
w

3 4ZvAogv, @
U
w

3 h{s+�{,S +
U
w

3 4ZvAogv 5 g{,

@
U w
3
h�{g{

U
{

3
�o

�

s
5�x6

h
� o5

5x gxs
{�x

s
w�{ . h�w

U .4
w

�os
5�x6

h{s+� o
5

5x
,gx

hw srxu { A 3>

#+w> W> {, @ H+h{s+�
U
W�w
3

4Zv.{A3gv,

@
U W�w
3

{

�
s
5�
h�|

U |
3

h
�{5

5x gxs
x6
s
|�x

s
w�|

g| . h�+W�w, U .4
W�w

{s
5�x6

h{s+�{
5

5x
,gx

@
U
W�w
3

g} {

�
s
5�}

h�}
U W�w�}
3

h
�{5

5x
.x

gxs
x6
s
w�x

. h�+W�w, U .4
W�w

{s
5�x6

h{s+�{
5

5x ,gx=

�
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Qrxv dyrqv prqwuì suìfìghpphqw txh oh JW�pdufkì ìwdlw frpsohw oruvtxh o*rq glvsrvh ghv dfwliv gx

IW�pdufkì hw g*xq }ìur0frxsrq hw qrxv dyrqv grqqì od iruph gx sruwhihxlooh gh frxyhuwxuh1 Gdqv oh fdv

sduwlfxolhu rü oh surfhvvxv �+{, @ {5/ qrxv srxyrqv fdofxohu h{solflwhphqw ohv frh!flhqwv gx sruwhihxlooh

gdqv oh fdv g*xq fdoo hxursìhq vrxplv dx gìidxw/ f*hvw0ã0gluh vl qrxv suhqrqv frpph dfwli frqwlqjhqw

[ @ +VW �N,.=

Srxu vlpsol�hu ohv fdofxov/ qrxv suhqgurqv Vw @ h{s+Zw,= G*dsuëv oh wkìruëph <149 lo qrxv idxw fdofxohu

od gìfrpsrvlwlrq ghv pduwlqjdohv

pw @ H+h{s�
] W

3

�+v>Zv,gv,@Iw,

hw

p[

w
@ H+[ h{s�

] W

3

�+v>Zv,gv,@Iw,=

Ohv fdofxov suìfìghqwv qrxv grqqhqw od gìfrpsrvlwlrq gh pw> lo qrxv uhvwh grqf ã fdofxohu p[

w
=

Qrxv uhpdutxrqv txh p[
w @ h��w#[+w> W>Zw, rü #[+w> W> {, @ H{^+h

fZW�w � N,.h
U
W�w
3

+fZv,
5
gv` rü fZ

hvw xq prxyhphqw eurzqlhq sduwdqw gh {= Hq xwlolvdqw oh píph fkdqjhphqw gh suredelolwì txh srxu

fdofxohu pw> qrxv rewhqrqv

#
[ +w> W> {, @ H+

s
5,^+h

fZW�w �N,.h

s
5
5
+
���_ZW�w

���5�{5�+W�w,,
,=

Ru vrxv S+
s
5,/ fZW�w hvw xqh yduldeoh jdxvvlhqqh gh pr|hqqh p @ h�e+W�w,{ hw gh yduldqfh y5 @
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^4` Dqvho M1S1/ Vwulfnhu F1 = Orlv gh pduwlqjdoh/ ghqvlwìv hw gìfrpsrvlwlrq gh I÷oophu0Vfkzhl}hu/ Dqqdohv

gh o*Lqvwlwxw Khqul Srlqfduì 5;/ 6:806<5/ 4<<51

^5` Iùoophu K1/ Vfkzhl}hu P1 = Khgjlqj ri Frqwlqjhqw Fodlpv xqghu Lqfrpsohwh Lqirupdwlrq/ Dssolhg

Vwrfkdvwlf Dqdo|vlv/ Vwrfkdvwlfv Prqrjudskv 8/ 6;<0747/ 4<<41

^6` Nxvxrnd V1 = D uhpdun rq ghidxow ulvn prghov/ Dgydqfhv lq Pdwkhpdwlfdo Hfrqrplfv/ 4/ 9<0;5/ 4<<<1

^7` Urjhuv O1F1J1/ Zlooldpv G1 = Gl�xvlrqv/ Pdunry surfhvvhv/ dqg Pduwlqjdohv/ Yro 5/ Zloh| vhulhv lq

suredelolw| dqg pdwkhpdwlfdo Vwdwlvwlfv/ 4<<31

^8` Vfkùqexfkhu S1 = Fuhglw Ulvn Prghoolqj dqg Fuhglw Ghulydwlyhv1 Wkëvh/ Xqlyhuvlwì gh Erqq1 53331

^9` \ru P1 = Vrph dvshfw ri eurzqldq Prwlrq1 Sduw L = Vrph uhfhqw Pduwlqjdoh Sureohpv/ Ohfwxuhv lq

Pdwkhpdwlfv1 HWK ] ulfk1 Elunkçxvhu/ 4<<:1
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Gh qrpeuhx{ dxwhxuv vh vrqw lqwìuhvvìv ã o*rswlplvdwlrq gh sruwhihxlooh hq pdufkì lqfrpsohw dyhf xq

krul}rq �{h1 Qrxv srxyrqv flwhu ohv wudydx{ gh Ndudw}dv ^9` oruvtxh od g|qdpltxh ghv dfwliv hvw frqwlqxh

hw Ehoodp| ^4` gdqv oh fdv gh gl�xvlrq pl{wh1

Qrwuh pdufkì hvw oh pdufkì gìfulw gdqv oh sdudjudskh <14 gx fkdslwuh suìfìghqw1 Qrxv frqvlgìurqv xq

djhqw grqw o*dwwlwxgh idfh dx ulvtxh hvw fdudfwìulvìh sdu xqh irqfwlrq g*xwlolwì X> txl lqyhvwlw gh pdqlëuh

dxwr�qdqêdqwh vd ulfkhvvh hqwuh ohv dfwliv ulvtxìv hw o*dfwli vdqv ulvtxh1 Qrxv fkhufkrqv ã uìvrxguh oh

sureoëph gh pd{lplvdwlrq gh o*hvsìudqfh gh o*xwlolwì gh od ulfkhvvh1

Qrxv ìwdeolvvrqv gdqv oh fdguh gh fh pdufkì lqfrpsohw o*h{lvwhqfh g*xqh xqltxh vroxwlrq dx sureoëph

g*rswlplvdwlrq txl fròqflgh dyhf od vroxwlrq gx sureoëph g*rswlplvdwlrq hq pdufkì frpsohw oruvtxh ohv

dfwliv vrqw gluljìv sdu xq prxyhphqw eurzqlhq1 Qrxv rewhqrqv txh od vwudwìjlh rswlpdoh gìwhuplqh xqh

xqltxh pduwlqjdoh phvxuh ìtxlydohqwh txl fròqflgh dyhf od pduwlqjdoh phvxuh ìtxlydohqwh h{lvwdqw vxu oh

IW 0pdufkì hw dyhf od suredelolwì gh Gdylv1

Hq 4<;</ Krgjhv hw Qhxehujhu ^7` rqw lqwurgxlw xqh pìwkrgh gh sulflqj yld od irqfwlrq g*xwlolwì gh o*djhqw1

Ghv wudydx{ gh Urxjh hw Ho Ndurxl ^<` srxu xq pdufkì gluljì sdu xq prxyhphqw eurzqlhq hq suìvhqfh

gh frqwudlqwhv g*xqh sduw/ hw Froolq0Gxiuhvqh hw Kxjrqqlhu ^5` oruvtx*hq suìvhqfh g*xq ulvtxh gh gìidxw

g*dxwuh sduw rqw prqwuì o*h{lvwhqfh gx sul{ gh Krgjhv 1 Srxu ghv dfwliv frqwlqjhqwv sduwlfxolhuv hw oruvtxh

oh whpsv gh gìidxw � hvw lqgìshqgdqw gh od �owudwlrq I4> qrxv fdudfwìulvrqv oh sul{ gh Krgjhv ã o*dlgh

gh od vroxwlrq g*xq sureoëph g*rswlplvdwlrq1 Gh soxv/ srxu xqh irqfwlrq g*xwlolwì h{srqhqwlhooh/ qrxv

grqqrqv o*h{suhvvlrq h{solflwh gx sul{ gh Krgjhv hw qrxv prqwurqv/ txh oh sul{ gh Gdylv fruuhvsrqgdqw

v*rewlhqw frpph ydohxu olplwh gx sul{ gh Krgjhv1

Hq suìvhqfh g*xq ulvtxh gh gìidxw/ lo dssdudñw qdwxuho gh frqvlgìuhu xq sureoëph g*rswlplvdwlrq dyhf

frpph krul}rq oh whpsv gh gìidxw �= Od ghuqlëuh vhfwlrq hvw frqvdfuìh ã o*ìwxgh g*xq sureoëph g*rswlpl0

vdwlrq dyhf krul}rq doìdwrluh1 Fh sureoëph q*hvw sdv h{foxvlyhphqw olì ã od suìvhqfh gh gìidxw1 F*hvw dxvvl

oh sureoëph g*xq djhqw txl fkhufkh ã rswlplvhu vd ulfkhvvh ã fkdtxh lqvwdqw1 Ghv wudydx{ gxv ã Ndudw}dv

^:` h{lvwhqw gdqv oh fdv g*xq pdufkì frpsohw hw rü o*krul}rq hvw xq whpsv g*duuíw srxu od �owudwlrq ghv

sul{1 Qrxv ìwxglrqv oh fdv soxv jìqìudo rü oh whpsv � q3hvw soxv irufìphqw xq whpsv g3duuíw1 Gdqv oh fdv

rü o*rq rswlplvh xqltxhphqw od frqvrppdwlrq/ oh sureoëph d ìwì uìvrox gdqv ^;`1

Qrxv prqwurqv txh fh sureoëph uhylhqw ã uìvrxguh xq sureoëph g*rswlplvdwlrq gdqv oh IW�pdufkì txl

hvw frpsohw1 Qrxv fdudfwìulvrqv od vroxwlrq gh fh sureoëph txl gìshqg gh od orl frqglwlrqqhooh gh � sdu
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udssruw ã Iw1

4314 Oh prgëoh

Vrlw +
>I >S, xq hvsdfh suredelolvì/ Z xq prxyhphqw eurzqlhq q0glphqvlrqqho vxu fhw hvsdfh Iw @

�+Zv> v � w, hw W xq uìho �{ì1 Frqvlgìurqv oh IW�pdufkì irupì sdu xq dfwli vdqv ulvtxh V3 gh wdx{ u

hw gh q dfwliv ulvtxìv grqw ohv sul{ Vl
w
vrqw vroxwlrqv ghv ìtxdwlrqv gl�ìuhqwlhoohv

gVlw @ Vlw+�
l

wgw .

q[
m@4

�
l>m

w gZ
m

w ,> l @ 4> ===> q= +4314,

Rq ìfulud sduirlv o*ìtxdwlrq +4314, vrxv od iruph frqflvh

gVw

Vw
@ +�wgw . �wgZw,>

rü � @
�
�l
�
l
> � @ +�l>m,l>m=

Vrlw � xqh yduldeoh doìdwrluh srvlwlyh/ Jw @ Iw b �+� a w,> hw P od pduwlqjdoh frpshqvìh gh 4��w= Qrxv

idlvrqv frpph gdqv oh fkdslwuh suìfìghqw o*k|srwkëvh vxlydqwh

^KI4`

;AAAAAA?AAAAAA=

l, Iw @ �+Vv> v � w,=

ll, Ohv surfhvvxv �/ u vrqw eruqìv hw Iw0suìylvleohv hw uw � 3=

lll, Oh surfhvvxv ã ydohxuv pdwulflhoohv � hvw eruqì/

lqyhuvleoh/ g*lqyhuvh eruqì hw Iw0suìylvleoh1

Vrxv fhv k|srwkëvhv/ oh IW�pdufkì hvw frpsohw hw qrq duelwuì1 Rq qrwh S3 o*xqltxh pduwlqjdoh phvxuh

ìtxlydohqwh hw ]3 vd ghqvlwì gh Udgrq0Qlnrg|p1 Oh surfhvvxv ]3 yìul�h o*ìtxdwlrq

g]3
w @ �]3

w �wgZw

rü �w @ ��4
w +�w � uw,= Rq qrwh h]3

w @ ]3
wUw=

Srxu uìvrxguh oh sureoëph g*rswlplvdwlrq/ qrxv vxssrvrqv gh soxv

^KIg` = ohv frh!flhqwv u>�>� vrqw gìwhuplqlvwhv1

4315 Rswlplvdwlrq hq suìvhqfh gx gìidxw

431514 Rswlplvdwlrq gh od ulfkhvvh

Rq frqvlgëuh xq JW�pdufkì irupì sdu ghv dfwliv frqwlqjhqwv dssduwhqdqw ã JW > pdlv rü vhxohphqw

ohv dfwliv +Vl> l @ 3> ===> q, vrqw qìjrflìv= Rq d prqwuì gdqv oh fkdslwuh < txh fh pdufkì hvw lqfrpsohw1

O*h{lvwhqfh gh soxvlhxuv p1p1h hqwudñqh xqh irxufkhwwh ghv sul{ srxu xq dfwli frqwlqjhqw1 Fhwwh pxowlwxgh

gh sul{ shxw íwuh ìylwìh vl o*djhqw xwlolvh xqh irqfwlrq g*xwlolwì txl fdudfwìulvh vrq dwwlwxgh idfh dx ulvtxh1

Gdqv fh fdv/ rq prqwuh txh od uìvroxwlrq gx sureoëph g*rswlplvdwlrq shuphw ã o*djhqw gh fkrlvlu xqh

p1p1h sduwlfxolëuh1 Frpph gdqv oh fkdslwuh </ qrxv vxssrvrqv
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^KJ`

;?= l, +K, hvw yìul�ìh vrxv S

ll, Oh surfhvvxv � hvw frqwlqx=

Fhfl lpsoltxh txh od g|qdpltxh ghv sul{ v*ìfulw gh pdqlëuh lghqwltxh gdqv od �owudwlrq J=

Qrxv frqvlgìurqv xq djhqw pxql g*xqh irqfwlrq g*xwlolwì X= D fkdtxh lqvwdqw/ lo lqyhvwlw vd ulfkhvvh hqwuh

o*dfwli vdqv ulvtxh V3 hw ohv dfwliv ulvtxìv Vl vroxwlrq gh o*ìtxdwlrq +4314,1

Qrxv qrwrqv �l> l @ 4> ===> q od txdqwlwì gh ulfkhvvh lqyhvwlh ã o*lqvwdqw w gdqv o*dfwli Vl=

Gì�qlwlrq 4314 = Qrxv dsshorqv sruwhihxlooh wrxw surfhvvxv J0suìylvleoh �w @+�
l

w> l @ 4> ===> q,W yìul�dqw

od frqglwlrq g*lqwìjudelolwì vxlydqwh

q[
l@4

] W

3

+�l
v
,5gv ? .4 / s=v=

O*djhqw frqvwlwxh vrq sruwhihxlooh gh pdqlëuh dxwr�qdqêdqwh1 Vl qrxv qrwrqv oh surfhvvxv gh ulfkhvvh

dvvrflì +[
�>{

w
> 3 � w � W ,> dyhf [

�>{

3 @ {/ fhod lpsoltxh

g[
�>{

w
@ [

�>{

w
uwgw. �w^+�w � uw,gw. �wgZw`= +4315,

Gì�qlwlrq 4315 = Xq sruwhihxlooh +�w> 3 � w � W , vhud glw dgplvvleoh vl oh surfhvvxv gh ulfkhvvh hvw

srvlwli1

Vrlw DJ+w> {, o*hqvhpeoh ghv sruwhihxloohv dgplvvleohv grqw od ulfkhvvh ydxw { hq w1 Rq shxw ìfuluh

DJ+w> {, @ i�x> w � x � W>[�

w @ {> � hvw dgplvvleoh/ J�suìylvleoh�

1

O*dwwlwxgh gh o*djhqw idfh dx ulvtxh hvw fdudfwìulvìh sdu xqh irqfwlrq g*xwlolwì/ gì�qlh vxu U.
� hw yìul�dqw

ohv frqglwlrqv vxlydqwhv

^Kxw` =

;AAA?AAA=
l, X hvw vwulfwhphqw furlvvdqwh/ vwulfwhphqw frqfdyh/ gh fodvvh F5

ll, olp{$.4 X 3+{, @ 3

lll, olp{$3 X
3+{, @ .4

Vrxv fhv k|srwkëvhv/ od irqfwlrq X 3 dgphw xq lqyhuvh qrwì L gì�ql vxu U.
� =

Rq fkhufkh ã uìvrxguh oh sureoëph g*rswlplvdwlrq

Y J+w> {, @ pd{
�5DJ+w>{,

H^X+[
�>w>{

W
,`=

Oh ohpph vxlydqw grqqh xqh sursulìwì gh od irqfwlrq ydohxu Y=

Ohpph 4316 = Vxssrvrqv ^Kxw` vdwlvidlwh1 Doruv srxu wrxw w gh ^3> W `> od irqfwlrq ydohxu Y J hvw furlv0

vdqwh hw frqfdyh hq {1

Gìprqvwudwlrq = Hooh uhsrvh vxu oh idlw txh vl { � |> doruv DJ+w> {, � DJ+w> |, hw vxu ohv sursulìwìv gh

furlvvdqfh hw gh frqfdylwì gh od irqfwlrq X= �
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Hq dssoltxdqw oh sulqflsh gh surjudppdwlrq g|qdpltxh ã od irqfwlrq Y J+w> {,> rq rewlhqw oh uìvxowdw

vxlydqw

Wkìruëph 4317 = Vl Y J hvw gh fodvvh F5> od irqfwlrq gh ydohxu Y J hvw vroxwlrq gh o*ìtxdwlrq g*Kdplowrq0

Mdfrel0Ehoopdqq vxlydqwh;A?A= 3 @
CY J+w> {,

Cw
. vxs�5DJ+w>{,D+w> {> �, rü

D+w> {> �, @ ^{uw . �+�
w
� uw,`Y

J
{
+w> {, . 4

5
�5�5

w
Y J
{{
+w> {,

+4316,

dyhf

Y J+W> {, @ X+{, +4317,

Gìprqvwudwlrq = Od gìprqvwudwlrq hvw lghqwltxh ã fhooh idlwh hq pdufkì frpsohw1

Uhpdutxh 4318 = Vl rq qrwh Y I od irqfwlrq gh ydohxu dvvrflìh dx sureoëph fodvvltxh g*rswlplvdwlrq

gdqv oh IW�pdufkì/ rq uhpdutxh txh od irqfwlrq Y J hvw vroxwlrq gh od píph ìtxdwlrq g*KME1 Sdu

frqvìtxhqw/ Y J @ Y I 1 Fh uìvxowdw ìwdlw suìylvleoh/ sxlvtxh od g|qdpltxh ghv sul{ hvw lqfkdqjìh vrxv

o*k|srwkëvh +K,1

Fhwwh uhpdutxh/ dlqvl txh oh wkìruëph qrxv shuphwwhqw gh fdudfwìulvhu oh sruwhihxlooh rswlpdo hw od

ulfkhvvh rswlpdoh txl fròqflghqw dyhf fhx{ rewhqxv hq pdufkì frpsohw1

Sursrvlwlrq 4319 = Oh ulfkhvvh rswlpdoh hw oh sruwhihxlooh rswlpdo vrqw grqqìv sdu

�J>�+w> {, @ �I>�+w> {, @ ���4
w
�w

Y I{ +w> {,

Y I{{+w> {,

hw

[�
w @

4h]3
w

H^ h]3
W L+�

h]3
W , 2 Iw`

rü � hvw oh pxowlsolfdwhxu gh Odjudqjh txl vdwxuh od frqwudlqwh H^ h]3
W
L+� h]3

W
,` @ {1

Uhpdutxh 431: = O*xwlolvdwlrq sdu o*djhqw g*xqh irqfwlrq g*xwlolwì X shuphw gh �{hu xqh xqltxh p1p1h

vxu JW txl hvw od p1p1h S3 +fi +<15, srxu od gì�qlwlrq gh S3 vxu JW ,=

431515 Sul{ gh Gdylv

Qrxv udsshorqv od gì�qlwlrq gx sul{ gh Gdylv ^6` srxu xqh rswlrq hxursìhqqh gh  x{ whuplqdo [ 5 JW =

Fh sul{ hvw grqqì srxu xq djhqw grqw od ulfkhvvh lqlwldoh hvw { hw grqw o*dwwlwxgh idfh dx ulvtxh hvw

fdudfwìulvìh sdu xqh irqfwlrq g*xwlolwì X yìul�dqw ohv frqglwlrqv Kxw=

Gì�qlwlrq 431; = Qrxv qrwrqv I +�> {> s, @ vxs
�5DJ+{,H^X+[

�>{��
W

. �

s
[,`> rü DJ+{, hvw o*hqvhpeoh

ghv sruwhihxloohv dgplvvleohv/ txdqg od ulfkhvvh lqlwldoh hvw ìjdoh ã {= Qrxv vxssrvrqv txh ohv frqglwlrqv

vxlydqwhv vrqw vdwlvidlwhv =

l, ;+{> s, od irqfwlrq � $ I +�> {> s, hvw gl�ìuhqwldeoh hq � @ 3

ll, <$ hs+{, @ CI

C�
+3> hs>{, @ 3

Doruv hs+{, hvw oh sul{ gh Gdylv hq w @ 3=

Qrxv udsshorqv ghx{ uìvxowdwv gh Gdylv ^6` txl grqqh xqh fdudfwìulvdwlrq gh hs+{,=
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Sursrvlwlrq 431< = Vl ohv k|srwkëvhv vxlydqwhv vrqw yìul�ìhv =

l, Srxu wrxw { gh U.> od irqfwlrq gh ydohxu Y J+3> {, hvw gìulydeoh sdu udssruw ã {=

ll, Y J{ +3> {, A 3> ;{ 5 U.=

Doruv hs+{, @ H+X 3+[�
�
>{

W
,[,

Y J
{
+3> {,

rü �� hvw oh sruwhihxlooh rswlpdo1

Sursrvlwlrq 43143 = Gdqv xq pdufkì lqfrpsohw gluljì sdu xq prxyhphqw eurzqlhq g0glphqvlrqqho1

4, Lo h{lvwh xqh xqltxh pduwlqjdoh phvxuh ìtxlydohqwh Sx ìtxlydohqwh ã S hw xq surfhvvxv � whov txh

hs+{, @ HSx ^h{s+�
] W

3

�vgv,[`=

5, Sx hw oh wdx{ g*dfwxdolvdwlrq � qh gìshqghqw sdv gh o*dfwli frqwlqjhqw [ > lov qh gìshqghqw txh gh

od irqfwlrq gh ydohxu hw gh od ulfkhvvh lqlwldoh1

Gdqv qrwuh frqwh{wh/ qrxv prqwurqv txh od suredelolwì Sx fròqflgh dyhf od suredelolwì S3=

Sursrvlwlrq 43144 = l, Od pduwlqjdoh phvxuh ìtxlydohqwh Sx fròqflgh dyhf od suredelolwì S3=

ll, Vl od irqfwlrq Y J hvw F6> oh frh!flhqw g*dfwxdolvdwlrq fròqflgh dyhf oh wdx{ vdqv ulvtxh u hw rq d

hs+{, @ HS3 ^h{s+�
] W

3

uvgv,[`= +4318,

Gìprqvwudwlrq = l, G*dsuëv oh sdudjudskh suìfìghqw/ oh sruwhihxlooh rswlpdo dvvrflì dx pd{� H^X+[W ,`

hvw grqqì sdu

�J>�+w> {, @ ���4
w
�w
Y J
{
+w> {,

Y J{{+w> {,

Gì�qlvvrqv od irqfwlrq n sdu

n+w> {, @ oqY J{ +w> {,=

dyhf fhwwh gì�qlwlrq/ qrxv dyrqv hs+{, @ h�n+3>{,H^hn+W>[
�
W ,[`=

Od irupxoh g*Lw÷ qrxv shuphw g*ìfuluh

h{s+n+W>[�
W
,� n+3> {,, @ H+

Cn

C{
���Z ,W h{s+�

] W

3

�
w
gw,

rü

�
w
@ �

Cn+w>[�
w
,

Cw
� +��

w
+�

w
� uw, .[�

w
uw,

Cn+w>[�
w
,

C{
�

4

5
+��

w
�w,

5^
C5n+w>[�

w
,

C{5
. +

Cn+w>[�
w
,

C{
,5`= +4319,

Frpph �J>�+w> {, @ ���4
w
�w

Y
J
{ +w>{,

Y J
{{+w>{,

> lo hq uìvxowh sdu gì�qlwlrq gh n> txh

Cn

C{
��� @ ��=

Sdu frqvìtxhqw/

hs+{, @ H^H+� �Z ,W h{s+�
] W

3

�wgw,[` @ HS3 ^h{s+�
] W

3

�wgw,[`=
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ll, Od irqfwlrq Y J hvw vroxwlrq gh o*ìtxdwlrq

3 @
CY J+w> {,

Cw
. ^{uw . ��

w
+�

w
� uw,`Y

J
{
+w> {, .

4

5
+��

w
,5�5

w
Y J
{{
+w> {,=

Vrxv o*k|srwkëvh tx*hooh hvw F6> hq gìulydqw sdu udssruw ã {> rq rewlhqw

3 @ hn+w>{,i
Cn+w> {,

Cw
. +��

w
+�

w
� uw, . {uw,

Cn+w> {,

C{
.

4

5
+��

w
�w,

5^
C5n+w> {,

C{5
. +

Cn+w> {,

C{
,5`

.uw .
C��+w> {,

C{
^+�w � uw, . ��w�w

5 Cn+w> {,

C{
`=

Frpph oh sruwhihxlooh rswlpdo hvw vroxwlrq gh

+�
w � uw, . ��

w
�5
w
Y J
{{

@ +�w � uw, . ��
w
�w

5 Cn+w> {,

C{
@ 3

Dlqvl / uw @ �w=

431516 Sul{ gh Krgjhv

Krgjhv hw Qhxehujhu ^7` rqw lqwurgxlwv xqh dxwuh qrwlrq gh sulflqj yld od irqfwlrq g*xwlolwì g*xq djhqw1

Qrxv udsshorqv od gì�qlwlrq gx sul{ gh Krgjhv1 Frpph suìfìghpphqw rq qrwh X xqh irqfwlrq g3xwlolwì

yìul�dqw ohv frqglwlrqv +Kxw,1

Gì�qlwlrq 43145 = Rq dsshooh sul{ gh Krgjhv oh uìho s+{>[, who txh

s+{>[, @ lqiis � 3>pd{
�

H^X+[
{>�

W
,` � pd{

�
H^X+[

{.s>�
W

�[,`j=

Fh sul{ fruuhvsrqg dx sul{ dxtxho lo idxw dfkhwhu o*dfwli frqwlqjhqw[ srxu txh oh sureoëph g*rswlplvdwlrq

gh ulfkhvvh sduwdqw g*xqh ulfkhvvh lqlwldoh {. s hw rü o*rq olyuh o*dfwli [ hq W vrlw lghqwltxh dx sureoëph

g*rswlplvdwlrq gh ulfkhvvh1

Gdqv oh fdv rü o*dfwli [ hvw od sd|r� g*xq }ìur0frxsrq dyhf gìidxw gh pdwxulwì W hw rü � hvw lqgìshqgdqw

gh I4/ rq shxw grqqhu xqh fdudfwìulvdwlrq gx sul{ gh Krgjhv1

Qrwrqv Y K +3> |, @ pd{� H^X+[|>�

W
�[,` hw I od irqfwlrq gh uìsduwlwlrq gh � = Rq uhpdutxh

H^X+[
|>�

W
�[,` @ +4� IW ,H^X+[

|>�

W
� 4,` .IWH^X+[

|>�

W
,`=

Vl rq qrwh y+{, @ +4�IW ,X+{�4, .IWX+{,> od irqfwlrq y yìul�h ohv frqglwlrqv +Kxw,= Sdu frqvìtxhqw

fkhufkhu Y K +3> |, uhylhqw ã uìvrxguh oh sureoëph g*rswlplvdwlrq vxlydqw

pd{
�

H^y+[
|

W
,`=

G*dsuëv ohv uìvxowdwv gx sdudjudskh 431514/ od irqfwlrq Y K hvw vroxwlrq gh o*ìtxdwlrq g*KME vxlydqwh;A?A= 3 @
CY K+w> {,

Cw
. vxs�5DJ+w>{,D+w> {> �, rü

D+w> {> �, @ ^{uw . �+�
w
� uw,`Y

K

{
+w> {, . 4

5
�5�5

w
Y K

{{
+w> {,

+431:,
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dyhf

Y K +W>{, @ y+{,= +431;,

Rq shxw pdlqwhqdqw fdudfwìulvhu oh sul{ gh Krgjhv/ hw oh fdofxohu gdqv xq fdv sduwlfxolhu1

Sursrvlwlrq 43146 = Lo h{lvwh xq xqltxh uìho s+{>[, who txh

Y K+3> {. s, @ Y J+3> {,=

F*hvw oh sul{ gh Krgjhv gh o*dfwli frqwlqjhqw [=

Gìprqvwudwlrq = G*dsuëv oh ohpph 4316/ od irqfwlrq s :$ Y K+3> { . s, hvw furlvvdqwh/ F5 hw yìul�h

olps$.4 Y K+3> {. s, @ .41 Gh soxv/ frpph Y K+W>{, � Y J+W>{,/ oh wkìruëph ghv ydohxuv lqwhupì0

gldluhv shuphw gh frqfoxuh ã o*h{lvwhqfh gh s+{>[,= �

Oruvtxh X hvw xqh irqfwlrq h{srqhqwlhooh/ lo hvw srvvleoh g*rewhqlu xqh h{suhvvlrq h{solflwh gx sul{ gh

Krgjhv srxu xq }ìur0frxsrq1

Sursrvlwlrq 43147 Vl X+{, @ h{s+��{,> u @ 3> hw [ @ 4W?� >doruv

s+{>[, @
4

�
oq+h� +4�IW , .IW ,=

Gìprqvwudwlrq = Rq fkhufkh s who txh

pd{
�

H^X+[
{>�

W
,` @ pd{

�
H^X+[

{.s>�
W

�K,`= +431<,

Ghv uìvxowdwv fodvvltxhv grqqhqw pd{� H^X+[
{>�

W
,` @ h��{=

Gh soxv/

H^X+[
{.s>�
W

� 4W?� ,` @ H^4W?� h
�X+[

{.s>�
W

, . 4W��X+[
{.s>�
W

,`

@ +4�IW ,h
�H^X+[

{.s>�
W

,` .IWH^X+[
{.s>�
W

,`=

Sdu frqvìtxhqw/ rq fkhufkh ã pd{lplvhu H^X+[
{.s>�
W

,`++4�IW ,h
� .IW ,= Od vroxwlrq hvw ++4�IW ,h

� .

IW ,h
��+{.s,= Sdu frqvìtxhqw/ o*ìjdolwì +431<, ghylhqw

h��{ @ ++4�IW ,h
� . IW ,h

��+{.s,=

G*rü

s+{>[, @
4

�
oq+h� +4�IW , .IW ,=

Rq shxw uhpdutxhu txh vl IW @ 3> l1h vl oh gìidxw q*duulyh mdpdlv dydqw W= Oh sul{ gh krgjhv hvw gdqv fh

fdv xq1 Fhfl uhvxowh gx idlw txh o*dfwli [ hvw oh sd|r� g*xq }ìur0frxsrq gh pdwxulwì W= Sdu frqvìtxhqw

lo hvw gxsolfdeoh gdqv oh IW�pdufkì hw vrq sul{ ydxw xq +fdu u @ 3,1

Gdqv ^<`/ ohv dxwhxuv olhqw oh sul{ gh Krgjhv srxu xqh irqfwlrq g*xwlolwì h{srqhqwlhooh dx sul{ gh Gdylv

sdu od uhodwlrq vxlydqwh hs+{, @ olp
%$3

s+%�>[,=
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Gdqv oh frqwh{wh sduwlfxolhu suìfìghqw/ oh sul{ gh Gdylv gh o*dfwli 4W?� hvw g*dsuëv o*h{suhvvlrq +4318,

hs+{, @ HS3 ^4W?� ` @ 4�IW

fdu � hvw lqgìshqgdqw gh I4 vrxv S3 hw gh píph orl txh vrxv S1 Ru

4�IW @ olp
%$3

s+%�>[, @ olp
�$3

4

�
oq+h�+4� IW , . IW ,=

Uhpdutxh 43148 Oh fdv rü o*dfwli frqwlqjhqw hvw gh od iruph [ @ k4��W rü k hvw xqh frqvwdqwh

srvlwlyh/ vh wudlwh gh pdqlëuh lghqwltxh1

4316 Rswlplvdwlrq dyhf xq krul}rq doìdwrluh

Oruv gh od suìvhqfh g*xq whpsv doìdwrluh � > rq shxw dxvvl vh srvhu oh sureoëph g*rswlplvdwlrq vxlydqw1

Frpphqw xq djhqw txl lqyhvwlw gdqv oh IW�pdufkì/ f*hvw0ã0gluh txl frqvwuxlw vrq sruwhihxlooh dyhf ghv

surfhvvxv I�dgdswìv shxw0lo rswlplvhu o*hvsìudqfh gh o*xwlolwì gh vd ulfkhvvh mxvtx*ã xq krul}rq doìdwrluh B

Rq qrwh frpph suìfìghpphqw X xqh irqfwlrq g3xwlolwì yìul�dqw ohv k|srwkëvhv ^Kxw` hw DI+w> {, @

i�x> w � x � W>[�

w
@ {> � hvw dgplvvleoh/ I�suìylvleoh�1 Od g|qdpltxh gh surfhvvxv gh ulfkhvvh hvw

lghqwltxh ã fhooh gh o*ìtxdwlrq +4315, hq suhqdqw ghv surfhvvxv � I�suìylvleohv1

Qrwuh sureoëph g*rswlplvdwlrq v*ìfulw

Y +{, @ vxs
�5DI+3>{,

H^X+[
�>{

�aW , `>

f*hvw0ã0gluh txh o*djhqw q*lqyhvwlw txh mxvtx*hq � =

Hq qrwdqw Iw @ S+� � w 2 Iw,> rq shxw uìfuluh oh sureoëph frpph vxlw

Y +{, @ vxs
�5DI+3>{,

H^

] 4

3

X+[
�>{

waW ,gIw` @ vxs
�5DI+3>{,

H^

] W

3

X+[�>{

x ,gIx . X+[
�>{

W
,+4� IW ,`>

Qrxv idlvrqv ohv k|srwkëvhv vxssoìphqwdluhv

^Kdf` = Oh surfhvvxv Iw @ S+� � w 2 Iw, hvw furlvvdqw hw devroxphqw frqwlqx sdu udssruw ã od phvxuh gh

Ohehvjxh gh ghqvlwì ìjdoh ã i=

Oh ohpph vxlydqw grqqh xqh sursulìwì gh od irqfwlrq ydohxu Y=

Ohpph 43149 = Vxssrvrqv ^Kxw` hw ^Kdf` vdwlvidlwhv1 Doruv srxu wrxw w gh ^3> W `> od irqfwlrq ydohxu Y

hvw furlvvdqwh hw frqfdyh hq {1

Gìprqvwudwlrq = Hooh uhsrvh vxu oh idlw txh vl { � |> doruv DI+w> {, � DI+w> |, hw vxu ohv sursulìwìv gh

furlvvdqfh hw gh frqfdylwì gh od irqfwlrq X= �

Uhpdutxh 4314: = Dxvvl fxulhx{ txh fhod sxlvvh sdudñwuh/ fh sureoëph hvw soxv frpsoh{h txh oh sureoëph

vxlydqw

vxs
�>f

H

] �

3

x+v> fv,gv
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rü o*rq rswlplvh vxu ohv sruwhihxloohv � hw ohv surfhvvxv gh frqvrppdwlrq f= Hq h�hw/ rq shxw wudqviruphu

oh sureoëph hq krul}rq doìdwrluh hq xq sureoëph hq krul}rq lq�ql frpph vxlw1

H

] �

3

x+v> fv,gv @ H

] 4

3

gIw

] w

3

x+v> fv,gv @ H

] 4

3

x+v> fv,+4�Iv,gv=

Oh sureoëph uhylhqw ã uìvrxguh

vxs
�>f

H

]
�

3

hx+v> fv,gv
dyhf hx+w> f> $, @ x+f,+4�Iw+$,,= Od frqwudlqwh gh exgjhw v*ìfulw grqf

H^

] .4

3

hNvfvgv` @ {= +43143,

Sdu frqvìtxhqw sdu xq udlvrqqhphqw fodvvltxh dyhf ohv pxowlsolfdwhxuv gh Odjudqjh/rq rewlhqw

f�
w @ L+

 hNw

4� Iw
,

rü  vdwxuh od frqwudlqwh H^
U4
3
hNvL+

 hNv

4�Iv ,gv`= Rq shxw yìul�hu idflohphqw txh oh surfhvvxv f� gì�ql

suìfìghpphqw hvw rswlpdo1 Hq h�hw/ srxu wrxwh frqvrppdwlrq f yìul�dqw+43143, hq xwlolvdqw od frqfdylwì

gh x

H

] .4

3

gv+4�Iv,+x+fv,� x+f�v,, � H

] .4

3

gv+4� Iv,+fv � f�v,
 hNv

4� Iv

�  H

] .4

3

gv+fv � f�
v
, hNv @ 3

vrxv od frqwudlqwh +43143,1

431614 Fdv rü s hvw gìwhuplqlvwh

Rq shxw uìfuluh oh sureoëph hq idlvdqw dssdudñwuh od ghqvlwì frqglwlrqqhooh gh � sdu udssruw ã I4= Rq d

Y +{, @ vxs
�5DI+3>{,

H^

] 4

3

i+w,X+[
�>{

waW ,gw`>

hw

Y +w> {, @ vxs
�5DI+w>{,

H^

] 4

w

i+x,X+[
w>{

xaW ,gx`= +43144,

Hq dssoltxdqw oh sulqflsh gh surjudppdwlrq g|qdpltxh ã od irqfwlrq Y / rq rewlhqw txh Y hvw vroxwlrq

g*xqh ìtxdwlrq g*KME

Wkìruëph 4314; l, Vl ^Kdf` hvw yìul�ìh hw Y hvw gh fodvvh F5> W @ .4> od irqfwlrq gh ydohxu Y hvw

vroxwlrq gh o*ìtxdwlrq g*Kdplowrq0Mdfrel0Ehoopdqq vxlydqwh

;?= 3 @ iwX+{, . +
CY +w> {,

Cw
. vxs�5DI+w>{,D+w> {> �,, rü

D+w> {> �, @ ^{uw . �+�w � uw,`Y{+w> {, .
4
5�

5�5wY{{+w> {,

+43145,
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dyhf

Y +W 4> {, @ 3 vl i+w, @ 3 ;w � W 4

olpw$.4 Y +w> {, @ 3 vlqrq
+43146,

rü Y{ +uhvs1 Y{{, uhsuìvhqwh od gìulyìh suhplëuh sdu udssruw ã od vhfrqgh yduldeoh +uhvs1 od gìulyìh

vhfrqgh,1

ll, Vl ^Kdf` hvw yìul�ìh hw Y hvw gh fodvvh F5> W ? .4> od irqfwlrq gh ydohxu Y hvw vroxwlrq gh o*ìtxdwlrq

g*Kdplowrq0Mdfrel0Ehoopdqq vxlydqwh;?= 3 @ iwX+{, . +
CY +w> {,

Cw
. vxs

�5DI+w>{,D+w> {> �,, rü

D+w> {> �, @ ^{uw . �+�w � uw,`Y{+w> {, .
4
5
�5�5wY{{+w> {,

+43147,

dyhf

Y +W>{, @ X+{,+4� I +W ,,= +43148,

lll, Oh sruwhihxlooh rswlpdo hvw grqqì sdu od uhodwlrq vxlydqwh

�w @ ���4
w
�w

Y{+w> {,

Y{{+w> {,
= +43149,

Gìprqvwudwlrq = l, Oh sulqflsh gh surjudppdwlrq g|qdpltxh shuphw g*ìfuluh

Y +w> {, @ vxs
�5DI+w>{,

H+

]
w.k

w

i+x,X+[w>{

x ,gx. Y +w. k>[
w>{

w.k,,= +4314:,

Hq ìfulydqw od irupxoh g*Lw÷ hqwuh Y +w. k>[w.k, hw Y +w> {,> lo ylhqw

^Y +w. k>[
w>{

w.k,� Y +w> {,`

@
U +w.k,
w

i
CY +v>[w>{

v ,

Cv
gv. Y{+v>[

w>{
v ,g[v .

4
5Y{{+v>[

w>{
v ,�5v�

5
vgv=

Hq xwlolvdqw od g|qdpltxh gh od ulfkhvvh grqqìh hq +4315,

Y +w. k>[
w>{

w.k,� Y +w> {,

@
U +w.k,
w

i
CY +v>[w>{

v ,

Cv
. Y{+v>[

w>{
v ,+[w>{

v uv . �v+�v � uv,, .
4
5Y{{+v>[

w>{
v ,�5v�

5
vjgv

.
U +w.k,
w

Y{+v>[
w>{
v ,�v�vgZv=

Hq vxssrvdqw txh
U w.k
w

Y{+v>[
w>{
v ,�v�vgZv hvw xqh pduwlqjdoh/ qrxv rewhqrqv hq xwlolvdqw o*lqìjdolwì

+4314:, dyhf xqh ìjdolwì srxu oh sruwhihxlooh rswlpdo

3 � H^
U
w.k

w
i+x,X+[w>{

x
,gx.U +w.k,

w
i
CY +v>[w>{

v ,

Cv
. Y{+v>[

w>{
v ,+[w>{

v uv . �v+�v � uv,, .
4
5Y{{+v>[

w>{
v ,�5v�

5
vjgv=

Sdu frqvìtxhqw/ qrxv rewhqrqv hq glylvdqw sdu k hw hq suhqdqw od olplwh txdqg k whqg yhuv }ìur

3 � i+w,X+{, .
CY +w> {,

Cw
. ^{uw . �+�w � uw,`Y{+w> {, .

4
5�

5�5wY{{+w> {,=
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Fhwwh lqìjdolwì ìwdqw yìul�ìh srxu wrxv ohv sruwhihxloohv dgplvvleohv dyhf ìjdolwì ã o*rswlpdolwì/ lo v*hqvxlw

3 @ i+w,X+{, .
CY +w> {,

Cw
. vxs

�5D+w>{,i^{uw . �+�
w
� uw,`Y{+w> {, .

4
5
�5�5

w
Y{{+w> {,j=

O*ìjdolwì +43144, lpsrvh

Y +W> {, @ 3 vl i+w, @ 3 ;w � W

olpw$.4 Y +w> {, @ 3 vlqrq1

ll, Vl W ?4> od irqfwlrq Y +w> {, v3ìfulw

Y +w> {, @ pd{i
]

W

w

gvi+v,X+[
w>{

vaW , . +4�I +W ,,X+[
w>{

W
,j= +4314;,

Od vxlwh gh od gìprqvwudwlrq hvw lghqwltxh dx l,1

Od frqglwlrq +43148, surylhqw gh o*ìjdolwì +4314;,

lll, O*ìtxdwlrq

+�w � uw,Y{+w> {, . ��5wY{{+w> {, @ 3

dgphw xqh xqltxh vroxwlrq hq od yduldeoh � qrwìh �� txl yìul�h ��+w> {, @ ���4
w
�w

Y{+w> {,

Y{{+w> {,
= Frpph

od irqfwlrq Y hvw frqfdyh hq od vhfrqgh yduldeoh/ fhwwh ydohxu fruuhvsrqg ã xq pd{lpxp gh od irqfwlrq

D+w> {> �,= Lo idxw yìul�hu txh oh sruwhihxlooh ��+w>[{>�
�

w , hvw dgplvvleoh/ f*hvw0ã0gluh txh od ulfkhvvh dvvrflìh

hvw srvlwlyh1 Lo q*hvw sdv idfloh gh prqwuhu fh uìvxowdw hq wrxwh jìqìudolwì1 Rq oh yìul�hud xqltxhphqw vxu

ohv h{hpsohv txh o*rq uìvrxw h{solflwhphqw gdqv oh sdudjudskh vxlydqw1 �

Gdqv ghv fdv sduwlfxolhuv/ rq shxw uìvrxguh oh sureoëph g*rswlplvdwlrq gluhfwhphqw hq h{kledqw oh sur0

fhvvxv gh ulfkhvvh rswlpdo1

Wkìruëph 4314< = V*lo h{lvwh xqh irqfwlrq � gìwhuplqlvwh yìul�dqw L+�+3,, @ { whooh txh oh surfhvvxv

K3
w
L+�+w,K3

w
, hvw xqh I�pduwlqjdoh/ doruv oh surfhvvxv [� gì�ql sdu [�

w
@ L+�+w,K3

w
, hvw rswlpdo hw oh

sruwhihxlooh �� yìul�h

��+w>[�
w , @ �L 3+�+w,K3

w ,�+w,K
3
w �w=

Gìprqvwudwlrq = Vrlw [ xq surfhvvxv gh ulfkhvvh gh ydohxu lqlwldoh {/ doruv od frqfdylwì gh od irqfwlrq X

hqwudñqh

H^X+[� ,� X+[�
�
,` � H^+[� �[�

�
,X 3+[�

�
,`=

Ru H^+[� � [�
�
,X 3+[�

�
,` @ H^

U4
3

i+w,+[w � [�
w
,�+w,K3

w
gw` @

U4
3

gwi+w,�+w,H^+[w � [�
w
,K3

w
` @ 3> fdu

K3[ hw K3[� vrqw ghv pduwlqjdohv gh píph ydohxu lqlwldoh {= Oh sruwhihxlooh hvw rewhqx hq dssoltxdqw

od irupxoh g*Lw÷ dx surfhvvxv L+�+w,K3
w , hw hq lghqwl�dqw ohv whuphv hq gZ= �

Srxu dssoltxhu fh uìvxowdw/ lo uhvwh ã gìwhuplqhu ohv frqglwlrqv g*h{lvwhqfh g*xqh whooh irqfwlrq �= Qrxv

prqwurqv txh ohv vhxohv irqfwlrqv g*xwlolwì txl yìul�hqw fhwwh frqglwlrq vrqw od irqfwlrq oq rx xqh irqfwlrq

sxlvvdqfh/ hw od irqfwlrq h{srqhqwlhooh oruvtxh oh wdx{ u hvw qxo1

Hq h�hw/ od irupxoh g*Lw÷ dssoltxì dx surfhvvxv K3
w L+�+w,K

3
w , srxu xqh irqfwlrq  gìwhuplqlvwh grqqh

gK3
w
L+�+w,K3

w
, @ K3^�+w,K3

w
L 3+�+w,K3

w
,� �+w,�w`gZw

. i�uwK3
w L+�+w,K

3
w , . +L 3+�+w,K3

w ,+�+w,+K
3
w ,

5+�5
w
� uw, . +K3

w ,
5�+w,3, . 4

5�+w,
5+K3

w ,
6�

5
w
L 33+�+w,K
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Od frqglwlrq gh pduwlqjdoh lpsoltxh/ dsuëv vlpsol�fdwlrq sdu K3> hq srvdqw } @ �K3

�uL+}, . L 3+},}+�5 � u, .
4

5
}5�5L 33+}, . L 3+},}

�3

�
@ 3= +4314<,

Fhwwh ìtxdwlrq d xqh vroxwlrq � gìwhuplqlvwh vl hw vhxohphqw vl od irqfwlrq L yìul�h o*ìtxdwlrq vxlydqwh

�uL+}, .
4

5
}5�5L 33+}, @ F}L 3+},

rü F hvw xqh frqvwdqwh1 Vl u 9@ 3> fhwwh ìtxdwlrq hvw yìul�ìh xqltxhphqw sdu ghv irqfwlrqv L txl vrqw ghv

irqfwlrqv sxlvvdqfhv1 Grqf fhfl grqqh srxu X ghv irqfwlrqv sxlvvdqfhv hw od irqfwlrq orj = Vl u @ 3> fhwwh

ìtxdwlrq hvw yìul�ìh xqltxhphqw sdu ghv irqfwlrqv L 3 txl vrqw ghv irqfwlrqv sxlvvdqfhv1 Grqf fhfl grqqh

srxu X ghv irqfwlrqv sxlvvdqfhv/ od irqfwlrq orj hw od irqfwlrq h{srqhqwlhooh1

Vl X+{, @ oq{> doruv �+w, @ { hvw vroxwlrq gh +4314<,1 Od ulfkhvvh rswlpdoh ydxw [�
w @ {

K3
w

Oh sruwhihxlooh

rswlpdoh hvw ��u
�5

[�
w
=

Vl X+{, @ {
�

�
rü 3 ? � ? 4> doruv �+w, @ { h{s^�

U
w

3 +�
5+v, � u+v, .

u+v,
��4 .

4
5 +� � 5,�5+v,,gv`rü � @ 4

��4

frqylhqw1

Srxu X+{, @ h{s�{>vl u @ 3> �+w, @ { h{s^�
U w
3

4
5�

5+v,gv` hvw vroxwlrq gh +4314<,1

431615 H{hpsohv

Srxu ohv h{hpsohv fodvvltxhv gh irqfwlrqv g*xwlolwì/ qrxv h{solflwrqv od irqfwlrq gh ydohxu hw oh sruwhihxlooh

rswlpdo1 Ohv h{hpsohv vrqw uìvroxv gdqv oh fdv rü ohv frh!flhqwv �> u> � vrqw frqvwdqwv hw rü od frqglwlrq

olplwh hvw olpw$.4 Y +w> {, @ 3=

Sursrvlwlrq 43153 Vxssrvrqv X+{, @ oq{>H+� , ?4 hw i+w, @
4
r+w�5,= Doruv od irqfwlrq gh ydohxu hw

oh sruwhihxlooh rswlpdo vrqw grqqìv sdu

Y +w> {, @ s+w, . t+w, oq{

��w @ ��u
�5

[�
w

rü t+w, @ 4�
U
w

3 i+v,gv/ s+w, @ �5 � dw.
U
w

3 dgv
U
v

3 i+x,gx/ d @ u . 4
5�

5
>

�5 @ olpw$.4^u . 4
5
�5`
U
w

3
gxi4�

U
x

3
i+v,gvj=

Gìprqvwudwlrq = Rq fkhufkh Y +w> {, vrxv od iruph Y +w> {, @ s+w,.t+w, oq{= Oh sruwhihxlooh rswlpdo yìul�h

��
w
@ ���4

w
�w

Y{+w>[
�
w
,

Y{{+w>[
�
w
,
@

�� u

�5
[�
w
=

Hq lqwurgxlvdqw fhwwh h{suhvvlrq gdqv o*ìtxdwlrq g*KME +43145,/ rq rewlhqw xqh ìtxdwlrq srxu s hw t

3 @ i+w, oq{. s3+w, . t3+w, oq{. t+w,^u .
4

5
�5`=

Xqh frqglwlrq vx!vdqwh hw qìfhvvdluh srxu txh fhwwh ìtxdwlrq vrlw yìul�ìh hvw

t3+w, @ �i+w,

s3+w, @ �t+w,^u . 4
5 �

5`=
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Fhfl hvw ìtxlydohqw ã

t+w, @ �4 �
U
w

3
i+v,gv

s+w, @ �5 � ^u . 4
5 �

5`
U
w

3 gxi�4 �
U
x

3 i+v,gvj=

rü �4 hw �5 vrqw ghv frqvwdqwhv1 Srxu ohv gìwhuplqhu/ qrxv xwlolvrqv od frqglwlrq olpw$.4 Y +w> {, @ 3

txl ìtxlydxw ã olpw$.4 s+w, @ 3 hw olpw$.4 t+w, @ 3= Lo v*hqvxlw txh �4 @
U .4
3

i+v,gv @ 4 hw �5 @

olpw$.4^u . 4
5 �

5`
U
w

3
gxi4�

U
x

3
i+v,gvj= Fhwwh olplwh hvw �qlh vl H+� , ?4 hw i+w, @ r+w�5,= �

Sursrvlwlrq 43154 Vxssrvrqv X+{, @ {
�

�
rü 3 ? � ? 4> +u � �

5

5+��4, , A 3> hw H^h
+u� �5

5+��4, ,� ` ?4=

l, Doruv od irqfwlrq gh ydohxu hvw

Y +w> {, @ t+w,{�

rü t+w, @ h�dw^
U .4
w

hdvi+v,gv`> d @ u � �
5

5+��4,
=

ll, Oh sruwhihxlooh rswlpdo ydxw

��w @ �
� � u

+�� 4,�5
[�
w =

Gìprqvwudwlrq = Rq fkhufkh od irqfwlrq gh ydohxu Y +w> {, @ t+w,X+{,= O*xqltxh vroxwlrq gh o*ìtxdwlrq

+�� u,Y{+w> {, . ��5Y{{+w> {, @ 3

hvw ��+w> {, @ � ��u
+��4,�5{= Fhwwh h{suhvvlrq qrxv shuphw g*rewhqlu o*ìtxdwlrq gl�ìuhqwlhooh vxlydqwh yìul�ìh

sdu t

3 @ i+w, . t3+w, . t+w,^u �
�
5

5+�� 4,
`=

G*rü t+w, @ h�dw^� �
U
w

3 h
dvi+v,gv`= Qrxv gìwhuplqrqv od frqvwdqwh � ã o*dlgh gh od frqglwlrq olplwh txl

v*ìfulw gdqv fh fdv olpw$.4 t+w, @ 3= G*rü � @
U.4
3

hdvi+v,gv= �

Sursrvlwlrq 43155 Vl X+{, @ h�{> u @ 3 hw H^h+
�5

5
,� ` ?4> doruv od irqfwlrq gh ydohxu hvw grqqìh sdu

Y +w> {, @ s+w,h�{

rü s+w, @ h�dw^
U .4
w

hdvi+v,gv` hw d @ �
5

5 1

Oh sruwhihxlooh rswlpdo hvw

��w @
�

�5
=

Gìprqvwudwlrq = Rq srvh Y +w> {, @ s+w,h�{= Gdqv fh fdv/ oh sruwhihxlooh rswlpdoh ydxw

��
w
@

�

�5
=

D o*dlgh gh fhwwh h{suhvvlrq/ o*ìtxdwlrq g*KME +43145, ghylhqw

3 @ i+w, . s3+w, . s+w,^
�5

5
`=

Sdu frqvìtxhqw s+w, @ h�dw^� �
U
w

3
hdvi+v,gv` hw od frqvwdqwh � hvw gìwhuplqìh sdu olpw$.4 s+w, @ 3= �

Uhpdutxh 43156 Vl od frqglwlrq dx erug hvw Y +W 4> {, @ 3 rx Y +W> {, @ X+{,+4�I +W ,, doruv od iruph

gh od irqfwlrq ydohxu hw oh sruwhihxlooh rswlpdo vrqw lghqwltxhv1 Vhxohv fkdqjhqw ohv frqvwdqwhv hw lo q*hvw

476



soxv qìfhvvdluh g*dyrlu ghv frqglwlrqv g*lqwìjudelolwì vxu i=

Uhpdutxh 43157 Gdqv fhv h{hpsohv/ rq uhpdutxh txh oh sruwhihxlooh rewhqx ã o*dlgh KME fròqflgh

dyhf fhoxl rewhqx sdu oh wkìruëph 4314<1 Sdu frqvìtxhqw/ od ulfkhvvh dvvrflìh hvw srvlwlyh fdu vd ydohxu

dfwxdolvìh xqh pduwlqjdoh gh ydohxu whuplqdoh srvlwlyh1

Gh soxv/ oh sruwhihxlooh hw oh surfhvvxv gh ulfkhvvh vrqw lghqwltxhv ã fhx{ rewhqxv hq krul}rq �ql W> vhxoh

od irqfwlrq gh ydohxu hvw gl�ìuhqwh= Fhfl hvw xqh frqvìtxhqfh gx idlw tx*hq krul}rq �ql W / gdqv fhv

h{hpsohv oh sruwhihxlooh qh gìshqg sdv gh o*krul}rq W=

431616 Fdv rü s hvw vwrfkdvwltxh

Rq uhsuhqg od prgìolvdwlrq gh i lqwurgxlwh sdu Pduwhoolql ^;`srxu uìvrxguh oh sureoëph g*rswlplvdwlrq

dyhf krul}rq doìdwrluh oruvtx*lo q*| d txh gh od frqvrppdwlrq1 Rq vxssrvh txh i vxlw od g|qdpltxh

vxlydqwh

giw @ iw+d+w> iw,gw. e+w> iw,gZw,> i3 @ |= +43153,

hw txh o*k|srwkëvh vxlydqwh hvw yìul�ìh

^KIg4` = ohv frh!flhqwv u> �>�> d> e vrqw gìwhuplqlvwhv1

Oh frxsoh +i>[, hvw pdunrylhq1 Od irqfwlrq ydohxu Y hvw xqh irqfwlrq gìshqgdqw gh w> {> |> f*hvw0ã0gluh

Y +w> {> |, @ vxs
�5D+w>{,

H^

] 4

w

i w>|
x

X+[
w>{

xaW ,gx`

Hq uììfulydqw oh sulqflsh gh surjudppdwlrq g|qdpltxh srxu od irqfwlrq Y qrxv rewhqrqv oh wkìruëph

vxlydqw =

Wkìruëph 43158 = l, Vl ^Kdf` hvw yìul�ìh/ W @ .4 hw Y hvw gh fodvvh F5> od irqfwlrq gh ydohxu Y hvw

vroxwlrq gh o*ìtxdwlrq g*Kdplowrq0Mdfrel0Ehoopdqq vxlydqwh

;AAA?AAA=
3 @ |X+{, . +

CY +w> {,

Cw
. vxs�5D+w>{,D+w> {> |> �,, rü

D+w> {> |> �, @ ^{uw . �+�w � uw,`Y{+w> {> |, .
4
5�

5�5
w
Y{{+w> {> |,

.Y|+w> {> |,|dw . Y{|+w> {> |,|ew��w .
4
5Y||+w> {> |,|

5e5w

+43154,

dyhf

olpw$.4 Y +w> {> |, @ 3 +43155,

rü Y{ +uhvs1 Y{{, uhsuìvhqwh od gìulyìh suhplëuh sdu udssruw ã od vhfrqgh yduldeoh +uhvs1 od gìulyìh

vhfrqgh, hw 1Y| +uhvs1 Y||, uhsuìvhqwh od gìulyìh suhplëuh sdu udssruw ã od wurlvlëph yduldeoh +uhvs1 od

gìulyìh vhfrqgh,1

ll, Vl ^Kdf` hvw yìul�ìh/ W ? .4 hw Y hvw gh fodvvh F5> od irqfwlrq gh ydohxu Y hvw vroxwlrq gh o*ìtxdwlrq

g*Kdplowrq0Mdfrel0Ehoopdqq +43154,dyhf

Y +W>{> |, @ X+{,H+4�IW@iW @ |, +43156,
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Gìprqvwudwlrq = l, Oh sulqflsh gh surjudppdwlrq g|qdpltxh shuphw g*ìfuluh

Y +w> {> |, @ vxs
�

H+

] w.k

w

iw>|x X+[w>{

x ,gx. Y +w . k>[
w>{

w.k> i
w>|

w.k,,= +43157,

Od gìprqvwudwlrq hvw lghqwltxh ã fhooh gx wkìruëph 4314; hq whqdqw frpswh gh od gìshqgdqfh gh Y hq

| hw hq xwlolvdqw od g|qdpltxh gh i grqqìh sdu +43153,1

Hq ìfulydqw od irupxoh g*Lw÷ hqwuh Y +w. k>[w.k, hw Y +w> {,> lo ylhqw

Y +w . k>[
w>{

w.k> i
w>|

w.k,� Y +w> {> |,

@
U +w.k,
w

CY +v>[w>{

v
> i w>|

v
,

Cv
gv. Y{+v>[

w>{
v > iw>|v ,g[v .

4
5Y{{+v>[

w>{
v > i w>|v ,�5v�

5
vgv

.Y|+v>[
w>{

v
> i w>|

v
,giv .

4
5
Y||+v>[

w>{

v
> i w>|

v
,i5
v
e5
v
gv. Y{|+v>[

w>{

v
> i w>|

v
,i w>|
v

�v�vgv=

Hq xwlolvdqw od g|qdpltxh gh od ulfkhvvh grqqìh hq +4315, hw fhooh gh i

Y +w. k>[
w>{

w.k> i
w>|

w.k,� Y +w> {,

@
U +w.k,
w

i
CY +v>[w>{

v > i w>|v ,

Cv
. Y 3+v>[w>{

v
> i w>|

v
,+[w>{

v
uv . �v+�v � uv,, .

4
5Y

33+v>[w>{

v
> iw>|

v
,�5

v
�5
v
jgv

.
U +w.k,
w

iY|+v>[w>{

v
> i w>|

v
,i w>|
v

dv . Y||+v>[
w>{

v
> i w>|

v
,i5

v
e5
v
gv. Y{|+v>[

w>{

v
> i w>|

v
,i w>|
v

�v�vjgv

.
U +w.k,
w

iY{+v>[w>{
v > iw>|v ,�v�v . Y|+v>[

w>{
v > i w>|v ,ivevjgZv=

Hq vxssrvdqw txh
U w.k
w

iY{+v>[w>{
v > i w>|v ,�v�v .Y|+v>[

w>{
v > i w>|v ,ivevjgZv hvw xqh pduwlqjdoh/ qrxv rewh0

qrqv hq xwlolvdqw o*lqìjdolwì +43157, dyhf xqh ìjdolwì srxu oh sruwhihxlooh rswlpdo1

3 � H^
U
w.k

w
iw>|
x

X+[w>{

x
,gx.U +w.k,

w
i
CY +v>[w>{

v > i w>|v ,

Cv
. Y{+v>[

w>{
v > iw>|v ,+[w>{

v uv . �v+�v � uv,, .
4
5Y{{+v>[

w>{
v > i w>|v ,�5v�

5
vjgv

.
U +w.k,
w

iY|+v>[w>{

v
> iw>|

v
,i w>|
v

dv . Y||+v>[
w>{

v
> i w>|

v
,i5
v
e5
v
gv. Y{|+v>[

w>{

v
> i w>|

v
,iw>|

v
�v�vjgv`=

Sdu frqvìtxhqw/ qrxv rewhqrqv hq glylvdqw sdu k hw hq suhqdqw od olplwh txdqg k whqg yhuv }ìur

3 � |X+{, .
CY +w> {> |,

Cw
. ^{uw . �+�w � uw,`Y{+w> {> |, .

4
5�

5�5wY{{+w> {> |,

.Y|+w> {> |,|dw . Y{|+w> {> |,|ew�
5�5w .

4
5Y||+w> {> |,|

5e5w =

Fhwwh lqìjdolwì ìwdqw yìul�ìh srxu wrxv ohv sruwhihxloohv dgplvvleohv/ lo v*hqvxlw

3 @ |X+{, .
CY +w> {> |,

Cw
. vxs�5DI+w>{,i^{uw . �+�w � uw,`Y{+w> {> |, .

4
5�

5�5wY{{+w> {> |,

.Y|+w> {> |,|dw . Y{|+w> {> |,|ew��w .
4
5Y||+w> {> |,|

5e5wj>

hw olp{$4 Y +w> {> |, @ 3=

ll, Od irqfwlrq gh ydohxu yìul�h srxu w � W

Y +w> {> |, @ vxs
�

H+

] W

w

i w>|x X+[w>{

x ,gx.X+[
w>{,
W

,

] .4

W

i w>|x gx,=

Grqf Y +W> {> |, @ X+[
w>{,
W

,
U .4
W

iW>|x gx= Frpph i hvw pdunrylhq/ oh surfhvvxv

] .4

W

iW>|x gx @ H+

] .4

W

ixgx@iW @ |,
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hvw xqh irqfwlrq gh |=

O*ìtxdwlrq +43154, v*rewlhqw frpph suìfìghpphqw hq dssoltxdqw oh sulqflsh gh surjudppdwlrq g|qd0

pltxh ã Y=

Od sursrvlwlrq vxlydqwh qrxv grqqh xqh fdudfwìulvdwlrq gx sruwhihxlooh rswlpdo1

Sursrvlwlrq 43159 =Lo h{lvwh xq sruwhihxlooh rswlpdo grqqì sdu od uhodwlrq vxlydqwh

�w @ ���4
w �w

Y{+w> {> |,

Y{{+w> {> |,
� |ew�

�4
w

Y{|+w> {> |,

Y{{+w> {> |,
= +43158,

Gìprqvwudwlrq = O*ìtxdwlrq

+�
w � uw,Y{+w> {> |, . ��5wY{{+w> {> |, . Y{|+w> {> |,|ew�w @ 3

dgphw xqh xqltxh vroxwlrq hq od yduldeoh � qrwìh �� txl yìul�h ��+w> {> |, @ ���4
w
�w

Y{+w> {> |,

Y{{+w> {> |,
�

|ew�
�4
w

Y{|+w>{>|,
Y{{+w>{>|,

= Frpph od irqfwlrq Y hvw frqfdyh hq od vhfrqgh yduldeoh/ fhwwh ydohxu fruuhvsrqg ã xq

pd{lpxp gh od irqfwlrq D+w> {> |> �,= �

431617 H{hpsohv

Gdqv oh fdv rü o*krul}rq hvw lq�ql/ lo hvw gl!floh gh wurxyhu od iruph gh od irqfwlrq gh ydohxu1 Sdu frqwuh/

vl W ? 4> rq shxw wurxyhu h{solflwhphqw od irqfwlrq gh ydohxu hw oh sruwhihxlooh rswlpdo gdqv oh fdv

rü od irqfwlrq X hvw od irqfwlrq orj rx xqh irqfwlrq sxlvvdqfh1 Rq pëqh ohv fdofxov gdqv oh fdv rü ohv

frh!flhqwv d> e> u/�> � vrqw frqvwdqwv srxu vlpsol�hu ohv h{suhvvlrqv1 Rq wurxyhud hq dqqh{h oh gìwdlo ghv

fdofxov1

Sursrvlwlrq 4315: l, Vl X+{, @ orj { hw d ? 3> doruv od irqfwlrq gh ydohxu Y hvw grqqì sdu

Y +w> {> |, @ |+F5h
�F4w

]
W

w

t+v,hF4vgv. t+w, orj+{,,

rü t+w, @ +4 . 4
F4

,hF4+W�w, � 4
F4

/ F4 @ e+ ��u
�

. e,= F5 @ u . +� � u,��u.�e
�5

� 4
5
+��u.�e,5

�5
=

Oh sruwhihxlooh hvw grqqì sdu

��w @ ^
� � u . �e

�5
`[�

w =

ll, Vl X+{, @ {
�

�
hw d ? 3> od irqfwlrq gh ydohxu hw oh sruwhihxlooh rswlpdo vroxwlrq gx sureoëph vrqw
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Uhpdutxh 4315; = Gdqv fhv ghx{ h{hpsohv/ ohv sruwhihxloohv rswlpdx{ vrqw dgplvvleohv1 Hq h�hw/ lov

vrqw gh od píph iruph txh fhx{ rewhqxv srxu oh sureoëph g*rswlplvdwlrq srxu oh IW�pdufkì +pdufkì

frpsohw ,/ lo vx!w gh prgl�hu oh frh!flhqw gh gìulyh � hq �3 @ �. �e=
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Gìprqvwudwlrq =

d, Rq fkhufkh Y +w> {> |, vrxv od iruph

Y +w> {> |, @ |+s+w, . t+w, orj{,=

Oh sruwhihxlooh hvw vroxwlrq gh o*ìtxdwlrq
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Rq rewlhqw txh s hvw vroxwlrq gh o*ìtxdwlrq gl�ìuhqwlhooh vxlydqwh
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^4` Ehoodp| Q1 = Zhdowk Rswlplvdwlrq lq dq Lqfrpsohwh Pdunhw gulyhq e| d Mxps0Gl�xvlrq Surfhvv/

Mrxuqdo ri Pdwkhpdwlfdo Hfrqrplfv/ 68/ 58<05;:/ 53341

^5` Froolq Gxiuhvqh S1/ Kxjrqqlhu M1 = Rq wkh Sulflqj ) Khgjlqj ri Frqwlqjhqw Fodlpv lq wkh Suhvhqfh

ri H{wudqhrxv Ulvnv/ Suìsxeolfdwlrq/ 53341

^6` Gdylv P1 = Rswlrq Sulflqj lq Lqfrpsohwh Pdunhwv/ lq P1K1D1 Ghpwvhu dqg V1U1 Solvnd/ hglwruv/ Pdwkh0

pdwlfv ri ghulydwlyh vhfxulwlhv/ Sxeolfdwlrq ri Qhzwrq lqvwlwxwh/ sdjhv 549055:/ Fdpeulgjh Xqlyhuvlw|

Suhvv/ 4<<:1

^7` Krgjhv V1 G1/ Qhxehujhu D1 = Rswlpdo Uhsolfdwlrq ri Frqqwlqjhqw Fodlpv xqghu Wudqvdfwlrq Frvwv/

Uhy1 Ixwxuv Pdunhwv ;/ 555056</ 4<;<1

^8` Kxjrqqlhu M1 = Wurlv hvvdlv vxu od wkìrulh ghv pdufkìv �qdqflhuv hq whpsv frqwlqx1 Wkëvh/ Xqlyhuvlwì

gh Sdulv L Sdqwkìrq0Vruerqqh/ 53341

^9` Ndudw}dv L1 = Ohfwxuhv rq wkh Pdwkhpdwlfv ri Ilqdqfh/ FUP Prqrjudsk Vhulhv/ Prqwuìdo/ yro ;14<<91

^:` Ndudw}dv L1/ Zdqj K1 = Xwlolw| pd{lpl}dwlrq zlwk glvfuhwlrqdu| Vwrsslqj/ ã sdudñwuh gdqv VLDP

Mrxuqdo rq Frqwuro ) Rswlplvdwlrq1

^;` Pduwhoolql O1 = Rswlpdo lqyhvwphqw dqg frqvxpswlrq zlwk xqfhuwdlq wlph krul}rq/ Suìsxeolfdwlrq/

53341

^<` Urxjh U1/ Ho Ndurxl Q1 = Sulflqj yld Xwlolw| Pd{lplvdwlrq dqg Hqwurs|/ Pdwkhpdwlfdo Ilqdqfh/ Yro

4325/ 58<05:9/ 53331
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^4` Dqvho M1S1/ Vwulfnhu F1 = Orlv gh pduwlqjdoh/ ghqvlwìv hw gìfrpsrvlwlrq gh I÷oophu0Vfkzhl}hu/ Dqqdohv

gh o*Lqvwlwxw Khqul Srlqfduì 5;/ 6:806<5/ 4<<51

^5` D}ìpd1 M1/ Mhxolq W1/ Nqljkw I1 hw \ru P1 = Oh wkìruëph g*duuíw hq xqh �q g*hqvhpeoh suìylvleoh/

Vìplqdluh gh Suredelolwìv [[YLL/ Vsulqjhu/ s1 466048;/ Ohfwxuh Qrwhv lq Pdwk1 488:/ 4<<61

^6` Edfkholhu O1 = Wkìrulh gh od vsìfxodwlrq/ +Wkëvh 4<33,/ Dqqdohv gh o*Hfroh Qrupdoh Vxsìulhxuh/6hph

vìulh/ Wrph [YLL/ 540;91

^7` Eduohv J/ Exfngdkq U/ Sdugrx{ H = EVGH*v dqg lqwhjudo0sduwldo gl�huhqwldo htxdwlrqv1 Vwrfkdvwlfv

dqg Vwrfkdvwlf Uhsruwv/ 4<<81

^8` Eduorz P1W1/ Hphu| P1/ Nqljkw I1E1/Vrqj V hw \ru P1 = Dxwrxu g*xq wkìruëph gh Wvluhovrq vxu

ohv �owudwlrqv eurzqlhqqhv hw qrq eurzqlhqqhv/ Vìplqdluh gh Suredelolwìv [[[LL/ Ohfwxuh Qrwhv lq

Pdwk1 49;9/ 5970638/ Vsulqjhu/ Ehuolq/ 4<<;1

^9` Eìodqjhu D1/ Vkuhyh V1/ Zrqj G1 = D xql�hg Prgho iru Fuhglw Ghulydwlyhv/ Suìsxeolfdwlrq/ 53341

^:` Ehoodp| Q1 = Hydoxdwlrq hw frxyhuwxuh gdqv xq pdufkì gluljì sdu ghv surfhvvxv glvfrqwlqxv/ Wkëvh/

Xqlyhuvlwì g*Hyu|/ 4<<<1

^;` Ehoodp| Q1 = Zhdowk Rswlplvdwlrq lq dq Lqfrpsohwh Pdunhw gulyhq e| d Mxps0Gl�xvlrq Surfhvv/

Mrxuqdo ri Pdwkhpdwlfdo Hfrqrplfv/ 68/ 58<05;:/ 53341

^<` Eodqfkhw0Vfdoolhw F1/ Mhdqeodqf P1 = Lqirupdwlrq hw ulvtxh gh gìidxw/ ã sdudñwuh gdqv oh Mrxuqdo gh od

Vrflìwì Iudqêdlvh gh Vwdwlvwltxhv1

^43` Eodqfkhw0Vfdoolhw F1/ Mhdqeodqf P1 = Kdvdug udwhv iru fuhglw ulvn dqg khgjlqj ghidxowdeoh frqwlqjhqw

fodlpv/ Suìsxeolfdwlrq 478 gh o*Xqlyhuvlwì g*Hyu| / 53341 Vxeplwwhg1

^44` Erurglq D1Q/ Vdoplqhq S = Kdqgerrn ri Eurzldq Prwlrq0Idfwv dqg Irupxodh1 Suredelolw| dqg lwv

Dssolfdwlrqv1 Elunkdxvhu Yhuodj/ 4<<91

^45` Erx|ì H1/ Gxuuohpdq Y1/ Qlnhjkedol D1/ Ulerxohw J1/ Urqfdool W1 = Frsxodv iru Ilqdqfh D Uhdglqj

Jxlgh dqg Vrph Dssolfdwlrqv/ 53331

^46` Froolq Gxiuhvqh S1/ Kxjrqqlhu M1 = Rq wkh Sulflqj ) Khgjlqj ri Frqwlqjhqw Fodlpv lq wkh Suhvhqfh

ri H{wudqhrxv Ulvnv/ Suìsxeolfdwlrq/ 53341

^47` Gdqd U0D/ Mhdqeodqf0Slftxì P = Pdufkìv Ilqdqflhuv hq whpsv frqwlqx > Ydorulvdwlrq hw Htxloleuh/

Hfrqrplfd/ Sdulv/ 4<<71
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^48` Gdylv P1 = Rswlrq Sulflqj lq Lqfrpsohwh Pdunhwv/ lq P1K1D1 Ghpwvhu dqg V1U1 Solvnd/ hglwruv/

Pdwkhpdwlfv ri ghulydwlyh vhfxulwlhv/ Sxeolfdwlrq ri Qhzwrq lqvwlwxwh/ sdjhv 549055:/ Fdpeulgjh Xql0

yhuvlw| Suhvv/ 4<<:1

^49` Ghoedhq I1/ Vfkdfkhupd|hu Z1 = Wkh h{lvwhqfh ri devroxwho| frqwlqxrxv orfdo pduwlqjdoh phdvxuhv/

Wkh Dqqdov ri Dssolhg Suredelolw|/ Yro 8/ Qr 7/ <580<78/ 4<<81

^4:` Ghoodfkhulh F1 = Xq h{hpsoh gh od wkìrulh jìqìudoh ghv surfhvvxv/ Vìplqdluh gh suredelolwìv LY/

Ohfwxuh Qrwhv lq Pdwk1 457/ 930:3/ Vsulqjhu0yhuodj/ Ehuolq/ 4<:31

^4;` Ghoodfkhulh F1 = Fdsdflwìv hw surfhvvxv vwrfkdvwltxhv/ Vsulqjhu0Yhuodj/ Ehuolq/4<:51

^4<` Ghoodfkhulh F1/ Ph|hu S1D1 = D sursrv gx wudydlo gh \ru vxu ohv jurvvlvvhphqwv gh wulexv/ Vìplqdluh

gh suredelolwìv [LL/ Ohfwxuh qrwhv lq Pdwk1/ 9<0:;/Vsulqjhu0Yhuodj/ Ehuolq/ 4<:;1

^53` Ghoodfkhulh F/ Ph|hu S1D = Suredelolwìv hw srwhqwlho/ Wkìrulh ghv pduwlqjdohv/ fkds Y ã YLLL/ Khu0

pdqq/ 4<;31

^54` Ghoodfkhulh F1/ Pdlvrqqhxyh E1/ Ph|hu S1D1 = Suredelolwìv hw srwhqwlho/ surfhvvxv gh Pdunry1 Frp0

soìphqwv gh fdofxo vwrfkdvwltxh1 Khupdqq1 4<<51

^55` Gulwvfkho1S/ Surwwhu S = Frpsohwh pdunhwv zlwk Glvfrqwlqxrxv Vhfxulw| Sulfh/ Ilqdqfh dqg Vwrfkdv0

wlfv/6/ s 5360547/ 4<<<1

^56` Gx!h G1 = Iluvw0wr0ghidxow ydoxdwlrq1 Zrunlqj sdshu1 4<<;1

^57` Gx!h G1/ Odqgr G1 = Whup vwuxfwxuh ri fuhglw vsuhdgv zlwk lqfrpsohwh dffrxqwlqj lqirupdwlrq/

suhsulqw/ FDI Frshqkdjhq/ 4<<:1

^58` Gx!h G1/ Vfkurghu P1/ Vnldgdv F1 = Uhfxuvlyh ydoxdwlrq ri ghidxowdeoh vhfxulwlhv dqg wkh wlplqj

uhvroxwlrq ri xqfhuwdlqw|/ Dqqdov ri Dssolhg Suredelolw|/ 9/43:8043<3/ 4<<:1

^59` Hoolrww U1M1/ Mhdqeodqf P1/ \ru P1 = Rq prghov ri ghidxow ulvn/ Pdwkhpdwlfdo Ilqdqfh 43/ 4:<04<9/

53331

^5:` Ho Ndurxl Q1 = Prgìolvdwlrq gh o*lqirupdwlrq = Hfroh g*ìwì LQULD/ Urftxhqfrxuw Mxlq 4<<<1

^5;` Ho Ndurxl Q/ Pd}oldn O = Edfnzdug Vwrfkdvwlf Gl�huhqwldo Htxdwlrqv1 Slwpdq0Uhvhdufk Qrwhv lq

Pdwkhpdwlfv Vhulhv 697/ 4<<71

^5<` Hphu| P = Rq wkh D}ìpd* Pduwlqjdohv1 Vìplqdluh gh Suredelolwìv [[LLL/ Ohfwxuh Qrwhv lq Pdwkh0

pdwlfv/ yro 46:5/ s 990;:/ Vsulqjhu Yhuodj/ 4<<31

^63` Iùoophu K1/ Vfkzhl}hu P1 = Khgjlqj ri Frqwlqjhqw Fodlpv xqghu Lqfrpsohwh Lqirupdwlrq/ Dssolhg

Vwrfkdvwlf Dqdo|vlv/ Vwrfkdvwlfv Prqrjudskv 8/6;<0747/ 4<<41

^64` Iùoophu K1/ Zx F1W1/ \ru P1 = Fdqrqlfdo ghfrpsrvlwlrq ri olqhdu wudqvirupdwlrqv ri wzr lqghshqghqw

Eurzqldq prwlrqv prwlydwhg e| prghov ri lqvlghuv wudglqj1

^65` Iuh| U1/ PfQhlo D1 = Prghoolqj Ghshqghqw Ghidxowv/ Suìsxeolfdwlrq/ 53341

^66` Kduulvrq M/ Slvnd V = Pduwlqjdohv dqg Vwrfkdvwlf Lqwhjudov lq wkh wkhru| ri frqwlqxrxv Wudglqj/

Vwrfkdvwlf Surfhvvhv dqg wkhlu dssolfdwlrqv/ 44 = 5480593/ 4<;41

^67` Krgjhv V1 G1/ Qhxehujhu D1 = Rswlpdo Uhsolfdwlrq ri Frqwlqjhqw Fodlpv xqghu Wudqvdfwlrq Frvwv/

Uhy1 Ixwxu Pdunhwv ;/ 555056</ 4<;<1
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^68` Kxjrqqlhu M1 = Wurlv hvvdlv vxu od wkìrulh ghv pdufkìv �qdqflhuv hq whpsv frqwlqx1 Wkëvh/ Xqlyhuvlwì

gh Sdulv L Sdqwkìrq0Vruerqqh/ 53341

^69` Mdfrg M1/ Vklu|dhy D1Q1 = Olplw Wkhruhpv iru Vwrfkdvwlf Surfhvvhv/ Juxgohkuhq ghu phwkhpdwlvfkhq

Zlvvhqvfkdiwhq 5;;/ Vsulqjhu0Yhuodj/ Ehuolq/ 4<;:1

^6:` Mdfrg M1/ \ru P1 = Hwxgh ghv vroxwlrqv h{wuìpdohv hw uhsuìvhqwdwlrq lqwìjudoh ghv vroxwlrqv srxu

fhuwdlqv sureoëphv gh pduwlqjdohv/ ]1 Zdkuvfkhlqolfknhlvwkhrulh yhuz1 Jhelhwh/ 6;/ ;60458/ 4<::1

^6;` Mduurz U1/ Wxuqexoo V1 = Sulflqj rswlrqv rq �qdqfldo vhfxulwlhv vxemhfw wr ghidxow ulvn/ M1 Ilqdqfh

83/ 860;9/ 4<<81

^6<` Mduurz U1D1/ \x I1 = Frxqwhusduw| Ulvn dqg Sulflqj ri Ghidxowdeoh Vhfxulwlhv/ Suhsulqw/ 4<<<1

^73` Mhdqeodqf P/ Sulydxow Q = Frpsohwh Pdunhw zlwk Srlvvrq dqg Eurzqldq Frpsrqhqwv/Suìsxeolfdwlrq/

Xqlyhuvlwì G*Hyu|/ 4<<<1

^74` Mhdqeodqf P1/ Uxwnrzvnl P1 = Prghoolqj rq ghidxow ulvn = Dq ryhuylhz1 Pdwkhpdwlfdo Ilqdqfh =

wkhru| dqg sudfwlfh1 Prghuq Pdwkhpdwlfv Vhulhv/ Kljk Hgxfdwlrq suhvv > 4<<<1

^75` Mhxolq W1 = Vhpl0pduwlqjdohv hw jurvvvlvvhphqw gh �owudwlrq/ Ohfwxuh Qrwhv lq Pdwk1 ;66/ Vsulqjhu0

Yhuodj/ Ehuolq/ 4<;3

^76` Ndudw}dv L1 = Ohfwxuhv rq wkh Pdwkhpdwlfv ri Ilqdqfh/ FUP Prqrjudsk Vhulhv/ Prqwuìdo/ yro ;14<<91

^77` Ndudw}dv L1/ Zdqj K1 = Xwlolw| pd{lpl}dwlrq zlwk glvfuhwlrqdu| Vwrsslqj/ ã sdudñwuh gdqv VLDP

Mrxuqdo rq Frqwuro ) Rswlplvdwlrq1

^78` Nxvxrnd V1 = D uhpdun rq ghidxow ulvn prghov/ Dgydqfhv lq Pdwkhpdwlfdo Hfrqrplfv/ 4/ 9<0;5/ 4<<<1

^79` Pdgdq G1/ Xqdo K1 = Sulflqj wkh ulvn ghidxow/ Uhy Ghulydwlyhv Uhvhdufk 5/ 4540493/ 4<<81

^7:` Pduwhoolql O1 = Rswlpdo lqyhvwphqw dqg frqvxpswlrq zlwk xqfhuwdlq wlph krul}rq/ Suìsxeolfdwlrq/

53341

^7;` Phuwrq U1F1 = Rq wkh sulflqj ri frusrudwh ghew = wkh ulvn vwuxfwxuh ri lqwhuhvw udwhv/ Mrxuqdo ri

Ilqdqfh / 5</ 77<07:3/ 4<:71

^7<` Sdugrx{ H/ Shqj V = Edfnzdug vwrfkdvwlf gl�huhqwldo htxdwlrqv dqg txdvlolqhdu sduderolf sduwldo

gl�huhqwldo htxdwlrq1 Ohfwxuh Qrwhv lq FLV 4:9/ s 533054:/ Vsulqjhu/ 4<<51

^83` Shqj V = D jhqhudol}hg g|qdplf surjudpplqj sulqflsoh dqg Kdplowrq0Mdfrel0Ehoopdq htxdwlrqv1

Vwrfkdvwlfv/ Yro 6;/ s 44<0467/ 4<<51

^84` Slfdug1S/ Ohiëyuh1F = Wkh Suredelolw| ri Uxlq lq Ilqlwh Wlph zlwk Glvfuhwh Fodlp Vl}h Glvwulexwlrq1

Vfdqg1 Dfwxduldo M1 4 = s 8;09</ 4<<:1

^85` Surwwhu S = Vwrfkdvwlf Lqwhjudwlrq dqg Gl�huhqwldo Htxdwlrq1 Dssolfdwlrq ri Pdwkhpdwlfv054/

Vsulqjhu0Yhuodj/ 4<<31

^86` Uhyx} G/ \ru P = Frqwlqxrxv Pduwlqjdohv dqg Eurzqldq Prwlrq1 Wklug Hglwlrq/ Vsulqjhu0Yhuodj/

Ehuolq/ 4<<<1

^87` Urjhuv O1F1J1/ Zlooldpv G1 = Gl�xvlrqv/ Pdunry surfhvvhv dqg Pduwlqjdohv/ Yro 5/ Zloh| vhulhv lq

suredelolw| dqg pdwkhpdwlfdo Vwdwlvwlfv/ 4<<31

^88` Urxjh U1/ Ho Ndurxl Q1 = Sulflqj yld Xwlolw| Pd{lplvdwlrq dqg Hqwurs|/ Pdwkhpdwlfdo Ilqdqfh/ Yro

4325/ 58<05:9/ 53331
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^89` Uxwnrzvnl P1 = �Rq prghov ri ghidxow ulvn� e| U1Hoolrww/ P1Mhdqeodqf dqg P1\ru1 Zrunlqj sdshu/

53331

^8:` Vfkùqexfkhu S1 = Fuhglw Ulvn Prghoolqj dqg Fuhglw Ghulydwlyhv1 Wkëvh/ Xqlyhuvlwì gh Erqq1 5333

^8;` Zrqj G1 = D Xql�|lqj Fuhglw Prgho/ suhsulqw/ Vfrwld Fdslwdo Jurxs/4<<;1

^8<` \ru P1 = Vrph dvshfwv ri Eurzqldq Prwlrq1 Sduw LL = Vrph uhfhqw Pduwlqjdoh Sureohpv/ Ohfwxuhv

lq Pdwkhpdwlfv1 HWK ] ulfk1 Elunkçxvhu/ 4<<:1
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